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

Kazuki Hori*® HirosHl HosoBEZ:P)

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

EENENTED L Vo IRILE B BFEER T 2T
5.

3. mENIIL

KIFETITHIGAL E A F 1 7B % B S ZUVzxt LT
WHTA., IMEAAZLVER, I1BOL>7%m7Tay 7128
FEAMNT, M1ADXSIBREZMITANSIEE Bt E 72
BHEZENTho T ey ZIZABETFOERD, ZATAD
FOBFEEHELLRDEDIIZTENRNANLTHS. =T A
OF O, RHROL TR SME, A LR SO OED
GEtERT. FTBY ZICANDMEIL 1~9 DERDH
T, MEZNEFNTHELUZAT AN SRS 70y 712
UMz ANVTIERAR 57800,

EeLT, M1ADEMAYAFRHEOLETIZ 12D A >
TWA71d, ZTOXADRNIGERSE =207 0y Z7IZ AN
D EFE 1212 L Tk sy, 2O, 2,5, 5
X4, 4,42 0oAUMHEERAWZMAGEDEZMS Z L
ITTER0W.

4. REFE

4.1 R 0HRE

IE AR ZVIE, BINZFA U ZBFEO AR 5Tz
2225 X122V THB. Lo TMENXLZE
T H0ITIE, BERIZAZME, SEZOHA~OFEL
ZDNERE, S OBELZDHEDEFHIEE > TVIUX L.
ZOZ Mo IENRZVEMBLLZED M 2RO LS
WZEAMETE S,

M= (X,C,¢,L)

X ={z1,29, ..., 7y} : BROES
C={1,2,3,4,5,6,7,8,9} : BRIZADHDOEL

0: X = C: ZEHEIZADH

L={(t1,m1), (t2,72), e, (tmmsTm)} : FIOHEH



ERLEBZSRFRRE
IPSJ SIG Technical Report

i = {xj1, 252, 0 Tjki )
(p# q DEZp(z)p) # (254))
ti = () + o(x52) + - + (i)
AR i B2l & /R 9.
X = {x1, 72,73, 24,25, %6, T7, T8 }
C={1,2,3,4,5,6,7,8,9}
prxy = 1,xe = 2,03 = 3,24 — 4,
r5 — 5,06 — 6,07 = T,x8 — 8
L ={(t1,m), (t2,72), ..., (tz,77)}
r1 = (21, 22,73),72 = (26, T7, T8)
r3 = (x1,74,77),74 = (T2, T5,77)
r5 = (v2,74,%6),76 = (23, 5,%6),77 = (23, 28)
t1 = (1) +p(2) + p(r3) =1+2+3=6
to = 21, tg = 12,64 = 14,15 = 12, t6 = 14, t7 = 11

4.2 R0 HRIE
EHUEAZV AT 5 S, BEEOMNEEZ T VX

LZIELTULE S &, BEIZ L o TIA DI

RoTUEDWREMNH . TOHOEREND LEEDH

DXFTVWEEIZRD KD, RIFZETIERELZEOEEIZ KK

HBEAWS., 2ELEDEETIIWL OPOREMLH 5

7280, FNHIZDOWTONERTIBELRD S,

4.2.1 Kamada-Kawai ZDHE

KK #Ex2 HWCEZDNBEREZ T 725612, B20

MAK 19 DX D ITIENDHERZL —DURDRN D 2 H/

HWEEN L WAEICHE I NS, TOEZRIZORN -7

WENF SRS NTUF D Z & TR S LIV DR D

—HHREATLESIGELD L. RANVOBRBELZ 2

THEEBOHEIE RoTLES &, BENT YYD L

IZEHZR - TUE D AN X, N2V ORI A

EETULES. AR TRIOMEONEL LT, 1ZHD

—DODHERL UPDRN Y 2R VWEREONEZ LD S

Bz, —~EDMERT, TOHERZIIDRNDLERIZIS5IZD

BB ERDONT N L ALEE R TH SAERE % 1T

5. X3 DOHTIXMNATE 19 LT D A DB OEEZEDE

BANEZBICHEERZED S Z T, MEERRRTSZ

EMTES.

4.2.2 FOREHE

Rl 2 PRE U7 A 2R BWE R TR0 T

ERLRoTLES 2D, AFD@b, F T izttt s

BEDREELTD.

