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The causal relationship between the growth rate of stock returns
and the growth rate of GDP: A quantitative case study of Iraq
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Abstract

The causal relationship between stock returns and GDP is one of the most debated
topics in the relevant scientific community. This is due to the divergent opinions of
thinkers regarding the possibility and feasibility of linking these two variables, or the
ability of the first variable, stock returns, to predict the future trajectory of the second
variable, GDP. This is because stock returns are subject to continuous, and sometimes
sharp, fluctuations, and may even reach low levels that do not justify investment in
stocks offering such returns. Based on the alleged predictive ability of stock markets to
predict future GDP, the central problem of this research is that the fluctuations in stock
prices, from time to time, may provide an unreliable indicator of the future direction of
real economic activity. This research aims to achieve several objectives, including
clarifying the nature of the short-term and long-term relationship between stock returns
and GDP growth in Iraq, as a case study. The research concluded that stock returns, as
an independent variable, cause GDP growth, as a dependent variable, in Iraqg, at least
during the research period. This is supported by the F-statistic, tested according to the
Granger causality test, which showed that its calculated value was higher than its
critical value. Therefore, we reject the null hypothesis, which states that stock returns
do not cause GDP growth, and accept the alternative hypothesis, which states the
opposite.

Keywords: causal relationship, Stock Return Growth Rate, GDP Growth Rate,
Restricted and unrestricted model.
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year y Ry (%) RX (%) Ry(de. ) Rx(dec.) X (%) rx (de.)
2003 29,585,788,600,000 1,001,432,000, OOO 0.2100 -
2004 53,235,358,700,000 1,580,503,000,000 79. 94 57.82 0.7994 0.5782 175.33 1.7533
2005 73,533,598,600,000 3,160,104,000,000 38.13 99.94 0.3813 0.9994 72.85 0.7285
2006 95,587,954,800,000 1,948,548,000,000 29.99 -38.34 0.2999 -0.3834 -138.36 -1.3836
2007 111,455,813,400,000 2,128,668,000,000 16.60 9.24 0.1660 0.924 -341.00 -3.4100
2008 157,026,061,600,000 2,282,983,000,000 40.89 7.25 0.4089 0.725 -21.54 -0.2154
2009 130,643,200,400,000 3,125,921,000,000 -16.80 36.92 -0.1680 0.3692 -49.08 -0.4908
2010 162,064,565,500,000 3,446,713,000,000 24.05 10.26 0.2405 0.1026 -72.21 -0.7221
2011 217,327,107,400,000 4,930,232,000,000 34.10 43.04 0.3410 0.4304 319.49 3.1949
2012 254,225,490,700,000 5,597,363,000,000 16.98 13.53 0.1698 0.1353 -68.56 -0.6856
2013 273,587,529,200,000 11,451,367,000,000 7.62 104.59 0.7620 0.10459 -22.70 -0.2270
2014 266,332,655,100,000 9,520,626,000,000 -2.65 -16.86 -0.2650 -0.1686 -261.20 -2.6120
2015 194,680,971,800,000 8,503,943,000,000 -26.90 -10.68 -0.2690 -0.1068 -36.65 -0.3665
2016 196,924,141,700,000 9,354,696,000,000 1.15 10.00 0.0115 0.1000 -193.63 -1.9363
2017 221,665,709,500,000 8,190,983,000,000 12.56 -12.44 0.1256 -0.1244 -224.40 -2.2440
2018 268,918,874,000,000 11,350,356,000,000 21.32 38.57 0.2132 0.3857 -410.05 -4.1005
2019 276,157,867,600,000 11,661,912,000,000 2.69 2.74 0.0269 0.274 -28.96 -0.2896
2020 215,661,516,500,000 14,033,993,000,000 -21.91 20.34 -0.2191 0.2034 -25.77 -0.2577
2021 304,053,321,284,000 15,872,906,000,000 40.99 13.10 0.4099 0.1310 -35.59 -0.3559
2022 415,628,494,400,000 15,587,161,000,000 36.70 -1.80 0.3670 -0.180 -237.40 -2.3740
2023 330,046,390,600,000 20,738,760,000,000 -20.59 33.05 -0.2059 0.3305 -283.61 -2.8361

Source: - https://data.worldbank.org/indicator
- https://dataviz.vam.wfp.org/the-middle-east-and-northern-africa/irag/economic/exchange-rates
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Ol giad! pam laele ¢oppsiall god OWYdae o ladl i adl Hliedl JSadl e Ja>D
Yt=a0+alyt-1+a2yt-1 :4JWI Hlaso)l doles sl] . axdl lagsans oo iz ) cdldall
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S bl z3gaill) Sl Uslas sl LgugSang A gasmnll (3914 @08 sl o3 Yo
Obgasncll Az pluseiwb Yi=BO+B1Yt-1+B2Yt-2 :({add Slboling aoldl piiall oo
td—o Ll s 10 L8gtase Bgtas (OLS) dmolal ($yaall laspadl i3 Jgliciow
X ¢(34alan 18 T <2023 U] 2006 (o) Al ol piiell b daxio ty ia ai=(xTx) X Ty
(yt-1 and yt-2J 8aacly cablaill 1 o0 590c) dylaseYl ol piiall (o 4852400

y, yt=1, and yt—2 <lln z Al ;] 5 gldl)

Year Yt yt—1 yt—2 yt-1 yt-2° yt-1*yt-2
2004 0.7994 = = - - -
2005 0.3813 0.7994 = - - -
2006 0.2999 0.3813 0.7994 0.1452 0.6384 0.3044
2007 0.1660 0.2999 0.3813 0.09 0.1452 0.1143
2008 0.4089 0.1660 0.2999 0.0276 0.09 0.0498
2009 -0.1680 0.4089 0.1660 0.1673 0.0276 0.0679
2010 0.2405 -0.1680 0.4089 0.0282 0.1673 -0.0687
2011 0.3410 0.2405 -0.1680 0.0581 0.0282 -0.0405
2012 0.1698 0.3410 0.2405 0.1163 0.0581 0.0822
2013 0.7620 0.1698 0.3410 0.0289 0.1163 0.0580
2014 -0.2650 0.7620 0.1698 0.5806 0.0289 0.1295
2015 -0.2690 -0.2650 0.7620 0.0702 0.5806 -0.2019
2016 0.0115 -0.2690 -0.2650 0.0724 0.0702 0.0713
2017 0.1256 0.0115 -0.2690 0.0001 0.0724 -0.0032
2018 0.2132 0.1256 0.0115 0.0159 0.0001 0.0015
2019 0.0269 0.2132 0.1256 0.0454 0.0159 0.0268
2020 -0.2191 0.0269 0.2132 0.0007 0.0454 0.0058
2021 0.4099 -0.2191 0.0269 0.0480 0.0007 -0.0059
2022 0.3670 0.4099 -0.2191 0.1681 0.0480 -0.0898
2023 -0.2059 0.3670 0.4099 0.1347 0.1681 0.1505
3.004 3.436 1.7976 2.3013 0.6519

X

B ocl ] g0 4nall Ciga o Jgos Lode om0 SI(XT) 98 saall Jg—aie sl
GBIl o XT A gl ddgasnall sliady .coldl dod) Olusgll (1o 3gae d8Ub19(x) 48 gauaell
N T dodiall
X29 X1 cppsiell plaseiwl x Adgasmall ¢Lid] -1
(daia)l) coll asdl e 1 e 13908 Caupl-2
Boesl J| gl Yoo (ol Adgasnall Ja3-3

