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1. Introduction

The object of this paper is to introduce a 1-dimensional random

closest packing model for elections to explain relative abundances of
polls among candidates nominated by a political party such as the
Liberal Democratic Party or the Socialist Party in Japan. 1-dimen-
sional random packing is known as car-parking problem. Our conclu-
sion is that the nomination of candidates by a certain political party
seems to be often performed like car-parking on a street. The length
of the street corresponds to the total polls obtained by the party.
A car corresponds to a candidate. The distance from the top of a car
to the top of the car just behind corresponds to the number of polls
obtained by the candidates. For model fitting, we consider random
packing on a circle to eliminate the influence of the ends.
‘ Several authors made stochastic treatments on election. Kakeya [9]
discussed a stochastic model on a final election vote. Aoyama [1] con-
sidered a random division model to explain the relative abundances of
polls among candidates. (For related works see also the papers of
mathematical ecology, Shinozaki and Urata [13] and MacArthur [10].)
Hayashi and Takakura [7] discussed how to predict results of an elec-
tion from surveys before the election. (See also Hayashi [6].)

Observations and data on elections in Japan are in Nisihira [11].
We can also find the data in the press, for example, Yomiuri, Asahi,
and Mainichi, which have several millions of circulation. Our study is
based on Nisihira [11] and after 1972 on Asahi. Our model explains
many data which are not clearly explained by random division.

We consider elections for the House of Councillors at national con-
stituency. The parliament of Japan consists of the House of Rep-
resentatives and the House of Councillors. The members of the House
of Councillors are devided into those elected at a national constituency
and the members who are elected at local constituencies. The fixed
number of the members of the House of Councillors is 252 persons,
out of which 100 are elected by universal votes at the national con-
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stituency, that is to say, at the whole country as one unit. The elec-
tion is carried out for each three years. The half of the 100 persons
are elected at each election at national constituency. Hence the mem-
ber can stay in the parliament for six years without passing through
an election. At the national constituency, candidates who gain not
less than the 50th largest polls are elected. There are several political
parties in Japan, for example Liberal Democratic Party, Socialist Party
and Communist Party. For these twenty years L.D.P. (Liberal Demo-
cratic Party) has the largest share in the House of Councillors and
S.P. (Socialist Party) has the second largest. Each political party in-
tends to get as possible as many candidates elected. So the most suc-
cesful case for a party is that all candidates of the party gain the
minimum polls necessary to be elected. But this does not happen
usually. The control by L.D.P. on organizations which support L.D.P.
are restricted, since each organization supports persons who repre-
sent its profit and does not support the other persons. Under such
restrictions, the random packing may be a good solution for L.D.P. to
nominate candidates at national constituency.

The procedure of the nomination is supposed to be a random pack-
ing on a circle of unit length by arcs with length a. Let us write
N(a) as a random variable, which represents the number of the ares
in random closest packing. Then the expectation of the packing den-
sity approaches to 2=0.748 as a approaches to zero (Rényi [12]). The
corresponding central limit theorem is proved by Dvoretzky and Robbins
[4]. The distribution of length of gaps generated by sticks packed
randomly is discussed by Bankdvi [2].

For two or more than two dimension mathematical treatment is
very difficult and most of the previous works are based on experiments.
One of interesting applications of two-dimensional random packing is
given by Hasegawa and Tanemura [5]. They explained the shape of
a territory of a species of birds “calidris melanotos” by random pack-
ing. In our previous paper [8], we discussed a random packing model
for election on the data of 1977 and 1974 for L.D.P., in which m=<
N(a) is assumed. Here we apply our random closest packing model,
in which N(a)=m is assumed, not only to L.D.P. but also to S.P.
For S.P., from 1956 till 1968, and for L.D.P., from 1965 till 1974,
candidates seem to be nominated as the way in our model.

2. Random closest packing model

We assume all polls for L.D.P. of a district can be numbered from
1 to z. L.D.P. gives an order by priority to each person, who can
organize d polls out of the z polls, as ¢, ¢, ¢;, ---. Consider x points
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on a unit circle (0, 2x], lzn, -2—271, v, 227 The points on the
X X x

arc [—X—‘zn-, -%ﬂzn> are assumed to be the territory of c¢;,, where the
x

arc [£ 2r, Xi+d
x X

27r> represents the shorter arc of the circle with the

ends X127 and Xitd—1lo  ¢; d/x<1/2. X, is placed at random by
x x

the uniform distribution on the circle and each of the X’s is mutually
independently placed for 7=1,2,3,---. L.D.P. nominates ¢, at first on
the circle. For k=2, if the territory of ¢, does not overlap a territory
of a person nominated previously, L.D.P. nominates ¢,, otherwise L.D.P.
does not nominate him. L.D.P. continues to nominates candidates until

there is no empty arc_Z_'—i-27r. The number of ares packed by this pro-
x

cess is represented by a random variable M(d). In this way candidates
Ciyy Cigy * * *» Ciney are nominated. We rearrange the ¢’s as ¢j,, ¢j,y * -+, Cucas
so as to be

