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Abstract 

ASPECTS OF MANPOWER PLANNING AT A DUTCH UNIVERSITY, 

AN EXAMPLE OF AGGREGATION AND DECOMPOSITION METHODS 

IN MANPOWER PLANNING 

by 

N. Aerts 

J.D. van der Bij 

J. Wessels 

One important manpower planning problem is the choice of the categories 

for the medium term manpower planning in an organization. 

In this paper this problem is considered in a system with a simple person

nel structure. It consists of two function groups on different hierarchical 

levels. An example of such a system is the research and teaching staff of 

a dutch university, when only the two lowest function groups are considered. 

In this system the question can be posed whether two or more categories 

have to be distinguished for the medium term manpower planning or whether 

it is sufficient to distinguish one aggregate category. If two or more 

categories are distinguished, another question is which relationships be

tween the categories are important for the medium term manpower planning. 

The investigation is done on the basis of simulation experiments with 

aggregation and decomposition methods. 
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I. Introduction 

After a period of growth of the personnel strength at the dutch universities, 

a period of stabilization and shrinking has now started. The main reason 

for this is a decrease of the financial means which can be used for the 

personnel costs. A second reason, which may be related to the first reason, 

is an expected decrease in the total number of students, studying at the 

dutch universities. 

Therefore it is necessary to treat the available financial and personnel 

resources more carefully. Since most people have regular labour-contracts, 

cuts in.expenditure can only be reached by a decrease in recruitment. That 

means that most vacancies cannot be filled. That also means that required 

reorganizations at the universities caused by, for instance, increasing 

interests of students for certain fields of study or caused by guide-lines 

of the dutch government, have to be realized within the current personnel 

strength. 

It is possible that at a certain university the size of the research and 

teaching staff is sufficient to realize a reorganization, but not the quali

ty. In that case it is necessary to get a more detailed overview of current 

and future available and required qualifications of the research and teaching 

staff of that university. On the other hand, the reliability of estimates 

of the future required and available personnel strength is decreasing when 

these estimations are made for small personnel groups. This situation occurs 

when in the estimates many different qualifications are distinguished. More

over, manpower planning gets more complicated then. Therefore, it is impor

tant to find out which different personnel groups have to be distinguished 

when an estimation of the future personnel strength is made. This depends 
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e.g. on the way the requirement of personnel can be specified , the way 

the personnel groups differ in turnover, salary level etc. and the potential 

flexibility of the current personnel strength. This flexibility is mainly 

the ability and willingness of people to execute different types of funct

ions. When this flexibility is high, it is not necessary to distinguish 

different personnel groups on the same hierarchical level, but it may 

still be necessary to distinguish groups on different hierarchical levels. 

In this paper the two lowest function groups of the research and teaching 

staff of a dutch university have been considered, the research and teaching 

assistants and the assistant professors. The dutch government tries to 

realize an equal strength (in size) of both function groups at each uni

versity. Moreover, the government desires that the strength of both func

tion groups together · will be more than two times as large as the total 

strength of the other function groups at each university. However, at 

this moment these two points have not been realized yet. At first instance, 

we assume that each function group is homogeneous w.r.t. the turnover 

and the salary seniority. We also assume that both function groups together 

are homogeneous w.r.t. the turnover. The personnel requirement is specified 

for each function group. This system is described in section 2 in more 

detail. 

In section 3 it is investigated whether it is possible to consider both 

function groups together as one aggregate category w.r.t. medium term 

manpower planning activities or whether it is possible to consider the two 

function groups seperately w.r.t. medium term manpower planning without 

taking into account mutual relationships between function groups. In both 

situations the forecasting load will decrease, but it will be more diffi

cult to translate the medium term personnel plans into a short term 
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assignment plan. The planning method in which only one aggregate category 

is distinguished at the construction of the medium term manpower plan, is 

called the complete aggregation method. Since both function groups are 

on different hierarchical levels (it is not acceptable to transfer people 

to a lower function group), it cannot be expected that this planning 

method performs well. The planning method in which no mutual relationships 

between the function groups are considered at the construction of the 

medium term personnel plan, is called the decomposition method. These two 

planning methods have been compared with a planning method which considers 

the personnel system in more detail on the medium term., In this planning 

method, which is called the detailed planning method, also on the medium 

term the two function groups and their mutual relationships are considered. 

Finally, a planning method is considered in which only a short term assign

ment plan is made. Results of this investigation are not derived by 

solving analytical equations but by simulation experiments. In section 

4.1 the design of these simulation eXperiments is treated; in these ex

periments it has been assumed that the number of people in both function 

groups is the same. In section 4.2 some results and conclusions are given. 

In section 5 a refinement of the original system is considered. In reality 

the function group assistant professors consists of three salary-categories, 

category 112, category 130 and category 148. Inthesecategories the age 

distribution of the people is different, so the turnover in all categories 

is different. In the other function group (research and teaching assistants) 

people ususally have a labour-contract for four years. So after four years 

almost everyone leaves this function group. In order to model this feature 

two categories have been considered. During the first three years people 

are in the first categories and afterwards people are transferred to the 
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second category. The turnover in the second category is much higher than 

the turnover in the first one. The question is how much better the person

nel system is modelled in this way. To investigate this, two planning 

methods have been considerd, one which is based on the refined model of 

the personnel system and one which is based on the model in which only two 

homogeneous function groups are considered. This last planning method is 

called the aggregation method since in this method aggregation over cate

gories takes place. Results of this investigation are also derived by 

simulation experiments. In section 6.1 the design of these simulation 

experiments is treated. In reality there are more people in the function 

group assistant professors than in the function group research and teaching 

assistants, so the objectives of the dutch government have not been re

alized yet. In these simulation experiments this (real) situation is con

sidered. In section 6.2 some results and conclusions are given. 

