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1) Thetermsof theLambdaCalculusaredefinedby thefollowing abstracsyntax:

r €V
M e A

M =z | (Az.M) | (M1 M>)
Thesetof Currytypesis definedby the following abstracsyntax:

p € @
c € T

o = ¢| (o1—02)

A statement is a pair of term M andtype o andis writtenasM : o. A basis B is a setof statements
aboutvariablesjike {z1:01, z2:09, ..., z,:0, }, Whereeachr; occursatmostonce.Curry typeassign-
mentfor termsin A derivesformulaeof theshapeB - M : o, andis definedvia the following three
rules:
(z:0 € B) BuU{ziwo}F-M:7 BrM:(0c—»7) BFN:o
Brz:o Bt (Az.M) : (c—7) Bt (MN): 7

Substitutiorontypes,[a/¢], thereplacementf all occurrencesf thetypevariabley by thetypea, is
definedby:

pla/el = a

def

'laje] = ¢, if p # ¢

(r02)lafe] = (o1lafel—aala/e]).

def

Shaw, for all termsM, termvariablesr, typeso, o andtypevariablesy, that

if {z1:01,...,zn:0,} F M : 0, then{zi:01[a/p], ..., znion[a/p]} F M : ola/)].

Answer:

(AX) : ThenM = z,andz:o € {z1:01,...,2,:0,}. Noticethatthenz:o[a/ ] € {z1:01[a /@], . .., Tn:on][a/ o]},
so,by rule (AX), {z1:01][a/¥], ..., n:on]a/v]} Fc z:ola/y].
(=1) : ThenthereareM’, o, p suchthatM = \x.M’, 0 = p—p,and{z1:01,...,Tp:0n, z:p} Fc M :p.
Sincethis statemenits derivedin a sub-denation, by induction,we know that,
{zro1]e/@],. .., znion[a/¢], z:pla/el} Fc M':pla/¢].
To thisresultwe canapplyrule (—1), to obtain
{z1:01[a/], ..., Znion[a/¢]} Fc Az M pla/p]—ula/).
Since,by definitionof substitutionspla/ ]| —ula/] = (p—p)[a/@] = ola/e], we get

{z1:01[a/ @], ..., znion]a/p]} Fc Az M :ola/p].



(—=E) : ThenMy, M, T suchthatM = M; Mo,
{z1:01,...,Zni0n} Fc Mi:7—0,and{z:01,...,Tpi0n} Fc Ma:T.
Sincethesetwo statementarederivedin a sub-denation,we know that,by induction,
{z1:01[a/@], ..., znona/p]} Fc Mi:T—ola/¢]
and
{zr:o1[a/e], ... zpion[a/e]} Fo Ma:Tla/¢].
Since by definitionof substitution(r—o)[a/¢] = T[a/p]—0[a/¢], we alsohave
{zr:o1[e/], ... znion[a/e]} Fc Miitla/¢l—ola/glm

andwe canapplyrule (—E) to obtain{z:01[a/¢], ..., znion[a/¢]} Fc MiMa:o[a/p]. m

2) GivetheNaturalSemantic®f thestatement :=5; whil e z<7 do z := z+1.

Answer:
(Bllz<7l s5 = ff)
(z:=2+1,84) > 85 (While z<7 do z:=z+1,s5) = s2
(Blz<7] 54 = 1t)
(z := z+1,83) — 54 (While z<7 do z:=z+1,s4) — s2
(Blz<7l s3 = tt)
(z :=5,81) = s3 {(while z<7 do z:=z+1,s3) — s2

(z:=5; while z<7 do z:=z+1,s1) — s2

wheress = si[z — 5], s4 = s3[z — 6] = s1[z > 6], 55 = sa[z — 7] = s1[z — 7).

3) Shaw that, for the languagewhi | e, ‘Sy; i f bt hen S» el se S3’ is semanticallyequivalent
to‘i f bthen S1; Se el se S1; S3’, providedthatd doesnot dependon the variablesmodifiedby
running.si.

Answer:

Toshav: (S7; i f bt hen Ssel se S3,s1) — sqif andonlyif (i f bt hen Sy; S el se Sy; S3,s1) —
so. Well, (S1; i f bt hen Sy el se S3,s1) — soimplies(S1,s1) — s3and(i f bt hen Sy el se S3,s3) —
s9, for somess. Now, therearetwo cases:

(B[]l s3 = tt) : Then(Sa, s3) — s2, s0als0(S;; So,51) — s9, and,sinceB[[b]l s; = B[] s3 = t,
also(i f bthen S;; Se el se S1; S3,s1) — s2.

(BBl s3 = ff) : Then(Ss, s3) — s2, s0also(S;; S3,s1) — s9, and,sinceB[b]l s; = B[] s3 = ff,
also(i f bthen S;; Se el se S1; S3,s1) — s2.




