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Lambda Is everywhere!

All you need Is lambda.

Lambda multiplies you.



Edward Sapir Benjamin Whort



Sapir-Whort Hypothesis
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Edward Sapir Benjamin Whorf






Write tactorial without using recursion.



Or iteration.



Or conditionals.



Or any
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What is A7



A IS a notation



for anonymous functions



$ python
>>> f = lambda x: x + 1

>>> f(3)
4



A 1S a language



A IS a proof theory



A 1S a way of life



Lambda Is everywhere!

All you need Is lambda.

Lambda multiplies you.



Lambda Is everywhere!
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bda Vi, . .

.y Un:

exp



bda (U1 « o

Un) exp)



(7\ (’U1

Un) exp)



function (vi,...,vn) { return exp ; }



new Procedure () A
public T run (71 vi,...,Tn va) {
return exp ,

}
}



(T1 vi,...,Tn vn) -> exp



function (wi,...,vn) return exzp end



function (wvi,...,vs) use (free) {return ezxp ;}
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bda {|’U1,..

. ,Un| return ezp }



.5, U2 .

t2)

> exp



[freel (T1 vi,...,Tn vp){ return ezp; }
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Origins of A



Origins of notation



LOEB CLASSICAL LIBRARY

Supposedly) Euclid
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‘Limitations”



NO zero



NoO variables/unknowns



NO operators



| ong division needed Ph.D.



(Supposedly) Hippasus



URN THE WITCH



1 + 32 = x4



The number such that adding one to three of
the root of that number is equal to that number.
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MNagari n als around 11th century A.D.

Indian numerals (596)

Brahmagupta (?)

he number such that adding one to three of
the root of that number is equal to that number.
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he number such that adding 1 to 3 of
the root of that number is equal to that number.



et

he number such that adding 1 to 3 of
the root of that number is equal to that number.



t

he number such that adding 1 to 3 of
the root of that number is equal to that number.



he number such that adding 1 to 3 of
the root of that number is equal to that number.



+

he number such that adding 1 to 3 of
the root of that number is equal to that number.



he number such that adding 1 to 3 of
the root of that number is equal to that number.



he number such that 1 + 3 of
the root of that number is equal to that number.
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forma generalis autem sumendo m « 3n prachet
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lambda x: x*x + 3






What else Is out there”



Giuseppe Peano (1800s)












Unification of math & logic



Every integer greater than two can be written as the sum of two primes.



n:(n>2) =

a,b:pla) Ap(b) \a




Sets all the way down!

Q’\_J

Gottlob Frege Bertrand Russell



Alonzo Church

(My great®> grand advisor!)



Why not functions®
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A-calculus






61(62)



A\V.€



v | el el(e)



IR

e1( e2)



V

lambda v: e

e1(e2)



Lambda Is everywhere!

All you need Is lambda.

Lambda multiplies you.



All you need Is lambda.



lambda => language



Compiling to lambda-calculus:
Turtles all the way down

[article index] [email me] [@mattmight] [+mattmight] [rss]
My compilers class always starts with a full lecture on the lambda-calculus.

It leaves behind only the dedicated.

Barendregt is a helluva drug.

The lambda-calculus is a minimal programming language.

2 & ) S R P T . D o R | "~ "~ e I - L T B R o S



Multi-argument functions






lambda z: e



lambda =, y : e



lambda z: lambda y : e






f(z) (y)



$ python
>>> f = lambda x,y: X + ¥y

>>> g = lambda x: lambda y: X + Yy

>>> £(1,2)
3

>>> g(1) (2)
3



Booleans



IF (cond) (true) (false)



IF (TRUE) (true) (false)



true



IF (FALSE) (true) (false)



false



IF (cond) (true) (false)



cond (true) (false)



IF (cond) (true) (false)



IF = (lambda c
lambda t
lambda £

c(t) (£))



TRUE = (lambda t:
lambda f:
t)



FALLSE = (lambda t:
lambda f:
f)



Natural numbers



What Is a natural”



/ero



Another natural + 1



How do we use naturals?



lteration!