In 'section 7 some general remarks are presented with respect to the use of 

simulation experiments to find out which characteristics of personnel 

groups and which relationships between those personnel groups have to be 

taken into account at the medium term manpower planning. 
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2. Description of the personnel system 

In this paper, at first two function groups on different hierarchical 

levels of a certain dutch university are considered, the research and 

teaching assistants and the assistant professors. In figure I a person-

nel system consisting of these two function groups is depicted. 
/turnover 

....-~~~~~~~~~~~~~~~~~-

recruitment 

recruitment 

functiop eroup I 
(assistant professors) 

realized r 
promotion 
stream 

fdesire~ 
I promotion 

1
stream 

function group II 
(research and teaching assistants) 

~turnover 

Figure I. Manpower flows within a personnel system consisting of two 
function groups on different hierarchical tevels. 

Although the research and teaching staff of a dutch university is subdi-

vided into more than the two function groups, only the two lowest function 

groups have been considered. The turnover in the function group assistant 

professors can also be (internal) promotion therefore. It is assumed that 

the tur~over in both function groups each year is a fixed fraction of the 

number of people in that function group. The fractions in both function 

groups are assumed to be the same. Recruitment is possible in both function 

groups. Firing (negative recruitment) is not allowed. Every year a number 

of research and teaching assistants is promoted to the function group 

assistant professors. A ~ertain number of promotions is desired every year. 

This number is assumed to be a fixed fraction of the number of research 
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and teaching assistants. However, to a certain extent it is possible to 

have a smaller and larger number of promotions in a certain year. The maxi-

mum and minimum promotion stream both are assumed to be fixed fractions of 

the number of reasearch and teaching assistants. The future manpower re-

~uirement in both function groups is partly predictable. 

The following model is assumed to describe the development of the manpower 

availability at time t: 

Xt(l):= (1 -~)Xt-1(1) + yt + Rt(1), Xo(l) given, 

Xt(2):= (1-cx)Xt_ 1(2) - Yt + Rt(2), x0 (2) given 

ydes(t):= pdes xt-1(2) ' 

pmin xt-1(2) ~ yt ~ pmax xt-1(2) , 

Rt(1), Rt(2) ~ 0 , 

where the following notation is used: 

Xt(i):= number of people in function group i at time t , 

Rt(i):= recruitment in function group i in period (t-1,t] 

Yt:= number of promotions to function group 1 in period (t-1,t] , 

Yd (t):= desired number of promotions to function group I in period (t-1,t] , es 

ex:= turnover fraction, 

pdes:= desired promotion fraction , 
pmax:= maximal promotion fraction , 
pmin:= minimal promotion fraction 

So Yt,Rt(l), Rt(2) are the decision variables. 

The manpower requirement process is assumed to be autonomous. The structure 

of this requirement process is important for the performance of the plan-

ning methods. Take, for instance, the fact that the manpower requirement 

in both function groups is highly correlated. In that case, after a while, 
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both function groups have more or less the same personnel problems, so 

a promotion stream larger than the desired one will not occur. The re-

liability of the estimates of the personnel requirement is also an impor-

tantaspect. In this paper we only consider requirement processes which 

fluctuate around an average which is independent of time. 

The following model is used to generate the manpower requirement in funct-

ion group i (i = 1,2): 

where the following notation has been used: 

Gt(i):= required number of people in function group i at time t , 

e(i):= average requirement in function group i , 

ut (i) := unknown fluctuations of the average requirement in function group i 

in period (t-1,t]: inpe:.iod[t-1,t) onlyut'(i),ut_ 1(i), ... ,u0(i) are 

known , 

kt(i):= known fluctuations of the average requirement in function group i 

in period (t-1,t], at time t : kt(i) (i = 1,2) is known for all 

t E :N u {O} • 

That means that an estimate of Gt+t(i) at time t (notation Gt,t(i)) will 

be given by: 

Gt,O(i) = Gt(i) ; i = 1,2 

at i<i) = e(i) + kt+i<i> ~ t > o, i = 1,2 • 
'-

To be able to take into account a certain correlation between the require-

ment in different function groups, the variable u and k are generated in 

the following way: 

( .) 0(i) {uct + uut(i·)LJ ut l. := 0(1) + 8(2) 
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k ( .) 0(i) {kc ku(.)} 
t 1 := 0(1) + 0(2) t + t 1 

' 

where uu(.), uc , ku(.), kc are independent identically distributed normal 

variables with mean 0 and variance resp. cr~(u), cr~(c), cr~(u), cr~(c) 

moreover u~ (i 1) does 
1 

c 
does not depend on ut 

2 
t 2 # t 1 or i 2 # i 1 and 

That means that: 

not depend on u~ (i2) if t 2 # t 1 or 
2 

if t 2 # t 1, k~ (i 1) does not 
1 

kc does not depend 
tl 

u~(i) only contributes to (unknown) fluctuations in function group i in 

period (t-1,t] , 

u~ contributes to (unknown) fluctuations in both function groups in period 

(t-1,t] , 

k~(i) only contributes to (known) fluctuations in function group i in period 

(t-1,t], 

kc contributes to (known) fluctuations in both function groups in period 
t 

(t-1,t] ' 

