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Co nas ceka”
Vyjasnéni pojmu
— Datovy typ

— Abstraktni datovy typ (ADT)
— Datova struktura

— Syntaxe
— Sémantika

Zakladni ADT
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Zakladni abstraktni datove typy (ADT)

Fronta (Queue)
Zasobnik (Stack)
Pole (Array)
Tabulka (Table)
Seznam (List)
Strom (Tree)
Mnozina (Set)
Graf (Graph)
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Datové typy v programovacich jazycich

Datovy typ (nebo jen typ)

— Poskytovan konkrétnim programovacim jazykem

— Pojmenovani pro mnozinu hodnot a sadu operaci

— Pouziva ke (statické Ci dynamické) kontrole programu
aby se nescitaly hrusky s jablky, jako 7+"ahoj"

Priklady:
— Primitivni typy - char, byte, int, float, double, ..., pole
— Slozeneé typy - zaznam (struct), trida(class),
— Reference (struct tree *left, *right), a typ funkce
— (Abstraktni datoveé typy - zasobnik, pole, strom, ... )
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Datové typy v programovacich jazycich

Priklad z C/C++

int i=7, j=5, k=0; float m;

“Vi se”, ze (dano definici jazyka):

m = "ahoj"; // neptelozi se

- staticka kontrola
m=1i/3; // m bude 1 a ne 1.4

- celoc¢iselné déleni
m=1i / k; // chyba, déleni nulou
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Abstraktni datove typy

7 u AL 4Y 4

— nezapouzdruji (Ize porusit jejich integritu)
— jsou malo abstraktni (mozek zvlada jen urcCite
penzum slozitosti a proto ma rad abstrakci)

Proto komplexnéjsi abstraktni datove typy (ADT).

Priklad: bod jako 3 souradnice — Ize s nim pracovat jako s
celkem pri programovani grafiky
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Abstraktni datove typy

Nekterée abstraktni datové typy se neustale opakuji
« Stoji za to je presnée definovat

« Stoji za to je implementovat v knihovnach nebo primo v
jazyce

» Priklady implementace:

— Balik trid java.util
— STL (Standard Template Library) sablony v C++
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Abstraktni datovy typ

Abstraktni datovy typ (ADT)

je mnozina druhu dat (hodnot) a prislusnych operaci,
Které jsou presné specifikovany, a to nezavisle na
Konkrétni implementaci.

Definovat Ize
— Matematicky — signatura a axiomy

— Jako rozhrani (interface) s popisem operaci

* Interface poskytuje
— konstruktor, ktery vraci abstraktni odkaz a

— operace, které akceptuji odkaz jako argument
a které maji presné definovany uc€inek na data
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Priklad 1: Citac

Citag jako rozhrani

~
public interface Counter
{ : , ,
int getValue(); + popIS viastnosti > Rozhrani
void increment() ; ’
void reset(); operaci
} ’ ADT
public class Ctr implements Counter ) Datova_ St(uktura
{ Viz dale
private int value = 0; Mozna
public int getValue() { return value; } -
public void increment() { wvalue++; } Implementace
public void reset() { value = 0; } )

}

Pro uzivatele je implementace skryta, pouziva jen verejné metody objektu

DSA
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Abstraktni datovy typ

SYNTAXE ... Ssignatura

= deklarace druhu
* Jména oboru hodnot

+ deklarace operaci
« Jména operaci
« Druhy (a pofadi) argumentu operaci
* Druh vysledku (JEDEN!)

SEMANTIKA ... axiomy
= popis vlastnosti operaci!
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Priklad 2: Logicka hodnota

Signatura pomoci diagramu

true, false ,
~Jmeno druhu

- Druh vysledku

BOOlI A——j operace

and equ

Jmeno
operace

argumenty

DSA 12 /105



Priklad 2: Logicka hodnota

Druhy: Vyhoda: Je jasné poradi argumentu
Bool

Operace:
true, false: Bool (konstanty, nularni operace)

not(_): Bool -> Bool (unarnioperace)

and(_, ): Bool,Bool -> Bool (binarni op.)
equ( , ) Bool,Bool -> Bool
SN () B L T [Erme————

operace ~ argumentu
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Priklad 2: Logicka hodnota

