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(1) Mombeini, H., & Yazdani-Chamzini, A. (2015). Modeling gold price via ariificial neural network. Journal of
Economics, business and Management, 3(7), 699-703.p699.
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(D (Juma'at, 2021) iy -

sl ik by Box — Jenkins b plaseinl coadl jlanh gadl f dnhull ods cia
o sl Jladl o bl ads 3 dessedl UL L l) o g3peS Rl bl
£ el ol o G 3sadl s B I a5 2011 51 23 1 2011 10 25
<,6bl MAPE @lall Uosl) 58kl il Jovugzog MAD @labl OLANT Lgze e slazeVl
Z35e Lylie MAPE 3 MAD J ol ied comsl sl JudSl jludl ag b of Jf mitad
-ARIMA(0,2,1)
@); (Sahed, 2020) dulys

Lo il (FARIMA) LS Ll 5laosNE o3 ged plaezal ] dulydl ada <d 5ls
Ly b plasezaly & SISl a8 g8 g I GUbl OIS 5 ccndll jlanly 3oxl) 4 sl
B,k po L liey FARIMA 83k 503| 85 3 o5 o TANAKA J LA SlassY
cro a5 A (RMSE) Uikl a0 Lo g2 jior 5 (MSE) sadk| s jo Jas 520 pliezal, ARIMA
O el & 4512019 &l ety all plasezaly caddl sl 13 55 45 (52018 (4] 2010
ccadljlanl 5ol GARIMA 2315 a3 US STFARIMA 3\
3 (Yang X.T, 2019) {ul s

552018 4, s ,e2 12013 0lpz b cyn cn i sl pU fo Bl sl odn 55
el 3 S Y1 Y ol ol s Job 5 3l U] Sz s o Al call ol
LAl eda pasnd LARIMA zdse sLil UM e 2018 &l 3 e Y

(1) Juma’at, N, & Sazeli, Z. A. (2021). Comparison between Causal Model and Time Series Model to Forecast

Gold Prices. Multidisciplinary Applied Research and Innovation, 2(1), 156-163.
(2) Sahed, A., Mekidiche, M., & Kahoui, H. (2020). Fuzzy Auto-Regressive Integrated Moving Average (FARIMA)

Model for Forecasting the Gold Prices. Journal of Smart Economic Growth, 5(1), 1-13.
{3y Yang, X. (2019, January). The Prediction of Gold Price Using ARIMA Model. In 2nd International Conference

on Social Science, Public Health and Education (SSPHE 2018) (pp. 273-276). Atlantis Press.
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s8ARIMA(3,1,2) O 4y 2l el e L3l B i) AC HPAC SAIC SBICLS
SV Y 5L a5l 5 g0 Joail
: (D (HALIM, 2019) 1wl s

5l ] BLYL caddl o el 3ol 23 508 il ad B dul,dl ada i
de a3 Box-Jenkins ioegia plisialy &35 2018 (3 &lll Calll alu jlanl
& 451201 7ple 2> 2015 ple oo Investing. Com x5 g cpo duwl 0l 0da (§ dedseznd | UL
Lo sa bl o Geonddl ol el 32l) 723 505 fuail o8 ARIMA(L1L1) 25 503 O sl
i S 10.02 ARIMA(L,1,1) 75 503 ) MAPE &ad ily Eom.(MAPE) 5l Uat | G
10 (o J3I MAPE 30 30N 23 5 Juadl s ARIMA(L L) 25 g plisezaly 5001 OF ol o
@ (2018 cYang X.) 4wl s

2018 Olyr e 412013 &l g o cndll e o35 e dulyudl oda o355
A5 oo I il 3 a1 Y sl e gl ol e S5 5l ] G Co
#AEL BIC 3 AIC 3 PAC 3 AC pylns piseiul o5 CARIMA 725 g5 s L] I 00 2018 &, o
st 55 723 gad Juadl pAARIMA3,1,2) 23 gas OF g 2ol sl oo gl 301 6
.L_;u“f"yl SY L cadll
:®)(Tripathy, 2017) Ll s

G sV 2500 plabual wbl (3 coalll s 5l dulpull ada sl
S -2015 1,¢ 4 1990 4Js oe Lole 25 555 s e (ARIMA) iS el law 421

(MAE) Ul Utk Lo sz IS a5 73 50l 85 o o oyl sk Lyl piens

{1y NUR ATIKAH KHALID AND NURFADHLINA ABDUL HALIM.(2019). GOLD PRICE FORECASTING
USING BOX-JENKINS METHOD. Universiti Malaysia Terengganu Journal of Undergraduate Research .
Volume 1 Number 3, Julai 2019: 15-27.

{2) Yang, X. (2018). The Prediction of Gold Price Using ARIMA Model. Advances in Social Science, Education
and Humanities Research, 196(2), 273-276.

