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ABSTRACT

This thesis propose a hybrid time series forecasting system using a
combination of Simplified Fuzzy ARTMAP and Backpropagation neural networks.
Simplified Fuzzy ARTMAP which is suitable for classification, is used to find the
direction of time series data and Backpropagation neural networks is used to forecast
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2.2 WAlANISNIUNE (Forecasting Technique)
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2.4.2 Root Mean Sqaure Error (RMSE)
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Mapfield (F_,)

Cluster Layer F, L A et
GhB T

vexl® ” ; ;'j o
Input Layer F, ; ;:*2' )
P ‘f{’;ﬁ B st
Complement Coder Complement Coder
o
ART a ART b

o . 3

51U 2.5 aotinenssnvaslandsdszamienuuudsIamuNn
L 4 - - :’l ‘, v e A 2 4 » :d 1 -~ 1
Wunniiuguwntiue WA neungnsiaalw ART,  nsvununasiiGendi nynisdug

(Match Tracking Rule)

252 naFeufredasuitelsssviianuuuiadamuem
1 a‘ = aal < 2 ' « ‘J o
feunarefuedsnirFuufrediandisdszaminanuuuiadamuunazeiune

o 1

WIMHRaaATyriau

2.52.1 UNNWIUBUWN (Input Pattern)
- L) A Q - A 1] 1 J
wnniivBurnitlouding ART, ez ART, azilludanuausisla fflAnagszudng o

- - 4 L4
1 wnnifiudunmillawda ART, uaz ART, azfaignin complement coding  Aawu

- oA ] v & o ) v - 13 2 s =
m’m‘nﬂquwwmuﬂuvgwquﬂﬂuw\mwmmLﬂu 2 INMTNVBYK/IN 01 A ANy

o
funmnilewdn ART,

A={a,..a,} (2.6)
complement coding T8N UWVIILBUWN 4 Aa

A°=1-4 (2.7)
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I= (A,A")z {a,',az,...,ad,l—a,,l—az,...,l—ad} (2.8)

2522 L?nkmﬂ§ﬁﬁuﬁn (Weight Vectors)
nnmefmrinuAazanmeslu ART, uaz ART, fiRengy (Category) 1 NN
uamesinainua (Node) 1 uun daunnimaRiminTes map field auilusa@anszudng
NANYBI ART, URENGNTY ART, wnnefiviinges ART,, ART, uaz1e9 map field unu
fae W,, W, uar W,, RINANGU TmﬂL“?‘uo’iuﬂ"\vmme'ﬁ'mﬁ'nﬂquqnﬁmum’lﬁﬂﬂ"\

Wiy 1 Yiauua
W, =W, =W, =1 2.9)

v v v *
Fnnmefiwminidnviaiy 1 HamaugasdinonmaiiwinaglunniFandn
. P o Y el v A A o~ " - e ] 1
uncommit A lllFFaufiienaridudaunuseenguaesunniiudugmla  usidhe
r:’ L a) ] rr -~ a’l’ ¥ al ¥ k74 o ‘d &
wnmefininuaeuliugaiannmeiiminidliGeufussgniinsiaiedusiounuses
ngurasuniiudurnudauazasGuniteglunios commit  lurgwdnimisGauiunned

v
UminazQNRRANRILRENEEN RN

' a al as
2.5.2.3 AaslinasndAcy
¢ aa « — - s 4w L ol o ] o =l
1. ANAAWAUT (Vigilance) ApAtAdNEamiTaANmEaUluNTTANGNTNAT]

1 i e b &

k) 1 v « ' - L n’ o ) v a“r
Atatjsendne 0 T 1 drAduaudiding 1 waavduwniiuunnnasgninnguidndasiu
finnuadnaiuin  widhARAwauTi AR waaed uniuauglisndusaamiauiy
-1 o £ % [l 0 =l v F 73 d‘ ° v 1) =l . -l o
unAanurrodaliad lunguisaiuls Faazinaunasinguilawia ugjuazlianuau
nguYia m?ﬁ'mumfh"‘ﬁuau'lf':'a;m:ﬁ'l'lﬁ'iﬂuoummnfiuﬂﬁwmuu'muaznduﬁmwmﬁn’lu
4 | _aa .« @ o « .
#1% e munnwAAAueuilszneudedduaudues ART, , ART, uas map field lnaunusiag
- [ o dd’ 172 v o - el v v o
L. P, WAT p,, ATNAIAL nacineaeni s IA maUATATHIE YIRS eINIT RMUA
2., Waz p, Wi 1 dau p, duuanusients
2. dmsn1sFeud (Leaming  Rate) uwnudny B TneldAragrzudne 0 fia 1
Usznaudadins@auiueq ART,, ART, ez map field unuag B,, B, UL B, AMNRIAL
o [ - v ' Yo o v i e ] ] LA
arursonuualtdnsinisdeul 2 ArlalaglddnsnirFauiiviniy 1 Welnuanguniugl

) . ] o d GJ :’a s .
Tl commit NarienuazsnsnTFeul 0 < B <1 dalwuangusiuléinunis commit
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wude  nslddaenieieug 2 fnfiGendn fast-commit slow record option Tngilulua
ﬂ"rfmmfﬁ"ﬂuiazﬁmumﬂuﬁwé’hq 1914 0.05, 0.1 flusiu

3. Andesmnfiaag (Choice Parameter) Wnuiag o Mtazduualéinannds 0
e W Tannndnitamiaiy 0.001 deWfufinatenisinunrdesiifiulunadi
Tunii WA Feeiariduminnu 1 waraluun nnsldarfaaminfinefasinliszuudanguls
wnzanfeiy

4. A@WIWNTE ART,, ART, Uaz map field wnusiag ¥° Y uaz X muaidy

AadamumiinieFaufuiidaay %q%umﬂum'sﬁ"ﬂufﬁﬁqﬁ

1. Guduiuuaenaeiiminzes W, W, uax W, 199 ART,, ART, U8z map
field winfL 1 wazTuAzeNaNmefiMin 77, wiAiTats LA uniteudily
£ ART, dourunTeanmeimin W, usr W, wi'lﬁ’ummmammmﬂﬁunwﬁ
Hlaud il ART,

2. fMuuAAaauteee ART, wiaru baseline vigilance (Wnugag D) {flagann
AIAuauieq ART, qztﬁu'%u?:udwm'z‘ﬁ"auf

3. WawwmfuBunngnilewdrgiu s, fazgnAmaupdauieidu (Choice

-

Function) WU F, 189 ART, uaz ART, mu@auly

= a+le! (2.10)

