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Mathematical Programming (MP)
Math. Prog. With Multiple Objective (MOMP) ( )

Multi-Criteria Decision Making (MCDM)
Decision Support System (DSS)
.(OR/MS)

Using the Method of Global Criterion in Multi-Objective
Mathematical Programming

Abstract

The research deals with the most important specific
development of the traditional mathematical programming (MP) and
shows the mathematical programming with multi-objective (MOMP)
which forms the vertebral column in application of Multi-Criteria
Decision Making (MCDM), Decision Support System (DSS),
operations research / management science (OR/MS).
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After studying these new models and tools and their uses, the
researcher chose Global Criterion Method to study it concept and
properties, limitation and stages of the solution to achieve the
algorithm and the flow-chart of it, and using the Global Criterion
Method to obtain the best feasible final solutions to constrained
decision, linear, multiple objective problem without any priority or
weighted.

Finally, the study concludes too many feasible solutions which
are called, non-dominated solutions to the application of a case study
and comparison with the results of using other models.

OR/MS
Mathematical
Programming
Decision Support System (DSS)
Group Individual (MCDM)

Math. Prog. With
(MOMP) Multiple Objective
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Goals Multi-Function Multi-Criteria

Method of Global Criterion (MOMP)
Non-

Dominated Solution

()
. Multi-Objective Function N
.No-Weighted ( ) 2
.No-Priority 3
.Constraints 4
( ) 5
(DM) (OR)

(DSS)
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(MOMP) .
.(MCDM)

More Satisfactory

(MP) :
(MOMP)
Traditional Math. Prog. )
Linear Programming (LP)
Simplex Method
' Optimal Solution
(*)(MP)
)
()

Render, Barry, Ralph M. Stair Jr. & Michael E. Hanna, "Quantitative
Analysis for Management", Sth.ed., 2003, Prentice-Hall, New Jersey,
USA, PP. 233-333.
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(n)

Minimize Maximize

System

:Linear Programming (LP)
:Mathematical Programming (MP)
‘Multiple Objective Mathematical Programming (MOMP)

(MOMP)
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Complex Large System

Only
Unique Criteria One objective Function

Optimalty of System

( ) ( )
(MOMP) (MP)
(2
max [ fj (x) ]
s.to.gi(x)<o0,j=1,2,...,k } ..................... (2)
1=1,2,...,m
(n) (m) (k)
(DM)

(Mch)
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*)

Decision Problem

Multi- One-Criteria
) Criteria

Multi-Criteria Decision Making (MCDM)

.Multi-Criteria Decision Analysis (MCDA)

(MOMP)
(MCDA) (MCDM)
(MCDM) (MOMP)
3) ) (MOMP)

VMP= max [ PiW, 1 (&), P,W; 1, (&), . Pjo f} (5), .or PkWk fx (5)]
s.to.gi(x)<o, ..

.(MOMP) : VMP

[

*

- ()

1. Winston, Wayne L., "Operation research: Applications and
algorithm", 1994, Duxbury Press , U. S. A., PP. 771-823.

2. Zeleny, M., "Multiple Criteria Decision Making", 1982, McGraw-Hill,
Inc., USA., PP. 120-320.
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()
Multi-Criteria Decision Making (MCDM)

Multi-Criteria Decision Making (MCDM)

(MCDM)



[200]

1 (x) J N
£ (x) j LW,
gi (x)

J fj (x)

Non-Constrained Decision Problem
*)

Multi- ( )
Only (1i=1,2,...,m) Arttibute
Multi-Conflicting Objective Objective
Optimal All-Ternative

(1) (G=1,2,...,n)

1 2 ] m

1 x% x12 x{ X1

2 xh x3 x; x5
()

1. Hamalainen, Raimo P., "Decisionnarium-Aiding Decisions, Negotiating and
Collecting Opinions on the Web" 2008, to appear in Journal of MCDM.

