



































































































































Amortized Analysis
15 750
1 18 19

Applications Data structures DS
Ds eg Binomial Heaps Fibonacci Heaps

UnionFindisplayTreesy
Applications using DS
Dijkstra's Alg graph shortestpaths
Kruskal's Alg Min Spanning Tree

I

seeCLRS.ch 7forintro
MainTrick Sometimes faster to be

Lasy than eager



TimingAnalysismethody 2

1 Worstcaseorerallinputs eg Strassen

2 Areragover inputs
eg Quick Sort pivoting on first element

3 AmortizedAnalysis
worst case input average over time

4 Randomized
worst case input average over coin flips

esBandomizedQSI
Amortized Analysis methods
1 AggregationMethod won't use
2 AccountingMethod or token method Kogen

3 Potential Method we will use
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DLetrootthwRthdown

Pombine 2 heaps into one

By adding me lol we speedup other 0ps



tpph.ca DijkstrasAg 4

Reed Dijkstra computes single source shortest
path inweightedgraph vertices n
i e Computes discs v VVeV edges m M n

It uses apriority queue
Over time it receives keys K kn

with priorities Priorck Priorlkn

Dijkstra Als.Doses
worstcase total costoP H

makeheap s l I I
findmin s n l n

insert n agn nign
deletemin s n lign high
decreasekey Krs m hyn mbyn

I

Dominate costis decreasekey
Good in next 2 lectures
Make AC of decreaseKoy to be 04
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Faster PrirtyQueues 6

Types of Heaps Reg Binomial Fibonacci
See ChRS Chaps G 19,20 Kogen 8,9

Binomial Fibonacci
Oisager hamAmrt

makeheapls ON 04 04
findmints 041 011 04

insert s foam Ioannou oh
deletemints Olton Ollyn Ollyn
MeldlA B Oln Ollyn ON 011
decreaseKeylkas Othon Olhyn 011



or 7

a AA

m get



Oyly d 8

children

B
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4

1 A

atmostonetreedeper rank



or10

Btwn



Fager.DE etemn

Tassone
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off
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NoIAmort CostofEagerDeleteminstiH
t.az Melds
1 Tree are kept as a linked list
2 Lazy Meld list concatenation

3 Lazy Deletemin
a Link trees till at most one per rank

b Do Eager Deletemin
47Insertusinghazy.me

Amort Analysis of Lazy Meld DS

Potential fen I E trees

ACCInsert 2

ACC hazy Detetemin

step a Unit Cost light treesDeleted
DI trees Deleted

A Cl step a log n
A Cl step a login from above

Ought



Next Time 15

Goal Find a Lazy DecreaseKey

Note Deletemin worked because
removing the root of a binomial
shattered it into smaller binomials


