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The Election System in Japan

the Lower House

House of Representatives
480 me;nbgrs]

Single-seat
constituency

election

Proportional
representation
election

-
-

180

members

N /

One candidate is electe

Single-seat constituency system

One constituency (electoral district)

the Diet

o

1 the Upper House
House of Councilors
[252 members]
5 --"§' : \/ Proportional \
Prefectural representation
election election
152 100
members members




The maximum population disparity

300 seats are elected from
Single-seat constituency system Districting rules

@ Contiguous

@ Do not divide a city

3 Disparity ratio < 2
G

One man, one vote

Constitutional principle

300 constituencies
(electoral districts)

In the current district 4

the largest pop. district

H# pop.=558,947 The maximum pop. disparity ratio

% ;\/ﬁmaxz 558,947 206 ﬂi{;gz 2;3 9 203J

min.= 270,743

(pop. census 2000) (pop. census 2005)




Districts planning process

15t phase 2d phase
Apportionment Districting
to 47 prefectures for each prefecture
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(Optimal) Redistricting Problem

4+ Previous works in U.S.

» Mehrotra,Johnson,Nemhauser(1998) obtained the optimal
district(46cities,6seats) by column generation technique.

Japan __ Redistricting problem __ U.S.

constraint| (1) Contiguous constraint  gpiect
constraint | (2) Do not divide a city | ignore Compactness
Minimize | @ Disparity ratio==2= |constraint (disparity=1)

North Carolina [~

{?) 12th district %

gerrymander?
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Japan _ Redistricting problem U.S.
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constraint @ Do not divide acity | ignore & Compactness
Minimize (@ Disparity ratio==2= | constraint (disparity=1)
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(Optimal) Redistricting Problem

4+ Previous works in U.S.

» Mehrotra,Johnson,Nemhauser(1998) obtained the optimal
district(46cities,6seats) by column generation technique.

%3 Japan __ Redistricting problem __ U.S.

constraint| (1) Contiguous constraint  gpiect
constraint | (2) Do not divide a city | ignore Compactness
Minimize | (@ Disparity ratio==2- |constraint (disparity=1)

& . .
+ Previous works in Japan .
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» Sakaguchi-Wada(2000) found opt.sol. (11 pref., =5 seatsg

by B.-and-B. (J\.,\> o | Osaka
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ol 19 seats

56 citeis |
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Approach

+ Modeling

INPUT : OUTPUT INPUT g OUTPUT
300 seats Apportionment 47 apportioged + pop. 47 Redistricting 47 redistrictjng
pop. of 47 pref. Prob. seats of cities Prob. plan
by 1+LRM '

-
ex) 4 cities — 2 districts 9

/ / / set partition type
ey -

graph partition type 'y 0-1 IP modeled by both

D the set partition type and

the graph partition type

4

lysis of the Division Rules of Cities



Formulation

+ set partition type

Given appropriate subsets of cities,

select k subsets partitioned pref.
min. /|

Stogx;<u (j=L...,

a(l-x,)+q;x; 21 (J=1,...,

D byx; =1 (ieN)

i=1,...|B|

X; {01} (J=1,...,

4 graph partition type

Given city adjacency graph,
divide into k connected subgraphs
min. U/I

st. 1<) piz<u (keM)

ieN

Y fa= ) f(a) (ieN,keM)

aes vf aes Vi

f(a)>0 (aeA)
fE(sk,vik))z,Byik ieN,keM)
Zyikzl (ke M)

ieN

V. €{0,1} (ieN,keM)
Y f(a)=pz, (ieN,keM)

aeé‘vi"

7, < F((v,1)) (ieN,keM)
Y z,=1 (ieN)
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Approach & Results

+ Results
INPUT ) OUTPUT INPUT S OUTPUT
300 seats Apportionment 47 apportioged + pop. 47 Redistricting 47 redistrictjng
pop. of 47 pref. Prob. seats of cities Prob. plan
by 1+LRM <L
ex) 4 cities — 2 districts 47 optimal sol.
/ / / (the optimal districts plan)

/ [ 0-1 IP modeled | > 4 gﬂ

.. the limit of reduction
set partition type

graph partition type in the disparity ratio is 1.977
/ / / D (population census 2000
e 3

the limit of reduction
C in the disparity ratio 1s 2.153
Many seats in
E Many cities instance (&), Solved by
/ % CPLEX9.0 &

(population census 2005)
+ several ideas OPL Studio 3.7




In Japan, the structural change
Res u l TS ( 2 OO 6 ) has arisen from the municipal
merger assistance plan

n Heise1 Era
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+ Research the effect of the Great Municipal Merger i

|#of cities 3227
4 | 1822

— HHFRR
— MmETHR

(&% | SHNOITES E7]
3 o A
il ] ﬂm-md‘_:.

