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Abstract

Based on the discretization of the first nine months sales data obtained by pre-processing, the
grey forecast GM(1,1) model is established to predict the sales volume in the last three months
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and to carry out error analysis. Combined with principal component analysis, the advantages of
the model are better highlighted by dimensionality reduction, and the principal component re-
gression-gray prediction model is proposed to reduce the number of variables to be considered in
regression analysis, and to make the prediction results more accurate. It has a good application
prospect. This paper combines the advantages of principal component analysis and grey predic-
tion to predict sales volume and give purchase suggestions by reducing dimension to combine
rough but highly correlated components.
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Table 1. Summary of principal component analysis results
=1 ERSOMERLCEE

A [ a a as

0.702044 0.035057 0.324482 -0.18087 —0.60655

0.029542 —0.63515 0.188917 —0.68442 0.302636

—0.70854 -0.05907 0.291035 -0.16851 —0.61756

BN —0.05695 0.529225 0.740037 -0.11475 0.394783
#rdn 0.03145 —0.55838 0.476093 0.676234 0.057174
LEEOR(EN 2.249432 1.59588 1.140183 0.014189 0.000315
TTHREE 0.449886 0.319176 0.228037 0.002838 6.31E-05

itk 0.449886 0.769062 0.997099 0.999937 1

FIREER T, 80 =AFERS o CEEE] 99.8%, & 7 R BB, A AFRATEGET = ME
HFEbR.
F, =0.7020X, +0.0295X , —0.7085X, —0.0570X,, +0.0315X,,
F, =0.0350X, —0.6352X, —0.0591X , + 0.5292X,, —0.5584 X,
F, =0.3245X, —0.1890X, —0.2910X +0.7400X, —0.4761X,

Xt = T I R«

X X, A B3R, X X, Rk, W AR A7 5 I R T

F 0 X, X HEREREAT, XX, AL, AT RN mEU&E .

Ry X X, A PR IIEEAT A X, R BER e, W] AR B B A0 s kR
32. ETEROSTHHEYAREZET

i A B A5, BATH 3 VB AR R AL 5 AN AR R[S]. PSR LA, HFE
T JEOKR 5 AN R B EE . X 3 AT AIL T AT 5 ANATEALIERS 99.8% 152, $EIK
ROR BT -

PR RIRATAIAG HH ) =B A2 5 foe /s — R ST R AR [6] 0 4 F A 2 i 159 51 3 i 48
IR A R R y bRl BEA RN BRI, WE 2 fis.

Table 2. Analysis table of independent variables
F2 BLESNE

A ZHfhiit FREiR % 1l 7SS F1H Pr>F
F A 0.01442 0.06116 354.10450 5917.20 <0.0001
Z 0.019679 0.02600 47.00164 785.41 <0.0001
Z, 0.0008919 0.04624 2.85128 47.65 <0.0001
Zs 0.00993 0.07208 1.25237 20.93 0.0006
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R R332 R* =0.9801, i ROEHELT 1, WIBLHIBIRL NG FL BT, KA & 2
PCBHF o M F ARG IG 0 W [m] U5 2 0 2 PRI, U0 S H A /NS B [l A Tl 7 7

y, = 0.01442 +0.019679Z, +0.0008919Z, +0.00993Z,

ACiEE Excel % 2019 4F HFx/N 10 A 2 12 H B =AH 84 & 1 T (% 3~3% 5).