0<X’i1 <4Yj,< e <){fx(¢)§x .
We assume L.D.P. assigns the polls on the are [X’H_d 2r, Kijess 2::) to
x x

¢j, where Xj,.,.,=Xj,. Hence the polls obtained by the candidate c;,

are the points on the arc [&"—%r, th).
x x

3. Applications

We approximate the above discrete random packing by a continu-
ous one on a circle of unit length by arcs of length a«. Let the num-
ber of ares with length « packed on the circle be N(a), we have
lin(”lE(aN(a))=l—_-—"0.748. (See Rényi [12].) Denoting the length .of the

i-th longest arc under the condition N(a)=m with ma=2, by a random
variable Z,, we define Py a, m) by
Pa, m)=E (Z,|N(a)=m) .
If the nomination of candidates is performed as the way in our model,
Pfa, m) will fit the data. We use the value _l%o_ﬁz,.,, obtained by
i=1

computer experiments, for Py(a, m) where Z,; is the number of points
on the i-th longest arc of the j-th experiment in which N(a)=m with

ma=0.748. An estimation of p. 219 in Dvoretzky and Robbins [4]
justifies that the assumption ma=0.748 is reasonable. Their estima-
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tion shows
21!
|E (aN(a))—ll<?

1 <a< 1 _
n+2 n+1

Before treating the data, we must mention that there is a group
of candidates who have not organized polls, but are well-known by
mass media. For example, talents of television and writers are in-
cluded in it. Candidates of this group is called Talented Candidates.
L.D.P. nominates a part of the group. But their way of getting polls
is completely different from the way of candidates who are based on
organized polls. Talented Candidates concern to floating polls not to
organized polls. So we exclude the Talented Candidates for our model
fitting. Consider the election in 1974. In fig. 1, the real line repre-
sents gains of 28 candidates of L.D.P. (7 of Talented Candidates are
excluded), in order of descending magnitude, where total gains obtained
by the 28 candidates are considered to be 1, and the dotted line rep-
resents Pia, m) with m=28 and «=0.748/m. In fig. 2, the real line
represents the gains obtained by each of 10 Talented Candidates and
the dotted line represents '

for the integer » which satisfies

_—l—m—i+l 1

-, with m=10,
m =t m—r+1

which is the expected length of ordered random intervals given in
Barton and David [3]. The results of 1977, 1971, 1968 and 1965 are in
fig. 3, fig. 4, fig. 5 and fig. 6 respectively. Our model does not seem
to fit the data of 1968 and 1971. The reason may be that L.D.P.
nominated candidates, who had no possibility to be elected, by some
political strategy or consideration, such as to preserve a balance among
factions or to strengthen supports for L.D.P. for next elections. If
we exelude such candidates to consider an appropriate m, our model
will fit the data.

Our model explains the data of Socialist Party in 1968, 1965, 1962
and 1956 as shown in fig. 7, fig. 8, fig. 9 and fig. 10.

We stress that the results are explained by only one parameter
m, since a is determined by ma=0.748.

Acknowledgment

We are indebted to Dr. I. Higuti for discussion on random pack-
ing.

We owe to a pamphlet in English, “Election System in Japan”,



A RANDOM PACKING MODEL FOR ELECTIONS 161

by Jichi Daigakko (Local Autonomy College), for some of the English
expressions.
We are grateful to the referees for comments.

THE INSTITUTE OF STATISTICAL MATHEMATICS

REFERENCES

[1] Aoyama, H. (1962). Note on ordered random intervals and its application, Ann. Inst.
Statist. Math., 13, 243-250.

[2] Bankoévi, G. (1962). On gaps generated by a random space filling procedure, Publ.
Math. Inst. Hung. Acad. Sci., T, 395-407.

[3] Barton, D. E. and David. F. N. (1956). Some notes on ordered random intervals, J.
R. Statist. Soc., B, 18, 79-94.

[4] Dvoretzky, A. and Robbins, H. (1964). On the ‘packing problem’, Publ. Math. Inst.
Hung. Acad. Sci., 9, 209-225.

[5] Hasegawa, M. and Tanemura, M. (1976). On the pattern of space division by ter-
ritories, Japanese Journal of Applied Statist., 5, 47-61 (in Japanese).

[6] Hayashi, C. (1977). Mathematics on election, Swurikagaku, No. 167, 5-9 (in Japanese).

[7] Hayashi, C. and Takakura, S. (1964). Statistical methodology for prediction of elec-
tion polls, Proc. Inst. Statist. Math., 12, 9-86. (in Japanese with English summary).

[8] Itoh, Y. and Ueda, S. (1978). Note on random packing models models for an analysis
of elections, Proc. Inst. Statist. Math., 25, 23-27 (in Japanese with English summary).

[9] Kakeya, S. (1941). On a final election vote, Tokyo Butsuri Gakko Zasshi, No. 595, 1-5
(in Japanese).

[10] MacArthur, R. H. (1957). On the relative abundance of bird species, Proc. Nat. Acad.
Sci. USA, 43, 293-295.

[11] Nisihira, S. (1972). Elections in Japan, Shiseido (in Japanese).