0(i) 
0(l)+0(2) is a factor which ensures that cr{Gt(l)}/cr{Gt(2)} = 0(1)/0(2) • 

The purpose of manpower planning in this personnel system is the matching 

of manpower availability to manpower requirement. The quality of each plan-

ning method j is measured by the average value of: 
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3. Description of the planning method 

In this section four different planning methods are described. All planning 

methods are of the rolling plan type (see [I]). That means that every period 

a medium term personnel plan is made (planning horizon T) for the system 

described in section 2 on the basis of information which is available at 

that moment. The first period decisions following from this medium term 

plan or following from an adapted version of this medium term plan, are 
• 

executed. The next period another medium term plan is made based on infor--

mation which is available at that moment etc. A linear programming approach 

has been chosen to construct the plans; this seemed to be the most appro-
I 

priate choice for this kind of research. The same notation as in section 2 

will be used. 

3.1. Detailed planning with planning horizon T 

Basis of this planning method is a deta1led model of the personnel system 

consisting of two function groups on different hierarchical levels and the 

relationships between function groups which are important for manpower 

planning. So in this planning method a medium term personnel plan is made 

based on detailed information about the manpower requirement and the turn-

over and promotion possibilities in each function group. In every period 

deviations of the desired promotion stream are taken into account if neces-

sary. The construction of the medium term plan from time t 0 - 1 onwards is 

based on the following minimization problem for Xt(i), Yt' Rt(i) 

Ci= 1,2; t = t 0 , ••• ,t0+T-I): 
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Xt ( 1) = (1 -a.)Xt-l (1) + y + Rt (1)' t 

Xt(2) = (1 - a.)Xt-1 (2) - y + Rt(2), t 

yd (t) es = pdes xt-1 (2) ' 
pmin xt-1(2) $ yt $ pmax xt-1(2) ' 

Rt(1), Rt(2), Xt(1), Xt(2) ~ 0 • 

Xt -I ( 1) 
0 

given 

xt -1 (2) 
0 

given 

. . . . * * ( ) * (2) The first period decisions Yt , Rt 1 , Rt are executed, which give 
* 0 ~ 0 

the optimal solutions X (1) and X (2). 
to to 

3.2. Detailed planning with planning horizon 1 

This planning method is the same as detailed planning with planning hori-

zon T; but now T = 1. So no medium term plan is made, decisions are only 

taken on the basis of short term detailed information about both function 

groups. 

3.3. The complete aggregation method with planning horizon T 

Basis of this planning method is a simplified model of the personnel system 

described in section 2, at least at the construction of the medium term 

personnel plan. On the medium term, information of both function groups is 

aggregated and no relationships between the functiongroups are taken into 

account, so in fact on the medium term, one personnel group is considered 

with a certain turnover. Also a certain strength of this groups is required 

on the medium term. Orily the total. recruitment in the whole personnel system 

is a decision variable to match total availability to total requirement. 

The simplified model of the personnel system is depicted in figure 2. 
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personnel system 
recruitment 

Figure 2: A simplified model of the personnel 
groups have been taken together. 

system. 

turnover 

I 

I 
The two function 

This part of the planning method in which a medium term plan is constructed 

is called the aggregation part. The first period decision following from 

this medium term plan is the total optimal first period recruitment in the 

system. This total recruitment has to be distributed over the two function 

groups. Only short term detailed information about both function groups is 

used to obtain an appropriate distribution. This is done in the disaggre-

gation part of the planning method. 

A: Aggregation part 

The following notation will be used: 

Xt:= Xt(l) + Xt(2) , 

at,i:= at,ic1) + at,ic2) , 

Rt:= the total recruitment in the personnel system in period (t-1,t] • 

The aggregate plan for the periods t 0, ••• ,t0+T-1 is based on the following 

minimization problem for Xt' Rt (t = t 0 , ••• ,t0+T-1): 

T-1 
min I lxt +t- Gt £1 

t=O 0 O' 

such that for t = t 0 , ••• ,t0+T-1 

xt = ( 1 - a)Xt-1 + Rt ' 

Xt' Rt ~ 0 • 
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Solution of this problem gives at each time t 0 the first period optimal 

* recruitment for the whole personnel system, denoted by Rt • Afterwards 
0 

has to be distributed over the function groups. This is done below. 

B: Disaggregation part 

To get first period decisions based on the first period optimal recruitment 

* for the whole personnel system (Rt ), the following minimization problem 
0 

is solved for Xt (i), Rt (i), Yt (i = 1,2): 
0 0 0 

min{j<xto (1) - Gto,o(l)) - (Xto (2) - Gto,o(2))[ + 10-3[Yto- Ydes<to)[} 

such that for t = t 0 , ••• , t 0 +T-1 : 

xt (1) = 
0 

xt (2) = 
0 

Rt (1) 
0 

Ydes(to) 

given, 

given, 

Solution of this problem gives X~ (1) and X~ (2) • 
0 0 

3.4. The decomposition method with planning horizon T 

Basis of this planning method is another simplified model of the personnel 

system desciribed in section 2, at least at the construction of the medium 

term personnel plan. In this planning method on the medium term both func-

tion groups are assumed to be relatively autonomous entities. So on the 

medium term the relationships between the two function groups are simplif±ed. 

