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Abstract

Financial markets are among the most complex and dynamic environments in the global
economy, influenced by multiple factors such as economic indicators, monetary policies,
geopolitical events, and crucially news and media reports that shape investor sentiment.
Consequently, analyzing financial volatility has become essential for understanding market
behavior and assessing future risk levels. Among the most widely used models in this field is the
GARCH model, known for its ability to describe volatility dynamics over time and capture

phenomena such as volatility clustering.

However, relying solely on historical price data is no longer sufficient in an era where
information spreads rapidly. Studies have shown that news plays a pivotal role in shaping
market behavior, as headlines and reports can instantly alter price directions by influencing
investor psychology and expectations. This highlights the need to integrate sentiment analysis
with traditional econometric models to obtain a more comprehensive understanding of

volatility.

This research introduces an advanced model called PTTA-GARCH, an extension of the traditional
GARCH framework that explicitly incorporates the news factor as a major source of
unstructured information. The proposed model processes financial news using artificial
intelligence and natural language processing techniques specifically VADER and BERTweet
algorithms to extract quantitative indicators reflecting positive and negative market sentiment.
These sentiment measures are then integrated into the GARCH structure as exogenous

variables that directly influence volatility dynamics.

The PTTA-GARCH model aims to achieve more accurate and stable volatility forecasts by
capturing the immediate impact of major news events. This approach represents a step toward
developing smarter and more realistic quantitative tools for financial market analysis combining
rigorous statistical modeling with semantic text analysis of news sources to enhance risk

management and support dynamic, data-driven investment strategies.
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STOCK GARCH(1,1) GJRGARCH(1,1) EGARCH(1,1)
LL: 2869.624 LL: 2882.753 LL: 2880.516
oM AIC: -5.3413 AIC: -5.3639 AIC: -5.3598
LL: 2662.687 LL: 2664.827 LL: 2661.982
NEM AIC: -4.9556 AIC: -4.9577 AIC: -4.9523
LL: 3504.824 LL: 3517.765 LL: 3520.085
¥ AIC: -6.5253 AIC: -6.5476 AIC: -6.5519
LL: 2771.497 LL: 2775.927 LL: 2775.062
PNC AIC: -5.5441 AIC: -5.5510 AIC: -5.5492
LL: 3066.438 LL: 3068.563 LL: 3056.867

MSFT

AIC: -5.6764 AIC: -5.6785 AIC: -5.6568
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Score

Implied
Volatility
LL: 2907.72
AIC: -5.4067
3
LL: 2688.133
AIC: -4.9956
2
LL: 3548.83
AIC: -6.6017
2
LL: 2775.927
AIC: -5.5490
1
LL: 3135.24
AIC: -5.7984
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IV & Impact
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IV & Log News

Flow
LL: 2908.942
AIC: -5.4072
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LL: 2689.318
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LL: 3549.24
AIC: -6.6006
3
LL: 2775.927
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IV & Binary
Variable
LL: 2908.555
AIC: -5.4064
2
LL: 2688.484
AIC: -4.9944
4
LL: 3548.938
AIC: -6.6001
4
LL: 2775.928
AIC: -5.5469
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LL: 3133.44
AIC: -5.7932
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AIC MAE RMSE
(In-Sample)

Simple Complex Simple Complex Simple Complex

JPM -5.3413 -5.4079 0.014248 0.013991 0.014749 0.014611
NEM - 4.9556 -4.9967 0.025871 0.025572 0.026424 0.026122
KO -6.5253 - 6.6021 0.009333 0.009441 0.009482 0.009735
PNC -5.5048 -5.5510 0.012316 0.012323 0.012647 0.012746
MSFT -5.6764 -5.7984 0.014823 0.013853 0.015014 0.014255
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Mean Std. Median Q1 Q3 Skew
dev.

Panel A: A-FIEGARCH models
d 0.4888 0.1043 0.4655 0.4498 0.4872 2.9328
MSE 10.8656 50.4317 1.0671 0.3960 2.1368 4.5519
AIC 37,713 9765 37,370 30,363 45,515 0.0237
BIC 37,777 9765 37,434 30,426 45,579 0.0237

Panel B: TV-FIEGARCH models
d 0.4821 0.1122 0.4834 0.4300 0.5046 2.7054
MSE 10.8454 50.9804 1.0904 0.4192 2.0631 4.5548
AIC 37,704 9769 37,371 30,368 45,507 0.0240
BIC 37,775 9769 37,442 30,440 45,579 0.0240

Panel C: MRS-FIEGARCH models
d 0.3968 0.1678 0.3757 0.3272 0.4491 1.4180
MSE 9.9085 49.4089 1.0448 0.3211 2.1721 4.3579
AIC 37,671 9758 37,331 30,344 45,471 0.0233
BIC 37,743 9758 37,402 30,416 45,542 0.0233
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NF =a+ O.Sb{tanh (%j —tanh (%H

(S ol pldl e el @i lldog
o, =(NF, - ARCH Term, )¥*

A5l ST Uty LR (pe dpdead) HLYN W35 oy ccnlall e 5L 180 B § (St @, b, &, 7 @lolas
Anldb

(Negative Log-Likelihood)dd Ll ddleiYI dls
02 @ (QMLE) Gguadll &l Als paseind < 0 = (, 0, @7, 7,8,b, &, ) g39aild el Slalaall il
1AMl (389 p oy SN Lgdayas

2 &
(,(0) = log(o, )+0—tz

t

L(0) = ift(e)  ddlezYl ALl &bl e Jgpanll lgaas wiog

t=2

t=2 oo sadl gy & Slgall duaill dududl (§ Slgall by e Ggizsd (J doni)l bladl sde 50 T Co
- &y A8 dasdl e Bl Slie (i

