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1. Autoregressive Conditional Heteroscedasticity Models.
2. Artificial Neural Network
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1. Volatility Clustering
2. Asymmetric Relation
3. Nonlinearity Property


www.SID.ir

Q' QL:M)\?ZJLA&)‘JL@JLB‘)}‘JJ}MM \0-\

m oo 4 il dads ol el sl s 2 4S5 350 ) (6ol 53 ol il e Jle
5 - . g . .
By @155 595 4 2las S AT 4 e 5 Ay
Sl sl 55 b od byl Slaeal amieslasl gladie Sl eslizul 55 ol &
A3 ol 03 ks (G 5 amd BB Sl &5 p (g pdiOle s e 53 (B sae s
S = Gloj 5w 493 Jaa &S cod b gla gy 51 K n (glas geeST 03505 5 e S
cdﬁf.ﬂiJ;{'T}JJM&fuQY&;‘Q:FJkﬁWJ))@)w\SoMJ%M

Bl 5 gn (b b il sls Slaealion S (slgdte g i Ol SRI31)

SRYF, L) 3539 50
moals LSS 5 o seme (e Sk G L I K b sk e SRS Alis o
& ey ol 2,8 ANN Sl ans 53 53 355 03538 Ol it S35 Ol ¢ 558
o 3 a8 Sy Sldlas s sl 0340 Iy S bt s @iledde )3 o s
(530S andlln 4 015 o dez OT 1o s 55 om0 plew UL Gastle (205k gl (eads el
gz, S 0LE 2asg ol (Kimoto, et al, 1990) csls o,lal 8486 5 15k SLT
@l s 5 LT (louiS s ey s 4 Oy S 33 1y G512 (S by S5k
Aol 3y g0 1y Candly cpl 2asss nl Joolo inls 51,3 OgasT 3,50 8551 55 s Sl Lo
e 4 S 3k sl ANN (6,815 b Caltbe gl ize oy (Smed 2  5l3 0 )13
5 s e 5101 sa5 5l S S daly e 3 il o a8 05w 55 s, Sl e
ALl ANN Lgﬂf)lig L S&P aljgy 235l 55 O S Sobe 4 suwd
Sheslizael b bt s 5 oS 5T by by 484 s, (Trippi, et al,, 1992)
St Sl ok il a2l Sl 4 gazes 5 4 &5 55 (Boolean) ik sl Sl
Ssr b ST e ol 5 S e Dl 5 s 8 e Jb Sl slags e
L g8 e S 5 o oS5 slapl b 8 a5 53 €smd (51 el 03 (AD) o groas
s B 55T 5 solene bl (s &S5 p—’i)}fj‘ S1OT 55 &8 Wiz ges (a1 6166 5o
OLan s K, (Nikolopoulos, et al, 1994) 545 o oslisul il (5,108 gl

e 00 e 8l eas S Je 55 s Y‘_;bs o0 S 3355 3l (Preminger, et al., 2007)

1. Data Mining Technique
2 Linear Autoregtessive
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1. Random Walk (RW)

2. Bivariate Neural Networks

3. Bivariate Neural Network-based Fuzzy Time Series

4. Bivariate Neural Network-based Fuzzy Time Series Model With Substitute


www.SID.ir

e Ol V8 5 ket Slslg Blosl o g aslilad VoA

et 2503 Sl 4 bdis S 4 Gl S ot (oS S e S )
L O3 fun p F sn _omae 4S5 glade o118 (Guresen, et al, 2011) O, 8es 5 s S
Shre 53 i a1y pae S b )8 S5 sladde 5 Ly (osan oae b Y
-Q@Lﬁcdx&:ualﬁj};..\Jsbjljéwkbsjfifajwjﬁuaﬁ-u‘g))ﬁMAD}MSE
Sl e 51 5 03linel OT 4o 5 5 3l od 513 Aol 3,90 1) (Roh, 2007) 5 Law g5 okeT Comns
e (9 5 o i SIS 53 (e 5 4 8 GBlosl S cad 3 GBlosl ey o B o33L) LI5L oL
ﬂﬁéggduﬂgd_\;mm\@\,&;;L;w.u@ﬁu:ﬁgﬁujéb,;.;ﬁ@\f
3 ges
(35 2 e 135 48 A go Condls ) Koy Sliid ol ) ool g cpareaya
Ll Rl ol o 55 e (b il s (Slandl (sladis Joo ouiS o e 55 (gla 5 5
b OT Uil s o5 YL 5 b s 2 25 4 e al 3 il o ¢ o a8 ilas
Olg oo Olpl y3 a8 5 &) go Slallas alax 31 5L Sble g (@ludanbidaly ;s 548 Sl
b5 b Gl s Slas andllas ol 55 sl o )Lal AR Jlo 3 OS5 Sl g5 a4
J#;ﬂwauwuL;w.uongszjlgu@ujaﬁ)\;wmgmub,;z
ST s ol 2o e S5 5ICGARCH 5 (oles (g3l lsen ojg, YO &S e Kk
by (b s lghn 4 Sl s g 3 Shes (b b Sladile ¢ S 55 (has onl gl gl
sy Sl s DMl Sl eslinal b 1) Sblug )5l (oo 5o faise 5 Gossl A
ol oSle - ol 28 el oslizal AT sy 13 05a3T 3550 06 sgr oL
03 el a2ils 3o 5l Lme alafy S50 055l 5 odidd st 3 5L Olle gy kw4
Opl 53 SSLE Sl 15 ae Kb S oslizal L 0SS (sla e g S bl
6 LT 555 o o BN VWM Jlo 53 w5 5l e anlllas @ des OT 5148 a5 ds &y
gy (slaitn Dbt glite o 655 02, SN L e SLaeh S 5 S Ly o

