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S i o’ ciaml) Ldcimlad e n ol G
Uslae 2 3y08all Glalaall 22 Jiai ¢ Residual Variance
& bl 128 (o gy ¢ g Al UL axiall lasiY)
DA e adinall poriall 2l Hlaaill z3la e 6l Gl
¢« Univariate PLS ¢ PC jlaad¥l gk alaas
syl adindl aall G315 ;s Multivariate  PLS
il Ll adinad) jria) Gl sally il Jiias b ade slaieY)
o e @y o LS AL ) 235080 AIC das cuilS LS
B o b At Aaphll; Jadl) e saidl z3eal) 1as
gl ad bl )l sy
Wpeadly i) asil) Al CLEIS) jlaa milis 2-5

1- Correlations Coefficients .

2016 (7) 21 «Adsall pplell iy 1S5 dlaa

Sba) s @lind ¢ Ll sl @lind oyl 05 of 50 Y
lany) it Aasiuly adies ke JSI aglall a5l
cos o Y e JS ol 2a55 Kolmogorov-Smirnov(KS)
bl Transformation Juss dwe a8 cand) 13gly anidall
sl Jead alasiu) LA (e @llhg culy aiall o2 gy dalall
caval ¢us The- Square Root Transformation i)
sha) ax Led Sl a3 Al cadall ) sill w6 Badinall i aiial)
- [B27] sq.y, S0l el il

Akaike's SIS claglae Hlire Ljlaa) Hlina pladinl o3 2l

8 G bl 128 C);TS)T Zus (Information Criterion aic )
[24] @ Gseall alaanuly salay) 235 1974 2o Akaike sl

AIC ~n(l+Ln(27)) +nxLn () +2m - (18)

Correlations: sg.Y1, sq.Y2, s9.Y3, X1, X2, X3, X4
sg.Y1l sq.Y2 sq.Y3 X1 X2 X3
sg.Y2 0.922
0.000
sg.Y3 0.975 0.968
0.000 0.000
X1 -0.334 -0.382 -0.332
0.095 0.054 0.097
X2 0.975 0.950 0.979 -0.314
0.000 0.000 0.000 0.119
X3 0.949 0.961 0.984 -0.325 0.975
0.000 0.000 0.000 0.106 0.000
X4 0.684 0.691 0.689 -0.448 0.671 0.672
0.000 0.000 0.000 0.022 0.000 0.000
Cell Contents: Pearson correlation
P-Value

. Bainally Agsatil) cipiiall (o SN cBlalaa 1 (1) o) JS

L Baall Aaiil) g o apdl) Gal (1) Ay Jgandl

Number | Sl didal 7 Saall dal
1 1 1.71308E+13
2 5.174111954 6.39891E+11
3 82.31203807 2.52843E+09
4 7421.061667 3.11061E+05
5 1.100909628E+10 | 1.41343E-02

4- The Variance Proportion (p )

2- The Conditional

1.100909628E+10
3- The Conditional Index (, ) and The Eigenvalue

Number p

A sj=1’2’...,m +1 .

G il p s cldaall iz 0,14 (2) A s

& Intercept X3 X, X3 X4
1 | 8.251041E-33 | 1.068254E-23 | 1.138575E-06 | 0.012903818 | 5.456931E-03
2 0.000000 2.952366E-24 | 2.659519E-06 | 0.052316533 | 0.968994355
3 | 1.615597E-26 | 2.324165E-17 | 0.91556092 | 0.915702814 | 0.017832609
4 | 1.227287E-17 | 1.682313E-08 | 0.084435505 | 0.01907709 | 7.717045E-03
5 1.000000 1.000000 0.000000 0.000000 0.000000
(3) # dsadl 5-The Variance Inflation Factor (ye ) -
3l il | S e !
- . 3284l laleall § o JAll Jeasl)
X Al oSl A3l 1.256 =12 m O f DR Vi 28 o G s
xSy 20.843 tolial Jsaadl b A sall gl il s g v ¢
X A 2.066
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6- The Eigen Vectors ( v J’s )

Vi Vo, V3V Vs

-0.000001 -0.000000 -0.000017 -0.005197 0.999986
-0.000187 -0.000019 -0.003351 -0.999981 -0.005197
-0.091373 0.026990 -0.995445 0.003353 0.000000
-0.927711 0.361025 0.094944 -0.000152 -0.000000
-0.361945 -0.932166 0.007949 0.000058 -0.000000

v's Bghaall X' X Biaal) cilgaiall :(2) ad; Joil)

JSI Y haall saaill ASie Eigan & ol e (pppind) bl aaeil) A 25y LIS el AaLll ) DA e
O Alaugie adl) saaill dayny Caaill (e 5Tl Lo Legia s aady
(30< ¢ <100) omeicr, Aed 5225 1.100909628E+10 (sslas g (hayill saall 4ad o -1

il o BLEY) Julat vie L) Jpagll oS Aagill ks o Al Bl saal 0 ) e I Gy Tan 55 Gl

sl G NSy Gyl w5 AileSh ABUAl el las Adle Aoy Bagase Ayl <yl
G L PA (e - dpeitl) Cpitiall 408 e LA ¢ (g5 X, s e hainll ) ) Guuiall (s Bl cllta -2
Lapays ol aaail) AE agay el ol aSall S sl <0 DA A e laald

35y o Gipaa 8 At Al i) apes s Tas Al LG Asiias e sSled ppiall O dasead) LLEY) Jelxs .2
Oy LY Aistaae 120 (PLA e 3G, . Slef i 2 0.000 gslos LLsy¥) @lal P-Value dads 0.975 (g5l

Cilyaaiall (o e Adize e JS 0 (S5 LL\S)\ SUla UL‘ =0.05 e el Cpiall u...u.bl_ﬁ‘)Y\ iDle dsma ch Sl
il Sl G gLy, ssgLY, 5 sqLy, ¢ baiad < Adle dapny casall gall e LUV

e b)) dslen JSIP-ValUe dad Sm x5 x5 X Ll o3y 20.8 (golasi oDl cpyiall (1o JSI viE 3 b
Gl M) @ Apinal sise (e JB el BLENY) cDlilas o L) dsa o @I Jhs 10 Al e STy lan Aaiine
. 0.05 e gpradl)

Wiy PC Asipll ciliglall A8y milis 3-5 0.915 (s5buss dniipe b, ol A oel upstid) e U0 LC

858l Any V1 Agl) ol yokiall Al il oSl Jglat il oL 4, Ssmall Aail Liia; 050 Ciatl a ol dadll 1,
H(2009-1984) e s 4, 82.31203807 (sl sy 1 | sl il

Principal Component Analysis: X1, X2, X3, X4
Eigen analysis of the Correlation Matrix
Eigenvalue 2.7721 0.8309 0.3724 0.0246
Proportion 0.693 0.208 0.093 0.006
Cumulative 0.693 0.901 0.994 1.000
Variable PC1 PC2 PC3 PC4

X1 -0.331 0.892 0.308 -0.010

X2 0.561 0.317 -0.292 0.707

X3 0.562 0.305 -0.301 -0.707

X4 0.509 -0.106 0.854 -0.004

Gl b L8N day ) Al cpiiall PC Julad il ¢ (3) a8, Jsi

01555 o aald ) Al oK) el o lay) iy Cum mie (a8 lyY) ddghaans alasid 5 ad) odlef il (he Laadl
Al all) 58l Lgiaa o5 Alalil) Akl lef caid) JS8 Jsaanl) a5 @lliyg iadl cria ulll cilaag CBEAY @l
il Kl Jalatl (e iy s Alaldl) Ahill i 3 Shaeall Aall Aayl) Sl HLEA) a3 . Saelaiag Ayl Ay Gl e
e bad e Bl (5<8 lly Alaldl) Adaidl) el Jaud Al Clyariall 3 gasall il el e dlsana Y1 Al
8yaaall Aol o Alalall Akt o oLl JSal) (e TasMlys ¢ [5] il sy el e Jeny s3I Catttell e e Talaie) 4y
Clyial ) AN Lyl il HUaal gy iy ZAE Al sl Aall 2p0n o3 (s duhyl) Sl dae i Biadll