[12] Rényi, A. (1958). On a one-dimensional problem concerning random space-filling,
Publ. Math. Inst. Hung. Acad. Sci., 3, 109-127.

[13] Shinozaki, K. and Urata, N. (1953). Apparent Abundance of Different Species and
Heterogeneity, Researches on Population Ecology, II, Entomological Laboratory, Kyoto
University, 8-22 (in Japanese with English summary).



YOSHIAKI ITOH AND SUMIE UEDA

162

ot L ® 1
/;
£3000°0 a
0195870  AJ0YINI
12hZ1E6 310A
01 NOSH3d
hLet d53L -

010

(e 51}

Oh'o

POpNX? 218 W'D 3o L T ‘Bid

82

61

0!

0L920°0
S1086°0
9esooLst
82

vLE1

Seessea .

a
AdOYIN3
310A
NOS¥3d
yu3A

L60°0



163

A RANDOM PACKING MODEL FOR ELECTIONS

papnpxa 218 ‘W'D Jo € ¥ “Bid papn[oxa 918 W'D Jo ¥ ¢ ‘B
1€ 82 81 £1 L 1 51 £1 L 1
: . . . 00°0 . . 00°0
L10%0
L 26°0
+20°0
Leoso
L 0° 0
¥0°0
FG0°0
L90°0
r90°0
Z1v20°0 a £51v0°0 a
S0ZL6'0 AdOYIN3 . 1£L86°0 AJOYINI N,
8v06LYSI 310A -Lo%o ¥L199651 3104 -80°0
1€ NGS¥3d 81  NOS¥3d

1L61 ¥534 LLEI LD



YOSHIAKI ITOH AND SUMIE UEDA

164

LL0Z0 0
606L6°0
9GYEBSLI
S€

G961

a
AdOYING
310A
NOSY¥3d
NEED

F10°0

F€0°0

T¥0°0

]

ﬁmo.o

s 8y

€l

Z2ivzo-o
SLOL6"0
S¥8892G1
1€

8961

a
AdO¥INI
310A
NOS¥3d
yy3a

+10°0

F20°0

R4

-S0°0

r90°0

Lio-o



165

A RANDOM PACKING MODEL FOR ELECTIONS

€966666°0
62954%50°0
6868550°0
9H8T1L50°0
04268600
LL€6090°0
28L%€90°0
%091990°0
2Hh6€690°0
2egl2loco
84€LLL0°0
8449280°0
1560280°0
Hh12¢€60°0

1TL000T*0

ONINDOvd WOGNVY

L666666°0
06L48L%0°0
058€950°0
£€88L50°0
S1.6190°0
650.£90°0
%6149290°0
6€£52890°0
22946900
B88499640°0
6%869L0°0
$5966L0°0
998£880°0
0€€T€60°0
82H1960°0
WNS/310A

0ves0%0=0

41

25€564L
04886¢
Se9L0Y
9s8eey
005194
864LLY
2€€50S
L8ST1g
64025
S1049S
1£0%46
TL€968
4%L49299
$90869
4%2902¢L
310A

=N0SY3d

- NN
— et

“~NMITNONDO O
-t

st el 1t 8 L S ¢

0reESD 0 a
98266°0 AdOYLING ~
ZSESBYL 310A

1A NOS¥3d

8961 g3

Fv0°0




YOSHIAKI ITOH AND SUMIE UEDA

166

9¢66666°0
9924L%0°0
92%184%0°0
LLL26%0°0
9%64%050°0
6€10260°0
8166¢50°0
9618550°0
29¢€2850°0
h€€€090°0
1620€90°0
065€990°0
€91%0£40°0
7¢024L0°0
1269840°0
699%€80°0
44818800
ONINDVd WOONWY

L666666°0
8LeLEV0°0
9¢069%0°0
€h0GLH0°0
S6€6L%0°0
£090650°0
$168650°0
$L26150°0
9€68.60°0
0282090°0
€9L4290°0
$2€6690°0
GeH0TL00
81492.L0°0
826654040
€66%8L0°0
$.68L60°0
WNS/310A

2L9%0°0=0

8616248
02818¢
LSH60%
T0LHTY
005814
499084
229.8%
00220¢
890606
192928
2208ys
€649019
€61029
804H€9
828059
082589
2L24s8
3L0A

91 =NOS¥3d

91
ST

SN TN OO0

8 314

91

£l

0t

ZLSy0°0
8v166°0
8GLBZLS
g1

G861

a
AdOYLINI

00'0
r20°0
- v¥0°0
r90°0

ﬁmo.o

-01'0



167

A RANDOM PACKING MODEL FOR ELECTIONS

62

01 "314

2z S1 8 !

8L520°0
LBSLE"O
§L09€ES8
62

9861

FEo*0

F90'0

a
AdOYIN3 )
310A -60°0
NOS¥3d
Yy

BELEDN'O
29086°0
*251668
02

2961

6 314
91 11 9
a
AdDYINI
310A
NOS¥3d
¥y3A

+20°0

-¥0°0

re0-0




