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TY

Linked List & i

Linked List — (linearni) spojovy seznam
¢ Slozena datova struktura
¢ Obsahuje predem neznamy pocet polozek
Princip
e Data jsou ulozena v uzlech (co polozka, to uzel)
e Uzly ukazuji na naslednika (posledni uzel neukazuje nikam — None)
e Spojovy seznam je reprezentovan ukazatelem na prvni prvek (head,
first, begin, ...)
head

!

| data

next next next [— None

b | data

—_ | data —_ | data

next
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FACULTY
OF ELECTRICAL
ENGINEERING

Linked List: implementace

e Uzel je reprentovan tfidou Node

CTU IN PRAGUE

e Spojovy list je tfida LinkedList, ktera obsahuje polozku head

1| class Node:
2 def __init__(self, data):
3 self .data = data
4 self .next = None
5
6| class LinkedList:
7 def __init__(self):
8 self .head = None

head

| data next —>| data next —>| data next —>| data next [— None
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FACULTY
OF ELECTRICAL

Linked List: implementace R B,

Pfidani na zacatek seznamu
¢ Vytvofime novy prvek, jeho next ukazuje na head
¢ Head nastavime na novy prvek

1 def add(self, data):
2 newNode = Node (data) 1 next | — 2 next [ = -
3 newNode.next = self.head
4 self .head = newNode I
head
newNode |next |— 1 next | = 2 next [ = ---
head
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FACULTY

Linked List: implementace feR st

Pridani za libovolny prvek node

next next | — None

| data next —>| data —| data

! !

head node

next [— | data

* Vytvofime novy prvek, jeho next ukazuje na node . next
® node.next ukazuje na novy prvek

def insert(self, data, node):
newNode = Node(data)
newNode .next = node.next
node.next = newNode

return newNode
IHHNHHHH!

| data

a s~ w N =

next next next next | — None

| data - | data

| |

head node

— | data
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FACULTY

Linked List: implementace Sheieccaiae

CTU IN PRAGUE

Odebrani prvku

¢ Implementace funkce pop () : odebrat prvek, vratit jeho data
¢ UloZzime data prvku head

® head pfesmérujeme na dal$i prvek: head = head.next

e Vratime data

def pop(self):
#assuming head is not None
data = self.head.data
self .head = self.head.next
return data

g~ W N =

6/22



FACULTY

Linked List: implementace JoR st

Prochazeni seznamu

e Prochazime od head tak, Ze nasledujeme prvky node.next

def print(self):
tmp = self.head
while tmp != None:
print (tmp.data)
tmp = tmp.next

g A~ W N =
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Linked List: pfiklad pouZiti

0 N OO oA WD =

w N = O o

OF EI.ECTRICAL
ENGINEERING
CTU IN PRAGUE

from linkedList import LinkedList

1list = LinkedList ()
for i in range(5):
llist.add (i)

1list.print ()

data = 1llist.pop()
print ("Pop", data)
data = 1llist.pop()
print ("Pop", data)
1list.print ()

w

hellie}
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Linked List: pfiklad pouZiti

0 N OO oA WD =

w N = O o

OF EI.ECTRICAL
ENGINEERING
CTU IN PRAGUE

from linkedList import LinkedList

1list = LinkedList ()
for i in range(5):
llist.add (i)

1list.print ()

data = 1llist.pop()
print ("Pop", data)
data = 1llist.pop()
print ("Pop", data)
1list.print ()

w

hellie}
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o O
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Linked List: hledani prvku

linkedList.py

def find(self, data):
tmp = self.head
while tmp != None:
if tmp.data == data:
return tmp
tmp = tmp.next
return None

N o g~ 0NN =

from linkedList import LinkedList

4
1list = LinkedList () 3
for i in range(5): 2
llist.add (i) 1
1list.print () 0
<linkedList.Node object at

node = 1llist.find(2) 0x7£952ec62940>

print (node) 2

print (node.data)

