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Abstract
The regression model with a random explanatory variable is one of the widely
used models in representing the regression relationship between variables in
various economic or life phenomena, this model is called the random linear
regression model. In this model, the different values of the explanatory variable
occur with a certain probability, rather than being fixed in repeated samples.
Therefore, it contradicts one of the basic assumptions of the linear regression
model, which leads to the least squares estimators losing some or all of their
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optimal properties, depending on the nature of the relationship between the
random explanatory variable and the random error terms. As an alternative to
the ordinary least squares method, the modified maximum likelihood method
(MMLE) was used, which was previously used by many researchers in
estimating the coefficients of the random regression model, two methods have
also been employed, which were used in estimating linear regression models
that suffer from some standard problems, or if the sample values contain
outliers or extreme values, these two methods are the MM method and the
robust empirical likelihood method. The three methods are among the robust
estimation methods. The aforementioned robust estimation methods were used
to estimate the 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. The
results of the practical application revealed the superiority of the modified
maximum likelihood method for the data of the research sample.
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AV sl ey h il o Gaay
2=05
“ (49)
A bl i) Gasi Al py ol
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.a =max.p,(v)

«(BP=0.5) dulle jlugil 4kl o3 fpuas i aad (49) Aaladll <1981« Huber sl &l
[13]

35Sl Al cilal @Y1 58a3 Cumy py Jie Al s A e slaie WL (481G Aa )
1O Gy 5 AN Al )

p,(v) < py(¥) (50)
supp,(v) = supp,(v) = (51)
AV Adlell Jall g8 B 1V 723 sadl i lzal MM Cpiaadl il (la
i=1 91 (%) X;i=0 (52)

Z3sadl A sl (g jlmall Cal Dl uianl) ﬁﬁmd_ugsdij‘pl ) diide o @ O D
Ll (38ay (52) dabeall (o ilil) Cpaanll puaill 2l ds pall s a8 &5 5315 jlassy)

:AnY)
S(B,n) < S(Bo,m) (83)

oA
S(Bun) =S p (5) (54)

dall g b 4l e s ym gy (%) o Wle

. (Huber) ¢ 59 s s (Tukey's Bisquare) ¢ 4la ¢ 585 o oSaa (355 A a (pg) O

s Al Al pall 5, S T 5 BT s sy (05 (I sl dlee

(SIS 0585 (52) 5 (50) Gt
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) =0(7) (56)
5oL aasy La,las) gli i) A Lal ¢(49) Adabaall (3885 Gy daad fry il dad
[13]epaiill Al

Robust Empirical Likelihood Method (REL) :disaal) 4y il (i) 48 ) 3-3
<V ¢[7] <1988 «Owen J (e A yiall dpalaadl il (33l yla (sas) Ay el GISaY1 45 )l
elaa¥) 3 saald Maia¥) a5l Jsa colial ) 3 g ade Al alae Y1 Y1 A8y jll Joay e
Il (e baalie JS p; dallaial o) 35) @llin o (o i 46y skl oda | jlasi¥) 3 sail 4l sl
OLSaY) Adls andaat JOA (ha jlassy) ZAsail OOlae past N caagdy o(i=1,2,...,n ) Al
O alray Aileciall 3 gal) oamy Jl 8 Adlaia¥) () ) g¥) @l (o5 pama Ll e yes il Ay el
3l 5 pmall Cilag yall 43y lal Lpmpdall iV aleall Agiliia () 55 3 gl lli cla i o)y ) 23 sV
Ao 33kl o3 (5585 () ) o A e ¢ randall a ) ill A 5 Jl 8 (S Y alral
O S ) @lla ] (A yhaie o 338 arB o gy ol xgadall a9l Apin i S Ead an el laa
A8y yhay dalall Caagl) Adly (e 3 jlatiis Liana 398 Jleainle[8]¢2018 <Arslan<Ozdemir
Adpasll M 48 a5 A paill QY1 A5y Hla (g a8 55 6 ) Sy (M Adpasd) o)

