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ABSTRACT 

This paper focuses on problem solution strategies to be used in a system for 
medium and long term manpower planning. The planning problems can 
include several types of aspects. Several mathematical algorithms are avail
able, each suited to handle a specific class of these aspects. The solution stra
tegy is constructed using aggregation and using decomposition into indepen
dent problems or into a hierarchy of dependent problems. The purpose of the 
decomposition is to match the properties of the resulting planning problems to 
the capabilities of the available numerical algorithms. Finally the conversion is 
described of the available data to the format of the models used by the 
mathematical algorithms that constitute the solution strategy. 

1. Introduction 

In this paper we consider the problem solving component of a system that supports 
a manpower planner in the decision making process. As described in [1], the system con
sists of two main components, the problem interpreter and the problem solver. The prob
lem interpreter converts the formulations of the planner to a formal problem description, 
which can be handled by the algorithms in the problem solver and vice versa. In [2] the 
main tasks of the problem solver are expounded. In this paper we will develop some of 
these tasks in further detail. 

The problem types that a planner is faced with are quite different in character: 
- the "what-if' problems, to generate a forecast to a given policy, 
- the "goal-seeking" problems, where a policy is asked that satisfies one or more goals 

possibly in competition with each other. The goals can refer to a variety of aspects, 
that are of interest in the concerned problem domain. Also for this type of problems a 
planner will be interested in a forecast of the specified problem situation, 

- the problem situations that are partly specified by a given policy, partly in terms of 
goals. 
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From the point of view of a planning system, the several types of problems usually 
require different algorithms. We have developed a decomposition strategy for manpower 
planning problems, that matches the aspects that appear in the planning problem to the 
capabilities of the available mathematical algorithms. The result is a decomposition of 
the problem in a set of subproblems that each will be solved by the mathematical algo
rithm that is most tailored to it. This allows us to solve the planning problems in an 
efficient way. 

In order to construct a solution strategy that solves the (aggregate) problem in an 
efficient way, the problem solver analyzes the specified problem. Detailed information 
that is irrelevant to the concerned planning problem can be neglected. Therefore a suit
able aggregation level is chosen to reduce complexity. The aggregated problem is 
decomposed and to each subproblem a mathematical algorithm is assigned. Next the 
problem solver converts the available information to a proper format, which is in accor
dance with the mathematical models used by the algorithms that constitute the solution 
strategy. Finally the computations are performed. 
Summarizing the tasks of the problem solver are: 
1 the analysis of the problem specification resulting in a solution strategy: 

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

2 the conversion of the problem specification to the models used by the set of algorithms 
as chosen in the analysis 

3 the computations. 
An extended description of this process can be found in [2]. In this paper we will focus 
on the construction of the solution strategy by decomposing the (aggregate) problem and 
on the conversion of subproblems to the model suitable for a specific mathematical algo
rithm, the optimization algorithm. 

In section 2 we describe the type of the problem situation. In section 3 we will 
describe some basic mathematical algorithms that can be used in manpower planning 
problems and the way they can be combined to a solution strategy. In section 4 the 
conversion of the partial problem specifications to the chosen mathematical models is 
worked out. 

2. The type of the problem situation 

The object of medium and long-term manpower planning is to match the expected 
future requirement and availability of personnel at different levels within an organiza
tion. The planner is faced with the requirements of the organization and examines 
whether these requirements correspond with the expected availability of personnel and, if 
not, searches for alternative personnel policies. 

The planner can be faced with a variety of objectives. For instance, objectives with 
respect to the personnel occupation can refer to target numbers in the several grades, a 
required man-woman ratio, or an upper and lower bound for the number of personnel 
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with certain skills in a specific grade. Objectives with respect to personnel flows can also 
refer to target flow numbers or distributions. For instance, the objective that career pat~ 
terns are stable in time or that the ratio for the number of (external) recruits and the inter
nal promotions to a certain grade satisfies a certain value. The objectives with respect to 
the personnel flows will often be dependent on the type of the flows, such as recruitment, 
promotion, wastage, early retirement and retirement. The retirement flows and often the 
wastage flows are autonomous. Recruitment and career patterns can be influenced by the 
market situation. Promotion and other internal flows can be restricted by legal positions. 
The objectives the planner is faced with can also refer to other aspects that can be of 
interest in the problem domain, such as constraints on the total salary costs or a target 
mean residence time in a certain grade. 

