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Abstract 

Artificial Neural Netvl/ork techmque lS used for thai character recorutlOn. The 

mput of thlS network lS m the form of picture whICh SlZe of 2Ox8. Then, the nelilal 

neh"lork processes thJS picture and glVe the result in the form of ASCII code of that 

character by usmg Back-propagation techruque. The results shown tha t correc01ess JS 

about 98.7 percents. 
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• 'lJ't1'U.l 

'l-nYiWl'I,lTI:l-Jmmtl'W1J'Ul'U "r,ieJtll':] Lmm:}JueJnl'VTueJ~lnml:tJi.'\l l,nm lumJf1l'UlmeJtiwr)Vll~1bl~1 

b~ ~el .j f) Cl'}J'r~l L<;lCl1~':] 'kJi:11:tJl"i1:1'lh £.h1l'U:tJ'ipffiLo1 Cl til,1 l~:tJ~ lVi [J L~ yn::;Cl til ,:] ~.:)lmlUtm Cl til.:]'~~ltlGieJ 
:lJ"t~~ "r,in ~U 1fM~.j~ mmhvnu Lfl ~CJ.j fI Cl :l-J-W1L9m-:l L 'ii'u m"i~ VI.:) 1 'G..rvnX 1 flU m:f''l VI.:) l r,118ll1fl nl"i 

C~W1Y1<;)::'t~Vl LL~:;L~U !WGlli. 
" " 

LU':]IUVll;11£'ICltil.:]ffi~numj'lui1~~w n'to1jjml:l-J"tjtntn:l-J~~~llmflm,j-W1LGlCl-rnll~LviCl . , 

m"iUrnJ'[)dVll'll eJ.:]m"i~ VI ~ljiJlI.1JlJr,il~"l bLGi LuCl':)~ln LYlflu~m,;j'l Yh.mutl~ 1ut1~'lw 'kJ LVllJl:;-Y\,;):;Wl 

lJ~YnlVl<;i,a ~,;to1jjml:lJyjmmlJ~;,)~<i:lJUlimnl'lV!:jJ'l~ lV1m~Yn::;m"iL~UlALLlJ1Jmj'lh11U'lICl.j1,1:lJtl.,'J 
LY1aUl:lJll~um"i'lVl;'hnJLI.1nJr,il.j'l lYlfl LULl;1ucrnto1DnL1unmr:il Artifioial Neural Netvvork (ANS) 

v ~ .., 
vmrul.:)Yiill1un~v.cl 11 Neural Netvvork o11[J;')m~U'lI Cl':)L~"Cl~luUl"iell;1 1v.o1lUmTIVI~lnJlLlJ1J 'lv. , " 
nl"i'Yl Vll;1Cl.:J~~.J Lo1'U 1 lYlfliifl'lICl.:J LfliCl'lhuUl1Cli'\;j.nl ~lY1ClmTI~1r,]15!1'tl'J lYi [J 

v 

'h!'vh~Cl~,;) :; Lo1 Clmn [Ji1.JVI~ nnljYh':]lj,H~Cl':]r,;U'lICl.J lfl~~l uUl1Cll;1 LY1Cl L11lnVlml:l-J L-iJll';) 'lu 

Vl~nm'".i.yfl 'bJ LV\!J ~lJ~,;)l!lr,fJ1J"j:;U:Jl:1V-lI:1LY)mr,]ll~m (iil1Cll;1 1 r,]1) VI~':];,)lmXun,;)~~T1D.,'Jiil ";jel 

l;1Vlm tJ<;11~.jtl~1u,fuL~ mm. lLl:1~lrJt1 Vln~::; L1Jum'".i"l1l.J'l'WlJCl.:J lfl~'lh!Jii TlCll:1V1m fJr,]l~jjVlm [J~ 

.,. .., d 

U7?aa@}';n~llJ7 

iil1Cll;1~m:')::;L~[Jn11L1Ju prooessmg element (PE) vITerul.JfI-¥.jn~::;l1un111Vl'i\VI (node) 

"l;1::;lL'IT\.\ l(.1~lm~Jnl;1:lJvi-l l Li:1V1.:J'lWiUY\ 1 
" 

iiTieJi'\ 1 <;11m'l'l::;~-iJCl't;lm.jJl (inputs) l-iJWl'Y'<W:lJ 'l ITU Lo1V1mrJ<;11 ~.Jiil"jCl i'\~:;r11 

m"jGlCllJi:1UCl':]GiCltCl:lJm.jJllVl~,ao11 [JmJri-l~rurulmV!~ 'kJr;i.jif'runnm ("tire' or 'doesn't tire")r,iCl 'W 
'U OJ CI.' .... Q.I 

'Yll;) o1l'U~mJi'\ClCln m;[<;lCllJi:1UCl.:]~~::;~mjnlJ'j::;viU1lm threshold. gln~ 1 ~::;lWu11.jJm:lmoiilV!m!J 
'\J 'U 'lI " 

~~.:]:):jr-Jl:1J.Jl'lln~CllJm-iJ1Cltil-l~~c-5!Jnl1 b ias term 'vl1Cl foromg term ~'1<;1111.1JJ~m~~::;dJ,Ar,]1'vh11l11 
~ 

iiljC)mnVlmmm:lJv!~CJ 'kJi:1'Uh~,;)::;~VI~l 
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INPUT 

l~~ _____ O~~TPUT 

ojJB~mojJlblr,i~:::<i1":)':;j:::jj~~r,ierUljB~ l.Jwhnu~':ll:'ifln'MUVi LVi [Jloiffi-ntl'VrlXn (weight) 'll£Fl<jJB 
- ~ 