[1,X1,X2] :48 shuaall (1o Ciua JS Jiadd adalBill MY (10 3908 (98 Euny X 4B ghuaal) (il 1] B ghadl)
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Obs. Bo yt=1 (x1) yt=2 (x2) x12 x2° X1*x2
1 1 0.3813 0.7994 0.3813° 0.7994° 0.7994*0.3813
2 1 0.2999 0.3813 0.2999° 0.3813? 0.3813*0.2999
3 1 0.1660 0.2999 0.1660° 0.2999° 0.2999*0.1660
4 1 0.4089 0.1660 0.4089° 0.1660° 0.1660*0.4089
5 1 -0.1680 0.4089 (=0.1680) 0.4089° 0.4089*(—0.1680)
6 1 0.2405 -0.1680 0.2405° (—0.1680) —0.1680*0.2405
7 1 0.3410 0.2405 0.3410° 0.2405° 0.2405*0.3410
] 1 0.1698 0.3410 0.1698° 0.3410° 0.3410*0.1698
9 1 0.7620 0.1698 0.7620 0.1698 0.1698*0.7620
10 1 -0.2650 0.7620 (=0.2650)° 0.7620 0.7620*(=0.2650)
11 1 -0.2690 -0.2650 (=0.2690)° (=0.2650)° —0.2650*(—0.2690)
12 1 0.0115 -0.2690 0.0115 (—0.2690)> —0.2690%*0.0115
13 1 0.1256 0.0115 0.1256° 0.0115 0.0115*0.1256
14 1 0.2132 0.1256 0.2132% 0.1256° 0.1256*0.2132
15 1 0.0269 0.2132 0.0269 0.21322 0.2132*0.0269
16 1 -0.2191 0.0269 (=0.2191) 0.02697 0.0269*(-0.2191)
17 1 0.4099 -0.2191 0.40997 (=0.2191) —0.2191*0.4099
18 1 0.3670 0.4099 0.3670 0.40997 0.4099*0.3670
by 18 3.004 3.436 1.7972 2.3015 0.6520
xTxJ M)}U\ @Abuﬂ\ g.,\..wa-\ 2 Sj.b.izﬂ
XTX=n >x1 >x2 = 18 3.0040 3.4360

yx1I  Yx12  Yx2xl 3.0040 17972  0.6520
Y2 SxIx2 Yx22 34360 06520  2.3015 (3x3)

:3x3 ddgasnn) dolall diuall plusuiwl suowel| Clusw @ gl
det(A)=a(ei—fh)—b(di—fg)+c(dh—eg)

A=a b ¢ =18 3.0040  3.4360 UVES
d e f 30040 17972  0.6520
g h i 34360 06520  2.3015 (3x3)

First term: a(ei—fh): ei=2.3015*1.7972=4.1363, th=0.6520*0.6520=0.4251
ei—fth=4.1363-0.4251=3.7112, a(ei—th)=18*3.7112=66.8016
Second term: —b(di—fg): di=3.0040*2.3015=6.9137, fg=0.6520*3.4360=2.2403
di—fg=6.9137-2.2403=4.6734, —b(di—fg)=—3.0040*4.6734=—14.0389
Third term: c(dh—eg): dh=3.0040*0.6520=1.9586, eg=1.7972*3.4360=6.1752
dh—eg=1.9586—6.1752=-4.2166, c(dh—eg)=3.4360*(—4.2166) =—14.4882
det(xTx)=66.8016—-14.0389-14.4882 =38.2745
:(Sarrus' Rule gyl 84el8) gasill Ay disyb adsviud) «bledl douo po ST 2 o)
det(A)=aei+bfg+cdh—ceg—bdi—afh
aei=18*1.7972*2.3015=74.4526, bfg=3.0040*0.6520*3.4360=6.7298
cdh=3.4360*3.0040x0.6520=6.7298, ceg=3.4360*1.7972*3.4360=21.2179
bdi=3.0040*3.0040*2.3015=20.7688, afh=18*0.6520*0.6520=7.6519
det(A)=74.4526+6.7298+6.7298-21.2179-20.7688-7.6519= 38.274
&P Mij o> Cij=(-1) i+j * det(Mi]) 14Ul dipall pusuins dusluwdl Jolgall dgas00 sl
A 0o | 3gaaly i cauall By lgde Jguamll o3 (I Dgildl ddgammall

C11: Minor M11 (Delete Row 1, Column 1)
M11=1.7972  0.6520

0.6520 2.3015
det(M11) =(1.7972) (2.3015) —(0.6520)2=3.7112, C11=(-1)1+1det *(M11)=3.7112
C12: Minor M12 (Delete Row 1, Column 2)
M12=3.0040 0.6520

3.4360  2.3015
det(M12)=(3.0040)(2.3015)—(0.6520)(3.4360)=4.6734,C12=(—1)1+2*det(M12)=—4.6734
C13: Minor M13 (Delete Row 1, Column 3)
M13=3.0040  1.7972

3.4360  0.6520
det(M13)=(3.0040)(0.6520)—(1.7972)(3.4360)=—4.2166, C13=(—1)1+3 * det(M13)=—4.2166
C21=C12=-4.6734
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C22: Minor M22 (Delete Row 2, Column 2)
M22=18 3.4360
3.4360 2.3015
det(M22)=(18)(2.3015)—(3.4360)2=29.6209, C22=(—1)2+2 * det(M22)=29.6209
C23: Minor M23 (Delete Row 2, Column 3)
M23= 18 3.0040
3.4360  0.6520
det(M23)=(18)(0.6520)—(3.0040)(3.4360)=1.4143, C23=(—1)2+3 *det(M23)=—1.4143
C31=C13=-4.2166, C32=C23=-1.4143
C33: Minor M33 (Delete Row 3, Column 3)
M33=18 3.0040
3.0040 1.7972
det(M33)=(18)(1.7972)—(3.0040)2=23.3256, C33=(—1)3+3 * det(M33)=23.3256
C=3.7112 —4.6734 —4.2166
—4.6734 29.6209 —1.4143
—4.2166 —1.4143 23.3256

adj(A)=CT= 3.7112 —4.6734  —4.2166
~4.6734  29.6209  —1.4143
~4.2166  —1.4143 23.3256 50, adj(A)=CT.
A*adj(A)=det(A)*1 i Lo 3 el Ao (o (onil) : Gaoell
A*adj(A)=18 3.0040 34360 * 37112  -4.6734  —4.2166
3.0040  1.7972 06520  —4.6734  29.6209  —1.4143
3.4360  0.6520 23015  -4.2166  -14143  23.3256

First Row: (18)(3.7112)+(3.0040)(~4.6734)+(3.4360)(~4.2166)=38.27=det (A)
(18)(~4.6734)+(3.0040)(29.6209)+(3.4360)(~1.4143) = 0
(18)(~4.2166)+(3.0040)(~1.4143)+(3.4360)(23.3256) =0

Second Row: (3.0040)(3.7112)+(1.7972)(~4.6734)+(0.6520)(—4.2166) ~0
(3.0040)(—4.6734)+(L.7972)(29.6209)+(0.6520)(—1.4143) 38.27~det(A)
(3.0040)(—4.2166)+(1.7972)(~1.4143)+(0.6520)(23.3256) ~0

Third Row: (3.4360)(3.7112)+(0.6520)(~4.6734)+(2.3015)(—4.2166) ~0
(3.4360)(—4.6734)+(0.6520)(29.6209)+(2.3015)(~1.4143) =0
(3.4360)(—4.2166)+(0.6520)(—1.4143)+(2.3015)(23.3256) ~38.27~det(A)

A * adj(A)=38.27 0 0
0 38.27 0
0 0 38.297 = det(A) * |

*adj(A)  A-1= (1/det(A)): &1 dapall plaseiawls (A-1 3 4 50,3 SHlg A (wgSan Clus
A-1=(1/38.2745) 3.7112 —-4.6734 -4.2166 = 0.0970 -0.1221 -0.1102
—4.6734  29.6209 -1.4143 —0.1221  0.7739 -0.0370
—4.2166 —1.4143 23.3256 —0.1102 -0.0370 0.6094
A*A-1=1 a3 dagall plaseinl 380 (@bl dse Oloval 13l
A*A-1=18 3.0040 34360 * 0.0970 -0.1221 -0.1102
3.0040 1.7972 0.6520 —0.1221 0.7739 —0.0370
3.4360 0.6520 2.3015 —0.1102 -0.0370 0.6094
(A-A—1)11: 18(0.0970)+3.0040 (—0.1221)+3.4360(—0.1102) =1
(A-A-1)22: 3.0040(—0.1221)+1.7972(0.7739) +0.6520(—0.0370) =1
(A-A-1)33: 3.4360(—0.1102)+0.6520(—0.0370) +2.3015(0.6094) = 1
A* A1 =1 1085 los 0 oy doyladll & s9usdl LsS Of o
(A-A-1)12 (Row 1, Column 2): =18(—0.1221)+3.0040(0.7739)+3.4360(—0.0370)=0
(A-A-1)13 (Row 1, Column 3): =18(—0.1102)+3.0040(—0.0370)+3.4360(0.6094)~0
(A-A-1)21 (Row 2, Column 1) =(A-A-1)12=0
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(A-A-1)23 (Row 2, Column 3): =3.0040(-0.1102)+1.7972 (-0.0370)+ 0.6520~0
(A-A-1)31 (Row 3, Column 1) =(A-A-1)13=0
(A-A-1)32 (Row 3, Column 2) =(A-A-1)23=0

