Math 340 Midterm
Fel 13, 2014
Duration: 80 minutes

Namae: SO \"“ \AT i C’ N E’-" Student Number:

This exam should have 12 pages. No textbooks, calculators, or other aids are
allowed. There are 5 questions in this exam, with a total worth of 60 points.

Problem 1 (10 points)

Use the two-phase simplex method to find all mavimizers of the following linear program
and the optimal value of its objective function. (Remember to check if it is in standard
form.}
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Problem 2 (10 points)

The following optimal dictionary has been obtained when solving a linear programming
problem, say (1), in standard form:

e = 1 - @ — Iy
e = 2 4+ 3w 4+ 2y
z o= 2 - 2xy

(a) [3 pts] Find the original linear program (P).

() [1 pts] What is the optimal value, say z*, of the objective function of {I?}7

{d

(e) [2 pts] Does (P} have an optimal solution #* such that @f = 1/27 If yes, find such a
solution. If no, explain why not.

)
(b)
{¢) [3 pts] State the dual (D) of (P} and find an optimal solution for (D).
) 11 pts] Nlustrate the strong duality theorem on this example.
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Problem 3 (10 points)

Consider the LP: Maximize 22, -+ 29 subject to 2y < 2,20 + 29 < 3,21 — 20 < 1, and,
ry, @y 2 (0 Write the slack variables for shis linear program, and write the dual linear
program and dial slack variables. Having done that, check that z) = 2, 29 = 1 is an optimal
solution by using the complementary slackness theorem.

O Slack veltabre, {or (?)
® §.t Xy £2 ’ ‘
. L .
\(LA\(Q/.{,B = K-??"'?' ¥y )
AR Yy = P (e &)
Yy Xy 20 *g = L=
AL IRERIARE st
) §-L. ot Yy 22 Yy = Bty - L)
2

SN (R D Ea
tﬂt!(j’vt*dj ?""O

1

&
e -
W—MMM "f'
2l 2 =0 ; ks 7O Usiag €S | Xt Tegpliey (*{)\5\

[P

Ao (¥}

Mgo: x[#0 - \'3%“01 S I,\WW

TW}A{{‘GM (6%
A A

* % ¥\ e
\&" vy 7L i = \3153/15 NERR /2 (a"""i 9 )

~ ~ 4
Chedn I& M*%Qmih\e,a () mwMT\,\“wd—n
® ¥
G g fagte2 2o Vo Al 5 L2 /
gann ot 19

S X"’LX 15 el - feonnte . We coachude Wf«smidem gphm&&

\/?'




Math 340 Page § out of 13



Math 340 Yage 7 oub of 13

Problem 4 (10 + 2 points)
Suppose we have a standard form primal linear program
maximize ¢'x subject to Ax < b, x>0,

with § original variables @y, ..., 25 and 4 inequality constraints {in addition to the non-
negativity constraints @; > 0). The primal objective is

maximize 2@y - 3y + day
and the dual objective is
minimize -y A Yo - 243 + ya.

This is alt the information we have regarding the underlying optimization problen:. A pos-
sibly inaccurate linear program solver produces the following candidates for primal/dual
feasible solutions.

Primal Solution Candidate | Dual Sehution Candidate
(), ..., 25) (Y1, Ya)
(0,0,0,0,0) {(—1,0,0,1)
(1,0,1,2,0) {1,4,0,10)
(1,0,1,1,0} (2,1,0,1}
(0,5,1,2,3) (1,5,1,2)

(a) [2 pts] Specify precisely what we know about the vectors b and ¢, and the matrix A
{such as its dimension, the values of its entries ete.).

(b) [4 pts] For cach pair of solution candidates, determine whether they can possibly be
primal feasible and dual feasible, respectively, at the same time. State clearly vour
argument for each case and cite $he relevant theorems.

(¢) [L pts] Which of these pairs could be primal/dual optimal? In each case, determine
the corresponding optimal value of the primal objective function. Again, provide an
argument.

(d) {5 pts] Now, consider the following pair of candidates:

Primal Solution Candidate | Dual Solution Candidate

(21,00, 25) (41, -, 4a)
(1,0,1,1,1/2) | (0, 4,0,0)

Find a linear program with the above primal and dual objective functions such that the
given pair is primal/dual optimal for it.
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Problem 5 (10 points)

k48 3 pls Let {(PY e ol ]ill(,‘.éll‘ srogram in standard f()l'l’l]. Ii)()ﬂ]l(‘) wecisely what it means
& ¥
f()i' (1 ) to e unbounded.

(b) [3 pts} Can () be unhounded if any feasible solution @ = [z, ... 2] of (P) safisties
Lot < 1000 for all 7= 1,...,n. Justily your answezr.

{¢) [dpts] Suppose, this thue, that the feasible set for (P) is unbounded, i.e., for any number
£, > 0, there exists a feasible solution @ with at least one coordinate larger than 7).

Does this mean (P) is unhounded? 1f yes, give a proof. If no, construct a bounded (P)
with an unbounded feasible set.
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