ADVANCES IN MODELING PROBLEMS OF RESOURCE ALLOCATION

Marin ANDREICA', Eugen ALBU?, Loredana Ionica STAN’

Abstract
The paper highlights progress in shaping resource allocation problems.
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1. INTRODUCTION

Whether they deal with operational or outlook problems, managers have to confront a major
issue regarding harmonization of existing or virtual resources with the targeted goals. This
translates in assigning resources to specific objectives, so that the organization’s economic
performance is maximized. The problems which arise from the resource allocation process
have certain characteristics. They have to answer to a set of inquiries such as:

1. Which are the resources that need to be allocated?

Availability of these resources ? (supply)

The amount of resources needed? (demand)

The suppliers?

The beneficiaries?

The period of time predicted for allocation?

Restrictions?

Objectives and strategies?

. Consequences of allocation process?

10. The economical status?

The answers to these questions become components of the resource allocation problems.
Moreover, the diversity in their status leads to different classes of allocation problems.
Therefore, a classification can be made, based on criteria such as:

[l Relationship between supply and demand: problems regarding surplus, balanced and
deficit resources. The last class of problems can also be subdivided in:

-global allocation, which establishes the amount from the available resources that can be
assigned to every beneficiary

-resources assignment, which makes correspondences between beneficiaries and suppliers
according to the solution of the first sub-problem

[l The number of resources subject to allocation: one or several resources, which can also
be homogen or heterogen. The homogen type can be substitutable (partially or totally) or non-
substitutable.

Moreover, the resources can be perishable or not, storable and non-storable.

[J If the resources are perishable/non-perishable, it may be needed to take into consideration
the time factor, which is a non-storable resource. In this case, the problems will consist in
dynamic allocation and will aim to identify solutions to harmonize the supply and demand
during the total period of time requested for allocation.
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[l Time horizon in connection with the hierarchic level where the allocation process is
decided leads to the following types of allocation problems: strategical, tactical and
operational problems.

[l The number of performance evaluation indicators leads to multiple criteria problems or
single criterion problems.

[l The number of variants for components in the allocation problem and the possibilities to
quantify the consequences, leads to classification of allocation problems in conditions of
uncertainty, certainty and risk.

[l The origin of resources (suppliers) generates allocation problems with one source or
several sources. Regarding the one source case, the problem is a global allocation issue and it
involves determining the amount of the total which is to be assigned to every beneficiary. If
there are several resources, the allocation problem is mainly a distribution problem: with
intermediate centers or a direct one, if the suppliers and beneficiaries have a direct
relationship.

[0 Correspondences between suppliers and beneficiaries lead to problems with biunique
correspondences or multiple correspondences, which are repartition problems

2. CORRESPONDENCES BETWEEN PROBLEMS AND MATHEMATICAL
MODELLING METHODS. CLASIFICATIONS

Formulating allocation resources problems can be done in many ways, depending on the
objective and the context of allocation. In attempting to sketch these problems, one will
discover that in a hierarchical organization, the allocation process takes place either on
different levels or at the same level. Generally, the term ,,allocation” implies the existence of
an entity which decides who takes from who, how much and furthermore, to whom and how
much it gives. This entity can be outside the organization or within it, but in both cases, it is
responsible with coordinating the process where the allocation problem has appeared.
Otherwise, we would witness the old proverb ,,the lion’s share...”. Therefore, in most of the
resource allocation problems, there is a superior hierarchic level who manages the framing of
resources (homogene, substitutable, etc) and an inferior level, where the emphasis is on
ensuring the minimum amount of resources needed, the functional and structural correlation,
the local performances of allocation. The allocation strategy is established on the superior
hierarchical level, aiming for maximum performance on the allocated resource unit.

The paper of Andreica, M. (2011) details the architecture of such problems, aiming to put
together under the same theme several terms from the operational research, such as problems
of assignment, distribution, transport, etc, which apparently serve other economical objectives
and couldn’t otherwise fit into the research allocation theme.

The existence of a diversity of terms regarding the resource allocation problems comes
from the emphasis sometimes put on the solving method, and not on the economical
phenomenon from which the problem arises. Therefore, the same problem has different
denominations, depending on the profession of the person in charge to solve it (economist, IT
specialist,mathematician, etc).

