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R=e; =Q `} RwD |xm@W |R} Qxt=vQ@ Q=m 'G}=Dv u} QDj}kO w u} QN; T=U= Q@ w OvwW
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OwN |O=Qiv= |=yVwQ "OQm s}UkD 2|t=eO= w 1|O=Qiv= |=yVwQ |rm |xDUO wO

"OvwW|t s}UkD 5|D=@U=Lt Vwy w 4|rwrat |:ra '3|Q=t; |xDUO xU x@ R}v
hQYt Q=Okt w hQYt |r@k Q}O=kt u}@ |=} wB \@=wQ =D OvQO=k |Q=t; |=yVwQ

%R= Ov=CQ=@a =ypOt u}= %Ovvm pOt =Q xOW |v}@V}B
[4]9'(TARX) 8' (ARX) [3]7'(DSHW) [2]6'(AR) |=ypOt

[11w10]&12(SN) [9w8]11'(ARIMA) [7w6'5]10'(GARCH)
[14]"14 (TF) |=ypOt [13w12]13&(SARIMA)

|irDNt `=wv= OvwW|t xH}Dv OQm} wQ OvJ =} wO s=eO= R= xm |@}mQD |=ypOt
w wHvwm \UwD xm |D=ar=]t QO xm OvQ=O wavelet-based |=ypOt xrtH R=
'CU= xOW s=Hv= [17]u=Q=mty w nv=} w [16]u=Q=mty w u=D u}vJty w [15]u=Q=mty

"CU= xOW xQ=W= =yv; x@
w|rwrat|:ra |=yQwUQoQ u}@ =} wB\@=wQ |R=UpOt Q@|rwrat|:ra |=yOQm} wQ
|=yVwQ Q@|vD@t|rwrat|:ra |=ypOt "OvQ=O RmQtD hQYt |xOW|v}@V}B Q}O=kt
?UL Q@ |iQYt Q=@ Q}O=kt |v}@V}B Qw_vtx@ C=a@ Qt pk=OL T=U= Q@ VR=Q@
|=ypOt hrDNt `=wv= "OvDUy �xQ}e w C@ w]Q u=R}t w =tO xrtH R=� =yQwUQoQ
Logit [21�18] Non-linear regression (NLR) R= Ov=CQ=@a |rwrat |:ra
QO =Q |Q}oQ=mx@ QO |v=w=Qi u} QDW}@ xm [22] / Logistic regression (LoR)
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&OvwW|t O=yvW}B|t=eO= |=ypOtTBU w OvwW|t|iQat Q=YDN= x@j}ta|@Ya

"OwW|t xDN=OQB =ypOt u}= K} QWD x@ xt=O= QO

pYDt s=tD j}ta |@Ya |=yxm@W "1"2
xDio 22|} wQV}B |=yxm@W x@ 21sm =QDt =} pYDt s=tD j}ta |@Ya |=yxm@W
"Ov=pYw |Oa@ |x}q |=yuwQv s=tD x@ ,=t}kDUt x}q Qy |=yuwQv u; QO xm OwW|t
j}ta |Q}oO=} |xRwL QO |@Ya |=yxm@W u} QDOQ@ Q=mQB xrtH R= 'xm@W ẁv u}=
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"CU= xOW xO=O V}=tv 1 pmW QO j}ta

|DWoR=@ j}ta |@Ya |=yxm@W "2"2
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"j}ta |@Ya |x}=B |=ypOt |=Q@ |ov=N
RMSE |=]N MAPE |=]N pOtuwtR; VRwt; uwtR; VRwt;
11 34 9 68 7 42 6 55 GRU+Full

11 26 9 24 7 22 6 15 LSTM+Full

"Ov=OQo|t Q@ =Q u; \UwDt

MAPE� =

vuut 1
N

NX
i=1

(Ai � Fi)2 (3)

j}ta |Q}oO=} |=ypOt OQmrta |@=} RQ= "3"3
|U} wvxt=vQ@ u=@ R R= '=ypOt Q}=U =@ u; |xU}=kt w |O=yvW}B pOt |@=} RQ= Qw_vtx@
|v=@}DWB =@ Keras 2 2 j}ta |Q}oO=} |xv=N?=Dm x=Qty x@ 3; 7 |xNUv uwD}=B
=ypOt s=tD j}ta |Q}oO=} |=ysD} Qwor= |R=UxO=}B |=Q@ TensorFlow 1 10
Scikit- uwJty Qo}O |=yxv=N?=Dm R= =y|R=UxO=}B QOu}vJty "CU= xOW xO=iDU=
'|OwQw |=yxO=O uOv=wN |=Q@Matplotlib w Openpyxl 'NumPy 'learn

