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Lambda Calculus is a Universal Computer?
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Meaning of Numbers

o "42-ness” is something who's
SUCCessor is "43-ness”

» "42-ness” is something who's
predecessor is "41-nsss”

o "Zero” is special. It has a successor
“one-ness |, but no predecessor.
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Meaning of Numbers

pred (succ N) — N
suce (pred ) — N
succ (pred (succ N)) — sucC N

Zero? rero — 1
zero? (succ zero) — F
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Is this enough?

Can we define add with pred, succ,
zero? and zero?

add = Axy.if (zero? x) y
(add (pred x) (succ y))
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Can we define lambda terms
that behave like
Zzero, zero?, pred and succ?

Hint: what i we had cons, car and cdr?
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Numbers are Lists...

zero? = null?
pred = cdr
sucC=Ax.cons F x

The feagif of the kst corr==pond=s 1o the number value.
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Making Pairs
(define {make-pair x v)
{lambda (selector) (if selector x v)))

{define {car-of-pair p) (p #t))
{define {cdr-of-pair p) (p #f))
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cons and car
CONSs = Ax Ay Az zxy
cors MN = (Ariypiz o M N
—¥ g (Ay.Az My N
— g A MM
car=ippT T=hoy x
car {cons M N} = car [Az.zMN) = (ip.p T) (AzaMM)
— g [AzzMN) T — 3 TMN
—» g [Axy. x) MN
— ¢ [y, M]N
— M
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cdr too!
CONS = Axyz.zay
Aar=AppT
cdr = Ap.p F
cdrcons M N
odr Az zMN = (Ap.p F) Az zMN
— o [AzzMN) F
— , FMN
— N
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MNull and null?

null =AxT
null? = Ax(x Ay Az F)

null? null — Ax(x Ay A= F) (Ax. T)
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Counting

0 = nuil

1 =cons F )
2=consF |
I=cons F 2

swee = Axcons F x

pred = Arv.edr x
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Lambda Calculus is a Universal Computer
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Null and null?

null =3xT
null? = Ax.(x Ay AzF)
null? {cons M N) — Axix Ay Az F) Az zMN
— p.l:h?. MM} Ay.AzF)
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42 = Axy.(Az.z X¥) Axy. y Ay (Az.z 1y) Axy. ¥
Ay xy) Ay, ¥ Aop{ies ap) Ay, ¥ Aov ez xyh Aoy, ¥
ATy (A xy) Axy. ¥ Aapidis xp) Aay. ¥ Aovides oy Axy. ¥
Ay xy) doy. ¥ Aop{de: op) Ay ¥ Aovide; ovp Aoy ¥
oy pxy) oy, ¥ Aop (i o) Aoy, ¥ ov ez avp Aoy ¥
Ary.(dep xp) Aoy, y lopdie s op) Aoy, ¥ Aovike.: xvp Aoy, ¥
Axy. (e xy) day. ¥ Aopidies xpy ey, ¥ Aovides oy Ay, ¥
Ay pxy) Ay, y op (i aopd Aoy, ¥ ow ez avp Ay ¥
dry.(ppxy) hoy. ¥ Aop{he s op) Ay ¥ Aovide g ovp Aoy ¥
Ay pxy) Ay, y op (i aopd Aoy, ¥ Aow ez b Ay ¥
dxy.de g xp) dxy. ¥ Aopdles xy) ey ¥ Aovide xyb Aoy ¥
dxy.(e g xp) dxy. ¥ Aopdles xy) ey ¥ Aovide xvb Ay ¥
Ay xy) hoy. ¥ Aop{he: oy ey ¥ Aovide g ovp Aoy ¥
Ay xy) Ay, ¥ Aoy (e p xp) Dy ¥ epdde; xy) Aoy, ¥

Aoz Axy. ¥ AT
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Way to Keep Going

(A (A xf (o)) (A x (o)) Az 2)
—g (hr(Az 2]} (A x (Az 2)(zx))
—g (AZ2) (A x(Az 2Dx)) (A Az zHxx))
—p (Ax (A W)} (A x{hz. 2 xx))
—g (AZT) (A 1Az 2)(x)) (A x(AzzWxx))
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