
Arc
hi

ve
 o

f S
ID

h}
QW|

Wyw
SBw

|tr
a|

xrHt
45

�39
"X

'swU
wp

yJ
|xQ

=tW
'13

87
Qw}Q

yW |@Ya |=yxm@W w |HvUO=YDk= R= ?mQt |WwQ
|O=YDk= |=yxO}OB |v}@V}B |=Q@ |awvYt

�OWQ= T=vWQ� � =}v|tW=y Ot=L
�O=DU=� |m =}vu=wN= |kDO}U

h} QW |DavY x=oWv=O '`}=vY |UOvyt |xOmWv=O

|O=YDk= |=yxO}OB u=v}t]= p@=k w j}kO |v}@V}B O=YDk= sra h=Oy= u} QDsyt R= |m}
p}rLD w |v}@V}B |=Q@ |HvUO=YDk= |=yVwQ R= xm CU= =yp=U u=v=OO=YDk= "CU=

|O}OH EL=@t V}=O}B =@ R}v ,=Q}N= "Ovvm|t xO=iDU= |O=YDk= |=yxO}OB |Q=DN=U
w x}HwD |=Q@ |}=yVwQ 'l}DvS |=ysD} Qwor= w |R=i j]vt '|@Ya |=yxm@W uwJty

=@ Q[=L j}kLD QO "CU= xOW |iQat O=YDk= sra x@ |O=YDk= |=yxO}OB Q=DiQ |v}@V}B
x�=Q= |v}@V}B |=Q@ u} wv |WwQ '|@Ya |=yxm@W w |HvUO=YDk= VwQ ?}mQD R= xO=iDU=
|=yxm@W =} |HvUO=YDk= VwQ |=RHt OQ@ Q=m R= QDu=v}t]= p@=k w QDj}kO xm CU= xOW
R= xDiQoQ@ u; CkO w '|HvUO=YDk= |xw}W R= xDiQoQ@ xQ=W= OQwt u=v}t]= "CU= |@Ya
O=OaD |v}@V}B� |O=YDk= pOt 'VwQ u}= R= xO=iDU= =@ "CU= |@Ya |=yxm@W VwQ

=@ u; R= pY=L G}=Dv w 'x�=Q= �QwWm |}xaUwD |=ylv=@ R= |m} R= Cq}yUD PN= |=[=kD
"CU= xOW|iQat pOt |}=Q=m Qou=Wv QwmPt |xU}=kt "CU= xOW xU}=kt u}W}B |=ypOt

hasheminia@mehr.sharif.edu
niaki@sharif.edu "|v}@V}B '|@Ya |=yxm@W '|HvUO=YDk= %|O}rm u=oS=w

xtOkt "1
|SwrwODt "Cio s}y=wN x=Dwm |HvUO=YDk= |R=UpOt R= 3 VN@ QO TBU w 'x�=Q=
l} QO =Q |SwrwODt u}= OQ@ Q=m 5 VN@ QO x=ov; w '|iQat 4 VN@ QO O}OH

