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Rule 90

23 71 points

Introduction

Cellular automata (CA) are mathematical models for systems in which simple components (known
as cells) act together following certain rules to produce complex behaviour. They can be used to
model biological processes, simulate chemical reactions or study physical phenomena.

The simple one-dimensional CA consists of a single row of cells, where each cell can be in one of two
possible states (0 or 1), plus a set of rules for evolving the whole CA state. It can be graphically
represented as a sequence of numbers, where each number represents a cell value.

To evolve the current state of the CA, the rules act over the cell neighbourhood, that is, the cells
placed at the left and right of a given cell. Rule 90 states that each cell's new value is the exclusive
orof the two neighbouring (left and right) cell values. So, the next state of this particular CA follows
this transition table:

Current pattern 000 [ OO1 | O10 | O1 | 100 | 101 10 m
New state for center cell 0 1 0 1 1 0 1 0

It is known as rule 90 because concatenating the new states for center cell of this table results into
the binary number 01011010 that equals to decimal number 90.

To make things funnier an exception has been introduced to this rule. For the left-most and right-
most cells, just copy the value of the next or previous cell respectively. That is, given the CA state
00110, the next state will be O1111.

The size of our CA is 64 cells and when representing the state Os must be replaced by "-" and 1s
replaced by "™,

Just one final word about complexity. Compare the output of the examples and notice how example
1 ends up forming Sierpinski fractal while example 2 looks like a random form. The output pattern
depends critically on our initial conditions. Regular initial conditions provide regular output, but
random initial conditions create somehow chaotic output. Hello Complexity World!

Can you write a program that evolves a given cellular automata in a row of a certain number of
steps?

Input

The input will be a pair of lines.

37



Barcelona 2024

The first line contains the original state of the cellular automata represented by 64 digits.

The second line represents the number of steps the cellular automata will execute reporting its
output.

Output

A printed line representing the state of the cellular automata for each of the steps executed.

Example 1

Input
0000000000000V AV10000000VAVREARCAVRRALRRARO
32

e e e e e oo oo oo kk ok kR ok _ck ok _k_k_k_ck_k_k_k_%k
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______ KoK L Lok R o X_ K ____k_¥_______
_____ Ko K ook XXk ko __k______
Rk kR Xk _________ k_ok_k_k_ ________ kok_k_k_ ________ k_ok_k_k_____
ok~ ¥ o= ¥ _ - * oo -- E * oo f . [ R
_ok_ok_____ k_¥k_____ k_k_____ k_k_____ k_k_____ k_k_____ *_k_____ X _k___
SRk ok LRk ok ok ko ok ok ko __k___k___k___k___¥__

Skok kR sk _k_k_ck_k_ck_k_k_k_k_k_k_k_k_k_k_k_k_k_k_k_k_k_k_k_k_k_x_

Example 2

Input
1010111110000111111111111110111111111110111111111111101110110101
32

Output

k ok Jodkockokokok L skookook ok ok ok ok ok ok ok ok sk ok ok ok ok k ok ok sk ok sk sk sk sk sk sk ok sk skook sk sk ok sk ks sk _skskok U skok ok sk

I DN T S . E E T kok_k_kk_ L __
ook ok okskkokskkokk L L L Lo b b ¥ oo kkk __ _
T S, k% - kok_k_k_____ kok_ok_k_______ k_ck oo _kck _ckk_
Sk ko ok k o o okkeksk L L X oo b X _ oo koo ok Jkkok _koksk
kooookk ok kR _ckk o __k_k_____ kok_k_k_____ k_ck ook _k_ck _ckkk ok _sk_ckk
2k skokoksk ok _ockskokokskokokskk kL kL ok ____ koo ok k_ok_o_____ k_k_ oo k%
ook __k___k_______ kkk _k_k_k_k_k_____ kok_k_k_k_ Lk ok _k_ k%%
Zkk ksk ok Uk kL kk_k _ oo b kok ko kR sk _k _kk Xk
kkk _kk_ _____ ko okkk_ ko ______ kok_k_k_ ______ ¥ _ oo k¥ _ o ______ k¥ _ _
Kk ck Jkskk Lk _k _ksk _kskk ok R * oo k ok oo okskkk k3k ok k _
kR ko okk_k_k_ ko __k_k_____ kok ook ok ockk o kk_ L _kk_ k%

Sk kokck ok ckoksk _okk L _ckokok L _ckk ok _k _k ok _k_k_ ______ kkk _ o _ kkkk_ *

Sk o ok skokok _kskk sk _skskoksksk _skskkskk _ L L X _ oo kR _kk L kR _kk Uk

kockk ok _ck_ck ok _ ko __k_k___kk__________ k vk o Ckokok _okockok _okokckokokkokk ok ok




oo kokokck ok _kk L sk kck ok _okskockokok ok _okokk L _ckok _kok L ckokok _kck Lk _ckokok L k%

oksk_ kL L _kskk ok _kk Lk _ _k_ _ ok _kkkkk _kokk _kok _k _oskkokok _kokok _kkok L _ _

Zkokskokok ok _ckok _ckok ok _ckokokkok sk vk sk Lk vk kL kR sk Jokk L kL ok Rk ki _k _kok

kk ook kR _okk kL% ____ kk ok ok






