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BHAAR, EROMARETRBLEEHNTN. 2ERAFEEHERREREREH T
RER A ERBREE, A2 MEME TR G SHHTH, BJ5 U HR A AFHTIE
8T, AT KBS E TR R MRS

2 BiRHA

2.1 SR

ERM ERELEFRENHTE BN, XSGR Z RS BT LR BLE 5
AETRIBEREMIEANERE, UREHEHTRADREEERE BEBRX B BEHTT
KA H N AEE (REEAE., . fIE=fERrR, KENEEERAMER), BB
BEEN A, NEGHER TR AERSEIN A, Az, An , TRA A= Ai+ A+ -+ An =
SN A, GE=1,2,---,n).

3% Shannon & H B {5 B4, AR X B3 EZWEWE M H v LLE Xy

H=-) PlogP, (1)
Hf, P=Ai/JA=A/ X A, (=12, ,n), BR Y P =1
A H IR EERENAEEM, YR H>0.

15 BB/ N BB R3S E B M WA R, (5 B, NI I 3sE B MRy R A2
Yk, AARRBARANZERMER/D, ZBEMABREE BHNY A =4 =43=---=4,
B, P=P,=P=--=P, =P =1, WiF EWBRBIRKME Hp =logn.

R, ZEEH T RKE N BELLSM R BT LR AT, MR EMEHAE
BAH QB Z T, S VESIABEREMIBEREE. KREVTEHAR, AKX
BB R RAHNHEE J e XMT:

J=H/Hpn=-) PlogP/logN )

AUE S, R EE AW EEER T RER X EBEGEE MmN R R %
BE, HERTREEMERAMEBMZ M A J ERX, BRECEERGHHHHEE
B Y J =0, BRXEESMGHWHERLTRANES. AW, ¥ J=186, 7
B BAGE 2 WA R RSB EEN FES.

N AR EE T Rk b

I=1-J (3)

W B R b R ) — P LRE M F A X R XS EE SR E, SHEEY
- 9% )8
2.2 &t GM(1,1) R&Y

1) B F )

WEFRHEEFF: XO = 200),20(2),-- ,20(n)). MFEHEEREFIETR
e X0 = (@M(1),20Q),- - 20 (), i, 2D (k) = 21;:1 #0@), (k=1,2,---,n).

2) BB EFHUFS

st X0 fRMEESERFS 20 i8k:

A (z(l)(l),z(l)(Z), e ,z(l)(n)) (4)
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K, 20(1) = 20(1), 2 0(k) = %z(l)(k) + %.’l:(l)(k -1),k=2,3,---,n

3) BILKE GM(L,1) HA

RA—rBERHSFBRM EREEFF XO FTHERKE, BRKGHNES, XA
(R 7wk

da:(tl) +azM =b
HA, o AREBESH, b HIREEAR, RSEF 6 = (o,0)T, BB/ kK
a=(BTB)"'BTY, (5)
S —20(2) 1 z©(2)
B —2@3) 1 _ | £93)
1
—zM(@R) 1 z© (n)
4) RF5ER
K Bk R A, B e ] me B r“zﬂlﬂa
Ok +1) = @O ~ e + 2, (k=1,2,- ,n—1) (6

2 2Ok +1) =20k + 1) - 20 (k) REEBSEFEF:
2(0) = &9(1),29(2),--- ,z0(n)) (7)
BERRTHEBEN —o, T EMHNEEWHRBESD. o WR/DEHZEEYE
BE TS
2.3 DRERKRE
£t GM(L,1) AT PR E 2 4b, 13 B/R BB K6 BN RITBE.

S/RBEREE M BB J S B
1) #g GM(1,1) S8, BRI KA E
70 = (5(0)(1),1—,(0)(2), o, 50(n)). (8)
2) ITHBINE 5 LR EZ FB M R E

_zO0®%)
Z0F)
3) MFAIHRZ KA, X4 REX
KIFREBENEFEE, WELHREXE. & = [®1i,®], HF @1 BRERXE
IR ZR B/NRH, Q@ REFKREH.

x 100% 9)

4) MRS EREE
REEBZ TN/ PMEARSEBERERERY, 8 LCREEBETR:
PP = x{( ) (10)