Only a desired promotion stream between_thetwo function groups has been 

taken into account. A medium term plan is made for each function group • 
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In these plans the need for recruits in every function group is analysed 

for every period. This part of the planning method is called the decompo

sition part. Afterwards, only for the first period , coordination takes 

place between the function groups. So, if one function groups has a waste 

of personnel in the next period and the other function group has a lack 

of personnel, to a certain extent the desired promotion stream for the 

next period can be adapted. If always the desired promotion should be 

realized, the need for recruits following from the medium term plan of a 

function group should always be positive or zero. Decisions following 

from this plan would be optimal for this function group then. Since there 

is a possibility to promote a larger or smaller number of people than the 

desired promotion stream in the next period, decisions following from a 

medium term plan in which recruitment is restricted by zero, are not opti

mal anymore. Therefore to a certain extent, it is allowed for the function 

groups to give up a negative need for recruits in the medium term plan. 

But a negative need for recruits in one function group is only (partly) 

realizable if there is a positive need for recruits in the other function 

group. So at least the first period decisions following from the two medium 

term plans have to be adjusted to each other. This is done in the coordi

nation part of the planning method. 

A: Decomposition part 

In the medium term plan the negative recruitment in function group 1 is 

restricted by -S
1
(pdes - pmin) Xt_

1
(2) and the negative recruitment in 

function group 2 by -s2(pmax - pdes)Xt_
1
(2). If s1 = 1 and s2 = 1 the medium 

term plans will be too optimistic. Negative recruitment'infunction group 2 

can only be (partly) realized if at the same time the recruitment in the 



- 15 -

function group 1 is positive, which will not always be the case. That 

means that the choice of S2 should depend on the correlation in the per

sonnel requirement in both function groups. In the simulation experiments 

we have chosen a value of s2 which only depends on this correlation (see 

section 4.1). In reality, s2 may depend on more parameters (for instance: 

pdes, pmax) which means that the chosen value of s2 will not always give the 

&estsolutionwhich is realizable with this planning method. 

Negative recruitment in function group 1 often is caused by a small turn-

over and (at the same time) a desired promotion stream which is relatively 

large. Because of this promotion stream the situation in function group 2 

is mostly better, also in the case of high correlation between fluctuations 

in the demand in different function groups. That means that s
1 

does not 

depend (strongly) on other parameters of the personnel system, so in the 

simulation experiments the value of s1 has been fixed. 

The construction of the medium term plan of function group 2 is based on 

the following minimization problem in Xt(2), Rt(2) (t = t 0 , ••• ,t0+T-1): 

T-1 
min l Jxt +t(2) - Gt t(2)J 

t=O 0 O' 

yd (t) es pdes xt-1 (2) ' 

Xt(2) ~ 0 • 

The medium term plan of function group 1 is base<! -on the following minimization 
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Xt(l) = (1-a.)Xt_ 1(1) + Ydes(t) + Rt(l), Xt
0

_1(1), xt
0
_1(2) given, projected 

Xt (2), ••• ,Xt +T-l(2) given , 
0 0 

Rt(l) ?. -S 1(pdes - pmin)Xt_ 1(2) 

ydes(t) = pdes xt-1(2) ' 

xt (I) ;:: o • 

The optimal first period recruitment in function group i (i = 1,2) (which 

may be negative) is denoted by R; (i). In reality, negative recruitment is 
0 

not allowed. So a first period assignment plan has to be made which is 

realizable. Deviations of the desired promotion stream can be helpful. This 

assignment plan is based on the first period decisions following from the 

medium term plans of both function groups. The construction of this plan 

is described next. 

B: Coordination part 

The first period assignment plan is made in the following way. If R~ (I) :;; 0 
0 

* * * and Rt (2) :;; 0 or R (1) ;:: 0 and R (2) ;:: 0 the use of deviations of the 
o ta to 

desired promotion stream is not possible or not necessary respectively. 

In the first case, the real recruitment in both function groups is chosen 

* * O, so Rt (I):= 0 and Rt (2):= O. In the second case the real recruitment 
0 0 

is equal to the recruitment following from the medium term plans. In both 

cases the optimal first period solution x* (i) for function group i is 
to 

given by: 

x; (i) = (1-a.)Xt-l(i)+ R; (i). 
0 0 0 

If R~ (1) and R~ (2) have different signs, it may be useful to transfer a 
0 0 

smaller or larger number of people to function group 1 than the desired 
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promotion stream. For instance if R; (1) < 0 and R; (2) > O, a smaller num-
0 0 

her of people can be promoted, which decreases the desired number of re-

cruits in function group 2. The decrease must be that small, that the de-

sired number of recruits in function group 2 remains positive or zero. 

* that R (1) is negative for medium term reasons, 
to 

Moreover, it is possible 

but on the short term the available number of people does not exceed the 

required number of people in functuon group 1. At first this has to be 

checked. Afterwards it must be checked that the deviation of the desired 

promotion stream does not exceed (pdes - pmin)Xt _1(2). That means that 
0 

Yt is defined and R~ (1) and R; (2) are redefined in the following way: 
*o o o 

Rt (l) := min[max{O, ( 1-a)X -l (I) +.pdes Xt -l (2)-Gt O (I)}, (pdes-pmin)Xt -l (2)] , 
0 to 0 O' 0 

Yt := -min{R* (1), R; (2)} + pdes Xt _1(2) , a to o o 

* * Rt (2):= Rt (2) - (pdes Xt _1(2) - Y ) 
o o o to 

* * xt (1) and xt (2) are given by 
0 0 

* xt (I):= 

*o 
xt (2):= 

0 

(1-a)X 1(1) 
t -0 

(l-a)X 1(2) 
t -0 

The first period decisions, which are obtained in this way, are executed. 
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4. Simulation experiments based on the planning methods 

4.1. Design of the simulation experiments 

In the simulations performed here, the following parameters have been 

varied: 

2 
variance u~( 1) 

u cr (u) := of and ut(2) u 
2 

crk(u):= variance of k~( 1) and k~(2) 
2 

variance 
c cr (c) := of ut u 

2 variance kc crk(c):= of t 

a := the turnover fraction 

pm.in := the minimal promotion fraction 

pd es := the desired promotion fraction 

pmax := the maximal promotion fraction. 

