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NP-completeness of Picross 3D without Segment Information

and That with the Height of One

TAKATA YOSHIAKI'*® IKARASHI TATSUROY !

Abstract: Picross 3D is a puzzle provided in a game software published by Nintendo. Kusano et al. have
shown that it is NP-complete to decide whether a given Picross 3D instance has a solution. They have also
shown that it is polynomial-time solvable if we restrict the height of the instance to one and erase segment
information from the hints. However, it has not been known that which is the source of the NP-completeness,
the height of the instance or the segment information. In this paper, we show that both of them are the
source of the NP-completeness; i.e., it is NP-complete either if the segment information is not given and the

height is more than one or if the segment information is given and the height is restricted to one.
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Fig. 1 An Instance of Picross 3D and Its Solution.
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Table 1 Known and New Results.
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Fig. 2 A Structure Simulating a Truth Assignment.
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Fig. 3 A Structure for (z1 VT2 V a3) A (T1 VT3 V 4).
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pn=pnt(j) =1— (j mod 2) D&, z; € cl; THH,
M2 XD poo. # pwow. 2 Tay=pro.=1TH
D, ZOEMMEEHID Y TITB W TH ¢l I3ETH 5.

pn = pn=(j) = jmod 2 DHE, T; € cl; THH, fil
B2 XD poo. =pwoy. 2T o =pro,.=07%b
LI =1Tdhh, ZOHMBMHEHDHLTIIE LT cl; FHT
H5.

PllEXD, (*) OEBMHEEH D LTI X > TTXRTOHED
HERBDT, ¢ 3T TH 3, O
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Fig. 7 A NONOGRAM Instance and Its Copy without Seg-

ment Information.

mE 4 A e PRETRER 61X, ERLF, S, T ITxt
LTSt Rg 272 S P = (puy.) DALY 5.

GEH) ¢ =1 &2 EBEED Y T2 —DEET 3.
1<j<kTHEEFITOOT, tymat; =0 CHD D’
1<z <muw OFEPHIZE X9 E3EHHD, o, 1D 31
DY T INVICZENZNHNIGEL TV S, Xl X pgry; OF
T, o, TOETHZY) T INICHIET 270y 7 &2iHE
L, ATHBY T INMHIBT 270y 2 25T, ol f
WA EDL —DHETHLV T INDEET LI EDS,
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JRBELRIZFHET S ET, ¥ somaq; =2 2l
723 ENBTE S,

=4, 1<i<m TH2 i 10T Pl tyuw+1,2,(-D)d/+1
=2 EEE, ZNICAEDETCI<z<w, 1<y <2,
1 <z <md DEEAD puy. &, for, sy.z, te. 27T X
IIZRET S Z ENTE S,

CDEHIICLTHRDZ PIE, FC, T DR 5
1<z <wDHPHD f,0= fSICHFEL R, O

%ﬁé?)&()zm)%%ﬁl# 25,

I 1 PICROSS-3D-NS"=2) |3 NP 522 TH 5.

hE, o5 F, S, T~OLEHENTOL I IEHTH
W, LELOREE, §fF Rs FET 2560 (Thbb
PICROSS-3D("=2) @) NP 5e&MEDFHICH %% T Hho
x=muw DIE z=mw' +1DFNDR, LN z=muw +1
DINE 2 =mu' +2 DIIDINZ, &L 0 DIE 2T
TGBIL, w=mw' +4 5%, FIZBVTIE, EML~
Flicwdsey bMEy E95%, Shobey P IF 22 TR
TOREEMAL, SOk CEETSE, B
BERELTOEDTE>2ThSC &, ROKH cl; 78
FUEABDIEY T 7V EAY) T IV ERRHCE 20 EHK
ELTRB I Ens, i, .. 6 ONTO THRVWER
LD 5 2 L 1k, (o, By b s, — @ ko
BIL T, &t Ry Zii7-¥13 R b HEIICH -3 15,

5 B 1DMNAEEYORD NP T2l

EX1OVERE 7 21006 (E7 R, BighE
Yy 7 ERMEING) LEPLTwE, MTERODL
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Fig. 8 A Structure Duplicating a Truth Assignment.

