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. J^uJ.1 J ru'cuJ^ J^a5\ JJ&- J - ^ J UJu> ASjwxil O ^ i M QA 

y* ul j H i V f 1 P J CJl5" 4*4*51 OlSLi-U 4J^JUS> 4JIJL-3I 01 Qfi +i>J\ J&j 

j « O ^ A A - I I ^ ^ T j 5^3 4uW?i JU L.j.HflJtli 0 \ i L i J l J l # 01 *}\ . ^ V alp ̂  UbjU&jl 

^JUl j£-&l j j ^ J ' t i l ^ ^ ^ j ' u t ^ CXri^ ^ ^ J ^ ^ j - * 5J£J jj^Ja-U 4*«A*5l Cj\Sy-xJl 

a t f J a J l J S***^ V ^ JTUl l * J J ^ J cSJj&Jl diSLiu , - P b k ^ l sASU^ jj^aS J ) ^ j J 

. L-^JU-1 3 ^ - 1 OljJUl J JJUt j ^ k J i cJbr ^J l i f t l A j ^ j 4jPUaJl 

4—!Ui 4L*> J J 3bf 4 ^3 ) 4JI3 J^- J \ijjb L r J 4*^2*11 OlSLiJI J.Jafl j f aU^fcuutj 

IJ^Jl O l j Jc i l QA fe^dr j ' I* SyftllaJ IJJb^Jll . ^ U OlJ~j J,} J j ^ ^ U tiyUj 4 j j ^wwj 

J ^ Ja^^ t ^iTJJ! j jJaJ ^y L3J*O 4^!jJLl! OJLA J . ^ j S J l ^ U ^ i * i \ o\p\iaS QA I£\ J 

J—Lo 8j! wxli ^ P , J ^ , 4k^J^ i Ol jy tw +jfi 4JL&u*oa ObSjJ ^UJJ c JliM iJUb J Sjlatfj 

, i i%^*A5 ^ U ) j iJ^JLiJl l ^ j j l l uiJlScJij 4JiwU3i i t f r ld^ l j ^ L * i l j ^U) | i 

iUiXa j^P 3JJ_^L* j j s d\j c j-A« J 4iJL?xi*J,lj oJjJLJrl O l i J a J l j-« JJU 4jp'jj5l 4k*£J*iM 

L—«^J^S\ C»\—Pliant jia—w JLP (J^iaJl t3\iaJ J j j-A« J oU-JJ J la^ l ^JbfcLrf*jH J l # J 

^ o 4—i^laJl 4—j^Ujl ^ *H\ SlTl^ ^ ^ 4 i i > 4 ^ j 5^3 J ) ^ U ^ OUD ^ 1 
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jljM (JJ>J&\ Ol j j jJ l J \ ^OIJJ^* I (J j L ^ * i l J Si j^Ul OtjJtdl J A j jcw JS" j P AJLAU^Q 



j j j l P lk2S) J 4~*A*5l olSLiJl UJJLJ Jk.'foj f W** 0( J j La 3jU*^l JJU£J 

<-—frljjll fyA^ i dBi J U: L & i j ^ l CJUO -̂I ̂  iaJL^ JS* J-*-*J JLsCj JJ 4JljJ~lj lg«« 

. dlSi J^PJ 2JJ1^LJ\J L P I W ^ I oULlarJl w-Jbr <ji ^ 

4 ibxi ! WjbU ipl j j i l Sj l j j \$&*\3\ j^Jj OUjIailj OUlJl ^AP ^U P̂*̂ 1 i JiJj 

^ ] Iji ft L^bj^ ^ L o ^ i O^jJiJ IfrU-jarJ OULJ J\ SJJJLL* j£> kJ^n^ OULJ C^j^ *1j**» 

3 :s**jjJ' CJUUO^VJ ^ j ^ J l ob^Jl JV^- j ^ ^ b ^ 1 ^ ^ V ^ 1 ioiailt OULJ u-Jbr 

dJ—JJJ U5JJ. j ^w J AP'jjJVj i-all Ol jbVi j 5j4?rVl j ^ dJUlJt ^ Jj-A^-t j ^ £Jb*-

L t̂Jl̂ a—*>i o j — ^ J*^t in^S" A^LiJl SjjUlj j j ^ ' j jMfciJl ^ JT J-~A^ j W ^ f ^ 

cJU^l J ~ ^ ^ JJ* ^ya?%j& iLiLsflil t^^j J& IJL*J cUi5r J ĵiaAJl JJ*A£ jW^ ' j ^**^j 

3J—£ Ci\—i Jj—ail Cr^J i ^.j^w J ^ ^ * - ^ j^-**Jl y ^ J j ^ - * * ^ U-A^ ^ J - A £ JUBMJ 

S—^ W^ J1 'JJ*A5 4-^2*Jl OlSLjJl OlftJa? J JiC ^ J& 1̂14 J5" Oljyba iJLPj J^-A^t 

2—jjULSJl j -all ^-JUuf j £ ^J^j UJLi \JJ~J *>l̂ JU JiC U jJ i j «U3^j «U^ ^ J^jJl 

: L̂û aaJl CJI£-ULS1 ( j j jhn j Aj.ljIftMl JjjkJU JJLUJI < 

^L—<^^b dl—!i j 4JT Ol^J J 4j^LAJ*il Oljjcdl Ja*J 4*5jail ^ 1 0,0^} ^ 1 ^ 1 

Ja—y-1 A ^ j ^ ip JLPUJ juJl IJIA Jioj IM^U Olj^ii A -̂Uil ^ ' j 5 ^ dJULJl ^ j 

J0j$ 6\j ry?-*} 3j>3*i 5jSLo O ĵia^- i\^l j ^ j\J&\ «JU? j ^ WT i J ^ l \ Aĵ Uas5*î  

. ^oLiil JsUaJ l̂ (J\^sl p*\ JA j^J( JUJJ . J-ir^dl J A j j^^ l 2ĵ Uas5 *̂ iak^-U 

e-Oji5l JJa*J,i J 2AJL]\ Oi j^UJ h6jA\ >JiJ ^^S" j jJ i j 4Jb LJJ*J ,rU*3l J*^' j 

i i ji_v^ 01 JPj&l v̂̂ iaSl J ^ b j-^^-^J (c-A^ ^ CJlojijtoj OUL) ^ r b jAlo {Js> f-lu 

J uJl Ik^p d * ^ ^aj . j ^ l i l J l ^ j L J t̂JLxal V[ J^U JJfcuJ^ J Aj iU^V OtjOtdi 

<^r-«j . ^^uSl JJ Sjiaij $&di\ -JJW Jw-uJl iJbA J^Jl Qj& ^ ^ ^r°J Sjiiil Jt^J &&il J*^ 
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u j ^ \ £\ji\ JS" Oti c JAJ ^>jjJil\ js- j*aJl j l?j^JLl J~Jl iJliA a f l J l & r y 

r O j _ C alJjn^ *>U L-uJl i)Lgd Jj^JiJf * ^ J ^ **-*«*" i>* ^ • ^J r***° j i ^ 3 ^ J^**^ J ^ d l 

J j 0*>bl *U jA iAP £ * O j £ * jlJL^I r i y *U»u*i l J J U * 5 jb- l j Sbbta j * O j£o j l J ^ l 

J j j j l i ^ U*It j~sl t J <tfjJ^ j £ * i * Vk*iJ 2L>^ J ^ L A » 5JUJ? iiUft SJbUJt P I j i t y J ^ 

Sj*—<KX« AJLiP *\j£ra*»\ l^Ju <UbrAl J^PJ i*§jJtl j j p 4j\ jJu*il O^jJcJl < j ^ ci lJjJ^ L ^ J i U 

js P AjjwJlJl Cj\jjd\ * J ^j&jtJ A^ js i l J|.J5\ jiJJti J i k M V̂ -Jb U*L» " )L^ A ^ I JiC*^ 

1 Aljdcw iJLP d~?- j ^ j5 &i*>U5l A J ^ * i ? - j ^ CU^ <y r- i j ^ J l Jy t f j llaiM I j ^ f j i M i l l 

U-§ J t f j ^j-w*^^ rOWJl MJWo^U Uisj t J ^ J i O t ^ " *J^"Jl < J j ^ 0 ^ - ^ ^ L 5 ^ J 

ryi\j h~\~A 3JJL*i l * ^ b J*all ^ l i j03 01 UT c bayl j j L-*5rljll i ^ j j ^J l ^ l£>y>£ 

j i 4 C*l^ OjS j^ Ojl^til J -M^I^ I J^ J & JJUJI JU? j i i ^ w ^ U r- lallj c i J l & j A^UiJj 

^ij—iJl J i j ^ ̂ j b ^ ^ j L^^t-iJl j ^ j j i 5 \ t̂_u J ij&\?ti\ A-uî ĵ  J j LibJ^ OW?JJJ^ 

, L5\i^j Lplwai^j Sjjbrc^J* o ^ ^ l j* dUi J^PJ AJU! oL*w . j l i j 

oj a J\ o&'\ aJLp 0 * i b - j CJUlJl Jaw ai3 0*^b- ^]LP ^JUcJ^ ^jL^H^ ĴUb ^ k u * j j . 

^5 j OfcM 0\3V^^ < J u ^ l j Ua^Sl ui^tf o > ^ ^ ^ 0 ^ - ^ - ^ ^ f ^ j ' ^ ^ W 1 

j lJ l^^ l r-31 c ^ J c5-A-i5J^ ̂ JUfl^^t o^jLoVl (^IP A~-A*5I o lSL iJ l <-JJL**^ ^ ^ i 

4 ~fr\j£\ r 3 L „ i 4JI aU»u*l j l T- IjxSt ^1 o^L»^ l lJUb i^-b- ^JLP yo o l j * * U oĴ b J J \ J 

Sjj^-^viJi O l j ^dS j Ajlall ĵ J^dl ^ U A*^?bj ^ AS*>IP iiUA CJlT \3l& OU lJ \ J *U^ ^ - ^ * 



Olja fell XS^Uj OUUl oi» £* Xjl̂ Jt J L ^ I B J c£JJl r ^ j ^ l j r^fc-Jl j * J ^ V 5 j jV 

<y i K ^ i i 3-»lj3 d ^ U i ^-U- ^ ^JLL&JI ^ U o ^ ^ ojJL>ty OU ̂ y - t l^r ^ j 

£^—oJl t\ a J frJLil J J VftJbJl^j Luj jJl i l OljdeAl tjy 43%J\ CJL*?^J Aĵ laJt L^-Ull 

j i ? j j — d l JbJ^j OljrJtuAJ 2 J U » - ^ O l j y j j J l Lo^j^ d^-\Jl ^y iJJarj \l*j . U i*-ibll 

j *—<& ' ^aj 

toU^—*il A-J\SC»b JJASJ 4-**fl*Jl CJ^SL^Jl OJJLJI 01 eJW- <J>! 'JAj r i U J l <L*IJLA« jL j»^ 

L_»jL^-lj ^ i U j l ^ J i " J l^JbiJj i laifcJl AJUa^-Vl c-JLoSl SJJU ^ i r i U^jb^ IjwUaw 
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<Sj&\ t^J* ^ ^ j ) J WU^AJ ielw? IAJLXPLJ g j j ^ l l OlSwJl i i ^ jw ^ j ^ * * * Jp\k£*i ^e^Jj^ 

Ol£_*Jl u*Uflj( <UIP C-J^U ^ J j l y*j j l f IjjAJ <jj^J\ f j $ £ l ^ taoUaPl {jA j&\ ijuJoJl 

01 j JbV teljjJb u ^ i f ^ £ * u j * ^1 Oil JbJl j j jl$o*yi ^ 5 jJ i l l f J ^ j JS^IjJb cruP^jjJl 

iuteJl i £ ) l J l i o W d W (JSUL̂ TJJ J-*lS" J*i£ J lp ^UJ j^i\ Ja*S\ Jiau t# * J UJ* 

c LP IW? i # f J l V ^ l j j <W <y i:>Wd>^i l^uyl c Jy^ JI5 bpUdil i«Jixil J j j J l J k o 01 

J i j wJjJl i—PUgoll ^ 4Plj j l l cJ l jV IpUa i l iaJ id ! J j j J l ^^uu .>_^j c J l ^ J l iJLft 

J>j-_S^5\ 2Jtf-y y c J j £ OJb-lj A3J^ JL?-y *i A}\ d i l i J ] ^ U O J < V y h ioUadf t l Iffuul 

j a j ^ ~J jS< \jJ3 j & £ &\ O j ^ i i U d f t M i^a5l J J^Ustf*^ i b - y J ] <y j l l t p U a d ^ l 

Jjo\ & ^^r^J JyJ i j & ^JJi ij&j . {fid U A J j-^jaJtj LS^^JJS* r ^ ^ &jlA£ £\jjji\ 

OL^ j j J l Jb l̂ y ^ l * i l j J (JLaj y ^ l i ^ d i ? j ^ lAt^- l 3 * ^ 01 j i e l u ^ j l j ipl j jJt j ^ j 

^5—ayjl ^ ,03*^1 J i^ l j jJ l i *^« i ^ y j • t p U d h M J?UJl J A J l^ l j ^ P y L^}1& 

. o\SLJi IJ& Jisr] J c&^'ji^ OvSLJi i~ j j i ^ J ^ \$J>\ ^ J*J J^ iy 3JP J I ̂ j^aLi 

3—*ft^Il J i j i j i ^ l j j i l j i ^ r j ^ - l SjbjuJIj APljjJlj t£j*-H\ 0\plJUAiJ i*j*yJl ^ l i l j - J i 

y£ k\j J i l i Ot^jJ^ ^ ^ J l .3J*J V i J b j . c ^ j ^ 1 ^ U f i ^ V l J?UiJlj ^ - I j j J l j i ^Uf l J^ I 

O j _ > dOj% ^ _ 4 ^JUi OlSLJi JOP iUr ^ % O O J ^ jJ&bj U ^ l i ^ j OjJU f • j o 

^Jtp iUr y % o o j t j ^ j fe l j Va (^l <U^J OjJL« TYjVV j£ J) ^ J j l H * \ * ^\P io~J 

r ^ j * i y^b^^ \ i s j ^ i j ^ i j ma^4^JOj>n» j t ty^JUIOISLJ I 
j 0 ^ *l Y j l o j£ iJUl OlSUl ^JLP i b r ^ % o V j O j£ Je>\x U ^5* *u-J 0 ^ 



o - j j . H ^ • fL-p J^ IPOJJU U J O U y A*Î JI y £ > U»UJI ^yj» ai* <y %ts 

j-J- Je\—y la <£' J*te ^ > ^ & jVV y- £LJ M ^ o ^IP J ^ I j j J ' aJU î̂  jt^r^ j&$^ 

f»—p J i—-i . JJ»IP O^U W j t l J * £ M J k-Ji ^ J ^ - ^ f ^ 4la-<y %Y^ 

J_J£ J ! ? L J l—a <£t J*i—P O^U £ j n r y i J l S-pljjli £JU*$I J * ^ - j o l i r JLoti H H H 

^ y J L i l ^ — J J V * J \ J J J^ IP O^La W j ^ A y i Ĵ\J» J ^ i all^il ^ <y %YOjA 

j—a % ^ VjV j — £ JiUj U ysj iLpr jW^ ^ j ^ i y^ ^ H * ^IP £Jb JL$ *j\i , *^ j jh 

j—« ^j—oJl S - ^ I J Ja~oya *-b *UM ^pii J j <u^ j\JU *\iji J£ A}VJ\ (J^l £>l^ J ^ 1 

^ l£l T*JU5I <y .ayJl S-̂ HAJ Ja^yi <̂ r̂ ^ o A / JJUU <û r Y * * y^ ^ j ^ pf^' 

• £**£' 4 r^ *J ^ S ^ {j* % W ^ JUjjtf ^ j 1 ^ 1 4-ô aJ 05 c£* J ^ ( 

j—J- ^ji la y j j <û r jU-* Y ^ jH y- ^ j i * 1 u ^ 1 g ^ ' *Jb ^ S o flp j l*i 

S.„ a./ri IO^JZA j b ^ J 1 ^ ^ jWL* ^ VAj^ r y ^JUi ^ 1 gJUJl J ^ l JA % w 

r« ♦ y ^ U i J ^ i ^ i ^ j u J i ^ % U yi J^t*> ^i <t~r jW^ or>1 y i ^ i j j i i 

£-a /o 1 A y - (c^' j j^ l £ H ^ j - ° ^y^ ' S-^- i Ja-̂ iĵ -o 3***J CJtb aUJl j ^ J j <Jj c <U r̂ jW^° 

^J_P J) 3j\ 5»)h jd^j . ^ t VAA y i ^JlJl JUr)!t ^ \ gJlJl fyiJt u^^ai ia^ya 

^^—Us . JJ^JLU jj^a^T Spijjii i~*~A\ h^fy ji^ <3^ ^ - J] ^ J ^ 1 oifrUa^^i 4̂ *lw 

J_^aU jj—^uS' APIJJII ti\£j> J j y i OUaJ 0\i C>1~JUJ\ Jiip JM^ % 1 A < % ^ V 

\$ W ijraJlyMi^i JL^>\̂  P- Jjj5\ j\jtwi f liJjlS IjdT diJi ^ i b j j .̂̂ sfl.-Jl dUi 0? ?tj5ji 

O J J i la lil Lay \p\ijj\ J \ j ^ i t A? : t ^ - l j ^,51^03^1 r"!)U?^l n-aly OlAJaa) J^^JU^ 

i—S>\>>j}\ f\ laSJ\ 01 i~3\ 7r J l \J& • ^ j ^ J A-PIUAS^ *LJ\ J\JL^\ J d J ^ \ f Utfj^\j 

^jlj J-l r Ufijlj t-jjJ-l Jw«^^ 3ib- J i^l^ Ub AJbrtiia ^ <u Ol$u*o *i IjJis d U ^ j 

^ 
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flji—*T 1~J 01 $A dJJi ^ J^ i ^ j ^ l u ^ J l £ UaJili iajVJl MiM ^ j i l j ^ W w *Jbi j ^ * 

^ _ I P J ^yu g^Jl OlPtwa5t ^ ^ l ? <LJ> % V J j ly J l J^aj J i ^ l i n f l i i J ^ l J l * ! ^r° 

g. U-l OLPLW?J SjUaJl OlPUaJl ^ j U. tepti\ fUM a l j i l IwlJUj J ^ j j J t f JaSJl 

aJ P J) j iaJ1! JV^" JAJ <Jj*\ % r ^ j • *s*JaM 2jJdi-l O I P U ^ J £ ~ ~ J \ J JjaSlj 

iJ—P 2 L3T j a %"V * ;jP j J j j ^JJJ* l i f t 01 gujaa l$J$U> U j OVPlwail oJLft J u f r k ^ 

i _ j j U - ^ 5 l O I P I U A ^ ^ AJ O I ^ J N l^ia^ 0? 4Jo *̂>la *JS l i f t ^U^f lJ l P iJaSJl J Cf^^ 

• ^ b 3 f^" ^J* 15^ fc^a** <3jJ^J ->j^Hj OjjL^aJij OjJ j5 l iplw? J^« 

OjL_^cJl ^Js> -Uiw L £ J - ^ ' J>Wri*^ 01 TWIXJ L^-jUM Ojb^aJlj APljjJb J-£*J U J J 

I W J * ^ <y i p j ^ jobJ d!Si t S j * j i o U d W SLJ-I J ^ L ^ j j j J b ay? UjS3 LrrjUM 

l i Ol£u*j *5! 2^*J iljOvol ^JLP LOU>5 ^S£W ^ U ^ P I Jyjjl jLtu C r y ^ 0^-°^ V^wUa J £jl 

3—L* <y> % Vo y i i*pljjJl o b j l j J i CJjT oia. 3-PIJJ 2j j^ U^S" * ^ j JJIJLAJI *-LJl ^ 

djJLsr J 3JLU5I o b j i j J i c j jS" o^- J ^ <l * ^ IP *u^r jLlo Y ̂  ^ Y ^ kSUt o b jtjJl 

j — 0 % A T j r j i i iJlJuJl o b j i j J l o L J L i j ^ U i l ^ J o b j i J l j,U?r] ,y> % r * ^ 
■ •* f-

c—itL a\ all ^—o5 J j . ^ *\ ̂  * »VP <û ~ jLU V J T * y - 4*JUi ^Lj^ljjJt o b j i j J i il3r 

3JU*5l CJjT 4^r jLlo Dj^Y y^ &5lJl o l j ^ U J l iUr ^ % W y i 4 ^ ^ \ o!jj>LoJl 

LjiJLJl 3^\jjJ\ OljiWaJl i i ^ ^A %Hn y 4 J ' ^ ' Ol j^UJl CJjS* J \Jb j % ^ j A V^» 

. cL r̂ J L U 0 £ y i 

^ ifwa S^ j j l l c^bo <û r jW^ ^ ^ j l obj^jJl il3r o»L oia H ^ ^ J >̂5 

o»j^u3i cJio*u^-jLb. WjA o ^ u 5 l aiar o*L ^ J iJu& %Y V^JUfc!^ %YY 

kr\£ a$\ J^UJi J U U J . *Jii*l* olj^UoiJ %njY y i JJ'UU % 1% jV j ^ Ifw *a*1jjit 

^—ip ^yi^ i^r^ij^ji o^yj J-& ̂ »M i-p^sJi *JuJi ^ ^*JAJ ̂ a-^^^j ̂ jUiuud*ii\ 
4 iJM Cwai^-1 Ol j ^cP^jJ* f \JaSll l^-« 3wAatf j j^Uw / ^ O b j l j i l <5Ju» J j y * jy j J? - l y 
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Ol£—o ^ — U « 4 ^—St u J l ^ i J l j j j f c ^ i i^Uws^l i w ^ i J j . y J j ^ L i J ip l j j J l Oi *s|l 

J j J j — « J 0? j — & ^—*\ j j£\ «3J fcj SJjoJl M > * J A.AwJl \ f ~ ^ \ j I ^ J L ^ ^ ^ ^ 

f j Si cSjbesJt J ? U J ^ cSjl^dl <pUos5^l J?LiJl J l^u^l l i APljjJl Oli IJOMJ 

^ j—5J <s—31 US' < < U j j iL^S" 2 j ^ i l l *JLJ\ ^A j05 j^S"\ J ^ - ^ <£^j 2 - ^ j j J ' * L J l J i j - ^ j 

3—(LAII JU^PU ̂ y-V* oiPUoJi ou» iill3 J l i b apijjlti1 c&r^1 OlSLJ? y %o * 

j l—jiPb l i l US' , <il3j> J£J isPljjJt O T j l j 2jjU-$3l OlJL-iJj dJLC^t JiW V ^ j ) ' W ^ ! 

