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Abstract:
This research dealt with presenting the Hull-White process using fractional
Brownian motion, as fractional Brownian motion is characterized by its better
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representation of data that represents a time series with long-term reliability,
especially financial and economic data. The process of fractional Brownian
motion includes, in its mathematical form, the Hurst parameter (H), which
represents the long memory parameter, as it is determined through its values
whether it behaves characterized as (Short-Term), (Long-Term). The Hull-White
model is considered As an extension of the Vasicek and CIR model, the MLE
method was used to estimate these models, thus obtaining the best model for
these data based on the analysis of real data representing stock prices in the
stock market in Irag, where this data was converted into interest rates to suit the
nature of the three models. The studied data showed that they accurately
represent the average return process. In addition, it was found that the Hull-
White model is the best model to represent these data using the AIC standard.

Keywords: random process, stochastic differential equations, fractional

Brownian motion, Hull-White model.

.b.“

adidl) )
lag paiind g A sl 435 5l Ll 38 5ally Slsad) Hull-White 73 sad 4l o Liad Cand) 138 8
s e z3saill 138 2ey B2l Slasd oaall a8 5k jeday (2 73 saill 3] Ja g L
iag U Alaal Ay il dapdll ) laiadl e Uayl ig sed Al (3 sl A jlae B
Dbl b & Ay (e e (Ui 3 LS sha e i O (S e JS CSLL 1y Janall
O bl 138 A 5aY iy 8l jr o il pall G L (0 5S0 Of (S Le g 8 calaiall
°JS‘-3LA‘>LS Y‘;J\ u}SJ\Aé\_\Lu;Lu\J}AALuY uum)mddu\ Hull-White CJ}u
A g )l AS adl 1y 32l jaid s Sl Hull-White  z3sad i sa Canall 138 (e (a2l
daga 3121 4 sl A yall AS el sl 3 H € (0, 1) dlish 3813 ld Alae a5 4 s
Gllaall Lpuli¥) asaliall (aey (i yris Gl 138 3 Aaal) cililiaay) s ¥ laiaY) 8 1
bl BlELE g Jass giall 33 gal) Aolee Ad8lie Gl ) Adlal 3y Sl A ) all &S jall 5 A0 gl

Issue 78, Part 2, september 2025 PAGE 70

@ ® This work is licensed under a https://creativecommons.org/licenses/by/4.0 International
| \ License.

.Jg..\.l|4.0 u“-lu\:})l &L«Aﬂ QA3 A g Ekqap-_)n 4935” daol> - 4335” Olwhyd _)s_).o IS



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

KUFA STUDIES CENTER JOURNAL KSCJ |'SSN(P):1993-7016
ISSN (E) : 2708-728X
72N [UNIVERSITY OF KUFA 8
e OPEN

access | www.journal.uokufa.edu.iq

T aogs)l ool - A6gsl Cslwlys j540 dloo
GBloaad) el 2 jan QS (adl)ed el cplilly a8l dlagls A el dalialil)
S 43y ks aladiul 5 (Hurst Parameter)cus s dalzas aladiuly 4y puSl 43 ) 5l 48 )ally

.ol lac Yl

Ul aac 5 400 pdiadl Haian Ll o 4y sl A ) ) A8 jall aladiul e @3S aanl) S
Ul Hurst dalea o adiad L 58 4y sl 435 5) 5l 48 ) dlee Al 0 ) Calid) ads Lo 138
Gl aade) A 3 juadll ol AL ghall 5 SIAL Caaty o gli cld Aalaall €l 1Y) Lad Lgiadd 2aa
(Mean-reverting) Jow siall 33 2ll dalaal &3 s jliels Hull-White Tigad Al e
Ao S A gl Sl A4S ) dilen auad BA Jame Ll ) (zal il g 32000 Jare iy Jiall
(o agd sl 3208 Jaee il da3al) Hull-White CIR 5 Vasicekg i J) Gk Gl 50
o Ll il alae V) IS A5y sl aladiuly A i) e pasiy 3l 8 AW )Y
H AL ghall 5 <1 daledd Aiina

S3 ae Brownian Motion g il s Lei¥alaa 5 4 siall Gllaall o apliall any (ase i
Gew clily e Gakill ae Hull-White sa &)Y o2a e Jie Juzaily Ja¥) 5 juad il
Gl 8 Al 3,5

:Stochastic Differential Equations (SDE) 4 sdall 4laliill ca¥aladll Y

3lal A lalail) Alalaall 2a3 8 AN) o sindl 8 dlgidat g Adlaia ) & Hlaill (e JS 3 age Jlne (2
shall agle Jae (A JUall o o alshll i (8 483l Leiig je caan g dagay Allad
Aokl e bl Leilly caats 5 jallll sda ()5S Jlally (31 W) 5 dpuigl) aslell g oLy il
1o e

Issue 78, Part 2, september 2025 PAGE 71

@ @ This work is licensed under a https://creativecommons.org/licenses/by/4.0 International
| \ License.

