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Abstract

In view of the fact that the traditional grey model ignores the priority of new data in modeling and
lacks the ability to fine-tuneing the data, this paper introduces the r-order adjacent accumulative
generator operator, and combines the definition of the Hermite polynomial to optimize the structure
of the right end of the traditional grey model. The adjacent Hermite polynomial grey model, the
AHFGM(1,1) model is constructed. Based on the data of primary power and other energy production
in China, a prediction model is established, and the optimal parameters are obtained by using the grey
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wolf optimization algorithm. Fitting and prediction accuracy analysis with three classical grey mod-
els, the results show that the AHFGM(1,1) model has better fitting and prediction performance, as
well as strong stability. Finally, the established AHFGM(1,1) model is used to reasonably predict the
change trend of primary electricity and other energy production in my country from 2021 to 2025.
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1. 51§

1982 XS MHEIZ 1 IR T R ARG IR [1], KOTUEBA A SO MEAR KR, JFHiEH
WD, USR] T ¥E 0 2 RE. @Y BENRE, KETRNEBE O Ihiuzs F 2R8I Tk,
2T BHEEAZ SUE[2].

TR FIMA BTN T FRARTE f S K R B I SR AR 5 (B AL, BB 22 A R T AN R S 3
KR RIOR, AT RIS (SRRSO RN AR R T RN AR DA B R i A A
Ittt SAIFEAE A —oiaE ST B SN AE (3], Liu ST ARUT A SRR R T r 4RI
HRBRARE T[4]. 4 GMQMENK BRI IERE A S0 R BERESI S, HRELER
BI04 SRANE BRAR . O T4 m GM(LL)BRRE BE, FEMWIRE A, B sE i, a5t 5s
JiTREATEGE[5] [6]. AN T HIIN GM(L DB BE M, FIN bt TR T GM(L, L)Y (145 b 4544,
##7 7 NGM(L,1k)HE284[7]. Chen &87E GM(L,1) £ 5| A bt + ¢ IT, #3727 NGM(L,1,k,c)t 48], XT3k
fRAEZR MR 0 R, EE R T RE MRS, Wk AR SRS ORI
RS, SRR AL SRS AN IR B FOEERR . A RS OO IE T R RO 2R LR
PRI R B B AR 9], HAMA IE i WSl s S0 e )iz B T Ak 2 40k«

ASCRIF v B AR i AR A B, B TR B A AR AR, @3 51N Hermite 2 TSR
& G IR R R i () 2854, S ST S B SR A A3 1Y) Hermite 22 Tk A6 Y

2. 4BiEAY Hermite BRIk &R
2.1 r MR RIERETENX

5E L [4]. BB S X ) :{x<°> (1),x<°>(2),.-.,x<°>(n)}, Hor B4R i RBVE T
X = (1), X7 (2),+, % (n)} 235 ARy

_1 .k
X (k +1) :rlex@ (k+1)+%x(°) (k+1),k=12,--,n-1 (2.1-1)
i=1

2.2. AHPGM(1, )AL 5T
B2, BT r AR BRAE T X R 1, T4 AHPGM(L, L) L 5 FR 52 S
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dx" (1)
dt

Foba, b, u MRS H (1) Hermite 50X, KL T

+ax” (t)=bH, (t)+u (2.2-1)

2 dP
H, (1) =(-1)"¢ o

p 24 Hermite Z I M4, 7EASCH, B pe{0,1,2,3,4,5)
A 7S ANPDER S R ) Hermite 22 TG0

e_tz y p = Oyll 2!“' (2.2'2)

Ho(x)=1
H, (x) = 2x
H,(x)=4x*-2
(2.2-3)
H, () =8x° ~12x
H, (x)=16x" —48x* +12
H (X) = 32x° ~160%® +120x
2.3. AHPGM(L)HIZEH A TR
R T (2.2-1) 0 EL T RETE [k -1 k] LRy, 312 T
x(r)(k)—x(r)(k—l):%[Hp(k—1)+Hp(k)]—az(’)(k)+u (2.3-1)
S 200 (k) o X i RS, A
Z(’)(k):%(x(')(k)+x(r)(k—1)) (2.3-2)
24, BHfH
FiI e/ — et i+ 13 2] AHPGM(L, )AL ) S 5 il iHE
[a b u]'=(B"B) BTY (2.4-1)
Hrp
D) 20(2)  [H,()+H,(2)] 1
| @@ | 206 S[H,(2)H,E)] 1 242

