Programming Language Concepts, CS2104 (17" sep 2007)
Tutorial 4 rLambda calculus.

Exercise 1. (Free/Bound) Indicate which occurrences of variables are bound and which
ones are free in the following expressions.

I. Ax.z (x(Ax.y(2))) x

2. (\ab.cdab)ab(hcd.dc)(hef.fe

3. (Auv.Aw.w@Ax.x() (V) (v)) (Az. Ay. z(y))

Exercise 2. (Substitutions) Perform the following substitutions :
I [x >2Az.Ww ](Ay.X)

2 [x >Az.w](Ay.X X)

3 [x >hz.Ww]Ay.x(Ax.X))
4 [x o>Az.w ](Ax.y)

5 [x >Az.w ](AW.X)

6 [x >2Az.w](Ahz.X)

7 [x >Az.Ww](Az.zX)

8 [Xx oAx.WwW](Az.zwW)

Exercise 3. (Reduction) Reduce the following lambda expressions to their normal form
whenever possible.

P=(Ax.x(xy)I whereI=Au.u

Y=Af QQ where Q= (Ax.f(xX))

L=Ax.xxy) (AX.XXY)

(Ax.xLyM where M=(Ax.Yy)

B WO =

Exercise 4. (Equivalence) Consider the lambda expressions in Q 3. Determine whether
the following pairs of expressions are equivalent or not.

I L andI

2 Pand(Ax.xL)M

3 Xa.y and M

4 Ja.yand Aa.z

Exercise 5. (Church boolean) Implement the following two boolean operators in pure
lambda calculus.

not - to negate a boolean value

or - find the disjunction of two Boolean values