A planner will mostly be interested in the consequences of changes. These may 
have the form of changes in an existing policy, changes in the goals of the organization, 
changes of external influences, or any mixture thereof. For this reason we require that a 
complete description of a planning situation is available, such that the planner can 
specify the new planning situation by adapting an existing one. The system assumes that 
aspects not specified by the planner are to remain unchanged. The planner can thus res
trict the problem description to the relevant changes. Therefore, except for the detailed 
description of the state and policy of the organization, a problem description will also 
exist of the goals and constraints, possibly on a aggregate level, the organization or the 
planner is faced with. 

As mentioned before, the problem descriptions of the planner are converted to a for
mal specification. A common accepted way of modeling manpower planning problems is 
by using network structures. The network model reflects the classification and the evolu
tion possibilities of the personnel. The network nodes correspond with the classification 
of the personnel in a number of categories. The categories are defined by several charac
teristics of interest, such as grade, age, grade seniority, gender and level of training. The 
network arcs describe the possible transitions between these categories and to or from the 
environment. The evolution of the network is completely described by a mechanism that 
controls the flow possibilities in the network. For that reason, the transition strengths are 
the decision variables in the planning problems. 

The formal problem specification is thus stated in network terms. It consists of a 
specification of the detailed state and policy in network terms, together with goals and 
constraints, possibly on an aggregate level. Groups of categories are defined by the pro
jection over one or more characteristics. Groups of transitions can be defined by the 
groups of categories from which they start or in which they arrive. Groups of transitions 
can also refer to their type, such as retirement, wastage, promotion, etc .. The planner may 
also indicate the mutual priorities of the specified goals and constraints. In the problem 
specification these mutual priorities are translated to relative weights. 

The problem solver computes the development of the personnel in the organization 
during the planning period just on basis of the formal problem specification. If it is only 
possible to satisfy a part of the objectives in the formal specification, the solver generates 
an outline of the personnel evolution in which the competing objectives are realized as 
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close as possible, taking into account the mutual priorities. 
In the case the problem specification contains aggregate objectives, the system 

assumes that the desired results. computed on a detailed level, should be similar to the 
results following from the specification of the detailed state and policy. This is achieved 
by trying to preserve the distribution of occupation numbers and transition strengths 
resulting from the detailed information. Another advantage of this approach is that goal
seeking problems will not lead to extreme or arbitrary solutions. 

A problem specification can include user-specified constraints. Except for the 
default constraints that the occupation numbers and the transition numbers must be non
negative, all other constraints will be handled by the solver like goals. 

3. Solution strategies 

3.1. Aggregation 
As mentioned before, first a suitable aggregation level will be chosen. Aggregation 

is used to reduce the solution space and thus to speed up the computations. The aggregate 
problem will further be handled by the problem solver. The results of the problem solver 
are also stated on the chosen aggregation level. 

As described in [2], except for loss of detail, aggregation can also cause loss of 
accuracy. Therefore aggregation is not always appropriate. The gain of time as a result of 
a the aggregation will have to be weighed against the loss of accuracy. 

3.2. Decomposition 
The problem solver does not consist of a set of pre-defined solution strategies, but 

of a set of algorithms that can be combined to solution strategies. In this paper we 
describe a way to construct the solution strategies by decomposing the (aggregate) prob
lem in a sequence of subproblems for which suitable algorithms are available. 

The decomposition process is an iterative process. On basis of the aspects that occur 
in the problem, it will be considered whether the problem will be decomposed further or 
whether it will be solved by one of the available algorithms. Next this process is repeated 
for each subproblem, not yet assigned to an algorithm. The result is a set of subproblems 
that can be solved by the available algorithms. Dependent on the type of the decomposi
tion the subproblems must be solved in a predescribed order or not. 
We distinguish two types of decomposition: 
I Decomposition into a set of independent subproblems in consequence of locality in the 

problem specification. 
The specified objectives determine the partitioning of the domain of variables into a 
set of disjunct subdomains. 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. The 
resulting subproblems can reflect different problem types. This type of decomposition 
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is just made to divide the problem into smaller subproblems that are easier to solve. 
2 Decomposition into a set of dependent subproblems in consequence of the aspects 

occurring in the problem. 
This type of decomposition will be based on the recognition of different aspects in the 
problem in relation to the capabilities of the algorithms that are available. Because the 
different aspects refer to the same part of the network, the subproblems will be 
interacting. For instance. two subproblems can be concerned with transitions that start 
from the same categories, such that they are order dependent: the personnel can only 
make one transition. Or in the case that occupation goals are specified for two grades 
that are connected among themselves. the subproblems for that should result from the 
separate occupation goals would cause a mutual dependency, because the flows 
between these grades influence both goals. 

