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Problem fromlast time continued

Find allsolutionsof Ax b for A a widematrix

Example A fi b

1 3 1 1 2lasttime Wereduced theaugmentedmatrix z o o n n to reduced

3 O E E
row echelonform of byusing

Gaussian elimination

pivots

This corresponds tothetwoequations X 3 2 EXy I

3 t Xy

Wehave two freevariablese.g Xy M XE X

Kinardpendentlegs for4variables i.e 4 2 2 variablescanbechosenfreely
x Em x 37 EM

The solutionto Ax b in thisexampleis

111 741 1 1
Flied Tfwovectorsspanthespaceof solutions
basicsolution to the homogeneous equationAx D

f s x x
basis thom where thou solves Axton 0



Wecan use thefollowingtrick toimmediately readoffthesolution

1 3 O E E
O 0 0 of

e add ten row

o o n E E
O 0 0 O addzeronow

replaceO's ondiagonalby 1

solution

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 B 1,3
For thebasicsolutionxbas wehave by 0 for j B

But note there are many ways to parametrizethesolutions e.g also

ii e B 2,33I O É Rrabove s
o 0 E E
O O O 1

FAMILY



Anotherpossibility

o o z p p

I 1 0 f f

FRIRAM
1 I 0 1

0 0 3 1 1

B 2.4 readoffsolution

i

I M1
Conclusion Weknowhow to compute all solutions to Ax b it awidematrix
in thespecific form x x

basis tho where themsolves Axton 0 and
basic hasat least as many O entries as numberof columnsminusnumberofpivots

Nowbackto the standard formof CP problems minimize Z Ctx
constraints Ax b andX 20



Howdoes the feasibleregion look like

In our firstexamples notstandardform polygon

Intuition if thereis an optimalsolution thereis

y
o spossibleCPF

solutions

at least one whichisCPEIXn
CornerPointFeasible i.e a

feasibleregion solutionthatis at acorner
pointofthefeasibleregion

In standard form Nexttime