133l pe Olalaall i dgh o5

0 =argmin, L(6)
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A9 LI o3 (po 3RSy cdbumall ol (2l Slad Jaally (6ot pwludl S5 Alompall g 0 dny
59509 10aa3 ST deluo ypglat) 451 Alyall 3U ¢ Sentiment-ARCH z3ge5 ae (294! cpbdl e &Ll 5L
duzgall ©losall o meilly ¢ (Power Transformation) 83alb gl (§ auwgidl 9 A>yall 0da (pe Uyl

pdiadl HLsYl 18t Jlo] ) 48LaY0 « (Threshold Effects) ddludly

Olodsall (s el a0 PTT-AGARCH dluo apungs
0= dzgall Slosall juady 858l J39765 grads gam (Sl PTT-AGARCH 3903 () JEnYb A6kl dlyell jlied
dpaaadlg Al )LD (3 gundd 8,10l e dolmiasd) bLab e Z3 g0l 192 (14) Uolandl 389 Bynall ALl
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(Negative Log-Likelihood)dJdldl Al ddls .3
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PTT-AGARCH(p,q) z33033.2.4
Lo ¢(p,q) delal dasall ) (1,1) &80 13 dlaad)! 5500 (0 PTT-AGARCH g0 yghal J] )l 10 Cougy
G Ol (o z3gaidl muuwgill 1in (Sadg Al lgall o adl ol &Solip ) dB3g di9y0 AST oo s geaiy
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Decay factor =e™**, 1= ﬂ
half-life

raiie [ dubudly Lol OhLEYI Je blasdl ga (1 1- o gmad Sbgiandl unds o3
(Order Selection) (Ll CSI Hlast

(15)

Akaike Information )lawe plasciwl @3 ¢« PTT-GARCH 9 GARCH (3304 p,q  (diedl C3,1 dpuid
:Criterion (AIC)

AIC=2k-2InL
Bydiall Glolaa)l wie AdlisYl dad L g wlakaadl sdck >
AIC My G Z3 903l SS9 Py O 820 S (55 AiSondl CoSLAN gz &y 03
PTT-AGARCHy PTT-GARCH (p, q) @3»3 .

8, blaedl pe wledsall Wl boladl o PTT-GARCH (Power-Transformed Threshold GARCH) z3ge3
8581 bg=

& =10, 1, ~iid.(01)
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i=1 i=1 1=

- PTT-AGARCH z3905 e Juaxs (bl alatlly (14) Aol 3 S N 5kl Jole (upp dis
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duaodl JusYI A1 a0 PTT-AGARCH(p,q) zi3<5 4.2.4
NFL, Jasddi sl b ziged .1
el L) pe Al Wlgall lES 3080 paiwdIPTT-AGARCH z3503 iy skl @ cdls=yall 0o
98 bl 0da LBug . (16) Uslasdl 339 (M dolas ass (Lagged News Factor) jbsdl Jolgal ;5
Aagplall oSy Lo (Jaid Adamell HLsYI 8l s8I o Jus (Sl il e dapludl 5LsY1 8t Lol
e S LolaidYl GlusM Hlawdl &lriunly Al 319w Sl
NFL =a+Y 2 [tanh( j—tanh (lythjﬂ (16)
= 2
R

t ooyl Lie Aol HLsYI ge: P e

Geed LY 250 N, o

- (Maximum Likelihood) eas¥! Jlasdl alls I ¢pe bave H385 cdblasa, by, &), 7 1< j<p @

0,
51 S W1 el z3g0ul) rows Los Badate duin) il e (lags) 8y>liall JLYI S slaedl § ds-5s Lag
B gl e ALt 558 (bl
s« Bgll 4950 Dloglanll o Blgwdl Jelat) duS deluo 8y3liall HLsYI Luld DI dupb )l dspall Jiad
ASulate B>y Uslas (3 Blusdl e ygaillg dudasdl e ASgludl bl g duoi) 8,SIUN ¢y 7390l oy
39 Dol cpyatiwal] (£lozl Zliall (3 Gl il (uSay Sokad! 3LatdYl jglaie diuall (uSiai LS
oY
Oladaadl ppads 2
gl JlisYl dls @dass ne (L-BFGS-B Optimization) duw))lss pldsuiuwl z3geill lelas ;s o
4!

:
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t=1 t
(parameter da3ly 398 guudas o WS'a,b, x, 7 sV Odlalae 3 Lg o z3 g0l Oolao puaz @il Cu
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Jalaal) 5% 44l
Constant 1) [1e-8, 10]
Positive ARCH a"  [1e-8,0.5],1=1,....q
Negative ARCH a- [1e-8,0.5],i=1,...,q
GARCH B, [1e-8,0.95],j=1,....p

Power T [0.5, 3]
News constant a [0.5, 1.5]
News effect b [0.01, 0.3]
Positive sensitivity — « [0.3, 3.0]
Negative sensitivity vy [0.3, 3.0]
News constant a [0.5, 1.5]
Lagged effect b, [0.001,0.2],j=1,....p
K

Positive sensitivity [0.3,3.0], j=1,....p
Negative sensitivity [0.3,3.0], j=1,....p

(U3aall LY D) PTT-AGARCH z3ged 3 duo9yaall wlolaall 398 6 Jout
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dizaoll ©hLSY) Cisyal 1.5
o9 8l gal ko)l Juudladl (ailias wesit) dlias Yl ShLasYl ey degozma pdvind cloll o] Jukoss 3
1oLzl oda @81 b lsd GARCH 9 ARCH 3k b 929 copaill pe site Jord nld 3929 L)

ARCH-LM li=11.1.5
dulw § (Conditional Heteroscedasticity) 313 o plis 3529 oo 3ol pdsiwd ARCH-LM e
2z Sl J2 §) dsld! Slessall Slasye e datiad 3ol lglad) o6 13] Lo sy 451 6T . adlall W5l gal) dxie)
(e s of coldas

Ll 3979 e Aoadl dupyall jans iy« cabally ARCH @l dzgs Y 4l e Lyinall dpyall jais
oo J31 p-value <389 88 HLasl ded 3813 ALl @il (e daiarg ol e cpladl 09 Cumws ARCH
plsuil G309 Wil 3 laazd 5elad bl OF G Los ccoldl bl &upyd jady J) ade 1igd <0.05

bl OlSnlins Jadowt) Tadas ASYI GARCH zdles

daspoll Olodyall (Ae Ljung-Box ywis12.1.5
9 Sloduall S8 13] e 3asdl | Bug (Serial Correlation) Gudad bS5yl Hlasl saljung-Box iz
OWE gz o Bzl dapall Sladall e Bale dihl ok Badaie lags e Ty dladye (gilasye

Abad! Azl e laiw. (Ukiiae Sledsall) o3l pe @aill o d615 BMe dzrgs Y &l e Lya4nll duss,all (a5
(Jadad L3 A315 d8e uxlgs e

