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ABSTRACT

Multi-Layer Neural Networks (MLNN) are the most widely used neural network. It is
applied to use in several areas such as character recognition, facial image recognition, and voice
recognition. Many previous research works have done a lot of improvement over the standard
multi-layer neural network. However, those works emphasize mainly on the modification of the
neural network structure. In this research, the proposed network improves the original network by
replacing the single weight value of the original network with the multi-segment connection
weights. Also the backpropagation learning algorithm is adjusted in order to accommodate the
above modification. Two types of neural networks are experimented: feed-forward and recurrent
neural networks. The problems that the proposed network has been applied to include data
classification, function approximation and data forecast. From the experiment results, the
proposed network was found to be superior than the other 3 neural networks in terms of accuracy

and size of neural network.
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v
VIUURUAnyue (feature) ua«’fagauuq HEMIANTNNIT (2.15) wilouiuY Jordan



12

2.3.1.2  "¥IwU3UN (Context Units)
} 4
nu'musumaﬂﬂswwmmn Elman ﬁ WANNVINVOIULUY Jordan TﬂUllUU
o ¥ :‘, » ar 1Y o ] a dy [ &
Elman *azuwagammn‘vumau Tﬂummﬂaenmagammn"l'ﬁ”lunuwusunu“luanumznm
P Y 9y
ﬂﬂﬂﬁﬁ HAAIAITUNIT (2.20) ﬂQNHﬁ']N’JUTHNﬂ‘Iu'Mu')UUiUﬂﬁ %xﬁﬁwmummmﬁmu

¥
Tvualusugou

05 T O] (E1) eeerccsmereceosrnsessnsessessssesssssssmssssssesssssesssssessssssessssessnsooes (2.20)

I 3 4, L &0
o; (t—1) Yoyaoenved Inuai i luvugouluseuiinum

of doyavenveslnuail i lumiioSun

(33

232 Yu¥ou (Hidden Layer)

=

A

} A
FUFOUVD [ATIU194UY Elman i)a‘ilﬂﬁﬂﬂﬂﬂ‘lﬂl‘]ﬂﬂﬂhlTﬂi\l‘ll'lﬂ"luﬂ‘l.l Jordan

v » )
niudoyanmaninmizoiudeyaid tazmisouSum uansdaaums (2.17) wasrmuiaidu

v

nszqumiloululaseioanuuminszadounduuaaianuns (2.3)

233 vudeyasen (Output Layer)
i 4 v
9 (] =€ @ o []
FUUoya00nv03 1NN Elman  Anisuny semilousy Iassviganyy

UNINTE00oUNTY HAZULD Jordan HAAIANANNS (2.4) uay 2.5)

234 mieuiuuuuninszetedounduy
msBoufuesTnsavioauuy Elman 3 szmilousulnsavioauuuimsnss o
goundy fhudhmnsnmmanufanain uamadaaums 2.7) msdiusnhminlusy
Foyaven uwasdaams 2.8) uaz 2.9) mSuamiminlusugeu Ridoudeninmissiy
Foyaudh uaasdaauns (2.10) uag (2.11) uazmidousvuuy Jordan ASuAnhIminveady

A \d A . -~ - "l ., e
LFONABITSHINUUIVTUN NUYUYOU ATUNT (2.18) LAy (2.19)

W/

o Ai 1-1' 4
2.4 NHRENUNYIVBY

o ) - ] =1 » o 4 o
Tuiadefirun TdeSuetalasstelssamimosuuuunsnseoredoundy Fedeily

v P ] - A
auuvy Iasevisuuunili uaz iddmsdsulsailunuy Jordan 182 Elman o 19401

A

a sd o ~ awv o P a 2 ’
‘UegaﬂizlﬂnslﬂﬂSlsu" (Recurrent) uaz1#“‘11”1“3“1“7“”“’]“6&\]00 MIHUUUNINTEVIY

e

o s 5 o oA o ¥ [] o P
goUNAY UV Jordan UATHLY Elman Bnnadalinsd5ulgaTassainlassiwaludnuash

uanariu l Asez Tdeuiomsisulsalnseadninsete luswazidoans 1y
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24.1 A Comparative Study of Recurrent Neural Network Architectures on
Learning Temporal Sequences.

nu’?ﬁ'&f’: 298170 Chen and Soo (1996) 1R5unsAnunlu Proceedings of the

IEEE International Conference on Neural Networks. ¥ f.f1. 1996 111 1945-1950 1¥uns

Us£gn@IYAUY Elman 1AZIVY Jordan 1$1@207 TasSmiitou3um (Context Units) 1

VYOV Elman ﬁﬁﬁagammn%utﬁau 1aZYOAULVY Jordan ﬁﬁﬁ'ﬂgﬁmmn%’m’fﬂgaaaﬂ

neraanagui 2.5

Context Units Context Units

Input Units

31N 2.5 Tasenedssamifisnnuy Chen and Soo

v [ ] o 4
minaasaiiseomii 3 Minaass minaassii 1 19udeyaveunsesaniuz
117 (finite state machine) NYoYAIN 4 WD (0, 0), (0, 1), (1, 0) Haz (1, 1) FWdMmua
2 i 3 o o d 3 v a

anuzisuduiuanaeiy uideyamiloudunoin ldgamziuanaduld Tumsnaasa

° yo ¥ v v ¥ ¥ v o w
fmua 4 Tnua, 8 Tnua uaz 4 Tnua Idusudeyath susou nazvudeyasenmuday

o 1 -4 { o
#1350 1n59910431905151YM9 3 UL fle UVY Elman, 4L Jordan Hazluy MSRN #isly

4 4 X ° 4 3 5 ’
wuuminaue Inidndu Fad hilddmuaaozsuduliudsudoyasen Tnsatoany
. [ 1 v A °
Elman 3¢ hianmnseidoud14 Tavlnssuioa MSRN A1Anafn3uy Jordan udiileldmmuan
< v 3 o 1
aoneGudnIiiusudeyasenuds Tnsevieauuy Eman  AamnsoiFoudld udnaves
[ %% ’ L=
Tnsaequuy MSRN N&IANTMILY Elman HAZHUY Jordan I3UIAN
P LA J o a o ¥ ' ¥ a
NMINARBIT 2 naneiudoyadng 8 wiia Feezseylalay 3 doya urazdoyall
- o o o 4 1 v o o
2 nwy Taemsiloudeyans 3 nuuauddu sy Tassvws eI Tassrwaseyiniiuiag
) y » '

s Faimualasavieniiu 6 Tuum, 4 Tuua toz 8 Tnua dmsusudoyardt sudeu uas

» []
Fudoyanen 91nwan1snaass Inssaiauuy MSRN - 7119584 @ouriany (teacher-forced)

Y a1 4 '
1'"”?19\?‘1']11!1]11814"]001@111?’
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o v ¥ &

dmsumsnaaesii 3 naasstudwudeya 4wy fle 111,000, 100 Lz 110 Fa
foyadainarzigiius  afufluo  wdn deullouldnulnsetiva fe 11111111,
000000000, 100100100 3® 110110110 WuAu 91AMINARe AT WLUUY MSRN Tinad
figa

Tavaytids f3somuinTuminouum (context unit) Wufidudisudoya’ld se

L] H * o~ z’ or
naus Insav1waiiviaeuS UNNAUV VY Elman 1aziiyy Jordan 5I0AY

2.4.2 Dynamic Properties of ElIman and Modified EIman Neural Network.

\'nu%i‘i'ﬂ‘ﬁ LG Cheng, Qi, and Cai (2002) 185umsanulu Proceedings of
the First International Conference on Machine Learning and Cybernetics Wi 637-640 AN
Uszeuii Jnia Ysznadu Wil aua. 2002 FaudunisUscgndvoaiuy Eman Taomison3um
(context units) YOIV Elman wi’lou%ga“lﬁﬁ'u%wﬁauwhﬁ%u UAYBULY Cheng, Qi, and

¥ »
Cai veiloutoyalinusudoyasenals uandazili 2.6

Hidden Layer

Input Layer

Context Units Input Units

317 2.6 Tnswhodszamifionuyy Cheng, Qi, and Cai

A

Tuani3su 'l doFursdaduina (integral), dAdIM (proportional) LAZBYWUS
(derivative) Snuanalnssadiinauetmidhuwude Taouanaiu Tnuaier lunndu
wazoSuemsmuInduiing (integral) AsdrumizsuSunuazmizsdeyardisuiuilon
Feyalifudusen uazedumsAnaudadou (proportional) AedIMNIUN HazTUTOU
swdutloudeyalitududoyasen nfeutsdinsziaunisnoufousuaunseyius
PID (proportional, integral, derivative) 1ansaiu Tnoludau derivative voa Tnseadfivuaue
Tmitiaa 0

susanguh Tasaniequy Elman iShuidadgusuiina (integral) ifandiien
ﬁauiﬂsaﬂiwwﬁﬂ?uﬂ;ﬂnﬁfu Fukanusufisa (ntegral) uazdad 2y (proportional)

5UNY
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24.3 The Property of PID Elman Neural Network and Its Application in
Identification of Hydraulic Unit

aseiiaslao i uae Qi (2007) 'lAFumsAniunly IEEE Intemational

Conference on Control and Automation M1 1795-1798 uazi?'ﬂﬂsmgn’i*}nmsﬁ Guangzhou

Uszmeu o 30 woumaw i 1 Sguiu w2550 TuaniAsel&ndde marlssgnd

= o

! >3 wa o ¥ a
Tasehedszamifionsines S urinuy Elman MiiiguauiAdadou (Proportional) uazduiina

a3

o 9 Aawv A

o 1] My L o o) o :’l
(Integral) uada hifigaiauniReyius (Derivative) Ad lde3uroluniade 2.4.2 dniuluauisoil

o

1] H :’I ws o ' - o o ar
Jninaue Insevivantinsnuauiadadiu (Proportional)  BUMNNa (Integral) AT BYWUT

(Derivative) Tno5zyna 1n53910UU1U84 Elman (Ruiiy nananagi 2.7

Output Layer h

Hidden Layer

Input Layer

Context Units Input Units Memory Units
=t ' a o aa
314 2.7 TasenedssamiMonituy Elman Niigeianiia PID

4 o 4 o 1 o v a [
ngYN 2.7 Haunuaue1ngUn 2.6 Tnsaaaenmilsusunuuilu
; 12 2 :
mizreanus ivelleudeyalinususeou uazsudeyasenluseudeld)
° ] <& ar 5 ar
Tumsnaasuhlnssivaunlssmaienan Avaunis 2.21) Flddeyadag

auNs (2.22)

1
R N (g 111 N (2.21)
y(k+1) = 0.8y( )+y(k) u(k)

u(k) =o.4sin(%k—)+o.6sin(31—"15) ............................................................. (2.22)

[ ] é o ] g’
Taommuald k= 1 vuiie 200 Fa9z'14 200 Yoya uazdmuasuau Tnualusu
Foumi1s Tnua Favzfmuasau Tnualumiiouiun uazmitsarus Iiiniseas
15 TrualdTud insidoud 600 seu vz'lanunduiAanainsnidaaes (mean square error:

MSE) ¥941a3539184151139 Elman 110y PI 118D 0.006133 tta2 1a599189711/501/39 Elman
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[ % o 3 1Y ' LY
uuuln (PID) 9214°0.001049 Fauaaaliifiudil msdFualse Elman Imi fiflgueania PID
A 2 =] wa o ¥ . . o 1 vy 9
ANIMVY PI m"luuf)mﬂuumﬂmu (Derivative) A9NATIVNAY

1 i‘l o . o
Hagdnih IASIUI0ANY 2 LUY ¥ IMARDINYSEUY electro-hydraulic servo i
=) Yo o 9 b1 a LY g4
NISITEUIVIUIU 1000 TGUTﬂﬂi'Uili)ll"al‘U'llJﬂﬂ\’l’lﬂ servo valve HagvoyasonnNAsIIN
o . =2 '
AU velocity YO hydraulic cylinder ¥IINHANTINADD 1759978111V Elman (PD) e

o \J ¥ H L 5 L
AAND1ANINAD 1T Elman (PID) H5ulgevuining

244 A New Recurrent ﬁeural-Network Architecture for Visual Pattern
Recognition

ani3eus 350TA0 Lee and Song (1997) 1A5UNSANYH 1 IEEE Transactions on

neural networks Vol.8 No.2 ifeuiiuiay 3l aua. 1977 nih 331-340 Fuilumssrawiiofou

anav lnsUSulsalnsestinlszamiinine s un ludiuveamizouSun (context  units)

TaomitouSunezduuideyaneindoyasonyed Inss1emilouuetuy Jordan LAY

asef mizouunileztleudoyaneutuTnunlususen Modsfoyalisusudoyaoen

uanenagn 2.8

7 . Output Layer

Hidden Layer
Context Units

Input Layer

311 2.8 TasavwdlssomiNuuUUY Seong-Whan Lee 1ag Hee-Heon Song

Tuandsoil Iihmsnansafumeiiedvudamvuusessanuiesuau 6000
Faav 3414 nvinzessamneluiivhns Wspdidang luansgendo wiuihudoyadmsy
msond 4000 Foya uazdmumsmadou 2000 Foyn uadIetudaRYRIFLA 2.9 oz
nan1snanes lnonffouiisudasiAanaaveamsish lumsldlassielszamitouuny

1 Q7 d'
AN UTAINATITIIN 2.1
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Method

Feedforward NN

Jordan’s RNN

Elman’s RNN

Proposed RNN

Training set

0.850%

0.650%

0.625%

0.575%

Testing set

3.7%

3.1%

2.9%

2.7%

2.4.5 A fuzzy backpropagation algorithm
»

2anes nuunsnszvwdounauuuuiadi vnaue 1au Stoeva and Nikov (2000)

185umsARuW Y Fuzzy Sets and Systems Rufi 112 m1i127-39 3 a6, 2000 Favanes hiy
' 3 o 43‘ P b A * =3 »
UnsnseefounduuuNYdn 92l Iaseasuniiou lasevisdssamonuuuunsnseas
foundy ualdaunisnuanadu Tasimdnnisveadaduifiulumaivenas Ivua
a o .'n 5 Yo é’

asuemsaina luudazyulasal

¥ v 3 ) ' i'] ) A K ul '

Futoyardn vxfudoyaninniguen (x,) uazauiluveyassnvesiuil Tnely
v ~ °
aoadimsnulnlag

=

2 ' o Y Z v )
1”‘1‘”‘”8” Hﬂazi"uﬂﬂxi'U‘Uﬂ);!alni)1nnﬂ1“uﬂ1uﬂf“‘lﬂgal”1 FISUND

=8 o

H w ' A m I Yo o o
UT”Uﬂ"]ﬂ\ulﬂasﬂTil‘BSNIUq (Wij ) HAZAITNIITUUDY "uﬂﬂz1‘lfﬂ1ﬂ1lu1Jﬂ15ﬂ‘}f°K 12

qus (2.23) (2.24)

net = \/ [( A ag’)) A g(G)] .................................................................. (2.23)

GeP()

a® = f(net®) .o

P » ¥ o
P(J) dlu power set voa TnuafifudeyariivesTnua J uaz I, Wusnimmin
1Y v A A o .
yaa Inuadoyari j Iiven TdaTnua i
S < ' Pr a ' a4 a 14
Wy g() dumsmamnnigaveswsiiines Taslufitimsilinefithuisn

v ¥ v v & & & ' 4 v 3 o 4
yearnimiin daiuiandu g¢) suilumsmaunniigavesaniminluimmiug

117078
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@ o A [ ' 1 @ o 9~ [ 1
ATIAUUUNIT A lllUﬂ'li'rnﬂ'lﬁlﬂU'ﬁf‘Tﬂ HazAmIAUtuMs v iumswinin

fige uazrulanTunssdu nansdaums (2.25)

f(net) = L (2.25)

1+ exp(—4(net —0.5))

o 9

5 £y e 3’; v
Tusudeyavensziities 1 Tnua TavsziudeyansnynInualugduseu uas

L] g o [} 1] 4 o L4 o -~ ar
fanihmindssswemazmsiyenToa (w§f’) mIvauees Inuavz idmadutiumsNadaa

auMs (2.26) (2.27)

2 — m
net'” = Ge\/m)[(pxe\g a, ) A g(G)] .................................................................. (2.26)
a D = el ... NN e ettt oo (2.27)

A 3y o o @) [ < o ] L% 4 4

de'lawadans a® udrezithumnovveslassvisvesdoyanu Tasluvuneu

o o ’ A i s 1]
nsiious s luBsuidsusuautihmine (y*) hesz TansiwsmnufanaiavesInsaty

a1 18 naums (2.28) (2.29)

o ¥ g o o lJ a o J
msUsuanihminezdSumuansaiaail
[] o’ \d g o H
sl y! =a@ Nidealfuaniminlag msizIinoiigndends
nsfl y! >a® wsdSuanihminamuansdiaeil
B 4 coalrenrinu new _ 1d
&1 wit <y ssdfusmiminlao wi™ = 1A (Wi + Awy)
o ’ g -« g g «~ -
&1 w2 y* hideaSuanimmin Taeldmimingy
<3 d (2) U’Jv J g o [ S o dy
n3tl y* <a® sxtlfuamiminauansdiaail
o ¥ ’D‘ w
§1 wi > y? szdfuamimninlas wi™ =0v (wi® —Aw,)
L] [ ’ g o 1 g W oS
&1 wi <y? hidesfuanimin Taoldanimingn
v ar g « 4
Aw, Hlummsdimimnini ldnnaums Aw, =5
Yy - o <t ' 9 o -t 3 I 4 J
dodvesdaneInuunsnsevwdoundunuuied aunsaduunldaai
v 1 3 o Y ¥y o ] o
1. madFuanhminhiidigyaauga virldesnsiasa ifusavinmsaana

o & 2 s o L] H )
Tumsamna FadhfdisgnadmiuTasehnlszamiisuitivuaing
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o ’ ’n’ o L] o 1 \d
2. msdfusnimin it ldawadnsamuihmnoes hitinsundelhin wase
TihgaaugaluszauTanea
1] 1 '3 o
3. hil¥3Emsvesnamniziihi uas hivusuzuuuvestoya

1o & ¥ o A v H KR '
4. "lumm.lummmnuﬂmﬁumm}mmuuﬂ'hﬂmﬂmanu

24.6 A Neural Multiclassifier System for Object Recognition in Robotic Vision
Applications

1153567} 350Ta Mitzias, Dimitris A. and Basil G. Mertzios. (2004) 1853

Afunlu ScienceDirect 36, 3-4 Aeu AAAN-FuNAL T A.a. 2004 Huaudsomadiums

Aannanuamsolunsueaiuveaiusud Taul¥5euu NEural MUlticlassifier System

(NEMUS) Sailuszuuiil$itnssuunmaieds sy Tnofinsiniumdn 2 Sunou fio su

usni‘huunmnmjumammﬁ'nymxﬁxmndnﬁu 3NN (AUANYULTNIUSVIANA, central

moment tag MsUszaaimzUnmemdes) 1asld Back-propagation neural classifiers 1334

viwadwi i Idunlszananas i 1ao1s Decision Making Network (DM-Net) Wudnis 14

puanvuzifisinguiivsz anwgndesgegaiivs 75.6% uaninldiauiue Idmnnu

QNADIGITA 98.3%

13l I8NYIN YT Insuuveen Ta

v 4 AW

uil 3901nY Sac-Tang and Methaste (2543) htamIsuiordumsis

247 Ms

¢

b4
H
¥
N
L4
ardioaonysmu Inouvvesu iy TasldinalinnSevioloyssamuvunaiody (Muli-
Layer Perceptron : MLP) uaszldnisiSouidisditunsnszaodoundy (Backpropagation
¥
. . ao [ o [ o @

learning algorithm) 1W3vi19A8nyIA w1 Inosan 75 @3 wialundyrue 44 2 a5z 14
o 4 o [y o U4 [ - o o ]
A3 29TUYNA 5 @2 dydnual 2 /9 wazAav Ing 10 A TaguesdaTaymveaniulng 1wy
F¥BITNTTHINABAYT awdulAe nan wozmsnadnusNg ITudu snnistadn

Y il @ e Y 1 o o & Y 3 Ay sia Qe
Woyue ase uazassugnasmiurh liiutseauvesdidnysld 4 seau wati18Tinsise
4 v e o o o qa vl o ¥ ¥ Yy oo 4 v oa o
MeuAdnusAsudis  mldiledudideyaudreiimsiszuranaiiosduiie  misda
dmfunimanmsanidueen uasmsmidumizvesmsimgy #snus lunsazdasrgn

U : M r » °
ileomi 6 daufle 3 dauamnulAwardn 3 duamnuaueu Tasusazdiuzgmitll
L.d A ar A -~ o - . s
AmnuomsnsdysIinisadis msdsuanasnioyalundazisundeunu ns
] z : L] » 3 1) o

naaeeslinisutsiuiioenilu 3 dau fie vu a1 uaza1s AdMItvEINGY UL a5t

% P ay 1+ vy 4 v e o o Su v
ll'dx')‘iiﬂlqnﬂ ﬁ'lﬂuu.l'HﬂQNFgIU']ﬂﬂﬁﬂQl‘UUuﬂ']Oﬂlﬁ'llaS’ﬂ'lﬂ'l?ﬂﬂﬂﬂl]ﬂ'lizﬂ'l N'ﬁYﬂﬂ

=y

ansnonsnaenys ldiduedng
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Yo w w a Y 4 9
248 ndwsnesmmnnanazmmdangulaslfindevislolssam

wdﬁ “ o

ol 2901y mnms guassna (2543) uJunu'Js)mwaimmanysmmu

e

D

U
94 a1 wintuwdyrur asz doydnual wazasugnAY Inosan 68 @1 wavdnus
MYIBINEIIUIL 26 A2 Taiuddeyaznmiuuviidm (Bi-Level) A26nuses 1donns
ﬁunumnmsﬁﬁnﬁé’wﬁ":{fﬂyﬂuuw AngsanaUPC, BrowaliaUPC 1a¥ CordiaUPC
mvualiliouin 16, 22, 36 Anwa uazdudsnusuuudnd Sinsizvesndsznounan
(Principal Component Analysis: PCA) lﬁﬂﬂ%"nmﬂ?f'l‘llf)\iﬂ')wllﬂiﬂi'mi"JIJ (Covariance
Matrix) 9ndoyanmdild gmihlldlumsBusadeya uazmsadianmlumilomny
(Eigen Faces) Ymsufuvuanmdliving 64 x 64 finwa e lldnnmefvuie 4096
f?m%'n'chviw*vzuﬂaumsfﬂ"nc?}«ﬁan‘l‘:’f'tﬂ?oﬁw‘loﬂszmmﬁummnnaw‘fu (Multilayer
Neural Network: MLP) vﬁmﬂ?mhu“luﬂszmmmuuws'nszmué’auna"u (Feed-Forward
Backpropagation Neural Network) “f}axﬂwﬂ?mhu'lmlszmmmuﬁﬁ;ﬁ'ﬁau (Supervised
Learning) c?mﬁmuﬂ'lﬁﬁ‘fuﬁ'oqanﬁ (input layer), Suao1 (hidden layer) $142Y 1 90 wazsw
Foyanen (output layer) ttazradni i 1dszidusswanoad endseiimihialssaninmly
ms§suiniu

a - o v A oo
2.4.9 mnuﬂmﬂmswﬁﬁmnsunawm‘mm'mtnnsmtﬁmmnawamwmmzua‘lﬁ

E 4
& aw

Nuitell Wolag Asnsal AdeRug was I adgu 25520 madn
malulalgammnsamnyas umInedunuasmans Tasanssel amSsuifoumaiin
a Ls 4 a W y:’/ i’, ¥ LY
msansizieynsunmlumsnonsalSunanandarnuasra e lussosdu @rnmh 1

[ A v EY CIRK ' LY A = 9,
mignaneanmi 1 lasmalusandadn tazaemh 1 deulunandanal) nasssos
013 (@nmimarowiaonal) serindstiuGouneada 2 53 1dudssysuliGounuy
Temiuazdumeiiliggmanuuyin uarisusuliEouuTsaruazdumedfitiggniauuy
g Avuvudasuniotielssamificimyudediodoyadoundy (Backpropagation neural

- e v ar 4 Aﬁd' T A ; 3

network: BPN) Hams3sgnundmiuinliuSsuneadan Idinimunmanaeudiiiga fie

ar s a :
'“J‘s?ﬂsu'lﬁt‘%emumﬂa'cmuaz'Jumas'ﬁﬁqg)maunumn (Holt-Winters’ additive seasonal
smoothing: Additive HWS) uaziiorimuusiasancinsainin Additive HWS sufSouidioudiu

(3 4 - o o Y ° ey
uuudiaes BPN  wudhwamswenseiSuanenaadnlussosduiuuuysiaosins
Additive HWS Tmiaugndesganimuudiaess BPN dausamsnwenseiduiainanandn

¥y b A

TuszgzomuasmswonsshFnananiana Ll lussesdunazssozornin upusiase BPN

+ * ° .. ’ ° ¥
Thnnugndesvesmsnoinsalganimuusiaes Additive HWS o610 lsiamunsiasin

2 Usziamiiuun Tudles snonsel ldgenifinamandasse Taofluuusiaes Additive HWS
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%

] ¥y
i Tivfssiianudidogenimuusiaes BPN uenninii upusiaes BPN i
’ 5 °
anuannso lumsnonnsaideyaluszoron lddnszosdu Tavsauudmuusians BeN §

anugnasslumsi 1S udeyanaropluuuiddniwuusass Additive HWS

1S d
2.5 mAauamMINg NIt

¥ 1)

aaunll a6, 1960 matinmswensal lasuamuiion uaz lasumswann Weguwnly
A - o o o o o ¢ S -
euNnRMs Taommizluamsgsie uazmsidu uazaingnut wesiiu 2545) 1Re3u10
A o Y] a 'S o =4 o &
moaumannnsal misde msTinsdiBaSnamagss aunsoaglysududiyld

L 4
o

a3
U

251 Uszianmsnensel

Taoa Tdudrnswenseindeeonitiu 2 Uszian AemsnonsaliBananim

. y ¢ a ~ W, .
(Qualitative Forecasting) HaznN13NeInsalFUs v (Quantitative Forecasting)

2511 MININSEUBNUMN (Qualitative Forecasting)
msnonssidsnuamifunisnonseifierdoning aomannse Yssaumsel
v
o ) & -
ATgINY saisInsugavesdnnnsal Tavase FalumsifenldmsnmnsaiiFeguain
A Y o ‘Y 1 -4 EY a4 A [ S a
91910n910 Aimsnensal i ldinusiusaudeya’ld uiel Tuioane lunisnwensalids

[ 8 ¢ a P} Qs o A’
Wsmen iudu msnensaliFsguamiinarwis aail

ANUAMTUYBINNYINIT (Jury of Executive Opinion)
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I5I9unain (Market Research)
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Mean Absolute Error: MAE
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MAE = ;Z|yl = Fu| o (2.30)
t=1
Mean Absolute Percentage Error: MAPE

MAPE=1Y" u' ................................................................................. (2.31)
Nl Ye

Mean Squared Error: MSE
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2.6.2 ﬁayaaynsunamuuq@ma (Seasonal Time Series)
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doyarlszianilazl¥lassiivuunninszadeundy s Insadnfos uasmuasiuu
:', ] H 1] o 5 T o ] g a3 1
Tnualusussuiuana oy daa 1 Tnuasude 50 Tnua uazdmusaniminiuiuun
P & P & v A )
Ho7 nuusnuaios 1 wsmuus tazsuuuesadaiuniainia iusguinaGouiTae

fmualtawnsoudaldinniigaz, 5, 10, 15 uaz 20 snuUA lao Finisnaasufay

] v
S a

nuved ey 5 Han1sNAas naznlS suvuraifigaveunaziyy
¥ oo " gy 4 v & N, LY
Jeyamihunldlumsneass miuiludoyanadnvies (Arificial data sets) 8 gadoya
: A ° i o = .
Faoonuuunuiveldnadeunmssuundeyalavaniz uasdoyainuu9ie (Real-life data
sets) 15 gAtoya

P 2 ' .
Joyafiadevues Taun Flowerl, Flower2, Spiral, Donat, Sawtooth, Fan, Nine lI0%

e &

3

a 3

Sigsag FaAIreAMANYAZIBYD UARAIAIFIN 4.1

3 .’.1 + R o =2 o .
doyanadniueniu unazdeyall 2 quanyae (feature) FadmTudoya Sigsag 11 5

~

D.

Ay ’d"’lu‘ﬁ’ﬂuvﬁ Fan 182 Nine 3 4 Ao ﬁmi"ui'ay,a Flowerl, Flower2, Spiral, Donat ({8

Sawtooth usiazdoyall 2 aatd

]
Pl

Yoya sigsag v 1882 Soyaii 1ddmsulumsBoud uazdn 4231 Seyaitlddmiuns
navou Aadiusasidiu 30-70 Goui-nadew) vestoyaranua

fhm’x’mga Flowerl, Flower2, Spiral, Donat, Sawtooth, Fan li0& Nine 923 2000 1701.1,11‘7;
1¥amsulunmsFoud uazdn 2000 SoyaiilFdmiumsmaaoy Aadludasidau 50-50

a v Y 3
(I78UF-NATDY) YDIVDYAINUNA
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(%) flower 2

(n) flower 1

(n) spiral () donat

(9) sawtooth

IR

(%) nine (%) sigsag

?
=4

; . 3
31 4.1 nsmluaasdnyuzdeyaiiadinrmes

-~

ig -

{agaﬁmumw 4 (Real-life data sets) 1aun austra, balance-scale, breast, diabetes, glass,

haberman, image, ionosphere, iris, pima, sona, spectF, vehicle, vowel l10% yeast Tagiwnen
. . . 2 d ' H °

UCI Machine Leaming Repository Futluumnassausiudoyanawiszaniiamsainnly

-4 ¥ [ ¥ o L)
ﬁﬂB'lﬂuﬂTlllﬁ&’Yl'lﬂ'liﬂﬂﬁOQvlﬂlllu’t)U'Nﬂ
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o (% : v g
Yoy austra Unaianuey 14 guanyuz Faniuiu 2 nare uaz199oya 414 Foyalu

a d 4
nsizoud uazdn 276 Soyalumsnagou Aailu 60-40 Foui-naaey) vesdoyaranua
o o : vl
Jo1a balance-scale Tfuanvuz 4 guanyus Funiuiu 3 aara uazlddoya 375
a  d 4
doyalumsidond uazdn 250 Yoyalumsmaaey Aathi 60-40 veatoyarianua
o o % (-]
Foya breast Ugudnyuz 7 qudnvus Funiuiu 2 aaa uazlddoya 420 foyalu
=t 4 < ¥ a d ¥ ¥

nsisouj uazdn 279 Jeyalunsnaaey Amilu 60-40 veedayarnua

Fo3ya diabetes iguanyuz 8 guanyuz Fanjuilu 2 amra uazlddoya 461 doyalu

o o -4

msifoud uezdn 307 Joyalumsnaaeu Anilu 60-40 vesdoyananua

v a Y Y <2 - v 3

doya glass Hnmudnvug 9 gudnvuz Funiuilu 7 aara wazl¥doya 131 Joyalu

¥
msisoud wasdn 83 Joyaluminadey Aadlu 60-40 voedoymimua
o o : 1o
$03y0 haberman fifuidnyus 3 qudnvuy Fwuiu 2 ama uaylddoya 184 doya
»

TumsiFoud uazdn 122 Joyalumsnameu Aailu 60-40 vesdoyananua

o o $ o °
Joya image Unuanvuz 19 guanvuzisnih dudeyalumissuunnand (class)

[ I 4
Faliianua 7 aand Tumsneassl¥iaedn 210 Jeyalumsioui uardn 2100 doyaluns

“
v

a o = 14 Ed o
nagoy Anlu 10%-90% (Foui-nadey) veddoyaninua

Y .

Yo1ya ionosphere  Tigudnyme 34 fadnuaz Fuudu2 aav wazl$Feya 212
Foyalunsizoud uazdn 139 Soyalumsmadoy Andu 60-40 vesdoyaranua

Foya iris 1Wuiifonlunsnaassmssuundoya (classification) 31zifoyaliun
in nazfinuniwamidalehudead1dhe Tavdeyalsznendas aaminde-tnvestuaen
wazanwn-omvesnavaen saniu 4 qudnvuzvosdeyanenlinennileg fivsdad
ﬂﬂﬂ"lﬁ'ﬁuﬁ'ﬂatj‘lumuﬁuﬂﬂ"lu 3 @MUY (iris-setosa, iris-versicolor, A% iris-virginica) 11
nsmaaesld 00 deyalunsiioud uaztn 6o Feyalumsnamen Aniu 60-40 vesdoya
Hamua

Yoyn pima Tnudnuaz 8 gudnva Funiuii 2 aare wazlddoya 460 Joyalu
msioud uazdn 308 Seyalumsnadey Andu 60-40 vesdeyaianun

Yoy sonar Tigudnuauz 60 gudnuuz Fwuvaihu 2 ama uasldFeoya 125 Joyaly
msisoud uazdn 83 Foyalumsnamoy Anhy 60-40 vosdoyaianun

Foya spectt Hnmdnuas 44 gudnyus Fwdaihu 2 ama uazlddoya so doyalu
msidoud uazdn 269 Foyalunmanoy Amihi 23-77 (Fou-narew) vesdeyanun

Toya vehicle Squdnvuy 18 gudnvay Funiuili 4 aare wazldFoya sos Teyalu

¥
msisoud uazdn 340 Yeyalumsnadey Aadlu 60-40 vesdoyananua



46

Toxa vowel figuidnyary 10 pusnuas Fumuihy 10 aara uazl9¥oya 528 Foyalu

¥
msEouj uazdn 462 Joyalumsnagou Aadu 54-46 Goui, namow) vesdoyanmua

% o : [
Toya yeast figudnyus ¢ quanvuz Sunjuihi 10 aara uaz14doya 890 Foyalu

) 9 P ¥ a g 14 4
MILIYUJ Lazon 594 ‘uen‘,a‘lumimﬁou fAnttlu 60-40 VOIVBYAMININA

M0 4.1 HamsnaaevedInseiieiumssuundeya

i . swon | dmou | anhwimousuiion sniminuuu L
yoynioya . o .
AManBaE | AME | manNARmn(%) | M | mmwiRanaa(%) | M S
Austra 14 2 12.68 1 11.23 13 | 2
Balance-scale 4 3 4 13 0.8 1 ‘ 20
Breast 2 3.23 6 2.51 7 5
Diabetes 2 22.8 6 20.2 21 10
Donat 2 2 0 3' 0 |
Fan 2 4 0 2! 0 3
Flower 1 2 2 2.5 25 1.15 30 | 10
Flower 2 2 2 3 40 0.95 46 15
Glass 9 7 253 4 18.07 1n|s
Haberman 3 2 22.95 4 19.67 3 5
Image 19 7 7.81 5 5.57 21 | 5
Ionosphere 34 2 5.04 3 3.6 37 | 5
Iris 4 3 0 1 0 LI
Nine 2 4 364 16 20.7 3 10
Pima 8 2 21.1 16 0 16 | 1
Sawtooth 2 2 4.15 10 0 9 | 5
Sigsag 2 5 34.34 10 5.65 36" | 10
Sona 60 2 13:25 7 8.43 21" | 2
Spectf 44 2 14.87 1 5.58 1 15
Spiral 2 2 18.0 21 0.65 43 10
Vehicle 18 4 18.24 44 16.18 40 1
Vowel 10 10 4221 31 39.39 36 | 2
Yeast 8 10 36.87 45 35.19 48 1
M S Tnunlususou S SnausnmusngaRannsomiald

4 . 4 - 3 - P e ;4 . -
' Tnsevroailgenou Tnualusudoumaiy udlimRanamiosfiganiiiu Wuiildenuaassouunosiian
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’l M 1 1 ' °
TumsnaassiloudoyaiilimsBoud el TnsaisaGoudifusuom 500 sev uaz

ihlnssienmadeuniudoyanadey uaznivaAana1AnInInsaviy
a o dy o A
TuaItuil mamsnaasegnuaasesmilu 2 Juvy he
dhe o 5 dad
1) HANIINARBINANGADIN Feed forward NN (FNN) FIHaN13nAaonangaves
Tnse910 (BonuaasniAanaiaiitesiiga nsfilimanuianminiesiigaiidu sziden
' dgwe . ' . -
Tasaten 15w Tnualususomiosiiqe) nanadanisien 4.1
’ b 4 H
2) wanrsnaasaFouiion unsaiilinslesmauTnualusugeuiioiiiu dwmsy
3 A 2 ° a1 o d”d ° = Y o
swazdsaninaae el sufioulusmauTnuafoduil suou 23 s Salah
naadluaisn n.1-n.23 Tunanuan n. tasuaasagUaundonnuuy (1-50 Tnua) veuaas
doya AINISNT 4.2
P 2 a8 ’ v S 9 3 ™
1INAIS NN 4.1 udaswamsnaasssuliouisyseniniasansanldamihminuuy
Vo o ' devr ¥ o ¢ 2 < v yvi ¥ o
AuAwy Mlaseoailsamihminnsunaisniuug Feezmuhms lFanhminuuunatg

4 ’ = v J 99 ’a’ o T oA
IENIUUA 'lﬁ'wammmwﬂwmﬂuaanﬂ ms lganiminuuuaun

d; 3 P A Yo A o k4 o ¥
AN 4.2 mmatﬁvume‘l‘lmmuTnuﬂmmﬂu "luﬂumunmnuunman”a

%m‘{a Feed forward NN ‘50)3?1 Feed forward NN

reduce (%) num reduce (%) num
Austra -1.45 50 Iris* 0 0
Balance-scale -0.40 30 Nine -16.13 50
Breast -0.36 33 Pima 0.32 7
Diabetes -0.82 43 Sawtooth -4.30 50
Donat 0 2 Sigsag -30.71 50
Fan -0.1 48 Sona -3.62 49
Flower 1 -1.23 50 Spectf -4.46 50
Flower 2 -2.45 50 Spiral -18.13 50
Glass -9.64 50 { Vehicle -2.64 49
Haberman -1.64 47 | Vowel -4.54 50
Image -2.19 50 Yeast -2.11 48
Ionosphere -1.44 36

mdnce—eiun‘étn'mnmmu (1-50 Tuus) AWmAanmnaans e ldanimininmmensnind

fivay wanoda Taamaosn 50 i (1-50 Tuus) Insevrefidanbminnummesaudisamaamaeonns (%)
fimrn meets Taoindoein 50wy (1-50 Tuus) Tﬂsq'liw‘?;h’t'fh\fmﬁmlmmawwmumﬂﬁnaﬂ"lﬁﬁnmnmnﬁu (%)
oum —$ VY (1:50 Tuun) del¥animinmuummusnundi WsAanmateonhms ldanimnindisedidos

* Joya iris Winafianaia 0.0% NNMINARS
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H d 3 ] 4 °

N5 1N 4.2 uaaaiiiiui11ns99109 Feed forward 1ienfSouimounis14suou

A v oo ) g ¥ o ¢ ) s A A £Y
Trnuafiminu lusugsu msldaniminuuunansnus veinanAanainana o ls
o . . . a [ ’ 4 o o
fuvoya Sigsag, Spiral 1Az Nine Inofniununie 30.71%, 18.13% uas 16.13% mudiAy

o A 1 a d’ 1 o d' 3

dmudeyaduq Wnamidawainanas Tnomde 0-10% urdmSudeya pima i laumbonn

uuY (1-50 Tuua) Minadananlianas

4.2 Yszianmatszanas¥an¥ (Function Approximation)

I’ o b4 e =} sd A & °
msdszmlansu  Wudayaznisaduuusias ounuuWenyudug e
b4 [} LK 4 '
nuusasaiu ll 1580y onaass ununis 1diensuese Tunil snAletszuUAINDAIU
. ! o 5 3 [ A -4 o % o Yy
(Chaotic systems) huszuuidulsuiliunudunlsouqisnnedaniedegiu Saildgye
a ' ° 2 o kY & a o d’
wmdwnunmsmidimeu 3ninldmagevdssunamisWanduluanuitel
$ ° v o e °
szuuanueauminn1Flumsnaasadl 11 szuy nyaily 1 58 ($wm 2 531W), 2

A ($7979U 2 52UY), 3 UA (S14IU 6 52UV) e 4 1A (314U 1 52UY)

42.1 STVUAIINLAIU UUY 1 1A
ao A a Y Y 3 Yy
STUUAINOaIY WL 1 3R Aevziiveyadissuy 1 A1 uazszuuee Indoya

Y ¥

o801 A1 aumsminnlémaaeune Mackey-Glass 18z Logistic map
4.2.1.1 Mackey-Glass
AUN1S Mackey-Glass UEAIAITNMS (4.1) tdaIns ez 4.2 (n)

t =
) _ UMD b ST R fl e @.1)
dt 1+x"¢t-v

Taodmuala=2,b=0.1, uaz 1= 17

4.2.1.2 Logistic map
AUMST Logistic map UTAINITNMS (4.2) UAAINTINAIFLN 4.2 (V)

Tassmualif a=4
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(N) Mackey-glass

(%) Logistic
U0 4.2 nsmluamsdnyazdoyasaiu 1 i

4.2.2 STUUANNBAIU UL 2 HA

sTUUAMeAIL LYY 2 1A Aesrlidoyadisyuu 2 A1 uazszunesl

Yy
nvoya
000 2 /1 aumsminnldmagoufie Hénon map 1tag Ikeda map

4.2.2.1 Hénon map

AUN15 Hénon map UAAIAITNNIT (4.3) Uag (4.4) teraansWdegUn 4.3 ()
dx(t)

=R & SR Wrrde. of VA ANIRW Svesf I TN NP0 | W 4.3)
it %

dyct

b 3 DI S o (O 0 00 N ) N e B (4.4)
dt

Taotualia=14uazb=03

4.2.2.2 Ikeda map

AUMT Ikeda map HAAINITUNT (4.5) UAS (4.6) UaAINT AN 4.3 (V)

dx(t
—a%=I+p(Xcos(t)—ySin(t))

dy(t
% = W(Xsin(t) + Ycos(t))

Taosmuald p=09
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WP es e85 )

() Hénon map (%) Ikeda map

7UM 4.3 nsmluaasdnyaizdoyaoadu 2 iia

423 ITUUANNDAIU UL 3 HA

a = 9

suuanuea Uy 3 §d nesrlideyadiszuy 3 M uazszuves Iideya
20N 3 1 ﬁ’uﬂﬁﬁﬁmﬂ‘l’i’ﬂﬂﬁﬂvﬁﬂ Réssler attractor, Chua’s autonomous circuit, Chua’s

circuit, Lorenz chaotic system, Colpitts Oscillator, 1482 RC chaotic oscillator

4.2.3.1 Rossler attractor

AN Rossler  aftractor HAPIAIANNS (4.7) (4.8) 1AL (4.9) taaaniINAg U

4.4 (M)

d
Z—(tt)=b+2(x—c) ............................................................................................. 4.9)

Taofmuali a=02,b=04 1z c=5.7

4.2.3.2 Chua’s autonomous circuit

AUMS Rossler attractor HAAIAIANNTT (4.10) (4.11) 1ag (4.12) uaraIns AL

=,

44 (W)

dxt
&xm ZOU=X F XD oeeetrrieeierreneceteeseesreseeeseesseosssossaerasssnsssssssersessases (4.10)

dt

dyt)
T e X VA Z oecesisescessessisssssessessessesasosesssssssesnissessesassnssnssassnsanesesnrsstossssassnse 4.11)
dt Y



dz(t)
dt
Tagnmuali hxy=bx+os@—byx +il—jx—1, o= 10, B=15a=-13, uag

b=-0.7

4.2.3.3 Chua’s circuit
AUMS Chua’s circuit WAAIAIAUNIST (4.13) (4.14) 1D (4.15) uanans AN

4.4 (n)

dxt
X( )=a(—x+h(x» ........................................................................................ (4.13)

dyt)
———=XFVFZ ... e DS et B M 4.14
at ¥ (4.14)

dzt) N
_—= IO Iy, A o A RN TR, I S e . VR, T, 415
at By (4.15)

Tasdmuald hexy=ax+bx’, a=8.85, B=15,a= -1.3, 183 b=0.07

4.2.3.4 Lorenz chaotic system
NS Lorenz chaotic system HARIAIANNTT (4.16) (4.17) Uas (4.18) uaaansm

o

FasUit 4.4 Q)

L)

dx(t
—(2=0'(y—X) ................................................................................................ 4.16)

dt

dyty
3 7. G A . ¢, SOy T SO AUt Wi I o S 4.17)
dt IR

dzt)
—_—
dt

Taosmuald o=16,r=45.92, 1az b =4

4.2.3.5 Colpitts Oscillator
#uN15 Colpitts Oscillator HAAIAIANNT (4.19) (4.20) aL (4.21) UTAINTINAI

st 44 (®)

ZZ=BE(Y) e 4.19)




o

A

dy«t

——g—i—l=a(—r(y+<p)—z—f(y)) ......................................................................... (4.20)
dzct) S (X FYFEI—PZ et sese e sttt e bbb bnns (4.21)
dt
Tavdmuali

¢ 0 ;¥ <1

= y—1 ;otherwise

a=1, B=200, p=-20/3, §=5.5, £=20/3, p=2, Az r=0.25

(%) Colpitts Oscillator (R) RC chaotic oscillator

JUA 4.4 asmluaasdnuaizdoyasau 3 iid

4.2.3.6 RC chaotic oscillator
N5 RC chaotic oscillator UAAIAIANNT (4.22) (4.23) Lag (4.24) uaninsn
1 4.4 (n)



dxt)
dt

TR IIUX = Z) =X reeeeeeeteteesesseteeeseereeeessesasseesesssessemesssesmsesssasanesesessanees

M=k-n-f(y,z) ...........................................................................................

dt

dzt)

it =Kk MX=Z) =K N LY, Z) e (4.29)

Taommunald

z-y ;2-y <1
f(y,z)=
(¥:2) {l ;otherwise

k=2,m=11uasn=0.9

4.2.4 SZUVANNDAIU LIVV 4 ﬁﬁ
aa 4 =y s ' Y
SUUANUBAIU LLY 4 UR ABISUYDYAVITSUY 4 M llazszuu‘]z‘h'ﬂlal‘{a

200 4 A AWM ﬁﬁ’mﬂ‘]’flﬂﬂﬂ 81 Four dimensional autonomous chaotic circuit

4.2.4.1 Four dimensional autonomous chaoetic circuit

1N Four dimensional autonomous chaotic circuit WAAIAITUNT (4.25) (4.26)

(4.27) uaz (4.28) naansmasgai 4.5
dx(t
%2=8(x+(py)—z—f(1,X) ...........................................................................

dy(t)

" =B OXF QY)W = QF (2, crrrrereieeierenseicnrsesssstsssesssstsssesssssstsssnases (4.26)

...........................................................................................................

dw(t)

QLY ceereeeerniresssireitesiisstissssesessenearassssssssssssarersaentarssrasrissevarassernrasnrns

dt
Taommuald
0.5(X—1j+X—1
f(k,X) =_._(l._.l—).
gy

a=2¢=3038=027¢ =038 Uar g, =02
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MinUxyz (Vinuyzw

31 45 asmluaasdnyuzdoyacacu 4 A

A e a Yy a v P @ :‘l 7o 1: v
vInsruuaweauiiniinisdndedeyaluefa Aniumsdsznunslensuil ez ly
' Py ¢ ¢ 4
139910431705 15UN (Recurrent Neural Network) Tumsyszanmmsdeddu Tasldvauuy
r A 9t g o LR =} J b4
Jordan 1182 Elman usieiumsnagounis Ianihminuuunawaniuua 11928010519
v ’.’ o [ ] -} T 2 P ] ] -1 ar
anihminuuuanaeInde 1 SufivminaaseIaslFlasedisannuunsnseasdoundy
[} y
(Backpropagation Neural Network: BPNN) 28 #alunisnaassszdmuasiuaunualuyu
L 5 ] 12 ¥ g o "
Fouaaauuy 1 Ivua sude 50 Inua udazuvyldanihminuyunifes uazuuuvaiy
s V@ ° Vet ot ¢ P Y A Wy
wamuanuananuly Tassmualitifies 1 snmudnasamsisoud vieannsauiald 2,
5,10, 15, 20 lgnuA WsgniamsiBou Famnesaude msavsnmuan i 18149 lusenine
< 1 34
nsisouiady
Tunsnaaeadeninlendudredu dmuadisudu nagmiddetiios 2000 feya Tao
-4

yanmaeldlumsnaaey Tngnaasa

“

wiaihy 1000 FoyausnlFlunisFou uazsn 1000 4o
Tasavisauaazuuybifesnit s msnaasa udaznisnaany sxngaidoudiiie RMSE 1oy
n310.02 w3vauAsy 1000 58U aziir hinaaeuiudoyanadeuiiionia) RMSE
a W d’ -
Tua3suii wansnaaosgauaassemili 2 sluuy fe
1 » ¥

1) HANISNATOINANYATINYIN 3 Tutaa (Feed forward NN (FNN), Elman Recurrent NN
(ERNN) 11a¢ Jordan Recurrent NN (JRNN)) Fattaaewanisnanssnangavedas Inseig
(denusainniosfigares RMSE nsdlfiln RMSE Weotigaminu szifienTasediwild

b 4 * »
snauInualudugoudooiige) fams i 4.3
4 d'd [ :’1 | 4
2) waminaasafSouisuvens 3 Tuea lunsdinfinis l9swau Tnualugugoun
' W (4 P= A = e d' 1w g <t o

ity dmfusisazideanisnaned ifenfSoudfsuluduauTnuainiduil I51uau 33

Aa wyoe y ' o 4 4
a5 1 NlMiwaasluasn 01933 Tusiasuan v. uarldsuswanndolesiyua

wvusuranisnaasdlumsgsmau Tnuanmniu uaas 3 luasen 4.4



A15199 4.3 HANISNADBITDY IATIHIANUTTUUAINDAIY

ILUUAINDEIMY wiinlnsaina AR ALY R
(Chaotic Systems) RMSE M RMSE M S
Mackey-Glass FNN 0.03568 4 0.02787 4 10
Elman 0.01208 26 0.00871 29 15
Jordan 0.03068 3 0.01567 3 20
logistic FNN 0.04147 38 0.00378 48 10
Elman 0.02515 30 0.01497 3 10
Jordan 0.03671 30 0.0041 49 15
henon FNN 0.02722 19 0.00432 50 10
Elman 0.01455 32 0.00987 12 20
Jordan 0.0223 9 0.00418 50 20
Ikeda FNN 0.03318 24 0.00917 47 10
Elman 0.02245 13 0.01926 26 1
Jordan 0.05593 19 0.00911 49 15
Rossler FNN 0.02098 14 0.00786 50 2
Elman 0.01443 4 0.0077 34 15
Jordan 0.02074 12 0.00818 43 20
Chua’s autonomous circuit FNN 0.02164 7 0.00936 46 2
(ChuaCirc) Elman 0.01484 36 0.00995 49 20
Jordan 0.02128 4 0.00985 49 15
Chua’s circuit with a cubic FNN 0.02269 8 ' 0.01074 47 2
nonlinearity (ChuaCircCN) Elman 0.01408 12 0.00945 49 20
Jordan 0.02203 12 0.01023 48 15
Lorenz FNN 0.02132 7 0.01291 4 2
Elman 0.0152 20 0.01358 8 2
Jordan 0.0166 9 0.01249 45 1
Colpitts Oscillator FNN 0.01863 6 0.01009 50 2
Elman 0.01208 5 0.00975 18 20
Jordan 0.01858 i6 0.0108 46 15
RC chaotic Oscillator FNN 0.02064 10 0.00778 14 2
Elman 0.00939 30 0.01036 49 15
Jordan 0.01695 45 0.01051 41 20
Autonomous4DCirc FNN 0.02365 9 0.01618 50 2
Elman 0.02086 4 0.01607 43 1
Jordan 0.02346 14 0.01603 44 1

v . ’
MénwnTnualususon s suusnoumnagairnnsoniald
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PINATNN 4.3 uaasnanIsnaandved Iassisauuuunsnszaodoundy Insavie
o 1 1 g o
HUY Elman 1A599104u01 Jordan wtazmsyfuilgalassiis Tasms ldaniminunuvate
I'4 c’\'; 3 [~ ' o ]
IBDUUA YOINI 31U Fananrsnaasanaaliiiud msldiimsdiudzalasee ea
e ] N P 9 ¥ @ A "o @ 9 ] ad
aanuumday leanihminfienufer tagnatsnanisnaasdadl nseadin Insvisnian
3 ° 2 Ao ' U s .. i
0 TavgTAninsuauTnualusugeuniisiauioondn wu Hansu logistc Tunisnaans
] [ 9 o - Vv :’ o 4 P
Tagldlaseinsanuununsnseaedoundau (BPNN)  nldaniminuvunarsiniuua ezl
° 5 ] ] o ] g @ ]
suTnualusugou 15 Iuuauasléwa RMSE=0.015 uad ndunvvldaniminuuuni
t [
o7 02195 Tnualusussuds 38 Tuua uazldna RMSE 1184 0.0415 HFauanadn
' dq v ¥ Y P ' aa ’ w8 Y edet
Tasawan ldanivintuunassnuuatl Jyuis laseieaniannii uazd isaniann

s
oNAIY

== ’ P A Yo A w o
A1 4.4 ﬂ'llﬂﬁﬂi')lllllﬂohm']u')uT"uﬂﬂ“‘nﬂu AUITHUANUDAIU

Feed forward NN Elman RNN Jordan RNN
Yoya
reduce (%) | num | reduce (%) | num | reduce (%) | num

Mackey-Glass -22.66 50 -29.58 49 -45.97 49
logistic -71.67 50 -29.39 50 -78.42 50
henon -47.05 50 -8.23 44 -47.79 50
Ikeda -75.17 50 -11.28 38 -65.85 49
Réssler -15.10 49 -35.10 48 -17.28 50
Chua’s autonomous circuit

-33.86 49 -61.62 49 -36.71 49
(ChuaCire)
Chua’s circuit with a cubic nonlinearity

-20.61 49 -38.6 40 -27.26 49
{ChuaCircCN)
Lorenz -15.01 46 -16.67 39 -17.57 49
Colpius Oscillator -21.46 49 -23.71 47 -23.55 49
RC chaotic Oscillator i -36.44 50 24.16 43 -34.98 50
Autonomous4DCirc -20.45 48 -16.71 47 -17.67 47
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Joya Snnudexa W | anhwiiuuumide | anhwibuvamesnnnd
Houf (60%) | namou(son) Tnssie RMSE M RMSE M S
arge030 920 613 | FNN 0.1107 2 0.011074 | 8 1
Elman 0.11092 7 0.11035 1 2
Jordan 0.11069 2 0.11051 4 20
ausl006 568 379 FNN 0.09262 1 0.09089 3 5
Elman | 0.08898 2 0.08855 3 2
Jordan 0.09239 1 0.09054 3 10
az510 860 575 FNN 0.08689 5 0.08626 2 10
Elman 0.08598 2 0.08581 2 10
Jordan 0.08662 3 0.08641 2 10
beer 284 191 | FNN 0.1274 14 0.12844 12 5
Elman 0.11819 37 0.09472 43 10
Jordan 0.1275 20 0.12531 6 2
c0522 875 583 FNN 0.07602 4 0.0756 24 1
Elman 0.07338 2 0.07326 3 20
Jordan 0.076 3 0.07458 5 1
dj 174 117 FNN 0.05289 3 0.05131 6 20
Elman 0.05187 2 0.05138 2 2
Jordan 0.0531 3 0.05066 2 2
pigs 112 75 | ENN 0.11413 4 011214 | 47 15
Elman 0.10239 4 0.09818 14 10
Jordan 0.11342 1 0.11056 9 1
rawsteel 272 182 | FNN 0.09372 3 0.09033 3 20
Elman 0.09056 4 0.088 4 2
Jordan 0.09463 3 0.09042 3 2
sp500 920 613 FNN 0.04277 20 0.0385 4 10
Elman | 0.07417 14 0.04684 | 27 2
Jordan | 0.03737 12 0.03382 9 10
sunsplus 1643 1095 | FNN 0.06753 2 0.067112 | 34 2
Elman 0.06444 3 0.06508 3 2
Jordan 0.0688 2 0.06491 43 20
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arge030 -0.27 28 0.39 Il -0.27 25
ausl006 -0.18 34 0.53 15 -0.58 37
az510 -2.10 41 0.93 9 -1.53 40
beer 0.7 16 -0.69 32 0.84 10
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13137 0.1 HAMsSNABBIATADAYBITONA austra 1YY Feed forward NN.

Feed forward NN wunldanlwlnulusdndu (FNN)  [[Feed forward NN uuutaldniwl i (MSFNN)
H 1 2 3 4 5 max min mean SD 1 2 3 4 5 max min mean SD re(%)
1 [1377]13.77]13.04[12.68[13.41] 1377 | 12.68 | 13.41 | 0.474 |n1.96/12.68[12.32[11.50]12.68] 12.68 | 11.50 | 12.32 | 0.473 || -1.09
2 [14.49[14.49[13.04]14.13[13.77] 14.49 | 13.04 | 1413 | 0.606 [112.32[12.32]12.32[12.32}12.32] 12.32 | 12.32 | 12.32 | 0.000 |{-1.81
3 [13.77[14.13114.86]15.22]15.22] 15.22 | 13.77 | 14.86 | 0.659 |12.68]13.04]13.04]13.04[13.04] 13.04 | 12.68 | 13.04 | 0.161 ||-1.82
4 [13.41]14.49]14.86]15.22[14.86] 15.22 | 1341 | 14.86 | 0.697 |113.04[12.68]12.68}13.04[12.68] 13.04 | 12.686 | 12.68 | 0.197 || -2.18
5 |14.49/14.86]14.86]15.94}15.04] 15.94 | 14.49 | 14.86 | 0.676 [(13.41[13.41[13.04]13.41]13.04] 13.41 | 13.04 | 1341 | 0.203 [f-1.45
6 [14.49[14.13}14.86]12.49]14.49] 14.86 | 14.13 | 14.49 | 0.258 [113.41[13.04]13.41[13.77]13.77| 13.77 | 13.04 | 13.41 | 0.305 || -1.08
7 |14.86[14.86]15.22]15.22]14.48] 15.22 | 14.49 | 14.86 | 0.305 |[pi3.41[12.68{1341[13.41[13.41] 13.41 | 12.68 | 13.41 | 0.326 || -1.45
8 114.86/14.86(15.58]15.22[15.58] 15.56 | 14.86 | 16.22 | 0.360 [113.04[13.41]13.04]12.32[13.04] 13.41 | 12,32 | 13.04 | 0.397 |I-2.18
9 [15.58|14.86[15.22]15.58]15.22| 15.58 | 14.86 | 1522 | 0.301 |13.04]13.04}13.77[14.13[13.41] 14.13 | 13.04 | 13.41 | 0.474 |[-1.31
10 |15.22[15.58]15.58]15.58[14.49] 1558 | 14.49 | 15.58 | 0.474 |h3.77{13.77[13.41]17.96[13.77| 13.77 | 11.96 | 13.77 | 0.785 |[-1.8%
11 [15.58[15.58]14.86|14.86[15.58] 15.58 | 14.86 | 1558 | 0.394 |13.77[14.13[13.77[14.1313.77| 1413 | 13.77 [ 13.77 | 0.197 | -1.81
12 [15.22[15.22|15.58[15.58|14.86] 1558 | 14.86 | 1522 | 0.301 [13.77[13.04]12.68]13.77]13.41] 13.77 | 12.68 | 13.41 | 0.474 || -1.81
13 |16.3 [13.77[14.86[15.94}1522] 163 | 13.77 | 1522 | 0.930 [n3.41[13.41[1341[11.23]13.41] 13.41 | 11.23 | 13.41 | 0.975 || -1.81
14 |15.94]14.86] 16.3 [15.58|14.86] 16.3 | 14.86 | 15.58 | 0.644 |13.04[11.06]13.77[13.77[52.68] 13.77 | 11.96 | 13.04 | 0.768 |l -2.54
15 |14.86]14.86|14.49[15.94[15.58] 15.94 | 14.49 | 14.86 | 0.594 |13.41[13.04[13.04[12.68]13.04] 13.41 | 12.68 | 13.04 | 0.258 [[-1.82
16 |15.22|14.49]14.49|15.22]14.49] 15.22 | 14.49 | 1449 | 0.400 |n3.77 [13.77[13.7713.77|33.77| 13.77 | 13.77 | 13.77 | 0.000 |[-0.72
17 15.2214.49]14.13)14.43}13.77] 1522 | 1377 | 14.49 | 0538 [n341[13.41[13.41[13.41]13.04] 1341 | 13.04 | 13.41 | 0.165 | -1.08
18 |15.22[15.22] 16.3 [14.13[34.13] 16.3 | 1413 | 15.22 | 0.908 |113.04]13.41/13.04|12.68[13.04] 13.41 | 12.66 | 13.04 | 0.258 | -2.18
19 [14.13[13.77]14.49]14.49|14.13| 14.49 | 13.77 | 14.13 | 0.301 |n3.41]12.32]13.41}13.04]13.77] 13.77 | 12.32 | 1341 | 0.551 |{-0.72
20 [14.86/14.49[14.49115.22}14.49] 15.22 | 14.49 | 1449 | 0.327 [n3.04[13.41}12.63[13.41]13.77] 13.77 [ 12.68 | 13.41 | 0.415 | -1.08
21 [15.22[13.41]14.4514.49[13.04] 1522 | 13.04 | 1449 | 0.888 |h3.41[12.32[13.04}13.41]12.32] 1341 | 12.32 | 13.04 | 0.551 [[-1.45
22 [14.49]14.49]14.86114.49]14.49] 14.86 | 14.49 | 14.49 | 0.165 [13.77]13.41[13.4113.77}13.44] 13.77 | 13.41 | 13.41 | 0.197 H-1.08
23 [14.49[14.13]14.13114.13}14.49] 14.49 | 14.13 | 14.13 | 0.197 |h2.68[13.41[13.77[13.77]13.77] 1377 [ 12.68 | 13.77 | 0.474 | -0.36
24 [14.49(14.8614.13115.22|14.86] 15.22 | 14.13 | 14.86 | 0.415 [113.77]13.77]13.77|13.04]12.68] 13.77 | 12.68 | 13.77 | 0.514 } -1.09
25 [14.49]14.49]14.40]14.86]15.22] 1522 | 14.49 | 14.49 | 0.327 |113.77[12.68]13.77[13.41]13.04] 33.77 | 12.68 | 13.41 | 0.474 | -1.08
26 115.22)15.22[13.77)14.86[15.22] 15.22 | 13.77 | 15.22 | 0.628 |n3.77]13.77[12.68}13.04[13.77| 13.77 | 12.68 | 13.77 | 0.514 || -1.45
27 114.86|14.49]14.13|14.40]14.49] 12.86 | 14.13 | 14.49 | 0.258 [n3.41]12.68[13.0413.41}13.04] 13.41 | 12.68 | 13.04 | 0.306 |f -1.45
28 [15.2215.22]15.2214.13[14.49] 1522 | 14143 | 1522 | 0.514 |n3.04[13.77[13.43[13.77[1377] 13.77 | 13.04 | 13.77 [ 0.326 ||-1.45
29 114.13]15.58]14.86/15.22[15.58] 15.58 | 14.13 | 1522 | 0.606 [13.04{13.04}12.68[13.41[13.41] 1341 | 12.68 | 13.04 | 0.306 |[-2.18
30 114.86[15.22|15.22/14.49|14.49] 15.22 | 14.49 | 14.86 | 0.365 [113.41]13.41[13.44[13.41[13.41] 13.41 [ 13.41 | 13.41 | 0.000 |[-1.45
31 {14.13[14.86]15.22]14.49]14.86] 15.22 | 14.13 | 14.86 | 0.415 |13.41]13.04[12.32[1341[13.41] 13.41 | 12.32 | 13.41 | 0.474 [{-1.45
32 114.33[14.13[14.49]15.22[14.49] 15.22 | 14.13 | 14.49 | 0,435 |13.04[13.41[13.41[13.77[13.41] 13.77 | 13.04 | 13.41 | 0.258 | -1.08
33 [14.13/14.49]14.49]14.86114.56] 14.86 | 14.13 | 14.49 | 0.306 [12.68]13.04]13.41]33.04[13.04] 13.41 | 12.68 | 13.04 [ 0.258 J{-1.45
34 [14.4915.22[15.22(15.22[15.58] 15.68 | 14.40 | 1522 | 0.398 mga 13.04[13.04]13.04[13.04] 13.04 | 12.68 | 13.04 | 0.161 | -2.18
35 [14.49[15.22|114.13[14.86[14.66] 1522 | 14.13 | 14.86 | 0.415 [113.41[13.41]13.41[13.41}13.41] 13.41 | 1341 [ 13.41 | 0.000 } -1.45
36 114.86[14.49|14.40]14.86|14.86] 14.86 | 14.49 | 14.86 | 0.203 [13.41]13.41[12.32}13.41}13.41] 13.41 | 12.32 | 13.41 | 0.487 | -1.45
37 [14.49[15.94]14.13]15.58]15.22| 15.94 | 1413 | 1522 | 0.752 [h3.77[13.41[13.41{13.41}13.41] 13.77 | 13.41 | 13.41 | 0.161 } -1.81
38 [14.86/14.86(14.86]15.58]14.86] 15.58 | 14.86 | 14.86 | 0.322 |li3.41[13.41[13.41]13.41}12.68] 13.41 [ 1268 | 1341 | 0.326 J-1.45
39 |14.49]14.86]15.22]14.45]14.13] 15.22 | 1413 | 14.49 | 0.415 [12.68[13.77|13.41[13.77}13.41| 13.77 | 12.68 | 13.41 | 0.445 }i-1.08
a0 |15.58|14.86{14.49|14.86]15.58| 15.58 | 14.49 | 14.86 | 0.486 [[13.41/13.41|13.41]13.41]11.96] 1341 | 11.96 | 13.41 | 0.648 }-1.45
a1 [15.22|15.22|14.86[14.86/14.86] 15.22 | 14.86 | 14.66 | 0.197 |[13.41|13.41{13.77111.96[13.41] 13.77 | 11.96 | 1341 | 0.706 [ -1.45
42 |14.86|15.58/15.22/14.13/15.94] 15.84 | 14.13 | 1522 | 0.696 |13.04[12.68]13.77[12.32]12.68] 13.77 | 12.32 | 12.68 | 0.550 || -2.54
43 [13.77[15.22|15.22|14.86/14.86] 15.22 | 13.77 | 14.86 | 0.596 |[13.04|13.04]12.68[13.77]13.41| 13.77 | 12.68 | 13.04 | 0.415 }-1.82
44 |14.49)13.77[14.13|14.49[14.86] 14.86 | 13.77 | 14.49 | 0.414 |f2.32]13.04[12.68[12.68[12.68] 13.04 | 12.32 | 12.68 | 0.255 {-1.81
45 [15.22]15.22]15.22[15.22]15.94] 15.94 | 1522 | 15.22 | 0.322 |13.77]13.77|33.41]13.04]13.77] 13.77 | 13.04 | 13.77 | 0.326 |/ -1.45
26 |14.86[13.77/14.86|14.86]14.49] 14.86 | 13.77 | 14.86 | 0.474 [[13.41/13.04|13.41[12.68[13.04] 13.41 | 12.68 | 13.04 | 0.306 | -1.82
47 [14.49]14.49]13.41[14.86[14.13] 14.86 | 1341 | 1449 | 0.549 1£3.41 13.41)12.68[13.41[13.41] 13.41 | 12.68 | 13.41 | 0.326 | -1.08
48 [14.86]15.22|14.49|14.43[15.58] 1558 | 14.49 | 14.86 | 0.474 [N3.41{13.04|12.68]13.41[13.41] 1341 [ 12.68 | 1341 | 0.327 [[-1.45
49 [15.22]13.77]14.66|15.58]14.86] 15.58 | 13.77 | 14.86 | 0.678 |13.77[13.41]13.04/13.41]13.04] 13.77 | 13.04 | 13.41 | 0.306 } -1.45
50 114.13]14.13[14.4914.13[14.13] 1449 | 14.13 | 14.13 | 0.161 |13.41]13.4113.04[12.32]12.68] 13.41 | 1232 | 13.04 | 0474 | -1.09
|A=16.30|B=12.68|C=14.86|C=0.415]] A=14.13|B=11.23]/C=13.41/C=0.326 |C=-1.45
H —dmnuTwualududay max ~AIBARRIRINNARAIINAITVARDY 5 A%
min ~fAAanaiadooigasinmivaaas 5 afo mean -fafurasdanuAanainainnimaaas 5 afo

1, 2,3, 4, S —uantmeaasedsd 1, 2, 3, 4, 5 TasAaSunlafiduddiasetholinadanaia

) -a'1li{mtnmmpmaﬁmmaamnmnmﬁmazN s afo A -dnnudanaianndigaanmismaany 50 wuy (1-50 Tuua)
B -AranuAsnaadanigaainnismaaas 50 uuy (1-50 Tuua) C -Anadpannrvanay 50 wuy (1-50 Tnua)

re -reduce wahidusiviTasstheauatanataanay Taovinldain meanysarmeanse

P Y g ’ A Yo A 1 o )
AAMINAADITINATITNIN N.1 ll’dﬂ\jTﬂlHuq'l lnauﬂ’lil‘]’%’]uQUT“uﬂ“l“Tﬂuiu‘yu

(Y L4

] U %’ ° [} Py
gou m3lFamiminnyunmssamumi i inssiva ireRanananasynmsnanes Tag
- » 3 s ¥ Y] ° ] o
Sraadusuadonds nsldaniminuuuvaissnuuaii i lnssdioa narianainanas
H oy : ﬂ' 1 H 1, g o r
Taoindo 1.45% laonafanamivesfigavedlnseinganlgamimindisiauion fie 12.68%
& e Z, U “a P 9 A ] = 8 g @
e lyouauTnualususou 1 Inua uazwadanaaiiosiigaves Insavivanldanimin

A ° L
uunnmuwnmuﬁﬁe 11.23% ma“l‘i’f'mmuTnuﬂ‘luﬁmmﬂu 13 Tnua
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M13190 0.2 KaMINARBIUAZEIAYEITBYA balance-scale TAu1d Feed forward NN.

Feed forward NN uuulaanbnninuioesndud (FNN) [iFeed forward NN uuntddnhwilnuunuanoinuus (MSFNN)
H 1]2§31 4 1|5 max min mean SD 112131415 max min mean sD re{%)
1 1212112 |11.6§12 12 11.6 12,00 0179 [28[24}1.2]32(08 3.2 0.8 240 1.035 -9.60
2 |9.2|76{7.6| 76 |76] 92 7.6 7.60 0716 6 [3.6]5612.8]36 6 2.8 3.60 1.397 _J 4.00
3 [8.4]1019.6] 10 |9.2 10 8.4 9.60 0669 J6.4[4.8{6.4}2.8]|52 6.4 2.8 5.20 1.481 -4.40
4 |52|5615.6] 56 |5.6 5.6 5.2 5.60 0.179 28[64]64(52} 6 6.4 2.8 6.00 1.513 0.40
5 6 |7.2{6.4} 52 [ 6 7.2 5.2 6.00 0.727 5652} 6 |64]|56 6.4 5.2 5.60 0.456 -0.40
6 |56]56(56(52]6 6 5.2 5.60 0.283 5.615.2{3.6] 6 |52 [ 3.6 5.20 0.912 -0.40
7 |)6.8]56(78|76 )6 7.6 5.6 6.80 0.912 5.215.213.6{ 4 |52 5.2 3.6 5.20 0.780 -1.60
3 |56|64]61] 6 |6 6.4 5.8 6.00 0.283 364 |3.6({52{4.8 5.2 3.6 4,00 0.727 -2.00
9 [5.6]/4.8]|6.8] 64 |72 7.2 4.8 6.40 0.963 5.21{4.415.2{56{52 5.6 4.4 §.20 0.438 -1.20
10 56| 6 |56] 6 | 6 [ 5.6 6.00 0.219 f§4.4}24]2413.2(52 5.2 24 3.20 1.246 -2.80
14 |52 6 |]s.6] 0.2 |8 9.6 5.2 8.00 1939 [|36] 6 |5.6[{44] 8 6 3.6 5.60 1.073 -2.40
12 }5.6]5.2]15.6] 5.2 |5.6 5.6 5.2 5.60 0.219 2 152]5.215.6}5.2 5.6 2 5.20 1.486 -0.40
13 [19.2] 6 |52] 6 | 4 9.2 4 6.00 1.927 4 |44]48]16] 2 4.8 1.6 4.00 1.459 -2.00
14 (6.8]6.8|7.2] 76 {6 7.6 8 6.80 0.593 6 16|6]56]86 6 5.6 6.00 0.179 -0.80
15 |5.6]4.8|5.2] 5.2 |72 7.2 4.8 5.20 0.938 56)|64] 6 |36] 6 6.4 3.6 6.00 1.110 0.80
16 [6.8]5.2|56) 5.6 }4.8 6.8 4.8 5.60 0.748 32| 2|6 ]6 |56 6 2 5.60 1.846 0.00
17 {5.6]5.6}5.6| 5.6 |5.2 5.6 5.2 5.60 0.179 56|66 |6 |36 6 3.6 6.00 1.043 0.40
18 15.6]164[ 6 | 6.8 |64 6.8 5.6 6.40 0456 [5.236(5.6|3.2|56 5.6 3.2 §.20 1.152 -1.20
19 {5.6]5.2[5.6| 56 {4.8] 56 4.8 5.60 0358 [ 6 [48]3.2]|56] 4 6 3.2 4.80 1.145 |} -0.80
20 | 6 |64]|6 | 6.8 168 6.8 6 6.40 0.400 6 |56]5.2]44| 6 6 4.4 5.60 0.669 -0.80
21 [64]44[52] 64 [56] 64 4.4 5.60 0849 [I56]6 |6 |56]6 3 56 6.00 0.219 0.40
22 }4.8]5656| 6 |52 6 4.8 5.60 0.456 6 |24]4.8] 4 |5.2 6 24 4.80 1.368 -0.80
23 |56]4.8]5.2} 52 {56] 5.6 4.8 5.20 0335 [Is.6i52| 6 |5.2{ 6 6 5.2 5.60 0.400 0.40
24 {7.6|5.6(4.8| 84 |64 8.4 4.8 6.40 1.459 5616 |4 [52]44 6 4 5.20 0.825 -1.20
25 156[5.2[4.8] 52 {s6] 56 4.8 5.20 0.335 J44f56]6 [6 [64] 64 4.4 6.00 0.769 0.80
26 {5.6]56(7.6] 5.6 {64 7.6 5.6 5.60 0.876 |56 6 |64i56}) 6 6.4 5.6 6.00 0.335 0.40
27 (6.4]56152| 56 16 6.4 5.2 5.60 0.456 6 |6}61]86 |52 6 5.2 6.00 0.358 0.40
28 [7.6]6.8|5.2] 56 [68] 76 52 6.80 0.980 [[4.8]32]56]/36] 6 6 32 4.80 1.220  §-2.00
29 |5.2] 6 {5.2f 6 [5.2 6 5.2 5.20 0.438 6 |36]64]64]5.2 6.4 3.6 6.00 1.180 0.80
30 [5.6] 6 |4.4] 84 |56 8.4 4.4 5.60 1.470 4 [56156]56]|2.8 5.6 2.8 5.60 1.277 0.00
31 |5.2|5.2{6.8] 6 |64 6.8 5.2 6.00 0.716 6 |(64]6 {6 {6 6.4 6 6.00 0.179 0.00
32 |72}64]4.8] 52 |68 7.2 4.8 6.40 1.035 6 i{56] 6 | 6 {4.8 6 4.8 6.00 0.522 -0.40
33 |64|56]6 152 |6 6.4 5.2 6.00 0.456 6 [64|64[64] 4 6.4 4 6.40 1.043 0.40
34 16]56]6 |64 [72] 72 56 6.00 0.607 §32}44|56]|56}64] 64 3.2 5.60 1.262 § -0.40
35 |84 6|6 |68 |64 8.4 6 6.40 099 §5216 |6 |56](52 6 5.2 5.60 0.400 -0.80
36 [9.2]52] 6 | 64 [92] 9.2 5.2 6.40 1.876 [56]6814.4] 6 |56] 6.8 44 5.60 0.867 ) -0.80
37 |8.816.8|52]| 6 |6 8.8 52 6.00 1374 [§3.2}52)5.6]4.8]/4.8 5.6 3.2 4.80 0.912 -1.20
38 | 6 §4.8|5.2]| 6.8 |7.2 7.2 4.8 6.00 1020 64| 6 |56|3.2|64 6.4 3.2 6.00 1.338 0.00
39 |76]84]6 |52 (52] 84 5.2 6.00 1453 K64] 6 |64]64]52] 64 52 6.40 0.522 0.40
40 156[4.8|56] 6 |52 6 4.8 5.60 0.456  H4.4[52156]56] 4 5.6 4 5.20 0.727 _§ -0.40
41 |64]64|56] 6 |6 6.4 5.6 6.00 0335 [44(52|6 {66 8 4.4 6.00 0.716 0.00
42 | 6 {5.2] 6 | 5.6 |84 8.4 5.2 6.00 1.252 6 16 |6 |4.8]44 6 4.4 6.00 0.780 0.00
43 [6.8[7.2|7.2] 7.6 |7.2 7.6 6.8 7.20 0.283 5214 |56] 6 (4.8 6 4 5.20 0.769 -2.00
44 | 6 [56| 6 | 6.8 |52 6.8 5.2 6.00 0.593 [6.4}64]6.4]64]56 6.4 5.6 6.40 0,358 0.40
45 l68[ 6 |68 64 |52] 6.8 5.2 6.40 0.669 Q6.4 [64]56][3.6]36] 6.4 3.6 5.60 1.425 | -0.80
46 |6.4]52]64] 56 |52] 6.4 5.2 5.60 0607 f§56]6.8|64][64]6 | 68 5.6 6.40 0.456 0.80
47 |64]52|52] 56 {5.6 6.4 5.2 5.60 0490 R4.8[5.6|3.6{4.8}5.6 5.6 3.6 4.80 0.820 -0.80
43 [56]52]64] 48 (6 6.4 4.8 5.60 0.632 3.6 [52]4.8]}56}5.2 5.8 3.6 5.20 0.769 -0.40
49 |6 |68)6 |48 52| 68 4.8 6.00 0.780 [16.4[64]| 6 [64] 6 6.4 6 6.40 0.219 0.40
50 }5.6}52(64] 6 |56 6.4 5.2 5.60 0456 §15.6 [6.4]4.8] 4 {44 6.4 4 4.80 0.963 -0.80
A=12,00 | B=4.00 | C=6.00 { C=0.620 A=6.80 | B=0.80 =5.60 | C=0.848 §=-0.40
H =3nnuivuslududay max —AARMAIRINNTREATINNINARDY 5 A%
min —ffanaavaodganinmismaaa 5 afs mean -AnafonasAiAnudanaraainmsvanas 5 afo

1, 2, 3, 4, 5 —manymraasnbodt 1, 2, 3, 4, 5 Tasandunlafiduditasholvinatawaie

SO —ﬁ'ut{wumnu‘:punmﬁ'\mmﬂnwmnmnmmnnm 5af A -diarmlanaimnafigasinnimasas 50 uuy (1-50 Tuun)
B -AanmAanataiasiigaarnmismasng 50 usy (1-50 Tuus) C -Anadrannimaaay 50 uuy (1-50 Tvuua)

re -reduce wofidusdTasotho1lisadanaIrRARY TAMNTARIN Meanuse-MeaNm

- v 1 A a 9o o v o 2

HaNISNABDINAITNA 0.2 taasIiiiu Weilnis1aswau Tnuanminulury
) v ¥ o o [ a °
gou ns I¥animinuuurassnmudii i Insenee MnaAanainanas 30 wuy (S1u

a4 1 o R Y a d 1 a 'y ¥ ¥ o
Tnuanmitulusugou) Tnsddaiunundssinyauuunisnaasauds mslganimin
nvynassnmuani i Inseea likafianaimanasTaoinde 0.40% laonafianaiaiiey
H ] 4 4 o 1 g ° HER
figavesIasavai e nimninifivesnfior Ao 4% el mauTnualusugou 13 Tnua

a 3 4 ' 3 y ¥ o A
wazraRanaaitosigavesTnsetian IFanihminnuunaisnuudie 0.8%  ield

»
s Tnualusuaeu 1 Tnua
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MaA 0.3 HaMsnAaBuazadAveIfoya Breast 1a01¥ Feed forward NN.

Feed forward NN uuuldambwnIniivesmdor (FNN) Feed forward NN urutdanwhwr yuainius (MSFNN)

1 213 )14]|5 | max min mean 8D 1 2 13)4 5 max min mean SD re{%)
3.583.9413.5813.94|3.58| 3.94 3.58 3.58 0.197 [3.94 |3.583.563.583.58| 3.94 3.58 3.58 0.161 0.00
3.9413.9413.94[3.94]|3.94] 394 3.94 3.94 0.000 [3.58 ]3.9413.9413.94|3.23| 3.84 3.23 3.94 0.318 0.00
3.5813.9413.94[3.94]3.94] 394 3.58 3.94 0.161 3.94 13.5813.56{3.943.94| 3.94 3.58 3.94 0.197 0.00
3.5813.94)3.943.94]3.94] 3.94 3.58 3.94 0.161 [3.2313.58}{2.87}3.58}3.23| 3.58 2.87 3.23 0.296 -0.71
3.58(3.6813.94[3.943.94] 394 3.58 3.94 0.197 [3.23]3.94(3.94[3.94)3.58| 3.94 3.23 3.94 0.318 0.00
3.5813.94|3.23[3.94] 394 3.23 3.58 0.355 }13.58{3.23}2.87{3.58]3.58| 3.58 2.87 3.58 0.317 0.00
3.94{3.5813.943.94|3.58| 3.94 3.58 3.94 0.197 [3.94 [2.61(3.9413.58|3.94| 3.94 2.51 3.94 0.619 0.00
3.9413.9413.94[3.94]3.94] 3.94 3.94 3.94 0.000 [3.94 [3.58(3.94{2.87|3.68] 3.94 287 3.58 0.437 -0.36
3.94 [3.94]3.94}3.9413.94; 3.4 3.94 3.94 0.000 [3.9413.94{3.94[3.2313.94| 3.94 3.23 3.94 0.318 0.00
3.94]3.94]3.94]3.9413.94] 3.94 3.94 3.94 0.000 [3.94 {3.58(3.58[3.58}3.23| 3.94 3.23 3.58 0.251 -0.36
3.9413.94]3.94|3.94]3.94] 3.94 3.94 3.94 0.000 [3.9413.9413.94{3.58|3.23| 3.94 3.23 3.94 0.318 0.00
3.943.9413.947 394 3.94 3.94 0.000 [3.58 }3.23}{3.58{3.58]3.94] 3.94 3.23 3.58 0.251 -0.36

b4 FHCICI I I PN P T P E
w
1
W

12 13.94[3.94

13 13.8413.9413.9413.04|3.94| 3.94 3.94 3.94 0.000 §2.873.9413.23{3.94|3.58]| 3.94 287 3.58 0.464 H -0.36
14 [3.9413.9413.94|3.94|3.94] 394 3.4 3.94 0.000 [3.2313.2313.943.58]3.94| 3.94 3.23 3.58 0355 |1 -0.36
15 [3.9413.9413.9413.9413.94| 3.94 3.94 3.94 0.000 [{3.23 13.5813.5813.5813.94| 3.94 3.23 3.58 0.251 -0.36
16 [3.9413.9413.9413.9413.94} 3.94 3.94 3.94 0.000 §3.9413.23]3.94/3.583.58| 3.94 3.23 3.58 0.298 | -0.36
17 |3.94(3.9413.9413.9413.94| 394 3.94 3.94 0.000 f3.58 |3.23(2.87(3.58 {3.58| 3.58 2.87 3.58 0.317 | -0.36
18 ]3.9413.9413.943.94|3.94| 3.94 3.94 3.94 0.000 [13.23 13.9413.23{3.58(3.58| 3.84 3.23 3.58 0.296 |f -0.36
19 ]3.9413.9413.5613.9413.94| 3.94 3.58 3.94 0.161  [§3.58 13.9413.943.58 |3.58]| 3.94 3.58 3.58 0.197 § -0.36
20 |3.9413.9413.94)3.94|3.94] 3.94 3.94 3.94 0.000 §3.58 }3.2313.5813.94|3.58| 3.94 3.23 3.58 0.251 -0.36
21 3.9413.94|3.9413.94|3.94| 3.94 3.94 3.94 0.000 [3.94 13.5813.9413.94[3.58} 3.94 3.58 3.94 0.197 0.00
22 13.94(3.9413.9413.94|3.94| 3.94 3.94 3.94 0.000 [3.58 13.5813.5613.9413.94| 3.94 3.58 3.58 0.197 |} -0.36
23 13.9413.94]3.9413.94|3.94| 3.94 3.94 3.94 0.000 [13.58(3.9413.943.58/3.94] 3.94 3.58 3.94 0.197 0.00

394 3.94 3.94 3.94 0.000 [£3.23 [3.2313.58}3.583.58| 3.58 3.23 3.58 0.192 -0.36
3.94| 3.94 3.58 394 0.161 [13.58 {3.5813.9413.58 |3.58] 3.94 3.58 3.58 0.161 -0.36
394| 3.4 3.94 3.94 0.000 F3.58 13.9413.943.583.56] 394 3.58 3.58 0.197 -0.36
3.94| 3.94 3.94 394 0.000 [2.87 |3.5683.58}3.2313.58; 3.58 2.87 3.58 0.317 -0.36

:
w
2
Il by
3
w
®
¢
2

]
w
b
@
®
hd
S
)
b3

n
©
2
w
2
w
b3
w
£

]
(2
£
@
b
w
£
®
b

28 13.9413.9413.9413.9413.94| 3.94 3.94 3.94 0.000 [3.943.94]3.58|3.94|3.94] 3.94 3.58 3.94 0.161 0.00
29 3.94]3.9413.9413.9413.94| 3.94 3.94 3.94 0.000 [§3.94|13.23]3.23|3.94|3.23} 3.94 3.23 3.23 0.389 § -0.71
30 [3.94$3.9413.9413.9413.84| 3.94 3.94 3.94 0.000 }3.58 |3.58]3.58|3.23]|3.23] 3.58 3.23 3.58 0.192 § -0.36
31 §3.9413.9413.94|3.94|3.94| 3.94 3.94 3.94 0.000 §3.2313.58|3.583.58[3.58| 3.58 3.23 3.58 0.157 § -0.36
32 13.9413.9413.94|3.94|3.84| 3.94 3.94 3.94 0.000 [13.94 |3.58]3.94|3.9413.94]| 3.94 .58 3.94 0.161 0.00
33 |3.94}3.58{3.9413.94]3.94] 3.94 3.58 3.94 0.161 [13.94 13.04]3.583.94 [3.94| 3.94 3.58 3.94 0.161 0.00
34 |3.9413.0413.9413.94]3.94{ 3.94 3.94 3.94 0.000 £i3.9413.0413.84(3.58[3.94| 3.94 3.58 3.94 0.161 0.00

2.87| 3.58 2.87 3.58 0.317 K -0.36
2.87f 3.58 2.87 3.58 0.317 -0.36
3.58| 3.58 3.23 3.58 0.157 -0.36
3.58]| 3.94 3.23 3.94 0.318 0.00
3.23 3.58 0.356 1§ -0.36
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40 |3.58]3.94[3.94|3.94|3.94| 3.94 3.58 3.94 0.161 }3.58 [3.23]3.5813.233.23| 3.58 3.23 3.23 0.192 -0.7%
41 |3.94]3.94|3.9413.9413.94| 394 3.94 3.94 0.000 [3.94 13.23[3.583.583.94| 3.94 3.23 3.58 0.208 -0.36
42 |3.58]3.68|3.94[3.94]3.941 3.94 3.58 3.4 0.197 [13.58 |3.94[3.58/3.94{3.94| 3.94 3.58 3.94 0.197 0.00

3.94 0.000 [§3.58 [3.583.5813.5613.58| 3.58 3.58 3.58 0.000 § -0.36
323 3.58 0.208 § -0.36
5 . 3.23 3.58 0.206 # -0.36
0.000 §3.58 12.87/3.23|3.58|3.58] 3.58 2.87 3.58 0.317 {-0.36
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47 [3.94]3.58]30413.94]3.04] 3904 | 358 | 394 | 0161 [13.94[3.58|3.94]|3.94|3.04] 3.94 | 358 | 394 0.161 |} 0.00
48 [3.94]3.94]3.04]3.04]358] 364 | 358 | 394 | 0761 [[3.583.23]3.23]3.58|3.23] 358 | 323 | 323 | 0192 [-07
49 [358{3.94]394[3.94]3.04] 304 | 358 | 384 | 0.161 [[3.58]2.87)3.58]|3.58|2.87] 3.58 | 2.87 | 358 | 0.389 | -0.36
50 [3.94]3.94]3.58{3.94]3.04] 394 | 358 | 3.4 | 0.161 [[3.58[3.58]3.58[3.94/3.94] 394 | 358 | 358 | 0.197 § -0.36
A=3.94 | B=3.23 | C=3.94 | C=0.000 A=3.94 [ B=2.51 [ C=3.58 | C=0.251 [C=-0.36
H —$unuTuuatutudau max —MAKNAIMNATHAMANINARDY 5 Al
min —Ar@anasdaodgaiinnieaas 5 af mean -Aualpsasdranubanaiainmmaan 5 afo

1, 2, 3,4, 5 sammaaasafed 1, 2, 3, 4, 5 TavAaflunlafidudRiasediolvinafanaa

sD —ﬁ'uf{wmumnssw-nmﬁwmwamammnmmnnm 5 afe A -FranmAanaianndgaznmisveaas 50 uuy (1-50 Tnua)
B -ArAuAsnamiagfgaainnimmaaas 50 wuu (1-50 Tuua) C -Anadsainnrimanay 50 wuu (1-50 Twus)

re -reduce wafidudiTasothoiinafisnainanns Taourle3In meanusne-meansy
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3197 n.4 HANINAABIAZADAYDITOYA Diabetes 10Ul Feed forward NN.

70

Feed forward NN uuuldawhvninfinordus (FNN)  [Feed forward NN uuutdanl W ¥ (MSFNN)
H 1 2 3 4 5 max min mean SD 1 2 3 4 5 max min mean SO re{%)
1 |25.73]25.08]25.41]25.08]25.41] 25.73 | 25.08 | 25.41 | 0.273 |p4.78[25.08[24.76[24.76]24.76] 25.08 | 24.76 | 24.76 | 0.143 |1 -0.65
2 [23.78[23.78] 24.1 [ 24.1 [24.43] 24.43 | 23.78 | 24.10 | 0.271 1P4.76[25.08]25.08[24.76/25.08] 25.08 | 24.76 | 25.08 | 0.175 [f 0.98
3 [25.08]24.43[24.76{25.41|24.43] 25.41 | 24.43 | 24.76 | 0.425 |R4.76[24.43|24.76}24.1 [24.43] 24.76 | 24.1 | 24.43 | 0.276 || -0.33
4 [ea.43]23.78]24.76]24.76[24.43] 24.76 | 23.78 | 24.43 | 0.400 1P4.43[24.43|24.76[24.76] 24.1 | 24.76 | 24.1 | 24.43 | 0.276 || 0.00
5 [24.43]24.76[24.43]24.1[25.08] 25.08 | 24.1 | 24.43 | 0.373 [P4.76[24.76[24.43[23.78{24.76] 24.76 | 23.78 | 24.76 | 0.426 } 0.33
6 [24.43]24.76[24.43[22.8 [24.43] 24.76 | 22.8 | 24.43 | 0.779 [24.76{24.1 |24.76[24.76]24.76] 24.76 | 241 | 24.76 | 0.285 } 0.33
7 [23.78]24.1]24.43]24.43[24.43] 24.43 | 23.78 | 24.43 | 0291 [{24.1 [24.1[23.78[24.1|24.1] 24.1 | 23.78 | 24.10 | 0.143 [ -0.33
8 ]25.08/24.76[24.76[24.43[25.08] 25.08 | 24.43 | 24.76 | 0.271 |P4.43[24.76]24.1 [24.76]24.1] 24.76 | 24.1 | 24.43 | 0.330 §-0.33
9 124.76]24.7624.7624.76[24.76| 24.76 | 24.76 | 24.76 | 0.000 |p4.43]24.76[24.76]25.08}25.08] 25.08 | 24.43 | 24.76 | 0.279 || 0.00
10 [24.1 [24.76[25.08}26.06[25.08] 26.06 | 24.1 | 25.08 | 0.708 |23.78{23.78[24.43] 24.1 [24.43] 24.43 | 23.78 [ 24.10 | 0.325 [} -0.98
11 [24.43125.73]24.43]25.08[25.08] 25.73 | 24.43 | 25.08 | 0.544 |P3.78[22.8 [24.1]23.78]24.1] 24.1 | 228 | 23.78 | 0.534  -1.30
12 125.73]24.76[25.41[24.4325.41] 25.73 | 24.43 [ 25.41 | 0.534 |P4.43|23.78]23.78[24.43[23.78] 24.43 | 23.78 | 23.78 | 0.356 F-1.63
13 [24.1 [24.43[25.73]24.76{24.43] 25.23 | 24.1 | 24.43 | 0.626 |[24.1 24.1[23.78]23.78]24.43] 24.43 | 23.78 | 24.10 | 0.271 §-0.33
14 [24.1]24.76]26.06]24.43[24.43] 26.06 | 24.1 | 24.43 | 0.765 |R4.43]24.1[24.43[22.8 [24.43] 24.43 | 22.8 | 24.43 | 0.707 [ 0.00
15 [25.4125.08]24.76]24.76/25.08] 25.41 | 24.76 | 25.08 | 0.271 |R4.43]24.43]24.76]24.76[23.78] 24.76 | 23.78 | 24.43 | 0.400 ¥ -0.65
16 |25.08]25.08124.76[25.08/25.08] 25.08 | 24.76 | 25.08 | 0.143 |4.43[23.78]24.1 [ 24.1 [24.43] 24.43 | 23.78 | 24.10 [ 0.273 ¥ -0.98
17 [24.76}25.08] 24.1 [24.76]24.76] 25.08 | 24.1 | 24.76 | 0.359 {24.1 [23.45[23.78[24.1]24.1] 24.1 | 23.45 | 24.10 | 0.200 J{-0.66
18 [25.73]24.1 125.73]25.41]24.76] 25.73 | 24.1 | 25.41 | 0.706 [{24.1 [24.43]24.43]23.78[24.43] 24.43 | 23.78 | 24.43 | 0.291 }{-0.98
19 124.43[25.73]24 43]25.08[24.76] 25.73 | 24.43 | 24.76 | 0.544 |p4.76|24.76]24.43] 24.1 [23.13] 24.76 | 23.43 [ 24.43 | 0.676 | -0.33
20 [25.08|24.43[26.38[25.73|25.08] 26.38 | 24.43 | 25.08 | 0.741 [24.1 [23.13]23.78]24.1 |23.13] 24.1 | 23.13 | 23.78 | 0.491 § -1.30
21 125.41]24.1 [26.06[24.76[25.08] 26.06 | 24.1 | 25.08 | 0.730 [[20.2 [22.15}20.2 [20.2 [21.18] 22.15 | 20.2 | 20.20 | 0.873 § -4.88
22 [25.08]24.43]26.06[24.76[24.76] 26.06 | 24.43 | 24.76 | 0.626 |[24.1 [24.43]24.43[24.76]23.78] 24.76 | 23.78 | 24.43 | 0.373 | -0.33
23 [24.76[25.08]24.76[24.76[24.43] 25.08 | 24.43 | 24.76 | 0.230 |[22.8 [23.45[24.1 [24.1 |23.78] 24.1 | 22.8 | 23.78 | 0.544 |1 -0.98
24 [25.08]25.73]24.76]24.76[24.76] 25.73 | 24.76 | 24.76 | 0.421 |P4.43[23.13[24.1 [23.78]24.1| 24.43 | 23.13 | 24.10 [ 0.492 §-0.66
25 [24.76[24.76{25.73]25.41[24.76] 25.73 | 24.76 | 24.76 | 0.458 |23.78[23.78]22.15[23.45[24.43| 24.43 | 22.15 | 23.78 | 0.843 |l -0.98
26 [24.43[25.73[24.76[25.73]25.73] 2573 | 24.43 | 25.73 | 0.633 |P3.13124.43{23.45(24.1 | 24.1| 24.43 | 23.13 | 24.10 | 0.534 ¥ -1.63
27 [24.43]24.76{25.08] 24.1 [25.08] 25.08 | 24.1 | 24.76 | 0.426 |P4.4323.78[24.43]24.1 |24.43] 24.43 | 23.78 | 24.43 | 0.291 §-0.33
28 125.41|24.1[23.13]25.73]25.73] 25.73 | 23.13 | 25.41 | 1.160 |P4.43|24.43[24.1[24.1 [22.8 | 24.43 | 22.8 | 24.10 | 0.676 §-1.31
29 [25.73/26.06] 24.1 |26.38]26.38] 26.38 | 24.1 | 26.06 | 0.950 |P3.45[24.1]24.123.78[24.1] 24.1 | 2345 | 24.10 | 0.290 J -1.96
30 [24.43]25.08{25.73[25.73|24.76] 25.73 | 24.43 | 25.08 | 0.581 [24.1 [24.43]24.1 [24.1 ]24.1] 24.43 | 24.1 | 24.10 | 0.148 | -0.98
31 126.06/25.41|25.08)26.38]25.73] 26.38 | 25.08 | 25.73 | 0.514 |p3.78]24.1 [23.45[23.45[24.1| 24.1 | 2345 | 23.78 | 0.325  -1.95
32 [24.7625.08/24.76[24.76[23.78] 25.08 | 23.78 | 24.76 | 0.494 |{24.1 [23.45[24.1 [24.4 ]24.1} 24.1 | 2345 | 24.10 | 0.291 §-0.66
33 [25.08]24.1 [24.76] 24.1 [24.76] 25.08 | 24.1 | 24.76 | 0.440 |P3.45[23.78]23.78]23.78[23.78] 23.78 | 2345 | 23.78 | 0.148 | -0.98
34 [24.43{24.76[25.08[23.78]24.76] 25.08 | 23.78 | 24.76 | 0.494 |P3.78]24.43[23.78]23.78[23.13] 24.43 | 23.13 | 23.78 | 0.460 } -0.98
35 [24.43[24.1 [24.43]24.1 [24.43] 24.43 | 241 | 24.43 | 0.181 |P4.43[24.76[24.43]24.43} 24.1 | 24.76 | 24.1 | 2443 | 0.233 § 0.00
36 126.06{25.73[26.06]24.43[26.06] 26.06 | 24.43 [ 26.06 | 0.707 [R3.45[23.78]24.1 [23.45[24.43] 24.43 | 23.45 | 2378 | 0425 f-2.28
37 [25.08]25.08[24.43]23.78[ 24.1 | 25.08 | 23.78 | 24.43 [ 0.582 [[24.1 [24.1 [24.43[23.45[23.45] 24.43 | 2345 | 24.10 | 0438 -0.33
38 [25.41]25.41/24.43]24.76[25.73] 25.73 | 24.43 | 25.41 [ 0.534 |p3.45[24.43]24.1 [23.78]23.13] 24.43 | 23.13 | 23.78 | 0.514 [-1.63
39 [24.43[25.73[25.41]24.76[25.08] 26.73 | 24.43 | 25.08 | 0.514 |P3.7823.45[23.7823.45[23.78] 23.78 | 2345 | 2378 | 0.181 §-1.30
40 [24.76[24.43[24.76] 24.1 [24.43] 24.76 | 24.1 [ 24.43 | 0.276 |4.43]24.43]23.45] 24.1 |23.45] 24.43 | 2345 | 24.10 | 0495 | -0.33
41 _|24.1[25.73[23.78}24.76[24.43] 25.73 | 23.78 | 24.43 | 0.749 |[24.1 [23.13]24.1 [24.1 [23.78] 24.1 | 23.13 | 24.10 | 0.421 J-0.33
42 [24.76[24.76] 24.1 [25.41|24.76] 2541 | 24.1 | 24.76 | 0.463 |{24.1 [23.78]23.78] 24.1 [23.45] 24.1 | 23.45 | 2378 | 0.271 [ -0.98
43 [25.73]24.76{25.08126.38[25.41] 26.38 | 24.76 | 2541 | 0.624 |23.45[24.1 [24.1]24.1]24.1] 24.1 | 23.45 | 24.10 { 0.281 § -1.31
44 [24.76[24.43]24.43}24.43[23.78] 24.76 | 23.78 | 24.43 | 0.357 |P3.45[24.4323.45[24.1 [24.1| 24.43 | 23.45 | 24.10 | 0438 ] -0.33
45 124.43]26.06[25.41/24.76|25.08] 26.06 | 24.43 | 25.08 | 0.627 |R3.78]24.1 [23.78] 24.1 [24.43] 24.43 | 23.78 | 24.10 | 0.271 { -0.98
46 [27.3625.08/24.43[26.71]24.43] 27.36 | 24.43 | 25.08 | 1.354 |P3.78[23.78[23.78| 24.1 [23.13] 24.1 | 23.13 | 23.78 | 0.355 | -1.30
47 |25.08125.73[25.08[25.08]26.06] 26.06 | 25.08 | 25.08 | 0.461 |p4.43]23.13]23.78[24.43|23.45] 24.43 [ 23.13 | 23.78 | 0.582 | -1.30
48 [25.08{25.08|24.43]24.43[24.76] 25.08 | 24.43 [ 24.76 | 0.325 |R4.43[23.45]24.43]24.43]23.78] 24.43 | 2345 | 24.43 | 0.461 [ -0.33
49 [25.0825.41[26.06[26.06[23.78] 26.06 | 23.78 | 25.41 | 0.939 [{24.1 [24.43]24.43]23.45]23.78] 24.43 [ 2345 | 24.10 | 0.425 | -1.31
50 [25.08]24.76]25.08[24.76]25.08] 25.08 | 24.76 | 25.08 | 0.175 [4.43]23.78|23.45[24.43[24.43| 24.43 | 2345 | 24.43 | 0461 | -0.65
[A=27.36{B=22.80|C=24.76 [C=0.504]] A=25.08]B=20.20]C=24.10]C=0.355[F=-0.82

H =3hanuTwusluifugday
min —A1@anamiaoigaainnimenas 5 afo
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re -reduce ulafidusdiasothosinatanaiaaany Taouleann meanusmw-Meanan

max ~AAANRIAINATNARINNITNARDY 5 AT
mean -fnaluuasrianubenainainnimaans 5 afe
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C -dnalvanmmaaasy 50 uuy (1-50 Twua)
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M3131 0.5 HAMINABBIDLADAYDITEYA Donat 1nu1% Feed forward NN,

Feed forward NN uxuldenthwinnloesndun (FNN) Feed forward NN uunlalsimbnl i (MSFNN)

H 1 2 3 4 5 max min | mean sD 112|3[4]5 max min mean §D re{%)
1 132.95033.7 | 33.5[33.7 |33.4] 337 |32.95 3350 | 0308 jloJofo]ofo 0 0 0.00 0.000 -33.50
2 [12.1 [12.15]12.45]12.45]12.7] 127 | 121 | 1245 | 0.246 [loJo{ofo]o 0 0 0.00 0.000 12.45
3. Jotltojofjol]o 0 0 0.00 | 0.000 [lo]ofo]olo 0 0 0.00 0.000 0.00
4 6 foJo]otlo 0 0 0.00 | 0.000 [lo]ofo]ojo 0 0 0.00 0.000 0.00
5 0o foJojolo 0 0 0.00 | 0.000 fofojofolo 0 0 0.00 0.000 0.00
6 6 {ojJojolo 0 0 0.00 | 0.000 flofo]ofo]o 0 0 0.00 0.000 0.00
7 o Jo]JolJol]Jo 0 0 0.00 | 0.000 jolojofojo 0 0 0.00 0.000 0.00
8 0 foJo]o]Jo 0 0 0.00 | 0.000 jojojofo]o 0 0 0.00 0,000 0.00
9 o JoJo]ol]o 0 0 0.00 | 0.000 ffofofofolo 0 0 0.00 0.000 0.00
10 JoloJo]o]o 0 0 0.00 | 0.000 Jlofofofofo 0 0 0.00 0.000 0.00
1Mjotolojo]o 0 0 0.00 | 0.000 Jlojofolofo 0 0 0.00 0.000 0.00
12 o jojojol]o 0 0 0.00 | 0.000 jlojofojolo 0 0 0.00 0.000 0.00
13 ] o lJo]jJoj{o]o 0 0 0.00 | 0.000 fojofo[olo 0 0 0.00 0.000 0.00
141 0lo0o]ojol]o 0 0 0.00 | o.000 Jlojojolojo 0 0 0.00 0.000 0.00
i5 [ojoJojol]o [ 0 0.00 | 0.000 llo|ofo]ojo [ 0 0.00 0.000 0.00
16 oo ]otol]o 0 0 0.00 | 0.000 fo[cjojofo 0 0 0.00 0.000 0.00
177 o Jo oo ]o 0 0 0.00 | o000 JloJolojofo 0 0 0.00 0.000 0.00
8 fo]ofjoiol]o 0 0 6.00 | 0000 llojojojofo 0 0 0.00 0.000 0.00
19 [ojolojo]o 0 0 0.00 | 0.000 [lofofolojo 0 0 0.00 0.000 0.00
20 J]ojoJojol]o 0 0 0.00 | 0.000 fio|ojoiolo 0 0 0.00 0.000 0.00
21t Jojolofjo]o 0 0 0.00 | 0.000 Jlojofololo 0 0 0.00 0.000 0.00
22 oo |ojfolo 0 [ 0.00 | 0.000 Jlolojojofo 0 0 0.00 0.000 0.00
23 Jojo]]ojo o 0 0 0.00 | 0.000 [fojofojolo 0 0 0.00 0.000 0.00
24 fojo|ojotjo 0 0 0.00 | 0.000 {fofofojofo 0 0 0.00 0.000 0.00
25 o Jojo]otjo 0 0 0.00 | 0.000 |lofojojojo] ~o0 0 0.00 0.000 0.00
26 Jojojolo]o 0 0 0.00 | o.000 Jlojofojojo ) ) 0.00 0.000 0.00
27 fojojo]ol]o 0 0. ] ooo | 0000 jofolofojo 0 0 0.00 0.000 0.00
28 0o jJo [ofojo 0 0 0.00 | 0.000 llojojojojo [ 0 0.00 0.000 0.00
29 JoJo]o]ol]o [ 0 0.00 | 0.000 fjojofojojo 0 0 0.00 0.000 0.00
3% Jofjojolo]o 0 0 0.00 ]| 0.000 Jlolofo]ofo 0 0 0.00 0.000 0.00
3t jolo]ojfolo 0 0 0.00 | 0.000 lfojofo]ofo 0 0 0.00 0.000 0.00
32 o oo o lo 0 0 0.00 | 0.000 |jojojofojo 0 0 0.00 0.000 0.00
33 oo o Joijo 0 0 0.00 | 0.000 Jlojojojofo 0 0 0.00 0.000 0.00
34 | o]o|oflo}o 0 0 0.00 | 0.000 Jlo]ojofojo 0 0 0.00 0.000 0.00
35 JolofJojoio 0 [ 0.00 | 0.000 JloJolojolo 0 0 0.00 0.000 0.00
36 J]o oo 0o |o 0 0 0.00 | 0.000 lo]ofojojo 0 [ 0.00 0.000 0.00
3 oo jJo]o]o 0 0 0.00 | 0.000 lolofo]ofo [ 0 0.00 0.000 0.00
38 |{ofojojofjo 0 0 0.00 | 0.000 flolofojofo 0 0 0.00 0.000 0.00
39 o jofo]otfo 0 0 0.00 | 0.000 flojofo]ojo 0 0 0.00 0.000 0.00
490 o joltojolo 0 0 0.00 | 0.000 j{olofo]ofo 0 0 0.00 0.000 0.00
41 ] o ] o 6 o lo 0 [ 0.00 | o0.000 [lojofololo 0 0 0.00 0.000 0.00
42 oo c Jolo 0 0 0.00 | 0.000 JloJofojolo 0 0 0.00 0.000 0.00
3 Jo|]ofjojoio [ 0 0.00 | 0.000 llojofojojo 0 0 0.00 0.000 0.00
4 ] o ] o o lojo 0 ) 0.00 | c.000 |fojojo]ofo 0 0 0.00 0.000 0.00
45 1 o o fotoijo 0 0 0.00 | c.000 Jjojojo]ojo 0 0 0.00 0.000 0.00
46 | 0 Jo J]ojo]o 0 0 0.00 | 0.000 liolofojolo 0 0 0.00 0.000 0.00
47 | 0o | 0 0 tolo 0 0 0.00 | 0.00c Jjofojojofo 0 0 0.00 0.000 0.00
48 JolojJofolo [} 0 0.00 | o.000 Jiojofofojfo 0 0 0.00 0.000 0.00
49 | o o jotol]o 0 0 0.00 | o.000 Jiolofojojo 0 0 0.00 0.000 0.00
s0o | 0o J]ojojol]o 0 0 0.00 | 0.000 Jiolo|o]olo 0 0 0.00 0.000 0.00

A=33.70 | B=0.00 ] C=0.00 | C=0.000 A=0.00 B=0.00 C=0.00 €=0.000 [-=0.00

H =3rumnualududau max —Ardantnnnigannnvaaas 5 Al
min —sAanamiasigasinnrmaass 5 afs mean -AadunaerIanudanainainmmaans 5 afs

1,2, 3, 4, 5 -samsasavafodt 1, 2, 3, 4, 5 TanAadunlafidudiinsosthubinatanaia

Sb -ﬁ"lLt(uomumnsg'mﬂmmm'mﬂnnmamnmmnaao 5afs A -fenufisnarmnndgaitnmvaany 50 uww (1-50 Thur)
B -franufanaiatiasfigaannnimvwasay 50 wuy (1-50 Twua) C -Anafsanniviaang 50 uuy (1-50 Twua)

re -reduce wafidudi it ivatanainana TRENIIHIIN Meanushw-meanan
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Tnuafimidulusudeou) Taosundoveaks 2 upy Aadhi 22.97% Taohifiasiouuudug
Ws1zmsnaasUL IMuANLUE U Taseolima lifinuAanaiamilousuna FNN tos
MSFNN TngnafianarniidosfigavesTasetrwaiilfamimindisssdivs fio 0% ifield
s Tnualududoudud 3 Tnuatu'ly uacrafiananiivosiigavesTnasedwaiilgm
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M99 0.6 WansnaneazadaveItoya Fan Tnuld Feed forward NN,

Feed forward NN wuuldanhwiiniiossndur (FNN)  J[Feed forward NN wumtadnhwly i (MSFNN)
H 1 2 3 4 5 max min | mean SD 1 2314185 max min | mean SD re{%)
1 31.9{31.65[31.95{31.45|31.65( 31.95 | 31.45 | 31.65 | 0.205 }1.05|5.35}2.45|74 |1.65] 74 1.05 245 2,699 §-29.20
2 Q 0 0 0 0 0 0 0.00 0.000 }|0.05 }0.05}0.05[0.05]0.05] 0.05 0.05 0.05 0.000 0.05
3 0.11005]| 0 0 0.1 0.1 0 0.05 0.050 0 |0.05] O [ 0 0.05 0 0.00 0.022 -0.05
4 10.05]005] © 0 0 0.05 0 0.00 0.027 0 |0.05f O 4] 0 0.05 0 0.00 0.022 0.00
5 |01[01]005[01] 0 | 01 0 [010 0045 O [O0foOjoO0 o0 0 [ 0.00 | 0.000 | 0.10
6 [0.05]0.05}0.05} 0.1 | 0.1 0.1 0.05 | 0.05 0.027 [ 0 |0.05{ O 0 0.05 0 0.00 0.022 -0.05
7 [0.05]0.05}0.05] 0.1 | 0.1 0.1 0.06 | 0.05 0.027 0 0 0 0 10.05] 0.05 0 0.00 0.022 -0.05
8 |01} 01 J005]0.3]005] 04 | 005 ) 010 | 0027 fO0 0[O0 OO 0 0 0.00 | 0.000 § 0.10
9 |0.05{0.050.05{0.05{0.05| 0.05 0.05 | 0.05 0.000 0 [ 0 0 0 0 0 0.00 0.000 -0.05
10 |0.1]005[005f01 (03| 01 | 005 ] 0.0 | 0.027 ]0.05]0.05] 0 | 0 | 0 | 0.05 0 0.00 | 0.027 ]|-0.10
49 ]0.1] 0.1 ]0.05] 0.1 }0.05 0.1 0.05 | 0.10 0.027 0 0 0 0 |0.05] 0.05 0 0.00 0.022 -0.10
12 01101101 ] 0.1 [005 0.1 0.05 [ 0.10 0.022 0 0 0 0 0 0 0 0.00 0.000 -0.10
43 (01101 ]01 01101 0.1 0.1 0.10 | 0.000 [{0.05{ 0 |0.05}0.05] O 0.05 0 0.05 0.027 -0.05
14 10.1)0.05) 0.1 | 0.1 | 0.1 0.1 0.05 | 0.10 0.022 jlo.05§ 0 0 [ 0 0.05 0 0.00 0.022 -0.10
15 [0.1] 0.1 | 0.1 {0.05] 0.1 0.1 0.05 | 0.10 0.022 0 0 0 0 10.05] 0.05 0 0.00 0.022 -0.10
16 J0.14 0.3 f 0.1 ] 0.1 |0.05 0.1 0.05 | 0.10 0.022 0 |0.05] 0O 0 0 0.05 0 0.00 0.022 -0.10
17 foa] o1 [o1 [o1 )01 ] o1 0.1 | 010 | 0000 fo |o]oJo}o 0 0 0.00 | 0.000 f-0.10
18 0.05/0.05 [0.05 [0.05] 04 | 01 | 005 | 0.05 | 0,022 R0 | 0 | 0 | 0 {0.05] 0.05 0 0.00 | 0.022 § -0.05
19 J01] 01 |01 [005[01| 01 [ 005|010 0022 fo 0|0 oo 0 [} 0.00 | 0.000 {1 -0.10
20 005/ 01 0.1 [005] 01| 04 | 005 010 | 0027 ko Jojo |o]o [) 0 0.00 | 0.000 J| -0.10
21 (0410101 ]| 01|01 0.1 0.1 0.10 | 0.000 0 0 [\] 0 0 0 0 0.00 0.000 -0.10
22 ]0.05] 0.9 {0.05}0.05|0.05] 0.1 0.05 | 0.05 | 0.022 0 0 0 [ 0 0 0 0.00 0.000 -0.05
23 |01§01 )01 30103 0.1 0.1 0.10 0.000 0 0 0 0 0 0 0 0.00 0.000 0.10
24 10.1}0.05]|0.05{0.05]| 0.1 0.1 0.05 | 0.05 0.027 0 0 [} 0 ]0.05] 0.05 0 0.00 0.022 0.05
25 |03}01 |04 ]01005{ 01 | 005010 [0022 O o {0 | 0] O 0 0 0.00 | 0.000 | -0.10
26 Jo1[ 01 Joo5[01 01| 01 [o005 o010 0022 o Jo]o}jo o 0 0 0.00 | 0.000 | -0.10
27 |01] 04 Joo5[01 04| 03 | 005 | 010 | 0.022 foo5{ o {0 | 0 | 0 | 0.05 [ 0.00 | 0022 || -0.10
28 ]0.05)0.05) 0.1 | 0.05}0.05 0.1 0.05 | 0.05 0.022 0 0 0 0 0 [ 0 0.00 0.000 -0.05
29 10.05/0.05} 0.4 |0.05} 0.3 0.1 0.05 | 0.05 0.027 0 0 0 ] 0 [ 0 0.00 0.000 -0.05
30 0.05{0.05] 01 |04 |03 | 04 | 005 | 010 | 0027 #0 | 0 [ 0 |0.05] 0 | 0.05 o 0.00 | 0022 [0.10
31 [0.]01 }01]005[005] 01 | 005010 |0027 lo |[O0]o0]|O]|oO 0 0 0.00_| 0.000 | -0.10
32 [0.05{0.05} 0.1 | 0.1 [0.05] 0. | 0.05 | 005 | 0027 0 | 0 [0.05] 0 | 0 | 0.05 0 0.00 | 0.022 || 0.05
33 J0.1} 0.1 jo.05] 0.1 | 0.1 0.1 0.05 | 0.10 0.022 0 [ 0 0 0 0 0 0.00 0.000 -0.10
34 |0.1|0.05] 0.1 |0.05[005) 04 | 005|005 ) 0027 10 |[0]o0]|o0]O®O 0 [ 0.00 | 0.000 | -0.05
35 0.05[ 0.1 Joos] 01 01| ot {005} 010 | 0027 o | 0 |oos[ 0] o | 005 0 0.00 | 0022 | -0.10
36 01|01 01 }01]01 0.1 0.1 0.10 | 0.000 [ 0 0 [ 0 0 0 0.00 0.000 -0.10
37 |0.1] 01 J005] 0.1 | 0.1 0.1 0.05 | 0.10 0.022 0 0 0 0 0 0 0 0.00 0.000 0.10
38 |01 01|04 [005/01) 01 | 005|010 |0022 fo |0o}jo]o]o 0 0 0.00 | 0.000_ |-0.10
39 |0.05{0.05} 0.1 | 0.1 | 0.1 0.1 0.05 | 0.10 0.027 0 4] 0 0 ] [ 0 0.00 0.000 -0.10
40 (0.1(0.05) 01 | 01 | 01 0.1 0.05 | 0.10 0.022 0 0 0 0 0 [ 0 0.00 0.000 -0.10
41 J0.05]01]01 03 }01]| 01 |005]010 |0022 folofojoo (i 0 0.00 | 0.000 [-0.10
42 [0.05] 0.1 0.05] 0.1 [0.05 0.1 0.05 | 0.05 0.027 0 0 0 0 0 [ 0 0.00 0.000 -0.05
43 |0.1] 0.1} 0.1 ]0.05] 0.1 0.1 0.05 | 0.10 0.022 [ [ [ ] 0 0 0 0.00 0.000 -0.10
44 10.1] 0.1 [0.05]0.05} 0.1 0.1 0.05 | 0.10 0.027 0 [\ 0 0 0 0 0 0.00 0.000 -0.10
45 }0.1]0.05] 0.1 [0.05] 0.1 0.1 0.05 | 0.10 0.027 [ [ 0 0 0 4] [ 0.00 0.000 -0.10
46 10.1]0.05]0.05]0.05}0.05 0.1 0.05 | 0.05 0.022 0 [ [ [4] 0 0 0 0.00 0.000 -0.05
47 |0.41 01 ] 03] 01005 0.1 0.05 | 0.10 0.022 0 0 0 (] 0 0 0 0.00 0.000 -0.10
48 0.1} 0.1 [005] 0.9 { 0.1 0.1 0.05 | 0.10 0.022 0 0 |0.05} O [ 0.05 0 0.00 0.022 0.10
49 J0.1}01 Joosfoos[o01 | 07 | 005 | 010 | 0027 fo o |Oo]o]o 0 0 0.00 | 0.000 J -0.10
50 (0.1]005]/0.05} 0.1 | 0.1 0.1 0.05 | 0.10 0.027 [ 0 0 0 0 0 0 0.00 0.000 -0.10
'A=31.65 |B=0,00| C=0.10 | C=0.022 A=7.40 | B=0.00 | C=0.00 | C=0,000 {£=-0.10
H —3unuTuwualududau max ~AAANAIAINAAANINNISNARDY 5 Af
min —FAanaintandgaainnimaaas 5 nf mean -Anadunacdimudanainainmimaaas 5 af

1, 2, 3, 4, 5 -wammanavaiofl 1, 2, 3, 4, 5 TasAadunlafiduddiasstholvuafanain

sD —n‘1tf{uonmmasgwnmmannannmmmmmanm s afo A -drnufanmanniganmmaaag 50 suu (1-50 Tuue)
B -Aeufanmadasdgaannnimmasas 50 uuy (1-50 Tuus) C -dnafoannisvanay 50 wuy (1-50 Twua)

re -reduce ulafidudiased o1 linalanainanng TeouTldIN MeanusmerMeansy
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m31f 0.7 vansnaneazainvetoyn Flower 1 1au14 Feed forward NN.

Feed forward NN uuuldanbwIntinssuses (FNN)  [[Feed forward NN uutaldinlanly { (MSFNN)
1 2 3 4 5 max min | mean SD 1 2 3 4 5 max min mean SD re(%)
32.1]32.15]32.15[32.15]32.15] 32.15 | 32.1 | 32.15 | 0.022 [3.95{3.85|3.9 | 4.3 j4.25{ 4.3 3.85 3.95 0.209 §-28.20
19.3] 194 1 19.4 | 19.2 [19.35{ 194 19.2 | 1935 | 0.084 jj2.85] 2.8 | 2.8 {2.95} 2.6 | 2.95 2.6 2.80 0.144 J-16.55
5.4 1495 ]5.05]5.05{5.15 54 495 | 505 | 0472 §22 |231231{23}235] 235 2.2 2.30 0.055 -2.75
4.05] 4 43 | 46 | 41 4.6 4 410 | 0246 B1.9 12.351245(2.15} 2.2 | 245 1.9 2.20 0.210 -1.90
46) 3.6 { 4.3 |3.85] 4.9 4.9 3.6 430 | 0.532 2 [1.95]| 21 j2.05]1.85] 2.1 1.85 2.00 0.096 -2.30
32|35 (36|35 3 3.6 3 3.50 | 0.251 1.9 | 2.1 |2.25(2.35]2.35] 2.35 1.9 2.25 0.192 -1.25
.6[345]3.15|3.25] 3.3 3.6 3.45 | 3.30 | 0.177 [j1.85] 1.8 | 1.9 }|1.85} 1.8 1.9 1.8 1.85 0.042 -1.45
3.65/3.35 1265 | 3.5 13.15] 3.65 265 | 3.35 0.388 [{1.95]1.65] 1.6 | 1.8 |1.85] 1.95 1.6 1.80 0.164 -1.55
2.95] 35 { 3.7 | 3.2 | 35 3.7 2.95 | 3.50 0.295 §2.05[1.85}1.85] 2 |2.05] 2.05 1.85 2,00 0.102 -1.50
3.25] 3.3 }2.95( 3.3 | 34 3.4 2.95 | 3.30 0.171 §1.75[1.85[21 | 2 2 2.1 1.75 2.00 0.139 -1.30
3.05| 3.1 [285] 3 3.1 3.1 2.85 3.05 0.104 1.7 |1.85}2.05]|2.05}1.65] 2.06 1.65 1.85 0.188 -1.20
32] 3 3.5 | 31 3 3.5 3 3.10 0.207 §1.95(1.85|2.05]|1.95{ 2 2.05 1.85 1.95 0.074 -1.15
13 §3.35/3.25| 3.2 {3.15]3.15] 3.35 3.15 | 3.20 0084 H1.9 1.75{ 2 |1.75[1.65 2 1.65 1.75 0.139 -1.45
14 |3.15] 34 |3.25} 3.5 | 34 3.5 3.15 | 340 0139 §1.6 |18 (185118119 1.9 1.6 1.80 0.114 -1.60
15 §3.15/3.05] 3.1 | 3.2 |3.25] 3.25 3.05 | 3.15 0.079 J2.05}1.85]| 1.51]1.8 |1.85] 2.05 1.5 1.85 0.198 -1.30
16 |3.2]3.05]| 3.2 § 3.2 | 3.1 3.2 3.05 { 3.20 0.071 §1.65]2.05] 2.1 [1.85]2.05] 2.1 1.65 2.05 0.188 -1.15
17 |3.1] 3.2 |2.75] 3.1 |3.15 3.2 275 | 310 | 0.178 [1.95] 2 | 1.9 |1.65]1.65 2 1.65 1.90 0.168 -1.20
18 |3.05/3.35(3.15)3.35|3.25| 3.35 3.05 | 3.25 0.130 §19]19]19 |18 |1.85] 1.9 1.8 1.90 0.045 -1.35
19 |29}295} 3 }3.05| 28 3.05 2.8 295 0.096 H1.75]| 1.8 |1.95] 1.9 |1.95] 1.95 1.75 1.90 0.091 -1.05
20 }2.95| 3.1 |2.85]3.15|2.95]| 3.15 285 | 295 0.122 [1.7511.75}1.85] 1.9 |2.05| 2.05 1.75 1.85 0.124 «1.10
21 3 13.05|295(295]|285| 3.05 2.85 | 295 | 0.074 2 [1.7511.6 | 1.9 }1.95 2 1.6 1.90 0.164 -1.05
22 {315} 29 | 3.2 | 34 3 3.4 29 3.15 0.192 §1.8 } 1.8 [1.65| 18} 18 1.8 1.65 1.80 0.067 -1.35
23 {3.25] 3.2 | 2.7 |3.25] 2.9 3.25 2.7 3.20 0.248 §1.95§1.85)1.3512.15} 1.9 2.15 1.35 1.90 0.297 -1.30
24 |34|275]| 27 | 34 | 33 3.4 2.7 330 | 0.354 §1.9 |4.85]1.95[1.85[1.65] 1.95 1.65 1.85 0.114 -1.45
25 {2.85] 3 25 |325}3.15] 3.25 25 3.00 0.294 §1.9 |1.85]1.8 |1.75]|1.85] 1.9 1.75 1.85 0.057 -1.15
26 {3.15] 2.9 {3.05]| 3.1 }3.15] 3.15 2.9 3.10 0.104 f155| 2 |19]19] 2 2 1.55 1.90 0.186 -1.20
27 3 128 1§31 3 3 3.1 2.8 3.00 | 0.110 §22 [1.911985|22| 2 2.2 1.9 2.00 0.141 -1.00
28 [2.75] 34 13.35| 29 | 295 34 275 | 295 | 0289 R1.7 |18 [145] 2 2 2 1.45 1.80 0.230 -1.15
29 [295( 28 |29 | 28|28 2.95 2.8 2.90 0067 §1.8 {1.81185}1.8]18] 1.85 1.8 1.80 0.022 -1.10
30 3 |2.85])295)3.1 ]33 33 285 | 3.00 | 0.471 P1.15] 1.7 {1.65}1.55[1.35} 1.7 1.15 1.55 0.228 -1.45
31 |31] 29 |265}285; 28 3.1 2.65 2.80 0.160 11.65)1.85]| 1.8 | 1.8 |1.75} 1.85 1.65 1.80 0.076 -1.10
32 3 |2.85]295]| 28 |[2.75 3 275 | 2.85 0,104 §1.9 |19 ]1.75] 1.9 |[1.95] 1.95 1.75 1.90 0.076 -0.95
33 |29] 29 }285]295] 2.9 2.95 285 | 2.90 0.035 §1.95(1.95[2.05/1.65] 1.9 | 2.05 1.65 1.95 0.150 -0.95
34
35

B2S|e]|w|~lo|a|ajwln|alz
w
o

285 3 |295] 3 285 3 285 | 295 | 0076 }11.8 {1.65/18 ] 2 |1.85 2 1.65 1.80 0.125 [l -1.18
2913.05|305] 3 325| 325 29 | 305 | 0127 417 }19)18119]18 1.9 1.7 1.80 0.084 || -1.25
38 |29} 28 |28 §285)|285) 29 2.8 285 | 0.042 f19 185|118 |t7]|19] 19 1.7 1.85 0.084 || -1.00
37 12953051 3 j29 |27 3.05 27 295 | 0.135 2 |1.95[1.75] 1.6 |2.05| 2.05 1.6 1.95 0.188 R -1.00
38 j295[3.45] 32 }2.75|325] 325 275 | 315 | 0207 §1.65|1.8 {1.85] 1.8 |1.85] 1.85 1.65 1.80 0.082 f -1.36
39 [3.05/2.961295(27513.05] 3.05 2.75 | 295 | 0122 [i1.8 [1.85;1.65]1.65] 18] 1.85 1.65 1.80 0.094 §-1.15
40 1305131 32| 3 |31 3.2 3 3,10 | 0.074 [1.65[1.85{1.85[1.95] 161 1.95 1.6 1.85 0.148 |§ -1.25
41 |29]2.95)|265[295[295| 295 265 | 295 | 0.130 1.8 §1.9511.86{1.75]1.95| 1.95 1.75 1.90 0.084 | -1.05
295} 3.1 | 3.1 | 29 | 3.1 3.1 29 | 310 | 0097 }1.65]1.6 1.8 |195|16] 1.95 1.6 1.65 0.152 f§ -1.45
295/305] 28 | 3 |285] 3.05 2.8 295 | 0.104 f165]1.85|1.7 | 16 |1.7] 1.85 1.6 1.70 0.094 ¥ -1.25
29] 29 275|314 | 3.1 3.1 275 | 290 | 0.150 J1.75)1.65]1.9 |19 |1.45] 1.9 1.45 1.75 0204 §-1.15
2.7512.75 [ 2.85 | 2.75 | 2.9 2.8 275 | 275 | 0073 1.7 1185|116 118 |17 | 1.85 1.6 1.70 0.097 § -1.05
3.05/265] 3.2 ] 27 |3.45] 3.2 265 | 305 | 0257 §165]18 (18 ]16]155| 1.8 1.55 1.65 0.115 § -1.40
47 [3.05]285| 27 | 3 |295| 3.05 2.7 295 | 0.139 f145]1.85/19|1.85{18] 19 145 1.85 0.182 § -1.10
48 [3.15]2.85 | 2.95 | 2.85 | 3.1 3.15 285 | 295 | 0140 §1.8 [1.55[1.65]1.55]1.75] 1.8 1.55 1.65 0.114 § -1.30
49 |29}295(295]285)295] 295 285 | 295 | 0045 1.9 |1.75]19 11717 1.9 1.7 1.75 0.102 § -1.20
50 |2.85] 28 | 2.9 }2.95|285| 285 28 | 285 | 0057 J1.715| 17 |15 117117} 175 1.5 1.70 0.087 §-1.15
A=32.15 |8=2.50|C=3.05 |C=0.130 A=4.30 | B=1.15 | C=1.85 | C=0.120 J°=-1.23
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M99 0.8 HamInAaeuazadAveateya Flower 2 Tauld Feed forward NN.

Feed forward NN uuuladinwniniiseandun (FNN) HFeed forward NN uuTalrnfu # (MSFNN)
1 2 3 4 5 max min | mean SD 1 2 3 4 5 max min mean SD ro{%)
32.05[32.1]32.05{32.05|32.05] 321 | 32.05 [ 32.05 | 0.022 2.2 J2.15]1.95]2.66[ 22 2565 | 195 | 220 [ 0.216 [-20.85
16.05116.4] 16 [16.25] 16 | 16.4 16| 16.05 | 0178 § 2 [22]235] 2 [19] 235 19 | 200 | 0.182 J-14.05
41 1415/ 38 14.15] 42 | 42 38 [ 415 | 0160 f1.55[1.55l18511.8 |14 185 | 14 155 | 0.189 Jf-2.60
4.05 14.05]14.05 |4.05{ 41 | 41 | 405 | 405 [ 0022 135[14 16 |155]15] 16 | 135 | 150 | 0.104 J-2.55
4.1514.11415]13.95139 | 415 | 39 [ 440 [ 0417 §1.35]1.5[1.7 {1.45]1.55] 1.7 | 135 | 150 | 0.129 J-2.60
4153942 41| 4 4.2 3.9 | 410 | 0.120 J1.85]1.75[1.85[ 1.3 1.75] 1.85 | 13 | 175 | 0220 §-2.35
405[37] 4 141 J395] 4a 3.7 [ 400 J 0156 F21 1.7 [1.7[1.45{1.85] 2.1 145 | 170 | 0238 }-2.30
38 {30039 [ 39 [375] 39 [ 375|390 | 0071 frasi17[13[1.3]1.95] 1.7 | 115 | 130 | 0208 |[-2.60
385139139 |38 [395] 395 | 38 | 390 [ 0.057 J1.51.65[13[1.65]16] 1656 | 1.3 160 | 0.147 [ -2.30
4053939541 38| 41 38 [ 395 [ o119 f155{ 1.1 [145[1.35[ 141 156 | 11 140 | 0168 [f -2.55
3.85([3.85] 3.9 } 39 {385] 39 | 3.85 [ 385 [ 0027 W1.15[1.25]15[145]15] 15 | 115 | 145 | o0.160 } -2.40
12 | 4 [415/38 [38 |41 ] 415 | 38 [ 400 [ 0143 f1.5 [1.45]125]15] 14| 1.5 125 | 145 | 0.104 || -2.55
13 39541139 [405f 417 41 39 1405 | 0091 f{1.4 |155(1.15{13716| 16 | 195 [ 140 | 0184 [[-2.65
14 |38 14 J3g|aes]a1] 44 3.8 | 395 | 0112 [[145]1.55013 115 13] 155 | 1.3 145 | 0.115 [.2.50
15 | 4 J39[395] 39 |38 4 38 | 390 | 0074 16 [1.5[1511.15[1.35] 16 | 115 | 150 | o0.475 [ -2.40
16 | 4 (39539 [42 |42 | 42 39 | 400 | 0141 |14 [1.05]15(1.5]1.25] 1.5 1.05 | 140 | 0.192 |} -2.60
17 1415]|38) 4 |3.95]|385] 415 | 38 | 395 | 0.137 [1.55[1.35[ 1.3 [1.45[13] 155 | 13 1.35 | 0.108 [ -2.60
18 |3.95|3.8] 3.9 j4.05)395] 405 | 3.8 | 395 [ 0091 13 f15|12(15(17] 1.7 1.2 150 | 0.195 [[-2.45
19 |355]4.113.8 |385[ 41 [ 41 | 355 [ 385 | 0.231 F1.2 {1.35[1.55[1.56]1.35} 155 | 1.2 3.35 | 0.150 | -2.50
20 }3.95]4.05| 3.8 14.05]405]| 405 § 38 | 405 [ 0.110 fs.3 181514 [1.95] 16 [ 115 [ 140 | 0.175 [[-265
21 |38 [3.65/3.8513.85}3.85| 385 | 365 [ 3.85 | 0.087 f1.65[ 1.7 1.5 |1.55[1.45] 1.7 | 145 | 155 | 0.104 [-2.30
22 [3.75[345[3.75[ 3.8 [3.85] 3.85 | 345 | 3.75 | 0.157 J1.65[1.6511.55] 1.1 [1.25] 1.65 | 1.1 155 | 0251 [ -2.20
23 [395]345] 4 [3.85] 37 4 345 | 385 | 0222 N1.35[1.511.45[1.25[1.15] 1.5 | 1.5 | 135 | 0.143 | -2.50
24 | 4 j365|395[35 [ 41| 43 35 1395 | 0253 §1.4 [1.3501.25[ 1.2 [1.25] 1.4 1.2 1.25 | 0082 | -2.70
25 |395[340385] 4 1405] 405 | 34 | 395 | 0262 1.5 |4.25] 1.5 [1.15{1.45] 1.5 | 1.15 | 145 | 0.160 §-2.50
26 |39 [375] 4 [38]3s 4 3.75 | 3.80 | 0.100 J1.35[1.35[1.35] 1.4 [1.35] 1.4 135 [ 135 | 0022 N -245
27 |3.85[3.85/3.95 385375} 395 | 375 { 385 | 0071 §1.3 {1.35[1.35]1.15]13] 135 | 1.45 | 130 [ o082 J.2.55
28 |41 |4.25]1365]405] 4 | 425 [ 365 | 405 | 0222 1.4 | 1.4 [1.45[1.35]1.35] 145 | 135 [ 140 | 0.042 [[-2.65
29 |38 |345] 4 [385[385] 4 345 | 385 | 0204 1.3 [165[1.3]1.6[1.15] 165 [ 115 | 130 | 0215 J-2.55
30 |35 375/ 34 {375]36 | 375 | 34 [ 360 | 0.154 R1.25] 1.1 [1.55[1.35]1.35] 1.55 1.1 135 | 0.164 §-2.25
31 [ 38 [38]39 [345[375] 39 [ 345 | 380 [ 0471 J1.1|125] 1474 [1.15] 1.4 1.1 1.25 | 0139 [-2.55
32 |37513.7]3751375[37 ] 375 | 37 | 375 | 0.027 f1.45{1.45[1.6 [ 1.6 [145] 16 | 145 [ 145 | 0.082 J-2.30
33 [395]3.65] 3.8 [385[ 3.6 | 395 | 36 | 380 [ 0144 f127|135[1.2{1.05[15] 4.5 | 1.05 | 120 | 0471 {-2.60
34 [385[3.75] 3.6 [365]395] 395 | 36 | 375 | 0.143 P 1.5 [1.65[1.55(1.15]1.45] 1.55 | 1.15 | 150 | 0.167 } -2.25
35 |3.85]36)3.45] 36 |3.75] 365 | 345 [ 360 | 0.154 K 1.4 [ 1.3 [1.35]1.45]1.35] 1.45 1.3 135 | 0.057 J-2.25
36 1355[3.35]3.7573.75] 3.8 | 38 [ 335 | 375 | o.188 § 1.1 [1.35]1.45[1.55]1.35] 1.55 | 1.1 1.35 | 0.167 § -2.40
37 |39 |37}3851355{375| 39 [355 [ 375 [ 0137 fra5[14]1.35]13]1.35] 145 1.3 135 | 0.057 J-2.40
38 | 35 |3.75{ 36 [ 39 j385] 39. | 35 [ 375 | 0.168 J1.25[ 12|14 [1.45] 13} 145 | 1.2 130 | 0.104 §-245
39 136 [38] 38 [385[355] 385 [ 355 | 3.80 [ 0.119 F4.2 [1.45][ 1.3 [1.45[155] 155 | 12 [ 1.45 | 0139 f-2.35
40 [ 38 [3.45[385[335] 3 | 385 3 | 345 | 0340 12 [13]135]14[12] 14 1.2 130 | 0.089 §-2.15
41 |37 [37]345[385]375] 385 | 345 [ 370 | 0147 F14 J1.45]{12 1312 145 | 12 130 | 0114 §-240
42 [365]355] 4 38 |3e5] 4 355 | 3.80 | 0192 F1.3 |1.55[1.35] 1.4 [1.15] 155 | 1.5 | 135 | 0.146 ) -245
43 [385[3.85]375[385[ 31| 385 | 31 | 385 | 0327 f14sl1as]14 1115 15 1.4 1.45 | 0160 ) -2.40
44 13.65][3.75] 3.7 1375| 37 | 375 [ 365 | 370 | 0042 F135)1.3[1.35] 13 1.1 135 | 1.1 1.30 | 0,04 | -2.40
45
46

23|ele|v]|ajalaleiv|=]x

3.8 |38]345 38 | 3.7 3.8 345 | 3.80 | 0.152 §1.15] 1.5 |1.35]1.1511.35} 1.5 1.156 1.35 0.150 f -2.45
3.85[3.75] 3.9 | 39 |3.95] 395 | 3.75 | 3.90 | 0.076 [1.45)1.45]0.95|1.45]1.25] 1.45 0.95 1.45 0219 f -245
47 13.65 |3.55) 3.7 | 3.8 | 3.7 38 355 | 3.70 | 0.091 H1.45]1.45§145}13 |15 1.5 13 145 0.076 J§-2.25
48 13.6513.65{ 3.5 | 35 1355} 3.65 35 | 355 | 0076 B1.4 {1.35/1.551 1.5 |1.55| 1.55 1.35 1.50 0.091 -2.05
43 13.9513913.75(385} 35| 3.95 35 ] 385 | 0.178 J§1.45[14 (1.2 }1.3 [1.35| 145 1.2 1.35 0.096 §-2.50
50 |3.853.55]3.45| 3.8 |3.75| 385 | 345 | 3.75 | 0.172 §1.25[1.35] 1.3 [1.15}1.35] 1.35 1.15 1.30 0.084 R-245

A=32,10|B=3.00| C=3.85| C=0.142 A=2.55 | B=0.05 | C=1.40 | C=0.147 [C=-245
H -$nnninuslutudou max —fIAaNANANNARANNNINRRY 5 Al
min ~fAanaimisodgasinmmaaas 5 afo mean -snadoyasAimuAanatalInmITeaad 5 afy

1,2, 3, 4, 5 -samsmeaasafod 1, 2, 3, 4, 5 InsdmBunlafidudd iassholiuadanain

SD —ahdfnolwmmpuuaoﬁmwaanmnmnmmua;n S afy A -ﬁ'mmﬁuna‘mmnﬁqmnmmnm 50 uny (1-50 Tuua)
B -frarmlisnwaraasiigaannnismaaay 50 uuy (1-50 Tvua) C -dnagsainnisvanas 50 uuy (1-50 Tuun)
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M31971 0.9 KAN1INANDUAZADAVEITOYD Glass 1nu1F Feed forward NN.

