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Carcassonne

Peter Norvig & Belinda Borman
norvig.com/caracassone.html (2017)
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https://norvig.com/carcassonne.html


Voorstellen
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Infomatica bachelor

studieprogramma
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https://www.universiteitleiden.nl/onderwijs/opleidingen/bachelor/informatica/over-de-opleiding/studieprogramma


Motivatie
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kromme van Hilbert

zes ‘tegels’:
twee recht, vier bochten
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recursie, iteratie

vier kopieën verfijning
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Logo programma

wikipedia

to starthilbert :size :level

hilbert (:size / power 2 (:level-1)) :level 1

end

to hilbert :size :level :parity

if :level = 0 [stop]

right 90 * :parity

hilbert :size (:level-1) (:parity * -1)

forward :size

right -90 * :parity

hilbert :size (:level-1) :parity

forward :size

hilbert :size (:level-1) :parity

right -90 * :parity

forward :size

hilbert :size (:level-1) (:parity * -1)

right 90 * :parity

end

aanroep

starthilbert 200 5
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http://en.wikipedia.org/wiki/Hilbert_curve


tegenwoordig . . .

Programmable disorder in random DNA tilings
Tikhomirov, Petersen & Qian – Nature Nanotechnology (2017)
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http://dx.doi.org/10.1038/nnano.2016.256


en in Leiden . . .

Jigsaw puzzle design of pluripotent origami
Dieleman, Vasmel, Waitukaitis & Van Hecke – Nature Physics (2019)Rekenen met Tegels Motivatie Onderzoek 10 / 50

http://dx.doi.org/10.1038/s41567-019-0677-3


Simpele regels
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Sierpiński / Xor

de buren bepalen de kleur
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http://en.wikipedia.org/wiki/Sierpinski_triangle


Sierpiński (ingevuld)
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http://en.wikipedia.org/wiki/Sierpinski_triangle


Sierpiński driehoek

wikipedia

Rekenen met Tegels Simpele regels 14 / 50

http://en.wikipedia.org/wiki/Sierpinski_triangle


driehoek Pascal

1
1 1

1 2 1
1 3 3 1

1 4 6 4 1
1 5 10 10 5 1

1 6 15 20 15 6 1
1 7 21 35 35 21 7 1

(x+ 1)4 = 1·x4 + 4·x3 + 6·x2 + 4·x+ 1

1
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afgelopen woensdag

Oritatami Systems Assemble Shapes No Less Complex Than Tile Assembly Model (ATAM) – STACS (2022)
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https://doi.org/10.4230/LIPIcs.STACS.2022.51


Spelregels
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tegels
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spelregels:
– overeenkomende zijkanten
– eindig veel types
– onbeperkt veel
– niet draaien
– eventueel randen
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(1) inkoppertje
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twee tegels
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(1) eerste patroon
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(2) tweede patroon
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(2) tweede: tegels
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(0) Sierpiński (tegels)
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http://en.wikipedia.org/wiki/Sierpinski_triangle


Self-Assembly

Algorithmic Self-Assembly of DNA Sierpinski Triangles (2004)

Rothemund, Papadakis, Winfree; PLoS Biology
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http://dx.doi.org/10.1371/journal.pbio.0020424


Torentegels
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(3) torenvierkant
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(3) torentegels

00 00 10 11 11

0 1

finite state automaton
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(3) torentegels
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(3) torentegels
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0 1

finite state automaton
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(3) horizontaal én verticaal
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automatisch vierkant
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Vierkanten
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(4) vierkanten met midden
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(4) herken een vierkant!
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(4) tegels voor vierkant
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lijnen niet zichtbaar
plus rand- en hoektegels
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Verbonden Tegels en Logische Puzzels
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moeilijke patronen

• alle blauwe tegels zijn aaneengesloten (moeilijk)

• evenveel van beide kleuren (heel moeilijk)
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logische puzzel: Kuroshuto

janko.at
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https://www.janko.at/Raetsel/Kuroshuto/125.a.htm


SAT solver

3

1
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32
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1514 16

