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[Abstract] The purpose of this paper was to introduce the basic concepts, calculation methods, two examples and SAS
implementation related to generalized principal component analysis. Basic concepts included synthetic data, quasi—synthetic data,
partial synthetic data and generalized principal component analysis. The calculation method involved logarithmic centralization,
constructing the covariance matrix S and finding the eigenvalues and eigenvectors of the matrix S. The data involved in the two
examples were percentage content of 5 components in a certain ore and household consumption data of farmers in 30 regions of China
in 1993. With the help of SAS software, generalized principal component analysis was carried out on the quantitative data in the two
examples. Only one principal component was needed to contain more than 85% of the information contained in multiple original
variables, and a good dimensionality reduction effect had been achieved. In example 2, based on the calculation results of generalized

principal components, the sorting and preliminary classification of regions were also realized.
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Table 1  Determination results of 5 components in 25 ore samples

% 5 X, X, X, X, X
1 48. 8 31.7 3.8 6.4 9.3
2 48.2 23.8 9.0 9.2 9.8
25 45.9 24.9 9.7 9.8 9.7
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Table 2 Household consumption data of farmers in 30 regions of China in 1993

FERRE | ERE ommn | CERBG | iR
oK ERX) KEX) JEE(X,)
e : TORAERE(X) (X)) (X)) W) R HEIX)
Jbat 48. 16 10. 58 11.29 9.26 4.62 3.04 11.61 1.40
R 53.31 9.54 15.98 6. 10 3.39 2.54 7.59 1.63
Hrie 52.15 12.94 14.70 5.37 4.22 2.77 6.24 1. 61
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3.1.3 BIESASEIEE 58.40 8.14 14.04 4.56 3.76 1.83 8.15 1.12
SRR VR L Y SAS B B (4 55.14 10.47 12.34 4.79 4.30 1.98 8.91 2.07
Oy PROD T 60.63 9.70 9.99 4.03 4.44 1.98 8.91 2.07
ot als 61.40 8.88 15.25 3.88 3.38 1.56 5.04 0.97
ot X1-X51 46.43 7.14 16.24 11.75 2.28 2.98 9.99 3.19
o 50.21 7.40 17.89 8.58 3.32 2.81 7.76 2.03
ZZ?;;?" 50.16 7.46 17.35 7.63 3.97 3.05 6.83 3.54
488 317 3.8 6.4 0.3 63.90 6.95 10.09 5.41 3.31 1.87 6.84 1.62
459 238 9.0 0.2 0.8 60.60 4.99 13.44 5.04 2.43 2.90 7.46 3. 13
051 342 0.5 109 61.35 5.94 13.36 5.00 3.45 2.41 7.27 1.22
57.36 8.31 16.64 5.60 3.41 2.04 8.32 1.31
20.9:23.8 7.2710.1 8.0 59.21 8.15 13.27 5.32 4.01 1.55 6.94 1.54
44.238.3 2.9.7.7 6.9 61.85 6.46 10.75 5.43 3.07 1.51 9.88 1.05
52.326.2 4.2 12.5 4.8 61.10 5.56 13.23 4.91 2.98 1.98 9.08 1. 14
44.6.33.0 4.6 12.2 5.6 52.77 3.73 16.98 6.69 3.17 4.28 9.41 2.97
34.6.5.2 42.9°9.6 7.7 64.33 4.31 10.70 6.24 2.77 2.01 9.89 0.75
41.2 11.7.26.7 9.6 10.8 67.17 4.67 7.06 4.87 2.55 2.66 9.08 1.94
42.646.6 0.7 5.6 4.5 63.29 6.33 12.20 5.23 3.13 1.95 6.99 0.88
49.9.19.5 11.4 9.5 9.7 70.98 6.46 8.37 4.32 1.87 1.49 4.92 1.60
45.237.32.75.59.3 61.20 6.92 13.20 6.50 3.22 1.65 5.96 1.35
32.78.538.9 8.0 11.9 66.53 8.78 18.21 3.40 0.49 0.98 0.62 1.00
41.4 12.9 23.4 15.8 6.5 57.13 7.75 15.39 5.50 4.58 1.33 7.08 1.24
26.2 17.5 15.8 28.3 12.2 55.36 7.35 19.24 5.13 4.01 1.62 6.02 1.28
32.3 7.3 40.9 12.9 6.6 55.50 9.54 20.86 4.43 3.84 1.75 3.01 1.08
43.244.3 1.0 7.8 3.7 58.75 8.87 12.00 5.57 4.67 2.04 7.11 0.95
49.532.33.2876.3 52.15 12.94 14.70 5.37 4.22 2.77 6.24 1.61
42.3 15.8 20.4 8.3 13.2 :
44.6 11.5 23.8 11.6 8.5 rn
45.8 16.6 16.8 12.0 8.8 52 FSASHEG 4
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48.6 34.0 2.5 9.4 5.5 3.2.1 61 R E R
45.516.6 17.6 9.6 10.7 HEATLRME TR 0T, BTG SAS B F AN R
45.9 24.9 9.7 9.8 9.7 proc princomp data=al out=aaa prefix=z;
5 var X1-X5;
run; run;
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data b1 3 A MR R R IR [ o7
input X1-X8; e T
rig=_n_; AT SCE BT BT, BTG 2L SAS TR T (20
cards; SoM:PRG3)UNF
48.1610.58 11.299.26 4. 62 3. 04 11. 61 1. 40 data a2;
53.319.54 15.98 6. 103.392.547.59 1. 63 %let m=5;
58.397.5013.86 5. 16 6.32 1. 63 5.90 1. 23 %let n=25;
57.3611.20 11.89 5. 80 3. 57 2. 00 6. 74 1. 44 array a(&n);
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Table 3  Eigenvalues of the correlation matrix
PEMST AP MOMRERZZE 6] Bl
1 2.932 1.979 0.586 58. 641%