@ a3 L3yl 9 ldis iS5 3929 sa p-value < 0.05 JWE p-value da:d e Tolaiel goludl puds ey
OlSaliys alane odily z3gadll O &1 doyds At dasypll Wladall p-value > 0.05 bl .Gladsall Glaye

dayadl Slodyall s Jarque-Bera Hkis-13.1.5
aladly (Skewness) Gl=sdl jaxd I 0 Wlosall 2098 duando pde iy Jarque-Bera s
B g5 s wlesall O dyaall dyall el G cominnln (ind 8 S e HLasl BLad . (Kurtosis)
29 &2 p-value < 0.05 i 13 .aujgill e a5 Y wledsall O dbadl dupydll (248 cn> (& «(Gaussian)
) CBlyol ol AdS Jgod 3929 ] dalall pe i 3] gk e Cloduall gjgi OF (am Les cdandall dunys
Holull Camogi Bugy GARCH o digye AT Z3led plusiiusl (suiun b g9 Blgall auigs §(Skewness
el 80y Sladall JLasy!




Q-Q (Quantile-Quantile)olakre4.1.5
@29l sl 05 b Wt sl g laill sl ae lodsall adll asjgill &)laa) Q-Q lalases poseid
‘éwi)l\ 9>l Aeg (Theoretical Quantiles) (gl zo3ll 95.'955\ 9ol (Ae (Gaussian distribution)
1gd ¢ (°45 bl Jas) yaxYI dasdl e duyd blasdl <58 '13). (Sample Quantiles) wledsall dasMall a3l
gl 053l Gy 2l leall OF ) o

ARCH/Sentiment-ARCH (1) 2.5

dplucell OlyLasYI #x5651.2.5
Jole oy I Sentiment-ARCH z35e5 (il U] (Sl ARCH 8505 Genlas o3 &ushyll (y0 J 931 dlimyall
Aoy O el BN dnl)d Cnd o @] Hlaaed LS e dragdl Y31 86 Ul (Sentiment) HLsYl
@ &S doysll §

()l Gebdly ksl lgsf Jlxe (3 Jos3: A Agilent Technologies Inc .1

(03laally pguin gl US| (3 Jea3: AA Alcoa Corporation .2

A8y dwisdl dsuall Liley)l Wlous &54: ACHC Acadia Healthcare Company .3

STOCK TEST ARCH TEST ARCH SENTIMENT- SENTIMENT-
VALUE P-VALUE ARCH TEST ARCH P-
VALUE VALUE
A ARCH-LM 114.90 5.45x1072° 114.91 5.43x107%°
Ljung-Box Lag=10 147.36 1.30x1072¢ 201.75 5.07x10732
Ljung-Box Lag=20 147.38 1.29x1072¢ 201.78 4.99x10732
Jarque-Bera 4170.03 0.0 4169.92 0.0
AA ARCH-LM 320.34 7.70x10763 323.79 1.43x107°%3
Ljung-Box Lag=10 445.19 2.22x1078 450.83 1.39x107%°
Ljung-Box Lag=20 509.75 2.65x107%° 516.42 1.06x107°¢
Jarque-Bera 7016.56 0.0 7074.94 0.0
ACHC ARCH-LM 21.58 0.0174 21.58 0.0174
Ljung-Box Lag=10 23.80 0.0081 23.80 0.0081
Ljung-Box Lag=20 31.62 0.0476 31.62 0.0476
Jarque-Bera 22702.02 0.0 22701.87 0.0

ACHC ¢<AA <A N.‘»SU Jarque-Beray Ljung-Boxy ARCH whlasl g8t 7 Jgd>
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31 GARCH 3l plusctul daenl pibg e il apdall aoisill 2 of Oledsall O s bo 1oy . sedall
Apadall e Ol ge Joladll lgSew (I Sentiment-GARCH
Ol e bo 409 clizlae Oladuo ol suadis Sl BT (o235 Al @lgudl OF Ul s dkdi)l Jgadll 0l 3¢9
Al OWal 2893 i HlasYl pna Joxadl 0dsb
(Sl Oladl ja bladl e delug 18 HLsY) o Ol »¢k Sentiment-ARCH 2o (Sl Z3 g0l d5)ldo
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Sample Quantiles
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Theeretical Quantiles

A pgudd Slosall lalasee 13 JSadl
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oz bos cdalating Bugdss OLIES (e (Sgion (o e aighs WL o gudl dnogadl 5l gall 50035 gl - dne gl LI
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Lo Bale &bl wldadl wlid of 4] a3 @I el (29 «(Volatility Clustering) <ldadl oz Jio dogall
LS aazr Jaied e 1506 oS0 @) azrdgaidl Y8 OF Y] . @als il 8 Lgas s9agll Olfby cdgyline lfd Lgads
(orlae S 355 A3 () dadgrall pe GlusYI ol Busaidl Wl dols (JolS S dnagall S6lgal) 4Saalip
ablanl @iy of g e (32l5 3929 Caypgbsl (I LM (ARCH-LM) @hlas bt o 36 dasMell oo Hlaudl e

ASeoliang 1aaas AST 3l J] da bl J) d s cdarudl ARCH g dawlgs JoBUL

(Lag=10,Lag=20) dabisxe 1/ die Uil gudly JiS5 3929 Ljung-Box Hlas! gl @yl o531 dgr e
LY 45 Y (lags) Akl lxlaasll e 1390 134s pusvinw SUI ARCH z3g05 e slaiedl of zab g las
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PTT-AGARCH (1,1) z3905 eaxd3 3.5

Sentiment- z3ged <l ] $aaladll ARCH zdgad sl e @3S (@l cduhll oo J 991 dlomyall o slgiidl dn
Lgye 8T z3ls JI ARCH 355 oo SVl Of US55 duslyldl g3l 0l (A, AA, ACH) 1951 &M plusiwly ARCH
U grgs J] cnds gV il 0 - egudll ol 54001 (3 A 390 STy Sl Z3gad polat) dnyg o Bglas

ol o &S Almyall (§ Sl

AMZN, BABA, BAC, C, CMCSA, ] » p.@.w‘)’l od . dalizeo g 21 ) dwwgydall p.@.w;)ll dde 8Ly M e g
CRM, CSCO, CVX, GOOGL, JPM, KO, META, MRK, MRNA, MSFT, NVDA, PYPL, QCOM,
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Aty 73lad Aoyl &)lie e
Ao lall lgall e Jadd dedaall (spall Z390l: SUENIGARCH (1, 1)
(2018 «Mitra 9 Sadik) 4w 3 A& GARCH z3303 :News-GARCH (1, 1)

aadly Aol Oladal) i) dlausl (§ Lt puas gow z3903: PTT-GARCH (1, 1)

