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1.��CB�
�JKL# $��JG 8 )#$�# MNO3 P# 1D/0 4�=>;+�� M* MDQ*#8 4�=��CDE# ��J6R" .7J(8# 4 MJ;�0$* S4�J=

T>;>9N*.)�-;M3�H* U-V9" 8 T>;,-( WXNDQ; M0Y�G 4�=19-*4�J5�6" )#XJ-; P# SJ-E� Z�D[JQ0 4�=
,-( \-9]O= 8 W�% �/0 4#$* 10�23,-( \-9^ .�G# )+ �O-E T�0�GH0 19-*19-* )�F;# \�# 1��=

�G� ��-D%# �� #�1; �#$E )#��<�>0# �J�$3 M* �F"# �* >90#HD* �" >=� ,-J( )4�=>J;+�� P# @>J? 1J9-*
M;�0$* .1D/08 1J_#$` �#>J��( 8 T�J[a�* MbJGH" 8 >J?� M* 1*�-DG� 4�DG#� �� #� �H% 4��CDE# 4�=

,-( �E� c�G# \�# $* .>9��O0 #$3#19-*#� UJ2; 8 4>-N< 1B60 dH^��^ \�# �� MD�$e W�I0# 4�=
1; �/�# .>9<

&8�,-( 4#$* 1/NDf; 4�= 4�=$-gD; 19-*1; �20+ \�$DO2; P# M<��#� �H38 4��CDE#MJ* )#H"
,-(19-*h-NR" dH^��^ �� MD�$e T�Hi 4�=4$G 4�=1JN< �Jj�_ �� .�HO0 @��?# 10�;P 4�=

&8�,-( 4�=1; #� 10�;P 4$G 19-*MDG� 8� M* )#H"U-Q6" 1k%$-l 8 1k%�$J< 4>J9* .\J�# �J*
&8� \�$"�$*��<$( m�_,-( 4�= 8� .1Jk% 19-*&>J9�#$� 4�J=ARIMA1 8VAR2 �JG#MJ* .

.@8nL UDJQ-G P# @��/DG# M* 10#8#$� M3H" @P8$;#,-J( �� >9OJ?H= 4�J=4��JCDE# 4�J=$-gD; 1J9-*
MF[? .�G# @>? oHkb;m>J; 8 hJ-NR" 8 MJ�XI" M9-;P �� M< 1LH9C; 1[CL 4�=pJ*#8� 4P�JG

1J; d�JQ_ M* >9O"�>E 4�=�#X*# P# 1F� 1k%$-l .>J9�+P# 1JF�UDJQ-G \�$JDO2;>9OJ?H= 4�J=
1; dHQR;,-( 4#$* M< >0�$e1; MD�$e ��F* 4��CDE# 4�=$-gD; 19-*  .>0H?

4HJJAj# MJJG qJJj�E �� 7JJ(8# �JJ/0 4#$JJ* 10�JJ23 4�JJ5�6" MJJj�6; \JJ�# ��ARIMA .VAR

8ANN3,-( ��H;�Jk% T�Jb*$; rHJOI; ��J-b; MJG P# @��/DJG# �J* stJG .�JG# MD�$e �#$E 19-*
(MSE)4; . �k% SNk;�>E \-A0�-(MAE)5\-A0�J-; ��J-b; 8   ) �Jk% SNk;�>JE >Ji��MAPE(6

,-( �� �=HAj# \�# P# W#>< $= �E� 8 1��0#H"8 �JG# @>J? M[JG�R; 7J(8# �J/0 4#$* �5�6" 19-*
,-( �� HAj# \�$D2*>? >=#H% d�fD0# �/0 4�5�6" 19-*.P# @��/DJG# �* 7(8# �/0 4�5�6" Z�D��20

@>�Xe$* 4HAj# m�G 4#$* 1F� H���9G 8� ��20128 m�G )���( �" 4$A��2015 ,-J( ��H;1J9-*
  .�G# MD�$e �#$E

1. Autoregressive Integrated Moving Average (ARIMA)
2. Vector Autoregression (VAR)
3. Artificial Neural Network (ANN)
4. Mean Squared Error (MSE)
5. Mean Absolute Error (MAE)
6. Mean Absolute Percentage Error (MAPE)
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2.c@L@� ;�-D/&
MF[? �-6�H;* 1[CL 4�= M@�#� h-NR" 8 M�XI" �HV9; M* >9O"�>E 4�#X*# )#H9L�J" >J? q3H; .�=

,-J( &8� \J�# M* X-0 )�0#���CDE# M3H"J=� $J%#8# �� 8 @>J? qJN3 1J9-* M80m>J; 4�n-J;4�J=
,-( �23 1/NDf;,-J( MJ9-;P �� .�HJ? MD%�JG 4��CDE# 4�=$-gD; 19-*4��JCDE# 4�J=$-gD; 1J9-*

*MN-GHMF[?MQ��6; 8 1LH9C; 1[CL 4�=&8� �* u��D04�>JbD; 8 T8�J/D; T�6-6R" .$A�� 4�=
 .�G# @>? W�I0#
MF[? �$*��< 1I9G��CDE# 8 ��CDE# �� 1LH9C; 1[CL 4�=��#8 Mbj�k; �*11j�J; 4�=�#P�* ��

,-( 8 �<$? W�2G �O-E 19-*IBMUD��HJAj# MJ< �#� )�JB0 MJbj�k; \J�# u��JD0 .>J? P�Jl+4�J=
hE#>_UD��HAj# P# $D2* 1I9G��CDE# �� @>? @��/DG# 4P�G .�G# 1[CL MF[? 4�=

Hj 8 88 Mbj�k; u��D02,-( �� M< �#� )�B0@�"H< 19-* $;+ W�2JG �O-E T>;1[JCL MF[J? �JF�
 &8� �* MQ��6; �� 1LH9C;ARIMA,-(19-*S-E� 4�=1J; MJv#�# 4$J"T>J;>9N* �� �J;# .>J��O0

>9�+$�ARIMA,-( �� 4$DB-* 1��0#H" .��#� 19-*
h-=)#$A�� 83,-( u��D0MF[? pGH" 19-*m>J; 8 1[JCL 4�=wJNDf; 4��J;+ 4�J=��HJ; #�

@�#� �#$E MQ��6; .>0# hi�_ u��D0,-( M< �H* \�# $A0�-*MF[? �* 19-* * 1LH9JC; 1[CL 4�=P# $JD2
&8� $��G1; hOL �=.>99<

4�#XJJ2<)#$JJA�� 8)1995( MF[JJ? &8� MJJ* #� T�y wNJJG Tn;�JJb;m>JJ; 8 1[JJCL 4�JJ=
ARIMA,-( #�@�$< 19-*,-( 4�k% M< �#� )�B0 S-6R" \�# �� u��D0 .>0#1[JCL MF[J? �* 19-*
 1LH9C;18 �"40,-( 4�k% P# $DO< >i�� �* 19-*ARIMA .�G#

m�eH"$( Mbj�k;4,-( ��@�#� P# @��/DJG# �J* hJ�P$* �� �b9Ji ,Jf* zj�%�0 >-jH" 19-*4�J=
 M�H0#{ @�8� 10�;P 4$G1981 $[;�G� �"1992>J9�#$� MJ< �#� )�B0ARIMA$J* 4$DJB-* 4$J"$*
 .��#� 1[CL MF[? m>;
MD��� X-0 s-NA0# ��k; 4�=W#�H< 8 |$^ Mbj�5&8� �#� )�B0MF[J? P# $JD2* 1I9G��CDE# 4�=

o$C; }��f; 1LH9C; 1[CL,-( #� s-NA0# )�e>99<1; 19-*  .>99<

1. Whit (1988)
2. Wu and Lu (1993)
3. Hill, et al (1994)
4. Portugal (1995)
5. Church and Curram (1996)
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H�1MF[J? P# @��/DJG# �J* #� �JF�$;+ 1bE#8 1N%#� zj�%�0 >-jH" >?�8 1LH9JC; 1[JCL 4�J=
# $A0�-* hi�_ u��D0 .�G# @�#� �#$E 1G�$* ��H; 1k% )H-G$e�MF[J? MJ< �HJ* \�1[JCL 4�J=

,-( �� 1LH9C;1; hOL $D2* .19-*   .>99<
~0#{)#$A�� 82,-( ��H; �� )�?�H% Mj�6; ��MF[J? m>J; P# @��/DJG# �J* 1ADJQF?�8 19-*

,-( 1N< �E� M< >0�#� )�B0 7-DQ3Y )H-G$e� 8 1[CLMF[? 19-*)H-JG$e� P# 1[JCL 4�J=
 .�G# $DB-* 7-DQIj

8$;�< 8 4$-B;)3MF[? �$FNOL&8� $��G �* 1LH9C; 1[CL 4�= 4$G 8 1I9G��CDE# 4�=
,-( 4#$* #� 10�;P@�$< MQ��6; #��0�< W�H" �$0 19-*)+ .>0#m>; �=#� 1LH9JC; 1[JCL MF[? 4�=

m>; �* 4��D%�JG 4�=VAR .BVAR 8ARIMASJ�# 4#$J*8 MJG .7J�) wJNDf; 10�J;P 4�J=
@�$< MQ��6; (>b* @�; @�P#8�#\-A0�J-; MJB�� 1J9b� .,=8�J( \J�# �� @>? MD�$e��F* 4�=��-b; .>0

�=�k% �*$;(RMSE) �=�k% SNk;�>E \-A0�-; 8(MAE)MF[? M< �#� )�B04#$J* 1[JCL 4�J=
,-(1; hOL $D2* #��0�< W�H" �$0 19-*.>99<

~0#8 8 ~0��=4MF[? @��G m>; 7� m>J; 4#$* 1LH9C; 1[CL 4�=4P�JGARMA4#$J*
4$G@�#� P# 1;�JA9= MJ< >J9D�$e MJI-D0 �J20+ .>0�$< @��/DG# 10�;P 4�=@>J-]-( 8 1Jk%$-l 4�J=

1; @��/DG#? m>; .U-9<MF[m>; M* ���E 1LH9C; 1[CL 4�=qG�9; 4P�G@�#� 4#$* 4$" 8 @�H* �=
m>; M< �G# 1j�_ �� \�# 1k% 4�=ARMA@�#� 4#$* 1D-N*�E \-9^ .>0�#>0 1k%$-l 4�=