.Jg..\.l|4.0 u“-lu\:}’l &Lwo.” QRSS90 Ekqaa-_)n 2&935” danol> - 333SJ| Olwhyd )SJA FIESY



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

ﬁ KUFA STUDIES CENTER JOURNAL KSCJ |'SSN(P):1993-7016
3

ISSN (E) : 2708-728X
UNIVER ST OFRK UL A opENaAcczss | www.journal.uokufa.edu.iq

Tl d9gsl deols - gl Sluwlys j5p0 dlao
slay slapn J5 e 8 loga al Ld o dlald dble g
dlee Aliey Abialill Aslaall o3¢d Jall jlie) Julls ((Aslisde ddec) s (White noise)

F [15]:40 50 A jall Ayl Ja g5 e Talaie) 3Y) Ol 34l SDE & A e
dX(t) = u(X(t), t)dt + o (X(t), t)dW(t) t=>0 ..(1.1)

) G

B ol ie 400 sdie dlae @ xy

(29 52l o 5ie) drift dalas

A0 gdal) Alaall paial 4 5lmall il aiS ulae Jidd s volatility i) dales :
Agulal) 4 ) A8 el s Wy

: &Y (Integral )dalss JS8 e LS salef (Say (1.1) Aalaal)

X(t+s) = X(0) + f W(X(g), ©)dg + j o (X(), ©)dw(g)... (1.2)

Ayl Fylenl] il Al (B X(t 4 1) o5 Al il leall 2l SN 5 X(D)
JalSily exi (2.1)3aall of. Markov property <isS e duals dualdll o ey
.Stochastic Integral I sdall

sl acad dpaly; dalae & Alalil)l Aabaddl of g (V,Y)s (V) SVabedl e
o Jsill Wi a5 rate of change _sill Jawe  Jiai Jisall s2a Gliiie p(.)so(.)
L@lEiia g (quantities) — dliaiall J)gall G A8Mal) ASue]  oialy ) Galasd 2288 Aplialdsll Y alasl)

.(derivatives)

Issue 78, Part 2, september 2025 PAGE 72

@ ® This work is licensed under a https://creativecommons.org/licenses/by/4.0 International
| \ License.

.Jg..\.l|4.0 L;-lu\g}’l &L’LAN QRSS90 &m:-_)n 2@35” danol> - @35” Olwhyd )SJA FIESY



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

ﬁ KUFA STUDIES CENTER JOURNAL KSCJ |'SSN(P):1993-7016
3

ISSN (E) : 2708-728X
UNIVER ST OFRK UL A opENaAcczss | www.journal.uokufa.edu.iq

QY @098l deol> - Logal Sl 80 Wno

: White Noise sbianll clia guiall 1 ) iy yai

[8] slcan sl sadilac (A (g Jper A8 sl Alanl

E() =0, VteR™()

Var(e,) =02 <o, VteR" (Y

Cov(e,e) =0, Vt#s (¥

Lo gy Adagi jall e 400 gdall il paial) e Alads (g S5 slian) slia guall dlee (8 13635

S (il jha

:Filtration g il ; Yy jas

s ali 0 <t T o) paoiily T>0 oS3y (QLF, Ft,P) Jeia¥) slad) Wl of (i il
) = F(t)g <<y Ol e Fs < Ft o s<t J FtcF Ft<t ,o-field

. [9],(Filtration

: Martingales: Y sy i

Cre (e e 5 (pre el Cilaaldiall Alidis L (585 40 sde dilee 4liay Martingales i

Al U Ao glaa 3 ga 5 2ie 5 Adlall saaliall (g sboy Alulull 8 uiall 4000 dal) Caaa a8 5 Hla

daalidl davdl

JalSill 5 Jualitl) a5 200 pial) ilpleall Eiaal) 4y yaill 3 L3S je 1550 Martingales coals

=il s X(t)}o 480 sdall Adeall 5 {F(t)}ocrer bl Ao sane Wl G (i jiily o) gial
[4] s Ssic {F(t)} il Ao sana ae AaSS{X(1)}

Elu(t)l<oo o () Jalsill W (1) aa 50 t IS culs 13l Martingales dslee o3 {X(t)} ()
0<s<t<T X

Issue 78, Part 2, september 2025 PAGE 73

@ ® This work is licensed under a https://creativecommons.org/licenses/by/4.0 International
| \ License.

.Jg..\.l|4.0 L;-lu\g}’l &L’LAN QRSS90 &m:-_)n 2@35” danol> - @35” Olwhyd )SJA FIESY



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

KUFA STUDIES CENTER JOURNAL KSCJ |ISSN(P):1993-7016
UNIVERSITY OF KUFA °""a ISSN (E) : 2708-728X

dbg8Jl dols - Aogall Sluwlys j540 Lo access | www.journal.uokufa.edu.iq

. [0,00] 2 Martingales Lbee ap(t) & 3 Elu(t)lF(s)l=p(s) O (7
4 rua ECiy g0 10!
[4] 251 A0 sal) Ldualisl) Asbaall Ll G m il
dx(t)=A(t.Xt)dt+B(t.X(t))dW (t)
& & A€L1(0,T),BEL2(0,T)
.12 -norm Jiw L2 &fs || —norm Jie L1 &
e jite 8 U:RX[0,TI—=R &) o=l
du du 92

u\ua)sﬂdlﬁjo)wjadﬁya, & ,@Mﬂ\uw\ub

4l gdie dlialss dalea clliag y(t) ol divie y(t)=u(x(t).t))

dy = ou dt+aud +182u 2 dt+au BdW ...(1.3
Y=\t " " ox T 20x2 % -~ (1.3)

