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ABSTRACT

The traffic fluctuation predictions are mainly used to improve the performance of
telecommunication network management in the future. This thesis studies and analyzes the
statistic data of telephone traffic fluctuation in the main routes of TOT Public Company Limited
in Thailand. In order to find out the best methods, herein, the comparison of the neural networks
with back propagation by means of supervised learning algorithms and statistical methods are
carried out. The data used in the prediction is accumulated at different node in 13 main routes in
conjunction with trunk circuit, 561 links and sixth links of division of companies spread out of
Thailand. The thesis presents the comparative results of simulation using the data links from
Ayutaya — Khunkasem as an example. The data used for learning and testing in this experiment
have been accumulated since 2006 to 2008. It is shown that the traffic fluctuation prediction using
the method of the neural networks with back propagation have less error than statistical method.
Moreover, its can be applied in predictions of the traffic fluctuation in other routes with high

efficiency and more convenience.
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B=1-2e (2.5)
XO

A4 A g = Y a Yo A
ﬁiﬂlﬂ@ﬂ@ﬂﬂﬁﬂ'}ﬂ'}‘iﬁﬂﬂqﬂﬂiﬂ'I'i ulﬂﬂ\‘m

X,=X,(I-B) 2.6)

2.5 Uszaninn (Efficiency)

k'
MIMYTEANTA M 10U FUVDIVTAS (Grade OF Service : GOS) VINAMUINTY
A A w i . £ 9 A -4
YoIMISuNAAYA (Blocking probability, B) nila1usos Ao 1 tlosisud

mamszaninmeess () mldnndasdivemsmilnlausmsaedmon

1 a ' ' dd
299sinswiAn 1duSmsr quideios Tmibodunlesidud

n= —X—CXJOO(%) (2.7
n

do X o= nsnidnlduims
o = Y =a 1 3}3 a P o £ U
no = swouwaesinswidnldusmsdumelasuusmsidmualdsenun

a a T 1 3 =1
“fszdnimmrnsvesmniilnuiinnalnssdnhvemswidlauwinna@an”

2.6 FTHUDIVINS (Grade of Service : GOS)

T p- R & oda ¥ gy & B 5 oy 4
agmwimﬂwmmmauma q Tununuamios o NUANAAAIT WA UNNUUDI NN DL DY

v
a o

& 9} yc'\ ] =1 g 9 " a o Y o =
3$U$L'Jﬁ1HUQ‘DHPﬂ,‘}ﬂﬁil'ﬂH’J’Iliﬂﬂkllltlﬂﬂﬂﬂﬂ'ﬂlﬂh ﬂ’ﬂﬂN‘U'ﬁ‘HTﬁﬁ\ﬂﬂﬂ’]!uuﬂ']iﬂiﬂﬂﬁﬂﬂ

U

oo i TualF Insdwigege Tadimuvmminaduvesmsdadadie q fu aamnie

= a  w 2 el & a o = a w P

iluveamsaada 3 asa lunsison 100 a5s AafludasimsBon hifadeaumsi @.8)
maFonlyld  Cost cal) x 3

dnsmsisenluda = - ~ =L - (2.8)
MIBenUoUSMT (offered  call) X0 100

3 ¥
TaudasimsiSonli@atl awrsensrvaeunngumetoduan 9 unldnareaning
= [y =) 1 1 A a 3 W M o d
meuiu mssen b 1dTeeniezand TumsSenueusms 100 a5e droiulud Tuald Tnsdwi
v
qaga dadauuduueauing (Grade of Service) AU 1/100, 2/100, 5/100 W3® 0.01, 0.02,

1150 0.05 AUEIAD [8]
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YSunansmiln

31U INTAVDY INTAUDY IN5AVDY INSAUD INTAVDY INTAUDI

T | USMS0.1% | USMS02% | WIMI0.5% | UIMI 1% VIMT 2% VTN 5%
1 0.001 0.002 0.005 0.01 0.02 0.05 -
2 0.05 0.07 0.11 0.15 0.22 0.38
3 0.19 0.25 0.35 0.46 0.6 0.9
4 0.44 0.53 0.7 ©0.87 1.09 1.52
3 0.76 0.09 1.13 1.36 1.66 222
6 1.15 1.33 1.62 1.91 2.28 2.96
7 1.58 1.8 2.16 2.5 2.94 3.74
8 2.05 2.31 2.73 3.13 3.63 4.54
9 2.56 2.85 3.33 3.78 434 5.37
10 3.09 3.43 3.96 4.16 5.08 6.22
11 3.65 4.02 4.61 5.16 5.84 7.08
12 423 4.64 528 5.88 6.62 L T
13 4.83 527 5.96 6.61 7.41 8.83
14 5.45 599 6.66 7.35 8.2 9.73
15 6.08 6.85 7.38 8.11 9.01 10.63
16 6.72 7.26 8.1 8.87 9.83 11.54
17 7.38 T7.95 8.83 9.65 10.66 12.46
18 8.05 8.64 9.58 10.44 11.49 13.38
19 8.72 9.35 10.33 11.23 12.33 14.31
20 9.41 10.07 11.09 12.03 13.18 15.25
21 10.11 10.79 11.86 12.84 14.04 16.19
22 10.81 11.53 12.63 13.65 14.9 17.13
23 11.52 12.27 13.42 14.47 15.76 18.08 -
24 12.24 13.01 14.2 15.29 16.63 19.03
25 12.97 13.76 15 16.12 175 19.99
26 13.9 14.52 15.8 16.96 18.38 20.94
27 14.44 15.28 16.6 17.8 19.26 21.9
28 15.18 16.05 17.41 18.64 20.15 22.87
29 15.93 16.83 18.22 19.49 21.04 23.83
30 16.86 17.61 19.03 20.34 21.93 24.8
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2.7 mInanuaan Nzl (Probability distribution) vesl3mnamsuliln

o ] a =) o
Tausia T msuanussnnutnzduvessinale 9 sunsanaaslddromsidimes
2 9414 D
9 ::; a 3 T dl .
- uanu9d I l¥Aunas (Mean) vo91Su iy o wazamsnavuuilas (Variance)
Fa
- uanits laAIMINTEIANTZ A0 (Dispersion) YBUTU I
o o 1 a ] Y = g
dmsualsuamsmdnvesmaisond uazmsisenesn a gumala o Tasiugiu
1 o T = . e
nuNdeandeanuNIsuanuaIn 19z uves Poisson [1] Tas IAtiuauon1THINLI
] 3} [ ] P dl. 1 ' d' ’
aniziludissasidinvesmmsilasunlasredanas (The Variance-to-Mean Ratio

VMR) i3817171 Coefficient of over dispersion uﬁmﬁ’auqmﬂuﬁwmﬁﬁ (2.9)

: , o’
(Variance to Mean Ratio ; VMR) «a = ? (2.9)
Tavi gasn1m1A1 1o uNIATFIM (Standard Deviation : STD) ¥adoyanswiln
T e o
g = {——IZ(X:-X) } (2.10)
h—1°

M3mnIAuLL5159u Variance = STD? %30 o = (Ll)z (Xi~X)° (2.11)
n_

i=1




=
UNn 3

2 A0 ¥ d
ngufnlymanisol

& o 2 A A a Y
womluunil  WumsAnunnunaeu lnansengAnssuvesdeyaoynsunm
d'i 9/ @ o w LAl d‘!. d o =
Woaduduuy (Model) dwmsunsinsaimeynsuauioszmamsaimanasuulaslsnu
A A ) ) 4 L ) Y st 1 1 -
nimAnnquifinoidessumaneinseioynsunar  wisdevoen ldnawds  uavzna1ana
v
ar =
meR ez manisaimswasuudasum nawiln luunmised fe
o o @ Y
1. 9BOYNTUNININIAITDINDUEA (Least-square method)
a 3 v .
2. maiamsfi 1RI560 (Smoothing Method)
o 9) " [ H o
3. mMsnensal lno 1 lnsevielsyenimen (Artificial Neural Networks) (111

UNInsEudoundu (Backpropagation Neural Networks)

3.1 5oy INIAMNAITeIrosga (Least-square method, LSM)

v
= a

ﬂ?iﬁi'}ﬂlﬁulluﬂiunﬂﬂﬂiﬁﬂ']ﬁ&ﬂ"ﬂﬁuﬂﬂﬁﬂ (Least - square method) [4] rflu htlow

d asa 4

c!%’ﬁumn“lu ﬂT‘iHW’d&JﬂTﬂm'JINN “ﬁﬂﬂiﬂﬂﬂﬁ A3 NAUMINUAFITAT ’J‘ﬁﬁﬂﬁ‘i U3 'GNWEﬂﬂim

a,

whosdadulalums@enuuy wiamendumsuu iy ;mxﬁi‘imaumayamﬂwammmswn

A o o 9 dyd as 1 Y P Y 1 J v 9 = -1 ll
ﬁﬂ1ﬁ§ﬁﬂﬂﬂﬂﬂﬁﬂutﬂu3ﬁﬂ'lﬁ”r‘l'lﬂ'l!.m’ﬂ‘l«lll"b’lcl‘l”iWﬁﬁ’Jlﬁﬁlﬂ\?Wﬁﬁnﬂiﬂ‘Vi')NﬂWﬂ!ﬂhﬂﬂlm_lll'l #l

e

Qs 1 9 ° o a LI ) ] { i
) Auawmua Iy (Y) snfidaaed HIAIMAIT0IVBIaIUT YU UN T ﬂmmummmﬂfﬂm

¥ A

doyn Tduduuua Tuswdduzianioviiqa nio Y (r-r)* UaAnioviga (Least -

"y =1 Y o ad é =1 Y
square error)  HAEMIIENIIUNToYAoYNIUNAEA latiuud Tiudnyusla T5msnienelv

o

9 @ 1 3 . £ w '
HUDYaAINA1IUY 3J'IHdJUuLﬂu!.LNuﬂ'lWﬂ'liﬂi$il'IU (Scatter — diagram) “Ni]tlﬁuﬂﬂﬂﬂﬂ’ﬂ

v a v o @ &y 1 @ 3y Y]
doyasynsunalund Ty ludnsus ladnvazniald wu wunTlusuuduass uun iy

9

A a P o w < o Y o ad o o Y A A
Llll‘]_lwﬂl'iﬂle[‘]_lﬂ'l Wﬁ'ﬂllu‘l_liwajulntlﬂﬂﬁla\?ﬂﬂﬁ Lﬂuﬁu ﬂlaﬂmﬂdjﬁﬂimﬁmuﬂﬁﬂﬁﬂﬂa

