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BRI RGBT N RV k2 R R M BB YRR S SR DR o B A R 0002 A A5
I BUR 2 S R K0 5 SRR . B AT R A T 7 3 A b 2 R A AR ] ) A
AU RO 6 B AR 4 L IR, BB A A TR R AR M R SRAAE T, R 52 SR LA il i
IR o DR, B #8 F GM( T, 1) BERUSR BN R A A5 SR 0 4R i, GM (1, 1) B e A
FA: b AR R G R SR A IR A B S o R b 20 T o R AR BB AR5

IR R GERE R e TopBEX R AR 1982 AP, T2 /IMEAS , N 1L R G 70
BT T e S R g A R T R 0 R G () — A EE 4y S, GM (1, 1) SR DRy LA LY
PN S N BE I HEAT T AR 22 IR . ARTT, GM( 1, 1) BERUA Byt A7 45 —SEBRIE , il 4nxy
TR 2R BB AE R E S o FEBLSATE h  Bs i A 2R s 00, 76 GM(L, 1) £t
TR LA b7 B4R HUBL RS 5 8 VG o DAl B T TR T 17 CM(L, 1) BT EE A ¥ R OIS, JA
T RIVEAR B . Horh WA SR T B UK GBI DOM(1,1) M JRpFse T H 51
48 GM(1, 1) BERIFY G R o ARSI RARTF A AR IE SR T NCM (1, 1, k) BEA, ik — 20 i i
T GM(L, 1) BB 38 AL o Zeng MRS RIS AMLGE GM (1, 1) B, 42t — i = SR8 UK
SR TDGM(1,1) , 54w 1 HARAE S R FIE Y o R TDGM (1, 1) BERVB L G Ay 1
—E M (FRE T 220 T IR b AR LR A FE AR BRARZR A S 0 Y A R BT AR B2 . T i —
AR I NG BE , Zeng 7 TDGM (1, 1) FYJERE 13§ 1 AR LA TE I, A it — Fif DU 2 BB WO
B FDGM(1,1,k2, 1) ' SZBOR XL 5 4 7 51 BT S AT IR RE

XLEH S AN R T GM(L, 1) BT 8 FUIUA 52 MUE T ], 3 Dby 5 Fo M e 5 ) e A3
TR R (B ATIIRAT A — ek R 25 8] o DL, AN SCNBHE AN A >R T R AL %, % FDGM (1,
1K) AR BB HEA TR AN A A AL O A B O (L UM AL FODGM (r, 1,k u) o B HL 45 4y phy 2R 1 |
RN P LA L BRI SR B, H S B2 MR R SR SR I P KA S, S8BT R R IR AR B AR
PERLHE AR RO L K S0 R IR el 4 S R 9 8 , 2 1 I P 3] PP AR (B0 R AR 2, T 2L
AT SRS EEA T T o O FHHTASE TR 00 3 R A5 SR EA T T, -5 A LA 0 A 2 ) 45
SRPEAT LR, Bk 1 LB A R, T LAS AR S a4 2R, LA B0 B 4 M 1A RN B A
AR R UE T IZ AT B A B2 PR A S E, 0 AR A B R e 4 1T —Fl oA
RN TT XTI G AR G K R BRI 8

Z.HlF FDGM(1,1,k2) tREY R HERFE 57 47

7E TDGM (1, 1) FERIBLAY b, K 5200 28 58 % i 1) AT S b AT P RS (O +¢ ) # Ji8 hy AE 4R 1 e B
(bkt+etdk®) FEREEAN 1 BHREN r B (re R) , —FhEA ShA B 1 M A K (@ B FDGM (1,1,
R BRI AR SO SN FDGM( 1,1,k ) KA BB HAFTE B AN L | 5 78 g tE— 20 4 R B 5 ) 5
I % A e A B 2% 7 91 AR RS AU E ) B A

SEXL XD = (27 (1) 67 (2) - 6 (n) TRBFES] g r e RLX HTFS, H X = (x)
(1) 27 (2) o x (n)) 1 Horpr
. : I'(r+k-1 o
W= X it 1>r)<r)”’(?)