SLOREG & Z D% R L T3, KOLEBRO EFHD
BrENEEE LTH52onser b THD, BV MITht-
T A2 BT, RENtKE2 Ao T 2L
B, RAVOHWNTH S, BHEOOD LTI, v b
BZDTH 20O L DR T A FOREZIZEL T
%, BEDDDC 6L O HEIX NP ERTH S [4].
—77, MTHEDXIIZ, e bPELTZDITDH 2 0IRHD
Ho20BB0AE72, v 7A v McET2ERES 2R
W E L7256, K7 v —REIC RS L < EAR
TIREEHIEZIT) T LD TE D [2).

BE1DVAE 7021300 5 BICEM L Tw 323,
(1) Eiioe v b THdH 5, (2) v bBEATH 50H
D%, B) %D T AV FOREITIEERL 70y 7k
LT AV MDA Z oS, £, 3P LEDET XV
MK Sy, EwIELEH S, SR [2] T,
AV MEBEZ o WE S 1 DR 7 a A DFHIE
M (PICROSS-3D-NS=1)) 3% AN g Tdh 5 2
ERRENTWS, BAERICIZ, PICROSS-3D-NS(=1) 7>
5, FAOWEIC ERETRYH 2 7 v —RE~DRE%
RLTW3, —F, 27 AV FROBERNEZ 5N 55
1 OIARE 7 v 2 DR ERE PICROSS-3D=1 (2D >
T, ZHEREHEED» E ) broTugdrolz, 7
AV EBETINERD L0, o7 v —RE~D
MEIZZOEETIFEMNTE R, —77, kil (1)-3) D
BOps, DD S5HO) NP EEEORE S #EHTE 2w,

DIFTIZ, 3SAT 2> 5 PICROSS-3D=1) ~ % A
Mg %7R 3 2 Ik D, PICROSS-3D=1 %3 NP 5¢4:
ThHHIELERT,

ZOWETIE, X8 OfEEE LA EE L L THY
2 (e P FOERITRTLETE), EVhs ;=0
kb, Zodlohict x ) 3Ty 2 #EL, o
AV MR 2 LTI RS Ry, BV Rt =1
LD (6,1,1) D70y 7 3B TEI A FHUER S e,
- T, &M R, Rg %7 TR,

P=(00010110000),
$71% P=(00001101000)

D2 L7y, DFD, pir1g # ps11 PO P =
7 PO psi = psag DT D LD, T OREEIC X
D, 1 ZEHE~OEBMHEEH D L TORMiEH D B CAEOE
HAFIRFICAT). K8 OfEEMIMNE, H4H L HLU LT,
3SAT 226 & 1 DYVARE 7 v AREADIRE %2171 .
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Fig. 9 Matrices F', S/, T’ for k = 4 in PICROSS-3D(»=1),

T, mZH, tfHiD3SAT AV RAY VAU, ¢ 258
1 DA E 7 a AME~OEE ERT 5. Bz Rk
DT ELLS k>2 ERET 5.

w, hy dIZATDELHITED S

w =muw' + 4, 7L w =4k —3.

h=1,

d=md +k, 72720 d=k-1

Uxw! 790 P = (f1)), 1xd 4781 8" = (s]), d' x '

T T = (th.) EUTOXIHICELRT S,
1<z<w,1<2<d TH?z, 2IZDO0nT

P 1 zmod4d=1025<ax<4k -7
z,1 =

v Enbist
512:@

0 z<4z-3FlFaer>42+1
th.=91 z=42—1
v bt
k=4DBH50 ', S, T #X9 IR,
Lxw T8 FC = (fs1), 1x kT80 8¢ = (s7.), kxw
FOITe = (12,) 2 S BICEET 2.
HBIREEL pnt (4), pn=(§) ZULT D X I ICEHKT 5.

) 1 j=1 o 2 1<j<k
pnt(5) = pn(j) =
0 1<j<k 1 j=k

1<i<m, 1<j<k 0<pn<3TH53i,j, pnlxf
LT TZ2ERTS., 2FL, j=10LEE1<pn <3,
j=kDLEIFOLSpn <1 LT 5,

r=({—-Dw +4( —1)+pn KL T

1 (z; €cly 22 pn=pnt(j)) £/
. (@; € cly 2> pn = pn~(j)) 713
wt (1<j<k»Dpn=1)

L TNt

u (z; €cly 2D pn=pnt(j)) £7i3
tej = (%7 € clj > pn = pn=(j))