\-9]O=P�F" Mbj�k;5 ,-J( M9-;P ��MF[J? MJ< �#� )�JB0 #��J0�< 1JN%#� zj�J%�0 >J-jH" 1J9-*
S�# �� �29" 1LH9C; 1[CL P# $DO< 10�;P 4�=12,-( 4�k% 4#�#� @�;�J* MQ��6; �� 4$DO< 19-*

 )H-G$e� �H% >9�+$��G#@�8� �� 8m>; m�G 7� P# $DB-* 4�=VAR d#HJ3SJ-E� 4�J=4$J"
�#v#1; M .>9<

)HQj8#8\OG�;6,-J( 4#$J* 1[JCL MF[J? P#@8$Je �� .1J9-*@��/DJG# 1j�J; 4�J=�#P�* 4>J9*
s( 1LH9C; 1[CL MF[? Mbj�k; \�# �� .>0�HO0P#�J-3Hj m>J; �J* �k% ��BD0#7hE#>J_ &8� 8

) 1jHOb; T�b*$;OLS@�#� .>? MQ��6; (4�=��F*MD����\�#,=8�(@�P�*W�2G2352�<$?
1. Fu (1998)
2. Zhang, et al (1999)
3. Moshiri and Cameron (2000)
4. Hwamg and Wong (2001)
5. Tkacz (2001)
6. Olson, et al (2003)
7. Logit
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1�#��0�<4#$*@�8�1976�"1993�G#1; )�B0 u��D0 .�� 4$DJB-* 1��J0#H" 1[JCL MF[? M< >=�
,-( #'j 8 ��#� h6DQ; 8 MDQ*#8 $-gD; \-* 1k%$-l p*#8� 1��G�9? 1J9-* �J= SJ-E� 4>J-jH" XJ-0 4$J"

1; .>��O0S-E� 1[CL MF[? \-9]O=&8� $��G P# $"�<$? .�=@8$Je 1=�P�J* c�G#$* #� �=4>J9*
�HO0 .

)#$A�� 8 48$=1)H-JG$e��H% >J9�#$� 7J� �J* #� 1LH9JC; 1[CL MF[? 1��0#H" .)AR �� (
,-(.)�Oj+ 1��(8�# �HB< MG 1Db9i T#>-jH" 19-*@�#� �#$JE MJQ��6; ��HJ; s-JNA0# 8 MQ0#$�   .>J0#

�k% �8'I; \-A0�-; MB�� ��-b; P# �HV9; \�# 4#$*(RMSE)�#� )�JB0 MJbj�k; u��D0 .>? @��/DG#
S�# �� 1LH9C; 1[CL MF[? M<P# $JDO< 10�;P 4�=12,-J( 4�Jk% 4#�#� @�J;�� 4$JDO< 1J9-*
 10H-G$e��H% >9�#$� �* MQ��6;�G# .

)#��FO= 8 HA0Hj2,-( 4#$* #� 1I9G��CDE# 4�=HAj# 1Ni# @8$e MG �� W�% �/0 �O-E 19-*
m>; MJ6[` 1j�; 8 10�;P 4$G .pNDf; 8 4��D%�G 4�=>J0�$< 4>J9*1��J0#H" 1*�J�P�# MJ* stJG 8
,-(m>; \�# P# 7� $= pGH" �O-E 19-*S�# �* �=8 MJ0�=�; .1NJC� .M0Y�JG) 10�J;P wJNDf; 4�J=

1G�$* u��D0 .>9D%#�$( (M0#P8�,-( 1j�; 4�k% �-RC" 4�=HAj# M< �H* )+ P# 1<�_ �=19-*4�J=
Mk60 �O-E P# 16-E�1O0 Mv#�# W�% �/0 4#( 4�=HAj# 8 >9=� )#H9L �R" .HA0Hj 4��29B-» 4�2j>;

pNDf; «@�#� M* M3H" �* J* .Mbj�k; �� MD�� ��F* 1*��P�# 4�=��-b; 8 �= MMD%�9J? $J"$* 4HJAj# )#HJ9L
 .>0>?

1; M9-;P \�# �� MD�$e W�I0# 1N%#� T�bj�k; P#\"8$� 8 4$-B; 4�=��< M* )#H")1383 @��?# (
,-( M* M< �$<G �* W�% �/0 �O-E 19-*1Jk% m>J; .1LH9JC; 1[JCL MF[? &8� MARMA 8

 1k%$-lGARCH��hJ��8+ W��2^ @�8�1983�J"13MJ�H0#{2003�JG>* u��JD0  .>J9D%#�$(
1; )�B0 @>;+ ,-J( T�>E P# $A�� m>; 8� M* �[Q0 @��/DG# ��H; 1[CL MF[? m>; M< >9=�1J9-*

 �#��H%$* 4$D2*�G# .
4��*+$C0 8 )��Xg*)1385/DG# �* (MF[? 8 )�;XO= TY��b; UDQ-G P# @��hJ;#HL .1[JCL 4�=

;�$� o$C; $* $a+@��8$J� 4�J5�6" 8 hJ-NR" .#� 1D/0 4�=+@��8@�8� �� #� 1JD/0 4�J=1386�J"
1400,-( #�@�$< 19-*m>; u��D0 Mbj�k; \�# �� .>0#,-( ��H; �� �=�J/0 .\�X9* o$C; >?� 19-*

1. Heravi, et al (2004)
2. Longo, et al (2007)
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#$* .@�H< �/0 8 >-/G �/0 .P�e m��Jb; q-"$" M* .)�;XO= TY��b; UDQ-G c�G8/9 .0/9 .0/1 8
0/8m��b; 4P�� 1[CL MF[? m>; c�G#$* 8 >i��10/1 .1/1 .0/7 81/1 >i���G# .

