Lenivé haldy

kuko
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Vybrané partie z ddtovych Struktir
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binom. halda

merge O(log n)
insert O(logn)
extract-min O(logn)
decrease-key O(logn)
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binom. halda

merge O(logn)
insert O(logn)
extract-min O(log n)
decrease-key O(logn)

O(1) am.
O(1) am.

O(logn) am.

O(log n)
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binom. halda leniva bin. halda

merge O(logn) O(1) am.

insert O(logn) O(1) am.
extract-min O(log n) O(logn) am.
decrease-key O(logn) O(logn)
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binom. halda leniva bin. halda

merge O(logn) O(1) am. O(1) am.

insert O(logn) O(1) am. O(1) am.
extract-min O(log n) O(logn) am. O(logn) am.
decrease-key O(logn) O(logn) O(1) am.
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merge
insert

extract-min

decrease-key

binom. halda

O(logn
O(logn
O(logn
O(logn

)
)
)
)

leniva bin. halda
O(1) am.
O(1) am.
O(logn) am.
O(logn)

Fibonacciho halda

O(1) am.
O(1) am.

O(logn) am.

O(1) am.
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Leniva binomialna halda




INVARIANT: Kazdy korefi stromu ma 1$.
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INVARIANT: Kazdy korefi stromu m3 18$.

@ merge: 1%
@ insert: 1%

@ extract-min: 2logn+ 1%

9/41



analyza extract-min:

Do
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analyza extract-min:

@ zmaZeme min a pripojime deti (19)
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analyza extract-min:
@ zmaZeme min a pripojime deti (19)

o kazdé dieta sa stane novy koreli = dostane 1$ (spolu < logn)
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analyza extract-min:
@ zmaZeme min a pripojime deti (19)
o kazdé dieta sa stane novy koreli = dostane 1$ (spolu < logn)

@ upratanie t stromov trvd O(t); rozdelme stromy na dve
skupiny:
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analyza extract-min:
@ zmaZeme min a pripojime deti (19)
o kazdé dieta sa stane novy koreli = dostane 1$ (spolu < logn)

@ upratanie t stromov trvd O(t); rozdelme stromy na dve
skupiny:
e { = #stromov, ktoré prilinkujeme pod iné
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analyza extract-min:
@ zmaZeme min a pripojime deti (19)

o kazdé dieta sa stane novy koreli = dostane 1$ (spolu < logn)

@ upratanie t stromov trvd O(t); rozdelme stromy na dve
skupiny:

e { = #stromov, ktoré prilinkujeme pod iné
e r = Ftkorefiov, ktoré ostanu korefimi aj po upratovan{

15 /41



analyza extract-min:
@ zmaZeme min a pripojime deti (19)
o kazdé dieta sa stane novy koreli = dostane 1$ (spolu < logn)

@ upratanie t stromov trvd O(t); rozdelme stromy na dve
skupiny:
e { = #stromov, ktoré prilinkujeme pod iné
e r = Ftkorefiov, ktoré ostanu korefimi aj po upratovan{

@ korene, ktoré prilinkujeme si to sami zaplatia
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analyza extract-min:
@ zmaZeme min a pripojime deti (19)
o kazdé dieta sa stane novy koreli = dostane 1$ (spolu < logn)

@ upratanie t stromov trvd O(t); rozdelme stromy na dve
skupiny:

e { = #stromov, ktoré prilinkujeme pod iné
e r = Ftkorefiov, ktoré ostanu korefimi aj po upratovan{

@ korene, ktoré prilinkujeme si to sami zaplatia

o r <logn — toto zaplatime z peiiazi za operaciu
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®(H) = #bin. stromov = #korefiov

Do
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®(H) = #bin. stromov = #korefiov

operdcia extract-min pre haldu s t korefimi trvd O(t+ logn)
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®(H) = #bin. stromov = #korefiov

operdcia extract-min pre haldu s t korefimi trvd O(t+ logn)
= O({+logn)
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®(H) = #bin. stromov = #korefiov

operdcia extract-min pre haldu s t korefimi trvd O(t+ logn)
= O(¢+log n) zmena potencidlu AP <logn—{
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®(H) = #bin. stromov = #korefiov

operdcia extract-min pre haldu s t korefimi trvd O(t+ logn)
= O(¢+log n) zmena potencidlu AP <logn—{

Tamort = Tskut +¢-A® = O(£+logn)+c-(logn—{) = O(logn)
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Fibonacciho halda

Hae
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decrease key of z by §
=

cut =
Seut a
S cut b

= mark ¢




decrease key of x by &
—
cut =

— cut a
—cut b
— mark ¢

INVARIANT: kazdy oznadeny vrchol, ktory priSiel o syna, ma
nasporené 2%
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decrease key of x by &
—
cut =

— cut a
—cut b
— mark ¢

INVARIANT: kazdy oznadeny vrchol, ktory priSiel o syna, ma
nasporené 2%

na decrease-key stadia 4$:
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r a b
decrease key of @ by §
=
cut =
¢

®(H) = #koreiiov + 2 x #oznalenych vrcholov
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decrease key of z by §
=

cut &
—cuta
— cut b
— mark ¢

®(H) = #koreiiov + 2 x #oznalenych vrcholov

ak odrezeme k vrcholov, trvd to O(k), ale potenciél klesne o k —4
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decrease key of x by &
—

cut &
—cuta

— cut b

— mark ¢

®(H) = #koreiiov + 2 x #oznalenych vrcholov

ak odrezeme k vrcholov, trvd to O(k), ale potenciél klesne o k —4

@ +k kvoli novym korefiom
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decrease key of x by &
—

cut x
—cuta
— cut b
— mark ¢

®(H) = #koreiiov + 2 x #oznalenych vrcholov

ak odrezeme k vrcholov, trvd to O(k), ale potenciél klesne o k —4
@ +k kvoli novym korefiom

@ —2x(k—1), lebo vetky okrem prvého koreiia boli oznatené
a teraz nie st
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decrease key of x by &
—

cut x
—cuta
— cut b
— mark ¢

®(H) = #koreiiov + 2 x #oznalenych vrcholov

ak odrezeme k vrcholov, trvd to O(k), ale potenciél klesne o k —4
@ +k kvoli novym korefiom

@ —2x(k—1), lebo vetky okrem prvého koreiia boli oznatené
a teraz nie st

@ +2 jeden oznaleny na konci kaskddy pribudol
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Nech rank(v) = #synov vrcholu.
Pri takomto orezavani bude mat vrchol s rankom k exponencilne
vela vrcholov v zavislosti od k.
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Nech vrchol x ma synov y1,...,ym, ktorych sme oznacili v poradi,
ako sa prilinkovali ku x; potom rank(y;) > i — 2.
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o velkost stromu s rankom k je aspoii Fii1 > ¢, kde ¢ ~1.618
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o velkost stromu s rankom k je aspoii Fii1 > ¢, kde ¢ ~1.618

@ = maximalny rank je logaritmicky
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o velkost stromu s rankom k je aspoit Fjy1 > ¢, kde ¢ ~1.618
@ = maximalny rank je logaritmicky

e = kazdy korefi ma najviac O(logn) synov a po upratani
ostane najviac O(logn) stromov
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insert
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extract-min

min

new
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