LSj ^S» 0\PU*flJl y j ^ J>Û P* y dilJlT ^ l & > .Us^J Ajj-^l l &hj>] ^ ^ L5^J 

3—sP'jj l l 2JLjJ*}M j U ^ ' f Ji5 . 3 , . ; . ^ ' 0 \ S L i ^ OU.J&J A^ l j j J l 2k io^1 j\-ssM 

2—5^2*51 oiSLoJl OULJB? i5^ j W ^ ^ j i * J y S l 0( C ^ . 2 j j^ i< ^ b i ' ^ ^ C ^ J ^ J > J * ^ 

j L ^ r l j iJ*̂ — .̂*>U ^bii JL^ I J ^Ui^i Ji3r]j Oioili v r ^ ! j ^ j j ^ 1 3^uii ^JUJ ^ 

i r y t i * J , \ V i jJ iu I^JLP J^^tal t 7tJ\d\ ^JJUWJ j ia i5\ j ^^LJl J ^ J J J ^SLJl V - ^ J V 1 ^ ^ 

O^)—*il »\JL«s—**»! A—SJ 4—+*&&\ AXwJi CJjLui CJIJJJLAJ «JB SjLftUidi O U l J l <kJ JJU^? 



d^tyz ^ r- \A\i j~^\ *& jSLJi ymj j £ ~ ^ <wwa5 iSb- <j <û  ̂ l 5jU>)M JJL^J 

i i ^ — ^ * y j £\ sl» JJb- ^ iaiS XJlM oda ̂  3Jĉ  J& dj^- JS" o* LT^J J*~^S L^ 

Ji\ J Ul l$ *^x -J j ^rUl j ^ L J l *-O J-abull ^u^i 5 j j^*J l Sjr^iSl ^LvJ - r -^^ OljjJli&j 

fljjl Jlj £uoiJ1 jja (^WjJ* p*^l ObL^£ ULIAXO IgJ y ^ ^ O ^ J jLoP^l £ j ^ y J ^ l i i 

: j*A4 ^ 4J&JJJM uiLuiLuiii\ J J > ^ £L<£U (j«a*j * 

L j l j j y j j ^ w J ^ ' j j J l f ViaS J t p W d W r }U>)H 4 * L P OJL^-j *^3 t^UaxS^I J r ^ ' j 

j - P'JJJI f ikSJi f j j j 4*^1 jw y o*̂ wbw j J £ J& j-^W^ J ^ J ^ y ' o u T i y Ĵ J »UM 

r-U^I S^Uj J ^ U I S M j j jJU ?L2JJ ^3J\JCJIJ j^li-4 Mk5Jl ^n - i J J t ^ J ^ ' j ^ ^ ^ j \ j ^ 

jry^ J,! d J ^ l rtJU J - ^ j JJ S^^ljjSl uJj^xJl ^l^o ̂ lp jSjib &\jj>\ 3J^JJ ^ji? 01 ̂ lp 

J—53j 2—oUdi^i O l ^L-J( ^ j ^ ^Uai (jgy ,cPlj) t5^^»j! j ^ T J * ^ " J ^ (J^ 2^ 1 

. c5j-^d' f j*jd^ <-$Jj& **y3 ^ ^UlS^dl 4^r^Jj^xJl »j£~\ MJ£J UJUPJ1**»IJ 

OUL*J l ^y^J j - ^ £ ^ y ^ JJ IUJ c 3 j ^ LoljjJl ^4 s ĵJrl d!3i 013 d i i i J\1P] J J 

N V 



: V ĵjM tkj^J <jdjty : * J 

j £ o t f t y j ^WasS^* r*>U?)M L*L**i J.Ja3 i^xJ O l u * - * ^ 3^i J ^ 4jy>j>- Ot jJBj 

j—a J — M y ^ J ol £*$\j LxS^\ 4 - jLu^ l j a^jjt j* JJJJ&\ y ^ I j j J t p ltu5l y ^ 

: ^ Li iu>L*Jl aJLa oi j$Jy> *J*l j t £ | £ & j 3JJ-AU 4JP^JJ3\ J iwr?w2i~t 

^—wJjJl jwL—^oll j &j A&JJ&J ^ I j j J l OUsfiMj <Lo-sJJ 1 * - " * * ^ di~Jl J J ^ s-V̂ yJ . \ 

^5—-IP OjjJs jUa^ l j , ^ j j 5 l r ^ l CJUJIUVWO AJJJJ J *sO*^ j*A* ^ J ^ - ^ " J O U ^ J 

J l—# ^ dkJl r j y - Jboj * - * l j j l l ikJuSU i iJbt i l JUr^l O l i AJJLOJ\ j ^ j y J l ^JLSJ 

2 Slk> djjJs>~j dkJ i O l i l j j l j£Ui£] oL * i l *J*I Jb-( ccp l jJ^' r ^ ! ^ ^ J ^ 4 ^ 5 J ^ 
p ' ' 

. dJLJl ik^J l ^ Ula \f,js? Ji£ J?uJl lift DVS" <L~?- ̂  CJ^^ t>° J ^ ^ ^ 

Sjj ^S j ^ j j 3Jl ̂  SjLlUiSl yu** JJ? d ^ - ijpJjjJ* ( j^ jy i i t ^ SjJUSl *_*o frUJj . Y 

3JLJL_JJI jb iJ « J ^ IJLA . ijpjjj l i &UL6\J U**-SJ % i v - \\ oy r J 1 ^ v ^ 1 

J j J wdt j l I — J J J J ^ c5j—Jl j — * # j * i1 O U ^ I J?jk^ <y*j J*>U j ^ A^PJll 

C- jiJb^l P j j JLo J—i« J j J l dkJl « AS'JS-JI CJIPJ^^J.1 j l i ^ d J _pU*r* i l 

. i^jw c»U3 jt^o IJJJS % V J l j ^ - J l oJulill ^**» J«^J d«?- tc^ ' j jJ | 

LMJ 01 <^^l ^ > ^ f i ^ iJ ^ ' ^ ' V ^ ^ ! ^ J c ^ j ^ ^ J - ^ J ^ ^ i ^ J ' r v ^ * - f 

J-J> ^ J L i u i i SwlPls ^ » J J J ia i i^ l 3ljU 4 * ^ r ^ u i l OU^J^I ^ » y j ^ î*LJ^ ^ ^ ■ i 

4™<p^ 4 J^lj j i i i J ^ J L _ j T- lail 0U^J*^I OUPJJ ciJbu* ̂  C r ^ j ^ * ^W-^J ut^^*^ 

\ r 



. ijJj^Ji L^\j i^i j jJb i k j j i l J U P ^ I J 4-ijJl AisuiJ^t J-^*M A^ly) 

J j^—ioS^l 2 — ^ \ ^ j-o dL iJ l i <iUij l^udJ ^ U ^ H (JjJ^oJl j * aJ^J.1 L ^ J J ^ 

3ji—iupi\ O lP j j J t l l (t-^J j i_?^ <A' ( j^ jy*^ ^ ^ u$JJ& ^-j?- tSj-^ail ^ j ^ P .JO £*£* 

. i ^ l * - iisOJ tjrJLbU]lj <3ji- l iSj^J 0&£j^' VW*^ SJbwLr J^P j ^ y ib-tfj j IjUiJi 

j , z&j LMJ * J l oUiJl a^Uji dLJl plS J i i ( J J l & t j j U - ^ 1 J S^UjJl A-Tl^l .V 

j Si i k ^ j ^ i kU& ^ i ^J ^ % A * - 1 • c# r j l r ^ ^ ^ 2ik*Sj9J i«Ji5U j ^ j y l i 

t̂—> 5 9*>UU jbjjj-l JjJU5i JLtJ ^ P i A J l L-LJi j t f^ l uM& J dUJt j ^ i/Uwa .A 

Uj. j i? JPJJ ^ f j & dUJl 015 c m A/^ V ^ ^ aljiu" fj-j ^ ' j y r ^ -J r ' j diill) 

£—A yrbuJll jSs^y j^?- ^ ^ j ^j-£° SJUUJJ ot j i*» 1 * —V j y l« VAl̂ -T r j l ^ j J r̂*iM 

0( (3-U ^ j f y ^ jA-^i J * % A ♦ - V ♦ jru lo ^ jAM p**" ^ J ^ . ^ ^ U*0^1 ^ J - * 

. OU-&S" ^ J A J ' J ^ <J^J*^ A ^ J ft 

J—is 3J JJ^-\ J ^ dl J, A*p&- {J\y&r OjUioJl ^t^y ^ AJ\i-i dLJi <LJL*J 4?ctf . ^ 

. SjjjJr^ T^/XI^H\ (jkU-a ^ \-&j£j ^ ^ J ^ J *^s**0 i ^ - ^y 

^ j j ail j a ^ L A w l l j *̂>U Ĵ̂  SJLPVS A*^»y j£ ^ jLSdi dJLJl 4^JL*J A ^ J J . ^ * 

J^Lio d l J i l ^ J i ^ 1 ^ j j i J ^ j^rt^ i l j JL&3 l ^ b j ^ dbJl I J J^UJ^ yJt 4 k i j S ' ^JWj 

pij— V̂i J ^ v r Ojju v^rrdtvr «ornYt£r»o J ^ c ^ d ^ ^ 

: LAjJ^iSllI J i i j ^ I j j l l ^LSJVIJ < i j j ^ l t̂ LwUw : LJLJ 

J a^ &ij& l^jbt J ^ U J J ^ ' j j J ' j ^ ^ ' j ^ ^ J ^ J ^ i ^ 1 S^ r l isjj, 01 <iU>^ < 

\gl?i^ijj J - ^ ° j - * ^ ^J^ ^^JJ ^J^^^ SJjjJ^ ^ ' j i ^ 4̂ d?_jil ^j j^tJl jS'ij^ Jajj j 

\ i 



twJl—yrf^lj 2—*Pjjil O l *»jUil j OUjUU J 5i^V^l\ j Aju^Jl OljdtdJ fox^ « 

f Ijj—U t ^J^ !»'J J j - ^ ' 4-Jl£-t j i j k t f j 0 ^ ^ S-̂ iaaj y ^ l &\£ c isu i - l L ^ j ^ c J l 

fljl ft 0 j & d\j y^A\ L-Ojjdlj ^U j ) I l rc^t^ J * ^ 4PijjJl J l# J ĵryUlftH l i T j 

j j j j i — j f U ^ H j ^ ^ f ^ ^ l l j ^ L ) ^ 1 JlAjVl 5 i # ^ JJ^ $jt\j <-*s*& 5 J J > * < 

4—*/>U^1j 4J^U»J)II i«aiM J ^ > j $jxr^ £° V ^ j i ' ^ u i i j Sj^rVl tiUa! (^JjJ l 

0j L2J? jjjaj L r l ? ^JJSJ J ^ ^a ^ I j j l l ^ j V ' j g r ^ 1 ^ - ^ Cy 4^*11 jijlaS < 

i -J^ lT f j ijP'jJ^1 £> j *J* i^J^J ^ ^ U r ^ * i ib^t i l ^ j J ^ J ^ c ^ 1 CL^Jl O l # r {f 

uJ^_^ J^j^ j *M^ o^ptJl j ^ j ^ j ^ j j^JJ jvy*^ j - ^A ' j W r ^ j - ^ ' j 15*-^' *^*Jl 

. l^iJlfcj J Jjol&ll d>1jb-f 0Uw?j 4PljjJl O W 

CJ\J\J—oJi iUfti J f j ' j l i ^ ^ " j ^ j ^ ' ^ f « J j ^ 1 tp i^dhn j y ^ 1 XwÛ * JJ? J < 

i f j U d l (jJ^csJ 5-cUL̂  USI^k^l JL^I lAjLiPb V^xipli 5^ \ JJJ UbjJjlaJj ^ J ^ OUijbcJl 

• c^bJ^1 tW^^1 ■■bJa.Tfail J ^ J ^ y ^ 1 J ^ ^ J 1 

4iU^I 

J ^ 2 i j-tf l l 4 J ^ I ^jjpj f&kti ^ Sj-JwaĴ  O l P j j - t l l Lp\rj i J j j I l j ^ ' j j ' ' 

4—^ I j j l l tlJ*>L^\i"! jJJ-^U 4~oL*J 43jwl!i ^ t - ^ J j ^^Uf l JV J j ^ ' iwLw ^ j j? J < 

J i j — J j £\ ail J\# J £ljj!» 4 ^ ^ ^ I j j J l iU,j)|l 5j4r? ^ <JjJ^ o* c r^ -

^ o 



V>*>U)M Sj^rSfi i ^ L ^ ^ » y J ^ j ^ ^L^Ji f ^ V ' j t ^ b j ^ *U>j$\ JJ-> r*^' < 

. L?rj^j&d\ i^j\jui^\j J iJ 4-^Lji iL*o^ff OjjjiLb j ipb) ^o 

fljbjj (Sj—ll oUfl alJLA^i JL^y J^£ J ^ . j ^ f ^ ^ ' j ( ^ b j ' 1 - ^ J ^ 1 U-5 (*s*^ < 

. Jjy-i J ^ b ftUli 

,,.,. Ifi ffi>* I ^LUJUIH pl3 l^JUj^xij L̂ JSJ g 4OA ftlfrlfa]! 4j<mti JIA-A-J ^ j lx l j l*j4g 

. ^ j J l ^UdS4^ J l^jJL^ j J l j U ^ l j L^wUli ^Ja*J 

. Sj^UflaSlj «LISJ Li la ^J j ^> (J-iadL ^ J J 2-QJ^U U r j J j ^ J i j W ^ * < 

diydl j - j i t f J j ^ jd l AJ^ I ^L>Jav:hj i^bj^Mj i^r^i^oJl SjjLiJl Jbr'y ^ J**il < 

. r ^ u i ^ CJUJAA hjSSj \?rj±j&zti k r t i h **s-Xi < 

2L^UM i j & l U l ^ u J a j J J £ *̂  j d l kdubdt »lSo-^\ JbA»y «L^\£-1 O^Oj-taJ* jlJL^J « 

J \ *3 j S L i j aJjJlSl 5jUL*waj 4J15J ^ y ^ - i i t lajLo 4?w?ij <LJ?j *LJL*U jlk»] Jj*t£ < 

4_JL^i j jUoli ,^IP wUTyi ^o Jl^ l lJU% (j V j ^ 1 i-»U*Jl cJlJifti j i b i J l̂Scw ^5-*^^ 

j 0 4-pljjJ1 ^ ^ ^ ' ^ ^ J 1 \iUw^ 0^ 01 ^LPJ lA^jjkij l^iJaJ ijj^r\ lpr^f&)\ 



2—&[))j 2 — ^ j j ^ 2 MOJUAIJ JJ~L5* d jc i i j 5-UaiJl >JJLPJ JJU J P jWicuo*il LPT^J&J 

. Aiia^tH S^l j jJ^ 0*j f \£l J 3 j u M J a J i j V ^ £ l ^ ' j J ^ ' j 4 * — ^ 

4-sP^jJl O U a l l j C / j f t l j O t j I j ^ J J J l i i ^WxdJ i j i LPLW? 30P\i ^UJU fUafc^l < 

CJ\ J*UP JU^-? J ^ dliJb ^ j i U j (J j^J l J If^8 J j U s i l P-^tf j ^ Jli-l <ulp s-?j*i ^t 

\ i_» L j j U l f j*>l5l OUsftl j$j*j SwLJjJl 2^lwa]i AJ\> ^ I P J** i l £* 1 $ ^ % ^ ] J I f J L ^ 

O l ^ s — J j c i b^ ^ 3J\£j l 4jJuiJi j a l j & l *\JS>i> v-ojJ^Jl t ^ J 3 - ^ . f ^ j ^ J J^ - i J * 

dobM ^ j J ^ S ^ J l aJL&dl *_* f*!>tad ioli iJl 3 ^ 1 J " ^ - A^i j jJ\ i ^ L j J ^ J l ik-Jjty 

O b i £ l j 4 * A ^ a l l OLjcJr - i j A ^ j i ^ L i j U J l C A J U J H jcytf J . <y>\2-t f liaiiJl £J> t-u?r 

UlA SJJ^ iwOtU j ^ l l L?vAi)l OUJiurJl Ĵfel j ^ AP^jjSl yjUsJi $\£*i\j 5-LJta J -H?^ j ^ c u i * 

. L p t j j ^ flauijfy j^o JUJLAI\ J i j \ £ ) 

(wilxy hj*&i\ APljjAJ L ^ J ^ * ' j ^ ^gfciJl (tijiirJl JJ^5 J w a i ^ C U j b a J b Jj*£Jl 0\ < 

,» ,h;t J l a j j ^ i i p l i J *4^o U: CJLJJUJ\ OJLA olf i\*ll i^-*plj oLoL*J AJJJJ^ ^ 

2 uA^cIl SJJ^^H ^ i - 1 J-^-JJ J J ^ ^ P d U i j ^^Ufl^S^^ j y ^ ' j ^ ! J ^ i j - ^ 1 ^ b j ^ ' 

J ^ J ? J UU OlJ jUJ i {il^-jj OlSlaj di i^T +J%\ JA C)j>j d i j lA^j^ JojJ-j OjUJb 

j a 4Xi»l 4JOJJ U J j l i a f J***J J > ^ ^ *-'>-» iwajS^J-l iUJs! o i i Aj^lll CjUJaJ.1 ̂ ^JU 

W 



. OUjUsJt ^-UaJ 4iSof Sjj^? i iTL U U J > AJLSJ ^ i u i \ ojifc 

o t — j j U x l i J j - i i 4-***^ ^ ^ y y * j o i j j U J i ^ A ^ J J A^O J ^ i ^ * ^ J J ^ ' j ' j - < a ^ ! ^ 

4- j lP^Ji j ^Pjdl J ^ - ^ J ^ L r ^ ^ b i ^ 1 ^ J j ^ r ^ - ^^iatf {JJS\ J U i l l ^^..b-^ll j j j J ^ 

J*>\ ^ j * OLol jAJI j O J ^ L J I guhi ^ bUaPl d U i j OlJjU&U h^\ ky&\ J}JJ < 

Jjl IC ^jiall ^ ' j j J 1 - ^ J ^ ^ * d ' ^ J ^ £-* iUlSoaj A i ^ ^ j ^ j U J l ^ U > J ^ J r^oljJ 

j a \ oĴ wft \^ 3 J J J Oi j^JLj b>j>J>-\ &\3 $XjA\ \JLfc J j . A^jSi\ iLfcdi u$U* i 

O L J JJUflJl IJUb J j ^ ^ U a ^ V * J ^ ^ 1 O l ^ r j J *j%a {JJ\S£ M^J JLW>J J £ \j**\ < 

01 \ f&JZ j _ S o i 01 ^ ^ j j J l OjbcU Jj,JLr OJJIB jlJL^^j 4Pj*J ,£&**J 01 ĵ̂ UJ <UjX^-l 

j piyDi ^ I P OyUJl 1JL& J - o i i j £ « £ - 0 j \ xJ l o i p l k s 5i\S3 0y \ i5 l *-U J^> J-«-*i 

^ IP SJbj ^ J l j V r U ^ I V ' b ^ 1 OL*>L*dl * J ? J J i J j b d l o U i x d l i J i ^ ^ i < 

IJL *Ŝ  U U ^ l O U j b t J l ^ <w*^j^**J ijA^r- 3 j j j ^ Cj>v*?i 4jPlj jJl O I P I U A ! I j ^ iJ < 

T\ sJV 3 P j j i i O^ ilitf ^ JU^tf ^ I l j iJtJbkJl j^P j l iJLUJl OlPlwaJl l̂ La s:lj*o 

. h ^ \ $\yj SjJLJLiJl JLP U ) * > U ^ I 

^A 
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Jail £ JJ ^ d^wUil j b u ^ U j OlwU^j SJJT'IJ c£jt£j j-« r Uj^l Ol*jk-**«j O ^ o i l 

01 j—a JU*i <Ul* L i j ^ J l l iU^ l j j O U j U J l >j& j p ~ j , V^JUapl ^ j j t^uStJUo* ^ ^ 

c- Hail ^ J ^ ^ T ^ W^ d j * ^ ' j j ^ 0%^\ i - l jljuoi S j j l j l <jJOL̂ > ^ i ^ ^ > j i 

q\sJLi 4**J ĵrJV̂ 5 ( j L / ' J ^ ^ J ^-^J t - J ^ LJ^J *i^?: 

JU*i J?lil ^ f t j i i o l j i -1 X& 0 ^ ^ ' J fcP^J iJjUsJt L^ jA Ot*uotj &Ji>lll J^IP 0M>bJl 

(J Jl CJ\J.—k&\ ^.j^? <j j 4JJJ>L^*^ SJJ-^IJ , V ^ ' tkj*^^ J^J^ t i J ^ ' J ^ - ^ l J^tt Of 

J A—S*J&-1 4Jj l*Jl OljtoJr^ jj* j t f i i» (Jl COl j J l j O j ^ l O l j i * J l J*A^* Ciwb-

JJ* 3^L^3 J l d *itf \ Jb- JJUJ j*Jl ^J^JH ^ SLfrtjjJl O ^ o i l j J *^ l£ t J i>*J 

^^—9 J Jdf ^ I P JLPL-OJ *Wapty pJL& l£ io t fJ l SjsiJl J*A>- J\£l IJUb J OLJjUJl 

n 



^ 1 P s-UaiiJlj igjU-V^^l r Ull ĵrju^ t̂J Sjia^tS" jUiuu^U ^ > * *-*J^ J^-^k J ^ 5 - * ^ < 

<L^2j OOwJ\j *-JjtJ\S* <USÎ L11 OLOLMAJI i j ^ Jfcw.uJ\ < 

3 JOUKS^I $>\ ^ j ^ l CJ\ i k w £j> ̂ JUtf J ^ - i j l i l l OUt^isJl J ^ ^ i Site! < 

3 ^ U A ^ ^ I ô USOl j5£ j i t ! J ijptjjJl g^>AJ J ^UMI I J dJJUt c# # > ^ p^tf < 

J J—**Jlj I^JLP *L«Jlj A^l j j i l ^ ^ ( ^ tSJbcJl ̂  o^ -^ <j^ ^Wj-kd ' clr* < 

j j - t j 0\^LJi AJJJJ 5JIPI CJJJ* ^JJL^-I Olkibi J I^u fy L J j j ^ y ( ^ Ci j l l ̂ pii 

\ **.UiS" « i j J lp J-OJJ'J ^ d jM&Jl J ^ j OL*w*jli oJu* -fJxU L3JJ* dJJij ^-P^jjJl 

JJ I ( J ^ l j ^ O ^ l j cpU^S*^ j y ^ 1 4^JL^I JJ? J Lfi\ j j j l L^uJl J ^ JiSo \£ 

4_jj^-%4»Vt O i j k^t aJLfc *Af J ^ J AJ^US^^ I ^ J ^ ' fUAa->l S^ViT (3-inJ J j - J ^ 

y . 



