CHAPTER 16

16.1 The area and volume can be computed as

A=ar? +2arh (1)
V =ar?h (2)

An Excel spreadsheet can be set up to solve the problem as

A | B |
1 |radius 1
_2 |height 1
3|
_4 |volume 3.141593
_5 |desired volume 0.5

5

_7 |side area 6.283185
_ B |bottom area 3.141593
9 |total area 9.424778

The formulas are

A [ B |

_1 |radius 1
_2 |height 1
B8
_4 |volume =PI{)*B12*B2
_5 |desired volume 0.5

6
_7 |side area =2"PI)"B1"B2
_6 |bottom area  =PIJ"B1"2
9 |total area =SUM(B7:B8)

The Solver can be called and set up as

Solver Parameters

!

Set Target Cell: §E49 »
Equal To: OmMax @Mn Ovaueof: |0 |
By Changing Cells:
(smp1:4m82
Subject to the Constraints:
ZEE |
-_ghange
(oo ]
Delete

The resulting solution is

PROPRIETARY MATERIAL. © The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual
may be displayed, reproduced or distributed in any form or by any means, without the prior written permission of the
publisher, or used beyond the limited distribution to teachers and educators permitted by McGraw-Hill for their
individual course preparation. If you are a student using this Manual, you are using it without permission.




A | B
1 |radius 0.542187
_2 |height 0.541403
3
4 |volume 0.499999
5 |desired volume 0.5
B
_7 |side area 1.844378
_ B8 |bottom area 0.923525
9 |total area 2.767902

Thus, the Solver says that the optimal cylindrical container is one where the radius equals the
height. For the case of the desired V = 0.5 m®, the dimensions are r = h = 0.542 m.

The general result of r = h can be verified using calculus as follows. First, we can solve the
volume equation for h as

h=—> 3
nir

This can be substituted into the area equation to give

A=nr? +27ZrL2=7Zr2 e
ar r

We can differentiate this equation with respect to r to yield

which can be set equal to zero and solved for

=
v

This result can then be substituted into Eq. 3 which can be solved for

n=q”
z

Thus, we prove that the optimal container has r = h = (V/2)**. For our desired volume of 0.5
m?, this means that r = h = (0.5/2)"® = 0.541926 m, which confirms the result obtained
numerically with the Excel Solver.

16.2 (a) The area and volume can be computed as

A=ar? + aryr? +h? (1)
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(2)

An Excel spreadsheet can be set up to solve the problem as

A [ B ]
_1 |radius 1
_2 |height 1
3|
_4 volume 1.047198
_5 |desired volume 0.5

6

_7 |top area 3.141593
_6 |side area 4.442883
9 |total area 7.584476

The formulas are

A [ B
1 |radius 1
2 |height 1
=
_4 volume =PI{*B142*B2/3
_5 |desired volume 0.5
5
Ztop area =PI)"B12
8 |side area =PIj"B1"SQRT(B1"2+B622)
9 |total area =B7+B6

The Solver can be called and set up as

Solver Parameters

Set Target Cell: §ics0 | _ Solve

|

Equal To: OMax @M Ovalueof: |0 ‘

Close
By Changing Cells:
s
Subject to the Constraints: Options

|$B$4 == $B45 [

Change
Reset All

Delete
— Help

The resulting solution is
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A [ B ]
1 |radius 0.552692
2 |height 1.561923
&l
4 |volume 05
5 |desired volume 0.5
B
| 7 |top area 0.960353
8 |side area 2.877962
9 |total area 3.838315

(b) For this case, the area and volume can be computed as

A=7m+r? +h?

ar?h

V:

3

An Excel spreadsheet can be set up to solve the problem in a similar fashion to part (a) with

the result: r = 0.6964 m and h = 0.9844 m.

16.3 This problem can be solved in a number of different ways. For example, using the golden

section search, the result is

i c g9(cy) C2 9(c2) C1 g(cy) Cu g(cu) d Copt &a

1 0.0000 0.0000 3.8197 0.2330 6.1803 0.1310 10.0000 0.0641 6.1803 3.8197 100.00%
2 0.0000 0.0000 2.3607 0.3350 3.8197 0.2330 6.1803 0.1310 3.8197 2.3607 100.00%
3 0.0000 0.0000 1.4590 0.3686 2.3607 0.3350 3.8197 0.2330 2.3607 1.4590 100.00%
4 0.0000 0.0000 0.9017 0.3174 1.4590 0.3686 2.3607 0.3350 1.4590 1.4590 61.80%
5 0.9017 0.3174 1.4590 0.3686 1.8034 0.3655 2.3607 0.3350  0.9017 1.4590 38.20%
6 0.9017 0.3174 1.2461 0.3593 1.4590 0.3686 1.8034 0.3655  0.5573 1.4590 23.61%
7 12461 0.3593 1.4590 0.3686 1.5905 0.3696 1.8034 0.3655  0.3444 15905 13.38%
8 1.4590 0.3686 1.5905 0.3696 1.6718 0.3688 1.8034 0.3655  0.2129 1.5905 8.27%
9 1.4590 0.3686 1.5403 0.3696 1.5905 0.3696 1.6718 0.3688  0.1316 1.5905 5.11%
10 1.5403 0.3696 15905 0.3696 1.6216 0.3694 1.6718 0.3688  0.0813 1.5905 3.16%
11  1.5403 0.3696 15713 0.3696 1.5905 0.3696 1.6216 0.3694  0.0502 1.5713 1.98%
12 1.5403 0.3696 15595 0.3696 1.5713 0.3696 1.5905 0.3696  0.0311 1.5713 1.22%
13 1.5595 0.3696 1.5713 0.3696 1.5787 0.3696 1.5905 0.3696  0.0192 1.5713 0.75%

Thus, after 13 iterations, the method is converging on the true value of ¢ = 1.5679 which
corresponds to a maximum specific growth rate of g = 0.36963.