X'y dad alay)

Obs. Yt x1 X2 x1*y x2*y
1 0.2999 0.3813 0.7994 0.114352 0.23974
2 0.1660 0.2999 0.3813 0.049783 0.063296
3 0.4089 0.1660 0.2999 0.067877 0.122629
4 -0.1680 0.4089 0.1660 -0.0687 -0.02789
5 0.2405 -0.1680 0.4089 -0.0404 0.09834
6 0.3410 0.2405 -0.1680 0.082011 -0.05729
7 0.1698 0.3410 0.2405 0.057902 0.040837
8 0.7620 0.1698 0.3410 0.129388 0.259842
9 -0.2650 0.7620 0.1698 -0.20193 -0.045
10 -0.2690 -0.2650 0.7620 0.071285 -0.20498
11 0.0115 -0.2690 -0.2650 -0.00309 -0.00305
12 0.1256 0.0115 -0.2690 0.001444 -0.03379
13 0.2132 0.1256 0.0115 0.026778 0.002452
14 0.0269 0.2132 0.1256 0.005735 0.003379
15 -0.2191 0.0269 0.2132 -0.00589 -0.04671
16 0.4099 -0.2191 0.0269 -0.08981 0.011026
17 0.3670 0.4099 -0.2191 0.150433 -0.08041
18 -0.2059 0.3670 0.4099 -0.07557 -0.0844
z 2.4152 3.0024 3.4348 0.2716 0.2580

BA=(XTX)-1*XTy tiall plusdiwl Oledaddl @b slx)
pr=p0= 0.0970 -0.1221  —0.1102 * 24152

1 -0.1221 0.7739  —0.0370 0.2716

B2 -0.1102 -0.0370  0.6094 (3x3) 0.2580 (3x1)

B0=(0.0970)(2.4152)+(~0.1221)(0.2716)+(~0.1102)(0.2580) = 0.1727
B1=(~0.1221)(2.4152)+(0.7739)(0.2716)+(~0.0370)(0.2580) =—0.0942
B2=(~0.1102)(2.4152)+(~0.0370)(0.2716)+(0.6094)(0.2580) =—0.1190

Br=P0 = 0.1727
Bl —0.0942
B2 —0.1190 (3x1)
y"=0.1727 - 0.0942 x1 - 0.1190 x2 (Al 3 gl
XTx B = XTy 10813 bo (s Sl duo (po (3] (3ol 13 Sl
XTx p"=18 3.0040 3.4360 * 01727
3.0040 1.7972 0.6520 —0.0942
34360 0.6520  2.3015 (3x3) —0.1190 (3x1)

First Row (Should Equal Xy=2.4152): 18(0.1727)+3.0040(—0.0942)+3.4360(—0.1190)~
2.4167 ( minor rounding error)
Second Row (Should Equal £x1y=0.2716): 3.0040(0.1727)+1.7972 (—0.0942)+
0.6520(-0.1190)=0.2719
Third Row (Should Equal £x2y=0.2580): 3.4360(0.1727)+0.6520(~0.0942)+ 2.3015
(=0.1190) =0.2581

(1 Buslinad) 3ozl Jlie) gbiudl doeo (o AST 2 el
y"=0.1727-0.0942(0.3813)-0.1190(0.7994)=0.0417 (matches table)

(SSR) (sl clay ya £ gara g el Gl

Obs. Yt x1 X2 y~=0.1727-.0942x1-.1190x2 et=yt-yN et
1 0.2999 0.3813 0.7994 0.0417 0.2582 0.0667
2 0.1660 0.2999 0.3813 0.099 0.0670 0.0045
3 0.4089 0.1660 0.2999 0.1214 0.2875 0.0827
4 -0.1680 0.4089 0.1660 0.1144 -0.2824 0.0797
5 0.2405 -0.1680 0.4089 0.1398 0.1007 0.0101
6 0.3410 0.2405 -0.1680 0.17 0.171 0.0292
7 0.1698 0.3410 0.2405 0.112 0.0578 0.0033
8 0.7620 0.1698 0.3410 0.1161 0.6459 0.4172
9 -0.2650 0.7620 0.1698 0.1275 -0.3925 0.1541
10 -0.2690 -0.2650 0.7620 0.107 -0.376 0.1414
11 0.0115 -0.2690 -0.2650 0.295 -0.2218 0.0475
12 0.1256 0.0115 -0.2690 0.2036 -0.078 0.0061
13 0.2132 0.1256 0.0115 0.1595 0.0537 0.0029
14 0.0269 0.2132 0.1256 0.1377 -0.1108 0.0123
15 -0.2191 0.0269 0.2132 0.1448 -0.3639 0.1324
16 0.4099 -0.2191 0.0269 0.1901 0.2198 0.0483
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17 0.3670 0.4099 -0.2191 0.1602 0.2068 0.0428
18 -0.2059 0.3670 0.4099 0.0893 -0.2952 0.0871
z 24152 1.3683
2Ll ssedl e JSJ didolie Ol picio ey ($J1) dadl pe Zdga3 I Jaiidd (O

(Joiuadly

y=PO+BIXL+P2Xx2+B3X3+P4xd+e  :dudall & Zdgad)l

yt-1(x1) yt-2 (x2) xt-1 (x3) xt-2 (x4)
x1=1 0.3813 0.799%4 0.7285 1.7533
1 0.2999 0.3813 -1.3836 0.7285
1 0.1660 0.2999 -3.4100 -1.3836
1 0.4089 0.1660 -0.2154 -3.4100
1 -0.1680 0.4089 -0.4908 -0.2154
1 0.2405 -0.1680 -0.7221 -0.4908
1 0.3410 0.2405 3.1949 -0.7221
1 0.1698 0.3410 -0.6856 3.1949
1 0.7620 0.1698 -0.2270 -0.6856
1 -0.2650 0.7620 -2.6120 -0.2270
1 -0.2690 -0.2650 -0.3665 -2.6120
1 0.0115 -0.2690 -1.9363 -0.3665
1 0.1256 0.0115 -2.2440 -1.9363
1 0.2132 0.1256 -4.1005 -2.2440
1 0.0269 0.2132 -0.2896 -4.1005
1 -0.2191 0.0269 -0.2577 -0.2896
1 0.4099 -0.2191 -0.3559 -0.2577
1 0.3670 0.4099 -2.3740 -0.3559
(18x5)
Obs. yt x1 x2 x3 x4 x12 x1*x2 x1*x3 x1*x4 x22 X2*x3 X2*x4 x32 x3*x4 42
1 0.2999 0.3813 0.7994 0.7285 1.7533 0.1454 0.304 0.2778 0.668 0.639 0.582 1.4016 0.5307 1.2773 3.0741
8 5 0 4
2 0.1660 0.2999 0.3813 -1.3836 0.7285 0.0899 0.114 = 0.218 0.145 = 0.2778 1.9143 -1.0080 0.5307
4 0.4149 5 4 0.527
6
3 0.4089 0.1660 0.2999 -3.4100 -1.3836 0.0276 0.049 = = 0.089 = -0.4149 11.6281 4.7181 1.9143
8 0.5661 0.229 9 1.022
7 7
4 -0.1680 0.4089 0.1660 -0.2154 -3.4100 0.1672 0.067 = = 0.027 = -0.5661 0.0464 0.7345 11.6281
9 0.0881 1.394 6 0.035
4 8
5 0.2405 -0.1680 0.4089 -0.4908 -0.2154 0.0282 - 0.0825 0.036 0.167 - -0.0881 0.2409 0.1057 0.0464
0.068 2 2 0.200
7 7
6 0.3410 0.2405 -0.1680 -0.7221 -0.4908 0.0578 = = = 0.028 0.121 0.0825 0.5214 0.3544 0.2409
0.040 0.1737 0.118 2 3
4 0
7 0.1698 0.3410 0.2405 3.1949 -0.7221 0.1163 0.082 1.0895 = 0.057 0.768 -0.1737 10.2074 -2.3070 0.5214
0 0.246 8 4
2
8 0.7620 0.1698 0.3410 -0.6856 3.1949 0.0288 0.057 = 0.542 0.116 = 1.0895 0.4700 -2.1904 10.2074
9 0.1164 5 3 0.233
8
9 -0.2650 0.7620 0.1698 -0.2270 -0.6856 0.5806 0.129 = = 0.028 = -0.1164 0.0515 0.1556 0.4700
4 0.1730 0.522 8 0.038
4 5
10 -0.2690 -0.2650 0.7620 -2.6120 -0.2270 0.0702 = 0.6921 0.060 0.580 = -0.1730 6.8225 0.5929 0.0515
0.201 8 2 6 1.990
9 3
11 0.0115 -0.2690 -0.2650 -0.3665 -2.6120 0.0724 0.071 0.0986 0.702 0.070 0.097 0.6922 0.1343 0.9573 6.8225
3 6 2 1
12 0.1256 0.0115 -0.2690 -1.9363 -0.3665 0.0001 = = = 0.072 0.520 0.0986 3.7493 0.7097 0.1343
0.003 0.0223 0.004 4 9
1 2
13 0.2132 0.1256 0.0115 -2.2440 -1.9363 0.0158 0.001 = = 0.000 = -0.0223 5.0355 4.3451 3.7493
4 0.2819 0.243 1 0.025
2 8
14 0.0269 0.2132 0.1256 -4.1005 -2.2440 0.0455 0.026 = = 0.015 = -0.2819 16.8141 9.2015 5.0355
8 0.8742 0.478 8 0.515
4 0
15 -0.2191 0.0269 0.2132 -0.2896 -4.1005 0.0007 0.005 = = 0.045 = -0.8742 0.0839 1.1875 16.8141
7 0.0078 0.110 5 0.061
S 7
16 0.4099 -0.2191 0.0269 -0.2577 -0.2896 0.0480 = 0.0565 0.063 0.000 = -0.0078 0.0664 0.0746 0.0839
0.005 5 7 0.006
9 9
17 0.3670 0.4099 -0.2191 -0.3559 -0.2577 0.1680 = = = 0.048 0.078 0.0565 0.1267 0.0917 0.0664
0.089 0.1459 0.105 0 0
8 6
18 -0.2059 0.3670 0.4099 -2.3740 -0.3559 0.1347 0.150 = = 0.168 = -0.1459 5.6359 0.8449 0.1267
4 0.8713 0.130 0 0.973
6 1
) 24152 3.0024 3.4348 = = 1.7973 0.652 -1.4385 = 2.301 = 0.8344 64.0794 19.8454 61.5176
17.7476 13.6203 0 1.291 6 3.463
2 9
XTX=n >x1 >x2 ¥x3 x4 = 18 3.0024 3.4348 -17.7476 -13.6203
Yx1 Yx1* YxIx2 Ix1x3 XIxlx4 3.0024 1.7973 0.6520 -1.4385 -1.2912
YX2 Yx2x1 Yx2° EIx2x3 Xx2x4 3.4348 0.6520 2.3016 -3.4639 0.8344
¥x3 Ix3x1 Ix3x2 Ix3® EIx3x4 -17.7476 -1.4385 -3.4639 64.0794 19.8454
x4 Ix4x] Ix4x2 Ix4x3 Ix4® -13.6203 -1.2912 0.8344 19.8454 61.5176
T T
XTy=Yy = 24152 XY i Y
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yxly  0.2716