{3y Tripathy, N. (2017). Forecasting Gold Price with Auto Regressive Integrated Moving Average

Model. International Journal of Economics and Financial Issues, 7(4).
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«(Max AE) (52331 lall Utk 5 ¢ sUall Unseld g pomll & ol | £dl Ukl a0 Jos 20
5& ARIMA(0,1,1)725 503 OF ] &yl psls o sl - (MAPE) Ul Uad| 4 Jow g0 s
Max AE MAPE (e 3NI e &ls>Y 17l Gadl Caddl jlandy gl pasnn 23 sa5 ol
Cadll o o S 5B 4 (oAU g2l 3 cadll e OF ] Zul,l 25 & (MAE
Sl politey GuslamiVly oy jetmaal) ol IS8 Gage Lulplll Gt e |S. QU
Jedl ol 5ol Sl s Juddl &yl ol 13 3EY calll jaw e o i) Ll sl 5
bLedls,lsY
:{M(Ho, 2017) Lulys

535k U ARIMA 3 505 plasualy plzd (§ slawls 52l Tl yll odn gl
OSay iS eslae plesal JlAnbdll aleo 5 S (1976 2o b S s s
RO | KUV [P S PRV IE YW RIS U -0+ PRI E NEE SN
g5 i 1S ARV el G plas G cadll Dbl e skdl e S5
. %3.46 Y1 35l Lkl Ay oo DUkl adn 3 562 ARIMA(5,1,5)
@ (Ali, 2016) il ys

plideiul o5 EuBox-Jenkins doegn plideialy o sl Cadll mus 3ol dul,ull sl cisn
ool 2015 4Jg 3 ] 2014 L 02 e das DU sdoull LY ) Y 50 el i gest
A g JS oo & 3 ARIMA(O,1,1) 55035 ARIMACLL,0) 5 505 O pusledl oo gl 5
O dll ol RS (AIC 5SBC) z35al Sl han o sl Call a5l
Wl Lo sz o5 sadl 5t ylan ol fe ARIMA(1,1,0) o35l SSTARIMA(0,1,1) 123 o

(RMSE) Utk my 50 Lo 520 s 5 (MAPE) lall Uaicl) 4 L1 dedl Lo 20 «(MAE) Lol

{1y Ho, T. T., Phan, D., Nguyen, V. N., & Sipko, J. (2017). Application of ARIMA model to forecast gold price in

Vietnam. 11th International Days of Statistics and Economics.
{2y Ali, A., Ch, M. L., Qamar, S., Akhtar, N., Mahmood, T., Hyder, M., & Jamshed, M. T. (2016). Forecasting of

daily gold price by using Box-Jenkins methodology. International Journal of Asian Social Science, 6(11), 614-
624.
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M (Naz, 2016) Lulys

322l Box — Jenkins daeguas B3 2Ll ARIMA 530 plideal ] dul )il eda dia
Eom ikl (ol 5 5as et ol o el 5 50l Solbae i Byl Caddl sla
O ] gl ey (2017 (g a8 4 1979 iilr 1p0) Bl 38 500 & gl UL pladezal o5
«g3 5ol Lo Box Jenkins dowgie Hlb] 3 bl o3 50l o8 ARIMA(L,11) 53 50
el 3l G el Lo dlandl L 3ol ot Gasdlly coldall i
il
@ (Guha, 2016) Ll s

bemedl Cadll ey 3l ARIMA & 01 Sl 3 05 el J] Ayl odin cds
ol bl e Caasl] 2014 b (1) 2003 ad g pe daLl UL U] 13lzal (gaibl 3
OF el i ano Y1 Ol g o 615 ke jakimald (oL )] s ellae] o3 po s cadll
UL 52l (8 dnnn 5 58 Sla OF J] . cn il dluindl @l 503l (3 Uaelay ARIMA 125 503
Slesl ol e b pas oMl (§ 4l e pddinnd S ARIMA 725 503 pladeial
055 bkie) Sl depet 3 Wl il A i3 ULl 3 Lard] GDYI
SN golazVI 5 1LaaNl pae ol Lo S Slubdl 3 eadl Ul 3 (KaS GYI
23 5edl Wi ey o3 o s Bl UMY LUl ol o a5 U] Loy (US4
dor Y S35 i) 2,0 UL L5l e azny & all ade 36301 0 5enl) Jlas
inglay s Caddl e OF e Js

: ) (Khan, 2013) dulys

{1y Naz, F., & Ahmad, Z. (2016). Forecasting of Indian Gold Prices Using Box Jenkins Methodology. Journal of
Indian Studies, 2(1), 75-83.

(2) Guha, B., & Bandyopadhyay, G. (2016). Gold price forecasting using ARIMA model. Journal of Advanced
Management Science, 4(2).

{3y Khan, M. M. A. (2013). Forecasting of gold prices (Box Jenkins approach). International Journal of Emerging

Technology and Advanced Engineering, 3(3), 662-670.
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Gmegin plaeal I o Cadll SN 32573 505y plad W5l 4] Ll pll adin wbia
73 505 2L (ARIMA) &S ozl Sllas g2l |y ol I 51N 0l &6 5 2Ll Box-Jenkins
R 02 e (i s S Y1 Y 50L) Coaddl Sl &3 s by d o5 e 32
pltseal o5 o 3 5aidl 61d 2012 1y 2 o UL plasaal 05,2012 w5l 1 (1] 2003
B g jdor Ol o2 52l 85 LY g o3 padl B3 o iy ol a5l 3L
OF 4l el ety Ul Uasld gl Gl o gzay (llall Lol lows g2y (dhf ny 50
condl a3l N ga ARIMA(O,1,1) 73 5o
:D(MOHAMED, 2011) Zul s