.(Itd chain rule) It6 Alulull s2cd ) [t6 dasa Jiai(1.3) Apall (i
Ay Alealadl Aaladd) Lol & (58l - Lemma-
dx(t)=B(t.x(t))dt+r(t.x(t))dw(t)...(1.4)
& il
B(t.x)=px ,r(t.x)=0x
Ay dapally sl Cogen (144000l (la 13ga

ds(t) = B(t, s(t))dt + r(t, s(t))dw(t) ... (1.5)
XER 5 t20; X(t)=x b

Issue 78, Part 2, september 2025 PAGE 74

@ ® This work is licensed under a https://creativecommons.org/licenses/by/4.0 International
| \ License.

.G3&|4.0 L;-L.\g}’l &L’LAJI QRSS90 2&,4:-_)» 2@35” danol> - z@)SH Olwhyd )SJA FIESY



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

h KUFA STUDIES CENTER JOURNAL KSCJ |!SSN(P):1993-7016
7

ISSN (E) : 2708-728X
UNIVER ST OFRK UL A OPENaA«ESS | www.journal.uokufa.edu.iq

v dogiJl deold - dogsJl Slwlys 50 dlao

8 SDE J) JalSs Jal alagY 5 (1.5) Alsbeall (35 X(t) Jo ol Gy 52 X(T) Jal e an

' SYK (1.5)
T

T T
j dx(u) = f B(u,x(u))du+f r(u,x(u))dW(u)
t t t
X(T) — X(t) =j B(u,x(u))du+J r(u,x(u))dw(u)
‘ T ‘ T
X(T) = X +f B(u,x(u))du+] r(u,x(u))dw(u)

initial condition

ordinary integral It0 integral
(lebesque integral)

: Fractional Brownian Motion (fBm) 4, sl 4351 5l 4S jall ¥

iVl g Jlall alle b Lagnd sl allall b cpialid) aal 5 Sl JSLEA) (e paall ) Jaa S
Gl ( Randomness) 4dlsdall juae Ala & dugdl AS all o) (i
dale glal Jad e dlol @ jedal llall i) (e HSH Jladl #8154 oS .(Uncertaintly)
@O & Y ((asset return) Jsa¥) Xl e a ) O @l g Ayl A< all s
Gl o ey ) ddlia) | e =haléiy (Long tails ) bl (e g gl 18 ASYGauss
@l Gl s2a S ((Long Memory) da¥! il sk dplaie V) dpals el 2 gall a8
2l gall iy Ciasl ( Stable s Laplace )Jie dime dflas) ciayjsi e ofialdl el
dalial (fBm) I_laisl s (Fractional Motion Brownian ) 4 sl 4l il 4S adl sldic|
112] . Al il a1 Al sl dalae )

Issue 78, Part 2, september 2025 PAGE 75

@ ® This work is licensed under a https://creativecommons.org/licenses/by/4.0 International
| \ License.

.Jg..\.l|4.0 L;lu\g}’l &U’uaﬂ QRSS90 Ekqaa-_)n 2@35” danol> - @35” Olwhyd )SJA FIESY



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

h KUFA STUDIES CENTER JOURNAL KSCJ |'SSN(P):1993-7016
ft:

1S ISSN (E) : 2708-728X
i‘,‘-\ UNINMEESITY O FRRK UE A OPENaA«ESS | www.journal.uokufa.edu.iq

v dogiJl deold - dogsJl Slwlys 50 dlao
e, (V3TA) se (8 "Mandelbrot and Van Ness"d# (e (fBm) (e g sl 138 adf Cas
50 Om a2l (Hurst) dadeall oda e s dpaliic V) 45l all A4S jall 3aa) 5 dalea ddlal A

[12] )
DO
oste e (2 BH = (B (fBM) Gl &5 ) S all (B H € (+,)) O =i e
[10 1:4) Cuny 3 paina
Bi=0(
EBH)y=0vte RT(
E(BY,BH) =~ Vy(S?1 + 21 — |t —s|21 ), vs,te R* (¥

_ I'(2 = 2H)COS(1tH)

™ mH@1 -2H)

