CS 430: Formal Semantics Assignment 3 Sample Solution

Prepared by: Shu-Chun Weng

Reynolds, exercise 5.1 (a, b)

[x : 0] if m > 0 and m is even
[e]diet[x : m] = (abort,[x: 1]) if m > 0 and m is odd
L otherwise
Kt[x : 0] if m > 0 and m is even
[e]™ kks[x : m] = Kflx:1] if m > 0 and m is odd
4 otherwise
Reynolds, exercise 5.3
1 if [eo] o= L
[catchin ¢y with ¢;]dcte = o if o/ =[eo] o # L

[er] o if (abort,c’) = [eo] o

[catchin ¢y with ¢ [ kipo = [eo] ke(Ao’ € . [e1] kerpo’)o

Reynolds, exercise 5.4(b)

[newvar v:=ein ] kirpo = [c] (Ao’ € Z. Kke[o’ | v :ov])
(Ml € (label). Ao’ € . kyp 1[0 | v ov])
710 [imeny0]
[fail I] kikjo = kKylo
[catch [ in ¢y with 1] kikpo = [eo] ke
(A € (label). Ao’ € 5.
if 1 =1 then [e1] serpo’ else kgl o)

g

And the rest remains the same.

Problem 4

Problem statement. Show that either the direct or the continuation denotational semantics (of a language
without fail) does not distinguish the following commands:

if x =0 then 7y;ly + 1 else ?y;ly + 2

and
?y;if x =0 then ly + 1 else ly + 2



Let

c1 = ifx=0then 7y;ly +1 else ?y;ly +2
co = ?y;if x=0then ly+1elsely+2

For direct semantics
[[Cl]]directa.
[2y;ly + 1]directs ifox=0
[2y; 1y + 2]directs if ox #0
[[[y 4 1]]iiircct([[?y]]d1rcct ) ifox =0
[[[y + QH(iirect([[ ]]dlrect ) if ox ?é 0
_ { Iy + 1]direct (4, (\k € Z. tierm[o | 7 1 K])) if ox =0
B (

Iy + 2]direct (4, (\k € Z. tierm[o | 7 1 K])) if ox #0

1in( Mk € Z. [ly + 1]t o | y : K]) ifox=0
1in(\k € Z. [[y—|— 2]direct[o | y 1 k]) ifox#0
(
(

tin(Ak € Z. 1out(k + 1, tterm[0 | ¥ 1 &])) ifox=0
tin(Ak € Z. 1out(k + 2, %term[0 | 7 : K])) ifox#0

[[CZHdirecta
= [if x =0 then !y + 1 else ly + 2]direct([?y]direct )
[

= [if x =0 then !y + 1 else !y + 2]t (3, (\k € Z. tperm|o | v : K]))

- [y + 1]t (spermlo | v < K]) if[o|y:kljx=

= (AK€ Z. { [y + 2] (tyermo | v : &]) )i lo]y:klx#0
o tout(k + L, tterm[or |y ¢ K]) iflo |y kx=0
= (k€ Z. { tout (k4 2 el | Y k) 1 if[o |y ke £0

But since the extension of ¢ on y does not effects the value x maps to, the
predicates are equivalent to testing if ox = 0 or not.

_ . ZOut(k+laZter111[O' | y: k’]) ifox=0
= (A EZ. { tout (K + 2, term[o | ¥ & k) ) ifox#0
_ tin(Ak € Z. 1out(k + 1, tterm[0 | ¥ 1 k])) ifox=0
o tin(Ak € Z. 1out(k + 2, t%term[o | 7 : K])) ifox#£0

— [[Cl ]] direct



For continuation semantics:

[[Cl]]contﬁa.

