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Abstract: In order to improve the rationality of inland river port planning and predict the container
throughput more accurately, the Grey GM (1, 1) prediction model is established on the recent container
throughput data of Wuhu Port in Anhui Province, and the Metabolic Grey GM (1, 1) model is constructed by
updating the predicted data in real time with the metabolic method. Markov model is used to modify the pre-
diction results of the two models. Between the predicted results, the average relative error of the Grey GM (1,
1) Markov model is 43%, lower than that of the Grey GM (1, 1) model, and the average relative error of the
Metabolic Grey GM (1,1) Markov model is 45% , lower than that of the Metabolic Grey GM (1, 1) model. Mo-
reover, the results of Metabolic Grey GM (1, 1) Markov have higher reliability.

Keywords: inland port; Wuhu Port; container throughput; prediction; Metabolic Grey GM (1, 1) Markov

model

[WFsHER] 2022 -01 - 17

[E2WMB] ZHEERKARBREESTH (K201AI506) ; ZEE RIS SHR2E T S HE  (20200601050024) 5
THEBRYFR TR (2019XQSXZX69)

[MEERN] KGR (1989—), B, ¥, NFEZ@Esimkl 5EBOsR, BEESE. 2BE (1962—), 4,
4 #%, WIFscimfs B TR LER . 1 FA2m 750N 23850 5T, E-mail ; peizlan@ 163. com

http : /xuebaobangong. jmu. edu. cn/zkb



- 334 - R (ARBIERD) 27 %

0 58§

W A A R H AW Eh MK . ZE P ANABE R K AR DA, ARG R HE AR REAR
B Oy ik AT KR ARRSE . EARRAE AR O 3BT R ES-Markov 414 AL, XA
DIAR LA 2 B A ik AT 0, e T AR W A0 2 M Sh IR, At 1 A A e e T 4
PET A, SR B T Z 0P HIHY Jackknife BEEISEY (IMA) ik, 18 FF 30 2 18] A KOF 51 F
BRI R R, R A ) BTk i e s VAR R, A7k 25 b 18 4 0 A i R BSR4 2 [N £ 3
AR, X, LU T S WA OCAE O A 1 AR A A0 Ak R AT WU A 5T AR AL
AT MR K E CM(1,1) D /REHR ShAR | X s S A kA T WO o, BAR
e TR R, R T PR 2 S R E R IR B . X IR T SRR AR Ak d 0, AHOG 2
PR, (2RI 5 E R AR AR AR A, ELG T P s % s A B5cdis T #5220, BRAE AR 76
REZMRREBEA KO, WG IKORGEREAE, R E RO RS K ORERE, HEFH
— T Ty ek B TRIDRG R AN R A X e, AR R FHIE I HE 2011—2020 AEHEREA A ik RO
Ay R KA GM (1, 1) BB K B A Ik (2 GM (1, 1) 85580 | 3148 Bl Dy R Bl Je B0 43 X A~ GM (1,
1) BRI M BCHE DA B 1E R R v S8 2 0 7 o o TOU (RS B R, LA IR A S W 8 1 A0 1 R s
FD Al 1A T FRLR B R SCF, TR Rt S B0k | BRAKTS M B A | R kv e
RS R R,

1 FEERERE GM(1,1) BRAKRIEE
1.1 IR&GM(1,1)#E8

A0 JEH R TE s SR A AR B M1, 1) AR, 385 1 0 4 A 7 S5 K5
2= (O (1) w6 (2) 1 ()

SEHISCHR [5] Ay A S5 s e A B AT AR I . R LRI B A (k)
EFA A (k) STER S (e o o) 2N, WK EIEHN < AT TR GM(1, 1) BRI
T, BUEMAH R e, PATPR S, HBO R A E T AR

REEEE) 2@ = (2@ (1),x(2) 2 (n)) FRUGEISCHR [5] HAHKE CM(1,1) Bt
FAR, M1 WEM (AGO) /EME, bR MR, Hr FL A TR AR R
M SRR, 55 A BUR 6 GM(1,1) B -

k1) =2V k+1) =2V (k), E=1,2,+,n-1, (1)

[FIREIS FISCHR [5] s, Tk ®1 BEREREASR

2 £(k) 5&%%@%5 ey | Tab.1 Model test accuracy division table
A i : § ' - = /4\ naex & Q rade

T N e e D G B L !
}ﬁijﬁ% 18 ﬁ C( C = Sg/sx ) . /J\iﬂ%ﬁ 4(%%3 —2 First-class It Excellent <0.35 =0.95
P(P = (|&(k) - £|0.6745s.) ), G4 Second-class K Good 0.35 ~0.50  0.80 ~0.95

*ETE C %ﬂ P E]’(] j(/]\)[%*%ﬂﬂ@*%ﬁﬁljﬁ =2 Third-class G Qualified 0.50 ~ 0.65 0.70 ~ 0.80
ygmﬁ%g& ’ %/IB]"H:}E */]?iéj zﬁjﬂﬂrj‘ ’ ﬁﬂ DU Four-class Zi%jt% > 0.65 < 0.70
ﬁﬂﬁiﬂﬁ%%%& ’ ijéﬂ%% ILGJ ) Unqualified

1.2 #BREACHRE GM(1,1) =5

PEAT WS AR REAE B i TR A, — R A B R A T S TN, 0075 1) 1 0 500 Gn SR e A
FNFEAESN T g, WEEREREARIINR 2 , BRI R AT, RRUS AW A FRTERT, MIREHE A AL
PR R A GM(1,1) TR 45 5 (S A

