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Abstract:
The assumptions of the linear regression model regarding the
explanatory variable states that this variable has fixed values for
repeated samples and is independent of the random error terms of the
model. These assumptions in practice may not be realized, as the
explanatory variable is random in the sense that its values occur with a
certain probability. In this case, this model is called the random linear
regression model, which has wide used in representing the regression
relationship between variables in various economic or life phenomena.
As a result of the non-fulfillment of the mentioned assumptions, the least
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squares estimators lose some or all of their optimal properties,
depending on the nature of the relationship between the random
explanatory variable and the random error terms. Therefore, alternative
methods are resorted to that enable us to obtain estimators that have
the desired characteristics. Robust estimation methods are a suitable
alternative to the ordinary least squares method. In this research, two
robust methods were used, namely the Modified Maximum likelihood
(MML) and Robust Empirical Likelihood (REL). The first method was
previously used by many researchers to estimate the coefficients of the
random regression model, as for the second method, it was employed
by us, as it was not used previously in estimating the coefficients of the
model under research, but rather it was used in the case of addressing
standard problems or when the data contains outliers or extreme values.
The research aims to use the two mentioned estimation methods to
estimate the random linear regression relationship between red blood
cell volume (PCV) as a response variable and blood sugar (RBS) as a
random explanatory variable based on the data of a random sample of
30 patients with heart disease.

Keywords: Random Explanatory Variable, Random Linear Regression
model, Modified Maximum likelihood Method, Robust Empirical
Likelihood Mrthod.
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Pi = n( 1+ (Y=x] )Xo+ Ao[(Yi~X] B)?~0?]
Al e iazd (51) &yt o8P Al § (54) damall crgor Py o= psadll
tdaid B, 1,45, 02 AVL AW Cugll
L(B A1 2z ,0%) = =21y Log (1+ Ay (Yi = X B) X; + A [(% — XT )2 —
%] —nlLogn ......... (55)
0% 9 B sl z3gail cdlelas dzeie (o N &dll A, 5 A; @LSY wlaclas 08
B 85I piganl) A M o0 lgale Juass Ol o Sa
i(g 02) = argmin[- XL, Log (Ao + A1 (Y; = X[ B)X; + 2,[(Y; = X[ B)? -
%] —nLogn] ....... (56)
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Tl las Ao o ol L) udd (56) el A o) daxdle ao A = [A; 5] O3
G okl el agany [ AKa @l Jolmdl slwd dadadl @bkl
L(2(B,0%) .8 ,0%) il o891 21> piles) o Joail (B, 11, A, 07)
eacYl O8Yl aily , 02 by B z39edVl clalas dzxie Vs DI oda
145 eudaat)] A o Lgale Jamme Olokaodl ) dany2el
(,62) = arg(rélagi) L (/_T(B, a?) ,E,az) ........ (57)
1) Lo Jsl 399 auta) psaall hlall Jlanieoly Jos 8590 ubanil A o
daylo 9 M paadl ddsyb o el [6], 2018, Arslan 9 Ozdemir =W 773!
U3y dealaodl 35:8IL BpasYl disydall doslaedl dga)l Jladwl duyzill O
M ddylo dolae Jleaiwly
Yi—Bo—P1Xi .
X (%) =0 , =01, k... (58)
AT ddlae (3 Ayl oY Ayl ddeld 8oLy iUl Jd (e daisl ! s
izl &yl O8LY! Ayl ke 31y (z3gail WMlolas juuds e B3Ladl @il
25l g8 Al § Jasdl ol z3gail dlelas i) diylall 0ds Calsgin Ly
L;\_g,&;& S|
Iy QI kel Jlsios] s gankan’ aias (47) AMRIL Lieal! A2l O8I Al
1o (wmasdl aukdll (50) 9 (49) ¢ddal
2ie1Di @ (Yi— Bo— PrX)Xi =0 ......... (59)
Ym0 o[(Yi — Bo — B1X)? —a?]=0......... (60)
4adlizeg , Huber dls Ul> 3 8unlie s Als (pg ddlgdall slasYl G Ay 2 ¢ Of 3
0o dde uazs pldly Z3gasdl Wdlelae o SN el paad! Tukey dls dl> 3
bSY @l Jleiwby &0V pabaas)l A aw J> I
L(pB, 20 A 22) = Ty Log () = Ao(Tiy pi — 1) = ndy (Tiy pe (¥ —
XTB) X = ndy (B pi [@ (Y — XTB)* = 0%]) oooooo (61)
b ypuadl ddas OB duw sl O8GYI Ao L? lgeldl @3 ‘§J| ALl Olglasdl yudiog
Di SN dddl (61) ,SY A diinall dsl NS (o ddlaimY 019! dorite i Yol
1A daall (399 Ol Al pads e el Haialb Wilglaney
1 .
fori=12,..,n.... (62)

Pi = Ao4niy (p(Yi_XiT E)XH. ni, [(p(Yi—XiTE)Z_UZ]

