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Small aperiodic sets of Wang tiles

FIGURE 2. Culik’s 13 Wang tiles computing x
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FIGURE 3. Ammann’s 16 Wang tiles [GS87] and a rectangular tiling.
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FIGURE 4. Jeandel-Rao’s 11 Wang tiles [JR21], their equivalent geometrical shapes
[Lab21] and a rectangular tiling.

REFERENCES

[Cul96] Karel Culik, II. An aperiodic set of 13 Wang tiles. Discrete Math., 160(1-3):245-251, 1996.

[GS87] Branko Griinbaum and G. C. Shephard. Tilings and patterns. W. H. Freeman and Company, New York,
1987.

[JR21] Emmanuel Jeandel and Michaél Rao. An aperiodic set of 11 Wang tiles. Adv. Comb., 2021:37, 2021.
Id/No 1.

[Kar96] Jarkko Kari. A small aperiodic set of Wang tiles. Discrete Math., 160(1-3):259-264, 1996.

[Lab21] Sébastien Labbé. Markov partitions for toral Z?-rotations featuring Jeandel-Rao Wang shift and model
sets. Ann. H. Lebesgue, 4:283-324, 2021.



PR TERE “"“"‘_%‘“ue% da uifor W“@j & [\;"\ohﬁ(f-d/\ ‘é ub%y{
s S Lo

& T | LaBR|

,Q)Z/\ -‘—A/C"(S i\):\q‘}e\\ 3\_&\"\;@,\, 2N

W&MB (\‘] & l\ Proposs-
> > 4 s quman's cwﬂféﬁ&i
lml JANENN %Ef ( Fowulen cte Weansy
I \ a (OSO‘\V\Q, %AQ__ ﬁé\ Con .ET\ B/Lﬁ/\:\\‘b"\ N L\.‘\ Uf{-{-\:‘ € /('Q/,). /\LA} < =6O CIMT‘Q ﬁr{f,l‘,

San Keo cAtCS ! |
A BC
c AB
B c A

o, axflyumen o

ﬁ US&{ /60/’ C‘Gb{*_/t,c:u;vi-
2, 5 A

) ;
5 >
7 /1
- 2, 5 4 -
Un oldﬂlbvd’ Y /\,Q,(*sze c,?; uu‘(‘«* GK‘M Jy"
Lo \Ltw Az “(‘t;kqn Caq Mb\‘ C i .
P / PL (= mfw{% N WMA

(g61) Un oms- fint de r;
<j-_;7 /Z,Q Cu{mﬂL U /&jdr“a’(‘l C)/' ‘(‘A..

MJF HLe - Fc{\f@l..

® 7 lgi}(\ wnD
o A J& RZLJU“ oV Kduu{ oot ,.OU;H((YM;{)C!g/ Teamdd Verweq 3220
a yﬂ . , Greerfdd Tae QO'L’%
JT::(U\ © E)(i;i@v\w Mﬁfww As ‘lw\w C\F&J\OG@‘» (7 Lf) /\’W)[u,i /&5)
[GMP (o\mﬁt“o’\khcwh ;;4’.4.%(’/\ (la.‘i) ) kn uﬂﬂ (?L) ¢ ‘ 'C& M\’] -
3 Polansan (Sk), Awmann (\B) R (Iq)’(w@l\’(::s}/jfan)
Sans el Poswase (1774) fhe He (2073
\ ) - .
w& . Amimann (16 “fu.;fm\ , 195F
kow (W telo) 1976

Culic (13 Teulwo) 1976
Vet - Ka (I Feuley ( Lo|$



L-P/.B ‘L{ ijA/; ‘V—) C‘Qe, K CUUt Su;t ‘\S'&’P’\.h“ ‘:\C'\‘ Cﬂt’d:} Ji/(ébui‘}{rcf}w/b

A
O‘Z\ %Cd)( eV c\(ﬁcc(é& Ov\,d&nﬁ@w& ﬁu/

’Lam‘sw
hwﬁ‘} r\)e lDka A thfu.a b daua /@fns fﬂ{/{c( Lw( )

caofen

N ,QY C SQM
AL

D E,\ 2»\4-(-!3 =) -1 %" o 2(%\!-%:’),4-0)_()%

-\ ) 5

Z soft
‘ X ; \\M-\- "fo\,jzg @A Saff;s
Obsavadion  Une Mg do Jules madHp P g
& | o cbkq %-.\pl < C, --;d! t-\t&\
Rt O q,- !DL N d\—L i:\&q\
. { « A
666E+C,:)a{-f§_lg<ﬁ C(,"‘ \éWg Ak
: : CEZE’& € = ZO\A”‘K