2. Mustajoki, Jyri and Hamalainen, Raimo P., "Web-Hipre: Global Decision
Support by Value tree and AHP Analysis", 2000, INFOR., Vol. 38, No. 3,
Aug., PP. 208-220.
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Min. Max. (Objective) ()
(Max f=2x; + (Objective)
.(Min f=2d"1+3d") (Goal) 3x2)
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n Xn X.ﬁ LI X%l Xn
(1)
Individual
Tools Group
(%)
1. MAVT. 2. AHP. 3. IEP.
Constrained Decision Problems

Multi-

Multiple Criteria
Multiple Goals Objective Function
(3) (MOMP)

(MOMP) A
*)
@)

Multiatribute Value Theory (MAVT)
:Analytic Hierarchy Process (AHP)

:Interactive Evaluation Procedures (IEP)
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(MOMP) 4)
3)
VMP= max [ f; (x), f (%), ..., §j (x), ..., ik ¥)]
s. to: g (x) <o,
j=12,..,k
i=12,...,m % e, 4)
Such that:
P1:P2: :PkZI
W1:W2:...:Wk—1 J
(MOMP) 2
( )
( e 201)

Hwang, C. L., S. R. Paidy, K. Yoon and A. S. M. Masud "Mathematical
programming with multiple objectives: A Tutorial", "Computer and
Operation Research", 1980, Vol. 7, PP. 7-11.
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:(MOLP) 1-2
(*)

NS
VMP= max [ P, f; (x), P, ; (%), ..., P §; (X), ..., P fi (X)] )
s. to: g (x) <o,

j=12,...,k N
1=1,2,....m
Such that:
P, >>> P, >>> .. >>> P, -
) Py
(f2 ) P2 (fi
: Py
1. M.S.M.
2. Tow Phase R.M.S.M.
3. Dual M.S.M.
-(GP) 2-2
(**)
( ) (MOMP)
Cardinal (di, di)
( ... 2°1)  Number, W;
P; ( ) . Ordinal Number
(6)
)
Zeleny, M., Op. Cit., PP. 280-314.
. (**)
1. Taha, Hamdy A., "Operations Research: An Introduction", 7th ed., 2003,
Prentice Hill, USA, PP. 347-360.
2

1988 "
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min [P1W1 (Q-, Q+): P2W2 (Q-, Q+): ey PLWL (Q-, Q+)] \
s. to: gi (x) +di - di+ =b
fi (x) +dj - di" = b,
di,di" >0
di_ . di+ = 0,
j=12,...,k > .............. (6)
i=1,2,....,m
Such that:
P, >>> P, >>> . >>> P
Wi, W oo , WL (Cardinal Numbey/
1. S.S.M.
2. Modifed S.M.
3. M.S.M.
(MOMP) .3
W, ( )
(O
max [ Wy i (x), Wa 3 (%), ..., W; fj (%), ..., Wi fi (X)] )
s. to: g (x) <o,
j=1,2,..,k
i=12,.,m > s (7)

Such that:
W] +W2+ +Wk:1
0<W;<1 VW, and must be known /

Interactive

Methods

1. Interactive MOLP.
2. Interactive GP.
3. Method of Satisfactory Goals.



[205] 2009 (15)daslantl oglall dadl yall dlaoll

(8)

max [ Wl fl (X)) WZ f2 (X)a EERE) WJ f] (K): L) Wk fk (X)] )
s. to: g (x) <o,

Such that:

W, + W, +.

0<W<1

1. Parametrices Method.
2. Constraints Method.

(W; P;

..+Wk:1

(MOMP) 4

ji=12,...,k
i=12,...,m > e

vV W; and unknown /

Generation Methods

4) (MOMP)
W, P,
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(MOMP)

Sub- Main Problem

J Problem
Simplex ®)

SUMT
.Non-Dominated Solutions
Min.F
f; %) f; (x*)
( )
9)
Simplex )
Render, Op. Cit., PP. 233-445.
(SUMT)

1. Taha, Op. Cit., PP. 450-520.

2005 "
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SO H-f (%)
mlnF {Z { f =)
]