_ [?y;ly + 1] ko ifox=0
o [?y; !y + 2] ko if ox #£0

[?y]eom ([ly + 1] K)o ifox=0
= Ll + 2o it ox 0
- tin(Ak € Z. [ly + 1] k[0 | v : k]) ifox=0
o tin(Ak € Z. [ly + 2]*™k[o | v : k]) if ox #£0
_ tin(Ak € Z. 1ous(k + 1, k[0 | v : K])) ifox=0
a tin(Ak € Z. 1ous(k + 2, k[0 | v : K])) if ox #0

[[CQ]]COHt KO
= [?y]rt([if x =0 then !y + 1 else ly + 2] k)0

= 4in(Ak € Z. [if x = 0 then ly + 1 else ly + 2] k[0 | y : k])

_ [ty + 1)l |y k] | if[o |y kx=0
= %“kez'{wy+ﬂwmaowwm) itlo |y Hx#0
_ o+ Lkl [y E]) )i |y kx =0
= un(Ak € Z. { tout(k + 2,80 | 7 : K]) ) if [o]y: k]x #

Similarly since the extension of ¢ on y does not effects the value x maps to, the
predicates are equivalent to testing if ox = 0 or not.

_ tous (kK + 1, k[0 | y: k) ifox=0
= zm()\keZ. { out(k+23‘%[0|y:k]) ) ifO'X;léO
_ tin(Ak € Z. 1out(k+ 1, k[0 | y: k])) ifox=0
Tl Mk € Zo o (K + 2, k[0 |y 1 K])) if ox # 0
— [[Cl]]cont

Reynolds, exercise 6.1(a)

(while x # 0 do if x =1 then fail else x :=x — 2, [x : 3])

(if x = 1 then fail else x := x — 2; while x # 0 do if x = 1 then fail else x :=x — 2,[x : 3])
(x :=x —2;while x # 0 do if x =1 then fail else x :=x— 2, [x: 3])

(while x # 0 do if x =1 then fail else x :=x —2,[x : 1])

(if x = 1 then fail else x := x — 2; while x # 0 do if x = 1 then fail else x :=x — 2,[x : 1])
(fail; while x # 0 do if x = 1 then fail else x :=x — 2, [x: 1])

(abort, [x : 1])

LELL L]



Reynolds, exercise 6.2

(a)

(repeat c until e, o) — (c;if e then skip else repeat ¢ until e, o)

(b)

{co,0) — (ct,0")

(catchin ¢y with ¢;,0) — (catchin ¢ with ¢;,o’)

(co,0) — o’

(catchin ¢y with ¢1,0) — o’

(co,0) — (abort, o’)

(catchin ¢y with ¢,0) — (c1,07)

<6070> — <06,U/>

(catch [ in ¢y with ¢;,0) — (catch [ in ¢ with ¢q,0")

(co,0) —> o’

(catch [ in ¢y with ¢;,0) — o’

(co,0) — (', ")
(catch [ in ¢g with ¢1,0) — (I',0")

when [ # I/

{co,0) — (I',0")

when [ =/
(catch [ in ¢y with ¢1,0) — (¢1,0")



Reynolds, exercise 6.4

We write 6 to represent both o and (abort, o).

<U = 6,0’> = [U | v [[e]]intexp

!

(co,0) = " (c1,0") =&

(co;c1,0) = &'

(co,0) = &'

(if b then cq else ¢1,0) = &’

(c1,0) = &'

(if b then cq else ¢1,0) = &’

(c,o0) =" (while b do ¢,0"”) = &’

o] (skip,0) = o

(fail, o) = (abort, o)

(co,0) = (abort,o’)

(while b do ¢,0) = &'

(¢,0) = (abort,o’)
(while b do ¢,0) = (abort,o’)

(while b do ¢,0) = ¢

<C7 [U | v: [[e]]intexpob = o’

(co; c1,0) = (abort, o’)

when [b]},,01ex,0 = true
when [b]},,010x,0 = false
when [b]},,01exp,0 = true
when [b]},,01exp,0 = true
when [b]},,010x,0 = false

(¢,[o|v: [[eﬂintexpo]> = (abort, o’)

(newvar v:=ein ¢,0) = [0’ | v: oV]

(newvar v := e in ¢,0) = (abort, [0’ | v : ov])



