Algoritmické myslenie

Miroslav Hajek



Algoritmus

 Presny postup krokov pri rieSeni problému — pravidla

« Tvori nové z existujuceho

Algoritmus

Vstup y = f(x) = Vystup

VSeobecnost
Jednoznacnost
Opakovatelnost
Konecnost
Cas & Pamit’



Riesenie problémov

1. Porozumenie
,If you can’t explain something in simple terms,
you don’t understand it.”
—Richard Feynman
2. Plan
Ako z X vytvorim Y?

3. Rozdeluj a panuj
Pospajanie podproblémov

/. Sebareflexia
Overenie fungovania v r6znych situaciach.



Prvopociatky postupov

Anticke Grécko (~300 p.n.l.)
 Eratostenovo sito

- hladanie vSetkych prvocisel mensich ako nejaké cislo

1.) Vytvor zoznam po sebe idacich ¢isel 2 azn: (2, 3, 4, 5, ..., n)

2.) Prvé este nevyciarknuté ¢islo nechaj a vyciarkni vsetky jeho nasobky.
3.) Ak existuje, posun sa na prvé nevyciarknuté ¢islo, potom opakuj krok 2.
4.) Ak sa neda uz nic vyc¢iarknat, zoznam obsahuje len prvocisla. Koniec.

 Euklidov algoritmus
* vypocet najvacsieho spolo¢ného delitela (NSD) dvoch ¢isel
« NSD(a, b) je NSD(b, amod b), kymb > 0



Dopad algebry - ,Algorism®

« Muhammad ibn Musa al-Khwarizmi (Perzia, 820 n.l.)

« Pocitanie s hindsko — arabskou ciselnou stistavou za pouzitia pravidiel

- Vypocty korenov rovnic metédami doplnovania a vyvazovania
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Logika ako zaklad matematiky

 David Hilbert — Entscheidungsproblem (1928) -
rozhodovaci problém

« Algoritmus, ktory rozhodne, ¢i je dané tvrdenie
dokazatelné z axiomov podla pravidiel logiky.

 Dokazat, ze vSetky pravdivé matematické tvrdenia
mozu byt dokazané — Gplnost matematiky

- Dokazat, zZe len pravdivé matematické tvrdenia
mozu byt dokazané — konzistenciu matematiky

 Dokazat existenciu rozhodovacieho postupu na
rozhodnutie o pravde alebo nepravde akejkolvek
matematickej teérie — rozhodnost matematiky




Usvit vypoctove] techniky

 Kurt Godel - Gédelove vety o netiplnosti logickych systémov

« Alonzo Church — A-kalkul

« Alan Turing — univerzalny Turingov stroj (1936)

« O efektivnej vypocitatelnosti a vyvrateni rozhodovacieho problému



Turingov stroj

« Teoreticky abstraktny model fungovania vsetkych pocitacov
- [Paska, Hlava] - [Stav, Tabulka insStrukcii], Abeceda
- 3 - stavovy Busy Beaver — Citaj, Zapi$, Posuri, Dalsi stav

https://turingmachinesimulator.com/


https://turingmachinesimulator.com/

Data & Algoritmy

 Neoddelitelna dvojica — jedno zavisi a ovplyvinuje druhé
« Kuchyna: ingrediencie (ddta), recept (algoritmus)
- Majstrovanie: material (ddta), navod (algoritmus)

THE CLASSIC WORK
NEWLY UPDATED AND REVISED

The Art of
Computer

Programming

VOLUME 1
Fundamental Algorithms
Third Edition

DONALD E. KNUTH
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Varime prazenicu Jattek

A V/ 0.0 , dia ram iljnprav SIkOIIIk
yvojovy ¢as . / e S oo / Vstupy
- Sposob zapisu algoritmu panevavar.c

Rozehfej tuk vV panvi.
I N Prikazy

Rozklepni do panve /
pfipravena vejce.

Promiche;j.

/Rozhodova'nl'

Jsou vejce
dost tuha?

Cyklus

Vystup

/ Podave. /

Chvili pockej.

Konec




Prvky algoritmu

Pri Strukturovanom programovani:
3 pravidla na vytvorenie postupov zo zakladnych pokynov
Ciel: Nerobit veci zbytocne viackrdt!

