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Topic & Structure of the lesson

=Unconstrained algorithms

=Constrained algorithms




Learning Outcomes

= A the end of this topic, You should be able to
apply non-linear programming model in a real
world problem.




Key Terms you must be able to use v.v

If you have mastered this topic, you should be able to use
the following terms correctly in your assignments and
exams:
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Many business problems can be modeled only with nonlméé’i’
functions.

Problems that fit the general linear programming format but contain
nonlinear functions are termed nonlinear programming (NLP)
problems.

Solution methods are more complex than linear programming
methods.

Often difficult, iIf not impossible, to determine optimal solution.

Solution techniques generally involve searching a solution surface
for high or low points requiring the use of advanced mathematics.

Computer techniques (Excel) are used in this chapter.




Optimal Value of a Single Nonlinear Function 'A\
Basic Model & _-P_U

Profit function, Z, with volume independent of price:

Z=Vp-C;-VC,
where v = sales volume "

p = price

c; = fixed cost

c, = variable cost
Add volume/price relationship:

v =1,500 - 24.6p

1,500

Slope = —24.6

Volume (v)




Optimal Value of a Single Nonlinear Function 'A‘

Expanding the Basic Model to a Nonlinear R
AP U
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With fixed cost (c;= $10,000) and variable cost (c, = $8):
Z =1,696.8p - 24.6p? - 22,000

Profit (£)
Z=1,696.8p-24.6p% - 22,000

0 / Price (p)

-522,000




Optimal Value of a Single Nonlinear Function 'A‘
Maximum Point on a Curve -’
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# The slope of a curve at any point is equal to the derivative of the curve’s function.
#% The slope of a curve at its highest point equals zero.

Profit (2) Z=1,696.8p-24.6p2-22,000
Slope = derivative =0
MaximumpD— — — — — — —
profit |
|
|
|
|
| :
0 Price
Optimal (®)
price
-$22,000




Optimal Value of a Single Nonlinear Function 'A.\

Solution Using Calculus

nonlinearity!
Z =1,696.8-p - 24.6-p? - 22,000/

dZ/dp = 1,696.8 - 49.2p
p = $34.49

v = 1,500 - 24.6p

v = 651.6 pairs of jeans
Z =$7,259.45

o e gt Gl LR
Profit
@) v=651.6 pairs of jeans
$7,259.45
0 Price (p)
/ $34.49
—5$22.000




Constrained Optimization in Nonlinear '1\
Problems
Definition

-
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# If a nonlinear problem contains one or more constraints it becomes
a constrained optimization model or a nonlinear programming
model.

A nonlinear programming model has the same general form as the
linear programming model except that the objective function and/or
the constraint(s) are nonlinear.
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Solution procedures are much more complex and no guaranteed
procedure exists.




Constrained Optimization in Nonlinear
Problems
Graphical Interpretation (1 of 3)

Effect of adding constraints to nonlinear problem:
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Profit (2)

$7,259.45




Constrained Optimization in Nonlinear
Problems
Graphical Interpretation (2 of 3)

Profit (2)
Feasible
solution
space
Maximum — — — —
profit ($)

Optimal
solution
point

Price (p)
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Constrained Optimization in Nonlinear 2
Problems
Graphical Interpretation (3 of 3)
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Profit (2)

Feasible
solution
space

Optimal
solution
point




Constrained Optimization in Nonlinear
Problems
Characteristics
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Unlike linear programming, solution is often not on the boundary of
the feasible solution space.

Cannot simply look at points on the solution space boundary but
must consider other points on the surface of the objective function.

This greatly complicates solution approaches.

Solution techniques can be very complex.




Western Clothing Company Problem
Solution Using Excel

Maximize Z = (p, - 12)x, + (p, - 9)X,

subject to:
2X, + 2.7X, < 6,00
3.6x; + 2.9x, < 8,500
7.2X, + 8.5%X, £ 15,000

where:
X, = 1,500 - 24.6p,
X, = 2,700 - 63.8p
p, = price of designer jeans
P, = price of straight jeans




Western Clothing Company Problem '“'\
Solution Using Excel A>:}U
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EA Microsaft Fxcel - Exhibit10.9 [ =5
@ File Edit ‘View [nsert Fgrmat Jools [Data Window Help =18 x|
DEE@LSRYV IBI -~ BT AU DH -0
prial -u - BIYUESEES%, W 2 -hA-
4 | = | =1500-24 6705
A B cC_ | D | E F G H | J K =
1 Wastain Clothing Company |
2
3
4 Demand | Frce Profit
§ | Designer jeans [ 1500 0.00 -12.00 { =D5-12 ]
G | Straight-leq jeans | 2700 000 -9.00
7 Total= | -42300
B
) Resource conslraints
10 Rescurce | Used | Availabie =SUMPRODUCT(C5:C6, E5:E6)