DGO sl Jidas 8 Ay adail) el el ISl ()58 oy ALl Akl e 3)lie o
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Scree Plot of X1, ..., X4
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Regression Analysis: sg.Y1 versus PC1, PC2, PC3

The regression equation is

sq.Y1=223+4.85PC1l +2.39 PC2 -2.09 PC3

Predictor Coef SECoef T P VIF

Constant 22.3178 0.4527 49.30 0.000

PC1 4.8523 0.2774 17.49 0.000 1.000

PC2 2.3940 0.5064 4.73 0.000 1.000

PC3 -2.0907 0.7565 -2.76 0.011 1.000

S$=2.30840 R-Sq=93.9% R-Sq(adj)=93.0%

PRESS =164.315 R-Sq(pred) =91.39%

Analysis of Variance

Source DF SS MS F P

Regression 3 1790.62 596.87 112.01 0.000

Residual Error 22 117.23 5.33

Total 25 1907.85

There are no replicates.

Minitab cannot do the lack of fit test based on pure error.

Durbin-Watson statistic = 1.59437

Predicted Values for New Observations

New Obs Fit SEFit  95% ClI 95% PI
1 19.415 0.555 (18.264,20.567) (14.491, 24.339)
2 13.023 0.728 (11.513,14.533) (8.003, 18.043)
3 22,965 0.776 (21.355, 24.575) (17.915, 28.016)
4 33.867 0.826 (32.154, 35.581) (28.783, 38.952)

Lack of fit test

Overall lack of fit test is significant at P = 0.021

Bkl Ayl gl 3 (bl Sl Jalas) sg y, piall OLS lasd) gl ikt 1 (5) o) Jo
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Regression Analysis: sg.Y2 versus PC1, PC2, PC3

The regression equation is

sq.Y2 =685 + 161 PC1 + 62.2 PC2 — 72.4 PC3

Predictor Coef SECoef T P VIF

Constant 684.98 15.74 43.53 0.000

PC1 160.671 9.643 16.66 0.000 1.000

PC2 62.22 17.60 3.53 0.002 1.000

PC3 -72.43 26.30 -2.75 0.012 1.000

S$=280.2436 R-Sq=93.1% R-Sq(adj)=92.2%

PRESS = 198825 R-Sq(pred) = 90.34%

Analysis of Variance

Source DF SS MS F P

Regression 3 1917343 639114 99.26 0.000

Residual Error 22 141659 6439

Total 25 2059002

There are no replicates.

Minitab cannot do the lack of fit test based on pure error.

Durbin-Watson statistic = 1.31110

Predicted Values for New Observations

New Obs Fit SEFit  95% ClI 95% Pl
1 581.8 19.3 (541.8, 621.8) (410.6, 753.0)
2 3729 25.3 (320.5, 425.4) (198.4, 547.4)
3 726.7 27.0 (670.8, 782.7) (551.2, 902.3)
4 1058.4 28.7 (998.9, 1118.0) (881.7, 1235.2)

Lack of fit test

Overall lack of fit test is significant at P = 0.033

Bkl Aty clighal) 3 (cubanty) GU) 4paf) gy iSall OLS jhaad) Julat il 1 (6) pdy o

Regression Analysis: sg.Y3 versus PC1, PC2, PC3

The regression equation is

sq.Y3 =658 + 170 PC1 + 87.4 PC2 - 77.3 PC3

Predictor Coef SECoef T P VIF

Constant 657.689 9.727 67.62 0.000

PC1 170.259 5.960 28.57 0.000 1.000

PC2 87.43 10.88 8.04 0.000 1.000

PC3 -77.31 16.25 -4.76 0.000 1.000

S$=49.5969 R-Sq=97.6% R-Sq(adj)=97.3%

PRESS = 76340.6 R-Sq(pred) = 96.65%

Analysis of Variance

Source DF SS MS F P

Regression 3 2222414 740805 301.16 0.000

Residual Error 22 54117 2460

Total 25 2276530

There are no replicates.