Sekvencia — Prv rob toto, potom to.
« Vyber (Podmienky) — AK je-pravda POTOM to INAK ono

« Opakovanie (Cykly) — KYM je-pravda ROB toto




Premenné

 Sposob ukladania idajov v pamati pocitaca - ,,Pomenovanie adresy*
« Operacie:

e Zapis (Vloz)

- Citaj (Vyber)

0 00000000

1100000001

2 00000011

3100000011

4 {00000100

5 (00000100

Nazov

Adresa: 45621
Obsah: 3
Typ: cislo

6 00000101

7 100000110

8 00000110

9 100000111

10 [00001000

11 00001010




Datovy typ premennych

« Urcuje ako mame porozumiet binarnej sekvencii v pamati

Pravdivostny typ (bool)

Celé cislo (int)

Realne cislo (real, float)

Znak (char) \ . e
F\om&m% Po‘ﬂt (i‘od'n x) )

-l

1010010151 101000) 01momo D

Chowocter (0 J" Oo - lee
SQ“ ; Umcode




Datove Struktuiry

« Zlucuju existujace typy pod novy datovy typ, ktory popisuje
komplexnejsi jav

,Volam sa TEXT“
Retazec — pole znakov (str)

Type of Amray

KN =
Bicycle 123 m
admin

wotrrc : @ Cn)
KN - :

Indexed Array Associative Amray Strom 0 0 o

Pole (Zoznam) Asociativne pole L2 )
(Hashovacia tabulka)



Hladanie v slovniku

» Dolezita vlasnost dat: abecedné poradie -> vhodny algoritmus
« Sposoby:

» Linearne — O(n) - posupne
ABICIDEIFIGHI]|J
b 444 bbbttt

» Binarne - O(log n) — polovicu z polovice atd.

'
‘A‘B‘C‘D‘E‘F‘G‘H‘ | ‘J\




Desiatkové na binarne Cislo

« Vstup: Kladné celé ¢islo dec v desiatkovej sustave
« Vystup: Retazec bin predstavujici binarny zapis cisla

bin <« “« 118(10) = 1110110(2)
kym dec > 0, rob: 118 : 2= 59 zv. 0
cifra « znak(dec mod 2) 59 : 2= 29 zv. T
bin « bin + cifra 29 : 2= 14 zv. 1
dec « dec div 2 14 2= 7 zv. 0

7/ : 2 = 3 zv. 1

vysledok bin 3 2= 1 zv. 1
1 : 2 = 0 zv. 1



Stupanie na trase

« Vstup: Zoznam L nadmorskych vySok na
trase v rovnomernych vzdialenostiach
« Vystup: Cislo — sicet stiipani na trase

stUpanie <« 0

pre i « 0 po dizka(L) - 1 rob:
svah « L[1 + 1] - L[1]
ak svah > 0, potom:
stUpanie <« stupanie + svah

vysledok stupanie

Algoritmus:
Majstrmii dsek
trasy

Y

Zoznam L
nadmorskych
vySok
b

y

stipanie « @
i« 0

Nie

svah « L[i + 1] - L[i]

Ano

stdpanie « stdpanie + svah

A

i«i+1 <

r

j//x/Vypiﬁ: &H:L’Jpar‘.ie_h‘lal”"’,‘-éllrr

Y

‘ Koniec \




NajpouzivanejSie algoritmy

e Triedenie

 Fourierova transformacia (FFT)  — ¢asovy na frekvenc¢ny signal
« Dijkstrov algoritmus - navigacia, siete
« RSA, AES - Sifrovanie

 Secure Hash Algorithm (SHA)

 Proporcionalny, Integracny a Derivacny regulator - samokorekcia
 Generator pseudonahodnych ¢isel - Mersenne twister

- Kompesia dat - zip, mp3, jpeg, h264

 Nasobenie matic - grafika, neurdnové siete

https://mzucker.github.io/2016/09/20/noteshrink.html

https://medium.com/@_ marcos_ otero/the-real-10-algorithms-that-dominate-our-world-e95fag9fi6cos


https://mzucker.github.io/2016/09/20/noteshrink.html
https://medium.com/@_marcos_otero/the-real-10-algorithms-that-dominate-our-world-e95fa9f16c04