Two types of dependency between subproblems can be distinguished: 
- hierarchic dependency, i.e. subproblems are dependent on the results of one or more 
other subproblems but do not influence the outcomes of subproblems on which they 
are dependent. 
This type of dependency results in a pre-described order in which the subproblems 
must be solved, such as time dependency when several successive planning years 
have to be computed. 

-mutual dependency, Le. subproblems interfere with each other. 
If a problem is decomposed into interfering subproblems a recursion is needed to 
control the mutual influence of the subproblems. 

As mentioned before, these two types of decomposition are used alternately in order 
to construct the solution 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 it will be considered whether it will be decomposed or whether it will be 
solved directly. In case the (sub)problem will be decomposed, first is considered whether 
it will be decomposed in independent local subproblems. Next the resulting subproblems 
will be solved directly by one of the available algorithms or be decomposed on basis of 
the aspects occurring in the (sub )problem. 

When a problem cannot be solved directly by one of the available algorithms it 
must be decomposed. However, problems are not only decomposed because of necessity. 
Also in the case a problem could be solved directly, it can be useful to decompose the 
problem in order to solve the problem in a more efficient way. For instance, each prob
lem can be solved by an optimization algorithm. However it can be more efficient to han
dle the different aspects in the planning problem by algorithms that are most tailored to 
it. For example, when the problem is partly specified by a career policy and partly by 
goals, the problem can be decomposed in a part that can be computed using standard 
algorithms to compute forecasts to a given policy and in a part, specified by the goals, 
that can be solved using an optimization algorithm. 
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3.3. The basic mathematical algorithms 
The three basic mathematical algorithms that we have available to solve the 

medium and long tenn manpower planning problems are the Markov algorithm, the 
renewal algorithm and an optimization algorithm. Each of these algorithms is suitable to 
handle problems for one single planning year. However a planner will often deal with 
goals that must be satisfied at the end of the planning period. Therefore also algorithms 
are needed to convert these long tenn goals to goals for each individual planning year up 
to the year for which the long tenn goals are specified. In the case the long tenn goals are 
not satisfied, an iteration algorithm to adapt the interpolation might be useful. 
We will now give a concise description of the three basic algorithms: 
- Markov algorithms are based on career policies. The personnel distribution is a direct 

result from the specified career policy (and, of course, the start occupation). Occupa
tion goals can thus only be satisfied by adapting the career policy (Le. the transition 
numbers) in a process of trial and error. In the case no occupation goals are specified, 
Markov algorithms are very suited to compute the resulting development of personnel 
and to get a view of the personnel structure of the organization. The computations are 
rather simple and straightforward. 

- Renewal algorithms are based on the manpower requirements. The transition number 
are a direct result of the required occupation numbers and the nonnegativity constraints 
with respect to the flow and occupation numbers. With this type of algorithms it is 
rather difficult to handle objectives with respect to the transitions. Furthermore, the 
computations are order dependent because renewal algorithms cannot handle all occu
pation goals at the same time. As a result of this, renewal algorithms require an acy
clic network structure. Renewal algorithms are thus suited to compute the resulting 
evolution of the personnel for organizations with a personnel policy in which the 
career patterns are subjected to the personnel requirements. Renewal algorithms can 
also be used to indicate to what extent the required occupation numbers can be 
satisfied and what kind of career policy will be needed. 

- Optimization algorithms can handle both goals with respect to occupation numbers and 
goals with respect to the career policy at the same time. Preferences can be defined for 
the goals with respect to each other, so that also competing goals can be handled. With 
the optimization algorithm the Markov and the renewal algorithm can be simulated by 
setting a high preference to the target transition numbers or the target occupation 
numbers respectively. Optimization algorithms can thus be used in a more flexible 
way than Markov or renewal algorithms. We have chosen to use a generic optimiza
tion algorithm. Therefore, in contrast with the Markov and renewal algorithm, the 
optimization algorithm does not use the specific structure of the problem domain. 
Therefore the computations can be rather time consuming. 