(14) Dslaall 389 L)l 04 (§ ARSI 39031 95 (PTT-AGARCH (1, 1)

B iseal! z3Led)I1.3.5

il B 2.3.5
. Log-Likelihoodplasuwb: digall J3-1 dosdlall

ezl ae cd>lg pgy 545 3819 gy 30 843Uy Walk-Forward Forecasting Jds- ye: digall oY e

LGl dds wld) MAE 9 RMSE @l 4

STOCK MODEL RMSE MAE LOGLIKELIHOOD

AMZN GARCH 0.476544 0.030130 4232.478

NEWS_GARCH 0.477969 0.029435 -264738.162
PTT-AGARCH 0.549764 0.071483 15993.805

PTT_GARCH 1.017047 0.156084 20048.403
BABA GARCH 0.004008 0.001401 2099.436
NEWS_GARCH 0.004032 0.001627 2058.331
PTT-AGARCH 0.003990 0.001294 6137.237
PTT_GARCH 0.003993 0.001260 6140.428
BAC GARCH 0.000859 0.000329 2799.971
NEWS_GARCH 0.000859 0.000329 2800.573




CMCSA

CRM

Csco

CVvX

GOOGL

JPM

PTT-AGARCH
PTT_GARCH
GARCH
NEWS_GARCH
PTT-AGARCH
PTT_GARCH
GARCH
NEWS_GARCH
PTT-AGARCH
PTT_GARCH
GARCH
NEWS_GARCH
PTT-AGARCH
PTT_GARCH
GARCH
NEWS_GARCH
PTT-AGARCH
PTT_GARCH
GARCH
NEWS_GARCH
PTT-AGARCH
PTT_GARCH
GARCH
NEWS_GARCH
PTT-AGARCH
PTT_GARCH

GARCH

0.000857
0.000859
0.000964
0.000968
0.000963
0.000968
0.001712
0.001766
0.001698
0.001704
0.001635
0.001634
0.001633
0.001634
0.001347
0.001309
0.001292
0.001305
0.000525
0.000509
0.000509
0.000532
0.432718
0.420297
0.737819
0.457814

0.000830

0.000327
0.000330
0.000343
0.000344

0.000320
0.000342
0.000880
0.001093

0.000834
0.000876
0.000796
0.000795
0.000795
0.000800
0.000671
0.000687
0.000643
0.000652
0.000423
0.000398

0.000395

0.000442

0.046208

0.022009

0.097056

0.064032

0.000364

7571.239
7544.375
28435.947
28297.732
76860.694
76380.473
339.130
329.300
980.326
957.263
893.966
894.735
2535.716
2527.897
616.875
605.406
1711.006
1691.657
929.531
937.254

2586.332

2564.446

7897.475

-305360.191

21210.708

23115.465

6252.360




KO

META

MRK

MRNA

MSFT

NVDA

NEWS_GARCH

PTT-AGARCH

PTT_GARCH
GARCH
NEWS_GARCH
PTT-AGARCH
PTT_GARCH
GARCH
NEWS_GARCH
PTT-AGARCH
PTT_GARCH
GARCH
NEWS_GARCH
PTT-AGARCH
PTT_GARCH
GARCH
NEWS_GARCH

PTT-AGARCH

PTT_GARCH
GARCH
NEWS_GARCH
PTT-AGARCH
PTT_GARCH
GARCH
NEWS_GARCH

PTT-AGARCH

0.000828

0.000827

0.000828

0.000195

0.000200

0.000195

0.000195

0.008324

0.008388

0.008300

0.008324

0.000304

0.000304

0.000303

0.000302

0.003443

0.003425

0.003313

0.003346

0.000931

0.000951

0.000944

0.000947

0.002222

0.002444

0.002284

0.000353

0.000350

0.000352

0.000098

0.000117

0.000099

0.000098

0.001528

0.001481

0.001639

0.001577

0.000174

0.000174

0.000175

0.000174

0.002197

0.002179

0.002052

0.002120

0.000344

0.000432

0.000364

0.000362

0.001249

0.001091

0.001260

6256.114
16832.330
16813.327
2046.544
2034.845
5297.147
5284.033
7461.267
-229.402
22018.592
22109.615
959.818
960.232
2544.192
2541.086
553.102
554.015
1703.612
1694.034
10287.278
10062.589
27411.174
27337.024
2488.396
989.716

7327.866




PYPL

QcomM

ROKU

SHOP

sQ

PTT_GARCH
GARCH
NEWS_GARCH
PTT-AGARCH
PTT_GARCH
GARCH
NEWS_GARCH
PTT-AGARCH
PTT_GARCH
GARCH
NEWS_GARCH
PTT-AGARCH
PTT_GARCH
GARCH
NEWS_GARCH
PTT-AGARCH
PTT_GARCH
GARCH
NEWS_GARCH
PTT-AGARCH

PTT_GARCH

0.002252
0.008893
0.009596
0.008763
0.008859
0.002015
0.002015
0.002028
0.002037
0.012574
0.012554
0.012593
0.012619
0.831894
0.551751
0.544892
0.548005
0.002833
0.005158
0.002801

0.002822
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GARCH- (2, 1) 0.477969 0.029435 -264738.162
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PTT-GARCH (2,1) 0.013008 0.004500 847.991
PTT- (2, 1) 0.012593 0.006037 851.253
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GARCH- (2, 1) 0.005158 0.004123 559.483
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PTT-GARCH (1,1) 0.002822 0.001985 1920.068
PTT- (1,1) 0.002801 0.001915 1922.494
AGARCH