Table 3. October 2019 forecast table
2 3.2019 £ 10 AR FNR

He4 IR B FL BoEMS P2 =M F3 ERMIEE TSR MAPE
1 27050401 32314519.71 -891723.7381  80350779.31 1655852 1433005.358  0.394184227
2 27060804 15139301.78  —382992.1361  36736466.78 664065 662377.8586  0.007441415
3 27112849 527483.776  -554018.624  15397838.44 187408 162786.7742  0.384801016
4 27071209 4298798.884  —58542.36975  9119559.168 163811 175101.0863  0.201868643
5 27164944 650694.7176  —364901.0798  10676765.3 140886 118499.8599  0.46539964
6 27196225 3539560.462 —4619.868083  6372358.732 50705 132928.4265  0.249626387
7 27092025 228160.6045 —221959.1506  6197052.35 110337 65828.75143  0.18150074
8 27123264 75163.03153  —185141.7741  4965868.766 89872 50625.09662  0.27907395
9 27217089 3294134.664 —1563.069709  5860354.844 35347 123017.22 0.264641728
10 27102436 136170.0267 —82627.27109  2396755.833 59757 26405.79453  0.634697559
F S TIRR 0.449886 0.319176 0.228037 0.997099 0.025822387
Table 4. November 2019 forecast table
5% 4.2019 £ 11 BTN
4 IRZESE BRSO FL B RS F2 BN P30 kbEEE R B EE MAPE
1 27050401 21112130.2 —1455638.7 75291199.7 1302844 1161809 0.317066
2 27060804 9921830.03  —646670.79 34407199.2 521737 536338.43 0.081971
3 27112849 -2007735.1  —710698.33 15011459.7 175950 108919.72 0.115826
4 27071209 3080372.9 -120781.93 8593101.89 129792 145840.45 0.362159
5 27164944 -1093826.6  —474159.88 10448647.6 130367 81806.768 0.091008
6 27196225 1135959.18  —108416.98  4838154.59 30572 70300.733 0.806234
7 27092025 —72574596  —279551.07 6016125.65 103520 45208.856 0.649841
8 27123264 -583023.86 ~ —22783354  4918187.06 84127 37161.081 0.635167
9 27217089 1122746.16 -94918.564  4463802.23 21297 66335.434 0.194119
10 27102436 -335041.99  -111721.72 2324218.82 54837 16386.571 0.053724
TS TR 0.449886 0.319176 0.228037 0.997099
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Table 5. Sales volume in December 2019
525.2019 £ 12 BIpSHEE

IR H—ERS FL HERS F2 H=ERS F3 TRy
27050401 33048588.37 -1240071.53 90743003.5 1550335.2
27060804 15073630.47 -564291.911 41354663.44 706782.5

27112849 —871852.125 —674335.795 16068145.89 141798.09
27071209 4108470.682 -113713.972 10224338.2 182276.87
27164944 -165900.315 —429961.164 10933413.65 104920.58
27196225 981196.7375 -129941.094 5126749.578 70101.714
27092025 -197186.539 —257172.664 6365361.586 59098.249
27123264 —69869.1839 —202120.443 5153121.481 49615.284
27217089 987745.4741 -114707.867 4742243562 66426.028
27102436 —201810.822 -109096.667 2490997.033 20666.876

BRI % il 0.449886 0.319176 0.228037

HIEAT I, ER AT, A R EARRE, BEEMMER T H2 A, TR TR
E 3 853 R0 VA R FEE At 3 SR A T Y

4. IREBFM GM(1,1)EREET
41. FREESE

IR TS AL — PR (0 R G AR TR T P i) 70 A D 92k B SGIRBE A3 A (7], RIVARAE A 32 1)
KA BN S 7 B R R D 3R (B SRR AR I, B4R T sl aS KRB IE SR L8] HAR/D
K Sk 6.

Table 6. Sales information of target small categories of goods
F6. B EBRHERER

NG Y, NI X FRAT X2 JEF X3 HE X P xs

27050401 4558989 541409433.8 161.34 427314790 118.7565 0.736075
27060804 1866284 221500903.8 111.08 169840399 118.6855 1.068515
27112849 542730 63394592.5 85.53 58539158 116.8069 1.365606
27071209 466616 55344005 178.43 41758141 118.6072 0.664736
27164944 401234 47459953.75 129.29 43647794 118.285 0.914864
27196225 197030 40352573.75 206.50 20943155 204.8042 0.991805
27092025 319424 37214623.75 181.49 33984852 116.5054 0.641945
27123264 251468 30255705 185.77 27630862 120.3163 0.647666
27217089 139553 28742578.75 186.91 13790791 205.9617 1.101942

1O T ORIEERE TR ATV, 5 B QR 3T o Z A e 6 A
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P& (k)

WAL <02, WIATBLUNASI MR, WIRIA k] e 2R
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B SRS SR, TR S 8 SR AR B %

1-0.5a
p(k)=1- (1 osaj (k)
R p(k)<0.2, WA NER]—BER: WK p(k)<0.1, WHAJyIE B 2R
4.2, IRE TR

IEHUELARZES 27092025 1E 41T, X155 1~9 AW MEAT @ KRR, Wk 7 fox, H
matlab THEff H 10~12 A M TiiE, H5HSebrE (7], 154 MAPE.