Ol da (i=1,2,...,n ) SIS p; ol sl s (1) Adabeally Cpaall daddl jlaas¥) z3 sy
saaliie JSIAalas axd il g dasleall e 0 5<5 Al Al Cilaaliie (e BaaLie (< A JLaial
Z3sai¥) el padil Aleaisall gy ol QY 48y 5k 8 o, > 0 of 3 ¢ pail) ) zlias
Alee (o 2gdll pamy 55 iad Ay padl) GLSeY) A pidaaty i g2 aaiaall (s 5 B
i) (e LS 5 maliadl)

Lg(B,0%) = [Iiz; pim ) (57)
ANy 2 gasl) §Ea5 s

?:1791' =1
(58)
1P (Y= Bo— L1 X)X; =0 (59)
a0 [(Yi = Bo— P1X)* —0*] =0 (60)
Asbaad) 8 LS el LS Al wy e o) e Jaan (57) adabaal) L8kl 2 e 5l 3aly
Ay
LogL(B,0%) = Log [}, p; = Xi=1Log (p) (61)
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L (B’ B, 10111112) = Yiz1Log (p) — 2XiLipi — 1) —nAd Xk i (Y; —
XTB) X, - niy Ty [(Y — XIB)? — 0?]

(62)

O Y A s Y ol bl el dlae ol SY Cldeliae Jiad S A, 45,4, € R O D)
e duanil jiall Ll sluay p; IS Ay (59) g LSY Al ddiial) 320 IO (e Adlaiay)
:@i)_f\ :u_uaj\ dﬁ} Q\)’}Y\ il ).1.33.1
;= ! fori=1,2,..,n
P s (VX7 )Xt mAn[(V—X] B)P—07] oo (63)
Al lSsale) (Ko 1Al ¢ Ay =1 ol e deani ¢ ol IS (63) Aalaall L8kl g sanall 240
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Pi n( 1+/11(Yl-—xiT g)xi+ A(Yi-X] B)2-02] e (64)
Caagl s e Juasil (61) Ay adl) GLSaY) Al 8 (64) dimall (an e p; (e i saiily
‘LSQ ﬂ; /111 /12; 0-2 ‘UY‘L :L.m-m
L(BA2y,0%) = =Xy Log (1+ A4, (Y, — X7 ) X; + 2 [(Y; = XT ) —

0?] —nLogn

(65)
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- A peaill S A (e leale Jians
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A(B,0%) = argminy [~ X7, Log (Ao + Ay (@(Y; — X{ B)X;) + (75)
2

A, [(p(Yi - XI'B)" - 02] — nLogn]
Ay Aaaadl 500 phall ) zlia Lae Aag yam J sl Led Gl (68) sl Al (o A2 pa
uuezuu_,sw\;dmL(E,Al,Az,02)@@@\&%}% A A Al g1al)
Ghlls B gdsa¥) ilalas 4atie A1y Allall oa ¢ L(/_i (ﬁ"’z) ’E’“Z) L yaill Y
bl A G Jag Ledle Jian 3 lelaal) Sl paall 4y pail) alac Y1) LY i ¢ g2
4!
5 ~2) — 2 2 2 (76)

(8.9%) = argmax L(4(8.0%) .. 0%)

Ll Ay ja Jsla 3 ga g pad A2l (330 k) Jlasinay Jai A adaartl) 0S5
3 ) (zal el cbiaally glaii  ndail) cauladl 8 Laalaie) a5 i) cilibll 3 daad) gaadait) 4
(PCV) 0 Aapasal) Aol A83Nall a8 8 Gilaaiadd Al g (1- 4) ds2adi (e LS5 (RBS)

o i Ty (ad jlaail g3 sl el o3 3 (5l 5858 (RBS) 5 e i
(Y 35Vl laniV) A8e Cia g M (o kaill cailall 3 (1) Al 3 Gase WS i sdie

PCVl = ﬂO + ﬁlRBSl + u; (77)
(RBS) ptll Suuy (PCV ) slpeall all) &y S paa (1) dgoa

