Recursion Theorem






Scheme Mgstcrg

(Jambda (x)
(list x (list ‘quote X)) )
(quote (lambda ()
(list x (list ‘quote x)))))



i

® = _=%r;print(_%%_)";print(_%_)

~~ 2 sy
Moy ey



C Quine

mainO{char *c="main O{char *c:‘%ac‘%as‘%ac;lDrin‘mC (c,34,c34) ;) ;PrintF (c,34,c.r34) ;)



English

Print out two copies of the Fo”owing) the

second one in c]uotes:

“Print out two copies of the Fo”owing)

the second one in quotes:”



® To beis to be the

value of a variable.

¢ | have been
S accused of
’.’, ’) clenging
: CONsclousness, but

| am not conscious

“' 1 of haviﬂg done so.

willard van Orman Quine



Partial Factorial

nh = i n<k then n! else L

nl, =it n=0thentelse n.(n-D,

F(g) =An. if n=0 then1else ng(m])
!kﬂ = ]COk) !O =1
1= £



Recursion Theorem

For every program . Haskell = Haskell there exists a single~
argument function ¢ such that

c=10).

Proof: Let c = k(k) where k = Aw.f(ww))
c=kk) = AwFww)) k) = Fkk)) = £

*Haskell is a Purc—:lg functional |anguag<—: using Iazg evaluation,

like Baby



E:xample: Factorial

. F(g) =An. if n=0 then1else n.g(n-])

e c(P o N2t @ where c=...

e c(0) =)0 sit0=0thenielse ... .1
e c() st si0=1.. elsec(0) =111
e c() 2t = 0=2.. else2c() 22122



Recursion

Have ¢ = k (k) where k = Aw.fiww))
Suppose {isthe bo&y of a recursive definition:

F(g} = }\b nCA(g) then D(y} else E( 9)

Then c (?or thls F} is the recursive function itself-

c(y =kl (@ = AwFww)) () () = Fkk&) Y

= 0\9. i‘:A(g} then D(y) else E k(O ,3>) <3>
= (hCA(y) then D(g) else E(k (k) ,3) =

« D(y)
« Ec,y)




Whg Haskell?

+ Haskell uses normal-order evaluation, not

appllcatl\/e orcler.

e When e\/aluating{:(e) fis evaluated first, not e.

e [or applicati\/e order, more complicated:
Let ¢ .= h(k) where
c(w) = F(hw)

(y) = Az.y(y) (2)

1



Scheme

Jet* ((F Jambda (g) (ambda (n)
(F (=n0) 1 (n (g (-n DN
(h (lambda (y) ambda 2 ((4y) 2
(k dambda 6 (F (h»0)))
(e (h I
)
=>4



Viruses

The recursion theorem imPlies the existence of self-

rel:)licating VIrus Programsl

Suppose F(msg) (n) is “boo!; mail msg(n+l) to n”
c = k), kiw) =FwWw)) = An.[boo!; mail wiw) (n+1) to n]
c(0) = [boo!; mail k() () to 0]

= [boo!; mail c() to O] = etc.