11 | Cioth- 10290 | 6000
=2*C5+2.7*C6 T2 | Cutting time: | 13230 | 8500
13 Sewing bmer | JIVED 15000

14




Western Clothing Company Problem "Z"
Solution Using Excel -
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Solver Parameters
Set Target Cell: |$E$7 5] | Salve |
Equal To: @ Max T Mp O Yalueof: |':I Close I
By Changing Cells:

|$D$5:$D$E- :IJ GUESS I
~Subject ko the Constraints: Options |
g Add
$D$5 $D$r5 m= [
i_hange
Reset All
| Delete
Help




Western Clothing Company Problem

Solution Using Excel

Ed Microzoft Excel - NLP3.xls
J@ Eile Edit Mew Inserk Format Tools Data Window Help

ASIA PACIFIC UNIVERSITY
OF TECHNOLOGY & INNOVATION

=la] %]

BRI oo

Dl el vy

@ = A2l o -3,

| e -0 B U S==EBs€%, BBEE -

E7 | = =SUMPRODUCT(CS: CB E5:ER)

A 8 | ¢ | o | E | F | & | H | 1 | kK | LT
1 |Western Clothing Company —
2
3
4 Demand | Prce Frofit
5 Designer jeahs: | BO2.4 d6.49 24 .49
b | Straight-leg jeans: | 10629 25 Bb 16.6b
Fi Total= || 3245925 |
g
3 Resource constraints:

10 Resource Used | Avallable
11 Cioth: | 407463 | BOOO
12 Coutting time: | 5251.05 8500
13 sewing Hme | 13371.93 1 15000
14




Facility Location Example Problem v'z\v
Problem Definition and Data (1 of 2) -
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Centrally locate a facility that serves several customers or other facilities in
order to minimize distance or miles traveled (d) between facility and
customers.

d. = sqgrt((x; - X)? + (y; - y)?) (= straight-line distance)

Where:
(x,y) = coordinates of proposed facility
(xi,y;) = coordinates of customer or location facility i

Minimize total miles d = X dit,

Where:
d; = distance to town i
t. =annual trips to town |




Facility Location Example Problem
Problem Definition and Data (2 of 2)

Coordinates

Town X y Annual Trips
Abbeville 20 20 75
Benton 10 35 105
Clayton 25 9 135
Dunnig 32 15 60

Eden 10 8 90




Facility Location Example Problem

Solution Map

45+
40
35
30+
25 -
20 -
15+

10

]
Benton

[ ]
Eden

]
Abbeville
;fff/ .

Dunning

Rescue
Squad
Facility

(x=21.72, y=14.14)

L
Clayton

10 15 20 25 30 35 40 45

X
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}
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nvestment Portfolio Selection Example
Problem
Definition and Model Formulation (1 of 2)
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Obijective of the portfolio selection model is to minimize some
measure of portfolio risk (variance in the return on investment)
while achieving some specified minimum return on the total
portfolio investment.

Since variance is the sum of squares of differences, it is
mathematically identical to the “straight-line distance™ Thus, it is
possible to visualize variances as such distances, and
minimizing the overall variance is then mathematically identical
to minimizing such distances.




Investment Portfolio Selection Example Problm'
Definition and Model Formulation (2 of 2) A? L
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= <~ ]
where: “straight-line d/stance

S = variance of annual return of the portfolio

X;,X; = the proportion of money invested in investments i or |
s;? = the variance for investment i

r; = the correlation between returns on investments 1 and |
S;,S; = the std. dev. of returns for investments i and |

subject to:
Xy + X, + 0+ X >T
X+ X, +...X,=1.0

where:
I, = expected annual return on investment |
I, = the minimum desired annual return from the portfolio



Investment Portfolio Selection Example Problﬁ
Solution Using Excel (1 of 5) -
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Four stocks, desired annual return of at least 0.11.