Viztah: Stroj - Clovek

,Let us change our traditional attitude to the construction of programes:
Instead of imagining that our main task is to instruct a computer what
to do, let us concentrate rather on explaining to human beings what we

want a computer to do."¢
— Donald Knuth

,How do we convince people that in programming simplicity and
clarity —in short: what mathematicians call "elegance"— are not a
dispensable luxury, but a crucial matter that decides between success
and failure?“

— Edsger Dijksta

,,The psychological profiling [of a programmer] is mostly the ability to
shift levels of abstraction, from low level to high level. To see something

in the small and to see something in the large.“
— Donald Knuth



Program(ovanie)

« strojovo Citatelny a vykonatelny popis uskutocnujuci algoritmus

Adresa, Instrukcia, Data

int gcd(int a, int b) 0: LDA [b] 0000 0001 1101
{ . s JZ & 0001 0011 1001
while (b > 0) 2: STA [t] 0010 0010 1101
int t = b; 3: LDA [a] 0011 0001 1011
b=a%b; 4: MOD [b] 0100 0110 1100
E— 5: STA [b] 0101 0011 1100
) 6: LDA [t] 0110 0001 1101
return a: ;: i;é gaj 9111 0011 1011
) : 1000 0100 0000
9: OUT [a] 1001 0101 1011
e 10: HLT 1010 1111 0000
Prekladaé 11: /a 1011 0000 0000
12: /b 1100 0000 0000
13: /t 1101 0000 0000
p
Poéitac

(Elekrické obvody)



M l’ 4 b“/< 0: LDI 255
dld NAaSODIIKd 1: SUB [n]
2: STA [n]
3: LDA [a]
void nasobilka(int n) 4: ADD [i]
{ 5. STA [a]
. . 6: ADD [n]
A & b’ m 7. JC 17
8: LDA [b
for (a =1; a <=n; at+) { . Lb]
9: ADD [i]
for (b - 1, b <= n, b++) { 10: STA [b]
printf("%d", a * b); 11: ADD [n]
) 12: JC 3
h; 13: LDA [a]
} 14: MUL [b]
15: OUT
2 3 4 5 6 7 8 9 10 Y 1675 ﬂ'?S
4 6 8 10 12 14 16 18 20 -
6 9 12 15 18 21 24 27 30 18: \a, @
8 12 16 20 24 28 32 36 40 19: \b, 0@
10 15 20 25 30 35 40 45 50 20: \n, 10
18 24 30 36 42 48 54 60 21: \i, 1

14 21 28 35 42 49 56 63 /0
16 24 32 40 48 56 64 72 80
18 27 36 45 54 63 72 81 90
20 30 40 50 60 70 80 90 100

S OO NOYOT A~ WDN =
—
N

—_—




AND OR | XOR

Logicke hradla

A E=lE=
P OlrRr O W
L O O o
P, R PO
O R Rk O

Polovicna sc¢itacka
Ao
B o

. A\\LD)_

8 —0)
L A T o ] )
D_ Qplné séitacka (1 -bit)

£ T el

= I }"Enul:

Cout =(ANB)V ((A® B) ACip)
Pozn.: (1)VSetky sa daju postavit z NAND / NOR, (2)eater.net
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Krasa programovacich jazykov

- Abstrakcia — virtualny model stroja

« Hybrid medzi prirodzenym jazykom
(anglic¢tina) a matematickym
algebraickym zapisom

https://rosettacode.org/

g 00 and Visual Language |

High-Level Language

Assembly Language

Machine Language

Low Level

High Level o > Compiler t
Languages or Interpreter
(Only humans understand this) (Translate both ways)

Languages

(Computers only understand this)

http/fwww.cyberlabs.club


https://rosettacode.org/
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PROGRAMMING? O @m @ v @
Writing very specific
instructions to a very dumb,
yet obedient machine. F JAVASCRIPT @ C# ' RUBY o OBJECTIVE-C
Start with Scratch, /;or kids_-\‘ START Idonl know, just \\ Nope. 1prefer to
O < thenmoveonto.. T\ my ) F"“:k one for me O jusl wm = leal:r'l things
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“tapy vyvoja softveru

» Clovek = kreativita
e Stroj = manualnost

Y
> Poziadavky
(Napad / Zadanie)
Y
< Reflexia Navrh
(Testovanie, Ladenie) (Algoritmus)