( Standard ) Lsuall 45l ) 48 jall e Juasi luls H = % Lenic 43 Adaadally ) Cpag
_%y:\_}fs‘ug@ (Hurst) dalea ¢y S5 Y gran Ld 5 A pusSIL i 51l 48 al) Cusans
: Short Rate Interest Model JaY) & juad z3lai €
J# —an Ga.a\i) CJ}@ s sl ‘)Lz.u\ Gletdia (Bl @ (JaV) juad 34l e CJ}@
Ty AR o Le sale 5 ¢l 303N jad L) shaill Caia s DA (e 323 lad
8w 5250l lad ¥ 15050 13a 5yl 5yl (o) il Bl Jare jpuaill el iy | Jysadll A
Jio paibadll (ax dle) pal sa3ms zilai ok callall b g Sl oo calins JaY)
S el sale) Jana ol Mol i e gllat Lo Lle ¢ 30 sl ) sl 2 5l 5 e
J syl g el ol Cus sl bl s JA) daday 520 Gland o " juall)l el
, 5alal) e cliiiie Hlalie 5oy el 8 Gga jualll jedl 23500 ey Ledde Gy i AL
[ 1453580 il (5 siie (e Lgia aainsd dylle <l 5ol 4

Issue 78, Part 2, september 2025 PAGE 76

@ ® This work is licensed under a https://creativecommons.org/licenses/by/4.0 International
| \ License.

.Jg..\.l|4.0 L;lu\g}’l &U’uaﬂ QRSS90 Ekqaa-_)n 2@35” danol> - @35” Olwhyd )SJA FIESY



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

ﬁ KUFA STUDIES CENTER JOURNAL KSCJ |'SSN(P):1993-7016
3

ISSN (E) : 2708-728X
UNIVER ST OFRK UL A opENaAcczss | www.journal.uokufa.edu.iq

v dogiJl deold - dogsJl Slwlys 50 dlao
i A A gial) Aplialdill Alalaal) jpmdl) sl Jiag
dr, = a(b — ry)dt + orBdw,

TS FLITN

Bl 8 JaY) juadll Jaes sai g

mail Jamall Jas giall gLl Jias ) daiall Cal a1 Ay 4z a(b — 1y )

.( Volatility ) <&l dly a: 0

Agulall 45l 5l 4S ) Jiai 0 AW,

CIR zisai o dlaall ol sia3 B =% )5 . Vasicek zisai o dleall o)) Jixi B = 0 Lexie
Hull-White o &eall o i3 B = 3/, culS 1

: The Hull-White Model sl jau #3 ga3,0

zisai sa5 ¢(139+) oslc " John Hull and Alan White" J& (e z3saill 138 2 o
[7] (JaY) 5 _ypea 3250 Jlas) (1) an) 5 A sdie Jale o aaing Jalall gala

ey Lo sk Adieall saldl)l jlaud Gulad e 4l &3 3 Hull-White z3sa a5y
a8 ) Hull-White z3 5a3 (et 3aa) 5 4daii ie (ud s 4laSh ilal) ciaial A€ 4Ll ciliida
Dy gl i g [S] zasalll 13 il jaae aal e (sS5 f (Say () 3 el daal jall gl
(Y3A2 ) CIR zisais (V4YY) Vasicek 3 sail alial

-

g TE

[7] 300 200 guiall Aotaal) oy juecaill el o (m 538) Hull -White 73 s 3
dI‘t = (b(t) - a(t)rt)dt + O-(H)th . (1.6) -

S| SETN

A2V juadll Jaxall ‘;JBJ\ 5 siuall: Ty

Issue 78, Part 2, september 2025 PAGE 77

@ ® This work is licensed under a https://creativecommons.org/licenses/by/4.0 International
| \ License.

.Jg..\.l|4.0 L;-lu\g}’l &L’LAN QRSS90 &m:-_)n 2@35” danol> - @35” Olwhyd )SJA FIESY



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

KUFA STUDIES CENTER JOURNAL KSCJ |ISSN(P):1993-7016
UNIVERSITY OF KUFA °""a ISSN (E) : 2708-728X

dbg8Jl dols - Aogall Sluwlys j540 Lo access | www.journal.uokufa.edu.iq

:b(t)ialza A(drift) sall) Jars gl o) Aaadll Jidig ( growth) el e
a(t) : i dddss amean reverting
: 052 Janey Abalall el yaill (g sbmall Gl jai¥I) LI dalea o
£ 0.0aY) yuadll Jaall Jyshall Ja¥1 daw siall (5 siasall
Al 451 00 AS ek d W
AUS el (Say (1.6) damall Cajeally 7y 520 Jaed Hull-White zise e Talael
[11]: 459 Lpeally & 5o A ) 5l 38 pnl) Alee e cliy (1.6) 0 5l
dry = (b(t) — a(t)ry)d, + o(t)dB", ...(1.7)

GJo

g

t
B, =f (t — s)A~"adw;
0

3 S Alee iy a8l il 8L (1.7) zisaill (Path—Solution) Jall e S Sy e
P SV Ay shall

=7, + ft[ b(s) — a(s)ry]ds + a(t)dB, ... (1.8)
0

1
E [BE BHE] =Ry(t,s) = 5 Cle]?H + |s|?H — |t —s|?"), Vits=0

5 H=0.5(ts) ER ae & sl 45, 3 a0l & BH BTN
t

B (t) = j Ry (£, 5)dw(s),

0
aseie oy Lo bale 3 A 3N ALl Ja¥) Ak 5 S (ulie a5 Hurst daleaH a3

Hull -White z3 s 38 slel (Sop ellty Ayia 3 Aludll 15130 Ul Y o 5de e H Aalae

Issue 78, Part 2, september 2025 PAGE 78

@ ® This work is licensed under a https://creativecommons.org/licenses/by/4.0 International
| \ License.

