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Single source shortest paths

given starting vertex s
find the

shortest path to every
reachable vertex

86 v for every v e G V

Breadth First Search is a SSP algorithm

unweighted undirected graph

84 requirement for BFS

Today generalization
weighted graph Fone Gw

directed
Ts weight fine

Adj list
non negativeledgeweigntd
restriction b t a small one

SSSP ago Dijkstra's
it is not the only

one though



go
10 non neg

weights

tea Cyclesareok

path from s to t

t

igyygg.am
west to

guts is a valid path w guts 5 3 8

I

Optimization valid path with

problem least total weight
In

Turning into an algorithm

greedy approach

always want the lightest optionat everystep

IDijkstriswakstikeprinty
keepattributes for each vertex greedy

Can update attributes valves when we

find a better option



on each vertex

V d distance of shortestpathfrom s to v

v M predecessor vertex on shortest path

Initialization
V d to

v A nilexaptthestatinguetex.s.de

Relaxation
relax an edge u u

can we improve the distanceto u

by goingthrough u

RFYIYwfu.dtwcu.rs
IYItd.ua

Goze IV.doG.D
valve assigned to V d is
same as distance of

active shortest path



12 Dijkstrisngon.hn
Sssp directed weighted

non negweights

staring vertex goal
v a 81s V

Algo at high level

maintain set S of
venues were done with

Heap keyed on
a v d foreach vertex

Initialization step
s.no

4 1

pull vertices out of heap

try to relax current
vertex's neighbors
after relaxing all

neighbors go in S

of th

in this graph



Head vertex sets
sitar I T.iq I I s

tin v su It
tu t S Vit v a 9 u.net

V D 5 V Ties

u u Sht u

I
I

1050
How do we know that when
we add a vertex to S we

never need to update it again



3 Dijkstn.sn
V d distanceassigned by ago
81s u distance of actual shortestpath

want iv for every reachablevertexfrom s

this is set before u is added to set S

for any r v d 286 v

pug actual shortest path
air gets relaxed

if U d 81s a then a V d 81s V
after relaxing

Proofbyinduction
inductionon 1st

Basecase 1st 1
Some vertex s ES algo

s no
real
813,5 0

I V d 81s r for every
r e S up to 1st k

next we add Ktl th vertex Ou is Ktl
about to add u to s

a d should already be fine



Astral shortestpath
xy is anedge

s gN
XES

y precedes u
on shortest

path
86g I 81s u

X d 81s X I

and I ynd
because u got extracted first

Urd 2 81s a because of obs

After relaxation y d
8
say ye

inequities
together

81sg 86 a Eu d synd
But fGyyD as I dare

so Etsy 8 s d g d
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2 675