S.10: Z (X) S0, e

(MOMP) (MCDM) 1

VMP= max [ f; (x), f> (X), ..., § (X), ..., fik X)]

s. to: g (x) <o,
j=12,...,k
i=12,..m ’
4)
J
Such that:
P1:P2:...:Pk:1
W1:W2:...:Wk:1
)
J=0
J=J+1
(J=1) 3
max [ f; (x) ] }
s.to:gi (x)<o0, 1=12,...,m
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)
)
[ fi (x*), x*, ..., fi (%), (x¥)]
(J <K)
2 .J<K)
.(J=K)
( )
ST H-f; (%)
mlnF LZ { f =) :l]
s.to: g (x) <o, 9)
j=12,...,k
=1,2,...,m
Simplex (P=1)
SUMT (P=2)
)

.(Simplex
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5
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-

max [ fi (x), £ (), ..., §f (X), ..., fk (X)], s.to:gi(x)<o

Standard main problem (MOMP) (No. 4)

v

J=0,J=J+1

v

Sub-Problem (J =1)

Max f; (x), s. to: gi (x) <o

NLP Model Test LP Model

v

Using SUMT Using Simplex

v

Sol. of Sub-problem (1): f; (x*), x*

Sol. of Sub-problem (k): fi (x*), x*

Test Yes

J<K
No

k
miny = " [ 9 )/ (6 ¥ |, 5. to: g (x) <0

Min. final Problem

P

i=1

!

Using Computer
Find Initial Sol. When P = 1 (Simplex)

!

Using Computer
Find Final Sol. When P =2 (SUMT)

v

Final Result
Non-Dominated Solutions

!

Choice Final Optimal Solution from
Non-Dominated Solutions

v

)



Optimal Solution

Satisfactory

Non-Dominated Solutions

.(MCDM, MCDA)
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) Solutions

(

(MOMP)  (MP)
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( )
Vector Maximize Problem
VMP = max fl =CI X1 TCaXp eeiiniiinninnn. (a)
maxfHh=c3X3+CaXq eevvvrnnnnnn... (b)

Constraints

an X; tanx; <by v (1)
A3 X3 T Axg X4 < b2 .............. (2)
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ay X)tapXotaszxstauxs <by.............. (3)

Ay Xy tapxXotaggXstayxy < b4 .............. (4)

(Xla X2, X3, X4 > O)

Integer

.X1,X2, X3, X4 Number

(a, b)
4)
VMP = max f1 =C| X] TC Xy \
max f, = c3 X3+ ¢4 X4
S. to: a1 X1 tap X < b1
a3 X3 1 ax X4 <b, >
az] X; T azp Xp +az3 X3+ azy Xy < b3 .....................
a41 X1 1t a4 Xo T A43 X3 T Ayq Xy <b,
X1, X2, X3, X4 >0
X1, X2, X3, X4 Integer Number y
(MOMP) 4)

(K =2)
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: W, P, (MOMP)
VMP = max fl =1208 X+ 130$ X2 \
max 5, = 653 x; +40% x4

S. to: 2x;+1.5%x, <35

1.8 x5+ 1.3 x4 <50
0.5 X1+0.75 X2+ 1.5 X3+ 1.5 X4 <55 > .................... (11)
2X1+1.5X2+1.8X3+1.3X4 <40
X1, X2, X3, X4 >0
X1, X2, X3, X4 Integer Number )

K 2

1. When J =1 = Sub-Problem 1 :

max f; = 120% x; + 1308 x, \
S. to: 2x1t1.5%x; <35

1.8 x5+ 1.3 x4 <50
05x;+0.75x, +1.5x3+1.5x%x4 <55 > .................... (12)
2X1+1.5X2+1.8X3+1.3X4 <40
X1, X2, X3, X4 >0
X1, X2, X3, X4 Integer Number

J
(12) (1)

