1. Consider linear programning problem
maximize 2 = 3+ 200+ 03
subject to

oy g ay <2
3+ < 1.
sy > 0.

a) Write out the dual problem to this LI

b) Solve the dual problem using the graphical method.

1) Which variables in the primal formulation are basic?

(¢) Which constraints in the dual formulation are binding?
(¢) Using vour answer to (d). verifv vour solution by a direct computation on the
primal problen.
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2. Consider the linear progranuning probiem
maxinize : =20 + a0

stubject to

Determine the solvability of this problen and find the solution. if it exists. wusing
the simplea method. (20)

Iedroducima olack varialles, e Vrrﬂ'(vm c%wfmloﬁo %o
om\,&( talre an

oy
-1 \ | 0] |




2 Yo are tasked with setting up an image processing pipeline for ame dical laboratory.
hnages come from a database in LIFF.a format spe cifically designed for microscope
image processing. The Jab would like to make these images available in PNG format
via their web server. Unfortunatelv. von do not have an LIFF-10-PNG converter.
However. vou iave access to a Jarge s(\l of image converters which take the following
average tines (in milliseconds) to convert an image. Missing format converters are
indicated by a dash.

Destination Format
Source Format LIFF PNG JPG BPG BMP

LIFF - 800 700 300
PNG 500 - 600 : -
JPG 900 - 700

BPG 700 300 100 GO0
BMP 600 200 200

Find the most efficient way to realize the conversion from LIFE to PNG. Hlustrate
vowr solution by drawing an appropriate network representation of the problem.
(20)
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1. The Pyvomo progran on the last page is showing a min-cost flow problem shilar
to “Distribution Unlimited” Example from Hillier and Licherman.

(a)

(h)

Draw the network that is described by the data in the code.

Management is considering investing in expanding the transportation capaci-
ties on anv of the currently capacitv-constrained routes. Which route should
be invested in first. assuning that it costs the same on all routes to per it
inerease of the maximal capacity. and that the unit cost of transportation will
not change?

The route from the distribution center DC to the warchouse s cut due to road
damage. Is it possible to still supply the warchouses? 1f not. how many units
can vou still deliver to the warchouses? Which problem did von solve to find
out?

One truck can be loaded with 10 wnits of the product. Thus. it is desirable
that the optiwal solution will be in multiples of 10. Which property of the

7

data ensures that this is possible
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MinCostFlow-Midterm file:///tmp/files/MinCostFlow-Midterm.html

In [1]: from pyomo.environ import *
from pyomo.opt import *
opt = solvers.SolverFactory("glpk")

In [2]: b = {'F1':50,

'F2':40,
'DC':0,
'W1l':-30,
'W2':-60}

C={('F1','F2'):200,
('F1','DC'):400,
('F1','W1'):100,
('F2','DC'):300,
('DC','W1'):100,
('DC','W2'):200,
('W1','w2'):200,
('W2','W1'):100}

U= {('DC','W2"'):40,
('F1','wW1'):20,
('W2','W1'):20}

N = list(b.keys())

A = list(C.keys())

V = list(U.keys())

In [3]: model

= ConcreteModel()
model.f =

Var(A, within=NonNegativeReals)

def flow rule(model, n):
InFlow = sum(model.f[i,j] for (i,j) in A if j==n)
OutFlow = sum(model.f[i,j] for (i,j) in A if i==n)
return InFlow + b[n] == OutFlow

model.flow = Constraint(N, rule=flow rule)

def capacity rule(model, i, j):
return U[i,j] >= model.f[1i,j]

model.capacity = Constraint(V, rule=capacity rule)

model.cost = Objective(expr = sum(model.f[a]*C[a] for a in A), sense=minimize

)

In [4]: model.dual = Suffix(direction=Suffix.IMPORT)
results = opt.solve(model)
model.f.get values()

Outf[4]: {('DC', 'Wl1l'): 30.0,
('DC', 'W2'): 40.0,
('F1', 'DC'): 30.0,
('F1', 'F2'): 0.0,
('F1', 'Wl'): 20.0,
('F2', 'DC'): 40.0,
('Wl', 'wW2'): 20.0,
('W2', 'Wl1'): 0.0}

In [5]: for (i,j) in V:
print ((i,j), model.dual[model.capacity[(i,j)]11])
('DC', 'W2') -100.0
("F1', 'W1') -400.0
('wW2', 'Wl1l') 0.0

lofl 10/26/17, 6:05 PM



MAKEU?  ExaMm

3. Rock paper-scissors" is a hand gamne nsually plaved between two people. in which
cach plaver simultaneously forms one of three shapes with an outstretched hand.
These shapes ave “rock™ (a closed fist ). “paper” (a Hat hand). and scissors™ (a fist
with the index and middle fingers exrended. forming a V). “Scissors™ is identical
to the two-fingered V' sign oxcept that it s pomted horizontally instead of being
held npright in the air. A simultaneons. zero-sumn game. it has only rwo possible
outcomes other than a tie: one of the rwo players wins. and the other plaver loses.

A player who decides to plav rock will heat another playver who has chosen scissors
("rock blunts scissors™). hut will lose to one who hLas plaved paper (“paper covers
rock™): a play of paper will lose to a play of scissors (“scissors cut paper” ). If both
plavers choose the same shape. the game is tied.

