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Chapter 2
Introduction to Optimization & Linear Programming

If an LP model has more than one optimal solution it has an infinite number of alternate optimal solutions.
In Figure 2.8, the two extreme points at (122, 78) and (174, 0) are alternate optimal solutions, but there are
an infinite number of alternate optimal solutions along the edge connecting these extreme points. This is
true of all LP models with alternate optimal solutions.

There is no guarantee that the optimal solution to an LP problem will occur at an integer-valued extreme
point of the feasible region. (An exception to this general rule is discussed in Chapter 5 on networks).

We can graph an inequality as if they were an equality because the condition imposed by the equality
corresponds to the boundary line (or most extreme case) of the inequality.

X, =10
The objectives are equivalent. For any values of X, and X,, the absolute value of the objectives are the
same. Thus, maximizing the value of the first objective is equivalent to minimizing the value of the second
objective.

linear
nonlinear
linear, can be re-written as: 4 X4 - .3333 X, =75

linear, can be re-written as: 2.1 X; + 1.1 X,-3.9 X3<0
nonlinear
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(3.64, 1.09) obj = 10.55
(optimal solution)

5X, + 6X, = 60

(8.0)
ax, + 5X, =20 obj =16
2X, +1X,=3 o (121;)
g+ 1Xy = " obj=24
"‘"l'\'"'l""l >
s 15 7N 20 25 X




QbbhppteR?2 1 hitoddotibontdaddPpitimatitorESL ineaaPPoggaammmgg SSA4

9.
X.
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- (0, 15) obj = 300
15
(0, 12) obj = 240
10
(6.67, 5.33) obj =140
| (11.67, 3.33) obj =125
5 / (optimal solution)
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10.
A
X
200+

{000}
ohy=200

3X,+3X,=480 (redundant constraint)
N BX,+3X,=480
3X,+3X,=300

(60,40) obj = 260
(optimal solution)

(80,0)
ob|=240
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11.
A
X
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(7.7) obj = 154
] (optimal solution)
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13. X1 = number of His chairs to produce, X, = number of Hers chairs to produce

MAX 10 X;+ 12 X,

ST 4 X, +8X,< 1200
8 X1 +4 X, < 1056
2 X +2X,< 400
4 X4 +4 X,< 900
1X;+05X,>0
X1, X320



Cbhhppee22 1hiteddatiboriaddppitindatio or&8L linpaa PPoggaammmigg SB
6

x)
S ) . 8X, +4X, =1056
’ | X,-05X,=0 |
200
< : / { 4, + 4x, = 900 |
= . e s e Dl il
PPN [ 2X, + 2X, = 400 |
e A s Ao |
A N Optimal solution: X,=76, X,=112
100 Tl Profit = $2014
YIS | 4X, +8X,=1200 |
X ~ % » m_—
50 N
N
~
\\
\\\ ~
50 100 150 200 250 300 X,
14, X1 = number of softballs to produce, X, = number of baseballs to produce

MAX 6 X;+45 X,

ST 5X1 +4 X2 <6000
6 Xy +3 X, < 5400
4 X1 +2 Xy < 4000

2.5 X4 + 2 X, < 3500
1 X1+ 1 XzS 1500
X1, X,>0
X7
2000}, .
Core
" Labor
1600 "\ \

Optimal solution

1200 = (400, 1000)

Nylon

C / Leather

/ }} / Sewing

400 800 1200 1600 2000 X,

17. A1 = NUMDOEr OT generators, X, = NUMDEr o1 alternators
15. X1 = proportion of beef in the mix, X, = proportion of pork in the mix
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MIN 85X +.65X,
ST IX;+1X,=1

0.2 X;+0.3X,<0.25
X1, X520
x? A
2.0+
1.5—-
E (0.5.0.5)0bj =0.75
1.0 (optimal solution)

\ (only feasible point)

0.5

0.2X,+0.3X,=0.25
X,+X.=1.0

o+——T—"r"71+—"—"" 7" >
0 0.5 1.0 15 2.0 x.

16. X1 = number of generators, X, = number of alternators

MAX 250 X; + 150 X,

ST 2X;+3X,< 260
1X]+2 X5<140

Xy, Xp >0
A
X;
2004
\(\Q
‘e'az\-\qev

1 o€
W@
150, °V

100 - 2X,+3X,=260
g A o X+2X,=140
(0,70) 1 by “
oby=10500 S .

. (100,20)
| 0bj=28000

w_
1 4 {130,0) obj = 32500
. / (optimal solution)
0...,,....\,..:\'.|....,....| >
0 50 100 %, 150 200 250 X,
17. X4 = number of generators, X, = number of alternators

15. X1 = proportion of beef in the mix, X, = proportion of pork in the mix
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MAX 250 X, + 150 X,
ST 2X;+3X,< 260
1X;+2 X, < 140

X1> 20
X, > 20
A
X,
100
L X
1 (20,80)
75 0bj=14000

2X,+3X,=260
:114-?3(5:14“

50—
| (100.20) obj = 28000
(optimal solution)
| / | ¥p=20
— i’
25 i
AN (20,20)
oop=A000
0 —T— e e e e e . s o e s s | >
0 25 50 75 100 125 x.
d. No, the feasible region would not increase so the solution would not change -- you'd just have extra
(unused) wiring capacity.
18. X1 = number of propane grills to produce, X, = number of electric grills to produce