(GARCH) praadl &zl i b5 201 G101 =310 s shas (4] Bl 5l odn
Sl Gl 5 s w5 zY (ARIMA) el 28 purll Sllaws gl 5 1N Sl
bl ol pde IV e CLLN LUl e 45,03 (el GARCH 75 55 5y 5k 05 . cndl
ol ol &5ls dnd - jlnaS ARIMA 75 503 oty A O3l plidaial 02 Lo b 2
s ydor g (MAPE) lall Uad 4o 615 cwliie U] GARCH & ARIMA 3o ez A
S E-Views s Minitab sl plasezaly ool oLl o (RMSE) et oy 10 Jo g2
ol Y J gl o g bl 5oal) Ahoxs & b g8 GARCH 525 405 O sl
: O(Ismail, 2009) Ll s

Galasl ol ulul do ol jlanl 2853 (5325 725 a0 oo U] Aol ads it
sdardl ol HlusiV1 73 gad plibetal o3 Em s 5 el Sl oS > S
ize Oy BN Al p sy 550l s 058 Conddl e g NI a1 (MLR)
.@Lﬁq%}yb}m!UL;&LE%ﬁm,‘mﬁ@dwﬁlgvﬁ,ﬁbbdﬁ:ﬂ@}b!}@u
Sl jan lais Jgbs G ol danadl o aadl am lae N1 (3 J Y1 25 00l

(13 Mohamed, 5. N. H. B. (2011). Short-term forecast of gold price using generalized autoregressive conditional

heteroscedastic (Doctoral dissertation, University Technology Malaysia
(2 Ismail, Z., Yahya, A., & Shabri, A. (2009). Forecasting gold prices using multiple linear regression

method. American Journal of Applied Sciences, 6(8), 1509.
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5l ST @I 05505 caludl ] 551 O o s cplll Sl xS 230) Azl
D3V 3 5adl ) lae 521 885 e Il (6 giame o 1 3 5l O puslidl oy
: Lo bhao W1 Landl Sl plasctuly cadl sl 52l =

Tpanll OIS ezl Coadll bl s Sl sl eyl A1 olulall O]
AL Lellas Yl
: (1(Uche-Tkonne Okezie, 2020) Ll

UL ilS  coaddl jlaul dllld Leldaw! dvae 355 oS 5 Jf dul,ull oda coua
M»siyébsujdﬁW|59&f"9b‘yj.\mai,m| H_.a;m,Lut__smaﬁwn
Sl o3 i e Lellawsl duas IS Ay 17 Gy e (2020 16 ] 2004
IV e Laselly ¥l wlad 3 daall WU (015652 A aal iK2JIANN(2,6,1)
S A ST o3 . (MAE) lae st Lo 20 5 (MSE) Lo 20 s po Ut a5 Ut 3l Lo )y
L5 A sy coaddl slany aladll o3l GLII Gamedll UM oy ST Sty Sl 223 50
el Sl plasealy ool 5ol e o] o5 sl ¢ SLU GLI JbE B BLOYL 75 50l
AL g2V 3 Cadll jlanl olassl J] wlad sl ot
: @(Mahat, 2019) iwlys

) Lellao V! daall 3201 plasenaly (5L Caddl a5l Ayl ada s
elsul o5 . Alyuda Neurointelligence sl plideruly 32l 2310 JutS o2y S (NN
Bylae g 3l e Lghodss 2018 sl o 2013 by oo &l cnddl land oL

o Ao | e

(1) Uche-Tkonne Okezie, O., Offorha Bright, C., & Ukomah Henry, L. (2020). Forecasting monthly prices of gold
using artificial neural network. Journal of Statistical and Econometric Methods, 9(3), 19-28.

{2y Mahat, N., Yusuf, A. M., & Raseli, S. S (2019). Forecasting Malaysia gold’s price by using neural
networks. Jurnal Intelek, 14(2), 126—)'34.A
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La Lo | o ( (CGAConjugate Gradient Algorithm)) C_;.L'ﬂ da)ylex ol C_r__‘:L“.‘Jl CHT
Uikl oy o dos gl B3 BT oo L o ol janny 5] Ll A0 n g JuadlS
.Q}Abéﬁi&j,\{@ﬂlmw1%CGA@_};!?OTGL':;J{.JOA}MSE
: 1 (2019 Krishna) dulys

Adle By wedl 3 La sl Caddl jlanly 522 (655 5 03 s olas ] Al pll s
73505 plasezul o3 (2018 Ll 24 4] 2014 alr1 e cadld 22,11 Yl om0
(ANN) iellaoV daadl SIS2dl g (ARIMA) Al &S el ollans bl 5 1AL s |
Gl Ua | Jas gze plaenaly 531 25 03 ell 0 o cddl (3 Loa gl Ul ey 3220
& Bl (RMSE) s 1 Tad| Lo g6 ydr 5 (MAPE) lall Uasild & 2Ll &dly «(MAE)
(SAEARIMA 73 403 ke 3 5izy (FFNN) &aleY | iaa| IS8 25 03 OF sl
@ (Nor, 2017)4wl 45

Bn P oSl 52 85y o 5 dcenndl ISt o 50l N1 & 50 1] sl 3l 0s wbin
Sy pleal SISl G o Al 3 ol o g2l 2316 (61 S DS
z.,.gJ!M;M!Gfbﬂjj?}ém1q|ﬁy|bﬁ)gw|mq(._:J.%_A.UULJ
o5 bodie B3 O3l ST ol MLP 5 500 OF puiladl g, 520l B o Lallall & oLl
RGO iy CO CM Box — Cox J._._,i (al..k.:'-'."...ul
@) (Sivalingam, 2016): dwlys

o ol a5 plienaly Alndl Caldll slanly 5ol ] Aulyall sds < sls
RSN 5_)2_&_11.(,_:»_..:.1! Je 5,085 s P.L._: Ll ] s LearningELM oS

o 05T ey a3 o cadll jan OF 0583 5.2014 s 41 31 4] 2000 asl- 1 e Gl )
Ages Bl Ll jlauls el jlauls caddl ey L2 W1 SULIL J2o alu ay T sllas]

