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Common Code
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Substitution

£ (42> 0)

refurn &2 + foo (42 -1)
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Evaluation

Fe,‘(’urf\ ) + foo (4—2- ’\)



Substitution
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Reduction =
Controlled Substitution

(I'-«\f‘iﬁ,‘eo\)



Function =
Reduction + Evaluation

(I'-«\f‘iﬁ,‘eo\)



LLambda Function =

Reduction + Evaluation

(.{"-«\f‘lﬁ,‘eo\)



Common Code

Different Roots
e



L.ambda Calculus
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Symbol / Variable



Abstraction/ Function/ Binding
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Abstraction/ Function/ Binding

omo/u,n\\
A o . &> foo(0):=
JYM{QU\



Abstraction/ Function/ Binding

0\1\0/\7"\\
A o . &> foo(0):=
o/
ym'oa\
V
ho\r‘(x,y)"—’ <= Ax.Ay.



Application/ Invocation / Call



Application/ Invocation / Call

(1, 1) <> (1)
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Always has been

. - -~ s ”
o -’.— S
. i
’ {9 '
PYT A i : §
‘ £ <
/. O L -
{ > = .
- ; LS - " 0 »
- : 5 . ')
’ v . g "’ v, ‘.. “‘
. Y ..
. - *
’“ -
. ’ .""0 > ’
' At " o»
A
.

& Wait, it's all just functions?




/\x./\\,.(x \()

e JavaScript: ,x =>y => x(y)“
* Python: ,lambda x.lambda y.x(y)“ A

e Haskell: \x->\y->xy*

IDRIS RACKET AN BEND

KOTLIN SCALA
PYTHON IS LISP

HASKELL




Substitution / Reduction

- (/\x.x ) >



Substitution / Reduction

- (/\x.x ) >

- (/\x./‘y.x ) > /\7.



Substitution / Reduction



Evaluation

Redex Hunt!



Evaluation == Redex Hunt!
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Controlled Redex Hunt



Diamond / Church-Rosser
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Normal Form / End of Evaluation




Shadowing / Scoping

Ak (X /\:\x)
1



~ - |
Corporate needs you to find the differences
between this picture and this picture.

Turing Complete

They're the same picture.



Programming!!



Deftinition / Constant

(0-94-2] =



Definition / Constant
(0-94-2] =

Y First subst. Defindions, +hen e.m\uaice_\z



Data 'Types & Structures



Booleans

TRUE=AL ALt
FALSE=At AL
OR =Ax.(x x)
AND =Ax. Av. (X v x)




Boolean Example
(OR FALSE TRUE)
= (A Gox) At Aff AL ALY

OR FALSE TRUE



Boolean Example



Boolean Example




Boolean Example
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Booleans

TRUE=AL it
FALSE=At \{

NOT =122



Booleans

TRUE=AL it
FALSE= At )\ 5

VOT = Ax.(x FALSE TRUE)



Generic Encodings
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~JSelector

/\0’(

Je \3(.\’ Or



Church Pair

constructer
PA]K:'/\O AL.AX. (X a b)
(PAIR A B)==Ax. (x AR)

N 77
dorka Se \ec;\dr



Church Pair




Church Pair




ChurchPair JVD = Ao Ak

(Ax.(x A B) SpD)
~>(A0\. AL LA Qs)

~(Ab.L R
~s R



ChurchPair JVD'= Ao Ak

(SHD Ax.(x A B)) 2?



ChurchPair JVD'= Ao Ak

(SHD Ax.(x A B))
=SSVD=Ar. (r Svp')



Church List

Ao (o0 A
AL (b R
Ac.(c C
Ax. Ay
7

N IL/EALSE



Church Numerals

D =\&. A2

1=As A2 (s 2)

) = As Az (s (5 2))
3=Ac Az (s (s (s 2))



Church Numerals



Church Numerals

(Ac. Az (s (s (5 2))) woT TRUE)

> NOT (NOT (NOT TRUE)))
~> FALSE



Church Numerals

(Ax.(x x) As. Az (5($ 2))



Church Numerals

(Ax.(x x) As. Az (5($ 2))
~> (A Az (5 (5 2) As Az (s (= 2))



Church Numerals

(Ax.(x x) As Az (s (s 2)))
> (A Az (55 2)) As Az (s (= 2)))



Church Numerals

(Ax.(x x) As Az (s (s 2)))
> (A Az (55 2)) As Az (s (= 2)))
Az (s Az (s | ) (As. Az (s (< 2)) 2))