s o Rl B g gues sba ) o e oUlS

1. Exponential GARCH in Mean
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1. Feed forward

2. Perceptron

3. Threshold Activation Function
4. Backpropagation

5. Least mean square error

6. Augmented GARCH(p,q) Model
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1.Target Variable

2. Loss Function

3. Root Mean Square Deviation

4. Mean Absolute Error

5. Mean Absolute Percentage Error

6. Morgan — Granger - Newbold Test (1999)

7. Meese - Rogoff Test (1988)
8. Diebold - Mariano Test (1995)
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Arch Garch c
GARCH 0.4971 0.3824 6.72E-06
22.8635 32.3533 32.5693
Arch Garch c
GARCH-M 0.4974 0.3914 6.48E-06
21.8851 27.4395 26.3042
Arch Garch
IGARCH 0.0577 0.9423
43.4004 708.8598
Arch Garch
IGARCH-M 0.0674 0.9326
38.7004 535.8222
Arch Tatrch Gatch c
GJR-GARCH 0.5236 -0.0703 0.3873 6.66E-06
21.3538 -1.9345 24.8283 29.0165
Arch Tatrch Gatch c
GJR-GARCH-M 0.6845 -0.4145 0.4435 5.64E-06
17.4339 -10.8112 26.2094 19.4125
Earch Earch-a Egarch c
EGARCH 0.6926 0.0429 0.6523 -4.1632
29.6543 3.6513 45.6358 -25.1686
Earch Earch-a Egarch c
EGARCH-M 0.6524 0.1708 0.7604 -3.0158
33.9543 13.1635 53.1733 -18.8540
Aparch Aparch-e Pgatch Power c
APGARCH 0.5822 -0.0423 0.2785 2.8983 5.41E-08
15.9421 -2.2069 11.1827 15.6841 0.9966
Aparch Aparch-e Pgarch Power c
APGARCH-M 0.4470 -0.2328 0.4527 1.9337 7.97E-06
21.2873 -12.9922 19.4047 14.9514 1.4837
Nparch Pgarch Power c
NPGARCH 0.5957 0.2768 2.8611 6.73E-08
17.0269 11.1873 16.8456 1.0894
Nparch Pgarch Power c
NPGARCH-M 0.5805 0.2933 2.7623 1.13E-07
17.5236 11.5043 16.1407 1.0868
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Parch Aparch-e Pgarch c
PGARCH 0.3203 -0.0362 0.5238 0.0013
26.0767 -1.6168 33.3474 25.3680
Parch Aparch-e Pgarch c
PGARCH-M 0.3285 -0.3015 0.5689 0.0010
26.7218 -15.4405 30.4389 14.2390
Carch-Q1 Carch-Q2 Carch Cgarch c
CGARCH 0.9991 0.0270 0.5033 0.3395 2.23E-04
3172.2490 3.7075 33.8203 40.3239 2.3081
Carch-Q1 Carch-Q2 Carch Cgarch c
CGARCH-M 8.85E-01 0.4580 0.1072 -0.4522 5.38E-05
60.1702 17.5136 11.6120 -12.30132 7.8695
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GARCH-M ats 0.FV¥

IGARCH-M B ALY N
CGARCH-M ©YVY 0.4 Y8
GJR-GARCH-M ©5VA Vo SYA
EGARCH-M %4 \FFES
APGARCH-M . #qY EEa
NPGARCH-M CYF Y.50)