4—Jxla j j^jas y i fll^^U V^U*LH GJ*XP ^ j j J l r %^^AJ 4«\*5l ii i>b j b c j U J # 

a _ a t i $ — £ b * ^ ^ » j S » ^ ( j i > ^ t f / ^ i i ^ i j j i i J J ^ ^ J ^ > b ^ k j & ^ 

Jt l^—LO 5j ?rjU i > \ / ^ *. ** t i T j <Jj*Jb SJJUJl jbtw^i 155JJ ^ U M * UaSJU 

0 

I * U P ^ I P i j -^ i i OJJ^ ^^?5 ^ \ j j 5 i OUsiV*j 4-j^U ^^tjijJ* d-UJb < j ^ ^ J iIC* 

J J £ <3d4 dJllij Sj^UaJ^l jobuJJ 12Bj J*JW 0? ^LP C Jaa3 4*pljj5i &JU*)ft JJJ£ 
it 

. mA/^v ?ip^jOo njV ̂  m r ?i* 
j—sOii 3 +AJ&- iuA J,l IgLjj^ J? Jis LSU^Jl SjjiSl i^-ul i»Ull iuAU jjLcu U J * 

(^^_Jj (Jj—«Ji ObJ>Ud»l J k J r kftAJ j f rJ^ f \A\ ZzJkj jjj^cull £f*-&* ^ Uhjj^ 

^ IP \ iUPl j*)\£ 3JL?-\J 3S*yt» J jS"y A * IA^JLPJ 3J^1 djp^jjil jS'ty* ruo^ JT # 

. *_P^ Oj^j r^^* ^ L J I 

Oj^j—d\ J ^ L ^ ^ ^ - ^ O^liJi jjwW? ^ ^ j j 5 i Jbr1 J A ^ J ^ J I O \ ^ L P V 1 *-ft̂  j-« # 

^ i j H * Y i u « M 1 0j3UH y> j ( i jPl j jH <^>AJ j ^ L * l l j dJLiUl ^ o\5%Jl J 

(jj—ll OjJlii] 3i%tJ^ dJLa lAJbu Cjt ja^ ) ^ ^ V / ^ * \ M* j j J ' ^-^J1 ^ ^ ^ ij&£ ^ j ^ 

Y ^ 





h j ^ \ A^l j jJi ^ 4jxua*il CAL^1\ JJJISJ £JLU 

ai—fc c <U-sO*3l dJrlall OU^- j j * Oj&a ,Jsu^ f̂ Jai ,J* iUs-Lla-t^l <L**A*!l &Sw£^ 

\ >*&J* * > ^ * Jb̂ -bJ <j£*J^ l£*&** *J& Jajl^tf j d l j L p t d z ^ l 4*~Aftll l £ ^ ' J ^ OlJb-^!l 

j l Jaui^x-Jl 3J i i j *J*ytf K**\-£ K^ ^V-W j , i c j^*"J <j^ - ^ I j J l OJL̂ J ^p JOUJ . bJL< 

(^-Ja^j O ^ J l l J ^ ^ap <̂ 1 J-£u*J &r\** 3 ^ r j J f . w( i , j ) \A j * j i j (weight) Oĵ Sl 

o^-oii 

x(n) 

£ > ' ^ ( ) ) 

4JJJUJ\ SJUj £^>4J : (>) J l & l 

3—Jr\jw oU—?• £ CJ\ rynl^ ^ O^J j f *y- OUU 3 j j - ^ ^^IP O^J CJI J£S O ^ J l U 

^^-JJSO 0\JLk J ^JJ- 0 O ^ P J A £ Jl XJr-lail OlJl^-j *~<^ ^SJ . cSj^l AJrbw 3Jb»-jJ V -̂wla 

J & Ja *»jxU OjjJl <^U£ ^̂ 2? **Jri 3Jb . t f j - i J l J ^ 1 * * i jk SlTl i fcjIjxU 4JrUil 

j ! s i w ( j , i ) l i j j J x ( i ) i l ^J l * i * J JS* <-jjjftj dJ i i j 2£-Ull SJJ^J ^1 o ^ J l t 

: ^ U T n e t ( j ) £ j ^ i \£j 

vr 



net ( j ) = Ex ( i ) w ( j , i ) 
i=l 

£—<J?\ 4—!b ^j—Ssj ( Activation level) 3jisa^i iSj^-^ ^ £-*ap *^ Ji* 

( L i n e a r ) **&- 0^>J oi ^£c fcrj^l io-ollj (^UJl JPULJI ^ J ^ ^ ° oy iS^Ull 

: J JJAJI 4—Sb fU—?=cuub J—££ 2—5%d» oJ—.AJ ( Non - linear) 2—Ja*- J^P j \ 

J (*_£** ^ t y dJut J^i JLWMJ 3JU[JLP l^Piyf JJ>*SJ» J ' J ^ J Y ( j ) = f ( net ( j ) ) 

(logical 2„. j&r\\ Sj&: o*il 5Jb pLbfcuo l̂ SjuLiJl AJâ - jotSl J l j j j l ^ J ASLJ^I J-oP 

: jfitf \ i j j ^ j Activation ) 
f ( * ) i 

l+e x 

: Jtfjfcty OJLA JA . iSLiJl5 S ĴOP ^iS^I Juu \£ tik£ UJJOJ l^^i\ U ^ l 

0\SL-jJl ^ ( Feed forward neural net work) S^uty <uifcll o b 

. \Jb 2j^X\ CJ\J^^\ cy oOoitjJl <y &&w Z2i&- $yrj JJS ^fafj J ^ <j^ 

\ l\sryd J>£ (jjJt o\^-JtJ\ ^ j (Feed back) l^yr^ JJJUKJI o l i S-^aP olSL^i (II 

. O ^ - U £--^J <£/*•' 3y Libs- lojji? J^ 01 

ii\T (̂ JIJIJ jjJt o\£*iJl ^ j (Auto associative) ^ ' i J ' lajljsJt Oli ^ O P 0\SL^> (III 

* cJ j i l ^jJa j O b r y ^ £«*j 0*>\>JA\ J - A U ^ ^ r j ^ y *JJ^ ^ 2jj£li ^1*51 

cr-^^ l A b ^ l olSLiJl j iTl j* JJC 4**l« l̂ IdbfaJl o b i~A*5l oiSLiJ' 

J - f OJSCJJ . obryxi* &*kj o ^ J d i ^i?c Jiftl JLP otaii? Jlp P jjJl \JJ* JA 2$LiJ\ 

4 _ i £ OlLk O U ^ i JA jJ& J JbHjrf US" c JiV* ^ ^ r ^ 5J *-j ^ l^w We 

GL£\ J *trf̂ *̂ "l OLUAJI J-SI^J. Obrytll 2iJ?j o ^ j d l <ULk JTJ (Hidden Layers ) 

(Y) j £ SJI • 2 jiAit oU-U» J^P Ol^yLil *Jti> J j O ^ J l l i i > j ^ pUty ^» ^ ^ j 

2_̂oLai 4jtJUu o b 2^^aP 5^j-iJ rijJ^ r ^ i i 

t i 



1(,) —̂̂^̂̂x̂  "y<1) 
*(2) *Cf V Qf^^ / *0 ► y(2) 

X ( 3 ) ^ ( > ^ — — n j ^ ^ ^ OLrynll AA-t 

: ( Learning ) fiauJl 4-U >4 Y-Y 

; i/3t XJ*̂ JJ\ JjlaJl ^ V *».^MS1 iSLiJi V j ^ J ^ J ^ SjV^tii V j j ' j ^ J 

( supervised Learning ) 4A j ^ l ^kl3l ^ — Y - Y 

^ «jj ( Output Pattern ) j r ^ ^ ^ j (Input Pattern ) J^o)M Ja* 

j Si i kjM 2Jb u L ? - J SJJ^i o l ^ y j j j ASLSJI ^ ^ r y 2 oy JyJ ' iSLiJi 

(jAs^-l T ry^J iSL*iJl r -^ 0y J j ^ ' cM^ Oljj^l JjJW J dlb Jbu lfoOj^u*J 

^ A*A\ A_Sb j i oi)jSi C—jjjJ- U b îa—?xi-iU 0»)jfy J_i j ju |,—SJJ 

( Learning Function ) 

( Unsupervised Learning ) *A.y*M >£ fJ*3il Y —Y-Y 

\ o 



A^UJ 01 l^Jlp C-^li iiiwl Jpj£ OJJJJ U &L*y« d jy * fj\ O j^ d i i i j J?LC^ 0 0 ^ 

J I P 3JJU3\ A~*A*JI o l S L i U 01 c$5. cbrjil JbcJl ojL*>l J *-~il L i t ^ ^ d U i j 

l^—lp Jtj*l U ^uiai ^U* ^ j ^ 5 ^ - 3j\£u*>i f L ^ J ^ J U l k t ^ O l j j ^ ^fLJl a-Ai'cJl 

JJ—Si dJ b l$*A cJLo^ l J&\ JJU *A«Jl <^JLo\ J ^ ^ J L O ^ I IJLA j^JtlJ 

( Reinforcement) ^ U l l SJISL ^bull ^Ljia - T - Y - Y 

* Us] I A&^kj <^rjU JUall *& jk C# ̂ ^ j*»Loi L5^ ( w * ^ ^JL* ? i ^ 

j A \ *S* o ^ ^ ^ - J J kJU&-\ *Ji!l ^ P iwso«5l ASWI-U TUOAI^ C^J»- . ^ r^ 0 JJIJI 

i i j f c j US' ̂ i ia^ j f l^d\sl 2bxw2J SSLiJJ J U J ^ S 3 J t 4 $ ^ j-jdl *A*sJl J JU-I 

. a.riL» ^Usil 

^ -ft! j ^ ( Error - Back Propagation ) tk?UJ L-ib^U j»JiJi 2Jb̂ Jaj ji-UsJl jcaj 

J \ — i ^ i \ JU? ^J ' J 5 * " -M-^ fHJ • S-ŝ U t̂ 5JJJ«JI O l i A*»&b\ o \SL iU *krj^ (*-^^ <3^k 

. j i ^k l ^%& J ^ ^ ik*AJ JU^\ 

aSL^iJl ^ V J J O J I J?lil j b ^p ^ j j ial l iJUs J (Forward Phase) f JL&J» jjk 

5 <JS ^ - ^ dil3 Jbw o^-lj JtoJ O^-JLll &Li> ̂  &Jrbw o ^ j JjT j^fi^ £*~?~ ^ a * J l 

4$L ill r j—2j r ĵ ^)fl Jâ  0# Jy^ J W * * tilte JJU £JrU* oJb-j J& r- ty^l 

. ( Error) Uâ -U ,^**J c3̂ -d5̂  IJLftj <L-*̂ a*5l 

i-Je-p J Ufl^l jU—Jj» ^ jjkH IJLa J : (Backward Phase) ^r'jsl* j > 

U 



i j j—flj! J J i J fJunz^j j j kJ l \1& : ( Adaptation of weights) 0\)ji\ JJJXJ j ^ b 

. lu^a*^ iSLiJl rj£j £}j*~^ ^ o£ 

JJ—aj 5 PJX>J£ £3Uo PVs^J* ^ iSâ JJ <M^\ jUUd*^l ^JJ^^P" L / ^ ^ *""^ L M 

( i =< e< = L ) d-*- NO?) j â ŝ*J»aSL̂ Ji j ot£JaJ> J O P ^ I ^ L ( L ) 3 > -

( 1 = < * < L ) j ( l = < j < = N(*+l)) < l ^ j j ( l = < i < = N0?) d ^ i j r ^ 1 " 

j AJrbdl 5 J ^ J J M iLiaJt J i JJrUll SJi^j j ^ Jsuijsii O j j ^\ j ^ w (f, j , i ) j* jJt -

A w ( f , j , I ) ^ J y j i w ( ^ J , i ) O j j l l J ^ j ^ l j ^ l Of US' . ^U ia j t J 

(Momentum ) 4*3 UJI 3^3lj ^i*Jl Jjjta J j J I jail ^ j u U Emax , a , T] JJ^J1 " 

( Maximum Error ) ^jJa**^ ikMj 

^ 2iJaJ\ J osyr^\ i AWIAM LUdJ r- iy -^ t i * J J) j u i j u (£ ,i) yj\ -

: 4s*Jj ( Cumulative Error ) ^ ^ ^ llaiM J) jo-*** E j ^ -
P NP P 

D ( I ) C^r E = % E E [ D ( i ) - u ( L , i ) ] 2 

(Target out put) M s ^ ' Obry^U ^ 

: O l j k ^ ^U: J JjJ*\ jL ioi^ i ^ j j ' j ^ dJ\jJa£ j&kl$ 

{(u(l), D( l ) , (u(2), D(2)) , (u(3), D(3) ) , , . . , (u(P), D (P))} 

Emax , a , t\9£ J & N ( I ) , L : iJUt ^ U * U hj jjjj. J l & U ^ U 

YV 



: **& C j ^ J 01jj*>U &j***P A J ^ J - * ^ <UJ> ^̂ t̂AJ d U i JAJJ 

q= 1 , P = 1 , E = o 

^ LP O*^ ^Jdt J?\il Jpj& +& du?~ c Ojia-M oJJb J VA>kJl ^ L P fjLJ : «U\iJl SjlaiM 

N(0 
U ( < + l , j ) = f Z w (£+lj,i) u(*,i) 

i = l 

I = 1,2,.,L-1 JTj j=l,2,.. . ,N(*+l) J ^ J ^ 

: £j*Jl ^5*Wl ( ^ ^ aSLiJl i k ^ i « J j ^SLiJl ^ 1 P <J£J*J o l ^ - y t i l Jslil : fcJ\sJl 3 j kM 

i = l , 2 , . . . , N ( L ) J& 
E = % [ D ( i ) - u ( L , i ) l 2 

J A JA 5 (l, i) j 5 ( L,i) Ua^l 3JUIJ O l^cw u L r i k M oJLa J ^ : AAJ^I S^kM 

: LJuJl vD\5̂ *iJ ^3j ( 2 < f < L) JS' 

5 (L , i) = ( D(i) -u (L,i)) u(L,i) (1 - u ( L , i) ) 

(1 = < i < - N ( L ) ) i J S ' J r l t > e 

N(M) 
5(* +i) = u (* +i) (l-u(* +i)) E 5 (£+l,j) w(^+l , j , i ) 

H 

(1 = < £< = L-l)£, (1 = < i< = N(f)) i JT Jr> j * ^5 i j 

A w ( * , j , i ) = a A w (* , j , i ) +Ti8(^, j) u(*-l , i ) 

{2 = < £< = h)£, (1 = < j < - N ( 0 ) j 5 ( l = <i<=N(^-l)) i J ^ 

XA 



w(* , j , i ) = w ( * , j , i ) + Aw(l , j , i ) 
(1 = < << = L ) ^ j ( l = < j < « N ( € ) ) j J S 3 J ( 1 = < i< = N (£-1) i J ^ d U i j 

q=q+l , p=p+l *J£ iiJLiP P j ^ ^ts^l P 0\S" tij : AAJLJI Ojlait-l 

W—* j OljjS^—! 2—Jl^Jl i ^ i i l c ^ j ^ b ( t - ^ 3JJ^ ŷSI JUJUP Emax j * j i t ^ l CJtS* 

J,l oijaJb d U i j oJUJbr *-*JJJU SJJJJ I j j f j p= l j E=o £-£ ^ - ^ J^J 4 * 0 ^ ' ^ J J " * 

(Testing) ;U£V1 ^ ^ r~Y 

l j J iwjjwUil 2JU-P sA t̂fb j jU^-l o t i l j j S-^ j^ ^ ^ t i ' ^ " ^ o U t J l A-MJ? 

>̂ JU?T7 U 2 t̂jĵ t-sflJl Ol^-ynJkl <_JL<*?- , - I P OjwUĴ  î wU J^JIJ dJJii* (wJjjJt 3i^-^a ^ 

j a (%V *) CJ*A^*UU £j*wiM j j j ^ l SJUa^t tijkil j & Jlail J~~u ^ I P . iSL^Jl 

v<\ 



ĵsifrhrf'ffl <&**i\ diiAfl fiij.a ^$ksr-Y 

OJ$F^ Jl pJLA9 jj^iasJl O U U P (3 OjJ) SJUJLP c-JUt l j Ota l£ j ^ J ^ J ■ <W*A*5l 2-^j^-l 

j \ y ^ i j j .jtfnU (Jj 4^-1^- J CJIS" roUJl oJL& jS3 j . SOJJJT 4*~AP ol^LiS bj-ilc 

3 L?tP *. ^ ^ ° ^ jtfA*^ <>* r ^UJl OJIA I J L J 4 * J ^ oLiT ^jjk) J l SJJ^ASI ^ dJJJJ 

&\ £-Ult j TUIJ i l l J iu i&J^- <biU Oluifc I j ^ j ^ l ^ Oj^JU$i\j ?-Ui*Jl \J>\ . jijiasJl 

0\£L iJi O l LJaJ j j j k i u ^ j J 4JJJJ*!M O l i 0^ l£> ^ ul^ljlT OL£j>l» ^ j i a i J i# 

4 J j j s & ^ t J j l j J r - i j J-*£*J' sAksM <J l i£* l J j f c j O U & I L$J.JJ*J Ja i ' j j l ' j Ot fc j iL l j 

LgJua\& * ^ i3j*o O l j ^ H oJJb . O*i\^oj*j\ p-°^J j ^ j - t f ^ ^ rUo rt-e^J O U l J l - ^ j S j 

. O lSL i l l flJLfe O L J ^ J J jLjfa J * $ ^ (3 rt ̂ " '^ j i j ^ O l j ^ l T lu-maull O l^L iJ l £« 

i3j t? j j T JL̂ - J,] 4*JtJ L p u k ^ l l *W^^ o\£- jJ i oUL*k> jtj&> 2JUP 01 * £ j 

O L ^ M j OULoll JCJU i i l^3 C ^ L M ^ k J j j tejJlil OUjLtl l JLPtjiJ J l O l ^ s f l J l 

t£^ £•! 0*>L-J^ t\j—j>r\j O U j i * i i OL l kw JUJLtf Jia c ^UaJl j i j l aJ 4Jo i l Ot j la i- l 

^ _--.̂ *^ OlS„..,M M-Sl O L _ L J a j jJ^jisJ iLU^i i tw j j ! Ol j iaiM n ^ j j ( i ) JS^Jl P j^JL<JJ 

r« 



O U l J l J ^ JU jJLt jyja£ 

S ĵflV j l 4^- J ^ ^ " ^ 

t S j ^ 

i*-s j ^>- i 

(S J?'\ CJ\jJdA 

9 *L»M f ^ J ^ 

^y-1 Otjjl 

> 

oULJl JWI£J £—°-£ 

^ 

& . 

jL^- l j i^jJtf ^ ^ ^ ti) ^^W^ J - ^ 

> 

•> 

^ 

> 

> 

x. 
2j>LiJ\ V ^ j 3 ^ J ^ 

1 
*~l*Jl ^j^J*" jW^ ! 

&. 

Oijycdi <*J Jba4 

NL 

i&LU) o ^ a ^ J i o U U i JJ_^ 

\ / 

OijjVi JjJjaj 4-JJJLJI fr*u 

V 
jL^Mj utey 

\ / 

fiJUJUr O * ^ j l A^L iJ^ a \J jn^>b JLAsJt 

YM 



*w?j £-0 j U t f ^ l j > 4 ^ ' h^*> <W?\iM O U U l £Z*£ +& AJ^Jlj tijSM OjJjitM J 

2 $L*iJl XJ^Jb jUa^l *^J * * i ' ^ J ^ ^ ^wjlaiM J j • dSL^Jl *bt jU^-* i A ^ J L * Sia -̂

AJU—«* J—Si Ol—&JaJl JJ—Pj 3 s-^*Jl U ^ l JJP jt~P*tfl J J>Vl £* A-UxJi i i ^ t j 

dU i ^ e A^LjiJb A^UM 3JlJbj*5|i Oi jJ td^ j O i j j t y < j^y j 2-*u»UM 3 j k M Jj. l$*tJjfcu*l 

OUlJ l J J J 4 *^J 4-*oLJl 5 j k M J j . ^L*kl l *b^I A^*£*lt AJJLWLLS l*J Ol jotd l * J J***** 

. O U l J l H-Ui ruol^ AJISS" d t f i S - i k^ j ^L^Jb <U?l-M O U l J l Sjj^? J l (j-jjgc^ 3-^#-l 

o l ?rjxl\ \^j\ I*J4 f j - 2? d * ^ j^ j&J l <&jku ASL.151 J * $ £ iwls l l j A * > L J I ^ j k i M J j 

J 2 bi-jdl O l _ j L J \ j i j jJiail o ls r jA i t O b r y ^ l ola j j l k? j ^ ~ O l j j ^ l JJJU C A J ^ I 

J J soM JÎ J \Aj 0\jjH\ y ijto*»j* hi ^ I P J J * A ^ *SJ Ax^bSl S j kM J j . J j V l SjtuM 

.c-j jOJl i l^-y j J S^j^-jil 0*>U-JLii A-JJ O^U-^U *tlflpj J f J ^ j P 4 j j l k l l O b r / U l J^LP 

j l ^—o 2—*$ J $A hrji 3jt5 jilJbxi^U UJ <UPUk*p*}M <L~,a*5l 0\^L*iJl AJUP ^ 

A^jJl L l < ^ ^ j ^ l ^ \ j . \JU> <J^^\J j\ i J j ^ i y s J j l j J r^ Jlo(TooL) 3bi f LbrxwU 

*l^?xi_^J ^c***^ J-0 d)VS" dXSJJ . *-oJr1 Jl jJi j J j j * d \ J l j ^ j e- j jOj l OLa j ^ j > - J jb^ , 

3 ~v2*5l OlSLiJ l ^ j O ■ ^ W ^ ^ ^ * ^ l ^LUAII dJjft &£jj \ff\a.«t\jj j^S jt-J^ ^J^ 

3AP^—9 J S & h£jS A^-lJ-l JUP i ^ l ^ j ^JjiasJl Ol j . i t plJL^cuub js?- AJa^ ĵ A J ^ P O * * J 

2- -»UU OUAil J,! OUlJ< J l i j jUs?-l A^j ^-JjJJ Ai3 ^J O U l J l AJJ^CU ^j£j ^ O U l J l 

A_J l J l J\S^^—Sî l iy^j> J ±JJA\ OJUU^O I^SJ:H j i j ^ * O l j i f *ia*oj ASL^JI Jy -^ ! AJ-^A] 

. A J j ^ ) M J j l Jr> i^lp O l j ^ ^ l GJJ& (Jajw JUJJ^J 

VY 
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^ L&-\ lu l l * U»Uoji J i j u i? ^ T l OJSJ JbwJ\ J^IP SjjiUJl JaJ\ 0? ^ j j * i i ^ y j 

Jn t; J a Jui^ OU\ *J- \ i p ^ (j,\ a?Jl\ A ^ I ^ I dJUiTj ^ ^ (j,! r ^ ^ piadl j * 

. Iw^ajJ* Ol^JtJ l ^ j ^ y J^1 ^O' j5^ ^ ^ " " ^ JU*uol J i COl O l i Ja^ l 

c^J Si j JS*1 All J * - J OLJ^I V j ^ ' 5 l ^ ur^ 5 J ^ ^ ^ fH 0^ 1 OlSLiJ l j 

0 J & j^Jt oUL...kiH J\io ^ j SJlll OlaJarJl J L^a^i OlSL*iJi A-J l̂ j g b ' j . 2-̂ 1*351 

0 j & J dj . 8 j * oil l i l i ^ j jy i o U a P ^ i <y 2JlP ^rj ,5 ^ j O l ja *d l OSJMA CJUlJl 

l i&L iku^ l l u ^ l u A ^ H l Cittnhl i - V - Y 

2-J-t OUJUi AJrlxo J l^w jS^Jj JLpLk^M L~Aft5i CJISLJLU 3JUJLP Ol iJaJ J^ jJ 

4JAJ) CAxll\ JLX* y i A-iXuaxJl CjlfS.ji.Aii ♦> 

3 JJJJS OU^Lw j J j « a d U i j * ^£ j l ^ c iytJ l OULki L^a*Jl OlSLiJl ^Vu 

^ *-t>lia JLP ( J ^ I J iSLiJl ^J5J d~?- ibMaJl i l i ^ i ip^^j l#JjHaj Afolil *tj*-i ^LP 

rv 
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J jail j\ a£jA$ Ll£ ĵ y 3^0^ 4l3r Ji3 Jajlĵ Ji oJu& JU^-U ASL^JI ^ys JJtidl ^ j 

. ^JbjuJl fUiiJl i l l*- J I^W-j UjJb d i i i f ^ Lfr*>M - ^ , J C3^\ JA jt&S\ JjS j J l 

. wL̂ JHj C i j i l y j j j * A k ^ j* JJ& OUUoiM ^AP UT jjjlytJt hs,\j& 

rt 



c y(N-l) .,..4 y(2) c y( l) l*J N —J ibT J^ l j JJKC 4~aj £LvLo LiJlJ AiU <_/?>tfJ 

b\ c... c y(N+ 2) c y( N+l) 2-J\Jl W-i,.. l l ^ 1 a\£i y» J*aJt JLJJUP . y(N) 

f 2—(b j j>Jail JL*Jl JJPJJ c^JJlj p ( ^ J ^ - ^ -^r j i ^CJL:P "**£ *^k*U £Jul*Jl CJlS" 

t> P J^1 0* fiUl ^ ^ 
y( t ) = f ( y ( M ) , y ( t -2) , . . . ,y ( t -p) ) 

ihje uupy ^j~* P , f «^)Jj h\k*A IJJ>J £L*LJ ioJ N j * OJSCJ J*all 4JL*^ JJJUP 

. OtJ^-jJl j ^ f IJJI #*>U j J 01 t u & J*aJl J r- 3UJ\ OJLA AIJ^XX^U j laa U J j 2 j a j ^ 

y(t- , ... , y(t-2) , y (t-1) *~*J\ i L J U l J tolJl ^ ^ i ^\j J b ^ l O lA^ j -

. jj^iai^ JL**̂  P ul—*̂ - p) 

dli ±~Si\ iJU-l J ^ a * M 2SLiJl Ol^-yi *UaP*i Ufcy j J t j ^j*V ^ | J ^ J -

• y(t) t^^ ^ C1^' 5 ^ J 

&L^U JL^Ijdl Jui<Jl Jaii- ^Jbx^J ^ t j ZJ& CJ\JJ>~J -

^j^ti**Jj ( Weight JWtflfl 3jS) Oj j ^ ^ J J tery* OjSo jtiJfj Oy JUtfl JS* 

: JUJl JSLiJl 

r° 



y(t) 