~> A A ,(5(5(5(5‘ ) I




Church Numeral Functions

SWCC=An. As.A2. (s ('\52))

ADD = Aa.Ab. A€.Ax.(o € (bfx])

MUL = Ao Ab. Af. (o (b £))
POW = Ao.Ab.(b &)




Church Numeral Functions

SWCC=An. As.A2. (s ('\52))

ADD = Aa.Ab. A€.Ax.(o € (bfx])

MUL = Ao Ab. AL, (o (b £))
POW = Ao.Ab.(b o)

PRED =An.A £ Ax.(n Ag-AR.(h (9 £)) Ac.x Auu)
SUR =A0.Ab.(b PRED o)




ADDITION SUBTRAGTION

PRED = An.A£. Ax. (N Ag-AR. (h (g ) Ae.x Auu)
SUR =A0.Ab.(b PRED o)



Other Numeral Encodings




OtherData

e Char = Number

 String = List of Chars

* Tree = List of Lists / Tuples (e.g. AVL)

* Hashmap = Tree

» Structs & Enums = Custom with selectors

» Rational/Real/Complex = Pairs of Numbers (see bruijn)

* [/O: List of Chars



Recursion



Factorial X! =X-(x-1)-(x-2)-1
FAC= A 2ER02 « 1 (MaL X (FAC (PRED x)))
AC= x| ,

N. J

1



Factorial

FAC= Ax(2ERO2 x 11 (MuL X (EAS (PREDX))))
=(Af. Ax-(2ERO2 x 1 (MuL X (f (PRED))) FAC




Factorial

FAC= Ax(2ERO2 x 11 (MuL X (EAS (PREDX))))
=(Af. Ax-(2ERO2 x 1 (MuL X (f (PRED))) FAC

= (Af. Ax.(2ERO2 x 1 (MU\L X (’f~ (PREDX))))
Af. Ax-(2ERO2 x 1 (MuL X (f (PREDx)))




Factorial

FAC= Ax(2ERO2 x 1 (MuL X (FAC (PREDx)))
=(Af. Ax-(2ERO2 x 1 (MuL X (f (PRED X)) FAC
= (Af. Ax-(2ERO2 x 1 (MuL X (£ (PRED X))
A Ax-(2ERO2 x 4 (MuL X (f (PRED x)))
=(Af. Ax-(2ERO2 x 1 (MuL x (f £ (PRED x)))
Af. Ax-(2ERO2 x 1 (MuL X (f £ (PRED X))




Better Factorial

FAC= (A Ax-(2ERO2 x 1 (MyL X (f £ (PRED x)))
Af. Ax-(2ERO2 x 1 (MuL X (f £ (PRED X))



Better Factorial

FAC= (A Ax-(2ERO2 x 1 (MyL X (f £ (PRED x)))
Af. Ax-(2ERO2 x 1 (MuL X (f £ (PRED X))

=(Arx.(x %)
Af. Ax-(2ERO2 x 1 (MuL X (f £ (PRED X))



Better Factorial

FAC= (A Ax-(2ERO2 x 1 (MyL X (f £ (PRED x)))
Af. Ax-(2ERO2 x 1 (MuL X (f £ (PRED X))

=(Arx.(x %)
Af. Ax-(2ERO2 x 1 (muL X (f £ (PRED X))

=(AE (Ax-(F Gox)) Ax.(F (xx))
Af. Ax-(2ERO2 x 1 (MuL X (f (PRED Y))))



Fixpoint

B=(Af.Ax.(x (£ x)
A Ax.(x (£ £ x)

Y = Af. A £ (x x) Ax.£(xx))

2 = A (Ax.(€ Ay.(xx y))
Ax. (£ Ay.(xx Y)))



Relaxation: Drawing Images



l.ambda Screen
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l.ambda Screen
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l.ambda Screen




l.ambda Screen

AXo (X




l.ambda Screen
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l.ambda Screen
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l.ambda Screen
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l.ambda Screen
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Lambda Graph




de Bruijn Indices




Combinators

~s I\OPI"\O\\ ‘FOPM

~ Short
S=AAA (20 (10))
K=AA1
| = AQ



bruijn

 Syntax for pure lambda calculus
» Standard library (730+ definitions)

* No primitive functions






DECT :=2222
mastodon := @marvin@types.pl
website := marvinborner.de

links := {bruijn, text, lambda-screen, infinite-apply}.<website>

slides := github.com/marvinborner/gpn22



http://marvinborner.de
http://github.com/marvinborner/gpn22

