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Functional programming - languages

I =Lisp=,

I =Clojure=,

I =Scala=,

I =Haskell=...

https://common-lisp.net/
https://clojure.org/
https://www.scala-lang.org/
https://www.haskell.org/


Functional programming ur-father



Functional programming ur-father

Language Intended for Smart People
LISt Processing
Lost In Simple Parentheses
Lots of Insidious Silly Parenthesis



Functional programming ur-father

=Princess comics=

https://toggl.com/blog/save-princess-8-programming-languages


Functional programming ur-father



Functional programming - benefits

I Higher-order functions (i.e., functions on functions),

I Lazy evaluation (i.e., evaluating data on need),
I No state, immutable data:

I no side-effects, less errors,
I no mutable states - efficient parallel computing.

I Opposite to OOP - don’t bundle data and functions.



Functional programming - brain hurts

I No state,

I No usual flow control (e.g., if) - control only by function calls,

I Iteration with recursion (not loops).



Lambda sources

=LearnXinY=
=Online Calculus=
=UC Berkeley Online=
=lambdacalc.io=

https://learnxinyminutes.com/docs/lambda-calculus/
https://www.cl.cam.ac.uk/~rmk35/lambda_calculus/lambda_calculus.html
https://jacksongl.github.io/files/demo/lambda/
https://lambdacalc.io/


Getting to abstraction

r e p l a c e x and y
i n y x
by h e l l o and w o r l d

>>> w o r l d h e l l o
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Getting to abstraction

( ( r e p l a c e x & y ) i n y x ) by h e l l o & wo r l d
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Lambda Currying

(λxyz .xyz) = (λx .λy .λz .xyz)



Functional programming - Currying

I i.e., multi-arity function turned into sequence of unary
functions

I f (x , y , z)→ g(x), h(y), i(z)

I =Haskell currying=

https://wiki.haskell.org/Currying


Functional programming - Currying

=XKCD WTF=

https://xkcd.wtf/2210/


Functional Python

=Python Docs=
=RealPython=

https://docs.python.org/3/howto/functional.html
https://realpython.com/python-functional-programming/


Python lambda

lambda s : s [ : : −1 ]



Python lambda

lambda s : s [ : : −1 ]

( lambda x1 , x2 : ( x1 + x2 )/ 3 ) ( 9 , 6)



Python lambda

lambda s : s [ : : −1 ]

( lambda x1 , x2 : ( x1 + x2 ) / 3 ) ( 9 , 6)

m y f u n c t i o n = lambda x : x + 2
m y f u n c t i o n ( 2 )



Lazy evaluation in Python

>>> i m p o r t s y s
>>> s y s . g e t s i z e o f ( [ 0 , 1 , 2 , 3 , 4 ] )
104
>>> s y s . g e t s i z e o f ( ra nge ( 5 ) )
??
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Lazy evaluation in Python

I generators ⊂ iterators

I next , iter methods for iterators, see =Programiz=

I yield instead of return, see =RealPython=

https://www.programiz.com/python-programming/iterator
https://realpython.com/introduction-to-python-generators/


Haskell reasons

=10 reasons for Haskell=

https://serokell.io/blog/10-reasons-to-use-haskell


Haskell

I functional language,

I strong static typed,

I lazy evaluation,

I lambda expressions,

I list comprehension,

I type polymorphism,

I ...



Py vs Haskell

PY :
xs = [ 1 , 2 , 3 , 4 , 5 ]
x s = map( lambda x : x + 1 , xs )

H a s k e l l :
x s = [ 1 , 2 , 3 , 4 , 5 ]
xs ’ = map (+1) xs



Haskell tutorial

=Learn Haskell!=
=Slant: Python vs Haskell=
=Haskell review=

‘ lambda ‘ x : x + x
doubleMe x = x + x
doubleMe 8
> 16

http://learnyouahaskell.com/introduction
https://www.slant.co/versus/110/1537/~python_vs_haskell
https://bytes.yingw787.com/posts/2020/01/30/a_review_of_haskell/


Haskell - Function definition

doubleUs x y = x∗2 + y∗2



Haskell - Type definition

addThree : : I n t −> I n t −> I n t −> I n t
addThree x y z = x + y + z



Haskell - Recursive function

−− I n t e g r a l = I n t and not bounded I n t e g e r
f a c t o r i a l : : ( I n t e g r a l a ) => a −> a
f a c t o r i a l 0 = 1
f a c t o r i a l n = n ∗ f a c t o r i a l ( n − 1)



Haskell - Guards

myCompare : : ( Ord a ) => a −> a −> O r d e r i n g
a ‘ myCompare ‘ b

| a > b = GT
| a == b = EQ
| o t h e r w i s e = LT

3 ‘ myCompare ‘ 2
> GT



Haskell - Bindings

4 ∗ ( l e t a = 9 i n a + 1) + 2

> ?