Feed forward NN unuldsnhudniiussndur (FNN)  lIFeed forward NN uuutdemanlr % (MSFNN)
H 1 2 3 4 5 max min | mean sb |I'1 2 3 4 5 max min | mean SD re{%)
1 [36.14[37.35[36.14[37.35[36.14[ 37.35 | 36.14 | 36.14 | 0.663 181.33]34.94[36.14]33.73|33.73] 36.14 | 31.33 | 33.73 | 1.784 i -2.41
2 [33.73[31.33[33.73]34.94]34.94] 34.94 | 31.33 | 3373 | 1.474 [pe.92]30.12{31.33[28.92[26.51 31.33 [ 26.51 | 28.92 | 1.787 | -4.81
3 [30.12{32.53[28.92|33.73]33.73] 33.73 | 28.92 | 32.53 | 2.185 |28.92|26.5128.92]27.71]28.92| 28.92 | 26.51 | 28.92 | 1.078 | -3.61
4 [33.73]28.92| 253 [34.94]33.73] 34.94 | 253 | 33.73 | 4.084 §25.3|26.54]25.3 [24.1 [22.89} 26.51 | 22.89 | 25.30 | 1.375 [| -8.43
5 [32.53[36.14[34.94]33.73]37.35] 37.35 | 32.53 | 34.94 | 1.905 §25.3|25.3[24.1]24.1 [26.51{ 26.51 | 24.1 | 25.30 | 1.008 || -9.64
6 [31.3331.33[28,92]31.33[31.33] 31.33 | 28.92 | 31.33 | 1.078 |25.3 [27.71]25.3 [28.51|27.71} 27.71 | 253 | 26.51 | 1.205 || 4.82
7 [32.53]31.3336.14]36.1436.14] 36.14 | 31.33 | 36.14 | 2.345 [22.89[24.1[25.3]25.3}25.3 | 25.3 | 22.89 | 25.30 [ 1.077 [|-10.84
8 [33.73]32.53[31.33[33.73[33.73] 33.73 [ 31.33 | 33.73 | 1.073 {6.51]25.3 [27.71)27.71|22.89] 27.71 | 22.89 | 26.51 | 2.017 [|-7.22
9 140.96{31.33[33.73]31.33[30.12] 40.96 | 30.12 | 31.33 | 4.375 [25.3 [21.69{26.51]25.3 [ 24.1 | 26.51 | 21.69 | 25.30 | 1.826 [ -6.03
10 36.14]37.35/28.92[34.94]38.55| 38.55 | 28.92 [ 36.14 [ 3.749 [[25.3 [21.69{21.69[22.80]19.28| 25.3 | 19.28 | 21.69 | 2.187 [-14.45
11 {36.14]36.14]34.94]36.1432.53] 36.14 | 32.53 | 36.14 | 1.569 |22.89[26.51|25.3 ]18.07] 25.3 | 26.51 | 18.07 | 25.30 | 3.366 [-10.84
12 [40.96{34.94/38.55[39.76[39.76] 40.96 | 34.94 [ 39.76 | 2.317 [20.48[20.48]20.48[22.89] 25.3 | 25.3 | 20.48 | 2048 | 2.156 |[-19.28
13 [36.14[37.3536.14132.53[31.33] 37.35 [ 31.33 | 36.14 | 2.609 [R6.51]26.51]25.3 |26.51]26.51} 26.51 | 253 | 26.51 | 0.541 [ -9.63
14 [33.73[42.17]32.53[38.55[36.14] 42.17 | 32.53 | 36.14 | 3.863 [21.69[22.89}24.1}24.1|22.89{ 24.1 | 21.69 | 22.89 | 1.009 f-13.25
15 |32.53]30.12|32.53{30.12{38.55| 38.56 | 30.12 | 32.53 | 3.448 §25.3[25.3[24.122.89|22.89] 25.3 | 22.89 | 24.10 | 1.205 [ -8.43
16 [36.14[32.53(36.1437.35[37.35] 37.35 | 32.53 | 36.14 [ 1.980 [R6.51]24.1[25.3 |22.89] 25.3 | 26.51 | 22.89 | 25.30 | 1.375 }-10.84
17 30.12]30.12]32.53[30.12{30.12] 32.53 | 30.12 | 30.12 | 1.078 |R21.69]24.1 [21.69[25.3 [ 25.3 | 25.3 | 21.69 | 24.10 | 1.825 [ -6.02
18 {34.94/31.33[34.94132.53134.94] 34.94 | 31.33 | 34.94 [ 1.702 |[1.69]20.48[21.69[24.1 [ 24.1 | 24.1 | 20.48 | 21.69 | 1.618 [[-13.25
19 {31.33]40.9631.33[31.33[34.94] 40.96 | 31.33 | 31.33 [ 4.204 }24.1[21.69]19.28}24.1 | 24.1 | 24.1 | 19.28 | 24.10 | 2.56 |{ -7.23
20 [30.12[31.33[33.73[20.12[31.33] 33.73 | 30.12 | 31.33 | 1.474 [125.3[25.3 [26.51[21.69] 24.1 | 26.51 | 21.69 | 25.30 | 1.826 [ -6.03
21 131.33]42.17[32.53[33.73[31.33] 42.47 | 31.33 | 32.53 | 4.555 §21.69|22.89{21.69[23.69] 24.1 | 24.1 | 21.69 | 21.69 | 1.077 f-10.84
22 [33.7331.33]38.55[37.35{32.53} 38.55 | 31.33 [ 33.73 [ 3.117 }25.3 |26.51[25.3}25.3 /253 | 26.51 | 25.3 | 25.30 | 0.541 Jj-8.43
23 (32.53|36.14[31.33[34.94[36.14] 36.14 [ 31.33 | 34.94 | 2.185 [124.1 [24.1 {21.68[24.1 [ 24.1 | 24.1 | 21.69 | 24.10 | 1.078 f-10.84
24 [32.53[30.76[38.55(39.76/38.55] 39.76 | 32.53 | 38.55 | 3.024 [§25.3 [26.51}24.1[24.4 }25.3 | 26.51 | 24.1 | 25.30 | 1.008 {-13.25
25 136.14/33.73|34.9437.35[31.33] 37.35 | 31.33 | 34.94 | 2.316 {24.1(25.3{25.3]25.3 |22.80! 25.3 | 22.89 | 25.30 | 1.077 { -9.64
26 [32.53[42.17]33.73]30.12[33.73] 42.17 | 30.12 [ 33.73 | 4.557 0253 |25.3 {20.48[22.89| 24.1 | 25.3 | 20.48 | 24.10 | 2.017 f -9.63
27 132.53[38.55]34.84/30.12[30.12] 38.55 [ 20.12 | 32.53 | 3.573 J24.1 [21.69{20.48120.48[21.69{ 24.1 | 2048 | 21.69 | 1.478 {-10.84
28 [39.7640.96]38.55]39.76[34.94] 40.96 | 34.94 | 39.76 | 2.317 [[24.1 [22.69[21.69{20.48[22.89| 24.1 | 2048 | 22.89 | 1.375 [|-16.87
29 139.76]39.76[38.55{34.94{38.55] 39.76 | 34.94 | 38.55 | 1.980 |22.8924.1[24.1[22.89|20.48| 24.1 | 2048 | 22.89 | 1.478 {-15.66
30 142.1740.96[38.55/40.96{32.53] 42.17 | 32.53 | 40.96 [ 3.866 [124.1 [24.1 [24.4|21.69] 253 | 25.3 | 21.69 | 24.10 | 1.319 {-16.86
31 [31.33]31.23]36.14|38.55[36.14] 38.55 | 31.33 | 36.14 | 3.228 [22.8925.3 [22.89]22.89{22.89| 25.3 | 22.89 | 22.89 | 1.078 [{-13.25
32 (38.55[34.94]40.96[40.96/34.94] 40.96 | 34.94 | 38.55 | 3.022 {#24.1|24.125.3[24.1124.1| 253 | 241 | 24.10 [ 0.537 }|-14.45
331 [32.53/30.12/33.73[31.33/31.33] 33.73 | 30.12 | 31.33 | 1.371 [2.89[25.3 [21.69[22.89]22.89] 25.3 | 21.69 | 22.89 | 1.319 |}l -8.44
34 140.96/38.55[31,33{33,73(42.17| 42.17 | 31.33 | 38.55 | 4.665 }24.1 [22.89}26.51] 25.3 [26.51] 26.51 | 22.89 | 25.30 | 1.573 }-13.25
35 [32.53/36.14]32.53{34.94[33.73] 36.14 | 32.53 | 33.73 | 1.570 [§25.3 | 24.1 [26.51]19.28/26.51] 26.51 | 19.28 | 25.30 | 3.000 | -8.43
36 [36.1438.55/37.35/38.55[34.94] 38.55 | 34.94 | 37.35 | 1.570 [|24.1 {21.69]25.3 [22.89|26.51] 26.51 | 21.69 | 24.10 | 1.905 11-13.25
37 [31.3338.55[33.73{37.35138.55] 38.55 | 31.33 | 37.35 | 3.230 [2.89[19.28[21.69]22.85]20.48| 22.89 | 19.28 | 21.69 | 1.570 §-15.66
38 [39.76]39.76]33.73143.37142.17| 4337 | 33.73 | 39.76 | 3.715 [21.69{25.3|24.1]22.80] 24.1 | 253 | 21.69 | 24.10 | 1.373 §-15.66
39 [32.53|37.35[33.73138.55[37.35| 38.55 | 32.53 | 37.35 | 2.612 }25.3[25.3[25.3]22.869{24.1 | 25.3 | 22.89 | 26.30 | 1.077 }|-12.05
40 [40.96/42.17142.17|32.53[32.53] 42.17 | 32.53 | 40.96 | 5.083 21.69]125.3 |26.51]25.3 | 25.3 | 26.51 | 21.69 | 25.30 | 1.826 |j-15.68
41 |33.73[38.55[37.35{34.94/31.33| 38.55 | 31.33 [ 34.94 | 2.874 [P6.51{25.3|25.3|24.1|25.3 | 26.51 | 24.4 | 25.30 | 0.852 § -9.64
42 136.14[37.35/32.53]33.73]40.96] 40.96 | 32.53 | 36.14 | 3.299 |[24.1 [22.89]24.1|25.3|20.48] 25.3 | 20.48 | 24.10 | 1.828 [1-12.04
a3 |43.37|32.53[37.35[32.53[33.73| 43.37 | 32.53 | 33.73 | 4.619 |6.51]22.89]25.3[25.3 | 24.1 { 26.51 | 22.89 | 25.30 | 1.375 |{ -8.43
44 |40.96[37.35[31.33]32.53]31.33| 40.96 | 31.33 | 32.53 | 4.290 [24.1 {24.1|24.1]24.1 19,.28] 24.4 | 24.1 | 24.10 | 0.000 { -8.43
45 |32.53[31.33[33.73(32.53]31.33| 33.73 | 31.33 | 32.53 | 1.004 [25.3 [21.69]24.1 [26.51} 25.3 | 26.51 | 21.69 | 25.30 | 1.826 } -7.23
46 |32.53|36.14[32.53]32.53[34.94] 36.14 | 32.63 | 32.53 | 1.702 1P0.48[22.89[25.3 | 24.1 [19.28] 25.3 | 19.28 | 22.89 | 2.498 [ -9.64
47 |36.14[32.53{33.73}33.73[34.94| 36.14 | 32.53 | 3373 | 1.373 [P8.92]28.92{24.1]25.3 [26.51] 28.92 | 24.1 | 26.51 | 2.156 §-7.22
43 36.14[37.3543.37}20.96[32.53] 4337 | 32.53 | 37.35 | 4.224 [124.1]24.1]25.3]24.1|19.28] 25.3 | 19.28 | 24.10 | 2.348 §-13.25
49 |31.3333.73|32.5331.33[33.73] 33.73 | 31.33 | 32,53 | 1.200 [P6.51]26.51}25.3 [26.51]22.88] 26.51 | 22.89 | 26.51 | 1.573 § -6.02
50 [31.33]40.96/31.33}45.78{33.73] 45.78 | 31.33 | 33.73 | 6.463 |21.69]25.3 [28.92[27.71/26.51} 28.92 | 21.69 | 26.51 | 2.774 | -7.22
| A=45.78]B=25.30{C=34.94[C=2.611} |A=36.14|B=18.07 |C=25.30]C=1.478C=-9.64
H —dnnununlutudau max —ArfAanaIauInigaIInnITRan 5 Al
min —frAanrintaofganinnimaaas 5 afo mean -AMafuavdAIRINARnaIaInnMANa0 5 af
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Feed forward NN nunldanhwintivesném (FNN) Feed forward NN usuladanlwnl v ¥ (MSFNN)

H 1 2 3 4 L] max min mean SD 1 5 max min mean SD re{%)
1 [23.77123.77|23.77]24.59[24.59] 24.59 | 23.77 | 23.77 [ 0.449 |p2.95 22.95[22.95] 22.95 | 22.95 | 22.95 | 0.000 | -0.82
2 [23.77|23.77[23.7723.77|23.77] 23.77 | 23.77 | 23.77 | 0.000 |p2.95 22.95[22.95] 22.95 | 2213 | 22.95 | 0.367 || -0.82
3 [24.59]24.59[25.41(24.59[24.59] 25.41 | 24.59 | 24.59 | 0.367 ![20.5 19.67{21.31] 22.13 | 19.67 | 21.31 | 0.934 | -3.28
4 |22.95[23.77123.77[23.77123.77] 23.77 | 22.95 | 23.77 | 0.367 [p2.13 22.13122.13] 22.95 | 22.13 | 22.13 | 0.367 [ -1.64
5 |23.77|24.58]24.50]24.59]23.77] 24.59 | 23.77 | 24.59 | 0.449 }P2.13 22.13]22.95] 22.95 | 22.13 | 22.95 | 0.449 [ -1.64
6 [23.77|23.77[23.77[24.59]24.59] 24.59 | 23.77 | 23.77 | 0.449 |p2.95 22.13[22.13] 22.95 | 22.13 | 2213 [ 0449 [ -1.64
7 123.77|23.77124.50124.59123.77| 24.59 | 23.77 | 23.77 | 0.449 |R2.13 22.13[22.13] 22.95 | 22.13 | 2213 | 0.367 [ -1.64
8 [23.77]23.77|24.59]24.50{23.77| 24.50 | 23.77 | 23.77 | 0.449 |R2.95 122.95[22.95] 22.95 | 22.95 | 22.95 | 0.000 [ -0.82.
9  [23.7723.77124.59123.77]23.77| 24.59 | 23.77 | 23.77 | 0.367 |p2.95 22.13] 22.95 | 22.13 | 22.95 | 0.449 J -0.82
10 23.77126.23[23.77]24.59[24.59] 26.23 | 23.77 | 24.59 | 1.004 “22.95 22.95] 22.95 | 22,43 | 22.95 | 0.367 f§ -1.64
11 [24.50]24.50{23.77|23.77]23.77] 2459 | 2377 | 23.77 | 0.448 |p2.95 22.95] 22.95 | 22.13 [ 22.95 | 0.387 § -0.82
12 |24.59]24.59/26.23]23.77|24.59] 26.23 | 23.77 | 24.59 | 0.898 |R2.13 22.95[22.95] 22.95 | 2243 | 22.95 | 0.367 {-1.64
13 [23.77[23.77[23.77123.77123.77] 23.77 | 23.77 | 23.77 | 0.000 [R2.13 22.95(22.95] 22.95 | 22.13 | 22.95 [ 0.449 |1 -0.82
14 [23.77|24.59[23.77123.77{23.77] 24.58 | 23.77 | 23.77 | 0.367 |p2.13 122.13[22.95] 22.95 | 22.13 | 22.13 | 0449 [[-1.64
15 [24.59]24.59]24.59]24.5025.41] 25.41 | 24.50 | 24.59 | 0.367 [R2.95 22.95122.95] 22.95 | 22.13 | 22.95 | 0.367 [ -1.64
16 [24.59]23.77124.59]24.59]24.59] 24.50 | 23.77 | 24.59 | 0.367 [22.13 22.95[22.13] 22.95 | 22.13 | 22.13 | 0.449 [ -2.46
17 |24.59]24.59(23.77123.77|23.77] 24.59 | 23.77 | 23.77 | 0.449 [|R2.95 23.7722.95] 23.77 | 2243 | 22.95 | 0.580 J -0.82
18 [25.41]|23.77124.59(23.77|25.41| 25.41 | 23.77 | 24.59 | 0.820 “22.95 22.13|22.95] 22.95 | 22.13 | 22.85 | 0.367 | -1.64
19 [23.77|24.5023.77|23.77[23.77| 24.59 | 23.77 | 23.77 | 0.367 |p2.95 22.13}22.95] 22.95 | 22.13 | 22.13 | 0.449 | -1.64
20 |[23.77]24.59]23.77]23.77{27.05| 27.05 | 23.77 | 23.77 | 1.420 |l22.95 22,95|22.13} 22.95 | 22.13 | 22.95 | 0.367 }i -0.82
21 |24.59]23.77124.59[24.59]24.59] 24.59 | 23.77 | 24.69 | 0.367 |p2.85 22.95] 22.95 | 22.43 | 22.95 | 0.367 f -1.64
22 |24.59|24.5923.7723.77]24.59] 24.59 | 23.77 | 24.59 | 0.449 |p2.95 22.95] 22.95 | 22.13 | 22.95 | 0.367 ll -1.64
23 |23.77124.59{23.77|23.77]23.77{ 24,59 | 23.77 { 23.77 | 0.367 ]k2.95 22.95|22.95) 22,95 | 22.95 | 22.95 | 0.000 || -0.82
24 [25.41[24.59{24.59124.59]24.59] 2541 | 24.59 | 24.59 |.0.367 IPZSS 22.95(22.95] 22,95 | 22,13 | 22.95 | 0449 | -1.64
25 [24.59[23.77(24.59|23.77[23.77} 24.50 | 23.77 | 23.77 | 0.443 |p2.95 22.95[22.05] 22.95 | 22.95 | 22.95 | 0.000 |[-0.82
26 [24.59124.59|24.59{24.59]24.59} 24.59 | 24.59 | 24.59 | 0.000 |k295 22.1322.95] 22,95 | 22.13 | 22.95 | 0.367 |{ -1.64
27 [24.59{24.59[24.59123.77{23.77] 24.59 | 23.77 | 24.59 | 0449 |P2.13 23.77|22.95] 23.77 | 22.13 | 22.95 | 0.580 [[-1.64
28 |23.77[24.59]23.77]24.59[23.77| 24.59 | 23.77 [ 23.77 | 0.449 |p2.95 122.9522.95| 22.95 | 22.13 | 22.95 | 0.367 f -0.82
29 [23.77124.59123.77124.59|23.77] 24.59 | 23.77 | 23.77 | 0.449 |p2.95 22.95(22.95] 22.95 | 22.95 | 22.95 | 0.000 [{ -0.82
30 [24.59[23.77|23.77[24.59|23.77| 24.59 | 23.77 | 23.77 | 0.449 JIZ2.13 22.95[22.95] 22.95 | 22.43 | 22.95 | 0.367 | -0.82
31 124.59126.23[24.59[23.77|23.77] 26.23 | 23.77 | 24.59 | 1.004 |R2.95 23.77|23.77] 23.77 | 22.43 | 22.95 | 0.686 || -1.64
32 [23.77|23.77]24.59[24.59[24.59] 24.59 | 23.77 | 2459 | 0.449 |R2.95 [22.95|23.77] 23.77 | 22.95 | 22.95 | 0.449 || -1.64
33 [23.77/23.77]23.77[24.59|24.59] 24.59 | 2377 | 23.77 | 0.449 [p2.95 22.95[22.95| 22.95 | 2213 | 22.95 | 0.367_[j -0.82
34 [23.77|24.59]24.50125.41]24.59] 25.41 | 23.77 | 24.59 | 0.580 |p2.95 22.13[22.95] 22.95 | 2213 | 22.95 | 0.367 § -1.64
35 [23.77|24.59[23.77[23.77]24 59] 24.59 | 2377 | 23.77 | 0443 |R2.95 22.95\2377] 23.77 | 22.95 | 22.95 | 0.367 § -0.82
38 [24.50123.77{24.59|24.59{24.59] 24.59 | 23.77 | 24.59 | 0.367 Ih2.95 22,95122.85| 22.95 | 22.95 | 22.85 | 0.000 || -1.64
37 3.77]24.59123.77124.56123.77] 24.59 | 23.77 | 23.77 | 0449 |p3.77 23.77|23.77] 23.77 | 22.95 | 23.77 | 0.367 || 0.00
38 [24.59[25.41]|24.59123.7723.77] 25.41 | 23.77 | 24.59 | 0.686 |I22.95 22.95[23.77] 2377 | 22.95 | 22.95 | 0.367 § -1.64
39 |26.23[27.05[25.41[23.77]23.77| 27.05 | 23.77 | 25.41 | 1.467 |p2.95 22.95[22.95| 22.95 | 22.95 | 22.95 | 0.000 || -2.46
40 124.50(25.41/26.23[24.59}26.23] 26.23 | 24.59 | 25.41 | 0.820 [p2.95 22.05[23.77| 23.77 | 22.95 | 22.95 [ 0.367 || -2.48
41 [26.23]24.59]|24.59|24.59[24.59] 26.23 | 24.59 | 24.59 | 0.733 “22.95 22.95122.95] 22.95 | 2285 | 22.95 { 0.000 || -1.64
42 127.05{24.59124.59|25.41124.59| 27.05 | 24.59 | 24.59 | 1.069 ]PZ.QS 22.65(23,77] 23.77 | 2213 | 22.95 | 0.580 || -1.64
43 [24.50125.41|23.77]24.50]23.77] 25.41 | 23.77 | 2459 | 0.686 |p2.95 22.05[22.95] 23.77 | 22.95 | 22.95 | 0.367 |l -1.64
123.77124.5923,77|23.77|23.77| 24.59 | 23.77 | 23.77 | 0.367 "2295 22.95(22.95] 23.77 | 22.95 | 22.95 | 0.367 || -0.82
[24.59125.41]24.5023.77|24.59] 2541 | 23.77 | 24.59 | 0.580 |R2.95 22.95[22.95] 22.95 | 22.13 | 22.95 | 0.367 || -1.64

46 [23.7724.50|24.59123.77123.77] 24.59 | 23.77 | 23.77 | 0.448 Ra.77 22.95122.95] 23.77 | 22.95 | 22.95 | 0.449 |{ -0.82
47 [23.77124.59|24.59123.77]24.59] 2459 | 23.77 | 24.59 | 0.449 |p3.77 [22.95(23.77) 23.77 | 22.95 | 23.77 | 0.449 f| 0.82
48 [25.41|25.4126.23[24.59[25.41} 26.23 | 24.59 | 25.41 | 0.580 “22.95 22.95[22.95] 22.95 | 22.95 | 22.95 | 0.000 [ -2.46
49 123.77123.77|23.77123.77]23.77] 23.77 | 23.77 | 23.77 | 0.000_[R2.95 [23.77[23.77] 23.77 | 22.85 | 23.77 | 0.449 f 0.00
50 123.77]24.59123.77123.77|23.77] 24.59 | 23.77 | 23.77 | 0.367_|R2.95 22.65[22.95] 22.95 | 22.95 | 22.95 | 0.000 [f -0.82

[A=27.05|B=22.95|C=24.18]C~0.449] [A=23.77|B=19.67|C=22.95|C=0.367|C=-1.64
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13131 n.11 HaMINARBAATABAYDITENA Image 1n01F Feed forward NN.

Feed forward NN wuuTdanhudniiussndus (FNN)  [[Feed forward NN uuutafathn, { (MSENN)
1 2 3 4 5 max min | mean Sb 1 2 3 4 5 max min | mean SD re{%)
44.81]46.71]47.33144,76147.43] 47.43 | 44.76 | 46.71 | 1.328 [{30.67128.33|24.19{33.9 |26.52] 33.9 |24.19 | 28.33 | 3.747 }-18.38
21.67)22,38)24.33|22.1919.86{ 24.33 | 19.86 | 22.19 | 1.602 [[16.95[14.71{14.86|12.86|16.29] 16.95 | 12.86 | 14.86 | 1.586 || -7.33
17 }14.05|20.52|17.76] 16.1 { 20.52 | 14.05 | 17.00 | 2.369 [|9.33 [10.1 {9.19] 10 |10.1 10.1 9.19 | 10.00 | 0.446 || -7.00
8.62 | 8.57 | 11.1 |11.14]10.43] 11.14 | 8.57 | 1043 | 1.288 [i8.33 [8.29]|7.958.24 | 8.43| 843 785 | 829 | 0.181 ]l -2.14
8.57 ]10.19{ 7.81 1 8.19 [ 9.57 | 10,19 | 7.8% 8,57 | 0.988 }§7.67 |7.528.05[795| 8 8.05 752 | 795 | 0.231 -0.62
9.29 {9.19 | 9.48 ] 9.24 | 8.86 [ 9.48 8.86 | 9.24 | 0.225 [{8.57 |8.19{7.818.33)7.38| 857 7.38 | 8.19 | 0.468 1 -1.05
9.67 | 9.9 19.38 |10.05/9.62 | 10.05 | 9.38 | 9.67 | 0.259 [ 8.1 |8.19]7.5716.52 |8.24| 8.24 6.52 | 8.10 | 0.724 | -1.57
8.76 | 886 | 9.1 9 19.05] 9.1 8.76 | 8.00 | 0.141 §8.19]757[8.14]767|7.86| 8.19 757 | 7.86 | 0.276 | -1.14
9.8119.29 938 |8.71 |9.24 | 9.81 8.71 9.29 | 0.393 }7.33]7.38|7.62}6.81}7.67| 7.67 6.81 7.38 | 0.342 |} -1.91
10 |9.29 | 8.48 |9.29 {8.81 | 9.1 9.29 848 | 910 | 0348 §7.29|7.05|7.24[686[6.38| 7.29 6.38 | 7.05 | 0.368 ) -2.05
11 |8.86/8.52]9.19[9.76 {9.86 | 9.86 8.52 | 8.19 | 0.574 ||17.14 |6.71|6.19|7.297.29| 7.29 6.19 | 7.14 | 0474 || -2.05
12 |967)962} 9 |9.24[9.19] 9.67 9 9.24 0.290 79 |69 |72417.29) 71 7.29 6.1 7.10 | 0.491 -2.14
13 9.1 |8.86] 8.9 [9.52[9.24| 9.52 886 | 9.10 | 0270 §5.95] 7.1 16.76]7.296.33] 7.29 595 { 6.76 | 0.550 { -2.34
14 19.38 1938|9043 871|943 943 8.71 | 938 | 0312 {] 6.1 |7.57 |6.86|7.67 648 | 7.67 6.1 6.86 | 0.681 || -2.52
15 }9.67 {10.05/8.76 | 10 |9.62] 1005 { 8.76 | 9.67 | 0.518 §6.52 |6.24 | 6.9 |7.3316.62] 7.33 624 | 662 | 0414 | -3.05
16 j8.95(9.05¢1 8.9 |9.05] 8.9 9.05 8.9 8.95 { 0.076 H#7.14 | 7.05]6.52 |6.76 |6.48 ] 7.14 648 | 6.76 | 0.300 { -2.19
17 |9.52}9.24 | 8.71 9 938} 9.52 8.71 9.24 | 0.321 [|6.71 |6.24 643648633 6.71 6.24 | 643 0.178 | -2.81
18 |8.86| 9 [9.05]9.24|962} 9.62 8686 | 9.05 | 0.294 §7.19]|7.43} 7.1 |676§ 7.1 7.43 6.76 | 7.10 | 0.240 || -1.95
19 |895| 9 |9.05]|9.14|885| 9.14 8.95 | 9.00 | 0.080 [16.62 |6.81 |6.81 [6.67 {6.24 | 6.81 6.24 | 6.67 0.234 || -2.33
20 |10.33]9.43 }9.38 | 9.19 |9.67 | 10.33 | 9.19 | 943 | 0.442 B5.71 16.5717.1417.19{662| 7.19 571 | 6.62 | 0.596 || -2.81
21 |929]9.38| 9.1 ]9.24 |9.20| 9.38 9.1 920 | 0103 §7.14 |5.57{7.1417.29}7.14] 7.29 557 { 714 | 0.722 | -2.15
22 |8.86]9.05|8.81 9 1886] 9.05 8.81 8.86 | 0.103 71 1733169 }652(586] 7.33 586 | 6.80 | 0.576 | -1.96
23 192419.19|9.19}9.29|9.19] 9.29 9.19 | 9.19 | 0.045 7 |7.496.81|7.05(657] 7.19 6.57 | 7.00 | 0.240 [ -2.19
24 |9.29]9.24 |9.48| 8.9 [8.52| 948 8.52 | 9.24 | 0.379 |i6.38 |[6.71[6.14 [5.62{6.67| 6.71 562 | 6.38 | 0.447 || -2.86
25 j929[943[862| 9.1 19.29]| 943 862 | 9.29 | 0.317 7.1 [6.7617.24 |657 {7.38} 7.38 6.57 { 7.10 | 0.337 || -2.19
26 {89 18.81]933|843]9.19] 9.33 843 | 8.90 | 0.35% §7.05)6.43(6.14 [7.2416.13| 7.24 6.14 | 643 | 0.505 || -2.47
27 }8.86]924| 8.9 |9299.24] 9.29 8.86 | 9.24 | 0.208 [16.38 | 7.1916.86}7.057.05} 7.19 6.38 | 7.05 | 0.317 | -2.19
28 |9.71)1986|9.67 [9.869.19| 9.86 9.19 | 9.71 0.275 6.9 [6.57168 |61 {6.14 6.9 6.1 6.57 0.391 -3.14
29 [9.14]8.67]8.67|9.38}9.95] 9.95 8.67 | 9.14 | 0537 |[j7.71]6.48(767|7571733} 7.71 648 | 7.57 | 0.509 | -1.57
30 {9.19]9.05]9.05}9.19 | 8.1 9.19 9.05 | 9.10 | 0.071 7 |6.38}16.816.76 | 6.62 7 638 | 6.76 | 0.231 | -2.34
31 [9.19}9.19| 9.1 | 9.1 §9.20] 8.29 9.1 9.19 | 0.079 K6.81 1686|676} 6.9 }6.76 6.9 6.76 | 6.81 0.062 || -2.38
32 | 9.1 ]9.05)8.81| 8.9 {8.95 9.1 8.81 | 8.95 | 0.116 7 6521648 }6.24 | 6.95 7 624 | 6.52 | 0.326 | -2.43
33 |8.76| 9 18.86|8.76}9.28| 9.29 8.76 | 8.86 | 0.222 |16.52 |6.48 | 6.62 | 6.95 | 6.67 | 6.95 648 | 6.62 { 0.185 | -2.24
34 |8.95] 8.9 |9.33]8.95]881| 933 8.81 895 | 0200 [I743 16711719 7.1 |6.95] 743 6.71 | 7.10 | 0.269 | -1.85
35 9.1 |9.33]19.5718.95(9.33| 9.57 8.95 | 9.33 | 0.238 [}6.33 |7.05[6.86}7.52] 6 7.52 6 6.86 | 0.599 || -2.47
36 [9.24 |9.52{9.33 |8.7119.19| 9.52 871 | 924 | 0300 [ 7.1 {6.81[7.05[7.14 {667} 7.14 6.67 | 7.05 { 0.204 |l -2.19
37 |8.86] 8.9 {9.19]886}9.14] 95.19 8.86 | 890 | 0.162 [}7.24 {7.3316.81|7.33}6.14| 7.33 614 | 7.24 0.512 |t -1.66
38 8.9 |8.19] 8.1 ]938| 9 9.38 819 | 900 | 0443 R724 |743] 7 [648}7.29} 743 648 | 7.24 0.374 |} -1.76
39 |9.05]9.1419339.14|967¢ 9.67 9.05 | 9.14-) 0248 |[|7.38 | 7.05{8.19|7.81}7.38| B.19 7.05 | 7.38 | 0443 §-1.76
40 ]9.29]|9.05]881] 9 19.05| 929 8.81 | 9.05 | 0.171 [[714 [7.14] 7.4 |7.0517.44] 7.14 7.05 | 7.14 | 0.040 p -1.91
41 8869331943 9 (924 943 886 | 9.24 | 0236 [6.67]6.33) 7.1 |6.74 ] 6.1 74 6.1 6.67 | 0.383 § -2.57
42 8.9 |8.95|8.76 }8.48 |8.71] 885 848 | 876 | 0.185 |16.956.95]7.14 [6.71 |7.19] 7.19 674 | 695 | 0.190 § -1.81
43 ] 91 |8os5|886] 9 |8.76 9.1 8.76 | 895 | 0.130 7.4 1633 7.1 |6.62]6.48 7.4 6.33 | 662 | 0.356 {f -2.33
44
45

o|a|vlajnlslwln]a|x

8.81 1948 | 8.76 [9.48 {9.24 | 948 | 8.76 | 9.24 { 0.351 }|6.76 | 7.14 | 6.57 | 6.38 |6.57 | 7.14 | 638 | 657 | 0.288 | -2.67

9.3319.19 1876 {9.14 |8.67 | 933 | 8.67 | 9.14 | 0.287 H§6.43 |6.57|7247.33|7.1 | 733 | 643 { 7.10 | 0408 | -2.04
46 | 89 [8.76] 9.1 |9.4319.24 | 943 | 876 | 9.10 | 0.268 7 |6.81}743}733}1705| 743 | 6.81 | 7.05 | 0.253 § -2.05
47 |89 |9.141876] 9.1 [9.05] 9.34 8.76 | 9.05 | 0.157 §6.38 {6.8567.19|6.95|6.24| 7.19 | 6.24 | 6.86 | 0.400 | -2.19
43 |8.62|857|8.71)8.76]862] 876 | 857 | 8.62 | 0.077 7 |7.14)6.67|686} 7.1 | 714 | 6.67 | 7.00 { 0.192 §-1.62
49 9 18.76}9.19 }9.05{867| 9.19 | 867 | 9.00 | 0214 §6.86 [7.48{7.05|7.14|6.57) 748 | 657 | 7.05 | 0.337 {-1.95
50 |89 [933]938) 9.1 [948| 948 8.9 | 933 | 0235 §6.76 |6.86(7.24 681} 7.1 { 724 | 676 | 6.86 | 0.206 §-2.47

A=47.43|B=7.81]|C=9.17 [C=0.263 A=33.90{B=5.57|C=7.05|C=0.362 [C=-2.19
H —-$uuTnualusfudou max ~FAANRNNATRATINNIINARDY 5 A%
min ~fAanaedaoigaatnaisvaans 5 af mean -ANafuTaIRIAMUARIRIAIINAITNAADY 5 AT

1,2, 3, 4, 5 -nanmmaaacrfoil 1, 2, 3, 4, 5 TapAstdualafidudi lasialinadewans

SD -ﬂ'1tdmmumngﬂwmmaﬂuaunmunnmnm 5af) A -a'ﬂmuaanmnmnﬂaamnmmaaao 50 wwy (1-50 Twur)
B -éranulanaiatasiigeainnsnaaay 50 uuy (1-50 Tuua) C -dnadoanmsnaaas 50 uuy (1-50 Tuur)

re -reduce Wadidusi lasothoatvuafanaisnnas Toour 163N meanysher-Mmeanas

o v o J A 3o a1 o :’,
HANISNABBININAITNA N.11 uaaaldinudr welinis 14suTnuaiminu lusu
L] 1 g L4 [3 1 = °
fou n1s 1¥Animinuuunatnsnmudi i lasaiior rafanatnanainuuy (o
a v e 5 U Y a [ . a v I H o
Tnuaimidulusugou) Tasdrnaitlususdosinynuuunisnaasuds nislganimin
uvuvatsnusild Inseta inafianaraanaslaoimas 2.19% lasnaRanaiaiivey
1 ' H s 3 o ' 4 9 ()
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M1 0.12 HaMsnaavazadAveIfeya lonosphere 1u1Y Feed forward NN.

Feed forward NN wsuTafdnhwniniinesndins (FNN) Feed forward NN uuuTadsnfnal ¥ (MSFNN)

1 2 3 4 5 max | min [mean| SD 1 231418 max min_ | mean SD re{%)
11.51]12.23]13.67110.79{12.23} 13.67 {10.79 | 12.23 | 1.068 {8.63 |8.63}9.3518.63}8.63] 9.35 8.63 8.63 0.322 -3.60
7.91|7.19(647 }718{7981] 7.1 647 | 7.19 | 0.602 §8.63]9.35|6.478.63{7.19] 9.35 6.47 8.63 1.183 1.44
6.47 | 5.76 | 6.47 | 5.76 | 5.04 | 6.47 5.04 | 576 | 0.598 l8.63 8.63}9.3519.35)8.63| 9.35 8.63 8.63 0.394 2.87
749718719 §7.19 | 647 | 7.19 6.47 | 7.19 { 0.322 39.35}17.91]8.63[8.63]9.35] 9.35 7.91 8.63 0.602 1.44
7.19|65.76 | 6.47 | 647 | 6.47 | 7.19 576 | 647 { 0.506 §7.9117.91]18.63]7.91]|8.63] 8.63 7.91 7.01 0.394 144
647 | 647 | 6.47 | 6.47 | 647 | 647 6.47 | 6.47 | 0.000 J7.91}7.91]7.91]8.63{7.81]| 8.63 7.91 7.91 0.322 1.44
719 17191719791 |7.18| 7.91 7.19 | 7.19 | 0.322 J8.63]7.19{7.19]7.91]7.19| 8.63 7.19 7.19 0.644 0.00
8.47 | 7.497.19|7.19 576 ] 7.19 576 | 7.19 | 0.640 §7.9117.19]8.63}7.19[8.63| 8.63 7.19 7.0 0.720 0.72
7.911719}7.19|7.19}7.19 | 7.91 719 | 7.19 | 0.322 §7.917.91{7.91}{6.47[7.91| 7.91 6.47 7.91 0.644 0.72
7.9117.911863]7.91}7.91| 863 791 | 7.91 | 0.322 §7.91{7.9117.91[7.9118.63| 8.63 7.91 7.91 0.322 0.00
7.1491863]7.91)791}7.91] 863 719 | 7.91 | 0500 [§7.91{7.19]7.18]7.91}7.91] 7.91 | 7.19 7.91 0.394 0.00
12 |64717.91]791]7.19}7.19] 7.91 6.47 | 7.19 | 0.602 §7.197.1916.47}7.91{7.19] 7.91 6.47 7.19 0.509 0.00
13 |7.19[7.91]647 791647 ] 7.91 647 | 7.19 | 0.720 §7.19]7.91{7.19{6.47]7.91| 7.91 6.47 7.19 0.602 0.00
14 18.637.91]9.3518.63[7.91] 9.35 7.91 { 8.63 | 0.602 §7.19|7.91}7.91}7.91|7.19] 7.91 7.19 7.91 0.394 -0.72
15 647 1647 |647 |7.91[647] 7.91 6.47 | 6.47 | 0.644 §7.1917.19]7.1917.19|7.19| 7.19 7.19 7.19 0.000 0.72
16 [8.63|7.19 /647 [8.63 863 8.63 647 | 8.63 | 1.018 §7.19}7.19|7.91]7.19|7.19| 7.91 7.19 7.19 0.322 -1.44
17 1863 ]791]7.91}7.91]7.91| 8.63 7.91 { 7.91 | 0.322 §7.19{7.91|7.91]|7.19}7.91} 7.91 7.19 7.91 0.394 0.00
18 [8.6318.63]8.63|8.63}7.91| 8.63 7.91 8.63 | 0.322 §7.1917.91|6.4715.76]5.04] 7.91 5.04 6.47 1.134 -2.16
19 [7.1918.63}17.91]8.63|863} 8.63 7.19 | 8.63 | 0.644 §7.19(6.47[5.76|7.19|7.18] 7.18 576 7.19 0.640 -1.44
20 |8.63 |9.35{8.63 |7.91[10.07| 40.07 | 7.91 | 8.63 | 0.821 §5.76(7.91}6.47}7.19(7.19] 7.91 5.76 7.19 0.817 -1.44
2% |8.63{8.63}7.19[7.91|8.63| 8.63 7.19 | 863 | 0.644 §7.18{7.19|7.18{7.91|7.91| 7.91 7.19 7.19 0.394 -1.44
22 |7.91]8.6319.35|9.35]|9.35] 9.35 7.91 | 9.35 | 0.644 [6.47 {6.47[7.19|7.19|647| 7.19 6.47 6.47 0.394 -2.88
23 |93517.19[8.63 |8.63[8.63] 9.35 7.19 | 8.63 | 0.789 H7.19{7.197.1817.19|7.19| 7.19 7.19 7.19 0.000 -1.44
24 |9.35(7.1919.35]|9.35/8.63| 9.35 7.49 | 835 | 0.939 §5.04{7.1916.4717.191647| 7.19 5.04 6.47 0.878 -2.88
25 |7.91}9.35[9.35|863|8.63| 935 7.91 8.63 | 0602 §6.4717.19|5.76{7.1917.19] 7.18 5.76 7.19 0.640 -1.44
26 }9.35}8.63[86.63]9.35[10.07] 10.07 | 8.63 { 9.35 | 0.602 §7.19(5.04{647(647|7.191 7.19 5.04 6.47 0.878 -2.88
27 [8.63[9.35]7.19|7.91|8.63| 835 7.19 | 863 | 0.821 §5.76(7.1916.475.04[6.47] 7.19 5.04 6.47 0.816 -2.16
28 (7.91]9.35(17.911863}7.18} 9.35 7.19 | 7.91 | 0.821 §6.47 {6.4715.76 |6.47}5.04| 6.47 5.04 6.47 0.639 -1.44
29 198.35}7.91/8.63]8.63|7.91] 9.35 7.91 | 8.63 | 0.602 6.47 {5.7615.76|6.47]6.47] 6.47 5.76 6.47 0.389 -2.16
30 (9.3519.35[8.63§7.19{9.35] 9.35 7.49 | 9.35 | 0.939 §7.19(7.19[6.47}4.32}7.19{ 7.19 4.32 7.19 1.243 -2.18
31 [7.911863|7.1917.9118.63| 863 749 | 791 | 0.602 §7.19]5.046.47}7.9117.19} 7.91 5.04 7.18 1.088 -0.72
32 }8.63[8.63|7.911863|7.19| 863 7.19 | 8.63 | 0.644 §6.47 |4.32[5.76|6.477.19] 7.19 4.32 6.47 1.087 -2.16
33 |7.91|7.19|7.911791}7.81| 7.91 7.19 | 7.91 | 0322 §6.47[7.19]5.04]5.76|5.76] 7.19 5.04 5.76 0.816 -2.15
34 }8.63}9.35]7.1918.637.91| 9.35 7.49 | 8,63 0.821 {|5.04 |5.7617.19|7.19|7.18}] 7.19 5.04 7.19 1.013 -1.44
35 [8.6317.91|8.63)647)7.91] 863 6.47 | 7.91 | 0.882 [16.47 |7.19]5.0417.91|6.47} 7.91 5.04 6.47 1.064 -1.44
36 [8.6317.91|7.911863(863] 8.63 7.91 | 8.63 | 0.394 [§6.47 15.76]6.47[4.32]4.32] 6.47 4.32 5.76 1.087 -2.87
37 }8.63]7.91]863)7.911863| 8.63 7.91 8.63 0.394 $6.47 |6.4717.19| 3.6 |5.04] 7.19 3.6 6.47 1.435 -2.16
38 |8.637.19|8.63{863(8.63| 8.63 7.39 | 8.63 | 0.644 §§6.47|6.477.19| 3.6 [4.32} 7.19 3.6 6.47 1.556 -2.16
39 |7.91{8.63]8.63}7.91|791| 863 7.91 7.91 0.394 §5.04|7.19}7.19]7.18|7.18] 7.19 5.04 7.19 0.862 -0.72
40 |8.63 |8.63|7.18}9.35}(7.18| 8.35 7.49 | 8.63 | 0.966 §7.19]7.19|7.19|5.04|647| 7.19 5.04 7.19 0.935 -1.44
41 }8.63]9.35(17.9119.35)863} 935 7.91 | 8.63 | 0.602 [5.76 ]5.04]7.19]15.04|647| 7.19 5.04 5.76 0.934 -2.87
42 |9.3519.35|7.91]8.6318.63] 9.35 7.91 | 8.63 | 0.602 §6.47) 3.6 |7.19|6.47]|4.32| 7.18 3.6 6.47 1.556 -2.16
43 [7.91]17.19]8.63 18.63|8.63| 8.63 7.19 | 8,63 | 0.644 [15.04 |6.47]6.47|4.32|647| 6.47 4,32 8.47 1.013 -2.16
44 [7.9119.35|9.351863[8.63] 9.35 7.91 | 8.63 | 0.602 §4.32]5.0416.47|7.19]647]| 7.19 4.32 6.47 1.178 -2.18
45 [8.6318.63}7.9118.631863] 8.63 7.9 | 8.63 | 0.322 [6.47 {7.19(7.19[4.32{5.04] 7.18 4.32 6.47 1.303 -2.16
46 |7.91(8.63 }9.3519.35 1863 | 835 7.91 | 8.63 | 0.602 J5.76 {6.4716.47|7.1917.19{ 7.19 5.76 6.47 0.599 -2.16
47 |8.63 8.6318.63[9.35]1863] 9.35 863 | 863 | 0.322 §7.1915.76(4.3215.04]4.32} 7.19 4.32 5.04 1.201 -3.59
48 [8.63]863][9.35[035]9.35] 935 863 | 935 | 0394 [7.19}5.04}7.18[4.3215.04] 7.19 4.32 5.04 1.342 -4.31
49 [86317.91)|8.63 863863} 863 7.9 8.63 | 0.322 §7.1917.1917.19}7.1914.32| 7.19 4.32 7.19 1.284 -1.44
50 [8.6317.1919.35(86317.19] 935 7.49 | 8.63 | 0.066 §4.3216.47}7.1915.76}7.19| 7.19 4.32 6.47 1.200 -2.16

23lele|v|o|un|alw|v|ajx

A=13.67 |B=5.04|C=8.63|C=0.602 A=9.35 | B=3.60 | C=7.19 | C=0.816 jC=-1.44
H —dnnuinualududau max ~AIARNRIMINANHATINNISVIANY 5 ASY
min ~AAanarafaniganammaans 5 afo mean -AnaduvasAanulanaiannmmesas § ah

1,2,3,4, 5 wammeaaseind 1, 2, 3, 4, 5 lassmBunladiduddiasohaliusdanas

sD —oindmmmnmmmmmnmmnam 5 afo A -Manufanatmnnigaainnsmasas 50 uui (1-50 Tuun)
B -Aaruanaiadaniigannimaaa 50 wuy (1-50 Tuua) C -drinfuanmmaaas 50 uuy (1-50 Tuua)

re -reduce wafiduddTanthealinafanainana TAOUTIHIIN MeaNusre-MEaNa -
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s o ’ Y a = a A v
nuuvarsnuuai i Insses Inadanainanas Tasinde 1.44% Tnonadanainiviey
‘!' L} d' ’ : o J 4 o 5 ’
figaved Insatvaildanimminfioenifion fe 5.04% WelssmmInualususou 3 Tnua
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uazwaRawanifesfigaves Inssioan I¥anhminuvunawesnudie 3.6% 1eld

¥ L
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13197 0,13 wonInaasasadAYeIYoya Iris 1nu1d Feed forward NN.

Feed forward NN nuvldavhwniaiuedndm (FNN) [Feed forward NN mnitdanbhvnuuuummsinuud (MSFNN)
H }1]2}3]4]5] max min mean SD 112{3]4}5 max min mean sD re(%)
1 |ojojojojo 0 0 0 0.0000 0jolojo}o 0 0 0 0.0000 0
2 [0]ojojojo 0 0 "] 0.0000 0j0jo|ojo [ 0 0 0.0000 0
3 |0]0]0j0}0 0 0 0 0.0000 0}0]0f0|0 0 [} 0 0.0000 [}]
4 |ojojojojo 0 0 0 0.0000 0}0]0]0}0 0 0 0 0.0000 0
5 }0]ojojojo 0 0 [ 0.0000 0(0j0|0|0 0 0 0 0.0000 0
6 {0]0]0j0]O0 0 0 [ 0.0000 ofofolojo 0 0 0 0.0000 0
7 10]0]0]0}0] [ 0 [ 0.0000 010|000 0 [ 0 0,0000 0
8 ]0;0]0]0]0 0 0 0 0.0000 0lojojo|o 0 0 0 0.0000 0
9 |ojo]ojojo 0 0 1] 0.0000 0{0|0|0|O 0 0 0 0.0000 0
10 _|0jo|ojo}0 [ 0 0 0.0000 0j0jojo|o 0 0 0 0.0000 0
11 J0j0i0jojo [ 0 0 0.0000 0{0j0{0}0 0 0 0 0.0000 [
12 }0{0j0]0]O0 [ 0 0 0.0000 0jolojolo 0 0 0 0.0000 0
13 _|ojojojojo 0 0 0 0.0000 0l0joj0|0 0 0 0 0.0000 0
14 |0]j0}0{0}0 0 0 0 0.0000 010]0]0|0 0 0 0 0.0000 0
15 |0]0j030{0 0 0 0 0.0000 0{0|0j0|0 0 0 0 0.0000 0
16 [0|0i0;0{0 0 0 0 0.0000 0{0j0|0}0 0 0 0 0.0000 0
17 |0|0j0{0}0 0 0 0 0.0000 0(0{0{0|0 0 0 [ 0.0000 0
18 |0]0{0[{0}0 0 0 0 0.0000 0}0{0{0j0 0 0 0 0.0000 0
19 [0]0{0}0{0, 0 0 0 0.0000 01010}0i0 0 0 0 0.0000 0
20 |0j0j0{0i0 0 0 0 0.0000 0}010j0{0 0 0 0 0.0000 1]
21 |o]ojojoio 0 Y] 0 0.0000 0jolojolo 0 0 [ 0.0000 0
22 |0j0icloio 0 0 0 0.0000 010{0}0}0 0 0 0 0.0000 0
23 |ojojojojor™ "0 1] 0 0.0000 010{0{0{0 0 4] 0 0.0000 0
24 |0]ojojo|0 0 0 0 0.0000 010;j0{0{0 0 0 0 0.0000 [\
25 |0jojoj0}0 0 0 0 0.0000 0|0}0|0j0 0 0 0 0.0000 [4]
26 |o0]ojojo|0 [ 0 0 0.0000 0|0j0]0|0 [} 0 0 0.0000 [}
27 |ojojojoio [ 0 [ 0.0000 ofocjojojo 0 0 [ 0.0000 ]
28 [0]0}0{0(0 0 0 4] 0.0000 0jojojojo 0 4] 0 0.0000 4]
29 |0]|0j0}0{0 0 0 0 0.0000 0{ojojoje 0 0 0 0.0000 0
30 |0jo}0j0i0 0 0 0 0.0000 0/0]0}j0|0 0 4] 0 0.0000 0
31 |0j0{0}0!0 [1] 0 0 0.0000 0i0|0}0]|0 [ 0 0 0.0000 0
32 |0|0j0j0j0 0 0 [ 0.0000 010|0]0|0 [ (] 0 0.0000 0
33 |0j0j0]0i0 Q0 0 0 0.0000 0l0|0[0]|0 0 [ 0 0.0000 0
34 [o0]ojojoio 0 0 0 0.0000 0{0}0|0}|0 0 0 0 0.0000 0
35 |ojojojojo 0 0 0 0.0000 0j0|ojolo 0 4] 0 0.0000 0
36 |0jojojoio 0 0 0 0.0000 0(0|0i0}0 0 (] 0 0.0000 0
37 |ojojojojo 0 0 0 0.0000 0]0j0j0j0 0 0 0 0.0000 0
38 [0]0j0;0i0 1] 0 0 0.0000 . R0|0{0}0j0 0 [ 0 0.0000 ']
39 10|0}j0j0j0 0 0 0 0.0000 0]0{0j0j0 0 (] 0 0.0000 0
40 |0jojojojo 0 0 0 0.0000 0l|ojojojo [0} 0 0 0.0000 0
41 }0]|0j0j0j0 0 0 0 0.0000 0lojojojo 0 0 0 0.0000 [
42 ]0]0]|0}0|0 0 0 0 0.0000 ololo]ojo 0 1] 0 0.0000 0
43 [0]ojojojo [ 0 0 0.0000 0l|ojojolo 0 [ 0 0.0000 0
44 {(0|0j0]0|O )] 0 [ 0.0000 0]|0jofC]|0 Q0 0 0 0.0000 0
45 {0]|0}jo{0i0 0 0 0 0.0000 0|0j0]0}0 0 0 0 0.0000 0
46 [0]0}0j0j0 [} 0 0 0.0000 0]0i{0j0j0 0 0 0 0.0000 0
47 |0]ojojojo 0 0 0 0.0000 0]0]0j040 0 0 0 0.0000 0
48 [0}0}01{0}0 0 0 0 0.0000 0]0{0[0]0 0 [4] 0 0.0000 0
49 |0]0j0j0[0; 0 0 0 0.0000 0]0}0{0;0 0 0 0 0.0000 0
50 |ojojojojo 0 0 0 0.0000 0]0j0[0}0 0 0 0 0.0000 0
A=0.00 | B=0.00 C=0.00 C=0.0000 A=0.00 B=0.00 =0.00 C=0.0000 [C=0.00|
H —$mulnuatlududay max —ARANAIAIATIFAIINAIINARDY 5 A
min —iAawasdasigasinnimaaa 5 afo mean -Aaduzosdiaulanaianinmmaaa 5 af

1,2, 3,4 5-sammassonfort 1, 2, 3, 4, 5 TnsAadunlafidusiiiasshalinafanaia

SO -ahdfmumnmgwnmdm’nunnwmmmmmnnm s afs A -ArarAansiainnfigaannnisnarng 50 uuu (1-50 Twua)
B -Aanufansnidodgasinnimmaaas 50 wuy (1-50 Twua) C -Anafsannsnaaas 50 uwy (1-50 Tuua)

re -reduce wafifuddiasothulvisafanananans TRENTIAIIN MEaNysw-MEeaNmy
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Feed forward NN suutdanahminoisanaws (FNN)  [Feed forward NN uunlafdmlmal ¥ (MSFNN)
H |1 ]2 ]3]4]5 | max | mn [mean| SD j{1 |2 ] 3745 | max | min | mean| SD | re(%)
1 |65.4164.3 165.95/64.3 }64.35] 65.95 | 64.3 | 64.35 | 0.769 |56.15[56.3 |54.7 [56.45{52.9 | 56.45 | 62.9 | 5615 | 1.514 || -8.20
2 |56.8|58.4 |59.85(58.85]61.05| 61.05 | 58.4 | 58.85 | 1.071 |[12.95[42.55[44.45]48.65{ 45.6 | 48.65 | 42.556 | 44.45 | 2.453 |l -14.40
3 [53.85] 58 |58.5|55.5|58.2| 58.5 | 53.85 | 68.00 | 2.042 |P8.45120.7 [25.5 [36.25[36.75] 36.75 | 20.7 | 28.45 | 6.898 | -29.55
4 |51.8 53.35/53.95|51.7 | 63.7| 63.95 | 51.7 | 53.35 | 1.072 |p3.75[28.95] 33 |27.4 {33.85] 33.85 | 27.4 | 33.00 | 3.004 |[-20.36
5 |56.4 |55.3149.5 |53.6553.25] 564 | 49.5 | 53.65 | 2.630 |[26.9] 27 |31.55/24.8[28.05] 31.55 | 24.8 | 27.00 | 2.474 [ -26.65
6 130.85[53.95] 50.6 |44.05]51.25| 53.95 | 39.85 | 50.60 | 5.804 |B1.95[31.3[34.35[30.55[29.1 | 34.35 | 29.1 | 31.30 | 1.937 |{-19.30
7 153.4[51.15[55.95[50.15] 51.3 | 65.95 | 50.15 | 51.30 | 2.315 || 29 [30.05]25.8 [33.75[20.45] 33.75 | 25.8 | 29.45 | 2.839 |[-21.85
8 |41.85/36.7 | 44.1 |44.45[43.75| 44.45 | 36.7 | 43.75 | 3.219 |[34.8] 31 | 25 [41.05[41.75] 41.75 | 25 | 34.80 | 7.032 | -8.95
9 [51.35/50.8 | 51 |44.3145.9] 51.35 | 44.3 | 50.80 | 3.314 |P3.35/30.6[32.4 39.15[34.2[ 39.15 | 23.35 | 32.40 | 5.764 |[-18.40
10 |45.55043.15145.4 |46.45{41.2 | 46.45 | 41.2 | 45.40 | 2.140 |p10.75| 39 |28.85)38.15[35.85] 40.75 | 28.85 | 38.15 | 4.636 || -7.25
11 |46.1 |45.75{58.6]49.6 | 43 | 586 | 43 | 46.10 | 6.057 [136.7 |20.9]27.2136.05[20.05] 36.7 | 27.2 | 29.90 } 4.082 || -16.20
12 |48.3 |45.05] 58.5 [47.55/47.35] 585 | 45.05 | 47.55 | 5.257 || 36 |31.5[37.45{34.35|22.2| 37.45 | 22.2 | 34.35 | 6.064 || -13.20
13 |48.35|57.05/50.55] 51 | 57 | 57.05 | 48.35 | 51.00 | 3.994 |B33.45[36.5 [35.75]34.7|33.8] 36.5 | 33.45 | 34.70 | 1.286 [|-16.30
14 |30.438.1 |41.15[42.95[37.65] 42.95 | 37.65 | 39.40 | 2.203 [35.2| 35 [22.35[24.85]26.75] 352 | 22.35 | 26.75 | 5.933 || -12.65
15 [56.35[52.15] 44 |50.6 |55.95] 55.95 | 44 | 52.15 | 4.797 [[35.1[36.45|37.7[35.1 [25.25] 37.7 | 25.25 | 35.10 | 4.966 |[-17.05
16 141.65| 36.4 [45.45/44.65|39.45] 4545 | 36.4 | 41.65 | 3.734 [135.2] 34 [34.75]28.4 {29.65] 352 | 284 | 34.00 | 3.142 }i -7.65
17 139.75[39.95{41.8 [ 45.7 |39.75] 457 | 39.75 | 39.95 | 2.559 |{28.8 [26.1]32.331.7[33.65| 33.55 | 26.1 | 31.70 | 3.010 || -8.25
18 ] 48.5 [50.45/50.15[46.7 |51.1] 51.1 | 46.7 | 50.15 | 1.779 |[{28.8 {32.4[33.1[32.8[26.95] 33.1 | 26.95 | 32.40 | 2.769 }i-17.75
19 139.85|46.3 | 46.5 [44.05| 47 | 47 | 39.85 | 46.30 | 2.959 |B2.55[32.8]24.8 [29.45[32.95] 32.95 | 24.8 | 32.65 | 3.503 || -13.75
20 |42.3 |42.25[47.8 [48.25[50.55] 50.55 | 42.25 | 47.80 | 3.758 |j28.7 [32.4 [35.35[34.85/23.6 | 35.35 | 23.6 | 32.40 | 4.893 }-15.40
21 |45.1 | 47.7 [44.05[45.25142.15] 47.7 | 42.15 | 45.10 | 2.017 [3.85[28.75[28.2 [35.85[34.95] 35.85 | 28.2 | 33.85 | 3.586 |{-11.25
22 |49.4 149.25|55.2 [45.35{ 50.2 | 55.2 | 45.35 | 49.40 | 3.520 |P9.0535.65}33.35]31.8 |26.4 | 35.65 | 264 | 31.80 | 3.621 |{-17.60
23 [34.25| 51 |49.3|46.2144.6] 51 | 44.25 | 46.20 | 2.968 || 28 | 31 {26.05[27.55/26.5| 31 | 26.05 | 27.55 | 1.942 |{-18.65
24 143.85]44.153.8 [40.2 [53.25] 53.8 | 402 | 44.10 | 6.121 [127.8[27.4]25.1 [27.15]29.2] 202 | 25.4 | 27.40 | 1477 |[-16.70
25 [42.45[51.05/47.05 54 [44.1| 54 | 4245 | 47.05 | 4.792 B2.75(31.8|34.4[24.6]352] 352 | 246 | 3275 | 4.215 || -14.30
26 | 52.4 151.45/51.55148.05[51.4 | 52.4 | 48.05 | 51.45 | 1.682 |B0.25|28.7 [33.45[26.45[23.95| 33.45 | 23.95 | 28.70 | 3.623 | -22.75
27 |55.65/54.35|53.2 |46.15/45.4 | 55.65 | 454 | 53.20 | 4.810 [P3.75[34.329.8 [29.6[30.35| 34.3 | 23.75 | 29.80 | 3.772 |{-23.40
28 | 57 [50.45{47.9|47.8|48.3| 57 | 47.8 | 48.30 | 3.903 |B4.05]30.55/26.3530.65[29.85| 34.05 | 26.35 | 30.55 | 2.741 §-17.75
29 |49.1 [46.05142.45]53.65| 53.5 | 53.65 | 42.45 | 49.10 | 4.834 |B34.55[28.25129.9530.65{31.85] 34.55 | 28.25 | 30.65 | 2.351 || -18.45
30 |50.7 [51.75/43.2 [55.15/45.15] 55.15 | 43.2 | 50.70 | 4.613 | 33 131.85[28.1 [34.1/29.3| 341 | 28.1 | 31.85 | 2.513 || -18.85
31 [45.3 [42.85]43.5 | 44.0 [45.55| 4555 | 42.85 | 44.90 | 1.182 |[28.334.9} 28 | 20 [28.3] 349 | 28 | 28.30 | 2.930 || -16.60
32 [45.15[41.55/52.35] 45.1 [43.25] 52.35 | 41.55 | 45.10 | 4.119 198.25]32.6 [27.7 [31.55[30.15{ 326 | 27.7 | 30.15 | 2.093 [/-14.95
33 |41.4 |45.35]47.9 |45.3 [42.85] 47.9 | 414 | 45.30 | 2.512 |{23.4 | 26.6 [28.05[25.55[30.15] 30.15 | 234 | 28.05 | 2.671 |i-17.25
34 [50.85[45.55[46.05]55.85| 51.9 | 55.85 | 45.55 | 50.85 | 4.300 [P8.35]34.75[31.05[38.3 [26.35{ 38.3 | 26.35 | 31.05 | 4.825 | -19.80
35 [39.1 148.55/51.25/49.1 [40.35] 51.25 | 391 | 48.55 | 5.538 || 27 [32.45/31.6 [34.9[26.65] 34.9 | 27 | 31.60 | 3.129 |/ -16.95
36 [55.85] 51.5 [42.05[41.15[52.35] 55.85 | 41.15 | 51.50 | 6.585 |l 36 [26.85[35.35[28.95{25.2| 36 | 252 | 28.95 | 4.939 ||-22.55
37 [50.95[43.25/54.45/46.95/43.05] 54.45 | 43.05 | 46.95 | 4.952 |[32.8 |34.1]25.8 [28.25[32.95] 34.1 | 258 | 32.80 | 3.571 [|-14.15
38 {43.6 |47.9 |42.65] 529 |42.75] 52.9 42,65 | 43.60 | 4.437 |34.95|36.55]39.2 1 28.1 |29.95] 39.2 28.1 34,95 | 4.619 -8.65
39 [48.15145.75] 44.6 [59.85/44.05] 59.85 | 44.05 | 45.75 | 6.548 || 31 }29.7 [27.95[32.95[29.2 | 32.96 | 27.95 | 29.70 | 1.904 }/-16.05
20 |43.1| 56 |55.35|42.6 [54.15] 58 | 42.8 | 54.15 | 7.193 1B36.35/37.05/36.3 ] 33 |34.7] 37.05 | 33 | 36.30 | 1.632 |[-17.85
241 |46.6| 45 |41.6|46.3|42.0] 46.6 | 41.6 | 4500 | 2.172 }f26.7 {35.7|35.5[36.85[32.7 [ 36.85 | 26.7 | 3550 | 4.091 || -9.50
42 |56.25/58.90 [45.75|44.2 |46.2| 56.0 | 44.2 | 46.20 | 6.784 |[31.8 [33.7|32.85[27.95/28.8[ 33.7 | 27.95 | 31.80 | 2.525 }|-14.40
43 145.85]60.7 | 46.2|44.6|49.2| 60.7 | 44.6 | 46.20 | 6.587 |R7.85[31.15[26.7 [35.15[37.3 | 37.3 | 26.7 [ 31.15 | 4.565 || -15.05
44 [32.35142.25/46.65/41.45] 42.3 | 46.65 | 41.45 | 42.30 | 2.074 [|34.9 1359126.3[26.3}29.6] 359 | 26.3 | 20.60 | 4.598 }| -12.70
45 |54.05] 45.5 [61.95] 46.2 |50.25] 61.95 | 455 | 50.25 | 6.733 |135.1 [33.75]33.7[35.35[36.5| 356 | 337 | 35.10 | 0.884 {|-15.15
46 | 53.8 |45.15/53.65/58.35] 48 | 58.35 | 45.15 | 53.55 | 5.211 [135.3 |37.7 |28.7 [20.45/32.8 | 37.7 | 287 | 32.80 | 3.817 }{-20.75
47 |45.05]38.65/52.7| 53 |43.4| 53 | 38.65 | 45.05 | 6.244 |39.05/40.55[33.85}33.75} 38.1 | 40.55 | 33.75 | 38.10 | 3.102 || -6.95
48 [56.55[39.55) 41.7 [44.05[48.25] 56.65 | 39.55 | 44.05 | 6.713 136.45/31.9 [35.05[35.55[37.15 37.15 | 31.9 | 35.55 | 2.025 || -8.50
49 145.4 |51.35149.15[48.25/47.05] 51.35 | 45.4 | 48.25 | 2.235 |H0.85/35.8 |40.45[31.2[412] 41.2 | 31.2 | 4045 | 4.342 }{ -7.80
50 | 51.5 J50.85] 48.6 54,05/ 38.0 | 54.95 | 38.9 | 50.85 | 6.067 |{37.4| 33 [38.6]39.7[343] 397 | 33 | 37.40 | 2.850 }|-13.45
[A=65.05]8=36.40|C=48.03]C=3.948 A=56.45B=20.70|C=32.13]C=3.135|¢=-16.13
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319 0,15 wamsnaasazadivesdoyn Pima Tnuld Feed forward NN.

81

Feed forward NN nuutldanhwiniisssndn (FNN) Feed forward NN uunldambwl rutgnums (MSFNN)
H 1 2 3 4 5 max min mean SD 1 2 3 4 5 max min | mean SD ro{%)
1 [24.03|24.35{24.03| 23.7 |24.03] 24.35 | 23.7 24,03 | 0.230 }{23.38(22.73/23.38|22.08}22.73] 23.38 |?22.08 | 22.73 | 0.544 |I-1.30
2 [22.08]22.73{21.75] 22.4 |21.43] 22.73 | 21.43 | 22.08 | 0.514 [22.73|23.7 |23.05]23.7 |23.05| 23.7 [22.73 | 23.05 | 0435 || 0.97
3 [22.4122.08]21.75[22.73[22.73] 22.73 | 21.75 | 22.40 | 0.425 }P3.38]23.05/22.73[22.73(22.4 | 23.38 | 224 | 2273 | 0.371 [1 0.33
4 [22.4 [22.08] 22.4 [22.08[22.4 | 22.4 22,08 | 22.40 | 0.175 Ips.sa 23.7 |23.38]23.38]/23.7 | 23.7 }23.38 | 23.38 | 0.175 § 0.98
s |22.4]224122.4 [22.73]22.73] 2273 | 22.4 | 22.40 | 0.181 [23.05{23.05[22.73}22.73[23.38] 23.38 [ 22.73 | 23.05 | 0.271_§ 0.65
6 [224121.75]22.08{22.4 |22.4 | 22.4 21.75 | 22.40 | 0.290 ItZG.OS 22.73121.75}21.75[23.05| 23.05 [ 21.75 | 22.73 | 0.667 [ 0.33
7 |224(21.75]22.4 [21.75]22.4 | 224 [ 21.75 | 22.40 | 0.356 [{21.43]22.73]23.05]22.08]22.73| 23.05 | 21.43 | 22.73 | 0.649 |} 0.33
8 [22.08]22.08[22.08]22.08|22.73] 22.73 | 22.08 | 22.08 | 0.201 02.73]22.4 {22.73]22.73[23.05] 23.05 | 22.4 | 22.73 | 0.230 [ 0.65
9 [22.73{22.08]22.73|22.08] 22.4 | 22.73 | 22.08 | 22.40 | 0.325 |P2.73 21.75(23.05[23.05(21.75] 23.05 | 21.725 | 22.73 | 0.667 } 0.33
10 224 |21.75]22.4 | 22.4 |22.08] 22.4 21.75 | 22.40 | 0.290 [l22.73 23.05[21.75|23.05[23.05| 23.05 }21.75 | 23.05 | 0.563 | 0.65
11 [22.08|22.4 |22.08]22.4 | 224 | 224 22,08 | 22.40 | 0.175 |l22.73 22.73123.05|22.73| 224 | 23.05 | 224 | 22.73 | 0.230 j 0.33
12 122.73|22.4 | 22.4 122.73|22.73] 22.73 | 22.4 22.73 | 0.181 |23.05]23.05|23.05]23.05]23.05] 23.05 | 23.05 | 23.05 | 0.000 { 0.32
13 {23.38)23.05)23.05[23.38} 22.4 | 23.38 224 23.05 | 0.400 }22.73[22.73[23.05|22.73{22.08| 23.05 | 22.08 | 22.73 | 0.355 {-0.32
14 [21.75|22.4122.08{22.4 [22.73] 22.73 | 21.75 | 22.40 | 0.371 [23.38]22.73]|23.05|23.05|23.05] 23.38 [22.73 | 23.05 | 0.230 { 0.65
15 224 [22.08]22.4 ] 22.4 [21.75] 22.4 | 21.75 | 22.40 | 0.290 [[22.73]23.05|23.05|22.73[22.08] 23.05 | 22.08 | 22.73 | 0.396 [ 0.33
16 | 21.1 |21.75]22.08]21.43|21.75| 22.08 | 21.1 21.75 | 0.371 0 (22.73|22.73|22.73|22.73] 22.73 4 22.73 | 10.165 § 0.98
17 224224 21.75{22.73122.4 | 22.73 | 21.75 | 22.40 | 0.357 ||22.4 |22.73]|22.08(22.73]22.73| 22.73 | 22.08 | 22.73 | 0.291 § 0.33
18 [22.73]22.73{22.73{22.73{22.73] 22.73 | 22.73 | 22.73 | 0.000 |©22.73]22.73|22.73(22.73{22.08] 22.73 | 22.08 | 22.73 | 0.291 }§ 0.00
19 [22.08]224 (224 [21.75[22.4| 224 | 21.75 | 22.40 | 0.200 |R2.73}21.75]22.08{22.4 {21.43} 22.73 | 21.43 | 22.08 | 0.514 [|-0.32
20 (224]224[224122.4[224] 224 | 224 | 22.40 | 0.000 [22.08]22.4 [22.73] 22.4 }22.08] 22.73 | 22.08 | 22.40 | 0.271 } 0.00
21 [21.75[21.75] 22.4 [22.08]21.75| 224 21.75 | 21.76 | 0.291 ||224 224 {21.43(214.75[22.08] 224 |21.43 ] 22.08 | 0422 § 0.33
22 (224 22.08| 224 [22.08]22.4| 224 22.08 | 22.40 | 0.175 .08[22.08{22.08]22.08]22.4 | 224 |22.08 ] 22.08 | 0.143 [-0.32
23 1224 22.4]22.4 21.75{21.75] 22.4 21.75 | 22.40 | 0.356 }22.73|22.4 {22.73{22.73|23.05] 23.05 | 22.4 | 22.73 | 0.230 § 0.33
24 [21.43}22.08]22.4 |22.4 |[22.73] 22,73 | 21.43 | 2240 | 0.492 }{21.1 |23.05]21.75]21.76[22.73} 23.05 | 21.1 | 21.756 | 0.797 }-0.65
25 |21.75{21.75[22.4 | 22.4 j22.08) 224 21.75 | 22.08 | 0.325 [22.73]|22.73|22.08{22.4 [22.73] 22.73 | 22.08 | 22,73 | 0.291 || 0.65
26 122.08/22.4 [22.4 [22.73[22.08] 22.73 | 22.08 | 22.40 | 0271 §22.4 [22.4 |22.4 | 22.4 [21.43] 224 |21.43 | 2240 | 0.434 [ 0.00
27 |22.4 {22.08} 22.4 |22.08]22.08] 224 22.08 | 22.08 | 0.175 |123.05 21,751 22.4 |23.05]22.4 | 23.05 | 21.75 | 22.40 | 0.544 |t 0.32
28 [21.75[21.75122.4 |22.08]22.4 | 22.4 21.75 | 22.08 | 0.325 th.OB 21.1 §22.4 |22.08]22.4 | 224 21.1 | 22.08 | 0.534 § 0.00
29 [22.08[22.08] 22.4 |22.08}22.4 | 22.4 22.08 | 22.08 | 0.175 "22.73 23.05[22.73|22.73{23.05] 23.05 |22.73 | 22.73 | 0.175 |{ 0.65
30 217512241224 |22.4 [22.08] 22.4 21.75 | 22.40 | 0.290 {P2.08|22.08|21.75]| 22.4 [22.08] 224 |21.75 | 22.08 | 0.230 || -0.32
31 121.75[22.08} 22.4 |21.43[22.08| 22.4 21.43 | 22.08 | 0.370 {1224 ]22.4 |22.4 224|224} 224 224 § 22.40 | 0.000 { 0.32
32 [22.08[22.08)21.75[21.75]21.75] 22.08 | 21.75 | 21.75 | 0.181 }22.73}22.73|22.08|21.75]22.73} 22.73 ] 21.75 | 22.73 | 0.461 i 0.98
33 |21.75[22.08[21.75[22.08} 22.4 | 22.4 21.75 | 22.08 | 0.273 |21.75[22.73|22.73|23.05[22.73| 23.05 | 21.75 | 22.73 | 0.494 } 0.65
34 [22.08]22.08121.75121.75[22.08] 22.08 | 21.75 | 22.08 | 0.181 |p2.08]22.4]22.4|22.4 [21.43] 224 |21.43 | 2240 | 0421 } 0.32
35 [22.08[22.4 [22.0822.08[22.73] 22.73 | 22.08 | 22.08 | 0.290 [{22.4 [22.4 [22.08]22.4 [21.43] 224 |[21.43 | 22.40 | 0.421 } 0.32
38 |22.08[22.08]21.75[21.75|22.08] 22,08 | 21.75 | 22.08 | 0.181 |[|21.1 | 22.4 {22.4 [22.4 [22.73] 22.73 | 21.1 | 22.40 | 0.635 ] 0.32
37 [22.08/22.08{22.08| 22.4 | 22.4 | 22.4 22.08 | 22.08 | 0.175 [[22.08]22.4 |22.08]21.1 |22.08] 224 21.1 | 22.08 | 0.494 J 0.00
38 [21.43[21.75]22.08]21.75|21.75] 22.08 | 21.43 | 21.75 | 0.230 [{22.4 |21.43]22.08]22.4 [21.43] 224 [21.43 | 22.08 | 0.491 } 0.33
39 [21.75[21.75]21.75]21.75|22.08] 22.08 | 21.75 | 21.75 | 0.448 |21.43]22.4 |22.73|22.73[22.08] 22.73 |21.43 | 2240 | 0.544 0.65
40 |22.08[22.08]22.0821.75] 22.4 | 224 | 21.75 | 22.08 | 0.230 |{22.4 [22.08] 224 [22.4 [22.4| 224 [22.08 | 2240 | 0.143 } 0.32
41 122.08[22.08]22.08121.75{ 22.4 | 22.4 | 21.75 | 22.08 | 0.230 [p2.08[21.1 |22.08[21.75[22.08] 22.08 | 21.1 | 22.08 | 0.426  0.00
42 121.75|22.08[21.75[22.08(22,08] 22.08 | 21.75 | 22.08 | 0.181 “22.4 22,73 21.4 {22.73122.73{ 22.73 | 21.1 | 22.73 | 0.707 j 0.65
43 121.75[22.08]21.43|22.08|22.08] 22.08 | 21.43 | 22.08 | 0.291 |R2.08]22.4 | 22.4 [22.08{22.4 | 224 |22.08 [ 2240 | 0.175 H§ 0.32
44 [22.08 22.08]22‘08 22.08[21.75] 22.08 | 21.75 | 22.08 | 0.148 ||22.4 |22.73] 22.4 |22.73] 224 | 22.73 | 22.4 | 2240 { 0.181 [ 0.32
45 [21.75[22.08[21.75]22.08[22.4 ] 224 | 21.75 | 22.08 | 0.273 [|22.4 [20.78{22.4 [22.4 | 224 | 224 |20.78 | 22.40 | 0.724 || 0.32
46 [22.08]22.08121.75[22.08[22.08] 22.08 | 21.75 | 22.08 | 0.148 [122.08[22.4 |22.4 | 22.4 |21.75] 224 |21.75| 2240 | 0.290 f 0.32
47 {22.08) 22.4 121.75|22.0822.08} 22.4 21.75 | 22.08 | 0230 [22.73|22.73]22.4 | 22.4 |21.43]| 22.73 | 21.43 | 22.40 | 0.534 [ 0.32
48 121.75]22.08(22.08|22.08[22.08] 22.08 | 21.75 | 22.08 | 0.148 122.4 |22.4 |22.4 {22.4 |22.4] 224 | 224 | 22.40 | 0.000 f 0.32
49 |22.4 |21.75[22.08[22.08{21.75| 224 2175 | 22.08 | 0273 [22.4 |21.43]224 [224 224 224 |21.43 ] 22.40 | 0.434 ] 0,32
50 [21.43]22.08[22.08{22.08{22.08] 22.08 | 21.43 | 22.08 | 0.201 N21.1 | 22.4 |21.43]22.08]21.75] 224 21.1 | 21.75 | 0.514 [1-0.33
=24.35{8=21.10|C=22.08|C=0.273 A=23.70|B=0.00|C=22.40{C=0.422|C=0.32
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13131 1.16 HANINABDAIAZATAYEITOYD Sawtooth Tau 1 Feed forward NN.

Feed forward NN usutlaldnbwlinifinesnéim (FNN) Feed forward NN uuutalsmhu 7 (MSFNN)
1 2 3 4 5 max min mean SD 1 2 3 4 5 max min mean SD ro{%)
43|44 14344 |44 4.4 4.3 4.40 0.056 }j0.45) 0.7 {0.45[0.45] 0.6 0.7 0.45 0.45 0.115 -3.95
4.3 |4.35|4.25| 43 43| 4.35 4.25 4.30 }.0.035 [0.55]0.3 ]0.56)02]0.5{ 0.55 0.2 0.50 0.160 -3.80
4.8 |44 |44 44 }435| 48 4.35 4.40 0.186 }0.25] 0.3 | 0.4 {0.35[0.25] 0.4 0.25 0.30 0.065 -4.10
4.3 |4.25[4.35]4.4 | 4.4 44 4.25 4.35 0.065 J0.35|0.3 0.1 {0.3]0.05] 0.35 0.05 0.30 0.135 -4.05
4 |44 |]4.3514.2 | 44 4.4 4.2 4.40 0.087 0.3 [0.25] 0.2 }0.35]| 0.2 | 0.35 0.2 0.25 0.065 -4.15
4.3 14.25]4.35]14.35{ 4.4 44 4.25 4.35 0.057 0.3 |0.15] 0.2 {0.05] 0.3 0.3 0.05 0.20 0.106 -4.15
45 | 4.7 ] 4.8 |4.45|4.65] 48 4,45 4.65 0.144 #0.25] 0.3 j0.15] 0.3 | 0.3 0.3 0.15 0.30 0.065 -4.356
4451 4.3 [4.35]4.45]445] 445 4.3 4.45 0.071 0.3 |0.2510.3 | 0.2 ] 0.2 0.3 0.2 0.25 0.050 -4.20
4.6514.4514.75] 4.4 [1445| 4.75 4.4 4.45 0.152 [10.15]0.25]0.25| 0 ] 0.3 0.3 0 0.25 0.119 -4.20
10 {5.05]4.15]4.3514.2 4.2} 5.05 4,15 4.20 0.376 0.1 | 0.3 }0.25} 0.2 |0.25{ 0.3 0.1 0.25 0.078 -3.95
11 [4.35| 4.6 | 4.4 | 4.4 |4.95] 4.95 4.35 4.40 0.248 [j0.35] 0.3 |0.05/03 103§ 0.35 0.056 0.30 0.119 -4.10
12 |48 |48 (49|51} 5 5.1 4.8 4.90 0.130 0.2 |02 ]0.2 |0.15] 0.2 0.2 0.15 0.20 0.022 -4.70
13 | 4.2 1445} 4.3 |]4.35[44 | 445 4.2 4.35 0.096 }0.25]0.35/0.3 {0.3{0.3] 0.35 0.25 0.30 0.035 -4.05
14 | 4.7 |4.65[4.85]4.9 | 4.7 4.9 4.65 4.70 0.108 0.3 [ 0.2 |0.25{0.25]0.25] 0.3 0.2 0.25 0.035 -4.45
15 14.3514.45] 5.2 14.9 | 4.6 5.2 4.35 4.60 0.348 0.2 | 0.2 {0.35] 0.2 |0.35] 0.35 0.2 0.20 0.082 -4.40
16 14.8 4.3 |43 145 |4.75] 4.8 4.3 4.50 0.239 {0.25}0.15{0.25{0.05]| 0.2 | 0.25 0.05 0.20 0.084 -4.30
17 }4.25]4.35] 4.3 }4.25] 4.4 4.4 4.25 4.30 0.065 03(01¢{ 0 |0.1]015] 03 0 0.10 0.110 -4.20
18 {4.2 ]5.15) 4.9 [4.45]4.75] 5.15 4.2 4.75 0.373 {R0.25[0.110.25|/03 ] O 0.3 [ 0.25 0.125 -4.50
19 144 |54 [4.35]4.7 |[445| 54 4.35 4.45 0.435 03 {02102})03]0.3 0.3 0.2 0.30 0.055 -4.15
20 14.4514.35)14.45( 4.4 |4.25] 4.45 4.25 4.40 0.084 §0.25( 0.1 |0.15{02 02| 0.25 0.1 0.20 0.057 -4.20
21 (4.4 144 [445(|51514.55| 5.15 4.4 4.45 0.319 0.1 {0.15|0.15§0.2 } 0.2 0.2 0.1 0.15 0.042 -4.30
22 |53 ]4.45]|4.9 {5.05|5.05] 5.3 445 5.05 0.314 [10.25]0.15]0.05] 0.2 |0.15] 0.25 0.05 0.15 0.074 -4.90
23 }4.4514.45]|5.1 5.6 | 4.7 5.6 4.45 4.70 0.492 ]{0.05[0.15{ 0.2 {0.15] 0.2 0.2 0.05 0.15 0.061 -4.55
24 j42]42]45}44 |46 4.6 42 4.40 0.179 0.2 [0.15] 0.3 |0.25] 0.3 0.3 0.15 0.25 0.065 -4.15
25 14.45]4.2 |44 j4.25| 45 4.5 42 4.40 0.129 }10.15] 0.2 |0.15{0.15} 0.2 0.2 0.15 0.15 0.027 -4.25
26 |42 148 }j4.45|48|4.9 4.9 4.2 4.80 0.285 Ji0.15/03 0.1 |02]03 0.3 0.1 0.20 0.089 -4.60
27 |4.35] 4.4 14.35[4.35]| 4.2 44 4.2 4.35 0.076 0.1 10.15]0.15] 0.1 |0.15] 0.15 0.1 0.15 0.027 -4,20
28 [4.45]44 145 )44 (445| 45 4.4 4.45 0.042 0.2 10.15[0.15] 0.1 | 0.2 0.2 0.1 0.15 0.042 -4.30
29 4246149 ]525(4.65] 525 4.2 4.65 0.388 0.2 )01}02]|02]02 0.2 0.1 0.20 0.045 -4.45
30 |5.05] 5.3 { 4.5 |5.25{5.15] 5.3 45 5.15 0.322 0.2 10.25} 0.3 |0.35]0.15] 0.35 0.15 0.25 0.079 -4.80
31 {42 |4.55]4.2 |4.65[4.95] 4.95 42 4.55 0.319 [10.15{ 0.2 { 0.1 |0.15]0.15| 0.2 0.1 0.15 0.035 -4.40
32 [45]4.2 (435144 |44 4.5 4.2 4.40 0.110 0.1 10.1510.1 | 0.1 | 0.1 | 0.15 0.1 0.10 0.022 -4.30
33 ]4.85]4.65(4.25|4.95] 45 | 4.95 4.25 4,65 0.279 [0.15}0.15} 0.1 | 0.2 | 0.1 0.2 0.1 0.15 0.042 -4.50
34 5 |4.8 14.2|445[4.25 5 4.2 4.45 0.349 [10.15 }0.15}0.0510.15| 0.2 0.2 0.05 0.15 0.055 -4.30
35 |4.65{4.45]4.45|4.4 | 4.7 4.7 44 4.45 0.135 0.1 |0.25]0.1510.15/0.15] 025 0.1 0.15 0.055 -4.30
36 |4.9)49)48)]47|525] 5.25 4.7 4.90 0.207 0.2 | 0.2 }0.15]0.15]0.05] 0.2 0.05 0.15 0.061 4.75
37 |51152}53)|45[425] 53 425 5.10 0.466 0.1 |0.05] 0.2 |0.15]0.25] 0.25 0.05 0.15 0.078 -4.95
38 43144 |4.35|425(435| 44 4.25 4.35 0.057 0.2 | 0.1 |0.05}!0.2 | 0.1 0.2 0.05 0.10 0.067 -4.25
39 ]4.95[14.95]5.15(4.4514.25| 5.15 4.25 4,95 0.381 0.2 10.05}0.1510.05] 0.2 0.2 0.05 0.15 0.076 -4.80
40 }4.65] 5.4 [4.65}14.35]4.75] 54 4.35 4.65 0.388 0.2 0.1 ]02{0.1]0.25§ 0.25 0.1 0.20 0.067 -4.45
41 )4.25]|4.5 |4.75} 4.3 |4.75] 4.75 4.25 4.50 0.238 []0.05}0.25]0.15]0.25} 0.2 | 0.25 0.05 0.20 0.084 -4.30
42 |44 48|45 ]475]4.3 4.8 4.3 4.50 0.218 0.2 ] 0.2 }0.2]0.110.05] 02 0.05 0.20 0.071 -4.30
43 142451534748 5.3 4.2 4.70 0.406 0.1 1011010202 0.2 0.1 0.10 0.055 -4.60
44
45

Oloi~N|n|in|w|Nj={T
»
]

4.9 14.8 15.05[4.45} 48 | 5.05 445 4.80 0.221 0210202103 }025] 03 0.2 0.20 0.045 § -4.60
445142 14.75{4.351 44 | 4.75 4.2 4.40 0.202 j0.2 1015101610202 ] 0.2 0.15 0.20 0.027 1#-4.20
46 |52 |4.75| 4.6 {4.75142 | 52 4.2 4,75 0.359 }J0.15]0.15§02 02 02| 0.2 0.15 0.20 0.027 § 455
47 14.65|4.65]|4.85}4.6514.95] 4.95 4.65 4.65 0.141 0.2 | 0.2 {0.05] 0.1 [0.15] 0.2 0.05 0.1 0.065 § 4.50
48 [5.35) 4.7 }]4.45|5.25|5.05} 5.35 4.45 5.05 0378 0.2 |0.15|0.25]0.15} © 0.25 0 0.15 0.094 §-4.90
49 14.7514.7 | 4.7 | 4.7 |4.55] 4.75 4.55 4.70 0.076 0.1 |0.15]0.05{ 0.1 ]0.15] 0.15 0.06 0.10 0.042 | -4.60
50 14.85| 4.4 [ 4.4 1495;425] 495 4.25 4.40 0309 R§0.25{0.14)02]03034] 03 0.1 0.25 0.084 §4.15

A=5.60 | B=4.15 | C=4,48 | C=0.213 A=0.70 | B=0.00 | C=0.20 | C=0.065 [£=4.30
H ~duuTwuatududau max —A1ARNAIRINATHAINNITMARDY 5 AT
min —dlanasdasigaainnmanas 5 afo mean -Anafonasdanudanaiannmimaaa 5 af
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Feed forward NN nuuldinhwinvivsandur (FNN) IFeed forward NN sunlalanhand 7 (MSFNN)

H [1T2]3[4]5] max | min [ mean | SD 1 2 | 3] 4] 5 ] max [ min [mean{ SD || re{%)

1 |56.84]55.42|56.75[56.89153.51] 56.89 | 53.51 | 56.75 | 1.460 ||45.38145.92]46.23]44.72]44.43| 46.23 | 44.43 | 45.38 | 0.765 | -11.37

2 [6.21146.32}46.32146.02]46.44] 46.44 | 46,02 | 46.32 | 0.158 |24.51]28.20{33.02]22.57|24.32] 33.02 | 22.57 | 24.51 4.179 || -21.81

3 [46.16]45.9 |46.51]46.32]46.23] 46.51 45.9 46.23 | 0.224 “28.31 25.34] 23.3 |25.48[30,54| 30.54 | 23.3 | 25.48 | 2.836 || -20.75
4 [46.02]46.16}46.11]46.06]46.23] 46.23 | 46.02 | 46.11 | 0.083 |22.93]23.23{17.56[24.06] 20.8 | 24.06 ] 17.56 | 22.93 | 2.616 || -23.18

5 |44.67]44.27}42.92 43.09[42.07 44.67 | 4207 | 43.09 | 1.057 || 20 }16.38|17.73}20.23]16.8 | 20.23 | 16.38 | 17.73 | 1.792 || -25.36
6 [39.14]42.54|42.68 42.78'42.61 42,78 | 39.14 | 42.61 1573 [{20.82{18.22]14.84]13.66]21.67| 21.67 | 13.66 | 18.22 | 3.541 |l -24.39
7 11.17]20.53139.31]40.46[32.45] 42.45 | 39.31 | 40.53 | 1.147 [15.84]16.14{21.08]17.18{17.37] 21.08 | 15.84 | 17.18 | 2.094 } -23.35

8 [41.43[42.14]37.04]37.63]42.07] 42.14 | 37.04 | 41.43 | 2,513 }}19.31{18.74{17.54/10.22|18.25] 19.31 | 17.54 | 18.74 | 0.734 || -22.69
9 [42.26[41.81}40.09]37.34/a1.69] 42.26 | 37.34 | 41.69 | 2.018 [{15.98{15.86[13.07]15.86]13.5 | 15.98 | 13.07 | 15.86 | 1.441 | -25.83
10 [34.34]42.14[41.93[42.07137.67| 42.14 | 34.34 | 41.93 | 3.513 [111.2 [12.12|13.71]14.2 12.67] 14.2 11.2 | 1267 | 1.207 || -29.26
11 [38.4841.3441.22 39.19'38.19 4134 | 38.19 | 39.19 | 1.502 Ih3.78| 16 [16.33]16.66]|13.19] 16.66 | 13.19 | 16.00 | 1.589 || -23.19
12 140.18}40.3741.95 40.46}42.59 4259 | 40.18 | 40.46 | 1.088 [115.15[14.56] 12.6 [12.12]13.42] 15.15 { 12.12 | 13.42 | 1.279 || -27.04
13 |39.28[39.52|36.26 33.85‘38.08 3952 | 36.26 | 38.86 | 1.316 [[13.76]13.54]13.12] 14.3 [13.64] 14.3 [13.12 ] 13.64 | 0.426 || -25.22
14 [39.45[37.9139.35 38.34]40.53[ 4053 | 37.91 | 30.35 | 1.027 J§12.1 [14.46[14.54] 13.5 {12.22] 14.54 | 121 } 13,50 | 1.174 [ -25.85
15 [36.04[38.1 |38.71 40.58!40.96[ 40.96 | 36.04 | 39.71 | 2,024 112.01]11.68] 10.8 [11.96]11.3%} 12.04 10.8 | 11.68 | 0.496 }f -28.03
16 [42.33[41.74|42.42]41.79]40.46]| 42.42 | 40.46 | 41.79 | 0.783 }111.6 | 9.38 [10.78{11.08]11.3} 116 9.38 | 11.08 | 0.863 i -30.71
17 [36.09139.28[37.91[40.58]40.96] 40.96 | 36.09 | 39.28 | 2.004 |[10.45|12.53|12.72]13.02]11.39] 13.02 | 10.45 | 12.53 | 1.074 }i -26.75
18 [40.46]37.7 | 39 [40.11]81.05] 41.05 | 37.7 | 40.11 | 1.328 [[10.16{11.37{ 10.4 {10.73|9.76 | 11.37 | 9.76 | 10.40 | 0.609 {i -29.71
19 [39.07]38.1 [ 37.7 |36.92|38.05| 39.07 | 36.92 | 38.05 | 0.776 [|8.93 }9.29 |10.16{10.02|9.69 | 10.16 | 8.93 9.69 | 0.510 || -28.36
20 141.88440.84 41.76'41.08 40.63] 41.88 | 40.63 | 41.08 | 0.556 [{9.22 [10.64]|10.85| 9.62 [10.16| 10.85 | 9.22 | 10.16 | 0.682 |} -30.92
21 [39.94]37.93]40.35[38.74 35.69' 4035 | 35.69 | 38.74 | 1.855 [} 9.9 [10.52]| 12.5 | 9.22 [10.61} 12.5 9.22 | 1052 | 1.225 |l -28.22
22 [40.65[36.85] 40.2 [41.17]41.15| 41.17 | 36.85 | 40.65 | 1.808 [{9.12 [10.42/9.97 | 9.64 19.31] 10.12 | 9.12 } 9.64 | 0.424 § -31.01
23 141.22|35.64139.05[37.93{37.27] 41.22 | 3564 | 37.93 | 2.082 W10.71]10.21]10.64}10.14]10.14] 10.71 | 10.14 | 10.21 | 0.283 } -27.72
24 139.83]35.83[41.43/41.67140.53] 41.67 | 35.83 | 40.63 | 2.368 j/8.84 |9.36 | 9.88 [10.82|10.82| 10.82 ]| 8.84 | 9.88 | 0.880 || -30.65
25 |38.83[39.54[39.57[39.94[39.71] 39.94 | 38.83 | 39.57 | 0.416 ||9.93 [10.61}9.88 | 8.72 |10.16] 10.61 8.72 | 993 | 0.700 }| -29.64
26 [42.52}41.5 [41.34] 40.3 [36.71] 4252 | 36.71 | 41.34 | 2.246 }J|9.24 [8.84 |8.06 |9.62 | 7.89| 9.62 7.89 { 8.84 | 0.745 |1 -32.50
27 |41.2 |36.47[40.94|41.17]40.06] 41.2 36.47 | 40.94 | 2.009 |[10.19] 7.8 | 8.04 |10.23110.42| 10.42 7.8 | 10,19 ]| 1.298 |} -30.75
28 |39.9939.75[38.62[40.06{38.71] 40.06 | 38.62 | 39.75 | 0.705 |i9.05 [9.17 |9.71 |8.56 | 8.66 | 9.71 8.56 | 9.05 | 0.425 || -30.70
29 [39.66}41.01]39.49[40.96{38.81] 41.01 | 38.81 | 39.66 | 0.966 [7.66 |7.78 |8.77 {8.51 |8.86| 8.86 7.66 | 851 | 0.561 [f-31.15
30 [39.52|37.49]35.83[38.31}40.13] 40.43 | 35.83 | 38.31 | 1.702 }}9.22 [8.119.74 ) 9.6 |8.27) 9.74 8.11 | 9.22 | 0.755 || -290.09
31 |19.31[38.76]37.86]41.0541.15] 41.45 | 37.86 | 39.31 | 1.442 10 [10.38}6.85 | 9.22 {11.51] 11.5¢ | 6.85 | 10.00 | 1.741 H -29.31
32 140.32[37.27138.3840.61}40.84] 40.84 | 37.27 | 40.32 | 1.575 17.85 |86.51|7.6118.32 18.77 8.77 7.61 | 8.32 | 0.476 |i -32.00
33 |41.53] 41.5 [41.24]36.45/40.82| 41.53 | 36.45 | 41.24 | 2.175 §7.16 | 8.96 | 8.67 } 9.15 981 9.81 7.16 | 8.96 | 0.983 i -32.28
34 [41.24}41.43140.94 41.48!39.99 4148 | 39.99 | 41.24 | 0.611 [§7.82[7.33|7.75[8.79 |8.37 | 8.79 7.33 | 7.82 | 0.571 | -33.42
35 141.48)41.79]41.72 42.05]40.23 4205 | 40.23 | 41.72 | 0.714 ]|8.56 } 8.44 }8.25 |8.41 | 8.7 8.7 8.25 | 8.44 | 0.169 i -33.28
36 140.53}41.62|37.49]41.79|37.2 | 41.79 | 37.2 | 40.53 | 2.229 [{ 6.9 |7.75]|7.4917.71 [565] 7.75 565 | 7.49 | 0.879 j -33.04
37 }40.96{41.1 140.37]39.61{40.18] 41.1 3961 | 40.37 | 0.606 []7.21 18.5317.7517.89 |9.15{ 9.15 7.2 7.89 | 0.749 { -32.48
38 [37.53139.50| 425 [42.71}41.34] 42.71 | 37.53 | 41.34 | 2.177 [{8.56 | 7.3 | 7.63 [8.41 |8.65| 8.65 7.3 8.41 0.606 || -32.93
39 J41.15[40.79/41.20140.96140.09] 41.29 | 40.09 | 40.96 | 0.468 [[7.71 |6.858.56 17.92 844 | 8.56 6.85 | 7.92 | 0.683 | -33.04
40 41.74]37.63138.57/41.67[41.01] 41.74 | 37.63 | 41.01 | 1.899 {8.48 |8.11)8.39 |7.16 |7.52| 848 7.16 | 8.4 | 0.572 | -32.90
41 |36.3 |41.27]41.15[37.98141.69} 41.69 36.3 4115 | 2.400 ||7.89] 8.6 844|747 | 74 8.6 7.4 7.89 | 0.547 [l -33.26
42 [40.72]37.51]41.48] 36,3 40.46' 41.48 36.3 4046 | 2.254 |[7.14 7541688752756} 7.56 6.88 | 7.52 | 0.305 [ -32.94
43 141.43[38.31]41.95/41.48| 42 ] 42 38.31 | 4148 | 1.545 ||8.13 }7.166.83 {8.18 [8.01| 8.18 6.83 | 8.01 0.623 |t -33.47
44 |37.7 140.04|41.5 40.23“1.36' 41.5 37.7 | 40.23 | 1525 ||7.49[6.62 |8.08 {8.41 {685} 841 6.62 | 7.49 | 0.768 [1-32.74
45 141.57140.1338.97]41.48 38.31' 4157 | 38.31 | 40.13 | 1462 J| 7.4 |7.02]7.33]6.74 [8.25] 8.25 6.74 | 7.33 | 0.569 }-32.80
46 42.28[36.99142.64| 39 40.16l 4264 | 3699 | 40.16 | 2.347 ||6.83 1768] 74 |7.52]8.32]| 832 6.83 | 7.52 | 0.537 [f-32.64
47 |37.13[37.0138.57}40.04 38.38! 40,04 | 37.01 | 3838 | 1.236 ||7.73 {7.37 |7.11}7.54 |8.08 | 8.08 7.11 | 7.54 § 0.367 [} -30.84
48 |41.43[37.37) 39.9 |37.72 38.69] 41.43 | 37.37 | 3869 | 1.666 |17.66 |7.21 |8.48 |5.864 | 8.37{ 8.48 584 | 7.66 | 1.070 |t -31.03
49 [37.98}37.56/38.86139.47|30.45] 39.47 | 37.56 | 38.86 | 0.865 ||6.74 |7.04]7.07{ 69 |6.781 7.07 6.74 | 6.90 | 0.149 |1 -31.96
50 ]41.31]41.31[39.28]41.55[37.41] 41.65 | 3741 | 41.31 | 1.797 |{8.08 | 8.01 7.0217.8916.81] 8.08 6.81 | 7.89 | 0.599 i -33.42

|A=56.89{B=34.34(C=40.53{C=1.514 A=46.23|B=5.65|C=9.79|C=0.739 |C=-30.71
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Feed forward NN uumldsnhwinwiusdudur (FNN)  [IFeed forward NN sunladamlul i (MSFNN)
H 1 2 3 4 5 max min | mean SD 1 2 3 4 5 max_| min | mean SO} re(%)
1 122.89[21.6922.89/21.60[21.69] 22.89 | 21.60 | 21.69 | 0.657 |[14.46[16.87114.46{12.05]16.87| 16.87 | 12.05 | 14.46 | 2,016 | -7.23
2 [18.07]20.48/18.07/18.0718.07) 2048 | 18.07 ]| 18.07 | 1.078 |j15.66]15.66{16.87]15.66]16.87| 16.87 | 15.66 | 15.66 | 0.663 || -2.41
3 118.07/16.87]16.87|19.28{18.07] 19.28 | 16.87 { 18.07 | 1.008 }13.25{13.25{10.84{10.84]|13.25] 13.25 | 10.84 | 13.25 | 1.320 } 4.82
4 119.28/10.2818.07}18.07{19.28] 19.28 | 18.07 | 19.28 | 0.663 [12.05|12.05]13.25]14.46]13.25] 14.46 | 12.05| 13.25 | 1.008 } -6.03
5 118.07|18.07]16.87/16.87(19.28] 19.28 | 16.87 | 18.07 | 1.008 [113.25[13.26]13.25{9.64 |12.05] 13.25 | 9.64 | 13.25 | 1.569 ] 4.82
6 115.66{16.87|16.87|18.07]18.07} 18.07 | 15.66 | 16.87 | 1.008 [10.84]12.05/13.25{10.84]13.25] 13.25 | 10.84 | 12.05 [ 1.205 § 4.82
7 ]15.66(13.25/19.28[16.87]19.26] 19.28 | 13.26 | 16.87 | 2.559 }i13.25[12.05[13.25{10.84]13.25] 13.25 | 10.84 | 13.25 | 1.077 } -3.62
8 114.46]18.07]16.87]|16.87|15.66] 18.07 | 14.46 | 16.87 | 1.373 [13.25]14,46{13.25]13.25|13.25{ 14.46 | 13.25 [ 13.25 | 0.541 || -3.62
9 115.66116.8716.87|16.87(16.87] 16.87 | 15.66 { 16.87 | 0.541 }113.25]|12.05[14.46[13.25}12.05] 14.46 [ 12.05 | 13.25 | 1.008 § -3.62
10 ]16.87{16.8718.07{16.87119.28{ 19.28 | 16.87 | 16.87 | 1.077 [13.25{13.25[13.25{12.05{13.25] 13.25 | 12.05 ] 13.25 | 0.537 } -3.62
11 [16.87}16.87|18.07{18.07]14.46] 18.07 | 14.46 | 16.87 | 1.474 [12.05]13.25]13.25{12.05]13.25] 13.25 | 12.05 | 13.25 | 0.657 § -3.62
12 119.28]16.87]19.28(18.07|18.07| 19.28 | 16.87 | 18.07 | 1.009 {l10.84(12.05/12.05[12.05|13.25] 13.25 | 10.84 { 12.05 | 0.852 } 6.02
13 |16.87]14.46]15.66[16.87|18.07| 18.07 | 14.46 | 16.87 | 1.373 [10.84]13.25[12.05[12.05[13.25] 13.25 [ 10.84 | 12.05 | 1.008 { 4.82
14 |19.28[18.07{19.28/18.07}18.07| 19.28 | 18.07 | 18.07 | 0.663 [13.25/10.84|13.25{14.46]|13.25] 14.46 ( 10.84 | 13.25 | 1.321 }§ 4.82
15 [19.28/18.07]18.07{18.07119.28] 19.28 | 18.07 | 18.07 | 0.663 [[14.46]13.25]14.46{12.05|10.84] 14.46 [ 10.84 | 13.25 | 1.573 § 4.82
16 116.87[18.07|15.66]18.07{18.07| 18.07 | 15.66 | 18.07 | 1.077 [12.05]10.84]13.25|13.25[14.46] 14.46 | 10.84 | 13.25 | 1.375 § -4.82
17 [18.07{18.07)16.87|19.28/16.87| 19.28 | 16.87 | 18.07 | 1.008 [13.25]9.64 {14.46|9.64 [14.46] 14.46 | 9.64 | 1325 | 2469 § 4.82
18 [15.66116.87119.2818.07|18.07] 19.28 | 15.66 | 18.07 | 1.375 }9.64 |13.25]14.46{12,05]13.25] 14.46 | 9.64 | 13.25 | 1.826 } -4.82
19 [14.46}15.66]18.07)16.8716.87{ 18.07 | 14.46 | 16.87 | 1.373 §12.05{12.05|13.25]13.25]14.46| 14.46 | 12.05 [ 13.25 | 1.008 § -3.62
20 [18.07]16.87|15.66[15.66|14.46; 18.07 | 14.46 | 15.66 | 1.373 }{12.05] 9.64 [12.05/12.05{13.25] 13.25 | 9.64 | 12.05 | 1.319 | -3.61
21 |16.87]16.87|16.87(15.66{16.87| 16.87 | 15.66 | 16.87 | 0.541 [12.05]|8.43 [12.05}10.84|12.05] 12.05 | 8.43 | 12.05 | 1.573 | 4.82
22 |15.66]16.87|16.87{15.66{15.66] 16.87 | 1566 | 15.66 | 0.663 [12.05]10.84/10.84]10.84/10.84]| 12.05 | 10.84 | 10.84 | 0.541 § 4.82
23 118.07{15.66|16.87{16.87{16.87| 18.07 | 1566 | 16.87 { 0.852 [£9.64 [10.84]|12.05[13.25|8.43 | 13.25 | 8.43 | 10.84 | 1.905 | -6.03
24 {16.87[16.87]14.46(14.46{14.46] 16.87 | 14.46 | 14.46 | 1.320 [}8.43 | 9.64 |12.05]9.64 |9.64 | 12,05 | 8.43 9.64 1.321 | -4.82
25 {15.66]14.46[15.66|16.87|14.46] 16.87 | 14.46 | 15.66 | 1.008 [{12.05]|10.84{10.84{13.25|9.64 | 13.25 | 9.64 | 10.84 | 1.373 || -4.82
26 [14.46{15.66{14.46|13.25|15.66] 15.66 | 13.25 | 14.46 | 1.008 [{14.46]12.05]14.46{14.46|12.05] 14.46 ] 12.05 | 14.46 | 1.320 || 0.00
27 15.66]|14.46{15.66|15.66|14.46] 15.66 | 14.46 | 15.66 | 0.657 [14.46)9.64 |12.05|14.46]14.46] 14.46 | 9.64 | 14.46 | 2.156 § -1.20
28 |15.66]15.66/15.66]15.66[14.46] 15.66 | 14.46 | 15.66 | 0.537 [{8.43 |14.46{14.46|13.25[14.46] 14.46 | 8.43 | 14.46 | 2.614 J -1.20
29 |18.07]16.87{15.66]15.66[16.87| 18.07 | 15.66 | 16.87 | 1.009 [13.25]13.25} 8.43 |13.25[13.25} 13.25 | 843 | 13.25 | 2.156 { -3.62
30 115.66{16.87|16.87}15.66/15.66] 16.87 | 15.66 | 15.66 | 0.663 [[13.2513.25]9.64 | 8.43 |12.05] 13.25 | 8.43 | 12,05 } 2.188 [ -3.61
31 [18.07]15.66|15.66{15.66{16.87| 18.07 | 15.66 | 15.66 | 1.078 [113.25{13.25{14.46]10.84|14.46] 14.46 | 10.84 | 13.25 | 1.478 | -2.41
32 116.87115.66{13.25{15.66]18.07} 18.07 | 1325 | 15.66 | 1.788 }14.46]12.05{12.05|10.84{13.25] 14.46 | 10.84 | 12.05 | 1.375 Ji -3.61
33 [16.87|16.87{18.07|18.07|15.66] 18.07 | 15.66 | 16.87 | 1.008 #9.64 [10.84]8.43 |13.25[{10.84] 1325 | 8.43 | 10.84 | 1.787 || -6.03
34 16.87]15.66/16.87]15.66/13.25] 16.87 | 13.25 | 15.66 | 1.478 §13.25|8.43 |13.25]10.84[12.05| 13.25 | 8.43 | 12.05 | 2.017 § -3.61
35 [16.87]16.87(15.66[16.87|14.46} 16.87 | 1446 | 16.87 | 1.078 l{14.46 14.46] 9.64 114.46[10.84] 14.46 | 9.64 | 14.46 | 2.350 § -2.41
36 |15.66{16.87(14.46]16.87|15.66] 16.87 | 14.46 | 1566 | 1.009 $13.25[13.25[10.84}14.46]13.25] 14.46 [10.84 | 1325 | 1.321 [ 2.4
37 [15.66[15.66]15.66{15.66{15.66] 15.66 | 1566 | 15.66 | 0.000 [10.84|13.25{14.46{15.66]12.05| 15.66 | 10.84 } 13.25 | 1.905 § -2.41%
38 |15.66]|14.46]15.66|15.66{14.46] 15.66 | 14.46 | 15.66 | 0.657 [14.4610.84{13.25]13.25|12.05] 14.46 }10.84 | 13.25 | 1.375 § -2.41
39 |15.66|15.66[14.46]15.66{15.66| 15.66 | 14.46 | 15.66 | 0.537 {13.25]13.25{13.25{10.84]113.25| 1325 | 10.84 | 13.25 | 1.078 § -2.41
40 118.07)18.07(16.87|18.07|18.07| 18.07 | 16.87 | 18.07 | 0.537 [113.25{13.25{10.84{13.25/13.25] 13.25 | 10.84 | 13.25 | 1.078 | 4.82
41 ]18.07[16.87{16.87|16.87|16.87| 18.07 | 16.87 | 16.87 | 0.537 [[12.05]13.25]12.05{12.05|10.84] 13.25 | 10.84 | 12.05 | 0.852 | 4.82
42 116.87]16.87]18.07)18.07|18.07} 18.07 | 16.87 | 18.07 | 0.657 EO.B“ 13.25] 9.64 |10.84112.05 13.25 | 9.64 { 10.84 | 1.373 §-7.23
43 116.87]16.87|16.87]15.66/14.46] 16.87 | 14.46 | 16.87 | 1.078 [113.25(10.84]12.05{13.25/13.25{ 13.25 | 10.84 | 13.25 | 1.077 |} -3.62
44 115.66[16.87/15.66|16.87{15.66] 16.87 | 15.66 | 15.66 | 0.663 |[10.8413.25]13.25]12.05[{13.25] 13.25 | 10.84 | 13.25 | 1.077 H -2.41
45 118.07]15.66[18.07]15.66|14.46] 18.07 | 14.46 | 15.66 | 1.615 H13.25]13.25{13.25{13.25|13.25] 13.25 § 13.25 | 13.25 | 0.000 [ -2.41
46  114.46116.87]15.66[16.87|15.66] 16.87 | 14.46 | 15.66 | 1.009 §13.25]13.25|14.46|13.25{14.46] 14.46 | 13.25 | 13.25 | 0.663 { -2.41
47 116.87{15.66|15.66]14.4614.46] 16.87 | 14.46 | 15.66 | 1.008 [12.05}13.25/13.25(12.05{10.84] 13.25 | 10.84 | 12.05 | 1.008 { -3.6%
43 114.46|15.66[14.46{15.66]15.66] 15.66 | 14.46 ; 15.66 | 0.657 [{13.25]13.25|12.05/13.25[13.25| 13.25 | 12.05 | 13.25 0.537 | -2.41
49 [14.46|19.28)16.8716.87(18.07| 19.28 | 14.46 | 16.87 | 1.787 [{13.25}12.05)13.25[13.25/13.25] 13.25 | 12.05 | 13.25 | 0.537 J -3.62
50 118.07114.46{18.07{18.07|16.87] 18.07 { 14.46 | 18.07 | 1.569 [14.46[14.46/13.25{13.25]/13.25] 14.46 | 13.25 | 13.25 | 0.663 | 4.82
j |A=22.89{B=13.25}C=16.87 |C=1.008 A=16.87 {B=8.43|C=13.25|C=1.320}C=-3.62
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Feed forward NN usuldanhniniiosandur (FNN)  [[Feed forward NN munetdsmbnl o (MSFNN)
H 1 2 3 4 5 max min | mean SD 1 2 3 4 5 max | min | mean SO ro(%)
1 [18.96[18.96}14.87[19.33[19.33] 19.33 | 14.87 | 18.96 | 1.921 10.78|5.58 |8.55 [9.67 [9.20] 10.78 | 5.58 | 9.29 | 1.959 || -9.67
2 [17.8417.47116.73[17.47[15.99] 17.84 | 15.99 | 17.47 | 0.740 [fs.18 [14.5]17.4 [13.75]11.0] 171 [ 8.18 | 13.75 | 3.318 || -3.72
3 [17.84]20.07] 19.7 |17.84[20.07| 20.07 | 17.84 | 19.70 | 1.164 [14.5|14.5]11.9 [15.61]|1041] 15.61 {1041 | 14.50 | 2.150 | -65.20
4 [16.36{16.36] 17.1 [16.73{15.99] 17.1 15.99 | 16.36 | 0.422 [13.01]11.9 |12.64[13.0113.75] 13.75 | 11.9 | 13.01 0.672 j -3.35
5 |18.96{18.59[18.59{18.96|17.1 | 18.96 171 18.59 | 0.772 K11.15/15.24{13.01|14.13]|16.36] 16.36 | 11.15| 14.13 | 2,014 [} -4.46
6 [18.22]17.1 [17.84]| 17.1 [16.73] 18.22 | 16.73 | 17.10 | 0.611 [15.24]15.61]14.13|15.61| 14.5 | 15.61 { 14.13 | 15.24 | 0.672 § -1.86
7  120.07]20.07]19.33] 19.7 [22.68] 22.68 | 19.33 | 20.07 | 1.327 }15.61|14.13{9.67 | 14.5 |10.78] 15.61 | 9.67 | 14.13 | 2.566 | -5.94
8 |16.73[18.59[18.22]19.33[18.96] 18.33 ] 16.73 | 18.59 | 1.004 [8.92 {1227/ 14.5[11.15[13.01] 145 | 8.92 | 12.27 | 2.094 } -6.32
9 [26.02}26.02[21.19]18.96/19.7 | 26.02 | 18.96 | 21.19 | 3.420 [15.9917.81[15.24]8.92 [15.61] 1599 | 7.81 | 15.24 | 3.998 §-65.95
10 |18.59(19.33]20.4521.56)22.3 | 22.3 | 18.59 | 20.45 | 1.530 R14.87{16.36[14.87]15.99[15.99] 16.36 | 14.87 | 15.99 | 0.698 § -4.46
11 |17.47[21.56/18.96]18.96120.82] 21.56 | 17.47 | 18.96 | 1.634 }5.99]12.27{14.13[16.36[15.61] 1636 [ 12.27 | 1561 | 1.683 §-3.35
12 [20.07]19.33124.16]23.05]20.82] 24.16 | 19.33 | 20.82 | 2.043 [17.84[15.98]17.1 |17.47[15.99] 17.84 [ 15.99 | 17.10 | 0.852 } 3.72
13 [20.07|20.82120.45|18.96{19.33] 20.82 | 18.96 | 20.07 | 0.772 [15.24|15.61{15.61|14.87] 14.5 | 15.61 14.5 | 15.24 | 0.482 | 4.83
14 [18.9627.14126.77[23.05127.14] 27.14 | 18.96 | 26.77 | 3.595 F17.47|14.87]16.73|16.36[15.99} 17.47 | 14.87 |} 16.36 | 0.961 [|-10.41
15 |17.84[18.22]18.22[19.33}17.84] 19.33 | 17.84 | 18.22 | 0.612 [15.24[15.24[15.99]17.47}16.73 17.47 | 15.24 | 15.99 | 0.969 § -2.23
16 |18.22[18.22[ 19.7 [18.50[18.96] 19.7 | 1822 | 18.59 | 0.619 [15.61[15.61[15.24[15.61]15.61] 1561 [ 15.24 | 1561 | 0.165 f -2.98
17 [17.47{19.33]20.82]18.59[18.96] 20.82 | 17.47 | 18.96 1.217 W15.24|17.47}16.73] 17.1 117.47| 17.47 | 15.24 } 17.10 | 0.926 | -1.86
18 [27.14[26.39[21.19120.82[27.14] 27.14 | 20.82 | 26.39 | 3.240 [16.73[17.1[16.36[14.87]15.99] 17.1 114.87 | 16.36 | 0.856 §-10.03
19 |18.96[18.55[18.59]18.50/18.59] 18.96 | 18.59 | 18.59 | 0.165 K16.36]15.99[15.99]17.1 [16.73] 17.1 [15.99 | 16.36 | 0.482 | -2.23
20 [15.99(26.39]21.56{18.22|24.54] 26.39 | 15.99 | 21.56 | 4.305 §17.1 |17.1[17.1|17.1 |17.4 1 171 17.% 17.10 | 0.000 § 4.46
21 [18.33]18.509] 19.7 [20.45[20.07| 2045 | 1859 | 19.70 | 0.715 [114.87[15.99[15.61]15.9915.99] 15.98 | 14.87 | 15.99 | 0.487 } -3.71
22 |22.68(25.28/17.47]25.28|18.59] 25.28 | 17.47 | 22.68 | 3.675 H14.87[15.24[14.87(15.61{16.73] 16.73 [14.87 [ 1524 | 0.771 } -7.44
23 [19.33] 19.7 [20.07] 22.3 |23.42] 23.42 | 19.33 | 20.07 | 1.795 H16.3616.73[16.73[16.73[15.24] 16.73 | 15.24 | 16.73 | 0.645 §-3.34
24 |19.33[21.19[16.73]18.22[18.59] 21.19 | 16.73 | 18.59 | 1.632 [#7.47]17.1 [15.99[17.1 |16.36] 17.47 | 1599 | 17.10 | 0.608 {-1.49
25 [21.19]17.1 | 22.3 [24.91[24.91] 24.91 | 17.4 | 22.30 | 3.227 {15.89114.87}17.47]16.36}16.73] 17.47 114.87 | 16.36 | 0.961 } -5.94
26 [18.9616.73]| 19.7 |21.56]21.93] 21.93 § 16.73 | 19.70 { 2.108 H17.1 {15.24|14.13} 14.5 {15.24] 17.1 1413 | 15.24 1144 | -4.46
27 |16.73]18.59]16.36[20.82[15.61] 20.82 | 15.6% 16.73 | 2.098 [17.47|14.511561|14.5 [17.1{ 17.47 | 14.5 | 15.61 1.404 § -1.12
28 123.79]17.1 |18.96[23.05|18.96} 23.79 17.1 18.96 | 2.896 [[16.73[15.24[17.47|16.36[13.75{ 17.47 | 13.75 | 16.36 1.451 § -2.60
29 |18.58}19.33[18.22[18.22[16.73] 19.33 | 16.73 | 18.22 | 0.947 [13.38]16.73[16.73[16.73[16.73] 16.73 |13.38 | 16.73 | 1.498 } -1.49
30 [22.68]19.33|17.47]23.05[23.42] 23.42 | 17.47 | 22.68 | 2.643 [[15.61|13.75{15.24{14.13|15.61] 15.61 | 13.75 | 15.24 | 0.871 -7.44
31 |21.93[18.59021.93/22.68/21.93] 22.68 | 18,59 | 21.93 | 1.611 [14.87[15.24]14.867[13.0115.24] 15.24 | 13.01 | 14.87 | 0.933 {-7.06
32 |21.56[22.68{20.07|18.96]16.36] 22.68 | 16.36 | 20.07 | 2.446 ||17.1 |15.61}15.99[15.61]15.24] 17.1 [15.24 | 15.61 | 0.716 || 4.46
33 [21.56124.91[21.03[17.47[23.05] 24.81 | 17.47 | 21.93 | 2.741 [14.13}14.87]14.13{14.5[14.5| 14.87 | 14.13 | 14.50 | 0.310 | -7.43
34 |17.64120.82 17.1 {18.50]24.16] 24.16 | 17.1 | 18.59 | 2.855 ||17.1 [17.47]15.89{17.1 {17.1| 17.47 | 15.99 | 17.10 | 0.561 §-1.49
35 116.36|22.68| 22.3 [16.36[21.93] 22.68 | 16.36 | 21.3 | 3.266 §17.1 |13.75|17.1 [14.87|16.36] 17.1 [13.75 | 16.36 | 1.479 i -5.57
36 118.22[18.22|24.54]24 91125 28] 2528 | 18.22 | 24.54 | 3.674 [§15.24]15.99|15.99{16.36[16.36] 16.36 | 15.24 | 15.99 | 0.457 Ji -8.55
37 125.28] 19.7 [24.52123.4217.47] 2528 | 17.47 | 23.42 | 3354 §16.73]|15.99]16.36/15.99]16.36] 16.73 [15.99 | 16.36 | 0.310 § -7.06
38 122.3118.50/18.22]223[19.7| 223 | 18.22 | 19.70 | 1.974 J17.1 |17.1[16.36[15.24]17.47] 17.47 [ 1524 | 17.10 | 0.887 } -2.60
39 [17.84]18.96[18.96] 22.3 |22.68]| 22.68 | 17.84 | 18.96 | 2.190 §16.7316.73(15.99| 17.1 |15.61] 17.1 15.61 | 16.73 | 0.611 |} -2.23
40 [18.60118.22|17.47[18.22[18.22] 1850 | 17.47 | 18.22 | 0.409 J17.1 [16.36]17.1 [16.36[16.73] 17.1 | 16.36 | 16.73 | 0.370 } -1.49
41 [25.28124.16/19.33[24.54121.56] 25.28 | 19.33 | 24.16 | 2.473 J|17.1 [16.73[16.36[16.73[16.73] 17.1 | 16.36 | 16.73 | 0.262 | -7.43
42 |20.07[20.45|24.54[18.96121.56] 2454 | 18.96 | 20.45 | 2.128 [115.99]16.36]15.61] 14.5 |16.73] 16.73 | 145 | 1599 | 0.856 | 4.46
43 [18.59(25.28[20.07|20.07121.56] 2528 | 18.59 | 20.07 | 2.555 |15.99{15.99{16.73/14.87[15.99} 16.73 | 14.87 | 15.99 | 0.666 | 4.08
44 116.73]18.22|23.79|18.59(20.82| 23.79 | 16.73 | 18.58 | 2.748 }6.73|16.36] 17.1 [16.36[16.36] 17.1 [16.36 | 16.36 | 0.331 J|-2.23
a5 [17.47]22.68|18.59|20.82(23.05] 23.05 | 17.47 | 20.82 | 2.459 Jn5.99|15.99]16.36[16.73]16.73] 16.73 | 15.99 | 16.36 | 0.370 § 4.46
46 |16.36[17.8418.59] 16.7 [21.19] 21.19 | 16.36 } 18.59 | 1.832 §16.36{16.73| 17.1 |16.73|16.36] 17.% 16.36 | 16.73 | 0.310 § -1.86
47 |17.84] 19.7 [17.84[24.54|24.91] 24.91 | 17.84 | 19.70 | 3.517 Js.ee[17.1 [17.117.3 |14.13] 174 [ 14.43 | 17.30 | 1297 § -2.60
43 118.96]17.84[17.84]20.07[17.84 20.07 | 17.84 | 17.84 | 0.998 5.61}17.1 [16.73] 17.1 |17.47] 17.47 | 15.61 | 17.10 | 0.716 } -0.74
49 ]25.65|18.22[21.9316.73[20.07| 25.65 | 16.73 | 20.07 | 3.470 J15.24|16.36]16.36]1524[15.61] 16.36 [ 15.24 | 15.61 | 0.566 § 4.46
50 [21.18|23.79|26.77[19.33[23.79] 26.77 | 19.33 | 23.79 | 2.837 |5.99]14.87|16.73[14.87|15.24] 16.73 [14.87 | 15.24 | 0.807 § -8.55
A=27.14|B=14.87|C=19.70|C=2.070 A=17.84|B=5.58]C=15.99/C=0.789C=-4.46

H —$nuTvualududau

min —sAsnaradasidgannimeane 5 afa
1,2, 3,4, 5 —sammeanfed 1, 2, 3, 4, 5 TasAsfunlafidudilasotholinadanas
sD —a’ndmu.nnnnssﬁuﬂmmmwam‘mumnnmnam s afs
B -dmmAanaimiaoigaitnmmasae 50 uuu (1-50 Twua)

re -reduce wafidusii Tasethurhinadanaissass Taowidan meanusmermeanay

max —AAanaImnnigaInnIsnaane 5 A%
mean -fnafurassmnudanaininnisvaaas 5 af

A -sharufanarmnndgaannmmmsady 50 uuw (1-50 Tuua)
C -Atafvainmsvaasy 50 uuy (1-50 Twua)
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Feed forward NN nuuldanhmIntiusanéis (FNN)  [Feed forward RN uuitdlanbanly 7 (MSFNN)
H 1 2 3 ] 4 5 max min | mean Sb 1 2 3 4 L3 max min | mean SD ro(%)
1 }44.55|44.8 |44.45[44.6 | 43.9] 44.8 43,9 | 44.55 | 0.338 #20.95|21.65] 22 |21.656]21.75] 22 20.95 | 21.65 | 0.391 |]-22.90
2 {37.6}37.3{38.1|38.1]37.7] 38.1 37.3 | 37.70 | 0.344 [12.25}15.65]|13.9{13.05]15.35| 15.65 | 12.25 | 13.90 | 1.459 || -23.80
3 {20.05|29.8 |31.15] 30.9 131.15] 31.15 | 29.05 | 30.90 { 0.943 { 9.4 |8.15 [8.05] 9.1 | 8.15 9.4 8.05 | 8.15 0.631 -22.75
4 [22.25122.45]22.4 |22.25[22.15] 22.45 | 2215 | 22.25 | 0.122 §7.65}08.65[8.25] 7.9 |7.75| 8.65 7.65 | 7.90 | 0410 | -14.35
5 {22.05]22.55{22.05[22.55[22.25] 22.55 | 22.05 | 22.25 | 0.251 §4.05 [6.25[6.15{ 4 ]7.45| 7.45 4 6.15 1.508 || -16.10
6 |22.7122.65|22.1[21.75]22.3] 22.7 | 21.75 | 22.30 | 0.395 }§5.05 | 3.7 |4.35] 4.3 | 5.05| 5.05 3.7 4.35 | 0.572 | -17.95
7 |19.85[20.15] 22 |20.1}21.9] 22 19.85 | 20.15 | 1.057 J| 5.1 | 4.1 |5.05}5.15 |345| 5.16 345 | 505 | 0.762 |} -15.10
8 [223121.8]19.5] 20 (20.95] 223 195 | 2095 | 1.177 § 4.9 | 4.1 |2.35{3.05 |1.85| 4.9 1.85 | 3.05 | 1.250 [ -17.80
9 [19.05[22.55|21.05[22.45]18.45] 22.55 | 19.05 | 24.05 | 1.633 §3.25 |3.25[3.3} 3.2 | 2.85 33 285 | 3.25 | 0.182 | -17.80
10 |22.35] 22 |19.8]| 21 |20.9] 22.35 19.8 21,00 | 1.006 §3.45|2.85]3.9| 26 ) 26 3.9 2.6 2.85 0.576 J1 -18.15
11 ]120.7120.8]19.6|20.5]18.9} 20.8 19.6 20,50 | 0.524 §| 3.1 |3.45(1.85{2.45] 3.8 3.6 1.85 | 3.10 0.731 -17.40
12 |21.1]20.6]19.5]20.4 |19.65] 21.1 19.5 | 20.40 | 0.669 §3.25 | 3.3 §34] 3.1 1285]| 34 2.85 | 3.25 | 0.214 )| -17.15
13 |19.45[20.95} 21.1 |20.85| 20.8 | 21.1 1945 | 20.85 | 0.670 #1.75] 1.9 ]2.35] 1.9 {245] 245 1.75 | 1.90 | 0.309 j|-18.95
14 |20.6 {19.15{20.4 | 18.6 | 20.7 | 20.7 18.6 | 20.40 | 0.953 2 25 ]2.35} 1.6 {2145} 25 1.6 215 | 0.347 |1 -18.25
15 [21.75[20.6 | 18.7 [24.85/20.8] 21.85 | 18.7 | 2080 | 1.269 § 2.1 | 1.8 |1.4j1.55] 2 2.1 14 1.80 | 0.295 || -19.00
16 |[18.4 [21.85{19.7 ] 20.8 [20.65] 21.85 | 184 | 2065 | 1.298 §2.25 }1.35}) 2 |2.1511.26f 225 1.25 | 2.00 | 0.466 [ -18.65
17 |19.55[21.15] 21.2 |20. 0‘71.75] 21.75 § 19.55 | 21.15 | 0.821 1.6 | 1.9 [1.55{1.651 1.8 1.9 1.55 1.65 0.146 [ -19.50
18 | 19.7 [21.45[22.05) 19.1 21.85} 22.05 | 191 2145 | 1.340 ||1.85 225211751 1.6 | 225 1.5 1.85 | 0.285 || -19.60
19 [18.75{18.65] 19.8 |20.05|18.95( 20.05 | 18.65 | 18.95 | 0.641 1.9 }2.15 [1.75[2.35 | 2.3 2.35 176 | 2.15 0.258 || -16.80
20 [19.45118.3}19.1|19.8| 20 20 18.3 19.45 | 0.670 J| 1.9 {2.152.15] 1.2 | 1.8 2.15 1.2 1.90 0.390 {]-17.55
21 20 (20.15] 18 |19.7]184| 20.15 18 19,70 | 0.982 [2.05 ] 1.65 [1.95|1.65 |245]| 245 165 | 1.95 | 0.332 [{-17.756
22 }18.7] 20 }21.1]20.15[18.15;1 21.4 18.7 {2000 | 0933 §21 {13 [19]| 16 |18 2.1 1.3 1.80 | 0.305 || -18.20
23 120.9}19.1]20.1]19.8 20.85[ 20.9 19.1 20.10 | 0.755 i 1.5 2 [1.85[0.75 ] 1.2 2 0.75 | 1.50 | 0.525 [}-18.60
24 |20.3}18.1 [21.55[21.4 18.65' 21.55 18.1 20.30 | 1.572 1.9 11.55{1.35! 1.7 |1.95]| 1.95 1.35 1.70 0.248 | -18.60
25 ]20.3 [19.55[19.25|19.05|19.65| 20.3 19.05 | 19.55 | 0.477 2 |1.8511.85{ 1.9 | 1.95 2 1.85 1.80 0.065 | -17.65
26 [19.9}18.5] 19 |18.6 [20.25} 20.25 18.5 19.00 | 0.786 1 1.7 | 1.6 {1.75]2.15| 1.6 2.15 1.6 1.70 0.227 |1 -17.30
27 [19.95§19.2| 19 |19.1]19.3} 19.95 19 19.20 | 0.375 [{1.25 | 1.6 {145)1.65|1.55| 1.865 1.25 1.55 | 0.158 R -17.65
28 ]19.75{20.5(18.9|18.2| 20 | 20.5 18.2 19.75 | 0.916 |} 1.1 |0.85{1.85) 1.7 | 1.5 1.85 0.85 | 1.50 | 0417 {-18.25
29 |20.2 |18.45[20.15} 19.8 [19.25] 20.2 | 18.45 | 19.80 | 0.732 [f 1.6 | 1.2 }13] 19 | 18 1.9 1.2 1.60 | 0.305 jt-18.20
30 (19.3]19.5] 19 |19.2{18.25] 19.5 18.25 | 19.20 | 0.482 [[1.15 }1.05 1.2} 1.3 1135} 135 1.05 1.20 0.119 ji -18.00
31 [18.25[18.85/18.8|19.1} 20 20 1825 | 1885 | 0639 [ 1.8 | 1.9 [1.55|/1.75] 1.4 1.9 1.4 1.76 | 0.202 ff -17.10
32 [18.65] 20 [18.65]19.9 {18.65] 20 18.65 | 18.65 | 0.713 H1.25} 1.1 [|1.35] 1.1 |{145] 145 1.1 1.25 | 0.154 i -17.40
33 [19.1}18.9 20.25| 18.5 118.75] 20.25 | 18.5 18.90 | 0.679 [11.55 | 1.05 [1.55} 1.6 | 1.7 1.7 105 | 1.55 | 0.253 [l -17.35
34 11891194192 |19.35 19.25| 19.4 18.9 19.25 | 0.196 13 113 [14]145] 1.1 1.45 1.1 1.30 0.134 || -17.95
35 [19.75]19.35: 19.05[18.1 19.4| 19.75 18.1 19.35 | 0.627 H1.45) 16 (12| 0.9 | 1.6 1.6 0.9 1.45 0.300 |} -17.90
36 |19.8 [19.85(18.75]20.65{19.45] 20.65 | 18.75 { 19.80 | 0.689 J[1.35 |1.65]0.7]11.25 | 1.5 1.65 0.7 1.35 | 0.363 |} -18.45
37 |18.85|20.4 [18.95[20.35/19.45] 20.4 18.85 | 19.45 | 0.743 J2.05] 1.4 ]1.35{ 1.4 |165]| 2.05 1.35 | 1.40 | 0.293 | -18.05
38 [19.15(19.618.5]19.5 19.55[ 18.6 19.15 | 1950 | 0.478 § 1.6 | 1.15]1.75] 1.8 | 12 1.8 415 | 1.60 | 0.306 #-17.90
39 [19.35] 20 {18.6]19.6 |18.95] 20 18.6 19.35 | 0.547 1.6 ] 1.55 [1.45]1.45 11.45 1.6 145 | 145 0.071 -17.90
40 [19.45[18.45[19.25] 19 [19.85] 19.85 | 18.45 | 19.25 | 0.522 i 1.4 }1.25[1.25] 0.8 |1.05| 1.25 0.8 1.10 0.185 } -18.15
41 12075/ 18.9 | 19.7 }18.85(20.35] 20.75 | 18.85 | 19.70 | 0.850 1 1.5 [1.05[1.55 [ 1.45] 1.55 1 145 | 0.263 J| -18.25
42 (19.55| 20 |20.25] 19.2 [20.05] 20.25 19.2 20.00 | 0.426 J10.85 1.2 [1.3]1.25 {1.15 1.3 0.85 | 1.20 0.177 |} -18.80
43 21 |20.9 [21.15}18.9 | 20.1} 21.15 18.9 20.90 | 0.937 1.4 [1.25]1.05]065 | 1 1.4 0.65 1.0 0.284 || -19.85
44 [19.95120.65[19.35[20.15[20.35] 20.65 | 19.35 | 20.15 | 0488 § 1.2 | 1.3 | 1 | 1.6 | 14 1.8 1 1.30 | 0.224 {j -18.85
45 [19.65]19.6 | 19.2} 19.6 |18.25] 19.65 | 18.25 | 19.60 | 0.593 [11.35 | 1.15{1.75{0.85 | 1.2 1.76 0.85 | 1.20 0.329 il -18.40
46 |19.7 |20.05] 20 | 20 | 19 [ 20.05 19 20.00 | 0.442 [12.15] 1.2 }1.95]1.65 | 1.3 2.15 1.2 1.65 0.408 If -18.35
47 | 19.7 {19.75[19.25/19.15/19.35] 19.76 | 19.15 { 19.35 | 0.270 11 |1.05]16]1.251165) 1.65 1.05 1.25 | 0.280 § -18.10
43 }19.3}19.6| 20 [19.75{18.8 20 18.8 19.60 | 0.462 15 | 1.3 ]0.85]/1.05 14 1.5 0.85 1.30 0.266 § -18.30
49 20 [20.25|19.95/20.1 |20.05] 20.25 | 19.95 | 20.05 | 0.115 [1.55 | 1.05 1.15] 1.2 | 4.7 1.7 1.05 1.20 0.280 H -18.85
50 [18.9]19.7 119.85] 19.4 {19.15] 19.85 18.9 19.40 | 0.389 1.7 11.55{1.3511.85 | 1.3 1.85 1.3 1.55 0.232 | -17.85
|A=44.80]8=18.00{C=20.00|C=0.669 A=22.00 |B=0.65]C=1.68 | C=0.295 jL=~18.13

H ~3unutnualududau
min —Aflanamiasdgannismaaas 5 afo
1,2,3,4,5-uammsasnfoil 1, 2, 3,4, 5 TaoAndulafiduddiasiohinatenain
sb —a":tt{mmummgwwmdm-nuanmu‘nnmnaao 5 afo
B -ArmuARnaIaaoigaIInnImAane 50 uuu (1-50 Twua)

re -reduce whadidudATantiminadanainans TRoM 16N Meanuspy-Mmeanay

max ~AAANRIAINANRAIINNITNARDY 5 AT
mean -ANadnuaIAIANINAANEIRINMIVIARDY 5 A

A shamufanatannzaninmsmasas 50 w (1-50 Tnua)
C -Anafoainmsmasay 50 uuy (1-50 Twua)
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Feed forward NN usuldanhwdniipsaudm (FNN) Feed forward NN nuntdanjany v (MSFNN)