The most eloquent example in this sense is the term ,transportation problem”, found in
the operational researches. For an economist, it’s a problem of resource distribution, with one
or more suppliers and beneficiaries.For mathematicians, it is a transportation problem,
because it is solved with models and specific algorithms. If it has intermediate centers, it is
seen as a distribution problem with intermediate centers, and for mathematicians it is a
transportation problem with intermediate centers.



The attempt to even the terminology used in this field is based on an indisputable reality:
most of the problems are extracted from the economic activity and the results return back to
the economical field. Therefore, the starting point must be the formulation of the
economical problem.The wording must respect the fundamental elements in the logic of
problems. A correct formulated problem is half solved!If the person solving the problem
uses mathematical models method, than the problem’s formulation must provide the data
needed to build the model. If the problem is to be solved by an ordinary person, than the
formulation has to be made according to the person’s level of knowledge and understanding.

The allocation problems are usually complex or large sized. The complexity arises from
the uncertainty present in the evaluation of several parameters or relations between variables,
from the risk associated with the allocation process in the sense of unfavorable consequences,
and from the big number of variables, parameters and inter-relations, which generates a high-
complexity calculations. All these premises lead to finding means to decrease the complexity
in order to better solve the problem; the most successful method for this is mathematical
modeling. Therefore, the methods of operational researches are used for solving complex
allocation problems. With these methods, models for research allocation can be developed; in
the process of solving them, one has to address algorithms with rapid rate of convergence
and acceptable degree of precision. For solving algorithms, one uses informatic programs
designated in this purpose.

To summarize, a person in charge with solving economic problems regarding resource
allocation must have know how in the economical field, know how regarding the logic of
problem solving so that he can accurately formulate the issue, knowledge on mathematical
modeling and mathematical model building, how to solve mathematical models based on
algorithms and basic knowledge on how to use IT programming for solving these models
based on internal algorithms. Also, one must have meta knowledge (at least level 1) which
can allow him to choose the appropriate modeling method, the most efficient algorithm for
solving the model and the appropriate IT solution which integrates the chosen algorithm
(according to the available calculating technique and the desired performances).

3. PROBLEMS OF RESOURCES DISTRIBUTION

As regard to the problems concerning the resources distribution,it is commonly agreed

that they were more often encountered in the centralized economy. These type of problems
involve making correspondences between one or more suppliers and more beneficiaries.
In real life economy there are many problems regarding distribution;the simplest of all is the
distribution of a single resource.This is an elementary distribution problem, and many
problems with several independent resources can be cut down tot this type. For the sake of
simplicity in the solving process, the unbalanced problems are equilibrated by introducing
fictional suppliers or beneficiaries who appear in the function with zero cost, and in this
manner, the conditions for equilibrium are fulfilled.

As a result, the distribution problems, seen through modelling methods, represent
variants of the transportation problem, such as: unbalanced, with prohibited routes (when the
restriction to distribute a resource from a certain supplier to a certain beneficiary arises), with
bounded centers (when there are more suppliers in the same place), with groups of bounded
centers (when the beneficiaries from different bounded centers all take resources from
deposits of a certain company), with intermediate centers(when the resources are temporary
stocked before going from the suppliers to the beneficiaries), tridimensional (when more
resources are being distributed), with partially substitutable resources, with limited
transportation capacities, etc. When the resource is uneven, homogenization coefficients must



be introduced (transformation of the supplier’s resource i in the supplied resources h (i=h),),
which is considered standard .
I If the transportation capacities D, from the supplier i to the beneficiary j are taken into

consideration, then the problem’s solution includes the resource’s transportation plan.

[J When the problem’s dimension is large, it is possible to decompose it into two sub-
problems, with the first being the distribution of resources to intermediate centers, and the
second concerning the elaboration of a plan to supply the beneficiaries with resources from
the intermediate centers.

4. PROBLEMS REGARDING THE HARMONIZATION OF OBJECTIVES
WITH RESOURCES

There is a class of problems which can be seldom found in the real life economy, that
focuses on harmonizing the existing resources with the targeted goals in a given period of
time. If the given period is a year, a semester or a month, it can lead to planning problems. In
the case of a short time period, problems regarding ordering or operational resource allocation
can occur.

