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Abstract

The outbreak of infectious diseases in 2020 is a serious threat to people’s life and health, and ac-
curate prediction is important for the management of infectious diseases. Based on the uncertain-
ty of infectious disease development, the traditional gray NGM(1,1) model is established, and the
selection of initial values of NGM(1,1) model, the construction of background values and the pa-
rameter estimation methods are important reasons for the unstable accuracy of this model.
Firstly, this paper optimizes the background value of the traditional NGM(1,1) model based on the
three-parameter tight-neighborhood mean background value, and uses the particle swarm opti-
mization algorithm to find the optimal initial value with the objective of minimizing the average
relative error, then changes the three-parameter tight-neighborhood mean background value to a
weighted three-parameter background value, and uses the particle swarm optimization algorithm
to seek the optimal weighting weights, as well as finally changes the parameter estimation method
least squares Finally, the least squares method of parameter estimation is changed to the weighted
least squares method to find the gray parameters of the model, which constitutes the optimization
of the combination of the initial value selection, background value construction and parameter es-
timation method of the NGM(1,1) model. The performance of the optimized gray NGM(1,1) model
is verified by arithmetic examples, and the improved model is applied to the prediction of infec-
tious diseases.
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Table 1. Raw data
%= 1. RIGEEE

EHy 2002 2003 2004 2005 2006 2007
K 21.62 22.83 23.74 23.89 24.50 26.88
A 2008 2009 2010 2011 2012
s 27.66 26.31 32.44 37.67 39.50

MRAEE 1 R JRIG G, TF RO TR R IE . AR ZE R HR Z W3R 2 . Hid A
PR ZE (ORI P B AR 2 (avg 0I5 A 250 B A -

(0) k _ 20 k
5(k)= %&Z)() x100% (17)
' 5 (k
avg 5= (l ) (18)
e

il FRAGBIRARAILEE N & =21.5204, & =44.3504 , FRN(10), i FHRAE B EAR K =25
B AU a0 =0.2365 , S=0.7635, y=0.1744x10"", HJai@id b/ Rk @R16) i 55
FKZH a=-0.3904, b=-8.8525, ¢=30.7150, MIiMlditHIFSH a =1.4302, a,=7.0521x10"",
a; =-9.7532, a, =33.8402, MRHERA0)ATEI, & 1 HHE T H10 NGM(1, DR
xW (k) =1.4302x" (k —1)+7.5021x10""*x"V (k —2)—9.7532k +33.8402 (19)
Hrik=3,4,,n. FEHE GM(, DR (BRI 1), DGM(1,)BRIGAL 2), SCHR[14] 803 HT46 EABR (B
B 3) KA SRS FE S WA EANSHUG 77 AL A PRAC BB (B2 4)FSHEADUE . AEXT 1R 22 A0 P2 AR R 5%
ZR B AR BE, a3k 2 P

Table 2. Average error and average relative error of simulated values

3 2. REVERTFIIREMFIENIRE

[ PR 1 PR 2 BEA 3 TR 4
BUME AR ZE(%)  BEME  MEXRZE)  BHME AEXHRZE(%)  BRUE A RZE%)

21.62 21.62 0.00 21.62 0.00 21.62 0.00 21.62 0.00
22.83 20.73 9.21 20.76 9.09 20.84 8.72 22.83 0.00
23.74 22.15 6.70 22.18 6.57 2227 6.19 23.74 0.02
23.89 23.67 0.91 23.70 0.77 23.80 0.38 23.98 0.37
24.5 25.30 3.26 25.33 3.40 25.44 3.82 24.73 0.95
26.88 27.04 0.58 27.07 0.72 27.18 1.12 25.64 4.60
27.66 28.89 4.46 28.93 4.60 29.05 5.02 27.00 2.38
26.31 30.88 17.36 30.92 17.52 31.04 18.00 28.90 9.86
32.44 33.00 1.72 33.04 1.86 33.18 227 31.62 2.53
37.67 35.27 6.38 3531 6.25 35.46 5.88 35.47 5.83
39.5 37.69 4.59 37.74 4.45 37.89 4.07 40.95 3.67

E’gﬁg 5517 5.525 5.547 3.021
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Table 3. Residual

£, (k) =x@ (k) -3 (k)

(20)

3. %RE
A1 R ¢ PR 2 5% 7 &, TR 3 7R & PR 4 5% 2 ey
0.00 0.00 0.00 0.00
2.10 1.99 1.99 0.00
1.59 1.47 1.47 0.00
0.22 0.09 0.09 -0.09
—0.80 —0.94 —0.94 -0.23
-0.16 -0.30 -0.30 1.24
-1.23 -1.39 -1.39 0.66
—4.57 —4.73 —4.73 -2.59
-0.56 —0.74 0.75 0.82
2.40 221 2.36 2.20

WA 3 IR BN EFIME, BB RIS (X )RR EZE (s ) LB =B 5
W BIRIBRZ P SIAMA(E) ShRHEE (s, ) T ZE (O MRERBZRP), AT
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=
N (x«n (k)—y?“’))
s =\* - (22)
1 4
g=—2.¢ (23)
n -
4
Z«%f
s =\ (24)
n
c =2t (25)
St
P.=p(|& (t)-|<0.67455) (26)

RO~ IHE R | FIAHIEFIIME N 27.91, bUEZER 5.76, BT I(22)~26) 1 H AR F)-F-1)
XK Z (q)s 7 Z (O F/NMREMZP)INZR 4 Fim. /INMRZEMERATT 22 Lot T 16 58 T kS B () A v
nan .
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Table 4. Accuracy evaluation criteria

4. FBEOTNEN

C I P (HUE K
C<035, P>095 —%
0.35<C<0.50, 0.80<P<0.9 —%
0.50<C<0.65, 0.6<P<0.8 =2
C>065, P<0.6 [UIE73

Table 5. Mean relative error, varianceratio, and small error probability test

5. FEEMKE. FELFNRERRGE

fabr B 1 BRL 2 FiAY 3 B 4
B 21 -0.10 0.04 -0.23 0.20
bRk 1.90 (s11) 1.91 (s12) 1.91 (s13) 1.18 (s14)
C 0.550 0.329 0.329 0.212
P 0.818 1 0.909 1
FhEIE R 2 1 1 1

WL 20 45 R 4 VER NI L EL 4 ME R OCHERR AR B RN BRI MERE, R 2 ATRAR A
AT EVIGEE . B SEMSEAG T A A A AR (A )P IARXT IR 2N 3.021%, #/NT
GM(1, DB AL 1), BAE NI A A et GM(1, )RR (R AR 2) A SCHR[ 14 e v B R R (R A 3), 3@
IR 4 BTN BE VAN HE N DA S 4% S TH AT H B FRARE LA 4 AMSERY ¥ 75 22 LU (ORI IR ZERE2E(P), 15 Hh
AR SC TR AR (R 4) (R BEPOURS P S 4 K VE AT AG A 1 ik GML, DB RS (B 2) RN SCHR[ 14150k w4
ERARLCRERY 3) ARSNGB S5 e, HLASSCRTAG A A (128 4) I BDLRG FE e v, GMI(L, DB (Y 1)
(BN B2 S 2 fc 22 IR 15 H AR ORI AR BB SR 16 PR WI AR IE B R AR & & R E,
DLSP 356 152 22 B /N A B AR FDRE T BEDLAG SR ARG I HUEL, ¥ = S50 B A0 SHE Ch
IR =S50 A8, R R PR SE TR SRR IIABUEL, 55 4 S8 T I e /s IR BCHh
IBUR /N Z 3B sRAE RS IR S5, A NGM(1, DA BLYIIE (A IR L 5 Sl 1A IE FI S Uik TH 52 4
B e R DR R, DR AR SR A A R A AR B R T oAt = Rl Y

3.2. HBNA

I T R A AR S T G T I 2R TR R S R I 4 i 1 Sk e N P TSk 43 AT AR SR LA AR A 1)
R, KRBT 2020 452 A 6 H~2020 42 A 15 HEEM B BN Qs AR IG5 dE, Tt
B GM(L, )RS, SCRR[16]BEAY . STHR[ 14 RS BRI AR ST AP A ABE 20 ~F- 357 A 615 22 D8 bl e AR 20 (1) 7
WKERE, 3 6 fin. @ik FMABRMAIGEEN & =1686, &£ =3671, RAX(10), EidIFhERT
B =S80 SE BN o =0.4910 , £=6.1000x10"", 7 =0.5090 , fz J& @i kLR /N — Tk (R
(16))i+HAEI KB a=-0.8661, b=-1.3818x10°, ¢=2816.5495, MiELITHESH q =1.7399,
a,=0.7670 , a, =-2.4042x10°, a, =4.9004x10°, HRHERA0)ATH, £ 1 HdF 11 NGM(1, )ELEA

xU(k)=1.7399x" (k—1)+0.7670x" (k —2) - 2.4042 10’k +4.9004 x 10’ 27)