J..J~ b;.J". <) ~-llb~Vi.:J i.".~1..IY12 



96 

12 

II 

o 
o 

In 

IN PREMCHAlSWADl A.l'ID N PRE MCHAlS1NADl 

INPUT 

OUTPUT = Sum of Input * 
Weights 

lu Yll.J f1 rii~ fili;1 Ql~l 11i;11 ~ 11T1 L ~ uu; tl:!-J G1 L ~l LL!;1~ >i l~ lW n 'lJe}lJ1",l';'mJ'lwnhrtl.J L1 f1 L<7ltli1v') 
" " " 

!.1}A (II, IZ"ln) LLi:\~ 0NI, W2,., Wn) MlvTu i{~~1ru.~L~11tJ'luih~Di,'l LLqi~:;411 mlllJITYi';l::; 

~lUlru.lv')';llnmJ'\'ll dot '\r1;tl lImer product 'lJtl~LlmQlCl,,;r.Ji;1tl.J~ 
~JmllJ~'Lv'),;] lnm"i~lmm~,;]:~b1n~.J~l'Ul.'!Jtr, transfer function ~..:lLl'Yl'Uv') .. W T l'U~ 2 . " 

Transfer function 'vnmmYiLi-tJnl1 Threshold lV1 u0·:;1.1JlL~liii\~ru.:; 'hJQJ-ub~.J Lii'U 

(nonlmear) ;Cl:!;J"Cl Cln'lJu.Jiil"lDG1n';l:;~.m~nut-l ~mll1}h1lJLYi fJl.J"j~'W:ll.J~"~Y.I'B"IJ<l.J dot prodouct 

ffi.J Transfer function ~~ transfer functIon Y1'l.ml'Utl llniivrmtlWl'IlJ1Jv')ltJn'Uo1.mi;1Vl;) l 'U"TI..frb 
~" " 

-ru~ 3 Transfer function 
" 

;;i.:l~m~"Cltln 'W LL,,:;i1wm..;j:lJvtU·:l£J~m"J~l ·\.~LLGifl:;iil"leJfI';]~ll~jJV~TI.jl'TII,;]Vl-:;)l r~"'lJtl~m1~l1-nru.tJ 

¥,)rltJ'ULL,,:;v.llthJ:;1J~TLJtl~~l'xUn 'Lv') ~.ji\~L'lfw~atJn:h bf11'iJ'lhmnVlf1l1(,-W} 
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uJ~a~u~l~iJ?uiu'~~Jnu 
llMm1~t'fnb PE '\ljm tJ "1 G111Jll11Jrn. L~,;l';;-iitl1;1(;1~ -n.i'b.J V)':)ll~0I'l1'U~ 4 ~81;1(;1 b.jJ, 

,rn.nTI,r,it:H1\ Jlm'OIl~Vlm !J lm.tOl LOI ~~ rll'/Jtl;)J l}nX~'iG1n<,iYlm. 
LJUJ tv1'U<J1 "Gl(;1::;Gll 

11 

12 

1m ~ ______ --I 

.., 
unamUJjJu~l~iu 

Output1 

Output2 

Outputn 

~ ~ ~ 

11n~8 2.2 l ~1J.Jl':iD1.-\~1"l8mL1J1J~m?1!J1Llr,i(;1:::~.H.nr,i8TI:).Jm. 'il"':)L"jlL'!Jr.,..;ilI.1.M~':l':JCl 

i'1\\lll..Mm!J~ L(i1~i''U~ilJ-iitllJ (;1l.jJll.jl'J:::L;'tJn:h ~.jJ8J.J m-iil (Input layer) ~-j 1'U-i.~n~~-oo'b1Y1t.Vu 
~ ~ 

buffer itMU~'1J~~L!!lm.l,;I l'r'hJ.u ;;ilU~(;1~Y.I15-lJtl':)L~11J'1JIuJm:::r.lnN~G188f\J.m'11-J~.]m;j (;1~)8n 
(Output layer) \li1:;~5'U'l 'U8n 'lln-i.~':)l.1UJ~n~n'I-Jlll~,m"J:;\1!.Jn:hdJu Hidden layer ~.:)Li..li-!JlJ 
l;;:!ijtl'Un~8-jr,i, (Black Box) 'lU1WiJ v)':)Ul.101.:)luJlfA 5 
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feedforward 

Q,I ... lIS ILl 0 Q,I Q,I .., 

Back-Propagation il~flCl'rYl3J Lb~~fl1'a'a';l1(;l1ilfl'l!Ya L'YIti 
'IJ 

Back-propaga tion ~Vllv111dJulYlfl~fl~ihJJ,:;RmJYNm~~1r,'1-fuml~~mJ i.lrumh:Jmf1 jj 

~n~dJuLf\1tl'lhtJLblJlJ\I1mtl~v1.:JlL~Vl.:ll'U'JlJYi 7. lYlHQf\~1v1r1n~'U"I'l1J1.Vltl Werbos; Parker; 
" " 

Rumelhart, hJlton LL"~ willians ~~,r\iI:IJVl~1v1Yhrr1J~'Uf\111.Vltl~~~<;itl1'fu, Ll'iilv1r:{'hm~.:JlUtltlf1 
~Jllublm lf1~ b~ mn'U 