Notace a priorita operaci

[Prefixové notace}
and(_, ): Bool,Bool -> Bool. ... Clear, Maude

and : Bool,Bool -> Bool. ... Maude
poradi operaci dano uzavorkovanim

[Infixové notace }
and : Bool,Bool -> Bool

priorita: not,and ... Priorita operaci se musi explicitne
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Priklad 2: Logicka hodnota

Sémantika pomoci axiomu

Stav instance ADT popsan vyrazem, ktery ho zkonstruuje
Vyraz

— se sklada z nazvu operaci a proménnych

— |ze zjednodusit, pokud najdu odpovidajici axiom

— porovnava se textové (pattern matching)

— stejny stav Ize popsat vice vyrazy
AXiom je rovnost vyrazu

pf. not(true) = false  znamena

misto not(true) pis false
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Priklad 2: Logicka hodnota

Sémantika pomoci axiomu
var x,y: Bool

not (true) = false (1,\
not (false) = true (2)
J

4 I
and(x, true) = x (3)
and(x,false) = false (4)
\ %
\

or(x, true) = true (6)
or(x,false) = x (7)

(8)

\_ /

DSA

negace

logicky sou€in AND
Viz dale

logicky soucet OR
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Priklad 2: Logicka hodnota

Test na rovnost - verze 1 — bez promennych — na vyrazy

/équ(true, true)
equ (true, false)
equ (false, true

\?qu(false,false

)
)

= true
= false

= false (11)

= true

(9))
(10)

(1%;

nepouzitelna

Test na rovnost - verze 2 — je lepsi, pouzitelna na vyrazy
jejichz hodnotu jeste nezname

o

(equ(x, true) = x (13) )
equ(x, false) = not(x) (14)
(15)/

DSA
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Priklad 2: Logicka hodnota

Priklad Upravy vyrazli Cilem je co nejiednodussi vyraz

not (not (true)) = not(false)= ProtoZze not (true)=false (1)
true ProtoZze not(false)=true (2)

(6) (7) (5)
and( or(x,true), or(y, false) ) = and( true, or(y, false) ) = and( true, y ) =

(3)
= and(y, true) =y

and(not(x),not(y)) = ... neumim s danymi axiomy pfimo upravit,
leda bych doplnil axiom: and(not(x), not(y)) = not( or(x,y) )
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Priklad 2: Logicka hodnota v Maude

fmod BOOL is SIGNATURA
sort Bool .
op true : -> Bool [ctor]. ... konstruktor (konec redukce)

op false : -> Bool [ctor].

op not : Bool -> Bool .

op and : Bool Bool -> Bool [comm] .
op or : Bool Bool -> Bool [comm] .
op equ : Bool Bool -> Bool [comm] .
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Priklad 2: Logicka hodnota v Maude

vars XY Z : Bool .
AXIOMY

eq not(true) = false .
eq not(false) = true .

eq and(X, false) = false .
eq and(X, true) = X..
eq and(X, X) = X.

eq or(X, false) = X.. 20105



Priklad 2: Logicka hodnota v Maude

Priklad upravy (redukce) vyrazu

red and(X,true) .

red and(true, X) .

red and(and(X,true),and(X,true)) .
red equ(not(X),not(X)) .

red equ(X, X).

DSA 21 /105



Maude - Iinstalace

http://maude.cs.uiuc.edu/ Domovska stranka
manualy, src, distribuce pro linux, ...
http://maude.cs.uiuc.edu/download/windows.html
src a postup prekladu pod cygwin a windows
nutnost, pokud soucasne cygwin
http://moment.dsic.upv.es/
maude pro windows vcetne podmnoziny cygwinu
pokud nemate cygwin (kolize .dll)

DSA
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Maude — spusteni

C:\cygwin\usr\local\bin\maude.exe -interactive -no-prelude

-interactive Ize prerusit Ctrl-C
-no-prelude  bez zakladnich modulu (BOOL, NAT,...)

