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

TAKAYUKI SAITOt and YOSIYASU TAKEFUJItH

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

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

BH¥X THIX AL (N | BEX WEATBIX % ALT (AN)
1| FREX #X HEX 494761 18 | KeEPF 4T M M 410540
2 | kX XHKX HEKX 412279 19 | AFdi @9&d Bad HES Red 501118
3 | AANIX KHIXK A BES 539536 20 | EASIL AR rh#d BARKE KA 456053
4 | KHIX B 485325 21 | LT BEES T H1BF A 424124
5 | HBEKX #HARK A 506121 22 | H¥dodi @A HGLH FEskd 539897
6 | MK B 534152 23 | HTHIdi ZHS 493539
7 | &G REX 525312 24 | ANV A4 466347
8 | #itiX 529485 25 | HHEdi fEAl BRI R GREEET SRR 368036
9 | BEXB 474650
10 | BB HEKX A 405883
11 | BUgIX 518943
12 | kX B7XA 497455
13 | BVIXB 488355
14 | BHIX ®MHKX 407753
15 | iL#IX 385159
16 | ilsiIlIX B 472633
17 | BHX LKA 518107

]
1 5 10 15 20 25 29

2 URBEIXI
Fig. 2 The official constituency map of Tokyo

(corresponding to Table 1).
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Fig. 3 The neural representation for the rural part.
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Table 2 The population and adjacency data.
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f2(i,5,k) =0 if Djx=0
=0 if Dj, =Dy, =0
and Vi, =1(1<p<m,p#j)
=0 if Dj,=Dpg=Dg =0
and Vj, =V, =111<p<m,
1<g<m,p#j,9#Jp#q)
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=0 otherwise. (8)
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C DENKRETEY, HEIZBODNTHEDZ -
TYCRDWTE %A, CA 254 IV VHER CILED
E)RMEERET A0 IR T HMEIZL S, L3
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-C (Z Viijk) f3(2)/M. (10)

k=1

SIT fs RUTFOEBDY.

fs(i)y=1 if Z(— (Z Viey — 1)- f1(,y)
k=1

¥
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=0 otherwise. (11)
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LERLI. RE-HHREOL 32— 30Dk
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ATHIEENE > TWADYFFNE. THHD
EIIIEIC L > TELIEDL LY, HOMBETLR
LTALEIAUL L) RERVPTTVENT, K
L VCEE LB TRICIET 22 L2990 5.

X5, ‘AIKERFILZRT. i35 EOY 2L —
arTHONARE - fife I —FREDHSW
HBRETHLH. ThERDL, BOAONDPZVEEK
3% 12 X TALNZ 417488 A, B b AOH SV EE
K381 XTAOIR 534152 ATHhH b, ZOKR, K
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I 14THETHLDOT, HO2RBELMOLERY
Bons., XE-HiEN4ICRD L, KEIZEROE
XD 140555 12815 THROZ-DIIIHFL, TE
TR 1ATE?S 114 I TR T - 72, EBOBEE
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®3 L ial—Ta U HRDTRELE - PRAHERER - PUOR

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.

PREGE LB | CKPRAtERER | UK

([0 (%) (%)

(X &8 494 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.

®a4 Ial—Tar¥B . Hs5057-%
Table 4 The result of the simulation: the data of Fig. 5.

BEX T ALT (A) | EERX TEIX A (N)
1 | HHAXB 534152 18 | I BBH #EA W RART 467330
2 | hRK BHEX FMIX 475794 19 | Kbl HEd Rk 433959
3 | XRKX BB 443139 20 | AEHFHE ACES HS S B 436727
4 | BB 518943 21 | ErHIdi SHE 493539
5 | BEX 529485 22 | AL fifi 466347
6 | KHX B 485325 23 | REPG HEL RED EEH EARXKE 490724
7 | PEHX HEX A 463700 24 | Wi BAH RILEH 437430
8 | MEKXB 474650 25 | A Al KR UG B R BeERET

Wi % HERR 433598
9 | BfX JLANIIX B 518107
10 | X EZIX A 497455
11 | TREKX #HiEX ARX 499231
12 | KHKX A HHHKX A 417488
13 | RVXB 488355
14 | ILEKX B# 417495
15 | #&IX aalllX 503110
16 | {LANKX B 472633
17 | HERX %#iX 456847

HBT 1285 L) BEXOXE ) HHREL 2o 7.
YIalb—varTiR, AODOLERETREENE
. 540000 A, 400000 A& ZFZELTWVWAHDT, ThXk
WbDTHNITEALEMBETIREL TS, &
512 3alb—2aryTHRONLAOREL FOHE
L. ThzRa EHETIIAODORH R
Pol:& )T, PRYOMEENRO o7 (12721,
AORZENFEICTHHEEDRE LIRS 2V). £
D THEEH 1.166249 D & X H3623 B T—HHAE
ARV, KETIR4EEOANOBRELIE LR, BEH
1.316025 M & & A5 721 RIC—HFHEHI & V. S0HD
PIal—varilBIARETIE, ThoDEEIC

s “Ial—-—Tas#g
Fig. 5 One of the solutions (corresponding to Table 4).
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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.

& iti 8B
A% | B | ATUEX%E | B
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
1.203547
1.206729
1.216200
1.220708
1.221461
1.222426
1.240843
1.244754
1.244871
1.247475
1.254558
1.273604
1.274457
1.275702
1.275794
1.315090
1.329927

—

(=)

-3

L o 2 B - - N I N I I S S -
o ot N L)

SEIIACBELX TELTRO A LERIC, H#H
SF(4) TRABENLTAVANZ MITE T o EER
RERT A Z EbRBEGICINA . 2L, SE0
YIiab—TarCRlERCERELR COBMBNENGE
ERLTV2biFTirL L, BEMBROATELEY
X¥EZTVA, 2072043 L BEMIIRTLCE
EFoTWVREVZEWVEELHE. K20ERDE
¥REF5DYIal—L a3y CHEOLNIRER I
RThbL, EBOREXDE 20X (HE) 34
BOTEX I CEINTVAREDBEX I > T
AOICxL, YIalb—TarTiE, i3 ok
TELDT, ZOL) REH¥XIEIN 2. 40
DY 3Ial—2arTIREROEFEOEERX LD b
HELDIFBREE ) LT L T BERAERT S
ENTEDLIENGhol. SHICHBNEGELZR
THE, BRI T I BBEREERTE S
59,

B, BEICHImA 722 o0EE C 2o\ T
BB, Za—F)ikv bT—7 T, PAEICL ST
I3HE/NRIZFE - 72 D #RE) (oscillation) Z#EZ L TW
DFTCHMIYCELZWVWEWVWI T EPET S, 4ED

Za—FNar¥a—F4 72 LANEREREXE ) FiE 595

Plalb—=varyTCRINLOIREORELY TEDLS
FEz 57200, BERICR (7)., (10) © 2 AT
mzont. HHEGEERBLAERX Q) OATY I
L—=2ar&fri L, WRBEERTHo720H, Z
NOLDEENMZAZETERIWRLAZE D) LBIGER
¥BAHIEDNTE., SHILID2ODEIIC Tl
§5% 211 A Z L TIH T CORMMzEREIN. C I
BE§E O RV (C 1d2hIZ1) TRENY IaL—
YavEToRLETS, FHEE L1176 B, T
IURER R 35.62, IUEEIT.6%THo72. K3IDKHK
NDY3Ialb—YarERoERBE, UERIZIILA
EEDLO VA, SR LA 2 5% 0 TEHEER b
BN o7, SEEEE DT LT D 2 f5EER AT
HiasnZehgrs, K@), MECIZENE
FADNAY SaNDYV & R =3% 3 & 0 WARR-F (WAR

4. bV

AKEFEXWI=—a—FNar¥a—74 7L BNE
EBXERFELRELE. ThIZLoTHAL2EBD
b L TOBERERD TV ¥ a— 2ot RE
7eOTidhvHhr B, BEXOERIZOVEa—%
)RS, BEIOERICRENTCELEVIE
TAHEHDH. BOBHTRHRNSELOT, MEBERLHY
FEEEZDIETHEEERERE D 2470 THEBIR
HTaZLbTED. ERMOEHOALLTY, X
HyoEOMELRATNS, 202 —-FTTRT
FRODAEVIDITTIIEWA, av¥a—%%5F
CHHT AL TECOEROHBOVCEDOEVX
Fyrfrbhsl tr, BRBUBEXIEESIND
BRI 5.

SENYIal—3aryTRERROBEX 2 1%
WL, TOFEYHVLILTHREEOREX
DERBITAHTHA ). FOBEIZIE, HMIZHOELD
EFoRTwaMETHH L, FRIZEHYLUTOHNT
WHREXBOBSELFEARIITEL0TIEZVhL
Z2TVA, FRIZE o T2REDOEEDRE L
PBERXOSERSNAWREN DS, BEOBEXT
BRZ 7B OITEIXIIE UBEXIIZA I i3k
N, FOMEBNIL-7:L ZIZED X ) B X AME
KTEBHPRALTHLOLEH. $7/:, HEXTIZ—
EREXAER SN D L ZOBBEESND LV Z
Lidvas, 7TA) A TILEBR A LITLITED £ 2
bhad, TA)HOBEXERICIOTLITY) X L%
CH LT, #FhFhofBRIcHEEORBHRGS %4
TELBEXEROT ) r— a2 kb %I D
Tha»).
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