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2.2 StandardForm of LP Problems

Considerthe followingexample of an CP problem

maximize Z X 2x 3 3 minimize X 2 2 3 3

constraints x x It
2x txt 2 32 5 IT 2x x2 2 315

41 stepaXn Xz I 4

rt x I 5

Xi 20

Xz 0

Claim Every LP problem can be written in thestandardform

minimize ctx an cm Ii with Ce IR
uxmmatrices

subject to Ax b Eff I L with AeMata belt

and X 20 meaningXj20 for all j 11 m

Weillustrate thiswiththeexampleabove proofbyexample

Step 1 Turn maximizationintominimization Writeinequalities in standardorder

ht t X E E allvariablesontheleft issigni allnumberswithoutvariables
on theright



step2 Turn inequalitiesinto equalities thou negativity constraints by

introducing
slackvariables

I can bewrittenas 2x x2 2x s 5 with S 20

X Xz t 52 4 with S 20

Xz x 53 5 with S 2 0

Step 3 Replacevariableswithout nonnegativity constraintbydifferences
x u v with u 20 v20

To summarize wehave rewrittentheprobleminstandardform with

o

A a e z a n o

of
b c

7 1 0 0 0 1 O

O 1 1 1 0 0 1

We are now confrontedwith solving a systemoflineareqs Ax b with
Ae Mat axm belt

Note

As in the exampleabove forus A istypically awidematrix m n i.e the

systemis underdetermined and there are manysolutions

In Finite Mathematicsyoulearnedabout least norm solutions i.e solutionsthat

minimize11 11 Our goalis Findsolutionthat optimizes thelinearobjectivefunction



How do we find solutions

UseGaussianelimination tobringaugmentedmatrixinto row
echelon form

Ex A fi b f
augmentedmatrix n 3 1 1 2

2 6 0 1 A

row echelon form 2Rattle Re
3

0 0 2 3 3

Ritz

Re Re Re
3 O E E

o o E E
b t
pivots

X 3 2 EXy E

x yz y z

ii e wehave two freevariablese.g Xy p xp X

x Em x 37 EM

111 YEAH at
particular Ttovectorsspanthespaceof solutions
solution to the homogeneousequationAx D



Recipetoget solutions directlyfromaugmentedmatrix in row echelonform

addzero rows s t 1 s are on diagonal

put 1 on diagonal inthe zero rows

readoff solution

here I 3 O E E

1
9

solution after lift 1
Note HereD 1,33 are thelinearlyindependent columns i.e thecolumnswith

thepivots

For theparticular solution alsobasicsolution xj 0 for j B

But there are many ways to parametrizethesolutionse.galsotin indepcolumns

n d d o O

I 1 0 61 61 Raabove s i.e B 2,33
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O O O 1
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anotherpossibility O 0 0 0 0
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