0 zhbist
ty.=0 7L 1<2<k, 24
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x= 1 w 2w mw’
: ; z=md’+k
T 1)
"""" z=md’
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r=| ||y
~~~~~~~~~~~~~~~~~~~~ =24
T Lol
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T ©n
0 z=1
Il
F= ’ F -

10 3SAT 25Dl 3 PICROSS-3D(=1 A v 2% > A
Fig. 10 The PICROSS-3D(*=1) Instance for the Reduction
from 3SAT.

mw +1<z<w, 1<z2<kTH5zx, 22T

C

2l = U

7. =@,

e Ju r—mw =2 F7213 4
IJ_{o 2B

Lk, LOEEDNS, fli=1%0f,=1TbHs. ¥
72, el BFEUEROEY 75V LB T 7L % [l
ICEERVEREL TR EDT, FI5 ... 85 DFTO
TROWEEFALZBEET 2 2 i3k,

B ok e AMEF, S, T &, S, T, F°,
S, T # 10Dk H)ITHET S I L TRoND, THOD
1<z<md OFFHDI S T ZIEL ZWifTOE v b
ZTRTOTH 3,

DIEg, 2o F, S, T 2’5 R, Rs 279/ P 25>
LE, DOZDLEEDR, VRN THL I LERT,

BES 0<i<mé&l, z=iw+1, z=id +1¢&
5. LElF, S, T 235t Ry, Rs %7z $R P = (pyy-)
EROLE, 0<j<k-2ThH3jlco0T

Px,1,2 = Pa+4j,1,2+55
Px+45,1,245 75 Px+4j41,1,2475,
Px+45,1,245 = Px+45+3,1,2+5>»

Px+4j4+1,1,245 = Pr4+45+4,1,2+5-

GEW) T7, S' DR SERICE A 5. O

fE6 1<i<m, 1<j<k&l, a=(—-Dw +1,
z=0G—-1d' +1, 22=md +j &35, ki F, S, TH
%Mt Rp, Rs 27z $ff P = (puy.) 2RO L E, UTO
(1), (2) DIRY LD (1) @ € cl; %61, o/ =x+4j—5+
pnt () KN LT pro. # poroer. (2) T € clj %515,
o =x+45—5+pn(§) ICNLTpro. =pu o

GEEA) #iE5 & F, T ORRH 6, Hi 2 &L
TER 5. O

#WRET LEERF, S, T2%M R, Rs Wi/ $F P =
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(Days) ZFFOH B1Z, PR ¢ IFLRTRTH 3,
HEIE ¢ BT TTRER 512, LEF, S, T 1Cht L T 4fk
Ry, Rs 27T P = (poy.) DHEET 3.
GEW) W6 75, HM3, 4 LABICLTER2, O

EIE 2 PICROSS-3D"=1V |3 NP 584 TH 5.
6. £&O

ARTIE, BICHIRIZR B 7 Ay MERIEZ S
nhvifkesax, Rk 7 Xy MERIZGZ 5050
&% LICHIBL 237k 70 20WZFICo»T, RO
FAEHEDB NP 52 TH B I 2R L, BiFICOVTIE
FIZ2ICHIBLTH NP RBETH S I Ldibrr o7, X
BR2 kD, OBBEINPREETHL I L, ROESZ
W1 Thoe 7 Ay MERGE Z 6Nk WiEEIIZ%IHA
BB TH 5 2 EBbhroTwid, SRIOMERS,
BWEMW1THE L, RUORT AV MERDBEZ 600
ZEDELSDEHENRIFITS, P=NP THRWRD, i
R 7 1 2 OfRAFAEHIE R 2% TE IR TR L 7 2
EDbhot,

S, EE 1 O5A&D NP BEMOEH T, ATFT
bbb T AV MBI E2THS) LwHiEv b
DEBEAREEZH > T, Sk [2) T, ALEE L P
BrzXBILzwE LEA, 9hbbe Xy M1
D2 EDPOXF L 2T wiGAIL, I 4D ET
HIUENP TETH 2 I EDRINT 7, AHDOE 4 fi
DERE Tl _ 7z PICROSS-3D"=2) ¢ NP 522D 1%
AT FE>TORRVLDOT, BEH2 M ETHhiuiEK
FEMARF 2R L ZWHAETH NP ERETH S I Lol
FA5., @3N 1THhOIBT LT AL Rni
&, VARE 7 0 RDBIEEHIEDI NP 5BR2E ) L ET
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