L4

Universal register machine, U
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High-level specification

Universal RM U carries out the following computation,
starting with Ry = 0, Ry = e (code of a program), R, = a
(code of a list of arguments) and all other registers zeroed:

» decode e as a RM program P
» decode a as a list of register values a4, ..., a,

» carry out the computation of the RM program P
starting with Ry = 0,Ry = ay,...,R, = a, (and any
other registers occurring in P set to 0).
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L4

Mnemonics for the registers of U and the role they play in
its program:

R1 = P code of the RM to be simulated

Rp = A code of current register contents of simulated RM

Rz = PC program counter—number of the current instruction
(counting from 0)

Rg = N code of the current instruction body
Rs = C type of the current instruction body

R¢ = R current value of the register to be incremented or
decremented by current instruction (if not HALT)

Ry = S, Rg = T and Rg = Z are auxiliary registers.
Ro result of the simulated RM computation (if any).

43



L4

Overall structure of U’s program

copy PCth item of list in P to N (halting if PC > length

of list); goto
if N = 0 then halt, else decode N as (y,z); Cu=1y;

N:= z, goto

{at this point either C = 2i is even and current instruction is Rf — L,
or C = 2i + 1 is odd and current instruction is R; — Lj, L where z = (j, k) }

copy ith item of list in A to R; goto J

execute current instruction on R; update PC to next
label; restore register values to A; goto
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L4

Overall structure of U’s program

copy PCth item of list in P to N (halting if PC > length

of list); goto
if N = 0 then halt, else decode N as (y,z); Cu=1y;

N:= z, goto

{at this point either C = 2i is even and current instruction is Rf — L,
or C = 2i + 1 is odd and current instruction is R; — L;j, Lx where z = (j, k) }

copy ith item of list in A to R; goto J

execute current instruction on R; update PC to next
label; restore register values to A; goto

To implement this, we need RMs for manipulating (codes of) lists of
numbers. . .

44




The program START—|S ::= R|—HALT

to copy the contents of R to S can be implemented by

START ST R™ Z" HALT
v/l
Z+t Rt

)

S+
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The program START—|S ::= R|—HALT

to copy the contents of R to S can be implemented by

START @ R™ Z" HALT
I
Z+t Rt

)

S+
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The program START—(S ::= R|—HALT

to copy the contents of R to S can be implemented by
START @ @ A HALT

()

R—i—

Z+

)

S+
(R,8,2)=(0,S%R,2+R)

L4
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L4

The program START—{S ::= R|—HALT

to copy the contents of R to S can be implemented by

START @ /\ HALT

S+
(R,$2)=(0,5+R,2+R)
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L4

The program START—|S ::= R|—HALT

to copy the contents of R to S can be implemented by

START 5‘ R™ A HALT
Zt RT
g+
precondition: postcondition:
R=x R=x
S=y S=x
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L4

The program START—| P4 X | HALT 2% (2L +1)

to carry out the assignment (X,L) ::= (0,X::L) can be
implemented by

START —ZT —— L~ —»Z~ —» X~ —»HALT

NI

L+
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L4

The program START— "’;’sth —HALT

to carry out the assignment (X,L) ::= (0,X:: L) can be
implemented by

(x,_?/—ﬁ\
START “+Zt ——— L~ —»Z  —» X~ —»HALT
NI
Z

L+

(L,2):= (U41+72 ,0)
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The program START— "’;’sth —HALT

to carry out the assignment (X,L) ::= (0,X:: L) can be
implemented by Q\

STARTHZJr —>L‘ —» Z ﬂX‘ —» HALT

[

L+
(L,2).=(2L+2,0)
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The program START— "’;’sth —HALT

to carry out the assignment (X,L) ::= (0,X::L) can be
implemented by

START —ZT —— L~ —»Z~ —» X~ —»HALT

NI

L+

precondition: postcondition:
X=x X=20
L=2¢ L={(x£€) =2%(2+1)

L4



—HALT
pop L
The program START—\PP, SEXIT

“if L =0 then (X:=0; goto EXIT) else
let L = {x,£) in (X:=x; Lu=¥; goto HALT)"

specified by

can be implemented by

START Xt HALT
| J\ I
X~ L~ Lt —L—Z —— 7

N H\/

EXIT zZ+

L4 47



L4

START
X~ L™
N

EXIT

s

it 2+l even mv\
(V)= (05 @H) 5gob B

(BL)= (03 #ED) g pte 0
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L4

{msn\m{«\} Z=0 %L)o}
(W\(\\]L L easenn cle_, L:= J?:]__, M = )(1-]))
Li= 3 (L-1)

START HALT
| £4 0
X~ L™ Lt —L —Z ———— 7~
Y l N

it 241 eren tram
(ZV)= (05 @) g0b B

dﬁ(%ﬂ-\‘ (0,3(#+ D) g gote 0




—HALT
pop L
The program START—\PP, SEXIT

“if L =0 then (X:=0; goto EXIT) else
let L = {x,£) in (X:=x; Lu=¥; goto HALT)"

specified by

can be implemented by

START Xt HALT
| J\ I
X~ L~ Lt —L—Z —— 7

N H\/

EXIT zZ+

L4 47



L4

Overall structure of U’s program

copy PCth item of list in P to N (halting if PC > length

of list); goto
if N = 0 then halt, else decode N as (y,z); Cu=1y;

N:= z, goto

{at this point either C = 2i is even and current instruction is Rf — L,
or C = 2i + 1 is odd and current instruction is R; — Lj, L where z = (j, k) }

copy ith item of list in A to R; goto J

execute current instruction on R; update PC to next
label; restore register values to A; goto
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pop S
to R

The program for U

R+

R ————to PC

pop T

g HATLT
- pop N

PC to C

C—K—\popA
¥———1 to R

N+

- push R
C to S
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L4

The program for U

=0 HALT

pop N
to C

+ — &+ —|pop A
R C ———o/ to R

+ - push R
RMe— to PC N C to S
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The program for U @
pop & R HALT

to N

I

pop N
to C

+ — & —pop A
R C ¥———1 to R

+ - push R
RMe— to PC N C to S

L4 49



The program for U @

pop T

~

to N

I

PC___//

HALT

pop S
to R

L4

to PC

pop N
to C

Caven

e C i rerh

to R

)

Nt C™

push R
to S

(

Codd
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The program for U e
por R HALT

il 1

PC_J to C

Cawven

pop Sk—————push R PC:=—=N ?g( pop A

toR[—— to A

e )
—

Codd




