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Overview
a) Define what a URM is.

Defining a URM
URM Instructions
A URM Program

b) Construct a URM that computes 
the function f : N → N such that 
f(x) = 2 * x.

Program
Example



12/2/2002 Fatima Issawi 3

a) Defining a URM
A URM is an abstract model of a 
computer. 
It has a countably infinite sequence of 
registers labeled R0, R1, R2, ….  At any 
time the register Rn could store a 
natural number, rn.

r6r5r4r3r2r1r0

…R6R5R4R3R2R1R0
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a) URM instructions

If rm = rn then r0 := p
else r0 := r0 +1

J(m,n,p)Jump

rn := rm, and 
r0 := r0 +1

T(m,n)Transfer

rn := rn + 1, and 
r0 := r0 +1

S(n)Successor

rn := 0, and 
r0 := r0 +1

Z(n)Zero

EffectNotationName
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a) URM Program
A program consists of a finite sequence 
of these instructions I0, I1,…, Ik.

Input Convention
Input (x0, …, xn) by starting with x0, …, xn
in registers R0, …, Rn respectively and 
zero in the other registers.

Output Convention
If a computation halts, the output is the 
number in R1, otherwise there is no 
output.
The computation is denoted by P(x). 
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b) Construct a URM
The configuration of the URM that begins 
is (1, x, x, 0, 0, …).  Our program will add 
to R1 x times using k as a counter:

The calculation will finish when k = x, 
leaving 2*x in R1. 

0kx2*xIn

…R4R3R2R1R0
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b) URM f(x) = 2*x 
Program 
I1 J(3, 2, 5)
I2 S(1)
I3 S(3)
I4 J(1, 1, 1)

0kx2*xIn

…R4R3R2R1R0
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b) Example – Compute f(2) = 4

…0221-

2245I1   J(3,2,5)
2241I4   J(1,1,1)
2244I3   S(3)
1243I2   S(1)
1232I1   J(3,2,5)
1231I4   J(1,1,1)
1234I3   S(3)
0233I2   S(1)
0222I1   J(3,2,5)

…R3R2R1R0Instruction



12/2/2002 Fatima Issawi 9

References
www.amsta.leeds.ac.uk/pure/staff/cooper/2210/sumC.pdf
translate.google.com/translate?hl=en&sl=it&u=http://gs.ing.univaq.
it/~gabriele/URM/node1.html&prev=/search%3Fq%3D%2522Unli
mited%2Bregister%2Bmachine%2522%2BURM%26start%3D10%
26hl%3Den%26lr%3D%26ie%3DUTF-8%26sa%3DN
gs.ing.univaq.it/~gabriele/URM/node1.html
www.ox.compsoc.net/~wol/work/computability.ps
ocean.ucc.ie/~cjvdb1/pdf/ma1015.pdf, pg 39- 50
www-theory.dcs.st-
and.ac.uk/~sal/univ/Old/CS3019/Lectures/L080295/node1.html