>x2y 0.2580
>'x3y -1.4709
> xdy 3.1985

w9l Gl b pldseils A 5x5 ddsasmall sdms Ol
Step 1: Eliminate below a11=18
New Row 2: Row 2—(3.0024/18=0.1668) * Row 1
3.0024-0.1668*18=0
1.7973-0.1668*3.0024=1.2965, 0.6520-0.1668*3.4348=0.0791
—1.4385-0.1668*(—17.7476)=1.5218, —1.2912-0.1668* (—13.6203) =0.9807
Updated Row 2: [0,1.2965,0.0791,1.5218,0.9807]
New Row 3: Row 3—(3.4348/18=0.1908) * Row 1
3.4348-0.1908*18~0
0.6520-0.1908*3.0024=0.0791, 2.3016-0.1908*3.4348=1.6462
—3.4639-0 Updated Row 3: [0,0.0791,1.6462,—0.0777,3.4332]
New Row 4: Row 4—(~17.7476/18= —0.9860)* Row 1
-17.7476-(-0.9860)*18~0

—1.4385—(—0.9860)*3.0024=1.5219, —3.4639—(—0.9860) *3.4348= —0.0772
Obs. yt x1 X2 x3 x4 x1*y x2*y x3*y x4*y
1 0.2999 0.3813 0.7994 0.7285 1.7533 0.1144 0.2397 0.2185 0.5258
2 0.1660 0.2999 0.3813 -1.3836 0.7285 0.0498 0.0633 -0.2297 0.1209
3 0.4089 0.1660 0.2999 -3.4100 -1.3836 0.0679 0.1226 -1.3944 -0.5658
4 -0.1680 0.4089 0.1660 -0.2154 -3.4100 -0.0687 -0.0279 0.0362 0.5729
5 0.2405 -0.1680 0.4089 -0.4908 -0.2154 -0.0404 0.0983 -0.1180 -0.0518
6 0.3410 0.2405 -0.1680 -0.7221 -0.4908 0.0820 -0.0573 -0.2462 -0.1674
7 0.1698 0.3410 0.2405 3.1949 -0.7221 0.0579 0.0408 0.5425 -0.1226
8 0.7620 0.1698 0.3410 -0.6856 3.1949 0.1294 0.2598 -0.5224 2.4345
9 -0.2650 0.7620 0.1698 -0.2270 -0.6856 -0.2019 -0.045 0.0602 0.1817
10 -0.2690 -0.2650 0.7620 -2.6120 -0.2270 0.0713 -0.2050 0.7026 0.0611
11 0.0115 -0.2690 -0.2650 -0.3665 -2.6120 -0.0031 -0.0031 -0.0042 -0.0300
12 0.1256 0.0115 -0.2690 -1.9363 -0.3665 0.0014 -0.0338 -0.2432 -0.0460
13 0.2132 0.1256 0.0115 -2.2440 -1.9363 0.0268 0.0025 -0.4784 -0.4128
14 0.0269 0.2132 0.1256 -4.1005 -2.2440 0.0057 0.0034 -0.1103 -0.0604
15 -0.2191 0.0269 0.2132 -0.2896 -4.1005 -0.0059 -0.0467 0.0635 0.8984
16 0.4099 -0.2191 0.0269 -0.2577 -0.2896 -0.0898 0.0110 -0.1056 -0.1187
17 0.3670 0.4099 -0.2191 -0.3559 -0.2577 0.1504 -0.0804 -0.1306 -0.0946
18 -0.2059 0.3670 0.4099 -2.3740 -0.3559 -0.0756 -0.0844 0.4888 0.0733
z 2.4152 3.0024 3.4348 -17.7476 -13.6203 0.2716 0.2580 -1.4709 3.1985
64.0794—(—0.9860)*(~17.7476)=46.5803, 19.8454—(—0.9860)*(—13.6203)=6.4158

Updated Row 4: [0,1.5219,-0.0772,46.5803,6.4158]

New Row 5: Row 5—(—13.6203/18= —0.7567)* Row 1

-13.6203-(-0.7567)*18~0

—1.2912—(-0.7567)*3.0024=0.9807, 0.8344—(—0.7567)*3.4348=3.4335
19.8454—(—0.7567)*(—17.7476)=6.4158, 61.5176—(—0.7567) *(-13.6203)=51.2111
Updated Row 5: [0,0.9807,3.4335,6.4158,51.2111]

Matrix After Step 1:

18 3.0024  3.4348 -17.7476 —-13.6203

0 1.2965 0.0791 1.5218 0.9807

0 0.0791  1.6462 —-0.0777 3.4332

0 15219 —0.0772  46.5803 6.4158

0 0.9807 3.4335 6.41458 1.2111

Step 2: Eliminate below a22=1.2965

.1908*(—17.7476)=—0.0777, 0.8344-0.1908*(—13.6203)=3.433
New Row 3: Row 3—(0.0791/1.2965=0.0610) * Row 2
0.0791-0.0610*1.2965=0, 1.6462—-0.0610*0.0791=1.6414,
—0.0777—-0.0610*1.5218=—0.1705, 3.4332-0.0610*0.9807=3.3730

Updated Row 3: [0,0,1.6414,—0.1705,3.3730]

New Row 4: Row 4—(1.5219/1.2965=1.1739) * Row 2

1.5219-1.1739*1.2965=0, —0.0772-1.1739*0.0791=-0.1701,
46.5803—1.1739*1.5218=44.7939, 6.4158-1.1739*0.9807=5.2646
Updated Row 4: [0,0,—0.1701,44.7939,5.2646]