Oddélovacem je MEZERA'!
vdechny piikazy kon&i TECKOU (kromé fmod...endfm)

TAB nepouzivat v souborech
— vypisuje soubory vyhovujici napsanemu zacatku

DSA 23/ 105



Maude — zapis ADT

ADT je functional modul

fmod XXX is
sort, sorts druhy ... Signhatura
op operace
var, vars promenne ... pro zapis axiomu
eg..... axiomy (rovnosti)... semantics
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Maude — atributy operatoru

--- [ctor] je konstruktor
- nezjednodusuje se — je videt pri obarvovani
op and : Bool Bool -> Bool [ctor] .

--- [iter] umozni zapis s *5(0) coz znamenasssssO
op s : Nat -> Nat [ctor iter]

--- [comm] komutativni

--- [assoc] asociativni
op and : Bool Bool -> Bool [comm assoc] .
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Maude - operatory

op and : Nat Nat -> Nat . Prefix
vyraz: and( XY ).

op and(_, ) : Bool Bool -> Bool . Prefix jako v jaz. Clear
vyraz: and( XY ).

op and_: Nat Nat-> Nat . MiXxfix
vyraz: XandY .
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Maude — prikazy

In <soubor> vlozeni souboru (load)

set trace on . vypis kroku pfi redukci

set trace whole on .  vcCetnée vyrazu pred a po redukci

set print color on . barvi symboly dle vyznamu
(zeleny ceka na redukci, cerveny nefjde redukovat)

red <vyraz> . redukce zadaneho vyrazu

quit . ukonceni maude

show vars . show eqgs.

show sorts . show module <JMENQO> .
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Napr. po Ctrl-C

step .
where .

abort .
resume .

DSA

Maude - debug

Krok redukce
Aktualni stav vyrazu
Konec ladeni
PokraCovani
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Priklad 3: ADT prirozena cCisla

Diagram signatury
one isOne/V

N
O S

SUucCcC

add
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Priklad 3: ADT prirozena cCisla

Sémantika pomoci axiomu

var x,y: Nat

1sOne (one) = true (1)
i1isOne (succ(x)) = false (2)
isOne (add(x,y) )= false (3)
add (x, one) = succ (x) (4)
add (x,y) = add(y,x) (5)

add (succ(x) ,y) = succ(add(x,y)) (6)
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Priklad 3: ADT prirozena cCisla

Priklad upravy vyrazu

Priklad:
(6)

add (succ (one) , succ(succ(one)) )=

succ (add (one, succ(succ(one))) )Q)

succ (add (succ (succ(one) ), one) )ﬁ)

succ (succ (add (succ (one) , one) ))§)
4
succ (succ (succ (add (one, one) )));)

succ (succ (succ(succ(one) )))

Priklad:

. (2+43)
. 14 (1+3)
.. 1+ (3+1)
. 141+ (2+1)
o 141+1+4(1+1)
L 141+1+1+1

(3)

1isOne (add (succ (one) ,succ(succ(one))) )= false

DSA
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ProC | semantika a ne jen syntaxe?

a) month_in_year

b) natural_number_from_interval 1 to 12
ALE!

Operace SIEEESSOF(12)

a) 1 pro month _in_year

b) nedefinovana pro number_from_interval
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Datove struktury

Datova struktura
= Realizace (implementace) abstraktniho datoveho typu

Napr. realizace A pomoci B

1. Zvoli se datovy typ B kterym se ADT A implementuje
.... [int / interval 1..12]

2. Zvoli se reprezentace objektu typu A pomoci objektu
typu B .... [1..danuary, 2..February,...]

3. Operace nad A se vyjadri pomoci operaci nad B
int succ(int v) { if(v<n) v++; else v=1; return v }
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Shrnuti

Abstraktni datovy typ (ADT)

= mnozina druht dat (hodnot) a prislusnych operaci, které jsou
presné specifikovany, a to nezavisle na konkrétni implementaci.

signatura = nazvy druhu (argumentu+vysledku) a nazvy operaci,
axiomy = popis vlastnosti operaci

Datova struktura

= Realizace (implementace) abstraktniho datového typu

Datovy typ

= datova struktura zabudovana v konkrétnim jazyce
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Abstrakini datove typy