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 19 31 152 29 34 161
10 41 310 20 29 193 30 32 209

g 052 PCV 4laiu¥l jaxie o) (al yi8) e oeliy & (77) A83adl (385 A sdall SlasiV) 23 sal
Lt 2 g Lol 8 latall Al o555 (385 & 5 51 RBS g il il )5 (oradall a5 530 G385
sl Gl by piaall (o gl Jaw ey Jiiase JS g oandall a5 5l 25 Lgald ) gilall
ug)_aau\ u.Ad.SSM.}LL:AM SN JL.C\;\ ;‘)A‘ (';_1 uba\)ﬁﬁY\ WY ) d.s;.\ﬂ 0‘2(1 — pz)
Chi-Squared Goodness d&aall (sl (gLS an ja JLid) Jlaatiul a3 3 g pandill 5 Aplainy)
axe e el a5 5ill s Ll Ja s &5 (PCV) Alaisl) pxite il 4l of Fit
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Hy: PCV~Normal dist.
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H;: PCV + Normal dist.
48) ) P-Value Adia ¥l Al of N wiliil) s 5055 3 (2) dsanll 84k LaaY) mils
Gl o (may paall A b (b 53 Y @l 500,05 A sinall (5 sie (e ST o LAY 3]
rnball a gl (inia s s ) Sl 7 aal) e s (1) JSGN 5 basida by S 53 g 555 PCV _ial)
oexdall 1 il
A Hlaiall Al oy 3 53 il IS 13 Lagd a5 238 RBS (5 el yaaiall il 4l Ll
Ay A Al s g

Hy,: RBS~Extreme Value dist.
Hy: RBS + Extreme Valuedist.
e S o g LR 1 ALY Aadl) 5 3 (2) Jsaal) 8 Aiue JLARY) 138 il
4 jLuial) Fal) o) 55 i ukiall 13 iy () simas gl A 58 10,05 A sl (5 sinse
oaall 138 Slbal a5 5l (ada s s )l S 7 ael) a5 (2) JSAN
RBS s sadill piially PCV Alaind) juitial djUaal) cpuad 518 a ja JLSA) 1(2) Jgia

PCV RBS
Statistic 1.46667 6.26667
P-Value 0.916884 0.281129

Parameters u=29.6; 0 =5.75384 a =157.785; 0 = 41.8356
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RBS (s seadil] yaciall 42 jlaial) dasil) 255 laday ) SH £ osall 2(2) JSi
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COEN il 3 sk e slaie V) dius (77) Aally Gaall ) sl HlasiV1 23 sail el o]
8 SO 33kl o aas il @l (e ¢ el il paddy (2) dsaall Gadl g suiase
il gl LS €0.05 A sine s sial s F (PSlaa¥) jdisall o alaie Wl @lld g 4, sina 5 )2 gz dlad
iad s PCV aia) yusie e RBS (il siad) (5 nil) oiiall Liapla il llia of e
RMSE sR? il 483 5 Aaiaall a5 jbina Lal 3yl CON o3l (g 4 jliie 5l 128
Ayl LY Ay ke Aliadl) 8 Leali Adaeal) adae V) (LYl 48y yk duliadl ) oyl ol
e alaie Y dagi uilS R? aaail) Jeladd dcasaiall dadl) o 3daaddly jaaldl e dipanll
o Ll o ol 6 AT el se a3 (RBS) pall S () sl rially Jiaiall 5 2l 5 (5 e
s e alaie Vg aaii le e Teliy Criall & simge jadall HlasiV) 3 sail iy 4 i

t S 58 i) Sl gdiall oV 23 seil Gl alae W) lSaY) A8y

PCVl = IBO + ,BlRBSl + u; (78)
RELE ¢« MME « MMLE ) gdall jlaady) zd gady i) uabh il ; (3) Jo
) 43y Estimated F statistic RMSE
parameters
MMLE Bo | 28.0954 21.71965 43.68% 4.469
B 0.05963
MME Bo 16.049 16.562 37.17% 4.721
B, | 0.074627
RELE Bo 16.09 19.369 40.89% 4578
B4 0.07443
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PCVAain) sial dlasal) alicd) lSaY) A8y oy & pafil) g 4880 a8l 2(4) Jg2>

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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