-z (n) %[Hp (k=1)+H, (k)] 1

2.5. AHPGM(1,1)#8 8K iR
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) a0 (1) = 1 1) (25-1)

TEJ7F(2.5-1) st [ 3l LA e, T3

(r)
en & (Y dt(t) +ae*x") (t)=e*f (1) (2.5-2)
et R JTRE, 433
(x(t)eat )l =e"x'(t)+ae™x(t) (2.5-3)

&2 AHPGM(L D) AL S FE AT SN

dx" (t)e*
—e® 2.5-4
m e f (t) (2.5-4)
Xt EIRTTRE PR AELL, ] EHEATARS)
[fax (t)e™ = [Te™ f (t)ds (2.5-5)

A X (1)=x0 (1), 3 AHPGM(L,1) A4k T7 R I fiR Ay

X (1) = x0 (1)e** Y + [ (bH,, (1) +u)dz (2.5-6)
MBI A, BRI B HCN
RO () =X (e + 2 36 (oM (7) ru) + e (oM (r-1) +u) | (2.5-7)
ERQSTINER, HFFIEA
£ (k) = -8 (K1) = (r ~1) 38 i),k =2,3,--.n (2.58)

i=1

3. ¥ AHPGM(1,1)RV3ELe M #0 % o5 ¥

N T AR ORI R SEIE, S8 F R4 T 70 LR ZE MAPE 1B AR A B2 PP b,
RIEAN

1 n

MAPE ==
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)2(0)(k)—x(°)(k)

x100% (3-1)
X(O) (k)

T AHPGM(1, 1) 7 (i A0 IR R AE S8 v A1 p SN 0 SRR, R I 7 R f S o S o
SRR BH A p BME. Ik R AHPGM(1, 1) 45 7Y () A 28 1k 40 1) o B0 v A0 p 3EAT 40

% AHPGM(L, 1) A B0 S, HAUAFIIHAT 1R Z N MAPES. # @A (1) -F- B A iR 221
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(k) =X (k)
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Y= e (3-2)

BT AR AR pR BT SR S R B, R G B R AL SR AT R . R ORI R
BEOTRBESEZAN 5y« PR SEDIR, A G R UL S S BRI i, S8 N H T 244
[9]. ASCHRIHIBRIATIEX B SE r Fp AT R
4. AHPGM(1,1) R F8

WEE A A TR AN WA o DL PR H 2304k, R ERITE SR AEUR A A R 48, KRRzl K R IE s e
T X THE S BRI A Jee 1A R ] A ) S Bl ool W R DR i v RRIR, ARt Re IR AR = I gs i, Hodh—ik
1 BRI B FA R U SISV REVR B TS B4/ . IR 2 m S0 A 21 1 A& B ) o . R E S
NTHEGEKRE, WA T —RYVBCGE, #Esh— KB JIRIR R AR A e, DRIt A B 0 Pl — 2k Ha
71 AR AR P AR A S e A R BRI E SR AT PR LB 225, N AR A TR B RRVR &S F AL o

AR A E REIR G v R ) — IR B S Fe A R YR AR = S AL, K 2010~2016 4F (R 1E A I 2R
AT R, 2017~2020 4F (W45 VD T AL kAT B A SO R AT 20 A, & BRI 0 B &S AL g M e
4.1. AHPGM(1,1) B L=

1) ¥ 2010~2016 4F A HARARN AR (B-2) e AR ME MK R 2, 45 & IR E IR R H
AHPGM(1, 1)1t 2% v A1 p 43514 0.80376 il 1.

2) K EEE RS r RN AR (2.1-1), 153 r ARIT I RFARA ST

X = {32461, 32704.97,33017.09,27175.09, 25002.79,17567.12,11284.40}

LR BHE R
2" ={0,32582.98,32861.03,30096.09, 26088.94, 21284.95,14425.76}

3) FHSHE p=1FIH, ()=2t, # XVFZORNAR(Q2.4-2) K HARE Y FIERE B, Z5& i/
“eiz[a b u]' =(B'B) BTY, WAl tha-01907, b=-1098.6003 Ll J% 10259.1686, i ffitfift
ANAK(2.5-7)F1(2.5-8) 1, HRZAFF] 2017-2020 45 [ Tl H45 «

4.2. {RBIGHT

BT A AHPGM(L, DAY 548 ik (8 GM(1,1). DGM(1,1). Verhulst 1545 Bidsg W% 1, it
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Table 1. Fitting and prediction results of each model in China’s primary power and other energy production