Typické operace

konstruktory ze zadanych parametru sestavi platnou
vnitrni reprezentaci (konstanty)
selektory vraci hodnoty slozek ADT

modifikatory meni vnitrni stav ADT

DSA 35/ 105



Zakladni abstraktni datove typy (ADT)

Zasobnik (Stack)
Fronta (Queue)
Pole (Array)

\

Tabulka (Table, Map)

Seznam (List)
Strom (Tree)
Mnozina (Set)

DSA

_

> Kontejnery
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Zakladni abstraktni datove typy (ADT)

Kontejner (kolekce)

= ADT na organizované skladovani jinych objektu

podle urcitych pravidel
(= po implementaci trida, datovy typ)

-

Sekvencni

Zasobnik (Stack)
Fronta (Queue)
Pole (Array)
Seznam (List)

\

DSA

/ " [ r \
Asociativni

Tabulka (Table, Map)
Mnozina (Set)
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Zakladni abstraktni datove typy (ADT)

Kontejner (kolekce)

Ocekavané operace

* Vytvoreni prazdného kontejneru (konstruktor, init)

« Zjisténi poCtu ulozenych objektu (size)

* Pristup k prvkum kontejneru (read, top, front,...)
(Casto implementovan pomoci iteratort)

* Vlozeni objektu do kontejneru (insert)

» QOdstraneni objektu z kontejneru (delete, pop, ...)

* VVymazani vSech ulozenych objektu (clear)
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(Abstraktni) datove typy

PocCet a vzajemné usporadani slozek
— statickeé = nemeni se
— dynamicke = meni se
Typ komponent
—homogenni = vSechny stejneho typu
— nehomogenni = ruzného typu
Existuje bezprostredni naslednik
— linearni = existuje [napr. pole, seznam,...]
— nelinearni = neexistuje [strom, tabulka,...]
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Abstraktni datove typy
Zasobnik (Stack)

Fronta (Queue)
Pole (Array)
Tabulka (Table)

Seznam (List)
Strom (Tree)
Mnozina (Set)
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Zasobnik (Stack) nvan)

Kdy?

— odlozeni informace, vybéer v opacném poradi (navrat z
procedury, uzlove body cesty, naboje v pistoli,...)

— LIFO = Last-in, First-out
,posledni tam, prvni ven”
— pfistup pouze k prvku na vrcholu (top)
— vkladani pouze na vrchol (fop)
— homogenni, linearni, dynamicky
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Stack (Zasobnik) 1=}

length @
init
empty

full max

push
pop

DSA 42 /105
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Stack (Zasobnik) 1=}

Operations:
init: -> Stack
empty( ): Stack -> Bool
push( , ): Elem, Stack -> Stack
top( ): Stack -> Elem
pop( ): Stack -> Stack

length(_ ) : Stack -> Nat
max: -> Nat
full( ): Stack -> Bool ...omezen

DSA 43 /105



Stack (Zasobnik) 1=}

empty( init ) = true
empty( push( e, s )) = false

top( 1nit ) = error elem

top( push( e, s )) = e

init

pop( init )
pop( push( e, s )) = s

DSA 44 /105



Stack (Zasobnik) 1=}

1. empty( init() ) = true
2. empty( push( e, s )) = false

Ex:

empty ( push(“X”, push(“Y”, pop( push( “A”,
init() ))))) = false

empty( pop( push( “A”, init() ))) = ?27?2°?

Need for more axioms!
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Stack (Zasobnik) 1=}

. top( init() ) = error elem()
. top( push( e, s )) = e

DSA

Ex:

top( push(“X”, push(“Y”, pop( push( “A”, init()
))))) = VX"

top( init() ) = error elem
top( pop( push( “A”, init() ))) = ?7?2?

Need for more axioms!
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Stack (Zasobnik) 1=}

5. pop( init ) = init()
6. pop( push( e, s )) = s

Ex:
pop( push(“A”, init() )) = 1init()

pop( push(“"X”, push(“Y”, pop( push( “A”, init()
)))))
= push(“Y”, pop( push( “A”, init() )))
= push(“Y”, init() )
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Stack (Zasobnik) —ext. B

-

(&

7. length( init ) =0
8. length( push( e, s )) =
succ( length( s ))

Ex:

length( push(“A”, init() ))
= succ( length( init() ))
= succ( 0 )
=1

DSA
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Stack (Zasobnik) — limit. £

9. full( s ) = equ( length( s ), max )
10. push( e, s ) = if full( s ) then error stac
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Stack - implementation EH

In Array

vals |A|D|B EF
!

last SIZE-1

In Dynamic Memory

tos
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Stack — in Array 1=}

class stack

{

DSA

private:
elem vals[SIZE]; // array of elements
int last; // index behind (place for next item)
public:
void init( void ); 012 3 45
als A|D B|E
elem top( wvoid ); v H
void pop( void ) ;
void push( elem e ) ; last SIZE-1

void error( const char errorText[] ),

stack (void) ; // just calls init()
~stack (void) ;
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Stack — in Array 1=}

void stack::init (void)
{ last = 0; }
. J
4 I
elem stack: :top(void) {
if( last > 0 )
return vals[last-1];
else
error ("Stack is empty during top()"):

return 0;

-

}

.

(void stack: :pop (void) { )

if( last > 0 )
last--;

else
error ("Stack is empty during pop()") ;

J
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Stack — in Array

=]

(void stack: :push( elem e )

{
if( last < SIZE )
vals[ last ++ ] = e;

}

.

-

(bool stack: :empty (void)
{ if( last == 0 ) return true;
else return false;

}

.

J

DSA
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Stack — Usage 1=}

#include "stack.h"
//#include "stackDyn.h"

void main( void )

{

stack s; // OUTPUT:
cout << s.empty () << endl; // 1 (true)
s.push( 2 ) ;

s.push( 3 )

cout << s.empty() << endl; // 0 (false)
cout << s.top() << endl; // 3
s.pop () ;

cout << s.top() << endl; // 2
s.pop () ;

cout << s.top() << endl; // Stack is empty
during top

cout << s.empty () << endl; // 1 (true)
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Stack — in Dynamic Mem. E

® > [ 4 > ® > @ >

class stack

{ E B D A

private:

Item * tos; // head of the list of elements,
// tos = Top Of Stack

public:
void init( void );

elem top( void );

void pop( void ) ;

void push( elem e );

void error( const char errorText[] );

stack (void) ; // just calls init()
~stack (void) ;

};
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Stack — in Dynamic Mem. 5

void stack::init(void)

-

{ tos = NULL; }
. J
(elem stack: : top (void) { )
if( tos !'= NULL )
return tos->val;
else
error( "Stack is empty during top()" )
return O;

-

AN

(void stack: :pop (void) {
if( tos != NULL ) {
Item* tmp = tos;
tos = tos ->next;
delete( tmp ) ;
}
else
error( "Stack is empty during pop()" )
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Abstraktni datove typy

Zasobnik (Stack)

Pole (Array)
Tabulka (Table)

Seznam (List)
Strom (Tree)
Mnozina (Set)
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Queue (Fronta)
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Queue (Fronta) ~

FIFO = First-in, First-out
Pristup k zaCatku (front)
Vkladani na konec (back)
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Queue SIGNATURE =177

Signature as a diagram

i1nslLast

delFront front

error empty queue

init

empty
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Queue SIGNATURE =177

Signature in symbols
init: -> Queue
insLast( , ): Elem,Queue -> Queue
empty( ) : Queue -> Bool
front( ): Queue -> Elem

delFront( ) : Queue -> Queue
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Queue (Fronta) T~

Operace: Proménné: e...element, Q...queue
init(), front(Q), delFront(Q), insLast( e, Q )
Axiomy:
1. init () vraci prazdnou

2. front( inslLast( e, init() )) = e
3. delFront( insLast( e, init() ) ) = init()

4. front( inslast( e, inslast( £, Q ) )) =
front( inslLast( £, Q ) )

5. delFront( inslLast( e, insLast( £, Q ) )) =
inslLast( e, delFront( inslast( £, Q ) ))
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Queue (Fronta) 17T

