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Abstract

Introduction: The stock market represents one of the most pivotal components of
developing economies. Consequently, extensive research employing both technical
and fundamental analyses has sought to predict financial time series in order to assist
investors with their trading decisions. In this regard, machine learning models have
emerged as effective tools for addressing a variety of challenges. Nevertheless,
despite the notable performance of machine learning models in this area, two
significant criticisms persist. The first concerns the lack of interpretability of the
results; in such models, the process by which inputs are transformed into outputs, as
well as the contribution of each input to the model’s output, is not clearly defined.
The second issue pertains to the reliability of the predictions generated by these
models, as this reliability cannot be directly inferred from the model itself.
Accordingly, this study utilizes the latest methods developed in the field of machine
learning to address these two issues.

Method: Considering that the selection of input features plays a crucial role in shaping
the output of these models, this study employs a systematic approach to extract
features used in related research over the past five years through a systematic review
using the Scopus scientific database. Ultimately, 34 features with daily available data
were selected as inputs for the model. In the next step, the Natural Gradient Boosting
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model was utilized to predict the data of the Tehran Stock Exchange Total Index
from March 2010 to January 2025. The performance of this model was evaluated
using the RMSE, MAE, and MAPE metrics and compared with the latest machine
learning methods for time series prediction. Subsequently, SHAP values were
employed to interpret the results of the Natural Gradient Boosting model. This
approach allowed for the assessment of the contribution of each feature to the
estimation of the model’s output. SHAP values provide a powerful tool for
evaluating the impact of each input feature on the output estimation, offering
valuable insights to users of machine learning models.

Results and Discussion: A comparison of the error values of the proposed model with
those of other machine learning models indicates superior predictive performance
for the proposed approach. Unlike conventional machine learning models, which
provide a single prediction as the best estimate, the proposed model outputs a
probability distribution that can be described by its parameters. In this study, the
assumed parametric form of the distribution is the normal distribution, which is
characterized by its mean and standard deviation. In fact, the predicted value
corresponds to the mean of the estimated distribution. For forecasting the Tehran
Stock Exchange index, the most influential features are the closing price, the EMA
indicator, and the SMA indicator. Interpretation of the predicted standard deviation
parameter reveals that the ATR indicator, closing price, and TEMA indicator have
the greatest impact on this parameter. As the relative values of these variables
increase, the standard deviation of the estimated distribution also increases,
indicating that the corresponding prediction is less reliable.

Conclusion: The findings of this study demonstrate that the Natural Gradient Boosting
model can serve as an effective tool for predicting the Tehran Stock Exchange Total
Index. The interpretation of results using SHAP values enables the identification of
the most important input features and the manner in which the output is formed from
these features, thereby aiding in model optimization. This approach not only
enhances prediction accuracy but also assists market participants and policymakers
in making more informed decisions regarding risk management and resource
allocation. Ultimately, comparisons with other models indicate that this method can
be employed as a practical and reliable solution for financial market analysis.

Keywords: Stock Price Prediction, Natural Gradient Boosting, SHAP Values, Tehran
Stock Exchange.

How to Cite: Mohammadiaghdam, S. , Peymany Foroushany, M. , Amiry, M. and bahrani,
M. (2025). Predicting Iran's Yield Curve: Combining Factor Model with Machine Learning
Approach. Financial Management Perspective, 15(1), 34-53. doi:
10.48308/jfmp.2025.239954.1498 (In Persian,).

- w Copyright: © 2025 by the authors. Submitted for possible open access publication under the terms and conditions of the

Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/)



https://creativecommons.org/licenses/by/4.0/

VEF Lo —(1)10 6555 = e S ppoke St vr

DOI: 10.48308/ifmp.2025.239954.1498 &Y— ¥¥ oo ¥ ojlecs Ve ayg3 VF+Fe Lo iyt 1 o

Journal hompage: https://jfmp.sbu.ac.ir/

R 3 1o £oi

3 o3l b gl Soleer Glygl (wygr JS sl Sl
SHAP 3l g b U215 Cogli

"5l e
" Pegd (Slow sl

—:{:——:{:-—:{:-—::s'-uvﬁ ’“ >

2SS

1 eolaiwl b (glosjins lalllas Caa cpod 4 Gl drwgr Jipd (sladlaidl jolie oy 5salS 5 (S plews 5L :dun
d)l-.’. uLwMoLu 5 ol)lﬁ\fa\ib)w O J.u‘?.u i3 .\3\4.’.'5\3),1 L’JL:» U.SLo)‘ LSL‘”LS)“’ SR A (83l 9 Jl&.&: dLQJ:.l?U“
S8 Bl 8 0 y9SU6S Pl gl 2ol )8 (o)l lgreds wilanuslys usle (6 p S5l (sla Jte Lol e 5> AL,
by gl Altne ol 3,y gl a o 31l 93 09> (ol 1 pele (6 3u50L (sla o do g5 o6 3, Shas oy e Lol
JHe (293 4 S 3 gy 1 S o wre b g Lo g3 4 laisdg)g i 095 B Jde (nl )3 & Conl gl
zhyinl BB Jao 5| puiius jobo &y 48" Cunla Jio cpl dwin 5l Jols ol 29 OILB pga il ad asuie
Ol & (2558l sl gedle 350k 0 5 0B L) sla by e Sl Gk cnl 1 Cae wen 4 Bl o0
Ll 0l oalaiin] dliue 99

050 Jae (295 (@USKS )0 (3L sl Cuenl I (639)9 sla Sy Sl ol (pl )3 aSL) war gl 2 g,
2 by laiagh 5 end a)S I 4 (clay Sho Sl j950 )b jl tepllas LBy b Gimgh ol )3 el
sl Jae 9399 lgisas At Sgrge alis) JS5 & Ll slaodls &5 (Shy VF Lules 5 008 gl il Jlo
sl 5 ol sholes lygl oy JST pasls sleosly oo slp b LOLS Cosi Je I cm B8 ilonds
sxis MAPE s MAE RMSE (¢l jlno § 03lizl U Jia o) 3,Kkos sl 015 ozl V¥ Lo b VAR Lo

VEX/-OIVS 2 b pdy gu,b VEEYIVE il g

Il e85 (bbb aodle olKily gl 5 Ca prote 0S¢5 ISl 5 Lo 9,5 Jlslil ©

Ol 40l sl aode oSl (g lusbus 5 e a8l (g lSTL 5 o 095 Lty ™

ol el (bbbl dsMe oISy g ylulus 5 o o 0181 (g ATl g (Jlo 0,5 Hboluwl ***

(Jgwmno diunrg5) -2l col 6 < alblb aoMe olStils ¢(g sl 5 oo 23Sl (5 )USSL 5 o 09,5 (Jlo odizs (518> (gl ****
Email: madjid_ghods@atu.ac.ir


https://doi.org/10.48308/jfmp.2025.239954.1498
https://jfmp.sbu.ac.ir/

\”V (Q‘ijéﬂ‘) .......................................... é‘)}‘w}fd{u&uw&ﬁ

SHAP yooldo 5 el 53wl 00k Ao S gy (b i le)g Omilo dﬁfbl.g. sl gy cpydas b g odd
bisl Jae (293 eSSy il Sy e 9 Sl 0 o3lil (o (L3S gl Jho gl e (6l
RS (2955 5205 2 (839)5 SRy I Su o IS N iomi sl 3ai)38 ()15 SHAP polie .l 003

o 0 Jde ol e 0 Slas Sl Ui (ondle 6550k glaJse o b oad &l Jae (gllas jolie dulie sl
Sl (29 dlyer ) ooty Olyied Gapie S oS ol x5k ladde ple GBS (Jaa cpl )
by 5l 50 Syl @i S5 amd o )] sl o g b ] slojiolyly ol & Jlao] @55 S im0
e @ly )3 adl oo hoogi BB sl Sliodl g (1 SShe slajially b oS cusl Jlop @jer b piagk ol 3 00
OIS ol bl sl g a3 S it Glp sl 0dd 035 (50055 @i eSSle (lod 0AD (nin
Ol ead ploxil i Jhme Slpsl jall s s SMA gl5a1 s EMA )silSonl (sbl cosd b S
Ol o Jade jain o a8 05 TEMA 4 SLL casd ATR [5G0 jialyl cpl 5 (6)138 51 oy pdiy &5 s2d 0
Aals (6 yieS ISS1 CublB oad ploxl iy crlply g 039 Sl (G003 @i Jlee Slpoul Sl jde lajuite