.G3&|4.0 L;-L.\g}’l &L’LAJI QRSS90 2&,4:-_)» 2@35” danol> - z@)SH Olwhyd )SJA FIESY



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

h KUFA STUDIES CENTER JOURNAL KSCJ |'SSN(P):1993-7016
()

ISSN (E) : 2708-728X
UNIVER ST OFRK UL A opENaAcczss www.journal.uokufa.edu.iq
v dogiJl deold - dogsJl Slwlys 50 dlao ‘

gl () ) aay By el A5 Aleall o sgie o daie Wl o(1.6) Aalad) b 4l L)
Ao giall 33 gall Aalax] dalall
Estimating the parameters of the return to the 1w giall 3242l ddae allaa joass 1

.mean process

LS alae ) GlaY) &k alasinls ((Hull -White) ddeall allae oo s Cansal) 2 b
AV OVl e se
z3sall 13g) alae Y1 Y il e o (1.6) Ualaall 8 4 jLiall 73 gail) L) G (gl yidly
D Y b g o giay el 5 51l a7y 30 e Jaee G Gl 3L adlay) (Say

2

o
m(t) =r, e~ k-s) 4 Tt = ro(cs)e_k(t $) T (1-— e~ k(t=s) 4 p—2k(t—c)
—k(t C) (1 9)
Var(t) = (1 e 2kty  c<s<t

@y\ Lapaally | um Ay e Sl ?L;y\ SISy Al G il

log L(k,0,0?%) = ——log( (1 e 2kt ——log2n

—k ok
s _zm) z — (e k4 0(1 — ekt)]
‘5.1‘!1.5‘5_&, k, 0,02 allall &l yaia u\.a e

1 < n;: 127” oToi Di=1Toi 2)...(1.10)
nZ 17‘ 01_(21 1T01)

Issue 78, Part 2, september 2025 PAGE 79

@ ® This work is licensed under a https://creativecommons.org/licenses/by/4.0 International
| \ License.

.Jg..\.l|4.0 L;-lu\g}’l &L’LAN RSy agad dasyo 4935” daol> - 4335” Olwhyd )SJA IS



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

KUFA STUDIES CENTER JOURNAL KSCJ |ISSN(P):1993-7016
UNIVERSITY OF KUFA °""a ISSN (E) : 2708-728X

access | www.journal.uokufa.edu.iq

dogiJl deold - dogsJl Slwlys 50 dlao

~ n
~ 2k 2 2 2
= e e ) )

Ay Gaaell Gkl L [N Luiﬁ LA.\S;.\ da e Jpaall ed:d} CJ}A.IM Jda Lgmal 1y
_Ru@hﬁe\ml_u(k,e,o-z) <l yaaa

:Real data analysis auasall cllall Jalas |V
alaaiuly | (Hull-White) 5 (CIR)s (Vasicek) zilaill allas juass ) W6yt bl Sl 8

5 8 oY) (S 8k Gkl o Lalaia) casalin Sl 18 (A plie Y1 (SaY) 435k
L) 03gd 3 s Jumil e J gmnd) Uil s Al L) aladiuly ol 3Ll
JL.»A\} LS‘.)"J\ uﬁ A\_JLJ\ db_ﬁ“ (8 g u—“ ?‘G'“'y‘ _)Lsu.u\ d.vu a_ta.m.\\ Jaa ‘5_"- FORERIA| &_11..11.4.\3\ u\

Lol LS g 3aaliie (YVIT) 5 (Yo AN) 5 YOIV /Y) s all 5 (ISX60) JaiaVl Ll
flee a L) &) () 8l (Hull -White) s (CIR) s (Vasicek)z il Gulat aie 43 liu
A giall 83 el Apald Jiad o a8 z3lall sda el 3 | H Aabeally 4y sl 4y 5l ) 38l
(1) 33 Janad z3laill 38 allra 505 8 Lin Liagy Loy

o s il U 5 Jilal 13n 05 dlagl 8 R Aad aladialy t e 3l peedl e By py O 3
) el Ul Ao 3l ALulad)

ISX60 daily stock Price

s X
650
L

560
|

450
|

T T T T T
o 100 200 300 400 500 600 700

t.series

Issue 78, Part 2, september 2025 PAGE 80

@ ® This work is licensed under a https://creativecommons.org/licenses/by/4.0 International
| \ License.

