DY ISR AR 2023 AR5 36 24 S1H

http : //www. psychjm. net. cn

B 2 ot r—) " L o b

ENSIE ) -E
(1. ZEHERF B A BE , Jb 5T 1008505
2. AR 2y LA S IR REH S 125 Lol & B 45, dbat 100029
HEEE R ,E-mail : Iphu927@163. com)

(WE] AXHWRANAE) LFEBG A S SR T A LA R SAS SE 8, JEAME & 65 5 i 5%
B UG BT A A RO SCE AT T s T IS RO BT AL A 1 P 5 22 I S LA BSR AR R S AARAE (B AURAAE
[ 2t PSS A6 43 ) 2 BT A v S T A3 R R 1993 AR TR 30 M X AR AR BETH SR R . A Bl SAS X AN S P 1
TEPORIEAT T CE RS 0T, R 2 LA FE R il 2 A AR T4 5 19 85% LA M5 8. IS T ARG 1 I 4EAUR s 78
B2 BT A AT AE R A ST T X M X A HE I R A A

[SRgER] A BORE X RO s B 2856 K s FERHEIT s 7 L F s

FESES R195. 1 XERFRIZAG : A doi: 10. 11886/s¢jsws20230605002

Reasonably carry out multivariate analysis: generalized principal component analysis

Hu Chunyan', Hu Liangping"*
(1. Graduate School , Academy of Military Sciences PLA China, Beijing 100850, China;
2. Specialty Committee of Clinical Scientific Research Statistics of World Federation of Chinese Medicine Societies , Beijing
100029, China
“Corresponding author: Hu Liangping , E-mail : Iphu927@163. com )

[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

VX ~X MR A eh 5 R
3.1.2 XEELEHB ST

B 1, 25 DA FE S R RS A A S
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R2 19BEHEOMERKRRREHEZF (%)
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

T AR B PR /NECRTI 4 S8 TR R, 454540 2 FIE 1l 100%
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data al ;

input X1-X5;
ore=_n_;
cards;

48.8 31.7 3.8 6.4 9.3

48.2 23.8 9.0 9.2 9.8
37.0 9.1 34.2 9.5 10.2
50.9 23.8 7.2 10.1 8.0
44.2 38.3 2.9 7.7 6.9
52.3 26.2 4.2 12.5 4.8
44.6 33.0 4.6 12.2 5.6
34.6 5.2 42.9 9.6 7.7
41.2 11.7 26.7 9.6 10.8
42.6 46.6 0.7 5.6 4.5
49.9 19.5 11.4 9.5 9.7
45.2 37.3 2.7 5.5 9.3
32.7 8.5 38.9 8.0 11.9
41.4 12.9 23.4 15.8 6.5
26.2 17.5 15.8 28.3 12.2
32.3 7.3 40.9 12.9 6.6
43.2 44.3 1.0 7.8 3.7
49.5 32.3 3.2 8.7 6.3
42.3 15.8 20.4 8.3 13.2
44.6 11.5 23.8 11.6 8.5
45.8 16.6 16.8 12.0 8.8
49.9 25.0 6.8 10.9 7.4
48.6 34.0 2.5 9.4 5.5
45.5 16.6 17.6 9.6 10.7
45.9 24.9 9.7 9.8 9.7

5
run;

XA 2 BB BT B SAS B A0 AR T (4

2 PRG2) W .

data bl;

input X1-X8;

rig=_n_;

cards;
48.1610.5811.299.264.623.04 11.61 1. 40
53.319.5415.986.103.392.547.591.63
58.397.5013.865.166.321.635.901.23
57.3611.2011.895.803.572.006.74 1. 44

3.2

3.2.

58.40 8.14 14.04 4.56 3.76 1.83 8.15 1.12
55.14 10.47 12.34 4.79 4.30 1.98 8.91 2.07

60.63 9.70 9.99 4.03 4.44 1.98 8.91 2.07

61.40 8.88 15.25 3.88 3.38 1.56 5.04 0.97
46.43 7.14 16.24 11.75 2.28 2.98 9.99 3.19
50.21 7.40 17.89 8.58 3.32 2.81 7.76 2.03
50.16 7.46 17.35 7.63 3.97 3.05 6.83 3.54
63.90 6.95 10.09 5.41 3.31 1.87 6.84 1.62
60.60 4.99 13.44 5.04 2.43 2.90 7.46 3.13
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
59.21 8.15 13.27 5.32 4.01 1.55 6.94 1.54
61.85 6.46 10.75 5.43 3.07 1.51 9.88 1.05
61.10 5.56 13.23 4.91 2.98 1.98 9.08 1.14
52.77 3.73 16.98 6.69 3.17 4.28 9.41 2.97
64.33 4.31 10.70 6.24 2.77 2.01 9.89 0.75

