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Abstract.
Linear programming, as a part of applied mathematics, more definitely – the branch of
Operations Research, is seen as a solving method of problems linked to optimization. Each
economical problem having as a purpose its optimization, especially concerning the distribution
of resources, has in wiew the obtaining of an optimal value of a goal, for example a maximum of
the profit, or a minimum of the costs.
Each economical problem depends of a lot factors submitted to some restrictions
(constraints). The goal is dependent of these factors, reason for which the goal is found in a
mathematical dependence (function) of these factors, named decisional factors. One has in wiew
the optimization of an economic goal represented by a mathematical function of more variables.
The optimization function represents a goal from the practice of a large variety of areas:
technical, pedagogical, medical, agricultural, personnel organization, etc.The discussed function
may be called “purpose function”, or “goal (objective) function”, or “efficiency function”. We
prefer the name of “objective function”. If the dependence of the function of the decisional
factors is a mathematical linear one (used in the areas mentioned above), then the problem is a
linear progamming one. A linear programming problem can be: a “classical linear programming
problem”, a “a multiobject problem”, or a “transport problem”.
In the paper is presented only the “multiobject problem”. Is presented the mathematical
pattern, the coresponding terminology and also some practical issued solved on the computer in
the summaries submitted to the work. Supplementary, we have to mentioned that the authors are
the holders of the implementations on computer of the pattern mentioned above, in both known
programming environment Fortran 77, C++ and desk computer one.
Key words: multiobject programming, goal function, decisional factors, decisional
variables, deviated variables, objective function, restrictions

INTRODUCTION

The paper falls within a context of the wider concerns of the authors,
context that we could initial: "Optimal decisions in management and economics
based of the methods of operations research". The operations research is the
modern scientific approach to complex problems facing the management - in
industry, agriculture, animal hasbandry, business, resources use, defense, etc.,
with a view to producing the best decisions.
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Basic concepts of operations research, such as the methods and models of
the classical linear programming based on “simplex” algorithms, or “linear
multiobject programming” (the last being the goal of this work), or the problems
of “transport” and the “repartition”, are pleading for information and training
managers in objectives in the areas of essential economical objectives, such as
the optimal allocation of resources, drawing optimum production plans,
development the human potential (efficient allocation of staff during the course
of production requirements), obtaining the maximum benefits from the
investment, optimal coverage of the lots in agriculture, obtaining the best
biological rations in animal hasbandry, the best strategies of the defense in
military, etc.
Depending on the nature of the economical problem or problem into the
management subject of the optimization, is considering achieving of a single
objective or several objectives simultaneously submitted to the optimizing
(some objectives submitted of the minimizing, another objective submitted to
maximizing, depending on the nature of each objective). In the second case it is
about of a linear multiobject programming. It is the paper's purpose, which
presents an of reference enunciation, the mathematical model and the adequate
terminology.
Unlike classical linear programming where there is a single objective, in
practice management may have regard to the situations involving the
achievement of several targets simultaneously. For example, the manager of a
company is entitled to pursue simultaneously objectives such as the maximizing
of a profit, the investment limited by an fund default that he are available, the
increasing of the sales, the maintaining of the employment, etc… Some of the
objectives can be achieved, others can not be achieved. In addition, it is possible
that some of the objectives would be even conflicting. The manager is the one,
that, depending on the importance and priority of the objectives, in order to
achieve them, dropping a part of restrictive factors that we have previously
called decision makers. The mathematical model that includes coverage of
several targets simultaneously is linear “multiobject programming”. In addition,
this model can be successfully used as a particular case and for shaping
economic issues on which classical linear programming offers no solution.
MATERIAL AND METHOD

Wording of the problem
In the case of linear programming “multiobject” model, frequently is
possible we have simultaneous non achievement all the objectives envisaged.
Our new model, however, highlights “deviations” from achieving|non achieving
these objectives. So is that the model is aimed at minimizing “deviations from
achieving all the desired objectives”. As a consequence, the model confers of
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the manager a certain flexibility in choosing the solution. The objectives can
have different priorities and shares (importances). By introducing these new
elements we obtain various other solutions, solutions that may agree or not by the
manager.