16.4 (a) The LP formulation is given by

MaximizeC =30X + 30Y + 357

subject to

6X +4Y +127 <2500

{Maximize profit}

{Raw chemical constraint}
0.05X +0.1Y +0.2Z <55 {Time constraint}
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X +Y +Z<450 {Storage constraint}
X,Y,Z2>0 {Positivity constraints}

(b) The simplex tableau for the problem can be set up and solved as

Basis C X Y z S1 S2 S3 Solution Intercept
P 1 -30 -30 -35 0 0 0 0
S1 0 6 4 12 1 0 0 2500 208.3333
S2 0 0.05 0.1 0.2 0 1 0 55 275
S3 0 1 1 1 0 0 1 450 450
Basis C X Y z S1 S2 S3 Solution Intercept
P 1 -125 -183333 0 291667 O 0 7291.667
z 0 0.5 0.33333 1 008333 O 0 208.3333 625
S2 0 -0.05 0.03333 0 -0.0167 1 0 13.33333 400
S3 0 0.5 0.66667 0 -0.0833 0 1 241.6667 362.5
Basis C X Y z S1 S2 S3 Solution Intercept
P 1 1.25 0 0 0.625 0 27.5 13937.5
z 0 0.25 0 1 0.125 0 -0.5 87.5 700
S2 0 -0.075 0 0 -0.0125 1 -0.05 1.25 -100
Y 0 0.75 1 0 -0.125 0 1.5 362.5 -2900

(c) An Excel spreadsheet can be set up to solve the problem as

A | B | ¢ | D | E [ F |
18] Product 1 Product 2 Product3 Total  Constraint
2 |amount 0 0 0
3 |material B 4 12 0 2500
4 |time 0.05 0.1 0.2 0 55
| 5 |storage 1 1 1 0 450
| 6 |profit 30 30 35 0

The formulas are

A | B | e | D | E | F |
L5t Product 1| Product 2| Product 3 Total Constraint
2 jamount O 0 0
3 |material 6 4 12 =B3"B%$2+C3"C$2+D3"D$2 2500
4 |time 0.05 0.1 0.2 =B4"B$2+C4"CH2+D4"DF2 55
| 5 |storage |1 1 1 =B5"B§2+C5CH2+D5"D$2 450
| B |proft 30 30 35 =B6"B$2+C6*CH2+DE"DS2

The Solver can be called and set up as
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Solver Parameters @

Set Target Cell: lF Solve

Equal To: ®max Omn  Ovalueof: [0

By Chanaging Cells:

($8$2:4D52

Subject to the Constraints: Options

[$B$2 >=0

R

|$D$2 =10

B

o5t <=

i <= rss :
The resulting solution is

A | B | ¢ | b | E | F |

S| Product 1 Product 2 Product3 Total  Constraint
_ 2 |amount 0 362.5 875
3 |material B 4 12 2500 2500
4 |time . 005 041 | 02 | 8375 | 55
_ 5 |storage 1 1 1 450 450
_ B |profit 30 30 35 13937 .5

In addition, a sensitivity report can be generated as

Al B | c | b ] E | F

@
e

1 |Microsoft Excel 11.0 Sensitivity Report

2 |Worksheet: [Proh1604.xlIs]Sheet1

3 |Report Created: 6/29/2005 8:38:14 AM

4

5

6 |Adjustable Cells

7 Final Reduced Objective Allowable Allowable

8 Cell Name Value Cost Coefficient Increase Decrease

9 $B%2 amount Product 1 0 -1.25 30 1.25 1E+30
10| $C%2 amount Product 2 3625 0 30 5 1.666666667
11 $D%2 amount Product3 875 0 35 55 5
12

13 |Constraints

14 Final Shadow Constraint Allowable Allowable

15 Cell Name Value Price R.H. Side Increase Decrease

16 | $E%3 material Total 2500 0.625 2500 100 700
17| $E%4 time Total 53.75 0 55 1E+30 1.25
18| $E$5 storage Total 450 275 450 25 241 6BEBEET

(d) The high shadow price for storage from the sensitivity analysis from (c) suggests that
increasing storage will result in the best increase in profit.

16.5 An LP formulation for this problem can be set up as

MaximizeP =2000Z, — 75Z, + 250Z, — 300V {Maximize profit}
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subject to

Z,+Z, <7500
252, +Z, <12500
Z,-Z,-Z5-W =0

{X material constraint}
{Y material constraint}
{Waste constraint}

An Excel spreadsheet can be set up to solve the problem as

A | B | ¢ | b | E | F | 6 |
| ik 1 2 i3 WY total constraint
_ 2 |amount 0 0 0 0
_3 |amount X 1 1 0 0 ] 7500
4 |amount Y 25 0 1 0 0 12500
5 |amount W 1 -1 -1 -1 0
_B |profit 2000 -75 250 -300 ]

The formulas are

A [ B [ ¢ [ b E ] F [ 6 |
RIS 1 2 i3 W total constraint
2 lamount O 0 0 0
_3 |amount X1 1 0 0 =B3"B%$2+C3*C$2+D3"D$2+E3"ES2 7500
_4 lamount Y 2.5 0 1 0 =B4"B$2+C4*CH2+D4"DF2+E4"ES2 12500
_5 lamount W 1 -1 -1 -1 =B5"B%2+C5"CH2+D5"DI2+ES"ESF2
_B |profit 2000 75 250 -300 =B6*B%$2+C6*CH2+D6"D$2+EB"ES2

The Solver can be called and set up as

Solver Parameters

!

Set Target Cell: i Solve

EqualTo:  @OMax OMin  Ovalieof: |0 i

By Changing Cells:

lr$73$27$5$2 B -_guess

Subject to the Constraints:

[$cs2 ==0 i

jicke=0 A

[$E$2 >=0 h

e |

it <= s 5 -

ris= gots gl =
The resulting solution is

A | B [ ¢ [ b | E T F T & |

11 4 v i3 WY total constraint
| 2 |amount 5000 2500 0 2500
| 3 |amount X 1 1 0 0 7500 7500
| 4 |amount Y 25 0 1 0 12500 12500
5 |amount VW 1 -1 -1 -1 0
| B |profit 2000 -75 250 -300 9062500

This is an interesting result which might seem counterintuitive at first. Notice that we create
some of the unprofitable Z, while producing none of the profitable Z;. This occurred because
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we used up all of Y in producing the highly profitable Z;. Thus, there was none left to produce

Zs.
16.6 Substitute xg = 1 — Xt into the pressure equation,

(1_XT)P

saty T X7 PsatT =P

and solve for xr,

P-P
=5 )

. —P
sat; | satg

where the partial pressures are computed as

PsatB 210[ ' 5_T1+221211j
o i)