7,(1)
A « < H ca
e A Pewsumlawasisimaiuasied Bunnlae

(pAg), =min(p,.q,) (2.11)

lo| ARA norm 1BAINIART Tlauiny

M
|Pl=> P (2.12)

i=l

<l o~ e n,y 2/ < L4
I ﬂ’DLLWVIW]N?]UV!VIV\L‘]@Qﬂ']ﬂMTZUULTEME

v 1 13
w, rannmaiuiwinzestiosaud j i F,
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-4 - «
a Aefaawiniines
4 . : i v s <2 A '
4. dWesmunnlFmdesiaiiuwdaiRendasiaruiiiiguganudeuly
T, = max{T, (1)} (2.13)

el j=123,...N

Erilfnseunnnda 1 Dseudi Wifesfaridugeganiriuli@eniiosau j nefhe
40 Fathutinsovludu F, az commit ANAY j=123,..,N 'lum*d'iﬁ%uvgw'l (1
annsndn ey lungulalilasdneazaiangului

5. #luga ART, lﬁaLE\"anﬁfnauﬁ'lﬁfi'rifﬂﬂﬁqﬁ'fuqaqm‘lé\’uﬁo;?um'auviﬂ'lﬂﬁfa
AragauAmKitanunrdanquino FauiisuiuAa3taudves ART, (p,) o1

Qauly

-l ) Py (2.14)

I

Erdeulad (2.14) tﬂutﬁqﬁmﬁwumﬁﬂ'ﬁﬂﬂﬁqﬁ'ﬁummﬁ'muﬁqnLﬁﬂnﬂmz&u

(i 0 visailursin udanunduihindidie 4 uazd 5 aundafewla (2.14) axflustauas
azlflaniynues ART, Aa ¥°

6. Aluga ART, SufunmagauAtaminzanlunsdangulae Fouiiou

o

| e Ly d’ -I
uATAAuaudene ART, (p,) muReulan (2.15)

AW,

2p, (2.15)
i

v o ' « . . cd - o oy
frRaulaf (2.15) Lfluwmﬁ'mn’mumm'ﬁ'ﬂﬂﬁqn'nu'nmw)?ﬂqunLﬁﬂn'um::uu

' ; [ i 14 . 1 d | -
o wiaduanin udaundulibinfide 4 uazde 6 sundtReului (2.15) anduat Az
o 1 - 4 o t
Fia1viynaes ART, Aa ¥? uazJ Aeriumrasdoseuiaurlunisdangy
J A d J - i - 1]

drdeulad (2.14) uazBeuled 2.15) HlusTaFundnifia resonance udtufuiia
o = - -3 -‘-‘/ a al -] © L 725 BK) °
AaziiannT reset N7 reset finadasdaridusasdareu J AgnidenazgninuuniilA1ein

o L= é J 1]
viraimualiilu 0 iveRacldlignidentn

L YaFaloR |
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v o 4 1o - -I
7. A71RERUAMNYNARINITIUNNIANGNTRY ART, uaz ART, d8unmunniiun

~ " - i ? A
gniangulu ART, nsaiuaneulu ART, viabinuReuly

le/\WJabl> (2 16)
T |

]
5 1 e~ o

lne?t W Aannmefivinyes map field Adeusefuozey J Fadufiareufizuslu
naangulu ART,
Y® A wiyniildann ART,
P, PEATAAUAUTYIEY map field Lﬂuf-hm'ml’ﬂﬂ:&l’uﬁ'{'ﬁ"‘)’mdﬂnfﬁwm ART, A3
funguaas ART, dludtmetfiauideiumintus e linass i lfvindu 1
8. Krdaulaf (2.16) WhudiaasimunliAdasiaidusestmaiously ART,
“ o

c |— FRYeTRES /] = \ w1
{u 0 vizeAsn wFaudaiindl p, nal¥Reulad (2.17) dusseudondulivinde 4 uay

4o 6 widRewlan 2.16) st lilivinde 9

1Ay
P, > —— 2.17)

1

A o - § L
Tneh 7 AeunniinBunwnindlawdh ART,
-« A : t -~ | o) A
W] Aannmeiusy ART, Rdienszuinedunwn I iutlaseuntus

. { 4 o
9. AMINANEINMTEINTToMUNNANRaUTY

J L ?/ 1
Y, AW 8 ART, UaT ART, 197141194

4 © ' (34
o P iWia ART, $anuust ART, livinau
b 4 o . .
Y e ART, livinauust ART, vimnu
0 i L (o
ey ART, uaz ART, livinanu (2.18)

o . ¥ o o - « 4% o
10. dFudiwminges ART, uaz ART, muReaulef (2.19) uszlfuAninmingey

map field AuRauleh (2.20)

wre = BT aw )+ (1= W (2.19)
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WJa([:-ew) =B X @4 (1 =B )W.Ia(l::ld) " (2.20)

J - ) ar L3
11. diefiduymlmidunnauluvinda 2

H v A H
Duihindanade wssninmsFaufaminninseadasidadszamifeuunieT

1 ﬂ' z 1] U []
amunnazliiRnIuuAsTanAIaNENatiNaAE

26 Taswingdszamiianuuudundlianedamuaw (Simplified Fuzzy
ARTMAP)

Tasetnaszamiien uuu%uw?\”lﬂﬁﬁﬁmyxuuw‘lﬁ?un'\?ﬁ'mmu'mniﬂnﬁm
szamifinuuuiadamuamiag Tom Kasuba W WA.2536 Raaanasdnuniilal
fdussuasinamilnenssiiandauteddnsiiossamifiausuuisdamunesn dufe
gorilnsnsmuaedtasaitetrza LT ivdistemumazainelasieyszam
FenuuuiTiamumignia ART, aanideiien ART, uazdau map field Wi Sl
Tﬂiﬁiqﬂﬁ"ﬂui‘lﬁt‘%%u ulaseinalrranifesuuuduna laisdamumdanainm
Fauiuradlaniredssamionuuuisdomuwiiidulnsamzansaanisa ludaug
Lﬁufﬂa‘lﬁ%uuwmﬁuﬁuvﬁw?ﬂo’iﬁ'ﬂuf‘lﬂM’\’Q FeasndrznmilafAegldianun

J = ¢ =i [P} P 1 e od Q - 1 ar X - -
qu?'mmmmmmmeﬂﬂmfmuﬂwnmLﬂumw'l'mmm'mmuﬂwnmuwvxmuﬂuv!w [10]

264 sanilngnssnraslassineysraminununuwd ilswddemuamn
) =& - °y J :’/ ‘.” -
Tanedrenlszamienuundand ddiagemumisznaudan 3 fuhaduliumm