Cusld

9o ol Pl 3hel posg IS pa3ld i 3 e ol Olyisd Nlgice (b (LIS Cagil Jao 15 S A
0375 e 5 (53939 S Sy (rimte lolid el SHAP jpolio jl odlizal b gl s 3,5 51,8 o3lics
St CB LiEE 3509y (nl hleioe eI Jde (giludinge g 00,5 wal S 1) (639)9 sl Sy il (295 S
Copde 3 GFALET (o S maear U a8 o0 S8 ISl 5 ailop I3k (VIb &y al iSu oo 2900 )
S laisds Wlgh o gy opl & dad o i b e ple b awslds wolpd jd sl il plie (ewass 5§ S,
298 aB)S I 4 Jbo gl )lik Jos )3 slazel BB 5 o S,

ol bl @sl poygr SHAP jolio ¢ nolo (ol sl cund ey 100515015

033l omie (i (V) - oo, i3 5 w28 pmel 5 e 5 SLBgy8 Slaws 5 dum e8] (heme 1 BB D]
V=YY (YN, o Coyplo jLUT it . cpilo (6550 3,549, b ole Jdo Sy 1)l p0]

‘ Copyright: © 2025 by the authors. Submitted for possible open access publication under the terms and conditions of the

Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/)



https://creativecommons.org/licenses/by/4.0/

YA

VPl (10 0550 — Jle &y ke Il ier

Aoddo .Y

9 OlSuiagh 4o oS 9) 00 slesd 4 Jlo 0jg> )3 (G5 Dlegudge dlax Sl plows I3l sl yad L (Snpie
oS 15 sl olyon 2 B slatlle b goge cpl Lol ol 03,5 (il 355 4 1y (3L o liSle, o
S9y Canmdg S 15 e ol (oLl Sl g (il Jelge pibicos Jlo slalil
L s s lel cslaiy 5l oiial b (gloyias lllla az 81 [V]01s 8 aslis (slaslig, 5 S aley o
sy J a4 Jlo sbrodls Ll el @by ©jgo b Sy cnl IS 5 g (moiar sl oedle x50k
S gy S oo Sl St 9 JbS clp (S sloilly (st o Sazmn 9 Vb Sllug o3y
oS ilwdie o Glislbcadgioe Jdo 4y oS io (S0l g (bS (geS) Ciszmed (gibol i
gl > 2V LUy il 6350k Sy Jie o3 Byl )l (6268 L I3k odamy 5 Ll s
b asls 1l (5565 (slaisdgyg jl eoliul o Kmggy [YV]6)15 odomy (slaosls Jlowi 9 30 sla S
Sz i MilgT o ddaie (sla 6395 5l edlaiwl [YY a0 )l )8 dalllas 5y50 |y JLa] o b g ST
o 63959 51 SO o (6105 )31 0950 0gMedy 33,5 oSl Ll ) pile (6,50L sl Jde SUlgy pas g oL
g Col 0392 plal oo (293 St sl (99959 22 NS BT e 9 0392 Jlgw 3590 Jde (293 S8
3 5l i g oo <ol SHAP wile sl )lpl ol 43,55 50 oYU Coenl 5l 55 b Jio guls ja s
A6 ) 5 salS lopite loliss (Sl T s (sl Je ol S o w23 1y gt @l 2 eite
sl 5l oslitl S o SaS 5380 (slacs S pren 41 g 03,5 wald |y o slapatls npin 2 g
el syl Sl cpiile (6,53l (sl S 4y Slazel Cllh o cudlid L8138 5 oMl (e g
I ]550l oo wlyd 55 1y ]yl SMoles

s Lol a9 )y lue Toud @)l oprle (6655k Bl 1 28 LB (i IS y5b 4 42 5]
orFe (29 Sy &S diwd o by (o Pl sl 0 4i8)S ) 4 eile (650 slaby) SIS
Sl Clor Jo> Corbad pas st a5 ol pre Bl 1 g)lans 5 Lol ssloi o 1) T uis o e ol
L ilisee sl 29,3 g8y Jloinl poguad ) Ciliste CYlgw 4 plgty aSLl polaie 4 ) (g5l oS ) 00
b Jleinl mje5 B[y | x] sldais jlade S o0 gls 4 b ob Zuol X asein cba 6399 (yiwdld
Sl Glomess andl [AasS o f i) 9y JI ol 435 (e85 X (93959 il |y P(y ] X)
Sz G215 &4 5L Ll 5l oolit sl g 0392 418" g ilanio i 39290 (gl g, Lol Csl ) (sl il
Sl oy e S o (88 9 (illy (Slan (53 L7 (2Sile (30055 (g )S) ) 2 ) (puanass
oM &y g Cuwl 048 3gam0 Yl 128 S (illy Slwar Lol )b |y e g0 )5y & hodd €l g
B bl pae b ola e anbs job a0 Y op s (sla g, 00 5L anld (oolol cleMbl ds ol 4
bgiye Slilons g 039 03l Jluwo 4 39000 (0 sl S (sl (oo (sl S ol Lol i oo )] il
2 ot g dse ogMe 4y [Blewsl Jlgdd sl " g (gre (B3 g5y Jhe 5 Grje sras sS4,
S 3)Sdas &8 35 Bras (6250 (5w ladse [¥e Juimd oo L 093 | Laxs 5 Slas mze slaodls

! Shapley Additive Explanations

2 Explainable AT (XAI)

3 Supervised Machine Learning

4 Best guess

5 Probabilistic Regression

¢ Mean-estimating regression model

7 Bayesian methods

8 Bayesian Additive Regression Trees (BART)



\”q (Q‘ijéﬂ‘) .......................................... é‘)}‘w}fd{u&uw&ﬁ

Jgese Sy plo aldie (03 See (y90)S) 059> )3 i)l (pgual 9 Cguo B33 0) (SThol by > (5>
(bl J pie) 32153 2590 53 (SleMbl (yasly o b el Sl (6)lms dais dinjls oS Cansl (o 3 el 9 25>
il o lgsd sl 1y Lol 51 edlazul

b > g adlylisb laodls 3 slio jliay 3)Sloe o8 wiis Voile (slasbs) ' 0bal)S Cogl slagale
Sl 02 5 ysb & by (ol (295 i Blwe ) [Fluad o Lis 365 5l So g8 (slaojluil
lallat oy o (Jarlpd 53 dimd oo domil (295 lyiedr |y Yl dae S e (g )Ty Jilawe o Lol e
by Jhde So b (el @595 (b (1S plgis s plgoe |y Yl i ppl cl i ia U Glyiea,
3lS ol a5 e bl o Gloj Jlai] (slo ks g pah &4 3 o’ (aiol) b
Ol €8 o g (295 e mi b alsl o)58 p (o3li] oy 93 5l b (28 0aid n e @i DI Sl
ey o sl 1503 (sbatsy plo s GBM ol tlle caltie men T i Lt ige JS5 &) (295
V]l 03,8 Jo (sl diz )5 b |y e (ol (grnbo L35 o5

b iogs ol o odliiwl 3)90 sla iy aidlS lainggy » Silaiws )9pe b Il Giogh ol )
s 1 aalol 3 el 015 o3liinl Jao (slansd9s e bl ) da S g il 31 m 5 035 Sl
b @558 S el iy G @) slody & Csloa b oolat wl (e ld i sl b L3S
b ar ]y o0 planil (ra35 (350 SIE 5 el pie () Sl 9 00 (31055 (295 Olgis s
ol 438,58 duglie 3)90 1S53 dle (550 gy Az b Jue 3)Shes day p 10 39l o 005 wriitns o
ST 53 (999)5 S S s e 5 4855 S8 e 3)90 ba3g)9 31 Sy 2 sl SHAP pslie cules
ol 0045 0315 LS 0l 03}y @98 (sl yial )y

