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Min-Heap Operations

()HeapMake −

),( xHInsert

)(HMinimum

)(HMinDelete −

),( xHDelete

),,( kxHDecrease

),( 21 HHUnion
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Binomial Heaps

A binomial tree is an ordered tree defined by:

=0B => kBk    0For    

Children are ordered
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Binomial Heaps  (cont)

Properties
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Binomial Heaps  (cont)

Properties
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Binomial Heaps  (cont)

Properties

i.

th
B i  isleft  right to fromroot   theof child  The

kB
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The maximum degree is lg n in a binomial tree with n nodes.
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Binomial Heaps  (cont)

A binomial heap is a list of binomial trees such that

]][[][  ordered-heap is each tree 1) xpkeyxkeyx ≥∀

2) no two trees have roots of the same degree.

The largest degree in a Binomial Heap with n nodes is lg n.

There are at most lg n +1 trees in a Binomial Heap with n nodes.

The trees are ordered by increasing degree.

The children of each node are ordered by decreasing degree.
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Binomial Heaps  (cont) p[x]

deg[x]
sibling[x]

key[x]

child[x]
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Binomial Heaps  (cont)

Operations

()HeapMake − Create an empty list. )1(Θ

)(HMinimum )(lg nOScan tree list and return 

minimum key of roots.

),,( kxHDecrease )(lg nΘChange key and then SiftUp.  

(Confined to the tree.)

),( xHInsert Create a single node heap 

H’ and then Union(H,H’).

)1(Θ + union time

),( xHDelete Change key of to -∞ and 

then Delete-Min(H).

)(lg nΘ + delete-min                 

time
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Binomial Heaps  (cont)

Operations

)(HMinDelete − Scan tree list to find tree T with minimum key.

Remove  T from H.  Take child list of

T’s root and reverse its order to form a

new heap, H’ and then Union(H-T,H’).

)(lg nΘ + union time

degree of root of T
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Binomial Heaps  (cont) )(HMinDelete −
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Binomial Heaps  (cont)

BINOMIAL-HEAP-UNION(H1,H2)

Merge of tree lists H1 and H2 ordered by degree

Scan merged list in order of non-decreasing root 
degrees and combine trees of the same degree.

For any k, there will be either 0,1,2 or 3 trees of the degree k. 

If there are 2 or 3 trees of the degree k then link 2 of them to form 

a tree of degree k+1. 
1+kB

kB

kB

y

zp[y]←z

sibling[y]←child[z]

child[z]←y

degree[z]++
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Binomial Heaps  (cont)
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Binomial Heaps  (cont)
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Binomial Heaps  (cont) ),( 21 HHUnion
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Binomial Heaps  (cont) ),( 21 HHUnion
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Binomial Heaps  (cont) ),( 21 HHUnion
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Binomial Heaps  (cont) ),( 21 HHUnion
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Binomial Heaps  (cont) ),( 21 HHUnion
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