The solution then consists of maximizing Eq. 1 by varying T subject to the constraint that 0 <
x1 < 1. The Excel Solver can be used to obtain the solution. Here is how the worksheet can be

set up:
A B ¢ [ b [ E [ F T 6 [ H ]
| 1 |Prob16.6
|2 |
El 0
L ]
L 800
1 6 |
| 7 |PsatB 26.62944 <--eeeeeeeee- =10B.905-1211/(T+221))
| 8 |PsatT 6.546568 <---eneeeeee- =104{6.953-1344/(T+219))
9
E *T E -38.509!< ------------ =(P-PsatB)/(PsatT-PsatB)
11
& ")
13 Solver 77 : @
| 14 | Set Target Cell: {
15 I = P
= Equal To: ®Max Omin  Ovalueof: |0 |
% By Changing Cells:
o] e =
19 ; R
BTl S:_:;elcot to l:'he Constraints: |
51 | <=1
il fotto |
2] |
] —J
26
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The result is T =112.8592 as shown below:

A B "% ["® | E | F |
1 |Prob16.6
2
S30IT 112.85892
g
E5EP 800
B |
_7 |PsatB 1895.496 | <------------ =104B.905-1211/(T+221))
8 |PsatT B800.0004 <-----mmnomm- =104B.953-1344/(T+219))
9
0 |xT LR — =(P-PsatB)/(PsatT-PsatB)

16.7 This is a straightforward problem of varying x, in order to minimize

1 0.6 1 0.6
f(XA):(—(l—XA)ZJ +6(Zj

First, the function can be plotted versus Xa
30 r

20 |

O L 1 1 1 1 1 1 1 1 1 ]
0 0.2 0.4 0.6 0.8 1

The result indicates a minimum between 0.5 and 0.6. Using golden section search or a
package like Excel or MATLAB yields a minimum of 0.587683.

16.8 This is a case of constrained nonlinear optimization. The conversion factors range between 0
and 1. In addition, the cost function can not be evaluated for certain combinations of Xa; and
Xa2. The problem is the second term,

056
X1

Xa2
(1_ Xp2 )2

If Xa1 > Xa2, the numerator will be negative and the term cannot be evaluated.

Excel Solver can be used to solve the problem:
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10

B4 v e =(ATLAZI XA PA20. B +((1- (KA1 AA))(1-XA21 210 . 6+6(1 /A0 B
A Bes ¢ | b | E | F ¢ | H [ 1 |

EREY 05
| 2 [xa2 06

3
i cos

5
—?— Solver Parameters @
E Set Target Cell: ‘_4 [ sowve |
19 Equal To: (O Max Mo Ovaueof: |0 |
% By Changing Cells:
2] sorgere
113 | Subject to the Constraints: Optians

14
== X4l <=1
% XAl <= XA2
| 16 | XAl >=0 Change

i@
19
{i]
The result is
L | a | B |

1 |XA1 0.368949

2 |[XA2 | 0.627265
| 4 [Cost 11.12039

16.9 This problem can be set up on Excel and the answer generated with Solver. Note that we
have named the cells with the labels in the adjacent left columns.

A EEEEC | D I 5 00 0 O s O O e |

_1 |Prob. 16.9
2 soverparameres K
3K 5 Solver Parameters : @
_4 |BO 100 Set Target Cell: rofit E Solve

5 |CA -1
9 | Equal To: ®max  Omin O value of: LU ‘
% cc 10 By Changing Cells:
8 a0 500 [¢B45:9849 |
%_ c 90 Subject to the Constraints: Options
Enn i P— =AD2C_ om0
i 10/ |=BOC_ B0
3 b= -_geset All
14 |Keale (77| — =C_/(A"2"B) (K= Keale |

i R | |

16 |Profit e 700§ =CAAD+CC*C_

The solution is
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A [ B [ ¢ ] D ]
1 |Prob. 16.9
2
3K 2
_4 |BO 100
5 [CA -1
B cC 10
24
B |aD 208.085
9]C 99.41872
10
A 9.247574 | <emremeemeen =AD-2C_
12|B 0.581276 | <--rerememe =B0-C_
3]
_14 |[Kealc ] C— =C_/{(A2'B)
15
16 |Profit 786.1022 | <emmrerre =CATAD+CCTC_

16.10 The problem can be set up in Excel Solver. Note that we have named the cells with the

labels in the adjacent left columns.

A [ B [ ¢ D E F G H | J

_;_ Prob. 16.10 Solver Parameters @
3 |Unitcost!  § 050 $iL Set Target Cell: | Total_cosl| [ soe |
4 |Unitcost2 5 1.00 %L Equal To: OMax ©® O Value of: lo |
_§_ Unitcost3 $ 1.20 $/L By Changing CEHS:_ i =
B ‘ .
7 |conct 135 mgfL 583 15:30$ 1
8 |conc2 100 mgfL Subject to the Constraints: -_o i
B8 conc3 25myl ConcBulk <= Concr ==
0 s 2000000 Lid Fowz <= auppiy?
11 | Supply Flow2 <= Supply2 Change

12 |Supply2 1000000 Lid Flow3 <= Supply3
Aol Flowt >= Flowr
13 |Supply3 500000 L/d
&
15 |Flow1 300000 Lfd
16 |Flow2 300000 Lfd
17 |Flow3 300000 Lfd

18
19 |Flowt 900000 L/d =Flow1+Flow2+Flow3

20
21 |Flowr 1000000 L/d
2
23 [ConcBulk 103.3333333 mg/L =({Flow1*conc1+Flow2*conc2+Flow3*conc3)/Flowt

24
25 |Concr 100 mgfL

6
ETotal cost I $ 810,000.00 _| =Unitcost1*FlowT +Unitcost2*Flow2+Unitcost3*Flow3

=
=
@
»
=k
c
=
o
S
»

15 |Flow1 357143 Lid

| 16 |Flow2 142857 Lid

| 17 |Flow3 500000 L/d
18

| 19 |Flowt 1000000 Lid

120 |

| 21 |Flowr 1000000 Lid

122 |

| 23 |ConcBulk 100.0000001 mgfL
24

| 25 |Coner 100 mgil

1 26 |

| 27 |Total cost $ 92142857

11
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12

16.11 Here is a diagram for this problem:

The following formulas can be developed:

f=tan™?