S\£\ j& O^flJl JJJ^P Ljul olSaxo L^flP iSL*U A^ISLAJ Olkjta L i a j 2-LJLJ J^J-1 j * 

£j\2Tj?ii\j Ij.j.^aJl iSL^Jl ^ i f hit ^3J\ ̂  JyiJt 2Jb £ i l & j £ d £ y*^ O l j j ^ J * J 

i p j - ^ . jLssM £ P J ^ £ J S-JJ»AJ £PJ*J£ oyj^" ̂ ! (•"•«*£» ^ j -*> i*^»j5* 5JL*d*J\ 

4J1S3JI ^ J I J ^ - £ - Y 

: J\Jl JSLIJU V ^ J t £ ^ ' j Least mean Square y*> U U « - J SilScJl * j l j j 

CJ\J* t ^ y (t-P) , ... , y(t-2) , y(t-l) Ol^cdl * P ^ ^ I e g ±>lrt» 

. i~*jM iL^LJt J^> <j,| p+ i j* 

V T 



^_ft V* jJ l £L«LJ^ j JL.^jJl iS l j J i ^JiSlj&j £ i ^5 t £*U (̂ auu 01 *UJ SJbJl a^kiM 

s\&i J AiKJl ^tf ^yai^ ĝ Jt (gradient) JUl S-i& jcaw jdl j (Back- Propagation ) 

. Oljĵ W i ~ J b lia^l JlUJ ^ b t o ol£l J Oj& OIJJSM J J JW Ojj!\ 

a/ 

^—£>Jj <^i \\j jJt^P (^gM^ ^ ^ T) J ^ i i ^J l £ ^ J 6 O j j ^P OjLP if/. C-**-

( Finding the Embedding Dimesionp) ,j.^JxJ> ±xA\ Aau) Y— i — Y 

01 d-—-*■ (Cross-Validation) fj$-i* ^ *Uay j^kd l 0*iJ 4*J J^ai* al£) 0) 

JT oJUĴ r s-iĵ W ^-^J (Validation) Jja3«i' ^*P ; <jjaUajLo ^̂ u-p J,j A-J^U-JJJUJI OUUJ 

J — a d—&&■ r-.il C -w ĵwiJ JJIJ 5JJ^VJ=1 ( Jfc&n^ 4Pj-<^ <ul& ) J^A^cJl lla^ iljlilo ^ 

. P ^Jbull JUuU JL -̂ ju>£ Oj£o JUJUP r 3 j *J l IJLL o M ^ J l l JJW . ( jJfexsJ* 

rv 
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j - r j 4 c J J L J I ŷ> ^ j J i »JL» J n JT £ > o £~^ y ( t - £ )*l£i J s-*y dUi QA *^JU 

(y ( t+ £-1) , ... , y (t+1), y (t) M*** L ^ ^ 1 4JJL« J * cSj'j^Jl j ~ ^ f^3 dj&j 

. y ( t + t ) i Ĵ sJLJ iC jJJ o ^ J U S " 

AU ?x£_**>b y ( t + £) 3ĵ »La Ĵ JJUS i~*a*]l iSLjiJl S-ij^J ^ . j-^tAl j ^ r»l—fo-» 

^ 4-oJ O j & U d ^ j ^ L i l |*u5l AliaJ pJbfcu*j . C/A^JUS" y (t-p) ,..., y (t-2) , y ( M ) 

TA 



Jhjul\ ^ .uU j+&\ ^fl Jj-uaaU k#*e»l\ d\S^l\ ^,1-viu.) 

( £ j j k . ) ^ U ^ J^tuJl ^k- jtk&L> 

r<\ 



^i*JI ĴLaJU JAJJH ^ Jj-uaaU ^u-uaxJl LJISJJJ) fUauun) 

( £ J > L A ) ^ U i l l J*tuJl ^ j l k & U 

<L*ASLA 

j *o^-j JI &ji SjdS" o l ^ r ^si dJUJU . sAa-iJlj ui j j i - l ^J^ J i ^ l ^ jllx»*ifl Ji?yLJ 

j _ « foliu^U 4Jl^LJ* Ukdt j^ip jSol 0} £* ib j 4 ^ y ĵJL4> AjolSb 5ia5LJ^ oLli OLoS" 

O* P j j j i ^ ( j ^ j cft^'j ^ J ^ b J5*~^\j rw-flJJ SJT1 jM ^ b i ^ J^ LS^J^ *b~° j lkOfl oLa 

^ *»y *\ ^>J i k £ Olia^l oJLft fJif J ^ J dJalLJl j lko^l Ol^S" ^o l i l JU-iJl Jj^LJl 

. iSLa ilaflUJl j \k»^\ O U X i J^aiJ oJUJLP O U l y CjjsrJ d l i i T 

( ^ S ^ V - ^ n A ) '—olp r* J ^ 2 J a l L J l jlSxo^l 4P^£ O U I J C J U A L J J3j .ilotfJl 

OyJb*i j ' ^ l t £ *k^J ^^&u* i . l j CE^Vjl J-*^ \jf • L f y ' Oty**> J 3--t j*£ rulai iJlift 

^ *tf j^ip Jj-„a*dJ i*--^*!* OlSL^ l r- i j f i alOA^iU cL^Jl tJA aUpl J? JI& tjtf 

^ U V ™ ^ 1 A ) I—«lp V* OyiJ OUtJ^ ^^Ai UJbts*»-a r-j^ka ^ y 4akd L£J&\ J j j k 

i • 



: jUx&lj '$xu\\ 3jyHM \-T 

4\\\*n\\ t^VikaJl > —\ —r 

u IP 3 a-<a*)l 55LiJl C-JJ,WLJ d J i j (^ ^ V - ^ <WA ) UIP O J ^ I P Oĵ iJ r j ^ > 

Ot—! ( ^ J ^ ^ 5 ^ <jĵ  (hidden layers) & ^ J ^ ^ L a i l Jjilj e~Jl J,) J -^ j^ 1 

dJ—L* <J*>U- 3b£l CJUIJ J * JIJLW li'MS'j (out-puts) O l ^ - y ^ j (in-puts) O ^ J d l 

kjllo c-jyrf ( ^ * V - ^ <WA) ayiU aj"i j * ^ uS"I~*a*Jl 4SL2J! r-bij o U a* . Y 

: 4 y i n t i Y - > - f 

e * 

: JlaStf' \iUU Ŝ wswjl OlSLiJl 

. Y » Y A - Y . Y r - Y . ^ Y 

.Y. Yn-Y»YY-Y. W - Y * U - Y . ♦ I - Y * »£ 

n 



Y. H - Y * n-Y* IO-Y* U-Y« M"-Y» »«-Y* »r 

. t » r » - Y . Y<l-Y* YV-Y* Y o - Y % Y f - Y . Y ^ - Y » Y » -

• f l j^Sl J*A -̂ i*5jp ii*Jl J ^A*LLLO \ » » ^ Jjf A^^jj jlkai . i 

Y» M - Y O »-Y« . H - Y . »A-Y. »V 

fb>ul l Ja»baJl ) m V - M V A S.foH hxh\^\ dUL^\ g*b»i.9 (^) 4 k j j * 

, i l i i i ^ W w - ) H r O > < ^ S - ^ ^ J < ^ U ^ ( ^JSxa^il 

• S H r ^ J ^ ^ j J * - ^ j i ' jJ ' op 5 j L^ 0 HI a -As -A t 

. l£db J \TJSLL« OJ£J L5\Jl Ol̂ x̂iLS Sji&ult OUSjaJl 013 JT ^y>j 

O^—3lJl \—jaj( CJ^O? JLij 2L**a*Jl Ol^LoJ^ p^J^ (3*4^ SlflJj^ ^ J ( t ) ib-ij*" < 

. iJtJi oî aiJU iJoxL\ OUJJSJI ^ ^UXP*^ ^ & AJli diiJJ 

. <L-*a*Jl Ol£L*iJtj _ J U ^ - ^ I ^ i ^ o J ^ OUSjJ JU 2 ^ LS^ (T) ^Hr^ ^ ^ 
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£ji Jt\ JuaiJrt 

•* .. * 
4jj*jSLAfl 4;u)j&Jll S J A A M J c 5 ^ ^ ^ 

n 



£J>jJ> J*oil) 

A J J ^ ^ A H <Lul*iiM S J A A I I J (jjl\ &L-a 

<LASLA ♦ 

Ol£ o JlSi 

Q\ i i fji v*)Ur c ̂ u J l j SJlt^U "Jj l5j j" aJlTj U jJJ IMIIJ^ C ^ ; Jis t L ^ j ^ l Sj^Jl 

c* S'jS' 0\Ss—*> ^ & &\ {j* ^ j ^ " *^^" pd\ J a ^ JJ^vwa ^p <UJiLa 5j^*p t ^ ^ ' 

3 Jc6 c 5—«& J> oLll j * J ^ J J * ^ ^ ' j t * Y o JjJ^. oUl a ^ l ^ jAAi ^ Oybt^> Jfifo 

J L3I * ^ l 1 j U & .i l j ^Jlil i b^aw^ l Oi ZLh~ JA nx *J jJ l life j «UP JUljsil cJLkil 

£-—* J-abctf Aj^ iJ l O W £ l Jaw 0^ A^UJJ d l i i OlTj S<\ % 0 j \^ ^ % ^ I P ^ U ij&\ 

J l Ijiai ifr l j jJl J dLil ^IJbtA^I fljibj l i T j Jbb *̂  j ^ u ^ bJj IJJLA« CJlT j3 \J£ oLll 

cpj 4 b T B (^jlj^l ^ M ^ ' n V & & ^ l i J j l j c 3J\ll j j l j l l 5jbt * J -»J c ̂ \ S U l j f l & l i 

iJ*>l^jl C/jfJbta 01 iwl j jJ l a l i 2̂ >\=M Ols-Uu^t ^ ^ i ^ J . ^ * * j*~h 3MJ) J l 

t£ f j - *J tf ,-*£Ul « ĵ£h L£*L* J^P OlSLJl Mb} jA*a t>w? <y> j iTb CouiJjl l u l l J oUl 

5 j j ftl\ <5j—$ j » t» J,* *JU*5l ^ j i t jbuoi ^ j u * . ^^ JL3-* â P 2JUl ^ j l j l i j*5bJ J,J 

P \ iSj\ 0 \ j % > » h~^> jlbJl J *»JJkJ\ r^^J C ^ J J W j ^ b i ^ b ^JL^j AJli^ ^ j i l ^ U J 0? 

. U j ^ - O j l l ^ i a ^ 4-<ŵ J O ^ j ^ V ♦ • j I J L L * ( j ^ j * i 01 ^So: I ^ O L J ^ I iJlJUkJl i l j l l jbuof 

i j ^ U j ^ l ObrlJ^I wLJ A5lUl ^ JU j l l j ^btlaJi ^ J j j i l j J y S j j ^ ^ u O lS lJ l ^ Jjj-<J 

5 srjJ^b jS' ja J A j \ i \ ^>j^) Ot Tw^ l j i l j . SJlil ^ j l j i l j ^ Jbj i l OLlWj O l l f t j t 0L*J)U 

fcv 



I J\li A&Jil\ Z#?\y JlP OJJLS jg\ ^ 2L*il J j j J l W t djUiJlj ^Laldl J j ^ ' J l i j ^ 1 

i ^ jSM 3^S3l Ol̂ Lo J>^ JJ\Al JUljsJi i^-xi hl*!>\ dUll ^ ! A \̂A-> S^bj CO* Ji5 

j oi j ^ j V ^ * J ' S ûaM wU» ^ r *̂  i j t U$,*.J J J J i ? u y ^ £«*• So^lj £U*J 0 \# r j 

3j r îJt JU» y* V j ^ ^ «JUA*it *Jht j* Oi Jj2J\ J & J A J ^ £ J U ^ J ^ j i j j U:j^ ^JtJLt 

t 1 A*JU ^J? j $ j j j *£ *-*3£l s\J\ ^*Jr i J ^ ^ j l j f *U*Jl j i j J 01* IJL5 < Ol^*Ji 

J j-b\y J & J*^» C J U J ^ Ail < i*$it oJLi fUAJ j ^ t *^*5l AJLP <y^jjJi 

. AJUAJI 5 j ^ \ JA J&JJ JUIP*^1 J J b ^ c&J . * * ^ ^ W ? ^̂ JLt ^JLP J J - ^ M 

AJJJLJI J^LP ^ U I* ^ j ( ^ jSJi c£j3**H J& ) AJiS3i AJlJufeJl Oj^till 

j—.A OUd ^ia^ JJ^P ^ ( t^^yJ! t^jx^dl ^ ) AJjdH 5J*i*i* S^uiSl U) 

f LJjj*jH j l J J ^ ^ I 3^1 c*«*j *1j-*) -̂̂ waSt J\^JJ ÎJUtJl ^ J j ^ - I j P 0\SLJl 

. îJukll JA JPjh\ ^ 3 ^ AJ'*^ f ^ J^ *̂«i*5̂  jbuj\ 

^U5l OU L5i ^ A J AjjJrt AJQ*5\ S J ^ I J US3\ L3\Jjt5( 8j^iJ» 0) 



^ — I P J J HO^I ^ U SjJLdSt O b LykJl O lP j -^1 j y ^^iJl jjfolfluil ^p IjdT Ji? 

IJt&l AJUASI lfxJ&\ fjaAaj J i*uJ\ Jj-Ut JOM TCJ^J a i j . Jl£3l j ^ - ^ 1 * ' ^ t 

ly-*&\ J a j P ^ i r-Uj^l LJ^-i ^ J *^° O b j l j l t J j j k ^P j ^ l .bxU 

*. jfJt- *Q*Jl j i i j j Of £~r h*j&\ 2J\JJ&\ iy^\ Jiljj J J-2JJ JL5 l i t * ĵ 3JU*J» 

J j ^ jJ l £JJj? 5J'JJ»I c i j l i OU*»Lw V̂ JtJU 21oU* <tpUflri] i j ^ J c-Ularj A^sil ^^ 

^*>U j i j & i ULkj c aJtJUiJl s\jL\ j-« JPJ&\ (Jj^^^, f Ufcj*iM j 3-i-jill i£ju~ji X&JJ 

j o OL,; ,J i J j ^ j ' ^ Cs^t^p? j-sfl-oi 4 (^L* L £ J ^ ^'js^. ^ i * ^ d^ ' OUJUl ^Jbj 

J l J ^ J OjJj5l j ^ ^ a * ^Ij^uwl 013 viiiJcTj c iUJl J TUi2& 2jJU#Ji JJS*1 dJ\j 

f j l : -4 \ i &L* i i Sj jkM f ^ J ^ 1 ̂  * W * i * J * M ' ^ ^ O b - L s ^ l ^o % A % 

o i *j*li j c j b j i j !l ^̂ JLP J-^W J-<U*J dUJL5" < *~tj\ J ^ ^ 1 ^y r ^ ' &&\«i2* 

\<\*>\ f\* u j ^ * j ^ 2LSQ*Jl CJUPL*U OjJis d^>- 4J\A*5\ Sj^iiJl JJ&J XJUd& 

. ^ ^ jJ? O^lo 1 jV J ( j £ ^ j * i - i j -° o b j i j J i j t£j&« j t 0 j *U ^ j o ^ j iTL 

J j sfl^ J j ^ * ^ (t^** ^ j ! Ob j I j J l *JL 2L^li-lj <M) JSj Jj-^T O U I J jyZJj 

*\ P ̂  3j3iSl J * ^ j^u*w« wblj? J i i&uiSji**^ 2-*'j jJ' J * * ^ ' (j* ^ J c *J)^J r « ^ ' 

^ i J a J l ^ 4jj^sdl Oij^Wail j | J ^ r l y J l J jJJr l OULJ j y i J US' t ^ H H A J,j ^ ̂  S * 

JA 3jiJl u^.At ^ U ^ l j iJIJUll 5j^ii5l P U J I <UU- S - J J ; : ^ ^ c * j ^ ^ o 4 ^ J ^ " J ^ j ^ b 

O U L . J j k J i 3^lPl j-o j j * ^ c i J ' ^ ' Sj^ciJi f U*jl y*j *}\ t *alj l l IJU& Ji? J j . ^i«J» 

i ^ J k a IJUj . ÎJUil] 0\SLJi ObrL^- l ^ j j T ^ ' jJ^H J-fl^ J «JJ^ ^ U c ^ b ^ 1 ^ ^ s 

: <s*\j^ r Vai*̂ l j i j ia j LJJ#U*J (-P-I^J^J* ^IJaiU ^goll OJLJU OL*»L*OJ Jaia^ *w?j y ^ l 

. l*p^\jj*l\ ^ I j j J l J^pbt^iJ i^?l^ ^'ULAII J ^ ^ I t 3 ^ J i ^ 1 S-Uail S-S*IJJ 

l<\ 



hjjja*l\ i j & l j j l l CfiLuflUJI Jasul &)j*L*l\j CJIJJIJJI 

Olj iUfl i l O b j ^ l i i - j i i i - j i 

Jlfljjj ^JslJaj j j f 5;i ru<3 

i i - j i 

UAYSY * \VV00 i l U A e m v Y U A o r r m . 
•\t\^o^ wr». ^ r r T £ £ Y A £ ^ U U 1 1 V ^<m 
\.Ar.Y UYYYA nnrr oW\»\ Y r £ ^ £ V ><m 
d V £ A \.AYlo mvu A . V . A r n r. v. A . mr 
YVA£^ l A t . o Y'WAV© A^YViV Y o . n n A 1 « m 

££.<*o r£V£A£ n Y A ^ r U A £ M Y YHVoV.> ^<Uo 

«AA«» YV^r<\Y t M A W UVAYrA rvrvArA i « m 

£VA^r U V Y T T Y£YTA> • \ r . A i n Yn£r*OA ^ i v 

YAAo\ U M O A io\^rs u^r^ Y « r A . r v n ^ A 

- O j apj py*& - jj*** j ^ - ^ - ^W*^ 4&UU Ol^cio ) ^ j ^ j 2^p^jSl O^L^l i- l J^JO 

\Ji\^xjij £jji'jj ^j^^j fj*-** - ^ W ^ 4&UJJ o l ^ o ) o b j i j j i ^ ^ j (VA^ t i ^ j ^ j d j j 

. n S A - H ^ * O^siJi yruA\ *rVJ ( W ^ t ^ J 

f j - j -
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pip ^r <JJf V H ^ Y ̂  • o jU i * Olf j**)S yaty j j - i 01 (Y) Jjwbr ^ J a ^ j 

3^_^iJl 01 j soa J C^JJJC]! ASIJJ» JUSJ. liSjftj t H ^ A f IP <u^r citf ^ i ^ • Y Y ♦ 0 

& \—kail JL \̂ J j ^ - i jPl j jJl O U L M J \ J ^kJl S^VPJ J ^ JU*>IB <LAPJ SjuS" cJl j lo SJlJUJt 

. *LUJl j * OlSLJl Ol^L^-1 ^ JJTV' JJLOJ* ^ b J S j j ^ <e*ljjlt 

m A - m % S>&1 Ĵ UL >*tt CJljjLuail liUjljfl 4iuJI 

^mrAn ^o<UUA Y . ^ o o r t m * 
A f o ^ r mnirv ^♦^onro* n<u 
\."mYAA ^ \ { o . 1 mY»V<U m Y 
Av^rt»r n Y ^ . i t ^ »r£Yi*\o m r 
v n i n . YYAnvnn uvvwi m * 
\ov>tsrr u s r r * % w m i r r mo 
W H V i H Y o Y ^ n i A mov.A© mn 
HYAArVi ntYoot UYr^YA m V 
W ^ Y Y . o Y i m v o w r w u M m A 



>^4 , j ^frUff l .a rtbl j f l L J U f i frua. »lt Y - £ 

1 - t - i 

j — a U r &Ly? L*J *}\ J ic ^ i j l ko^ l oU uf 5JJJ*3I OLUJ J-^LO *J\JA j* % ^ 0 

(3i j t J-P i juJ? <&jJ^ W ^ b i ^ o^J*^ ^ ^J**J J* <£^ J l ^ ^ j * ^ ^J** 

a—^bJ1' J ^ *JJ J^J " W ^ n ̂  J ̂  ^ ^ V - A * ^ 
*lll j-» liter LsH Cr^J CJULJI ^IJlol ^.JirJ A ^ l w J-Sl^jj <3jk ftJLpta^ JJ» Jb*̂  

J t J * ^ <^Jtj - i b j Jb ^jJ) ~ iaJfe^ ^ j j l JiU foo^l ^JJS i}Jp \j£j < j ^ J b 

ajg-P ^ U ^ j j b Oijjjs fliaJ jS l i i Jlj*viM j <JjJ&>\ ^y^rj < / ^ b ^ t}j^ ^ ^ 

4 at 0* j ^ j : ^ J ^ T J ^ j atfau (jru i L^U l t j t^ t \ iM Ja-kaJ* - ^ ^ ^ V j * * ^J 

jJ—3? d ^ - iuJl J hjj,\ Splj j l i LvoUl I j j j V t k ^ J l flUll (wJtlj U ^ P j 
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1995 1994 1993 .1992 1991 1990 4*iuJ| 

2510805 2110108 2127649 2090806 2214185 1953980 4^Luu%l\ 

2.279 2.103 2.249 2.209 2.02 2.184 k^03i\ 

5722440 5254030 4785620 4618000 4482000 4267000 £i3tfi 

10831650 10800910 9717915 8634920 9202060 9812000 t̂ fcL l̂ufiU £\1A1\ 

K-jjlOl 

2271474.5 

2.295 

5315418.8 

10255855 
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QAJM\ AJ-UI > ^ > J-ucb jt*Ul Jj*-aa-»J <Lu<uuJl 4J-SAV) 

1995 1994 1993 1992 1991 1990 <u 
128.50% 107.99% 108.89% 107.00% 113.32% 100.00% <bkLuiAJi 

104.35% 96.29% 102.98% 101.14% 92.49% 100.00% k*tatf l 

134.11% 123.13% 112.15% 108.23% 105.04% 100.00% jrUMI 

110.39% 110.08% 99.04% 88.00% 93.78% 100.00% t ^ i u ^ U ^ULJi 

' 1 9 9 9 , 1998 1997 , 1996 fc*4 
98.35% 100.05% 102.73% 100.00% 4^1ULAJI 

112.53% 106.20% 99.24% 100.00% JL îawi 
110.67% 106.24% 101.98% 100.00% gUttl 
99.92% 109.80% 98.52% 100.00% d i i f i u^ ^uuii 

f̂ aiJI JjAAiA 

y = -721.76x4 + 6E+06X3 - 2E+10x2 + 2E+13x - 1E+16 
R2 « 0.7688 
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2021 2016 2011 2006 Alu»!l 

3642563 3383867 3125171 2866475 AALULAJI 

3.753 3.478 3.203 2.928 h±m\ 
11655403 10459180 9262956 8066733 £Uitt! 
16280484 15143762 14007039 12870316 t&£iuSU £\1A1\ 
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1400154 1377877 1282487 1215204 1100203 1036966 4ALUIA!! 

