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Network flow (IV) : Applications,

Solving/Reducing aProblem to Maxflow

1
.
construct a flow network &

2. prove that max flow on 4

= a solution of the problem
3

, time complexity
what's n m of G,

Reducing A to B :

1
. given an instance of A , construct an instance of B.

2. prove : B has a solution>

A has a solution.

3. size of Binstance is related to size of A instance
.



Musti-source/Multi-sink.

O g

Need to prove : flow in new graph
E flow in old graph

.



Bipartite Matching

Bipartite graph : An undirected graph G=(V : E) , sit. .

V can be partitioned into X and Y ,
and

all edges in E are across X and Y.

Matching of a bipartite graph :

Subset M & E
, sit, for each veV,

at most one edge in M incident to v.

Maximum Matching Problem : maximize IMI



Construct a flow network G' : (V'El

(1) add s & to

(2) KneX ,
add s - u vo/c= 1,

Eve Y , add v -> + w/c= 1,

(3) F (u, vie E , neX & veY,

add n+ v w/ 1.



Claim : Max-flow of value K in P:

=> Maximum matching of size K in G ,

Proof.

(1) matching of size K in G =>

flow of size K in 9:

construct a flow :

(urIEM => f(us) = 1
(u, vi &M = flur = o

(2) max · flow of value K in =

matching of size k in P

Integer flow theorem f is integer flow,
f(u , v) = 0 or 1.

(u ,v)fM if flui = 1

... ... = 0



Circulations .

Given a digraph G = (VIE),

(u ,vIEE has a capacity cCusr)

MEV has a demand value d(u)

supply when d(u) < 0.

Find flow value flur) ,
sit ,

Capacity constraints: Off(ur) <(Cur)

Supply/Demand constraints :

fin (us - fort (u) = du)
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- A decision problem (Yes/No)
Max-flow -> Circulation : (Circ. satified# Max flow =P)
Threshold D , let d(s) = - D ,

d(t)= D

& (u) = 0



Reducing Circulation to Max Flow

-

Max-flow on G = I demands.

=) Feasible circulation .
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Circulations w/ lower bounds

Given a digraph G = (VIE),

(u ,vIEE has a capacity cCusr)

a lower bound ((usu)

MEE has a demand value d(u)

supply when d(u) < 0.

Find flow value flu,r) ,
Sit ,

Capacity constraints: ecuv) = f(u, v) = <Cusi)

Supply/Demand constraints :

fin (us - fort (n) = du)



Reducing Circulation w/ lower bound
to wo lower bound

(then to max flow).

1
. force all flow/ lower bound.

problem : it is not balanced,

2
, adjust supply/demand to balance
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Survey Design

-T I different products:

(
-> U customers.

want to send questionnaire to customers , sit,

1 . only ask about products the customer has bought

1
-

e for customer #2 , onlyask+] products

3 , for product #j , onlyaskt Pjt] customers
Q : is it feasible ?

bipartite graph .

Plan : reducing to circulation w/ lower

bounds
.



-