Priklady vyrazu

insLast(4, insLast(3, insLast(2, init() )))
reprezentuje frontu —14 |32 —

front(insLast(4, insLast(3, insLast(2, init() ))))
reprezentuje jeji prvni prvek (head), ... 2
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Queue (Fronta) 7T

1. init)

Returns an empty queue

Is informally “empty”
Must not be formally defined
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Queue (Fronta) 7T

2. front( inslast( e, init() )) = e ]

= is a “rewrite operation”
axiom A=B means instead A, write B

Ex:
front( insLast( 99, init() )) means 99
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Queue (Fronta) 7T

3. delFront( inslLast( e, init() )) = init|()

Axioms allow reduction of expressions

Ex.
delFront( insLast( 6, init() ))

means

init ()
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Queue (Fronta) -

4. front( inslLast( e, insLast( £, Q ) )) =
front( insLast( £, Q ) )

Ex:
front( insLast( 11, inslLast( 5, init() )))
means [according to axiom 4]
front( insLast( 5, init() ))
means [ax. 2]
5
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Queue (Fronta) -

5. delFront( inslLast( e, inslLast( £, Q ) )) =
inslast( e, delFront( inslast( £, Q ) ))

Ex: A~ N\
delFront( insLast( 8, insLast( 6, init() )))
means [according to axiom 3]

insLast( 8, delFront( insLast( 6, init() )))

means [ax. 3]

insLast( 8, init() )
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Queue (Fronta) -

And what to do with:
front( init () ) ?
delFront( init() ) ?
Behavior is in the queue undefined!

Add error states (in implementation use exceptions )
error empty dqueue()
error empty elem()

6. front( init() ) = error_empty_elem(i}

7. front( error empty queue() ) =
= error_ empty elem()

Ignore error state
(8. delFront( init() ) = init() |
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Queue (Fronta) complete =

init () returns a queue Variables: e...element, Q...queue
error queue () returns an invalid queue
front( init() ) = error elem()
front( insLast( e, init() )) = e
front( inslLast( e, inslast( £, Q ) )) =
front( insLast( £, Q ) )
front( error queue() ) = error elem()
delFront( init() ) = init()
delFront( insLast( e, init() ) ) = init()
delFront( inslLast( e, inslLast( £, Q ) )) =
insLast( e, delFront( insLast( £, Q )))
delFront( error queue()) = error dqueue ()
DSA 70/ 105



Queue - extensions T

Variables: e...element, Q...queue
empty( init() ) = true
empty( inslLast( e, Q )) = false

length( init() ) = 0
length( insLast( e, Q ) ) = succ( length( Q ) )
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Implementation

From
Abstract Data Type
to
Data Structure
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Queue implementation 7771~

In Array

Linear Circular
0 1 3 4 5 2 3 4 5 '
{alo Fl o lA : ,:

last SIZE-1 first last SIZE-1

In Dynamic Memory

front
° > ° > ° > AN
last <« A D B

4 A
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Example — SPECIFIC Queue T

Interface (Syntax): o Implementation:
e
6\096
\e
Class Queue co*® l l
{| int _size; array
Elem elems[MAX SIZE]; | | _ «”

public: A\
Queue init(); l l S

Elem front() ;
Queue delFront() ;

Queue inslLast( Elem elem ) ;

.k.a.ool empty () ; %% % % % %
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Abstract x Specific Queue .

Implementation

Axioms
bool empty () f{ Array, list
return ( size == 0)
vars: Elem e; Queue Qq; } -
eqgns: or
. - bool empty () ({ list
empty( init ) true return ( front == null )

empty( insLast(e, q)) } ;
= false
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Queue —in Linear Array 1T

P
Elem queue: :front(void) ({
if( lastIdx == 0 )
return error empty elem();
else
return array([l];

fboid queue: :delFront (void)

{
if (lastIdx '= 0) //'empty ()

{

lastIdx --;
for (int i=0; i<lastIdx; i++)
array[i] = array[i+l];

DSA 76/ 105



Queue —in Circular Array 11

P
Elem front () {
1f( frontlIdx == 1lastIdx )
return error empty elem();
else
return( array[ frontIdx] );
};

.

