CHAPTER 4

4.1 CONCEPT QUESTIONS, page 217

1. a. The objective function is to be maximized.
b. All the variables involved in the problem are nonnegative.
c. Each linear constraint may be written so that the expression involving the variables
is less than or equal to a nonnegative constant.

2. a. Itis transformed into a system of linear equations by the use of slack variables, if

required. The objective function is rewritten in the form

—C,X, —C, X, —---—C, X, + P =0.

b. The optimal solution has been reached if all the entries in the last row to the left of
the vertical line are nonnegative.

3. To find the pivot column locate the most negative entry to the left of the vertical line
in the last row. The column containing this entry is the pivot column. To find the
pivot row, divide each positive entry in the pivot column into its corresponding entry
in the column of constants. The pivot row is the row corresponding to the smallest
ratio thus obtained. The pivot element is the element common to both the pivot
column and the pivot row.

EXERCISES 4.1, page 217

1. All entries in the last row of the simplex tableau are nonnegative and an optimal
solution has been reached. We find
x=30/7,y=20/7,u=0,v=0, and P=220/7.

2. All entries in the last row of the simplex tableau are nonnegative and an optimal
solution has been reached. We find
Xx=0,y=6,u=0,v=2,and P =30.

3. The simplex tableau is not in final form because there is an entry in the last row
that is negative. The entry in the first row, second column, is the next pivot
element and has a value of 1/2.

4. All entries in the last row of the simplex tableau are nonnegative and an optimal

solution has been reached. We find
x=0,y=16,z=0,u=28,v=0,and P =48.
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10.

11.

The simplex tableau is in final form. We find
x=1/3,y=0,z=13/3,u=0,v=6,w=0and P=17.

The simplex tableau is not in final form because there is an entry in the last row
that is negative. The entry in the third row, first column, is the pivot element and
has a value of 2.

The simplex tableau is not in final form because there are two entries in the last
row that are negative. The entry in the third row, second column, is the pivot
element and has a value of 1.

The simplex tableau is not in final form because there is an entry in the last row
that is negative. The entry in the second row, sixth column, is the pivot element
and has a value of 6/5.

The simplex tableau is in final form. The solutions are

x=30, y=10,z=0,u=0,v=0, and P =60
and x=30, y=0,z=0,u=10,v=0, and P = 60.
(There are infinitely many solutions.)

The simplex tableau is not in final form because there is an entry in the last row
that is negative. The entry in the third row, first column is the pivot element and

has a value of 2.

We obtain the following sequence of tableaus:

X y u v P | const raa_tl_o_{ Xy u v P | const.
pr> 1 [ 100 4 4! T 1 100] 4
2 101 0| 5 151 ®® 10 -1 10| 1
_3_400105 i 1 0 40 1] 16
0
p.C.

The last tableau is in final form and we conclude thatx=0,y=4,u=0,v =1, and
P=16.
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12. The initial tableau is

X 'y u v P const.
1 1 10 0| 80
3 001 0] 90
-5 -3 0 0 1 0

Using the sequence of operations
1. IR, 2. R —-R;; Ry +5R, 3. R;+3R,
we obtain the final tableau

X Yy u Vv P |const
0 1 1 -1+ 0| 50
1 00 <+ 0] 30
0 0 3 2 1]300

from which we conclude that x =30,y =50, u=0,v =0, and P = 300.

13.
X y u v P | const I Ratio |
pr.—> 1 10 0] 12 1!
320 1 0| 24 loanepzl
J10 -2 00 1] 0 | |
0
p.C.
X y u v P | const
Ig, 3 1 700 6 Ribk
7 3 201 0| 4
~10 =12 0 0 1| 0
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Const

Xy u v P : Ratio :

7 1 500 6 | 6/1/2)=12 |
pr—>[2 0 -1 1 0| 12 | 12/2-6

| |

4 0 60 1] 72 | |

T

pC.

Xy u v P|const 1 Xy u v P|const
w21 £0 0] 6 g3 01 3 -4 0 3
10 -1 L ol 6 10 -+ L1 o 6
-4 0 6 0 1| 72 0 0 4 2 1] 96

The last tableau is in final form. We find that x=6,y=3,u=0,v =0, and P = 96.

14.  Starting with the initial tableau

X 'y u v Pjlcomst [ oo |

35 10 0 78 gg3-0!
pr.>[4 10 1 0] 36 | 36/40!

S5 400 1| 0 | |

N

p.C.

we use the sequence of row operations
I%RZ 2. R1-3R2; R3+5R2 3. iR1

4. R, —4R; Ry +4R,
to obtain the final tableau

Xy u vV P | const.
o1 + -2 0] 12
1 0 -+ 3 0 6
o0 & £ 1] 78
and conclude that x=6,y=12,u=0,v=0, and P = 78.
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We obtain the following sequence of tableaus:

15.

