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Abstract

In the research of the grey principal component analysis method, the issues of pseudo-correlation
and inaccurate quantification of fluctuating sequences in the correlation matrix for principal com-
ponent analysis were tackled. Two improvements were made in two respects. Firstly, the range of
grey relative correlation was expanded from 0.5~1 to 0~1. Secondly, based on the slope concept, a
trend probability correlation index was introduced to measure the representation of sequences in
the trend change direction. By combining the two correlation indices, a new correlation matrix that
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can replace the correlation coefficient or covariance matrix was proposed. Simulation and empiri-
cal results indicate that the improved grey correlation matrix can better measure the features of
fluctuating sequences and be used for principal component analysis clustering to yield more diverse
and reasonable results, outperforming general models.
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Figure 1. Sequences of monotone type
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Table 1. Correlation of monotone sequence

F 1. BREBFIIRKEKE

E27ht) LB ¥4 IR AR IR L REAVEMEAROCIRRE O AR RIS
x1-x2 1 0.5167 1 0.5167
x1-x3 1 0.7501 1 0.7501
x1-x4 1 0.5328 1 0.5328
x2-x3 1 0.5084 1 0.5084
x2-x4 1 0.7545 1 0.7545
x3-x4 1 0.5164 1 0.5164
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Figure 2. Sequences of wave type
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Table 2. Correlation of wave sequence

2. EENEFTINRERE

E27hs) LIPS IR AR IR BE RS PEMERCIRE SO AR SR
x1-x2 -1 0.5006 0 0.0006
x1-x3 1 0.7501 1 0.7501
x1-x4 -1 0.5006 0 0.0006
x2-x3 -1 0.5003 0 0.0003
x2-x4 1 0.9919 1 0.9919
x3-x4 -1 0.5003 0 0.0003
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Figure 3. Sequences of mixed type
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Table 3. Correlation of mixed sequence

3. RAEFIINKEE

Fe3xt
x1-x2
x1-x3
x1-x4
x2-x3
x2-x4

x3-x4

LIPS

0.5649
1
0.5649
0.5649

0.5649

IR AR IR BE
0.5143
0.5164
0.5038
0.9361
0.6318
0.6149

0.0508
1
0.0508
0.0508

0.0508

0.0397
0.5164
0.0292
0.4615
0.6318
0.1404
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4. SSUESTHR
4.1. HHEIEEL

ASCERICT (2017 FHESRIFFELE) F 2016 FHUIX AT @IZ . A AEFHTBOIL YN REUE R
Ko R—FEARAET 7 MR, 9HRIESFSHAT I LA R S iEm S s AT PO N FL, L3
4,

Table 4. Employment number of transportation, storage and postal industries by region, 2016

F* 4.2016 FoMXAEEH . SHEFERBRL Rl A%

X kB sk K sl sk e s mRE ek fisolk
Jbxt 279,180 110,033 248 75,996 42,288 10583 61,513
PR 57,471 14,834 18,034 8836 18,072 18107 10,841
Tk 148,054 55,748 23,851 4766 10,902 11687 30,525
7 83,031 114,877 70 5994 2557 6502 21,148
RN 69,790 123,971 26 4486 2343 5580 21,491
Ui 122,195 109,380 48,621 19,450 18,225 10275 20,334
BRI 52,935 63,592 159 6212 944 17491 18,296
HORIT 72,898 132,249 3617 8445 3536 19939 30,037
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iy 196,395 40,590 53,610 83,947 72,452 28,385 31,065
T 259,038 23,204 77,294 15,805 34,174 19,181 57,103
WL 165,609 27,957 25,711 15,276 21,792 11,455 47,346
2R 128,272 40,208 12,734 4386 4876 9289 29,540
Gin}e: 104,685 39,513 16,310 18,111 21,296 4961 29,113
.74 103,024 60,672 7363 2917 1442 7107 20,346
7R 224,205 83,083 62,645 17,820 35,753 19,972 46,938
T 254,487 113,594 4219 11,194 12,486 27,587 34,570
ik 166,210 86,669 16,154 7067 8962 10,639 53,161
i 102,405 78,233 2857 8517 5166 4833 37,672
I H 393,904 61,613 50,296 129,470 54,347 28,289 93,163
i 75,405 64,134 7179 7757 9649 5137 25,013
Haaed] 21,705 6224 6257 22,461 4551 489 7968
HER 172,431 29,767 11,446 13,173 6744 3158 28,099
g 191,317 67,132 10,341 36,664 14,955 6807 76,449
M 55,171 35,094 626 9635 2622 2388 14,178
= 79,584 39,099 264 23,817 11,299 2140 16,569
[iig: 5255 69 130 844 15 262 2125
Bk 74 115,492 103,082 137 10,763 6968 9463 35,356
Hf 48,593 57,970 95 2850 1049 4583 12,738
Hig 16,308 20,256 38 2129 433 845 2866
TE 11,387 17,333 95 2942 321 669 3971
B 79,460 53,951 117 13,571 2205 2073 11,211