Back-propagltian m~l"imiwTIlf1ml~f.jVl'WmVl1.Vltl'l.jj Dellta Rule ~.:Jilf1m:;lT1'u 
" 

lh:::mrulu v11 m1tl.:J Gil'U lV1tl! "1 v11 tlrn. ~ tl 

1. 'lJru::;Lrim~ l~tl~" l~l~"i:::lJlJ 'l::;ilmJ~lUlml'Ur:1n1:W'<:"'-Y1bf\~tl'U~ltJojJl.:JvrU 1 (feedforward) bYleJ 
" " 

vnr-Jm1'WTIfiw;i~~lJcl~ r-J~ ~'WTIfi1v1'llnmJ~lUlm~'l::;Drw.l:l.Jlbl..fitJlJL·YitJlJn1JLi1lV1~1~y\(,1tl.:J 
~ 

m'ilYltlVll~lmlt.Jf.jVlY~mVl 

2. rilml:iJf:j~wlmVl~~lUJmlv1,nf1ojJtl 1 'l::;(lrw.l~lll'Wm"i::;'lltiEitJ1AmlU 'hk~rn-11mnJ'1Jfll 
'U 

t,. 1',1 )J 

1..( 1vj"-l fI'(].:JVI:IJ Vl'lJtl.:J "i:::lJlJ Lfl1 mil W lJcl~ii 
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output lmits 

wlij 

GJ input units 

_I" .. ' :U" 7. IA"Ja'lllmuru Back-propagation 

n1'iWOOJU1 rlh~m'i:JJd1U-rlJn1'i-r~1i'Jan1:J'i int) 
tI 

'bm"i~"l:;U1V\G1f1fll"j'llEl ~ BacK-propagation J.nLh~~l1illjfffiJfm2;')'~1';liJ1lJj'jlmnXn '1<K 

Yilm"inl'\.1'UVl~lv.lh~ffi.)Gil" 'lIi1~~ 
v v .. -"I " "'-. " " c; "l ~ 1 ~ ( 

11) mtlli'l.'YltplGll'Y1 b'n{;lJ'U'lJEl}J i.1b'lJl"l~mmJ tl ~ 'UJLJ'lJtJ.CJ\jj,JYl"iWij 'If'i,Il Vl 8*20 

'11) 'tjj slgmOld functIOn (S-shaped) 'hl,f1lJVllN1:1i1'I'JiITJCl,l"l:::lJl.1 tIi18~~Jf1l1'lJ~}m i.1i\''l'JW~ (Lr;i~::: 

lvwm~uul<J1Ii1"~ 
outpul = 1/( 'I +0 -sum) 

t(i1d~ sum ~[) NmlJJ'lJm (W8Ight*input) ~l~m,m~nlJllGli.1~t~1i1 

o 

'J'lJ~ 8. Sigmoid ftmctl.on • 

<1) ,'Ji:1i1y,yi111<K"lll1l<1TiJ'iJl[J \lflfi"MU<i11.1&.bJGll+J"i.:1~Tn1~llYltnlmhumlHtJl11"'l~lU 

~Gl i:11V\f11j)..J (~tJCl.) lm.:1~li;rn~lH 2 l~ 11->10100001 (1A16 Vl1Cl 161) 

"llme:lfhVWwiil..:JG:", l.(li\{ l+Jl~f1lw7@J'U 1 'hJJLlm+JIi1~~ 
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1) mput layer ~-J dJv.Z'ilvl~1:~:ru<ii8:l;J'(1 'l:;ij;~-JVI}'IV1 161 Lv,uV1 {{8*20)+ I} ril\>'\'UV1l~dJu X] 

~tl ] = 0, ... ,160 Z'ill1 hldden layer ;)::;uX;JVll-I V1 41 LvruVl (40+1) ri l'Vl'UVl l{jciJ,A hj ~tl i 
~~ 'i • '\" .s.. . ": '1" = 0 ... ,40 ([.'(1:; output layer "::::l.JYl.JVll-!Vl 8 l'\l(\,\,Vl mV!UVlLVl I.1JU OJ L'l-18 j = 1, ... ,8 1m::: VI 

Wl1] dJu~1'11VnXnY\b~tl').Jj!;\I11l.J mput layer ntl hIdden layer 

Lmj~ i = ifui11J'lI tl-J' mput umts 

I = 8'U ri11J'lJ~ hidden units 

lv;vilU,m.G1mnu W2 i1 dJu~tJ.lV1'lXrnk£8').Jj~ll':] llldden layer inJ output layer 

lmrY1 1 = 8'Uri1mm b dden umts 

J = 8Wil1J'lJ8,1 output umts 

2) ii1vrwil~ll~:JJr,h"'llthl ~1J.lvnXrnj b;tl').Jmh:'->11l"l\1mVl l-u\'~1WluU":l1 tl~ Lmmnri",lr,rl b~'lI1t v , 

"IIll,,) -OlD,:] 0.1 

Wl1j = random(-OI, 01) 1 = 0,---,160 J = 1,---,40 

W21J = random{-OI, 01) 1 = 0,---,40 J = 1,---,8 

3) nl'Wrl.Vl~l threshold 5J ~,dJu 1 .x,,'l-u input "'(1::; hidden layer 

4) b~cmfi Inpu t-output "ii,,:::Yllmni8'tl 
u 

5) mfi''lJf).,~ w'i ~:;lvtu V1 h hidden layer lmtl~~l-!m:i7i'-J~~~ 

c. 

