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W) CESTHIE, BOSNAREREE - BENICEST HRMEOMIZ L — 47 D
REFLEDLZ L, REBEEBIARI)ADREBERIRT 2L, #2BET5. 3612, BEH
IZE T, EEREHTONLEEEICONTERTS.
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L%, ZZT, dlgj,gr) E7 Yy FOFLEMO L, BREEART. T7205 2 KOMEESL
(5,95), (@r,p) & LICEE

(g5, 9x) = |zj — zx| + y; — vl
ThHD. WR%E g OBYNTEHNL, KEE g DBHNTEN L2 L XITRETHER
BOBBRFEOEF Ty 13,

Tjk = b(pw®hyr;) (pw* hirs

(d(gj,gk) (h; + hg)
) v + 2v, )
k&é.::f,3%5@%%W@%1ﬁmm$ﬁﬁ@%%ﬁﬁéﬁb BOHEIXEE M

@ﬁt&j%@ﬁFﬁﬁ%iﬂﬁ gﬁﬁ Du\ ﬁéu\ %E%” Lf_;d‘@ﬁk *@%E#’?ﬁ) j—fk_ %)ODT&)
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R L TRLELEDZ LI THLNS.

N N
d(a
T, = bp2w4 Z Z Mhﬂjhkrk

j 1k=1 Uh
h; +h bpw?Pop &
T, = bp w4zz khjrjhkrk:—————pv th?ri (2.1)
J=1k=1 v i=1
T=T,+T,
2.3. ZHBEEDEHE

T~ Te L 010, RBBFREIGC U TRBRABEERTOILERHD LEVHION, Z0
ETNVOERTHD. 22T, 228DL I CRENRAETDH L XL, £7 U v FEHEAE
MHi-0@RT5 A (RER) 28TXK2KDLH. 22T, 7V v REEEERITEA
ETDRBITHERITERD.

g; 15 gy (G#k) ~OFmAEF 1 BIORKEPEDS Y v FOEEEZ Ry L L, Ry I8&
ENDTV Y FEROER i), &> TET.

. 1,  gi € Rjx and g; # gj and g; # g
Yie = 0.5, gi=gjorg; =gk
0, 9i¢ Rk
iz, j=kEOHEE, Ry=0%,L, TTDICONTyl, =0 LT5.

7w N g lEEBTD. g 2EBIBRKIT4F MDY, RBELAFADD. ZZTEH

F) % X B3 uﬁ‘f\’(ﬂ)*@ﬁ@ﬂlé%ﬁbf g; BB TOHIRER s; T5. TR,

s; = bp*w* Z Z y}krjhjrkhk

kfcﬁz) =1 k=1

RBE s I L THBLLRARBEROEEZHEALL Y. FHE LO1 FRAOR@ER (E
d&T5) %, HHELCEHEE GGBERE) TETIEHEI0E, BRI -E6E
AIRERZAEROERIIRIE L LTHOND. ZOfEEZ ¢ L LED. 22T, R@ENRK
i, BRIEREOEVEVOTE HHEM, BEHE, &4, #$H<HELEOAN, 2EDOR, W
THP—D2ZMELTVD. LOZBBEOES L OESZBEMAKEHHIZY 1 EOEEE
D@D E, (/)L ORBREENPLELRD[3]. 22T, 77Uy RiZiZ4FRrso
BEPBES>TVDLOT, RETOIRBICBITRHEZELI OOy, RETDHEFHTTOR
BEOE®E, £/, 150ORBERICEBRANEET S & X0EMSE2EZEIC AL TE
b7, e X, RERTOFRLEMEZED S &11@%)#6;*{&7??‘6 L, €D55%ET
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SIZiE, RELFOLOORBEREEEZRITER LW, LrL, 22 TEERDOED
REETREXELETRTEAT, HESNEEEHEICRN LT, BARRIZEAROASE R
PBETANOE c NEZLNDETH. T, UTTRERBEEEEBETLALFE R
5.

