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|x@U=Lt Q=R@= |=ypOt |OwQw |=yQDt=Q=B C}U=UL R}r=v; "CU= xOW XNWt
pQDvm w VRwt; |=yxO=O ẁtHt |oDU@ty ?} Q[ |wQ Q}F-=D QO u=wD|t =Q sQv
|xOW xO=O xaUwD pOt wO |oDU@ty ?} Q[ C=Q}}eD Qw_vt u}O@ "OQm |UQQ@

OwW|t O}}-=D xDmv u}= 'QwmPt |=ypmW x@ xHwD =@ u}=Q@=v@ "CU= m+1 |v=tR
|rk=Rk x=oDU}= |=Q@ w p=12 qkj; x=oDU}= |=yxO=O |oDU@tyOwN |x@DQt xm
�l} |x@DQt |oDU@tyOwN Q=Okt R= Oa@ |oDU@tyOwN Q=Okt u} QDnQR@� p=10

"CU=

QO ARIMA w |@Ya |xm@W |=ypOt |xaUwD "6
OwQv=oQo |xv=NOwQ |@; OQw; |v}@V}B

u}vJty w sQv |x@U=Lt Q=R@= VwQ |xaUwD QO xOW xO=iDU= |=yxO=O |iQat R= TB
VN@ QO '|Q}N-=D |=ylwr@ O=OaD w xOW xO=iDU= |=yxO=O |=y|oS} w xQ=@ QO K}[wD
xO=iDU= =@ OwQv=oQo |xv=NOwQ OQw; |v}@V}B Qw_vt x@ \@DQt pOt |xaUwD x@ Q[=L
QO VywSB w xOW xDN=OQB 28?rDt Q=Ri=sQv QO QwmPt |=yVwQ Q=R@= |=yx@aH R=
|x@U=Lt Q=R@= |=ypOt |xaUwD QO "CU= xOW s=Hv= Q_v OQwt |x}[Qi =@ x]@=Q
w pQDvm 'VRwt; |=yxO=O u=wva x@ xm 'OvwW|t xO=iDU= xO=O xDUO xU ,qwtat sQv
'OvwW|t xO=iDU= =ypOt |xaUwD Qw_vt x@ 'pw= |xDUO wO "OvwW|t |iQat uwtR;
|xO}OB |v}@V}B QO pQDvm w VRwt; |=yxO=O u}tND |=]N u=R}t O}=@ =yv; QO xm
|UQQ@ Qw_vt x@ R}v uwtR; |=yxO=O "OwW xv}tm '|WRwt; Ov}=Qi l} QO Q_v OQwt
'Q[=L Q=DWwv QO "OvwW|t xO=iDU= xOW xO=O xaUwD |=ypOt |Q}PBs}taD \}=QW
s=Hv= |=]N w |aU w xDWPo ?Q=HD x@ xHwD =@ 'Q_v OQwt |=yxO=O R= l} Qy
�20 OwOL w pQDvm w VRwt; |=yxO=O x@ \w@ Qt =yxO=O pm �80 OwOL� xOW
�Ov=xOW ?=NDv= |iO=YD Qw] x@ xm 'CU= xOw@ uwtR; |=yxO=O u=wva x@ R}v =yv;
'sQv |x@U=Lt Q=R@= |=ypOt uOQm QDQ}PBs}taD xJ Qy |=DU=Q QO "Ov=xOW xO} RoQ@
CQwY x@ Q}N-=D |=ylwr@ O=OaD x@ xHwD =@ |@Ya |xm@W |xOvvm|v}@V}B pOt

%OwW|t u=}@ 7 |x]@=Q

Xt = f (Xt�1; Xt�2; :::; Xt�p) + zt (7)

xO=iDU= sQv |x@U=Lt Q=R@= |=yVwQ\UwD xOW |v}@V}B OQw; Q=OktXt 'u; QO xm
Q}eDt 'zt w |v=tR |QU |v}@V}B QO R=}v OQwt Q}N-=D |=ylwr@ O=OaD 'p "CU= xOW

"CU= l} Q=}at h=QLv= w QiY u}ov=}t p=tQv `} RwD =@ |iO=YD
w qk j; |HvU?; x=oDU}= wO Qy |=Q@ Q}N= |xrO=at R}v ARIMA pOt QO

