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Entropy-based Trip-chain-based Network Equilibrium Model*

1. [XL®IC

) w7 eFxzfy (LLF,TC) ZEE LIy hU—
¥R M, EEL Y2 DL0EED T, i
HLONRE - RSN TS, 8L - ITEEEBLOZEM
b V72 &L EERRBEOHITH DA, EiikEEDEE
DSEBORIC G- 2 D BORNE 2 TH L&, HDHN
VI EF~DIH - YRR ATREME A5 2 1235511, iR
w7 VB ARRGE DR N THA .

Wilson? |2k 5= b a B —iR M EET U, #iats)
FHRT AT 4 T D, BHET/UEEE S o 7222
HEFHET LV E L CEHINZHDTHD. Zivkid,
MSTTEEAR O 12k >Th, iR AEA L-= b
0 E— s ETANEHIN TS Z EIZEAMTHA .

Zoxy ha AR T UL, BEET LV EOR
AHEvans " HIC ko TRBI ST E -, T b3
RETIVET D LB TEDLN, [TEET MR
5GEVAIA~DRERZ ] L CGEVRI= Y h o '— - &5
IV ODISHLARETH Y, AHOWFFEDAmEIZ 72 <
N LEZD.

AMFFETIY, ATHNOZSETFE « NO50A78 EM DA
HRIZTCITE ZRBLL 2 28T NVERE LT, TORMER
ERRLTEREW. Zhus, BT os CHRE S
N ZEHER e bre—-271 9 %, Boyee ™ 12
X2ET VLSBT, HEIMEa A N EBE L
X MU= BT IR LT b DO Th D, el
EHEDOL A HWETCH (V7 —H) sg@En= ho

I R & B 03 WD R S AT THIBRE .

78, BAEOHIZE T, BRI OV CORRIZRS
Y, KET, FhaerLTEL.

2. IPAE—EBN)YTFA2 RV T—OHEET
L
M =ZEFFBETILOERIE
B = MBI R, VS ~DNHEY -
PASEEN G2 bz & LT, —ERFEROET L E L
T, AT Os#EbifiEs 5 2 5.

*—U— R HAGHESER, AS@Ry RU—27 8T
> ERB, H, BEAKT BORAEIEEE &4 —
(T860-8555 AEASTTERAZ 2-39-1, Fax: 096-342-2042)

ML B>
By Takuya MARUYAMA**

min.Z,(x(@).h) =Y [ "t (@)deo+ > > 7 g7,

p.q,r meM

1 @)
+23 N (I 1)
p.a.r
subject to
thqr =0,, Vvp, @
qr
thqr =M, vaq, ©)
pr
D h, =D, Vr, @
Pa
Ny =2 Qe VPO, ©®)
X, =D 0m,0y, va, (6)
X, 20,h, 20,97 >0. )
ZZT,
X, U7 adiid;
t() : V>rZ7aodlrrax g
r o (TEREEEAL A S ) AREEE
M eSS TCRRIREE S,
hp @ F—rp, BHY—1q F/—r DTCK

TR

gr  :TCn (2B 2 TCHEH m OiLEE,

O, Y—VphbORERZER ()

M, = q~DINLHE Y ASERE (FT5)

D, : Y—rr~0OfEfEE ((75)

San TCN ICBTH TCH#EEE m 12V 7 a BEEh
AT, 2SN TR0 2B D 2%,

0 P NTA—=H

= A
Z O LRTEOM,
hoer = A,0,E,M B, D, exp(-6c,, ), ®)
Liedh. TIZL,
-1
A, = [Z E,M,B, D, exp(-6c,, )J ©)
q,r
1 ,
E, = [Z A0,B.D, exp(—@cpq,)j (10)
p,r



-1
B, = [Z A0,EM, exp(—@cpqr)J (12)
p.q

&72% Balancing Factor TV, Cyrld, FEMMEI A R &
720 D LRI A G TCAAREH Th 5.

ZOFEFIVL, BEvans D 12k B R v« R— 2D
TR « BEAHEAET D TC R—RADEF LA~
DYBRO P& B2 D, ZOFT NADIBRERDE
ALBGTHHD.