3.42 3.326 3.244 3.217 3.133 3.054 Jb^UW! 
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1995 1994 1993 1992 1991 1990 ' -■ ■ : UuJi 

135.02% 132.88% 123.68% 117.19% 106.10% 100.00% <U.luuJI 

111.98% 108.91% 106.22% 105.34% 102.59% 100.00% <*mi\ 
151.20% 144.69% 131.36% 122.84% 108.86% 100.00% jrlottl 

149.89% 140.35% 130.09% 121.84% 104.69% 100.00% <*WL$2u5U ̂ H*JI 

1999 1998 1997 1996 <UI 
110.82% 87.07% 110.16% 100.00% <<JXLULAJI 

107.12% 104.34% 101.55% 100.00% 3JA\2X) 

118.71% 90.83% 111.85% 100.00% £l3MI 

115.40% 112.90% 110.41% 100.00% abl^jLuai ^ Q A I I 
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1.5 I 1 j 
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^ q j i ^ u j j * ^ l (JJ^.O^<\J j^Hil 

2021 2016 2011 2006 ^•|rJ,H 

2542615 2311060 2079505 1847949 4ALULA1I 

5.303 4.939 4.576 4.213 -LfcUMI 

11089021 9839868 8590716 7341564 £t5WI 

10384225 9231307 8078390 6925473 <&l$lu£U £UA 
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jJuu* 4-lrtlui 6 J j Jjirfl^ ^ 

1995 1994 1993 1992 1991 1990 .*. . " , ;- ^ > 
2078668 2056867 1913234 1964952 2066935 1975400 4j*luL4JI 

2.491 2.460 2.583 2.579 2.48 2.227 ^LviiWI 
5178130 5060770 4943410 5069200 5122000 4400000 %pi\ 
7736890 7190265 6643640 6513000 6224060 6360000 libl^luiU ^U*II 

Jawjlili 

1903579 
2.73 

5137703 
7682561 

1999 1998 1997 1996 4aui]| 

1560957 1697552 1636014 2085213 Ajkluuill 

3.332 3.206 3.146 2.793 *j*Uttl 

5201109 5430586 5147059 5824770 jrtfttl 

10589750 9118020 8358750 8091230 ^sl̂ iu ĵU £ll»]| 

QiLjti\ 5jLu( M ^ % jSJc-li (j*$ny§ <U»lu*il Sj i l l Jj^aa-*! <UuaJJl •Lafe'tfl 

1995 : 1994 1993 .. 1992 ..;. 19.91 1990 
105.23% 104.12% 96.85% 99.47% 104.63% 100.00% AAlutaJj 

111.85% 110.48% 115.99% 115.81% 111.36% 100.00% Aĵ UJVI 

117.68% 115.02% 112.35% 115.21% 116.41% 100.00% G ^ l 
121.65% 113.05% 104.46% 102.41% 97.86% 100.00% (ifc^iuiU c»ui 

1999 -1998 -1997 1996 \ . \ ■ : * ! ! » 

74.86% 81.41% 78.46% 100.00% <ALLUA!1 

119.30% 114.79% 112.64% 100.00% iaoaMi 
89.29% 93.23% 88.37% 100.00% £ttMt 
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JLU-sajl 4-LaLaul O j i l l (JJ t^'"s-- r t* j j n n 

2021 2016 - 2011 2006 4i*J| 

711461.4 936389.3 1161317 1386245 AALUUJJI 

5.70458 5.14329 4.582 4.02071 4ja>Q?il 

48980175 41582039 34183904 26785768 fcLWI 
19317444 17122183 14926922 12731661 <ibL£Lu<5U £ ^ 1 
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jfUull j a a j Jjno^ft 

1995 1994 1993 *;.VfW? :'k«*19dl 1990 O J i 

50051 42197 39936 38437 48980 34082 AALUMJJ 

18.379 19.54 19.896 19.356 22.6 16.86 k&a*i\ 
919930 824510 794550 744000 1106000 574750 jrUWI 

^ - * ifejjitfLiii 

60057.3 
18.982 

1145915 

;: 1999 1998 C1997 1996 • . ._ ■ 'JLLJl 

128404 103775 63898 50813 AALUIAI] 

19.934 18.803 17.888 16.562 JLJ^UM! 

2559605 1951241 1143020 841540 gUMI 

(^jiLyfifl 4iuu \^ ^ » J L U P L j£-uJt J^i J j^a^o ] 4 J U « M | *LLO&^| 

1995 1994 1993 1992 •- 1991 1990 .&J 
146.85% 123.81% 117.18% 112.78% 143.71% 100.00% AALULAJ! 

109.01% 115.90% 118.01% 114.80% 134.05% 100.00% 

160.06% 143.46% 138.24% 129.45% 192.43% 100.00% jrUttl 

1999 1998 1997 1996 Aluiij} 

252.70% 204.23% 125.75% 100.00% A*LMA1\ 
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y = -35.38x4 + 282623x3 - 8E+08x2 + 1E+12x - 6E+14 
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j luJl Jtij Jj-^XA 

• * i o 
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jfLuil! j \ *n (jj>^-»%,^i j jH i l 

2021 2016 2011 2006 ' feull 

284946.4 242514.5 200082.6 157650.7 4a.LuMJ| 
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5323579 4535340 3747102 2958863 £t2J*| 
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j&uJI uxuaS JJ^OAA 

1995 1994 1993 1992 1991 1990 AJuuJI 

306354 300737 278127 270606 263085 262990 4J,LOAJ| 

46.04 45.959 44.626 43.258 42.17 42.19 *Lu>tf#l 

14104770 13821840 12411820 11706000 11095000 11095300 jrUttl 

JauijLi}\ 

287133.2 
45.687 
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1999 1998 1997 1996 ■ Alud\ 

307221 291336 291020 299856 4*X*MA1\ 

49.65 49.265 47.164 46.55 SjaASNI 

15253621 14352780 13725525 13958410 fctiWI 

JJJJUOIVI 4lui H I • jLuC-U j luJ I (_Luaa JJ . I«T \ i\I AjjUjjill AoAfc'j?! 

1995 1994 ,1993 1992 1991 1990 "■ '- - ;-.--." _-*iuJI 

116.49% 114.35% 105.76% 102.90% 100.04% 100.00% 4^LUA1| 

109.13% 108.93% 105.77% 102.53% 99.95% 100.00% Sjalitti 

127.12% 124.57% 111.87% 105.50% 100.00% 100.00% £l3ttl 

1999 1998 1997 1996 ... ' ; * ^ i 
102.46% 97.16% 97.05% 100.00% AjkLubti) 

106.66% 105.83% 101.32% 100.00% ^ t f f t l 

109.28% 102.83% 98.33% 100.00% gtiWI 

jLuJI i_u-aa Jji/i.-v.rt 

.-? 
y = 171.98X4 - 1E+06x3 + 4E+09x2 - 5E+12x + 3E+15 

R2 = 0.9604 
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j<uail\ (_Ud& j ^ u a a - f t 

310000 

300000 

290000 

3 280000 

27DO0O 

260000 

250000 

y = 171.98x4 - 1E+06X3 + 4E+09xz - 5E+12x + 3E+15 
Rz = 0.9604 

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 

j&uil\ uu^aS J ^ o ^ - 4 

18000000 
16000000 
14000000 
12000000 

* 10000000 a 
U 8000000 

6000000 
4000000 
2000000 

0 

y = 9307x4 - 7E+07X3 + 2E+11x? - 3E+14x + 1E+-17 
R2 = 0.9643 

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 

80 



^)SjJlll ^ \i^*A jJjks\-\A\ j^Jdll 

2021 2016 2011 2006 iluJI 
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25238060 22957767 20677474 18397181 %ym\ 



j * J cM^ Jj^x» 

1995 1994 1993 1992 1991 1990 HA 
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JagiJ&»]| 
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0 0 0 0 a ^ 2 u ^ ^ I I A I I 

O-ILUIVI i iu i 1 H • j l f k l j J*JB CM J j ' ^^ r t ! 4JAUU1| ^OAA^I 

1995 1994 1993 1992 1991 1990 ' - ; * liyiS 

71.52% 72.65% 89.05% 84.59% 85.70% 100.00% AAIULJI 

106.88% 111.86% 145.43% 133.57% 111.03% 100.00% 4 j * l i t t i 

76.40% 81.20% 129.37% 112.97% 95.06% 100.00% gl5»l 
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% <&1$JM5U £114 

1999 v 1998 1997 1996 , 4 1 4 
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97.87% 127.18% 108.62% 100.00% ha!u2t\ 
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0.00% 0.00% 0.00% 0.00% ^ifc^^J^LUJt 

j * j CM Jj"1** 

J 
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> J L > ^ <J>-aa^ 
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j A j (jiaS yjn/TNrtt Jf^M 

2021 2016 2011 2006 412I 
-587897 -335425 -82952.8 169519.1 4AL*AJI 
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-783876 -507523 -231171 45181.88 glStfl 

0 0 0 0 d!%iu5U £\1»1\ 
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^_^ i j-ojl l iUvLJl ^j^iJ dJJij J^LU Ji^S'l o j L o ^ l 01 CwJI J5 <W<A*^ o\SL*iJl UJJLJI 

J j^a^ l ^ j j j AU5( ĵ̂ flJ AjJUl&Jl C - J U I ^ I AlJjnx^b gp- J UUi Y jY A f j ^ 0 ^ jJLi jU iu 

j «? £UJl plSjVt ^*3 l j JlS"jj If OUi OjJ.0 JA j&\ cijUb OUi V11 n ^ Y o C^w?j1 

Ao 



£LA&]| JJMSLXA 

dfctfW*] j;li»JI jrUjyi *■ * ' 
■LiUuaJi aui ^ U a > l A < \,^rL Sj^ifo ^ U a a J 4..I E-w^P* " ̂  V * ^Ua^l Aw,jfc\ i^ii*| yjluial A \ i.^if^ 4nSj*ii 

aui 

11506249 11945669 6631265 6570118 2.598 2.704 2556040 2427895 2000 
11888046 11934310 7123062 6802557 2.689 2.833 2585201 2400085 2001 
12146961 12348130 6563286 7038434 2.746 2.982 2655277 2360291 2002 
12179139 12535859 6554813 7270798 2.831 3.047 2695748 2385985 2003 
12278850 12937476 6179377 7503736 2.925 3.156 2724601 2377416 2004 
12543163 13113976 6702619 7737246 2.979 3.298 2722444 2345899 2005 
12822869 13509164 7561933 7970407 3.047 3.383 2785311 2355895 2006 
13057279 13904361 7570020 8203573 3.120 3.483 2834990 2354924 2007 
13199785 14061360 7547548 8436816 3.172 3.616 2897829 2332986 2008 
13550548 14213160 7289969 8670028 3.237 3.714 2945213 2334875 2009 
13661554 14360056 8062179 8903235 3.325 3.812 2968800 2335482 2010 
13849650 14977789 9000641 9136451 3.391 3.937 3011088 2320567 2011 
14071109 14872484 8590981 9369665 3.460 4.042 3050549 2317986 2012 
14319422 15004495 9082434 9602877 3.524 4.141 3096089 2318654 2013 
14547365 15368890 9037973 9836090 3.590 4.26 3144285 2308896 2014 
14750389 15491237 10039371 10069304 3.660 4.369 3192765 2304618 2015 
14953872 15376891 12591403 10302517 3.729 4.47 3232084 2304718 2016 
15166188 15724970 13510616 10535730 3.798 4.584 3272539 2297930 2017 
15383872 15833668 14560736 10768943 3.869 4.695 3312639 2292957 2018 
15586038 16179641 14265845 11002156 3.937 4.798 3356366 2292964 2019 
15817002 16283143 15346533 11235369 4.003 4.907 3402566 2286861 2020 
16034253 16621133 20770329 11468582 4.072 5.023 3446125 2283153 2021 

1.89899E+12 2.1064E+12 1.45E+13 2.29E+12 0.202285 0.50196854 7.6403E+10 1524907239 &t£» 
63467.17222 207661.888 1874961 465.1548 0.010517 0.01256474 13147.8085 12258.6528 ^ U J I fLkiJ! 
0.997979832 0.98050214 0.768551 1 0.999479 0.99970047 0.9978452 0.906146 R2 
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(jfycS JjV) Ĵ -â a 

ot^iu^^UAli Et3J)fl ! .l&toty UUi UJI 
^LAAS *Lu>wa& *ULui ^lua^E .̂nnflft 4&Jj ^U^i 'in̂ if- «£±ui y ^ l A 1 4i^p. 

UJI 
5976029 5340065 5842581 5777349 3.777 3.798 1570083 1571059 2000 
6261856 5406359 6092412 5754378 3.850 3.838 1616394 1481460 2001 
6547683 6121286 6342242 6510321 3.922 3.993 1662705 1638775 2002 
6833510 6272914 6592073 6668590 3.995 4.076 1709016 1673300 2003 
7119337 6467205 6841903 6844367 4.068 4.166 1755327 1695036 2004 
7405164 6946972 7091734 7345890 4.140 4.274 1801638 1754821 2005 
7690991 7203565 7341564 7599088 4.213 4.371 1847949 1768561 2006 
7976818 7460341 7591394 7853530 4.286 4.466 1894260 1774804 2007 
8262645 7840083 7841225 8245993 4.358 4.576 1940572 1797984 2008 
8548472 8134345 8091055 8537588 4.431 4.684 1986883 1819252 2009 
8834299 8420980 8340886 8826067 4.504 4.788 2033194 1830707 2010 
9120126 8759649 8590716 9172809 4.576 4.902 2079505 1867664 2011 
9405953 9066497 8840547 9479156 4.649 5.019 2125816 1887807 2012 
9691780 9367040 9090377 9782526 4.721 5.132 2172127 1899913 2013 
9977607 9689278 9340208 10110395 4.794 5.252 2218438 1911860 2014 
10263434 9999977 9590038 10422230 4.867 5.377 2264749 1935536 2015 
10549261 10306840 9839868 10732111 4.939 5.5 2311060 1952571 2016 
10835088 10622629 10089699 11052259 5.012 5.627 2357371 1969081 2017 
11120915 10934351 10339529 11366083 5.085 5.761 2403682 1973196 2018 
11406742 11244022 10589360 11678800 5.157 5.849 2449993 1989665 2019 
11692569 11557320 10839190 11995807 5.230 5.987 2496304 2008254 2020 
11978396 11869234 11089021 12310333 5.303 6.095 2542615 2011179 2021 
3.44E+12 4.12E+12 2.63E+12 4.19E+12 0.222547 0.517165 9.Q4E+10 2.16E+10 &V& 
0.624773 70834.84 0.725744J 80400.12 #DIV/0! 0.037418 0.131844 39815.56 y-UM »UaiJI 

1 0.998841 l) 0.998532 1 0.997422 1 0.930138 R2 
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j&juJl J*^i j}j*rt\A 

£^. kaUW laUwll iluJl ^Uaal 4j>Lw3& flXi IVI yjU^I <Lii*o& *L&iui ŷLuail A fu^ts A ̂  ̂  yj 
iluJl 

2012977 2919622 18.401 20.573 106732 141973 2000 
2207491 3567462 17.603 21.352 118476 167114 2001 
2525596 4092858 17.914 22.408 134046 182728 2002 
2800977 4309649 17.817 23.194 148399 185847 2003 
3081218 4947335 17.921 23.93 162520 206779 2004 
3347781 5589773 18.111 24.9 175661 224580 2005 
3595969 5908392 18.175 25.769 188132 229593 2006 
3760671 6549765 17.798 26.521 197420 247191 2007 
3888019 7289195 17.516 27.419 204757 265950 2008 
4107323 7730837 17.371 28.319 216763 273065 2009 
4447459 8384965 17.556 29.107 233406 288215 2010 
4674702 9108954 17.577 29.96 245036 307072 2011 
4882414 9753854 17.450 30.859 256006 316200 2012 
5093557 10410753 17.357 31.682 267077 329705 2013 
5305472 11297896 17.231 32.515 278275 348116 2014 
5524045 11948539 17.114 33.34 289805 358993 2015 
5752847 12698759 17.046 34.222 301734 371522 2016 
5994268 13645865 17.035 35.076 314152 389196 2017 
6232387 14409567 16.993 35.904 326439 401477 2018 
6450806 15198355 16.911 36.768 337816 413545 2019 
6658783 16195348 16.793 37.631 348832 430337 2020 
6884422 17058987 16.707 38.467 360624 443703 2021 
2.22E+12 1.89E+13 0.218947 30.54116 6.01 E+09 8.29E+09 am 
59085.28 452705.4 0.185633 0.04624 2648.913 3428.533 cr«USJI *UaiJI 

0.998503 0.989654 0.850107 0.999933 0.998887 0.99865 R2 
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J***M J^j j J>^aa-* 
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<jiai]| S jbj i}j*&x* 

&k£uj&£p*i\ zm\ k*m\ k*LuiA& UuA\ 
(JUax\ 2 j iya& 4&JUJi cr31*^1 4jjj^a£. 2,,fl lUrtt y j L ^ i "JiiVlF- A ft 11 * ^Uax\ *l ,| HifTf- *ULLUI 

UuA\ 

836096 979811 1.101 1.201 708921 842862 2000 
826422 234488 1.083 0,643 709773 602802 2001 
801931 449581 1.066 1.108 692017 453848 2002 
805616 1024960 1.082 1.306 673618 807590 2003 
856995 470857 1.135 0,576 669514 850586 2004 
839879 426010 1.143 1.162 634380 401033 2005 
793389 1063516 1.131 1.661 585640 591048 2006 
785376 756122 1.121 0.936 578603 839815 2007 
785908 429627 1.120 1.31 574735 300369 2008 
813894 994173 1.163 1.828 569060 414852 2009 
793884 959074 1.156 1.039 537288 939059 2010 
791363 494375 1.169 1.301 514831 361900 2011 
788068 904181 1.179 2.005 495061 214278 2012 
779261 1087553 1.183 1.18 475644 949412 2013 
768838 626013 1.184 0.362 456684 1132492 2014 
769704 865774 1.194 1.009 442245 881456 2015 
772230 1200495 1.206 1.568 426849 772100 2016 
768047 818767 1.217 0.63 405107 1107669 2017 
761464 903229 1.224 0.641 383377 1171878 2018 
753545 1314970 1.227 1.796 363490 708513 2019 
751551 1058445 * 1.237 1.341 346893 811630 2020 
747447 964347 1.244 0.603 328888 1249925 2021 

8.88E+08 8.52E+10 0.002804 0.203441 1.51E+10 8.74E+10 £>*& 
14791.87 256079,8 0.014144 0.462112 9703JQ8 270432.6 ^JJ&i] f-UaiJl 

1 0.765421 0.266878 0.932037 0.000305 0.994062 0.203457 R2 
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jSLuJI UIA-OS Jĵ ureaa-a 

EUJjfi 1 hai&i\ 3AL 

106732 

-L4JI liuJ! ,JL^>A1| 4jiua£- A£xJu ^Lail 
50.287 

3AL 

106732 311525 
311966 

liuJ! 

2012977 15497450 18.401 50.287 

3AL 

106732 311525 
311966 

2000 
2001 2207491 15784603 17.603 50.602 118476 

311525 
311966 

2000 
2001 

2525596 16786246 17.914 51.982 134046 322889 2002 
2800977 17404121 17.817 52.913 148399 330133 2003 
3081218 17814392 17.921 53.597 162520 332273 2004 
3347781 18530364 18.111 54.633 175661 340099 2005 
3595969 19370786 18.175 55.59 188132 348046 2006 
3760671 19814619 17.798 56.424 197420 351933 2007 
3888019 20462574 17.516 57.364 204757 358204 2008 
4107323 21249059 17.371 58.304 216763 365875 2009 
4447459 21949060 17.556 59.194 233406 371021 2010 
4674702 22616391 17.577 60.111 245036 376720 2011 
4882414 23372466 17.450 ! 61.037 256006 383856 2012 
5093557 24214733 17.357 61.945 267077 389729 2013 
5305472 24827816 17.231 62.859 278275 395362 2014 
5524045 25548406 17.114 63.778 289805 402027 2015 
5752847 26356832 17.046 64.692 301734 408233 2016 
5994268 27121106 17.035 65.606 314152 413994 2017 
6232387 27753914 16.993 66.522 326439 420348 2018 
6450806 28716950 16.911 67.437 337816 426653 2019 
6658783 29550400 16.793 68.352 348832 432572 2020 
6884422 30381844 16.707 69.267 

35.30875 
0.10636 

360624 433876 2021 
2.22EH2 2.12E+13 0.218947 

69.267 
35.30875 
0.10636 

I 6.01 E+09 1.57E+09 OJU U I I 
59085.28 225289.2 0.185633 

69.267 
35.30875 
0.10636 2648.913 1617.564 ̂ U J I f Ua^Jt I 

0.998503 0.997725 0.850107 I 0.999695 0.998887 0.998413 R2 
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Y * Y ^ j - Y ♦ ̂  ^ 5ja8i J ^ AiuJ\ SjU^ii J*^\£i <>■ JS3 U* 
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(2021-2001) 

^jjl^j" iU> <̂ Jl 

6570118 2.704 2000 

6802557 2.833 18.41 2001 

7038434 2.982 18.65 889.8 2002 
7270798 3.047 18.90 902.1 2003 
7503736 3.156 19.03 904.7 2004 
7737246 3.298 19.12 924.6 2005 
7970407 3.383 19.29 930.5 2006 
8203573 3.483 19.38 933.5 2007 
8436816 3.616 19.50 951.5 2008 
8670028 3.714 19.72 959.4 2009 
8903235 3.812 19.85 963.1 2010 
9136451 3.937 19.99 979.5 2011 
9369665 4.042 20.13 989.0 2012 
9602877 4.141 20.28 993.5 2013 
9836090 4.260 20.39 1008.7 2014 
10069304 4.369 20.54 1019.3 2015 
10302517 4.470 20.69 1024.8 2016 
10535730 4.584 20.76 1039.0 2017 
10768943 4.695 20.88 1050.4 2018 
11002156 4.798 20.96 1056.9 2019 
11235369 4.907 21.05 1070.4 2020 
11468582 5.023 21.11 1082.4 2021 

99 



Ti-oJill J J * A 4 

XuJl 

11945669 2427895 2000 
11934310 2400085 2001 
12348130 2360291 2002 
12535859 2385985 2003 
12937476 2377416 2004 
13113976 2345899 2005 
13509164 2355895 2006 
13904361 2354924 2007 
14061360 2332986 2008 
14213160 2334875 2009 
14360056 2335482 2010 
14977789 2320567 2011 
14872484 2317986 2012 
15004495 2318654 2013 
15368890 2308896 2014 
15491237 2304618 2015 
15376891 2304718 2016 
15724970 2297930 2017 

— 15833668 2292957 
2292964 

2018 
2019 

— 
16179641 

2292957 
2292964 

2018 
2019 

16283143 2286861 2020 
16621133 2283153 2021 
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ruoJlJi J J - A £ 

2010 2009 2008 2007 2006 2005 2004 2003 2002 JJ*\ 

302.7 301.9 300.3 296.5 295.9 294.7 290.5 289.9 287.3 JL^. 