A (D) M FEH X0 r By Sz8osk k@4 87, i i r-RGO (r-order Real number field
Generation Operator) ; 8 XY HEGEFS XV 1) r-RGO 24 5 . 72 S 1 H RS r (9 1F 7 1 ] B T35
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FE SR e R I TRE . RR M, 2 r<O, R SRR fE R LA SRS AR B BT TR

EX 2 BEX 5 XY WS R, Z20=[27(2),27(3) 2 (n) 1o XD SARI B AR F
HI b 2 (k) = 0. 5% [ (k) 4o (k=1) 1, k=23 ,n, A7 ;

xy ™V (k) +az" (k)= kb+e+k’d (2)

ONF(2) by T[] 2 UK (8 A BB 11 DY 2 B80S 0K €2 1510 45 2 ( Four-parameter discrete grey
forecasting model ) , K FDGM (1, 1,k%) 5550, M RIAEAE LR 5 5 T (4 B -

—JELEF B . FDGM (1,1, k%) SR s/ T die® S b AR etk A S 0 B B4 R 4, tho R A 1
AR SRR R AN P SR (14308 43, WA TR0 S 85004 R /N DA SRS AEL (T ) 45 SRR B OC FE 2, SR, 1 30
di® BOFE BB LA 2, X2 B P 5 R AT, U B A 25 BR ) T SR RE AR F 25 . 2 04
BOCEARYE 4G 7 9 B R AE T DL, Sk = sh A v I, DA s AR B 52 i B AT M R

TIESBURNG . 1R AR RO K T A R A T B SR, XA AR R A RV R ) R 5 EL A
FEEH . SR, FDGM(1,1,k%) BRI 5 5 (8 2 4 1k 0.5, o i Ak b BBl = 1 X6 ELARKFAE 15 51
AR Bl 285 ] AR e BSR4 3 IO TG AR, O DAk B B ARSI SR . b4, AR FDGM( 1,1,k ) A5 3t
3T SR (HSH A AL B R B 4 SR vk ARk A DL A VR, DR T 320 780 A8 2 M e Ak i 47
AR HIEES T,

= A EER B B B FUAREY : FODGM (r, 1,4" u) 158

A SO TP A , 3 B AR A i 2 B B PR A MR R R GE iR A i) 88l
2000 44z [ BFFE 5 0T KN G it 8y 92.2 7 AA4F, 3 2010 4R35 5 255. 4 5 NAF, HARRIBE K T
277.01% . SR, IEAF R A R&D A G 4 2 5 1Y B W i 2, M 2010 4R 3] 2020 4R T 198.27%),
BEE W] R T e TR A BRI K B BO W] R a3 (R GM( 1, 1) B L7 el 5L
ARG MERA S X A AR LR S o DRI, D 1 0 e FTI0 PR Aff 2, AR SO HE — Fof g D €2 s Tl
FERI——FODGM (r, 1, A" ,u) B, ZAERIAE FDGM (1,1, k%) AL fty el -, Sy 2 o HoA 9 B 2% 1 36
WV, 3 fE 600 e R) Flu(ue [0,1]) 8 FDOM(1,1,A”) BERUE 5 k*d (9 F5 BRI SHE R L 1H)
5 IS L 0 7 SE AR w BB r(r e R) AL, LUYIRESHASIEIE H 45 52 28 AR NP 1. 2T
IR AR I R SRR U S S A B UK GRS, AR i R i R AT

1. FODGM (r, 1,k ju) A 7 S

X3 XY 5 XY e SO PR R SRR 00 e R) ARERHEME I, w(ue[0,1]) A5
HARB P k=23 0, AT

xy (k) +aluey” (k) +(1-u)xy” (k=1) ] =bk+c+dk’ (3)

AF(3) Sy T 1) S BN (0 A PR 3 1 8 B0 P A Y 2 5 A1 8 HIOI €0, T 0 A5 A ( Four-
parameter optimization discrete grey forecasting model) , &k FODGM (r, 1,k u) F5 . Hir ux'” (k) +(1-
w) oy (h=1) R EREESE u T SR

FODGM (r, 1, k" ,u) BRI FEEL 0 (951 AT T FDGM (1,1, k%) B (1 25 4 e 5 , 3k 6 1 146 1
WAL R PR RME B S VR s )0 LAh, 35 5L R v BT SR HN T FDGM( 1,1, k%) B3 1) S 4l
B BT TR b B LR 3 51 ) 2 25 R AR M S R 3 i P . FODGM(r, 1, K u) 574 FDGM( 1,
1, k%) BRSOt B R AN 1 7
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a: BIERE, Ry (O (k) HERER
FDGM (1,1,k?) x (k) +az ‘") (k) =bk+c+dk> . o by BWMAEAMEE A%
c: REMEAE