24

y u v w P |const

1

X
3

1 0 0 O

1

3 0o 0

-6 0 0 O

pr.— 1

1

—4

o

xo o

o+

o ' o

s |t 0 o0 |O

c | —

S

o

oo o o
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> o — O |Oo

S| o O O

> — — — |\O
|
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_.lllullul
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|
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c | — — <t
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(@]

alo o o|—

= | o e | N
[

> 1o — OO

S| O OO

SO o =IO

xE5_31_34

p.r.—

p.C.

(Observe that we have a choice here.)

_gRl
Ri—3R
R, +2R

Ry

6
10
8

48

S O O

w P | const.

—|oo —|en —|en

| |
S — O
ol © O

S o

X y u v

i wnen —|en

2

-2 0 0 0
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Xy u v w P/|const
1o 20 -+ 0 6
0 0 -2 1 -1 0 0
01 -+0 20 6
0 0 320 I 1| 60

We deduce thatx=6,y=6,u=0,v=0,w =0, and P = 60.

16.  The initial simplex tableau is

X y u v w P | const

1 1 1.0 0 O 12

3 1 o1 0 0] 30
10 7 00 1 0] 70
-15 =12 0 0 0 1 0

Using the sequence of row operations
1. %R3 2.R1-R3; Ry -3R3; Ry + 15R; 3. %R
4. R-+R;R +R:; R, +3R,

we obtain the final simplex tableau

3

Xy uv w P|const
0 010 -+ 0 2
L0 01 =& 0| 20
L 100 < 0] 10
L0 00 £ 1|12
from which we deduce that x =0,y =10, u=2, v =20, and P = 120.
17.  We obtain the following sequence of tableaus:
X y z u v Pjleoumst ]
| |
L1110 0p 8 g5
! —i—
pr.— 3 2 0 1 0| 24 |24/4=6|
3 4 500 1| 0 | |
T
p.C.
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18.

X 'y z u v P|const

1 1 1 10 0 8 Rl

21104+ 0 6

-3 4 -5 0 0 1 0

X 'y z u Vv P/const oo

1 : 1 i Ratio i

T 0 1 -3 0 2 | 2/0/2)=4 |_ox

| 10 6 56/(1/2):125

P00 o[ |
pk.

X Yy z u Vv P/|oconst Ry-3R

3 102 -+ 0 4 Ry +2R,

2 210 4+ 0 6

=+ -5 00 3§ 1] 30

Xy z u Vv P|const

+ 10 2 -1+ 0 4

01 -1 + 0 4

200 3 1 1| 36

This last tableau is in final form. We find thatx=0,y=4,z=4,u=0,v =0, and

P =36.

The initial tableau is

X Yy z u v P/|const
1 1 3 10 0| 15
4 4 3 0 1 0| 65
-3 -3 -4 0 0 1 0

Using the following sequence of row operations

1 1R

2. R,-3R;R,+4R, 3. 3R,

4. R,-3R;R,+3R
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we obtain the final tableau

X'y zZ u v P/|comst
1 1 3 10 0| 15
0 09 410 5
0 0 5 30 1] 45

We find that the solutions are x =15,y =0,z=0,u=0,v =15, and P = 45; and
x=0,y=15,z=0,u=0,v=>5, and P =45.

19.
X Yy Z U Vv W P |cConst :r""F"{;tiB““i
3710 05 10 0 0120 ¢ 000 )
pr.—> 5 80 1 0 0| 6 | g2y -2
§ 10 300 1 0| 105 |10510-212]
3 4 -100 0 1] 0 | |
pTc.

X Yy Z U Vv wW P cConst

3 10 5 10 0 0] 120 Ri-10R,

1 4041 00 30 RER

8§ 10 300 1 0| 105

3 4 -1 00 0 1| 0

Xy Z U VvV W P const
22 0 35 1 -5 0 0] 90

51 40 L o0 0 3
17 0 =37 0 -5 1 0| 75

70 150 2 0 1| 12

The last tableau is in final form. We find that x=0, y=3,z=0,u=90,v =0,
w=75and P=12.
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20. From the initial tableau

X Yy Z u Vv wW P|const
2 1 1T0 0 O 14
4 301 0 O 28
2 500 1 0 30
-1 -2 1 0 0 0 1 0

we use the following row operations

I. IR, 2. R - R;; R, - 2R;; R, + 2R, 3. 2R,
4. R, —2R; R —3R; R, +1R,

to obtain the final tableau

Xy z u v w P | Const
1 00 5 0 — O 5
0o 01 -2 1 0 0 0
o 11 -+0 + 0 4
0 03 + 0 2 1 13

and conclude that P attains an optimal value of 13 whenx=5,y=4,z=0,u=0,
v=0,and w=0.

21. We obtain the following sequence of tableaus:

X y Z UV W P|const E‘F;a"ti;"i
LT 1100 0] 20 |,
pr.—> 2 30 10 0| 42 forl—s
2 0 300 1 0| 30 [___|
4 6 -5 00 0 1] 0o | |
pTc.
X y Z U Vv w P const
I 1 1100 0[20
+ 1 304 00 2 2%,
2 0 300 1 0 30
4 -6 500 0 1| 0
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X Z U v w P :Ratio:

3 0 5 1 =5 00 % 1!

