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v s ago o H insert v dev Initialization

d s 0

maintain heap for label of vertices in 5 1

while 4 empty do until heap becomes empty 1

v H delete min 30
for all w out adjacent to v do

1 am mm mm mm qq.gg
H decreasepriority w d w













































T n m logn deg v logn

E login 1 dog

m

I worst case

n

O n m log n

O m log n
n is asymptotically smaller

than m













































Proofofcorrectness

s 5

Let d u do v e 5
Move u to s and update d w min d w du e u w

d w never increases w e 5 u













































Su a 51 u

Prqt.attofa is the length of shortest path from s to a

a e 5 der is the length of the shortest path from s to a

using only vertices of S













































Let u be the vertex of smallest label in 5
Move it from 5 to S

Then we need to show that

du is length of correct shortest path from s to u

After shifting u to s we update the label of vertices in 5
Then we need to show that eg is true for remaining vertices

in 5













































ClaimI du is the length of shortest path from s to u

Prof contradiction

Suppose another shortest path

megative

via n E S
s 5

Entire shortest path s u df1
1 x a

du
0 w we should have picked n e 5

and shift to S instead of u









Tmin
Aws

dlu e u.ws

Stu 5 u

Three possibilities of shortest path

s a we shortest path from s to u and edge from u

to We

some other path from s to ws without using a

path from s to u then some other path from u to WI



Case and are already covered by update rule

length of path s U a we is not smaller than

path ledge

so 2C W1

Note that s a is the shortest path from s to a without

including re as u just came in a was already there

But dWe length of path Sn a w



If d u d w w n

then shortest path from s Ttlyto u has w preceding u

shia s 5

du min d u d w

for each vertex we maintain predecessor e w u

information

if d a d w 1 w u

then d u dew 1 w u

pred u w



How to compute shortest path from s to v using pred array

2 U

while prod x well then

print x

x pred x



13 NOV2021
Problem Compute shortest path from s to t t e V1 s

Problem ve cycle shortest path

not defined

it

Assume that the graph doesn't

have
any cycles

i

shortest path from s to t is 1



31 TY
s t is shortest path

I
Is s te we get as snorst

path

Sonce ve cycles are not allowed path from s to v should

not contain cycle

Therefore path from s to v should be simple path mathct



so

mm 8 5 2 7 a

w c will be updated

4 to 3

too
7 A

Pscode Bellman Ford Algorithm 1956 labelof a

Bellman ford G s du upper bound on

for each re V length ofthe shortest

d a path from s to u

d S 0 8 s a exact length

of the shortest path

from s to u



repeat

for each U V E E

converged true Converges after

if dla e u v d v atmost n 1 iterations

d v dfu e u v

converged false

until converged

Time complexity 0 nm

Dijkstra mlog n



SSSP ve 0 m log n Dijkstra O m log n

ve 01mn Bellman ford 0 mn

Best known
algorithm

Allpairshortestpate
Run same algorithm for all vertices

i tve 01mn log n 0 n m n log n

01mn n'log n114



Proofofforrectness
8 s v exact length of shortest path from

s to v

d v upper bound on length of shortest

path

We know d v 8 s v vev

Need to prove d v 8 s 0 VEV

or do O s v

Proof via induction on of edges in the shortest path

Beca i 0 need to show that label of all
vertices has correct shortest path



d s 0

dfo a v 1 s

Inductivecas We assume that ve V d v corresponds to

correct shortest path having at most i 1 edges

v3 min d v 1 u v dlu
i 1 due 8 s u

dv7 dfu e a v

o s a e v.v

dfv 8 s v

d v 8 s v