Haskell - Bindings

4 ∗ ( l e t a = 9 i n a + 1) + 2

> 42



Haskell - Conditional example

doubleSmal lNumber x = i f x > 100
then x
e l s e x∗2

doubleSmal lNumber ’ x = ( i f x > 100 then x e l s e x ∗2) + 1



Haskell - list definition

l e t l i s t N u m b e r s = [ 1 , 2 , 3 , 4 ]

sum l i s t N u m b e r s
> 10

4 ‘ elem ‘ [ 3 , 4 , 5 , 6 ]
> True



Haskell - list comprehension

[ x | x <− [ 5 0 . . 1 0 0 ] , x ‘mod ‘ 7 == 3 ]
> [ 5 2 , 5 9 , 6 6 , 7 3 , 8 0 , 8 7 , 9 4 ]



Haskell - list comprehension

mapConcur rent ly : : ( a −> IO b ) −> [ a ] −> IO [ b ]
−− s p e c i a l i s e d to l i s t s

main =
mapConcur rent ly p u t S t r L n

[ ” h e l l o ” ,
” t h i s ” ,
” i s ” ,
” c o n c u r r e n t ” ]

−− async p r o c e s s i n g each i n own t h r e a d



Haskell - Polymorphism

data L i s t a = N i l | Cons a ( L i s t a )

l e n g t h : : L i s t a −> I n t e g e r
l e n g t h N i l = 0
l e n g t h ( Cons x xs ) = 1 + l e n g t h xs

map : : ( a −> b ) −> L i s t a −> L i s t b
map f N i l = N i l
map f ( Cons x xs ) = Cons ( f x ) (map f xs )



Clojure sources

=Clojure io=
=LearnXinY=
=Clojure for the brave!=
=Clojure koans=

https://clojurescript.io/
https://learnxinyminutes.com/docs/clojure/
https://www.braveclojure.com/
http://clojurescriptkoans.com/


Clojure and REPL

=REPL=
Dynamic compilation of each line into JVM bytecode
Option for ahead-of-time compilation

https://clojure.org/about/dynamic


Clojure - basic elements

(1 2 3 4) ; l i s t
[ 1 2 3 4 ] ; v e c t o r
{ : name ”Tom” , : age 5} ; map
#{1 2 3} ; s e t



Clojure - function

(+ 1 2) ; b a s i c a l l y a l i s t . . . LISP l e g a c y



Clojure - function

( d e f n do−someth ing
” This f u n c t i o n does someth ing . ”
[ x ]
” Something ”)



Clojure - anonymous functions

( f n [ c o l l ] ( f i l t e r even ? c o l l ) )



Clojure - Multiple arity

( d e f n do−someth ing
( [ ] ” n o t h i n g ”)
( [ one ] ” e a s y ! ” )
( [ one two ] ”hm, ok , w i l l do ”)
( [ one two & more ] ”oh , no , so many ! ” ) )



Clojure - Higher order function

( d e f n concat−some
[ f vec1 vec2 ]
( ( f n [ x ] ( f i l t e r f x ) )

( c o n c a t vec1 vec2 ) ) )
>(concat−some even ? [ 1 2 3 ] [ 4 5 6 ] )



Clojure - For loop

( f o r [ x ( ra ng e 10 1 5 ) ]
( s t r ” |” x ” | ” ) )



Clojure - For options

( f o r [ i ( ra ng e 1 10)
: when ( even ? i )
: l e t [ i n v e r s e (/ 1 i ) ] ]

[ i i n v e r s e ] )



Clojure - Polymorphism

( d e f m u l t i e n c o u n t e r ( f n [ x y ] [ ( : S p e c i e s x )
( : S p e c i e s y ) ] ) )

( defmethod e n c o u n t e r [ : Bunny : L i o n ] [ b l ] : run )
( defmethod e n c o u n t e r [ : L i o n : Bunny ] [ l b ] : e a t )
( defmethod e n c o u n t e r [ : L i o n : L i o n ] [ l 1 l 2 ] : f i g h t )
( defmethod e n c o u n t e r [ : Bunny : Bunny ] [ b1 b2 ] : mate )
( d e f b1 { : S p e c i e s : Bunny : o t h e r : s t u f f })
( d e f b2 { : S p e c i e s : Bunny : o t h e r : s t u f f })
( d e f l 1 { : S p e c i e s : L i o n : o t h e r : s t u f f })
( d e f l 2 { : S p e c i e s : L i o n : o t h e r : s t u f f })
( e n c o u n t e r b1 b2 )