11 20 Looo] o, 2,
pr.>2l 0 30 0 1 0| 30 | 5|

10 -1 0 2 0 1] 6 | |

A

p.C.

X Yy Z U V W Plcomst R5R

L0 1 1 -1 0 0] & rur

11 20 L o0 0| ZL_Remo

1 0 20 0 1 0] 15

1 0 -+ 0 2 0 1] 6

Xy Z U Vv W P const

0 0 -+ 1 -+ -1 o] 2

0 1 00 + -1 0o 3

10 20 0 L of 15

00 10 2 L1 1] 78

So the solutionis x=15,y=3,z=0,u=2,v=0,w=0,and P = 78.

22.  From the initial tableau

X Yy Z u Vv W P|const

1 -1 1.0 0 0| 80

2 1 -1 01 0 0] 40
-1 1 0 0 1 0 80
-1 4 2 0 0 0 1 0

we use the following row operations
LR -R;R-R;R,+4R, 2. 1R, 3. R,+R;; R,+2R,
to obtain the final simplex tableau
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40

60
20
200

V. W P | Const.

I -1

0 0

S O
e —e

—len —|en

oS O

o

— O

—| |

1

1

3

4 0 0 0

0, and

0,w=

60,z=20,u=40,v=

=O’y=

and conclude that the solution is X

P =200.

We obtain the following sequence of tableaus:

23.

=20

40/2

40

u v w P | const.

z

0

1 0 0 1
-5 0 0 O

5
-10

1

-12

R,-3R,
R,—2R,
R,+12R,

45

40

u v w P | const.

z

-5 0 0 0 1

-10

-12

Ratio

=60/7

30/(7/2)

60

u v w P | const.

z

|l

—|

~|e

1

-1 0

0

p.r.—0

6 0 0 1

1
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~R
2 3
R
P 3
R, +4R,

R, -
R, —

30
60

:0’

u v w P | const.
6 0 0 1

z
1

10
46
86
22
60

N
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~
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e =
5_85_81"45 — o sl o — © oo
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1

0
0

1
312

0

1

u v w P const.
1 0 0 0 O

-1

t
3
-1 1 0 0 O
-9 -4 0
0 0 -2 -1 00
10 0 12 6 0 0 O

2 0
-2 0
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The last simplex tableau is in final form, and we have the solution x =0, y = 10,
z=0,t=0,u=46,v=_86,w =22, and P = 60.

25. We obtain the following sequence of tableaus, where u, vand w
are slack variables.

r———"1
X y Z U VvV W P | const ! Ratio |
| |
pr> 2 1 210 00 7 ! 2!
7R1
2 3 10100 8 1 412",
12 300 1 0| 7 17|
24 —16 =23 0 0 0 1 0 :
T
p.C.
X y Z U VvV W P | const.
114000 7 R
2 3 101 0 0 8 R,+24R,
1 2 300 10 7
24 -16 =23 0 0 0 1 0
X Yy Z u v w P | const :ﬁa_n;:
1 L 1 L1000 Z 17
: 1 : le
pr.—0 -1 -1 10 0| 1 1 %122,
| |
0 2 2 -0 10 A
0 4 1 12 0 0 1| 8 | l
T
p.C.
Xy Z u v w P | const
R—1R,
s 1 3000 3 Ry-3R,
0 1 _% _% % 0 0 % Ry+4R,
0 2 2 -0 10 1
0 4 1 12 0 0 1| 84
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X y Z U V W Plcost IRato!
10 3 foo0] & jsi
O R e T Tl A T B M
pr.—>0 0 T L
0 0 -1 10 2 0 1| 8 ! l
T
p.C.
Xy z u v W P | const
5 3 1 13 Ri-3Rs
1 0 y y y 0 0 vy RZ-%R}
0 1 -1 -1 1 0 0| 1 _ReR
0 O 1 ﬁ —% ﬁ 0 1
0O 0 -1 10 2 0 1 86
Xy z u V. W P | Const
1 00 Z & —s o 2
0O 1 0 —% ﬁ ﬁ 0 1
001 L+ -2 & of
0 00 4 B i [ g7

This last tableau is in final form and we conclude that P attains a maximum value
of 87 whenx=2,y=1,andz=1.

26. From the initial tableau

X Yy z uv w P|const
2 1 2 10 0 0| 14
2 4 101 0 0 26
1 2 300 1 0] 28
-2 -2 -1 0 0 0 1 0

we use the following row operations
L. t+R, 2. R -R,;;R,-2R,; R, +2R, 3.%R,
4. R, -1R;R,-1R; R, +R,
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to obtain the final tableau

Xy z u Vv w P/|cont
1o I 2 -1 00 5
o1 -+ -+ 1 0 0 4
o0 2 0 -1 1 0f 15
o o0 2 2 1 0 1| 18

The solutionis x=5,y=4,z=0,u=0,v=0,w=15,and P = 18.