FRD c BB L, 7Yy REBEMABERSZ 1IAREBT A2, 1 ADEZY ORHE
KiE ¢! LRBEERES w DB THD we! OZBEBREENLEL D, 458D ORE
EELHT, LVELRAREREEEL Y v FORBEREEEE LWL L, UTOXE
B5.

w?(l—7r;)=wels;, i=1,2,...,N (2.2)
X (2.2) FEEB L ORBBLUAMIFHATE A TMBE > TV ARWEEERLTRY, HH#lilc
RBERDHDH—BMEOH HEMIT, EXEARERICHEZ T2
w?(1—r) >we s, i=1,2,...,N
LB, LL, UToERILTHE, NETAIARREL ZD LI BREBROBRWFEZIEE
LT, R(Q2.2)E2HETS.
Eo X5 BN BfRE AW R R/IMEREEZ BT 5.

(€51 1]
’725%’{ h:(hl,hz,...,hn),X:(’I'l,Tg,...,TN)
H HI B A
L 2. 4 en o= d(g;, 9¢) bpw*Pop -
minimize T = bp*w* Y Y —L=Lhjrhyry + ———— Y hirg
=1k=1 Uh R =
LIESES G

N
Pop = Z pw?hir;

=1

(1—r)w? =wc™'s;, i=1,2,...,N

N N

o= bt Y3 shrhyree i< 12,0 N
j=1k=1

hlz()? 'L':172,...,N

0<r; <1, i=1,2,...,N

3. EELRETENHEIMICELTIETIL

2ECENL LI ET MZBWT, RBEN+DIZEL, EERVOZERBER—ETHD
EWIHOHAERRIREEE . LHL, BEZEETVTWAFEEBATWAFRRDH Y, il
BEECEEIOLESOBEICEESN TWADIT TRV, LA, RBEODZWL AT
X, HEAETIETEES LT, BRT2R@EE2ETHL0IREBEETNTVS.
COETHE, KEFROBENICEBLTCZOX > R BARLEHEORGRLEIRY AN, #HEL
RIBHE DA EAT DTNV EEL,
3.1. AICHITHREE

REOWNEE X DR BEEEIZER T 5D TIERL, MhEEOEYY 28 CHET %
BEICIE, R@WE (¢), XBEBE (k), FHEE (v) 2EOREEFPHVNOND. BEAIE
DISEBICRBNT, ZSBMER L BRI —EA 2 BET A BEEOETHY, KiE
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IS (BAE) x (MR X)) MU ORBERK TH 5. FHHE B L2 BE
LTWARBERDOEEOEHECTHD. T HREEORICITR ORI Y S22 [4].
q=kv (3.1)
TIZTC, JU YR gt onWTEZS. g KBITAREBEEL wl —r) THY, HK
M- omERERIT s, ThD. gﬁﬁﬁy%ﬁaféA@@W%vzkbf 7%
K g OFBBEOREBEMBHICRTER 20X 12725, KOHMR A % BALRFR @@ L
kAﬁM&A@&D,ﬁ&@®§ﬁ%%k@®ﬁ@k@(§ﬁﬁ%%)ﬁ,