The choice for a Markov, a renewal or an optimization algorithm is just based on 
the character of the transitions. The reason for this is that the transition flows are the 
decision variables. 
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3.4. Decomposition in the context of manpower planning 
The decomposition in independent subproblems based on locality gives as result a 

partition of disjunct subnetworks. Each objective is defined by the related categories or 
transitions (the domain), the target values or constraints and possibly its weight. The 
specified domains to each objective determine the partitioning of the network. The 
domain of each objective is part of only one subnetwork, and the objective may have no 
interaction with the other subnetworks during the period for which it is specified. Several 
objectives can be relevant for the same subnetwork. The restrictions of the original prob
lem to these subnetworks result in the independent subproblems. The independent sub
problems can be solved in arbitrary order and separately from each other. No interaction 
exists between these subproblems. 

Decomposition in dependent subproblems will always result in hierarchic dependent 
subproblems. If a decomposition would result in mutually dependent subproblems, the 
problem will not be decomposed but solved directly, for instance by using an optimiza
tion algorithm. The decomposition in hierarchic dependent subproblems is rather 
straightforward. If relevant, the first hierarchic decomposition step is the interpolation in 
time, because the available basic mathematical algorithms can only handle problems for 
one planning year. This results in a set of subproblems, one for each planning year. These 
subproblems must be computed in a fixed order, because the start occupation for one year 
is the resulting occupation of the previous year. The decomposition of the (sub )problems, 
specified for each planning year separately, is based on the character of the transitions. 
This results in a division of the network, related to the problem on hand, into three sub
networks. Each subnetwork is handled by one of the available basic algorithms. The 
order in which these subproblems are solved is fixed and determined by the implicit 
assumptions concerning the meaning of the several types of transitions. We distinguish 
the following types of transitions: 
Fixed transitions: 

This type of transitions is characterized by known, fixed transition strengths. We 
assume that these strengths will always be satisfied, as far as the occupation in the 
departure categories is sufficient. For example. retirement and wastage are mostly 
autonomous. They are specified by fixed values and independent of other 
specifications and objectives. In addition, the planner can specify that some promo
tions or other transitions have known strength. In fact, the resulting subproblem is 
similar to the "what-if' type of problems. A forecast has to be made to a known policy. 
A Markov algorithm. tailored to this specific situation, is used to perform the computa
tions. 

Conditional transitions: 
The conditional transitions are the transitions that are not specified to be fixed and that 
are directly subject to the planner specified objectives. A transition is considered to be 
directly subject to an objective if it starts from or arrives in a group of categories for 
which an objective is specified or if it participates in a group of transitions for which 
an objective is specified. 
For instance. if a target value is specified for the occupation of two successive grades 
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together, the conditional transitions are the transitions that flow between each of these 
grades and the remainder of the network or the environment (thus not the transitions 
between the two grades themselves), and that are not known explicitly. The strengths 
for these transitions must be determined such that the objectives are satisfied. In fact, 
the resulting subproblem is a "goal-seeking" problem. The computations are performed 
using an optimization algorithm. 

Remaining transitions: 
The remaining transitions are the transitions that are not known explicitly and that are 
not subject to an objective (this concerns thus all transitions that are not fixed or condi
tional). 
In the above mentioned example, all not fixed transitions inside each of the two grades 
and between the two grades themselves are remaining transitions. The remaining occu
pation, Le. the occupation that is not yet assigned to a fixed or a conditional transition, 
must finally be assigned to the remaining transitions. The strengths for these transitions 
are derived from the specification of the detailed state and policy. So for each transi
tion the strength is known. This subproblem is thus also solved using a Markov algo
rithm. 

The problems for the separate planning years will thus be divided into three sub
problems, determined by the character of the transitions. The subproblems are computed 
in a pre-described order. As a result of the assumption that transitions with a known 
strength have a higher priority than the other specifications or objectives, first the transi
tion numbers for the fixed transitions will be satisfied as good as possible, given the 
occupation in the departure categories. The transitions subject to objectives are computed 
on basis of the occupation that is left after the first stage. Finally the remaining transitions 
are computed. 