27. Pivoting about the X-column in the initial simplex tableau, we have

X \ Z u v P|const I_R_at_io_l

373 2 10 0100 {0031 ls
| ——

pr—>1[5] 5 3 0 1 0|15 |i50/5!

2 22 00 1| o | |

T

p.C.

X 'y z u v P/|const

3 3 -2 10 0] 100 R3%
3 2

11 20 L o 30

-2 2 4 0 0 1 0

Xy Z U Vv P |const

00 -2 1 -2 0] 10

11 20 1 0] 30

00 %0 2 1] 60

and we see that one optimal solution occurs when X =30,y =0, z=0, and
P = 60. Similarly, pivoting about the y-column, we obtain another optimal
solution: x =0,y =30,z =0, and P = 60.
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28.

29.

We tabulate the given information

Product A ProductB Time available

(min)
Machine | 6 9 300
Machine II 5 4 180

Profit per unit | 3 4

Let x and y denote the number of units of Product A and Product B to be produced.
Then the required linear programming problem is:

Maximize the objective function P = 3X + 4y subject to the constraints
6X+9y <300

Sx+4y <180

Xx=>20,y>0
The initial simplex tableau is

X y uv P

6 9 1 0 0300

5 4 0 1 0] 180

-3 -4 0 0 1, O

Using the following sequence of row operations
L 3R 2. R,—-4R; R;+4R, 3. 2R, 4. R -3R,; R;+1R,
we obtain the final tableau

Const

X Yy u Vv P | const
o1 & -2 0] 20
1 0 -4 2 0| 20
o 0o % 1 1]140

and conclude that x =20,y =20, u=0, v=0, and P = 140. They should make 20
units of each product. The maximum profit is $140. There is no time left unused
because U=V =0.

Let the number of model A and model B fax machines made each month be X and
y, respectively. Then we have the following linear programming problem:
Maximize P = 30x + 40y subject to
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30.

100x+150y < 600,000
X+ y< 2,500

X>0,y>0
Using the simplex method, we obtain the following sequenceof tableaus:

X y uv P Const | Ratio |

100 150 1 0 0[600,000 1,001 . .

1 0 1 0| 2,500 1as00! PR

30 40 0 0 1 o I

X y u v P Const

-50 0 1 -150 0 |225000

1 10 1 0 2500

10 0 0O 40 11| 100000

We conclude that the maximum monthly profit is $100,000, and this occurs when
0 model A and 2500 model B fax machines are produced.

Let X denote the number of model A hibachis and y the number of model B
hibachis to be manufactured. Then the problem is equivalent to the following
linear programming problem:
Maximize P = 2x + 1.5y subject to
3x+4y <1000
6x +3y <1200
X>20,y=>0
The initial simplex tableau is

X 'y u v P const
3 4 1 0 0/1000
6 3 0 1 0]1200
-2 -3 0 0 1 0

Using the following sequence of row operations,

1R, 2. R-3R;R,+2R, 3. 2R 4. R,-1iR;R+1R
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we obtain the final tableau

Xy u Vv P|const
0 1 % -1 0160
1 0 -+ & 0]120
0 0 + & 1|48

We conclude that the company should produce 120 model A and 160 model B

hibachis to realize a profit of $480. There are no raw materials left because
u=v=0.

31.  Suppose the farmer plants X acres of Crop A and y acres of Crop B. Then the
problem is

Maximize P = 150X + 200y subject to
X+y<150

40x+60y <7400
20x+25y <3300
X>0,y>0

Using the simplex method, we obtain the following sequence of tableaus:

X y u v w P |Const
1 1 0 0 0] 150 R 20m
40 60 0 1 0 0| 7400 __RatIS0R o
20 25 0 0 1 0] 3300
-150 200 0 0 0 1 0
X y u v w P Const E_F_Ra_ti_o_i
1 1 100 0 15051505
0 20 —40 1 0 0| 1400 5700 E—R>
p.r.—0 20 0 1 0] 300 60
0 =50 150 0 0 122500 | l
T
p.c.
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32.

X y u v w P | Const
R,-R

I 1 1.0 0 0f 15 g oo
0 20 =40 1 0 O 1400_Rat30Rs
0 1 40 L 0 60
0 =50 150 0 0 122500
X y u v w P| Const E_F_za_ti_o_i
10 50 -+ 0 9% |18 |

pr.—-0 0 I -4 0| 200 1 5 ;;w
01 40 L0 60 i——i
0 0 50 0 10 125500 | !
T
p.c.

Xy u v w P | Const
10 50 -Lof 90 %
00 1 &+ &0 5 RS0k
01 -4 0 Lo 60
0 0 =50 0 10 125500

Xy u v w P| cConst

100 -1 3 0 65

00 1 & —& 0 5

010 & -1 0 80

0 00 3 5 1[25750

The last tableau is in final form. We find x = 65, y = 80, and P = 25,750. So the
maximum profit of $25,750 is realized by planting 65 acres of Crop A and 80 acres
of Crop B. Since U =5, we see that there are 5 acres of land left unused.