H 1 2 3 4 5 max min mean SD 1 2 3 4 5 max min mean SD ro(%)
1 45.20143.24|45.50[43.24|44.71] 4559 | 4324 | 44.71 | 1.417 || 40 |35.50141.18[41.47]43.24] 4324 [ 3559 | 41.18 | 2.875 }-3.53
2 [22.35[22.65[23.24[23.53]22.65] 23.53 | 22.35 | 22.65 [ 0.484 |P5.88]22.94[26.47{26.4726.18] 26.47 | 22.94 | 26.18 | 1.500 }| 3.63
3 123.82[23.53)23.24]23.82]23.53] 23.82 | 23.24 | 23.53 | 0.243 |21.47[18.82]20.29]21.18]20.88] 21.47 | 18.82 | 20.88 | 1.050 |-2.65
4 ]22.06[20.88{22.06[20.20]22.06] 22.06 | 20.29 | 22.06 | 0.834 20 [ 20 f19.71] 20 T1o.73] 20 | 19.71 | 20.00 | 0.159 J-2.06
5 ]20.88[21.47120,88{20.88]21.76] 21.76 | 20.88 | 20.88 | 0.415 [h9.71]20.88] 20 [18.53]20.68] 20.88 | 18.53 | 20.00 | 0.974 §-0.68
6 [20.88]21.18]20.5919.71[21.18] 21.18 | 19.71 | 20.88 | 0.609 [117.94]19.12}18.82[15.41] 20 [ 20 [ 17.04 | 19.12 [ 0.762 J{-1.76
7 |23.53[22.94]22.65[22.94[21.18] 2353 | 21.18 | 22.94 | 0.881 [ho.41[18.62[18.53]19.12[19.41] 10.41 | 1853 [ 19.12 | 0.383 }{ -3.82
8 [21.18121.47]21.18[22.35|22.06] 22.35 | 21.18 | 21.47 | 0.532 |ho.41]19.71{18.82[18.82[10.71] 19.71 | 18.62 | 19.41 | 0.450 }i-2.06
9 |22.06[21.18]21.47]21.76[21.18] 22.06 | 21.18 | 21.47 | 0.382 [f19.12[19.12[19.41]19.41]19.12] 19.41 | 19.12 [ 19,12 [ 0.159 |{-2.35
10_122.94122.35/22.06/23.82|20.88] 23.82 | 20.88 | 22.35 | 1.088 |[h8.53}18.82[19.41[19.12[19.41] 19.41 | 18.53 | 19.12 [ 0.383 }{-3.23
11 [22.06[22.35[22.06]20.59]23.24] 23.24 | 20.59 | 22.08 | 0.854 [ha.82[16.76]18.52]18.82[18.62] 18.82 | 16.76 | 18.82 [ 0.921 [{-3.24
12 122.35/22.06{19.12[21.18] 20 | 22.35 | 19.12 | 21.18 | 1.369 [118.82]19.41[18.53}19.12[19.12] 19.41 | 18.53 | 19.12 | 0.335 |[-2.06
13 _120.59]22.06{21.76/22.35|22.06] 22.35 | 20.59 { 22.06 | 0.689 |ia.5318.24[18.53|18.82]18.82] 18.82 | 18.24 | 18.53 | 0.243 |[-3.53
14 [21.47]22.65[22.94| 20 {2324 23.24 | 20 | 22.65 | 1.333 |n8.82{17.94|18.82|18.24]18.82] 18.82 | 17.94 | 18.82 | 0.414 || -3.83
15 [22.94]22.06]22.06]20.59{21.47] 22.84 | 20.59 | 22.06 | 0.867 [9.12[t8.24[19.41[19.12[18.62] 19.41 | 18.24 | 19.12 | 0.444 }|-2.04
16 [21.18122.65[21.76]/22.06] 20 | 22.65 | 20 | 21.76 | 1.006 |[18.8218.53[19.12[18.24{18.53] 9.2 | 18.24 [ 1853 | 0.334 [{ -3.23
17 _[19.41]20.29[21.18] 20 [21.18] 21.18 | 19.41 | 20.29 | 0.769 |p8.82[18.53[18.82[17.94[18.53] 18.82 | 17.04 [ 18.53 [ 0.359 J-1.76
18 [21.47]22.65[21.76[21.18[20.59] 22.65 | 20.59 | 21.47 } 0.761 |{18.2418.24]16.76[17.35(18.24] 18.24 | 16.76 | 18.24 | 0.682 || -3.23
19 |22.94]21.18]22.94]20.88]20.29] 22.94 | 20.29 | 21.18 | 1.224 ]{18.24(18.53[17.94|18.53{18.24| 18.53 | 17.94 | 18.24 | 0.246 |[-2.94
20 [21.76|19.71[21.76[19.74[21.76] 21.76 | 19.71 | 21.76 [ 1.123 |j18.53]18.82[17.06]18.53[17.04] 18.82 | 17.06 | 18.53 | 0.701 [ -3.23
21 [19.41] 20 [19.41]21.18}20.29] 21.18 | 19.41 | 20.00 | 0.734 [17.35]18.53[17.94]17.65]17.04] 1853 | 17.35 | 17.94 | 0437 §-2.06
22 [19.71]20.2920.29[20.29[20.29] 20.29 | 1971 [ 2029 | 0.259 {18.53[17.04]17.94]17.65117.94] 18.53 | 17.65 | 17.94 | 0.322 J1-2.35
23 [21.47]20.88]20.29|20.59[21.18] 21.47 | 2029 | 20.88 | 0.466 [19.12[18.53/18.24[17.94{17.94] 19.12 | 17.94 | 18.24 | 0.493 }j-2.64
24 [22.06[20.59}21.47[20.88] 20 | 22.06 | 20 | 20.88 | 0.795 [117.94[18.82[17.35]18.2418.53] 18.82 | 17.35 | 13.24 | 0.566 {f -2.64
25 [19.41]20.59{20.29]20.59] 20 | 20.59 | 19.41 [ 20.29 | 0.493 Jr7.06[18.24]17.35[18.8217.65] 18.82 | 17.06 | 17.65 | 0.708 }i -2.64
26 [20.29]20.59{21.47[21.18]21.47] 21.47 | 2029 [ 21.18 | 0.535 J17.94[18.5318.53[18.82}17.65] 18.82 | 17.65 | 18.53 [ 0.482 }i -2.65
27 |20.29] 20 [20.28{20.59/20.59] 20.59 | 20 | 20.29 | 0.247 |18.24]18.53|17.94]18.82]18.53] 18.82 | 17.94 | 18.53 | 0.334 || -1.76
28 [20.88]21.18]21.47]21.76]20.59] 21.76 | 20.59 | 21.18 | 0.463 {18.82|18.82}18.24[17.94}18.53] 18.82 | 17.94 | 18.53 [ 0.382 }{ -2.65
29 [20.59]21.47[19.71]20.8820.59] 21.47 | 16.71 | 20.59 [ 0.636 |[18.53]|17.94]18.53[17.94]18.24] 18.53 | 17.94 | 1824 [ 0.295 }1-2.35
30 {20.5920.88(20.59[21.18[21.47| 21.47 | 20.59 | 20.88 | 0.383 |17.65]17.94[17.94]18.24]17.65] 18.24 | 17.65 | 17.94 | 0.246 } -2.94
31 {20.29] 20 [202920.88[20.59] 20.88 | 20 | 2029 | 0.335 |h8.82[18.53{18.53[18.53[18.82 18.82 | 18.53 | 18.563 | 0.159 } -1.76
32 |21.18]20.29]20.59[20.59{20.59] 21.18 | 20.29 | 20.59 | 0.325 !Esmz 17.94[17.94[19.41[19.41] 19.41 | 17.94 | 19.12 | 0.761 i -1.47
33 [21.47]20.58|20.29[21.18]21.18| 21.47 | 2029 | 21.18 | 0485 [118.53]18.82]17.94{18.53|18.24] 18.82 | 17.94 | 18.53 | 0.334 }i -2.65
34 [21.76]21.47|22.06[20.29[21.47| 22.06 | 20.29 | 21.47 | 0.672 |h18.82[17.65[18.24]18.53[18.24] 18.82 | i7.65 | 18.24 | 0.434 | -3.23
35 [20.29[2029[20.50] 20 [20.59] 2059 | 20 | 2029 | 0.247 |18.82]18.53]17.94]18.53]18.82] 16.82 | 17.94 | 18.53 | 0.359 || -1.76
36 [21.47|20.88[20.59[21.47] 20 | 2147 | 20 | 20.88 | 0.623 [[18.82]17.35]18.53[17.94{18.24] 18.82 | 17.35 | 18.24 | 0.566 j -2.64
37 [20.88[19.71]20.20[19.71]19.41] 20.88 | 19.41 | 19.71 | 0.586 |18.53]18.53]18.53]17.65[17.94} 18.53 | 17.65 | 18.53 | 0.415 || -1.18
38 [20.88[21.18]21.47[22.06[18.62] 22.06 | 18.82 | 21.18 | 1.232 [6.76]17.94[17.94]18.24{18:53] 18.53 | 16.76 | 17.94 | 0.673 || -3.24
39 | 20 | 20 | 20 [19.71]20.29] 20.29 | 18.71 | 20.00 [ 0.205 }fi8.82[18.53[18.53]18.82}17.06] 18.82 | 17.06 | 18.53 | 0.737 J -1.47
40 [20.29[20.29[18.82] 20 [20.20] 20.20 | 18.82 | 20.29 | 0.637 |18.52[18.53}18.53]16.1817.35] 16.82 | 16.18 | 18.53 | 1.107 | -1.76
41 [21.18[20.29]20.88120.20[21.47] 21.47 | 2029 | 20.88 [ 0.529 |[18:24|17.35[18.24]18.53[17.06] 18.53 | 17.06 | 18.24 | 0.639 [ -2.64
42 122.068[22.06]20.59[21.76[21.76] 22.06 | 20.59 | 21.76 | 0.609 i18.24[18.24|17.9417.65[17.94] 18.24 | 17.65 | 17.04 | 0.247 | -3.82
23 [20.58] 20 |19.71]20.20}21.47] 21.47 | 19.71 | 2029 | 0.676 |i18.53]18.24[17.94[18.53[17.94] 18.53 | 17.94 | 18.24 [ 0.295 || -2.05
44 [20.59]18.2421.47[21.76[21.18] 21.76 [ 18224 | 2118 | 1.414 IEa.24 18.24]17.65[17.65[18.24] 18.24 | 37.65 | 18.24 | 0.323 || -2.94
45 [ 20 [19.71]20.88] 20 J20.59] 20.88 | 19.71 | 20.00 | 0.482 |f18.24]18.53[18.24]17.84]17.04| 18.53 | 17.94 | 18.24 | 0.247 {1 -1.76
46 120.88]21.18[19.71] 20 | 20 | 21.18 | 1971 | 20.00 | 0.637 |n8:24[18.53[18.53[18.53]18.24] 18.53 | 18.24 | 1853 [ 0.159 || -1.47
47 | 20 [20.29[19.12]20.50{20.88] 20.88 | 19.12 | 20.29 | 0.676 |118.24[18.24]18.53[18.53[18.24] 18.53 | 18.24 | 18.24 | 0.159 [ -2.05
48 120.2920.59] 20 J19.71] 20 | 20.59 | 19.71 | 20.00 [ 0.334 |j17.65[17.3517.65[17.65[16.47] 17.65 | 1647 | 17.65 | 6511 [ -2.35
48 [20.88]21.18]18.82]19.71]21.18] 21.18 | 1882 | 20.88 | 1.050 |18.24]18.24[17.94]18.24[18.24] 18.24 | 17.94 | 18.24 | 0.134 H-2.64
50 [22.06]19.71[19.71]21.18{20.29] 22.08 | 19.71 | 2029 | 1.018 |n8.24[17.35[17.08[18.53[17.65] 18.53 | 17.06 | 17.65 | 0.611 | -2.64

|A=45.59]8=18.24]C=20.88|C=0.636 ][ [A=43.24|B=16.18]C=18.53]C=0.415[C=-2.64

H -3 wTnualududau

min —d1Aswaiedoodgeainmisvaans 5 afs
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Feed forward NN uuuldanhudniusanéus (FNN)  [[Feed forward NN uuutaamihwi ¥ (MSFNN)
H 1 2 3 4 5 max min | mean sp |1 2 3 4 [ 5 | max min_ | mean SD re(%)
1 [78.79]73.16[76.62|77.06[72.29] 78.79 | 72.29 | 76.62 | 2.750 |p6.88[73.59] 71 [73.16[72.51] 73.59 | 66.88 | 72.51 | 2.725 || -4.11
2 |56.49[56.4957.14|57.36[57.14| 57.36 | 56.49 | 57.14 | 0.406 |53.68(53.68[53.46[54.11|52.81| 54.11 | 52.81 | 53.68 | 0.475 || -3.46
3 [57.14]53.46[54.76[56.28]54.55| 57.14 | 53.46 | 54.76 | 1.463 [50.22[50.87]51.08[46.5448.05] 51.08 | 46.54 | 50.22 | 1.978 |{ -4.54
4 |54.76[54.55[55.1956.71[54.76] 56.71 | 54.55 | 54.76 | 0.879 |15.6740.91]45.24]44.16/45.45| 45.67 | 40.91 | 45.24 | 1.974 || -9.52
5 [51.95[49.7853.03[54.11[53.68] 54.11 | 49.78 | 53.03 | 1.730 |[46.1 [43.94]44.50]45.24]45.89| 46.1 | 43.94 | 45.24 | 0.899 || -7.79
6 |52.38[51.95[47.19|52.38[53.25| 53.25 | 47.19 | 52.38 | 2.417 |44.59]45.89]46.75/47.62|46.54| 47.62 | 44.59 | 46.54 | 1.128 || -5.84
7 [55.41|54.55[49.13]55.41]51.73] 55.41 | 49.13 | 54.55 | 2.753 |W5.67|45.02]40.91/40.26]45.24| 45.67 | 40.26 | 45.02 | 2.609 | -9.53
8 |48.48[48.27| 50 [47.4 [46.75] 50 | 46.75 [ 48.27 | 1.231 [44.81]39.83]44.81[45.24]43.51| 45.24 | 39.83 | 44.81 | 2.227 || -3.46
9 [50.65[46.54/45.89]50.65[48.48] 50.65 | 45.89 | 48.48 | 2.229 [13.29]43.94]43.94]42.42|44.16] 44.16 | 4242 | 43.94 | 0.711 || -4.54
10 [45.02/49.57|51.3 |44.59[48.05] 51.3 | 44.59 | 48.05 | 2.891 |44.3743.29/43.07|42.42/43.51| 44.37 | 42.42 | 43.29 | 0.709 || -4.76
11 [49.57|52.81[51.52|51.3 [48.05] 52.81 | 48.05 | 51.30 | 1.855 |43.29/42.86/44.16[44.16/44.37| 44.37 | 42.86 | 44.16 | 0.656 || -7.14
12 [48.27/49.35| 50 [49.57[50.87| 50.87 | 48.27 | 49.57 | 0.949 |45.45[45.24/41.34]42.86/43.07| 4545 | 41.34 | 43.07 | 1.736 || -6.50
13 [51.08/49.57|48.7 |51.08]47.84] 51.08 | 47.84 | 49.57 | 1.438 |43.51]40.91]43.51/40.26/42.64| 43.51 | 40.26 | 42.64 | 1.504 || -6.93
14 [50.4349.35[48.92|50.43[50.43| 50.43 | 48.92 | 50.43 | 0.725 |43.72[43.51]43.94]43.07[39.83] 43.94 | 39.83 | 43.51 | 1.699 |f -6.92
15 [48.4846.97(46.97|48.7 | 46.1| 48.7 | 46.1 | 46.97 | 1.108 |42.86[42.86[42.42[40.48]44.59| 44.59 | 40.48 | 42.86 | 1.467 | -4.11
16 [47.84/48.48[48.92[49.35| 50 | 50 | 47.84 | 48.92 | 0.823 |42.21[42.64{40.48/43.29]41.99| 43.29 | 4048 | 42.21 | 1.043 |} -6.71
17 |45.89]48.48[47.4 [48.48[46.97| 48.48 | 45.89 | 47.40 | 1.094 |42.42]40.69[42.64]41.34]42.42| 42.64 | 40.69 | 42.42 | 0.846 |{ -4.98
18 |45.24|49.78|47.62|50.65| 47.4 | 50.65 | 4524 | 47.62 | 2.134 |12.64[42.86[41.13]43.0743.29] 43.29 | 41.13 | 42.86 | 0.855 || -4.76
19 [49.35/46.1 [47.62/46.54]45.45| 49.35 | 45.45 | 46.54 | 1.527 |12.21[43.7243.29]43.29]43.07| 43.72 | 42.21 | 43.29 | 0.559 | -3.25
20 |50.87/46.97[47.19]50.65[46.75| 50.87 | 46.75 | 47.19 | 2.083 |13.07[43.07{42.42|41.99]41.99| 43.07 | 41.99 | 4242 | 0.542 || -4.77
21 [43.9446.75[47.84|48.27(48.27| 4827 | 43.94 | 47.84 | 1.827 |[11.34]42.42[42.21]41.77]42.21] 42.42 | 41.34 | 42.21 | 0434 || -5.63
22 |47.4 [49.78/48.48[49.78]49.78| 49.78 | 47.4 | 49.78 | 1.078 |13.29]43.72|41.56/41.77(40.69| 43.72 | 40.69 | 41.77 | 1.262 || -8.01
23 |46.97/43.07]48.48/48.05[45.67| 48.48 | 43.07 | 46.97 | 2.179 [11.34]41.77]42.64]40.69/42.86| 42.86 | 40.69 | 41.77 | 0.902 || -5.20
24 | 48.7 |48.48[45.02[4524[45.89] 487 | 45.02 | 45.89 | 1.787 [W2.42]42.42]42.86/41.99/40.91| 42.86 | 40.91 | 42.42 | 0.743 | -3.47
25 |45.24[45.02]47.19[46.75| 46.1 | 47.19 | 45.02 | 46.10 | 0.937 [12.42]40.04/41.13[42.21]42.21] 42.42 | 40.04 | 42.21 | 1.009 || -3.89
26 |47.84/47.19}44.37/46.7545.67| 47.84 | 44.37 | 46.75 | 1.366 |141.34]41.13]41.34]41.56/42.64| 42.64 | 41.13 | 41.34 | 0.600 || -5.41
27 |46.54[45.4549.13[44 59/44.81] 49.13 | 44.59 | 4545 | 1.853 |141.99]41.77|41.56/41.56(40.48| 41.99 | 40.48 | 41.56 | 0.582 || -3.89
28 |45.45[47.19]49.35/48.27/42.86| 49.35 | 42.86 | 47.19 | 2.550 [1#0.0442.21/42.21/42.42(39.83 42.42 | 39.83 | 42.21 | 1.289 | 4.98
29 |49.57[48.92/45.02[47.62/43.72| 49.57 | 43.72 | 47.62 | 2.517 |j#1.56[42.21[41.77]40.48[42.21| 42.21 | 40.48 | 41.77 | 0.710 || -5.85
30 [47.19|47.62]45.24/42.64]48.27| 4827 | 42.64 | 47.19 | 2.285 |10.69}41.34]42.42|42.21]42.21| 42.42 | 40.69 | 42.21 | 0.735 || -4.98
31 |45.24/43.72| 46.1 [45.0242.21] 46.1 | 42.21 | 45.02 | 1.518 [142.21]42.64]41.99|43.07|40.91| 43.07 | 40.91 | 42.21 | 0.814 |} -2.81
32 |45.45/44.50]45.24|45.24]44.16| 4545 | 44.16 | 45.24 | 0.541 |111.77]41.13]42.21]40.48]41.56 42.21 | 40.48 | 41.56 | 0.658 || -3.68
33 |45.24]46.32|46.32[42.64]45.02| 46.32 | 42.64 | 45.24 | 1.504 |41.56]41.77|41.99[a1.13[41.77| 41.99 | 4143 | 41.77 | 0.325 || -3.47
34 |43.51|44.81]44.37|44.81/45.67| 45.67 | 43.51 | 44.81 | 0.786 [112.42]41.99]40.91}41.13[41.77| 42.42 | 40.91 | 41.77 | 0.621 f| -3.04
35 |44.59/43.07]45.67/45.02/46.32| 4632 | 43.07 | 45.02 | 1.231 |141.99]40.91|41.77/41.13[41.34] 41.99 | 40.91 | 41.34 | 0.447 || -3.68
36 |45.45/46.97]47.19|45.2446.32| 47.19 | 45.24 | 46.32 | 0.875 |142.4240.91}41.99/40.48(39.39] 42.42 | 39.39 | 40.91 | 1.210 |} -5.41
37 |46.1 [43.51]43.72|46.32|45.45| 46.32 | 4351 | 45.45 | 1.324 |41.13]41.56/40.69(39.61]42.42| 42.42 | 39.61 | 41.13 | 1.042 |} -4.32
38 | 50 [47.84|46.75|48.7 [48.05| 50 | 46.75 | 48.05 | 1.196 |40.69]43.07(43.07/41.77]41.13] 43.07 | 40.69 | 41.77 | 1.096 | -6.28
39 [43.61(45.24|43.94]43.04|46.32| 46.32 | 4351 | 43.94 | 1.165 |40.69]41.99[43.07|41.13{42.64] 43.07 | 40.69 | 41.99 | 0.998 || -1.95
40 [43.72]48.27(46.75/47.84}46.97| 4827 | 43.72 | 46.97 | 1.783 |41.34]42.64/42.64140.04]40.91] 42.64 | 40.04 | 41.34 | 1.130 }} -5.63
41 |44.37|45.45(42.64| 46.1 |44.16] 46.1 | 42.64 | 44.37 | 1.327 |1.34]41.13[42.64]42.86[43.07| 43.07 | 41.13 | 42.64 | 0.904 || -1.73
22 |46.54] 46.1 [46.32}45.80|46.54| 46.54 | 45.80 | 46.32 | 0.283 |43.25[40.69[43.07[42.21/42.21| 43.29 | 40.69 | 42.21 | 1.022 }i -4.11
43 [44.81]42.64]45.24]45.67]45.67| 45.67 | 42.64 | 45.24 | 1.262 |13.07[42.42[41.34/41.5643.07| 43.07 | 41.34 | 42.42 | 0.817 }j -2.82
44 | 487 45.80/43.04]45.80(46.1 | 48.7 | 43.94 | 4589 | 1.697 |43.07[42.86[40.91]42.42|42.86| 43.07 | 40.91 | 42.86 | 0.879 || -3.03
45 |44.81]43.51/47.19] 46.1 |43.94] 47.19 | 43.51 | 44.81 | 1.527 |43.07[40.26(42.21]42.86/40.69| 43.07 | 40.26 | 42.21 | 1.275 || -2.60
26 |47.84|45.67]45.45(47.62/48.05| 48.05 | 45.45 | 47.62 | 1.259 |140.69[42.42(42.86]40.69]41.34| 42.86 | 40.69 | 41.34 | 0.998 || -6.28
47 |45.45]43.29| 46.1 |46.97|46.54] 46.97 | 43.29 | 46.10 | 1.444 |k3.07142.42[41.34|42.86}42.42] 43.07 | 41.34 | 42.42 | 0.668 )| -3.68
48 |44.81|44.16]47.84]43.07]48.05] 48.05 | 43.07 | 44.81 | 2243 |3.07]42.64]41.13]42.21]41.99| 43.07 | 41.13 | 42.21 | 0.731 || -2.60
49 |43.94]45.45|46.1 [43.29]46.1 | 46.1 | 43,20 | 45.45 | 1.291 |#286[42.42{42.21{42.42|41.56| 42.86 | 41.56 | 42.42 | 0.474 || -3.03
50 | 46.1 [44.81]46.32[44.50/46.32| 46.32 | 44.50 | 46.10 | 0.855 ||41.99]42.42/43.07}41.56{41.99| 43.07 | 41.56 | 41.99 | 0.571 | 4.11
IA=78.79|B=42.21|C=47.08|C=1.441] A=73.59|B=39.39C=42.32|C=0.889 | =-4.54
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Feed forward NN uuutldanhudniiusaiédus (FNN)

[[Feed forward NN wuutdambwlnuuuuaimanuus (MSFNN)

H |12 |3 [4]5 | max]| mn [mean| SO |1 [2T3[ 4[5 max | min [mean | SD | re(%)
1 |55.89]56.9 [57.07|58.59[56.4 | 58.59 | 55.89 | 56.90 | 1.016 |b5.8957.91]55.2258.08[56.57| 58.08 | 55.22 | 56.57 | 1.248 || -0.33
2 |46.46]46.3 [46.46]|46.3 |46.63| 46.63 | 46.3 | 46.46 | 0.137 |48.65[47.81/49.66[46.63[47.64] 49.66 | 46.63 | 47.81 [ 1.139 |[ 1.35
3 |43.77]42.42]43.77|42.26{42.42| 43.77 | 42.26 | 42.42 | 0.771_|h1.08[42.42|41.25/42.50[4242| 42.59 | 41.08 | 42.42 | 0.724 |[ 0.00
4 ]42.26/41.92/41.92|40.74/40.91| 42.26 | 40.74 | 41.92 | 0.679 |41.75]40.74/40.0740.74]40.07 41.75 | 40.07 [ 40.74 | 0.688 |[ -1.18
5 |40.24]41.92|42.09]42.09]40.4 | 42.09 | 40.24 | 41.92 | 0.943 [B38.89[39.73]40.24[40.4 [40.07| 40.4 | 38.89 | 40.07 | 0.600 |[-1.85
6  |39.9 141.92|39.73/39.56/41.41] 41.92 | 39.56 | 39.90 | 1.082 [39.9 [39.73[39.73]40.74[38.55| 40.74 | 38.55 | 39.73 | 0.781 |{ -0.17
7 ]41.25/40.57|40.91/41.08[39.56| 41.25 | 39.56 | 40.91 | 0.672 [B9.73|38.89/38.05[39.39[38.89 39.73 | 38.05 | 38.89 | 0.635 || -2.02
8 [39.56]39.9 [39.56|40.07140.07| 40.07 | 39.56 | 39.90 | 0.258 |B7.04[38.05[38.89[37.54[39.56| 39.56 | 37.04 | 38.05 | 1.016 |{ -1.85
9  [44.1144.44/41.58]40.91[42.26] 44.44 | 40.91 | 42.26 | 1.554 Ea.ss 39.9 [38.55[39.56/38.89| 39.9 | 38.55 | 38.89 | 0.612 [ -3.37
10 [40.74]41.25/ 39.9 |41.08/39.39| 41.25 | 39.39 | 40.74 | 0.798 [B9.06/38.72|38.38[38.38[37.21] 39.06 | 37.21 | 38.38 | 0.697 || -2.36
11 141.25/40.07/40.4 [41.41}41.41] 4141 | 40.07 | 41.25 [ 0.629 |B7.54|37.88]39.06[38.89[39.56| 39.56 | 37.54 | 38.89 | 0.845 | -2.36
12 |40.4 142.76/39.9 |43.1 [41.75] 43.1 | 39.9 | 41.75 | 1.409 |B9.2339.3939.23[38.38[38.72| 39.39 | 38.38 | 39.23 | 0.424 [ -2.52
13 [38.55]40.57/40.74]40.07/38.89| 40.74 | 38.55 | 40.07 | 0.992 |B7.88[38.2238.05[38.05[36.53| 38.22 | 36.53 | 38.05 | 0.690 [| -2.02
14 |40.0740.07(39.39/39.9 | 39.9 | 40.07 | 39.39 | 39.90 | 0.279 |B9.06[38.89[37.37|38.55[38.72| 39.06 | 37.37 | 38.72 | 0.669 |[-1.18
15 [41.58]40.24/40.2440.24]40.91| 41.58 | 40.24 | 40.24 | 0.599 |B8.22[37.71[39.06[38.05[38.22| 39.06 | 37.71 | 38.22 | 0.497 |[-2.02
16 [38.89]40.07[40.57|38.89(38.72| 40.57 | 38.72 | 38.89 | 0.836 |B6.87[37.21/37.37[38.22[38.22| 38.22 | 36.87 | 37.37 | 0.613 |[ -1.52
17_|37.88}40.07(42.93]40.07(40.07| 42.93 | 37.88 | 40.07 | 1.795 |B8.22[37.04/38.05[37.54[37.54| 38.22 | 37.04 | 37.54 | 0.468 |[ -2.53
18 |39.73]39.23|39.56/39.9 [39.9 | 39.9 | 39.23 | 39.73 | 0.281 |[38.38[37.04|37.71]38.05/38.38] 38.38 | 37.04 | 38.05 | 0.561 || -1.68
19 |38.89|38.05[38.55[38.72[39.23| 39.23 | 38.05 | 38.72 | 0.436 [[38.05/38.38|38.55(37.37(36.7 [ 38.55 | 36.7 | 38.05 | 0.767 || -0.67
20 [39.56/40.24/40.5739.9 [39.06| 40.57 | 39.06 | 39.90 | 0.587 |B6.36(38.55[38.55[37.04[38.05| 38.55 | 36.36 | 38.05 | 0.974 | -1.85
21_39.39[39.06(39.39/39.56[39.73| 39.73 | 39.06 | 39.39 | 0.248 |B7.88[38.2238.38[37.54/36.53| 38.38 | 36.53 | 37.88 | 0.735 || -1.51
22 |43.643.1/38.38/43.6 [40.07| 43.6 | 38.38 | 43.10 | 2.390 |38.05(36.87(37.88(37.88|37.54| 38.05 | 36.87 | 37.88 | 0.471 | -5.22
23 |38.55[39.23|39.73|38.72[39.73| 39.73 | 38.55 | 39.23 | 0.551 |B37.04[37.21|37.71{37.0438.22| 38.22 | 37.04 | 37.21 | 0.513 || -2.02
24 [39.39]39.9 [38.05/40.07(39.73| 40.07 | 38.05 | 39.73 | 0.810 |B7.71[37.21[38.22[38.05/38.05| 38.22 | 37.21 | 38.05 | 0.402 |/ -1.68
25 141.75/39.9 |44.28/41.08/39.73| 44.28 | 39.73 | 41.08 | 1.840 |139.39/38.89|38.05/38.72|38.72| 39.39 | 38.05 [ 38.72 | 0.480 [ -2.36
26 |38.89|40.4 |40.07/40.2440.57| 40.57 | 38.89 | 40.24 | 0.666 |136.36[36.36[37.21/37.21|37.21| 37.21 | 36.36 | 37.21 | 0.466 || -3.03
27 _|38.72]40.74/38.89]40.57(39.39] 40.74 | 38.72 | 39.39 | 0.941 |B7.37[38.05[37.37/38.22|38.05| 38.22 | 37.37 | 38.05 | 0.409 [ -1.34
28 [38.8940.07(41.75/41.58/40.24| 41.75 | 38.89 | 40.24 | 1.180 |B8.22[37.54|37.21[36.87|37.88| 38.22 | 36.87 | 37.54 | 0.533 |[ -2.70
29 140.74]40.24/41.0838.38141.25| 41.25 | 38.38 | 40.74 | 1.161 |B87.71[37.71[37.04]38.05/38.05| 38.05 | 37.04 | 37.71 [ 0.412 |{-3.03
30 |41.25[38.72(40.91/40.74[41.41| 41.41 | 38.72 | 40.91 | 1.087 |B37.71[38.05[36.53[37.71|37.88| 38.05 | 36.53 | 37.71 | 0.601 | -3.20
31_|38.55/38.89/39.06/38.72|38.38| 39.06 | 38.38 | 38.72 | 0.269 |[37.37/37.71[37.8837.37|37.54] 37.88 | 37.37 | 37.54 | 0.222 || -1.18
32 |38.3840.24/39.06/42.2640.24| 42.26 | 38.38 | 40.24 | 1.477 |I87.0437.71]36.7 [37.04|38.22] 38.22 | 36.7 [ 37.04 | 0.613 || -3.20
33 [42.26/45.45/41.25/40.4 |38.89| 45.45 | 38.89 | 41.25 | 2.457 |B7.71[37.21]36.87[37.71[37.21] 37.71 | 36.87 | 37.21 | 0.363 || -4.04
34 |39.56/40.24140.07|39.9 |39.9 | 40.24 | 39.56 | 39.90 | 0.252 |38.7237.71]36.36[38.72[38.05| 38.72 | 36.36 | 38.05 | 0.971 |f-1.85
35 }41.25[39.9 [39.23|39.73[41.08| 41.25 | 39.23 | 39.90 | 0.883 |37.37[37.54|37.88[38.38[37.54| 38.38 | 37.37 | 37.54 | 0.402 |{ -2.36
36 [39.06/39.9 [39.23]39.06{39.23| 39.9 | 39.06 | 39.23 [ 0.348 |B7.54[37.21]38.05[37.04]36.53| 38.05 | 36.53 | 37.21 | 0.567 || -2.02
37_143.27/40.91/38.22/40.24|39.9 | 4327 | 38.22 | 40.24 | 1.835 IE7.21 [36.36[37.88(37.0437.88| 37.88 | 36.36 | 37.21 | 0.638 || -3.03
38 [43.27|38.55(41.08]41.41}41.75| 43.27 | 38.55 | 41.41 | 1.708 lﬁms 137.8837.71[37.21[37.71 37.88 | 37.21 | 37.71 | 0.275 |[-3.70
39 [39.2339.56/39.56/39.39|40.74| 40.74 | 39.23 | 39.56 | 0.600 |B7.37[37.21]38.38[36.53]37.88| 38.38 | 36.53 | 37.37 | 0.700 |j -2.19
40 140.91/40.57|40.4 141.08[41.92| 41.92 | 404 | 40.91 | 0.592 |B7.54[36.53]37.54/38.05[37.71] 38.05 | 36.53 | 37.54 | 0.567 | -3.37
41 [39.73/40.07]40.74/37.88{ 404 | 40.74 | 37.88 | 40.07 | 1.118 |B8.55]37.88]38.22|37.71[37.04 38.55 | -37.04 [ 37.88 | 0.570 [ -2.19
42 [38.3838.38/41.08/40.07/39.73| 41.08 | 38.38 | 39.73 | 1.160 |B7.21|37.0437.37|36.7[36.7 | 37.37 | 367 | 37.04 [ 0.301 |[ -2.69
43 38.72(39.06|39.06/38.05{ 404 | 404 | 38.05 | 39.06 | 0.856 [B6.53|37.04]36.7 |38.05[37.21| 38.05 | 36.53 | 37.04 | 0.592 |f -2.02
44 [38.38/39.23/38.55/39.56/38.22| 39.56 | 38.22 | 38.55 | 0.578 [[37.88]37.21/37.54]36.87/37.37] 37.88 | 36.87 | 37.37 | 0.376 || -1.18
45 |38.55/38.05/39.73|38.22|36.87| 39.73 | 36.87 | 38.22 | 1.027 [B8.05[37.37/37.71[38.2237.71] 38.22 | 37.37 | 37.71 | 0.331 [{ -0.51
46 |40.74/41.41[39.73]41.7540.24| 41.75 | 39.73 | 40.74 | 0.827 |36.7 [37.37(38.0537.8836.53| 38.05 | 36.53 [ 37.37 | 0.681 || -3.37
47 ]40.24/42.26(39.56(37.37/41.08] 42.26 | 37.37 | 40.24 | 1.830 |B7.21|36.53|37.71[37.04[37.21| 37.71 | 36.53 | 37.21 | 0.423 |[-3.03
48 [38.05[37.88]40.57[39.06/40.07| 40.57 | 37.88 | 39.06 | 1.193 |538.05[36.53[35.19/36.87/37.04] 38.05 | 35.19 | 36.87 | 1.033 |/ -2:19
49 140.91/38.55(40.4 |39.23141.41| 41.41 | 38.55 | 40.40 | 1.185 |B7.21[37.37|37.21/37.88[38.72| 38.72 | 37.21 | 37.37 | 0.644 | -3.03
50 |42.76[41.08141.25/43.27140.91] 43.27 | 40.91 | 41.25 | 1.082 [B6.53]37.5438.05[38.05[37.88| 38.05 | 36.53 | 37.88 | 0.639 [l -3.37
|A=58.59|B=36.87|C=40.24[C=0.870| | | A=58.08|B=35.19]|C=37.88|C=0.601|F=-2.11
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MANUIN V.
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M919A V.1 HAMINABBWAZADAVDITOIYA Mackey-Glass 1001% Feed forward NN.

91

Feed forward NN nuutdanhuinuiuesndu (FNN) Feed forward NN uuuladamnwli i (MSFNN)

Hl 1 2 3 4 5 [ max [ min [mean| sD 1 2 [ 3 4 5 [ max | min |mean| SD || re(%)
10.16912p.17028p.17027/0.16588 .17069)0.17069] 0.16588 [0.1703 | 0.002 |p.03038 .030380.03039/0.0337 p.03038] 0.0337 [ 0.03038 [0.0304 [ 0.001 | -82.16
2[0.03573D.04043).03659[0.03706 0.04077}0.04077 0.03573 [0.0371 | 0.002_|b.02904 .02806}0.02841.02904]0.02842§0.02904] 0.02806 |0.0284 | 0.000 || -23.31
30.0366500.04043.03805(0.03577 0.03775{0.04043] 0.03577 [0.0378 | 0.002 || 0.028 .02801p.02905| 0.028 .02801j0.02905| 0.028 |0.0280 | 0.000 || -25.80
4.03583.03597p.03568{0.03665 .03706/0.03706 0.03568 |0.0360 | 0.001 [0.0284 |p.02903{0.0284 p.02903p.029080.02908| 0.0284 |0.0290 | 0.000 |[-19.29
5 0.0402800.03588p.03583{ 0.03562 .03583(0.04028{ 0.03582 |0.0358 | 0.002 [p.02816).02799p.02816{ 0.028 |0.02829)0.02829] 0.02799 [0.0282 | 0.000 || -21.41
600.03575p.03573).03575/0.03577 0.03573{0.03577 0.03573 [0.0358 | 0.000 |p.028330.02845.02833.02844]0.02824)0.02845] 0.02824 |0.0283 | 0.000 |[ -20.76
70.039350.03912)0.03993{0.03905 .037060.03993| 0.03706 | 0.0391 | 0.001 [D.02793).02793]0.0282 .02827p.02827}0.02827| 0.02793 [0.0282 | 0.000 || -27.91
8 0.03578p.03788p.03706.0359690.037050.03788| 0.03578 |0.0371 | 0.001 |{0.0284 |0.02807)0.02852p.02807]0.0284 J0.02852| 0.02807 | 0.0284 | 0.000 || -23.35
910.0358 0.03744).03832[0.03588 .036720.03832] 0.0358 [0.0367 | 0.001 |D.02849)0.02849p.02846D.02847).02847)0.02849] 0.02846 | 0.0285 | 0.000 |[ -22.47
10D.03633.03818).03855(0.03735 |0.03598§0.03855| 0.03598 [0.0374 | 0.001 [D.02817].02829p.02818.02817.0281710.02828] 0.02817 | 0.0282 | 0.000 |f -24.58
11D.03758p.04009.036090.04077 [0.0405 [0.04077] 0.03609 |0.0401 [ 0.002 |P.02911].02894.03015p.03015.02894)0.03015 0.02894 [0.0291 | 0.001 || -27.39
12[0.0358 0.03595)0.037440.03758 | 0.0358 [0.03758| 0.0358 |0.0360 | 0.001 |p.02854]0.02854p.02873p.02873] 0.028 0.02873] 0.028 |0.0285 | 0.000 | -20.61
[130.03993)0.0358800.03577| 0.0369 |0.04069}0.04069| 0.03577 [0.0368 | 0.002 |P.02835).02817).02835D.02824.02818}0.02835( 0.02817 [0.0282 | 0.000 |f -23.47
140.03577).03993.03577]0.03819 |.0363300.03983] 0.03577 [0.0363 | 0.002 |p.02876).02832p.02787D.02832).02876{0.02876 0.02787 |0.0283 | 0.000 |f -22.05
[150.035880.04077P.03588] 0.03588 .03577)0.04077| 0.03577 [0.0359 [ 0.002 |P.02835.02879p.02833p.029050.02905/0.02905/ 0.02833 [0.0288 [ 0.000 |f -19.76
[160.035950.03912]0.03603] 0.04069 0.03602}0.04069] 0.03595 [0.0360 | 0.002 |P.02835.02822).02822).02836.02835[0.02836| 0.02822 |0.0284 | 0.000 || -21.32
170.0360900.03609.03609]0.03788 |0.0361 [0.03788| 0.03609 [0.0361 | 0.001 [{0.0281 p.02808p.02808]0.0281 [0.0281[0.0281 | 0.02808 [0.0281 | 0.000 |{ -22.14
[180.03819.03788] 0.0405 | 0.04069 |.03609§0.04069{ 0.03609 [0.0382 | 0.002 |p.02863.02913p.028630.02863.0286310.02913 0.02863 [ 0.0286 | 0.000 |f -25.03
119{0.0358 0.03583p.03735/0.03623 0.03624)0.03735 0.0358 |0.0362 | 0.001 [P.02808].02808).02838p.02889D.02808/0.02889/ 0.02808 [0.0281 [ 0.000 |f -22.50
120p.03935p.037350.03633{ 0.03633 0.03577]0.03935| 0.03577 |0.0363 | 0.001_[D.02834]0.02834].02834D.02833D.02838J0.02838| 0.02833 [0.0283 | 0.000 [ -21.99
[21p.03636p.03636}0.03588] 0.03636 .03636/0.03636] 0.03588 [0.0364 | 0.000 |b.02884]0.0294 0.02896D.02896.028840.0294 | 0.02884 [0.0290 | 0.000 | -20.35
[22D.0389500.03706§0.03705] 0.04028 |.03583{0.04028| 0.03583 |0.0371 | 0.002 |[0.0286 0.02866{0.02852D.028660.028530.02866] 0.02852 |0.0286 | 0.000 || -22.83
[230.03735)0.03787)0.03573]0.03595 0.03705(0.03787] 0.03573 |0.0371 | 0.001 |b.02864 0.02864).02845p.02845p.02814)0.02864| 0.02814 |0.0285 | 0.000 || -23.21
240.03672)0.03804.03805) 0.03818 .03673}0.03818| 0.03672 |0.0380 | 0.001 [p.02901}0.02984).02902D.02984p.02984)0.02984| 0.02901 [0.0298 | 0.000 || -21.56
250.03588)0.03665{ 0.0405 | 0.03665 D.03602{ 0.0405 | 0.03588 |0.0367 | 0.002 [{0.0287 0.0286 .02851|0.0287 [0.0286 | 0.0287 | 0.02851 [0.0286 | 0.000 || -21.96
260.03602{0.0369 0.03577/0.03705 | 0.0358 [0.03705| 0.03577 |0.0360 | 0.001 [P.02881}.02897).02898p.02899p.02898/0.02899| 0.02881 |0.0290 | 0.000 | -19.54
27D.03636{0.0405 .03705 0.04084 .037050.04084] 0.03636 {0.0371 | 0.002 |P.03108.02883p.02881/0.0287 [0.0287 [0.03108| 0.0287 [0.0288 | 0.001 |{ -22.24
280.03721)0.0370500.03737|0.03706 D.03706{0.03737| 0.03705 |0.0371 | 0.000 |b.02835]0.028356.02873|0.0287 p.02835/0.02873] 0.02835 0.0284 | 0.000 || -23.50
290.037350.03609p.03775 0.03735 0.040430.04043| 0.03609 [0.0374 [ 0.002 |P.02879.02879p.02896p.02857.028950.02896/ 0.02857 |0.0288 | 0.000 |f -22.92
30D.037880.03744)0.04028/0.03672 0.03905{0.04028| 0.03672 [0.0379 | 0.001 |p.02881].02881p.02878p.02881p.02879}0.02881| 0.02878 [0.0288 | 0.000 || -23.94
310.03623)0.040430.03775)0.03775 .03758/0.04043| 0.03623 |0.0378 | 0.002 |p.02884)0.02883p.02921p.02883D.028830.02921| 0.02883 |0.0288 | 0.000 || -23.63

03636[0.03804)0.03602] 0.04084 .03623(0.04084| 0.03602 |0.0364 | 0.002 |D.02865.0289210.02892.02892P.0298610.02986| 0.02865 |0.0289 | 0.000 || -20.46

0380500.03787)0.03805] 0.0405 |0.03788{ 0.0405 | 0.03787 |0.0381 | 0.001 |.02863.02863p.03008p.02909D.03008[0.03008| 0.02863 [0.0291 | 0.001 || -23.55
34D.038050.03804)0.039120.04009 0.040690.04069| 0.03804 {0.0391 | 0.001 |P.03009)0.02898p.02975p.03008D.02975/0.03009 0.02898 [0.0298 | 0.000 |f -23.95
350.03758.038180.03819/0.03827 0.03827}0.03827| 0.03758 [0.0382 | 0.000 |P.02982).02921p.02982]0.0291 0.02922/0.02982| 0.0291 [0.0292 | 0.000 | -23.49
360.03787).036680.035730.03832 0.03832}0.03832| 0.03573 [0.0379 | 0.001 [[0.0297 p.02935/0.0297 p.03016.02935/0.03016| 0.02935 [0.0297 | 0.000 | -21.57
370.03705).0358800.03735)0.03855 [0.03895}0.03895] 0.03588 |0.0374 | 0.001 [[0.0289 P.02899p.02918] 0.029 |0.02889)0.02918| 0.02889 |0.0290 | 0.000 | -22.38
38D.03609.037050.039120.03623 p.03578/0.03912| 0.03578 |0.0362 | 0.001 |p.02916)0.029640.02916] 0.029 p.02965/0.02965] 0.029 |0.0292 | 0.000 |f -19.51

03993)0.0389500.03623]0.03905 .03896{0.03993] 0.03623 [0.0390 | 0.001 |P.02919.02985p.02916D.02939p.02916)0.02985| 0.02916 |0.0292 | 0.000 || -25.08

0389500.0390500.038320.03905 |0.03706{0.03905| 0.03706 |0.0390 | 0.001 |p.029320.02931p.03057p.02955p.0295500.03057 0.02931 [0.0296 | 0.001 || -24.13
41D.03758{0.0405 |0.040690.03912 .03735{0.04069] 0.03735 [0.0391 | 0.002 [D.02943.02942).03025p.02941.02943}0.03025| 0.02941 |0.0294 | 0.000 || -24.77
42.03936).03602)0.03936] 0.03935 .03835{0.03936] 0.03602 |0.0394 | 0.001 .02934]0.0293 0.02944p.02944D.0293410.02944| 0.0293 |0.0293 | 0.000 |f -25.44
430.04009P.03804]0.04084] 0.03588 0.03705}0.04084| 0.03588 |0.0380 [ 0.002 |p.02962[0.0307 |0.0307 P.030030.02961/0.0307 | 0.02961 |0.0300 | 0.001 [} -21.06
l40.03583)0.03787)0.036650.03758 .03819}0.03819] 0.03583 |0.0376 | 0,001 [D.029970.03034D.03029{0.0303 | 0.0299 [0.03034| 0.0299 [0.0303 | 0.000 |f -19.40
l45D.03705.03993)0.03665{ 0.03993 10.03832{0.03993] 0.03665 |0.0383 | 0.002 [D.02991).03024.02997p.03024[0.02991/0.03024| 0.02991 | 0.0300 | 0.000 |f -21.79
46D.04009{0.0369 .04069]0.04028 [.04043)0.04068| 0.0369 | 0.0403 | 0.002 [.02998] 0.031 | 0.031 .02985p.02985] 0.031 | 0.02985 |0.0300 | 0.001 || -25.57
4710.039930.04028p.04069] 0.03577 ]0.03636/0.04069| 0.03577 [0.0399 | 0.002 03004 .02946p.03004] 0.0295 0.029470.03004| 0.02946 |0.0295 | 0.000 | -26.12
48D.03855/0.0405 [0.0405 | 0.03609 0.03672{ 0.0405 | 0.03609 [0.0386 | 0.002 |P.029641.02964p.03041D.030410.03042}0.03042| 0.02964 |0.0304 | 0.000 {f -21.12
490.03633D.04069.04069] 0.03804 0.040770.04077| 0.03633 |0.0407 [ 0.002 |.02997 .03009p.02972p.02972).029980.03009f 0.02972 |0.0300 | 0.000 | -26.35
I50p.03912)0.03588p.04084 0.03744 [0.03787/0.04084| 0.03588 [0.0379 | 0.002 [D.02974]0.02974.02974.02974.02974§0.02974| 0.02874 |0.0297 | 0.000 || -21.47
L] | | A=0.171B=0.03568/C=0.037[C=0.001]f | |A=0.034B=0.02787|c=0.029C=0.000|=-22.66

H —3wuTvuatududau

min —f1Aana1n (RMSE) taudigaanmmaaae 5 af
1, 2, 3,4, 5 —-wammaaacafont 1, 2, 3, 4, 5 TauAsandiaseiovinafawain (RMSE)

SD —n"nf.{nommna-sg‘\waaﬁ'\mwaawmmmmmnam 5 afy
B -AAnuAanaiaiauiigaannnimmvaaay 50 wuy (1-50 Tuua)

max —AfAanala (RMSE) 1nnvigaannnisnaaas 5 A%
mean -AnadpuavAinuAawata (RMSE) annmismaaas 5 afs

re -reduce wlafidusiasio hinafanainanas Taowleain (meanuspw-meangyy)/meangw*100

A =frmuAanaamnigaannisnaaas 50 uuy (1-50 Twua)
C -Anadnannsaany 50 uuy (1-50 Tuua)

4 vd 1 & a 9o 4 v w 2
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U \ : @ o . a °
gou ns lganhminnuurarosnuudyii v asagq Inadawarnanaannuuy (19U
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Tnuﬂmmnu‘lmmmau) TﬂUi)'lﬂﬂlﬂuﬂ1111’60%'Iﬂ'V}ﬂLllJUﬂ'linﬂﬁO\‘llla’J ms"lafmumun

° ' a H a { ¥
nuunassnuuai 19 Iasevioa Iwaianainanaa laomae 22.66% Iaswananaianiioy

4 ] 4 r %' o ' 4 ° g; '
ngavesIasavigaildaninminifioanndon Ao 0.03568 e lesmuiuTnualugsusou 4

o 1 d' ' n:' v g o
Tvua uaznaRanaraitiosiigaved Insesvigai Igamhminuuuauniuuafe 0.02787
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Elman Recurrent NN uuuladanhudniiuesndum (ERNN Elman Recurrent NN uuuTalanhm, i (MSERNN)
Hl 1 2 | 3] 4 5 [ max [ min [mean| sD 1 2 [ 3 ] 4 ] 5 [max| min [mean| sp |f re(%s)
1).15117p.15746p.15011.14697.15746§0.15746] 0.14697 [0.15117]0.0047 |p.10584p.09978D.10505D.10504p.08037)0.10584 0.08037 [0.105040.0108 || -30.52
2[0.0205500.01706p.02084p.01869P.02054§0.02084| 0.01706 [0.02054]0.0016 [.01935p.01936P.01911D.01935D.01935/0.01936| 0.01911 }0.01935[0.0001 || -5.79
310.02015p.01948D.020150.02071p.01948§0.02071] 0.01948 0.02015]0.0005 [p.01778)0.01703p.01844p.01709p.01709)0.01844] 0.01709 }0.01709] 0.0006 || -15.19
4.02221/0.0211 p.01903.02111p.022340.02234] 0.01903 [0.02111{0.0013 |p.01664.01783p.01664D.01783D.01664}0.01783| 0.01664 [0.01664]0.0007 |[ -21.17
5.02272p.02221p.016970.02236p.01823)0.02272[ 0.01697 [0.02221]0.0027 [p.01615p.01615D.01654D.01615D.01619/0.01654 0.01615 J0.016150.0002 |f -27.29
6 0.017520.0194600.0194600.01697D.01697]0.01946| 0.01697 [0.01752]0.0013 |.017080.01802.01802p.01802.01708[0.01802] 0.01708 [0.01802[0.0005 | 2.85
7 p.01966p.02053p.01791.02033p.01898}0.02053| 0.01791 [0.019660.0011 |.01711.01712p.01711p.01711p.01768}0.01768| 0.01711 [0.01711]0.0003 |{ -12.97
8 0.01627p.01939p.01939.02236).01628}0.02236| 0.01627 [0.01938]0.0026 [.01859p.01725p.01859p.01725p.01637}0.01859| 0.01637 [0.01725[0.0010 |[ -11.04
9 0.02033.020330.0211700.02033D.02061j0.02117| 0.02033 [0.02033]0.0004 |p.01647 .01647p.01691D.01698p.01698)0.01698| 0.01647 0.01691{0.0003 |f -16.82
10p.02033p.01823p.019660.01706p.01706/0.02033] 0.01706 [0.01823] 0.0015 |{0.0171 p.01678]0.0171 p.01727D.01684)0.01727| 0.01678 |0.0171 |0.0002 || -6.20
110.01718p.01718p.01718p.01966).01718)0.01966 0.01718 0.01718[0.0011 |P.01699.01581D.01941p.01698D.01773/0.01941| 0.01581 [0.01699]0.0013 || -1.11
12.01697]0.01746p.01745D.02011P.0174500.02011] 0.01697 0.01745(0.0013 |P.01643.01601p.01579p.01298D.01579/0.01643| 0.01298 }0.015790.0014 || -9.51
130.01731]0.0173.01731]0.0173[0.01730.01731] 0.0173 [0.0173 [0.0000 p.01252|0.0154 p.01561p.01561p.01156§0.01561] 0.01156 |0.0154 [0.0019 || -10.98
[140.016971.01698D.01698p.01698.01697]0.01698] 0.01697 [0.01698]0.0000 |{0.0172 b.01492p.01719p.01534p.01221[0.0172 | 0.01221 J0.01534[0.0021 || -9.66
150.01711p.01712p.01712.02053p.01711)0.02053[ 0.01711 [0.01712]0.0015 [.01717].01315P.01328]0.0137 .01717)0.01717| 0.01315 [0.0137 [0.0021 || -19.98
[160.01762.01762p.01762)0.01762p.01762/0.01762] 0.01762 [0.01762]0.0000 |p.01605p.01452.01605D.01605p.01605/0.01605| 0.01452 0.01605 0.0007 || -8.91
17)0.02031p.01752p.01862).02037D.01862§0.02037| 0.01752 [0.01862]0.0012 [p.01157.01017]0.0151 P.01509p.01274] 0.0151 | 0.01017 }0.01274]0.0022 || -31.58
[180.01832).01826p.01825p.01832D.01832)0.01832] 0.01825 [0.01832]0.0000 p.01241D.01524D.01342P.01376D.01524)0.01524| 0.01241 0.01376{0.0012 |{ -24.89
190.01823p.01823p.01823)0.01823.01824}0.01824| 0.01823 0.01823{0.0000 |p.01374.01791[0.0145 p.01693D.01282}0.01791| 0.01282 |0.0145 [ 0.0022 || -20.46
20p.01742).01742p.01742p.01742.01742)0.01742] 0.01742 0.01742]0.0000 |p.01467.01155p.01568p.01467D.01467/0.01568| 0.01155 0.01467{0.0016 |[ -15.79
210.01802).01816p.01802p.01779p.01779)0.01816 0.01779 0.01802|0.0002 |p.01719p.01712P.01725p.01717p.01731)0.01731] 0.01712 0.01719[0.0001 |{ -4.61
.01864D.01864D.018640.01791p.018640.01864] 0.01791 [0.01864] 0.0003 |P.01421.01218D.01367p.01313[0.0119 [0.01421[ 0.0119 0.01313[0.0010 |f -29.56
23.01856.01856D.018560.018560.01856)0.01856 0.01856 0.01856] 0.0000 [D.01609.01904]0.0161 p.01058P.01102/0.01904] 0.01058 |0.01609/0.0036 |f -13.31
24D.01869p.01869p.01869D.01869D.01869)0.01869] 0.01869 {0.01869] 0.0000 p.00872.01371p.01013P.01372P.01101)0.01372] 0.00972 [0.01101{0.0019 || -41.09
[25D.01854p.01854D.01854D.01854D.01854)0.01854] 0.01854 [0.01854]0.0000 [P.01712].01224P.01067p.01203p.0155710.01712] 0.01067 J0.01224]0.0027 | -33.98
1260.01208p.01208p.01864.01864D.01864§0.01864| 0.01208 [0.01864]0.0036 [p.01248p.01632p.01527p.01013P.01527)0.01632] 0.01013 0.01527|0.0025 || -18.08
[27p.01898p.018980.01898.01898D.01898/0.01898 0.01898 0.01898] 0.0000 [P.01196{0.0116 p.01267/0.0125 P.01203}0.01267| 0.0116 |0.01203|0.0004 | -36.62
[280.01896p.01896.01259D.01259p.01896{0.01896] 0.01259 [0.01896{0.0035 [P.01155.01566p.01123D.015660.01203}0.01566| 0.01123 0.01203]0.0022 || -36.55
[290.01903p.01903p.01903)0.01903D.01903§0.01903| 0.01903 [0.01903 0.0000 |p.01289].00871{0.0134 P.01219p.01374}0.01374 0.00871 0.01289] 0.0020 | -32.26
30D.01966[.01979p.01966{0.01979.01979}0.01979] 0.01966 [0.01978] 0.0001 |p.01098.01363D.01044{0.0107 P.01143)0.01363| 0.01044 0.01098[0.0013 || -44.52
310.02072].02072.02072).02072p.02072§0.02072] 0.02072_[0.02072] 0.0000 |p.01483.01699p.01089D.01011).01083}0.01699] 0.01011 0.01089] 0.0030 || -47.44
[32p.02031p.02032p.02047).02032p.02047}0.02047| 0.02031 {0.02032{0.0001 |D.01538.01539D.01308D.015380.014230.01539/ 0.01308 [0.015380.0010 [ -24.31
330.02058p.02058p.02058.02037D.02058§0.02058| 0.02037 [0.02058]0.0001 |.01684 p.01108p.01684D.014180.01699/0.01699] 0.01108 [0.01684]0.0026 || -18.17
3400.02053p.02053p.02053.02053p.02011)0.02053] 0.02011 [0.02053]0.0002 |{0.0119 .01341p.00882p.01189.01601}0.01601 0.00882 |0.0119 | 0.0026 || -42.04
35.02061p.02061p.020610.02061D.02061)0.02061{ 0.02061 [0.02061]0.0000 |.01209].01608p.01832.01069]0.0124 0.01832] 0.01069 [0.0124 | 0.0032 || -39.84
360.02031.01954p.020310.01955p.021230.02123| 0.01954 [0.02031] 0.0007 |.00951.01254P.01082p.01082p.00946/0.01254] 0.00946 [0.01082{0.0013 || -46.73
371.02053p.02053p.02053.02053p.02053)0.02053] 0.02053 [0.02053] 0.0000 |p.01459]0.0152 .01081p.01396p.01445{0.0152 | 0.01081 0.01445]0.0017 || -29.62
380.02149p.02149p.02149.02149.02084§0.02149| 0.02084 [0.02149]0.0003 J{0.0158 .01094p.01273D.016730.01579}0.01673] 0.01084 |0.01579]0.0025 || -26.52
[39p.02152).02153p.0215200.02152,02152)0.02153] 0.02152 [0.02152]0.0000 [.01393p.01137D.01218p.010390.01094/0.01393| 0.01039 0.011370.0014 |f -47.17
40D.02124].02124P.02124]0.021250.02124)0.02125[ 0.02124 [0.02124] 0.0000 |p.01554p.01554P.01018D.01206p.01146§0.01554] 0.01018 [0.012086{0.0025 || -43.22
41p.02118p.02118p.02117p.02118.02117)0.02118 0.02117 [0.021180.0000 [p.01087]0.0139 p.01157p.01554p.01176/0.01554| 0.01087 J0.01176]0.0019 || -44.48
42D.02272p.02306p.02311D. .02301/0.02348| 0.02272 10.02306 0.0003 [D.01096 .01074D.01091p.01284D.011780.01284| 0.01074 [0.01096/ 0.0009 |{ -52.47
43D.02397)0.02396p.02296.02397)0.02396§0.02397 0.02296 [0.02396]0.0004 |P.01391]0.0116 p.01174p.01159P.01066/0.01391| 0.01066 |0.0116 | 0.0012 || -51.59
l44p.02234p.02314.02313)0.02337)0.02234}0.02337| 0.02234 [0.02313{0.0005 |D.01169].01082p.01459D.01403[0.0158 | 0.0158 | 0.01082 [0.01403]0.0021 |f -39.34
l45p.02169p.02404]0.0234500.02404].02404}0.02404] 0.02169 [0.02404] 0.0010 |P.01527.01528D.01124D.01527p.01123/0.01528 0.01123 [0.01527] 0.0022 || -36.48
l46.02549p.02348.025260.02525(0.0255 | 0.0255 | 0.02348 [0.02526] 0.0009 |.01039p.01776p.01194p.01481[0.0101 0.01776] 0.0101 0.01194]0.0033 || -52.73
4710.0275 D.02391p.023410.02221.02221{ 0.0275 | 0.02221 0.02341{0.0022 |p.01648.01837/0.0113 P.01838D.01192)0.01838| 0.0113 0.01648] 0.0035 |f -29.60
48D.02272).02187)0.02272.02272.02271)0.02272] 0.02187 0.02272{0.0004 |p.01501P.01511p.01506p.014690.01503)0.01511| 0.01469 J0.01503] 0.0002 f -33.85
49D.02394p.02236p.025160.01711p.02584}0.02584] 0.01711 |0.02394] 0.0035 [{0.0106 |.01554p.01313{0.0139[0.0119 J0.01554] 0.0106 [0.01313[0.0019 |f -45.15
I500.02373p.02659p.021490.02221D.02152)0.02659| 0.02149 [0.02221)0.0021 |p.01884p.01262.01263p.01203p.01374}0.01884] 0.01203 [0.01263]0.0028 || -43.13
|A=0.157B=0.01208[C=0.020C=0.000}| A=0.106[8=0.00871[C=0.015{C=0.002|F=-29.58

H = wuivualutfudau

min —A1Aawaia (RMSE) vaoigaainmimaaas 5 afo

max —ffiawaia (RMSE) uniigaainnisvmaaas 5 Ay

1,2, 3,4, 5 —uamsvaanvafoid 1, 2, 3, 4, 5 TasAaaniiaseiobinafanara (RMSE)

SD -ﬂhnfuounnnms‘nmaammmnnwma'ﬂnn'\mnaao 5af)
B -AanuAawaiaianiigaainnismaaay 50 uuy (1-50 Tnua)

re -reduce wafidusilasot o inafiawainanas 10ou1d3In (Meanuserun-MeaNngw)/Meangrw* 100

mean -AnaduravaInulanatn (RMSE) :nnismaans 5 afe

A=-danufAanaiauiadgaainmmaaag 50 uvy (1-50 Tvua)
C-Anadsannmaany 50 uuy (1-50 Tuua)
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Jordan Recurrent NN uuuldanhwinvinesndu (JRNN

Jordan Recurrent NN uunldanhuinuuuiainuue (MSIRNN)

1 [ 2 |3

4 [ 5 | max

min

| mean

SD 1

4 [ 5 [max [ min

2 [ 3

mean | SD

ro(%)

D.0708500.07099p.07343p.07079p.07086{0.07343

0.07079

lo.07086

0.0011 |D.10106

D.03528.03527D.03588).035880.10106 0.03527

0.03588/ 0.0293

-49.36

0.0307 [0.0307 |0.0307 | 0.0307 [0.0352 | 0.0352

0.0307

0.0307

0.0020 |.03995

0.0283 ].03994P.03995{0.0283 |0.03995| 0.0283

0.03994/ 0.0064

30.10

.0357600.03068D.030680.03815D.04061)0.04061

0.03068

10.03576

0.0044 |p.01567

D.01567D.02005D.01955p.01567{0.02005| 0.01567

0.01567 0.0023

-56.18

D.037440.03848p.03188.03188p.03491)0.03848

0.03188

10.03491

0.0031 [p.01917

D.01927D.01916D.01917D.01916/0.01927| 0.01916

0.01917] 0.0000

-45.09

D.03773).03469p.03558.04061p.0373710.04061,

0.03469

10.03737

0.0023 |p.01865

D.01688.01865D.01688.01864)0.01865| 0.01688

10.01864] 0.0010

-50.12

D.03501.03321p.03744D.03469p.03321)0.03744)

0.03321

10.03469|

0.0017 [P.01861

0.0174 .01862p.01806p.01806/0.01862| 0.0174

0.01806/ 0.0005

-47.94

0.033020.03598D.03558D.03759D.03301)0.03759] 0.03301

10.03558

0.0020 [p.01794

D.01898D.01794.01898{0.0165 [0.01898| 0.0165

0.01794]0.0010

-49.58

@ ~Nlajo|alwln|aT

0.0330600.03337D.035260.03337.03307)0.03526| 0.03306

0.03337

0.0009 |p.01955

D.01682.01956p.01966.01682/0.01966] 0.01682

0.01955) 0.0015

-41.41

0.0352

D.03913.035260.03598D.037440.03913|

0.0352

0.03598

0.0017 |[0.0173

D.01968p.01968(0.0173 .02018}0.02018| 0.0173

10.01968| 0.0014

-45.30

10{0.0344

P.038150.033350.03743

D.033350.03815| 0.03335

0.0344

0.0023 |p.02037

D.01944{0.0276 P.02037p.01919]0.0276 | 0.01919

10.02037) 0.0035

-40.78

1).03479p.03499D.033610.03501

D.03815/0.03815 0.03361

Jo.03499

0.0017 [D.01855

D.01774D.01824p.01 assp.o1824b.o1 856| 0.01774

10.01824| 0.0003

-47.87

=

2]

0.0387 |0.03371.03372]0.0352

0.0364 0.0387 | 0.03371

|0.0352

0.0021 [P.01925

D.01922]0.0197 P.01922.01922{0.0197 | 0.01922

10.01922| 0.0002

-45.40

=

033680.03388D.03388p.03368D.03368{0.03388|

0.03368

.03368

0.0001 [p.01899

D.01998p.01899p.01978p.01998{0.01998| 0.01899

0.01978| 0.0005

-41.27

140.03387D.03499p.03773p.03679p.03386)0.03773

0.03386

0.03499

0.0017 [p.02793

D.02793D.01954D.01915p.01915}0.02793] 0.01915

0.01954| 0.0047

-44.16

150.03405p.03405.03418p.03576.03744)0.03744

0.03405

0.03418

0.0015 [p.01909

D.01909p.01909D.01753p.01993}0.01993] 0.01753

10.01909] 0.0009

-44.15

160.03393D.03392).03393D.03393.03392)0.03393

0.03392

03393

0.0000 [p.02012

D.02035D.01996p.02035D.01996/0.02035| 0.01996

0.02012] 0.0002

-40.70

170.034350.03404.03404D.03404D.03438)0.03438

0.03404

10.03404

0.0002 |.01968

D.01796.01968D.01969p.019680.01969| 0.01796

10.01968) 0.0008

-42.19

[18D.03744].03759.034790.03598).03576/0.03759

0.03479

10.03598

0.0012 [p.01931

D.02288D.02808D.02267.01932}0.02808| 0.01931

0.02287] 0.0036

-36.44

[19p.03431)0.03453p.03431.03453]0.0343 [0.03453

0.0343

|0.03431

0.0001 [P.01858

D.01895p.01928D.01895p.01927}0.01928| 0.01858

0.01895| 0.0003

-44.77

20p.03679.03913p.035580.04061(0.0344 [0.04061

0.0344

0.03679

0.0025 [{0.0207

D.02046D.01943D.01943D.02047] 0.0207 | 0.01943

10.02046| 0.0006

-44.39

[21).03598p.03469D.03501.03469].03526/0.03598

0.03469

10.03501

0.0005 |p.02836

D.01811 0.02022b.0181 1p.01927] 0.028361 0.01811

10.01927| 0.0043

-44.96

20.03737)0.03526{0.03479p.03576D.03479)0.03737

0.03479

0.03526

0.0011 [p.01973

D.01947p.01982p.01947p.0197200.01982] 0.01947

10.01972} 0.0002

-44.07

23{0.0376 0.034920.03737p.03491p.03479{ 0.0376

0.03479

0.03492

0.0014 |p.01947

D.01751p.02963D.02963D.02963}0.02963| 0.01751

0.02963| 0.0061

-15.15

24D.03499p.03598.03773D.03913]0.0352 [0.03913

0.03499

.03598

0.0018 [[0.0193

D.01866D.01806p.01775p.01931)0.01931| 0.01775

0.01866| 0.0007

-48.14

I

50.038150.03737).03499p.03773]0.0376 j0.03815

0.03499

0.0376

0.0013 [P.02017

D.02919D.01601P.01766p.01912)0.02919f 0.01601

0.01912| 0.0051

-49.15

260.03526p.03501

.03501p.03526.03501)0.03526| 0.03501

10.03501

0.0001 [p.01838

D.01698D.01838D.01901P.01785/0.01901| 0.01698

10.01838| 0.0008

-47.50

27p.03743p.03587,

D.03587P.03526.03526{0.03743] 0.03526

10.03587

0.0009 |p.01977

D.01968D.02893p.01814D.02893)0.02893| 0.01814

0.01877] 0.0054

-44.88

1]

80.03743{0.0364 .03526p.03815D.03679}0.03815]

0.03526

10.03679

0.0011 |p.01977

D.01977/0.0178 P.01678p.019770.01977| 0.01678

0.01977| 0.0014

-46.26

1]

90.03576{0.03558.03744p.03577D.0357610.03744|

0.03558

0.03576,

0.0008 [P.01969

0.0199 p.01694p.01713p.01968{0.0199 | 0.01694

0.01968} 0.0015

-44.97

03743D.035880.03469.03558].0355810.03743

0.03469

Jo.03558

]0.0010 |p.01981

D.01846D.01982.02043p.01982]0.02043| 0.01846

0.01982| 0.0007

-44.29

31).03598]0.0387 | 0.0344 |p.03598D.03598 0.0387

0.0344

10.03598

0.0016 [p.01683

D.01776.01808D.020090.02938/0.02938 0.01683

0.01808| 0.0051

-49.75

32]0.0376 | 0.0344 p.03491 D.03501b.03501 0.0376

0.0344

10.03501

0.0013 [D.01952

D.02238.01974]0.0197 0.0198 J0.02238| 0.01952

0.01974| 0.0012

-43.62

330.0364 | 0.0364 [0.0376 |p.03558).03188{ 0.0376

0.03188

0.0364

0.0022 [p.01782

D.01657D.01712p.01713p.017810.01782| 0.01657

0.01713] 0.0005

-52.94

.03576D.03848D.03558D.03598] 0.0387 | 0.0387

0.03558

10.03598

0.0016 |P.01806

p.0; .02017).02323D.02089}0.02323] 0.01806

10.02017| 0.0019

-43.94

a4p.
15p.03679P.03479.03392{0.0368 .03469] 0.0368

0.03392

10.03479)]

0.0013 [p.01762

0.0189 .01905p.01871D.01891§0.01905| 0.01762

0.0189 } 0.0006

-45.67

[360.03392).03335p.0318800.03479p.03469{0.03479|

0.03188

10.03392|

0.0012 [{0.0298

D.02018]0.0298 p.01953p.02018[0.0298 | 0.01953

0.02018| 0.0054

-40.51

370.03492).03321{ 0.0343 P.03405.03301/0.03492

0.03301

o.03405

0.0008 [p.01984

D.01944D.02989.01742.01762}0.02989| 0.01742

0.01944 0.0052

-42.91

380.03361).03371D.03368D.03386[.03404/0.03404)

0.03361

10.03371

0.0002 |P.01732

D.01818p.01731/0.0173 p.01824}0.01824| 0.0173

10.01732] 0.0005

-48.62

[39p.03743.03744D.03744.03479p.03744}0.03744

0.03479

[0.03744

0.0012 |p.01843

0.0194 p.01761D.01842p.01857/0.0194 | 0.01761

10.01843| 0.0006

-50.77

40p.03759]0.0376 .03774|0.0376 [0.0376 0.03774

0.03759

0.0376

0.0001 |p.01776

D.01773.018580.019850.01816/0.01985| 0.01773

10.01816| 0.0009

-51.70

410.03679p.03558.03773p.037730.03773)0.03773

0.03558

10.03773

0.0009 [p.01931

D.01876.01782].01832)0.01935[0.01935( 0.01782

0.01876| 0.0007

-50.28

420.03737].03795.03788D.03788p.03737}0.03795

0.03737

10.03788|

0.0003 [{0.0198

D.01772p.02273.01913.0204900.02273| 0.01772

0.0198 | 0.0018

-47.73

43p.03773p.03576.03501.0406 1D.03469§0.0406 1

0.03469

10.03576

0.0025 [p.01768

P.01799{0.0177 .01764p.01697/0.01799] 0.01697

0.01768) 0.0004

-50.56

l4{0.0364 .03598p.03773.03913]0.0376 [0.03913

0.03598

0.0376

0.0012 |p.01779

.01871p.01883{0.0178 .01864§0.01883| 0.01779

0.01864] 0.0005

-50.43

450.03479P.03816.03816{0.0376 .03815/0.03816

0.03479

0.03815

0.0015 |D.01796

D.01805D.0 .01806.01974/0.03053| 0.01796

10.01806| 0.0055

-52.66

46]0.0344 0.03737]0.0387 .03744|0.0376 | 0.0387

0.0344

0.03744

0.0016 |p.01783

D.03063D.01804D.01713D.030630.03063] 0.01713

0.01804] 0.0071

-51.82

470.03499p.03848.03849p.03868D.038680.03868

0.03499

.03849

0.0016 [D.03612

D.01915D.03612p.01982p.01808}0.03612| 0.01808

0.01982| 0.0094

-48.51

.03877)0.038760.03815.03876.03815{0.03877]

0.03815

10.03876

0.0003 |P.01841

D.03086D.01842].02049p.03086)0.03086| 0.01841

0.02049( 0.0065

-47.14

li9p.03598p.040610.03759| 0.0352 .038480.04061

0.0352

10.03759

0.0021 [P.01753

0.031 | 0.031 p.01818.01865| 0.031 | 0.01753

0.01865) 0.0071

-50.39

5000.03815p.03972.03913.03913D.03526/0.03972

0.03526

lo.03913

0.0018 [p.02137

0.0181 P.01712p.03101p.01848)0.03101| 0.01712

0.01848| 0.0057

-52.77

1 |

]A=0.073p=0.03068[C=0.0361c=0.001]|

| [A=0.101]B=0.01567]

C=0.019C=0.001

F=45.97

H —smnuTwualududau

min —AAawaa (RMSE) tasdigaannmmaaas 5 afo
1,2, 3,4, 5-wammaaasafont 1, 2, 3,4, 5 ‘lanﬁn‘nnﬂ‘[mu_hu!ﬂuaﬂanma (RMSE)

SD —ahtduotuuu1asg'nmaod‘mnuaawma‘nnmmaam 5 a0
B -AianuAawaiaiaofigaainnisvaaas 50 uuy (1-50 Twuae)

max —ArfAanain (RMSE) innAgaannismaaas 5 afo
mean -AnafoyasArauAanata (RMSE) anmismaaas 5 afo

re -reduce wadidudiTasothoshinafanarnanas Taom 18310 (Meanusru-Meanr)/meany* 100

A —frauAanamnnigaarnnismaaas 50 uuy (1-50 Thua)
C -dnaduainmsvaang 50 uuy (1-50 Twua)

=i yd 1+ A a Vo 4 1 o 2
WHAaNIINAADIIINATIT NN V.3 llﬁﬂ\’?ﬂl"“')‘l UJ01]ﬂ-lselﬁf%"u')uiﬂug]“ln']ﬂu‘lu‘]fu

v v 3 v o q Y ' Y - °
oy M3 lFaniminuuuratonuuan 19 Insaviva lvnananainanas 49 wuy (3

Y 3 a g ' o Y ¥ 3 @
Tnuaiiinulususeu) Tnodraailunundovinynuuunisnaaeauds mslganimin

upuvaosnuuai v Insenea iraiianainanas laonas 45.97% Inoraranaianiou

H L] 4 ’ g o ’ A g z '
Ngaveslnsarioanlganiminiioenndon Ao 0.03068  eldsmuauTnualususou 3

a oY A ' PRI o A
Tnua uaznaranaaMissngaveslasavivanlsaniminuuuvaisniuuane 0.01567

¥ ¥
wal¥smauTnualususdou 3 Tnua
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M5197 .4 HaMsSNARDIAL ADAYDITOYA logistic TAulY Feed forward NN.
Feed forward NN uuuldanhwiniiussném (FNN) Feed forward NN uunladsnlwl i (MSFNN)

1 [ 2 [ 3] 4[5 [max| mn [mean| sp || 1 2 [ 3 ] 4 [ 5 [max| min [mean| SD | re(%)
0.339750.33976p.3397500.33866D.33888{0.33976| 0.33866 [0.33975] 0.0005 |.24702].07755p.24701p.07756p.3393410.33934| 0.07755 [0.24701]0.1160 || -27.30
0.33932)0.34199p.339320.34023D.34022}0.34199] 0.33932 [0.34022]0.0011 [D.02021.02022.02021p.02024P.02021)0.02024| 0.02021 0.020210.0000 || -94.06
0.34031.33875) 0.3403 0.34009p.33866{0.34031| 0.33866 [0.34009] 0.0008 |P.02016.02022.02128p.02128p.02017}0.02128] 0.02016 [0.02022] 0.0006 || -94.05

.06288)0.06103D.06376{0.06103D.062650.06376| 0.06103 [0.06265] 0.0012 |.02035.02013p.02035p.03076p.03076/0.03076| 0.02013 [0.02035]0.0057 || -67.52
D.05276[0.05188p.05165p.05425D.05188}0.05425 0.05165 [0.05188] 0.0011 |D.02098.01924p.02097p.02097p.02097}0.02098| 0.01924 0.02097|0.0008 |f -59.58

D.051880.05175D.05308)0.05175p.05232}0.05308| 0.05175 [0.05188] 0.0006 |P.01642).01936p.01936).01936P.01936/0.01936/ 0.01642 [0.01936]0.0013 || -62.68
0.0515 0.05232p. ,05276.05275/0.05308| 0.0515 [0.05275]0.0006 |p.02076.02077p.02019p.01397]0.0202 0.02077{ 0.01397 |0.0202 [0.0029 || -61.71

@|Njo|a|lafw|Nn|={T

D.05485{0.0539 |p.05485]0.0539 |0.0539 J0.05485| 0.0539 {0.0539 | 0.0005 [h.01468].02028p.01269p.02028.02109/0.02109] 0.01269 [0.02028]0.0038 |f -62.37
90.0475 .05313.04667)0.05313D.04712§0.05313 0.04667 | 0.0475 [ 0.0033 [h.01973.01998.01973p.01973p.01973)0.01998[ 0.01973 0.01973[0.0001 || -58.46

10D.05266[.04745.04705D.04788D.05242{0.05266| 0.04705 0.047880.0028 [p.03569p.03593p.03594D.03569[0.0174 0.03594| 0.0174 [0.03569| 0.0082 || -25.46

11.05188}0.04908p.04189p.05188D.04719}0.05188 0.04189 [0.04908] 0.0041 |D.02003.01197p.01987p.02003p.01198/0.02003] 0.01197 [0.019870.0044 |f -59.52

[120.04671p.04719p.04189p.04719p.04765/0.04765| 0.04189 0.047190.0024 |b.01398{0.0199 .00988D.01863P.01127[0.0199 | 0.00988 [0.01398]0.0044 |f -70.38

13.04765).05099.05099p.05143.050990.05143] 0.04765 [0.05099 0.0016 [P.00988 p.01685p.00962p.01197p.01497/0.01685| 0.00962 0.01197{0.0032 || -76.52
H4}p.04676)0.04788] 0.0475 |p.04875p.04876/0.04876 0.04676 [0.04788] 0.0009 |P.01971).00872p.01861P.01456D.00972§0.01971] 0.00872 [0.01456] 0.0050 || -69.59

15.0502500.04766p.04712]0.05025p.04693}0.05025| 0.04693 [0.04766/0.0017 |[0.0187 .01991p.01991[0.0187 [0.0199 0.01991] 0.0187 [0.0199 0.0007 || -58.25

he}0.04766[0.04693D.04693D.047450.04766/0.04766| 0.04693 [0.04745 0.0004 [P.01989[0.0199 P.00935P.01326.00793]0.0199 | 0.00793 [0.01326{0.0057 | -72.05

17p.04832p.04909.04671p.04705p.047180.04909| 0.04671 0.04718] 0.0010 [p.00822).00765p.01787p.01988p.01376}0.01988] 0.00765 0.01376) 0.0055 || -70.84

80.04908p.0487500.04671D.04513p.045130.04908| 0.04513 [0.04671] 0.0019 |p.01969.01994D.00823p.01312).019690.01994| 0.00823 [0.01969]0.0053 || -67.85

19§0.047750.04908p.04788]0.0475 |p.047190.04908| 0.04719 [0.04775 0.0007 [D.00849 p.00722.00797D.00745p.01031)0.01031] 0.00722 [0.00797|0.0012 || -83.31

20p.04676p.04908p.04909p.05099p.047450.05099| 0.04676 0.04908] 0.0016 [p.01451p.00889p.00698D.01861D.02001}0.02001] 0.00698 [0.01451|0.0058 | -70.44

[21p.04718].04787p.05099pD.04876p.04875/0.05099| 0.04718 [0.04875] 0.0014 |.00806 p.00636p.03545p.01781p.01738{0.03545| 0.00636 [0.01738]0.0116 || -64.35

0.047750.04876].04876.048750.04693)0.04876| 0.04693 [0.04875]0.0008 |[0.0172 p.01639| 0.02 P.01664p.00731| 0.02 | 0.00731 [0.01664]0.0048 || -65.87

.04788).04705p.04712}0.04765p.04671)0.04788[ 0.04671 [0.047120.0005 |P.013530.00789D.01974].01532p.0066410.01974| 0.00664 [0.01353]0.0054 f -71.29

PN

.04694b.04712b.M667D.M745p.05025p.05025 0.04667 [0.04712| 0.0015“’.01973 D.01532).00552.00889| 0.0062 [0.01973| 0.00552 |0.00889| 0.0062 || -81.13

250.04832]0.04694].04787D.04676.04832)0.04832| 0.04676 [0.04787|0.0007 |p.01475p.00586/0.0049 0155[0.0155 | 0.0049_0.00586| 0.0053 || -87.76

26D.04693p.047190.04908.04719p.04676/0.04908| 0.04676 [0.04719] 0.0009 |D.00533.01475p.00489D.035380.01938)0.03538| 0.00489 0.01475(0.0125 || -68.74

27p.0474500.04694].04832.04705).04832)0.04832] 0.04694_|0.04745]0.0007 [P.00551 p.00484D.03538p.03538p.01094§0.03538( 0.00484 [0.01094)0.0157 |f -76.94

28p.0483200.04788D.04712p.048320.04719)0.04832] 0.04712_[0.04788| 0.0006 [p.00609p.01985.01612.00545p.01013)0.01985} 0.00545 [0.01013]0.0063 || -78.84

04909]0.047870.047880.04787.0478810.04909] 0.04787 |0.04788]0.0005 [D.00622p.03537P.03538D.03538p.0053500.03538 0.00535 0.03537]0.0162 | -26.13

50p.04719p.04876/.04775p.04705p.04718/0.04876| 0.04705 [0.04719] 0.0007 |b.00664]0.0049 p.00489P.00552p.00596§0.00664| 0.00489 [0.00552] 0.0007 |f -88.30

510.04766p.04718.04765p.04766).04693/0.04766] 0.04693 [0.04765] 0.0003 [D.00602p.00484P.00545p.00535p.00596{0.00602| 0.00484 [0.00545| 0.0005 || -88.56
52.04775p.047880.04712] 0.0475 .04694/0.04788] 0.04694 |0.0475 [0.0004 |b.00595.00647p.01979[0.0165 |0.0051 0.01979] 0.0051 [0.00647|0.0069 || -86.38
33p.04775p.04718{0.0475 0.04875{0.0475 0.04875| 0.04718 |0.0475 [ 0.0006 [D.00608[0.0065 p.01977p.01977]0.0051 J0.01977| 0.0051 |0.0065 | 0.0076 || -86.32

54p.043890.0474600.04745] 0.0439 P.047450.04746| 0.04389 [0.04745[0.0019 [D.00571p.00638p.03538D.01162P.00639)0.03538| 0.00571 0.00639| 0.0127 || -86.53

350.04694.04705D.047180.047450.04667/0.04745] 0.04667 |0.04705) 0.0003 [P.00468 D.01522p.00586p.03541.03541)0.03541| 0.00468 [0.01522|0.0152 || -67.65

36p.04705p.05025p.04161D.04712p.04705/0.05025| 0.04161 |0.04705] 0.0031 [{0.0053 [.00627p.00624p.00628p.0058500.00628| 0.0053 [0.00624| 0.0004 |f -86.74

57D.04712.04719p.04719p.04718p.04719)0.04719] 0.04712_j0.04718| 0.0000 |p.004750.0055 P.01975p.01975p.01424.01975| 0.00475 |0.01424)0.0074 || -69.82
B8p.04788)0.04712.04147,04671|0.0475 [0.04788| 0.04147 [0.04712| 0.0026 |D.00557 .00904p.01264D.00556D.00543}0.01264| 0.00543 0.00557|0.0032 |f -88.18
9.04705D.047050.04876,04671D.04876/0.04876 0.04671 J0.04705]0.0010 |P.005820.00387.01901p.01585p.0101500.01901| 0.00387 [0.01015)0.0064 || -78.43
4010.0474500.047050.047180.04766§3.04671/0.04766] 0.04671_|0.04718] 0.0004 [p.00915.00456D.01441p.00656D.00916§0.01441| 0.00456 [0.00915/0.0037 || -80.61
41.04788.04693D.04694.04693| 0.0475 [0.04788] 0.04693 |0.04694] 0.0004 |[0.0198 P.00444P.01331p.03548p.03548/0.03548| 0.00444 |0.0198 |0.0137 || -57.82
142p.04693p.04908].04676p.04671p.04693/0.04008| 0.04671 [0.04653] 0.0010 |P.00606 p.00964p.01978{0.0155 P.00607/0.01978] 0.00606 |0.00964| 0.0061 || -79.46
l43p.04766]0.04185p.04189p.04 1850.04719)0.04766] 0.04185 [0.04189[0.0031 |P.00455.01392.00454/0.0041 P.0139200.01392| 0.0041 [0.00455)0.0052 || -89.14
l4ap.04671]0.0418 0.04676.04179p.04705)0.04705| 0.04179 [0.04671]0.0028 |P.00497 p.00483p.009520.00482.0058300.00952| 0.00482 [0.00497|0.0020 Jj -89.36
l45p.04174)0.04745p.046710.04 1740467 1)0.04745| 0.04174_[0.04671] 0.0029 |p.01128.00748D.00466p.01033D.0085800.01128| 0.00466 |0.00858) 0.0026 |f -81.63

l46.0470500.04765p.046670.04666).0469410.04765| 0.04666 [0.04694] 0.0004 [P.00795 D.00968D.00519p.00431D.0044700.00968| 0.00431 10.00513]0.0024 |f -88.94

147p.04189p.04787].04745| 0.0475 P.04832/0.04832| 0.04189 | 0.0475 | 0.0027 |D.01727.00396p.01977p.00549p.01977)0.01977| 0.00396 |0.01727]0.0079 || -63.64

l48.04719.04876)0.04765p.04693p.04788)0.04876| 0.04693 [0.04765]0.0007 |D.012160.00417.00437D.00378p.010920.01216] 0.00378 |0.00437| 0.0041 J{ -90.83

49D, 0483209.04294P.04705.04909.04284)0.04909| 0.04204 [0.04705[0.0029 [b.00544 D.00872{0.0081 .00744D.0047300.00872| 0.00473 10.00744)0.0017 |f -84.19

I50p.04291p.04788p.04291.04719p.0469300.04788| 0.04291_[0.04693] 0.0024 |p.03546 D.01332.03546D.00414D.01572]0.03546| 0.00414 [0.01572]0.0140 || -66.50
[ ]

| |A=0.342B=0.04147|c=0.048[C=0.001]f | | | [A=0.339B=0.00378[c=0.014[C=0.005|F=-71.67
H -3 uTnualududau max —fArAawain (RMSE) innvigaainnrsvaaa 5 A%
min —A1fawan (RMSE) vauiigaainmimaaag 5 afo mean -AnadunasdianuAanaia (RMSE) 3annismaaas 5 afo

1,2, 3, 4, 5 -wammaaasafont 1, 2, 3, 4, 5 TapAaanilasshoiualanaia (RMSE)

SD —n"\udnau.lummg1u1|aoﬁnmwﬂnwmmmmmaam 5 afo A —sraufswaimnigaannnismaaas 50 uuy (1-50 Twus)
B -AramAanaaianiigaannnisnaaas 50 uyy (1-50 Twua) C -fnaduainnsmaasy 50 uuy (1-50 Tuua)

re -reduce Wasidudiiasoth e hinafanainana Taow'ldaIn (Meanuspw-meangw)/meanaw*100

< Y o ' A4 = Yo A W -
HANINABAINAIT1N 1.4 uaas Iiifiud delinis 195 uau Tnuaiminuluru
U ' %’ @ ° ’ a °
gou m3lFaniminuuurarnsnuuai i Inssiva Wraranananaanuuy ($1uu
A v o ) ' a g ' - v v 3 a
Tnuanimiiulurugou) Tasdraaiuaundovinyauuumnaaeudd mslyanimin
o ' - A a H
suunaasnuuari i Tnseieq Idnaianainanaslaoimde 71.67% Tavnaranaaiitios
= ' P 3 o ' 4 o 2
Hgaveslasaveanldanimindivanudos fie 0.04147 weldsnouTnualuruyou 38
a v v " [ . g o
Tnua uazwaRanaaiidosfigaveslnsateanldaniminuuunainaninuaie 0.00378

A o :’; '
wel¥smu Inualusuaeu 48 Tnua
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Elman Recurrent NN uuutdanhwinwisvsiéur (ERNN) Elman Recurrent NN uuuldamk i (MSERNN)

Hl 1 2 3 [ 4 [ 5 [max | min [mean| sD 1 2 3 [ 4 [ 5 [max | min [mean| SD || re(%)
1]0.33732]0.3403 |0.336880.33999p.33732] 0.3403 | 0.33688 [0.33732] 0.0016 |p.32181).27182p.30564).305650.32181/0.32181] 0.27182 [0.305650.0204 |f -9.39
20.33666).33944).33944D.33775p.33809)0.33944| 0.33666 [0.33809] 0.0012 |P.01769].01881p.01769p.01769D.01769)0.01881] 0.01769 [0.01769] 0.0005 || -94.77
310.04537]0.04471]0.0448 [0.04434D.04435/0.04537| 0.04434 [0.04471]0.0004 |.01819].017470.0166 .01497D.01734)0.01819 0.01497 [0.01734[0.0012 |f -61.22
40.06804).06488)0.06487)0.06493D.06537}0.06804| 0.06487 [0.06493 0.0014 |D.03683.01961D.01975p.01902.01901)0.03683| 0.01901 [0.01961]0.0078 |f -69.80
5 0.05841p.05842).05841p.05842).05842}0.05842 0.05841 [0.05842] 0.0000 [[0.0259 | 0.02 P.03643D.03643D.0364300.03643| 0.02 [0.036430.0077 |f -37.64
6 0.04493D.04537]0.04804D.04472].04473)0.04804| 0.04472 [0.04493]0.0014 [[0.0195 P.03645p.01949D.01949/0.0195 |0.03645] 0.01949 |0.0195 |0.0076 || -56.60
7 p.04021p.04043}0.04131p.04159.04043)0.04159| 0.04021 [0.04043] 0.0006 |.02006 p.02091p.02006p.020910.02006/0.02091 0.02006 0.02006/ 0.0005 f -50.38
8 0.04087] 0.0403 0.04354]0.04043)0.04087)0.04354| 0.0403 [0.04087|0.0013 |.01956 0.01957p.02072p.02131p.01956/0.02131 0.01956 [0.01957{0.0008 |f -52.12
9 0.04051]0.0403 [0.04021.04043).04087)0.04087] 0.04021 [0.04043]0.0003 |p.03655 .02018p.02086D.02018D.02245}0.03655| 0.02018 0.02086(0.0071 || -48.40
10p.04131[0.0413 |0.041640.04021[0.0413 0.04164] 0.04021 [0.0413 ] 0.0005 [.02023.01955p.02092P.01955p.02024)0.02092| 0.01955 10.02023] 0.0006 || -51.02
11p.04163p.0397300.04021].04163] 0.0402 |0.04163] 0.03973 0.04021]0.0009 |p.02411).02209p.02209[0.0241 |0.0361 [ 0.0361 | 0.02209 [0.0241 |0.0059 || -40.06
12.03731).03856).03938p.03905p.038390.03938| 0.03731 [0.03856]0.0008 |/0.0365 |.02366p.023650.03599p.02221{0.0365 | 0.02221 [0.023660.0072 | -38.64
h3]0.0382 p.03894] 0.0382 |p.03905].03894)0.03905| 0.0382 |0.03894] 0.0004 |.02035(0.0218 P.01999p.02035p.019930.0218 | 0.01993 0.02035|0.0008 |f -47.74
hab.03835p.03938)0.03856p.03868p.038670.03938| 0.03839 J0.03867] 0.0004 [D.02132)0.02235D.02235D.02235p.02132}0.02235| 0.02132 [0.022350.0006 || -42.20
15D.03856p.03805D.0385610.038041.03856/0.03856] 0.03804 [0.03856] 0.0003 [p.01965.01984D.01984P.01965P.01951)0.01984] 0.01951 0.01965)0.0001 || -49.04
hep.03623}0.03838).03839)0.03624].03839}0.03839| 0.03623 [0.03838] 0.0012 [/0.0229 P.02197]0.0229 p.02197p.02197/0.0229 | 0.02197 [0.02197)0.0005 |{ -42.76
17p.03938p.03938).03938}0.03938.03938}0.03938| 0.03938 [0.03938] 0.0000 [.02035.02035p.02188p.02144D.0218800.02188 0.02035 [0.02144)0.0008 |{ -45.56
18p.03519.035190.0351 p.03905p.039050.03905] 0.0351_[0.03519] 0.0021 |p.02299P.01952p.02299p.01951p.01952}0.02299] 0.01951 [0.01952{0.0019 || -44.53
h9[0.0373 .03731p.03731p.03731p.03389)0.03731] 0.03389 0.03731] 0.0015 |P.02409 p.02406D.02405p.02092p.02092{0.02409] 0.02092 [0.02405}0.0017 | -35.54
R0p.031810.03182P.03799p.03677D.03677)0.03799] 0.03181 0.03677] 0.0030 |P.02127p.01952D.01965p.02127p.019510.02127| 0.01951 [0.01965]0.0009 || -46.56
21p.03836).03821P.0: 103835{0.0382 [0.03836] 0.0382 0.03835] 0.0001 [D.01901p.02142.01901p.01901P.018020.02142] 0.01901 [0.01901/0.0011 |f -50.43
22.03492p.03306p.03493P.03369p.03369}0.03493| 0.03306 [0.03369] 0.0008 |p.02439.02348{0.0258 p.02439/0.0244 | 0.0258 | 0.02348 0.02439) 0.0008 || -27.60
23p.03363.03363p.03401 0.034 P.03823)0.03823] 0.03363 | 0.034_| 0.0020 |p.020280.0224 .02241p.02028{0.0224 0.02241| 0.02028 |0.0224 |0.0012 | -34.12
24p.03662.036620.03745p.03744.03575).03745| 0.03575 0.03662]0.0007 |p.02281 D.02254p.02281D.02281p.02262{0.02282| 0.02254 [0.02281]0.0001 | -37.71
25p.02535p.0253600.02536.02536p.025350.02536| 0.02535 10.02535 0.0000 [D.02315.02376).02315p.02376D.02337(0.02376| 0.02315 10.02337/0.0003 || -7.81
03795p.0308210.03795p.03795.03795§0.03795| 0.03082 [0.03795}0.0032 [p. 02167 p.02466{0.0204 p.02166.02039(0.02466| 0.02039 [0.02166|0.0017 | -42.92
700.0307500.03075p.0345600.03458D.03836{0.03836| 0.03075 |0.03458] 0.0032 [[0.0283 p.02397]0.0283 p.02396D.02464| 0.0263 | 0.02396 0.02464)0.0023 || -28.74
28.02573.02641p.02573p.02642p.02573/0.02642| 0.02573 [0.02573|0.0004 |p.02425 p.02222).02154p.02154D.025410.02541| 0.02154 10.02222]0.0017 || -13.64
290.02827p.034650.03261.02827.034640.03465| 0.02827 [0.03261]0.0032 [|0.0258 p.02581)0.0258 p.02429p.02429§0.02581 0.02429 |0.0258 | 0.0008 |{ -20.88
30D.02515p.02515.02515p.02516p.02516/.02516 0.02515 [0.02515] 0.0000 [D.022530.02475.02254p.02253.0247400.02475| 0.02253 [0.02254/0.0012 J{ -10.38
531.03045D.031341.030450.03134D.03045/0.03 134 0.03045 [0.03045] 0.0005 |P.02206 p.02526p.02222p.02464D.02525{0.02526| 0.02206 0.02464) 0.0016 || -19.08
520.02911p.02911p.02911] 0,0291 p.0293906.02639] 0.0291 0.02911] 0.0001 |P.02465.02494P.02451D.02452D.0246500.02494] 0.02451 10.02465)0.0002 || -15.32
03643.03056].036430.036430.03056/0.03643| 0.03056 [0.03643] 0.0032 |.02868 P.02868D.02869p.028690.028680.02869] 0.02868 [0.02868)0.0000 | -21.27

4] 0.029 |p.02899p.03131.03131p.02899}0.03131| 0.02699 | 0.029 | 0.0013 [D.02526 D.02296p.02477)0.0368 |0.0368 | 0.0368 | 0.02296 [0.02526/0.0069 | -12.90
350.031230.030420.0312300.03478)9.03042§0.03478| 0.03042 [0.03123]0.0018 |P.02384 .02258D.02259p.02384p.02375(0.02384] 0.02258 0.02375) 0.0007 | -23.95
36.02935p.02934.03017p.02935p.03017/0.03017] 0.02034 [0.02935]0.0005 [D.02451.02451p.02451D.02451p.024520.02452| 0.02451 10.02451|0.0000 i -16.49
57p.02973p.02974p.02843p.03397P.0294300.03397| 0.02943 0.02973]0.0020 [10.0218 D.022730.02373.02274]0.0218 [0.02373] 0.0218 [0.02273|0.0008 |{ -23.55
38.02951]0.0295 0.02954]0.0295 P 0295310.02954] 0.0295 [0.02951| 0.0000 |D.02811.02432p.02811p.02432.02431/0.02811} 0.02431 0.02432|0.0021 i -17.59
B9p.032620.03262] 00354 |.03568p.03568/0.03568] 0.03262 | 0.0354 | 0.0016 |D.02666)0.02665[0.02710.0266 P.02711[0.02711| 0.0266 0.02666{ 0.0003 | -24.69
40p.03094p.029580.03094.03095.02958/0.03085] 0.02958 [0.03094|0.0007 |D.02598)0.02473p.02598p.02473p.024730.02598 0.02473 0.02473| 0.0007 i -20.07
41p.03682p.03366p.02978p.029780.03418/0.03682| 0.02978 0.03366(0.0030 |P.02552]0.0258 D.02579p.02634D.02552)0.02634| 0.02552 {0.02579| 0.0003 || -23.38
42.02966p.02966p.02949.02949D.029490.02066] 0.02949 0.02949]0.0001 |P.02887 p.02887) 03114].025350.02535{0.03114] 0.02535 [0.02887}0.0025 || -2.10
l43p.03079)0.03155p.03155| 0.0316 .03079| 0.0316 | 0.03079 0.03155| 0.0004 |D.02436p.02689P.02689/0.0269 D.024370.0269 | 0.02436 [0.02689]0.0014 || -14.77
44b.040170.02856p.04017p.02937.03519)0.04017| 0.02886 [0.03519] 0.0055 [p.02896.02828].02896p.02897p.02828/0.02897| 0.02828 10.02896/0.0004 Jf -17.70
l45p.03064| 0.0385 | 0.0385 | 0.0395 P.03063) 0,0395 | 0.03063 | 0.0385 | 0.0045 |.02772].02443D.02443p.026510.026520.02772| 0.02443 [0.026510.0014 || -31.14
).03946p.03947}0.03946.03947).03947)0.03947| 0.03946 [0.03847|0.0000 |p.03349 D.02813.02813p.02623.0262310.03343| 0.02623 [0.02813/0.0030 |f -28.73
l47.03315p.03555p.04064D.04064.03316/0.04064| 0.03315 |0.03555] 0,0038 [D.03051 p.02773p.03245p.02773p.03261)0.03261| 0.02773 0.03051/0.0024 J| -14.18
l480.03905p.039041.03904.05166D.04043)0.05166] 0.03904 |0.03905| 0.0055 |p.02732p.02732].02732p.03196D.0273200.03196| 0.02732 0.02732|0.0021 Jf -30.04
49.03063p.03315p.03946p.03954.03904)0,03954 0.03063 0.03904 0.0042 |p.03084 p.03083p.03287P.03084D.03083}0.03287| 0.03083 [0.03084| 0.0009 | -21.00
50| 0.0392 | 0.0392 | 0.0392 p.03064D.039460.03946| 0.03064 | 0.0392 [0.0039 |[0.0285 .02958p.03241]0.0285 | 0.0324 0.03241| 0.0285 [0.02958)0.0020 f} -24.54
| |A=0.340=0.02515[c=0.037[c=0.001]{ | A=0.322=0.01497[C=0.024|C=0.001|[=-29.39|

H —nuTwualududau

min —f1Aanata (RMSE) dauiigaannmismaans 5 afo

1,2.3,

SD -ﬁh|duomumasg1wmMm‘\unawmaa‘mmmaaaa 5 afo
B -ArAuAawaIauaoigaainnisneasy 50 uwuy (1-50 Tnua)

max —ArAawate (RMSE) 1infigaainnismaaas 5 A%y
mean -AadpuavAranuflanatn (RMSE) 3nnnisvaaay 5 afo

4, 5 —nammaavaiont 1, 2, 3, 4, 5 TapAnniTasstholvinafanain (RMSE)
A —mﬂ'nnannmnmnﬂmnnnmnam 50 uuy (1-50 Twun)
C -Anafuannismeans 50 uuy (1-50 Twua)

re -reduce wafidudiiasethutliinafanainanas 1o 16310 (Meanuseriv-MeaNerwy)/Meanerw™* 100

v » 2 9o H » (% g’
HANISNAABIINAIT N ¥.5 naasliiiu wWetins 145 muInuaiminulusu

' ' g o ° ] o °
gou mslFanihminuuuraumamumin i Inssisa Iiradanainaaaanuuy (1u

I 1w g a ' H v v 3 @
Tnuaiminulusugou) TasdAaiusuadosinynuuumsnaasndd mslyanimin

° ' a i a { ¥
!l‘lJUﬂﬁ'lUl‘]fﬂllluﬂ(ﬂ111"{1?]5»11!10'41ﬁNﬁNﬂWﬂ1ﬂaﬂﬁQTﬂUlﬂﬁU 29.39% TﬂUNﬁNﬂWﬁ]ﬂﬁUﬂU
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M13199 v.6 WanINARBLaLADAYEITEYA logistic Tav14 Jordan Recurrent NN.

Jordan Recurrent NN uuuladank

2 | 3 [ 4 5 [ max min
D.10864D.108640.25233.25234/0.25234| 0.10863
D.03147p.03506.03506.02054}0.03506] 0.02054

Jordan Recurrent NN uuuladenwinuwissanéus (JRNN)
2 3 ] 4 5 max min mean

D.34037/0.3457 D.34412b.34461 D.34036{0.3457 | 0.34036 [0.34412
0.0447 0.0421 404473b.04471 0.04219)0.04473| 0.04219 |0.0447

7 (MSJRNN)
mean

l0.10864
l0.03147

3

SD 1
0.0025 [p.10863
0.0014 |p.02054

SD
0.0787
0.0074

re(%)
-68.43
-29.60

D.044620.04291.04472).04472].04473)0.04473| 0.04291 [0.04472{0.0008 |p.02004 .02026p.02088D.02026p.02026/0.02088| 0.02004 [0.02026]0.0003 || -54.70

.04237]0.04449p.045750.044490.0429 J0.04575| 0.04237 [0.04449]0.0014 |.02136]0.02136p.02247p.02022.02023.02247| 0.02022 0.021360.0009 |f -51.99

0.0457 0.04473P.0448300.04412.04461{ 0.0457 | 0.04412 [0.04473] 0.0006 [p.02001.02005p.02001p.02006p.02005/0.02006| 0.02001 [0.02005( 0.0000 f -55.18

10.02038 0.0006 || -54.30

D.04091D.04472{0.0446 .04019D.044740.04474| 0.04019 |0.0446 | 0.0023 |p.01974p.02038D.01974P.02038.02129)0.02129| 0.01974

D.04459.04472)0.04473D.04037.0447500.04475| 0.04037 0.04472]0.0019 |p.02031.01998p.01998D.01998p.02031)0.02031| 0.01998 [0.019980.0002 || -55.32

D.04473p.044710.04473p.04212{0.0409 J0.04473| 0.0409 [0.04471]0.0018 |p.01985].02012p.02012p.01331p.02011/0.02012] 0.01331 [0.02011]0.0030 || -55.02

wlo|~v|lo|a|ajlw|n|a|x

D.04219.04475.04462)0.04433D.04434)0.04475| 0.04219 [0.04434]0.0011 |P.01934.01934p.01529p.01933p.01528/0.01934] 0.01528 [0.01933]0.0022 || -56.41

=
r=3

-64.03
-67.10

0.01595
0.01468

0.0029
0.0031

0.0443300.04434D.04471/0.0429 P.04475[0.04475| 0.0429 [0.04434]
0.0447 0.04462D.0421200.04475D.04461)0.04475] 0.04212 [0.04462,

0.0008 [[0.0161
0.0011 [D.01468

D.01596.01595D.00942p.01439] 0.0161 | 0.00942
D.01252.01331D.01924p.01873)0.01924| 0.01252

=

1

120.04473p.04416.04315p.04407p.04473}0.04473| 0.04315 [0.04416] 0.0006 [D.02001p.02001p.03553p.02001p.01245}0.03553| 0.01245 [0.02001]0.0084 |f -54.69

13D.04407.0457500.044590.04407)0.044070.04575| 0.04407 0.04407|0.0007 |.020070.0162 P.01621P.01065p.01004)0.02007| 0.01004 [0.0162 [0.0042 || -63.24

140.04407/0.0383 .03899p.04407p.04407}0.04207| 0.0383 [0.04407]0.0030 |.00946.01101p.01849P.01067p.01849)0.01849] 0.00946 [0.01101{0.0045 |f -75.02

50.0436 |0.041120.04362).04398].04399}0.04399| 0.04112 0.04362 0.0012 [D.00909p.01843p.00905/0.0091 p.010610.01843] 0.00905 [0.0091 [0.0041 |f -79.14

00888 0.0029 |} -79.70

H6D.04375p.04398).04116.04398.04359}0.04398| 0.04116 [0.04375] 0.0012 [D.00887 p.00849p.01534D.01154D.00888/0.01534| 0.00849

17D.04116]0.0399 .04362]0.0437 | 0.0399 | 0.0437 | 0.0399 [0.041160.0019 |.00654.01097p.00814p.00944p.0070500.01097| 0.00654 [0.00814{0.0018 | -80.22

0.0131 |0.0035 || -69.97

80.04375).04372]0.0399 0.04362].03937)0.04375| 0.03937 [0.04362]0.0022 |P.00905.01311P.01796p.01008[0.0131 J0.01796| 0.00905

h9p.04372].0438900.04389p.04375p.03919}0.04389] 0.03919 0.04375 0.0021 [D.01385p.01384D.01752P.01767p.00941}0.01767| 0.00941 [0.01385]0.0034 || -68.34

201 0.0437 | 0.0399 D.04361 D.O3899b‘0411610.0437 0.03899 |0.04116/ 0.0021 lb.01992 D.01761 D.O1826b.00912p.01991p.01992 0.00912 |0.01826| 0.0045 |f -55.64

210.039370.0399 0.04382] 0.0399 p.04382}0.04382| 0.03937 | 0.0399 [ 0.0023 [D.01636p.00786D.00583.01765P.01102}0.01765| 0.00583 [0.01102]0.0052 |f -72.38

10.01102
0.0101

0.0049
0.0048

-74.79
-76.83

22/0.0436 |0.043710.04372.04363D.04372/0.04372| 0.0436 [0.04371
2300.04375)0.0436 0.04115D.03919.04374}0.04375[ 0.03919 [0.0436

0,0001 |D.01479
0.0021 |p.01581

D.00659D.00734.01812D.01102}0.01812] 0.00659
D.01785/0.0101 .00744]0.0071 0.01785| 0.0071

-55.50
-48.88
-86.08
-76.34
-86.25
-84.97

0.01946 0.02 p.02001p.01904)0.02001| 0.00626
b.00719{0.0223 p.01091}0.0223 | 0.0223 | 0.00719
D.01097D.00607D.02047D.00489)0.02047| 0.0047
0.0175 p.00543D.01035p.00765{ 0.0175 | 0.00543
P.00488p.00601p.00522p.01083§0.01083| 0.00488

0.0060
0.0074
0.0067
0.0047
0.0024

0.0017 |p.00626
0.0023 }|0.0223

0.01946|
0.0223

10.00607
10.01035
0.00601

24D.04371).04373D.03991D.04373D.04373)0.04373 0.03991 0.04373
250.03919(0.0399 .04362.04375D.0437200.04375 0.03919 0.04362
260.04373.0436200.03829] 0.0383 .04375)0.04375] 0.03829 0.04362]0.0030 }{0.0047
R7P.043750.04374].04361| 0.0437 .04374)0.04375 0.04361 [0.04374]0.0001 [D.01273
28.04372]0.04372)0.04373D.04372)0.043720.04373 0.04372 [0.04372]0.0000 [P.00602

[29D.04374).04112D.03919] 0.0436 | 0.0399

0.04374| 0.03918

.04112{0.0021 [D.00576

D.00553.00809p.00618p.0180410.01804

0.00553

10.00618

0.0053

30p.043750.036710.043750.04375[0.0437

0.04375} 0.03671

04375 0.0031 |D.00556

D.00642).01174D.00643D.01673§0.01673

0.00556

10.00643|

0.0048

-85.30

131D.043750.04373D.04373D.03919D.04375/0.04375| 0.03919

.04373] 0.0020 |P.00527

D.01566.00626{0.0064 P.00467/0.01566

0.00467

10.00626|

0.0045

-85.68

320.0437200.0437"

,0437500.04374.04375/0.04375| 0.04372

04375 0.0000 [D.00602

D.00627.00626.00593/0.0107 | 0.0107

0.00593

0.00626

0.0021

-85.69

33D.04373.0437

0.0437 |D.04366.03937/0.04375| 0.03937

0.0437 | 0.0019 |p.00579

0.006_p.00625D.00642D.00542§0.00642)

0.00542

0.006

0.0004

-86.27

0.0004
0.0068
0.0059
0.0031
0.0003
0.0003
0.0028
0.0015
0.0007
0.0031
0.0004
0.0021
0.0036
0.0042
0.0017

-87.04
-77.70
-85.94
-87.35
-87.23
-87.52
-87.64
-86.36
-88.12
-87.78
-88.97
-89.04
-86.02
-87.77
-88.80

0.00506
0.00547
0.0054
0.00488
0.00497
0.00466
0.00489
0.00579

10.00567
0.00973|
10.00613|
0.00553
0.00558
10.00498
00539
10.00595|
10.00518|
00533
0.00481
10.00479|
0.0061
10.00503
00461

.00617p.00506{.005550.005670.00617]
D.01868D.00558).01905p.00973}0.01905|
0.0054 0.00582.00614].00613{0.01912
p.00641D.01244]0.0053 [1.004880.01244)
D.00523]0.0056 p. .00576§0.00576
D.00488D.00468].00506D.0046600.00528
P.00523p.00656D.01169P.00539[0.01169
D.00931p.00579p.00621}0.0058 /0.00931
D.00541].00474.00518p.00597}0.00597| 0.00417
D.01222).00533D.00506D.006670.01222| 0.00506
D.00423p.00505p.00506p.00481/0.00506| 0.00423
D.00445D.00524.00439D.0092410.00924| 0.00439
D.01193D.01227D.00461.00609§0.01227| 0.00461
D.00977D.00471D.00503D.014150.01415| 0.00449
D.00836D.00425(0.0046 0.00461)0.00836| 0.00425 0.
0.00413]0.0044 p.00412|0.0062 0.01125] 0.00412 ]0.0044 | 0.0030 || -88.98
0.04112] 0,0000 |.01264 p.00478p.01264D.01978.00838[0.01978| 0.00478 [0.01264| 0.0056 | -69.26
(=0.044C=0.002ff | 1 | A=0252]p=0.00412|c=0.009[C=0.003|F'=-78.42
H —snuTvualududau max —AnAanata (RMSE) mnfigaatnnimmaaas 5 ¥ .
min —A1Aawa1a (RMSE) vasilgaannmismaans 5 afo mean -AnadurasAiAMuAanaia (RMSE) 3anmmaaas 5 Ay

1, 2, 3, 4, 5 —wammmaaoaiont 1, 2, 3, 4, 5 Taodaa i Tasstholinafianain (RMSE)

SD -sﬁtt{nomummswuaommwaanmna-mn-rmnae E) A -ﬂhm'mnanawmnﬂmzmmmnam 50 uvy (1-50 Twun)

B -Amnufawaiadaniigaainnisnaaa 50 uvy (1-50 Tuua) C -dnaduannnismasad 50 uvu (1-50 Tuua)

re -reduce wafiduddlasethoibinafanainanas Taenlda N (Meanusrww-meanywn)/meanmw*100 =

34D.03991D.043740.04375.043750.043750.04375 0.03991
350.04373D.04116D.043750.04363D.039370.04375] 0.03937
36D.04375{0.0436 0.04359D.03919D.03991)0.04375| 0.03919
3710.04371]0.0437 .04373D.04359D.04371)0.04373 0.04359
B38D.04375.04359.043750.04362{ 0.0437 [0.04375 0.04359
39p.04372)0.03937| 0.0399 |0.03991D.04366{0.04372| 0.03937
40p.04371)0.04361p.03937D.04362D.04112§0.04371] 0.03937
41.04371.043610.03937D.04373).04362)0.04373] 0.03937
420.03919.04115D.04372.043610.04373)0.04373] 0.03919
43D.04375(0.0436 |0.04116D.04363{0.0436 0.04375( 0.04116
44{0.0399 0.043610.04373D.04361D.04362)0.04373| 0.0399
450.04361.043730.04359] 0.0437 .04372)0.04373| 0.04359
46D.04363].04373D.04362.04363D.04362/0.04373| 0.04362
47 0.0436 .04375p.04112).03899D.0389900.04375} 0.03899
480.04372)0.04116D.03937D.043750.04 116004375/ 0.03937
491 0.0399 0.04373.039910.04362{ 0.0389 [0.04373| 0.0399
500.041120.04112D.04112D.04113D.041130.04113| 0.04112
| | |A=0.346=0.03671

04375 0.0017 |P.00583
04363 0.0020 [D.00547
.04359] 0.0023 |p.01912
10.04371 0.0001 |P.00553
0.0437 | 0.0001 |p.00497
10.03991] 0.0022 |p.00528
10.04361] 0.0020 [D.00489)
10.04362( 0.0019 |p.00595
0.04361] 0.0020 |P.00417
0.0436 | 0.0011 |.00507
0.04361] 0.0017 |.00457
0.0437 0.0001 [P.00479
l0.04363] 0.0000 [{0.0061
0.04112{0.0023 [p.00449
0.04116 0.0019 [p.00528
0.03991] 0.0021 1p.01125

< Yyd v A a 9o a 1w H
HANITNATDININAIT TN .6 A Idifiud elins 145 mau Tnuanminuludu
’ 4 g o ° ' a o
gou mslFanihminuuunasannuminliTaseioa IMwaranarnanaannuuy (91
H 4 % " g o
Tnuafiiidulususou) Tasddaiusundoninyruvuniinaasuds msldanimin
4 0 q ' Y a 4 a a9
nuuraenuai ¥ Iaseviwa inaranainanaslaoinde 78.42% Tavrnaianainiioy
{ ' 1 3 o ' 4 o 2
figaveelnssvioanlFanihminiissnuden fie 0.03671 e ldimamTnualusuyou 30
a 4 4 ' 1 v 3 o o
Tnua uazwaranaamiosigaveslasedisailFanihminuuunarosniuudae 0.0041
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M13190 .7 HANIINARDUAZADAVEITOYA henon 1Au1Y Feed forward NN.

Feed forward NN uuuldanwnininesném (FNN) Feed forward NN uuuldanhu, i (MSFNN)

1[2[3L4 5 mulmln mean | SD 1 2L3|4I5]mulmln mean | SD re(%)

D.25068.24745p.25071p.25967]0.2539 |0.25968] 0.24745 [0.2539 | 0.005 |p.24488].24406D.24489p.24489D.24406)0.24489| 0.24406 0.2449 | 0.000 || -3.55

D.16722b.16811p.1699 .1174950.179110.17911| 0.16722 | 0.1700 | 0.005 IP.16761 D.14857/0.1676 |0.1676 D.15566b.16761 0.14857 |0.1676 | 0.009 [| -1.40

0.05014p.06023p.05752] 0.062 P.06018[ 0.062 | 0.05014 [0.0602 | 0.005 |p.02253.02026{0.0196 P.02253{0.0196 [0.02253] 0.0196 |0.0203 | 0.002 || -66.33

0.04641 0.04146b.M6410.028270.046410.04641 0.02827 |0.0464 | 0.008 Ib.mosa.ozozsp.ouzsp.ozozsp.ozozsb.ozsoe[ 0.02026 |0.0203 | 0.001 [f -56.35

0.0339 .03015p. .02976].04146/0.04146] 0.02976 [0.0304 | 0.005 |p.01976.02168p.01977p.02203p.02203{0.02203] 0.01976 [0.0217 | 0.001 || -28.59

D.02752]0.0401 0.04009p.03023]0.0393 [ 0.0401 | 0.02752 [0.0393 [ 0.006 |[ 0.02 p.02168D.01999p.02023.02168§0.02168| 0.01993 |0.0202 | 0.001 || -48.52

D.03936{0.02789p.03888.03887).03648/0.03936 0.02789 |0.0389 | 0.005 [p.02011.02037p.02011p.02037p.020370.02037[ 0.02011 [0.0204 | 0.000 |{ -47.59

D.03495p.03018D.03495] 0.032 P.04029}0.04029 0.03018 [0.0350 [ 0.004 |P.01999.01994P.01999p.01985(0.0205 | 0.0205 | 0.01985 |0.0200 | 0.000 || -42.80

.02726.02766[.02863p.03412]0.034110.03412[ 0.02726 [0.0286 | 0.003 |P.02023.02023p.02071p.02071P.02047/0.02071| 0.02023 |0.0205 | 0.000 || -28.50

sle|o|{~walalalun]a]x

.0342800.0342800.02914)0.02914.0342810.03428] 0.02914 [0.0343 | 0.003 |b.01638[0.0156 p.01998p.01834D.01998}0.01998| 0.0156 |0.0183 | 0.002 |{ -46.50

=

10.02812{0.0339[0.0339|0.0339 [0.0339 [ 0.0339 | 0.02812 [0.0339 | 0.003 |b.019820.02006p.01835p.01982p.016170.02006] 0.01617 {0.0198 | 0.002 || -41.53

~3

20.03318.03691D.03036).03691D.02745{0.03691] 0.02745 |0.0332 | 0.004_[D.02007 p.02006p.02006p.02007D.01878/0.02007| 0.01878 |0.0201 | 0.001 |{ -39.54

13D.03269).02766.03269p.02827).027780.03269] 0.02766 |0.0283 | 0.003 |p.01828).01802p.01911p.01999p.01873)0.01999[ 0.01802 [0.0187 | 0.001 || -33.75

h400.02998] 0.032 .02975p.02987p.03495}0.03495| 0.02975 |0.0300 | 0.002 [p.02013p.01956p.01714p.02012p.02012}0.02013| 0.01714 [0.0201 | 0.001 || -32.89

150.03271]0.0321 p.02982).03211p.03271)0.03271] 0.02982 |0.0321 | 0.001 |P.00895.01867p.01343p.01567D.02006{0.02006| 0.00895 |0.0157 | 0.004 | -51.20

hep.02789p.02761p.02914)p.02861p.02956{0.02956] 0.02761 | 0.0286 | 0.001 |p.01867.01977p.01972D.01977p.01972§0.01977| 0.01867 [0.0197 | 0.000 |{ -31.07

17.02914)p.02982p.02914)p.02936p.0275210.02982[ 0.02752 [0.0291 | 0.001 |p.01561).01562p.01707p.01719p.02009}0.02009| 0.01561 |0.0171 | 0.002 || -41.42

he] 0.032 .02726}.03201.02976{0.0315 [0.03201 0.02726 [0.0315 [ 0.002 | 0.02 p.01983] 0.02 p.01819p.01999] 0.02 | 0.01819 [0.0200 | 0.001 || -36.54

19p.029140.03071p.02997)0.03071p.02722§0.03071] 0.02722 |0.0300 | 0.001 |P.02013p.01474p.01282p.02012p.02013}0.02013[ 0.01282 [0.0201 | 0.004 || -32.87

20p.03126}0.03036p.0312600.03036.03036{0.03126{ 0.03036 |0.0304 | 0.000 |.01247.01223p.01437p.01329P.01248/0.01437| 0.01223 [0.0125 | 0.001 || -58.89

21D.030360.03495p.027610.02975p.02976{0.03495] 0.02761 [0.0298 | 0.003 |.01321P.01379[0.0138 P.01291P.01345{0.0138 | 0.01291 |0.0135 | 0.000 || -54.81

R200.02726§0.03023)0.03411] 0.0285 p.02811j0.03411] 0.02726 [0.0285 | 0.003 |p.01992[0.0073 p.01387p.01992p.01017)0.01992| 0.0073 |0.0139 | 0.006 || -51.33

23p.02956p.02957D.02956p.03151p.02956{0.03151] 002956 | 0.0296 | 0.001 |p.01968.01297p.02107p.01968D.02107}0.02107| 0.01297 [0.0197 | 0.003 || -33.42

R4p.02997)0.02827p.02777.02766]0.0321 | 0.0321 | 0.02766 |0.0283 | 0.002 |P.01287].02078p.01964]0.0133 0.02008}0.02078| 0.01287 [0.0196 | 0.004 || -30.53

25p.02914]0.0275 0.02997p.02786.029980.02986| 0.0275_|0.0291 | 0.001_|p.01816p.01303p.01108p.013360.01816/0.01816| 0.01108 |0.0134 | 0.003 |{ -54.15

26p.02761.02914p.02861p.03071p.02914)0.03071| 0.02761 | 0.0291 | 0.001 |P.00694 .01124P.01913p.01859D.021340.02134| 0.00694 |0.0186 | 0.006 || -36.20

270.03036.03062.02827)0.02811p.04146{0.04146| 0.02811 [0.0304 | 0.006 [.00766.01972p.01169P.01972p.01972)0.01972| 0.00766 |0.0197 | 0.006 |f -35.05

28p.02725p.03071.02956].02726p.027610.03071] 0.02725 |0.0276 | 0.002 |P.01977.01882p.01056p.01977D.010230.01977| 0.01023 |0.0188 | 0.005 || -31.84

29p.02998p.02962P.02962].02982p.02975{0.02998| 0.02975 | 0.0298 | 0.000 |p.01839).00994p.00938.01829P.020820.02082( 0.00939 [0.0183 | 0.005 || -38.67

B0p.02752p0.04146).03428p.02997.02861/0.04146| 0.02752 |0.0300 | 0.006 [D.01282]0.01576p.01475p.011220.01223)0.01576 0.01122 [0.0128 | 0.002 |} -57.22
51p.02778p.02745p.02863p.03071p.02976/0.0307 1 0.02745 | 0.0286 | 0.001 |p.01966p.012910.01966p.01005p.01537§0.01966| 0.01005 |0.0154 | 0.004 || -46.32

320.02863).02863p.02863). 02864]0.02864| 0.02863 |0.0286 | 0.000 [D.00893]0.0091 p.00962P.01806D.01714)0.01806{ 0.00893 |0.0096 | 0.005 || -66.40
53D.05014.03015p.02752.02987p.02967/0.05014 0.02752 | 0.0299 | 0.008 |p.00701|0.0081 .00809p.01806D.01011)0.01806{ 0.00701 |0.0081 | 0.004 || -72.88
B4p.03015p.0364800.03036p.0284 1D.050140.05014| 0.02841 |0.0304 | 0.009 |p.02072]. 00945D.01922p.02072)0.02072] 0.00593 |0.0192 | 0.007 |{ -36.69

£5p.02956p.02914]0.0321 p.03062.02914] 0.0321 | 0.02914 |0.0296 | 0.001 |P.00653[0.01420.0059 p.00553p.00589| 0.0142 | 0.00553 |0.0059 | 0.004 |} -80.04
B6p.03017.02811p.03018p.03648p.034 11p0.03648| 0.02811 | 0.0302 | 0.003 |.016480.007450.00707p.00681P.005970.01648| 0.00567 |0.0071 | 0.004 || -76.57
B7p.02935p.0 .02827.02627]0.0339 | 0.0339 | 0.02827 |0.0294 | 0.002 |p.00601.01198p.01975p.00788D.00669)0.01975] 0.00601 |0.0079 | 0.006 || -73.15
(8D.03015p.02811p.02822.03015p.028120.03015| 0.02811 | 0.0282 | 0.001_|D.01943p.00804p.01891/0.0106 P.0059800.01949| 0.00598 [0.0106 | 0.006 || -62.44
59]0.0393 .032690.03018.02752|0.0275 0.0383 | 0.0275_|0.0302 | 0.005 |b.01354P.01011P.00721p.02072]0.0153 [0.02072] 0.00721 |0.0135 | 0.005 || -55.14
40p.02766{0.0285 0.04641]0.0285 .02766/0.04641] 0.02766 | 0.0285 | 0.008 ||0.0054 P.01896).02095p.02095p.01891)0.02095| 0.0054 [0.0190 | 0.007 || -33.47
41]0.0275 p.02812] 0.032 P.02935/0.0275| 0.032 | 0.0275_|0.0281 | 0.002 |P.01845p.00745p.01198p.02031.00653/0.02031| 0.00653 |0.0120 | 0.006 || -67.40
l420.02761p.02098.02789p 03062.02788/0.03062] 0.02761 | 0.0279 | 0.001 |.00648.01243p.007750.01981.01957)0.01981| 0.00648 |0.0124 | 0.006 || -55.43

43.02777p.03036.02987p.02778p.02777/0.03036] 0.02777 | 0.0278 | 0.001 |P.00531]0.0053 p.00556p.00656p.00499[0.00656( 0.00499 [0.0053 | 0.001 || -80.89
l4a.02936p.02841p.02761p.02761p.03017)0.03017 0.02761 | 0.0284 | 0.001_|p.00456 .00518p.006350.00526p.0052710.00635| 0.00456 [0.0053 | 0.001 || -81.49

l45.02752{0.0339 |0.03023p.0297609.02752] 0.0339 | 0.02752 |0.0298 | 0.003 |p.01981D.01982p.01832D.00592p.01636/0.01882| 0.00592 |0.0183 | 0.006 || -38.44

l46.02745p.02797.02745p.02745.02797/0.02797| 0.02745 | 0.0275 | 0.000 |D.00499D.00456D.00533p.00434D.0064800.00648| 0.00434 |0.0050 | 0.001 || -81.82

47]0.0285 p.02914]0.0275 .02745p.03428/0.03428] 0.02745 | 0.0285 | 0.003 |P.01754.02053p.01948p.01965p.019650.02053| 0.01754 |0.0187 | 0.001 | -31.05

48p.02732p.02745p.02841p.02766].027610.02841| 0.02732 |0.0276 | 0.000 |P.02053.00511p.00469p.02053p,011290.02053| 0.00469 |0.0113 | 0.008 | -59.11

49h.02726p.02745p.02726p.027520.0326900.03269] 0.02726 | 0.0275 | 0.002 |D.01281D.01068D.01236p.01086p.004830.01281| 0.00483 [0.0308 | 0.003 || -60.44

I50p.02742.05014.03017D.02914D.02914)0.05014| 0.02742 |0.0291 | 0.010 |P.00521D.00432D.00979p.01012p.0047410.01012| 0.00432 |0.0052 | 0.003 | -82.12

| A=0.260B=0.02 .030C=0.002] T | | Ja=0.245B=0. .018C=0.003|F=-47.05
H —dwnuTvualutdudau max —A1Aawasa (RMSE) minvigaainnismaaas 5 af
min —A1fawata (RMSE) Wauigaainnismaans 5 afo mean -Anadpasrianudanain (RMSE) annimaaas 5 afo

1,2, 3,4, 5 sammaaaeaiont 1, 2, 3, 4, 5 TagAaanilassrobinadawara (RMSE)

sD -n"ui{mwumngwumsi'\mmannmannnmaaa s afo A —frnufAsnaiannigasinnismaaag 50 uww (1-50 Tuua)
B -AAnuAsnamiaoigaannmaaas 50 uuy (1-50 Twua) C -Artadsanmimaasy 50 wuy (1-50 Twua)

re -reduce Waftduii lanis1hinafanaraanay Tauwld31n (Meanuspw-Meanay)/meangw*100
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3190 ¥.8 HANINAABIAZADAVDIVEYA henon 1YY Elman Recurrent NN.
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T 7 A -

Elman Recurrent NN uuuldanhwmInvivesnéur (ERNN) Elman R NN uuuldend MSERNN)
H 1 | 2 3 [ 4 [ 5 [max ]| min [mean| sD || 1 2 [ 3 4 | 5 [max | min [mean | SD | re(%)
1.26043.25817.25816.26009p.2581710.26043| 0.25816 [0.2582 | 0.001 |p.23383].23384p.21177p.24644p.21178[0.24644] 0.21177 [0.2338 | 0.015 || -9.43
2[0.16953D.16993p.16241D.16242.16944}0.16993] 0.16241 [0.1694 | 0.004 |D.05429p.10132.10132]0.0543 p.10133}0.10133] 0.05429 [0.1013 [ 0.026 ||-40.20
3.02999p.03982.03989[ 0.03 ].03969}0.03989] 0.02999 [0.0397 [ 0.005 |[0.0195 [0.0189 p.01951p.01951p.01889}0.01951] 0.01889 [0.0195 | 0.000 |{-50.87
40.21017p.02158).21043.02159p.20982}0.21043] 0.02158 [0.2098 | 0.103 |p.01887.01888p.01544{0.0158 p.01744}0.01888| 0.01544 [0.0174 | 0.002 |{-91.69
5 0.01992).01998{0.0202 .01992.02021}0.02021{ 0.01992 |0.0200 | 0.000 [P.01879p.01963p.01563D.01936D.01887}0.01963 0.01563 [0.0189 | 0.002 || -5.56
6 .019820.01998.01963.01985p.01984)0.01998] 0.01963 [0.0198 | 0.000 [P.02002].01555p.01902.01664.020020.02002{ 0.01555 [0.0190 | 0.002 |f -4.13
7 p.019970.01983p.01974).02164p.01982}0.02164| 0.01974 [0.0198 | 0.001 [[0.0199 P.01993p.01855(0.0199 p.018550.01993[ 0.01855 [0.0199 | 0.001 |f 0.35
8 .02018)0.02017]0.01966D.01953p.01972}0.02018] 0.01953 [0.0197 | 0.000 [P.01541p.01983p.01982p.01982.01781}0.01983] 0.01541 |0.0198 | 0.002 |f 0.51
90.01986.02043D.019690.01963]0.0194 0.02043| 0.0194 [0.0197 | 0.000 [p.01984].01936p.01755p.01984p.01588}0.01984] 0.01588 [0.0194 | 0.002 f -1.68
10p.01971.02029p.01975p.02004D.01971}0.02029] 0.01971 [0.0198 | 0.000 [D.01399p.01981/0.0159 p.01981p.01836/0.01981| 0.01399 [0.0184 | 0.003 || -7.04
111D.019590.01959p.01986.01997D.02004§0.02004] 0.01959 [0.0199 | 0.000 |P.01694p.01176p.01895p.01394D.01733§0.01895( 0.01176 [0.0169 | 0.003 [|-14.70
12{0.0197 p.01971p.01971p.019710.0197 0.01971] 0.0197 [0.0197 | 0.000 |p.01899p.01115/0.0137 p.00987| 0.018 J0.01899 0.00987 [0.0137 | 0.004 [|-30.49
113p.02009p.01967p.01986p.01989p.01986/0.02008] 0.01967 [0.0199 | 0.000 [P.02021p.01938p.01931p.01982[ 0.018 [0.02021] 0.018 [0.0194 | 0.001 |f -2.42
14p.01969p.01992p.01992]0.0197 .01992}0.01992] 0.01969 [0.0199 | 0.000 [p.01178.01333p.00997p.01976p.01463§0.01976 0.00997 [0.0133 | 0.004 |-33.08
[150.01981.01968p.01981/0.0198 .01967/0.01981] 0.01967 [0.0198 | 0.000 |.01509{0.0195 p.01893P.01219p.01867{0.0195 | 0.01219 0.0187 [ 0.003 |f -6.71
1 60.02009p.020090.020090.02009p.02009}0.02009| 0.02009 |0.0201 | 0.000 [D.01935p.015260.01901D.01901p.011740.01935( 0.01174 [0.0190 | 0.003 |f -5.38
17].01983D.01983p.01984.01983D.01941)0.01984] 0.01941 [0.0198 | 0.000 |p.01648].01647p.01223D.01495D.01837/0.01837| 0.01223 |0.0165 | 0.002 [-16.94
[18.01951.01951p.01951p.01951p.01951)0.01951] 0.01951 [0.0195 | 0.000 |P.01197.01247p.01176D.01474p.01559}0.01559] 0.01176 [0.0125 | 0.002 |[-36.08
190.01954D.01954D.01953D.01954D.01953§0.01954] 0.01953 [0.0195 | 0.000 |p.01778p.01728D.01729P.01918p.01131)0.01918[ 0.01131 [0.0173 | 0.003 [|-11.51
20p.01963.01963p.01963D.01963).01964§0.01964] 0.01963 [0.0196 | 0.000 [/0.0116 p.01431/0.0206 p.01078[0.0206 | 0.0206 | 0.01078 {0.0143 | 0.005 [|-27.10
21D.01966.01967]0.01966.01967D.01966/0.01967| 0.01966 |0.0197 | 0.000 [D.01993p.01976{0.0151 p.01463D.01926/0.01993| 0.01463 [0.0193 | 0.003 |f -2.03
22)0.01975D.019750.01975p.01975p.019750.01975| 0.01975 |0.0198 | 0.000 [D.01348].01178p.01987p.01638P.012630.01987| 0.01178 [0.0135 | 0.003 |[-31.75
230.01989[0.0199 .01989[0.01990.0199 [ 0.0199 | 0.01989 [0.0199 | 0.000 |h.01135[0.0189 p.01997p.01134p.012450.01997| 0.01134 [0.0125 | 0.004 |{-37.44
240.01982]0.01982)0.01982.01982].01982{0.01982] 0.01982 |0.0198 | 0.000 |P.01972.01407p.01912p.01431p.019720.01972] 0.01407 {0.0191 | 0.003 || -3.53
50.019740.019740.01974)0.01974.01974}0.01974] 0.01974 [0.0197 [ 0.000 |p.01219P.01673P.02006D.01351D.012740.02006| 0.01219 [0.0135 | 0.003 |[-31.56
[26D.01997)0.01997)0.02013.01993p.02007)0.02013] 0.01993 [0.0200 | 0.000 |b.01503p.02029p.02029]0.0199 .011140.02029] 0.01114 [0.0199 | 0.004 || -0.35
270.02012)0.02012)0.02028.02013p.02012§0.02028| 0.02012 [0.0201 | 0.000 [D.01269p.01705p.01971p.01704p.01971/0.01971] 0.01269 [0.0171 | 0.003 ||-15.26
28{0.0198 [0.0198 .01941.01981]0.0194 |0.01981] 0.0194 |0.0198 | 0.000 [h.02014P.01988p.01131P.01394D.02013}0.02014] 0.01131 {0.0199 | 0.004 || 0.40
29p.02004p.02004] 0.0201 p.02004]0.0201 | 0.0201 | 0.02004 | 0.0200 | 0.000 |P.01134] 0.018 P.01508[0.0133 p.01412{ 0.018 | 0.01134 [0.0141 | 0.002 ||-29.54
30D.0198600.018350.019980.01986[.01835)0.01998] 0.01835 [0.0199 | 0.001 |{0.0161 |.02055p.01236p.01609p.0186500.02055) 0.01236 |0.0161 | 0.003 ||-18.93
531p.01972)0.01972.01972p.01972p.01973)0.01973 0.01972 [0.0197 | 0.000 |p.04086.01223P.04023p.01581p.01861)0.04086| 0.01223 |0.0186 | 0.014 || -5.63
B32p.01455p.019810.01981.01456p.01994}0.01994| 0.01455 0.0198 | 0.003 |.01464.01882D.01661p.01042p.01938/0.01938{ 0.01042 [0.0166 | 0.004 |[-16.15
33p.01969)0.01969D.01997).01997.01969)0.01997| 0.01969 [0.0197 | 0.000 |D.01521P.01986{0.0145 [0.0106 P.01986{0.01986| 0.0106 |0.0152 | 0.004 [|-22.75
B4p.02009p.01947).01998D.01997p.02009)0.02009] 0.01847 |0.0200 | 0.000 [h.01973P.01973p.01973D.01974] 0.016 0.01974 0.016 [0.0197 | 0,002 || -1.25
B5p.02039p.02039.02039P.02039p.01996)0.02039] 0.01996 [0.0204 | 0.000 [P.01552].02094D.01407p.020940.01412{0.02094 0.01407 |0.0155 | 0.004 ||-23.88
BeD.01989p.02034).01989.02034P.02036{0.02036| 0.01989 |0.0203 | 0.000 |p.01496p.01518p.01412[0.0138[0.0149 0.01518{ 0.0138 |0.0149 | 0.001 ||-26.75
57p.01984p.01984.01984PD.01984D.01944)0.01984] 0.01944 [0.0198 | 0.000 [P.01511p.01962p.01855D.01333D.021150.02115] 0.01333 [0.0186 | 0.003 || -6.50
8. 02029p.02029.02029§0.02029].02029}0.02029] 0.02029 |0.0203 | 0.000_[D.02096 p.02004[0.0138 P.01333D.02095)0.02096{ 0.01333 [0.0200 | 0.004 |f -1.23
9p.01998.01998).01998p,01998P.01998)0.01998| 0.01998 |0.0200 | 0,000 [D.01799D.02037p.01942p.01199[0.0176 §0.02037 0.01189 [0.0180 | 0.003 |} -9.96
40p.02005}.02015p.020040.02004.02018§0.02018] 0.02004 |0.0201 | 0.000 [p.02051.02059P.02051p.01564D.0137300.02089] 0.01373 |0.0205 | 0.003 | 2.29
41p.02048}0.02043p.02043p.02117.02042)0.02117] 0.02042 [0.0204 | 0.000 [h.02028.02029p.02028p.02073p.0187200.02073] 0.01872 |0.0203 | 0.001 || -0.69
42D.02068.02033D.0206800.02068).02032{0.02068| 0.02032 |0.0207 | 0.000_[h.02012].01943p.01675p.01399] 0.018 0.02012| 0.01399 |0.0180 | 0.002 ||-12.96
43p.01989p.02225p.02225p.02047p.0202410.02225] 0,01989 | 0.0205 | 0.001 |.02123.00989p.02123(0.0151 P.0140410.02123 0.00989 |0.0151 | 0.005 ||-26.23
44]0.0207 [0.0207 | 0.0207 .02071p.0205310.02071] 0.02053 | 0.0207 | 0.000 |P.020550.0133 .01453p.02055D.02055{0.02055] 0.0133 [0.0206 | 0.004 || -0.72
45p.02131.02203]0.0213 p.02131).02131)0.02203| 0.0213 [0.0213 | 0.000 |P.02146]0.02146p.01651D.02078p.02078/0.02146] 0.01651 [0.0208 | 0.002 || -2.49
lep.01996].02087}0.02087.02063p.01995}0.02087 0.01985 | 0.0206 | 0.000 |P.01734.02081|0.0198 P.02081D.01544)0.02081] 0.01544 |0.0199 | 0.002 |f -3.54
l7p.01975}0.01969§0.02043p.01967p.01969}0.02043] 0.01967 |0.0167 | 0.000 [P.02098p.01577p.01389p.014830.0164 |0.02098] 0.01389 |0.0158 | 0.003 ||-19.91
148D.02083D.01935p.. .01935D.01982}0.02083] 0.01935 [0.0198 | 0.001 |p.01879.02146D.02146p.01636D.01844}0.02146| 0.01636 [0.0188 | 0.002 || -5.20
49p.0198200.01947)0.021410.01944.0196310.02141] 0.01944 [0.0196 | 0.001 [p.02348.02138p.01883p.02341D.021380.02348] 0.01883 |0.0214 | 0.002 |f 8.91
500.01835.01989.01974.01984.01975/0.01989] 0.01835 | 0.0198 | 0.001 [P.02136D.01515D.02136p.01784D.020710.02136] 0.01515 |0.0207 | 0.003 |f 4.86
| | | | | |A=0.260B=0.01455[c=0.020[C=0.000}| | A=0.246B=0.00987[C=0.019C=0.003|F=-8.23
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Jordan Recurrent NN uuuladaminninuivesnéud (JRNN) Jordan Recurrent NN uuulaanhwnl i (MSIRNN)

H 1 [ 2 [ 3 4 5 [ max | min [mean] sp 1 2 [ 3 [ 4] 5 [max]| mn [mean| sp | re(%)
1.20438p.20525p.20428]0.2034 p.20422)0.20525| 0.2034 |0.2043 | 0.001 [p.19786.19785p.20859p.19786).208590.20859] 0.19785 [0.1979 | 0.006 || -3.14
20.14989p.15014p.15014p.15014.02325)0.15014] 0.02325 [0.1501 | 0.057 [[0.0363 p.11275]0.0363 p.10687p.10686/0.11275 0.0363 [0.1069 | 0.040 || -28.83
3]0.0324 0.03349/0.0323 |0.03684D.03473)0.03684| 0.0323 [0.0335 | 0.002 [D.01992].02156].02173p.02173P.01992}0.02173| 0.01992 [0.0216 | 0.001 |f -35.62
4.03178p.031780.03178.03238D.03704§0.03704] 0.03178 [0.0318 | 0.002 |[0.0201 |p.01999p.01999p.01998p.01999] 0.0201 | 0.01998 [0.0200 | 0.000 || -37.10
5 D.02366[0.02468D.02231D.02322p.02357)0.02468] 0.02231 [0.0236 | 0.001 [[0.0201 .02011p.02011]0.0197 p.020110:02011| 0.0197 [0.0201 | 0.000 |f-14.68
6 0.02322)0.02297p.02289p.02327p.023680.02368| 0.02289 |0.0232 | 0.000 |P.01987.020310.0203 p.01987D.02041/0.02041| 0.01987 |0.0203 | 0.000 [[ -12.58
7]0.0274 .02556.02366p.02253p.02473] 0.0274 | 0.02253 [0.0247 | 0.002 [D.02046].02034p.02047p.02046p.02047}0.02047| 0.02034 |0.0205 | 0.000 [f -17.27
8 0.02437p.02437)0.02698D.02436D.02436{0.02698| 0.02436 [0.0244 | 0.001 |P.01525p.02122].02063p.02123.02064§0.02123] 0.01525 [0.0206 | 0.003 |[ -15.31
9 p.02556p.0256600.02766]0.0223 P.0268410.02766| 0.0223 [0.0257 | 0.002 [p.01987.01989p.01987p.01597.02054/0.02054 0.01597 [0.0199 | 0.002 || -22.56
10D.023580.025350.0253600.02233p.02321)0.02536[ 0.02233 |0.0236 | 0.001_|.01897.01935p.02013D.01996.02005/0.02013] 0.01935 [0.0200 | 0.000 |f -15.31
1110.02468p.02289p.02238p.02468.024690.02469| 0.02238 | 0.0247 | 0.001 |p.01731D.01732p.01661[0.0166 p.01663}0.01732| 0.0166 |0.0166 | 0.000 || -32.62
12]0.0225 0.0274 p.02741p.02741p.02294)0.02741] 0.0225 [0.0274 | 0.003 [D.020340.01695p.02034p.01508.015520.02034] 0.01508 [0.0170 | 0.003 |[ -38.14
13D.02327)0.02322).02311.02542.02294)0.02542] 0.02294 [0.0232 | 0.001 [D.02004]0.02010.0165 p.02004{0.0201[0.0201 | 0.0165 [0.0200 | 0.002 | -13.70
14D.0265500.02671]0.0251 0.026550.0251 J0.02671] 0.0251 [0.0266 | 0.001 |h.01272]p.01887]0.0198 [0.0198 p.01981j0.01981| 0.01272 [0.0198 | 0.003 || -25.42
[150.02231).0255600.02299p.02424.02296{0.02556| 0.02231 |0.0230 [ 0.001 |P.02006).01871p.01946D.02006D.019660.02006] 0.01871 [0.0197 | 0.001 || -14.48
[16D.02232).027660.02358.02729.02704§0.02766 0.02232 |0.0270 | 0.002 |P.01742).01396{0.0135 p.01558p.01979/0.01979 0.0135 [0.0156 | 0.003 || -42.38
17D.0256600.02289p.02324).02338D.025650.02566 0.02289 [0.0234 | 0.001 [D.01799]0.0094 .02008p.01869p.01652/0.02008| 0.0094 [0.0180 | 0.004 || -23.05
118.0255600.02297p.0255600.02604.02358)0.02604 0.02297 |0.0256 | 0.001 [D.01698.01697p.01683p.01414p.01321/0.01698| 0.01321 [0.0168 | 0.002 || -34.15
[190.027280.02328]0.0274 .02535D.02349] 0.0274 | 0.02328 |0.0254 | 0.002 [D.01264.01907p.01263]0.0185 p.01343]0.0195 | 0.01263 [0.0134 | 0.004 | -47.02
20p.02233.02253] 0.0224 0.02436.02289)0.02436 0.02233 |0.0225 | 0.001 |P.01888D.01493D.01543P.01074p.01116/0.01888| 0.01074 [0.0149 | 0.003 || -33.73
21D.0268400.02685.02729{ 0.0251 P.023280.02729] 0.02328 [0.0268 | 0.002 [D.01735p.01054p.01396p.01422.01049)0.01735] 0.01049 [0.0140 | 0.003 || -47.99
22]0.0224 p.02369p.02368.02322.02322)0.02369| 0.0224 [0.0232 | 0.001_[D.01036.01288p.01287p.01074P.01035/0.01288] 0.01035 [0.0107 | 0.001 || -53.75
23D.023250.02325p.0232500.02325.02296)0.02325] 0.02296 |0.0233 | 0.000 |P.00963.01977p.00925p.01162.019770.01977| 0.00925 [0.0116 | 0.005 || -50.02
24D.02766p.02311D.02766.02311p.02207)0.02766 0.02297 |0.0231 [ 0.003 |P.01235p.01277p.01053P.01859] 0.012 [0.01859] 0.01053 [0.0124 | 0.003 || -46.56
2500.02473p.02321D.02324].02294P.02232)0.02473] 0.02232 |0.0232 [ 0.001 |D.01085p.01799p.00878D.01951D.01322)0.01951| 0.00878 [0.0132 | 0.005 || -43.04
26.02327).02728p.025350.02729.02729)0.02729| 0.02327 [0.0273 | 0.002 [H.00904 .01128D.00701p.01125p.01105/0.01128] 0.00701 [0.0111 ] 0.002 || -59.49
270.02296.02328p.02425(0.0251 p.02253]0.0251 | 0.02253 [0.0233 | 0.001 |P.00851.01092p.01865p.00883p.012570.01865] 0.00851 [0.0109 | 0.004 || -53.09
280.02321)0.02289p.02357.02325D.02671)0.02671| 0.02289 [0.0233 | 0.002_|b.00941.00887p.01088D.01979p.01792§0.01979] 0.00887 [0.0109 | 0.005 |f -53.20
290.02628)0.0232800.02628p.02628D.02328)0.02628| 0.02328 |0.0263 | 0.002 |P.00995).01994.01926D.00933p.01838§0.01994| 0.00933 [0.0184 | 0.005 |{ -30.06
B0p.026850.02325] 0.0224 [0.02238.02338[0.02685| 0.02238 [0.0233 | 0.002 [p.00924 D.01957D.00821p.01427p.01361)0.01957| 0.00821 [0.0136 | 0.005 || -41.46
31p.02704P.02628p.023250.0234 1p.02358§0.02704| 0.02325 |0.0236 | 0.002 |p.01348.01574D.01622.01448p.01053)0.01622 0.01053 [0.0145 | 0.002 || -38.59
52.02671).02542).02233p.022380.02565(0.02671| 0.02233 {0.0254 | 0.002 |p.00704 p.01516p.00822p.00821p.00703}0.01516{ 0.00703 |0.0082 | 0.003 |f -67.70
33D.02348[0.0224 [ 0.0224 [0.02685.02338)0.02685| 0.0224 |0.0234 | 0.002 |D.01075]0.0068 p.01944D.01943p.006270.01944 0.00627 [0.0108 | 0.007 || -54.02
34D.02311D.02729] 0.023 [0.02348.0220500.02729| 0.02295 |0.0231 | 0.002 |p.00641.01498]0.0071 p.01385p.00768)0.01498] 0.00641 0.0077 | 0.004 || -66.77
850.02341.02321.02299.02322] 0.023 0.02341| 0.02293 [0.0232 | 0.000 |P.00691 .01371D.00733.00634p.0140300.01403] 0.00634 [0.0073 | 0.004 | -68.42
02327)0.022380.02253D.02366.02424)0.02424| 0.02238 |0.0233 | 0.001 |.01271.00591p.00518p.00709p.0098410.01271} 0.00518 [0.0071 | 0.003 || -69.53
87].02289).02231/0.0251 |p.02299p.02728)0.02728] 0.02231 | 0.0230 | 0.002 |p.00634]0.0068 P.00647p.00554.00533] 0.0068 | 0.00533 |0.0063 | 0.001 |f -72.42
38.02566[0.02296.02565D.02628.02366{0.02628| 0.02296 |0.0257 | 0.001 [{0.0206 P.00757p.01874p.00549p.01321| 0.0206 | 0.00549 |0.0132 | 0.007 |f -48.50
39.02238)0.0232500.02729p.02296p.02324)0.02729| 0.02238 0.0232 | 0.002_|p.00564 .00653{0.0036 P.00565p.00542{ 0.0096 | 0.00542 [0.0057 | 0.002 || -75.69
400.02565{0.0274 0.02328.02296.02327] 0.0274 | 0.02296 0.0233 | 0.002 |p.00748.00551p.00514]0.0055 p.00835/0.00835] 0.00514 |0.0055 | 0.001 || -76.33
41D.0229600.0229600.022890.02253D.02766)0.02766] 0.02253 |0.0230 | 0.002 |.00748).00514D.01516D.01796[.00682/0.01796] 0.00514 |0.0075 | 0.006 || -67.42
4200.0272800.024250.022960.02535.02424)0.02728| 0.02296 |0.0243 | 0.002_|p.00576 .00519p.00688p.008110.00558/0.00811] 0.00519 |0.0058 | 0.001 || -76.25
43p.02358)0.02324] 0.0238 | 0.0238 .02357] 0.0238 | 0.02324 |0.0236 | 0.000 |p.00579.01145(0.0066 P.00476)0.00618/0.01145] 0.00476 |0.0062 | 0.003 || -73.79
W4p.02238p.02566.02294).02295p.02425{0.02566| 0.02238 [0.0230 | 0.001_[.01122]0.00558p.01309p.01339p.004910.01339] 0.00491 [0.0112 | 0.004 || -51.11
50.0224 0.022960.02297] 0.0237 [0.0224 | 0.0237 | 0.0224 [0.0230 | 0.001 |p.00472).00594p.00452p.00634p.01135/0.01135| 0.00452 [0.0059 | 0.003 || -74.13
k6p.02238)0.02238.02355p.02289p.02289)0.02355| 0.02238 [0.0229 | 0.000 |D.00491D.02046D.01424D.00492p.00435/0.02046] 0.00435 |0.0049 | 0.007 || -78.51
47| 0.023 .02348p.02238p.024360.0234900.02436| 0.02238 [0.0235 | 0.001 D.00525D.00451p.00513]0.0099 P.00492{ 0.0099 | 0.00451 |0.0051 | 0.002 |f -78.15
48D.02231.02233D.02231p.02231p.02231)0.02233| 0.02231 |0.0223 | 0.000 |p.00459.00975p.009760.00971D.0044710.00976| 0.00447 0.0097 | 0.003 |f -56.48
49D.025660.02233.02232p.02233.02556/0.02566] 0,02232 |0.0223 | 0.002 |p.01604p.00863D.00438p.01943p.02051)0.02051| 0.00438 |0.0160 | 0.007 || -28.17
50D.02253D.02253.02704p.02341D.02341)0.02704] 0.02253 [0.0234 | 0.002 |.01143].00418D.00997D.00984D.004810.01143| 0.00418 0.0098 | 0.003 || -57.97
JA=0.205p=0.02230C=0.023c=0.002| | | JA=0.209]=0.00418[C=0.013[C=0.003|=-46.79

H -$nuTnualududau
min —AAanata (RMSE) vasiigaainnivaane 5 afs

SD —lhn‘{nammnn;wzma'wa'nuannmaamnmaaa 5
B -ahmwﬂawmmfauﬂﬂaa‘mn'\mnaao 50 uyy (1-50 Twua)

max —ffiawaia (RMSE) mnvigainnismaaas 5 Ao
mean -AnafpuasAIANuAanaIR (RMSE) 31nnismaan 5 afd
1, 2, 3, 4, 5 wanmmaaasafort 1, 2, 3, 4, 5 TauAsnini lassiohisadenara (RMSE)

C -Anasoannismaany 50 uuy (1-50 Tuua)
re -reduce ulafidudilassdnohinafianataanas 18oM 163N (MeaNusrN-MEaNrwy)/Meanuw* 100

A —samufisnaiannigaainmmaaas 50 uny (1-50 Twua)
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M3197 ¥.10 HANINARDAAZADAVDITOYD Tkeda 1AU1F Feed forward NN.

