Ponorme se do sveéeta
funkcionalniho programovani

Patrik Valkovic

30.6.2017 — ITnetwork CZ

Socialni sit pro IT profesionaly



Trochu historie

1958 — LISP

1970 — Scheme

1972 -C

1983 - C++

1990 — Haskell

1991 — Python

1995 - Java, PHP, JavaScript
2000 - C#

2009 - Clojure



Co je to funkcionalni programovani?

= Paradigma nebo styl programovani, ve kterych je zakladnim kamenem funkce

= Jazyky podporujici funkciondlni paradigma vs. funkcionalni jazyky

, Visechno je funkce”
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Syntax



5+6

Prefix notace

5+6%3

+ 5x6 3

(5+6) x3

X+563



Pridame zavorky a mame hotovo

Give me some Clojure:
> (+ 5 0)

11

> (+ 2 (* 6 3))

> (* (+ 5 0) 3)

> (+ 56 (* 3 (-82) (/10 2 )))




YoU HAVE LISP
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Say goodbye to priority

Precedence Operator
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Description

Scope resolution

suffix/postfix increment and decrement
Functional cast

Function call

Subscript

Member access

Prefix increment and decrement

Unary plus and minus

Logical NOT and bitwise NOT

C-style cast

Indirection {dereference)

Address-of

Size-gfinote 1]

Dynamic memory allocation

Dynamic memory deallocation
Pointer-to-member

Multiplication, division, and remainder
Addition and subtraction

Bitwise left shift and right shift

For relational operators =< and = respectively
For relational operators = and = respectively
For relational operators = and # respectively
Bitwise AND

Bitwise XOR {exclusive or)

Associativity
Left-to-right

Right-to-left

Left-to-right



Co nam poskytuje imperativni
programovani?

Proménné
Prikazy
Bloky
Podminky
Cykly
Funkce
Tridy
Polymorfismus



Co nam poskytuje imperativni
programovani?

Podminky

Funkce



Funkce

Parametry
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Navratova hodnota



Definice funkce

(defn sum [a b]
(+ a b))




Podminky

1 (if condition true false)
2

3 (defn max [a b]

4 (if (> a b) a b))




Vysledek Funkce musi zaviset pouze
na parametrech

Neexistuje stav= nepotrebujeme promenné



,Funkce je orakulum”
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Free of side-effects

Funkce nesmi zmenit vnéfsi stav
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1-Point movePoint(Point p){

2 Point n = new Point(p)
3 n.x += 1
4 n.y += 1
5 return n

6}
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Return nemusime uvadet

(defn sum [a b]
(+ a b))




Parametry musi byt immutable

1-Point movePoint(Point p){

2 Point pl=p.setX(p.getX()+1);
3 Point p2=p.setY(pl.getY()+1);
4 return p2;

5> }




Funkce bez side-effects a
s immutable parametry

Existuje pouze globalni konstantni stav, ktery se nemeni



Datové typy

Give me some Clojure:
> 128

128

> "Hello World!'™
"Hello World!"™

> (list 1 2 3)

(1 2 3)

> (vector 1 2 3)

(1 2 3]

> (set [1 2 3 1 27)
#{1 2 3}

> (hash-map :keyl 1, :keyZ2 2)
{:key2 2, :keyl 1}

>




Operace nad cisly

Give me some Clojure:

> (+ 1 2 3)
0

> (/ 10 3)
10/3

> (float (/ 10 3))
3.3333333
> (zero? 1)

false
> (zero? 0)
true
> (odd? 2)
false

>




Operace nad retézci

Give me some Clojure:
> (count "Hello World!'"™)

12

> (subs "Hello World!" 5)

" World!™

> (clojure.string/trim " Hello World! ")

"Hello World!"™

> (clojure.string/join " " ["Hello " "World!"™ "!"])
"Hello World! !"