(void queue: :delFront (void)

{
if (frontIdx '= 1lastIdx )

{
}

frontIdx =(frontlIdx + 1) % array.size()

J
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Queue — in Dynamic Mem.

P
Elem queue ::front(void) {
i1f( last == null )

return error empty elem();

fboid queue: :delFront (void)

{

Item *delItem = front;
front = front.next;
delete delItem;

else
return front->val; delItem
} front
® > o > @ > \
last - B

if( front '= null) { //'empty()

DSA
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Queue — in Dynamic Mem. =

-

{

void queue: :inslLast( elem e )

Item *newltem = new Item;
newlItem->val = e;
newltem->next = null;
last.next = newltem;

last = newlItem;

front

newltem

A\ 4

»
»

last

_________

{

bool queue : :empty (void)

1f( last == NULL ) return true;

else return false;

DSA
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Fronta — Shrnuti

ulohy hromadné obsluhy

FIFO = First-in, First-out

kdo driv prijde, ten driv mele

pristup pouze k prvnimu prvku (front)
vkladani pouze na konec (back)
homogenni, linearni, dynamicka
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Abstraktni datove typy

Zasobnik (Stack)
Fronta (Queue)

Tabulka (Table)

Seznam (List)
Strom (Tree)
Mnozina (Set)
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Pole (array)

Array a of 2x3 elements
* Row index | € {6,7}
* Column indexj € {1, 2, 3}
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1 2 3

Pole (array) [y & Iel
B E B

Kdy? a[6,3] > C
— prvky stejného typu - homogenni
— vsSechny prvky soucasne v pameti
— rychly nahodny pristup (random-access)
— znamy pocet prvku - statické
— indexy usporadany - linearni

— dan pocet dimenzi (n) a meze indexu
— pfistup k prvkum - mapovaci funkce
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1 2 3

Pole (array) [y & Jél
gofld

lower
upper

et
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1 2 3

Pole (array) sf 5 &l
gofld

Operations
init( , ): Idx, Idx -> array
upper( ) : Array -> Idx
lower( ): Array -> Idx
set( , , ): Array,Ildx,Elem->Array
get( , ): Array, Idx -> Elem

1-D (one dimensional)

n-D->Elem ~(n-1)D Array
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lower (
lower (
upper (
upper (

set( a,

1 2 3

Pole (array) sy & Jél
gofld

init(m,n) ) = m

set(a,i1,e) ) lower( a )
init(m,n) ) = n

set(a,1,e) ) = upper( a )

i, e ) =

if( or( l1t(i,lower(a)),

else

DSA

1t (upper(a), i)
)) then error array
set( a, 1, e )
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1 2 3

Pole (array) sy & JGl
B E B

get( init(m,n), i ) = error elem
get( set( a, i;, e ) , i, ) =
= 1f( equ(i,, 1,)) then e
else get( a, 1,)

Praxe:
array[i] = e znamena set(array,i,e)
e = array[i] znamena e = get(array,i)
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Array (Pole) — mapping function
[ Logical structure | 1 2 3]

Array al[6..7, 1..3] 16

Ex: al[7,2]-> 7 B (E) IS

Indices

. Relative address -

01 2 3 4 (offset) 012 3 45
: I 4 o (IS
row 6 row 7 \Covl 11 \ col 2 \ CZ)/é
I Base address —T
map (7,2) -> (base + 4) map (7,2) -> (base + 3)
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Array (Pole) — mapping function

01 2 3 4 5

ALY ol - .
Row offset (# rows to skip)

map(i,j) =[a(imin, jmin)] + (i'iminm row length = Number of
t £ columns
| Uﬂmm)

Base address Relative address

[row order (po radcich) 2D ]

\ Column offset

map(i,j) = a(0,0) + (i*n; + J) ... for indices from (0,0)
]

Ex: map(7,2) =a(6,1) + (i-6)"3 + (J-1) ils
map(7.2) = a(6.1) + (7-6)"3 + (2-1) =
+4

= a(6,1)
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Array (Pole) — mapping function