"O=O s}y=wN Q=Qk |UQQ@ w xU}=kt OQwt |ak=w |OQwt |xar=]t

|awvYt |@Ya |=yxm@W "2
w |} wor= |Ov@xDUO p�=Ut pL QO Q=R@= u} QDOvtCQOk R= |m} |@Ya |=yxm@W
|RwQt= |=yxv=}=Q Q=DN=U =@ xm Ret Q=DN=U R= =yxm@W u}= QO "OvDUy `@=wD CW=ov
1911 p=U QO Q=@u}DUNv |=Q@ xm |v=tR "OwW|t xO=iDU= 'OQ=O Q=}U@ Cw=iD
s=vx@ |Q=DN=U |rY= QY=va R= Ret xm OQm sqa= 5p=oU s=vx@ |YNW |Oq}t
uwQwv Qy "CiQo Cwk =yxm@W u}= |Q}oQ=mx@ |=Q@ VqD 'xDi=} p}mWD �uwQwv�
|=y|oO}J}B R= |Q=OQwNQ@ seQ|ra '|r; O=wt R=|a=tDH= u=wvax@ '|DN=vWCU} R
|=yQ=DN=U R= |[a@ "OQ=Ov =Q xOvR=OQB R} Q =@ Q@=Q@ |D=@U=LtCaQU xOvR=OQB R} Ql}
xS} wx@ 'C=}L pw] QO Qo}O |=yCtUk w OvwW|t xDN=U OrwD s=ovy QO |vwQwv
xm Ov=xDi=} QO |oR=Dx@ |U=vWCU} R u=OvtWv=O "OvQ}o|t pmW '|oOvR p}=w= QO
QO �� C=aq]= ^iL w |R=UxQ}NP p}@k R= �� |DN=vWCU} R |=yuwQwv OQmrta
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"OQ=O Q=}U@ C@k=Qt w CkO x@
QO �6|UB=v}U |=yuRw� xm@W |=yQDt=Q=B s}_vD |}=v=wD |va} |Q}oO=} C}r@=k
=@ 'Ovm|t x@ QHD =Q O}OH \}=QW xm@W w O@=}|t Q}}eD xm@W \}Lt xm u=tR Q}Ut
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"Ov};|t CUO x@ 18 |xrO=at \UwD =yuRw C=Q}}eD �jk uDW=O =@
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Crax@ "CU= xm@W |oO}J}B '|@Ya |=yxm@W CqmWt u} QDsyt R= |m}
xO}J}B |}xv=NQ=m Ovv=t =yxm@W u}= '|@Ya |=yxm@W QO |[=} Q |xO}J}B \@=wQ
u=wvax@ |}=yxO=O u; R= w OQ=w |OwQw u=wvax@ |}=yxO=O u; QO xm Ovvm|t Q=m
|oO}J}B Crax@ =y|HwQN w =y|OwQw u}@ \@=wQ uDi=} "OwW|t GQ=N |HwQN
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"OwW|t O=yvW}B |HvUO=YDk=

|HvUO=YDk= pOt "3
|Y=N ẁv ,=U=U= u=wD|t =Q |R=UpOt w |vRu}tND p�=Ut 'OW xDio xm u=vJ
|vFDUt xOa=k u}= R= R}v |HvUO=YDk= |R=UpOt "OQtWQ@ |R=Uxv}y@ p�=Ut R=
w |Q@H |=ypOt R= |Y=N |xvwo |HvUO=YDk= |=ypOt pwtat Qw]x@ "CU}v
=Q sDU}U Qy =ypOt u}= "Ov=ptDWt |iO=YD Q}eDt OvJ =} l} Q@ xm Ov=|Q=t;
pOt l} "Ovvm|t XNWt sDU}U u; |=yQ}eDt u}@ |Q=t; \@=wQ xawtHt =@
|=yQDt=Q=B '|]N Cr=L QO "OW=@ |]NQ}e =} |]N CU= umtt |HvUO=YDk=
|[=} Q C=@U=Lt CrwyU p}rOx@ sy uOw@ |]N ZQi "OvQ=O |]N |Dr=L pOt

[11]"CU= C}ty= |=Q=O |Q=t; |=y|UQQ@ Q_v x]kv R= uOw@xO=U p}rOx@ sy w
|Q=t; |=yuwtR; R= xO=iDU= '|HvUO=YDk= |=ypOt R= xO=iDU= |=}=Rt R= |m}
=yuwtR; u}= R= xO=iDU= =@ xm ?}DQDu}O@ "CU= xO=iDU= OQwt |=yQ}eDt |UQQ@ QO

"CW=O Oy=wN jraD Out 2 �0 w 1� |xR=@ x@ |HwQN '`@=D u}= |iQat =@
=@ "OwW|t xO=iDU= O}�wto}U `@=D QO ?}W Q}}eD |=Q@ �=tO� QDt=Q=B R= ,qwtat

"Ovm|t Q}}eD 5 |xrO=at pmW x@ |HwQN |Qy=_ pmW '=tO R= xO=iDU=

Out(Net) = f(Net) = 1
1 + e

�Net
T

(5)

w u=}O=Qo VwQ R= xO=iDU= =@ xm =DrO VRwt; uwv=k R= VRwt; Ov}=Qi u}L QO
ZQi Qo = "OwW|t xO=iDU= 'OyO|t Vy=m =Q sDU}U pm |=]N =yuRw uO=OQ}}eD
CQwYx@ =]N `@=D 'OW=@ O |HwQN |rw CU= T Q=OQ@ x@ uO}UQ =t hOy s}vm

