WENDF o — OV 15 b — 1/1/00 53l 55 ) — ol e &0 O3 V8 65le lslgr Byl eyt bt

5 5 GBw H odliwl b 5136 083k Sblug  Sw s
(e 4G - T

Y R

LTSS 4
o ol Slaeal Gladde I s (o Sie 05 adles 4 Gagn cpl 5o
(TEDPIX) 0|, g JS el aljs,y o33k gy » 4ale VY8 0,55 &5 b (G)ARCH
D pde lad o Olos (S 554w 3 g oS b adie pl gy s Sl 0 a2l
Sdde bt Do R G b e AL e 035l Gl (6 53 <03 o 8 58 s
30357 3050 SEUE G b 5l Jolr mls 5 Llodd S 5 (o samn mae S L e
3 oS- ol 28 (Sl - 015 208 S 5 Sladde das r OLE b ol el a3 8
Sadde das o0 Ol Ol g g Ol ks gy Llazdls |y oo i sles o 28 (GJR Jos
e romen s 2 Slal s 4 S Wl Olig b $ 20 o smer (oS 5
sl (Sl gne sk G5 oS0l — 708 5 ol oSibe — 2,8 )il Sl5 08 oS 5

Llails 5 5 slarly ladie & Sl (5 28 Sute

-Jdus (5 s (oS 4§.J~ caj\f ‘5LAJVL° cﬁ dp}‘.& abjl.g c[)b}a' u‘:‘o:*:i :ks%.lrdl?j‘j
S 5 b
C45,C58, G17, G32 1 £ 990 (Shadiuls

. hossein.sacedi@ut.ac.ir. 0l g5 o&asls cu s do 0aSltils ( Jlo o pite Li )| pwlid )18 (g smmiils )

O ol8liss oy s ke 0SSl Ll Y



dodkio
Sliztie (M8 b arlo o o (65108 55 8Ky Sy e 93 Olosi b (s ¥ S
($ pd0ole g ¢S s (Slizte L O Sakolas o€ ws 31 Lol .ol Olgl 3 slas 5,87 Ghyls o g
IS ool s e opl aST Slaau e blie 53 st slaglols I Chlim 5 0T Gds s e
GUl3l 5 SDlelan 45 Comdly ol mdls Bl o Iy g 5 ki 53 Corenl 1 AS o frases
Sl 5l ! Soys b p ool 3,8 55 4 JRlSG iy Ol e 15k (SLaS 55 i
Al Blr o5 onl 53 e 62,08

bt e Sladie Gl 3 g S e s )y Sl 53 e Sl 1 (6l
e 21 53 5 s W1 (505 4 558 Sl b 5 LosT 4 Bl 1) e b
sk 033l Sl g (3ldde (1 el olkd 3Lty st (oS 5 Sladde 5 e slaaSls
ladute ) o7 555 o ol (ARCH) ' g § 5 5 b uilisls (Slansl (sladita 51 p g 1o
2 gesas 4 bdle ol Gl dl a4 Js o b)ls, 5 oladl 5 Jb 6555 slaal S
6352 ke ©,8) ol ok ol pon JolST SIS (63,058 53 b 8 D) 50 Ol sl 53 6T Slalllas
S bl lde b OT Gdls ol a4 6 105 saaly ol 51 6,5 0 el by OFM 080
Lo (gnms 223 opl 3 Il oS Loty (s S5 4 il 5 g0 e claSs wslea
Siledde 1 (5 Fembin Gladia 4 Slj 6 o Gladie 5 omae S ladde S 5
SRotn 03 S S Sladde (ool Sl ) (S el Gzl o ol s 235k Ol g
AL o

S (S
oot Sl s Sl Jlo 5 (3Ll Eomln s age alie S (SS (s ot A3 S5 S 4 S 0kes
St 3 B S By o sas 53 sy S et il L o5 53 Slide 1 5ok S35
s S5 5 eslizal 5L sl ite (3ladis Sl s Slao s I S el ke
Cllosi by 555 Ll opme Gdde & 055 Ssdoes Oy oS ol (ANND' o ycn
- ey e 53 e slads gl saate sla e s 3 bl faas s Sialea i3 (sla s

S)lse b 53 5 Lla S 515 0ga3T 5yge (L b @3)0e 55 5 s CUE) Sboj 6w sla

1. Autoregressive Conditional Heteroscedasticity Models.
2. Artificial Neural Network
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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
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1. Feed forward

2. Perceptron

3. Threshold Activation Function
4. Backpropagation

5. Least mean square error
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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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IGARCH-M B ALY N
CGARCH-M ©YVY 0.4 Y8
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EGARCH-M %4 \FFES
APGARCH-M . #qY EEa
NPGARCH-M CYF Y.50)
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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
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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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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%
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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 |
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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 s
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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