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Unconstrained Optimization

* Finding the maximum or minimum point on a function

f(x) | maximum
A point

mInimum
point

- X

Simple unconstrained optimization.
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Constrained Optimization

* Most popular form of constrained optimization: Linear Programming
* Find the “Best Point’ on a function
» Respect the constraints
» Respect the bounds

» The best solution may not occur at the top of a peak or bottom of a valley

e Linear Program (LP) has following components:
e Variables
e Objective Function
« Constraints

 Bounds
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An Example (1)

* Acme Bicycle Company
 Profit for Mountain Bike = $15
« Profit for Racer Bike = $10
e 2 Mountain Bikes per day
» 3 Racer Bikes per day
* 4 metal finishing per day

e Linear Program (LP) to maximize profit Z

A

maximize Z=15x1+10x> Objective function

-
<z
X253 - Constraints
X1+=4
_/
1120, 1220 « Bounds
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An Example (2)

The feasible region for the Acme Best value of the objective
Bicvcle Company problem.
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Some Techniques

o Sometimes we think of a problem, just don’t know how to express it in LP

e Such as
o |If-Else
« AND
« OR

e Finding Range
« Connecting multiple variables

* Finding the value of a variable

e Listgoeson....
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Connecting two variables (1)

o |f both x and y are true, then z is true
z>2rz+y—1

 What if x and y varies?

» For example, x and y has indices

o Still z will take the value 1 if for any index, both x and y are 1
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If

* We are using binary variables here

e |f two variables share the same value

X=Y
e Ify=0,thenx=0
e Ify=1thenx=1

e If they may have different values
r =y

e Ify=1thenx=1

e Otherwise x can take either 1 or 0
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OR
* Big M Constraint

e “Binarization” of variables

* We can create a ‘flag’ that may work as a set of variables

o |Ifanyof they is true, x is true

 Here, M is a large value, usually with at least one magnitude higher
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AND

e z=XANDYy

o [fbothxandy istrue, zis true
z < I;
'}
z>x+y—1;

o IfeitherxoryisO,thenz mustbeO

» The last equation enforces that if both of them are 1, z must be 1
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Ranges

e Xxandy both are integers, z is binary

 We want to find out if x falls within a range defined by y

o Ifx>=y,zistrue

r—y+1

z > :

If the value i1s O or
e Ifx<=y,zistrue negative, zis0,elsezis 1

E}y—:r: 1;
- M
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Finding a value

» Just combine the two ranges

« A, B, Care binary variables

« Ifx=y,C istrue

z—y+1

A > :

—_— ﬂ/_{ ]
y—x+1

B > :

— ﬂ/f 1
Cy,= AN B;

» X takes the value of y if both the ranges are true

Page 12



Connecting two variables (2)

o |f x varies with j, y varies with j

Yj
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If destination Is not known...

u is the node in consideration
Vv is a neighbour of u

’Y? Is the traffic for flow k from node i

u Is the destination
Binary indicator if node u can

Z . g Z . g . . Binary Indicator if node
;I.-- ;1-'- — ﬂ' s 15"_'. - ¢

wki < k. . \dIC
Wy S Ty be a destination for flow k

b 1;::'1. — . . . .
Z“J W =15 There is only 1 destination
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