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lasttime Instandardform theconstraintscanbewritten as Ax b landx 01

Today How do we findall solutionsto Ax b
AfterwardsHowdoweselectthe
optimalone

UseGaussianelimination tobringaugmentedmatrixinto
reduced now echelonform

Ex of row echelonform

Moreexactly

All rowswith jstO's are at thebottom O

leadingfirst coeffilientof a nonzero row istotherightof theleadingcoefficient

from the row above O

Earl columnwith a leading 1 has 0 s in all otherentries O

let us do theexphit comptationsfor an example A 1 b

augmentedmatrix i

Bringthisintoreduced row echelon form using Gaussian elimination
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Ritz
needthisentryo
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t This corresponds tothetwoequationso o E E

Xn 3 2 EXy 1
pivots

3 t Xy

Wehave two freevariablese.g Xy M XE X

Ilinariependent egsfor4variables i.e 4 2 2 variablescanbechosenfreely

x Em x 37 EM

The solutionto Ax b in thisexampleis

111 YEAH at
FIEF Ttworectorsspathespaceof solutions

to the homogeneousequationAx D

x xbasi'tthou where thom solves Atom 0

Wecan use thefollowingtrick toimmediatelyreadoffthesolution

1 3 O E E
O 0 0 0 add or

o o n E E
O 0 0 O addzeronow

replaceO's ondiagonalby 1

solution f f



Recipetoget solutions directlyfromaugmentedmatrix in row echelonform
addzero rows s t pivots i.e leading 1 s are on diagonal

put 1 on diagonal inthe zero rows

readoff solution as above

We call B thesetofbasicsolutioncolumns i.e theset containingtheindexofeach
columnwith a pivotHere D 1,3
For a basicsolution x

bas
wehave xbys 0 for j B

In fact we are onlyinterestedintobasicsolutionsherebecausethesearethe
cornerpointsof our feasibleregions

Why
For Axeb constraints wegot feasibleregionssuchas this
ate

o Oneoptimalsolutionisalwaysat a cornerpoint

7 In

For Ax b constraints

I
S

O O One optimalsolutionis stillat a cornerpointandthecornerpoints

x
are exactly thebasinsolutions

feasibleregion hasshapeof a simplex

ConclusionWant to findallpossiblebasic solutions



In exampleabove

There are many ways to parametrizethesolutions e.galso

NoteHereweonlycareaboutpivotcolumns.ie it isokif
theleadingcoefficientisnot 1i
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B 2.4 readoffsolution
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Conclusion Weknowhow to compute all solutions to Ax b A awidematrix

in thespecific form x x
basis tho where themsolves Axton 0 and

basic hasat least as many O entries as numberof columnsminusnumberofpivots


