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Solving the Longest Shiritori Problem

NoBuUO INUL* YUJI SHINANO,! YUUSUKE KOUNOIKE
and YOSHIYUKI KOTANTf

This paper describes the definition of the longest Shiritori problem as a problem of network
flow and the solution using the the integer problem. This formulation requires a large number
of variables being of exponential order. To overcome the difficulty, we propose a solution
based on the LP-based branch-and-bound method, which solves the relaxation problems re-
peatedly and enumerates all the solutions implicitly. This method is able to calculate the
longest Shiritori sequences for 190 thousand words dictionary in a second in Xeon 2.8 GHz
PC. In this paper, we compare the performances for the heuristic local search and investigate
the results for a variety of instances to explore characteristics of the longest Shiritori problem.
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Fig.1 Representation of Shiritori as search problem.
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Fig.2 Network models of Shiritori.
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Fig.3 Graph representation using support network.
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Fig.4 Example of supplementary condition by branch

operation.
> @y >1,1=0,... k-1
jieevv\l:/;*
0<x; < fi5, VieV,VjeV,
0<z,; <1, Vjev,
0<z;; <1, Vjev,
xij € Z, Vie VU{s},
Vi e Vu{t}

V'OO(RP,)O0ODOOOO sO¢t000D00O0ODO
000000000 RP,)00OOOOOOOOODO
O0000oo0o0o0oooooooooooooo

O00ooooOoooOoOoooOoooooooodg
O00000000ooooOooooOoOoOoOooOooOg
O00000O00o0o0ooO0oooooooooo
O000000000O0000O0ooOooOooooo
LpO00OO0O0OOOO0OOOOOOOODOOOOOO
oopoooo

ooo00oooooooooog

Algorithm Making Longest Shiritori
begin
k:=0;
z*:=0;{z:000 }
{x*000000000 }
while true do
begin
(RP,)0DO0O;
if (RP,) D0O0OO0OO0O0OUO then
goto 1;
if (RP,) 000 z,; >000000
00000000000 then
begin
if 2" < 23 then
begin
2% = 2
z, 000000 x*00000;
end;
goto 1
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end INJj] = true;
else end;
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Algorithm Making Route of Shiritori(x)
begin
Li={};
ExtractAllCycle(x, L);
{x000 s00 t000000 }
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000 r000;
O mar:=r00000;
foreach i € V do IN[i] = false;
foreach j € rpq:n do
if IN[j] = false then
begin
foreach l; € L do
if I);, > 0 or l}; > 0 then
begin
LoO00000000000
r00000;
L := L\{l;}}
end;
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Function EzxtractAllCycle(x, L)
begin
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while: 00000000 kO
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Fig.5 Extracting process of Eulerian route.
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Algorithm Searching Longest Shiritori
begin

foOo f00000;

e, = 10000000 0000 xO0O0O0O0;
ooooo Quoo;

goooooooogo 111

while true do
begin
T := R(x);
begin
while 7 00000 do
r:=70000000000;
ifr 000000 QOODOO then
iffO0000 r000Q0oooog
r 00000 then
begin
fi=f—r +r;
X:=x-—-r+r;
r000000 QUOO0O0;
goto 1
end;
T:=T\{r}
end;
T := R(x);
while T 00000 do
begin
r:=70000000000;
ifr 000000 QUOOOO then
iff0000 r000Qoooog
r 00000 then
begin
fi=f—r +r;
X:=x-—r+r;
goto 1
end;
T:=T\{r}
end;
T := R(x);
while 700000 do
begin
r:=70000000000;
ifr 000000 QOUOOOO then
iff00 r 0000000000
v 00000 then
begin
fi=f—r +r;
x:=x-—-r+r1;
r000000 QOO0O0;
goto 1
end;
T:=T\{r}
end;
goto 2;
1:
end;
2: 00000
end.
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Fig.6 Exchainging routes for local heuristic search.
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Table 1 Specifications of data used in experiments.
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Table 2 Length of Shiritori by character frequencies (all

POS).
ooo goood od IPOO oood
OwDo oLo OL/WO | OO 0oo
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68,417
33,497
16,079
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3,219
1,265
444
124
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1,016
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70

15
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16%
12%
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0.39
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0.11
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Table 3 Length of Shiritori by

gooooooono

character frequencies

(noun).
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697 91 13% 1 0.12
231 18 8% 1 0.11
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Fig.8 Length of Shiritori by search.
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Table 4 Length of Shiritori by characters (dataset 1).
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56,519 51 3 17 | 0000000
56,518 197 13 26 | OOO0O0O0O0
56,517 389 29 35 | OO0O0O000
56,516 424 37 53 | OOODOOOO
56,515 449 38 65 | OOO0O000
56,514 504 38 53 | OOOO0OO0O
56,513 395 35 44 | OO0ODOOO
56,512 194 25 35 | DOOO0o0o0o
56,511 52 9 17 | O0OOO0OOO
56,510 5 1 5 | O00O0O0OO

05 D0O0O0O0O0O0O0OOOICOTOOOOOOOODOoOOO
0o
Table 5 Length of Shiritori for words in ICOT dictio-
nary and textbooks of junior high school and high
school.