A

Implementacia <
(Program)
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RTAN - Prva generacia

w,Formula Translation‘: John Backus a IBM, 1952 - 1957

FOR 31
=4
chwo | & FORTRAN STATEMENT FICATION
STATEMENT =
NUMBER 8
|T 5| 8 7 Iz .73 E
i< B PROGRAM FOR FINDING THE LARGEST VALUE
5} L% ATTAINED BY A_SET _OF NUMBERS
| BIGA = A(1)
ﬁ:_ | D020 1= 2,N o
N el IF_(BIGA — A(I)) 10 20, 20 - L
| 10| | BIGA = A(D)
] —_— e
| ] 20 | _| CONTINUE
=

READ 1, DELTAX

~dy ' |

PRINT 1, DELTAX

=y +1 |

XPRINT = 0.01

dx |

X=0.0

Y=0.0

Ay = A?U - (Toyo + 1)——hr

Y =Y + DELTAX*(X*Y + 1.0)

X= X+ DELTAX

_TF (X - XPRINT) 3, 4, 4

Yi+1 = yz + ACC(nyZ + 1)—[

PRINT 2, X, Y

~ XPRINT = XPRINT +0.01

Tit1 = x; + Ax |

IF(X-1.003,5,5

]
f

STOP




ALGOL - Prva generacia

"Algorithmic Language* (ALGOL58, ALGOL60, ALGOL68)

procedure Absmax(a) Size:(n, m) Result:(y) Subscripts:(i, k);
value n, m; array a; integer n, m, 1, k; real y;
comment The absolute greatest element of the matrix a, of size n by m
is transferred to y, and the subscripts of this element to i and k;
begin
integer p, q;
y :=0; 1 :=k :=1;
for p := 1 step 1 until n do
for g := 1 step 1 until m do
if abs(alp, g]) > y then
begin y := abs(alp, ql);
1 :=p; k :=qg
end
end Absmax



COBOL - Prva generacia

»COmmon Business Oriented Language‘ - Grace Hopper, 1959

IDENTIFICATION DIVISION.
PROGRAM-ID. RESEL-WORLD.
DATA DIVISION.
FILE SECTION.
WORKING-5TORAGE SECTIONM.

*A record that describes

a1

a1
a1
a1
a1

W5-USER.
B85 WS5-FIRST-MNAME
@5 W5-LAST-NAME
85 W5-AGE
W5-FULL-NAME
W5-CLOSE
W5-NEW-AGE
W5-AGE-DELTA

PROCEDURE DIVISION.

#Run the code as performed

PERFORM GET-DATA
PERFORM CALC-DATA
PERFORM SHOW-DATA
PERFORM FINISH-UP
GOBACK.

d user

PIC a(l@).

RPIC
RFIC
PIC
PIC
PIC
PIC

a(1@).
a(2).
al2@).
all).
a(2).

9{2) VALUE 18@.

paragraphs

*A performed paragraph to get user input
GET-DATA.
MOVE SPACE TO WS-USER WS5-FULL-MAME
DISPLAY "What is your first name?"
ACCEPT WS5-FIRST-MAME OF WS5-USER
DISPLAY "What is your last name?"
ACCEPT WS5-LAST-NAME OF WS-USER
DISPLAY "What is your age?®"
ACCEPT WS-AGE OF W5-USER
STRING WS5-FIRST-MAME OF WS5-USER DELIMITED BY SPACE
SPACE DELIMITED BY SIZE
W5—-LAST-NAME OF WS5-USER DELIMITED BY SPACE
SPACE DELIMITED BY SIZE
INTOD WS-FULL-MAME
ON OWERFLOW
DISPLAY "SORRY, YOUR DATA WAS TRUMCATED"
END-5TRING.

A performed paragraph for doing calculation
CALC-DATA.
# Sample addition statement
ADD WS-AGE-DELTA WS-AGE OF WS-USER TO WS5-NEW-AGE.

*A performed paragraph to display output

SHOW-DATA.
DISPLAY "Welcome " WS-FULL-MNAME " In ten years you will be:
W5-MEW-AGE.

