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2 6 NetworkOptimization

Networks are everywhere transportationelectricity communication

Networkoptimization problems are often specialtypesof LP problems as it wasfor
thetransportationproblem

Example to illustrate problem types
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Typesof problems

Shortestpath problem Which routefrom to has smallestdistance

Minimumspanningtreeproblem lustall telephonelinesunderroads soeverypairofstations

is connected whileminimizingtheconstructioncosts

Maximumflowproblem limits areset on transportation via eachroad Maximize

numberoftrips visitorflow from00 to



First some network terminology

oflanguage mathlanguage

NetworkGraph

of
nodesvertices e N setofnodes

arcsledges i j i jeNt i k 3 here

directed are

Path sequenceofmatchingarcs e.g 12,3 11,21 12,31 13.4 14.3113.41

Cycle paththatbeginsandends atsamenode e.g 11.21 12.31.13.41 14,11

A network is connected if thereis an undirectedpath betweenanytwonodes

eg
Seervadaparkabove is connected 1 Ef is

not connected

Atreeis a connectednetwork thathas no cycles
Eg tree II not a tree

Next we brieflydiscuss somespecialalgorithms for theproblemtypesabove
Afterwards we discusstheir LP formulation in a moregeneralcontext



ShortestPathproblem A
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addnew connectionsineachstep
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iterationstep

Here y node path distance

1 A O A 2

2 B 4 steph

ore

A B

O C O C B distance5 excluded

3 D O A D 2 7 9 step4

E O AB E 2 2 3 7 step4 steps

E O C E 4 4 8
4 D O A D Y frombefore

D O AB D 4 4 8 steps

D OA B ED 7 1 8 steps

5 T OABD T 8 5
o_0AB EDT sets twoshortestpaths

T OAB E T 7 7 14



MinimumSpanningTree problem

Similar to ShortestPath problembut now path needstoconnecteachpairofnodes

withminimalcost saycost isproportional to distancehere

Notefor n nodes we need tofind a 1 links i.e atreeconnectingallnodes
Thisenecouldalwaysdeletealinktomakecostsmaller

Algorithm startwithanynodeadd linktonearestnode

connect linkednotestonextnearestnodeirepeat
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MaximumFlowproblem
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