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Abstract: 
Multi co linearity is regarded as a big problem which may face a 

researcher while studying a linear relation between some random 

phenomenon and the factors that affect it using multiple linear regression 

equation because it leads to disfigure that relation for each factor such that 

the factors look like as if they where not important to explain the 
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phenomenon. Several solutions are proposed to treat the problem but all 

these solutions- as some researchers believe- have side-effects such a 

disadvantaging at least one of (BLUE) properties and disabling to 

accomplish the adequate model as well as the simple explanation of the 

regression- coefficients. So the researcher proposed a new criterion and 

procedure to infer and treat the multicollinearity problem without side-

effects approximately. He derived his criterion named RUF using OLS 

method to estimate the regression- parameters and he proved that criterion 

itself is the factor of changing the relative importance of regression 

variables more over he used it to achieve the best sub- regression model 

according to standard criteria and by comparing with the other procedures. 

Key- words: 

Multicollinearity: ; Adequate Model: ; VIF: 

; RUF: . 
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244Principal Components Analysis

Hotellingorthogonal variables

Linear Combination

7X1X2X3X4

Z1Z2Z3Z4

Z1 = a11X1 + a21X2 + a31X3 + a41X4 ; Z2 = a12X1 + a22X2 + a32X3 + a42X4 ; Z3 = 

a13X1 + a23X2 + a33X3 + a43X4 ; Z4 = a14X1 + a24X2 + a34X3 + a44X4 
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Cp- Mallow10
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The procedure to overcoming the multicollinearity-impact and achieving 

the best sub-set regression model: 
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 :Applied Part. الجانب التطبيقي 3

A. haldStatistical Theory 

with Engineering Applications10 

Drapper & Smith296Applied Regression Analysis
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1 Forward Selection Procedure 

2 Backward Elimination Procedure 

3 Step-Wise Procedure 
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MSER
2

R
2
aCp

MallowCp-p

1

Hald 

x4 x3 x2 x1 y الوشبهذات 

60 6 26 7 78.5 1 

52 15 29 1 74.3 2 

20 8 56 11 104.3 3 

47 8 31 11 87.6 4 

33 6 52 7 95.9 5 

22 9 55 11 109.2 6 

6 17 71 3 102.7 7 

44 22 31 1 72.5 8 

22 18 54 2 93.1 9 

26 4 47 21 115.9 10 

34 23 40 1 83.8 11 

12 9 66 11 113.3 12 

12 8 68 10 109.4 13 

31Forward selection

الوتغَش الذاخل الي 

 النوورج
FIN F- هشاحل التطبَق الجزٍئة للوتغَشات 

X4 F(0.05, 1, 11)=4.48 F(1)=12.60 

F(2)=21.96 

F(3)=4.40 

F(4)=22.80 

الدددذ سلا اى لدددي: ااىعلدددذاس  لدددي  دددل    

 هتغَش تفسَشً(

X1 F(0.05, 1, 10)=4.96 F(1)=108.22 

F(2)=0.1725 

F(3)=40.29 

الدددددددذ سلا الابعَدددددددة: اىعلدددددددذاس  لدددددددي  

 j= 2,1 ,3حَث  (xj,x4)الوتغَشٍن 
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__ F(0.05, 1, 9)=5.12 F(2)=5.02 

F(3)=4.23 

: اىعلدددددددذاس  لدددددددي  ةالابلاددددددد لاالدددددددذ س

 j= 2 ,3حَث  (xj,x4,x1)الوتغَشات 

∴x4,x1

 

32Backward Elimination

 هن الوتغَش الخبسج

 النوورج
Fout F- هشاحل التطبَق الجزٍئة للوتغَشات 

X3 F(0.05, 1, 8)=5.32 F(1)=4.43 

F(2)=0.50 

F(3)=0.02 

F(4)=0.04 

الدددددذ سلا اى لدددددي: اىعلدددددذاس  لدددددي  وَددددد     

 الوتغَشات التفسَشٍة هعب.

