FE R K]

A2 M B Bk (10. 1)

10.2-10.16

B AL 7 26 e ) FE 26 P L (10. 2)
10.17-10.21

S WAL e 28 k) A 2 1 i (10, 2)
10.22-10.26

] o3 B Rk (10. 3)

10.27-10.39

2R E R ) /8 (10. 4)
10.40-10.41

Evolutionary Solver {4 Fl 15t 4% 5.4:(10.5)
10.42-10.50

P A KA A 0 A B

fSCfSC



10. 1 Zefh o AMAEZAE 22 KB 1

5 R /NG ARt 2~ 5
SUMPRODUCT(D4:D6, C4:C6) SUMPRODUCT(C4:Ce6, C1:C3)
[(D1+ D2) /D3] *C4 [(C1+C2)/C3]*D4
IF(D2 >= 2, 2*C3, 3*C4) IF(C2 >= 2, 2*C3, 3*C4)
SUMIF(D1:D6, 4, C1:C6) SUMIF(C1:C6, 4, D1:D6)
SUM(D4:D6) ROUND(C1)
2*C1l +3*C4 + C6 MAX(C1, 0)
Cl+C2+C3 MIN(C1, C2)

ABS(C1)

SQRT(C1)

Cl*C2

Cl/C2

C1 72
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1 |Constructing a Nonlinear Formula
2
3 Level of Activity Profit
4 2 $16
5 4 $24
6 5 $28
7 7 $30
8 10 $33
Profit vs. Level of Activity
ool '
— ’ .
$25 - .
= $20 -
o
x $15 *
$10 -
$5 -
$o I I I 1
0 2 4 6 10
Level of Activity (X)
VY R AT K S A 0 HE A
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Add Trendline

_},.-"FT'_H.'pe Uﬂptinns\'\

__Trend/Regression type

=

Linear

Logarithmic Polynomial
ﬂj_//- ‘_‘/]‘ \/’—F Period:
Power Ex[:u::nential @

Moving average

Based on series:

|Cance|||| OK “
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Add Trendline

/ Ty pe "_n.,; Dptinna"'\

_ Trendline name

@ Automatic:  Poly. (Series1)
{3 Custam: | |
__ Forecast
Forward: 0 21 Units
Backward: 0 A1 Units
w
[ Set intercept = 0

[+ Display equation on chart
[ Dizplay R-squared walue an chart

Cancel 0K
(Cancer ] [[_ox_]
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tructing a Nonlinear Formula
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Level of Activity
2
4
5
7
10

Profit
$16
$24
$28
$30
$33

Profit

Profit vs. Level of Activity

$35 -
$30 -
$25 -
$20 -
$15 -
$10 -

$0

y=-0.3002x + 5.661x + 6.1477

2 4 6 8 10

Level of Activity (X)
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PIx = 04 ¥]iG1E

Profit = 0.5x°-6x"+24.5x>-39x*+20x

A B C D E
1 |A Simple NLP
2
3 Maximum
4 X = 0.371 <= 5
5 |
6
!

= $3.19




= $6.13

Profit = 0.5x°-6x"+24.5x>-39x°+20Xx

PAX = 3 M A AE KA

A B C D E
1 |A Simple NLP
2
3 Maximum
4 X = 3.126 <= 5
5 \
6
7




Profit = 0.5x°-6x*+24.5x>-39x°+20x

PAx = 4.7 R HILRAE K

A B C D E
1 |A Simple NLP
2
3 Maximum
4 X = 5.000 <= 5
5
6
4

= $0.00
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10.2

1
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1 |Wyndor Glass Co. Product-Mix Problem
2
3 Doors Windows
4 Unit Profit $300 $500
5 Hours Hours
6 Hours Used Per Unit Produced Used Available
7 Plant 1 1 0 2 <= 4
8 Plant 2 0 2 12 <= 12
9 Plant 3 3 2 18 <= 18
10
11 Doors Windows Total Profit
12 Units Produced 2 6 $3,600
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800
600
400
200 -

0 2 4
Production rate for doors
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1 |Wyndor Problem With Nonlinear Marketing Costs
2
3 Doors Windows
4 Unit Profit (Gross) $375 $700
) \ Hours Hours
6 Hours Used Per Unit Produced Used Available
7 Plant 1 1 0 3.214 <= 4
8 Plant 2 0 2 8.357 <= 12
9 Plant 3 3 2 18 <= 18
10
11 Doors Windows
12 Units Produced 3.214 4.179 Gross Profit from Sales| $4,130
13
14 Marketing Cost $258 $1,164 Total Marketing Cost| $1,422
15
16 Total Profit] $2,708
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3 134 , 28) optimal solutlon‘