%OwW|t h} QaD 8 |x]@=Q CQwY x@ |rk=Rk
Xt = �1Xt�1 + �2Xt�2 + :::+ �pXt�p + zt (8)

"CU= l} Q=}at h=QLv= w QiY u}ov=}t p=tQv `} RwD =@ |iO=YD Q}eDt 'zt 'u; QO xm
|xDWPo Q=Okt p u} QDO}OH R= |]N ?}mQD Xt 'OwW|t xOy=Wt xm Qw]u=ty
Xt�1 Xt�p; ::: R= pkDUt zt xm 'CU= zt V=WDe= Q=Okt l} |xwqa x@ OwN
R= Oa@ "OwW|t xO}t=v R}v AR(p) pOt 'Q}N= pOt xm CU= QmP x@ sRq "CU=
'xOW ?=NDv= |=yxO=O x@ xHwD =@ Q[=L |xrLQt QO AR(p) |=ypOt |xaUwD
VwQ QO "OvwW|t xO=O xaUwD ANNs VwQ Q@ |vD@t sQv |x@U=Lt Q=R@= |=ypOt
u; |=yuwQv O=OaD w CU= OOa 2 u=yvB |=yx}q O=OaD '2 pwOH =@ j@=]t ANNs

uwQv |R=Up=ai `@=D w l}Uv=D =yv; |R=Up=ai `@=D "OwW|t s}_vD OOa 5 x@ R}v
OQw; |v}@V}B |=Q@ ANNs pOt |xaUwD Qw_vt x@ "CU= u}rQwB R}v |HwQN |x}q
?=NDv= xm@W |OwQw u=wva x@ Q_v OQwt |xO}OB QO QF-wt QDt=Q=B m xty 'xv=NOwQ
u}vJty "OW xO=O VRwt; 1000 |D=@U=Lt s=o O=OaD =@ Q_v OQwt |xm@W w OvOW
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Q}N-=D |=ylwr@hrDNt Q}O=kt Q@=Q@ QO|oDU@ty?} Q[C}U=UL R}r=v; "10 pmW
"ANNs VwQ =@ qkj; x=oDU}= QO

Q}N-=D |=ylwr@hrDNt Q}O=kt Q@=Q@ QO|oDU@ty?} Q[C}U=UL R}r=v; "11 pmW
"ANNs VwQ =@ |rk=Rk x=oDU}= QO

OvwQ u}= ?}DQD x@ xm 'OW |UQQ@ hrDNt Q}N-=D |=ylwr@ p@=kt QO ANNs

=@ =yv; j@=]t xm 'OwW|t xOy=Wt 11 w 10 |=ypmW QO Q}N= |=ypOt QO
|r=L QO u}= "CU= xDi=} V}=Ri= =yxO=O QO |oDU@ty ?} Q[ p Q=Okt V}=Ri=
Q=Okt '|rk=Rk w qkj; |=yx=oDU}= QO ?}DQD x@ '10 w 12 |=ylwr@ QO xm CU=
Vy=m u=R}t xJQo = "CU= xOQm p}t C@=F |Q=Okt CtU x@ |oDU@ty ?} Q[
xOQmv |yHwD p@=k u=OvJ Q}}eD 'Oa@ x@ xOW u}}aD |=ylwr@ O=OaD u=R}t R= =]N
VwQ QO xOt; CUO x@ |=ylwr@ xm OQm \=@vDU= xvwou}= u=wD|t u}=Q@=v@ "CU=
u=Um} ,=@} QkD ANNs VwQ R= xOW pY=L |=yQ}N-=D O=OaD =@ |@} QkD |B wQDv;
?rDt Q=Ri=sQv QO ANNs VwQ C}y=t x@ CW=O Q_v QO O}=@ xm |}xDmv "CU=
QO u}=Q@=v@ "CU= pQDvm |=yxO=O |iO=YD ?=NDv= Q@ |vD@t |WwQ xm 'OOQo|t Q@
?=wH u} QD?U=vt w OwW =QH= xrLQt u}OvJ 'xr�Ut O}=@ Q}N-=D |=ylwr@ ?=NDv=
Q@ xr�Ut u}= x@ 11 w 10 |=ypmW QO xOW xO=O u=Wv u=Uwv xm 'OQm ?=NDv= =Q