2019 4F 10 3| 12 H B85 & & E 7% 110337, 103520, 106440, Ui 8 Fin.
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Table 7. Small label sales for the first 9 months
=7 IMrERANBHE=Z

INPRZER 1 2 1 3/ 47 5f] 6 1 7H 8 1 9
27092025 166050 161139 135330 97249 117451 108140 106051 109812 101194

Table 8. Predicted values of small labels from October to December 2019
52 8. /MEZ 2019 £F 10 BE 12 B KR FUMME

10 A SR 11 A SR 12 A SR
110337 103520 106440

Table 9. Sales forecast and error analysis

F 9. SHEMIUNARRED T

ki) JF 46 F Y iz HAR R 2 AP
1 166050 166050 0 0 0
2 327189 354072 26883 0.1668 0.0035
3 462519 468024 5505 0.0407 —0.1514
4 559768 531475 —28293 0.2909 —0.3457
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Continued
5 677219 673270 -3949 0.0336 0.1993
6 785359 776105 —9254 0.0856 —0.0503
7 891410 883940 —7470 0.0704 0.014
8 1001222 1001256 34 0.0003 0.0661
9 1102416 1097454 -4962 0.049 -0.0494
10 1212753 1220435 7682 0.0696 0.1131
11 1316273 1320537 4264 0.0412 -0.0307
12 1422713 1433164 10451 0.0982 0.0595

FIHHIZ:  y =4234999.0 — 4068944.0 * exp (—0.0335519 *t)

SIMTARSRTT LA, B TANAMEA B R IIWZE, HAREEIERZE 10% LA, 1508 2Kt A 2R 45 47
IFFE AR, ANHME T RESS B RFFIR R REGE TR, N TRIEXT 2019 46k 2% 1~9 A0 % 1)
RS BUE AT K BT e 470, FRATEUE 2 — 2070 27050401 ROEUEFATIOAE, FPRunZ 10~11:
Table 10. Monthly sales in 2018
% 10. 2018 FR AHE=

INFhRSE 1 2 H 3 45 5/ 6 7H 8 9 1
27050401 1840397 2484127 1933451 1836189 2650917 1997669 2103730 2053699 1841812

Table 11. Sales forecast for October-December 2019
%2 11. 2019 £F 10~12 A FUNSHE S

10 A e 11 A e 12 AiEasHE

1655852 1302844 1480258

Table 12. Error analysis of 2019 sales volume
= 12. 2019 FHHEERENT

R JE46G it W2 HXF R 22 R E
1 1840397 1840397 0 0 0
2 2484127 2270477 213650 0.086 0.2745
3 1933451 2223489 —290038 0.15 —0.2582
4 1836189 2177478 —341289 0.1859 —-0.0312
5 2650917 2132456 518461 0.1956 0.3217
6 1997669 2088300 —90631 0.0454 —0.2995
7 2103730 2045100 58630 0.0279 0.0701
8 2053699 2002700 50999 0.0248 —0.0032
9 1841812 1961400 —119588 0.0649 —0.092

B35 FE y =1.11569e8 —1.09729¢8 + exp (—0.0209087 *t)
% 12 aTLUEH, KGN HaR 2 EII7E 8% A ty, MATEEERLT .
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5. &R

RIVE I TR o B AT, AR TN GM(L, )RR P, R IEE T 3 143 43 A TED A 1l /s
(05 T e 8 A% 11 2 B 73T R AN R IR 22, 49 Y AORSEFRE &5 P RIS TR A1) D8 mT AP 1 00000 4 5
B, RS ERETIMERE . & 1T,

EHEUmHE

TR R PR 2 A B LI 251 K150 H (S202010464052), i &L K% SRTP Tl H (2020169)
2019 “EJ] 48 T S HUE HUF ORI 7T 5 ST H (2019SIGLX262), Ji] Fe RBHY K 25 H0E e il 7t 5 52
#2i H (2019YBZD-009).
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BuErER

$E4 IMFZES SRAITske AR KA ske AR TIIMETARE G i A7 G e
1 27050401 541409433.8 4558989 161.34 427314790 118.76 0.74
2 27060804  221500903.8 1866284 111.08 169840399 118.69 1.07
3 27112849 63394592.5 542730 85.53 58539158 116.81 1.37
4 27071209 55344005 466616 178.43 41758141 118.61 0.66
5 27164944 47459953.75 401234 129.29 43647794 118.28 0.91
6 27196225  40352573.75 197030 206.50 20943155 204.80 0.99
7 27092025 37214623.75 319424 181.49 33984852 116.51 0.64
8 27123264 30255705 251468 185.77 27630862 120.32 0.65
9 27217089 28742578.75 139553 186.91 13790791 205.96 1.10
10 27102436 20777561.25 178224 145.00 18825015 116.58 0.80
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