|R=UxO=}B |=ypOt |=QH= "CU= xOW xO=iDU= =yu; V}=tv w G}=Dv p}rLD w x} RHD
|xOvR=OQB 'GTX 1060 l}i=Qo CQ=m =@ xv=}=Q l} |wQ Q@ =yu; |@=} RQ= w xOW
CQwY Ubuntu Tmwv}r pt=a sDU}U w C}=@=o}o 12 |x_i=L 'i3� 6100

"CU= xDiQ}PB
pt=W Cw=iDt j}ta |@Ya |xm@W R= x}=B pOt Q=yJ =OD@= VywSB u}= QO
|DWoR=@ pOt "3 'LSTM j}ta |DWoR=@ pOt "2 'j}ta pYDt s=tD pOt "1
"OW p}rLD w |@=} RQ= G}=Dv w OW |R=UxO=}B CNN j}ta pOt "4 w GRU j}ta
R= CUNv p=U xU� OwHwt |=yxO=O R= OYQO 75 R= xO=iDU= =@ =OD@= '=ypOt u}=
xOv=t|k=@ |=yxO=O R= OYQO 25 R= xO=iDU= =@ TBU w Ov=xOW xO=O VRwt; �=yxO=O
QO QwmPt |=ypOt OQmrta G}=Dv "Ov=xOW |UQQ@ w xOwtR; =ypOt '�sQ=yJ p=U�

"CU= xOW x�=Q= 2 pwOH
QO p=vWwrwv=m |@Ya |=yxm@W OvJ Qy xm CU= G=DvDU= p@=k R}v G}=Dv R=
VR=Q@ |=Q@ 'OvDUy |}q=@ C@Uv x@ CkO |=Q=O u}W=t |}=v}@ uwJty |FL=@t
u}tyx@ "OvW=@|t =yVwQ Q}=U x@ C@Uv |QDtm CkO |=Q=O u=tR Q@|vD@t |=ypOt
C=aq]= Ov=wD|tv uWwrwv=m |SwrwB wD R= xO=iDU= xmCiQo xH}Dv xvwou}= u=wD|t p}rO

"Ovm sy=Qi |v}@V}B |xrwkt QO |@Ya |=yxm@W Q}=U x@ C@Uv |QDj}kO
\UwD OQmrta u} QDy@ '|}x}=B j}ta |@Ya |=yxm@W R= xO=iDU= \}=QW QO
u=wD|t =Q Qt= u}= p}rO "CU= xOt; CUO x@ pYDt s=tD j}ta |@Ya |xm@W pOt
|=yQ}eDt |]NQ}e ?}mQD '|iQYt Q=@ u}tND QO xm CUv=O \@DQt ẁ[wt u}= x@
pYDts=tD |=ypOt QO Ov=wD|t |QD?U=vt CQwYx@ pOt l} ?r=k QO =RuwQ@
x}=B Cr=L QO LSTM w GRU |DWoR=@ |@Ya |=yxm@W "OwW |Ov@pwtQi
CU= u}= |xOvyOu=Wv Qt= u}= xm OvQ=O pYDts=tD |xm@W x@ l}ORv |DkO |=Q=O
QF-wt =R uwQ@ |=yQ}eDt R= xO=iDU= |xR=Ov= x@ ,=@} QkD xDWPo |x_i=L R= |Q}oxQy@ xm

"CU=
hQYt Q=@ |v}@V}B |=Q@ OQmrta |@=} RQ= |=yXN=W Q}O=kt |xU}=kt "2 pwOH

"j}ta |@Ya |x}=B |=ypOt |=Q@ |ov=N
RMSE |=]N MAPE |=]N pOtuwtR; VRwt; uwtR; VRwt;
21 72 21 90 16 99 16 78 CNN