"OOQo|t
=yv; |}=Q=m |@=} RQ= x@ sQv C=@U=Lt Q=R@= |=ypOt |Ovtv=wD xmu}= x@ xHwD =@
QO =Pr &OQ=O |oDU@ 'CU= xOWv xO=iDU= VRwt; Ov}=Qi QO xm |}=yxO=O p@=kt QO
xm |}=yxO=O p@=kt QO xOW xO=O xaUwD Q_v OQwt |=ypOt |@=} RQ= x@ |vwvm VN@
Q@ xwqa '=DU=Q u}ty QO "CU= xOW xDN=OQB 'Ov=xOWv xO=iDU= VRwt; Ov}=Qi QO
=]N `@ Qt u}ov=}t w �Bias� h=QLv= u}ov=}t XN=W wO R= |oDU@ty ?} Q[
j@=]t xm 'CU= xOW xO=iDU= QwmPt |=ypOt |}=Q=m |@=} RQ= CyH �RMSE�

%OvwW|t x@U=Lt 11 w 10 \@=wQ

Q}O=kt Q@=Q@ QO OwQv=oQo |xv=NOwQ |@; OQw; |xOW |Q}o xR=Ov= Q}O=kt "8 pmW
"ANNs VwQ =@ qkj; x=oDU}= QO OwQv=oQo |xv=NOwQ OQw; |v}@V}B

Q}O=kt Q@=Q@ QO OwQv=oQo |xv=NOwQ |@; OQw; |xOW |Q}oxR=Ov= Q}O=kt "9 pmW
"ANNs VwQ =@ |rk=Rk x=oDU}= QO OwQv=oQo |xv=NOwQ OQw; |v}@V}B

"ARIMA VwQ |=Q@ xOW u}}aD |=yQDt=Q=B "4 pwOH
Q=Okt qkj; |rk=Rk
�1 0/618 0/853
�2 0/154 �0/08560
�3 �0/156 �0/07410
�4 0/0323 0/04110
�5 0/0695 0/00823
�6 �0/0454 0/0209
�7 �0/0145 0/0287
�8 �0/00767 0/0273
�9 0/00106 �0/123
�10 �0/0233 0/303
�11 0/0457 0
�12 0/256 0
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}BQO OwQv=oQo |xv=NOwQ OQw; |v}@V}B CyH hrDNt |=ypOt |xU}=kt "5 pwOH
"|rk=Rk w qkj; |=yx=oDU}=

ANNs ARIMA x=oDU}= s=v
0/824 0/802 qkj;