We will never make use of the renewal algorithm in these computations. The reason 
for this is that the renewal algorithm requires a lot of specific information that guides the 
algorithm, while in most cases this information is not explicitly specified in the problem 
specification. Think for instance on the order dependency of the computations, which 
results in implicit priorities for the occupation goals. 

4. Conversion of a formal problem specification to the mathematical models 

4.1. Introduction 
In this section we describe the conversion of the formal problem specification to the 

format of mathematical models used by the chosen algorithms. 
The interpolation in time of specified goals only results in the addition of goals for 

the planning years in between and can be computed directly. The completion of the 
model used by the Markov algorithm is also straightforward. There is a direct relation 
between the specification of the detailed state and policy. which is completely available 
in each formal problem specification, and the Markov model. The conversion of the 
(sub)problems subject to the specified objectives to a proper format for the optimization 
algorithm is more complex and will be discussed in the remainder of this section. 
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4.2. Conversion to an optimization model 
An advantage of optimization algorithms is that the cost function can account for 

different types of objectives. Also competing goals can be handled and their mutual 
importance can be accounted for by using weight factors. A disadvantage of optimization 
algorithms is that it can be difficult to define a cost function that gives a fair treatment of 
entirely different types of goals. Furthermore the optimization problem must guarantee a 
unique and feasible solution. 

The optimization problem must be an adequate model of the specified problem 
situation. The optimization problem is defined by the cost function and the solution 
space. The definition of the solution space must guarantee feasible solutions, i.e. solu~ 
tions with nonnegative occupation and transition numbers. 

The cost function must reflect the essential objectives. The present cost function 
provides for goals with respect to transition strengths and occupation numbers, either in 
the form of target values of in the form of target distributions. Since goals may be 
specified at an aggregate level, some measures have to be taken to ensure the uniqueness 
of the solution of the optimization problem. To this end the cost function will reflect both 
the specified objectives and low-priority goals with respect to the values and distributions 
of the individual transition and occupation numbers. The low-priority goals are derived 
from the detailed description of the state and policy of the organization. An attendant 
advantage of these low-priority goals is that extreme or arbitrary solutions will be 
avoided because the low-priority goals will direct the solution to a situation close to the 
situation following from the detailed state and policy. 

The solution of the optimization problem must not be considered to be the "only 
right solution" but as a first trial and an outline of what the solution will globally look 
like. It is up to the planner to change and/or improve the solution or the problem situation 
itself. 

4.3. Construction of the cost function 
The purpose is to compute the transition numbers for the transitions subject to the 

specified objectives, such that the objectives are satisfied as good as possible. The transi
tion numbers are the decision variables in the optimization problem. 

The cost function accounts for the deviations from the explicitly specified objec~ 
tives, such as target values or distributions, possibly with respect to aggregate occupation 
numbers or aggregate transition numbers. The deviations to the target values and distri
butions have to be minimized. The planner specified priorities are expressed in the form 
of weight factors. Furthermore the cost function reflects the low-priority goals that, if not 
explicitly specified, the values and distributions of the individual transition and occupa
tion numbers are as close as possible to the values and distributions following from the 
detailed state and policy. 

In the cost function we distinguish thus two kinds of terms, terms that express goals 
with respect to target values and terms that express goals with respect to distributions. 
We first consider the terms that express goals with respect to target values. In case of 
equal priorities, the relative deviations from the goals must be evenly divided over all 
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goals, such that if no other objectives would be specified the target values are proportion
ally scaled. Therefore we have chosen to represent the deviations by the following for
mat: 

2 (gi-ri)2 
Wi 

gi 
with Wi the specified weight factor for goal i, gi the specified target value and ri the 
resulting value. 
As we have mentioned before. the aggregate specifications of the objectives will not 
guarantee a unique solution, because the computations are mostly on a more detailed 
level. Therefore the low-priority goals are added that the values and distributions of the 
individual transition and occupation numbers within the specified groups are as close as 
possible to the values and distributions that should follow from the detailed state and pol
icy only. The cost function will thus also contain terms of the above mentioned format 
for each individual transition with low weights. Because these terms cause proportional 
scaling, they will preserve both the values and distributions as good as possible. 

The terms representing goals with respect to planner specified distributions must 
only reflect the mutual ratios and not the actual size of the resulting values. Resulting 
values with the same ratios must cause the same contribution to the cost function. This 
results in terms of the form: 

2"" (ri(j) I gi(j»2 
Wi ,LJ 2 

j,k (ri(k) I gi(k» 

with Wi the weight factor. (gi(l) ..... (gi(n» the target ratio vector and (ri(l) ..... (ri(n» the 
resulting values. For reasons of symmetry the sum will contain all possible pairs in the 
ratio vector. 

4.4. Solving the optimization problem 
As mentioned before, in the manpower planning problems the transitions are the 

decision variables. The occupation numbers are the result of the initial occupations and 
the size of the transition flows. The solution space must reflect the feasible solutions and 
is therefore defined by the constraints that both the transition flows and the resulting 
occupations must be nonnegative. This results in constraints given by linear inequalities. 
such that the solution space is a convex area. The solution space is not empty, the solu
tion with all transition numbers equal to zero is feasible. 

The cost function. as described before, is also convex. So the optimization problem 
has one optimal value. Because of the inclusion of low-priority goals reflecting the origi
nal distributions of the transition numbers, the optimization problem has a unique solu
tion in which the optimal value is reached .. NH 2 Decomposition within optimization 

As mentioned before. the results of the computations are on the level of detail 
resulting from the chosen aggregation in the first stage of the analysis process. The set of 
decision variables consists of the transitions of this (aggregate) problem and will there
fore be extensive. However, most objectives are specified on a higher aggregate level. To 
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solve this type of problems, we can globally distinguish two solution strategies: 
- solve the problem on the detailed level (the set of decision variables is defined by the 

set of transitions in the detailed network) while evaluating the specified (aggregate) 
objectives 

- solve the problem by decomposition: 
- deduce a proper network from the fonnal problem description by grouping the 

categories, and solve first the resulting aggregate problem (the set of decision vari
ables is defined by the groups of transitions in the aggregate network) 

- distribute the computed aggregate transition flow numbers over the related detailed 
transitions. 

The decomposition in the second strategy has the advantage that the solution space 
can be highly reduced. However, choices made on the aggregate level impose restrictions 
on the detailed level. Therefore, feasibility constraints for the aggregate network must be 
derived from the detailed network in order to guarantee that the assignment to the 
detailed level can be realized. 

The solving process is based on the default assumption that the distribution of the 
transition numbers over the individual transitions will be preserved if no other objectives 
are of interest The individual transitions within the groups of transitions, defined by the 
aggregation, are thus related to each other. Furthermore the individual transition 
numbers are of secondary importance in relation to the specified objectives. Therefore we 
prefer the solution strategy using decomposition. The solution space is much smaller, 
while the distribution of the aggregate transition numbers over the individual transitions 
is rather simple. 

In the aggregate problem the transition numbers for the groups of transitions are the 
decision variables. The number of transition groups and thus the number of decision vari
ables in the aggregate problem will be rather small. The aggregate problem is defined by 
the specified objectives, the implicit objectives that the resulting aggregate transition 
numbers are as close as possible conform to the situation following from the detailed 
state and policy, and the feasibility constraints determined by the remaining occupation 
numbers so far. The feasibility constraints must guarantee that always an assignment can 
be made over the individual transitions of the groups, such that the computed numbers 
for the transition groups are satisfied. 

The aggregate problem can be solved by optimization. The cost function is con
structed in the way described above. with the groups of transitions as the decision vari
ables. The solution space is again defined by the constraints that the numbers for the 
groups of transitions and the occupation numbers for the groups of categories must be 
nonnegative together with the feasibility constraints derived from the detailed state and 
policy. These constraints can be formulated in a set of linear inequalities in terms of the 
aggregate flows. The disaggregation is also done via optimization. 
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5. Conclusions 

Decomposition in manpower planning problems seems to be rather straightforward. 
The system has the disposal of several algorithms that must be applied in a pre-described 
order. Of course the complete manpower planning problem could also be converted to an 
optimization problem. However, the solution space would be so extensive that solving 
the problem would require far too much time. Furthermore, by decomposing and solving 
the problem in a way as described in this paper, the special structure and characteristics 
of the problems are used as much as possible. 
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