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Generation of Polyiamonds for p6 Tiling
by the Reverse Search
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Shogo YAMANE Takashi HORIYAMA

Polyiamonds are the two dimensional shapes made by connecting n equal-sized equilateral triangles, joined
along their edges. In this paper, we propose algorithms to generate polyiamonds for p6 tiling, i.e., those
covering the plane by only 6-fold rotations around two rotation centers. The conventional methods are
basically trial and error, i.e., they repeat generating polyiamonds and checking whether the shapes have
been already generated. Our approach is based on the reverse search, in which we design rules to generate
the next. This technique has the following two characteristics: (1) No trial and error, which implies that
we can reduce the computation time. (2) No need to store already generated polyiamonds. Thus, we
can also reduce the space complexity. We also implement the algorithm and generate 26,875 polyiamonds
with n = 21 equilateral triangles, while the conventional methods generated 29 polyiamonds with n = 9

equilateral triangles.
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Figure 1: 7-iamond as a fundamental domain and

its corresponding isohedral p6 tiling.
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Figure 2: The root polyiamond for n = 7.

Figure 3: Region (3) of the root polyiamond.
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Figure 4: Levels of the equilateral triangles.

NVETRFZ XS ICHMIE=AEEBEIT ST &
EHEMiE 7R 5. BlZIX, K 40F 7-iamond O LN
WERL TS, BOKENED LN)UIE 0 TH
D, WORBICKEHET 2 HALE=ABIE LIV,
ZIhBELICKHET 2 HNIE=MEO L)V
2L7%%.

7z, HALE=MAEOBENCIEBEIRONIE S
K2 A VIARETH 2 0ENH 2T, B
D% TR CREBIC RS 2 MEICHEE S8 5.

MR T, AEZERT 2 T2 DITEREDK
FEACH U TZ DN —RICIRE B IL—IVTH %4
BhHB. FODked, 2 DU EOBHEMGND S
BaE, Enb 1 DOBEIZ LS P SHAD
BEheE LN asEy. 22T, #HO
BEMED D 2855, ROK S ISBENIV—)V %
F%.

GEIV—)V 1) EEAE O AT =M 2RI
DI 6N55E, ABEORSDO—FHNEWED
ZREEE 5.

X 5 D& EGE, FAEEHO 3 £72id 6 Z5E)
L, MOKEANLEDFEZTEENTES. D
BRI FEEEOFE S D/NE W 3 DENIE=AEER
XL ODNFNOEANDOIELLRBH LT 5.

GBIV—)V 2) BAALIE = AT OB ERAALE &
LTCLARNVONE L 5 B WiBNERD 5155,
NIVD—F/NE LGB IEMIENBIEE 5.

X6 DX &GS, LNV 3 OHAIE=MAFIX
L)L 2 £720d 0 ONLENEBETH LMW TE
%. TOHERID LNIVD/NENLAR)IL 0 DhE
EANBE TG 72E OM TN SEANDIEY S BE) &
T5.

HIRRITE D6 2T DER

AV
NN/

N %
AV
\A\/

Figure 5: Example of additional rule 1.
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Figure 6: Example of additional rule 2.
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Figure 7: Equilateral triangles around the origin.
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Figure 9: The family tree of 7-iamonds.
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Figure 8: Example of additional rule 3.
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Figure 10: Polyiamonds of the same isohedral

tiling with rotation/mirroring.
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Table 1: Generated polyiamonds and the compu-

tation time.

n |terminus| fixed gircliee d free Elsrencej
1 (0,1) 2 1 1] 0.01
31 (1,1) 2 2 1] 0.01
41 (0,2) 6 5 31 0.01
71 (1,2) 22 20 20 | 0.01
91 (0,3) 62 57 29 | 0.01
12 | (2,2) 412 390 195 | 0.07
13| (1,3) 530 504 504 | 0.10
16 | (0,4) 3,063 | 2,964 | 1,453 | 0.71
19 | (2,3) | 10,722 | 10,357 | 10,357 | 2.56
21| (1,4) | 28,276 | 27,436 | 27,436 | 8.37

BI7D polyiamond D AERGE [3] Tld, HAIIE
=MD n = 9 £ TD free 7% polyiamond
IKDWTHRZIT> TS, ARTRELT IV
JVRALTE X1ITRTLIIC, n=21 XTD
fixed, one sided, free 7% polyiamond IZ DWW TH
Kztiole. BRIV XLTIE, BHFOFE
XD & 3HIZWMEED polyiamond 7z EKT % T
ClCI LTz, £z, n=9 FTOIXRTTHHF
DFFHELFCKENERTE TS L ZHERL
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Z D% E LSRN E W,
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MUCIFIRIKTE 1,187 k 731 - OFEED AT & 7%
. RETHTIE, THZ 368 k /N FOFHKT
FERLU TS, RFEDRELF RS n O
N U TR TH B 728, KEZ n il T
WL OFRMEEOZ I ETETILNS. T
NIV —IVIEHE> TROKRE 2R TE, F—%
HEDAE LWV S WERRORREZXL TS, K
s TOWERER 2 AWz polyiamond DARKIEILET
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Figure 11: Partial list of 21-iamonds for p6 tiling.
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