11 91 9 89 7 80 6 91 GRU

11 59 9 51 7 31 6 31 Fully

Connected

11 41 9 68 7 34 6 62 LSTM
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|Q}oxH}Dv "4
COt Ovr@ |=y|Q=PoCU=}U QO |SQv= |=ysDU}U |R} Qxt=vQ@ C}ty= x@ xHwD =@
|m} u=wvax@ |SQv= |xv}y@ O}rwD C}ty= u}vJty w u=Q}= |a=tDH= w |O=YDk=
QO QDQ@ OQm} wQ |iQat w |}=U=vW j}kLD u}= C} Qwt-=t 'xaUwD |D=}L pt=wa R=
u; R= |m =L |r@k C=ar=]t "OWh} QaD |v=Q}= |=yQ=wv=N |iQYt Q=@l}B |v}@V}B
ẁ[wt u}= w ODi=|t j=iD= |ov=N VN@ QO |SQv= hQYt syU u} QDW}@ xm CU=

|=yVywSB QO =Q syU u} QDW}@ =yQ=wv=N |iQYt Q=@ |v}@V}B =D CU= xOW ?@U
|R=UpOt |=yOQm} wQ R= |}xOQDUoh}] xm OvJ Qy "OyO X=YDN= OwN x@\@DQt
|QDQ@ R= Q}N= C=ar=]t 'OQ=O OwHw |HQ=N w |rN=O |=yVywSB QO |v}@V}B w
uwJ |}=y|oS} w uOw@ =Q=O "OyO|t Q@N xRwL u}= QO |D=@U=Lt Vwy |=ypOt
|r@k Q}O=kt x@|oDU@=w R= |wk |=ywor= OwHw u}vJty w xO}J}B w|]NQ}eC}y=t
R= =Q Ck@U |wo |D=@U=Lt Vwy Q@|vD@t |=ypOt =D CU= xOW ?Hwt =yxO=O QO
|awvYt Vwy |=ypOt xm xDmv u}= x@ C}=va =@ "OvQ}o Q=Qk QOY QO w Ov}=@ Q@ =@kQ
hrDNt |=yOQ@ Q=m |=Q@ |Dw=iDt |=yOQmrta w Cw=iDt |=y|SwrwB wD |=Q=O R}v OwN
'GRU w LSTM |DWoR=@ j}ta |Q}oO=} |=ypOt `=wv= j}kLD u}= QO 'OvDUy
|iQYt Q=@ |v=tR |QU |=Q@ Q=@ u}rw= |=Q@ =yv; ?}mQD u}vJty w pYDts=tD pOt
u}= R= |m =L u=Q}= R= xOW |Qw;`tH |=yxO=O |=Q@ G}=Dv "OW xU}=kt w |UQQ@
Ov=wD|t pYDts=tD |=yxm@W =@ |@}mQD LSTM |DWoR=@ |xm@W xm Ow@ ẁ[wt
u=wvax@ 11 26 =@ Q@=Q@ RMSE |=]N w OYQO 7 22 =@ Q@=Q@ MAPE |=]N =@
|QDQ@ u}= "OwW xO=iDU= w |iQat |iQYt Q=@ |v=tR |QU VR=Q@ QO QDQ@ |SwrwB wD
|v}@V}B |=yxO=O u}@ |wk |oDU@=w |=ywor= OwHw |xOvyOu=Wv "1 Ov=wD|t
xO}J}B ,=D@Uv |]NQ}e \@=wQ OwHw "2 &QwmPt |v=tR |QU QO |r@k |=yxO=O w xOW
uOw@ Cw=iDt "3 w xr�Ut MU=B Q}eDt w �|:wH \}=QW� pOt |=RuwQ@ |=yQ}eDt u}@

"OW=@ pOt x@ |OwQw |v=tR |=y|QU QO |v=tR |=yQ}N-=D
QO |O=yvW}B |=ypOt OQmrta |@=} RQ= G}=Dv |xU}=kt R= |}=yv |Q}oxH}Dv

%OQm xYqN Q} R KQWx@ u=wD|t =Q xar=]t u}=
x@ QHvt Ov=wD|t w}UQoQwD= |=ypOt QO |t=O w =RuwQ@ QF-wt |=yQ}eDt R= xO=iDU= �

"OwW |v}@V}B QO =yv; CQOk V}=Ri=
|R=UpOt w Cw=iDt �Q=OQ}N-=D�|oDU@=w |=ywor= =@ =RuwQ@ QF-wt |=yQ}eDtl}miD �
V}=Ri= x@ QHvt Ov=wD|t|@}mQD pOtl}?r=k QO |R=wt |=yxm@W CQwYx@ =yv;

