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A Product Mix Example

Quick-5creen is a clothing manufacturing company that specializes in producing com-
memorative shirts immediately following major sporting events such as the World Series,
Super Bowl, and Final Four. The company has been contracted to produce a standard set
of shirts for the winning team, either State University or Tech, following a college football
bowl game on New Year's Day. The items produced include two sweatshirts, one with
silk-screen printing on the front and one with print on both sides, and two T-shirts of
the same configuration. The company has to complete all production within 72 hours
after the game, at which time a trailer truck will pick up the shirts. The company wiil
work around the clock. The truck has enough capacity to accommodate 1,200 standard-
size boxes. A standard-size box holds 12 T-shirts, and a box of 12 sweatshirts is three
times the size of a standard box. The company has budgeted $25,000 for the production
run. It has 500 dozen blank sweatshirts and T-shirts cach in stock, ready for production.
This scenario is illustrated in Figure 4.1. )

The resource requirements, unit costs, and profit per dozen for each type of shirt are

shown in the following table:

Processing
Time (hr.) Cost Profit
per Dozen per Dozen per Dozen

{ A\ Sweatshirt—F 0.10 536 $ 90

{ #) Sweatshirt—B/F 0.25 48 125

( %) T-shirt—F 0.08 25 45

{H T-shirt—B/F 0.21 35 63

The company wants to know how many dozen {boxes) of each type of shirt to produce
in order to maximize profit.
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Criginal Problem

X1 X2 X3 X4
Maximize 90 125 45 65
Processing Time 0,1 0,25 0,08 0,21
Available Boxes 3 3 1 1
Budget 36 48 25 35
Sweetshirt Stock 1 1 o 0
T-shirt Stock 0 0 1 1
Solution-> 175,5556 57,7778 500 0
Ranging
Variable Value Reduced Cost  Original Val Lower Bound
X1 175,5556 0 90 50
X2 57,7778 1] 125 113,0769
X3 500 0 45 40,8889
X4 0 10,3333 65 ~Infinity

Dual

Constraint Value Slack/Surplus Original Val  Lower Bound
Processing Time 2 33,3333 0 72 63,3333
Available Boxes 22,2222 0 1200 884
Budget 0 3406,666 25000 2159333
Sweetshirt Stock 0 266,6667 500 233,3333
T-shirt Stock 41111 0 500 1]
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RHS
o= ?2
n 1200
e 25000
o 500
e 500
Optimal Z-> 4552222
Upper Bound
101,9231
133,21#3
Infinity
75,3333
Upper Bound
98,3333
1460
Infinity
Infinity

685,7144
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A Diet Example

Breathtakers, a health and fitness center, operates a morning fitness program for senior cit-
izens. The program includes aerobic exercise, either swimming or step exercise, followed by
a healthy breakfast in the dining room. Breathtakers' dietitian wants to develop a breakfast
that will be high in calories, calcium, protein, and fiber, which are especially important to
senior citizens, but low in fat and cholesterol. She also wants to minimize cost. She has
selected the following possible food items, whose individual nutrient contributions and
cost from which to develop a standard breakfast menu are shown in the following table:

Breakfust Fat Cholesterol [ron Calcium  Protein  Fiber

Food Calories  (g) (mg) (mg)  (mg) (8) () Cost
I. Bran cereal {cup) a0 )] ] [ 0 3 5 S0.18
2. Dry cereal {cup) 110 2 0 4 48 4 2 0.22
3. Oatmezl (cup) 1o 2 0 2 12 5 3 0.10
4. Oar bran (cup) a0 2 0 3 8 [ 4 012
5 Egp 75 5 270 i 30 7 i 0.0
6. Bacan (skice) 35 3 & 0 0 2 0 009
7. Orange 63 0 ) 1 52 i 1 0,40
B. Milk—2% (cup) 140 4 12 iy 250 g9 0 .16
9, Orange juice (cup) 120 ] ] 1] 3 | (1] 0.50

10, Wheat toast {shice] &5 } 0 I 26 3 3 007

The dietitian wants the breakfast o include at least 420 calories, 5 milligrams of iron, 400
milligrams of calcium, 20 grams of protein, and 12 grams of fiber. Furthermore, she wants
to limit fat to no mare than 20 grams and cholesterol to 30 milligrams.
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A Marketing Example