q; = a(—lf—z—Tz) (32)
LD, K2ORBEEOEMIL v;(1—r)w THY, @K BT s ABDFET HDTRIE
B kX

i =

b,
3.2. RELZEBE
KBDBKYLSTNDZ DD, JEDKREBEDH TV 2 EOREEME DR
FEZUT, BYOREELODBENEES. TR LT, ROXIZRBEERIAVD
5. 3CFDOBREHRAT IR ST 75257 T. EROH DX Eos@icxt LT,
RBEE b SOORRETIE, EHHE v X ERE o, (BBEHE) 210, ZTERE ¢ 130
ThbD. I T7OERBIORT LI, EENMBMELULWEHCER kL N8N+ 5L, #
BE o lIRAICIET L, W g I L <. Z LU THER ¢ IR KIME gnax 1ICETD. &5
WCEEZEMEES L, EEOKTOEAWVAEM L THBRIIBICET S (X3 D) .
BACHIICIE, EEOIETEBONTLE ST (k= kjan) EER0 LRV, WELOELRD.
HM3DOERTDERAT S &, FHEEDKT LSBMEBOHEME D ML — FF 7 EZRE
THZERNTED., L, HEORBERNRLETIHEOL S CKIOBREEFEEZERD
L, TZOMBETHIREBETHIRBEME ¢ DEEEDLE, MG THRXBEE (B
L OEEEE) OEI2EH D L5, EHLOMENRERT DN BEROBEROT
ZED RS20, BERN D, BBICE T TV A EARN R FERRDNERE DR
FTTHY, EENOZBEREEESPERL 2> TWEOT, TD X RERLITIER I8
LW, LZER-T, ZIZTi, RBEMREOLBESRRKEOFRNICREL, £/, ZKBRIZ
AR VR 72 BAELRNE D ICEREF SN D L LT, BIIREYT, KEBIREN LEHE
DHEFABMOBEMTHLEHLTET R D ERET L.

S;
w(l — 1) (33)

w(l -r)

A Vi B

i
X2 g ([ZBITDEMRHOZEDOETT K3 R@iiEg, KBEEE L FHHREy
DREALR
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BARENCIE, SETHWOBEMELESICT O LE2BEICANT, RBRE q LY
HE v OBRPBIERTH L LIET 2. £z, BRHEEDOESTH S 0.5, £ TOEE
BTZFFL, TOLEORBIREL LIRE ¢ £ 725, TbBRABHKD IO ERETS.

v =1 — _2%_) (3.4)
:wk%,ﬁ§&&@%§®%%ﬁﬁ,
- Vide
v vrk + 2g. (3:5)
E%. BACINDRBEOBRETT. K (34)1C g (B HOBIHEL AT 5 &,
Uy = Uf (1 - m) (36)

Eed. K(B2)~B.6) KUM4 LY, RBEOHMNE LU EREBEEORIC LY RE
PR R BEEIIBEML, FENMETTH 08005,
Fio, REPETARETHA1-D120F,

8

m <q. (3-7)
TRiTE2 BSfotb\. IHIZ, 22HORBEE c BB MBEOTRE LT

Pl

€= w(l — ;) (3:8)

LWORIRIEMZS. R(3.T), (3.8) 3 (3.6) 2 b EEICET B %M
t;-fSUz'SUf(l""zi):Uh
2ED. EREN ¢ OF, HEIIRANE o) & L 5.

ZIT, REBMEBEOTRERE LI-OX, ZBEEICH L TUREL EICEWASERORR
EHET O LEARERTHEILEZ NS TS, 3BOETAF T ChHONIT c=0 &
LTHBORW. —F, 2BOETNVEOBREEZLDH L, HENOTRTOECTHIERE
BARIESNEBAICK L T, ZBBEEAENT S 2 LIC ko> TRBBIFR & OB EERC
XOMERDZT-DI, 2BD c # FRELTNA.

I' L
0 K, o0 q 4
X4 XEHIZLTeD ) RERR g, ZSBBE k, S v D%

Ly

Copyright © by ORSJ. Unauthorized reproduction of this article is prohibited.



288 ANFE - HI

3.3. KEHRABHEERR
AKEF BB OWTE XD, U v R g Z@BT D058 2 1%, ¢ I
BiF3#EEL v, £ LT,
(et
EREND. LedoT, KEFABRBHREOF T g, BV TEHEL SN DERIL, KB
B 5 127V v FOBBEERE 2 2000772 sz 12Z LV, K?ﬁﬁ%’ﬁ%%ﬁ%ﬁ Ty X3 _To
% F‘HZ’DA‘;"C, :?%’%’éﬂéﬁﬁﬁ%% LELERELDROT,

Th - Esizi = ZSZg
i=1 i=1 z
LB,
—77, EEFFOBHFREIL2.28 LRI (2.1) TEHEX b, KBEERE T 1%
i=1 Vi Uy i=1
b,

ULED £ 5 CEWZBIRZ AW T, S & B E S BN LT 258 ORB B
w/MERIEZ BT 5.

