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Summary of the previous lecture

Stochastic dynamic programming
Steady state probabilities:
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FUZZY OPTIMIZATION



Fuzzy Optimization

General optimization problem:
Maximize or Minimize f(X)
S.1.
g;(X) <0 j=1,2, ... m

Decision Vector, X = (Xy, Xy, X3, «..... X))

X1y Xoy X3y vevee X.: Decision Variables



Fuzzy Optimization

Linear programming

* Linear objective function C‘(ﬁ’
e Linear constraints
« Non-negative decision variables / —b
e.g..: Qo ¥ B2 ng/s\\a’r
MAX. CX(+ CoXoF ...+ C X, 0.CopH,
s.t v // e
Ay X HaXot. . ... +a,.X.< b, //
8y X FaXot ..., +a,X.< b,
a1 X ta Xot. .. +a,. X< b,



Fuzzy Optimization

Fuzzy optimization
e Objective function and/or constraints may be fuzzy.

e.g., Minimized cost of a process design should be
about z, or less

X>5 ... Crisp constraint

X~>5 ... Fuzzy constraint

X Is about 5 or greater, which means a solution

X <5 s also acceptable, but to a lesser degree
 Fuzzy goals and constraints

« Reflect degree of satisfaction of decision makers



Fuzzy Optimization

Fuzzy decision

o Confluence of “fuzzy objectives” and “fuzzy
constraints” defined as “fuzzy decision” (Bellman and
Zadeh (1970)); represented as fuzzy sets

Z =FNF,
ty (X) = A=min| g (X), g (X) |
u, (R)= 24 = max| 1, (X)]
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Fuzzy Optimization
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Fuzzy Optimization

X=10,00] ..... Set of alternatives

t(X) =0_ x<10
- -1
=1-/1+01(x-10)" | 4519

Fuzzy goal: To make x sufficiently larger than 10.

4(x)=0" L x>30
:[1+x(x—30)_1 x <30

Fuzzy constraint: x_should be a lot smaller than 30.




Fuzzy Optimization

A Fuzzy Constraint ®
1.0 Mo Fuzzy Goal
u.;.(//X)_ |G ———
051
y Fuzzy Decision
0o 10 20 30 0’ X

up(x) : Membership Function of the Fuzzy Decision
= Nin [16(x), He(x) ]

x*, Optimal Value of x, pp(x")= A" =max [pp(x)]

o In Practical Situations a Large Number of Fuzzy Goals, Fuzzy
Constraints and Crisp Constraints Exist.

10



Fuzzy Optimization

Conventional LP:

\e \Q,%
Min Z = [C][X] - 9\‘\""}& o of
S.t. — O})O"j =

[AI[X] <[b]
ZECHN Y
Cl=(c CprrC) X \{\
X] = (Xq, XoyeenX)T ...nx1 \?\/\

Al = [a;] ...mxn

b] = (by, b,,..... b)T ....mx1
n Variables, m Constraints.
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Fuzzy Optimization

With Fuzzy Goals And Constraints,
[CI[X] ~< z, ...... Desired Min Value for the OF.

[Al[X] ~<[b] ...... Desired Values for the RHS of
Constraints

Since Fuzzy Goals and Constraints play same role in
Fuzzy Decision Making, FLP is written as, va
<
BID] ~<[] [y O
[X]=[0]

el

With




Fuzzy Optimization

b, > (BIx]} —»

[BI[X] ~<[b’]
[X]=[0]
T
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Fuzzy Optimization

Linear membership for it" constraint

Linear function that is 1 when the it constraint is fully
satisfied, O when it is not satisfied
by a width d; or greater and values between 0 and 1

for intermediate case: A
d; : Value determined L0
subjectively by T |
decision-maker. u

e.g., BOD level in water

treatment. 0 >

5 10 mg/Litre
—>»




Fuzzy Optimization

1 o (BX). <hy

. B<(Bx), <(by+d;)

From Fuzzy Decision concept,

ﬂD(x*) — Max [Mglg {,ui [(Bx)l]}}

x>0



Fuzzy Optimization

S.t. f'/@f B X)i A VI Crisp equivalen
i of Fuzzy LP.
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