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ABSTRACT

In this paper we describe the construction of problem solving strategies in the
context of a well-defined decision situation in which various problem situa
tions are of interest, such as in manpower planning situations. The problem
solving component of the system consists of a set of basic mathematical algo
rithms that can be combined to solution strategies to the stated problems. An
analysis process is needed that converts the stated problem to a set of subprob
lems that can be solved by the available mathematical algorithms. The analysis
process consists of an aggregation stage and a decomposition stage. The aim of
aggregation is to decrease the size of the problem by neglecting the irrelevant
information. The aim of decomposition is to be able to solve rather complex
problems by the separation into sets of subproblems.

1. IntrOduction

In tactical planning situations a decision maker often has to deal with various types
of problem situations. The type of decision situations we consider are characterized by
the fact that the various problem situations are closely related to each other. That is all
problem situations can be specified in one generic structure, which is closely related to
the models used by the mathematical algorithms. An example of such a decision situation
is the medium and long term manpower planning. A commonly accepted generic struc
ture to describe the problem situations in this problem area is the network structure. Also
the mathematical algorithms are based on network models.

A system that supports the planner in the decision making process must support
both the modeling and the solving of planning problems. In the modeling stage the sys
tem supports the planner with the formulation of problems, analyzes these user-specified
problems and converts them to an abstract form, called the formal specification. The con
verted user-specified problem is called the formal problem specification. In the solving
stage the system generates the outcomes of the specified problem just on basis of the
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formal problem specification, without having any interaction with the decision maker.
The component of the system that is responsible for this task is called the problem solver.
The description of a structure of a system in which the modeling and the solving stage
are related in this way can be found in [1].

The problem solving component of the system must offer facilities to evaluate alter
native policies as well as facilities to generate new policies and plans, satisfying the goals
and restrictions the decision maker is confronted with. The goals and restrictions can
involve various aspects of interest, possibly competing with each other. In order to solve
an extensive set of problem types in a flexible way, the problem solver will consist of
several mathematical algorithms that separately or in combination constitute the solution
strategies to solve the different types of problems. The problem solver must be able to
detect from the formal problem specification the type of the problem and the way to
solve it. In this paper we discuss the analysis of the formal problem specification that
results in the construction of a solution strategy, consisting of a sequence of mathemati
cal algorithms.

In section 2 we will describe the formal problem specification. The problem domain
we use to illustrate the discussed concepts is derived from the area of medium and long
term manpower planning. For that reason we will give a short introduction to manpower
planning in section 3. In section 4 we will discuss the concepts with respect to the
analysis of problem situations described in a formal specification.

2. The formal problem specification

In general, a decision maker is interested in the consequences of modifications of
the present policy and of external influences, or is searching for new policies slightly
differing from the present one. Therefore we assume that at least one formal problem
specification is available with respect to which the planner can specify alternative prob
lem situations by specifying modifications and new policies and goals.

In most cases the formulations of the planner will not coincide with the level of
detail necessary to specify the mathematical models completely. Since we don't want to
worry the planner about all kinds of details, we assume that the formal problem
specification includes a complete detailed specification, called the detailed state. The
detailed state is defined by the initial situation and the evolution mechanism, describing
the development of the organization during the planning period.

A formal problem specification consists of a detailed state and a specification of
goals and constraints that influences the evolution and policy decisions in the organiza
tion. The goals and constraints may be stated in global terms or refer to aspects related to
the objects in the detailed state. The goals and constraints are specified by the related
domain (Le. the part of the organization the objective refers to), the type of the aspect,
the target values and the concerned planning year(s).
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3. Manpower planning

The object of medium and long-term manpower planning is to match the expected
future requirement and availability of personnel on different levels within an organiza
tion. A well-accepted approach for modeling the personnel structure is by using a net
work model that reflects the classification and the evolution possibilities of the personnel.
The interaction with the planner as well as the mathematical algorithms will therefore be
based on network structures.