Racket

Based on Scheme dialect of LISP, thus functional origins.
=Racket lang=
=Teach Yourself Racket=

https://racket-lang.org/
https://cs.uwaterloo.ca/~plragde/flaneries/TYR/


Racket - basic elements

#b111 ; b i n a r y
1/2 ; r a t i o n a l s
( exact−>i n e x a c t 1/3) ; => 0.3333333333333333
#t ; t r u e
#f ; f a l s e
” H e l l o , w o r l d ! ”



Racket - lists

( cons 1 ( cons 2 ( cons 3 n u l l ) ) )
( l i s t 1 2 3 4)
( quote (1 2 3 ) )
’ ( 1 2 3)

; be c a r e f u l w i t h t he q u o t e s
‘ ( 1 ,(+ 1 1) 3)



Racket - others

#(1 2 3) ; v e c t o r a . k . a . ” t u p l e ”
( s e t 1 2 3) ; s e t
( d e f i n e m ( hash ’ a 1 ’ b 2 ’ c 3 ) ) ; hash−t a b l e

( l i s t −>s e t ’ ( 1 2 3 1 2 3 3 2 1 3 2 1 ) )



Racket - lambda function

( lambda ( ) ” H e l l o World ”)
( l ( ) ” H e l l o World ”) ; i m a g i n e u n i c o d e lambda

( d e f i n e h e l l o−w o r l d ( lambda ( ) ” H e l l o World ” ) )

( d e f i n e ( h e l l o−w o r l d ) ” H e l l o World ”) ; s h o r t e n i n g on ly , not d i f f e r e n t !



Racket - input for functions

( d e f i n e h e l l o
( lambda ( name )

( s t r i n g−append ” H e l l o ” name ) ) )
( h e l l o ” World ”)

( d e f i n e ( h e l l o 2 name )
( s t r i n g−append ” H e l l o ” name ) )



Racket - multi-variadic functions

( d e f i n e h e l l o
( case−lambda

[ ( ) ” H e l l o World ” ]
[ ( name ) ( s t r i n g−append ” H e l l o ” name ) ] ) )

; d e f a u l t arguments
( d e f i n e ( h e l l o 2 [ name ” World ” ] )

( s t r i n g−append ” H e l l o ” name ) )



Racket - Conditions

( i f #t ; t e s t e x p r e s s i o n
” t h i s i s t r u e ” ; then e x p r e s s i o n
” t h i s i s f a l s e ”) ; e l s e e x p r e s s i o n

( cond [(> 2 2) ( e r r o r ” wrong ! ” ) ]
[(< 2 2) ( e r r o r ” wrong a g a i n ! ” ) ]
[ e l s e ’ ok ] )



Racket - For loop

( d e f i n e ( l o o p i )
( when (< i 10)

( p r i n t f ” i =˜a\n” i )
( l o o p ( add1 i ) ) ) ) ; t a i l r e c u r s i o n

; in−b u i l t v e r s i o n
( f o r ( [ i 1 0 ] )

( p r i n t f ” i =˜a\n” i ) )



Racket - For options

( f o r [ i ( ra ng e 1 10)
: when ( even ? i )
: l e t [ i n v e r s e (/ 1 i ) ] ]

[ i i n v e r s e ] )



Racket - While macro

( d e f i n e−syntax−r u l e ( w h i l e c o n d i t i o n body . . . )
( l e t l o o p ( )

( when c o n d i t i o n
body . . .
( l o o p ) ) ) )

( l e t ( [ i 0 ] )
( w h i l e (< i 10)

( d i s p l a y l n i )
( s e t ! i ( add1 i ) ) ) )



Racket -Contracts

( module bank−account r a c k e t
( p r o v i d e ( c o n t r a c t−out

[ d e p o s i t (−> p o s i t i v e ? any ) ] ; amounts a r e a l w a y s p o s i t i v e
[ b a l a n c e (−> p o s i t i v e ? ) ] ) )

( d e f i n e amount 0)
( d e f i n e ( d e p o s i t a ) ( s e t ! amount (+ amount a ) ) )
( d e f i n e ( b a l a n c e ) amount )
)

( r e q u i r e ’ bank−account )
( d e p o s i t 5)

( b a l a n c e ) ; => 5

; ; ( d e p o s i t −5) ; => d e p o s i t : c o n t r a c t v i o l a t i o n



Bonus

=Fermats library - Dijkstra recursive programming=

https://fermatslibrary.com/s/recursive-programming
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