Ao

fimuﬂﬁnﬁ"lﬁ’wﬂuﬁmmuﬂﬂmﬂmaaauﬂﬁmamﬂmuu INTIEHATIMUDIHAANIENTNAING
@) fusuun iy (7) onfdaesiianteoniiitan 4

[l
=1

@ 9 Y Y ado w v g 9 ' ~
'r‘iﬁﬂﬂ’l'ﬁﬁi’lﬁﬁl.lﬂ’]ﬁ'lLu'JTHﬂJﬂ']UTﬁﬂ’]aﬂﬂ'ﬂ\?u@ﬂ'ﬂq‘ﬂuu %ﬂmﬂﬁzmmmﬂw‘lu

y
aunIuul Ty (Y) Aano l1iine

{ Yo A

o oA 3 = g
smuald ¥ dusnTwesdeyaiidusiusanlddm ¢
Y, Wluswna Tduvesdoyadai ¢

X, mibnmvestoyadin ¢
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duinnoayanan nszsoundiIANIz :

E r
n fudwudeyaeynsunamanua dlo t =1,2,3 ..., n

1
=

wa o o 4 Yy L " L
vnquauiafideaoaioofiqa (Least - square error) 92 1dd D' (-7 ) HdAnieshiqa
1=1 :

= o w d1

wazlunsieeld > (v -r)* diawlesiiga wildlas msmimeyiusdes (Partial

=1
% 3 ] L = ¥ ) v ' o d 1w 4
derivative) Houfumah luaumsuun 1y (V) wazlinannmsmmoyiusossminugud

A | o 1 g 1 { i = \ = . o g
39z ldaum NI mumInuaIng aun1sisisenNaun1sUnd (Normal equation) A9HY
ad " i & 3 [V 3/ B '
15192 Idaunsdnan1dssanmmind Feluegiuhaunsuua 1y (V) S3dieuuyla
aumsnu Tuiiduaumsiduase nazgdaunisde

Y=a+bX (3.1)

' ' ¥
o a waz b ilumnan vz ldaumstnddane il

ZY:na+bZX (3-é)
Y X¥=a) X+by X° (33)
niom a=Y-bX gy

,_ L XY-nXY
Z:X2—n)(_2

(3.4)

3.2 mARAMSMIHIS8Y (Smoothing Method)

L

L4 :sy ' o d? %Y a da v :’ n‘a
mMswuInsaluuuil Mnensallueanzauegiuamduna luedaniimsltimiin
Y L = c&i 1 1 dd’ 9 :’ Y af L. [N N7 1
(Weight) numdunaluefnnaisesnly i nsdii Tiihmiin dumduna ldwhdumuannm
v ] ] ¥
FenIITMsmavndouiuuu 19 min (Weight average method) uazssims I dana
v o o a = T ad o = o =
anauAuLUUeNS INLLFea (Exponential) 13092509135 M3 W5 sunuuiond TnuGua
2199 (Simple exponential smoothing method)
o 9 ° Vo = = 1 1 : 5 i
MINGINTAA MIMIFGEEULDLIBNFILUFBADE1991 (Simple exponential smoothing)
acd o -dl w 9 c;d. t:;. =) A-‘-'l ] LY d'
[4] dudimsduaivnngauiudeyailimanlfouulas niemandeulnieglusedunsi
(Horizontal data) #3ad0yah lufuud Ty uaz hiflavwiuulamuggma fmwzanuimuls

A saa a = ad d'. ) o o o A
L‘L!ﬂ\‘l%’]ﬂmﬂﬂ’liﬂlﬂNﬂ‘ﬂﬂﬂ@&l'lﬂlﬂﬂ’) Lmtlﬂu'}ﬁﬂ']ﬁflmil’igﬂ'ilﬁ"l‘l”i‘iijﬂﬁ?\lﬂ’]ﬂﬁﬂl61111538211’]141’1

87880
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' ~ ' 3

o B ) oy A g yaaa v

Vluclﬂ uaﬂmzamu ’mmummumayjaﬂmmzﬂw% Lmﬁm:way’aﬂmmﬂﬂ 5 719M3
= © Y g o = [ ¥ 1 '3 o 3/ g ~
03 10 31817 ﬂﬁﬂﬂ‘ﬂﬁEJ‘ULL‘]J‘UL’E’Jﬂ“}fiwmui‘ﬁﬂﬂﬂﬂ’lﬂﬁﬂ ﬂ'lWEJ'Iﬂimi]?.iﬂWN’valﬂi]’lﬂ"U’Elial’ﬂ‘Vl
] 3 = 3 :j %) =) o W 3 1 1 Ty W r.lyoy s
HIHWIVNHUA Tﬂﬂuﬂ’l‘ii‘b’u'muﬂ‘H5i‘Jﬂ’JHJfT’]ﬂEyﬁJ?J\‘HI’EIIJ”ﬁLMﬁ$ﬂ'I‘13JL“ﬂTﬂu I ITUINUNIS

o 1 Aa 3 1 { v w @ 3 o o
TisuamAatuage (¥) Iannnfiga uazaanduiulludnvasvouond lmuion dmsy

Y
=

] 9 ]
mdaunafiogiiseenllfe (¥_,,7,,,....) danhwmindilisziue

]
1 =

o ] Y A
fuanannisii 1oy

ace .

ad A ' a

1w ¢ o =1 s .
(Smoothing constant, & ) oUW NAGINI AdulszansiliGey (Smoothing coefficient)

o
kY v A

Taofl i semdne 0/u1 (0<a<1) Tumalfiadenlagasdail

U

Yr+1 = aY, +(1~05)Y, (3.5)

9 c‘iv =t oA o A g o " A
msyldgastiazidym 2 ednaomsdmuanusuauvesmIneInsal (¥,,) mois
" o w o 1 P a wva Aad 3) . VoA )
mmwmnmmm"lﬂ LHAEMINIMUANT o cm“iumaﬂ;]umimaﬁm‘mnﬂtymmsmmsmmu

o w >
VDINITNUINTUAITL

0 ¥ !

fmuald ¥, =Y =¥ wildmmmeonsel () dmiv 1 =2,3,4,...... 14

A~ il i ¥
Y,, =Y = aundvuestoyaninun
2 2 = ) i i Pibw. B -
Y, =Y =Y = mmdovewmsilnInsdnwinsanuinlalumanensel

' 1 g s o g/ ] e 1

dmm a vudnenseiiudsimuaes1d nseenazlda o Mi1lia1 SSE M50 MSE

k)

A A
I e = a

W30 RMSE Imdgan 1a

3.3 msnensailasldlasenelszarmiey (Artificial Neural Networks)

[ - =~ a d
Tnsav1e1)syamidion (Artificial Neural Networks) it ununaviisvesszuuilyamlseavg
o L 4 a
(Artificial Intelligence) Tawd Tnssa$1e azmshuadionszuulszamueamysd tuanuda
= ] = g 1 o 9 A El ) ¥ [
noudInswwlszamidion ldun msihdedvesszuudssamunldlumsmhauiuiy
= 4 ] a o o
ANMVANITOVBINBUAAADS 1FU ANANITaSounInsyaumsel Mt wunanyuy
Favesnilnudnuuzlndifestu uazmsuannumuiovesdaydnual wazniw (Hebb, 1958)
a 2 Ao am 1 ~ 9 A Y L .
waznuanUsunnnilen1t Inssielseammouinly Ao OUAMWMIHEINTHL Delurgio (1998)
1 ’ ad 1 = = g/ o w Y il
na1971 33 InsswszanmonansoGousluuuvesssuuniaNuFusau g wagnim

Ed kY 1A o u’z’ a ik o g
nwonselndeyaluedaladni3iTnsweinsaluuududy (Traditional Statistical Method)
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P v A

3.3.1 anugilesuneanulnsanedszam
=3 o =& d 3 éf o o a [ 4 )
sepufadiisvewysd JlassafeiupunneadauesnFoningaddszam
g i o ° L =
(Neurons) (Foaiiludu 9 edndudousuauumma Uszunm 1011 wadiszan uazenniiya
& 1o A =2 ' 3 = ar ' Y
ow Tosderihugadon Toanelude 1015 98 wiazwaddsyamazilnudnbauzianaiany

pon 1l Tagiimshauadieiu desvazidealugiin 3.1

WETRON /
_ INCOMING NAXONS FROM

OTHER NEURONS

A3 . " DENDRITES
N cErr. mopy
AHON HTTLLOCK | FHFOLSE

\&M

AITOW /
r SYNAPSE

0,
TS __’—/_,.,—7
- \/ IMPULSE Soul —_:;E‘T_—
: =53 L,
N B R
TERMEIIAT, RECEIVING
BOUTON ITETTRORNT
| ’ I I l WERVE IMPULSE
I 1 1 1 1 TRATN

RS i

H P
511 3.1 Taseadravearadlseamdinim

@

b =S '3 o 3 '

51U 3.1 uaaslassaianuiinmveurantszam  msvnuveuwadlszam

= o v a o W d‘! ] d'! A A [

FNMINaalszaMiuduNe (Input) Mnaddsza Dy MiugaenToanizend
% 1 ] 4 cb

lasusal (Synapse) Fayanardoyanin lawwl wwgadariudms inulasd (Dendrite) Fauily

' A o Ll 4:{ v @ Y a 9 1w o [ =
ﬁm‘n‘n’mmmﬂumsmmnaauwmmqmwaﬁ (Cell Body) ﬁﬂgﬂpmauvgngﬂﬂi:ﬁmawa

U q
1 ¥
oS a =S

o 1w o T
vasgmsmunszvaumsiinetumelumed  wazdesdyaaoIAng (Output) BOANWAIY
YDUBATNITOND LONYBU (Axon) Fayanadenanvzrdn lanl Aodeulunrailszas
4 1 a o e 1 o o 1
Guududunaveuvaddudell [8] dnwamzlavialivesdausznen uazlnseadh

J
vouranlszam
a o ! 1 4 1 o 4 é '
NARAMIISB[SINDI IR azad sz m wieureson ldurad)samon 4 Fuway
'3 =} L2 a o [
wadlszeamezliguauia lumsmunieveionioaanounuduvosdya s dyy s

