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Abstract. Bootstrapping methods in nonparametric regression have garnered significant
attention in recent years, with numerous distinct bootstrapping approaches proposed for
estimating regression models. These models can be causal, built upon the principle of
cause and effect, termed parametric regression models, which adhere to specific
assumptions and take a functional form. However, in situations where knowledge about
the phenomena under study is lacking and establishing a causal function between
variables is not feasible, another type of regression model emerges, known as
nonparametric regression. regression and penalized spline regression using B-spline basis
functions, to obtain estimates for the nonparametric regression model. The study aims to
identify the optimal estimator among the aforementioned smoothing estimators for
representing the studied data, based on the results of simulation experiments. Through
the empirical analysis, it was concluded that the penalized spline smoothing method using
B-spline basis functions was the most effective in estimating the nonparametric
regression model. In this research, several smoothing techniques were employed,
including spline
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BpsS 0.727996290706994 0.711515683255502 0.698247512499867
n3=150
BpgS 0.425407711125869 0.413096579712921 0.403354036795963

+* B- Spline 48 b 43 jlial &y 5l il giena g ilinl) o g2a gaaly (MAE) 4 8al) jlina aidl Jarall ¢ (2) do2>
AN Z 35l M Gaanill (3 el Al (SB pg)Asil Jadl day pddl J1aaNB- Splines (SB pg)aa sl lasd)

S:lgg}ijie ol Gl 10% = Cw_‘ijélf/‘oC_’me 20%
BrsS | 0.847681517356411 | 0.838768348466307 | 0.827979888429032
0 BpsS 0.30786908446748 | 0.302487960805792 | 0.292180517516567
BrsS | 0.772287325507211 | 0.753340502016683 | 0.749001249649594
ral0 BpsS | 0.438801672757033 | 0.423901115070321 | 0.418244068041991
BrsS | 0.734709607268037 | 0.714465369664029 | 0.700686147483468
a1 BpsS | 0.431209327832542 | 0.416545504131353 | 0.406585459190554

2 B- Spline 48 b 4 8l &y glil) il gl g lisal) o saa aaal g (MAE) 40 jlaa ol Sl Guw (3) Jod>
Gl 73 538 M pnanill (3 plat dpasilly (SB pg) i) jad) Ay ydd) J1aaNB- Splines (SB gg)daz yad) Jlasi)

Sample size

COEN g gl il e

aatl) 33
Ciligal) agan il BB e 16% 20%
BgsS 0.812047015154894 | 0.796206007522084
s 0.787338057892965
-
BpsS 0.262490067482313 | 0.262490067482313 | 0.261431471718643
BgsS 0.725153321004964 | 0.71750701070267 0.700778786567903
1,=100
BpsS 0.41999711574937 0.408460815726807 | 0.398964222494532
150 BgsS 0.692936465560763 | 0.674811390196406 | 0.654913853427359
-
BpsS 0.418391290031671 | 0.404660524319443 | 0.392136163354314
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&S (M-estimate) (sl A&yl Jleatul (PenalizeB-Spline) A—& yh o) A—Jaadl (S
(MAE) G-thaal) Llaall o giad Jare 45 jliall jlpead A illy 4o J8) il s a1l 6 )
cilad) 13a 8 Lellaatind a3 1) g o) il giia g SLal) 2 3lad aseal

(Y) estmate

-3 -2.5 -2 -1.5 -1 -0.5 o 0.5 1 1.5
Y-Real

n=150 4l pan 22 (S BRg)(SBys) Js¥! zseill Gl jaial 4y il all g ddial) all cn (1) 8, IS5

(Y) estmate

o}
_ate—e —e—— B oS
1 Py s -
> N .
-3 2 -1 o 1 2 3 a s

n=150 4l aas 2e (S BRS)(SBpS) Gal_“d\ Gb}qﬂ\ Gl adal 4y sl adll g Agadall sl (2) A J<
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(Y) estmate
Q

=150 &)l saa 3ic(S Byg)(SBps) il g3 saill il yaial 4y o) adll s Al gl i (3) o3, IS5

cilalisiay)

LS s o) el b ) L) Jaa il 1 ALY aa) e (S

s Cans ol 3) e 85 il LS Capm AN 7 3Ll By JLonall il AiaSla (S BSLaall il Y& (0 -1

AU lisall g Al Sl A 51 gl S ) agail) Ayl ) (s D 3l i) A (g Bl 2
sl S e paand

Bl el dunilly J81 il e J gandl 1 @ll3 (o3l Auall aan 313 LS ) iliaSle (S 8lSLaall il A (e -3
(MAE)

Cilua i)
Lo LS s i il s e (S sl (e Caalill 4l Joa 55 e JYE e

OAY) gl 9 pla AL e W sdia Leilal o &1 Y b 5 (Penalized B-Spline) &l 45 )b e slaieY) R -]

saadall) Gllall 8 & sle a8 el alls 8 (MM-estimate, L- estimate ) &) pasd 33k Jlaaiul (S -2

(>
LAY sl e Y ddlinall pasill 3 yha 45 sl (MAE) llaall Uadl) Jas gl e Jlaaiul-3
JJL«AAH

elany) ol )5S da g phl " aleadl) lasiV) Jiaie pail 5 AT 35yl pe S Gl 4656 " (2004 ) s 251 ¢ sei-]
laks drala ¢ ALyl g5 layl 4K«
elan¥) 35 )5S da gkl "5 syl 55 pusiall Cidllaall 23 50l Lpaleadll Cilagaall " ((2014) )50 2o alune 2085 -2
s dala ¢ ALY g5 layl S
slas¥) Bol ) 5iSada g ylal " alaal jlanil 73 gail il (gagad o ghal Jumdl 10083 ¢(2016) den Slitc e -3
lakg dxala ¢ dlamY g5 la¥l S
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