Hoofdstuk 3: Lambdarekenen:

Oefening 1:
(a) xyz
(b) x(yz)
() Ax.Xy
(d) (x.x)y
(e) Axy.z
(H) Axy.yx
(8) Ax.(ry.y)x
(h) (Axy.y)x
(i) Ax.(hy.xy)x
() Ax.y(Oxy.xz(Az.xyz))yz
Oefening 2:
(a) LMN
(b) L(MN)
(¢) MNPQ
(d) M(NPQ)
Oefening 3:
(a) {x,y,2}
(b) {x,y, 2}
(c) {y}
(d) {y}
(e) {z}
) /

(2)/



(h) {x}

(i) /

(0 {y.z}
Oefening 4:

(a) (Ax.x)y

(b) (Ax.x)y)

(c) (Ax.x)y)

(d) (Ax.xy)

(€) (xx(Ax.xy))

() (Ax.xy)

Oefening 5:

(a) Ax.x)yz =<B-conversie> X [X := yz]
= <Svar>yz

(b) (Ax.xy)(Az.z) = <P-conversie> (xy) [X := Az.Z]
= <Sapp, Svar> (Az.z)y
= <B-conversie> z [z == y]
= <Svar>y

(c) (Axy.x)(Az.z) = <haakjes> (Ax.(Ay.x))(Az.z)
= <B-conversie> (Ay.X) [X := Az.Z]
= <Sabs, Svar> Ap.(Az.z)

(d) (Axyz.xz(yz))(Axy.x)(Axy.x) = <haakjes> ((Ax.(Ay.(Az.xz(yz))))(AX.(Ay.X)))(AX.(Ay.X))
= <B-conversie> (Ay.(Az.xz(yz))) [X := AX.(Ay.X)] (Ax.(Ay.X))
= <Sabs> (Ay.(Az.((xz)(y2z))[Xx := Ax.(Ay.X)])) (AXx.(Ly.X))
= <Sapp> (Ay.(Az.((x2)[x = Ax.(Ay.X)](yZ) [x := Ax.(Ay.X)]))
(Ax.(Ay.x))
= <Sapp, Svar> (Ay.(Az.((Ax.(Ay.x))z)(y2)))) (Ax.(Ly.X))
= <B-conversie> (Ay.(Az.(Ay.x) [x = z] (y2)))) (Ax.(Ay.X))
= <Sabs, Svar> (Ay.(Az.((Ay.z) (y2)))) (Ax.(Ly.X))
= <B-conversie> (Ay.(Az.(z [y :=yz]))) (AX.(Ay.X))
= <Svar> (Ay.(Az.(z))) (Ax.(Ay.X))
= <B-conversie> (Az.z) [y .= (Ax.(Ay.X))]
= <Sabs, Svar> Az.z



(e) (Ax.((hy.(yx))(Az.2)))p = <p-conversie> ((Ay.(yx))(Az.z)) [x := p]
= <Sapp> (Ay-(yx)) [x := p] (z.2) [x == p]
= <Sabs> ((Ay.((yx) [x := p]))) (Az.(z [x :=p]))
= <Sapp> ((Ay.(y [x == p] x [x = p]))) (hz.(z [x == p]))
= <Svar> ((Ay.(yp))) (Az.(2))
= <haakjes> (Ay.(yp)) (Az.z)
= <B-conversie> (yp) [y := Az.z]
= <Saps> (y [y :=Az.z] p [y :=Az.z])
= <Svar> (Az.z) p
= <B-conversie> z [z :=p]
= <Svar>p

() (Az.(z(zx)))(Ay.(yp)) = <P-conversie> (z(zx)) [z :=Ay.(yp)]
= <Sapp> (z [z := Ly.(yp)]) (zx) [z := Ly.(yp)]
= <Sapp> (z [z = Ly.(yp)]) ((z [z = Ly.(yp)]) (X [z = Xy.(yp)])
= <Svar> (Ay.(yp)) ((Ay.(yp))x)
= <B-conversie> (yp) [y := (Ay.(yp))x]
= <Sapp> (y [y := (Ay.(yp))x] p [y := (Ay.(yp))x])
= <Svar> (((Ay-(yp))X) p)
= <B-conversie> (yp) [y :=x] p
=<Sapp>(y [y =x]p[y =x]p
= <Svar> xpp