160 

hj = 11 {1+e-2:Wl1] Xl) 

1=0 

j = 1,---,40 

0NIOj ilEl~ni1Vl'\-tn'lltl.,'] thredhold umt ~l1il1lJ 111dden umt Jl 

6) 'Vmll'll81Wil'(1:;Lv,uV11'U output layer lm;l~<i}'lfllTIl,"~l'lct 

40 

~ = 1/ (1+e-2: W21J hl) 1=1,---,8 

1=0 

0N20] ~m-;l r,rl \lru,'IItl;j thredhold unit ;;1l'\1tfu output umt Jl 

7) .-i-nnnbt1l error 'lJ8..'lLbG1(;1::;LVl'U Vl lu output layer <i1ll-!~J..Illl' 

E2 = 0 (1-o)(V-o) 
1 I I J J 

LV1uYi OJ = actual output 

VJ = target output 

j = 1, ... ,8 
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8) ~lUlm~, error 'lJthlllGi~ ::;lvru li1lu hIdden layer 

8 

El = h (1-h) e-L: E?/ W2· 
J J J ~J' IJ 

1=1 

lV1~ h
J 

= actual output ('~eJ,l hIdden layer) 

" 
9) tJ~lJ~nil',;nXm:;vril,J hIdden nlJ Output layer 

lmi~ n = learnmg rate 

a = momentum term 
,-, 

10) tJ~lJ~nhvnXfr:I~::\lr:il,l mput layer nlJ hIdden layer 

J = 1, ... ,40 

1 = 0, ---,40 

J = 1,---,8 

i = 0,---,160 

J = 1,---,4D 

101 

11) f1iYU'hl~"~UGleJV.~ 4 "Jv.m:;.yl'l ~ Input-output ~G1eJ~m~tvi'.:rum:r;;jmU{;j1~Vllli\illJ Ii1YJn 
.-' c: L' .J " ~....... !::. t.I L< ..: 

~ nD,rlllililml~8H 1 fl1.:J ~-:} hmTTI:18Um:;Glm'Ynm'J;;j8UV!~ltJ'lm,lm mJeJ :l;!~'Yl LLG1n 

<;1l1n-u~~'l::;1vi'r"Ji:1i:1y.lm,nlflTtl~l uY1~I:J-Jlw'iil~lUlvi'm:l-Jml:J-J?,]c).lfm 
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Back-propagation .yilv1'i)mm;bJm1':;l'\.l~'iJ 3 lWl1j'YlV1~m~;J~J:;:-;f1ffiJltlv11tJ 2 ~l'\.lv1,.ltJm.~'iJ m:r 

~'il'\.llfl~B'lJlui\ldfli:\lmiJlli1m~l'Jl'Yl tJ m'l:-;mj'YlV1i:1'ffiJ%1JlJl"'1B"dlUYllv'1{'lJf1l'ii:1'fl'I,IL1U1J1fltJ , 

&I , ... 

n11~8U'~18~1~Ud18a 

~~ Ellvkf) TIJ'lJ1EJ~ l1'iJ~mmjm1-UM i%i1nm l'YlfJ~~lv1ijmJl;1 c)'\UATIrlhwl1Bav11 tJii'i):lJ (;) 
~ ~ 

-. , 

Lml(;tvrYlltJ (,h:Ji:1'Vl) ~Ll(;tVl ,ih,mJyj 9 ruuiJlllJClfl c.J~~Y'lTIfj<;]mm 'llflj::;tJjJ Lv.1Cl'lVilATIJ'lIl t! . , " 
U l1Cl~'I11nT'ilffi.J ri l'\.y.n-nr~l~m.JI11t.l~'h:J LVTUVlGiWl 1~v'1 t-Ja~Y'l1hl':1~(jJl;j.JLLm(;t Vlyh tId iim.JaYh ~b,~ , " v v 

m'TI'1''il'\.l''j:-;1J1JlflW'lhwl':1Bailijv'11tJnu'VmltJn~:lJv11tJin.ld1.jii 

1. L~ 1 Gl1i1~(;t:lJ\!"ju'bJ"il~;) ln~t1!11!ln!":i'lJm'\.ld1':!Gll1lt.l1.j~m'lVl~lu ~ili110 
2. LI.1JlJ~ 2 Glli1f11~r.i~ij~t1!t1! lru"llJm'\.lfuillViGhLLmi~dJ1.l 1 "vntJ ltl 1 GilLLmt-J v1.:!Gl1ClUl,lYl 

LLi:lml'\.l~~ 11 
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3. 1 

6. 

1 3 

L 
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00000000 00000000 00000000 00000000 00000000 000000 00 
00000000 00000000 00000000 00000000 00000000 0 0000000 
00000000 00000000 00000000 00000000 00000 000 00000000 
00000000 00000000 0000 000 0 00000000 000 00000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00 000000 00000000 000000 00 00000000 
000000 00 00000000 00000000 0000 0 000 0 0000000 00000000 
00000000 00000000 00000000 00000000 00000000 0000 0000 
00100100 10110100 0111 1100 0 110 1100 1011 0010 00 001 000 
01010100 11010100 10000010 10000010 11010010 00010100 
001 10100 00010100 10000010 100000 10 001 10010 00001 100 
00010100 0001 0 100 10010010 100100 10 001000 10 00000100 
00010100 00010100 10101010 10101010 01110010 01000100 
000 10 100 000 10100 1101 0 010 1 1010010 1010 10 10 00100100 
000 10 10 0 00 01010 0 10000010 10000010 101 00110 000 10 100 
00011000 00011000 10000 010 10000010 01 100010 000 01100 
00000000 000000 00 000 00 000 00000000 00000000 00000000 
00000000 00000000 00000000 0000000 0 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
101 00010 10100011 10100 100 101 001 01 101001 10 10 1001 11 