X4 F(0.05, 1, 9)=5.12 F(1)=154.01 

F(2)=5.03 

F(4)=1.00 

الدددذ سلا الابعَدددة: اىعلدددذاس  لدددي الوتغَدددشات  

 هعب. (x4,x2,x1)الببقَة 

__ F(0.05, 1,10)=4.96 F(1)=146.52 

F(2)=208.58 

: اىعلدددذاس  لدددي الوتغَدددشات  ةالابلاددد لاالدددذ س

(x2,x1) .هعب 

∴x2, x1

 

33Step-wise procedure

 الوتغَش

 الخبسج

الوتغَش الذاخل 

 الي النوورج
FIN = Fout 

F-  الجزٍئة

 للوتغَشات
 هشاحل التطبَق

__ X4 F(0.05, 1,11)=4.48 

F(1)=12.60 

F(2)=21.96 

F(3)=4.40 

F(4)=22.80 

ى لي: اىعلذاس  لدي  دل هتغَدش    الذ سلا ا

 تفسَشً.

__ X1 F(0.05, 1,10)=4.96 

F(1)= 108.22 

F(2)=0.1725 

F(3)=40.29 

F(4)=159.930 

الذ سلا الابعَة: اىعلذاس  لي الوتغَدشٍن  

(xj,x4)  3,2,1حَث=j. 

__ __ F(0.05, 1,9)=5.12 
F(2)=5.02 

F(3)=4.23 

: اىعلذاس  لي الوتغَدشات  ةالابلا لاالذ س

(xj,x4,x1) 3,2  حَث =j. 

∴x4, x1
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34

 هن النوورج الوتغَش الخبسج
 

 احل التطبَقهش

X2 or X4 

 X2عفشض 

 

 

 

 

 الذ سلا اى لي:

 . اىعلذاس  لي  وَ  الوتغَشات التفسَشٍة هعب.1

 . اعلذاس  ل هتغَش تفسَشً  لي الوتغَشات التفسَشٍة اىخشى.2

X1 

 

 

 

 الذ سلا الابعَة:

 .(x4,x3,x1). اىعلذاس  لي بقَة الوتغَشات التفسَشٍة هعب 1

 َش تفسَشً فٌ هزه الذ سلا  لي غَشه هن الوتغَشات التفسَشٍة هعب.. اعلذاس  ل هتغ2

__  

 

 الذ سلا الابلاة:

 هعب. (x4,x3). اىعلذاس  لي الوتغَشات التفسَشٍة 1

  ببلعكس. x4 لي  x3. اعلذاس 2

∴(x4,x3)

22 

x4x2

x1

x3, x2
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RUF-procedure

First cycle
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1 y(x4 x3 x2 x1)

SPSS 

 

2 (6) 

 

Betta

riyxiy

3 Ho: Bi=0[α=0.05] 

Sign  

هعنوٍة هعبهل 

 اىعلذاس

VIF (i) 

 بهل تضخَن 

 التببٍن

RUF (i) 

 بهل  ذم اىستقشاس 

 النسبٌ

riy 

هعبهلات اىستببط 

 البسَطة
 

 Bettaهعبهلات 

 االوعَبسٍة(

bi  

هعبهلات 

 اعلذاسهب

Xi 

الوتغَشات 

 التفسَشٍة

0.501 

0.896 

0.071 

0.844 

38.462 

250 

47.619 

250 

-0.170 

-0.353 

-1.080 

-0.805 

0.731 

0.816 

-0.535 

-0.821 

0.607 

0.528 

0.043 

-0.160 

1.551 

0.510 

0.102 

-0.144 

X1 

X2 

X3 

X4 

0.5

x3

second cycle

 
Sign  

 ذاسهعنوٍة هعبهل اىعل

VIF (i) 

  بهل تضخَن التببٍن

RUF (i) 

 بهل  ذم اىستقشاس 

 النسبٌ

riy 

هعبهلات اىستببط 

 البسَطة
 
 االوعَبسٍة( Bettaهعبهلات 

bi  

هعبهلات 

 اعلذاسهب

Xi 

الوتغَشات 

 التفسَشٍة

0.000 

0.052 

0.205 

1.066 

18.868 

18.868 

-0.222 

-0.473 

-0.680 

0.731 

0.816 

-0.821 

0.568 

0.430 

-0.263 

1.452 

0.416 

-0.237 

X1 

X2 

X4 

X4

X4
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Third cycle

 
 ; F = 229.504  

Sign  

هعنوٍة هعبهل 

 اىعلذاس

VIF (i) 

  بهل تضخَن التببٍن

RUF (i) 