>




Operace nad listem a vectorem

Give me some Clojure:
> (conj '"(1 2 3) 0)
(01 2 3)

> (conj [1 2 3] 4)

[1 2 3 4]

> (cons 0 "(1 2 3))
(0 1 2 3)

> (cons 0 [1 2 3])

0 1 2 3)

(nth [1 2 3] 1)

V NV ~

(first "(1 2 3))

(rest "(1 2 3))
2 3)

V-~V



Operace nad mnozinou

Give me some Clojure:
> (conj #{1 2 3} 4)

#{1 2 3 4}

> (conj {:a 1l ,:b 2 ,:c 3} {:d 4})
{:d 4, :a 1, :c 3, :b 2}

> (contains? #{1 2 3} 1)

true

> (clojure.set/union #{1 2 3} #{3 4 5})
#{1 2 3 4 5}

> (clojure.set/subset? #{1 2} #{1 2 3})
Lrue




Operace slovnikem

\"%

(:a {:a 1,:b 2})

(keys {:a 1,:b 2,:c 1})

>

(:a :c :b)

> (vals {:a 1,:b 2,:c 1})

(1 1 2)

> (merge {:a 1,:b 2} {:b 3,:c 4})
{:c 4, :a 1, b 3}

> (assoc {:a 1,:b 2} :c 3)

{:c 3, :a 1, b 2}

>




Jak na proménné?

Proménnad muze ulozit pouze vypocet z parametru

=

Hodnotu jsme vzdy schopni dopocitat



Originalni kdéd v Jave

1 int myAbsExp(x){

2 1nt result = xX*x+2*x-6;
3 if(result < 0)

4 result *= -1;

5 return result;




Chytrejsi kod v Javeé

1 1nt myAbsExp(int x){
2 return Math.abs(
3 X*X+2*Xx-6);

4}




Kod v Clojure

(defn abs [result]
(if (pos? result)
result
(* -1 result)))

(defn myExp [x]
(+ (* x x) (* 2 x) -6))

(defn myAbsExp [X]
(abs (myExp x)))
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Chytrejsi kod v Clojure

1 (defn myExp [x]
(+ (* x x) (* 2 x) -6))

(def myAbsExp [X]
(let [result (myExp Xx)]
(if (pos? result)
result
(* -1 result))))

cONNOYUT D WIN




VsSechno prece nemuze byt funkcionalni!!

Nékteré operace (vstupné/vystupni) musi nutné menit globalni stav.

Jsou tedy v rozporu s paradigmatem



Print

VypiSe text do konzole a nema navratovou hodnotu!

1 (print 5)
2 (print (+ 5 6))




Read-line

Cte vstup z konzole, ale porusuje funkcionalni
paradigma, protoze se nechova jako orakulum

(defn print_input []
(print
(Integer/parselnt
(str (read-1line))))
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Do

Sekvencné spusti sérii prikazu a vrati vysledek posledniho

1-(defn print _plus3 [x]
(do
(print x)
(print (+ 1 x))

(print (+ 2 x))))
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A co cykly?
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15 Ordor 1O undedstand recurtion, you mast understand recurion

RECURSION

In order to understand recursion, you must understand recursion,

RECURSION

In order to understand recursion, you must understand recursion.




1 for(int 1=0;1<10;i++)
2 print(i);

‘(defn oneToTen [cur end]
(if (< cur end)
(do
(print cur)
(oneToTen (inc cur) end))
nil))



1 int[] arr = new int[] {1,2,3,4,5,6,7,8,9,0};
2 for(int i=@;i<arr.length;i++)
3 System.out.print(arr[i]);

1 (defn listPrint [1]

2 (if (empty? 1)

3 nil

4 (do

5 (print (first 1))

6 (listPrint (rest 1)))))



for(int 1 = @; i < data.length / 2; i++)
1
int temp = data[i];
data[i] = data[data.length - i - 1];
data[data.length - i - 1] = temp;

AUV B WN =

¥

1 (defn implementation [new o0ld]

2 (if (empty? old)

3 new

4 (implementation (conj new (first old)) (rest old))))
5

6

7/

(defn reverse [1]
(implementation "() 1))



Bubble-sort v Clojure

1 (defn bubble-step [coll was-changed less?]

2 (if (second coll)

3 (let [[x1 x2 & xs] coll

4 is-less-than (less? x1 x2)

5 smaller (if is-less-than x1 x2)

6 larger (if is-less-than x2 x1)

7 is-changed (or was-changed (not is-less-than))
8 [sorted is-sorted] (bubble-step (cons larger xs) is-changed less?)]
9 [ (cons smaller sorted) is-sorted])

10 [coll (not was-changed)]))

11

12 (defn bubble-sort [coll less?]

13 (loop [[coll is-sorted] [coll false]]

14 (if is-sorted

15 coll

16 (recur (bubble-step coll is-sorted less?)))))