00000000 00000000 00000000 00000000 000 000 00 00000000 
0000 000 0 00000000 00 000000 00000000 000 000 00 000000 00 
000 00000 000 00000 00 000000 0000 0000 0 0000000 00000000 
00000000 00000000 0000 0000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 0000000 0 00000000 00000000 
000000 10 00000010 00000000 00000000 00000000 00000000 
000 00 100 00000 100 00000000 0000 0000 0 0000000 00000000 
001 0 1000 10101000 0111 001 0 011 100 10 01111100 01111100 
01010100 11010100 10001010 1000 1010 10000010 100000 10 
00110100 00010100 01001010 01001010 11100010 01 1000 10 
0 001 0100 00100 100 10001 010 1000 1010 001000 10 001000 10 
00010100 00100100 1000101 0 1000101 0 0010 0010 00100010 
000 10100 00 1001 00 10011010 11001010 0 1100010 01100010 
000 10100 001 01 000 1010111 0 10 10101 0 10100010 101000 10 
000 1 1000 00110000 1101 1010 11101110 0 100001 1 01000010 
00000000 000 00000 000000 00 00000000 00 0101 10 00000010 
000 00000 00 0 00000 00000000 00001000 00101010 10101010 
0000000 0 000000 00 00000000 00001 110 001101 10 01010110 
000000 00 000000 00 00000000 00000000 00000000 00000000 
10101010 101 01011 10 101100 10101101 10101 1 10 1010 1111 

-:nJ~ 10 (Jh£H;1~Gi1anmm.JlJ~ 1 
~ 
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00000000 00000000 00000000 00000000 00000000 00000000 
000000 00 00 000000 0 000 0 000 00000000 00000000 00000000 
000000 00 000 00000 00000 000 0000000 0 00000000 0000000 0 
0 0000000 00 000000 0000 0000 00 000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 0 0000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00100100 10110100 001 11 100 011 0 11 00 101 00010 0000 1000 
0 10 10100 010 10100 1000001 0 10000010 11010010 00010100 
001101 00 0001 0100 1000001 0 10000010 00110010 0000 1 100 
00010100 00010100 100 1001 0 1001001 0 0010001 0 00000100 
00010100 00010100 1010101 0 10 10101 0 011 10010 0 1000100 
000101 00 00010 100 1101 001 0 1 101001 0 10101010 00100100 
00010100 00010 100 100000 10 1000001 0 10100110 00010100 
00010000 00011000 1000001 0 10000010 0 1100010 00001000 
000 00000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00 000000 00000 000 0 0000000 00000000 000000 00 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
10100010 101000 11 10100100 10100101 10100110 10 1001 11 

00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 0 0000000 
00000000 00000000 00 000000 00000000 00000000 00000000 
00000000 00000000 0 0000000 00000000 00000000 00000000 
000000 00 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
0000001 0 000000 10 00000000 00000000 00000000 00000000 
00000100 00000100 00000000 00000000 00000000 00000000 
00 10 1000 101 01 000 01110010 011 1001 0 01 11 1100 0 111 11 00 
0 1010100 01010100 10001010 1000101 0 1000001 0 1000001 0 
0 00101 00 00010100 01 0 01 0 10 0100 101 0 011 00010 01000010 
000101 00 00 100100 10001010 1000101 0 00 100010 00100010 
000101 00 00100100 100010 10 1000101 0 00100010 00100010 
00010100 00100100 100 11 010 1 100101 0 011 0001 0 011 0001 0 
0001 0 100 00 101000 10101110 10 10 101 0 1010001 0 1010001 0 
00011000 00110000 110 10010 0110111 0 0100001 1 01000010 
0000000 0 0 0000000 000 00 000 0000 0000 00010 110 00000010 
000000 00 00000 000 0 0000 000 0000100 0 0 0101010 10 101010 
00000000 0 0000000 00000000 00001110 00 110110 01010 110 
00000000 0000 0000 00000000 00000000 0000 0000 0 0000000 
10101010 101 0 1011 10101100 10 101 101 10 101 110 101 01 111 
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00 000000 00000000 00000000 00000000 00000000 00000000 
0 0000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
0 0000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 0 0000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
000001 00 10 1001 00 0011 1 100 01 101100 10 11 0010 00001000 
0 10 10100 1 101 0100 10000010 10000010 1001001 0 00010100 
00110100 00010 100 10000010 10000010 001 10010 00000000 
00010100 00010100 100 10010 100000 10 00 10001 0 00000100 
00010100 0001 01 00 10101 0 10 101010 10 0111 001 0 01000 100 
00010100 00010100 11010010 1101 00 10 10101010 00 100 100 
00010100 00010100 10000010 10000010 10100 110 0001 01 00 
00001000 00001000 00000010 00000010 0 1000010 0000 11 00 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00 000000 00000000 
101 00010 101000 11 10100100 10 100101 101001 10 101 001 11 

