2008 Paper 5 Question 11

Semantics of Programming Languages
Below is a fragment of Lq, equipped with a rather strange semantics. Call it L-.

Booleans b € B = {true, false}

Integers n € Z={...,—1,0,1,...}

Locations ¢ € L = {ly,l1,12,...}

Stores s, finite partial functions from L. to Z

Operations op =+ | >

Expressions ex:=b |n || l:=e|e; op es|if e then e; else e

(op +) (n1 + na,s) — (n,s) if n=mny + no
(op >) (n1 > na,s) — (b,s) if b =(ny > no)

{e1,8) — {e1,8")

€1 op ez, 8) — (e op eq,s’
1

(e2,8) — (e3,5)

e1 op ez, 8) — (e1 op eh, s’
2

(opA)

(opB)

(deref) (14, s) — (n,s) if¢ € dom(s) and s(¢) =n

(assignA) (¢ :=n,s) — (n,s +{{—n}) if ¢ € dom(s)

ienB
(a851gn ) <£ — 6,8> N <£ — 6’,5/>
(e,s1) —™* (true, s3)

ifA
(1 ) <If e then e1 else 62,81) — <61,81>

<67$1> —" <fa|se7 52>
(if ¢ then e; else ey, s1) — (ea,$1)

(ifB)

Here —* is the reflexive transitive closure of —, defined by:

(¢,5) — (¢, s")
{e;s) — (¢, s")

(e,s) —* <6/,8/> L (e”,s”)
(e,s) —* (e, s")

(incl)

(tran)

(refl)

(e;5) —* (e, 5)

(a) Give a terminating sequence of reduction steps, with full derivations for each,
of the configuration

(if ({g:=3) >2 then 7 else 8, {¢y+— 0}) [5 marks]

(b) Describe, with examples and alternative reduction rules, how the behaviour
of L7 expressions differs from that in L;: for (¢) binary operations, (ii) store
operations, and (#4) conditionals. Discuss the effects that these differences
could have on programming in the language. [15 marks]