Let x (in thousands) denote the amount invested in project A and Y (in thousands)
the amount invested in project B. Then we have the following linear programming

319 4 Linear Programming: An Algebraic Approach



problem: Maximize P =0.1x+0.15y
X+y <500
y<0.4(x+Y)
X=>0,y>0
which can be rewritten as
Maximize P =-5X+- Y subject to
X+ y<500
-2X+3y <0
Xx=>20,y=>0
The initial simplex tableau is
X y u v P |const

1 1 10 0]500
2 [Blo 1 o] o
1] o

Using the following sequence of row operations

1 3 3 2 1
1. ng 2. R -R;; R3+%R2 3. gRl 4. R2+§R1; R3+§R1
we obtain the final simplex tableau

Xy u vV P | const
1 0 2 -1 0]300
0 1 2 L 0200
0 0 & & 1| 60

The last tableau is in final form, and we see that the optimal solution is X = 300,
y =200, and P = 60. So the financier should invest $300,000 in project A and
$200,000 in project B. The maximum return is $60,000.

33. Suppose Ashley invests X, Y, and z dollars in the money market fund, the
international equity fund, and the growth-and-income fund, respectively. Then the
objective function is P =0.06x+ 0.1y +0.15z. The constraints are
X+Y+2<250,000; z<0.25(Xx+Yy+2);and y<0.5(X+Yy+2).
The last two inequalities simplify to
—4X—3Yy+32<0 or —Xx-y+3z<0
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and —IX+3y-12<0, or —x+y-z<0.
So the required linear programming problem is
Maximize P = 0.06x + 0.1y + 0.15z2 = < X+ Y+ Z subject to
X+Yy+ z2<250000

—X—-y+3z<0
—X+y—-2<0
X>0,y>0,z2>0
Let u, v, and W be slack variables. We obtain the following tableaus:
X oy Z uv weP Const. :_F_ga_tio |
1 1 1 1 0 0 0]250000 ;250000
| |
pr.> -1 -1 3o 1 0 0 01 0
-1 1 -1 00 1 O 0 i —— i
= % 5000 1] ol |
T
p.c
X y Z uv w P Const.
1 1 1 1T 0 0 0]250000
-1 1 0L 00 0
-1 1 -1 0 0 1 O 0 Rtz
- —& -5 0 0 0 1 0
X 'y zu v w@P Const. | Ratio |
| |
1 £ 0 1 —% 0 0]250000 i2540/0300:187500i
L 110 L 00 Oi —
~4 00 + 10 0 i 0 i
L300 L 0 1 0 | |
T
p.C.
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X 'y z u Vv w P Const.
4 4.0 1 -1 0 0]250000
SR L
) 00 L 20 0 RedR:
—L 30 0 L o0 1 0
X 'y zu v wP Const. E__R;t_io__i
00 1 -1 =2 0250000 | 62500 |
-1 010 L 10 0} - -
2 100 L 20 01 0 |
“w 000 5% & 1 0 | |
A
p.C.
X Yy zZ u VvV W P| const
0 041 -1 -1 0]62500
L0 L0y 0 0
-2 1 0 0 % % 0 0 Re+iR
—A0 0 0 2 = 1 0
X Yy z u v w P Const.
1 00 L -1 —1 0l 62500
0 01 L+ 1 0 0] 62500
0 10 < 0 L1 0[125000
0 0 0 4 = 1L 1| 25625

The last tableau is in final form, and we see that X = 62,500, y = 125,000,
z2=62,500, and P = 25,625. So, Ashley should invest $62,500 in the money
market fund, $125,000 in the international equity fund, and $62,500 in the growth-
and-income fund. Her maximum return will be $25,625.

4.1 Standard Maximization Problems 322



34. Refer to Exercise 33, page 253 of this manual. The linear programming problem is

Maximize P =45x+20y subject to
40x+16y <3200

3Xx+ 4y < 520
X>0,y>0
The initial simplex tableau is

X y u v P | const
16 1 0 013200
340 1 0] 520
—45 20 0 0 1 0

Using the following sequence of row operations
l1..sR 2. R,-3R; Rj+45R, 3. 3R, 4. R —-32R,;R,+2R,
we obtain the final tableau

Xy u v P | const

1 0 2% -+ 0 40

0 1 -& -+ 0] 100

0 0 3 2 1]3800
We conclude that Winston should manufacture 40 tables and 100 chairs for a
maximum profit of $3800.

