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!2 Minimum Spanning Tree
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!5 Minimum Spanning Tree
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!8 Proof of Correctness: MST Algorithms
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!10 Dijkstra’s SSSP Algorithm 
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Analysis of Dijkstra’s Algorithm

! O(n) calls to INSERT, EXTRACT-MIN 
! O(m) calls to DECREASE-KEY
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Approach Insert Dec-Key Extract-Min Total

PQ in Arrays O(1) O(1) O(n) O(n2)

Heaps O(log n) O(log n) O(log n) O((m+n)log n)

Fibonacci Heaps O(1)* O(1)* O(log n)* O(m + n log n)*

* Amortized Time Complexity
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SSSP Algorithms

! Dijkstra’s algorithm (only non-negative edges 
allowed) 
! Best: O(m + n log n) 

! Bellman-Ford algorithm (allows non-negative 
edges, but less efficient) 
! O(mn) time complexity
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!14 All Pairs Shortest Path Algorithm

! Invoke Dijkstra’s SSSP algorithm n times. 
! Or use dynamic programming. How?
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Figure 14.38 
Worst-case running times of various graph algorithms
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