S sur
,/"%WJ’B 2= 20080xy + /2000 X3 + FIIT K,

The Biggs Department Store chain has hired an advertising firm to determine the types and
amount of advertising it should invest in for its stores. The three types of advertising avail-
able are television and radic commercials and newspaper ads. The retail chain desires to
know the number of each type of advertisement it should purchase in order ta maximize
exposure. It is estimated that each ad or commercial will reach the following potential audi-
ence and cost the following amount:

Exposure
{(peoplefad or commercial) Cost
¥} & Television commercial . 20,000 £15,000
L Radio commercial 12.000 6,000
¥ Mewspaper ad 9,000 4,000

The company must consider the following resource constraints:

The budget limit for advertising is $100,000.

The television station has time available for 4 commercials.

The radio station has time available for 10 commercials,

The newspaper has space available for 7 ads.

The advertising agency has time and staff available for producing no more than a
total of 15 commercials and/or ads,
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Orginal Problem

X1 X2 3 RH5
Maximize 20000 12000 9000
Budget Limit 15000 6000 4000 <= 100000
Television ADs 1 0 0 <= 4
Radio ADs 1] 1 0 <= 10
Mewspaper ADs 0 0 1 <= 7
Total ADs 1 1 1 <= 15
Solution-» 1,8182 10 3,1818 Optimal Z-> 185000
Ranging
Variable Value Reduced Cost Original Val Lower Bound Upper Bound
X1 1,8182 0 20000 9000 25500
x2 10 o 12000 11000 Infinity
X3 3,1818 0 9000 5333,333 10222,22
Constraint Dual Value  Slack/Surplus Original Val Lower Bound Upper Bound
Budget Limit 1 ] 100000 80000 124000
Television ADs 0 2,1818 4 1,8182 Infinity
Radio ADs 1000 0 10 53333 13,8889
Newspaper ADs 0 3,8182 7 3,1818 Infinity
Total ADs 5000 0 15 12,6667 17,8
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| ATransportation Example ]

The Zephyr Television Company ships televisions from three warehouses (o three retail stores
on a monthly basis. Each warehouse has a fixed supply per month, and each store has a fixed
demand per month. The manufacturer wants to know the number of television sets to ship
from each warehouse to each store in order 1o minimize the total cost of transportation.
Each warehouse has the following supply of televisions available for shipment each

month:
Warehouse Supply (sets)
1. Cincinnati 300
2. Atlanta 200
3. Pittsburgh 200

700

Each retail store has the following monthly demand for television sets:

Store Demand (sets)
A. New York 150
B. Dallas 250
C. Detroit 200
600

Costs of transporting television sets from the wareh ouses to the retail stores vary as a

' result of differences in modes of transpartation and distances. The shipping cost per televi-
sion set for each route is as follows:

= To Store

From

Warchouse A B C -fu”é'— >
" 516 518 511 Jeo
i4 12 13 200 2'_;; =400
i 3 13 15 17 200
, lso 252 2oo
_W e LR P ?;ﬂwﬁifdfﬁ ” //ﬂé 444
S = 60O
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Data STORE We. fave;
COSTS New York Dallas Detroid Supply
& | Cincinnati | 16 18 |11 300 Xie 2 200 [U-sfranl hC
=
© | Atlanta 14 122 |13 200 I
% |pitsburg |13 15 {17 |200 Xap=260
< e
200 |6001\700 ¢
= | Demand 150 250 Xjﬂ _ /_5{:‘]1" Fia 2hA
Shipments STORE Yan = 5O TUfunite B
Shipments New York Dallas Detroid Row Total J ¥4
w |Cincinnati 0 i} 200 200
3 [Atanta 0 200 0 200 K20 For offans.
= |Pittsburg 150 50 0 200 i}
& | Column
= |Total 150 250 200 600\600 Ldel M ) P

Total Cost 7300 /5227300 .

| The Assignmen Model

An assignment model is fora  The assignment model is a special form of a linear progra mming model that is similar to

special form af transpartation

SOt the transportation model. There are differences, however. In the assignment model, the
P"’j’k"d;:‘ﬂ":"ﬁ;’” upp fﬂ}' wud supply at each source and the demand at each destination are each limited to one unit.