New Row 5: Row 5—(0.9807/1.2965=0.7564) * Row 2
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09807-0.7564*1.2965~0, 3.4335-0.7564*0.0791=3.3737
6.4158-0.7564*1.5218=5.2647, 51.2111-0.7564*0.9807=50.4693
Updated Row 5: [0,0,3.3737,5.2647,50.4693]

Matrix After Step 2:

18  3.0024 3.4348  —-17.7476  —13.6203
0 1.2965 0.0791 1.5218 0.9807

0 0 1.6414 —0.1705 3.3730
0 0 —0.1701 44.7939 5.2646
0 0 3.3737 5.2647 50.4693

Step 3: Eliminate below a33=1.6414

New Row 4: Row 4—(—0.1701/1.6414=—0.1036)* Row 3
-0.1701-(-0.1036)*1.6414~0, 44,7939—(—0.1036)* (—0.1705) =44.7762
5.2646—(—0.1036)*3.3730=5.6140

Updated Row 4: [0,0,0,44.7762,5.6140]

New Row 5: Row 5—(3.37401.6414=2.0556) * Row 3

3.3737-2.0554*1.6414~0, 5.2647-2.0554%(—0.1705)=5.6151
50.4693-2.0554*3.3730=43.5364

Updated Row 5: [0,0,0,5.6151,43.5364]

Matrix After Step 3:

18  3.0024 3.4348  —17.7476 —13.6203

0 1.2965 0.0791 1.5218 0.9807

0 0 1.6414 —0.1705 3.3730
0 0 0 44.7762 5.6140
0 0 0 5.6151 43.5364

Step 4: Eliminate below a44=44.7762

New Row 5: Row 5—(5.61564/4.7767=0.1254) * Row 4
5.6151-0.1254*44.7762~0,
43.5364—0.1254*5.6140~43.5333-0.7038=42.8323
Updated Row 5: [0,0,0,0,42.8323]

Final Upper Triangular Matrix U:

U=18 3.0024 3.4348  —-17.7476  —13.6203

0 1.2965 0.0791 1.5218 0.9807
0 0 1.6414 —0.1705 3.3730
0 0 0 44,7762 5.6140
0 0 0 0 42.8323
det(A)=18*1.2965*1.6414*44.7762*42.8323 ~73,464.594
L= 1 0 0 0 0
0.1668 1 0 0 0
0.1908  0.0610 1 0 0
—0.9860 1.1739 —-0.1036 1 0

—0.7567 0.7564 2.0556 0.1254 1
A9 aylad (1950 (sl eL Wudl A8 gasnnll Wb (35l e ddmall dad Ao (o (Bl
U Lol 28 g pnalls eaiiomdll Gl oy dpciomad] cilieUiaall Jted fo el Ugands
A=L*U Olus A &l dgamme)l e Jpmamd) aumall Gl (o duasioll
A=L*U=1 O 0 0 O0* 18 3.0024 34348 -17.7476 —13.6203
0.1668 1 0 0 0 0 1295 0.0791 1.5218 0.9807
0.1908 0.0610 1 O 0 0 0 1.6414  -0.1705 3.373
-0.9860 1.1739 -0.1036 1 0 O 0 0 44,7762 5.6140
—0.7567 0.7564 2.0556 0.1254 1 0 O 0 0 42.8323
e Lo O pall ddany 0l 1L * U wlgasmal Qpo : oY) Bglasdll
Row 1:[1, 0,0, 0, 0] * U =[18, 3.0024, 3.4348, -17.7476, -13.6203]
Row 2: [0.1668, 1, 0, 0, 0] * U:
Element (2,1): 0.1668*18 + 1x0 = 3.0024
Element (2,2): 0.1668*3.0024 + 1x1.2965 = 0.5008 + 1.2965 = 1.7973
Element (2,3): 0.1668*3.4348 + 1x0.0791 = 0.5729 + 0.0791 = 0.6520
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Element (2,4): 0.1668%(-17.7476) + 1x1.5218 = -2.9591 + 1.5218 = -1.4373

Element (2,5): 0.1668*(-13.6203) + 1x0.9807 = -2.2719 + 0.9807 = -1.2912

Row 3: [0.1908, 0.0610, 1, 0, 0] * U:

Element (3,1): 0.1908x18 + 0.0610x0 + 1*0 = 3.4344

Element (3,2): 0.1908x3.0024 + 0.0610x1.2965 + 1*0 = 0.5729 + 0.0791 = 0.6520

Element (3,3): 0.1908*3.4348 + 0.0610%0.0791 + 1*1.6414 = 0.6554 + 0.0048 + 1.6414 =
2.3016

Element (3,4): 0.1908%(-17.7476) + 0.0610*1.5218 + 1*(-0.1705) = -3.3864 + 0.0928 - 0.1705
= -3.4641

Element (3,5): 0.1908%(-13.6203) + 0.0610*0.9807 + 1*3.3730 = -2.5984 + 0.0598 + 3.3730 =
0.8344

Row 4: [-0.9860, 1.1739, -0.1036, 1, 0] * U:

Element (4,1): -0.9860%18 + 1.1739x0 + (-0.1036)*0 + 1x0 + 0*0 = -17.7480

Element (4,2): -0.9860*3.0024 + 1.1739*1.2965 + (-0.1036)*0 + 1*0 + 0*0 = -2.9604 + 1.5218
=-1.4386

Element (4,3): -0.9860*3.4348 + 1.1739*0.0791 + (-0.1036)*1.6414 + 1*0 + 0*0 = -3.3864 +
0.0928 - 0.1700 = -3.4636

Element (4,4): -0.9860%(-17.7476) + 1.1739*1.5218 + (-0.1036)*(-0.1705) + 1*44.7762 + 0*0
= 17.4994 + 1.7868 + 0.0177 + 44.7762 = 64.0801

Element (4,5): -0.9860%(-13.6203) + 1.1739*0.9807 + (-0.1036)*3.3730 + 1*5.6140 + 0*0 =
13.4296 + 1.1512 - 0.3494 + 5.6140 = 19.8454

Row 5: [-0.7567, 0.7564, 2.0556, 0.1254, 1] * U:

Element (5,1): -0.7567*18 + 0.7564*0 + 2.0556*0 + 0.1254*0 + 1*0 = -13.6206 Element (5,2):
-0.7567*3.0024 + 0.7564*1.2965 + 2.0556*0 + 0.1254*0 + 1*0 = -2.2719 + 0.9809 = -1.2910
Element (5,3): -0.7567*3.4348 + 0.7564*0.0791 + 2.0556*1.6414 + 0.1254*0 + 1*0 = -2.5986
+0.0598 + 3.3740 = 0.8352

Element (5,4): -0.7567%(-17.7476) + 0.7564*1.5218 + 2.0556*(-0.1705) + 0.1254*44.7762 +
1*0 = 13.4261 + 1.1511 - 0.3505 + 5.6143 = 19.8410

Element (5,5): -0.7567*(-13.6203) + 0.7564*0.9807 + 2.0556*3.3730 + 0.1254*5.6140 +
1*42.8323 = 10.3075 + 0.7418 + 6.9323 + 0.7046 + 42.8323 = 61.5185

shadll de 1 de Goiod ddaw duilio ddgaume L OF Lo todmadl Gl 12 Bglasdl
olis o Juol> s (gle duilio dghsne) U ddmms .1 Soluw Bodzs Ol ¢ gy

Dyl ylad
det(U) = 18 * 1.2965 * 1.6414 * 44.7762 * 42.8323
192 duluoY| 48 gasnall sdxe O ¢ JWL
det (Original) = det(L) * det(U) = 1 * det(U) = 18 * 1.2065 * 1.6414 * 44.7762 *
42.8323=73,464.594

45 gisandl Y gangs iyl plusiiwl 5x5 43,1 e A3 gasaa) d2dlyall Jalgall sl

‘R
A = 18 3.0024 3.4348 -17.7476 -13.6203
3.0024 1.7973 0.6520 -1.4385 -1.2912
3.4348 0.6520 2.3016 -3.4639 0.8344
-17.7476 -1.4385 -3.4639 64.0794 19.8454
-13.6203 -1.2912 0.8344 19.8454 61.5176
‘A &.’93.6.,,49.“ o0 1oganllg 1 canall B> L§3J'1° o M11 Je d},a:d\ o
M11= 1.7973 0.6520 -1.4385 -1.2912
0.6520 2.3016 -3.4639 0.8344
-1.4385 -3.4639 64.0794 19.8454
-1.2912 0.8344 19.8454 61.5176

e dgas o Caue Jsb e odbY dlaudain pluscinnl dlue LiSey .det(M11) Clus

s Gl Jsb e gmngilly
det(M11) = 1.7973 * det M11(1,1) - 0.6520 * det M11(1,2) + (-1.4385) * det M11(1,3) - (-
1.2912) * det M11(1,4)

