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Abstraktni datove typy - opakovani

Malé opakovani

Zasobnik Fronta
T
Sekvencni

tos() front()
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Implementace v STL

Kontejnery a adaptery
Sekvencni Asociativni
vector [] ... “nafukovaci pole set ...mnozina bez opakovani
adaptér: multiset ... mn.s opakovanim
priority _queue
dqueue ... oboustranna fronta map ... par <klic-hodnota T>
adaptéry: multimap ... <klic,T,T,T>
stack
queue
list ... linked list Plus iteratory na prochazeni
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Implementace v STL

Pouziti - vektor

#include <vector> .. nebo <vector.n>v HP implementaci
int main() { Nebo:
std: :vector<int> v; using std: :vector;

vector<int> v;
vi2] = 7;
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Implementace v STL

Pouziti - fronta

#include <queue>

int main() { Nebo:
std: :queue<int> Q; using std: :queue;
Q.push (3) ; queue<int> Q;
Q.push(2) ;

int a = Q.front () ;
Q.pop () ;

DSA



Prioritni fronta

Operace ma jako fronta, ale front() vraci extrem:
minimum nebo maximum

Implementace: haldou (v poli)
Insert, delete.... O(log n)
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Abstraktni datovy typ

SYNTAXE ... Ssignatura

= deklarace druhu
* Jména oboru hodnot

+ deklarace operaci
« Jména operaci
« Druhy (a pofadi) argumentu operaci
e Druh vysledku

SEMANTIKA ... axiomy
= popis vlastnosti operaci!

DSA



Abstrakini datove typy

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

Seznam (List)

Strom (Tree)

Mnozina (Set)

[Mnozina s opakovanim prvku (multiset) — k zamysleni]
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Seznam (List)

Posloupnost udaju q
+

Ukazovatko!!!;

Pridat / zrusit / meénit prvek Ize pouze v misté ukazovatka!
Homogenni, linearni, dynamicka

Pr. Linked list = seznam v dynamické pameti (STL) O(1)
(Ne ArrayList v Jave, ktery ma get(i) se slozitosti O(n))
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DSA

List (Seznam)

first, last
next,prev
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List (Seznam)

Operace ADT seznam
init: -> List
insert( , ): Elem, List -> List
read( ): List -> Elem
delete( ),
first( ), last( )
next( ), prev( ): List -> List
length( ): List -> Nat
empty( ), full( )
atbeg( ), atend( ): List -> Bool
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List (Seznam)

Zavedeme Pomocny druh sekvence Seq

Seq = posloupnost bez ukazovatka
List

allb

-

d —

a pomocné operace

— NEJSOU operacemi rozhrani LIST

— Pouzijeme je jen na nase axiomy
— Umozni vyjadrit semantiku operaci

DSA
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b
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d
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List (Seznam)

Pomocné operace (nejsou z venku videt!!!!!):
new: Seq ... prdzdna posloupnost
cons(_, ) : Elem, Seq -> Seq

... vlozeni prvku do Cela posloupnosti
a| + |bjc|d| — |a|b|c|d

consL( , ): Elem, List -> List

... Vlozeni do Cela seznamu bez ohledu na ukazovatko

al + |blfc|d|—— |a|b|c|d

T T

mark( ): Seq -> List

... Pridani ukaz. do Cela posloupnosti — zméni se na seznam

alb|c|d — alb|c|d
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List (Seznam)

Priklad vnitrni reprezentace:

ap -0
consL( a, consL( b,

mark( cons( ¢, cons( d, new )))

))
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List — Insert 12

Pred aktualni prvek?

DSA

alb EE Kam novy prvek vilozit?

Nebo za aktualni?
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List — Insert 22

a b d| Vkiadame pred aktudini prvek

1 Kam nastavit ukazovéatko po vlioZeni?
al|b Hc d
Na vlozeny prvek? Nebo nechat na aktualnim?

Vkladame pred aktualni prvek, ukazovatko neménime

DSA 16



List — delete

T

alb EE Kam nastavit ukazovatko po smazani?