%OwW|t x@U=Lt 6 |x]@=Q

E(w) = 1
2
NoutX
j=1

NpatX
k=1

(Tjk �Ojk)2 (6)

xv}tm xm@W QO Wji |UB=v}U |=yuRw x@ xHwD =@ =Q pm |=]N s}y=wN@ Qo = p=L
%s}W=@ xDW=O O}=@ 's}vm

�Wji = �k @E
@Wji

(7)

'x=ov; ej = Tj �Oj s}vm ZQi Qo = Qo}O |wU R=
@E
@Wji

= @E
@ej
� @ej
@Oj

� @Oj
@Netj

� @Netj
@Wji

(8)

) @E
@Wji

= ej � (�1) � f 0(Netj) � Ii (9)

%u; QO xm s}UQ|t =DrO uwv=k x@ 9 w 8 |xrO=at wO R= xO=iDU= =@ w
�Wij = "�jkIik (10)

�jk = (Tjk �Ojk) � f 0(Netjk) (11)

%u; QO xm O}�wto}U R=Up=ai `@=D x@ xHwD =@ "CU=

Ojk = f(Netjk) = 1
1 + e�Netjk (12)

%CW=O s}y=wN
f 0(Netjk) = f(Netjk) � (1� f(Netjk)) (13)

) �jk = (Tjk �Ojk) �Ojk � (1�Ojk) (14)

) �Wjk = " � (Tjk �Ojk) �Ojk � (1�Ojk) � Iik (15)

"CU= |OwQw I w |HwQN O 'hOy T 'VRwt; MQv hQat " '15 |xrO=at QO
Tjk� Ovvm|t Q}}eD |HwQN |=yOL=w T=U=Q@ =yvD =yuRw 15 |xrO=at T=U=Q@

"�Ovm|t Q}}eD =QH= Q=@ Qy QO Ojk =yvD w Ov=C@=F Iik w
jwi CqO=at uOQ@ Q=mx@ =@ u=wD|tv =Q |iNt |=yx}q xm CW=O xHwD O}=@
Q=m u}= s=Hv= `v=t ?U=vt hOy =} K}LY |HwQN OwHw sOa xm =QJ 'O=O VRwt;
R= |iNt |=yx}q Qo}O CQ=@ax@ =} |rN=O |=yx}q VRwt; |=Q@ u}=Q@=v@ "OwW|t
h} QaD 17 w 16 CqO=at j} Q] R= xm s}vm|t xO=iDU= xOW xO=O s}taD |=DrO uwv=k
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|W
wQ|=yuwtR; u} QD|OQ@ Q=m R= uw}UQoQ ?}=Q[ w pOt uOw@ Q=O=vat |=yuwtR;

|=Q@ CU= |vwtR; 'uw}UQoQ pOt uOw@ Q=O=vat uwtR; "Ov};|t Q=tWx@ |vw}UQoQ
|=yQ}eDt R= |}xawtHtQ} R w Y |xDU@=w Q}eDt u}@ |]N |}x]@=Q =}; xmu}= u}}aD

%R= Ov=CQ=@a uwtR; u}= QO ?U=vt |=yZQi "Q}N =} OQ=O OwHw pkDUt
H0 : b1 = b2 = � � � = bk = 0 (24)

H1 : bj 6= 0 'j l} pk=OL |=R=x@ (25)

|yHwD p@=k Vkv pkDUt |=yQ}eDt R= |m} pk=OL xm CU=vat u}O@H0 ZQi OQ
pOt QO =]N QY=va uOw@ p=tQv ZQi =@ 'uwtR; |xw}W "OQ=O Q_v OQwt pOt QO
x@ (SST) xOt; CUO x@ C=Oy=Wt QO OwHwt pm Tv=} Q=w |x} RHD 'uw}UQoQ
|Qo}O w (SSR) OwW|t xO=O K}[wD pOt j} Q] R= |m} xm CU= Tv=} Q=w wO