Mathematical model.
In contrast to the classical linear programming, in case of “multiobject
programming”, to the wording of mathematical model we make a distinguishing
between the economical objectives that the manager proposes to him, and the
objective function which is alwais submitted to minimizing here. The
mathematical expression of the objective function, submitted to the minimizing
consists only of deviations (non-negative deviational variables, as the
compensation variables) from the achieving economical goals. The objective
function will have target destination, clear and simple expression – <it
minimizes the amount of the deviates from the economical views taken into the
considerations of the manager>.
Restrictions:
Is posible to be present restrictions of the kind of classical linear
programming. In addition to these restrictions, we impose the non-negativity of
the deviational variables which may appear in the objective function (the
expression (2.3) below). It’s about of restrictions:
d1+ , d1− ; d 2+ , d 2− ; ⋅ ⋅ ⋅ ; d k+ , d k− ≥ 0
(1)
(the non-negativity of the deviational variables conditions).

Objectives:
Let us we have k economical objectives, translated into the k following
mathematical relationships (equalities or | and inequalities):
n

f i = f i ( x1, x2 , ⋅ ⋅ ⋅ , xn ) = ∑ oij x j :: Oi , i = 1, k
j =1

(2).
The matematics operators appointed by the indicator of comparison: in the (2)
can be any of the set: = < ≤ > ≥ .
By introducing the deviational variables di+ , di− , i = 1, k , the objectives
(2) can be simple transformed into equalities, as follows:
n

f i = f i ( x1, x2 , ⋅ ⋅ ⋅ , xn ) = ∑ oij x j − Oi = di , i = 1, k
j =1

(2)’
where: di = di − d i , i = 1, k (d d ≥ 0) .
Any of relations (2) or (2)' may appoint “restrictions expressed objectives”.
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Objective function
It is the following amount of deviational variables di+ , di− subject to
minimizing:
k

gmin = d1+ + d1− + d 2+ + d 2− + ⋅ ⋅ ⋅ + d k+ + d k− = ∑ di+ + d i−
i =1

(3).
RESULTS AND DISCUSSIONS

In the case that the desired objectives have equal importance (equal share)
and equal priority, the expression of the objective function is (3) above.
In the case that the objectives are differentiated by the importance
(weights), but equal priorities, then the expression of the objective function will
contain suplimentary some weights with values stipulated by the manager –
“objectives’s weights”, traditionally noted pi+ and pi− . In this case, the
expression objective function becomes:
k

gmin = ∑ ( pi+ d i+ + pi− d i− )
i =1

(3)’.
Instead of the weights, the manager may take in the consideration some
penalizing factors pi+ and pi− which describes the non-achieving purpose
degree.
In case that the objectives are differentiated by the priorities, but equal
importance (weights), then the expression of the objective function will contain
suplimentary some priorities with values stipulated by the manager –
“objectives’s priorities”, noted traditionally P +i and P −i . In this case, the
expression objective function becomes:
k

gmin = ∑ ( Pi+ d i+ + Pi− d i− )
i =1

(3)’’.
In the most general case, that the objectives are both differentiated by the
importance (weights) and the priorities, then the expression of the objective
function will contain suplimentary the weights pi+ , pi− and the priorities P +i ,

P −i . These entities have the values stipulated by the manager – “objectives’s
weights and priorities”. The expression of the objective function is:
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k

gmin = ∑ ( Pi+ pi+ d i+ + Pi− pi− d i− )
i =1

(3)’’’.
Explanatory note:
 The variables x1, x2 , ⋅ ⋅ ⋅ , xn that occur along all the restrictions,
inclusively in the (2)
expressions of restrictions expressed objectives retain the name of
decision variables and are with non-negative values.
 The coefficients o1 , o2 , ⋅ ⋅ ⋅ , on appearing in the (2), the coefficients of
objectives, are know constants and they can have any sign.
 The free items O1 , O2 , ⋅ ⋅ ⋅ , Ok from the (2) expression, appointed values
of objectives are know constants.
 The non-negativities conditions from restrictions, so those on the
deviations in the (1)
are required in order to either return to the algorithm "Simplex", or to
use the special program "Goal Programming" recommended for the
multi-criteria programming.
 The deviational variables di+ and di− , (i = 1, k ) from (2)' and (3) have
the following
meanings:
- di+ shows the amount by which the i objective was not achieved by
the addition;
- di− shows the amount by which the i objective was not achieved by
default.
(i) If di− deviation is accepted by the manager, then it makes no sense to be
present in the objective function; it’s the case of objective i’s expression with
the inegality ≤ . It will
present di+ .
(ii) If di+ deviation is accepted by the manager, then it makes no sense to be
present in the objective function; it’s the case of objective i’s expression with
the inegality ≥ . It will
present di− .
(iii) If however, are not accepted any of deviations di+ and di− , then both
this deviations
will be present in the objective function; it’s the case of
objective i’s expression with
the egality = .
In other words, related to the (i), (ii) and (iii), which is accepted by the
manager, has no meaning to be present in the expression of the objective
function.
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CONCLUSIONS

