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Outline

» Construction of the Universal Program U.,..
A Computational Theory of Simulation



Universal Program U



Review: U Construction So Far

Z < X,,, +1// Get the source number.

X

S« [ ](p,) !/ Encode theinitial state.

i=1
K <1 [/ Initialize instruction counter.
[ClIFK = Lt(Z)+1v K =0GOTO E // Check termination
U «r((Z),) 1l Get(b,c) of K-thinstruction.
P < p, 4 Il Get the prime corresponding variable #c +1.
IF/(U)=0GOTON //If V «<—V,goto NOTHING.
IF/(U)=1GOTOA /[If V <V +1,goto ADD.
IF~(P|S)GOTON //If ¥ = 0,goto NOTHING.
IF/(U)=2GOTOM//If V' < V-1, goto MINUS.



Review: Coding Conditional
Dispatch

IF K -th instruction is of the form IFV #0GOTO L,
then b =#(L)+ 2.



Review: U_ Construction

IF/(U)>2and P| S, then the current
Instruction is of the form
IFV #0GOTO Land #(L)=(U)-2.



Review: U_ Construction

K« minll(z2),)+2=1U)]

i<Lt(Z)

GOTOC

If there 1s nosuch label, K =0.



U, Construction: Part 5

// Doing Nothing

[N] K <~ K +1 /I Increment instruction counter.
GOTO C /I Go back C.



U, Construction: Part 5

/] Subtraction
M]S «|S/P]

For example, S =63 =([0,2,0,1])

Suppose (Z), =#(X « X —1). X is the same as X1and
X1is the second variable in our variable sequence. Thus,
P = p, =3.Then the new state S", after the subtraction is
executed,is S'«| S/ P |=|63/3|=21=3-7=([0,1,0,1])



U, Construction: Part 5

/[ Addition
[A] S« S-P

For example, suppose S = 63 =[0,2,0,1] Suppose K =1.
Suppose (Z), =#(X2 « X2+1). X2is the 4 - th variable
In our sequence. Thus, P = p,.Then the new state
$'=[0,2,0,2]=63-7=5-P.



U, Construction: Part 5

[M]S «|S/P]IlSubtract.
GOTON

4] S« S-P /I Add.

[N] K < K+1 I/ Incrementinstruction counter.
GOTOC /I BacktoC.

|[E] Y «(S), /I Setthe value of the output variable.



U, Construction: Final Cut

<X, +1

n X;
S« H(pZI)
i=1

K «1

[ClIFK = Lt(Z)+1v K =0GOTOE
U« r((Z),)

P< p.uya

IF/(U)=0GOTO N
IFI(U)=1GOTO A
IF-(P|S)GOTON
IFI(U)=2GOTO M

K« min[l(z),)+2=1U)]

i<Lt(Z)

GOTOC

[M]S «|S/P|
GOTON

[4] S« 5-P

[N] K « K +1

GOTOC

[E]Y (),



Remember What We Proved?

Theorem 3.1 (Universality Theorem): For each n > 0,
the function @™ (x,,..., x , y)is partially computable.



A Simple Example

[B]Y €Y
Y&€&Y
Y € Y+1

he number of the program = 199.
"he program’s source =199 + 1 = 200




A Simple Example

200 = [3, 0, 2]

3 =<2, <0, 0>>
0 = <0, <0, 0>>
2 =<0, <1, 0>>



A Simple Example

Here are the instructions that we must
execute:

1.<2, <0, 0>>
2.<0, <0, 0>>
3.<0, <1, 0>>



Another Simple Example

X €& X+1
X €& X+1

The number of this source code Is [10, 10],
S0 we execute these compiled instructions:

1.<0, <1, 1>>
2.<0, <1, 1>>



Remember These Equalities



Enumeration of PC Functions

Is It possible to enumerate all partially
computable functions of n variables?



Enumeration of PC Functions

Yes, it Is. Here are the enumerations :

n=1:¢oY (xl,O), o (xl,l), o (x1,2),...

n=2:pY (xl, xz,O), o (xl, X, ,1), o (xl, x2,2),...
n=3:pY (xl, xz,x3,0), o (xl, Xy, X, ,1), oY (xl, xz,x3,2),...



Review: Snapshots

s=(i,0),1<i<n+1.

i 1S the number of the instruction to be executed.
o Is a state of the program.

sisterminal if i =n+1.



A Computational Theory of
Simulation



Step-Counter Predicate

STP(”)(xl,...,xn,y,t)

1. Programwhose numberis y halts

on Inputs x,,...,x, on ¢ or fewer

steps.

2. Thereisa computation of program
number y whose length<¢+1, beginning
with Inputs x;,..., x, .



Recommended Reading

e Section 4.3.
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