.G3&|4.0 L;-L.\g}’l &L’LAJI QRSS90 2&,4:-_)» 2@35” danol> - z@)SH Olwhyd )SJA FIESY



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

KUFA STUDIES CENTER JOURNAL KSCJ |'SSN(P):1993-7016

ISSN (E) : 2708-728X
UNIVERSITY OF KUFA OPENaA«ESS | www.journal.uokufa.edu.iq

v 698l deol> - asgall Olwlys j540 oo
G 8 (31 yall (8 Il 1) 5Y (3 gl A sl pgua¥) Jland Sy (1-1) ) J— <2
(YY) 5 YOV A/ )
&V Aila) el 5 e GaBliil) an L)y Audadl il 8 LS dsa g odlel JSEN (e Jaadls
fY) Jsaad) 85 Sl il anpaliy Liad Gl

(ISX60) &) 3 Alall (31 5Y (5 gm (3 agm¥) Jland Clily Lada (V-1) )

Lo sl Aa O aa Al Jall Aiel agu¥) el Clily TadA gy A (1-)) B, Jsaall (e
ol s Ll 134 5 L ge 2150 a5 iny Lee (Max= 736.2 ) (e 4 JeY) (4 (91Y,4)
bl a8 G asd Aaggillyy (Min= ££A4,7) L) asll (Qg= 490) JsY1 aull i
g_ﬂ_ﬂs.ﬂ\l.@_\s Ym\wm‘s{ouhhﬂ\\.@_muﬂy H\M\M\M\u\}@w)&
a5l 45)33\&:\&\}@\4&‘2\ A gyl AS all am Y ) () ol | andall a5
A sl dalaie) @y iy Ll aga¥) el e 3l M\ by el oSay Ml 4 sl

(Long-Memory 4l shll 3 SIal Caati ) daY)

Ul il Juady 436 (Finance world) Jldl alle cililad 4y 3l Judld) Jilas vie Cag yaall (10
Jare lily Al 0 oY | Ala¥l e 3l Alalill by e Y 20 sall o) salal) ¥ aea Al o
& oAl el M e AadA i ULl e il e slae (a2l gall ) 5304l
ST dglan) Gailiad oyl wichi alall gl 5200 Jane clily @l ) ddlaal el jlaiiny)
aga) el il ) Jysaty Canll a8 ) ol laiia) Jlase 4 Galelall  cpialill 323l
t ) Qo) aladinly sl Jara )
bt

e = In—

Pt-1
: Testing the mean property of return adau siall 53 g2ll dpala Hlaal A

Issue 78, Part 2, september 2025 PAGE 81

@ @ This work is licensed under a https://creativecommons.org/licenses/by/4.0 International
| \ License.

.Jg..\.l|4.0 u“-lu\:}’l &Lwo.” QRSS90 Ekqaa-_)n 2&935” danol> - 333SJ| Olwhyd )SJA FIESY



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

ISSN (E) : 2708-728X
access | www.journal.uokufa.edu.iq

h KUFA STUDIES CENTER JOURNAL KSCJ |'SSN(P):1993-7016
ft:

S [UNIVERSITY OF KUFA °""a

ﬁ d6g8)l dools - d6gall Giluwlys j5u0 dlao

AM}‘)JAM U.i\.i\,}.\ﬂ (Mean—reverting) &u}ld\ EJ}’J‘ 3@\4\; Jﬁ}'j ‘)Lﬁ;\ (“l’“ C".:;.I.AS\ [K¥Y @
Y 4z il s 5 (ADF) _liial 5l (Augment Dickey Fuller) sl alasinly

H,:The process is mean reverting

H;:The process is not mean reverting
Ay il e Ulas R 45l da j aladiily g (70) 4o sine (5 siee Caaig
(ADF ) )| Gl & A5 (1-Y) ady Jsan

e | e | rkesean, |
& by L) e Lilalae (S 323l Jare il o) ) J sl (S (1Y) ) Jsaadl 8l g
(Vasicek) zilay dealh lespd pey 1oy (5ee die) dlulu) dousiall dasall ddee

g Y]l 3l Jase Slly Jiid | (Hull -White) 5 (CIR) 5

: Goodness of fit test aulaall (s Hliidl 4
Yol i s jall A agaY) el Jiad Al el Gl 1) Lad LA At Gaaall 13a
GoH g Al Al Al agwd) ) - - R &

Alas e L82Y (k-s) (Kolmogorov-Smirnov)jlial e alaie ¥ aiws 3 Y ol oapdall
Y] A il 38 5 bl
Hy:The data follow normal distribution

V.S
H,:The data do not follow normal distribution
1ot k=s JLEaY) aillias) &f aa
D,, = supmax (F™(x) —x,x — F™(x) — 1/n)
X
Uaead) JLEAY) ailian) aladin) i 48) Wle
Issue 78, Part 2, september 2025 PAGE 82

@ ® This work is licensed under a https://creativecommons.org/licenses/by/4.0 International
| \ License.