VT B R 45 5 5 BB A AR, 52 LR A 25 M Ak

2E M B R RAR @ - 2 L —
Mk R fAk > dk—dk AT

s R, IR

28
RAMF ST R

BTG RAN @ >z (0 (k)"[uxR(’) (k>+(1—u)xR<r> (h=1) ] o= 0%

re RE R Ak g S-S
FODGM (r,1,k%u) 2~V (k) +a Lux D (k) + (1=u) x () (k=1) ] =bhtctdk® o 0: FEMEAERASLFEI4, SHERAT
R R R u: HRALZSK

B 1 FODGM(r,1,k",u) &8 Xt B 22 E

PR IRE ARG L RANIE T ARG, J& RGAE1E 2 2 4SNP R L1 R i 4
ARGURSEREIR N ZOR " N7 RGEFTIRBLI AR A4 R 2R o ER e b, BT & MO A, 5 E PR N
B o X FODGM(r, 1,k ) BERYI 5 , Lok M IO bk AELEE VR IO A7 d RO (e i ¢ 4L R
BB T A AR TR R GRS T A IKAG B o AN FI R 20 0 AL T RS A e M4t ARZ i &
BEALYE R, AELMEVE IO ' d &5 R 3640 0, REBIAS A R A Bl 28« (k) HoE i r-
AGO B u-MEAN SR BRI IKIH . Forp, r-AGO Sy SRR (A AL BE , fE S5 L FEHLYE 5 u-MEAN 2 5%
P8 RBU R AL A AL B, BB P . R GUhIA it =2 B 1R 56 R AN 2 s, ARl JHG ) 5 &%l 7
F| FODGM (r, 1, k" ,u) BERIRE Lo R, 45K (3) & =R E R B0 u.r) IS BB A
SRAGE , IR FIMR I AR R R B0 25 DR E A T A5 31 42 Ry e A R B H A

u (0) (k)
»

L)@ 1l

>
#wd (aR)

B2 FODGM(r,1,k",u) BB RGN HIER

2. FODGM(r,1,k" ,u) B A A KA+

EF L BFES XX 0 TR, dE R uey” (k) +(1—u)xy (k=1) 405 X 3 B ,p=(a,b,ec,

d) " RHBHEE), SEEN LGB B I L p=(a,b,c,d)"=(B"B)'B"Y, Hrh.
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98

a0 (2) ) (2) =g (1) —uxy’ (2)=(1-u)ay” (1) 2 1
TG w3 (@) | e () -(mnx(2) 3
x;{_])(n) x;{)(n)—x,(;)(n—l) —ux}{)(n)—(l—u)x;{)(n—l) n 1

WER R 5 225 SCHR[ O ] 2640, AL 45 B AH DG TE I ek 72
3. FODGM(r,1,k2 ,u) #R KR

EH 2.8 B,Y,p WEH 1 /R ,p=(a,b,c,d)"=(B"B)"'B"Y, U4
(1)FODGM (r, 1, k" u) BEHY g psf fa i Jo7 X 40 28 5K (4) o

=2

xy(0) = ul"Va (1) + z [(t—g)u, + uy + (¢t —g)’u,) Juf
g=0
1—a+au b c d
:H: = = = =
Hofw, 1+au ' 1+au’u3 1+au’u4 1+au
(2)FODGM (r, 1,k u) f A Sd R A= (5) o
v (1)=x (1)

O 1y () (on_ & T(-r+k-1)
xp (k)= (x5 (k)) _i;F(k—i+1)F(—r)

WEWT (L) AR A E 1, A 23(6) .

xy (k)= a0 (k) =2y (k=1) k=23, ,n

B k=2,3,-,n BAK(6) RARK), AIHAK(T) .

xy (k) =xy” (k=1) +a(uxy (k) +(1-u)xy’ (k=1) )= kb+c+k"d
BT AA(8) .

xy (i) ,k=2,3,,n

b c d
k+
l+au l+au l+au

l1-a+
6 (k)= =) (k1) + ’
1+au

29
39

0
n

(4)

(5)

(6)

(7

(8)

TEAR(8) 1, B8 a,b,c,d TR FE 1 SRR AR ) (h=1) R, TS ) (k) TG HE—2E43 0T

1-a+au b ¢ d ‘ o ‘
= ltan u;ZI:;;, u3=IIg;’u4: /\ft(S)ﬁﬂ4tj§Q§£t(9)o

1+au’
xy (k)=uxy (k=1) +uk+uy+u,k’
HRAEA(9) , 2 k=2,3 if, Al 43 2430(10) A (11)

6y (2)=uyxl” (1) 420, +u,+2%,

A u

1

xY(3)=u,xl” (2) +3u, +uy+3%u,

A1) AR BRI A(12)

xy (3) = wixl’ (1) + 2uyuy+ uyuy+ 2w u,+ 3u,+ uy+ 3%u,
k=4, 0134 (13),

xY(4)=u,xl (3) +du, +u, +4%u,

Feflsth K A1) FRAR(13) BT A(14) .

x(4) = wlxl (1) + 2uluy+ wiua+ 2%utu,+ 3u u,+ wyust 3'uu,+ 4uyt ugt+ 4u,

(9)

(10)
(11)

(12)

(13)

(14)
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Hk=t,(t =2,3, -, n),AH{AKX(IS),
() =ul ™ x(1) + wl " (Quyt ugt 2%uy) + wl Y Buyt ugt 3uy) + - +

wV (=1 uy+ uy+ (0=1)%u,) + uwl® Ctuy+ us+ 1°u,) (15)
WA 15) e AL (16) .

=2

(0 =a V() 4 D=+ () ') Juf (16)

WA 1 (2) 55.(1) el e

AL 3L X' = (27 (1) 20 (2) o6 () WEAAIEIN p e Ryg e ROXYJE X 0 p By
ARSI, XY X B  BAERFES, XY X 6 preg BAERUFS, (X)) R XY 9 g B
B, N0 ) R XG0 p BT, ST R 2 S S AR B AR (17)

(X;ep) ) (9) — (X;?rz) ) () — Xl(eﬂw) (17)
e 1 ARGRE B 3 AR A (18) o
X = (X)) 7= (X)) (18)

K AR (1) BAR16) 5 AAR(18) HIAT 5] AN, AR (19) .
6 (k) = () (1) =

L r(-rtk-i) rGr+i-p
lek—i+U[K—ﬁ;;FU—j+UFUfR

L TI(-r+k-i)
;IMwi+Uﬂ—ﬁ

Horp k=2,3, 0,0 (1)=2" (1) o 2, UEHIES

() =

xy (1) (19)

4. FODGM (r,1,k" ,u) A5 A s 45 % 42

FODGM(r, 1 4* ) BRI 45 =N ) SR DTS 28R 0. SEHURIYA 75 0
FHCu) . BT (the Paricle Swarm Optimization, PSO) J&—Hi R FLA L2 (T B g4
RO ™ bt MO PSO 530 KR B AL A AR ., FLHEHE 67 S HIX B 9%
AN T TR FODGM(r, 1K) BRI 6" B 458(20)
L& RO -2k
minf(r,u,6) =n_lg,2 | (x?m(k) 8|
LS R Ko SR B T3 B 3o P SHIRE 45 HL 595 ( MRPE ) VPR R 655
WOSCRERE R J73% . NI T, 0B BEAOLEE B BRI 25 4 R, 7 4 3528
HIXPIALFT 39 (MRSPE ) P HIREBUM P45 5696 MRPPE) 8155 4 7 S HIRY 7 451598 ( GMRPE)
SUHE BRI 1 /8 % AURIOTF 91 Iy LA 51 7R () A5 % LA T 910 i 7
A 3R R RIS (21)  Jort Ak U EILCBUM) 182 (k) BORARFS% (RPE)

B = BB =3 A A = S (21)

= n — lL=+1

,re R,A € [0,1],6 eR (20)

KA FODGM (r, 1,k ,w) A580 i i R 3o o R b R 2 80 1) s oK Ao R R A 462 36, 5 1, FODGM L, 1,
K u) B AL IR AN R 3 B .
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Vi )

4
> PR EERE
VORIR R4 R

T2, BRI Hm
v —t KR F), — 4 T A7)

!

F 3. AMATLABZPSOH kit Hr'. u'. ¢°

v

T4 HBEFALIL. Br=r", u=u’, 0=0"
v R E R T
v AU PR AR A RS
v LA 00 0 35 ey 4E KO AE A R

.

S KAkt
VAESETE B A4ETE Y
VB A R SR

v

F¥6: #EFODCM (r,1,4° ) AR
Vit S i v R X
VR RAE R X,

A
F BT FODGM (r,1,k% ) LA 4505

v 3 A /TR A A A S AR 69 RPE

v 3+ & MRSPE, MRPPE, GMRPE

AEINIR £ L i R A%IRE

F 8. FODGM (r,1,k° ) BEA) 231k 5 H7
v 5 34k e & Fm AR A 64 33 b AT

;

T, Fam A%ARLE

B3 FODGM(r,1,k",u) A B2 E

M0 FODGM (r,1,k",u) SBIHY RZ A - B E RHZ A A B KT

ARSCHEFH 7 W A A B AT AR, DL R&D A B 4x i 2 i e 3 A4 A A 1 75 R =, Bkdie
KIE TN LR GEI RS . Wik 1 s FRIE R&D b1 At 1 (4 AT BOR I B s, e (IR
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KAy 1998 4 19-9. 15% , i 31 R 2005 4R 19 18. 39% M1 R X 1] #5 B 3 27% , AT B S 1
ARLAERFAE 27 2 2L 5 CM (1, 1) BB A OO A AL
&1 1995—2021 F£KE R&D AREMHE(TAF)
) ORSD ABURINE KR G RSD ARRMNE KR

1995 75.2 - 2009 229.1 16. 59%
1996 80. 4 6.91% 2010 255.4 11. 48%
1997 83.1 3.36% 2011 288.3 12. 88%
1998 75.5 -9.15% 2012 324.7 12. 63%
1999 82.2 8. 87% 2013 353.3 8.81%
2000 92.2 12. 17% 2014 371. 1 5. 04%
2001 95.7 3.8% 2015 375.9 1.29%
2002 103.5 8.15% 2016 387.8 3.17%
2003 109.5 5.8% 2017 403. 4 4.02%
2004 115.3 5.3% 2018 438.1 8. 6%
2005 136.5 18.39% 2019 480. 1 9.59%
2006 150.2 10. 04% 2020 523.5 9. 04%
2007 173.6 15. 58% 2021 571.6 9.19%
2008 196.5 13.19%

1. FODGM(r,1,k" u) A0 s 45

N [EIBBGAE FODGM (1,1, k” ,w) AR FRREAD) K T P RE , AR SCHF 5 1 AP B JEL A B8 A7 20 2. X0 =
(27 (1) 27 (2) o' (0) 6 (e41) oo 6 (n) o S URBUF AR AL A R il Ve, 9 R&D A B4
B 2B R T B AN R BE SR MR TS . SR IRAIF FODGM (r, 1,7 | w) A5 700 45 30 A R 2, T 00 A 761 %) 4 ik
PN FDGM (1,1, k% ) A5 25 4 A1 S B0BR BA A AL, 45 5 I BRI A RS GML( 1, 1) HiAsE R (i J i 455 51
FDGM(1,1,k%) AURALB—Z% u () FODGM (1, 1,k ju) BRI A X] ELAE Y . 45 B TR g A 2 SR An 3% 2
BiR , FARYE S 2 BRI A AR R REA IX i) R B 22 3 42 16, el 3 Biw

MRAEFR 2 5E 3, BRI R AR X R R 3 B B /N 25 B iR 22, SR R A L A A R B A
S AR R R S Ra e . ol TR R T B, i SO s R BRT 26 N EHE 2 i i 781 XS TRR U 1
AR IS R X AR g . AR FODGM (r, 1,k u) B (i AR A B, (i F MATLAB
Je PSO B3k (MATLAB E#7) , 15545 FODGM (r, 1, k", u) BERURAE BHH A5l R r* =-0.373 333,
u”=0.314 490 .,0" =-0.016 398, R4 | AR EARSEAG T RE B A1 Y, I 54T th AR S5

ﬁz(a,b,c,d)T:(BTB)‘]BTYz [0.121 4,0.498 2,758.860 8,-780.187 6]

HE— AR B 2 [ 45 FODGM (r, 1, k" ) BRI ps [ i 1 X P BT 7 S 4000 T

1-a+au”

b
u=———=0.883 1,u,= =0.479 9,

l+au” 1+au”

Uy =———=730.960 4,u, =——=-751.503 1

1+au 1+au
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B FRSEARALK(4) RIF 1S FODGM (r, 1,k w) BRI R0 5

x2 FRAEAXETEREZRHESIR

TG 5 1 S 0 1 2 3 4 5 6 7
FODGM(r* 1,k ,u™) 4.2688% 4.3102% 4.2471% 4.5085% 4.7434% 4.566 2% 4.499 6% 4.945 6%
FDGM(1,1,k*) 4.648 1% 4.659 3% 4.2878% 4.5399% 4.746 8% 4.833 1% 5.5368% 5.571 2%
FODGM( 1,1,k ,u) 4.8345% 5.0819% 5.2001% 5.1827% 5.109 6% 5.2562% 6.070 7% 8.199 3%
GM(1,1) 11.756 1% 11.460 2% 11.197 9% 10.923 1% 10. 688 1% 10.477 4% 11.243 5% 12.724 8%

13

12 ¢
11+

10 ¢
ol  ——FODGM (r",1k®"u")
——FODGM (1,1,4%)
——FODGM (1,14%u)
——GM (1,1)

BAZESEZ (%)
o)

[©2 BN

%:

0 1 2 3 4 5 6 7
TG HAAE

B4 AREFEARE TREYIRERLE

2. FODGM(r, 1,k" ) BEA A B & %F Vb 25 A7

[l , ] MATLAB H 47 PSO FF 4 FDGM (1,1,k%) 1 FODGM (1,1, k%, u) BRI 75 5 S8 5

e, 50k r=0.197 829 u=1, HAHEMBLERAE B 3 PR, JE4 6l 4 B8 HAHR 22 Hotk AN 4

R, Hor 2 S B R A B R (T ) B dE, Ak g 'O ATRER 22 (AR =[x (k) =V (k) [/ (k) x
100%) .

®3 HKERD ARERHERMUETNER

e O FODGM (r* ,1,k°" ,u*) FDGM(1,1,k*) FODGM(1,1,k* ,u) GM(1,1)
0 Ak(%) % Ak (%) 0 Ak(%) P Ak (%)
B AL 56
k=2 80. 4 83.393 3.723 81.579 1. 466 84.297 4. 847 76. 601 4.726
k=3 83. 1 83. 096 0. 005 83. 100 0. 000 77.876 6. 287 83. 245 0.174
k=4 75.5 81.934 8.522 84. 341 11.710 75. 829 0. 436 90. 465 19. 822
k=5 82.2 82.294 0.114 86. 712 5. 490 77. 628 5.562 98.312 19. 601
k=6 92.2 85. 058 7.747 90. 802 1.516 82. 807 10.188  106. 840 15.878
k=7 95.7 90. 518 5.414 96. 874 1.227 90. 956 4.957  116.107 21.324
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. FODGM (r* ,1,k°" ,u™) FDGM(1,1,k%) FODGM( 1,1,k ,u) GM(1,1)

i ' 0 Ak(%) % Ak(%) P Ak(%) % Ak(%)
k=8 103.5 98. 701 4.637  105.034 1.482  101.716 1.724  126.178 21.911
k=9 109.5 109. 503 0.003  115.300 5.297  114.771 4.814  137.123 25.226
k=10 115.3 122. 760 6.470  127.641 10.703  129.843 12.613  149.017 29. 243
k=11 136.5 138.283 1.306  141.991 4,022 146.687 7.463  161.942 18. 639
k=12 150.2 155. 874 3.778  158.265 5.369  165.089 9.913  175.989 17.170
k=13 173.6 175. 341 1.003  176.365 1.593  184.861 6.487  191.254 10. 169
k=14 196.5 196. 500 0.000  196.187 0.160  205.836 4.751  207.843 5.773
k=15 229.1 219. 179 4.331  217.618 5.012  227.870 0.537  225.872 1. 409
k=16 255.4  243.220 4.769  240.548 5.815  250.832 1.788  245.464 3.891
k=17 288.3 268. 478 6.876  264.864 8.129  274.613 4.748  266.755 7.473
k=18  324.7 294. 822 9.202  290.452 10.548  299. 111 7.881  289.893 10. 720
k=19 353.3 322. 134 8.822  317.203 10.217  324.240 8.225  315.038 10. 830
k=20 371.1 350. 306 5.603  345.009 7.031  349.925 5.706  342.364 7.743
k=21 375.9 379. 245 0.890  373.762 0.569  376.097 0.052  372.061 1.021
k=22 387.8  408.864 5.432  403.362 4.013  402.697 3.841  404.333 4.263
k=23  403.4  439.086 8.846  433.708 7.513  429.674 6.513 439,405 8.925
k=24  438.1 469. 846 7.246  464.703 6.072  456.983 4.310  477.519 8.998
k=25  480.1 501. 081 4.370  496.254 3.365  484.582 0.934  518.938 8. 090
k=26  523.5 532.739 1.765  528.273 0.912  512.437 2,113 563.951 7.727
Ajser 4. 435 4.769 5. 068 11. 630

oA 46
k=27  571.6 564. 772 1.195  560. 672 1.912  540.517 5.438  612.867 7.220
L p— 1.195 1.912 5.438 7.220
Aurrr 4.310 4.659 5. 082 11. 460