2230k [7] ¥ (1) BREERFEAEIBIE x© (0 + 1) , BHRFEGHEDE o g2 (1) ,

http : /xuebaobangong. jmu. edu. cn/zkb



4 1 REAR, % ST BRI S R SRR ) 6 4 S A A ek i - 335 -

B — N EHREARS]: x” = («(2) 27 (3) 6 (n) 27 (n + 1)), WIHCAWITER, HKiT
RURITESE/
1.3 FBRRIERE GM(1,1) B/RRIKAER

SRR GM (1, 1) BERUREET RS 6 GM (1, 1) BRI A FRINAE B2, 32 JH 2 /R BE A B 43 31l %)
WS AT IE . BARTTHRRARANT

1) &gk X

K T s BB A A T (L5 SR B A AR X R 22 A0 AR IS LR A0 i i MRS B, = Loy, 0,1,
i =1,2, 0, Hib o, FOPREX LR, 0, BAPREXEHERE, 0, ,0, TH (7 (k) -
2 (k))/x' (k) k=12, n WA, i TR T IEWIE A AR, AR A TR, A
ORI 734 3 4>,

2) RAEFERE R E

B P FOREEIINIRGS E, Zeid k BRRE E R, h THUR S, = ay/a, , IERSETHEE, )
fy =Py = ay/a; o Ho: o, FomBO G0t 1 BN RS R R j RSB, o, 308 E RSB

[’11 e P]"
P“l e Pnn :l

3)

TIE A RSB IN, ERE MRS EN LTINS £, = [w,.0,] , % CH
(8], FREIBHRACHICE GM(1,1) BARRHHI B AR N y = 2 (k) /(1 £0.5 x (@, +,)).
O 50 () Sy b IO 5 A3k T AR BB TE I O, O g f I <+ 5,
(AT < -7 2,

B W1 PR R A R N . P =

2 B EAEETN A

I gt R BAE, JelIHs 2011—2020 AFAERAE Bk i 40512 22. 05, 25.03, 28.77, 40.26,
50.15, 60.21, 70.40, 80.30, 100.63, 110.26 Jj TUE, ZRCLAHHFEIRES, 435l @sim i1 4E
B A T
2.1 THBEERBEMHERE CM(1,1)REHN

FRAE KA GM (1, 1) BR300 T 4 B8 AT L LU A 36, 2011—2020 4 J6 W s 4 < 46
A (k) e (0.714 605,0.912 661) , A2 #iw A (0. 833 853,1. 166 311)  JEEAEHE AT £ 9% HLAS:
55, Fxt R BRI T A AR e S IR A B P BE O 2 T TR EARE M PR S, SO BRI A TR G
BAE, PRI 2014—2020 4 AR BEA A ik B Rl BB T LA B, 153 A, (k) e (0.797 973,
0.912661) , A[ZEHIEEN (0. 778 801,1.248 849) , i B LA, #EHL 2014—2020 4FEJE MMk
SRR BB N R IR B AT KA GM (1, 1) T, MR PR K (6 GM (1, 1) BRI 5, w455
FEBIHE AR A K CM (1, 1) TR R . 2V (B + 1) = 267. 497" —227.23

B A B 2R, MCERITR, AR TEMIHE 2014—2020 4F (R AL A ik FOAE
2.2 EHEERATMEMBEAEEKE CM(1,1) EEFH

S BESG A SR AT SR, AR R BRI AR, AR T AR A A iR R A K B GM (1, 1)
TR, ARAE 2. 1 W AR GM (1, 1) TINAL AL, 15 3] 2021 4F Je i s 42 BEA 7 nk it HOMAE
138.67 J1 TEU, 5IF% 2014 454, 45 2021 4= B0 BE A s 8t 4 A 20 5 800 B e, # — 208
FIE, EEE FHH A K G GM (1, 1) BERITE m A5 20 56 0 1 45 26 40 A ik i BRAR IR (8
GM(1,1) TR . 7 (k +1) = 360.21e™'“* - 310.06,

http :/xuebaobangong. jmu. edu. cn/zkb



- 336 - R (ARBIERD) 527 %

PSRRI () 5 T8 e S A A ik R PO S5 SR AN 1 s, i, ARIKE GM (1, 1) B 5
WM C =0.115 , /MREMFEP =1 ; FHRAEKE CM(1, 1) BB FRZIE C =0.118 , /)
WEMRP =1, &R a[H, PIRBRIA TR B 200, UARABR T 25 S . IKEGM(1,1)
BERVFUE ARG 5 GM (1, 1) BERLAGF- 34 A0 X% 22 53 514 0. 021 F10. 020, FF EEXTBIALHE— P& 0E
DA e T AR 700 4 A Al

2 T2
= 9 R
5 S5 S ===
— o -

s >~ o 2 o _l &=

o £ _a. | 233 mdd-

S R O_Le==

= 5 0 <+ 10 daD BT

¥ 5 O O O - % OL&S—

g 2 Al % SA %

s coo

K S + + Lt

& 3

0 =

z 2

R _g 2014 2015 2016 2017 2018 2019 2020
o 45y Years
g W R Actual value
g _/}<@ GM(1,1)FIM{E Prediction value of Grey GM(1,1) model
5 — ﬁ#fﬁlﬂﬂi@ GM(1,1)FME Prediction value of Metabolic Grey GM(1,1) model
o TTTET 2 (SZBR{E actual value)

B 1 &&EGMA,1)FMFHEREREKE GM(1,1)F4E RS SRREXSL
Fig.1 Grey GM ( 1,1 ) and Metabolic Grey GM ( 1,1 ) prediction results compared with the actual values
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