0.953 0.276 0.191 77.698%
0.677 0.239 0.135 91. 243%
0.438 0.438 0. 088 100. 000%
0. 000 - 0. 000 100. 000%

(S RV N

array y(&m) ;

array x(&n,&m);

do i=1 to &n;

a(i)=0;

do j=1 to &m;

input X(i,j) @@;

x(i,j)=log(x(i,j));

end;

do j=1 to &m;

a(i)=a(i)+x(i,j);

end;

a(i)=a(i)/&m;

do j=1 to &m;

x(i,j)=x(i,j)-a(i);

end;

do j=1 to &m;

y(j)=x(i,});

end;

output;

end;

cards;

(AR AR SC3. 1. 37 7 Y 2547 5 50 8E )

run;

data a3;

set a2;

proc princomp data=a3 covariance prefix=z;

var yl-y&m;

run;

[SASHi 4550 LR LR AR AE (R 55 W3R 4.

H 2 4 PR, A0 R DTRRA R T 85% , s i
R4 AXEFENFEE

Table 4 Eigenvalues of the correlation matrix

FREESS  FHEE MAREEZ 22 1 B Btk
1 1.596 1.498 0.319 91.969%
2 0. 098 0.061 0. 020 97. 641%
3 0. 037 0.033 0. 007 99.760%
4 0. 004 0. 004 0.001  100.000%
5 0. 000 - 0.000  100.000%
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HIRAK(4), T35 — F o ay Rk, Wal(5).
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proc princomp data=al out=aaa prefix=z;
var X1-X8;
run;
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Table 5 Eigenvalues of the correlation matrix