MAX 100 X; +80 X,

ST 2X,+1X,< 2400
4 X, +5 X, < 6000
2 X1 +3 X, < 3300
1 X +1 X, <1500
Xy, X5>0

20. R =robanobiazose peadBeetagazinemger of Zoomers produced
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X
2500
2X, + 1%, » 2400
2000 1X, + 1X, = 1500
1500 ¥ 4%, + 5X, = 6000
gt | N Optimal: X, » 1000, X,#400
N Profit = $132,000
500 X
\f 2X, + 3%, = 3300
N
\ .
\»

500 1000 1500 2000 2500 X,

20. R =robanobiazose peadBeetagazinemger of Zoomers produced
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MAX 15 X;+ 25X, (profit)

ST 5X;+2X,<100 (ad budget)
5X;+0X,<70 (TV limit)
0X1+2X,550 (magazine limit)

A X1, X220
X2
40
30N /(10,25)

N5X1+25X2:775

20
(14,15)

15X1+25X,=400

10

¥
EI’IA Q) :
10 20 e
20. X4 = tons of ore purchased from mine 1, X, = tons of ore purchased from mine 2

MIN 90 X; + 120 X, (cost)

ST 02X;+03X,>8 (copper)
02X;+025X,>6 (zinc)
0.15X;+0.1X,>5 (magnesium)

X1, X520
(0, 50)
X, 504
\
\\
\
40 \~ (0, 37.5)
nj' \\\
N
30 N\
L.~ (0.26.67) 3
=02 N 80X, +120X,= 4500
201 \_\ > T
N
\\‘ (28, 8)
optimal solution
10+ ) \\ / cost= 334@
N ’-&.
(33 33m 40,0
(30.0) (400) _ (500
: ":‘Y '-‘ "'¢'/ K f
10 20 30 40 50 X,
20. R =robanobiazose peadBeetagazinemger of Zoomers produced
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MAX 70R+40Z
ST R+Z<700

R-2Z<300
2R+12Z<900
3R +42Z<2400
R,Z>0
4
1000 +
800}
\(0.800)
6001 N\ (240, 420)
&N optimal solution
: :;:.:._\_“ / profit = $33 600
400 1 : N 7OR +40Z=28,000
<
W _{400,100)
200 ¢ b

200 400 600 800 1000 R

22. P = number of Presidential desks produced, S = number of Senator desks produced
MAX 103.75P + 97.85 S
ST 30 P +24 S < 15,000
1P+1S<600
5P +35<3000
P,S>0
25. X4 = number of desktop computers, X, = number of laptop computers
23. X1 = acres planted in watermelons, X, = acres planted in cantaloupes
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12
S
1000 1
\
\
800+ \ - (0825)
A
7\ (0,600)
i "'-,_—f";\\\
- \ (100, 500)
" optimal solution

\

N\, profit = $68,300

10375 P +97 .85 S = 24,000

2001 »
3 _(500,0)

200 400 600 800 1000 P

25. X1 = number of desktop computers, X, = number of laptop computers
23. X1 = acres planted in watermelons, X, = acres planted in cantaloupes
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MAX 256 X, + 2845 X,
ST 50X+ 75 X, < 6000

X, + X, < 100
X1, Xp>0
X2
100 | (0, 80) obj = 22760

75
B (60, 40) obj =26740
50 (optimal solution)
25|
(100, 0) obj = 25600
0 | | | — 1 = |
0 25 50 75 100 125 Xq
24, D = number of doors produced, W = number of windows produced

MAX 500D + 400 W

ST 1D+05W<40
05D +0.75W <40
05D+1W<60
D,W=>0

25. X4 = number of desktop computers, X, = number of laptop computers
23. X1 = acres planted in watermelons, X, = acres planted in cantaloupes
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W
125

1004 __,(0.80)
75§\ 0%

~ {05333

(20.40)
optimal solution
profit = $26,000

500 D +400W = 10,000

g

.,_\;K‘(‘ 0.0) R :’._;.(80.0) -~ (120.0)

50 75 100 125 D

25. X4 = number of desktop computers, X, = number of laptop computers
23. X1 = acres planted in watermelons, X, = acres planted in cantaloupes
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MAX 600 X; + 900 X,
ST 2X;+3X,< 300

X, <80

X, <75

X1, X5 >0
X,

‘// 2:‘:.1"’3}{2:3':":'
(37.5.75) 0
0,75 / o= %,=75
- OPi=67500

. /
T

(80,46 6667) 0by=90000
hy” (an optimal solution)

(80.0)
/oquaooo
0 25 50 75 o I1CI)OI o '1I25 _:{‘V
26. T=number of TV ads to run, M = number of magazine ads to run
MIN 500 T + 750 P
ST 3T+1P>14
1T +4P >4
0T+2P>3
T,P>0
M
15 +
/(0.14)
12 4
9+ 500 T + 750 P = 6 million
6+
3 -
o hangin’
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200 pumps, 1566 labor hours, 2712 feet of tubing.

Pumps are a binding constraint and should be increased to 207, if possible. This would increase profits
by $1,400 to $67,500.

Labor is a binding constraint and should be increased to 1800, if possible. This would increase profits
by $3,900 to $70,000.

Tubing is a non-binding constraint. They’ve already got more than they can use and don’t need any
more.

9 to 8: profit increases by $3,050
8 to 7: profit increases by $850
7 to 6: profit increases by $0

6 to 5: profit increases by $975
5 to 4: profit increases by $585
4 to 3: profit increases by $390

12 to 11: profit increases by $0
11 to 10: profit increases by $0
10 to 9: profit increases by $0

16 to 15: profit increases by $0
15 to 14: profit increases by $0
14 to 13: profit increases by $0

The profit on Aqua-Spas can vary between $300 and $450 without changing the optimal solution.

10. The profit on Hydro-Luxes can vary between $233.33 and $350 without changing the optimal solution.