100

Feed forward NN uuuldanhwiniisesnéu (FNN) Feed forward NN uuuldamlwl; i (MSFNN)

H| 1 [ 2 I 3 4 ] 5 Imu min mean SD 1 2 3 4 5 max min mean SD re(%)
10.21219p.20763p.205570.20716.2073500.21219| 0.20557 [0.2074 | 0.002 |.19957 p.19957p.19957p.19957p.19957)0.19957 0.19957 [0.1996 | 0.000 || -3.75
2]0.1525 |p.15235p.15246p.15668D.15251}0.15668] 0.15235 [0.1525 | 0.002 [[0.0717 p.09144p.07171[0.0717 [0.1211]0.1211 | 0.0717 [0.0717 | 0.022 || -52.98
3.14164]0.14198p.14216p.14216p.14199)0.14216] 0.14164 |0.1420 | 0.000 |P.05184.051850.07932p.05594p.055940.07932] 0.05184 |0.0559 | 0.012 || -60.60
4.13029/0.0825 [ 0.1303 |0.08246p.08251] 0.1303 | 0.08246 [0.0825 | 0.026 |D.04545p.05253D.04545D.05254D.04545)0.05254| 0.04545 [0.0455 [ 0.004 || -44.92
5 0.12091.11095p.11137p.11267D.112670.12091] 0.11095 |0.1127 | 0.004 [D.03121].03122p.03334D.03334.033340.03334] 0.03121 [0.0333 | 0.001 || -70.41
6 0.112190.11056{0.110550.11055p.11055{0.11219] 0.11055 [0.1106 | 0.001 | 0.029 p.06473] 0.029 |.03682p.02901j0.06473] "0.029 [0.0290] 0.015 || -73.76
70.1069 p.10715.10633p.11198p.107620.11198] 0.10633 [0.1072 | 0.002 |p.04309 p.02821p.04308D.02821p.04418}0.04418] 0.02821 [0.0431 | 0.008 |f -59.79
8 0.11095p.10958p.10475p.10735p.10716}0.11085 0.10475 [0.1074 | 0.002 |p.02732].02732p.02337]0.0242 p.02337)0.02732| 0.02337 [0.0242 | 0.002 |[ -77.46
9 p.10852p.10321p.10851).10321p.10852}0.10852] 0.10321 [0.1085 | 0.003 |P.02501 p.02656.02502p.02656.02656/0.02656| 0.02501 [0.0266 | 0.001 || -75.52
10{0.1083 .10957p.12699.11137D.10664§0.12699] 0.10664 |0.1096 | 0.008 |p.02088p.02088p.02087p.02088p.02088§0.02088| 0.02087 [0.0209 [ 0.000 |f -80.94
110.10199D.10704D.10704).10704D.107050.10705{ 0.10199 [0.1070 | 0.002 |p.02651).02651p.02952] 0.028 | 0.028 J0.02952] 0.02651 [0.0280 [ 0.001 || -73.84
[120.09009.10692)0.10691]0.1075 p.10763§0.10763| 0.09009 [0.1069 | 0.008 [/0.0322 .03221p.03429p.03429p.03114}0.03429] 0.03114 [0.0322 | 0.001 [ -69.87
[13D.08457).08915.08595p. .08915(0.08915( 0.08457 |0.0860 | 0.002 |P.02734 0.03284D.02734.03561D.0328500.0356 1] 0.02734 [0.0328 | 0.004 || -61.79
114{0.0808 p.08215p.08479p.08216/0.0825 0.08479] 0.0808 |0.0822 | 0.001 |.02325.02325p.02326p.02557.02558{0.02558| 0.02325 [0.0233 | 0.001 || -71.69
[15D.08263).08457)0.08668{0.0819 .0819900.08668| 0.0819 [0.0826 | 0.002 [D.02163p.02163] 0.027 p.02727p.02727}0.02727] 0.02163 [0.0270 [ 0.003 |f -67.32
1160.08215(0.0825 |p.08698)0.08458/0.0872 | 0.0872 | 0.08215 [0.0846 | 0.002 |.02408 .03357D.03357.03317.02453}0.03357| 0.02408 [0.0332 | 0.005 || -60.78
17D.08595.081980.08698{ 0.0808 P.08698§0.08698 0.0808 [0.0860 [ 0.003 |P.024840.02484D.02325D.02324D.02484§0.02484| 0.02324 [0.0248 [ 0.001 |f -71.10
[180.08637)0.09385.093850.08637D.0863710.09385| 0.08637 [0.0864 | 0.004 [/0.0207 p.02446p.02277p.02069p.02277}0.02446| 0.02069 [0.0228 | 0.002 |f -73.64
[19D.08216p.0823500.08595p.08595D.08595/0.08595( 0.08216 |0.0860 | 0.002 |P.02672].02511p.025110.02034.026730.02673] 0.02034 [0.0251 | 0.003 || -70.79
[20D.08719.087190.08216{0.0825 p.08595{0.08719] 0.08216 [0.0860 | 0.002 |p.02399p.02724p.02724]0.03420.0342 [ 0.0342 | 0.02399 [0.0272 | 0.005 || -68.31
R1D.08458.08263.08595D.08263p.0826200.08595| 0.08262 [0.0826 | 0.002_|P.01972].02301D.02001p.02001p.02001}0.02301f 0.01972 [0.0200 [ 0.001 |f -75.78
22D.08262).0821500.08719p.08215D.08637}0.08719| 0.08215 |0.0826 | 0.002 |P.02231).031260.02231P.02231p.031270.03127| 0.02231 [0.0223 | 0.005 |f -73.00
23p.08057]0.0819 |p.08622{0.08190.0872 | 0.0872 | 0.08057 |0.0819 | 0.003 |0.0221 p.02429p.02197).02209p.02150{0.02429| 0.02159 [0.0221 | 0.001 || -73.03
240.08198D.03318)0.0821600.08668D.07993)0.08668| 0.03318 [0.0820 | 0.022 |p.02272].02284D.02321p.03273p.03273}0.03273] 0.02272 [0.0232 [ 0.005 |f -71.69
250.03328D.082350.08235.03348p.082350.08235] 0.03328 |0.0824 | 0.027 |P.02176D.02066.02186.02065p.02092}0.02186| 0.02065 [0.0209 | 0.001 [f -74.60
260.08246.08246[.08457).08246D.08479j0.08479| 0.08246 |0.0825 | 0.001 |p.01848).01803D.01825p.03502p.01871}0.03502] 0.01803 [0.0185 | 0.007 || -77.59
27.08479P.082460.07975{0.0819 [0.0825 |0.08479] 0.07975 [0.0825 [ 0.002 |P.01703].01994p.01995D.02035p.01825/0.02035] 0.01703 [0.0199 [ 0.001 |f -75.82
80.08251D.08164)0.08457.08215D.08458)0.08458 0.08164 | 0.0825 | 0.001 [D.01871.01849p.02078p.02078D.02078)0.02078| 0.01849 [0.0208 [ 0.001 || -74.82
[29p.07993.08719p.08668] 0.0872 [ 0.0825 | 0.0872 | 0.07993 [0.0867 | 0.003 |D.01848.02159p.01657p.01955p.02316/0.02316 0.01657 |0.0196 | 0.003 |f -77.45
0D.08164P.03368p.08235p.08216.081640.08235] 0.03368 [0.0816 | 0.022 [P.02084 D.01672p.02124{0.0161 .02084)0.02124| 0.0161 [0.0208 [ 0.003 |f -74.47
31(0.0872 0.086220.0808 .08216p.08595{ 0.0872 | 0.0808 |0.0860 | 0.003 |P.02321.02231p.02413.02413p.02209)0.02413] 0.02209 [0.0232 | 0.001 |f -73.00
0.0825 p.08198p.08251{0.0819 p.08235/0.08251| 0.0819 |0.0824 | 0.000 |p.01887 p.02037p.02036{0.0172 .01721}0.02037| 0.0172 [0.0189 | 0.002 || -77.09
33D.08164]0.0819 |0.09385D.08698D.081640.09385| 0.08164 [0.0819 | 0.005 [D.01724.01994p.02058{0.0158 .02288/0.02288| 0.0158 |0.0199 | 0.003 |f -75.65
4p.08668).08216{0.079750.08216D.08216/0.08668| 0.07975 [0.0822 | 0.003 |P.02089.02093p.01563p.02089P.01526)0.02093 0.01526 0.0209 | 0.003 |{ -74.57
35p.08199p.08698p.082150.08198.08199}0.08698| 0.08198 |0.0820 | 0.002 [P.01432].01898p.01969p.01981p.01981/0.01981] 0.01432 |0.0197 | 0.002 |{ -75.98
B36.082350.07975] 0.0808 [0.08199p.07993}0.08235| 0.07975 [0.0808 | 0.001 |P.02016].01549p.01869p.01389p.020160.02016{ 0.01389 [0.0187 | 0.003 |f -76.87
37D.08198.07975D.08457p.08251D.079750.08457| 0.07975 [0.0820 | 0.002 |P.01583].02333p.02333p.01927p.01927/0.02333 0.01583 [0.0193 | 0.003 |f -76.49
38D.08149p.08235p.081490.08199.086980.08698| 0.08149 [0.0820 | 0.002 |P.01437p.01899D.01443p.013910.02061/0.02061| 0.01391 [0.0144 | 0.003 |[ -82.40
B9.08595.08622] 0.0819 [0.08235D.08622}0.08622| 0.0819 |0.0860 | 0.002 [D.01432].01389p.01323p.01526D.01583/0.01583( 0.01323 [0.0143 [ 0.001 |{ -83.34
40p.08215.08081p.08081]0.0808 | 0.0808 0.08215] 0.0808 [0.0808 | 0.001 |P.01604.01466p.01829]0.0148 p.01736/0.01829] 0.01466 [0.0160 | 0.002 || -80.15
410.08057)0.08164}0.08637)0.082350.08149}0.08637] 0.08057 |0.0816 | 0.002 |D.02031.02051D.01736p.01426D.0173500.02051| 0.01426 [0.0174 | 0.003 || -78.74
420.08698p.08457D.081640.08246).08057]0.08698| 0.08057 [0.0825 | 0.003 |P.01752]0.01209p.012050.01407p.013830.01752f 0.01205 [0.0138 | 0.002 || -83.23
43.08262).08637)0.08246{0.08263.08199§0.08637] 0.08199 |0.0826 | 0.002_|[0.0126 p.01708p.03583p.01774D.01688/0.03583| 0.0126 [0.0171 ] 0.009 || -79.33
44.0814900.0938500.0859500.082460.07975{0.09385| 0.07975 [0.0825 | 0.006 |D.01247[0.0202 p.01241p.01206p.01259] 0.0202 | 0.01206 [0.0125 | 0.004 || -84.88
450.08246p.08637p.03368)0.08216{ 0.0808 [0.08637| 0.03368 |0.0822 | 0.022 |P.01834.01143[0.0187 [ 0.018 p.01178[0.0187 | 0.01143 |0.0180 | 0.004 |f -78.09
46p.07993p.08262).07993] 0.0819 P.079930.08262| 0.07993 [0.0799 | 0.001 |10.0129 p.01038{0.0175 p.01105p.01144]0.0175 | 0.01038 [0.0114 | 0.003 || -85.69
47D.08458.07985p.08719p.07984| 0.0808 0.08715] 0.07984 [0.0808 | 0.003 |D.00917D.01642.01714p.01642D.00991/0.01714] 0.00917 [0.0164 | 0.004 || -79.68
48D.08235p.08199] 0.0808 p.08164D.081640.08235) 0.0808 [0.0816 | 0.001 [D.01243D.02001D.01814p.01041p.01023)0.02001( 0.01023 [0.0124 | 0.005 |f -84.77
49]0.0819 |0.0825 .08719p.08198D.082350.08719] 0.0818 [0.0824 | 0.002 |P.01043.01357]0.009850.01042p.02441)0.02441] 0.00985 |0.0104 | 0.006 |f -87.33
I50p.08246[.08149] 0.0825 [ 0.0825 p.08698§0.08638] 0.08149 [0.0825 | 0.002 |p.03862].01994p.01994D.03862.01724§0.03862] 0.01724 [0.0199 [ 0.011 || -75.83
| [ |A=0.212=0.03318[C=0,083{c=0.002|| | | JA=0.200[8=0.00917C=0.021[C=0.003|F =-75.17
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M3 2.11 HOMINARLWAZADAYEITEYA Tkeda Tnuld Elman Recurrent NN.

101

Elman Recurrent NN uuuiddnduninuineandim (ERNN, Elman Recurrent NN uuulafeiad i (MSERNN)
H| 1 r 2 ' 3 | 4 5 Imlxl min mean { SD 1 2 4 I 5 [max min mean | SD re(%)
1 0.20859p.20859).21586{ 0.2086 |0.20859]0.21586] 0.20859 |0.2086 | 0.003 [p.21258p.20183 D.21259D.18212)0.21258] 0.18212 {0.2019 | 0.015 || -3.19
2.15497] 0.134 D.14446D.16699D.149660.16699] 0134 10.1497 [ 0.012 |p.15365D.09508p.09809p.09908{0.0981 J0.15365] 0.09809 [0.0991 | 0.025 |{ 33.80
3.14466D.144660.124460.08102]0.1147 J0.14466] 0.08102 §0.1245 | 0.026 [.05301).06547] D.053010.051890.06547] 0.04491 ]0.0530 | 0.007 | -57.41
4 D.04497D.06533D.04283D.06004D.0547600.06533 0.04283 [0.0548 [ 0.010 |.04236].03834D.03834D.04337D.04236(0.04337| 0.03834 |0.0424 | 0.002 |{ -22.64
5 P.042830.05494p.04747D.05495] 0.046 10.05485] 0.04283 {0.0475] 0.005 |D.03158).03158] 0.0277 P.03157)0.03158| 0.0277 [0.0316 ] 0.002 || -33.49
6 .05484D.05801]0.0580200.04533.0580100.05802] 0.04533 |0.0580 | 0.005 |.02286.02877.02286D.02877.02876/0.02877] 0.02286 [0.0288 | 0.003 [j -50.42
7 P.03476{ 0.034 [0.0347 .03533]0.0347 |0.03533] 0.034 [0.0347 | 0.000 |b.03205).03285p.03285D.03286D.032850.03286| 0.03205 [0.0329 | 0.000 |{ -5.33
3 p.05307D.05306p.0530600.04737D.0364900.05307] 0.03649 [0.0531 | 0.007 |.02754].02479p.02479D.02479D.0275410.02754] 0.02479 [0.0248 | 0.002 |{ -53.28
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0.01376 10.01533| 0.0035

-76.73

B8D.05876p.05877.05877)0.058

D.058760.05877] 0.05876

.05877

0.0000 }p.01868

D.01502]

P.01581p.01377D.01265/0.01868|

0.01265 10.01502| 0.0023

-74.44

39b.05947 0.063 }0.0659 p.05946

D.OSOGBl 0.0659 | 0.05946

06068

0.0028 [D.01981

p.01338;

.01323p.01212{0.0136 0.01981

0.01212 10.01338| 0.0031

-77.95

ol 0.063 [0.0582 p.06473p.06624)

0.0727}0.0727 | 0.0582

10.06473

0.0053 |p.01264

D.01383]

0.012220.02033.01382§0.02033)

0.01222 [0.01382) 0.0033

-78.65

41D.07431D.05931D.

.06395D.05946/0.07431

0.05931

06388

0.0061 [p.01347

D.01497]

D.01768) 0.01232[0.0142 0.01768

0.01232 | 0.0142 | 0.0020

-77.77

42D.05844b.07905D.06122p.07027]

0.0582 0.07909] 0.0582

10.06122

0.0091 [p.01747

D.02132

0.02132, D.03465D.02008]0.03465

0.01747 0.02132| 0.0067

-65.17

$30.0727 D.058270.05947]0.0727

D.07431)0.07431} 0.05827

0.0727

0.0079 |p.01301

D.01782]

.01337.01302{0.0127 |0.01782

0.0127 [0.01302 0.0022

-82.09

1440.05772D.057710.057710.07221

p.0sa31

072217 0.05771

0.05772

0.0064 ]{0.0178

P.01781

.01161]0.0116 P.01152)0.01781

0.01152 [0.01161§0.0034

-79.89

150.07081D.0708110.07431

D.05844D.0593100.07431

0.05844

10.07081

0.0073 |D.01209)

D.01184

D.01414D.012740.011770.01414

0.01177 10.01209|0.0010

-82.93

146D.072210.07221D.07589D,06385]

D.06122)0.07589|

0.06122

10.07221

0.0062 [p.01078

p.01751

P.01114;0.0166 b.01 1390.01751

0.01078 10.01139/0.0033

-84.23

4710.0582 | 0.0582 0.05685b.07027

b.07027)0.07027] 0.0582

10.05885|

0.0065 |p.01146

0.0201

D.02011, D.OiOSBb.MOB‘I .02011

0.01038 [0.01146{ 0.0051

-80.53

48D.07124D.07124].05827.07124]

0.05827

.06068§0.07124)

0.07124

0.0065 |p.01722

p.01652

D.02018D.01072p.0108300.02018|

0.01072 0.01652I 0.0042

-76.81

F

9D.05877D.06554

.06068D.05827D.060680.06554

0.05827

0.06068

0.0029 |p.01016

D.00911

D.0091 .01031! 0.0162]0.0162

0.00911 [0.01016]0.0030

-83.26

O

058760.07118D.07221

D.07118D.06554)0.07221

0.05876

0.07118

0.0057 |D.01108

D.01508

D.00957D.01 109').01992 0.01992

0.00957 0.01109 0.0042

-84.42

I

a=0.226j=0.05593

C=0.064,

=0.005]

A=0.20

=0.00911[C=0.021/C=0.!

E=-65.85

H —dhwuTuuatududay

min ~Afianaia (RMSE) dandlgnainnmaany 5 afh
1, 2,3, 4, 5 sammannsrford 1, 2, 3, 4, 5 TanAannitiasstholvuafanain (RMSE)

sD —ﬁhdmmumnsgwuuaomm'manwmm'mmmaam 5 afa
B -fianulanaialaoiignainnimanad 50 wuy (1-50 Tnum)

max —#1AanaIa (RMSE) nfigasnnismeans 5 afe
mean -AadnvasAianbanaia (RMSE) :innisvasas 5 afo

re -reduce wasidustiasnthorbinaBanarasaay Taunldaan {meanmsr-Mmeanyyn)/mean;uw*100

A -»n"\mwnawmamnﬁﬂmmmmnnao 50 uuu (1-50 Tuuna)
C -dnadpannivanas 50 uin(1-50 Twun)
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M9H .13 HAMINABOMATATAVBIVOYA Rossler 1a01F Feed forward NN.

Feed forward NN vuutdsnhwilnniued i (FNN) Feed forward NN uuusTalyadawdi " (MSFNN)
H 4+ [ 2 T3] 4] 5 [max]| min [mean] 5D 1 2 3 [ 4 s [max ]| min [mean| SD | re(%)
1 .19605p.19604.19605D.18605D.19615/0.19615] 0.19604 [0.196051 0.0000 [b.18671.18253D.18026p.18025p.18252)0,18671] 0.18025 10.18252]0.0026 || -6.90
20.12135.12815D.12164P.12816p.122020.12816] 012135 [0.12202] 0.0036 [P.13135p.13135p.13135p.13136p.13135/0.13136] 0.13135 10.13135]0.0000 || 7.65
3.05135D.05133D.054120.0514 [1.05214)0.05412] 0.05133 | 0.0514 | 0.0012 |b.02769].02419p.02418p.027695.02377)0.02769] 0.02377 10.02419[0.0020 || -52.9¢
40.02422p.02404p.02412p.02421D.02404)0.02422( 0.02404_{0.02412]0.0001 |p.01992).02098p.02098b.02115p.0199210.02115] 0.01992 10.02098] 0.0006 J| -13.02
5 b.02214p.023880.02214] 0.0227 P.02104)0.02388] 0.02104 [0.02214] 0.0010 [.01871]0.0194 P.01537).01871p.01938 0.0194 | 0.01871 [0.01937[0.0004 || -12.54
610.02210.022910.0229 p.02336p.02337)0.02337] 0.0221 |0.0229 | 0.0005 [0.02031.02031p.02056p.02041p.0204100.02056{ 0.02031 10.02041]0.0001 | -10.87
7 D.02148.0213910.0215 D.02164D.02188[0.02188 0.02139 [0.0215 [0.0002 [p.01992].01968D.01967p.01966p.01968)0.01992] 0.01966 j0.01968] 0.0001 || -8.47
8 D.021640.02149D.02188.022440.0214 [0.02244] 0.0214 [0.02164] 0.0004 P.02008p.01989p.01935/0.0189 p.01981)0.02008} 0.01935 [0.01988]0.0003 || -8.09
9 0.02136p.021650.02133{ 0.0221 P.0240450.02404] 0.02133 10.02165] 0.0011 |p.02007 p.02034[0.0195 p.01951D.02033)0.02034] 0.0195 10.02007] 0.0004 || -7.30
110{0.0227 D.02192.02214] 0.0214 P.02154 0.0227 | 0.0214 _[0.02192] 0.0005 1p.02027]p.01984D.02021p.02021p.0198300.02027] 0.01983 0.02024{0.0002 || -7.80

=

10.02156]2.0219800.021350.02139p.02198/0.02198] 0.02135 [0.02158] 0.0003 [p.01981.01981D.01931].01965p.0196500.01981{ 0.01965 J0.01981] 0.0001 || -8.20
20.02139]0.0219 P.02184]0.0227 p.02202} 0.0227 | 0.02139 | 0.0218 | 0.0005 [p.01867.01936p.01936p.02027p.01997)0.02027] 0.01867 |0.01536}0.0006 [f -11.60
3p.02188).02188D.02164p.02188p.02188)0.02188[ 0.02164 [0.021880.0001 [9.01993].02065p.01859.01989.0198910.02065] 0.01859 [0.01989] 0.0007 || -9.10
4D.02098D.02147p.02148p.02147D.0214710.02148( 0.02098 ]0.02147]0.0002 |p.01874.01796p.02015.01946p.01972)0.02015 0.01796 J0.01946}0.0009 || -9.36
50.02153D.021360.02202{ 0.0229 p.02115]0.0229 | 0.02115 [0.02153]0.0007 |p.01967]0.0196 P.01967]0.0196 p.02013)0.02013| 0.0196 |0.01967}0.0002 || -8.64
160.02164D.02135D.02158D.02121p.02133)0.02164| 0.02121 [0.02135} 0.0002 |b.02058 P.02081P.01907p.01951).0205800.02081] 0.01807 [0.02058{0.0008 || -3.61
7p.02139D.021290.021299.02104p.02164]0.02164] 0.02104 0.02129] 0.0002 |b.02073].02068p.01986.02069p.02073}0.02073] 0.01986 f0.02069{ 0.0004 || -2.82
.021580.02188D.02135p.02131D.02136(0.02188] 0.02131 [0.02136 0.0002 |.01456 .01903P.01573D.01974D.01974[0.01974] 0.01456 0.01903}0.0024 |[ 10.91
9D.021350.02135D.02214).02136D.02136/0.02214] 0.02135 |0.02136( 0.0004 |p.02066 D.01801D.01972.02065p.02065/0.02066] 0.01801 0.02065[0.0012 || -3.32
[0D.02115p.021350.02154D.02192p.021160.02192] 0.02115 |0.02135[0.0003 |D.01972].01498D.02064D.02064D.01976/0.02064] 0.01498 |0.01976[0.0024 || -7.45
1D.021320.021210.02131D.02133p.02136/0.02136} 0.02121 0.02132] 0.0001 }9.01705D.02002p.02037p.01784D.01858/0.02037] 0.01705 Jo.01858[0.0014 || -12.85
20.0213600.02164D.021350.02136].02202)0.02202] 0.02135 [0.02136[0.0003 [b.01012].01974D.02065p.02065p.01458)0.02065] 0.01012 J0.01974]0.0047 }{ -7.58
3D.02133P.024041.02133D.02149]0.0229 [0.02404] 0.02133 j0.02149]0.0012 [P.018310.02019D.01563P.01845p.0155410.02019} 0.01554 [0.01831{0.0020 |t -14.80
4p.02136.021360.02136D.02198D.0213500.02198] 0.02135 [0.02136] 0.0003 [[0.0173 b.02029p.61721b.01562p.01541}0.02029] 0.01541 0.01721]0.0020 | -19.43
250.02104]0.0221 p.021350.02153p.02154] 0.0221 | 0.02104 10.02153] 0.0004 }{0.0207 p.01938{0.0168 }0.0207 [0.0207 [ 0.0207 | 0.0168 |0.0207 [0.0017 || -3.86
6D.021880.02147].02216D.02139D.02201).02216[ 0.02139 10.02188]0.0003 [b.01312]0.01878D.01998 0.02 P.02038/0.02038[ 0.01312 J0.01999]0.0030 || -8.64
7]0.0214 p.021370.0214 .02137D.02121]0.0214 | 0.02121 [0.02137]0.0001 [.01846].02045p.01612p.01194P.01521]0.02045] 0.01194 0.01612]0.0032 |[ -24.57
280.02198D.02136§0.02104P.02135D.0214800.02198] 0.02104 J0.02136{0.0003 [§0.0203 p.01967p.01687{0.0197 p.01502] 0.0203 | 0.01502 J0.01967]0.0023 }| -7.91
[29D.02148D.02404D.02149p.02136p.021480.02404] 0.02136 [0.02148]0.0012 [p.01495p.01521D.01919p.01817D.0204800.02048] 0.01435 0.01817]0.0024 |f -15.41
00.02175D.02129]0.0217 |p.02147).0216800.02175] 0.02129 10.02168]0.0002 }.01195p.01785p.01402p.02051] 0.0204 p.02051] 0.01195 0.01785]0.0038 |[ -17.67
1]0.0215 p.021530.0215 .02158{0.0215 [0.02158| 0.0215 [0.0215 | 0.0000 [D.01345].01265D.01482].01149p.0154800.01548] 0.01149 J0.01345[0.0016 |[ -37.44
B210.02158p.02189p.021920.02201p.0218410.02201| 0.02158 10.02189]0.0002 |b.012810.01307P.01476{6.0101 P.01306/0.01476] 0.0101 |0.01306{0.0017 || 40.34
3p.02158D.021889.02133D.02158/0.0227 [ 0.0227 | 0.02133 }0.02158] 0.0005 |D.02078D.01253D.01892p.01155D.0141410.02078] 0.01155 [0.01414{0.0041 |{ -34.48
h4D.02184D.021889.02201P.02189D.0219200.02201] 0.02184 [0.02189{0.0001 |D.01201].01226[0.0114 p.01071] 0.021 | 0.021 | 0.01071 .01201]0.0042 || -45.13
5D.021750.021680.02165D.02147]0.0217 0.02175] 0.02147 10.02168]0.0001 [D.01172]0.0136€{0.0207 p.011620.0207 [0.0207 | 0.01162 |0.01366]0.0047 || -36.99
60.02184.02202D.02147].022010.02216§0.02216| 0.02147 10.02201]0.0003 [D.01402].01089p.01834D.01237D.0171900.01834| 0.01083 0.01402{0.0032 |[ -36.30
B7p.02165p.02169p.02131P.02168].021150.02169] 0.02115 J0.02165]0.0002 [p.01087D.01331D.01148/0.0176 .0142610.0176 | 0.01087 0.01331]0.0027 | -38.52
h8b.02214]0.0217 D.02148D.02171.021290.02214] 0.02129 [0.0217 [0.0003 [.01281].01253p.01081p.01265p.01707)0.01707] 0.01081 [0.01265[0.0023 || 41.71
39p.02164D.021750.02129] 0.0214 .02136)0.02175] 0.02129 | 0.0214 [0.0002 |D.01027p.02086D.01254D.01881D.0125500.02086] 0.61027 |0.01255[0.0046 || 41.36
40p.02153D.02164D.021880.02115p.02131)0.02188] 0.02115 [0.02153]0.0003 [b.011130.01112.01967P.01264D.01353)0.01967] 0.01112 [0.01264]0.0035 |f -41.29
41p.02202]0.0217 P.02201p.02175D.02168/0.02202] 0.02168 {0.02175]0.0002 |b.02094.00948D.01354]0.0167 P.00678/0.02094] 0.00878 0.01354{0.0051 || -37.75
H2p.02188D.021850.021580.02184).02184/0.02188] 0.02158 |0.02184]0.0001 [P.01013]0.0172 p.0118b.01198D.01183{0.0172 | 0.01013 |0.01189} 0.0027 || -45.56
l43p.02185.02135p.02202] 0.02190.0219 [0.02202| 0.02135 [0.0215 | 0.0003 |p.012240.00931]0.0169 P.01691D.00973)0.01691] 0.00931 }0.01224]0.0037 | -44.11
144D.02192).02201D.021920.02147p.0218400.02201] 0.02147 10.02192]0.0002 ||0.0101 | 0.017_P.01166p.00941D.01125] 0.017 | 0.00941 10.01125]0.0030 || -48.68
la5p.02198]0.0214 [0.0227 [0.0221 .02214] 0.0227 | 0.0214 [0.0221 | 0.0005 [b.01615D.01184D.00962].00943p.00848/0.01615] 0.00843 J0.00962] 0.0029 |f -56.47
l6p.02201D.02154p.02164].02201p.02202)0.02202] 0.02154 [0.02201] 0.0002 [{0.0104 D.00982D.01278D.01677p.00922)0.01677] 0.00922 [0.0104 | 0.0031 | -52.75
47p.02188p.02165.02148D.02216{0.0229 | 0.0229 | 0.02149 [0.02188]0.0005 |P.00996 p.01142]0.0093 p.01053D.00903)0.01142] 0.00903 $0.00896[0.0010 Jf -54.48
48 0.0220 P.02154p.021390.02104D.02133] 0.0229 | 0.02104 10.02139] 0.0007 [p.00821.00933p.00944. .0094300.00946/ 0.00821 0.00943]0.0005 | -55.91
290.0221 |p.02192p.02189).02188{0.0221 | 0.0221 | 0.02188 [0.02192]0.0001 |D.01088]0.00802p.00932p.01088p.0093300.01088] 0.00802 [0.00933] 0.0009 || -57.44
J50p.02136.02202p.02188].02158p.02121)0.02202] 0.02121 0.02158] 0.0003 [p.61553]0.0085 {0.0094 p.00786/0.01553] 0.00786 J0.00906] 0.0031 |{ -58.02
Ja=0.196p=0.020981C=0.022/c=0.000]] la=0.187]8=0.00786{C=0.018]C=0.002{F=-15.10
H —duuTnuatududay max ~A1Aanana (RMSE) uaniigaainnimasas 5 A

min —A18anaia (RMSE) Maodgaanmimaane 5 af mean -AnafuvasdinnuAanata (RMSE) inmisviaaas 5 afs
1,2, 3,4, 5 -uammaravafod 1, 2, 3, 4, 5 TavdaanidTassdoluadanaia (RMSE)

sD —-ﬁhtﬂ’ucmumnss‘m'ummmwﬂnwmnammmnaao 5 afo A —simrfanarmnndgannmmaans 50 uuy (1-50 Tuua)

B -ArmmAsnasianigaanmsnaaas 50 uuy (1-50 Twus) C -ANafuaInAImanDy 50 uuy (1-50 Tvun)

re -reduce wafifusiv tnsothoahinafianatinanay TnouildaIn (Meanusmm-Meanaw)/meanaey*100
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M3 ¥.14 HANTNABDAUIBZHDAVDITOYA Rossler 1n61% Elman Recurrent NN.

104

Elman Recurrent NN uuulddnhudnninesmio (ERNN) Elman Recurrent NN uuulodsnk " (MSERNN)

H 1 ] 2 3 4 | 5 Tmax [ min [mean] sD 1 2 3 4 5 [ max | min_ [mean | SD [l re(%)
1D.19599p,19114D.19142.18598D.1903200.18599] 0.18032 [0.1914 | 0.003 |P.19088.19087D.192090.18783p.19208f0-19209] 0.18783 |0.1908 | 0.002 Il -0.28
2[0.11338D.10893p. 11133p.11004{0.1132 0.11336] 0.10893 [0.1113 | 0.002 |D.13003p.06823D.08357D.08356p.12661)0.13003] 0.06823 |0.0836 | 0.028 | -24.93
3 .03786D.03403p.039620.03834D.0375610.03962] 0.03403 [0.0378 | 0.002 |D.01924].13223p.02295p.13223p.01924).13223] 0.01924 [0.0230 | 0.061 i -39.38
4.01443D.02214P.02149p.02114D.022140.02214] 0.01443 [0.0215 | 0.003 |p.01905p.01991P.01905D.01978P.019050.01991] 0.01905 |0.0191 | 0.000 || -11.35
51.02195p.02192b.02191p.02194p.0212410.02195) 0.02124 |0.0219 | 0.000 [P.02022].01856]0.0199 .01856]0.0199 0.02022| 0.01856 [0.0199 | 0.001 }{ -9.22
6 0.02396D.02106{0.0201}0.0201 0.021760.02396] 0.0201 | 0.0211 | 0,602 |p.00891D.01455p.02024].01993D.02024)0.02024| 0.00891 [0.0199 | 0.005 | -6.37
7 D.02004D.020311.0212710.0221410.02272}0.02272] 0.02004 [0.0213 | 0.001 |p.01734}0.0176 P.01667p.01735D.01668[0.0176 | 0.01667 [0.0173 ] 0.000 | -18.48
8 P.02014D.02076]0.02214p.01959D.02014]0.02214] 0.01959 |0.0201 | 0.001 |h.02045p.01495p.02045D.01813D.013760.02045| 0.01376 |0.0181 | 0.003 }j -9.98
9 D.02039p.02004.02038p.02039p.020050.02039] 0.02004 [0.0204 | 0.000 |p.01932].01646p.02175p.01455D.01612[0.02175] 0.01455 |0.0165 ] 0.003 Jf -19.23
[t0p.020180.02018p.02092p.02076p.02092)0.02092| 0.02018 [0.0208 | 0.000 |p.01949].01958D.01985p.02011p.01985/0.02011} 0.01949 [0.0199 | 0.000 Ji -4.38
[t1p.02124D.02231p.020740.02089D.022140.02231] 0.02074 |0.0212{ 0.001 |p.01063].01942}0.0182 p.00937D.00998/0.01942] 0.00937 [0.0106 | 0.005 jf -49.95
112.01893D.0204€p.01893D.02075D.02075p.02075] 0.01893 |0.0205 | 0.001 |p.01387.01407p.01808D.01972D.01893)0.01972] 0.01387 [0.0181 [ 0.003 ]| -11.63
[t3D.02127D.021260.021270.02127p.021260.02127} 0.02126 [0.0213 | 0.000 [p.02112).01887p.02112p.00891p.02112/0.02112] 0.00891 [0.0211 ] 0.005 |[ -0.71
[141.021290.02129p.021290.02129p.02128)0.02129] 0.02128 [0.0213 | 0.000 |b.02169p.02061p.02062.01668D.02061)0.02169] 0.01668 [0.0206 | 0.002 || -3.19
h5D.02422).02014P.02018D.01693D.02396]0.02422] 0.01693 |6.0202 | 0.003 |.01676]0.0206 |0.0206 {0.0206 [0.0206 [ 0.0206 | 0.01676 [0.0206 [ 0.002 | 2.08
[ 60.02089D.0208900.021640.02089p.021640.02164] 0.02089 [0.0209 | 0.000 |p.01095).01638D.01701).01746p.009940.01746{ 0.00994 [0.0164 | 0.004 [f -21.59
17D.021650.02165p.02165D.02124p.021230.02165] 0.02123 [0.0217 | 0.000 |.01033]0.0112 .00901D.00988D.02256/0.02256] 0.00901 {0.0103 | 0.006 [ -52.29
[18D.02046].020460.020460.02129p.019591.02129] 0.01959 | 0.0205 | 0.001 |p.011320.01158D.01321[0.0207 .01023] 0.0207 | 0.01023 [0.0116 | 0.004 |f -43.40
[190.02114).02076.02115D.02114p.021140.02115] 0.02076 |0.0211 | 0.000 |D.01923P.01924p.01924.02199D.02199p0.02199] 0.01523 [0.0192 [ 0.002 || -8.98
0p.020320.02031p.02032D.020322.02069.02069] 0.02031 [0.0203 | 0.000 |D.01138].01838D.016750.00925{0.0111 0.01838] 0.00925 [0.0114 | 0.004 [| 44.00
R1D.02142p.02051D.021420.02143p.0214300.02143] 0.02051 |6.0214 | 0.000 |p.02281D.01032D.02281P.01038D.02007)0.02281] 0.01032 0.0201 { 0.006 }f -6.30
R200.021330.02172].02172.02172].02172]0.02172] 0.02133 [0.0217 | 0.000 |.01023].01025/0.0177 .00988D.0225410.02254] 0.00989 [0.0103 | 0.006 |f -52.81
230.0210600.02205D.02205D.02206D.022050.02206{ 0.02106 |0.0221 | 0.000 1p.01035p.01081p.01723p.01702D.01719)0.01723] 0.01035 |0.0170 | 0.004 |{ -22.81
R40.02174D.02174D.02174D.02174D.0217410.02174] 0.02174 [0.0217 | 0.000 |p.01998].00966p.01753D.00904p.0174310.01998] 0.00904 [0.0174 | 0.005 || -19.83
25D.02176.02176D.02176D.02176p.0217600.02176] 0.02176 {0.0218 | 0.000 |h.01455.00988p.00891D.00201D.01074/0.01455| 0.00891 [0.0099 | 0.002 || -54.60
02232.02231p.022399.02239p.022390.02239] 0.02231 |0.0224 | 0.000 |p.00302P.01675p.01069D.00791D.009250.01675] 0.00791 |0.0093 [ 0.004 || -58.69
270.02291D.02291D.02291P.022910.02291)0.02291] 0.02291 0.0229 | 0.000 |D.02476.00966D.01833D.014550.02277)0.02476] 0.00966 {0.0189 | 0.006 || -17.37
R8D.0214900.02291D.02205D.02291D.02291)0.02291] 0.02149 [0.0220 | 0.001 |p.01414p.01682p.00576D.01194D.00891)0.01682] 0.00876 |0.0119 | 0.003 || 47.88
1290.02286p.02314D.02272}0.02287D.02314]0.02314] 0.02272 [0.0229 | 0.000 |p.02518.00988D.00872p.02492).02491)0.02518] 0.00872 [0.0249 | 0.009 || 8.92
B0p.0221410.02348D.02265p.02317p.02296{0.02348] 0.02214 [0.0230 [ 0.001 |D.02398D.01574| 0.009 P.018420.009010.02398] 0.009 |0.0157 | 0.006 | -31.45
31D.02363p.02363).02363p.02127p.0241610.02416] 0.02127 [0.0236 | 0.001 |D.00791]0.0243 P.01675p.01069p.01035{0.0243 | 0.00791 |0.0107 | 0.007 || -54.76
520.022910.02292p.02152.02249p.02291)0.02282] 0.02152 | 0.0229 | 0.001 |p.01263p.00925D.00889p.00992p.01119)0.01263] 0.00889 |0.0099 | 0.002 || -566.70
83p.02401).02422]0.0238 0.02437P.0242300.02437] 0.0238_]0.0242 | 0.000 |p.01674P.01069p.01041b.01162p.01787)0.01787] 0.01041 |0.0116 | 0.004 || -52.02
h4p.01693]0.0237 .016930.02117)0.02369] 0.0237 | 0.01693 }6.0212 | 0.003 {{0.0077 .01814D.01407D.01698D.00791)0.01814] 0.0077 ]0.0141 | 0.005 || -33.54
B50.0245000.02396.02463).02452.02463}0.02463] 0.02396 |0.0246 | 0.000 |P.00931).01203p.01063p.01785p.00986}0.01795] 0.00331 [0.0106 | 0.004 || -58.77
Beb.02332.02332.0233200.01444D.01446/0.02332] 0.01444 |0.0233 | 0.005 1D.01142]0.0206 .00919p.00937p.01692] 0.0206 | 0.00918 [0.0114 | 0.005 || -51.03
B710.02469D.02419.02351]0.0253 | 0.0235[ 0.0253 | 0.0235 | 0.0242 | 0.001 [P 01569p.00904p.00998p.020155.00994)0.02015{ 0.00904 |0.0100 | 0.005 | -58.74
bep.023220.02322p.02487.02612]0.0159 .02612| 00159 [0.0232 | 0.004 1).00994.02459D.02458p.00826p.010950.02459f 0.00826 |0.0110 | 0.008 || -52.84
ob.02535p.02535p.02487] 0.0232 P.02535]p.02535| 0.0232 |0.0254 | 0.001 |p.00988p.01871D.02564]0.0187 1.010950.02594| 0.00988 [0.0167 | 0.007 | -26.23
02428.01693D.02754] 0.024 P.02753)0.02754] 0.01693 |0.0243 | 0.004 P 00501.01638D.02611D.02087D.01057)0.02611) 0.00901 |0.0164 | 0.007 || -32.54
410.02569] 0.0257 .02689p.02309D.02612)0.02689] 0.02309 [0.0257 | 0.001 {b.01082].01628].01944.01628p.0162810.01944f 0.01082 |0.0163 | 0.003 [f -36.65
42.02644D.02644D.02422)0.02555D.0255600.02644] 0.02422 |0.0256 | 0.001_|.00915p.01071p.01115D.01131D.01083)0.01131| 0.00915 [0.0108 § 0.001 [f -57.63
435.02345.02586p.02585p.02584D.02638)0.02639] 002345 [0.0259 | 0.001 [D.02168.00927D.00998.00827.02167)0.02168| 0.00827 {0.0100 | 0.007 [ -61.39
441.02681D.02682)0.0280600.02089D.024 120.02806[ 0.02089 [0.0268 | 0.003 }D.01032.01067p.01109{0.0095 P.0100710.01109] 0.0095 |0.0103 | 0.001 [} -61.51
42h.02547.02174p.02773p.02133p.02291)0.02773] 0.02133 |0.0229 | 0.003 [D.00942.01957D.02267D.00986.016450.02207} 0.00942 [0.0165 | 0.006 |f -26.20
02396D,02517D.02693p.025160.02692)0.02693| 0.02396 | 0.0252 | 0.001_|D.01063D.00937D.01308p.01208p.02274).02274| 0.00937 [0.0121 | 0.005 |{ -52.01
47]0.0242 [ 0.0242 .02648).02648]0.0274 | 0.0274 | 0.0242 [0.0265 | 0.001 |p.00877P.01063p.01008p.01534).0100310.01534] 0.00877 | 0.0101 | 0.003 }{ -61.93
ep.02031p.02231p.02573]0.0268 P.02672{0.0268 | 0.02031 [0.0257 | 0.003 [.01255p.01301D.01242]0.0188 .01102{0.0188 | 0.01102 |0.0130 | 0.003 [} -49.44
1690.0169315.0205100.02575].02106p.01445.62575| 001445 |0.0205 | 0.004 [D.008961.01079D.01022p.00895D.00972.01078] 0.00895 |0.0097 | 0.001 |{ -52.61
00.02014p.02577] 0.027 P.02731D.027310.02731] 0.02014 [0.0270 | 0.003 [0.01611D.01004P.01612p.01965p.020050.02005} 0.01604 [0.0161 | 0.004 |} 40.30
A=0.196]3=0.01443C=0.023C=0.001}| | A=0.182=0.00770[C=0.016{C=0.004]P=-35.10
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1,23,

sD -a"ut{uomumMgw‘uaomm'mnawmn'nnmmaam 5 afo
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MINT 2.15 HANINARBWATADAVOIVOYA Rassler 10014 Jordan Recurrent NN.

Jordan Recurrent NN nuuldanhaninviednéus (JRNN) Jordan Recurrent NN suulddnhuinunnanusus (MSIRNN)

1 [ 213 4 | 5 [max [ mn [mean| sp 1 2 | 3 4 [ 5 [max | min [mean| SD || re(%)

b.19632p.19502p.19592h.19615.19593)0.19632] 0.19592 }0.19593] 0.0002 P-19187].19198D.19187p.19198p.19198p.19198] 0.19197 [0.19198] 0.0000 || -2.02

D.11706D.17106D.172150.11706D.11706[0.17215] 0.11706 10.11706] 0.0299 |.09569D.04735p.13434).13434D.095680.13434] 0.04739 [0.09569]0.0359 || -18.26

P.02191p.02193.02148{0.0218 0.02167/0.02193] 0.02148 |0.0218 | 0.0002 |B.01918.02364D.01917p'01917D.01917)0.02364] 0.01917 [0.01917]0.0020 }| -12.06

D.0217: .023230.020955.02096D.O2323b.02323 0.02095 0.02179] 0.0011 ]p.01887 D.01892p.01892D.01888 .01892b.01392 0.01887 [0.01892] 0.0000 || -13.17

D.02238D.021460.02141D.02146D.0214800.02238] 0.02141 |0.02146]0.0004 [D.01917 P.01928p.01928D.01917D.0199610.01996| 0.01917 [0.01928] 0.0003 |[ -10.16

p.02136p.021260.021371.02101p.02127)0.02137] 0.02101_[0.02127]0.0001 [D.01549].01549]0.0157 [0.0157 P.01985)0.01985] 0.01849 |0.0197 [0.0002 || -7.38

0.02096b.02096b.02105p.02105 .02148b.02148 0.02096 [0.02105] 0.0002 Ib.02015 D.01974D.02052p.02089.020160.02089] 0.01974 0.02016[0.0004 || 4.23

P.02323 .02174D.02173p.02106 .02173b.02323| 0.02106 [0.02173} 0.0008 lp.01971 0.0201 p.02008D.01972D.02008 0.0201 | 0.01971 0.02008}0.0002 || -7.59

RNl n]a)T

0.021970.02197D.02198b.02197 .02215h.02215| 0.02197 [0.02197]0.0001 Ib.01959 P.019930.02007.02007P.0200710.02007] 0.01859 [0.02007}0.0002 || -8.65

C3

00.02218 ,022140.02111b.02139 .0221.’*).02218 0.02111 [0.02214]0.0005 n).01969 0.018390.01986{0.0184 0.01969{0.01986} 0.01839 0.01969] 0.0007 |} -11.07

=

10.02138p.021950.021260.02138p.0216710.02189] 0.02126 [0.02138]0.0003 [0.01997p.02021p.02013p.02021p.020220.02022] 0.01997 [0.02021[0.0001 || -5.47

=

20.022150.02075D.02094D.02216).02074)0.02216] 0.02074 10.02094] 0.0007 |p.01844.02011p.019531.01953D.01869%.02011] 0.01844 [0.01953] 0.0007 || 6.73

130.02192b.02106D.02116b.021160.02106b.02192 0.02106 10.02116{ 0.0004 {p.01999 3.01912D.O1975b.01999b.017365.01999 0.01736 [0.01975]0.0011 || -6.66

140.02133b.021410.02196b.02116p.02139b.02196 0.02116_{0.02139] 0.0003 {02051 P.02035p.02034p.01914D.02035)0.02051] 0.01914 1002035 0.0006 || 4.86

15p.02133D.02215D.02106D.02206p.0210610.02215] 0.02106 0.02133]0.0005 [D.01785p.01924D.02067p.01784p.020320.02067] 0.01784 [0.01924] 0.0013 || -8.80

16D.02096D.02196p.02216p.02203.02141)0.02218] 0.02096 0.02196] 0.0005 }§0.0211 P.02045D.01736]0.0203 P.01872| 0.0211 | 0,01736 |0.0203 | 0.0015 || -7.56

[17D.02106p.02106p.02116].02106D.02106{0.02116] 0.02106 [0.02106] 0.0000 |P.01827 p.01796p.01944D.01845p.01826[0.01845| 0.01798 10.01827]0.0007 || -13.25

1180.02094]0.02197].02095.02199p.02106[0.02199] 0.02094 0.02106] 0.0005 |p.01665D.02045D.01695p.02045p.020450.02045] 0.01665 [0.02045}0.0020 || -2.90

[19P.02122.021220.02122D.021730.023300.02173] 0.02122_[0.02122] 0.0002 |P.01609D.01758D.01399p.01759D.016995.01759] 0.01399 [0.01699}0.0015 || -19.93

02323.021390.02106p.02232.02126.02323] 0.02106 [0.02139]0.0009 |.01658p.01833p.02063D.02046.018350.02063] 0.01658 0.01835/0.0017 || -14.21

21D.02148p.02095D.02122p.02215p.02133{0.02215[ 0.02095 [0.02133] 0.0004 [D.01585p.01806p.020470.01483].01785}0.02047] 0.01463 {0.01785] 0.0022 |f -16.32

22/0.0211 P.02102.02101P.02131p.02215[0.02215] 0.02101 [0.0211 0.0005 |p.02001 p.01725]1.01547D.01424D.0200600.02006{ 0.01494 10.01725] 0.0024 }| -18.25

230.021310.02206p.02101p.02218p.02182{0.02218] 0.02101_[0.02192{0.0005 |p.01696]0.0198 P.01545p.018170.01557] 0.0198] 0.01545 J0.016960.0018 |[ -22.63

240.02167D.02199D.02122D.02215D.021970.02215{ 0.02122 0.02187]0.0004 || 0.016 0.02062p.01467p.01361p.01575)0.02062] 0.01361 [0.01575]0.0027 {| -28.31

[250.0211 0.02133b.02134b.02134p.021110.02134 0.0211  0.02133(0.0001 ]p.01992 0.016 10.0166 D.014610.013720.01992| 0.01372 | 0.016 |0.0024 |} -24.99

260.021410.022 .02139b.02139b.0213 .02218) 0.02139 §0.02139] 0.0004 " 0.019 p.01448]{0.0156 {0.0205 p.01693] 0.0205 | 0.01448 10.01693| 0.0025 |{ -20.85

piry

[2710.0211 D.02106D.022150.02116p.0217900.02215] 0.02106 0.02116]0.0005 [D.01985].01753D.02072p.01784D.01305/0.02072| 0.01305 {0.01784] 0.0030 [ -15.69

280.02152.021310.02146D.02152D.02146[0.02152] 0.02131 0.02146]0.0001 [10.0124 ]p.02074D.01239].01612p.01611)0.02074] 0.01239 |0.01611]0.0034 |[ -24.93

R9p.02148p.02138p.02323D.02196p.0214800.02323] 0.02138 [0.02148}0.0008 |D.02077.01286p.01384D.02053p.019340.02077| 0.01286 [0.01934]0.0038 || -9.96

30b.02138p.02196.02164D.02094D.0221500.02215] 0.02094 [0.02164}0.0005 |0.01428.01506p.01257p.01256p.014530.01506] 0.01256 [0.01428] 0.0012 |[ -34.01

31D.02133.02095.02148p.02216D.02133§0.02216] 0.02095 [0.02133{0.0004 |b.01935p.01638p.01355p.02079p.01844)0.02079] 0.01359 J0.01844]0.0028 |[ -13.55

32D.022150.02141D.020960.0214 1.02148§0.02215] 0.02096 [0.02141]0.0004 |p.01618 D.01464D.02078p.02079p.0207910.02079] 0.01464 [0.02078]0.0030 || -2.94

153

30.02199p.021730.02095p.021640.021923.02199 0.02085 10.02173{ 0.0004 [D.01049.01341}0.0134 D.01753b.01754b.01754[ 0.01049 |0.01341}0.0030 || -38.29

b

0.0218 b.021790.02148b.02101 D.02116{ 0.0218 | 0.02101 [0.02148} 0.0004 {D.01778{0.0105 D.D13040.01279b.01155b.01778] 0.0105 0.01279] 0.0028 || -40.46

T

50.02101b.021330.02096b.02216p.021640.02216 0.02096 10.02133] 0.0005 |p.01506)0.0137 D.01274D.010940.01093b.01506| 0.01093 [0.01274]0.0018 || 40.27

B6D.02191.02167D.02167p.02191D.02138)0.02191] 0.02138 [0.02167{ 0.0002 |p.02083P.02075]0.0105 .02074D,014240,02083] 0.0105_|0.02074| 0.0048 || .29

17D.02164p.02192p.02232p.02196D.0219300.02232[ 0.02164 }0.02193]0.0002 |p-01117].01089P.01876D.01715D.009640.01876| 0.00964 0.01117]0.0041 || 45.07

022160.021380.02122p.02206.021330.02216] 0.02122 0.02138] 0.0004 |p.01016p.01007p.01238p.01008D.01268]0.01288] 0.01007 |0.01016]0.0014 || -52.48

390.02133b.022320.02196b.02141 D.02323b.02323 0.02133 [0.02196] 0.0008 Ib.01012 0.017 P.01092] .009530.01093[ 0.017 | 0.00853 [0.01092] 0.0030 } -50.27

l10p.02214D.02106D.02206D.02167D.02138)0.02214 0.02106 [0.02167] 0.0005 |p.01694 p.01913D.01782p.01217p.01168)0.01913] 0.01168 [0.01694]0.0034 [ -21.83

41D.02215D.02197p.02218D.02179{0.0211 0.02218] 0.0211_[0.02197] 0.0004 |p.02039p.02077p.01036p.02087}1.02077)0.02087| 0.01036 0.02077]0.0046 || -5.46

8210.02167].02126D.021060.02196.0221500.02215 0.02106 |0.02167] 0.0005 |p.01125]0.0121 p.00977p.00999p.00844] 0.0121 | 0.00844 J0.00999{ 0.0014 |[ -63.90
02203.02094D.02106D.02116D.02096)0.02203] 0.02094 [0.02106] 0.0005 |p.00818 p.010110.00986D.01289D.00998{0.01285] 0.00818 f0.00998]0.0017 || -52.61

440.021010.02215p.02139P.02131D.0214800.02215] 0.02101 [0.02138] 0.0004 |p.01063.00867D.01062p.00898p.011750.01175] 0.00867 10.01062{0.0013 Jf -50.35

l45D.02196].02197p.02196p.02215D.02218)0.02218] 0.02196 10.02197] 0.0001 {D.01248 D.01605p.01013p.00867p.0175810.01758] 0.00867 10.01248]0.0038 || 43.20

02203p.02214).02139p.02199D.021110.02214} 0.02111 10.02199] 0.0005 [p.00928D.01262). 1.021080.02108)0.02108] 0.00928 |0.01262}0.0059 jf 42.61

£

70.02173p.02206).022150.02218D.0223250.02232] 0.02173 0.02215} 0.0002 [.01701p.00979b.00901D.017160.00894)0.01716] 0.00834 [0.00975]0.0043 || -55.80

8.02179p.02126.02323p.02131D.02216)0.02323[ 0.02126 0.02179] 0.0008 [b.01005].00891p.00896D.01117p.01013)0.01317] 0.00891 0.01005] 0.0008 |{ -53.88

BTE

.02215p.02238p.02232P.02215D.022150.02238| 0.02215 [0.02215] 0.0001 |p.00874 p.01007].00899p.01006] 0.009 0.01007} 0.00874 | 0.009 |0.0006 |{ -69.37

I50.0221600.02218.022181.02218p.02218)0.02218] 0.02218 [0.02218] 0.0000 |D.00971D.01738p.00844D.00968p.01738]0.01738] 0.00844 [0.00971] 0.0045 |{ -66.22
] ] | ]A=0.196B=0.02074C=0.021)C=0.000]f { | i |A=0.192p=0.00818[C=0.018L=0.002)=-17.28
H —duTnualududau max —f1fanaia (RMSE) mnnvgaainnisvasas 5 A%

min —A1Aanana (RMSE) Uaudgasnmmanas 5 afo mean -AnadsuavdiamAsnaIn (RMSE) 3nmismaaas 5 afo
1,2,3, 4,5 -sammsaanfod 1, 2, 3, 4, 5 Tasdenndlassthotinatanain (RMSE)

sD —a"\ti(mmumasg’mraommmannaﬁmmmmaam 5 afo A -FrnuAsnataaInidgaainnmsaasy 50 uuy (1-50 Twus)

B -danudanaiatandganmsmasas 50 uuy (1-50 Tuua) C -drafuainmsmasas 50 uuy (1-50 Tuua)

re -reduce waftduddtasoiutiinatanainnsss Tnowldain (meanusman-Meanmmy)/Meanmm® 100

- Vv a 3 A a Yo a v o -
HaN1SNAABININAIITINN ¥.15 naasliiui elinis 199 1muTnusnmidulusu
) 12 g o [] 1] ) o
gou ms I¥anihminuuunarosnmuminl¥inssiva linafianarnasaaynuuy (§uou
A v o 5 » Y a o 1 a ¥ Ll H LY
Tnuanmnulususew) lavdrAatlusuatsnnynuuunisnaaeds nislganiimin
uuynarasnua i Inssvisa nafianainanas Inomnde 17.28% Taonaranataiioy
H N : y ¥ o v 3 ° Y o
hgaveaIasavwaitlganiminfisenufies s 0.02074 e ldsmauTnualusudou 12
a H 9 o ' Aqus ¥ o s
Tnua uazwaRanaianiosigavelInsavioanlganiminuuuraissninuafo 0.00818

» v N
WoldvmuTnualususou 43 Tuua
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Feed forward NN uuutdeninndniuioedndm (FNN) Feed forward NN uunlaawlwal ¥ (MSFNN)

H 1 2 3 4 s | max min mean SD 1 2 3 [ 4 [ 5 l max l min mean 8D re{%)
11.17099p.16779p.17022p.17274.168540.17274] 0.16779 |0.1702 | 0.002 [.16624p.16624).16625.16625D.16625)0.16625] 0.16624 |0.1663 | 0.000 || -2.33
2 D.10858p.110220.10852.11003p.110030.11022] 0.10852 [0.1100 | 0.001 |p.11062].10893D.10804D.10804D.10893)0.11062{ 0.10804 J0.1089 [ 0.001 |[ -1.00
3 0.02854D.0229400.02196.02403p.0225900.02854] 0.02196 |0.0229 | 0.003 }.02773].02875p.02875p.02773D.0308200.03092] 0.02773 J0.0288 [ 0.001  25.33
4 P.02196[0.0226 p.021810.02497p.02318)0.02497] 0.02181 [0.0226 | 0.001 }h.01937].01878p.01878p.01879[0.0188 0.01937] 0.01878 [0.0188] 0.000 |[-16.66
5 D.02912D.02294P.02912D.02294p.03274J0.03274] 0.02294 {0.0291 | 0.004 |p.01917].02174D.01931D.01817D.01991[0.02174] 0.01917 [0.0199 | 0.001 [{ -31.63
6 ]0.02854/0.0226 0.021960.02196].021960.02854| 0.02196 [0.0220 | 0.003 1.01926p.01982D.01936p.01982D.0193710.01982] 0.01926 [0.0194 | 0.000 |{ -11.79
7 p.021640.02164).02812D.02318.02294).02912] 0.02164 [0.0229 | 0.003 §0.020170.02016D.01984D.02017.020040.02017} 0.01984 |0.0202 | 0.000 |{ -12.12
8 .02259p.02194D.02196].021550.0226 [ 0.0226 | 0.02194 [0.0220 | 0.000 }D.01831].01868D.01917D.01869D.01817(0.01931] 0.01869 [0.0192 ] 0.000 |{ -12.70
9 0.02194D.03099D.02236.02195p.02181p.03099] 0.02181 [0.0220 | 0.004 |0.01854].01946D.01946D.01854p.01968)0.01968] 0.01854 [0.0195 | 0.001 [ -11.34
110p.02283p.02181p.02181.02283D.02181.02283] 0.02181 [0.0218 | 0.001 [.02068 .02043p.02068p.01628D.02068)0.02068| 0.01628 [0.0207 | 0.002 || -5.18
[11P.02194D.03099D.02403D.02403].02174]0.03099] 0.02174 [0.0240 | 0.004 |p.01886.02017p.02016.02031p.020450.02045] 0.01886 [0.0202 | 0.001 {| -16.06
[12D.02558D.02194D.02184D.02596D.0277810.02778] 0.02184 [0.0256 | 0.003 ]D.01894].01734p.01934p.01894D.019340.01934] 0.01734 [0.0189 ] 0.001 f-25.96
[1300.03098p.02318)0.02259 0.0239 P.02181)0.03098] 0.02181 [ 0.0232 | 0.004 }{0.0162 P.02045D.01755/0.0202 .01829)0.02045] 0.0162 [0.0183 | 0.002 || -21.10
120.02384p.021680.02181D.03171D.02196§0.03171] 0.02168 [0.0220 | 0.004 |D.01657.01811D.02028p.01664p.02027)0.02028] 0.01657 [0.0181 | 0.002 }f -17.53
[15p.02169D.02478{0.0226 |p.02852].0247800.02852] 0.02169 [0.0248 | 0.003 1p.01964P.01717p.01949P.01964p.01802]0.01964] 0.01717 [0.0195 0.001 |/ -21.35
fre 0.027 D.02194D.021950.02384D.02478{ 0.027 | 0.02194 [0.0238 | 0.002 }.01811.01583P.01648D.01621D.01801)0.01811{ 0.01583 [0.0165 | 0.001 Y| -30.87
[170.02196D.02372p.02372] 0.0325 02403} 0.0325 | 0.02196 [0.0237 | 0.004 10.01681.01707P.01634D.017750.0168 0.01775] 0.01634 [0.0168 | 0.001 |{ -28.13
[180.02194D.02403p.02318D.02294D.02174]0.02403] 0.02174 [0.0229 { 0.001 [D.01613.02099{0.0169 P.02006D.0159110.02099] 0.01531 {0.0169 | 0.002 |} -26.33
[19D.02196D.02497).02497D.03099.02854)0.03099] 0.02196 [0.0250 | 0.004 }0.0218 [0.0157 D.01626]0.0162 p.01621]0.0218 | 0.0157 [0.0162 | 0.003 if -35.08
20D.02558p.02702].02701b.02196).02558)p.02702[ 0.02196 |0.0256 | 0.002 [P.01602p.01813P.01628D.01593D.015940.01313] 0.01593 [0.0160 | 0.001 ff -37.37
2100.02596D.02621.025960.026210.02194]0.02621) 0.02194 {0.0260 | 0.002 |h.02013D.01567D.01969D.01932P.015330.02013] 0.01533 {0.0193 | 0.002 i -25.58
2p.02168] 0.027 D.021950.02854D.021810.02854] 0.02168 | 0.0220 | 0.003 |p.02243p.02271D.01537D.02043D.02045p.02271] 0.01537 [0.0205 | 0.003 || -6.83

02294)0.0216¢] 0.027 | 0.027 | 0.027 | 0.027 | 0.02168 | 0.0270 | 0.003 |p.02032].01509p.01642{0.0177 P.02348}0.02348] 0.01509 [0.0177 | 0.003 || -34.44
240.03171.02779p.02776.03098p.03089)0.03171] 0.02778 |0.0310 | 0.002 [p.02067D.02074p.01949D.01522{0.0228 [ 0.0228 | 0.01522 [0.0207 | 0.003 |{-33.28
25D.02854],02855].02858)0.03099p.028580.03093] 0.02854 |0.0286 | 0.001 |p.02118].01294D.01524p.02083D.020880.02118| 0.01294 10.0208 | 0.004 |f -27.12
R6p.03171).03099p.03098] 0.0325 P.02852]0.0325 | 0.02852 [0.0310 | 0.001 [D.020550.01299p.02322.020680.023220.02322] 0.01299 [0.0207 | 0.004 |[ -33.27
27D.02852] 0.0325 0.028520.03022.03198| 0.0325 | 0.02852 [0.0302 | 0.002_[D.01427.01476D.01313D.01399p.014470.01476] 0.01313 {0.0143 | 0.001 |[ -52.78
|280.03171p.03098].03022.03099].02853}0.03171] 0.02859 [0.0310 [ 0.001 [ 0.014 p.01362[0.0136 p.01337D.01431).01431] 0.01337 |0.0136 | 0.000 || -56.04
1290.03275p.02778p.031980.03147p.03098)0.03275| 0.02778 [0.0315 | 0.002 [p.015750.01278.01388D.0195600.01358.01956] 0.01278 |0.0139 | 0.003 |f -55.86
0D.03171P.02778p.034080.03099D.03198)0.03408] 0.02778 |0.0317 | 0.002 [P.02447D.01978D.02447D.02447D.01548)0.02447] 0.01548 [0.0245 | 0.004 |i -22.83
1p.02858] 0.0325 10.02854)0.03099D.02855] 0.0325 | 0.02854 [0.0286 | 0.002 [p.01934D.01425p.01358D.01492p.01292)0.01934] 0.01292 |0.0143 | 0.003 |{ -50.14
2D.03275.03274p.028590.032759,030220,03275] 0.02859 {0.0327 | 0,002 |b.01382p.01648h.02212p.01613]0.0162 [0.02212] 0.01382 |0.0162 0.003 |[ -50.52
30.03275.03274D.030990.02854D.03099[0.03275] 0,02854 [0.0310 | 0.002 |.01633[0.0127 p.01302p.01421D.013480.01833] 0.0127 |0.0135 | 0.002 || -66.50
h.4p.03022).03408p.02778| 0.0364 P.02852[0.0364 | 0.02778 | 0.0302 ] 0.004 [{0.0126 D.02579p.02579p.02579D.01255).02579] 0.01255 |0.0258 | 0.007 |1 -14.66
5D, 028550.03275.03099.02852D.03188.03275| 0.02852 |0.0310 | 0:002 [D.01233D.01736D.01281D.01376D.013770.01735] 0.01233 [0.0138 | 0,002 || -55.60
beb.03147p.02852{0.0364 p.02852.037840.03784] 0.02852 | 0.0315 | 0.004 [D.01729.01219p.01376D.01208D.011850.01729] 0.01195 |0.0430 | 0.002 | -58.75
7p.03274p.03098p.02779p.03275] 0.036 | 0.036 | 0.02779 [0.0327 | 0.003 }h.01197]0.0152 .01325D.01246P.01189] 0.0152 | 0.01189 [0.0125 | 0.001 }{ -61.94
Bep.02854p.028580.03098p.03171p.02779p.03171] 0.02779 [0.0286 | 0.002_[D.01651p.0124510.0182 D.01179p.01227]0.0182 | 0.01179 |0.0125 | 0.003 }j -56.44
boh.02858/0.0369 |p.03274.02779p.03099| 0.0369 | 0.02779 |0.0310 | 0.004 [D.01272.01673D.01196D.01195p.01313D.01673| 0.01195 |0.0127 | 0.002 i -68.95
400305803775 0.0364 .03198.03147p.03775[ 0.03098 | 0.0320 | 0.003 [D.02131).01199]0.0109 p.01692.0194800.02131] 0.0109 |0.0169 | 0.005 }f 47.09
41]0.0325 .0285200.02654,03098P.0375800.03758] 0,02852 |0.0310 | 0.004 |D.01109P.01292p.00972p.013060.01087)0.01306] 0.00972 [0.0111 | 0.001 }f -64.20
42D.0425600.03099D.028550.02859p.0317 110.04255| 0.02855 | 0.0310 | 0.006 |D.01089]0.0109D.01394p.01712p.0111600.01712{ 0.01089 [0.0412 | 0.003 |} 63.99

03099D.03408] 0,0325 .03274D.03147]0.03408] 0.03089 | 0.0325 | 0.001 [10.0162 P.02949p.01018/0.0177 p.01837[0.02948] 0.01018 10.0177 | 0.007 |f -45.54
44,03 171D.02855}0.02776[0.02852{0,0364 | 0.0364 | 0.02778 |0.0286 | 0.004 |D.01621.01162D.01067p.01234p.02585)0.02569] 0.01067 [0.0123 | 0.006 || -56.78
145]0.0364 .03909p.02858] 0.0325 p.03408)0.03909] 0.02858 {0.0341 | 0.004 |D.01038D.01663p.01065p.016641.0182200.01822f 0.01038 |0.0166 | 0.004 } -51.20
46D.037060.03936)0,034080.030980.03707]0.03936] 0.03098 [0.0371 | 0.003 1.01158D.01433D.01154D.00936p.010660.01483] 0.00936 |0.0115 | 0.002 | -68.66
7h.04505{0.0464 p.036590.03652p.04096{ 0.0464 | 0.03852 | 0.0410 | 0.004 [01.02958.01012P.01164P.01664p.01077]0.02958] 0.01012 |0.0116 | 0.008 |f -71.60
a}0.04099p.04098D.04408.04018].0402210.04408| 0.04018 |0.0410 | 0.002 [b.01602.02999D.02045p.01949b.0122310.02999] 0.01223 |0.0185 | 0.007 || -52.44
l49p.04098p.04408).04275.03854].04274.04408] 0.03854 [0.0427 | 0.002 [D.01853p.02043D.01932[0.0169 D.017260.02043] 0.0169 |0.0185 | 0.001 || -56.64

.04099D.03779) 0.0425 .04098D.64171[0.0425 | 0.03779 [0.0410 | 0.002 [D.01542P.01945D.01113D.01708.0115410.01949] 0.01113 |0.0154 | 0.004 |} -62.38
|l 1 =0.173B=0.02164(C=0.030[C=0.002}{ [A=0.16655=0.00936(C=0.018[C=0.002]f=-33.86

H —3wutwuatududau
min —f8anain (RMSE) aodganinnisueaas 5 afs
1,2, 3, 4, 5 —uamsvanaenfodt 1, 2, 3, 4, 5 TanAsnnitassthobinadanatn (RMSE)

SD ~ANJonuNATH U AIATINARMEIAINNTIMARDY 5 afo
B -Aanufanaiataudigannnisnaras 50 uuy (1-50 Tuus)

max —A1Aanate (RMSE) snnvignsnnismaaas 5 pfo
mean -fuadsraidiAuAanaia (RMSE) santsvaas 5 afs

re -reduce whafiduddinsedisDinafanaianass Taunld3In (Meanuspw-meanan)/meanpy* 100

A -maTmfanmmnniga’nnimmaazs 50 uwy (1-50 Tuun)
C -Anafuainmmanad 50 uuy (1-50 Tuua)

P vyd v A = Yo & 1w H
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Eiman Recurrent NR wustdsnhwilnidusauéus (ERNN)

Elman Recurrent NN uuuldsnhulnuiniuniaus’

MSERNN)

1 2 3 4

5 max

min

mean | SD 1

2 3 4

5 max min

mean

Sb

re{%)

0.202 D.206430.20527)).20199]

0.202 10.20643|

0.20199

0.202 | 0.0022 |p.16804

P.16691D.16804;0.1669

0.21381/0.21381} 0.1669

[0.16804

0.0207

-16.81

D.109940.10993D.104580.10851

P.104590.10994]

0.10458

Jo.10851] 0.0027 {p.09164

D.097410.09185D.09741

.09184100.09741} 0.09184

10.09185/

0.0030

-15,35

D.02948.023850.024568.02527

D.0245800.02948

0.02385

[0.02458} 0.0023 |p.02822

p.02376].02822].0246:

b.0237600.02822} 0.02376

10.02463)

0.0023

0.20

b.02527).025790.02526{0.0258

p.02385]0.0258

0.02385

lo.02528} 0.0008 |p.01892

p.01 189b.02203 D.01891

,0220310.02203] 0.01189

0.01892]

0.0041

-25,16

D.0245800.024590.02458p.02458

D.024590.02459)

0.02458

lo.02458} 0.0000 |p.01765

D.01985b.019859.01766p.01992 0.01992

0.01765

10.01985|

0.0012

-19.24

D.03321)0.02948.02548.02385

.02528)0.03321

0.02385

[0.02948[ 0.0037 |.02022

D.01933p.02214

0.01933p.019330.02214

0.01933

0.01933

0.0012

-34.43

P.02458p.02385p.02438p.0252

D.02465/0.02527

0.02385

[o.02458] 0.0005 |p.02053

D.01189p.01947]

P.01421D.01657)0.02053

0.01189

0.01657

0.0036

-32,59

D.02492.02385D.02458D.0252

0.0258 | 0.0258

0.02385

l0.02492] 0.0007 |p.02059)

D.01586p.01861D.01996}

].01996)0.02059] 0.01586

10.01996/

0.0019

-18.90

P.02528p.024590.02948D.0245:

0.0258 [0.02848

0.02458

10.02528] 0.0020 |p.01662

D-01949D.01948D.01637

b.0156500.01949] 0.01565

0.01662

0.0018

-34.26

aleje][wlaa[au]w]a]z

.02528.02527P.024590.02948D.024

02848

0.02458

0.02527| 0.0021 p.01475

0.0188 D.01967D.01421

b.029450.02945] 0.01421

0.0188

0.0061

-25.60

=

11.02575D.02458.02459p.02528p.02611)0.02611

0.02458

0.02528] 0.0007 {/0.0281

0.0281 p.01391D.0176:

.01391] 0.0281 | 0.013%1

0.01765

0.0073

-30.18

12D.03723

D.02459D.0278200.04284]

D.029480.04284

0.02459

j0.02948] 0.0075 |p.01342

P.01771p.01379p.01387}

P.01934D0.01934] 0.01342

[0.01387

0.0027

-52.95

0367110.0341 b.037470.03094

b.03063)0.03747

0.03063

0.0341 ] 0.0032 |P.01269

b.01368p.01701p.01637}

P.016150.01701] 0.01269

0.01615

0.0019

-52.64

D.03314).03568D.03321D.02963

.03643)0.03643)

0.02983

10.03321 0.0026 [.01231

b.02546].01569p.01888D.01657.02546]

0.01231

0.01657

0.0049

-50.11

0330 .03095] 0.0331 0.03309,

.0374700.03747]

0.03095

10.03309] 0.0024 [P.02432

D.01189p.01309p.02943D.01308)0.02943)

0.01189

0.01309

0.0080

-60.44

D.03344D.035680.03305D.03617]

D.033060.03637]

0.03305

10.03344] 0.0015 [P.01171

D.01368p.01741p.02196D.023120.02312

0.01171

0.01741

0.0050

-47.94

[1710.0311 D.0367110.0311 D.03111

D.034870.03671

0.0311

10.03111[ 0.0026 |p.01855

b.01678p.01509D.01848D.01269(0.01855|

0.01269

0.01678

0.0025

-46.06

h18p.03545.03226]0.03564P.03545|

.0354500.03554)

0.03225

10.03545 0.0014 |p.01277

D.02766D.02424

.02486p.02766/0.02766|

0.01277

10.02486]

0.0062

-29.87

119D.02759D.03634D.03094

b.030950.033050.03634,

0.02759

10.03095] 0.0032 |.01368

D.01399p.01892!

D.02255D.0299:

0.02992} 0.01368

j0.01892

0.0067

-38.87

[20§0.0276 [0.03978D.04457]

P.02759p.04555[0.04555| 0.02759

fo.03978] 0.0089 |p.03048|

0.0192 P.02256D.01191D.0119200.03048

0.01191

0.0192

0.0078

-51,73

2110.0341 D.03411)0.034880.03687|

P.03689)0.03689

0.0341

(0.03438 0.0014 [p.01421

D.03118D.01657D.01885D.0136

.03118} 0.01368

0.01657

0.0072

-52.49

0.0388 P.03971D.03595 0.0372

D.037190.03971

0.03599

0.0372 | 0.0015 |p.01231

D.01224D.011950.01225D.01493/0.01493)

0.01195

0.01225

0.0012

-67.07

D.040950.037470.04096D.04341

Dp.04412[0.04412]

0.03747

jo.04096] 0.0026 |p.01299)

0.02158D.02391p.02753]0.0288

0.0288 | 0.01299

0.02391

0.0063

-41.63

D.041450.04014D.04148D.04253)

D.04147]0.04253]

0.04014

jo.04147 0.0008 }b.01998

D.01166D.01526p.02735p.01375/0.02735

0.01166

0.01526

0.0063

-63.20

P50.04302.04317].043160.04174)

0.0445 [ 0.0445

0.04174

0.04316] 0.0010 |p.01345

0.0134 p.01337p.01156]

D.012210.01345] 0.01156

j0.01337

0.0009

-69.02

[26D.04346D.04121D.04342.04342]

D.04006{0.04346|

0.04006

0.04342 0.0016 [p.01381

0.0218 D.01615P.01891

D.01612]0.0218 | 0,01381%

0.01615

0.0031

-62.81

27D.0438310.04471).03672).05063,

p.036710.05063

0.03671

Jo.04383] 0.0059 [b.01269

D.01368D.01231D.01891

D.01765[0.01891f 0.01231

10.01368

0.0030

-68.79

28D.04447].03216§.03215p.04002]

P.04611)0.04611

0.03215

Jo.04002] 0.0066 |p.04233

0.0264 .02078D.01317D.01316/0.04233

0.01318

10.02078

0.0121

-48.08

[29D.04175{0.0479 |.04789D.05082

b.034780.05082

0.03478

lo.04783] 0.0064 [p.01467

D.01223D.01222p.01765D.01148[0.01765)

0.01148

10.01223

0.0025

-74.46

Bop.04589p.0372200.04587p.03721

b.042590.04589)|

0.03721

Jo.04259] 0.0044 |p.01538

.019330.01171p.01245p.030390.03039

0.01171

10.01536|

0.0076

-63.94

B1D.05283.04957).049810.04286

.05936/0.05936

0.04286

Jo.04981] 0.0060 |p.01058

0.0152 .01657D.01586D.0224500.02245|

0.01058

j0.01586

0.0042

-63.16

[320.05543p.05162p.04621

D.05628].0554410.05628]

0.04621

0.05543 0.0042 || 0.024

P.02026D.02519D.02559p.020250.02559

0.02025

0.024

0.0026

-56.70

[3390.055230.06224D.05522p.060:

.061150.06224

0.05522

0.06034]0.0034 [P.01891

P.01342D.01224D.01191

D.012770.01891| 0.01191

0.01277

0.002%

-78.84

[340.04847D.05512.055110.05187]

D.051870.05512

0.04847

0.05187] 0.0028 p.01073

D.03331 D.01615b.01072

0.0105 0.03331) 0.0105

j0.01073

0.0098

-79.31

350.048180.06407] 0.0656

.064460.0540

0.0858

0.04818

Jo.06407| 0.0077 [b.01908

P.02121p.01035p.02121

P.01664/0.02121) 0.01035

0.01808

0.0045

-70.22

136D.05735 0.0519 0.01484]

P.05501D.01

05735

0.01484

0.0519 | 0.0219 |p.01993

P.01933p.01765D.01586)

0.01243)0.01993} 0.01243

j0.01765

0.0030

-65.99

13710.03981D.069420.06942]

b.05223D.03982]0.06942)

0.03981

05223

0.0148 |p.01124

D.01142{0.0121 p.01481

.01108)0.01481| 0.01108

0.01142

0.0015

-78.14

057560.07027D.05677]

0.0686 P.05678]0.07027

0.05677

lo.05756| 0.0068 |b.01191

D.01295p.01091]0.0125

016560001656 0.01091

0.0125

0.0021

-78.28

T

90.050950.07877

D.06349p.05058.08496}0.08496)

0.05058

Jo.06349] 0.0141 [.01203

D.01368D.01624D.02425p.011420.02425[ 0.01142

10.01368|

0.0052

-78.45

4010.0589 0.06198]0.0771

0.0771 p.05831[0.0771

0.0589

[0.08198] 0.0095 l0.0122

p.01 578b.01 18310.0131

p.029610.02961 0.01193

0.0131

0.0075

-78.86

141D.098799.05852.07703

D.07811p.06824)0.09879)

0.05852

0.07703{ 0.0149 [p.01342

D.01115D,01231D.01558

p.01061)0.01558] 0.01061

0.01231

0.0020

-84.02

20,0788 | 0.0788

D.06976).06012p.06011[0.0788

0.06011

10.06976/ 0.0083 |p.04836

D.01277D.041550.01191

p-01275)0.04836| 0.01191

$0.01277

0.0180

-81.69

43D, 10567D.0781

b.08989D.09885D.066680.10567]

0.06668

lo.08985| 0.0157 |p.01085

P.03334

D.01586D.02325D.01156/0.03334

0.01085

0.01586

0.0094

-82.36

K4D.062540.0625:

.072660.07267D.072670.07267

0.06254

1067266} 0.0055 [h.01137

D.03119D.01783D.01118

p.04101f0.04101] 0.01118

0.01783

0,0132

-75.46

1450.08259D.06149

.105530.06148D.09232}0.10553

0.06148

0.08259} 0.0193 }D.01187

D.02847.02008]

.02009D.01131

0.02847| 0.01131

02008

0.0071

-75.69

.08317)0.05939D.

0.0594 p.093310.09332

0.05939

0.0831710.0172 {10.0137

b.01393D.01346D.02391

0.0164 [0.02391] 0.01346

0.01393

0.0044

-83.25

47D.06254)

P.099490.07008).09555D.06011.09949)

0.06011

0.07008] 0.0186 [10.0283

D.01316{0.0353 D.04723

D.013180.04723{ 0.01316

0.0283

0.0147

-59.62

09518D.07077p.09519D.12107D.07078)0.12107] 0.07077

j0.09518} 0.0210 [p.01231

D.01142D.01155D.01277]

0.01142

P.01391D.01391

0.01231

0.0010

-87.07

r

9D.07077.06011

p.059390.08208.06668)0.08208{ 0.05939

06668 0.0093 |p.01183

.00995p.01177p.01231D.01151)0.01231

0.00395

0.01177

0.0009

-82.35

Z

b.06148p.07077.08221

D.07152D.13363P.13363] 0.06148

0.07152} 0.0287 [b.01303

D.01269p.01657D.01503p.0118600.01657

0.01186

0.03303

0.0019

-81.78

|A=0.206=0.01484]

£=0.043C=0.004||

| JA=0.214]3=0.0098:

=0.01

IC=0.004)

L=-61.62

H —$wuTtnuslududan
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re -reduce Wafiduddasthumbinadanaiaanad TRoulHIN (Meanusgoar-Meansw)/Meanguy* 100
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M37971 v.18 HansNARBAZADATEITOYA ChuaCirc 19015 Jordan Recurrent NN.
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Jordan Recurrent NN nuuldanhuidninsduéuns (JRNN, Jordan Recurrent NN uuulddw i (MSIRNN)

H 1 [ 2 3 4 5 [ max min | mean | SD 1 2 3 4 | 5 | max min | mean | SD || re{%)
1.16904p.20223) 0.2262 .02235p.02235] 0.2262 | 0.02235 [0.1690 | 0.099 | 0.167 | 0.167 b.20142p.16886p.16886)0.20142] 0.167 |0.1689 ] 0.015 || -0.11
2[0.1139]0.1109 p.11243p.11418D.114710.11471] 0.1109 [0.1139 [ 0.002 |p.10311.08851p.09933p.10311D.0885200.10311] 0.08851 [0.0993 [ 0.007 |[-12.79
3 0.04063.033480.039580.03958D.03427)0.04063] 0.03348 [0.0396 | 0.003 |D.01672].02622b.01971p.02622.0262200.02622] 0.01971 |0.0262 | 0.004 | -33.75
4.02128p.02235{0.0214 P.02526D.02218)0.02526] 0.02128 J0.0222] 0.002 J{0.0183 p.01842]0.0183 p.01896p.0184300.01896] 0.0183 [0.0184 [ 0.000 |[-16.95
5 D.02191D.02148.02526{ 0.0239 [0.0234 [0.02526] 0.02148 [0.0234 | 0.002 |D.01916].01916D.02102).02207p.0210200.02207} 0.01916 |0.0210 | 0.001 [[-10.17
6 D.0214170.0214 0.0214 D.02191D.02141)0.02191] 0.0214 |0.0214 [ 0.000 .07859]0.0186 .01934D.01965] 0.0186 0.01965] 0.01859 [0.0186 [ 0.001 || -13.12
7 p.02191{0.0249 .02136{0.0239 1.02136] 0.0249 | 0.02136 [0.0219 | 0.002 [D.01919D.01889p.01984p.01885).01919)0.01985] 0.01889 |0.0192 | 0.000 |[ -12.41
80.021580.0262 ].02147].02165]0.0249 | 0.0262 | 0.02147 |0.0217 | 0.002 |p.01923]0.0194 p.01941]0.0199]0.0199{0.0199 | 0.01923 [0.0194 [ 0.000 |f -10.51
90.0234 [0.0239 p.02191).02158p.02418)0.024 18] 0.02158 [0.0234 | 0.001 |p.01933].01933p.01932D.01933p.01826)0.01933] 0.01826 [0.0193 | 0.000 || -17.39
}10{0.0262 p.02471)0.024010.0234 D.02158) 0.0262 | 0.02158 §0.0240 | 0.002 ]b.01632]0.02011D.02143]0.0202 p.02012)0.02143} 0.01632 [0.0201 | 0.002 |[ -16.20
H1D.02235D.02235D.022350.02235D.02136(0.02235] 0.02138 0.0224 | 0.000 1h.01858].01827p.018590.0194 P.01748]0.0184 | 0.01748 [0.0186 | 0.001 || -16.87
h2p.02418{0.0234]0.0234 ] 0.0234 p.02418)0.02418] 0.0234 |0.0234 | 0.000 }p.02002p.01814D.02102{0.0185 p.01745)0.02102] 0.01749 {0.0185 [ 0.001 | -20.94
113D.024010.02235] 0.0249 p.02401D.02401]0.0249 | 0.02235 ]0.0240 | 0.001 |p.01683p.01724D.01655D.01654P.01682)0.01724] 0.01654 {0.0168 | 0.000 |[ -29.95
h4]0.0262 {0.0234 .02243p.02243p.02243[0.0262 | 0.02243 |0.0224 | 0.002_|p.01673p.02044D.02043P.02087.021160.02116] 0.01673 [0.0204 | 0.002 || -8.87
[150.0223510.02235D.0215810.0239 [0.0239 [ 0.0239 | 0.02158 [0.0224 | 0.001 |p.01665] 0.017 p.01666p.01644[0.0166] 0.017 | 0.01644 0.0167 | 0.000 |f -25.50
160.02418.024180.024190.02419h.02418)0.02419[ 0.02418 |0.0242 | 0.000 1p.01637).01683D.01949p.01864.01638)0.01949] 0.01637 {0.0168 | 0.001 |} -30.43
17D.02148D.02471D.02586.02587D.0247100.02587] 0.02148 [0.0247 | 0.002 }.01802]0.02112D.02059p.02243D.01601)0.02243] 0.01601 [0.0206 | 0.003 |i -16.67
11810.0243 P.02694]0.02490.0243 [0.0249 0.02694] 0.0249 {0.0249 | 0.001 |p.01648p.02019D.01884]0.0161 P.01674)0.02019] 0.0161 [0.0167 [ 0.002 |f -32.77
h90.0252600.02526.02527D.02243D.025260.02527{ 0.02243 {0.0253 | 0.001 1h.01742.01562]0.0202 P.01624D.01594[0.0202 | 0.01562 |0.0162 | 0.002 || -35.74
[20.02136p.02418 0.0234 0.02401p.02471)0.02471] 0.02136 {0.0240 | 0.001 1b.01493p.01794.01563[0.0152 p.015080.01794] 0.01493 [0.0152 | 0.001 |{ -36.69
21p.02191]0.0239 p.02621]0.0214 D.0247100.02621] 0.0214 [0.0239] 0.002 |p.01493].01683D.02212]0.01395D.0221200.02212] 0.01395 |0.0168 | 0.004 [{ -20.58
1.022350.0262 | 0.0249 .02235]0.0249 0.0262 | 0.02235 {0.0249 | 0.002_[D.01843P.01745/0.0161 p.01486.01648)0.01843] 0.01486 [0.0165 | 0.001 |} -33.62
k39.02158]0.0214 D.02401p.02418p.02243)0.02418] 0.0214 |0.0224 | 0.001 |h.02314]0.0146[0.0145 P.01572p.019670.02314] 0.0145 |0.0157 | 0.004 || -29.92
4{0.0214 .02526p.03031.021360.0282 10.03031] 0.02136 [0.0253 | 0.004 |p.01538].01291D.01459{0.0199]0.0147 | 0.0199 | 0.01291 10.0147 | 0.003 || -41.81
[25D.02418.02418.02158D.02191D.024710.0247 1] 0.02158 |0.0242 | 0.001 |p.01483p.01541.01605D.01506{0.0205 | 0.0205 | 0.01483 10.0154 | 0.002 || -36.27

02243D.02471]0.0239 .02178]0.0214 0.02471] 0.0214 |0.0224 | 0.001 }10.0444 P.01293D.01381/0.0142 p.01419]0.0144 | 0.01293 [0.0142 | 0.001 I -36.74
27]0.0214 .02136p.02243.02526]0.0249 b0.02526] 0.02136 | 0.0224 | 0.002 [0.0138 P.01316].01459p.01464D.01379)0.01464] 0.01316 |0.0138 | 0.001 || -38.48
Ra.032510.03621.02727D.03251D.0292600.03621] 0.02727 ]0.0325 ] 0.003 |h.01983D.02011D.01417p.01364D.013630.02011] 0.01363 |0.0142 | 0.003 || -66.41
29p.03098p.03047.02947P.03051D.029670.03099 0.02947 10.0305 | 0.009 }10.0134 .01345D.01389D.01388D.013850.01389] 0.0134 0.0139 | 0.000 || -64.55
500.0342600.03647)0.03428.03427]0.0386 {00386 | 0.03427 |0.0343 | 0.002 [[0.0219 |.01538D.02458D.01425p.022430.02458] 0.01425 [0.0219 | 0.005 || -36.31
1b.03248).03799.03647]0.0345 D.03751).03799f 0.03248 {0.0365 | 0.002 |p.01424]0.01349D.01354p.01306D.01361[0.01424] 0.01306 ]0.0135 | 0.000 || -62.87
2{0.0335 | 0.0375 p.03521).03327p.03421] 0.0375 | 0.03327 | 0.0342 | 0.002 |p.01291p.01892D.01282p.02005p.021550.02165] 0.01282 [0.0189 | 0.004 || -44.69
83b.03248.03728] 0.0345 p.03328p.037470.03747] 0.03248 [0.0345 | 0.002 |p.01469).01438D.02015D.01261D.0212300.02123| 0.01261 |0.0147 | 0.004 || -57.42
Bab 03326).03747]0.0386 .03421p.03421 0.0386 | 0.03328 [0.0342 | 0.002 |D.01756.01305p.01304p.01209D.01246/0.01756] 0.01209 |0.0130 | 0.002 [ -61.88

.0324810.0379 P.03327p.03328D. 0.0379 | 0.03248 |0.0333 | 0.002 |p.01384p.01241p.012140.01292]0.0132[0.01384] 0.01214 J0.0129] 0,001 |f -61.18
be{0.0335]0.0335 |b.03428D.03328p.03747p.03747] 0.03328 |0.0335 | 0.002 |p.01194D.01315p.01193D.01299p.01269)0.01315] 0.01193 }0.0127 | 0.001 |l -62.12
7p.03747.03751.03647]0.0335 1.03963)0.03963] 0.0335 [0.0375 | 0.002 [.01443{0.0128 P.01269p.0119210.01192)0.01443] 0.01192 | 0.0127 | 0.001 || -66.13
Bah.03428D.03963]0.0375 0.03427]0.0386 /0.03963( 0.03427 [0.0375 | 0.002 [[0.0124 .01197p.01196p.012050.01186}0.0124 | 0.01186 |0.0120 | 0.000 |f -68.08
(9p.03795p.03328D.03767p.03892] 0.0345 10.03892| 0.03328 |0.0377 | 0.002 |D.01133].01364D.01289p.01795{0.0128 p.01709] 0.01133 [0.0130 | 0.003 }f -65.52
lob.03747p.04054{0.0375 |p.03751p.03892)0.04054] 0.03747 {0.0375 | 0.001 |D.01154D.01311p.02743p.01148p.0157800.02743] 0.01148 |0.0131 | 0.007 |f -65.05
k1p.03428{0.0345 .03747P.03799p.036670.03799] 0.03428 | 0.0367 | 0.002 |p.01702D.01769.01701D.01108p.01227)0.01768| 0.01108 |0.0170 } 0.003 || -53.61
ls2b.03799D.03427p.03667p.03327D.03751.03759] 0.03327 |0.0367 | 0.002 [D.01136]0.0112 p.01089p.01119/0.0109 10.01136} 0.01089 [0.0112| 0.000 |f -69.48
l83p.03428p.0372600.04389] 0.0375 | 0.0345 [0.04389] 0.03428 |0.0373 | 0.004 [{0.0112 .01098D.01053p.01122p.010990.01122] 001053 10.0110 | 0.000 |[-70.50
l44b.03647.03767p.03892p.03647p.036470.03892] 0.03647 | 0.0365 | 0.001 [P.01296.01369D.01261]0.0117 p.01059)0.01369] 0.01059 [0.0126 | 0.001 }f -65.42

03647]0.0345 10,0375 p.03248D,0396300.03963] 0.03248 ]0.0365 | 0.003 [[0.0104 P.01091D.01041[0.0113.01788/0.01788] 0.0104 [0.0109] 0.003 }i -70.09
lee] 0.0386 b.03726p.04485p.04121p.041060.04485| 0.03726 [0.0411 | 0.003 |h.01218D.01113D.01047/0.0205 p.01217) 0.0205 | 0.01047 |0.0122 | 0.004 |} -70.36
ls7b.03521]0.0335 p.03421).03726.03892)0.03892] 0.0335 |0.0352 | 0.002 |.011961.01139D.010460.010310.010350.01196] 0.01031 [0.0105 | 0.001 }j -70.29

0.0335 0.03667p.03248p.03692D.03751)0.03802] 0.03248 |0.0367 | 0.003 [D.01029p.01771D.01917[0.0103 .018760.01817] 0.01028 |0.0177 | 0.005 }f -51.70
49D.03892).03767] 0.0335 [ 0.0335 | 0.0386 0.03892] 0.0335 | 0.0377 | 0.003 |h.01271].00985/0.010 [0.0143 p.01628)0.01628 0.00985 |0.0127 } 0.003 |} -66.26
500.03726D.034280.03521).03427.0374700.03747| 0.03427 [0.0352 | 0.002 }D.01121P.01103D.010570.01104P.011030.01121] 0.01057 |0.0110 | 0.000 f -68.67
| )] | A=0.226]8=0.02128[C=0.031)C=0.002}f A>0.201B=0.00985C=0.016C=0.001}f=-36.71

H -dwuTuwualududan

min —AAsnata (RMSE) dasdgaannmsmany § afa
1,2, 3, 4, 5 -uammaanafodt 1, 2, 3, 4, 5 TeoAaanitTassthotvinalanaia (RMSE)

SD -ﬁh\t{mmumasg’m'uaommwannmmmmmaam s afo
B -dAmrmAanmavauvigasinnisuaaas 50 uyy (1-50 Tuua)

max —Aflanaia (RMSE) snnfigasinnisnasad 5 A%
mean -ANadnyaIRIAAANAIR (RMSE) 3nniswaans 5 afo

re -reduce waiduddTasothoabvinadanainnnny TREM1AIN (Meanusrw-MeaNwn)/Meanmue*100

A ~frwrrmfanainnnigaannimaaa 50 wins (1-50 Twus)
C -Antadpainmmeaans 50 uuy (1-50 Tuua)

o 3 o J A = Vo 4 1 o 2
HANITNADOITINAIT NN U.18 naa iy meumshmmuTnuﬂmmﬂﬂuw
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M9 2.19 HaNINAABMDTABAYEITEYA ChuaCircCN 10014 Feed forward NN.
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Feed forward NN wuutdanhwnlnnineriuéu (FNN) Feed forward NN uuutaddnlw; " (MSFNN)

Hl 4 2 | 3 4 5 Jmax [ min [mean| so 1 2 [ 37T 4 5 [max ][ min Jmean| sp |l re(%)
1 .19588p.19588p. 19588D. 19587p.19423)0.19588] 0.19423 [0.1959 | 0.001 [[0.1981 b.19805p.20805p.20296)0.20806/0.20806{ 0.19809 {0.2030 | 0.005 || 3.61
2.13712p.13373D.13713p.13713D.13423p.13713] 0.13373 [0.1371 | 0.002 |b.10917p.10916p.10803P.10803p.10917/0.10917] 0.10803 J0.1092 ] 0.001 |l -20.39
3 P.023550.02326p.02535p.02423p.02491)0.02535] 0.02326 |0.0242 | 0.001 |.02361}0.0236 .02361D.02361}0.0236 10.02361] 0.0236 | 0.0236 | 0.000 || -2.56
4[0.0253 0.02371p.02574.02426.02394]0.02574] 0.02371 |0.0243 | 0.001 |D.02162].02161p.019540.01954p.02132}0.02162| 0.01954 [0.0213 [ 0.001 [[ -12.12
50.0249 p.02326D.02419p.02568p.0250900.02568] 0.02326 [0.0249 | 0.001 [[0.0236 {0.0227 {0.0227 p.02359p.02411)0.02411] 0.0227 f0.0236 | 0.001 || -5.26
6 1.02423p.02418D.02481).024810.0241900.02481] 0.02418 [0.0242 | 0.000 |p.02112].02043b.02043p.02112.02043]0.02112} 0.02043 [0.0204 | 6.000 [{ -15.68
7 P.02476{0.0242 .02374D.02615p.02368)0.02615] 0.02366 0.0242] 0.001 [f0.0221 p.02064p.01988]0.0221 P.02064[ 0.0221  0.01588 [0.0206 | 0.001 |l -14.71
8.024180.02269p.02476D.02352D.02371)0.02476] 0.02269 [0.0237 | 0.001 |D.02128].02057p.02004p.02129p.02004[0.02129] 0.02004 [0.0206 | 0.001 |[-13.24
90.0249 p.02352p.026160.02615]0.0253 0.02616] 0.02352 |0.0253 | 0.001 [.02033 P.02002.02002D.02003p.02033}0.02033{ 0.02002 [0.0200 | 6.000 | -20.63
0{0.0249 p.02509p.02535D.02578p.02541)0.02578] 0.0249 [0.0254 | 0.000 |P.01993D.02003p.02003p.01992p.01992)0.02003} 0.01992 [0.0199 | 0.000 {[ -21.38
[11p.02423p.02423].024260.02374{0.0253 [ 0.0253 | 0.02374 {0.0242 [ 0.001 [p.02197].02019p.01998b.01997p.0201900.02197] 0.01997 J0.0202[ 0.001 f -16.67
1120.02354D.02355p.02352).02355p.0235500.023551 0.02352 [0.0236 | 0.000 [p.02155h.02105p.01957p.02105]0.0207 [0.02155{ 0.01957 [0.0211 | 0.001 |{ -10.62
h3D.02373p.02279p.02509.02578p.02541)0.02578] 0.02279 |0.0251 | 0.001 |p.02049{0.0203 | 0.021 [0.0203 p.021150.02115] 0.0203 [0.0205 | 6.000 |[ -18.33
h4p.02326p.023260.02374p.02327p.023680.02374] 0.02326 [0.0233 | 0.000 [j0.0216 p.02227D.02159p.02227p.01976§0.02227] 0.01976 [0.0216 | 0.001 || -7.18
15D.02352].02326[.02476p.02535D.0247610.02535] 0.02326 {0.0248 | 0.001 [D.02014p.01828D.02058D.02426p.0212610.02126] 0.01828 10.0206 | 0.001 [[ -16.88
116D.02368D.022720.02574D.02394]0.0242 }0.02574] 0.02272 |0.0238 | 0.001 [p.02131].01934{0.0198 P.01988D.02056[0.02131] 0.01934 |0.0199 { 0.001 |f -16.96
17D.02371D.0237110.0242 P.02355D. .02535] 0.02355 0.0237 | 0.001 |D.01857]0.0197 p.01854[0.0198 P.01891] 0.0198 | 0.01854 {0.0196 | 0.001 Hf -17.46
80.02275p.026150.02274.02574].023710.02615] 0.02274 10.0237 | 0.002 [p.02058].01726p.02011p.02059D.0207610.02076] 0.01726 [0.0206 { 0.001 |[ -13.20
[19D.02426].024230.02326.02426{0.0249 [ 0.0249 | 0.02326 [0.0243 | 0.001 [D.01628]p.01888D.01867]0.0181 p.01777)0.01888 0.01777 |0.0183 | 0.000 || -24.65
023520.02568]0.0253 ]0.02326].02535p0.02568 0.02326 {0.0253 | 0.001 [p.01823p.01854D.02093p.02143p.0224210.02242] 0.01823 0.0209 | 0.002 || -17.27
21p.02476D.02281D.02418p.02615p.02419)0.02615] 0.02281 [0.0242] 0.009 [p.01768D.01592p.01673).01706P.0168500.01768] 0.01592 |0.0169 | 0.001 || -30.34
22D.023680.02272)0.02491.02615D.02288{0.02615] 0.02272 }0.0237 [ 0.001 |p.01771]0.0177 P.01592p.02102p.017890.02102} 0.01592 [0.0177 | 0.002 || -25.21
23D.02373p.0237410.02275p.02615p.02374/0,02615] 0.02275 [ 0.0237 | 0.001 [p.02144p.01634D.01887p.02172P.02172)0.02172] 0.01634 [0.0214 | 0.002 | -0.69
24D.02394p.024260.02419D.02574p.02419)0.02574] 0.02394 |0.0242 | 0.001 [D.02173P.01901p.01681p.01648p.02174/0.02174] 0.01648 [0.0190 | 0.003 |f -21.41
250.0253 .023260.02394).02426.02426] 0.0253 | 0.02326 |0.0243 | 0.001 [p.01538D.01817D.01644p.01674D.02139)0.02139] 0.01538 |0.0167 | 0.002 I -31.00
02371.02508D.025410.02355D.02476{0.0254 1] 0.02355 [0.0248 [ 0.001 [D.02257D.02543D.02874D.01682D.016430.02874| 0.01643 10.0226 | 0.005 | -8.84
27D.02418D.024820.02578.02481D.02326p.02578] 0.02326 0.0248 | 0.001 [p.01539D.01736D.02217p.01837p.0186710.02217] 0.01539 |0.0184 | 0.002 || -25.96
02371p.02373p.02509.02578D.024910.02578| 0.02371 {0.0243 | 0.001 |p.01572p.01571p.02227p.02227p.02227)0.02227] 0.01571 |0.0223 | 0.004 |f -10.60
2910.0251 .025090.02426p.02568.02509.02568] 0.02426 {0.0251 [ 0.001 [p.01592p.02247p.016160.02041p.017250.02247] 0.01592 [0.0173 | 0.003 | -31.25
15010.0249[0.0242 | 0.0243 00245 b.02419} 0.0249 | 0.02419 [0.0248 | 0.000 |h.02223p.01477p.02918D.01738D.022230.02918] 0.01477 [0.0222 | 0.006 }f -10.72
1]0.0242 p.02491]0.0249 p-023940.02491)0.02491] 0.02394 [0.0248 [ 0.000 |.01759]0.0148 b.02093p.02901D.01533p.02001| 0.0148 |0.0176 | 0.006 [ -20.36
32p.02355p.026150.02426.02394D.02574)0.02615] 0.02355 |0.6243 | 0.001_{D.01498.01685p.01771p.01379h.02857[0.02887| 0.01379 |0.0169 | 0.006 || -30.54
h3D.02326{0.0242 .02368p.02509p.02261)0.02509] 0.02281 ]0.0237 | 0.001 [p.02144] 0.015 D.01355p.02809p.0160200.02909( 0.01355 }0.0160 | 0.006 || -32.35
B4D.02373D.024180.02426D.02541D.0242300.02541] 0.02373 |0.0242 | 0.001_|.01408]0.0227 P.01399P.01987D.01346{0.0227 | 0.01346 |0.0141] 0.004 | -41.89
B.5D.02542D.025410.02541.02541P.025420.02542] 0.02541 | 0.0254 | 0.000 [5.01386.01387D.01441D.01662].02147)0.02147| 0.01386 |0.0144 | 0.003 | -43.29
b 6D.02541D.0250900.025681.0254 1D.02568)0.02568] 0.02509 |0.0254 | 0.000 |D.02366.01357p.02366p.02366p.02919)0.02919] 0.01357 }0.0237 | 0.006 || -6.89
b7p.02578p.02352p.02368p.02578p.02299%0.02578] 0.02299 |0.0237 | 0.001_[D.01308.02349D.01416{0.0171 ).01412D.02349] 0.01308 |0.0142 | 0.004 }j -40.20
B8h.02574D.02574D.024230.02371D.02574],02574] 0.02371 |0.0257 | 0.001 |p.01325[.022180.01717D.013260.013760.02218] 0.01325 [0.0138 | 0.004 } -46.54
B9p.02578p.02491D.02615p,02476p.02352)0.02615] 0.02352 {0.0249 | 0.001_|p.01278D.02429{0:0243 P.01662p.01373} 0.0243 | 0.01278 |0.0168 | 0.006 |f -32.48
l40p.02371p.02491]p.02568b.02355{0.0242 [0.02568) 0.02355 |0.0242 | 0.001 |h.01419].01398D.02391p.01379P.02391/0.02391 0.01379 [0.0142 | 0.005 J| 41.36
41/0.0242 p.02368p.02509p.02573p.02573)0.02573] 0.02368 [0.0251 | 0.001 [.02468).01327p.01351D.01343]0.0172 0.02468} 0.01327 |0.0135 | 0.005 || 46.15
420,02535p.02374] 0.0249 D.02509]0.0249 [0.02535] 0.02374 |0.0249 | 0.001 [D.01333D.01558D.01334D.01315[0.0121 0.01558] 0.0121 |0.0133 | 0.001 || -46.47
1430.026170.023260.02373]0.0249 P.02616).02617] 0.02326 | 0.0249 | 0.001 |D.01396].02442D.02442D.02242D.0139400.02442{ 0.01394 |0.0244 | 0.008 || -1.93
ke4p.02509h.023710.02326p.02574p.02352)0.02574} 0.02326 [0.0237 | 0.001_|p.01236].02445p.02445p.01901p.013620.02445| 0.01236 |0.0190 | 0.006 i -19.82
145D.02669D.02669] 0.0267 .027440.0267 10.02744] 0.02669 |0.0267 | 0.000 ||0.0137 |.02437]0.0246 P.01524p.02171]0.0246 | 0.0137 |0.0217 | 0.005 |t -18.69
46D.02419D.02476p.02326.02419D.025090.02508] 0.02326 |0.0242 | 0.001 |p.01571.01251D.01327D.01135p.0133410.01571) 0.01135 |0.0133 | 0.002 |f 45.14
4710.0237 11.02289D.02476.02426]0.024760.02476{ 0.02289 |0.0243 | 0.001 1p.01254].01071D.016640.01164D.0135600.01664] 0.01071 |0.0125 | 0.002 || -48.31
b.02371D.02368] 0.0253 [0.02423p,024 18] 0.0253 | 0.02368 }0.0242 | 0.001_|P.01167).02478D.02478D.01196D.014250.02478] 0.01167 |0.0143 | 0.007 | 41.07
.02568]0.02394]0.024260.02535p.023730.02568] 0.02373 [0.0243 | 0001 [p.01227D.01441D.025010.0141 p.02501)0.02501] 0.01227 {0.0141 | 0.006 |/ -41.84
l50p.02541p.02578p.02279.02271|0.0253 [0.02578| 0.02271 {0.0253 [ 0.002 {.01262].01357D.03449p.01083D.02077j0.03449] 0.01083 }0.0136 | 0.010 |f -46.36
[A=0.196B=0.02269=0.024[c=0.001]| A=0.2085=0.01071[C=0.020C=0.002|F=-20.61

H -dwuTwuslududan

min ~d1fanaia (RMSE) vasiigannmismanas § afd
1, 2,3, 4, 5 —-nammnaneaod 1, 2, 3, 4, S TasAanniiaseicluatanaa (RMSE)

S -ﬁ"nt{aomumass‘:uummapnnnnma'nnmmaam 5 afo

B -AawAanaafagiigaainnimiaaay 50 uvu (1-50 Twus)

max —AAana1a (RMSE) innfigrannnisnasad 5 A%
mean -Anadusasdarudanaia (RMSE) 3nnmismaaa 5 afo

re -reduce WasidudviTassthoslinadanainansy TaenldaIn (Meanusan-Meange)/meanay™* 100

A ~Ffrnulswaisnadaannmmaaas 50 wuu (1-50 Tnua)
C -dAtafuainnisuaasy 50 vy (1-50 ivua)
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M3 1.20 vansnaaeazainveatoya ChuaCircCN 10u1¥ Elman Recurrent NN.