Typické rysy
funkcionalnich jazyku



Funkce je First-class citizen

Funkce je na stejné urovni jako datové typy



Funkce jako parametr
(heigher-order Functions)

1 (defn operator [op paraml param2]

2 (op paraml param2))
3

4 (defn my-max [f s]

5 (if (¢« £ s) s 1))

6

7 (operator + 1 1)
8 (operator my-max 2 3)




Anonymni Funkce

1 (defn operator [op paraml param2]

2 (op paraml param2))

3

4 (operator (fn [T s] (max f s)) 2 3)




Closures

Co zobrazi tento kod v JavaScriptu?

1-for(var a=0;a<10;a++)

2 setTimeout (function(){
3 console.log(a)

4 },100)




Closures

~for(var a=0;a<10;a++)
(function(a)q{
setTimeout(function(){
console.log(a)
},100)

1) (a)
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Casteéna specializace

“(defn create-plus [increase]

1
2 (fn [1 r]

3 (+ increase 1 r)))
4

5

((create-plus 5) 1 1) ;return 7




Dynamicky scope

Jiny pohled na promeénné



Lexikalni scope

alobal scope
\
| window.onload |__t+—theld is local to window.onload

Local scope —1 '// and ovly visible in Haat function.
theld

|| findElement creates a whole view
el — | FindEiement scope. Local Vaviables id, color
| and el are visible throughovt
] Hre function, including n

cotor changeAllBlueChildren.

i

el

L changeAllBlueChildren creates
vet anothrer scope. Al local
vaviables declared n this
Punction are visible only within
changeAllBlueChildren.

Nested ——T| changeAllBlueChildren - e
local scope

 The local Vaviable el shadows the
el Variable in findElement.

theClass

— The Variable color is wot local
o changeAllBlueChildren; it is
.lOCa’ 1o findElement, but visible
1 changeAllBlueChildren.




Dynamicky scope

1 (def ~:dynamic first 0)
2 (def ~:dynamic second 0)
3

4 (defn plus []

5 (+ first second))

6

7 (plus) ; 0
8 (binding [first 1] ; 1
9 (plus))

10 (binding [first 1 ; 2
11 second 1]

12 (plus))



Dynamicky scope

Hodnota proménné neni urcena jeji pozici, ale provedenymi prikazy



Dynamicky scope

10 int b = 2;
11 return foo();
12 }

1 int b = 5;
2 int foo() |
3+ { I
4 int a = b + 5; | 14 int main()
5 return a; | 15~ {
6 } | 16 foo(); // 16
7 | 17 bar(); // 16/7
8 int bar() | 18 return 0;
o { | 19 }
I




Dynamicky scope v JavaScriptu?

1 class Point{

2 constructor(x,y){
3 this.x = X

4 this.y =y

5 }

6

7 print(){

8 console.log(this.x,this.y)
9 }

10 }

11

12 Let p = new Point(1,1)

13 p.print() // 1 1

14 p.print.call({x:2,y:2}) // 2 2

15 Point.prototype.print.call({x:3,y:3}) // 3 3




Pro Proti

Snadno testovatelné Svet neni neménny

Snadno paralelizovatelné Vykonoveée pokulhava



VON NEUMANN ARCHITECTURE

S
| |

HARDWARD ARCHITECTURE




Funkciondalni programovani je skvélé pro
implementaci algoritmu

Programy se ale skladaji i z dat



E1




Jak reprezentovat cisla?






CCCCS

(defn three [c s] (c (c (c s))))

(three (fn [& args] (print "1")) ©)



Increment

CCCS => CCcCcCs

(defn increment [num c s]
(c (num c s)))

(increment three (fn [& args] (print "1")) 0)



Plus

CCCS + CCCSs => cccccces

(defn plus [left right c s]
(left ¢ (right c s)))

(plus three three (fn [& args] (print "1")) 0)



Krat

CCCS + CCCSs => cCccccccecces

(defn multiple [left right c s]
(left (fn [s] (right c s)) s))



True False

(defn True [t f] t)
(defn False [t f] f)

((False (fn [] (print "True")) (fn [] (print "False")) ))
((True (fn [] (print "True")) (fn [] (print "False")) ))



And Or

(defn And [1 r t f]
(r (1 tf)f))

(defn Or [1 r t f]
(rt (1t f)))



Not

(defn Not [ex t f] (ex f t))

((Not True printTrue printFalse))
((Not False printTrue printFalse))



IsZero

(defn isZero [num] (num (fn [a] False) True))

(defn three [c s] (c (c (c s))))

(defn zero [c s] s)

(((isZero zero) printTrue printFalse))
(((isZero zero) printTrue printFalse))



Alonzo Church
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Rekurze

mindfuck?