¥ L v

(Input Layer) Fund@inas (Cluster Layer) uazduuaniings (Category Layer) —duduwn
Y oale a a & o - ety . . = - \
Wudunfuunniiuduynnidudauiuaialag ifidregszudae 0 I 1 mllaulaseing
al - e ‘.’, 1 ° N {
Yrramifienuuuiriamusmuasinniudunmiudeaininisin complement coding 14
azin i azeunniiudunnidy 2 wnrasmnawmifiuai douunnifiueninn bisia
%1 complement coding ludurdainad (Cluster Layer) Usznevllfaanguviendanaiaed
S a - | v v MYy o 4 o 4 1Y P =l o 10 e
windiudunnigninudn oty Teduaulmialuiurdanedilazidandhisna uazas
J & ] L4 v

WnAmIuFen ssudnedeuf nivualutusdainefuasyninunluduunnas
4 . . - R cast o
Fensauuuiaiuuuadosnmeiionin W,  Twanweflwin 1 wnnefiredsuny
spendawes 1 adamafiiie 1 nauiiues Augif 2.6 ualutunadawed 1 nuaarthld

v ] 1 4
Tuus 1 wualuduuanfine? (Category Layer) TaluualuduuanfingiinaA1nauteaunn

a oo a’ v =l v o«
MUAUNMN TS LNDIAUTHUTULIEN
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Desired Output

J L

SRR T

Category Layer Kk [ A

Match Tracking
Cluster Layer ]

Input Layer i ) > p ) Vigilance

Complement Coder

N

Raw input Pattern of Size d

d U L) = « 4
gun 26 anninansruaedlaseialszamiesuundund Wansgamuum

a’l’-a - -« -J o 1 4 1 e .« v dl °
uananiaunad iiadanuungalsznauouAiauaud (unuee p) 91
A ~ 1 :’1 -~ -« 1 e « i
wihfinugunssuaunisdangulufundainefadinAMAuaudons ART, uaz ART, lurad
amunn  Aauaufaciidtagszndng 0 t 1 Simuadaauaudligauanitunmig

- vy o Y e “ o J4 ral v Myd o ay o wal

Aunnazdesilanuagraiunniazgndnliluadanefineiuld FJoinliadanefisun
@nuazianzasuarinlfdnuauadamefiuan Wmassiudninamuadiduaudlicn
wiiuBunn lidaianuadaiunniannsadalfluadamefingaiuliinliadamed

-l ' ° ol b A a a ' v §_aa <
faunalugjuazdnnueddinadiiies  WedunniiudunnbiigndatinssuuAnauaudas

A ] U 14

gninuualiivindu base-line vigilance (p) {fiaanAda nautasiindursuinnisGauf
2 match tracking MuriniAuAanANgsedunIFau I wmIRuawNgN

-~ - « o l’:’/ ‘:’ o © :’/ - dd‘ ar o -
n N lundamafuazasama i lldsdnaulufuuaniineThasiuanauseIunning
a do o « v v A ] v i (% r:’/ a’l’ v o :’/ a el ]
BunnidndeFaufeguiald  drlsngiadameiiuglldiAneulufuuaniinaTus

¥ v £

fneuiulinsaiuA RaLTB IR U LA uW LB Uiz anngndald
[ (:’/ 1 34 rd" = z o L 70 l’tll k1 ~ rA
uadawmesin  frumgnisafilifiatussuuitmualidrfaddunseiurasluuandamaiin

v ' J 1 4 ]
gurlurasiuliiiu 0 Wiadludid uazinARauandiuie lilirzuunduniidenada
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r” ] N o« r:’/ % o 9 a‘ o~ © - e -3
wefign  widhuusssawme A LG IARBLNANAUARL TR IURNAUBURNIZILINAY

E . »>
ThFuenmefiiwmin (7, ) fuudavissuilfFeufummidiuguymiuuga

262 meBaufvadassirelszamifsauunBund ibizdamuam
-~y - A 1 - - * i
wnivduwnitlaudinlandqolssamiiesuundund idddsiamuumazas
thunisuadalad (Normalization) lmeinamin complement coding uselamizeanisin
. | “ ¥ oqy - . f « -
complement coding Aawallaaiulilizzuuaen weights INENAENIAEHATICUINTCUL
- X P ' - i . o P ' - o § v
1Aan weights tenatiaime muanilan weights maziuluuanturegauediazinlinng
o ‘ ] a o a} ' o e [
Fangulimunzanld naranreuRniiuBUWnEIUNIIT complement coding ATy
o . o o [l ° . 1 i i i
nnareunniiudumndalilévia complement coding aaniewlah (2.6) Raulih (2.7)

I ved oy A X
uazRaulen (2.8) aclaaulan (2.21) Al

|I|=|(a,a‘l=ia,+(d—ia,.)=d (2.21)

Tmﬂ'ﬁ')ﬂﬂ?:mwtﬁﬂu%uwﬁ'lm?ﬁ‘n%mwuquzﬁﬂui"tﬁﬂﬁmnéuuwvuﬁu%uvgw
AANgUAMELRARTUSTLW AuBuMIY Saneinunisiauuedasdnenlrzamidfioy
FundridaTamumii

1. Fuuwniiudunnluaiidaunain complement coding u#

2. fmualiA"dauaud (o) Wil baseline vigilance (unufag o)

3. Auamdnierunszdu (7)) e denilaiuluieTamumanidoulsd

(2.22)

[raw|

(2.22)
aQ +|W ’

T,()=

A1 a azldA1in Wlnd 0 1w 0.0001 lusu

o ey, ol '
4. RantwuavFaiinsaun adaseidugegamuauly

winner =max{T,(I)} Toe@t j=123,..,N (2.23)
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- ) - a‘ ‘ fn./ L. o] -
Eafifiazounannda 1 fareuiArfaffunseugegauiniuliifentioseu  j
v v
nefuge Anfulisreulutundainadas commit ANAIAL j = 1,23,....N
5. ArusmaAtumaTiuLaTRTaagauaumNizanlunidanguing

al o §_ e - -
ll_ﬁ’?_lu MeUNUAIIURUTAN Nﬂu‘l'ﬂ

MLI 2p (2.24)

d

Toedt J Aesinunisesiiareufiruzlunsdnngu

trdeulad (2.24) dusiaugnsinndainad J ﬁqmﬁanmm:auﬁﬂzmuuwmﬁu
fuwn (1) i lAlunqu i deulad (2.24) dhufinfiasiamun Reset) Wirarfdu
mzv’jumml‘uumﬂﬁﬂmm’flqmﬁfanmﬂuﬁutﬂuﬁﬁﬁﬂ vireilu 0 eseuseliazlF ligni@dan
anuanduly@enhunadawmeminudenlad (2.23) awiaundidenls? (2.24) axidlu
qRaudaRalivinda 6 siall

6. ifladentuunadamaiinusfudadudelifiashinsaasendbminndamed

| N

J r’ L o O :” o~ el - -
J frunindllfisneuviieinua lufunaniineiinsaiuAainay (0) 1duwniiudunni

a - L 1 A §
AndaFeufluilaqinideld nauRaulan (2.25)

Category(,y = O (2.25)

- - a o o oA 1
TWFJV\ Category(” ﬂ'ﬂllﬂ'ﬂﬂnﬂ?ﬂ?ﬁuﬂﬂﬂalﬂﬂ?ﬂ‘ﬂu:‘n'ﬂf‘!