MF[?)+ 1Jk%$-l �J-=�; h-j� M* 1[CL 4�=MJ=� �� �J=�#$JE MJ3H" ��HJ; ��-JQ* $J-%# 4�J=
MD�$eMj�6; 8 >0#)+ M��( $* 10#8#$� 4�=9; �=)+ $-%# T�bj�k; P# M< �G# @>? $BD�J/0 M9-;P �� �=

1;.�$< @��?# $�P T�bj�k; M* )#H"
1OB�$*#)#��FO= 8)1389hJ-NR" $J* 1J9D[; #� c��J� u-JN% h-v8P�e �O-E M< �$< @��?# .(

,-( 8 4P�GHAj# 1[CL MF[? 8 1F-9F".>0�HO0 19-*
)#��FO= 8 #�+$2;)1389_ 4>��L ,�#X�# )�F;# (1�#��<�0 P# hi�W�J% �/0 1"+ �#P�* �� �=

@�$< 1G�$* 1[CL MF[? P# @��/DG# �* #�.>0#
 )#��JFO= 8 #�+$2;)1389,-J( MJ* .(1J* 1J9-*1[JCL MF[J? P# @��/DJG# �J* �J/0 �JO-E 1"�J[a

GMDH1  .>9D%#�$(

3 .2C� "$P% ?%�G� $D "5'$�>-: "�E?�-D
 m>; 7� \-Of" �� 1G�G# o#>=# P# 1F� )8�� $J-gD; T#$--g" )#HD* M< �G# \�# )H-G$e� #� #P

)8$* $-gD; P# 19-b; �#>6; �*,-( #P,-( .�$< 19-*m>J; 7J� P# @��/DJG# �J* M< �G# 4>9�+$� 19-*
,-( 4#$* .�HO0 ��8+$* @>9�+ �� MD?'e 4#$* #� $-gD; 7� )#HD* 19=y �� 19-Lm8# $J-gD; 7J� 19-*

1;%#� �� #� $-gD; �Q��*,-( M0HO0 h#� $J-gD; stJG .�HJO0 d�JfD0# #� &8� \�$JD2* 8 �$< 19-*
,-( @>9�+ 4#$* m>; \�$D2* c�G#$* .�$< 19-*

,-(1; U-Q6" MDG� 8� M* Z�">OL 19-*�H?:,-(MJ0HO0 hJ%#� �� 1J9-*2 ,-J( 8P# }��J% 1J9-*
M0HO03,-( �� .1; M0HO0 h%#� 19-*c�JG#$* #� $JV0 ��H; $-gD; )#H"1J/-< �J� 1J5��� m>J; 7J�

�$J< MJQ��6; 1JbE#8 $J-gD; �* #� )+ stG 8 �HO0 ��8+$*.m>J; T�>JE $J;# \J�#,-J( 4�J=#� 1J9-*
1;,-( �;# .>I9G@�8� 4#$* #� $V0 ��H; $-gD; M0HO0 P# }��% 19-*@�8� �J� 1J"+ 4�=MDJ?'e 4�J=

1; ��8+$* (M0HO0 P# }��%),-( .>9<1; #� $-gD; 7� 19-** )#H":�#� W�I0# &8� 8� M
-,-(m>; pGH" 19-*m>; >90�; 19-L 4�= 1I9G��CDE# 8 4��;+ .15��� 4�=

1. Group Method of Data Handling
2. In Sample Forecasting
3. Out of Sample Forecasting
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-,-(m>; pGH" 19-*&8� >90�; 19=y 4�= 8 T�-*$I" P# @��/DG# .1G�9?��< .1/j� 4�=
8 )�e$[% T�Ln`#...

 ��H; $-gD; 1/-< T�Hi M* 8 �Q-0 15��� m>; Mv#�# M* P�-0 19=y &8� �� 1J; ��8+$* $V0    .�HJ?
,-J( >J9�+$� W�JI0# 4#$J* ZYHOb; �;#$J-gD; 7J� 1J[�$6" ��8+$J* 1J9b� .4��JCDE# 4�J=$-gD; 1J9-*

m>; P# .@>9�+ �� 4��CDE# 1J; @��/DG# 4��;+ 8 15��� 4�=1J9-L &8� �� $JA�� )�J-* MJ* .��$Je
�G# 4�8$5 m>; Mv#�#O< &8� .0# $�P 7-9F" MG P# @��/DG# �* (19-L) 11; W�I .�H?

