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Universal Tileset
at 1°2

A universal tile set to build any (assemblable) shape



|s there a universal tileset
at 1°=2 7

* Yes! Up to rescaling
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|s there a universal tileset
at 1°=2 7

* Rescaling : intrinsic simulation

Brice Due 2006

The Game of Life self-simulating itself intrinsically:
Smaller cells simulate macro-cells



Comparing tile assembly models

Is there a set of intrinsically universal tiles that
can simulate any tile set?

What does “act like” mean?

e What is it that tile assembly systems do?
e Make shapes and patterns
e Carry out a crystal-like growth process (dynamics)
e | et define simulate using these criteria that are intrinsic to the model

Damien Woods



Simulation

e For (any) simulated tile assembly system T
o T = (tileset T, seed assembly o, temperature 1)
* Tile assembly system U simulates T if:
e Tiles from T are represented by m x m supertiles in U

* Assemblies produced by U represent exactly assemblies produced by T
(via a representation function R : Blocks of tiles from U -> tiles from T)

 Dynamics are equivalent in U and T, ignoring m x m scaling
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Simulation definition

Universal
(simulator)
tile set
Temperature = 2
- R
A D
Simulated j&
tile
N
Simulator |
T U supertile
Hi Preassembled * Green tiles are simulated by supertiles
a seed structure * For each assembly sequence in the
seed dI (encodes simulated simulated tile system, there is an assembly
TAS) sequence in the simulator, and vice-versa
7
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Simulation definition

Universal
(simulator)
tile set

Temperature = 2

s
A

a

Simulated
tile

Simulator
supertile

o

AT u

|%| Preassembled o Green tiles are simulated by supertiles
seed structure * For each assembly sequence in the

seed dI (encodes simulated simulated tile system, there is an assembly
TAS) -7 &ﬂ sequence in the simulator, and vice-versa
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Simulation definition

seed d|d D eIe

1

M »—nI»—n T .

1
Damien Woods

TAS)

-
-
Preassembled 1l
t seed structure
(encodes smulate}? )

Universal
(simulator)
tile set

Temperature = 2

s
A
a

Simulated
tile

Simulator
supertile

Green tiles are simulated by supertiles

For each assembly sequence in the
simulated tile system, there is an assembly
sequence in the simulator, and vice-versa
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Simulation definition

Universal
. . . . simulator
Ignoring m x m scaling, production & dynamics are ( file set )
equivalent in the simulated system and simulator
Temperature = 2
' W R
A A D
1 -1 .
3 T Simulated &
= o tile
“—
A
e
B ofe C em Ly Simulator |
IE' ¥s .
Al T F U supertile
a f Preassembled , . . .
114 13 =N =3 < Green tiles are simulated by supertiles
S:d diD eIe E I seed Strl_JCture * For each assembly sequence in the
; (encodes simulated Ly simulated tile system, there is an assembly
i TAS) — H| H| FH sequence in the simulator, and vice-versa

Damien Woods etc. 7



Is the abstract tile assembly model
intrinsically universal?

N

abstract tile
assembly model

Universal
tile set

Damien Woods



Is the abstract tile assembly model
intrinsically universal? Yes!

N

abstract tile
assembly model

Universal
tile set

Theorem: There is a single intrinsically universal

tile set U that simulates any tile assembly system
Doty, Lutz, Patitz, Schweller, Summers, Woods. FOCS 2012

Damien Woods



Simulation
e For (any) simulated tile assembly system T
o T = (tileset T, seed assembly o, temperature 1)
o T|Ie assembly system u srmulates Tlf

|Ies from Tare represented by m x m supertlles |n U o

o Assemblles produced by u represent exactly assemblles produced by T
(via a representation function R : Blocks of tiles from U — tiles from T)

e Dynamics are equivalent in U and T, ignoring m x m scaling
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* Rescaling : intrinsic simulation

Tile Tookup probe file lookup
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Examples of macro-tiles

11



Superside

Encoding of the
entire simulated tile
assembly system
written down using

tiles from the
simulator U

a
©

b

b g
A F
a cCe f
2 f
Seed d ﬁ e E

Temperature = 2

frame| glue tile lookup table blank probe region probe table tile lookup table glue [frame
X e —— —— —= — —= —— —= — — = — —— ,
4 Olog|T)  O(TI*log |T]) o(|TP) o(|TP?) o(I ) O(T*log |Tl) ~ O(log |T]) 4