1 SRBERE—RBHREMERE~ERNMSFITNER

Ay SEhrR AR AHPGM(1,1) GM(1,1) DGM(1,1) Verhulst
2010 32461.00 32461.00 32461.00 32461.00 32461.00
2011 32657.09 32966.38 34328.62 34374.64 35812.46
2012 39316.59 38240.62 38190.31 38241.33 39501.15
2013 42336.51 43144.59 42486.4 42542.98 43559.09
2014 48898.62 47849.56 47265.76 47328.51 48020.95
2015 52517.99 52518.09 52582.76 52652.35 52924.15
2016 57774.32 57309.62 58497.88 58575.06 58309.01
114 MAPE 1.2203 1.8646 1.905 2.359
2017 62442.86 62385.98 65078.4 65163.98 64218.8
2018 68952.34 67916.83 72399.18 72494.08 70699.83
2019 75490.23 74085.41 80543.48 80648.72 77801.47
2020 79968.00 81094.56 89603.95 89720.65 85576.15
Tt MAPE 1.2156 6.9908 7.1308 3.8633

RYE 2 1 PR, LA B DR R FRE A A I R R B B A 28R, 9F H MAPE i1y
/NF 3%, {HZ& AHPGM(L ) RHA MAPE {EIUA 1.2203%, REILH L GM(1,1). DGM(1,1). Verhulst
AR EBE ST TEXTIRAE M T, AHPGM(L, 1) T MAPE {Eizt /T H A =Ry, A%
FERITRINVERE, R AHPGM(L, 1) B AL 7E 0L A0 0 40 A7 B8 £ P R AN AL A 12

[FI, WS EIZE 1 S AR AR A R, ANSERREE AR LG, AHPGM(L, 1) 2 453 4 (1 50 35 B2 42301 I
R, RIS 1 .

4.3. AHPGM(1, 1) BIF 43 4
FIF 4.2 g AHPGM(L, 1) BT () g %5 77325, 3R [ 2021~2025 4 — % Ly Je HoAth BEIR A= 7= & i3k AT 7
T, FR T A 25 B2 BAER 2

Table 2. Predicted value of China’s primary power and other energy production from 2021 to 2025 by AHPGM(1,1) model
2 2. AHPGM(L,1)#E U550 2021~2025 S E— X QR H RS ~E2/E

FAn 2021 2022 2023 2024 2025
T s 89174.84 98587.35 109638.30 122685.50 138150.63

N EE LI GE & BRI & AN T 25 SR 5 SRR 7 51 B AR AL a3, 2] H 405 A Tt a9 1 LI 1
45 R E (Y BEVR S5 R AN W B A B SEAR I, AN RO — Yk R g B H A B U SR B S S
PR 2 (B AE AT P 1 R 3 AT S DS R . MR ASCIBINSS R, AT LA ) 2021~2022 4 5 [F —
) B AR REIR A 2 B AR SR R RS 8 BT, IO T ARIE R [ REIRSS A AAL, AR SCHE T ] 7 24k S f)
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Figure 1. Fitting and prediction trend of each model and extension diagram of AHPGM(1,1) prediction
1. ZHERE TN K AHPGM(L,1) Tl 16 &

5. &g

% BIE G K O AR BT AR A SE 1, AN B R 0 88 R AT 0 DA S A i 45 ) i 7 P 4 95 55
AL, ASCHRYE r B AR 1) 2R A BT Hermite 2300010 E X, M9 T ARIUE I Hermite 22 11 X /K €445
R, SR T RO M K [ — R ) R AR REYE AR 7 B 2010~2016 AF (A I ZRER i LA
A, FIHBAREAC LG /N FMRHR Z S BB S5, Bl T 2017~2020 %R, 5=120
(IR TR 43 ) LLAE UL & AN TSRS B T, &5 SRR W] AHFGM(L, )RS3 S AR Bk & ATl g 71, 9 H.
iZ2H AHFGM(L,1)BEA S T TR A Ad, A EEH TR T 2021~2025 48 E — U g K Al BRI A= 7= & 148
s,

IRAEA S AHFGM(L, 1) 8 [ il 285 5, 158 BH 3R B — VR H, g B HAth B A 7 o 4k B OR AP IS K 1)
#, (HTE 2021 F-LAJ 2022 FIGK A FT TR, SAIRERISEREDL, ASCEVCN T AW RRIE 145
FVREE, RGBSR RS, B AR IO — L ) R FA BRI i A e, DRI SRR
JE77.
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