 بهل  ذم اىستقشاس 

 النسبٌ

riy 

هعبهلات اىستببط 

 البسَطة
 
 االوعَبسٍة( Bettaهعبهلات 

bi  

هعبهلات 

 اعلذاسهب

Xi 

الوتغَشات 

 التفسَشٍة

0.000 

0.000 

1.055 

1.055 

-0.214 

-0.161 

0.731 

0.816 

0.574 

0.685 

1.468 

0.662 

X1 

X2 

(X2, X1)

(X2, X1)

1 [1 , 0] 

2 [1 , 0] 

3 Betta[1 , 0]

 

4

MSECp-

MallowCp-pVIF

Mallow

(3)4-2VIF

R
2
(i)

122

2

 
Cp-p Cp   

MSE 
هتغَشات 

النوورج 
 الطشٍق للطبقة
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 الجزئٌ

1.064 2.5 5.50 0.97 0.97 7.48 X1&X4 1. Forward selection 

1.055 0.32 2.68 0.97 0.98 5.79 X1&X2 2. Rack ward elimination  

1.064 2.5 5.50 0.97 0.97 7.48 X1&X4 3. Step wise  

1.001 19.37 22.37 0.92 0.94 17.57 X3&X4 4.  

1.055 0.32 2.68 0.97 0.98 5.79 X1&X2 5. RUF Procedure 

RUFBack ward elimin

MSECp[1 , 

0]

[VIF -Elimin.]MSECp

adequate-model

e
*

iy

3Cp12

(2.68, 3): (Cp, P)

Cp = p

3(y)

 
 

 الوشبهذلا

 
 

 الوشبهذلا

-0.862 74.575 8 -0.654 80.074 1 

0.758 91.275 9 0.436 73.251 2 

0.566 114.538 10 -0.629 105.815 3 

1.357 80.536 11 -0.689 89.258 4 

0.359 112.437 12 -0.579 97.293 5 

-1.202 112.293 13 1.682 105.152 6 

   -0.541 104.002 7 
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1Hald

2CpHald
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 Cp-p  Cp  

MSE هعبدلة اىعلذاس 

 ذد 

الوعلوبت 

الوقذسلا 

 ببلوعبدلة

0 441.92 442.92 0 226.3136 
 

1 

0 200.55 202.55 0.53395 115.0624 
 

2 

0 140.49 142.49 0.66627 82.3942 
 

0 313.16 315.16 0.28587 176.3092 
 

0 136.73 138.73 0.67459 80.3515 
 

1.055 0.32 2.68 0.97868 5.7904 
 

3 

3.115 195.10 198.10 0.54817 122.7073 
 

1.064 2.5 5.50 0.97247 7.4762 
 

1.019 59.44 62.44 0.84703 41.5443 
 

18.868 135.23 138.23 0.68006 86.8880 
 

1.001 19.37 22.37 0.93529 17.5738 
 

2.485 0.96 3.04 0.98228 5.3456 
 

4 

12.934 0.98 3.02 0.98234 5.3303 
 

2.774 0.50 3.50 0.98128 5.6485 
 

16.500 3.34 7.34 0.97282 8.2017 
 

146.520 0 5.00 0.98238 5.982 
 

5 

0.050.01

0.10

                                                           
(Cp, , MSE)Drapper & Smith Applied regression 

Analysis892103822
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0.10

5

 αالوتغَشات فٌ النوورج  نذهب 

= 0.10 

 α=0.05الوتغَشات فٌ النوورج  نذهب 

 0.01ا  
 الطشٍقة الوطبقة

 x1, x2 & x4 

x1 & x2 

x1 & x2 

x3 & x4 

x1 & x2 

x1 & x4  

x1 & x2 

x1 & x4 

x3 & x4 

x1 & x2 

Forward Selection  

Back ward Elimination  

Step Wise 

 - Elimination  

RUF - Procedure  

5Stepwise

x2 & x1

0.10Forward selection

MSE5.330.98Cp3.02

0.980.10

13

RUF-procedureBackward Elimination 

 . الاستنتاجات والتوصيات:5
 الاستنتاجات: 

                                                           
RUF-Procedurex4, 

x2, x144
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1 

RUF   

 

2 RUF procedure

 

3 Elimination Backward

Forward selectionStep-wise procedure

 

4 

Mallow

 

5 OLS

P.CRidge

 

 

 التوصيات:  - ب
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1 RUF-procedure

 

2 Step-wiseForward selection
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