Na dalsi (next)

alb ‘d Na pfedchiozi (previous)

Po smazani aktualniho prvku,
ukazovatko posuneme na jeho naslednika
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List (Seznam)

Priklad: Dva zpusoby vytvoreni téhoz seznamu:

a0 - [
insert( b, insert( a,

first( insert( d, insert( ¢, init )))

))
nebo

prev( prev( insert( d, insert( c,
insert( b, insert( a, init ))

)))) ... apod...

DSA
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List (Seznam)

var: ,Y:Elem, s:Seq, 1l:List
init = mark( new )

insert( %, mark(s) )
= consL( x, mark(s))

... Insert BEFORE the pointer

insert( %, consL( vy, 1 ))=
consL( y, insert( =, 1 ))
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List (Seznam)

delete( init ) = init

delete( mark( cons( x, s)))
= mark( s )

... delete by the pointer ?< A —
.

delete( consL( %, 1)) =
consL( x, delete( 1 )) :
... delete by the pointer !

DSA 20



List (Seznam)

next( init ) = init

next( mark( cons( %, s ) ) )
consL( %, mark( s ) )

_______________

... pointer move —

next( consL( =, 1
consL( x, next (

..no change before -
1 1

DSA 21




List (Seznam)

prev( mark(s) ) = mark(s)

prev ( consL (
mark ( cons (

, S ))

... move by head

prev( consL (
consL (

... move inside

DSA
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List (Seznam)

first( mark(s) ) =
... No move by head

first( consL( =, 1

first( prev( consL( =, 1 ) ) )

... move step by
step to front

DSA
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List (Seznam)
last( init ) = 1init

last( mark( cons( %, s ) ) ) =
consL( %, last( mark( s ) ) )

... move back —
T

last( consL( ==,
consL( =, last

:
) ) =
1))

...no change before
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read( init )

read ( consL(

List (Seznam)

= error elem

, L)) = read( 1 )

read( mark( cons( %, s ))) = x

DSA
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List (Seznam)
0

length( i1nit ) =

length( consL( =, 1
succ( length( 1 )

)) =
)

... elements before the pointer

length( mark( cons( =, s )))
succ( length( mark( s )))

... elements after the pointer

DSA
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List (Seznam)

empty( 1 ) = ( length( 1 ) == 0 )
full( 1 ) = ( length( 1 ) == max )
atbeg( mark( s )) = true

atbeg( consL( %, 1 )) = false
atend( mark( new)) = true

atend( mark ( cons (

, S8 )))= false

atend( consL( %, 1 )) = atend( 1 )

DSA

27




List implementation

]
In array O(n) insert, delete
O(1) first, last, prev, next
01 2 3 4 5
AlB c/o|HIB
i1 !
(head) point tail

Two Stacks in Array O(1) insert, delete, prev, next
012 3 4 5 O(n) first, last, ...
ABJIIB c|p ale|c]lllll o
i ! i
(head) point (tail) point
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List implementation

T

Linked In dynamic memory O(1) insert,

head
tail
point
len

head
tail
point
len

head
tail
point
len

DSA

O(1)..0(n) delete

> N\

T O(1) first, last, prev, next
- ﬂ‘ *& - memory for pointers
Linked list
: e
: Double linked list

:i e Circular double linked list
g—\ B C

—f
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List implementation

Linked list

head

A 4
®
v

tail
point

wle|e]e
>
o
O

len

head
tail
point
len

4

el

tail = posledni element
point == NULL ukazuje za last

DSA

list::insert( elem x ) {

item *help = new item();

if ( point == NULL ) {//point behind

help->next = NULL;
help->val = x;

if( tail == NULL ) //empty list

head = help;

else //add at end

tail->next = help;

tail = help;

} //point points behind list!

else { //point in the list - trick

help->val = point->val;
help->next = point->next;

point->next = help;
point->val = x;
point = help;

}

len++;

}
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head
tail
point
len

head
tail
point
len

head
tail
point
len

DSA

List implementation

Linked list
help | ® |
° > o > ; \
°
. A B C
3 Aﬂ
° > e >
°
. A
4
help|_0 |
° > e >
°
. A D
3

list:

:delete( ) {

item *help;
if ( point !'= NULL ) {//behind ignore

if ( point->next

}

NULL ) {//last

help = head; //find predecessor

while( help->next != point )
help = help->next;

}

help->next =

point = NULL;

delete( tail ) ;

NULL;

tail = help;