(03] . sganlly i Cuall Bl das M11 (pe 3x3 dxs,dll Adgaanll (p M11(ij) Eu
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3%3 4501 e Slodas al Gl ] gliss
9Vl 3geadly JoVI Canall CBd> das dusya)l A8 gaunall tdet M11(1,1) e
det M11(1,1) = 2.3016 -3.4639  0.8344
-3.4639  64.0794  19.8454
0.8344  19.8454 615176
detM11(1,1) = 2.3016 [64.0794*61.5176 —19.8454*19.8454] ~(-3.4639) [(-3.4639)*61.5176 -
0.8344*19.8454] +0.8344 [(-3.4639)*19.8454- 0.8344*64.0794]
=7,269.014
det M11(1,2) = 0.6520 -3.4639  0.8344
-1.4385 64.0794  19.8454
-1.2912  19.8454  61.5176
detM11(1,2) =0.6520 [64.0794*61.5176 -19.8454*19.8454] -(-3.4639)*[(-1.4385)
*61.5176 - (-1.2912)*19.8454] +0.8344 [ (-1.4385)*19.8454- (-1.2912)*64.0794]
=2,140.854
det M11(1,3) =0.6520 2.3016  0.8344
-1.4385 -3.4639  19.8454
-12912  0.8344  61.5176
detM11(1,3) =0.6520 [(-3.4639)*61.5176 -0.8344*19.8454] -2.3016 [(-1.4385)
*61.5176 -(-1.2912)*19.8454] +0.8344 [(-1.4385)*0.8344- (-1.2912)*(-3.4639)]
=-9.767
det M11(1,4) = 0.6520  2.3016  -3.4639
-1.4385 -3.4639  64.0794
-12912  0.8344  19.8454
detM11(1,4) =0.6520 [(-3.4639)*19.8454-0.8344*64.0794] -2.3016 [(-1.4385)
*19.8454-(-1.2912)*64.0794] +(-3.4639)[ (-1.4385)*0.8344- (-1.2912)*(-3.4639)] = -184.759
det(M11) = 1.7973 * det M11(1,1) - 0.6520 * det M11(1,2) + (-1.4385) * det M11(1,3) - (-
1.2912) * det M11(1,4)=1.7973 * 7,269.013- 0.6520 * 2,140.852+ (-1.4385) * (-9.767 ) - (-
1.2912) * (-184.756)= 11,444.254
Cij=(-1)i+j * det (Mij) = C11 = (-1)1+1 * det(M11) = +11,444.24
o0 2 dgeally 1 Canall Bl @b e M12 Je Jgaxdl o 1C12 il Olus
‘A 439200l
M12= 3.0024  0.6520 -1.4385  —1.2912
3.4348  2.3016 —3.4639 0.8344
—17.7476  —3.4639 64.0794  19.8454
-13.6203  0.8344 19.8454  61.5176
det (M12(1,1)) = 2.3016  -3.4639  0.8344
-3.4639 64.0794  19.8454
0.8344 19.8454  61.5176
det (M12(1,1))= 2.3016[64.0794*61.5176-19.84542]-(-3.4639)[(-3.4639)*61.5176-
0.8344*19.8454]+ 0.8344[(-3.4639)*19.8454-0.8344* 64.0794] =7,269.014
det (M12(1,2)) =3.4348  —3.4639  0.8344
—17.7476  64.0794  19.8454
-13.6203  19.8454  61.5176
det (M12(1,2)) =3.4348[(64.0794*61.5176-19.84542)] -(—3.4639)[ (~17.7476*61.5176-(-
13.6203)*19.8454)] +0.8344[(—17.7476)*19.8454-(-13.6203)*64.0794)]=9,776.066
det (M12(1,3)) = 3.4348 23016  0.8344
-17.7476 -3.4639  19.8454
-13.6203 0.8344 615176
det (M12(1,3))=3.4348[(-3.4639)*61.5176-0.8344*19.8454)]-2.3016[(-17.7476)*61.5176(-
13.6203)*19.8454)]+0.8344[(-17.7476)*0.8344 —(-13.6203)*(-3.4639)]= 1,050.216
det (M12(1,4))=3.4348  2.3016  -3.4639
-17.7476  -3.4639  64.0794
-13.6203  0.8344  19.8454
det (M12(1,4))=3.4348[(-3.4639)*19.8454-0.8344*64.0794] -2.3016[(-17.7476)*19.8454-(-
13.6203)* 64.0794]+(-3.4639)[(-17.7476)*0.8344 —(-13.6203)*(-3.4639)] = -1,403.2
det(M12) = 3.0024 * det M12(1,1) - 0.6520 * det M12(1,2) + (-1.4385) * det M12(1,3) - (-
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1.2912) * det M12(1,4)=3.0024 * 7,269.014- 0.6520 * 9,776.066+ (-1.4385) * 1,050.216- (-
1.2912) *(-1,403.2)= 12,127.95
Cij=(-1)i+j * det (Mij) = C12 = (-1)1+2 * det(M12) = -12,127.95
o0 3 29y 1 aall Bd> 3,k e M13 e Jgaxdl o 1C13 paiall Glus
A ddganall
M13=3.0024  1.7973 —1.4385 —1.2912
3.4348 0.6520 —3.4639 0.8344
-17.7476 —1.4385 64.0794 19.8454
—13.6203 -1.2912 19.8454 61.5176
det (M13(1,1)) = 0.6520  -3.4639  0.8344
-1.4385 64.0794  19.8454
-1.2912 19.8454  61.5176
det (M13(1,1))= 0.6520[64.0794*61.5176-19.84542]-(-3.4639)[(-1.4385)*61.5176(-
1.2912)*19.8454]+ 0.8344[(-1.4385)*19.8454-(-1.2912)* 64.0794] = 2,140.854
det (M13(1,2)) = 3.4348  —3.4639  0.8344
—17.7476 64.0794 19.8454
-13.6203 19.8454 61.5176
det (M13(1,2)) =3.4348[64.0794*61.5176-19.84542] ~(—3.4639)[ (~17.7476)*61.5176-(-
13.6203)*19.8454] +0.8344[(~17.7476)*19.8454-(-13.6203)*64.0794] =9,776.066
det (M13(1,3) = 3.4348  0.6520  0.8344
-17.7476 -1.4385  19.8454
-13.6203 -1.2912  61.5176
det (M13(1,3))=3.4348[(-1.4385)*61.5176-(-1.2912)*19.8454]-0.6520[(-17.7476)*61.5176(-
13.6203)*19.8454]+0.8344[(-17.7476)*-1.2912 —(-13.6203)*(-1.4385)] = 322.442
det (M13(1,4))= 3.4348 06520  -3.4639
-17.7476  -1.4385 64.0794
-13.6203  -1.2912 19.8454
det (M13(1,4))=3.4348[(-1.4385)*19.8454-(-1.2912)*64.0794] -0.6520[(-17.7476)*19.8454-(-
13.6203)* 64.0794]+(-3.4639)[(-17.7476)*(-1.2912) —(-13.6203)*(-1.4385)] = -164.766
det(M13) = 3.0024 * det M13(1,1) — 1.7973 * det M13(1,2) + (-1.4385) * det M13(1,3) - (-
1.2912) * det M13(1,4)=3.0024 * 2,140.854- 1.7973 * 9,776.066+ (-1.4385) * 322.442 - (-
1.2912 * (-164.766) = -11,819.4
Cij=(-1)i+j * det (Mij) = C13 = (-1)1+3 * det(M13) = -11,819.4
o0 4 dgeally 1 Caall Bd> @b e M14 de Jgaxdl o 1C14 paiadl Olus
‘A ddgasn0ll
M14= 3.0024 1.7973 0.6520 -1.2912
3.4348, 0.6520 2.3016 0.8344
-17.7476  -1.4385 -3.4639  19.8454
-13.6203 -1.2912 0.8344 61.5176
det (M14(1,1)) =0.6520  2.3016  0.8344
-1.4385 -3.4639  19.8454
-1.2912 0.8344  61.5176
det (M14(1,1))= 0.6520[(-3.4639)*61.5176-0.8344*19.8454]- 2.3016 [(-1.4385)*61.5176-(-
1.2912)*19.8454]+ 0.8344[(-1.4385)*0.8344-(-1.2912)* (-3.4639)] = -9.767
det (M14(1,2)) = 3.4348  2.3016  0.8344
-17.7476  -3.4639  19.8454
-13.6203 0.8344 61.5176
det (M14(1,2)) =3.4348[(-3.4639)*61.5176-0.8344*19.8454] - 2.3016 [ (—17.7476)*61.5176(-
13.6203)*19.8454] +0.8344[(—17.7476)*0.8344-(-13.6203)*(-3.4639)] = 1,050.216
det (M14(1,3)) = 3.4348  0.6520  0.8344
-17.7476  -1.4385 19.8454
-13.6203 -1.2912 61.5176
det (M14(1,3))=3.4348[(-1.4385)*61.5176-(-1.2912)*19.8454]-0.6520[(-17.7476)*61.5176(-
13.6203)*19.8454]+0.8344[(-17.7476)*(-1.2912) —(-13.6203)*(-1.4385)] = 322.442
det (M14(1,4))= 3.4348 06520  2.3016
-17.7476  -1.4385 -3.4639
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-13.6203  -1.2912 0.8344
det (M14(1,4))=3.4348[(-1.4385)*0.8344-(-1.2912)*(-3.4639)] -0.6520[(-17.7476)*0.8344-(-
13.6203)* (-3.4639)]+ 2.3016 [(-17.7476)*(-1.2912) —(-13.6203)*(-1.4385)] = 28.579
det(M14) = 3.0024 * det M14(1,1) — 1.7973 * det M14(1,2) + 0.6520* det M14(1,3) - (-1.2912)
* det M14(1,4)=3.0024 * (-9.767)- 1.7973 * 1,050.216 + 0.6520* 322.442 - (-1.2912) *
28.579=-1,669.74
Cij=(-1)i+j * det (Mij) = C14 = (-1)1+4 * det(M14) = +1,669.74
A ddgasnall
M15= 3.0024  1.7973 0.6520 -1.4385
34348, 0.6520 2.3016 -3.4639
-17.7476 -1.4385 -3.4639 64.0794
-13.6203 -1.2912 0.8344  19.8454
det (M15(1,1)) = 0.6520 2.3016 -3.4639
-1.4385 -3.4639  64.079%4
-1.2912 0.8344  19.8454
det (M15(1,1))= 0.6520[(-3.4639)*19.8454 -0.8344 *64.0794]- 2.3016 [(-1.4385)*19.8454-(-
1.2912)*64.0794]+ (-3.4639)[(-1.4385)*0.8344-(-1.2912)* (-3.4639)] = -184.759
det (M15(1,2)) = 3.4348 2.3016 -3.4639
-17.7476  -3.4639  64.0794
-13.6203 0.8344 19.8454
det (M15(1,2)) =3.4348[(-3.4639)*19.8454 -0.8344*64.0794] - 2.3016 [ (—17.7476)*19.8454 -
(-13.6203)*64.0794] +(-3.4639)[(—17.7476)*0.8344-(-13.6203)*(-3.4639)] = -1,403.2
det (M15(1,3)) = 3.4348 0.6520 -3.4639
-17.7476  -1.4385 64.0794
-13.6203  -1.2912 19.8454
det (M15(1,3))=3.4348[(-1.4385)*19.8454-(-1.2912)*64.0794]-0.6520[(-17.7476)*19.8454-(-
13.6203)*64.0794]+(-3.4639 )[(-17.7476)*(-1.2912) —(-13.6203)*(-1.4385)] = -164.786
det (M15(1,4))= 3.4348 0.6520 2.3016
-17.7476  -1.4385 -3.4639
-13.6203  -1.2912 0.8344
det (M15(1,4))=3.4348[(-1.4385)*0.8344-(-1.2912)*(-3.4639)] -0.6520[(-17.7476)*0.8344-(-
13.6203)* (-3.4639)]+ 2.3016 [(-17.7476)*(-1.2912) —(-13.6203)*(-1.4385)] = 28.579
det(M15) = 3.0024 * det M15(1,1) — 1.7973 * det M15(1,2) + 0.6520* det M15(1,3) - (-1.4385)
* det M15(1,4)=3.0024 * (-184.759)- 1.7973 * (-1,403.2)+ 0.6520 * (-164.786) - (-1.4385) * 28.579=
1,900.921
Cij=(-1)i+]j * det (Mij) = C15 = (-1)1+5 * det(M15) = 1,900.921