[ Xl* = 0, Xz* = 23, X3>’< = 0, X4>’< = 0, fl* = 2290$, fz* = O$ ]
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1. When J = 2 = Sub-Problem 2 :

max f2 = 65$ Xy + 40$ X2 A
S. to: 2x;+1.5%x, <35
1.8x5+1.3x4 <50
05x;+0.75x, +1.5x3+1.5%4 <55 > .................... (13)
2X1+1.5X2+1.8X3+1.3X4 <40
X1, X2, X3, X4 >0
X1, X2, X3, X4 Integer Number
y,
(13) 2)
[ Xl* = O, Xz* = O, X3>X< = 22, X4>X< = O, fl* = O$, fz* = 1430$ ]
2
Pay off Table
(1)
£ (x*)
=71 ¥ | 6 (x* X * X, X3* X4*
f (x) 1 (x%) | & (x*) 1 2 3 4
f1 (x) = 120% x; + 130$ x5 | 2990% 0 0 23 0 0
£ (x) = 65% x; + 400% x, 0 1430% 0 0 22 0




fj (x)

T M- )
Inll’l |:Z |: f (X*)

j=1

ARSI REY
_JZ £ (x*)

[2290-(120x, +130X,)

]
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fi (x*)

1430-(65x, +40X,)

S. to:

X1, X2, X3, X4

10

2290

I

2X1 +1.5 X2
1.8 X3 +1.3 X4
0.5 X1 +0.75 Xy + 1.5 X3+ 1.5 X4

2X1+ 1.5 X2+ 1.8 X3+ 1.3 X4

(14)

1430

40

(1)
)
2
} > ................ (14)
<35
<50
<55
<40
>0
5
( )
SUMT
SUMT
(Initial Value)

(2)
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(2)
No Decision Variables Min Fp-,
. X1 X, X3 X4 Min
1 | 8.4990 | 5.0088 5 5 0.4194
2 110.0242 | 5.0004 | 3.3061 5 0.3082
3 | 8.4998 | 5.0002 5 5 0.4194
4 | 8.4998 | 5.0002 5 5 0.4194
5 9.9977 | 6.2747 | 2.2727 5 0.2432
6 | 7.9982 | 5.6684 5 5 0.4155
7 | 5.0225 | 5.023 |5.2339| 10 0.7349
8 | 9.9977 |5.0692 4 4 0.3062
9 | 6.1991 | 6.0005 6 6 0.5433
10 8 5 5 5 0.4194
A1
2) .
P; (MOMP)
(14) U
®)
4) (3)
()

¥ Nonlinear Programming -

)= u.lm|A =

File Fomat Resubs Ubites Window Help

& Solution Summary for NLP model with constriant to salve MOMP -

05-13-2008 | Decision Yariable Solution Yalug

1 Xl 997
2 2 b.24
1 & w01
4 e 5.0000

Minimized | Objective Function = 0.2432
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©)
(5)

P Nontinear Programming

Bé MAE

Fle Fomat Resulbs Utiiies Window Help

A Constraint Summary for NLP model with constriant to solve NOMP -

05-13-2008 | Constraint |Left Hand Side | Direction | Right Hand Side|  Status  |LHS - RHS

1 0 240 (= 35,0000 Loose | -H.5326

2 2 105909 (= 50.0000 Loose | -39.4081

3 3 /AN (= 55,0000 Loose | -32.8861

4 K] 19.9983 (= 40.0000 Loose  -0.0M7

Objective  Funclion=  0.2432 CPU Time = 0.4380

4)
(4)
(2) .
°
Feasible
Solution

C4 L.H.S. R.H.S
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[ X1 =10, x, =6, x3=23, x4 =4, f; = 19808, f, = 3558%, Total Profit = 2335$ ]

(A)

X1 = 10 ( /
X2=6 ( /
X3 =3 ( /
X4:4 ( /

Max f; = 1980%
Max f2 = 335$

f fi

3) .
(3)
LH.S<
minfp=2 R.H.S
Total
X1 | Xo | Xg | Xa | f1*=1208 x,+1209 x, | 2*=659% x,+40$ x, | Profit= | Criteria C4
£ 46,%
1 8| 5|15 5 1610% 5259 2135% 0.4194 | 39<40
2 10 54| 4 18508 420% 22708 0.3082 | 39.9<40
3 6 | 6| 6|6 1500% 6509 21308 0.5433 | 39.6<40
4 10 6 | 3| 4 1980% 355% 2335% 0.2432 | 39.6<40
3)
1
4)
(3) min f = 0.2432