Forf k=34, 0, B RQ)LH AL A PALBI R 2O (k) BOBENE, 2 JEHRAE 0 (k) x® (k—1)
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5xO (k)R FR, T E BRI 50 RRIUE,  ARYEBEE 5 SR A A SO A AL R AR 2 2
FFEIARNHR 2 . IR GML DB SCER[161IEAY . SCRR[ 14 B8 AR . AR X 25 RISF S5 A X6
=

M 6 T LLE A SO A AR AL A AR X R 22 /N F GM(L DAL, FLize/NFSCHR[16]F1SCiHR[14]
B P R 22, HLASSCHRE T SCRR[ 16100 = S B0 R AR KE TS 5HE NGM(1, 1) BRSPS MR HR 2 5K
XA AR SCAE M B XD AG M S SUE RS U T A R A B A . O T S D B B
GM(1,)FEAY . SCRR[16] SCHR[ 141 RA S A AR T 0T 2020 4E 2 H 6 H~2020 42 H 15 HIY
HTHG BRI 26 NBURBUIE O, AR SCZ 0] GM(L, DARRL, SCER[16] SCHR[ 141 RIAR SC2L & R ALAS 2 (¥ AR 6t
RESLE, WE 1 PR

Table 6. Average error and average relative error

6. FHREMFIEIIRE

GM(1,1)#E 7Y SCHR[ 6] SCHR[ 144557 ARILH B AR

BOE  MEXRZE BRUE MxhRZE S BRUE . MXhRZE S BRME AEXHRE

1501 1501.00 0.00 1501.00 0.00 1501.00 0.00 1686.00 0.12
1985 1935.67 0.02 1985.00 0.00 2526.53 0.27 1985.00 0.00
1379 1832.85 0.33 693.01 0.50 2669.51 0.94 1233.19 0.11
1921 1735.48 0.10 2363.53 0.23 2820.58 0.47 1727.56 0.10
1552 1643.29 0.06 3671.80 1.37 2980.19 0.92 1547.32 0.00
1104 1555.99 0.41 4222.18 2.82 3148.85 1.85 1612.88 0.46
13436 1473.33 0.89 4346.67 0.68 3327.04 0.75 1588.73 0.88
3910 1395.07 0.64 4329.85 0.11 3515.32 0.10 1596.98 0.59
1923 1320.96 0.31 4296.97 123 3714.26 0.93 1592.81 0.17
1548 1250.78 0.19 4278.69 1.76 3924.45 1.54 1591.88 0.03

SEIAH N IR 2 0.330 0.967 0.863 0.274
o | .

YAl — R

xy— 200 & 2 6 2020 o2 15 0

Figure 1. Relative error line chart
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B, X — 5 SRR WA i B A S RS T B A 5 BRI A R0

AR SR T AR TR A BRI R A 1) NGM(1, 1) TR, 2 p8 3 Ik (e L 15 S 25 5
Z R AE IR, BT CAA T ek TR 4 R Hh b i (B X AR s T RS AL PE RE (52, Gk B R K £
TR RS RERS E PRI H ), ARS8 SR 16119 NGM(L DY =2 8 R WMEH Fll, T
I, RO =S5 RAE T SE R NGML, DR BIPIGGE . 5 S EMSEUS 7 kTt &k,
DA S50 RE A 2 22 e/ E AR R DR BEOR A SR SR BRI AR E M EUE, 2850 =S50 BAR A Sl
BCAINAL I =S 808 5o A8, R F B AL B2 SR AR AR, &5 M S8 v 7 ik — ik
BONINBUR /N 3RS Ik S8, S2B NGM(L, DIERAIEAE . 15 SHE S Eus 5 R Ak
WL E G T, IR T AR ST EMAILEE . T R E M S EE 7 U A A BB RE AL T 4
GM(1,D)IEAY, DGM(1, 1)BE AR FISCHR[ 14 AR BRI . )5, B ARSI A A B A 8 A T Qi i
2020 42 H 6 H~2020 422 H 15 HFGER G NS, BUE RSFAE R 2R 0.274 (R THAR=A
IRETRMASE RS ()P AE X IR 22, FRHRIGAIE T A ST B AH A PR AR AR AL A 0 D B
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