1.4��D%�G �� 1I9G��CDE# &8�
2.4��D%�G$-l �� 10�;P 4$G &8�
3.MF[? &8�1[CL 4�=

1; ��8+$* $�P T�Hi M* 1I9G��CDE# m>; 7� #>D*# m8# &8� ��:�H?

)1()(XfY !

 M<Y8 MDQ*#8 $-gD;X�G� �� �* 8 �*#H" h-FB" P# s( .�G# h6DQ; 4�=$-gD; P# 4�#�$* \D?#�
 4�=$-gD;x1; $-gD; )#H"Y,-( �� ��8+$* #�,-( 4#$* Z�">OL $;# \�# .�$< 19-*�J* $-gD; 7� 19-*

1; T�Hi �=$-gD; $��G T#$--g" P# @��/DG#M;�0$* �� m��; )#H9L M* .�$�'($Je# 4��CDE# MbGH" 4�=
M��;$G �*�">-jH" 8 >?�* >-jH" P# 1b*�" 8 �H? ��8+$* 4�#'e)xm�G �� (o>J= 1J"+ 4�=4�#'Je

�H?.1;M��;$G $-gD; )#H") 4�#'eY,-( #� (  .�$< 19-*
TYHJR" c�JG#$* Z��$Ji 8 1��J29" MJ* $J-gD; 7J� ��#� W�J0 4��D%�JG$-l &8� M< W8� &8�

,-( h*�E &�H% MD?'e��J< \�$JDO2; &8� \J�# �� .�JQ-0 4$JA�� $J-gD; MJ* P�J-0 8 �JG# 19-*
 4$G ��D�� 1��G�9?  .�G# &�H% \-B-( $���6; c�G#$* 10�;P

MF[? &8� ��1; �-b[" 1j>; rH0 M^ P# $-gD; 7� MF9�# .1[CL 4�= �* MFN* .�Q-0 U2; >9<
1; MF[? �H% .MF[? pGH" 4$-e��� >9�+$��� MJ0HA^ $JV0 ��HJ; $J-gD; MJ< >=� z-fB" >0#H"

@�8� 4#$* #� )+ 8 �G# �<$_,-( 1"+ 4�=1; 19-* .>9<
*,-( 4#$* �j�_ \�$D2* M< >? �8+��� >��&8� W�O" P# @��/DG# $-gD; 7� 19-* s( 8 �G# �=

,-( P#1; 19-*&8� )#H" c�J-6; �* #� �=,-J( ,I9JG 4�J=#� &8� \�$JD2* 8 �$J< MJQ��6; 1J9-*
,-( 4#$* )+ P# 8 d�fD0# .�$< @��/DG# 19-*
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3-1 .2C�VAR

 4{Hj8>D;VAR* 4���P @P#>0# �"m>; M\J�# �� MJF9�# XJ3 .��#� �=�[J? )�J;XO= TY��Jb; 4�=
)8�� 4�=$-gD; 4�#>b" �* &8�U��#� ��<8$G #P.)8�� $-gD; $= �;#MDJ?'e $���J6; P# @��/DG# �* #P

)8�� 4�=$-gD; $A�� 1;�O" P# M/E8�* $���6; 8 �H% 1J; @�#� �-5H" .m>; 4#PZYHJOb; .�HJ?�-J=
)8$* $-gD; M0He� 1�#Pm>J; @8nJL M* .��#>0 �H38 m>; �VAR@�J"H< ��JD���J=$-gD; T>J;�J* #�

�* $���6; 8 �=$-gD; $A��1; \--b" #� $-gD; �H% M/E8MJ< 1j>J; 10H-G$e��H% >9�#$� 7� �� .>9<
1; \-Of"P# �G# T��[L U-0P

)2(t

q

i
iti

p

j
jtjt UXYY """! ##

!
$

!
$

11
%&'

 )+ �� M<U 4{Hj8>D; �� M< @�H* 1���C" TnO3 �=VARsJFL MJ*10�J2e�0 $J--g" �J� hJObj#
 .��#� T$2?

3-2. 2C�ARIMA

 >9�+$�ARIMA(p,d,q) $-gD; 4#$*x1; #�Mk*#� T�Hi M* )#H":�#� )�B0 $�P

)3(t

q

j
jtj

p

i
itit yxfy (()* ""! ##

!
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!
$

11
)(

t
d

t
d

t xLxy )( $!+! 1

 >9�#$� ��ARIMA(p,d,q).q .d 8p$e��H% 4�J= MJ/E8 �#>b" $A0�-* q-"$" M* 10H-JG1MJ["$; .
h5�/" �$RD; \-A0�-; TnO3 �#>b" 8 4$-e�G# M< 1"�Hi �� .d .��$Je $/i �* $*#$*>J9�#$�

ARIMA >9�+$� M* h�>["ARMA1;ZYHOb; .�H?4HJAj# \-JOf" 4#$*ARIMA8ARMA

s<�* &8� P#-1; @��/DG# X-F93�JE� z-fJB" 8 \-JOf" .1��JG�9? MJN_$; MG 4#�#� M< �H?
&P#�$(�G# .

ZYHJOb; �$JRD; \-A0�J-; TnJO3 �#>Jb" 8 H-JG$e��H% TnO3 �#>b"�J*#H" P# @��/DJG# �J*
1ADJJQ[O=�H%2)AC1JJvX3 1ADJJQ[O=�H% (3)PACs<�JJ* hJJ_#$; c�JJG#$* (- M[JJG�R; XJJ-F93

1. AR: Auto Regressive
2. Auto Coloration
3. Partial Auto Correlation
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1;.�H?m>; �G# \FO; M< 1��I0+ P# �;#4HJAj# $J* MJ< >9J?�* MDJ?#� �HJ38 4$JA�� M9-2* 4�=
#� �-3$" �H<';m>J; \J�# .>0H? @�X"�#HJ? �J� 8 7J-v�<+ 4�J=��-b; pJGH" �J=-19-*P�J* \�XJ-*

1; .>0H?

3-3.?G�H �FG7 2C�)ANN(
MF[? M=� P# 1[CL 4�=50MJ=� pG#8# �� �29" �;# .>0�H* @>? MD%�9?80UD��HJAj# MJ< �HJ*8 �J=
&8�M* �H*$; 4�=MF[?M3�� M* 1LH9C; 1[CL 4�=# ��$B-( P# 4hv�JQ; hJ_ �� MJ< >0>-G�

)+ P# 1bE#8MF[? @��G hF? .>? @��/DG# �=1LH9JC; 1[JCL 4�J=)ANN8 4�8�8 MJ�Y 7J� (
hJ-[E P# 4�8�8 4�J=$-gD; h;�J? 4�8�8 MJ�Y  .��#� 1J38$% M�Y 7�nxxxx ,,,,  321MJ<n

 E P# �JJJG# 4��JJJ�P 1JJJ38$% 4�JJJ=$-gD; h;�JJJ? XJJJ-0 1JJJ38$% MJJJ�Y  .�JJJG�=$-gD; �#>JJb"hJJJ-[
nyyyy ,,,,  3214�8�8 $JJ= .x 1JJ38$% 7JJ� MJJ*y 1[JJCL MF[JJ? �JJ6-6_ �� .�JJG# hJJCD;

.1LH9C;MLHOI;)8$0 P# 4#M�Y �� hCD; U= M* 4�=4#$J* #� 1"�JLn`# MJ< >9DJQ= wNDf; 4�=
1; m�G�# $A�>F�)8$0 .>99<\�#$*�J9* .>9DJQ= T�JLn`# &P#�$J( @��JG 4�=>J_#8 1LH9C; 4�=

P �#>b")8$0 \�# P# 4���1J; #� 1[JCL MF[J? 7J� �=�#�HJO0 .>0P�JG17J" )8$J0 7J� ��D%�JG
1; )�B0 #� 4�8�8 4�=$j�FG# .>=�p8qM*q-"$" .>9DQ= 138$% 8 4�8�8

�" )#X-; $-ap 48�q $j�FG# �#>6; MN-GH*a1; \--b"�J*�a �#>J6; M* M< $A�� 4�8�8 .�H?1
 c���* MNO3 �� .�G#b@>? d$5. �* stGap1; �O3zj�J% 4�8�8 .�O3 hi�_ \�# .�H?

n �$R; �*�" 4#$*fb; �* )8$0 138$% .q-"$" \�>* .�H* >=#H%�1; w�$b" $�P Mj�:�H?
)4()( bapfq "!

 5&/@6%1."/'5' IA R'$% I* 5�0^�3 >*�6%
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MDF04#M<�" 8 �-O=# �?#� M3H" )+ M* >��** MNO3 $-a c���b1J; #� MJNO3 \J�# .�G#)#HJ"
)P8 >90�;a# �* ��$e $V0 ��� M< �HC" \b�J" )#XJ-;�J*�a 4�8�8 $-a1sFb9J; )8$J0 48� #�

1; 4�=$D;#��( M< �?#� M3H" >��*  .�P�Ga8b�$JR; �*�J" 8 >9DJQ= U-JV9" hJ*�EfpJGH" XJ-0
1; d�fD0# �#$`�J� UD��HJAj# rHJ0 8 d�JfD0# \�# c�G#$* .�H?4�J=$D;#��( .4$-e�a 8b U-JV9"

1; M< �G�9b; \�>* 4$-e���  .>0H?a8b1; $-g" 4�H`138$% 8 4�8�8 Mk*#� M< >99< )8$0
.>��O0 �6*�k; 1i�% o>= �*1MF[? P# T8�/D; rH0 8�:�G# @>? @�#� z-fB" 1[CL 4�=

1.,-( 1[CL MF[?�H%2

2.s( 1[CL MF[?�H%3

�6; �� M< \�# M* M3H" �*,-( 1[CL MF[? P# .$5�_ Mj�G# @>? @��/DG# �H%. ��H; �� �-5H" M*
1; @>9Q* )+ MJ�Y P# .1LH0 1[CL MF[? 7� .U-9<8� MF[J? 7J� �� .�JG# @>J? h-FJB" 1��J=

M�Y)8$0 �[9; P# 4�8�8 M�Y 7� .4# )8$J0 P# 138$% M�Y 7� 8 �=MF[J? 7J� .��#� �HJ38 �J=
Y >9^ �� 7� .M�Y >9^ 1[CL)8$0 P# 10�29( M�MJ�Y $J* @8nJL X-0 #� �=  .��#� 1J38$% 8 4�8�8