M The following example will demonstrate the assignment model. The Atlantic Coast

Conference (ACC) has four basketball games on a particular night. The conference office

wants to assign four teams of officials to the four games in a way that will minimize the

total distance traveled by the officials. The supply is always one team of officials, and the

demand is for only one team of officials at each game. The distances in miles for each team
of officials to each game location are shown in the following table:

The travel distances 1o each

game for each team of officials = Game Sites
(L i (47 ¢l
Officials Rasercu ATLANTA Dunuam Crzmson
A 210 90 180 160
B lon i) 130 200
C 175 105 140 170
D ] 65 105 120
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Shipments RALEIGH ATLANTA DURHAM CLEMSON Row Tolal
OFFICIAL R 1 1
OFFICIAL B 1 1
OFFICIAL & 1 1
OFFICIAL & 1 1
Column Total 1 1 1 1 4
Total Cost 450

Tho Solufiar 7i5-

F

enimom (Torar) Oistforce. 71X 22450 wher
xﬁi ::fg_‘.z Xq:fmni Md’ﬂf%"‘ Xg*:ﬂ. /{/Mé@
pscipn. Official A to Abtonfa; Offieial 8 Lo Aalagps
ofserad € fo Duwrbrens e offces D Fo Clerse? % peach
A A s avelabl u’.':]‘:"o#cc_ 4555" @

Alp Giray Ozen | 0533 54 ania.com | www.lecturemania.com



lecturemania

7. Betty Malloy, owner of the Eagle Tavern in Pittsburgh, is preparing for Super Bowl Sunday, and she
must determine how much beer to stock. Betty stocks three brands of beer—Yodel, Shotz, and

Rainwater. The cost per gallon (to the tavern owner) of each brand is as follows;

Brand Cost/Gallon
{ %) Yode! $1.50
( %) Shotz 0.90
( g;} Raimwater .50

The tavern has a budpet of $2,000 for beer for Super Bowl Sunday. Betty sells Yode! at a rate of $3.00
per gallon, Shotz ar $2.50 per gallon, and Rainwater at $1.75 per gallon. Based on past football
games, Betty has determined the maximum customer demand to be 400 gallons of Yodel, 500 gal-
lons of Shotz, and 300 gallons of Rainwater. The tavern has the capacity to stock 1,000 gallons of
beer; Betty wants to stock up completely. Betty wants to determine the number of gallons of each

brand of beer to order so as to maximize profit.
Formulate a linear programming mode for this problem.

E_?"‘F c:.«s-lm (,ﬁi--ﬂ;.S
= Saxppape  Fz T4 5K 4 £, € %2 # 1,2 %y

.Sl-ééju.z’ A 4,5x4 4O 9%, 4 O, 5%, £ 2000
X, & 400
X2 £ 500
X3 £ 300

Xy + %o # X3 = (000

Xy X2, X3 =0

8. The Kalo Fertilizer Com
: mparny produces two brands of lawn fertilizer
;::dl:T: ; rr::m Fresno, California, _:ml Dlﬂrh-um,h{iﬂ:igm. The plant ut?;nw;rh:::r:aiism Gmw“lhblc
i 'Il'::u“ds of fertilizer daily; the plant at Dearbom has enough resources to n:“ Gﬂl;l?
¥ Hhie cost per pound of producing each brand at each plant is as fallows: S

Plant
e o o
Product Fresno Dearhorn
Super Two 57 52
Green Grow 7 p
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13. Anna Broderick is the dietitian for the State University football team, and she is attempting to
determine a nutritious lunch menu for the team. She has set the following nutritional guidelines
for each Junch serving:

8 Between 1,500 and 2,000 calories

B Atleast Smg of iron

B At least 20 but no maore than 60 g of fat
B Atleast 30 g of protein

B At least 40 g of carbohydrates

B No more than 30 mg of cholesteral

She selects the menu from seven basic food items, as follows, with the nutritional contribution per
pound and the cost as Biven;

Calories Iron Pratein Carbohydrates  Fat Chulesteral
(perb) (mgib)  (gib,) {glb.} (g/lb.)  (mgb) s/b,