(1) Krishna, K. M., Reddy, N. K., & Sharma, M. R. Forecasting of Daily Prices of Gold in India using ARIMA &
FFNN Models.
{2y Nor, M. E., Safisan, H. M., Shab, N. F. M., Asrul, M., Abdullah, A., Mohamad, N. A. I, & Lee, M. H. (2017,

May). Neural network versus classical time series forecasting models. In AIP Conference Proceedings (Vol.
1842, No. 1, p. 030027). AIP Publishing LLC.
{3y Sivalingam, K. C., Mahendran, S., & Natarajan, S. (2016). Forecasting gold prices based on extreme learning

machine. International Journal of Computers Communications & Control, 11(3), 372-380.
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k)l dsl s 388 U] oM S 2o Y1 G all a5 (S & PSO0) Poor’s500stock
4055 Oty Lale¥ | Ldall ol o W olie o5 La sl ada AJWS o S T e
$35 ELM o1 OF pledl iy (ELM o 3 50 Laseld ald ) HLas¥l OlS2 s cdnSe
S AV Gkl e Juasl S
@ (Mombeini, 2015): 4wl 43

s o) (ANN) ollaoV Band | 3201 523 508 plasenal Lyl sda < ls
o= (S HlesYE S sl bas 2l) ARIMA Lo N1 53 500l Lmiliny el
Wik | (RMSE) Lokl s o Jas g2a pdor «(R2) dyuondll Jolan BN £I5Y uuliio pltienal
oo ARIMA 5 5oi ke & 5 ANN 25 5 O eildl ey . 23ledl elsl i ((MAE) Gl
N PRERU  PR T P HESN U [PV UN
@: (Moradi, 2015) &ul,s

Lanll 88201 5 GMDH &anll 3Tl plidezinly Calll pauy 5ol Ll udl sdia < 55
o las pltseialy JadVl o5 gedl dad LISy «(MLP) Perceptron <likll ssdazs
st 33 8L 5,05 b GMDH Znand A2 O 15N oo lad b g sl oo gl l5Y
MLP &l 3201 o & )lae Ca
D (2015aGute pl Jlo b i) Luly

ARIMA &3\ 2y &5 ;211 Box —Jenkins (B-J) dzegos plideisl (] dul,udl sl coda
el 5 Lalys IV e I e AL Coadll Hlanl 5l dellas VI dpaall SISt
oess Y 01985 Ly e Bta 15 (3 AILIN Caddl jlad 25h G Il ALl UL,

i s S V1Y 5L Sl VT IS o 5088360 Jroy (5015 02014

{1} Mombeini, H., & Yazdani-Chamzini, A. (2015). Modeling gold price via artificial neural network. Journal of
Economics, business and Management, 3(7), 699-703
{2y Moradi, H., Joka, L., & Forouzantabar, A. (2015). Modelling and forecasting gold price using GMDH neural
network. Indian Journal of Fundamental and Applied Life Sciences, 5(1), 30-41
Aeslo¥ pylellg olaByl A4S pierlo Uloy Abledl Corddh s 31 § dlan ¥l 3l plassnl  2015) 8asle gl bl osd a1 (3)
B2 e decls
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5 el 28 el lla g2l UL i O plul(B =) Garegen ol IS 0
Z3gel ga ARIMA 5310 Gy o SULI! Jted J2Y1 3 501 OF ] Aulplll Sl 5
pinal Eo sl Yl lall pliseul e by o3 el La jlastl o5 U5 5ARIMA(2,1,1)
MLPNN(2-2-1) =3 33| ANN 2 ldano V) draall OIS0l O o] plidenal e (g AIC ) Lns
e lely 25 50l 1a et 05 S SULI et Ll OISGAN 2310 Oy oo SV 5
pluasetly (s liS 32l D5 Eom o G sk V1 puda Gy As Ll 5 AIC 5Lins s BIC Lol
MLPNN(2-2-1) &ellauo| dpanll SIS 25 4o OF ] Lsliam VI pledl iy« AIC ) Line
Sl Bald &gl o AL 5l 3 ade slze V1 o5 bl G e 2Ly . 2oV 5 0l a
AL o
M (Kocak, 2014) {ul s

oo oa il Bl 5l a1 bl Jsdl (3 Aol dage slimul 31315 cad)l dn
RE (..".“_‘MJl IAd 5 ca2iSo ol yo |2 50 & o et | oLl ol L!“_H C’”‘HJ'U
Gl on 2l 55U o5y ol g el Akl 3

Lollao V1 danll A ol conddl ttbay 52l g2 dulpll adn e 5,306
Al he J gadl 052014 Olgar () 2014 (5 103 e kel &al ;015 35 (GARCH 73055
ST 735 ks ANN &yslians V1 dppuanll oS! OF gt iy &S AN ol s 51 0
.GJR GARCH &3y o & ,lis L5
: @ (2012 ¢Yazdani-Chamzini) Zul)s

Cs}gj(ANFfs)qaﬁiﬂigg_,aJ!wa,J! IV ¥l s pltsezal A dul ull ol cius
ARIMA SlaxN1 -5 502l gz jlin s ccndll jnns dordacd (ANN) Lollao VI danl 302