ZERO (f) (2)



ZERO (f) (2) == =z



ONE (f) (2)



ONE (f) (2) == f(2)



WO (f) (z) == f(f(2))



THREE (f) (2) == f(f(f(2)))



ZERO (f) (2) == =z



ZERO = (lambda f

lambda z :

f(z))



SUCC (n)



SUCC(n) (£f) (z) = f(n(£) (=z))



SUCC= n f z £f(n(f)(=z))



SUCC = (
lambda n:
lambda f1:
lambda z: f(n(f) (z)))



SUM = (lambda a:
lambda b:

lambda f:

lambda z:

a(f) (b(£f)(z)))



MUL = (lambda a:
lambda b:

lambda f:

lambda z:

a(lambda z:b(f) (z)) (z))



Pailrs



PAIR (a) (b)



LEFT (PAIR (a) (b)) = a



RIGHT (PAIR (a) (b)) = b



PATR = (lambda a:
lambda b:
lambda f: f(a) (b))



RIGHT = (lambda p:
p(lambda 1: lambda r: r))



LEFT = (lambda p:
p(lambda 1: lambda r: 1))



| IStS



NIL



CONS (hd) (tl)



HEAD (CONS (hd) (tl)) = hd



TAIL (CONS (hd) (tl)) = tl



CONSP (CONS (hd) (tl)) = TRUE



NILP (CONS (hd) (tl)) = FALSE



NILP (NIL) = TRUE



CONSP (NIL) = FALSE



VOID = lambda _:_
NIL = lambda oncons: lambda onnil: onnil(VOID)
CONS = (lambda hd: lambda tl:
lambda oncons: lambda onnil:
oncons (hd) (1))
CONSP = lambda 1: 1 (lambda hd: lambda tl: TRUE) (lambda void: FALSE)
NILP = lambda 1: 1 (lambda hd: lambda tl: FALSE) (lambda void: TRUE)

HEAD = lambda 1: 1 (lambda hd: lambda tl: hd) (VOID)

TAIL = lambda 1: 1 (lambda hd: lambda tl: tl) (VOID)



Recursion



Non-termination



(lambda f:f(f)) (lambda g:g(g))



U = lambda f: f£(f)



U (U)



Recursion IS self-reference



selt-application
=>

self-reference






f

. UCh) ...



f = U(lambda h: ...

UCh) ..

)



f = U(lambda h: ...

UCh) ..

)



fact = U(lambda h:
lambda n: 1 if n <= 0 else n * (U(Ch)) (n-1))



We can do better!



fact = U(lambda h:
lambda n: 1 if n <= 0 else n * (U(Ch)) (n-1))



fact = Y(lambda f:
lambda n: 1 if n <= 0 else n x f(n-1))



Define recursive function. ..



...as fixed point...



..of non-recursive function.



Define fixed point finder...



..wiIthout recursion.



r Is a fixed point of F'if F(z) = x



Y(F) = x such that x=F(x)



Y(F) = x such that x=F(Y(F))



Y(F)=F(Y(F))



Y = lambda F: F(Y(F))



Y = lambda F: F(lambda x: Y(F) (x))



Y =U(lambda h: lambda F:F(lambda x:U(h) (F) (x)))



Y =U(lambda h: lambda F:F(lambda x:h(h) (F) (x)))



Y = ((lambda h: lambda F:F(lambda x:h(h) (F) (x)))
(lambda h:lambda F:F(lambda x:h(h) (F) (x))))



$ python
>>> Y = ((lambda h: lambda F: F(lambda x: h(h) (F)(x)))

(lambda h: lambda F: F(lambda x: h(h) (F)(x))))
>>> fact = Y(lambda f: lambda n: 1 if n <= 0 else n * f(n-1))

>>> fact(8)
40320



(((lambda f: (((f) ((lambda f: ((lambda z: (((£) (((£) (CC£) (CCE) CC(E)
(2))))))))))))))))))) ((((((Lambda y: ((lambda F: (((F)((lambda x: (CCC(((y)(y)))
(F))) (x))))))))))) ((lambda y: ((lambda F: (((F)((lambda x: ((C(CC((y) (y)))(F)))