PGARCH-M C ANy 10.4v4

i (0) It a5l = )8 Gladubs codeT sy il 3 4 5 b6 SIS
3l i 53 el es s o il 1y adde ol (5:KLe) Lol dslee 53 (833 slas L3l ol
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A Sl s S 4 K (65555 Sesls ol 035 edd (sla el G eslinal b ey dl 4 5
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RMSE MAE MAPE RMSE MAE MAPE
APGARCH 1.3E-04 5.1E-05 0.795 3.7E-05 2.7E-05 0.719
APGARCH-M 7.9E-05 4.3E-05 1.098 4.2E-05 3.0E-05 0.544
CGARCH 2.7E-05 2.9E-05 1.423 1.6E-07 2.7E-05 0.675
CGARCH-M 8.6E-05 6.0E-05 0.997 1.2E-05 3.1E-05 0.763
EGARCH 5.1E-05 3.9E-05 0.951 3.8E-05 2.8E-05 0.637
EGARCH-M 6.3E-05 4.5E-05 0.755 3.5E-05 2.5E-05 0.466
GARCH 1.3E-04 4.8E-05 0.639 3.7E-05 2.6E-05 0.611
GARCH-M 1.4E-04 4.7E-05 0.633 3.7E-05 2.7E-05 0.541
GJR—GARCH 7.6E-05 6.7E-05 0.897 3.6E-05 2.6E-05 0.586
GJR-GARCH-M 9.6E-05 9.8E-05 1.598 6.6E-05 3.8E-05 0.924

1. Levenberg-Marquardt Backpropagation
2. Hyperbolic Tangent Sigmoid Transfer Function
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RMSE MAE MAPE RMSE MAE MAPE
IGARCH 3.4E-05 4.2E-05 0.942 4.7E-05 3.4E-05 0.888
IGARCH-M 5.9E-05 5.9E-05 1.618 3.8E-05 2.9E-05 0.906
NPGARCH 1.5E-05 3.3E-05 1.236 3.8E-05 2.7E-05 0.653
NPGARCH-M 2.3E-05 3.5E-05 2.646 4.2E-05 3.0E-05 0.647
PGARCH 9.5E-05 4.3E-05 0.986 4.1E-05 2.7E-05 0.735
PGARCH-M 1.9E-04 7.8E-05 0.63 3.0E-05 2.2E-05 0.634

$5ldle g Laosls (s Ol 28187 (1 o orae Kb & Loosls 355 53 Logae S (5 pm |
2 P35 e Suote e Ysens Sde i Sl G )3 5 S e Sledle L5
o 31038 o i Flind St @ 25050 (B 53 5 3 e YL Lyl S oS
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wlin 55 (oS 5 sladie gwte S35 s p ek ol Gl Ll Oods i s
Sl b 3 e 55 e 5ok 41y FG8 lade Ol on Lol ol 25K el gl gladle
im0 8 33 Bb 5l 5 3ss e SSLS GBS T 4 (ol il jlee 4w &S
BB or 5 ) sl 4 ey b Syl 3l 8 (Saoy @ 55 by b 5 etd by
V) g 23,5 stalicn | 68w slaghan Bl i s o & (S35 Ol sy S
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3sd oo odalin Jod= opl s 55 (63L5 S s slade
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RMSE MAE MAPE
1 CGARCH PGARCH-M EGARCH-M
2 CGARCH-M EGARCH-M GARCH-M
3 PGARCH-M GJR-GARCH APGARCH-M
4 EGARCH-M GARCH GJR-GARCH
5 GJR-GARCH APGARCH GARCH
6 APGARCH GARCH-M PGARCH-M
7 GARCH-M PGARCH EGARCH
8 GARCH NPGARCH NPGARCH-M
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Sl sl s RMSE) ooty sl [2alS 5 2l 53l A s ((A) g
=S5 sbdd 1A(T+40) /. A(T+60) /. A(T+80) /. A(T+100)

APGARCH -16.6% 30.4% -1.3% -3.2%
APGARCH-M -9.7% 13.8% -0.6% -2.7%
CGARCH -41.5% -63.9% -74.2% -68.9%
CGARCH-M -45.4% 14.6% 44.7% -8.4%
EGARCH -16.2% 27.9% 0.1% 0.0%

EGARCH-M -9.4% 18.3% -0.2% -1.9%
GARCH -17.0% 37.5% -3.6% -2.9%
GARCH-M -16.4% 35.4% -2.4% -3.5%
GJR-GARCH -17.1% 34.1% -3.2% -2.9%
GJR-GARCH-M -7.8% 68.8% -11.5% -5.1%
IGARCH -14.0% 31.0% 0.7% -2.4%
IGARCH-M -7.2% 26.0% 5.1% -4.9%
NPGARCH -15.7% 30.2% -0.5% -2.8%
NPGARCH-M -13.0% 25.3% 2.6% -3.4%
PGARCH -14.3% 46.2% 0.0% -5.9%
PGARCH-M -8.8% 11.6% 2.8% -3.4%