(1)

w |

P=2dv1+s? 2)

A=sd? (3)

Then the following Excel worksheet and Solver application can be set up:

A ERN C© | D E F | G H | 1 J K
s 05
Zd 5 Solver Parameters 7 @
3| Set Target Cell: hic7 | [:ioT]
%ﬁ | 125'3 b e ZBip22 EqualTo:  OMax @M Ovalueof: |0
? goa By Changing Cells:
Zlp R c) ) E— =2*SQRT(1+81:27°B2| |$B$1:4842
HEN bi h ints: ;
"9 |angle (radians) | 1.107149 < =ATAN(I/B1) it b skl :
10 |angle (degrees) 63.43495 <o =B9™180/PI() $844 = $845
1
JELE Change
= \ ==
= | [ Delete |
4] A
15
Our goal is to minimize the wetted perimeter by varying the side slope and the depth. We
apply the constraint that the computed area must equal the desired area. The result is
A B c_ | D |

s 1.000088
2 |d 7.070756

3
4 A ] =B1"B2:2
5 |Agoal 50
B
7P 1] Ca— =2"SQRT(1+B12)"B2

8
9 |angle (radians) | 0.785354 <om-rmmee =ATAN(1/B1)
10 |angle (degrees) = 44.99747 <---ooreoem- =B9*180/PI()

Thus, this specific application indicates that a 45° angle yields the minimum wetted
perimeter.
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13

The verification that this result is universal can be attained inductively or deductively. The
inductive approach involves trying several different desired areas in conjunction with our
solver solution. As long as the desired area is greater than 0, the result for the optimal design
will be 45°.

The deductive verification involves calculus. First, Eq. 3 can be solved for d and the result
substituted into Eqg. 2 to give

P=2 A{s+1J (4)
S

The minimum wetted perimeter should occur when the derivative of the perimeter with
respect to s flattens out. That is, the slope is zero. Setting the derivative of Eg. 4 to zero
yields,

dP 7 2
ds 1

-0 5)

We can see that the derivative is zero if s = 1. According to Eg. 1, this corresponds to 8= 45°.
Thus, the result obtained numerically is shown to be universal.

16.12 Here is a diagram for this problem:

The following formulas can be developed:

f=tan™

1)

w |

P=b+2d1+s? )
A=(b+sd)d 3

Then the following Excel worksheet and Solver application can be set up:
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A EEEN © | D
% 2 1 Solver Parameters
z d 1 Set Target Cell: ErEE
4 _ ‘
4 _ Equal To: O m ®mn  Ovalueof: |0
5la ] — =(B1+B2°B3'E3 E I e el e G
_B |Agoal 100 i =
: oo
%P 2Tl N — =B1+2"SQRT(1+B2'2)"B3|  sybject to the Constraints:
10 |angle (radians) | 0.785398 <eer =ATAN(1/B2) $B45 = 9846 ‘
11 |angle (degrees) LR — =B10*180/PI() Channs
2 ==
5|
i 2
15

Our goal is to minimize the wetted perimeter by varying the depth, side slope and bottom
width. We apply the constraint that the computed area must equal the desired area. The result

IS
A [ ca| D
1 1b 8.773829
2 |s 0.577343
31d 7.598379
4
5 |A 100 | oemmemeeen ={B1+B2*B3)*B3
B |Agoal 100
7]
8 |P 26.32148 <-meeee =B1+2*SQRT{1+B2/2)*B3
9
10 |angle (radians) = 1.047203 <----memeev =ATAN(1/B2)
11 |angle (degrees)  60.0003 <------mmmov =B10"180/PI()

Thus, this specific application indicates that a 60° angle yields the minimum wetted
perimeter.

The verification of whether this result is universal can be attained inductively or deductively.
The inductive approach involves trying several different desired areas in conjunction with our
solver solution. As long as the desired area is greater than 0, the result for the optimal design
will be 60°.

The deductive verification involves calculus. First, we can solve Eq. 3 for b and substitute the
result into Eq. 2 to give,

AL dl21rs? —s (4)
d

If both A and d are constants and s is a variable, the condition for the minimum perimeter is
dP/ds = 0. Differentiating Eq. 4 with respect to s and setting the resulting equation to zero,

P42 4l g (4)

ds V1+s?

Therefore, we obtain s=1/+/3. Using Eq. 1, this corresponds to 8= 60°.

16.13
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Aunas = 272

Asige = 27h

Aotal = Pends + Aside
=ar®h

\Y

computed

Cost = I:endsAends + I:sideAside + I:coating'o‘coating

Then the following Excel worksheet and Solver application can be set up:

15

CostTotal = A =SUM(CostEnd:CostOp)

A | B [ ¢ | D ] E [IEE G H | J K M
_;_F'rob. 1643 Solver Parameters
zhside Ydesired 10 m3 Set Target Cell: [CostTotal ‘ Solve
_4 |dend 1m Veomputed | 0.785338163 m3 Equal To: () pax Ovalueof: |0
i - By Changing Cells:_ . E
_B |dend:hside 1 Aend 1.570796327 m2
7] Aside 3141592654 m2 48434844

g |rend 0.5 m Atotal 4.71238898 ; InEe: ;
z Sgb]e.ct to the Constraints: ‘
10 |FEnd $20000 $/m2  CostEnd  § 314.16 Yeese s iooneted ‘

11 |FSide $100.00 $/m2 CostSide  §  314.16
=2 ch
12 |FCoat $ 50.00 $/m2 CostCoat | § 23562

&

T14] CostTotal [§__ 563941

15

which results in the following solution:

A_ [ B [ ¢ [ b ] E [E=ET|
_1 |Prob. 16.13
2
_3 |hside 3.282282 m Vdesired 10/m3
4 |dend 1.96955 m Yeomputed 10 m3
5
_ 6 |dend:hside | 0.B00055 Aend 6.093321721 m2
7| Aside 20.30920276 m2
8 |rend 0.984775 m Atotal 26.40252448
9
10 |FEnd $20000 $/m2  CostEnd | § 1.218.66
11 |[FSide $ 100.00 $/m2 CostSide | § 2,030.92
12 |FCoat $ 50,00 $/m2 CostCoat | § 132013
13
4] CostTotal [5_4569.711

16.14 As shown below, Excel Solver gives: x = 0.5, y = 0.8 and fy,;, = —0.85.
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D E

el e

A B ]
05
08

o

x,y) 005

Solver Parameters

Set Target Cell:

By Changing Cells:

Equal To: OmMax ®mn O Yalue of: !,U |

|$B41:4B42

Subject to the Constraints:

F G H | J
Salve

Delete

=

16.15 An Excel spreadsheet can be set up to solve the problem as

A [ B Jcl] o [ E ]
_1 |Parameters
_2 |ct 4 d1 1
3 |c2 2 d2 10
4 |H 275 t1 0.1
5 |P 2000 t2 1
S6S(E S00000
_7 |rho 0.0025
8 |sigmamax 550
9
10 |Decision variables
At 0.5
120d 10
3]
14 |Computed guantities goals:
15w 10.79922
16l 196.5404
17 |sigma 127.324 < 550
18 |sigmab 1471.876
19
20 |Objective function
21C 63.1969

The formulas are

16
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A B [ ¢ | o | E |
| 1 |Parameters
1 2 |t 4 d1 1
13 |c2 2 d2 10
4 H 275 t1 0.1
15 |P 2000 t2 1
| 6 |E 900000
7 |rho 0.0025
| 8 |sigmamax 550
9
| 10 |Decision va
|11t 0.5
112 |d 10
13
| 14 |Computed ¢ goals:
|15 |wW =PI("B12*B11"B4*B7
|16 |1 =PI)/B"B12*B11*(B122+B11/2)
| 17 |sigma =B5/PI()/B12/B11 < 550
| 18 |sigmab  =PI(*B6*B16/B4"2/612/B11
19
| 20 |Objective fu
121|C =B2"B15+B3"B12

The Solver can be called and set up as

Solver Parameters [g]

Set Target Cell:

EqualTo:  OMax @M Ovalueof: |0 -
Juif n ¥ L _Close

By Changing Cells:

gegiigmsIz =

Subject to the Constraints:

[$B$11 <= $E45 -m

|$B411 >=§E§4

|$B$12 <= $E$3 Change

b i

bty ok =

ot <o ;

The resulting solution is
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A [ B Jcl b [ E ]
Parameters
cl 4 d1 1
c2 2 d2 10
H 275 t1 0.1
P 2000 t2 1
E 900000
tho 0.0025
sigmamax 550

Decision variables

t 0.189207

d 6.117583

Computed guantities goals:

W 25

| 17.02759

sigma 550 < 550
sigmab 550

Objective function
c 22.23518

LSl

16.16 A plot of the function indicates a minimum at about t = 2.2.

12

18

The Excel Solver can be used to determine that a minimum of o = 1.699 occurs at a value of t

=2.2023.

>
!
!
o
n
I
I
-
i
-

t 2202314
5852950 < =os-kd*Loi(kd-+ks-ka)"(EXP(-ka"BB)-EXP(-(kd-+ks)"B8))- Shika™(1-EXP(ka"B8)

Solver Parameters

SEEE[o][]
o
—

!

| 13 | set Target Cell: {$B$9
14} equal To: :

=] EqualTo: O Max O value of: |0

% By Changing Cells:

i S

% Subject to the Constraints:

0] |
21

A9 | -_ghange

=
23 | _Qelete

2] :
25
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16.17 This problem can be solved graphically by using a software package to generate a contour
plot of the function. For example, the following plot can be developed with Excel. As can be
seen, a minimum occurs at approximately x =1andy = 7.

20
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We can use a software package like Excel to determine the maximum precisely as x =
1.034593 and y = 6.64868.

B3 e A =7.7+.15"B1+0.22"62-0.05*B1+2-0.016"62*2-0.007*B1*B2
A |EEmm ¢ D E F | G H | J

A x 1.034593 Solver Parameters @

2 |y 5.64868 .
z‘ cx.y) I 8,50895! Set Target Cell: $B$3 ”
sIs| EqualTo: (3 Omin  Ovaleof: |0 |
% By Changing Cells:
B [se$1:9852 &
i Subject to the Constraints: Options

9 ‘ :
0

11
Sl Change
il T
§E]
o <

15

16.18 (a) The problem consists of
minP=B+2*H

Subject to

BH

1 2/3
- =t 81/2:
n (B+2HJ Q

The problem can be set up and solved with the Excel Solver as in
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A [ B | ¢ | D | F G H | J | kK | L
—;— Problem 16.18 Solver Parameters @
Z n 0.03 Set Target Cell: l-‘ Solve '
45 0.0004 A 1 I
L Equal To: Omax  ®min  Ovalueof: |0 i -—
% e L By Changing Cells: Close
17 |B 213514 |$847:4848
| 8 H 1.067614 Subject to the Constraints: ;
LB:"H T ubjec! ‘0 e Constraints
0] anaring =
11 |Ac 2.279507 =B"H
—Ch
falp  [iiegea L
[13]R 0533796 =Ac/P
i -
15 |Qmanning 1 =1/n"Ac*R_A2/3)"50.5
As can be seen, the result shows that the dimensions for the minimum wetted perimeter
correspond to having the bottom width that is twice the length of each vertical side.
(b) Now we can redo the problem as a cost minimization:
minC =100A, +50P
Subject to
2/3
1 BH S 1/2 — Q
n B+2H
The problem can be set up and solved with the Excel Solver as in
Cost - A =100"Ac+50°P
A [B ] ¢ | b | E F G H | J K | L
17 Problem 16.18 Solver Parameters E]
z n 0.03 Set Target Cell: } st | Solve
| 4 |S 0.0004 EqualTo:  OMax @Mn  Ovalueof: |0 |
_g_ Q 1 By Changing Cells:
(7B 2136512 2.000614 |$B47:4845
1 8 |H 1.067429 Subject to the Constraints: i
9 |BH 2.000614 , ——
i (anamng =
11 |Ac 2.279507 =B™H chavios
[12]P 4.27037 =B+2*H
(13|R 0533796 =Ac/P
14
|15 |cost [ 4414552
16
[ 17 |Qmanning 1 =1Un"Ac™R_M2/37°5°0.5

Very interestingly, the result is identical to that obtained when cost was not an issue!!!

(c) The constraint can be rewritten as

(BH)SIZ _( nQ

3/2
B 1 2H = Sllzj =constant
+
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or
BH = constantx (B + 2H)?'®

Therefore, both A, and P are minimized simultaneously. This is great, because the excavation
costs will be proportional to the cross-sectional area. Hence, by having the bottom width
twice the length of each vertical side, we will minimize both excavation and lining costs

simultaneously!!!