g3 et 5 S o Y
oalatul b g ouuh Clbsesl calisee (g, YO Tl imehy cpl j3 by cpdle (6:50b dedbsn (slaJdo 5 ploww
sly oSt ly (o) 5l ald @S sl g o oS 0 gy ol e 5l bg) 0 bl JialS (slaSisS |l
b N e e Cdd g 09)45 P9y U‘l )l odlawl b S J.;.); uL’ Le‘j ol 0305 e3latnl UJLQ) LS)"EW
S 4 ey ool Vb pds Bllasll (o5 a9 310352y JISGSS slobgy sl (sl (gudgie
Ui A 363 i 5 (WAA) s S g odlo [V ecwl oo (Byme )] Cojo lgicas )l L
51 olinl b g d9ub bl olog (Shg Ve w639y (S FA a8 10,8 s bl o Ll s ply sl
{YV]3)8 Qlail |y wg— o Jio (St 3 b (568 &) oo oS (Shag Ve (g lomil <ol o )5
@ pldl sgs (oolop iy (She bl oy sl el wl b g (S £ sl eslawl b (VFee) o) Sar g aoro
oS 39 o0 Sy V obsl 4 yoie sl (odleinin by 5l edlail a5 aiily Ly g 03,5 exlitwl ggusge o)
(VFY) ohlSer 5 ol o [IA]CS salgs olyam a1y oo o s i opyieS b She ol 5l eolaiul
Bhsl 9 3 ile 6350k il (sl gy bl plow a3 Ld Sl gy C83 (w)p &
a8 g (Soaas amac dSud luily Py cpable o Bolal K sla by, dunlio b g nidlyy oles bl

! Gradient Boosting Machines (GBMs)



VPl (10 0550 — Jle &y ke Il ier

ras a5l p gl (dle (65500 by, & Al Cuwd wm (pl @ Gres (350L 2 gl SISl e
LYVl 059, 5 o ¥ o) Gloj sla 38l jo o Juo plas 4y Cud (g yip0 domil o 0igST SV b aladls iS5l
B gy pla Cuond B9y b ) (Somas Ghoh p (e Sl &35 cwyp & (VF)) el 5 5y
S 03k 53 Slad bl gl g > 0dd 4By S)j 8 15 V0 4 byyye slaesls Ll jolaie ol (4l
ol 1S 52l rile (6550 slagbyy xS A L g 0dges (spglen 1) YRR LIV (gla L
02,8 dlie 5005 b 5 4l Loy 5l Sy 90l g plos Cuasd Sl Wg) (b 4 S 1
355 ln S 5 o5 (sla e rme St o Lot JSix Sl gy (ol 2 020 8,515 & lashgy
3ySlas b Jse plww 4 Cu i Guas 6350k p e sla s a5 39y )] 5 (S Ll gl g 0d9) A e
W55 1 Ao yd As BV dgas 83 5l eplows Cuoud Do 0sS Mgy i 50 g SBd o L 35 I gy
e Sag) (nba > e plin (IS ok g 4ty VL CE Boe o5 60k ladse (inen
sl jings (claasl G Ll Lingh gols g 45 13,8 oo bl iy o s (6500 5,Slos plo—w
Oen § Sliws)S o9 [V s e )8 IS A le s LS ) gloaiiS 6t s b Jde ol cdl 535
ul?u.\l u,—“’))] PLQ&““ ub&d) ‘) us)_w 5 cu’_w)yl).é 9 ()9 dLCbJ)_w WB LgLCbo.)l.) )‘ oalawl b (\\p'\)
s b ol ploew ceosd i 4 PSO-BILSTM (Jlgie b s (0S5 3,54, 5 jl oslatu] b g 03905
5 oo [Vl eSS b gy plw dr Cu s gy cpl sllad a8 0> S S Azt Caly o g ishy
R & Bees (6530l g RBF! smas baSid loolawl by She V¥ 6,8, 4 L (VFe)) o) Ken
oo 5 T (Sily atn (N3] a8 slai ol el izl led ke gl oy JS RS Ld
D)5 1 5,Sdes oy eiloal sy (Stamnly it g (K938l dineS o2y oS by, 5145 Sy i
A (B bdl S Cusd 9 Soge b 5l Sy (665 Gl ealarwl b (VFY) oK g (ool gl
2 Syine 3Sdas gy cpl Azt )0 g A D b yes p Gk Mgy SOl edly 5 4l jialS cald slaedly
oo gl Jdo CBd duwlie 4 (VF4Y) ) Ken g 00l SLS [V e Jamd o oyl 55 I b gy pluw b dasldo
Sl g obaiiy b bl K aluen PP Syt ygrww )3y ¢ s a8 ¢ Jolid piblo (6 ,u50L
b9y b 518 olg bl gl (g e CSHENY (6l o Cnd e sl 6)0 S (e
My pedle 030563 pidlo (6 p50b (la yog, oyl 51 ST W00,8 Ly g sy Wiload Gl Sl Bl
ey g 00l5 Zuds [V ]l ooy oluaidl sgs & 1)y plocws Cuadd )0 ([ SUiS S i &8 oy o lucidy
oo S 03l a4 edle (653 (g duw Sl edlatul g peilSeuily (Shg Ye xS, 4 L (1Y)
CCI Senkou-Span A Jaw RSI lo,slSoud) a8 1> S (¢ pSams Ll .ais S oolar ol o Jio )
bowy g b She g ysllul plw 4 cews OBV 4 Teeth Senkou Span B ‘William %R

! Radial Basis Function
2 Minimum Redundancy Maximum Relevance
? Principal Component Analysis



f\ (Q‘ijéﬂ‘) .......................................... é‘)}‘w}fd{u&uw&ﬁ

5 S s & Cand gy it 5 20l e Ylainl cpl iy clors bl 53y bl slainS)
LYF il 5ee )il

03l 3y90 Jao (bl o 1y (edlo 650k i S iz 395 G ) (Y4)R) 1legS  JLesls
S5k gl Jse YoV ) Ghlon o7 )jems [ALSSS )13 ()2 3590 o3liiusl )50 513310 35 5 (2ij)) Jlome cmosls
LSTM (sloaSis 5 (585 650k oS cras ysb (gruas sloaSid (iS5l (o slaaSd (Gros
Nl o2l st Sly Ghe o2 5 LSTM (slaa 5 o8 500,89 1315 )13 (s 3)90 )
Ol 298 51 o (g gloodly )3 clio (3,Slae 5 035 Lol gl (gjluwodly 457155 At plos
plo—e a3 Ld (b Gl Gres 50k Altte Jae A )y & (VoV)) Tegylooly 5 ST [V o e
Gaos 45 a5 13,8 oyl g 03l ploul b Jie pl (63959 (sla Sy bl p (slawslio (sl ygejl ol sty
sl Gilizes gy ¥ 5 (YoTY) olylSad 258 [YATC ] Lo loaSd cilises gloil cym |y 5,Skae 280 T
Lol 360,8 oalital lassgio § S8 clocS b (StuSldyg i lp b Shy oyt S5l Gl Sty
o7 Sl V0]absly s 1y euiiS o i sl e 3,Shas dgup sl > (Shg ol av s Ll cocnl
LIMEY § il 55005 &1 058 yoas sl e 5 eyl (6,83 (sloin oSl §l ousS 5 e (YY) Ko
Olyadd Caa S ) 00 iy cuS 5 a5 W0,S g 00,8 salaiwl el ooyl gy S &S
oj9> > pEeR TV (e 4 (VoIY) hlan 5 (b [F]ewl oy 0 (63L) jlanr €83 5 plam slapad s
Bl Sy gl il slaJde 5 oeble 6 x50b slabg, Sl edliiwl b Jlo Sloj slacs)o i
S &l mill Sy bl g edle 6050k b Jae oS 5 slaly) Elsil it L ol by (S
SNz w5 5 lasiady H1 0 (pdle «osd b Sl ble (6500 oo (208 & 253)8 (e
g Sl oy 53l 5 I3 je) 393 g (el e Jelo ((Sises Julo (ppizren Silodgy (ol
IV ]wlods: Sy &l el

