Computer modeling of physical
phenomena

Lecturell CA - part 2



Automata as calculators
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Squaring...

(8 state automaton)



Calculator of prime numbers
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Calculator of prime numbers
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Logical operations




Universal computer?

In the above examples we have used different automata for
different tasks/computations
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Can one have

,that can do everything”?

Univerzalni kuchvnsky robot / Kompaktny kuchynsky robot
Uniwersalny robot kuchenny /> Multipurpose Food Processor



Turing Machine

A computing aparatus, consisting of a head (which can be in
one of M discrete states) and a tape divided into cells which
can be in one of N discrete states (e.g. 0/1) Depending on the
combination of the head state and the cell state the machine
writes a new value on the tape, changes its state, and can also
move the tape to the right or to the left.



Halting problem

Determine wheter a Turing machine with a given code will
stop after a finite number of moves or continue forever

X:=X0
repeat /
If X 1S even then
X 1= X/2
else
X =3*x+1
until x =1

Church and Turing have shown that the halting problem is, In
general, undecidable, which means that there is no general
algorithm able to decide whether other algotithms will stop all
possible program-input pairs



Halting problem (2)

we are given as an input the code of a program P and a test input X.

we want to know whether P, on input X, halts or not

suppose that there were an algorithm A that correctly solves the Halting Program.
now write a new program, called T, that, on input a program P, does the following:

T (program P)

— run A to determine whether P halts when given input P
— if P halts on input P, then run forever

— else, halt

T receives as an input the code of a program P. It uses the algorithm A to determine
whether the program P when given its own code as an input halts or not.

If P halts when given its own code, T enters an infinite loop; if P does not halt when
given its own code, T stops.

What happens if T is given its own code as an input?
T halts if and only if it does not halt contradiction!



Universal Turing machine

a Turing machine, which Is capable of emulating
the workings of any other Turing machine, using it
one can compute ,.everything” — by means of a long
enough code....

"It is possible to invent a single machine

which can be used to compute any

computable sequence. If this machine U is

supplied with a tape on the beginning of

which is written the action table of some

computing machine M, then U will compute
\ the same sequence as M”

Turing, 1936
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Automaton 110

Matthew Cook & Stephen Wolfram (1985/1994/1998/2002/2004)
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The meaning of universality

(according to Wolframa)

- universal systems are capable of emulating all other systems, no
matter how complex their behavior is

- once the universality threshold has been reached, what one finds
Is that adding complexity to the underlying rules does not lead to
any perceptible increase in the overall complexity of the behavior
produced.

- the universality threshold can be reached even by the systems
with very simple rules (110 automaton, Game of Life etc)



Life in life



Other examples of class IV automata
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are also thought to be universal
Turing machnies (but no proof
so far)
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A new Kind of science?

%

. KIND OF
'SCIENCE

Stephen Wolfram

Among the complex systems one comes across the ones which- although
they are a result of application of simple rules — remain unpredictable.
Importantly, inability of prediction of their evolution can be — similarly to
the universal Turing machine halting problem — a fundamental property
of those systems. Wolfram calls such systems

and claims that only the algorithms (and not equations) are
useful for the description of theirbehaviour
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Universe = four lines of code?

.—"' Edward Fredkin

,universe is a computer and
imformation is more
fundamental than energy or
matter”

,»,90 | have often made the
hypothesis that ultimately
physics will not require a
mathematical statement,
that in the end the
machinery will be revealed, Konrad Zuse
and the laws will turn out
to be simple, like the
Richard chequerboard with all its ,,Un_iverse constiFutes one, big, never-
apparent complexities” ending computation...”

"Rechnender Raum,,, 1967

Feynman



Universe = four lines of code?

How long do you envision this rule of the universe to be?"
"I'm guessing it's really very short."
"Like how long?"

"I don't know. In Mathematica, for example, perhaps three, four lines of
code."

"Four lines of code?"

"That's what I'm guessing. (...) We're looking at a handful of lines of
code."

"So it's not like Windows?"
"No. It's not like Windows. It's going to be something small, I think”

Stephen Wolfram,
interview, 2002



Consciousness = four lines of code?

Marvin Minsky

»What is commonly attributed to
consciousness is mythical. In
fact, some machines are
potentially more conscious than
are people”

Roger Penrose

,conscious mind cannot work
like a computer, even though
much of what is actual involved
In mental activity can do so”



A long time ago In a galaxy far, far away....

SO I'™M STUCK IN THIS
DESERT FOR ETERNITY,

I NEVER FEEL
HUNGRY OR

THERE'S PLENTY OF TIME
FOR THINKING OUT HERE,

TVE REDERIVED
MODERN MATH
IN THE SAND

117 P

xkcd.com ANDTHEN SOPE.

ONE DAY I STARTED
LAYING DOWN ROWS OF
ROCKS,

FOLLOWED FROM
THE LAST IN A
SIMPLE PATTERN,
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T DON'T KNOW WHY.

I JUsT WOKE VP
HERE ONE DAY.

PHYSICS, TOO I WORKED OUT THE
KINKS IN QUANTUM MECHANICS

AND RELATIVITY.
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ToOK. A LOT OF THINKING, BUT THIS
PLACE HAs FEWER DISTRACTIONS THAN
A SWISS PATENT OFFICE.

WITH THE RIGHT I WAS ABLE TO

SET OF RULES AND BUILD A COMPUTER.
ENOUGH SPACE, R....

"lEm:]. m:’télF 5w
STONES 15 THE NEXT
ITERATION OF THE
COMPUTATION.




A long time ago In a galaxy far, far away....

SURE, IT's Rocks EVERY PIECE OF TIME AND
! TER A WHILE, T v WITH ENOUGH E
INSTEAD OF ELECTRICITY, ?,;0 e 7 10| BTRtll |sPAce, T could Fuuy
BUT ITS THE SAME BE A Prvsics smo- | TN e SIMULATE TWO
el Takhdudl | PARTICLES INTERACTING,

EE.
) LATOR. OF BITS WRITTEN
IN THE STONES.
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RBUT T HAVE INFINITE
TIME AND SPACE.

THE EONS BLUR THE ROWS BLUR PastT TO AND IN THE ANOTHER INSTANT
PAST AS T WALK A SIMULATION TICKS BY.

DOWN A SNGLE ROW. COMPUTE A SINGLE STEF.
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SO IF YOU SEE A MOTE OF DusT IT™ SORRY. I MOST HAVE
VANISH FROM YOUR VISION IN A MISPLACED A ROCK

LITTLE FLASH OR SOMETHING

@,

SOMETIME W THE LAST
FEW BILLIONS AND
BILLIONS OF MILLENNIA.
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