FEAEME S BPARME MSPRRR(EZ 22t B St simkeR
1 3.170 1.315 0. 396 39. 630%
2 1.855 0.485 0.232 62. 820%
3 1.370 0.789 0.171 79. 940%
4 0.581 0.017 0.073 87.200%
5 0. 564 0.281 0.071 94. 250%
6 0.283 0.112 0.035 97.790%
7 0.171 0.165 0.021 99.930%
8 0. 006 - 0.000  100.000%
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BRI ERT “PRG2 H IR B4 s “proc princomp”
W] 75 18 2R “proc princomp data=a3 noint covari-
ance prefix=p;”;
[SAS f H 45 SR K i B 15K i e Ak fH 55
6.
®o6 TAXRIEFEMRFIEE

Table 6  Eigenvalues of the correlation matrix

FHIEES S FHEE MRz 22t f RiFsikex
1 9.464 1.315 0.396 94. 360%
2 0.274 0.485 0.232 97.090%
3 0.157 0.789 0.171 98. 650%
4 0. 055 0.017 0.073 99.200%
5 0. 041 0.281 0.071 99.610%
6 0. 025 0. 112 0.035 99. 860%
7 0.014 0. 165 0.021 100. 000%
8 0. 000 - 0.000  100.000%

HH 2 6 AT, AR BT BT R T 85% , AL
F—FERT

5 446 brook Borboo Ak AR B S B Y E 0] B =
(2.239,0. 185,-0. 114,-0. 639,-1. 108,0. 085,~1. 428)’,
5 NRAE(E XTI A AFAE ) i a=(-0. 731,-0. 066,
0.257,-0. 037, -0. 208, -0. 362, 0. 021, -0. 468)". ¥}
DA sR i A A 1) i AR ] AR A (4) , ATAR S
— E R FRAEL, (6 .

P,=0.731(Z,-2.239) +0.066 (Z,~0.185) +0.257 (Z,~
0.779) -0.037 (Z,+0.114) —0.208 (Z.+0.639) —0.362 (Z+

1.108)+0.021(Z,—0.085)-0.468(Z+1.428 ) (6)
BT — oA XCHEY |, s 22 SAS 2
Far .
data a4;
set aaa;

2t=0. 731%(p1-2. 239)+0. 066*(p2-0. 185)+0. 257*
(p3-0.779) 0. 037* (p4+0. 114) 0. 208* (p5+0. 639)
-0. 362* (p6+1. 108) +0. 021* (p7-0. 085) —0. 468* (p&+
1. 428);

zt=round(zt,0. 001);

proc rank descending data=a4 out=bbb;

var zt;

ranks order;

run;

proc sort data=bbb out=ccc;

key zt/ascending;

run;

data ddd;

set ccc;

order=int(order) ;

length name $10;

if rig=1 then name="Jt 57" ;

else if rig=2 then name="K}t’;

else if rig=3 then name="y1/4t";

else if rig=29 then name="T7';

else if rig=30 then name="#74%";

proc print data=ddd ; var name order;run;

data el e2 e3;

set ddd;

if order>20 then output el

else if 10<order<21 then output €2;

else if O<order<11 then output €3;

keep rig name order;

run;

data el (keep=id rigl namel orderl) ;

setel;id=_n_;

length namel $10;

rename rig=rigl name=namel order=orderl ;

run;

data e2(keep=id rig2 name2 order2) ;

sete2;id=_n_;

length name2 $10;

rename rig=rig2 name=name2 order=order2;

run;

data e3 (keep=id rig3 name3 order3) ;

set e3;1d=_n_;

length name3 $10;

rename rig=rig3 name=name3 order=order3;

run;

data eee(drop=id) ;

merge el e2 e3;

by id;

ods rtf;

proc print data=eee noobs

run;

[SAS % it 25 5 K fig B ] R s s Br B, #H proc
princomp i PR 45 5 B o T T 2T —
FRT AR 30 H X HEATHE P A5 R, W3R 7,

TER TP T 350 10 X R T 73 L X7
Hha] 351 9 9 Al X T e L X s B e 38R 11
A H DK TR MBI g 3 D AR R s B
JEAE SCHCMIG AR 3% & OB e X B
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Table 7 Sorting results of 30 regions based on the values

of the first principal component
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