The personnel is classified in a number of categories (the network nodes), defined
by several characteristics of interest, such as grade, age, grade seniority, gender and level
of training. The evolution mechanism is described by the possible transitions between
these categories and transitions to or from the environment (the network arcs), together
with a transition mechanism that controls all the possible transitions. Several types of
transitions can be distinguished, such as recruitment, promotion, wastage, early retire
ment and retirement. Some of these flows are autonomous (retirement and often was
tage), recruitment can be influenced by the market situation, promotion and other internal
flows can be restricted by legal positions. A survey of the problem domain of manpower
planning can be found in [2].

The detailed state consists of the specification of the network structure and the
description on basis of this network structure of the initial manpower supply and career
policy of the personnel. A formal problem specification consists of the detailed state pos
sibly extended with (aggregate) goals and constraints that influence the personnel policy
and evolution in the organization. Each of these objectives refers to a part of the network.
The objectives can refer to several aspects, such as a target occupation number for the
grades under the condition of a stable career policy, a desired ratio of personnel with cer
tain skills in a specific grade or bounds on the salary costs.

4. The analysis of the formal problem specification

4.1. The tasks of the problem solver
As mentioned before, the problem solver acts only on basis of the information avail

able in the formal specification. The problem solver has no direct interaction with the
planner. We assume that the formal problem specifications are always complete (Le.
there exists a suitable solution strategy in the problem solver such that the data needed to
construct the model related to that solution strategy can all be derived from the formal
problem specification) and consistent (i.e. the data describing the formal problem
specification will not cause any conflicts when converting them to the model related to
the chosen solution strategy).

On basis of the formal problem specification the problem solver must generate the
consequences of the stated problem during the planning period. The problem solver con
structs an outline of the evolution of the organization for the planning period, from which
the related policy decisions can be deduced. If it is only possible to satisfy a part of the
objectives in the formal specification, the solver generates an outline of the personnel
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evolution in which the competing objectives are realized as close as possible, taking into
account the mutual priorities.

The problem solver must be able to simulate the results of policy decisions ("what
if' questions) as well as to generate policies on basis of specified goals and constraints.
Therefore the problem solver has the disposal of several solution methods, each suited to
handle one or several aspects occurring in the problem specification. These solution
methods can be combined if advisable. Therefore the first process performed by the prob
lem solver is to analyze the problem situation, resulting in the composition of the solu
tion strategy that will be used. In this analysis it is examined which aspects are irrelevant
to the concerned problem, so that they can be neglected during the solving process. This
defines a suitable aggregation level. The aggregated problem is decomposed in subprob
lems, on basis of which the proper mathematical algorithms can be chosen to construct a
solution strategy to the problem. Next the formal problem specification is converted to
the models used by the selected mathematical algorithms, after which the computations
can be performed.
Summarizing, the tasks of the problem solver are:
1 the analysis of the formal problem specification resulting in a solution strategy:

- a decision concerning the suited aggregation level
- a decomposition of the (aggregate) problem
- for each subproblem the choice for the solution method

2 conversion of the formal problem specification to the model related to the in the
analysis chosen (set of) algorithms

3 computations.
In the next subsections we will discuss the aggregation and the decomposition of the
problem, stated in the formal specification.

4.2. Aggregation
If not all aspects are relevant to the specified formal problem specification, aggrega

tion can be used to reduce the solution space and thus to speed up the computations. For
instance, consider a manpower planning problem in which one of the characteristics used
to classify the personnel is gender, while gender does not influence the career possibili
ties of the personnel. Problem situations in which the man-woman ratio is of no interest
will be converted to problems in which is aggregated over this characteristic. This halves
the size of the problem. The aggregation does not influence the results of the computa
tions, because the characteristic gender does not influence the career possibilities. Only
the man-woman distinction is no longer available in the results.