- ° o ;s n’ 0 o wl v
(0] ARAIRALTANUNNINUBUNNNTEULNIRAUTEUIDE]

4y od D5 213 7 < o .

fideuledt 2.25) MwfiniuRedreuresiunpdamefrusviegnidaniuly

o o - - d‘ ° o 3 [X-1 o v h r:/ v d‘ o
asafuAmaLTawiAivduynAn A Gauietfasimualidaifunsequnluunnda
el < 5 ' ° =4 o 1 o fk’!’ =l - o ° L 4
wafignidenneutiuiudndii viadu 0 uaziinAauaudivaniandaaneiazin i

Reulih (2.26) i
II AW, l
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Y . . oAy d I
amiuaeunavilidantmnadame Fniamidaulin (2.23) uammwwmu‘l-nw (2.24)
1 A ° ' 1 A
wazoulaf (2.25) aunnaundnRauliin (2.24)  uas Nﬂu‘l'zm (2.25) azfluaTvia
-~ rA . 5 a‘l’ o :’z < dd' o o o e
Tuumﬂaamewgnm1-3nuu'n‘hJm‘[uum'lwnuuﬁwwnmwmnumsmu'umuwvnmuauvngx
AdaiFeagudardlibinga 7

-~ 1 o - - fai' J al
7. UiuAnimiineesnunadamaiouzameulan (2.27)
wre = plI AW )+ (- B (2.27)

LlJ‘t] qu‘mww Wud uwwum Faud ’ﬂW)uﬂﬁUllﬂ AMMUARIIAUR i iminiuAn

base-line vigilance nﬂumu.wwwmﬂuww'lunmwﬂui‘mﬂ‘lﬂ

263 MIvuIEIIBUNA ARG IaWaN (Simplified Fuzzy ARTMAP
Classification)

° [ Pl AJ (P al
msunsredlandslramifisnuuuisiamunuarliandtulramines
- - < P v - (] <4 ° (] -l
wuuund AT Tamunna AN BNy nmfmfams’mmﬂﬂmfﬂwmﬂﬂ?zmnmﬂuuuu
ﬁ'n'n'a'muuwm'l'nuﬂ ART, uazdau mapﬂled Wit dau ART, lailégnldam viuReacld
rinmetiminges ART, w, )uammmmmuun'um map filed (W,,) lFanniuneunas
Feuf Ui i lunmagauasgnilowdi ART, uez Amnauinfeaiefuaniud
A i r"’ Y 3 (V + s J
BanTnund Widndesiafiugean  Eriimuailidrdeniaifugeganinfiannndt 1 uun
- a v - y o yd P - pegp)
sidanluunfiagndeiiegamiiaudoimdouf ezl J NrurFerciiiienuun
<l 1 !’, :’; = s o] :'/ | o r’o’ o A o v o
Framintu aanfdegintuuafinusiud@endunnmeiiwmin W, axlsiiazidney
2ENNY
. i =] = o3 - ‘c} al. -
dounnmvinwnalulandisdszamifanuuudand i eTamuawiiaunmiig
oy 1 73 < ° A 1 I’"f L% ':’ o = ~ fA v
funmgnadudnnfiazgnAtnaniemAriaridunsznu amiufidentuunadainain e
Hafdunszdugegn laafriuunnds mafAlfARaifunsziugegaminiufazinen

- « v I Pl ] <l v P o~ rn‘ -3 1
TuuapdawmefegnisiadegamiisudniniaGouf Weldvunadameinauziasgd

o ra; rr a‘l‘ 4 a d ndl :: o ° ;Iz
WunAd" mewnuzuu'ﬂﬂm wAmna TvualazeiunumindasAmaLiviad

2.7 TaswinadszaiiignnuniuansanwiILngy
Trnstaerzamifenuuuiuansanninduiiulassdredssamifionngminhld
s Tamilunuranedugy nsdangudaya mefauwnidiu naminnedayasyniy

a0 s tasednedssa s wuansanwanduiiulassdiedszamienuoy
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o - v
feedforward iFiMsFafuLLifanu feedforward Aefirvanisivarasdayaazinaaindu
- ] !’, - o :'/ - <l 1 -l 4 Lrl P
sunndufudaeuhldiiueninn  doumsGoufuniideaudunszumumsulraumay
[ v kd A . - o 4 v v [ ¢ ‘9’ or A’ I
fudrmaufldaniandtefuAreungnaeauaILFuAINMENLUNUF1UTBIATAY,
- 4 - 2 J § ° a‘ - o - i
Aanana (Error) ety e WilaradneWiAneunlng FAENAUARALARNINRER

TantnelszamiFsnuunwuansanninduldiunsimuniewsiywinisFeug
WU perceptron Tasdntudnmadr il ulaseinaie Waanasoufdywinhidindadula

a v - o P ¢ - a ) v

naintuianudalluganin lannasoudtioyuiaes perceptron  Toliitasanilasauludu
- ° v -l «X v v W ’ o e } 3 “ 4
Animuasimtihinfloudluiadudniuzidu (Features) TaunniiuBuwnlaadrsvialily
' “’ L ¢ o~ 1 - :’/ . A kd
Anriwingedniuzsuazgnilflnsisauluiueviyiva A asusenin

Tassdrelsramianuuupensarwnindy WunnsGeufaineomnliudiang
- v J hd H ) [ oA o H
AanaralfnAetesngalaanizufaudiaudineuilfainlassinefudmouiseinisuda

©° ar 1 ‘0’ o J H v o A‘ 2 - hd ﬂ‘l ¥ A
wmsdfuAaniminine lardaidneunndiasiuaineLineIn TiInngn