4 By ol han o ol 03 3lazal ol g J eilej slacsrmr ming 0j> 2 4SS (slaisiagy
P Pty g g dleioe Sl 2l (eSS g (298 S ki g 039 (e sl il Bl
gl B col (JS3 a2 4y 00 ploxl sl i 589 Sl ST L g (il Carlad pie ogad
p3lie g Sl 0adb )5y08 1 (S938l59) Canonrl 5l ppible (6 Sk slaJde @S s 3 la b 53 bl ol
@5 s sl 3l ol 3 IS slaiagly 5 S gt o Ll sl 0 ol )3 2L b (6))5) SHAP
) 0t ozl el 68l (sl Jua

! Gandhmal & Kumar

% Sezer

3 Thakkar & Chaudhari

4 Deep Q-network model

> Kou

¢ Celik

7 Local Interpretable model-agnostic explanations
8 Autoencoder



Y

VPl (10 0550 — Jle &y ke Il ier

oiRg3 (ol hg, Y

Sl 5l3)95 1 (3L sl ol ) 50 (slagyg QLI &S00S Sl n i 05> laingR 5
Olwlws! & by b jmdli g eSS, b sla o)l ¢ oS slaodly Jolis Llgh o Wodls ol S y5boay
($Poimy Jdo (sl lio (glo (93955 SLl jslatods (Jol oI 1> Ca e 4 [V il LS 4l j
sl &b ply ©ygo 0jg ol > 4B Sploxl Gaiagg 59y p Sl x50

el oad 4l s ol Bhgl ygr IS pabLd (miie @ (oS lagbyy jledliul b ey (A5
VET B YA Lo 5 ol sl glgl g IS o cslimosls 51 o slpitiy e 3,Skas iy sl
MAPE s RMSE MAE (¢la)lxo | odlpiinr Jto 3,8dae obs)) jolatads coles 5> .l oais odliwl
sl ox awslie XGBoOst g AdaBoost MLP (cla Jue b )] zols g o ol

sols oB0L B2yb jleojg cnl )3 0ad plonil (sla gy Sl j9p0 5l Jio (slais39)9 (e yslaiods
il 045 03litwl 153 598 L yogr Sl

Stock market prediction

Or olys
Stock market forecasting
And not

. . . 0SS ¢ calS lolS ¢ ylgn
Carbon, copper, news, social media, oil, text, stock price G ‘ol
Limited to:
Computer science o
Economics, econometrics, finance >
Business, management, accounting
2020- present time SLjoyed
English oY)

Sl Bk 1 98 oped ) iy 4 dllie S plee ol Sl & Cusl 035 Alie WY g2 ganr (ol o
iy €S s o )t s 4 i % ply 5 i bl (o5 bl s &y i & ol
Slas dlds Y coles jd iloa b a 55 )LS glaady plo b cboodly 3l edla wl Jds 4 dlie YO o yidg}
WA Ol Wags 035 6 0 dilje; (slaodly

) S hg cattann JISST sl jgilSasl Baos o lasiagsy onl )3 o2liial 5,0 sla Sy pled g5l L
53 Nlodds OBl (63959 lgicds Miwd dcwle BB L o yiwd 1 4iljgy JS5 4 bl 4 by e cleMb| oS
s syl ply > i s9—iS 55l ply und paSlb Gliean ST 5L )Y cad I Giagh )
Cuaid el lgisds o) aSw Cund Jl g 000 £ R3S lyieds (Ml IS gl £ G990 (s
T oliS il T a8 Gl piie (sl T gy (Stnad s 4] 4 a5 bl 04 o0lil oy 356l8
(st Y Consd Sipp 8 [1V] (YY) oS 5 V5 s sl <808 Joan” L 2505
Caol 00ds BLIY Jodo )0 Lidods ol ) odlatwl 5y90 (sl S .Cowl 00 odlatwl Ll dan

! Scopus

2 Pearson Correlation Coefficient
3 Low

4 Open

5 High

° Close

7 Yanez



f\“ (Q‘)mjdj:ﬁ‘) .......................................... Lj\)}‘w}f‘}{u&uw&ﬁ

g ol g3 xSy (el S clapingy o gliin] clo Shg T o

S s 2 &,
On Balance Volume (OBV) A previous closing prices (prev_close) )
Money Flow Index (MFI) AR trading volume Y
Stop And Reverse (SAR) v Simple Moving Average (SMA) )
Standard Deviation (SD) = Moving Average((ﬁ)xé%%ence Divergence -
Accumulation/Distribution Oscillator (ADO) \AS Relative Strength Index (RSI) a
Directionall ndex (DX) vy Commodity Channel Index (CCI) 5
Kaufman's Adaptive Moving Average (KAMA) Y¥ Exponential Moving Average (EMA) v
Triple Exponential Moving Average Oscillator v Momentum (MOM) A
(TRIX)
Percentage Price Oscilator (PPO) \id price change a
Time Series Forecast (TSF) yv Stochastic %K (STCK) Ve
Triple Exponential Moving Average (TEMA) YA Average Directional Index (ADX) AN
Force Index (FI) ya william%R W
Year High Y. Rate of Change (ROC) W
Year Low A Weighted Moving Average (WMA) i
Interest Rate (IR) vy Stochastic %D (STCD) A
USD/IRR (Dollar) v Average True Range (ATR) \le
Gold v¥ Bolinger Band (BB) 4

0835 caible (6 1S3 o ybgy 3)lliul Hldlo )3 n i Ban i dwin 1 b LIS Cugli
L)"l 5 Sl u_....:u.u.) XYY y 9 0l o liie LSL“L;)"B )‘)).3 X oS u)lb- sl E[y|x] )J&_MJ‘ )‘.Alio &.i.;
2 i (F, (2058 @i98 @B L) B(y]x) JSoba sl @jg 6 4 pliws Jbid 4 (ol b,
IO ER”)P (slayzelly b g o) Syl JSs o By (1] ) & 2980 128 2,509y ol 5> &g
D) S Xl (ol plgiea |y @ je
(slaads do e b Jde jd el (6050L bl)8 gl Bua S 4l geb (sl 1 0 5lkel 2as B
3 Egoge opl aliie Ng b o dmslie 168 o A ja b ] 4 a8 b S LB )3 CGus o3 b Lo i i
LS oo duolie Slialie b1y uess Jleis! xjg5 45 3945 o 04l ¥ mdjlitel o0l Jlois! yguw )5y il
3959 Hloieds |y ((29)3) Y odnlie 6 g Poss o i Sl 59 O oS e adjliol 0acls
3 1y slel op YL Slialie (ABlg @595 45 (5 gbods dmd oo 0did ploxl o din & S(P,Y) jltel S g ad)S
Sk 5 51 cunl (23liel s ousls S S 2jliel 0aeld ¢ by o 4 [RS8 o bl gy opl
VP.0 E, SO MI<SE, o[S(P.y) ()
(ol i Jde Sa (295 o) el 1S wigi o P oy bag s« oidly mis Q aSssboas
355 ol o glshl e 2 1) @ig 2 Gl il )l 2925 Syl @i S brl > & (bl
B9 &5 ol L o) m3lizal ( mojlitel gy oyl b lots S(8,y) JS—b 4l jlel
a3 o Cand b |y pleicusyd Sl pesd led dgu 0 obdigs
L(0,y)=—log F,(») (v)

! Natural Gradient Boosting
% Loss Function
? Scoring Rule



¥F

VPl (10 0550 — Jle &y ke Il ier

ool 48 o sially 58l (sl 2l wl Jop oLl 1 45 loj o P asdlypwand samb Lol

Sy X dlais ja 0 el a4 Cod b LS fie cas > e edla wl WS o dieS Ty 0l
0 ol sloyells ey &SP, syl i @i oS (Gloj 9 S adjlitel oasll Jgamo (oIS 3930
Caz gbol)S cnl car @ly )3 2500 03> inles VIS(0,y) JS—b 4 cl (293 Y 935500 oy
2) 5B 4 & cl (el ol (Cue cpl 3 yall 2 3 Se S Coled (2 €8 2 L) 1Bl Cp it

g Ol
VSO, y) oc ling argmax S(@ +d,y) (v)

di|d||=<
Silwesyielly Py (1) S5 4 By a8 3548 (1058 ST s <ol dame (giloig iyl 4 o (L3I,