The following paramete'rs have been fixed: 

x0 (1) = x0 (2) = 40; the number of people in both function groups is 40 

at time O; 

e(l) = 8(2) = 40; the average personnel requirement in both function 

groups is 40; 

' T = 5; it is shown in [4] that 5 is an acceptable planning horizon if 

the turnover is about 10%; 

N = 90; all simulation experiments have been executed over 90 periods 

of time; 

a sample of a normal distribution with µ = 0 and cr
2 = J has been used 

to generate realizations of the various variables in the demand process; 

since the use of different random number sets for different simulation 

experiments would be an extra source of variance, we used the same set 

of random numbers in all experiments; 
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2 2 2 2 
cru(u) + cru(c) + crk(u) + crk(c) = 200; the coefficient of variation of the 

manpower requirement process in function group i, which is given by 

e(i) 
e( 1)+0(2) 

has been taken constant (Rf 0. 18). 

Simulation experiments with the decomposition method showed that the value 

of S2(see section 3.4) depended mainly on the correlation of the personnel 

requirement in the two function groups. When fluctuations in the future 

demand in different function groups are highly correlated, a larger pro-

motion stream than the desired one will never be optimal, so then s
2 

has 

to be very small. The experiments showed that an acceptable value of s2 is: 

1 Moreover, the experiments showed that an acceptable value of s
1 

is 3 , so 

s1 is independent of the other model parameters. 

2 2 2 
Notice that by varying the parameters crk(c), crk(u), cru(c), 

kinds of situations can be simulated. Only 
2 

the cases a (u) 
u 

2 
a (u) many 

u 
2 = a (c) = 0 
u 

(deterministic case) and cr~(u) = cr~(c) = 0 (stochastic case) have been 

considered in this paper. 

At the end of each simulation experiment 

. 1 90 
C(j):= 90 I C(j,t) 

t=l 

has been computed for each planning method j, On the basis of this average 

cost, the four planning methods, described in section 3, have been compared. 
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4.2. Some results 

In this section some results are presented of simulation experiments with 

the four planning methods, described in section 3. The results of the si

mulation experiments show that all planning is more difficult in a per

sonnel system with two function groups on different hierarchical levels 

than in a personnel system with two function groups on the same hierar

chical level and more or less the same characteristics as the system des

cribed in section 2 (see [2],[3]). The reason for this is the fact that the 

potential flexibility of the personnel in the personnel system described 

in this paper, is smaller since it is not acceptable to transfer people 

to a lower function group. Moreover, each period it is desired that a 

number of internal recruits comes into function group 1. That means that 

problems can be expected if the turnover in function group 1 is smaller 

than the desired promotion stream. In general detailed planning with plan

ning horizon T has the best performance. The decomposition method with 

planning horizon T is the best approximation of this detailed planning 

method. 

Notice that only manpower requirement processes have been considered which 

fluctuate around an average which i~inaependentoftime. Moreover, we only 

consider the case that all fluctuations in the manpower requirement are 

known (deterministic case) and the case that all fluctuations are unknown 

(stochastic case). 

In the tables the detailed planning method with planning horizon T will be 

denoted by det(T), the complete aggregation method with planning horizon 

T by caggr(T) and the decomposition method with planning horizon T by 

dec(T). 
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4.2.1. The turnover fraction 

When the turnover fraction increases, all costs will decrease. The per-

formance of the detailed planning method with planning horizon T is best 

in general. Performance of all planning methods is very poor if the turn-

over in function group I is smaller than the minimal promotion stream to 

function group I. It is remarkable that in times that all planning is very 

difficult, the performance of the complete aggregation method is best. In 

general the performance of complete aggregation and detaled planning with 

planning horizon I is less than the performance of the other two planning 

methods. When the turnover fraction is very small, the performance of de-

tailed planning with horizon 1 is worst, in other cases the performance 

of complete aggregation is worst. This is shown in table 1 for the deter-

ministic case. In the stochastic case the results do not change drastically. 

-------------

average costs model parameters 

det(5) det( I) caggr(5) dec(5) 2 2 2 2 pmin cr (c) .cr (u) crk(c),crk(u) pmax pd es u u 

32.57 41. 99 30.63 34.69 o,o 0,200 0.05 0.05 0.05 

10.26 15.31 14.58 11. 04 o,o 0,200 0.05 0.05 0.05 

6.21 8.88 10.59 6.26 o,o 0,200 0.05 0.05 0.05 

4.95 6.70 8. 12 4.95 o,o 0,200 0.05 0.05 0.05 

4.23 5. 19 6.44 4.23 o,o 0,200 0.05 0.05 0.05 

Table I. Performance of the four planning methods in the deterministic 
case when the turnover fraction increases. 

