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Brute Force Breadth First search edges all have

Dynamic Bellman Ford edges can have negative wt
can work with global or distributed G

fails if must
avoid neg cycles
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Output n dimensional arrays L P sit

L.fr length of shortest path from s to v.in G

P V shortest path from s to v in G

5 HX is set of visited vertices

450 Base case f x ̅
P S

While there is an edge from X to x ̅
C is set of red edges
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Output n dimensional arrays L P sit

L.fr length of shortest path from s to v.in G

P V shortest path from s to v in G

5 HX is set of visited vertices
L s 0

Base case
P S Show Dijkstra's

While there is an edge from X to x ̅ alg fails with

C ur UEX.ve I negative weights
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Underwhat conditions

1 X X U V can Dijkstra's alg have
neg weights but be successful



thm Dijkstra's alg Correctly returns the shortest path
Pf We will prove using induction on n lx that Dijkstra's
alg correctly assigns

L v3 and PCV VEX

When n 1 X s and LCS 0 PCs are correct

b c
you can get from S to itself with no edges in 0 length
Let k 1 Assume for induction that Dijkstra's alg

correctly assigns L v3 and PCV vex when X K

Suppose Dijkstra's alg is about to add the KH element to

Let u argmin L u tw u v so Dijkstra's chooses
U V E C

v4 to be KH element of X and sets P v P u u

and L v L u W n We need to prove theseassignmentsare correct



Suppose for contradiction that P P u u v is not

the shortest path from S to Let P P be the optimal
path a b length of P s path from
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Thus L P P contradicting the fact that Phas
optimal and P was not
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to minimize Dijkstra's criteria
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What is the runtime of Dijkstra's alg as written

What data structure should you use to improve
What is runtime with improved data structure
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L s O

P S faster
while there is an edge from X to vertices in x ̅
C ur UEX x ̅
n argmin e a w u v

store egestine in
MinHeap

U VIEC

L L.EU W u
priority queue

P V P nF u

1 V V



Objects in Priority Queue vertices e x ̅
attributes vertex object
name B
key nightwII Priority Queue ordered

pprior.gg
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by key value

L u3 5
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be set to
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i MinHeap
L s 0

Olmogn Initialize n items in heap
P 5

ollogny.Removemftitkinitializ.eeHeap log n Insert new item

For U SU EE

a key W s u if have already
found item

4 priores
Insert U into heap H

For other at x ̅ not yet in heap
U Key N

U prior
Insert U into heap H



While H
A pop a automatically has minimum Dijkstra's criterion

U v vertex

L r J v key FI
P v PEN prior Viprior

gattributes

vertex objectÉ
Update Heap name B adjl.is
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For r Yr E E keywww.twvf
Remove r from H

Ifr key L v tw Vir

I
I

Reinsert r into H

Why is runtime Ofntm logn
with adj list
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i MinHeap
L s 0 704

Ohlogn Initialize n items in heap
P s

Ollogn Remove minty item
initialize Heap log n Insert new item
For U E V 5

If su EE if have already
a key w Siu found item

4 priores
Else Joggin
U Key N

U prior
Insert U into heap H



While H 0 Oln o nlogn

8 Ét
LEU U Key
P PCu.priorftu.prio r.nl

01m
Update Heap
For v a v E E Of edges Ekin vertex is popped

Remove v from H Ollogn once When popped go thru

If vkey a w U V its adj list Never check

v key a w u v 0 1 that list again

v prior u x ̅
Reinsert v into It O logn

Why is runtime Ohm logn
with adj list
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