Elman Recurrent NN uuutdanhminoiossnéu (ERNN

Elman Recurrent NN uuuldanl: MSERNN)

[ ENENE

5 | max min mean

SD 1 2 3 I 4 I 5 [max min maanl SD re{%)

p.19365D.20365D.19355D.21364]

D.19365{0.21364] 0.19355 [0.19365|

0.0080 |D.20316 D.204040.19176b.20315 20216b.204M 0.19176 10.20315§0.0051 [} 4.91

p.14476D.14355D.14382D.14237

14382

p.1441500.14476] 0.14237

0.0009 0.07377 [0.09226 0.0245 [t -35.85

|b-12857]-09225p.12858D.07377p.09226)0. 12858

0.039899.03989D.03237D.03382]

p.03355/0.03989] 0.03237 0.03382

0.0037 [h.01639 0.0193ﬂ0.0194 P.0216210.0194 K.02162 0.01939 [0.0194 | 0.0010 |} -42.64

p.02095p.02098D.02133)

D.02476D.02321[0.02476] 0.02098

[0.02133]

0.0017 {D.02031 D.02041b.02031 P-01939p.02091%0.02091] 0.01939 [0.02031}0.0005 || -4.78

P.02269p.02483.023650.02365D.02426[0.02483| 0.02269

10.02365|

0.0008 |D.02054 D.02055b.02054 .02055b.020540.02055[ 0.02054 [0.02054}0.0000 |} -13.16

P.02535p.02371

P.02094].02095.02355)0.02535]

0.02094 10.02355|

0.0019 [0.02146 0.02146 )0.02376{0.0015 || 0.89

P.02147D.02426p.02425.0237600.02426|

P.02133.02333]

D.02133p.02133D.02333/0.02333

0.02133 0.02133]

0.0011 1D.01187 D.02224—El.02155b.02381b.021 570.02381) 0.01187 [0.02157/0.0048 || 1.13

P.02426p.021

.02887D.02126.02634)0.02887,

0.02125 [0.02426

0.02054 0.02114}0.0007 )| -12.86

0.0033 |.02054 p.02054D.02114p.02216p.021140.02218)

wie{~wjajnialwin|=]|T

.02328}0.0244 0.0232i

0.0223 P.02237] 0.0244

0.0223 0.02328

0.0009 |h.02092).01952p.021175.02092p.020920.02117} 0.01952 10,02092]0.0007 Jf -10.14

=
=3

D.02289].02283D.02288)

.02476p.023710.02476

0.02288 10.02289|

0.01981 10.02025{0.0003 j| -11.53

0.0008 [0.01982].02025]0.0204 P.02025p.019810.0204

=

10.023660.02237] 0.023

.02742p.02742)0.02742

| 0.02237 Jo.02366

0.0025 }{0.0208 D.02091p.01083p.01868].02079)0.02091] 0.01083 10.02078[0.0043 || -12:13

1120.02325).02326D.02325.01408D.025780.02578

0.01408 10.02325|

0.0045 1D.01513D.01489D.01488D.01602p.015780.01602] 0.01488 10.01513] 0.0005 [ -34.92

113p.0249700.02393.023930.0239:

026340.02634] 0.02393 }0.02303

0.0011 [D.01387).01532P.015200.01527p.01483)0.01532] 0.01387 J0.01527{0.0006 ][ -36.19

D.023221

02322)0.02322] 0.02322 [0.02322|

14h.02322.02322).0232)}

0.0000 [D.01203 D.01407b.013610.012360.01308P.01407 0.01203 0.01308§ 0.0008 | -43.67

[150.02272p.02272D.02272.02272

023820.02382} 0.02272 10.02272

0.0005 |b.02335p.02328p.01367D.01433p.02362/0.02362] 0.01367 [0.02328{0.0052 ]| 2.46

[161.02177D.02177D.021770.02177

0.0217700.02177] 0.02177 {0.02177,

0.0000 |p.01043 D.O1262b.022660.01233D.012B2b.02266 0.01043 10.01262(0.0049 || 42.03

=

p.02321 p.02321 D.023460.02346

P.02346/0.02346] 0.02321 10.02346

0.0001 |p.02425 D.02629b.010620.02575p.01181 0.02629) 0.01062 [0.02425}0.0078 | 3.37

=

.02237]0.0236 | 0.0236 p.02237]

0.02237

D.02237] 0.0236 | 0.02237

0.0007 "0.0287 0.02415b.011870.01209p,01806 0.0287 | 0.01187 10.01806} 0.0074 || -19.27

19p.024190.024 18p.0226

.02419D.02269)0.02419)

0.02269 10.02418|

0.0003 |p.01251 D.O1403b.01252D.01054b.013099.01403 0.01054 0.01252) 0.0013 i} -48.22

02269D.02269D.02269.02269p.02269/0.02269|

0.02269 0.02269|

0.0000 |0.02676 D.02676b.01701 0.012335.02548*).02676 0.01233 0.02548}0.0066 || 12.30

0.023

0.023 | 0.023 | 0.023 [ 0.023

0.023 | 0.023 | 0.023

0.0000 ||0.0287 0.01542b.011420.M047D.03468h.MM7 0.01142 10.0287 {0.0124 }| 24.78

02344

P.02435.024350.02435D.02344

0.02435} 0.02344 [0.02435

0.0005 |p.01122].01146p.01049{0.0235 b.01 159]0.0235 | 0.01049 0.01146]0.0055 || -52.94

D.02534D.02535p.02534p.02534

.0253410.02535| 0.02534 [0.02534

0.0000 [5.01052{0.0287 D.03235p.03235D.01203)0.03235} 0.01062 | 0.0287 [0.0110 || 1326

,02534D.02534]0.02382]0.02382

P.02534)0.02534} 0.02382 [0.02534

0.0008 |p.01746].02563p.02735p.02563p.01209)0.02735] 0.01209 0.02563}0.0066 || 1.14

0.02497D.02514).02497.02514

D.0251410.02514| 0.02497 [0.02514

0.0001 |D.01043.01202p.01073D.01164D.01076{0.01202f 0.01043 §0.01076} 0.0007 || -57.20

D.02525.0264500.02645D.02528D.02645{0.02645

0.02528 10.02645|

0.0006 |p.02065 p.02605p.01139D.01094D.011370.02605] 0.01084 $0.01139{0.0069 || -56.94

D.02442].027590.02652.02442.02652

b.02759 0.02442 0.02652,

0.0014 |p.01387 P.01148D.01281p.020630.01092)0.02063| 0.01092 10.01281}0.0039 || -51.70

0.025760.028630.02863D.02426)

.02863[0.02863] 0.02426 10.02863

0.0021 |D.02363 0.020160.01178b.044570.01043p.04457 0.01043 10.02016] 0.0137 || -29.58

R9p.02715]0.0244

b.02796p.02715p.02441

0.02796] 0.0244 10.02715

0.0017 |p.01092 D.OZOSIP.O1077D.O10760.02225b.02226 0.01076 10.01092} 0.0058 || -59.78

B0.027510.02751p.02751p.02751

0.027510.02751] 0.02751 }0.02751

0.0000 {0.0225410.01277] 0.012 p.01211p.01926j0.02254] 0.012 [0.01277|0.0048 || -53.58

31]0.0271 [0.0271 | 0.0274 P.02483]

0.0271]0.0271 § 0.02483 |0.0271

0.01187 {0.01925]0.0115 || -28.97

0.0010 |p.04039].01925b.01187D.02082).012730.04039

[32D.02784.02784D.02784D.02784

p.02784/0.02784| 0.02784 |0.02784,

0.0000 |p.01092.02531p.01203} 0,021560.02003b.02531 0.01092 0.02003[0.0062 -28.05

0.029040.02634|

.02905.03563

p.02634

10.03563] 0.02634 {0.02904)

0.0038 [D.01176 0.01121 -59.50

D.01122D.01263D.01121 &01909*).01909 10.01 176] 0.0034

D.02924.0263

.029020.02778p.02925)0.02925)

0.02635 10.02902

0.0013 |b.04158 P.02006p.01951 0.03728p.01105p.04158 0.01105 [0.02006{0.0130 |[ -30.88

D.03151.03151D.031510.03151

0.0315 0.03151} 0.0315 [0.03151

0.0000 |.01147 D.016860.0112 P.01523].01154)0.01686] 0.0112_[0.01154]0.0026 || -63.38

03255/0.0277 .032550.02742

0.0277 0.03255] 0.02742 {0.0277

0.0027 |p.04133P.01096p.00967D.01876D.0184310.04133] 0.00967 [0.018430.0127 || -33.47

P.03173D.0300;

.03619D.02705D.03173

10.03619] 0.02705 0.03173

D.01057] D.010340.01162b.01062b.01162 0.00998 10.01057{ 0.0006 || -66.69

0.0033 }p.00998

0.0322 p.029160.029150.02951

D.02465] 0.0322 | 0.02465 {0.02916

0.0027 |p.04276D.04275D.01067D.01193D.04276{0.04276 0.01067 0.04275]0.0172 || 46.60

03024).04382D.03! .04123)

D.0438210.04382] 0.03024 10.04123

0.0060 1D.01226[0.0121 P.01236D.01092p.010610.01236] 0.01061 [0.0121 [0.0008 |[ -70.65

ﬂ"281p.03306 P.031920.03051

0.0328 [0.03306{ 0.03051 | 0.0328

0.0010 {p.02638].01935D.01216{0.0375 .01814] 0.0375 | 0.01216 [0.01935(0.0097 if -41.01

D.039680.04093} 0.033350.03336;

0.03354,

0.04093} 0.03335 {0.03354

0.0038 {D.02488).01241D.01079p.01923D.01032)0.02488] 0.01032 }0.012410.0063 || -63.00

h.03423D.03674).03531]0.0348

D.02775[0.03674] 0.02775 |0.0348

0.0035 1D.02146D.04686D.01806D.01488D.01081)0.04686{ 0.01081 j0.01806[ 0.0142 [ -48.10

P.04831D.03328D.04831.03682)

03682

D.03682]0.04831| 0.03328

0.0071 |p.02059p.01299).010560.00957).024780.02478{ 0.00957 [0.01299]0.0067 || -64.72

44p.02681.034720.04381p.03313

D.03408b.04381 0.02681 [0.03408

0.0061 |p.01115D.01844D.01138D.01159) .0126210.01844 0.01115 j0.01159{ 0.0031 |} -65.99

45p.05572.04516D.03209D.04516

.03036/0.05572{ 0.03036 [0.04516

0.0105 J|0.0098 ]0.04141|0.0259 .01069b.00989b.04141 0.0098 (0.01069} 0.0140 || -76.33

b3

6D.03146.04614.03595D.02224)

D.04778b.04778 0.02224 10.03595

0.0106 [0.02036 10.02036) 0,0128 | -43.37

p.02337D.04266D.01166D.0105110.04266 0.01051

l47D.03476].04965.04279p.03887}

D.04965/0.04965] 0.03476 |0.04279|

0.0066 [.01135[.01773p.0168400.01182p.01534)0.01773] 0.01084 [0.01182]0.0030 || -72.38

.03661D.03382{0.0399 0.05067}

p.038730.05067} 0.03382 [0.03873

0.0064 [.02036D.01178D.01142].01048D.05175[0.05175] 0.01048 [0.01178] 0.0176 |{ -69.58

=

L

.027590.03476p.03419D.03748D.03751

0.03761] 0.02759 [0.03476

0.0031 [D.011631.01041D.01042D.00945p.01047J0.01163] 0.00945 0.01042] 0.0008 || -70.02

03788p.03237p.03419D.03741

0.0337 p.03788| 0.03237 j0.03419

0.0024 HJ.OJ798 P.01062D.022030.01054D.01 178h.04798| 0.01054 [0.01178{0.0160 || -65.55

A=0.2145=0.014081C=0.027]

£=0.001}] Ja=0.204B=0.00945C=0.018[C=0.005|F=-38.60

H =S wuTwualududau

min —frfianain (RMSE) asdgeainnimmaans 5 af
1, 2,3, 4, 5-sammasooniod 1, 2, 3, 4, 5 TaodsainiTasssholikatenate (RMSE)

SO~

duamummmxmmmmmaarnmaa‘mmmnam Safy
B -AimAanaisdapfgaannnsnaany 50 wuy (1-50 Tnua)

max —f8awata (RMSE) snnvigaainnisvasas 5 afo
mean -AnadouasdirufAanaia (RMSE) :manmimaaas 5 afo

A —mamnanmamnﬂﬂamnmmaaao 50 uwy (1-50 Tuua)
C -Anafoannmanas 50 uuy (1-50 Tuua)

re -reduce wasidud lasthotbinafanainanas Taomidsin {meanusgr-Meangrs)/ Meangr™* 100
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Jordan Recurrent NN uuuldanlwnlniiusediéur (JRNN)

Jordan Recurrent NN uuuldanhulnuuumainuius (MSJRNN)

H| 1 2 [ 3 ] 4 [ 5 [max]| mn [mean]| sD 1 2 [ 3 4 5 [ max | min [mean | sD || re(%)
1[0.1916 p.19161p.18566p.18318D.18576{0.19161| 0.18318 [0.1858 | 0.004 [h.20189].19661p.20189[0.1966 p.20001}0.20189| 0.1966 |0.2000 | 0.003 || 7.67
2[0.1333500.13753{0.1354 p.13398p.13752}0.13753| 0.13335 [0.1354 | 0.002 |[0.1104 P.06153p.06153D.11041p.11074)0.11074] 0.06153 |0.1104 | 0.027 || -18.46
310.03446p.033310.03446.03447D.03331}0.03447] 0.03331 [0.0345 | 0.001 [[0.0188 [0.0188 .02032[0.01880.0188 }0.02032] 0.0188 |0.0188 | 0.001 || -45.44
40.02232)0.02465p.02474.02324D.02474)0.02474| 0.02232 | 0.0247 | 0.001 |p.02011.02011p.02012p.02011p.02012{0.02012] 0.02011 |0.0201 | 0.000 || -18.42
5.02335p.024010.02335D.02314D.02353}0.02401| 0.02314 [0.0234 | 0.000 [p.02007p.02008p.02163p.01992.019920.02163] 0.01992 [0.0201 | 0.001 || -14.05
6 0.022510.02312).02209.02312.02312)0.02312| 0.02209 [0.0231 | 0.000 |p.02048).02048p.02162p.02162p.02048)0.02162 0.02048 |0.0205 | 0.001 || -11.42
7 .02353p.02356.02373p.02383p.02333(0.02383] 0.02333 [0.0236 | 0.000 [{0.0204 00204 .02156{0.0219[0.02190.0219 | 0.0204 |0.0216 | 0.001 || -8.49
8]0.0248 |0.0254 .02502.02377]0.0248 [ 0.0254 | 0.02377 [0.0248 | 0.001 |p.02071{0.0202 p.02178p.02021p.02071)0.02178| 0.0202 |0.0207 | 0.001 || -16.49
9 .02404.02405p.024040.02404P.02331)0.02405| 0.02331 [ 0.0240 | 0.000 [|0.0205 p.02126]0.0205 P.02031p.02031)0.02126] 0.02031 |0.0205 | 0.000 || -14.73
100.0233 0.023310.022320.02317p.02251)0.02331| 0.02232 |0.0232 | 0.000 |p.02158].02037p.02037p.02176).02176/0.02176| 0.02037 |0.0216 | 0.001 || -6.86
11D.02331D.02209p.02331p.02378p.02377)0.02378| 0.02209 |0.0233 | 0.001_|.02018.02086p.02018).02019p.02018}0.02086] 0.02018 |0.0202 | 0.000 |[ -13.43
120.02441p.02203p.02502.02203p.0232500.02502] 0.02203 |0.0233 | 0.001 |p.02018]p.02065p.02032].02032.02061/0.02065| 0.02019 |0.0203 | 0.000 || -12.60
130.022330.02232)0.0232400.02232.02245[0.02324] 0.02232 [0.0223 | 0.000 |p.02176.02282p.02177p.02283p.02177)0.02283| 0.02176 |0.0218 | 0.001 || -2.51
[140.02476.02501.02476] 0.0248 .02316{0.02501] 0.02316 |0.0248 | 0.001 [.02059p.01969p.02038p.02038]0.0195 [0.02059| 0.0195 |0.0204 | 0.000 |[ -17.69
150.02401p.024610.02377p.02434]0.0231 j0.02461| 0.0231 [0.0240 | 0.001_[p.01942.02097] 0.019 P.01941p.02046/0.02007| 0.019 |0.0194 | 0.001 || -19.12
[16{0.0231 0.023780.02335.02353D.02529{0.02529| 0.0231 |0.0235 | 0.001 [D.02141).02028.01934p.02029p.02159}0.02159] 0.01934 |0.0203 | 0.001 || -13.77
[17D.02314D.02243.02314p.02317D.0244200.02442] 0.02243 [0.0231 [ 0.001 |[0.022 [0.0182 .02081p.02021[0.0204 | 0.022 | 0.0182 [0.0204 | 0.001 || -11.84
180.0247600.02353p.02319p.02318D.02209}0.02476| 0.02209 |0.0232 | 0.001 |.01923]p.01915p.02133p.01653p.02133)0.02133| 0.01653 |0.0192 | 0.002 || -17.08
190.024610.02417D.02331[0.0233 .02565{0.02565| 0.0233 [0.0242 | 0.001 [D.02114p.02152p.02127p.02114p.02153)0.02153| 0.02114 |0.0213 [ 0.000 || -12.00
200.023120.02311[0.0231 .02331{0.0231 [0.02331] 0.0231_[0.0231 [ 0.000 [p.01679.01982p.01737p.01792p.02151)0.02151] 0.01679 [0.0179 | 0.002 || -22.46
210.0231600.023530.02317]0.0231 [0.0233 [0.02353| 0.0231 [0.0232 | 0.000 [[0.0188 p.01602p.01805p.01626.01662] 0.0188 | 0.01602 {0.0166 | 0.001 || -28.27
.0232600.022510.02319[ 0.0256 P.02324] 0.0256 | 0.02251 [0.0232 | 0.001_[/0.0168 p.01704p.01598D.01614p.01615/0.01704] 0.01598 |0.0162 | 0.000 || -30.51
23D.0235300.02324| 0.0254 0.02476.02398{ 0.0254 | 0.02324 [0.0240 | 0.001 [10.0168 p.01648p.01617p.01837p.0164710.01837] 0.01617 [0.0165 | 0.001 [ -31.28
240.02404.02418.02263p.02232.02441)0.02441] 0.02232 [0.0240 | 0.001_[D.02181.01691p.01773p.01625p.02181j0.02181] 0.01625 [0.0177 [ 0.003 || -26.25
[250.02335p.02474p.02398D.02399p.02331}0.02474| 0.02331 [0.0240 | 0.001  |D.01595p.02193p.01682p.01621p.01616}0.02193] 0.01595 [0.0162 | 0.003 [ -32.40
260.02447).02442)0.02312.02502.0231900.02502| 0.02312 [0.0244 | 0.001_[D.01527).01481p.01793p.01628p.01717/0.01793] 0.01481 |0.0163 [ 0.001 [ -33.33
27D.023140.02418.024410.02476D.02441)0.02476| 0.02314 | 0.0244 | 0.001 |p.02221).01574p.01566p.02104p.01588§0.02221| 0.01566 |0.0159 | 0.003 || -34.94
280.02314)0.02461D.02461.02461.02232}0.0246 1| 0.02232 [0.0246 | 0.001 |P.01294.01622).01423p.01294p.015610.01622] 0.01294 |0.0142 | 0.002 |[ -42.18
.02335p.02317D.02251.02353D.02401)0.02401] 0.02251 [0.0234 | 0.001 |p.01613p.01524p.01537{0.0141 P.01985)0.01985 0.0141 [0.0154 [ 0.002 || -34.18
80D.02447.02447p.02331p.02331D.02447]0.02447| 0.02331 [0.0245 | 0.001 |D.02864].02592.02168p.01448p.01623}0.02864 0.01448 [0.0217 [ 0.006 |f -11.40
31).02331D.02566p.02447p.02232.02447}0.02566| 0.02232 [0.0245 | 0.001 |D.01547].01474.02031P.01475p.015750.02031| 0.01474 [0.0155 [ 0.002 || -36.78
32.02434).02324.024010.02404{0.0256 | 0.0256 | 0.02324 |0.0240 | 0.001 [D.01591.01602p.01708.021940.01592}0.02194| 0.01591 [0.0160 [ 0.003 |f -33.36
330.0237800.02442.02404] 0.0248 .02442{ 0.0248 | 0.02378 {0.0244 | 0.000 [[0.0147 p.02554]0.0146 D.01471p.01459}0.02554| 0.01459 [0.0147 | 0.005 || -39.80
34D.02353.023160.02209p.02417D.02502{0.02502| 0.02209 [0.0235 | 0.001 [D.02097).02194p.02214p.01398p.01437(0.02214f 0.01398 [0.0210 [ 0.004 |f -10.88
350.025660.02476.02474.02314D.023310.02566| 0.02314 [0.0247 | 0.001 |10.0144 p.01575p.01453(0.0212 P.01405{0.0212 | 0.01405 [0.0145 | 0.003 || -41.27
[36D.02318)0.02283).02325] 0.0248 .02331] 0.0248 | 0.02283 [0.0233 | 0.001 |p.01449].02344.01392p.01421D.016350.02344 0.01392 [0.0145 | 0.004 |f -37.68
B7D.02353)0.02325.02464p.02316p.02529)0.02529] 0.02316 [0.0235 | 0.001 |P.02896.02199p.01393p.01416D.0143200.02896] 0.01393 0.0143 | 0.007 |f -39.14
[38]0.0256 .02233p.02502.02331p.02353] 0.0256 | 0.02233 0.0235 | 0.001 |p.01441{0.0204 p.02158D.01409p.02298/0.02298| 0.01409 [0.0204 | 0.004 |f -13.30
9] 0.0248 0.024650.02464P.025010.02312)0.02501] 0.02314 |0.0247 | 0.001 [D.02911].02031p.03471p.01392p.01379}0.03471] 0.01379 [0.0203 | 0.009 |f -17.61
40[0.0254 .02565{0.0256 .02502)0.02576/0.02576] 0.02502 0.0256 | 0.000 [P.01347.01346p.01402p.01351D.01403}0.01403] 0.01346 0.0135 | 0.000 |f -47.23
41D.02529D.02529D.02417p.02529p.02418/0.02529] 0.02417 [0.0253 | 0.001 |P.01348p.01565p.01459D.01388D.01387}0.01565] 0.01348 [0.0139 | 0.001 |f -45.12
42{0.0254 0.02325{0.0254 [ 0.0254 .02442{ 0.0254 | 0.02325 [0.0254 | 0.001 |P.014560.01504p.02405p.01455D.01407}0.02405| 0.01407 [0.0146 | 0.004 || -42.68
43D.025020.02324)0.02565D.02566D.02566/0.02566| 0.02324 |0.0257 | 0.001 |p.01265p.01387p.01187p.01187/0.01110.01387| 0.0111 [0.0119 | 0.001 |f -53.72
44D.02253D.02501.02502).02447D.023120.02502| 0.02253 [0.0245 | 0.001 {p.01256 p.01314p.01406p.01109p.019670.01967| 0.01109 [0.0131 ] 0.003 |f -46.30
.025760.02576.02464)0.02502p.0231810.02576] 0.02318 [0.0250 | 0.001 |.01233.01892p.01373p.01108D.01317)0.01892] 0.01108 [0.0132 [ 0.003 || -47.36
146{0.0231[0.0254 p.02646D.02434D.02646/0.02646| 0.0231 [0.0254 | 0.001 [p.01982[0.0111]0.0206 p.01914P.01307[0.0206 [ 0.0111 [0.0191 | 0.004 |f -24.65
U7D.025020.02251p.02232p.02502.026480. 0.02232 |0.0250 | 0.002 [p.02077{0.0117 p.01289]0.0138 [0.0126 0.02077] 0.0147 [0.0129 | 0.004 |f -48.48
480.024650.02398)0.02576.024640.02529(0.02576| 0.02398 |0.0247 | 0.001 [D.01023p.01069p.01168p.01616p.01337}0.01616] 0.01023 [0.0117 [ 0.002 |f -52.62
49D.02331D.02727).02726.02727D.026460.02727] 0.02331 | 0.0273 [ 0.002 |{0.0126 [.01248D.01176D.012840.01317)0.01317] 0.01176 [0.0126 | 0.001 |f -53.78
.022050.0247600.02694p.02465D.02398§0.02654 0.02205 0.0247 | 0.002 |{0.013 .025210.01896{0.0121 P.01254)0.02521] 0.0121 [0.0130 [ 0.006 | -47.26
L1 | | | |A=0.192=0.022 .024C=0.001)| A=0.2028=0.01023[C=0.018|C=0.002|F =-27.26

H -3 nwnutwualutudau

min —f1fanata (RMSE) uaudaaainnmmaaas 5 afo
1, 2, 3,4, 5 —wammaaavaian 1, 2, 3, 4, 5 Tasds i TasvrholWnadawain (RMSE)
A —dmuAanaiannigaainnisnaaas 50 uuy (1-50 Tnua)

SD —chLdmununafgunmﬁ‘\mnaanmannmunao 5 afo

B -mmwnnwmnﬁaudaawmmmnaao 50 uvy (1-50 Tvua)
re -reduce Wasidusdilasothorlvinafanainanag TAoM 1310 (Meanusrw-Meanryy)/Meanuy*100

max —f1Aawa1n (RMSE) mnigaainnisnaane 5 A
mean -AnaduuavAinufawain (RMSE) annsmaans 5 afo

C -Ataduannsmaaay 50 uuy (1-50 Tnua)

= Yd 1 A A Yo 4 1w 4
WNANIINABDININAIT1N V.21 uaas Iriu iweiinms lasuau Tuuaimminu lusy
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Feed forward NN uuuldanwmlniisesnén (FNN) Feed forward NN uuuladamnk " (MSFNN)

H 1 [ 2 [ 3 4 5 [ max [ min [mean [ sD 1 2 3 4 5 [max [ min |mean | SD || re(%)
10.13734P.14871p.13579]0.1487 p.13533/0.14871| 0.13533 |0.1373 | 0.007 |p.12789].14804p.14804]0.1279 [0.1495 | 0.1495 | 0.12789 [0.1480 | 0.011 || 7.79
200.081350.081350.08135{ 0.08 D.08135/0.08135| 0.08 [ 0.0814 | 0.001 [p.05924 .11482]0.05923.05643p.05643[0.11482 0.05643 | 0.0592 | 0.026 || -27.19
30.07874p.077790.07733.07934D.07728/0.07934| 0.07728 [0.0778 | 0.001 |p.05186).05358.05358p.05358p.05186{0.05358] 0.05186 [0.0536 | 0.001 |[-31.12
4].022780.021750.02471p.02279p.02553)0.02553] 0.02175 [0.0228 | 0.002 |D.01994]0.01292.01994p.01994p.01291}0.01994] 0.01291 [0.0199 | 0.004 || -12.51
50.02339D.022110.02374)0.02212.021850.02374| 0.02185 [0.0221 | 0.001 [D.02325.02214p.03294D.02213D.03294§0.03294 0.02213 [0.0233 | 0.006 || 5.11
6 0.021610.02162)0.0218400.02228p.02374/0.02374 0.02161 | 0.0218 | 0.001 [p.02185).01994.01994p.02122)0.02086}0.02185) 0.01934 [0.0209 | 0.001 |[ 4.49
7 .02132.0239500.02183p.02132]0.021820.02395| 0.02132 [0.0218 | 0.001_|D.02055.02054].02054p.02119[0.0212 | 0.0212 | 0.02054 |0.0206 | 0.000 || -5.82
8 0.02278p.0217500.02474.02233D.023950.02474] 0.02175 [0.0228 | 0.001 [D.02161.02015p.02161p.02161D.0201500.02161] 0.02015 [0.0216 | 0.001 || -5.14
9 .02476[.02471p.022030.02383] 0.025 | 0.025 | 0.02203 |0.0247 | 0.001 |p.020460.02279]0.02194.02194.022790.02279| 0.02046 [0.0219 | 0.001 |[-11.21
[10p.026380.0247500.02185.02152].02486{0.02638] 0.02152 [0.0248 | 0.002 }[0.0244 p.02388p.02066p.02388.02066{ 0.0244 | 0.02066 |0.0239 | 0.002 || -3.52
110.02203p.02203p.02279).02233.02203}0.02279[ 0.02203 [0.0220 | 0.000 |P.02149p.02095p.02066D.02066p.01946§0.02149] 0.01946 [0.0207 | 0.001 || -6.22
120.02228)0.02434] 0.025 .02279p.02278| 0.025 | 0.02228 |0.0228 | 0.001 |p.02228].02228).02229p.02229.02297}0.02297] 0.02228 |0.0223 | 0.000 || -2.19
130.0223300.0232800.02233p.02203D.02486{0.02486 0.02203 [0.0223 | 0.001 |P.02426].02426.02281p.01763D.02136}0.02426 0.01763 [0.0228 | 0.003 |[ 2.15
[140.02175p.02227)0.02175.02228.02506/0.02506| 0.02175 [0.0223 | 0.001 [p.02335.02128p.02266p.02265p.02266{0.02335| 0.02128 [0.0227 | 0.001 || 1.75
[150.02185.0247500.02374.02172D.021840.02475 0.02172 |0.0219 | 0.001 |p.02065).02095{0.0209 p.02274p.02091}0.02274 0.02065 |0.0209 [ 0.001 || -4.30
1160.02329.0239500.02477)0.02374P.022330.02477] 0.02233 [0.0237 | 0.001 |P.02315p.02183p.02179p.02099p.02099}0.02315] 0.02099 [0.0218 [ 0.001 || -8.21
[17D.02374].02476p.02339p.02506.02162]0.02506| 0.02162 [0.0237 | 0.001 [D.02395.02233p.01966p.02202.02272{0.02395( 0.01966 |0.0223 | 0.002 || -5.94
118.02279{0.0228 |p.0221200.02278.02203] 0.0228 | 0.02203 [0.0228 | 0.000 [p.01824).02247p.02103p.02121p.01885/0.02247] 0.01824 {0.0210 | 0.002 }f -7.68
[19p.02272)0.02287)0.022880.02211p.02272}0.02288] 0.02211 |0.0227 | 0.000 [p.02151.02043p.02153p.02151p.02151/0.02153| 0.02043 [0.0215 | 0.000 || -5.33
20D.02162]0.02279p.02203p.02212.02203}0.02279] 0.02162 [0.0220 | 0.000 [/0.0137 p.02056p.01915p.02051/0.0137 J0.02056| 0.0137 [0.0192 | 0.004 |[ -13.07
21D.0218200.02339p.02404.02175p.02541/0.02541] 0.02175 [0.0234 | 0.002 [P.02101.02148p.02049p.02158D.01966{0.02158| 0.01966 [0.0210 | 0.001 |f -10.18
2200.0227900.02184].02278.02211p.02328/0.02328] 0.02184 [0.0228 | 0.001 [p.02158.02158p.02077D.02241p.02158/0.0224 1 0.02077 [0.0216 | 0.001 | -5.27
23D.024760.02486p.02339.02279).02329/0.02486| 0.02279 |0.0234 | 0.001 |P.02038p,02059p.02081p.02149p.01981}0.02149] 0.01981 [0.0206 | 0.001 [ -11.97
24p.0233900.02339.02395.02532P.02404}0.02532] 0.02339 |0.0240 | 0.001 [[0.0217 [0.0217 .02054p.01926D.01925{ 0.0217 | 0.01925 [0.0205 | 0.001 |[ -14.24

02329]0.023280.02203p.02228.02329}0.02329] 0.02203 0.0233 | 0.001 |h.02026].02024{0.0214 p.02051p.02052{0.0214 | 0.02024 [0.0205 | 0.000 |f -11.90

02211)0.02541.02374p.02374.0223310.0254 1] 0.02211 |0.0237 | 0.001 [D.02063.01968D.02154p.01974p.02186/0.02186] 0.01968 [0.0206 | 0.001 || -13.10
R7D.025410.02374p.021750.02383D.02404)0.02541] 0.02175 | 0.0238 | 0.001 |p.01923].01969p.01968D.01998p.01949/0.01998| 0.01923 [0.0197 [ 0.000 |f -17.42
[28.0239500.02395p.0217500.02477p.023960.02477| 0.02175 |0.0240 | 0.001 |p.01969p.01475p.01751]0.0221 P.01966{0.0221 | 0.01475 [0.0197 | 0.003 |[ -17.91
290.02474)0.02434D.0240400.02272P.024040.02474 0.02272 [0.0240 | 0.001_|p.02202).01974.01926p.02026.02202}0.02202{ 0.01926 [0.0203 | 0.001 |[ -15.72
B00.024710.02203p.02543D.02475D.02476/0.02543] 0.02203 [0.0248 | 0.001 [p.02165.01845p.02121].018050.023290.02329] 0.01845 [0.0212 | 0.002 |f -14.30
310.02279.025530.021610.02434D.02184}0.02553| 0.02161 |0.0228 | 0.002 |p.01821).02358.01839P.01661]0.0176 J0.02358[ 0.01661 [0.0182 | 0.003 || -20.10
62{ 0.025 [0.02477p.02395p.02184p.02476] 0.025 | 0.02184 [0.0248 | 0.001 |P.02182.01826D.01904D.01847p.02182/0.02182] 0.01826 [0.0190 | 0.002 |[ -23.10
33D.0232900.02272p.02404]0.02471p.022280.02471] 0.02228 0.0233 | 0.001 [[0.0173 p.01864]0.0184 [0.0173 p.017880.01864] 0.0173 [0.0179 | 0.001 |{ -23.23
34D.02543D.0247600.02383.02434D.02476§0.02543 0.02383 [0.0248 | 0.001 |p.01807].01851p.01839D.01757p.01696§0.01851] 0.01696 [0.0181 | 0.001 | -27.02
350.021390.025410.02471)0.02476D.02374)0.0254 1| 0.02139 [0.0247 | 0.002 |p.01778p.01798p.01768p.01747p.01751)0.01798] 0.01747 0.0177 | 0.000 || -28.45
360.024740.02279p.021750.02329D.024750.02475 0.02175 {0.0233 | 0.001 |P.01816].03162p.01824]0.0196 p.02023)0.03162 0.01816 |0.0196 | 0.006 || -15.84
37D.025060.02477p.02404p.02471] 0.025 0.02506] 0.02404 |0.0248 | 0.000 |p.01757p.01751p.01763p.02539p.017670.02539 0.01751 |0.0176 | 0.003 || -28.83
[38D.02404]0.02329)0.02404[0,0232900.02142{0.02404] 0.02142 [0.0233 | 0.001 [P.01822.01821p.01752.01906D.021310.02131| 0.01752 |0.0182 | 0.001 [} -21.77
39D.02162]0.02404p.0227900.02486[.02233)0.02486| 0.02162 |0.0228 | 0.001 |.02089.01768D.01792.01574{0.0176 [0.02089| 0.01574 [0.0177 | 0.002 || -22.42
40D.02471)0.02543.0233900.025060.022790.02543] 0.02279 [0.0247 | 0.001 |.01884].02094.01804P.01748.01666/0.02094| 0.01666 |0.0180 | 0.002 |f -26.99
41D.02233).02184P.0239500.02471p.02278)0.02471] 0.02184 |0.0228 | 0.001 |p.01831.02093]0.0168 .01721p.01697)0.02093] 0.0168 [0.0172| 0.002 || -24.45
42.02184P.02279p.02474)0.02203D.02385)0.02474 0.02184 |0.0228 | 0.001 |p.01691{0.0179 P.01633p.01734p.01789{0.0179 | 0.01633 [0.0173 | 0.001 || -23.91
43D.023390.02553p.02374)0.02434] 0.025 0.02553] 0.02339 [0.0243 | 0.001 |p.01695p.01771.01682.01649]0.0169 J0.01771] 0.01649 [0.0169 | 0.000 || -30.57
44D.02486{0.0222800.02182)0.02175p.02279)0.02486| 0.02175 [0.0223 | 0.001 |p.01734].01733p.01709p.022660.02096§0.02266[ 0.01709 [0.0173 | 0.003 | -22.17
450.02162)0.02506.02233)0.02211D.02477/0.02506 0.02162 |0.0223 | 0.002 |.02029.01758p.01341p.02051p.01759/0.02051| 0.01341 [0.0176 [ 0.003 || -21.23
16.02182).02162D.02541] 0.026 P.02278] 0.026 | 0.02162 |0.0228 | 0.002 /0.0166 ].01709p.03085p.01675p.01651/0.03085[ 0.01651 [0.0168 | 0.006 || -26.47
47D.02161D.02272.02475.025430.02328)0.02543] 0.02161 0.0233 | 0.002 |P.01647.01613D.02272{0.0173 p.0166410.02272] 0.01613 [0.0166 | 0.003 || -28.52
48D.02471.02272p.021750.02339D.02638)0.02638] 0.02175 [0.0234 | 0.002 |p.01655.01905p.02541p.01839p.01595/0.02541] 0.01595 [0.0184 | 0.004 || -21.38
490.021850.02339p.02279.02638.02476/0.02638] 0.02185 |0.0234 | 0.002 |p.01647].02001D.01656p.02278.01621)0.02278] 0.01621 [0.0166 | 0.003 || -29.20
500.02374D.02184D.02477)0.02553).021820.02553 0.02182 | 0.0237 | 0.002 [[0.0239 P.01847p.02037.01588.01989] 0.0239 [ 0.01588 [0.0199 [ 0.003 |[ -16.22
| | | |A=0.149=0.02132|c=0.023c=0.001|| A=0.1508=0.01291/C=0.020|C=0.002|F=-15.01
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Elman Recurrent NN nuuldenhulninivesndur (ERNN Elman Recurrent NN uuuladanhwi i (MSERNN)

H 1 [ 2 | 3 | 4J 5 Imx min mean | SD 1 2 [ 3 I 4 5 max min mean [ SD re(%)
1]0.13178D.13178.13179.13179p.13178}0.13179] 0.13178 [0.13178[0.0000 || 0.15 |.15044p.15044p.15044 0.15 [0.15044] 0.15 [0.15044]0.0002 |[ 14.16
2[0.07757p.07676.07758p.07361p.07574)0.07758| 0.07361 [0.07676 0.0017 |P.07154 .08276D.08276p.07154p.08276/0.08276] 0.07154 [0.08276]0.0061 || 7.82
30.0460200.03639)0.031820.033170.0379 J0.04602| 0.03182 [0.03639] 0.0056 [[0.0323 [0.0323 p.03422.03408p.03408}0.03422] 0.0323 [0.03408[0.0010 || -6.35
4.02278)0.04299p.02278p.03977.03865{0.04299| 0.02278 [0.03865] 0.0098 |p.02459p.02417.02113p.02417.02113)0.02459] 0.02113 0.02417]0.0018 || -37.46
5]0.03130.02176.03668p.02176D.03602)0.03668| 0.02176 |0.0313 [0.0074 |D.02241].02138p.02019]0.0216 [.02068}0.02241] 0.02019 }0.02138[0.0009 | -31.69
6 0.02229p.03977p.02074p.02117.02117)0.03977| 0.02074 [0.02117]0.0083 [D.01986 p.01986[.02003p.02003p.020950.02095] 0.01986 [0.02003]0.0005 || -5.38
7 0.02639.019580.02176.02177]0.0279 [0.0279 | 0.01958 [0.02177{0.0035 |p.02139].02138p.02138p.02139p.01986§0.02139] 0.01986 [0.02138{0.0007 || -1.79
8 D.02721)0.02229p.02883D.02164.02176{0.02883| 0.02164 [0.02229]0.0034 [0.0213 p.02261]0.0203 p.01358p.020680.02261] 0.01358 0.02068]0.0035 || -7.22
9 p.02909).02932)0.02381p.02317D.02936§0.02936| 0.02317 [0.02909{0.0032 [P.02266 p.02241D.01841p.02265D.01842}0.02266] 0.01841 0.02241]0.0023 || -22.96
10p.01725p.017250.02103p.01725p.02164)0.02164| 0.01725 [0.017250.0022 [p.020180.02019P.01904p.02143D.02134}0.02143 0.01904 [0.02019[0.0010 || 17.04
11[0.0279 p.02773p.02883p.02138p.01995)0.02883[ 0.01995 [0.027730.0042 [D.02108].02331]0.0221 .02085/0.0233 0.02331] 0.02085 [0.0221 [0.0012 | -20.30
1120.02267].03602)0.02185.02186.02182§0.03602| 0.02182 0.02186]0.0063 |{0.0215 p.02151p.01875p.01868p.02151)0.02151| 0.01868 |0.0215 [0.0015 || -1.65
[13p.02721p.021850.02666{0.02672]0.02083)0.02721| 0.02083 0.02666]0.0031 |P.02124.02257p.02125p.01968.02258/0.02258| 0.01968 [0.021250.0012 || -20.29
14D.021660.01874]0.01873{0.0226 P.01849]0.0226 | 0.01849 [0.01874]0.0019 |D.02082]0.0201 p.02082p.02115p.021150.02115] 0.0201 [0.02082[0.0004 |{ 11.10
150.02153)0.02318p.0227800.01971D.020830.02318{ 0.01971 [0.02153[ 0.0014 [[0.0211 p.02289P.02105p.02368D.02076/0.02368] 0.02076 [0.0211 [0.0013 || -2.00
6.02062)0.01853.02002).02172p.018530.02172 0.01853 0.02002[ 0.0014 [10.0223 |p.01984).02279p.03045)0.0269 0.03045( 0.01984 0.02279[0.0042 || 13.84
17D.02588.02182D.019950.02161D.02318}0.02588| 0.01995 [0.02182]0.0022 [D.01753.01945p.02052p.02085[0.0155 [0.02085| 0.0155 |0.01945[0.0022 || -10.86
[180.02115p.015750.015750.01899p.015750.02115| 0.01575 0.01575/ 0.0025 |p.02224D.01608p.02111P.01681D.02279}0.02279| 0.01608 0.02111]0.0031 || 34.03
[190.02639p.02125.02638)0.01675D.026390.02639| 0.01675 0.02638] 0.0043 |D.01968 p.01826D.01829p.01827D.01368}0.01968| 0.01368 [0.01827]0.0023 || -30.74
20p.01698p.016650.02074[0.0152 .02124)0.02124| 0.0152 0.01698]0.0027 |P.01773.02385D.02277.01847D.01867}0.02385| 0.01773 0.01867[0.0028 || 9.95
210.01861)0.0252 0.02588{0.0214 .02589)0.02589( 0.01861 [0.0252 [ 0.0033 [D.01776]0.0181 P.02039p.01892p.01813}0.02039] 0.01776 [0.01813[0.0011 || -28.06
220.02042.02038p.01991D.01992p.02041}0.02042{ 0.01991 [0.02038{0.0003 [P.01829.02064D.01931/0.0179 .01773}0.02064[ 0.01773 [0.01829[0.0012 | -10.26
230.01972.02169p.019710.02019p.023610.0236 1] 0.01971 [0.02018[0.0017 [D.01591.01591P.01591/0.0176 .018470.01847| 0.01591 [0.01591]0.0012 || -21.20
24p.02012).02011.018390.01898p.020790.02079| 0.01898 [0.02011{0.0008 |P.02064 p.02269P.02115p.02493D.02269{0.02493| 0.02064 0.02269]0.0017 || 12.83
25D.02721.01854].02283}0.02764.018530.02764| 0.01853 [0.02283] 0.0044 |P.02086 .02086D.01788p.02901D.01931/0.02901] 0.01788 |0.02086(0.0043 || -8.63
260.02077)0.02056p.0206800.01794D.020670.02077| 0.01794 [0.02067]0.0012 |P.02021.01966p.01788p.01773p.022630.02263] 0.01773 0.01966]0.0020 || -4.89
270.02717).02534] 0.0256 .02508D.021180.02717| 0.02118 _[0.02534] 0.0022 [D.02159.01968p.01759p.03036D.01886/0.03036] 0.01759 [0.01968]0.0051 || -22.34
28p.0232200.0252800.02074)p.02321p.02588}0.02588] 0.02074 [0.02322{0.0020 [0.0246 P.02992.02987D.02987D.02987(0.02092| 0.0246 [0.02987]0.0024 || 28.64
290.0242800.02321.02227p.02734.02228).02734| 0.02227 [0.02321{0.0021 P.016620.01626.01786D.01854D.01661)0.01854 0.01626 0.01662(0.0010 |[ -28.39
130p.02249).0224800.02288] 0.024 |.02399| 0.024 | 0.02248 {0.02288(0.0008 |p.03077p.01886p.01651P. .02099}0.03077| 0.01651 {0.02099]0.0065 || -8.26
B1p.02514{0.0235 .02237p.02394p.02463).02514] 0.02237 0.02394]0.0011 [.01787]0.0223 .01542p.02834D.01959)0.02834| 0.01542 0.01959] 0.0050 |{ -18.17
12]0.02286{0.02383p.02154).02153.022870.02383] 0.02153 [0.02286]0.0010 |p.02866(0.0312 P.01591D.04061D.0238500.04061] 0.01591 [0.02866(0.0091 || 25.37
13D.02164§0.02175p.02497p.02348).02176/0.02497| 0.02164 0.02176]0.0015 |p.01554.01776p.02141p.02952.01579[0.02952| 0.01554 [0.017760.0058 || -18.38
34p.02169P.02336{0.0217 |p.02349P.0233500.02349] 0.02169 [0.02335]0.0009 [p.01662[0.0158 p.02324D.02039p.02418/0.02418] 0.0158 [0.02039] 0.0038 |f -12.68
B5.02743)0.02162.02161.02407).02433).02743] 0.02161 [0.02407]0.0024 |p.018820.01709p.01661p.02099P.01666/0.02099] 0.01661_[0.01709{0.0019 || -29.00
360.02473)0.02121.02474.02122.02709)0.02709] 0.02121 [0.02473(0.0025 |b.02242p.01398p.01733p.02243D.0209800.02243] 0.01398 [0.02098]0.0037 || -15.16
67p.02672]0.0252 .02673p.02896.02729)0.02896| 0.0252 [0.02673|0.0014 |.01624D.01948D.01625p.01642D.01741/0.01948| 0.01624 [0.01642(0.0014 |f -38.57
Beb.02666}0.02665p.02589p.02633p.02588)0.02666| 0.02588 [0.026330.0004 |D.01865 .01854.01787p.01693p.028660.02866| 0.01693 [0.01854]0.0048 || -29.59
39p.0344500.03391)0.03391.023620.02932}0.03445] 0.02362_[0.03391{ 0.0046 |P.01933.02064p.01707] 0.025 P.01869] 0.025 | 0.01707 [0.01933]0.0030 |{ -43.00
l40p.03022)0.02639)p.02804)p.02638.02805}0.03022] 0.02638_[0.02804] 0.0016 |.02987 .02231].029870.0246 D.02215}0.02987| 0.02215 |0.0246 |0.0038 || -12.27
41p.0362600.0199500.036260.027210.0332 j0.03626 0.01995 |0.0332 [ 0.0070 |.01639.01997p.01629p.01606P.01918}0.01997| 0.01606 [0.01639| 0.0018 || -50.63
42p.02773)0.0278500.03521p.02786p.028090.03521| 0.02773 [0.02786 0.0033 |.01601.01793p.02252p.01667.01506/0.02252] 0.01506 [0.01667| 0.0029 || -40.17
43p.04181p.02936).03641p.03211]0.0313 J0.04181] 0.02936_[0.03211]0.0050 [p.01657 .01966D.01658p.01571D.01514}0.01966] 0.01514 0.01657]0.0017 | -48.40
44p.02318}0.02909)0.03624)0.0438410.026390.04384| 0.02318 [0.02909]0.0083 |D.01544 .01698p.01536p.02048P.01523}0.02048| 0.01523 0.01544]0,0022 || -46.92
45p.0233500.02318)0.0366800.02362.02883}0.03668] 0.02318 [0.02362{0.0058 |p.01761.02711] 0.016 P.01847/0.0149 0.02711] 0.0149 0.01761]0.0048 |f -25.44
la6p.02317)0.04639]0.0279 .03865.04299)0.04639] 0.02317 0.03865( 0.0099 [.01544 p.01546p.01596D.01576D.01827)0.01827| 0.01544 [0.01576[0.0012 || -69.22
470.02317]0.0412 p.03977.02248).02278] 0.0412 | 0.02248 [0.02317[0.0097 |.026530.01579p.01613P.01662p.02884§0.02884| 0.01579 [0.01662]0.0064 || -28.27
48}0.03961)0.02672p.02666.03649.03962/0.03962] 0.02666 [0.03649] 0.0066 |P.04116 0.02272p.01839P.02493p.02585[0.04 16| 0.01839 0.02493]0.0086 || -31.68
49).03602)0.02248p.038650.02362.01958)0.03865) 0.01958 [0.02362] 0.0086 |{0.0311 .018361.01737p.02605p.01639| 0.0311 | 0.01639 0.01836/0.0064 || -22.27

,03602).02229p.022370.03602.02227}0.03602| 0.02227 [0.02237]0.0075 |p.02722].02507.01721P.01535p.02275/0.02722| 0.01535 0.022750.0051 || 1.70
L | | | A=0.1328=0.01520[C=0.024|C=0.003]| | |A=0.150B=0.01358[C=0.020C=0.002|F=-16.67

H =3 wuTwualududau

min —A1Aawa1a (RMSE) vaniigaainnmaans 5 afo

1,2,3,

SD —n"uf{uvmumMswumn’wmmanwmnammmaaae 5afo
B -ArAnuAanamiauigaannmmaaas 50 uuy (1-50 Tuua)

max —fAanain (RMSE) innigaainnisnaans 5 Al
mean -AnadvvasArnnuAanain (RMSE) :nnmisvaans 5 )

4,5 nammaanoafort 1, 2, 3, 4, 5 TaoAaanitlaseinahinaAawaia (RMSE)
A —Armufanaimnnigaainmimaaas 50 wuy (1-50 Twus)
C -Ataduainnsmaaay 50 uvy (1-50 Tuua)

re -reduce wafidudiiasothahinadawarnanas Taov1631n (Meanuserw-Mmeangy)/meanga* 100
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Jordan Recurrent NN uuuldanbwnnviuvanéu (JRNN) Jordan Recurrent NN uuuldanhwl i (MSIRNN)

Hl 1 2 3 [ 4 | 5 [max | min [mean]| sp 1 2 3 4 | 5 [max | min [mean | sp |l re(%)
10.12487).12336p.1229600.12886p.12507]0.12886/ 0.12296 [0.12487]0.0023 |p.14468.12717p.12716p.14245p.142460.14468| 0.12716 0.142450.0088 || 14.08
2[0.0780600.07812.07811p.07812p.07806/0.07812{ 0.07806 [0.07811]0.0000 |P.05805 p.05925p.05805D.05805p.058050.05925| 0.05805 [0.05805] 0.0005 |f -25.68
30.04529[0.0453 |0.04527p.04529.04529] 0.0453 | 0.04527 [0.04529] 0.0000 [D.03476 .02694.03476D.03476.026930.03476| 0.02693 [0.03476] 0.0043 |f -23.25
4.02256{0.0227 0.02256.02229p.02394§0.02394| 0.02229 [0.02256( 0.0006 [b.01991).02028p.02111P.02111p.02029{0.02111 0.01991 [0.02029] 0.0005 | -10.06
50.02442.02262P.02269] 0.022 ].02144)0.02442| 0.02144 0.02262{0.0011 |P.02072].02054p.02054.02044P.020720.02072] 0.02044 [0.02054|0.0001 || -9:20
6.02256.02107p.02336] 0.022 ].02108)0.02336| 0.02107 | 0.022 |0.0010 |P.02308.02308p.02118p.02118p.021020.02308| 0.02102 [0.02118[0.0011 || -3.73
7 0.023520.02327).02113p.0: .02113}0.02352| 0.02113 [0.02296]0.0012 |p.021510.0206 .02152p.02213]0.0206 [0.02213| 0.0206 0.02151]0.0007 |[ -6.32
8 0.022560.02171D.02172P.02171P.02256{0.02256| 0.02171 [0.02172{ 0.0005 [P-02081.02063[0.0208 p.02162.02063[0.02162| 0.02063 |0.0208 | 0.0004 || -4.24
9 0.02221[0.0166 0.02168]0.0166 p.02221)0.02221| 0.0166 _[0.02168{ 0.0030 |P.02153p.02152p.02165D.02165p.0225300.02253] 0.02152 [0.02165 0.0004 || -0.14
100.02274p.02427p.02393{0.0227 [0.0245 [ 0.0245 | 0.0227 [0.02393] 0.0009 |.02201.02218p.01998.01998D.02201}0.02218| 0.01998 [0.02201/0.0011 || -8.02
1] 0.022 0.02314p.02274p.02197p.02201/0.02314| 0.02197 0.02201{0.0005 |.02073.02073p.02073p.02073p.02074}0.02074| 0.02073 [0.02073]0.0000 || -5.82
[120.02225.02274p.0222500.02225.02224/0.02274] 0.02224 [0.02225| 0.0002 [p.021190.0202 p.02119p.02237p.02072)0.02237 0.0202 [0.02119]0.0008 || -4.76
130.02274P.02509p.02367)0.02507p.02269)0.02509 0.02269 [0.02367{ 0.0012 [p.02146p.02078] 0.02 p.02078p.02198/0.02198]  0.02 _[0.02078|0.0008 |[ 1221
14D.01711D.02274.01711.02274p.02269/0.02274| 0.01711 [0.02269] 0.0031 |p.01439.02098.02015p.01439p.02098}0.02098| 0.01439 }0.02015]0.0035 |[ -11.19
[150.02256.02256] 0.0246 | 0.0227 P.02256{ 0.0246 | 0.02256 [0.022560.0009 [p.02098.02199p.02018p.02022P.020980.02199| 0.02018 0.02098] 0.0007 || -7.00
1600.02253p.02296.02254.01739p.01739)0.02296] 0.01739 [0.022530.0029 [[0.0209 p.02054D.02098]0.0207 p.020990.02099{ 0.02054 [0.0209 [0.0002 |f -7.23
17]0.0227 p.02269[0.0227 .02269[0.0227 | 0.0227 | 0.02269 | 0.0227 [0.0000 [p.02029.02112p.02112].02162p.02071}0.02162| 0.02029 [0.02112[0.0005 || -6.96
180.022530.0227 0.02254D.02283.01711}0.02283] 0.01711 [0.02254| 0.0025 [P.02097 p.02034p.02041p.02178p.02093/0.02178| 0.02034 0.02093]0.0006 || -7.14
1190.02394P.02253p.02269| 0.0234 P.022960.02394| 0.02253 [0.02296 0.0006 |P.02152].02159p.02159D.01908p.0204500.02159] 0.01908 [0.02152[0.0011 || -6.27
20D.02253p.02296{0.0227 .02296D.02296§0.02296 0.02253 [0.02296]0.0002 |P.02101.02141p.02135p.02136{0.0214 [0.02141] 0.02101 0.02136{0.0002 || -6.97
210.02314D.01739/0.0234 | 0.022 p.02314/0.0234 | 0.01739 [0.02314] 0.0025 |p.02109).02014p.02015p.02054P.02087)0.02109] 0.02014 [0.02054] 0.0004 | -11.24
22]0.0246 |p.02442.02256{.02296p.02314 0.0246 | 0.02256 [0.02314] 0.0009 {D.02048.01573p.02047/0.0203 P.01573)0.02048] 0.01573 [0.0203 | 0.0026 |[ -12.27
230.02328).02336p.02336.02327p.02478)0.02478] 0.02327 [0.023360.0007 |D.02248{0.0246 p.02196p.01924D.01975 0.0246 | 0.01924 [0.02196{0.0022 || -5.99
24.02367).02352] 0.0227 .02256p.02254)0.02367| 0.02254 |0.0227 | 0.0006 |P.02223.02125p.02181p.02181p.01641)0.02223] 0.01641 [0.02181{0.0024 || -3.92
[25.02594P.02296D.02391.02352p.02352)0.02594 0.02296 [0.02352] 0.0012 |D.02051P.01915p.02084.01985{0.0198 [0.02084] 0.01915 0.01985 0.0007 |f -15.60
[260.02367).02336p.02487.02367p.02367)0.02487| 0.02336 [0.02367] 0.0006 |P.01967]0.0194 p.01886}.01885[0.0194 [0.01967] 0.01885 [0.0184 [0.0004 || -18.04
[27p.02336D.02328).02367.01739p.02336§0.02367| 0.01739 0.02336]0.0027 |P.02006p.02076).01977p.01831D.02007}0.02076] 0.01931 0.02008] 0.0005 | -14.13
[28D.02225p.024780.02487p.02391p.02118§0.02487| 0.02118_0.02391]0.0016 |P.02176.01736p.01951D.02006p.01982{0.02176| 0.01736 0.01982[0.0016 | -17.11

90.02487P.025080.02507).02393P.02394/0.02508| 0.02393 0.02487]0.0006 |f 0.019 p.01899.01846D.01889p.01925/0.01925[ 0.01846 [0.01899] 0.0003 || -23.64
30]0.0227 |0.02327).023520.02296p.02525{0.02525| 0.0227 0.02327}0.0010 |.018760.01964p.01904p.01875D.01863}0.01964] 0.01863 0.01876]0.0004 || -19.38
31D.02528p.02508.01711p.02262p.0231410.02528 0.01711_[0.023140.0033 |p.01872].01691p.01789p.01622p.01855/0.01872| 0.01622 0.01789[0.0011 || -22.69
132]0.0234 .02478p.02507p. .02391)0.02508] 0.0234 0.02478]0.0008 [{0.0194 .01859p.02042p.01858D.01941}0.02042| 0.01858 [0.0194 | 0.0008 || -21.71
[330.02508D.02442].022740.02367D.02442)0.02508| 0.02274 0.02442| 0.0009 |p.01812].01808{0.0214 p.01871p.01816{0.0214 | 0.01808 0.01816{0.0014 || -25.63
34]0.0246 .02269P.022250.02367p.02296{ 0.0246 | 0.02225 [0.02296]0.0009 |p.02076.01856p.01749P.01839D.01816§0.02076| 0.01749 0.01839{0.0012 || -19.90
[35p.02352].02336p.02314.02427p.02525(0.02525] 0.02314 0.02352{0.0009 {0.0182 .01812).01934p.01773p.01821/0.01934| 0.01773 |0.0182 [ 0.0006 || -22.62
560.02253p.01739( 0.022 0.02256p.02283)0.02283 0.01739 [0.02253]0.0023 |P.01817] 0.018 p.01799p.01921p.0177800.01921] 0.01778 | 0.018 [0.0006 || -20.11
371.02509p.02274P.02269p.02328p.02391)0.02509| 0.02269 [0.02328]0.0010 |p.01737p.01757{0.0172 p.01736p.01733}0.01757| 0.0172 [0.01736{0.0001 || -25.43
38D.01739p.02367).02296{0.02525p.02314)0.02525 0.01739 [0.02314]0.0030 |p.01736p.01735] 0.019 p.01764p.01736{ 0.019 | 0.01735 0.01736]0.0007 || -24.98
90.0225600.02352] 0.0245 .02383p.02327{ 0.0245 | 0.02256 [0.023520.0007 |.01755p.01754p.01756p.01749P.017690.01769] 0.01749 10.01755]0.0001 |} -25.38
40p.01711p.02352p.02296{0.02525{0.0227 |0.02525] 0.01711 [0.02296{0.0031 |p.01678].01646p.02545p.01765p.02179/0.02545] 0.01646 [0.01765]0.0039 || -23.13
410.02487).02296p.02283] 0.0245 p.02478)0.02487| 0.02283 | 0.0245 [0.0010 |.01677.01678p.01638p.03136D.018610.03136] 0.01638 [0.01678]0.0064 |{ -31.51
42.02269p.021180.01711.02118{0.0234 | 0.0234 | 0.01711 [0.02118]0.0024 |p.01729p.01657p.01658D.01689p.0172800.01729| 0.01657 J0.01689 0.0004 || -20.25
430.02336p.02594].02274)0.02594]0.0227 j0.02594| 0.0227 0.02336]0.0017 |P.01787p.01687.01665p.01691D.02081/0.02081/ 0.01665 0.01691{0.0017 | -27.61
440.02296]0.0234 | 0.0227 .02225p.02367)0.02367| 0.02225 [0.02256]0.0006 }{0.0169 p.01748{0.0172.01826).01825[0.01826| 0.0169 [0.01748] 0.0006 || -23.87
450.02328p.02507D.0252800.02508p.02442/0.02528| 0.02328 [0.02507] 0.0008 |P.01249].01752p.01794p.01781p.017350.01794] 0.01249 0.01752[ 0.0023 || -30.12
6D.01739D.022560.02314] 0.0246 P.0248710.02487| 0.01739 [0.02314]0.0030 [p.02392[0.0169 p.01733p.01695p.02158}0.02392| 0.0169 0.01733[0.0032 || -25.11
U7D.02528p.02254.02394] 0.022 P.02296§0.02528] 0.022 [0.02296] 0.0013 }[0.0165 [0.0251 .01672p.01651.01599{ 0.0251 | 0.01599 J0.01651]0.0039 || -28.09

.0211800.02254)0.02283.02509p.02741)0.02741] 0.02118 [0.02283]0.0025 [P.01632).01631p.01633D.01619{0.0163 0.01633| 0.01619 [0.01631] 0.0001 |{ -28.56
490.02528p.025280.0211800.02508p.02427[0.02528| 0.02118 0.02508] 0.0017 |P.01686p.01638D.01639P.01658]0.0225 [ 0.0225 | 0.01638 0.01658] 0.0027 || -33.89
500.02262].017390.0226200.02274p.02328/0.02328| 0.01739 [0.02262| 0.0024 |P.01799].02027p.01671D.01704p.02013)0.02027| 0.01671 0.01799[0.0017 || -20.47
| ) a=0.129B=0.01660[c=0.023C=0.001| | |a=0.145]B=0.01249[C=0.020C=0.001|f=-17.57

H —snwuTwualududau

min —A1Aawana (RMSE) Wauigaainnimeaas 5 afo

max —ffawain (RMSE) mnfigaannnismaaae 5 A%

1,2, 3, 4, 5 -wamsaaacafort 1, 2, 3, 4, 5 TavAnanilasothohinafanaia (RMSE)

SD —ehtt{uamummgnmaommwanwmamnmmaaao 5 afo
B -AiAnuAanamiasfigaannasaaas 50 uuy (1-50 Tuua)

re -reduce wafidudATasoto1hinaBanainanad Taomld3In (Meanusruw-Meanyy)/meanw* 100

mean -AaduuasIAmAanaIR (RMSE) :nnsmaans 5 afo

A —a"mnunawmamnﬂqaammmn_aao 50 wuy (1-50 Tvua)
C -Aadnanmsnaany 50 uuy (1-50 Twua)
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Feed forward NN uuutdanhwinwinesnémn (FNN) Feed forward NN uuuladanbwl ¥ (MSFNN)

H[ 1 2 3 4 5 [ max [ min [mean| sD 1 2 | 3 4 | 5 [max | min [mean | sp |l re(%)
110.13235{0.1306 0.12941D.13064]0.1377 | 0.1377 | 0.12941 [0.1306 | 0.003 [p.12768)0.12769p.12769p.12769p.12769)0.12769] 0.12768 |0.1277 | 0.000 || -2.26
20.07989p.0798800.079890.07335/0.0799 | 0.0799 | 0.07335 [0.0799 | 0.003 |p.07889.07016p.07016p.07015P.07016{0.07889] 0.07015 [0.0702 | 0.004 |[-12.18
3]0.045010.04513] 0.047 0.04458D.04699] 0.047 | 0.04458 [0.0451 | 0.001 |[ 0.039 p.04666.02857.02857].02856{0.04666| 0.02856 | 0.0286 | 0.008 |[ -36.69
4.02365p.01958.02064.02365D.02365{0.02365| 0.01958 |0.0237 | 0.002 |p.015940.01985p.01594D.01594p.017040.01985[ 0.01594 [0.0159 | 0.002 || -32.60
5 0.02051)0.02683D.02064.02683D.0206410.02683| 0.02051 [0.0206 | 0.003 |p.01739].01653p.01654D.01739p.01805}0.01805] 0.01653 |0.0174 | 0.001 || -15.75
6 .018630.01978p.01978)0.02171p.02171}0.02171] 0.01863 [0.0198 | 0.001 [p.01566].01566p.01595p.01594]0.0173[0.0173| 0.01566 [0.0159 | 0.001 |{ -19.41
7 p.02335p.01958.023350.02335p.0201500.02335] 0.01958 [0.0234 | 0.002 |p.01533].01533D.01677p.01478p.01479}0.01677| 0.01478 0.0153 | 0.001 |[ -34.35
8 0.02013D.01941)0.02165.02165D.0223500.02235| 0.01941 [0.0217 [ 0.001 [D.01466]0.0148 P.01525D.01466p.01479)0.01525[ 0.01466 [0.0148 [ 0.000 || -31.69
9 p.02003p.01973p.0197800.02013D.01873)0.02013| 0.01873 [0.0198 | 0.001 [P.01704).01638p.01638p.01691p.01691}0.01704] 0.01638 [0.0169 | 0.000 |[ -14.51
100.019580.01957)0.019580.01958D.02001)0.02001| 0.01957 [0.0196 | 0.000 |p.02264 .01544p.01544D.02264p.02264§0.02264] 0.01544 |0.0226 | 0.004 || 15.63
11D.01938p.01978p.02165p.01957D.01939)0.02165] 0.01938 [0.0196 | 0.001 |.01431]0.0143 P.01673P.01672p.016730.01673| 0.0143 [0.0167 | 0.001 |{ -14.56
1200.0210200.01968).01869D.02064p.01939/0.02102{ 0.01869 |0.0197 | 0.001 |D.01649.01649p.01455p.01733P.01454)0.01733] 0.01454 [0.0165 [ 0.001 | -16.21
13D.01961]0.0195 0.019410.01941D.01944§0.01961] 0.01941 [0.0194 | 0.000 [p.01466.01467p.01466p.01467p.01466/0.01467| 0.01466 [0.0147 | 0.000 |f -24.59
14D.02064.01961p.01973D.01961p.01873)0.02064| 0.01873 [0.0196 | 0.001 |.01758[0.01720.0172 .01183p.0175900.01759] 0.01183 [0.0172 | 0.002 |{ -12.29
[150.019780.01941p.01978D.01978p.02079)0.02079{ 0.01941 [0.0198 | 0.001 |P.01459.01615p.01615p.01825D.01824§0.01825] 0.01459 [0.0162 | 0.002 | -18.35
[160.019450.019730.02201p.01945D.01945/0.02201| 0.01945 [0.0195 | 0.001 [P.01886]0.01520.0152 .01886{0.0152 J0.01886] 0.0152 [0.0152 | 0.002 |[ -21.85
170.01967)0.01941p.02003p.01958D.01961)0.02003[ 0.01941 [0.0196 | 0.000 [D.02042.01523p.01639p.01522p.0189900.02042] 0.01522 [0.0164 | 0.002 || -16.42
180.02102.02008p.01958D.02039p.021020.02102f 0.01958 [0.0204 | 0.001 |P.01797.01693p.01878[0.0155 p.01551)0.01878| 0.0155 [0.0169 | 0.001 || -16.97
1190.01967)0.01958p.02102.01968p.02335/0.02335| 0.01958 | 0.0197 | 0.002 P.07943.01855{0.0171 P.01744D.01572}0.01943] 0.01572 [0.0174 | 0.001 |[-11.38
[20.02015.01957p.01938.02001p.02051)0.02051| 0.01938 |0.0200 | 0.000 |[0.0172 p.01859P.01631{0.0172 P.01613}0.01859] 0.01613 [0.0172 | 0.001 || -14.04
R10.01978{0.0194 .02335p.02039D.01941)0.02335] 0.0194 [0.0198 | 0.002 |p.01378]0.01715p.01567p.015660.01583.01715| 0.01378 [0.0157 | 0.001 |[ -20.78
22)0.02013).02003p.02003p.01883p.02013§0.02013] 0.01883 |0.0200 | 0.001 |p.01505{0.0152 p.01885p.01967D.016150.01967 0.01505 [0.0162 | 0.002 [ -19.37
23D.019450.01941p.022350.02064p.02001}0.02235| 0.01941 [0.0200 [ 0.001_[P.01734.01734D.01499p.01734D.016180.01734[ 0.01498 [0.0173 | 0.001 | -13.34
240.02007)0.02008p.021710.01961D.0202800.02171| 0.01961 {0.0201 | 0.001 |p.01749p.01737p.01736p.01737D.017370.01749| 0.01736 [0.0174 | 0.000 |f -13.50
250.01893.02013.020150.02015p.01973)0.02015| 0.01893 [0.0201 [ 0.001 |p.01815).01585p.01347p.01475p.01627/0.01815] 0.01347 [0.0159 | 0.002 || -21.26
R60.02064.02171.02064D.02003D.02003)0.02171] 0.02003 | 0.0206 | 0.001 |b.01634.01464p.01741P.01722p.0172300.01741] 0.01464 |0.0172 | 0.001 |f -16.57
27.02171).02028p.01978D.01967p.02013{0.02171] 0.01967 |0.0201 [ 0.001 |P.01833].01626{0.0183 p.01832D.01699)0.01833] 0.01626 [0.0183 | 0.001 || -9.09
[28D.02203).01961p.02039p.02038D.01941}0.02203| 0.01941 [0.0204 | 0.001 |p.01481p.01854{0.0169 P.01685p.01478/0.01854| 0.01478 [0.0169 | 0.002 || -17.32
[29p.01958)0.02171p.021650.02201(0.0194 0.02201] 0.0194 [0.0217 | 0.001 |p.01654.01767p.01463p.01618{0.0177 [0.0177 | 0.01463 [0.0165 | 0.001 || -23.60
30p.02203).02001p.020010.02001p.01978(0.02203| 0.01978 |0.0200 | 0.001 |p.01373D.01364D.01484D.01573D.0148300.01573| 0.01364 [0.0148 | 0.001 |f -25.89
310.02051).02051p.02051/0.0205 .02003}0.02051] 0.02003 |0.0205 [ 0.000 [.01475[0.0137 P.01556]0.0151 p.015950.01595| 0.0137 [0.0151 | 0.001 |f -26.38
320.02086{0.02203D.023350.01978D.02013)0.02335[ 0.01978 |0.0209 [ 0.001 |.01703p.01505p.01743p.01598D.015430.01743| 0.01505 [0.0160 | 0.001 |f -23.39
33.0201500.02007p.02008p.02038D.02079}0.02079| 0.02007 |0.0202 | 0.000 |p.01471.01472p.01582D.01472p.01471)0.01582( 0.01471 [0.0147 | 0.000 |f -26.95
340.01939).02086{0.02171D.01893D.01961}0.02171] 0.01893 {0.0196 [ 0.001 |.01428).01406D.01677.01383D.01359/0.01677| 0.01359 [0.0141 | 0.001 |f -28.30
35p.02107).02107.01977)0.01878p.02107}0.02107] 0.01977 |0.0211 [ 0.001 [{0.0155 P.01572p.01452]0.0137 P.01383)0.01572] 0.0137 [0.0145 | 0.001 |f -31.09
B6.01961.02165] 0.0206 0.01958p.02203}0.02203] 0.01958 |0.0206 | 0.001 |P.01466p.01407p.01408D.01644D.017090.01709| 0.01407 [0.0147 | 0.001 |} -28.83
57/0.0194 .02165.01893D.01882p.01967)0.02165] 0.01882 |0.0194 | 0.001 |P.01567p.01319{0.0152 P.01294D.0152200.01567| 0.01294 [0.0152 | 0.001 || -21.65
[38.02079)0.0196800.019410.02203p.02203§0.02203] 0.01841 |0.0208 | 0.001_|p.01305.01841p.013560.01336p.01238)0.01841| 0.01238 [0.0134 | 0.002 || -35.74
390.01973p.021710.02102.01877p.02013§0.02171] 0.01973 |0.0201 [ 0.001 |p.01672.01756p.01318D.01318D.01637)0.01756{ 0.01318 |0.0164 | 0.002 || -18.68
40p.01978).01958]0.0205 0.02028p.01978 0,0205 | 0.01958 [0.0198 | 0.000 |b.01455D.01463p.01546p.017590.0176 0.0176 | 0.01455 |0.0155 | 0.002 || -21.84
41.01977)0.01978p.02008D.02064p.02171)0.02171| 0.01977 [0.0201 | 0.001 |p.01347p.01336.01338D.01329P.013370.01347| 0.01329 |0.0134 | 0.000 || -33.42
42]0.01945p.01883p.01978p.01945p.02001)0.02001] 0.01883 [0.0195 | 0.000 |p.01118].01146D.01763p.01763p.0176300.01763] 0.01118 [0.0176 | 0.003 || -9.36
43p.02203)0.01958p.02003p.01857.02102)0.02203] 0.01957 |0.0200 | 0.001 |D.01395]0.0172 p.01599p.01275p.01766{0.01766] 0.01275 [0.0160 | 0.002 |f -20.17
l44.01958{0.0205 |0.02039p.019610.02013] 0.0205 | 0.01958 [0.0201 | 0.000 [D.01533p.01746.01182p.01193p.01746{0.01746] 0.01192 [0.0153 [ 0.003 |f -23.85
45p.02201.01958p.02201p.01938p.01958)0.02201| 0.01938 |0.0196 | 0.001 D.01596.01497p.01209p.01153p.01528/0.01596| 0.01153 [0.0150 | 0.002 |f -23.54
46}0.01973.02086p.02201p.01941P.02015)0.02201] 0.01941 [0.0202 | 0.001 p.01419p.01234] 0.011 p.01359p.01144p0.01419] 0.011_|0.0123 | 0.001 |f -38.76
47p.01978.01961).02007).02165p.02064)0.02165] 0.01961 [0.0201 | 0.001 |p.01744].01054.01885p.01042).01226}0.01885| 0.01042 [0.0123 | 0.004 |f -38.91
8{0.0206 0.02177].02224] 0.0206 p.02178)0.02224] 0.0206 | 0.0218 | 0.001 |p.01654 p.01325p.01746D.01538p.0145200.01746| 0.01325 [0.0154 [ 0.002 || -29.35
490.0206 . .0223500.02038.02234§0.02235| 0.02038 |0.0209 | 0.001 [D.01151.01139D.01631p.01778D.0177800.01778] 0.01139 [0.0163 | 0.003 || -21.81
I50[0.02028]0.0206 0.02079p.02003p.02203)0.02203| 0.02003 |0.0206 | 0.001 |p.01167.01137p.01272]0.0124 P.01009)0.01272( 0.01009 [0.0117 | 0.001 |f -43.35
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3197 ¥.26 KANIINADBIAZADAYDIVDYA Colpitts Oscillator 1A0 1% Elman Recurrent NN.

Elman Recurrent NN wuuldanbwinuiuesnéu (ERNN) Elman Recurrent NN uuuldanhwli MSERNN)

Hl 1 ] 2 ] 3 I 4 5 max min mean SD 1 2 l 3 4 L] I max min mean SD re(%)
1]0.135510.12693p.13003p.13162]0.1275 [0.13551| 0.12693 [0.1300 | 0.003 |p.12407)p.12566.12541p.12407p.12541)0.12566] 0.12407 [0.1254 | 0.001 || -3.55
2.07794p.07177p.06722)0.07138D.06731}0.07794| 0.06722 [0.0714 | 0.004 |p.06901D.07801p.07602p.07801p.07602{0.07801| 0.06901 [0.0760 | 0.004 || 6.50
3 0.041380.0416200.04507.04138.03781}0.04507| 0.03781 |0.0414 | 0.003 |p.02264.02264p.02612p.02561p.02561}0.02612] 0.02264 |0.0256 | 0.002 |f -38.11
4.01744p.02267] 0.018 0.01787p.01787}0.02267| 0.01744 [0.0179 | 0.002 |{0.0164 [0.0163 P.01738D.01694[0.0163 0.01738| 0.0163 [0.0164 [ 0.000 |f -8.23
50.01746.0120800.01781p.01907p.01736/0.01907| 0.01208 |0.0175 | 0.003 |p.01648p.01417p.01623D.01623D.01417)0.01648| 0.01417 [0.0162 | 0.001 |f -7.04
6 .017290.017280.0213800.01729.01974}0.02138| 0.01728 [0.0173 | 0.002 |p.01777].01693p.01579p.01579p.01717}0.01777| 0.01579 [0.0169 [ 0.001 }f -2.08
7.01731]0.0175 0.01714] 0.018 p.01746] 0.018 [ 0.01714 [0.0175 | 0.000 |P.01932p.01717p.01717]0.0187 p.0144800.01932| 0.01448 [0.0172 | 0.002 || -1.66
8 D.017460.01984).01693D.01693D.01693}0.01984| 0.01693 [0.0169 | 0.001 |p.01694].01734p.01692p.01695p.0169300.01734| 0.01692 |0.0169 | 0.000 || 0.06
90.01748p.01714).0184600.01714D.01714}0.01846| 0.01714 [0.0171 | 0.001 |p.01726].01559p.01641p.01559p.01559/0.01726| 0.01559 [0.0156 | 0.001 |f -9.04
10p.01748.01748p.02112D.01748.01748)0.02112] 0.01748 [0.0175 [ 0.002 [P.01299].01655p.01615p.01482p.01529)0.01655] 0.01299 [0.0153 | 0.001 || -12.53
11]0.0175 0.01718p.02138p.01718p.01722)0.02138| 0.01718 |0.0172 | 0.002 |p.01607].01684p.01576D.01606D.01684)0.01684| 0.01576 [0.0161 | 0.000 |f -6.68
120.01704.01703p.01703p.01703p.01703)0.01704] 0.01703 [0.0170 | 0.000 |p.01354p.01511D.01531p.01486p.01511}0.01531{ 0.01354 [0.0151 | 0.001 |f -11.27
130.01749).01748.01708] 0.0175 0.02507]0.02507| 0.01708 [0.0175 | 0.003 [D.01716]0.0146 p.01611p.01425p.01785/0.01785| 0.01425 [0.0161 | 0.002 || -7.89
14D.017950.01795p.017950.01795p.01795/0.01795| 0.01795 |0.0180 | 0.000 [P.01538p.01622p.01436] 0.015 P.01436)0.01622| 0.01436 [0.0150 | 0.001 |f -16.43
150.0170800.01209p.01693D.01977p.02553)0.02553| 0.01209 [0.0171 | 0.005 |P.01621p.01295p.01621D.01469p.01469)0.01621] 0.01295 [0.0147 | 0.001 |f -13.99
160.017810.01781p.01781/0.0174 .01741)0.01781| 0.0174 [0.0178 | 0.000 |P.01502].01265p.02326/0.0142 p.01513)0.02326| 0.01265 [0.0150 | 0.004 || -15.67
17D.01744P.0174400.01744D.01744D.01744)0.01744] 0.01744 [0.0174 | 0.000 |b.01445p.02067p.02067p.02081p.01127/0.02081| 0.01127 [0.0207 | 0.004 |f 18.52
180.01736).0173600.01736D.01736D.01736/0.01736] 0.01736 [0.0174 | 0.000 |P.01297p.00976D.00975p.01682p.01404)0.01682| 0.00975 |0.0130 | 0.003 |f -25.29
19.01747]0.01746.01746p.01747p.01747/0.01747| 0.01746 |0.0175 | 0.000 |P.01659p.01472D.01659p.01636D.01282)0.01659| 0.01282 [0.0164 | 0.002 || -6.35
200.017310.01731p.01731D.01731D.01732§0.01732] 0.01731 [0.0173 | 0.000 |D.01497/0.0162 [0.0133 P.01467p.01362/ 0.0162 | 0.0133 [0.0147 | 0.001 |[f-15.25
21{0.0175 0.01751p.01751/0.0175[0.0175 [0.01751] 0.0175 [0.0175 [ 0.000 |p.01343[0.0161[0.0127 |0.01611.01269/ 0.0161 | 0.01269 [0.0134 | 0.002 [f -23.26
220.01722.01722).01722p.01722.01722§0.01722| 0.01722 |0.0172 | 0.000 |p.01318p.01547p.01233p.01342D.01658)0.01658f 0.01233 |0.0134 | 0.002 |f -22.07
23p.017480.01746p.01748p.017460.01748)0.01748| 0.01746 | 0.0175 | 0.000 [D.01232).01369p.01303D.01697p.01698}0.01698| 0.01232 |0.0137 | 0.002 |{ -21.68
24]0.01750.0175[0.0175[0.0175 |0.0175| 0.0175| 0.0175 |0.0175 | 0.000 |p.01333P.01254P.01341D.01309p.01366{0.01366] 0.01254 [0.0133 | 0.000 || -23.83
250.017720.017720.01772p.01772p.01772)0.01772| 0.01772 [0.0177 | 0.000 |b.01196.01385D.01804P.01258p.01803}0.01804| 0.01196 |0.0139 | 0.003 || -21.84
26p.01774.01774p.017740.01774p.01774)0.01774] 0.01774 |0.0177 | 0.000 [D.01346.01579p.01771p.01295p.01306/0.01771] 0.01295 [0.0135 | 0.002 || -24.13
R70.01782p.01781p.01781p.01781p.01781)0.01782] 0.01781 |0.0178 ] 0.000 |D.01559.01361p.01412.01334D.01284)0.01559| 0.01284 |0.0136 | 0.001 || -23.58
280.01801p.01801] 0.018 | 0.018 p.01801j0.01801] 0.018 [0.0180 | 0.000 |h.01418p.01802/0.0135 p.01386p.01803)0.01803] 0.0135 [0.0142 | 0.002 || -21.27
[29p.01846p.01846p.018460.01846.01846/0.01846| 0.01846 [0.0185 | 0.000 | 0.014_ P.01395P.01431P.01344D.01313)0.01431] 0.01313 [0.0140 | 0.000 |f -24.43
0p.01209p.01914p.01914.01238p.01914§0.01914] 0.01209 [0.0191 | 0.004 |p.01452p.01619p.01346P.01619p.01205)0.01619] 0.01205 [0.0148 | 0.002 || -22.57
51p.01998p.01998p.01996)0.01983p.0198410.01998] 0.01983 | 0.0200 | 0.000 [.01168.01129p.01597p.01141D.01064)0.01597| 0.01084 |0.0114 | 0.002 || -42.89
62p.01977p.01907p.01977.01977p.01978[0.01978} 0.01907 | 0.0198 | 0.000 |p.01604.01345p.01743D.01294D.01295/0.01743| 0.01294 |0.0135 ] 0.002 || -31.97
£3p.01866p.02107p.019380.01867P.01938/0.02107| 0.01866 |0.0194 | 0.001 |.01561.01516D.01355p.01426]0.0139 |0.01561| 0.01355 |0.0143 | 0.001 || -26.42
34D.01946{0.01946p.01946] 0.0187 .01869)0.01946| 0.01869 |0.0195 | 0.000 [D.01417]0.01606{0.0136 P.01426p.01347)0.01606| 0.01347 [0.0142 | 0.001 || -27.18
35p.01974.01974.01974].01974p.01974§0.01974| 0.01974 |0.0197 | 0.000 [D.011720.01146p.01279.01235D.012790,01279 0.01146 |0.0124 | 0.001 || -37.28
56p.02003.02003D.02003.02003p,02003§0.02003] 0.02003 | 0.0200 | 0.000 | 0.012_P.01862p.01179p.01675p.013830.01862| 0.01178 |0.0139 | 0.003 | -30.70
57D.02162p.02162p.021620.02162.02162)0.02162| 0.02162 | 0.0216 | 0.000 |.012150.01251P.01462.01592p.01214)0.01592| 0.01214 |0.0125 | 0.002 || 42.14
58p.02181p.02189p.02177)0.02189p.02178§0.02189] 0.02177 | 0.0218 | 0.000 |D.01486.01466p.01259p.01414]0.0146 |0.01486{ 0.01259 |0.0146 | 0.001 |f -33.06
39D.02415p.02484)0.02138p.02415p.02268/0.02484| 0.02138 |0.0242 | 0.001 |p.01752].01436D.01752p.01752p.01275[0.01752| 0.01275 [0.0175 | 0.002 || -27.45
l40p.02151p.02151]0.0215 .02272p.021510.02272| 0.0215_|0.0215 | 0.001 |p.01203]0.0116 p.01382p.01366p.0149300.01493| 0.0116 [0.0137 | 0.001 || -36.49
41p.02447p.02297)p.02446p.0244 7D 02447}0.02447| 0.02297 |0.0245 | 0.001_|p.01394].01469p.01822{0.0142 P.01345[0.01822 0.01345 |0.0142 | 0.002 || -41.87
200.02529p.0252900.025290.02213.0221310.02528| 0.02213 | 0.0253 | 0.002 |b.01719.01496]0.0276 [0.0276 .01394] 0.0276 | 0.01394 |0.0172 | 0.007 |} -32.03
43.02622.02622.02622p.02622p.02622/0.026 22| 0.02622 |0.0262 | 0.000 |p.01412].01862p.01324P.01862].014450.01862] 0.01324 |0.0145 | 0.003 |{ -44.89
44]0,0259 p.02064)0.02064] 0.0238 |0.0259 | 0.0259 | 0.02064 | 0.0238 | 0.003 [P.01179p.01115D.01058p.01165p.01057/0.01179] 0.01057 |0.0112 | 0.001 | -63.15
45.02563p.01714)0.02267.02686p.0170310.02686| 0.01703 | 0.0227 | 0.005 [p.01624P.01431D.01623p.01354D.01666/0.01666] 0.01354 |0.0162 | 0.001 | -28.41
46.02686§.0268600.02781.02686.02686/0.02781] 0.02686 | 0.0269 | 0.000 |p.01092.01249]0.0153 p.01379p.015380.01538) 0.01092 |0.0138 | 0.002 || -48.66
4710.01741p.02003)0.02553p.02553p.0255300.02553| 0.01741 | 0.0255 | 0.004 |P.02193.01456D.00976p.02154D.01653)0.02194] 0.00976 |0.0165 | 0.005 | -35.25
48D.02452.0245200.02267)0.02451D.02268J0.02452| 0.02267 | 0.0245 | 0.001 b 01902].01902p.01408p.01342).0129900.01902] 0.01299 |0.0141 | 0.003 || -42.55
l49b.02507p.01983p.01977p.02507p.01907}0.02507] 0.01807 |0.0198 | 0.003 |.01197P.01761]0.0111.01761p.011850.01761| 0.0111 |0.0120 | 0.003 || -39.64
I50p.01746p.03356p.02607]0.02574p.01867]0.03356| 0.01746 | 0.0257 | 0.007_|D.01179].01318p.01405p.01205p.01516§0.01516{ 0.01179 [0.0132 | 0.001 |f -48.80
| | | |A=0.136=0.01208C=0.018[c=0.000|| | | |A=0.126B=0.00975(C=0.015C=0.002}F =-23.71

H —smuTuualutudau max —AAanaia (RMSE) ainfigaainnismaaas 5 A% 3

min —AAawate (RMSE) Hapdgaannismeany 5 afo mean -AnadpyasAaianudanata (RMSE) aannsmaaas 5 af
1,2, 3, 4, 5 -wamsviaaaoafort 1, 2, 3, 4, 5 TauAnani Tasstholvinafianaia (RMSE)

SD -ﬁi’nt{uol.uuu'mgwnaoFi'm'nunnwmaa'mmmnaao 5a% A —frarufanmmnnigaainmismaaay 50 uwy (1-50 Twua)
B -AmmAsnaaianigaannnismaany 50 uuy (1-50 Tuua) C -Antadpainnismaaay 50 uuy (1-50 Twua)

re -reduce ulafifusilasetelvinadanainanad Taon 11630 (Meanusgwn-Meansryy)/Meangw* 100

P Y g ' A A 9o A 1w 2’,
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M313f ¥.27 wamsnaaeuiazadnveIveya Colpitts Oscillator 10619 Jordan Recurrent NN.

Jordan Recurrent NN uuutadsnhwinvisednédur (JRNN Jordan Recurrent NN uuulafank " (MSJRNN)

H 1 [ 2 [ 3 4 5 [ max | min [mean| sD 1 2 [ 3 | 4 | 5 [max| min [mean| SD | re(%)
110.1315600.12859.131140.13002].13008/0.13156| 0.12859 [0.1301 | 0.001 [P.12828].12815p.13165p.12815p.12829/0.13165] 0.12815 [0.1283 | 0.002 || -1.38
210.08089p.07953p.07993p.07897.08031)0.08089] 0.07897 [0.0799 | 0.001 |p.05801.05941p.05941p.05942p.05941j0.05942| 0.05801 [0.0594 | 0.001 || -25.67
30.02008p.01897)0.018810.02031p.01905/0.02031] 0.01881 [0.0191| 0.001 |p.02615).02227.02615p.02615p.022270.02615{ 0.02227 [0.0262 | 0.002 || 37.27
410.02057).02075.02427)0.02426.02075/0.02427] 0.02057 |0.0208 | 0.002 |p.01609].01562P.01562.01563p.01608}0.01609] 0.01562 [0.0156 [ 0.000 |f -24.67
5 0.0215400.02008)0.01993p.01935D.01898}0.02154] 0.01898 [0.0199 | 0.001 |p.01657.01816p.01629p.01605p.01605{0.01816| 0.01605 [0.0163 | 0.001 || -18.26
60.02141p.0199300.02002] 0.0201 p.01953}0.02141] 0.01953 [0.0200 | 0.001 |p.01572].01718p.01572p.01718p.0157200.01718| 0.01572 [0.0157 | 0.001 || -21.48
7[0.0211} 0.019 | 0.019 | 0.019 p.01901[0.0211] 0.019 [0.0190 | 0.001 |p.01802]p.01802p.01557p.01677p.01677}0.01802[ 0.01557 [0.0168 | 0.001 |{-11.74
8 0.01939p.01953.021410.01905p.02002)0.02141] 0.01905 |0.0195 | 0.001 |p.01467].01467D.01658p.01466D.01658/0.01658] 0.01466 [0.0147 | 0.001 |f -24.88
9.02002)0.01881)0.01894p.01886D.02008/0.02008[ 0.01881 [0.0189 | 0.001 |p.01479].01823p.01823p.01821.01478[0.01823| 0.01478 [0.0182 | 0.002 || -3.85
10p.02155.018590.01897)0.02188.018970.02188[ 0.01859 [0.0190 | 0.002 [p.01474].01475p.01609p.01475p.01475/0.01608[ 0.01474 [0.0148 | 0.001 || -22.25
110.01894.02122).01895p.01895p.02181/0.02181] 0.01894 [0.0190 | 0.001 |P.01679p.01679p.01438p.01679p.01438/0.01679] 0.01438 [0.0168 | 0.001 || -11.40
1200.01964.01913.02122]0.01964{0.0201 J0.02122[ 0.01913 [0.0196 | 0.001 | 0.017 p.01649p.01689p.01688{0.0165 0.017 | 0.01649 [0.0169 | 0.000 || -14.05
13p.01898[0.0192 0.01898p.01898).01898{ 0.0192 | 0.01898 [0.0190 | 0.000 [{0.0165 p.01712p.01478p.01712p.01712{0.01712[ 0.01478 [0.0171 [ 0.001 || -9.80
140.01963.019050.01913p.01905p.01962]0.01963] 0.01905 [0.0191 [ 0.000 |b.01779P.01558p.01557p.01779p.015570.01779] 0.01557 |0.0156 | 0.001 || -18.56
[150.01897)0.020090.02057p.02002.02141/0.02141] 0.01897 [0.0201 | 0.001 }{0.0146 p.01602p.01682p.01575p.01682)0.01682] 0.0146 [0.0160 | 0.001 |} -20.26
60.02122)0.01858p.018980.02141p.01952)0.02141] 0.01858 [0.0195 | 0.001 [[0.0173 [0.0173 .01548D.01548[0.0173[0.0173 | 0.01548 [0.0173 | 0.001 || -11.37
170.02089.019530.01993.01935p.01962/0.02089| 0.01935 [0.0196 | 0.001 |P.01723p.01837p.01723p.01418p.01482)0.01837| 0.01418 [0.0172 [ 0.002 [ -12.18
180.0193600.02153.01935p.02141D.01953)0.02153[ 0.01935 [0.0195 | 0.001 [p.01726p.01726p.01726p.01648p.01725/0.01726| 0.01648 [0.0173 | 0.000 |f -11.62
19D.02181]0.0201 0.02122.02122p.02153/0.02181| 0.0201 [0.0212 | 0.001 |P.01976.01726p.01477p.02202p.01726§0.02202| 0.01477 [0.0173 | 0.003 |f -18.66
200.01886{0.02083.02031.02057)0.018980.02083| 0.01886 |0.0203 | 0.001 [{0.0157 [0.0154 .01724D.01723D.0156900.01724] 0.0154 [0.0157 | 0.001 [| -22.70
210.01898).021550.019050.02122).01881/0.02155( 0.01881 [0.0191 [ 0.001 |P.01717).01628p.01568D.01717p.01584)0.01717| 0.01568 |0.0163 | 0.001 |f -14.54
22)0.01986p.02002)0.01898p.01878[0.0211 [ 0.0211 | 0.01878 [0.0199 | 0.001 |p.01765p.01454D.01389D.01618D.01642/0.01765| 0.01389 [0.0162 | 0.002 |} -18.53
[23p.01985.02088p.01859pD.01886.02075{0.02088| 0.01859 [0.0199 | 0.001 |[0.0147 P.01531P.01532D.014860.01606/0.01606| 0.0147 [0.0153 | 0.001 || -22.87
[240.01986[0.01986p.02033p.01986.01985[0.02033] 0.01985 [0.0199 | 0.000 [[0.0174 P.01383D.01655D.015050.01737{0.0174 | 0.01383 [0.0166 | 0.002 || -16.67
25p.02141.02109p.01894D.02156p.01952§0.02156| 0.01894 [0.0211 0.001 |p.01298p.01743p.01744] 0.017 P.01594}0.01744| 0.01298 |0.0170 | 0.002 |f -19.39
02002).01993p.01993p.02181p.01964§0.02181] 0.01964 |0.0199 | 0.001_|p.01578.01577p.01676p.01531p.014570.01676] 0.01457 [0.0158 | 0.001 || -20.87
70.02002.02003)0.02002)0.020020.02002}0.02003 0.02002 | 0.0200 | 0.000 [b.01646.01399p.01548p.01549D.01674/0.01674| 0.01399 |0.0156 | 0.001 || -22.63
280.02008)0.02089).02008p.02008p.01985/0.02089] 0.01985 |0.0201 | 0.000 |p.01721{0.0151 P.01632p.01633D.0151100.01721| 0.0151 |0.0163 | 0.001 |{ -18.73
1290.02089.02181p.02122.02009p.01986/0.02181| 0.01986 [0.0209 | 0.001 |p.01389].01403p.01388p.01538p.015140.01538] 0.01388 [0.0140 [ 0.001 || -32.84
130[0.0211 |p.01898}0.02083p.02155.01964)0.02155| 0.01898 |0.0208 | 0.001 |D.01452].01474.01479p.01413p.0141200.01479f 0.01412 [0.0145 | 0.000 || -30.29
B1p.02002p.01898)0.02008p.02008] 0.019 J0.02008] 0.01898 |0.0200 | 0.001 [h.01505.01322.01323p.01808p.01388/0.01808| 0.01322 [0.0139 | 0.002 || -30.67
[32p.01986p.01905).02088p.02181.01964)0.02181] 0.01905 [0.0199 | 0.001 [p.01458D.01368D.01703D.01361p.01475/0.01703] 0.01361 [0.0146 | 0.001 |{ -26.59
30.02031p.02031p.01952).02031p.0207710.02077| 0.01952 [0.0203 | 0.000 ||0.0147 [0.0152 P.01597D.01675p.013420.01675| 0.01342 [0.0152 | 0.001 || -25.16
B4b.02057)0.02181)0.02057p.02002.01905}0.02181] 0.01905 |0.0206 | 0.001_|P.01358.01445/0.0145 .01663p.014650.01663| 0.01358 |0.0145 | 0.001 || -29.51
35.02154).0218800.01913.02008p.0196410.02188 0.01913 {0.0201| 0.001 |{0.0128 |.01339p.01748p.01482.01411)0.01748| 0.0128 |0.0141 | 0.002 || -29.73
bep.01878p.0207500.02075p.01859p.02075{0.02075 0.01859 |0.0208 | 0.001 [P.01402].01345p.01403p.01386D.0136200.01403| 0.01345 |0.0139 | 0.000 || -33.20
B7p.02083p.01881p.01898).02089).02057}0.02089] 0.01881 [0.0206 | 0.001 |p.01326].01251D.01259D.01389p.01376)0.01389] 0.01251 |0.0133 | 0.001 || -35.54
80.01935).01898)0.020880.02088.02153)0.02153| 0.01898 [0.0209 | 0.001 |P.01358.01444p.01386D.01352D.01365/0.01444f 0.01352 [0.0137 | 0.000 | -34.63
39p.0198500.02109p.01953p.01962{0.0211 | 0.0211 | 0.01953 |0.0199 | 0.001 |p.01752p.01412].01504D.01436p.01637)0.01752 0.01412 [0.0150 | 0.001 || -24.23
40p.01952]0.02122).02075p.02122.01913)0.02122] 0.01913 [0.0208 | 0.001 [D.01234p.01158p.01168P.01159p.01243)0.01243] 0.01158 |0.0117 | 0.000 || -43.71
41p.02123p.02122.02122p.02122].02123)0.02123] 0.02122 | 0.0212 | 0.000 [p.01199[0.0123 p.01295p.01198p.01296/0.01296( 0.01198 [0.0123 | 0,000 || -42.04
42p.021310.018860.01886p.02252.02131)0.02252| 0.01886 | 0.0213 | 0.002 [D.01363.01204D.01204p.011989p.01093)0.01363| 0.01083 |0.0120 | 0.001 || -43.50
43p.02141p.02257p.02141p.02258p.02141)0.02258| 0.02141 | 0.0214 | 0.001 |P.01284]0.0127 p.01205p.01258p.01166/0.01284f 0.01166 |0.0126 | 0.000 || -41.24
44.02154[0.02154)0.02153.02154P.0215410.02154 0.02153 [0.0215 | 0.000 [D.01124].01185p.01231P.01231.01594)0.01594] 0.01124 [0.0123 | 0.002 || -42.85
l45.02156p.0215500.02002.02156.02009§0.02156| 0.02002 [0.0216 | 0.001 [P.01134]0.0129 P.015050.01179P.0136500.01505| 0.01134 [0.0129 | 0.001 || -40.14
k6p.02154)p.02088] 0.0201 p.01962p.01913)0.02154 0.01913 [0.0201 | 0.001 [D.011570.0108 p.01539p.01195p.01323)0.01539| 0.0108 |0.0120 | 0.002 || -40.55
470.0217[0.0217 0.01913]0.0217 .01913[0.0217 | 0.01913 | 0.0217 | 0.001 [p.01136]0.01142p.01151p.01135p.01152}0.01152] 0.01135 |0.0114 | 0.000 || -47.37
48p.01993).01939p.02031p.01913p.02122)0.02122| 0.01913 [0.0199 | 0.001 [P.01204.01183D.01196p.01103D.01204J0.01204| 0.01103 |0.0120 | 0.000 || -39.99
k9p.02002)0.01986§.01993p.02188p.02153}0.02188| 0.01986 |0.0200 | 0.001 [P.01087]0.0113 P.01193{0.0115 p.01231)0.01231] 0.01087 [0.0115 | 0.001 || -42.56
500.02181)0.021810.02306.02181p.02307)0.02307| 0.02181 [0.0218 | 0.001 |P.01096.01117.01445p.01118D.01155/0.01445] 0.01096 [0.0112 | 0.001 || -48.74
A=0.132]B=0.01858[C=0.020C=0.001}| |A=0.132=0.01080[C=0.015[C=0.001|[=-23.55
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B -AAmuAanatamiauiigaannmmaaay 50 uuy (1-50 Tuua)

max —Afiawain (RMSE) innfigaannnismaaay 5 A% .
mean -AnadnasAiaubenata (RMSE) :nnisvaane 5 a
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A -ﬂ"mv'maana';mnﬂauainmmnam 50 uwy (1-50 Tvun)
C -Anadvanmsmeany 50 uuy (1-50 Twua)

- Y g ' A a 9o A 1w 5
HANIINADININAIT N ¥.27 uaaliimu wWelins 199 au Tnuaiminu lusu

’ 3 Y ° ' a °
aou Ms IFanihminuuurassnmusi i Iasevisa Inaranainanas 49 uuy (Smu

A 1w ¥ Y a o ' a v ¥ 2 o
Tnuaiminulusugou) Taedinaiunundoninynuuunismaaeandl misldanimin

g o 9/ i v a = a Ay
u‘uunmummuuﬁm’lnTﬂﬂmmTnnamwmﬂanaﬂﬂumau 23.55% TavnaranaIANoy

4 ’ { ! %’ @ ' A ° 5 v
hgavesInsaviganlganimninfioanufed Ao 0.01858 1o ldsmanTnualusugeu 16

a a9y a ' Hdq ¥ ¥ o )
I'H'NW llﬁzNﬁﬂﬂﬂfﬂﬂﬂuﬂUﬂf!ﬂ‘llﬂ\'lTﬂiQ'lﬂU”l711‘15?1111THuﬂllUUHﬁTUl‘lﬁﬂmuﬂﬂﬂ 0.0108

» v
wieldsuuTvualususdou 46 Tnua




M 31971 ¥.28 HANINAADIIAZADAVDIVOYA RC chaotic Oscillator 10014 Feed forward NN.

118

Feed forward NN uuuldanlwinnisesnémn (FNN)

Feed forward NN

T NN 7 v
0

¥ (MSFNN)

1

]

2 3 [ 4 [ 5 | max

2 [ 3 [ a4 [ 5 [max]

min

mean

SD

re(%)

D.11369p.11252)

D.11112.11803p.11804/0.11804|

0.11112

10.11369

0.0032

b.09378

0.09377p.09177p.09476D.09476{0.09476|

0.09177

10.09378|

0.0012

-17.51

0.0845

D.08536p.08369] 0.0846 P.08481}0.08536

0.08369

0.0846

0.0006 |P.03655!

0.0286 P.03449|

0.0286 .03654§0.03655

0.0286

10.03449|

0.0041

-59.23

0.04571

D.044450.0450300.045430.04536{0.04571

0.04445

10.04536

0.0005 |p.01555

D.01742p.01897p.01555p.01741/0.01897

0.01555

10.01741

0.0015

-61.62

023!

0.02444]0.0246 | 0.0246 [.02445{ 0.0246

0.02396

10.02445

0.0003 [p.01717.

D.01619p.01619/0.0212 [0.0212 [ 0.0212

0.01619

0.01717|

0.0026

-29.78

D.02508p.02369).02112)0.02503)]

0.0245 0.02508

0.02112

0.0245

0.0016 [[0.0189

D.03186.03781/0.0187 p.018910.03781

0.0187

0.01891

0.0090

-22.82

D.0236!

.02462§0.02536/0.02435D.02536/0.02536|

0.02369

10.02462

0.0007 [{0.0161

D.01507p.01609/0.0161 .01508{ 0.0161

0.01507

10.01609|

0.0006

-34.65

0.0249

D.02444].02142.02463.02461] 0.0249

0.02142

10.02461

0.0015 |.01572

D.01517p.0151 7P.01572p.01 517)0.01572

0.01517

0.01517|

0.0003

-38.36

0.0245

D.02462).02508p.02571p.0245900.02571

0.0245

10.02462

0.0005 [[0.0171

D.01759p.01759p.01711p.01759)0.01759)

0.0171

10.01759|

0.0003

-28.55

wlo|~wlojn|ajw|n|s|T

D.02237]

D.02122).02122p.02122].02461)0.02461

0.02122

10.02122

0.0015 [p.01537

D.01537] 0.015 p.01537).015380.01538

0.015

0.01537

0.0002

-27.57

10p.02064|

D.02503D.02064.02064].02571)0.02571

0.02064

10.02064

0.0026 |P.01711

D.01712].01894D.01895D.01794)0.01885

0.01711

0.01794

0.0009

-13.08

11p.02112]

0.02112]0.0217 p.02142p.02112]0.0217

0.02112

.02112

0.0003 |.01638

D.01653D.01638.01653p.01638/0.01653

0.01638

10.01638

0.0001

-22.44

h2p.0214;

02142} D,02165h.02147 D.02147(0.02165|

0.02142

0.02147

0.0001 |p.01646

D.01646D.01647D.01646D.01646/0.01647,

0.01646

10.01646|

0.0000

-23.33

113p.02543[0.0217

0.02170.0217 p.02445)0.02543|

0.0217

0.0217

0.0018 |p.01581

D.01562D.01561p.01581D.01581)0.01581

0.01561

0.01581

0.0001

-27.14

4.02508]0.02441).02252).02574).02459)0.02574)

0.02252

10.02459

0.0012 |p.00778

0.01618‘).01 675p.01527p.00778/0.01675)

0.00778

0.01527

0.0046

-37.90

150.022

.02252)0.02237p.02236p.02355{0.02355)

0.02236

0.02237

0.0005 [0.0172

D.01 623b.01 706p.016930.01624| 0.0172

0.01623

0.01693

0.0005

-24.32

[160.02396{0.0225

D.02252).02252].02243§0.02396

0.02243

10.02252

0.0007 |p.01619

0.0162]0.0162 0.0159 {0.01620.0162

0.0159

0.0162

0.0001

-28.06

17D.02536)0.02462)

D.02545.02445D.0254300.02545(

0.02445

0.02536

0.0005 [p.01621

0‘01442').01443p.01605p.01616p.01621

0.01442

10.01605

0.0009

-36.71

[18p.02243p.02462}

D.02243p.02243D.02536/0.02536

0.02243

10.02243

0.0014 [p.01393

P.01456p.01545D.01393D.01414§0.01545

0.01393

10.01414

0.0006

-36.96

[190.0225

0.0225 | 0.0249 p.02282).02396{ 0.0249

0.0225

02282

0.0011 |P.01658

D.01765p.01572P.01569p.01595)0.01765,

0.01569

10.01595

0.0008

-30.11

0.0245

D.02369.025080.02435.02282)0.02508

0.02282

10.02435

0.0009 |p.01558

D.01621D.01742p.01735p.015570.01742)

0.01557

10.01621

0.0009

-33.43

0.0234

D.02282P.02396p.02355D.02122)0.02396

0.02122

0.0234

0.0011 [p.01381

D.01368p.01282p.01596D.01573)0.01596

0.01282

0.01381

0.0014

-40.98

0.0225

D.02243p.023960.02236.02252}0.02396|

0.02236

0.0225

0.0007 ||i.o14m

D.01536D.01484D.01566p.01565/0.01566

0.01425

0.01536

0.0006

-31.73

0.0234

.02355)0.0234 [ 0.0234 p.02122}0.02355|

0.02122

0.0234

0.0010 |.01533

D.01503]0.0167 p.01496p.01295 0.0167

0.01295

10.01503

0.0013

-35.77

0.0235

.024620.023550.02355D.0244410.02462)

0.02355

10.02355

0.0005 [D.01522

D.01523p.01499D.01505.01455{0.01523

0.01455

0.01505|

0.0003

-36.09

25D.02355/0.0217

0.02112.02237p.02142§0.02355|

0.02112

0.0217

0.0010 [/0.0139

P.01588D.01433D.01443D.01522{0.01588

0.0139

0.01443

0.0008

-33.50

02396.02397|

.02396.02396p.02396[0.02397|

0.02396

02396

0.0000 [}0.0141

D.01637].01602p.01671[0.0144 0.01671

0.0141

.01602

0.0012

-33.14

27D.02543)

0.02574)

D.02252)0.02536.02142}0.02574

0.02142

0.02536

0.0020 |{0.0144

D.01751p.01621p.01439p.02136{0.02136

0.01439

0.01621

0.0029

-36.08

2810.0245

0.02441

D.02508.02369p.02369{0.02508|

0.02369

10.02441

0.0006 [p.01648

0.015 .01637{0.0169 p.01662{0.0169

0.015

0.01648

0.0007

-32.49

29.02444

D.02444[0.02441D.02445.02445[0.02445

0.02441

10.02444

0.0000 [D.01466

.01501]0.0141 .01363p.01432)0.01501

0.01363

10.01432]

0.0005

-41.41

30p.02444|

0.0245 | 0.0245 .02508p.02369[0.02508,

0.02369

0.0245

0.0005 [P.01776

D.02566.01497D.01285D.01564)0.02566

0.01285

0.01564

0.0050

-36.16

310.02462

0.0246 [0.02463p.02462.02508)0.02508

0.0246

10.02462

0.0002 |p.01486

D.01312p.01407p.01462.01486/0.01486/

0.01312

.01462

0.0007

-40.62

2p.02459)

0.0246 0.02459]0.0246 0.02112{ 0.0246

0.02112

10.02459

0.0016 p.01595

D.01381D.01469p.01223D.01344)0.01595

0.01223

10.01381

0.0014

-43.84

53.02463)0.02462.02396.02574].02461

02574

0.02396

10.02462

0.0006 [p.01812

D.01783D.01783D.01463D.015350.01812

0.01463

0.01783

0.0016

-27.58

340.02369P.02503.02459p.02112].023960.02503

0.02112

10.02396

0.0015 [D.01409

D.01277p.01 574b.01 27600.01481}0.01574,

0.01276

0.01409

0.0013

-41.19

35D.023690.02508.02508] 0.0249 P.02536{0.02536

0.02369

10.02508

0.0007 [D.01256

D.01414]0.0179 P.01164p.014730.0179

0.01164

0.01414

0.0024

-43.62

B60.02508]0.02508p.02508p.02459D.02574)0.02574]

0.02459

10.02508

0.0004 |D.01486

0.01506p.01498b.01595 0.0157 0.01595|

0.01486

10.01506

0.0005

-39.95

37D.02536.0250300.02112p.02503p.025360.02536|

0.02112

10.02503

0.0018 |p.01483

D.01456D.01501D.014550.01422)0.01501

0.01422

0.01456

0.0003

-41.83

B38D.02536{0.02459p.02536

0.0246 |p.02536[0.02536]

0.02459

10.02536

0.0004 [D.01444

.01419D.01225D.01296{0.0124 [0.01444)

0.01225

0.01296|

0.0010

-48.90

39]0.0246 0.024350.02461

0.0245

.024620.02462)

0.02435

0.0246

0.0001 |D.01344

D.01356.01214D.01345D.01812)0.01812

0.01214

10.01345|

0.0023

-45.33

40p.024450.02462p.02444p.02462P.02441)0.02462

0.02441

10.02445

0.0001 [P.01106

D.01258D.01296p.01092p.01105)0.01296

0.01092

10.01106|

0.0010

-54.76

41p.02462)

D.02571)0.0236900.02508p.02396/0.02571

0.02369

10.02462

0.0008 |P.01407

0.01497p.01816D.01816D.01344]0.01816

0.01344

0.01497

0.0023

-39.20

42p.02536|

0.0245 .025080.02444].024630.02536

0.02444

10.02463

0.0004 [.01259

D.01243D.01252.01214D.01243(0.01259

0.01214

0.01243

0.0002

-49.53

143D.024450.02536)

D.02545D.02546p.02142{0.02546,

0.02142

10.02536

0.0017 |p.01301

D.01226{0.0121 p.01147.01355(0.01355

0.01147

0.01226

0.0008

-51.66

44p.02571]0.0246

0.024590.02545D.02445{0.02571

0.02445

0.0246

0.0006 |P.00805|

D.01842.01842].01205D.01444/0.01842

0.00805

0.01444

0.0044

-41.30

l45p.0254300.025360.024590.02459D.024450.02543

0.02445

10.02459

0.0005 {f 0.013

D.01236.01761{0.0123.012570.01761

0.0123

10.01257

0.0023

-48.88

l6p.02282]

0.0234 [0.02396p.023550.02122)0.02396

0.02122

0.0234

0.0011 [D.01344

D.02945D.01154D.01171D.01296)0.02945

0.01154

10.01296

0.0077

-44.62

U7p.02633}

.02574[0.025750.02536{0.0249 [0.02633

0.0249

0.02574

0.0005 |p.01862

D.01835D.01913p.02024.0177300.02024

0.01773

0.01862

0.0009

-27.66

48D.02543]

0.0245 0.02586.02536{.024350.02586

0.02435

10.02536

0.0006 |p.01174

D.01648]0.0129 P.01348D.01833)0.01833

0.01174

0.01348

0.0027

-46.85

49p.02

.02462)0.02537p.024: 02537

0.02435

10.02462

0.0005 |p.01283

D.02013p.01826p.01855D.01596{0.02013

0.01283

0.01826

0.0028

-25.83

50D.02534)0.02441

10.0249

D.02503p.02462] 02534

0.02441

0.0249

0.0004 |p.01212

D.01387.01139p.01138D.01086)0.01387

0.01086

0.01139|

0.0012

-54.26

=0.118=0.02064)

C=0.025[c=0.001}f

|

JA=0.095B=0.00778[C=0.015C=0.001

C=-36.44
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MM .29 HANINAADAZATAVBIVOYA RC chaotic Oscillator 1A01% Elman Recurrent NN.
Elman Recurrent NN uuuldanhwinviusnsimn (ERNN) Elman Recurrent NN uuuldsnhwl i (MSERNN)

1 2 | 3 ] 4 5 [ max | min [mean| sD 1 2 | 3 [ 4 [ 5 [max| min [mean| sbo | re(%)
0.11591.074540.11594D.11594P.11591)0.11594| 0.07454 0.11591] 0.0185 |p.09743.09559p.09493p.09559.097430.09743| 0.09493 [0.09559]0.0012 || -17.53
0.07454)0.0744 P.077060.0744 P.07461)0.07706| 0.0744 |0.07454] 0.0012 |P.04904 p.04545p.05013p.04904].04545/0.05013] 0.04545 [0.04904] 0.0022 || -34.21
P.01657].016570.0184 p.01841p.01657)0.01841] 0.01657 [0.01657]0.0010 |P.01629.01711]0.0197 p.01692{0.0197 [ 0.0197 | 0.01629 [0.01711]0.0016 || 3.26
P.01831D.01698p.01485p.01706p.01698/0.01831] 0.01485 [0.016980.0012 |p.01779.01677{0.0178 p.01678.01596{0.0178 | 0.01596 [0.01678|0.0008 || -1.18
.01892D.01698D.01777p.01777p.017780.01892] 0.01698 [0.01777]0.0007 |P.01582].01582p.01706p.01791p.01583}0.01791| 0.01582 J0.01583|0.0010 || -10.92
0.01727p.01727p.01947p.01591p.01727)0.01947| 0.01591 [0.01727] 0.0013 |P.01609.01608D.01609p.01608p.01629}0.01629] 0.01608 [0.01609]0.0001 || -6.83
0.017 .01282] 0.017 | 0.017 p.01281] 0.017 | 0.01281 | 0.017 [0.0023 |p.01453.01469p.01453]0.0147 p.01453]0.0147 | 0.01453 0.01453]0.0001 || -14.53
0.01892D.01893.01928.01893p.01892)0.01928| 0.01892 0.01893 0.0002 |P.01515p.01643p.01445p.01445D.01445)0.01643] 0.01445 [0.01445]0.0009 || -23.67
D.0192800.01928D.01928.01642D.01928)0.01928] 0.01642 [0.01928[0.0013 [P.01585.01585p.01672p.03021p.01352}0.03021] 0.01352 [0.01585)0.0067 | -17.79
10D.01929p.01929.01929.01929p.01929}0.01929] 0.01929 [0.01929]0.0000 [p.02337 p.01531p.01485p.01918[0.0153 0.02337| 0.01485 0.01531] 0.0037 || -20.63
110.01962.01962p.01961D.01962P.01962/0.01962| 0.01961 [0.01962 0.0000 |p.01578.01578p.01503p.01502.015790.01579] 0.01502 0.01578]0.0004 |[ -19.57
120.01461p.02039p.01461p.020380.01767}0.02039] 0.01461 0.01767]0.0029 |p.01483p.01583p.01582].01526).01582)0.01583| 0.01483 [0.01582] 0.0005 || -10.47

WioiNlojo|a|lw vl

13p.02014p.02014[0.015950.02033p.019290.02033| 0.01595 [0.020140.0018 |p.01467 p.01488p.01467p.01467p.01616/0.01616| 0.01467 [0.01467| 0.0006 || -27.16
[14D.02042p.02042.01454D.01454D.01714)0.02042] 0.01454 [0.01714] 0.0029 [p.01481).01431p.01306p.01662p.01767/0.01767| 0.01306 0.01481]0.0018 || -13.59
15D.02033D.02033D.01454P.01461D.02222}0.02222| 0.01454 [0.02033]0.0036 |p.01662].02036p.013260.02036.01816/0.02036| 0.01326 [0.01816] 0.0030 || -10.67
160.02047.014850.01486{0.02048D.02063}0.02063| 0.01485 [0.02047]0.0031 [P.01766.02351p.01767p.01793p.02351)0.02351| 0.01766 0.01793]0.0032 || -12.41
17D.01928D.01485p.01706.01502p.02014)0.02014] 0.01485 [0.01706] 0.0024 |p.01431.01428p.01592p.01539[0.0168 | 0.0168 | 0.01428 [0.01539[0.0011 || -9.79
[180.01626p.01626D.01626.01996D.01626)0.01996{ 0.01626 [0.01626/ 0.0017 [P.01481.01623p.01456|0.0168 p.01481[0.0168 | 0.01456 [0.01481]0.0010 || -8.92
[19p.01706p.02037p.01984p.01698p.019830.02037| 0.01698 0.01983] 0.0017 [P.01099.01416{0.0132 P.01456.01383)0.01456| 0.01099 [0.01393]0.0014 |[ -29.75
20p.01596.01828] 0.019 .01595/0.0192[0.0192 | 0.01595 [0.01828] 0.0016 |p.01627 p.01393p.01254p.01365p.01499}0.01627| 0.01254 [0.01393[0.0014 |[ -23.80

210.02009D.01947.02144D.02008P.01642/0.02144| 0.01642 0.02008] 0.0018 |p.01463p.01531p.01441p.01543p.01381)0.01543] 001381 [0.01469]0.0007 || -26.84
220.01921p.01648p.01591D.01852.01649)0.01921] 0.01591 [0.01649{0.0014 [P.01615D.01716D.01715p.01672p.01229}0.01716] 0.01229 [0.01672[0.0021 || 1.39
230.01788.01917p.01921D.01787D.01916/0.01921] 0.01787 [0.019160.0007 [p.01323.01482).01526.01481p.01487}0.01526] 0.01323 [0.01482[ 0.0008 || -22.65
240.01707.01817.01706{0.0186 P.019050.01905( 0.01706 [0.018170.0009 [p.01566.01363p.01565p.01361D.01254}0.01566) 0.01254 10.01363[0.0014 || -24.99
[250.02128D.01947]0.0178 .01948p.0177900.02128| 0.01779 [0.01947/ 0.0015 |.01539.01638p.01488p.01487).01562)0.01638] 0.01487 [0.01539]0.0006 |f -20.96
260.0188 |0.01985D.01922D.01813D.01984)0.01985| 0.01813 [0.01922]0.0007 [p.013160.01499[0.0252 [0.0252 .01283] 00252 | 0.01283 [0.01499] 0.0064 || -22.01
27p.02181p.02053.02181D.01699D.02054)0.02181| 0.01699 [0.02054 0.0020 |p.01564]0.0132 0.01173p.01627D.014280.01627| 0.01173 }0.01428[0.0018 | -30.48
80.01787D.01623D.01786D.01902p.01816{0.01902| 0.01623 [0.01787]0.0010 [[0.0168 |.01346D.01278.01522p.012210.0168 | 0.01221 [0.01346[0.0019 || -24.68
[29p.01934p.02189p.02238D.01935p.01629)0.02238| 0.01629 [0.01935[ 0.0024 |p.01393.01409p.01486.01317p.01466/0.01486 0.01317 [0.01409] 0.0007 || -27.18
300.01721{0.0172 .01868p.01869.00939§0.01869| 0.00939 10.01721]0.0039 |p.01869p.01499p.01489P.01523D.015230.01869| 0.01489 0.01523[0.0016 |f -11.50
310.02184.01906.01909p.01905p.022990.02299] 0.01905 [0.019080.0019 |.01615[.01254D.01441D.011410.014870.01615| 0.01141 [0.01441{0.0019 || -24.52
3200.02004.01907p.01833D.02003D.01831)0.02004] 0.01831 0.01907( 0.0009 |p.01481).01818p.01221D.01363]0.0168 10.01818| 0.01221 0.01481{0.0024 |[ -22.34
33D.021480.02384D.02318.02013p.02012)0.02384] 0.02012 [0.02148[0.0017 [P.01346].01558p.01217]0.0138 [0.0143 J0.01558] 0.01217 [0.0138 [0.0012 |[ -35.75
34D.01975.01563.01909p.01725D.01726/0.01975| 0.01563 [0.047260.0016 |f0.0122 P.01962p.01221P.01575p.01958/0.01962| 0.0122 [0.01575(0.0037 || -8.75
350.02198.01874.019730.02419] 0.0204 j0.024 19| 0.01573 [0.0204 [ 0.0019 [p.01385].01194).01666D.01776p.01393)0.01776( 0.01194 [0.01393(0.0023 || -31.72
36D.02021D.01502.02253{ 0.0198 [0.0202 [0.02253] 0.01502 |0.0202 [ 0.0028 |b-01316]0.014560.01605p.01488D.0159200.01605| 0.01316_[0.01488(0.0012 || -26.34
37D.022990.02002.022650.02114D.01614)0.02299] 0.01614 [0.02114 0.0028 |p.07154p.01102).01724D.01679p.01427)0.01724| 0.01102 0.01427]0.0029 || -32.50
[38.02271D.023850.02109p.02311]0.0227 0.02385| 0.02109 }0.02271]0.0010 |p.01289{0.0121 p.02541p.01183D.01182)0.02541] 0.01182 [0.0121 [0.0059 || -46.72
39(0.0219 .02597p.01824.02102.02189)0.02597| 0.01824 0.02189( 0.0028 |p.01193.01154p.01782p.01385p.015920.01782| 0.01154 0.01385/0.0027 |[ -36.73
40D.02406.02132] 0.0216 [0.02131D.02209/0.02406 0.02131 [0.0216 | 0.0012 |p.07113].01184p.01309p.01177).01426/0.01426] 0.01113 0.01184[0.0013 || -45.19
141D.02163.02015.02641D.02642.020940.02642| 0.02015 0.02163{0.0031 |P.01437).01193p.01516p.01072/0.0119 0.01516 0.01072 0.01193(0.0019 || -44.85
42D.01975.02319D.02437p.02342.02318§0.02437| 0.01975 [0.02319]0.0018 |.01183.02577p.01782p.01502p.011770.02577 0.01177 [0.01502]0.0058 || -35.23
43D.02368).02566D.01281D.02854{0.0348 | 0.0348 | 0.01281 |0.02566| 0.0081 |.01135p.01136D.01115p.01177p.01594)0.01594] 0.01115 [0.01136]0.0020 | -55.73
44/ 0.0233 0.01808D.02228D.02339D.0195900.02339[ 0.01808 [0.02228(0.0024 |P.01865.02349]0.0162 | 0.017 [0.0129 J0.02349] 0.0129 | 0.017 |0.0039 || -23.70
450.0279800.02477p.03019p.02558p.03021)0.03021] 0.02477 0.02798] 0.0025 |p.01734]0.0142 p.01421p.01313p.017340.01734| 0.01313 0.01421]0.0020 |{ -49.21
460.02407).02548D.02688D.02816.0204 1j0.02816] 0.02041 [0.02548]0.0030 |D.01609.01155p.01154p.01281D.01278)0.01609 0.01154 [0.01278[0.0019 || 49.84
47D.01281.01928.01629p.03193]0.0222 [0.03193| 0.01281 |0.01928]0.0073 |p.01222].01486]0.0129 P.01391D.01235p.01486] 0.01222 [0.0129 | 0.0011 || -33.08
480.02731]0.0273 .02731p.02731/0.0273 /0.02731|_0.0273_[0.02731]0.0000 |p.01764.01428D.01627p.01522p.01379)0.01764| 0.01379 [0.01522[0.0016 || 44.27
49D.04842.03029p.01461D.01642D.01983)0.04842] 0.01461_[0.01983] 0.0140 [b.01597 p.01163.01037D.01195p.01036/0.01507| 0.01036 [0.01163[0.0023 || 41.35
I500.03386p.02231p.02594D.01591D.03196§0.03386| 0.01591 [0.02594] 0.0073 |p.01146].01764p.01802p.01191p.01143)0.01802| 0.01143 0.01191]0.0034 || -54.09
{ | | | }A=0.116p=0.00939[C=0.020[C=0.002|| | | |A=0.097]8=0.01036[C=0.015C=0.002F =-24.16
H —3muTvualududau max —AAawata (RMSE) inniigaainnismaaas 5 ado
min —f1Aawaia (RMSE) vasigaannmmaaas 5 af mean -ANadsuadAIANuAanaIn (RMSE) amnmmeans 5 afo
1,2, 3,4, 5 suanmeaavaiont 1, 2, 3, 4, 5 Tandaanilassthalinadanaia (RMSE)
SD -ﬂ"udmmumassw-naammmannmm‘mmmnam 5 afy A —ArAuAsnasuinignannmmaaas 50 uuy (1-50 Twun)
B -dauAanaiaiauigaantnnimmaaas 50 uuy (1-50 Tuua) C -Anadoainnsmaasy 50 uuy (1-50 Twua)
re -reduce wWafidusiiiasotnoaliinafawarnanas Taowldan (meanusgrn-Meangryn)/ meangay*100
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Tnuanmmnulusugow) TasdhAatunundooinynuuunisnaasauds nisleanimin
s o q Y ' Y a a a Ay
HuuvMarsnuua 14 Inseviva linananainanas lauina 24.16% lagnaranainiiioy
§ ' $ v 3 o ' A ° 2
Ngaveslasevivanlganihminiiesnufiod Ao 0.00939 e l¥suauTnualuduseou 30
a P v d. ] :.s' 9 g o oA
Trnua uazkaranaaiosngaves Inssiiganlganihminuuuvaiosniuuane 0.01036

A d le 1]
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M990 ¥.30 HAN1INAABIAZATAVOIVOYA RC chaotic Oscillator 18 1% Jordan Recurrent NN.
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Jordan Recurrent NN uuuldanlwinviuednéus (JRNN) Jordan Recurrent NN uuuldank (MSIRNN)

H[ 1 2 [ 3 [ 4 ] 5 [max min | mean | SD 1 2 3 4 5 [ max min | mean [ SD || re(%)
1)0.091570.092050.09488)0.09205D.095630.09563| 0.09157 0.09205]0.0019 |p.09115].09246p.09342].09114D.09114§0.09942| 0.09114 0.09115[0.0036 || -0.98
2[0.05653]0.0559 0.05674.05832p.05626/0.05832] 0.0559 [0.05653] 0.0009 [D.05385{0.0215 .05385p.05385{0.0215 [0.05385| 0.0215 [0.05385[0.0177 || -4.74
3].02433p.024150.02275.01975p.01975/0.02433] 0.01975 [0.02275(0.0023 |D.01619.01568p.01568p.01615p.01619}0.01619] 0.01568 [0.01615]0.0003 || -29.01
40.023620.02169p.0243200.02275p.02098)0.02432] 0.02098 [0.02275]0.0014 |P.01654 ].04376p.04376D.01714p.01653}0.04376| 0.01653 [0.01714]0.0148 || -24.66
5 0.02457.02007p.01957p.02296p.02066/0.02457| 0.01957 [0.020660.0021 [{0.0156 P.01646{0.0149 |0.0149[0.0156 J0.01646| 0.0149 [0.0156 [ 0.0006 || -24.49
6]0.0219 p.019580.01958.01957p.01957]0.0219 | 0.01957 0.01958]0.0010 |P.016080.01679p.01679).01679p.01608)0.01679| 0.01608 [0.01679]0.0004 |[ -14.25
7 p.02031p.02288p.02461.02421p.02031)0.0246 1] 0.02031 [0.02288]0.0021 |.01575p.01575p.01576{0.0159 p.01575] 0.0159 | 0.01575 [0.01575 0.0001 |[ -31.16
80.01983p.01983p.01982).02274p.01982)0.02274 0.01982 [0.01983]0.0013 |P.01602).01602]0.0156 p.01602).015590.01602| 0.01559 [0.01602]0.0002 || -19.21
9 0.02007)0.02416p.023170.02007p.02432{0.02432] 0.02007 [0.023170.0021 [p.01515].01612p.01514D.01612).01613)0.01613] 0.01514 0.01612]0.0005 || -30.43
110p.025320.02317.02289p.02461]0.0219 0.02532] 0.0219 0.02317] 0.0014 |D.01641]0.0164 .01594]0.0164 p.01594§0.01641| 0.01594 [0.0164 [0.0003 |[ -29.22
11.01982].02066.02066D.02392].021540.02392] 0.01982 [0.02066]0.0016 [p.01623.01551p.01491p.01551p.01491)0.01623| 0.01491 0.01551] 0.0005 |[ -24.93
112p.02362].02363p.02099p.02098p.02098}0.02363] 0.02098 [0.02099] 0.0014 |p.01612.01632.01631P.01672).01612)0.01672| 0.01612 0.01631] 0.0002 |[ -22.30
13p.02389).02384[0.02111)0.02111.02296}0.02389] 0.02111_[0.02296] 0.0014 |p.01539).01529.01529.01538p.01565/0.01565] 0.01529 [0.01538] 0.0001 || -33.01
14D.02154P.02334]0.02154]0.02456].02289]0.02456] 0.02154 [0.02289] 0.0013 [p.01614.01614D.01614D.01613]0.0164 | 0.0164 | 0.01613 [0.01614]0.0001 |[ -29.49
150.02169[0.0219 0.02169p.020660.02007] 0.0219 | 0.02007 [0.02169] 0.0008 |p.01586{0.0146 | 0.0158 .01599p.01599)0.01599] 0.0146 0.01586|0.0006 || -26.88
160.02191]0.0219 0.021910.02432[0.0219 0.02432] 0.0219 0.02191]0.0011 |p.01568.01588p.01636p.01574.015890.01636] 0.01568 0.01588]0.0003 |f -27.52
170.0241600.0228800.02288.023841.02363(0.024 16| 0.02288 [0.02363 0.0006 |P.01568p.01568p.01551D.01569]0.0155 j0.01569] 0.0155 0.01568]0.0001 |f -33.64
[180.02226].02288p.02457.02226{.02226/0.02457 0.02226 0.02226{0.0010 |p.01373].01687p.01688D.01721p.014540.01721] 0.01373 }0.01687]0.0016 || -24.21
190.0227400.02373)0.02274.02274p.02031}0.02373] 0.02031 [0.02274] 0.0013 [P.01453p.01625D.01627.01538D.0142900.01627] 0.01429 0.01538]0.0009 |f -32.37
200.02433D.02031p.02415{0.0237 p.02421)0.02433] 0.02031 [0.02415[0.0017 |P.01711].014750.01711p.01218p.018720.01872| 0.01218 [0.01711]0.0026 || -29.15
210.0222600.02288).02317.02288D.02317(0.02317| 0.02226 0.02288] 0.0004 |.01475.01476D.01483D.01344.0134300.01483] 0.01343 0.01475[0.0007 || -35.53
2200.02297).02276p.022750.022960.022970.02297] 0.02275 0.022960.0001 |[0.0147 p.01588p.01406p.01563{0.0153 J0.01588] 0.01406 [0.0153 [0.0007 || -33.36
[23D.01982)0.02388.023890.02363D.022890.02389] 0.01982 [0.02363] 0.0017 |p.01412.01283[0.0139 P.01395p.01458/0.01458| 0.01283 [0.01395( 0.0006 || -40.96
240.02111)0.023340.02335p.02532]0.0237 0.02532{ 0.02111 [0.02335[ 0.0015 |p.01693D.01581[0.0142 .01712p.01647/0.01712| 0.0142 [0.01647[0.0012 || -29.46
25p.024450.02362]0.02362D.024460.02363§0.02446| 0.02362 0.02363] 0.0005 |p.01581{0.0131 p.01703p.073960.01491j0.01703] 0.0131_}0.01491{0.0015 |f -36.90
26{0.0255 | 0.0237 [0.0237 |p.01957].02393] 0.0255 | 0.01957 |0.0237 |0.0022 [.01377.01464p.01366D.01365D.01456{0.01464] 0.01365 [0.01377]0.0005 | -41.90
R7.02154.0239200.02275.02392].0239300.02393[ 0.02154 [0.02392]0.0011 |b.01507 p.01352.01388.01506p.01353)0.01507| 0.01352 [0.01388] 0.0008 || -41.97
28D.02456[0.02373.024560.02317.02415)0.02456] 0.02317 [0.02415]0.0006 |.01362].01567[0.01741D.01419p.01741)0.01741 0.01362 [0.01567[0.0018 |f -35.11
[29p.02416)0.02416p.02416.02415p.02416)0.02416| 0.02415 |0.024160.0000 |p.01329.01554p.01673D.01669p.01424)0.01673 0.01329 0.01554[0.0015 |{ -35.68
30p.02362).01982)0.02384] 0.0237 P.0233500.02384] 0.01982 [0.02362]0.0017 |p.01539{0.0164 p.01693p.01371p.01325[0.01693 0.01325 0.01539} 0.0016 |{ -34.84
31].02432.024610.02111p.02433.02433)0.02461] 0.02111 [0.02433|0.0015 |p.01471 p.01582D.01581D.01295D.0123900.01582 0.01239 0.01471]0.0016 || -39.54
32D.02392)0.0243300.02434).02433.0243300.02434| 0.02392 0.02433{0.0002 |P.01214.01598]0.0168 P.01214P.01505[0.0168 | 0.01214 0.01505]0.0022 || -38.14
33D.021110.02274).02373p.02334).02154)0.02373] 0.02111 [0.022740.0011 |P.01451p.01333D.01298D.01783D.01397)0.01783[ 0.01298 [0.013970.0019 || -38.57
34D.0245600.024570.02457)0.02169p.02422/0.02457| 0.02169 [0.02456]0.0013 |p.01334].01496p.012380.01496.01208/0.01496| 0.01208 0.01334{0.0014 || -45.68
550.01982.02389.024560.02226.02392/0.02456{ 0.01982 [0.02389]0.0019 |D.012960.0157 p.01194p.01324D.01346{ 0.0157 | 0.01194 {0.01324{0.0014 | -44.58
B60.024610.02484.02483D.02288D.02274/0.02484] 0.02274 [0.02461]0.0011 |P.01323.01784p.01276.01168[0.0158 [0.01784] 0.01168 [0.01323]0.0025 || -46.24
87 0.0246 0.023920.02276p.02421] 0.0246 | 0.02276 [0.02392]0.0007 |/0.0122 P.01269p.01252.01111p.01426/0.01426] 0.01111 [0.01252]0.0011 || -47.66
38{0.0255 .024160.02393D.02456p.02422] 0.0255 | 0.02393 [0.02422]0.0006 [D.01431.01313D.01219p.01233D.01261)0.01431] 0.01219 [0.01261]0.0009 |f -47.94
89p.024340.02416).025320.02536D.02532)0.02536| 0.02416 [0.02532]0.0006 [P.01369).01239D.01664D.013041.01224)0.01664| 0.01224 [0.01304{0.0018 || -48.50
40p.02695{0.0255 [0.02433.02434.025360.02695] 0.02433 [0.02536]0.0011 |P.01277.01229D.01065p.01214].01228/0.01277| 0.01065 0.012280.0008 | -51.58
41p.02695)0.02392)p.02433p.02536p.02434/0,02695| 0.02392 0.02434] 0.0012 [P.01402].01051p.01266.01405p.01218{0.01405 0.01051 0.01266]0.0015 || -47.99
42]0.0242200.02393}p.02456.02416.02422/0.02456| 0.02393 [0.02422]0.0002 [p.01345p.01699D.01837p.01233p.01837]0.01837| 0.01233 0.01699] 0.0028 |f -29.85
43p.02362)0.023350.02276] 0.0246 |p.02388] 0.0246 | 0.02276 [0.02362]0.0007 [D.01129p.01766p.01691(0.0169 .0132410.01766] 0.01129 [0.0169 | 0.0028 || -28.45
44D.02421).019570.022260.02362)0.02288}0.02421] 0.01957 [0.02288]0.0018 |P.01296.01732p.01253p.012381.01276/0.01732| 0.01238 0.01276]0.0021 || -44.23
45D.02448.0169500.01696.02433].02421/0,02448] 0.01695 [0.02421]0.0040 [p.01514.01086D.01231p.01272P.01105{0.01514| 0.01086 0.01231]0.0017 | -49.15
46/ 0.0255 0.025360.022960.02098{ 0.0219 | 0.0255 | 0.02098 0.02296( 0.0020 |p.012340.01173p.01067p.01207p.01139)0.01234| 0.01067 |0.01173[ 0.0006 f -48.91
47D.02111p.02415p.02384] 0.0237 .02334)0.02415 0.02111 |0.0237 | 0.0012 |P.01114.01873p.01219p.01872P.0111900.01873| 0.01114 [0.01219/0.0040 || -48.57
48D.02373D.026950.02317).02007).02389}0.02695[ 0.02007 [0.02373] 0.0024 |[0.0119 p.01103p.01102p.01233p.012380.01238| 0.01102 |0.0119 [0.0007 || -49.85
k9D.02363).02433.02432p.02461D.02389)0.02461] 0.02363 [0.02432[0.0004 |P.01303.01882.01278p.01148{0.0122 0.01882| 0.01148 }0.01278]0.0029 || -47.45
I500.02456{0.02111] 0.0246 [0.02461p.02532)0.02532| 0.02111 | 0.0246 | 0.0017 [D.01215/0.0128 P.01259p.01076p.01075{ 0.0128 | 0.01075 0.012150.0010 [ -50.61
| | |A=0.096=0.01 .02410=0.001f ] | A=0.099B=0.01051/C=0.015/C=0.001|F'=-34.98

H —dwnuTvualutiudau

min —A1fawata (RMSE) vaoiigaainmmaaas 5 afo
1,2,3,4, 5 nanmmaaneniont 1, 2, 3, 4, 5 Tandaanilasoinolvinadanata (RMSE)
SD -ahtduowumnsg'\wa‘m"lm'mnawmaa'mnmunae 5 a%a
B -AAnuAawaataufignainnsmaaay 50 uuy (1-50 Tuua)

re -reduce wasidusiasotiolvinafanainanas Taom1 183N (Meanusrw-Meanyz)/means* 100

max —ArfAanarn (RMSE) nARFAINNITAADY 5 A%y
mean -ANadnrassIaNubanata (RMSE) :inn1svaans 5 afs

A —fAanuAsnaImNniasaInmmaaag 50 uuy (1-50 Twun)
C -Aaduannismeasy 50 uuy (1-50 Twua)
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ra B e

Feed forward NN uuuldanhwinniuesndm (FNN) Feed forward NN W v (MSFNN)
H 1 [ 2 [ 3] 4 [ 5 [max]| mn |mean] sp || 1 2 [ 3 74 [ 5 [max| mn |[mean| sD || re(%)
10.23616.23864D.23599.22664D.22538)0.23864| 0.22538 |0.2360 | 0.006 |p.23829]0.23829p.24149p.23629p.23828[0.24149] 0.23828 |0.2383 | 0.001 || 0.7
210.19659]0.2058 .216580.20596p.2259500.22595] 0.19659 |0.2060 | 0.011 |p.17667.17668|0.1817 P.17668]0.1817 | 0.1817 | 0.17667 |0.1767 | 0.003 || -14.22
3.136160.13672.13554.13109.13596§0.13672| 0.13109 |0.1360 | 0.002 |p.10022].10914).09961p.10915p.09961}0.10915] 0.09961 |0.1002 | 0.005 || -26.29
40.08472.08596p.08664{0.0857 .0865810.08664| 0.08472 |0.0860 | 0.001 |p.07667p.06257.06257p.073950.073950.07667| 0.06257 |0.0740 | 0.007 || -13.97
5 .02607)0.02526{0.02542.02636D.02636/0.02636| 0.02526 |0.0261 | 0.001 [p.02663].02877p.02336].02664.02062}0.02877| 0.02062 | 0.0266 | 0.003 || 2.15
6]0.0257 0.02532.02522.02587).02595/0.02595| 0.02522 [0.0257 | 0.000 |p.02143p.02142.02031p.02031p.02142}0.02143] 0.02031 |0.0214 | 0.001 || -16.65
7.02604]0.0257 .02659p.02542{0.0258 [0.02659] 0.02542 |0.0258 | 0.000 |p.02117.02045.020450.02118.02058/0.02118] 0.02045 |0.0206 | 0.000 || -20.23
8 0.025380.02587].02554p.02532.02538)0.02587| 0.02532 | 0.0254 | 0.000 [10.0206 P.02109]0.02110.0206 [0.0206[0.0211| 0.0206 |0.0206 | 0.000 || -18.83
9 .02465p.02542).026360.02532].02365{0.02636| 0.02365 | 0.0253 | 0.001 |P.02094[0.02108p.02108p.02143p.02144)0.02144] 0.02084 |0.0211 | 0.000 || -16.75
[10p.02465p.025990.02622p.02465p.02465/0.02622| 0.02465 | 0.0247 | 0.001 |p.02035.02283).02195.02035p.02195}0.02283 0.02035 |0.0220 | 0.001 || -10.95
[11D.02605p.02604D.02596.02659D.02526/0.02659] 0.02526 |0.0260 | 0.000 [5.02272.02018p.02239p.02272p.02271)0.02272] 0.02018 |0.0227 | 0.001 || -12.79
12.02595.02562.02596.02596]0.0265 | 0.0265 | 0.02562 | 0.0260 | 0.000 [D.02021p.02066p.020660.02162p.02066{0.02162| 0.02021 | 0.0207 | 0.001 || -20.42
[130.02526p.023680.025260.02658.02526/0.02658] 0.02368 |0.0253 | 0.001 |p.02028].020350.02035.02084p.02028}0.02084] 0.02028 |0.0204 | 0.000 || -19.44
[14D.02574.02375p.0 .02526.02574)0.02574| 0.02375 [0.0253 | 0.001_|.02144].02336p.02144D.02144D.022380.02336| 0.02144 |0.0214 | 0.001 || -15.12
[15p.0267 1p.02677).02672).02622].02501/0.02677| 0.02501 | 0.0267 | 0.001 |P.02191.02084p.02085p.02107p.02106}0.02191| 0.02084 |0.0211 | 0.000 || -21.15
16D.02554D.02664.02538D.02616].02658/0.02664| 0.02538 | 0.0262 | 0.001 |D.02045[0.0211 p.02045.02046p.02077] 0.0211 | 0.02045 |0.0205 | 0.000 || -21.79
170.02605D.02604p.02604].02605D.026710.02671| 0.02604 |0.0261 | 0.000 |D.02244].02244p.02112{0.0217 P.02081}0.02244] 0.02081 [0.0217 | 0.001 || -16.70
[18D.02562).02599) 0.0265 | 0.0258 .02607] 0.0265 | 0.02562 [ 0.0260 | 0.000 [h.02048D.02154.02253.02239P.02048{0.02253| 0.02048 |0.0215 | 0.001 || -17.12
[19D.02587].02587P.0253200.02607.02616/0.02616] 0.02532 [0.0259 | 0.000 |D.02207 P.02193D.02235p.02229p.02228/0.02235| 0.02193 |0.0223 | 0.000 || -13.88
02501]0.0258 .02554]0.0257 P.02671/0.02671| 0.02501 |0.0257 | 0.001 |P.02055P.02084p.02081p.02085p.02028/0.02085| 0.02028 |0.0208 | 0.000 || -19.03
R10.02599p.02596.02532]0.02465p.026710.02671| 0.02465 0.0260 | 0.001 |p.02097 .02059p.02097| 0.021 | 0.021 | 0.021 | 0.02059 [0.0210 | 0.000 |f -19.22
22.02532p.02532).025220.02532.02538}0.02538| 0.02522 0.0253 | 0.000 |b.02041[0,0208 .02081]0.0208 p.02118}0.02118] 0.02041 |0.0208 | 0.000 || -17.85
23p.02616p.02542.026050.02562.02671}0.02671] 0.02542 |0.0261 | 0.001_|p.02128].02071p.02128).02128}.02028}0.02128] 0.02028 |0.0213 | 0.000 || -18.31
24D.02522p.02532.02596p.02587].02636/0.02636 0.02522 |0.0259 | 0.000 [D.02081P.02138p.02137p.02122]0.0211 [0.02138| 0.02081 [0.0212 | 0.000 || -17.97
250.02532)0.02369.02636{ 0.0265 .02651}0.02651| 0.02369 |0.0264 | 0.001 |b.02031p.02086.02104p.02069p.02032)0.02104] 0.02031 | 0.0207 | 0.000 || -21.51
02623)0.02624p.02523.025220.02623(0.02624] 0.02522 [0.0262 | 0.001_|p.02055.02028).01999p.02078.02055)0.02078| 0.01999 |0.0206 | 0.000 || -21.65
2700.0253200.02622]0.0265 | 0.0258 .02522{ 0.0265 | 0.02522 [0.0258 [ 0,001 [b.02033].02028.02021p.02018p.02034)0.02034] 0.02018 |0.0203 | 0.000 || -21.40
Ref.02636p.026370.02595p.02622.025010.02637| 0.02501 |0.0262 | 0.001 [[0.0191 p.02002]0.02018p.01909p.01759}0.02018| 0.01759 |0.0191 | 0.001 |[ -27.15
29p.02465p.02385.02599p.02677].02604/0.02677| 0.02385 |0.0260 | 0.001 |p.01939[0.0211 p.01983p.02109p.02091}0.0211 | 0.01939 |0.0209 | 0,001 || -19.55
3000.0263600.02664] 0.0258 0.02579.02542/0.02664| 0.02542 |0.0258 | 0.000 [D.02021.02182).01884p.02174p.021680.02182] 0.01884 |0.0217 | 0.001 || -15.97
5310.02542]0.0265 0.026050.02607p.02664/0.02664| 0.02542 |0.0261 | 0.000 |p.01833P.02085D.02109p.01848p.01928}0.02109| 0.01833 [0.0193 | 0.001 || -26.05
[320.02616)0.02658p.02538.02532p.02622/0.02658| 0.02532 [0.0262 | 0.001 |P.01969]0.02026)0.02144.02083.02064)0.02144] 0.01969 |0.0206 | 0.001 || -21.10
830.02598p.02599.02599p.02599p.025380.02599] 0.02538 [0.0260 | 0.000 |p.01927 .02239p.02034D.02239p.01837)0.02239] 0.01837 |0.0203 | 0.002 | -21.74
B4D.02501p.02595p.02501p.02562.02542/0.02595| 0.02501 |0.0254 | 0.000 |P.01886)0.02085[0.0191 .01783p.01911/0.02085] 0.01783 |0.0191 | 0.001 || -24.86
3500.02604p.02554D.026050.02599D.02526)0.02605| 0.02526 | 0.0260 | 0.000 |P-01798).01826.01799D.01763p.01764§0.01826| 0.01763 |0.0180 | 0.000 || -30.82
02607)0.02395p.025960.02607.02538/0.02607| 0.02395 |0.0260 | 0.001 [p.02068]0.0189 [0.0186 p.01991p.02021)0.02068] 0.0186 |0.0199 | 0.001 || -23.31
370.02554.02465p.025540.02589D.02522/0.02589 0.02465 |0.0255 | 0.000 |b.01826.01998[0.0208 P.01805D.01796{0.0208 | 0.01796 |0.0183 | 0.001 | -28.50
380.025950.02596.02595( 0.0257 P.02596/0.02596| 0.0257 |0.0260 | 0.000 |P.01695[.01853p.02081D.01826.02171/0.02171] 0.01695 |0.0185 | 0.002 || -28.59
39D.02636.0265800.025380.02616D.02465/0.02658| 0.02465 |0.0262 | 0.001 |p.02263P.01821p.022680.02012]0.02217}0.02268| 0.01821 |0.0222 | 0.002 |f-15.25
400.02664)0.02664.025010.025220.02532}0.02664] 0.02501 [0.0253 | 0.001 [P.01863].020210.01739P.01792).01757/0.02021] 0.01739 [0.0179 | 0.001 |[ -29.23
41]0.0257 [ 0.0257 [ 0.0258 0.02554.02622/0.02622] 0.02554 |0.0257 | 0.000 [p.02292.02592]0.02343.01846p.02238)0.02592] 0.01846 |0.0229 | 0.003 || -10.82
42p.02377.02587).025620.02373.02605[0.02605( 0.02373 |0.0256 | 0.001 |p.01842).01709]0.0179 p.02045p.02091/0.02081| 0.01709 [0.0184 | 0.002 |f -28.10
430.02616.02604].02616.02599p.02532/0.02616| 0.02532 | 0.0260 | 0.000 |P.01797)0.01811p.01802p.01785p.01756/0.01811] 0.01756 |0.0180 | 0.000 [| -30.99
44.02659.025960.026770.02677p.025420.02677| 0.02542 [0.0266 | 0.001 |p.01727]0.02019p.022070.01788D.01754§0.02207| 0.01727 [0.0179 | 0.002 |{ -32.76
450.02532)0.02561p.025620.02532].02538}0.02562| 0.02532 [0.0254 | 0.000 |P.02271).01839[0.0168[0.0208 .02018)0.02271| 0.0168 |0.0202 | 0.002 | -20.49
460.02599.026590.0265800.02672)0.02522}0.02672] 0.02522 [0.0266 | 0.001 |P.01834].02028.02041]0.0177 .0182500.02041] 0.0177 |0.0183 [ 0.001 | -31.00
47]0.0265[0.0258 0.02671p.02616.02664)0.02671| 0.0258 |0.0265 | 0.000 |p.01698.016950.017220.01723D.01821j0.01821] 0.01695 |0.0172 | 0.001 || -35.02
48D.02526[0.02562p.02659p.02672].025950.02672] 0.02526 |0.0260 | 0.001 |P.01689).02085.02049|0.0205 .01792}0.02085] 0.01689 |0.0205 | 0.002 || -21.04
49D.02554].02596[0.026360.02504D.02604/0.02636{ 0.02504 [0.0260 | 0.001 [P.02291).01723p.02045p.02238.0201810.02291] 0.01723 |0.0205 | 0.002 || -21.22
I500.02526p.0260500.02658D.02607.02585)0.02658] 0.02526 |0.0261 | 0.000 |.02164.02081p.01679p.01618p.01623)0.02164] 0.01618 |0.0168 | 0.003 || -35.55
| 1 | | |a=0.239p=0.02 .026C=0.001}] |a=0.241B=0.01618C=0.021[c=0.001|f=-20.45
H —swuTnualutusdau max —ffanatn (RMSE) umnigannisnaaas 5 Ao
min —f1fiawata (RMSE) uasiigaainmsmaaas 5 afs mean -ANRAnuAIAANNAaNaIR (RMSE) :nmsvaaay 5 afy

1,2,3,4 5-wammaaaonfor 1, 2, 3, 4,5 hnﬁaunﬁ‘[ml\{uaﬁaum (RMSE)

SD —ﬂ"lli{mu.nnnnsswrmn‘mﬂuannammnmmuaao Saf
B -ahm'mﬁnwmaﬂauﬂamwnmmaaao 50 wyy (1-50 Tnua)

C -Anaduainniswaaay 50 uuy (1-50 Tuua)

re -reduce wafidud Tasothothinafianainanas Taeurldan (meanusenn-meangyy)/meanqyw*100

A —farufAsnaiannigaainnimaaag 50 wuy (1-50 Tuua)

a' yad 1 A A Yo 4 1w )
WANITNAADIVINATIT NN V.31 llﬁﬂQTﬂlWU'n luanfnimm)1u3uiﬂuﬂﬂ!ﬂ1nu1u‘”u

L \ g o ° . a L4
FOU ms1%’mumumunmmuwnmuﬁnﬂﬁ"iﬂswwﬂ‘lﬁwawﬂwamaﬂm 48 wyY (U

A Y :‘, (] Y a I~ ' - 9 Y f @
Trnuanminulurvugen) lasdraailuanndsninnauuunisnaasaual nsleaimin
9

wuuvarssnuud i 1d Tasavisa nakanainanas laomas 20.45% InsnaRanaraniios

H v H v 3 @ ' 4 g 4 ,
Ngavealasavigafilganimminifoenuaes A 0.02365  1wial¥5mauTnualusugou 9

a Ay a4 ' dq v ¥ o =)
I"u@ llazNﬁNﬂWﬂ’]ﬂﬂuﬂUﬂqﬂ‘UﬂQTﬂiQﬂ]U‘qth‘]fﬂ']u']"'NﬂUUU"a‘lUl‘]fﬂluuﬂﬂ@ 0.01618
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Elman Recurrent NN uuuldanhwinvissdnéu (ERNN) Elman NN uuu e MSERNN)

H 1 [ 2 T 3T 4 5 [max [ min [mean] sp || 1 2 [ 3 4 [ 5 [max [ min [mean | sD |l re(%)
1.23825p.23825p.2382500.23824P.23577)0.23825] 0.23577 |0.2383 | 0.001 |D.24233]p.24308.24417p 244162423200 24417| 0.24232 |0.2431| 0.001 || 2.03
20.20635p.22783D.20389(0.224 1 .2144300.22783] 0.20389 [0.2144 | 0.011 |p.17287p.17297p.17297p.16137p.17207/0.17297| 0.16137 |0.1730 | 0.005 || -18.33
3.11863p.113490.12036.12035p.105770.12036( 010577 |0.1186 | 0.006_|p.12484.11678p.15635p.15634.1605900.16059| 0.11678 |0.1583 | 0.021 || 33.47
40.02577p.02661p.02809p.020860.02917]0.02917) 0.02086 [0.0266 | 0.003 [P.06923P.06923p.05581]0.0558 D.06923)0.06923| 0.0558 |0.0692 | 0.007 |{ 160.17
5 0.02647)0.02809.02566{ 0.0241 .02381}0.02809] 0.02381 | 0.0257 | 0.002 |p.02145p.02104p.02104p.02145p.02104§0.02145| 0.02104 |0.0210 | 0.000 || -18.00
6 0.02156.020890.027010.025960.0244300.02701| 0.02089 |0.0244 | 0.003 [[0.0202 p.02184p.02139p.02183p.02139}0.02184] 0.0202 |0.0214 | 0.001 || -12.44
7 .02381D.02381)0.024460.02389.02499}0.02499] 0.02381 | 0.0239 | 0.001 1p.02082).02292).02082p.02231p.02081)0.02292] 0.02081 [0.0208 | 0.001 || -12.85
8 D.02616.02381P.02319.02616.02604)0.02616] 0.02319 | 0.0260 | 0.001 |{0.0206 P.02247p.02248D.02291p.02291)0.02291| 0.0206 |0.0225 | 0.001 || -13.67
9 p.023830.02381p.02559.02558.026380.02638| 0.02381 | 0.0256 | 0.001 [p.02253 .02239p.02147.02239p.02294}0.02294| 0.02147 [0.0224 | 0.001 || -12.47
[10p.02898D.02381.02582)0.02582).02507)0.02898| 0.02381 |0.0258 | 0.002 [D.02104]0.0215 D.02104.02225p.02151)0.02225| 0.02104 |0.0215 | 0.000 || -16.73
[110.02349.02384P.02383 0238 1.02624}0.02624 0.02349 [ 0.0238 | 0.001 |D.02019p.020910.0209 P.02235p.02091)0.02235] 0.02019 [0.0209 | 0.001 || -12.25
[120.02384D.02386/0.02384.02384D.02384§0.02386 0.02384 | 0.0238 | 0.000 |p.02206.02266p.0: 0.0223 .02206}0.02266| 0.02206 [0.0223 | 0.000 || -6.46
[13p.026670.02349p.026640.02348p.02088§0.02667] 0.02088 |0.0235 | 0.002 |p.02293.02098.02314p.02089.02117]0.02314] 0.02088 |0.0212 | 0.001 || -9.88
140.02388.02389D.02439D.02439D.0243900.02439] 0.02388 [ 0.0244 | 0.000 [p.02721).02214p.02213p.02447p.022130.02721| 0.02213 |0.0221 | 0.002 || 923
150.02410.02641]0.02410.0241]0.024110.02641] 0.0241_|0.0241 | 0.001_[D.02231.02091p.022760.0223 p.02276/0.02276| 0.02091 |0.0223 | 0.001 || -7.43
60.02383D.02407)0.02512.02383P.024070.02512] 0.02383 | 0.0241 | 0.001 |D.02121p.02162.02161p.01886]0.0212 0.02162] 0.01886 | 0.0212 | 0.001 || -11.68
[17D.02635p.02426p.02624P.02427p.02427)0.02635| 0.02426 |0.0243 | 0.001 |D.02276].01856p.02276p.02275p.023140.02314] 0.01856 |0.0228 | 0.002 || 6.22
180.024460.02454.02453)0.02519p.02445[0.02519| 0.02445 | 0.0245 | 0.000 |p.02385 .02385p.02245.02299P.01787}0.02385] 0.01787 [0.0230 | 0.002 || -6.28
119p.02543p.02543p.025070.02543p.02508§0.02543| 0.02507 | 0.0254 | 0.000 [[0.0218 0.0206 p.02179p.02128{0.0236 [ 0.0236 | 0.0206 |0.0218 | 0.001 || -14.31
R0D.02573.02573p.02319.02573P.0231910.02573| 0.02319 | 0.0257 | 0.001 |p.02324].02268p.02506.02231p.02104[0.02506| 0.02104 |0.0227 | 0.001 || -11.85
21D.02506.02596p.02596D.02596D.02596[0.02596| 0.02596 | 0.0260 | 0.000 |.02143].02107p.02142.02091p.0221300.02213] 0.02091 |0.0214 | 0.000 || -17.49

.02429.02392)0.02479P.02428D.02393(0.02479) 0.02392 | 0.0243 | 0.000 |D.02012p.02199p.02154p 02336p.02027]0.02336] 0.02012 | 0.0215 | 0.001 || -11.29
R3D.02723p.02723.02458p.02723p.0272300.02723| 0.02458 [0.0272 | 0.001 [h.02144 .02465p.02178.01944p.01831)0.02465] 001831 |0.0214 | 0.002 || -21.26
24D.02499p.02382D.02499p.02381D.02381)0.02299] 0.02381 |0.0238 | 0.001 [p.02199.01839[0.0194 P.01974p.0193500.02199| 0.01835 |0.0194 | 0.001 || -18.56
25p.02604D.02605p.02605.02604.026040.02605| 0.02604 | 0.0260 | 0,000 1p.02124.01737p.02266.02125p.02301}0.02301] 0.01737 [0.0213 | 0.002 || -18.39
260.02444D.02485p.02444P.02485D.0244310.02485] 0.02443 |0.0244 | 0.000 |P.02121.02153]0.0226 p.02261p.02104)0.02261| 0.02104 [0.0215 | 0.001 || -11.91
27D.02698D.02698D.02698.02698D.02698§0.02698| 0.02698 |0.0270 | 0.000 |p.02441p.01777p.02124p,02334p.02248}0.02441] 0.01777 |0.0225 | 0.003 || -16.68
280.02566D.02566{.025660.025660.02566{0.02566] 0.02566 | 0.0257 | 0.000 [.02441]0.0238 P.02311p.02123p.022130.02441] 0.02123 [0.0231 | 0.001 || -9.94
290.02577p.02578).02577p.02577p.02577/0.02578| 0.02577 |0.0258 | 0.000 |p.02145p.02179p.02158p.02144]0.0213 0.02179] 0.0213 |0.0215 | 0,000 || -16.76
30D.026450.02645p.026450.02637D.02638§0.02645| 0.02637 |0.0265 | 0.000 [.02045p.02121p.02104p.01856p.021110.02121] 0.01856 |0.0210 | 0.001 || -20.45
310.02661D.026610.026610.0266 1D.02661)0.02661| 0.02661 |0.0266 | 0.000 [P-01867] 0.025 | 0.025 P.02311p.02228] 0.025 | 0.01967 |0.0231 | 0.002 || -13.15
20.02664D.02664D.02087).02664.02096)0.02664] 0.02087 | 0.0266 | 0.003 1p.02228.01941p.02174p.01914p.02026§0.02228| 0.01914 |0.0203 | 0,001 || -23.95
1330.02349p.02886).02736.02809.02887(0.02867| 0.02349 0.0281 | 0.002 |D.01695(0.0182 p.01785p.02544p.019040.02544] 0.01785 |0.0180 | 0.003 || -32.54
340.02676.02156.02759.02716D.027170.02759| 0.02156 |0.0272 | 0.003 |p.02506p.02441p.01921p.02247.023010.02506] 0.01921 |0.0244 | 0.002 || -10.13
35 0.029 D.02985p.029850.02985.02965{0.02985| 0.029 |0.0299 | 0.000 [p.02076p.02091p.02823p.02721p.0212300.02823] 0.02076 |0.0212 | 0.004 || -28.85
360.02509p.02611D.02624§0.02624P.02862/0.02862{ 0.02509 |0.0262 | 0.001_|p.01888.01812.01838]0.0206 b.01992] 0.0206 | 0.01838 |0.0191 | 0.001 || -27.13
B7D.02774D.02775.027750.02774D.02774§0.02775| 0.02774 |0.0277 | 0,000 [D-02465.02566p.02334p.02442p.02324)0.02566| 0.02324 |0.0244 | 0.001 || -11.07

.02785p.02783p.027830.02783p,02763{0.02785| 0.02783 |0.0278 | 0.000 |P.02345p.02372p .02065p.02355p,023280.02372] 0.02065 |0.0235 | 0.001 || -15.74
39p.02917D.03048.02993.02658D.03048§0.03048] 0.02658 |0.0299 | 0.002_[D.01683.02206p.02075.02017.020180.02206| 001883 |0.0202 | 0.001 || 32.56
40p.03023D.02996p.02918.02919]0.0302 [0.03023] 0.02918 [0.0300 | 0.001 || 0.02_P.02358p.01822p.02296p.02447}0.02447| 0.01622 |0.0230 ] 0.003 || -23.36
41D.03141.03141p.03046p.02887p.02986|0.03141] 0.02887 |0.0305 | 0.001 |P.02115.02324.02147D.02097P.02114)0.02324] 0.02097 |0.0212 | 0.001 || -30.56
420.02839p.02618)0.02813p.03024.03008/0.03024] 0.02618 |0.0284 | 0.002 |[0.0189 p.01995p.01996p.01908p.02121)0.02121| 0.0189 |0.0200 | 0.001 || -29.73
430.02661.02894.02673p.02319]0.0278 |0.02894] 0.02319 |0.0267 | 0.002 |p.01607 p.02003p.01916p.01972p.02179.02179] 0.01607 |0.0197 | 0.002 || -26.23
44D.02807.02925p.02952)0.02807D.02807)0.02952] 0.02807 |0.0281 | 0.001 [p.02044p.02161p.02054p.02495p,02311}0.02495| 0.02044 |0.0216 | 0.002 || -23.01
4510.0309 D.029180.02499p.03176{.03126{0.03176| 0.02499 |0.0309 | 0.003 |P.02495].01893p.02334].01934P.0229200.02495] 0.01893 |0.0229 | 0.003 || -25.83
460.032750.03274P.03268.02956D.03407)0.03407 0.02956 |0.0327 | 0.002 [.02045p.02012p.02296.02147p.02294)0.02296| 0.02012 |0.0215] 0,001 || -34.42
47D.03405p.03151/0.0323 .02962.03151/0.03405] 0.02962 | 0.0315 | 0.002 |p.02377p.02121p.02385p.02377D.020850.02385| 0.02085 |0.0238 | 0.002 || -24.56
48D.02383.03213p.03473p.03472D.0297990.03473| 0.02383 | 0,0321 | 0.005 |P.02336.02566|0.0205 D.02447D.02276/0.02566] 0.0205 [0.0234 | 0.002 || -27.30
49D.035610.03258{0.0367 .03108p.02384] 0.0367 | 0.02384 | 0.0326 | 0.005 [.02104.02179p.02787p.01 .02788)0.02788 0.01993 [0.0218 | 0.004 || -33.12
500.03783p.03452.03782).03782.037820.03783| 0.03452 | 0.0378 | 0.001 |P.01775p.01965p.02091 .01872.0188500.02091] 0.01775 [0.0189 | 0.001 || -50.16
| | | | |A=0.238B=0.0: .027C=0.001)| | 1 | 1 JA=0.244]=0.01607C=0.022IC=0.001|F=-16.71

H =3mnuTwualududau

min —A1Aanain (RMSE) vauiigasinnimaaas 5 afo
1, 2,3, 4, 5 wammaaacaioit 1, 2, 3, 4, 5 TandaainiTasoinoinafiawaia (RMSE)
SD —a'1ldmmmnaisw'nmn’wnnuaanmaa‘mmmno 5 afo
B -A1AmAanaIaiauiga3annnsmaany 50 wuy (1-50 Tvun)

re -reduce wafidusiiTasoto1hinafanainanas Taomldan (meanusgrun-meangryy)/meangryn* 100

max —A1fiawala (RMSE) snndigaainnisvaaas 5 A%
mean -AnaduradfiAuAawaIn (RMSE) annisvaaas 5 afo

A —ﬁ'1mwﬂnwmnmnﬂﬂnmnmmnnao 50 uvu (1-50 Twua)
C -Anasuainmsmanas 50 uuy (1-50 Tvua)
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Jordan Recurrent NN uuuldambwinuwioednéur (JRNN) Jordan Recurrent NN ey (MSIRNN)

H[ 1 2 [ 3 [ a5 [max min | mean | SD 1 2 | 3 4 5 max | min [mean| SD || re(%)
1.22681).22493p.22708D.22411D.2259300.22708] 0.22411 [0.22593[ 0.0013 [D.24117]0.24219p.244470.2422 p.24117{0.24447 0.24117 [0.24219[0.0013 |[ 7.20
2[.17549p.17547.17549P.17651P.17438}0.17651| 0.17438 [0.17549] 0.0008 |p.18778).18396)0.18931p.18778p.18931)0.18931] 0.18396 [0.18778[0.0022 || 7.00
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Feed forward NN. uuuldanhwinifiusanéiu (FNN)

Feed forward NN. uuulaamnk

(%

(MSFNN)

1 2 3 4

5 [ max

min

mean | SD 1

2

3 4 5 max

min
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D.11099)0.11537
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P.11114{0.1127{0.1108 | 0.1139
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0.11253

0.11388

0.0006

-0.52

D.11445D.11619.11545p.11594)
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0.0001

0.09

B30.1 1474h.11515 0.11470.1149

p.11554)0.11554

0.1147

0.1149 {0.0003 |p.11514

D.11521

D.11467).11533p.11216§0.11533)

0.11216

0.11514

0.0013

0.21

B4p.11499p.11503.11488p.11183

D.111930.11503

0.11183

0.11488[ 0.0017 [p.11227

p.11
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0.11268

0.0014

-1.92

.11416p.11498D.111950.1 1499
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0.11269|

0.0002
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.115450.0005 |P.11268

D.11525D.11468D.11543D.11246}0.11543]

0.11246

10.11468|

0.0014

-0.67

0.114

B9D.11449p.11388D.114450.11516)

0.11516|

0.11388

10.11445[ 0.0005 |p.11411

D.11462D.11557p.11299p.11553[0.11557

0.11299

10.11462]

0.0011

0.15

40D.11465p.11545 0.115 0.11515D.11456{0.11545] 0.11456

0.115 |0.0004 |p.11542!