Minitab cannot do the lack of fit test based on pure error.

Durbin-Watson statistic = 1.81217

Predicted Values for New Observations

New Obs  Fit SE Fit 95% ClI 95% PI
1 557.58 11.93 (532.83, 582.33) (451.79, 663.37)
2 332.07 15.65 (299.62, 364.52) (224.22, 439.92)
3 677.42 16.68 (642.84, 712.01) (568.91, 785.94)
4 1063.68 17.75 (1026.87,1100.49) (954.43, 1172.93)

Lack of fit test

Overall lack of fit test is significant at P = 0.010

ki) duas ) ciligfall aa (LSS @) 4paf) gy, Lkl OLS lasd) el guilii (7) o J
eenly 50ad) JlaatV) O las gpend T Sleasy) sl Judadl Slasy) Qi) (g 8 gaen a0 odlef il (g Dy
0.05 (sl s @ Ayginall (gsise dics Byl Jlall zila BaEl (DA G odlel jake jlasil zisal J<Iy OLS lasil
Log cun Lack of Fit laay) joadl Lgie Loaf My, JSIR - sq (adj ) o) 2osill Jalbea e oLy Gyl
¢0.033 ¢ 0.021 (g5l el Jloasl , adiP-Value  xigill Jalea e Toldie) Zyguill 5)slly ndipe e lanil z3sad
sinne o S8 il o3 maens ¢ sl o EDE) £3all 0,010 dgiea S ¢ Aadije e lasil z3sal JSIR - sq (pred )
S il a3 pal) of e b iy g = 0.05 Ausimall g Loy 5,000 laai¥) 23l psaad Flan)) i)
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Regression Analysis: sg.Y1 versus PCP1, PCP2

The regression equation is

sg.Y1=22.3 +4.99 PCP1 + 2.13 PCP2

Predictor Coef SECoef T P VIF

Constant 22.3178 0.4549 49.07 0.000

PCP1 4.9933 0.2809 17.78 0.000 1.000

PCP2 2.1288 0.5373 3.96 0.001 1.000

$=231931 R-Sq=93.5% R-Sq(adj)=93.0%

PRESS =161.255 R-Sq(pred) = 91.55%

Analysis of Variance

Source DF SS MS F P

Regression 2 1784.13 892.06 165.84 0.000

Residual Error 23 123.72 5.38

Total 25 1907.85

There are no replicates.

Minitab cannot do the lack of fit test based on pure error.

Durbin-Watson statistic = 1.59791

Predicted Values for New Observations

New Obs Fit SE Fit 95% ClI 95% PI
1 19.9207 0.657308 (18.5610, 21.2805) (14.9339, 24.9076)
2 18.1575 0.761490 (16.5822,19.7327) (13.1076, 23.2073)
3 20.1061 0.791391 (18.4690, 21.7433) (15.0367, 25.1756)
4 23.9375 0.465798 (22.9739, 24.9011) (19.0439, 28.8312)

Lack of fit test

Overall lack of fit test is significant at P = 0.024

58l MPLS ciligSe s (gbal) lad¥) Jales) gy, ssidall OLS s Jalat uilti 1(9) o, Jsal
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Regression Analysis: sg.Y2 versus PCP1, PCP2

The regression equation is

sq.Y2 =685 + 165 PCP1 + 54.1 PCP2

Predictor Coef SECoef T P VIF

Constant 684.98 16.18 42.34 0.000

PCP1  164.643 9.992 16.48 0.000 1.000

PCP2 54.09 19.11 2.83 0.009 1.000

S$=82.5024 R-Sq=92.4% R-Sq(adj)=91.7%

PRESS = 206724 R-Sq(pred) = 89.96%

Analysis of Variance

Source DF SS MS F P

Regression 2 1902449 951224 139.75 0.000

Residual Error 23 156553 6807

Total 25 2059002

There are no replicates.