Profit = $2,800
Profit = $2,708
Profit = $2,600
Profit = $2,500

oV

0 1 2 3 4 5
Production rate for doors
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1 |Portfolio Selection Problem (Nonlinear Programming)
2
3 Stock 1 Stock 2 Stock 3
4 Expected Return ‘ 21% ‘ 30% ‘ 8% ‘
5
6 Risk (Stand. Dev.) ‘ 25% ‘ 45% ‘ 5% ‘
-
8 Joint Risk (Covar.) | Stockl | Stock2 | Stock3 |
9 Stock 1 0.040 -0.005
10 Stock 2 -0.010
11 Stock 3
12
13 Stock 1 Stock 2 Stock 3 Total
14 Portfolio 40.2% 21.7% 38.1% 100% 100%
15
16 Minimum
17 Expected
18 Portfolio Return
19 Expected Return 18.0% >= 18.0%
20
21 Risk (Variance) 0.0238
22
23 Risk (Stand. Dev.) 15.4%

Y R AZ I N 22
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Solver Table

55 RS 22 18] )P

B C D E F G

25 Risk Expected
26 Min Return Stock 1 Stock 2 Stock 3 (St. Dev.) Return
27

28 8% 7.1% 3.7% 89.1% 3.9% 9.7%
29 10% 8.1% 4.3% 87.6% 3.9% 10.0%
30 12% 16.2% 8.6% 75.2% 5.6% 12.0%
31 14% 24.2% 13.0% 62.8% 8.6% 14.0%
32 16% 32.2% 17.3% 50.5% 12.0% 16.0%
33 18% 40.2% 21.7% 38.1% 15.4% 18.0%
34 20% 48.2% 26.1% 25.7% 18.9% 20.0%
35 22% 56.2% 30.4% 13.4% 22.5% 22.0%
36 24% 64.2% 34.8% 1.0% 26.1% 24.0%
37 26% 44.4% 55.6% 0.0% 30.8% 26.0%
38 28% 22.2% 77.8% 0.0% 37.3% 28.0%
39 30% 0.0% 100.0% 0.0% 45.0% 30.0%

7Y i A 10 K 2 28 5 A B 2 Bt
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A B C D E F G
1 |Wyndor Problem with Overtime (Separable Programming)
2
3 Unit Profit Doors Windows
4 Regular $300 $500
5 Overtime $200 $100
6 | . Hours Hours
7 Hours Used Per Unit Produced \ Used Available
8 Plant 1 1 0 4 <= 4
9 Plant 2 0 2 6 <= 12
10 Plant 3 3 2 18 <= 18
11
12 Units Produced Maximum
13 Doors Windows Doors Windows
14 Regular 3 3 <= 3 3
15 Overtime 1 0 <= 1 3
16 Total Produced 4 3
17
18 Total Profit $2,600
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1 |Wyndor W|th Overtime and Marketing Costs (Separable)
2
3 Unit Profit Doors Windows
4 Regular (0-1) $350.00 $633.33
5 Regular (1-2) $300.00 $500.00
6 Regular (2-3) $250.00 $367.67
7 Overtime $100.00 -$300.00
8
9 Hours Hours
10 Hours Used Per Unit Produced Used Available
11 Plant 1 1 0 4 <= 4
12 Plant 2 0 2 6 <= 12
13 Plant 3 3 2 18 <= 18
14 | |
15 Units Produced Maximum
16 Doors | Windows Doors | Windows
17 Regular (0-1) 1 1 <= 1 1
18 Regular (1-2) 1 1 <= 1 1
19 Regular (2-3) 1 1 <= 1 1
20 Overtime 1 0 <= 1 3
21 Total Produced 4 3
22
23 Total Profit $2,501 -
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1 |Wyndor With Overtime and Marketing Costs (Nonlinear Programming)
2
3 Unit Profit (Gross) Doors Windows
4 Regular $375 $700
5 Overtime $275 $300
6
I Hours Hours
8 Hours Used Per Unit Produced Used Available
9 Plant 1 1 0 4 <= 4
10 Plant 2 0 2 6 <= 12
11 Plant 3 3 2 18 <= 18
12 |
13 Maximum
14 Units Produced Doors Windows Doors \ Windows
15 Regular 3 3 <= =) 3
16 Overtime 1 0 <= 1 3
17 Total Produced 4 3 \
18 Gross Profit from Sales|  $3,500
19 Marketing Cost $400 $600 Total Marketing Cost|  $1,000
20 | Total Profit|]  $2,500
P R S K 242 B B2
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]Solver Table 2R [F KIHI 46 25

