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(d) The objective function is 1o be minimized. (2 pa%
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(e} Constraint T: X, + X, 290 Constraint 5: 3X, +2X, =120 X, =X, 20

Constraint W

All variables are required to be non-negative. Let the objective function be Max: Apk g The: optimal
solution for this problem is (24, 24). s there non-binding constraind(s)? if yes, which oneis). {2 points)
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() Divisibility assumption in linear pmgrammlnﬁ implies e (1 point)
A) resources can be divided among products A

B) products can be divided among customers 7~
C) decision variables may take on integer values [ 1S b
(B¥ decision variables may take on fractional values ;
(g Consider the following constraints and choose the comect answer: (1 pointy

Consraint T: 241 F3%2 5100 oonannin 5: 2X. X, +3X, SI000
A} constraint T can be used in a hinear program

£

B) constraint 5 can be used in a lingar program | 1
©> neither can be used ina linear program ' A )
¥ both may e used inoa linear program gt

E) both may be used in an imeger linear program, but 5ot in Elmta.r program

ih) If a linear programming problem hasredyndant constraints. then the optimal solution without the
redundant constraints wall be the s:lm-ta-"l.:; the -l.‘.lprhm]ﬂ solution with the redundant constrainis. [ | point)

True ( | ; False

{1} The a]gunlhm {al,gn:hmn:, method) dsed 1o 2olve any size of linear programming problems is called
(1 poant)
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Problem #2 (12 points)

FarmFresh Foods manufactures a snack mix called TrailTime by blending three ingredients: a
dried fruit mixture, a nut mixture, and a cereal mixture. Information about the three ingredients

(per 100 grams) is shown helow:

Per 100 grams
In ent Vol Fat Grams Calories
Dried Fruit 30.35 T5ml 0 150
Mut Mix $0.50 S0ml 10 4040
Cereal Mix 50.20 250ml 1 50

The company needs to decide how many of each ingredient to put into the Trail Time blend,

The snack mix Trailtime is packaged in boxes that will hold between 750 ml and 1000 ml.

The snack mix should contain no more than 1000 calories and no more than 25 grams of fat,
Dried fruit must be at least 20% of the volume of the snack mix and nuts must be no more than
15% of the weight of the snack mix.

Formulate algebraically the linear programming model for this problem that meets these
restrictions and minimizes the cost of the blend. Define the decision variables, ohjective
function, and constraints. DO NOT SOLVE
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Problem # 3 (14 points)

A manufacturer produces two products, A and B, and is trying to work out his production schedule for
b the next two months. He curreatly has on hand 1,000 units of A and 800 units of B and cstimates sales

over the period a3 shown in the following table:

Estimated Sales, Units/Months
A B
I 2,000 3,000
2 3,000 4,000
Regular Shift Production 510 56
Cost, 3 MUnit

if the production facilitics were devoted entirely to producing product A, they could tum out a
maximum of 4,000 unils/month on regular shift operation and up to 1,000 units'month additional on
overtime operation. Similarly, if enly product B was produced, regular shift capacity would be 6,000
units'month with 2,000 units'months additional available from overtime operation. The production
Facilities can be devoted 1o any propomions of products A and B - ez, 1000 wnits of A (= 14
capacily) plus 4,500 units of B (= 34 capacity) would just use the tofal regular shift capacity for a
menth,

Orvertime production of product A costs $5funit more than regular shift production, while for produoct
B the added cost iz $3/unil. Management would like to end the two-month period with at least an
inventory of 500 units of product A and 1,500 units of product B. It costs 33 to store one unit of
Product A for a moath and $2 (o store one unit of product B for a month.

Formulate algebraically the linear programming model for this production scheduling
problem. Define the decision variables, ohjective function, and constraints. DO NOT SOLVE
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Problem #4 (17 points):
Canadian Market Rescarch (CMRE) 15 a marketing research firm that handles consumer surveys. One of its
clicnis is a national press service that peniodically conducts political polls on issues of widespread interest.
In a survey for the press service, TME determines that it must fulfll several requirements in order o daw
statistically valid conclusions on the sensitive issue of Canadian immigration laws:
1. Sorvey at least 2,300 Canadian houscholds im todal,
2. Survey ar least 1000 households with heads who are 30 years of age or younger,
3. Survey at least 600 households with heads who ane between 31 and 50 years of age,
4. Ensurc that at least 15% of those surveyed live in the city that is a major destination for immigrants
(such as Torono)
3. Ensure that no more than 209% of those surveyed who are 51 years of age or over live ina
destination city.