3.3 3.3 3.2 3.1 3.1 3 2.9 2.9 2.8 C-Jt-Ji **^-

261.7 260.4 257.7 251.4 25.3 248.3 241.4 240.4 236.2 o^L 

81.2 81 85.4 79 78.8 78.3 76.8 76.6 75.6 ^ j U ; 

46.3 46.4 45.9 44.7 44.5 44.1 42.9 42.7 41.9 ^A, iLc 

145.7 145 143.5 140.1 139.5 138.4 134.6 134.1 131.8 (_^jU^ JU V 

22.5 22.4 22.1 21.6 21.5 21.7 20.8 20.7 20.3 C->Lu** 

96.2 95.7 94.7 92.4 92 91.3 88.8 88.5 86.9 l w i j j U i » 

274.35 274.35 274.35 274.35 274.35 274.35 274.35 274.35 274.35 J^ u^ 

2019 
321T 

2018 2017 2016 2015 
314.1 

2014 
312 

2013 
T08.9~ 

2012 
308 

2011 
306.1 JU-P 

2019 
321T 320.2 318 315.2 

2015 
314.1 

2014 
312 

2013 
T08.9~ 

2012 
308 

2011 
306.1 JU-P 

3.4 3.9 3.8 3.7 3.7 3.6 3.5 3.5 3.4 C ^ t j l y*J>-

293.8 291.6 287.7 282.9 281 277.4 272.2 270.6 267.4 o ^ l 

88.3 87.8 87 85.9 85.5 84.7 83.6 83.2 82.5 ijj\Z 

52.8 52.4 51.6 50.7 50.3 49.6 48.6 48.3 47.7 iJJ^j }{£" 

163.5 162.3 160.1 157.4 156.4 154.4 151.5 150.6 148.8 <jjl*S ^ 

25.5 25.3 24.9 24.5 24.3 24 23.5 23.3 23.1 o'JLw* 

108.2 107.4 105.9 104.1 103.4 1002 100.1 99.5 98.3 !^JljjW2^> 

274.35 274.35 274.35 274.35 274.35 274.35 274.35 274.35 274.35 J^ Cr^ 
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I JJ*A£ 

2021 2020 JJ*-1 

326.3 324.1 
__ 

Ju^ 326.3 324.1 
__ 

O u l J*>-

302.3 298.3 oVi 

90.2 88.3 isj& 

54.5 53.7 C_ ĴLL s\sr 

168.4 166.1 <^jL«S" JIC° 

26.3 25.9 o>lJ-w» 

111.5 109.9 eJujL^a 

274.35 274.35 
t y u ^ 
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2021-2000 

< r ^ ' v-̂ V1 (<U^>r) tJlJlXj ALf^ ii*-Jl 

5263297 3.463 930.9 24.30 2000 
5373281 3.277 963.1 24.59 2001 
5469256 3.146 961.7 25.59 2002 
5541555 3.080 983.6 25.80 2003 
5636632 3.128 1013.9 26.09 2004 
5734447 3.54 1015.4 26.77 2005 
5815598 3.240 1038.3 27.30 2006 
5904418 3.233 1068.9 27.59 2007 
5999937 3.202 1096 28.27 2008 
6086548 
6173787 

3.177 1127.1 
— {X7^j-

28.80 
~" 29.09 ~~ 

2009 
2010 

6266584 3.186 1131.9 29.77 2011 
6355796 3.198 1156.9 30.28 2012 
6443362 3.202 1188.5 30.57 2013 
6534246 3.199 1195 31.26 2014 
6624332 3.193 1221.2 31.75 2015 
6712670 3.190 1253.4 32.74 2016 
6802534 3.191 1261.6 32.74 2017 
6892689 3.193 1289 33.25 2018 
6981665 3.194 1321.9 

1331.9 
33.68 
34.23 

2019 
' 7071120 3.195 

1321.9 
1331.9 

33.68 
34.23 2020 

7161084 3.194 1360.6 34.75 2021 
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2021-2000 

ib^MJ j-bli A>-[~A\ 3_uJl 

10985659 1519866 2000 
11645411 1589695 2001 
13082756 1638479 2002 
13601589 1699206 2003 
14186942 1721992 2004 
15573469 1779900 2005 
16205887 1794937 2006 
16740361 

1794937 
2007 

18064589 1873809 2008 
18798466 1915816 2009 
19303352 1943887 2010 
20558228 1966912 2011 
21379698 1987428 2012 
21873639 2012292 2013 
23056134 2042590 2014 
23950339 2074642 2015 
24449060 2104285 

2331787 
2016 

25559423 
2104285 
2331787 2017 

26511415 2158687 2018 
27027639 2185868 2019 
28068837 2213183 2020 
29064138 2262042 2021 
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2021-2000 

2009 2008 2007 2006 2005 2004 2003 2002 2001 
377.8 365.2 362.7 

373" 
350 346.3 343.1 336.5 331.9 332 Ju^ 

3.5 3.4 
362.7 

373" 3.1 2.9 2.9 
336.5 

2.6 2.6 O u ' v > 

220.8 216.8 216.3 211.3 207.5 207.2 202.3 198.7 198.9 o ^ l 

115.5 112.4 111.9 108 105.1 107.9 101.1 98.4 98 iSpt 

62 60.6 60.4 58.5 57.2 57.1 55.3 54.1 54.1 ,JJLL ^br 

195.4 191 190.4 184.8 181.6 180.3 174.7 170.7 171 c_£jUjf ^U° 

34.1 32.8 32.6 31 29.7 29.7 28.1 27 27.1 C J ' W L * ^ * 

92 89.7 89.4 86 84.3 84.2 81.4 79.4 79.5 L_JlJ jUS2>> 

438.5 438.5 438.5 438.5 438.5 438.5 438.5 438.5 438.5 tj^ LX^ 

2018 2017 2016 2015 2014 2013 2012 2011 2010 
426.5 418.5 415.6 408 400.1 399.4 388.8 382 381.4 Ju* 

5.3 5.2 4.9 4.6 4.4 4.3 4 3.8 3.8 o-'Lii i*>-

252.7 247.9 246.5 241.3 237 231 230.8 226. 
7 

225.9 o V l 

141.8 138 136.8 132.4 128.8 127.9 123.6 120.2 119.6 g;_,U; 

74.2 72.4 71.9 69.8 68.2 67.8 65.8 64.2 63.9 ^ a L i l c 

23.7 225.8 224.3 218.4 213.6 212.4 206.6 202 201.1 ^ j U - S " iLc* 

46.2 44.4 43.8 41.7 40.1 39.7 37.7 36.2 35.9 ■ C-^lJuy8 

111.4 108.6 107.7 104.5 101.8 101.2 98 95.3 95.1 ^Jtuj\*a^ 

438.5 438.5 438.5 438.5 438.5 438.5 438.5 438.5 438.5 J1* U^ 
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2021 2020 2019 
448.1 438.1 433 Ju* 

6.1 5.8 5.7 OJUI J*>-

263.7 259.2 257.6 oVl 

152 147.9 146.5 c^jU; 

78.9 77 76.4 (_£JlL jilir1 

243.5 238.4 236.6 ^ j U - 5 ^ i U -

51.3 49.2 48.5 olJL** 

118.9 115.7 114.8 t_jlJjlv2» 

438.5 438.5 438.5 U ^ O ^ 
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2021-2000 

£ ^ i V^l ^ J l ^ j aL,> 4̂ Jl 

5777349 3.798 1030.8 2000 
5754378 3.888 1110.8 3.81 2001 
6510321 3.993 1113.9 3.90 2002 
6668590 4.076 1134.1 4.02 2003 
6844367 4.166 1150.7 4.11 2004 
7345890 4.274 1157.1 4.18 2005 
7599088 4.371 1175 4.31 2006 
7853530 4.466 1192 4.41 2007 
8245993 
8537588 

4.576 1201.2 4.49 2008 8245993 
8537588 4.684 1217.9 4.62 2009 
8826067 4.788 1235.2 4.73 2010 
9172809 4.902 1246.5 4.81 2011 
9479156 5.019 1262.6 4.95 

5.07 
2012 
2013 9782526 5.132 1280.1 

4.95 
5.07 

2012 
2013 

10110395 5.252 1293.1 5.16 2014 
10422230 5.377 1309.1 5.31 2015 
10732111 5.500 1326.8 5.44 2016 
11052259 5.627 1341.1 5.54 2017 
11366083 57761 ' 1357.7 5.69 2018 
11678800 5.849 1377.5 5.84 2019 
11995807 5.987 1398.3 5.95 2020 
12310333 6.095 1409.5 6.10 2021 
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2021-2000 

ib^->U j-lit 4r>-L*J.I 4JU~Jl 

5340065 1571059 2000 
5406359 14 81460 2001 
6121286 1638775 2002 
6272914 1673300 2003 
6467205 1695036 2004 
6946972 1754821 2005 
7203565 1768561 2006 
7460341 1774804 2007 
7840083 1797984 2008 
8134345 1819252 2009 
8420980 1830707 2010 
8759649 1867664 2011 
9066497 1887807 2012 
9367040 1899913 2013 
9689278 1911860 2014 
9999977 1935536 2015 
10306840 1952571 2016 
10622629 1969081 2017 
10934351 1973196 2018 
11244022 1989665 2019 
11557320 2008254 2020 
11869234 2011179 2021 
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2021-2001 

2009 2008 2007 2006 2005 2004 2003 2002 2001 
388.1 376.8 366 354.6 340.2 332.6 322 306.7 306.4 JL-P J ^ 

32.9 32.8 32.7 32.6 1 3 2 5 32.4 32.3 32.1 32.1 O u t ^p~ j^pr ' 

384.9 381.7 379.9 376.7 373.3 372 268.9 365 364.4 oVT j ^ 

122.3 V22A^ 122 121.8 121.6 121.5 121.3 121 121 (J.\JS jj*\ 

23.6 23.5 23.5 23.4 23.3 23.3 23.2 23 ^ - L£-UJ - JU- jy>r\ 

107.8 107.5 107.3 107 106.7 106.6 106.3 105.9 105.9 (_f j U - S ' iU^ jf*\ 

60.5 60.3 60.2 60.1 59.9 59.8 59.7 59.4 - ^ - H C-HJuj^* j t S - l 

100.5 100.2 100 99.7 99.4 99.2 98.9 98.5 98.5 U ' J j ' - A " j *>-' 

853.8 853.8 853.8 853.8 853.8 853.8 853.8 853.8 853.8 ^ ' U J&A jj^r\ 

2017 2016 2015 2014 2013 2012 2011 2010 
475.3 462.7 449 438.3 427.2 415.8 406.5 397.5 Jl*P jyJ 

33.8 33.7 33.6 33.5 33.4 33.4 33.1 33.1 o U ^ j ^ 

409 406.2 402.7 399.6 397 393.3 390.5 388.3 oVT j ^ \ 

123.8 123.6 123.4 123.2 123.1 122.8 ! 122.6 122.5 ij j\JS j_*>4 

24.4 24.3 24.2 24.1 24 23.9 I 23.8 23.7 (^.LL i b^ J:>^\ 

110 109.7 109.4 109.1 108.9 108.6 308.3 108.1 ijjl*S alx- jy*\ 

61.7 61.6 61.4 61.2 61.1 60.9 60.8 60.7 Ol_L—« J L>r\ 

102.8 102.5 102.2 101.9 TouT 101.3 101 100.8 t J U j L ^ i * jyr\ 

853.8 853.8 853.8 853.8 853.8 853.8 853.8 853.8 <J^ Cr^ j ^ 
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2021-2001 

2021 2020 2019 2018 
525.8 516.9 498.2 486.6 J U P J ^ 

34.4 34.1 34.1 34 tjuljl »*>- j »>■' 

422.5 420.3 416.2 412.3 oV< j ^ \ 

124.6 124.5 124.2 124 </_jU; JJ>-\ 

24.7 24.7 24.6 24.2 iS^h jlfJ jy?) 

111.2 111 110.6 110.3 t^ j L - T sKsT jyr* 

62.4 62.3 62.1 61.9 o'-U~» j>>^ 

104.1 103.9 103.5 103.1 ^JU^UA* jjy^ 

853.8 853.8 853.8 853.8 *̂u ̂  jr,\ 
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(2021-2000) 

c^V1 v^i cJjlSoJi AL& 4̂ *Jl 

979811 1.201 2000 
234488 0.643 1308 6.73 2001 
449581 1.108 1412 6.75 2002 
1024960 1.306 1541.3 7.02 2003 
470857 0.576 1610 7.34 2004 
426010 1.162 1695.5 7.58 2005 
1063516 1.661 1730.2 7.63 2006 
756122 0.936 1802.7 7.88 2007 
429627 1.310 1898.9 8.12 2008 
994173 1.828 1949.5 8.25 2009 
959074 1.039 2G03.2 8.47 2010 
494375 1.301 2097.9 8.71 2011 
904181 2.005 2175.8 8.89 2012 
1087553 1.180 2243.3 9.14 2013 
626013 0.362 2328.4 9.27 2014 
865774 1.009 2398.7 

2438.7 
9.51 2015 

1200495 1.568 
2398.7 
2438.7 9.64 2016 

818767 0.630 2506.9 9.87 2017 
903229 0.641 2647.3 10.12 2018 
1314970 1.796 2758.4 10.34 2019 
1058445 1.341 2848.7 10.42 2020 
964347 0.603 2919.3 10.53 2021 



(2021-2000) 

ii*>̂ .̂ U r\A\ i>-Uil 4i*Jl 

0 842862 2000 
0 602802 2001 
0 458848 2002 
0 807590 2003 
0 850586 2004 
0 401033 2005 
0 591048 2006 
0 839815 2007 
0 300369 2008 
0 414852 2009 
0 939059 2010 
0 361900 2011 
0 214278 2012 
0 949412 2013 
0 1132492 2014 
0 881456 2015 
0 772100 2016 
0 1107669 2017 
0 1171878 2018 
0 708513 2019 
0 811630 2020 
0 1249925 2021 
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(2021-2000) 

2009 2008 2007 2006 2005 2004 
^685T 

2003 
~663~T 

2002 2001 
810 788.9 757.3 750.5 746 

2004 
^685T 

2003 
~663~T 629.7 602.4 ju*. 

4 3.8 3.5 3.3 3.2 2.9 2.7 2.3 2 CjYA^p-

317.3 311.8 294.4 269.4 248.4 271.6 260.7 239.1 220.7 ^VT 

73.4 71.1 66.5 63 61.2 57 53.4 46.7 41.3 L$J\£ 

120.3 117.1 110.6 105.5 103 96.7 91.4 81.4 73.2 t^oL J I J^ 

288.5 279.9 262.5 248.5 241.5 223.8 ~~wr 180.2 156.7 {£}V*S >\sf 

139.2 135.3 127.7 121.7 118.7 111.3 105.1 93.3 83.7 CJ\X~A 

194.1 189.7 180.7 173.6 170 161.1 153.6 139 126.9 ^JUJL^Z^ 

406.2 406.2 406.2 406.2 406.2 406.2 406.2 406.2 406.2 <JU ir** 

2017 2016 2015 2014 2013 2012 2011 2010 
1124.4 1079.8 1048.5 1007.2 916.5 919.6 877. 

2 
834.1 JU* 

5.3 5.2 5.1 4.9 4.7 4.6 4.4 4.1 C->u\ t j>* 

368.7 363.9 361 355.5 348.2 342 334. 
3 

324.1 o^T 

94.1 9T 90.8 88.4 85.4 82.8 79.7 75.7 (jj& 

149.1 146.3 144.5 141.3 137.1 
331.3 

133.6 
T22T5" 

129.3 123.7 tjjlj ilf 

359.9 353.2 349.1 341.4 
137.1 
331.3 

133.6 
T22T5" 311.7 297.3 l ^ j U - S " }\Sr* 

172.8 169.5 167.5 163.7 158.9 154.8 149.7 143.1 C-J I JL*^ 

232.7 229 226.7 222.4 216.8 212.1 206.3 198.7 L^JLI JLJS** 

406.2 406.2 406.2 406.2 406.2 406.2 406.2 406.2 <J^Cr^ 
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(2021-2000) 

2021 2020 2019 2018 
1425.3 1367 1292.7 1198.1 JL* 

5.9 5.8 5.7 5.5 O u i * * > 

390.4 387.7 383.3 377.4 o ^ l 

104.2 102.7 100.7 98 C£JUJ' 

162.7 160.7 158 154.4 ^ J L JU^ 

390.4 386.2 380.2 372 ( j jU-T ^U" 

188.3 186.1 183.1 178.9 O!JLW< 

250.3 247.1 244.3 239.6 (_JIJJLA^ 

406.2 406.2 406.2 406.2 J^Cr^ 
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2021-2000 

cbV' V^'VI 4i«Ji 

15497450 50.281 2000 
15784603 50.602 2001 
16786246 51.982 2002 
17404121 52.913 2003 
17814392 53.597 2004 
18530364 54.633 2005 
19370786 55.590 2006 
19814619 56.424 2007 
20462574 57.364 2008 
21249059 58.304 2009 
21949060 59.194 2010 
22616391 60.111 2011 
23372466 F 61.037 2012 
24214733 6L.945 , 2013 
24827816 62.859 2014 
25548406 63.778 2015 
26356832 64.692 2016 
27121106 65.606 

66.522 
2017 

" 20J8~ " 27753914 
65.606 
66.522 

2017 
" 20J8~ " 

28716950 67.437 2019 
29550400 68.352 2020 
30381844 69.267 2021 
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2021-2000 

4>-L«Il 4̂ -Jl 

311525 2000 
311966 2001 
322889 2002 
330133 2003 
332273 2004 
340099 2005 
348046 2006 
351933 2007 
358204 2008 
365875 2009 
371021 2010 
376720 2011 
383856 2012 
389729 2013 
395362 2014 
402027 2015 
408233 2016 
413994 2017 
420348 2018 
426653 2019 
432572 2020 
433876 2021 
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2021-2000 

ĉ V v ^ 1 A^Ji 

291962.2 20.573 2000 
356746.2 21.352 2001 
409285.8 22.408 2002 
430964.9 23.194 2003 
494733.5 23.930 2004 
558977.3 24.900 2005 
590839.2 25.769 2006 
654976.5 26.521 2007 
728919.5 27.419 2008 
773083.7 28.319 2009 
838496.5 29.107 2010 
910895.4 29.960 2011 
975385.4 30.859 2012 
1041075.3 31.682 2013 
1129789.6 32.515 2014 
1194853.9 33.340 2015 
1269875.9 34.222 2016 
1364586.5 35.076 2017 
1440956.7 35.904 2018 
1519835.5 36.768 2019 
1619534.8 37.631 2020 
1705898.7 38.467 2021 
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2021-2000 

♦iS-jLf-.^ £-UU 3̂ -Luil d^Jt 

1740542 141973 2000 
1859296 167114 2001 
1936436 182728 2002 
1936436 185847 2003 
2061821 206779 2004 
2203845 224580 2005 
2292738 229593 2006 
2391000 247191 2007 
2534301 265950 2008 
2648129 273065 2009 
2733388 288215 2010 
2859484 307072 2011 
2993487 316200 2012 
3085409 329705 2013 
3189646 348116 2014 
3327352 358993 2015 
3438131 371522 2016 
3530025 389196 2017 
3655833 401477 2018 
3783692 413545 2019 
3878724 430337 2020 
3987183 443703 2021 
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. i£jULJl ^ W J \ 4i iSj < 

. J\L\ ^\ ii&> < 

- Y * ^ ^ - Y • **\ Ol^i~*Jl J % ^ OHjJt OlJuili S-jjJ' y&fi hj3$£ i£js-*** iM 

gj\xi\ OJJS ̂  j W i l j 5JU^S> O l ^ l i l £ l j ^ \ ^JL«d ^ * a i ^ Y * Y 1 - Y * ^ 
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2021 2016 2011 2006 
2726 2274 1972 1750 JÛ -P Jj>r\ 

51 48 45 43 

1379 1299 1219 883 oMT jy,\ 

471 439 405 372 
321 239 265 232 fJJ^J ->U* jyr\ 

913 845 771 680 C^jU-S" it^ jj*r\ 

328 300 270 234 CJIJ«*» J >?r' 

385 544 501 452 ^JtUj\*&* ^jpr' 

1973 1973 1973 1973 i/U o ^ J-H 
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: 4^1>Luttl J^U^U (J1**1\ ^Ul^il (J1^1\ £[m\ AJasu h»u 1-0 

: AJIJI i ^ r t ^ ^ l J-^^-U5 4%uo^l 

. *>Liu*̂  (y2^1 AJa«J <W~JU1I jljiJl 3\£l jljSJi t ^ ^ ^ <>~^ (3^ J ^ ^ ' ° ^ jr 1*1 

\u 



^ ^ i J ^ L - V I ^ C ^ 1 uZJ\ OJLMJI 

0.59 
0.61 
0.67 
0.69 

5538757 
5841338 
5074374 
5152550 

13509164 
14977789 
15376891 
16621133 

7970407 
9136451 
10302517 
11468583 

2006 
2011 
2016 
2021 

rt^Jal\ 

1.055 
1.047 
1.041 
1.037 

385523-
413160-
425271-
441099-

7203565 
8759649 
10306840 
11869234 

7599088 
9172809 
10732111 
12310333 

2006 
2011 
2016 
2021 

^ jjVi 

0.359 
0.305 
0.275 
0.246 

10390289 
14291644 
17736390 
21903054 

16205887 
20558228 
24449060 
29064138 

5815598 
6266584 
6712670 
7161084 

2006 
2011 
2016 
2021 

^ U J t OjJJ\ 

2.578 
3.186 
3.694 
4.278 

3615654-
6249470-
9260628-
13071804-

2292738 
2859484 
3438131 
3987183 

5908392 
9108954 
12698759 
17058987 

2006 
2011 
2016 
2021 

J>wJl J5*_Ljl 

1063516 
494375 
1200495 
964347 

2006 
2011 
2016 
2021 

JaSi\ 

12.787 
13.264 
12.565 
13.413 

17855868-
20911251-
24259146-
28116668-

1514918 
1705140 
2097686 
2265176 

19370786 
22616391 
26356832 
30381844 

2006 
2011 
2016 
2021 
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An Overview on 
Artificial Neural Networks (ANNs) 

& 
Neural Connection 2.0 Software 
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II. Historical Evolution of the Field Neural Networks 
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IV. How Neurons Make Decisions 

V. Basic Concepts Of Neural Network 

1. Network Properties 
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• Activation functions 

3. Systems Dynamics 

VI.Learning Process 
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IV. Implementation 

V. Modeling and Forecasting Tools 

VI. Multi-Layer Percepton 
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1-Definition: 

"a Neural Network is a massively parallel distributed processor that 

has a natural propensity for storing experimental knowledge and, 

making it available for use. Stergion and Siganos clarify that it "is 

inspired by the way biological nervous systems, such as the brain, 

process information. It is composed of a large number of highly 

interconnected processing elements (neurons) working in unison to 

solve specific problems." (Chritos Stergion and D. Siganos, p3, 2001) 

Prof. Simth adds that "neural networks are based on the parallel 

architecture ot animal brains. They are a form of multiprocessor 

computer system, with simple processing elements, with a high 

degree of interconnection, with simple scalar messages, and adaptive; 

interaction between elements." (Leslie Smith, p2, 2001) 

This means that 

1. Knowledge is acquired by the network through a learning 

process 

2, The strength of the interconnections between neurons is 

implemented by means of synaptic weights used to store the 

knowledge." (Igor N. Aizenberg and Vandewalle, p9, 2000) 

During The learning process, the relations between the inputs and the 

outputs is mapped in aformof a network and the knowledge is captured 

through a learning algorithm of adapting weights. 
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II-Historical Evolution of the Field Neural Networks: 
Year Type of Neural 

Architecture 

Inventors 

Discoverer 

Comment 

1943 Formal neuron Mcculloch, 
Pitts 

The first 

nonlinear 

mathematical 

model, without 

application 

1957 Perception Rosenblatt Learn and 

classify patterns 

I960 Madaline Widrow A new type of 

neuroprocessors 

1969 Cerebellatron Albus Perceptrons 

theory 

1974 Backpropagation 

work 

Werbos, 

Parker, 

Rosenblatt 

1977 Brain State In a 

Box 

Anderson 

1978 Neocognitron Fukushima' 

1978 Adaptive 

Resonance Theory 

Carpenter, 

Gossberg 

1980 Self organizing 

Map 

Kohonen Associative 

memory 
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1982 HofieldKet Hofield Energy 

functions 

enabling 

solving a large 

number of 

problems 

1985 Bidirectional 

Associative 

Memory 

Kosko 

1985 Boltzman Machine Hinton, 

Sejnowsky, 

Szu 

1986 Counterpropagation Hecht-Nielsen 

1988 Cellular Neural 

Network 

Chua, Yang Each neuron in 

the CNN is 

connected with 

neuron from its 

nearst 

neighborhood 

only. 

(Igor N. Aizenberg and Vandewalle, pi 1-12, 2000) 

HI- What is a Neuron 

Neural Networks mimic the brain in adapting and learning and 

answering the questions and finding solutions. From here that idea of 

Neural networks was established. Having a brief over view about the 

brain and its components and functions will give us a clear vision of how 

the neural networks work. 
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In the beginning we need the know what is a neuron which is the smallest 
component of a brain. 

nThe brain is a collection of about 10 billion interconnected neurons. 