.Jg..\.l|4.0 L;lu\g}’l &U’uaﬂ QRSS90 Ekqaa-_)n 2@35” danol> - @35” Olwhyd )SJA FIESY


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

ISSN (E) : 2708-728X

ﬁ KUFA STUDIES CENTER JOURNAL KSCJ |'SSN(P):1993-7016
3

UNIVERSITY OF KUFA O =R 2I08 JeRR e
v &.ng_’\Jla.Q.nl:?-a.og_’;JIDLle.)jjp&J:;.o ‘WWW.JOUrna UOKUTa.e U.Iq
K, =nD,
O s ,n > 00 Laie @i s Al ellia Al
N 2
F(x =—Zex —(2k — 1)?
() =5 ), exp(—(2k =17 Gz

s
1 n
FOG) =~ 3 1 ()
i=1

Ay bl Ll & jeda R dase ) 45 aladinly
(K-S)_\ adl & A5 (1-Y) @by Jgan

bl @l i Y Ukl O (S e paall G 8 b W Gadle (1-1) ) dsaall G
pae Al o lall Jaad ) Ay sl Al A8 all Aleal (ol Guled) ae (38 55 Lo 28
5_SIA sl e lad Al &) € aall a5 ll Ay paall 5 jalall die 3 Alududl ¢ L)

.(Long—Memory) L skl

:Estimating model parameters zaill allaa 085 Y «
ahaind e L€ay Las ddans siall 53 gall dylee o dyio 3l Aluld) ) o U amy g Cannal) 18 b
LS Ty ollia &) e B aay GBS (Hull -White) 5 (CIR) 5 (Vasicek) du s el z3lail
Dl and) e 13 g Ay Sl A gl ) A jal) Aglee i culdasl ) (2 5 cand 3l oda aladiny
Jame by e gl 5 alall Lelias 8 #3leill oda allae il Al jy oY) LiSey 438 K-S

Issue 78, Part 2, september 2025 PAGE 83

@ ® This work is licensed under a https://creativecommons.org/licenses/by/4.0 International
| \ License.

.Jg..\.l|4.0 L;-lu\g}’l &L’LAN QRSS90 &m:-_)n 2@35” danol> - @35” Olwhyd )SJA FIESY



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

KUFA STUDIES CENTER JOURNAL KSCJ |'SSN(P):1993-7016
2 [UNIVERSITY OF KUFA ISSN(E) :2708 728X
“1:’ OPENa

access | www.journal.uokufa.edu.iq

QY |98 a0l - 8ogal Sl j840 o
Zolall allaall s il ol A Jsaall e R dae ) A4 aladind 505k e (7 ) sl
(H=1/,) oalsdls MLE 3 b Gi5 3y jadl

(5 bl Uadll a8 s (Hull -White) 5 (CIR) s (Vasicek) zalaill allea i (V-£) a8 ) Jsoa

e | o e
I BT T R
6 | o2 | o233 | -
| oow I oew | o
v {1 - - | osm |
s 1 - -1 o
ALl e bl e (b pdding il z3sel Al Vasicek zises O ol il
K= 4 &) a3 | el sa0dl) Jonae 3 dlealall el jill (Saall Jall jlue &gl il
G as S die &) (ol A giall e ) 523l Jane jluse 5350 A s Aadaae Jiais ((0.112)
) Ll e (7)) e Ly i (daws siall )o3) sl s 0 gm agud) Sl 5201 Jaxs
ks 31 5 4ed Jiai5 (B = 0.2656 ) 055l Aalae dad () 5 ALulidl b Alalali(Cild) jasy]
il el ol e bl Tyl (7)) e sl o) Lo agad) e 300l Jaes
o Gndy Agie 3l Al daall 5l (et Led Jsiea Jibie o) a5 (G = 0.073) ey

.(Hull -White) z3sa35 (CIR) 73 sai gl judi Sy yansilly < sl
) e pladinl e a3l Al Al il BN 20 Jia el g 2R dal o
138 a8t 3 350 alleall saey CBlAS L3S Z3ll b2 on 33 il (AIC Akaike-AIC

. AlC Jlias Gl a9 SY) Jsaally  Jeadl) 23 gaill HLERY Ll

Issue 78, Part 2, september 2025 PAGE 84

@ @ This work is licensed under a https://creativecommons.org/licenses/by/4.0 International
| \ License.

.Jg..\.l|4.0 u“-lu\:}’l &Lwo.” QRSS90 Ekqaa-_)n 2&935” danol> - 333SJ| Olwhyd )SJA FIESY



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

KUFA STUDIES CENTER JOURNAL KSCJ |'SSN(P):1993-7016
UNIVERSITY OF KUFA o i e el Gk schua
dogiJl deold - dogsJl Slwlys 50 dlao : : : R

|  veew e 4 - |

| o« I 0 4 - |

| waiermn 206 | Bt |
L AIC a4 Jif e Joas 481 (S (Hull -White) 73 5a3 3353 o3l Jsanl) (e ey g

s p zisalll 13 allee (€ Al all clily Jiad o atloadl s 23 sail) 138 3,08 e Jy
el

Clativiuy)

Oly Sl CWame Aadad A Aeddiiall ducaly N 3l aal as) (Hull-White) z3sad ey
Josad i 320N Ve by 8 Y AL slall dalaie V) Al llad £y a4 )5l 48 Al
lall c¥are ) Bl 8 A GBIV B A agnd) el Jia ) ddgsdl i)
U gie 3350 Llee Jici Lgily agusdl) et 5200 c¥ama &) 02 3 sl cilaslas e J saanll
O QI bl o3gd Ay jaall AN ziledll Jiiai AxilSa) My ((ADF) LU aladialy
by iy zisad il O (AIC) e aladinlyy ddall clibull dilas ik oo il
zasaill 138 alles (e dalee JS 8 o3l e ading 435S Hull-White z3sai s 520l Y aes
eV s me B sl g Jalaill ST 4G5 5 Jany Las

Issue 78, Part 2, september 2025 PAGE 85

@ ® This work is licensed under a https://creativecommons.org/licenses/by/4.0 International
| \ License.