O © 0 N O A~ WD =
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Linked List fe Hatiamen

Vlastnosti
e Spojovy seznam umoznuje rychle pfidavat/mazat uzly
e Nepodporuje pfistup na libovolnou polozku (random access)
® Polozky Ize prochazet jen v jednom sméru
Castova slozitost
® Pfidani/vlozeni/smazani uzlu: O(1)
e Hledani prvku: O(n)
e Pfistup na i-ty prvek: O(i) = O(n)
head

!

| data

next —>| data next —>| data next —>| data next [— None

Pouziti
e Uchovani dat jejichz pocet dopfedu nezname (a neni tfeba pfimy
pristup)
® napf. pro realizaci zasobniku, grafové algoritmy
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TY

Double Linked List fe Hatiamen

Double Linked List — obousmeérny spojovy seznam

¢ Slozena datova struktura

® Obsahuje pfedem neznéamy pocet polozek
Princip

¢ Data jsou ulozena v uzlech (co polozka, to uzel)

e Uzly ukazuji na naslednika a na pfedchtdce

e Double Linked list je reprezentovan ukazatelem na zacatek (head) a na
posledni prvek (tail)

head tail

.—1—» | .T» -T»
next prev next prev next prev
. . .

data0 datal data2 data3

prev
None ‘_l_'

-Tv None
next
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FACULTY
OF ELECTRICAL

Double Linked List: implementace R B,

e Uchovavame referenci na prvni (head) a posledni prvek (tail)
e Pokud prvek neexistuje, pouzivame None

doubleLinkedList.py

1| class Node:

2 def __init__(self, data):

3 self.prev = None

4 self .next = None

5 self.data = data

6

7| class DoubleLinkedList:

8 def __init__(self):

9 self .head = None

0 self.tail = None
head tail

data0 datal

data2 Ine.xt pl‘.eVl data3

N
ne'xt Pl‘.EV ne.xt one

Tev
None 0—110

o—I—o |
next prev
D)
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FACULTY
OF ELECTRICAL

Double Linked List: implementace E

Prochazeni seznamu

¢ Dopredny prichod: (forward), prochazime list od zacatku po
naslednicich

e Zpétny pruchod: (backward), prochazime list od kone po predchuidcich

doubleLinkedList.py

def traverseForward(self, fromNode = None):
if fromNode == None:
fromNode = self.head
while fromNode != None:
print (fromNode.data)
fromNode = fromNode.next

def traverseBackward(self, fromNode = None):
if fromNode == None:
fromNode = self.tail
while fromNode != None:
print (fromNode .data)
fromNode = fromNode.prev

© 00 N OO O~ WD =

w N = O
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FACULTY
OF ELECTRICAL

Double Linked List: implementace E

Pridani za existujici uzel
¢ Vytvofime novy uzel newNode a chceme jej vlozit za existujici uzel node

¢ Pokud je node na konci seznamu, stane se newNode novym koncem (tail)

e Jinak upravime newNode, aby ukazoval na naslednika node, a tohoto
naslednika tak, aby ukazoval na newNode

e Naslednikem uzlu node se stane uzel newNode

doubleLinkedList.py

def addAfter (self, node, newData):

newNode = Node (newData)

newNode.prev = node

if node.next == None:
newNode.next = None
self.tail = newNode

else:
newNode .next = node.next
node.next.prev = newNode

node.next = newNode

O © 0 N O O A~ WN =
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FACULTY
OF ELECTRICAL

Double Linked List: implementace E

Pridani pred existujici uzel
e Vytvofime novy uzel newNode a chceme jej vloZit pred existujici uzel node