Each neuron is a cell that uses bioehemical reactions to receive, process 

mid transmit information." 
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The sjirapse t 

Axon■. 1 
Terminal button , 

Svt virtu" y v-*- ^ t 

' " " •*- ^ {&— — / transmitters 

r i ^ - ^ « - - ^ 

t "1 Dendnte 

"A neuron's dendritic tree is connected to a thousand neighboring 

neurons. When one of those neurons fire, a positive or negative charge is 

received by one of the deridrites. The strengths of all the received charges 

are added together through the processes of spatial and temporal 

summation. Spatial summation occurs when several weak signals are 

converted into a single large one, while temporal summation converts a 

rapid series of weak pulses from one source into one large signal. The 

aggregate input is then passed to the soma (cell body). The soma and the 

enclosed nucleus don't play a significant role in the processing of 

incoming and. outgoing data. Their primary function is to perform the 

continuous maintenance required to keep the neuron functional. The part 

of the soma that does concern itself with the signal is the axon hillock. If 

the aggregate input is greater than the axon hillock's threshold Value, then 

the neuron fires, and an output signal is transmitted down the axon. The 

strength of the output is constant, regardless of whether the input was just 

above the threshold, or a hundred times as great. The output strength is 

unaffected by the many divisions in the axon; it reaches each terminal 

button with the same intensity it had at the axon hillock. This uniformity 

is critical in an analogue device such as a brain where smalt errors can 
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snowball, and where error correction is more difficult than in a digital 

system-

Each terminal button is connected to other neurons across a small gap 

called a synapse [left]. The physical and neurochemical characteristics of 

each synapse determines the strength and polarity of the new input signal. 

This is where the brain is the most flexible, and the most vulnerable. 

Changing the constitution of various neuro- transmitter chemicals can 

increase or decrease the amount of stimulation that the firing axon 

imparts on the neighboring dendrite, Altering the neurotransmitters can 

also change whether the stimulation is excitatory or inhibitory. Many 

drugs such as alcohol and LSD have dramatic effects on the production or 

destruction of these critical chemicals. The infamous nerve gas sarin can 

kill because it neutralizes a chemical (acetylcholinesterase) that is 

normally responsible for the destruction of a neurotransmitter 

(acetylcholine). This means that once a neuron fires, it keeps on 

triggering all the neurons in the vicinity. One no longer has control over 

muscles, and suffocation ensues." (Neil Fraser, p2, 1998) 

Stergion and D. Siganos "conduct these neural networks by first trying to 

deduce the essential features of neurons and their interconnections. We 

then typically program a computer to simulate these features. However 

because our knowledge of neurons is incomplete and our computing 

power is limited, our models are necessarily gross idealizations of real 

networks of neurons." 
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The neuron model 

(Chritos Stergion and D. Siganos, p5, 2001) 

Aizenberg and Vandewalle explained the general model of a neuron 

which is based on the biological concept . They mentioned that "A 

neuron is a nonlinear processing element. Generally, a neuron has n 

inputs with output signals xj3..Mxnand some synaptic weights wil=l,...,h 

an extra weight w0 does not correspond to any input an often is called 

bias, A central point of the neural processing is the evaluation of the 

neuron activation function cp (z) for the value z of the weighted sum. This 

value of the activation function is the output of the neuron. If input/ouput 

mapping is described by some function T(x]v.xn). 

The following equality holds 

(p(Z) = <p (W0 + WiXj + .. .+wnxn) 
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Xi 

Output 
<p(?.)-<i(x [,..., x n ) 

Fig 1 A General Model of the Neuron (Igor N. Aizenberg and 

Vandewalle, pi2, 2000) 

132 



IV-How Neurons:'Make Decisions 

Stergion and D. Siganos proved us with a brief.example of how the 

artificial neurdnal network works and he classified the modes of the 

neuron's operations into two classes: training operation and the using 

operation. "In'the training mode, the neuron can be trained to fire (or 

not), for particular input patterns. In the using mode, when a taught input 

pattern is detected at the input, its associated output becomes the current 

output. If the input pattern does not belong in the taught list of input 

patterns, the firing rule is used to determine whether to fire or not." 

(Chritos Stergion and D. Siganos, p6, 2001) 

XI 

X2 

INPUTS 

A. ft 

OUTPUT 

TEACHING INPUT 

A simple neuron (Chritos Stergion and D. Siganos, p7, 2001) 

They discuss that the firing rule relates all the input patterns, not only the 

ones on which the node was trained. "A simple firing rule can be 

implemented by using Hamming distance technique. The rule goes as 

follows: 

Take a collection of training patterns for a node, some of which cause it 

to fire (the 1-taught set of patterns) and others which prevent it from 

doing so (the 0-taught set). Then the patterns not in the collection cause 

theno^e to fire if, on comparison , they have more input elements in 

common with the 'nearest' pattern "in the 1-taught set than with the 
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'nearest' pattern in the O-taught set. If there is a tie, then the pattern, 

remains in the undefined state. 

For example, a 3-input neuron is taught to output 1 when the input 

(XI,X2 and X3) is 111 or 101 and to output 0 when the input is 000 or 

001. Then, before applying the firing rule, the truth table is; 

[xT: H j o [ T j o I o I i I i I i I i 
f X2: [ | '"o | 0 | 1 | 1 ' | 0 1 -0 j 1 [ 1 " 
fxF'l | o \"'~i [' o I i [ o ! i i o I i : 

!""""■ i 1 i j [ [ i I \ 
-(OUT:""; | 0 1 0 f 0/1 0/1 j 0/1 | V ('"6/1 \'"\ 

As an example of the way the firing rule is applied, take the pattern 010, 

It differs from 000 in 1 element, from 001 in 2 elements, from 101 in 3 

elements and from 111 in 2 elements. Therefore, the 'nearest* pattern is 

000 which belongs in the 0-taughl set. Thus the firing rule requires that 

the neuron should not fire when the input is 001 . On the other hand, 011 

is equally distant from two taught patterns that have different outputs and 

thus the output stays undefined (0/1). 

By applying the firing in every column the following truth table is 

obtained; 

i xi':" i f "o T~'O n<r~i "o" r r p i j i ~i 1 • 
( X2: I [ 0 | 0 | 1 1 1 [ 0 | 0 j I I T 

.) X 3 : I" | 0 T I |~~0 1 ' I ° I l i ° f ' 

|OUT:1" "" | o | o [~o I o/i [¥\~"\ T~"F1 T~i 

The difference between the two truth tables is called the generalization of 

the neuron. Therefore the firing rule gives the neuron a sense of similarity 
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and enables it to respond 'sensibly' to patterns not seen during training" 

(Chritos Stergion andD. Siganos, p7-8, 2001). 

V, Basic Concepts Of Neural Network 

Going in to more details of the neural networks, Fu explains the 

construction of the neural networks, lie thinks that a neural network 

consists of the following: 

1. Network Properties which are topology (connectivity), types of 

connections, the order of the connections, and the weight of the 

connections. 

2. Node Properties which are the activation range and the activation 

(transfer) function. 

3. Systems Dynamics which are the weight initialization schema the 

activation calculating formula, and the learning rule. 

1.Network properties includes the topology or the framework. The 

framework is specified by the number of layers, the number of nodes per 

layer and The types of layers which include: 

• The input layer are called the input units which encode the 

instance presented to the network for processing. They don't 

process information but they distribute information to other 

units. 

• The hidden layer are called hidden units which are not obvious. 

This provide a non-linearties for the network. 

• The output Layer are called output units which encode possible 

values to be set to the case under construction. 
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Fu has categorized the interconnection of the network into: 

• Feed-Forward Networks: In this connection, all connections 

point in one direction i.e. from input to output. Fu describes this 

network as a stable network. 

• Recurrent Networks: they are loops connections and feedback 

connections. 

• Symmetrical Networks: if there I a connection between I and j 

there is a connection between j and I and the weights associated 

with the two connections are equal Wy=Wji. 

• Asymmetrical Networks: the connections are not as the 

previous one the connections are asymmetrical. 

There are four types of connections between nodes and layers: inter-

layers connection which is between layers. Intra-layers connection which 

between nodes in the same layer. Self-connection, a connection pointing 

from a node to itself Supra-layer connection which is between nodes in a 

non-adjacent layers (Limin Fu, pl8-p20, 1994). 

2. Node properties fu argues that the activation levels of nodes includes 

different types:- discrete (0,1), continuous cross a range (0-1), or 

unrestricted This depends on the activation function chosen (Limin Fu, 

p20, 1994). 

• Activation functions: 

A. Threshold (step function) 

B. Picewise (ramp function) 

C. Sigmiod (sigmiodal function) 

D. Gaussian function. 
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A. Threshold 

B.Picewise (ramp function) 

C. Sigmiod (sigmiodal function) 

E. Gaussian function. 
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( Perambur S. Neelakanta and De Groff, p425 1994) (Igor N. Aizenberg 

and Vande-walle, pi3, 2000) 

3. System dynamics, the initialized weight is usually randomly chosen so 

as to start the learning process. Then the leaning rule is chosen. It defines 

the connection weights in order to optimize the network performance . it 

indicates the calculations in each training cycle. Usually, the activation 

levels of inputs are not calculated since they are given and the hidden and 

output units are calculated according to the function used (Limin Fu, p21, 

1994).. 

VI. The Learning Process: 

There are steps that are used to build an Artificial Intelligent (AI) 

system: 

1. Selecting the most appropriate neural network model. 

2. Developing the neural network model according to the application 

3. training the neural network. In this phase, a set off input vectors are 

given to the model. The initial weight are set in the beginning. In 

each training cycle the output is compared with the desired or 

given by the instance. In each cycle the weights are changed 

hoping it is going t reduce the error. This process is repeated unitl 

the error reaches the satisfactory level. There are two criteria to 

measure the error. 

• The sum of squared errors £PZ j (T JiP - O j p ) 
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Where T ^p and O j p are respectively the desired and 

the actual activations of output unity in the instance/?. 

• The cross-entropy -IpLjPj,plog2(QJ4>)+(l-Pj,p) Iog2(l-QJiP) 

Where P jp and Q j p are respectively, the desired and 

actual probabilities of output unity in the instance/?. 

In other cases, the desired output is not given so the 

error can't be measured. Hence, different leaning 

procedure are used. 

4. Using the trained model to solve the problem and make the 

inference(Lmnn t'u, p22, 1994). 

VII. Application of Neural Networks 

"inis is an example of an important application of neural networks 

which is pattern recognition. Pattern recognition can be implemented by 

using a feed-forward neural network that has been trained accordingly. 

During training, the network is trained to associate outputs with input 

patterns. When the network is used, it identifies the input pattern and tries 

to output the associated output pattern. The power of neural networks 

comes to life when a pattern that has no output associated with it, is given 

as an input. In this case, the network gives the output that corresponds to 

a taught input pattern that is least different from the given pattern. 
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*M 1 

feed-forward neural network. 

For example: 

The network of figure 1 is trained to recognize the patterns T and H. The 

associated patterns are all black and all white respectively as shown 

below. 

INPUT OUTPUT INPUT OUTPUT 

If we represent black squares with 0 and white squares with 1 then the 
truth tables for the 3 neurones after generalization are; 

\X\T:'\ TT" 1 o i ° f"o 1 
!X12: j 1 o 1 o i 1 

3 
! i " o 

1X13: [ 
i 1 

1 ° 1 1 
i " "'"•"" 

1 o I 1 
1 

0 

OUT: 0 

! X21: 
!X22: 
!"X23:' 
1 

(OUT: 

I ° 
i . o 
I 0 

I 0/1 

Top neuron 

o~\ o j " T " p" 1 1 
I j 1 | 0 I ° 1 1 
o j " i I 0 1 1 ! o 

0/1 I 0/1 0/1 

Middle neuron 
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jX21: | I 0 | 0. ;| 0 | 0 
[X22:'"| j 0 | 0 ] 1 | f 
|X23: | | 0 1 1 1 0 1 1 
f"7""": K I ! ~" 

f6UT: l \~"\" i 0~ 

1 1 I 
T o 

r i r 1 
0 

1 I 
T o 1 ! l 

0 : i ! o ! l 

_ _ _ . 

! i ! 

" i r 
_____ 

Bottom neuron 

From the tables it can be seen the following as sociasions can be 
extracted: 

INPUT OUTPUT 

In this case, it is obvious that the output should be all blacks since the 
input pattern is almost the same as the T pattern. 

INPUT OUTPUT 

Here also, it is obvious that the output should be all whites since the input 
pattern is almost the same as the rH' pattern. 

INPUT 

OR 

OUTPUT 

Here, the top row is 2 errors away from the a T and 3 from an H. So the 
top output is black. The middle row is 1 error away from both T and H so 
the btitput is random. The bottom row is 1 error away from T and 2 away 
from H. Therefore the output is black. The total output of the network is 
still in favor of the T shape. 
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• A more compli ated neuron 

The previous neuron doesn't do anything that conventional conventional 

computers don't do already. A more sophisticated neuron is the 

McCulloch and Pitts model (MCP). The difference from the previous 

model is that the inputs are 'weighted', the effect that each input has at 

decision making is dependent on the weight of the particular input. The 

weight of an input is a number which when multiplied with the input 

gives the weighted input. These weighted inputs are then added together 

and if they exceed a pre-set threshold value, the neuron fires. In any other 

case the neuron does not fire. 

xi *wi TEACH /USE 

K2 S wVV2 
1 . .^O 

INPUTS * OUTPUT 

TEACHING INPUT 

An MCP neuron 

In mathematical terms, the neuron fires if and only if; 

XI Wl + X2W2 + X3W3 + ... > T 

The addition of input weights and of the threshold makes this neuron a 

very flexible and powerful one. The MCP neuron has the ability to adapt 

to a particular situation by changing its weights and/or threshold. Various 

algorithms exist that cause the neuron to 'adapt'; the most used ones are 

the Delta rule and the back error propagation. The former is used in feed­

forward networks and the latter in feedback networks" (Chritos Stergion 

andD. Siganos, p9-10,2001).. 

142 



VIII. Functional Classification 

There are four neural computational models categorized as follows: 

1. Classification Models: 

a. Single-layer perceptrons 

It consists of an input layer and an output layer and the activation 

function used in this case is the hard limiting function. Fu explains the 

perceptron algorithm in three main points: 

• Weight initialization by setting the smallest random numbers. 

• Calculation of the activation of the input is determined by the instance 

presented to the network and for the output is determined by the 

Oj=Fh(S WyXrOj) 

Where Wjj is the weight from an input Xj Oj is the node threshold, Fh is a 

hard-limiting function: 

1, a>0 

Fh(a)= 

O(or-l), else 

• Weight training: first Adjusting weights 

Wji(t+l)=Wji(t)+AWji 

b. Multi-layer perceptrons 

A multi-layer perceptron is a feed forward neural network with at least a 

hidden layer. It handles nonlinear classification problems. 

2. Association Models: 

Include the following: 

• Auto-association: retrieval of an object based on part of the object. 

• Hetero-association: retrieval of an object in one set using another 

object in a different set. 

The following networks display the associative memory characteristics: 

• Hopfield nets are commonly used for auto-association models 
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* Bi-directional Associative Memories (BAM) "can relate an input 

vector to another different vector and is capable of generalization over 

similar inputs" (Limin Fu, p38, 1994). 

3. Optimization Models: 

These models are used to find the best solution by minimizing a certain 

cost function, Fu recommends two nets works Hopfield nets and 

Boltzmann machines. 

4. Self Organization Models: 

The models arrange the information using the adaptive learning 

capabilities. 

Kohonen networks, competitive learning and the Hebbian learning 

represent the self organization models characteristics( Limin Fu, P25»p56, 

1994). 

IX. Supervised and Unsupervised Learning 

All learning methods used for adaptive neural networks can be classified 

into two major categories: 

"Supervised learning which incorporates an external teacher, so that 

each output unit is told what its desired response to input signals ought to 

be. During the learning process global information may be required. 

Paradigms of supervised learning include error-correction learning, 

reinforcement learning and stochastic learning. 

An important issue concerning supervised learning is the problem of error 

convergence, i.e. the minimization of error between the desired and 

computed unit values. The aim is to determine a set of weights, which 

minimizes the error. One well-known method, which is common to many 

learning paradigms, is the least mean square (LMS) convergence. 
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Unsupervised learning uses no external teacher and is based upon only 

local information. It is also referred to as self-organization, in the sense 

that it self-organizes data presented to the network and detects their 

emergent collective properties. Paradigms of unsupervised learning are 

Hebbian learning and competitive learning. 

Ano2.2 From Human Neurones to Artificial Neuronesther aspect of 

learning concerns the distinction or not of a separate phase, during which 

the network is trained, and a subsequent operation phase. We say that a 

neural network learns off-line if the learning phase and the operation 

phase are distinct. A neural network learns on-line if it learns and 

operates at the same time. Usually, supervised learning is performed off­

line, whereas unsupervised learning is performed on-line"(Chritos 

Stergion and D. Siganos, pl3-pl5,2001) 
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PartH: Neural Connection 2.0 software 
I- Neural Connection Structure 

• Neural Connection is made up of 3 separate modular groups and a 
textual initialization language. The modules are : 

o A graphical User Interface. 
o An executive. 
o A set of neural network and data analysis tools. 

The modular design of Neural Connection gives a greater flexibility 
than standard analysis tools and allows adapting application as 
required in order to gain the best results from the data. 

An application is a method for modeling the problem. This 
application may include inputting the data, processing them in some 
way, and producing the output in a useful format. 

Tools are selected as icons from a palette and moved onto a 
workspace where they can be connected to other tools. These 
connections determine an application's topology and the path along 
which data flows. 

The workspace is the area where problem-solving applications are 
built, and drxrihes the many features and tools that enable you to get 
valuable results from your data. It has its own set of commands that 
are called from the menu bar. The toolbar gives you shortcuts to some 
of the more commonly used menu bar commands. The palette allows 
you to choose tools to use on the workspace. 

In Neural Connection, problems are solved using applications that 
are made by connecting tools together on the workspace. 

A tool that you have placed on the workspace has a series of 
parameters that can be set independently of other tools. Initially, these 
parameters are set to defaults that have been carefully chosen to be the 
optimum values for as many problems as possible. To customize these 
parameters, you can open each tool. 
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The executive is the core component of Neural Connection. It 
creates instances of the analysis tools, displays them on the GUI, and 
manages the data flow among them. It also loads, trains, and runs 
applications developed in the script language. 

Neural Connection comes with a Script Language that allows you 
to develop any application using a text editor. It allows you to specify 
multiple instances of tools, set parameters to initial values, define the 
connections between tools, and control the training and running of the 
system. 

II. Tools 

A tool is a method for manipulating data. All tools belong to one of four 
categories or basic types: The category defines what a specific tool does, 
what connections it has, what data must retain, etc. 

The basic categories are : 

• Input, 
• Filter, 
• Modeling and Forecasting, and 
• Output. 

The icons for different tool categories have different-colored corners to 
enable easier identification. 

o Input tools have red corners, 
o Filter tools have blue corners, 
o Modeling and Forecasting tools have green corners, and 
o Output tools have yellow comers. 

Tools for Inputting Data : 

Data Input: Imports data either from files or by cutting and pasting 
from other Windows applications. They also used for editing data. 
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Tools for Outputting Results : 

Data Output: 

Export data to files, displays results as text, and shows the 
success rate. 

Text Output: 

Displays results as text and shows the success rate. 

Graphic Output: 

Displays a graph showing how the output from an application 
varies when 

two of the inputs vary. 

What If? : 

Displays a plot of how the output varies when two of the inputs 
vary and 

gives a description of how the change in one input affects the 
output. 

Time Series Plot: 

Displays the results of time series prediction against time. 
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Tools for Modeling and Forecasting : 

Multi-Layer Perceptron : 

A neural network modeling tool that is optimized for prediction 
applications. 

Radial Basis Function : 

A neural network tool that is optimized for prediction and 
classification 

applications. 

Bayesian Network: 

A neural network tool that is optimized for prediction and 
classification 

applications. 

Kohonen Network: 

A neural network tool that is optimized for clustering 
applications. 

Closest Class Means Classifier : 

A statistical modeling tool that can be used for classification 
applications. 
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Regression : 

A statistical modeling tool that can be used for prediction 
problems. 

Principal Component Analysis : 

A statistical modeling tool that can be used to reduce the 
complexity 

of an application. 

Tools for Filtering Data : 

Filter : A tool that allows to filter data, apply mathematical 
functions, and 

examine the statistical distribution of data. 

Network Combiner: 

A tool that allows joining two or more other tools together. 

Simulator : 

A tool that produces the data format needed by the "Graphics 
Output" and "What If?" tools 

Time Series Window: 

A tool that allows to manipulate time series data in order to 
create windows before modeling takes place. 
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III. Workspace Tutorial: 
Workspace Tutorial.DOC 

• Developing a Neural Solution of Application Development can be 
broken down into a number of steps : 

o Preproject. 

Concerns with project goals, desired results, and system 
requirements. 

o Data Collection : 

■ Data collected to be used for TRAINING and 
TESTING (data file — tutor.sav). 

■ Data from the current customer database to be scored 
and used in the new operation (tutor rn.sav) [run data 
file]. 

u Design : 

■ Choosing the best Neural Approach (Technique). 

■ First, the type of problem, in which you want to link a set 
of inputs (customer features) to an output (customer 
response) should be solved using a SUPERVISED 
NEURAL TECHNIQUE. There are 3 supervised neural 
techniques in Neural Connection : 

• Radial Basis Function (recommended in our 
case) 

151 



• Bayesian Network, and 

• Multi-Layer Perceptron. 

■ Second, the type of output desired. 

• Because initial results would be examined using a 
cross tabulation matrix & a test data set, the "Text 
Output" was selected. 

• Because the results from the application were to be 
fed back into the customer database, a "Data 
Output" was needed. 

• Because the company also wanted to investigate 
the model that was built by using visualization, a 
"Graphics Output" was selected. 

■ The connected tools shown on page 45 (User's Guide). 
o Training, Testing, and Experimentation : 

■ The Data Input dialog box allows you to specify the 
"development data file" and the "run data file"; both of 
them are loaded separately. 

■ The "Development Data File" will be used to train and 
test the application. 

* The "Run Data File" will be used when the model is 
implemented. 

■ The "Data Input" assumes that the last field loaded is 
the field containing the output data, and that the other 
fields are input. The "Data Input" tool also 
automatically selects the data elements that are to be used 
to train (T), validate (V), and test (X) the model. 

■ To run the application, choose Run from the "Text 
Output" menu. 
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■ Application Results : 

• The results achieved in the 1st pass were good, but 
the Mail Order Company wanted to improve on 
them. One way to achieve this is by preprocessing 
the data. In Neural Connection, this can be 
accomplished by using the "Filter" tool to analyze 
and weight data fields. 

• When the Company analyzed the 3rc field (the 
amount of money spent in the last year), they 
discovered that it was heavily skewed to the left. 

• To analyze the 3 rd field : 

1. Click the "Filter" tool. 
2. From the Filter menu, choose Dialog. 
3. Click Var_3. 
4. Click Analyze. 

The values in the field can be weighted to make 
the distribution more normal. This will help the 
"Radial Basis Function" solve the problem. 
Because the field is skewed to the left, an 
appropriate function would be a logarithmic 
function. 

To weight the 3 field : 

1. Click the weighting function cell in the Var_3 
column. 

2. To access the weighting functions, click the 
arrow button next to the next entry field at the 
top left of the window. 
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3. Click Ln(x+a). 

4. Reanalyze the field by clicking Analyze. 

Once the field has been weighted, you should close 
the "Filter" tool and rerun the application to see if 
the results have improved. 

IV, Implementation (Execution): 

After the Mail Order Company examined the results they had 
produced, the application was saved and the implantation phase 
started. 

During implementation, no further training takes place and records 
from the customer database are passed through the application. Each 
customer record that is passed through the application generates an 
output and this output is used to rank the customers in order of their 
likelihood of response. 