00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
000 00000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
0 0000000 00000000 00000000 00000000 00000000 00000000 
00000010 000000 10 00000000 00000000 00000000 00000000 
00000100 00000100 00000000 00000000 00000000 00000000 
00100000 10101000 0111 0010 01110010 01 111100 011 11 100 
010 10100 10010100 1000101 0 00001010 10000010 100000 10 
00110100 000 10100 010010 10 0 1001010 01100010 010000 10 
00010100 00100100 1000 101 0 1000 1010 001000 10 0010001 0 
000 10100 00100100 10001010 10001010 001000 10 001000 10 
00010100 00100100 10011010 1 100 1010 01 1000 10 01 100010 
00010100 0 0 101000 101 01 110 1000 1010 10100010 10 1000 10 
00001000 000 10000 10011000 11101 110 010000 11 010000 10 
00000000 00000000 00000000 00000000 00010 110 000000 10 
00000000 00000000 00000000 00001000 001010 10 10 101010 
000 00000 00000000 00000000 00001 11 0 0001011 0 01010100 
00000000 00000000 00000000 00000000 00000000 00000000 
10 10101 0 1010 101 1 10 10 1100 10101101 10101 110 10 101 111 
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000000 00 00000000 00000000 00000000 00000000 0000 0 00 0 
00000000 00000000 00000000 0000000 0 0000000 0 00000000 
00000000 0 0000000 00000000 00000000 0 0000000 0 00000 00 
00000000 00000000 00000000 00000000 00000000 0 0000000 
00000000 00000000 00000000 00000000 00000000 0 0000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00100000 10100100 01 1 11 100 01101100 10 11 0010 00001000 
01010 100 1101 01 00 100000 10 100 100 10 01010010 00010 100 
00100 100 0001 0100 100000 10 10000010 00010010 00000 100 
00010 100 0001 0100 100100 10 10000010 00100010 00000 100 
000 10 100 00010100 101010 10 1010101 0 0110001 0 01000 100 
0001 01 00 00010100 01 0000 10 01 01 001 0 1010101 0 00000 100 
00010 100 00010100 10000010 100000 10 1010011 0 0001 01 00 
00001000 00000000 10000000 10000000 0110001 0 00001000 
00000000 00000000 0000000 0 00000000 00000000 00000000 
00000000 00000000 0000000 0 00000000 00000000 00000000 
0 0000000 000000 00 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
10 100010 10100011 10.100100 10100101 10 10011 0 1010011 1 

00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
0000001 0 00000010 00000000 00000000 00000000 00000000 
00000100 00000100 00000000 00000000 00000000 00000000 
00101000 00 100000 011 100 10 011100 10 al l 1 1100 01 11 1100 
01000100 11010100 1000 10 10 100010 10 1000001 0 1000001 0 
00010100 000101 00 0 100101 0 01 0010 10 01 00001 0 0100001 0 
00010100 001 001 00 1000 10 10 100010 10 00 10001 0 0010001 0 
0 0010100 001001 00 1000 1010 10001 010 0010001 0 0010001 0 
00010100 001001 00 10001010 01 001 010 00100010 0010001 0 
00010100 00101000 101 010 10 10101 010 10 10001 0 1010001 0 
00001000 00010000 11010010 01001 110 0100001 1 0100001 0 
00000000 0000 00 00 00000000 00000000 00 01 0 110 0 000001 0 
00000000 00000000 0000000 0 0000 1000 00 101010 1000 101 0 
00000000 00000000 00000000 00001 110 00 110 110 0 1010 110 
00000 000 00000000 00000000 00000000 00000000 00000000 
1010 101 0 101 01011 101 0 1100 10 101101 1010 111 0 10 10111 1 
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00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 0 0000000 00000000 0 0000000 
00000000 00000000 00000000 00000000 0000 0000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 0 0000000 
00000000 00000000 00000000 0000000 0 0 00000 00 00000000 
001 0 0100 10110100 01111 100 011011 00 10110010 0000 1000 
01010100 11110100 1100001 0 10000010 11010010 00010100 
00110100 00010100 1000001 0 11000010 00110010 000 01 100 
00010100 000 10100 1001001 0 1001 00 10 00100010 00000100 
0 00 10100 0 001 0 100 10101 010 10 101010 0111 1010 0 1100 100 
000101 00 0 00 10 100 11 0 10010 11 01 0010 10101010 00100100 
00010100 00010100 10000010 10000010 10100110 00010100 
00011100 000 11000 10000010 10000010 011 00010 00001100 
00000000 00000000 00000 000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
000000 00 0000000 0 00000000 00000000 00000000 00000000 
000 00000 00000000 00000000 00000000 00000000 00000 0 00 
101 00010 10 100011 10100100 101 001 01 10100110 10100111 