A g 4 ¢S A A 9w dd o~ o
‘I’]HJ'IH”I‘V]N!WHII‘FIﬁWU’ENLcBﬂﬁ (FINF1IVIWINUIY) E)'Ii]iﬂlﬂ‘if]ﬂi$ﬂ1&ﬁ’3l°ﬁﬂﬂ“ﬁﬂmﬂu"iﬂ5ﬂu’]ﬂ

v
Y

o 9/ I ) o A o v A w
NTUU ﬁiUuﬂbI'lmﬂigﬂuﬂ']ﬂ!ﬂuulﬂ3ﬂ‘VIﬁUlm']ﬂ-lﬂ'lﬂL“]fﬁﬁ‘iJﬁgﬁ'lwau ] WHNUINITINNUNAD



o t o 1 3 2 @
wandszam uaziaalszamaziaumsalaa (Threshold) MUHIMINNATINUDITYY I
~ . a0 ' ¢ =] 1o A
IWflunil (Electrochemical) HiAmnnniunsalen waalszamiszaadaygravinaniamu
oA y v A 3.-, a 4 3 4
manensou lfainseadu q MsiaToIdY (Layer) nazdnyaizmaiyen lossennawad
3 a o A a g) 3 o Y = o 1 =1
dszamluduoniulimstaiseandugey aeanaoanuniINMIMIOUmmILaIN U3
a a v o du A 9 ~ ~ 9 24 EY o Al w us: =) A
iRy Tnduiusnudanaden uaziinsiFouianeanai¥ldnanmnivl) duiu dannieg
Y & A4 A 3 @ ¥ a v d'ul:v
afulueatiuyuiodounuyInliaudnyuzadivauessinm ldnanua waaun ldnnms
wasrluilegiudluiosimsdiaes uaz@euuumshinummzedmveslasailsyam
9) =) v 1 = e =g A A a e oW
nlsTaoisonaTnsesaiolsza oy (Artificial Neural Networks) 433n13390anyaIe
1 1 é’ 1 o é 1 3 1
w04 Iassvwluguuuaie q un Tasusazuovezmangduamalsznnmia g winiy Insee

=3 o ¥

Uszamiouiinadnuazadofuaueslulasiiannsasinsmniug (Knowledge) 1ddas

L] ) i v 3 w [ ]
MIHIUATEUIUNSISOUS (Learning Process) azAuiimaniuzgnisnueglulnsvig

1 3 a A o 4 1 4 Q‘ )
AruAnimn (Weight) Feansodfunldoua lddioiinsGouddelnidun

3.3.2 paanvazin lveslassnelszam
(] =y eg il 1 ) 1
3.3.2.1 msszuranans 9 naduluniiiolszuanadesiiondt Tua (Node)
£ o o [ o 4
F9910090NHULMITNINUNININAUYAT
3.3.2.2 msaadyIn (Signal) A19 9 sz a Tua lavdruniyouaenu
. + 3 4 1w o
(Connection Link) $1a09m19nmsiffounenuveuaulaia tazuonsouluszuulszam
YDIUYI

1 d'l. ' = :’ @ i d:;l ar 3 T a a ~
3.3.2.3 UAazmMIrouneIzuAIvMUn (Weight) NN uwagﬂuamwaﬂuﬂ

v 4 4 o e o { <
wldsunnTuadu 9 Fdraeanininlaun) anbmini degimihnnSouaiiouanudn
vq ) Y 1 o
sausw Blglumsudtlynunmizediaveanyud
= do o o = ’
3324 muluTuaszfilandusmuadyaauornagnond Activation function

A . £ o Y A |a A o w s
139 Transfer Function mﬂﬂ‘mu’lﬂ&ﬂiﬂﬂlﬁﬂ@uﬂﬁzU'JUﬂ'liTﬂQ']uiuﬂ'mﬁﬂﬂﬂﬁ3?1"]1’1

o d
3.3.3 uuudiaesveaaadszaniney
s 1 o w o =
nnguENazRdIAYveranlseamu3el150a (Neuron) 11 (3.3.2) @w1soasng

o v 7 1 w 4
vuudiaedvedInsevislszamiion Taslesntlszneu 3 dau Asglin 3.2
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v 1 A ° v
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‘Iﬂﬂﬂ"l Wkn ﬁm?’ﬂﬁHM’IEIL‘T]HU’JQW?J’IUSQH']Sﬂ'i$éj’umill Lmzmauwmuﬁqmﬁﬂﬁ::@;mmu
w 9
NN
o . A ¢ w [ Y Y '
3.3.3.2 #U70 (Summation H30 Adder) fT'l“r’TﬁUi?NﬁJﬂ;&ﬁﬂ’ﬂHl‘U’lﬂﬂﬂ!ﬂ?ﬂﬂ"l :
A 3 = 1 a g . .
ﬂTiL‘H@NIUQLLﬂ? 154380721 MITIIVUUDIBILE U (Linear combiner)
o w e < A o w1 9 A o Y 1
3333 W\iﬂ‘h’l.! Activation mt‘mnﬂmwayaﬂauaaﬂmmﬂmwm%ag”luﬂm
3
NHBINTT

1Nz 3.2 awnsasfuieisea K eglugdauns1adieaums 2 aumsae

n
u, = Z WX, (3.6)
Jj=1
Ve =8(u, —6,) (3.7)
o XKt SadniudeyaitleuliInsie
[ VY
Wito Wiz Wegs oo Wi Sodimsigon Toaves 5o Tusu &
u!'t Ay I 11 a A 9 ﬁ 9 Q(netk)
fAotoyadioennuluiiizgea (Intemal ouput) n5edeyatlowdngns

U o o . & o
B Zemdatita (Threshold ¥159 Bias ©30 Offset) $35U1191ANUDN

d 7w a2 .
20) FeilsAsuneniingu

Ve fedoyadseannomidnm
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'I {1 tdawclywq Wlly wwo’ml a2 A w 11
AUNTUOUMUATINA LHNVUITOAIY LAANHANNUTIECHINITAULDANLITUNY LU

; 1 o w 9 3
(Internal activity level ’H?B Internal activation potential) AuaINA uazmmﬁmﬁaum LARIAY

71h 3.3 wazaumsn (3.8)
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3.3.4 aoaenssuueslnssanaiszarmifen ( Artificial Neural Networks

Architecture)

] =1 o o 1A ] @
Tasetienlszamiionlsznovaioaadlseammouns e Inuas v ieuaenu

& A 1 ' P oA i ke ﬂ o . 6. Y = '
G]fﬁﬂjil“b’ﬂﬂﬁ@%:ﬂﬂ@ﬂ@ﬂlﬂUﬂquﬂaﬂﬁUﬂ'ﬂ YU (Layer) 1u‘lfulﬁﬂﬁ]gl UYUUIYDUDUUUTENI

g = ' 3 1 3 o 3 H 1 T
YUOUNA (Input Layer) mquﬂﬁwﬁammummm (Output Layer) amzﬁnuﬁagszmn
3 a g L3 ' q’: a % £ 3 a 1 g o
FUBUNA UDZTUIOIANG (39071 FUBAIAY (Hidder Layer) Farugamuazininnil 1 ¥un
9 = 1 1 4 o 3 1 g/ b4
¢ Seamnsouyaszan Insainedseamidoumusangsuveslassouunine q 1a 2
v ¥
UUAD  1AT9ELUVYIADY (Single Layer) uazlassuionuunaledu (Multi Layer) 013
v 3 ' 8 LY
yusuves Insstiseziummizduinnmsssytananiniy ¥ieeananlain SmIuFuves
3 Vv
[l =1 o v a v e 9 d Y] @
Tasew Yszennifonfio  WIUFUTAAUIWALIIUIUTURIANG  (FIANTT  gUNIINY,
2539)[12]

¥
3.3.4.1 Ins90uuuFUAe)

> ¢

¥ ' 3 E4
TassthonvusuReuiiuInsevetedwniifogudugn tazsuomyamni

= 1

3 = o - w 9 a 9} 19
Tnualudusunargimihnlumssudeyadunn (nput Value) udidadoyadunarudu

1
S o 3

[ ¥
WouToaia q T mualudwerdys arwdvvesdyananieSimadeyamiving lnua

o 3§ =

3 o g Vw1 :’ @ a1 Y A 3 o Yo
Tusuowavziuogiuaninninfeguududon Toa Tnualusuednasidoyan 1asumn

a
]

0 ° 9 o o =Y o’ A ' 3 o = o

wmmsaunulaslFlendunadamaninizonin nimaesenguy nmungaunuilym
9 (] v da 9 9 o Y 1 ] 3 =3 1

udrdanadnin ldoenundudoyaerdng dedelasaiouuudu@e w0 neIrUATOU-
[ ] ] o [

9819410 (Simple Perceptron) Tasa1TauHlad (Hoptield Networks) udu dnumzInsaass

4 v
vo3 InseeuuuFUREITAIAIZUN 3.4

Y a 9/ L3
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P

Y

A o 9 ¥ 3 =
s 34 dnvazlassaieueslassnisnuuiume)

v

3.3.4.2 Tasasuuuvaedy
] 3 1 dd?f = g ' n,: 13 9k e
Tansvnouunaedudiu Tasheiiidudanudud 1 9utu wldlunsaing
o Y & L] 3 = 1A b4 A A o =
Jymdudouge Falasehonvuduion lidsawelumsudtym Jadnimanvesinuai

¥ Y
Imsaaunsetudaauliny Tngauie #219819U93 1ATIVIOHUUHAIBFY 1B NITUNTUUY
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@ . ¢ 2 o L. s e

foundu (Backpropagation) wanoasunu Tudaumald (Self Organizing Maps) HAZIATUIADT
w . Yy @ ) ' >

WIOWLINBY (Counterpropagation) Wudn dnvue Taseaiisveslnssinouunaiodunaag

AegIi 3.5

e
Hoyadumn 9 ll C) 01N
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-oya Q alalhy ™
U
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& & 3 & 7
FUBUNA Fugaian FULDIANA

[l 9
51 3.5 uansdnbaz Inseadisveslasaiiouu B

a XY = ar

3.3:5 ‘tl‘l-!ﬂ‘lli’)dﬂ@ﬂﬁu!!ﬂﬂﬂnﬁiu
Jd o a a { . @ o ' i ' o w
flesFuneninduiiunudae 80 dludimuamideyadeoomsienamisilendy

o a dy yﬂ a A
llﬁlﬂﬂlj"ﬁuwuj'lu@ﬂﬂ]lﬂl U3 YUR ND

h.

o o a . =) . L
3.3.5.1 HanFumnsa 1ead (Threshold function 130 Step function ) Llﬂﬂdﬂﬂgﬂ‘ﬂ

=1 v o dao {
3.6 IﬂUNﬂ?TﬂJﬂﬂJWUﬁﬂQﬁMﬂTEﬁ 3.9

Lv=0
g(v)={

0;v<0 (3.9)