& Cums b3S ST cdls ol = 2(0) S A Vb plos sl P(yed)=F,(yed) & JSo 55
&S b & o odal Cans 4 @9 O+ A0 4 0 cus > So oS colis o baplS n g dulxe O
Sige Ol 4 g daled Golate A o duwlowe W4 Cond LIS

P&HIH (y € A) # P]//ery/ (y € A) (\:)
#bees |y Gan @b (giluaine (lp 8> cap llaaMo B IS 0 (53l il 008 sl m
90 oy Alold &S ol ol Ao il 00,55 (g Hlaid 90 WU JBlas oS il Jbs o pl g a0 )l,8
[V )05 SleMbl a3 (390 03b ylis V L aS) Lands L3S Lol
Dy 485 )5 )3 Al jlas S lyieds Moo iy dagrer sLAS
sl b S e 3o (V) dlaly pd cuslio (a0jlctel 0228y s by &S jebylon

Dy(QIP)=E, ,[S(P]-E, ,IS(O,»)] )
D9 &) 55 )3 55356 5 Q g5 9 P g alols jlre lgisar Wl oo g 0391 jiuo (gglune S5 dden
S1290 58 4 @jgr 93 abold et Slgs oo dagrjor (siluwes eyl JSb 5l Jiiane (uil}pms a8 5 cp
A 53 plite |y el e S8 b ol b Ol sl Lol el oylite o uilfy 00 (S )5k 42
22 a8 4 e doe T g )lol died SO il 3,008l 53 0,8 ooliiw] Aol Hlae g Wil 5l g cé)3
PFlow! Jhisl 059 <SS Jolee diges oyl 55 dlai

0ge—id da Cauwd &S A2 o i |y Lisli8l ST cas (Sl (sload ) aslipesd 2k Lol )3

il Jite (g3locs yiel )l

VS(8,y) o« 1in3 argmax S(0+d,y) (%)

d:Dg (B, )=<
il Gl BB 5 IS5 4 (b (L3NS 350 Jo (gilwaige dis opl S
VS(8,y) <1 4(0)"'VS(6,y) (¥)
OBl b .l o0 aoes mdjliiel 0ael bawgs oS cl 0 abais > (gylol aied 5l Slesy Jhxe T(0) &S
YU (ilwdingy dliwe o g (2 cawyd iSTus ) S =L
VL(6,y) <1, (6)"VL(8,y) (A)
[L(0)=E, ,[V,L(6,7)V,L(6,»)] ()

"' The Generalized Natural Gradient
2 Statistical Manifold



f/\ (Q‘ijéﬂ‘) .......................................... é‘)}‘w}fd{u&uw&ﬁ

Cygeo i (590080 9 ybar CLBL 653k & 580 oo (653L Anl8 )5 (b (L3S Sl edlatl
{Yhbrd

085 ,55b (ool laws 4l )3 a8 il oas @ llas (650 gy S5 Lol)S oot crmb U SI,E Cu gl
S & e b0l gt 3l S Gib Jae gy nl 10 g S e Ml p Sy o T
51 o3l b 01334590 015,80l Lmgrd s ibiol (sed (51205 S5, 05,8 ol dliasgdy 015 S0l b oS
A g sl ol g 50 BLSI LB (glaodi 1Sk 0g)5 4 g oud el Tg,S0l 23 b 4y el S
2285 |5 395 0m 03l gadm ol (Sl omemal €33 51 Vgano Lol ol (s3luonly BB iunis 023,53l
[¥]o)1s olyom ay guwlio dms ¢ Jos

A S p S 0 S0y 4 Mg b oo el Ciliste (sla 50 4 aodld daueial B (bjgal Al 5
S it 4 Sy gl 0 ey e 5 (85 0 S8 S o o Taleg laosls 4en) o o
lod e ) s b oS 3 pdye Sygo KB 4 anlh8 (ul 5 0nd 2L

Cogi jl &S el it lp oad oyl S0k gy S (NGBOOSE) (alo (13135 cogiir 065
S pgbar blei e 03wl Xl (b plgica P(y|x) (b Jisl @js b el 50055 lp b3S
355 3l 4l o (s ] g 5 ol 03 K5 52 4 ) 250

b 01,50k -)

By syehl Jloil @jes -V

i _m3jlitel 015 ¥

H ol 0 gloyally o s9d 0 Jols By by iy @b o3l PIX moter <X de 0995 o sl
g5 o3lit ol Jloy g5 ST Jlie ok st ol otol cwd 4 ly01ip SO M (293 a5
0 =(u,logo)

3959 loisa 1y X Jlude " b laoss wSol jl plS e X S lp O sla el 39l canss ¢l

Gly o g o sl sl ja (sly Ml e ) Cianid (sloosi ol degaze 1 jolate S oo 2l >
S5 4y a5 cuils dalss g3y fogo 5 fi JSS 4wl 08,85k 53 Togo 5 H byl b Sy @
N xSk g5 P dlspe o ol yiS L ond plonl sl sty Spie ol S = ()5 S

g go ol

VIXOR@, 0=6"-nY o1 () ()
—

e phigel gte SIS apalsse o ol y551 5 asly (sloosiySoly ol wl babs e 2 )5 Jua
(23lel 0256 e & (g 4 3950 ST Wbyl 51 (sladg) (sl yass b Jgl alya 53 (6:55L w5
22 5D e Dgp Jalgd ol )b plad (gl adgl polie pl g5 aieS bge] (slaodls pled (glp als o ol 4
035 S0y dg s |y (m33letel 05 " ons )5 e T aiges yo (sl )5S M s yo
§ 00,5 K asl s 0 Sl b & slasd a8 cils a5 syl S o daslee O L5l yo 3 00 03

e - (m) ) n : .
03 pS3l (29 Ngye S 4 X, p sy 8 W) wite sl [ s ye (T dlp 4l oxsy 5ol

! Gradient Boosting
2 Weak Learner or Base Learner
3 Learning Rate



\a

VPl (10 0550 — Jle &y ke Il ier

b QLS G 3555 (o0 5118 ol 3y90 als jo 12 53 (b (L3]S Al ol dib 2 5 4l
sLab )3 g 0392 (Joxs 00 035 sl o5 & 1 j 3950 s 0 (oliie 5SS Sl o3lisl L o dsulons
b oS 39_e 55 g3gS & olite y535T8 AL 5L s MalS el S b cglayzalyl 51 5093 sl
P lie s (ad asedae I 31y (p3jkiel 045l (gl Bl a4 b (L3S Cae 3 S >
8 Aoy cla sl s b b L3S 035 o5 L 0" wigei 10 (gl 0 st slosiall
33,5 o i (oo V b o) Ygmns) 1 o8 50k 653 b e el 4l a5 33,5 o st O

Ll 25)l> (Jlo ojo> )5 aimggy slp 2Vl el onle 550k slaby) 28 ol &5 psboloa :SHAP
Es—o5e il J> sl ol o g, (nl b b Sl pale odlii ol jl wlo gl yds )3 2Ulg5 pas
e otle 550k G de o295 s g e Iy |y SHAP 5,505, (V4V) ' J 9 S s
Il 3 ] 53 gy ol winled yeai | oy slo e ol b 43S o a8 oy, & SHAP [\]wis s
VO]l (8o bl (5)95 (ool 2 (o Lawgs VROV

e ;505 ol 4 D9 0 03> i (939)5 sl puiie I S (slalaily JS 4 Jae (295 3,05, ol
Sl s b S 4 Sl (298 4 g 4 f(X) Jde sl @(2) gy ool odel s 4 (o020
g oo dwlxeg € R SHAP y0lis 5l 21 (0,13

f(x):g(z')=¢0+z¢iz'i (\\)