"(SSE) CU=]N Tv=} Q=w
k =@ |=m `@ Qt `} RwD l} R= SSR��2 |xQ=t; x=ov; OW=@ CUQO H0 Qo =
R}v SSE��2 |xQ=t; xm O=O u=Wv u=wD|t xwqax@ "CU= Q=OQwNQ@ |O=R; |xHQO
SSR xmu}= w CU= Q=OQwNQ@ |O=R; |xHQO n� k� 1 =@ |=m `@ Qt `} RwD l} R=

|xQ=t; Q=Okt Qo = xH}Dv QO "Ov=sy R= pkDUt SSE w

F =
SSR
k

SSE
n�k�1

= MSR
MSE

(26)

ZQi OQ "s}vm|t OQ =Q H0 ZQi 'OW=@ QDnQR@ F�;k;n�k�1 |v=QL@ Q=Okt R=
"CU= xDiQ Q=m x@ uw}UQoQ pOt uOw@ Q=O=vat swyitx@ H0

R= l} Qy VRQ= u}}aD QO uw}UQoQ |O=Qiv= ?}=Q[ x@ \w@ Qt |=yuwtR;
=@ =Q Q_v OQwt pOt u=wD|t ,qFt "CU= O}it uw}UQoQ pOt QO pkDUt |=yQ}eDt
u; QO OwHwt Q}eDtOvJ =} l} hPL =@ O}=W =} 'u; QO |i=[= |=yQ}eDt uO}v=Hvo
�j pFt 'uw}UQoQ ?} Q[ Qy uOw@ Q=O=vat uOwtR; x@ \w@ Qt |=yZQi "OQm QDQF-wt

%R= CU= CQ=@a
H0 : �j = 0
H1 : �j 6= 0 (27)

"OQm hPL pOt R= u=wD|t =Q xj xm u; Q@ CU= |r}rO OwWv OQ H0 : �j = 0 Qo =
[12]"CU= 12|�RH F |xQ=t; R= xO=iDU= ZQi u}= |=Q@ uwtR; |xQ=t;

|O=yvW}B pL x=Q |iQat "4
u=wD|tv |Q=t; ^=Lrx@ |rw OvQ=O |v}@V}B QO |rw@k p@=k CkO |@Ya |=yxm@W
|=ypOt CkO ,qwtat Qo}O hQ] R= "OQm u}}aD CLY w u=v}t]= =yv; |=Q@
w u=v}t]= =yv; |=Q@ u=wD|t |rw CU= QDsm |@Ya |=yxm@W R= |HvUO=YDk=
=@ 'CU= Q=PoQ}F-=D MU=B Q}eDt Q@ Q}eDt s=Om xm s}v=Ov ,=k}kO xJv=vJ "OQm u}}aD CLY
CLY u=wD|t |vw}UQoQ w |HvUO=YDk= |=ypOt QO |Q=t; |=yZQi R= xO=iDU=
=Q |}=yQ}eDt u=wD|t swRr CQwYQO w OQm |@=} RQ= =Q Q_v OQwt |=yQ}eDt w =ypOt
R= "OQw; CUO x@ O}OH |rOt w hPL OvQ}F-=D|@ =t |rY= Q}eDt Q@ |Q=t; Q_v R= xm
xm =Q |}=yQ}eDt CrwyUx@ u=wD|tv xm Ov=xO}J}B u=vJ |@Ya |=yxm@W Qo}O hQ]
|xm@W CLY uOQmsm Ea=@ \ki =y|OwQw x@ =yv; uOQmxi=[= w OvQ}F-=D|@ pOt Q@
xm s}W=@ u�t]t ,qt=m xJv=vJ p=L u}a QO "OQm |}=U=vW =Q OwW|t xO}O VRwt;

OQwt =Q =yQ}eDt w pOt CLY u; =@ w |}=U=vW =Q pOt Q@ Q=PoQ}F-=D |=yQ}eDt u=wD|t
|=yuwtR; w �|vw}UQoQ� |HvUO=YDk= |=ypOt |iQat x@ xt=O= QO "O=O Q=Qk O}}-=D

"s} R=OQB|t u; x@ \w@ Qt
uw}UQoQ pOt 'OW=@ pkDUt Q}eDt l} R= V}@ pt=W xm |vw}UQoQ pOt
x@ |YwYNx@ |q=m |=[=kD `@=D s}vm ZQi Qo = ,qFt "OwW|t xO}t=v xQ}eDtOvJ
u}= Ov=wD|t xm |}xQ}eDtOvJ uw}UQoQ pOt 'OW=@ xDW=O |oDU@ Ot;QO w Ct}k

