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ABSTRACT

Wilson made an importent contribution to develop a trip distribution model with the general
form of gravity model, which is an entropy maximization program. Also, Wilson suggested
a technique, which is called the “iterative balancing method”, for soving the model. This te-

" chnique, however, is not stable to find solution because it is a heuristic method, and sometimes
does not converge to the correct solution.

In this paper, a new solution method using a numerical method for solving the non-linear
simultaneous equation system is developed and evaluated in both computers VAX 8700 and
PC/AT 286. The result of this method and Wilson’s method are compared with each other.

Wilson’s method resulted in inferior solutions measured by the final norm of residuals.

I. M £ YL 2YPolgY AHE 5o & 3o
o

AEAYTH 3o 2FF oo FHI} F Wilson(1970)& S 39 FI3F A=

FE RFANLAEAAY, nEde FAFH (degree of spatial dispersion)® WEZT

o] B4 EVMES sttt wEFRE R {(enteopy)2 R3] o] FUANE d

83 2457 AAMNE BUHA 2y A4 sz Iy FP5aRde AU
23 ggo Wass 58 mye agAY o 2HEL WHY HAH =Y (non-linear
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optimization model)22 2% A ¢=A(con-
straints) & =YL= T3 Feo Y
Fa2¥e =23 4 £ A= WA $EA
e 2¥0z A2 /MY i AgEHe #
A (numerical) Yo}, Wilson(1970)2 o]
289 syez wEFH HYI)Y(iterative
balancing technique}olgte @3 %y (he-
uristic method )& A Al 84},

Wilsond} ¥HEA Y7y SPujEry
9 Ay 2 FYNEF f3o 93 459
£ (Chon, 1982). Z8y} o)A & @A 4
He 2y 848 8ol HE 99 A}
453 e 4F dAY FIdF229 ¥
ol @& A o] = gl

Wilson®] #igjel dis] HAHE = =
g B2 dnz she FEF gL gloe
W(Lee, 1985) old] dig H7h A2 e AE
€ $1%th Rho(1989)& dE=Z Iz £
Yro 2P FAIY F2E AL Qe Wil
son® BHERFFLYo VEHYNYLE 343
4% g ZA E3e § BUYH4L 2
ASE TAHASG. g B =82 Wilson
o ¥ 2 71 dEFHY deE=y o3
PRy N2 XA YL A
B3t 2He AEAHE Eol1A e Ao
o}

I . wilson?| HEZD 203} SHUIEH

2 =fdA dF:ux st 2y Mg o
EAHQY nYgoz &Y FYLNFY 29 B
PeaRg AGzdos e oFAY=EA
JEZH S FPEEYos I F37
T2 g 2d.

(P1)Maximize S=—§i'. ]ZTij - 1InTij
(1)

subject to ETij=0i 1=1, 2, -*-, n
(2)
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=Tij=Dj j=1, 2, -, n (3)
3 3Cij * Tij<c (4)
Tij> 0 (5)

71 A Tije &idlA &jo 8F

Oie &ie ¢4 F

Dje &j9 =&

Cije &idlA j29 T3 v &

Ct % 3% vl 4& Jehdo.
(P1)& dEHA WY HA3 €4 (non-li-
ear optimization problem)Z ©ol& &7 93
2332 WY (Lagrange method)& AME3}
o

Aol

(P1)¢} Lagrangian<
a=—§JZTij - 1nTij
+ 2 7i(0i— ZTij)
+3 7{(Dj— = Tij)
+B(C—§i‘.§j:Cij - Tij)e] €ct. (6)
q71M ¥i, 7j, BE 7 AFzd9 Lagrange
& Y
25 2(5)9 1% HH=d(Ist—order opt-
imization conditions)&
~InTij*— 7i— 7 j— B*Cij—1=0
L, =1, 2, =+, n (7)

2 Tij*—0i=0 i, j=1, 2, -+, n(8)
S Tij*—Dj=0 i, j=1, 2, =, n(9)
ﬂ‘(c—§§Cij-Tij')=0 (10)
C—23Cij- Tij*z0 (11)
B*=0 (12)

o] o, & 971N Tij*e & 23L& B3}
© & L3, ne &9 £& Yeldo,
EF o] Lagrangian 5 A3 Q2%
(strictly concave) ¥FolBZ oS 1xz#A
€ TEdE Tij'e T e 9% A

A8 (unique optimal solution)7} ® T},
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A(7)02 FE 4(13)0] oAy
Tij*=exp(—7i-7j— BCij—1)
=ep(— 7 i)- exp(-7j-1) e expt- | A1 Cij)
i, =1, 2, =, n (13)
714 Ai=exp(—7i}/0i
Bj=exp(—7j—1)/Dj 2 A4
2](13) Tij*=Ai- Oi- Bj- Dj- exp(— B*Cij)
i, =1, 2, -, n (14)
o] dt},
Ax (P1)Y =d& o3 24 9
" Tij*=Ai- Oi - Bj- Dj - exp(— 8°Cij)
i, =1, 2, -, n (14)