67.17
63.29
70. 98
61.20
66. 53
57.13
55.36

67 7.06 4.87 2.55 2.66 9.08 1.94

33 12.20 5.23 3.13 1.95 6.99 0. 88
46 8.37 4.32 1.87 1.49 4.92 1.60

92 13.20 6.50 3.22 1.65 5.96 1.35
78 18.21 3.40 0.49 0.98 0.62 1.00
75 15.39 5.50 4.58 1.33 7.08 1.24
35 19.24 5.13 4.01 1.62 6.02 1.28
55.50 9.54 20.86 4.43 3.84 1.75 3.01 1.08
58.75 8.87 12.00 5.57 4.67 2.04 7.11 0.95
52.15 12.94 14.70 5.37 4.22 2.77 6.24 1.61

© O N NP E R B U ®®E U AN NN %0

’

run;

P SASEM G it #

I A | SRR
HEATHMEE A SIAT BT SAS TRIT N T
proc princomp data=al out=aaa prefix=z;

var X1-X5;

run;

(SAS iy HH 45 58 B oKt B RIE A A DL 3

th 3 3 AT, AR R STk K T 85% , AT L
34N WA WA HORCR AR IR DR, IERE X
EWIr o

AT SCE R 3T, BT Y SAS B Y (4

S0 PRGN

data a2;
Yolet m=5;
%let n=25;
array a(&n);
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®3 AXREFENFILEE
Table 3  Eigenvalues of the correlation matrix
RIE( S RRIEAE HISRARIE(EZ 25tk ) B TEkR
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%

(O VS I S ]

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,j);

end;

output;

end;

cards;

(A G AFTSC3. 1. 377 7P iy 2547 5 518

run;

data a3;

set a2;

proc princomp data=a3 covariance prefix=z;

var yl-y&m;

run;

[SASHi &5 R S Re PRI YRR A W3R 4.
F 2 4 TR, 0l SR DTRR KT 85% , H i U —
A FWIr .

F4 HREHENFEE

Table 4  Eigenvalues of the correlation matrix

FREESS  FHEE MRARREEZ 22 1 f Fah iR
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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5 448 i o b £ AR 4 S A 34 (E ) g 2=
(1.105,0.326,-0.471,-0.372,-0. 588)", 54—
FRAE AR X B B RAE 1] B o= (0. 205, -0. 289, 0. 781,
-0.016,0.030)"c ¥ DAL 3R H B 248 ] 18 FREAE [1]
HIRARK(4), T35 — F i ay Rk, Wal(5).

P=-0.205 (Z,-1.105) -0.289 (Z,-0.326) +0.781
(7,+0.471)-0.016(Z,+0.372)+0.030(Z+0.588)  (5)

M FE RS PRI R BT AP FEEZZ,
5z, /W5gm i 5, AT S5 AR o RIS Fha
ARSI SR, X RS R, S Z IR
It LAAZ 3 3 AT LU iz A h X, 5 X, & R
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PEATERNE R AT, BT SASFEFFINE
proc princomp data=al out=aaa prefix=z;
var X1-X8;
run;
(SAS %y 1 45 28 K Ml B R A AR AR A 45 N &
W5,
®5 AXEMNEHEE

Table 5 Eigenvalues of the correlation matrix

FEAEME LS BRHARME MSPRRR(EZ 22t Bl S5t smex
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%

2% 5 AT, R B3 H DTk R T 85% , /0
AN TRy, BEAE RO RN . BRI, N
SCFERG AT

HAT) LRS5BT, T AT 2 SAS BT (G
SN :PRGAHUNTF .