(QFRE-SEPFIFEETIL

APEO = EHHFIAD 5 B, SEHRFY SSEEM, DT —
2 et 5 Z LIXRE A 2N THA S . BEFED
W%E 9CH ZDMICER LT, SEbE D kA LT
ETIVORFINSIVTND. ARROET /UG Bk
BIDSFIRETH D, T70bh, RE@)DilKIE R R E
ExD. ZOREDIRT,

h = A0,B,D, exp(-6c,, ), (12)
72720,
-1
A = (Z B,D, exp(-6c,,, )j (13)
q,r
-1
B, = {Z A0, exp(-6c,,, )] (14)
p.q

LEEEINS., —R, WmEO N 7EO B
vV RBRE— - BFLDOLNTRZDE, A MR
EEE LT o TRIISN TN D RUTIERE S0

Q) HEEREIHE

FRTHARAT B ORFFETIE,  Miak Ok s IR R &~
DISHANTEIRIZ /> TD. A HE (RR SRR MR
&) I EOGH~DIEHESTHICEL &, TV EEA
7V HE B ARTRFERE 2 fat L C s < MMl v .

FY w7 e R=ZAD "HHFRIT frbE— - TV

LECO B ARFERN T, Williams 2 (2 k- TURE
nNCna. BRI, OD~<7od MOODAZEENLL T
DETNTHZOND L X,

Oog = A)Bd Oo Dd eXp(—]/ Cod ) (15)
A = [Z B, D, exp(=y Cy )} (16)
B, = {Z A0, exp(-7 ¢, )} a7

ZoC od Bom A M, , NTA—FEy & LTH

D, ZOLE, HEERRHEN

CS, :—1{200 InA +Y Dy In Bd} (18)
VLo d

THEZBLNDETHEDTHS. ZDAEIE, Jara-Diaz™

Example 3.3, Jara-Diaz and Farah™”, Bates™ (= & fif@iA3

5.
INHOREMESEBIZT S L, Ao =mEH{INET
b & BEERYRTHE A ARRIFRIR,
cs, = _%[Zop A+ E InM, + YD, InB, | (19)
p q r

ThDZ LRENIND.

DITFET ILEDEMMEIZ DT

XC, ZHARETY ha = - BT AMPMTEIET L
LRI BOINE I EV IR DB 05 R
Bloy hob— 71T, BRI or FAHEIR
a2y b BT UIRGICERTE LDT, 1TEIET L
BRI Ch~ 2. —J7, “HEEKROBEE, b
b, HRUHSEIR & BT~ O3RN & 72300,
HAHWNT, FIDDRIFFERZRO )W X 7 o FRRIL
FHFIZONTIE, BT LHEEMELILTWRNE D
5. ZOHIZHOWT, Anas? 13, “EHFIHT fo
B— BT LR Yy b BT VOEMEE FEL T
%. HAREA9) 12 Z OEMEC OV TOE EAH 5.
UL, 5L, —EHRATD Y he e —-ET U,
TR BRI TEN T /L & 1355 & A7V DT
TR EEZTWAD. #il 21T, Anas'” DFFHICINT,
ZOFTIUE, FAEM - BRHIREIREER e Y - 5
NWEEMTHD ETRSNTNDN, Z ORI
T E L TRARRRN, EPEHPVIConTo
Lagrange XA IILTND. ZILHOFEEE, —K
(23 _TD 0D T ED = A b SITRIFT B NAZS K
THY, WHEORY b TR DHEERhFE
FHR LN E B, EE, EmFonYy b
FIEEMTHD RO, BT EEANEEE SR
BL, vV AEEE L CERSNAITT THDN,
A(18) 1E, FnLlE, EsbDl7roTn5. H&T
RS 2D THIUL, ERFEERIZ OV T ORISR B
INENT-BERORINE T NV E Sl CH D & B Z L]
REEEbhns. Uz &on, “EHiMT beE
— « BTIUL, MR T X LT T LTIV &R
PID. 121, T uREFARRIE RS 2 L]
AEC, (18 HERAFHA TS Z LIChEIT N &
SEMRICH D EHbND. ZOERIT, AWFZED =HH|
FAET L LR (LY DIHEERFIFIZ OV TH Y TTE
5 EEbihs.