Total Profit = 2335%
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(3) 4321
Non-
) Dominated Solutions
(1) 16108 f] o
1850% (2)
4208 5258 f,
4209 f, .
6503 (3) (2)
18508 £
.1500%
(4)
2325%
(1) 22708 (2)
21308 2135%
fi
(1) fi
(22708 11358 ) (2)
(3) f5
(22308  2270%)

:(MOLP) (LP)

(3)
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(*)( )
(MP) 1
.(LP)
Py, P, (MOMP) 2
fls f2
(MOLP) ( )
fl 9 f2
.(MOLP2) (MOLPI1)
2 1)
(MP) 1
(LP)
VMP = max f=120$ x; + 1308 x, + 658 x5 +40$ x4
S. to: 2x;+1.5%x, <35
1.8X3+1.3X4 <50
0.5 X1+0.75 Xy T+ 1.5 X3+ 1.5 X4 <55 > ..... (15)
2X1+1.5X2+1.8X3+1.3X4 <40
X1, X2, X3, X4 >0
X1, X2, X3, X4 Integer Number J
[X] :0, X2:23,X3:3,X4:O, Total Proﬁt=3185$] .............................. (B)
P,, P, (MOMP) 2
fl) f2
(MCDM) ()

What...if
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f), f P1, P2 (16) (MOLPI)

VMP = max f=[ P; (120$ x;+130$ x,), P, (65% x5+408 x4)]

S. to: 2x;+1.5%x, <35
1.8X3+1.3 X4 <50
0.5 X1+O.75 X2+1.5 X3+1.5 X4 <55 > ....... (16)
2X1+1.5X2+1.8X3+1.3X4 <40
X1, X2, X3, X4 >0
X1, X2, X3, X4 Integer Number
P, >>>P, /

[x; =0, X, =23, x3 =3, x4 =0, f; =29908, f, = 195%, Total Profit =
3185%]..(C)

fz, f1 Pi, P2 (17) (MOLP2)

VMP = max f= [ P, (65$ X3+40$ X4) , P (120$ X1+130$ Xz)] A

S. to: 2x;+1.5%, <35
1.8 x5+ 1.3x4 <50
0.5 X1+O.75 X2+1.5 X3+1.5 X4 <55 > ....... (17)
2X1+1.5X2+1.8X3+1.3X4 <40
X1, X2, X3, X4 >0
X1, X2, X3, X4 Integer Number
P, >>>P, /

[x, = 16, x5 =2, x3 = 0, x4 = 3, f;, = 3908, f, = 11208, Total Profit =
15108$]..(D)

(D) (©) B)
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(MOLP1) (LP) 1

3185$
.15108% (MOLP2) 2
(MOLP1) (LP) 3

x3=0 x;=x4=0

3
:(MCDA)
(LP)
(MOLP)
(LP) o
[ X1 = 0, Xy = 23, X3 = 0, X4 = O, Total Profit = 3185$ ] .............................. (B)
:(MOLP) .

[x; =0, x, =23, x3 =3, x4 =0, f; =29908, f, = 195%, Total Profit =

31858 ] crvereeeeeeee e e e s e ee e e oo (©)

[x, =16, X, = 2, x5 = 0, x, = 3, f; = 3908, f, = 11203, Total Profit =

15108 oo e s e (D)
[ ]

[x;= 10, x,= 6, x3= 3, x4= 4, fi= 19808, f,= 355%, Total Profit =
23358] oo e e < (A)
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(A, B, C, D)
(MOLP1) (LP)
(31859)
(23359)
(X1:X4:O)
(X1=10, X2:6, X3:3,

.X4:4)
1510$ (MOLP2)
3185$ (MOLP1) (LP)

23358
(MOLP1) (LP) (x,=x4=0)

(x5=0) (MOLP)

(High Risk) (MOLP1) (LP)
(X2)

(X1, X4)

(MCDA) (MCDM) e
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(MCDM) (MOMP) .
(MCDA)
(MOMP) .

3)

[X1: 10,X2:6, X3= 3, X4= 4, f1: 1980$, fzz 355$, Total Profit = 2335$ ]

£, £ (23359)

(MCDA) (MCDM)
(MOMP)

(DSS)
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