AW A yall Al 3159 7)1 el 515 9 Joor
U Awd33.4.5
PTT- <GARCH-News «$uad! GARCH :(p,q) Al J] daanall danydl z3ledl o 39,4)) gl e 5
Log-9 ciwa)l 715 4l 485 wlid) MAE 9 RMSE @l ivgo pluseinsls s3] @it o3 .PTT-AGARCH 9 «GARCH
Aigall S35 desdledl 08 Likelihood
‘WL Bgai PTT-AGARCH ziged! .1
Jl b b o539 3kl &)lie MAES RMSE J 4a:d J81 Jass Lo We PTT-AGARCH zdgas Of dasdle ¢Sa
29 MAE = 0.0003279 RMSE = 0.000857 BAC g (3 ¢Jliadl w0l slals 5l (§ 485 8T il
&3 Z3laidl &ylae JuadYl
LSV zed dreal 2
s6ka (BABAS CVX s mgudl paany 3 -0l 5l § dnylsYl loglaall o Jgls GARCH-News z3 a3
N33 ASYIPTT z3ked (e Fga Y WL aSd ¢(sudard] z350db &)lae MAES RMSE (3 Candbo ¢y
roldad! § Sl pus 46 .3
cpdaadly Al Slodsall Ggedl Dol § Sl pas slaeYl § b PTT-AGARCH 9 PTT-GARCH zdles
.GOOGL 3 AMZN (o 1L &bl o JWl il 13 0 gl Lo 1Y) paans Lo
digal] 315 AsLasyl desdall .4
ULl J4a8l dosdls 4395 ple i PTT-AGARCH 9 PTT-GARCH g3l of J] Log-Likelihood s ssd
MSFT5 C Jio ogel § il Z3gadlh d5lie S0 AT ol 093 g cdigall Y31




100,801 el slol .5
PTT- Liw ¢MAE 9 RMSE Cu> (0 a3l g8l AMZN gl § PTT-AGARCH zdgeidl 33> @
oo B plsYlg Jlasl e ges OF (de Ju b clawd aiye RMSE (Jacl GARCH
485 589 JIs b PTT-AGARCH ¢SJ sloYl (§ dasabs cilipuss :BAC BABA @
2o «$alaill Z3gadll &5)lie RMSE (3 J31 151 Oludasy PTT-AGARCH9 PTT-GARCH 39«3 :GOOGL e
&SI LW Al @guls 5301 (3 b U] ko b cLog-Likelihood (@ S oM
Log- &= « MAE9 RMSE (§ &ols ¢ del 885 § paluy bl paeg )LsYl zes :MSFT9 META @
> Al Z3ked) adiye Likelihood
Seial) AL 2 88 Slodso of Al Blusl oSy PTT-GARCH (§ o)l yany £1a5) :SHOP9 ROKU @
. 4281 G195 aday PTT-AGARCH oS cdduy
:JPMy KO B9l 50 .6
s zad (o dadiad 1 Lo Ao gl S dusslew J3Y1 &jaad ! sl 13 0gudl OF pglas z3laidl slol
639 Z3kdl (o J8T MAE 9 RMSE (Jasy PTT-AGARCH > ¢ Jilot!
Pl pasladl 7
) )l 501 885 (e ey S § laddl pus Judoxig Anosd) EddI LY as o
oo e el 8 Jiad) piasg cigall 79 U315 sl o 13 B3 5350 PTT-AGARCH zdges @
.MAE 3 RMSE ¢u>
5 33 (3 Uage Lo Jitan J3lasll pue g HLsYI e oS (ogur S pailias G il s1Y1 o
Al oldal
WS ol 15 a0 PTT-AGARCH (p,q) z33<5 5.5
733 535 gkl 0 Cu LY uld Dl (e dalizeal! Z3laidl 1ol dijlde ] Camdl (o dlomyoll 0o C3ugs
VW],
O Sloglae (5 zmes 093 Jaid ddyludl Wlgall WLy e datiny U1 ($4daidl PTT-GARCH zdses @
(3) 03 Dslaall (3 LS dide dupgally HLsY
Sk 8t zesd(Direct News Factor) 8ikall Yl (uld iy pgedoll PTT-AGARCH zigas o
Ludamell LY 8)a8 (e sl Bugy il ppuss (§ 8 bt ddlonll Aoyl Alasl) dudadly dpln)
(14)Aslanll 335 dtipe dmidag (olud] Z3gall Alie it Gladgl s e
T3saidl lig) zmawd (Lagged News Factor) ,3-lall LYl (sld A1y pscdoll PTT-AGARCH zigas @
LY 80 S oS oo b; Dol Ogl g0 J =1,..., P,y die) OLAS e e ALl LY iz




Gy ST ygbay s Bl 5L ae 1598 Jelass Y ud Blawdd)l O el Bgud! Dloxind e 8y3-biall
(17) Dslaall 389 diie disally o3l pe

T

Oy

NFL,

& =10, z,~iid.(01)

~(0+ Y (e, 0) + X, (max-s,, 0) + XA 0T, ) NFL

=a+

p
it

1 1 1
Ebj |:tanh(EK‘J Pth—tanh(E]/thjj}

(17)

stws Bl cyans Sl LS manzr oy IS o Jiadl A5 LS rgho b slasel o3
(Akaike Information Criterion — 57 Gloghas jlae plasb éllds (1 < p < 3,1 < g < 3)

AIC S dasd J31 3o (s mdguill JUsd @3 ¢ £33 Z3ged SUAICH dad Clue oy -390l B39 (WwLAIAIC)
.5).1.5.9.5\ Mol ddeg doedal B9 (e &{3_9,7.” Cuz> 0 B;LESJiSSH C.S_yw’.” o)lach

AA
ACHC
AEM
HUN
NXPI
PWR

&yl &J7 1.5.5

el (B sl e dabizeall z3laill 848 @) zrgie HbS Walk-Forward Validation sl dede!
Olakaall 00 plasil o3 (Al dxie) BIL cpoud z3ge3 S Wlalas s e okl lia agdy Adlall J5lgal)
Lo cdkayl! Alucdaad] o8 pe Bglas B glas duazll BIBLII clyoes oy o5 .8, dlue a1 Aoyl Bal) 155 A g3
Ol 50 (o de gazme keiel W83 cdudniol ddledl Blgwd] dapds Jind 4Saelas Ly § Z3lel o1l BBle sy