[5111)
’22‘%'( h= (hl,hg,...,hN), X = (Tl,TQ,...,TN)
H 89 B3
2P N
minimize T = Z Wi bpw—op > rih?
i=1 Ui v =1
kS EE
N
Pop = prth
i=1
S; .
i=v(l—- ——), i=1,2,...,N
v vf( 2q.w(1 — rz)) !

N N
5; = bp?w* Z Z yékrjhjrkhk , t=1,2,...,N
j=1k=1
h; >0, i=1,2,... N
OST'Z'SI, i:1,2,...,N
S

<% < i =1,2,... N
C_w(l—ri) =es

4. EAREBERERR
4.1. EFEBREGHER

THETREEIL, “2APEAEFT1IEORKEFMATS” L LTEXTEXL. oL,
T OB L ELWEBOBRKIIN SOUHFET S, Fiz3 BOMMS CILIERESRE T2 <
To, RERROBEIOVED. TOXI RREELFERCTEX D LT IHAOKLMBEL
bo L LT, WENLREMIEETHY, DOFREROEIKSR/NCTH S, £ 1EORK
BEAPFIBIORBOLLLNERRETELLDLELEHL 2EXIERSD L Y ITH%E

UHsih e BROOBM OB ZETL > TED TERITIE, FRUSNOBREAYZEX D ENTES. L L, &4
ERFUEEEREMNTS. ZoFBEIRy NV — BBV TEBICEIAREZHAVEEALENETHS.
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e BRHNEET AEE, AITRBERRTIWVTIRET A P LHEHT A ENTES.
BEITAACK LT, FoOHBEME BT LIREBIRZHEHIT 5 2 EBAFRETHIIL,
T~ DORBEEDET AN TERECSBSELENTES. 2T Lo T, FIERIC
BOPLEIZAZEDRI L, BBBRHEZED I EPHFTE .

g g, R
1 —pu
Dk
el 2= X Se g g,
G oD

5 PR & AR
4.2. BEERR
B5 L VHLIREIC, EEDTY v R (gj,0) KBV, g; — g OEFEEL
gk = g; DEFRESEET D7V v FIZE L. g #HFELT g KRDIZBEDOFT,
9 — g PEFRBEFRT 2EIE% pir, g5 = g OEFREERAAT28EE 1-py &
T5. AOBL AEICEETZRIENRNOT, HHIELY g — g OEIHRE 2 HH
"9)‘6%“{’:‘1\ Pkj X1 - Djk &%L‘/‘. LTCZﬁOT, @(@E@ﬁ’ﬁ?‘»ﬁ‘ﬁk IRYASR
pjk+pkj:1, OSpjkgl, j,k:1,2,...,N
RIZGABIZOWTEZD. g 1D g ~DRBITx L TERRE L ATREOHF %5 %
e xie, 77U v RN g Z@lT 5 AT,
Piwdii + (1= Piw) i) (0p*w* hyrshare) = (Dt + Prsyi;) (0w hyrihgrs)
ERD. LER-T, g BB TARERIIKRATELORS.
N N
si = 2bp"w' Y N ylpikhyribere , i=1,2,...,N
=1 k=1
BIED X 5 1CH S BHRA T, AR A 55 T 2 5 5 A ORI MR &
ERXfLT 5.