CME decides that all surveys should be conducted in-person. It Estimates that the costs of reaching people
in each age and region calegory ane as follows:

i per Surve
_Region Agre <= M) Age 31-50 Ape == 51
Deestination City 515 56,80 5.0
Mot in destination Ciry L6540 5125 36,10

CMR's objective is to meet the five sampling requirements at the least possible costs,

The following comect output for this problem is provided below as Excel Solver output. You will need this
output 10 answer the following questions (a) through () below cach part of which is to be considered
independently of all others.

Iy i D, My Na M,
<=3} 31-50 =51 <=3} 31-50 e |
and and and and mot amd not and mit
i Sestimati s P R TTEEET

230000
Heachodils | | IO0OU [ »= | OGN
31-30
Householis I I GO0 = | 600
Ciestination
Cities .55 (.55 .85 A.15 A05 | -DIS 4500 >z 1]
Liznit on == 51
in Drestination 0.8 .2 (.00 s 1]
LHS | Sign | RHS
Fimal Reduced Objective  Allowable  Allowable
Cell Name Walue  Cost  Coeflicient  Increase  Decrease
SB35 Mumber of Houscholds <= 30 and destination LA .60 ] | E+30 06
$CS5  Number of Houscholds 31-50_and destination G000 000 6.5 045 .52
D85  Number of Houscholds >= 51 and destination 1A ALY 3.3 .G ]
_5E55  Number of Houscholds <= 30 and oot destination DKL 1.0 6.9 LG .92
$F35  Number of Households 31-50 and not destination [LELY] 045 1.23 W X
Mumber of Howscholds = 51 and noi destination SH0000 .04 .1 1025 L6
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isach x5 Torom)
5. Emvaure that no moee thas 0% of those sarveyed who ane 51 years of ape or over ine ma

CMR decides that all surveys should be conducted i person. It Estimases that the costs of reaching peopie
incach age and region category are as follows:

Cost per person Surveved (51
Kegion Age <= 30 Age 31-50 Age >= 51
Destination City 515 $6.80 $5.50
Mot in destination City 56,540 §7.25 $6.10

| CMR’s objective is to meet the five sampling requirements at the least possible costs,

The following cormect output for this problem is provided below as Excel Solver output. You will need this
output to answer the following questions (a) through () below each part of which is to be considered

independently of all others.
D, D, D, M, N Ny
<=30 31-50 =31 == 31-50 ] |
and and and and mot and oo and not
dﬁtlulmn destination  destination d:atm.l.lnn destination  destination

)
Households 1 1 R == | 100
31-50

Howseholds 1 1 [ == L]
Destination
Cities .85 .85 055 .15 L.15 .15 30500 B (1]
Limit on >= 51
in Destination B 3.2 .00 <= {

LHS Sign | RHS

Final HReduced Objective  Allowable  Allowable

Cell MName Vahwe Comt Coeflicient  Increase Decrease
SBSS  Number of Households <= 30 and destination 0.00 0600 13 1E+30 0.6
SCSS  Number of Households 31-50 and destination 600,00 0.00 6.8 0.45 0.82
SD$S  Number of Households >= 51 and destination 140.00 0.00 - 0.6 29.9
SESS  Number of Houscholds <= 30 and not destination  1000.00 0.00 6.9 0.6 092
$F33  Number of Households 31-50 and not destination 000 0.45 7.25 W X
$GS5  Number of Houscholds >= 51 and mot destination 56000 0.00 6.1 1025 .6

Fimal Shadew Consiraini Allowahle  Allowahble

Cell Fame Value Price R.H. Sidc Incrense Decrease

SHSE  Total Houscholds 2300.00 5.98 2300 IE+30 700

“$HSY <= 30 Houschalds 1000.00 0.92 1000 700 1000

; SHEI0 _31-50 Households 600,00 0.82 600 00 49375
SHS11 _ Destination Cities 395.00 0.00 0 395 1E430

5H312  Limat on == 51 m Destimadion .00 [0 1] L 140
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What is the optimal solution 10 CMR's marketing research problem? How much would such households
survey cost? (3 points).