R0/751 0/734 |rk=Rk

13/69 15/25 qkj;
RMSE15/29 15/72 |rk=Rk

0/950 1/051 qkj;
Bias1/023 1/143 |rk=Rk

Cr=NO p}rO x@ CU= umtt w OvwQ|t V}B QDW}@ |B wQDv; CtU x@ |a}@]
x@ sDU}U w O@=} Vy=m sDU}U |B wQDv; u; p=@vO x@ w |t_v|@ '|vwQ}@ pt=wa
QF= QO CU= umtt xv=NOwQ sDU}U l} QO |t_v|@ "Ovm CmQL s_v CtU
C=Q}}eD u}vJty w xv=NOwQ |x[wL QO l =N w ?; `@=vt R= xO=iDU= V}=Ri=
|Qw] x@ 'O@=} Vy=m OU Ovv=t |}=yCN=UQ} R E=OL= u}vJty w |}=wy w ?;
Ea=@ 1340 |xyO QN=w= R= OwQv=oQo |xv=NOwQ |x[wL QO |r�=Ut u}vJ xm
QO qkj; |HvU?; x=oDU}= QO xv=NOwQ sDU}U |t_v|@ w |oO}J}B =D OW
|oO}J}B |UQQ@ |=Q@ |@} QkD |B wQDv; 'Q[=L VywSB QO "O@=} Vy=m OU CUOu}}=B
?}DQD x@ xr=U 44 w 67 |=yxQwO |=Q@ OwQv=oQo |xv=NOwQ |x[wL u=} QH QO
|xv=y=t u=} QH Q}O=kt u}ov=}t R= w |rk=Rk w qk j; |HvU?; |=yx=oDU}= QO
|Q=t; |xQwO |] QO ?; `@=vt |=y|R} Qxt=vQ@ x@ xHwD =@ OwQv=oQo |xv=NOwQ
?U=vt |Q=R@= '|@} QkD |B wQDv; xm OvO=O u=Wv G}=Dv 'u}vJty "CU= xOW xO=iDU=
=@ OwQv=oQo |xv=NOwQ sDU}U Ovv=t =} wB |@; |=ysDU}U |oO}J}B |@=} RQ= |=Q@
u}vJty "CU= |@Ya |=yxm@W Ovv=t '|v=tR |QU |v}@V}B |=yQ=R@= R= xO=iDU=
Q_v OQwt |=yx=oDU}= R= l} Qy QO |@} QkD |B wQDv; w Q}N-=D |=ylwr@ u}@ x]@=Q
|rk=Rk w qkj; |=yx=oDU}= QO Q}N-=D O=OaD u} QDy@ xm OW XNWt w |UQQ@
xOvvm|v}@V}B `t=H pOt l} x@ uO}UQ CyH OOa 10 w 12 Q@=Q@ ?}DQD x@
|Q}N-=D lwr@ u=R}t x=Qty x@ ANNs w ARIMA pOt wO R}v xt=O= QO "CU=
u=Wv G}=Dv "OW xO=iDU= OwQv=oQo |xv=NOwQ |@O |v}@V}B |=Q@ xOt; CUO x@
xr�Ut u}= xm 'CU= Q_v OQwt |xk]vt QO xOW xO=O xaUwD |=ypOt |}=Q=m R=
xOv}; |R} Qxt=vQ@ |=Q@ Q_v OQwt |=yx=oDU}= QO xOW pY=L G}=Dv x@ xHwD =@
w ARIMA |xOvvm|v}@V}B |=ypOt |=y=]N C}U=UL R}r=v; "CU= R=UQ=m
OQwt |=ypOt |xaUwD QO |Q}N-=D |=ylwr@ O=OaD CUQO ?=NDv= Qou=}@ ANNs

x�=Q= xOv}; |=yQ=m |=Q@ =Q =yO=yvW}B u}= 'xt=O= QO u=wD|t u}vJty "CU= Q_v
%OQm

xv=RwQ |=yxO=O?UL Q@ |HwQN uDiQo 'xv=RwQ |=yxO=O |q=@ sHLCra x@ �hr=
'?U=vt Q=Ri=CNU uDW=O =@ u}=Q@=v@ &CU= xOw@v QwOkt |rwtat |=yxv=}=Q =@

"OQw; CUO x@ u=} QH |xv=RwQ |=yxO=O T=U= Q@ |rOt u=wD|t
=Pr &OvQ=O xOvR=UQ}e Q}F-=D 'xOvvm|v}@V}B |=ypOt QO CQB |=yxO=O OwHw �?
u=wD@ =yxO=O |QU QO CQB |xO=O OwHw ut[ xm Ow@ |}=yVwQ p=@vO x@ O}=@

"OQm O=yvW}B |QD?U=vt pOt

|Q}oxR=Ov= Q@=Q@ QO ANNs VwQ\UwD xOW|v}@V}B|@; OQw; Q}O=kt "12 pmW
"qkj; x=oDU}= QO xOW

|Q}oxR=Ov= Q@=Q@ QOANNs VwQ \UwD xOW |v}@V}B |@; OQw; Q}O=kt "13 pmW
"|rk=Rk x=oDU}= QO xOW

Bias = 1
N

NX
k=1

�
P i �Oi� (10)

