
Binomiálna halda

kuko

8.10.2025
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|Bk |= 2k

výška Bk je k

deti koreňa sú Bk−1, . . . ,B1,B0
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Binomiálna halda

zložená z binomiálnych stromov

každý takýto strom muśı mat’ haldovité usporiadanie

každý strom má iný rád

6 / 34



B0 B1 B2 B3 B4

Tvar haldy záviśı od binárneho zápisu n:
Napr. n = 41 = (101001)2 = 32+8+1 = 25+23+20,
n = 75 = (1001011)2 = 64+8+2+1 = 26+23+21+20.

Dôsledky:

najväčš́ı strom Bk , ktorý halda obsahuje má k ≤ log2 n

stromov v halde je najviac log2 n

7 / 34



B0 B1 B2 B3 B4
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Spájanie
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napr. 41+75=
1 0 1 0 0 1

+ 1 0 0 1 0 1 1

1 1 1 0 1 0 0

merge B5 B3 B0

with B6 B3 B1 B0

B6 B5 B4 B2
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binom. halda
merge O(logn)
insert O(logn)

extract-min O(logn)
decrease-key O(logn)
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binom. halda
merge O(logn) O(1) am.
insert O(logn) O(1) am.

extract-min O(logn) O(logn) am.
decrease-key O(logn) O(logn)
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binom. halda lenivá bin. halda
merge O(logn) O(1) am.
insert O(logn) O(1) am.

extract-min O(logn) O(logn) am.
decrease-key O(logn) O(logn)
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Lenivá binomiálna halda
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INVARIANT: Každý koreň stromu má 1$.

merge: 1$

insert: 2$

extract-min: 2⌊logn⌋+1$
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analýza extract-min:

zmažeme min a pripoj́ıme deti (1$)

každé diet’a sa stane nový koreň ⇒ dostane 1$ (spolu
≤ ⌊logn⌋$)
upratanie t stromov trvá O(t); rozdel’me stromy na dve
skupiny:

ℓ = #stromov, ktoré sa pripoja pod iné
r = #koreňov, ktoré ostanú koreňmi aj po upratovańı

korene, ktoré pripoj́ıme si to sami zaplatia

r ≤ ⌈logn⌉ ≤ ⌊logn⌋+1 – toto zaplat́ıme z peňaźı za operáciu
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korene, ktoré pripoj́ıme si to sami zaplatia

r ≤ ⌈logn⌉ ≤ ⌊logn⌋+1 – toto zaplat́ıme z peňaźı za operáciu
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ℓ = #stromov, ktoré sa pripoja pod iné
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Φ(H) = #bin. stromov = #koreňov

operácia extract-min pre haldu s t koreňmi trvá O(t+logn)
= O(ℓ+logn) zmena potenciálu ∆Φ≤ logn− ℓ

Tamort = Tskut + c ·∆Φ= O(ℓ+logn)+ c · (logn− ℓ) = O(logn)
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operácia extract-min pre haldu s t koreňmi trvá O(t+logn)
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