271 gatnsnssuraslageinalssa AL LLUANSENN NG Y
TAradnelseanien L ruAnsanwinfulseneudaafiasauvialuun  (Node)
unudeaenan Dosauassoniutlutu (Layen  Tasetisdssa sy iLANIannI-

o o
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(Output  Layer) ﬂomuiunn%’m:t"ﬁ@usiﬂuuuﬁquuuumTﬂﬂLé’uﬁﬁ‘mudﬂﬁmzﬂﬁwﬁn
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2.7.2 msdeufradastielssamiENUULLLANSANNINTY
4 { > \3 o
Aarsanamilnenssugaslasinelssamiisuuuunuansewnndy AugLn
| 4 f/ D :: - :’4 - :’r L d. o A = :‘/ - .
2.7 sznaudiay 3 FuRetudunn Mudawmuuasiueviynlaen i Astlreuluiuduwn j
v L 3
Aatinrauludiu@awunsy & Aedoseulufuewivm laefiduwn X, X,, ..., X, X, ung
[l G4 ] . L7 i - b 1’4
dAtetngRandeldnussAianuiansin e, e, ,....e, undananhlde w7, unu
v v ¥ t 4
Andwvinantarey @ twiuduwnlliiseu j lufu@amuues w, unudniinain
finrou j TuiuBawulldefinreu & uduening
, = T |
TanvdnslssaminsnuuiuwuansanwnduiidunaunisFaug fail [11]
o ' r o B 1 J 1 (] ]
1. AmusAatin (Weight Vector) Taensguanfieslugdauau -1 a1
© Ly - « A - - o
2. Avuaunivduwnidu X, (p) X, (p).... X, (p) ussievinninduiusi
- = A
wniiuduwnde ¥, (p)Y,,(p)... ¥, (p) Wia p AesaunisiFeuf
v i3
3. Andanunadng ludusineg Al

° o Y oa 4 =
31 mmmuaﬂwﬁ'lwnuamLmumﬂutaﬂu1mw (2.27)

Yi(p) = sigmoid[i X,(p) < W,1(p) ] (2.27)

i=l

P & - - . o
nen Y,(p) ARANRIMUMINEBNANNUIITEL j TBTALN p

sigmoid Aaaridunseeu sigmoid
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X, Andunn
=4 ] %’ o~ - . o~ = .
w, AaAnhwinantiasey i Wdilareu j
° a v al a . v a
n AaduLBuIIMNARdadiatioseu j Tufudam

. v L. 4 o
3.2 Anusdmiluiue vinauleuln (2.28)

Y.(p)= sigmoid[i Xj(p)xW,g.(p)k] (2.28)

i=l

ot 7,(p) AeAnawiyniieenanilaseu k 984taui p
sigmoid AeWaridunszeu sigmoid
X, andunn
w,, AerAmiwinantiaren j ldefinseu &
«8 [ - ‘-’z -J v o l’, -
m Asdmuduymianuafgadtioreu k luduieninn
v
4. AfuaniwinlagnisunsdaunduAtnulanan

v 1 1
4.1 Arvanuen error gradient AmiuflasaulufiuewivnanRauln

(2.29)
5(p) =Y (P)x 1= Y, (P)]x e, (P) (2.29)
e ¥, (p) AeAnavimnanniiaseu & uduewinn

<4 T -, J v ° 1 - ‘J v
e, (p) AadnutanaInflfannniAveninhaeINIaL

° A L i A
amnaunlsanszuuA i nlinuReulai (2.30)

e(p)=Y,, (p)-Y.(p) (2.30)
n’ =S o ) < dl v A
Taed 7, (p) AeAmauviTeviynisednisiisey p

~ 3 <A < a; = d‘
Y, (p) ABAIRBLUTRIDMMWNNAANIINUITAY k V78U p

. 4 LY. u ;
4.2 AununirasuudssAninninanudeuleh (2.31)

AW, (p) =axY (p)x,(p) (2.31)
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nef @ AedmIIN1sEuuf (Leaming Rate)
« i = . :l/ -<n a’
Y,(p) Aawnivnieanainiiaey j lutudanunsau p
: - Y g
o, (p) Aarn error gradient 1eatiaseu k Tufueviynnseu p

v ¥ e o y . 4y od
4.3 fuAmiawinzediareulufuewiynnnideulsh (2.32)
W,g.(p+1)=ij(p)+Aij(p) (2.32)

4.4 Aauatuen error gradient gwiuTiasauluiuSanunnReuly

(2.33)
5,(p) =Y, (P x[1- ¥, (0)]x Y. 6,(0) x W, () (2.33)

P - - - - a
e Y,(p) AeAnawiyniinananiloseu j 1eufl p
& []
8, (p) Aadn error gradient 18eilareu k lufueninnseui p
LR o 4
w,, Aartwinainiiasey j Wiilaseu & seud p

4.5 f'hw)mmﬂﬂﬁﬂuuﬂmm&wﬁnmuﬁ'ﬂu‘lﬂﬁ (2.34)
AWji(p) S axX,(p)erj (p) (2.34)

4 - ‘; - H
Taeft X, (p) Aeduwm X, lufuBunnaessaudn p
=4 [ b - . :’z - -J
6,(p) AaA" error gradient 18IUITAU j Tuiudaiauseun p

4.6 Usuaniwinrestioreuluiudamunneuls (2.35)
W,(p+1)=W,(p)+AW,;(p) (2.35)

a4, S T A
5. WxAUIUTALVTARNAY p B0 1 uszaundulinduneun 2

o a v . o e . =
ARTINTTLIEIG (Learning Rate) @miulasatnadssa M uuULLANTENNI
.', Y] ' <2 d' o o va’l’ o [ <2 . Y [ ] ’0’ o
induldrrszudng 0 e 1 TedmmnisGeuiiianiiusavendaneTindnassenliuAninmin

v 3 L Y4 [ <l D°l o L 73K g “ ﬂ' v

wnfenwinls  drdmuesnsnieFausinasinWanimindes wWasuwlasuazldinan

Pt v v o ~ ~ v ° v o+ v o al - o ° t%
LTEUIUIY mmuumﬂmﬁn'\?t?ﬂung:m'lvumu'munum‘:‘tﬂaﬂuuﬂmmLm::m'lum?
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< A‘ ) © o~ - a Gl ’ :’ g d’ o
FrufidmuwitimundasnisFouiganniulidaneifinensdwAniminiiuunzay

Il TneiahlgmenasFeuiacidensing viu 0.05-0.1 i

2.8 Autoregressive Integrated Moving Average {ARIMA)

Autoregressive Integrated Moving Average ( ARIMA) Lﬂuﬁ'ﬁm?ﬁﬂmﬂmmﬁﬁﬁ
winunlng George Box Uz Gwilym Jenkins uazinaunslutasiuaesrdastdnsa 1970
wiadeda Time Series Analysis : Forecasting and Control ARIMA tﬂuﬁ%’ﬁﬁﬂuﬁwdqmn
Tunsimmsitarlfiuarlunirdunnmnn sdnlsfaaluiiaqiuldimmimunlldsunsy
ﬁ'\t’i"qgﬂ%utﬂﬂ'ﬁw'lunﬂ?ﬁmm iy Minitab SPSS gy intidendldinetu

nmnanssinldlasnisdmungluuy (Model) Wiuaynsumanlugluuuees
ARIMA(p,d.q) (Autoregressive Integrated Moving Average order p and q Model) %dtﬂu
nsruduInIzLLL ARI(p) uazun IMAQ) dindntiii guun ARI(p) winaiegLuuy