// not last
else {// trick:skip predec.search

}

help = point->next;

*point = *help;

if( help tail );
tail = point;

delete( help ),

len--;
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head
tail
point
len

DSA

List implementation

Linked list

A 4
®

A\ 4

wle|e|e®

list::prev( ) {

item *help;

if( point !'= head){ // could move
help = head;

}

while( help->next !'= point )
help = help->next;

point

help;
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Double linked list

head
tail
point
len

DSA

List implementation

A 4

\ 4

Ve

Ve

A

wie|e|e®

[ O

list::prev( ) {

item *help;
if ( point !'= head){ //could move
if (point == null)
point = tail;
else
point = point->prev;

// last

}
}

Prev () is the only place to save some
operations (mininize the complexity)!
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Double linked list

head
tail
point
len

DSA

List implementation

list::delete( ) {
item *help;
if ( point !'= NULL ) {//behind ignore

A 4

\ 4

Ve

Ve

A

wie|e|e®

o e|e

Ly O

help = point->next ;

if( head == point ) //first
head = help;

if( tail == point ) //last
tail = tail->prev;

if( help '= NULL ) //prev
help->prev = point->prev;

if( point->prev !'= NULL ); //next
point->prev->next = help;

delete( point ) ;
point = help;

len--;
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List implementation

list::delete( ) {

Circular double linked list item *help;

if( point !'= list ){ //not at end
point->prev->next = point->next;

L* J point->next->prev = point->prev;
next ® > e > e
prev * gy i help = point;
A B C point = point->next;
A A
7 ‘ delete( help );
list ‘ H
point| e—— len--;
len 3 | }
help | ® | }

list::prev( ) {
if( 'atBegin() )//point!=list->next

additional item point = point.sprev;
not used for data
SIMPLIFIES delete()
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Abstrakini datove typy

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

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

DSA
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Strom (Tree)

Kdy?
— Ffazeni, vyhledavani, vyhodnocovani vyrazu, ...
— acyklicky souvisly graf
— korenovy strom
* orientovany strom, zvlastni uzel - koren

» koren spojen se vSemi uzly orient. cestou

 binarni strom - ma 0, (1), 2 nasledniky

 usporadany binarni strom - dvojice <u,, u> a <u, u,> jsou
usporadane
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Strom (Tree)

uzel - vice nasledniku

binarni strom - 2 naslednici
naslednik - opéet strom
homogenni, nelinearni, dynamicka

DSA
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Binarni strom (Tree)

empt info
left, cons
right setleft,

setright
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DSA

Binarni strom (Tree)

empty: -> Tree

leaf( ): Elem -> Tree

cons( , , ): Elem, Tree, Tree

->Tree

left( ), right( ): Tree -> Tree

null( ): Tree -> Bool

setleft, setright( , ): Tree,
Tree -> Tree

setinfo( , ): Tree, Elem -> Tree

info( ): Tree -> Elem
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Binarni strom (Tree)

var x: Elem; a,b,t: tree
leaf( x ) = cons( x, empty, empty)

left( empty ) = error tree
left( cons( x, a, b)) = a

right( empty ) = error tree
right( cons( x, a, b)) =Db

DSA

41



Binarni strom (Tree)

null ( empty ) = true
null( cons( x, a, b)) = false

setleft( empty, t ) = error tree
setleft( cons( x, a, b ), t ) =
cons( x, t, b )

setright( empty, t ) = error tree

setright( cons( x, a, b ), t ) =
cons( x, a, t )

DSA
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Binarni strom (Tree)

setinfo( empty, x ) = error tree
setinfo( cons( x, a, b ), y ) =
cons( y, a, b )

info( empty ) = error elem
info( cons( x, a, b ) ) = x

DSA
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Abstrakini datove typy

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

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

DSA
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Parametrické datove typy

Nove typy
— obohacovanim puvodnich o druhy a operace
— casto stejné, jen nad jinymi zaklady
— lisi se jen nekterymi prvky