Minimize
Z =S = X,%(.009) + x52(.015) + x-2(.040) + X,%(.023) +
X, Xg (:4)(.009)12(0.015)12 + x,x(.3)(.009)12(.040)Y2 +
X Xp(-6)(.009)2(.023)Y2 + xX(.2)(.015)12(.040)12 +
XgXp(-7)(.015)Y2(.023)Y2 + xXp(.4)(.040)12(.023) 12 +
XgXa(-4)(.015)12(.009)12 + XX, (.3)(.040)12 + (.009)V2 +
XpXa(-6)(.023)2(.009)Y? + x-x5(.2)(.040)¥?(.015)¥2 +
XpXg(-7)(.023)Y2(.015)Y2 + xpXc (.4)(.023)12(.040)/2

subject to:
.08x; +.09x, + .16X; + .12x, > 0.11
X1+ X, + X3 +X,=1.00
X; >0



Investment Portfolio Selection Example Problm
Solution Using Excel (2 of 5) -
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Stock (x;) Annual Return (r;) Variance (si)

Altacam .08 .009
Bestco .09 .015
Com.com .16 .040
Delphi 12 .023

Stock combination (i,j) Correlation (rj)

A,B
A,C
A,D
B,C
B,D
C,D

ANNO WD




Investment Portfolio Selection Example Problm
Solution Using Excel (3 of 5) -’
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Ed Microsoft Excel - Exhibit10.13

DUUb!ing . Edt View Insert Fgmat ook Doka Window Help _  alglx]
covariances will RN T
include all sl -0 - B Z U E

==E B% , 4 = oA,

investment pa irs. B0 57 = | =(B6~2 CEHET2) " CT HER-2r Ca+{ES2) Co+2NEE EF C14" SORT(CE) SART(CT+EE BE D1 4" SORT{CE)™
A SORT(CE)+EE EI E14 S 0RT(CE SARTICO+ET EE DS SORT(CF"SQRT(CE)+EF"EFE1S"SORT(CT)™
1 SORTC+EE"E9"E 16 "SORT(CE " SQRTICH)
2 Jessica Todd's lnvestment Portfolio
3
4 Avarage |Estimated Trsstment
5 Stock Return | Varance | Varables | Proportion
[ Altacam 0.08 [iliE] #1 =
7 Besico 0.09 0.015 2=
] Cam.com 016 0.040 3=
o Delph 012 0.023 i =
10| Tetal desied retum = 011 [ Sum = 1,000
"
12 Carrelations
13 Stock Allacam | Bestco | Com ocom Delghi
14 Allacam 1 0.40 0.30 D.ED
15 Besico 0.40 1 0.20 0.70
16 Com.com 0.30 0.20 1 0.40
17 Delph 0,60 0.70 0.40 1
18
19|  Total portfolko return = 0~
20| Total vanance = 0]
21 | Total proporiion invested =| » 0
P>, i
(:SUM{EB:EQ} GSUMPRDDUCT{BG:BS,EG:ESD




Investment Portfolio Selection Example Problm
Solution Using Excel (4 of 5)
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Solver Parameters E|E|

Set Target Cell: |$E$EI:| ﬂ Solve
Equal To: CMax & Mn O valueol: |0 Close
~By Changing Cells:
Investment return |$E46:4E49 B Guess
constraint Subject to the Constraints: options _ |
- &dd
$B$21 = $E$10
.. - |5E56:4E49 =0 e
All m oney is invested Reset Al
constraint v| __Delete
Help
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Investment Portfolio Selection Example Probl
Solution Using Excel (5 of 5)

£4 Microsoft Excel - Ch10-HLPPortfolio. xls

J File Edit Wiew Insert Format Tools Data Window Help ;Iilﬂ
DR SRY|sBRS - [@= 4230 -3,
| avial -0 - BIUSE=EH$€%, W% EE A
B20 j =| =(EE"2 " CE+HE " CF HES ) CEHED T+ 2B EV "L 1A S QRT(CE " SORT(C7 ) +EE"ES D1 4
A, SORTICE™SARTICE)+EE EXE14*SART(CE SORT(CO+E* B8 C15 S QRT(CF " S ART(CE) +E7"ES™

1 E15*S0RT(CY S ORT(CH+ES"EX*E16*SORTICE*S ART(CI))

2 |Jessica Todd's Investment Portfolio

3

4 Average |Estimated Imvestment

5 Stock Return | Varnance | Varahles | Froportion

B Altacam 0.08 0.002 K= 0.532

7 Bestco 0.09 0.0$15 X2 = 0.000

i Com.com 0.16 0.040 A3 = 0.262

9 Delphi 0.12 0.023 A= 0.185

10| Total desired return = 0.11 _ Sum = 1.000

11

12 Covariances:

13 Stock Altacam | Bestco |Com.com|  Delphi

14 Altacam 1 0.40 0.30 0.60

15 Bestco 0.40 1 0.20 0.70

16 Com.com 0.30 0.20 1 0.40

17 Delphi 0.60 0.70 0.40 1

18

19| Total portfolio retumn = 0.11

20 Total variance = 0.0112 |

21 | Tatal proportion ivested = 1.00

22




Quick Review Question




Follow Up Assignment
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Summary of Main Teaching Points &
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Question and Answer Session v.v

Q&A




Next Lesson

Network Models