Bole] oS MU, Ap = n 0l e Juass, T oud SN (62) dolaall 3,k goomall d5b
1369 Ay e prsad! day Aslaall &l LS

: fori=12,..,n...... (63)

n( 1+/11<p(YL-—XL-T£)Xi+ Az[ﬁo(yi‘XiTE)z_”Z]
Do e diamid (61) &upyzdl OKY Als § (63) Aol rgas Py 08 sl
+ladd B' /11' /12' 0-2 ;'U}’"'b awa‘ L.ﬁJ«@J‘

L(B A 2,0%) = =ity Log (14 4 ¢ (Y = XT B) Xi + Az (Y — X[ B)? =

b; =
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0% 5 B sl Zigall Wlelas dxie o S &l A, 9 A7 E1SY wlaclas b
A0V piuarll Al IS e lgdde Juazd O Sy
A(B,0%) = arg min[— XiL; Log (Ao + (9 (Y; = X[ F)X) + Ao[o(Y; — X[ ) —
0?] — nLogn] ...... (65)

Goasdl @hlall I zliss les doupme Jglo L) Gud (65) miuaill dSae of da>dle ao
e e L(B, 21,25, 0%) & Uslll s pigaing (ol ellid Jololl sl
doie YL AW oda L(@(/g,(ﬂ) ,5,02) dpymll OKWY! Al piyley)
el Livasdl daoyill plaeVl OEGYI iy , 02 bl B z3gesl Wlelas
1A eudaanll A Joo Lgde Juam o lolasd!

(5,62) = arg(rgg%L (1 (E,az) ,E,az) ......... (66)
g} dou po Jsl> 3929 puad Dduall 3l Jlasial Joo 84391 eubasid] ASCine
ondl Badatll -4
Sl @3 31 Cdall alel cnbiasll 3l dadaidl GOl @ basleis! @3 (a1 bLI
Olhadl gyl Gl padue 3 8Ll po pae (30 ) pow dllgle dive
Jiwg(PCV);Mlﬁﬂiopﬁwy‘ﬁo\;wd@@&ydﬁjw\
o Al das) 831 a5 § Claninl @19 (1) J9adl e WSy ( RBS ) pll
s (Jas sl z3geil sl @ 3l (G i xS (RBS) 9 dolaiwl s ( PCV )
DS @8Me Cadog 3l (5l ol (3 (1) dauall (3 crwe WSy (Blgdee (S ke

L3 gdsedly
(RBS ) pl ;Suug ( PCV ) shyasdl adl 0b)S e (1) J9d=
No. | PCV | RBS | No. PCV | RBS No. PCV_ | RBC
1 36 170 |11 26 149 21 31 191
2 23 136 [ 12 27 348 22 30 182
3 39 233 |13 46 387 23 30 184
4 22 96 14 32 202 24 27 124
5 21 145 |15 31 200 25 29 218
6 25 188 |16 29 199 26 27 143
7 21 136 | 17 26 115 27 34 150
8 25 141 | 18 33 158 28 29 153
9 22 147 119 31 152 29 34 161
10 41 310 |20 29 193 30 32 209

PCV Lzl paie Ol 2lA81 (e 0sli @3 (67) A3Mall (339 (3l gduall Hluosl Z3 gl
Lol 48,laiall dadll 295 (389 £)9i RBS (Gmentd] piitall Olg (sl aysill (389 g5
sl Solun Jawgios Jime Sling andall aigdl ais (gl Jlganal! Uasdl sgu>
o WS el @3 Gl cpde e 3amal) .o (1 = p?) Soluw b (bl
O (S8 pope Hlas Jlasiesl @3 31 e auwiilly blmiwdl eppsiall oo S ddylanell
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© (PCV) Dl piie OBl 4eudllid .Chi-Squared Goodness of Fit dalasll
1A Aoyl sl aygill Mg e guas pie blde (sudall il puass Jo )l
Hy: PCV~Normal dist.
Hi: PCV + Normal dist.
P-Value &l dogdll ol JI @bl el 443 31 (2) Jdguadl (3 A HLasd) g5
poadl dunyd (ad)3 Y cllag <0.05 Lginall Sgius o ST (2 Hlasdl g dadlyall
GOLSA el s (1) SKadly denuds Tasigs £595 POV iiall by OF (oo
el e bl du.dal\ 29l (g
Aol ajg Al O 13) Lagd jlaisl o5 s RBS (§penit)] piciall bl Al Lol
1451 Ayl w9 48, laiell
Hy: RBS~Extreme Value dist.
H;: RBS + Extreme Valuedist.
AT @y sl iy dlaamdl dagdll 483 31 (2) Jadad! @ Ligeo sl Lo gilis
&85 & el M BLe O gy piall diyd J9:d J110.05 dginall Syt (yo
paiall 1o Ol aieill soxiey LI gydall g g (2) JSKidly d,laiall dogdl!
PCV &l piia) dslaall puued S8 g0 Hlas! 1(2) Jgur