With the treatment above we are entitled to aspire some results – the solution
of an economical concrete problem, treated through the “multiobject”
programming.
 We name the “solution” of a problem treats through the multiobject
programming
(also, that is offered by an execution on the computer of a concrete
problem) the following:
(i) the “optimal context”, that is the values of the decisional variables:
x1 , x2 , ⋅ ⋅ ⋅ , xn
which concur to achievement of the objectives;
(ii) the “deviaŃional context”, that is the values of the deviational variables:
di+ , di− which reflects the degree of achievement | non-achievement of
the objectives.
The solution may be analyzed by the manager and he will take a decision in
accordance purpose. The manager may introduce new data, new weights and
priorities, add. restrictions or gives up to a part of them, until the results
indicated by the optimal solution are accepted.
 The authors are the holders of the implementations on computer of the
all linear
programming concept, inclusively linear multiobject programming
model described above. The authors’s implementations are in both
known programming environment: Fortran 77, C++.
 In the end of this paper is presented a model problem based on the linear
multiobject programming. The problem is one from the farming
management. Here, it comprises an enunciation (wording), the suitable
mathematical model and a running on the computer. In accordance with
this reference model problem is present a problem (application) during
of two summaries. In the first summary is present the running on
computer of the problem, and in the other summary a lot of the results
interpretations on the solution offered by the runing on the computer are
present.

MODEL APPLICATION based on linear multiobject programming
(agricultural area – optimal covering of lots)
Enunciation
“On the three agricultural lots L1,L2,L3 on intends
C1,C2,C3.
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(i) As for the doses of growing to one hectare, for these three cultures, the doses
are:
- for the culture C1 is: 200 kg/ha, 150 kg/ha, 100 kg/he respectively on the
lots L1,L2,L3;
- for the culture C2 is: 150 kg/ha, 200 kg/ha, 100 kg/he respectively on the
lots L1,L2,L3;
- for the culture C3 is: 150 kg/ha, 150 kg/ha, 150 kg/he respectively on the
lots L1,L2,L3.
(ii) As for the unit costs of cultivation (growing) for one hectare, they are: 500
RON/ha on
the lot L1, 400 RON/ha on the lot L2 and 300 RON/ha on the lot L3.
(iii) Then, on has expected a growing income from one hectare of 800 RON/ha
from the lot
L1, 700 RON/ha from the lot L2 and 600 RON/ha from the lot L3.
Under the conditions listed above the following objectives are pursued:
Goal 1:
RON;
Goal 2:
Goal 3:
Goal 4:
Goal 5:

To obtain a total income of growing on the three lots of at least 50000
To cultivate (grow) at least 12000 kg with the culture C1;
To cultivate (grow) at least 9000 kg with the culture C2;
To cultivate (grow) at least 10000 kg with the culture C3;
Do not spend with the entire cultivation more than 30000 RON.

They asked to draw up an optimal coverage of the lots, that is to faithfully
fulfill the objectives <===> number of hectares x1 , x2 , x3 on the two lots
L1,L2,L3 to be recommended to cultivate for the performance 1-5 objectives,
including obtaining a total income maximum”
Settlement data values and values for the objectives
Table 1
The data values of the problem and the values for the objectives
Lot
L1

Lot
L2

Lot
L3

Cultures:
C1

200

150

100

C2

150

200

100

C3

150

150

150

500

400

300

800

700

600

Prices per hectare
(RON/ha)
Income per hectare
(RON/ha)

80

Objective
1:
Objective
2:
Objective
3:
Objective
4:
Objective
5:

Restrictions of the
objectives
≥ 50000

≥ 12000
≥ 9000
≥ 10000
≤ 30000
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Mathematical model:
The restrictions that express objectives:
 1)
800 x1 + 700 x2 + 600 x3 + (d1− − d1+ ) = 50000

200 x1 + 150 x2 + 100 x3 + (d 2− − d 2+ ) = 12000
 2)

150 x1 + 200 x2 + 100 x3 + (d3− − d3+ ) = 9000 .
 3)

150 x1 + 150 x2 + 150 x3 + (d 4− − d 4+ ) = 10000
 4)
 5)
500 x1 + 400 x2 + 300 x3 + (d5− − d5+ ) = 30000