(a) Write out a linear program. mimicking the “drug trafficking” expample we
discussed in class. to find the optimal strategy. Assune that the pavoff for the
winning plaver is 1. the pavoff for the losing plaver is —1. and the pavoff for
both in the case of a tic is ().

(b) What solution do vou expect? (There is 1o need to solve the linear program

from (a). but vou are expected to give au explicit. well-reasoned arguinent. )
(10+10)
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MAKEVU? EXAM

4. The Pyomo progrant on the Jollowing pages ix a variation of the “Reliable Con
striction Co.” prototype example from Hillier and Licherman whichh we discussed
 class.

{a) Draw the network that is described by the data in the code.

(b) It s out that lowering the re cuired completion deadline to 27 (weeks. say )
leads to an infeasible linear program. Can vou conclude that 28 weeks is the
shortest possible completion tine?

(¢) Give an alternative network programming formulation to determine the short-
est possible completion time. Be verv specific about the data which goes into
the network programn.

() Describe the meaning of the dual variables (in words).

(e} With extra effort. it is possible to start task F one week before task E is
completed. How much extra cost would vou be willing to incur for doing so
under the premise that the cost from the current model output must not he
exceeded? Will the total time to completion decrease if vou do this?
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This will decrease only cost, not completion time, as E-F is not
on the critical path.




Midterm-Makeup-Fall2017 file:///home/oliver/classes/opres/Midterm-Makeup-F...

In [1]: from pyomo.environ import *
from pyomo.opt import *
opt = solvers.SolverFactory("glpk")

In [2]: T = {'Start':0,
'A':2,
'B':4,
'C':
'D':
'E':
"F':
'G':
'"H':
"I
'J':
"K'
"L':
‘M
"N':
'Finish':0}

=
[}
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R = {'Start':0,
'A':1,
'B':
'C':
'D':
'E':
'"F':
'G':
"H':
"I
'J':
"K'
"L':
‘M
'N':3,
'Finish':0}

FNFEFNNWWNRENWN

C = {'Start':0,
'A':100,
'B':50,
'C':80,
'D':40,
'E':160,
'F':40,
'G':40,
'H':60,
'1':30,
'J':30,
'K':40,
'L':50,
'M':100,
'N':60,
'"Finish':0}

1o0f3 12/13/17, 12:07 PM



Midterm-Makeup-Fall2017 file:///home/oliver/classes/opres/Midterm-Makeup-F...

In [3]: P = {'Start':[],
'"A':['Start'],
|B|,[A|]

L'1,
(LMY, NTTY

list(T.keys())
[(j,i) for 1 in N for j in P[i]]

In [4]: model = ConcreteModel()
model.t Var(N, within=NonNegativeReals)
model. x Var(N, within=NonNegativeReals)

In [5]: def time rule(model, i, j):
return model.t[j] >= model.t[i] + T[i] - model.x[1i]

model.time = Constraint(A, rule=time rule)

model.start = Constraint(expr = model.t['Start'] == 0)
model.finish = Constraint(expr = model.t['Finish'] <= 28)

def crash_rule(model, n):
return model.x[n] <= R[n]

model.crash = Constraint(N, rule=crash rule)

model.cost = Objective(expr = sum(model.x[n]*C[n] for n in N), sense=minimiz
e)

In [6]: model.dual = Suffix(direction=Suffix.IMPORT)
results = opt.solve(model)
model.x.get values()

Oout[6]: {'A': 1
'B': 2

'C': 3

'D': 2

'E': 1

'F': 2

'Finish

'G': 3

'H': 1.
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Midterm-Makeup-Fall2017 file:///home/oliver/classes/opres/Midterm-Makeup-F...

In [7]: model.t.get values()
Out[7]1: {'A': 0.0,

'B': 1.0,

'C': 3.0,

'D': 10.0,
'E': 10.0,
'F': 13.0,
'Finish': 28.0,
'G': 14.0,
'H': 18.0,
'I': 10.0,
'J': 16.0,
'K': 22.0,
'L': 22.0,
'M': 26.0,
'N': 25.0,
'Start': 0.0}

In [8]: model.cost.expr()
Out[8]: 1350.0

In [9]: for (i,j) in A:
print ((i,j), model.dual[model.time[(i,j)]])

'Start', 'A') 0.0
'A', 'B') -250.0
‘B', 'C') -250.0
‘C', 'D') -60.0
'‘C', 'E') -160.0
, 'F') -160.0
, 'G"') -60.0

, 'H') -60.0

, 'H') 0.0

, 'I') -30.0

, 'J'") -160.0

, 'J') -30.0

, 'K') -140.0

, 'L') -50.0

, 'M') -60.0

, 'N') -140.0

, 'N') -50.0

, 'Finish') -60.0
, 'Finish') -190.0

In [10]: for n in N:
print(n, model.dual[model.crash[n]])

Start 0.0
-150.0
-200.0
-170.0
-20.0
0.0
-120.0
-20.0
0.0
0.0
-160.0
-100.0
0.0
0.0
-130.0

inish 0.0
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