(1) Kocak, H., & Un, T. (2014). Forecasting the gold returns with artifical neural network and time series.
International Business Research, 7(11), 139-152.
(2) Yazdani-Chamzini, A., Yakhchali, S. H., Volungevidiene, D., & Zavadskas, E. K (2012). Forecasting gold price

changes by using adaptive network fuzzy inference system. Journal of Business Economics and
Management, 13(5), 994-1010.
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oo NN 15N ulite pladezal o5 . (8 ekl o gell 5 JalSll G sV 23 500)
23 o1l i (MAE) Gl Wkt (RMSE) Uad| oy o Joww gma Ldor (RZ)e sty
e15Y ylae G (g0 ARIMA 5 ANN 75 o ke (5 5 ANFIS 25 505 Of pslid| o gl )
Aoz ol el s OF sl | 12 BT (S Gl g bl ol o e8] dilisel
S JTPO -00-31 [ POV PO B VP, S L .

: Q! 3\ plutitaly 3l o

: (D (2021 csalisu) iulys

A baadl el bl uo byd o ol S Caadll jg5 s ] 2l oda cibita

o sl SULI pliseanl Fo( asymmetric ) Bleze xé (VARMA-GARCH) 35 phsin
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{2y Amponsah, §. K., Otoo, D., & Todoko, C. A. K. (2015). Time series analysis of water consumption in the Hohoe

municipality of the Volta region, Ghana. International Journal of Applied Mathematics Research, 4(2), 393.
P395.
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{13 Hashem, F. (2020)). Analysis of time series to predict the numbers of pupils in the first grade of primary school

using of the Box Jenkins ((applied study in the governorate of Basra)). Economic Sciences, 15(59).p 100.
(2) Bourbonnais, R. (2015). Econométrie-9e édition: Cours et exercices corrigés. Dunod.p245
(3 Hashem, F. (2020),0p-cit,p 101.
¢4y Bourbonnais, R. (2015) ,0p-cit,p246.
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(1) Chafik Arbach et al (2011),Les testes de causalité & cointégration dans [‘analyse des séries
temporelles, Tishreen University Journal for Research and Scientific Studies -Economic and Legal Sciences
Series Vol. (33) No. (5) 2011.p82.

(21 Suleiman, S., Usman, U., & Adamu, U. (2015). Modeling and forecasting the crude oil price in Nigeria. Nov.
Journals, 2(1), 1-13.p3.

{31 AIDOQO, E. (2011). Forecast performance between sarima and setar models: An application to ghana inflation
rate.p7.
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(11 Setlhare, L. (2002). Empirical foundations of monetary policy in Botswana.p125.
(2) Altaher, A. M., & Alaswed, H. A. (2018). 55201 p'suly daayt Ladlal izl je B350 § Bieell jir Cllis) jass dyie Sebha
University Journal of pure & Applied sciences (JOPAS), 17(2), p27.

62




ARIMA ;3L : S Juadll

K= g%"PP = VK (9;1) + ”(K;)%
.oj.:sﬂudju;_.yasy—wjaﬂ,_,.u@@Mu;wynz.@u_;)m |t
S oSy Aonge 152
(1976) &w =, b A Box and Jenkins daegias &5 2l ARIMA 3|0 S| 13
e &za 1 JaSl LA 3L 5 505 L 38 L3 05 485 Y ekl o kel 8 Ll 5 Lalusn
il S 08 015 48 o 2 L 58 &l Z 1 Dl 5001 G b (s (0 sl G
248 G Bl 15 Jlawd L oy lall ade s Laludly LU UL 0oy Lot 2 5
Loz dl =3l lls A5 ,LaN1 5l Gl adin ] 3kl Jd 5 canll e 1tk
gl oda pes
‘D (AR) G Slaos¥I 5 gai :1-5-2

=05¢;~711351§L4>-1~__.:L“>-

Lone Sllon) Choy s aslidezal (oo BUbly islpldall Slleadl o g o) 22 0
AU el e OF 1N oY1 25 g3 5 e 1 Sl Uy (3 3 M1 55 500 8 i
S Uslee S5 3 72350l 0B WLy Slotall Lkl o5 3501 a0 o st dozas
A3l tie
f A ARD) & 30 I ()l e UL sV 23 god eladl dnceal
Xk =CHoXp g+ +@pXe_p + &

r
Xt =, +Z(pin_i + &t
i=1

J}x.':'_;' Mdﬁ.ﬁ} Lhﬁﬁ*lh@é!@!,d‘)!bﬁﬁ!cs}qj@bbﬁﬁ(pl,(pp

. Xt,Xt_‘l ""Xt—p O.ﬂ JS

{1y Bakar, N. A., & Rosbi, S. (2017). Autoregressive integrated moving average (ARIMA ) model for forecasting
cryplocurrency exchange rate in high volatility environment: A new insight of bitcoin
transaction. International Journal of Advanced Engineering Research and Science, 4(11), 237311.p132.
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(2) Fatima Abdul Hamid Jawad Al Bermani. (2019). Op.cit, p82.

(3) Taherifard, E. (2019). Load and Demand Forecasting in Iraqi Kurdistan using Time series modelling.p8
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{1} Taheri Tizro, A., Ghashghaie, M., Georgiou, P., & Voudouris, K. (2014). Time series analysis of water guality
parameters. Journal of Applied Research in Water and Wastewater, 1(1), 40-50.p43.