4.2.2. Effects of the minimal, maximal and desired promotion streams 

a 

0.02 

0.04 

0.06 

0.08 

0. l 0 

The effects of the minimal, maximal and desired promotion streams have been 

taken into account together. The reason for this is the fact that a smaller 

promotion stream than desired, is mostly more wanted if the desired promo-
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tion stream is large and that a larger promotion stream than desired is 

sometimes wanted too if the desired promotion stream is small. In these 

cases the size of the promotion stream has to be considered in relation to 

the size of the turnover. 

In general average costs of the planning methods are most sensitive for 

variations in the size of the minimal promotion stream. The main reason 

for this is that the same effect takes place as has been described in sec-

tion 4.2.1 • If the minimal promotion stream is larger than or almost 

equal to the turnover of the personnel, problems may occur in function 

group 1. The complete aggregation method and the detailed planning method 

with planning horizon are most sensitive to variations in pmin, pmax and 

pdes. Nevertheless, the performance of these two planning methods remains 

worse than the performance of the other planning methods. Some of the effects, 

described here, are shown in table 2 for the deterministic case. However, 

results hold in the stochastic case. 

I average costs model parameters 

det(S) det( 1) caggr(S) dec(S) 
. 2 2 2 2 

pmin a (c),a (u) au(c),ak(u) pmax pd es CL u u 

S.4S 7.SS 7.83 S.4S 0,0 0,200 0.02 0.02 0.02 0.06 

S.20 7.03 6.99 S.29 o,o 0,200 o.oo 0.02 0.02 0.06 

S.03 6.80 6.80 s. 19 o,o 0,200 0.00 0.04 .0.02 . 0.06 

6.21 8.88 10.S9 6.26 o,o a,2aa a.as a.as o.as 0.06 

4.96 6.70 6.73 s.21 a,a o,2ao o.oa 0.05 o.as o.a6 

4.71 6.46 6.5a S.07 o,a a,2ao o.oa 0. 10 a.05 o.a6 

I 
Table 2. The effects of variations of pmin, pdes and pmax on the performance 

of the four planning methods (deterministic case), 
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4.2.3. The correlation in the personnel requirement in different.function groups 

If the fluctuations in the future demand in different function groups are 

highly correlated, average costs of all planning methods are high in rela-

tion to other situations. In this case variations of the maximal promotion 

fraction have no effect on the performance of the planning .methods since 

function group 1 has at least as many problems w.r.t. manpower planning 

as function group 2. On the other hand the effect of variations of the 

minimal promotion fraction is considerable. That means that in case of 

highly correlated fluctuations in the future demand, the best performance 

is reached when there is no promotion and no coordination between function 

groups. When the system parameters are such that there is no pro.motion, the 

performance of the complete aggregation method is as good as the performance 

of the detailed planning method with planning horizon T and better than 

the performance of the decomposition method. In this situation it is very 

difficult to make plans only on the basis of short term information. Some 

of these effects are shown in table 3 for the stochastic case. However, 

results in the deterministic case are almost the same. 

det(5) 

10.30 

10. 19 

10. 18 

37.12 

10.20 

10. 10 

Table 3. 

average costs model parameters 

det (I) caggr(5) dec(5) 
2 2 2 2 

pmin pd es a (c) ,a (u) ak (c) ,ak (u) pmax Ct u u 

22.31 10.57 IO. 39 I 200,0 0,0 10.02 0.0210.02 0.02 

20.98 10. 15 10.29 200,0 o,o o.oo 0.0210.02 0.02 

20.98 10. 15 10.29 200,0 o,o o.oo 0.04 0.02 0.02 

48.48 30.89 39.20 200,0 o,o 0.05 0.05 0.05 0.02 

30.52 10. 15 19.78 200,0 o,o o.oo 0.05 0.05 0.02 

30.52 10. 15 19.78 200,0 o,o o.oo 0.10 0.05 0.02 

Performance of the four planning methods when fluctuations in the 
future demand in different function groups are completely corre
lated and the minimal and maximal promotions streams are fluctuating 
(stochastic case). 
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When the correlation between fluctuations in the future demand in different 

function groups decreases, all costs will decrease. The performance of 

the complete aggregation method is getting worse in relation to the per

formance of the.other planning methods and the performance of the de

composition method is getting better. 
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5. A refined model of the personnel system 

5.1. Description of the refined model 

In section 2 a system has been described with two function groups on dif

ferent hierarchical levels. An example of such a personnel system is a part 

of the research and teaching staff of a dutch university, when the function 

groups research and teaching assistants and assistant professors are con

sidered. In the model of section 2 it has been assumed that these function 

groups are homogeneous w.r.t. the turnover. Since in the sixties and seven~ 

ties the personnel strength of the dutch universities increased consider

ably mainly by recruitment of young graduates, the age distribution of the 

function groups assistant professors is not very homogeneous. That means 

that the assumption made in section 2 is not very realistic. Moreover, 

people in the function group research and teaching assistants have labour

contracts for four years. So in this function group turnover of people in 

the first three years is relatively small and turnover of people in the 

fourth year is quite considerable. Therefore, 'it is interesting to look 

at a refined model of the personnel system in which both function groups 

are subdivided into categories with different turnover fractions. The func

tion group assistant professors is subdivided into three salary-categories 

(112, 130 and 148). Nowadays promotion from category 112 to category 130 

and from category 130 to category 148 takes place automatically, after a 

few years. The function group research and teaching assistants is subdi

vided into two categories. During the first three years of their (temporary) 

labour-contract, people are in the first category and during the last 

year they are transferred to the second category. Of course, other refine

ments can be taken into account, for instance a personnel requirement which 

is not only specified for each function group but also for each category. 
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In this paper we only consider a refined model of the personnel system 

w.r.t. the turnover. The refined model is depicted in figure 3. 

recruitment 

recruitment 

realized 
promotion 

stream 

t 
P21 I 

t 
P32 

I 

t 

cat.(1,1) I 

cat.(1,2) I 

cat.(1,3) I 

t desired 
I promotion 
: stream 

turnover (a+a 11 ) 

turnover (a) 

turnover (a) 

II t cat.(2,1) turnover (a+a21 ) 

II 
(2 2) turnover (a+a22) cat, , 

Figure 3. A refined model of the personnel system w.r.t. the turnover. 

