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Solution Lambda Calculus

Instructions:

Solutions of the exercises are to be delivered before Wednesday, the 11th of April at 10:15AM.
Solutions should be placed in a separate folder with the name “Assignment05”.
Please submit answers to all the exercises in one text file.

Exercise 1 (2 points)

Consider the following A-expressions. Indicate which occurrences of variables are bound and which
ones are free in the expressions.

I. (A x . x) vy Ay . vy x) x

2. (Ax . Ay oAz o xyvz) (Ax. yvx)y) (Ax . z x)

Answer:
b = bound
f = free
ex. 1.1
(\x . x)y (\y .yx) x
bt bt ot
ex. 1.2
((\ x \ y \ z x vy z) (\ x y xX) y) (\ x zZ X)
bbb . £

Exercise 2 (2 points)

Define boolean functions and and or in Lambda Calculus and show that True and False = False
and True or False = True based on the definitions of True and False functions from the lec-
ture hours.

page 1 April 13,2018



Programming Languages Prof. O. Nierstrasz
2018 Nevena Lazarevi¢, Mohammadreza Hazhirpasand, Manuel Leuenberger

Answer:

and=XAXy.XyXx
// if the first argument is False, the function should return False, i.e., the first argument;
// if the first argument is True, the function should return the second argument
OF=AXYy.XXY
// if the first argument is True, the function should return True, i.e., the first argument;
// if the first argument is False, the function should return the second argument

True and False = False
(XY XyX)AXy. X)Xy y)=
O Xy. X)Xy y)OAxy.x) =
(AXy.y)=False

True or False = True
OAXYy.XXxXY)OXy.Xx)Axy. y)=
AXxy.x)AXy.X)AXy.y)=
(A Xy. X) = True

Exercise 3 (2 points)

Reduce the following A-expressions to their normal form where possible.

1. (N x. ANz . zvy) x)(Ax . Xx)
2. (A x. xxy)(Ax . X XxXVY)

Answer:

a (Ax.(Zz.zy)x ) x.Xx)=/*p3reduction */
(A z.zy)(\ x.x)=/*p3reduction */
(\ x . x) y =/* g reduction */
y

b. Zx. xxy)(\ x.xXxy)=/*preduction */
Ox.xxy)(\x.xxy)y=/*preduction */
(Ax.xxy)(A\Xx.xxy)yy=/*pgreduction */
... /* no normal form */
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