%R= CU= CQ=@a Ovm K} QWD =Q x]@=Q

Y = �0 + �1X1 + �2X2 + " (19)

"CU= Ot;QO hQat X2 w 'Ct}k hQat X1 'q=m u; |=Q@ =[=kD hQat Y u; QO xm
u}O@ |]N |xS=w "CU= pkDUt Q}eDt wO =@ |]N uw}UQoQ pOt l} jwi pOt
pwyHt |=yQDt=Q=B R= |]N |a@=D 'jwi |xrO=at xm CU= xOW xDiQo Q=m x@ p}rO
QO p}NO |=yQ}eDt ?re= =Q X2 w X1 pkDUt |=yQ}eDt "CU= �2 w �1 '�0
|Oa@ wO |=[i QO |}xLiY 'pOt xm CW=O xHwD O}=@ "Ovt=v|t pt=L =} uw}UQoQ
MU=B =} xDU@=w Q}eDt |rm Qw]x@ "Ovm|t h}YwD =Q X2 w X1 pkDUt |=yQ}eDt

"OW=@ \@DQt 20 |xrO=at j} Q] R= pkDUt Q}eDt k x@ CU= umtt Y
Y = �0 + �1X1 + �2X2 + � � �+ �kXk + " (20)

pOt u}= "OwW|t xO}t=v pkDUt Q}eDt k =@ xQ}eDtOvJ uw}UQoQ 'jwi |x]@=Q
"Ovm|t h}YwD |Oa@k |=[i QO =Q fXjg pkDUt |=yQ}eDt R= |}xLiYQ@=
=Q} R 'Ovt=v|t uw}UQoQ |} RH ?}=Q[ ,=@r=e =Q '�j ; j = 0; 1; : : : ; k |=yQDt=Q=B
pOt QO OwHwt pkDUt |=yQ}eDt Qo}O xm |t=ovy '=Q pkDUt Q}eDt l} |} RH QF=

"Ovvm|t h}YwD MU=B Q}eDt Q@ 'OvwW xDW=O xov C@=F
Q=m x@ xOvvR?} QkD `@=wD u=wvax@ ?re= xQ}eDtOvJ |]N uw}UQoQ |=ypOt
Y MU=B Q}eDt w fXjg pkDUt |=yQ}eDt u}@ |k}kL |a@=D |x]@=Q |va} "OvwQ|t
uw}UQoQ pOt 'pkDUt |=yQ}eDt R= |YNWt |=yxvt=O O=ODt= QO =t= CU= pwyHt

"CU= pw@k p@=k ?} QkD l} |]N
=]N C=a@ Qt pk=OL VwQ R= 20 |xrO=at uw}UQoQ ?}=Q[ OQw;Q@ Qw_vtx@
u=wvax@ Xij h} QaD w '(n > k) xOy=Wt n uDW=O CUO QO =@ "OwW|t xO=iDU=
ZQi =@ w 'MU=B Q}eDt R= Q=Okt u}t=i u=wvax@ Yi 'Xj pkDUt Q}eDt R= Q=Okt u}t=i

%R= CU= CQ=@a C=a@ Qt pk=OL `@=D V ar(") = �2 w E(") = 0

L =
nX
i=1

"2
i =

nX
i=1

(Yi � �0 �
nX
i=1

�jXij)2 (21)

C=a@ Qt pk=OL |xOvvmOQw;Q@ 'pOt |=yQDt=Q=B x@ C@Uv L `@=D uOQmxv}tm =@
"Ovvm|t jOY 23 w 22 CqO=at QO bk w : : : 'b1 'b0

@L
@b0

����
�0;�1;:::;�k

= �2
nX
i=1

(Yi � b0 �
kX
j=1

bjXij) = 0 (22)

@L
@bj

����
�0;�1;:::;�k

= �2
nX
i=1

(Yi � b0 �
kX
j=1

bjXij)Xij = 0 (23)

p = k + 1 O=OaD 23 w 22 \@=wQ QO xm CU= |QwQ[ xDmv u}= x@ xHwD
CqO=at ?=wH "OQ=O OwHw |vw}UQoQ ?} Q[ l} |=R=x@ l} Qy 'p=tQv |xrO=at