31l 3.6 NafFumsaTlond
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'
Y a o

du  a . . . . - .
3.3.5.2 HNFUBUTUBUAD (Saturating Linear Function W30 Piecewise-Linear

£

@ 1 o/ [ | =t w v dw
Function) @08 19vosilandunuuil dwaaslugi 3.7 lasinnuduiusasaums (3.10)

Lv=20
gv)=<sav;-b<v<b (3.10)
0;v<0

Tavfi  a AoAwamdu (Slope) TueanuiluFaudu

'
1 =

a & as a e w
b AerrmduFuduvesilanduiudududi

@ a a w w d 1 4 e 1 a w dow a 9
vnilenTuFadusudngdanariulan weluiid19euia (b =) wldflsnsuradu

w v oA A w i Y o A ' @
il gv)=av uazilefdudadududinzndoug hduilsddumsaleadiioannudu

1w v d
IMNUDUURA (a =)

g(v)

Y do A A w
s 3.7 HenduFadududy

o a a fo o [ a o
3.3.5.3 M9 FuFnuesd (Sigmoid function) tHuilerdun IdsuANUTNIIN 1S
ﬂ ‘W d v o @ I ] 1] = o A ﬁ du A A é’ 1
Wuilsddunennnduveslassinedszamifounuing esnaduiladdunmuiiueds
o du a o Y =Y o A 1 a o T
A3 e (Smoothness) WanFudnuoss sadluilsiduneaindun ludududu drethaves
dou A 4 @ @ a a i - o as o a
HanFusnussane Wansuasian (Logistic function) tazienduunuaulanlesluan

& o~ v w o A P
(Hyperboric tangent function) "h’diJﬂ’J‘liJmeuﬁ’mmeiﬂ (3.11) thazaunisn (3.12)
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1
fapFuaodann ) . SO (3.11)
&0) 1+exp(—Av)

Tagh A feAnnuFuuDa slop

Hafduunuaun lanles Tudn g(v) = tanh[z) ol ) (3.12)
2) l+exp(—v)

Y

{ o a a a @
51 3.8 WenduasTadniainiuduee 9

o @ a Y g g a A " o w
flenduneainduiiugiuns 3 sia Anandreduluaums (3.9), 3.10), (3.11) wi1Na
" g 1 |3 1 = 7q 3 =1 =) ° 9/ 3 o o
gredoyadanonagaaud 0 f +1 Tumsiszgnd ldanuuensdienianusuiludodldilaidu
A Yo A 1w 1 ' Ay ] ' 1 1 & ) 2
nldmeenmnusnmilerisanan wu  isassnisdeyadoanaylusienua —1 d9 +1
o = @ o g P d e 1 ' do a w g 5 £ J
szl SunlasuilanFuiugiumaril @ed19 1wy HaNBuFniy (Signum function) Felszyna

d W d A v v dw
NW%’]ﬂWQﬂ‘UHLﬂﬁﬂIﬁﬂﬂ UANUAUWHUTAITUNT

Lv>0
gv)=40;v=0 (3.13)
-1Lv<0
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0;v

20

g(v)= Tilgarfiuniigalundy
(3.14)

o o a @ a Aad ::? Y 1w 4 = 1A 1 3 o [
Handuueannduuuuaouuinniviies limesnuumAunia tigeafsunindmsy v
: P o q’: 1w ' 1A 1 4
Mnfiganninnuiamuanidy o diadu g siinuiugud

o ' o 4 d o a o =
ﬂ?ﬂﬂ?x‘lﬂﬁi%ﬂ\?ﬁ‘ﬁﬂlﬂiﬁiE’fﬂﬂlﬂuﬁﬂﬂ%uu@ﬂﬂﬂ‘ﬁu‘lJ'EN‘i-J’JiE}ﬁ k

g i w dy 1;Vk 2 O
vz ladoyadeonndail Y, =
(v, <0

d'l = [ =) LY =§' 1
130 Vy ﬂﬂﬁ:ﬁﬂﬂl!ﬂﬂ‘!’ln‘ﬂuﬂ1ﬂﬂlu“ﬁﬁﬂﬂ1
n
v, = Zw,g,xj —9}.
J=1

dmsumsivisandenldilaifuneninduuylay Tuilegriudaluiidesmun
Furiuou uornezinsananosslsznoudo i

1) anwdludadu wie ludlugadu

2) anvazvosdeyatlowudn

3) vouwaiidesms wazdnsazvasdoyadioon

4) Thsuduiithivddydenanouaussveslaseviolszam g

Tounsionnidenldiledualanain (Stochastic function) KlufladdumniFady
waz T wdadululnssiedseanifeady dedrury Tnsevierseemiuy RBF (Radial
basis function) FalFiadFumeatinF iy it ududuludusou (Hidden Layer) ¥941n59%470

v ¥
Uszam vagiidudoyadansn (Outputlayer) THuoafindunuuiiuFudy

3.3.6 nszvIUMsiEuivealnsIvIedszaninen
= 9/ ' ] ] 3 a 3 ' =)
msiseudvealnsanlszamiion Wunszuaumsildifanans awisonande
= 9 1 =) a T =
msoudveslassiwlszamifonilunszoaumsiSumdns8ase (Free parameters) 184

Tasaedszamifioniolsungdnssuldaeandesiumsnszquandauado
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= B ' = 2 g o ;v 5 o W
nszuaumMItouivesTnseilszamieniatunszuaumaig (terative) Tngemnsodwiy

~ @ Y y ] a kY4 T @
nszuaumsisoud1ddeil Ao e lnswiiedszamgnnszdulavdanadon Taseioezllium
: oA A Y " @ o w
ioneuTuesAdINIINIEAY LazAsUAuBIRB AW IAdoNAIUNIE Intindannmaliud
£ =] a g A = 9 . A
F9019920A1090TLUIUMSBOUT I 2 LUK Ao NYMIEEUT (Leaming rules W30

; Y . . .

Learning algorithm) ua:gﬂuuumiﬁﬂug (Learning pattern M58 Learning paradigm)

avlaozunsulugdn 3.9

nrzuUMIEous

LRI sluunsGoul

| I
[ l | | | |

=t w 1 a d a o o = y_vet A
oy YsurmdAanma| | rouwdninn Tuasiumnd nmsmunu | | Biimsaugu 13y

51 3.9 nszuaumsiGouivealassnindseamiion

= Y

3.3.6.1 NYMIITOUS
4 ] { [ i o
ngiugmlumsiouiveslasesis)szam [8] sznunumsnlavunlasinnes

T ¥ - = T

A1m151¥0uTea (Connection vector) wo=[w, W, wm]" Taoh [ fenrsnsiuTne
i A , 2 ) 9 o a 3
(Transposition) M3nlavunlaniusziuegiudeyatlowdr x uazdyyrunmsiGou]

a o o 1 3 o a a
(Leamning signal) 7 Tasndiuda 7 dlufladduves W, g x 1A U5 0N A L SR

[

2 a9 ) L
AodQIWAILANNIIEEUS (Teacher's signal) ¢, HUAD
Tyanumsisou 1= f(w,x.c) (3.15)

& A A A o ' A
ﬂ]ﬂwuﬁ1uﬂﬂﬁ13“1ﬂﬂ miL‘IJﬁﬂulkﬂﬁﬁﬂlﬂdllﬂtﬂﬂ‘ﬁlmﬂWm‘il"n"f)iJTEN Mt

v o y

Annudunus aell
Aw,(t) = al(t)x(t) = a fw,(#), x(1), c,(H)]x(?) (3-15)

Taoll o foA1AeinIs30U3 (Learning constant)
' l .l | v o W £ '
maeiimsiFoudidludadmuasanmstoul Rate of leaming) MHmnzanlish

A 9 a 1w 1 dyd = % 3
‘Hﬁﬂ‘]ﬂ!ﬂuuL‘]Jﬂ'lﬂQﬂﬁTJuiNiJﬂ']L‘ﬂu‘U'Jﬂ (Positive)
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P , : | . :
L’Jﬂmﬂﬂlﬂﬂﬂ']ﬂWﬂ‘ﬁﬂuIﬂﬁ WIal t+1 Lﬂuﬁﬂi}"lﬂﬂﬁl‘ll?iﬂ‘ul.LlIﬂ&ﬂ'Iﬂ'ﬁL%EHJIUQ

»
1l S

3 ar 7 lc:’d 3 dyl g =) 9 .
“U‘L!G]’E)Llfﬂil]iUﬁl?ﬂ'ﬂWﬂﬁL‘}fﬁliﬂﬂﬁiﬁﬁJuﬁﬁlﬂ‘ﬂuﬂﬂﬂu'ﬂ UHABUNITLTYU] (Learning step) -

U

w,(t+1) = w,(£) + Aw, (1) (3.17)

diovm w, (1) 1AENAISN 3.16 NmNu 18

w,(t+1) = w,(0) + a fw, (1), x(1),c,()]x(t) (3.18)

§ a [V o 1 d o : F
Lﬁ@‘?‘ﬁl'lﬁﬂﬂﬂ"l‘5‘]J‘i'1_lﬂ'l!.’JﬂLﬂ’ﬂﬁ]ﬂﬂﬂ’lﬂﬁ&%ﬂhiﬂﬂlﬂuﬂi%“ﬂ’luﬂ'liﬂ'l“lﬂ (Iteration) 919
a2 Y @ A:%’
aqUN1T 3.18 ﬁ'liJ"liﬂL‘UEJuulﬂﬂﬁu

W= wf +a flw,x el I

i

(3.19)

dmsuden (Superserip) +1 wurois msmuraluilogiu daudaon £ e
o 3 A 1 o dy @ 3 a ' A 3 A v
A luassdmantounthil lumsdsuamamesvesmimadonTonin 919925uaAY
#rumsguia (Random) Mmsifon Toamuizay dredengmisieuiniidedsaldun
1) nMsiEouHULIEITHou (Hebbian learning rule)
Y s 1 a . .
2) NYMIBEUFUVVYTUAIRANAIA (Error correction learning rule)
a 3 o ad - .
3) AYMITEUFHVUABULAATNAN (Competitive learning rule)

J J
4) ngmsisousuuy TuanuIu (Boltzmann learning rule)

3.3.6.1.1) ngmisiseuduvuenidon
M3iEouiues Hebb 1idlungmsiSoudiinun uagiidedos nan'ld
o i 0 _ & = o’ @
Tumiafio Organization of Behavior v 62 adnuw lull n.a.1949 ve'lddaanansiSous

o o Y 1 a @ ;
lﬂu%ﬁﬂ“ﬁum@qm@y’ﬂﬁﬂ@ﬂﬂmﬂﬁu’?ﬁﬂaﬂﬁu
Af(w'x

Aw = af(wfx)x (3.21)
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ﬂ'li!,ﬂﬁtluuﬂﬂ\‘iﬂ'lﬂ'lik‘]iﬂuIﬁfﬂlmﬁzﬂ']ﬂﬂﬂ‘!]']ﬂﬂ’)']il’ﬂ'llwu‘ﬁ

