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A Neural Computing Approach to the Single-member Electoral
Constituency Districting System in Japan

TAKAYUKI SAITOt and YOSIYASU TAKEFUJIt

In December 1994, Japanese minor electorate system (single-member constituency system)
for the House of Representatives was established where Japan is divided into three hundred
constituencies. A single representative will be elected from each constituency. Zoning three
hundred constituency was accomplished by hand calculators in Japan, although the con-
stituency zoning is a very elaborate task because several constraints must be satisfied. This
paper presents a neural computing approach for automatically zoning constituencies. Our
method was examined by using 25 Tokyo constituencies. Ideally, the weight of a single vote in
a certain population to elect a representative should be equal to that of the other constituen-
cies. Based on the established rule, the ratio of the lightest weight to the heaviest weight
must be within two. Our result shows that our ratio is 1.28 while the current (official) ratio

Apr. 1996

is 1.47.
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Fig. 1 Hysteresis McCulloch-Pitts neuron model.
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Table 1 Official constituencies of Tokyo.

BEX 1TEIX AL (N) | B%KX W ITRIX 2 ALT (A)
1| FHERKX #BX FEX 494761 18 | XEEP G M SIS 410540
2 | K XHK HEIX 412279 19 | AFdi B9l By HES 2 501118
3 | dNX KHIX A B 539536 20 | #EHIE EAHN H#EE EAEKA BRIt 456053
4 | KHIXB 485325 21 LINT BEES i H il 424124
5 | HERK #HHAFK A 506121 22 | Hfdodi A4 AL Rk 539897
6 | MK B 534152 23 | BTt BHEG 493539
7 | BB hEFIX 525312 24 | ALAd 466347
8 | #itiX 529485 25 | Arhedi RO B RIS BRREET 54 HERR 368036
9 | ®EIXB 474650

10 | BREIX BIEX A 405883
11 | BUgIX 518943
12 | kX BVIXA 497455
13 | E7IXB 488355
14 | BHIX wHIX 407753
15 | {LHIX 385159
16 | iLsiIlX B 472633
17 | BHX ILANK A 518107
]
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Fig. 2 The official constituency map of Tokyo

(corresponding to Table 1).

3.2 Zai-FMKRR
R3A=a—FNVKHATHS. ixjN=a—0
D 2RTEFITH B, ¢ ILBEX % j 3T %+
NERERL TS, RI3B3HED DD 2—F K
BThas. HEIITHBIXAS28 5 5°, HEEEROS
DR ATHEN I EN TV B0k 7. #0
72OHHTII8X29 D=2 -0 O EZHEET 5.
Rz 1729 D=a—0 ORI HEET 2. i 7
JNNDZa—0rDAN% Uj; T, BH% V,; T*
NENRET. M3 TYAENERLL->TWAEEI AR
Za—-0rrRK BV, A1 esZE) LTw
ALY, Tt G ATEIX AT BERIZBELTW
HILEERT D, TAHNFAVERGIL jAITBRIX A
BEXIBL TRV L2 EKT 5.

3.3 WVEBLET—%
Yiab—2alilBELR TSI To 20T
»H5.

e ANOF—%

o BET—%

B3 =—a—-sn&B (M)

Fig. 3 The neural representation for the rural part.
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Table 2 The population and adjacency data.
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Table 3 The result of the 1000 simulations: the average
number of iteration steps and the average of the
computation time (CPU time), and the conver-
gence rate within 5000 iteration steps.

PR LK | CPRATERER | IR

(1) (#) (%)

(X & 494 14.99 100
i & 713 12.15 99.9
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Fig. 4 Relationship between the frequency and the number of iteration steps to
converge to solutions (a) for the urban part and (b) for the rural part.
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Table 4 The result of the simulation: the data of Fig. 5.

BEX FTEIX AL (A) | B¥R FTEIX A (N)
1 | HHARKX B 534152 18 | VI BT ST ILd EAHH 467330
2 | PRE BHX mMK 475794 19 | HFhili HEF fRsk 433959
3 | XRK B88KX 443139 20 | NEHE AR @5 B 436727
4 | BUEIX 518943 21 | ETHA B 493539
5 | B 529485 22 | AEfih 466347
6 | KHX B 485325 23 | REFF S WEG REd HmEG HARKS 490724
7 | PEHE HEX A 463700 24 | i BAEH RILEH 437430
8 | EKX B 474650 25 | A sl BEEAUIE BOUH MR EhEEET

v % RS 433598
9 | BHX IS/IEXB 518107
10 | X BiIlX A 497455
11 | FRBERX #iEX 48X 499231
12 | KHKX A #HEHSZKX A 417488
13 | EVX B 488355
14 | LEKX B8 417495
15 | #&IX gaNlX 503110
16 | {LANIX B 472633
17 | HERX &8 456847
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Table 5 The result of the 1000 simulations: Relationship
between the ratio of the largest constituency to
the smallest one and the frequency.

i [iiki)
A% | SE | AINBE | HBE
1.279443 | 2 1.138241 1
1.309989 | 264 1.154423 1
1.313163 13 1.163667 | 6
1.316025 721 1.166249 | 623

1.181025 14
1.188489 | 78
1.202256 | 71
1.202273 1
1.203547 | 4
1.206729 1
1.216200 1
1.220708 1
1.221461 10
1.222426 1
1.240843 7
1.244754 | 27
1.244871 3
1.247475 14
1.254558 | 2
1.273604 1
1.274457 | 47
1.275702 | 45
1.275794 | 38
1.315090 1
1.329927 1

AR AORELX TR AT 5 LREIRIC, B8
SfF (4) THRBRLI VY MIE Lo BRER
RERT A L bRBEfICmA. 2L, SEO
Sial—v a3y TIIERRCHERER OB AT
EZBLTWEbITTIIRL, BERFOATILTY
AELTVAS, 20200 L BIHICRTLCE
FEoTnalniiZnEsdbds. K2 0ERDE
BREF5NT Ial—LarTHONREX Y]
RCHBE, EBOREXOF 20X (HHh) 342
BOTREEIFTEINTVAIMEDBRERIIZ>TW
AL, Y3alb—varTid, iIE3OBZ
TLLEDT, Z0E) 2BERKIIEI L. 40
Ny Ial—arTCHEBOREROEEX LD D
FELOFTERREED LT LT o BBREERT S
LT ELIEDNS Dol SLICHBHERLER
L, mEMICLTE I o BERAERTE A
%9,

Bilo, BifERICImA -2 20EE CIZo0nT
BRB, Z2—FNEy bT—7TiX, IEICE ST
13BN IZBE - 72 D IRE) (oscillation) %&£ LTW
SFTHRICPELAWVEWV) T ENET S, SED

Za—FNar¥a—F4 7z BNERRXEXE ) FiE 595

3 3a2lb—2arTRINLOKREDREELTEL/
Iz B 7002, BERICK (7). (10) @ 2 HAMTT
mzons. WPHEHEERBELEKX Q) OATY I
L—2ar27r L, WRERIBDRTH72OH, =
NODEEAMA S I ETRIWIRLZE D REPURE
¥BLIENTE. SHIZZND2OMEIICC TH
WrHOTAZETCNET ToORMPERINL. C I
Mg x o 2w (C idohizl) TR I 2L —
SavEkifToltkl A, FHEELEI11T6E, T
IRBS R 35.62, ILHE 9T.6%TH o7z, K3 DXE
Ny 3Ial—a s FEREERDLE, WERBIZIZLA
FEDLL VY, #E LB 20 TEERMD
BofEhd ot WEFEDIFAZ LIZL D 2 fEREMAT
g e w8oars K@), (NECILEhE
ELBAOYUK L BEfbA b 726 s,

4. 8 hH I

A2 LF—a—FNar¥a—F1 7L BN
BEERFELREL:. ThIZX>THAREHD
L TORBERERD I ¥ a— 7 {LOTRER L R
roTR BV ER) . BEROERIIIVEL—Y
AEIF G, BELOIERIMENSTEL LV L
IAHD. VRETHENSESDT, MAMERCHK
RUYLERHIETEHEBLRED 217> THER
HTaZLbTE3. (FENHOEROALLTY, K
GlhoEOMELRATNE, 32— TTXRT
ARDBHEVIDIITIRZWA, arEa-8% 5 F
(T A2 ETELOEROBBEOVCENEVE
EoHTbNEI Ly, FRBUEEXPEEINS
B3R 5.

AENDY Il — a3y TIIRFEIRDBEEX LR
IL7eAs, ToOFEZAVAI L THREEOEEKX
DERGITRATHA ). FORRIZIE, HEIZHLILY
FFSRTWAMETLH S, FRIZEINHTHNT
W BERMOBOELFARIITELDOTR RV RLE
EZ TV, FRIZEoT2REOBEDRFL @/ L
BEXAER SN AWM b H . RIEDBEXT
BRZ - EDOITHRXIIFE UEBEXII RS I 3RV
A, FOREROIL o728 ZIZED X)) 5 BEXHHE
RTEBDPRALTAHALOOEH. 72, HEATIE—
BEBERAER SN D L FOBRBEISINE V) Z
Lidinas, 7AY A TIBERALITLITMENER
bha., TAYHOBERERIIZOTVT) AL %
BH LT, #hEFROBRIEE ORHEEF LM
TELEEREROT TV —a v 2{5b EIRLD
TH .



596 WHNBESR L Apr. 1996

2 £ XM

1) Hopfield, J.J. and Tank, D.W.: Neural Com-
putation of Decisions in Optimization Prob-
lems, Biological Cybernetics, Vol.52, pp.141-
152 (1985).

2) Takefuji, Y.: Neural Network Parallel Com-
puting for Combinatorial Optimization Prob-
lems, The Journal of Knoledge Engineering,
Vol.5, No.3 (Fall 1992).

3) Foo, Y.P., Takefuji, Y. and Szu, H.:Binary
Neurons with Analog Communication Links for
Solving Large-Scale Meeting (INNS) (1988).

4) Takefuji, Y.: Neural Network Parallel Com-
puting, Kluwer Academic Publishers (1992).

5) & T, KEREZ . —a2—0ar ¥a—54
7, ¥R (1992).

6) REER . —2—-5VAy b7—20MAED
TRBEIE~NDIEH, A RL—-2 a3y X )4 —F,
pp.324-330 (1992.7).

7) Takefuji, Y. and Lee, K.C.: Artificial Neu-
ral Networks for Four-coloring Problems and
K-colorability Problems, IEEE Trans. Circuits
and Systems, Vol.38, No.3, pp.326-333 (1991).

8) Takefuji, Y. and Lee, K.C.: An Hysteresis Bi-
nary Neuron: A Model Suppressing the Oscilla-
tory Behaviors of Neural Dynamics, Biological
Cybernetics, Vol.64, pp.353-356 (1991).

9) Hopfield, J.J.: Neurons, Dynamics and Com-
putation, Physics Today, pp.40-46 (Feb. 1994).

10) Hopfield, J.J. and Tank, D.W.: Comput-
ing with Neural Circuits: A Model, Science,
Vol.233, pp.625-633 (1986).

(P74 5 H 9 BRAT)
(P84 2 B 7 HIRSR)

wE Fo (R4£KB)
BEf146 £ 8 A 11 H&E. ¥ 7
FERERE R F BRI RF RS
BEMEFE. BE, MRKFERERK
‘ \ ‘ K- 271 THRABLEBESES.
. Za—I Wiy b2 DO8AED

CHRECHENOICHIC R AR>S, BT HHRERES

RKEERA.

Rl E%

BRFI30 4 4 B 30 H4:. 1983 4,
BEEBKFRERELEEERT
FHT. T¥MEL (1983 4). 1988
ENPLTr—AYIAY ) F—TK
FRALFEHIE. 1992 £ 5 B
FERB KF MBI F B HIE. Associate Editor
of Int. J. of Multimedia Tools and Applications,
MITI software CALS %% - + ¥ 1) 7 1 WG EE.
ARFMIS LA, o HR—L - TLELF
Yo BEBFEAERN. RE-x2—-SrarEa—
747 & CALS/EC ORFFEICHEE. E& -FX. (72
NTYbRDLT4 T NERK] (4 — 4%, 1984 ),
[CALS E¥EG ) (VXY A MY A7 4, 1995 %), Neu-
ral Network Parallel Computing (Kluwer Academic
Pub., 1992), #Ofth 140 LA EDOEFER T (Science,
Vol.245, pp.1221-1223, 1989) fib, =¥ : {§HR0E¥
220 BIEEHH (1980 4), NSF RIA H (1989 ),
IEEE Trans. on Neural Networks 1% # (1992 %),
TEPCO Research & (1993~1995 %), #Z&E)IT7 4
7' — Research B (1993~1995 %), &# Research
K (1995 ).