Funkcionalni rekurze

1 (defn Y [f]

2 ((fn [x] (x x))

3 (fn [x]

4 (f (fn [& args]

5 (apply (x x) args))))))

6

7 (defn fac [f]

8 (fn [n]

9 (if (zero? n) 1 (* n (f (dec n))))))
10

11 ((Y fac) 5)
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| ISP

(defun bubble-sort-vector (vector predicate &aux (len (1- (length vector))))
(do ((swapped t))} ((not swapped) wvector)
(setf swapped nil)
(do ({(i (min 0 lem) (1+ 1))) ({eqgl i len))
(when (funcall predicate (aref vector (1+ i)} (aref wector 1))
(rotatef {(aref vector 1) (aref vector (1+ 1})))
(setf swapped t)))))

(defun bubble-sort-list (list predicate)
(do ((swapped t)) ((not swapped) list)
(setf swapped nil)
(do ((list list (rest list))) ((endp (rest list)))
(when (funcall predicate (second list) (first list))
(rotatef (first list) (=econd list))
(setf swapped T)))))

(defon bubble-sort (segquence predicate)
(etypecase seguence
(lizt (bubble-sort-list sequence predicate))
(vector (bubble-sort-vector seguence predicatem



Scheme

(define (bubble—-sort x gt?)
(letrec
(({fix (lambda (f i)
(if (eqgqmal? i (£ i))
i
(fix £ (£ 1)))))

(sort—-step (lambda (1)

(if (or (nmmll? 1) (null? (cdr 1)))
1
(if (gt? (car 1) (cadr 1))
(conz2 (cadr 1) (sort-step (cons (car 1) (cddr 1))))
(con=s (car 1) (sort-=step (cdr 1})3)3)))

(fix sort-step x)))



Clojure

"was—-changed: whether any elements prior

(defn- bubble-step

to the current first element
were swapped;

returns a two-element vector [partially-sorted-sequence is-sorted]”™
[less? x5 was-changed]
(if (<« (coant xs) 2)

[ (not was-changed) ]

(let [[=x1 =2 & Xr] ==
first-is-smaller (les=? x1 =2)
i=z-changed (or was-changed (not first-is-smaller))
[emaller larger] (if first-is-smaller [x1 x2] [x2 x1]1)

[re=sult is-=sorted] (bubble-s=tep

le=s=z? (cons larger xr) is-changed)]
[({cong smaller result) is—-sorted]l)}))

(defn bubble-sort
"Takes an optional less-than predicate and a segquence.
Returns the sorted seguence.
Very inefficient (O(n=)}"
([%x=] (bubble-sort <= Xs))
([less? x=]
(let [[result is-sorted] (bubble-step less? x=s false) ]
(if is-sorted
result
(recuar less? result)))))

(println (bubble-sort [10 8 8 7 6 5 4 3 2 1])}



Haskell

bsort :: Ord a => [a] -> [a]
bsort s = case bsort s of
t | £t == =3 ->

| otherwise -> bsort t
where ksort (x:x2:xs) | x > x2 = x2:( _bsort (x:xs))
| otherwiz=e = x:(_bsort (x2:xs))
_beort 2 = =



Datoveée typy

Cislo — Retézec
List — Vector
Mnozina - Slovnik

Give me some Clojure:

> 128

> "Hello World!™"™

Ty

—_ — = O e

> (list 1 2 3)

> (hash-map :keyl 1,

>



Give me some Clojure:
> (+ 1 2 3)

Operace nad 5.3333333

Cisly




Give me some Clojure:
> (count "Hello World!'"™)

> (subs "Hello World!" 5)

Operace nad

clojure.string/trim " Hello World! ")
| TaT b Jjin
clojure.string/join " " ["Hello " "World!™ "!"])

.
retezci .




Give me some Clojure:
> (conj "(1 2 3) 0)

Operace nad
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Operace nad

MNOZiNnoU 3
slovnikem

Give me some Clojure:
> (conj #{1 2 3} 4)

> (conj {:a 1 ,:b 2 ,:c 3} {:d 4})
> (contains? #{1 2 3} 1)
true

> (clojure.set/union #{1 2 3} #{3

> (clojure.set/subset? #{1 2} #{1