(x))))))))))))) ((lambda f: ((lambda n: ((C(CC((((((((lambda n: (((((n)((lambda _
((lambda t: ((lambda f: (((f)((lambda void: (void))))))))))))) ((lambda t:

((lambda f: (((t)((lambda void: (void))))))))))))) ((((((lambda n: ((lambda m:
(((((m) ((lambda n: ((lambda f: ((lambda z: (((((((n)((lambda g: ((lambda h:
(C(h) (((g) (£))))))))))) ((lambda u: (z))))) ((lambda u: (u)))))))))))))()))))))
(n))) ((lambda f: ((lambda z: (z))))))))) ((lambda _: ((((lambda n: (((((n)
((lambda _: ((lambda t: ((lambda f: (((f)((lambda void: (void)))))))))))))
((lambda t: ((lambda f: (((t)((lambda void: (void))))))))))))) ((((((lambda n:
((lambda m: (((((m) ((lambda n: ((lambda f: ((lambda z: (((((((n)((lambda g:
((lambda h: (((h)(((g)(£))))))))))) ((lambda u: (z))))) ((lambda u:

(1)))))))))))))(@))))))) ((lambda f: ((lambda z: (2)))))))(n))))))))) ((lambda _:
((lambda t: ((lambda f: (((f)((lambda void: (void))))))))))))) ((lambda _:

((lambda f: ((lambda z: (((£)(z)))))))))))((lambda _: ((((((lambda n: ((lambda
m: ((lambda f: ((lambda z: (((((m)(((n)(£)))))(=2)))))))))))@m))) (((£)
((((((lambda n: ((lambda m: (((((m)((lambda n: ((lambda f: ((lambda z: (((((((n)
((lambda g: ((lambda h: (((h) (((g)(£))))))))))) ((lambda u: (z))))) ((lambda u:
())))))))I)I))))(@))))))) (n))) ((lambda f: ((lambda z: (((f)
(2)))))))))IIIIIIIIIIIII))



Fixed-point combinators in
JavaScript: Memoizing
recursive functions

[article index] [email me] [@mattmight] [+mattmight] [rss]

It comes as a surprise to many programmers that it is possible to express a
"recursive" function like factorial without using recursion or iteration.

The technique involved is subtle but powerful: the recursive function is
computed as the "fixed point" of a non-recursive function. To compute the
fixed point, we can use the Y combinator, which is itself a non-recursive
function that computes fixed points.

That this manages to work is truly remarkable.
--Sussman and Steele on the Y Combinator

As a practical application of this theory, recursive functions expressed as
fixed points allow the use of a memoizing fixed-point combinator. The
combinator approach to recursion makes it possible to cache the internal
calls to a recursive function automatically.

For example, this caching turns the naive, exponential implementation of
Fibonacci into the optimized, linear-time version for free.

Read below to see how to do this all of this in JavaScript, courtesy of its
anonymous function construct.




Yacc is dead: An update

[article index] [email me] [@mattmight] [+mattmight] [rss]

The draft of "Yacc is Dead" that David Darais and I posted on arXiv received
some attention, so we'd like to share updates and feedback.

(You don't have to read the draft to read this post; it's self-contained.)

rce: wallpaper-g.com

1

501

The draft claims that Brzozowski's derivative eases parser implementation;
that it handles all CFGs (yes, including left-recursive); that it seems to be
efficient in practice; and that it should eventually be efficient in theory too.

We reply to Russ Cox's "Yacce is Not Dead" by running the example that he




Lambda multiplies you.



A IS a gateway drug



Higher-order programming (map, fold, reduce, ...)

Functional programming

| aziness

Monads =g relational programming

Continuation-passing style =~ = nodejs
Continuations =g time travel, logic programming

Type theory

Curry-Howard isomorphism =g dependent types

\ theorem proving



1 hanks!

matt.might.net


http://matt.might.net

TRUE = (lambda t:
lambda f:
t)



TRUE = (lambda t:
lambda f:

t())



FALLSE = (lambda t:
lambda f:
f)



FALLSE = (lambda t:
lambda f:

f())



IF (cond)
(lambda: true)
(lambda: false)
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