e YT T YT ——
2006 optimal ~ 2.153




ex) pop.=600,000

Cur'l"en'r d'Vlde RUIQ app. seats=2

+ What 1s a main cause of the disparity ? a prefecture
» divide rule
» population of a city is too big
-
(> average) 4/3 %
too big o
.. apan
must divide, ... o
% thecny lelde *  4/3Xave.
ButHOW? 0000000000 ofpref.
| ex) 400,000 . of
gerrymander ex) igzﬁ ¢ OK ave. of pref. i
. o (not divide)j  ©x)300.000
» population of a district is too small ex) 200,000 A 4
00000000000 2/3Xave’. 2/3 X
< average) d : d ' of pref. ave. of
........ XOUSE ViR oo A M tepan

somewhere too small




Optimal Districts [Japan type]
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Optimal Districts

American type]
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But, too many to solve!

Proposal

. area hame population seat
B prefecture — reglona] system, 1 Hokkaido 5627,424] 13.21
. % N (f/ |2 Tohoku 9,634,466| 22.62
(an idea by Local Government §ystk@ Resea}\r'c!}:{/ ouncil) [ 3"N Kanto/Shinetsu 11,642,927 4
J— A4 4 M.Kanto 35,356,183] { 83.0
o X’ 5 Chubu 17,306,944] 064
. e 6 Kansai 21,714,274 ( 50.9
<13 areas> @ 7 Chugoku/Shikoku| 11,761,745 2
8 Kyushu 13,352,022] 31.35
9 Okinawa 1,360,830 3.20

—1.123 [lower bound]

<9areas> ./

<11 areas> .

1 4
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) ([ =i
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» (=]

L 1.110 . 1.083

[lower bound] [lower bound]



Proposal

+ ultimate apportion method to minimize disparity (2004)

INPUT : OUTPUT INPUT T OUTPUT
300 seats Apportionment 47 apportioged + pop. 47 Redistricting 47 redistricgng
pop. of 47 pref. Prob. seats of cities Prob. plan
¢ by 1+LRM
. <L
INPUT e : OuUTPUT
300 seats 5, 47 Redistricting OUTPUT, _INPUT Apportionment 4~ redistrictjng
pop. of 47 pref. Prob. each opt. sol. +300seats Prob. plan

several apportioned possibility modeled as Knapsack type problem

ultimate apportion method to minimize disparity

ex) Tokyo-to
1424.039, 1+LD, 14+SD, 1+AMD, 1+GMD, 1+HMD
—> 1424=25, 1+25=26, 1+26=27, 1+22=23, 1+24=25, 1+24=25, 1+23=24
—> We solve the districting prob. for 23, 24, 25, 26. or 27 seats

limit!

—> | seats | opt. upper | opt. lower
Tokyo | 23 574,244] 499,178 1 722
Tokyo | 24 540,722| 446,698
Tokyo | 25 536,000 421,504 :l|> °
Tokyo | 26 536,000 394,703 (pop. census 2000)
Tokyo | 27 536,000 376,789




Proposal

+ Solve the Knapsack-type Problem.

man/|

s.t. §:¢J”_¢|oe{1 SATY)

jed

the largest population on opt. sol.
for each apportioned seat

§]ﬁ§§| (iefl,....AT})

jed

Y xi =1 (iefl,....47})

jed

the smallest population on opt. sol.
for each apportioned seat

Z Z Vi éli D % the number of seats

1€{l,...,47} jel

the 1deal allocation

X; €10,1} (1€{l,...,47}, ] € J)




Conclusions

1.

We proposed the 300 optimal districts for the first time 1n Japan.
The limit 1s 1.977. Consequently, we offered an index of
gerrymandering.

We derived the ratios for each prob. apportioned by several
methods. The minimum limit 1s 1.750.

We proposed a new framework with the Knapsack type prob.
The limit 1s 1.750.We also proposed a new framework with the
Knapsack type prob. called the ultimate apportion method to
minimize disparity. The limit 1s 1.722.

We derived the ratios for each prob. with 280 ~ 320 members
and by several apportioned methods.
The minimum limit 1s 1.704

We show the limit 2.153 1in 2006 map.




Future works

® A main cause of the disparity 1s

v Districting phase No! What s 2 main
v’ +1 seat rule No! cause? 2
v’ Apportion methods No! j"

v" Decision process No!
v" The number of seats No!

Conjecture 2

Districting

for each prefecture

Conjecture 1

divide rule

(exceptional provision)

4
/

Relax prefectural boundary restriction?

faster methods for bigger problems <ﬁﬂ:r work
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Graph Partition type

ex) 4 cities — 2 districts flow -

* source




Graph Partition type