_ T o o e
Aw =a f(W x)x;;j=1,2,....n (3.22)

= 9/ = =1 [ a 3 g = .
INNHNTLETIUIVDIULIVIVIU ﬂzlﬁu’J’izﬂllUﬂﬂTiﬁng tﬂmmu”luumiﬂ’mﬂu (UnSUpGerSEd)

3
~

wazilunutlougdmih annsadouluglde1da

R — 5 A3 730 o
£y = G (3.23)
1w I [~ J 3/ 9 kY 1 4 ! & s
‘ﬂ'lﬂﬂﬂﬂ'l’gﬁ.luﬂﬁﬂmiﬁﬁ’ﬂﬂmayﬂﬂ?]'Llﬂ!'l Lm&’ﬂ]@yﬁﬁﬁ)ﬂﬂlﬂﬂfmfﬂﬁiﬁUﬂ']'l activity produc{ rule

1 = a P o @ W.. 4 L) 1
@'I'E]ll‘]cluﬂ 7.71.1988 Kohonen qﬁlwuw'ﬂuﬁ!ﬁuﬁaﬂ‘ﬁuﬂ]ﬂﬂ Y LﬂQlﬁﬂiﬁﬂ']sﬂﬁUﬂ'Jm@\iﬂ']ﬂ_ﬁ

Y
w A

wou loaldiusdrensailuaes 1l aunsad@euanns laad

Aw, =ayx, - Byw;;j=12,...,n

(3.24)
OB A d awa
Tagi AeMAINMIITuN NN
tzi Qs 9 lwcgJ
vnaumMsn 3.19 ansadngluunlalnide
Aw, =aylyx,-w;l;y = 2
a (3.25)

4 1 . . . i ¥
NNAVNTA 3.20 (N3 NYMSEUUTUUY Generalized activity product Tunsdifinsiudoya
! a4y A o 4 Y oY sy a oy a
dewenidesms Aedyanumugumsisoud wildnsGoudpadumsSoudiuuimsaugy

¥

: ~ sy e 5 P & a v o o a
(Supervised) (79NN17138U3 UV Correction learning rule FIUANUAUWUTAIY

Awt.j =adx, (3.26)

dioRarsaaunisi 3.18 nazgaunish 3.21 wiinldiuendesduidyaamsGoud
Tuaums® 3.18 Tadeyadeeeni ldantdaseasse g  y, vughaumsh 321 lideyadeesn
fidoams 1218 @, dmFugduuuluaumsf 3.21 saanseden 1@ huumsSouuvuiey

({DuUNNNIAIVAY (Supervised Hebbian learning)
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LEATNMITIADINNATAMAATVEINYMFIS ou3UUD Hebb Aanaramn Talimaiuaue

o

=} 9/ c{ 9/ = aa n:; 1 d'i dsi} U
NHNITLIYUZUDY Hebb Glull.‘lJ‘iJﬂLm“ﬂﬂfr‘i"IFNﬁﬂﬂ ﬂ”l‘il‘]JﬁEluLLﬂﬁQ“U@ﬂﬂ'lﬂ"l‘i!“l)"E)iJTUQ*U‘Nﬂ‘UﬂW

v
o T 1 ] o a 9 o
TnE U (Convariance) sznindeyatlowd uasdoyadoon prduanudiniug 1adsil

Aw, =acov[y,x,];j=12,...,n

= aE[(y, - y,)(x, - x)] (3.27)

== {E[ijj}_ yixr} }
Tauh E Ao Statistical expectation operator

y a { 4 =] [ 4 [} w P 4
G5 AEUNITN 3.23 HAZAUMSN 3270 UIIWINLTAANAUATINANAITN 3.27
9 o a v o/ 1 9/ Y w Y 1 ci U 3
¥ n§1icns E dunagusznindeyatlewdhiudeyadeenunuiivziludmaganiuTaoase
o o da = T a ' A o w A Ll 1
FIMTUNIUN 2 vosaunsn 3.27 y,x, gsannsuuiumvaiidanioulilasavi
Uszamniney

3.3.6.1.2) ngmisizeuinunliuaidanaia
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o @ ad

= (7] @ 1A w 1 =Y Pt & 1 1 1
ﬂ"l‘iliEJ‘LJqi.LL‘]J‘U'IJi‘Uﬂ'lNﬂWﬁTﬂu’lJ’J'lL‘ﬁuﬂ'IiLﬁE}ui‘ﬂﬂ’lﬂiy,] UUHI ATHAANISHIN

9/ 1 g v 9 1 A Yo [ = = =)
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, Mufe

i
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(3.28)

= g) w 1A A ' o d o .
iﬂ']ﬂ'JJ’lﬂ"Uﬂ\‘lﬂ'l'il'iEluzll‘lJUﬂiUﬂ']HﬂWﬁWﬂ o ﬂ'l‘iﬂ'lﬂ'lﬂﬁ]"ﬂ‘ﬂﬂﬂﬁ&ﬂ‘]fulﬂ']‘Hiﬂﬂ (Cost function)

4 o o 1 a A oA o = 1 a '
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EY
o A W = o A

] EY w =3 = Y 1
Az lAnadnsha dyaunisisous  JaA1aeil
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Taoii 0% %) dpeuiusuesiledFuneninduiiouiy w,

Y] 9 =1 g [ A = Y = o
wauna ldnmsSouivlsusRanaadiunsouiuoniimsaugy uagilaidy

a % s A @ 4 o o { o d o
woniindu Aoutuilassuiamsamoyius laileldilidduthmne & fdluiladduvos
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E=21d,~ fOu[0F =21d, =5, T

(3.30)
A 3 a J " A ) o A
WOMIANNTIABUN (Gradient) Y99 E INDHIAIOTAUUAD
e T
VE = _(di _yr)f (W, x)x (3.31)
1 ¥ d = ' 3 F
UARZAIVDINNADS VOUNTAIUNAINITOHIAT 1AD1n
aE .
a='—(dﬁ _.yi)f (W, 'x)xj
i (3.32)
diogern AW ="0VE 00 VE gingumsti 3,31 wumuee 14
— —— & :r.
A.Wr‘ _a(df yr)f (WJ x)x (333)
msnlasunasuesmmadon losuaazaim 1dnnanuduius
Aw. =ald —y) (W x)x. .
w.y a( I y:)f( I )) (3'34)

A 9) d o A =t 9 = 9 !
msmaﬂiﬂnﬁaﬂﬁnmﬂmm&mﬁumm 3.30 mm'sm‘sﬂﬂ"lmmmmuguuuwama

o ) Y o @ a a 1 y
(Delta learning rule) w?anm’%‘tmi’smumaimwmsaumw:iuﬁm%uuaﬂmwmmmmﬁm

(Continuous Perceptron learning rule)

; o o . .
lunsdinn SO =Y gnsaBunldhmsonduvy Window Hoff niems

L%‘EJH%LL‘].J‘U LMS (Least mean square learning rule) ﬁuﬁmﬂﬁﬁ'ﬂgaﬁm msﬁ‘ﬂui

T
y 84— W ¥ (3.35)

1 c} o 1 d'l [ d.y
oAl asuilasveanamesveaninisien loanddl

Aw, = a(d, —w x)x (3.36)
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= Y a2 as
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LOP BURI 2 tot_pro ©-
LOP BURI 3 tot_pro O
MCP6 (MUANG THONG)  N/A O
MCP7 (BANG RAK) NIA O
N/A N/A G
NAKHONPATHOM2 tot_pro ©
NAKHONPATHOM3 tot_pro O
NAKHONPATHOM4 tot_pro O
VOICE OVER IP 2 ip O—
ANNOUNCEMENT (Voice "2 ©

tot G

Sever)

ANNOUNCEMENT (Voice ) tot
SING BURI 2 tot_pro
SAMUTSONGKHAM tot_pro
SAMUT SAKHON 2 tot_pro
SUPHANBURI tot_pro
SAM PHRAN tot_pro
SARA BURI 2 tot_pro
SARA BURI 3 tot_pro
SARA BURI 4 tot_pro
N/A N/A
VOICE OVER IP ip
MALAY "™'00260™ N/A
NIA N/A
REMOTE ACCESS ip
REMOTE ACCESS ip
SCHOOL NET internet
N/A N/A
N/A N/A
N/A N/A
N/A N/A
VOICE OVER IP 2 ip

@
S

it

111

QQOQOQ00Q 000

14U 2 Mb/s (E1)=303923

U 4.4 M3lH012995 2 Mb/s (B1) dUn 1990 a8ey5e1 S1 - gueie giaou
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Wrk=0 D
Reg<20 CHRPR, &
20=<Req <80 ——P
80=< Req=<100 =

Reg>=100 s

ELp9

psps 0ps| okt pape|oFL

@
PLKS1

PPNS1

PPNS2 EWSD

gthong TT&T
Ayutthaya TT&T
RGMSC-AYA1 AlS
SSP-NPT AlS
ITSC2 (wumf) ITSC(Internal)
K TT&T
Lop bur TT&T
LAK SI TA True
Nal TT&T
55P-RS5T2 AlS
Samut sakhon TT&T
Supha buri TT&T
Saraburi TT&T
MTX470 (Central) mtx470

CDMA (BANG RUK} CAT cdma
CDMA (BANG RUK) CAT cdma
INTER GW.HYIS1 007&008
Inter GW KKM (IGW1) 007&008
Inter GW HY1 (IGW2) 0078008
ITSC(BANG RUK) ITSC (External)

LAKSI S5P IN (NEW)
LAK SI TA True
LAT YA SSP intelligent
LAT YA 1 TA True
SAMUTSAKON N/A
GMSCA ( ARENA) True Move
GMSCB ( BANG RAK)  True Move
GRMSCA True Move
GRMSCB True Move
MTX03 (Krung Kasem) mtx470
LAK SI TA True
TIP CARD 1238 TIP CARD
3 E1

=



“

4 LY @ d W
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3Uh 4.6 Aredndyanadeyansiiniinuiunnuuduniseyse S1- ngunyy S1
m.nmm"m
- L —+— AIS(TCO) =¥ A5 (1) —— DTAC(TCO)
I — DTAC(TC) %~ TRUE MOVE(TC0)  —— TRUE MOVE (TC1)

il \\\ | romon —oumm e

000 / Y N ~+ TRUE(TCI) —4— TT&T(TCO) —— TI4T(IC)
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40000
30000