2Tij*=0i i, j=1, 2, =, n  (8)
2Tij*=Dj i, i=1, 2, =, n (9)
B*(C—Z ZCij- Tij*)=0 (10)
;chu' * Tij*< C (11)
B*=0 (12)

A71A qeF Br*=0 o|H,
(8), (9), (14)8 Eof ¥ +
0 ol HAs Tij*e

A3 Tij*= A
Rnen, B*

(P2)
Tij*=Ai-Oi~ Bj- Dj exp(~ B*Cij)
i, j=1, 2, -, n (14)

3 Tij*=0i i, =1, 2, =, n  (8)

)

3 Tij*=0i i, =1, 2, -, n  (9)

p)

C—2 3Cij - Tij*=0 (15)
i

g o 7% 4 U

. wiison2 BHE HE 7|y

Wilson(1970)2  Kuhn—Tucker HAZXA
(P2)E &7 ¢13 A#A WY (heuristic me-

thod)o 2 wtE A Hhd(iterative method)&
7 &3} o
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2, Wilsone 3](14)8
Y Aoy
2z} Ai=l/[)2Bj - Dj - exp(— A Cij)]

2 (8)3 A(9)el of

i=1, 2, =, n (16)
Bj=1/[2Ai - Oi - exp(— A Cij)]
i=1, 2, =, n (17)

g ¢ ukE 3’—}@'9- & °"7§€ u}etof €
(parametars)gt2 o} o5& 4(14)¢] ol
doz A T11‘94 #e Fe 7;’\“’]5}. Wilson
2 ol g wyo] FojA Byl o 4
(8)3 (9)8 wFA717]1 48 Aist Bj7} v &
H BHE AN HYL o]EUdA ol F mEt
WelE “¥ ¥ A4 (balancing factors)”2F 3}
Aok o7 E=§ H(15)8 TEATE A
< FYu| & (Cij)ol e A %A S (deterrence
factor) &} $tt}.

A= Wilson®] ¥HE-% 8 7] Y] (iterative bala-
ncing method)& Foj¥ B gtel i3t 2(1
6)9t 4(17)g 953 Moz ARH Ai 9
Bj & & WRrHERARR 2(15)8 THA
71e B#E AMAH(systematic) 22 Fol7}
© AP qRnERA(d [ oFEY P
¥ (bi—section method)) 2.2 YA, o]
U AEdd g 2.

Step 0: f a9 HHE Fdct

Step 1:°0]ZE¥Y(bi—section method)

o ojs) pEs AA TG,

Step 2 . WHEF Y Y (N 2 ETHF)

Step 2—0: WEFE JVEple HF k9
&g 028 dAHE ZE i
iste Al X7Ig Aik)E€
e R-ia=

Step 2—1 ! 2 & joll 3t
Bj=1/[SAi(k) - Oi - exp(— 8 Cij)]
g 7.

Step 2—2 ! B € i9] 34

Ai(k+1)=V [3Bj - Dj- expl(— A Gl
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g 79t

Step 2—3 ! EE il A4
Ai(k)# Ai(k+1)o] ZFHE=A
g @A, ug 2F3A g
o WEINLE (k+1)o2
ZF7H7I Step 2~12 7HA
Z R & e,
Step 2—4 : Tij=Ai(k) * Oi * Bj* Dj
- exp{— BCij) & 73}
Step 31 2 2Cij - Tij7t Col 2F¥7e 2
gk, ek 2PNA gked
Step 12 7tM B@& +#3F
Z #A g e,
Step 4 : H &3]
" Ti*=Ai(k) - Oi - Bj - Dj - exp{— B*Cyj)
g 78

N. 8% sigoe

QoA 7lEd Wilsond] WHE-33 ¥ 719 (iterati-
ve balancing method)2 J#A WPoz #
Agt 289 ASoA BAE uie} o] HE
Fed @2 Ag adn, 2 d9 29 %
A&gsin oo o AR goz FIHA
23 A= A% (Rho, 1989).