A B C D E F G H |
1 |Using Solver Table to Try Different Starting Points
2
3 Maximum Starting
4 X = 0.371 <= 5 Point Solution
5 X X * Profit
6 Profit = 0.5x>-6x*+24.5x>-39x°+20x
7 = $3.19 0 0.371 $3.19
8 1 0.371 $3.19
9 2 3.126 $6.13
10 3 3.126 $6.13
11 4 3.126 $6.13
12 5 5.000 $0.00
[ | =—— Solver Table
Row input cell: —
Colurnn input cell: W —
| Help | | Cancel | | 0K |

B B A Bt
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+ Evolutionary Solver H —# 55 #ESolver 58 AN R 1) 5
V2R SR ALY ) B I

* Evolutionary Solver ) 2EA JR AR G L 7. #ELiR
WG E AL R PR, BRI, SR (1) 5 v It
PR gL 55395 (genetic algorithm)

o prtfESolver B —AME 46, FHE AL 1K 7 M % 81,
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Al B | ¢ | D | E | F H J K
1 |Beating the Market (Evolutionary Solver)
2 Beat Market
3 Quarter Year AOL BA F PG MCD Return Market? (NYSE)
4 Q4 2001 -3.02% 16.35% -8.54% 8.77% -1.64% 2.38% No 8.45%
5 Q3 2001 -37.55% -39.56% -28.49% 14.71% 0.30% -18.12% No -12.53%
6 Q2 2001 32.00% 0.07% -11.80% 2.54% 1.92% 4.95% Yes 4.38%
7 Q1 2001 15.37% -15.34% 21.28% -19.80% -21.91% -4.08% Yes -9.32%
8 Q4 2000 -35.14% 2.55% -7.00% 17.07% 13.37% -1.83% No -0.93%
9 Q3 2000 1.46% 54.71% 3.66% 18.06% -8.35% 13.91% Yes 3.31%
10 Q2 2000 -21.37% 10.98% -6.39% 0.00% -11.87% -5.73% No -0.91%
11 Q1 2000 -11.36% -8.44% -13.83% -48.20% -7.29% -17.82% No -0.40%
12 Q4 1999 45.82% -2.48% 6.10% 16.87% -6.79% 11.90% Yes 9.70%
13 Q3 1999 -5.40% -2.83% -10.96% 6.38% 5.17% -1.53% Yes -8.54%
14 Q2 1999 -25.17% 29.83% -0.44% -10.02% -9.24% -3.01% No 7.38%
15 Q1 1999 89.52% 4.21% -3.41% 7.26% 17.98% 23.11% Yes 1.31%
16 Q4 1998 177.96% -4.92% 24.87% 28.38% 28.69% 51.00% Yes 18.11%
17 Q3 1998 6.18% -23.00% -20.34% -21.89% -13.50% -14.51% No -12.83%
18 Q2 1998 53.89% -14.51% -8.94% 7.93% 15.00% 10.67% Yes 1.04%
19 Q1 1998 50.96% 6.51% 33.46% 5.72% 25.65% 24.46% Yes 12.05%
20 Q4 1997 19.96% -10.10% 7.62% 15.57% 0.26% 6.66% Yes 2.81%
21 Q3 1997 35.61% 2.59% 18.75% -2.21% -1.42% 10.66% Yes 7.42%
22 Q2 1997 30.90% 7.60% 21.12% 23.09% 2.25% 16.99% Yes 16.14%
23 Q1 1997 27.82% -7.39% -2.71% 6.62% 4.13% 5.69% Yes 1.59%
24 Q4 1996 -6.34% 12.70% 3.20% 10.39% -4.22% 3.15% No 6.80%
25 Q3 1996 -18.86% 8.46% -3.47% 7.59% 1.34% -0.99% No 2.26%
26 Q2 1996 -21.87% 0.58% -5.82% 6.93% -2.60% -4.56% No 3.54%
27 Q1 1996 | 49.33% | 10.53% 19.05% | 2.11% 6.37% 17.48% Yes 5.28%
28
29 0% 0% 0% 0% 0%
30 <= ‘ <= <= ‘ <= <= Sum
31 Portfolio 20.0% 20.0% 20.0% 20.0% 20.0% 100% = 100%
32 <= \ <= <= \ <= <=
33 100% 100% 100% 100% 100%
34 Number of Quarters
35 Beating the Market
36 | 14 |
2 A1 ARV aliran N/ 172
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Premium SolverXig

[FH]

Solver Parameters 2| x|

Set Cell: INumI:uerEieatingTthn_] | Solve I

Equal To: * Max  Mn O Yalueof: o Close
By Changing Yariable Cells:

Portfolio = GUess | Opkions
Subject ko the Constrainks: Standard Evolutionary |T
Portfolio <= OneHundredPercent N Standard GRG Monlinear -
Portfolio == ZeroPercent Standard Sirnple: LP =
Sum = OneHundredPercentz AR i
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]

Solver OptionsX}i&#

Solver Options K E4
Max Time: F seConds ) 4 I
Iterations: 1000 Cancel
Precision: 0.000001 Lirnit Opkions...
ConyErgence: 0.0001 Load Model, ..
Populakion Size: 100 Save Model, ..
Mutation Rate 0.075

V¥ Require Bounds on Variables
[ Show Iteration Resulks
[ Use Automatic Scaling
[ Assume Mon-Negative

Help

I Bypass Solver Reports




Limit OptionsX} i

Limit Options

Max Subproblems:
Max Feasible Sals:

Tolerance

= IA‘

[FH]

2]x]|

Max Time wio Improvemnent: |3':'

[T Solve without Integer Constraints Help

5000 ik, |
5000 Cancel |
0.05




Evolutionary SolverH)

A

R KA

Al B | c | D | E | F G H J K
1 |Beating the Market (Evolutionary Solver)
2 Beat Market
3 Quarter Year AOL BA F PG MCD Return Market? (NYSE)
4 Q4 2001 -3.02% 16.35% -8.54% 8.77% -1.64% 10.20% Yes 8.45%
5 Q3 2001 -37.55% -39.56% -28.49% 14.71% 0.30% -24.12% No -12.53%
6 Q2 2001 32.00% 0.07% -11.80% 2.54% 1.92% 7.02% Yes 4.38%
7 Q1 2001 15.37% -15.34% 21.28% -19.80% -21.91% -10.53% No -9.32%
8 Q4 2000 -35.14% 2.55% -7.00% 17.07% 13.37% -0.86% Yes -0.93%
9 Q3 2000 1.46% 54.71% 3.66% 18.06% -8.35% 33.43% Yes 3.31%
10 Q2 2000 -21.37% 10.98% -6.39% 0.00% -11.87% 1.31% Yes -0.91%
11 Q1 2000 -11.36% -8.44% -13.83% -48.20% -7.29% -19.56% No -0.40%
12 Q4 1999 45.82% -2.48% 6.10% 16.87% -6.79% 12.11% Yes 9.70%
13 Q3 1999 -5.40% -2.83% -10.96% 6.38% 5.17% -0.78% Yes -8.54%
14 Q2 1999 -25.17% 29.83% -0.44% -10.02% -9.24% 7.76% Yes 7.38%
15 Q1 1999 89.52% 4.21% -3.41% 7.26% 17.98% 22.03% Yes 1.31%
16 Q4 1998 177.96% -4.92% 24.87% 28.38% 28.69% 40.51% Yes 18.11%
17 Q3 1998 6.18% -23.00% -20.34% -21.89% -13.50% -16.81% No -12.83%
18 Q2 1998 53.89% -14.51% -8.94% 7.93% 15.00% 5.39% Yes 1.04%
19 Q1 1998 50.96% 6.51% 33.46% 5.72% 25.65% 15.40% Yes 12.05%
20 Q4 1997 19.96% -10.10% 7.62% 15.57% 0.26% 2.82% Yes 2.81%
21 Q3 1997 35.61% 2.59% 18.75% -2.21% -1.42% 7.78% Yes 7.42%
22 Q2 1997 30.90% 7.60% 21.12% 23.09% 2.25% 16.24% Yes 16.14%
23 Q1 1997 27.82% -7.39% -2.71% 6.62% 4.13% 3.45% Yes 1.59%
24 Q4 1996 -6.34% 12.70% 3.20% 10.39% -4.22% 8.06% Yes 6.80%
25 Q3 1996 -18.86% 8.46% -3.47% 7.59% 1.34% 2.72% Yes 2.26%
26 Q2 1996 -21.87% 0.58% -5.82% 6.93% -2.60% -2.22% No 3.54%
27 Q1 1996 ‘ 49.33% ‘ 10.53% ‘ 19.05% 2.11% ‘ 6.37% ‘ 15.88% Yes 5.28%
28
29 0% 0% 0% 0% 0%
30 <= ‘ <= ‘ <= <= ‘ <= Sum
31 Portfolio 19.7% 52.0% 0.2% 26.6% 1.6% 100% = 100%
32 <= ‘ <= ‘ == <= ‘ <=
33 100% 100% 100% 100% 100%
34 Number of Quarters
35 Beating the Market
36 | 19
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