{2) Fatima Abdul Hamid Jawad Al Bermani. (2019). Op.ci,t p83.

* Autoregressive Moving Average Model.

{3) Hosseinipoor, S. (2016). Forecasting Natral Gas Prices in the United States Using Artificial Neural
Networks.p27

{4 Gomes, P., & Castro, R. (2012). Wind speed and wind power forecasting using statistical models:

autoregressive moving average (ARMA) and artificial neural networks (ANN). International Journal of
Sustainable Energy Development, 1(1/2).p43.
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{13 Adhikari, R., & Agrawal, R. K. (2013). An introductory study on time series modeling and forecasting. arXiv
preprint arXiv:1302.6613.p20.
(2yYuan, C., Liu, S., & Fang, Z. (2016). Comparison of China's primary energy consumption forecasting by using

ARIMA (the autoregressive integrated moving average) model and GM (1, 1) model. Energy, 100, 384-
390.p386.
* Autoregressive Integrated Moving Average model.
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(1) Todoko, C. A. K. (2013). Time series analysis of water consumption in the hohoe municipality of the volta

region of ghana (Doctoral dissertation).p29.

(2)Alsharif, M. H., Younes, M. K., & Kim, J. (2019). Time series ARIMA model for prediction of daily and monthly
average global solar radiation: The case study of Seoul, South Korea. Symmetry, 11(2), 240.p5.

3) Nvoni, T. (2018). Box-Jenkins ARIMA approach to predicting net FDI inflows in Zimbabwe.p6.
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(1) Khan, M. M. A. (2013). Forecasting of gold prices (Box Jenkins approach). International Journal of Emerging
Technology and Advanced Engineering, 3(3), 662-670.p.664

(2y Walid Bashishi, Salim Majkh, & Hamza Baali. Using models Box-Jenkins ARIMA forecasting of The exchange
rate of the dollar against the Algerian dinar.pl14.

(31 Guha, B., & Bandvopadhyay, G. (2016). Gold price forecasting using ARIMA model. Journal of Advanced
Management Science, 4(2).p118

¢ Yasseen, F. J. (2011). Economic forecasting in wheat acreage in Irag by using ARIMA model for period (2007 -
2015). Anbar Journal of Agricultural Sciences, 9(2).p6 .
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{ITuama, S. A. (2012). Using Analysis of Time Series to Forecast numbers of The Patients Malignant Tumors in
Anbar Provinc with. AL-Anbar University journal of Economic and Administration Sciences, 4(8).p380.
A6 o, 3ol gopa. (2017) plodl same 25amme b (2)
{3) Fatima Abdul Hamid Jawad Al Bermani. (2019). Op.cif, p84.
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Source : Moreno, J. J. M. {2011}. Artificial neural networks applied to forecasting time
series. Psicothema, 23(2), 322-329.p326.

{1y Sahera Hussein Zain Al-Thalabi/, & Kholoud Musa Omrai2016) . Determine the best model to predict the

consumption of electric energy in the southern region. journal of Economics And Administrative
Sciences, 22(90).p 17.
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(1) Novakovic, J. D., & Veljovic, A. (2017). Solving medical classification problems with RBF neural network and
filter methods. International Journal of Reasoning-based Intelligent Systems, 9(2), 80-89.p8

(2) Kagoda, P. A., Ndiritu, J., Ntuli, C., & Mwaka, B. (2010). Application of radial basis function neural networks
to shori-term streamflow forecasting. Physics and Chemistry of the Earth, Parts A/B/C, 35(13-14), 571-
581.p572

(3) Yang, L., & Li, B. (2016). The combination forecasting model of auto sales based on seasonal index and RBF
neural network. International Journal of Database Theory and Application, 9(1), 67-76.p71
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Gaussian Functions:

i
DO(x) = exp (— F) width parameter o > 00(x)
2
=exp| =53 width parameter o > (

Multi-Quadric Functions:

O(x) =/ x2%+ 02 paramete g > 0

Generalized Multi-Quadric Functions™:

B
O(r) =+ x?%+ o2 parameter c > 01> >0

Inverse Multi-Quadric Functions:

1

B(x) = /x% + a2 2 parameter o > 0

Generalized Inverse Multi-Quadric Functions :

-
O(x) =/ x2 + 02 parameter ¢ > 0,a > 0
Thin Plate Spline Function:

@(r) =r?In(r)

Cubic Function:

o(x) = x3
Linear Function:
O(x) =x

(1) Orr, M. J. (1996). Introduction to radial basis function networks.p9.

(2) Harpham, C., & Dawson, C. W. (2006). The effect of different basis functions on a radial basis function network
Jor time series prediction: A comparative study. Neurocomputing, 69(16-18), 2161-2170.p2162-2163.

(3) Engelbrecht, A. P. (2007). Computational intelligence: an introduction. John Wiley & Sons.p 75-76.
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(1) Oludolapo, O. A., Jimoh, A. A., & Kholopane, P. A. (2012). Comparing performance of MLP and RBF neural

network models for predicting South Africa's energy consumption. Journal of Energy in Southern Africa, 23(3),
40-46.p39.
{2) Moreno, J. J. M. (201 1). Artificial neural networks applied to forecasting time series. Psicothema, 23(2), 322-329.
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Source : Niald, A. (2017). Forecasting Automobile Demand Via Artificial Neural Networks & Neuro-
Fuzzy Systems. West Virginia University.p37.
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(1) Kayri, M. (2015). An intelligent approach to educational data: performance comparison of the multilayer
perceptron and the radial basis function artificial neural networks. Educational Sciences: Theory & Practice,
15(5).p1249.