=> parametricky datovy typ (jako sablona v C++)
odlisné prvky - parametry

DSA
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Mnozina

typ: MNOZINA ( )
parametr: typ prvku
pozadavky na parametr:
druhy: Elem
operace: eq( , ): Elem, Elem -> Bool

pouzité typy: , PEirozend c¢isla,
logické hodnoty
druhy: Elem, Bool, Set, Nat

DSA
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Mnozina

operace:
[]: Set (prazdna mnozina)
ins(_, ): Elem,Set ->Set (vlozeni prvku)
del( , ): Elem,Set ->Set (zruseni -“- )
in(_, ) : Elem,Set ->Bool (test prislus.)
card(_) : Set->Nat (pocet prvku)

eql(_, ): Set, Set ->Bool (rovnost mn.)
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Mnozina bez opakovani

* Asociativni Kontejner
« Z&dné dva objekty se neopakuiji

DSA
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Mnozina bez opakovani

proménneé:
. Setl 'Y - Elem o -
axiomy: @pakovam @
ins(x,s) = 1f in(x,s) then

del (=, []1)=I[]
del (x,ins(y,s))= if eq(x,y)

then del (¢, s)
else ins(y,del (x,s))

nezalezi na poradi vkladani
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Mnozina bez opakovani

axiomy: (pokracovani)
in(x,[]) = false
in(x,ins(y,s))= if eq(x,y)then true
else in(x, s)
card([]) =0

card(ins (x,s))

if(in(x,s)) card(s)
else succ(card(s))
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Mnozina bez opakovani

axiomy: (pokracovani)
eql ([],[]) = true
eql([], ins(x, t)) = false

eql(s,t) = eq(t,s)

eql (ins (x, ),Qpakovém’@

if in(x,s)

then eql (s, t)

else 1f in(x,t)
then eql(s,del(x,t))
else false

DSA o1



Abstrakini datove typy

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

Seznam (List)

Strom (Tree)

Mnozina (Set)

Mnozina s opakovanim (MultiSet) - rozmyslete sami

DSA
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a)

b)

c)

d)

£)

konstanta: £

(f je nularni operace deklarovana jako £f:d)
proménna: x

(x is proménna deklarovana jako var x:d)

operace v prefixové notaci: £(t,;,t,, ... t))
(f is n-arni operace deklarovana jako:
£: 4,, 4,, ..., 4, ->d
at, t,, ..., t, jsou vyrazy druhu
d, 4, ..., d)
Operace v infixové notaci: t;, £, t, £, ... £ t_ .,
(f is (n+l)-arni operace deklarovana jako:
f, £, ... £ 4,4, ..., 4, >d
at, t, ..., t,,; Jsou vyrazy druhu 4,, d,,
zavorky: (t)

(t je vyraz druhu d)
Zadny jiny zapis vyrazem neni

DSA

Priloha 1 — Vyrazy nad signaturou

7 dn+1)
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Vyrazy (pokrac.):

Herbrandovo universum pro danou signaturu

= mnozina vsSech vyrazu nad danou signaturou

Priklad:
{true, false, not(true), not(false),
not (not(true)), ...}

Dve tridy ekvivalence (popisuji stejnou hodnotu)

— {true, not(false), not(not(true)), ...

 true]

— {false, not(true), not(not(false)),...

(false]

DSA
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Priloha 2 — tridy ekvivalence

Tridy ekvivalence

— Obsahuiji vyrazy, které popisuji ruzny zpusob
konstrukce stejné hodnoty

— Bool: Ize rozdelit na 2 tridy ekvivalence :
« {true, not(false), not(not(true)),...} ... [true]
« {false, not(true), not(not(false)),...}... [false]

DSA
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Bool - tridy ekvivalence

Formalne bychom meli doplnit axiomy

true = [true]

false = [false]

not ([x])=[not (x)]

and([x], [y]) = [and(x, y)]

Axiomy s tridami ekvivalence
=> tvori model datového typu

DSA
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Prameny

Jan Honzik: Programovaci techniky, skripta, VUT Brno, 19xx

Karel Richta: Datové struktury, skripta pro postgradualni studium
CVUT Praha, 1990

Bohuslav Hudec: Programovaci techniky, skripta, CVUT Praha,
1993

Miroslav Benes: Abstraktni datove typy, Katedra informatiky FEI
VSB-TU Ostrava. (Pozor, ma jinak Sipky a jiny seznam)
http://www.cs.vsb.cz/benes/vyuka/upr/texty/adt/index.html
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Abstraktni datove typy
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