The customer database file can now be loaded as a run file. To load 
the file "tutor rn.sav" into the "Data Input" as run data : 

1. Click the "Data Input". 

2. From the Data Input menu, choose View. 

3. From the Data Input menu, choose Open, The Data Input 
window appears. This window allows you to specify the run file, 
which is loaded separately from the development file, 

4. In the Run box, click Flat File. 

5. Click Configure. A File Open window appears. 

6. In the File Name field, type tutorjrn.sav. 

154 



7. Click OK. 

8. Close the Data Input 

The application can now be run and results can be directed to an SPSS 
file (.sav file). This is done using the "Data Output" tool. 

To direct the results to an SPSS file (.sav file): 

1. Click the "Data Output" tool. 

2. From the File men, choose View. A blank spreadsheet opens. 

3. From the File menu, choose Setup. The Data Output window 
appears. In this window, you specify where data from the 
development and run files should be written. 

4. In the Run Data Output group, click Flat-File. 

5. Click Configure. A Save As window opens. 

6. Specify the name and type of file to be written (results.sav), 

7. Click OK. 

8. In the Data Output window, click Close. 

Before you can run the data to a file, you must view it in the Data 
Output tool. 

o From the View menu of the Data Viewer, choose Run. 

To run the application : 

o From the Data Viewer File menu, choose Output Run Data. 
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The results aie produced as results.sav, as well as appearing on the 
screen. 

V> Modeling and Forecasting Tools 

Neural Connection has 6 modeling and forecasting tools. 

Three are neural computing techniques : 

• Multi-Layer Perception, 
• Radial Basis Function, and 
• Kohonentool. 

Three are statistical techniques : 

• Closest Class Mean Classifier, 
• Regression tool, and 
• Principal Component Analysis. 

This section explains how model building enables to solve complex 
problems. 

VI.Multi-Layer Perception 

Overview : 

The Multi-Layer Perceptron is a modeling and forecasting tool that 
uses a neural network to model your data, [t can be used to 
classify patterns or to 
predict values from your data. Because it uses a supervised learning 
technique, it requires that your data contains targets for training 
the network. 

This section provides the following information : 
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o Why the Multi-Layer Perceptron is useful* 
o The idea behind the Multi-Layer Perceptron, 
o How to train the Multi-Layer Perceptron to produce an 

output 
o How to improve the results produced by the Multi-Layer 

Perceptron. 

What is a Multi-Layer Perceptron? : 

The Multi-Layer Perceptron is a neural network that is based on the 
original Simple Perceptron model (see below) but with additional 
hidden layers of neurons between the input and output layers. 

Multi-Layer Perceptrons are the most commonly used neural 
computing technique. 
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Part III: Some Real-World Applications 

ANNs can be regarded, in one respect, as multivariate nonlinear analytical 

tools, and are known to be very good at recognizing patterns from noisy, 

complex data, and estimating their nonlinear relationships. Many studies 

have shown that ANNs have the capability to learn the underlying 

mechanics of the time series, or, in the case of trading applications, the 

market dynamics. In general, ANNs are known to possess these capabilities: 

A number of development projects involving ANN technology have been 

publicized in the media recently. For example, Nippon Steel Corp. has 

built a blast furnace operation control support system that makes use of 

ANNs. The neural network employed in this system has been equipped with 

functions that enable it to learn the relationship between sensor data and the 

eight kinds of temperature distribution patterns known from experience to 

pertain to the overall operation of blast furnaces, and to instantaneously 

recognize and output that pattern which most closely approximates sensor 

data input into the system. The neural network learns very quickly, and 

achieves a better than 90% pattern recognition ratio following learning. 

Since this system has been performing extremely well during operational 

testing, Nippon Steel is planning to introduce it into other aspects of its 

operations in addition to blast furnace control, to include the diagnosis of 

malfunctions, and other control processes. 

A second example is the experimental work started by Daiwa Securities 

Co*, Ltd. and NEC Corporation on applying neural network technology 

to the learning and recognition of stock price chart patterns for use in 

stock price forecasting, NEC had already developed neural network 
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simulation software for use on its EWS 4800 series of workstations, and, by 

limiting stock price chart pattern learning to a few dozen major stocks, has 

improved the accuracy of this software's forecasting capabilities. Based on 

these results, the Daiwa Computer Services Co., Ltd., an information 

processing subsidiary of the Daiwa Securities Group, transferred the NEC 

system to its supercomputer and taught it to recognize the stock price chart 

patterns for 1,134 companies listed on the Tokyo Stock Exchange. DCS has 

since been putting this system to good use in the performance of stock price 

forecasting. 

Mitsubishi Etectric has combined neural network technology with 

optical technology to achieve the worldrs first basic optical 

neurocomputer system capable of recognizing the 26 letters of the 

alphabet. The system comprises a set of light-emitting diodes (LED) that 

output letter patterns as optical signals, optical fibers, liquid crystal displays 

(LCD) that display letter patterns and light receiving devices that read these 

letters. When letter data is input into this system, light emitted from the 

LEDs is input to the light receiving devices through the LCDs. At that time, 

the light receiving devices that receive the light, as we!! as the strength of the 

light they receive, is determined by the manner in which that light passes 

through the LCDs. The letter in question is delineated by the light receiving 

devices that receive the strongest light. This system is capable of 100% letter 

recognition even when slightly misshapen handwritten letters are input. 

A fourth example is a development project for a facilities diagnosis system 

that employs a neural network system commenced by the Nippon Oil Co., 

Ltd. in cooperation with CSK Research Institute. This project is 

attracting considerable attention as it is the first time research has been 
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carried out on applying neural network systems to facilities diagnosis. 

Initially, the project will be aimed at developing a diagnosis system for 

pump facilities that employs vibration analysis. Nippon Oil operates a 

total of 1,500 pumps at its Negishi Oil Refinery in Yokohama, Kanagawa 

Prefecture alone, and must retain large numbers of experienced personnel to 

maintain these pumps. The company decided to apply neural network 

technology to pump facilities diagnosis operations with the ultimate goal of 

saving labor in mind, 

Bond rating is another successful ANN application. Bond rating refers 

to the process by which a particular bond is assigned a label that 

categorizes the ability of the bond's issuer to repay the coupon and par 

value of that bond. Thus, for example, the Standard and Poor's organization 

might assign a rating varying from AAA (very high probability of payment) 

to BBB (possibility of default in times of economic adversity) for investment 

grade bonds. The problem here is that there is no hard and fast rule for 

determining these ratings. Rating agencies must consider a vast spectrum of 

factors before assigning a rating to an issuer. Some of these factors, such as 

sales, assets, liabilities, and the like, might be well defined. Others such as 

willingness to repay are quite nebulous. Thus a precise problem definition is 

not possible. Dutta (1988) maintains that problems with non conservative 

domains (the class of problem domains that lack a domain model) such as 

that seen in the bond-rating problem could be better solved by training a 

network using back-propagation than by trying to perform a statistical 

regression. The latter is inappropriate because it is unclear what factors the 

regression should be performed with, that is, it is not clear what factors the 

dependent variable (the default risk) really depends on. They describe details 
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of experiments that they conducted with networks having no hidden layers 

and with networks with one hidden layer (with different numbers of nodes in 

the hidden layer). Bond ratings for 30 companies together with ten financial 

variables were used as data in the training of the neural network using back-

propagation. The network was then used to predict the ratings of seventeen 

other issuers and consistently outperformed standard statistical regression 

techniques. 

The Adaptive Decision Systems (ADS) founded by Murray Smith to 

apply the advances in neural network technology to an areajthat lie 

knows well, the financial world. Smith earned an MBA from Harvard 

before working with a financial service corporation for eighteen years. After 

he saw the potential for using new technology to solve common financial 

problems such as credit scoring or evaluation, he decided to start ADS. 

Smith sees ADS's mission as having three principle components: 

• working with large financial institutions, 

• building predictive models, and 

• using neural network technology wherever possible. 

ADS is using its expertise in two areas: credit scoring and target marketing. 

This type of credit scoring is used to screen applicants for credit cards, based 

on known facts about the individuals applying. These facts usually include 

such things as salary, number of checking accounts, and previous credit 

history. Large banks and other lenders lose millions each year from bad 

debts. Even a small increase in the ability to predict accurately which 

accounts will go unpaid can result in hundreds of thousands of dollars saved 

each year for large lenders. To help fight this problem, major banks and 
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finance companies are actively pursuing new technologies and systems that 

can aid in credit prediction. 

Using the techniques outlined above, ADS has been successful in using 

ANNs to predict credit account futures. The average ADS credit prediction 

models performance gains over standard statistical methods are 5%. Even 

this small increase in ability to predict a credit account's future performance 

means a large savings for credit grantors. In little over two years, ADS has 

provided neural network predictive models to four major clients, who for 

contractual reasons cannot be named. Of these clients, one is using an ADS 

model for credit scoring in its standard system, while the other three are 

further refining and integrating the process. 

ADS has also applied neural network techniques to the field of marketing. 

For years, advertising agencies and other companies have been trying to 

identify and sell to target, or specific, markets. For example, a company 

selling life insurance might send out an advertisement enclosed in a monthly 

credit card bill. What the company would like to be able to do is to send out 

a small percentage of these advertisements to consumers, and keep 

information on what type of person responds. Once the company has data on 

who responded, it can then built a predictive model to analyze potentially 

good customers. Thus, a life insurance company may be able to save money 

by only sending out advertisements to a select 1 million credit card holders 

who are more likely to buy life insurance, rather than to all credit card 

holders. Successful target marketing can save large companies hundreds of 

thousands of dollars each year. 
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ADS provides consulting services to large credit financial services 

companies. According to Smith, the majority of this work has been in 

developing and testing neural network models for data sets supplied by the 

companies. These firms provide ADS with raw data from the applications 

department. For example, a typical data set might have 40,000 records, with 

each record having between 30 and 100 different data fields. These fields 

contain data such as the credit card holder's age, occupation, salary, phone 

number, and past payment history. It may also include information obtained 

from credit bureaus, such as the number of other charge accounts, the 

number of times the applicant has applied for credit recently, and the 

existence of prior bankruptcies. 

Each record also has a data field that specifies whether the account is good 

or bad, that is, whether that account was written off as a bad debt or not. For 

example, a data set may have information on past payment histories (ie: a 

one year payment history with the number of 1, 2, and 3 month 

delinquencies) and a good or bad score based on whether the account was 

delinquent after 5 months. 

All of this data is processed and used to build a predictive applicant credit 

scoring model. In building a model, the typical data set provided by the 

financial institution travels through four steps: reading, analyzing, building a 

model, and implementation. 

The first step in the ADS process is reading the raw data set into a PC. This 

data is generally in an ASCII (text) format, and is pre-processed to yield a 

more compact and faster-access binary format. In addition, during the 

creation of the binary data file, data fields that are obviously not needed or 
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helpful for credit prediction are discarded. An example of such a field would 

be the credit card holder's phone number, or the credit card holder's birth 

date when the age is already given. Once the raw data is read into a compact 

binary data file, predictive variables have to be found. 

The second step in ADSTs process is to use the pre-processed data file and 

specially designed data analysis programs to detennine which data fields are 

predictive of the actual result of each record. It is important that the inputs to 

the backpropagation network be at (east somewhat predictive. Data fields 

that have little predictability will only acid extra degrees of freedom to 

network, and can contribute to the network overfitting the training set. 

This happens when the network learns the training set so well that it loses 

one of neural networks greatest strengths - its ability to generalize. For 

example, by using these special programs, ADS may see that the age of a 

credit card holder is predictive of the account delinquency. They might see 

that 18-25 year old tend to default more often than 55-80 year old. If so, the 

most predictive categories for each record type are stored for later 

processing. In this example, the age record may be broken down into three 

categories: 18-25, 26-55, and 56-80. Analysis may show that some records, 

such as spouse's length of time at job, are not predictive at all, and they are 

noted for later deletion. For each data set, all the variables (age, occupation, 

payment histories, etc.,) are run through these decision programs to 

determine their predictability. If a variable is predictive, it is broken down 

into different categories (typically 1-10) for processing by the neural 

network. 
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ADS then takes the processed data and the associated categories and 

develops a backpropagation neural network predictive model for the data set. 

The backpropagation network uses the delta-bar-delta rule, the input nodes 

for the backpropagation network are determined by the categories that the 

deciding step has yielded. Thus a typical application might have 

approximately 100 input nodes for 40 different data fields. Some fields may 

merely have a single node, such as whether the applicant has declared 

bankruptcy, while others, such as the card holder's age, may have as many as 

5. The data set is fed through the network, and a predetermined set is held 

back for testing, typically 25% of the original data set. Training and testing 

sets of data are run alternatively to measure the error as training progresses. 

When optimal error reduction is reached, training is halted, and the network 

weights and configuration are saved. 

Once ADS has developed a predictive neural network model for a data set, 

the customers can then use the neural network in a feed forward, non-

learning mode to judge applications credit risks. The network can be 

implemented on their mainframes as a function call in their applications 

processing system. 

A statistical-based hybrid neural network at Chase Manhattan Bank is 

one of the largest and most successful AI applications in the United 

States, It addresses a critical success factor in the bank's strategic plan; 

reducing losses on loans made to public and private corporations. Most of 

Chase's business for corporations involves assessing their creditworthiness. 

Chase loans $300 million annually and has long searched for tools to 

improve loan assessment. This assessment allows Chase to mitigate risk and 
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seek out new business opportunities. Financial-restructuring deals are 

promising business opportunities for the bank. 

In 1985 Chase began a search for new quantitative techniques to assist 

senior loan officers in forecasting the creditworthiness of corporate loan 

candidates. Chase located Inductive Inference Inc. (headed by Dr. David 

Rothenberg), a New York City company with a history of successfully 

applying neural-network technology to statistical pattern analysis. A test 

model was built, evaluated, and independently audited. The results were 

reviewed by the Chase CEO committee in 1987 and Inductive Inference was 

granted a multimillion dollar contract. Consequently, Chase established a 

36-member internal consulting organization called Chase Financial 

Technologies to oversee the development of pattern-analysis network 

models for evaluating corporate loan risk. 

The resulting models, called the Creditview system, perform three-year 

forecasts that indicate the likelihood of a company being assigned a Chase 

risk classification of good, criticized, or charged-off. In addition to the 

overall forecast, Creditview provides a detailed listing of the items that 

significantly contributed to the forecast, an expert-system-generated 

interpretation of those items, and several comparison reports. Creditview 

models run on a Chase Financial Technologies host computer. A user system 

resides at each user's PC and communicates with the host through telephone 

lines. In addition, conventional financial statement analysis may be 

performed using Chase's Financial Reporting System, an independent 

financial spreading and analysis package designed for conventional financial 

statement analysis. The Financial Reporting System also resides on the 
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user's PC and permits a company's standard financial statements to be 

accessed and displayed. System data is obtained from COMPUSTAT. 

It took 15 years for Inductive Inference to develop ADAM, a tool that 

generates the models such as those used in Creditview. ADAM is a 

statistically based technique that extracts a collection of Boolean 

formulae from historical data and captures rules most significant in 

determining the obligor's creditworthiness. ADAM identifies rules and 

their combinations that, based on historical data, may be expected to do 

three-year forecasts reliably. The historical data is also used to embed the 

Boolean formulae in a network that evaluates the significance of each 

possible formulae combination that may be satisfied by a particular 

company. 

ADAM's pattern-analysis technology provides the ability to construct a 

hybrid neural network, if enough high-quality historical data is available. 

Each hybrid riQt represents a separate ''model" produced by ADAM. The 

PCLM (Public Loan Company model), the first model implemented at 

Chase, derives from Chase's extensive loan history of large, publiciy traded 

companies and their past financial data. (Chase has both publicly and 

privately owned cotporations in its base of clients and prospects. Separate 

credit-risk forecasting models will be developed for public and private 

companies because their particular characteristics will probably mandate 

separate assessments and analysis by the bank.). The input to ADAM 

includes: (1) Historical financial-statement data on good and bad obligors 

(the learning sample), (2) Industry norms calculated using financial-

statement data from companies in specific industries. 
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These norms reflect industry characteristics. The historical data analyzed by 

ADAM to produce forecasting models consists of a large collection of data 

units. Each data unit contains as much as six years of consecutive financial 

data for a particular company, corresponding industry norms, and the 

company's status three years after the last year of data. (The last of the six 

years is called the "year of the data unit,") The data unit's status is the 

company's rating - G stands for good, C stands for criticized, and X stands 

for charged-off. ADAM uses this data to construct a large set (say, a 

thousand) of candidate variables that may or may not indicate a company's 

future financial condition. These variables are used to form patterns, 

A pattern is fundamentally a statement about the value of a particular 

financial variable or set of variables. A very simple pattern may have the 

form: Cl< VI <C2orVl <C1, where VI is a financial variable and Cl and 

C2 are constants. For example: l .75< QuickRatio < 2.00 could be a simple 

pattern. Typically, patterns are more complex; they have several elements of 

this kind and are combined by using and, or, and not. This example could be 

one of a small complex pattern: 

C K V 1 <C2 

V2<C3 

C4 < V3 < C5 .and. C6 < V4 < C7 

C 8 < V 5 < C 9 

where all the Cs are constants and V's financial variables. Candidate 

variables are arranged into thousands of complex patterns and analyzed by 
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ADAM to produce an optimal set of variables and patterns that form a 

pattern network called the Forecaster. The criteria for selection of patterns 

are: 

Score: The score (as observed in the historical data) measures the ability of 

the pattern to differentiate between the categories good, criticized, and 

charged-off; in other words, the ability of the pattern to classify correctly. 

Complexity: Complexity is a measure of how complicated the pattern is (in 

terms of number of variables), simple patterns within it, and the amount of 

historical data it satisfies. 

Spuriousness: A measure of the likelihood that the pattern's score (how well 

it predicts) is due solely to chance. 

These statistics are used to evaluate the predictive power of the patterns and 

ensure that whatever predictive power is uncovered is not by chance. To 

each pattern and status a probability (called the "precision") exists that a data 

unit corresponding to the pattern will have that status. ADAM uses a 

proprietary network-balancing technique that selects the patterns for the 

network to maximize precision and minimize bias. 

ADAM was used to develop the PCLM, an expert system based on historical 

data that can predict the likelihood of a public firm being rated good, 

criticized, or charged-off three years in advance. The PCLM comprises two 

parts: the Forecaster built by the ADAM technology from large publicly 

traded companies (residing on a Chase host computer), and a PC-based user 

system that allows access to the model on the host computer to generate 

forecasts for particular companies, perform various analyses, and print 
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reports. Note that information about an obligor's specific credit facility 

(whether the facility is secured, covenants, and so on) is not considered by 

the PCLM. The system evaluates the company itself rather than the risk of 

its defaulting in specific credit payments. 

The PCLM produces these reports: Contributing Variables, Expert-System 

Interpretation, Two-Year Comparison: Items of Increased Significance, 

Two-Year Comparison: Items of Decreased Significance, and Two-Year 

Comparison: Items That Changed Risk Category. Of these reports, 

Contributing Variables contains PCLM's primary output; the others derive 

from the data contained in it. Contributing Variables comprises an overall 

forecast for the company in question along with a list of the variables that 

most strongly contributed to the forecast. The basic report consists of these 

sections: 

Section 1: General information. Contains the company name, forecast year, 

standard industrial code (SIC), data source, date, and years of data that were 

used in generating the forecast. 

Section 2: Industry peer group. Defines the industry peer group as 

determined by the model for the company. The company's asset size and 

geographic location are shown in this section. Information on the industry 

peer group consists of its SIC, the latest year for which industry norms were 

calculated, the number of firms in the peer group, and the peer-group 

reference number (useful in determining the peer group's members). 

Section 3: Overall forecast. Shows the forecast rating for the company (G, C. 

or X). These ratings are mathematically combined into a single 
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"vulnerability index" that helps compare the relative risk among different 

forecasts (different companies or years for the same company). In addition, 

to assist the analyst in evaluating the forecast's significance, the company's 

forecast compared to others in Chase's experience is shown in several ways. 

Chase Rank shows the relative percentile of this company's good rating 

compared to all Chase obligors in the years 1986-1988 (for example, if the 

company's Chase Rank was 25%, for all Chase obligors from 1986-1988, 

75% have a higher and 25% have a lower rating for good), and Percent 

Going to Criticized and Charged-off shows the historical outcome of 

similarly ranked companies, 

Section 4: A list of contributing variables most strongly influencing the 

forecast. These variables are organized into categories and by contributions 

to strength and weakness within each category: profitability, asset efficiency, 

cash How, capital structure and liquidity; and market. 

Section 5: A list of contributing variables compared to the best or worst 

quartile of companies in the industry (defined as its peer group) that most 

strongly influence the forecast. 

PCLM benefits the user because it identifies the strengths and vulnerabilities 

in the financial structure of the obligor and forecasts the impact of these 

factors on the firm's financial health three years into the future. Chase tested 

the system extensively and, having identified many potentially troublesome 

loans. 

Many recent studies and success stories have been reported in various 

international conferences (eg. International Joint Conference on Neural 
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Networks, World Congress on Neural Networks, IEEE World Congress on 

Computational Intelligence) and journals and magazmes (eg. IEEE Expert 

Systems, AI in Finance, AI Experts, Technical Analysis of Stocks & 

Commodities, PC AI). A number of real applications can also be found in 

the NeuroForecaster package. Based on these successful applications, it is 

therefore evident that the neural network technology can be applied to many 

real-world problems especially those related to business, financial and 

engineering modeWngiNewWave Intelligent Business Systems, NIBS Inc.). 
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^UJ^JJ d^nJU t e ^ J ' d*?xJl f j j 3 ^^i i J J^A^a.^dl A ^ JPJU «UUt tdft y i j , ^^Lt t ^ j ^ 

\YV 



I 

J j \ )OJH\ hy& -J JPjX$ <tfkdl d i b Ol j U J ^ A ^ J OsAî J l^aiJ^uot c - ^ j j j l j 4alAt 
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>^Ar ^jsTf Î JLP iwi^lJ k-^iSii oLoU-Jlj ^j>JJi r Ixil Ji^U^ YY 

^ ^ A r j ^ j i 3 ^ ^ 1 J c / ^ MlaiJl j j * Y r 



^ A e J-IJU j-A* J ^ jP' j j^ ^^-As—i' J ^ lAjtifj iJIJAJl * L J l J * ■d'jlgs-i^t O ^ J J W jĵ Sa? Y£ 
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m A JJJSTI s-UtŜ JIj Aj i jJ^ ĵu J-A» J *l>k^ AJljjJ *iaJ £Y 

n A A JJJSTI JUaJl r̂>l*es~o*i( J U j j j J A-P'̂ kuKl 5^>\ji l~*s\\ J OjjJuaJ* OVfrluaJl j j i t r 

MAA JJJSTI ifcL-flJl SjljjJ «Ull ^ luaJl fiUl( f Ik i i i SLJlil o l jA jL l j i * J OJ l^ 2L»1ji i i 

> <\A^ j i l j J isPUarNlj SjiUsS'Sl 2L»jaJt iak?- J ^ I j j J l ^_lk«J* JJ^J U^lS^Si ^ J i y r l to 

H A * j i l j J j-A* J JJJJI! iaUJl O b l j $ l J L^U~o SibjJ 3jjli*Jl i_Jlj«aJt j j j k i C J U ^ J i i 

^ ̂ A^ jv*-r*° jSLJl ^ ji\} gJa£ 2jl^«J ^JLo £V 

m • j*ijs* ^ I j j J l f ikaJl 2L«Jj jijla? ^ lp XJOAJIj i J l i l j i iUaJ'S! OUL-J l jb"*i 3-LU Ju l j i tA 

H * ♦ ^ j U i^W- fljUJ « 4.ji..Ja.jlj 3jjiaJl 3ij«JU jA'jJl j-i?j3l — jU -iSf'j j j - ^ - V l j i-^rlsJ^1 M 

file:///ajj2j


m * ^> ij^xU jb-bll jUfc-/ i l jfijj jfrH\ y J l ikBl^ y»jA*J\j ^ P U ^ T ^ I J c5^l^3*il £-*ll d * 

^ 1 * J*> J j * i l d-U-jJJ 3JJ*AU OlPj3jI l Olj~* r-%^1 O U U 0 > 
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