{2) Heddam, S. (2016). Simultaneous modelling and forecasting of hourly dissolved oxvgen concentration (DO)

using radial basis function neural network (RBFNN) based approach: a case study from the Klamath River,
Oregon, USA. Modeling Earth Systems and Environment, 2(3), 135.p5

(3) Ladlani, 1., Houichi, L., Djemili, L., Heddam, S., & Belouz, K. (2012). Modeling daily reference
evapotranspiration (ET 0) in the north of Algeria using generalized regression neural networks (GRNN) and

radial basis function neural networks (RBFNN): a comparative study. Meteorology and Atmospheric
Physics, 118(3-4), 163-178.p169
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{1y Haviluddin, H., & Tahyudin, I. (2015). Time series prediction using radial basis function neural network.p766.
(2YZheng, F., & Zhong, S. (2011). Time series forecasting using a hybrid RBF neural network and AR model based
on binomial smoothing. World Academy of Science, Engineering and Technology, 75, 1471-1475.p1465
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Psicothema, 23(2), 322-329.p326.
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radial basis function neural network (RBFINN) based approach: a case study from the Klamath River, Oregon, USA.
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Source : Chang, F. J., & Chen, Y. C. (2003). Estuary water-stage forecasting by using radial basis function
neural network. Journal of Hydrology, 270{1-2), 158-166.p 160.
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(1) Pislaru, C., & Shebani, A. (2014). Identification of nonlinear systems using radial basis function neural

network. International Journal of Computer, Information, Systems and Control Engineering, 8(9), 1528-
1533.p1529.
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(1) Abadi, A. M., Wustqa, D. U., & Nurhavadi, N. (2019). Diagnosis of brain cancer using radial basis function

neural network with singular value decomposition Method. International Journal of Machine Learning and
Computing, 9(4), 527-532.p528.
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Correlogram of D(LGP)

Date: 07/28/21 Time: 23:12
Sample: 2000M01 2014M08
Included observations: 175

Autocorrelation Partial Carrelation AC PAC Q-Stat Prob
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11 0.191 0.199 13.284 0.275
I 12 -0.022 -0.049 13.373 0.343
I 13 -0.045 -0.005 13.753 0.392
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Dependent Variable: D(LGP)
Method: ARMA Maximum Likelihood (OPG - BHHH)
Date: 07/23/21 Time: 00:06
Sample: 2000M02 2014M0O8
Included observations: 175
Convergence achieved after 6 iterations
Coefficient covariance computed using outer product of gradients
Variable Coefficient Std. Error t-Statistic Prab.
C 0.008294 0.003619 2.291588 0.0231
AR(11) 0.193954 0.078372 2.474785 0.0143
SIGMASQO 0.001451 0.000134 10.84325 0.0000
R-squared 0.039413 Mean dependent var 0.008664
Adjusted R-squared 0.028244 S.D. dependent var 0.038980
S.E. of regression 0.038425 Akaike info criterion -3.660806
Sum squared resid 0.253956 Schwarz criterion -3.606553
Log likelihood 323.3205 Hannan-Quinn criter. -3.638799
F-statistic 3.528610 Durbin-Watson stat 1.776155
Prob(F-statistic) 0.031488
Inverted AR Roots 86 J2+.470 T2-47i .36+.78i
.36-.78i -12+.851 -.12-85i -.56-.65i
-.06+.65i -83+.24i -83-24i
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Correlogram of Residuals

Date: 07/23/21

Sample: 2000M01 2014M08
Included observations: 175

Q-statistic probabilities adjusted for 1 ARMA term

Time: 00:08

Autocorrelation

Partial Correlation AC PAC Q-Stat Prob

1 0107 0.107 2.0554

2 -0.055 -0.068 2.6031 0.107
J 0.083 0.098 3.8321 0.147
4 0081 0.058 5.0256 0.170
5 -0.036 -0.041 5.2594 0.262
6 0.014 0.026 52961 0.381
7 0.015 -0.007 5.3354 0.502
8 -0.065 -0.064 6.1279 0.525
9 -0.060 -0.043 6.7972 0.559
10 -0.035 -0.039 7.0330 0.634
11 -0.012 0.001 7.0601 0.720
12 -0.033 -0.020 7.2702 0.777
13
14
15
16
17
18
19

-0.032 -0.020 7.4685 0.825
0.005 0.013 7.4730 0.876
0.012 0.012 7.5001 0914
0.061 0.068 8.2242 0914
0.048 0.032 8.6800 0.926
0.012 0.001 8.7073 0.949

-0.076 -0.090 9.8668 0.936

20 0079 0.082 11.110 0.920
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Series: Residuals

Sample 2000M02 2014M08
Observations 175

Mean 0.000167
Median 2.06e-05
Maximum 0.096633
Minimum -0.133377
Std. Dev. 0.038203
Skewness -0.176516
Kurtosis 3.736530
Jarque-Bera  4.864325
Probability ~ 0.087847
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Heteroskedasticity Test: ARCH

F-statistic
Obs*R-squared

4892875 Prob. F{1,172)
4812667 Prob. Chi-Square(1)

0.0283
0.0283

Test Equation:

Dependent Variable: RESID"2

Method: Least Squares

Date: 07/23/21 Time: 00:11

Sample (adjusted): 2000M03 2014M08
Included observations: 174 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.
C 0.001206 0.000212 5.700505 0.0000
RESID*2(-1) 0.166395 0.075226 2.211939 0.0283
R-squared 0.027659 Mean dependent var 0.001448
Adjusted R-squared 0.022006 S.D. dependent var 0.002413
S.E. of regression 0.002386  Akaike info criterion -9.226905
Sum squared resid 0.000979 Schwarz criterion -9.190594
Log likelihood 804.7408 Hannan-Quinn criter. -9.212175
F-statistic 4892675 Durbin-Watson stat 21042839
Prob(F=statistic) 0.028288
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Dependent Variable: D(LGP)

Methad: ML ARCH - Normal distribution (BFGS f Marguardt steps)
Date: 07/23/21 Time: 00:13

Sample (adjusted): 2001M01 2014M08

Included observations: 164 after adjustments

Convergence achieved after 18 iterations

Coefficient covariance computed using outer product of gradients
Presample variance: backcast (parameter = 0.7)

GARCH = C(3) + C(4)"RESID(-1)"2 + C(5)*GARCH(-1)

Variable Coefficient Std. Error z-Statistic Prob.
Cc 0.009763 0.003848 2.537141 0.0112
AR(11) 0.187589 0.080354 2.334523 0.0198

Variance Equation

C 0.000254 0.000207 1.227560 0.2198
RESID(-1)*2 0.159213 0.101067 1.575326 0.1152
GARCH(-1) 0.671304 0.217219 3.090449 0.0020
R-squared 0.039168 Mean dependent var 0.009528
Adjusted R-squared 0.033237 S.D. dependent var 0.039456
S.E. of regression 0.038795 Akaike info criterion -3.682216
Sum squared resid 0.243814  Schwarz criterion -3.587708
Log likelihood 306.9417  Hannan-Quinn criter. -3.643849
Durbin-Watson stat 1.769558
Inverted AR Roots .86 12+ 46i .72- 46i 36+.78i
.36-.78i -.12+.85i -.12- 85i -.56-.65i
- 56+.65i - 82+ 241 -82-24i
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ARIMA(11,1,0): D(LGP), = 0.008294 + 0.193954D(LGP),_,,
GARCH(1,1): 62 = 0.000254 + 0.159¢2 , + 0.67102 ,

£ dgdekl uall 73 gacdl paed £ 5-8-5
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Heteroskedasticity Test: ARCH

F-statistic 0.053109 Prob. F(1,161) 0.8180
Obs*R-squared 0.053751 Prob. Chi-Square(1) 0.8167

Test Equation:

Dependent Variable: WGT_RESIDA2
Method: Least Squares

Date: 07/23/21 Time: 00:14

Sample (adjusted): 2001M02 2014M08
Included observations: 163 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.
G 1.011291 0.147580 6.852489 0.0000
WGT_RESID"2(-1) 0.018145 0.078736 -0.230455 0.8180
R-squared 0.000330 Mean dependent var 0.993092
Adjusted R-squared -0.005879 S.D. dependent var 1.587094
S.E. of regression 1.591753 Akaike info criterion 3.779742
Sum squared resid 407.9219 Schwarz criterion 3.817703
Log likelihood -306.0490 Hannan-Quinn criter. 3.795154
F-statistic 0.053109 Dwurbin-Watson stat 1.991557
Prob(F-statistic) 0.818031
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8.0
Forecast: LGPF
7.5 Actual: LGP
54 Forecast sample: 2000M01 2014M08
e Adjusted sample: 2001M01 2014M08
6.5 Included observations: 164
Root Mean Squared Error  0.038557
6.0 ¥ Mean Absolute Error 0.029832
55 Neffe © Mean Abs. Percent Ermor  0.452032
Sl Theil Inequality Coefficient  0.002920
5.0 Bias Proportion 0.000023
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Symmetric MAPE 0.451976
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.001
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Abstract :

This study aims to forecast the gold prices using Radial Basic Function Neural
Network (RBFNN) model, using monthly data for the time period from 2000 to 2020.Besides
this, Autoregressive Integrated Moving Average (ARIMA GARCH), Multi-Layer Perception
(MLPNN), and two types of hybrid models namely: Hybrid ARIMA-RBFNN (Zhang, 2003) and
Generalized Hybrid ARIMA-RBFNN (Khashei and Bijary, 2011) are implemented. The
performance of the models is measured using Root Mean Squared Error (RMSE). Results
obtained using RBFNN, ARIMA-GARCH, MLPNN, and the two hybrid models are compared
with each other. The results show that the RBFNN outperforms ARIMA-GARCH, MLPNN, and
the two hybrid models.

Key words: Forecasting, Gold Prices, RBFNN.

Résume:

Cette étude avais pour objectif d’évaluer la qualité d'un modeéle de prévision des
cours mondiaux de ’or. Utilisant Le réseaux a fonction de base radiales (RBFNN), le modele
proposé a été testé a partir des données mensuelles pour la période 2000-2020 ; et les résultats
obtenus furent comparées avec ceux du modele ARIMA_GARCH, du modéle MLPNN, et des
modeéles hybrides ARIMA-RBFNN de Zhang (2003) et de Khashei & Bijary ( 2011). Pour
évaluer les performances des modeles, racine de l'erreur quadratique moyenne (RMSE) a été
utilisée. Les résultats ont montré que le modele RBFNN offre des prévisions plus précises que
les autres modeéles.

Mots clés : prévisions, Prix de l'or, RBFNN.