0.1141

D.11264§0.11553|

p.11553p.11543

0.11264

10.11542/

0.0013

0.37

11D.11222p.11219p.11415p.11216D.11416{0.11416

0.11216

10.11222[ 0.0011 [b. 11443

D.11309p.11262]0.1131

D.11589}0.11589

0.11262
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0.0013

0.78

42p.11598p.11388p.11492p.11515p.11516/0.11598
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D.11582p.11614p.11614)

0.11614] 0.11279
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0.0015

0.85

43p.11525p.11596{0.1155

.11551p.11609§0.11609)

0.11525

0.11551] 0.0004 [D.11594

D.11263

D.11616)

.115050.11591}0.11616] 0.11263

0.11591

0.0015

0.35

l4p.11523p.11496.11559p.11514P.116090.11609

0.11496

0.11523} 0.0004 [p. 11337

D.1143

0.1142

D.11586p.11346{0.11586( 0.11337
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-0.89

45p.11521p.11537p.112520.11496p.11277)0.11537
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0.11255
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1.75
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0.44

480.11601p.11588p.1162600.11503

D.11603)0.11626

0.11503

10.11601] 0.0005 [p.11678!

D.1163;

.11678D.11667D.11406)0.11678)

0.11406

0.11667

0.0012

0.57

490.11514D.11416.114980.11438

0.1127

0.11514)

0.1127

0.11438] 0.0010 [b. 11653,

D.11377|

D.11611p.11623p.11653)0.11653]

0.11377
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0.0012
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150]0.1157 p.11498p.11503]0.1155

0.1159
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0.1155 [ 0.0004 [p.11654

0.1139

.11654D.113760.1125800.11654)
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0.0018

-1.39

=0.117
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=0.1150=0.001)|

| p=0.117]

B=0.11074}
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1, 2, 3,4, 5 -wanmaaacriofl 1, 2, 3, 4, 5 TauAaanAlassihoinalawata (RMSE)

SD -

I{namumasgwnaoa’mnuﬂnwma‘nnmﬂnnam 5 afy
B -fmuAswaimiaudigaannnisnaaay 50 uuy (1-50 Tuua)

re -reduce wasidus Tasotholinafianainanas Taoul63a1n (Meanusay-meanaw)/meanaw*100

mean -AaduravAinmAanaia (RMSE) :nnmaaas 5 afa

A —AranuAsnaeNINAgAIINMITMAREY 50 wuy (1-50 Twua)
C -Anaduanmmmaaas 50 uny (1-50 Tuua)

ci Y a ' A ~ Yo n:i' " W Q’I
HANIINARBININAITIN A.1 uaaa iy wWellnis 1o uu Tvuanminu lusu

1] \J g o o L - o
gou N3 lFanhminuuurarssnuuai 19 Insevva naranainanas 28 wuy ($149u

a4 1 o 2 » a < ' = v ¥ o
Tnuaiidulusugeu) Tasdrdatludundoninynuuumsnaaeds misldanimin

o q Y ' Yy a a a a v
HUDYAIE AU UAY 1Y In5av1e4 I narRanainanas laomas 0.27% lagnananaianiioy

4 ' { 3 o ' A o d
ngavesIasavioanldaniminiioennfer Ao 0.1107  iWeldsmauTnualususon 2

a a v a ' - Y g @ SN
Tmm uazﬂawﬂwam‘nuaunqﬂ‘umTﬂﬂ‘uww'n'l‘vmmwummunmmmmuuwﬂa 0.11074

2% e y
welddmauIvualususeu 8 Tuua




126

M990 .2 HANITNATBINATADAVBITOYA arge030 1nu1H Elman Recurrent NN.

Elman Recurrent NN. uuuldanhudniiusdnédur (ERNN) Elman NN. upyladanhwl MSERNN)
1 | 2 3 4 [ 5 [max| min [mean]| sD 1 2 [ 3 [ 4 [ 5 [max | min [mean| sp [lre(%)
D.11218.11498(0.1148 .11219p.11473(0.11498] 0.11218 |0.1147 | 0.001 |p.11535)0.11199.11549p.11035p.11197}0.11549] 0.11035 [0.1120 | 0.002 |[-2.39
D.111650.11169[0.1117p.11169{0.1116 [0.1417 | 0.1116 |0.1117 | 0.000 |p.11511)0.11416p.11332p.11511p.11269}0.11511| 0.11269 [0.1142 | 0.001 |[ 2.21
P.11162p.11487.11129p.11484p.114820.11487| 0.11129 [0.1148 | 0.002 [D.11199.11521p.11516p.11517p.11521)0.11521] 0.11199 [0.1152 0.001 |[ 0.30
D.11144P.11146D.11151p.11151(0.1115 0.11151] 0.11144 |0.1115 | 0.000 [P.11507]0.11463)p.11498D.11515p.11463}0.11515] 0.11463 |0.1150 | 0.000 | 3.12
D.111560.11137p.11115D.11126.11156/0.11156] 0.11115 |0.1114 [ 0.000 |P.11294[0.11110.11478D.11164p.11168}0.11478] 0.1111 |0.1117 | 0.001 |[ 0.28
0.1112.11113p.11131p.11113p.11137)0.11137[ 0.11113 [0.1112 | 0.000 [p.11516].11516[0.1118 p.11495p.11116/0.11516] 0.11116 [0.1150 | 0.002 |{ 3.37
0.11138D.11152.11092).11132D.11145}0.11152] 0.11092 [0.1114 | 0.000 [b.11143.11206)0.11278[0.1134 p.11454§0.11454] 0.11143 [0.1128 | 0.001 || 1.26
D.111210.11124[0.1112]0.11124p.11124)0.11124] 0.1112_[0.1112 [ 0.000 [0.1157 P.11513p.11484D.11476p.11121)0.11513] 0.19121 [0.1148 | 0.002 |[ 3.24
D.11114D.11505.11498[.11124{0.1148 J0.11505] 0.11114 [0.1148 | 0.002 [p.114780.11579p.11491D.11476p.11597}0.11597| 0.11476 [0.1149 | 0.001 [l 0.10
0.111 .111010.11105p.11107p.11109}0.11108] 0.111_[0.1111 | 0.000 |p.11494]0.11484].11499p.11502p.11176§0.11502| 0.11176 |0.1143 | 0.001 [ 3.50
D.11142.111340.11143D.11111p.11134)0.11143] 0.11111 [0.1113 | 0.000 |p.11524]0.11545p.11524p.11176p.11477)0.11545] 0.11176 [0.1152 | 0.002 |[ 3.50
.11104D.11102D.11106.11097p.11117)0.11117] 0.11097 [0.1110 | 0.000 |.11578].11473p.11556p.11578p.11124)0.11578| 0.11124 [0.1156 | 0.002 |f 4.07
0.11112P.11471p.11168p.111210.11127)0.11471] 0.11112 [0.1113 | 0.002 [p.11112]0.11461p.11158] 0.115 p.11486{ 0.115 | 0.11112 [0.1146 | 0.002 || 3.00
4P.111180.11093p.11116p.11115p.11112}0.11118] 0.11093 [0.1112 | 0.000 |.11415p.11478] 0.112 P.11477p.11137)0.11478] 0.11137 J0.1142] 0.002 || 2.70
15[0.1116 0.11125p.11153D.11137p.11117]0.1116 | 0.11117 [0.1114 [ 0.000 |P.11477).11117p.11185p.11132p.11133)0.11477] 0.11117 [0.1113 | 0.002 |[-0.04
16] 0.111 P.11117p.11115(0.1111]0.11110.11117]_0.111_[0.1111 [ 0.000 |p.11502]0.11502.11519p.11197p.11538/0.11538[ 0.11197 [0.1150 | 0.001 | 3.53
70.11474p.11126.111390.11161p.11493}0.11493[ 0.11126 [0.1116 | 0.002 |p.11499.11491.11526D.11499] 0.115 [0.11526] 0.11491 [0.1150 | 0.000 |} 3.03
18p.11117.111150.11098D.11113p.11115)0.11117| 0.11098 [0.1112 | 0.000 |p.11531p.11149]0.1118 p.11526.11082)0.11531| 0.11082 [0.1118 | 0.002 |f 0.58
19D.11115P.111350.11117p.11137p.111120.11137] 0.11112 [0.1112 ] 0.000 |p.11487]0.11478D.11114D.11197.11472)0.11487] 0.11114 [0.1147 [ 0.002 |[3.19
[200.11116p.11124p.11122).11127p.111070.11127] 0.11107 [0.1112 | 0.000 | 0.115 [0.1152]p.11143p.11501] 0.415 [0.1152 | 0.11143 [0.1150 | 0.002 |{ 3.40
[210.11473p.11113p.11134[0.1148 .11115{0.1148 | 0.11113 [0.1113 | 0.002 |P.11507].11457p.11507p.11515D.115140.11515 0.11457 [0.1151 [ 0.000 |{ 3.35
[22p.11126[0.1112p.11137p.11119p.11122)0.11137] 0.41119 [0.1112 ] 0.000 }f0.1115 |p.111420.11493p.11499]0.1149 J0.11499] 0.41142 [0.1149 | 0.002 |{ 3.31
[23D.11147p.11457D.11491[0.1146 p.11477)0.11491] 0.11147 [0.1146 | 0.001 |D.11485.11114P.11513D.11187D.11532}0.11532 0.11114 [0.1149 | 0.002 |{ 0.22
[24D.11112].11458D.11162.11117D.1145800.11458] 0.11112 [0.1116 | 0.002 |P.11267].11503p.11494D.11503D.11507}0.11507[ 0.11267 [0.1150 [ 0.001 |[ 3.06
[25p.11492p.11492.11154D.11478p.11461)0.11492{ 0.11154 [0.1148 | 0.001 |{0.115 p.11493D.11486p.11139p.11415] 0.115 | 0.11139 [0.1149 | 0.002 || 0.07
60.11154p.11465.11096.11116.11454}0.11465] 0.11096 [0.1115 | 0.002 |P.11496.11528p.11529p.11476p.11502}0.11529] 0.11476 [0.1150 | 0.000 || 3.12
[270.11468p.11514]0.11523)0.111550.11497}0.11523] 0.11155 [0.1150 | 0.002 [D.11511D.11503[0.1151 P.11511D.11146/0.11511 0.11146 [0.1151 | 0.002 | 0.11
[28].11114p.11101p.11477p.11477p.11112)0.11477] 0.11101_[0.1111 | 0.002 |p.11148p.11437] 0.115 D.11429p.11486] 0.115 | 0.11148 [0.1144 | 0.001 || 2.91
)p.11522p.11472p.11507p.115080.11483)0.11522] 0.11472 [0.1151 | 0.000 [P.11518).11505p.11208p.11518]0.1151 |0.11518f 0.11208 [0.1151 | 0.001 || 0.03
[300.11137]0.11484]0.11484D.11122.11472}0.91484| 0.11122 ]0.1147 [ 0.002 |[0.1153 p.11139p.11517].11528p.11528]0.1153 | 0.11139 |0.1153 | 0.002 || 0.49
[31D.11507p.11151.11497p.11497p.11481)0.11507| 0.11151 [0.1150 | 0.002 |p.11496.11181D.11522p.11491D.11469)0.11522( 0.11181 [0.1149 | 0.001 ||-0.05
[320.11486p.11483{0.1149 [0.1149 p.11472[ 0.1149 | 0.11472 [0.1149 | 0.000 [D.11513[0.1154 D.11524D.11494P.11152{0.1154 | 0.11152 |0.1151 | 0.002 || 0.24
[33p.11458p.11479p.11113[0.1116 .11487)0.11487] 0.11113 |0.1146 | 0.002 | 0.112 .11189p.11163D.11198p.112920.11292] 0.11163 [0.1120 | 0.000 |-2.27
1340.11491D.11134[0.1148900.11479D.11486{0.11491] 0.11134 [0.1149 | 0.002 [P.11135].11491p.11143]0.1149 D.114750.11491] 0.11135 [0.1148 | 0.002 |{-0.10
[35D.11521p.11122)0.115050.11507p.11471}0.11521] 0.11122 0.1151 | 0.002 |p.11153]0.1149 .11509p.11503D.115170.11517] 0.11153 [0.1150 | 0.002 |{-0.02
1360.11523p.11523).11482]0.11523]0.1152 0.11523] 0.11482 [0.1152 | 0.000 |p.11516].11467{0.1156{0.1112 .11157{0.1156 | 0.1112_|0.1147 | 0.002 ||-0.49
137).11096]0.1114 |p.11484]p.11477.11458)0.11484| 0.11096 |0.1146 | 0.002 |b.115120.11477p.11327p.11513p.115170.11517] 0.11327 [0.1151 | 0.001 || 0.47
[38].11499p.11477p.111370.11126{0.1148 [0.11499] 0.11126 [0.1148 | 0.002_|p.11116.11249[0.1151 |0.1151]0.1112{0.1151 [ 0.11116 [0.1125| 0.002 |-1.99
1390.11486[0.111350.11519}0.114720.11511}0.11519] 0.11135 [0.1149 | 0.002 |p.11528p.11538p.11141D.11161D.114730.11538] 0.11141 [0.1147 | 0.002 |{-0.11
140.11474.11516.11548[0.11472.11125/0.11548] 0.11125 0.1147 | 0.002 |[0.1154 .11486]0.1115.11513[0.1115[0.1154 | 0.1115 0.1148 | 0.002 || 0.10
141D.11477p.11487p.11472.11492.11461)0.11492| 0.11461_|0.1148 | 0.000 |D.11478).11487.11184D.11519p.114370.14519[ 0.11184 [0.1148 | 0.001 || 0.01
1420.11159p.111290.11477p.11474).11472}0.11477| 0.11129 [0.1147 | 0.002 |p.11522)0.11528] 0.115 P.11503p.11496§0.11528] 0.11496 |0.1150 | 0.000 || 0.27
143p.11479p.11468D.11486.111260.11161)0.11486] 0.11126 |0.1147 | 0.002 |0.1149 P.11179{0.1149 P.11349/0.1149 [0.4149 | 0.11179 [0.1148 | 0.001 [/ 0.19
144]0.1148p.11102p.1153600.11473.1148900.11536] 0.11102 |0.1148 | 0.002 |p.11222].11497p.11171p.11485p.11485/0.11497] 0.11171 |0.1149 | 0.002 || 0.04
145)0.11494].11493D.114610.11457.1146800.11494| 0.11457 [0.1147 | 0.000 |P.11487[0.1119 0.11565D.11478p.115170.11565| 0.1119 [0.1148 | 0.001 || 0.17
l46D.11489p.11471p.114770.1147200.1149900.11499] 0.11471 [0.1148 | 0.000 |P.11129].11496p.11215D.11487p.111740.11496] 0.11129 [0.1122] 0.002 ||-2.28
47p.11474p.11139D.111150.11479D.11137)0.11479] 0.11115 [0.1914 | 0.002 |P.11524.11491p.11317D.11524]0.1154 [0.1154 | 0.11317 [0.1152 | 0.001 || 3.46
148]0.11484D.1114800.11472.11474.114770.11484] 0.11148 [0.1147 | 0.001 [P.11666] 0.115 |.11528p.11623{0.1155 j0.11666| 0.115 [0.1155 | 0.001 || 0.66
1490.11129p.11458p.11458p.11454p.11137)0.11458] 0.11129 [0.1145 | 0.002 |P.11529p.11529].11529/0.1149 P.1152500.11529f 0.1149 0.1153 | 0.000 |} 0.65
[50p.11487p.11489p.11489p.11502.11472}0.11502] 0.11472 [0.1149 | 0.000 |b.11476.11186p.11158p.11524p.1149300.11524] 0.11158 [0.1148 | 0.002 |f-0.11
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B -fAnuAanaismiaoigaarnnismaaas 50 uuy (1-50 Twua) C -Atafuanmmaasy 50 uuy (1-50 Twua)
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M3199 A.3 WANIINARDANAT ADAVDITBYA arge030 1AV1Y Jordan Recurrent NN.

Jordan Recurrent NN. uvuldanbwniniiveaném (JRNN) Jordan Recurrent NN. uuuladanhwinuuuiainiuea (MSIRNN)
1 2 3 4 | 5 [ max min | mean | SD 1 2 [ 3] 4 [ 5 [max min | mean | SD ||re(%)

D.11101p.11448/0.1146 p.11418D.11429[ 0.1146 | 0.11101 [0.1143 | 0.002 |p.11074).11069p.11068p.11366p.11366/0.11366] 0.11068 [0.1107 [ 0.002 [f-3.11
D.11069p.11406 0.114 [.11414p.11408J0.11414] 0.11069 [0.1141 | 0.002 |.11132].11104p.11064D.11387.11231}0.11387| 0.11064 [0.1113 | 0.001 || -2.40
D.11406p.11441p.11397).11578p.11397}0.11578 0.11397 [0.1141 [ 0.001 |p.11076p.11103p.11329p.11088p.11102}0.11329] 0.11076 [0.1110] 0.001 [ -2.67
0.1144 .113990.11073.11436D.11394] 0.1144 [ 0.11073 [0.1140 | 0.002 |.11235].11063p.11327p.11051]0.1108 }0.11327] 0.11051 |0.1108 | 0.001 || -2.80

D.11468p.11397p.11396.11074P.11396/0.11468] 0.11074 [0.1140 | 0.002 |p.11192]p.11112p.11102p.11102p.11103}0.11192] 0.11102 |0.1110 | 0.000 || -2.57

.113960.110840.114680.11446.11089)0.11468[ 0.11084 [0.1140 | 0.002_[D.11212).11354p.11116p.11391p.11389}0.11391] 0.11116 [0.1135| 0.001 | -0.37
0.11406p.11414D.11414p.11103p.11441j0.11441] 0.11103 [0.1141 | 0.001 |P.11303p.11398p.11398]0.1139 p.11108}0.11398] 0.11108 [0.1139 | 0.001 |{-0.21

0.114 0.11396p.11097p.11408p.114410.11441] 0.11097 [0.1140 | 0.001 |P.11401].11391p.11382].11089.11382}0.11401] 0.11089 [0.1138 | 0.001 |f -0.16

wlo|~N|lojn[lajlw|[n]|e]x

D.11432).11397p.11408p.11397D.114770.11477[ 0.11397 [0.1141 | 0.000 [P.11428].11417p.11108p.11409p.11422)0.11428] 0.11108 |0.1142 | 0.001 |[ 0.08

10p.11399p.114210.11394p.11394D.111080.11421] 0.11108 |0.1139 | 0.001 |p.11397.11412.11335p.11409p.112960.11412] 0.11296 [0.1140 | 0.001 || 0.03
11D.11397.11399P.11411p.110970.11410.11411] 0.11097 [0.1140 | 0.001 |p.11392].11417p.11326p.11404|0.1141 [0.11417] 0.11326 |0.1140 | 0.000 || 0.04

12).112370.11499D.11431p.11116]0.1111 0.11499] 0.1111 [0.1124 | 0.002 |p.11418].11399[0.1113 p.11089p.11407p0.11418] 0.11089 [0.1140 | 0.002 || 1.44

13]0.1145 0.114210.11107[0.1144 P.11111[0.1145 | 0.11107 [0.1142 | 0.002 |p.11108p.11215p.11402p.11422p.11138)0.11422] 0.11108 [0.1122 | 0.001 || -1.80

14D.11164p.115270.11117]0.1144 P.11441j0.11527] 0.11117 [0.1144 | 0.002 [p.11128]0.1141 p.11146p.11415p.1115200.11415] 0.11128 [0.1115 [ 0.001 || -2.52

[150.11432p.114240.11115]0.1147 p.11115[0.1147 | 0.11115 |0.1142] 0.002 |[0.1113 [0.1141]0.1113]0.1142 p.11146{0.1142] 0.1113 [0.1115[ 0.002 |[-2.43

16p.11129p.11397{0.1144 0.11408D.11164] 0.1144 | 0.11129 [0.1140 | 0.001 [p.11125p.11148p.11135p.11408p.11159)0.11408] 0.11125 [0.1115 | 0.001 | -2.18

[170.11431).11468.11431p.11397p.11507}0.11507| 0.11397 |0.1143 | 0.000 |P.11119.11148D.11113D.11148D.11426{0.11426] 0.11113 [0.1115 [ 0.001 |[ -2.48

180.11396p.114680.11411p.11126D.114210.11468[ 0.11126 [0.1141 | 0.001 [D.11426p.11143D.11414p.11414]0.1114 j0.11426[ 0.1114 [0.1141] 0.002 || 0.03

190.11237)0.11431p.11133D.11418p.111310.11431] 0.11131 [0.1924 | 0.001 |P.11152].11436D.11436D.11157p.11434)0.11436] 0.11152 |0.1143 | 0.002 || 1.75

[20D.11436]0.1147 0.11144P.11429D.11436{ 0.1147 | 0.11144 |0.1144 | 0.001 [P.11428].11161p.11166D.11442p.1143300.11442] 0.11161 [0.1143 [ 0.001 |{-0.07

21D.11448p.11527p.11441D.11431D.11468J0.11527] 0.11431 [0.1145 | 0.000 [D.11159[0.1143 p.11151p.11135p.114320.11432] 0.11135 [0.1116 | 0.002 || -2.52

R2D.11432{ 0.114 0.11411p.11411D.11507)0.11507| 0.114 [0.1141 | 0.000 [P.11163).11442p.11468D.11148p.11471)0.11471] 0.11148 [0.1144 [ 0.002 |{ 0.27

230.11157]0.11394P.11143D.11396D.11431}0.11431] 0.11143 [0.1139 | 0.001_|D.11456.11442[0.1123 p.11168p.11171)0.11456] 0.11168 [0.1123 | 0.001 |{-1.44

24D.11429P.11149p.11159D.11164D.113940.11429] 0.11149 [0.1116 | 0.001 |.11442D.11478p.11478D.11188.11476[0.11478] 0.11188 [0.1148 | 0.001 || 2.79

25/0.1144 0.11497]0.11450.1146 P.11396)0.11497| 0.11396 [0.1145 | 0.000 |p.11467].11223D.11198D.111810.11223)0.11467| 0.11181 [0.1122 | 0.001 |f -1.98

26.11164D.11397D.11146p.11446] 0.114 0.11446] 0.11146 |0.1140 | 0.001_|P.11226p.11297p.41377p.11238/0.1127 0.11377] 0.11226 [0.1127 [ 0.001 |f-1.11

27D.11446p.11432D.11421D.11169]0.1145[ 0.1145 | 0.11169 [0.1143 | 0.001 |b.11483.11467p.11474p.11152p.114540.11493] 0.11152 [0.1147 | 0.001 || 0.31

2801147 |0.11455p.11478]0.1145 .11448/0.11478] 0.11448 [0.1146 | 0.000 [[0.1116 |.11443p.11242p.11483D.11216{0.11483] 0.1116 [0.1124 | 0.001 || -1.86

290.11507)0.11446p.11477D.115850.11538/0.11585( 0.11446 [0.1151] 0.001 [D.11489.11489D.11195D.11194p.1119500.11489] 0.11194 [0.1120 | 0.002 || -2.71

30[{0.1154 |0.11436p.11435D.11424D.11394] 0.1154 | 0.11394 [0.1144 | 0.001 [D.11492]0.11492p.11509p.11492D.11487/0.11509] 0.11487 [0.1149 | 0.000 || 0.50

310.111590.11418D.11414p.11397P.11421)0.11421] 0.11159 [0.1141 | 0.001 |b.11489].11207p.11496p.11496p.11496/0.11496| 0.11207 [0.1150 | 0.001 }{ 0.72

[32D.11414D.11399p.11431D.11468{0.1145 [0.11468[ 0.11399 [0.1143 | 0.000 |p.11495p.11231p.11327p.11226p.11503}0.11503 0.11226 [0.1133 | 0.001 || -0.91

[33D.11406[0.11414).11394.11163D.114350.11435] 0.11163 0.1141 | 0.001 |b.11231.11521p.11522].11521p.11206)0.11522| 0.11206 |0.1152 | 0.002 || 1.01

34D.11497p.11513{0.1144 .11203p.11406[0.11513] 0.11203 [0.1144 | 0.001 |P.11228p.11218[0.1155 .11525p.11543{0.1156 | 0.11218 [0.1153 | 0.002 || 0.74

35(0.1144 |p.11446p.11411D.11507p.11432)0.11507| 0.11411 [0.1144 | 0.000 |p.11531].11509|0.1153 P.112970.1153 |0.11531] 0.11297 |0.1153 | 0.001 |f 0.79

360.11513p.11431] 0.114 .11477D.114990.11513] 0.114 |0.1148 | 0.000 [p.11231].11514p.11259p.11395p.11231)0.11514{ 0.11231 |0.1126 | 0.001 |f -1.90

37]0.1146 .11499p.11237).11424p.11201)0.11499] 0.11201 [0.1142 | 0.001 [p.11534].11518.11539p.11538p.11514).11539] 0.11514 [0.1153 | 0.000 | 0.96

[380.11497p.11225p.11431D.11189p.11513)0.11513| 0.11189 [0.1143 | 0.002 |[0.1155 p.11566p.11533p.11245p.11517j0.11566{ 0.11245 |0.1153 | 0.001 |f 0.89

[39{0.1145 |0.11499] 0.1145 |0.11448D.11216)0.11499] 0.11216 | 0.1145 | 0.001 [.11553]0.11553p.11362].11543p.112790.11553| 0.11279 |0.1154 | 0.001 |{ 0.81

40p.11397)0.11421).11513D.11202.11418)0.11513] 0.11202 [0.1142 | 0.001 |b.11327].11267p.11296p.11536p.115480.11548| 0.11267 [0.1133 | 0.001 || -0.80

41D.11408D.114410.11217)0.11229D.114180.11441] 0.11217 [0.1141 | 0,001 [{0.1155 .11576.11576p.11254D.11289)0.11576/ 0.11254 |0.1155 | 0.002 || 1.24
420.11238p.11551p.11431[0.1145 p.11418}0.11551] 0.11238 [0.1143 | 0.001 [h.11555p.11296p.11546p.11546D.11267)0.11555 0.11267 |0.1155 | 0,001 || 1.01
43D.11497]0.11224.11254p.11226.11424)0.11497| 0.11224 [0.1125 | 0.001 [p.11372].11289p.11466p.11313p.11321)0.11466] 0.11289 |0.1132 | 0.001 || 0.60
44p.1153600.114210.11397p.11411P.11585}0.11585( 0.11397 [0.1142 | 0.001 [D.11434]0.1152[0.1131.11602p.11581)0.11602] 0.1131 [0.1152 | 0.001 || 0.87

45D.115360.11406).11237p.11578p.11551)0.11578] 0.11237 [0.1154 | 0.001 [P.11611].11314.11562p.11574p.115920.11611] 0.11314 [0.1153 | 0.001 |{ 0.49

46D.11394).115510.11585p.11441p.114680.11585| 0.11394 | 0.1147 | 0.001 |p.11303p.11376p.11335p.11333D.115150.11515] 0.11303 [0.1134 [ 0.001 |} -1.16

U7D.11251p.11394p.11418D.11441D.11431)0.11441] 0.11251 [0.1142 | 0.001 [P.11623.11612p.11612D.11287p.11622)0.11623] 0.11287 |0.1161 | 0.001 || 1.70

48D.11397)0.11578.11585p.11612p.11538).11612] 0.11397 [0.1158 | 0.001 |P.11128p.11333D.11603D.11365p.11596/0.11603] 0.11128 [0.1137 | 0.002 || -1.84
49p.11397)0.11431p.11421D.11424D.11276§0.11431] 0.11276 [0.1142 | 0.001 [p.11589].11366D.11653p.11603p.11641)0.11653| 0.11366 |0.1160 | 0.001 || 1.59

500.11272{0.1126 .11291D.11397D.11235)0.11397] 0.11235 [0.1127 | 0.001 |P.11608.11337p.11673p.11541p.116630.11673] 0.11337 |0.1161 | 0.001 || 2.98

A=0.116]B=0.11069[C=0.114[c=0.001}] | | 1A=0.117B=0.11051C=0.114[C=0.001[F’=-0.02
H =3muTwualududau max —AAawaa (RMSE) innigaannnimmaaas 5 a0
min —AAawaia (RMSE) dasfigaainmsvaaay 5 afs mean -AnadurasEinnuianata (RMSE) 3inmisvaaas 5 afo

1, 2, 3, 4, 5 —wammaaavafont 1, 2, 3, 4, 5 TasAnanii Taseteinadanars (RMSE)

SD -n'1tduomumms'\wmmmwnnnmannmmnaao 5 afo A —ma'nuaanmmnnﬂqnawnmmnnao 50 uwy (1-50 Twun)
B -fauAawamiaodigaatnnismaaas 50 uuy (1-50 Tuus) C -Aafuannmismaany 50 uuy (1-50 Twua)

re -reduce WafifudTasothoalinafawaiaaaas 1o 16390 (Meanusrw-Meanymw)/meanyy* 100

HANINARDININAITNT A3 uaasliiu elims 1951 Tnuafiiiu lusu
Fou ms lanhminnuunasawumin i Iaseioa Iiraianainanas 25 1wy ($1uu
Tnuﬂﬁuﬁﬁu'lu%uq}ou) Tﬂuﬁ'ﬁmfﬂufhm"c’;umnnmmumsvmaamﬁ'd msldamimin
uummonmui I Iassioa Iiwadanainanas Taoinao 0.02% Taonaianainiios
figavealasevivaildaniminivsaufies fie 0.11069 e ldsmauTnualususeou 2
Trua uasnaRanmaiiesiigavesTnsevroaii ldanhminuuunaosnmudie 0.11051

A o zl 1]
welgs i Ivualususdou 4 Tnua
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M1 A.4 HANINAABIAZATAVEIVOYA ausl006 Tau e Feed forward NN.

Feed forward NN. wuuldanhwiniivsaném (FNN) Feed forward NN. uuutdamlwninuuuainusus (MSFNN)
1 [ 2 3 [ 4 [ 5 [max | min [mean]| sD 1 2 3 4 | 5 [max [ min [mean| SD |re(%)
D.09262)0.09264]0.09286p.09268D.092850.09286| 0.09262 |0.0927 | 0.000 [D.09202[0.0926 p.09267p.09244p.09202/0.09267] 0.09202 |0.0924 | 0.000 || -0.26
D.09374p.09379[ 0.094 [0.0928 p.09266{ 0.094 | 0.09266 |0.0937 | 0.001 [D.09267.09265p.09186p.09298].08212)0.09298] 0.09186 |0.0927 | 0.000 || -1.16
0.09544p.0957200.09274)0.09282D.09264§0.09572| 0.09264 |0.0928 | 0.002_[D.09264.09089p.09274p.09392).09282}0.09392] 0.09089 |0.0927 | 0.001 || -0.09
D.09268[0.0951 0.09349p.09346.09635/0.09635| 0.09268 [0.0935 | 0.001 |P.09259].09242].092560.0926 .09263}0.09263 0.09242 | 0.0926 | 0.000 || -0.96

0.09306.09308{0.0931|0.0931 p.09315/0.09315{ 0.09306 |0.0931 | 0.000 [D.09275.09292)p.09251p.09272].093080.09308| 0.09251 |0.0928 | 0.000 || -0.38

0.0928500.0930800.09327D.09322]0.09308/0.09327| 0.09285 |0.0931 | 0.000 [D.09392)p.09257).09265p.09315]0.0928 |0.09392| 0.09257 |0.0928 | 0.001 || -0.30
0.0931 .09412). .09467D.0948900.09905( 0.0931 [0.0947 | 0.002 |P.09316.09309p.08309p.09293p.09306}0.09316] 0.09293 [0.0931 | 0.000 || -1.67

.09314P.0928600.09316.09306p.09427}0.09427| 0.09286 |0.0931 | 0.001 [D.09309.09262p.09283p.09327.09301)0.09327| 0.09262 |0.0930 | 0.000 || -0.14
0.09351.09325p.09343p.09335/0.0931/0.09351] 0.0931 [0.0934 | 0.000 |p.09318)0.09294.09326).09325p.09248)0.09326] 0.09248 |0.0932 | 0.000 || -0.18
00.09349p.09337/0.0931 |0.09641D.09489)0.09641| 0.0931 |0.0935 | 0.001 [h.09315p.09316p.08316p.09318p.09286/0.09318] 0.09286 | 0.0932 | 0.000 || -0.35
11p.09337p.09343p.09357)0.09353.09356{0.09357 0.09337 [ 0.0935 | 0.000 |p.09487].09338p.09323p.09318p.09329}0.09487 0.09318 |0.0933 | 0.001 || -0.26

LieoiNlojn|(salwiv|alT

=

12/0.0931 0.09374D.0930800.09286P.0975410.09754| 0.09286 | 0.0931 | 0.002 |.09324.09333).09307p.09327|0.0943 | 0.0943 | 0.09307 |0.0933 | 0.000 | 0.18

13(0.0954 0.0935600.09364).09315p.09346{ 0.0954 | 0.09315 [0.0936 | 0.001 [b.09312).09327).09336).09341p.09327)0.09341] 0.09312 [0.0933 | 0.000 || -0.31
[14D.09343)0.09346p.09325p 09337p.093490.09349] 0.09325 [0.0934 [ 0.000 |b.09354.09344p.09345p.09354D.09469)0.09469 0.09344 |0.0935 | 0.001 || 0.12
[150.09571p.09382]0.0931 |0.09264p.09391}0.09571| 0.09264 [0.0938 | 0.001 |P.09302]p.09319p.09357p.09336p.08331)0.09357| 0.09302 |0.0933 | 0.000 || -0.54

1160.09408]0.0954 .095030.09569p.09641}0.09641| 0.09408 [0.0954 | 0.001 [h.09356].09351p.09336p.09342}0.093380.09356| 0.09336 |0.0934 | 0.000 || -2.08

17D.09473p.09635p.093080.09383.09268/0.09635( 0.09268 | 0.0938 | 0.001 |p.09364]0.0924 p.09377p.09339p.09345/0.09377| 0.0924 |0.0935 | 0.001 || -0.40
180.09435.09699D.09379.09408D.0943500.09699] 0.09379 |0.0944 | 0.001 |0.0835 [0.0936 |p.09363]0.0936 p.093760.09376| 0.0935 |0.0936 | 0.000 |{ -0.79
[190.09659{0.0954 .09325).09571D.09408}0.09659] 0.09325 |0.0954 | 0.001 |P.09503p.09351p.09412.09344P.0937710.09503] 0.09344 |0.0938 | 0.001 || -1.71
20D.093830.09382P.0935200.09374P.0937900.09383| 0.09374 [0.0938 | 0.000 [D.09369.09403p.09351p.09316}.094090.09409] 0.09316 |0.0937 | 0.000 || -0.14
210.09852].09415.09286{0.09474P.09452{0.09852| 0.09286 |0.0945 | 0.002 [D.09368.09241p.09429D.09365D.09414)0.09429 0.09241 | 0.0937 | 0.001 || -0.89
2200.09379p.09534D.09382)0.09414.09409}0.09534| 0.09379 |0.0941 | 0.001 [h.09435p.09383p.09455p.09367.09405)0.09455/ 0.09367 |0.0941 | 0.000 || -0.04
230.09503p.09473.09503.09461D.09337}0.09503| 0.09337 | 0.0947 | 0.001 |P.09666].09417D.09412.09672p.09381)0.09672] 0.09381 |0.0942 | 0.001 || -0.59
24D.094150.09544] 0.0952 [ 0.0981 0.09382{ 0.0981 | 0.09382 | 0.0952 | 0.002_[D.09207]p.09397p.09421p.09417p.094130.09421 0.09297 [0.0941 | 0.001 || -1.12
250.09503)0.09383[0.0951 [0.09544D.09434]0.09544 0.09383 [0.0950 | 0.001 |.09401 .09392p.0939.09394].09434§0.09434 0.09394 0.0940 | 0.000 [f -1.09
[26.09586p.095710.09522)0.09343.09306/0.09586| 0.09306 | 0.0952 | 0.001 |p.09375]0.0944 p.08442).09384p.09302)0.09442] 0.09309 |0.0938 | 0.001 || -1.45
270.09438p.099050.09555.09461D.09286{0.09905| 0.09286 |0.0946 | 0.002 [D.09467.09452p.09491D.09445p.09477)0.09491| 0.09445 |0.0947 | 0.000 || 0.06
28.09409] 0.094 D.09391p.09412P.09408{0.09412[ 0.09391 |0.0941 | 0.000 [D.09421).09488D.09453p.09421p.093970.09488] 0.09397 |0.0942 | 0.000 |f 0.14
9 0.094 |p.09619D.09483D.09474D.09343)0.09619| 0.09343 |0.0947 | 0.001 [D.09498.09401p.09472{0.0943 P.09472)0.09498| 0.09401 |0.0947 | 0.000 || -0.02
30D.0941200.0958600.0926800.09539(0.0954 0.09586] 0.09268 [0.0954 | 0.001 |p.09473p.09418p.09595D.09518p.09447}0.09595 0.09418 [0.0947 | 0.001 |[ -0.69
310.0964200.0950800.0961600.09474.094540.09642] 0.09454 [0.0951 | 0.001_|P.09477 .09434D.09523p.09508p.09508}0.09523] 0.09434 [0.0951 [ 0.000 || 0.00
132.09483)0.09473).096670.08409D.09539)0.09667| 0.09409 |0.0948 | 0.001 [D.09427 p.09501p.09523p.08515D.094440.09523] 0.09427 |0.0950 | 0.000 |{ 0.19
330.0969500.09503D.09586{0.09349p.09699/0.09699| 0.09349 [0.0958 | 0.001 [D.09546/0.0953 p.09417p.094440.0953 J0.09546] 0.09417 |0.0953 | 0.001 || -0.58
[3400.09337)0.095550.0944900.09586( 0.094 0.09586( 0.09337 |0.0945 | 0.001 [h.09409].09429P.09429p.08457D.09454/0.09457| 0.09409 [0.0943 | 0.000 || -0.21
350.0943500.094 15D.09438)0.09434.09452/0.08452] 0.09415 |0.0944 | 0.000 |P.09662].09413p.09538p.09525p.095380.09662] 0.09413 |0.0954 | 0.001 || 1.09
360.09473)0.09474.09467)0.094610.09483}0.09483| 0.09461 [0.0947 | 0.000 |D.09487p.08536p.09458D.06447p.09463)0.09536] 0.09447 |0.0946 | 0.000 || -0.11
37]0.0953 .09315p.094120.09619p.09633(0.09633] 0.09315 [0.0953 | 0.001 |D.09564 .09564P.09564D.09578p.09464)0.09578| 0.09464 |0.0956 | 0.000 || 0.36
380.094730.09285D.0937900.09641D.09308/0.0964 1| 0.09285 |0.0938 | 0.001 |D.09471).09547].09432.09556.09442}0.09556] 0.08432 |0.0947 | 0.001 |f 0.98
[39D.0952200.09264)0.0926500.09524p. .09609| 0.09264 [0.0952 | 0.002 |p.09679D.08722] 0.096 P.09604p.09589/0.09722| 0.09589 [0.0960 | 0.001 || 0.86
40p.09754].09415D.09503.09467|0.0981 | 0.0981 | 0.09415 [0.0950 | 0.002 [h.09562)p.09493{0.0947 p.09486p.09468/0.09562] 0.09468 [0.0949 | 0.000 || -0.18
410.0951 0.09489] 0.0952 0.09503p.09503] 0.0952 | 0.09489 | 0.0950 | 0.000 |P.09592].09488p.09472] 0.095 P.095730.09592| 0.09472 [0.0850 | 0.001 || -0.03
.09572)0.0930600.09609{ 0.0852 P.10203}0.10203[ 0.09306 [ 0.0957 | 0.003 |P.09464 p.09647].09637D.09858p.095790.09858| 0.09464 [0.0964 [ 0.001 || 0.68
.09452{0.0951 0.09285p.09569P.09569/0.09569| 0.09285 [0.0951 | 0.001 |0.0957 .095840.0936 p.09564]0.09620.0862 | 0.0936 [0.0957 [ 0.001 || 0.63
0.09619D.09489D.09473.09569D.09584/0.09619] 0.09473 0.0957 | 0.001 [D.09483p.09485p.09515p.09535p.095350.09535| 0.09483 [0.0952 [ 0.000 || -0.56
45D.0934600.09555/ 0.0954 | 0.0951 p.09635/0.09635| 0.09346 |0.0954 | 0.001 [D.09476.09526{0.0957 .09443p.09538]0.0857 | 0.09443 [0.0953 | 0.001 || -0.15
4e.0963500.09572.0978300.09539D.09382}0.09783] 0.09382 [ 0.0957 | 0.001 |D.09671.09689p.09651P.08651p.09333)0.09689] 0.09333 | 0.0965 | 0.001 || 0.83
47] 0.094 [0.0981.09544.09619p.09802] 0.0981 | 0.094 [0.0962 | 0.002 |p.09666.09612].09612p.09641p.096390.09666] 0.09612 | 0.0964 | 0.000 || 0.21
480.09415{0.0981 0.09852.09286D.09609)0.09852| 0.09286 [0.0961 | 0.002 || 0.095 P.09614P.09707p.09721p.09702p.09721] 0.085 |0.0970 | 0.001 || 0.97

4
43}
A4)

49p. .09343.0947300.09838).095710.09838[ 0.09343 | 0.0956 | 0.002 |P.09701)0.0955 .09713p.09489p.095650.09713| 0.09489 | 0.0957 | 0.001 || 0.06
500.09383).09829p.0934600.09905.12778J0.12778| 0.09346 [0.0983 | 0.014 |.09708.09505p.09524p.09505p.097130.09713] 0.09505 [0.0952 [ 0.001 || -3.10

| | | | [ ]a=0.128]=0.09262iC=0.095[c=0.001[ | 1 A=0.0998=0.09089C=0.094Ic=0.000]F=-0.18
H —dwuTnualududau max —A1fianaia (RMSE) innigaanmsvaaas 5 A

min —fAanaia (RMSE) Waoigaannismaane 5 afe mean -ANadnasAIANuAawaIa (RMSE) 3inmismaaae 5 afo
1,2, 3,4, 5 -uammaaaoafont 1, 2, 3, 4, 5 TasdaninfATasethohinafionata (RMSE)

SD —n"\dnotuumasgwumma'nuanwmmmmmnam 5a A—-fanuAsnaaninigaannnmmaang 50 uuu (1-50 Twua)
B -FiAmAanaiminuigaannmsvaaas 50 uuy (1-50 Twua) C -Anadnannismaany 50 uuy (1-50 Twua)

re -reduce wasidusATasotolvinaanainanay Taomlaain (meanmsan-meangy)/meangw*100

o Y g ' A o Yo a1 o 2

HaNINABBININAITIN A.4 naadliiiud wellms 193 1uu Tnuanmminu lusy
L J g o ° (] Ee) °
Fou s IgAnhminnuunassnmumn i Inseioq radanainanas 34 uuy o

A 1w 5 U - o §; o 9 9 %’ @
Tnuanmidulusugew) Tnsddaaiuaundovinyauuunisnaasuds msldanimin
suunarsnusi i Inssioa Iinadanainanas Taoindo 0.18% lavnaRanaiaiios
3 ' H v 3 o ' 4 ° LA
ngaveslasaviganldaniminfivenuder Ae 0.09262 1o l¥s 1 Tnualuvugou 1

- d‘ 4 . H ’ g o

Trua uazwarananMiosigavesInsavioanlganiminuuuvaiosninudfe 0.09089
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welysmau Inualuvugou 3 Tnua
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M990 A5 HANINARDAAZTDAYOITOYA ausl006 Tyl Elman Recurrent NN.

Elman R NN. nuuldank

2 [ 3] 4 5 [max

.088820.09024D.08942)0.08947/0.09024
D.08963p.08993p.08989] 0.0898 0.09001
D.08855.08999D.08949p.090370.09037
D.09058p.09053D.08995p.09059§0.09059| 0.08995
0.0899 |0.09014P.09016D.09005/0.09016| 0.0899
D.09058D.09006{.092090.09209| 0.09006
.090170.08994.08974).09006)0.09017 0.08974
.090290.09197.09269p.089260.09352| 0.08926
0.000_[D.09024)0.08981.08983p.08983p.08983)0.09024| 0.08981
0.000_[D.09016].08994].09023.08949p.09843}0.09843| 0.08949
0.000 |p.09079p.09054D.09433D.09023p.09076/0.09433] 0.09023
0.000 |p.08998p.09039p.09039p.08982]0.0906 | 0.0906 | 0.08982
0.001_[p.09088[.09038.09101p.09101p.09037}0.09101| 0.09037
0.000 |P.09067}.09034)0.08946D. .0903410.09067 0.08946
0.001_|P.09096.09049.09392]0.0947 p.09489}0.09489| 0.09049
0.000 |p.09033p.08988).09063p.09116{0.0905 J0.09116] 0.08988
0.000 |p.09049p.09065.09112.09052p.091020.09112] 0.09049
0.000 |p.09144.09037.09009p.09158D.09037}0.09158] 0.09009
0.000 |p.09896p.09157.09378D.09182P.09508/0.09896| 0.09157
0.000 |p.09063D.09162.09156p.09182P.091620.09182| 0.09069
0.000 [p.09106[0.0916 0.09098p.09066p.09111] 0.0916 | 0.09066

Elman Recurrent NN. uuuldanhminuinesnéu (ERNN)
1 2 | 3 [ 4 [ 5 [max| min [mean
09059]0.0905 |.09033p.09054].09033)0.09059] 0.09033 [0.0905
0.08898.08912.08899p.08937] 0.089 0.08937| 0.08898 | 0.0890
D.09073).089950.09051)0.089960.09129§0.09129] 0.08995 |0.0905
0.08916p.08916p.08936p.08914).08936)0.08936| 0.08914 |0.0892
D.08999.08986.09439D.09124].0916710.09439] 0.08986 |0.0912
0.0895 0.08946.08966]0.089460.08966/0.08966| 0.08946 |0.0895
0.09137p.09229p.08952p.09038.09246/0.09246/ 0.08952 [0.0914
p.08968.089670.089520.08984D.08967}0.08984] 0.08952 [0.0897
D.08976p.08993p.09048.09012).09033§0.09048| 0.08976 |0.0901
10p.09004]0.0901 [0.0901 .08989p.08989| 0.0901 | 0.08989 {0.0900
11D.09022).09054P.090510.09091p.09122§0.09122| 0.09022 |0.0905
120.09017].08979p.09017D.09022.09001)0.09022| 0.08979 |0.0902
13p.09057)0.09031.09175p.09104p.09051}0.09175| 0.09031 | 0.0906
14D.09016D.090160.09025p.09025.08996§0.09025| 0.08996 | 0.0902
15p.09019p.09064)0.09274D.09136p.09021}0.09274] 0.09019 |0.0906
16.09032]0.09037).09033)0.09032].09039}0.09038| 0.09032 |0.0903
[17p.09032)0.09043p.090550.09128] 0.0909 J0.09128 0.09032 [0.0906
118]0.0907 p.09088)0.09066.09056.09098}0.09098| 0.09056 |0.0907
19p. 0.0904 |0.09068)0.09044.09052)0.09068] 0.0904 |0.0905
[200.09078).090590.09078).091310.09077)0.09131| 0.09059 |0.0908
21D.0908600.09101p.09088{0.0905 p.09044}0.09101| 0.09044 |0.0909

i (MSERNN)
mean SD

0.0895 | 0.001
0.0899 | 0.000
0.0895 | 0.001
0.0905 | 0.000
0.0901 | 0.000
0.0906 | 0.001
0.0901 | 0.000
0.0920 | 0.002
0.0898 | 0.000
0.0902 | 0.004
0.0908 | 0.002
0.0904 | 0.000
0.0909 | 0.000
0.0903 | 0.000
0.0939 | 0.002
0.0905 | 0.000
0.0907 | 0.000
0.0904 | 0.001
0.0938 | 0.003
0.0916 | 0.000
0.0911 | 0.000
0.0911 | 0.000

min
0.08882
0.08963
0.08855

re(%)
-1.14
1.00
-1.13
1.54
-1.28
1.21
-1.43
2.56
-0.32
0.13
0.24
0.24
0.34
0.20
3.62
0.19
0.11
-0.36
3.60
0.93
0.22
-0.46

o|~lolalajew[n|alx

0.09066

[22p.09151p.09166.09161 0.0915

p.09102p.09112)0.09166| 0.09102

0.000 |p.09101

D.09109D.09109p.091250.09066/0.09125|

[23p.09268p.09278.09082

0.0925 0.09104)0.09278| 0.09082

0.0925

0.001 |p.09004

D.09223D.09153D.09184).09258§0.09258

0.09004

0.0918

0.001

-0.71

[24p.09187).09129p.09104)

0.09161p.09191)0.09191) 0.09104

0.0916

0.000 |b.09171

0.092430.09171 .0917ﬂ).09204 .09243

0.09171

0.0917

0.000

0.11

[25p.09105.09124p.09243

D.09142.09245)0.09245| 0.09105

0.0914

0.001_|p.09319|

D. 0.09181D.09106{0.0929 [0.09319

0.09057

0.0918

0.001

0.43

[26.09254).0925600.09139.09256p.09168)0.09256| 0.09139

0.0925

0.001 |p.09118

p.09082{ 0.091 p.09175[0.0919[0.0919 | 0.09082

0.0912

0.000

-1.47

27).09051p.10496.092450.09118{0.0914 [0.10496] 0.09051

0.0914

0.006 |P.09097

D.094340.09827p.09434D.0943910.09827| 0.09097

0.0943

0.003

3.22

[28]0.09268).09144D.09309p.09266.09235/0.09309| 0.09144

0.0927

0.001_|.09186

D.09123p.09187.09223p.09216/0.09223| 0.09123

0.0919

0.000

-0.85

[29.09237).09105p.09139p.0924600.08986{0.09246| 0.08986

0.0914

0.001 |0.0918

D.09161D.09317D.09397p.09236{0.08397| 0.09161

0.0924

0.001

1.06

130p.09297{0.0927 p.09297p.09273.09267)0.09297| 0.09267

0.0927

0.000 |p.09205,

0.09137p.09213p.09258p.09327]0.09327| 0.09137

0.0921

0.001

-0.65

[31[0.0929 p.09279p.08989p.09245p.09269| 0.0929 | 0.08989

0.0927

0.001 |p.09431

D.09216p.09417].09417D.091860.09431| 0.09186

0.0942

0.001

1.60

[320.09266).09291D.09267p.09292)0.09292{0.09292] 0.09266

0.0929

0.000 [P.09384

D.093950.09854D.092490.09417)0.09854| 0.09249

0.0940

0.002

1.12

[33.09165.09102.09625p.0916500.09206{0.09625{ 0.09102

0.0917

0.002 |p.08563

D.08316p.09527D.09283{0.0915 [0.09563| 0.0915

0.0932

0.002

1.65

[34D.09273D.09172).09248p.09248).09215{0.08273| 0.09172

0.0925

0.000 |D.09244

D.09549p.09425.09306.09306/0.09549| 0.09244

0.0931

0.001

0.63

[35D.09213P.09022).091650.09359).09608)0.09608| 0.09022

0.0921

0.002 |p.05404

D.09353p.09233D.092850.09434)0.00434| 0.09233

0.0935

0.001

1.52

[36D.09272D.09546D.09282/0.09546.10375{0.10375{ 0.09272

0.0955

0.005 |p.09357

D.09468D.09245p.09293p.09357/0.09468| 0.09245

0.0936

0.001

-1.98

7/0.0914 .09368).09172.09022p.09273(0.09368| 0.09022

0.0917

0.001 |p.09331

0.0928 .09251D.09313/0.0932 0.09331] 0.09251

0.0931

0.000

1.54

[38p.095350.09245( 0.105 .095350.09463] 0.105 | 0.09245

0.0954

.09338.09305{0.0927 p.092720.09459| 0.0927

0.0931

0.001

-2.41

[39p.104750.090430.08928).09104)0.092370.10475| 0.08928

0.0910

094460.09673D.10198D.0937500.10198| 0.09375

0.0956

0.003

5.04

140p.09656/0.0929 0.094960.09601).09518}0.09656] 0.0929

0.0952

D.09208.08258p.09222{0.0953 | 0.0953 | 0.09208

0.0926

0.002

-2.73

141p.089860.0927 .09669p.09517)0.09312}0.09669] 0.08986

0.0931

0.09382p.09207D.09452| .09315?.09452 0.09207

0.0938

0.001

0.75

142.09306).09352).09696.1050500.09696{0.10505| 0.09306

0.0970

D.09347.09347]0.0947 P.09383]0.0947 | 0.09347

0.0938

0.001

-3.25

143p.09267D.0932600.09375p.09299p.09168{0.09375| 0.09168

0.0930

0.001 [D.09374)

D.10371P.10247P.09537] D.09363b.10371 0.09363

0.0954

0.005

2.56

144D.09066D.090510.09172.09139p.11715§0.11715 0.09051

0.0914

0.012 |b.08477

D.08493p. .09317)0.09471}0.09493 0.09317

0.0947

0.001

3.63

l45D.10499D.09124]0.08967D.0898900.09044}0.10499| 0.08967

0.0904

0.007 |p.09434

D.09476.09352].09294P.095470.09547| 0.09294

0.0943

0.001

4.31

146D.09118.08976/0.0914 0.08976

0.09112.09022{0.0914

0.0911

0.001 [{0.0943

0.0929

0.0929 0.09506D.09378D.0931500.09506

0.0938

0.001

2.92

147.09077D.09104p.0951

.0916800.09059)0.09518] 0.09059

0.0910

0.002_|D.09555

D.09555p.09708D.09534.098030.09803

0.09534

0.0956

0.001

4.95

48.08952D.09267{0.0964

b.08989/0.0914 | 0.0964 | 0.08952

0.0914

0.003 |{0.0933

D.09388p.093660.09243D.09349)0.09388

0.09243

0.0935

0.001

2.29

149D.09168).08989D.09235p.09422)0.09384)0.09422] 0.08989
.09459D.10571D.09414D.09492.11873§0.11873] 0.08414

11 JA=0.119=0.

H -9 wuTvualutudau max —ffiawais (RMSE) mnnviga3ainnismaans 5 A

min —A1fAawan (RMSE) dasiigaannmmaaay 5 afo mean -ANadnyasAIANuAANAIA (RMSE) :inmisvaaas § afo

1,2,3,4,5-nanmaasoafof 1, 2, 3, 4, 5 Tasdanniiasetrolinadanain (RMSE)

SD —snflsvtuuinassiuzasdianudanaiainmmaaad 5 afe A -ﬁa‘nnnnnmmnﬂquamnmnaao 50 uwy (1-50 Twun)

B -AanuAawaminedgaannmmaany 50 uuy (1-50 Twua) C -Anaduarnnismassy 50 uuy (1-50 Twua)

re -reduce wafidusiasotholvinafanaiaanas Taow 1630 (Meanussn-Meanerwy)/Meangmw*100

0.0950 | 0.001 || 2.88
0.99

£=0.53

0.0924
0.0949
=0.091

0.002 |p.09501
0.011 |p.0g754
c=0.001)|

D.09518.09521D.09501D.09374)0.09521] 0.09374

0.09586).095861.09586D.10228/0.10228| 0.09586 |0.0959 | 0.003
|

1 JA=0.104B=0. =0.092C=0.001
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Jordan Recurrent NN. uuutdambwninviuesndin (JRNN) Jordan Recurrent NN. uuuldanf (MSJRNN)

Hl 1 [ 2 [ 3 T 4] 5 [max]| mn [mean] sp || 1 2 3 | 4 | 5 [max [ min [mean| SD [fre(%)
1.09242p.09239p.092560.09266p.0926310.09266] 0.09239 |0.0926 | 0.000 |p.09207| 0.092 |0.0906 p.091 .0919900.09207| 0.0906 |0.0920 | 0.001 || -0.62
200.09299)0.09416.09369.09393[0.0927 [0.09416] 0.0927 |0.0937 | 0.001 |p.09249.09256p.08164] 0.092 D.09254)0.09256 0.09164 [0.0925 | 0.000 || -1.28
3.09263).09301p.093750.09283p.09255)0.09375| 0,09255 | 0.0928 | 0.000 [|0.0926 D.09054p.09137.09255/0.0917 | 0.0926 | 0.09054 |0.0917 | 0,001 || -1.22
4.09282p.09336.09346p.09489.09531)0.09531] 0.09282 | 6.0935 | 0.001 |D.09245P.09245p.09256p.09262p.092450.09262] 0.09245 |0.0925 | 0.000 || -1.08
5 0.09327p.09302)0.10038p.09486p.09451}0.10038| 0.09302 |0.0945 | 0.003 |.09273 D.09251D.09058.09274D.09197/0.09274| 0.09058 0.0925 | 0.001 || -2.12
6 0.10071p.09366.09288.09311p.09375)0.10071| 0.09288 | 0.0937 | 0.003 [p-09272p.09272).09272p.09257p.09267}0.09272 0.09257 |0.0927 | 0.000 || -1.00
7 .093380.09299p.093010.09305p.09325{0.09338| 0.09299 | 0.0931 | 0.000 |p-09289p.09222p.09225p.09078p.09287}0.09289] 0.09078 |0.0923 | 0.001 || -0.86
8 0.09349p.09323p.09375.09507p.09313§0.09507] 0.09313 [0.0935 | 0.001 |p.09304 D.09307p.09301/0.0931 p.09188] 0.0931 | 0.09188 |0.0930 | 0.001 || -0.48
90.09375.0937500.093130.09329p.09341}0.09375( 0.09313 |0.0934 | 0.000 |[0.0931 D.09306D.09319D.09337D.09303)0.09337| 0.09303 |0.0931 | 0.000 || -0.33
100.0937600.095510.09507.09387p.09375{0.09551| 0.09375 | 0.093 | 0,001 |D.09301 .09271p.09308.09297p.09295)0.09308| 0.09271 |0.0930 | 0.000 || -0.96
110.09376p.09336D.09338D.09354p.09354)0.09376| 0.09336 | 0.0935 | 0.000 [p.09294 P.09304D.09277]0.0931p.09314)0.09314| 0.09277 [0.0930 | 0.000 |[ -0.53
12.09379p.093730.09347D.09362.09346/0.08379| 0.09346 | 0.0936 | 0.000 |p.09295.09297p.09315p.09314.092830.09315| 0.09283 [0.0930 | 0.000 || -0.69
13p.09591p.09796{0.0936 |p.09354.094630.09796| 0.09354 |0.0946 | 0.002 1p-09306.09338p.09338p.09338p.09304/0.09338| 0.09304 [0.0934 | 0.000 || -1.32
[14D.09593p.09375p.09329p.09366D.09375}0.09593| 0.09329 |0.0938 | 0.001 [p-09333p.09346p.09317p.09317p.09346/0.09346| 0.09317 |0.0933 | 0.000 || -0.45
[150.09354D.09436D.09872D.09791p.094 18}0.09872] 0.09354 | 0.0944 | 0.002 |p.09321 D.09352].09334D.09348.093150.09352| 0.09315 |0.0933 | 0.000 || -1.08
[160.09418p.093870.100380.09329p.09551§0.10038] 0.09329 |0.0942 | 0.003 |p.09335 0.0935 p.09361D.09353p.09326/0.09361| 0.09326 | 0.0935 | 0.000 || -0.72
170.09361D.09378p.09375p.09563p.09363}0.09563] 0.09361 |0.0938 | 0.001 [p.09353 D.09364P.09364D.09341p.09353/0.09364| 0.09341 |0.0935 | 0.000 || -0.23
1810.0039 .093830.09382D.09367p.08346] 0.0939 | 0.09346 |0.0938 | 0.000 |p.09374 p.09359P.09355p.09362.0936900.08374] 0.09355 |0.0836 | 0.000 | -0.21
[190.09567.09796D.098560.09474P.0936900.09856| 0.09369 | 0.0957 | 0.002 |P.09407 P.09321D.09356D.09369D.09406/0.09407| 0.09321 |0.0937 | 0.000 || -2.07
20.09387D.09375p.09442D.09689p.092590.09689| 0.09259 | 0.0939 | 0.002 [p-09413.09388p.09345]0.0935 .093670.09413 0.09349 |0.0939 | 0.000 || 0.01
21D.09555p.09387D.09519p.09531D.09329)0.09555| 0.09329 | 0.0952 | 0.001 |p-09368p.09349p.09342p.09354D.09368}0.09368] 0.09342 |0.0935 | 0.000 || -1.73
22D.09902D.09515D.09406.09379P.09435/0.09902| 0.09379 |0.0944 | 0.002 1.09411p.09369p.09381p.09407| 0.094 0.09411] 0.09369 |0.0940 | 0.000 || -0.37
23p.09948D.09393.09376p.09384| 0.0943 [0.09948] 0.08376 | 0.0939 | 0.002 |p.09411 p.09415p.09358.09417p.09343/0.09417] 0.09343 |0.0941 | 0.000 || 0.19
24{0.0955 D.094360.09533(0.0927 p.09462[ 0.0955 | 0.0927 | 0.0949 | 0.0 [p.09424 D.09424p.09399h.09413D.09388/0.09424| 0.09388 |0.0941 | 0,000 || -0.77
250.09541D.09474D.09489D.09488D.09731)0.09731| 0.09474 |0.0849 | 0.001 |P.09282].09429p.09383p.09349p.09373}0.09429| 0.09282 [0.0937 | 0.001 || -1.22
260.09462D.094160.09507]0.1027 .09791] 0.1027 | 0.03416 |0.0951 | 0.004 |p.09396 D.09395D.09433P.09378p.084080.09433| 0.09378 [0.0940 | 0.000 || -1.17
27D.09384p.097350.09796p.09514p.095510.09796] 0.09384 | 0.0955 | 0.002 |P.09389.08405p .09438.09379)0.09443| 0.09379 [0.0941 | 0.000 || -1.53
2810.0927 .10071p.10071D.09519D.09463)0.10071|_0.0827 |0.0952 | 0.004 |p.09415 D.09549P.09487).09415D.09525/0.09549| 0.09415 | 0.0949 | 0.001 || -0.34
29D.094860.09462P.094810.093841.094 16{0.09486| 0.09384 |0.0946 | 0.000 [p.09431 D.09465D.09417D.09429P.09464)0.09465| 0.09417 |0.0943 [ 0,000 || -0.33
30D.09584D.09551D.09329D.09584]0.1027 | 0.1027 | 0.09329 |0.0958 | 0.004 |p-09413p.09395p.09437p.09404p.09403§0.09437] 0.09395 | 0.0940 | 0.000 || -1.88
310.09421p.09387p.09924] 0.0955 . 10038/0.10038 0.09387 |0.0955 | 0,003 |p.09443p.094470.0849 D.09434D.09446| 0.0949 | 0.09434 |0.0945 | 0.000 || -1.08
32.09421.10038p.09459.09418p.10202§0.10202] 009418 | 0.0946 | 0.004 |p.09524 p.09524| 0.0944 P.09417p.094910.09524| 0.09417 [0.0949 | 0.000 || 0.34
330.09606.09422]0.0945 .09504D.08421/0.09606] 0.09421 |0.0845 | 0.001 |p.09514 .09522p.09514p.0943 D.09502)0.09522 0.09437 [0.0851 | 0.000 || 0.68
340.09481.09383D.09406§0.09362).09826)0.09826] 0.09362 [0.0941 | 0.002 |b.09442).09517p.09517p.08423p.0943800.08517] 0.09423 | 0.0944 | 0,000 || 0.38
35D.09856p.099510.09481D.09384D.10179)0.10179] 0.09384 | 0,086 | 0.003 |p.09536 0.09453p.09457.09545(0.0944 [0.09545] 0.0844 |0.0946 | 0.001 || 4.05
[36.09735p.09406D.09336p.09393p.092820.09735| 0.09282 |0.0939 | 0.002 [|0.0954 .09533p.09518.09518p.09503/ 0.0954 | 0.09503 | 0.0952 | 0.000 || 1.33
37p.095380.0927 0.09507).09584p.09302)0.08564] 0.0927 |0.0951 | 0.001 {P-09459p.09462).09564p.09462.09461)0.09564] 0.09459 |0.0946 | 0.000 || -0.47
380.09872p.10038).09591D.09856D.09458810.10038| 0.09488 | 0.0986 | 0.002 |p.09468 p.09535p.09512.09479D.09351)0.00535| 0.09351 | 0.0948 | 0.001 || -3.83
39D.09486p.09369D.09546D.09507D.09462)0,09546| 0.09369 |0.0949 | 0.001 |p.09562]0.09562p.09465p.09586.09582)0.09586] 009465 | 0.0956 | 0.000 || 0.80
40p.09362.09735p.0928800.09488p.09519{0.09735] 0.09268 | 6.0949 | 0,002 [D.09531 D.09473D.09569D.09578p.09497/0.09578] 0.09473 |0.0953 | 0.000 || 0.45
410.093540.09567D.09366p.09313p.09302}0.09567] 0.09302 |0.0935 | 0.001_|p.09482.095 .09621D.09581D.09621)0.09621| 0.09482 [0.0959 | 0.001 || 2.56
420.09774p.09561.09567.10469P.09533)0.10469| 0.09533 [0.0957 | 0,004 |P.09497.09587p.09621]0.0847 D.09605/0.09621| 0.0947 {0.0959 | 0.001 | 0.21
430.1027 p.09361D.09313p.09856p.09299[ 0.1027 | 0.09299 |0.0936 | 0.004 |p.08424]0,0952 D.09605.09603p.09608/0.09609] 0.09424 |0.0960 | 0.001 || 2.59
44D.09872).09872.1007 10.09555D.09591)0.10071] 0.09555 | 0.0987 | 0.002 |{0.0848 p. .09587]0.0963 [0.0964 | 0.0964 | 0.0948 [0.0959 [ 0.001 || -2.89
450.09551D.09282. 10344D.09531p.09781)0.10344] 0.09282 |0.0955 | 0,004 |.09309 D.09574D.09496.09514D.09479}0.09574| 0.09309 [0.0950 | 0.001 || -0.58

.09435D.09514.093750.09255D.09791)0.09791| 0.09255 | 0.0944 | 0.002 |.09533].09623p.09367p.09506D.09486/0.09623| 0.09367 | 0.0951 | 0.001 || 0.75
47D.09645D.09367.09868.09369p.09567]0.08868] 0.09367 | 0.0957 | 0.002 |p.09519 0.09549.09507.09488p.09512)0.09549] 0.09488 |0.0951 | 0.000 |f -0.57
48D.09387D.09584D.09555p.10616p.0953310,10616| 0.09387 | 0.0956 | 0.005 |P-09528.09541p.09634p.09667p.09607}0.09667| 0.09526 |0.0961 | 0.001 || 0.54
49D.09606].09854).09664p. .1100900.11009] 0.09563 |0.0966 | 0.006 |p.09542)p.09502|0.0947 p.09542p.09579).09579| 0.0947 |0.0854 | 0.000 || -1.26

.09591D.09489D.09722p. P.0928200.09722] 0.09282 |0.0959 | 0.002 |P.09536.09552p.09587D.09566p.0954500.09587| 0.09536 |0.0955 | 0.000 || -0.41
| | | | JA=0.110B=0.09239[c=0:095[=0.002|| | | |A=0.097B=0.09054/C=0.094)c=0.000|F =-0.58

H =3 wuinuatlutuday

min —ffanaia (RMSE) vasiigaadnnismaaas 5 afo

SD —n"lldnoummms‘m'naoa’wnunnwmaawnmmaam 5afh
B -ﬁhn'nuanwmaﬂauﬂﬂamnnmaaaa 50 uuy (1-50 Twua)

re -reduce wafiiudTasoiherlvinafanainanas Taowlean (mi

max —A1AanaIa (RMSE) mnnigaainnimmaan 5 ado
mean -AnaduuassInILAanatn (RMSE) 3annsmeaas 5 afo

1, 2,3, 4, 5 -uammasacadort 1, 2, 3, 4, 5 TaoAsainiilaseinohinaianare (RMSE)

A —frpuARNaIMNNAFAIINMTMARDY 50 wuy (1-50 Tvum)
C -ANaduann1maaas 50 uuy (1-50 Tuua)
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MW A7 HAMINABDINAZTDAVBITOYA az510 TAlY Feed forward NN.

Feed forward NN. uuutdsnhulnivedném (FNN) Feed forward NN. uuutdamnbwninuuuiainuus (MSFNN)

1 | 2 ] 3 ] 4 5 max min mean | SD 1 2 l 3 I 4 5 [ max min mean | SD || re(%)

.08718)0.09842).09035p.08956{0.0872 [0.09842{ 0.08718 0.0896 | 0.005 |p.08698)p.08699.08699p.08657p.08644)0.08699| 0.08644 |0.0870 | 0.000 || -2.88

.09469p.09158)0.09028p.09827).09238}0.09827| 0.09028 |0.0924 | 0.003 |b.08642].08726p.08626p.08724.087320.08732] 0.08626 | 0.0872 | 0.001 || -5.56

P.09968p.08723.09164.09152.08744)0.09968] 0.08723 [0.0915 | 0.005 [D.08642)0.08709p.08677.08737.08677)0.08737| 0.08642 | 0.0868 | 0.000 || -5.19

D.09644)0.0881800.08698)0.09058D.0895800.09644| 0.08698 |0.0896 | 0.004 |p.08709)p.09124p.08764p.08758].08746)0.09124] 0.08709 |0.0876 | 0.002 || -2.23

.08689p.09195.09836.08817D.09401)0.09836| 0.08689 [0.0920 | 0.005 [|0.0876 |.08723p.08688p.08711p.08797)0.08797| 0.08688 |0.0872 | 0.000 || -5.13

0.08723D.0916600.08813p.08956{0.0912 J0.09166| 0.08723 |0.0896 | 0.002 |.08786]0.08782).08688).08703.08799/0.08739| 0.08688 |0.0878 | 0.001 || -1.96

0.0877 0.08884)0.08778{0.0913 .087210.0913 | 0.08721 [0.0878 [ 0.002 [p.08709].08786{0.0879 p.08684P.08728| 0.0879 | 0.08684 | 0.0873 | 0.000 |{ -0.57

0.08906p.09787]0.0912 |0.09451/0.0913 J0.09787| 0.08906 [0.0913 | 0.003 |P.08827 p.09131p.08727p.08879{0.0904 J0.09131| 0.08727 |0.0888 | 0.002 || -2.75

olo|vlajon|ajw|n|a|x

p.09101p.0921800.09152]0.08842.090330.09218| 0.08842 [0.0910 | 0.001 [|0.0885 p.08749p.08864D.08752)0.087490.08864| 0.08749 | 0.0875 | 0.001 || -3.83

=
k=]

0.092 |0.087210.09175p.09178p.08743] 0.092 [ 0.08721 |0.0918 | 0.002 |p.08759|0.0873 .08766p.08794p.08766/0.08794] 0.0873 |0.0877 | 0.000 || 4.46

110.08811.09258]0.0913 |.09312].08794)0.09312] 0.08794 [0.0913 | 0.002 |p.08752].08752.08851p.08774p.088430.08851| 0.08752 | 0.0877 | 0.000 || -3.90

1200.0884200.09212]0.09259p.09269]0.0913 |0.09269] 0.08842 [0.0921 | 0.002 |p.08861 .08773].08824].08768).08843}0.08861| 0.08779 | 0.0882 | 0.000 || -4.21

130.08798)0.08798)0.08693.09408.08906/0.09408| 0.08693 | 0.0880 | 0.003 |p.08832].08785).08832.08857] 0.088 [0.08857| 0.08785 | 0.0883 | 0.000 || 0.39

[14D.08809).09281)0.09469.08906D.09289)0.09469] 0.08809 |0.0928 | 0.003 |p.08879).08865{0.0888 p.08795{0.0888 | 0.0888 | 0.08795 |0.0888 | 0.000 || -4.33

115p.08885D.09293.09254D.09218p.093720.09372| 0.08885 [0.0925 | 0.002 |p.08866 p.08866D.08824p.08824).088540.08866| 0.08824 | 0.0885 | 0.000 || 4.32

160.08721p.097910.08813p.08817p.087430.09791| 0.08721 |0.0881 | 0.005 [D.08913.08942].08884D.08083D.08884§0.09083] 0.08884 |0.0891 | 0.001 || 1.13

17D.09863p.0951800.09624]0.09342.09342}0.09863| 0.09342 |0.0952 | 0.002 |.08923].08904P.08924]0.0891 [0.0891 J0.08924| 0.08804 |0.0891 | 0.000 || -6.39

1180.089320.08959p.08959p.08884D.09423}0.09423| 0.08884 [0.0896 | 0.002 |p.08992.08897D.08912.08992).08912}0.08992] 0.08897 |0.0891 | 0.000 |[ -0.52

190.09401p.09022D.09064{ 0.0935 P.09459)0.09459| 0.09022 [0.0935 | 0.002 |p.09269 p.08952p.08908.09273p.08908}0.09273 0.08908 0.0895 | 0.002 || -4.26

20p.08989p.08842D.08959p.09311D.09791)0.09791] 0.08842 |0.0899 | 0.004 |{0.0894 p.08972p.08013p. .08919/0.09013| 0.08919 [0.0894 [ 0.000 || -0.55

210.08932).09438)0.09378.09025D.08932)0.09438] 0.08932 [0.0903 | 0.002 |p.08965|0.0892 p.08887.08937).08916/0.08965 0.08887 |0.0892 | 0.000 |f -1.16

.0996800.08932{0.0913 0.09408p.092810.09968] 0.08932 |0.0928 | 0.004 |0.0907 P.08993{0.0907 p.08951p.08993[0.0907 | 0.08951 [0.0899 | 0.001 || -3.10

23{0.0911 .089060.09158.08884p.09022)0.09158| 0.08834 [0.0902 | 0.001 || 0.09  ].08979p.089650.08965.09012}0.09012 0.08965 |0.0898 | 0.000 |f -0.48

240.095310.0951800.09164.08958D.096030.09603| 0.08958 [0.0952 | 0.003 |p.08998 p.08971p.08998D.08971p.08999}0.08999| 0.08971 |0.0900 | 0.000 |f -5.46

250.09408.09439p.09159p.08798[0.0911 J0.09439] 0.08798 |0.0916 | 0.003 |p.08393.09009p.08917.08974P.08993}0.09009| 0.08917 |0.0899 | 0.000 |{ -1.81
2600.096440.08743D.08723.09851D.08906)0.09851] 0.08723 |0.0891 | 0.005 |P.09066 .09041D.08968D.08999p.08979}0.09066| 0.08968 [0.0900 | 0.000 || 1.04

R7D.09119( 0.096 .09033p.09033p.09579( 0.096 | 0.09033 |0.0912 [ 0.003 |.09033.08986.09033p.09097p.09072§0.09097| 0.08986 [0.0903 | 0.000 |f -0.94

28/0.0913 0.08884[0.0911 .088090.09469/0.09469| 0.08809 [0.0911 | 0.003 |P.09006 .09002).09031p.09048p.09072)0.09072| 0.09002 [0.0903 | 0.000 |f -0.87

.08798)0.09164D.09064).09521p.09238/0.09521| 0.08798 |0.0916 | 0.003 [{0.0902 |p.09069p.09019p.09049P.09104}0.09104] 0.09019 |0.0905 | 0.000 |f -1.25
10p.090120.09869)0.09548D.09669P.09158/0.09869| 0.09012 |0.0955 | 0.004 |D.09128.09031p.09089p.08061P.09086)0.09128| 0.09031 [0.0909 | 0.000 |f -4.84
51D.09081.09022.09694P.08989p.09159)0.09684] 0.08989 |0.0908 | 0.003 {0.0909 P.09163p.09138.09604]0.0907 J0.09604| 0.0907 [0.0914 | 0.002 || 0.63
521.09787)0.09022|0.0913 |.08842.09164)0.09787| 0.08842 |0.0913 | 0.004 |p.09334.09218D.091750.09149] 0.091 0.09334| 0.091 [0.0918 | 0.001 || 0.49
33D.08906[0.09152{0.09152).09218D.08794{0.09218| 0.08794 |0.0915 | 0.002 [D.09073.09154p.09147]0.0916 p.09134] 0.0916 | 0.09073 [0.0915 | 0.000 |f-0.05
B4p.09451D.09138D.092841.092810.0964410.09644] 0.09138 |0.0928 | 0.002 |p.09198.03193p.09187D.09094h.09187)0.09198] 0.09094 |0.0919 | 0.000 [ -1.04
B5D.09791.09901p.09639D.09101P.09159}0.09901| 0.09101 |0.0964 [ 0.004 |D.09097 p.09155p.09097p.09095p.09095/0.09155| 0.09095 [0.0910 | 0.000 |f -5.62
B36.09829.09787D.09012p.09863{0.0912 [0.09863f 0.09012 {0.0979 | 0.004 |p.09107.09162p.09107p.09197p.09157/0.09197] 0.09107 |0.0916 | 0.000 || -6.39
37]0.09284)0.09401D.09827.09238D.09624)0.09827| 0.09238 |0.0940 | 0.002 |p.09589p.09457.095450.08718D.09261/0.09718] 0.09261 [0.0955 | 0.002 || 1.53
38D.08743).09195p.09842p.08787).09836{0.09842] 0.08743 [0.0979 | 0.005 |.09272{0.0928 p.09283p.08931D.09127)0.09283] 0.08931 |0.0927 | 0.002 || -5.26
390.09311]0.0913 .09158p.09518p.09827)0.09827| 0.0913 [0.0931 | 0.003 |.09179.09118D.09179p.09166p.09166/0.09179] 0.09118 [0.0917 | 0.000 |f -1.56
40p.08723.09787p.09439.094510.09315)0.09787| 0.08723 |0.0944 | 0.004 |.09258.09224p.09278.09224p.091890.09278] 0.09189 |0.0922 | 0.000 |f -2.28
41D.09851.09968)0.09787].09064.09469/0.09968| 0.09064 |0.0979 | 0.004 |b.09243.09146p.09339p.09718p.0961410.09718} 0.09146 [0.0934 | 0.002 |f -4.58
42D.08813]0.0993600.089320.09842]0.09315/0.09936] 0.08813 [0.0932 | 0.005 [[0.0928 |.09344[0.0922 p.09284p.09162}0.09344| 0.09162 [0.0928 | 0.001 |f -0.38
43p.09101p.09284.09331p.09138D.09012}0.09331] 0.09012 [0.0914 | 0.001 [D.09306.09246p.09274p.09274p.09215[0.09306 0.09215 [0.0927 | 0.000 || 1.49
44D.09344D.093410.09353p.09362.0996810.09968| 0.09341 0.0935 [ 0.003 |.09347p.09133p.08319P.09387p.09373)0.09387| 0.09133 [0.0935 | 0.001 || -0.06
5 0.101 [0.0911 p.10004p.08884.09624] 0.101 | 0.08884 |0.0962 | 0.005 |.09341.09125p.09341p.09261D.09351)0.09351] 0.09125 [0.0934 | 0.001 |f -2.94

.0932500.09639] 0.0941 .09842.096420.09842| 0.09325 [0.0964 | 0.002 {0.0936 .09371/0.0936 P.09351p.09364}0.09371] 0.09351 |0.0936 | 0.000 || -2.89
47D.088850.101410.09138D.09585p.09238/0.10141| 0.08885 |0.0924 | 0.005 |P.09306.09401[0.0937 p.09306]0.0937 0.09401| 0.09306 [0.0937 [ 0.000 || 1.43
48] 0.0935 .09064)0.09829p.09639D.09516/0.09829] 0.09064 0.0952 | 0.003 |0.0944 p.03536).0! .09397.09364/0.09536] 0.09364 |0.0944 | 0.001 |[ -0.80
.111480.09639p. 100950.09624D.10099)0.11148| 0.09624 [0.1010 | 0.006 |b.09416.09338D.09455p.09302.093120.09455| 0.09302 [0.0934 | 0.001 || -7.50
.09936{0.0912 |.08721.09159D.09484)0.09936| 0.08721 [0.0916 | 0.005 [D.09423p.08903p.09407P. D.05491)0.09491| 0.08903 [0.0942 | 0.002 || 2.88

| JA=0.111p=0. =0.0920=0.003]| | A=0.097]8=0.08626{C=0.090(C=0.000|F=-2.10
H —$wuTnualududau max —ffAanwaia (RMSE) miniigasnnrimaaas 5 A
min —AAanais (RMSE) ﬁanﬁanammmnnao 5 afo mean -ANadnuaEIAMNAANAIR (RMSE) annmsvaaag 5 afo

1,2, 3,4, 5 -nammaavafod 1, 2, 3, 4, 5 TavdannidTassthohinafianana (RMSE)

SD -ahudnoumn1mgwnaon'wnnnanumaunmmnw S afo A —AranuAanasnniga3annnmsmaaay 50 uuy (1-50 Twua)
B -ArAnmAanaaiandigaainnismaaas 50 uuy (1-50 Tuua) C -ANadp3nnsmaaae 50 uuy (1-50 Twua)

re -reduce wafidusiTasotorhinafianaraanas Taomldan (meanusan-Meangy)/meangy*100
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M3197 1.8 HaN1INARBIAT ADAYEITOYD az510 1At 1% Elman Recurrent NN.

Elman Recurrent NN. uuntadanhwmlniisesnéun (ERNN) Elman R NN. uuuldanbhwl ¥ (MSERNN)
1 2 [ 3] a 5 | max [ min [mean| sp 1 2 3 | 4 [ 5 [max | min [mean| sp [fre(%)
.08677]0.08774p.08876).08877| 0.0887 [0.08877| 0.08677 | 0.0887 | 0.001 |p.086080.08607].08598p.08608p.08617/0.08617| 0.08598 | 0.0861 | 0.000 ||-2.95
0.086210.08621 0.086 | 0.086 D.08598/0.08621| 0.08598 |0.0860 | 0.000 [D.08586].08627.08627p.08581D.0862710.08627| 0.08581 |0.0863 | 0.000 || 0.31
D.08657]0.0871 ]0.08612]0.08712]0.086180.08712 0.08612 [0.0866 [ 0.000 [D.08651p.08651p.08625.08687.08687}0.08687| 0.08625 | 0.0865 | 0.000 ||-0.07
08632{0.0862 .08607|0.0862 0.0860710.08632] 0.08607 [0.0862 | 0.000 [/0.0865 p.08643).08711p.08662p.08644}0.08711| 0.08643 |0.0865 | 0.000 || 0.35
.08682).08869p.08821D.08786{0.0885500.08869] 0.08682 [0.0882 | 0.001_[.08633].08654)0.08664|0.0861 |D.08638J0.08664| 0.0861 |0.0864 | 0.000 [|-2.07
D.086410.08641).08647]0.0863 .08647)0.08647| 0.0863 | 0.0864 | 0.000 |p.08631)0.08774].086310.08641p.08696}0.08774| 0.08631 [0.0864 | 0.001 || 0.00
.08682P.08776.088350.08799p.08736{0.08835| 0.08682 | 0.0878 | 0.001 |p.08736)0.08945p.08725p.08907p.08669)0.08945| 0.08669 |0.0874 | 0.001 ||-0.46
D.08666{0.08666D.0866600.08673.0864500.08673| 0.08645 | 0.0867 | 0.000 |p.086660.08716p.08704.08726p.0871210.08726| 0.08666 |0.0871 | 0.000 || 0.53
0.08864D.0873600.08687| 0.088 |0.0872410.08864| 0.08687 |0.0874 | 0.001 |p.08804}0.08822].08721D.08696p.0875500.08822] 0.08696 |0.0876 | 0.001 || 0.22
0p.08664D.08648D.08664P.08648.086640.08664| 0.08648 | 0.0866 | 0.000 |b.08764.087180.08764p.08764p.08772)0.08772] 0.08718 |0.0876 | 0.000 || 1.15
[11.08895p.08721p.08734[0.0893 |p.08856{0.0893 | 0.08721 | 0.0886 | 0.001 |p.08807p.08808p.08738p.08733p.08812/0.08812| 0.08733 |0.0881 | 0.000 [|-0.55
12]0.08696].08696p.08689D.086960.08689)0. 0.08689 |0.0870 | 0.000 |b.08773.08733.08902.08945p.08945/0.08945] 0.08733 |0.0890 | 0.001 || 2.37
13D.08878D.08897.08742D.08666{0.0876 |0.08897| 0.08666 | 0.0876 | 0.001_|p.08754.08720).08759p.08799p.08742}0.08799| 0.08729 |0.0875 | 0.000 ||-0.07
14] 0.087 | 0.087 p.08716p.08716p.08699)0.08716] 0.08699 [ 0.0870 | 0.000 |p.08847.08818p.08787p.08858p.08738)0.08858] 0.08738 |0.0882 | 0.000 || 1.36
15(0.0904 |0.08792).09035p.08894D.08792] 0.0904 | 0.08792 |0.0889 | 0.001 |p.08784)p.08773p.08747.08796.08773)0.08796| 0.08747 |0.0877 | 0.000 ||-1.36
16.08721).08723p.08748)0.08721D.08696/0.08748| 0.08696 | 0.0872 | 0.000 |p.09492p.09267p.09139p.09658p.09582/0.09656] 0.09139 |0.0949 | 0.002 || 8.84
17D.09019p.08806p.08753)0.08992)0.08724§0.09019] 0.08724 | 0.0881 | 0.001 |p.08818].08624].08794p.08794p.0879200.08824] 0.08792 |0.0879 | 0.000 ||-0.14
180.08741)0.0874 10.08746p.08678D.06746)0.08746| 0.08678 | 0.0874 | 0.000 [[0.0871 .08873p.08896).08846p.08736{0.08896| 0.0871 |0.0885 | 0.001 || 1.20
19p.08787p.08736).08823p.08914]0.08802/0.08914| 0.08736 | 0.0880 | 0.001 [P.08519.08631p.08819p.08817D.08831j0.08831] 0.08817 | 0.0882 | 0.000 || 0.19
[20p.08765p.08764D.08757)0.08681D.08757(0.08765| 0.08681 | 0.0876 | 0.000 |p.08891]0.0886 |p.08988p.08858D.08806/0.08988| 0.08806 |0.0886 | 0.001 || 1.18
121p.08799p.08795(0.0881 0.08875.0892710.08927| 0.08795 [0.0881 | 0.001_|p.08869)0.08795p.08784P.08915p.08805/0.08915| 0.08784 |0.0881 | 0.001 || -0.06
[22.08782)0.08737p.08793)0.08789.08791/0.08793| 0.08737 | 0.0879 | 0.000 |p.08869]0.0881 .08818P.08827.08869/0.08869| 0.0881 |0.0883 | 0.000 || 0.43
[23p.08896).088 12].08793).088090.08955{0.08955| 0.08793 | 0.0881 | 0.001 |P.08876)0.08878p.08831D.08859p.08878/0.08878| 0.08831 | 0.0888 | 0.000 || 0.73
24]0.0877 |0.08777.08773)0.08779p.0878410.08784| 0.0877 |0.0878 | 0.000_|p-08944 p.08518p.09152.09009p.08838§0.09152| 0.08818 |0.0894 | 0.001 || 1.90
[25p.08825]0.09063D.08815D.08819p.08786{0.09063| 0.08786 | 0.0882 | 0.001 |p.08856p.08879p.08958p.08938p.08856/0.08956] 0.08856 |0.0888 | 0.000 || 0.68
126].087810.08764D.08808.08808.08808{0.08808| 0.08764 | 0.0881 | 0.000 [p.08864)0.08851p.08861p.08861D.08864)0.08864] 0.08851 |0,0886 | 0.000 || 0.60
127].09288{0.0885 p.08814)0.0884410.08849/0.09288 0.08814 | 0.0885 | 0.002 [P.08856p.08822p.08846p.08874.08856/0.08874) 0.08822 |0.0886 | 0.000 || 0.08
[28p.08785{0.0877 p.08827).08827p.08827{0.08827| 0.0877 | 0.0883 | 0.000 |p.08921.08862p.08872).08862.08965/0.08965| 0.08862 | 0.0887 | 0.000 || 0.51
[29p.08828.08836]0.0882 0.09189.08787}0.09189] 0.08787 |0.0883 | 0.002 |D.08885.08847]0.09295p.091360.09298)0.09298| 0.08847 |0.0914 | 0.002 || 3.49
[30].08822)0.08847p.08823)0.08805p.0882310.08847| 0.08805 |0.0882 | 0.000 |{0.0887 |p.08958b.08928|0.0887 p.08865/0.08958| 0.08865 |0.0887 | 0.000 || 0.53
131D.08612)0.08825.088610.08975) 0.0884 0.08975| 0.08612 |0.0884 | 0.001 |p.08905] 0.089 | 0.089 | 0.089 | 0.089 |0.08905| 0.089 |0.0890 | 0.000 || 0.68
32).08836D.08836D.08836.088110.0887410.08874| 0.08811 |0.0834 | 0.000 [D.09007 p.08895p.08885p. .089750.09007| 0.08885 [0.0890 | 0.001 |f 0.67
1330.08872)0.08825.08887)0.088670.0888710.08887| 0.08825 |0.0887 | 0.000 [D.08957 P.09058p.09024].08915p.09106§0.08106| 0.08915 |0.0802 | 0.001 || 1.71
34| 0.0887 |p.08866D.0886600.08866p. 0.0887 | 0.08863 [0.0887 | 0.000 [P.08934).09017.09051D.08913]0.0884 0.09051| 0.08913 [0.0894 | 0.001 |{ 0.83
3510.08834.08869p.088580.08834] 0.0882 [0.08869| 0.0882 | 0.0883 | 0.000 |P-08883).09276p.08917p.08988D.08925)0.09276] 0.08883 |0.0893 | 0.002 || 1.03
360.08869.09088] 0.0894 [0.08903P.08815/0.09088| 0.08815 | 0.0880 | 0,001 |p.08897}.08997p.09057p.08893p.08939)0.09057| 0.08893 |0.0900 | 0.001 || 1.06
.08807).09463p.08792.08864p.08807)0.09463| 0.08792 |0.0881 | 0.003 |p.08925.08875p.08578.08977p.08925/0.08978] 0.08875 |0.0893 | 0.000 || 1.34
[38D.08773p.08948)0.0864 10.08823)0.0874 10.08948| 0.08641 [0.0877 | 0.001 |p.08931).08873p.08139p.08873p.08931)0.09139| 0.08873 |0.0893 | 0.001 || 1.80
[39].08797).08793p.08797)0.09059p.0954410.09544] 0.08793 | 0.0880 | 0.003 |p.08928].09007).08874p.08934P.0893410.09007| 0.08874 |0.0893 | 0.000 || 1.56
140p.08737).08773p.0881900.08809D.0876410.08819] 0.08737 |0.0877 | 0.000 [p.08903].08817).08913P.08903p.08913/0.08917| 0.08203 [0.0894 | 0.000 || 1.60
141p.08678).08648D.086660.08806.08825/0.08825| 0.08648 |0.0868 | 0.001 |.08961.10078p.08929P.10004P.09032/0.10078 0.08929 [0.0903 | 0.006 || 4.08
42]0.08677)0.08648p.08845.08855D.08742{0.08855| 0.08648 |0.0874 | 0.001 |b.09109].09147)0.08971p.09304D.09311)0.09311| 0.08971 [0.0915 | 0.001 [|4.63
143D.08773.08823p.088150.08945] 0.0877 0.08945( 0.0877 |0.0882 | 0.001 |p.08917).08991p.09015p.08995p.08991)0.09015] 0.08917 [0.0899 | 0.000 || 2.00
.0916300.08607)0.08792)0.0886400.08863}0.09163| 0.08607 [0.0886 | 0.002 |p-08914).09015p.09209p.09149p.09563)0.09583| 0.08914 [0.0915 | 0.003 |{ 3.23
l45.08736)0.08799)0.08793)0.0902800.08819}0.08028] 0.08736 |0.0880 | 0.001 |p.09123.08959p.08945p.09053] 0.091 J0.09123] 0.08945 |0.0905 | 0.001 || 2.89
146D.08863)0.09093p.08699.087531.08806{0.09093] 0.08699 | 0.0881 | 0.002 |p.08026.09023p.09023p.090160.08016/0.09026| 0.09016 | 0.0802 | 0.000 || 2.46
47D.08724] 0.087 |.08981)0.08696.0978500.09785( 0.08696 |0.0872 | 0.005 b.09108]0.0905 |p.08988P.09082).09082)0.09103| 0.08988 |0.0908 | 0.000 || 4.10
m2 .087240.08677)0.08742] 0.0877 0.08677_|0.0874 | 0.001 |p.09772)p.09259p.03036p.09116D.09919}0.09919] 0.09036 [0.0926 | 0.004 |[ 5.91
149]0.0921 .08821p.088250.08802D.08741] 0.0921 | 0.08741 | 0.0882 | 0.002 [p.09185p.09038D.09185p.09185D.09031j0.09185] 0.09031 |0.0918 | 0.001 || 4.13
500.092340.0877 ].08696] 0.0884 .087210.09234| 0.08696 |0.0877 | 0.002 |P.09077p.09882p.09329p.09142p.09146/0.09888| 0.09077 |0.0915 | 0.003 || 4.29
| |a=0.098=0.08598[C=0. .001)f | 1 | Ta=0.101p=0.08581)c=0.089c=0.000|F=0.93
H -3 uuTwualugudau max —frfanain (RMSE) mnniigaannnismaans 5 A%
min —A1Aawana (RMSE) vaoigaannismaaas 5 afy mean -AnadvuavsianuAanaia (RMSE) :anmisvasas 5 afo
1,2, 3, 4, 5 snammaaavafort 1, 2, 3, 4, 5 TasAaaniTasssebinatanaa (RMSE)
SD—a“ndmwmnntmaon"mmﬂanmnmn"mnuam S ad A-ﬁmﬂnnmumnﬂﬂm'\nn‘\maaaa 50 uvy (1-50 Tvun)
B -ArmmAawaimiaofigaainniswaaas 50 uuy (1-50 Twua) C -Aadparnmisvaaas 50 uuy (1-50 Twua)
re -reduce wasidudi Tasothoriuafanainana Taumldain (mMeanmsernn-Meangrnn)/Meangayn* 100
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M9 1.9 HAMINAABIAZAGAYDIYEYA az510 TA81% Jordan Recurrent NN.
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Jordan Recurrent NN. uuuldanhwinuwivsandus (JRNN) Jordan R NN. Tl " (MSJRNN)

H| 1 2 [ 3 4 | 5 [max | min [mean| sp || 1 2 [ 3 [ 4 ] 5 [max | min [mean [ sp [fre(%s)
1[0.0879 p.089530.095240.09264P.09238/0.09524| 0.0879 [0.0924 | 0.003 |{ 0.087 |.08644].08699p.08699p.08644] 0.087 | 0.08644 |0.0870 | 0.000 || -5.83
20.08962).09058D.08814].090250.09584]0.09584 0.08814 |0.0903 | 0.003 |p.08641).08685p.08661D.08641p.086790.08685| 0.08641 | 0.0866 | 0.000 || -4.03
3 .09094]0.0908 0.09262)0.08662).08682}0.09262| 0.08662 |0.0908 | 0.003 |b.08673).08673p.08661p.08753p.08713)0.08753| 0.08661 | 0.0867 | 0.000 || -4.48
4 p.08745p.09238).08741p.09044D.09094}0.09238 0.08741 |0.0904 | 0.002 {0.0872 ]p.08723p.08705).08762.08723)0.08762| 0.08705 |0.0872 | 0.000 || -3.55
5]0.0876 .09112p.09113p.09298p.09021}0.09298| 0.0876 |0.0911 | 0.002 |p.08773[0.0876 p.08772.08797p.08798/0.08798| 0.0876 |0.0877 | 0.000 || -3.72
60.08748D.087570.08765p.09125[0.0909 [0.09125( 0.08748 [0.0877 | 0.002 [p.08762].08774].08718p.08774.08732}0.08774] 0.08718 |0.0876 | 0.000 || -0.03
7 .08778p.0896500.09298p.08778D.0984410.09844| 0.08778 [0.0897 | 0.005 |.08729.08805.08816p.08786p.08791j0.08816] 0.08729 |0.0879 | 0.000 || -1.94
810.09312.09037]0.0917 .09044/0.0879 0.09312| 0.0879 [0.0904 | 0.002_[D.08727.08736).08727p.08794p.08829}0.08829| 0.08727 |0.0874 | 0.000 || -3.41
9 0.08987p.08814]0.08965p.09134D.09044§0.09134 0.08814 [0.0899 | 0.001 |p.08717[0.0883 p.08813p.08863p.08853/0.08863| 0.08717 |0.0883 | 0.001 || -1.75
10p.09944].09134.091940.09331.09584§0.09944 0.09134 [0.0933 | 0.003 |p.08767 p.08767p.08729p.08767p.08729}0.08767 0.08729 |0.0877 | 0.000 || -6.04
110.09118p.08808).08854.08861D.09264)0.09264 0.08808 [0.0886 | 0.002 |p.08809.08835p.08809p.08772p.08846)0.08846| 0.08772 | 0.0881 | 0.000 || -0.59
12.08828p.09146{0.0873 .09286]0.0878 [0.09286| 0.0873 [0.0883 | 0.002 |p.08892]0.0889 p.08869p.08861D.08864§0.08892| 0.08861 | 0.0887 | 0.000 || 0.46
3p.08667|0.0878 0.09044).09198p.088850.09198] 0.08667 |0.0889 | 0.002 |p.08866 p.08832.08832.08784).08832)0.08866| 0.08784 | 0.0883 | 0.000 |[ -0.60
140.08778p.09358)0.09198] 0.0885 [0.0928 [0.09358[ 0.08778 [0.0920 | 0.003 |b.08862].08793p.08793p.08877p.08854}0.08877| 0.08793 |0.0885 [ 0.000 || -3.74
115D.09289p.09083] 0.0873 .08741D.09094§0.09289| 0.0873 |0.0908 | 0.002 |p.08888).08932p.08896).08892.08896)0.08932| 0.08888 | 0.0890 | 0.000 || -2.06
[160.09263.094050.09844)0.093310.08962{0.09844| 0.08962 |0.0933 | 0.003 |b.08897 .08899p.08899p.08902| 0.089 J0.08902| 0.08897 |0.0890 | 0.000 || -4.63
170.09263p.096990.09944.08861D.08814§0.09944| 0.08814 |0.0926 | 0.005 [.08888].08907p.08907p.08888.08907}0.08907| 0.08888 |0.0891 [ 0.000 || -3.84
1180.093120.08987| 0.0876 0.09044D.09312§0.09312| 0.0876 |0.0904 | 0.002 |p.08913].08901] 0.089 p.08914p.088470.08914| 0.08847 |0.0890 | 0.000 || -1.58
[190.09448)0.08828)0.09334)0.08826.08873[0.09448| 0.08826 |0.0887 | 0.003 |P.08903.08951D.08942D.08942.08977/0.08977| 0.08903 |0.0894 | 0.000 || 0.78
20p.08916[0.08885{ 0.0893 .09294p.0897500.09294| 0.08885 |0.0893 | 0.002 [P.08914].08928p.08883p.08928.0894200.08942| 0.08883 |0.0893 | 0.000 || -0.02
210.09392]0.08953D.08937.09014D.08956§0.09392( 0.08937 [0.0896 | 0.002_|D.08992].08986D.08996D.08974|0.0894 0.08996| 0.0894 |0.0899 [ 0.000 | 0.33
2210.09339)0.09844P.088410.08936D.09575{0.09844] 0.08841 [0.0934 | 0.004 _[D.08976.08992P.08895D.08976p.08992}0.08992| 0.08895 |0.0898 | 0.000 |[ -3.89
23p.09511].08953p.09566.08953{0.0918 [0.09566 0.08953 [0.0918 | 0.003_|b.08967 p.08968p.08938.08967p.08997/0.08997| 0.08938 |0.0897 | 0.000 |f-2.32
24D.09524].087780.0893600.09443D.08916/0.09524| 0.08778 |0.0894 | 0.003 |p.089730.0902 p.08034.08005[0.0901 }0.09034 0.08973 [0.0901 | 0.000 |[ 0.83
250.089560.091120.09649p.09611D.09165/0.09649| 0.08956 [0.0917 | 0.003 |p.09023.08996p.09314p.09004D.09015/0.09314| 0.08996 [0.0902 | 0.001 |f -1.64
260.09194D.09944/0.0885 0.09312]0.0918 [0.09944| 0.0885 |0.0919 | 0.004 |D.08976].09021p.09002p.09002p.09007}0.09021| 0.08876 |0.0900 | 0.000 || -2.09
27]0.0879 0.09229p.09194.09611p.08987/0.09611] 0.0879 |0.0919 | 0.003 |p.08979.09023p.09019P.09041p.09041/0.09041| 0.08979 [0.0902 | 0.000 || -1.86
[280.09944p.08965p.09044.09668.0901410.09344 0.08965 [0.0904 | 0.004 |P.08974 .09033p.09061p.08858D.09064)0.09064| 0.08858 |0.0903 | 0.001 |f -0.12
[29p.09638)0.09061] 0.0974 0.09638p.09083] 0.0974 | 0.09061 |0.0964 | 0.003 |P.09053 p.09051p.09075p.09128.091550.09155| 0.09051 [0.0908 | 0.000 || -5.84
[30p.09584)0.09134p.08953p.09238.09329}0.09584| 0.08953 [0.0924 | 0.002 |P.09062.09062p.09022p.09031P.09062§0.09062| 0.09022 |0.0906 | 0.000 |f -1.91
B1p.09083.09699{ 0.0918 .09443[0.0873 J0.09699| 0.0873 |0.0918 | 0.004 |h.09071.091831.091360.09122p.09146{0.09183| 0.09071 [0.0914 | 0.000 |f -0.48
132.09289[0.0972 .09112].09699p.08965( 0.0972 | 0.08965 |0.0928 | 0.003 |.09152).09129p.09166p.09163D.09105{0.09166| 0.09105 [0.0915 | 0.000 |} -1.47
3p.09229p.09649P.09262).09165{0.0879 J0.09649| 0.0879 [0.0923 | 0.003 |D.09162)0.09186]0.0915 .09061D.09176§0.09186| 0.09061 |0.0916 | 0.000 |f -0.73
34D.09083)0.09146D.08748D.09809D.09146/0.09809] 0.08748 |0.0915 | 0.004 |D.09188].091450.09072.09143p.09145/0.09188| 0.09072 {0.0915 | 0.000 |f -0.01
B35D.09165p.08669| 0.0984 [0.09779.09238{ 0.0984 | 0.08669 [0.0924 | 0.005 |D.09174.09164]0.0914 .09164]0.0914 [0.09174] 0.0914 {0.0916 | 0.000 || -0.80
36D.09193)0.09229p.09972.09828D.09094}0.09572] 0.09094 [0.0923 | 0.004 |D.091741.09174p.09101P.09174D.09101[0.09174] 0.09101 |0.0917 | 0.000 || -0.60
37D.09194].09264).09329p.09264D.08841/0.09329] 0.08841 |0.0926 | 0.002 |p.09185D.09153P.09111).09185D.091850.09185[ 0.09111 [0.0919 | 0.000 |f -0.85
38D.098441.08956 0.0885 p.09312p.09611}0.09844| 0.0885 [0.0931 | 0.004 [D.09146).09202p.09182.09225p.09185[0.09225 0.09146 |0.0919 | 0.000 || -1.36
39p.08808].09443D.08861.09611D.09584}0.09611] 0.08808 |0.0944 | 0.004 [/0.0928 p.09171p.09277p.09258p.09275{0.0928 | 0.09171 [0.0928 | 0.000 || -1.78
40.09298)0.09193( 0.0928 0.089360.09289§0.09298] 0.08936 |0.0928 | 0.002 |.09223.09486.09682p.09187|0.0962 [0.09682] 0.09187 [0.0948 | 0.002 |f 2.22
41D.08953D.09865.09306{ 0.0928 |.08828/0.09865] 0.08828 |0.0928 | 0.004 |P.09289.09322p.09322.092780.09171}0.09322] 0.09171 [0.0929 | 0.001 |f 0.10
42D.09094)0.09293).09326{0.08937D.08826/0.09326| 0.08826 | 0.0909 | 0.002 |.09311.09255p.09181P.09073p.09286/0.09311| 0.09073 [0.0926 | 0.001 || 1.7
43D.0928900.09965D.08748)0.10018D.09944§0.10018] 0.08748 |0.0994 | 0.006 |P.09312].09302).09349p.09349p.08882/0.09349 0.08882 |0.0931 | 0.002 || -6.36
l4p.09198).09329p.10105p.09933P.10024}0.10105] 0.09198 |0.0983 | 0.004 |.09261).09181p.09209p.09286D.09146/0.09286( 0.09146 |0.0921 | 0.001 |f-7.29
450.09844]0.09112] 0.0878 [0.09146p.09649/0.09844] 0.0878 [0.0915 | 0.004 |.09347.09371P.09339P.09314D.09283§0.09371| 0.09283 {0.0934 | 0.000 || 2.11
46D.090610.08987).0882600.08937p.10027}0.10027] 0.08826 |0.0899 | 0.005 |P.09351p.09352p.09307p.09352p.09138[0.09352| 0.09138 [0.0935 | 0.001 || 4.05
47D.10156(0.09416.10062.09312{0.0878 [0.10156] 0.0878 |0.0942 | 0.006 |P.09381).09388.09381]0.0934 0.0931500.09388| 0.09315 |0.0938 | 0.000 |f -0.37
48D.08953{0.1011 0.09312p.09524p.08452] 0.1011 | 0.08953 [0.0945 | 0.004 |D.09426.09353D.09332p.09414p.09396}0.09426| 0.09332 [0.0940 | 0.000 |f -0.59
49D.09293p0.08808.08965D.10072p.0993310.10072| 0.08808 |0.0929 | 0.006 [P.09271p.09406p.081320.09302.09384}0.09406| 0.09132 [0.0930 | 0.001 [ 0.10
50D.09933p.10094P.096550.09649D.095240.10094| 0.09524 |0.0966 | 0.002 |.09448].09168p.09333D.09405D.09364§0.09448| 0.09168 |0.0936 [ 0.001 |f -3.01
| | | | | JA=0.1023=0.08662|C=0.092[c=0.003|| | | 1A=0.097]3=0.08641[C=0.090[C=0.000|[°=-1.53

H -3nuTwualutdudau

min —AAawaia (RMSE) uauilaeatnnimaaas 5 afy
1, 2, 3,4, 5 —uammaaeaiont 1, 2, 3, 4, 5 Tasdanilasotioinadawain (RMSE)

SD -vhlt{oomu:nm;muaomamnamma-nnmnaac 5 afo
B -AANuAsnaIaianigaInnImMaany 50 uuy (1-50 Tuue)

max —ffanaa (RMSE) innvigaannnismaaas 5 A%
mean -AnaduracAinuAawaIn (RMSE) annisvaaas 5 afo

re -reduce wafidus Tasotherhinafawaiaanas Taouledain (meanmsruv-Mmean;yy)/mean;auw* 100

A —Faufanamnnilgaainmmaang 50 uuy (1-50 Twun)
C -A1adp3InMsmAaY 50 uuy (1-50 Twum)

4' yad 1 A a Yo A 1w )
HANIINAADIVNINAITINN A.9 “ﬂﬂqtl"l"u:n luann]ii‘]ﬁ]1”3“1"“ﬂ“l“1nu‘lu‘nu

’ ' ’.’ o ° ' a °
gau M3 1FAniminuuuvaronuuai 14 1asevioa nafanainanas 40 vy (319

A ' o ) ' Y a o ' = v v 3 @
T'nuﬂmmnu’lu‘vuqau) TﬂUﬂ'lﬂﬂlljuﬂ’llﬂE‘IU‘B'lﬂY.IﬂllUUﬂ’ﬁYIﬂaE)\Hlﬁ’J mﬂwmumun

7o ' Yy a - a - v
suuvauEnuuan 19 1nsavioa naranainanaslaomas 1.53% Iaonaianainiion

§ ' - . g o ' A o :’I ’
ngaveslassvianlganiminifiesnndon fie 0.08662  weldsmauTnualusugon 3

a :i v :.:' ] :i 9 %’ LY SN
Tmm uazNaNﬂwmﬂnuaﬂnqma»ﬂﬂswwﬂn‘l‘vmumunuuuumuwmuumﬂﬂ 0.08641

3 % 5
welswu Tnualurvuseu 2 Tnua
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Feed forward NN. uuutdambwiniiiueaném (FNN)

Feed forward NN. uuutdanhwinuuuaimuus (MSFNN)

[HENENR 5 [ max |

SD

2 [ 3 ] 4 [ 5 [max | min

re(%)

D.13279.12765.12777p.12787p.12943(0.13279| 0.12765

0.1279

0.002_[p.13075

D.13053.13192].13263D.12997)0.13263| 0.12997

2.25

D.12901P.13256].12903p.12957D.13234{0.13256

0.1296

0.002 |p.13234

D.12862P.13138D.13117D.13179)0.13234] 0.12862

1.40

D.13053p.13257).13194p.13241]0.1286 0.13257

0.1319

0.002 |p.12855

D.12865p.12846.12849p.12857/0.12865] 0.12846

-2.57

0.13227)0.12831.12818)0.12872)0.13182}0.13227]

0.1287

0.002_[D.12869]0.12847p.12857p.12847p.12847)0.12869] 0.12847

-0.19

D.13234D.13053)0.13975p.13063p.13182}0.13975]

0.1318

0.004 [p.12873

D.12864)0.12849p.12854D.12869/0.12873] 0.12849

-2.41

D.12751p.13087.12787p.13196p.12778}0.13196

0.1279

0.002 |p.12857

D.12868p.12885.12864D.12869)0.12885] 0.12857

0.63

D.12901D.131950.13064p.12802p.12753}0.13195|

0.1290

0.002 |p.13165

D.13074p.12862].12894D.12886{0.13165| 0.12862

-0.05

0.13182p.12901D.13087p.12751/0.1323 [ 0.1323

0.1309

0.002 [P.13237

P.12903p.12901P.13225p.12941)0.13237| 0.12901

-1.12

AA IR IR R B - 4

0.13112]0.1277 P.12831p.12826p.12753}0.13112

0.1283

0.001 [P.12953

0.12857).12846|0.1292 0.1292b.12953 0.12846

0.73

10p.12792).13007p.13172).13182).131820.13182

0.1317

0.002 |p.12895

0.1286 0.12901/0.1286 D.12868h.12901 0.1286

-2.31

11D.13007)0.12767p.12778.12811p.12792)0.13007,

0.1279

0.001 [p.12877

D.128740.12874D.12877.12894}0.12894| 0.12874

0.66

120.12901]0.1288 .13172).12782D.12802)0.13172

0.1288

0.002 [p.12867

D.12875.12856[0.12867D.12844/0.12875| 0.12844

-0.10

13p.12767).12926.13195D.12857)0.12989)0.13195|

0.1293

0.002 |[0.1287

D.12903)0.12884| 0.1287 .12876/0.12903| 0.1287

-0.39

14D.13038{0.1274 [0.1311 .12755.139750.13975

0.1304

0.005 |p.12894

0.12923.12958p.12889p.12958/0.12958| 0.12889

-0.88

15D.13049[0.1277 .12755p.13126.131380.13138)

0.1305

0.002 |p.12941

0.1293 |0.12956p.12885D.12941}0.12956| 0.12885

-0.83

16).12802).12767).13053D.129010.12765{0.13053)

0.1280

0.001 |p.12885

D.12865p.129450.12949p.12949)0.12949| 0.12865

1.12

17p.12773{0.1288 .12798D.12745).12876] 0.1288

0.1280

0.001 |p.13207

D.12906[0.12878.13207p.12939)0.13207| 0.12878

1.10

18.12943.12876p.12773p.12989p.12787}0.12989

0.1288

0.001 _|p.12962

D.12933D.12915P.12955.13047]0.13047| 0.12915

0.61

190.12872].13049p.12828p.13053.12777}0.13053]

0.1287

0.001 |p.12885

D.12941 O.1295I0.1295 12941 0.1295 | 0.12885

0.54

[20p.13121p.13234p.12773p.12782).12877/0.13234

0.1288

0.002 |.12939

D.129390.1294§b.12943 .1 .12943| 0.12939

0.51

[21p.12763p.13084].12777p.12826{.131950.13195|

0.1283

0.002 |p.12924

0.12975/0.1404 b.12953p.12871 0.1404 | 0.12871

0.99

[22]0.1288 p.13112p.13079p.130990.12811)0.13112)

0.1308

0.001

D.12951p.12929p.12985]0.1299 | 0.1299 | 0.12929

-0.90

[23p.13087p.12792).13112p.13121.12883)0.13121

0.1309

0.002

0.1297 .12977p.12921p.12966{0.12977| 0.12921

-0.89

[24p.12828p.13069p.13063p.12773p.12778}0.13069)

0.1283

0.002

113198

D.13037).12929p.12999|0.1294 [0.13198| 0.12929

1.33

[25D.12854p.13083.13053p.13049p.12748J0.13083

0.1305

0.001 [p.13015

D.12972{0.1295 .12916p.129350.13015] 0.12916

-0.76

26.12765p.13172.12851.13087.127510.13172

0.1285

0.002_}f0.1298

D.12962.12961P.12987p.129490.12987| 0.12949

0.86

[27p.13083p.12798.12854p.13172).13079)0.13172]

0.1308

0.002_[p.13089

D.131620.12988[0.1301 p.13003)0.13162| 0.12988

-0.53

[280.13063p.12763).13007p.12911)0.12872}0.13063]

0.1291

0.001 [p.12958

D.129580.12961p.12962.12958/0.12962| 0.12958

0.36

29D.12811p.13121p.13052p.12792p.13038)0.13121

0.1304

0.002 |p.13024

D.12997p.13043D.13024p.13073}0.13073| 0.12997

-0.11

130D.12877]0.1288 .13053p.12926[.130490.13053]

0.1293

0.001 |p.12995

D.13046p.13007p.13046p.13019§0.13046| 0.12995

0.72

310.12805p.12777).13234p.12828p.12782}0.13234]

0.1281

0.002 [l0.1302

D.12968.13092p.12934D.13051)0.13092| 0.12934

1.68

[32{0.1302 p.12821)0.12818p. 13029.13044)0.13044)

0.1302

0.001 |p.13021

D.13003p.12968.13073/0.1301 0.13073] 0.12968

-0.08

[33p.12877p.13064).12802p.128950.1304 1/0.13064]

0.1290

0.001 _|p.12927

D.13082D.13012{0.1306 p.13012}0.13082| 0.12927

0.91

[34P.13064p.12755p.127490.128260.12901(0. 13064

0.1283

0.001_[p.13033

D.13024)0.13056p.13005p.13033)0.13056 0.13005

1.61

[35].13007p.12989p.12753p.13053).12828§0.13053)

0.1299

0.001 |b.13068

D.13044p.13068p.13044D.13044)0.13068] 0.13044

0.42

[360.12767p.12818{0.1302 |p.12854).12826{ 0.1302

0.1283

0.001_[p.12921

D.13034p.13015p.13015D.13034)0.13034| 0.12921

1.47

137]0.1302 p.12857).12811p.12869.12818{ 0.1302

0.1286

0.001 |p.13061

0.13023p.13023p.13043p.13038/0.13061| 0.13023

1.41

[38p.13126p.12821p.12831D.13049p.1288410.13126|

0.1288

0.001 Jf0.1314

0.1 0.1304 P.13137] 0.131 {0.1314 | 0.1304

1.68

39D.13032p.13064D.12872]0.1311 p.12883] 0.1311

0.1303

0.001_|p.12047

0.1308 P.13061D.13035p.13075{ 0.1308 | 0.12947

0.22

140.13042]0.1288 .13064]0.12985.12787/0.13064]

0.1299

0.001 |p.13083

0.1309 0.13152p.13072).13189j0.13189| 0.13072

0.83

l41p.12798.13975p.12883p.13063p.128310.13975] 0.12798

0.1288

0.005_|p.13117)p.13166p.13079p.13106p.13079/0.13166} 0.13079

1.73

142D.12851p.12854p.13195p.13126] 0.1277 J0.13195] 0.1277

0.1285

0.002 |P.13159]0.13137.13102p.13102p.13154/0.13159| 0.13102

2.20

143]0.1286 |p.12975p.12911p.12911p.12979)0.12979]

0.1291

0.001_[[0.1316

0.1313 0.13134p.13134p.13099 0.1316 | 0.13099

1.73

144].12893p.12876{0.13002p. 128850. 12826/0.13002)

0.1289

0.001 |D.12918

D.13136.13146D.13116D.13073)0.13146] 0.12918

1.79

145D.12883p.1280200.13112p. 129990, 128920.13112]

0.1289

0.001

D.13121.13189P.12926]0.1315 |0.13189] 0.12926

1.78

146D.12989p.13053p.13099p. 128950.130410.13099)

0.1304

0.001

0.1313 .13133D.13148D.13078[0.13146 0.12931

0.68

47]0.1297 P.12911p.12905D.13016].12895(0.13016|

0.1291

0.001

1p.13134

P.13153p.13171P.13153D.13115/0.13171] 0.13115

1.87

l48D.12901D.12926].13126p. 12877.12778)0.13126]

0.1290

0.001

|p.13149

01316 0.13133p.13147]0.1316 [0.1316 | 0.13133

1.92

149p.12901p.12981.12854D. 12944).12765(0.12981

0.1290

0.001

D.13162)p.13203p.13203p.13207)0.13207 0.1316

2.34

|50p.13087p.12821p.13099{ 0.1286 p.12753)0.13099

0.1286

0.002 |p.13174

D.13165D.13176D.13165p.13172}0.13176| 0.13165

243

L] | Ja=0.140B=0.127:

0.129=0.001f

| ]A=0.140B=0.12844]

£=0.70

H —3wuTwualududau

min —sfBawaia (RMSE) tasigaanmsvanas 5 af
1, 2,3, 4, 5 wammsaaoaof 1, 2, 3, 4, 5 TandainiTaseinluadawaia (RMSE)

) -d‘u!{aemumns‘mnma"\m‘maawma’nnmmaam 5 afo

B -AanmAsnaratasigaannsmaaas 50 uvy (1-50 Tuua)
re -reduce WafidusiTasothoihinafawatnanas Taou1#3 1N (MeaNusmn-MEaNaw)/Meansy*100

max —AAanaia (RMSE) innvigaainmismaaas 5 Ao
mean -AaduuasAAmAanaIa (RMSE) 3nnisvaaas 5 afy

A —a'1m‘mﬂnwa‘mmnﬂﬁnwmmmaaao 50 wyy (1-50 Twun)
C -Anaduannismaaas 50 wuy (1-50 Tua)

P Y v A a 3o a W 4
HAN1INARDININATITIN A.10 HaAI IHIHUN maumﬂ‘vmu’JuTnuﬂmmﬂu“lu‘nu

’ i ’.’ 3 o ’ = o
YOU ms'la’f'mumummunmuwnmuﬁm’lﬁ‘iﬂswwﬂv’t’wawﬂwmﬂaﬂm 16 wuy (MUY

4 1 o T Y a & a v v 3 v
Tnuﬂntn1nu1umumﬂu) Tﬂﬂﬂ'lﬂﬂllluﬂ'llﬂﬂUinﬂ?]ﬂllU'Uﬂ'li'VlﬂaﬂQllﬁ') mshmm'nun

d o g ] £y a ] a d’ Y A
ll‘UU'Hﬁ'lt.ll‘lmlll'uﬂ‘ll’ﬂ'ﬂIﬂi\!‘ll'lf]"l‘lﬂﬂﬂﬂﬂwa'lﬂvlﬂaﬂﬁ\l TﬂUNﬁNﬂWﬁTﬂ'ﬂuﬂU‘ﬂf}ﬂﬂli’N

L] 1 ' g o ' A o z L
Tasaviwanlganiminiosnuned Ae 0.1274 elesuiuTnualususou 14 Tnua uaz

a 4 { ' { '3 o ¢ A
naranaraesigavesInsevisanldaniminupunarosniuudne 0.12844 11y

g L 4
31U Inualurugou 12 Tuua
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H —smnuTwualududau

min —A1Aawaia (RMSE) vasilgaanmmaaas 5 afh

1,23,

SD —n'1tdmmumm’swumﬁwm‘mﬂuwman'\nn'umnaa 5 afo
B -vhm-manwmmfauﬁqnnnmmaam 50 wyy (1-50 Twus)

max —AAana1n (RMSE) mnnvigaannismaaay 5 PY3)
mean -AnadpuaRIANNAaWaIR (RMSE) 3inmisvaaas 5 afa

4, 5 —uanveaacnfort 1, 2, 3, 4, 5 TasdaniTasethoinaAawain (RMSE)
A —dranufanasnnigaainnismaaas 50 uuy (1-50 Twun)
C -Ataduanmsmaaas 50 uuy (1-50 Twua)

re -reduce wadidusiiasothothinafianaraanas Taomlsan (mMeanusernv-MeaNgryn)/Meangaww* 100

Elman Recurrent NN. Tadambwny inéu (ERNN) Elman Recurrent NN. uuuldambwinuuuiginuiue (MSERNN)

Hl 1 I 2 ] 3 l 4 5 mnl min mean | SD 1 2 l 3 [ 4 5 lmn[ min mean | SD re(%)
1].13136p.131350.13136p.13136{0.1288 0.13136] 0.1288 [0.1314 | 0.001 |P.12763].12761D.128580.12787p.12772{0.12858| 0.12761 [0.1277 | 0.000 |{ -2.77
2]0.12788p.12811]0.1279 .12788p.1274500.12811] 0.12745 [0.1279 | 0.000 |D.12904.12846p.12747p.12919] 0.128 0.12919] 0.12747 [0.1285 | 0.001 |{ 045
30.12745/0.1307 0.12769p.13082.13105{0.13105| 0.12745 [0.1307 | 0.002 |p.12772]0.12729p.12694p.12772p.12816{0.12816] 0.12694 |0.1277 | 0.000 |{ -2.28
4]0.12703[0.1271.12671p.12703p.12712}0.12712 0.12671 [0.1270 | 0.000 |p.12707].12707p.13767p.14136p.13071)0.14136] 0.12707 0.1307 | 0.006 || 2.90
50.130750.12727p.12699p.13078p.12694)0.13078] 0.12694 |0.1273 | 0.002 [p.12738].12708p.12685p.12709p.127090.12738[ 0.12685 [0.1271 [ 0.000 [} -0.14
60.1267600.12696{0.1267 | 0.1267 [0.1267 [0.12696] 0.1267 |0.1267 | 0.000 [p.12717)0.12848.12716p.12904)0.12716/0.12904| 0.12716 [0.1272 | 0.001 || 0.37
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150.12575.12542.12273p.12519.12575)0.12575| 0.12273 [0.1254 | 0.001 |P-12876.12662.12616p.12716.12802}0.12876] 0.12616 [0.1272 | 0.001 || 1.39
H6.12515D.12279[0.1242 0.12279p.125150.12515] 0.12279 [0.1242 | 0.001 [0.1246 |.12609|0.1249 |0.1246 |.12448/0.12609| 0.12448 |0.1246 | 0.001 |{ 0.32
h7] 0.124 |p.12538p.125440.12544p.12544)0.12544] 0.124 |0.1254 | 0.001 |p.12377).12377p.12377p.12279p.123770.12377| 0.12279 [0.1238 | 0.000 |} -1.33
h8.12515.12509p.12439p.12509p.12509).12515] 0.12439 [0.1251 | 0.000 |P.12132).12663p.12733] 0.124 P.12733}0.12733| 0.12132 [0.1266 | 0.003 || 1.23
9p.12537p.12398p.12585p.12575.12539)0.12585] 0.12398 [0.1254 | 0.001 [P.12475.12064D.12409P.11545D.127650.12765] 0.11545 |0.1241 | 0.005 |f -1.04
[20p.12365).12365p.12523p.12399p.12526{0.12526{ 0.12365 | 0.1240 | 0.001 [P.12341D.12153D.12318D.12318.12341}0.12341] 0.12153 [0.1232 | 0.001 || -0.65
21]0.1249 |p.12534p.12548.12447.12556]0.12556] 0.12447 |0.1253 | 0.000 |p.13194.12313D.12688D.12313D.128470.13194] 0.12313 [0.1269 | 0.004 [f 1.23
2200.12424).12461p.12461.12486]0.12461)0.12486] 0.12424 [0.1246 | 0.000 |p.12529.12182D.12459p.12178D.1238500.12529] 0.12178 |0.1239 | 0.002 |{ -0.61
23p.12635.12581p.12441.12441p.12541)0.12635] 0.12441 | 0.1254 | 0.001_[D.12093.12322p.12176D.12497p.12401}0.12497| 0.12093 [0.1232 | 0.002 |{ -1.75
24p.123840.1241 [ 0.1241 .12384].12501)0.12501 0.12384 |0.1241 | 0.000 |b.12188].12232p.12122p.12271D.12122{0.12271] 0.12122 [0.1219 | 0.001 | -1.79
b25p.12665p.12702p.12618] 0.125 P.126130.12702] 0.125 [0.1262 | 0.001 |p.12607p.12803D.12484P.12395] 0.123 [0.12803] 0.123 [0.1248 | 0.002 | -1.06
26.12403)0.124030p.12403p.12326p.12326§0.12403] 0.12326 [0.1240 | 0.000 }}0.1253 p.125150.1232 p.12333p.11806{0.1253 | 0.11806 [0.1233 | 0.003 |{ -0.56
R70.12525p.12551.12597p.12374p.12496{0.12507| 0.12374 | 0.1253 | 0.001 |p.12627.12614p.12309P.12738p.12627/0.12738| 0.12309 |0.1263 | 0.002 |{ 0.81
[28.12564]p.12504.12567p.12342]0.12342§0.12567| 0.12342 {0.1250 | 0.001 |p.12552].12849p.12218p.12371P.12207}0.12849] 0.12207 |0.1237 | 0.003 || -1.06
[29p.12444]p.12505p.12607p.12578).1245500.12607| 0.12444 |0.1251 | 0.001 |P.13339].12496p.12496{0.1188 P.12486/0.13339| 0.1188 |0.1250 | 0.005 || -0.07
50p.12478]0.1247 .12326{ 0.1256 ]p.12478| 0.1256 | 0.12326 | 0.1248 | 0.001 |b.124360.12422p.12387|0.1188 P.123870.12436| 0.1188 |0.1239 | 0.002 || -0.73
51D.12739.124160.12794.12601D.12344§0.12794] 0.12344 |0.1260 | 0.002 |P.12522]0.12392P.12266D.12542p.123920.12542] 0.12266 |0.1239 | 0.001 |f -1.66
52D0.1266500.12395p. 12363p.12706p.1259300.12706] 0.12383 |0.1259 | 0.002 |[0:1235 | 0.125 p.12697D.12494p.12278[0.12697| 0.12278 |0.1249 | 0.002 || -0.79
33D.12824]0.12428p.12749.12496D.12498{0.12824] 0.12428 [0.1250 | 0.002 |p.12502.12362.12539p.12286p.125110.12538] 0.12286 |0.1250 | 0.001 || 0.03
4D 12684]0.12305.12234p.12789p.1278900.12789] 0.12234 |0.1268 | 0.003 [[0.1236 ].12469p.12197p.12444P.123560.12469] 0.12197 |0.1236 | 0.001 || -2.55
55p.125430.12311] 01236 [0.12398.12311)0.12543] 0.12311 |0.1238 | 0.001 |.119760.12018p.11995p.12018D.120180.12018] 0.11976 |0.1202 | 0.000 |} -2.92
5612318012689, 12644]0.12553p.1283200.12832] 0.12316 |0.1264 | 0.002_|D.12228]0.1159 .12133p.12228.121330.12228f 0.1159 |0.1213 | 0.003 || 4.04
57 0.124 |p.12416p.12288p.11819D.122880.12416] 0.11819 |0.1229 | 0.002 |p.12393]0.1229 p.12316[0.1202 p.12236[0.12393| 0.1202 |0.1229 | 0.001 |} 0.02
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0.12848

0.1287

0.001 [p.13093

D.12964p.13037.13093p.1292300.13093

0.12923

0.1304

0.001

1.31

l42.12868[0.1299 [0.1299 p.12755p.12977 0.1299

0.12755

0.1298

0.001 |p.13162

D.12925/0.1306 P.13095.13182)0.13182

0.12925

0.1310

0.001

0.91

[43D.13038.12829p. 12884D.13203D.12977/0.1320

0.12829

0.1298

0.001 |p.13086

0.13107).13086p.13107.130680.13107

0.13068

0,1309

0.000

0.84

l44p.130060.12811/0.1298 p.127550.13019)0.13019)

0.12755

0.1298

0.001 |p.13088

D.13088)0.13115p.13078p.1308900.13115

0.13078

0.1309

0.000

0.83

l45D.12894].12868].12805p. 127960.13021)0.13021

0.12796

0.1287

0.001 |p.13083

D.1310800.13118p.12882p.13083)0.13118

0.12882

0.1308

0.001

1.67

146[0.13039]. 12865p.12752D.129660.12971/0.13039)

0.12752

0.1297

0.001 |p.13157

D.131360.13164D.13126D.13126{0.13164

0.13126

0.1314

0.000

1.31

147)0.12752)0.12922]0.12762.128441.12796/0.12922)

0.12752

0.1280

0.001 |p.13143

D.13141.13165D.13143.13143)0.13165

0.13141

0.1314

0.000

2.71

148D.12789p.13203p.12977D.13034D. 13837)0.13637

0.12789

0.1303

0.004 {0.131

0.1293 0.13131] 0.131 |0.13130.13131

0.1293

0.1310

0.001

0.51

149p.13073p. 12789p. 12889P. 12864D.129610.13073

0.12789

0.1289

0.001 {l0.1317

0.1317 0.13188{0.1314 | 0.1314 |0.13188

0.1314

0.1317

0.000

2.18

5000.12897)0.12917].13073p.12865p.13032}0. 13073

0.12865

0.1292

0.001 [[0.1315

D.131320.13163p.13163D.13144[0.13163

0.13132

0.1315

0.000

1.80

1 JA=0.139=0.127500=0.129c=0.001f

il P

~ ]A=0.132B=0.12531

=0.130[C=0.000|F=0.84

H —smnuTwualududau

min —ArAanaa (RMSE) vaoigaannmmvaaas 5 afo

1l 2' 3'
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B A uAswaaiasiigaannmmaaay 50 uuy (1-50 Tuua)

max —A1Aana1e (RMSE) :INnfigaarnnimaaas 5 A%
mean -ANadnyaRIANNAANaIR (RMSE) 3nnisnaaas 5 afo

4, 5 —namaaavnfont 1, 2, 3, 4, 5 TasAaini Tased o Winadawain (RMSE)
A -ﬁ‘wmwanwmumnﬁqmwnn’\maaao 50 uvy (1-50 Twun)
C -A1a8031nA15mARDY 50 uuy (1-50 Twua)

re -reduce wafidusiasothorlvinadanaiaana Taom1631n (Meanusrww-meanr)/meany* 100

v 2 H " 5
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Feed forward NN. nuuldanhwinuisednéu (FNN) Feed forward NN. uunladanlwnli i (MSFNN)

H| 1 l 2 l 3 | 4 § max min mean SD 1 2 3 4 ] 5 max min mean sSD re(%)
10.07789p.07739p.07808p.07809[0.0797 | 0.0797 | 0.07739 |0.0781 | 0.001 |p.07614p.07801] 0.078 p.07693p.076070.07801| 0.07607 [0.0769 | 0.001 |f -1.47
2[0.076170.0824200.07814.07926p.0767500.08242| 0.07617 |0.0781 | 0.002 |p.07609.07574p.07608] 0.076 P.07627/0.07627| 0.07574 |0.0761 | 0.000 || -2.64
3 0.08242p.07887)0.078750.08028).07732{0.08242| 0.07732 |0.0789 | 0.002 |p.07616.07601p.07605p.07594p.07663{0.07663] 0.07594 |0.0761 | 0.000 || -3.58
4.07849.07719p.07814{0.0804 P.07602{0.0804 | 0.07602 [0.0781 | 0.002 |P.07839.07835p.07593p.07839p.077070.07839| 0.07593 [0.0784 | 0.001 |f 0.27
5 0.07615]0.0785 0.08349.07606).08265{0.08349| 0.07606 |0.0785 | 0.004 |p.07753.07606p.07602p.07609p.07637)0.07753] 0.07602 [0.0761 | 0.001 |f -3.07
6 0.07739p.08114.08293.07731p.07617(0.08293| 0.07617 [0.0774 | 0.003 |.07841.07842.07841p.07866).07815{0.07866| 0.07815 [0.0784 | 0.000 || 1.32
7 p.08372)0.08002] 0.0767 | 0.0806 p.07808{0.08372| 0.0767 |0.0800 | 0.003 |p.07623] 0.076 p.07609]0.0761 0.076 J0.07623] 0.076 [0.0761 | 0.000 [ -4.91
8 0.07622]0.08002).07853).07607.076920.08002| 0.07607 |0.0769 | 0.002 |p.07615.07638p.07616p.07628p.07632{0.07638| 0.07615 |0.0763 | 0.000 |f-0.83
9 .07859).07616{0.0806 |0.07675p.07621{ 0.0806 | 0.07616 |0.0768 | 0.002 |p.07644].07699p.07782.07632).07728)0.07782] 0.07632 [0.0770 | 0.001 |f 0.31
10p.08056{0.0797 .07616p.07849p.07861)0.08056] 0.07616 |0.0786 | 0.002 |p.07659.07685p.07717p.07666p.07638)0.07717] 0.07638 |0.0767 | 0.000 |f -2.48
[110.07657)0.08114D.07675p.07788|0.0806 |0.08114| 0.07657 [0.0779 | 0.002 |P.07647].07638p.07619p.07644D.07619)0.07647| 0.07619 [0.0764 | 0.000 |f -1.93
112.07867)0.07633p.07719p.07639p.0773900.07867| 0.07633 [0.0772 | 0.001 |p.07689p.07621p.07633p.07649p.07637/0.07689| 0.07621 [0.0764 | 0.000 |{ -1.06
[13D.07758{0.0802 .07622.07654.07654] 0.0802 | 0.07622 |0.0765 | 0.002 |p.07754.07875p.07633p.07864p.07769/0.07875| 0.07633 [0.0777 | 0.001 |f 1.50
4p.07616).07638p.07742p.07607p.0765710.07742] 0.07607 |0.0764 | 0.001 |p.07636).07652]0.0765 |p.07585p.07651)0.07652| 0.07585 |0.0765 [ 0.000 |f 0.16
150.07633p.08289p.08545D.07936D.08001)0.08545] 0.07633 [0.0800 | 0.003 [D.07596 p.07639P.07639p.07686D.07711)0.07711] 0.07596 [0.0764 [ 0.000 || -4.52
[160.07797).07675.078750.07692].07923{0.07923] 0.07675 |0.0780 | 0.001 |{0.0771 p.07642p.07666D.076550.07636{0.0771 | 0.07636 [0.0766 | 0.000 |f -1.82
17]0.0797 p.08205p.08251p.07887p.081050.08251 0.07887 [0.0811 [ 0.002 10.0765 p.07636p.07657|0.0765 p.076730.07673| 0.07636 [0.0765 | 0.000 |{ -5.61
80.07682)0.07936D.07719p.07849P.07679)0.07936| 0.07679 [0.0772 | 0.001 |p.07658 p.07658p.07653p.07686p.07682)0.07686| 0.07653 |0.0766 | 0.000 |{ -0.79
190.08002).07638.07708.07657p.07679}0.08002( 0.07638 |0.0768 | 0.002 |P.07675.07865/0.0777 P.07707|0.0765 [0.07865 0.0765 [0.0771 | 0.001 |f 0.36
200.07992{0.0804 0.07857D.08105D.07788§0.08105] 0.07788 |0.0799 | 0.001 |.07661.07657|0.0785 .07659p.07696{ 0.0785 | 0.07657 |0.0766 | 0.001 |f 4.14
210.07937)0.07731.08205p.07669p.07682/0.08205| 0.07669 [0.0773 | 0.002 |P.07589.07898p.07682.07776p.07917)0.07917| 0.07589 [0.0778 | 0.001 || 0.58
2200.07976{0.0767 .08251D.08114]0.0797 [0.08251] 0.0767 [0.0798 | 0.002 |.07701p.07693p.07672p.07896D.0769300.07896} 0.07672 |0.0769 | 0.001 | -3.55
230.07852.07696.07607D.07616D.07936{0.07936] 0.07607 [0.0770 | 0.001_|.07717p.07698p.07742p.07743p.0785900.07859] 0.07698 |0.0774 | 0.001 || 0.60
24D.07679.08104.07995D.08242.0811410.08242] 0.07679 [0.0810 | 0.002 |.07692].07708]0.0756 p.07686p.07701/0.07708| 0.0756 |0.0769 | 0.001 | -5.08
250.08001]0.0802 0.07808D.07992].07789{0.0802 | 0.07789°{0.0799 | 0.001 [p.07693.07832p.07589p.07807D.07732}0.07832| 0.07589 |0.0773 | 0.001 | -3.25
2600.07731).076920.08081D.07814D.07696/0.08081| 0.07692 |0.0773 | 0.002 |p.07687 p.07686p.07628p.07653p.0769310.07693| 0.07628 |0.0769 | 0.000 || -0.58
27/0.0804 0.07708}0.08082p.07642p.07719}0.08082 0.07642 |0.0772 | 0.002 |b.07708].07704p.07704p.07687p.07722{0.07722| 0.07687 |0.0770 | 0.000 || -0.19
1280.07814p.07739p.07617.08104].07995{0.08104| 0.07617 | 0.0781 | 0.002 |p.07702]p.07713p.07713p.07682p.07708)0.07713| 0.07682 |0.0771 | 0.000 |} -1.36
29p.079950.07633p.07719p.07713] 0.081 | 0.081 | 0.07633 [0.0772 | 0.002 [p.07711.07932p.07967p.07694p.07698)0.07967| 0.07694 [0.0771 | 0.001 || -0.10
30D.0770800.07992.07849p.07995{0.0797 [0.07995| 0.07708 [0.0797 | 0.001 |p.07698.07877p.07777p.07702p.07819}0.07877| 0.07698 [0.0778 | 0.001 || -2.42
31]0.0802 p.07758p.08251D.07814p.07679)0.08251| 0.07679 [0.0781 | 0.002 |p.07795D.07725p.07748p.07721P.076120.07795| 0.07612 |0.0773 | 0.001 || -1.14
2/0.0806 .077320.08091.07762p.06239)0.08239] 0.07732 |0.0806 | 0.002 {10,073 P.07757p.07671p.07725p.07727)0.07757| 0.07671 |0.0773 | 0.000 || -4.13
33D.07732).07746p.08062.07742p.078870.08062| 0.07732 {0.0775 | 0.001 |D.07739p.07983p.07929.07725{0.0788 |0.07983| 0.07725 |0.0788 | 0.001 || 1.73
B41.082050.07654.07758.07844P.07758/0.08205| 007654 |0.0776 | 0.002 [D.07699]0.0774 .07754|0.0772 p.07667/0.07754| 0.07667 |0.0772 | 0.000 || -0.49
35.07808)0.07713.07852.08242.07669}0.08242| 0.07669 | 0.0781 [ 0,002 |D.07803.07729p.07877p.07944p.07712)0.07944| 0.07712 |0.0780 | 0.001 || -0.06
36D.08265) 0.081 p.076750.07789p.08062/0.08265 0.07675 |0.0806 | 0.002 |D.07756D.07872p.07842p.07649D.07737(0.07872| 0.07649 |0.0776 | 0.001 |{ -3.81
[37].08545.07713] 0.081 |0.08062.08372}0.08545] 0.07713 [0.0810 | 0.003 |D.07668.08088p.08088p.07729p.07737/0.08088| 0.07668 |0.0774 | 0.002 || -4.48
38.082650.07696.08251D.07844.07606{0.08265] 0.07606 | 0.0784 | 0.003 |.07637 p.07753p.07778p.07883p.07901)0.07901| 0.07637 |0.0778 | 0.001 | -0.84
39p.08143)0.07617].07789p.07789]0.0822 | 0.0822 | 0.07617 |0.0779 | 0003 |P.07762.07648p.07811p.07737p.07788{0.07811| 0.07648 |0.0776 | 0.001 || -0.35
40p.08002}0.07887p.07844).07732]0.0769200.08002] 0.07692 | 0.0784 | 0.001 |P.07783p.07774p.07843p.07835/0.0802 | 0.0802 | 0.07774 |0.0784 | 0.001 }f -0.11
41D.07875).08398p.08105p.07788p.07797}0.08398] 0.07788 | 0.0788 | 0,003 |p.07803p.07705p.07856p.07799p.07678)0.07856| 0.07678 |0.0780 | 0.001 |f -0.97
42].07808]p.08454p.08545p.07923p.0829300.08545| 0.07808 |0.0828 | 0.003 |P.08111p.07758p.07793p.07787/0.0814 | 0.0814 | 0.07758 |0.0779 | 0.002 || -6.03
43p.08337)0.08289p.07607p.07742p.08001)0.08337| 0.07607 |0.0800 | 0.003 [P.07712].08092p.07776p.07864D.07814§0.08092| 0.07712 |0.0781 [ 0.001 | -2.34
44.07607]0.0767 [ 0.0797 .07995p.08349)0.08349| 0.07607 |0.0797 | 0.003 |p.07766[0.0778 p.07772p.08106p.07626/0.08106| 0.07626 |0.0777 | 0.002 || -2.48
450.08114].08444p.07622.08372]0.0804 [0.08444| 0.07622 [0.0811 | 0.003 |p.07656.07772{0.0776 P.07939p.07772}0.07939] 0.07656 |0.0777 | 0.001 || -4.21
46}.08349p.07654p.07758p.07857p.08002)0.08349| 0.07654 | 0.0786 | 0.003 |p.07823D.07756.07827p.08152{0.0808 j0.08152{ 0.07756 |0.0783 | 0.002 | -0.38
W7p.08280}0.07852§0.08289).06104]0.08495{0.08495| 0.07852 | 0.0829 | 0.002_[P.078091.07813p.07826p.07654p.07781)0.07828| 0.07654 |0.0781 | 0.001 |f -5.79
18.07923).07857p.08534p.07638.08443}0.08534 0.07638 |0.0792 | 0.004 |P.07811.07815p.07772p.07715p.07787)0.07815| 0.07715 |0.0779 | 0.000 || -1.72
op.07616.08547p.07923p.08545p.0854500.08547] 0.07616 | 0.0855 | 0.004 |p.07793.07793D.07808p.07783p.07888/0.07888| 0.07783 |0.0779 | 0.000 |f -8.80

.07606.07844p.0774200.08554.08568|0.08568| 0.07606 | 0.0784 | 0.005 |P.07947p.07814D.08123p.07745p.07863}0.08123] 0.07745 |0.0786 | 0.001 |f 0.24
L1 |A=0.086§8=0.07602/C=0.078[c=0.002]| | _]A=0.082B=0.07560[C=0.077[C=0.001|F=-1.41

H -nuTnualududau

min —A1Aawata (RMSE) vaodigaannnmismaaas 5 af
1, 2,3, 4, 5 -uammaaavafort 1, 2, 3, 4, 5 Taudainii Tasethovinalsnana (RMSE)

SD -a‘1t{{uom\nnasgw-uaod'm'nunnwmamnmmaaaa 5 afo
B -mmwaanmaﬂauﬂaaawnmmﬂam 50 uuy (1-50 Tnua)

max —frfAanaia (RMSE) innigaatnnisvmaaas 5 afd
mean -AaduvasriAnuAanata (RMSE) 3nnismaans 5 afo

re -reduce wafiduddiasonoliinafanaraanas Taom1631n (Meanmsmn-Meansy)/meanqw* 1_00

A —frauAanaImNgaainnsvaaas 50 uuy (1-50 Twua)
C -Aafoannismaaae 50 uwy (1-50 Twua)
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M99 1,14 HONITNABBIAZADAVEINDYA c0522 TAu1Y Elman Recurrent NN.

Elman Recurrent NN. uuyldanhwiniiueanéus (ERNN) Elman Recurrent NN. el i (MSERNN)
1 ]2 [ 3] 4 5 [max [ min [mean]| sp |[ 4 2 3 [ 4 [ 5 [max | min [mean| SO [lre(%)
0.07946P.0767800.075820.07504p.07502{0.07946| 0.07502 | 0.0758 | 0.002 [|0.0736 p.07347p.07423p.07452.07474}0.07474] 0.07347 [0.0742 | 0.001 [[-2.10
0.07341p.07338[0.0734 |.073410.07338}0.07341| 0.07338 [0.0734 | 0.000 |p.07383)0.07436)0.07466).07475p.07345}0.07475| 0.07345 |0.0744 | 0.001 || 1.31
0.07531p.073540.073450.07363.07363)0.07531| 0.07345 [0.0736 | 0.001 [p.07492].07487).07466p.07487p.07326)0.07492| 0.07326 |0.0749 | 0.001 || 1.68
0.0734 .073410.07339|0.0734 [ 0.0734 [0.07341{ 0.07339 [0.0734 [ 0.000 [b.07448).07402p.07505p.07502p.074680.07505| 0.07402 |0.0747 | 0.000 || 1.74
D.07364P.07365)0.0785 .07538.07821] 0.0785 | 0.07364 | 0.0754 | 0.002 |p.07502]0.07601.07897.07825.07364)0.07897| 0.07364 |0.0760 | 0.002 || 0.84
D.073410.07341D.07344D.07344D.07341}0.07344] 0.07341 |0.0734 | 0.000 [D.07568]0.07337p.07435.07561D.073860.07568| 0.07337 |0.0744 | 0.001 |{ 1.28
P.07353D.07369p.0740500.07582.07369§0.07582| 0.07353 [0.0737 | 0.001 |p.07355].07362)0.07651p.07383[0.0735 0.07651 0.0735 |0.0736 | 0.001 [[-0.09
D.07348p.07345D.0734800.07348D.0735200.07352| 0.07345 |0.0735 | 0.000 |p.07548).07386{0.07511]0.0751 .07406/0.07548| 0.07386 |0.0751 | 0.001 |f 2.20
D.07534p.073660.075530.07364).07405{0.07553| 0.07364 |0.0741 | 0.001 |p.07603).07561p.07376.07568{0.0752 [0.07603| 0.07376 |0.0756 | 0.001 || 2.11
00.07359.0735800.07353p.07352).07359)0.07359 0.07352 |0.0736 | 0.000 [}0.0757 p.07368p.07401p.07558]0.0759 | 0.0759 | 0.07368 |0.0756 | 0.001 [ 2.72
1p.07361p.07546p.07367p.075210.07582}0.07582| 0.07361 [0.0752 | 0.001 |p.07416.07534p.07571p.07534p.0755800.07571 0.07416 |0.0753 | 0.001 || 0.17
2.07365).07363).07366p.07367p.07363)0.07367| 0.07363 | 0.0737 | 0.000 [D.07502).07502.07391.07404.07502)0.07502| 0.07391 [0.0750 | 0.001 [[ 1.86
30.07373p.07369p.07398p.07533D.07383§0.07533] 0.07369 [0.0738 | 0.001 [D.07378)0.07361.07416p.07397p.07509)0.07509] 0.07361 |0.0740 [ 0.001 || 0.19
4D.07371.07376).07376.07376p.07374)0.07376] 0.07371 |0.0738 | 0.000 [p.07372).07411p.07558[0.0739 p.07586)0.07586] 0.07372 [0.0741 [ 0.001 |f 0.47
50.0738400.07574p.07379.07549{ 0.0738 [0.07574( 0.07379 [0.0738 | 0.001 [P.07568.07556D.07402.07556.07392)0.07568] 0.07392 [0.0756 | 0.001 || 2.33
D.07384D.07376p.0738600.07383P.07384[0.07386| 0.07376 |0.0738 | 0.000 |p.07556].07556)0.07556p.07545.07409)0.07556/ 0.07409 [0.0756 | 0.001 || 2.33
D.07584p.073950.075590.074210.07391)0.07584| 0.07391 [0.0742 | 0.001_|p.07582)p.07595.07529p.07415.07588§0.07595| 0.07415 [0.0758 | 0.001 || 2.17
.07395p.07392)0.0739600.07399p.0739500.07399] 0.07392 | 0.0740 | 0.000 [h.07542]0.07429p.07641p.07602.073950.07641| 0.07395 [0.0754 | 0.001 |f 1.99
19D.07403D.07598.07573p.07572p.07397}0.07598| 0.07397 |0.0757 | 0.001 |.07536).07562].07622{0.0761 P.07566/0.07622| 0.07536 |0.0757 | 0.000 |{-0.08
[200.07399p.07415{ 0.074 [0.07397p.07401)0.07415[ 0.07397 [0.0740 | 0.000 |p.07564).07635p.07566.07423[0.07610.07635| 0.07423 [0.0757 | 0.001 |[ 2.24
[21p.07582{0.0766 p.07409|0.0761 [0.0761 | 0.0766 | 0.07409 [0.0761 | 0.001 [{0.0803 [0.0757 p.07696p.07602p.07638{0.0803 | 0.0757 |0.0764 | 0.002 |{ 0.37
[22.0742200.07414)0.07416{0.074050.074140.07422] 0.07405 [0.0741 | 0.000 |.075720.07638D.07454D.07638.07569}0.07638| 0.07454 |0.0757 [ 0.001 | 2.13
[23p.07422.07631p.07631p.07643p.07614)0.07643| 0.07422 |0.0763 | 0.001 [D.07644).07623p.07591p.07673[0.0766 J0.07673[ 0.07591 [0.0764 | 0.000 |f 0.17
[24D.07433{0.0742 p.07592.07451p.07413.07592| 0.07413 {0.0743 | 0.001 |.07603p.07478).07672p.07464D.0760300.07672| 0.07464 |0.0760 | 0.001 |} 2.29
[25D.07648.07619p.07439.07647p.07622)0.07648| 0.07439 [0.0762 | 0.001 [p.07449p.07475p.07611p.07681p.07628)0.07681| 0.07449 [0.0761 | 0.001 ||-0.14
[260.07455p.074310.07411p.07603p.07603)0.07603| 0.07411 [0.0746 | 0.001 |P.08067 p.076650.07637p.07446.07884)0.08067| 0.07446 [0.0767 | 0.002 || 2.82
[27].074560.07458p.07679p.07595p.076070.07679| 0.07456 [0.0760 | 0.001 |P.07657{0.0749 p.07657p.07615p.07657)0.07657| 0.0749 |0.0766 | 0.001 |f 0.82
28.07598D.076210.074210.07619p.07619)0.07621| 0.07421 [0.0762 | 0.001 |D.07672.07452.07647p.07686.076760.07686| 0.07452 |0.0767 | 0.001 || 0.70
[29p.07678.07623).07392p.07749p.07421)0.07749| 0.07392 [0.0762 | 0.002 |p.07714].07713p.07698p.07669D.07669§0.07714] 0.07669 |0.0770 | 0.000 |{ 0.98
0.07643{0.0745 [.07665p.07658D.07643)0.07665 0.0745 |0.0764 | 0.001 |D.07477{0.0764 p.07489p.07675p.074280.07675| 0.07428 {0.0749 | 0.001 ||-2.01
[31D.07395p.07665p.076960.07403p.07442§0.07696{ 0.07395 [0.0744 | 0.001 |D.07677.07474p.07512P.07458D.0750900.07677| 0.07458 [0.0751 | 0.001 |f 0.90
D.07676p.07682)0.07682)0.07651p.0768800.07688| 0.07651 {0.0768 | 0.000 |D.07461].07696p.07696.07478D.07694)0.07696| 0.07461 [0.0769 | 0.001 || 0.16
D.07684].07456.08019)0.07367p.07678|0.08019| 0.07367 |0.0768 | 0.003 |D.07683).07723p.07751D.07509D.074750.07751| 0.07475 |0.0768 | 0.001 |{ 0.07
D.07422D.0767600.07784§0.07764.07696/0.07784| 0.07422 [0.0770 | 0.001 |.07658p.07753p.07748p.07684p.07636/0.07753| 0.07636 [0.0768 | 0.001 |{-0.16
[35D.07678p.07463D.08017)0,08129.0735410.08129] 0.07354 |0.0768 | 0.003 |D.07756]0.0749 .07472p.07706p.08049)0.08049] 0.07472 [0.0771 | 0.002 |f 0.36
[36D.07789P.07696p.07742.07706{ 0.077 [0.07789] 0.07696 [0.0771 | 0.000 [p.078350.07748.07706(0.0775 P.08013)0.08013[ 0.07706 [0.0775 | 0.001 |f 0.57
7D.07373D.07463p.07469.08015p.07651)0.08015{ 0.07373 [0.0747 | 0.003 |{0.0788 .07534p.07823p.07739D.07817{0.0788 | 0.07534 0.0782 | 0.001 || 4.66
.077880.078590.0777 10.07808p.07469)0.07859| 0.07469 |0.0779 | 0.002 |P.07545.08279.07816p.07782p.07801)0.08279] 0.07545 0.0780 [ 0.003 |f 0.17
D.07431D.0749600.0773200.07458p.08013)0.08013] 0.07431 [0.0750 | 0.002 |P.07764].07482.07774p.07764D.078390.07839| 0.07482 [0.0776 | 0.001 || 3.58
D.07458).07363p.07456/0.07403D.08063}0.08063] 0.07363 |0.0746 | 0.003 |p.07592]0.07495p.07712).07806p.077810.07806] 0.07495 0.0771 | 0.001 || 3.43
1410.07623p.07911p.07479p.080090.07361)0.08009f 0.07361 [0.0762 | 0.003 [p.07583|0.0755 [0.0757 p.07493p.07762)0.07762| 0.07493 [0.0757 | 0.001 |{-0.70
142]0.07696p.07392).07883p.07352)0.07409§0.07883| 0.07352 |0.0741 | 0.002 |p.07798).07622)p.07555p.07732p.07782)0.07798] 0.07555 [0.0773 | 0.001 |f 4.36
143p.07405p.074110.080160.07397p.07676/0.08016( 0.07397 {0.0741 | 0.003 |p.07512]0.07984]0.0751 p.07773p.079640.07994| 0.0751 [0.0777 | 0.002 || 4.88
144p.07374p.07341/0.0751 p.07367/0.0742 [ 0.0751 | 0.07341 |0.0737 | 0.001 |p.07766]0.08041/0.0776 p.07901p.07791)0.08041| 0.0776 [0.0779 | 0.001 |f 5.66
145p.07823D.08033)0.07629).07837].0755500.08033| 0.07555 |0.0782 | 0.002 [D.07724].08025.07528p.08117p.07904)0.08117| 0.07528 |0.0790 | 0.002 || 1.04
146.07411).07479p.073630.074130.07348§0.07479 0.07348 |0.0741 | 0.001 |p.07881f 0.079 p.07916D.07953p.07576/0.07953| 0.07576 [0.0790 | 0.002 |f 6.60
l47p.07538p.07409p.08059p.07363p.07442}0.08059{ 0.07363 [0.0744 | 0.003 |p.08183D.07819D.07997P.079140.0757 j0.08183| 0.0757 |0.0791 | 0.002 || 6.34
148p.07479p.074310.08211.07413.074210.08211] 0.07413 |0.0743 | 0.003 |.07909].07827).07818p.07901p.08034§0.08034] 0.07818 [0.0790 | 0.001 || 6.32
149D.08044D.075510.075410.077570.07567)0.08044] 0.07541 |0.0757 | 0.002 |.07849p.07791] 0.078 p.07582]0.0788 [0.0788 | 0.07582 [0.0780 | 0.001 || 3.08
50D.07824p.07442.07614D.07678D.07582{0.07824] 0.07442 |0.0761 | 0.001 |p.08046].07853p.07791]0.0789 P.075480.08046| 0.07548 [0.0785 | 0.002 || 3.14
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Jordan Recurrent NN. nuuldanlwiinwivesmnéu (JRNN) Jordan Recurrent NN. uuuldanhulnuuuisniue (MSJIRNN)

Hf 1 I 2 l 3 I 4 [ 5 [max min mean | SD 1 2 3 I 4 l 5 max min mean sSD re(%)
100.07618p.08108)0.07899p.08052p.076380.08108| 0.07618 |0.0790 | 0.002_|h.07598).07617p.07604p.07604p.07577}0.07617| 0.07577 |0.0760 | 0.000 || -3.73
2.07604p.07811).08097p.07946D.07625/0.08097| 0.07604 [0.0781 | 0.002 [D.07644.07547p.07606{0.0764 p.07563)0.07644| 0.07547 |0.0761 | 0.000 || -2.62
3.0 0.076 [0.07898{0.0782 {0.0782 0.08096| 0.076 [0.0782 | 0.002 |[0.0751 p.07633p.07586.07646).07695/0.07695| 0.0751 |0.0763 | 0.001 |[ -2.39
4.08096.07671)0.07704.07615p.07823§0.08096| 0.07615 [0.0770 [ 0.002 |p.07648]0.0781 p.07591p.07661p.07656{0.0781 | 0.07591 |0.0766 | 0.001 || -0.62
510.07936p.07618p.07893p.07921p.07738/0.07936| 0.07618 [0.0789 | 0.001_|b.07832p.07837).07458p.07768p.07604§0.07837| 0.07458 |0.0777 | 0.002 || -1.58
6 0.08153.0793600.07606{0.0771 p.07622)0.08153] 0.07606 |0.0771 [ 0.002 |b.07833).07685.076170.07621p.07839}0.07839] 0.07617 |0.0769 | 0.001 || -0.32
70.07865p.076310.07615p.07615p.078530.07865| 0.07615 [0.0763 | 0.001 [p.07626.07613p.07606.07627p.07634§0.07634| 0.07606 |0.0763 | 0.000 || -0.07
8]0.0785 p.07605{0.0771 p.07605p.07621]0.0785 | 0.07605 [0.0762 | 0.001 [}0.0763 p.07799P.07641p.07618p.07715)0.07799] 0.07618 |0.0764 | 0.001 || 0.26
90.07636).07701p.07762p.07707).07691)0.07762] 0.07636 |0.0770 | 0.000 [p.07614.07606p.07625p.07613[0.0759 [0.07625 0.0759 |0.0761 | 0.000 || -1.14
[10p.07625p.07613p.07632].07606p.07635/0.07635| 0.07606 |0.0763 | 0.000 |.07634.07608p.07581p.07639p.07618/0.07639| 0.07581 |0.0762 | 0.000 || -0.09
110.07924p.0760600.07628p.07921p.07641}0.07924| 0.07606 |0.0764 | 0.002 |p.07633.07622]0.0763 .07622).07589}0.07633| 0.07589 |0.0762 | 0.000 || -0.25
12p.07643p.07643.07823p.07638D.078910.07891| 0.07638 |0.0764 | 0.001 [D.07492)p.07627p.07688)p.07597p.07678}0.07688| 0.07492 |0.0763 | 0.001 || -0.21
130.0762500.07899] 0.0771 .07786.07738}0.07899] 0.07625 [0.0774 | 0.001_|p.07621]0.0764 [0.07650.0772[0.0774 [0.0774 | 0.07621 |0.0765 | 0.001 || -1.14
140.07885D.07643.07938p.07615p.077010.07938] 0.07615 |0.0770 | 0.001 [D.07591).07635p.07635p.07634p.07593}0.07635] 0.07591 |0.0763 | 0.000 || -0.87
150.08114p.07663)0.07618p.07668p.08004/0.08114| 0.07618 [0.0767 | 0.002 |p.07652]0.07633p.07674p.07692p.07647}0.07692| 0.07633 |0.0765 | 0.000 || -0.21
[160.07638]0.0766 |0.07663D.07656.08101)0.08101| 0.07638 |0.0766 | 0.002 |P.07656 p.07664p.07613p.07657p.07671)0.07671| 0.07613 |0.0766 | 0.000 || -0.04
170.07701p.07923.07738p.07668p.081140.08114| 0.07668 |0.0774 | 0.002 [D.07658)0.07625p.07654.07647D.0764800.07658| 0.07625 |0.0765 | 0.000 || -1.16
[1800.07898.07605p.07938p.07764p.07643}0.07938| 0.07605 [0.0776 | 0.001 |.07653.07654p.07661p.07658p.07653)0.07661| 0.07653 |0.0765 | 0.000 || -1.42
190.07936)0.07946)0.07893p.08468D.08097}0.08468| 0.07893 [ 0.0795 | 0.002 /0.0779 p.07775p.07722p.07661p.07666]0.0779 | 0.07661 |0.0772 | 0.001 || -2.82
00.07747)0.07921.07738)0.08096D.07668/0.08096( 0.07668 |0.0775 | 0.002 |b.07737.07668D.07818p.07679p.0776200.07818| 0.07668 |0.0774 | 0.001 || -0.13
[21p.07747p.07715p.08098p.07893p.076630.08098| 0.07663 |0.0775 | 0.002 [D.07893P.07663p.07713D.07721D.07696)0.07893] 0.07663 |0.0771 | 0.001 || -0.44
.07707)0.07924)0.08112.07709p.07704§0.08112[ 0.07704 [0.0771 | 0.002 |p.07684p.07665D.07645p.07678p.07666/0.07684] 0.07645 |0.0767 | 0.000 || -0.56
230.08004.07691.07924p.07979p.07638§0.08004] 0.07638 |0.0792 | 0.002 [|0.0766 |0.0769 | 0.077 P.07664p.07703)0.07703| 0.0766 |0.0769 | 0.000 || -2.95
240.07734). .07701p.07693p.07747}0.08096] 0.07693 [0.0773 | 0.002 |P.07681]0.0769 P.07629p.07683D.07699/0.07699| 0.07629 |0.0768 | 0.000 || -0.66
250.07698)0.08153]0.0771 p.07613p.08096§0.08153| 0.07613 [0.0771 | 0.003 |p.07679p.07688.07693p.07706).07681)0.07706| 0.07679 |0.0769 | 0.000 || -0.29
260.07709.07715p.07698.08106D.08002/0.08106{ 0.07698 [0.0772 [ 0.002 |p.07783.07714p.07682p.07699p.07703)0.07783] 0.07682 [0.0770 [ 0.000 || -0.16
27p.07621.07734)0.07823p.07668D.07723§0.07823| 0.07621 |0.0772 | 0.001 |p.07799].07689p.07772.07704p.07714§0.07799| 0.07689 [0.0771 | 0.000 |[-0.12
[280.07701p.07701p.08098p.08112p.08108§0.08112] 0.07701 |0.0810 | 0.002 |p.07688].07704p.07736p.078360.07768/0.07836{ 0.07688 [0.0774 | 0.001 || -4.47
[29p.07615p.07693p.07738p.07709P.08071)0.08071] 0.07615 |0.0771 | 0.002 [p.07722[0.0779 p.07703p.07713P.07912{0.07912] 0.07703 [0.0772 [ 0.001 || 0.17
530p.07723p.08136]0.0773 p.07613D.08052)0.08136] 0.07613 [0.0773 | 0.002 |P.07616.07725p.07715p.07681p.07709§0.07725( 0.07616 [0.0771 | 0.000 |[ -0.27
31p.08103.08098.07734p.07753p.08052/0.08103| 0.07734 |0.0805 | 0.002 [D.07722p.07631p.07729p.07742p.07706{0.07742| 0.07631 [0.0772 | 0.000 || -4.10
P2p.07734p.07738.07747p.07946p.08098§0.08098| 0.07734 |0.0775 | 0.002 [D.07703].07673p.07617D.07711p.07708/0.07711| 0.07617 [0.0770 | 0.000 || -0.57
[33D.07698p.07604)0.079360.07747p.07938/0.07938| 0.07604 |0.0775 [ 0.001 |f 0.077 p.07664p.07738p.07729p.07639§0.07738| 0.07639 [0.0770 | 0.000 |f -0.61
34p.07738p.07638p.07656D.07615p.07979)0.07979| 0.07615 [0.0766 | 0.001 |P.07739.07762.07727p.07799P.07721)0.07799] 0.07721 [0.0774 | 0.000 || 1.08
350.08151D.0810800.07762p.076150.08171j0.0817 1] 0.07615 0.0811 | 0.003 |p.07678p.07713p.07746D.07651p.077370.07746] 0.07651 [0.0771 0.000 |f 4.87
360.08097p.07715{ 0.082 .07698p.07898| 0.082 | 0.07698 |0.0790 | 0.002 |[0.0772 p.07986p.07753p.07793p.079920.07992] 0.0772 [0.0779 | 0.001 [ -1.33
37D.07899p.07747).08112D.08108D.08225/0.08225| 0.07747 |0.0811 | 0.002 |P.08074.07814p.07739[0.0772 p.07744}0.08074] 0.0772 [0.0774 | 0.001 | 4.49
38D.07638).080960.08189p.076560.07701}0.08189| 0.07638 [0.0770 | 0.003 |p.07715]0.0764 p.07724p.07688p.077120.07724 0.0764 [0.0771 | 0.000 |f 0.14
[39(0.0779 p.07777p.07813p.08276p.07747/0.08276| 0.07747 |0.0779 | 0.002 |b.07768p.07842p.07816{0.0781 P.07761)0.07842] 0.07761 [0.0781 | 0.000 || 0.26
40p.07794]0.0777 |p.08291p.07738.07764}0.08291] 0.07738 [0.0777 | 0.002 |p.07732p.08028D.07762D.07778p.078070.08028( 0.07732 [0.0778 | 0.001 |f 0.10
41D.07636.07979.08153D.07622.07638{0.08153] 0.07622 [0.0764 | 0.002 [p.07756p.07788D.07761p.07748D.07779}0.07788| 0.07748 [0.0776 | 0.000 || 1.61
42.07787)0.08004p.07786D.07803D.07979/0.08004] 0.07786 |0.0780 | 0.001 [p.07686p.07767p.07786p.07791p.07786/0.07791| 0.07686 |0.0779 | 0.000 |f -0.22
43p.07899D.07823).07663D.07806p.07605}0.07899| 0.07605 |0.0781 | 0.001 |p.07775D.07765p.07988p.08093D.08104}0.08104] 0.07765 [0.0799 | 0.002 |f 2.33
440.07817)0.08223p.07821.07747]0.0833 ] 0.0833 | 0.07747 [0.0782 | 0.003 }p.07767p.07715p.07814{0.0777 p.07802)0.07814] 0.07715 [0.0777 [ 0.000 [ -0.65
450.08514]0.078250.08234).08234.07839}0.08514] 0.07825 [0.0823 | 0.003 [{0.0773 .07957p.07843p.07911p.078230.07957| 0.0773 [0.0784 | 0.001 | -4.75
460.08388)0.07723p.08108p.07923p.07924§0.08388| 0.07723 [0.0792 | 0.002 [D.07864 p.08163p.07754D.08163p.07788)0.08163| 0.07754 [0.0786 | 0.002 |f -0.76
47]0.0842 .07817).07621p.07883).07883] 0.0842 | 0.07621 [0.0788 | 0.003 [p.07831p.07771p.07792p.07847p.0783200.07847] 0.07771 [0.0783 | 0.000 [ -0.66
48D.07841p.0763800.07885D.08454D.07618}0.08454| 0.07618 |0.0784 | 0.003 |0.0777 p.07811p.07799p.07798p.077940.07811] 0.0777 [0.0780 | 0.000 |f -0.55
49p.08516)0.084850.07857D.08533]0.0786 0.08533| 0.07857 |0.0849 | 0.004 |p.07708.07802p.077090.07798p.07856{0.07856] 0.07708 [0.0780 | 0.001 |f-8.10
500.07701.07923p.07691p.076060.07693§0.07923| 0.07606 [0.0769 | 0.001 |P.07866 p.07824p.07797p.07668p.07804)0.07866| 0.07668 |0.0780 [ 0.001 || 1.44
| | }A=0.085[B=0.07600[c=0.077[c=0.002]{ i 1 |A=0.082B=0.07458)C=0.077/C=0.000]F=-0.56
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Feed forward NN. uuutdanhuinviuesném (FNN) Feed forward NN. uuuldanhwinuuuitnuus (MSFNN)

H 1 ] 2 3 4 | 5 [max [ min |mean| SD 1 2 3 [ 4 [ 5 [max | min [mean| SD [lre(%)
1.06474D.056890.0534 b.05308p.05694§0.06474] 0.05308 |0.0569 | 0.005 |[0.0531 p.05311p.05292p.05282.052970.05317] 0.05282 |0.0529 | 0.000 || -6.98
20.06692)0.05472p.06437.06093p.05335{0.06692] 0.05335 | 0.0609 | 0.006 |p.05215p.05282) .05276.05233D.05276)0.05282| 0.05215 |0.0528 | 0.000 ||-13.41
30.05289p.0544600.05676.05308p.05701/0.05701 0.05289 |0.0545 | 0.002 |p-05403p.05379p.05395p.05168.05161)0.05403] 0.05161 | 0.0538 | 0.001 || -1.23
4.05443p.05443p.05335.05788.06032}0.06032] 0.05335 [0.0544 | 0,003 [[0.0528 D.05215p.05516p.05363p.052630.05516] 0.05215 | 0.0528 | 0.001 || -2.99
5 0.06504D.059160.05446D.05567D.05496)0.06504| 0.05446 | 0.0557 | 0.004 [p-05278.05241p.05247p.05145D.05385)0.05385) 0.05145 | 0.0525 | 0.001 || -5.75
6 .06236{0.0671 0.05737.05701p.06189[0.0671 | 0.05701 |0.0619 | 0.004 |p.05227 0.05131D.05284D.05226D.05268§0.05284] 0.05131 |0.0523 | 0.001 ||-15.54
7p.05362)0.05536p.05362.05308.0575500.05755 0.05308 | 0.0536 | 0.002 |p.05217] 0.054 P.05267|0.0528 D.05278[ 0.054 | 0.05217 [0.0528 | 0.001 || -1.57
8 0.054960.05397].05867.06092.066340.06634| 0.05397 | 0.0587 | 0.005 |p.05279.05314 .05407.05284D.05408}0.05408| 0.05279 [0.0531 | 0.001 || -9.43
9 0.05676p.05567).05755.05568.06475)0.06475| 0.05567 | 0.0568 | 0.004 |D.05297p.05289]0.0533 D.05411p.052870.05411] 0.05287 [0.0530 | 0.001 || -6.68
100.0575500.0584600.05689] 0.056 |.06032)0.06032| 0.056 | 0.0576 | 0.002 |p.05332p.05437p. .05436D.0535900.05437| 0.05332 [0.0536 | 0.000 |{ -6.88
[11p.05904p.05397).05568] 0.056 .054960.05904] 0.05397 | 0.0557 | 0.002 |.05264).05313p.05352.05297] .0528100.05352] 0.05264 [0.0530 | 0.000 || .87
12D.05446p.06437D.05916.05689p.05651(0.06437| 0.05446 | 0.0569 | 0.004 |p-05441]0.0542 p.05432p.05462.05463}0.05463] 0.0542 | 0.0544 | 0.000 || -4.36
[13.06504p.05701/0.0671 .05676p.06092| 0.0671 | 0.05676 |0.0609 | 0.005 |p.05524p.05307 .05343D.05464].0548500.05524| 0.05307 |0.0546 | 0.001 [|-10.31
[14D.055450.06164[0.0534 .05737p.06181)0.06181| 0.0534 |0.0574 | 0.004 |p-05325.05458p.05299p.05329p.05317}0.05458] 0.05299 |0.0533 | 0.001 || -7.18
150.0687 0.06236{ 0.056 .06413D.05472{ 0.0687 | 0.05472 | 0.0624 | 0.006 |p.05516.05399p.05493D.05483).05448}0.05516] 0.05399 |0.0548 | 0.000 ||-12.08
[160.061520.05714p.0615200.05694D.058460.06152| 0.05694 | 0.0585 | 0.002 |p.05314]0.0532 P.05181 .05322.05322)0.05322| 0.05181 [0.0532 | 0.001 |[-9.00
[17D.06475p.05903.06504P.06692. 05496}0.06692| 0.05496 | 0.0648 | 0.005 |p.05473p.05321]0.0551 D.05493] 0.054 [0.0551 | 0.05321 [0.0547 | 0.001 ||-15.47
[180.06152.05737p.05774P.06189P.05782)0.06189| 0.05737 |0.0578 | 0.002 |p.05381 P.05409p.05301D.05496p.05437)0.05496| 0.05301 |0.0541 | 0.001 || -6.45
190.06118D.05788).065640.06477D.0530900.06564] 0.05309 | 0.0612 | 0.005 [[0.0534 .05248p.05428D.05272].053420.05428| 0.05248 |0.0534 | 0.001 ||-12.72
[20p.05903p.06181/0.0671 p.06235{ 0.063 | 0.0671 | 0.05903 | 0.0624 | 0.003 |p.05427.05416p.053160.05424p.05484§0.05484] 0.05316 |0.0542 | 0.001 ||-13.01
21D.061520.05714p.05786p.06564D.05776/0.06564 0.05714_| 0.0579 | 0.004 |b.05512.05539.05426.05346]0.0549 [0.05538] 0.05346 |0.0549 | 0.001 || -5.12
.05651D.06148D.05846D.05545D.061960.06196] 0.05545 | 0.0585 | 0.003_|D.05407 p.05517D.05394]0.0543 p.05447}0.05517] 0.05394 |0.0543 | 0.000 || 7.12
230.05815p.05827p.0575500.05362.06109§0.06108] 0.05362 | 0.0562 | 0.003_|b.05581 D.05539P.05613.05629p.054830.05629| 005483 |0.0556 | 0.001 || 4.02
24p.059880.06032).05903D.06564D.058670.06564] 0.05867 | 0.0599 | 0.003 |D.05602p.05573P.05605p.05608p.05606/0.05608| 0.05573 |0.0561 | 0.000 || -6.40
250.05676D.059160.06152.05867D.065640.06564| 0.05676 | 0.0592 | 0.003 |p.05564 P.05619p.05491D.05443D.05432)0.05619| 0.05432 |0.0549 | 0.001 || -7.18
260.064750.05916.05701D.06666D.05904§0.06666| 0.05701 | 0.0592 | 0.004 [[0.0558 D.05489D.05513D.05454D.05507)0.05597| 0.05454 |0.0551 | 0.001 || -6.81
27D.06093p.064750.06092D.06148| 0.063 J0.06475] 0.06092 | 0.0615 | 0,002 |p.05624 .054190.05531P.05616p.05609/0.05624| 0.05419 |0,0561 | 0.001 || -8.77
280.06504)0.06692).059040.06148p.06152}0.06692| 0.05904 | 0.0615 | 0.003 |p.05553P.05599p.05624D.05569p.05419}0.05624] 0.05419 |0.0657 | 0.001 || -9.48
.06413P.0647400.060320.06093P.06692}0.06692| 0.06032 | 0.0641 | 0.003 |p.05541 0.0572 p.05563p.05714p.05462{ 0.0572 | 0.05462 |0.0556 | 0.001 [|-13.25
0p.06181D.06456)0.06118D.06456D.06088}0.06456| 0.06088 | 0.0618 | 0.002_|.05629p.05463p.05664D.05663P.0553200.05664] 0.05463 |0.0563 | 0.001 || -8.93
[31.05003p.06235p.06088] 0.063 P.06431j0.06431 0.05903 |0.0624 | 0.002 |D.05581 0.0537 p.05683D.05652]0.0567 J0.05683| 0.0537 |0.0565 | 0.001 || -9.35
320.06477D.06503.06164D.05362p.06189)0.06503] 0.05362 [0.0619 | 0.005 |D.05722].05688p.05718D.05612]0,0568 0.05722] 0.05614 |0.0569 | 0.000 || -5.10
330.06475{0.0687 .06504[0.0671 p.05714| 0.0687 | 0.05714 | 0.0650 | 0.004 |D.05686)0.05685p.05594.05715p.054310.05715| 0.05431 | 0.0569 | 0,001 ||-12.59
34.061960.05788.06474D.06477D.06634)0.06634 0.05788 |0.0647 | 0.003 [p 05585p.0563800.05703[0.0564 [0.05703 0.05585 |0.0564 | 0.000 ||-12.88
350.0687 D.06475).062360.06666D.06189] 0.0687 | 0.06189 [0.0648 | 0.003 |p.05722]p.05702p.05712)0.0569 P.056440.06722) 0.05644 |0.0570 | 0.000 ||-11.64
360.05694.05443D.060930.064 77 .05568{0.06477| 0.05443 | 0.0569 | 0.004 [P 05471.05709p.05704p 0569: .0555500.05709| 0.05471 [0.0569 | 0.001 |{ -0.02
B7D.06634D.05651D.0584600.06503p.0656410.06634] 0.05651 [0.0650 | 0.005 |p.05757 D.05728.05736p.05728D.05706)0.05757) 0.05706 |0.0573 | 0.000 ||-11.92
380.06882/0.0687 0.06437]0.05567.06431)0.06882| 0.05567 | 0.0644 | 0.005 [b.05521p.05678D.05728p.05476p.057170.05728] 0.05476 |0.0568 | 0.001 [|-11.79
[390.06692D.064860.06181.05362p .05689/0.06692] 0.05362 |0.0618 | 0.006 |p.05741p.05674D.05697p.05693p.057090.05741] 0.05674 |0.0570 | 0.000 || -7.63
40p.06152).05846p. .06477D.06838{0.06838| 0.05846 [0.0648 | 0,004 [D.05751p.05789p.05691p.05757p.05696/0.05789| 0.05691 | 0.0575 | 0,000 ||-11.21
41D.06196D.06148.05651D.06503D.06431/0.06503] 0.05651 | 0.0620 | 0.003_|P.05804 p.05768p.05763p.05901P.05766/0.05901] 0.05763 | 0.0577 | 0.001 || -6.91
420.06148.064130.05689p.06689D.05651)0.06689] 0.05651 | 0.0615 | 0.005 |p.05611p.05772p.05497D.05774p.057770.05777] 0.05497 |0.0577 | 0.001 || -6.12
U3.0554500.054720.05567p.05788p. .06634| 0.05472 |0.0557 | 0.005 |.05323.05802p.05859p.05336.0578410.05859] 0.05323 | 0.0578 | 0.003 || 3.90
44D.06503p.05694].06564]0.05788(0.0689 ] 0.0689 | 0.05634 | 0.0650 | 0.005 [p.05816 D.05876.05915p.05797.05947)0.05947| 0.05797 |0.0588 | 0.001 || -9.64
[45D.064310.05472)0.05496.05676D.07216§0.07216] 0.05472 | 0.0568 | 0.008 |p.06072].06072p.05765p.06007p.059640.06072] 0.05765 |06.0601 | 0.001 || 5.83
460.060930.06118.07913D.06164p.05712[0.07913] 0.05714 | 0.0612 | 0.009 |D.05907 .05836p.05814p. 05798P.0583610.05907| 0.05798 |0.0584 | 0.000 || .61
47D.05867p.070460.05335D.05737p.07421)0.07421] 0.05335 | 0.0587 | 0.009 |D.05941 D.06196D.06042p.06087.05702)0.06196| 0.05702 |0.0604 | 0.002 || 2.98
480.07254p.071680.06148D.06236p.065030.07254| 0.06148 | 0.0650 | 0.005 |D.05874p.05802p.05874]0.0542 D.05874)0.05874| 0.0542 0.0587 | 0.002 || -9.67
490.05335.060920.06477p.06235p.077540.07754| 0.05335 | 0.0624 | 0.009 .05983.05928D.05811p.05907p.05339}0.05983] 0.05339 | 0.0591 | 0.003 || -5.26
500.06413p.077550.07354D.05567.05568/0.07755| 0.05567 | 0.0641 | 0.010 |p.05901 P.05901p.05808D.05901P.05901)0.05901| 0.05808 [0.0590 | 0.000 |f -7.98
| | | |A=0.079B=0.05289C=0.061)C=0.004]| | | A=0.062j8=0.05131[C=0.056/C=0.001|E=-7.51
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Elman Recurrent NN. uuuldanhwinniussnéun (ERNN) Elman Recurrent NN. uuutdanlwl i (MSERNN)

H 1 2 3 [ 4 I 5 rnuxl min mean SD 1 2 3 [ 4 5 Imax min mean SD re(%)
10.05198/0.0598 |0.05889p.07306p.06152)0.07306] 0.05198 |0.0598 | 0.008 |p.05244.05317p.051 .05267.0524400.05317| 0.05199 [0.0524 | 0.000 ||-12.31
2| 0.052 P.051990.05229p.05215.0518700.05229| 0.05187 0.0520 | 0.000 [p.05385P.05138p.05374p.05359p.0518500.05385| 0.05138 |0.0536 | 0,001 || 3.06
3D.06708D.054160.05274p.05247p.06183{0.06708[ 0.05247 |0.0542 | 0.007 [p.05393 .05354D.05207D.05343.053780.05393| 0.05207 |0.0535 | 0.001 || -1.14
4]0.052240.05239p.052430.05243] 0.0524 [0.05243| 0.05224 | 0.0524 | 0.000 |p-05519)p.05834p.05877p.05779p.05819)0.05877| 0.05519 |0.0582 | 0.001 || 11.05
5 0.071960.05889p.05493D.06029D.05459§0.07196| 0.05459 | 0.0589 | 0.007 [p-05316.05519p.05371p.05435p.0525500.05519] 0.05255 |0.0537 | 0.001 || -8.80
6 0.05231p.05267D.05198.05254.05267)0.05267| 0.05198 | 0.0525 | 0.000 |p.05445).05307p.05608p.05608)0.05608/0.05608| 0.05307 |0.0561 | 0.001 || 6.74
70.05515.05606.06414.06434P.05528§0.06434 0.05515 | 0.0561 | 0.005 |p.05452p.05723p.0572 .055880.0534900.05725| 0.05349 [0.0559 | 0.002 || -0.32
8 D.053570.05357p.05299] 0.053 .0535200.05357| 0.05299 [0.0535 | 0.000 |p.05566p.05391p.05221 .05467D.0566710.05667| 0.05221 |0.0547 | 0.002 || 2.15
9]0.0671 .06066p.06457.07718p.05653{0.07718| 0.05653 | 0.0646 | 0.008 |[0.0529 P.05664|0.0567 .05512.0590500.05905 0.0529 |0.0566 | 0.002 ||-12.28
100.05409p.05418p.05367].05342].054180.05418| 0.05342 [0.0541 | 0.000 |p.05422]. X .05909p.05752}0.05966 0.05422 [0.0575 | 0.003 || 6.34
[11D.05615p.06202.07333p.05771p.055060.07333| 0.05506 | 0.0577 | 0.007 |P.05953p.05777p.05577 .06029.05371)0.06029] 0.05371 [0.0578 | 0.003 || 0.10
1120.05445p.054980.05421.05545.05514[0.05545] 0.05421 | 0.0550 | 0.001 |p.05865p.05526|0.0586 P.06142p.06117}0.06142| 0.05526 |0.0587 | 0.002 || 6.68
13p.056920.065950.06092)0.05972).05507]0.06595| 0.05507 |0.0597 | 0.004 |p.05817 p.05531p.054 .05791p.0554900.05817| 0.05494 [0.0555 | 0.002 || -7.08
[14D.05641D.05624D.05592.05563D.05448)0.05641 0.05448 | 0.0559 | 0.001 1p-05399.05631p.05679p.05704p.05393)0.05704] 0.05393 |0.0563 | 0.002 || 0.70
150.05969p.055870.057860.0589 p.05658/0.05969] 0.05587 | 0.0579 | 0.002 |p.06092 D.05883p.05527D.05927p.06082)0.06092| 0.05527 |0.0593 | 0.002 || 2.44
16D.057550.05814.05621D.05597.05477}0.05814| 0.05477 | 0.0562 | 0.001 |p.05766p.05614D.05964D.05502)0.05496)0.05964| 0.05496 | 0.0561 | 0.002 || -0.12
17p.05936p.. .05938D.06005D.05477)0.06005] 0.05477 |0.0594 | 0.002 [p.05522p.05403p.05639p.05726.0552200.05726] 0.05403 |0.0552 | 0.001 || -7.01
[18]0.0588 D.06005p.05659.05995p.05747]0.06005] 0.05659 | 0.0588 | 0.002 |P.05524]0.05500.0616 |0.0594 p.05975| 0.0616 | 0.05524 |0.0594 | 0.003 || 1.02
[199.06507].060660.06025D.06496.06233)0.06507| 0.06025 | 0.0623 | 0.002 |P.05809 D.05564P.05565p.05852D.05861)0.05861| 0.05564 |0.0581 | 0.002 || -6.80
20D.06223p.06223]0.0598 .06142p.0602900.06223 0.0598 |0.0614 | 0.001 |p.05919.06164p.06078.06155p.06035/0.06164] 0.05978 | 0.0608 | 0.001 || -1.04
21D.0656500.06152p.05653D.07306D.06152}0.07306| 0.05653 |0.0615 | 0.006 |p.05509p.05636.05974p.05687.05919§0.05974| 0.05509 |0.0569 | 0.002 || -7.56
220.0623200.06179.06136D.062350.06235{0.06235] 0.06136 | 0.0623 | 0.000 |P.05933D.05454D.06526p.06474 .064150.06526] 0.05454 |0.0642 | 0.005 || 2.94
23p.06089D.08303p.08294P.07034p.060250.08303] 0.06025 |0.0703 | 0.011 || 0.058 p.05969] 0.058 p.05842) .06561/0.06561] 0.058 [0.0584 | 0.003 ||-16.95
240.06728.06202D.065710.065710.0620410.06728] 0.06202 | 0.0657 | 0.002_|p.05895p.06283p.05895p.05947] 0.0556 §0.06283| 0.0556 [0.0590 | 0.003 |[-10.29
2510.0612 .077390.0826 p.07425p.07425/0.0826 | 0.0612_|0.0743 | 0.008 |p.05667 p.06788]0.0579 b.06631p.06631)0.06788| 0.05667 | 0.0663 | 0.005 [|-10.69
260.06251] 0.06 D.06922).0634 .06922| 0.06  [0.0635 | 0.003 |p.05997p.06725D.06783p.05987p.06747]0.06783| 0.05987 |0.0673 | 0.004 || 5.94
27p.06708]0.0807 p.06828D.06261p.07775] 0.0807 | 0.06261 | 0.0683 | 0.008 |P.06092p.06327P.06269p.06111p.0642500.06425| 0.06092 | 0.0627 | 0.001 || 6.1
80.06963p.0734600.06963D.060420.06623/0.07346| 0.06042 | 0.0696 | 0.005 |p.06364 .05998p.06886] 0.0642 p.06606§0.06886| 0.05998 |0.0642 | 0.003 |{ -7.80
[29] 0.075 .08058p.05587).06372.06649§0.08058] 0.05587 |0.0665 | 0.010 |p.06225.06637p.06789p.06624p.06169}0.06789| 0.06169 | 0.0662 | 0.003 || -0.38
30D.06672.073350.066721.06969P.06181|0.07335) 0.06161 |0.0667 | 0.004 |p.05965 D.06134D.06027p.05751D.06562§0.06562| 0.05751 |0.0603 | 0.003 || -9.67
31p.07231p.07258p.070860.09328p.08131)0.09328] 0.07086 |0.0726 | 0.009 |p.06067 D.06346.05785p.05805p.0595710.06346| 0.05785 |0.0596 | 0.002 ||-17.93
320.08579[0.0727 0.07389.09034p.0618300.09034] 0.06183 |0.0738 | 0.011 |p.06163 D.06584D.06441D.06829| 0.0601 [0.06828| 0.0601 | 0.0644 | 0.003 ||-12.83
330.09504D.077 18p. 10025p.071961.08716[0.10025] 0.07196 | 0.0872 | 0.012 |P.06702p.06592p.0644 D.06702.06657/0.06702| 0.06447 |0.0666 | 0.001 ||-23.62
34D.06415D.09734.072860.10131[0.0728 |0.10131] 0.06415 |0.0729 | 0.017 |p.06977 .06987D.07154p.06403D.0704 .07154] 0.06403 [0.0699 | 0.003 |[ 4.10
35p.07306D.07766).096830.09708.07333.09708] 0.07306 |0.0777 | 0.012 |p.07874D.06608]0.0753 p.08136D.0685300.08136 0.06608 | 0.0753 | 0.007 || -3.08
360.0696 D.06244p.08656{0.1009 .07201/0.1009 | 0.06244 |0.0720 | 0.015 |p.06746p.06882D.06746p.06746|0.0631 [0.06882| 0.0631 |0.0675 | 0.002 || -6.32
37D.06042D.07286.05889P.066490.08374)0.08374] 0.05889 |0.0665 | 0.010 |D.0694D.06566p.06214p.06263D.0690710.06949] 0.06214 | 0.0657 | 0.003 || -1.25
38] 0.094 p.07037p.061710.08374D.10208[0.10208] 0.06171 |0.0837 | 0.017_[D.06851P.07232]0.0614 .07136]0.0614 0.07232] 0.0674 [0.0685 | 0.005 ||-18.19
390.07735p.07328)0.0545900.09551(0.0696 [0.09551] 0.05459 |0.0733 | 0.015 |p.07565p.07565D.07327p.09178p.08071}0.09178| 0.07327 | 0.0757 | 0.009 || 3.23
40p.06372D.05653p. 12342,07086D.06066{0.12342] 0.05653 | 0.0637 | 0.028 |h.06539]0.0666 |0.0763 p.06595/0.0663 | 0,0763 | 0.06595 | 0.0666 | 0,004 || 4.52
41] 0.094 .06204p.11568p.05299p.05587)0.11568] 0.05299 | 0.0620 | 0.028 |P.07038]0.0654 P.07621p.06666p.0749710,07621] 0.0664 | 0.0704 | 0.005 || 13.44
420.05450D.08374{0.0598 | 0.094 D.05421 0.094 | 0.05421 [0.0598 | 0.018 |D.06466 p.07852.07201p.07155p.07841/0,07882] 0.06466 | 0.0720 | 0.006 || 20.42
43p.07718.073060.08208.06066D.0771710.08208] 0.06066 |0.0772 | 0.008_[D.06431p.06736.06325p.06151p.067360.06736] 0.06151 |0.0643 | 0.003 ||-16.66
44D.05659.06204| 0.06 .062610.06179)0.06261] 0.05659 |0.0618 | 0.002 |D.07018]0.0704 p.06923p.06882P.05849] 0.0704 | 0.05849 |0.0692| 0.005 || 12.04
#5P.10767p.06089p.07996p.13629p.05224)0.13629| 0.05224 |0.0800 | 0.035 [D.06896 p.09218p.07: .06896D.07566{0.09218| 0.06896 |0.0757 | 0.009 || -5.38
460.06042.06181D.11833{0.1215 .09928{ 0.1215 | 0.06042 | 0.0993 | 0.030 [.07152]0.0752 p.06702 .0753800.06796/0.07538] 0.06702 [0.0715] 0.004 [|-27.96
47D.06623D.06181.11743D.05459p.072310.11743] 0.05459 |0.0662 | 0.025 |D.05942)0.07284.07573p.06803P.0600200.07573] 0.05642 | 0.0690 | 0.006 || 4.21
48D.06029p.05477p.11932p.07766D.06089)0.11932| 0.05477 [0.0609 | 0.026 |D.06624|0.0761 p.0783 .07986p.06776/0.07986| 0.06624 |0.0761 | 0.006 || 24.98
9(0.0728 |.07231p.07328p.06708D.07086§0.07328] 0.06708 [0.0723 | 0.003 |[0.0841 p.07149p.06944p.07235p.06683] 0.0841 | 0.06683 |0.0715 | 0.007 || -1.13
.14581D.100090.06152| 0.1349 .05889)0.14581] 0.05683 |0.1001 | 0.040 |p-06903].06224p.07261p.07214p.06704§0.07261| 0.06224 | 0.0690 | 0.00¢ [|-31.03
] |a=0.146p=0.05187[c=0.063fc=0.007|| | 1A=0.092B=0.05138C=0.062C=0.003|F =-1.20
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H =3 wuTwualududau

min —AAanatn (RMSE) xlauﬂaaawnmmanaa 5 afs

max —AAawaIn (RMSE) mnnvig
mean -AnaduvacdiauEamata (RMSE) 3:annsmaaas 5 afo

1, 2,3, 4, 5 -sammaaavaiont 1, 2, 3, 4, 5 TansaniTasoinovinafanana (RMSE)

SD —n"udmlwxnasg'mamﬁwmmﬂanmaammmnﬁn 5
B -AamAanataiasigainnnmsmaasy 50 uuy (1-50 Twum)
re -reduce wadidusiiTasothorlvinafanataanas Taomldan (

Jordan Recurrent NN. uuuldanhwnInvinosnéwm (JRNN) Jordan Recurrent NN. uuuladamnk (MSJRNN)

Hl 1 [ 2 [ 3T 4] 5 [max]| mn |[mean] sp || 1 2 | 3 | 4 | 5 [max | min [mean]| SD |fre(%)
10.06063p.05356D.07096p.05538p.07217)0.07217| 0.05356 | 0.0606 | 0.009 |p.05153 D.05439p.05227p.05183p.05301)0.05439] 0.05153 | 0.0523 | 0.001 ||-13.79
2]0.06403p.05529D.05781)0.06966.05449)0.06966| 0.05449 | 0.0578 | 0.006 |p.05066 .05288p.05142p.05349p.053670.05367| 0.05066 |0.0529 | 0.001 || -8.53
30.06006.05654.05692/0.0531 .065130.06513| 0.0531 | 0.0569 | 0.005 |[0.0529 p.051930.05223p.05294D.05223)0.05294| 0.05193 [0.0522 | 0.000 || -8.24
4 D.05536.060810.05324D.05483p.05314)0.06081| 0.05314 |0.0548 | 0.003 |p.05283 p.05259P.05211p.05255p.05343)0.05343| 0.05211 | 0.0526 | 0.000 || 4.09
5] 0.055 |0.0638 |p.05455p.05692).07207}0.07207| 0.05455 |0.0569 | 0.007 |p.05257 P.05207p.05275p.05209p.05204)0.05275| 0.05204 |0.0521 | 0.000 || -8.49
6 D.054660.05337p.053140.05495p.06231)0.06231| 0.05314 | 0.0547 | 0.004 |p.05411 p.054250.05263.052661.05411)0.05425] 0.05263 |0.0541 | 0.001 || -1.01
7 p.05536p.057820.05647D.05782].0: .05782| 0.05536 |0.0565 | 0.001 |D.05364 p.05376D.05273p.05326p.05364§0.05376| 0.05273 |0.0536 | 0.000 || -5.01
8 .07579p.05586.06887p.05356].06143(0.07579] 0.05356 |0.0614 | 0.009 |[0.0527 .05287p.05221]0.0524 .051050.05287| 0.05105 [0.0524 | 0.001 ||-14.70
9 p.05361).07207p.05361.055271.055670.07207| 0.05361 |0.0553 | 0.008 |p.05079 p.05327p.05349P.05293(0.0529 [0.05349| 0.05079 |0.0529 | 0.001 || -4.23
1100.059560.056080.05619p.07217]0.0638 J0.07217| 0.05608 | 0.0596 | 0.007 |D.05385.05285p.05416p.0535: .054440.05444| 0.05285 |0.0539 | 0.001 || -9.59
[110.06094D.05477D.06685 0.0559 p.05647}0.06685] 0.05477 |0.0565 | 0.005 |p.05445p.05452p.05289) 0.0527 .05386{0.05452| 0.0527 |0.0539 | 0.001 || -4.62
[120.05408p.05608D.06279p.065130.05432)0.06513| 0.05408 | 0.0561 | 0.005 |p-05281).05287p.05303p.05288).05272)0.05303| 0.05272 [0.0529 | 0.000 || -5.72
[130.05689D.05482D.057950.05411p.0541900.05795( 0.05411 | 0.0548 | 0.002 |[0.0546 p.0532 .05391D.05446/0.0526 [ 0.0546 | 0.0526 |0.0539 | 0.001 || -1.66
140.05063.05497p.06132]0.0548 b 05576/0.06132]_6.0548 | 0.0558 | 0.003 |p.05315p.05272 .05258D.053150.052990.05315| 0.05258 |0.0530 | 0.000 || -4.97
[150.05477D.05608D.05586.05781p.06231)0.06231 0.05477 |0.0561 | 0,003 |p.05326 p.05341D.05456.05372).05342§0.05456| 0.05326 | 0.0534 | 0.001 || 4.74
[160.05689p.05656.05482)0.05647p.0547700.05689] 0.05477 [0.0565 | 0.001 |p.05419].05461D.05388p.05531.054930.05531] 0.05388 [0.0546 | 0.001 || 3.2
17D.05654P.05721).05529p.05806p.053370.05806| 0.05337 | 0.0565 | 0.002 |p.05321P.05335p.05367p.05267p.0533700.05387| 0.05297 |0.0534 | 0.000 1| -5.62
[180.05538.05895.05781D.05548p.05591)0.05895| 0.05538 | 0.0559 | 0.002 |p.05158.05364p.05353p.05447).053750.05447| 0.05158 |0.0536 | 0.001 || -4.06
19p.05911p.05411p.05911p.06132p.06094)0.06 132 0.05411 |0.0591 0.003_[P.05393.06528p.05524p.05333.0550200.06528] 0.05333 | 0.0550 | 0.001 || -6.92
20D.05576p.05608D.05643p.05795p.05795(0.05795 0.05576 | 0.0564 | 0.001 |p-05449p.05429p.05485p.05427p.05369}0.05485] 0.05369 |0.0543 | 0.000 || -3.79
21p.05654]0.0548 .05654D.05692p.06347/0.06347] 0.0548 | 0.0565 | 0.003 [.05459 p.05513p.05472P.05456].05535)0.05635| 0.05456 |0.0547 | 0.000 || -3.22

.05782D.053560.05782D.05925p.05789)0.05925] 0.05356 | 0.0578 | 0.002 |.05413p.05556p.05595 0.0537 P.05478[0.05595| 0.0537 |0.0548 | 0.001 || -5.26
23p.05781)0.05781D.08457p.05967p.05858/0.08457] 0.05781 |0.0586 | 0.012 |p.05523 D.05432p.05434D.05438p.05422)0.05523] 0.05422 |0.0543 | 0.000 || -7.24
24D.06081p.07099p.06063p.05781p.05963}0.07089] 0.05781 | 0.0606 | 0.005 |p.05357p.0552 0.0536 p.05552.05498§0.05552| 0.05357 |0.0550 | 0.001 || -9.32
250.06006)0.06003D.07096.05795D.056470.07096| 0.05647 |0.0600 | 0.006 |P.05545.05511p.05569p.05522].05467}0.05569) 0.05467 |0.0552 | 0.000 || -8.01
[260.06106.06233p.06143.05956.06966§0.06966]_0.05956 | 0.0614 | 0.004_|p.05512.05453p.05476p.06512p.05492.05512] 0.05459 | 0.0549 | 0.000 ||-10.60
[27]0.0548 .05361.06081.06081p.06106§0.06106| 0.05361 | 0.0608 | 0.004 |p.05529p.05628p.05575p.05253p.05629/0.05629| 0.05253 |0.0558 | 0.002 || -8.32
[28.06063D.06094P.05337p.06255.064520.06452| 0.05337 |0.0609 | 0.004 |p.05617 .05617p.05538.05663p.05617)0.05663| 0.05538 |0.0562 | 0.000 || -7.83
9p.05361.05911p.06403p.05482p.05956{0.06403] 0.05361 | 0.0591 | 0.004 |D.05574 .05549p.05604p.05512|0.0541 [0.05604| 0.0541 |0.0585 | 0.001 || 6.12

.05482).07099P.05608D.05643p.0640300.07099] 0.05482 |0.0564 | 0.007 |P.05631 p.05364P.05456.05528D.0562600.05631] 0.05364 | 0.0553 | 0.001 || 2.04
31p.05449p.07207).06132p. 05337)0.07207| 0.05337 |0.0613 | 0.008_|D.05626.05637.05662P.06564P.055720.05662| 0.05564 |0.0563 | 0.000 || -8.25
20.06279p.06513.07099p.05477D.054550.07099| 0.05455 |0.0628 | 0.007 |.05524|0.0553 D.05604D.056350.05647}0.05647 0.05524 | 0.0560 | 0.001 ||-10.75

0.0638 0.06006[0.065710.06231D.0564300.06571] 0.05643 [0.0623 | 0.004 |D.05347 .05615p.05537P.05524.055450.05615| 0.05347 | 0.0554 | 0.001 ||-11.14
34.08457).05619.06791.06969.06279)0.08457| 0.05619 |0.0679 | 0.011 |p.05698.05697p.05607.05688p.05703§0.05703| 0.05607 |0.0570 | 0,000 ||-16.11
350.07217D.05782D.08457]0.0655 .06347}0.08457| 0.05782 |0.0655 | 0.010 |p.05708 0.05714D.05529p.05393p.05687}0.057 14| 0.05393 [0.0569 | 0,001 ||-13.18
B6p. . .06969D.07217p.06787/0.07217 0.06364 | 0.0679 | 0.003 [p.05624p.05703p.05647D.05609P.05687}0.05703| 0.05609 | 0.0565 | 0,000 ||-16.80
37D.06362.06519D.056190.06519p.05586{0.06519] 0.05586 | 0.0636 | 0.005 |p.05388p.05722p. 0.0566 | 0.057 [0.05722] 0.05388 |0.0566 | 0.001 [|-11.03

.06862].06452.05477D.06816D.05477)0.06862| 0.05477 | 0.0645 | 0.007 |D.05614 .05745p.0546: .05324D.05733§0.05745] 0.05324 [0.0561 | 0.002 ||-12.99
39D.06255p. .054820.08457D.05795(0.08457| 0.05482 [0.0580 | 0.012_|D.05765 .05645p.05737p.05348p.05745),05765| 0.05348 | 0.0574 | 0,002 || -1.00
40p.08457.068570.062310.06513p.0613200.08457] 0.06132_|0.0657 | 0.009 |D.05682).05648.05741p.05722p.0561710.05741] 0.05617 | 0.0568 | 0.001 ||-12.76
41p.06685{ 0.071 |0.060030.06791D.06748| 0.071 | 0.06003 | 0.0675 | 0.004 [|0.0572 D.05755p.05794p.05717p.05813}0.05813] 0.05717 [0.0576 | 0.000 ||-14.72
420.06513p.07087p.05781.06966D.0679100.07087| 0.05781 | 0.0678 | 0.005 [D.05797 p.05787]0.0579 p,05724p.05797]0.05797] 0.05724 | 0.0579 | 0.000 ||-14.74
43.06887D.06364.05408p.06063D.06362/0.06857 0.05408 |0.0636 | 0.005_|.05803 p.05769p 05726p.05721p.05723/0.05803] 0.05721 |0.0573 | 0.000 ||-10.00
44p.07207.0600600.07447.05529p . 06791)0.07447] 0.05529 |0.0679 | 0.008 |P.05445 p.05815.06735p.05782.05724]0.05815| 0.05445 | 0.0574 | 0,001 ||-15.55
450.07306p.075310.05411p.06063p.07099(0.07531] 0.05411 |0.0710 | 0.009 |.05787.05885p.05825p.05835p.0585200.05885| 0.05787 | 0.0584 | 0.000 ||-17.81
460.06966D.06347.07132D.07378p.064031.07378] 0.06347 | 0.0697 | 0.005 |D.06379).06091D.05893] 0,058 |0.0652|0.0652| 0.058 ]0.0809 | 0.003 ||-12.56
47D.07311D.06969p.074660.07481.0736900.07481] 0.06969 | 0.0737 | 0.002 [D.05396p.05238p.05369]0.0587 | 0.0591 | 0.0591 | 0.05238 | 0.0540 | 0.003 ||-26.77
48D.07579.07979p.06143D.07644D.07096§0.07979) 0.06143 |0.0758 | 0.007 |p.05894 .05776p.0596400.06136p.061420.06142] 0.05776 |0.0596 | 0.002 ||-21.31

.05782)0.072170.06887p.07626{0.0781 [ 0.0781 | 0.05782 | 0.0722 | 0.008 |p.05784 p.05816p.05891p.05383p.0566300.05897] 0.05383 | 0.0582 | 0.002 ||-19.41
500.07313D.05911.07096/0.0726 p.0625200.07313 0.05911 | 0.0710 | 0.006 |P.05904 p.06024.05918p.05952b.057520.06024] 0.05752 | 0.0592 | 0.001 ||-16.60
| | |A=0.085[=0.05310§c=0.060[c=0.005|| | A=0. . =0.055C=0.001F=-8.40
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Feed forward NN. uuuldanhminiiuesdnéu (FNN) Feed forward NN. uuuldamnbwl (MSFNN)

Hl 1 2 [ 3] & 5 | max [ min [mean | sD 1 2 3 | 4 | 5 [max | min [mean| sp |l re(%)
1.13637)0.1482500.12748.14065/0.1313 0.14825| 0.12748 [0.1364 | 0.008 [p.11815[0.1133 .11815D.11344].11346/0.11815] 0.1133 [0.1135 | 0.003 || -16.80
2[0.11799]0.1446 p.11638).15726D.11611)0.15726] 0.11611 [0.1180 | 0.019 |p.11289].11828p.11826p.11822p.11822§0.11828 0.11289 [0.1182 | 0.002 || 0.19
3.13458.11571.149310.13494P.127690.14931] 0.11571 [0.1346 | 0.012 |p.11828]0.11829p.11414p.11768p.11368}0.11829] 0.11368 [0.1177 [ 0.002 || -12.56
4.11799p.11413D.11805p.15969.13458/0.15969] 0.11413 [0.1181 | 0.019 |p.11616]0.11832).11841p.11841p.11411}0.11841] 0.11411 |0.1183 | 0.002 || 0.23
50.13637)0.11646p. 14352.12484D.1146500.14352| 0.11465 [0.1248 | 0.013 [p.11859p.11853D.11845p.11418p.11845)0.11859| 0.11418 [0.1185 | 0.002 || -5.12
6.11515p.14267]0.1212 [ 0.13686 .158520.15852| 0.11515 [0.1366 | 0.017 [{0.1143 p.11868).11868p.11499p.11756{0.11868[ 0.1143 [0.1176 | 0.002 | -13.94
7 p.14922.116110.16229.14825p.140650.16229] 0.11611 [0.1483 | 0.017 |p.11916].119770.12006p.11913D.11556{0.12006[ 0.11556 [0.1192 | 0.002 || -19.62
8 0.12806[0.11881)0.156780.12026p.12117}0.15678] 0.11881 [0.1212] 0.016 |p.11956p.11878p.11877p.11654D.11923}0.11956| 0.11654 |0.1188 | 0.001 [ -1.97
9]0.1366 |0.1227 0.1217 0.12484D.12181/0.1366 | 0.1217 [0.1227 | 0.006 [p.12144.12002p.12002p.12038p.12038}0.12144] 0.12002 [0.1204 [ 0.001 || -1.89
10{0.1212 0.15677p.12393p.16842).12196{0.16842| 0.1212 [0.1239 | 0.022 |p.11868].11714p.11751p.11685p.1160200.11868| 0.11602 [0.1171 | 0.001 || -5.48
11D.16644]0.1446 .14595D.13385.12484)0.16644| 0.12484 [0.1446 | 0.016 |p.11707.11877p.11337p.11601p.11877}0.11937] 0.11601 [0.1188 [ 0.001 | -17.86
1200.12293.12635p.11611p.12467P.11571)0.12635| 0.11571 [0.1229 [ 0.005 |p.12278].11777p.11388p.12388{0.1231 [0.12388] 0.11388 [0.1228 | 0.004 || -0.12
130.12769P.15275p.12806.15969[0.1212 [0.15969] 0.1212 [0.1281 | 0.017 |p.11752]0.1213 .11993[0.1185 p.12033]0.1213 | 0.11752 [0.1199 | 0.002 || -6.35
140.15027]0.17475p.14212)p.12484].12769[0.17475] 0.12484 [0.1421 | 0.020 [P.12014].13397p.12154p.12609p.11931)0.13397] 0.11931 [0.1215 | 0.006 || -14.48
15D.13131.16514]0.12806p.13131D.16197]0.16514] 0.12806 |0.1313 | 0.018 |D.11953].11526D.11812p.11567p.11871)0.11953[ 0.11526 [0.1181 | 0.002 |[ -10.04
H6D.13494D.15432D.16965p.14267D.15541/0.16965| 0.13494 |0.1543 | 0.013 |P.11942].11964P.11326p.11964P.1154200.11964[ 0.11326 |0.1194 | 0.003 [[ -22.62
17p.115150.12726{0.1446 p.14597p.12769}0.14507| 0.11515 [0.1277 | 0.013 [[0.1198 P.12027{0.1199 p.12026p.12027)0.12027| 0.1198 [0.1203 | 0.000 || -5.82
18D.1320200.12748D.14825p.15852.11646{0.15852| 0.11646 [0.1320 | 0.017 |b.12044P.12154p.11601p.12053D.11886/0.12154] 0.11601 |0.1204 | 0.002 || -8.77
190.13385(0.1313 .18324]0.16229p.13496{0.18324| 0.1313 |0.1350 | 0.023 |P.11942]0.11727p.12105p.12007p.12105)0.12105| 0.11727 [0.1201 | 0.002 [ -11.03
20p.13333D.13333D.16965p.14065D.11881)0.16965] 0.11881 [0.1333 | 0.019 [P.12138].12916D.12006]0.1333 p.11984] 0.1333 | 0.11984 [0.1214 | 0.006 || -8.96
210.142120.13494[ 0.1447 .14352].14267| 0.1447 | 0.13494 [0.1427 | 0.004 |p.12027.12002p.11931.11665D.1200500.12027| 0.11665 [0.1200 | 0.002 |{ -15.88
[22.13764].13385.13458D.13791D.14825/0.14825] 0.13385 [0.1376 | 0.006 |p.12111).124620.1203 p.12063D.12106{0.12462| 0.1203 [0.1211 | 0.002 |f -12.05
R3D.14922.13637.11611.12484D.13496(0.14922| 0.11611 [0.1350 | 0.013 |p.12632].12235p.12083p.12632.13035/0.13035| 0.12083 [0.1263 [ 0.004 || -6.40
R40.14211p.14057p.13494 0.1366 [ 0.1366 [0.14211] 0.13494 [0.1366 | 0.003 |p.123870.11341p.12446D.12449]0.1245 | 0.1245| 0.11341 [0.1245 | 0.005 || -8.89
R5D.127260.15027).16229p.13496D.11881)0.16229| 0.11881 [0.1350 | 0.018 |p.12283).12123D.12105D.12221D.12462{0.12462| 0.12105 [0.1222 [ 0.001 || -9.45
R6D.17147D.14212.15834D.13764D.14922}0.17147| 0.13764 [0.1492 | 0.014 |p.12248.13242p.12126p.13082.1249900.13242] 0.12126 |0.1250 | 0.005 |f -16.24
27D.147680.14267.14352D.15319p.1459500.15319] 0.14267 | 0.1460 | 0.004 |b.11966.11927p.12454p.12085p.1185500.12454] 0.11855 [0.1197 [ 0.002 |[ -18.01
2800.15678)0.12726p.14597] 0.1447 P.12748§0.15678] 0.12726 [0.1447 | 0.013 |p.11932).12292p.12155p.12399p.12406{0.12406} 0.11932 [0.1229 | 0.002 || -15.05
290.14267).14987p.14858D.15226p.11638/0.15226| 0.11638 |0.1486 | 0.015 |b.13222].11994p.12911p.13355p.12502{0.13355] 0.11994 [0.1291 | 0.006 || -13.10
30[0.1446 .13385p.14825p.15432)0.1146500.15432| 0.11465 [0.1446 | 0.016 |p.11857).12384p.12384D.11768D.12396{0.12396| 0.11768 [0.1238 | 0.003 |f -14.36
B1p.15027.16068.15891D.17475p.152350.17475] 0.15027 [0.1589 | 0.010 |p.12592|0.1242 [0.1242 P.12296p.12147}0.12592| 0.12147 [0.1242 | 0.002 || -21.84
132p.14922].149310.16965p. 15324D. 1524 1)0.16965| 0.14922 |0.1524 | 0.008 |p.118970.12382].12352.12034P.121330.12382| 0.11897 [0.1213 | 0.002 || -20.39
B3D.15677)0.152750.140650.15677D.16644)0.16644| 0.14065 [0.1568 | 0.009 |D.12619.11953p.12141D.12343D.123880.12619| 0.11953 [0.1234 | 0.003 | -21.27
B400.134960.13333.171470.1447 P.14724}0.17147| 0.13333 [0.1447 | 0.015 |D.12701].11925p.12838] 0.135 | 0.135 | 0.135 | 0.11925 [0.1284 | 0.007 |f -11.28
B5D.16514]0.18324p.14724)0.14352p.11611)0.18324] 0.11611 [0.1472 [ 0.025 [D.12753].12791p.13268.13453D.13316/0.13453] 0.12753 [0.1327 | 0.003 || -9.89
B6.15541.14212)0.13385p.15275p.1554100.1554 1] 0.13385 {0.1528 | 0.010 |p.13402]0.12926p.12651p.12825p.12796/0.13402| 0.12651 [0.1283 | 0.003 | -16.04
B7D.15834]0.14724)0.17147]0.1313 P.1664400.17147| 0.1313 [0.1583 | 0.016 |P.13481p.13531D.13531P.12512.128190.13531] 0.12512 [0.1348 | 0.005 | -14.86
B8D.1567800.12806{0.13637p.11423D.171470.17147] 0.11423 [0.1364 | 0.023 |.12496p.12803]0.1299 P.12828D.11258]0.1299 | 0.11258 0.1280 | 0.007 || -6.12
B9.16514]0.15726].16842]. 14595D.16965{0.16965| 0.14585 [0.1651 | 0.010 |P.128760.12506p.12005P.12902] 0.131 | 0.131 | 0.12506 [0.1290 | 0.002 || -21.87
40{0.1593 [0.13494).11571.16514[0.1217 0.16514] 0.11571 [0.1349 | 0.022 |[0.1352 P.12927p.13899P.13336D.13817]0.13899] 0.12927 [0.1352 | 0.004 || 0.19
41[0.12120.16514.15541p.15852.15432}0.16514] 01212 |0.1554 | 0.017 |p.12930.11275p.12711p.12952p.12930}0.12952] 0.11275 [0.1294 | 0.007 || -16.74
4200.13764]0.15834] 0.1636 .15969p.16631}0.16631] 0.13764 [0.1597 | 0.011 |p.12683).12805p.12683D.13038p.112310.13038| 0.11231 [0.1268 | 0.007 || -20.58
43D.16842)0.11443]0.1755 p.14212D.16229[ 0.1755 | 0.11443 [0.1623 | 0.025 [p.12169].13198D.13618p.13198D.13195/0.13618| 0.12169 [0.1320 | 0.005 |f -18.68
14D.115710.16631).16965D.16644p.1543200.16965 0.11571 0.1663 | 0.022 |.13835.12914p.13889p.14171D.13943)0.14171] 0.12914 [0.1389 [ 0.005 || -16.49
U5D.17475.15027)0.12726p.15677D.11646/0.17475| 0.11646 |0.1503 | 0.023 |.13201].13347D.13197p.12905p.131440.13347] 0.12905 [0.1320 | 0.002 || -12.18
4eD.11881D.166310.18324D.17475p.11515/0.18324] 0.11515 [0.1663 | 0.032 |p.13106 p.13367D.13106p.13273D.13354)0.13367| 0.13106 [0.1327 | 0.001 || -20.19
4710.1823 0.17919/0.1217 | 0.1447 0.11465( 0.1823 | 0.11465 [0.1447 | 0.031 |P.13522].11913D.11214D.12677.133530.13522| 0.11214 [0.1268 | 0.010 || -12.39
48D. 1 .114190.18324D.13764D.14597]0.18324| 0.11419 [0.1376 | 0.026 |p.13271.13416p.13248p.13416D.13431)0.13431] 0.13248 [0.1342 | 0.001 || -2.53
49p.13202.11465]0.1366 .11515(0.1366 [ 0.1366 | 0.11465 [0.1320 | 0.011 |.13715p.13475p.13521p.13691p.13914)0.13914] 0.13475 [0.1369 | 0.002 |[ 3.70
I50D.12293{0.1366 0.18008D.14931] 0.17 |0.18008| 0.12293 [0.1493 | 0.023 |P.12853D.13917P.13348D.12792).13393)0.13917} 0.12792 0.1335 | 0.004 || -10.60

A=0.183B=0.11413[C=0.142[C=0.016| | | |A=0.142]8=0.11214|c=0.123C=0.002|=-12.28
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M99 7.20 HANINAABIIAZADAVBITBYA pigs 1AV1H Elman Recurrent NN.

144

Elman R NN. usuldenhminvivesném (ERNN) Elman NN. uuutdenhml ¥ (MSERNN)

H 1 [ 2 [ 3] 4 [ 5 [max| mn [mean| sp || 1 2 [ 3 4 | 5 [max [ min [mean| sp [fre(%)
10.10344p.10354D.11019p.10992.1035900.11019] 0.10344 [0.1036 | 0.004 [|0.1071 |p.10126p.10147p.10191p.10143]0.1071 | 0.10126 |0.1015 | 0.003 || -2.05
2[0.10285p.10305p.10315p.10259p.10305}0.10315] 0.10259 [0.1031 | 0.000 |P.10678].10887p.10863D.10211p.10168}0.10887| 0.10168 |0.1068 | 0.003 || 3.62
3.11167p.11167p.11173p.10336p.104570.11173] 0.10336 |0.1117 | 0.004_|p.10882]0.10259p.10413D.10159p.10163)0.10882] 0.10159 |0.1026 | 0.003 || -8.13
4].10239.10293p.10293.10266p.102930.10293| 0.10239 [0.1029 | 0.000 |p.10913.10913p.10935p.10219p.10135)0.10935] 0.10135 |0.1091 | 0.004 || 6.02
5[0.11158p.109770.1177 p.10435p.10375{0.1177 | 0.10375 [0.1098 | 0.006 |p.10882].11009p.10377p.10237p.10031)0.11009] 0.10031 |0.1038 | 0.004 || -5.47
60.10319.10319{0.1034 .10319]0.1034 [ 0.1034 [ 0.10319 [0.1032 | 0.000 |p.11033].10152].10878p.11035p.10961)0.11035] 0.10152 |0.1096 | 0.004 || 6.22
70.11175p.11361.10578D.10357p.111520.11361] 0.10357 |0.1115 | 0.004 |.10953.10972.10358p.10848p.10939)0.10972| 0.10358 |0.1094 | 0.003 || -1.91
810.10542p.10381p.10381.10381p.10495/0.10542| 0.10381 [0.1038 | 0.001 |P.10875].10856p.10835D.11008D.10987}0.11008| 0.10835 |0.1088 | 0.001 || 4.76
9 0.11276p.10294).10906p.10935p.10935/0.11276[ 0.10294 [0.1094 | 0.004 |D.10113].10558p.10558.10559p.10221}0.10559| 0.10113 |0.1056 | 0.002 || -3.45
10p.10526p.10657)0.10647p.10647p.10482{0.10657 0.10482 [0.1065 | 0.001 [.10965p.10823p.11186p.10742p.10773§0.11186] 0.10742 |0.1082 | 0.002 || 1.65
[11p.11086p.11162].10808p.10882]0.1116 [0.11162| 0.10808 |0.1109 | 0.002 [p.10572].09886p.10703p.10846D.10114)0.10846] 0.09886 |0.1057 | 0.004 || 4.64
12.10754p.10712p.10712p.10712] 0.105 [0.10754| 0.105 [0.1071 | 0.001 |p.13053p.10991p.12047p.10851p.10555/0.13053| 0.10555 |0.1099 | 0.010 || 2.60
13(0.10810.10967.11169.10742.11288)0.11288| 0.10742 [0.1097 [ 0.002 |p.11632).10777p.13242| 0.127 p.10568}0.13242] 0.10568 |0.1163 | 0.012 || 6.06
14D.105830.10824D.10903p.10903P.10496§0.10903] 0.10496 [0.1082 | 0.002 [ 0.108 p.11732p.10826.09818p.1085500.11732 0.09818 |0.1083 | 0.007 || 0.02
[150.1142 |0.10989.11342].11095p.10605{ 0.1142 [ 0.10605 [0.1110 | 0.003 |b.10644.10605p.10859p.10738p.10682}0.10859 0.10605 |0.1068 | 0.001 || -3.72
[16.11373.109920.11242p.10896D.10944§0.11373] 0.10896 [0.1099 | 0.002 |p.10837].11053p.10804p.11228p.105380.11228| 0.10538 |0.1084 | 0.003 || -1.41
17D.11206p.11362p.12135p.12135p.11846{0.12135] 0.11206 |0.1185 | 0.004 [p.11238].09918p.10063p.10895D.12949§0.12949| 0.09918 |0.1090 | 0.012 || -8.03
18p.11011p.11416D.11287p.10868.11407)0.11416] 0.10868 [0.1129 [ 0.002 |b.10863P.10706p.10059p.12048.10376{0.12048| 0.10059 |0.1071 | 0.008 || -5.15
190.11626{0.1177 .11577.12788.12453)0.12788| 0.11577 [0.1177 | 0.005 |P.10327].10804] 0.108 P.10721p.10579}0.10804| 0.10327 |0.1072 | 0.002 || -8.91
20D.113020.11519.11519p.11072p.11502§0.11519] 0.11072 [0.1150 | 0.002 [p.11919].10491p.10252p.1 .10841)0.11919] 0.10252 [0.1084 | 0.006 |[ -5.75
210.116150.11843p.11721D.11721]0.1178 0.11843[ 0.11615 [0.1972 | 0.001 |p.10752].11066p.11146p.10353]0.1067 j0.11146| 0.10353 |0.1075 | 0.003 || -8.27
220.11863.11863p.11173p.12008D.11863§0.12008] 011173 |0.1186 | 0.003 |p.10808).10121p.10898p.10092[0.10950.1095 | 0.10092 [0.1081 | 0.004 || -8.89
230.12203]0.1208 p.12081p.13431D.12081)0.13431| 0.1208 [0.1208 | 0.006 [p.10693{0.1115 p.10109p.11011p.11833}0.11833| 0.10109 [0.1101 [ 0.006 || -8.86
240.11979p.10977]0.1203 0.1203 P.12444)0.12444| 0.10977 [0.1203 | 0.005 |p.10264].10623p.10693D.10835D.10144)0.10835| 0.10144 |0.1062 | 0.003 [[-11.70
250.121320.126760.12107p.12225p.12132§0.12676| 0.12107 |0.1213 | 0.002 |b.10921].11448p.10816p.10442.102070.11448| 0.10207 |0.1082 | 0.005 [|-10.85
26{0.1242 0.11788.12127p.11195D.12127] 0.1242 | 0.11195 [0.1213 | 0.005 |p.10281).10695p.11183]0.1049 p.11425)0.11425] 0.10281 [0.1070 | 0.005 |[-11.81
27p.12477p.11664D.12477D.13433D.121990.13433] 0.11664 [0.1248 [ 0.006 |P.11558p.12654p.10773P.10715p.12478}0.12654] 0.10715 [0.1156 | 0.009 || -7.37
[28D.1279500.12795D.10987p.12391p.12632}0.12795] 0.10987 [0.1263 | 0.008 [|0.1015 P.10401]0.1015 p.10798p.10666/0.10798[ 0.1015 [0.1040 | 0.003 |{-17.66
[29p.12886)0.12803p.12437p.12792.12803)0.12886 0.12437 |0.1280 | 0.002 |P.11301].10069] 0.108 p.11133p.10138§0.11301| 0.10069 [0.1090 [ 0.006 [|-14.86
30p.113230.13338.13634p.137750.132410.13775] 0.11323 0.1334 | 0.010 |.10922p.10137p.1 .10777p.10755/0.10922] 0.10137 [0.1076 | 0.003 |f-19.37
31D.13547]0.1402 p.13757p.13547p.176370.17637] 0.13547 [0.1376 | 0.018 |P.101860.1289 p.13273[0.1068 p.13048)0.13273 0.10186 |0.1289 [ 0.015 || -6.30
3210.143290.14439p.17028p.13617.14292}0.17028] 0.13617 |0.1433 | 0.013 |p.10988p.12068].12354.127450.1205 |0.12745| 0.10988 |0.1207 | 0.007 |[-15.78
330.146150.14615D.14296p.17351D.1247710.17351] 0.12477 0.1462 | 0.017 |p.11032]0.12933p.11843p.12239]0.1215 0.12933] 0.11032 [0.1215 | 0.007 |[-16.87
340.14212)0.18264D.12965D.14296{0.1564 0.18264] 0.12965 {0.1430 | 0.020 |{0.1104 |p.10249P.13094]0.1182 .13094)0.13094} 0.10249 [0.1182 | 0.013 |f-17.32
350.14357)0.13529p.10381).13898D.17917)0.17917] 0.10381 [0.1390 | 0.027 [{0.1216 [0.1073 p.11858]0.1059]0.1078]0.1216 | 0.1059 [0.1079 | 0.007 |{-22.36
360.18453]0.1443 p.1089600.12437D.16085{0.18453] 0.10896 [0.1443 | 0.030 [P.14725).11176§.12814[0.1433 P.12713)0.14725} 0.11176 [0.1281 | 0.014 |[-11.20
37D.15035p.17625p.12132] 0.14 P.1363900.17625| 0.12132 [0.1400 | 0.020 p.10502]0.1183 .10449P.11035p.10654] 0.1183 | 0.10449 {0.1065 | 0.006 |f-23.90
38]0.1865 0.12913p.17761D.11863p.10357] 0.1865 | 0.10357 |0.1291 | 0.037 [.10865p.10903D.10593p.10903p.10276}0.10803| 0.10276 |0.1087 | 0.003 ||-15.86
39D.15397)0.16762)0.10808D.12107D.16594)0.16762| 0.10808 |0.1540 | 0.027 [p.11313p.10334P.12764D.11317]0.1177 012764 0.10334 |0.1132 | 0.009 ||-26.50
40p.17937.13612p.1 .15623).18354)0.18609] 0.13612 |0.1794 | 0.022 [/0.1033 p.11227p.11617p.12407p.12337)0.12407| 0.1033 |0.1162 | 0.009 ||-35.23
41p.158960.13549]0.1471 0.13549{0.1687 | 0.1687 | 0.13549 [0.1471 | 0.015 |P.12119].11186p.13017].09955(0.1291 0.13017| 0.09955 [0.1212 | 0.013 [|-17.61
42p.11072).15958{0.1825 p.16121D.11195/ 0.1825 | 0.11072 [0.1596 | 0.032 |D.12061).12386p.11275p.12543p.11179}0.12543 0.11179 |0.1206 | 0.006 ||-24.42
43D.183580.11664D.11173D.14329.11721}0.18358] 0.11173 [0.1172 | 0.030 |p.11328].14013p.12175p.17136]0.1227 |0.17136 0.11328 [0.1227 | 0.023 || 4.68
44D.1048200.16762{0.1177 .10496.10868}0.16762] 0.10482 [0.1087 | 0.027 []0.1227 p.12295.10252].12204D.12295/0.12295] 0.10252 [0.1227 | 0.009 |[ 12.90
45D.1033600.11502]0.11615] 0.1208 0.14296/0.14296] 0.10336 |0.1162 | 0.015 |P.12175p.12621p.12214p.11607D.10458)0.12621] 0.10458 [0.1218 | 0.008 || 4.82
46D.142960.11323.11863D.15067D.106050.15067| 0.10605 {0.1186 | 0.019 |D.10718.12209p.13526p.10695p.13068/0.13526 0.10695 |0.1221 | 0.013 || 2.92
47p.11206]0.1865 0.11721p.13338D.10605{ 0.1865 | 0.10605 [0.1172 | 0.033 |p.12422]0.14549p.14549p.1530600.1345300.15306 0.12422 [0.1455 [ 0.011 |[24.13
48D.10808D.21871.13338p.13757.12081)0.21871/ 0.10808 |0.1334 | 0.043 |D.12507.12274p.12256p.11565D.11389§0.12507 0.11389 |0.1226 | 0.005 || -8.12
49p.19552)0.11577] 0.1865 |0.10336D.10357.19552] 0.10336 |0.1158 | 0.046 |.11018)0.11856.12404p.12776D.13164{0.13164] 0.11018 [0.1240 | 0.008 |[ 7.14
I50D. 10482D.15454]0.11072D.12965{0.1986 | 0.1986 | 0.10482 |0.1297 | 0.038 [D.11997]0.1186 p.13643p.11313D.13318}0.13643] 0.11313 [0.1200 | 0.010 || -7.47

| jA=0.219=0.102391C=0.118[C=0.006|| | | JA=0.171B=0.09818[C=0.109[C=0.006|P=-7.42

H —3wnuTwualutudau
min —A1Aanaia (RMSE) aoiaasnnimaaas 5 af
1,2, 3, 4, 5 -wammaaaonion 1, 2, 3, 4, 5 Tasdainiilasvtnolinafanaia (RMSE)
A —mm'mnnnmnmnﬂqmwnmmnaao 50 wuy (1-50 Tvua)
C -Aaduannmmaaas 50 uuy (1-50 Twua)

SD A1

BILMNATHIVTAVAIATIIARNAIRIINMTIRaY 5 A

B -ﬁ'\m’maanmaﬂauﬁqm'\nnwmam 50 wwy (1-50 Tvum)
re -reduce wafidusiiastoilviuafanainanas TAEWTLHIIN (MEaNussN-MEaNERN)/MeaNgry* 100

max —A1Aawatn (RMSE) WMNAFAINNITNARDY 5 AT
mean -AnasuyasAinuAawatn (RMSE) ainnsvaaas 5 afo

Pry Y a 4 A a Yo a1 W 5
HAN1INAADININATITIN 7.20 iaas Iiirua Welins 1ssmau Tnuaiminu lusu

.’ ’ g o o 1] = )
¥ou M3 IgAnhminuuunatosnuuasin 19 1nsavisa naRanainanas 36 LUy (314U

a0 z U Y a a3 3 a v Y 3 o
Tvuainminulusugeu) Tasdrnatluaundsninnauuunisnaasandl s leanimin
9

nuuvarsnuua v 1nsevisa linananainanas laonde 7.42% Taskwaianainiiios

3 ' 4 2 o ' 4 ° g o
ngavealnseviwanlganinminfioasnnfes Ae 0.10239  el¥smaulnualudusou 4

a a a v - 9 4 Y] L=}
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Jordan Recurrent NN. uuuladamhwinwiseandur (JRNN) Jordan NN. uuuldan ¥ (MSJRNN)

Hi{ 1 | 2 T3 4 | 5 [max [ min [mean]| sD 1 2 [3] 4 5 [max [ min [mean| sp || re(%)
1_P.11415p.11386p.11342D.113460.11784)0.11784] 0.11342 [0.1139 | 0.002 |p.11813p.118p.118]0.1183 p.11817]0.1183 | 0.118 |0.1181 | 0.000 || 3.75
2 0.11358p.11495p.17418).11385.11847}0.17418 0.11358 [0.1150 | 0.026 [|0.1127 p.118p.114p.11438p.11798| 0.118 | 0.1127 |0.1144 | 0.002 || -0.49
3_.12516.11546p.117980.1184 | 0.1234 [0.12516] 0.11546 |0.1184 | 0.004 |p.11801p.113p.118p.11632p.113950.11832] 0.113 |0.1180 | 0.003 || -0.34
4_P.11418.11449p.11346.116820.17398)0.17398] 0.11346 [0.1145 | 0.027 |D.11836.115p.118p.11391p.11342}0.11836] 0.11342 |0.1150 | 0.002 || 0.45
5_P.13313D.11546p.11653p.11862.116230.13313[ 0.11546 |0.1165 | 0.007 |p.11931P.114p.114P.11822p.118520.11931] 0.114 |0.1182 | 0,003 || 1.45
6 p.11525[0.1158 p.11911p.1 .13055(0.16684] 0.11525 [0.1191 [ 0.022 [[0.1186 p.119p.118p.11867p.11665] 0.119 | 0.11665 |0.1186 | 0.001 || -0.43
7_.11542P.15054P.13862|0.1175 .12027}0.15054 0.11542 [0.1203] 0.015 [p.11475p.115p.116D.11544.11285| 0.116 | 0.11285 | 0.1150 | 0.001 || -4.38
8 _P.120610.12134p.11746.13037p.12781)0.13037| 0.11746 [0.1213 | 0.005 |p.11463P.119p.116p.11654p.12053)0.12063| 0.11463 | 0.1165 | 0.002 || -3.96
9 _D.13442p.14448p.16532.12162).11525/0.16532] 0.11525 [0.1344 | 0.020 [[0.1186 p.121p.118P.11641p.11056] 0.121 | 0.11056 |0.1186 | 0,004 || -11.77
10_P.12061.12194p.12243p.15637)0.12149§0.15637] 0.12061 |0.1219 | 0.016 |p.12077.113]0.12 P.12104p.114620.12104] 0.113 |0.1200 ] 0.004 || -1.59
11_D.11469p.12512]0.1224 .12507p.1154200.12512] 0.11469 |0.1224 | 0.005 |p.11678[.121p.121p.11881p.11759] 0.121 | 0.11678 |0.1188 | 0.002 || -2.93
12_P.12576{0.1234 .18007).12486p.14519)0.18007| 0.1234 |0.1258 | 0.024 |b.11791.119p.116p.11723] 0.119 | 0.119 | 0.116 |0.1179 | 0.001 || -6.24
13 .12371p.11623p.16352.12391.12222/0.16352 0.11623 [0.1237 | 0.019 |p.11739|0.12 p.116p.12239p.120350.12239 0.116 | 0.1200 | 0.003 || -3.00
14 _P.15354D.11808p.12796]0.1224 .1451900.15354] 0.11808 | 0.1280 | 0.015 [[0.1213 p.123p.119p.11914p.12257] 0.123 | 0119 |0.4213 | 0.002 || -5.20
15 _D.165560.13006p.12516.127810.16249)0.16556] 0.12516 [0.1301 | 0.020 [p.11732].119.116]0.1175 p.11929j0.11929] 0.116 |0.1175 | 0.001 || -9.66
16_D.128280.12222p.12512)0.12512.16556/0.16556] 0.12222 0.1251 | 0.018 |P.11973)0.117p.118P.12034p.1197410.12034] 0.117 |0.1197 | 0.001 || 4.31
17_0.16410.12708]0.1289 p.12717p.12796] 0.1641 | 0.12708 [0.1280 | 0.016 |[0.1229 .119p.123].11554p.11654] 0.123 | 0.11554 |0.1190 | 0.003 || -7.00
18 _P.11746p.11808.13518p.13037D.16231)0.16231] 0.11746 |0.1304 | 0.018 |p.12215.121]0.12 .12335p.1256900.12569] 0.42 [0.1222 ] 0.002 || -6.31
19 P.13068p.13529p.13131p.13055D.12828/0.13529] 0.12828 |0.1307 | 0:003 |D.12115[.116{0.12 |0.1209 p.116550.12115] 0.116 |0.1200 | 0.002 || -8.17
20 P.13068).16352.18007D.17418.12162{0.18007| 0.12162 [0.1635 | 0.026 |p.11752.116p.119p.11376p.11731] 0.119 | 0.11376 |0.1173 | 0.002 || -28.26
21_.16075p.13442D.13935D.11746D.14243}0.16075] 0.11746 |0.1394 | 0.016 |p.12072].118p.124p.11783p.12042| 0.124 | 0.11783 | 0.1204 | 0.003 || -13.58
22 P.13313D.13634).12162].14448D.14318§0.14448] 0.12162 [0.1363 | 0.009 [D.12055.113p.119p.11939p.11939}0.12065] 0.113 |0.1194 | 0.003 || -12.43
23 P.17418p.1386200.11623.115420.11418[0.17418] 0.11418 |0.1162 | 0.026 [p.12189.122].122p.12042.12042] 0.122 | 0.12042 |0.1219 | 0.001 || 4.87
24 .14243p.15923p.11623]0.1553 p.12781(0.15923] 0.11623 | 0.4424 | 0.018 |p.12379p.123.124.12075p.12418}0.12418| 0.12075 |0.1238 | 0.001 || -13.09
25 .163160.15357|0.1234 p.139350.11469/0.16316| 0.11469 |0.1394 | 0.020 |.12098.122p.121p.11387].124280.12428| 0.11367 |0.1210 | 0.004 || -13.47
26_.13862)0.14319[0.1469 p.12708.1589500.15895| 0.12708 [0.1432 | 0.012 |p.11802)p.122p.119p.12332.1233200.12332] 0.11802 | 0.1220 | 0.002 || -14.80
27_.12516[0.13935{0.1553 .11525.14519[ 0.1553 | 0.11525 [0.1394 | 0.016 |b.12092p.124p.121p.12549p.1214300.12549] 0.12092 |0.1214 | 0.002 || -12.86
28 .166840.16231/0.1641 p.15637.15357/0.16684| 0.15357 |0.1623 | 0.006_[p.11834 p.123.121D.12283p.123050.12305| 0.11834 | 0.1228 | 0.002 || -24.32
29 |0.1473 .14558p.13068D.11358.14561] 0.1473 | 0.11358 [0.1456 | 0.015 [[0.1232 p.126§0.123p.12022).12502] 0,126 | 0.12022 |0.1232 | 0.002 || -15.37
30_|0.1641 p.14734.14448p. 15895p.16231| 0.1641 | 0.14448 [0.1590 | 0.009" [p.12481]p.124p.124p.12414[0.1241 0.12481| 0.124 |0.1241 | 0.000 || -21.93
31 |0.1641 p.16581D.16532D.14448D.16316{0.16581| 0.14448 [0.1641 | 0.009 [p.124390.124p.122p.1239110.12229)0.12438] 0.122 |0.1239 | 0.001 || -24.49
32_[0.17398p.145190.12717].11349p.16621)0.17398 0.11349 [0.1452 | 0.025 [p.12511D.121p.123p.12511p.12339}0.12511] 0.121 | 0.1234 | 0.002 || -15.01
33 ].16316[.15054p.16532p.16231D.1455800.16532] 0.14558 [0.1623 | 0.009 [p.12979p.127].129p.12080]0.1265 jo.12979] 0.12089 |0.1270 | 0.003 || -21.75
34_D.15622P.15637.15957|0.1553 P.11525/0.15957| 0.11525 [0.1562 | 0.019 |p.124360.127p.128p.12731p.12317| 0.128 | 0.12317 |0.1270 | 0.002 || -18.70
35 [0.1544 .14602p.12781p.1 115354 0.1544 | 0.12781 [0.1535 | 0.011 |p.13065.127.134D.12687p.12556| 0.134 | 0.12565 |0.1270 | 0.003 |[-17.29
36_D.12708)0.12828p.15054D.130550.1592310.15923| 0.12708 |0.1306 | 0.015 [p.12663[.127]0.12 P.12467p.12027) 0127 | 0.12 |0.1247 | 0.003 || -4.50
37_p.1135800.15637].13862D.125160.15845/0.15845| 0.11358 |0.1386 | 0.019 |p.12878.12800.127p.12847].12846/0.12878] 0.127 |0.1285 | 0,001 || -7.33
38_P.16621.16509p.11542].15957D.13862}0.16621] 0.11542 |0.1596 | 0.022 [p.12871p.125p.126].13284p.12844)0.13284] 0.125 |0.1284 | 0.003 | -19.51
39 p.14243D.12828p.16075p.163160.15622/0.16316| 0.12828 |0.1562 | 0.015 [p.11038D.123p.129p.12634p.11934} 0.129 | 0.11934 |0.1230 | 0.004 || -21.26
40_P.13055)0.15845p.15957D.14558.13313(0.15957| 0.13055 |0.1456 | 0.014 |{0.1208 p.129[0.13 |0.1298 [0.1265| 0.13 | 0.1265 |0.1298 | 0.001 || -10.84
41 D.13518.15923] 0.163 |.15957D.15895| 0.163 | 0.13518 |0.1592 | 0.011 [h.13035[0.13 p.122].11958p.13097}0.13097] 0.11958 |0.1300 | 0.005 || -18.36
42 .165810.12796[.13518p.16684D.13037)0.16684| 0.12796 [0.1352 | 0.019 [D.12657.131p.112p.12088p.12728| 0131 | 0.112_ |0.1266 | 0.007 || -6.37
43 P.17415p.16907p.165090.114690.127170.17415] 0.11469 |0.1651 | 0.027 [|0.1263 p.128p.119p.12747p.13141j0.13141] 0.119 | 0.1275 | 0.005 || -22.79
44 .15054.11358p.14602)0.165810.12516/0.16581| 0.11358 |0.1460 | 0.021 |p.13207P.133p.131D.12855p.12855| 0.133 | 0.12855 |0.1310 | 0,002 || -10.29
45 _.175910.16249P.14602.11469p.16532}0.17591] 0.11469 [0.1625 | 0.024 |p.12881).133p.131p.13476| 0.135 | 0.135 | 0.12881 | 0.1330 | 0.003 || -18.15
46_p.12708p.17398p.13442.18007p.18651)0.18651) 0.12708 |0.1740 | 0.028 |p.11996p.132p.125p.12373| 6.129 | 0.132 | 0.11996 |0.1250 | 0.005 || -28.15
47_D.15895D.12708.12061D.11546p.16352]0.16352] 0.11546 |0.1274 | 0.022 |p.12561P.133.133p.12842] 0.133 | 0.133 | 0.12561 |0.1330 | 0.003 || 4.66
48 D.13935D.18343p.17905p. 165560.17631}0.18343| 0.13935 [0.1763 | 0.018 |p.12958p.135p.135p.12964] 0.137 | 0.137 | 0.12958 |0.1350 | 0.003 || -23.43
49 ]0.1641 .16581p.11808.185910.175390.18591| 0.11808 |0.1658 | 0.026 |b.12997.121p.135p.13337] 0.132 | 0.135 | 0.121 |0.1320 | 0.005 || -20.39
50 P.11418D.18007p.162490.17418[0.1811[0.1811 | 0.11418 [0.1742 | 0.028 [p.12731p.131p.132].13605] 0.122 [0.13605] 0.122 |0.1310 | 0.005 || -24.79

| =0.187=0.11342C=0.1 .018 A=0.137]B=0.11056{C=0.122|C=0.002|f’=-11.30

H -3nnulvualutudau

min —sh@anata (RMSE) vaoigaainnimaaas 5 af
1,2, 3,4, 5 —uammaaariont 1, 2, 3, 4, 5 Tandaaniiasvthohinafawarn (RMSE)
A —franuAawarmnnigaainnisnaaas 50 uuy (1-50 Tvun)
C -Anaduanasweany 50 uuy (1-50 Twua)

SD —#

INATTIVTRAIANNAANAIAIINNITVIARDY 5

B -AramAanaiatasiigaainnismaane 50 uyy (1-50 Twua)
re -reduce Wafidusilasothorlinafianarnanas Taomléain (meanusrun-Meanyryn)/meanyr* 100

max —A1AanaIn (RMSE) NNAFAINMITNARDY 5 A0
mean -ANaduYaIAIAAANaIR (RMSE) 3nmismaan 5 afo
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Feed forward NN. nuuldenhwInviveaném (FNN) Feed forward NN. uuytalsnhw, i (MSFNN)

H 1 2 I 3 4 5 Imu min mean SD 1 2 l 3 ] 4 § Imax min mean SD re(%)
1.11117p.10235{0.1103 | 0.1064 .10896§0.11117] 0.10235 [0.1090 | 0.004 [h.09444p.09444p.09444p.09447).09452}0.09452] 0.09444 |0.0944 | 0.000 ||-13.33
200.09494P.10661p.110960.10418p.11772}0.11772{ 0.09494 [0.1066 | 0.008 [P.09429p.09487].09188D.09406p.09471/0.09487| 0.09188 |0.0943 | 0.001 ||-11.56
3[0.0963 .09372p.09372).10386{ 0.111 | 0.111 | 0.09372 [0.0963 | 0.008 |p.09288].09033p.08351p.09351p.0931200.09351| 0.09033 | 0.0931 | 0.001 || -3.30
4.10234p.11117p.1171600.10897p.09999)0.11716] 0.09999 [0.1090 | 0:007 |p.09601]0.0918 p.09641p.09477p.09489}0.09641| 0.0918 |0.0949 | 0.002 [[-12.92
510.09974p.10711p.108960.10211p.11837)0.11837] 0.09974 |0.1071 | 0.007 |p.09694 .09907p.09907p.09781p.09683/0.09907 0.09683 | 0.0978 | 0.001 || -8.68
60.09886p.10724p.09569D.11968).10212{0.11968| 0.09569 0.1021 | 0.009 |p.09888.09545p.09558).09545p.09911/0.09911| 0.09545 | 0.0956 | 0.002 || -6.40
70.10534/0.1064 .09886).09494P.09999( 0.1064 | 0.09494 [0.1000 | 0.005 [p.09497p.09715p.09267p.10056p.09497}0.10056] 0.09267 |0.0950 | 0.003 || -5.02
810.09937p.11772.0988600.10438.105340.11772] 0.09886 |0.1044 | 0.008 |p-10088]0.1003 p.09544p.09923p.09577)0.10088 0.09544 [0.0992 | 0.003 || -4.93
910.10418p.10419p.11837)0.10418p.10211)0.11837] 0.10211 |0.1042 | 0.007 |.09917 p.09916.09678].10296}0.09666/0.10296| 0.09666 | 0.0992 | 0.003 || -4.82
10p.102510.10251p.11148]0.1088 .11651)0.11651] 0.10251 |0.1088 | 0.006 [p.09717.10168p.10932p.10189p.10168)0.10932 0.09717 [0.1017 | 0.004 || -6.54
[11p.10234D.10627p.11161D.09557D.11117)0.11161| 0.09557 [0.1063 | 0.007 [p.09747}p.10012.09568p.09829]0.0977 [0.10012] 0.09568 |0.0977 | 0.002 || -6.06
12D.10374.10589p.10235/0.1088 .10703[ 0.1088 | 0.10235 [0.1059 | 0.003 [.10169]-10055p.09839p.10131p.08838}0.10169| 0.09838 |0.1006 | 0.002 || -5.04
[130.10572.11013p. 10557)0.10572.105730.11013] 0.10557 [0.1057 | 0.002 |p.10019]0.1063 .10128.10683p.10635/0.10693| 0.10019 |0.1063 | 0.003 || 0.55
140.1081 .10661p.10631p.10573p.11968§0.11968] 0.10573 [0.1066 | 0.006 |b.10322]p.10179p.10236p.10444p.09901j0.10444| 0.09901 |0.1024 | 0.002 || -3.99
[150.107110.11211[0.1077 .10572p.10527)0.14211] 0.10527 [0.1071 | 0.003 |p.103360.10272P.10228]0.0991 | 0.1026 }0.10336] 0.0991 |0.1026 | 0.002 || 4.21
[16.10901p.10923p.10724].10724P.11097)0.11097| 0.10724 [0.1090 | 0.002 |p.10342p.10342p.10473p.10342].10276}0.10473] 0.10276 |0.1034 | 0.001 || -5.13
17D.10703p.10703.11148p.117160.1064 [0.11716| 0.1064 |0.1070 | 0.005 [[0.1029 .10427pp.10077p.10427p.100920.10427] 0.10077 |0.1029 | 0.002 || -3.86
180.10832.11013] 0.111 |.11142p.10374)0.11142| 0.10374 [0.1101 | 0.003 |p.10741.10483p.10506p.10506].105060.10741| 0.10483 |0.1051 | 0.001 || -4.60
190.10759.10759p.10912p.10557p.11083)0.11083| 0.10557 | 0.1076 | 0.002 |p-10696)0.10647p.10696p.10307p.106810.10696] 0.10307 |0.1068 | 0.002 || -0.72
200.10703.10897/0.1211 |0.11053p.10631] 0.1211 | 0.10631 [0.1090 | 0.006 [p.10465.10665p.10426{0.1075 P.10464] 0.1075 | 0.10426 | 0.1047 | 0.001 || -3.96
21D.1083200.09569.10534P.11096D.11022)0.11096| 0.09569 [0.1083 | 0.006 |p.10763p.10391p.10532.10786p.107680.10786] 0.10391 [0.1076 | 0.002 || -0.64
[220.09937)0.11138.11837p.10912D.10631)0.11837| 0.09937 [0.1091 | 0.007 [D.10947.09939p.10572p.10838p.10838)0.10947| 0.09939 |0.1084 | 0.004 || -0.68
230.1118800.10912D.10639p.11695.10901)0.11695{ 0.10639 |0.1091 [ 0.004 |b.10869.10959p.10869.10437p.10571/0.10959 0.10437 [0.1087 | 0.002 |[ -0.39
24/0.1103]0.1211]0.1088 [0.1109 p.10724{0.1211 | 0.10724 0.1103 | 0.005 |p.10874P.10958p.09985p.11153p.11503)0.11503[ 0.09985 |0.1096 | 0.006 |f -0.65
25D.10874]0.11148D.10374p.11968D.09557]0.11968 0.09557 |0.1087 | 0.009 [b.10584 p.10884.10584p.10584D.10884}0.10884| 0.10584 [0.1058 | 0.002 || -2.67
260.10874)0.11083]0.1117 0.11651D.11901)0.11901] 0.10874 [0.1117 | 0.004 [D.10599p.10903p.10903p.10918p.10599/0.10918] 0.10599 [0.1090 | 0.002 |f -2.39
27D.11607p.11096[.11117p.09557P.10251)0.11607 0.09557 [0.1110 | 0.008 |b.10962]0.10647p.10962.10962D.09981)0.10962] 0.09981 [0.1096 | 0.004 || -1.21
2800.10418p.10703p.11968p.10527p.12592§0.12592] 0.10418 [0.1070 | 0.010 |P.10329).10909p.11036p.11022p.11018}0.11036| 0.10329 [0.1102 | 0.003 || 2.94
.121750.10711p.112780.10211D.09494)0.12175] 0.09494 [0.1071 | 0.010 |p.11085p.11217p.11399p.10791p.111960.11398{ 0.10791 [0.1120 | 0.002 || 4.53
300.11772p.11083D.10759p.10631p.10912§0.11772] 0.10631 [0.1091 | 0.004 |D.10222].10049p.11315p.11258p.11175/0.11315| 0.10049 |0.1118 | 0.006 || 2.41
310.10896p.11651D.11138p.11905p.10711)0.11905] 0.10711 [0.1114 | 0.005 [D.11413p.11427p.11141p.11209p.11335)0.11427| 0.11141 [0.1134 [ 0.001 || 1.77
1320.11097p.10724p.12315p.11138[0.1211 0.12315{ 0.10724 [0.1114 | 0.007 [D.11014.10314]0.1089 p.11235D.11191)0.11235| 0.40314 [0.1101 | 0.004 [[ -1.11
[330.11837)0.10832.10912.11716] 0.1088 [0.11837| 0.10832 |0.1091 | 0.005 |b.11301p.11161p.11273p.11221p.11214p0.11301] 0.11161 [0.1122 | 0.001 || 2.83
B34D.111610.11278.11769p.10896.10573}0.11769] 0.10573 [0.1116 | 0.004 |p.11211D.11211[0.1121 P.11065{0.1121]0.11211] 0.11065 [0.1121 0.001 |{ 0.44
350.09886[0.124950.11757.11018p.11142}0.12495| 0.09886 [0.1114 | 0.010 |b.112860.10903p.11286p.10413D.11047}0.11286 0.10413 [0.1105 | 0.004 |f -0.85
(36D.10832).11968p.103740.12175p.11278)0.12175] 0.10374 [0.1128 | 0.008 |b.11812p.11627/0.1109 P.11152p.114370.11812] 0.1109 [0.1144 [ 0.003 || 1.41
37D.12054D.11196] 0.111 [0.1117 P.11018}9.12054] 0.11018 [0.1117 [ 0.004 |b.11861]0.1043.11132p.11314p.1186900.11869] 0.1043 [0.1131 | 0.006 || 1.29
380.10235/0.1117 .09557D.10534P.11013[ 0.1117 | 0.09557 [0.1053 | 0.006 |p.11374].11331P.11417p.11231p.112710.11417] 0.11231 [0.1133] 0.001 [ 7.57
B9p.11053p.126050.10711p.11837D.10418}0.12605| 0.10418 [0.1105 | 0.009 |p.11442].11236p.11368p.11382p.11348[0.11442] 0.11236 [0.1137 | 0.001 || 2.85
40p.11097]0.1077 .10703D.10874.09569}0.11097] 0.09569 [0.1077 | 0.006 |p.11531]0.1148 .11418p.11481/0.1148]0.11531] 0.11418 [0.1148 | 0.000 |f 6.59
410.11211p.12271p.11278p.11858[0.1269 [ 0.1269 | 0.11211 [0.1186 | 0.006 |p.11455].11548(0.1153 .11003D.11428}0.11548 0.11003 [0.1146 | 0.002 |f -3.40
42{0.1103 |0.12175p.11097p.10703p.12582}0.12502] 0.10703 [0.1110 | 0.008 [P.11551].11545p.11586p.11598D.11433}0.11598] 0.11433 [0.1155 | 0.001 || 4.09
430.11275/0.1077 p.09569p.11013{ 0.111 011275 0.09569 [0.1101 | 0.007 |[0.1068 |p.11704p.11704p.11253p.11704}0.11704] 0.1068 [0.1170] 0.005 || 6.27
l44p.12592]0.10527)0.11187)0.12556p.102350.12592] 0.10235 |0.1119 | 0.011 |p.11842]0.11624.11842p.11517p.11595/0.11842 0.11517 [0.1162 0.001 |f 3.91
45D.10557D.11544D.12914)0.13368.11326)0.13368 0.10557 | 0.1154 | 0.012 |P.11959.11444D.11711D.11607p.11491)0.11959] 0.11444 [0.1161 | 0.002 || 0.55
460.1103 |0.10759[0.1211 p.11292p.11253{ 0.1211 | 0.10759 [0.1125 [ 0.005 |p.11515].12047p.11344p.10652D.11804}0.12047] 0.10652 [0.1152 | 0.005 || 2.33
47D.10251).09999p.11053D.10534D.11083)0.11083] 0.09999 [0.1053 | 0.005 |p.12293p.11124].11696.12136p.12293)0.12293] 0.11124 |0.1214 | 0.005 |[ 15.21
0.1318.13017p.12808p.10211P.11395[0.1318 | 0.10211 |0.1281 | 0.013 |D.11469].11779p.11847p.11632p.11739}0.11947| 0.11469 [0.1174 | 0.002 |{-8.35
.11467p.09999P.10211.11689p.11651)0.11689] 0.09999 [0.1147 [ 0.008 }10.1152 .11646p.11527p.11378p.11741)0.11741] 0.11378 |0.1153 | 0.001 [| 0.52
500.11461).1259200.10901D.10724.11018}0.12592] 0.10724 [0.1102 | 0.008 |p.11664].11361p.11981p.11677p.11366/0.11981] 0.11361 [0.1166 | 0.003 |f 5.86
|A=0.134]8=0.09372|C=0.108)C=0.006{| JA=0.123B=0.08033|C=0.109C=0.002|[=-0.79

H —3mnuTwualududau

min —AAawaa (RMSE) vasdigaannmmanae 5 af
1, 2,3, 4, 5-wammaaaonfont 1, 2, 3, 4, 5 TavAeandTasehehvinafawain (RMSE)

SD -ﬁ'ut(uomumaigwuaon'wm‘mﬂawa‘mawnmmaam 5 af
B -AanuAanaataniigaainnimmaaay 50 uuy (1-50 Tuua)

max —ffawain (RMSE) inniigaainnismaaas 5 A%
mean -ANa8puaAIANAANAIR (RMSE) annmsmaaay 5 afo

re -reduce Wafidustlasothoiinafanarnanas 1w IHIIN (Meanusmy-Meangy)/meansw*100

A—#w'mmawmamnﬂqn:nnmmnaao 50 uuy (1-50 Tvua)
C -dnadoanmismaaas 50 uuy (1-50 Tnuua)
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M9131 7.23 HANMINAABINALADAYDITBYA rawsteel 100 1% Elman Recurrent NN.

Elman Recurrent NN. uuuladsnhwinuiussndur (ERNN) Elman Recurrent NN, uuuldenhudnuuuignuwus (MSERNN)

1 [ 2 [ 3] a7 5 [max min | mean | SD 1 2 [ 3 4 5 max | min [ mean | SD |[re(%)

p.11643D.103560.092560.10818D.10041/0.11643] 0.09256 |0.1036 | 0.009 |p.09318].09333p.09197p.09336{0.0926 [0.09336| 0.09197 |0.0932 | 0.001 ||-10.02

0.09178.09131p.09178.09361D.09081/0.0936 1] 0.09081 [0.0918 | 0.001 |p.08804[0.08804P.08804p.08106p.091060.09106| 0.08804 | 0.0880 | 0.002 || 4.07

D.10051)0.099240.09676p.09889p.09772{0.10051] 0.09676 |0.0989 | 0.001 |p-09071).0941p.09381p.08898.09216/0.09419] 0.08898 | 0.0922 | 0.002 || -6.81

.09379p.09056.09079.09121p.09079/0.09379] 0.09056 | 0.0908 | 0.001 |.09477p.09381] 0.088 P.09087p.09381/0.09477| 0.088 |0.0938 | 0.003 || 3.33

p.099320.093110.09912.09518p.09501}0.09932[ 0.09311 [0.0952 | 0.003 [p.09508] 0.091 P.09489[0.0948 .09485{0.09508| 0.091 |0.0949 | 0.002 || -0.35

0.094560.0945600.0916200.090661.09456/0.09456| 0.09066 | 0.0946 | 0.002 |p.092940.09294.0929500.08875p.09241/0.09295| 0.08875 |0.0929 | 0.002 || -1.71

D.09825.098190.09665p.09819P.09496{0.09825| 0.09496 |0.0982 | 0.001_|p.09861).09072).09494p.09612.09079}0.09861| 0.09072 |0.0949 | 0.003 || -3.31

0.093410.09548{0.0959 0.09634D.092980.09634| 0.09298 [0.0955 | 0.002 |p.09956 p.09543p.09984].10046p.1002500.10046] 0.09543 |0.0999 | 0.002 || 4.67

olo(~wlalun[alew|n]alx

p.10537]0.0982900.09772p.09977D.09862{0.10537| 0.09772 [0.0986 | 0.003 |p.09969].05779p.09417p.09868.09669}0.09969] 0.09417 |0.0978 | 0.002 || -0.84

=
2

0.0976 0.0963 0.097180.09661/0.0976 | 0.0976 | 0.0963 |0.0972 | 0.001 |p.09384.09866p.09872p.09384.09808/0.09672| 0.09384 |0.0981 | 0.003 || 0.93

[11.10709p.09999p. 10537.09926p.10353)0.10709 0.09926 |0.1035 | 0.003 |p.09961 .09792p.09405.09698p.09895/0.09961| 0.09405 |0.0979 | 0.002 || -5.42

120.09816.09816.09845D.09816p.09786{0.09845| 0.09786 | 0.0982 | 0.000 |D.09875].09354.094060.0982 .09354)0.09875| 0.09354 |0.0941 | 0.003 || 4.18

[130.10041] 0.101 .09967.10637] 0.101 |0.10637| 0.09967 |0.1010 | 0.003 |p.12847p.10271p.10661p.09989p.10703)0.12847| 0.09989 |0.1066 | 0.011 || 5.55

[14.09676]0.0988 |.09862D.09424P.09676{ 0.0988 | 0.09424 | 0.0968 | 0.002 |.10263P.10046p.10257p.10243p.1004800.10263| 0.10046 |0.1024 | 0.001 || 5.86

150.10697)0.1 .10103D.10169]0.0995 0.10697| 0.0995 [0.1017 | 0.003 |p.10557.10616{0.1014 p.10085p.10072}0.10616] 0.10072 [0.1014 | 0.003 || -0.29

[16/0.0982 .09427).0994200.099961.09942)0.09996| 0.09427 |0.0994 | 0.002 |p.09962)p.10495p.10325p.10737.10661)0.10737| 0.09962 | 0.1050 | 0.003 || 5.56

=

p.10283p.10051p.10347]0.1094 D.10941)0.10941] 0.10051 [0.1035 | 0.004_[.11004|0.1068 p.10233P.11019p.10507)0.11019] 0.10233 |0.1068 | 0.003 || 3.22

[18D.09605p.09953p.10293.09903p.10184)0.10293| 0.09605 | 0.0995 | 0.003 [D.098680.09852p.10318.09939p.098520.10318| 0.09852 | 0.0987 | 0.002 || -0.85

19]0.1028 p.10277p.10868.09974p.102020.10868| 0.09974 | 0.1028 | 0,003 |P.10092p.10226{0.1034 P.10538.0922500.10538 0.09225 |0.1023 | 0.005 || -0.50

[20p.10351).10398.09429[0.1011 .104250.10425| 0.09429 [0.1035 | 0.004 |p.10051.09955p.10218.08717p.09933)0.10218| 0.09717 | 0.0996 | 0.002 || -3.83
21D.103041.10946]0.1074 01043 p.10843)0.10946| 0.10304 | 0.1074 | 0.003 |p.10698.10661p.09964p.09842p.11177)0.11177| 0.09842 | 0.1066 | 0.006 || -0.74
22.10356]0.1039 0.10865{0.0949 p.108890.10889| 0.0949 [0.1039 | 0.006 [p.11123].10466p.10118D.10364p.102270.11123| 0.10118 |0.1036 | 0.004 || -0.25
23p.11222.11112p.10598D.10813D.108750.11222| 0.10598 |0.1088 | 0.002 |p.10287)p.10682p.10593p.10467.10588)0.10682 0.10287 |0.1059 | 0.002 || -2.64
24/0.1105 |0.1106 .10931p.10818]0.1105 0.1106 | 0.10818 [0.1105 | 0.001_[p.10727.11026p.10727p.10568p.10716}0.11026] 0.10568 |0.1073 | 0.002 || -2.92

[25{0.1104 |0.1115 p.10448.10392p.10675] 0.1115 | 0.10392 {0.1068 | 0.003 |b.10761.10874p.10838p.10993p.10995/0.10995| 0.10761 |0.1087 | 0.001 || 1.86

[260.11415p.11118{ 0.113 .10678] 0.113 J0.11415] 0.10678 |0.1130 | 0.003 |p. 10997 .10274p.10893p.10927p.104960.10997| 0.10274 |0.1089 | 0.003 || -3.60
27p.11415.10762p.106750.11018p.106350.11415| 0.10635 [0.1076 | 0.003 |p.10399p.10929p.10722p.11199p.10459}0.11199] 0.10399 |0.1072 | 0.003 || -0.37

28]0.1075 0.10933p.11524D.11524D.11594)0.11594| 0.1075 [0.1152 | 0.004 |p.11016]p.10417p.10983p.09758p.10724)0.11016| 0.09758 |0.1072 | 0.005 || -6.94
.11966{0.1166 [ 0.1166 .11605p.11134{0.11966| 0.11134 [0.1166 | 0.003 [/0.1073 p.10821p.10532.10343p.10797)0.10821| 0.10343 |0.1073 | 0.002 || -7.98

80 12529.106830.11781D.12127p.12127)0.12529] 0.10683 |0.1213 | 0.007 [10.1133 p.11708p.10943p.10261p.10587}0.11708| 0.10261 |0.1094 | 0.006 || -0.76
5310.11643p.12601p.09605.12009p.12009§0.12601| 0.08605 |0.1201 | 0.012 |p.10778] 0.112 p.09985p.10625p.12084)0.12084| 0.09985 [0.1078 | 0.008 [|-10.25
[320.12329p.12089p.1186600.12329p.1242900.12429] 0.11866 |0.1233 | 0.002 |p.11782P.11229[ 0.11 p.12261[0.13440.1344| 011 |0.1178 | 0.010 || -4.44
330.12088p.09427)0.1208800.10933D.122250.12225| 0.09427 |0.1209 | 0.012 |p.11363.11157p.10758.10758p.1146610.11466| 0.10758 |0.1116 | 0.003 || -7.70
B4D.12572]0.1252 0.10977]0.1252 .11142)0.12572| 0.10977 |0.1252 | 0.008 |b.13711.09719p.12238p.10574p.11602)0.13711| 0.09719 |0.1160 | 0.015 || -7.33
35D.10863p.11118.123470.09424D.108150.12347| 0.09424 [0.1086 | 0.010 [p.11179.11652).10539p.09795p.11254/0.11652| 0.09795 |0.1118 | 0.007 || 2.91
36{0.1256 |0.1256 0.12253.11744.12634)0.12634] 0.11744 |0.1256 | 0.004 |p.10816).11684[0.0973 p.11014p.11123)0.11684] 0.0973 |0.1101 | 0.007 [[-12.31
370.1075 . 10103p.10815p.12664D.0997410.12664| 0.09974 [0.1075 | 0.011 |p.10955].13102p.10834p.11647.12003)0.13102| 0.10834 |0.1165 | 0.009 || 8.34
38D.11781].1236200.125260.11118P.13151)0.13151] 0.11118 |0.1236 | 0.008 |b.11959].14325p.10484p.12084]0.1072 J0.14325] 0.10484 |0.1196 | 0.015 || -3.26
[39p.10392p.10931[0.1011 0.09424].13933)0.13933| 0.09424 [0.1039 | 0.017 |P.12262].10597.12262.11984p.10487)0.12262] 0.10487 [0.1198 | 0.009 | 15.32
40D.11417]0.0995 .13779p.10304p.11088{0.13779 0.0995 |0.1108 | 0.015 |b.13333.14926p.11189p.11558D.1165200.14926| 0.11189 [0.1165 [ 0.016 || 5.09
410.10863p.11866.12009(0.0963 .11171)0.12009] 0.0963 |0.1117 | 0.010 |p.11467].12068p.10095p.10019p.11876)0.12068] 0.10019 [0.1147 [ 0.010 || 2.65
420.10103p.09427p.1412800.10448]0.1075 0.14128] 0.09427 [0.1045 | 0.018 [p.10004].11733p.12547p.12294p.115150.12547| 0.10004 |0.1173 | 0.010 |[ 12.30
430.15409p.11766.14747.11533D.09081)0.15409] 0.09081 0.1177 | 0.026 |p.10234.12105{0.1269 p.12532p.11274]0.1269 | 0.10234 [0.1211 ] 0.010 || 2.88
44/0.1043 |.109770.11744.14102p.12371)0.14102| 0.1043_[0.1174 | 0.014 |p.11533.11468.14806p.15561p.110750.15561] 0.11075 [0.1153 | 0.021 || -1.80
45p.11781]0.1192 0.09311)0.09066.11069] 0.1192 | 0.09066 |0.1107 | 0.014 |P.11035p.10574p.11299.13209p.096430.13209| 0.09643 |0.1104 | 0.013 |[ -0.31
46D.10977].1081500.096760.09661D.15784)0.15784] 0.09661 |0.1082 | 0.025 |p.10921).10945p.12517p.12442p.1195300.12517| 0.10921 |0.1195 | 0.008 [[10.52
47D.10863D.12009.14447)0.14551]0.0995 [0.44551] 0.0995 [0.1201 | 0.021 [p.11198]5.10983p.10586)0.10803p.11006)0.11198| 0.10586 |0.1098 | 0.002 || -8.54
48D.13275p.098160.136260.15143D.14956{0.15143| 0.09816 | 0.1363 | 0.021 |p.10587.10908.11817p.12207]0.1115 |0.12207| 0.10587 |0.1115 | 0.007 ||-18.17
490.09786p.09816D.09999p.10266.10933§0.10933] 0.09786 |0.1000 | 0.005 |b.10695).09635p.11917.10011p.1059500.11917} 0.09595 |0.1060 | 0.009 || 5.96
1500.10813p.109310.09926{0.0949 [0.0982 J0.10931| 0.0949 [0.0993 | 0.006 |p.11319]0.0987 p.11209p.10487p.09169)0.11318] 0.09169 |0.1050 | 0.009 || 5.75

A=0.158B=0.0! =0.106[C=0.004|| | JA=0.156j=0.08800[C=0.107[C=0.003|F=-0.79
H —swuTvualududau max —Afianain (RMSE) mnigastnnisvaaas 5 Ao
min —F1Aawaia (RMSE) vasiigaainnisvaans 5 af mean -AaduraRIANNAaNaIR (RMSE) 3nnsvaaae 5 afo

1,2, 3,4, 5 -nammaanvafoi 1, 2, 3, 4, 5 Taudeniiasoihoiuadawara (RMSE)

sD —dwtdmmumnsswuma'wmmnnwmmmmmaaao Safs ©  A-diarufAanamsnniigaainnisvesas 50 wuy (1-50 Tvua)
B -mmwﬂmma\iaudqnmnmmaam 50 wyy (1-50 Tnun) C -Anadpanmsmeany 50 uuy (1-50 Twun)

re -reduce wastdusdi Tasotihurhinafanainanay 108M11H3In (MeaNuserw-Meanerw)/Meangu* 100

P vd 1 A a Vo A 1w H)
HaN1SNAABININAIT N .23 uaas Imru iWelinis 1o Tnuanminu luyy
L] 1] g 3 o 1] - o
¥ou M3 lganihminuuunasnuudi i Insaiea inaranainanas 32 uuy $1wu
a ' o :; ' Y a [~ " a E 9 %’ o
Tnuaimiuluruseon) Tavdaatluaundosinynuuunisnaasads nmisldanimin
wuurasnuain 19 Insevisa Inafanainanas Inoma 0.79% laowanawainiiiou
§ ' { 3 @ ' A ° )
ngaveslasaviganilganiminiiesnufes de 0.09056 e l¥suauTnualususou 4
a Ay a ] Hq Y1 3 @ A &
Tnua tazwaranamMiosNgaves Inseiean lsanimminnuunaissnuuane 0.088 1o

y ’
1o Tnualususou 4 Tnua




M3190 .24 HANINABDAIALADAVBITOYA rawsteel 1A01F Jordan Recurrent NN.