.Jg..\.l|4.0 L;-lu\g}’l &L’LAN QRSS90 &m:-_)n 2@35” danol> - @35” Olwhyd )SJA FIESY



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

| KUFA STUDIES CENTER JOURNAL KSCJ |!SSN(P):1993-7016

v |a0gs)l deols - dogstl Slwlys j550 dlao :
REFERENCES:
1. Al -Saadony, M.,(2016),"A Simulation Study on Stochastic Differential
Equation Driven by Lévy processes”, Al kut Journal for Economic and
administrative Sciencess, No.23. (1-13 p.p).
2. Evans L. C., ,(2006)"An Introduction to Stochastic Differential Equations”,
Version 12, Lecture Notes, Short Course at SIAM Meeting, July, 2006.
3. Fard,H.,S,Dastranj,E.,Ataabadi,A.,A.,(2022), "Analytical and Numerical
Solutions for the Pricing of a Combination of Two Financial Derivatives in a
Market Under Hull-White Model , " Adv. Math. Fin. App., 2022, 7(4), P. 1013-
1023.
4. Gong, Z.,(2021) ,"The Mean-Reverting 4/2 Stochastic Volatility Model:
Properties And Financial Applications", The University of Western Ontario A
thesis submitted in partial fulfillment of the requirements for the Doctor of
Philosophy degree in Statistics and Actuarial Sciences.
5. Hauser,M., (Y:)1) ,"The Derivative of Brownian Motion is White
GaussianNoise"http://mbhauser.com/informal-notes/white-gaussian-noise.pdf.
6. Klebaner F. C.,(2005) ,"Introduction to Stochastic Calculus with
Application”, Imperial College Press, 2005..
7. Mandelbrot, B., B. and Van Ness, J.,W., (1968) ,"Fractional Brownian
motions, fractional noises and applications",Society for Industrial and Applied
Mathematics, 10(4), pp. 422-437.
8. Rattikan,S.,(2004)," A Fractional Hull-White Model," Vietnam Journal of
Mathematics 32:4 (2004) 413-418.
9. S. Rostek, R. Schobel,(2013)," A note on the use of fractional Brownian
motion for financial modeling", Economic Modelling, Volume 30, January
2013, Pages 30-35.

Issue 78, Part 2, september 2025 PAGE 86

@ ® This work is licensed under a https://creativecommons.org/licenses/by/4.0 International
| \ License.

.Jg..\.l|4.0 u“-lu\:})l &L«Aﬂ QA3 A g Ekqap-_)n 2&935” danol> - 333SJ| Olwhyd _)s_).o FIESY



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

KUFA STUDIES CENTER JOURNAL KSCJ |ISSN(P):1993-7016
UNIVERSITY OF KUFA 155N E)«2708 720X

v‘ dbg8Jl dols - Aogall Sluwlys j540 Lo OPENamiss www.journal.uokufa.edu.iq

10. Trading,D.,(2023),"Short-Rate  Model",http://www.daytrading.com/short-
rate-model.

11. Zong , Xiaofeng , Fuke Wu, chengming Huang .,(Y+)®), " Theta Schemes
for SDDE with non —globally Lipschitz Continuous coefficients". a Institute of
Systems Science, Academy of Mathematics and Systems Science, Chinese
Academy of Sciences, Beijing,2014.

Issue 78, Part 2, september 2025 PAGE 87

@ @ This work is licensed under a https://creativecommons.org/licenses/by/4.0 International
| \ License.

.dg.\.ﬂ4.0 Lf'l"\'-’}" &L’LAJI QRSS90 &,a:-_,» 2@_95” danol> - 353SJ| Olwhyd _,s_,» FIESY



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

KUFA STUDIES CENTER JOURNAL KSCJ |ISSN(P):1993-7016
ISSN (E) : 2708-728X
77N [UNIVERSITY OF KUFA a
OPEN ACCESS

www.journal.uokufa.edu.iq

B | dogs)l deols - d6gs)l Olwly jS5u0 dloao
\ 4

Issue 78, Part 2, september 2025 PAGE 88

@ @ This work is licensed under a https://creativecommons.org/licenses/by/4.0 International
| | License.

.33.\."4.0 L;-L.\g}" &L’LAJI QRSS90 :L,a:-_,o aéﬂl danol> - z\é)SH Olwhyd _,s_,o FIESY



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