(g) (Ax.(Axy.yx)xx)(Azx.z(zx)) = <haakjes> (Ax.((Ax.(Ly.yx))x)x)(Az.(Ax.z(zX)))
= <B-conversie> (((AX.(Ay.yXx))x)x) [x = Az.(AX.z(zX))]
= <Sabs> ((Ax.(Ay.yX))xX)
= <B-conversie> (Ly.yx) [x = xx]
= <Sabs> (Ay.((yx) [x = xx]))
= <Sapp> (Ly.((y [x = xx]) (x [x :=xx])))
= <Svar> Ay.((y)(xx))

Oefening 6:

(Ayz.zy)((Ax.xxx)(Ax.xxx))(Axy.y) = <haakjes> (Ay.(Az.zy))((Ax.xxx)(Ax.xxX))(AX.(Ay.Y))
= <B-conversie> (Az.zy) [y := (Ax.xxX)(Ax.xxx)] (AX.(Ay.y))
= <Sabs> (Az.((zy) [y = (Ax.xxx)(Ax.xxx)]) (AX.(Ay.y))
= <Sapp> (Az.((z [y := (x.xxx)(Ax.xxx)|)(y [y =

(Ax.xxx)(Ax.xxx)])) (Ax.(Ay.y))
= <Svar> (Az.((z)((Ax.xxx)(Ax.xxx))) (AX.(Ay.y))
= <B-conversie> ((z)((Ax.xxx)(Ax.xxx))) [z := AX.(Ay.y)]
= <Sapp> ((z) [z := Ax.(Ay.y)] (Ax.xxX)(AX.XXX)))
[z :=2x.(hy.y)])
= <Svar> ((AX.(Ay.y))(Ax.xxX)(AX.XXX)))
= <B-conversie> (Ay.y) [X := (Ax.xxX)(AX.xXX)]
= <Sabs> (Ay.((y) [X := (Ax.xxX)(AX.XXX)])
= <Svar> Ay.y



Oefening 7:

(a) Ap3 p2 = <def>Axypq.xp(ypq) p3 p2
= <B-conversie, def p3> (Aypq.((Axy.x(x(xy)))p)(ypq)) p2
= <B-conversie> (Aypq.((Ay-p(p(py)))(ypq)) p2
= <B-conversie> (Aypq.(p(p(p(Ypd))))) p2
= <B-conversie, def p2> (Apq.(p(p(p((Axy.x(xy))pq)))))
= <B-conversie> (Apq.(p(p(p((Ay-p(py))d)))))
= <B-conversie> (Apq.(p(p(p(p(P))))))
= <a-conversie> (Axy.(x(xX(x(x(xy))))))

(b) Pp3 p2 =<def> (Axyz.x(yz)) p3 p2
= <B-conversie, def p3> (Ayz.((Axy.x(X(xy)))(yZ))) p2
= <-conversie> (Ayz.(Ay.(y2)((y2)((y2)y)))) p2
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Oefening 8:

e Head(Cons P Empty) =
e Tail(Cons P Empty) =
e Isempty(Cons P Empty) =

Oefening 9:

e Head(Cons N(Cons P Empty)) =
e Tail(Cons N(Cons P Empty)) =

e Isempty(Cons N(Cons P Empty)) =

Extra Opgaven: Lambdarekenen:

Extra Oefening 1:

(a) (Ax.(hy.(yx)))
(b) (x.(hy.(Az.((x2)(y2)))))
(©) (P(x.(hy.(Az.((x2)(y2))))))P)9)

Extra Oefening 2:

(a) Axy.x(xy)
(b) Axyp.zpy(s(qy(xp)))



Extra Oefening 3:

(@) {y,x}
(®) {y}

Extra Oefening 4:

(a) (Axxxx)(((Ayz.y)D)(SS))= <B-conversie> (Ax.xxx)((Az.I)(SS))
= <B-conversie> (Ax.xxx)I
= <B-conversie> [ 11
= <def I> ((Ax.x)(Ax.X))(Ax.X)
= <B-conversie> (Ax.X)(Ax.X)
= <B-conversie> (Ax.X)
=<defI>1

(b) (Ayz.zy)((Ax.xxx)(Ax.xxx))(Ap.I) = <B-conversie> (Az.z((Ax.xxx)(Ax.xxx)))(Ap.D)
= <B-conversie> (Ap.])((Ax.xxx)(AX.XXX))

= <B-conversie> |

Extra Oefening 5:

SKK = <defS, def K> ((Axyz.xz(yz))(Axy.X))(AXy.X)
= <B-conversie> (Ayz.(AXy.x)z(yz))(AXy.X)
= <B-conversie> (Az.((Axy.x)z)((Axy.x)z))
= <B-conversie> (Az.(Ly.z)((Axy.X)z))
= <B-conversie> (Az.(Ly.z)(Ly.z))
= <B-conversie> (Az.z)
= <o-conversie> (AX.X)
=<defI>1