0000000 0 00000000 0000 0000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 0 0000 000 00000000 00000000 00000000 00000000 
00000000 0 0000000 00000000 00000000 00000000 000 00 000 
000000 00 00000000 0000 0000 00000000 00000000 00000000 
00000000 0 0000000 00000000 00000000 00000000 00 000000 
000000 10 0 0000010 00000000 000000 00 0 0000000 00000 0 00 
000001 00 00000100 00000000 00000000 00000000 00000000 
001 0 1000 10101 0 0 0 01110010 011 10010 01111 100 0111110 0 
01010100 11010100 100010 10 10001010 10000010 10000010 
00110100 00010100 )1001010 0 1001010 11 100110 01 100010 
00010100 00100100 1100 101 0 1 1001010 001000 10 00 100010 
00010100 00100100 10001010 1000 1010 00100010 001 001 10 
000 10100 00100100 10011010 11001 010 01 1000 10 011 00010 
000 10100 00101100 10101110 1 01 01010 10 100010 10100010 
0001 1 100 00110000 11011010 11101110 01 000011 0100001 0 
00000000 00000000 00000000 00000000 000101 10 00 0000 10 
00000000 00000000 00000000 00001000 001 010 10 10101010 
00000000 000000 00 00000000 000011 10 00 1101 10 01 01 0 110 
0 0000000 00000000 00000000 00000000 0 0000000 00000000 
101 01010 10101011 10101100 10101101 10101110 101 01111 
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00000000 0 0000000 0000 0000 00000000 00000000 00000000 
00000000 0 000 0 000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 0 0000 000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000 000 00000000 00000000 00000000 00000000 
001001 00 1011 0 100 0111 1100 011 011 00 10110010 00001000 
010 10100 11 010100 1000001 0 10000010 1 1010010 00010100 
00110100 00010100 1000001 0 10000010 00110010 00001100 
00010100 000 10100 11 01 001 0 101 1 001 0 0 1110010 00001100 
00010100 00010100 1 1101 010 1 11 01010 011 10010 01 000100 
00010100 000 111 00 1101 00 10 11010010 10101010 00100100 
00011100 0001 1 100 100000 10 10000010 101001 10 0001 1 100 
00011100 0001 1000 1000001 0 10000010 0 1100010 00001100 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
101 000 10 101 000 11 10 100100 10100 101 10100110 101001 11 

00000000 00000000 00000000 00000000 00000000 00000000 
000000 00 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
0000001 0 00000010 00000000 00000000 00000000 00000000 
00000 100 00000110 00000000 00000000 00000000 00000000 
001 01 100 101 01000 011 11010 01 11 001 0 01111100 0111 1110 
01010100 1 1010100 100 11010 110010 10 111 00010 11000010 
001101 00 000101 00 01 001 010 0100101 0 1 1 100010 01 10001 0 
00010100 00100100 100010 10 1000101 0 00 100010 001000 10 
00010 100 00100100 10001010 1000101 0 00100010 00100010 
0001 01 00 001 00100 10011010 11 00 101 0 011 00010 0110001 0 
0 0010 100 001 0 11 00 10101110 11 10101 0 10100010 10100010 
0001 11 00 00110000 11011 010 11 101 110 0100001 1 0 1000010 
0 0000000 00000000 00000000 00000000 000101 10 00000010 
00000000 00000000 00000000 00001000 00 10 1010 10101010 

~ 
00000000 00000000 00000000 00001 110 0011 01 10 0 1010110 
00000000 00000000 00000000 00000000 00000000 00000000 
1010 101 0 101 01011 101 01100 10 101 101 10 10111 0 1010 1111 

'7l.J~ 15 oi'l<l~1~oi'l5f)wm~ 6 • 



APPLICATION OF ARTIF1CIAL NEURAL NETIflJORK 11 1 

00000000 00000000 00000000 00000000 00000 000 00000000 
00000000 00000000 00000000 0000000 0 000000 00 0000 0000 
00000000 00000000 00000000 00000000 0000000 0 0000000 0 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 000000 00 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 000000000 
00000000 00000000 00000000 00000000 00000000 0000000 0 
00 100100 10110 1 00 011 11100 01101100 1011 00 10 00001000 
010 10100 11010100 10000010 100000 10 11 0 100 10 000 10 100 
001 10 100 00010100 10000010 10000010 001100 10 00001100 
00010100 00010 110 11010010 101100 10 01 1100 10 00001100 
00010100 00010100 1111 1010 111 11010 011 100 10 11000100 
000 10100 000 11 100 1 1010010 11010010 101 11010 00100100 
00011 10 0 000 1 1100 10000010 10000010 10100110 00011100 
0001 1100 00011000 1000001 0 10000010 0 1 100010 0000 1 100 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
101 00010 10100011 10100100 10 100101 101 00 1 10 101001 11 

00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000001 00000000 00000000 00000000 00000000 
0000001 0 0000001 0 00000000 00000000 00000000 00000000 
00000100 0000011 0 00000000 00000000 00000000 00000000 
00 101 000 10 101000 0111 1010 011 100 10 01 1 11 100 01 111 110 
01 110100 11 0 10 100 1 1011010 110010 10 11 100010 11 0000 10 
00110100 000 10 100 01001010 0 10010 10 11 1000 10 01 1000 10 
000 10100 00100100 10001010 10001010 00 1000 10 001000 10 
00010100 00100100 10001010 10001010 001000 1 0 00 1000 10 
000 10100 00100100 1001101 0 1 1001010 01100010 011 00010 
00010100 00101100 10101 110 111 011 10 111 00010 111000 10 
00011100 0 0110000 11 0 1 1010 11 101 1 10 01000011 01000010 
00000000 00000000 00000000 00000000 000101 10 0000001 0 
00000000 00000000 00000000 00001000 00 10 101 0 10101010 
00 0000 00 00000000 00000000 0000111 0 00 1 1011 0 0 1010110 
0000000 0 00000000 00000000 00000000 00000000 00000000 
1010 101 0 1010101 1 101 01100 10101101 10 10111 0 10101111 
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00000000 00000000 00000000 00000000 000000 00 00000000 
0000000 0 00000000 00000000 0000000 0 00000000 0 0000000 
0 0000000 00000000 0 0000000 00000000 00000000 00000000 
00000000 000 00000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 0 0000000 00000000 0 0000000 00000000 00000000 
0 0000000 00000000 0000000 0 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
0 0 100 100 1011 01 00 01111 100 01 101100 10 11 001 0 00001000 
010 10 100 1 101 01 00 10000010 100000 10 1 10 1001 0 00010100 
00110100 0 0010 100 10000010 100000 10 00 11 001 0 00001100 
001 10 100 000 101 00 10010010 10010010 00100010 00000100 
00010100 000 10 100 10101010 10101010 01 11 00 10 11000100 
000 10100 00010 10 0 11010010 11 010010 101 010 10 0 0100 100 
000 10 100 00010100 1 1000010 100000 10 10100110 00011100 
000 11 000 0001 11 00 10000010 11 0000 10 01 1001 10 00001100 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
0 0000000 00000000 00000000 00000000 00000000 00000000 
101000 10 10 10001 1 10 100100 10100101 101001 10 101001 11 

