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Exercise 60 (Type Inference)

Give a derivation tree for the following statement, and so determine the type 7:

FXeyz.zy (yz) @7

Solution

Abbreviations:

p=(a—=p)—=(8—=1)
o=(a— B) - (a— )
C=[z:py:a—pF,z:q]

''Fy:a—p 'Fx:p 'Fy:a—p 'z«
F'Fay: 08—~y F'Fyz:p
[x:py:a—B,z:alFay(yz) vy
[z:py:a—BlF Xz ay(yz) :a—

[z:p| F Ayz.xy(yz) : o
|+ Azyz.xy(yz) :p— o

Exercise 61 (Recursive let)

Recursive let expressions are one way (besides Y-combinators) to add recursion to A7.
t=uwx|(t; ta) | (A\x. t) | letrec z =t; in iy

a) Modify the standard typing rule for let to create a suitable rule for letrec.

b) Give a derivation tree for the following statement, and so determine the type 7:

[|F letrecz=My.z (v y)inzx x:7

Solution

a) The rule for letrec is like the rule for let, but we also add x to I' when checking
t.
Ple:o|Fty:oy Clz: o) Fty: o9

LETREC
['F (letrec x =ty in ty) : 09




Alternatively, we can combine this rule with the V-intro typing rule:

{oq. ..o} =FV(r)\ FV(T)
Dl :Voag...ap1]Fty 7 [lz:Vag...q,.7|Fty:m

' letrecx =t inty : 7

LETREC’

b) Abbreviations: I'y = [z : Va. @« — o] and T'y = [z : Vo a — «a, 1 @ .

VAR Fgl—:v:oz—>onAR Fgl—y:ozXAR
IhFr:a— o AR lNokFzy:« PP
Aprp
bz (zy):a A
FMy.z(zy)a—a bs
VAR’ VAR’
see above NLFx:(B—B8)—pB—p FlFm:ﬂ_}ﬁAPP
CEFMy.z(zy):a—a Cykzxx:B—p

(|- letrecx=)y.z (zy)inxz:8— 3 LETREC

Homework 62 (1et-Polymorphism)
Give a derivation tree for the following statement, and so determine the type 7:
[z:7)F letz=Ayz. zyyinzx (x 2) : 7
Homework 63 (Constructive logic)
a) Prove the following statement using the calculus for intuitionistic propositional logic:
((c—=0b) —=b) = (c—=a)— ((a—b) —Db)

Hint: To make your proof tree more compact, you may remove unneeded assumptions
to the left of the i during the proof as you see fit. For example, the following step
is valid:

pkEp
p.gbp

b) Give a well-typed expression in A\~ with the type
(v=8)—=8) = (y—=a)= (a—5)—p)

(You don’t need to give the derivation tree.)