‘J : ' .&’ 1 o s . - o A’ 1 2 '
NugmdnAdanm Y, ausgnuAtduna ¥, Y, vTaARAUNAMINATUNAUMUN P AN
A ) 1 X [ i d
gaugluiuy  IMA(Q) winsfegluuniugadnAdans ¥, Tuagiudniunaiainfen
4 ) -4 d‘ . L% 1 - o :'z o .
Ep g €,y MTRATATNARIAIRADUNBYNAUNUN g AT doud AadmIuATIlUNTA first

L35 [

differencing tite Winyaeylugllaniuu? (Stationay)
lunsdiifaninangnialusynuaaiasianunguuuy SARIMAR,D.Q)
(Seasonal Autoregressive Integrated Moving Average order P,D,Q) Triuaynsuiaansae
Tnefl P Aosusuues SARI Uat Q AofufUTes SIMA uay D Asdmuauafslunimmuasing
q@nmtﬁav’h'lﬁifﬂu“ﬂmﬂﬁuuﬁ m?ﬁ'mumgﬂuum:r’i’mumwﬁuﬁﬂu‘,aﬁtﬂumm'ium’?'
winviu
2.8.1 \ATaIMAnE B (Backshift Notation)
Lﬁﬂ'lﬁn'miﬂugﬂuuu\i'm'%mzﬁau’lugﬂm‘?‘mumﬂ B (Backshift Notation) g

- ¢ﬂ| L 7 -~ ° 1 4
B AanTTiaaudaunay 1 Atuwia tnah

(2.36)

L N 4

o © 1 el Y o d‘l
EAUNAL 2 muuquﬂu‘lmmu

B(BY,) =B, =Y, (2.37)
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.
Enihdeyanodeuussiainisdaundy 12 Geudnuldidddl fs B7Y, =Y,
Al

e

J o - ° .. . d
wiaang B avgminlulilunasedunenmn first differencing Feanmnsodaulé

Y, =Y,~Y,, =Y, -BY,=(1-BY, (2.37)

t

v
Gaviu first differencing AvdanTaunudoe (1— B) fseanaidizy second order

differencing w7e first differencing of first differencing anunraidiaulinail

Y =¥ -Y.)
=@, -Y..)- (0 =%)
=Y, 2%, +Y,,
=(1-2B+B*),
=(1-B)'Y, (2.38)
ri'\'siﬁ'u second order differencing A3unusiat (1—B)2 i second differencing
wnidae 1- B> Ffu d-order differencing @eulida (1= B)'Y, uas drdieyatinunisin

first differencing WAz seasonal differencing @ urn@anléiin

(-B)i-B), (2.39)

i A o o L ¥
aanaunT# (2.39) amraidauluztvesrunsiadt iU i lunmasiauna e dail

(-B)1-B Y, =(1-B-B* + B, =Y ~Y_ ~Y_ +Y .,  (240)

& Ld ool
2.8.2 AumaUMsYITIelaelE ARIMA
v
1. fimuaguuy (Identification) Usznaudias 2 funaune
1.1 wlasaynsunan Widuawmdund?
5 - L & - '
1.2 @enlumanumnzanlidueyntunat Tnanisiarsanns el

Ausransanduwusuuueals (Autocorrrelation  Function ACF) uazAnduise@nd

andunusudauuuueeln (Partial Autocorrelation Function : PACF) 9898YNTHIIAY

2. dszunuuasnaaay (Estimation and Testing)
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2.1 sznaumariimeflugluuy (Estimation) Fvinld 2 FBRsn1IM
AndrsununuudnauazAlszinui idaannirawracisianee (Nummerical  Analysis)
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Fulszansandunusuuuselnuaswarined lngannisainivazviniusuay
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2.2 ﬂ?‘nﬂmjmmmm::ﬂu‘umgﬂunu (Diagnostic Checking) L‘fjﬂ
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fndiadt 1.2 aundnazldpuuiivmazay

P 1 ° R .
3. mslilumaieinue (Forecasting) T9i 2 wuLRENITMWIELLILAA (Point

Forecast) UATNITNIUNBIULILITY (Interval Forecast)

283 aynsuaamiiusiaduu? (Stationary Time Series)
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2 Y ‘Jd ll. ﬁz 1=
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wnlin {Z,} lan Z, = V7Y, dad dusrdurenisviuase seetvtu dnd = 1,
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d=2



60000

50000

L

30000 \J g

ATWALTAL
U

0 T T T T 1 T 1 1 1 1 i T 1 T T T

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69

Time

33

4 -’ i 1 o’ :
s 2.10 uanednuzaynsua W ifluawiuuiiiasnunatis

20000

15000

10000

oo | Mol

]
6o |
__Ln_;__._._—-—-

W
[ ———

]

=)

&

-— =3

0 A LB U LA LRI T A
1 3 17 21 25 4 31/37 %} 45" 4

—

-5000 I

j o—
<
T

-10000

-15000

-20000
Time

A - i o -~
g1 2.11 waaadnnizaynauatifluamduuivdianau iy



34

2. NMTUHARNNANIA (Seasonal Differencing) 1BIAYNTNLIAN ﬁﬂﬂqn?uwmﬁ
%v@‘wmmqqman”nmtﬁmi’m azwlasaynTuaaify {Y,}iﬁtﬂuﬂgmumm'lmiﬁ‘lﬂﬁ
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3. MIIMIHAANUATANIMHAANGANIA (Regular Differencing and Seasonal
Differencing) nm‘iﬁaqnmwmﬁvnr'quuﬁﬁmm:qqma nalfueynmuaan Widuamduud
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-t 8 M Ly
4. msmaenTiurasAdanaluaynmuaan Remsulaseynsunan {7} Wi

1 H L1 o J o
Wuayntunarlmi {Z,} laef Z, = log(F,) nrulasiiaznszviniiennuduulres

L] J "’ 1, J < - 1] 4
aynmuna A tuAe V(¥,) lawdmitudaziaaan t

2.8.4 msnavuagduuu (Model Identification)
nmsiamuaglunaninlasnsRarsandAdnlsz@nsandiusiuusslauasen

S [ : Ld - L1
Fussanianduiusuediuuuuesla eAmananna el

Adunlssansanduiusuuueeln

r, ==t (2.36)

S -7)

=1
Adulse@nsandunusunsdaunuuaaln

-
M e k=1

k-1
L _zrk—l.jrlc-j
1 1

Vit 7

k-1
1~ Z P,y
L

j-1

Wak=23,.. (2.37)