Y7 alj = Clj = det(A) @l
al1=18, a12=3.0024, a13=3.4348, a1l4=—17.7476, a15=—13.6203
C11=11,444.254, C12=-12,127.95, C13=-11,819.4, C14=1,669.74,C15=1,900.921
det A=a11*C11+al12*C12+a13*C13+al4*C14+a15*C15
73,464.594= 18*11,444.24 +3.0024*(-12,127.95)+3.4348*(-11,819.4)
+ (-17.7476)*1,669.74+(—13.6203)*1,900.921
73,464.594 ~ 73,461.1

S Olie (et L dlages WS35 @iy o (@1 cwlgadl Ay e Jguazd) iy 138
L:g ClJ 25 I ue L]l d_nl}a.]\ fvT g &A-"LAJ OV C,\_au,U é_‘z.lﬁ Lg L@.’_.,'og u_i.u Lol
A 5x5 dd5a4n0
Cof(A)=C11 C12 C13 C14Cl15= 1144424 -12127.95 -11,819.4 1,669.74 1,900.921
C21 C22 C23 C24 C25 -12,127.96 59,5126 -1,217.06 -1,832.2 -828.501
C31 C32 C33 C34 C35 -11,8194 -1216706 52,1123 582899 -3,547.59
C41C42 C43 C44 C45 1,669.74  -1,832.2  614.833 166758 -215916
C51 C52 C53C54 C55 1,900.863 -828.492 -3,547.6  -215.070 1,715.069
192 cadj (A) 48l A gasmall pud @Iy Belinal Jolgall dgasme Jgbie
Cof(A)=[Cof(A)]T= 11,444.24 -12127.96 -11,819.4  1669.74  1,900.863
-12,127.95 59,512.6  -1,216.706 -1,832.2  -828.492
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-11,819.4  -1,217.06 52,112.3 614.833 -3,547.6
1,669.74  -1,832.2 582.899 1,667.58 -215.070
1,900.921 -828.501 -3,547.59 -215.916 1,715.069

o= A'=[1/det(A)]*adj(A) :dsa)! plasuiwl 4 L89asanll (wg-San Clus (1S
det(A) samall dasd oo adj(A) dadlyoll Bgisaall polis (o pais JS daud Gob
.73,464.594 4!
A-1=0.15578 -0.16509 -0.16089  0.02273  0.02587
-0.16509  0.81009  -0.01656  -0.02494  -0.01128
-0.16089  -0.01657  0.70935 0.00837  -0.04829

0.02273 -0.02494  0.00793 0.02270  -0.00293
0.02588 -0.01128 -0.04829 -0.00294 0.02335

aoz9 1 0955 O Gemy )l o liadl OF (s Lo (B g1 A 54m0) A-1*A=] OF (o B!

L) Jadl il 0Y ¢digisanll (o (olall Clialb s by psdlu .0 duyladll e soliall
4513

(A-1*A)1,1=Row 1 of A-1*Column 1 of A=0.15578*18+(-0.16509)*3.0024+(-

0.16089)*3.4348+0.02273*(-17.7476)+0.02588*(-13.6203) = 1

(A-1*A)1,2=Row 1 of A-1*Column 2 of A=0.15578%3.0024+(-0.16509)* 1.7973+(-

0.16089)*0.6520+0.02273*(-1.4385)+0.02588*(-1.2912) = 0

(A-1*A)1,3= Row 1 of A-1*Column 3 of A=0.15578*3.4348+(-0.16509)* 0.6520+(-

0.16089)*2.3016+0.02273*(-3.4639)+0.02588*0.8344 =~ 0

(A-1*A)1,4= Row 1 of A-1*Column 4 of A=0.15578%(-17.7476)+(-0.16509)*(-

1.4385)+(-0.16089)*(-3.4639)+0.02273*64.0794+0.02588*19.8454 = 0

(A-1*A)1,5= Row 1 of A-1*Column 5 of A=0.15578%(-13.6203)+(-0.16509)*(-

1.2912)+(-0.16089)*08344+0.02273*19.8454+0.02588*61.5176 = 0

So, Row 1 is: [1.0000, 0.0000, 0.0000, 0.0000, 0.0000]

