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[12] 1. This city needs to show more support for its professional athletes, and I need to make some money.
Here’s a win-win proposal: I'll buy 30 bags of fibre, 80 hours of unskilled -labour, and 20 hours of
expert labour, and use these resources to make hats, jerseys, and scarves in the team colours. My
manufacturing plan is in the table below:

Resource: per hat: per jersey: per scarf;
Fibre (bag) 1 1 2
Unskilled Labour (hr) 3 3 2
Expert Labour (hr) 1 1 0

My net profit after expenses is $6 for each hat, $16 for each jersey, and $8 for each scarf.

(a) Setup and solve a linear programming problem to determine how many hats, jerseys, and scarves
I should make to maximize my profit.
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(b) Write and solve the dual problem for the proﬁf~maximizati0n problem in (a).
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(c) AssumingI can sell everything I make, increasing my resources will obviously increase my profits.
How much would it make sense to pay for a little more fibre? A little more unskilled labour? A
little more expert labour? (Give units for your answers; do not insist on integer values for the
commodities produced.)
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[12] 2. Professor White has assigned the following problem:

minimize g = 8y; 4 16y2 + 12y3

subject to 211+ Sys+ 4dys = 9
D —y1+ 3y2+ ys= 3
' 21+ Y2— yYs= 5

611 + 2y2+ 3ys > 22
Y1,Y2,¥3 = 0

Now three of her students are disputing which vector y* gives the minimum.
e  Doc says, “Trust me, I'm in pre-med. It's y* = (2,1,0).”
® Grumpy says, “Pivoting with fractions? Humbug! It took me an hour to get y* = (3,2,0).”
. Sleepy yawns and says, “I st‘ayed up late working on this. The.answer is y* = (1,5,2).”
Which of these students, if any, has the optimal vector? How can you tell?
(A mathematically justified response is required.)
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[12] 2. Professor White has assigned the following problem:

minimize g = 8y1 + 16y2 + 12y3
subject to 2y1 4+ bya+ 4ys > 9
—y1+ dy2+ yz=> 3
2914+ Y2— y3= 5
6y1 + 2y2+ 3yz > 22

Y1,Y2,¥3 >0

Now three of her students are disputing which vector y* gives the minimum.
e  Doc says, “Trust me, I'm in pre-med. It’s y* = (2,1,0).”
e Grumpy says, “Pivoting with fractions? Humbug! It took me an hour to get y* = (3,2,0).”
. Sleepy yawns and says, “I stayed up late working on this. The answer is y* = (1, 5,2).”
Which of these students, if any, has the optimal vector? How can you tell?

(A mathematically justified response is required.)
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[12] 3. (a)Introduce slack variables and write the corresponding (infeasible) initial dictionary for this problém:
maximize f = — 6x7 — 8xg —4xg —9z4 .
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(b)  Show how to use the Dual Simplex Method to solve the problem in part (a). Do no more than 3
pivots. (There is more space to write on the next page.)
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Write the problem that is dual to the one in part (a), and find all solutions for the dual.
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(c) Write the problem that is dual to the on in part (a), andlﬁnd all solutionslfor the dual.
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[12] 4. Use the graphical methéd outlined below to solve the following problem:

maximize f = x; — 6z2 — 4x3 — 324
subject to - x1— Za— T3— T4 <X —1
P)

T1 — 2Ty — T3 < -1

T1,%2,23,T4 > 0

(a) Write out problem (D), the dual of (P)
(b) Make a good sketch of the set of all feasible input vectors y for (D).
(c) Using your sketch from (b), or otherwise, find an optimal feasible point for (D).
- (d) Use complementary slackness with the result from (c) to find all solutions for (P).
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(Blank page for extra calculations.)

(4 Witk VQ}*:(%Z)} doad  stonply "2%(5)0)0) N,

Cm/u?zwww{/%'uig/ jf‘«(/vij X =o, % ;O/ LS, =0, 13, =0, e,

XZ * )(3:' g -@ "YZ;D)JXJE:I,Q
2 + ¥ = | _

TW A‘}J {m"*«‘lﬂ’ f&{é}dz’% : /{Z‘/QA«C@L D/)%M ‘?*:‘(O;\O) ‘) 0> |

; o ' ) e ’7/6 ‘g;(%5l)@ D>
et wih GG, dual e )

Y 4 5 . .
Cﬁﬂm('&/mﬂf.jﬁ W Y =0, % =0, 1 =0, w, =0, £,
- |

% Z Xy =e

T, s priad - Feasdble, honce ophad. Hycs, 7= (0,0,0)

W W G, sme Lowfl 0964,
fence % =0x2=0, % =0 alo with =0 w,=0 oy
(o fﬁgmvjﬁmﬁj , Z@wﬁf\\j to \%'M pai of 23»«5
| Xl gl -
Ty eads apra b T =(00),0) o pival[eesilile
hewce DPM@(J ‘

Continued on page 9




11 June 2013 MATH 340 UBC ID: _ Page 9 of 9 pages

[12] 5. Prove that it is impossible to choose constants a, b, c,d so that the following problem has a maximizer:

maximize f = 10z) — z2 —8z3
subject to 221 — 229 — xz3 <0 .
(P> — 21+ 230 223 < b
— X1 —2x3< ¢

—2x1— T2+ z3<d
T1,T2,23 2 0

A clear and complete explanation is required for full credit. Clearly state @any famous facts or
theorems that you use. '

Hint: Write the dual problem and add its constraints.
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