® Pokud je node na zaCatku seznamu, stane se newNode novym zacatkem
(head)

e Jinak upravime newNode, aby ukazoval na pfedchlidce node, a tohoto
predchudce tak, aby ukazoval na newNode

e Predchidcem uzlu node se stane uzel newNode

doubleLinkedList.py

def addBefore(self, node, newData):
newNode = Node (newData)
newNode .next = node
if node.prev == None:
newNode .prev = None
self .head = newNode
else:
newNode.prev = node.prev
node.prev.next = newNode
node.prev = newNode

O © 0 N O A~ WN =
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FACULTY
OF ELECTRICAL

Double Linked List: implementace E

Pridani prvku na zacatek prazdného seznamu

® Predchozi operace addAfter a addBefore predpokladaji neprazdny

seznam
® Pro vlozeni prvku do prazdného seznamu musime jesté inicializovat
head a tail
doubleLinkedList.py
1 def addBegin(self, newData):
2 if self.head == None:
3 newNode = Node(newData)
4 self .head = newNode
5 self.tail = newNode
6 newNode.next = None
7 newNode.prev = None
8 else:
9 self.addBefore(self.head, newData)
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FACULTY
OF ELECTRICAL

Double Linked List: implementace E

Pridani prvku na konec prazdného seznamu

® Predchozi operace addAfter a addBefore predpokladaji neprazdny
seznam

® Pro vlozeni prvku do prazdného seznamu musime jesté inicializovat
head a tail

doubleLinkedList.py

def addEnd(self, newData):
if self.tail == None:
self.addBegin (newData)
else:
self.addAfter (self.tail, newData)

a A~ w N =
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Double Linked List: ptiklad prace s listem Fe it

from doublelLinkedList import *
mylist = DoubleLinkedList ()

mylist.addBegin("0")
mylist.addBegin("1")
mylist.addEnd("end")
mylist.addEnd("end2")

0 N OO oA WD =

o ©

mylist.traverseForward ()
print ()
mylist.traverseBackward ()

P

end
end?2

end?2
end
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FACULTY

Double Linked List: priklad vyhledani prvku JoR scinie:

from doublelLinkedList import =*

mylist = DoubleLinkedList ()
for i in range(5):
mylist.addBegin (i)

=N Wb

mylist.traverseForward () 0

Found item 3

tmp= <doubleLinkedList.
Node object at O
x7£9113af3bb0 >

0 N OO oA WD =

©

numberToFind = 3
tmp = mylist.head
while tmp != None:
if tmp.data == numberToFind:
break
tmp = tmp.next

o A WN = O

if tmp !'= None:
print ("Found,item", tmp.data)
print ("tmp=", tmp)
mylist.addAfter (tmp, "3.5")
mylist.traverseForward ()

J
O N W W d
(4,

o]

N -
o ©
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Double Linked List o it

Castova slozitost

® Pfidani/vloZzeni/smazani uzlu na zac¢atku/konci/(v uzlu®): O(1)
Hledani prvku: O(n)
e PFistup na i-ty prvek: O(i) = O(n)

* pokud uzel uz zname

head

!

| data

next next next next [— None

—>| data —>| data —>| data

Pouziti
® napf. pro realizaci zasobniku a fronty
e ulozeni stavl (napf. www browser, textovy editor)
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List vs. pole v Pythonu o Hise

Pole
* Pevné dana délka, je dopfedu znama, velikost pole nejde ménit
® Rychly O(1) pfistup na libovolny prvek — operator []
e Soucasti vétsiny jazykd, c,c++, ...
Dynamické pole
¢ Velikost pole neni dopfedu znama, pole se (re)alokuje dynamicky pfi
pridani/odebrani prvku (*)
® Rychly O(1) pfistup na libovolny prvek — operator []
e C nema, C++ jako soucast standard template library
e V Python se tomuto datovému typu fika List
* Typicky se vnitfné se alokuje 2x vice, nez aktualni velikost
List (linked nebo double linked)
e Pocet prvkd neni dopfedu znam, rychlé mazani a pfidani
e Pomaly pfistup na i-ty prvek
¢ V Pythonu jako soucast riznych knihoven
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