However, aggregation can also cause loss of accuracy. For instance, consider a
manpower planner who is only interested in an indication for the evolution of the person
nel on grade level, related to several policies also specified on grade level. The problem
can be converted by aggregating over all characteristics, except for grade. However the
transition mechanism will be dependent on some of the aggregated characteristics, such
as grade-seniority (transitions between two grades will mostly start from the higher grade
seniorities). Therefore first mean values must be derived for the (aggregate) transition
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fractions or numbers between the grades. These values will be based on the initial distri
bution of the personnel over the several categories within the grades and the values of the
individual transitions. In the aggregate computations the possible change of the distribu
tion of the personnel over the categories within each grade is not taken into account So
the computations can become rather inaccurate in time.

Two problem situations can thus be distinguished with respect to the process of
aggregation. The first case refers to problem situations in which not all aspects are
relevant to the stated problem and the irrelevant aspects have no influence on the evolu
tion of the organization. The irrelevant aspects can be neglected by aggregation, without
losing exactness. The aggregation over those aspects only causes loss ofdetail.

The second case refers to problem situations in which the irrelevant aspects, that are
aggregated, do have influence on the evolution of the organization. In these cases aggre
gation causes both loss of detail and loss of accuracy. The aggregate computations will
be inaccurate, because the aggregate problem is based on some mean behavior derived
from the detailed state. This type of problem situations occurs when a planner is only
interested in quick global evaluations. Aggregate computations will then be "good
enough".

Aggregation will not always be appropriate. In the case the detailed computations
are performed very fast, the gain of time can be negligible. Especially in the case the
aggregate computations will be inaccurate, the gain of time as a result of aggregation will
have to be weighted against the loss of accuracy.

The aggregate problem is derived from the data in the formal problem specification.
The aggregate evolution mechanism depends on the changes on the detailed level, which
for future planning years are unknown, because of the aggregate computations. Therefore
the aggregate evolution mechanism will be derived from the initial situation in the start
year. In any case, the aggregate results will be exact for the first planning year. The
measure of inaccuracy in future years is dependent on the influence on the evolution of
the organization of the aspects that are neglected by aggregation (for instance age will
have little influence, grade-seniority a lot).

The aggregate problem will further be handled by the problem solver. The results of
the computations will be stated on the chosen aggregation level.

4.3. Decomposition
The decomposition process starts from the aggregate problem, the result of the

aggregation process. The problem situations that have to be supported can be rather com
plex and refer to different types of aspects, possibly competing with each other. In this
type of planning problems often the problem can be divided into a set of subproblems,
more or less related to each other. The subproblems will be less complex and therefore
easier to solve.

Consider for instance the following manpower planning problem: what evolution
results if for some grades occupation goals are specified for the end of the planning
period.
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This problem situation will be decomposed in the following way:
- First the network is partitioned in a set of disjunct subnetworks, by grouping the grades

for which occupation goals are specified, such that the groups do not interact during
the planning period. For each group of grades with its surrounding during the planning
period (Le. the categories that can be reached from the concerned grade or from which
the concerned grade can be reached within the planning period) and for the remainder
of the network a subnetwork is defined. The restrictions of the original problem to
these subnetworks result in a set of independent subproblems.
The subproblem related to the remainder of the network is just to made a forecast on
basis of the detailed state (no objectives are specified). This can be done directly using
the algorithm based on a Markov model.
The subproblems, derived from the stated occupation goals, can all be solved in the
same way by decomposing them in:
- the subproblem to derive the related goals for the years in between, resulting in a
problem specification for each planning year

- and the subproblem to compute results year by year for the problem specifications
derived in the first subproblem.