3l 8392 &5)laa) (MAE) (3lao)l Uasdl lawging «(RMSE) Uasdl aoye lasgin ydr Jio dpaslusdl 1Y)
Bgedl WS et dosdlo S8 Z3 gl dydig
Bl & 2.5.5

(P,Q) ORDER PTT-GARCH
RMSE  MAE
(1,1) 6.97439  2.87853
(1,1) 27.35109 8.66403
(1,3) 35.99348 9.28885
(1,1) 17.70581 8.65501
(1,3) 45.97639 9.82219
(1,1) 23.78788 8.71158
(1,3) 25.80697 4.96836

Direct

RMSE
6.93763
27.74875
34.77101
17.53621
49.74337
23.71460
25.66497

MAE
2.87814
8.69044
9.17653
8.52380
10.03539
8.52326
4.93292

Lagged

RMSE
6.95308
27.58312
34.79066
17.58589
49.79075
23.41682
25.67106

MAE 3 RMSE (unlie plasiwl jlaYl Guld DI dabiseal) z3lad! 1ol &)lie 10 Jgi

MAE
2.89453
8.63712
9.20476
8.56683
10.02723
8.50851
4.96942




Blgall Sl e Jadd datay U PTT-GARCH (vl z3 g0l 01 1 10 Jgdr § did gall gilind] pid
<38 (MAE 9 RMSE) Uasdl <l 3o 08 0 3] ecladl o Yguko Sgiane 038 cylisYl loghanll zeos 09 4Ll
By35adl Al Jolgall Ol § dsb Y (suadaed] 3501l OF J) U3 (55239 .53 Z3Ledly d)le Gau e
Qg Holw e

lano (3 Gawd Juadl 317 ,gl51 483 ¢(Direct News Factor) k)l LYl (uld dlus pgedall 3 gaidl Lol
T39edl By (il 13d Sy . ould] Z3 90l &)lie Canils S MAE S RMSE @ Gzl 3] el
Llatl o 8] Lo gl dnap)l Aamelll 3 youas (@1 dudand! ol ol LB (59801 ) Ooladtanl Je
Ayl Gl A ) B gand ! b mianl

8 5lall LYl Z3g05 2o Gyliie 3107 (Lagged News Factor) 8y3-tiadl jlsYl uld Ay pgedall zdgeadl Helad
Ol Ao Aoy U5 o ilased 1831 0950 Y LY 18 of J) elld g Adiadl WYL pan (§ e Ggin LS
e 8 Bl 0 (635 3 ASgladl Dluydll e (33153 Lo g -y paiianall Olagianl ,3-1) Aol 42> s
o3 V- VN R PIN PIN | PR SPEN | RUH I SRS VEX FUNURIS PELY - SR - X

T390 &5)lio 5l A5 (pe iy WE! 3l (3 8y3liadl o1 8 dleall slgun 5L o OF J] gL ad
Hobw puds § LY Jolgall duanl 3 W9 Yl Gans § 1390500 0550 U8 sl 1 O o el
poeall Z3gaidl OF s WS . o S Ly 598 lsglaall e il Y 3lgwdl O duyd @eng Sl Ggd!
iy 8,3 Badl 5LV pgedall Z3gaill OF (e (8 cdas ) Dol I3 Blgdl dasDle 58T 8 bkl VL
gladlly Ggud! dapdas Jadyy endV 3 g0l L) OF guidind dieg . loghaall go Gayus Jelass 21 Blgudl
N

PTT-AGARCH zigeild A Obgius ey 6.5

PTT- z3905 o0 dsalsuiunally %95 485 (S giun ie 5l Juolgdd 14 SSadl 3 S Suolowdl lgludl e 55 o
59> dalaiiall slpasell boglasel Jiad .dabises agesl dumase) drngdl W5lgall Auwdas (e diadas Lis AGARCH
Skl Jole ges day z3gaill oy AUl dxdaiall ol 8)daall WBlgall (e B3V gl fims Laiy da) Juold

o Jeladly dall LRl i e g3 gaidl 8)48 (S padl el s yelaly . ol cnladl Dslas J3-1s Alloeiall
AW Blgdl e 355 1 dylsYl lusYls dpadl Glodall

I paw gy Copm i) 878 S Cmliandl cpll pule (St 540001 Juola) Liadlg Ldadl Sgusell s Bgmdll uSadg
dopply WM 559 -Ggeal) (el Dbl s JusSiy Loy cdadidl g lahly ClylasdYl wlid dM Juo il
don i Ao WIS (3 Gl dassly ©BUas GOOGL 9 AAPL Jio L o) S ol ygla3 3 o] ogudl o
oo J31 )y VZ 9 T Jio 0LasYl glad agud punlli (3 ¢duydgand] alusYlg HLasHl oland 48T daoluas)




61208 MA 3dll loasd! ages ol 18,550 drandass s of lidlel W Jad)s Badowe ol 8 sl (il
b gl Sy daprbs o 331955 G A 545 DS o Bl kenl AST Bl

) S5 @3 (8 Loy ednl) mall dunill pasbiasdl bladl (3 PTT-AGARCH zgas ddlad zstidl ods US55
ATl loglanll Sobud) 81 el ¢yo z3gaidl Koy I LY e A3l Alaiedl pe LS 35299
daid wlgall (e Buatao)l Ludad)) z3ledl &)lie deadly