RMSE =

vuuut NP
i=1

(Pi �Oi)2

N
(11)

q=@CUO =} w u}}=BCUO |xOvyOu=Wv xm 'CU= h=QLv= XN=W Bias 'u; QO xm
"CU= uwtR; |=yxO=O |=]N RMSE w xOW xO=O xaUwD pOt \UwD u}tND uOw@
xOy=Wt 13 w 12 |=ypmW w 5 pwOH QO G}=Dv 'QwmPt |=ypOt |@=} RQ= R= TB
=Pr &OvQ=O Q}F-=D |v}@V}B pOt CkO QO CQB |=yxO=O OwHw '=yv; j@=]t xm 'OwW|t
xm 'R Q}eDt Q=Okt T=U= Q@ "CU= x=Qty =]N |Q=Okt =@ xv}W}@ Q}O=kt |v}@V}B
xHwD =@ ANNs VwQ &CU= Q_v OQwt VwQ |QDQ@ p}rO 'OW=@ QDnQR@ QOkJ Qy
pta QDj}kO xar=]t OQwt |=yxO=O |=Q@ ARIMA VwQ x@ C@Uv 5 pwOH x@
KQ]t |x}[Qi 'xOW xO=O xaUwD |=ypOt xm CU= XNWt u}vJty "CU= xOQm
O}}-=D =Q Q_v OQwt |=yQ}N-=D O=OaD =@ =ypOt |x@DQt u}@ \=@DQ= =@ x]@=Q QO xOW

"Ovvm|t

=yO=yvW}B w |Q}oxH}Dv "8
u}}aD |=Q@ |@U=vt Q=my=Q '|@} QkD |B wQDv; xm OvyO|t u=Wv Q[=L VywSB G}=Dv
|=yOv}=Qi '|rm Cr=L QO "CU= |U=vW?; |=ysDU}U QO |t_v|@ w |oO}J}B
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UOv
yt Support Vector Machines (SVMs) u=@}DWB |=yu}W=t Q=OQ@

Back Propagation Q=WDv= TB
Maximum Entropy Spectral Analysis |i}] xv}W}@ |B wQDv;
(MESA)

Multi-Scale Entropy (MSE) xU=}kt OvJ |B wQDv;
Lempel-Ziv Complexity (LZC) w} R � pBtr |oOJ}B
TANSIG l}Uv=D
PURELIN u}rQwB
Epoch |D=@U=Lt s=o
Over-training OL R= V}@ VRwt;
Principle of Maximum Entropy |B wQDv; xv}W}@ pY=
Outlier CQB xO=O

|v=OQOk w QmWD
s=Hv= QO =yv; |=yC}=tL Qw_vt x@ u=DUro x=oWv=O |WywSB Cvw=at R= xr}Uw u}O@

"OwW|t QmWD w Q}OkD 'Q[=L Q=DWwv

R= u=wD|t xm 'CU= xOW xO=iDU= |@} QkD |B wQDv; Q=}at R= 'Q[=L VywSB QO �G
"OQ@ xQy@ =yQ}N-=D O=OaD u}}aD |=Q@ R}v xvwtv |B wQDv; xrtH R= Qo}O |=yQ=}at

s�qa KQW
Approximate Entropy (ApEn) |@} QkD |B wQDv;
ANFIS |k}@]D |@Ya � |R=i \=U@v= sDU}U
ANNs |awvYt |@Ya |=yxm@W
FISs |R=i \=@vDU= |=ysDU}U
GP l}DvS |R} Qxt=vQ@
RMSE =]N `@ Qt u}ov=}t
R |oDU@ty ?} Q[
Standard Deviation (SD) Q=}at h=QLv=
Bias h=QLv= u}ov=}t
Arti�cial Neural Networks |awvYt |@Ya |=yxm@W
Fuzzy Inference Systems |R=i \=@vDU= |=ysDU}U
Genetic Programming l}DvS |R} Qxt=vQ@

=yCWwv=B
1. Singh & Rajagopal
2. principle of maximum entropy
3. Krstanovic & Singh
4. maximum entropy spectral analysis
5. Barbe
6. Costa
7. multi-scale entropy
8. K.Sen
9. lempel-ziv complexity
10. arti�cial neural networks
11. auto-regressive integrated moving average
12. fuzzy inference systems
13. genetic programming
14. support vector machines
15. Yang & Chang
16. Yuhong & Wenxin
17. Begum
18. Zaji
19. Zanganeh
20. Joeutsu-Ogata
21. Approximate Entropy
22. Pincus
23. shannon entropy
24. standard deviation

25. McCulloch & Pitts
26. Hecht-Nielsen
27. Rogers & Dowla
28. MATLAB
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