5708 o it 93 6l Sl = Wams oplT sl (ols gmn o) ) shien

D3 53 ol ol 53 (V0) g 55 5 apmbone a5l 61U 8 6l ¢ o i G,\f
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(Hit Ratio) s, 5 » slacans anslis :(4) Jsix

lade 8 sl (b ) S5 sladde (ol Jbo ) oS 5 sladbe
APGARCH 0.72 0.62 | 0.56 |
APGARCH-M 0.66 0.63 | 0.60 |
CGARCH 0.65 0.65 - 0.63 |
CGARCH-M 0.63 0.67 1 0.62 |
EGARCH 0.62 0.67 1 0.60 |
EGARCH-M 0.68 0.717 0.62 |
GARCH 0.70 0.69 | 0.59 |
GARCH-M 0.69 0.59 | 0.61 |
GJR-GARCH 0.68 0.68 — 0.63 |
GJR-GARCH-M 0.70 0.71 1 0.48 |
IGARCH 0.55 0.62 1 0.59 1
IGARCH-M 0.55 0.60 1 0.63 1
NPGARCH 0.71 0.62 | 0.63 |
NPGARCH-M 0.70 0.60 | 057
PGARCH 0.59 0.62 1 0.63 1
PGARCH-M 0.65 0.66 1 0.62 |

Ol kS 2 a0 5,8 15 05lial 540 Jlji b bl 63555 a3l & 550 55 L
3355 gn i § gommn 53 o 8Bly Ul g b aelie )3 (85 ladite o g ot 55T, Dbl s
5,05 ks (Roh, 2007) 55 slaasl b (5,8 aomss oy

YV P @‘f Sl sladie 5 (5 Bladis olg b 5l lamlie (14) Jdr
= Wams 0037 osleT ltie ol jan 4 oty gla 3 (1B L talS Aoy i ol o
ol odd S3 s ja L bl bl

Dl G5 o e S5 ans s s Ol mls S 6 S0k
PGARCH-) ;;:Sikw= 5 708 5 BGARCH-M) Kk - 4l 2,8 (APGARCH)
o3 bl Bl el (T e (S Gt sl (o san e S5 L (M
akls u;l,;i: el 4T o WS 639,59 sbesls iledle pe L s oldb i bl
518 e b b glaesls LIGARCH-M Jus o gas 4 s GARCH-M Jue .o
Sleslizal b oJb 5 e slesls 6,8 54 b Caasd 435 3505 LEGARCH Jue K5 O b
Llod okt Jlo i sbaesls L PGARCH Jde uomas das o 0L e T,8" Jlo i (slaesls
53 bee Wadde ol s oo OLES & gl ol 0357 Joe Gogm ¢ i Gllan (sl (sla s
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RMSE | MAE |MAPE RMSE | MAE | MAPE
APGARCH * | -14.5% |-42.3%| -8.9% 2.8030%%  |-17.9% |-42.8%| -32.7% 2.2064 3%
APGARCH-M | 2.8% |-31.2%|-26.5% -0.8605 -7.8% |-40.0%| -32.1% 1.5853
CGARCH -98.8% | -6.2% | -9.0% 0.3217 75.7% | -4.5% | -32.0% 0.3159
CGARCH-M | 61.8% | -6.4% |-11.6% 1.4463 343.1%]| 5.6% | -29.4% 0.0846
EGARCH * 73% | -3.7% | 2.1% 1.2488 9.7% | -3.9% | -7.3% 44013 s
EGARCH-M * | -13.6% |-11.8% | -14.1% 2.3395%% -11.8%| -6.1% | -8.4% 2.2145%
GARCH 9.0% [-11.6%| -0.6% -0.9506 54% | 7.3% | -5.4% 15114
GARCH-M * | -10.5% | -8.1% | -10.3% 21847 s -1.8% | 3.0% | -11.8% -0.2687
GJRGARCH | -12.2% |-11.4%| -3.4% 1.7576% 5.7% | -5.7% | -12.0% -1.0978
GJRGARCH-M| -42% | 3.4% | 9.5% 0.2817 447.7/.|534.4%| 672.1% 0.2897
IGARCH 12.4% | 4.3% | -9.5% -1.2251 10.7% | 6.5% | -33.3% 2.5546
IGARCH-M * | -10.0% |-10.1%| -2.2% 2.6919 3% 19.2% | 15.6% | -28.0% -3.9009 53
NPGARCH -13.8% [-41.2%] -17.3% 2.3597 2.0% [-32.3% | -29.6% 0.4175
NPGARCH-M | -5.8% [-33.3%[-16.0% 0.6916 -4.9% |-31.4%|-26.8% 0.6164
PGARCH * 6.3% |-41.6%| -8.2% -0.4556 15.7% |-29.3%| -26.6% 317365
PGARCH-M * | -26.1% |-49.8%|-13.1% |  2.9822z#%  |-147%|-41.1%| -31.3% 2.0053 %3
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