The restrictions upon the deviational variables’s non-negativity:
d1+ , d1− ; d 2+ , d 2− ; d 3+ , d 3− ; d 4+ , d 4− ; d 5+ , d 5− ≥ 0 .
Objective function: g = d1− + d 2− + d 3− + d 4− + d 5+ subject to the minimizing.
Deviational variables that really lack in the objective function expression are
superfluous, according to the observations (i), (ii) and (iii) from the explanatory
note above.
Running on the computer is done of the scenario present in the Table 2:
Table 2
Scenario: the results offered of running on the computer
(Optimal coverage of the lots)

Model Application

Cultures:
C1
C2
C3
Price/ha
(RON/ha)
Income/ha
(RON/ha)
Objective
function:

Lot
L1

Lot
L2

Lot
L3

200
150
150
500

150
200
150
400

100
100
150
300

800 700

600

Income
and
cultivation
(grow)
50000
12000
9000
10000
30000

(Goal 1)
(Goal 2)
(Goal 3)
(Goal 4)
(Goal 5)

d-

d+

X

0
0
250
0
0

0
250
0
500
0

55
0
10

Restriction
s for the
objectives
50000
12000
9000
10000
30000

250

Results interpretations:
x1 = 55,
which means that are growing 55 ha on the lot L1,
x2 = 0,
nothing on the lot L2,

x3 = 10.
d1− = 0, d1+ = 0

10 ha on the lot L3.
which means that on obtain a total income exactly 50000
RON;
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which means that are growing with 250 kg of culture C1
in addition.
In total: 12250 kg;
which means that are growing less with 250 kg of culture

C2
−
4

+
4

d = 0, d = 500
d5− = 0, d5+ = 0

That is: 8750 kg;
which means that are growing with 500 kg of culture C3
in addition.
In total: 10500 kg;
which means that on spends for entire cultivation a total
sum of exactly
30000 RON (the estimated sum).
BIBLIOGRAPHY

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

12.

13.

14.

Andraşiu M., A. Baciu, A. Pascu, E. Puşcaş, Al. Tasnadi, 1986, Metode de decizii
multicriteriale, Ed. Tehnică, Bucureşti.
Alecu I., E. Merce, ş.a. 1997, Managementul în agricultură, ED. Ceres.
Andraşiu M., A. Baciu, A. Pascu, E. Puşcaş, Al. Tasnadi 1986, Metode de decizii
multicriteriale, Ed. Tehnică, Bucureşti.
Dennis T. L., L. B. Dennis, 1993, Microcomputer Models for Management Decision –
Making, West Publ.Co., Third Ed.
France J., J. H. M. Thornley, 1984, Mathematical Models in Agriculture, Butterwoths,
London – Boston – Durban – Singapore – Sydney – Toronto – Wellington.
Golstein E., D. Youdine, 1973, Problemes particuliers de la programmation lineaire, Ed.
Mir. Moskou.
Kaufmann A., 1968, Metode şi modele ale cercetării operaŃionale, Vol.1,2, Ed. ŞtiinŃifică,
Bucureşti.
Merce E., F. H. Arion, C. C. Merce, 2000, Management general şi agricol, Academic Pres,
Cluj-Napoca.
Rusu E., 2001, Decizii optime în management prin metode ale cercetării operaŃionale, Ed.
Ec. Bucureşti.
Turner Jonathan, M. Taylor, 1998, Applied Farm Management, Second Edition, Blackwell
Scinece.
Vesa I., 2005, Decizii optime în management prin metode ale programării liniare
multicriteriale. Implementare pe calculator, Universitatea “Avram Iancu”, volumul
“GÂNDIRE, CULTURĂ & SOCIETATE”, nr.1, pag: 9-41, Ed. “Eikon”, Cluj-Napoca.
Vesa I., 2005, Metode numerice cu aplicaŃii în management şi economie, Universitatea
“Avram Iancu”, volumul “GÂNDIRE, CULTURĂ & SOCIETATE”, nr 1, pag: 158-190,
Ed. “Eikon”, Cluj-Napoca.
Vesa I., I. Oprea, 2008, Decizii optime în management prin metode ale programǎrii liniare
multicriteriale multiobiectiv (Optimal decisions in management through methods of Linear
Multi-criteria Multiobject Programming). International Symposium “Challenges of
European Integration”, October 24-25, Bulletin of “Dimitrie Cantemir” University (ISBN
978-973-751-893-4), pag: 292-300, “Risoprint”, Târgu Mureş, Romania.
Wagner H. M., 1969, Principles of Operations Research with Applications to Managerial
decisions, Prentice-Hall Inc., New Jersey.

82

