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Abstract

An interactive fuzzy multiple objective
optimization method was proposed for
solving fuzzy multiple objective linear
programming problems where fuzzy
parameters in both objective functions and
constraints and fuzzy goals of abjectives
can be in any form of membership function.
Based on the method, in this paper, a fuzzy
multiple objective decision support system
prototype is developed. A detaled
description of the method and system are
then supplied.
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1 Fuzzy Multiple Objective Linear
Programming

Multiple objective linear programming (MOLP) is
one of the popular approaches used to dea with
some complex and ill-structured decision-making
situations. Due to the unavoidable influence of
uncertainty, MOLP models must take into account
vague information, imprecise requirements, and
modifications of the origina input data from the
modeling phase. During the MOLP problem
formulation process, the possible values of the
parameters in the objective functions and constraints
may be assigned in an experimental, a statistica or a
subjective  manner  through some  experts
understanding to the decision problem. With this
observation, the values of these parameters are often
imprecisely or ambiguously understood to the
experts, and are difficult to be determined by precise
values rather than fuzzy numbers[1] [5].
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In this paper, the Fuzzy MOLP (FMOLP) problem
in which al coefficients of the objective functions
and constraints are real fuzzy numbersis considered.
Then the FMOLP problems can be formulated as
follows:

max f(x)=Cx } 1)

st. xe X :{XE R”|,&x25,x20}

where ¢ is an kxn matrix, each element of which
¢, is fuzzy number with membership function

sz (), A isan mxn matrix, each element of which
g, Is fuzzy number with membership function
3, (%) b isan m-vector, each element of which p is
fuzzy number with membership function 1 (x), and

X isan n-vector of decision variables, x ¢ R".

2 AnInteractive Fuzzy Multiple Objective
Optimization Method

Many optimization methods and techniques for
modeling and solving FMOLP problems have been
proposed [2-6]. Wu et a. [7] [8] aso developed
some algorithms and methods for solving FMOLP
problems. Based on these algorithms and methods,
an interactive fuzzy multiple objective optimization
(IFMOO) method for solving FMOL P problems with
fuzzy parameters and fuzzy goals under the different
satisfactory degree o. was developed. The main
structure of the IFMOO method which includes two
stages with six stepsis outlines as following:

Sage 1: Initialization

Sep 1: Set up FMOLP model, including inputting
the membership function of each fuzzy parameter in
the model.

Sep 2: Ask the decision maker to select satisfactory
degree o (0<a<1) and the individual weight for
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fuzzy objective functions. Under the current degree
o and weights, solve the FMOLP problem..

Sep 3. Ask the decision maker whether to be
satisfied with the initia fuzzy Pareto optimal
solution calculated in Step 2. If satisfied, the whole
interactive process stops, and the initial solutionisto
be the finad satisfying solution. Otherwise, go to
Stage 2.

Sage 2: Iterations

Sep 4: Specify new fuzzy gods g = (g,.§,.....g,)" for
the fuzzy objective functions based on the current

fuzzy Pareto optimal solution and new degree o if
needed.

Sep 5: Caculate the fuzzy Pareto optimal solution
based on the current fuzzy goas of objective
functions and degree o specified in Step 4.

Sep 6: If the decision maker is satisfied with the
solution calculated in Step 5, the whole interactive
process stops, and the current fuzzy Pareto optimal
solution is the fina satisfying solution of FMOLP
problem. Otherwise, go back to Step 4 for another
iteration.

3 Fuzzy Multiple Objective Decision
Support System

From the system designer’s point of view, the fuzzy
multiple objective decision support  system
(FMODSS) developed consists of four major
software components, which are input-and-display
component, model  management  component,
optimization component and data management
component. All the flows of data within the system,
such as models, criteria and alternative definition
and values, intermediate and/or final results, even
the data from the externa sources, will be store in
the database by the data management component.

According to the FMOLP model (1) in Section 1 and
the method in Section 2, through the input-and-
display component, the following common data need
to be input from the user for setting up model and
other initial datafor system.

e The number of decision variables, the number
of fuzzy objective functions, and the number of
fuzzy constraints,

e The coefficients of fuzzy objective functions,
the max/min for individual fuzzy objective
function, as showed in Figure 1;
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o The coefficients of fuzzy constraints, the
coefficients of right-hand-sides, the relation
sign of individual fuzzy constraint, as showed
in Figure 1;

e A Didog Box as showed in Figure 2 is
designed and generated specially for entering
fuzzy numbers. Referring to the fuzzy number
to be entered, the forms of left continuous
increasing function and right continuous
decreasing function of a fuzzy numbers can be
selected as linear, quadratic, cubic, exponential,
logarithmic, and other form from the dropdown
lists, and four end-points of left and right
function of fuzzy numbers are entered in the
textboxes simultaneously.