The problems concerning planning have as goals the creation of products and value
indicators under given technical conditions, resource supplying and existing technologies, so
that the economical performance is maximized, also taking into consideration the following
aspects:

- Production nomenclature and the new products that are to be assimilated

- The required resources (technical capacities,work force, basic and raw materials
- The available amount from these resources

- The production technologies

- Coefficients of specific consumption

- Calculation of the economical indicators

- Objectives, performance criteria

Usually, these planning problems can be solved through linear programming. In the
economic environment, there are also other modelling methods used for solving them, such as
linear-dynamic programming, stochastic programming, numerical simulation and fuzzy
mathematical programming. The progress obtained through this methods is highlighted in the
paper ,,Microeconomic forecasts” (Andreica,M. 2011).

The paper ,,Modern approaches of forecast management for economic organizations”
(Andreica,M., Popescu,M.E.,Micu, D.,2016) develops this class of problems in an adaptive
one to the economical environment’s evolution. The explanation is based on the fact that
economic systems, unlike others, are linked to the market’s evolution, to the overall economic
and social environment, which are in a continuous and sometimes unpredictable evolution at
the moment of modelling. Therefore, after the elaboration of optimization modelling and/or
evolution simulating, it is imperative to define the parameters which are going to be altered in
order to adapt them to the ,,gearing” and also to define the rules governing the adaption
process. Usually, the trajectories are customized through measurable goals which can be
partially or entirely altered. The vulnerability of the solution structure can be tested by
analysis of their sensitivity and stability.This can be easily accomplished if the development
programmings are based on optimization models .

The introduction of imprecision (relaxation of inexact data) leads to robust
programming, where the unknown coefficients and (or) the constant terms vector are vague
sets. According to Soyster, the robust programming problem can be replaced by a set of
inexact programming problems. Therefore, it can be stated that the vague modelling is a
compact representation of a deterministic models set.This is the method that allows the



decision maker to deal with complexity:as it grows, the process representation scale
decreases, details disappear enhancing the essential data.Manipulation of inexact data nuances
the decision, leading to flexible programming (programming with restrictions and vague
objectives).

The fuzzy linear programing methods are extremely elaborated, therefore one must
analyze if by using this methods, the expected results compensate the additional efforts , in
comparison with the conventional optimization modelling. Moreover, although these methods
manage to capture imprecision in the problem’s formulation or in the parameters
quantification, in the end, solving the problem is still based on traditional solving methods.In
this way, starting from imprecise data or formulations gets us to precise results. The results’
imprecision degree can be quantified in some methods case, although the solving method
doesn’t always directly associate it.

S. ALLOCATING RESOURCES ON MORE HIERARCHICAL LEVELS

Often, allocating resources on more hierarchical levels is taken as a separate problem,
appart from other allocation problems (planning).

The planning methods for holdings contain a set of coupling restrictions at the central
level and a distinct model for harmonizing objectives with resources at each subsidiary’s
level. The coupling restrictions aim to reach the goals set for the holding, regarding the
economical indicators and the cooperation between subsidiaries indicators.

In order to solve them, iterative planning methods are used, also known as
decomposition methods for large systems optimization, together with Dantzig-Wolfe, Rosen,
Benders methods etc. (Lasdon,L, 1975).

The iterative planning methods decompose the global model matrix in sub-matrices
for each of the subsidiary, setting up local models.

Below is the general scheme for allocating resources on two levels:
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Fig. 1 General scheme for allocating resources on two leves
(Source: adaptation after Andreica, M. 1988)

6. CONCLUSIONS

Analysing the functionality of models for allocating resources on two levels, the following
can be observed:

First, all of them start the initial iteration from a set of command and state variables, which
are predefined by the decision makers according to their own experience.The values given
must ensure the restrictions’ compatibility and they must provide an admissible solution for
each subsidiary (minus DOBSY)

The performance function’s final value doesn’t depend on the initial allocation,but
there is a possibility to reduce the number of iterances by making an initial allocation as close
as possible to the optimum one.

In case there are more alternatives who meet the required stopping criterion (optimum
level), then the iterative process will lead tot the one closest to the initial plan.



Secondly, the problem that imperatively needs to be solved is the decrease of the

iterances number and the acceleration of their convergence (if their convergence can be
proved), and within an iterance it consists of the decrease of the work volume needed to solve
the problems at the subsidiaries’ level.

some

As the complexity and dynamics of the economical phenomena increases, there are
tendencies that can be observed: creating new concept models that can craft the

complexity of the current processes; creating multilevel hierarchic management systems that
can perform in real time; support offered by the current systems for decision making in real

time.
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