Minitab cannot do the lack of fit test based on pure error.

Durbin-Watson statistic = 1.34370

Predicted Values for New Observations

New Obs Fit SE Fit 95% ClI 95% PI
1 593.469 23.3818 (545.100, 641.838) (416.078, 770.860)
2 532.727 27.0878 (476.691, 588.762) (353.094, 712.360)
3 631.462 28.1514 (573.227,689.698) (451.131, 811.794)
4 739.175 16.5694 (704.898, 773.451) (565.098, 913.252)

Lack of fit test

Overall lack of fit test is significant at P = 0.016

Bsall MPLS clisSe s (cian) gl 4a8) gq.y | el OLS Jlaad) hlad ilii :(10) o, Jsal

Regression Analysis: sg.Y3 versus PCP1, PCP2

The regression equation is

sg.Y3 =658 + 175 PCP1 + 78.9 PCP2

Predictor Coef SECoef T P VIF

Constant  657.69 10.33 63.65 0.000

PCP1  175.380 6.381 27.48 0.000 1.000

PCP2 78.86 12.21 6.46 0.000 1.000

S=52.6882 R-Sq=97.2% R-Sq(adj) =97.0%

PRESS = 85054.0 R-Sq(pred) = 96.26%

Analysis of Variance

Source DF SS MS F P

Regression 2 2212681 1106341 398.53 0.000

Residual Error 23 63849 2776

Total 25 2276530

There are no replicates.

Minitab cannot do the lack of fit test based on pure error.

Durbin-Watson statistic = 1.58754

Predicted Values for New Observations

New Obs Fit SEFit 95%ClI 95% PI
1 576.664 14.9322 (545.775, 607.554) (463.378, 689.951)
2 515392 17.2989 (479.606, 551.177) (400.674, 630.110)
3 575.086 17.9782 (537.895, 612.277) (459.921, 690.250)
4 714.382 10.5816 (692.492, 736.272) (603.212, 825.552)

Lack of fit test

Overall lack of fit test is significant at P = 0.007
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Regression Analysis: sg.Y1 versus Compl, Comp2
The regression equation is

sg.Y1 =22.3 +5.00 Compl + 2.09 Comp2

Predictor Coef SECoef T P VIF

Constant 22.3178 0.4545 49.10 0.000
Compl  5.0017 0.2809 17.81 0.000 1.000
Comp2  2.0867 0.5353 3.90 0.001 1.000

S=2.31748 R-Sq=93.5% R-Sq(adj) = 93.0%

PRESS = 161.383 R-Sq(pred) = 91.54%

Analysis of Variance

Source DF SS MS F P

Regression 2 1784.32 892.16 166.12 0.000

Residual Error 23 123.53 5.37

Total 25 1907.85

There are no replicates.

Minitab cannot do the lack of fit test based on pure error.

Durbin-Watson statistic = 1.58383

Predicted Values for New Observations

New Obs Fit SEFit 95% Cl 95% PI
1 19.9783 0.662285 (18.6083, 21.3483) (14.9923, 24.9643)
2 18.2246 0.767350 (16.6372, 19.8120) (13.1746, 23.2747)
3 20.0435 0.799081 (18.3905, 21.6965) (14.9725, 25.1146)
4 23.9781 0.465206 (23.0157, 24.9404) (19.0883, 28.8678)

Lack of fit test

Overall lack of fit test is significant at P = 0.025
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Regression Analysis: sg.Y2 versus Compl, Comp2