12
1k == FODGM (7, 1k ")
1ok mm FODGM ( 1,1,k2)

~ of FODGM (1,1.k%u)

s 8t GM (1,1)
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: )

~ 4

Ea) L
2 -

o m
0

HEFA T s
E5 #EBERREFERE
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WG PR A SRR 72 B T A A ADURS 56: | TN ARG 36 B 2 5 P RE B AR AR T 0% A, 3R W
X e B B A TR A BN A 25 25 D0 B, S RE R T R R 3. O 1 ik — AP U W AR SCHR HE 119
BT R A SR B P A 3, 5 A RARSCHT S 45 R T HUE, sk 4 s . nTRUA H GM(1,
1) BT B I Z RATEE , —2 P B B0 A —A4%, 2 GM(1, 1) B RIS By 36 i e Bl 220K
B o AEASSCHY, BT GM(L, 1) BEAL A B ORI A BT RS FODGM (7, 1,4” 1) .

x4 BEXBEAARNNEE ETHESRE

75 Tk =4 PO GATIHE R E
1 GM(1,1)#5H [ R BRI AA 7.270 5%
2 GM(1,1) K% WK, A EAEY PR R S R A A 8.769 3%
3 GM(1,1) %! F4E, 245 pu 14 Ml AA 0. 862 3%
4 BHORGBIBR ez, AR EXEVEE NI 0. 889 5%
5 MGM(1,n) #7Y R R K-HeTli R&D 4.791 3%

L LI, 5B WA SR T EL , A SCER R A A R TN BT 5 18 T 2 IR 12
A I i B TOUIDRS S M Al S A B T BOR i RE 5 3 4 B IR B A T S i A2 A S5 AN AR R K S T
6], 328 T 2R [ A N A 8 ] e o i e o

3. FODGM(r,1,k" u) B Fm) 25 2

W2 5 Fm , I FI R SR BB AT A Y, GM( 1, 1) BT 52 HABE TR 284 4 1) 24 , F9000 4 5% 12 PR 46
B, FDGM(1,1,k%) FODGM(1, 1,k ,u) SHR f TR 51 A, HA b 3152 2 5 51 L
(REST, S B SRR P O ZE SR o SR, FDGM(1,1,4%) 15 FODGM (1, 1,A% ,u) #5074 [] 4k il 2% P 1 45
ey JRI R 1 R TP RE R T 225 ], S SR P BTG B s e 81 8 R R MR R 47 DT I, sk = B 2wl 9
Mo BEAM A BUA B BT SO RS 1 DR, BT FDGM(1,1,%%) 5 FODGM(1,1,k” ,u)
AR BRI TERE . P, BB A P 2 R SR Ak S B o KRS T 4 2R m] A, Rk 3R [
R&D A G4 i B AP b TR R E AR B AA TR AT L THB B, B3RS 1 4R %
FHIE , BHEA R i s 1 2.2

&S HERID ARERHERKTMBEREBR

Rl 2022 4F  20234F 2024 4F  20254F 2026 4F
FODGM (r* ,1,k°" ,u") 597.139  629.801  662.728  695.888  729.258
FDGM(1,1,k%) 593.368  626.282  659.336  692.458  725.577
FODGM (1,1, ,u) 568.795  597.246  625.849  654.587  683.443
GM(1,1) 666.027  723.798  786.579  854.807  928.952

f.Eit

B T K B BA AR R S ARHIE , JF 52 Z2 TP LUE B FA PR 152, B GM(1, 1) By

IR TR b WA R ARG A R B A I A S, SR 8 v 5 ) 28 W D s 5l ) A AR R 56 &%, AT

TPECEBSCR AR . DI, AN SCLE S A R e o ) Al L, R T G Al R O €8 T A
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FODGM(r,1,k" ,u) o BilBIsRAh T A BB A L , B T R G R ER AR AR R PR A B e S e, O
i SR A A — AR T TRV RE . RSB B B T 3 R A A SR O, B0 4 R
INARIREFHEAA R B2 RSP LIS B3] 2026 47, 3R E R B A inh 24 505
IRF] 729. 258 3 NAF o X —ZRFARIE AT 2R 0 19 R TR 25 S 35 800, A o 2k — 25 & BRI S8 A1 O
HORPLME 7RIS o FHOGTTT AT UL T 000 25 S 1 2 AR SC BORE , G Al BB A A >R i (9 1 7, s e A
AGEVRANIR B, B Bl A SRS A T3 A SCFs , g M s BB k20 R B K sl & e