&y Chicken 530 4.4 17 ] 0 150 0.80
¥, Fish 500 33 as [} 5 o 370
%y Ground beef 860 0.3 a2 i 75 350 230
%4 Dried beans &00 34 10 30 3 a 0.90
Xy Lettuce 50 05 [ 0 0 ] 0.75
¥ ¢ Potatoes 460 12 10 70 0 0 040
X3 Milk (296) 240 0.2 16 2z 0 0 0.53

The dietitian wants to select 3 menmu to meet the nutritional guidelines while minimizing the total
COSt per serving,
Formulate a linear programming model for this problem. : .
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14, The Cabin Creek Coal (CCC) Company operates three mines in Kentucky and West Virginia, and it
supplies coal to four utility power plants along the East Coast. The cast of shipping eoal from each
mine to each plant, the capacity at each of the three mines, and the demand at each plant are shown

* in the following tahle:

Plant
hine
Mine 1 2 3 4 Capacity (tons)
1 %7 59 510 §12 220
2 9 7 .4 12 170
3 1l 14 5 Fj 280
Demand (tons) 110 160 90 180

The cost of mining and processing coal is £62 per ton at mine 1, $67 per ton at mine 2, and §75 per
ton at mine 3. The percentage of ash and sulfur content per ton of coal at each mine is as follows:

Mine % Ash %% Sulfur
1 g9 f
] 5 ]
3 4 3

Each plant has different cleaning equipment. Plant 1 requires that the coal it receives have no more
than 6% ash and 5% sulfur; plant 2 coal can have no more than 5% ash and sulfur combined; plant
3 can have no more than 5% ash and 7% sulfur; and plant 4 can have no more than 696 ash and sul-
fur combined. CCC wants to deterrnine the amount of coal to produce at each mine and ship to its
customers that will minimize its total cost, :
Formulate a linear programming model for this problem, @
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19. A pl.'l.!:rlis!'ling honse !:ublishﬂ three weekly magazines—Daily Life, Agriculture Today, and Surfs Up.
Publieation of ane issue of each of the magazines requires the following amounts of production

time and paper:
= Production (ht) .
¥+ Daily Life e Pmﬁ'_}
Fa Agriculture Today 0.03 02
- i 0.02 -

Each week ; p
Taital :imul:ﬁ;]l:uler“f!rrr;“ a“adabl_ﬂ 120 hours of production time and 3,000
s oo m_- magazml &5 must exceed 35,000 Issues per w.:l!c if IhPﬂﬂnds % pape.
and $1.50 fnr Sm:f:; U; Bﬂﬂdpﬂcf i iﬂ!l.'l!‘ is 52.25 for Dﬂ-&b’fdfﬁ, $4.00 for-&;rzm;ﬂ;n
demand for Daily Life i : . On past sales, the publisher knoues th : .
; 15 3,000 issues; for 4o 2t the maximum weekl
fssues. The : » for Agricuiture Today, 2,000 issues: x
1€ production manager wants 1o know the number Dfm“:‘:::;::dmfur .Efnj": Up, Z.Uﬂﬂ
agazine to produce

[ ladchhe  lypr |

8) __
(v Pty Life . o2 | 2aS
4y l%,lwf,(qc, ledey | 03 ¢S 4
(FJ)-I*")‘-':' Yo DrO 2 I, 3 1,5
s agd
AVALLAILE (20 705 |
22 225K+ 4%F % SX;

g

0,027 £120
fﬂ -+ ﬁfﬁjﬁ.}. +
ect 5 ge 01 %

SF;, + ﬂfJX_: éjﬂda

Iﬂ‘é‘ Orkxe+
%y + ¥r 4+ X2 = SJoo
X, & 3000
X, £ 2000
X £ 609

ki, %2, X3 = Jd
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20, The manager of a department store in Seattle is attempting to decide on the types and amounts of
advertising the store should use. He has invited representatives from the local radio station, televi-
sion station, and newspaper to make presentations in which they describe their audiences. The tele-

. vision station representative indicates that a TV commercial, which costs $15,000, would reach
25,000 potential customers. The breakdown of the audience is as follows:

#

Male Femmale
Senior 5,000 5,000
Young 3,000 10,000

The newspaper representative claims to be able to provide an audience of 10,000 potential cus-
tomers at a cost of $4,000 per ad. The breakdown of the andience is as follows:

Male Female
Senior 4,000 3,000
Young 2,000 1,000

The radio station representative says that the audience for one of the station's commercials, which
costs 56,000, is 15,000 customers. The breakdown of the audience is as follows:

Male Female
Senior 1,504 1,500
Young 4,500 7,500

The store has the following advertising pelicy:
B Use at least twice as many radio commercials as newspaper ads,
@ Reach at least 100,000 customers.
@ Reach at least twice as many young people as senior citizens.
m Make sure that at least 30% of the audience is female.
Available space limits the number of newspaper ads to seven. The store wants to know the optimal

number of each type of advertising to purchase to n:r:uﬁmizt rotal cost.
Formulate a linear programming model for this problem.

i follows,
.Ze:ﬂ Lcisisn Va bos ae Zf Sobesfore) Cox Fomesf.

(x) Tv Statroa Fle 15099 25 doo

/8 00
(x,) Newspape Als 4 dod

() Fodis Station AVS 6 209 5 o2
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lenipupe. 2= 158000K + 4900 %2 + LI X,

Subject fo X 22x 3 K=2% 20

25090 % * 10000 ¥ Tt /5000 ¥
/ Sp0d %t $009% + [2000% > 2. (0OSOK,+ ?ﬁﬁﬁ&f.?ﬂ!ﬂfd

= 00 @03

= - §009 % — 11000 ¥s +8000% 2O
1
/S 90O Kt 4200 ¥s + FODI%) = ﬂz.:’-/..!;sdaaxnﬁ/m,;ym@

= P500 ¥t (00072t 4500% =0
X, £ 7
Xe) ¥o0% =0

9. The Shotz Beer Company has breweries in two cities; the breweries can supply the following num-
bers of barrels of draft beer to the company’s distributors each month:

Brewery Monthly Supply (bbl}

A Tampa 3,500
. B.St Louis 5,000
Tatal 8,500

The distributors, which are spread throughout six states, have the following total monthly demand:

Distributor Maonthly Demand {bbl)
I. Tennesses 1,600
2. Georgia 1,800
3. Morth Carolina 1,500
4. South Carolina 950
5. Kentucky 1,250
6. Virginia 1400
Total #,500

The company must pay the following shipping costs per barrel:

o

To (cost)
From

1 2 3 4 5 &

A

. 5::: §0.25 $0.60 50.45 $0.80 .75
. 0.65 0.40 0.55 0.20 0.65

Salve this problem by using the COmputer, i: :)
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23, Joc Henderson runs a small metal parts shop. The shop contains three machines—a drill press, a
lathe, and a grinder. joe has three operators, each certified to work on all three machines. However,
each operator performs better on some machines than on others. The shop has contracted to do a
big job that requires all three machines. The times required by the various operators to perform the
required operations on each machine are summarized as follows:

(£ (z) (3)
Operator Drill Press {min.) Lathe {(min.) Grinder (min.)
1 i 14 35
2 41 30 28
3 25 36 18

Joe Henderson wants to assign one operator to each machine so thet the total operating time for all

three operators is minimized.
Formulate a linear programming model for this problem. @
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31. The manager of the Ewing and Barnes Department Store has four enmployees available to assign to
three departments in the store—lamps, sporting goods, and linens. The manager wants each of
these departments to have ar least one employee, but not more than two. Therefore, two depart-
ments will be assigned one employee, and one department will be assigned two. Each employee has
different areas of expertise, which are reflected in the daily sales each employee is expected to gen-
erate in each department, as follows:

Department Sales
Employee 1 Lamps £ Sporting Goods %, Linens
1 5130 5150 550
' 275 300 100
3 180 i L 140
4 200 120 160

The manager wishes to know which employee(s) to assign to each department in order to maxi-

mize expected sales.
Formulate a linear programming model for this problem,
34) Peximize 22130K, $150Kint ==~ ~=- + /69 X, 4
__sz,é;-g“ﬁ o X,+ X2+ K= 1 Xut Xpa + 51 £X, Z2
Ko+ Kapt¥ay =4 Xt Xant X3p 434, L2
X+ Xpp ¢ XKz =L Kizt Xa3# K, Xy3 £2
Yot Xuz #K3 =4 Xy =oa 1
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