16.19 Using Excel Solver,

A B |lc| b | E | F | 6 H | J K L M
AP 3.00E+06 N Solver Parameters @
2 E 2.00E+11 N/m2 -
3 |Vagoal 0.075 m3 Set Target Cell: |Pc.
4 Equal To: OmMax O Min ‘3000006 i
4 : M n | |
% L = 040;23?; m By Changing Cells:
radius } m

7] $885:4980 [
& | 2B61E-05 md  €eme =PI{)*radius*4/4 ‘ssbled tj L;fhe Clonstraints:
10 [Volume | 0076 m3 | < =Plradiusi2L Bhine= Yoo

11 -Change
12]|Pc 3000000IN ~ <eeeeeeee =PI EL2 [ pone= ]
el
4 : :
15

An alternative solution can be developed by
P, > 3,000,000 N,

maximizing L subject to Volume < 0.075 m® and

A B [ c[ b ] E [ F | G H | J K E M
I 3.00E+06 N Solver Parameters @
2 |E 2.00E+11 N/m2 —
"3 |vgoal 0.075 m3 SetTarget Cell:  |L [ Solve
4 EqualTo: Omin Ovalueof: 3000000 |
?L di Dad;gg?g-m By Changing Cells: : ‘

radius B m el =

=] [sosstots =]
il 2B1E-05 md  <eeeee- =PI(*radius*4/4 ‘Sgbjec_t to the Constraints: :
10 [Volume 0078 m3 | < =PI radius"2*L ey -
11
£y ch
12]|Pc T — =PI EL2
3]
g7y ,
15

16.20 The total flow in the river: F = 2x10° m*/d.

The flow into the channels:
f,+f, <0.7F =1.4x10° m*/d
Minimum channel flows for navigation:

f, >0.3x10° m*/d
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f, >0.2x10° m*/d
Political constraints:

u30.4
f,+f,

leads to

\2

fa

fa

IN
Wi~ N w

f;

Maintenance cost per year, C < $1.8x10°

Channel 1: C; = 1.1f;
Channel 2: C, = 1.4f,

leads to
1.1f, +1.4f, <1.8x10°

Power revenue (revenue per year):

Channel 1: ry, = 4f;
Channel 2: ry, = 3f,

Irrigation revenue (revenue per year):

Channel 1: loss, e = 0.3
valuelyr: iy =3.2(1 - a) f;=2.241,

Channel 2: loss, ¢ = 0.2
valuelyr: i, =3.2(1- a) f,=2.56f,

Net revenue = Revenue — losses
P = 4f, + 3f, + 2.24f, + 2.56f, — 1.1f; — 1.4f,
P = 5.14f, + 4.16f,
Therefore, the problem is formulated as
Decision variables:

f1: flow in channel 1
f,: flow in channel 2
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Maximize: P = 5.14f, + 4.16f,

Subject to

f,+ f, <1.4x10°
1.1f, +1.4f, <1.8x10°

channel flow
maintenance

0.43f, — f, <0 political constraint 1
—2.33f, +f, <0 political constraint 2
f, >0.3x10° minimum channel flow 1
f, >0.2x10° minimum channel flow 2

23

The problem can then be set up and solved with a tool such as Excel:

A [ B [ ¢ T b [ E ]
1 Channel 1 Channel 2 total constraint
2 |Flow 0 0
230 1 1 0/ 1.40E+06
4 1.1 1.4 0 1.80E+06
| & 0.43 -1 0 0
_B | -2.33 1 0 0
il 1 0 3.00E+05
| & | 1 0 2.00E+05
9
10 |Profit 5.14 4.16 0
The cell formulas are

Al B | ¢ | D | E |

|1 | Channel 1| Channel 2 total constraint
2 |Flow 0 0
£33N 1 1 =B3"B§2+C3*C$2 1400000
4 1.1 1.4 =B4"B§2+C47C$2 1800000
15 | 0.43 -1 =B5"B§2+C5*C$2 D
| 6 | -2.33 1 =B6"B$§2+C6*C$2 D
70| 1 =B7"B§2+C7*C$2 300000
8 | 1 =B8"B§2+CE"C$2 200000
9
| 10 |Profit 5.14 4.16 =B10"B%$2+C10*C§2

The Excel Solver can be invoked as
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Solver Parameters @

Set Target Cell:
Equal To: ®@mMax  Omin O value of: ‘D ‘ a

By Changing Cells:
mtaacse

Subject to the Constraints:
i |

1ol

|$D$6 <= $E$6 = T
|$D$7 >= $E$7 ‘
(i S

The resulting solution is

A [ B [ ¢ T b [ E ]
1 Channel 1 Channel 2 total constraint
_2 |Flow 979021 420979
255 1 1/ 1400000 1.40E+)B
4 1.1 1.4 1666294 1.80E+06
258 0.43 -1 0 0
_B | -2.33 1/ -1860140 0
vl 1 979021 3.00E+05
| & | 1 420979 2.00E+)5
9
10 |Profit 5.14 416 6783441

16.21 The weight of the truss is equal to
W=p(LA + LA +LA)

where p = density, L; = length of member i, A, = cross-sectional area of compression member,
and A; = cross-sectional area of tension member. The lengths of the 3 members can be
determined as L; =43.3013, L, = 50, and L; = 25. Therefore, the solution can be formulated as
a linear programming problem as

Minimize: W =3.5(43.3013A, +50A, + 25A,)

subject to
A, >50
A >433

The solution can be developed in Excel using the Solver tool,
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B4 v A =3.5%43.3013"Ac+50"At+25"Ac)
A [EES © D E F H
Ac 50 Solver Parameters
At 433

Set Target Cell: [$I§£4

I 19530.23.' Equal To: ) Max . ®

By Changing Cells:

weight

Solve

Ovalueof: |0 ‘

|$B41:4B42

Subject to the Constraints:

Ac »=50
At >=43.3

s <ol 22l Bl

Close

I]@“ ”