35.  We wish to maximize P = 18x + 12y + 15z subject to

2X+ y+2z2< 900
3Xx+ y+2z<1080
2X+2y + z< 840
x>0, y>20,z>0
Let u, v, and W be slack variables. We obtain the following tableaus:
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X y Z U Vv w P const E_ﬁa_t,_o:
2 1 21000 900i45()i
pr.—> 1 20 1 0 0]1080]360 %,
22 1 0 0 1 0 840, 420 |

[ |
18 -12 =15 0 0 0 1 0! |
T
p.C.
X y Z u v w P |const
2 1 2 10 0 0] 900
I 4 304 0 03602,
2 2 1 00 1 0| 840 FRi8R
18 -12 =15 0 0 0 1| 0
X y z U v W P | const
0 & 2 1 -2 0 0| 180
1 L 20 1 0 0 360_z~
0 -1 0 -2 1 0f 120
0 6 -3 0 6 0 16480
Xy Z U v w P | const
0 4+ 2 1 -2 0 0] 180
1 5§ 30 $ 0 0 360_2::?%: s
o 1 -+ 0 -1 320 90 Re*oRs
0 6 -3 0 6 0 16480
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X'y zZ u VvV W P const

0 0 1 -1 -1 0| 150

10 20 L1 -1 0] 330—">
0 1 -+ 0 -1+ 2 0| 90

00 -20 6 2 1/7020

X'y z u Vv w P/ const

00 1 4 -2 -1 0f 200

1o 20 L -1 330%
0 1 -+ 0 -1 2 0| 90 R=R
00 -2 0 6 2 1[7020

X'y zZ u VvV W P const

0 0 1 4 -2 -1 0| 200
100 -1 1 0 0| 180

0 10 L -2 2 0| 140
000 6 3 3 1/7920

The last tableau is in final form and we conclude that the company will realize a
maximum profit of $7920 if they produce 180 units of product A, 140 units of
product B, and 200 units of product C. Since u =V =w = 0, there are no resources
left over.

36. Refer to Exercise 14, page 228 of this manual. The linear programming problem is

Maximize P =10x+15y subject to
1.5x+ 2y < 3,600

30x+35y <66,000
5x + 8y <13,600
X>0,y>0

The initial simplex tableau is given by
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37.

X y u v w P| Const
3210 0 0f 3600
6 7 01 0 066000
5 0 0 1 013600
10 =15 0 0 0 1 0

Using the following sequence of row operations

1. 3R, 2. R-2R,;;R,=7R;; R, +15R, 3. 4R
4. Rz _%Rl; R3 _%R]; R4 +%R1
We obtain the final tableau

X 'y u v w P | Const
I 0 4 0 -1 0 800
0 0 -2 1 32 0/52800
o 1 -2 0 2 0] 1200
0 0 > 0 3 1]26000

Thus, x = 800, y = 1200, and P = 26,000. We conclude that 800 pandas and 1200
Saint Bernards should be produced for a maximum profit of $26,000.

Suppose the Excelsior Company buys X, Y, and Z minutes of morning, afternoon,
and evening commercials, respectively. Then we wish to maximize

P =200,000x + 100,000y + 600,000z subject to
3000x +1000y +12,000z < 102,000

z2<6
X+ y+ z<25
X>20,y>0,z>0

Using the simplex method, we obtain the following sequence of
tableaus.
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X y Z uvw@P Const. | Ratio |
| |
3000 1000 12,000 1 0 0 0][102,000 |17/2} ~20%%
| | 3 2
0 0 101 00 6 i 6 E—M*‘“’O’OOORZ
1 1 100 10 25 125
200,000 —100,000 -600,000 0 0 0 1 0 i
X y z u v w P Const. :rEg;ti_o_i
3000 1000 0 1 -12,000 0 0| 30000 | 10 | |
| IR
0 010 1 0 0 6 | 1w,
1 100 110 19 19 |
200,000 100,000 0 0 600,000 0 13,600,000 | |
X y z u v w P Const.
1 10 o 4 0 0 10 Rk,
O 0 1 O 1 O O 6 R, +200,000R;
1 10 0 -1 1 0 19
~200,000 —100,000 0 0 600,000 0 13,600,000
X y z u v w P Const.
1 L0 L 4 0 0 10 1
0 0 1 0 1 0 0 6 30
0 20 -k 1 0 9
0 -1 o 2 200,000 0 1]5,600,000
X y z u v w P Const.
1 Lo & 4 0 0 10 R
0 0 1 0 1 0 0 6 R, +200,000R;
0 20 -5k 110 3
0 1000 o 200 200,000 0 15600000
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X y z u v w P Const.
I 50 —55 0 40 22
0 -3 1 om0 -1 0 3
0 30 -y I 10 5
0 1m0 0 g X0 116,200,000

We conclude that x=22,y=0,z=3,u=0, Vv =23, and P = 6,200,000. Therefore,
the company should buy 22 minutes of morning and 3 minutes of evening
advertising time, thereby maximizing their exposure to 6,200,000 viewers.

38.  The problem is to maximize P = 0.12x + 0.10y + 0.06z subject to

X+ y— <0
X=3y+ z<0
5x+ y-3z<0
X+ Yy + z<200,000

The initial simplex tableau is

X y z tuv wP Const.
1 1 -1 1.0 0 0 O 0
1 -3 1 010 0 0 0
5 1 -3 0 01 0 O 0
1 1 1 00 0 1 0]200,000
-0.12 =010 -006 0 0 0 0 1 0

Using the following sequence of row operations,

. R,-R; R,-5R. R,—R;; Ry+012R, 2. 1R,
3. R +R,;; Ry,—2R,; R, —2R,; Ry +0.18R,

4. LR, 6. R +R;; R, +2R,; Ry+034R,

we obtain the final tableau
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39.

