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A New Network-Type Puzzle Based on
Divergence via Abstraction and Its Visualization

Kazuki Hori1,a) Hiroshi Hosobe2,b)

Abstract:
There are many types of puzzles, and many people have been enjoying puzzles since old days. Especially
in recent years, puzzles for smart phones and tablets are increasing, and there are a growing number of
people who enjoy such puzzles. However, most of existing puzzles are limited in shape although they adopt
various rules. To largely change puzzles in shape, Sugiyama et al. proposed a systematic approach called
divergence via abstraction, by which existing puzzles can be converted to other media via abstraction. In
this paper, applying this approach to a different puzzle, we propose a new puzzle that allows a more various
shape. Specifically, we represent a square grid puzzle as a graph by regarding each square as a node and
a side-by-side square relation as an edge, which is based on the observation that many puzzles have a two-
dimensional square grid shape. In particular, we treat a square grid puzzle called Kakuro. Also, we visualize
such a puzzle by using a graph visualization method and ways for representing multiple lines. We modify the
Kamada-Kawai method for graph visualization, and use two ways of representing lines, (1) using different
colors for lines and (2) generating bending points.
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Fig. 1 A Kakuro puzzle
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M = (X,C, ϕ, L)

X = {x1, x2, ..., xn}
C = {1, 2, 3, 4, 5, 6, 7, 8, 9}
ϕ : X → C

L = {(t1, r1), (t2, r2), ..., (tm, rm)}
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ri = {xj1, xj2, ..., xjki}
(p �= q ϕ(xjp) �= ϕ(xjq))

ti = ϕ(xj1) + ϕ(xj2) + ...+ ϕ(xjki)

X = {x1, x2, x3, x4, x5, x6, x7, x8}
C = {1, 2, 3, 4, 5, 6, 7, 8, 9}
ϕ : x1 → 1, x2 → 2, x3 → 3, x4 → 4,

x5 → 5, x6 → 6, x7 → 7, x8 → 8

L = {(t1, r1), (t2, r2), ..., (t7, r7)}
r1 = (x1, x2, x3), r2 = (x6, x7, x8)

r3 = (x1, x4, x7), r4 = (x2, x5, x7)

r5 = (x2, x4, x6), r6 = (x3, x5, x6), r7 = (x3, x8)

t1 = ϕ(x1) + ϕ(x2) + ϕ(x3) = 1 + 2 + 3 = 6

t2 = 21, t3 = 12, t4 = 14, t5 = 12, t6 = 14, t7 = 11
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Fig. 2 A distorted layout
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Fig. 3 An improved layout
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Fig. 4 An input screen
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Fig. 5 An output screen
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Table 1 Experimental results

( )

1 KK 1 3856

KK 0.3 166.2

2 KK 1 179

KK 0.4 260.1

5 KK 3 349

KK 0.9 457.2

10 KK 2 193

KK 1.4 277.1

14 KK 2 252

KK 1.2 1634.2
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Fig. 6 Using different colors for lines
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Fig. 7 Generating bending points
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Fig. 8 Combination
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