E3 olel g @A Y (heuristic metho-
d)& 2 48 A== e Fedd 59
Forye T2y o Y sge Ao
Ha o @A qrixe 2o a3
Fx 8493 "W (numerical method)& W2
Ligs 3

F X3 2A(P2)AA 2(14)& 2(8),
(9), (15)cfl digd3td Aelsd
(P3) Ai=1/[2Bj" Dj- exp(— £*Cij)] =0

i=1, 2, -+, n (18)
Bj=l/[iEBj-Dj-exp(—/”Cij)]=0‘

i=1, 2, = n (19)
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C—ZX2Cij- Ai - Oi * Bj - Dj
- exp(— B°Cij)=0 (20)

ol goh. 23 (P3)& wAF7} Ai, Bj, B*
2 (2n+D)7Me)s, A4 £ (2n+1)AY
Uy AP 4 (non—linear simultaneous
equations) M A 7} o). wEkA o] (P3)E 9
o Jigd ¥AE AggAe YL AHE
8t F& 843 Wyo] b,
Powell(1970)& FAFAHQ wlXy IH¥A
2]9] #)'HQ Newton—Raphson WEYE Z
273 W 27171 FAEHA RIE &
FAo] A FIEA Eeve AEE A
32 £ WA Hybrid & A
o}, Powell® Hybrid ¥y-& oh&3 2t}
&, d¥8AY AA7
fi(2=fi(z, 22+, z.)
i=1,2, 3, =, n (21)

%n sw WS We = ohe 4(22)
st zol #o8 wuHYe AA A= P23
A . |

[—a—f(Z)]Fim/ (k)

Z(k+1)=z(k)— 32

0o =

(22)

A7 Flz)=Z[fi(z)]'2 229 A58 (sum
of squares of residuals)el™, #(k)& kA
BEIAYeN Az FIE M =] fx3
€, F(z(k+1))< F(z(k))& WEAIE ¥$
v}2}9] €} (non—negative parametar)©]t},

A5 ojsk e 33 wERA L gdg T}
A 234 H7171%(convergence criteria) &

DEAY B FEEA ok

Iz(k+1)—3%(k) I<e: fiz(k) I (23)
l(z(k+1)) 1 <e. (24)
o714 | |+ -euclidean norm< YE 4

€3 e.x ¥ FHE0AE TETh
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V. 42§ S F WY b

do] Fuge z2ayPos Ao VAX
870051 PC/AT 286914 HAHAL. AR S
A AFAle 2578 £ FPv| L3 5PF
ARG At 7] 98 FF¥ 8 4(C),
&3 HAF(0i), &9 =FF(Dj)9 A, B,
C, D 47FX A5 & A4&dh. d7M As
A zAE 25 € Jeiy, B, C, D &
H FYUAY 2 =AFS ddz HAHsA
A48 Agolth

HAE T3 AR AP X DI o) 3
S A== ANZE 4o Wilsondl WR
o WA L Aoz vdeden, FFEH CPU
AZEE Agol upel Ajzke] Aol ot &)
9 Az HolH B o N2 FAHAA
Yyo] gz HA Hdde Rez Jego
53 Ze Axe HE F= AL A2
Y o] Wilson®] Rt wE RAojo.
sy YL s RAAN A 1
g1 g4Ades By 5 e v, 2 47
ATz A WP HrE F F o
HHE 24 2. 23y fAG B

Yol B3I AFNM HE Wilsond] &
W2 Yl BFsd & F U Rho,

o)
-
=
R

1989). #AH2l A (norm of residuals)o
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2 BEHE AL N2¢ 3ol Wilson
9 P g5 4L HdFn 9
o B S8 oM E AR s £3
A F Wyo] WA PR HEAoy
HAAZolgte 4 oz A AFHA 3
t EREEFLRYY e & =50
Hel wddg.

7vg 4 01%5]-:- 9&\: a9
o < Eul i
23 Wilsond] JEZT :'“Hﬂ SYPuiEe
By 52&d sHPYL ALHAT. o HYPL
@A Wyl Wilsons] a3 gz 2
Kuhn—Tuckerd 423 wWHso vlAHY
AEYAH A AAE FEL ©] & Powelld] Hy-
brid & ol &3d s T ez A
5 B ¥ An g e FEL
2. '

A, A=z NEE sge FAHAF Y
(numerical method)& AH&3t2z FHHY
4 (heuristic method) & AH&3t= Wilsond]
PR AP Aol Mol Frh

A4, A= gdE #Pe o A¥x @
oA Wilson® siEth 84 €53t

CED AE S8t 4N Ao vl
CPUAIZE 2zt A
@ A+ 8 (sec) (norm of residuals) AHE
A 95.1 0.23842 X 107 VAX 8700
Wilson®] B 138.3 0.62629 X 10°*
nEgy C 62.7 0.43272 X 10™*
7] H A 218.2 0.23842 X 10~° PC/AT 286
D 204.5 0.11921 X 10°*
e bk A 164.4 0.15047 X 10°* VAX 8700
2 By B 65.0 0.51203 X 107
(Powell €] C 45.9 0.25427 X 10~7
Hybrid'8 A 445, 2 0.15047 X 10°* PC/AT 286
A} £) D 573.6 0.50932 X 10~°
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AR, Az Agd sge X4 Y
£ Ag3tez FEF 22 ¥ (combined travel
demand method) 7A% 2 syl 7Y
& Aot
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