148

Jordan Recurrent NN. nuuldanlwnnviussnéu (JRNN) Jordan Recurrent NN. uuuladanhw (MSIRNN)

Hl 1 2 3 4 5 [ max [ min [mean | sD 1 2 3 [ a 5 [max [ min [mean | sD [fre(%)
1.09717p.10427p.10907|0.1027 . 11644[0.11644| 0.09717 [0.1043 | 0.007 [D.09466.09451p.09454p.09454p.09468/0.09468] 0.09451 |0.0945 | 0.000 || -9.33
2.098680.111820.110310.09608p.121280.12128] 0.09608 [0.1103 [ 0.010 [p.09319].09172)p.09469p.09424.09383}0.09469] 0.09172 |0.0938 | 0.001 ||-14.94
3[0.0989 0.10254p.09463.10182p.108750.10875| 0.09463 [0.1018 | 0.005 |p.09483].09498].00042).09498p.09487}0.09498| 0.09042 |0.0949 | 0.002 || -6.83
4]0.0963 0.1052 p.09866p.11158p.0978500.11158| 0.0963 |0.0987 | 0.006 |p.09319].09524]0.08327p.09338p.09524§0.09524] 0.09319 | 0.0934 | 0.001 || -5.35
5.1069310.1112 0.10529p.10641p.10438] 0.1112 | 0.10438 [0.1064 | 0.003 |p.09293.09275.090910.09495p.09495}0.09495] 0.09091 | 0.0929 | 0.002 ||-12.67
6 .1004600.09578p.124730.11353{0.1143 }0.12473] 0.09578 |0.1135 | 0.012 |p.095470.09547].09547.09547p.091090.09547| 0.09109 |0.0955 | 0.002 ||-15.91
7p.102850.09648p.11022).10044D.11033§0.11033| 0.09648 |0.1029 | 0.006 |p.09422].09955p.09524p.10033p.09757)0.10033| 0.09422 |0.0976 | 0.003 || -5.13
80.0989 .12284]0.1118 .10033D.11766{0.12284| 0.0989 |0.1118 | 0.011 |p.09676.09886p.10102.09935p.0988500.10102] 0.09876 |0.0989 | 0.001 ||-11.57
9.11182.10673p.10535p.10872p.10354[0.11182[ 0.10354 |0.1067 | 0.003 |p.09663[0.0967 | 0.095 |0.0967 | 0.095 |0.0967 | 0.095 |0.0966 | 0.001 || -9.46
[10p.11238).09564[0.1051 0.10872).107180.11238] 0.09564 |0.1072 | 0.006_|p.09888)p.09888|0.0989 |.09952p.09547)0.09952 0.09547 |0.0989 | 0.002 || -7.74
[11.09648.09473).10903(0.1118 .10518[0.1118 | 0.09473 [0.1052 | 0.008 |p.100670.1003 .08772P.10067p.10018}0.10067| 0.09772 |0.1003 | 0.001 || 4.64
[12D.11644p.11001p.10912]0.1052 p.10586{0.11644| 0.1052 |0.1091 | 0.004_|D.09829.00829].09829[0.0977 P.09836}0.09836] 0.0977 |0.0983 | 0.000 || -9.92
13p.10869[0.1118 .11033]0.0989 p.11001[0.1118 | 0.0989 |0.1100 | 0.005 |p. 10386.1038500.10238p.09771)0.10386] 0.09771 [0.1024 | 0.003 || -6.94
[140.10701p.112810.10667p.11176p.10667)0.11281] 0.10667 |0.1070 | 0.003 |P.10451p.10144p.09859p.10341.104510.10451| 0.09859 |0.1034 | 0.003 || -3.36
[15.12284P.10783)0.10586{.10718p.10821)0.12284| 0.10586 | 0.1078 | 0.007 [[0.0952 .10245p.10245p.10254D.10254/0.10254] 0.0992 |0.1025 | 0.001 || 4.99
16.11021P.106350.11003]0.1112 p.10739{ 0.1112 | 0.10635 |0.1100 | 0.002 |P.10266].10001p.10275p.10266p.102750.10275| 0.10001 | 0.1027 | 0.001 || -6.70
17P.10641p.10826). 10655p.10518D.10759|0.10826] 0.10518 |0.1066 | 0.001 [[0.1042 P.10017D.10106.10411]0.1042| 0.1042 | 0.10017 |0.1041 | 0.002 || -2.29
[180.11353p.10869p.10626).10869p.10933)0.11353] 0.10628 | 0.1087 | 0.003 |[0.0989 |p.10557p.10198]0.1056 P.10453] 0.1056 | 0.0989 |0.1045 | 0.003 || -2.83
[19D.10698p.10837.10693{0.0963 .109860.10986] 0.0963 | 0.1070 | 0.005 |P.10307 P.10308p.10655]0.1058 P.10307/0.10655| 0.10307 |0.1031 | 0.002 || -3.65
200.10903p.10667)0.11277p.11321P.10998}0.11321| 0.10667 [0.1100 | 0.003 |p-10191.10744p.10744]0.1073 P.10694)0.10744] 0.10191 [0.1073 | 0.002 || -2.44
21D.11358p.1062800.11208p.11022).108850.11358] 0.10628 [0.1102 | 0.003 |p.10776.10776.10756p.10754.10559)0.10776| 0.10559 |0.1076 | 0.001 || -2.41
22D.10837.11766[0.11321p.10718D.10628}0.11766] 0.10628 | 0.1084 | 0.005 |P.10577|0.1061 .10577p.10835p.109670.10967] 0.10577 |0.1061 | 0.002 || -2.09
23p.10641.10907].11182).10929p.0964800.11182| 0.09648 [0.1091 | 0.006 [{0.1076 p.10864]0.1076 p.10846]0.1076 }0.10864| 0.1076 |0.1076 | 0.001 || -1.35
24p.10635p.11176{0.11129p.11031).108850.11176] 0.10635 [ 0.1103 | 0.002_|p.10549.10527p.10527].10627|0.1068 | 0.1068 | 0.10527 [0.1053 | 0.001 || 4.57
25p.12473)0.10869p.10929p.10872.11062}0.12473( 0.10869 | 0.1093 | 0.007 |p.10624 .10908p.10591p.10908p.10591/0.10908| 0.10591 | 0.1062 | 0.002 || -2.79
26p.11326p.11001.11129p.11069p.11001}0.11326] 0.11001 [0.1107 | 0.001 |p-10805]. 10464p.09968)p.10804p.10754/0.10805| 0.09968 |0.1075 | 0.004 || -2.85
R7D.111150.113110.11131]0.1109 P.10907}0.11311] 0.10907 [0.1112[ 0.001 |p:11043].11043)p.10663p.10922p.11089}0.11089] 0.10663 [0.1105 | 0.002 || -0.59
280.11338p.103540.1112 .10046p.112380.11338] 0.10046 |0.1112 | 0.006 |p.109660.11294P.11104].11104p.109670.11294| 0.10966 |0.1110 | 0.001 || -0.14
[29p.10518p.11158p.11326p.11281p.113210.11326] 0.10518 [0.1128 | 0.003 |p.11081p-11141p.11141P.10091P.11013)0.11141| 0.10091 |0.1108 | 0.005 || -1.77
30[0.1118 0.11176p.11069p.12214p.114810.12214 0.11069 [0.1118 | 0.005 |p.111540.11009p.10608.11154p.11154/0.11154] 0.10608 |0.1115 | 0.002 || -0.23
31]0.10520.1143 .09578p.10354p.11208[ 0.1143 | 0.09578 [0.1052 | 0.007 |.11351.11163p.11217p.11081D.11346§0.11351| 0.11081 | 0.1122 | 0.001 || 6.63
[32.11889p.10912)0.10875p.11112.11212]0.11889| 0.10875 |0.1111 | 0.004 |p.11335.11283p.11381p.11403p.11132)0.11403| 0.11132 |0.1134 | 0,001 || 2.01
133p.10903p.12358p.11188p.10693p.116440.12358] 0.10693 |0.1119 | 0.007 |p.11263.11436p.11059p.11158p.11237)0.11436| 0.11059 |0.1124 | 0,001 || 0.44
[34p.094830.11158p.11238p.111760.10046/0.11238] 0.09483 [0.1116 | 0.008 [p.11128.11083p.11084p.10984P. 11298)0.11298] 0.10984 |0.1108 | 0.001 || -0.66
35p. 10903)0.12284p.11766p.10929p.09608[0.12284/ 0.09608 0.1003 | 0.010 |p.11205p.11227p.10382p.11227p.11152)0.11227| 0.10382 |0.1121 | 0.004 || 2.53
360.11182).11007.11243.11262]0.1109 |0.11262] 0.11007 [0.1118 | 0.001 [p-11378p.11441p.11378p.11421p.11161)0.11441] 0.11161 |0.1138 | 0.001 || 1.75
37p.111580.11353D.10667D.11321D.11281}0.11353] 0.10667 |0.1128 | 0.003 |p.11187)9.11253]0.1133 .11346p.113530.11353] 0.11187 0.1133 | 0.001 || 0.43
38/0.1138 0.12089p.11031D.09578.12256/0.12256| 0.09578 |0.1138 | 0.011 |p.11354]0.11244p.11546p.11208p.1113500.11546| 0.11135 |0.1124 | 0.002 || -1.20
[39p.11172)0.12491/0.1141 |p.10641[0.1213 0.12491] 0.10641 | 0.1141 | 0.007_|p.11572]p.10842p.10982].11636p.10932)0.11636] 0.10842 |0.1098 | 0.004 || -3.75
40D.121120.12463).12521p.12636D.1128100.12636] 0.11281 [0.1246 | 0.006 |p.11481p.11561]0.1154 p.11481p.1055400.11561] 0.10554 |0.1148 | 0.004 || -7.88
41p.11172].10693]0.1109 p.10046p.12128}0.12128] 0.10046 |0.1108 | 0.008 |p-11405p.11734].10462]0.11369]0.1145 |0.11734| 0.10462 | 0.1141 | 0.005 || 2.84
42).1265800.11033D.12505p.11416p.11216[0.12658] 0.11033 |0.1142 | 0.008 |D.11367).11951D.11469p.11455p.11427}0.11951] 0.11367 |0.1146 | 0.002 || 0.34
43p.108750.11069p.11208p.12473p.11033}0.12473] 0.10875 |0.1107 | 0.006_|p.11333.11371p.10955p.11349p.11226§0,11371] 0.10955 |0.1133 | 0.002 || 2.39
44{0.1124 10.12128]0.0963 |p.10869).12284}0.12284] 0.0963 |0.1124 | 0.011 [|0.1137 |p.11424p.10651]0.1151 p.10564|0.1161 | 0.10564 |0.1137 | 0.005 || 1.16
450.10518{0.1052 [0.10667p.11644D.097170.11644] 0.09717 [0.1052 | 0.007 |p.11453] 0.117 |.11556p.11348D.11391] 0117 | 0.11348 |0.1145 | 0.001 || 8.87
460.1286800.09608p.12849p.12695p.11158/0.12868[ 0.09608 [0.1270 | 0.014 |P.11974).10752|0.1164 P.12006.11453)0.12006] 0.10752 |0.1164 | 0.005 || -8.31
U7p.11326.09564p.11238p.10759[0.1141 [ 0.1141 | 0.09564 |0.1124 | 0.008 [D.11725]0.11464].11502p.12026{0.1178 |0.12026] 0.11464 |0.1173 | 0.002 || 4.33
48p.10354p.11129.10885.10718p.097170.11129] 0.09717 [0.1072 | 0.005 |p.12078.12029p.11911p.11455p.12078)0.12078] 0.11455 |0.1203 | 0.003 || 12.23
49D.12284P.1120800.10693]0.1112 .11766}0.12284] 0.10693 | 0.1121 | 0.006 |[0.1151 p.10737p.11269p.11382p.11396] 0.1151 | 0.10737 |0.1138 | 0.003 || 1.55
I500.13082{0.1052[0.1124 |0.11281D.11022)0.13082] 0.1052_|0.1124 | 0.010 [D.11347.11713p.11396p.11532p.12163J0.12163] 0.11347 |0.1153 | 0.003 || 2.60
| | | A=0.131B=0.09463|C=0.110[c=0.006{| | | | JA=0.122B=0.09042IC=0.108[C=0.002|F =-2.43
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M3197 7.25 HaN1INAADAATADAYEITEYA sp500 1Al Feed forward NN.

Feed forward NN. uuuladanhwinuiusdnéos (FNN) Feed forward NN. uuuldanlwl) i (MSFNN)

H| 1 2 | 3 I 4 [ 5 max l min mean SD 1 3 3 l 4 5 max l min mean sSD re(%)
10.22424).2932800.30505p.18529P.18427]0.30505| 0.18427 |0.2242 | 0.058 |p.09593]0.0974 p.09349p.09999]0.0921 0.09999| 0.0921 |0.0959 | 0.003 [|-57.22
2[0.21606p.18974p.18783p.18213p.21111)0.21606{ 0.18213 [0.1897 | 0.015 [D.09472[0.0808 p.08515p. .07656)0.09565 0.07656 [0.0947 | 0.009 |[-50.08
3]0.20018p.28576{0.21003p.20099p.18677}0.28576| 0.18677 [0.2010 | 0.039 [D.09702]0.0955 |0.0958 |.09837p.096590.09837| 0.0955 |0.0966 | 0.001 ||-51.94
4p.077560.07756p.14358.13812p.09903)0.14358| 0.07756 [0.0990 | 0.032 |P.08487.07222)0.09965.06957{0.0385 j0.09965| 0.0385 |0.0722 | 0.023 |[-27.07
5[0.07247p.107740.10011p.07577p.07453p.10774| 0.07247 |0.0758 | 0.017 |D.06433.06488[0.0717 P.06484D.06826{0.0717 | 0.06433 |0.0649 | 0.003 ||-14.37
60.09903p.09903p.08918p.10011p.10506/0.10506| 0.08918 |0.0990 | 0.006 |.06219].09717.09717p.05787p.08809)0.09717] 0.05787 |0.0881 | 0.019 |{-11.05
7.12887).07874p.07113p.12657p.10049)0.12887| 0.07113 [0.1005 | 0.027 [p.09108].08795p.05592p.08224.05592}0.09108] 0.05592 |0.0822 | 0.017 ||-18.16
80.08079p.096620.08999p.07429p.07453)0.09662| 0.07429 [0.0808 | 0.010 |b.03991.07546{ 0.054 p.07738[0.0591 0.07738] 0.03991 [0.0591 | 0.016 |{-26.85
9 0.09662)0.07808p.09412].08918p.07372)0.09662| 0.07372 [0.0892 | 0.010 [D.06392].09199P.04703P.06392.07589}0.09199] 0.04703 |0.0639 | 0.017 |[-28.32
10p.10011p.08918.080410.13764p.09662}0.13764 0.08041 [0.0966 | 0.022 |p.07418p.07418]0.0747 p.07752]0.0747 |0.07752| 0.07418 |0.0747 | 0.001 ||-22.69
11p.07113p.13473p.07016p.08918p.08079)0.13473] 0.07016 |0.0808 | 0.027 |p.09781)p.08034].09938p.06667.08034}0.09938] 0.06667 |0.0803 | 0.014 || -0.56
12D.07008p.08918p.07314p.09662p.08071}0.09662( 0.07008 |0.0807 | 0.011_[D.09961].08077p.06076.08116p.08116{0.09961| 0.06076 | 0.0812 | 0.014 || 0.56
[130.11044]0.09903.09903)0.07874.08918}0.11044| 0.07874 [0.0990 | 0.012 |p.09232).09166p.08509p.05038p.08509)0.09232| 0.05038 |0.0851 | 0.017 |-14.08
[14D.09587.10011D.07694.08071p.10506{0.10506| 0.07694 [0.0959 | 0.012 [10.0776 |.08601p.09095p.09321p.09606}0.09606| 0.0776 |0.0910 | 0.007 || -5.13
[150.07113p.07874.07429p.07577p.072470.07874] 0.07113 |0.0743 | 0.003 [D.08872].08885( 0.098 P.09067D.09833}0.09833| 0.08872 |0.0907 | 0.005 || 22.05
[160.08071).05839p.08999p.07577D.05057)0.08999] 0.05057 [0.0758 | 0.016_[D.06207 p.06207p.09403p.09002{0.0939 [0.09403] 0.06207 [0.0900 | 0.017 || 18.81
171.08918p.09662D.08918p.10011P.05648/0.10011| 0.05648 [0.0892 | 0.017 |p.07616[0.0748 p.08576p.08386p.09913§0.09913| 0.0748 |0.0839 | 0.010 |[ -5.97
[180.07874)0.08918[0.0693 0.04791D.06342}0.08918 0.04791 [0.0693 | 0.016 |p.08666 p.09159D.07719p.087580.0957 |0.09758| 0.07719 |0.0916 | 0.008 || 32.16
1190.10506[0.05044].07113p.04658D.05815{0.10506| 0.04658 [0.0582 | 0.024 |p.09403p.09412D.08699P.08374P.09592)0.09592| 0.08699 |0.0940 | 0.003 |f 61.70
20p.0564800.07016.073140.04277p.06343)0.07314| 0.04277 |0.0634 | 0.012 |P.05434 D.04654D.05434P.08662].0866200.08662| 0.04654 |0.0543 | 0.019 |[-14.33
21]0.0686 |0.048150.09412)0.04837p.04356/0.09412| 0.04356 |0.0484 | 0.021 |p.08585]0.0912 p.09458D.09827|0.0843 |0.09827| 0.0843 |0.0912 | 0.006 || 88.55
2200.07874)0.05257.100110.09412D.06577]0.10011| 0.05257 [0.0787 | 0.020 |.09799.09713P.09343D.09505p.07748)0.09799| 0.07748 [0.0951 | 0.008 |f 20.71
230.0711300.07372)0.05379p.09662.09903}0.09903] 0.05379 [0.0737 | 0.019 |b.09572].09154p.05328D.09149]0.0968 | 0.0968 | 0.05328 [0.0915 | 0.018 [f 24.17
240.0701600.043970.070160.04791D.08918{0.08918] 0.04397 [0.0702 | 0.019_|.08861).09214D.09404D.00404.08434§0.09434| 0.08861 |0.0940 [ 0.002 || 34.04
25 0.0483 .07577D.07808D.08999D.09662)0.09662| 0.0483 [0.0781 [ 0.019 |D.09862.09314.09704D.09682).0975900.09862] 0.09314 [0.0970 | 0.002 |f 24.28
260.0742900.08364D.08999p.05648{0.0483 J0.08999| 0.0483 [0.0743 | 0.018 |p.09603p.09212.09367p.09581p.0930500.09603| 0.09212 [0.0937 [ 0.002 f 26.09
R7D.0891800.05815D.048370.06834].07429/0.08918] 0.04837 |0.0683 | 0.016 |p.09882p.09191D.06489p.09656D.09191)0.09882| 0.06489 [0.0919 [ 0.014 || 34.49
281.0481500.04397] 0.0686 | 0.0686 .04487] 0.0686 | 0.04397 [0.0482 | 0.013 |p.09842).09819p.098330.1027 P.09553] 0.1027 | 0.09553 [0.0883 | 0.003 [{104.22

.09903D.06343.07314).05379p.09662}0.09903] 0.05379 [0.0731 ] 0.020 |p.09886.09492p.09859p.09886p.0993500,09935 0.09492 [0.0989 | 0.002 || 35.17
30p.06342).05789p.05789p.08918D.09903)0.09903 0.05789 |0.0634 | 0.019 |P.09553.09612{0.0911 P.09144P.09301/0.09612| 0.0911 [0.0930 | 0.002 |f 46.66
31p. .06758.07453{0.0628 [0.0693 0.07453| 0.0628 |0.0676 | 0.004 [p.07252].09706{0.0484 .08844.09081)0.09706| 0.0484 [0.0884 | 0.020 || 30.87
32D.07372)0.06769).07429p.05789.0683410.07429] 0.05789 |0.0683 | 0.007 [P.07343].09973D.09884P.09805{0.0939 |0.09973] 0.07343 [0.0981 [ 0.011 || 43.47
3D.105060.08918D.06543D.06577D.0724710.10506( 0.06543 [0.0725 | 0.017 [D.09852.09053]0.0767 p.07986D.090530.09852| 0.0767 |0.0905 | 0.008 |{ 24.92
B4D.06769p.07008D.05044).10011p.06342)0.10011] 0.05044 }0.0677 | 0.018 [h.09151p.09151p.07528D.07528p.09466/0.09466| 0.07528 [0.0915 | 0.010 |{ 35.19
B5D.09662]0.07429.07453D.06577.09903(0,09903| 0.06577 |0.0745 | 0.015 |P.09493.09236.09273p.09832p.09687/0.09832| 0.09236 |0.0949 | 0.003 || 27.37
B6D.05057)0.04773p.05369D.06343p.06505/0.06505] 0.04773 [0.0537 | 0.008 |p.09842.09306p.07728p.09757D.09757)0.09842| 0.07728 |0.0976 | 0.009 || 81.73
B71.09903)0.05789P.0485710.05044)0.0441410.09903] 0.04414 |0.0504 | 0.022 [p.09219].08348p.09125p.08348{ 0.091 [0.09219] 0.08348 [0.0910 | 0.004 |f 80.41
380.10506[0.06577D.06343] 0.0538 0.06505{0.10506| 0.0538 [0.0651 | 0.020 [D.09383.09736p.09508p.09383D.08145/0.09736| 0.08145 [0.0938 | 0.006 |{ 44.24
[39D.05044]0.04996).046580.044 14.0655500.06555| 0.04414 |0.0500 | 0.008 [D.09477 p.09121p.09238D.09158p.09493}0.08493| 0.09121 [0.0924 | 0.002 |f 84.91
40D.09662]0.09662.07429p.06423.04287)0.09662] 0.04287 |0.0743 | 0.023 |D.08727 p.07072p.09073P.09625p.09168}0.09625] 0.07072 [0.0907 | 0.010 |{ 22.13
410.07808}0.09662)0.07372)0.04857D.065430.09662] 0.04857 [0.0737 | 0.018 |P.06677 .09741p.09871]0.0926 [0.0952 0.09871] 0.06677 [0.0852 | 0.013 || 29.14
42.04773.05315p.09903p.05257.05789)0.09903 0.04773 [0.0532 | 0.021 [P.09733.09409[0.0936 P.09059).09409/0.09733| 0.09059 [0.0941 | 0.002 |f 77.03
43D.04815(0.0483 p.09412)0.04791P.08999)0.09412 0.04791 |0.0483 | 0.024 [p.09924(0.0938 [0.0978 P.09869p.09151)0.09924] 0.09151 [0.0978 | 0.003 |{102.48
44/ 0.0628 0.08079p.10506{0.08079P.096620.10506] 0.0628 |0.0808 | 0.016 [D.09093.09377.09213P.09093.09093§0.08377| 0.09093 [0.0909 | 0.001 |f 12.55

05379)0.07577p.09903.048150.09412}0.09903| 0.04815 [0.0758 | 0.023 [p.09667 p.09331{0.0878 [0.0878 P.09781)0.09781| 0.0878 |0.0933 | 0.005 [f 23.15
46]0.0538 0.047910.05815D.06423D.0477300.06423| 0.04773 |0.0538 | 0.007 |P.09814]0.0984 | 0.091 P.08607.09429]0.0984 | 0.08607 |0.0943 | 0.005 || 75.26
47]0.0633 0.04791.05648.08918.04791)0.08918] 0.04791 [0.0565 | 0.017 [D.09856]0.0911 .09612p.09354p.091980.09856] 0.0911 [0.0935 | 0.003 |f 65.62
48D.064230.04279)0.08079p.05257.07314}0.08079| 0.04279 |0.0642 | 0.015 |P.09928).09083]0.0909 |0.0993 p.09055]0.0993 | 0.09055 |0.0908 | 0.005 || 41.52
49D.04397)0.05315p.08071D.04837).058150.08071] 0.04397 [0.0532 | 0.014 |p.09982].08395p.09013] 0.094 P.09758/0.09982 0.08395 [0.0940 [ 0.006 || 76.86
I50D.04487]0.065050.07008D.07247).07113}0.07247| 0.04487 |0.0701 | 0.011 |P.09424 D.09266.09127.09413D.099590.09959] 0.09127 |0.0941 | 0.003 || 34.32
| | | |A=0.305B=0.04277[c=0.074[c=0.017|| JA=0.103]B=0.03850|C=0.092|C=0.006|F'=25.50

H —dnnuinualududau max —ffiawaia (RMSE) mnnfigaainnisveaas 5 af

min —AAawata (RMSE) uaufigaanmsvaaasy 5 af mean -AnadupasrianuAanata (RMSE) 3nnsvaaas 5 afo
1, 2, 3,4, 5 —-namsmaaavafot 1, 2, 3, 4, 5 TandainiTasstutinafawata (RMSE)

SD -ahLdnemmnnsg‘mnmmmmﬁnnmaammmnaao 5 afo A -mn'm:ﬂnna’mu‘mﬂqumnmmnaao 50 uvy (1-50 Twun)
B vha'nunnwmnﬁauﬂqnnnmmnaao 50 uyy (1-50 Tvus) C -Aaduainmmaasy 50 uuy (1-50 Tvua)

re -reduce Wafidudiasotnoinafanainanae Taom 16N (Meanusmw-Meansy)/meanaw*100

P Y g i) A a Yo A 1w 5
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gau M3 l¥anhminutuurasnuuayin 1 Inssvea Iinafianainanas 15 wuy ($mu
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Tnuaimitulurugou) Tavdaaluaundssinyauuunisnaasandd nisléanimin
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nuuvarssmuuai 1 Insevisa Inadanain lianas Taswadanaraidesigaves
' { T 4 ™ ’ A . 2
Tasavieanlganimminmosnufed Ao 0.04277 welFs1uau Inualuruseou 20 Tnua uag
a : H ' 4 v 3 o A
waRawa1aiesiigaveslnsaisai lsaniminuuunaiosniuudie 0.03850 1o 14

 # 1]
U Inualurugeou 4 Tnua




M3190 A.26 HAMINAABIIAZATAVBIVEYA sp500 TAu 1Y Elman Recurrent NN.
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Elman Recurrent NN. uuuladnhuinuivsaném (ERNN) Elman Recurrent NN. uuuldanw ¥ (MSERNN)

H 1 | 2 3 [ 4[5 [max]| mn [mean]| sp || 1 2 | 3 ] 4 | 5 [max| min [mean| sp [fre(%)
10.28256].28607]0.28695D.28203.28773)0.28773| 0.28203 |0.2861 | 0.003 [D.10029p.10286p.08654.10362p.1026610.10362| 0.08654 |0.1027 | 0.007 [|-64.11
2[0.11604p.1157200.11365{0.1176 P.13109}0.13109] 0.11365 [0.1160 | 0.007 [D.10931p.10927p.10039p.11036p.10458}0.11036] 0.10039 |0.1093 | 0.004 || -5.83
310.13943)0.194170.1528900.24799.1846410.24799] 0.13943 |0.1846 | 0.042 |D.10147 p.10098p.10649p.10912]0.1051 0.10912 0.10098 |0.1051 | 0.003 ||43.08
4.1088800.10077)0.10077.10888p. 10888[0.10888| 0.10077 [0.1089 | 0.004 [p.10558p.13301p.10204p.10223p.09181)0.13301| 0.09181 |0.1022 | 0.015 || -6.11
5 .17977p.08595p.093510.13646D.081030.17977| 0.08103 [0.0935 | 0.042 |P.08809]0.0685 p.10988p.05078p.109540.10994| 0.05078 |0.0881 | 0.026 || -5.80
6 0.10308p.09091.090910.10027).09091}0.10308| 0.09091 [0.0909 | 0.006 |p.10748].10682].10348.10985p.10992}0.10992] 0.10348 |0.1075 | 0.003 || 18.23
70.12925.09468p.12925p.11195p.13975{0.13975[ 0.09468 [0.1293 [ 0.018 |p.07681p.10856{0.1003 p.10821{0.1003 j0.10856| 0.07681 [0.1003 | 0.013 ||-22.40
80.094950.09716]0.09716{0.0954 .09716/0.09716{ 0.09495 [0.0972 | 0.001_|p.10974].10785p.10215p.10792).105170.10974] 0.10215 |0.1079 | 0.003 || 11.00
9 .12358p.13291/0.1513[0.1001 p.13714[0.1513 | 0.1001 [0.1329 | 0.019 |p-10822].10822p.10791p.10888p.10111)0.10888] 0.10111 |0.1082 | 0.003 ||-18.58
10p.09295p.0918800.09374].09424.093740.09424| 0.09188 |0.0937 | 0.001_|p.10641.10242p.10207p.12707p.10851j0.12707| 0.10207 [0.1064 | 0.010 || 13.52
11]0.0976 |p.162910.11614p.13266{0.1072 J0.16291| 0.0976 [0.1161 | 0.026 |p.12019].15086p.10398p.10097p.08838}0.15086] 0.08838 |0.1040 | 0.024 [|-10.47
12.09563D.09676.09563D.09897D.09563)0.09897| 0.09563 |0.0956 | 0.001 [p.10784P.10312.10661p.10191p.10503)0.10784] 0.10191 |0.1050 | 0.002 || 9.83
[13p.10698[ 0.101 12592 0.101 [ 0.101 J0.12592] 0.101_[0.1010 | 0.011_|p.10645p.08693p.08051p.10078p.10078}0.10645| 0.08051 |0.1008 | 0.011 || -0.22
14D.09302.09559p.07417p.07417p.09302§0.09559| 0.07417 [0.0930 | 0.011_[D.10019p-10208p.10549p.12074p.10602}0.12074] 0.10019 |0.1055 | 0.008 |{ 13.41
15p.10561p.104180.08507p.10418p.12418)0.12418] 0.08507 [0.1042 | 0.014 |P.09533].10419p.10321p.10491p.10815}0.10815| 0.09533 |0.1042 | 0.005 || 0.01
[160.09511p.100160.098750.08733p.09363)0.10016] 0.08733 [0.0951 | 0.005 |p.10179].08402|0.1077 p.07642p.10208]0.1077 | 0.07642 [0.1018 | 0.013 || 7.02
17]0.1139 |.11863.13459p.11863[0.1343 J0.13459| 0.1139 [0.1186 | 0.010 |p.11755].10246p.10246.10125p.15186{0.15186] 0.10125 |0.1025 | 0.022 [|-13.63
[18p.09618p.104090.09709p.10218.10407)0.10409] 0.09618 [0.1022 | 0.004 [p.12579].11512.10185p.11065p.10783}0.12579| 0.10185 |0.1107 | 0.009 || 8.29
190.09904p.10032p.13277p.13918D.09275)0.13918| 0.09275 |0.1003 | 0.021 |P.10675p.10369p.10858]0.1175 p.10032] 0.1175 | 0.10032 |0.1068 | 0.006 || 6.41
200.0939600.099350.09494P.10266D.08708)0.10266| 0.08708 |0,0949 | 0.006 [D.10262p.11014p.10888p.12671p.11589)0.12671] 0.10262 |0.1101 | 0.009 | 16.01
21p.11968p.112110.13281p.117210.08819)0.13281| 0.08819 [0.1172 | 0.016 |p.11846.08461p.10165.10808p.12361)0.12361| 0.08461 |0.1081 | 0.015 || -7.79
2200.07638)0.09339p.11175p.10767D.097670.11175| 0.07638 [0.0977 | 0.014 [h.08001p.11251p.11251p.08759p.10336/0.11251] 0.08001 |0.1034 | 0.015 || 5.83
23p.11512p.12694D.09215D.10704.1332900.13329] 0.09215 [0.1151 | 0.016_|p.10557 .1 .10471P.10038D.10297/0.12066 0.10038 [0.1047 | 0.008 || -9.04
24D.09351]0.1194 .11013p.12628[0.1273 | 0.1273 | 0.09351 [0.1194 | 0.014_|D.13105p.10321p.15021p.10581p.10818}0.15021] 0.10321 [0.1082 [ 0.020 |{ -9.40
25D.14829.15034]0.12288.12751D.12617}0.15034| 0.12288 [0.1275 | 0.013 |P.10355].10108D.10891p.10108p.10407)0.10891] 0.10108 [0.1036 | 0.003 [|-18.79
26).12369p.08103{0.1072 p.12324p.13013)0.13013] 0.08103 [0.1232 | 0.020 |p.10876p.14628[0.1304 |0.1349 p.10248}0.14628| 0.10248 |0.1304 | 0.018 || 5.81
27).12354)0.15465D.14825p.15769P.15253)0.15769| 0.12354 0.1525 | 0.014 |D.04684.10867p.10975D.10424.1054200.10975| 0.04684 [0.1054 | 0.027 |[-30.89
28D.1237300.09068D.13021D.08892D.10162{0.13021/ 0.08892 [0.1016 | 0.019 |P.10571.07354]0.1005 p.10049]0.1005 J0.10571| 0.07354 [0.1005 | 0.013 | -1.10
[29p.14222p. 12576[0.12426p.12628p.18048)0.18048 0.12426 [0.1263 | 0.024_|p.13429.13407.10445)0.1055 p.137650.13765| 0.10445 [0.1341 [ 0.017 |f 6.17
0D.129910.1294500.11086.12466D.09373)0.12991| 0.09373 [0.1247 | 0.015 [D.15642].10176p.14836p.13716p.11982)0.15642| 0.10176 |0.1372| 0.022 [ 10.03
B1D.10695.12442.123690.08733p.17707]0.17707] 0.08733 [0.1237 | 0.033 |P.10448.14068D.10116p.10798p.14146/0.14146] 0.10116 |0.1080 | 0.020 |{-12.70
32).13504.11317)0.13801.12426p.13401}0.13801] 0.11317 [0.1340 | 0.010 |p.10265/0.1569{0.1086 p.15908]0.1569 J0.15908] 0.10265 |0.1569 | 0.029 |f 17.08
33D.1236900.0889200.12594)0.17977D.12354]0.17977] 0.08892 |0.1237 | 0.033 |D.10646.10484D.10964D.10849p.10828)0.10964| 0.10484 [0.1083 | 0.002 |f-12.46
84p.12511D.132660.148590.18453D.19731)0.19731] 0.12511 [0.1486 | 0.032 |p.14629].10357p.10307p.10307p.14879§0.14879| 0.10307 [0.1036 | 0.024 |{-30.30
350.12426]0.14222p.17955D.16955p.07638§0.17955) 0.07638 [0.1422 | 0.041 [p.13721p.11406p.10777D.12491p.122720.13721] 0.40777 [0.1227 | 0.011 |[-13.71
36{0.1351 0.12703D.12682.18441D.13088[0.18441| 0.12682 |0.1309 | 0.025 |p.11667p.10666p.101890.11043p.146450.14645] 0.10189 [0.1104 | 0.018 |{-15.63
370.08673.09275p.09617p.11863p.12511)0.12511| 0.08673 [0.0962 | 0.017 |b.14133.15248.12688.10697]0.1092 |0.15248] 0.10697 [0.1269 [ 0.020 |[31.93
380.16544D.18672.20024.12733D.1301410.20024] 0.12733 [0.1654 | 0.033 |P.10933].10346p.10972.10421p.1068200.10972] 0.10346 [0.1068 | 0.003 |{-35.43
390.08891.08673D.09396D.16714).0990410.16714] 0.08673 |0.0840 | 0.034 [D.10914.15455p.10323p.12386.12234)0.15455| 0.10323 [0.1223 | 0.020 |f30.20
40p.11963D.18489p.08103D.08681D.199320.19932] 0.08103 [0.1196 | 0.055 |{0.1062 .12538D.12439P.14337D.14956/0.14856 0.1062 [0.1254 | 0.017 || 4.81
410.18048)0.10695p.14733D.16707.09904)0.18048] 0.09904 [0.1473 | 0.036 [P, 14427 D.10444D.10045D.10558p.12783{0.14427| 0.10045 [0.1056 | 0.019 |{-28.34
42p.09396).117820.09068] 0.1871 p.12617] 0.1871 | 0.09068 [0.1178 [ 0.039 |D.10542].10725p.10587.10802p.14565(0.14565] 0.10542 [0.1073 | 0.017 |f -8.97
43D.0946800.0872600.08733D.09373p.11086}0.11086] 0.08726 |0.0937 | 0.010 |b.10301.11572p.10833p.10073p.1028600.11572] 0.10073 [0.1030 | 0.006 |{ 9.90
44D.076380.09904p. 126820.28563P.08819§0.28563| 0.07638 [0.0990 | 0.086 |P.10682].13625p.13495p.10906.14398/0.14398] 0.10682 [0.1350 | 0.017 || 36.26

.14222p.17977p.08681.12694p.12628)0.17977| 0.08681 [0.1269 | 0.033 |D.101830.1065 P.10585p.11664D.10332)0.11664] 0.10183 [0.1059 | 0.006 [|-16.61
46{0.0976 0.11863]0.1139 .08733. 11013)0.11863| 0.08733 [0.1101 | 0.013 [D.10918p.10327]0.1024 P.10045p.10756/0.10918] 0.10045 [0.1033 | 0.004 |{ -6.23
470.1262800.10767.12354D.11211p.08127)0.12628] 0.08127 [0.1121 | 0.018 [P.10611].10058p.10729p.10809p.10994[0.10994] 0.10058 [0.1073 | 0.004 || 4.30
48D.09068.09396D.088920.12617D.10128)0.12617] 0.08892 [0.0940 | 0.015_|.10685p.10938p.10758.10397p.100280.10938| 0.10028 [0.1069 | 0.004 || 13.72
490.19627)0.11863p.12288D.11317{0.1216 [0.19627| 0.11317 [0.1216 | 0.035 |b.10236.10959p.10491.11835D.10858}0.11835] 0.10236 |0.1086 | 0.006 ||-10.71
500.08103p.12369.09617] 0.0854 [0.12576{0.12576| 0.08103 | 0.0962 | 0.021 |P.10887p.10206]0.1097 P.10212p.10453 0.1097 | 0.10206 |0.1045 | 0.004 || 8.69
| Ja=0. .074171C=0.116c=0.017|f JA=0.1598=0.04684[C=0.107[C=0.011|F=-5.05

H =3 nwuTvualutuday

min —A1AanaIa (RMSE) dasigaainnmsmanas 5 af
1, 2,3, 4, 5 -uanmaaaaforl 1, 2, 3, 4, 5 TanAaainiTassinolviuatianain (RMSE)

SD —ai‘udmmummgw‘nmdwmwﬂanma'-nnmmnaaa 5 afo

B -ahmwam«maﬂauﬂaaawnmma&ae 50 uuy (1-50 Twun)
re -reduce waftduddlasvthoyinafanaraanay Taomldain (Meanusgrwn-Meangryn)/Meangryn* 100

max —frAanwatn (RMSE) WINAFAIINMIMARDY 5 AT
mean -AaduuavAIANAaNaIA (RMSE) 3nnvaany 5 afo

A —FranuAamaisinnigaainnimaaas 50 uuy (1-50 Tuua)
C -Aaduannismeany 50 uuy (1-50 Twua)
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M9 1.27 HaNINAREIAZTDAVEITEYA sps00 Tauld Jordan Recurrent NN.

Jordan Recurrent NN, uuuldambwninviueandm (JRNN) Jordan Recurrent NN. uuuldanhwl, (MSJRNN)

1 [ 2 [ 3] 4] 5 [max| mn [mean] sp || 1 2 | 3 4 | 5 [max [ min [mean | sp |fre)

0.21865.22069p.199330.30515p.207370.30515] 0.19933 [0.2187 | 0.043 |[0.0934 p.08514p.09601p.09426p.09037}0.09601| 0.09037 |0.0943 | 0.002 ||-56.89

D.17072P.17785p.15625p.15933p.14083)0.17785 0.14083 [0.1593 | 0.014 |.09848P.07885p.07306p.05059|0.0625 0.09848) 0.05059 |0.0731 | 0.018 ||-54.15

D.14389p.138450.28391D.16473p.13453)0.28391| 0.13453 [0.1439 | 0.063 [[0.0965 p.07688p.09919p.093110.0886 j0.09318] 0.07688 |0.0931 | 0.009 |[-35.29

D.10045/0.1519 |0.10589p.10841p.13149] 0.1519 | 0.10045 [0.1084 | 0.022 |p.03922].06769p.06323]0.0976 P.03922{ 0.0976 | 0.03622 |0.0632 | 0.024 ||-41.68

D.103880.12981D.136190.13413D.14334§0.14334] 0.10388 [0.1341 | 0.015 |p.05497].03867].06411p.07262.038670.07262] 0.03867 | 0.0550 | 0.015 ||-59.02

D.1348200.11473p.13073.12785(0.1211 [0.13482[ 0.11473 [ 0.1279 | 0.008 |p.05938].05938p.06464.05938p.059380.06464] 0.05938 | 0.0594 | 0.002 || -53.55
D.05728)0.04793p.11899p.06629p.1014500.11899( 0.04793 [0.0663 | 0.030 /0.0753 p.09711].09095p.09408p.09685/0.09711| 0.0753 |0.0941 | 0.009 || 41.92
0.09146p.05573p.04832D.08392p.12904)0.12904| 0.04832 |0.0839 | 0.032 |p:05457p.05457D.09055p.09372.09372}0.09372] 0.05457 |0.0906 | 0.021 || 7.90
0.10014p.135150.07524P.13721|0.1286 |0.13721] 0.07524 | 0.1286 | 0.027 ||0.0748 p.08468D.03382].08468D.06396/0.08468| 0.03382 |0.0748 | 0.021 || 41.84
10p.12233p.05183)0.07374p.12661p.06486/0.12661] 0.05183 [0.0737 | 0.034 |p.07558.09029].03629.07403p.09289§0.09289| 0.03629 |0.0756 | 0.023 || 2.50
11D.07313.07477).12535p.10191p.11787/0.12535] 0.07313 [0.1019 | 0.024 |D.06687.09175p.09967p.09581p.09581}0.09967| 0.06687 |0.0958 | 0.013 || -5.99
120.07037.05105.03737p.04848D.09612)0.09612| 0.03737 |0.0511 | 0.023 |h.08167.09609P.08076.09999p.05218}0.09999] 0.05218 |0.0817 | 0.019 || 59.98
13D.04848.07053D.083660.061750.11694)0.11694| 0.04848 [0.0705 | 0.026 |P.08745).07733p.08465p.09018.04862)0.09018| 0.04862 | 0.0847 | 0.017 || 20.02

PNl |s|lw|Nn|=|T

14D.06628p.064920.06539.06628D.06791)0.06791( 0.06492 [ 0.0663 | 0.001 |p.07771P.07942)p.06083p.07942p.07771}0.07942] 0.06083 |0.0777 | 0.008 || 17.25

150.09612]0.04827)0.06175p.04827.04941)0.09612] 0.04827 [0.0494 | 0.021 |P.09066.06842p.09443D.06891D.09066{0.09443| 0.06842 | 0.0907 | 0.013 || 83.49
[160.07037p.08678p.11202] 0.0482 .05563)0.11202| 0.0482 |0.0704 | 0.026 |[0.0762 p.06361[0.0762 p.09819p.06361)0.09819] 0.06361 | 0.0762 | 0.014 || 8.28
170.04941p.07528p.10216D.06628D.0887500.10216( 0.04941 |0.0753 | 0.020 [|0.0742 p.05622p.09499p.09994p.09964)0.09994| 0.05622 | 0.0950 | 0.019 || 26.18
[18D.05105p.07374D.09332D.04848D.07374)0.09332| 0.04848 [0.0737 | 0.019 |P.09291).09973p.08411p.09026.09291)0.09973] 0.08411 |0.0929 | 0.006 || 26.00
[19.04855p.05074D.07313D.10246D.070370.10246| 0.04855 |0.0704 | 0.022 [P.09522).08097.09648| 0.098 _p.09264| 0.098 | 0.08097 [0.0952 | 0.007 || 35.31
20p.09818p.10216p.03825p.07528D.07037)0.10216| 0.03825 |0.0753 | 0.026 |P.09229].09822{0.0948 P.04675p.09736)0.09822| 0.04675 |0.0948 | 0.022 || 25.93
210.09391p.07528p.08392.09699D.06613)0.09699] 0.06613 |0.0839 [ 0.013 |P-09656 p.09253.08226].09207).09207}0.09656 0.08226 |0.0921 | 0.005 || 9.71
.0791500.07053D.03825p.08392.09699)0.09699| 0.03825 |0.0792 | 0.022_|P.07607 p.09063p.09632.09902p.09964)0.09964] 0.07607 |0.0963 | 0.010 |f 21.69
[23p.07753p.08875D.03747).08068D.07524)0.08875| 0.03747 [0.0775 | 0.020 |.09642p.08963D.08416D.09596.08416{0.09642| 0.08416 |0.0896 | 0.006 || 15.61
[24.08013p.05728D.04941D.08879D.04933)0.08879] 0.04933 [0.0573 | 0.018 |b.04353]0.0911 .093550.09939p.09355/0.09939] 0.04353 [0.0936 | 0.023 | 63.32
[25p.04793D.068350.05563D.09517D.0791500.09517| 0.04793 [0.0684 | 0.019 |p.09908].09573D.09908D.09456]0.0669 10.09908| 0.0669 |0.0957 | 0.014 | 40.06
[26D.05183.046890.07753.05563.08879}0.08879| 0.04689 |0.0556 | 0.018 |P.09557 p.09089p.09219P.09941p.09941}0.09941] 0.09089 [0.0956 | 0.004 |[ 71.80
R71.05408].04827)0.08401p.04832p.05183)0.08401| 0.04827 [0.0518 | 0.015 |b.09259]0.0993 p.03934).09259p.09403| 0.0993 | 0.03934 [0.0926 | 0.025 || 78.64
2800.06492.079150.07513.04848D.08621)0.08621| 0.04848 [0.0751 | 0.015 |p.07938].09934].09618p.06533D.09847/0.09934] 0.06533 [0.0862 [ 0.015 |{ 28.02

.05573D.10063D.07697D.06835p.074420.10063| 0.05573 |0.0744 | 0.016 |p.09384 .09196.09147).09335p.0986710.09867 0.09147 [0.0934 [ 0.003 || 25.44

.04832.046890.080890.03739D.05342/0.08089| 0.03739 [0.0483 | 0.016 [D.09541p.09883D.09584D.09584D.06572)0.09883| 0.06572 [0.0958 [ 0.014 |f 98.34
1D.05728D.08678p.06124D.08879p.08401}0.08879| 0.05728 |0.0840 | 0.015 |D.09327 p.06319p.09147]0.0976 p.09362]0.0976 | 0.06319 [0.0933 | 0.014 |[ 11.02
32p.05105p.04827.05342.046250.09612}0.09612| 0.04625 |0.0511 | 0.021 |.09345.09547.09356p.09781D.0615300.09781| 0.06153 [0.0936 | 0.015 || 83.27
33p.08678.07111.06107.04689D.06885{0.08678| 0.04689 |0.0689 | 0.015 [{0.0985 p.07991p.09894]0.0985 p.097410.09894 0.07991 [0.0985 | 0.008 || 43.06
B4D.07915p.077780.07053D.07069).07053}0.07915| 0.07053 10.0707 | 0.004 |p.09578]. .09725D.09009D.09508}0.09725] 0.09009 |0.0951 | 0.003 || 34.50
B5p.05927p.0616600.062990.04488| 0.057 |0.06299] 0.04488 0.0593 | 0.007 |.09281].09829D.09273p.09281D.096680.09829] 0.09273 [0.0928 | 0.003 || 56.59
36D.080680.04625( 0.057 |.05728D.048550.08068] 0.04625 [0.0570 | 0.014 [{0.0873 P.09293{0.0873 [0.0873 p.09543/0.09543| 0.0873 |0.0873 | 0.004 || 53.16
37]0.0649200.07553D.09391D.07442.05203§0.09391| 0.05203 [0.0744 | 0.015 [p.09209.08579p.08387p.09701p.09083}0.09701] 0.08387 [0.0908 | 0.005 || 22.05
380.0806800.07173D.06474D.09818.04625[0.09818| 0.04625 {0.0717 [ 0.019 |{0.095 p.09972p.09337] 0.095 [0.0848 0.09972] 0.0848 [0.0950 | 0.005 || 32.44
39D.04827).05067)0.08621.08089D.048270.08621| 0.04827 |0.0507 | 0.019 |p.09718p.08439p.08175p.09241].09621)0.09718] 0.08175 |0.0924 | 0.007 || 82.38
10p.09612)p.04933.05378D.06107D.0725900.09612] 0.04933 |0.0611 | 0.019 |p.09508]0.09508D.09181P.09854D.096670.09854| 0.09181 [0.0951 | 0.002 || 55.69
41D.06808)0.06539.05067D.05074.05074§0.06808| 0.05067 |0.0507 | 0.009 |p.09968.09083D.09338p.09754D.09988/0.09988] 0.09083 [0.0975 | 0.004 || 92.23
42.08089).07928p.038610.05281D.051050.08089] 0.03861 |0.0528 | 0.019 |D.08514.09046p.09573p.08916D.08916/0.09573( 0.08514 |0.0892 | 0.004 || 68.83
43D.05488)0.097290.08068D.08391D.05342§0.09729| 0.05342 [0.0807 | 0.021 |.09198).09881p.09111p.08887D.09111}0.09881 0.08887 [0.0911 | 0.004 || 12.93
440.0617500.07513P.07442D.10246D.051390.10246| 0.05139 [0.0744 | 0.019 D.09579.08437] 0.0928 b.09053p.09579}0.09579( 0.08437 0.0928 | 0.005 || 24.70
45D.088750.07442].11642].08538.08401)0.11642| 0.07442 [0.0854 [ 0.016 |P.09118.09769p.08558p. .096030.09769| 0.08046 [0.0912 [ 0.007 || 6.79
46D.05383p.05383D.08712.04625p.05359)0.087 12| 0.04525 [0.0538 | 0.016 [p.09868 p.09729p.08331p.08331D.09273}0.09868| 0.08331 [0.0927 | 0.007 || 72.26
47p.05363p.05203D.09818.08366D.05447)0.09818] 0.05203 [0.0545 | 0.021 |.09217.09944p.09668D.09826.09647(0.09944] 0.09217 |0.0967 | 0.003 || 77.49
48D.06474].05563.06539D.04793D.08875§0.08875| 0.04793 [0.0647 | 0.015 |P.09354.09449p.091560.09347D.09347}0.09449] 0.09156 [0.0935 | 0.001 |[ 44.38
490.05067)0.06107).07753D.07053p.10246§0.10246| 0.05067 |0.0705 | 0.020 [p.09326.09998p.09667p.09998]0.0909 0.09998] 0.0909 [0.0967 | 0.004 |{ 37.06
I50D.11005[0.09445{ 0.0482 0.051150.05408§0.11005| 0.0482 |0.0541 | 0.029 |P.08477.09199D.07003p.09315p.0959500.09585] 0.07003 [0.0920 | 0.010 || 70.10

| |A=0.305=0.03737C=0.071[c=0.019|{ I | | |A=0.100=0.03382/C=0.093[C=0.008|[=27.10
H —swuinualududau max —A1Aanaia (RMSE) innfigaannnimaaas 5 A
min —Afianata (RMSE) asvigaainnisvaans 5 afo mean -AnadprasAiAnuAanats (RMSE) annmmaas 5 afo

1, 2,3, 4,5 -uanmmaaacniont 1, 2, 3, 4, 5 TanAsiniTassinolvinadanaia (RMSE)

SD —ihtduomumus;wnmﬁm‘nnnnwmnnnmmnm 5 afo A —fanuAanaimnnigaainnivmaaas 50 uvy (1-50 Tuua)
B -dauAawamiaoigaannisvaaay 50 uuy (1-50 Tuua) C -Anaduainniswenas 50 uuy (1-50 Twua)

re -reduce WasidudAiasethebinafianainanas Taomldan (meanusyrun-mMeanpyy)/mean;yy* 100
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M990 7.28 HANMINADDIOADAYEITOYA sunsplus TAY 1Y Feed forward NN.

152

Feed forward NN, wuutdanhwinvivsdndm (FNN) Feed forward NN. uuuldanwilinuumainume (MSFNN)

H| 1 [ 2 [ 3 ] 4 5 ]mn min mean Sb 1 2 [ 3 4 5 Lmn min mean SD re(%)
1.07689p.07778.0833500.08387p.07579)0.08387| 0.07579 [0.0778 | 0.004 [0.0684 .07251p.07345/0.0712 p.07168)0.07345| 0.0684 [0.0717 | 0.002 || -7.84
2[0.08106p.06753D.06899p.07606.06852)0.08106| 0.06753 | 0.0690 | 0.006 |p.06912].06845p.06915p.06741D.06846/0.06915] 0.06741 |0.0685 | 0.001 || -0.77
3 0.06851.09978D.07899p.06851D.08802)0.09978] 0.06851 |0.0790 | 0.013 |p.06893.06929p.06735p.06927.06851)0.06929| 0.06735 [0.0689 | 0.001 | -12.74
40.06852)0.07046p.08464).06907p.06907]0.08464| 0.06852 [ 0.0691 | 0.007 |P.06743p.06863p.06935D.06947D.0695900.06959] 0.06743 [0.0694 [ 0.001 || 0.41
5 .08406.07727).07997p.07811D.088020.08802] 0.07727 [0.0800 | 0.004 |p.06928[0.0702 |p.06848p.07105p.0712500.07125| 0.06848 [0.0702 | 0.001 |[ -12.22
6]0.0825 .08015.083010.08517).07865/0.08517| 0.07865 [0.0825 | 0.003 |p.06965P.07025p.07059p.06859p.06926§0.07059( 0.06859 [0.0697 | 0.001 || -15.58
7 p.06907p.07997).08266.06942.0728500.08266 0.06907 |0.0729 | 0.006 |P.06937 p.06822p.07108p.06884D.0691900.07108| 0.06822 [0.0692 | 0.001 || -5.02
8]0.0717 p.07816p.08392.07286p.075790.08392| 0.0717 |0.0758 | 0.005 |p.06891).06927D.06961p.06767p.06813[0.06961| 0.06767 [0.0689 | 0.001 |f -9.08
9 0.07865p.08778p.070550.08789p.07055/0.08789] 0.07055 |0.0787 | 0.009 |p.06874 .06811D.06894D.06926.06876/0.06926/ 0.06811 [0.0688 | 0.000 |{ -12.57
0p.07816).06851.07065{0.0732 p.07197}0.07816] 0.06851 [0.0720 | 0.004 [p.07006.07027p.06903p.06977.06889)0.07027 0.06889 [0.0698 | 0.001 || -3.06
11p.07491p.07272p.08015.08778p.07222}0.08778| 0.07222 |0.0749 | 0.007 |p.06824.06877(0.0687 p.06937p.07257/0.07257| 0.06824 [0.0688 | 0.002 || -8.20
1200.07606.071650.070960.08274p.06907]0.08274 0.06907 [0.0717 | 0.005 |b.06884 .07097p.06868D.06906{0.0689 |0.07097| 0.06868 |0.0689 | 0.001 |f -3.84
13D.07881).08644p.07096{0.07816D.0731900.08644] 0.07096 [0.0782 | 0.006 |P.06986.07011p.07071.06959p.07092)0.07092{ 0.06959 |0.0701 | 0.001 |f -10.30
14{0.0755 p.07773p.08015{0.0825 p.06852{ 0.0825 | 0.06852 [0.0777 | 0.005 |b.07247}.06917p.06786p.07327p.06996)0.07327| 0.06786 0.0700 | 0.002 |f -10.00
5D.07285]0.07727.07285.08209D.07413}0.08209] 0.07285 |0.0741 [ 0.004 |P.07195.06893D.06856D.06911D.07021)0.07195| 0.06856 |0.0691 | 0.001 || -6.77
he.08081.07822p.07644{0.0766 p.08789)0.08789] 0.07644 |0.0782 | 0.005 |P.06938.06854D.07018p.06857p.07039)0.07039( 0.06854 [0.0694 | 0.001 | -11.30
170.07579p.07816p.06851.07606p.07319}0.07816] 0.06851 [ 0.0758 | 0.004 |p.07092[0.0709 p.06862p.06825p.06973(0.07092| 0.06825 |0.0697 | 0.001 || -8.00
180.08387]0.075550.08805D.08507]0.0717 0.08805| 0.0717 |0.0839 | 0.007 |P.06757.06928).068880.07051D.06981)0.07051| 0.06757 |0.0693 | 0.001 |f -17.40
H9.06851)0.08406p.08301] 0.0755 p.08067}0.08406] 0.06851 | 0.0807 | 0.006 |{0.0694 p.06874p.07364p.07061D.07143)0.07364| 0.06874 [0.0706 | 0.002 |f -12.47
20p.07899)p.06907}0.082750.07865D.08015}0.08275 0.06907 |0.0790 | 0.005 [{0.0695 p.06864D.06896p.06837P.06926]0.0695 | 0.06837 |0.0690 | 0.000 |f -12.70
21p.07579p.08209p.08149.08789p.07881)0.08789| 0.07579 [0.0815 | 0.004 |D.06967 p.06845D.07034D.07334D.07449)0.07449| 0.06845 [0.0703 | 0.003 || -13.68
R2}0.06942]p.07811.06763}0.07689p.07997}0.07997] 0.06763 |0.0769 | 0.006 |P.07038 p.06933]0.0706 p.06823D.06855(0.0706 | 0.06823 [0.0693 | 0.001 | -9.83
23p.07872)p.08376}0.0770600.076060.07727}0.08376 0.07606 |0.0773 | 0.003 |[0.0676 p.07015p.07552p.07563p.07112}0.07563] 0.0676 [0.0711 | 0.004 || -7.96
24.07474].08392).07822)0.06907]0.0717 0.08392| 0.06907 | 0.0747 | 0.006 |p.06937.06804D.07011p.06886D.072870.07287| 0.06804 [0.0694 | 0.002 || -7.18
250.07976)p.07474p.06942)0.08517.06851)0.08517] 0.06851 |0.0747 | 0.007 [p.07048.07016p.06977.07054D.06792{0,07054 0.06792 [0.0702 | 0.001 || -6.13
260.08805p.08067)p.08778)0.09978).07606/0.09978] 0.07606 [0.0878 | 0.009 |D.07176.07023p.07347p.07268p.0701710.07347| 0.07017 {0.0718 | 0.001 || -18.25
270.08464)p.08209.07773)0.08335.08517}0.08517] 0.07773 [0.0834 | 0.003 |p.06894 p.06984D.06825p.06772p.0698410.06984| 0.06772 |0.0689 | 0.001 || -17.29
28.07881p.08106).08106}0.08789p.08106{0.08789] 0.07881 |0.0811 | 0.003 |.06892].06968p.07078p.06773p.06968)0.07078| 0.06773 |0.0697 | 0.001 || -14.04
[29p.07865p.08106{0.0788 |0.08106.069070.08106| 0.06907 |0.0788 | 0.005 |h.07724)p.07446D.06827p.06973p.0685800.07724{ 0.06827 |0.0697 | 0.004 | -11.51
30p.08136)0.08464p.08644)0.08507|0.0788 J0.08644] 0.0788 |0.0846 | 0.003 |p.06838 p.07006p.06746p.06992p.06878}0.07006| 0.06746 |0.0688 | 0.001 || -18.74
510.06851p.08106).07644)p.0768p.08569}0.08569] 0.06851 0.0768 | 0.006 [10.0757 P.06978p.06796p.07502.07223]0.0757 | 0.06796 |0.0722 | 0.003 || -6.06
[32p.07811)p.07689p.06942)0.07727p.08392}0.08392| 0.06942 [0.0773 | 0.005 |p.06968 p.07788D.07791D.07948D.06995(0.07948| 0.06968 |0.0779 | 0.005 || 0.79

,0777800.08802).0782200.09978.08136{0.09978| 0.07778 |0.0814 | 0.009 |D.07647.073550.07726.06847p.07782)0.07782| 0.06847 [0.0765 | 0.004 |{ -6.01
34p.07096{0.0788 p.07881.08106p.08517]0.08517| 0.07096 | 0,0788 | 0.005_|p.06712].06759D.06963p.06953]0.0688 0. 0.06712 0.0689 | 0.001 || -12.57
35p.07997.08272|0.0825 .08015p.06852|0.08272] 0.06852 |0.0802 | 0.006 _[D.07766].07046p.07766p.07817p.06928)0.07817| 0.06928 |0.0777 | 0.004 || -3.11
56D.08136.08644.07555.07096p.082740.08644| 0.07096 | 0.0814 | 0.006 [D.07647.07517.06949[0.0705 p.07173)0.07647| 0.06949 |0.0717 | 0.003 || -11.84
57D.08149p.08272D.08569p.07644p.075550.08569] 0.07555 | 0.0815 | 0.004_|p.07173.07292.06849[0.0717 P.07734§0.07734| 0.06849 |0.0717 | 0.003 || -11.98
38D.08576.08737).083870.08209D.082660.08737| 0.08209 |0.0839 | 0.002_[.06821.06953p.06816]. .07018}0.07018| 0.06816 |0.0686 | 0.001 || -18.23
59p.06758] 0.0825 .08805D.08392]0.0840640.08805] 0.06758 | 0.0839 | 0.008 |{0.0688 |0.0689 .06938p.07933D.077750.07933| 0.0688 |0.0634 | 0.005 || -17.33
40p.08406p.08301D.07644/0.08507P.08335/0.08507] 0.07644 | 0.0834 | 0.003 |D.06694]0.0694 .07245p.06771D.06819)0.07245| 0.06771 |0.0689 | 0.002 |{ -17.29
141]0.0818 p.07778D.08331p.08778p.08841/0.08841] 0.07778 | 0.0833 | 0.004 |p.07016.070370.0693 .06972.06926{0.07037) 0.06926 | 0.0697 | 0.000 || -16.31
l42D.08067]0.08902D.07727p.08392p.0827410.08902| 0.07727 |0.0827 | 0.004 |p.06898D.07106.06861D.06939p.07086{0.07106| 0.06861 |0.0694 | 0.001 |f -16.13
43p.08335{0.0818 |0.08569P.08613p.08272)0.08613] 0.0818 | 0.0834 | 0.002 |.07087 p.06747]0.0683 [0.0686 p.06795{0.07087| 0.06747 |0.0683 | 0.001 |f -18.06
4ap.08902]0.0818 .08464p.07822p.08331)0.08902| 0.07822 | 0.0833 | 0.004_|p.06894 D.06878D.06818p.06884P.06859/0.06894| 0.06818 |0.0688 | 0.000 || -17.44
l45p.08644].08106p.08464.08569] 0.0901 | 0.0901 | 0.08106 | 0.0857 | 0.003 |p.08072p.06991p.07961p.07876.07016§0.08072| 0.06991 [0.0788 | 0.005 || -8.09
la6p.08789p.07222D.07474]0.0912 P.09452)0.09482] 0.07222 | 0.0879 | 0,010 |D.06754 D.06219p.077620.0807 p.07998/0.08219| 0.06754 |0.0800 | 0.006 |{ -9.00
47p.07222p.08272p.083871.08266p.06907)0.08387| 0.06907 | 0.0827 | 0.007 |p.06895.06901D.06888D.06945p.06987)0.06987| 0.06895 |0.0690 | 0.000 |f -16.51
48D, 08149.07065p.07474P.07599p.09978)0.09978] 0.07065 | 0.0790 | 0.011 [{0.0705 D.06874p.06836P.06966p.0709900.07099f 0.06836 |0.0697 | 0.001 |f -11.81
49p.07065|0.0755 .07644p.08517D.08517j0.08517] 0,07065 | 0.0764 | 0.006 [.06986]0.0843 .08358p.08399p.08374 00843 | 0.06986 |0.0837 | 0.006 || 9.55

07055p.08902)0.08301p.08802| 0.0911 | 0.0911 | 0.07055 |0.0880 | 0.008 |D.06917)0.07049p.07335p.07114p.079230.07823| 0.06917 |0.0711 | 0.004 | -19.18
| | 1 | IA=0.1003=0.06753[C=0.078|C=0.005|{ 1 1 | JA=0.084p=0.06712/C=0.070C=0.001|F=-11.66

H —3nnuTwualudusdau

min —AAanaia (RMSE) vasiigaannmmaaae 5 Al
1,2,3,4, 5 -uammaaaonfont 1,2,3,4,5 hnﬁmnﬁm:ﬁnlﬁuaanuna (RMSE)

SD -n'wlt{nemumasgwnaoa'mnunanmnnnmmnam S Al
B -dArmmAanaraiasigaadnnisnaaas 50 uvy (1-50 Tnua)

max —AAanaia (RMSE) inndigaainmimaaas 5 Al
mean -fnaduuavAInuAanaIn (RMSE) :nnimaans 5 afa

re -reduce wladidusi lasotipivinafanarnanas Tanurl63In (Meanuspw-Meanaw)/meangw*100

A —damufAsnasnnigaainnsmaang 50 uuy (1-50 Twus)
C -Anadoanmsmaaae 50 uuy (1-50 Twua)

4' Y g U d' S 9o d' " @ gl
WANIINARDININAIT 1N 7.28 naaaldiiudt welinis 191 Inuaiminu lusu

L] v g o o ' a 3
Pau M3 1¥animinuuurnaonmuuanii 1 Iasaviva karanainanas 47 uuu (3wu

I v o y a d $ 1Y v 3
Tnuanmimulurugou) Tasdraaiurundosinynuuumsnaasauds nisleanimin

4o q W ' Yy a - a a v
wvuvaronuuan 1 Inseviea Inaranananaslaonao 11.66% lavnanana1nnuoe

3 ' 4 3 o ' A ° 2
ngaveslasevvanldanhmindivanuded fie 0.06753  WeldsmauInualuyugon 2

a 1 1 ' 1 v 3 @ J
Tvua uazraAanaaMissiigavesInseioai ldanihminuuunarssniuuafe 0.06712

A ° 5 L
we ¥ muTvualususou 34 Tnua
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M3190 .29 HANITNABILAZADAVEIVBYA sunsplus 1Au1Y Elman Recurrent NN.

Elman Recurrent NN. uuuldanhwniniiussnéu (ERNN) Elman Recurrent NN. uuutdaniw i (MSERNN)

1 | 2 [ 3] 4 [ 5 [max| mn [mean]| sp 1 2 | 3 4 5 | max [ min [mean| sD | re(%)

0‘07825'.').07341b.06789b.07555b.075555.07825 0.06789 |0.0756 | 0.004 :.osnso.oesssb.oesu 0.0699 P.06746| 0.0699 | 0.06595 | 0.0674 | 0.002 ||-10.85

0.06534p.065370.065370.06534b.06537h406537 0.06534 [0.0654 | 0.000 |D.06544 D.06702b.065 .06765/0.0674 [0.06765| 0.06544 [0.0670 | 0.001 || 2.52

0.06444]0.0662 .073010.06895p.06655{0.07301| 0.06444 |0.0666 | 0.003 |b.06591.06733p.06508p.06587D.06695)0.06733| 0.06508 |0.0659 | 0.001 || -0.96

0.06534D.06537.065370.06557D.06557(0.06557| 0.06534 | 0.0654 | 0.000 [p.06794)p.06607p.06661p.06531p.06859)0.06859] 0.06531 |0.0666 | 0.001 || 1.90

D.07146.06696p.07189P.06626D.072520.07252| 0.06626 [0.0715 | 0.003 |D.07151p.06692).06904.07632.068780.07632| 0.06692 | 0.0690 | 0.004 || -3.39

D.06597.065970.06597).06597p.06586§0.06597| 0.06586 [0.0660 | 0.000 |P.06749).06745p.06744]0.0669 .06599§0.06749| 0.06599 | 0.0674 | 0.001 || 2.23

0.06917p.066910.07196p.06607.07152}0.07196| 0.06607 |0.0692 | 0.003 |p.07007 p.07058p.06963.06928p.06655/0.07058| 0.06655 |0.0696 | 0.002 || 0.67

D.06657]0.066570.0658400.06602.06647]0.06657| 0.06584 |0.0665 | 0.000 [10.0693 |.07166p.06834D.06609p.06794§0.07166| 0.06609 | 0.0683 | 0.002 || 2.81

Wlo|Nlo|ja|slen|a|T

.0683500.069790.068810.06735p.06819}0.06979] 0.06735 |0.0684 | 0.001 [D.06744p.06738p.06923p.06657.06725/0.06923| 0.06657 |0.0674 | 0.001 || -1.42

=

0p.06593.06593.06644].06649.065930.06649] 0.06593 |0.0659 | 0.000 |p.06849.06812p.06679p.06948|0.0674 [0.06948| 0.06679 |0.0681 | 0.001 || 3.32

110.06597D.070580.06884.06597] 0.073 | 0.073 | 0.06597 |0.0688 | 0.003 |p.06895).06969p.06898]0.0675 .06887]0.06969] 0.0675 |0.0690 | 0.001 || 0.16

[120.06702p.06694.06603D.06668.06702{0.06702 0.06603 |0.0669 | 0.000 |b.06628|.06959p.06885p.06895.06881/0.06959] 0.06628 |0.0689 | 0.001 || 2.85

130.06626| 0.07 .069180.06763[0.0725 [ 0.0725 | 0.06626 |0.0692 | 0.002 |D.07017.06979p.07024p.06972p.06702}0.07024] 0.06702 |0.0698 | 0.001 || 0.88

[140.06726.06749p.06739P.06622P.067490.06749] 0.06622 [0.0674 | 0.001_[D.06701.07282p.07041p.07074] 0.072 0.07282] 0.06701 |0.0707 | 0.002 || 4.97

[150.06897D.07028D.06913.07235D.07692§0.07692| 0.06897 |0.0703 | 0.003 [b.07563.07208p.07154p.07177p.06857j0.07563 0.06857 |0.0718 | 0.003 || 2.12

1160.06722p.06803.06769)0.06731D.0668210.06803[ 0.06682 | 0.0673 | 0.000 [{0.0713 |p.07284p.07009p.06827p.07048p.07284| 0.06827 |0.0705 | 0.002 || 4.71

[17p.07488p.06809p.067360.07027p.07013{0.07488| 0.06736 | 0.0701 | 0.003 |D.07146.06822].06913p.07197p.07191/0.07197| 0.06822 |0.0715 | 0.002 || 1.90

1180.06901)0.06789p.06812.07017D.06828/0.07017| 0.06789 |0.0683 | 0.001 [P.07251.06935p.06934.07188.06868)0.07251 0.06868 |0.0694 | 0.002 || 1.57

[190.07172)0.0698600.074950.07926D.07514§0.07926| 0.06986 | 0.0750 | 0.004 [P.06904 .06859p.06868p.06774|0.0676 0.06904| 0.0676 | 0.0686 | 0.001 || -8.49

20D.06794|0.0692 p.06907.07001D.06828/0.07001| 0.06794 [0.0691 | 0.001 [p.07241p.07541p.08331p.06759p.0803200.08331) 0.06759 |0.0754 | 0.006 || 9.18

[21P.07275p.07911p.06981p.07511]0.0788 0.07911] 0.06981 [0.0751 | 0.004_|b.070630.07061p.06652)p.06804p.07035)0.07063] 0.06652 |0.0704 | 0.002 || -6.34

22/0.0723 p.06818p.070330.07055p.07228[ 0.0723 | 0.06818 [0.0706 | 0.002 |b.07098).06962b.06996p.07307p.070390.07307 0.06982 |0.0704 | 0.001 || -0.23

230.07237.07838.07338.07489(0.0764 0.07838] 0.07237 |0.0749 [ 0.002_|b.07559].07674p.06914p.07404D.06716/0.07674| 0.06716 |0.0740 | 0.004 |f -1.13

24).0720 .07273'0.0738b.07059p.07287 0.0736 | 0.07059 }0.0727 | 0.001 w.07534 D.O7234*).07009h.07047 0.0684 0.07534| 0.0684 |0.0707 | 0.003 || -2.80

[25p.07208).07276.075960.07701p.07276/0.07701| 0.07208 [0.0728 | 0.002 |p.06828).07034p.06988]0,0701 p.07034)0.07034| 0.06828 |0.0701 | 0.001 || -3.66

[26p.07189p.07205p.07681p.07205p.07681j0.07681| 0.07189 |0.0721 | 0.003 |p.07186.06944.06789p.06898p.07035/0.07186 0.06799 |0.0694 | 0.001 || -3.62

[27p.07168p.08755p.08312]0.072080.07556/0.08755| 0.07168 | 0.0756 | 0.007_|p.07587|0.0734 P.06688p.06927D.06906{0.07587| 0.06688 |0.0693 | 0.004 || -8.32

1280.07252)0.07252.07233{ 0.076 P.07462| 0.076 | 0.07233 [0.0725 | 0.002 |p.07132).07208p.06976p.07334P.0750300.07503] 0.06976 |0.0721 | 0.002 |{ -0.61

90.07622{0.0759 .07314]0.0726 .07245)0.07622| 0.07245 [0.0731] 0.002 |p.06748p.06916p.07416.06783p.075290.07529] 0.06748 |0.0692 | 0.004 || -5.44

30p.08325{0.0836 |0.0756 .07383p.07383{ 0.0836 | 0.07383 |0.0756 | 0.005 |p.08044|0.0694 p.07658D.07174p.07915/0.08044| 0.0624 [0.0766 | 0.005 || 1.30

31]0.0752 | 0.0754 .08467).07795p.07332}0.08467| 0.07332 [0.0754 | 0.004 [D-07471].08176p.07137]0.0811|0.0698 }0.08176| 0.0698 |0.0747 | 0.005 |{ -0.92

320.07844.07547.08027|0.0743 p.0752710.08027| 0.0743 [0.0755 | 0.003 |D.07111).07138p.07139p.06934D.07457/0.07457| 0.06934 |0.0714 | 0.002 |[ -5.41

330.08371D.08012.073410.08735D.0856410.08735| 0.07341 |0.0837 | 0.006 [p.07109[0.0698 p.07736p.08026] 0.074 0.08026] 0.0698 |0.0740 | 0.004 [[-11.60

[340.07659)0.0758600.08339(0.0797 .08352}0.08352 0.07586 [0.0797 | 0.004 [{0.0703 .07181p.07948D.07474D.07198)0.07948| 0.0703 [0.0720 | 0.004 |[ -9.69

350.07544].08419p.08447.07825D.08556/0.08556| 0.07544 [0.0842 | 0.004 |p.08184]0.08248p.06895p.07017p.07435/0.08248| 0.06895 |0.0744 | 0.006 |[-11.69

360.08312.08498.07434.07585D.07707}0.08498] 0.07434 [0.0771 | 0.005 [{0.0826 p.07868p.07513p.07111p.08133[0.0826 | 0.07111 [0.0787 [ 0.005 | 2.09

37]0.0726 .07168]0.0719 .08443D.07751(0.08443] 0.07168 |0.0726 | 0.005 |b.07246{0.0738 p.07293p.07164D.06949(0.0738 | 0.06949 [0.0725 | 0.002 |{ -0.19

38D.08638.08942).08209{ 0.0863 P.08096/0.08942] 0.08096 [0.0863 | 0.003 |D.08676].07296p.07759p.07787]0.0713 }0.08676| 0.0713 |0.0776 | 0.006 |[-10.09

[390.07199p.07346.08312.07172|0.0844 [ 0.0844 | 0.07172 |0.0735 | 0.006_[.07449.07135p.08438p.07577|0.0957 [0.0857 | 0.07135 [0.0758 | 0.010 || 3.14

40.09176p.09145.08346.08018D.06809/0.09176] 0.06809 [0.0835 | 0.010 [p.13139].07387]0.0809 P.09776.07138[0.13139| 0.07138 [0.0809 | 0.025 || -3.07
41D.07172{0.0838 | 0.0838 0.07252.07205{ 0.0838 | 0.07172 [0.0725 | 0.006 |p.07138)0.08106.13199p.12495p.07282)0.13199| 0.07138 |0.0811 | 0.030 |[11.78

42D.072050.08096p.07233.09001D.08216/0.09001| 0.07205 |0.0810 | 0.008 |p.06917p.07187p.07303p.06998p.07376)0.07376 0.06917 |0.0719 | 0.002 |{-11.23
43p.07033p.113320.0773 [0.0719 P.07252}0.11332] 0.07033 [0.0725 | 0.018 |p.11222].07606{0.0735 [0.1103 .091980.11222] 0.0735 |0.0920 [ 0.018 |[26.83

440.07233.07659[0.0743 .07202.07252}0.07659] 0.07202 [0.0725 | 0.002 [b.07554.07352p.07861D.07218p.072680.07861] 0.07218 [0.0735 [ 0.003 | 1.38

0.085 .06789[0.0739 0.10619p.09221}0.10619] 0.06789 [0.0850 | 0.015 |p.08941D.07195p.07187p.07413P.08418)0.08941[ 0.07187 [0.0741 | 0.008 [|-12.79

.06696D.06622)0.07168p.07825p.07189/0.07825] 0.06622 |0.0717 | 0.005 [D.07942]0.07683D.08151.07219p.08226/0.08226| 0.07219 [0.0794 | 0.004 || 10.80

47D.09543p.07282).0729200.10722p.11883j0.11883[ 0.07282 |0.0954 | 0.021 [D.07404.07254D.07452p.07469p.07463)0.07469| 0.0725¢ |0.0745 | 0.001 [|-21.91

48D.10932).07649p.07275p.07924] 0.0838 [0.10932| 0.07275 | 0.0792 | 0.015 [|0.0843 p.07538.08488D.08126p.07565/0.08488| 0.07538 0.0813 | 0.005 || 2.55

490.07168p.08312{0.0737 .07276.07245/0.08312| 0.07168 |0.0728 | 0.005 [p.06931).07373D.07549.07458p.072590.07549] 0.06831 |0.0737 | 0.002 || 1.33

500.0720500.06682.07383.07338D.06818/0.07383| 0.06682 | 0.0721 | 0.003 [D.07616].07136].07165p.06774p.07865.07865| 0.06774 |0.0717 | 0.004 || -0.56
| |

| JA=0.119=0.06444[C=0.073[c=0.003}{ | | |A=0.132=0.06508[C=0.071[C=0.002|f>=-0.21
H =3 uTwualududau max —Afawata (RMSE) manigaannnismaaas 5 A
min —ArAawaia (RMSE) vaudigaannmsmeaas 5 afo mean -ANafuuIRIANNARNAIR (RMSE) 3nnn1imaaay 5 afo

1, 2, 3,4, 5 —wammeanvafont 1, 2, 3, 4, 5 TavAanilassthobinadanain (RMSE)

SD -dndmmumafswuma‘ﬁmmnanmm'\nmmnam 5 afo A —fanufanamnniaasinnmmaaay 50 uuy (1-50 Tnun)
B -dAnuAanaimiauigaainmsmaase 50 uuy (1-50 Twua) C -Anadpannnismaaas 50 uuy (1-50 Twua)

re -reduce wasidusiiiasothoihinafawainanas Taouldan (meanusgann-Mmeangayy)/meangrw*100

» < . 2 ° 3 " o g'
HAN1INARBIINAITIN .29 uaaaliiu elins 199 u Tnuanminu lusu
’ N ! o ° ] - °
aou M3 l¥anihminuuunamonuuai i 1asaviva naranamanas 26 uuy (31U
a 1 @ 2 a ' - v DRI @
Tnuaiminulusugeu) TasdrAauaundonnnauuumsnaaswnds msldanimmin
o o (] v a Py a -=i Vv
uuuvarosmuua 19 Insevisa naianainanad lnomae 0.21% Iaswaranaianiios
3 ' H y ¥ @ ' A ° A
ngaveslnsaviganlganiminifivenudes Aie 0.06444 el manuTnualususou 3
- 3 ' ’ M ’ g &
Truna uazwarananMiosigavesInsavioai IFanimminuuunaronuuane 0.06508

o e L,
wolyd i Tnualususou 3 Tnua



M3 7.30 HANINARBIALADAVDIVEYA sunsplus 1LY Jordan Recurrent NN.

154

Jordan Recurrent NN. uuuldanlwninniseandur (JRNN) Jordan Recurrent NN, uuuldank (MSJRNN)
H 1 | 2 | 3 ] 4 5 [ max [ min [mean| sp 1 2 [ 3 4 5 | max | min [mean | sD || re(%)
1.07679p.08236D.07818.08076D.07789}0.08236| 0.07679 |0.0782 | 0.002 |p.06944 p.06879.06817]0.0724 .06951]0.0724 | 0.06817 [0.0694 | 0.002 [ -11.18
2[0.071830.0699 p.07446p.06944]0.0688 [0.07446| 0.0688 [0.0699 | 0.002 |p.06952].06787p.06838p.06774. .06952| 0.06774 [0.0684 | 0.001 || -2.17
3.071950.071290.07406p.06944D.06892)0.07406| 0.06892 [0.0713 | 0.002 [P.06838]0.06737.06872p.06804]0.0683 }0.06872| 0.06737 0.0683 | 0.001 || -4.19
4]0.0828 .08151D.08094D.07322p.07458{ 0.0828 | 0.07322 [0.0809 | 0.004_[D.06849].06884P.06961D.06939p.06845/0.06961| 0.06845 |0.0688 | 0.001 || -14.95
5 0.07044p.06893D.07343p.07343D.0718500.07343| 0.06893 [0.0719 | 0.002 [p.06963p.07048p.06956p.07021p.06821/0.07048] 0.06821 [0.0696 | 0.001 || -3.09
6 0.08567p.083510.07524p.08777.07212)0.08777| 0.07212 |0.0835 | 0.007 |p.06862].06868.06892].06654D.06768{0.06892| 0.06654 |0.0686 | 0.001 |[ -17.83
7 p.06963)0.07504]0.0702 .07148D.07503)0.07504] 0.06963 [0.0715 | 0.003 [P.07059).06812p.06917p.06886p.07101)0.07401| 0.06812 [0.0692 | 0.001 || -3.23
80.07259p.07169[0.0722 p.07514p.07331)0.07514] 0.07169 [0.0726 | 0.001 |{0.0698 p.06926p.07022p.06985(0.0692 J0.07022| 0.0692 |0.0698 | 0.000 || -3.84
9 p.07547)0.07031p.07544.07046p.071840.07547( 0.07031 [0.0718 | 0.003 |p.06838).06909p.06727p.07137p.070550.07137| 0.06727 |0.0691 | 0.002 || -3.83
100.08777]0.08049p.0689800.08332.07446/0.08777] 0.06898 |0.0805 [ 0.007 |b.06944 .06917p.06822)0.06861p.07007}0.07007| 0.06822 |0.0692 | 0.001 || -14.06
11D.0809600.08056.071360.08049p.07222§0.08096] 0.07136 [0.0805 | 0.005 |.07353.07353p.06832].06944.06908}0.07353| 0.06832 |0.0694 | 0.003 || -13.73
12.06963)0.07692p.07249.07495p.06893)0.07692| 0.06893 [0.0725 | 0.003 |P.06875.06731p.06986.06804].06928/0.06986 0.06731 |0.0688 | 0.001 || -5.16
[130.07168{0.0722 .0727600.073460.07232}0.07346] 0.07168 [0.0723 | 0.001 10.0695 [0.0735 p.07324p.07427.06955/0.07427| 0.0695 [0.0732 | 0.002 || 1.27
140.07603.07677D.07557{0.0813 [0.0733 [ 0.0813 | 0.0733 [0.0760 | 0.003 [h.07009.06791p.07096{0.0705 .06843}0.07096( 0.06791 [0.0701 | 0.001 || -7.81
[150.0796600.07389(0.0799 .07343p.08127}0.08127| 0.07343 [0.0797 | 0.004 |D.06654 p.06674D.06801]0.0673 .067370.06801| 0.06654 [0.0673 [ 0.001 || -15.52
[1600.07856).07628D.0732200.07724p.08151)0.08151] 0.07322 [0.0772 | 0.003 |p.07242( 0.074 p.07331p.07445p.07485/0.07485| 0.07242 [0.0740 | 0.001 || -4.19
[170.077180.08236D.077010.08084D.08929}0.08929] 0.07701 |0.0808 | 0.005 [p.07095.06946D.07063p.07064D.0675500.07095] 0.06755 [0.0706 [ 0.001 || -12.63
[18.07249P.07941D.074550.07249p.07591)0.0794 1] 0.07249 0.0746 | 0.003 |.07034 .06705p.068861.07216D.06916/0.07216| 0.06705 [0.0692 [ 0.002 || -7.23
[19D.08588]0.0878 p.07462.07136D.08127/0.0878 | 0.07136 |0.0813 | 0.007 |P.06921].06827P.06742p.06896D.06709/0.06921| 0.06709 [0.0683 [ 0.001 |f -16.00
200.07839p.07502p.07984P.07692.074950.07984| 0.07495 |0.0769 | 0.002 |.07005 p.07395p.07205.06893D.068750.07395| 0.06875 [0.0701 | 0.002 || -8.93
210.08324.07708p.078180.06963p.07458/0.08324] 0.06963 [0.0771 [ 0.005 |D.07079] 0.069 ]p.06974P.06912{0.0667 j0.07078| 0.0667 [0.0691 | 0.002 |} -10.33
[220.07941p.07782p.07498p.07 136D.07343)0.07941] 0.07136 [0.0750 | 0.003 |P.06799] 0.068 |.06935p.07076p.06994)0.07076| 0.06799 |0.0694 | 0.001 | -7.51
23]0.0851 .08787.07169p.07893D.08433§0.08787| 0.07169 |0.0843 | 0.006 |p.06798.06813D.06883p.06774]0.0682 [0.06883] 0.06774 |0.0681 | 0.000 |f -19.21
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Feedforward Neural Network with Multi-valued
Connection Weights
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Abstract. This paper introduces a new concept of the connection weight to the
multi-layer feedforward neural network. The architecture of the proposed ap-
proach is the same as that of the original multi-layer feedforward neural net-
work. However, the weight of each connection is multi-valued, depending on
the value of the input data involved. The backpropagation learning algorithm
was also modified to suit the proposed concept. This proposed model has been
benchmarked against the original feedforward neural network and the radial
basis function network. The results on six benchmark problems are very
encouraging.

Keywords: Feedforward Neural Network, Leaming algorithm, Data mining,
Classification.

1 Introduction

Classification is the process of finding a set of models that describe and distinguish
data classes or concepts, for the purpose of being able to use the model to predict the
class of objects whose class label is unknown [1]. A variety of techniques have been
applied to deal with the classification problems, such as artificial neural networks, a
decision tree, and statistical methods. However, many previous research works [2, 3,
4, 5, 6] show that neural network classifiers have better performance, lower classifi-
cation error rate, and more robust to noise than other classification methods. Among
a number of neural network classifiers, the multi-layer feedforward neural network
with backpropagation learning algorithm, often called backpropagation neural net-
work, is the most widely used model. Arbach et al. [7] used the backpropagation
neural network to classify mammographic masses. The classification performance
was measured by computing the sensitivity, specificity, and area under the receiver
operating characteristic (ROC) curves. The results showed that the backpropagation
neural network performance was slightly better than the expert radiologists, and sig-
nificantly better than the residents. Grip et al. [8] used the backpropagation neural
network to classify neck movement patterns related to Whiplash-associated
disorders. The backpropagation neural network with six hidden nodes achieved a
predictivity of 0.89, a sensitivity of 0.90, and a specificity of 0.88, which are
very promising results. Another research work by Arbach et al. [9] used the
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backpropagation neural network for classification of breast MRI lesions. The results
illustrated the promise of using the backpropagation neural network as a physician’s
assistant for breast MRI classification.

Even though the backpropagation neural network has been responsible for numer-
ous successes, it is not without disadvantage. The backpropagation neural network
suffers from shortcomings, such as slow convergence rate and easily being trapped in
a local minimum [10]. Numerous algorithms that improve on the backpropagation
learning algorithm have been proposed. In [11], Sarkar and Yegnanarayana proposed
a method of embedding fuzzy objective functions into the original backpropagation
learning algorithm. Rimer and Martinez [12] combined the standard backpropagation
learning algorithm with lazy training [13]. The combined approach achieved higher
accuracy and more robust solutions than either standard backpropagation or lazy
training alone.

This paper introduces a new concept of the connection weight to the original
multi-layer feedforward neural network. Typically, each connection weight of the
multi-layer feedforward neural network is a single real number. However, in this
paper the weight of each connection is multi-valued, depending on the value of the
input data involved. The performance of the proposed approach is evaluated against
the original multi-layer feedforward neural network and the radial basis function
network.

This paper is divided into 4 sections. Following this introduction, section 2 pre-
sents the architecture of the proposed approach and its learning algorithm. A brief de-
scription of the experimental data and the experimental results are given in section 3.
Finally, section 4 is the conclusions.

2 The Proposed Approach

In this paper, the three-layer feedforward neural network is used to demonstrate
how the proposed approach works. The architecture of the three-layer feedforward
neural network is shown in Figure 1. The first layer is the input layer, which con-
sists of N nodes. Each node represents a feature component of the input data. The
second layer is the hidden layer. The nodes in the hidden layer are fully connected
to the nodes in the input layer and the output layer. The third layer is the output
layer. Each node in the output layer represents a class. In this paper, the input vec-

tor is denoted by X = (xy, X3, ..., Xj, ..+, Xn), Where N is the number of features in X.

Once the network receives the input and its associated target output (X, Y), the

training process will begin. The detailed procedure of the proposed approach is as

follows:

a. Define the number of nodes in the hidden layer.

b. Normalize the input data to a value between [0, 1]. Divide the normalized input
data range into S segments by specifying the point(s) where the segments will be
split, called the splitting point(s). Then, initialize all weight values of each
connection, w;; and wj,, with random numbers between -1 and 1.
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0, O Oc

Output Layer

) Hidden Layer

Input Layer

Xy X2 XN

Fig. 1. Architecture of the three-layer feedforward neural network

For example, in Figure 2 the splitting point is at 0.5; as a result, x; and O; are di-
vided into 2 equal segments (S = 2). The first segment (s;) covers the range
between 0 and 0.5 while the second segment (s,) covers the range between 0.5 and 1.
Then, for each connection, randomly pick S+1 numbers between -1 and 1. In Figure
2.1, three numbers — 0.55, -0.05, and -0.7 — are randomly picked and
assigned to be the weights at the points where x; = 0, x; = 0.5, and x; = 1
respectively — w;;(0), w;;(0.5), and wy;(1).

Wij Wik
A
1 1

0.5 0.5 /
> X » O;

v 2.1 22)

Fig. 2. Example of the new connection weights

c. Calculate the output of each hidden node (O;) as follows:
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N
l’lC[j = inwij(xi) . (2)
i=1

where f(e) is the activation function. In this paper, the sigmoid function is used as the
activation function in both the hidden layer and the output layer.

N is the total number of nodes in the input layer.

L; is a lower bound of the segment that x; falls into.

U; is an upper bound of the segment that x; falls into.

d. Calculate the output of each output node (O,) as follows:

Oy = f(net,). 4)
M
J=1
©;=L)

Wi (05) = w (Ly)+ (Wi (U= w (L)) (6)

(U;-L;)
where M is the total number of nodes in the hidden layer.
L, is a lower bound of the segment that Oj falls into.
Uj is an upper bound of the segment that O; falls into.
e. Compare the desired output (Y) with the actual output (O,) and determine the
error at the output layer by

1S 2
E=52(yk-0k) . (7)
k=}

f. Update the connection weights between the hidden layer and the output layer by
using the equation

oE U;-0)
new y y— old ey ! 1
Wi (Lj) = wi (LJ)+'{BWJ1{(0,-)J((UJ'LJ')} @
e i OE (0;-Ly)
Wik (Uj)=wi (Ui”"(aw,.k(oj)J((U,-—Lj) ' @
(3 =00, (1-0,))O; 10
awjk(oj) k k k k i B ( )

where 1) is the learning rate, which has a value between 0 and 1.
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g. Update the connection weights between the input layer and the hidden layer by
using the equation

new =w (L. g8 9 %)
Wii (Li)—wu (Ln)+n[awu(xl)J ((Ul—Ll)] (an
REW (17§ o OMd oE (x; ~L;)
% (0,0=0,)%; (% = 0)(0, (1= O )W,
ow;;(x;) ) Ly SN\ - ¢

h. Repeat steps c through g for all remaining input patterns in the training data set.
i. Repeat steps c through h until a predetermined number of iteration is reached or
the root mean square error reaches an acceptable level.

During testing, each testing vector is applied in turn and its class is predicted. The
class whose output node returns the maximum output value is the result of the
prediction.

K=argmax {O, 'k =1,2,...,,C}. (14)

3 Experimental Results

To test the performance of the proposed approach, the experiments were conducted on
4 artificial data sets and 2 real-life data sets. The four artificial data sets are called
Fan, Flower 1, Flower 2, and Sawtooth. The names imply the shape of the classes.
Fan data has 4 classes, while the other three have 2 classes. In each of the four data
sets, the 4,000 data points in the database were randomly divided into a training set of
2,000 data points and a testing set of 2,000 data points.

The two real-life data sets are the iris data and the image segmentation data. The
iris data [14] has been widely used in the classification problem. The sepal length,
sepal width, petal length, and petal width of 150 iris flowers from 3 species (Iris-
setosa, Iris-versicolor, and Iris-virginica) are measured in centimeters, and are used as
the input of the problem. The training set contains 90 records, while the testing set
contains 60 records.

The image segmentation data was retrieved from the UCI machine learning da-
tabase repository [15]. Nineteen continuous attributes are used to predict the out-
put class. There are 7 classes (brick face = 1, sky = 2, foliage = 3, cement = 4,
window = 5, path = 6, and grass = 7) with 330 examples per class. In this paper,
the training set contains 210 examples, while the testing set contains 2,100
examples.
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Fig. 3. Fan

Fig. 4. Flower 1

Fig. 5. Flower 2
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Fig. 6. Sawtooth

Results of the experiments are shown in Table 1. For Fan data (data set 1), the pro-
posed approach and the radial basis function network (RBFN) win out by a small
margin over the multi-layer feedforward neural network (MFNN). The proposed
approach and the RBFN achieve a perfect accuracy (100%) while the MFNN misses
only 5 out of 2,000 patterns.

For Flower 1, Flower 2, and Sawtooth, the proposed approach outperforms the
MEFNN by a wide margin. However, the performance of the proposed approach is
only slightly better than that of the RBFN. The training parameters of the proposed
approach are M = 18 and S = 10 for Flower 1, M = 13 and S = 10 for Flower 2, and M
=2 and S = 10 for Sawtooth. The best prediction performance of MFNN are obtained
from the networks with M = 23 for Flower 1, M = 29 for Flower 2, and M = 18 for
Sawtooth. The best prediction performance of RBFN are obtained from the networks
with 93 hidden nodes for Flower 1, 89 hidden nodes for Flower 2, and 91 hidden
nodes for Sawtooth.

For the iris data (data set 5), all three methods — the MFNN, the RBFN, and the
proposed approach — achieve a perfect accuracy (100%). These best prediction
performances are obtained from the MFNN with 10 nodes in the hidden layer, from
the RBFN with 32 hidden nodes, and from the proposed approach with 2 hidden
nodes and S = 1.

For the image data (data set 6), the proposed approach produces 102
misclassifications out of a total of 2,100 examples; this corresponds to an accuracy of
95.14%. The number of nodes in the hidden layer is 11 and S is 10. On the other
hand, the MFNN with 14 hidden nodes produces 137 misclassifications, and the
RBFN with 70 hidden nodes produces 109 misclassifications.

4 Conclusions

This paper introduces an improvement on the multi-layer feedforward neural network.
In the proposed approach, the weight of each connection in the multi-layer feedfor-
ward neural network is modified. To test the performance, the proposed approach, the
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original feedforward neural network, and the radial basis function network were used
to classify six benchmark problems. With respect to the classification accuracy, the
proposed approach is found to be far superior to the original feedforward neural net-
work, and marginally better than the radial basis function network. In addition, the
size of the proposed network is much smaller than the sizes of the other two methods.

Table 1. Experimental results

Accuracy (%)
Data Set Feedforward Radial Basis Proposed Approach
Neural Network Function Network
1. Fan 99.75 100.0 100.0
2. Flower 1 95.35 97.40 99.35
3. Flower 2 95.40 98.25 99.45
4. Sawtooth 95.90 99.80 100.0
5. Iris 100.0 100.0 100.0
6. Image 93.48 94.81 95.14
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Dynamic System Identification Using Recurrent Neural Network
with Multi-Valued Connection Weight

Arit Thammano and Phongthep Ruxpakawong

Abstract—This paper introduces a new concept of the
connection weight to the standard recurrent neural networks —
Elman and Jordan networks. The architecture of the modified
networks is the same as that of the original recurrent neural
networks. However, in the modified networks the weight of
each connection is multi-valued, depending on the value of the
input data involved. The backpropagation learning algorithm is
also modified to suit the proposed concept. The modified
networks have been benchmarked against their original
counterparts. The results on eleven benchmark problems are
very encouraging.

I. INTRODUCTION

EURAL NETWORKS have long been applied

successfully to the identification of complex nonlinear
system. Even though neural networks have satisfactorily
solved most of these problems, they generally require a large
number of input neurons and necessitate a long computation
time. For a structure point of view, there are two main types
of neural networks: feedforward and recurrent neural
networks. A connection in a feedforward neural network
(FNN) is unidirectional, which only allows the information
to flow from input neurons to output neurons. In a recurrent
neural network (RNN), however, there are both the
feedforward and feedback connections, which allow the
information to flow from input neurons to output neurons
and vice versa.

Typically, the feedforward neural networks trained with
backpropagation learning algorithm have been widely used
for nonlinear system identification. However, since the
feedforward neural networks lack the ability to retain
information about the infinite past [1], their performances in
identifying nonlinear dynamical system will not be as good
as those of the recurrent neural networks. Many previous
research works, such as [2, 3, 4], show that RNNs are more
suitable than FNNs for representing nonlinear dynamical
system. Pham and Karaboga [5] further improve the
performances of Elman and Jordan recurrent neural
networks for dynamic system identification by training such
networks using genetic algorithms.

This paper introduces a new concept of the connection
weight to the original recurrent neural networks. Typically,
each connection weight of the recurrent neural network is a
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single real number. However, in this paper the weight of
each feedforward connection is multi-valued, depending on
the value of the input data involved. The performance of the
proposed approach is evaluated against the 2 most common
recurrent neural networks: Elman and Jordan networks.

This paper is divided into 5 sections. Following this
introduction, section 2 briefly explains the background of
recurrent neural networks. Section 3 presents the proposed
approach and its leamning algorithm. The experimental
results are given in section 4. Finally, section 5 is the
conclusion.

II. RECURRENT NEURAL NETWORK

Recurrent neural network (RNN) is a kind of neural
network with feedback connections. Two of the well-known
RNNs are Elman and Jordan networks.

Elman network [6] is a neural network with three layers of
neurons. The first layer is the input layer which consists of
two groups of neurons: the internal input neurons and the
external input neurons. The internal input neurons, also
called the context units, takes in the outputs of neurons in
the hidden layer as shown in Fig. 1(a). Both the outputs of
the context units and the external input units are fed to the
neurons in the hidden layer, and then the outputs of the
hidden neurons are fed forward to activate the output
neurons.

Jordan network [7] also has three layers. The main
different from Elman network is that the context units take
inputs from the outputs of neurons in the output layer as
shown in Fig. 1(b).

Context Units

Input Units

(a) Elman network
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Hidden

Input Layer

Context Units

Input Units

(b) Jordan network

Fig. 1. Well-known recurrent neural networks

Basically, both Elman and Jordan networks can be trained
in the same way as feedforward neural networks by means
of the backpropagation learning algorithm. During the
training phase, the error is propagated backward from the
output layer to adjust the weights of all feedforward
connections. However, the weights of the feedback
connections must be kept constant, and are not subject to any
adjustment.

Besides the Elman and Jordan networks, various models
that improve on the original Elman and Jordan networks
have been proposed. Cheng, Qi, and Cai [8] improve the
dynamic characteristics and convergence speed of the
original Elman network by adding feedforward connections
between the context nodes and the output nodes (Fig. 2).
Chen and Soo [9] proposed a recurrent neural network which
has two kinds of context units as shown in Fig. 3. The first
group of context units stores the feedback from the outputs
of the hidden layer while the second group stores the
feedback of the output layer.

III. THE PROPOSED APPROACH

A new concept of the connection weight proposed in this
paper is applied to both the original Elman and Jordan
recurrent neural networks. As mentioned in section II, the
recurrent neural network consists of three layers. The first
layer is the input layer which consists of two groups of

Hidden

Input Layer

Context Units

Input Units

Fig. 2. Cheng, Qi, and Cai’s recurrent neural network
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Context Units

Context Units

Input Units
Fig. 3. Chen and So0’s recurrent neural network

neurons: the internal input neurons and the external input
neurons. The number of internal input neurons is equal to the
number of neurons in the hidden layer in the case of Elman
network and equal to the number of neurons in the output
layer in the case of Jordan network. The number of external
input neurons is equal to the number of feature components
of the input data. The second layer is the hidden layer. The
nodes in the hidden layer are fully connected to the nodes in
the input layer and the output layer. The third layer is the
output layer.

Once the network receives the input and its associated
target output (X, Y), the training process will begin. In this
paper, the input vector is denoted by X = (X, X, ..., Xj, ---,
xn), where N is the number of features in X; the target
output is denoted by Y = (v1, Y2, --+» Yio --+» Yc), Where C is
the number of output nodes. The detail procedure of the
training process is as follows:

a. Define the number of nodes in the hidden layer.

b. Normalize the input data to a value between [0, 1].

c. Initialize the weights of all feedforward connections. In
this paper, the weight of each feedforward connection is
multi-valued, depending on the value of the input data
involved. Therefore, the values of the weights w;;, wy, and
wjx depend on the values of x;, O,, and Oj respectively.
The following are the initialization method:

c.1. Divide the input data range into S segments by
specifying S-1 points, called the splitting points,
where the segments will be split.

For each feedforward connection (wj;, wy, and wj),

randomly pick S+1 numbers between -1 and 1 and

assign them to be the weights at the splitting point(s)

and at the opposite ends of the range (0 and 1).

For example, in Fig. 4(b) the input data range is split into

2 segments where the splitting point is at 0.5. Therefore,

there are 3 points in the range of 0 to 1 that have to be

initialized, which are wy(O; = 0), wy(O; = 0.5), and

wi(O; = 1). For this specific jk connection in Fig. 4(b),

-0.25, 0.25, and 0.75 are randomly picked and assigned to

be the weights at the points where O; = 0, O; = 0.5, and

O; = 1 respectively.

c.2.
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Fig. 4. Example of the proposed connection weights

d. Make a copy of the output from the previous time step to
form the context layer. For Elman network, the group of
context units is a copy of the hidden layer’s previous
activations. For Jordan network, the group of context units
is a copy of the output layer. Therefore, the number of
context units of Elman network is equal to the number of
nodes in the hidden layer. For Jordan network, the number
of context units is equal to the number of nodes in the

output layer.

0. = 0; for Elman network )
"0, for Jordan network

where r=1, 2, 3, ..., R. R is the total number of context

nodes.

jJ=1,2,3, ..., M. M is the total number of nodes
in the hidden layer.
k=1,2,3, .., C.C is the total number of nodes in
the output layer.
e. Calculate the output of each hidden node (O;) as follows:

O; = f(net;) 2)

net; = ixiwij(xi)*' iorwxj(or) 3)
i=I r=1

wi(x;) = wy(Ly) + ;'

II:' (wy(uy) - wy(Ly)) O

wy(0,)=w,(L,)+ 8' :1': (wiUn-wy@)) )

where f(®) is the activation function. In this paper, the
sigmoid function is used as the activation function in both
the hidden layer and the output layer.
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N is the total number of external input nodes.

R is the total number of context nodes.
L; is a lower bound of the segment that x; falls

into.

U; is an upper bound of the segment that x; falls
into.

L, is a lower bound of the segment that O, falls
into.

U, is an upper bound of the segment that O, falls
into.

. Calculate the output of each output node (O,) as follows:

O, =f(net,) (6)

M
j=

Wik (03) = Wi (L) + =L Wy (U -wi (L)) ®
TN

where M is the total number of nodes in the hidden layer.
L; is a lower bound of the segment that O; falls
into.
Uj is an upper bound of the segment that O; falls
into.

. Compare the desired output (y;) with the actual output

(Oy) and determine the error at the output layer by
IHE 2

E==% (yx~Ox) ©)
2 k=1

where C is the total number of nodes in the output layer.

. Update the connection weights between the hidden layer

and the output layer by using the equations

oE U;-0;
new (L) =wod(L. )
ka ( J) w]k( J)+n[a Jk(OJ)IUJ"LJ} (10)

new ) = wold / JE Oj_Lj
Bl |
o, (0))

(x = Ox)(Ox (1-04))0; (12)

where 1 is the learning rate, which has a value between 0
and 1.

i. Update the connection weights between the group of

external input units and the hidden layer by using the
equations

new (1 y_ older oE [ Ui-x;
Wij (Li)_wl] (Ll)+n{awij(xi):":Ui_Li:l (13)

JE x; —L;
aWij(xi)}{Ui _Li] @

wi™ (U =wi(U)) +
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c
= (Oj(l—oj))xig_:l()/k =0 )OO (1-0))w ji

(15)

ow;i(x;)

j- Update the connection weights between the group of
context units and the hidden layer by using the equations

new — wold JE Ul_or
WIS (L,) = W (L’)+"[aw.j<o,)}[u,—L,J (16)

new — wold oE O,—Lr
wi™ (U,)=wg (U')+"[aw,,-(o,>][u,—L,] (17)

JE

C
= (Oj(l - Oj))o,k;l(yk - Ok )(Ok (1- Ok))wjk
(18)

where L, is a lower bound of the segment that O, falls
into.
U, is an upper bound of the segment that O, falls

into.

k. Repeat steps d through j for all remaining input patterns in
the training data set.

1. Repeat steps d through k until a predetermined number of
iteration is reached or the error is within the acceptable
range.

IV. EXPERIMENTAL RESULTS

In this paper, the proposed approach is applied to both the
original Elman and Jordan networks. The performance of the
modified networks in identifying chaotic dynamical systems
are evaluated and compared to the original versions of the
Elman and Jordan networks. To test the performance, all
four networks were used to model 11 chaotic dynamical
systems, which consist of two one-dimensional, two two-
dimensional, and seven three-dimensional dynamical
systems. The differential equations of the eleven chaotic
systems used in this paper are as follows:

1) One-dimensional chaotic systems
a. Mackey-Glass function

dx(t) __ax(t-1)
d  1+x"t-7)

—bx (19)

where a=2,b=0.1,andt=17.
b. Logistic map

dax(t)
A ax(l- 20
= &x(1-%) (20
where a=4.
2) Two-dimensional chaotic systems
c. Hénon map
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dx(t) 2
N 21
5 ax“ +y @l
dy(t)
" 22
X (22)
wherea=1.4,b=0.3.
d. lkeda map
d);?“) =1+ p(xcos(t) - ysin(t)) e
d)(,i(tt_) = p(xsin(t) + ycos(t)) o
where j1= 0.9.

3) Three-dimensional chaotic systems
e. Rdssler attractor

didig S—— 25)

dyT(tt)- =xX+ay (26)

PO _p+2(x~0) @7
dt

wherea=0.2,b=04,andc=5.7.
f. Chua’s autonomous circuit

d’;—it) =o(—x+h(x)) éS)
—d—yd—(t2=x—y+z 29)
W By (30)

where h(x)=bx+0.5(a—b)(]x+l]—|x—1]), o =10,

B=15,a=-1.3,and b= -0.7.
g. Chua’s circuit with a cubic nonlinearity

O _ g+ 1) @31)
m =X-y+2z (32)
dt
dz®t) _
r By (33)

where h(x)=ax+bx>, o =885 B=15a=-13,
and b=0.07.
h. Lorenz chaotic system

)

dt 34)

=0o(y—-x)
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dy(t) _ dy(t) _
3t =IX—y—XZ (35) T—k-n-f(y,z) (44)
dz(t
—£=xy—-bz (36) w=k—m(x-—z)—k-n-f(y,z) (45)
dt dt

_Jz-y ;z—=y<l1
where 6=16,r=45.92, and b=4. f(y,2)= {1 ;otherwise

i. Mobius strip

1 1 where k=2, m=11,and n=0.9.
x(u,v) = (1+—=vcos—u)cosu 37 One thousand data points were sampled from each chaotic
2 2 system. The first 400 data points of the series were used as a

y(u,v)=(1+ %vcos%u)sinu (38) training data, while the remaining 600 were used as a testing
data.
o1 Since the efficiency of the artificial neural networks
2(u,v) = 2 vem 2 ! (39) depends highly on the user’s ability to specify appropriate
neural network parameters, a very important parameter of all
where 0<u<2m and -1<v<1. four models, which is the number of hidden neurons, is
j. Colpitts Oscillator varied from 1 to 30 hidden nodes in order to get the best out
of the four models.
dx(t) _ Results of the experiments are shown in Table 1. Table 1
Tat =Pt (40} illystrates the best results (minimum RMSE) of Elman
dy(t) network, Jordan network, the modified Elman network, and
——==o(-1(y+¢)—-z—1f(y)) 41) the modified Jordan network. Experimental results show that
dt both modified networks, the ones with multi-valued
d_zﬂlz 8(—=x +y+€)—pz (42) connection weights, are far superior to their original
dt counterparts.
0 ¥y £1
fy)= {y =} ;ztherwise V.CONCLUSION

This paper applies a new concept of the connection weight
where o = 1, B = 200, @ = -20/3, 8 = 5.5, € = 20/3, 1o a recurrent neural network. Unlike the connection weights
p=2andr=025. of the original recurrent neural network, the weight of each
connection in this proposed approach is multi-valued,

k. RC chaotic oscillator
depending on the value of the input data involved.

dx(t) _
at k-m(x—-z)—x (43)
TABLE1]
EXPERIMENTAL RESULTS
Elman Jordan Modified Elman Modified Jordan
Chaotic function Network Network Network Network

RMSE M RMSE M RMSE M S RMSE M S
Mackey-Glass 0.0160 | 21 0.0367 | 22 | 0.0094 19 2 0.0260 5 10
Logistic 0.0376 | 24 | 0.0443 30 | 0.0178 11 10 | 0.0141 23 10
Hénon 0.0219 11 0.0294 4 0.0111 15 10 | 0.0134 | 25 10
Ikeda 0.0303 28 | 0.0677 | 26 | 0.0266 | 23 1 0.0264 20 10
Réossler 0.0186 13 | 0.0241 6 0.0098 18 2 0.0120 | 26 10
Chua’s autonomous 0.0238 4 0.0231 9 0.0140 10 1 0.0154 28 2
circuit
Chua’s circuit witha | 0.0192 12 | 0.0272 10 | 0.0142 | 25 2 0.0169 | 29 2
cubic nonlinearity
Lorenz 0.0088 18 | 0.0153 11 0.0072 | 25 1 0.0089 16 2
Mobius 0.0173 | 28 | 0.0268 9 0.0142 | 29 10 | 0.0123 19 2
Colpitts Oscillator 0.0231 14 | 0.0286 7 0.0150 | 20 1 0.0151 28 2
RC chaotic oscillator | 0.0112 | 21 0.0218 4 0.0084 | 30 2 0.0094 | 21 2

Note: M is the total number of nodes in the hidden layer.
S is the number of segments into which the input data range is divided.
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The performance of the proposed approach is evaluated
against the original Elman and Jordan recurrent neural
networks. All the compared models were used to
approximate 11 chaotic functions. The experimental results
show that the proposed approach outperforms the original
Elman and Jordan networks by a wide margin.
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Abstract This paper introduces a new concept of the con-
nection weight to the standard recurrent neural networks—
Elman and Jordan networks. The architecture of the modified
networks is the same as that of the original recurrent neural
networks. However, unlike the original recurrent neural net-
works whose connection weight is a single real number, in the
modified networks the weight of each connection is multi-
valued, depending on the value of the input data involved.
The backpropagation learning algorithm is also modified to
suit the proposed concept. The modified networks have been
benchmarked against the feedforward neural network and the
original recurrent neural networks. The experimental results
on twelve benchmark problems show that the modified net-
works are clearly superior to the other three methods.

Keywords Recurrent neural network -
Nonlinear dynamic system - Identification

1 Fntroduction

Neural networks have long been applied successfully to the
identification of complex nonlinear system. Even though
neural networks have satisfactorily solved most of these prob-
lems, they generally require a large number of input neurons
and necessitate a long computation time. From a structure
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point of view, there are two main types of neural networks:
feedforward and recurrent neural networks. A connection in
a feedforward neural network (FNN) is unidirectional, which
only allows the information to flow from input neurons to out-
put neurons. In a recurrent neural network (RNN), however,
there are both the feedforward and feedback connections,
which allow the information to flow from input neurons to
output neurons and vice versa.

Typically, the feedforward neural networks trained with
backpropagation learning algorithm have been widely used
for nonlinear system identification. However, since the feed-
forward neural networks lack the ability to retain information
about the infinite past [1], their performance in identifying
nonlinear dynamical system is not as good as those of the
recurrent neural networks. Many previous research works,
such as [2—4], show that RNNs are more suitable than FNNs
for representing nonlinear dynamical system. Pham and
Karaboga [5] further improve the performances of Elman and
Jordan recurrent neural networks for dynamic system identi-
fication by training such networks using genetic algorithms
(GAs). The results show that GAs are successful in train-
ing the Elman recurrent neural network but not the Jordan
network. Yu et al. [6] state that the evolutionary algorithms
(EAs), which are designed specifically for the stationary opti-
mization problems, may no longer be efficient in dynamic
environments. They, therefore, apply immigrants schemes to
GA to maintain the diversity of the population throughout
the run.

This paper introduces a new concept of the connection
weight to the original recurrent neural networks. Typically,
each connection weight of the recurrent neural network is
a single real number. However, in this paper the weight of
each feedforward connection is multi-valued, depending on
the value of the input data involved. The performance of
the proposed approach is evaluated against the feedforward

@ Springer



Memetic Comp. 172

neural network and the two most common recurrent neural
networks: Elman and Jordan networks.

This paper is divided into five sections. Following this
introduction, Sect. 2 briefly explains the background of
recurrent neural networks. Section 3 presents the proposed
approach and its learning algorithm. The experimental results
are given in Sect. 4. Finally, Sect. 5 is the conclusion.

2 Recurrent neural network

Recurrent neural network (RNN) is a kind of neural network
with feedback connections. The existence of these feedback
connections gives RNN a big advantage over FNN when it
comes toidentifying and controlling dynamical systems. Two
of the well-known RNNs are Elman and Jordan networks.

Elman network [7] is a neural network with three layers
of neurons. The first layer is the input layer which consists
of two groups of neurons: the internal input neurons and the
external input neurons. The internal input neurons, also called
the context units, take in the outputs of neurons in the hidden
layer as shown in Fig. 1a. Both the outputs of the context
units and the external input units are fed to the neurons in the
hidden layer, and then the outputs of the hidden neurons are
fed forward to activate the output neurons.

Hidden Layer

Input Layer

Context Units Input Units

(a)

Input Units
(b)

Context Units

Fig. 1 Well-known recurrent neural networks. a Elman network,
b Jordan network

@ Springer

o; = o} (1)
N R

net’ =Zx}wij+20:w,j (2
i=1 r=1

— t

0 = f(net) 3)
M

netj, = z Ojwj (C))
j=1

Oy = f(net}) &)

where O is the output of the context node r at time ¢. 0]

and 0;._’ are the outputs of the hidden node j at time ¢ and
1 — 1, respectively. O} is the output of the output node k at
time £. w;; is the weight of the connection that connects the
external input node i to the hidden node ;. w,; is the weight
of the connection that connects the context node r to the hid-
dennode j. w ji is the weight of the connection that connects
node j in the hidden layer to node k in the output layer. N is
the total number of external input nodes. R is the total num-
ber of context nodes. M is the total number of nodes in the
hidden layer. f (e) is the activation function.

Jordan network [8] also has three layers. The main differ-
ent from Elman network is that the context units take inputs
from the outputs of neurons in the output layer as shown in
Fig. 1b.

Qe gol (6)

Basically, both Elman and Jordan networks can be trained
in the same way as feedforward neural networks by means
of the backpropagation learning algorithm. During the train-
ing phase, the error is propagated backward from the output
layer to adjust the weights of all feedforward connections.
However, the weights of the feedback connections must be
kept constant, and are not subject to any adjustment.

Cheng et al. [9] suggested that Elman network inher-
ently has only integral (I) dynamic properties, which will
result in slow dynamic response and poor convergence speed.
Various models that improve on the original Elman and
Jordan networks have been proposed. Gao et al. [10] improve
the dynamic characteristics and convergence speed of the
original Elman network by adding feedforward connections
between the context nodes and the output nodes (Fig. 2).
This modification provides the modified Elman neural net-
work with the proportional (P) and integral (I) properties,
which make this modified Elman network to have a better
dynamic response than the original Elman network. Chen
and Soo [11] proposed a recurrent neural network which
has two kinds of context units as shown in Fig. 3. The first
group of context units stores the feedback from the outputs of
the hidden layer while the second group stores the feedback
of the output layer. Ji and Qi [12] proposed Proportional—
Intergral-Derivative (PID) Elman neural network (Fig. 4).
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Inpui Units

Context Units

Fig. 2 Gao, Gao, and Ovaska’s recurrent neural network

Context Units Input Units Context Units

Fig. 3 Chen and Soo’s recurrent neural network

Memory Units

Context Units Input Units

Fig. 4 Ji and Qi’s recurrent neural network

In comparison to PI Elman network proposed by Gao, Gao,
and Ovaska, this PID Elman network has an additional group
of context units called memory layer. The outputs of the con-
text units are fed to the memory units through the unit delays.
Based on the experimental results, the proposed PID Elman
network performs better than PI EIman network both in terms
of the identification accuracy and the convergence speed.

3 The proposed approach

A new concept of the connection weight proposed in this
paper is applied to both the original Elman and Jordan recur-
rent neural networks. As mentioned in Sect. 2, the recurrent
neural network consists of three layers. The first layer is the
input layer which consists of two groups of neurons: the inter-
nal input neurons and the external input neurons. The number
of internal input neurons is equal to the number of neurons
in the hidden layer in the case of Elman network and equal

to the number of neurons in the output layer in the case of
Jordan network. The number of external input neurons is
equal to the number of feature components of the input data.
The second layer is the hidden layer. The nodes in the hidden
layer are fully connected to the nodes in the input layer and
the output layer. The third layer is the output layer.

Once the network receives the input and its associated
target output (X, Y), the training process will begin. In this
paper, the input vectoris denotedby X = (x],x5,...,x!,...,
x}v), where N is the number of features in X ; the target output
is denoted by Y = (y{, ¥5..... ¥f. ... y&-), where C is the
number of output nodes. The detail procedure of the training
process is as follows:

(1) Normalize the input data to a value between [0, 1].

(2) Define the number of nodes in the hidden layer (M)
and the maximum number of segments into which the
input data range can be divided (MAXSEGMENTS).

(3) Initialize the weights of all feedforward connections—
Wij, Wrj,and w . In this research, the weight of each
feedforward connection is multi-valued, depending on
the value of the input data involved. Therefore, the
values of the weights w;j, w,;, and w jx depend on the
values of x,f | Oﬁ, and 05., respectively. To initialize
the weight of each feedforward connection (w;;, w, s
and w j;), randomly pick 2 numbers between —1 and
1 and let they be the weights at the opposite ends of
the input data range (0 and 1).

Considering the ij connection, for example, the
weight initialization is performed at the following two
points: w;; (x{= 0) and w;;(x] = 1). For the specific
ij connection in Fig. 5a, w;;(x/ = 0) = 0.6 and
w;j(x} = 1) = —0.7. In Fig. 5b, 0.35 and 0.85 are
randomly picked and assigned to be the weights at
the points where O! = 0 and O} = 1, respectively.
In Fig. 5¢, —0.25 and 0.75 are randomly picked and
assigned to be the weights at the points where 0} =0
and O} = 1, respectively. It is also important to note
that at this initialization step all the connection weights
consist of only one segment.

(4) Make a copy of the output from the last time step
to form the group of context units. For Elman net-
work, the group of context units is a copy of the hidden
layer’s previous activations. For Jordan network, the
group of context units is a copy of the output layer.
Therefore, the number of context units of Elman net-
work is equal to the number of nodes in the hidden
layer. For Jordan network, the number of context units
is equal to the number of nodes in the output layer.

. 0}“1 for Elman network
O, = (7)

Ok"l for Jordan network
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Fig. 5 Example of the weight initialization

%)

where r = 1,2,3,..., R. R is the total number of
contextnodes. j = 1,2, 3, ..., M. M is the total num-
ber of nodes in the hidden layer. k = 1,2,3,...,C.
C is the total number of nodes in the output layer.
Calculate the output of each hidden node (0}) as
follows:

O} = f(net}) 8)
N R
net) = > xlwi;j(x)) + D Olw,;(0f) 9
i=l r=1
. xI— L
wij(x;) = w;j(Ls) + U L.
x (wij(Ug) — wij(Ls)) (10
Ol — Ly
wrj(o:) = wyj(Ls) + U_g——l:
X (wrj(Us) — wyj(Ls)) (11)

where f(e) is the activation function. In this research,
the sigmoid function is used as the activation func-
tion in both the hidden layer and the output layer. N
is the total number of external input nodes. R is the
total number of context nodes. s is the segment that

A Springer

(6)

€5

(®)

the input x or O] falls into. L, is a lower bound of
the sth segment. Uy is an upper bound of the sth seg-
ment. w;;(Ly) is the weight of the ij connection at
the lower bound of the sth segment that x/ falls into.
w;(Us) is the weight of the i j connection at the upper
bound of the sth segment that x/ falls into. w,;(Ly)
is the weight of the rj connection at the lower bound
of the sth segment that O] falls into. w,;(Uy) is the
weight of the rj connection at the upper bound of the
sth segment that O/ falls into.

Calculate the output of each output node (0,{.) as fol-
lows:

0,2 = f(netf{) (12)
M
pet} = Z O;wjk(O;-) (13)
J=1
. Oj - Lg
wjk(oj) = wji(Ls) + 7.8
s TN
x (wjr(Us) — wjr(Ly)) (14)

where M is the total number of nodes in the hidden
layer. wjx(L;) is the weight of the jk connection at
the lower bound of the sth segment that 0; falls into.
w jk(Us) is the weight of the jk connection at the upper
bound of the sth segment that 05. falls into.

Compare the desired output (y; ) with the actual output
(0}) and determine the error at the output layer by

¢
1 2
Ei=~ é} o = 0h) (15)

where C is the total number of nodes in the output
layer.

Update the connection weights between the hidden
layer and the output layer by using the equations

wii (Ls) = w?'),d(Ls) +nAjiLy (16)
wip (Us) = w;?Ld(U;) + 1A jxUs )
AjxLs = I:awifo;)] [Zi : Zf] (18)
AjUs = [aw,ifo;)] [35:11;] (19)
#}(Eo;) = (% — 0P(0;(1 — 0))) 0} (20)

where 7 is the learning rate, which has a value between
Oand 1.
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)]

(10)

an

(12)

Update the connection weights between the group of
external input units and the hidden layer by using the
equations

wi™(Ls) = w(Ls) + nAj;Ls (1)
Wi (Us) = wii*(Us) + nA;Us (22)
oE Us — x!
AijLg = ! 23
% [aw.-,-u:)][vs—u] @9
JE - L
AUy = [a ; ][" ] (24)
wij(x;) Us — L
oF
—_— — (0" (1 — O%))x!
dwj (x}) Wik P
C
X D (yi— OP(OF(1 - O)wjx (25)
k=1

Update the connection weights between the group of
context units and the hidden layer by using the equa-
tions

wi(Ls) = wi (L) +0A,; L (26)
wys™ (Us) = wpi (Us) + nArjUs @27)
dE Us; — 0!
AyjLs = [ E ] [ g r] (28)
awrj(or) Us — Lg
oF Ol — L;
Ayl = - 2
it [awrﬂo:)][us—u] (4
dE )
—_—  —(0'(1-0")0!
dur(0p — (i1 OO

C
x D (k= O(OF(1=0P)wjx  (30)
k=1

Repeat steps 4 through 10 for all remaining input pat-
terns in the training data set.

Evaluate the weight updates occurred at the lower
bound and the upper bound of each sth segment in
the last training iteration whether the lower bound and
the upper bound were updated in the same direction.
If they were updated in different directions, the sth
segment must be split into two separate segments in
order to allow both end of the segment to be entirely
independent of one another. For example, in Fig. 6 the
lower bound of the sth segment was updated in the
positive direction, while the upper bound was updated

Fig. 6

Wi,'

| I
) s+l

05— !

e
n

An example of the case that the lower bound and the upper

bound of the sth segment were updated in different directions

a.

in the negative direction. The number of segments into
which the input data range may be split cannot exceed
MAXSEGMENTS. Therefore, if the number of seg-
ments into which the input data range is split is already
equal to MAXSEGMENTS, skip this step and go to
step 13. However if the number of segments is less
than MAXSEGMENTS, perform the splitting proce-
dure as follows:

Foreach segment of the i j, 7/, and jk connections,
combine all positive A,L; together, all negative
A.L; together, all positive A,U; together, and all
negative A,U; together.

AFEEZ 5751 (L) (31)
VAJL;:AdLs>0

ANY £ VB (L (32)
VA Ls:AdL; <0

NIHSTLgTNY, N4 ¢D (33)
YA Us:AUs>0

ME-A] 1K (34)

VA Us:AUs <0

Since the lower bound of the sth segment and the
upper bound of the (s — 1)th segment are the same
point, combine the weight update value at the lower
bound of the sth segment with the weight update
value at the upper bound of the (s — 1)th segment
by using the Egs. (35) and (36). Similarly, com-
bine the weight update value at the upper bound of
the sth segment with the weight update value at the
lower bound of the (s + 1)th segment by using the
Egs. (37) and (38).

P = AL} + AU, 39)
Bl = ALT + AU, 36)
PUVT = AUF + AL, 37
PV” = AU + AL, (38)

Compare the direction of the weight updates
occurred at the lower bound with that occurred at
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the upper bound of each sth segment.

& -
PL_ PsL _'P:L

= — (39)
* max(PL*, PLT)
vt U-
P:U PS U—+ PS - (40)
max(Pg", PY7)
Py=pPL.pY (41)

“Ps > 0” means that both the lower bound and the
upper bound of the sth segment were updated in the
same direction. On the other hand, “P; < 0” means
that they were updated in different directions.
Therefore, if P is greater than 0, skip this step
and go to step 13. However, if P; is less than 0, the
sthsegment will be splitinto two separate segments.
d. Determine the splitting point (sp) for the sth seg-
ment whose P; value is less than 0.

T% = ZVI:(L,SISU,)/\(Aw.(I)>O) ! (42)
: ZVI:(L_‘flSU,)A(Aw.(I)>0) 1
7— _ ZVI:(L,SIS_U,)A(AW.(I)<O) ! (43)
s =
ZVI:(L,SISU,)A(Aw.(1)<O) 1
_+ —
I, +1

2

where Aw, (/) = 525

The variable I represents the input x{, O;, or O}.
Equations (42), (43), and (44) are used to determine
the splitting point for the sth segment of the i j, rj,
and jk connections. For the sth segment of the ij
connection, / = x} and e = ij. For the sth seg-
ment of the rj connection, / = O! and e = rj.
For the sth segment of the jk connection, J = 0;
and e = jk.

(13) Merge the unused segments. Any two segments will
be joined together if (1) they are adjacent to each other
and (2) they were not used in the last training iteration.

(14) Repeat steps 4 through 13 until a predetermined num-
ber of iteration is reached or the error is within the
acceptable range. Figure 7 is an example of a connec-
tion weight before and after the training process.

4 Experimental results

In this paper, the proposed approach is applied to both the
original Elman and Jordan networks. The performance of the
modified networks in identifying chaotic dynamical systems
is evaluated and compared to the feedforward neural network
and the original versions of the Elman and Jordan networks.
To test the performance, all five networks were used to model
12 chaotic dynamical systems [13], which consist of two one-
dimensional, two two-dimensional, seven three-dimensional,
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Fig. 7 Example of a connection weight a before and b after the training
process

and one four-dimensional dynamical systems. The differen-
tial equations of the twelve chaotic systems used in this paper
are as follows:

(1) One-dimensional chaotic systems

a. Mackey-Glass function
dx(t) ax(t — 1)
. 1+x9%—-1)
wherea=2,b=0.1,and 7 = 17.
b. Logistic map

bx (45)

&Y =ax(1 —x) (46)
dt
where @ = 4.

(2) Two-dimensional chaotic systems

c. Hénon map
dx(t)

= =1-ax’+y (47
o) _ . (48)
dt
wherea = 1.4,b = 0.3.
d. Tkeda map
d’;ﬁ') = 14 p(x cos(t) — ysin(r)) (49)
d ;
‘:1(:) = p(xsin(?) + y cos(t)) (50)
where p =0.9.
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(3) Three-dimensional chaotic systems J-  RC chaotic oscillator
e. Réssler attractor dx(t) _ Ko Bl <= 25 — (66)
dx(1) 51 ddt
=-y-z 1
dr DO ko £6.2 (©7)
dy(1) dt
—— =x+ay (52) dz(1)
dd(t) T:k'm(x—-z)—km-f(y,z) (68)
z(t
T =b+ z(x — C) (53) where
wherea =0.2,b =04, andc = 5.7. fo.n=4{32"% z—y=1
f. Chua’s autonomous circuit »a= 15 otherwise
dx(t = = -
X( ) =01(—x+h(x)) (54) k—2,m— ll,andn—0.9. .
dt k. Third order RC ladder phase shift oscillator
dy(r) .
i e 55 dx(t)
ar TR = R =24y (@) (69)
dz(t) _ dvy(t
5= =AY (56) fzﬁ ) o x—IN (70)
where h(x) = bx +0.5(a — b)(|x + 1| — |x = 1)), dz(1)
a=10,8=15a=—1.3, and b = —0.7. =g 7 (%)
g. Chua’s circuit with a cubic nonlinearity Nhirk
d;g') = a(—x + h(x)) (57) m_bxz+m_b—m_a; 7z <-—1
f@Q={1maxz —1<z<l1
dy(t) .
Sg=mE=3 +z (58) m_bxz—m_b-+m_a; otherwise
dz(t) m_a = —33.03,m_b = 250,x(t = 0) = 3,
& =Py (59 y(t=0)=0,andz(r = 0) = —1.
where h(x) = ax + bx?,a = 8.85, Bi= 1Y (4) Four-dimensional chaotic system
a=-13,and b = 0.07. ) % N
. 1. Four-dimensional autonomous chaotic circuit
h. Lorenz chaotic system dx(t)
x(t
d =8x(x+yxy)—z— f_dl(x) (72)
x(1) iy = 0) 7 y*y f
dt dy(t)
=BG x(x+yxy)
dy(1) dt
o S TX Ty Xz 61) —w—y* f_d2(y)) (73)
dz(r)
d — = 74
L’) =Xy — bZ (62) dl x ( )
di dw(t)
where o = 16,r = 45.92, and b = 4. , TR (@3)
i. Colpitts oscillator TR
dx(1) 05*(x—=11+x—1)
T AR A (63) f_dk(x) = ¥ c k=12
dy(t _ — — — —
) - a(=r(y+9) — 2= fO) 64) @ =28=017y =3,6 = 027,6_1 = 08,
dt €2 =02,x(t =0 = 01,y¢ = 0) = 0,
d t = = = =
Z(,) = Bl 5 ¥ 4 8= 02 (65) z2(t=0)=0, and w(t =0) = 0.
where Two thousand data points were sampled from each chaotic
0 52 § system. The first 1,000 data points of the series were used
f) = { e otl;,rwise as a training data, while the remaining 1,000 were used as a

a=1,8=200¢=-20/3,8 =5.5¢=20/3,
p=2,andr = 0.25.

testing data.
Since the efficiency of the artificial neural networks
depends highly on the user’s ability to specify appropriate

@ Springer



Memetic Comp. 178

Table 1 Experimental results: RMSE of the tested models

Chaotic function Feedforward Elman Jordan Modified Elman Modified Jordan
network network network network network
RMSE M RMSE M RMSE M RMSE M S RMSE M S
Mackey-Glass 0.0357 8 0.0163 8  0.0307 3 00116 41 1-15 0.0157 3 20-20
Logistic 0.0415 38 0.0251 30 0.0367 30 0.0166 3 1-10 0.0112 49 1-15
Hénon 0.0272 50 0.0193 48 0.0223 48 0.0160 34 1-20 0.0098 50 1-20
Ikeda 0.0797 37 0.0225 42 00559 19 0.0193 26 1-1 0.0162 49 1-15
Rossler 0.0210 14 0.0189 12 0.0208 12 0.0114 36 1-15 0.0158 43 1-20
Chua’s autonomous circuit 0.0216 7 0.0246 5 0.0213 8 0.0115 49 1-20 0.0143 49 1-15
Chua’s circuit with a cubic 0.0227 18 0.0209 6 0.0220 12 0.0153 47 1-20 0.0162 48 1-15
nonlinearity
Lorenz 0.0213 7 0.0157 18  0.0166 9 00136 8 1-2 0.0144 14 1-1
Colpitts oscillator 0.0186 37 0.0169 0.0186 36  0.0135 45 1-20 0.0139 49 1-15
RC chaotic oscillator 0.0206 10 0.0128 0.0196 6 00114 50 1-15 0.0123 45 1-20
Third order RC ladder phase 0.0205 13 0.0182 0.0207 34  0.0204 42 1-20 0.0187 50 1-15
shift oscillator
Four dimensional autonomous 0.0237 14 0.0232 20  0.0235 14  0.0202 6 1-1 0.0199 11 1-1

chaotic circuit

M total number of nodes in the hidden layer. § number of segments into which the input data range is divided

neural network parameters, a very important parameter of all
five models, which is the number of hidden neurons, is varied
from 1 to 50 hidden nodes in order to get the best out of the
five models. The training process is terminated when either of
the following two conditions holds: (1) the root mean square
error (RMSE) is less than 0.02, or (2) the number of training
epochs reaches 1,000.

Results of the experiments are shown in Tables 1 and
2. Table 1 illustrates the best results (minimum RMSE) of
the feedforward neural network, Elman network, Jordan net-
work, the modified EIman network, and the modified Jordan
network. In the modified networks, each weight is divided
into different number of segments. Some have many seg-
ments while others have only a few. The variable S in Table 1
isin the format of two numbers separated by dash. The first
number is the minimum number of segments. The second
number is the maximum number of segments. The following
summarizes the percentage of improvement in RMSE of the
modified networks over both their original counterparts and
the feedforward neural network:

e The performance of the modified Elman network is bet-
ter than the performance of the feedforward neural net-
work by 75.78, 67.51, 60.00. 46.76, 45.71, 44.66, 41.18,
36.15,32.60,27.42, 14.77, and 0.49% for Ikeda, Mackey—
Glass, Logistic, Chua’s autonomous circuit, Réssler, RC
chaotic oscillator, Hénon. Lorenz, Chua’s circuit with a
cubic nonlinearity, Colpitts oscillator, Four dimensional
autonomous chaotic circuit, and Third order RC ladder
phase shift oscillator, respectively.
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e The performance of the modified Elman network is bet-
ter than the performance of the Elman network by 53.25,
39.68, 33.86, 28.83, 26.79, 20.12, 17.10, 14.22, 13.38,
12.93, 10.94, and —12.09% for Chua’s autonomous cir-
cuit, Rossler, Logistic, Mackey—Glass, Chua’s circuit
with a cubic nonlinearity, Colpitts oscillator, Hénon,
Ikeda, Lorenz, Four dimensional autonomous chaotic cir-
cuit, RC chaotic oscillator, and Third order RC ladder
phase shift oscillator, respectively.

e The performance of the modified Jordan network is
better than the performance of the feedforward neural
network by 79.67, 73.01, 63.97, 56.02, 40.29, 33.80,
32.39, 28.63, 25.27, 24.76, 16.03, and 8.78% for Ikeda,
Logistic, Hénon, Mackey-Glass, RC chaotic oscillator,
Chua’s autonomous circuit, Lorenz, Chua’s circuit with
a_cubic nonlinearity, Colpitts oscillator, Réssler, Four
dimensional autonomous chaotic circuit, and Third order
RC ladder phase shift oscillator, respectively.

e The performance of the modified Jordan network is bet-
ter than the performance of the Jordan network by 71.02,
69.48. 56.05, 48.86, 37.24, 32.86, 26.36, 25.27, 24.04,
15.32, 13.25, and 9.66% for Ikeda, Logistic, Hénon,
Mackey—Glass, RC chaotic oscillator, Chua’s autono-
mous circuit, Chua’s circuit with a cubic nonlinearity,
Colpitts oscillator, Rossler, Four dimensional autono-
mous chaotic circuit, Lorenz, and Third order RC ladder
phase shift oscillator, respectively.

Table 2 illustrates the number of iterations and the training
time each model requires to reach the stopping criteria. With
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Table 2 Experimental results: the number of iterations the tested models require to reach the stopping criteria
Chaotic function Number of training epochs
Feedforward Elman Jordan Modified Modified
network network network Elman Jordan
network network
Mackey-Glass 1,000 (00-05-37) 785 (00-03-57) 1,000 (00-05-09) 6 (00-03-17) 564 (00-03-12)
Logistic 1,000 (00-12-28) 1,000 (02-24-29) 1,000 (00-16-38) 48 (00-00-12) 11 (00-00-16)
Hénon 1.000 (00-28-59) 309 (01-53-10) 1,000 (00-43-31) 12 (00-02-53) 10 (00-00-39)
Ikeda 1,000 (00-23-50) 1,000 (04-47-37) 1,000 (00-19-21) 904 (01-30-36) 12 (00-00-41)
Réssler 927 (00-12-45) 384 (00-07-41) 820 (00-12-22) 11 (00-02-51) 12 (00-00-52)
Chua’s autonomous circuit 328 (00-02-31) 104 (00-00-28) 199 (00-02-23) 6 (00-05-13) 8 (00-00-54)
Chua’s circuit with a cubic 1,000 (00-18-14) 628 (00-07-58) 971 (00-17-36) 6 (00-05-01) 8 (00-00-55)

nonlinearity
Lorenz
Colpitts oscillator
RC chaotic oscillator

Third order RC ladder phase
shift oscillator

Four dimensional autonomous

282 (00-02-24)
978 (00-33-22)
270 (00-02-33)
783 (00-06-42)

1,000 (00-19-33)

119 (00-04-04) 838 (00-05-39) 137 (00-01-42) 288 (00-03-57)
922 (00-17-11) 872 (00-44-38) 8 (00-04-30) 9 (00-00-51)
481 (00-04-20) 301 (00-03-09) 10 (00-05-13) 12 (00-00-57)
314 (00-04-08) 882 (00-23-41) 10 (00-03-57) 8 (00-00-47)
219 (00-19-22) 1,000 (00-24-10) 459 (00-06-57) 410 (00-10-13)

179

chaotic circuit

The figures in brackets, which are in the format of HH-MM-SS, indicate the time used in training the models
The machines used in the experiments are Pentium IV 3.0 GHz PCs with 512 MB of RAM, running Window XP

the modified networks, the training is significantly faster than
their original counterparts. Even though the training time per
epoch is longer for the modified networks, the total training
time of the modified networks is lower due to their ability
to learn every dynamical system within a small number of
training iterations.

In summary, experimental results from Tables 1 and 2
show that both modified networks, the ones with multi-
segment piecewise-linear connection weights, are far supe-
rior to both their original counterparts and the feedforward
neural network.

5 Conclusion

This paper applies a new concept of the connection weight
to the standard Elman and Jordan recurrent neural networks.
Unlike the connection weights of the original recurrent neu-
ral networks, the weight of each connection in this proposed
approach is multi-valued, depending on the value of the input
data involved. The performance of the modified networks is
evaluated against the feedforward neural network and the
original Elman and Jordan recurrent neural networks. All
the compared models were used to approximate 12 chaotic
functions. The experimental results show that the modified
networks outperform the other three networks by a wide
margin.
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