AAPL MA
0.15 1 i —— PTT-AGARCH Returns 0.151 — PTT-AGARCH Returns
| . |==- 95% Prediction Interval -=- 95% Prediction Interval
0.10 A
0.10 1
0.05 1
0.05 1
%] wn
£ 0.00 4 £
3 3
£~ -
£ 005 ¢ 0.001
-0.10 1 i
ikl -0.05 1
—-0.15 1 I
|
-0.10 1
-0.20 1 T T T T T T T T T T T
0 1000 2000 3000 4000 5000 6000 0 500 1000 1500 2000
Time Time
T VZ
0.10 4
: — PTT-AGARCH Returns —— PTT-AGARCH Returns
031 : -=- 95% Prediction Interval i -=- 95% Prediction Interval
\ i i W]
! | I
02l | 0.05 1 ’1 ‘ rf‘ 2 }l"“ Ll =|ln..
! I | n | ! af 4 W0 Tita,
| fil &"’w'"i‘r"' ‘f " UGk 'l'.,'"'ff.w "
| H ‘ : il" sI il
. w 0004 1 \ ‘ . - ‘ ‘
E £ I ! Y4 o 1
5 S { ‘| 1l I J'\. L) |13 (] T
2 2 | ST O P e T T
¢ g i w’r;”" ' "‘"""r'f‘,' ‘f Jv' (e ';‘;"! {1l '"'.,;au'u':
= ] ! N (! V'] ||Ii;
0.05 | 2 LIt i
|
i
-0.10 1 : |
T T T T T T T T T T T
0 2000 4000 6000 8000 10000 0 50 100 150 200 250
Time Time
GOOGL
10.0
— PTT-AGARCH Returns
7.5 1 -=- 95% Prediction Interval
5.0 4
2.5
£
S 0.0A
2
4
_25 4
_5‘0_
_?‘5 -
=100 1+— T T T T T T
0 1000 2000 3000 4000 5000 6000
Time
2 . “|tl O, £ v a P £ 2
PTT-AGARCH z3503 0y g5 %95 5431 Jaold go mguw JSU 8ydiall 5152l 14 S5
66 &




w.)LwJ‘ J.,a.&!
ddidiual! 3OYIg dallsel




da3ldl 1.6
op aodl IS (e eIl Hlawly JWl Goadl bty saial) dodiie dusS z3led pglas ] dwhll odn Bugs
Aatinll dumy Bl Jolgall gros ] Buitiunall g J3-Idally (ARCH/GARCH) il &SIl dd il b lesd!
3Ll Zupu5 H9aal oty Cameans Aty Jolpe N6 pe (ol Joall 7yl uds . dpalaiddlg AWl 5L e

i) 4B sl (§ il lad Ly

3l Sentiment-ARCH z3g03 g0 4ibylan o3 csdudll ARCH zdged slas! e 341 6y «(dsY! Ayl (3
o0 ST 552 s § @l LYl zloo] of Bl coyglsly loghanl) 2l basS LYl Ol dse 4d cdsdl
Byl 35a5 (& dr gl 1o Sour e Wol s putd Lo cJaid Gyl bl e slazsI &lie SSlgall (& bt
Z3leal) &gl

GARCH Jie dpaalad! i)l z3kes (8 dengall ddlall JLsYl gos @3 s cdunly)l Jgmetll dlaits o d5LJ1 Ayl
Lgaal) 8)Adll (awss Bugy (PTT-AGARCH9 PTT-GARCH e 1343 ASYI zlaidl Joddld lgarwgig ¢(1,1)
eat) LY A1 @ ae ¢zl yadS HLYI Jol o goludl yglsl . dudadll B gud! OLSiolos Claduly
oS 3] e dadd 4oyl Wlgall e sluaeYl &ylie 50l B3 § gdly g ] o1 s SN A8l byt
LS .PTT-AGARCH3 News-GARCH zdses plasiisl wie slasHl 3 Bgmle Lblaxil MAE9 RMSE @l §e
Aaliseall lowiwd! Jidad (§ 8s1iS ASTPTT-AGARCH 9 PTT-GARCH (o dliloiall p& z3lesdl O codbdondl bl
PTT-AGARCH 3305 cl> 485 4Ll 3lgud) gl Canogs § duadly AST lglaz Loy ey dolonl colakial
Al Base ccoldatll (§ Jletll paeg ditdl bgtus QLY 8L g aexr Com I Cum (o Ll doddo 3
Al U3 d3la>] desdle Jundly MAE 9 RMSE @i

e 5LasBYl e Jus oinle iy Jodad PTT-AGARCH(p,q) el z3gal paasi o3 4ad (! Ayoll (3 Lol
Ayl AR (e Jgbol (e e oldail) 13 AST colSaalins blardl qaaaid) 1o zaww Gusx ¢(1,1) 45,1
Je Z3gadl )43 Jim b L i) Wlgiwe Hlaedl 3 43U @l Duasdl HLsY Als zles] ereadd! Joio WS
dxllaa) (Threshold Effect) dusll 407 e Blasdl ao 560 J8Y1 (5,399 s3I sl ol 5Ll oy (30,0301

Ay Lol Oleduall Bgudl dlxil § OWY

«PTT-GARCH(p,q)9 GARCH(p,q) <U3 § Loy oLl zdlaidl e (3o panoll z8 gl OF o] s gl
ST 89509 484y AW st Jaies (Ae PTT-AGARCH(p,q) 8)48 (oSia b cpdiiall gl wolylasl pe




Ol ¢y hdiudy (dpdenlill GBLI! ae LW HLYI el (1 dipmgd! 3Ll O by dushyll sl udg
sby (3 g Loy (A8 gl OB OLSaoliad i3 (3 A8Las dod a3 (e 8)36 cdluaall HLsHI Als s dasl)
paiie HS PTT-AGARCH(p,q) asy @85 ;8T dlaiiesl Olimdlin deluoy ybolieall 8laY Juadl lgol
Al Blsuwdl 3aal Z3led Gasd Ayl Slaglaall ges § ol resyloally (i)

Al 3BY12.6

o 05y el Ao Ol Bus plol O gy Eoxdl i O bz @) dulm) gl oo )b

1o o)l Zilaidl Adladg 4B 15a3 LIS

1y Y OULI Bueld awgs .

Sl bolgll 08 Jie 435 58T )sbas zles] oSas i cdolall G bl e sl Judoridl paiiy
(o paiianall SUginal 337 Ll iy 48 oo ccpdlall yellxall 4)\a5 oi(Twitter, Reddit)

: (Sectoral Applications) dxslad cliudai |

Ot 813 Lo sy  zuall ladlly gl Sl (d8Uall Jio dakizee cilelhad Jaidd Coyloat)] gpanss oSa
Bladll dadal 55 Caliss HLsY)l

: (Cross-market Testing) dalizve Wl § ksl .

(Aodiioll (3lgwdl Jolie diisldl Blgudl Jin) Aalises dudlo Blganl s Zdgaidl slol (o 3ameidl dskall (o 3 9Sas
wamasill eueail) da el (Sie d8yaa)




10.

11.

12.

13.

14.