J.’i

‘PA:OPOS\}‘(W\ k&b\\ Lu:s H 'hul*“ chk@d» V\a(lhu“*’—“ ]b“o Ao UL&&‘X({ )/ ‘(‘0\
CYLQAC\M kx‘q

Yewe Sr_% kQ>D-€~«*‘M ﬁw@ﬂ@% . v
T e Sot Br=£ Z bis,
‘ u( T C;K—f X A:"
Ci % c‘{u( -.DZ -_:J’% E Oki‘j ;
3 R ' A:\
7 T Dot b
deic pava o FER3Y



L& Qwsew*a ( (e z%‘,ul que, ()\w\ mebﬂ /X(//\ uﬁ
S@ufz, ‘Dyf]h)(l"bl& BO‘) 3

%(x) = | in) -] G-Nx|

Vel .
m Q % éfR\@ «JG)’\b B(X) Qa\f une S»uf‘e %+u rmfwctmg\su,l,g F\»;}
v B(X) T pllaiqee & X C Q- ¥

/&e

LZMYM \7/%(:

Gy, Y EIR Lo swite oo Tk {tr,% ren
B

L- 1563 [

B( X‘)L ,
(rﬂw Un Fq UL‘ZACI-’{ Juu b ancls l’mh:’—aﬁﬂ
2 /chx\f)oid‘e '@uﬁac& o Qe N+W =S+t E

P/wa, %N{.w %(L”‘ -G~ |\><D (%[(i-hxj Cg(%hxb

g L=y - Lgi~]

= gLl 0N
= (L"CXL R I}éx}) (%L‘xj LZ"‘)
= S+E
Lcmme, \Vl%c@m Vak\ 6:74-
abo = Zf:,?c 167L A el 4, ‘“"3 g x (:ZLLHG}
2t un ens, B o&L“h,u(c» \/Ua,wg‘ X

Lk‘\Mww_ LW\S e ka,u ot TL o1 Y ‘7— )l UT;’ e . [

Y

M )_me c\.p. ')Ft,u(% de kduu kCR‘m&ToU/) r“xvmj/@' OQM. Flcu«,
Yo St 3 2: 7 1£& =
- x sz'zx sixg) -

\ ' 9
Pm +G‘w+ X é/fQ \£ /U;cf&?fe_ v PAVEYL (_’)\‘u'mz, LJCL-V\CLQ_

ot S quelted sopluens St BK) tfoion B(3)



adwet oo onbitw

Dy A e
-&jv\(_.(C’V\, G

SO

AL
13\ _ 1;,;& %o | (e g"kuvﬁe:\z:% i}
. o osisonedive !

ol qer K= ALX) Vi en .
Ouw cans S peivege A F(cc-m ‘)LJ)GL gL Ao
}'«:?tm /C&sz ot wm })a\)a%e Vel A e oo yZ%
ot ntud)‘@ coperiouns  Soudl B(rx,) <

n Tereu St B [ X1 1) - I
LGW\MQ (D ummo\/ G‘qmmci / G\"anc{jmm‘zol? |
7 wadte neN g toud it ud ageloare nxn
Ao pavage de kani - Cudik | de Fype xz,xi.é]
CeV\JHw't one  occvinte e

. © ] = ]
A _ |2 ole 2 A“_z;;_l_ ;’
: 5,33, 3 RS
7 { J t Z
© olo | o e
{ { \ 1 [
\ ;
AZ:‘%(_L_LOP_ A —lo "2° e
%53:3 oW ¥} 5tb;”2_3>
! 2.
o o|° i 6 l
L I

_H'\SZ'_/&?(WUZ_ (D LLMC%Ok ; (J-QVML Lt / G"/LMOKAQC&V\ ,%('T{) |
/% pq\/&%/_) Ae Ko -@/67( ent J{,ﬁr&o/ﬁe })03;7{1'\/9,

) omsermlo

Coollane s kno-Glik pan suastbo it