 �#�HO02 1[CL MF[? P# 1B��O0 .4M�Y1; ,��O0 #� 4# .>=�

 5&/@6%2. �D ?G�H �FG7 >*�6%4?K'$^ ' "/'5' �*l4

 �#�HO0 �� @>? @�#� )�B0 1[CL MF[? ��D%�G14�8�8 M�Y 7� 4#�#�.8 138$% M�Y 7�
)+ \-* M�Y 7�Z�O-6DQ; M< �=@�#� M* .�Q-0 hCD; 138$% u��D0 8 4�8�8 4�=�G#6_ �� .- �6

M�Y #� M�Y \�#)�29( �� 1/f;51; .>9;�0
1. 1��E+)1385( � .136

2. Feed Forward
3. Recurrent

4.�Ht?H;�% Mj�6; P# @>? MD�$e)1389@�#� s0#$/9< �� (MJ�Y �#>Jb" MJj�6; \J�# �� M< w�$? 1Db9i @�AB0#� .)#$�# 48�<4�J=
 $5�_ Mj�6; �� �;# �G# �8>R;�0 138$% 8 4�8�84.�G# @>? MD�$e $V0�� 138$% 8 4�8�8 M�Y

5. Hidden Layer
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&PHJ;+ �J� 4$-e��J� �nkJi# P# q�#$J5 \-JOf" �nki# 4�3 M* .1[CL MF[? T�-*�# ��
)P8 &P�# )�$< #>-( 4#$*1; @��/DG# MF[? 4�=^ .�H?MJ�Y ��J["�# 4�#$JE$* 1A0HJA 8 4�8�8

1; W�I0# MF[? &PH;+ S�$` P# MF[? 7� 138$%4$-e��J� )�J�$3 �� .$JA�� T��J[L M* .�H?
)P8MF[? 4�=ijw1; U-V9" 8 \--b">0H?M/-�8 W�I0# M* ���E MF[? ���20 �� �"��J["�# �� �HJ%

@�#� &P#�$( �*.>?�* 4�8�8 4�=
MF[? !G�( �� $e# 4$-e��� )��$3 ��.)P8 .>?�* MD?#� �H38 1��k%1J6�$` MJ* MF[J? 4�=

1; $--g"�" hOL \�# 8 >*�� ,=�< �k% >b* MN_$; �� M< >99<1jHJ[E hJ*�E >J_ �� �Jk% M< 1��3
UDQ-G ��D�� .�?#� >=#H% M;#�# .>?�*UD��HAj# pGH" $-e��� 4�= 1J; )�-* 1DBeP�* 4�=J* .�HJ? M

UD��HAj# \�# M* $`�% \-O=�=.1; 4$-e��� \-0#HEZ�J;HOL 8 >J9�He�J�) 1NJ5�/" TY��Jb; pJGH"
1; )�-* (1N-Q0#$/��UD��HAj# \�# .>0H?1; &P#�$( #� �H3H; T�Ln`# �= 1Jv#$3# z%�? �" >99<

1; )#$[3 M-j8# T�Ln`# )�C60 ��< \�# �* .��$e M9-2* (4$-e��� MG8$( o>=) .�H?
rHJ0 8� 1JN< �Jj�_ �� .��#� 1ADJQ* T�JLn`# )�HJ* hJ;�< MJ3�� MJ* MF[? 4$-e��� )#X-;

T��V0 �R" 4$-e��� P# >9"��[L M< ��#� �H38 4$-e���1T��V0 )8>* 4$-e��� 82 4$-e��� �� .
&P�# T��V0 �*&P�# c�JG#$* >J��* MF[J? MJ< o>= $-gD; 4�=SJ�$` P# 4�8�8 4�J=$-gD; 4�J=
)+ .,"�[G�R;�= zfB; .>9< >-jH" @��*8� #�.�G#D0 ��-,-( 4�k% MI@>=�JB; $J= 4#$J* 19-*

 #�1; )#H"MN-GH*&P�# �* MF[? 138$% onD%# M[G�R;o>= 4�=$-gD; 4�=@P#>0#4$J-e�$J<
UD��HAj# P# @��/DG# �* stG 8)+ \�$"�H2B; M< �#$F" wNDf; 4�= sJ( UD��HAj# �=�Jk% ��JBD0#3

�G#)P8 .4�= MF[? #�Z�_nki#) �$< h�>b"1; @�#� &PH;+ MF[?M0He M* .(�H?< 4#4�Jk% M
,-(* M< M0HO0 h%#� 19-*MN-GH@P#>0 SNk; 4�k% \-A0�-; �� �k% T�b*$; rHOI;1; 4$-e.�HJ?