).;l X0 )| aS ol u“"l" )|A§.o Dy 9 5299 L;L:a).,,s’;‘;.a IXWY W JS\.DZ'%;JB” LSLD:).:L‘A s M Oi 5 as
83929 Sl Sy 3l Ko p 3l car SHAP jloslatwl b LIS job 4 .05 0 alo 1503 (gl jiio plas

MA;'!Z" DY p @)= £ ()

A ost b S 1 aie [£,(z) = £u(2\D] 50 sl Jae Tesdgg claysito oy X' Lyl o o
DV]cal Jao 3 polo slasdgyg 5l 2 gl (Shg

TS g (Laie (298 0 lp) Tl yib as (295 69y 2]y Sh 2 I SHAP jleslic il
o Shy Oom GRS R 5 (53959 S Sumed S 5 (38,55l L (lgiee oy (e 2,8 dewlre Gl e
Cabl @y a2 b ob paseti |y ol Caa g (295 o) ) Jelse S o um ()05 1 s 5 IS I elgs
e 5l oalar ol Losls 18 Llod 5 () 3)90 355 |y W Sy oo abal) s g5 0 SHAP Lol
0055 > (5 GRS AT (Shag e 35 Sy Ll 4 cwd (g 909y9 slaSh sl SHAP
el Blo LB 5 0391 J15)55 2 (55505 due FLEMLI )L 5l ey (295

4(f0= 3 2

Ladl g Lol Juou £
9 RMSE MAE J.al_w LQ)] A—I-MJLM 9 LmJ.\.o ‘_gllblb.s )y d‘)—’ ol odlar L;’L’))‘ ‘_ngb)L;w
L) 5> amd o i Cnd (sloodld g yj9e] (claodls (gl 1) lalkas polie ¥ Jgas oS 0 3L o MAPE

! Lundberg & Lee
% Local explanation
? Global explanation



fv (Q‘)&Aﬁdﬁﬁ‘) .......................................... Lj\)}‘w)y‘};u&uw&ﬁ

chogh BB Hlre Blisil g (1:0ke sl yiel )l b g8 cpl 45 039 oy g sl o (295 00l (2,8
il (295 @i (xSSke Glod oad Sl Jue iy ke &ly >

o Juo yoleo b ] dusylio g 013 o)) Juto i sy 53 N g

w3900 (gaaals
MAPE (%) RMSE (%) RMSE MAE (%) MAE Jse
ATARS VIYY A -[5¥ YA NGB
V. /20 \VARS YeAA YIVY NPN% MLP
<[5 +/YY YV NAN: A¥D XGB
v/oY YA NAYY VA AASA AdaBoost

Cowd glaoald

MAPE (%) RMSE (%) RMSE MAE (%) MAE Je
VY vIvs VEe Y- Ve £XYD NGB
Nofoo /Y VANFYY Y\Y WWAVY MLP
VIYY \Ard VONY- V- AR XGB
sI¥s Y/ay VOSYY AV A5¥Y AdaBoost

Ay 4 Cond sl laodly i ;> NGBO0OSt Juo ol sass o3 L ¥ Jgan )5 a5 jebo o
&b Joexo (slaae 13 a5 3> cosal cas o] 5l gomsge cpl il ool L |y s e o 2eS I 3o,
NGBo0O0st )3 a5 Jlo )3 555 S B Jlade j i i dlold o 555 o iy i S5 &4 Bun
oy Ol add & Jas cpl &8l >l B e | Juo (293 Jin] mjer dold 3,8 dieS Gua
3ol oos IS pa s ool jledlisul o ol sty glls (> 4l )5l 0 ol 3 1y (295 @5
ol S o5 slai,

oS Bgye NS 4 (295 Mo JSi5 3 as39)9 6,8 51y gl SHAP p3lio 1o S 519 samennds
ialed (b)) (298 JoStS 3 B Sy 5l S Cueal aad oo Sl Gl 4 ol ()l
ol 013 03l Lis NGB0OSt jl eslaznl b Jso g yiw sl SHAP polio V jlages 5

SHAP Summary Flot for Mean {loc)

prevciose ([ ———

EMA

A Top 15 Global Feature Importance {Mean SHAP Values) - Mean (lsc)

*t e

BB_upper

TEMA

Feature value

SAR

EBEEEEEE

:_iL;AHUJUUUJH:

BB_lower
TSF
Gold

Dollar

WMA

o
2
-

Fl

Low

-025 000 025 050 075 100 125 150
SHAP value (impact on model output) leg

(o35 Jloiol @55 uSbee e (512) SHAP juolie (o oS Jleil @598 ka5 Sy 2 S5 Lansgia (A



A

VPl (10 0550 — Jle &y ke Il ier

SHAP Summary Plot for Standard Deviation {scale)

ATR ‘h-— — e m——
prev_close ‘—-——---n -
TEMA F___._ . Top 15 Global Feature Impertance [Mean SHAP Values) - SD (scale]
EMA +-—. . ‘

| S S S |
sAR I —
— —
SMA '-_ - % e [
BB_upper '-l—-' E %I
Dollar e g ﬁ
E of- ]
ADO —“h E
FI l—--—- - e (T
-

BB_lower Ja
WMA i. .
Low
04 02 a0 02 04 06 08
SHAP value (impact on model output)
(055 Joiol 355 Jimo B0l ko (sl) SHAP jpoli (5 oS Jlaisl @98 slina Syl Jlade 2 (g 2 )35 1 bgia (&

NGB0OSt ;i solizol b (i sl 13 (83995 (slo S sl SHAP yolio. ) 43905

e JSeis w8l oyt dedl SHAP polie bwgio wlowl p a5 (639)9 (Sg V0 ccil) Jloges j
(SLL Cuoud 254 oo 0Bl S jalailon Ll 0ub oold i Wbl 1) ould 005 ezt Jlein] @59 (0 Skee
6k SMA EMA (sla) 1S5 (izmen ol )55 dm 59y (sl oSl (e58 50 1) Cosenl (0 5V,
e LV Iages Ay HIE e e Caeal blod 4 im ooy, > ADO 4 Side oYL
e (lad (s jlade Ay o905 cpl )3 w3 e GLE B I o pa 3 |y la Sy ool Sl Su ()18 S
ol 01 0313 Lt 5l 4 ] (5 A8l 58 i ] oo JlNie yaEn B g yijard o] 5, A3l YL

Jged sl 0ad 03] (31055 @95 Hlere Blil LSS )3 baig39)9 5| o o IS HI oguad )3 (gam 4SS
03) (a3 @jgf Jame Bl JSts )3 (IS 1 bl 2]y o (S o 2 SHAP j10lie basgio )
a3 ppolio ) Gl ol Jlais] Ll (a8 0l 03] (a3 g sleme ol 4 iy Amd e i 015
055635 (30050 135 Syl sk i Wi oo gt s SIS BB i 5 5 0 03
=) Jhged Billae )b (£510S LS CubilB 5 009y 0 b i polie I Blyzul Jlesst wsl i
Jaxo iyl iy (6,38 31 oyt SAR g EMA TEMA 513 « sy cois ATR i, 01
pdlie oaimd LS 30,3 bl g e o8 s pdlie e 4 o L& 4l 4 a5 Loty |y Juo 2gy5
03 58 @i Jleme Bl e Al jitin ATR IS s Jlae oy jo Cossl pito gV g
polie w03 )13 JIdge o o 3 30,8 blis OBV )5l (ol blie ()b 13 590 amlgd 5V o
S bl 2381 g jlme Bl (il g 3 5 il (aie SHAP 3lie ¢ 53 ol slp YU (o
Colll lino Bloul (2aljdl alesly ar il o 22K OBV s ol oSy jo iilai o <S> Jo
b BRI 5 0 plosl (o3 (SIS