Only in the lowest categies of each function group, recruitment is possible. 

The turnover fractions in categories (1,2) and (1,3) are equal. However, 

these categories are not taken together since in category (1,3) recruit-

ment is possible, which is not possible in category (1,2). Notice that in 

this model the minimal, maximal and desired promotion fractions are assumed 

to be fixed fractions of the number of people in category (2,1), The pro-

motion streams from category (2,2) to category (2,1) (w~thin function group 

2), from category (1,3) to category (1,2) and from category (1,2) to cate-

gory (1,1) (within function group 1) are assumed to be fixed fractions of 

the number of people of category (2,2), category (1,3) and category (1,2) 

respectively. Notice that another assumption has been made in this model. 

All ~eople who are in a certain period in category (2,1), leave this cate-

gory the next period. That means that the turnover fraction in category (2,1) 
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t (a.+a.2 I) plus the actual (realized) promotion fraction (which is restricted 

by pmin and pmax) must be equal to I, And this means that in fact the 

turnover fraction of category (2,I) depends on time. 

The following model is assumed to describe the development of the man-

power availability at time t: 

xt (1, I) = (1 -a. - a. I I) X t-1 (1, l ) + P21 xt_Ic1,2); Xo(l,I), Xo(l,2) 

xt CI, 2) = (I -a.-p2I)Xt-I(I,2) + P32 xt-l(I,3); x0(1,3) given; 

Xt(I,3) = (l-a.-p32)Xt-I(l,3) + Y + R (I); 
t t 

x (2, 1) = q21 xt-1< 2, 2); t 

Xt(2,2) = (I -ct -ct22 - q2I)Xt-1 (2, 2) + Rt(2); x0 (2,2) given; 

Ydes(t) = pdes Xt_ 1(2,l); x0 (2,I) given; 

pmin xt-1<2,1) ::; yt ::; pmax xt-1 <2, l); 

Rt(I), Rt(2) ~ O; 

where the following notation has been used:· 

given; 

Xt(i,j):= number of people in category j of function group i at time t 

((i,j) E {(l,l),(I,2),(I,3),(2,1)(2,2)}) ' 

Rt(i)~= recruitment in function group i in perio<:l (t-1,t] , 

Yt :=number of promotions to function group l in period (t-I,t], 

Yd (t):= desired number of promotions to function group 1 in period (t-1,t], es 

a.:= turnover fraction 

a. •• := extra turnover fraction in category j of function group i, 
l.J 

p .. := promotion fraction w.r.t. promotions from category i to category J 
l.J 

within function group l, 

q .. := promotion fraction w.r.t. promotions from category i to category j 
l.J 

within function group 2, 

pdes:= desired promotion fraction w.r.t. promotions from function group I 

to function group 2, 
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pmax:= maximal promotion fraction w.r.t. promotions from function group 1 

to function group 2, 

pmin:= minimal promotion fraction w.r.t. promotion from function group 1 

to function group 2, 

So Yt' Rt(l) and Rt(2) are the decision variables. 

The manpower requirement for this personnel system is assumed to be speci

fied for each function group, not for each category. That means that the 

same model can be used to generate the manpower requirement in function 

group i (i = 1,2) as has been described in section 2. 

The quality of each planning method j is measured by the average value of 

C(j,t):= lxtc1,1) +Xt(t,2) +xt(t,3) -Gt(l) I+ lxt(2, 1) +xtc2,2) -Gt(2) I • 

5.2. Description of two planning methods 

In this section two planning methods will be described based on the re

fined model. The most interesting question w.r.t. this refined model is 

whether it is useful or not from manpower planning point of view to make 

a subdivision into two categories. This is investigated by considering 

two planning methods; one planning method is based on the refined model, 

the other planning method is actually based on the model described in sec

tion 2. Both planning methods are again of the rolling plan type and also 

in this case a linear programming approach has been chosen to construct the 

personnel plans. The same notation as in section 5.1 will be used. 

5.2.1. Detailed planning with planning horizon T 

Basis of this planning model is the refined model, described in section 5.1. 

So in this planning method a medium term personnel plan is constructed based 

on detailed information about the manpower availability in the categories 
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of both function groups and information about the manpowe~ requirement 

in both function groups. The construction of the medium teri;i plan from 

time t 0-1 onwards is based on the following minimization problem for 

= ( 1 Xt(l,1) 

Xt(l,2) = (1 

Ydes(t) = pdes 

pmin xt-l (2, 1) 

xt-1(2,1); xt -1(2,1) given; 
0 

s yt s pmax xt-1(2,1); 

The first period decisions 

optimal solutions X~ (l,j) 
0 

R* (2) are executed which 
to 
(i = 1,2,3; k = 1,2). 

s.2.2. The aggregation method with planning horizon T 

given; 

give the 

Basis of this planning method is the original model of the personnel system, 

described in section 2, at least at the construction of the medium term 

personnel plan. That means that only information about the two function 

groups is used on the medium term, so the information of the categories 

within a certain function group is aggregated. Since every category within 
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a certain function group has its own turnover fraction, on the medium 

term an estimation must be made of the turnover fraction for the whole 

function group. These estimates are made in both function groups (no

tation ~~ and a.;) on the basis of the average strength in all categories 

denoted by i 11 , i 12 , x 13 , x21 , x22 • In this planning method it has been 

assumed that also at the construction of the medium term plan, detailed 

first period information about the turnover in the categories is available. 

