










































21 Apr 2025 Algorithms Week 16

Single source shortest path
Dijkstra w 0

IEI IVI log v1

Bellmann ford

All pairs shortest path
DP 1 1m log v1

DP 2 yup
Hoyd Warshall

g i j k min g i j k 1 g i R k 1 g k j k 1













































Johnson's algo

Idea Run Dijkstra's algo IVI times

only works for non negative weights

Idea 2 modify weights to make them non negative

and preserve shortest path

Step 1 Run Bellman ford from some fixed vertex s

get negative edge cycles

d s v for v e v

Time O IVIIEI













































Step 2 w̅ u v w a v d s u

d s v

Why non negative

How is shortest path preserved

w̅ u v 0 always
trued s v w u v d s u
by
Dijkstra's

algorithm
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Step 3 Run Dijkstra from all sources using w̅

Time O IVIIEI O IEI v1 IE v1 loglu
Bellman ford computing

Beights

0 IE v1 Iv log v1













































Maxflowproblem.at
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Notes

Incomplete Refer CLRS Chapter 24 26

4ᵗ Ehd Krev

24Apr2025_
Correctness of Edmonds Karp

1 If Gf has no augmenting paths sat

then f has a maximum flow value

2













































Theorem Max flow min cut theorem

If f is a flow in G with source s sink t

the following are equivalent

1 1ft is a max flow in G
2 Gf has no sat path

3 151 c S T for some cut S T of G
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Claim s t cuts x Y

1 f x y
Intuitively

flow is conserved

c X Y

20 11
by
contradiction

5 a Sma in Gf
T VIS
te T
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Claim f u v c u v

If not flu v c u v

UN Gt

v is reachablereachable

from 5 from s













































If c s T

No of steps taken by EK 111 flow augmentation

steps

Claim O s v is non decreasing v

An edge 4 v is saturated by a flow if flu v c u.v

claim u v EE u v gets saturated at most 1 times
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S

of augmentations IEI.LI

Running time of Edmonds Karp 0 IEPV1



Maximummatchingfipartitegraphs.FI

fifties



half
hourpaths

capacity

Check if a k

If n injured Hospitals

people



Brute force all paths from
U to v
compute reliability

product

return highest

Modified s vis

algorinOff
not sumproduct

Thtict
keep 8 U V

comparing

r 8 0 TEI

Use single source shortest path Dijkstra's algo

ONE 101 logv1



Fi
v is a prerequisite for w

IE V1

largest path

yet find secs

find diameters

Output max diameter


