Our new result:
Intrinsic Simulation of
1D Cellular Automata
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Oritatami system simulating
2-1n 2-out gates
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where x,y € {0,...,Q0 — 1}
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Oritatami system simulating
2-1n 2-out gates

Up & Down paths are
just mirrored of each other

— Just need to add an extra Up/Down-state
and to mirror the transition function:

X'(z,9,¥) := (2'(z,9),T)
X'(z,9, 1) :== (¥ (y,2),3)

2\/:;(% Y)
Y y'(z,y)




Let's simulate one
2-In 2-out gate

/~N.5. Synchronize

z'(T,y)

NN\, 6. Write ',y
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Read-Write mechanism

Writing x,y = Placing magnets of length 2Qx and 2y

Reading x,y = Create an offset of 2(Qx + y)

1. Init //

2. Scaffold “\\

3. Read =,y
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Read-Write mechanism

Writing x,y = Placing magnets of length 2Qx and 2y

Reading z,y = Create an offset of 2( Qx + y)

5. Absorb the offset 2(Qz + y)

6. Write z',y' as anchors
do flip matching magnets
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Read-Write mechanism

Writing x,y = Placing magnets of length 2Qx and 2y

Reading z,y = Create an offset of 2( Qx + y)

A\ 5. Absorb the offset 2(Qz + y)
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Read-Write mechanism

Place the anchors as follows:
Consider z'(x,y) = 10 = 23 | 21

Shift by 2( Qx + v)
—>
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23 21
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Read-Write mechanism

Place the anchors as follows:
Consider z'(x,y) = 10 = 23 21

Shift by 2(Qx + vy)
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Expanding the configuration

1. "Init" unfolds to build the new cell and miror direction

55



Expanding the configuration

1. "Init" unfolds to build the new cell and miror direction

55



Expanding the configuration

1. "Init" unfolds to build the new cell and miror direction
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Expanding the configuration

2. Scaffold
3. Read =,y

5. Absorb offset

6. Flip magnets for =',y'

1. "Init" unfolds to build the new cell and miror direction
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Getting hands dirty:
Read > Offset

Shift by 2 Qx
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Getting hands dirty:
Write: AO-Anchor flips the magnet
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Getting hands dirty:
Absorbing Offset

Offset divided by 2
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Getting hands dirty:
Absorbing Offset

Offset divided by 2
) @ ) @ @ @ ) @O @ @ & &)
@@@@@@@9@@9@@@@@@@@@@

Repeat log(Max offset) times!
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Synchronized!
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Nonel

Getting hands dirty:
Absorbing Offset

2k

Here, £k = 3
A—-2k=A/2

A = 4k + 0.then A'

A =4k + 2 then A" ="A

S 2k -1 = A/2

k,— 0 and ki+1: 2k+ 1 = 2'—1
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Getting hands dirty:

Turnlng Scaffold

62



Getting hands dirty:
Init: unfolding glider

if there is no neighboring cell :
Extended form
If there is a neighboring cell :
Compact form
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Getting hands dirty:
Init: unfolding glider
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Getting hands dirty:
Init: unfolding glider

if there is no neighboring cell :
Extended form
If there is a neighboring cell :
Compact form
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Getting hands dirty:




5+6Q?

2+8u,

74

2Q*+7/ FlipFlap(Q-21)

&

2

S
FlipFlap( Q-2 <{_l/
o

oy s—8—InitL—2 Q?
= 2(g+2) @*+8u,+5
= 5 mod 8 T+2@Q?

FlipFlap(Q-2°)

4Q>-4

Z Y A=2Qr=0mod4 23+2QP+A+A

Q
fl T~ /8+2Q-A

o
5N

6+A,

8Q*2Q+A+5 A, = A +A =2(Qzty)

2Q+6 FI|pFIap(2‘H) %2'}/)

s—20*—21
ap
¢ %
FlipFlap(2?)
202
FlipFlap(2°) :
4+

A
\ A: 2y

2Q°+17

{ < FI|pFIap(27

FI|pFIap(2 )

2¢Q°
;'; A,

6+6Q°+A

3.c SLIDE ALONG
SCAFFOLD

2Q°+12-A )\ 4+(8Q-2)Q+A
6+ A

zy

6.d/WRITE END



Conclusion

Our results

* QOritatami system can simulate intrinsically any 1D cellular
automata

* "Mechanical" tools for designing simpler oritatami system

Next...
* An oritatami programming language?

* How to implement RAM? Loops? Concatenation? Subroutine
call?

* Design a program simple enough to be implemented in wet-
lab?
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