























































































































Flow network dir graph Gvertices s t
capacities de

Maximum flow
compute F E R f If2 far E f cu w

u u

maximize net flow out of S
Minimum Ct

Compute partition lt SVTsnT

0mimimizeIZsIZcCu
su7Maxf1w.M in art Theorem Max flew _Miccut

Tord T utkersom CG.tl
f 0
Gf G WFS
while there is a path from s to t in Gf 0 E

F
OLE

this alga halts it returns a maxflow

If all caps are integers integer max flew

Onyx OCE.ir
SO 11 E edgesL value of max flow
OF exponentialEE

iterations

Input OCI logic Time OLD bits in input


























































































































to 0 55 10.618
X Z

Oto
Max flow value _2 1 201

Do
I

0 O O

O O O O O D O O O O 0 O
A B C

O co O

BCBABCBABCBA
loop

10 0 05020303 Total flow.nl t 1tEo20i

Why should we care

Integers are artifial

Floatingpoint errors


























































Flow assignment of numbers to edges satisfying constraints

sum of paths and cycles

F lows can be combined

f f flows ft f is also flew
f f
SF it.fi

Residual
Paths are flows

so
Rectifies are flows

O

of
O
X O

x

11
x

non neg non neg non neg
Flo Decamp Every ow is sum of path androycle flow



Every circulation is sum of cycles
Proofi By induction on edges with f 0

Let f be any circulation
F O f is empty sun

f is acycle trivial

f to
Start at any vertex follow edges
with Foo until you repeat some vertex

cycle in f C
subtract from every edge in C

mithEEce ee Fm

By Itt we can decompose f Fain C
into cycles

Any acyclic flew E paths
320 There is an acyclic max flew

Given f compute flew decamp in OWE time

E E t
tight inworst case

Any maxflor alg that works one path at a time
take CLUE time



Edmonds Karp Choose agoodaugmenting path

y chooseaugmenting path ufattest
If with largestcapacity
0 choose augmenting path ashortest

with fewest edges

Fattestmarimizemingacity
OfElogV time best First search
per iteration like Dijkstra's Kruskal's

iterations Assume ele aeinteg
Middle current flow F in G

fi maximmflon.inT
Then ft f is max flow G

F lowdecomposition f is the sum of E E pathsand some cycles
fattest path in this decomposition

carries If't E flow
3 has capacity 7 If't IE

fattest pathFon s tot has capacity 3 If'VE
f increases by 3 If'VE
If 1 decreases by If'VE at each iteration

So after kiterations
If't E 1 E

k

Iffl for some K IFK 1
I integer

maxflowing IF D



k E ft TW Mut
1tx eX

If't E 1 IF If I I f E ht If I
E int If I

e In If I If I
If I I

OCE4ogv loglhtDLime.TT polynomial time

Shortest Use BFS instead of WFS
min edges

Intuition Over time vertices get furtherfrom s at each iteration in Gf
Let Gi residual graph after I augmentations
Go G unweighted shortestpath
d stfu level Cu distance from s to u in Gi

_level i G Z level 16 for all

Proof induction on level u

Lemnnai Each edge n su leaves the residualgraph u times

Intuition When u v reappears5

son
distal hasgoneup

I distcu EU or
I
0



iterations DCUE O VE7tim

Orlin's algorithm 201 2 OCvEEimeJ
Use Orlin or Ford Fulkerson in your Hwlexams


