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Why?
If use list or vector,

have 0(1) +On

for man ops

heaps->Ollogan) for
all operations-

Tget/remove
Max

-
insert

VS ANL : much better constants

used in findng shortest paths
in a

↳/rightafterbreak graph



- Merge (H., H2)
:

Another

create a new heap with
all values

of H , THz

↓How? 3 I Na ⑬ 42
&, ⑳

n =
n ,
+z

1⑮ ⑧
3 Y
It zoremove Min
Dissert into Hi

Runtime:
tlog nlogn
-



parent

Improving ?

Well-> heapify2
-I

...

H
r

Recall : reapf
--

Hs Hz
I build heap

Go()



nomater Merge ~
heapify

OCogn)#) ->
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at the "cost" of min
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[But really not!!]
O(n) to

do n

Amortization : have lots
of OU)

cost extractMin

↳s but some
slower



# : Analtree
,
defined recursively :

Base case : o

Bo

Bi : two copies
of Biz

,
one root

connected as (new) child of the other

Picture:BoB, B4 i

-
Later-heaps : Be :Coinheap)



General pottern :

B : binomial free of order
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HWO question from previous
semester :
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so size of B" = 2 nodes
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so H(k) = height
of tree of

order k

= 1 + H(k- 1) = (+ (5H(k-2)
~ =k

In terms of # of modes :
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(min heap)BinomialHeap
· Like regular heap, child

> parent
(for all nodes)

· But : this is a collection of
binomial frees ,

with at most 1 of each size
* &

-

-
so : one Bo -one B

,

one B2 Ba Bi

one.

"

Bi (some is

Index via a linked list
sorted by

degree 0 .. i
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or By in
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i = modern nodes & IH

# nodes 2=2 +
tree



nodes total glob
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terms of n ?
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n =2 - 1 = L = logan
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length of
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How to search :

-

Look at the roots & take mir

Runtime : Ollogan) If n modes

But : can keepglobal ptr to minimum
I just need

to update it as you go)
-

↳ Runtime : O(1) ↑



AnonHitz) : globa B3
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natural idea :
BK

list

join
them in bigger



Problem : Merged list :
-X

Could have ...
-

in H,
inte

2 of same size

Nice trick : combine them !
F⑮Biteu

now :



More detail : Ollogan
-

fori to length of merged list :
Bz Bz

If no nodes of degree ?: I
~ -⑮Bs

If I mode of degree i -
~ it ⑭keep

If2 modes of degree i with larger root
Combine: hang one create es mode
under other, and

If 3 modes of degree : uldeg it
T

combine 2of them to dog it
&

· keep one of degv
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Runtime of merge :

each internal merge :

↓
list

00
↳↳ ⑭

#
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↳
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or
mode on
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Insert (x, H)
create a new binomial heap

(size 1)

= (size 1 list)

Bo

Merge with Hi

(keep pointer to global min)

Runtime : Worst case:

But : amortized insert is O(1) time !



Why insert is faster :

Suppose we do n inserts, a consider

a merge
inside our loop :

-

If no Boi

If Bo . o. Bi exist
,

a Bit does not :

Accounting method
:



ExtractMin() :

Say we delete root of some
Bi

glow pr

:
&

Recall : Bi is what ?

& if we delete root :



* flip children of root in Be
!
- - ...-
--Bo B, Bi-1

Make a heap from these
a marge

with

rest of the heap
-

Runtime:



IResult:()
getMin Cu/pointer

Ollogch) Ollogzamortizedmeet(oc) If n inserts

removeMin Ollogan)
decreaseKey Ollogen) Ollogen)
delete Ollogen) OGogen)
union O(n) O(login)
(adds overhead to others, but

only OCK)

Only downsides: constant
factors,
-



Next time:

Hashing
!

Ce Dictionaries
in some languages)