The regression equation is

s0.Y2 = 685 + 164 Compl + 61.6 Comp2

Predictor Coef SECoef T P VIF

Constant  684.98 15.87 43.15 0.000

Compl 164.037 9.784 16.77 0.000 1.000

Comp2 61.57 19.30 3.19 0.004 1.000

S$=280.9453 R-Sq=92.7% R-Sq(adj) =92.0%

PRESS = 195678 R-Sq(pred) = 90.50%

Analysis of Variance

Source DF SS MS F P

Regression 2 1908302 954151 145.62 0.000

Residual Error 23 150699 6552

Total 25 2059002

There are no replicates.

Minitab cannot do the lack of fit test based on pure error.

Durbin-Watson statistic = 1.33704

Predicted Values for New Observations

New Obs Fit SEFit  95% ClI 95% PI
1 589.249 22.1415 (543.445, 635.052) (415.649, 762.848)
2 527.532 25.5700 (474.637,580.428) (351.928, 703.136)
3 634.188 26.6275 (579.105, 689.271) (457.913, 810.463)
4 736.424 16.2958 (702.713, 770.134) (565.616, 907.231)

Lack of fit test

Overall lack of fit test is significant at P = 0.013
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Regression Analysis: sg.Y3 versus Compl, Comp2
The regression equation is

$0.Y3 =658 + 176 Compl + 75.4 Comp2

Predictor Coef SECoef T P VIF
Constant 657.69 10.47 62.84 0.000

Compl 175.929 6.474 27.18 0.000 1.000
Comp2 75.37 12.27 6.14 0.000 1.000
S$=53.3686 R-Sq=97.1% R-Sq(adj)=96.9%
PRESS =87777.4 R-Sq(pred) = 96.14%

Analysis of Variance

Source DF SS MS F P
Regression 2 2211022 1105511 388.14 0.000
Residual Error 23 65509 2848

Total 25 2276530

There are no replicates.

Minitab cannot do the lack of fit test based on pure error.

Durbin-Watson statistic = 1.57498

Predicted Values for New Observations

New Obs Fit SE Fit 95% CI 95% PI
1 578.617 15.2661 (547.037,610.198) (463.788, 693.447)
2 517.888 17.7068 (481.259, 554.517) (401.569, 634.208)
3 573.910 18.3464 (535.958, 611.863) (457.167, 690.653)
4 715.030 10.7170 (692.861, 737.200) (602.425, 827.636)

Lack of fit test

Overall lack of fit test is significant at P = 0.009
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Abstract

Appear in Many Application Areas for Regression Analysis and Presence the case of More Than One Variable
Dependent Affected by A variety of Explanatory Variable and at The Same Time The Number of Observation is
Relatively Small Compared to The Number of Variables, and Show Here The Problem of not Provide Offers
Several Hypotheses Multiple Regression Analysis, More Over Prominence Problem of Multicollinearity between
the Explanatory Variables Beside The Correlation between The Explanatory Variables and The Dependent
Variables and Reflexive that on the Regression Estimates. and in This Research was Dealing with Problems
from this Type Related to Variables Kirkuk Cement Factory, used the Methods, Principal Component PC and
Partial Least Squares PLS to Solve the Problems Above, The First Method is Considered as one of the
Commonest Methods used in Solving the Problem of Multicollinearity between the Explanatory Variables and
the Second Method is Considered as one of the Methods Which Dally Methodically Different in Deduction the
Components Dependent on Curing The Correlation the Presence between The Explanatory Variables and The
Dependent Variables. Through the Statistical Analysis, Orphan Conduction to The PLS Method it has Succeeded
in Establishing the Optimal Regression Model for all Depended Variables, Besides Superiority This Method
Whence Ability on the Prediction for Futuristic Values Apiece Dependent Variables and Also Whence
Dimension Reduction. The (Minitab, Version, 16.1) is used in the Statistical Analysis for the Data of this
Research .
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