20000

10,000 1
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b ¢
4.2 TUADUIUNMINEINT O

A = a n{:i‘.‘ 9 o = 9 a
Wioanndneiinus dniumsmanmsalnsasundasdoyaoynsunaivestSum
v ¥ i o
ns Aafazifatulusuinn Taoldlassviolseamifouuuuuninsearodoundy
9
(BackPropagation Neural ~Network) 1iud1sey Seiimissinausdunouedisazidon
o @ a P a 9 ad an 1 =2 ]
disunisaranisainsasuulavestSuiansiaa eI N neadananILnaY
ad 1 u’j o d =] = 1 g 3 d
35 lade 1ndulwamImanisai s sumeulumsianiiy Yuseulumsmamsoinig
H oy ] = ] 9 @
wasumlasdeyaeynsuaar Tasds lasevivdseamminouyiauninszavdounay
. o a o q . . )
(BackPropagation Neural Network) NUN17380UHVVUNITAIUAY (Supervised learning) uazly
do a J g ; ; 7w v a ) a [ =;y
HarduFnuesd (Sigmoid function) iuilandulumsdaduls I waziduadail

v y ¥ [
42.1 wiadeyanswlilafituiinlddaus Tui 1 wa. 47 8 18 5.8, 50 Twduniad

a{wd

9 a d ﬁ T o 1 £ lllaf a d' & 1[ N
FABINITUATIEHOONUU 2 DYV AIDYNVDYANVUNN A LETAIAIAIT NN 4.1 GIUITENDUAIY

= 1 n:; 4 T 1 9 y -
oya 7 une Taodoyanquil 1 MiierndeuTaseiie wazdeyangu 2. Mnetuduniu
Y} . . PR a ) )
qnApa (Validation) lumsmamseiiaunsauaasmsulasulasuasdoyaoynsua ldaw

e

amuasansely meromuanuiiulalumsiiInssedszennieuin 16 1 14

M1 4.1 Yayanslnddudin1d vindunis eyser S1-@valn s1

DATE | AYA S1-CMIS1 | AIS | True Move | CAT CDMA | HUCH | TRUE | TT&T
1/1/2547 65.76 789.03 | 129.02 125.15 137.81 | 36.38 | 199.74
2/1/2547 59.66 788.35 | 144.57 124.87 133.26 | 37.68 | 191.19
3/1/2547 64.72 802.39 | 142.80 134.35 146.27 | 36.65 |213.15
5/1/2547 83.13 801.78 | 192.32 191.66 148.32 | 56.43 |214.44
6/1/2547 91.98 792.29 | 203.11 174.99 148.28 | 57.16 | 254.72
7/1/2547 86.48 813.23 | 195.73 167.73 148.25 | 56.17 | 211.09
8/1/2547 §3.18 802.10 | 188.63 167.89 148.28 | 57.13 | 209.84
9/1/2547 77.68 822.96 | 184.95 159.87 147.92 | 56.62 | 212.22
10/1/2547 75.08 81532 | 169.13 147.19 147.14 | 44.82 | 135.13
11/1/2547 73.53 77534 | 177.43 151.50 147.78 | 44.96 | 181.35
12/1/2547 80.48 809.68 |  200.73 165.86 148.05 | 56.72 | 173.06

v v ' v b 4
18/12/2550 28.35 52588 | 89.67 73.48 141.89 | 215.37 | 357.26
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) :
4.2.2 Ysnawesdus ey lumna@eadu Naludiuvesiunlsouna uazaunls

1 ' 1 o o £
analilinegsendiie o 831 Tasmsueswealavideyalumsis 4.1 Tavldaums 4.1)

{ s ¢ ]
54 (4.3) doyanumsuesyea lanuduanniun1sem 4.2

X,
xNormalized = ————
1 N o= ]
i = z X i
4 N &
1o =0 (4.2)
1 N-1 2
o7 =—— (x,— 1)
N-1ig (4.3)
Tav X fodoya uazdusiineadesiy Traffic Telephone

' ﬁeﬁwmﬁwm%ya (Mean of Data)

! 4 - o kY 3
O ApAndeuuuNIAIgIU (Standard deviation) ez N Aedmaudoyanavua

3 { ¢ ¢ v ) )
Mms19n 4.2 Joyansminirumsuesuea laiudd B1ndume ogse s1- @oelny s1

DATE/

Input Data | AYA SI-CMI S1 | AIS | True Move | CAT CDMA | HUCH | TRUE | TT&T
1/1/2547 0.405 0.200 0.118 0.288 0.427 | 0.473 | 0.490
2/1/2547 0312 0.199 0.132 0.288 0.412 | 0.490 | 0.469
3/1/12547 0.324 0.203 0.131 0.310 0.453 | 0.477 | 0.523
5/1/2547 0.442 0.203 0.176 0.442 0.459 | 0.734 | 0.526
6/1/2547 0.421 0.200 0.186 0.403 0.459 | 0.743 | 0.625
7/1/2547 0.403 0.206 0.179 0.386 0.459 | 0.731 | 0.518
8/1/2547 0.448 0.203 0.173 0.387 0.459 | 0.743 | 0.515
9/1/2547 0.334 0.208 0.169 0.368 0.458 | 0.736 | 0.521
10/1/2547 0.359 0.206 0.155 0.339 0.455 | 0.583 | 0.332
11/1/2547 0.390 0.196 0.162 0.349 0.457 | 0.585 | 0.445
12/1/2547 0.307 0.205 0.184 0.382 0.458 | 0.738 .0.42.5

: v vl b v v

18/12/2550 0.164 0.133 0.082 0.169 0.392 | 0.368 | 0.158
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423 Mnualnseadeuedlassinelssammennuuuns dounay Ao AHUATINIY
2 v g 3. = o 5 e o 2 ¢
Tnualusuduna Swaududaeu SouTvualududamy S Tnualusuedya dsziam
o @ o a ¢ A o Y aqu v @
YoansuaosNNTU uazwstiwmesa q nlFlummemssiannin Iimuzauiuanyoe
a 9 & a 1 S 1 [ :}’ 3/ & 9/ ~ v
msiiadeya Falanlnd lifngunasinuiven dAniumsldindgslaseadeanmmneauizaes

NINISNATOU

¥ ¥
aw A o =

' w =
Tuuniteiinsauyagulumsnageunnlassainveslasws Insfiamugln - 4.4
g d'd ¥ 1 - o g = L o = cici
audumaniimsasru TaodondiuanTnualusuduna viduduau nswldndunaini
) A wa T = 15 o A
msldnunniie 7 Tnua  way muguauiaves lnssiivlszanmouiuyunsdaunauao
¥
o o [ a ] w o ) v a
$uTnuaeayadoaunidu vuadunwa As 7 Ivua wunu dmsuiudugany
b ¥ .
swmuay 1 Fuunulvuaguaiosygsen S1 vimivaesan nuameelny 1 uazlnua
) E4 4 ]
vSEmIwmsnudumuiusuys dmiuimau Tnualududamuivieilyminden)su
) v ] 4
emmaounanga 1inmsiiassmstinuauIaseaiiaves Tumanudiuife Model 7-
7-7, 7-10-7, 7-15-7, 7-20-7, 7-25-7, 14-15-14, 14-20-14, 14-25-14 A0 M03AUNUIIUIY
a I3 " o a o o o
Suna Swaudenmusnoudaey uazdaugaieounuswaueaya lumsnadeni
J 3} v A Ey Yo Vv A ' = o :i 3 @ @ '
msgquaniminGuanlinududenssninInua wazlimsdsunlasua Tumwudy Jsuaan
a v v o v g A <
msiseni uazdsudmanseumsiugivesTsunsuauldn MSE miiga awduaeulu
@ Y A ' =
Wavenaznandesie 1
o ' :‘ -] Yo 3 A v i J '
4.2.4 Smuaaniminisudulatudusonssning nua laemsguaisening -1 uag
9 ¥
9 ) ' = {1 a s v oA
1 indufloudoyaidrg Tnuaduna nazdsdeoyaninTnuaduns ldiTnualugudamy
i .
Tag ldruduaoumsmuinla q

Ed
425 suramvesdyaadunavesas nua udugaan Tdvndums (3.46)

: n
wazBvaRaaaluunin 3 Ae Y X, =U,

i-1

426 AnnusuEAves nuad | Tusvdany Taoldmsmantodilerdy Taewaly
ol miouailafdu (Sigmoid Function) dadiuflessudIdsunimiloniuniiiuilafau
wonfinFuvealasaiiolseamiftoudumn osnniduiladduiiiviuoduasiiaue
(Smoothness) WINTUTNUDUR saduilsdsuneaindui Widudady foievesilasiu

a 4 o o a a
Fnuauano HeNTuaoIdan (Logistic function)

1
o @ a o g(V) - 1 A
Handuaedaan +exp(-Av) (4.4)

Taeh 4 Wudinnuduves Slop
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= 1

427 famasudygnusunaveaa: Tnualufueidya mnaums (3.49)

42.8 MmAIANAYeI U k 9INauMT (3.50)

429 AmpasmTuamARdoy @9 Taoimiedraveslia ki) Tufuodyn
snaRoufisususudiming (1o TaoldngnsdouduuususRenmedinanisluoni 3 e
3.3.6.1.2

42.10 Yimvinveududon TuslumsunsnssnofounsunmuuumsSoul
wuuiideeunmsioazivon luguns (3.51)-(3.55)

42.11 WAt uAoT 4.2.5 81 4.2.11 sudeyanuansuew (Epoch)

42.12 ﬂ5xmmmmmﬂmmﬂﬁaummgm (MSE: Mean Square Error) 1

2

a v o P Y a1 e A 1 42 ]
swazdualuriade 3.3.92 lu MSEunii 3§11 RMSE dimidiga nieegludouluiasld
o 0o = 1 1 [ 1 A o tv o :‘ A 3
axrh s iumsaelu 90 4214 udd1 A1 MSE ianinaesmiidmua sznay g mvunou
P 2 '
N 4.25094.2.13 Iny
9 s ] =) Al 99
4213 @319ARUANNYNABIYEINISNEINTalve Insatsyszamiisnh 1ddnaou
Pdedoyanguil 2 uaznfSoudons MSE #il&fum MSE veadeyanlddnaou s