(dle 615k S (295 5 53905 ST R JI Su bl it Jilod sl 1 Sl o909
oo QWS Jhe (29,5

ol el ) Gl ede el oais edly i MFT [ g5lou)  SKily jlages ciges slp ¥ o905 5o

2 b IS 5 S5y hlages cpl )3 )l 3929 by STy b sl (Sily lajlsges oy 53 (u3gie gua



fq (Q‘)&Aﬁ&ﬁﬁ‘) .......................................... Lj\)}‘w)y‘};u&uw&ﬁ

V3 a8 s 4 sla il oy yLis 5 ol blis .l oaid asuie o 4t 59,V o35k polie bl
Wbl oo 059y ¥y (sl 233k oaimd LS 530 )8 bl 5 5,

oS IS 4y 39 oo oanliie MFI jlS, VB § jiiis o VB §) jia8 polie ol (S5 g9 oS5 ¥ Jlogai 3
oz g9 ie SHAP pslis o] 51 5V 13lie (cly g 0390 <o SHAP polia o] VO 1 1268 polis <l
MET a3y 5 09 yisir sl jo 8 bl 3 505 ML (oYL yi0lao )5 ppizman aili o Jio (295 ShalS
e & plagle; 3 eble (S0 (595U 500 ol & 9o isite ol SHAP plio cal oo ol
an 9l ol Jlado jady jo g aed e SRR Any o 1) 55 e sl 4818 VO 5l YL MFT
polie S &y dor pa Jllo Cuo 53 bl o0 G 35 dm o) sl (GweSS e BN Bl S Y
YL olie oS col ] osims LS ggudge opl g5 o i ol bE 35 403 3405 0 03,5 <8 > MFI o8
polie 1y g8 pdlie ¢ Jde bawg 0ds il (ool g o3 43S (glajgy (YL sl 3L blie MFI
Slive y 0ad &)l Jao &8 Cossl yrandss JB JSS (s guo90 (]Sl g dmd 0 2 (S ol YL
Iy 263 peasdi g 00,8 ol |y 5 gl dalais ¢)gilSGul ol VO 51 YL y0lie (gly codliia] 3 )50 (slaosld
An gy oAb jlde 1) 393 (e @SNl pl o5 polie (sl Ll amd oo (Al Sns gy a3 LS ke ]
) 03,85 Lot |y g b gludl bl Ll (sl Aies 08 _ogS)l Lol smd o Lyiall

Sl ozmen 5 )Pl ol Y0 ) a8 ol (gl RST)glSouil (Sily Jloged o 1) (el slasSis
(Sadly (sl o905 dod gol> gy g0 odnlie lgi oo i ADX Sl Ve 5l it 5 ¥l a8 polie
And o 18 Gl ksl )3 gl 1S e (55,8 4 pogad )3 1) saiedsy] oMbl (6399 slo S

ce .. |8
Ve Tare Celw |
400 wae e _‘-"s'- -'“ .-
:' -3.‘.‘ "_ . -6
200 1 . e - “ s
5 . e . U s . L4
8 =
[} 0+ ¢ .
35 _ ey emp s ele ~
] HE- . e p pro-—br- o -2 8
g = 200 " &
T L .
n ‘ "-‘.M-." -0
~400 - !
Sheos o -
. % v, - -2
~600 - |
- ° 7_4
20 40 60 80 100
MFI

(oja) V (3l sy blsi K)) Juo (5,5 et o MIFT jgil$oui] Sy . 1 jl0907

b 4) 25 oolaiwl el Coodl e gl &S (S5 V0 jl S b o) e ol ¥ g
yohilon .ol 039y ol o ialS' L (MLP 5 a) laJso den (gllas cls ol 5 e o yLiss (n Shg den
S S 329 5b5 sl s ool 048 o)Ll (V+VF) e 5 'l gy alor Jl st slajimngly 53 o5
Mo ialS b (Sig obsl slaylil 5l eolil o conl 35500 il usle (60550 sla Jso (glp (63959
ot glad Gial 4 e Slwlze )l alS g e Slojeste Bla (Jio (Bl 4 by
DYV S

! Htun



VPl (10 0550 — Jle &y ke Il ier

SHAP j5lio sy piio b (Sis 10 j1 03lizol b la o ylo b dusylio g a5l)] Jdo (i jiny cllos . € Jods

o90] (gosly
MAPE (%) RMSE (%) RMSE MAE (%) MAE Jow
Vb AR YAYY Nida YAAD NGB
a/a¥ a/v¥ YYAVY AVAN ARVERN 4 MLP
<[5 I¥¥ YEYA <IY¥ VFYY XGB
v/¥a YIY WS VISA AAY- AdaBoost
Cowd godld
MAPE (%) RMSE (%) RMSE MAE (%) MAE Jow
A7AR YA WYWOYF <25 HAYF NGB
ANYY a/+A ARPANE YIAY WEYY MLP
VA \E VEANEN VY Voo & XGB
AT YI¥A VONEY VoY VAR AdaBoost

S5 o g Cou L0

Pl gl porg S5 0a3LS Gnpia @ grdle 653k 0je> 53 > (0350, jlelitul b iagdy cul 5
9 S5 ) Jde (sla6dgy9 (6,105 3 SHAP polie jl osli ol b e coul sas aslyyy lye5
S (oS (dld g ogMe b s oo (el (LS ale p 4y g9udge (] &5 Canl 4B)S )13 g2 3590 (2l
L 295 4 Jho slosdgys Jusi 095 5 Losdgys el 3 (e Glin 5 Julod L S (a3 ld i) ]
Lb3S Jlw B )3 ggge cnl b lasye (sl piaggy (Jio (slaisdgyg QL sl bl ) diales (635 el
At oD 53 59yl I3l )3 ligy US4 gl (slmosly 45T olmg3g dad 5 485 B gy 390
Ple 3hl posg J§ 03l Gapin @ (b (LS Cusl (63,4 b e 8513 03l ] 550
0jo> ) ) ki bl (6,80 (gla Jao & s Jao ol (sl oS Cwl oud 0old yliis g aslyy olyes
&b Jse opl o &S el Jbs 3 ol il e 08 XGBoost s AdaBoost wYais gy Jolis
20 5l (esS Jloinl g jg Al ol (gilwaineS Ban g 0398 S niin bt ilwaieS bib (San
S5 > (639y9 sl Sy 5l Sy ()38 5 SHAP polo 5l ool b aalsl p3 il o yasls 8l
23l ookl b e iaggy ol > Oliminy Joo sl (2953 ol sl 485 )18 oy 3)90 (295
ADO 4 Sy VLt SMA EMA sl jgilSonid ¢ bl Cond ayf oS 03 s s SHAP
e 5 HlesS gl gl b lwlyer gls cul )l 00l (gt ke JSiS o 1y )35 31 oyt
L g a3y S&PS00 asls ales 5l jasls cpsis cwie 4 LSTM jleslaul b a5 el (Y- YY)
P Shy oSSl wxily ol g 31 )18 (casy 350 | o Sy 51 S o (635 31 LIME 5l oslizd
ook (V1) Ghlen g oliged o )b Sl [V ]ewl Shl cudd (pad L (e35 9 (295 S
CCI RST 5L ole,y gl S gbods a5 a3l ol (6395 sl Sy Caodl (gabds) fyeda 395
oS 85 ol e Blysl Loys JS LS e 9 i 6,151 Yiais) Williams%R s OBV
{77 el woglite (gl ol @b L

&S B pyp 250 (2o Jloinl @ slre Bl jlade p Jie (03959 S Sy )1 ST el )
2y 385 3l i SAR EMA TEMA (¢la 9515551 ¢ 5bL ceosd ATR 516051 s o0y oLt