5
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xj vakje j wit ¬xj zwart

overal: zwart dan alle buren wit
¬xj → (xj+1 ∧ xj−10 ∧ xj−1 ∧ xj+10)

overal: wit dan tenminste één buur wit
xj → (xj+1 ∨ xj−10 ∨ xj−1 ∨ xj+10)

getal ’3’: wit en één op afstand zwart
xj ∧ (¬xj+3 ∨ ¬xj−30 ∨ ¬xj−3 ∨ ¬xj+30)
ook: geen tweetal zwart: zes formules ...
(xj+3 ∨ xj−30)∧ (xj+3 ∨ xj−3)∧ . . .
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Kuroshuto: aaneengesloten

janko.at
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https://www.janko.at/Raetsel/Kuroshuto/125.a.htm


Kuroshuto: aaneengesloten

janko.at
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Kuroshuto: aaneengesloten

janko.at
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Kuroshuto: aaneengesloten

janko.at
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Kuroshuto: aaneengesloten

janko.at
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Rekenen met Tegels Verbonden Kuroshuto 37 / 50

https://www.janko.at/Raetsel/Kuroshuto/125.a.htm


aaneengesloten

Klaus Reinhardt. The #a = #b pictures are
recognizable. STACS 2001. LNCS 2010 (2001)

wikipedia
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https://doi.org/10.1007/3-540-44693-1_46
https://commons.wikimedia.org/wiki/File:Prim_Maze.svg


Binaire getallen
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binaire getallen
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tientallig: machten van tien
340810 =
3 ·103+4 ·102+0 ·101+8 ·100

binair: machten van twee
32, 16, 8, 4, 2, 1

11012 =
23 + 22 + 20 = 8+ 4+ 1 = 13
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plus één (achterstevoren)
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plus één (achterstevoren)
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plus één (achterstevoren)
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half adder

(Left) Four tile types implement the half-adder with two inputs A, B
from the west and south, the output S to the north, and the carryout
C to the east; (Right) copies of the half-adder tiles turn the L-shape
seed into the binary counter pattern
L.Kari, S.Kopecki, P-É.Meunier, et al. Binary Pattern Tile Set Synthesis Is NP-
Hard. Algorithmica (2017)
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https://doi.org/10.1007/s00453-016-0154-7


half adder

A B C S

0 0 0 0

0 1 0 1

1 0 0 1

1 1 1 0

S = A⊕ B

C = A · B

https://en.wikipedia.org/wiki/Adder_(electronics)

C

B

A

S

1

1

1

0

0

0

1

1

0

0

0

0

0

1

0

1

Rekenen met Tegels Binaire getallen Plus één 43 / 50

https://en.wikipedia.org/wiki/Adder_(electronics)


full adder

S = A⊕ B⊕ Cin

Cout = (A · B) + Cin · (A⊕ B)

https://en.wikipedia.org/wiki/Adder_(electronics)
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binair optellen
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0101110 + 1100111 = 10110101 (achterstevoren)

58 + 115 = 173
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Ter afsluiting
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Tegels kunnen rekenen

Alan Turing (1912–1954)

science museum

Turing machine (1936)

computability : wát we kunnen berekenen

complexity : hoe efficient we dat kunnen

A.M. Turing. On Computable Numbers, with an Appli-
cation to the Entscheidungsproblem. Proc LMS (1936).

Wang tiles (Hao Wang, 1961)
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https://collection.sciencemuseumgroup.org.uk/objects/co8809078/50-banknote-featuring-alan-turing
https://www.doi.org/10.1112/plms/s2-42.1.230


tegels voor Hilbert?

Jarkko Kari. Infinite Snake Tiling Problems.
DLT 2002. LNCS 2450 (2003)
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https://doi.org/10.1007/3-540-45005-X_6


tegels voor Hilbert?

Jarkko Kari. Infinite Snake Tiling Problems.
DLT 2002. LNCS 2450 (2003)

Jarkko Kari. Reversibility and surjectivity
problems of cellular automata, JCSS 48 (1994)
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https://doi.org/10.1007/3-540-45005-X_6
https://doi.org/10.1016/S0022-0000(05)80025-X


Bedankt
en een prettige dag. . .

https://blog.demofox.org/2014/08/13/wang-tiling/ Alan Wolfe

https://blog.demofox.org/2014/08/13/wang-tiling/


Frame Title

There are several experimental assemblies of DNA-based
tile arrays that show that aTAM can carry out computa-
tion. These include a binary counter using four DX-based
tiles [11], binary addition by TX molecules [15], Sierpinski
triangle as a pattern on a substrate [25, 12], transducer
simulations by TX molecules [6], and the most recent
one where different combinations of input tiles achieve a
variety of computations [30].
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