
Shortest Path Problem
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Output Path P from s to t in G
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Various Approaches

FreedyteDijkstra's edges have positive wt
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Dynamic Bellman Ford edges can have negative wt
can work with global or distributed G

fails if must
avoid neg cycles



Applications Data Routing in networks

Bartering
t.pt k ff aapates

Arbitrage Finding inefficiencies in financial markets

ITf34 Use variant to find a

negative cycle
Stakeholders Winners Losers
What do you want to do in warm weather

Bartering

Arbitrage



Defining Subproblems
Clever idea Pu i shortest path from S to u that uses at

most i edges

What is L Pta L Pt 2 L Pas for the following graph
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Last choice a strategy makes Vertex before t



Designing a DynamicProg Aly
Recurrence relation for Pa i

append

Pa off Path with 9

Pwii win if shortest path with i edges goes through w
prior to a

Le if shortest path to a uses less than i edges

Recurrence relation for objective function w u u 0

MIT
L Paid wly a

air no if no edge

L Pmi

L Pu o A if u s

Base ease L Ps 0 0

Helpful MY flu
notation



Write Pseudocode to fill in A

Input Mxn array w where we v weight of edge u v s tech

W n A if no edge Wfn 7 0 WE n

Output x array A sit ACU i L Pu i

nxn nvertices ig.es from 0 length to n t length

Initialize A an array filled with A's

A 5,0 0

For i l to n t Iterate over elements of A
For vet to n

For a 1 to n

If A v I A u I I w u v Fill out Afri

by takingA u I ACU I I w U u
minimum over

2 all options
Use your code

to create
s f ff

r

A for the graph 2



What is the Runtime of Bellman Ford
I vertices

A O n B n c 0cm D 0 nm

2 edges

rrence relation for objective function w u u 0

Pui
1

YET 4Pa Wha air no if no edge

L Pu o D if u s

case L Ps o 0

Don't want to check every vev Only want to check v YUJEE



fffffjacencyl.it
w 2 5,4 yr

s r

w r Z 3 y
2

e g
W Z I 5,4 learn that edge from S to z with weight 4

Initialize A an array filled with A's

A 5,0 0

For i l to n t Iterate over elts of A
Forev 1 to n

For U U V EE

can do If A u i A u I I w u u

efficiently
with reverse adj A u I A u I I w U u

Matrix



What is the Runtime of Bellman Ford with Reverse AdjMatrix

I vertices

A Oln B n2 c 0cm D 0 nm

In worst case m of

I edges

Best

but in best case M O n

Initialize A an array filled with A's

A 5,0 0

For i l to n 1 O n

For v41 to n Get all edges pointing at v

For U u v EE
Gell all edges pointing at re

each edge
appears once

If Afv I A a I I w u v O m

ACV I ACU I I w U V



Distributed Bellman Ford

vertex v can calculate ACV i if gets passed A u i I info

from neighbor U U V EE

Then it passes A u i onto its neighbors

Useful for network




