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:0 sl «(B-splines) oY)
f@ =3 ap0 (8)
I Apeally il gimdl) Jlonialy o1 3all il i zdsas e Jpeanll (Ko Ul
g(nw) = BO R 9 .
gl Jlasil ddshas & B )5 <0 = (01,0, ...,0,)" U5 p= (g, o, o) )t O S
Aa Al e ¥ Aag il Aed 8 by = Bj(xy) 0! @) «(n*d) 2! @ls (B-splines) osbsY)
Lapall 4 LS G laaiV) S llae e led a (o jd SR (e gl gl Ay guall Gaiat g oy i
Aaul)

d
Azkzqﬂmqek)z =46'D;D,0 ... (10)

20 sl 6y saiall COllrall e g Al e A AT Jiai s cauall dales A Jia Cua
AOy =0 — 0,1, A%0;, =A00)) = 0; — 2041+ 0,

2023 il | JoW 9918 141 15228148 1 2 By paiiond) Bizsld [ 5LATSYYg 6 )15YS BUL
162



(SOP) aasjm Jnsiul elj=ll ailui jlamil aalnd éUnlen jiasli

&M(A)M\MMQ\ (10)@3@\@2;)\.3} A4 Q\él’ssmua)ﬂ\iﬁ}&me Jiadg
el (o LAl Gl O (= iy g5l ol b cleaise o Lhill (miy Dlladl Sy A e
[7] [14] .&idall el JolSll saall yie o sllas

gl Aalna Jlaind Alaguy 3,88 IS (e lal 8V 138 Bas QS e Al o) adl ) )l et
w@mmdbwda&musﬁ‘éw\M\mm}u&&}um&uuuluguw\
() ) ealaall 3 BRI S ddling

d
E Mi—q (090,)? = 6' D, diag() D, 0  ...... (11)
k=q+1
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[1] [6] AUl Apally( 9) Zisalll e

gw=B0=XB+Za  ...... (14)
Bl ddsias muaiy Z =B DY (Dg DY Oy« X=[1,|x]. .. [x@D|] o) &a
_@u\ Lapally g (400 3al) 4 sdial) O labaal) anial (450 32l
P

-1 1 t -2 g -2 7
Gl = ST Py T= Za, diag(Y) =Zcr, A . (15)
=1 =1

Pyqg=ADL D, O\s o = p/w; <Ay =diag(X) 3T = D) (Dg D)™ o &
OSar JUlls ¢(072) B Cldaa (e dudad 4 5 0S5 (precision matnx) SR P TPHEPRE REIR
[4] [11] .(SOP) 43 s Jlexiad
Optimal Smoothing (ctiall A gudill) JiaY) dgeait)

Lzl ddee s (fitted curve) bl isie agai e & gean 58l GISAYL maal o 22y (V)
SLS il slen Hlame Jlanivd aiss ¢(2) Japal) dabeal el Gl LAY daulie 385k ) 2l ¢(A)
2.1 (fitted model) 23l za5all (log-likelihood) 4sile sl Adldia¥) ~saail ((AIC)
«(deviance) sl ai¥) Jleaivl Jeu¥) (e GsSi ddpay le sl Adlaiayl e Yoy @bl claleall
Al daally (AIC) et (S UL

AIC(A) = dev(y; a,X) + 2 xdim(a, 1) ... (16)

Jlars ¢(veas SISV A shadll 1 (5T) w0 Ginill Jadll 3nd) dim(ar, 1) gllaad) Jiay S
058 (GLM) Adadl Aol =3l (any &5 (deviance) <)~ dev(y; a, 1) wlhadll
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AIC = Z % +2tr(H) - 2mingy— min2mw .. .... 17)
Oy
Sy dh Ce Yo Lasa (knots) 2l 2ae e adiay Y (loas ) Ullie) 138 o) HLad) aay
L;Al\} «(cross-validation) c;“')“‘” sl jlixa gl Aaall e Gaadl Glea ) Adle 3 ) gean aluiuY)
[6] [13] 4l dxpalls (CV) Sells 4l Ly
m