Damien Woods

| 7] is number of tiles in the simulated tileset T.
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| glue |frame|_

|qe} dnxoo) a1}
tile lookup table

jue|q
probe table

uoibal aqoud
probe region

Tiles from the universal tile set U
3 are arranged so that they encode

a 5 . .
dT some simulated tile assembly systemT
Preassembled o -

Seed Su pertlle |frame| glue | tile lookup table blank probe region probe table tile lookup table | glue |frame
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Encoded glue of
this superside

(e.g. “a”)

Superside

Encoding of the

tiles from the
simulator U

entire simulated tile
assembly system
written down using

a
©

b

b g
A F
a cCe f
2 f
Seed d ﬁ e E

Temperature = 2

frame| glue tile lookup table blank probe region probe table tile lookup table glue |frame
4 O(log|T)  O(TT*log IT]) o( o) o( O(Tlog|T)  Olog T} 4
Q =
& Encoding of tile type 1 from T 0
=
| T] is number of tiles in the simulated tileset T. |

[ = hien Woods 14
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= 8
Growth begins from here! °
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Preassembled i -
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One-sided binding with a single strength-t south superside

Damien Woods

---_]'__

Goal: place a
description of
T and “tile 2”

around the 4
super-edges

glue | tile lookup table blank probe region probe table tile lookup table | glue
\ Glue “a” is / _ Tile set Tis f
encoded here Supertile 1 encoded here

encoded here
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One-sided binding with a single strength-t south superside

Damien Woods
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One-sided binding with a single strength-t south superside

Damien Woods
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tile lookup table

blank
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i i/ read
probe region probe table tile lookup table | glue o

\ Glue “a” is / Tile set T'is f \ Glue “a” is

 encoded here
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One-sided binding with a single strength-t south superside

--.]'__

yrobe region probe table tile lookup table | glue T_!- Goal: place a
i T 2 description of
- T and “tile 2”
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Damien Woods

Glue “a” is /

encoded here
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Tile set Tis f
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\ Glue “a’ is

" encoded here 16



One-sided binding with a single strength-t south superside

Damien Woods

Glue “a’ is
encoded here

/

Supertile 1

Tile set T'is
encoded here
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One-sided binding with a single strength-t south superside

Damien Woods

Glue “a’ is
encoded here

/

Supertile 1

Tile set T'is
encoded here

glue | tile lookup table blank probe region probe table tile lookup table | glue T_!- Goal: place a
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EH . T - description of
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Crawler doing a tile lookup

crawler encodes

crawler encodes
“output” tile type

“input” glues
!
move sa to a ar&create e=0 createt=0

a,sa,0 0,sa,0 O,sa,c a,c,0 )e,o 0,e,0 0,0,0 0,0,t t t*
n-1 n-1 n-1 n-1 n-1 n-1 n-1 n-1
V| — e Ji > — N — — |

count | - . - | selectrandom e | - count count qé} - |switch to
down | 1| 1 |between O and c| 1 down 1| down |1 1 loutputting| 1

ato0 ’z:“/" ato0 eto0 t
[1]9) 0 0 0 0 0 0 0
# |1 |#|#|2|#|1|#|random num selection | # | bin(tile a)|# | # | bin(tile b)| . | bin(tile e) bin(tile b) compute state
K 1 2 3 1 2 <«— addresses
0 0 1 0 <«— address entries

address entry counts

Damien Woods

address entries
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Two-sided binding with adjacent cooperating supersides

probe region

Glue “c’ is
encoded here

tile lookup
table

tile lookup
table

Glue “a”’ is probe region

encoded here ' :
Damien Woods '8




Two-sided binding with adjacent cooperating supersides

probe region

Glue “c’ is
encoded here

tile lookup
table

tile lookup
table

Glue “a”’ is probe region

encoded here ' :
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Two-sided binding with adjacent cooperating supersides
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tile lookup
table
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Two-sided binding with adjacent cooperating supersides

probe tile lookup
table table glue
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Damien Woods
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Two-sided binding with adjacent cooperating supersides

Glue “c’ is
encoded here
Glue “a’ is

encoded here
Damien Woods

tile lookup . probe tile lookup
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A key problem

? m N m —1

?

2

Mlleﬁts
I

Better luck next time!