HA, Mi;(k) RERE E: 238 k SERE E; HBBKRE, M: 2 E; HABRE n KR5S
HPRSHE, Fri@ nxn B‘J«bﬁ*ﬁ%@zﬁ %}ﬂﬂ“

in
k k
P — P21 P() P2(n) )
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REHBEENEHRELIENMERET ERIRSH T aER A
5) Xt K & B E 1T 1E
B D /RB SRR SHBMRERE, 7T E T EN MRS AR S KT [®u, ®2),
BUEXHRZRZS X 18§ (X K . T E T 1, BEHE IR THINME v, BAEARH:
_ :E(O)(k)
YTix 2(®1 + ®g;)

(11)

3 ISR

3.1 HREXESHENESHH
KEE CHAEREL (2015)) BHEBIHA L 2005-2014 E35E:3 R EHHIE, FHRIE
ERMARXHEHREREEWOEEN. HEESREE, k1 iR
& 1 HMERESLERNELRN. HEERKEE
HZRE HEHRE ABKE REKE EEH DEE Ry

w (img) & 7)) B Oimp) B (Am)  (H) ) @
2005 25795.08 3274 22520 1.08 0.3810 0.3460 0.6532
2006 27460.32 3633 23826 1.32 0.3913 0.3561 0.6439
2007 29452.33 4126 256325 1.33 0.4056 0.3692 0.6308
2008 22714.44 4512 18201 1.44 0.4992 0.4544 0.5456
2009 25459.33 4646 20812 1.33 0.4757 0.4330 0.5670
2010 28977.13 4926 24050 1.13 0.4563 0.4153 0.5847
2011 34146.22 5355 28790 1.22 0.4348 0.3957 0.6043
2012 45831.34 6313 39517 1.34 0.4012 0.3652 0.6348
2013 51471.55 6394 45072 5.55 0.3763 0.3426 0.6574
2014 57235.96 6450 50780 5.96 0.3532 0.3215 0.6785
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HREREREENNGEEH. HEERMRAENTLER, HRERESEWETFH
AL BRI AW ABT B 2005-2008 £ H A B HIEE WY B LA, XS FNE
#Hh A RE BN EMET TR, BERRRREAHI. T 2009-2014 F2HHNE R ZEHWH
B TRNE, K BE2HFRANKERELEMERL ARNEEANERERER
BRI, BB RAEEFAERE T L, T3 RagRiErastsn.

WILE, BURIIR T X HREABSGEN BRI IE, ABZHRBRIEE R, Mgz
HAREEK. FIERY, 2005 FHREAKERIUT 4.13 FTAE, MA LT 2014 4,
A ELRRIAE 14.01 FAE, ML 2005 4E81 T8 4 1%, Tk BRI BERW 023 AAE
WP T 038 HFAE, MEARZHAEFERNER, BRABSHBKEM, UBTE
B2 R ZEBRRA, BIE B SE RN TR, MEMEEEHRE EHA.

3.2 HREBEHERREERTA
3.2.1 GM(1,1) BEIRERI T

R GM(1,1) SRR, | MATLAB &8, BRI HR 4G REEHE B GMQ,1)

iyl EiR

FM (k4 1) = —26.0419e7%0175% 1 26,4229, k = 1,2,--- ,n— 1.
FHRAY GM(1,1) AT ME MR 2 Frx.
&2 GM(1,1) HEMAISER

G AR GM(1,1) BAl
WWE A

2005 0.3810 0.3810

2006 0.3913 0.4518 0.1545
2007 0.4056 0.4439 0.0944
2008 0.4992 0.4362 -0.1263
2009 0.4757 0.4286 -0.0990
2010 0.4563 0.4211 —0.0771
2011 0.4348 0.4138 -0.0483
2012 0.4012 0.4066 0.0135
2013 0.3763 0.3995 0.0617
2014 0.3532 0.3926 0.1115

H3E 2 5, Friggsy GM(1,1) BAEP 2012 FHFTNEERE, HHRELEXMEY
1.35%, $RT 2006, 2008 71 2014 SEFTMA X {RELXHEB K, 44514 15.45%, 12.63% LA K
11.15%, HAEHHBNEE AR RER. B, A 0ENRARTHE—S sk, &
HERFELREATR
3.2.2 REBLMEREBMULERIF