.�H? hE#>_)P8 M< 1DE81; $--g" �#$F" $= �* �= MD/e Z�_nki# .>9<1;m�J_ �� MF[J? M< �H?
$-e��� .�G# 4

@�#� P# 4$-e��� �� 1��0#H" .1[CL MF[? ��X; \�$DO2;h-JQ0�D( \�#$*�J9* .�JG# 4�8�8 4�=
)>-Bf* �-;HOLMF[?* 1[CL 4�=1; �H3H4#$J* mHJ[E hJ*�E 138$% 7� $A�� T��[L M* .>�+

@�#�1; ��I�# .1N[E @>B0 @>�� 4�8�8 4�=,-J( �� rHJ5H; \J�# �J-O=# .>J9<     .�JG# ��J�P 1J9-*
hv�JQ; P# 4��J�P �#>Jb" qJ-"$" \J�# MJ*  .�JG# )+ )�HJ* 1Jk%$-l �b-[` MF[? \�# $A�� &P�#
1. Supervised Learning
2. Unsupervised Learning
3. Error Back Propagation
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1; #>-( h_ �-N*�Eo�kb0# .>99<P# WPY 1J5$� �$J` )8>J* )>-JBf* �J-;HOL 1��J0#H" 8 4$�'(
 ,-J( 1[CL MF[? .�G# )+ $A�� 4��#X; MNO3P# .m>;m�Jb� �*�J" .)�J29( MJ�Y 7J� �J* �HJ%P�JG

�� >-vHOA-Gm�b� �*�" .)�29( M�Y)8$J0 �#>Jb" 8 1J38$% MJ�Y �� 1k% P�GMJ�Y �� 1��J< 4�J=
 .)�29(>0X* q�$6" @#Hfj� �E� �* #� 1b*�" $= �G# ���E.1MF[? rH0 \�# M* h-j� \-O= M* �* 1[CL

�;�3 @>90P q�$6" .�H� ��D%�G21; MD/e  .�H?

3-4 .>-: ;5C1 >b�3 "�E5�-O�?�-D
�HV9; M*,-( T�>E MQ��6;,-( &8� \�$D2* d�fD0# 8 19-*.MJNO3 P# wJNDf; 4�=��-b; P# .19-*

�k% SNk;�>E \-A0�-;)MAE�k% �8'I; \-A0�-; .()MSE \-A0�J-; ��-b; 8 (SNk;�>JE >Ji��
) �k%MAPE1; #� �=��-b; \�# .>? @��/DG# ( .�#� )�B0 $�P p*#8� T�Hi M* )#H"

)5(
n

e

MAE

n

i
i#

!! 1
||

)6(
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e

MSE

n

i
i#

!! 1
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)7(#
!

!
n
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i

y

e

n
MAPE

1

100%

 p*#8� \�# ��n,-( �#>b"19-*. �=ie,-( 4�k%,-( $���6; T8�/" P# M< �G# 19-*8 @>J? 19-*
 1J; �G>* 1bE#8 $���6;8 >J�+iy�#>J6;1JbE#8 �JG#T�>JE ,I9JG 4#$J* ��J-b; MJG \J�# P# .

,-( .>? >=#H% @��/DG# Mj�6; \�# �� 19-*

4.4/&/;�Hmk&' �E
@�#� P# .Mbj�k; \�# �� M0�=�; 10�;P 4$G 4�=2010-2001,-( 4#$*�J/0 10�J23 4�J5�6" 19-*

@�#� .�G# @>? @��/DG# 7(8#�5�6" P# >9"��[L @��/DG# ��H; 4�=�HJ% �JO-E .7(8# �/0 4#$* 4
�* q-"$" M* M< 10�23 >-jH" 8 q-E� @8$e >-jH" .\-B0�3 4Y�< �O-E .mHCR;tD .tP .tPg .

1. Kuan and White
2. Universal Approximator
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tQn 8tGDP)��8+ �G>* 4#$* .�G# @>? @�#� )�B0@�#����JG P# �J=�8>9Ji .7J(8# 4�J=
\-* mHJ( 1NNOj#)IMF(110�J23 7J0�* .2  ) 4{$J0# T�JLn`# @�#�# .EIA(3 8Economagic.com

 .�G# @>? @��/DG#.HAj# 4�=$-gD; \--b" P# s(��1JG�$* #� �J=$-gD; 1��DQ�# �-b58 MN_$; \�#
1;P+ P# Mbj�k; \�# �� �=$-gD; 1��DQ�# 1G�$* 4#$* .U-9< 1JF�� )H;-U-JOb" $jHJ�@��/DJG# .MJD���

m8>3 �� 1G�$* \�# u��D0 .�G# @>?1 .�G# @>? &�#Xe

 2'CK1?*�0)*& R@�+Q f*�0% .
�E$-n0�_d32'& �GA$� ]L�<A

 5&CB�
45��Q

?A�G3�.�

45��Q 5&CB�
?%&$.D)95(%

45��Q 5&CB�
?A�G3�.�

45��Q 5&CB�
?%&$.D)95(%

tD16/1-89/2-78/10-89/2-

tP87/1-89/2-89/6-89/2-
tQn81/2-89/2-23/10-89/2-

tPg09/2-89/2-38/9-89/2-
tGDP85/9-89/2---

$AB=8�( T�[G�R; :'%�;

 m8>31)�B01; .�G�0�; $%+ $-gD; �29" 8 >9DQ= �0�; �0 m8# $-gD; MG �; 4�=$-gD; P# >=�

5.2C� N-6UA
5-1. 2C�SVAR4
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