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Cick on the link "Exanple showing all basic solutions" to see a sheet (the
"sheet") showing all of the basic solutions to the equation Ax=b, for the
matrices A and b above. Ignore, for the nonent, all references to the
obj ective function; we are only considering the equati on Ax=b.

Look at the entry that |ooks like this:

columms: {1, 2, 4, 6} objective = 0 Xx =(4,-2,0,1,0,1,0)
{{1, o, o, o}, {0, 1, O, O}, {1, -1, O, 0O}, {O, O, 1, O},
{o, -1, 1, 0}, {0, O, O, 1}, {-1, 1, O, 1}, {4, -2, 1, 1}}
This is nothing nysterious. It is just the infornmation we just conputed.

The 4-tuples are just the colums of the matrix we conputed above, and
the last 4-tuple is the right-hand-side vector we conmputed above. The
vect or is the basic solution we conputed above.

The sheet shows the results of exactly the sane conputation perforned for
every four colums of A that are linearly independent.

Note the distinction between "feasible basic solutions" and "basic
solutions". The ones |abeled as "feasible" have the property that the
ri ght-hand-si de vector is nonnegative.

If Ax=b is a systemof |inear equations, where Ais mxn of rank m and if
Bc{1l,...,nm is an index set of size n that corresponds to a basic set of
colums of A then Ag refers to the square submatrix of A consisting of
those col utms whose indices are in the set B. Ay is the submatrix
consi sting of the other (nonbasic) colums.

The system Ax=b can then be rewitten as Agxg+tAzXp=b. Miltiplying this
equati on by AB'1 yi el ds the equi val ent systen1xB+(AB'1AN)xN:AB'1b t hat
makes evi dent the basic solution corresponding to B

For exanple, if Aand b, and if B={1, 2, 4, 6},

1101 00 O 3 1110 00
_|11100-10 O _ 12 1100 | 0-1
A = 1010 010,andb— 5 (as before), then Ag= 1001 'AN'10
1010 00-1 4 1000 1 0-
3 X1 1 0-1
X
_ _| 72 -1, _ | -1-1 1
C XN X5j . Xp= x4 | and Ag” Ay = 01 0f
X7 Xg 001

The equation XB+(AB_1AN)XBFAB_1b is the same as the equation

10 10 00-1 4

01-10-10 1 _1-2 .

00 01 10 olX=1] 1 that we derived before. Wen we wite the

00 00 O1 1 1

equation like this, we refer to it as "tableau"” format. The exanples on
the sheet are in tableau format. \Wen we put xg on the left hand side
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and wite

—a-1 -1
Xg = Ag b - (Ag TAN XN
then Chvatal refers to this as "dictionary" format. |In our exanple, this
woul d | ook like this:

Xqp = 4 - X3 + X7
Xo = -2+ Xg * Xg - X7
Xq = 1 - Xg

Xg = 1 - Xy

HW #6 Suppose we have a system( 4112%?3) X = ( i) . Rewrite this system

in both tableau and dictionary formats to enphasi ze the basic sol ution
for which xq, X3, and xg are zero. Does this basic solution satisfy x=0?
visual i zati on of basic feasible solutions

Consi der the systemof |inear inequalities:
2SX1+X2<3

4SX1+X3$5
X120, X520, x320
I'f we introduce slack variables x,, Xg, Xg, X7, the system becones

X1 + Xo + Xy = 3
X1 + Xo - Xg = 2
Xq + X3 + Xg = 5
X1 + X3 - X7 = 4

X120, X220, X320, X4ZO, X520, XBZO, X720

Noti ce that the system of equations is exactly the sanme as our exanpl e.
(Remark: in class, | called this standard form Sorry, that's a mnistake
-- see Chvatal for the correct definition of "standard forni)

Ve can draw a picture to visualize the feasible set in x;x,x3-space.

HW #7 Anal ogous to the picture we drew in class, draw a picture of the sane
feasible set in xyxgx,-space, labelling the vertices A B, C and D

Hnt: On the sheet, find the tableau representation for the basic solution
for which xq, x4, Xg, and Xxg are the basic variables. Wite out the four

equations. Then, interpreting x4, X4, Xg, and Xg as slack variabl es,

changes these four equations into four inequalities involving only the
nonbasi c variables x5, X3, and x;. Since there are just three variables,

you are in hone territory (3 dinensional space), where you can visualize
things easily.

Here's another nethod that is easier but won't teach you quite as
much. You can read off the eight vertices of the feasible set fromthe
sheet. The sheet shows that the eight basic feasible solutions are:
(2,0,2,1,0,1,0), (2,0,3,1,0,0,1), and so forth. Looking at the second,
third, and seventh conponents of these vectors, we see that the val ues of
(X9, x3,X7) at the vertices are (0,2,0), (0,3,1), and so forth. In this

way you get all eight vertices of the set, and you can draw the picture
fromthat.
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Remar k: You nmay wonder what exactly you are drawi ng when you draw this
picture. And what is its relation to the picture we drewin class in
X1XoXg-space ? Both of these are draw ngs of the exact sane pol yhedron

the one that is described by Ax=b and x>0. This is a pol yhedron that

lives in R. The picture we drew in class is the projection of this
obj ect onto the subspace of R/ spanned by the x4, x5, and xg3-axes. The

one you are drawing in the homework assignment is the projection onto the
subspace spanned by the x,, x3, and x,-axes. O course, in order to draw
a picture on a piece of paper, we nmust project again the three-

di mensi onal object onto a two-di nensional space! W are so used to doing

this that it never confuses us -- but the projection of the seven
di mensi onal object onto three-di nensional spaces is a very simlar
process.

HOVEWORK PROBLEMS 1-7 WLL BE COLLECTED FROM CAMPUS STUDENTS ON
VEDNESDAY JANUARY 19. You may tal k to anyone about homewor k
problens. So get help if you get stuck -- the idea is to learn as
much as possi bl e.

For video students, all honeworks and exans are due two weeks
after the on-canpus students. |In this case, that would be
February 2.