1) RERIS

HRHAEREHEEHERES GM(,1) RETRERHXNRE, TR N
% 3 FrAK EHARE.
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#* 3 NESRHRERABRERS
RS AHxTR 2 X (6]
E1 (0.2, -0.1]
E2 (-0.1, Q]
E3 (0, 0.1]
E4 (0.1, 0.2]
2) WBRREHEBERIF B IETRIE
B B E I ZE X PRSI EE 4 iR,
® 4 EEGMAHERERERE
#£4 2005 2006 2007 2008 2009 2010 2011 2012 2013
X RE 0.1545 0.0944 —0.1263 -0.0990 -0.0771 -0.0483 0.0135 0.0617 0.1115
Brib X fa] E4 E3 El E2 E2 E2 E3 E3
RIS HBRE R E %, B8]
0 1 0 ] 0 0667 0333 0
p) _ 0 2/3 1/3 0 PO — 0.111 0.444 0.333 0.111
/3 0 1/3 1/3|’ 0.111 0.333 0.444 0.111
0 O 1 0 0333 0 0.333 0.333

HE-EMBREBE, BEIME 5 FTrgR

%5 GM(1,1) REFAERSRESRERAERASRIE

4 FEHERE

GM(1,1) #iAl K RBER

FE  AMRE OBNE RS

2005 0.3810 0.3810 0.3810

2006 0.3913 0.4518 0.1545 0.3929 0.0041

2007 0.4056 0.4439 0.0944 0.4228 0.0424

2008 0.4992 0.4362 -0.1263 0.5132 0.0280

2009 0.4757 0.4286 -0.0990 0.4512 -0.0515
2010 0.4563 0.4211 -0.0771 0.4433 -0.0285
2011 0.4348 0.4138 -0.0483 0.4356 0.0018

2012 0.4012 0.4066 0.0135 0.3872 -0.0349
2013 0.3763 0.3995 0.0617 0.3805 0.0112

2014 0.3532 0.3926 0.1115 0.3414 -0.0334

BT 2014 FLATFHEUMRT, 28 —FRHER, #E 2015 FHRERELME MR
A REAL T3 =R, BB = FiRAS X 16 [EHE K & BB ATIB IE, 82 2015 484
WA KB BFDRRRBEMEY 0.3674. fi Ll LB PO #i5E 2016 £ HAE R
BEHEEHRESL TFREZMRE, 22t EBEBERSY 0.3610. FH, WK 2017-2020
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FH DIRBIRBIEE IR 6 FTR.

% 6 HME 2015-2020 £ HEE5HE B BMAE
4 2015 2016 2017 2018 2019 2020

WE 0.3674 0.3610 0.3548 0.3486 0.3425 0.3366

— R, KEMBBMAFERE —FFROES, IR T F SR — M Es, m
ARE S BB S YE, ET S BAEFZ MBI X SR ERTIRERK. MRESD
IRRIRBIEE S Bl A 5S4 E R ER AR ER/D, BIREEHE GM(1,1) 1A
#, B A TER X RZ @SR GBI, REU EWBTINERMTR, HRERE5S
MBI E BRI E R T SH 5T %, (EIRE S RBR/.

4 4HE

1) A30GZ FI R BB H A 4 2005-2014 SFE B AWK BB L ET T, HER
FRH: SEILE, B A ARZHGIER RESEEH T2 RHEBERA, BREHH
5 BRI AT B Rp 2 T I, A0 BE IE RT3 hn.

2) EYOR K . T /R BEEL Y A B K B EE AR BRI L, SRR &
RAERB S FF 5 P B —f GM(1,1) AR E R, TSR, AW BRME, X
BMAERI R, FERFIVES, HR B EREANEEMESRETR ETHREESZ
R, BUH R B EEEEAMAHNNLTIRE, AR ARNERREE. £
Xy A TEEE X T R A R A A B R e A B R EME.
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Study on the Transportation Structure of Western Region
Base on Information Entropy and Gray Prediction

WANG Hui, QIAN Yong-sheng, ZENG Jun-wei, GUANG Xiao-ping

(School of Traffic and Transportation, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: With the construction of new urbanization, the comprehensive transportation
network of western region has been greatly improved, so the study of the development degree
of transportation structure is important. The information entropy and gray prediction model
are used to study the trend of the transport structure of western region, and Gansu Province
is took as an example to do empirical analysis. The results show that the information
entropy of transportation structure in Gansu province is decreasing year by year, and the
development among the different transportation modes is unbalanced because of the rapid
development of highway transportation in recent years. In addition, the prediction results
of gray Markov model is more reasonable than the GM(1,1) model in the prediction of the
evolution trend of transportation structure. The results of this study can provide a reference
for the improvement of regional transportation structure.

Keywords: comprehensive transportation; transportation structure; information entropy;
gray prediction; Markov model



