COMP 567 Assign. 3 Solutions

Question 1
If we let, x1, x9, and x3 represent the acres of wheat, corn, and sugar beet planted respectively,
we can write the SP in concise form as:

min  150z; + 230z2 + 26023 — Expe[Q(z1, T2, T3)]
subject to 1+ 22 + 23 < 500

x1, 22,3 >0

Where Expe[Q(x1,x2,23)] is the expected profit of the farmer purchasing/selling his com-
mmodities with respect to the random variable £ representing the weather. The weather is
good, bad, or normal with a probability of 0.3,0.4, and 0.3 resectively. We let ¢ = 1 for good
weather, £ = 2 for normal weather, and £ = 3 for bad weather.

Let w; and wy be the amount of wheat and corn sold, y; and y, be the amount of wheat
and corn bought, and ws, wy be the amount of sugar beets sold below and above the quota,
respectively. The second stage problem can be expressed as:

Q(z1,22,73) =max 36w + 10wy + g3 w1 + QueWs — Q1el — Q2.eYo
subject to tierr +y1 —wy > 200
o + Y2 — wy 2> 240
w3 + wy > t3¢3
ws < 6000

Y1, Y2, W1, W2, W3, Wy 2 0

Where, ¢ = [214.2,189,153,135] and ¢ = [3,3.6,24] if &

= 1, ¢ = [238,210,170,150] and
t =1[2.5,3.0,20] if £ = 2, and ¢ = [261.8,231,187,165] and ¢ =

[2,2.4,16] if £ = 3.

Writing this in extensive form gives:

min 15021 + 23029 + 26023
—0.3(153wq 1 — 214.2y1 1 + 135wa 1 — 189ys 1 + 36ws 1 + 10wy )
—0.4(170wq 2 — 238y1 2 + 150wa 9 — 210y 2 + 36ws 2 + 10wy 2)
—0.3(187wq 3 — 261.8y;1 3 + 165ws 3 — 231ys 3 + 36ws 3 + 10wy 3)
subject to r1 + 29 + x3 < 500
3r1 + Y11 — w1 > 200
2.5r1 + Y12 — w2 > 200
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2x1 +y13 —wiz = 200

3.622 + Yo 1 — way > 240

3%y + Yo2 — wo o > 240

2.4x9 + Yo 3 — wo 3 > 240

wss > 6000 foric {1,2,3)
w3 + wy < 243

w3 + Wy < 203

w3z + wy3 < 1623

Tjy Y1 Y25 Y3, Wi g, Wa g, W3 4, Wa; > OVj € {1,2,3}

Solving with CPLEX gives, x1 = 120, x5 = 80, z3 = 300 with a profit of 107245.60 dollars.

Question 2

People took a few different approaches to discretizing the normal distribution. Depending
on what they did, the answers varied. Since there was no real clear correct way of doing
this, your answer may have varied from this one, but that doesn’t mean it wasn’t correct.

We would like to find probabilities that the demand is 40,60,80,100,120,140 or 160.

Let = be the number of papers we buy, y; be the number of papers we sell, and w; be the
number of papers we return in scenario ¢ (where we have 7 scenario’s for the number of
paper’s sold). If & is the demand in scenario i, we can express the expected profit by the
following IP:

7
max  —0.52+ Y p;(y; + 0.25w;)
i=1
subject to x < 200
Yk +wp < aVk=1,...,7
T, YWy € ZTVk=1,...,7

Based on what values of p; people had for the discretization, different values of x were
obtained. If you chose to take the probability that a random variable with distribution
N(100,20) was less than 40 to be p;, between 40 and 60 to be p,, between 60 and 80
to be p3, between 80 and 100 to be p4, between 100 and 120 to be ps, between 120
and 140 to be pg, and lastly greater than 140 to be p;, then the p vector would be:
(0.006, 0.061,0.242,0.383,0.242,0.061,0.006). Solving this IP gives an optimal solution of
x = 100, this differs from the optimal solution in the continuous case is class that had an
optimal integer solution of 109.



Question 3

In this question, step 2 could be skiped, since:

w = minv] + vl + v + v + vy + vy subject to Wy + Tvt + Tv™ = hF — Tkz, y, 0t 0™ >
0, can always be solved feasibly with w = 0 and y > 0 no matter what value z is.
One can take vt and v~ to be the all zero vectors and if hi(l) — = is negative, y =
(0,0,0, —(hx(1) — x), he(2), hi(3)) is a solution with w = 0 and if hy(1) — x is positive,
y = (hx(1) — 2,0,0,0, h(2), hie(3)) is a solution with w = 0 for k = 1, 2.

So you could skip step 2 since no feasibility cuts will be added.

Iteration 1
Step 1: We begin with an optimal solution to the LP:

min z=20

s.t. z <20
x> —20
eR
Given z! = —1 we get (2',0') = —1, —0c0).

Step 3:
We wish to solve:

min ~ w = ¢'y
st.  Wy=h'—T"2"
y >0

pluging in ¢!, W A T! and 2! and solving returns w = 0 and y = (0,0,0,0,2,7). With
simplex multiplier (or dual variables) 71 = (0,0, 0).
For k = 2 we solve again:

min  w = q°y
st.  Wy=h*—T!

We could solve the above LP, or solve the dual directly to get the simplex multipliers (equiv-
alent). The dual is:

max  (h* — T%zY''n]
s.t. WTW% < q2
Ty € R3
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Plugging in the values for h2,72%,z', W, ¢* and solving the LP gives the optimal solution
7y = (3/2,0,0).
We can define

1 1 1 1 3
El = §W%(T1)T + §7T%(T2)T = 5(07()’ O)(LO,O)T + 5(3/27070)(1a070)T = 4_1

and
1 1
e = 5((),0,())(—1,2, "+ 5(3/2,0, 0)(0,2,7)" =0
Now, w! = e; — Eyz! = % > —00 = #' so we add constraint: %x + 6 > 0 to the original
problem.

Tteration 2

Step 1,
Solving,
min ¢
st.  —20<x <20
3
0 cR

Returns an optimal solutions of: (z?,6?) = (20, —15).

Step 3,
Solving the dual:

max  (hF — T*2?)Tn?
s.t. WTWE < qk
7 € R3

for k = 1,2 we get the simplex multipliers, 77 = (0,0,0) and 72 = (=1, -1, —5/7).

Calculating e; and Es we get:
E2:§(0,O,O)(1,0,0) —1—5(—1,—1,—5/7)(1,0,0) =5

1 1 -7
€y = 5(07070)(_173a 7)T + 5(_17 _]-7 _5/7>(0727 7)T = 7
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Now, wy = €y — Foz? = =7/2+ 2 = 1 > —15 = 6? so we add the cut Stz +6 > = .

Tteration 3

Step 1,
Solving,
min 0
s.t. -20< 2 <20
3
—1 -7
- >
5 T+ 60 5
feR

Returns an optimal solutions of: (z3,6%) = (14/5, —21/10).

Step 3,
Solving the dual,

max  (hF — T*23)Tn}
s.t. WTW,:;’ < qk
T € R3

for k = 1,2 we get the simplex multipliers, 7§ = (0,0,0) and 75 = (32, 22,0).

Calculating e3 and E3 we get:

1 1, -2 =2 -1

FEy = - 1 Ty (= = 1 r—_—
3 2(07070)< a070) + 2( 7 ; 7 70)< a070) 7
1 1 —2 2 —2

= -1 T .2, =

Now, ws = e3 — B3z = =2/7+ (3)(F) = 2 > —21/20 = 6 so we add the cut =
to our problem.

:E—l—é) > _2