[ 1]
B h=(h,hg,....,hn), x=(r1,79,...,TN), P = (pjx), (4,k=1,2,...,N)
B #IBA%K

N 2 N
i bpw P .
minimize T = 3 2ot 4 2L 2P § g2
LESESES
N
Pop =Y pwhr;

i=1

v; :vf(l —

i—1 Ui Uy i=1

S5

—_— 1 =1,2,...,N
2ch(1—r,~))

N N
S; = 2[),0211}4 Z Z y;'kpjkrjhjrkhk s 1= 1, 2, ceey N

j=1k=1
hi >0, 0<r; <1, i=12,...,N
Si .
< e < C :17 PRI}
C_w(l—r,-)_q /) 2 N

pjk+ij:17 ngjkgl, jyk:1729"'7N
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5. =tEHI
3ODETNEOBEFRERS L, EFTAVDRETAVIMORKEERIZONT pj=1 &)
HM%qu%@f&D,%?wlm%fwnwﬁﬁﬁﬁ%~ﬁ,

=c

ELEEbDTHD.
BNRTA—FDEEUTOLIICEZX L EOHERREZTRT.
W =2000[m], N =400(20 x 20), w = 100[m],
p=001[A/m3], b=10"5[xt/B¥], vy = 10000[m/BF],
v, = 1000[m /%], ¢ = 2000[A/m/®], ¢ =5xc

FETMIH LT, BAOZI0FANSTOF AE THIME - L XoRBERBOE(LE
K6z, FHRERMOBMIEZRTIORY. =T AN LM, BIOET /LI DOAORDRN
LA, FEBERMIIANO 1RO L S8 L, “BEEREIE, Ano 2 RizHkEl4
LRBEERNHNDIOT, TR I LAFIZHEML TV,

HET NOBERER OZIIKEBHR IR TR Y, KEBENIRET 2 HNSRMt3 %<
BETNAL, O, MOIBICBERERNAEL 25, BRAOR30FAUTO L XZIX, =5
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ABSTRACT

A MODEL FOR URBAN SPACE ALLOCATION TO
TRANSPORTATION AREA AND RESIDENTIAL AREA

Toru Kobayashi Azuma Taguchi
Hitachs, Ltd. Chuo Unwversity

In this paper, we develop an urban space model that describes travel demand as well as distributions
of residential area and transportation area. The area considered is a square consisting of square zones laid
on a grid pattern. In each zone i, land is allocated to residential area and transportation area, and only
one building is built on the residential area. The population density is assumed to be constant so that the
size of the building is proportional to the number of residents z; in zone <. The principle that plays an
important role in this model is that the transportation area must have sufficient capacity to manage the
traffic passing there. Therefore, if the traffic volume in a zone is large, the area available for the site of a
building becomes small. In this case, the population in that zone should be small, or the building should
be high to accommodate large population and this leads to increase the travel time in the building.

Trip generation and trip distribution in our model are performed very simply in the sense that for each
pair of residents, one trip is made in unit time with constant probability 4. The residents in each zone
are aggregated so that the number trips originates in zone i and terminates in zone j is bz;z;. A route
followed by a trip consists of three parts. One starts a trip at his or her location and goes down to the
ground, then follows one of the alternative route on land and finally goes up to the location of the other.
We consider two alternative routes on land, both are the shortest distance routes with respect to L, metric,
one route contains only one left-turn, and the other contains only one right-turn. In order to determine the
necesary transportation area in each zone in terms of the traffic volume passing through it, we introduce the
transportation capacity of unit area of road and define it as a function of vehicle speed. We also introduce
the congestion phenomena in such a way that capacity increases linearly from in light traffic condition to
heavy traffic condition as vehicle speed decreases.

The system principle of our model is to minimize the total travel time of trips between the residents’
locations. We define the minimization problem whose variables are the population z; in each zone 7 and the
route choice probability between each pair of zones. We solve some numerical examples using three slightly
different models. The first one is the least flexible one, the capacity and the speed are fixed and the route
between origin and destination is specified to one left-turn only. In this case, as the population of the whole
area becomes large, the traffic volume passing through the central district increases so that the height of
the buildings as well as the travel time consumed there grows rapidly. The second one adopts the functional
relation such that the capacity of unit transportation area can be increased in the cost of decrease in vehicle
speed. This moderates the rapid increase in the proportion of transportation area especially in the central
district. In the last one, trips between each OD zones can be assigned to each one of the alternative routes.
This brings to a solution such remarkable feature that the proportion of transportation area in the central
district is lower than that in surrounding area.
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