Options

Reset All

Help

16.22 The solution can be developed in Excel using the Solver tool,

B7 v fe =1/(4"PI("e0)*q* QQ*"B6/(B6"2+rad*2)* .5
A BB C D E F H J

1z eQDQ - ggggég Solver Parameters ‘ @
3 g 2.00E-05 Set Target Cell: l Solve I

4 |rad 0.90 ; :
== Equal To: ®i Omin O value of: L’J | -CI
% 0636396 By Changing Cells: =2

X }
B$6 £33

ZF IR | 4B
% Subject to the Constraints:
0]
2]
el E
in

15

16.23 The problem can be formulated as
Minimize C=2p,+10p, +2

subject to
0.6p, +0.4p, 230

p, <42

Using the Excel Solver:
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A B c ] D [ E [E G H | J K L M

1
Z individual power Constraint Solver Parameters : @
3 |p 42 < 42 | set Target Cell: |2 Solve

4 |2 12 Equal To: o -
= qual To: OmMax  @mMn  OQvalueof: |0 | 0
arosses By Changing Cells: Slose
B | LR — =0.2*B3+0.1"B4
7z 14.4 <o =0.2"B3+0.5°B4 $B$3:4B54
% Total power 30 geemmen = 30 ,Si:ie: to :;Z 3(:onstraints: )
e | = |
_1% 510915 e S |$B48 == $F$a
N [ - -] = [ Change |
2|F2 120, <o =10°B4 ‘ [ e |
13 |Total cost 206y <rrrem- =B11+B12 ;
. | 2

15

16.24 This is a trick question. Because of the presence of (1 — s) in the denominator, the function
will experience a division by zero at the maximum. This can be rectified by merely canceling

the (1 — s) terms in the numerator and denominator to give

15s

T= s
4s5° —-3s+4

Any of the optimizers described in this section can then be used to determine that the
maximum of T =3 occurs ats = 1.

16.25 (a) An LP formulation for this problem can be set up as
Maximize P =500x, +400x,

subject to
300x, +400x, <127,000

20x, +10x, <4,270
Xy, X, 20

An Excel spreadsheet can be set up to solve the problem as

A B | C [ D EEE G H | J | K [ M

| 1 |Device | Capital ($/unit) Labor {hrsfunit) Profit Solver P t
(2 [Scanner 300 20 500 S SnCloE &
| 3_|Printer 400 10 400 SetTargetCel: | VNN (%
ET. EqualTo: @ Max OMn  Ovalueof: |0 |
R Dev!se1 Bd By Changing Cells:
| 6 |Devise2 251 <

2| Constraint| |$B$5:4B46
| 8 |Capital 126800 e e =B2"B5+B3"B6 < 127000) sy phject to the Constraints: i
| 9 |Labor 4270 — =C2*B5+C3*B6 < 4270 ‘;Bss — 1 ] (_options |

| =integer | E:-
% Profit 144400 < D2*B5+D3"B6 (G |
rofit  p 144400 ) <eeeeeeeeeeeeee = | $B$6 = integer ch.

e 10 B L,
& EC Lo J|=

15

(b) This problem can be formulated as

Maximize P =500x, + (400—x,)X,
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subject to

300x, +400x, <127,000
20x, +10x, <4,270
Xy, X, 20

An Excel spreadsheet can be set up to solve the problem as

27

1S

O Min

O valueof: |0

A B | c [ D [ E T F [ G H
| 1 |Device  Capital ($/unit) Labor {hrsfunit) Profit
2 |Scanner 300 20 500 plvet Baramelers
(3 |Printer 400 10 325 <emeeeeemeeees =400-B6 | sSet Target Cell:
4 2 :
A . qual To: (® Max
5 | Dev!se1 176 By Changing Cells:
| B |Devise2 75 ;
7| Constraint | | $B§5:4B%6
|8 |Capital 82800 <o =B2"B5+B3"B6 < 1270001 5 bject to the Constraints:
9 |Labor L —— =C2*B5+C3*B6 < 4270 — -
K | $B45 = integer
14845 ==0
11 |Profit D —— =D2"B5+D3"B6 |$B46 = integer
12 |$B$6 >=0
EEl |$B$8 <= $F$8
13 |$B49 <= $F0
114 |
15

Solve

Close

Options

Reset All

R

Help

16.26 An LP formulation for this problem can be set up as

Decision variables: X, = chips produced in regular time for month i
Xoi = chips produced in overtime for month i

Xsi = chips stored for month i

Minimize C=100x,, +100x,, +120x,; +110x,, +120x,, +130x,; +5X +5X,,

subject to

X, + Xq1 — Xg 21,000

X + Xpp + X5 — X, 22,500

Xgp + X3 + Xo3 = 2,200

1.5x,, 2,400

1.5x,, <2,400

1.5%,; <2,400

1.5x,, <720

1.5x,, <720

1.5%,, <720

Xi1r Xr2 Xrgs Xop Xo2: Xo3: X Xsp 20

An Excel spreadsheet can be set up to solve the problem as
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B13 v A =B3"B10+C3*B11+D3"B12+B4*B13+C4*B14+D4*"B15+B7*B16+87*B17
A [E c D E 7 G H | J K

LAk Month 1 Month 2 Month 3 P ——
_2 |Chips required 1000 2500 2200
3 |Cost regular time {$/chip) 100 100 120 Set Target Cell: $B$19 E Solve
_4 [Cost overtime ($/chip) 110 120 130 Bl To: O Max\ Ovaleof: |0 1 =
_5 |Regular operation time (hrs) 2400 2400 2400 By Changing Collei- - B —

6 |Overtime (hrs) 720 720 720 =
7 |Storage cost 5 |$B§10:46417
% Production time 1.5 Subject to the Constraints:
10 |Regular time production month 1 1600 zggg; :: zgzgg A

11 |Regular time production month 2 1600 424 = $E$24
ERegular time production month 3 1600 gczzs <= zEgzs
13 |Overtime production month 1 480 zgzgg = ggg? b —
_14 |Overtime production month 2 420 =
15 |Overtime production month 3 0
16 |Chips in storage month 1 1080
17 |Chips in storage month 2 600

18
gcm ===
21 |Constraints
22| =B10+B13-B16 ---------- > 1000 = 1000
23] =B16+B11+B14-B17 -----eee- > 2500 = 2500
24 | =B17+B12+B15 - = 2200 = 2200
£251| =B8"B10 - - 2400 = 2400
26 =B8*B11 - 2400 <= 2400
27 =B8"B12 2400 <= 2400
28 | =B8"B13 7200 <= 720
29| =B5*B14 - 630 <= 720
30| =BB"B15 - 0 <= 720
3| =B16 1080 <= P — =B10+B13

32 =B17----mremn > 600 <= L — =B11+B14+B16

Note that before depressing the Solve button, the Options button should be depressed and the

following boxes should be selected: “Assume Linear Model” and “Assume Non-Negative.”