x
Objective Functons
Mashiin__[34(1) =2 |=i2) [0 |=8)

Fi1) hax Set Set Set Set Set
FiZ) hax Set Set Set Set Set
F3) hax [Hiembership {| Unset Unset Unset Unset

Constraint Functions

(1) <@ B [#ia) [=8) |Sign RHB
C(1) Unzet Unzet Unset Unset Unzet <= Unset
Unset Unzet Unset Unset Unset Unset
Unset Unset Unset Unset Unset Unset
Unset Unset Unset Unset Unget Unset
Unset Unset Unset Unset Unset Unset

Contirue

AlA A A
W

Figure 1: Input window for fuzzy objective
functions and fuzzy constraints
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Figure 2: Input window for the membership
function of afuzzy number

An important component of the system is model
management. Generaly, the model management
component is combined with the database
management component and provides facilities for
the definition, storage, retrieval and execute of a
wide range of models. It also gives the opportunity
for the user to specify or build entirely new model
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by using a model-building facility associated with
input-and-display component.

The optimization component of FMODSS presently
includes IFMOO method to satisfy the flexibility
required of the system. In window as shown in
Figure 4, the different weights for fuzzy objective
functions can be entered in FlexGrid 1, and the
degree of al of the membership functions of the
fuzzy numbers can also be set by the dlider aswell.

Following the IFMOO method described in Section
2, click Button “Initiate”, the initial solution of the
problem will be shown as decision variables and
fuzzy objective functions in FlexGrid 2 and 3
respectively. To display the membership functions
of the fuzzy objective function output, click the
corresponding grid in the first row “Objectives’ of
FlexGrid 3, then another window will be pop up
similarly as shown in Figure 3.

When not satisfied with the solution calculated in
the previous trial, the decision maker can specify the
fuzzy goals to be achieved in the next trial by two
ways. One is by increasing or decreasing the
previous individual fuzzy objective function solution
by percentage through clicking the corresponding
grid in the second row “By %" of FlexGrid 3 in
Figure 4. The other is by inputting the new fuzzy
goals. In order to input the fuzzy goals which are
represented by fuzzy numbers, click the
corresponding grid in the third row “By value” of
FlexGrid 3 in Figure 4, then another Window
“Fuzzy Goa Input” similar as shown in Figure 2
will appear. After the new fuzzy goals being created,
click on Button “Continue” for getting new solution
at the current trial.

The optimal solutions for each trial during the
interactive decision-making process are recorded
and listed in FlexGrid 4 in Figure 4.

At the time pressing Button “Satisfy”, the fina
solution of the problem will display and be stored in
the database through the data management
component. The interactive decision-making process
ends at thisiteration.

4 Anillustrative example
To illustrate the system developed, let us consider

the following FMOLP problem with three fuzzy
obj ective functions and five fuzzy constraints:
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f(x) T+ G+ B + G + B
max fz(x) = MaX | CpyX, + CppX, + CpXg + CpyX, + CosXe
f3(X) ~(%1)(1 + 632)(2 + 633)(3 + 644)(4 + 655)(5 (2)

le+§x2+1N0x3+ix4+§x5
= max §x1+§x2+§x3+7x4+2x5

ZX1+6X2+7X3+ZX4+~8~X5

X+ BpX, + BygXs + X + AisXs

= §xl+§x2+§x3+§x4+§x52 51:1639
X, + 8ypXy + 8yeXa + By Xy + BpsX

= — 4% - Ix,+ 3% — 3X, - 2% < b, =94
8, + 8y Xy + g%, + 8y X, + BgeXs

= 3% - 9%, - 9%, 4x, - 0%, < b, = 61

a41X]. + a42X2 + a43x3 + a44x4 + a45X5

st.

= §>(1+§x2+1~()x3—1~x47§><5-:< 64:9é4
8o, + 8o, + i + 8oy + BesXs
= §x17§x2+6x3+1x4+§x55 55:4é0
%20, %20 -

In this model, the unified form of all membership
functions of the parameters of are assumed to be as
following:

0 x<a or d<Xx
¥ —a%)/(b*-a%) a<x<b ®)
,Uen(x): 1 b<
<x<c

(d2 — xz)/(dz_cz) c<x<d

where left and right membership function are al
quadratic. For simplicity, we will represent the
above form of membership function as quadruple
pair (a, b, ¢, d) in latter on. For the FMOLP modél,
all membership functions of the fuzzy parameters
are to be represented in quadruple pair form and
listedin Table 1, 2 and 3.