Indifestnnniiga udasailasstholszamitoniila 14 umswensoine 1

4.3 HANSIVY

43.1 pamsnaaed Muualassadisveslnssngdszamies
Tumsamoy 1amsySunlaoua Tuwudy sasimsiSoud Suamseumsiugy
' o o = ' &

vasTsunsuanldan MSE difiga Taononsalmsaldeulasvesmsmidnarsminduna

) o 1 o 1
6 won uar 1 1 Tael¥doyanswiWaiiulusianer 12000 $u Tumsaeuldlnssie

99 1 9 o ' Ay o v ]
uazlddoyanaaouaduuingr 30 Ju A1 MSE A ldanmsdimualaseaiaveslasein

Uszamisuuaasdaglin 4.8 uag 4.9

Mean Square Emoe

7-7-7 7-10-7 7-16-7 7-20-7 7-25-7 14-15-14 14-20-14 14-20-14

511 4.8 naaaumsm lunaniin1 MSE Anga

q
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it 48 dlunamsnaasamluma laseasvesnseiolszamifion desznoy

Y o a a o s g Y A o A A Ao
PA3UIUIN 'E)“lﬂ!(”l — galau — LE!’]G‘I‘V!G} wmmﬂmmsw NuUN1 MSE FI'W]’CIﬂﬂ’ﬂ 0.85 HATUIU

= a o o w = [ | &
Buma — FaAU — AN Wi 7-15-7 awdau Tassadelueain lduaasdaglil 49 nimiu

b ¥
hluwaat lnageumaimindmesouse 11

T put xi
Traffic mane routs

Traffic AlS

Fiag

5 hidden
Layor ()

[

(YA) Jafe; ndino

0.91

0.9
0.89
0.88
0.87
0.86

M SgaeBror (29

0.85
0.84

Momentum (u)
0.1 0.2 0.3 0.4 0.5

= n’: =) < o
g‘lj‘l’] 4.10 wanIneasy mwﬂumumu‘umu’aiamumﬂﬂ‘iﬂ

1.4

Mean Square Error (%0
|

15

0.79

Learning Rate (n)
0.01 0.05 0.1 0.2 0.5 0.9 1

514 4.11 wamsnageumsmdasmsGouiiaseadunie ogse si-Goalmi st
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] ] E
51 4.10 Taold Tumaniilnseade 7-15-7 vmadenlavmsysua Tumudn (1)

/ as 1 ‘; { e W ~ 9
Ysuaunsziia1d1de1 MSE diga v 0.2 uaznngli 4.11 WumsneaesdfudasimaiGou]

(7) voslasavioaunszng 11 MSE figa fie 0.2

—+— ANN20O

0.5
—#— ANN1000

04
ANN1300

03 e ANN30O

0.2 1 —¥— ANN50

Traffic Telephone

—8— ANN1500

0.1
—+ Neural

0 T T T T — ANN2000

29/1072550 511172550 B 1271112550 19/11/2550 26/11/2550 —*— Target

‘ljﬁ 4.12 wamsmﬁa‘umimmmmaﬂum'sr:fmsmsamﬁumq’awm S1-1%palny S1

17 4.12 dunsmluaasmsmbnausenlumsidouivealnssiiolszamiion
Taofina191ANT I UANULANATS 2 99 ABAI9TENI10 800-2000 SRVETMAANAIA
Yeunh nandedunswieglndsuauthimmg (Target) 1 wazmghdmacii Taons
asadeum MSE sgalndmasii 800 seu Tuwea 7-15-7 asfiddasimsGeudiiy 0.2

M Tuwudueny 0.2 wag ldnalumsiSous wh 27.2 wid

100
= 80 o { |
5 § o | ime vin) —— Error( MSE*0.001) |
5 .
5 60 ;
©
o 40 .
E £
F 20
5
0 T

50 100 200 300 500 800 1000 1300 1500 1800 2000

druusavaasilsunsuiages (sau)

‘ﬂﬁ 4.13 WANMINATDUNITNIDIUIUTO Llﬂ“’nﬁﬂ‘l«lﬂ'l'il‘jUuiﬂ]ﬂﬂiﬂiﬁ‘lﬂﬂu%‘iﬂﬁ

1’ Y [
i 413 Wunsluaasnmsmisausenvesmsad lunsSoudifsudunarily
4
Tumsisond wazammmdanainlugivesn MSE foududinusenvesmisaugweslnsie

Uszamihouam Tnssadiagli 4.9
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432 wamsmamsaimsalasunlasSuna nnwldn
ar c?.’ s . 1) = »
Turiadon Idulsoumeunamsmamsain laanms 14 Iaseelssamen (Artificial
Ay ¥ = = @ ad o aa ad A .
Neural Networks, ANN) 1 lda1nmsnageuiSouieuiuisaianisainieana 2 7570 Single
N . & A i A 1w aa 2/ '
exponential smoothing FURDAAT & NANTANIND 0.9 UALIT LMS [4] TaglamamIninis
| .q. 1 [ o 1 1 qij )
wasuam e daiugume Insdnsi luudazid@umadrmiuiiun 6 ifou Hanua
12 @Wun wan ldonmsannaiduaaaSoumon i luasen 43 uay 44 tazulSoumeov
1 ¢ A o =) o g Y
wan la01nmIneInIsiiomamssl laensGouiuumimaudieTsunsy  (Simulate) 19

uanulSoudon131ugUn 4.14 Segun 4.24

{ =) 4 o Y 3 ’
M3 4.3 S 0uieuANNAAIARADUYDINTAIANTINAININ 6 AU TUTUADUNAT DL

ATLRE! LUV D4 MAD | MAPE | MSE | RMSE

ANN 0.035 | 14.01% | 0.002 0.042

oyson S1-¥a3 S1 | @nlnuundeald @09 | 0134 | 3047% | 002 | 0.148

LSM 0.401 | 92.97% | 0.001 0.023

ANN 0.039 | 20.21% | 0.002 0.048

oysen si-woalvai S1 | daTwuuudvald @09 | 0227 | 56.01% | 0054 | 0.231

LSM 0.386 | 95.28% | 0.002 0.039

ANN 0.027 | 74.53% | 0.001 0.032

oyse1 S1-malug) S1 | ©n Twuuidvald @ 0.9 | 0.099 | 59.04% | 0.010 | 0.101

LSM 0.207 | 105.3% | 0.001 0.024

ANN 0.056 | 29.96% | 0.005 0.068

oyse1 Si-ngunpN s1 | BalwuuwFoald @09 | 0.084 | 40.34% | 0.009 | 0.095

LSM 0.218 | 102.2% | 0.001 0.013

ANN 0.040 | 19.29% | 0.003 0.051

og5e1 S1- vouunu 81 | BnTwuuuiFoald @09 | 0180 | 827% | 0.034 | 0.184

LSM 0.313 94.0% | 0.001 0.031

ANN 0.051 | 15.66% | 0.005 0.070

pysn S1-MAndA 1 | WnTwuuwFoald @09 | 0084 |22.24% | 0014 | 0.177

LSM 0358 | 97.0% | 0.001 0.016
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A9 4.3 (519)

WUNN HUVIIA09 MAD | MAPE | MSE | RMSE

ANN 0.045 | 18.16% | 0.004 0.061

oysen S1-aravgn st | onTmundeald ¢ 0.9) 0.069 | 24.88% | 0.009 | 0.093

LSM 0.245 | 97.65% | 0.001 0.012

ANN 0.054 | 22.17% | 0.004 0.065

uBE1 S1- uATTI¥AN S1| BnTwuuuGoald a 09] 0344 | 25.62% | 0.005 | 0.072

LSM 0.241 | 97.50% | 0.001 0.011

ANN 0.033 | 41.63% | 0.002 0.040

ognen S1-mwsy3 s1 | BnTwuuudoald €09 | 0.034 | 19.60% | 0.002 | 0.043

LSM 0.183 | 118.6% | 0.001 0.005

ANN 0.041 | 22.35% | 0.003 0.051

aysen Si-nizTvua s1 | dnTwiuuidoald ¢ 0.9 | 0048 | 22.17% | 0.004 | 0.059

LSM 0.224 | 100.7% | 0.001 0.007

ANN 0.054 | 29.93% | 0.004 0.063

oysen si-Ausylan s1 | BnTnuuudoald ¢ 0.9 | 0308 | 65.44% | 0.0096 | 0.310

LSM 0.458 | 97.53% | 0.003 0.055

ANN 0.075 | 33.23% | 0.008 0.090

oystn S1-yuAin s1 | BnTwuuw@oald €09 | 0.148 | 52.84% | 0023 | 0.150

LSM 0.267 | 94.91% | 0.001 | 0.0259

= = =1 9 <y ad 1 =4

210915190 T s ou U 1A21NT NN A3 5N15Ve4 Tasavel sy aminey
= Y P o a = = ¢ A a1 £ 3 g
fianwgndounafiga dmsumsnlSouifvuramsnonsalioniamssiasanth lddeyann

P
12 iduma msldan Tasluniladunisszilszneudie
@ w 7 3 ad w 1
71 (A) uananswl ananudTUT (Correlation) ¥B9MsWENTaNAS 3 FFAUA MR
2 o w o WA

il Mue (Target Traffic) Faudumntiuin 13 daudSui 29 a.n. 50 - 30 5.0. 50

51 (8) uamansmalSoufonidunn Tuvesdmswilni ldnnnsnenseludaz
Eova st e

3/
o J

¢ A a1 Y Pl o o =
31 (C) wamamsnensalinomaMIniadani 11 daadum 1 5.0, 50 9930 Wy, 51




L
s ad w U

= =y = o
M1919N 4.4 AFEUNeUNITNEINTUNIAINITAUA

nthvie sereTun 1 - 28 W.u. 50

Date Target Neural Exponential LMS
1/11/2550 0.3189 0.2676 0.387501 0.464
2/11/2550 0.3128 0.2749 0.421 0.460
3/11/2550 0.2498 0.2452 0.419418 0.455
4/11/2550 0.2646 0.2148 0.416652 0.451
5/11/2550 0.3102 0.21 0.41523 0.447
6/11/2550 0.3031 0.235 0.414053 0.442
7/11/2550 0.3016 0.2813 0.413097 0.438
8/11/2550 0.2900 0.2789 0.452924 0.433
9/11/2550 0.2920 0.2569 0.440828 0.429
10/11/2550 0.2386 0.2616 0.485177 0.424
11/11/2550 0.2219 0.2071 0.510588 0.420
12/11/2550 0.2906 0.2458 0.514792 0.416
13/11/2550 0.3021 0.2814 0.457765 0.411
14/11/2550 0.2944 0.2969 0.42757 0.407
15/11/2550 0.3002 0.2951 0.420145 0.402
16/11/2550 0.3246 0.2856 0.452884 0.398
17/11/2550 0.2608 0.2589 0.472385 0.394
18/11/2550 0.2394 0.2181 0.468802 0.389
19/11/2550 0.2977 0.2628 0.478591 0.385
20/11/2550 0.2889 0.2684 0.438379 0.380
21/11/2550 0.3331 0.268 0.420491 0.376
22/11/2550 0.3112 0.2702 0.312106 0.372
23/11/2550 0.2939 0.2769 0.286007 0.367
24/11/2550 0.2247 0.2454 0.365698 0.363
25/11/25650 0.2519 0.2121 0.425703 0.358
26/11/2550 0.3179 0.254 0.416136 0.354
27/11/2550 0.2915 0.2662 0.380708 0.349
28/11/2550 0.3002 0.2892 0.363348 0.344