! Kumar



A\ (Q‘ijéﬂ‘) .......................................... é‘)}‘w}fd{u&uw&ﬁ

2ole g8y Jlanl a5 col pxe ol & Jloy s sl yidin Yo Sliosl )l (4055 @i Jleme Sl
929 (@39 xSbe) Jho (w4 (558 SIS5T bl s )3 9 o9 dalgs i (pSke e I cglice
s ADX RSI S39 4w slp SHAP pslis (a3 ,5)i5 slacodgione 4 arg b asb )5 .o il anlgs
ol Lol s o it (g JSts 0 b Shg ol 5l Sy o ()38 31 5 €8)5 J1E )y 0590 35 MFT
sl s w i slbas 1539 1y |y SHAP olie oy i a5 S50 V0 jl ooliiwl b a5 ws ools s colys

b o Lials AdaBoost s XGBoost NGBoost
SeMbl silgs o go—idge (! 45 D905 drwlzo S5 sloe39y9 sl |y SHAP 1olie 5035 Clsesl Juo
Olypte & 8ilg oo lpl pl ey L (298 S5 p Gl o Shg (6)15 Sl ogon 3 1) ghie i)l
ey Msled 3561 (g yiny Slaseiad g Al yip |y calises Jolge (618 511 uled S8 (6)1 8 b,
dhadls.\;_.o W.._Q l.: 9 é:L_..a LSL”"‘_)Q-';'L‘:’ 4':1.@‘_.» W.s L;Lamb‘b S9) ¥ L)""“?)" u.,l 5 L;JLQ(._“....; JAA ))Slo&
obles 1y aloy o Jl5L > calises Jolos oy 29350 Siolisd 9 (6185 3 51 (gnia )l leMbl ¢(g )l ale,
oweS alos il (60 sladis w0 puesd Jlis] mje sl Sy iy p Oitred (LAl w dalgs
oolaul b ()l (ebaoled .uled bl 585y (gilwaingy 9 (SMole (la gl il ( Sy o o diilo (oloojo
e 4 i g3 b g edged (ewyp |y IS et ld p Jelse 51 S5y ()38 31 WGl o s s oo S

2l el 5ol 058 g J) Jlo S8 sisSn allie ) () 5 e 4] (ol sdlin 3, Le5
P OBy jeuis g lgs old (08 L Glojlu j o b ais 4y dllie pl cbadygliwd 5 il o Canl ol
585 Ble (D)5 WSt (A g g Cunl 0391 aasile Jg Byl o (saald plgis 4 Siagh ol

Reference

1. Afsharirad, E., Alavi, S. E., & Sinaei, H. (2018). Developing an Intelligent Model to
Predict Stock Trend Using the Technical Analysis. Financial Research Journal, 20(2),
249-264.

2. Amari, S.-I. (1998). Natural gradient works efficiently in learning. Neural
computation, 10(2), 251-276 .

3. Celik, T. B., Ican, O., & Bulut, E. (2023). Extending machine learning prediction
capabilities by explainable Al in financial time series prediction. Applied Soft
Computing ,109876 ,132.

4. Chen, T., & Guestrin, C. (2016). Xgboost: A scalable tree boosting system.
Proceedings of the 22nd acm sigkdd international conference on knowledge discovery
and data mining,

5. Chipman, H. A., George, E. I., & McCulloch, R. E. (2010). BART: Bayesian additive
regression trees .

6. Dawid, A. P., & Musio, M. (2014). Theory and applications of proper scoring rules.
Metron, 72(2), 169-183 .



VPl (10 0550 — Jle &y ke Il ier

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

oY

Enke, D., & Thawornwong, S. (2005). The use of data mining and neural networks
for forecasting stock market returns. Expert Systems with applications, 29(4), 927-
940 .

Gandhmal, D., & Kumar, K. (2019). Systematic analysis and review of stock market
prediction techniques. Comput Sci Rev 34: 100190. In.

Gneiting, T., & Raftery, A. E. (2007). Strictly proper scoring rules, prediction, and
estimation. Journal of the American statistical Association, 102(477), 359-378 .

Haj Seyed Javady, S. M. R., heydari, r., & Abbasi, F. (2023). Forecasting the future
price of pistachio in agricultural commodity exchange using of the hybrid model of
Wavelet-XGBoost. Agricultural Economics, 17(1), 79-108.

Heidari, M., & Amiri, H. (2022). Inspecting the Predictive Power of Artificial
Intelligence Models in Predicting the Stock Price Trend in Tehran Stock Exchange.
Financial Research Journal, 24(4), 602-623.

Htun, H. H., Biehl, M., & Petkov, N. (2023). Survey of feature selection and extraction
techniques for stock market prediction. Financial Innovation, 9(1), 26 .

Jabeur, S. B., Mefteh-Wali, S., & Viviani, J.-L. (2024). Forecasting gold price with
the XGBoost algorithm and SHAP interaction values. Annals of Operations Research,
334(1), 679-699 .

Kianizadeh, H., Baghani, A., & hamidian, m .(2023) .Comparing the accuracy of
selected Machin learning models for stock price prediction in stock exchange market.
Journal of Securities Exchange, 16(62), 75-102.

Kou, G., Xu, Y., Peng, Y., Shen, F., Chen, Y., Chang, K., & Kou, S. (2021).
Bankruptcy prediction for SMEs using transactional data and two-stage multiobjective
feature selection. Decision Support Systems, 140, 113429 .

Kumar, P., Hota, L., Tikkiwal, V. A., & Kumar, A. (2024). Analysing Forecasting of
Stock Prices: An Explainable Al Approach. Procedia Computer Science, 235, 2009-
2016 .

Lundberg, S. M., & Lee, S.-I. (2017). A unified approach to interpreting model
predictions. Advances in neural information processing systems, 30 .

Mohebbi, S ,.Fadaeinejad, M. E., & Hamidizadeh, M. r. (2021). The Proposed
Algorithm to Select Appropriate Features for Predicting Tehran Stock Exchange
Index. Financial Management Perspective, 11(34), 35-67.

Mobhebi, S., Fadaeinejad, M. E., Osoolian, M., & Hamidizadeh, M. R. (2022). Feature
Selection for the Prediction Model of the Tehran Stock Exchange Index by
Dimensionality Reduction Techniques. Financial Research Journal, 24(4), 577-601.

Nti, I. K., Adekoya, A. F., & Weyori, B. A. (2020). A systematic review of
fundamental and technical analysis of stock market predictions. Artificial Intelligence
Review, 53(4), 3007-3057 .

Park, H. J., Kim, Y., & Kim, H. Y. (2022). Stock market forecasting using a multi-
task approach integrating long short-term memory and the random forest framework.
Applied Soft Computing, 114, 108106 .

Salehi, M., & Garshasbi, F. (2019). Tehran Stock Exchange Index Forecasting Using
Approach Adaptive Neural-Fuzzy Inference System and Imperialist Competitive
Algorithm. Business Intelligence Management Studies, 8(29), 5-34.

Schumaker, R. P., & Chen, H. (2009). A quantitative stock prediction system based
on financial news. Information Processing & Management, 45(5), 571-583 .

Sezer, O. B., Gudelek, M. U., & Ozbayoglu, A. M. (2020). Financial time series
forecasting with deep learning: A systematic literature review: 2005-2019. Applied
Soft Computing, 90, 106181 .

Shapley, L. S. (1953). A value for n-person games .

Sheikhzadeh, M. J., & Rahmany, S. (2023). Identification of effective indicators on
predicting trends of total index of Tehran Stock Exchange using feature selection and



MY

)N ) S Slosl s JS Letlo o i

27.

28.

29.

30.

31.

classification algorithms. Financial Engineering and Portfolio Management, 56(14),
142-159.

SOHRABI, M., Seyed Mozaffar, S. M., Chirani, E., & Kheradyar, S. (2022).
Modeling the Prediction of Stock Market Jumps Based on the Recurrent Neural
Network and Deep Learning. Journal of Securities Exchange, 15(59), 245-268.
Thakkar, A., & Chaudhari, K. (2021). A comprehensive survey on deep neural
networks for stock market: The need, challenges, and future directions. Expert Systems
with applications, 177, 114800 .

Vaziri Kordestani, J., Farid, D., Nazemi Ardakani, M., & Hosseini Bamakan, S. M.
(2022). Evaluation of PSO-BiLSTM method for stock price forecasting using stock
price time series data (Case study: Iran Stock Exchange and OTC stock). Financial
Management Strategy, 10(4), 125-150.

Williams, C. K., & Rasmussen, C. E. (2006). Gaussian processes for machine
learning (Vol. 2). MIT press Cambridge, MA .

Yafnez, C., Kristjanpoller, W., & Minutolo, M. C. (2024). Stock market index
prediction using transformer neural network models and frequency decomposition.
Neural Computing and Applications, 36(25), 15777-15797 .