(A-1*A)2,2= Row 2 of A-1* Column 2 of A=(-0.1651)*3.0024+ (0.81009)* 1.7973 +(-

0.01656)*0.6520+(-0.02494)*(-1.4385)+(-0.01128)*(-1.2912) ~ 1

(A-1*A)2,3=Row 2 of A-1* Column 3 of A=(-0.16509)*3.4348+ (0.81009)*

0.6520+(-0.01656)*2.3016+(-0.02494)*(-3.4639)+(-0.01128)*0.8344 = 0

(A-1*A)2,4=Row 2 of A-1* Column 4 of A=(-0.16509)*(-17.7476)+(0.81009)*(-

1.4385)+(-0.01656)*(-3.4639)+(-0.02494)*64.0794+(-0.01128)*19.8454 =0

(A-1*A)2,5=Row 2 of A-1* Column 5 of A=(-0.16509)*(-13.6203)+(0.81009)*(-

1.2912)+(-

0.01656)*0.8344+(-0.02494)*19.8454+(-0.01128)*61.5176 =~ 0

So, Row 2 is: [0.0000, 1.0000, 0.0000, 0.0000, 0.0000]

(A-1*A)3,3= Row 3 of A-1* Column 3 of A=(-0.16089)*3.4348+(-0.01657)* 0.6520+

0.70935*2.3016+0.00837*(-3.4639)+(-0.04829)* 0.8344 = 1

(A-1*A)3,4= Row 3 of A-1* Column 4 of A=(-0.16089)*(-17.7476)+(-0.01657)* (-

1.4385)+0.70935*(-3.4639)+0.00837*64.0794+(-0.04829)*19.8454 = 0

(A-1*A)3,5= Row 3 of A-1* Column 5 of A=(-0.16089)*(-13.6203)+(-0.01657)* (-

1.2912)+0.70935*0.8344+0.00837*19.8454+(-0.04829)*61.5176 = 0

So, Row 3 is: [0.0000, 0.0000, 1.0000, 0.0000, 0.0000]

(A-1*A)4,4= Row 4 of A-1* Column 4 of A=0.02273*(-17.7476)+(-0.02494)* (-

1.4385)+0.00793*(-3.4639)+0.02270*64.0794+(-0.00293)*19.8454 = 1

(A-1*A)4,5= Row 4 of A-1* Column 5 of A=0.02273*(-13.6203)+(-0.02494)* (-

1.2912)+0.00793*0.8344+0.02270*19.8454+(-0.00293)*61.5176 = 0

So, Row 4 is: [0.0000, 0.0000, 0.0000, 1.0000, 0.0000]

(A-1*A)5,5= Row 5 of A-1* Column 5 of A=0.02588*(-13.6203)+(-0.01128)* (-

1.2912)+(-0.04829)*0.8344+(-0.00294)*19.8454+(-0.02335)*61.5176 = 1

So, Row 5 is: [0.0000, 0.0000, 0.0000, 0.0000, 1.0000]

B=A-1*xTy=0.15578  -0.16509 -0.16089  0.02273  0.02587 *

2.4152
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-0.16509 0.81009

-0.16089
0.02273

-0.01657
-0.02494

-0.01656

0.70935
0.00793
0.02588

-0.01128

+0.02273*(-1.4709)+0.02587*3.1985= 0.33921

B>= (row 2* column)=(-0.16509)*2.4152+0.81009%0.2716+(-0.01656)*0.2580+(-
0.02494)*(-1.4709)+(-0.01128)*3.1985= -0.18238

Bs= (row 3* column)=(-0.16089)*2.4152+(-0.01657)* 0.2716+ 0.70935 *0.2580
+0.00837*(-1.4709)+(-0.04829)*3,1985= -0.37684

Ba= (row 4* column)=0.02273*2.4152+(-0.02494)*0.2716+ 0.00793* 0.2580+

0.02270%(-1.4709)+(-0.00293)*3.1985= 0.00742

Bs= (row 5* column)=0.02588*2.4152+(-0.01128)*0.2716+(-0.04829)*0.2580+(-

0.00294)*(-1.4709)+0.02335*3.1985= 0.12599

B= 0.33921
-0.18238
-0.37684
0.00742
0.12599

y*=0.339-0.182 x1-0.377 x2+0.007 x3+0.126 x4
B=A-1*xTy, p*A-1=xTy

R4 of A-1%B=(-17.7476)*0.33921+(-1.4385)*(-0.18238) +(-3.4639)*(-

vy =B1+p2x1+p3x2+P4x3+B5x4

-0.02494
0.00837 -0.04829
0.02270 -0.00293

-0.00294
Bi= Y (AT ¢ (xTy); Akl plasiel B solis e pate S Olu>3.1985

Bi= (row 1* column)=0.15578*2.4152+(-0.16509)*0.2716+(-0.16089) *0.2580

-0.01128

-0.04829

:éL@J\ B dxie

0.2716
0.2580

-1.4709

0.02335

:8yddell HlasaYl dslas budaas i

1Y) pall puseiud ¢ B _rolic dove o (8ol
Row 1 of A-1*B=18%0.33921+3.0024*(-0.18238)+3.4348*(-0.37684)+(-
17.7476)*0.00742+(-13.6203)*0.12599 ~ 2.4161
R2 of A-1*p=3.0024*0.33921+1.7973*(-0.18238)+0.6520*(-0.37684)+(-
1.4385)*0.00742+(-1.2912)*0.12599 =~ 0.3444
R3 of A-1*p=3.4348%0.33921+0.6520%(-0.18238)+2.3016*(-0.37684)+(-
3.4639)*0.00742+(0.8344)*0.12599 ~ 0.2583

0.37684)+(64.0794)*0.00742+(19.8454)*0.12599 ~ 1.4767
R4 of A-1%B=(-13.6203)*0.33921+(-1.2912)*(-0.18238)+(0.8344)*(-

0.37684)+(19.8454
)*0.00742+(61.5176)*0.12599 ~ 3.8276
Obs. yt x1 X2 x3 x4 y~=0.339-0.182x1-0.377x2 | set=yt-y* et
+0.007x3+0.126x4
1 | 0.2999 | 0.3813 0.7994 0.7285 1.7533 0.1942 0.1057 0.01117
2 | 0.1660 | 0.2999 0.3813 -1.3836 0.7285 0.2228 -0.0568 0.00323
3 | 0.4089 | 0.1660 0.2999 -3.4100 -1.3836 -0.0025 0.4114 0.16925
4 | -0.1680 | 0.4089 0.1660 -0.2154 -3.4100 -0.2292 0.0612 0.00375
5 | 0.2405 | -0.1680 0.4089 -0.4908 -0.2154 0.1848 0.0557 0.00312
6 | 0.3410 | 0.2405 | -0.1680 -0.7221 -0.4908 0.2917 0.0493 0.00243
7 | 0.1698 | 0.3410 0.2405 3.1949 -0.7221 0.1176 0.0522 0.00273
8 | 0.7620 | 0.1698 0.3410 -0.6856 3.1949 0.5773 0.1847 0.03411
9 | -0.2650 | 0.7620 0.1698 -0.2270 -0.6856 0.0483 -0.3133 0.09816
10 | -0.2690 | -0.2650 0.7620 -2.6120 -0.2270 0.0531 -0.3221 0.10375
11 | 0.0115 | -0.2690 | -0.2650 -0.3665 -2.6120 0.1562 -0.1447 0.02094
12 | 0.1256 | 0.0115 | -0.2690 -1.9363 -0.3665 0.3786 -0.253 0.06401
13 | 0.2132 | 0.1256 0.0115 -2.2440 -1.9363 0.0521 0.1611 0.02595
14 | 0.0269 | 0.2132 0.1256 -4.1005 -2.2440 -0.0586 0.0855 0.00731
15 | -0.2191 | 0.0269 0.2132 -0.2896 -4.1005 -0.2650 0.0459 0.00211
16 | 0.4099 | -0.2191 0.0269 -0.2577 -0.2896 0.3304 0.0795 0.00632
17 | 0.3670 | 0.4099 | -0.2191 -0.3559 -0.2577 0.3120 0.055 0.00303
18 | -0.2059 | 0.3670 0.4099 -2.3740 -0.3559 0.0562 -0.2621 0.06870
X | 24152 | 3.0024 3.4348 -17.7476 -13.6203 0.63003

L2 LS Aol Hlasl b (& F Beliax! dauo 0
F=[(SSR res. -SSR unres.) /m]/ [SSR unres. /(n-k unres.)]
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F=[(1.3683-0.6300)/2]/ [0.6300/ (18-5)] = 22.39
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