00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00000010 000000 10 00000000 00000000 00000000 00000000 
00000100 00000100 00000000 00000000 00000000 00000000 
0 0101 100 10101000 01110010 01110010 01111 100 01 111100 
0 101010 0 11 0101 00 10001010 10001010 1000 0010 100000 10 
00110100 000 10100 0100 101 0 0 1001010 11100010 01 1000 10 
00010100 00100100 10001010 10 001010 00100010 00 1000 10 
00010100 00100100 1000101 0 10001010 00100010 001000 10 
00010100 00100100 1 101101 0 1 1001010 011 00010 01 100010 
00 010 100 00 101000 10101 110 10 10 10 10 10100010 1010001 0 
00011 000 00 111 00 0 1 101 101 0 111 01110 01 00001 1 01 1000 10 
00000 000 0000 0000 00000000 00000000 000101 10 0000001 0 
00000000 00000000 00 00000 0 0 0001 0 00 0110 10 10 10101 010 
00000000 00000000 00000000 000 0 1 111 00110110 01010110 
00 00 0000 00000000 00000000 0000 00 00 00000000 00000000 
10101010 10101011 10 101 100 10101101 10101110 10101111 
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00000000 00000000 0000 0 000 00000000 00000000 00000000 
00 0 0 0000 00000000 00000000 00000000 00000000 000 000 00 
00000000 00000000 0000 0 000 00000000 00000000 00000000 
00000 000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 0 0000000 
000 0 0 000 00000 000 00000000 000000 00 00000000 00000000 
0 0000 000 00000000 00000000 00000000 OOO OOu OO 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 
00100 100 10 110100 0 01 11 100 01101 100 10 110010 00001000 
01010100 110 10100 1000001 0 1000001 0 0101001 0 00010100 
00110100 00010 100 100000 10 10000010 00010010 00001100 
0001 0100 00010110 100100 10 10000010 00 100010 00000100 
0001 0 100 0001 01 00 101 01 0 10 10 101010 01 100010 11000100 
00010100 0 0011100 1 10 100 10 11 01001 0 10101010 00100100 
00011100 0001 1100 100 00010 1000001 0 10100 1 10 0001 1100 
0 001 1100 0001100 0 10000010 0000001 0 01100010 00001100 
0000 0000 000000 0 0 00000000 00000000 00000000 00000000 
00000000 00 000000 0000 0000 00000000 00000000 00000000 
0 000 0000 00 0 00000 00000000 00000000 00000000 00000000 
000 00000 0000000 0 00000000 00000000 00000000 00000000 
1010001 0 10100011 101001 00 10 100101 10 100 110 1 a 100 111 

00000000 00000000 00000000 00000000 00000000 00000000 
000 0 0000 00000000 00000000 COOOOOO O 00000000 00000000 
0000 0 000 00000000 00000000 00000000 00000000 00000000 
0000 000 0 00000000 00000 000 00000000 00 000000 00000000 
00000000 00000000 00000000 OuOOOoOO 00000000 00000000 
00000000 00000000 00000000 00000000 0000 0000 00000000 
0 0000010 0000001 0 00000000 00000000 0000 0000 00000000 
00000100 00000 100 00000000 00000000 00000000 00000000 
00101 00 0 10 101000 011 1 10 10 01 1100 10 01 11 1100 01111100 
01010100 11010100 10011010 11 001 0 10 1 000001 0 1000001 0 
00110 100 00010100 010 01010 01 001010 01 10001 0 0100001 0 
00010 100 00 100100 10001010 10001010 0010001 0 0010001 0 
00010 100 00 100100 10001010 100010 10 00100010 00 10001 0 
00 010100 00100100 1001101 0 11 0010 10 01 10001 0 01 100010 
00010100 00101100 1010 1110 11 101110 10 10001 0 1010001 0 
0 0011 0 0 0 00110000 1 101 10 10 11101110 0100001 1 0100001 0 
00000000 00000000 00000000 00000000 000 1 0110 000000 10 
00 000000 00000000 00000000 0000 1000 001010 10 101010 10 
00000 0 00 00000000 00000000 0000 11 10 00 1 101 10 0101 0100 
0000 0 000 00000000 00000000 00000000 00000000 00000000 
101 01 0 10 10 10101 1 10101100 1010 11 01 101011 10 10101 111 
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lrut.r0 1 
lrut.r0 2 
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lllluYj 5 
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