012 3 4 5 [row order (po fadcich) 3D ]
N=ER:8
map(i,j,k) = a(imin’ jminv kmin) T (i'imin) nj nk +
+ (JJmin) Nk t
! + (K-Kyin)

Base address
™~ Relative address

(element offset)

map(i,j,k) = a(0,0,0) + (i"n;+ ) * n, + k
... for indices from (0,0)
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Array (Pole) — mapping function

0 1 ZB Z -4 5 [column order (po sloupcich) 2D |

map(l,J) = a(imin’ jmin) = (i'imin) *

Base address * (j_jmi”) N,
Relative address (element offset)
map(i,j) =a(0,0) +j*n+i ... forindices from (0.Q) ,
1 2 3
sy B
Ex: map(7,2) =a(6,1)+ (7-6) +(2-1)* 2 il7
=alG1)+3 0 1 4 5

2
I3 el
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Array (Pole) — mapping function

ZB ; - [column order (po sloupcich) 3D ]

map( sJ k) (mln’ Jmm’ km|n) (l Imln)
[ T (J'Jmln) n T
Base address (k kmln)

™~ Relative address

map(i,j,k) =X(0,0,0) + (kK'n;+j) "+

... for indices from (0,0)
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Array — speedup by lliff's vectors

Mapping functions need multiplications -> change them to additions
A: array [3..4, 1..3, 0..2]

—

[ row order 3D

— i

0 (1) (2) 3 4

AN slab [0..4]

J J
0 1 2 3 1 3
. 7 “ //, " row [0..3]

SN TN

/

—_— 1

(0)

2 0 1 2 1 2 0 1

0.1 2 0 1 20 1
I = [CE] = B - O < 3l

[Hudec93, PT]
map [i,j,k] = base(0,0,0) + k + row|[ j+ slab[i] ]
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Abstraktni datove typy

Zasobnik (Stack)
Fronta (Queue)
Pole (Array)

Seznam (List)
Strom (Tree)
Mnozina (Set)
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Vyhledavaci Tabulka
(Look-up Table)

Kartotéka, asociativnhi pamet,
prevod mezi kody, cetnost slov,...

Homogenni, dynamicka (nejen) a nelinearni
Obsahuje
— polozky
— jednoznacné identifikovane klicem
(podle klice se polozky vyhledavaiji)
— kliC jen 1x (je jedinecCny)
Pr.: seznam hospod, klicem je jejich jméno.
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Tabulka (Look-up Table) ﬁﬁ

Operace:
init: -> Table
insert( , , ): Key, Elem, Table

-> Table
read( , ): Key, Table -> Elem
delete( , ): Key, Table -> Table
search( , ): Key, Table -> Bool
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Tabulka (Look-up Table) ﬁﬁ

search( k, init ) = false
search( k;, insert(k,,e,t)) =
if (equ(ky, kp) )
then true
else search( k,, t )
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Tabulka (Look-up Table) ﬁﬁ

delete( k, init ) = 1init
delete( k,, insert(k,,e,t)) =
if (equ(ky, kp) )

then delete( k;, t )

else insert(k,,e,delete(k;, t))
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Tabulka (Look-up Table) ﬁﬁ

read( k, init ) = error elem
read( k,, insert(k,,e,t)) =
if ( equ(ky, k,) )
then e
else read( k,;, t )
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Tabulka (Look-up Table) ﬁﬁ

insert(k,,e,, insert(k,,e,,t)) =

if( equ(k,, k,) )
then insert(k,;,e;, t)
else insert(k,,e,,insert(k,,e,;, t))
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Tabulka — Implementace =

-
V poli
» pro malé universum kli¢u
* sekvencni vyhledavani ... O(n)
 primy pristup (klic = index) ... O(1)

« convertToLatin2( char_kamenicky)
LUT [ char xamenicky |
*Pro velké universum kli¢u
* Rozptylovaci tabulky (hash)

... prumérné O(1), max. O(n)
Viz prednaska cislo 7
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Abstrakini datove typy

Fronta (Queue)
Zasobnik (Stack)
Pole (Array)
Tabulka (Table)

Seznam (List)
Strom (Tree)
Mnozina (Set)
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