CS 465: Lambda Homework Solutions
Fritz Ruehr—Spring 2011

1. Syntactic abbreviations

Convert the following lambda terms into fully parenthesized form.

e Myz.fx(fyy)(fz) = (Ax. (Ay. (hz. (((F x) (Fy) y) (f 2))))
e Axy.f (Ax.x) (Agf. g f x) = (Ax. (Ay. ((f Ax.x)) (Ag. (M. (g D) X)) )N)

Write these in a minimal form.

« Xa.(\b. (a (b b) 2)) = Aab. a (b b a)

* (((Ap. x. (px) (p @) (Mq.q) (My.b)) a = (Ap. (Ax.px) (p @) (Aq. q) (Ay.b) a

2. Variables and binding

Convert the following terms so that no free or bound variables clash.
* (M. (Axy.x (yx)y) (Ay. (Ay.y x) y X)

= (Aa. (Abc. b (c b)) y) (Ad. (he. e x) d x)

e ba(hab.a(ha.b)b)a (Ab.b a)

= ba(Axy.x (Az.y)y) a (Aw. w a)

3. Substitution and reduction

Reduce the following lambda terms to normal form.
o (Mgx. f(gx) (\y.y) (Mx. f(fx)x
— (hgx. (Ay. y) (g X)) (AMx. f (f x)) x
— (Ax. (Ay. y) ((Mx. £ (£ X)) X)) x
= (hy.y) (Mx. T (f X)) )
— (Mx. f (f X)) x
— ha. x (X a)
e (Mx.f(fx)(y.c(yy)b
= (Ax.(Ay.c(yy) (Ay.c(yy) x) b
= (Ay.c(yy) ((hy.c(yy)b)
= c((hy.c(yy) b ((hy.c(yy) b))
— c(c(bb) ((ry.c(yy) b))
— c(c(bb) (c(bb))