"Ow@ Oy=wN uw}UQoQ ?}=Q[ C=a@ Qt pk=OL |xOvvmOQw;Q@ 'p=tQv
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t=L �ADV�C=e}r@D |=yQ}eDt w |O=a|=yQ}eDt u=wvax@ �NCAP�lv=@ |xOWp}OaD
"OvOW xDiQo Q_v QO �|Qv}=@� l} w QiY |=yQ}eDt u=wvax@ �PC� |r=t u=QL@ w
VQ=Ro T=U=Q@ Cq}yUD PN= |=[=kD O=OaD x@ \w@ Qt Q}N= p=U 16 C=aq]=
|=yp=U u=wvax@ 1373 w 1372 |=yp=U "Ot;CUO x@ 'lv=@ |xr=U 25 OQmrta
|x}k@ |=Q@ w '1 OOa =yp=U u}= x@ \w@ Qt Q}eDt x@ [18]"OvOW |}=U=vW |r=t u=QL@
Xr=N=v O}rwD |=yQ}eDt x@ \w@ Qt Q=t; "OW xO=O X=YDN= QiY OOa =yp=U
1368 p=U |=v@t Q@hrDNt |=yp=U QO sQwD MQv T=U=Q@lv=@ |x}=tQU w |rN=O

"CU= xOW xOQw; 1 pwOH QO QwmPt C=aq]= w Q=t; "OW p}OaD
MQv 'NCAP 'NGDP 'OwU MQv 'sQwD %Q}eDt 7 =@ |HvUO=YDk= pOt =OD@=
u}= R= pmWDt |a@=D I}y '=QH= R= TB "OW =QH= |r=t u=QL@ w C=e}r@D '|Q=m}@
u}= TBU "Ot=}v CUO x@ 'OW=@ Q=O=vat |Q=t; ZwQi QO u; ?}=Q[ xm =yQ}eDt
x@ |Q=O=vat |xQ}eDt 6 ?}mQD I}y R}v Cr=L u}= QO &OW =QH= Q}eDt 6 =@ pOt
5 hrDNt |=y?}mQD |=Q@ |HvUO=YDk= |=ypOt uOQw; CUO x@ =@ "Ot=}v CUO

%CQwYx@ ?}mQD u} QDy@ w O=O xH}Dv |Q=t; ^=Lrx@ xOt; CUO x@ pOt 'xQ}eDt
NA = 79 3419NCAP 1=2 + 931 021ADV � 895 65PC+

4 26UR2 � 85 2INT (28)

x@ xHwD "OQm xOy=Wt u=wD|t 4 pmW QO =Q u=tR ?ULQ@ pOt Q=Owtv "Ot; CUOx@
|=yQ}eDt Q=Okt C=@U=Lt |oO=U |=Q@ 'xt=vQ@ |=QH= QO xm CU= |QwQ[ xDmv u}=
\@=wQ s=tD QO pOt u}= "OW xDiQo Q=mx@ 1 1000 ?} Q[ =@ NGDP w NCAP

Q@=Q@ u; (R2) |xv=oOvJ u}}aD ?} Q[ w CU= Q=O=vat � = �2 |=R=x@ |Q=t;
CUO x@ |]N pOt u} QDy@ pOt u}= xm CU= QmP u=}=W "Ot; CUO x@ �88
"CU= xOw@ 'pOt �100000 ,=@} QkD� xOW V}=tR; |]N |=ypOt s=tD u}@ xOt;
R= xm OW xO=iDU= |}=yQ}eDt R= |@Ya |=yxm@W R= xO=iDU= =@ |R=UpOt |=Q@
|v}@V}B |=Q@ ?}DQDu}O@ "OvOw@ xOW xDiQ}PB |HvUO=YDk= |=ypOt QO |Q=t; Q_v
|@Ya |xm@W QO INT w UR 'PC 'ADV 'NCAP |=yQ}eDt =[=kD O=OaD
x@ xO=U |]N CW=ov =@ =yQ}eDt '?U=vt ?=wH x@ uO}UQ |=Q@ "OvOW xDiQo Q=m x@
6 w |iNt |x}q 1 =@ xm@W u}= "OvOW xDW=ov [0 25 w 0 75] =} [0 w 1] |xR=@