ASCHE T BB BNARS FODGM (r, 1, A7, w) FE RN B A 5 R 405 1 B A — 7 iR 27 P F s H
P B — SN R Z AL o 15, B AR Sy A D S A A, PO T R A S BOR AL
S5 DR 2R A S T RE T AR 8558 o LU, TS B (R0 BE AT e B im0 iy itk — 20 2 e i S 28 50 )
BRAPEANSE I , 1T AN X8 A i A 4 (8 95 57 1A 7. S e 88 0 ) 50l 4 7 A 5 TR A T R R
Gt o 25 bR , IR T e — AN SR I ) 3L, 285 SRS A (e A2 AL A LA R Y Fr) 3 PRV L o Bl
TR AT e JE AN ZE 8 ) AN R ER A8 TR 18 vl P AN S T PR 2 AN TR
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Optimization of Grey Combination Forecasting Model and
Forecasting the Demand for Scientific and
Technological Talents

WANG Xiao-ying', GOU Xiao-yi*, ZENG Bo’

(1. School of New Media Art, Chongging Finance and Business College, Chongging 401320, China;
2. College of Economics and Management, Nanjing University of Aeronautics and Astronautics ,
Nanjing 211106, Jiangsu, China; 3. School of Management Science and Engineering, Chongqing
Technology and Business University, Chongging 400067, China)

Abstract: In recent years, China has proposed the task of promoting technological innovation and improving
the quality of development to achieve the innovation-driven development strategy and consolidate the foundation
of the real economy. As an important power source and core element to promote the innovation-driven
development strategy, scientific and technological talents are conducive to stimulating new economic growth
points and releasing the endogenous power of the economy while promoting scientific and technological
progress, thus promoting the structural transformation and high-quality economic development of China. The
demand forecast for scientific and technological talents is an important basis for the cultivation of scientific and
technological talents and policy formulation. The demand for scientific and technological talents has typical non-
linear development characteristics and is also influenced by a variety of factors that are difficult to describe
quantitatively. Therefore, the grey prediction model with the characteristics of small data and poor information
modeling is gradually becoming a common method for forecasting the demand for scientific and technological
talents.

Although the grey prediction model has the advantages of simple structure and wide applicability, there are
still some shortcomings, such as unstable model prediction performance and poor model compatibility.
Therefore, starting from the characteristics of the demand for scientific and technological talent data, this article
proposes a new grey prediction model FODGM (7, 1, k", u) with dynamic adaptability based on the defect
analysis of the FDGM(1,1,k*) model. The new model adds a nonlinear correction term to the FDGM(1,1,%%)
model, which improves the model ‘ s simulation performance of nonlinear original series; the dynamic adaptivity

of the model is improved by extending the original first-order accumulation to fractional-order. The new model
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achieves a better simulation of the nonlinear law of grey information of system development and the totally real
number fields expansion of the accumulating order action range, which alleviates the influence of exireme
values in the original sequence on the model performance and improves the compatibility of the model structure
and the stability of the prediction results.

The national research and development (R&D) personnel of full-time equivalent is selected to reflect the
demand for scientific and technological talents in China. In order to reflect the robusiness of the new model,
data of different lengths are reserved for simulation and prediction modeling, and compared with other models.
The results show that the FODGM(r,1,k” u) model has the smallest comprehensive error in different sample
intervals. Finally, the FODGM(r,1,k’ ,u) model was applied to predict the future demand for R&D personnel
in China. The results showed that the demand for R&D personnel in China is gradually increasing in the future.
It is expected that the full-time equivalent of R&D personnel in China will reach 7. 29258 million person-years
in 2026, indicating significant pressure on the demand side of scientific and technological talents. To this end,
relevant countermeasures and suggestions have been proposed. The research results have positive significance in
promoting the sustainability of China’ s science and technology industry, alleviating the pressure on the demand
for scientific and technological talents, and promoting the healthy development of China’ s science and
technology industry. It has important value for enriching, developing, and improving the theoretical system of
grey prediction models.

Key words: demand forecast of scientific and technological talents; discrete grey model; model structure;

nonlinear correction term; parameters combination optimization
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