] -
Taen rkj T rlc-—l,j -3 rkkrk—l’rk—j Waj=12,..k1 (2.38)
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anduiusrsudineindanalueynsunanfieginaiu k faanamFaminaudiniusrwing
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“ co 1% al v v ' 1=l [ v v v P
ANAUWUTNAUAT O r, HATUAENIN 0 UAMIIINANAUNUSAIUNIATNUTIINUATON r, HAN

NN 0 UAAIITRANANAUS Ln ANy
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Qv 0, 2 X2rma (2.41)
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Autocorrelfation

Autocorrelation Function for real_train
{with 5% significance limits for the autocorrelations)
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Partial-Autocorrelation Function for dif_train
(with 5% significance limits for the partial. autocorrelations)
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Final Estimates of Parameters

Type Coef SECoef T P
AR 1 -0.5660 0.1266 -4.47 0.000
AR 2 -0.4249 0.1269 -3.35 0.001

Number of observations: 55

Residuals: SS = 6609363350278 (backforecasts excluded)
MS =-124704968873 DF =53
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Modified Box-Pierce (Ljung-Box) Chi-Square statistic

Lag 12 24 36 48
Chi-Square 9.9 179 203 210
DF 10 22 34 46
P-Value 0.450 0.712 0.969 0.999
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PACF of Residuals for dif_train ARIMA(2,1,0)
(with 5% significance fimits for the partial autocorrelations)
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3.1.1 msuaiialadiayaaunsiiian

nsuafisladieyaaunsuiaan (Time Series Normalization) A nsvindeyaun
UuAr WA agszudne 0 fe 1 e lanunsoewiudaneiuradasdraszamiian
uuu‘%uw‘ﬁ'lﬂﬁﬂﬁmwuuwuazTﬂmhmI?:mmﬁﬂuuuuLmﬂws‘awmm'ﬁu‘lﬁ Aaun1g
uefiTalaisfuaz ﬂ?umammmm'ﬁﬂumﬁu‘én 5% mﬂqﬁ'\qmmmiﬂumunmmm uaz
UfuAdngaresgadiayannat 5% 199A R gATeTaYREYNTNIIRY EMATIANUAZAN
5% 'nﬂwauam,muuauummm'\'nfaua'lwaummmf-mvumﬂﬂaﬂuuﬂaﬂuwrwmvn
twumumfaammumnmqmnmmaunwnm'luﬂqquu antfudieyaeynauaatiidu
fayaaTerzgmitiAUIMIAT segment Miav ugrAnideyafiaglug segment iuef

Jalawdunndeulad 3.1

4 = _51___2“1_ (3.1)
max—min



T ¢=I' « - 12 4 h 73 © « o ar
TN S Ad l1INAas segment 'ﬂﬂ\I‘ﬂﬂHﬂ’ﬂQﬂ‘i‘Nl’lﬁ'Wlﬂﬂ\m’]TVI']Llﬂ?N'a‘lﬁl’ﬂ'ﬁu

max Ao Agegnaadnined &

min A8 Awngaveannef &

a’ t o e < v
ﬂ?ﬂﬂ’]&n'\iﬂﬂﬁuﬂ‘lﬂ‘ﬁﬂ’ﬂﬂﬂ

A < o Ly
A151e7 3.1 nasuefilaladiayaayniuna

AL Data Segment Normalized Direction
Data

1 3619.8 3846.9 0.6735 up
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Abstract: This paper proposes a new hybrid time series
forecasting system using simplified fuzzy ARTMAP and
backpropagation neural networks. The simplified fuzzy
ARTMAP, a modified version of the well-known fuzzy
ARTMAP, is used to decide the direction of the time series
data whether it is up, down or sideway, and then use two
backpropagation neural networks to forecast the magnitude
of direction change. This proposed model was tested with
the M2-competition time series data. The results obtained
are very encouraging.

1, Introduction

Forecasting is the basis for planning and decision making.
The more accurate the organization’s forecasts are, the
better prepared it will be to take advantage of future
opportunities and to reduce potential risks. The science of
forecasting relies heavily on the models used for forecasting,
quantity and quality of data, and the ability to-pick the right
models for a given data. Artificial neural networks,

especially the backpropagation neural network, have -

dramatically gained a lot of attention from researchers in
various areas, such as pattern recognition, classification, and
time series forecasting. The backpropagation neural network
has proven in practice to be quite efficient and has been
widely used in time series forecasting, such as in [1, 2].
Fuzzy ARTMAP has also proven in practice to be quite
efficient in pattern recognition and classification
applications [3, 4]. However, the trend of the forecasting
technique is now moving toward hybrid models. Many
researchers have proposed hybrid models for forecasting
such as [5, 6, 7). These researches show that the hybrid
systems can improve the accuracy of the forecasting over
the systems that use only a single method. In this paper, the
simplified fuzzy ARTMAP and the backpropagation neural
network are combined to generate a hybrid model! for
forecasting.

Following this introduction, section 2 briefly describes
the simplified fuzzy ARTMAP component, the
backpropagation neural network component, and the
architecture of the proposed hybrid model. The description
of the tested time series data is described in section 3. In
section 4, the experimental setup and results are discussed.
Finally, section § is the conclusion.

2. Hybrid Forecasting System
2.1. Simplified Fuzzy ARTMAP Component

Simplified Fuzzy ARTMAP (SFAM), proposed by Tom
Kasuba in 1993, is a simplification of fuzzy ARTMAP.
SFAM is developed from the fuzzy ARTMAP in order to
reduce the computational overhead and architecture
redundancy of the fuzzy ARTMAP. Fuzzy ARTMAP,
introduced by Grossberg et al. in 1992, is a supervised
neural network with very interesting properties, such as a
very fast convergence, a capacity of incremental learning of
recognition categories, and multidimensional mapping in .
response to input vectors [8, 9].

SFAM comprises three layers: the input layer, the cluster
layer, and the category layer. Each node in the cluster layer
is fully connected to the nodes in the input layer via a set of
top-down weights. The nodes in the category layer represent
the categories or classes that the network has to learn to
recognize. First, the input pattern A is flowed through the
complement coder where the input string is stretched to
double the size by adding its complement AC. The
complement coded input I, which is equal to (A, A®), is then
applied to the input layer. At this stage, all the cluster nodes
become active, yet with different degrees. The cluster node

with the highest activation is then selected as the winning
node.

T,(1) =
i(0) EM Q)
Winning Node J = max(T;) @

where o is a very small number close to zero.
W; is the weight vector of the cluster node j.

If more than one T; are maximal, the cluster node with
the smallest index is chosen. Next, the match function is
calculated to measure the degree of matching between the

winning cluster node and the input pattern. The match
function is defined as

[IAW,!