Damien Woods

SR
N
I
W Wi A tile fits, but the
path to the right
| S Is blocked!
7?7 m S m 9
mW\WEEm
S
]
Uh oh!
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Two-sided binding with opposite cooperating supersides

tile lookup probe tile lookup

glue table table probe region blank table glue v
|
""" tile lookup : probe tile lookup
glue table blank probe region table table glue

Damien Woods



Two-sided binding with opposite cooperating supersides

probe region

Damien Woods
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Two-sided binding with opposite cooperating supersides

tile lookup probe tile lookup

glue table tablo probe region blank table glue
""" tile lookup : probe tile lookup
glue table blank probe region table table glue

Damien Woods
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Two-sided binding with opposite cooperating supersides

tile lookup probe tile lookup

glue table tablo probe region blank table glue
""" tile lookup : probe tile lookup
glue table blank probe region table table glue

Damien Woods

20



Two-sided binding with opposite cooperating supersides

tile lookup probe . tile lookup
glue table tablo probe region blank table

glue

b

glue

w,

tile lookup
table

probe
table

probe region

blank

L

tile lookup
table

glue

""" tile lookup : probe tile lookup
glue table blank probe region table table glue

Damien Woods



Two-sided binding with opposite cooperating supersides

tile lookup probe . tile lookup
glue table tablo probe region blank table glue
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Two-sided binding with opposite cooperating supersides

Damien Woods

tile lookup probe . tile lookup
glue table tablo probe region blank table glue
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tile lookup : probe tile lookup
glue table blank probe region table table glue
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Damien Woods

3-sided “uh-oh” example: probes miss each other

tile lookup

probe

tile lookup

glue table table probe region blank table glue
tile lookup . probe tile lookup
glue table blank probe region tablo table glue
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3-sided “uh-oh” example: probes miss each other

tile lookup probe . tile lookup

glue table table probe region blank table glue
tile lookup . probe tile lookup

glue table blank probe region tablo table glue
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3-sided “uh-oh” example: probes miss each other

tile lookup probe . tile lookup

glue table table probe region blank table glue
tile lookup . probe tile lookup

glue table blank probe region tablo table glue
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3-sided “uh-oh” example: probes miss each other

probe region

tile lookup
table

tile lookup
table

probe region

21



3-sided “uh-oh” example: probes miss each other

tile lookup probe .
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Damien Woods
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* Variety of cases for different orders
of superside arrival

* Superside win/lose configurations
and crawler initiation locations
(green)

* Proof analogy:
® Distributed game
® Computation & geometry
® Key challenge: make all the tricks
work together

Damien Woods
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|aweJ;| an|b | a|qe) dnyoo| 8| a|qe) aqoud uoiBai aqo.d Juelq a|qe} dnyoo| a|n | an|b |SLUEJ;

| an|b |eLueJ,l|
| glue |frame|

a|qe} dnxooj oy

m X m supertile

grows from the outside in

g Needs to simultaneously handily all

] 16 “geometric ways” a tile could bind

In a simulated system, as well as all
possible glue combinations

a|qe} aqoud

a|qe} dnxoo| a|i

|eweu| an|6 |

|frame| glue | tile lookup table blank probe region probe table tile lookup table | glue |frame|

Damien Woods

tile lookup table

probe table

tile lookup table



Is the abstract tile assembly model
intrinsically universal? Yes!

N

abstract tile
assembly model

Universal
tile set

Theorem: There is a single intrinsically universal

tile set U that simulates any tile assembly system
Doty, Lutz, Patitz, Schweller, Summers, Woods. FOCS 2012

Damien Woods
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How many tiles do we
need

* Just ONE with rotation!... What?!?... But a polygonal one

Demaine Demaine Fekete Patitz Schweller Winslow Woods 2012
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How many tiles do we

a

m

need
* Just ONE with rotation!... What”?!?... But a polygonal one
e [
C f g J k n
h |

Demaine Demaine Fekete Patitz Schweller Winslow Woods 2012
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How many tiles do we
need

* Just ONE with rotation!... What?!?... But a polygonal one

Problem with glue T
of strength 2 !!!

Demaine Demaine Fekete Patitz Schweller Winslow Woods 2012
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Encoding strength 2 glues into
strength 1 glue in hexagonal tiles
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A single (polygonal) tile
'S enough |

d u
b f Vv i
+
C e W Yy
d X

Demaine Demaine Fekete Patitz
Schweller Winslow Woods 2012

The magic powder can
assemble anything!



Co-transcriptional
folding

Joint work with Cody Geary Pierre-Etienne Meunier and
Shinnosuke Seki
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