Tht cost ar'.fﬂrﬂgin - %.:__ ?g(ﬂ)f é-fl{ﬁrf"’j"‘ L (J"Fﬂﬂ';* {Jﬁ'({aﬂ-ﬂ.

(a)

: fyolels 2 25 (o) + &1 (56)
E‘ﬁ;lf éﬂﬂﬂ.;; 1":; g = -;-'r + ofd + T70+ ff00+ o + 2 ¥l
| S o . ;ﬁfﬁf.ﬂ:{ ;
f{.

(b)  If the cost of surveying one person 51 years of age or older and do not live in a destination city {e.g. Ny) is
decreased to $3.9, will the optimal solutinn chanee? Will the cost change? If yes, by how much, Justify.
(3 points
G 4 decreuse Fem L1 t 59 :p the cort o N
: (A - AL . timal
(£ within GF affeable f;ﬁﬁ‘a.r'?-:.rt};d?c_la & . s Fhe = :

solation  cadb=mimmme il & ."}tﬁe bofal ozt deceasy
v the amouant of {G-E&(ggﬂj =1z “=ze TE.F-L-E' tedal coft
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Ll be Blsos5q  nstead of 15,164 Mwi:.

f

(€) What is the impact on fhe optimal solution and the valuc of the obiective function, if CMR wants to
increase the sample size to 2500 (1.6 survey at least 2500 Canadian households in total)? Justify. (3 points)

An == inci@s€ in the Sample s ive W 2500 i Lithia
the  gflowable incrzase of nFnitf in fhg consbraint,
The shods price t._...r.:ff (Criain  thE ..S'c(ﬂ&d'. The ﬂjﬂﬁmaf Laletzon

o e e

——

(d)  What is the impact on the value of the objective function, if we can reduce the minimum required number
of respondents age of 30 or younger to 800, provided we raise the number of respondents 31-50 years of
age 1o 9007 Justify. (3 points)
fﬁh{,‘}? the amoual of (espon dant age of 3o ar gonger (3
1 Sog G5 batthin the aflowable —ecicase of (oco ond

Nasing  Athe aumbec of cespmdants § 2150 yeaix of e

LN et ] e i Goo i within the alfowsble jnerease o Tﬁ:m:u-ﬁ

il ks 4 - - W 1‘ﬂ71-
deadF 0 fh aﬁmﬂgﬂf wert have any, on the oijective %

R i g both chatges are withia & alleconble nerease o dectomse
) Twonambers have been removed

from the objective function sensitivity table by your humble instructor
of the numbers). What are the comrect values of W and X7 Justify.

I}E&“‘—Gl'. H ﬁzm”" . . . +
L) WE infhite e

(the letters W and X appear instead
(3 points)

(€as€  the cart thete will be
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-] Hﬂ:tc‘n-stcrfs:.u‘rr:.-'iuguu:p:nmﬂ years of age or older and do not live m a destmation city (e Ny s
decreased to $5.9, will the optimal solution change? Will the cost change? If yes, by how much. Justfy.

(3 points)
e A cjfc.']’d’-!-iﬂ' fom 41 #5 59 :q the cort d Ny
i ithin GhE allewable Jecrease ot 0-6 . s Fhe optimal
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(¢) What is the impact on the optimal solution and the yalue of the objective function. if CME wants to
increase the sample size to 2500 (i.c. survey at least 2500 Canadian households in total)? Justily. (3 points)

A == inel@st in the .f#mr.!'c sige .&3_5&5 ic withia
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(d)  What is the impact on the valuc of the objective function, if we can reduce the minimum required number
of respondents age of 30 or younger o 300, provided we raise the number of respondents 31-50 years of
age o 007 Justify. (3 points)
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(s} Two numbers have been mmﬂ from the objective function sensitivity table by your humble instructor
(the letters W and X appear instead of the numbers), 'What are the corect values of W and X7 Justify.
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