0000D |0oo0oo0 | ICOTO
0 (oo)
0000wo 7,944 38,006 110,922
ooooo 69 69 70
0ooooooooso | 67 67 69
00000000TO | 69 69 70
00000A0 1,832 2,806 3,708
&= 40% 61% 7%
ooooooooooo | 1,318 2,271 3,280
00000LO
L 71% 81% 88%
00000000QO | 2,745 11,612 51,351
2 35% 31% 46%

Jan. 2005

gooodobOoobobooooobooboobooo
gooodbooboboboboobobobobooo
ooooooooo

6.2 0JO00O0O0OOO0OODOO
goo0oobOooooboooboobooooooo
O0oDO0d0bOo0oOOobOOobOOoO0obDOoOobooooo
O00od0o0o0ooooOoObOooooooooooo
goboooboobobo sbos0bobnuoobonoo
gooodbooboboboboobobboboo
pgooooboobobbobobobuoobooboo
ooooog

e fi; ={0,1}

hd Zj:/f Z?:1 fij<2?:n/2+1 Z?:l fis

* X Zjﬁfﬁ<2?:1 Z;L_:n/2_+1fij

o X i fu <X XA fa

e JI00ODOODODDODODOODODOODOO

oooo

gogbodbooooboboboobooboo
OoOoooOoObOOO0ODOO0o0o0o0oUoooo 100
gooodbOoobobobooboobobobobooo
ooo
goo0o0obOoooobooooboooboooobooo
Oed0d 700000DO0DOODOODOO SSO0000O
OO0 7000D0OOOO 1200000000000
ODO000500000000000 2000000
go00d0do0oo0o0ooooooboboooog 12
go0oOo0oO0o01000o0bOobDoIPooObOOD
0000000000000 00O0 (RPy)ODDO
gOo20000000D000O000bODbOObODbDOO
000 (RP,) 0000000 0O0ODOOOOODOOO
0000000o0oo0oo0oooooUun (RPy) OO

06 0000000000 IPOOOOOOODOO 3040
Table 6 Applied times of IP solver for possible problems
(No. of char.: 3, 4).

ooooo

IpOOOO
oo 3 ooo 4

O

1

1

1 25
1 40
1 291
0 194
0 655
0

0

0

0

0

0

B O O O O|N

—
[}

204
328
49
41

[=NelNeNel
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Table 7 Applied times of IP solver for possible problems

(No. of char.: 5).

ooooo IPOOODO
1 2 3 1 5
6 237 6 0 0 0
7 1712 42 0 0 0
0 1 0 0 0
8 9874 303 |8 0 1
0 4 39 11 0
9 30228 1052 | 31 0 0
0 2 50 3 0
10 75220 2705 | 49 4 0
0 0 240 | 20 2
11 141470 | 3434 | 33 0 0
0 0 170 | 16 1
12 205347 | 4653 | 3 0 0
0 0 149 15 0
13 243515 | 3131 | 3 0 0
0 0 66 1 0
14 233535 | 2060 | 2 0 0
0 0 19 1 0
15 183182 | 732 |0 0
0 0 2 0 0
16 118727 | 272 |0 0 0
17 64134 37 0 0 0
18 27501 8 0 0 0
19 10195 0 0 0 0
20 2759 0 0 0 0
21 626 0 0 0 0
22 103 0 0 0 0
23 9 0 0 0 0
24 1 0 0 0 0
2000000
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Fig.9 Example problem to which the branch-and-bound

was applied (all arc weights are 1).
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08 0000000000 IPOOOOOOOODO 40000
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Table 8 Applied times of IP solver for possible problems
(No. of char.: 5).

goooo IpO0O0OO
1 2 3
4 21 0 0
6 154 7 1
0 0 4
8 433 10 1
0 0 6
10 396 3 0
0 0 1
12 143 0 0
14 22 0 0
16 1 0 0
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