































































Network Flow v chapter 14

N set of nodes i U vertices

A set of directed arcs 6 edges
i j i JEN

Network W A V E
graph or digraph


































































Network Flow v chapter 14

bi Cij

11 bi so supply bi co demand I bi 0
it N

2 Xij amount transported from i to j
3 Cit cost of transportation from i to j
4 min I Cij Xiiin EA


































































Network Flow v chapter 14

p
Balanced

eqn I Xik bk I Xkjat node k

Ʃ Xik I Xbj bk
V

min CTX

AX b 30


































































Network Flow CV chapter 14

bi Cij

It incidence
matrix
a

node A
1g


































































Network Flow v chapter 14

Properties of A

Ai me
i k
i l

o it kil
2 Each column has one 1 and one 1


































































Network Flow v chapter 14

Properties of A
3 Rank A m 1

Sum of all rows 0 Rank A m 1

Can delete one row Root node


































































Network Flow v chapter 14

Properties of A
4 A is unimodular

any m minors has det 1 or 1

If b is integral any basic
solution is integral
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Network Flow v chapter 14

min CTX
P

AX b 30

D max bty
sit

Ay C

I

Aty z C Z 30


































































Network Flow CV chapter 14

p
min CTX

AX b 30

D max bty
sit

Ay Z C 230

max Iien biyi
Sit Yi Yi Zij Cij

i j eA
Zig 0


































































Network Flow CV chapter 14

p
min CTX

AX b 30

D max bty
sit

Ay 7 C 230

max IienbiYi
Sit Yi Yi Zij Cj

i j eA

Yj Yj const Zig 30


































































Economic Interpretation of Network Dual

D max Iien biyi
Sit Yi Yi Zij Cij

i j eA
Zig 0

You get y yj yi.sc
you ayy

new company
paysatYi new

cmpanybuysaty
min cost Ebiyi













































Transportation Problem V p 258

Vi Cij Sj
j

bipartite graph


































































Integer Programming
MG p 31 Maximum WeightMatching

e edge

in in

vertices v5


































































Integer Programming
MG p 31 Maximum WeightMatching

max Ʃ were
e

s.t forany V

E née 1

e edge
Xet20 i

in in

vertices v5
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Variants of Network Flows

Inequality constraints TransportationProblem C p 320

Supplies Demands

O
O O

O O

S TX
dg

0 O

O O
O

ƩXij Si I Xij dj


































































Variants of Network Flows

Inequality constraints TransportationProblem

Supplies Demands

O
O O

O O

S TX
dg

O

O O
O

Ixij si EXij dj


































































Variants of Network Flows

Inequality constraints TransportationProblem

Supplies Demands

O
O O

O O

S TX
dg

0

0 0
Xid Xdj 0

0
dummy node

Xij Xid Si I Xij dj Xdj
j i


































































Variants of Network Flows

Inequality constraints TransportationProblem

I Xij Xid Si I Xij dj Xdj
i

Xij Xid IS i E Xij Edi I Xdji

Hence the new additional constraint

Si Xid Ids g
















































Inequality constraints TransportationProblem c
p 321

4 7

NI

9
2

4 7

4
zero

cost Nz

dummy zero
cost9node 2















Inequality constraints TransportationProblem c
p 321

N

Nz


































































Inequality constraints Moregenerally
e
p 322

AA incident
matrix A x ̅ 5

A x ̅ 5

AX 5 w̅ Wiso

A x ̅ I w̅ V70
f

new constraint

Ʃ Wip Wag Iphip I bigp


































































Inequality constraints Moregenerally
e
p 322

O

O O

bip obag
o

Wa

ozfcf

Wqd o

dummy node

Warehouse


































































Upper Bounded Transshipment Problem V

AX b O X u
0263

T.IQ

Of Xij Uij


































































Upper Bounded Transshipment Problem

Ax b oex.su

Appbig

Of Xij Uij
at Xij bi
at txij_ bj

Xij fig Uj tpo


































































Upper Bounded Transshipment Problem

xij bi at

Xij b at

Xij tis Uij

Xij bi

tij bi Uij
Xi fig Uij


































































Upper Bounded Transshipment Problem

eXij bi

tij bi Uij
A Xii tij Uij

bi this bjtuij

dm.GECij cost