According to the description of IFMOO method
listed in Section 2, the IFM OO method involves two
stages with six steps. The interactive process for
solving the problem by FMODSS is supposed to be
asfollowing:

Sage 1: Initialization

Sep 1. Initialy, the FMOLP model (2) of the
problem will be input into the system. The window
for entering the model is showed in Figure 1. The
information includes the max/min of individua
objective functions that are al set to max, and the
relationship involved in constraints that are al set as
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“equal or less than’. In order to enter fuzzy
coefficients, click on the corresponding grid in the
table, and then another Dialog Box will pop up as
showed in Figure 2. All fuzzy coefficients as listed
in Table 1, 2 and 3 are to be entered through
Window as in Figure 1 and Dialog Box as in Figure
2 sequentialy.

Table 1: The membership functions of fuzzy
objective functions' parameters

g 1 2 3 4 5
(051,12 | 89911 | (9101012 | (5112 | (2335)
(89911 | @224 | @224 | 6779 | G446

3 | (3446) | 5668 | 6779 | (3446) | (788,10

Table 2: The membership functions of fuzzy
constraints parameters

& 1 2 3 4 5

1] 2335 | 6991) | (8991) | 4557 | (2335
64, 2

2| Oy | 2109 | @3y | (5332 | G

3| @azs) | (11099 | (510 | (6-4-4-9 | 0000

4| @ssn | @esan | G40 | es11) | G

Table 3: The membership functions of right-
hand-side’ s parameters

1

(1038, 1039, 1039, 1041)
(93, 94, 94, 96)
(60, 61, 61, 63)
(923, 924, 924, 926)
(419, 420, 420, 422)

albhlw]|N] ]| D

Sep 2 After finished establishing FMOLP
model, the decision maker will switch to the window
as shown in Figure 4 to solve the problem. Suppose
the satisfactory degree o is set to 0.25. Each weight
for three fuzzy objective functions is al equally set
to 0.333. Click the Button “Initiate”, the initia
compromise solution to the FMOLP mode is
generated. The decision variables are:

X, =62.39,x, =53.60,%, =0,x, =1.76 , X, = 38.92
and the fuzzy abjective functions are

*(x; X,,3G, %, % ) = 62.395,, + 53.65,, +1.768,, + 38.92C, 4

£ (5,5, %, %) = 62.39621+53.6622+1.76624+38.92625( )

£ (X%, %, X, X ) = 62.39C,, + 53.6C,, +1.76G,, + 38.92E,
By clicking the corresponding grids in the first row
“Objectives’ of FlexGrid 3 in Figure 4 one by one,

988

the membership functions of the fuzzy objective
functions solution £, f,; and f; (4) are shown asin
Figure 3, and the initial solution is logged and listed
in the first row ‘Trial 1’ of FlexGrid 4.

Sep 3. Suppose the decision maker is not
satisfied with the initial solution calculated in Step 2,
the interactive process will continue to Stage 2.

5
1. o0
0250 ; —
574419 FENE
Left membership lunction Righl membership lunclion
Loftpaint 5744167 Lefipoint  [6530123

Right poant (0527179

Bight point [663 3129

. Fuzzy Objective Function Dutput 2 I |

TS 1002300

Laft membearship function Right membearship function
Lefpoint  [fa4850 Lefipoint  [w6e0d
Right point |27 Fasg Fight point (1022 7995

. Fuzzy Objective Function Output 3 =]

778.370 nag

Left membership function Right membership function
Left paint W Left paint ,W
Rightpoint  [s635715 | Rightpaint  [11331270

i 1 Quit
Figure 3: The membership functionsof ", f;

and f; at Tria 1

Sage 2: Iterations

Iteration No 1:

Sep 4: In this step, the decision maker specifies
new fuzzy goals for the fuzzy objective functions to
be achieved. Suppose these new fuzzy goals are
assigned by decreasing both of the first and third
fuzzy objective functions by 5% as the first and third
fuzzy goals respectively, and increasing the second
fuzzy objective function by 5% as the second fuzzy
goals based on theinitial solution at Stage 1. That is:
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§.) [ 095* £ (x.%.%)
g, |=| 105* T (x,%.%)
) | 095*f;(x,x.x)
By clicking the corresponding grid in the second
row “By %" of FlexGrid 3 in Figure 4, one textbox
will appear, and the increasing and decreasing
numbers are be filled in these textboxes one by one.
Sep 5 Pressing Button “Continue’, the new
solution to the FMOLP problem based on achieving
the fuzzy goals (5) is generated. Consequently, the
decision variables are
X =64.84,x, =50.28,x; =0.0,x, =8.71,x, = 34.14,
and the fuzzy abjective functions are
(5,5, ;. X ) = 64845, + 50.28F,, + 8.715,, + 34145,
£ (6.5, %, X, X, ) = 64.84C,, +50.285,, +8.71E,, + 34.145,,
(.56, %, X, X ) = 64.84E, + 50,265, + 8.715,, + 34.145,
The membership functionsof £, f, and f; (6) are

2
displayed as in Figure 5. The new solution is also
logged and listed in the second row ‘Trial 2" of
FlexGrid 4 asin Figure 4.
Sep 6: Suppose the decision maker is also
not satisfied with the solution calculated in Step
5, the interactive process will carry on to next

©)

(6)

iteration and go back to Step 4.
. Interactive Fuzzy Multiple Dbjective Linear Programming x|
1. Please input weights for fuzzy objective Initiate
Wiy Tw  [we | Q
Weights | 3333 3333 3333
Continue
2. The output of decision variables Satisfy
U =@ [ [y [=E)
‘ 641834 511714 0.0000 6.8507 35 4215‘
- Degree
3. The output of fuzzy objectives and its modification during interactive =
[Fuzzy objectives can be modified by percent % or walue] 10
objl)  [objey  [ohi) :
Objectives |Click here  Clickhere | Click here -
By % 5 5 = -
Byvalue | Membership | Click here  Click here z
- 0E
o4
4. The histarial records of decision variables :
(1) [i2) [=3) B [i5) o2
Trial 1 62.3301 £3.5995 0.0000 1.7563 38.9236 -
Trial 2 645392 50.2841 0.0000 8.7139 34.1408 -
Trial 3 K4.1834 511719 0.0000 B.8507 35.4218 -0
Trial 4
Trials

Figure 4: Main window with IFMOLP method for
solving FMOLP problem interactively

Iteration No 2:

Sep 4: Now, suppose the decision maker creates
some new fuzzy goals as followings:

(3., 95, 3,) = [760, 960,860] : @
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the membership functions of which in quadruple pair
format arelisted as:

u,, =(690,700,700,715)
u,, = (890,900,900,915)" (8)
u,, = (790,800,800,815)

By clicking on the corresponding grids in the
third row “By value” of FlexGrid 3 in Figure 4, one
Button “Membership” will appear, then click on the
Button ‘Membership’, another Dialog Box “Fuzzy
Goal Input” similar as shown in Figure 2 will pop
up. And the membership functions y_ , u, and u

(8) can beinput by this Dialog Box sequentially.
x
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Figure 5: The membership functionsof £, f;
and f; at Triad 2
Sep 5 As the result of clicking Button
“Continue”’, the solution to the FMOLP problem

based on achieving the fuzzy goas (7) (8) is
generated. The decision variables are

X =64.18,x, =51.17 ,x; = 0.0, X, = 6.85, X, = 35.42 ,
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and the fuzzy objective functions are
[ (X, %, X, X )= 64.185,, + 51.17€,, + 6.85C,, + 35.42,, 9

*****

1FZ(Xl Xy, X, X0 X, )= 64,188, + 51.17C,, + 6.85C,, + 35.42C,

kkkkkk

The membership functionsof ', f,; and f; (9) are
shown as in Figure 6. The solution is also logged
and listed in the second row ‘Tria 3 of FlexGrid 4

asin Figure 4.

Sep 6: Now the decision maker is satisfied with
the solution caculated in Step 5, the whole
interactive process stops, and the current solution is
the final satisfactory solution of the FMOLP
problem to the decision maker.

. Fuzzy Objective Function Oubput 1 =

550.835 829511

Left point 5508954
Right point  [537.5460

Leftpoint £37.8464
Right point  [525.5106

i Left membership funninn—‘ ’rRight membership lunl:tiun~‘

756,093 1116.469

Rightpoint (8696357 Right point 11164686

~Left membership function Right membership function
Left point 7569330 —‘ ’VLeﬁ point 969 6357 “

759,730 1119741

~Left membership functio Right membership functiol
Left point 7597301 Left point 0745409
Right point  |574 5409 Right point  [1113.7414

" Drawing | Quit

Figure 6: The membership functions of f, f;
and f; inTrial 3
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