#*A performed paragraph to end the program
FINISH-LP.
DISPLAY "Strike any key to continue".
ACCEPT W5-CLOSE
DISPLAY "Good bye".
EMD PROGRAM RESEL-WORLD.



http://landoflisp.com/orc-battle.lisp

LISP - Prva generacia

,, LISt Processor* - John McCarthy, 1958 (MIT)

(defparameter *player-health* nil)
(defparameter *monstersx nil)
(defparameter *monster-numx 12)

(defun init-player () (setf *player-health* 30))
(defun monsters-dead () (every #'monster-dead *monstersx))
(defun player-dead () (<= *player-health* 0))

(defun game-loop ()
(unless (or (player-dead) (monsters-dead))
(show-player)
(dotimes (k (1+ (truncate (/ (max @ *player-agilityx) 15))))
(unless (monsters-dead)
(show-monsters)
(player-attack)))
(fresh-1line)
(map 'list
(lambda(m)
(or (monster-dead m) (monster-attack m)))
*xmonstersx)

(game-1loop)))



LI5P 15 OVER HALT A | | T WONDER IF THECYCLES
CENTURY QLD AND 1T erL CONTINUE FOREVER.
STILL HAS THIS PERFECT,
J_IE’EI.ESE mRHBGWW

"
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NEW GENERATION RE-
DISCOVERING THE LISP ARTS,
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LAST NIGHT I DRIFTED OFF

WHILE READING A LisP Book.f| | GREAT ENUGHTENMENT, TSAW THE NAKED J| THE LANGUAGE
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Jazyky v edukacii

Logo (1967) BASIC (1964) - ZX81

» Korytnacia grafika . N
10 PRINT ,NAPIS TAINU SPRAVU“

20 INPUT $S

30 FOR J=1 TO LEN(S$)

40 LET X=CODE(S$(J TO J)

50 IF X < 38 OR X > 63 THEN LET N=X

55 IF X < 38 OR X > 63 THEN GOTO 100

60 IF INT(J/2) = J/2 THEN LET N=X+1

to square :length

repeat 4 [forward :length right 90]
end
to randomcolor

setcolor pick [red orange green blue]

end X
e e 1 s
:ip$gt]36 [randomcolor square random 200 S B ==

100 PRINT CHR$(N);
110 NEXT J




Sucasna prax — C, C++
/* PoCitanie slov a znakov na vstupe - K&R */

#include <stdio.h>

#define DNU 1 // v slove
#define VONKU @ // mimo slova

int main(void)

{
int z, pz, ps, stav;
stav = DNU;
ps = pz = 0;
while ((z = getchar()) != EOF) {
++pz;
if (z==""1]z="\n" || z=="\t") {
stav = VONKU;
else if (stav == DNU) {
stav = DNU;
t+ps;
3
3

printf(,,Znaky: %d, Slova: %d\n“, pz, ps);



Sucasna prax — Python

def narodeniny(mesiac): rodne-cisla. txt
nar = []
if mesiac < 1 or mesiac > 12: Jano 18022003
return nar Peter 09051996
Zuzka 10621998
ziaci = open('rodne-cisla.txt','r') Simon 17032001
Sara 24571997
for ziak in ziaci: Marika 16601999
meno, rodne = ziak.split(' ') Kamil 30072000
m = int(rodne[2:4]) Katka 12612002
if m > 50:
m -= 50
if m == mesiac:

nar.append(meno)
ziaci.close()
return nar

print(narodeniny(5))



SU(viaSﬂé pl’ax — Domain Specific Languages

SQL (Databazy)

attendance student

+--- - - e +---mmmm— - e + -t ---- e +
| id | date | arrival | departure | student_id | | 1id | name | class |
R e e R ke e il + e e +------- +

SELECT s.name, a.date, a.arrival, a.departure
FROM attendance AS a
JOIN student AS s ON s.id = a.student_id
WHERE s.name = 'Miroslav Hajek'
AND (date BETWEEN '2018-05-01' AND '2018-05-30')
ORDER BY date;

Regex (Dynamické hladanie v textoch)
A(([0-91{5})|([0-91{3}[ 1{0,1}[0-91{2}))$ PSC (95106, 834 09)



Dakujem za pozornost

,What I cannot create,

I do not understand.“
— Richard Feynmann



/droje

Text:

https://medium.freecodecamp.org/how-to-think-like-a-programmer-lessons-in-problem-solving-did8bfide7d2
https://www.britannica.com/biography/Alan-Turing
https://www.interviewcake.com/article/python/data-structures-coding-interview?course=dsa

Jack Woehr. An interview with Donald Knuth. Dr. Dobb's Journal, pages 16-22 (April 1996)
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