"OwW |v}@V}B CQOk
'=yQ=wv=N |iQYt Q=@ |v=tR |QU pOt QO xO}J}B |]NQ}e \@=wQ OwHw p}rOx@ �
x�=Q= =yOQm} wQ Qo}O x@ C@Uv |QDj}kO |v}@V}B |D=@U=Lt Vwy |=yOQm} wQ

"O=O Ovy=wN

|ak=w |=yxO=O =@ xU}=kt QO |@}mQD pOt wO w x}=B pOt 4 |v}@V}B G}=Dv "7 pmW
"uwtR; CUNv |xvwtv 100 |=Q@

|x_i=L sy xm CU= u}= xOt; CUO x@ Ow@y@ p}rO "OQw; CUO x@ =Q |QDy@
xO=iDU= OQwt u=tRsy =RuwQ@ |=yQ}eDt |]NQ}e ?}mQD sy w |DWoR=@ |=yxm@W

"OvQ}o|t Q=Qk
'uwtR; w VRwt; R=i QO RMSE w MAPE |=yQDt=Q=B uDiQo Q_v QO =@
,=twta LSTM |DWoR=@ |xm@W 'CU= OwyWt 3 pwOH w 2 pwOH QO xm Qw]u=ty
CU= u}= Qt= u}= Cra "CU= GRU |DWoR=@ |xm@W x@ C@Uv |QDy@ CkO |=Q=O
LSTM |=yxm@W x@ C@Uv QDxO=U Q=DN=U |=Q=O GRU |@Ya |=yxm@W xm
=t= 'Ov=VRwt; QO QDW}@ CaQU |=Q=O GRU |@Ya |=yxm@W wQu}= R= "OvDUy
Q=DN=U xm|t=ovy w Ovvm pOt =Q |QDxO=U |}x_i=L |=yQ=DN=U Ovv=wD|t \ki
=@ "Ovm|t ptaGRU R= QDy@ LSTM |SwrwB wD 'OW=@ xO}J}B ,=D@Uv xar=]t OQwt
|QDW}@ u=tR x@ LSTM |=yxm@W xm CW=O Q_v QO R}v =Q xDmv u}= O}=@ 'u}= OwHw
=} OW=@ xDW=O C}ty= =t |=Q@ VRwt; u=tR Qo = u}=Q@=v@ "OvQ=O R=}v VRwt; |=Q@
ltm Ov=wD|t GRU |xm@W Q@|vD@t pOt 's}W=@ xDW=O |QDtm VR=OQB s}y=wN@

"OW=@ xOvvm
u}= OQmrta '|@}mQD pOt 2 w x}=B pOt 4 |rm OQmrta |xOy=Wt Qw_vtx@
"CU= xOW xO=O V}=tv 7 pmW QO uwtR; |xO=O CUNv |xvwtv 100 |=Q@ =ypOt
j}ta |@Ya |x}=B |=ypOt CU= xOy=Wt p@=k pmW QO xm Qw]u=ty
\UwDt w |v}@V}B |=]N C=a@ Qt u}ov=}t |=Q=O |ak=w Q}O=kt =@ xU}=kt QO
hqDN= u}= "OvDUy |t=eO= |=ypOt =@ xU}=kt QO |QDW}@ jr]t |=]N OYQO
|R=UpOt QO Q}N-=D u=R}t ?UL Q@ =RuwQ@ |=yQ}eDt l}miD x@ u=wD|t =Q
QDTwtrt 'OvDUy u}ov=}t x@ l}ORv xm |}=yxO=O |=Q@ |QDQ@ u}= "CUv=O \@DQt

"CU=

=yCWwv=B
1. stand-alone
2. hybrid
3. statistical
4. casual
5. computational intelligence
6. autoregressive
7. double seasonal holt-winter

8. autoregressive with exogenous inputs
9. threshold ARX
10. generalized autoregressive conditional heteroscedasticitybased
11. autoregressive integrated moving average
12. semi/nonparametric
13. seasonal autoregressive integrated moving average
14. transfer function
15. arti�cial neural network
16. support vector machine
17. convolution neural network
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18. recurrent neural network
19. over-�tting
20. feedback
21. dense
22. feed forward
23. vanishing gradient
24. dropout
25. historical dependency pattern
26. long short term memory (LSTM)
27. forget gate
28. gated recurrent Unit
29. convolutional neural network
30. convolve
31. dummy
32. root mean square error
33. mean absolute percentage error
34. concatenated layer
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