(AT ictanid2 35, BT icEBnaidz2 LT
FRRTAHTHUNERGIZIT S, 2720, ZOHEC
1%, FIOBHAL K 1251220, Bl=tDF|FE LA %
FBEFNTTL A REMED I 2, FAID NIz B
WS MEYR D B.

(2) S 27200 Mz HCHRT 2. BHERF L2 HMIzD

© 2017 Information Processing Society of Japan

Vol.2017-HCI-172 No.26

H{Q@

12 28

2 FALRE
Fig. 2 A distorted layout

.%Q 0
llr) A -(D—LJ

3 WEHEINAHE
Fig. 3 An improved layout

RN A OB AREIC 2B FR e LT, FIF
ib‘ﬁ&%bt)ﬁ’cﬁm‘@#ofbij L, ZTDHHIR
IZEDERIZED > TV PO SR R>TLED
ZENBIFOND. I THRLEREKAZERL
12, D272 DMEFHITERL, I TDOAHHD

2550 F52 2T, FIRLEAZEL RTINS
HHRR LR, FIOBUNER 5L L ETE S,
5. =i

AW TIHEEEEIT Processing & W7z, 728XV DN
BEANTE2200E0, /N2 % AL U EBRIZERNZ
DDOEDD DT THEEL .

5.1 ANRA - ANEE
AV —RTARANEERT DHG, NDFTEHED
B, RERIZADE, FIOK, BINZEDERDTRIES 50



ERLEBZSRFRRE
IPSJ SIG Technical Report

......

EEEEN

" EEE

B 4 AJ7m
Fig. 4 An input screen

KOZDIEFEN AT S NNEERY OTHEIX 712 L ET
EHRBTEDIDT, ZNODHEEZ ANTEHTIANLY =
FU—REEHRLZ (M4). SZVONEF txt 77 1
ELUTIRIFE NS,

5.2 KRIAZE - RnEE

FTNZANOWERE txt 77 AU SHEMAAL. Dk
E txt 7 7 A IVITIEEINIFTE T 5 BRERDOMD AR L FERE
IZHRRT B ORI W=D I I THRET S, £72 KK
ECRHHATE72DRBEHRIZEDEENDEN > TVEHRD
EHREH 2 ZTRET S, RIZKK B2 HWTREZDNE
ERET S, 20 & ENRZVOFLAEHEOH LS T
TULEW, ZOEEE FBIZKET SRZ v (M5 D)
WHZ>TUEIZ DD, TITKKIERZFETLEE
b EEOAM & AMOBEFZD x I 5 X Z )LD HULD
x JERE A AR, S 2OV OHULD x FEEEHNEE O HUL D x JE
BEZRD KT RTCOEFEEATA FT 5. £-EDH
MO EROEED y B, Wi Nl R X i8R
MNEL->TULEDLRWE S ED LOEREMMMH O L0
WEL D LD TRTOEREZATA T D, TDOHEKRX
VEBREBULAZIVERRTS, REVIZAALEZWEEZE
BIRT 2720060, AAULEZEERELWAF Yy 2T
5720DHLD, BEADDNOK)P-T-L EMEE2EKRT S
HDEFEEL.

6. =HR

A TIREL 7= KK EOWBENE OFEEDS R
HEIDEREITD. A 22U =N EDFRE OB
DNRANDMER T E LD, BRODRE 2L 2 CTER%

4= =

T2,

6.1 Kamada-Kawai ZDHE

6.1.1 ERAE

KK #E &R U7z KK 2 20 0028 2zt U T L
PERE A RS 5. Bl G LCIRIEr0EEZE —D L
DR BRI VBERICEFRT Ty VefioTy YD
LA FATRIM A WS, TR OFIIREE LT
KK ETHHAT AR A —RE2HEUKR, BEOAM

© 2017 Information Processing Society of Japan

Vol.2017-HCI-172 No.26

2017/3/7
m 2
22 _( (6> -
Y P
J/ (,2)\ /
G| ¢
\ @/
[11] (}> 1 <8> =
[ @ ™
®
[14] “
OOOOOOOOE [ @)

5 KR
Fig. 5 An output screen
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Table 1 Experimental results

N2V | Fik AR | FEATRE (R VP
1| KK 1 3856
WE KK 0.3 166.2

2 | KK 1 179
R KK 0.4 260.1

5 | KK 3 349
WH KK 0.9 457.2

10 | KK 2 193
WE KK 1.4 277.1

14 | KK 2 252
WE KK 1.2 1634.2
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Fig. 6 Using different colors for lines
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