RBS (s pwidl piiolly
PCV RBS
Statistic 1.46667 6.26667
P-Value 0.916884 0.281129
Parameters U=29.6; 0 =575384 | a =157.785; 8 = 41.8356

&P Gk LS kel 1(2) S5 @oxieg LI el 1(1) K
RBS (il piial) 43 Jiell daill POV b))l pia) (gusdall gigill

Fhb e slaiedl @inw (67) WMall el Glgdenl Hlussl z3geil Jolas jauai
iyl Ol s bl ells (e ¢ il g5 Gasdy (2) dgdad! .ol Saubge il
0.05 dogine Syinely F Jlasdl sl e slaiedl eldg dogine e z3led )8l
Gl piie (Je RBS (il guall (§pauid)]_piciall 3yl b Sl o e sl gl LS
59 dilasdl cr> G)lne Wl Byaiall Z3Ldl o dyline Wl s ded Oly PCV
sl e Adaa)l elacYl OBLYI Ayl ddundl JI eyylal uas RMSE 9 R2 yuadl
A9 (G picio slaie dois OB R2 dudoetl] Jolae) duadseiall Aol O da>Dall
13
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T390l & gwas oty @ (5,31 Jalge U 31 (RBS) pll ;S Jlgdeall pitall Jiatoll
ol 14 dasd jlose] (Sog I eslpasdl ol 0,8 enm dudans e 186 L) (g 5l
Sl Zagail b placl OBLYI ddsyle wilpads e slaxeYly pdds b e Isby

1 3YE 090 ydall Jlgdunl)

PCV; = 28.0954 + 0.05963RBS; ........ (68)

RELE, MMLE (Jlgéual jlussidl zdgaiy il 35l 5uds gl : (3) Jgda
waadl da,b | Estimated parameters F statistic | R? RMSE
MMLE B, | 28.0954 21.71965" | 43.68% | 4.469

B1 | 0.05963
RELE Bo | 16.09 19.369" 40.89% 4.578
B; | 0.07443

POVl i) ddaoll @lael O8I Aoy &jpuiillg dudiaaoe)) @)l 1(4) J9d>

No. | Real | Estimated | No. | Real | Estimated | No. | Real | Estimated
value | value value | value value | value

1 36 30.494 11 26 27.155 21 31 29.839
2 23 25.485 12 27 27.573 22 30 26.738
3 39 28.050 13 | 46 27.751 23 | 30 27.036
4 22 27.692 14 | 32 28.228 24 | 27 27.394
5 21 30.137 15 | 31 31.091 25 | 29 37.113
6 25 30.017 16 | 29 28.765 26 | 27 27.513
7 21 29.481 17 | 26 26.738 27 | 34 39.379
8 25 29.600 18 | 33 32.522 28 | 29 41.705
9 22 26.022 19 | 31 24.353 29 | 34 30.673
10 | 41 31.627 20 | 29 27.274 30 | 32 30.554
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skielly (Budsl sl govad bl gl 1 (3) S
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ol Gadardl LG Ao

Jiar slly Jlsdie eudsd it Ll Jasdl oo z3gall ;a8 dadlie @
(RBS ) pl ;S 9 Lylaiasl 23S ((PCV ) slpazedl pldl U8 e oy dndasell 48|
sl 73903 dwludl OUbLASYI (i 739031 148 09809, (lgdus (S pudS ainS
o0 g @3 (g Doaedl acl oYl Ayl JoY (pimas (pidsylo Jlentul (3
O8I Ayl o A5 A lally ¢ 3lgdunll 5l 3 geil cMolas puds § cxiWl b
9290 Sl 8 g0l lolas a3 (3 ULS (1o Lgandogs o3 (g dusas)l duyil]
Clasitl Loily Z3gaidl s ,uds dudac (3 Ul lgllanil oy o) liale s 31 el
Olaaliv slgi>l Dl 39 daolidll Sliwdl pass o 33 @I oo Z3ls pais 3
A8 ylate 9l B3 @B e il

Uaall a1 GBLYI diyo (B985 el digny 3oty Loy ol Gadatll IS (30 05
Goall o (50 @2)Jbg ,RMSE 9 R2 juddl ddsg diylaell e (GHlne e slaaedl
Ll NSy dlplaadl (Gylare dand) Ay il Fb 0 S W 2l Of
a0 Ayl ANl daudog slyasdl all GbyS @z e pull So 5t &yl dogal)
Al Aoyl OB Ayl dddelay zlusd! I Bogay )laall 198 coppiiall ppd
T390l a3 (3 duasd! douyill O8eY! Ayl Jleasul (Sew ¢puds Lo e 1ol
) S cddnall placH1 O8I dsybo (y0 Baedaill s (o Jgnd L39S lgal] Hlassl
asielly Glsdadl el sga> e S JlaisYl ajsidl dols lalisl e iy
.él}&.ﬂ\ W}Jl
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