CV(A) = Z (3; _ hyl :)2 ...... (18)

uA ds;.d\ )Luu oe ).u:u” S g s(m*m) Ay iy H 4d saadll M)Lﬂ\ )m\_\zj\ hu Jid Gua
Tjlatia) all iy <5 «(general cross-validation) alall e il ) gall jlza s alall dxiall
Al Lxualls (GCV) el

m P
(y: — ¥)?
e (m—-Y1, DE T
Dl Jlae e e JIE ) dadl) o A Jemdl () ¢ ia Gl S G GAN ale IS
dalae die (Al (o) Aagall adll (S a5 ((GCV) pladl o 58l gl Jlae 5l (CV) ol
Oes AIC(A) Qlual (g3) bl s 3 allaaind adiall g Jumdl) Liay) B (1) sl
10l 3 oo Al ) saall (g jlanall il aiDU ol 5 Lol e W jaudl Sy i ae «GCV(A) pladl oo 5l
CV) =cvid)/m , GCV(D) =, mGCV(A)  ...... (20)
aalia s J\&iﬂju)ﬂ CJLAJDJQ U:ULJM TJ:\SA Gc‘)ﬂ\ J}uﬂ g;)l.\a.a“ uba.s‘}!\ &-1\),3393 Pre P
Led Gy al) o aS Gae e GBS G Sy (1) dadal) Aalee o cn B celiall i yg Siall g
[6] [12] Aasals dpgp 4l
Simulation Study & Analysis results gl Judasg slslaal) 4y a5 Ciuag
G Lo S e e Jleaiuly adiall o8l ali o) Jia ddee Wil slSladll (o s
8 sy Cllaal) 238 (i g o JuzadV) (ped AL il g agdl) 83ina (0 5S5 Cllee llin (o)) Jadiall £l )
A gial) byl a5 oSSl sli) Jlexind Jal je Jgl o) Adime zilady dddall ) eall Ag i
) Zapall Tad g i) ad 8 5 3
y,-=sin(4/x,-)+1.5+£l-, i=1,...n ... (21)
Dhig Ally il 5 A e Sl & e 35 o35 <g; ~ N[0,0.04] O3 x; ~ U[0,1] & Cus
Jsasll (M=100) o 4ks 4_adll ) S35 ¢(N=500) aax A 2l 63 &3 3 «(doppler function)
Lad o Ueried) il MR e o(y) Miee el g a3 Liagl (uiladll e Adle da 0 e
Laad g o8 Al A gl @l yuaidl A (doppler function) Jbse dla Jleainly &b 3\;\;.&\
cubic B-) dmSa Gulad 3y 58 (200) dlexind & eVl apan s il sdiall cladll Lgl liliae
el oAl &l pd A% plal daadllyy AUl Aa el e 3508 e ) REVL dagaal) Al Jia3l (splines
shadia dSﬁu sacliie A€ (ela¥) a5 (g Lakaia (20) dku-u\ i «(adaptive p-splines) asi)
;ulsj ‘CJ}A.M A8 gy yid gl e.\ﬂ\ oda ,Lidl Al dua c((12) AJJL’.‘J\ _)Lu\) gl u\.du 4\.\‘9“.\!
(SOP) 44y sl Jlaxinly ¢l jall il i lasil Gaukas @u (1) eb Jsaall
a B R? Dev.exp. AIC GCV
1.268 | 5.1013 | 0.91 92.7% 250.485 | 18.179