The results of the first subproblem, the goals for each planning year, form the input for
the second subproblem. The second subproblem consists of a set of identical problems
(one for each planning year) that each can be solved in the same way: develop for each
planning year a suited transition mechanism resulting in the stated occupation goals for
the concerned grades. This can be done using the algorithm based on a renewal model.
These subproblems must be solved for the successive planning years. The computation
order is predescribed, because the resulting occupation numbers of one year will be the
start occupation for the next year.
In the case the stated occupation goals are not reached at the end of the planning
period, the interpolation of the occupation goals for the years in between is adapted
after which the computations for the individual years are made again.

The decomposition of the problem situation can thus be based on several lines of
approach:
1 decomposition in a set of independent subproblems on basis of locality in the problem

specification:
The problem situation is specified by the detailed state and a set of objectives. For each
objective the related domain is specified. On basis of the specified objectives the
domain of variables is partitioned into a set of disjunct subdomains, such that each
goal is restricted to only one subdomain, and will have no interaction with the other
subdomains. Several goals can be relevant for the same subdomain. The result is a set
of subproblems, each related to a subdomain.
This type of decomposition is just made to divide the problem into smaller subprob
lems that are easier to solve and not because of necessity. The independent local sub
problems can be solved separately from the others. No interaction exists between these
subproblems.
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2 decomposition in a set of dependent subproblems on basis of the aspects occurring in
the problem:
If a problem cannot be solved directly by one of the available mathematical algo
rithms, the problem must be decomposed in a sequence of subproblems that can be
solved. This type of decomposition will be based on the recognition of subaspects in
the problem in relation to the aspects that can be handled by the algorithms that are
available. Each (sub)problem is analyzed in order to recognize the aspects that playa
role in it, which results in the choice of a mathematical algorithm by which the sub
problem can directly be solved or in a decomposition in subproblems that can be
solved directly or must be decomposed again.
The decomposition on basis of the aspects that playa role in the problem situation will
mostly result in a set of subproblems that can be solved separately, but in a
predescribed order. The mutual dependence of the subproblems remains from the fact
that the results of one subproblem form the conditions for the next subproblem.
It is also possible to decompose a problem in subproblems by assigning input and out
put conditions for each subproblem, which results in a set of independent subproblems.

These two types of decomposition are used iterative in order to construct the solu
tion strategy to the stated problem situation, resulting in the selection of the algorithms
that have to be performed and their mutual relations. For each (sub)problem first will be
considered wether it can be decomposed in independent local subproblems. Otherwise
the (sub)problem will be solved directly by one of the available algorithms or be decom
posed again on basis of the aspects occurring in the (sub)problem.

As mentioned before decomposition of a problem results in smaller, less complex
problems, that therefore will be easier to solve. Furthermore, the system will be rather
flexible because of the possibility to combine the available algorithms to a great variety
of solution strategies. An advantage of decomposition on basis of locality is that indepen
dent goals are handled independent of each other, so that they don't influence each other
during the solution finding process. When the goals specified in the problem are res
tricted to a part of the organization, that part can be isolated and studied separately, while
the remaining part of the organization can be computed using standard algorithms to
compute forecasts.

The decomposition on basis of the aspects occurring in the problem will result in a
dependent set of subproblems and their mutual dependence such as the order in which
they must be solved. A disadvantage is that in each subproblem choices are made that
cannot be undone in later stages (for instance in the case long term goals are converted to
goals for each intermediate year). This disadvantage can partially be released by using an
iteration mechanism between the several stages.

s. Final remarks

In the cases the problem solver will not consist of a set of pre-defined solution stra
tegies, but of a set of algorithms that can be combined to solution strategies, it will be
necessary to analyze the stated problem in order to be able to construct the proper
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solution strategy. In this paper we have described the main concepts of the process that
lead to a division of the stated problem in a sequence of subproblems, from which the
solution strategy can be constructed by choosing the proper algorithm for each subprob
lem. The actual process of this analysis stage, i.e. the choice for the aggregation level, the
construction of the aggregated problem, the choice for the decomposition in subproblems
and the specification of each of these subproblems is not considered here. The actual pro
cess will be highly dependent on the specific problem domains.
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