54
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Improved Model for traffic fluctuation prediction by Neural network

S. Ardhan,

S. Satsri V. Chutchavong and O. Sangaroon

Research Center for Communication and Information Technology (ReCCIT) and

Department of Information Engineering, Faculty of Engineering,
King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520, Thailand
E-mail: ksornlar@kmitl.ac.th

Abstract: The traffic prediction are mainly used to improve the performance of telecommunication network
management. This paper improved model for telephone traffic prediction in Thailand by using artificial neural network
(ANN) with back propagation learning algorithms. By applied data which is collected at different node in main routes
of TOT, Thailand telephone network for Jearning process and testing. The neural network structure and input/output
musters are descried in detail. We present the comparatively results of simulation with another methods, the results
shows traffic fluctuation prediction by the method of ANN is accurately.

Keywords: telephone traffic prediction, neural network

1. INTRODUCTION

A main route of telephone network in Thailand can
be model as a set of nodes (switching offices) and link
(trunk groups) are shown in figure 1. Trunk groups are
used to link between switching offices which is carries

“the telephone traffic flow, each of which can support a
conversation. A telephone network can occasionally
encounter an extremely high traffic load resulting from
a social event, natural disaster or network equipment
failure. In many cases, however, having a large network
capacity just to cope with occasional high traffic loads
cannot be economically justified. To prevent the
problem of traffic congestlon from taking place
efficient network management is required

This paper proposes traffic prediction by means of
neural network with back propagation learning

algorithms, because nonlinear elements in neural
network is reasonable to use for unknown function’ -
approximation[1-2]. In the following, we describe on

the structures of neural networks with fitting with the
measurement data in difference area and compared the
results with statistical method.

Pt et \.’\

Fig.1 Main route of TOT te!ephone network, Thailand.

2. TRAFFIC TELEPHONE AND
DATA ACQUISITION

Traffic is the number of message over a trunk circuit
in duration of calls, includes the relationship between
busy hour call attempt and busy hour call. From the
definition of the Erlang , traffic carried by trunk group
is given by equation of traffic density

A =97

60
Qi is number of calls in one hour (calls) and T is
average call holding time (minute). The traffic data
measures from originated on inlets is called traffic
offered this equal to the average number of calls which
engages the outlets is called the traffic carried by the

Level 2 @ e

Level 1

Where 4 is offered traffic (Erlangs),

outlets.

4 K
-Mobile phone
ATSC

Telephone

Etc. 15pN . 1spn  Ete

Fig. 2 Selecfed 4 node of telephone network for testing.

Traffic data in this work are collected from TOT’s’
thirteen node (main exchange) in figure 1, four node is
in Bangkok and nine node is in provincial area. The
total is 561 routes. The example for analysis selected
from main route of KKMM2 to AYAS], KKMM2 to
CMIS2, KKMS2 to LKKS2, CMIS2 toAYASI,
illustrated in figure 2 And then we used this data for
train and test.



Figure 3 shows the examples of traffic variation
collecting for one year from November, 2004 to
October, 2005 over route of KKM M1 to AYA S1.The
maximum traffic are occurring about 110 erlangs . The
average volume of traffic during a maximum of 30 days
a year is specified as Reference (standard ) traffic.

Exlanger
125 '+

) Max Trafhic telephone

100 -

3

30

25

tHilo4 13003 173 14103 106 170086

Fig. 3 Traffic variation measures in 1 years
( Nov,2004 to Oct,2005) KKM M1 to AYA S1 route.

Figure 4 shows daily telephone traffic variation in
one week of October, 2006. It can be seen that the
maximum traffic occurring in busy hour of Tuesday,
Wednesday, Thursday and Friday, respectively. And
decrease to a haft in Saturday, Monday and Sunday.
Finally, data are spit in two subsets (4 days and 3days
periods) for which the class distribution is 60 erlangs
and 30 erlangs are shown in figure 4.

332006 Mon
Erlangs — e 270008 'Wad

———— 241008 In

=== - -201006 Tim

271005 B 280008 it

5 101006 S

50 |

25 =

0 LU HERA =
100 400 7:00 10:00 1:.00 4:.00 7:00 10:00
AM AM AM AM PM PM PM PMTime

Fig. 4 Daily traffic variation measures over KKM M1 to
AYA S1 route in one week of October, 2006.

3. NEURAL NETWORK (NN) MODEL

The neural network model is that mimics the
learning of the human brain, composed of four
processing element as follows, input node, hidden unit,
output node and weight value (called its training or
learning algorithm). There are many of different neural
network models and many applications, applied to a
wide variety of problem, are descried in the literature.
Therefore, this section will focus on “model of a
multilayer feedforward with back propagation learning
algorithms (MLFN).The chief disadvantage that the
long training periods arc often required.

Figure 5 shows the modification model of typical
MLFN architecture which consist of 7 units of input,
( X, units), one layer of 15 hidden units (Z; units), and 7
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out put units (¥, units). The out put units and hidden
units also may have biases (b2 and bl).

I & hislden
Fasey (44

2D,
.
B0 y-—
= =
B3 e
BED =y
e =
KA g
- p?
=

Fig.S Back propagation MLFN with one hidden layer.

As it can be seen in figure 5, Only the direction of
information flow for feeddorward phase operation is
shown. During the back propagation phase of learning ,
signal are sent in the reverse direction. Its must learn
to map the input to the output and takes many iterations
for conventional feed forward [1-4].

As mentioned earlier, the flowchart of training
process shown in figuer 6.

[ Start with input units ]

Error
acceptable ?

Error
acceptable ?

Fig. 6 Sizing and training a MLFN.

The algorithm is as follows: By specific each input
units Xp = (X,15%,5 X 53500003 % ) 5 the traffic data
which are fed to input layers, while p is the training
sequence and obtain net input j”' of hidden layer is

N
h __ h h
nety, =} VX, +b; (1)
i-1
The output at hidden layer is
_ h
Z, = f(net,) @



Given equations at output layer is

N
o 0 o
netS, =Y WyZ, +b, 3)
J=1

Y, = f(nety) (4)
Where f(x) is the binary sigmoid function ,
f(x)= — , Wi(k = 1..m) is weight value of

1+e&
hidden nodes

For the back propagation of error, each output units
receives a target pattern corresponding to the input
training patten ,computes its error information term,
Which , £ is learning rate, are 77 is momentum value.

Gy = f (nety Nth=Y,) (5)
Where (tk =Y, ) is an error at output Jayer.

Calculates its weight correction term,

AW, (t+1) =10, Z , + AW (1) (6)
W,(t+1)= WQJ.(I)+AW@.(I+1) (7

And compensation of hidden layer can be calculated
from the following equations

6,=f '(netzk)z 5., (8)
k

where Zépk% is an error in the hidden layer.
k

Calculates its weight correction term (used to update
V,later),

AV, (t+1) =10, X ,; + AV ;(0) ©)
V(e +1) =V, (6)+ AV, (t+1) (10)

From equation (1) to (10), its seen that during
training , each out put unit computed activation with its
target values to determine the associated error for that
pattern and used to update the weights between the
hidden layer and input layer. In this paper we used
Mean Absolute Percentage Error (MAPE), Mean Square
Error (MES), Root Mean Square Error (RMES) to
defined the error between the desired response and the
output obtained with the neural network. That is

2
l n
MES:;Z(I‘,--J',-) an
i=l
1 n
MAD ==Y |ei] (12)
n o=
MAPE =1 €100 (13
n o) Yi
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4. SIMULATION RESULTS

In these experiments, back propagation MLFN with
one hidden layer was used. The neural network had 7
inputs, 7 outputs and trial and error shows that 15
hidden units give best results. The linear output unit is
used to aid function fitting. This architecture is fixed
prior to training. By using actual data from four route
have shown in figure 2, the training set took 50 %, the
test set took the same as 50% ,we used MATLAB to
design the neural network is feasible.

The example results of traffic prediction,
comparison with actual data and statistic prediction in
period of one month and one year, are in figure 7 to
figure 14 Table 1, illustrated the comparison of error in
various methods in one month and one year

Table 1 Prediction error comparison

Period Model | MAD | MAPE | MSE
I-month ANN 0.026 | 6.95% | 0.0007
KKMMI-

AYASI Exponential | 0.104 | 26.73% | 0.104

1-year ANN 0.012 | 7.39% | 0.0034
KKMMI-

AYASI] - Exponential | 0.046 | 25.40% | 0.0459
— ANN 0.012 | 9.30% | 0.0058
AYASI-CMIST | Exponential | 0.253 | 11.50% | 0.011

l-year ANN 0.012 | 7.39% | 0.0034
AYASI-CMISI | Exponential | 0.046 | 25.40% | 0.0459

5. CONCLUSIONS

In the simulation, MLMF neural net work have
applied to the prediction of offered traffic load at
switching node. The neural method has been compared
with other prediction - approaches, the results of
simulation shows that its can simplify the procedure of
prediction and enhance the efficiency, the performance
of dynamic routing and rerouting can be improved, but
it is difficult to establish a precise mathematical model -
because of the complexity of nonlinear mapping of
function. This kind of NN can be applied
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Fig. 7 Monthly comparison of actual traffic and
prediction measure from KKM M1 to LKS S2.
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Fig. 8 One year comparison of actual traffic and
prediction measure from KKM M1 to LKS S2.
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Fig. 9 Monthly comparison of actual traffic and
prediction measure from KKM MI to AYA SI.
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Fig10. One year comparison of actual traffic and
prediction measure from 10 KKM M1 to AYA S1.
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Fig. 11 Monthly comparison of actual traffic and
prediction measure from KKM M1 to CMI S1.
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Fig.12 One year comparison of actual traffic and
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Fig.13 Monthly comparison of actual traffic and
prediction measure from AYA S1 to CMISL.
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