GCV(A) =

with adaptive
smoothing

Without adaptive 1.269 | 4.9944 | 0.861 | 91.1% 250.485 | 17.232
smoothing

o 43l Jleninly o) Jall il 5 sl ki e Al iV i ded of (1) Jsaall e B2
«(f = 5.1013) Jll «Alu Ao Calis (1.268=0) b 38 4S5 3gai ae (SOP) ddall il Sl
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oo zasalll Ol s callaal) a5 8 5 asa s e du ey ((R=0.91) sy a8 sl Jalas G Ll
(SOP) 4&dall il sSall Jumd 48y Hlay L jlie aci Lo 3 oY1 (a5 bl ai¥) (16 (%92.7) 4isss L
Aol o il sl jlae dad Cuilis ((AIC=250.485) SLS e dad Cualig ¢ 05 dgad ()9
Jlaaindy o) 3all @il b lasil Gadai (e A3l lasa¥) culi dad o) s LS (GCV=18.179)
Jeall ddlas Ao Cilyy ¢(1.269=0) <l B 4SS nead G50 (SOP) 488l i Sal) Juad 48, )k
(%91.1) 4t e ma sy zasalll )5 ¢(R=0.861) sl 288 0all Jalaw L Wl (B = 4.9944)
Aol o il saall L dad Csliy ((AIC=250.485) (SLS Jlme dad by (il ai) (e
Al il Jead) 48 Hlall el e Jy L (GCV=17.232)

el 3 052 (SOP) 4ddall i Sall Jasd 43y jla e 2Ly 5 0kl Clyiaill ) (3) JSAll ma sy
(SOP) dadall i Kl Jad 48 5l o 2Ly 5 sl cilaimiall g o_3Y) sl L jua o5 Al 5 44
Jliso Al @l 50 (5) wand S 4dl Jasd 3 ¢ peall ool W Gasad &8 Sl g Al le) jad) Jlastinly
LS chadd ¢l 50 (3) a3 o T8 ekl je meill gl Al Aals (e ¢ el Gilel Jald) Jlainly
el Jaall e Gaa) cailall e dala cdlall 400 ol o 0y

(SOP) dagall il sSall Jucad 43 yla Jlaniiaaly 5508l Cilyiniall zeaa 5y ¢(3) JSll

25
I

20
I

15

10

0.5
|

0.0
I

0.0 0.2 04 06 0.8 1.0

X

Conclusions Glaliiiuy) -7

3 A3yl Jlesinly alSlaall slul J38 e A8 a3 Al (noisy data) 43skd) clibd) Jdas 5 -
(s AY pall Gk (e e s ((SOP) dlaluidl 488l cld boadl Joad 48 )l a5 Laws daa
& Aba Al A8 ghiae 8 dua daand) daliaall adll Zilall Ll OS5 (SOP) 4a,k (4
(Aanns) Llad ALl = 3Lai€ bagaall ¢l Jall z3laill delpa sale) v daili s A8 Cilabes

S sie [ gan (5Se IS dai el Aladll 430 5ad) 4 jall s jal s e lEl) e (SOP) 44,k 88 -
O Aladl) Ay jall s jn Jlaad Cun cgadl) ikt ge Jalaill die alds JSE) age 1385 ez dgalll 3
(fitted function) Aata) Alal) péas J s dage 3 3o 2gan xllaias

Ol lleal dple e il Qe (SOP) Ak of slSladd) 3y se0 345 YA e gl —
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Estimate the coefficients of penalty spline
regression models using the (SOP) method.

Suhad Ahmed Abdullah/University of Baghdad/College of
Administration and Economics/suhad.a@coadec.uobaghdad.edu.ig

Abstract

Nonparametric regression analysis techniques play a central role in statistical
analysis, as the penalty spline regression method is considered one of the most
currently used methods for smoothing data, as functions can be estimated directly
from noisy data (which contain errors) or polluted (noisy data) instead of Relying on
specific parameter models. The estimation method used to fit the penalty spline
regression model is mostly based on least squares (OLS) methods, which are known
to be sensitive to atypical (extreme) observations. In this research, penalty spline
regression models (P-spline) will be estimated. ) The generalized additive using the
nested microarray separation method (SOP) proposed by the researcher (Rodriguez)
and others in 2015, which takes extreme observations into account, where the
estimation is based on the equivalence between (P-spline) and linear mixed models,
and the parameters are estimated Variance and smoothing parameters based on the
restricted maximum potential (REML) method. One of the most important
conclusions reached is that there is no need to use numerical optimization methods,
and the SOP method can be easily integrated into the estimation of generalized
additive mixed models (GAMM) with independent random effects groups, in
addition to the speed of applying the SOP method in implementing calculations .
Keywords : basis splines, penalty splines regression, nested matrix separation
(SOP) method.
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