|QDpw@k p@=k w QDy@ G}=Dv |@Ya |=yxm@W pOt 'OvQ=PoQ}F-=D pOt Q@ =yQ}eDt s=Om
Qw]x@ u=wD|tv |awvYt |=yxm@W |rta |=yOQ@ Q=m QO xm =Hv; R= "O=O Oy=wN
R= xO=iDU= 'OQm |v}@V}B =Q pOt Q@ QFwt |=yQ}eDt R= p;xO}= |xawtHt l} |rm
x@ xHwD =@ |rta |=yOQ@ Q=m QO ,=twta "CU= x=Qty C}OwOLt =@ ,qwtat =yxm@W u}=
|HvUO=YDk= |R=UpOt =@ TBU w OvwW|t |}=U=vW Q}eDt |O=OaD 'xr�Ut C=}@O=
|rOt TBU "OwW|t |}=U=vW MU=B Q}eDt Q@ =yQ}eDt u}= Q}F-=D '|Q=t; |=yZQi w

"OwQ|t Q=m x@ O}=}@ uwQ}@ Ovr@ QU |Q=t; ZwQi R= ^=Lr s=tD R= xm
w |HvUO=YDk= VwQ R= |@}mQD 'CU= xOW O=yvW}B Q=DWwv u}= QO xm |WwQ
R= TB hrDNt p�=Ut QO =D xOW O=yvW}B VwQ u}= QO "CU= |@Ya |=yxm@W
|HvUO=YDk=hrDNt |=ypOt 'MU=B Q}eDt Q@ Q=PoQ}F-=D|r=tDL= |=yQ}eDt|}=U=vW
xOt; uwQ}@ Ovr@ QU |Q=t; ZwQi |t=tD R= xm |rOt |=yQ}eDt w OwW xOQw; CUO x@
,qw= '?}DQD u}O@ "OwW xOQ@ Q=m x@ |@Ya |=yxm@W |OwQw |=yQ=OQ@ u=wvax@ OW=@
pOt QO =]N O=H}= Ea=@ xm Ot;Q=m =v w |i=[= |=yQ}eDt xm s} wW|t u�t]t ,qt=m
R= xO=iDU= =@ ,=}v=F &OvwW|tv xOQ@ Q=m x@ xm@W VRwt; QO 'OvwW|t |@Ya |xm@W
"s}vm|t xO=iDU= |v}@V}B |=Q@ QD=Q=m w QDy@ |}=ypOt R= '|@Ya |xm@W VRwt;

"CU= xDiQ Q=m x@ Q} R |OQwt |xar=]t QO |SwrwODt u}=

|OQwt |xar=]t l} '|O=yvW}B pL x=Q OQ@ Q=m "5
R= |m} R= Cq}yUD PN= |=[=kD O=OaD |v}@V}B |=Q@ |vw}UQoQ pOt l} |x�=Q=
u}= pL |=Q@ "OW xDiQo Q_v QO |OQwt |}xar=]t u=wvax@ QwWm |}xaUwD |=ylv=@
Cq=kt T=U=Q@ 'Cq}yUD PN= |=[=kD O=OaD Q@ QF-wt |r=tDL= pt=wa =OD@= xr�Ut
|rN=O |xOWp}OaD |x}=tQU "OvOW XNWt lv=@ u=Q_v ?L=Y Q_v w hrDNt
MQv '[15]xOWp}OaD |rN=O Xr=N=v O}rwD '[14]|r=t u=QL@ 'C=e}r@D '[13]sQwD 'lv=@
QmP x@ sRq "OvOw@ xOW |}=U=vW |=yQ}eDt [17]|Q=m}@ MQv w [16]Cq}yUD |xQy@
MQv '�INF� sQwD '�NGDP� xOWp}OaD |rN=O Xr=N=v O}rwD Q}eDt GvB xm CU=
|x}=tQU w �UR� |Q=m}@ MQv '�INT� QwWm |mv=@ sDU}U QO Cq}yUD |xQy@

"xOW G=QNDU= C=aq]= w Q=t; "1 pwOH
p=U sQwD xOWp}OaD |x}=tQU O=OaD OwU xOW p}OaD |rN=O Xr=N=v O}rwD |Q=m}@ MQv u=QL@ C=e}r@D