Xy z t u v w P Const.
1 00 05 025 0 025 0] 50,000
0 0 1 -05 0 0 0.5 01 100,000
0 00 -4 -1 1 0 0 0
0 10 0 -025 0 025 0| 50,000
0 0 0 003 0005 0O 0085 1| 17,000

Therefore, the maximum return on the investment each year is $17,000 when
Sharon invests $50,000 in growth funds, $50,000 in balanced funds, and $100,000

in income funds.

We first tabulate the given information:

Department | Model Model Model Time available
A B C

Fabrication 2 3 3 310

Assembly 1 1 3 205

Finishing 1 1 1 190

Profit 26 28 24

Let X, y, and z denote the number of units of model A, model B, and model C to be
produced, respectively. Then the required linear programming problem is

Maximize P = 26X + 28y + 24z subject to
2X+3y+32<310

X+ y+22<205

X+ y+32<190

Xx>20,y>0,z>0

Using the simplex method, we obtain the following tableaus:
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u v w P |const

z

s —

-24 0 0 0 1

-28

-26

-10 0 0 28 15320
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X'y z U Vv W P|const 1
-1 01 4 2 0| NEN
1 00 —4 12 -6 0| 80 et
110 -2 0 2 0 wm R
4 00 % 0 8 1|lgw
Xy zZ U V. W P | const
0 0 1 4 -4 0] 60
1 00 -4 12 -6 0| 80
0 10 4 -14 9 0| 80
0 00 8 16 0 1]5760

The last tableau is in final form. We see that x =80,y =80,z=60,u=0,v =0,
w =0, and P = 5760. So, by producing 80 units each of Models A and B, and 60
units of Model C, the company stands to make a profit of $5760. Since
u=v=w =0, there are no resources left over.

40. The linear programming problem is

Maximize P = 3400x + 4000y + 5000z subject to
6Xx+ 8y+10z< 8200

24X +22y+20z <21800
18x +21y+30z <23700
Xx>20,y>0,2>0

The initial simplex tableau is

y zZ uv wP Const.

8 10 1.0 0 O 8200

24 22 20 0 1 0 0]2L800

18 21 30 0 0 1 0123700
-3400 —4000 -5000 0 0 O 1 0
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41.

Using the sequence of row operations

1. £R;; 2. R —10R;; R, —20R,; R, +5000R,
3. R,—8R;R,—ZR; R,+500R, 4.L1R, 5 R,—iR,; R,+400R,

we obtain the final simplex tableau

X Yy z u v w P Const.
0 10 1 0 -+ 0 300
1 o0 -2 L 10 300
o 01 -3 —-% 1 0 400
0 0 0 X 1N 2% 71)47220,000

from which we conclude that maximum profit of $4,220,000 is obtained if Boise
produces 300 standard, 300 deluxe, and 400 luxury models. Since u =2, we see

that there are 4% hours left over.

Let X, y, and z denote the number (in thousands) of bottles of formula I, formula I,
and formula |11, respectively, produced. The resulting linear programming problem

is
Maximize P = 180x + 200y + 300z subject to
$X+3y+4z2<70

X< 9
y<12
z2< 6
X>20,y>20,2>0

Using the simplex method, we have
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70
9

S t u v P const.
0 0 0 O
1

z
4
0

0 0 O

1

1
0
0 00

e —

0

0

1

0
-200

p.r.—

1

=300 0 0 0 O

—-180

/I\

p.C.

11800

0
0

3010
0 0 0

1

0

oo o1
0

0
0

—-180

pr.—»

0

1

1 0 00
=200 0 0 0 O 300

Const.

Ry=Ry

R, +180R,

12

u

0 0 01 0
1 00O

1

0

0

1

0

0

1

0 0
-180 0 0 0 O 200 300

v P

u

%)

o

0 0 01

1

0

0

1

1 0 0O

1| 4200

-180 0 O O 0O 200 300
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Xy z s u Vv P const rga‘ti‘o‘!
100 20 -& -8 0 40
100 -2 1 [ 0] 5121
010 00 1 0 0 12121
001 00 0 1 0 61— |
000 72 0 —16 12 14920 i
Xy z s t u v P const
100 20 -¢£ -2 0 4 RelR
000 -4 1 4 0 = U
010 00 1 0 0 12
001 00 0 1 0 6
000 72 0 —16 12 1]4920
Xy z s tu v P Const.
100 0 10 0 0 9
000 -+ 21 490 2
010 1 -0 -4 0 a
001 0 00 1 0 6

0 0 0 2 4 o 10 ]]|49862

Therefore, X =9,y =47/6,2=6,s=0,t=0,u= 2 and P =~ 4986.67; that is, the

company should manufacture 9000 bottles of formula I, 7833 bottles of formula I,
and 6000 bottles of formula 11l for a maximum profit of $4986.60. Yes, ingredients
for 4167 bottles of formula II.