SETI“3. 1. 379 " AR F “PRG3” HE A A [A]
o 55 )RR = A TR B R “%let m=8; %let n=
3057, FHh, “cards; iE A AR PR R 2L 3. 1.3
TR “PRG2” YA 48 s “proc princomp”
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/) 75 18 2R “proc princomp data=a3 noint covari-
ance prefix=p;”;
[SAS % thi &5 R Ko fil B ] oK /9 45 4E (8 55
W6,
®o6 IAXREMEHFIEE

Table 6  Eigenvalues of the correlation matrix

FHE(ES S BRI ARSI 222 L ) BUFSTEeR
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%

F12 6 AT, Al SR DRk R K T 85% , Al
F—AFIr

5> 98 b 0 H bl A AR 4 S Y 2 E ) =
(2.239,0. 185,-0. 114,-0. 639,-1. 108,0. 085,—-1. 428,
S —ANRHIE (RS R FRREAE [ a=(~0. 731, -0. 066,
0.257,-0.037,-0. 208, 0. 362, 0. 021, -0. 468)", ¥
DA E 3R RS ) B AR A 1] A RA S (4) , TR
—FRrpAs, W(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)

BET 58— T L XCHE Y, T S0 SAS
JFAE

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* (p8+
1. 4298);

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 cce;

order=int(order) ;

length name $10;

if rig=1 then name="4L 51" ;

else if rig=2 then name="K’;

else if rig=3 then name="{1]Jt’;

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

else if rig=30 then name="3#7#&";

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 e3;

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) ;

set e2;id=_n_;

length name2 $10;

rename rig=rig2 name=name2 order=order2;
run;

data e3(keep=id rig3 name3 order3) ;

set e3;id=_n_;

length name3 $10;

rename rig=rig3 name=name3 order=order3;
run;

data eee(dr0p=id) ;

merge el e2 e3;

by id;

ods rtf;

proc print data=eee noobs

run;

(SAS i i 25 2R K ik B ] 1A @ BT R, H proc
princomp £ PR 25 AR o T T 2 T AR
AT IEXS 30 M X FEATHE P 4 2R, AR T

FEFRT 0BT =5H 10X T i 20 X 5
) =29 9 M X & T FR e i X7 B e =81 Y
| S R (17 Y =5 - R (U ST SOy =
ity JEAE SCECRIG AR TH 2 7 FUAOR s o 70 DX
U B AE JEAE b R TR S D )
FUE B ACE JEAE SCERBRTE 9% & LEUOR .
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R7 ETE-EHSEEN0MEXHAFHER
Table 7 Sorting results of 30 regions based on the values

of the first principal component

W5 X | RS A X | R/S E X
19 30 K| 6 20 T 22 10 puji
9 29  bifg| 14 19 7095 | 24 10 =¥
11 28 Wi | 12 18 H#EL| S 9  NFE
13 27 fEE| 4 17 Wivg | 16 8 R
21 26 IfgEg | 23 16 B | 17 7 i
1 25  dbxt| 18 15 #Mm| 3 6 Tt
10 24 VLI || 20 14 J7F || 27 5 Hili

4

3

2

30 23 | 15 13 A& | 28 i
2 22 K| 29 12 TH| 8 B
21 M| - - - 26 vy
- - - - - - 25 1 [
TS TR W S5 M RIS T4 — 2T 3T
[Eu (I
510 00 TE MR, B AT A N
BT BORAGF 5 i HEAT ) 3 05343, ORAR
o ARG E T S EA AT A R R ]
7 B — A, AT R RS 8 A E AR bR
94.360% M7 B o T 1% 32 o3 3k b 248 %
I R 44> Z B ORI Y 728 1 030 XX X X))
A% T U 44 R AR B BE N 9 R R (X))
JEAE (X)) 75 32 30 38 T (X)) ML AR 7 i A iR 551
B (X)X R 7

4 THRHINE

KM 3 o 0 B Ab BEA CERE, AR B
IIEL, FE IR R 2 BURRAE 1% B AH 25 A K, 8 32k
35 B B A B AR A s R )T L FE 3o B b
A R , A B AERCR AN B . S 2
BT RN PR IE B9 PR 7 28 0 P SR SRR R AR FIVRRAIE
)i AN, FEAS SO 2 v 25 T X SR AL IE Y
J7 ZE R AT AT BN 0 45 5% IR 15 I RRE
E¥/NT 1, BFMEEZ B 2Z AR w /N T f#
P A [m) 8, 76 8 princomp 3 BB, 75 ZE7E “proc
princomp”ﬁ—il/lﬂ AN — A% T “noint” o LI, BT 2L
G R AESCRAR b 115345
4.2 N

R T 5T SCERI A K 44 A
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