�p=} Q uw}r}t� =[=kD �p=} Q OQ=}r}tQ=Ry� |r=t
1368 17 4 68799 437 10 9 21 94608 12 0 0 0
1369 9 0 63118 32 314 13 7 27 59709 11 8 0 0
1370 20 7 172500 316 12 7 32 2237 11 1 0 0
1371 24 4 80300 5 146 13 4 34 58635 13 1 0 0
1372 22 9 542045 62 39 16 4 42 36721 11 7 1 0
1373 35 2 400921 31 62 16 4 40 89535 12 5 1 0
1374 94 4 268354 3 153 16 7 38 98013 10 2 0 0
1375 23 2 217820 04 239 17 6 42 26183 9 1 0 0
1376 17 3 185694 83 168 17 2 42 45996 12 1 0 0
1377 18 1 257235 25 153 17 5 40 43083 13 1 0 0
1378 20 1 130920 28 412 17 1 44 65854 13 5 0 0
1379 12 8 146289 06 1096 17 8 52 63442 14 3 0 1
1380 11 4 133279 39 933 17 4 54 67657 14 2 0 1
1381 15 8 115094 47 1081 16 9 65 08202 12 8 0 1
1382 15 6 99562 69 906 16 5 67 35426 11 0 0 1
1383 15 2 263908 75 2080 16 2 70 12868 14 6 0 1
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wQ"1384 p=U Q=t; |v}@V}B "2 pwOH

YEAR NGDP NCAP PC ADV UR INT INF

1384 73200 299488 86 0 1 10 7 16 15

u} QDQ@u=tR R= |m} VwQ u}= "OW xO=iDU= wor= l} |Q=PoQ=vm VwQ R= OW=@ QF-wt
O=OaD s}vm ZQi Qo = VwQ u}= QO "CU= xO}OVRwt; |xm@W V}=tR; |=yVwQ
VRwt; QO xm |} wor= =@ w s}yO|t VRwt; wor= n� 1 =@ =Q xm@W 'OW=@ n =ywor=
|wor= xDUO n =@ w x@DQt n =Q Ov}=Qi u}= "s}}=tR;|t =Q u; 'xDW=Ov |Wkv xm@W
|Q=}at u=wvax@ xm@W n u}= R= pY=L u}ov=}t |=]N w s}vm|t Q=QmD Cw=iDt

"OwQ|t Q=m x@ xm@W u=v}t]= ?} Q[ =} |rm |=]N |Q}oxR=Ov= |=Q@
x=wNrO G}=Dv x@ xm |v=tR =D 'xm@W K}LY VRwt; |=Q@ xm CW=O xHwD O}=@
xm s}O}UQ |Dr=L x@ |Dkw "s}yO|t VRwt;hrDNt |=yQDt=Q=B =@ =Q xm@W s}=xO}UQv
|=y?} Q= w =yuRw w s} wW|t hkwDt 'OyO|t u=Wv pw@k p@=k Q=DiQ OwN R= xm@W

"s}vm|t xQ}NP =Q u; x@ \w@ Qt
|Dw=iDt ,qt=m G}=Dv x@ u=Um} |=yQDt=Q=B =@ VRwt; Q=@ OvJ QO CU= umtt
u}OvJ '=yQDt=Q=B hrDNt |=y?}mQD R= ?}mQD Qy |=Q@ CU}=@|t u}=Q@=v@ "s}UQ@
u�t]t xm@W VRwt; |=Q@ '=yQDt=Q=B uOw@ ?U=vt R= =D O=O VRwt; =Q xm@W x@DQt
u=wD|t 'Ot; uwQ}@ Ovr@ QU =yuwtR; u}= R= w OW V}=tR; xm@W xm u; R= TB "s} wW
|@=}uwQO =} |v}@V}B |=Q@ xm@W R= 'xOW xQ}NP |=y?} Q= w =yuRw x@ xHwD =@

"OQm xO=iDU= O}OH |=yxO=O
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1. maximum likelihood
2. simulated annealing algorithm
3. tabu search
4. ant colony optimization
5. Segal
6. synaptic weights
7. sigmoid activation function
8. noise
9. back propagation
10. pattern classi�cation
11. function mapping
12. partial f-test
13. epoch
14. leave one out
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