42. Refer to Section 3.2, Exercise 27, of this manual. Let u, v, w, and S be slack
variables. The initial tableau is
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X Z uv w s P| const
0 4 10 0 0 0]16000
8 12 8 0 1 0 0 0]24000
0 4 4 00 1 0 0| 5000
0 O 1 00 01 0 800
-1 -4 -3 00 0 0 1 0
Using the following sequence of row operations
1. %R1 2. R,-8R; R, +R, 3. %Rz 4. R,—4R,; R, +£R,
5. Rl _%th; Rz _%R4; R3 _§R4; Rs +%R4
we obtain the final tableau
Xy z u Vv w s P const
1 00 4+ 0 0 -1 0]1600
0 10 -5 & 0 -1 0 400
0 00 <+ -+ 1 -% 0/ 200
0 0 1 0 0 O I 0] 800
0 00 &% & 0 1 1|2640

We see that X = 1600, y = 400, z = 800, and P = 2640. Therefore, Cal-Juice should
produce 1600 cartons of pineapple-orange juice, 400 cartons of orange-banana
juice, and 800 cartons of pineapple-orange-banana juice, respectively. The
maximum profit is $2640. Since w = 200, we see that 200 oz of banana pulp are
left over.

Refer to Section 3.2, Exercise 19, of this manual. Let u, v, w, and s be slack
variables. We obtain the following tableaus.
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X y z u v w s P Const. [~ __~~71
| Ratio
001 -+ 00 0 200000058000005
| |
-+ 010 & & 0 0 Oi -- i R,
-1 100 -4 L+ 00 or 0
1000 0 -210 01 0 |
% 000 5 & 01 0
Xy z U v w s P Const.
1100 2 0 -L 0 0]800000
4010 § 00 0 g
-1 100 -+t 100 0o
-1 000 0 -2 10 0 RmR
-%= 00 0 5 £ 0 1 0
X Yy z U v w s P Const.
1 00 ¢ 0 —5 0 0]800000
0 01 + % 0 0 0/|400000
010 2 —% + 0 0800000
0 00 2 0 -% 1 0]800000
0 00 &% =g 35 O 1280000

The last tableau is in final form, and we see that X = 800,000, y = 800,000,
z=400,000, and P =280,000. Thus, the financier should invest $800,000 each in
Projects A and B, and $400,000 in Project C. The maximum returns are $280,000.

44.  The problem is Maximize P =3X+2Yy subject to
X—y<3
X<2
X>0,y=>0
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b. This is evident from part (a).
c. Introduce the slack variables u and v. We have the following tableaus:

X y u v P |const E_F_{a_t;)_i X y u vV P | const.
pr.> 1 -1 1.0 0] 3 |31 -1 1 -1 0] 1

[ oo 10 2 {2 ™= 1 00 10| 2

3 200 1] 0 | | 020 3 1| 6

1 0

oc. p.C.

Since the entries in the pivot column are 0, and —1, the ratios cannot be computed.
d. The first line in the second tableau in part (C) tells us that —y+u—v=1 or

y =u—V—1. The last equation shows that y can be made as large as we please by

taking U sufficiently large. Thus, P can be made as large as we please. So, no
solution exists for this problem.

45. False. Consider the linear programming problem
Maximize P = 2x + 3y subject to
—X+y<0
Xx=0,y=0

46. True. See the explanation of the simplex method on page 207 in the text.

47. True. Consider the objective function P =¢,X+¢C,X, +---C X, which may be

written in the form
—C,X, —C,X, —---—C. X, +P =0
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Observe that the most negative of the numbers —C,,—C,,---,—C, (which are the

numbers comprising the last row of the simplex tableau) is just the largest
coefficient of X, in the expression for P. Thus, moving in the direction of the

variable with this coefficient ensures that P increases most.
48. True.
USING TECHNOLOGY EXERCISES 4.1, page 226
1. x=12,y=0,z=1.6,w=0;P=28.8
2. Xx=533,y=0,z=2.67,w=0; P=21.33.
3. x=1.6,y=0,z=0,w=3.6; P=124
4, x=0,y=3.33,z=1.33, w=0;P=17.33.
4.2 CONCEPT QUESTIONS, page 234
1. Maximize P =-C =3x+5y

subject to
5X+2y <30

X+3y <21
X>0,y>0

2. a. The objective function is to be minimized.
b. All the variables involved are nonnegative.

c. Each linear constraint may be written so that the expression involving the variables

is greater than or equal to a constant.

3. The primal problem is the linear programming (maximization) problem associated
with a minimization linear programming problem. The dual problem is the linear
programming (minimization) problem associated with the maximization linear
programming problem.

4. a. The primal problem has a solution if and only if the corresponding dual problem
has a solution.
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