Solver Options @

wocties | o
Iterations: [100 ‘
Precision: |0.000001 Load Model. ..
Tolerance: [5 }% Save Model...
Convergence: i 0.0001 ‘
Assume Linear Model [ use Automatic Scaling
Assume Mon-Negative [] show Iteration Results
Estimates Derivatives Search

(%) Tangent (&) Forward (®) Newton

) Quadratic O Central () Conjugate

16.27 A tool such as the Excel Solver can be used to determine the solution as
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BS v f =0.01"sigma™B4*2+).95/sigma™(W/B4)"2
A REN ¢ | b UEE e |

-;; :“I‘?ma 160%8 Solver Parameters v .
L&l Set Target Cell: foss | [ solve [

4 |V 509.8181 ;
Lo d Equal To: OMax ®mMn  Ovalueof: |0 a
%D 3116.974 By Changing Cells:
7] (9844 Bl [Couess ]
___g_ Subject to the Constraints:
10| (e ]

11
i
3
14 | T

15

The approach can be implemented to evaluate other values of W with a constant o to yield the
following results:

w \Y D
12000 441.5154 2339.231
13000 459.5438 2534.167
14000 476.8912 2729.102
15000 493.6293 2924.038
16000 509.8181 3118.974
17000 525.5085 3313.910
18000 540.7438 3508.846
19000 555.5614 3703.782
20000 569.9940 3898.718

The optimal velocity along with the minimal drag can be plotted versus weight. As shown
below, the relationship is fairly linear for the specified range.

600 5000
v 200 $ 4000 D
400 3 3000

300 ]

200 | 2000

100 7 1000
0 f ‘ , , 40

12000 14000 16000 18000 20000

16.28 A tool such as the Excel Solver can be used to determine the solution as
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B4 v A& =const/SQRT(1+2)-SART(1+:*2)*(1-const/{1 +x°2)) +x

A | B | ¢ D | E F | & | H | |
const 0.4

Solver Parameters

¥ fix Set Target Cell: | Solve
1.051853E 0.151?241 Equal To: @mMex OMn  Ovalueok: |0 ]

By Changing Cells:

J
[ Clos= ]
: =
Subject to the Constraints:
[(Resetal ]
[ teb |

52 [s[3[z[z]e|=]~]]o [N

16.29 An LP formulation for this problem can be set up as

Minimize C=0.05X +0.025Y +0.15Z {Minimize cost}

subject to

X+Y+Z>6 {Performance constraint}
X+Y <25 {Safety constraint}

X-Y=>0 {X-Y Relationship constraint}
Z-05Y>0 {Y-Z Relationship constraint}

An Excel spreadsheet can be set up to solve the problem as

A [ B | ¢ | b | E | FE | & |
1 A N& z Total Constraint
_ 2 |Amount 0 1] 0
_3 |Performance 1 1 1 0 == 6
_ 4 |Safety 1 1 0 0 <= 25
5 XY 1 -1 0 0= 0
B |Z0.5™Y 1] 05 1 0= 1]
_7 |Cost 0.05 0.025 0.15 0

The formulas are

A | B [ R E | F | G |
1 X i Z Total Constraint
_ 2 |Amount 0 0 0
3 |Performance 1 1 1 =B3"B$2+C3"C$2+D3"D$2  >= 6
_ 4 |Safety 1 1 0 =B4"B%2+C4"C$2+D4"D2 <= 25
5 XY 1 -1 0 =B5"B%$2+C5"C$2+D5"D$2 =»= 1]
B |Z-0.5% ] -0.5 1 =B6"B$2+C6"C$2+D6"D$2 >= 1]
_7 |Cost 0.05 0.025 0.15 =B7*B%2+C7*C$2+D7*D$2

The Solver can be called and set up as
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Solver Parameters @

Equal To:
By Changing Cells:

|$B$2:4D$2 .

Subject to the Constraints:

[$B$2 »=0 Al
1$C$2 >=10 ”
!

|$D$2 ==0

($E43 >=$G43

($E§4 <= $G§4 =
|$E$S »= $G45 M|

The resulting solution is

A R T = I T
i X Y Z Total Constraint
~ 2 |Amount 1.25 1.25 35
3 |Performance 1 1 1 6 >= B
_4 |Safety 1 1 0 25 <= 25
- 1 -1 0 0»= 0
_6 |Z0.5%Y 0 05 1 2.875 »= 0
_7 |Cost 0.05 0.025 0.15 061875

16.30 An LP formulation for this problem can be set up as

Decision variables: x; = quantity of part i

Minimize P =375x, +275Xg +475%. + 325Xy
subject to
2.5X, +1.5Xg +2.75%; + 2Xp <640

3.5X, +3Xg +3Xc +2Xp <960

A tool such as the Excel Solver can be used to determine the solution as

31

A [ 5 I O [ E [ F G H | K L M

17 Pa'; g c o Solver Parameters @
3 |Fabrication time (hr/100 units) 25 | 15 [2755 | 2 Set Target Cell: 5 Coove )
_4 |Finishing time (hr/100 units) 35 3 3 2 Equal To: " Wi valueof: |0
"5 |Profit (5/100 units) 35 | 275 475 3% e ol e :
6 e
7| Quantity o 182 18 0 |$B47:4E47

8 |Profit Subject to the Constraints: i
[9 |=BS"B7+CE*CT+D5"DT4ES"ET | cooeeee > {13600 o
10 |Constraints: §E§;;2>Z=D$E$12
11 [Fabr Time §C$14 <= §E§14 h
12 |=B3"B$7 +CI CH7 +DIDST+ETES? | —reree >| 640 <= | 64O $C47 >=0
13 |Finish time o L
14 |=B4"BS7 +CA™CH7 +DA"D7 +E4EST | e > o0 <= 980 SR =
15

Thus, the results indicate that if we produce none of parts A and D and 192 and 128 of B and
C, respectively, we will generate a maximum profit of $113,600.
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