15.

eyl
A. Sadik 9 <S Mitra .(2018) .News Augmented GARCH(1,1) Model for Volatility Prediction .
IMA Journal of Management Mathematics .20-1 «doi:10.1093/imaman/dpy004

Artur Silva Lopes .(2025) .Introduction to the Univariate Analysis of Trends in Economic Time
Series .Kiel,Hamburg: ZBW — Leibniz Information Centre for Economics.

C. Francq and J.-M. Zakoian .(2019) .GARCH Models: Structure, Statistical Inference and
Financial Applications .Wiley.

Christian Gourieroux .(1997) .ARCH Models and Financial Applications .New York, NY:
Springer.

Christian Schmitt .(1996) .Option pricing using EGARCH models .ZEW - Leibniz Centre for
European Economic Research.

D. T Araci -(2019) .FinBERT: Financial sentiment analysis with pre-trained language models .
arXiv oy sl iwdl o5 .https://doi.org/10.48550/arXiv.1908.10063

Douglas Youvan .(2024 ,6) .Understanding Sentiment Analysis with VADER: A
Comprehensive Overview and Application .
doi:https://doi.org/10.13140/RG.2.2.33567.98726

el and Roman A.Mendoza-Urdiales .(2022) .Twitter Sentiment Analysis and Influence on
Stock Performance .Entropy.16 «

Gianluca Anese .(2019) .Explanatory power of GARCH models using news-based investor
sentiment: Applications of LSTM networks for text classification Venice: Universita Fa'
Foscari.

Gwilym M. Jenkins, Gregory C. Reinsel, Greta M. Ljung George E.P. Box .(2015) .Time Series
Analysis: Forecasting and Control,5th Edition .John Wiley & Sons.

H. Hwang and I. V. Basawa .(2004) .Stationarity and moment structure for Box—Cox
transformed threshold GARCH(1,1) processes .Statistics & Probability Letters.220-209 «(68)

H. Hwang and T. Kim .(2004) .Power-transformed and threshold ARCH models .Journal of
Statistical Planning and Inference.217-195 <123 «

H. Mao, and X. Zeng J. Bollen .(2011) .Twitter Mood Predicts the Stock Market .Journal of
Computational Science.8-1 «(1)2 «

J. Chan, and J. Karolyi M. Chan .(2013) .Interconnectedness in Financial Markets: Evidence
from Global Equity Markets .Journal of Financial Economics.324-299 «(2)107 «

Jacob Devlin <Ming-Wei Chang <Kenton Lee 9 «Kristina Toutanova .(2018) .BERT: Pre-training
of Deep Bidirectional Transformers for Language Understanding .Google Al Language.




16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

James Grant .(1990) .Stock Volatility and the Crash of ‘87 .Review of Financial Studies <(1)3 «
.102-77

Jamie Atkinson «Gautam Mitra g <Xiang Yu .(2016) .Volatility forecast using GARCH, news
sentiment and implied volatility .SSRN Electronic Journal .doi:0.2139/ssrn.3406102

M. Baker and J. Wurgler .(2007) .Investor sentiment in the stock market .Journal of
Economic Perspectives.151-129 «(2)21 «

M. H. Hoti and J. Ajdari .(2023) .Sentiment Analysis Using the Vader Model for Assessing
Company Services Based on Posts on Social Media .SEEU Review.33-19 «(2) 18 «

Marc S Paolella .(2018) .Linear Models and Time-Series Analysis .Hoboken, NJ :Wiley.

Massimo Guidolin .(2018) .Autoregressive Moving Average (ARMA) Models and their
Practical Applications .Universita Bocconi.

N. Al-Jallad .(2025) .N. Al-Jallad, Text Generation using Machine Learning Based on
Knowledge Graphs, M.S. thesis .Damascus: HIAST.

Naga Pillada 9 <Sangeetha Rangasamy .(2023) .An empirical investigation of investor
sentiment and volatility of realty sector market in India: an application of the DCC-GARCH
model .SN Business & Economics.16—1 «(3)

P. C. Tetlock .(2007) .Giving content to investor sentiment: The role of media in the stock
market .Journal of Finance.1168-1139 «(3)62 «

P. Tetlock .(2010) .Forecasting Stock Market Volatility Using News Analytics .Financial
Analysts Journal.49-33 «(6) 66 «

R. Engle .(1982) .Autoregressive Conditional Heteroscedasticity with Estimates of the
Variance of United Kingdom Inflation .Econometrica.1007-987 «(4)50 «

S.Y. Hwang and T. Y. Kim .(2004) .Stochastic Processes and their Applications .Seoul and
Taegu, South Korea: Department of Statistics, Sookmyung Women’s University and
Keimyung University.,

T. Bollerslev .(1986) .Generalized Autoregressive Conditional Heteroskedasticity .Journal of
Econometrics.327-307 «(3)31 «

T. Loughran and B. McDonald .(2011) .When is a Liability not a Liability ?Journal of Finance «
.65-35 «(1)66

Tawfik and Zakoian, jean-michel Hamadeh .(2011,01) .Asymptotic properties of LS and QML
estimators for a class of nonlinear GARCH processes .Journal of Statistical Planning and
Inference.507-488 w\=xasall ¢




31.

32.

33.

34.

35.

36.

Tim Bollerslev <Ray Y. Chou s <Kenneth F Kroner .(1992) .ARCH modeling in finance: A review
of the theory and empirical evidence .Journal of Econometrics(North-Holland)5 «—59.

Torsten Ullrich .(2021) .On the Autoregressive Time Series Model Using Real and Complex
Analysis .Forecasting.728-716 «

X. Fuehres, and P. Gloor Y. Zhang .(2011) .Predicting Stock Market Indicators Through
Twitter ‘I hope it is not as bad as | fear .Procedia - Social and Behavioral Sciences.62-55 <26 «

Yanlin Shi g <Kin-Yip Ho .(2020) .News sentiment and states of stock return volatility:
Evidence from .Finance Research Letters .doi:10.1016/j.frl.2020.101446

Yanxin Shen s «<Pulin Kirin Zhang .(2023) .Financial Sentiment Analysis on News and Reports
Using Large Language Models and FinBERT .Hangzhou, China; Bethlehem, USA: Zhejiang
University & Lehigh University.

22isly il) ol S I t0kes . oliedaly Colpislno swledl] St 5yl .(2012) aze (Gous