Extra Oefening 6:

KI =<defK, def I> (Axy.x)(Ax.x)
= <B-conversie> (Ay.(AX.x))
= <haakjes> Ayx.x
= <o-conversie> AXy.y

Extra Oefening 7:

(a) Not Tru = <def Not, def Tru> (Axyz.xzy) (Axy.x)
= <B-conversie> (Ayz.(((Axy.x)z)y))
= <B-conversie> (Ayz.((Ay.z)y))
= <B-conversie> (Ayz.z)
= <a-conversie> (AXy.y)
= <def Fls> Fls

(b) Not Fls = <def Not, def Fls> (Axyz.xzy)(Axy.y)
= <B-conversie> (Ayz.(((Axy.y)z)y))

= <B-conversie> (Ayz.((Ay.y)y))
= <B-conversie> (Ayz.y)



= <a-conversie> (AXxy.x)
= <def Tru> Tru

(c) And Fls Fls = <def And, def Fls> ((Axy.(xy(Axy.y)))(AXy.y))(AxXy.y)
= <B-conversie> (Ay.((Axy.y)y(Axy.y)))(Axy.y)
= <B-conversie> ((Axy.y)(Axy.y))(AXy.y)
= <B-conversie> (Ay.y)(Axy.y)
= <B-conversie> (Axy.y)
= <def Fls> Fls

(d) And Fls Tru = <def And, def Fls, def Tru> ((Axy.(xy(Axy.y)))(AXy.y))(AXy.X)
= <B-conversie> (Ay.((Axy.y)y(Axy.y)))(Axy.X)
= <B-conversie> ((AXy.y)(AXy.x))(Axy.y)
= <B-conversie> (Ay.y)(Axy.y)
= <B-conversie> (Axy.y)
= <def FIs> Fls

(¢) And Tru FlIs = <def And, def Tru, def Fls> ((Axy.(xy(Axy.y)))(AXy.X))(AXy.Y)
= <B-conversie> (Ay.((Axy.X)y(Axy.y)))(Axy.y)
= <B-conversie> ((Axy.x)(Axy.y))(AXy.y)
= <B-conversie> (Ay.(Axy.y))(AXy.y)
= <B-conversie> (Axy.y)
= <def Fls> Fls

(f) And Tru Tru = <def And, def Tru, def Tru> ((Axy.(xy(AXy.y)))(AXy.X))(AXY.X)
= <B-conversie> (Ay.((Axy.x)y(Axy.y)))(AXy.X)
= <B-conversie> ((AXxy.x)(AXy.x))(Axy.y)
= <B-conversie> (Ay.(AXy.x))(AXy.y)
= <B-conversie> (Axy.x)
= <def Tru> Tru

(g) Or Fls Fls = <def Or, def Fls, def Fls> (Axy.((x(Axy.x))y))(Axy.y))(AXY.Yy)
= <B-conversie> (Ay.(((Axy.y)(Axy.X))y))(Axy.y)
= <B-conversie> ((Axy.y)(Axy.x))(AXy.y)
= <B-conversie> (Ay.y)(Axy.y)
= <B-conversie> (Axy.y)
= <def Fls> Fls

(h) OrFls Tru = <def Or, def Fls, def Fls> (Axy.((x(Axy.X))y))(AXxy.y))(AXY.X)
= <B-conversie> (Ay.(((Axy.y)(Axy.x))y))(AXy.X)
= <B-conversie> ((AXy.y)(AXy.x))(Axy.X)
= <B-conversie> (Ay.y)(Axy.x)
= <B-conversie> (Axy.x)
= <def Tru> Tru

(1) OrTruFls  =<def Or, def Fls, def Fls> (Axy.((x(Axy.X))y))(Axy.X))(AXY.y)
= <B-conversie> (Ay.(((Axy.x)(Axy.x))y))(AXy.y)
= <B-conversie> ((AXxy.x)(AXy.x))(Axy.y)
= <B-conversie> (Ay.(AXy.x))(AXy.y)



= <B-conversie> (Axy.x)
= <def Tru> Tru

() OrTru Tru = <def Or, def Fls, def Fls> (Axy.((x(Axy.X))y))(Axy.X))(AXY.X)
= <B-conversie> (Ay.(((Axy.x)(Axy.x))y))(AXy.X)
= <B-conversie> ((Axy.x)(AXy.x))(Axy.X)
= <B-conversie> (Ay.(AXy.x))(AXy.Xx)
= <B-conversie> (Axy.x)
= <def Tru> Tru

Extra Oefening &:




