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Computer-aided Design of Manpower Policies 

by 

C.J. Verhoeven, J. Wessels and J. Wijngaard 

summary: 

In this paper the problem is considered of formulating policies in 

graded manpower systems. The approach is defended of analyzing the 

effects of alternative policies by conversational use of computer 

models. Such computer models can be based on Markov or cohort models, 

which take into account: grade, qualification, age and grade age of 

the individual employees. It is shown how such models can be made 

and used. Moreover, it is shown how the use of such models can be 

integrated in the decission making and management structure. The 

arguments are amplified by examples, applications and case studies. 
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Chapter 1 Introduction 

1.1. General considerations 

One of the problems any organization has to face is the matching 

of manpower numbers and skills with organizational activities. Such a 

matching is necessary for the actual situation and should be worked 

out in considerable detail. For different types of such allocation pro

blems tools have been developed (see e.g. Bartholomew [2], Charnes/ 

Cooper/Niehaus/Stedry[7], Clough/Lewis/Oliver (eds.) [8], Smith (ed.) 

[11], Shrinivasan/Thompson [12], Steuer/Wallace [13]). 

Such a matching is equally necessary (although in less detail) for 

the near and further future. It is not possible in general to adjust 

the available manpower from day to day to the intended activities. 

There is a certain inflexibility, caused by 

a. experience requirement for many tasks 

b. careerrights, formal and informal protection against 

dismissal, transfer, degradation, etc. 

Because of this inflexibility one has to anticipate on future manpower 

requirement and supply. Decisions made at this moment have great in

fluence on the situation in some years. Manpower decisions (e.g. 

recruting a certain number of young engineers or fixing a certain 

careerscheme for a category of employees) often bear a longlasting 

impact. On the other hand some types of manpower availability (e.g. 

the availability of different types of exJ?erience in different 

branches of the organization) can only be achieved by taking appro

priate measures a number of years in advance. For these reasons a 

matching for just one year ahead is not sufficient, but should be 

accomplished by medium and long term manpower plans. 

So it is necessary to develop tools for manpower planning over 

a longer time period. The development and use of such tools is the 

subject of this paper. 
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The most appropriate way to structure the manpower planning 

activities is, in our opinion; 

a. developing a medium or long term activities plan and to 

translate this in a manpower requirements estimate 

(quantitative and qualitative requirements of manpower 

as a function of time) . 

b. developing a medium or long term manpower availability 

estimate based on the manpower availability now, the na

tural turnover of manpower, the restrictions on the 

labourmarket, the intended manpower policy (with resoect to 

recruitment, promotion, etc.). 

c. step-wise matching of intended activities and manpower 

policy until the manpower requirement and manpower availa

bility estimates agree sufficiently. 

In the next sections each of these points is investigated some

what further. 

1.2. Manpower requirement. 

Future manpower requirements are strictly dependent on the orga

nization activities plan. Of course, many factors can influence these 

activities, e.g. changes in demand for products or services, techno

logy, economic situation, seasonal effects. 

A problem, now, is to translate the planned activities into tasks 

which have to be accomplished and to combine these tasks into functions 

which correspond to employees with certain education, experience level, 

etc. In small organizations it is possible to consider all tasks and 

functions directly, in larger organizations, however, a more structured 

investigation is necessary. Work-study techniques are needed to deter

mine the standard relationship between manpower and production. These 

methods are very detailed and therefore suitable for short term fore

casts, since a rather precise production estimate is necessary. 

For medium and long term manpower requirement estimates it is 

sufficient to have more global data concerning production plans. 
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Of course, the results will also be less reliable. It could be 

possible to get the manpower requirement estimates by means of 

the production function approach, input - output analysis, 

regression analysis, etc. 

In any case, some estimate of future production has to be 

known. This can be obtained from statistical methods as extra

polation (time series analysis) or from subjective methods as 

managerial judgment, Delphi technique, etc. 

Sometimes also direct application of extrapolation methods 

is used to obtain future manpower requirement data. However, 

because of the many factors, that bear an impact on the quanti

tative and qualitative need for personnel this seems not an ideal 

approach. Important, anyway, is that manpower supply plan and 

manpower requirement plan have to be set in such terms that 

matching is possible. Especially the characteristics "experience" 

and "education" will then be of great interest. 

A possible way in determining manpower requirements is in 

our opinion the following: 

1. Analyse the present situation: which type and how many 

activities are performed and which numbers of employees 

with a certain experience or education are accomplishing 

the different tasks and functions. 

2. A combination of work-study techniques and managerial 

judgement can present the number of employees that is ac

tually needed for the desired production or service tasks. 

3. A comparison of the results of ..!. and ~gives information 

about labour-hoarding, bottlenecks in manpower occupation, 

efficiency of the organization, etc. 

4. Make estimations of future activities (type and global 

numbers of products or services to be delivered) by way 

of subjective methods (managerial judgement, Delphi 

technique, and so on), considering expected future economic 

situation, technology improvement, etc. 

5. Evaluate the foregoing steps and manpower requirements follow as 

a result of this planning process. 
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For a survey of methods concerning manpower requirement deter

mination, see Bowey [6], p.426-432. 

1.3. Manpower availability. 

The future manpower availability follows from the development of 

the actual manpower (promotion, education, turnover) and from the 

possibilities on the labour market (which type of people can be 

recruited). The development of the actual manpower is determined 

partly by the future manpower policy .(promotion, job rotation, edu

cation, etc.). But the future manpower policy is heavily restric

ted in general by the social structure in which the organization 

acts (impossibility for dismissal and degradation, etc.), 

In small organizations it is possible to consider all functions 

and all people individually, in larger organizations it is necessary 

to categorize. One has to estimate paths of development for cate

gories of personnel. 

The most straightforward way to operationalize this is by using 

Markov models. In Markov manpower models the personnel is classi

fied with aid of certain characteristics (e.g. grade, age, education, 

etc.). In its simplest form one can think of a model where the 

employees are only classified on grade. 

To illustrate the idea, consider a model with two categories, 

category I and category II. Let the actual number of people in 

these categories be respectively 2000 and 1000. If the turnover 

from each of the categories is 10% per year and if each year 5% 

of the people in category I is promoted to category II then the 

future numbers in the categories are as given in the following 

table (if no recruitment takes place): 

now 

after 1 year 

after 2 years 

I 

2000 

1900 

1815 

II 

1000 

1000 

995 
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In most situations one has to include more characteristics. 

The characteristics in a Markov model have to be chosen such that 

the model reflects the real transition mechanism. In many orga

nizations retirement is a large part of the turnover. Retirement 

is strictly age-dependent. Therefore age should be one of the ca

teqory defining characteristics, which is still more urgent in case 

of unstable age distributions. Furthermore the categories have 

to be chosen in such a way that from the manpower availability forecasts 

it can be seen to which extent manpower supply and manpower require

ment are matched. If experience is one of the relevant variables in 

the future manpower requirement, then one has to choose the charac

teristics in the Markov model in such a way that it is easy to 

formulate the relationship with the variable experience as used 

in the manpower requirement forecast. 

From historical data or from intended manpower policy the transition 

fractions between the categories and the turnover fractions can be 

estimated. These fractions can be used (as in the example) to 

forecast the future manpower availability in each of the categories. 

1.4. The matching process, Formasy. 

As stated in the introduction, an important problem in each organi

zation is to adapt future manpower availabilities to manpower 

requirements. We will discuss here some possibilities to reach a 

matched situation. 

1. Career planning 

The goal of career planning is to match the demand for em

ployees with a certain level of experience and education 

with the capabilities and expectations of employees. This 

planning process contains two aspects. The short term side 

which is strongly individual and deals with the allocation 

of jobs to employees. Furthermore, the medium and long term 

side in which the career of personnel groups takes a central 

place. 
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Possibilities for matching can be job rotations, changing the age of 

retirement (when there is an increase or decrease in the need for 

employees with much organizational experience), changing career schemes 

(to match the numbers of functions on different levels and the expecta

tions of personnel), etc. 

2. Recruitment planning. 

This process deals with the filling of vacancies caused by 

retirement, promotion, dismissal, etc. Important in this 

process are the quantitative and qualitative needs for personnel 

and the situation now and in the near future at the labour 

market. 

3. Education planning. 

The possibilities of further education and training, both 

within the organization and external, are helpful means in the 

matching process. In a situation of fast changing technology e.g., 

further training and the presentation of courses are very 

useful in harmonizing employees and functions. 

The impact of these measures on the organization is often longlasting 

and not always easy to calculate, What one needs is a tool for per

sonnel managers to simulate the effect of the different nossible 

measures. 

In this paper we will present the computer program system FORMASY which 

can serve as such a tool. The basis for FORMASY is a Markov model for 

the development of the available manpower. This model allows much free

dom for choosing relevant characteristics. 

FORMASY can be used in a conversational way via a typewriter terminal 

of a general purpose computer. It contains a lot of options to make 

it easy to simulate the impact of alternative manpower policies. 

FORMASY is designed to help management in the matching process of 

manpower availability and manpower requirement. The interaction with 

the system is realized in such a way, that it can be used by manpower 

experts rather than by system analysts. 
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1.5. An overview of this paper. 

In chapter 2 the different types of quantitative manpower 

planning models are discussed and the choice for Markov models 

is justified. In chapter 3 the structure of FORMASY is explai

ned with aid of some examples. In chapter 4 the manpower planning 

process is discussed. Chapter 5 describes how FORMASY is used 

in the manpower planning process. Some cases, practical appli

cations, are shown in chapter 6. Chapter 7 contains some conclu

sions. 
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chapter 2 

Types of manpower planning models 

2.1. Introduction. 

As explained in the first chapter, manpower planning is essen

tially the matching of (actual and future) manpower availabilities 

and manpower requirements. From this point of view we will evaluate 

the two main types of models for manpower planning in the future. 

These types are sometimes called pull and push models respectively 

or renewal and Markov models. In section 2.2. the push models will 

be considered and in section 2.3. the pull models. These models 

will be compared in section 2.4., where we also explain our prefe

rence for the use of push models as a part of the manpower planning 

procedure. 

In section 2.5. we will sketch how both types of models can be 

used as basis for an optimization problem. However, the main aims 

that section are first to show that it is not recommendable to for

mulate manpower planning problems as optimization problems and 

secondly to show a better way of using models for analyzing man

power planning problems. 

In all manpower planning models there are two types of variables. 

In the first place the variables of the type x. (t) representing the 
1 

number of employees in category i at time t and in the second place 

the variables of the type y,. (t) representing the number of employees 
l.J 

going from category i to category j between time t-1 and time t. The 

turnover from category i can be denoted by yi
0

(t) and the number of 

recruits in category i by y . (t) (see fig. 2.1.). The model gives the 
01 

rules by which these variables get a value. Actually the state 

variables x. (t) are determined by the flow variables y,. (t) according 
1 l.J 

to 

x. (t) y. (t+l) + y.
1

(t+1) + ••• + y.N(t). 
1 10 1 l 
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fig. 2.1.: flows in a system with five categories, where recruitment 

only takes place in category 1. 

2.2. Push models 

The flows can be determined by a so-called push mechanism. 

This means, that the flow yij(t) is only determined by the value of 

the variable x. (t-1) e.g. as a fraction: y .. (t) = p .. x. (t-1) where 
1 1] 1] 1 

the fraction p. . is a given model parameter. ·rhe determination of the 
1] 

flows may also take place in a somewhat more complicated, less deter-

ministic, way, however the main characteristic is that y .. (t) is deter-
1J 

mined by some mechanism with x. (t-1) as input. 
1 

An example of a push model which is in some sense the extreme opposite 

of the fixed fraction model, is the model in which any of the x. (t-1) 
1 

employees in category i has a probability p .. of being in category 
1] 

j at time t independent of all the other employees. Now, even for 

given x. (t-1), the flow y .. (t) is random, but its expectation is 
1 1] 

p .. y
1

. (t). This last example shows what is usually called a Markov 
1] J 

model i.e. any employee behaves according to a so-called Markov chain 

and all employees behave independently. Actually, all push models 

can be seen as models where the individual employees behave according 

to a Markov chain but possibly not in an independent way. 

One way consider many types of push models which lie in between these 

two extremes of promotion for fixed fractions and independent be

haviour of the employees (for more details see Wessels/ Wijngaard [15]). 
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It should be clear, even without a detailistic description, that 

push models are very appropriate for modelling promotion policies, 

but do not have built-in requirement aspects. 

2.3. Pull models. 

In pull models the flows are determined by a so-called pull mecha

nism. Now the main model parameters are n. (t), the number of employees 
J. 

required for category i at time t. The turnover sets the pulling mecha-

nism at work, viz. in the system of fig. 2.1. y
44

(t) is determined by 

y
40

(t) as follows 

y44 (t) = x 4 (t-1) - y
40

(t) 

This determines y
24

(t) by 

And so on, e.g. 

Y22(t) = x2 (t-1) - Y24(t) - Y20 (t) 

y 12 (t) = n
2 

(t) - y 22 (t) 

y 33 (t) = x
3 

(t-1) - Y30 (t) 

y 13 (t) = n
3 

(t) - y 33 (t) 

y 11 (t) = x1 (t-1) - y 12 (t) - y
13

(t) - y 10 (t) 

Y 01 (t) = n
1 

(t) - Y 11 (t) I 

where all relations should be corrected in an appropriate way if 

some y .. (t) becomes negative or if the flow cannot be proceduced 
J.J 

by x. (t-1). In this model the turnovers y. (t) have still to be 
J. J.O 

determined by some push mechanism. 

'l'he flows y .. (t) (for i;<:O, j>.0) are called pull flows, which means 
J.J 

that these flows are determined by the necessity to maintain a cer-

tain given occupational level in each of the categories. 

If there are more inflows in one category, the flows are not de

termined uniquely by the levels n. (t). Consider for instance the 
J. 

system of fig. 2.1. with as extra the possibility of external 

recruitment in category 2. 
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Now the relation for y 12 (t) is replaced by 

and a rule for distributing the total inflow for category 2 over 

the flows 1 ~ 2 and 0 ~ 2 should be given in advance. 

Possible rules are: - recruit as many as possible from category 1 

- recruit from 1 and 0 in fixed proportions. 

It will be clear that pull models appropriately contain the man

power requirement aspects, but give no tools for describing career 

policies. 

Pull models are described in Bartholomew [2], Bartholomew/Forbes [3]. 

2.4. Push versus pull models. 

As has been said, push models are essentially based on promo

tion policies and are therefore very well applicable for comparing 

the effects of different promotion policies. Pull models are essen

tially based on manpower requirements and therefore show the conse

quences of given requirements. 

In our view, manpower planning is the problem of matching require

ments and availabilities. Both types of models can be helpful in 

this matching process: for push models one can vary the promotion 

policy and the requirements until the computed availabilities 

match with the requirements; for pull models one can vary the re

quirements until the resulting promotion policy is acceptable. So 

the choice for one type of model is not a very principle one, since 

both types of models can be used for the same purpose. Still, we 

think that push models have some advantages over pull models. 

Namely, when using push models the matching of requirements and 

availabilities can take place in a symmetric way: one can compare 

some alternatives for both requirements and manpower policy by 

comparing these requirements with the resulting availabilities. 

In push models one can only change the requirements, since the 

manpowerpolicyis a result of the requirements. A further disad

vantage of pull models is that the resulting manpower policy need 

not be very stable whereas stability is a necessity in large 

bureaucratic systems. 
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Consequently, we believe that push models fit better in our philo

sophy of the manpower planning activity as a matching of manpower 

requirements and availabilities. One might say that pull models are 

more related to the short term manpower assignment models, whereas 

the push models belong more naturally to the world of medium and 

long term planning. 

2.5. On optimization models. 

Especially people with an Operations Research background often 

think of planning as an optimization problem. As we have formulated 

the manpower planning problem as a matching problem there are quite 

a lot of possibilities to formulate it as an optimization problem. 

The most straightforward way to do so, is to note that the relations 

between the variables in both push and pull models are linear and 

use this feature to construct a linear programming model by allowing 

some freedom for the promotion policy e.g. in the form 

where p .. is the minimum transition fraction and p,. is the maximum 
l.J l.J 

transition fraction, and/or by accepting that the requirements are 

only met approximately e.g. by introducing 

n. (t) ~ x. <t) ~ n.. (tl , 
l. l. l. 

where n. (t) is the minimum requirement and n. (t) is the maximum re-
l. l. 

quirement. 

Now only a linear objective function is required. As such one might 

use something like: 

t 
E { E c ix i ( t) + E L: di ~Yi. J' 

t=O i i j T 
(t+l) + E 

i 
r. Ix. (t) - n. (t) 

l. l. l. 
I}. 

The parameters ci may be interpreted as salary costs in category i, 

the parameters dij as the costs of one transition from category i to 

category j (e.g. recruitment costs if i=O), and the parameters r. as 
l. 

the penalty for a deviation of x. (t) by one unit from its norm n. (t) 
l. l. 

(for more detailed descriptions see Bartholomew [2], Wessels/van Nunen 

[14]). 
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In general it is very difficult to translate the preferences of 

management with respect to manpower flows rin costs and restric-

tions of a linear programming model. This is especially true since 

costs of some aspects are essentially difficult to compare (e.g. the 

salaries and deviations in the objective function above) and since 

many costs are essentially nonlinear (e.g. deviations only become 

important if they surpass some bound or if they occur together with 

some other feature); moreover, the number of situations that can 

arise is so large and the situations are so different, that it is 

practically infeasible to check all these situations with respect to 

preference. It is not only difficult to construct a linear programming 

model, it is also difficult to use the results. Namely, what is the 

value of the optimal solution? The usual post-optimal analysis does 

not give sufficient information about the sensitivity of the solu

tion with respect to the conditions and co.sts involved. Especially, 

it is not easy to make clear how the resulting costs are built up. 

So, it is easily possible, and not simply verifiable, that quite a 

lot of costs are caused by some combination of conditions which are 

in fact not needed so strictly (for another discussion of this aspect, 

see Wessels/van Nunen [14] ) • 

Another difficulty arising in this type of optimization model is to 

make the optimal decisions operational. With repect to the promotion 

policy the real decissions are in fact for each category the time 

until promotion and the fraction of employees which will eventually 

make that promotion. This means that one has to distinguish between 

people with different grade ages (so grade age has to be part of 

the model). However, the promotion fractions per grade age in some 

category may not be chosen independently. So, the outcome of a linear 

programming exercise is not easily operationalized. 

The disadvantages given above hold partly for all optimization models. 

Examples of optimization models which, in our opinion, are not 

applicable in a practical environment are given by Grinold/Marschall [9]. 

In fact, Wessels/van Nunen [14] tried to circumvent the disadvantages 

of a linear programming approach by devising dynamic programming. 

For the application they had in mind it worked quite well, but it is 

not reliable as a general purpose method, 
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The conclusion of the foregoing arguments can only be: don't use 

optimization models in medium and long ~erm manpower planning. 

Simply said, it is not clear enough what judgment is built in 

in such models and how they operate. In this kind of situations 

the most sophisticated approach is mathematically a very simple 

one: present the information to management and let them do the 

optimization. With the use of modern computers and data systems, 

such an approach, where both the computer and management does 

what he can best, is quite feasible. The main side conditions 

for such an approach are: 

1. the computer should present its information in an 

overseeable form 

2. it should be easily possible for management to require 

information about the consequences of alternative policies. 

In subsequent chapters we will describe an approach and a set of 

computer programs which fulfill these side conditions. This approach 

and program system - called FORMASY - has proved to be very useful 

in several situations as will be demonstrated subsequently. 

The main moral of this section is that we should not have as ulti

mate goal the construction of optimization models. In fact, in our 

view an approach like FORMASY is the more sophisticated one and 

definitely not a forerunner of optimization models. 
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Chapter 3 

FORMASY 

3.1. Introduction. 

As said before, we will base our approach on push or Markov models. 

These models (defined in section 3.2., with examples in section 3.3,) 

will be used to provide information for the planning process itself. 

Section 3.4. will discuss the number of categories involved. In section 

3.5. it will be shown what kind of information can be obtained by 

using these models. However, now it should already be clear to what 

purpose these models are devised. The primary purpose of the models 

is to provide relevant information about the consequences over time 

of some policy. This information should it make possible to evaluate 

this policy and to design alternatives. This purpose already puts some 

conditions on the chosen models. Other conditions are put on the 

chosen models by the system to be modeled. 

In chapter 5 we will come back to the principal problems of the 

model choice, and in section 3.6. the estimation of parameters in a 

chosen model will be treated. 

3.2. The standard model. 

The basis of FORMASY is a Markov model for the behaviour of an 

individual employee, where the categories for the employees 

are defined by four lasels: g, a, 1 and q. These lasels can be 

applied with some phantasy, but their primary purpose is the 

following: 

- g is the grade (g 1 G) 

- a is age (a = 1 A) 

- 1 indicates the grade age of an employee, i.e. the employee 

occupies his current grade for already 1 years (1 = 1 •• L) 

- q is an index for some extra specification, i.e. a qualifi

cation index (q = 1 •• Q) 

Grade is important since it is in general one of the relevant vari

ables in the manpower requirement. In most organizations there exists 

a map from function to grade. Grade indicates a set of functions. 
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Age is the most straightforward turnover determining factor. 

Retirement is strictly age dependent. But the age distribution can 

also be important in itself. Some organizations aim at an ideal 

age distribution. This means that promotions take place as much 

as possible at fixed ages. In these cases age is an important 

variable in the manpower requirement. 

Grade age has been extremely helpful in obtaining good descriptive 

models since it is very easy to describe alternative promotion po

licies in terms of grade age. E.g. an alternative promotion policy 

such that all ~loyees are kept, say, 2 years longer in a certain 

grade can be simply incorporated. 

If experience is relevant in the manpower requirement, grade age 

can also be useful to translate experience into the manpower avai

lability model. 

The extra qualification index is added to make the system more 

flexible. The index can be used for instance for educatiqnal level 

or for the time spent in the organization. 

The four variables are dependent in general. That means that it 

is not always necessary to include all four variables. In many cases 

grade and grade age together give so much information with respect 

to age that it is possible to let some or all transition fractions 

and turnover fractions be independent of age. The possibility where 

age is only used to determine retirement turned out to be very 

useful. 

In a model with these four variables an employee in position (g,a,l,q) 

usually makes a transition to (g, a+l, 1+1, q). If his grade changes 

in a certain year tog' then his next position is (g~ a+l, 1, q). 

Qualification can change also, but then 1 changes into 1+1, if the grade 

remains g. If l=L the grade age remains fixed until a grade change 

takes place. 

This transition structure makes it possible to construct efficient 

computer programs for the manpower forecasts and it facililates 

the input of the transition fractions. 
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A more extensive description of the model on which FORMASY is 

based, is given by van Nunen/Wessels [10]. 

It has appeared in practice that a Markov model with categories 

defined by these four lasels is on one side rich enough to 

serve as manpower availability model and is on the other side 

not too complex with respect to input, computation and data 

collection. 

3. 3. Examples. 

Before proceeding we will first present a number of examples 

which will be referred to in the sequel. 

example a. 

In the Dutch Ministry of Public Works the engineers of three 

different educational levels have their own grade system. For all 

three groups there are five grades (after lumping some of the less 

used topgrades). For the two higher level groups of engineers 

there is no need for a qualification index since the groups are 

homogeneous with respect to education and the grade indicates 

experience properly. The lower level group of engineers (called 

surveyors) consists of a less homogeneously educated set of em

ployees with also different types of experience for people in the 

same grade. If this is taken into account there us no need to 

distinguish the positions or categories for any of the group 

according to age. One is interested in career possibilities in 

these grade systems as well as in manpower supply and the matching 

process of manpower availability and manpower requirement. 

1. For the l;o,p level engineers and for the middle level 

engineers this leads to the model with 

G = 5; 

L = 10 and 13 respectively (See figures 3.1 and 3.2) 
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1 2 3 4 5 

l 
gradeage 

fig. 3.1: The positions or categories for the top level engineers 

of example a.1 with the transition possiblities. 

Position 51 denotes the class of the former employees. 1) 

1 2 3 4 5 

grade 

fig. 3.2: a stylized version of fig. 1, where the grade age refinement 

is suppressed and the class of the former employees is 

deleted. 

2. For the surveyors four levels of education appear to be relevant. 

This leads to a model with 

G = 5; 

Q = 4; 

L = 12. 

Some lumping of categories is possible here, since for older 

people the fact that they reached a certain grade implies that 

their experience compensates a lack of theoretical knowledge. 

1) In fact, we distinguish "category", defined by (grade, age, grade 
age, qualification), and "class", defined by (grade, age, 
qualification) 
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This clustering leads, excluding the class of the former employees, 

to 13x12 categories instead of 20x12 (see fig. 3.3). 

level of 
education 

l 
4 

3 

2 

1 

1 2 3 4 5 

~~~~ ..... grade 

figure 3.3: the classes for the surveyors of example a.2 and the 

transition possibilities. As in fig.321 the grade age 

and the former employees are delated. 

example b. In the Netherlands the Ministry of the Interior has a 

partial say over the local police forces. For the availa

bility of cadre, one is interested in careers of individual 

cadre members. The Markov model, in this example, has essen

tially five grades (as in the foregoing example the top 

grade in the model aggregates some sparsely occupied actual 

top grades), but the lowest grade has a subdivision in two 

sub grades. The difficulty now is that for the promotion for 

the next main grade one counts the number of years spent in 

the actual main grade but not in the subgrade. This can be 

accounted for in .the model by using the qualification label 

for the indication of the subgrades. Namely, then the grade 

age indicates the number of years spent in the main grade. 
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So we obtain a model with 

G = 5; 

Q "" 2; 

L = 10 (see fig. 3.4). 

subgrade 2 

1 
1 

1 2 3 4 5 

grade 

fig. 3.4.: the classes for members of the police cadre in example b 

and their transition possiblities (the class "gone" is 

deleted). 

example c: In a large industrial firm one is interested in an overall 

view of manpower prospects. For this purpose some ranks 

are lumped. In this way five main ranks are defined. 

Promotion (for this overall model) is mainly determined by 

age, whereas turnovet is mainly determined by the time spent 

in the firm (1 year, 2 years, more than two years). 

For this situation we can make a Markov model without grade 

age, but with real age as an important feature. The time 

spent in the firm (length of service 1, 2, 3) can best be 

represented by a qualification label. So we get a model 

with 

G 5; 

Q = 3; 

A 49 (ages 16 - 64 years). (See fig. 3.5) 
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3 
length of 
service 

i 2 

1 

1 2 3 4 5 

• grade 

fig, 3.5.: the classes and transitions in the industrial firm of 

example c (now the age and the class "gone" have been 

deleted). l) 

example d: In a staff department of a large industrial firm one is inte

rested in achieving a given number of employees with certain 

educational level in the future. Therefore ten grades are 

distinguished. Promotion is mainly determined by grade age 

(L = 10) and an estimation of professional level is reflec

ted by the level of education. One distinguishes three levels 

of education of which the highest is equivalent to a 

completed university training (master's or doctor's degree), 

A person's educational level can change either if formal 

degrees are obtained or, if one's professional level is 

reestimated internally. The model one obtains in this way 

has: 

G = 10; 

Q 3 ; 

L = 10 (see fig. 3.6) 

1) in this example "class" is defined by (grade, qualification) 
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3 educational level 

l 
2 

1 []--

1 2 3 4 5 6 7 8 9 10 

grade 

fiq. 3.6: the classes and transition possibilities in example d 

(the class "gone" is deleted). 

In the situation of this example also a still more refined model 

has been used which incorporates an age index. This index then gives 

an indication for the age of the employee, viz. a=l if the age is 

between 16 and 34, a=2 if the age is between 35 and 44, a=3 if the 

age is between 45 and 65. It will be clear that in a Markov model 

such a rough age index cannot indicate the age classes properly 

since one does not know exactly when the index has to be changed if 

the exact age is not stored. However, such a rough index can be of 

help, if some promotion probabilities are influenced partly by age. 

3. 4. The number of categori~. 

Careful readers will have noticed that the models in the examples 

tend to possess large sets of categories or states. In general these 

models have 1+ G x Q x A x L states, i.e. 

example a.1 51 and 66 respectively 

example a.2 241 

example b 101 

example c 736 

example d 301 (or with age classes included: 901) 
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However, as one already notices in the figures, a considerable 

saving on the number of states is sometimes possible by throwing 

away those positions which do not occur in practice. This gives 

for the exanples: 

example a. 1: nothing can be gained, but 51 and 66 are not 

very large. 

example a.2: 1 + 13 x 12 = 157 states suffice. 

example b 

example c 

example d 

since the subgrades only work for the lowest 

grade, it suffices to consider 1 + 6 x 10 = 61 states. 

nothing can be gained. 

1 x 16 x 10 = 161 states suffice (with age classes 

included, a reduction to 391 appeared to be 

possible). Here a further reduction is possible 

since it is not necessary for all states to con

sider 10 levels for the grade age. 

But even these reduced numbers of states can be very large. One has 

to be careful therefore to interprete the future content of each of 

the categories. Especially categories with small numbers cannot be 

forecasted very well (see section 3.5). So before using the forecast 

a certain amount of aggregation is necessary. Actually the classi

fication is not chosen so detailed to make it possible to predict 

exactly the future numbers of people in each of these categories. As 

argumented earlier, the detailed classification has been chosen to 

make the model more realistic and to facilitate the formulation of 

(alternative) manpower policies. 

It has to be remarked here that the structure of the program is such 

that to conputation time depends more on the number of possible 

transitions than on the number of states and the number of possible 

transitions does not increase more then about linearly with the 

number of states. Therefore computation time is not a serious.re

striction. 

3.5. What information can one obtain? 

By using FORMASY valuable information can be obtained to design 

manpower policies. Some options of the computer program system will 
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be described below. 

First, the forecasted grade occupation is shown for an arbi

trary planning period which is chosen by the user. The following 

data are necessary for this forecast: 

the present manpower occupation in the different categories 

- the present age distribution and the age of retirement 

- t.urnoverand promotion fractions (either from historical 

data or for an alternative policy), which are assumed to 

be constant for the planning period 

- the number of recruitees in the different classes and 

the age distribution of recruitees. 

The forecasting procedure for the number of employees in each 

class when age and retirements are not taken into account is described 

below. 

Let: 

x. 
1

(t) _ forecasted number of employees in class i, with 
l. , 

p .. 1 
l.J , 

r. (t) 
l. 

grade age 1, at time t 

_ transition fraction (promotion or turnoverl from 

class i and grade age 1, to class j 

_ recruitment in class i between time t-1 and time t 

Now the following equations hold: 

x. 1 (t+l) 
l. , = I I x · 1 < t) · P · · i 

j 1 Jr Jl., 

and 

X. l l (t+l) = X, l (t) , p .. l 
l., + l., l.l.' 

+ r. (t) 
l. 

So, these forecasted numbers are expected numbers in the different 

classes and these are not obtained by simulating the transition process. 

If we mention simulation in this paper, forecasting is meant for 

alternative promotion or turnover fractions. 
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These forecasts are printed by means of a table or a histogram 

and can be specified by qualification, age or grade age. Examples 

of these tables are 3.1 and 3.2, whilst a histogram is presented in 

fig. 3. 7. 

GRADE OCCUPATION IN PLANNING PERIOD 

GRADE 

YEAR * TA TAl THA THAl THABD * TOTAL 

1977 * 238 547 376 180 70 * 1411 
------ --·-- -------- - - - - - - - - -
1978 * 173 531 394 184 75 * 1357 

1979 * 126 501 412 190 75 * 1304 

1980 * 100 461 425 200 79 * 1265 

1981 * 92 407 435 210 81 * 1225 

1982 * 88 355 446 222 86 * 1197 

Table 3.1. Present grade occupation and forecasted grade distribution 

in the planning period (5 years) 

The names of the grades are: TA, TA1, THA, THAl and THABD. 

GRADE AGE TA TAl THA THAl THABD 

1 ** 30 46 64 34 15 

2 ** 25 58 68 33 15 

3 ** 17 64 66 30 14 

4 ** 13 70 42 16 4 

5 ** 7 59 44 23 7 

6 ** 3 47 30 15 4 

7 ** 4 22 23 10 7 

8 ** 1 18 20 10 3 

9 ** 1 33 25 9 6 

10 ** 0 13 15 7 2 

11 ** 0 6 8 6 1 

12 ** 0 3 5 3 2 

13 ** 0 22 15 2 1 

Table 3.2. Expected distribution over grade and grade age in an 

!:!. ..... h.;+. ................. -i...----·---- f1("\(')r\\ 
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YEAR 1977 : 

----A----A----A----A----A----A----A----A----A----A----A----A 

TA 111111111111111111111111 238 

TA 111111111111111111111111 238 

TAl 2222222222222222222222222222222222222222222222222222222 547 

TAl 2222222222222222222222222222222222222222222222222222222 547 

THA 33333333333333333333333333333333333333 376 

THA 33333333333333333333333333333333333333 376 

THAl 44444444444444444 180 

THAl 44444444444444444 180 

THABD 5555555 70 

THABD 5555555 70 

fig. 3.7 Histogram of the actual number of employees in 1977. 

Each grade is reflected by two lines which contain the 

numer of the grade. Each figure represents 1.0 employees. 

FORMASY also produces indications about the average career scheme. 

The average grade ages before promotions take place can be printed as 

well as the total fraction of employees which is promoted from each 

grade. 

Another option of FORMASY concerns prediction errors. Bartholomew [1] 

describes several types of prediction errors for Markov chain models: 

1) Statistical error, resulting from the stochastic character 

of the model 

2) Estimation error, caused by the estimation of the transi

tion fractions 

3) Specification error if the model is not correctly speci

fied because the assumptions might not hold in practice. 

The statistical error, the standard deviations concerning the 

forecasted number of employee in each grade, can be calculated by 

means of the formulae given by Bartholomew [2], p. 73-74. A detailed 

description of prediction errors for Markov models is given by 

Van Der Beek [4]. 
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Printing of the standard deviations is one of the possibilities of 

FORMASY (see table 3.3). 

STANDARD DEVIATIONS OF THE FORECASTS 

YEAR 

1978 

1979 

1980 

1981 

1982 

* 

* 
* 
* 
* 
* 

TA 

7 

7 

6 

5 

5 

GRADE 
TAl THA THAl 

11 

13 

14 

14 

14 

10 

12 

14 

15 

15 

7 

9 

10 

11 

12 

THABD 

5 

6 

7 

7 

8 

Table 3.3 Standard deviations in integer numbers of the forecasted 

grade distributions. 

Another option of FORMASY is the calculation of the steady-state 

distribution, i.e. the long-run forecasted number of employees in each 

grade if a constant promotion policy,constant turnover fractions and 

recruitment numbers as well as a fixed retirement age would occur. 

It shows which the impact of a constant policy would be on the long 

term grade/age distribution of the employees. FORMASY also calculates 

the number of recruitees which is necessary to keep the total 

occupation at the present strength in the long run under the same 

conditions of constant policies. These numbers are, for the example 

above, given in table 3.4. 

STEADY-STATE GRADE OCCUPATION AT CONSTANT RECRUITMENT OF 

30 EMPLOYEES: 

YEAR : 2019 

TA TAl 

TOTAL 83 144 

THA 

143 

GRADE 

THAl 

95 

THABD TOTAL 

53 ** 518 

NECESSARY RECRUITMENT TO KEEP TOTAL OCCUPATION AT PRESENT STRENGTH 

CATEGORY 1 : 82 
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THE GRADE OCCUPATION WILL BE THEN: 

GRADE 

TA TAl THA THAl THABD TOTAL 

TOTAL 228 396 392 261 145 ** 1422 

Table 3.4 Steady-state grade occupation. 

Furthermore it is possible to determine the actual and future 

salary costs for each grade, for a salary scheme which is based on 

qrade and grade age with a maximum number of yearly salary-increases 

in each gra~e (such a salary scheme is used for Dutch governmental 

institutions). Of course, also other methods for determining salary 

costs could be included, at least if salary is depended on charac

teristics as grade, education, qualification, age or grade age. 

An example of a salary table shows table 3.5. 

YEAR * 

1977 * 

1978 * 
1979 * 
1980 * 
1981 * 
1982 * 

TA TAl THA 

6 20 17 

5 19 18 

3 18 19 

3 17 19 

2 15 20 

2 13 20 

GRADE 

THAl 

10 

10 

10 

11 

11 

12 

THABD 

5 

5 

5 

5 

5 

6 

Table 3.5 Salary costs in planning period. 

* 

* 

* 
* 
* 
* 
* 

TOTAL 

58 

57 

55 

55 

53 

53 

An important feature in manpower planning is the expected change in 

age distribution of the employees. Although probably no one can deter

mine exactly what an ideal age distribution will be for an organization, 

it will be clear that a balanced age distribution is of great interest 
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because of continuity of experience and knowledge within the 

organization. In fig. 3.8 some practical examples of completely 

different age distributions in real practical situations are shown. 

Fiqure of the actual occupation 1978 

ACJe * numbers 

58-59 * 11222222333333333444555555 

56-57 * 11111222223333333333444444455555 

54-55 * 12223333333334444555555 

52-53 * 11133333444444555 

50-51 * 11223333334444 

48-49 * 111233333445 

46-47 * 23333444 

44-45 * 2333334445 

42-43 * 23333334 

40-41 * 12333334 

38-39 * 12223333334 

36-37 * 11222222333333333333 

34-35 * 1112222222223333333333333 

32-33 * 1111111222222222222222222222333 

30-31 * 1111111111111222222222222222223 

28-29 * 111111111111111222222222 

26-27 * 111111111111111111111111111122 

24-25 * 11111111111111111111111112 

22-23 * 1111111 

20-21 * ........... ' .......................................... 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I t t I t t I I I I I t I I I I I I I I I I t I 

l figure = 2 employees 

relatively much young and old staff 

t ,, 
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Fiqure of the actual occupation 1977 

Age * numbers 

63-64 * 455 

61-62 * 3345 

59-60 * 3455 

57-58 * 33455 

55-56 * 44555 

53-54 * 2333444555555 

51-52 * 33444444455 

49-50 * 234444455555 

47-48 * 333344455555 

45-46 * 23444455 

43-44 * 233333444445 

41-42 * 2233334444 

39-40 * 22233333334 

37-38 * 1222222333333333345 

35-36 * 11222222222222223333333334 

33-34 * 111112222222222222222222223 

31-32 * 111111112222222222222222222222222 

29-30 * 111111111111111112222222222 

27-28 * 11111111112 

25-26 * 111 

23-24 * 1 

1 figure = 2 employees 

·relatively much young staff 

fig. 3.8 Age distributions 

A figure denotes the number of the grade whilst the number of 

figures on each line shows the number of employees in the corres

ponding age class. 

rm1r 
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FORMASY calculates present and future age distributions for given 

policies as well as average ages for each grade and for the total 

occupation. 

Furthermore, FORMASY calculates the number of recruitments in 

order to reach given lower bounds for the grade occupations under 

the conditions of maXimum numbers of recruitees in each year (re

flecting the influence of the labour market and the absorption ca

pacity of the organization) and a given number of years that earlier 

recruitment is allowed (when shortages for certain categories of per

sonnel are expected). This recruitment procedure is based on a 

dynamic programming approach (see Van Nunen/Wessels [10]). An example 

of the results is given below (tables 3.6 and 3.7) 

recruitment numbers in planning period 

GRADE 
YEAR * TA TAl THA THAl THABD * TOTAL 

1977 27 0 0 0 0 27 
----------------------------------------------------
1978 52 0 0 0 0 52 

1979 41 28 0 0 0 69 

1980 40 34 0 0 0 74 

1981 43 28 0 0 0 71 

Table 3.6 Forecasted number of recruitments when the allowed number of 

recruitments in each year is 80 resp. 50 for grade TA en TAl, 

the desired lower bounds for these grades are 200 resp. 500 

each year and no earlier recruitment is allowed. It is assumed 

that the recruitments during 1977 are first counted in the 

grade occupation of 1978. 

~ I , ' 
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Resulting grade occupation incl. recruitments 

GRADE 

YEAR * TA TAl THA THAl THABD * TOTAL 

1977 * 238 547 376 180 70 * 1411 

- ------------------------------------------------------
1978 * 200 531 394 184 75 * 1384 

1979 * 200 504 412 190 75 * 1381 

1980 * 200 500 425 200 79 * 1404 

1981 * 200 500 436 210 81 * 1427 

1982 * 200 500 450 222 86 * 1458 

Table 3.7 Resulting forecasted grade occupation including 

recruitments. 

3.6. Model estimation. 

Once the form of the model has been determined, the next phase 

is collecting the necessary data. This means that the present number 

of employees in each category and their age have to be determined. 

Furthermore, the transition probabilities or percentages (promotions 

and turnover) are calculated and the age distribution of recruitees 

has to be regarded. 

Many larger organizations own a data-base concerning personnel 

records from which most necessary information can be obtained. 

Unfortunately the characteristic "grade age" is often not directly 

available in contrast to the item "length of service", although 

grade age is mostly an important factor concerning promotion possi

bilities (especially in Dutch governmental organizations). 

A difficult problem is to determine historical promotion and 

turnoverfractions which will hold in the future. These fractions 

concern the transitions between classes for each grade age. In order 

to exclude casual numbers it is advisable to regard more than o~ 

year's data in the past. However, because of changing circumstance• 

it is not sensible to look back a great number of years. Expected 

chanqes in promotion policy or turnoverare easily incorpor&ted in 

the program system FORMASY because it is used conversational.ly 
• 

, ' 
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(we will discuss the advantages of this approach later in 5.4). 

In qeneral, it is sufficient to use historical data of about 3-5 

years in the past (weighted or not) . This is also sufficient from 

a statistical point of view, since with estimates based on about 

4 years the error in the forecasts caused by the parameter esti

mation (that is the second error as mentioned in section 3.5) 

is already small compared to the statistical error (see Wessels/ 

Van Nunen [14] for details). 

If one thinks that important quantifable changes will occur in 

the near future, the calculated fractions can be adapted in this 

direction. 

The exact data that are necessary for the use of FORMASY will 

be described in 5.3. 

It is needless to say that the availability of data as described 

above is a necessity in determining manpower policies. Yet, some 

organizations do not collect these figures and it is also clear that 

manual collection (e.g. yearly is very impracticable. Therefore 

we underline the importance of a good computerized data-base. 

Figures which result from an analysis of present personnel 

occupation are e.g. expected retirements in subsequent years, the 

stability or instability of the age-structure, the number of vacancies 

(present grade occupation in relation to allowed strength), etc. 

All things considered, an analysis of present manpower situations 

and policies gives a lot of information on possible future bottlenecks 

and helps in this way to match manpower availabilities and manpower 

requirements in the future. 
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Chapter 4 

some aspects of the manpower planning process 

4.1 Introduction 

The basis for the manpower planning process is a manpower 

recruitment forecast. A manpower requirement forecast can be given 

as a set of time-dependent functions {n. (t)} where n. (t) indicates 
1 1 

the number of available functions of type i. The number of function 

types is determined in the first place by the substitutability of 

people. In the most extensive manpower requirement forecast one has 

to distinguish between all types of functions such that the occupants 

are not 100% substitutable to functions of another type. In the very 

short run the manpower requirement has to be so detailed indeed. 

But uncertainty in the forecasts for the further future can make it 

necessary of course to aggregate functions. The aggregation level 

will increase with the planning horizon. We will come back to this 

later in this chapter. 

The characteristics in the manpower availability model have to be 

chosen in such a way that it is possible to indicate for each cate

gory of personnel which types of functions can be accomplished. 

But it can be necessary to include more characteristics, for instance 

age, to forecast the future turnover or grade age to make it possible 

to translate the careerrights into the model. 

The matching process can be executed by using the manpower availability 

model to simulate the effect of the various decisions with respect to 

recruitment and transitions. One can try to reach step by step a best 

possible fit of manpower requirement and manpower availability. The 

decision freedom is heavily restricted in general by the impossibility 

to move people arbitrarily between the different functions, by the 

existence of explicit or implicit careerrights, by restrictions on 

the labour market by capability and experience restrictions, etc. 

The complexity of the whole planning process is determined by the 

number of function types, the number of characteristics in the man

power availability model and by the various kinds of uncertainty 
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(manpower requirement, future turnover, etc.). In a lot of cases it 

is possible (and necessary) to simplify the planning process by 

decomposition and/ or aggregation. These concepts are discussed 

further in the sections 4.2 and 4.3. 

The unreliability of the forecasts implies that the organization 

should not only try to match manpower availability forecast and 

manpower requirement forecast, but should also try to create the 

flexibility to meet unexpected changes in manpower availability 

and manpower requirement. For the short and medium term planning 

the accent will lie more on the matching process while for the 

long term flexibility is more important, depending of course 

on the organization. 

Flexibility is discussed in section 4.4. 

4.2. Decomposition. 

It is often possible to distinguish subsets of transitions such 

that the manpower flows between these subsets are relatively small. 

In this case it may be useful to isolate these subsets of functions 

in the planning process. one can think of one plant in a large in

dustrial firm or all technical functions in one plant, or all 

functions requiring a certain education, etc. For these (almost) 

isolated subsystems one has to distinguish two types of input 

(recruitment) and output (turnover) • Input from inside the total 

organization and input from outside the total organization, and 

the same for output. In most cases the organization has more 

possibilities to influence the internal manpower flows than the 

external manpower flows. 

The planning process now consists of too steps. In the first step 

manpower requirement and manpower availability in each of the 

subsystems are matched as good as possible assuming that the man

power flows between the subsystems are zero. In the second step 

one can try to remove the remaining differences by using internal 

input and output. If a subsystem corresponds to an organizational 

unit it is possible to decentralize the decisions. 
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Especially in the short term plans, which have to be very detailed, 

decomposition ~s indispensible. But also for longer term plans de

composition can be very useful. 

The choice of the decomposition is not unique in general. A function 

can often be classified roughly in a three dimensional way: the level 

of the function (either hierarchical or technical, or a mixture), the 

place where the function is executed and the organization sector of 

the function. 

Decompositions based on these dimensions are called vertical decompo

sitions, geographical decompositions and sectoral decompositions. 

In case of a vertical decomposition the internal input is only from 

the next lower subsystems, the internal output is only to the next 

hiqher subsystem. One should choose the subsystems in such a way that 

a normal career does not cross the subsystem bounds. 

Internal input and output is restricted to extra qualified people. 

In case of a geographical decomposition the possibilities for internal 

input and output are determined by the geographical mobility, which 

is decreasing with age in general and increasing with the level of 

the function. If most people may be expected to be willing to move 

from place to place, however, it is not very useful to apply a geo

graphical decomposition. 

The third dimension is the most difficult one. A sectoral decomposition 

can be a decomposition in, for instance, production, maintenance, 

research and development, administrative functions, etc. But it can 

be necessary to distinguish also between the different types of 

production. Furthermore the classification of management can be 

a problem. It can be seen as a separate sector (as in management 

development programs) or it can be subdivided over the other sectors. 

Which choice has to be made depends on the mobility of management 

between the different sectors and on the problems in which one is 

interested. 
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4.3. Aggregation. 

With increasing planning horizon the quality of the forecasts 

(as well for manpower requirement as for manpower availability) 

decreases. This makes it necessary to consider larger units. One 

has to aggregate to get better forecasts. But aggregation over sub

systems is only allowed if there is a reasonable mobility between 

the subsystems. 

To analyze this further we have to consider dimensions characte

rizing a function. Analogous to section 4.2. we define vertical, 

geographical and sectoral aggregation. The problems for geographi

cal and sectoral aggregation are more or less the same, both are 

"horizontal" aggregations. 

In the most simple case there are two types of functions, A and B. 

Let nA(t) and nB(t) be the future requirement for functions of 

type A and type B respectively. Assume the only fact we know about 

nA(,) and nB(.) is that they will not decrease faster than 20% a year. 

Assume further that the actual requirement and availability are 

matched, that the turnover is 10% a year and that another 10% of the 

people are willing and able to move to the other subsystem. 

In this case aggregation is appropriate. If it is possible to match 

aggregated requirement forecasts and a~ailability forecasts and 

if the real future requirement and availability correspond to these 

forecasts then there will never be an unsolvable (short term) matching 

problem for each of the subsystem. If the total nA(t) + nB(t) deereases 

more than 10% a year there will be problems, but to detect these problems 

it is sufficient to consider the aggregated model. 

This example shows that horizontal aggregation is possible if the 

mobility between the subsystems to aggregate is so high that there 

will never arise a matching problem in a subsystem, if the aggrated 

system has been matched. The forecast reliability and matchedness 

of the aggregated plan guarantees the matchability of the (short term) 

subsystem plans. But also if the situation is not so ideal with 

respect to the mobility between the subsystem, the matching of the 

aggregated forecasts improves the matchability of the subsystem re

quirement and availability. 
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If there are more possibilities for aggregation (sectoral or 

geographical for instance) one can choose the dimension over which 

the mobility is highest. If sectoral mobility is higher then geo

graphical mobility it is probably better to apply sectoral aggregation. 

The conditions for vertical aggregation are of the same type as the 

conditions for horizontal aggregation. But the mobility is asymetrical 

in this case. It is impossible in general that people move to a lower 

level. 

Let for instance A and B be two different levels and let the normal 

career scheme be that people start in B and move to A after a number 

of years. Assume a constant growth in the number of available functions 

of 10% a year. If there are no restrictions on recruitment it is 

always possible to adapt the number of people to t~is growth. But 

one can get difficulties with experience requirements. 

Another difficulty can be the existence of fixed careerpatterns. If 

one moves from B to A after five years of experience the number of 

people at level A is not influenced by recruitment for the first five 

years. Each restriction on the flows between B and A is a handicap 

for a99regation. 

4.4. Flexibility. 

The objective of manpower planning is to facilitate the adaptation 

of manpower availability to manpower requirement by anticipating on the 

future. But the possibility for an organization to meet the manpower 

requirement not only depends on the quality of the planning process 

but also. on the flexibility of the organization. 

Flexibility may be characterized as the set of all future requirements 

for which it would be possible to adapt the availability. According 

to the three function type dimensions of the foregoing sections, we 

have three types of flexibility. We have to consider changes in the 

geographical distribution of functions, the sectoral distribution of 

fW1ctions and the distribution over the different levels. 

Flexibility is determined by mobility, turnover and growth. 

The influence of mobility is obvious. 
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Turnover has the same effect as mobility, if people leave the 

organization one can replace them by people in another place, another 

sector or another level. 

In case of growth one can hire appropriate new personnel, growth 

has the same effect as turnover. 

One can use the manpower availability models to estimate the fle~ibility 

of an organization by simulating extreme cases like recruitment 

concentrated in one place or one sector, or at one level, and so on. 

The same holds for internal movements. The total flexibility "is something like the 

convex combination of all extreme cases. For the very long term or in 

other cases with much uncertainty the manpower availability models 

have to be used to estimate flexibility instead of forecasting exact 

manpower availability. 
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Chapter 5 Use of FORMASY 

5.1. Introduction. 

The program system FORMASY is designed to simulate the various 

possible policies with respect to manpower. As before the term simu

lation does not mean Monte Carlo simulation. We mean here that for 

several policies within the model forecasts are computed for the 

future behaviour of the manpower system. In this sense policies are 

simulated. It can be used as an instrument to match manpower require

ment and manpower availability (or to estimate the flexibility of the 

organization for changes in manpower requirements). It is especially 

suitable for medium and long term planning. Short term planning (less 

than a one year-period) has to be so detailed in general that one 

can consider individu·als rather than categories. 

In the application of FORMASY one can distinguish four steps: 

- model choice 

- determination of input data 

- conversation~l use of FORMASY 

- translating FORMASY results to the design of manpower 

policies 

These four steps are considered in more detail in the next four 

sections. In chapter 6 the steps are illustrated with aid of some 

cases. 

5.2. Model choice. 

The model choice can be subdivided in three interdependent 

elements. 

i. The system boundaries: which part of the personnel should 

be considered as one system. This point corresponds to the 

decomposition in chapter 4. 

ii. The precise definition of the characteristics. This point 

depends in the first place on the way the functions in the 

requirement forecast can (or have to) be aggregated (see 

chapter 4; sectoral, geographical or vertical aggregation), 
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in the second place on the way turnover and promotability 

are determined ~or instance by age and grade age) and in the 

third place on the available information (if grade age is not 

known, age may be a good substitute). 

iii. The planning horizon. 

The concretization of each of these points depends on the type of 

matching in which one is interested and on the structure of the 

organization. One may be interested in the necessary recruitment, 

in the promotion possibilities, in the way the internal mobility 

has to be used, in the future age distribution, and so on, all 

specified eventually, to a certain subset of people. 

With respect to differences between organizations: promotability 

conditions can be more or less detailed, career schemes more or less 

fixed, mobility high or low, and so on. 

The three elements cannot be treated independently of each other 

(see also chapter 4) . The smaller the system the shorter the planning 

horizon has to be, the longer the planning horizon the more aggregation 

is needed (at least in the interpretation of the results) , the higher 

the flexibility the shorter the planning horizon may be. 

5.3. Determination of input data 

The input for the computer program system FORMASY consists of 

several parts. First, the classes have to be defined as well as the 

possible transitions between these classes. A category definition 

contains the number of the grade, the number of the age group, the 

qualification number and the grade age number or in any case the 

numbers of the regarded characteristics. l) 

The possible transitions between the classes are denoted as the 

numbers of the classes from and to which a transition is possible. 

Secondly, transition fractions (according to promotion and wastage) 

are calculated in the way as described in 3.6. 

l) remember: class is defined as (grade, age, qualification) and cate
gory is defined as (grade, age, qualification, grade age) 
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At first, e.g. the historical fractions can be used and in second 

instance modifications on these fractions can be introduced in order 

to change the resulting forecasts. By the conversational character of 

FORMASY these adaptations in the transition fractions are easy to 

handle as will be explained in 5.4. 

Furthermore, the present occupation in each of the categories must 

be known and the ages of the employees in each of the categories. 

Of course, if one is not interested in the future age distribution 

then the only use of this input is to predict the retirements. The 

reason why age can be one of the characteristics and is recorded se

parately, is that, if age is not a transition determining variable 

still forecasts can be made of future age distributions if the present 

age distribution is recorded. 

5.4. Conversational use of FORMASY. 

In foregoing sections it was mentioned that FORMASY is a conver

sational computer programming system. In the last ten years a lot of 

manpower planning models have been developed (see e.g. Smith (ed.)) 

[11] , Clough/Levis/Oliver (eds.) [BJ, Grinold/Marshall [9]i but most 

of them failed in practical use. The most important reason for these 

fuiluresmay be the lack of confidence of personnel managers in the 

rather difficult mathematical models and in the results in which they 

did not recognize their policies. 

Especially optimization models suffer from this draw-back. 

FORMASY is based on a simulation approach were the effects of different 

manpower policies can be validated directly as described in sections 

3.2. - 3.5. The program system has been designed in such a way, that 

not only the consequences of a given policy can be presented, but that 

also alternatives can be analysed. Actually, the program system makes 

it possible for management to have a proper conversation with the 

computer about policies and their consequences. How this is achieved, 

will be discussed below. 

The program system FORMASY is directed by the user which can be a 

manpower manager or a staff member of the personnel department. 

FORMASY is used through a terminal typewriter connection on a general 

purpose computer. The user calls the program which is recorded on 

background storage of the computer and then FORMASY asks him for 
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information about the name of the data-set, desired length of the 

planning period, desired output facilities (tables, histograms that 

have to be printed), etc. The questions are posed in terms that 

are familiar to members of personnel departments. The data-set 

contains the elements described in 5.3 and is also recorded on 

back.ground storage of the computer. 

The conversational use and the basic Markov model are easily 

understandable for non-mathematicians and non-programmers. Every 

time a table or histogram is printed, the user can ask for more or 

different information by typing in the corresponding numbers or 

words. 

In first instance, the effects for the future of the historical 

transition fractions on the personnel occupation may be investigated. 

These forecasts deal with the future grade occupation, age distribu

tion, required numbers of recruitees as indicated in 3.5. Next, in 

the same execution of FORMASY, the effects of changes in several va

riables, like transition fractions and recruitment numbers, can be 

evaluated. In this way several manpower policies are simulated. 

Three options are contained in FORMASY to change the transition 

fractions: 

a) a shift (lengthening or shortening) of the grade age time 

until promotions can take place. 

example. if the historical promotion fractions out of some 

category are: 

grade age 1 2 3 4 5 ~6 

I historical fractions • 1 .2 .3 .2 • 1 • 1 

! 
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then, a lengthening of one year grade age time would result 

in the following fractions: 

grade age 1 2 3 4 5 :::: 6 

lengthening of 0 • 1 .2 .3 .2 • 1 1 year 

I 
i 

I 
i 

This procedure is helpful in indicating changes in promotion possi

bilities. 

b) changing one or more single fractions, belonging to a certain 

transition. 

This results (in the example above) for instance in: 

grade age 1 2 3 4 5 <?: 6 

changing 
• 1 .3 .4 .2 • 1 • 1 

2 fractions 

c) multiplying all fractions belonging to a certain transition with 

the same constant. 

In the same example as above, this could lead to: 

grade age 1 2 3 4 5 <?: 6 

multiplying with • 15 .30 • 45 • 30 • 15 .15 
factor 1.5 

This procedure turns out to be very useful in validating the effects 

of a general increase or decrease of turnover fractions. 

Also the number of future recruitees can be changed during the pro

gram execution. 

Some demonstrations of the practical use of the conversational simu

lation approach will be given in section 6. 
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S.S. Design of manpower policies. 

The goal and approach of FORMASY is now described as an in

strument to simulate various manpower policies in order to match 

manpower requirements and manpower availabilities. Application is 

not always straightforward, a verythoroughlyknowledge of the or

ganization is necessary to design alternatives for guiding manpower 

development and avoiding discrepancies. 

Many individuals and interest groups within and outside the 

organization influence the decisions which have to be taken. So, both 

economic and social considerations should be regarded in developing 

manpower policies. Also, application at various levels within an or

ganization can lead to contradictory policies, which make it necessary 

to regard the matching problem on management level too. 

The area of manpower planning is very extensive and the impor

tance of the factor personnel is still growing. This makes the need, 

for looking at future developments concerning manpower unavoidable 

and it makes a planning instrument like FORMASY, which can help in 

designing manpower policies, to a necessity. 

Some cases in which various manpower planning problems are 

illustrated will be presented in section 6. 
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Chapter 6 Practical applications of FORMASY 

6.1. Introduction 

In this chapter some cases in which FORMASY is used, will be 

demonstrated. These practical applications are both from industri

al firms and from governmental service organizations. They show 

how helpful an instrument for showing several effects of manpower 

policies can be. By means of the results obtained with FORMASY 

it was possible for foresee future problems in matching manpower 

requirements and manpower availabilities. 

The cases are presented in the same order as in 3.2. 

6.2. Application at the Dutch Ministry of Public Works. 

An organization of the Ministry of Public Works in the 

Netherlands is concerned with the construction of roads, the buil

ding of bridges, etc. The organization has known a period of fairly 

strong growth in the late sixties and the beginning of the seventies, 

which resulted in recruitment of many young engineers of the dis

tinguished three educational levels. Since a few years growth is 

staqnating and the organization is confronted with an almost con

stant strength in the near future and with decreasing promotion 

possibilities for the young engineers. 

The transition determining characteristics are in principal 

grade and grade age, but for the lower level group of.engineers 

also the educational characteristic is taken into account. Age is 

not a transition determining item but is regarded anyway to predict 

retirements in forthcoming years. 

Consider the development of top level engineers in the next 

ten years with constant yearly recruitment of 18 employees in the 

lowest grade to maintain the total work force at about full strength. 

Manpower requirement on this level is equal to the present grade 

occupation (here present means: first of jan. 1977). 
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If historical promotion and turnover fractions (figures de-

termined over the years 1973-1976) would hold for the near future 

then the development of this group is given in table 6.1. 

grade 

year 
~': 1 2 3 4 5 -:i': total 

1977 ;,': 91 163 97 70 57 1: 478 

1978 '"i': 78 155 116 71 59 ;,': 479 

1979 ;,': 89 121 136 72 61 ;,': 479 

1980 ;,': 77 111 155 74 63 ;,': 480 

1981 --·: 70 101 165 79 66 ;,': 481 

1982 ;,': 83 73 172 85 66 ·l: 479 

1983 .. ·: 97 53 168 93 68 -:i': 479 

1984 -;':. 97 52 157 104 69 ~·: 479 

1985 ;,': 97 48 147 114 71 ;,': 477 

1986 ;,': 98 49 135 123 75 ;,': 480 

1987 ·;': 98 57 117 129 77 ;,': 478 

Table 6.1. forecasted grade occupation with historical 

transition fractions 

A comparison of manpower availability and manpower requirement 

shows an expected overstaffing in the topgradeswhich is not allowed 

on formal and financial reasons. Also for social reasons the gene

ration of a great stock of highly experienced engineers in e.g. grade 

4, waiting for promotion is very undesirable. Thus, it may be 

preferable to delay promotions earlier on the lower level of the 

careers. 

The careers are expressed in the number of years spent in each 

grade. Therefore, the manpower planning department considered the 

effects of a promotion-shift of four years in grade 2 and besides 

a shift of two years in grade 3. The resulting forecasts are pre

sented in table 6.2 (the same recruitment policy is used). 
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grade 
year * 1 2 3 4 5 * total 

1977 * 91 163 97 70 57 * 478 ----------------------------------------------------
1978 * 78 185 91 66 59 * 479 

1979 * 89 181 85 63 61 * 479 

1980 * 77 198 79 62 63 * 479 

1981 * 70 204 76 61 65 * 476 

1982 * 83 179 84 63 65 * 474 

1983 * 97 149 96 65 65 * 472 

1984 * 97 130 111 67 64 * 469 

1985 * 97 114 127 64 63 * 465 

1986 * 98 101 144 60 63 * 466 

1987 * 98 96 151 58 62 * 465 

table 6.2 forecasted grade occupation with a shift of four 

years in grade 2 and of two years in grade 3. 

Table 6.2. shows to what extent promotion speed has to be decreased 

in order to obtain reasonableprospects for the distribution of em

ployees over the grades. 

For the two other groups of engineers in the same organization the 

situation is similar. So, by planning the three groups separately, 

the result is a considerable decrease in promotion speed for all 

engineers involved. 

However, with regard to tasks as well as salaries there is a con

siderable overlap between the three groups. Figure 6.1 shows that 

the top grades of the surveyors have the same salary level as the 

lower grades of the middle· level engineers and similarly for the 

top grades of the middle level engineers and the lower grades of 

the top level engineers. 
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group 
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' 

middle-level engineers 

figure 6.1 D allowed numbers 
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top-level engineers 
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In this figure the allowed and current numbers for top· level and middle 

level engineers in grades 1 and 2 are aggregated since the allowed 

numbers are related to these grades together. 

The main problem for all three groups consists of the large numbers 

of the engineers allowed in the lower grades against the small num

bers allowed in the top grades. In a nongrowing system this must in

evitably lead to rather bad career prospects for those. involved. 

In fig. 6.1 it is shown that the lower grades of the middle level 

engineers are not fully occupied, whereas the surveyor grades on 

the same salary level are overoccupied. This gives the clue to a 

solution: shift some of the allowed numbers of lower grade 

engineers of both higher levels to the top grades of the nearest 

lower level. The result of such an operation is: better prospects for 

all groups, although the recruitment number of the top level enqineers 

must certainly be diminished further. 

Using FORMASY it is simple to find out what might be obtained in 

this way. By choosing promotion and recruitment policies for all 

three groups, forecasts can be made and it is easy to compute 

whether the forecasted numbers fit the allowed numbers after some 

shifting. 
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More detailed considerations on this case are presented in 

Van Der Beek/Verhoeven/Wessels [5] and in Wijngaard [16]. 

This example shows how an investigation of present personnel 

occupation and historical manpower policy concerning recruitment 

and promotions, can lead, with the help of a conversational man

power planning system, to the design of manpower policies which 

improve the development of personnel in the organization. 

6.3. Application for the Dutch Police force. 

The Ministry of Domestic Affairs in the Netherlands has a 

coordinating and supervising function for the local police forces 

(with the exception of the small municipalities). The model for 

the cadre members was presented in fig. 3. 4 .. 

Recruitment takes place in each of the qualification categories 

of grade 1. The recruitees in qualification category one are 

young officers who just completed a four years study at the 

Police Academy. Recruitment in qualification category two (about 

10 a year) is a promotion flow from lower level police personnel 

for highly experienced employees, who are mostly about 45 years 

old. 

The promotion flow from category one to category three is 

meant as an exception rule. Normally, the recruitees in category 

one should spend six years in this category and then be promoted 

to category two, where they should stay about four years before 

transition to grade two is possible. In practice, however, because 

of a shortage of personnel in the categories three and four in 

the last years, the exception rule was handled for everybody: 

after five years in category one all officers have been promoted 

to grade two. 

One of the problems the manpower planning department is con

concerned with, is the time period in which the exception rule 

should be maintained as a standard rule in relation to the arising 

social inequality between personnel when this standard rule is 

withdrawn. 
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A second problem is the question of how large should be the 

capacity of the Police Academy and how many students should be 

placed on this school every year in order to reach a certain total 

occupation in the future. With FORMASY these numbers can be ob

tained directly. 

Third, after World War II a lot of officers were recruited to 

build a strong police force. This results in a relatively large 

number of police officers in the elder age groups now. Furthermore, 

in last years total police force also growed fairly rapidly and 

this implicated that many young officers entered cadre. So, present 

cadre age distribution is characterized by relatively many elder 

and many younger police officers (see fig. 6.2). 
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PRESENT GRADE OCCUPATION: 

59 * 11222222223333333444555 

58 * 1222333333333344455555555 

57 * 1222223333333333444444445555 

56 * 111111112222233333333344444455555 

55 * 122233333333444555555 

54 * 12233333333344444555555 

53 * 113333444444555 

52 * 11133333444444555 

51 * 122233334 

50 * 1123333333444444 

49 * 11133334445 

48 * 11223333345 

47 * 2334 

46 * 2333334444 

45 * 333333444 

44 * 22333445 
fig. 6.2: present grade occupation 

43 * 23333344 
according to age. 

42 * 2333333 

41 * 133333 

40 * 2333334 

the figures correspond to the numbers 

of the grades 

39 * 1333333333344 

38 * 2222233 

37 * 1122222333333333333 

36 * 122222233333333333 

35 * 111222222333333333333 

34 * 11122222222222333333333333333 

33 * 11122222222222222222223333 

32 * 1111111111222222222222222222222223 

31 * 11111111111222222222222222222222 

30 * 111111111111112222222222223 

29 * 111111111111111222222222222 

28 * 11111111111111122222 

27 * 111111111111111111111222 

26 * 11 l 11111111111111111111111111111111 

25 * 11111111111111111112 

24 * 11111111111111111111111111111111 

23 * 11111111111 

22 * 11 
------------------ -------------------------------------1 -F; ,....,,,,...0 - 1 _ _.._, _ ............ 
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The next ten years, the number of retirements from the police 

cadre (at age 60) will be rather high. This means if the pro

motion flow from lower level police force remains_ at about ten a 

year, a lack of experienced officers will arise. Especially, 

because total cadre is allowed to grow at about twelve a year 

in the near future this will result in recruitment of many 

young and unexperienced officers. 

Moreover, promotion possibilities for the employees between 

30 and 40 years old will be rather high in the near future. On 

the other hand, the prospects for the younger employees in the 

organization and the entering recruitees will be farless favourable, 

especially, because cadre is bounded on the allowed grade strength 

above grade 2, these bounds are caused by the number of inhabitants 

of the related municipalities. 

A solution to the l!'.€tirement problem may be to facilitate 

more rapid promotion for experienced lower level employees to cadre. 

This has two favourable aspects. First, with these recruitees more 

exprience enters cadre and secondly, because of the 

higher age of these employees, the promotion possibilities for 

younger officers will increase. 

Table 6.3 shows the present grade-occupation (first of january 

1978) and the forecast for 1988 if historical transition fractions 

hold for this period and recruitment is 45 in category one and 10 

in category two, yearly. Furthermore, the allowed strength in 1988 

and the steady-state distribution for this policy are given • 

. 
(grade 1 ii grade 2 grade 3 grade 4! 

' 
grade 5 

~ 
present occupation 1978 225 170 187 66 41 

forecast 1988 287 156 295 121 33 

allowed strength 1988 225 260 276 89 44 

steady-state forecast 317 166 415 254 127 

table 6.3 figures concerning the development of cadre. 

¥ 
.~ i 

total! 
i 

6891 

892 ! 
l 

894 j 
1279 I 

I 
I 
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Table 6.3 shows that the forecasted grade occupation in 1988 

rather well concurs with the allowed strength in 1988, so that 

a conclusion might be that the general application of the ex

ception rule is correct. But in the long run it will lead to 

great discrepancies between manpower requirement and manpower 

availability because promotions happen to soon. 

Table 6.4 shows a comparison of needed recruitees at the 

Police Academy in the past and in next five years in order to 

reach a given total strength of the cadre. 

1974 1975 1976 1977 1978 1979 1980 1981 

51 62 63 48 58 37 35 35 

table 6.4 past and forecasted recruitment at the Police 

Academy 

1982 

~ 

6.4. Application on total personnel occupation in an industrial 

firm. 

In a large multinational enterprise in the Netherlands, FORMASY 

is applied to get an overall view of manpower prospects. 

The characteristics have already been explained in 3.2 (example c). 

The main difference with the earlier models is, that promotions do 

not depend on grade age in the model. In fact all grades in the 

model are aggregates of some grades in the organization. Age seems 

to be a more important item. A new aspect is the effect of the length 

of service on turnover.Only length of service less than 3 has a strong 

impact on turnover.The qualification label is used to take this 

aspect into account. Because age is in this model .a category-defining 

characteristic, a model results with 736 categories and about 2000 

possible transitions. Starting from 1976, manpower requirements in 

each grade have been determined until 1990. Total manpower requirement 

in this period is given in fig. 6.3. Lower level occupation 

(grade 1, 2, 3) has to decrease while highler level occupation 

(grade 4 and 5) may increase in the subsequent years. 
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fig. 6.3 Manpower requirement on higher and lower level 

manpower availability excl. recruitment on higher 

and lower level. 

..... 

1990 

The question in this case is whether this expected shrinkage of 

manpower occupation leads to promotion bottlenecks and how many 

elli?loyees may be recruited in the various grades. 

Application of FORMASY showed that average turnoveris about 

7 percent a year. Manpower availability when applying historical 

transition fractions is given in fig. 6.3. The differences between 

availability and requirement of manpower can be removed by recruit

ment. Fig. 6.3. shows that no problems concerning recruitment exist 

in near future, at least for total occupation. 

In practice, recruitment is possible in all grades and the 

desired number of employees in every grade can be reached in the 

planning period without discrepancies. In such a situation also 

the future age distribution is very important. 

time 
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Of course, a matching of availability and requirement of 

manpower for the total organization does not mean that no problems 

can exist on a lower level in the organization (see section 4) • 

In particular, within this company, there is an internal flow out 

of the shift system which is much larger than the number of employees 

which can be recruited in the shift system. Therefore, FORMASY 

is also ap)'i'lied on some subsystems. An example is given in 6. 5. 

6.5. Application at a staff department of an industrial firm. 

The example of application of FORMASY on decentralized level, 

as introduced in 3.2., is interesting because all possible 

characteristics (in principle) of the model are used: grade, age.group, 

education level and grade age. If all states could contain one or 

more employees, a very large state space would result. In fact, 

a great reduction of possible categories can be achieved (see section 

3.3.example d).The age group index is taken into account because 

promotion probabilities are partly influenced by the age group to 

which an employee belongs. However, this model is not suitable to 

predict the age distribution in the future, since one does not 

use the exact age and present age distribution will probably not 

be homogeneous. 

The model was used to simulate promotion policies and to 

determine necessary recruitment on the different levels in order to 

reach a given grade occupation in the near future. 
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Chapter 7 Conclusions 

7.1. introduction. 

In this paper the value and possibilities of an approach for 

assisting to the designation and evaluation of manpower policies 

are explained. The conversational computer program system is an 

essential part of this approach. 

Because of rising costs and a longlasting impact of manpower 

policies, manpower planning has become necessary for many organiza

tions. Moreover, the rising complexity and the growing consciousness 

of the social responsibilities of organizations towards their em

ployees have a strengthening effect. 

We distinguish two aspects in medium term manpower planning: 

the demand for manpower and the availability of personnel in the 

future, both qualitative and quantitative. The next phase in the 

manpower planning process is than to match demand and supply. In 

this paper we paid much attention at the aspect of manpower availa

bility by the introduction of FORMASY and at the matching process 

where this conversational planning system can be of great help. 

In this chapter we will discuss the applicability of FORMASY 

concerning its place in designing policies (7.2.), administration 

(7.3.) and organization (7.4.). 

7.2. Designing of policies. 

In an organization, nowadays, planning is an absolute necessity. 

Two aspects are then important, planning as a policy designing pro

cess and planning concerning the results (matching of availability 

and requirement). Because an organization has to do with human beings, 

manpower is a very difficult factor to control. While machines have 

an economic life time of between about two and twenty years, some 

employees stay with the organization for fourty years or even longer. 

It is more and more accepted that employees have their own career 

rights, influence on the policies, responsibilities, etc. Selection, 

recruitment and training are needed to fill up vacancies and it 

costs time until new employees are fully capable to do their jobs. 
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Wastage and retirements lead to a loss of experience for the or

ganization and these employees have to be replaced by suitable 

recruitees (internal or external). It is obvious that a lot of 

problems occur in organizations concerning manpower. 

To design all kinds of rules to handle these problems is 

a task of management and personnel departments. But this impli

cates that instruments are needed to predict possible events 

concerning manpower, like a good manpower data-base and an in

formation system as FORMASY which makes it possible to predict 

the number of retirements, vacancies, age structure, necessary 

recruitments, etc. Furthermore, management needs an instrument 

which makes it possible to regard the impacts of promotion-/ 

recruitment policies on the grade distributions, age structure, 

and so on. Management itself is then capable to evaluate these 

effects and is able in this way to chose a motivated suitable 

strategy. Such an instrument, FORMASY, has been described in 

this paper. 

7. 3. Impacts on the administration. 

One of the bigger problems in designing policies is to get 

the necessary information. In particular one is interested in 

variables as grade, age, education, grade· age, length of service, 

etc. This kind of information is indispensable for every manpower 

planning system. Even an analysis of present personnel situation 

is inconceivable without these data. Therefore, an automized 

personnel registration system is necessary at least for greater 

organizations. This requires that the administration department 

of the organization has the knowledge and capacity to run such 

a database. Regular updating of the system is necessary and from 

time to time, surveys of personnel flows and occupation must be 

obtained. 

7.4. Impacts on the or~anization. 

Introducing a personnel data-base and a manpower information 

and planning system in an organization requires certain conditions 

which have to be met. 
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First of all, there has to be the willing and interest of mana

qement to rationalize their decisions, policies and arguments 

and to use quantitati~e instruments in this planning field. 

The same holds for the personnel or staff department that should 

use these systems. Though, the methods described in this paper 

relate intensively to the methods used by practical manpower 

planners, there might be a (!Wrongly) resistance to computer-aided 

systems. This last aspect, however, is not our experience, but we 

believe that this depends heavily on the way these methods are 

introduced. Because of growing complexity and difficulties in 

relation to personnel, many organizations want to apply useful 

methods in order to be able to regard the consequences of certain 

policies. A condition, again, is a good introduction of the system, 

especially to the people who are directly confrontated with it. 

For the regular practical use of an information system as FORMASY 

is the availability desirable of an automized personnel registration 

system which delivers the necessary data. 

By way of such an information system management gets an 

overview of possible consequences of several policies, both for 

itself and for the employees concerned, which can lead to a dialogue 

in order to prevent suddenly arising conflicts. Occurring bottle

necks in medium term are signalled, which is a benefit for all 

people involved. Recruitments can take place in time, the employees 

get rational information about career possibilities, effects of 

ageing can be met in time, etc. 

All these types of uncertain factors make manpower planning with 

the aim of instruments to a must for every larger organization as 

demonstrated in this paper. 
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