4.2. KEXEFEFEELE

Table 5. The correlation matrix of the variables

F 5. TEMMEXRBIER

x1 x2 x3 x4 x5 x6 x7
x1 1.0000 0.2723 0.6143 0.7141 0.7463 0.6857 0.8870
X2 0.2723 1.0000 -0.0894 0.0579 0.0091 0.3040 0.3070
x3 0.6143 —0.0894 1.0000 0.4216 0.7350 0.6069 0.4857
x4 0.7141 0.0579 0.4216 1.0000 0.8323 0.5151 0.6503
X5 0.7463 0.0091 0.7350 0.8323 1.0000 0.6856 0.6061
X6 0.6857 0.3040 0.6069 0.5151 0.6856 1.0000 0.5311
X7 0.8870 0.3070 0.4857 0.6503 0.6061 0.5311 1.0000
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(2) MEMKRBIERE, FEBIRAMRREL, Wk 6. BARMIHRREZE R 5RO KRB 2=
FAHEL, MRRHERER, BIHRELEEEL. MLl BB DUIE, MR RBAEa S LRI 2
A

(3) MELHGHE K OIS SRR FERE RS, LA 70 SRt 2 RITAH G, AR REUNTEE Y ] 1 0~1 Z[A],
REBG AU AR TT A LR ERIER, BRIK T ORI RS . SR RBOEREXT L, St AR CuAr X
RIRFLIGIN T MR R BURT A GBS R BLRaSMEE . I, SOl AR CORIRRE REAR B 5 A 0 R B AR Y
KEk, HESEEMNEE.

Table 6. The grey relative correlation matrix of the variables

* 6. TERREEN XKEERE

x1 x2 x3 x4 x5 x6 x7
x1 1.0000 0.9100 0.5001 0.8726 0.9166 0.5524 0.9605
x2 0.9100 1.0000 0.5001 0.8056 0.8416 0.5639 0.9453
x3 0.5001 0.5001 1.0000 0.5001 0.5001 0.5001 0.5001
x4 0.8726 0.8056 0.5001 1.0000 0.9472 0.5391 0.8431
x5 0.9166 0.8416 0.5001 0.9472 1.0000 0.5437 0.8837
X6 0.5524 0.5639 0.5001 0.5391 0.5437 1.0000 0.5569
x7 0.9605 0.9453 0.5001 0.8431 0.8837 0.5569 1.0000

Table 7. The improved grey relative correlation matrix of the variables

= 7. TR K B A KK

x1 X2 x3 x4 x5 x6 x7
x1 1.0000 0.7434 0.3835 0.7226 0.8499 0.4524 0.8771
x2 0.7434 1.0000 0.2168 0.5556 0.6416 0.3639 0.7619
x3 0.3835 0.2168 1.0000 0.3335 0.3835 0.3501 0.4001
x4 0.7226 0.5556 0.3335 1.0000 0.8639 0.3557 0.6765
x5 0.8499 0.6416 0.3835 0.8639 1.0000 0.4437 0.7670
x6 0.4524 0.3639 0.3501 0.3557 0.4437 1.0000 0.3736
x7 0.8771 0.7619 0.4001 0.6765 0.7670 0.3736 1.0000

4.3. ERTREERILE

)i, HCL TSRS IR, AT B IR N T TR RER . R X 5
N5, REERNAE S, AERIN:

D) 53K, KO RS BEINENIERE R, B AR [ ARE = T B SR TR
FIRTIE, AR EM T REE—, HIELAF R E . B SbEdE, TLUE RIS EIE. ¢
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Table 8. Five cluster results obtained by the three principal component clustering methods
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