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You may use a calculator, but other than this and your page of notes, you should have
only writing instruments at your desk. (No trumpets, trombones, etc.)

Write with a soft pencil or a pen (blue or black ink)

Write only on the exam sheets provided.
Watch the blackboard or overhead for corrections and /or explanations.

Read carefully. Problems often have several parts or subsections.
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(a) The set of all points (x,,1,) satisfying 23 + a2, > 2 and z; > 0 is convex.

(b) A fcasiblc direction is improving for all valucs of the step size A if the ob_]cctnc
function 1s linear.

(¢) Linear Programs are, in general, more tractable than discrete optimization prob-
lems. _

(d) Linear objective function contours intersect the (non-empty) feasible region of an
optimizaton model.

(e) At x = (0,—1) in the feasible set defined by —1 < z; <1 and —~1 < z, < 1 the
direction (2,1) is feasible.

(f) If Phase I of a two-phase optimization procedure stops with a global minimum,
then we conclude that the original (Phase II) problem is feasible.

(4%) Fill in each blank with one word so that the following statement is true.
A objective function and feasible set has the prop-
erty that every local optimum is a global optimum.

(8%) In the plot below, indicated whether each of the specified points is infeasible,
feasible but not a local optimim, a local optimum, or a global optimum for a maxi-
mization problem. A '

(a) (5,0)

L.,

(b) (2,-1)

© (32)

(4%) Which of the following is (are) a feasible basis for a standard linear program
with constraint matrix A.
(o 1 21 0)
2 3 -1 0 1

(a) z; and 7, (b) #2 and 3 (c) z, and =5 (d) 23 and =z,

(4%) A discrete improving search over Ty, Ty, and r3 € {0,1} employs move set M =
{(1,0,0),(0,-1,0),(0,0,1)}. Which of the following solutions is in the neighborhood
of x = (0,1,1).
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6. {11%) The Savc the Bay special interest group wants to réstrict the amount of pol-
lutanis ithe power plant AGLOW is dutuping inio the James River. The pollutanis—
dilithium and radioactive waste-are to be restricted to 50 Ibs/MG and 25 Ibs/MG
(MG = Million Gallons) respectively. AGLOW diverts a portion of the James River
(to cool the reactor core), adds the pollutants to the water by using one of four
available trcatments, and sends the water back to the river. The characteristics of
the four treatments are given below. Any combination of the treatments may be
used. The river has a mass flow of 100,000 MG /day. In addition, you may assume
(i) that the river water diverted to AGLOW is free of pollutants; (ii) the addition
of pollutants does not affect the mass of the flowing water; and (iii) AGLOW has
to process at least 1,000 MG of river water per day. Let w; denocte the MG of water
processed by AGLOW each day using treatment . Hence, the ob jective is to minimize
100w, + 120w, + 105w; + 115w,. Formulate the linear constraints to determine the
amount of water to be processed by each of the four treatments so that the total cost
is minimized.

TREATMEN 1 2 3 4
dilithium 10 15 12 17
rad waste 5 6 4
Cost/MG 100 120 105 115
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max c{x)=0.4z, + 0.5z,
st. 0.3z, +0.1z, < 2.7
0.52, +0.52, =6
0.6z, +0.4z, > 6

L1,L2 20

Wb } (a) (8%) Construct the artificial model needed to begin a Phase I search.

P

{ 44 (k) (4%) Is x = (0,0) feasible? Why or Why not?

8. A simplex search has been applied to a mazimize linear program with ob jective func-

tion ¢(x) = 32y + 5z, — 7. The simplex search has reached ‘iteration t which is
summarized below,

N B N B N B

2 0 2 0 1 0 3
Az® 1 -2 0 -1 0 0
Az® 0 1 1 0 0 2
Ax®) 0 1 0 -2 1 -4

(a) (6%) Determine which of the three simplex directions are improving. (There may be
more than one.)



(7% ) For one improving direction compute the-maximum step size ) and, if ) is finite,

- -
omputr* the new basic solution.

9. The table below reflects the status of a simplex search for a linear ; procfram i standard

form.
] Ty T2 I3 Ty Iy
max ¢ 3 5 0 0 0
1 0 1 0 0 s
0 2 0 1 0 b
3 2 0 0 1 Wi
N. N B B B

{(a} (3%) What is the basic solution associated with the above table? Is 1t feas1ble7

Explain.

(N (7%) Compute all simplex directions at this solution.




.10. (16%) Consider the discrete optimization problem given below.

max f(x) =9z, + 52y + 623 + 42,4
s.t. 6y + 3xs + bzgz + 224 <15
T3+ a4 <1
“wi + T3 <0
—Tg +x, <0
Ty, Ta, 3,24 € {0,1}

Begin from x = (1,0,0,0) and perform a local improvement search with move set M =
{(1,0,0,0),(0,1,0,0),(0,0,1,0),(0,0,0,1)} until a local optimal solution is reached. I,
at any stage, two moves are possible choices, then take the one with the best objective
function value. Please show all your work and carefully label each step.
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