ME(], W)= ’II . 3)




The match function in conjunction with the vigilance
parameter p states whether the winning cluster node is good
enough to encode the current input pattern or whether
another cluster node should be formed to code the input
pattern. If the match function is greater than or equal to the
vigilance parameter, the network is said to be in the state of
resonance. Resonance means that cluster node J is good
enough to encode the input I. After resonance, the system
then checks whether the category node, which is linked to
the winning cluster node, corresponds to the current input
pattern, If no error occurs, the weight vector W, is updated
according to the following equation:

Wi = Bl A W)+ (1- B)wsd @

Otherwise, the activation of the winning cluster node is reset
to zero and the vigilance parameter is increased just enough
to exceed the match function value. The new winning cluster
node J is chosen. The search process continues until the
criterion MF(I, W) < p is respected and the chosen node J
corresponds to the current input pattern. If such node does
not exist, a new cluster node is recruited to code the input
pattern; the association between a new cluster node and the
category node is created. The answer obtained from this
component is whether the direction of the series is up, down
or sideway.

2.2. Backpropagation Neural Network Component

Backpropagation neural network (BPNN) is a class of multi-
layer feedforward neural networks with a supervised
learning rule. In this paper, two BPNNs are employed in the
second component. The first BPNN is used to forecast the
magnitude of change in “up” direction; while the second is
used to forecast the magnitude of change in “down”
direction. Each BPNN consists of 3 layers: one input layer,
one hidden layer, and one output layer. The sigmoidal
transfer function is used in the hidden and output neurons,

2.3, The Hybrid Model

The new hybrid model proposed in this paper is composed
of 2 components, The first component which is the
simplified fuzzy ARTMAP is used to forecast the direction
of the time series and the second component which is BPNN
is used to forecast the magnitude of change of the time
series. If the direction of the next step is forecasted to be up,
the input pattern will be sent to the first BPNN, which uses
to forecast the magnitude of up direction. If the first
component predicts that the next step is down, then the input
pattern will be sent to the second BPNN, which uses to
forecast the magnitude of down direction. Otherwise, the
output of the model is the value of the current step.

3. Time Series Data

To test the performance of the proposed model, the
experiments have been conducted on 6 data sets, These data

Output
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X
Input Layer

Category Layer k

Cluster Layer j z@’ P@" 0o ’e
"~

T~
Input Layer @
z T vigilance
Raw Input Layer Complement Coder
Raw Input Pattern of Size d

Figure 1. The Architecture of'a Hybrid Model

sets are parts of the M2-competition time series data sets
available from [10]. The description of the data sets are
shown in Table 1 and Figure 2-7.

4. Experimental Results

The data sets used in the experiments are non-stationary.
However, the time series data must be transformed to the
stationary series before being sent to the forecasting model.
The process usually used to remove the trend from the time
series data is the differencing. Therefore, the original time
series is replaced by its first differences. If a time series is
represented by Y = (Y, Y,, , Y,., Y.} where n is the
total number of data in the series, the first differencing of the
time series is defined by § = (81,82, , 8,) where §; =Yy,
-Y,1<ist-1. Differencing not only eliminates the trend of
the series but also helps reduce the range of the time series.

The first differences are then normalized into values
between 0 and 1 by using the following equation:

A, = di—min
max— min

)

where max = (maximum value of 8) +5%
min = (minimum value of §) — 5%
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Figure 2. Data Set A
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Figure 4. Data Set C
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Figure 6. Data Set E

Data set Description Qbservations Range of Data set
A Automobile Industry: Car Model: Panter 70 3,619.8 - 52,727.2
Monthly series (Jan., 1982 ~ Oct., 1987)
B Macro Data: Gross National Product 163 1,056.5 - 3,796 .4
Quarterly series (Q1/ 1947 — Q3/ 1987)
C Honeywell: Total OEM Sales 82 24,611 - 222,062
Monthly series (Jan., 1981 — Oct., 1987)
D Squibb: Product Sales 70 252,360 - 4,685,079
Monthly series (Jan., 1982 — Oct., 1987)
E Aussedat-rey: European Coated-paper Orders 82 142,827 - 397,034
Monthly series (Jan., 1981 — Oct., 1987)
F Aussedat-rey: US Uncoated-paper Orders 225 222,000 - 651,000
Monthly series (Jan., 1969 — Sept., 1987)
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Figure 3. Data Set B
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Figure 5. Data Set D
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After being scaled, the input patterns of size k are
constructed by taking k consecutive values from those
normalized series. In the experiments, k is varied from 2to 6
to find the pattern size that gives the best result. The desired
output of SFAM is the direction of the series, i.e. {1 0 0]
representing “up” direction, [0 O 1] representing “down”
direction, and [0 1 0] representing “unchanged” direction.
However, the desired output of BPNN is the k+1 value.

Next, the data sets are divided into two distinct sets, the
first 80% is used as the training data and the remaining 20%
is used as the testing data. The training set is trained until
the best performance on the training data set is obtained.
During the training phase of the first component, the
learning rate is set at 0.1, while the vigilance parameter is
varied from 0.75 - 1.0 to find the vigilance value that gives
the best result on the training data set.

BPNN component consists of one input layer, one
hidden layer, and one output layer. According to [11], only
one hidden layer is sufficient to approximate the continuous
function. The number of input neuron is k, while the number
of output neuron is one. The number of hidden neuron is
varied from 2 to 8. In the experiments, the learning rate is

set at 0.1. The training data sets are divided into 2 sets

according to their directions. If the direction of the input
pattern is up, it will be sent to the “up” BPNN. However, If
the direction of the input pattern is down, it will be sent to
the “down” BPNN.

This proposed model is benchmarked against the
standard BPNN. To compare the performance of both
methods, the Root Mean Square Error (RMSE) and the
percentage of direction correct are used as the measures.
Table 2 is the'results from the experiments; it shows that the
results obtained from the hybrid model outperform the
results obtained from BPNN on both percentage of direction
correct and RMSE.

5. Conclusion

This paper proposes a new hybrid time series forecasting
model, which is the combination of simplified fuzzy
ARTMAP and backpropagation neural network. The results
obtained from the proposed model outperform the results
obtnined from a basic backpropagation neural network.
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Data Set | Observations | Pattern Hybrid Model BPNN

Size . %' RMSE No. of Hidden % RMSE No.of
k) Dérectnon Neurons of BPNN | Direction Hidden
orrect Component Correct Neurons

A 70 5 69.23 8,595.80 4 53.85 12,709.00 6

B 163 4 78.13 36.79 8 75.00 40.23 6

C 82 5 75.00 42,437.00 5 62.50 36,299.00 3

D 70 6 69.23 1.1561e+6 6 84.61 1.1593e+6 6

E 82 5 93.75 31,225.00 3 87.50 35,053.00 3

F 225 ' 4 77.27 37,779.00 8 70.45 38,727.00 6
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