3. BhYIC

ARaClE, EEOPBR L& TC ARy hU—7
PITET N OEEREE L LT, 4L - EHEY - EP
WEHEKIN G2 bz s EiZoy o B—R R bDE Z
FEEALTe—2DikEpl R Lic. ZO®T /WS, 8l



FED TC /3E — 2 Z BT D50 TS T L b E < e
ATREME B E . 7272, EN IR CTh 5 Z & TR (i
ZIXYT T T4 « F =087 L) ~OmH THetE A
RV DTIIEEZTWD. ZOETIVORHEETED>
L 72T ROBRIR I e 55 T> TOE T2,

SE3

1) Maruyama, T. and Harata, N.: Incorporating trip chaining behavior
in network equilibrium analysis, Transportation Research Record,
No. 1921, pp. 11-18, 2005.

2) Maruyama, T. and Harata, N.: Difference between area-based and
cordon-based congestion pricing: Investigation by trip-chain-based
network equilibrium model with non-additive path costs, Transpor-
tation Research Record, No. 1964, pp.1-8, 2006.

3) Maruyama, T. and Sumalee, A.: Efficiency and equity comparison
of cordon- and area-based road pricing schemes using a trip-chain
equilibrium model, Transportation Research Part A, \ol. 41, Issue 7,
pp. 655-671, 2007.

4) effsn, ZWEA, AT TEENEIRA B E L 7Ry
B - FEETIEET VO L, AR - fUE,
\ol.24(4), pp. 915-926, 2007.

5) Wilson, A.G.: A statistical theory of spatial distribution models,
Transportation Research, Vol.1, Issue 3, pp.253-269, 1967.

6) Vet Y 7D OD 534 KD HREFamit s, 208
T, \Vol.2No. 6, pp. 12-21, 1967.

7) Evans, S. P.: Derivation and analysis of some models for combining
trip distribution and assignment, Transportation Research, \ol. 10,
No. 1, pp. 37-57, 1976.

8) de Grange, L., Ibeas, A. and Gonzélez, F.: A hierarchical gravity
model with spatial correlation: mathematical formulation and para-
meter estimation, Networks and Spatial Economics, in press.

DOI 10.1007/s11067-008-9097-0

9) ZEH 8, AR SLBFV 2D MY » T D7D D%E M
HHHELERET V—" 4 VY o Dx > b u B —ie R kD —
fb & 2 DR H—, #iiiE R S5, No. 40, pp.109-114, 2005.

10) Boyce, D.: Urban Travel Forecasting Course Notes, 5.5 Extension
to Tours, Northwestern University, 2007.

http:/Amww.civil.northwestern.edu/people/boyce.html

11) Wang, Q. and Holguin-\eras, J.: Tour-based entropy maximization
formulations of urban freight demand, presented at TRB 88th An-
nual Meeting, #09-1152, 2009.

12) Williams, H. C. W. L.: Travel demand models, duality relations and
user benefit analysis, Journal of Regional Science, Vol. 16, No. 7, pp.
147-166, 1976.

13) Jara-Diaz, S.: Transport Economic Theory, Elsevier, 2007.

14) Jara-Diaz, S.R. and Farah, M., Valuation of users’ benefit in trans-
port systems, Transport Reviews, Vol. 8, No. 3, pp. 197-218, 1988.
15) Bates, J.: Economic evaluation and transport modelling: Theory
and practice, in KW. Axhausen (ed.) Moving through Nets: The
Physical and Social Dimensions of Travel - Selected papers from the
10th International Conference on Travel Behaviour Research, pp.

279-351, 2007.

16) /REREL: =2 b o B —BEG LERT - ZT@ET D D
W, TARFHIFIIA - FEEEE, No. 10, pp.291-298, 1987

17) Anas, A.: Discrete choice theory, information theory and the mul-
tinomial logit and gravity models, Transportation Research Part B,
\ol. 17, Issue 1, pp. 13-23, 1983.

18) FHARFEU: FREEFHE « ABTTE I OB HRI & DS,
H T4, 2006.



	1. はじめに
	2. エントロピー型トリップチェイン・ネットワーク均衡モデル
	 (1) 三重制約型モデルの定式化
	 (2) 発生・集中制約型モデル
	 (3) 消費者余剰指標
	 (4) 行動モデルとの等価性について
	3. おわりに