Since the minimal, maximal and desired promotion streams are fixed fractions 

of the number of people in category (2,1) in the refined model, on the 

medium term also estimates of the minimal, maximal and desired promotion 

fraction must be made in terms of the total number of people in function 

group 2. These estimations will be denoted by pmin , pmax ,and pdes • 

In has been assiimed in this planning method too, that at the construction 

of the mdium term plan, detailed first period information is available 

about the minimal, maximal and desired promotion streams in terms of 

fractions of the number of people in category (2,1). This aggregation 

method is subdivided again into an aggregation part in which this plan is 

translated to the categories for the first period. 

A: Aggregation part 

The construction of the medium term aggregate plan is based on the fol-

lowing minimization problem for Xt(i), Rt(i), Yt (i = 1,2; t = t 0, ••• ,t0+T-l): 

such that for t = t 0 : 

= ( I - a.) X t _ I (I )- a.1 l X t - I ( I , l ) + Y + R ( l ) ; X t _ 1 ( l ) , X t _ 1 ( l , 1 ) 
o o to to o o 

given; 
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xt (2) = 
0 

(l-a-a22 )Xt _1(2,2) +Rt (2); Xt _1(2,2) 
0 0 0 

Ydes(to) = pdes Xt _ 1(2,1); Xt _1(2,1) given; 
0 0 

pmin X 1(2,1) 
t -0 

s y s pmax Xt _1(2,1); 
to o 

R (i), Xt (i) ~ 0 
to o 

(i = 1,2); 

and such that fort= t 0+1, ••• ,t0+T-l : 

* Xt(I) = (I-a-a 1)Xt_ 1(1) + Yt + Rt(l); 

* Xt(2) = (l-~-a2)Xt-1(2) + Rt(2) - yt + ydes(t); 

* ydes(t) = pdes xt-1(2); 

pmin*xt_ 1(2) s Yt s pmax*xt_ 1(2); 

Xt(i), Rt(i) ~ 0 (i = 1,2); 

where 

Xt(l):= Xt(l,l) + Xt(I,2) + Xt(l,3) , 

Xt(2):= Xt(2,1) + Xt(2,2) , 

= 

* x21 
pd es pd es -

x21 + x22 

* pmin = pmin 
x21 

-
x21 + x22 

* x21 
pmax = pmax -

x21 + x22 

given; 

The first period optimal decisions of this plan are R~ (1), R~ (2) and 
0 0 
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B: Disaggregation part 

In the disaggregation part, the first period decisions of the medium term 

plan are translated to decisions for each category. However, the optimal 

* * first period recruitment in both function groups Rt (I) and Rt (2) following 
0 0 

from the medium term plan, must be realized. Since y* is found on the 
to 

basis of global information about estimates of the turnover in each func-

tion group, it is possible that a different value for Y is obtained in 
ta 

a disaggregation part in which detailed information about the turnover 

in the categories is used. So it has been assumed in this planning method 

that the (optimal) value of Yt must be detenirl.ned again by solving the 
0 

following minimization problem for Xt (1,j), X (2,k), Yt (j=I,2,3;k=I,2): 
o ta o 

min{jcx (1,2)+X (1,2)+X (1,3)-G 0(1))-(Xt (2,l)+X (2,2)-G 0(2))1+ 
ta to to ta, o to to, 

such that: 

x (1,1) = 
to 

x t 0(1,2) = 

xt (1,3) = 
0 

xt (2, 1) = 
0 

xt (2,2) = 
0 

Ydes<to) = 

The first period decisions Y~ following from this plan and R~ (1) and R~ (2) 
0 0 0 

following from the medium term plan are executed which give the optimal solution 

x~ (l,j) and x~ (2,k) ( j=l,2,3; k= 1,2). 
0 0 
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6. Simulation experiments with the planning methods based art the refined model 

6.1. Design of the simulation experiments 

The design of the simulation experiments with planning methods based on 

the refined model is almost the same as the design of simulation experi

ments with planning methods based on the original model. So most remarks 

of section 4.1 also hold in this case. Only a few things have changed. 

In the simulation experiments described in section 4.1, it has been assumed 

that the personnel strength in both function groups is the same (and also 

the average manpower requirement). This is a situation in which_ olijectives 

of the dutch governement have been realized already. Looking at a real 

situation (the University of Technology in Eindhoven) the personnel strength 

of function group 1 turned out to be two times as large as the personnel 

strength of function group 2, so objectives of the dutch governement have 

not been realized yet. The total personnel strength in the two function 

groups at the Eindhoven University of Technology is about 250. The coeffi

cient of variation of the manpower requirement is smaller than the value 

which is used in the simulation experiments with planning methods based on 

the original model. Moreover, in the refined model,some extra parameters 

occur. The following (extra) parameters have been fixed (according to the 

situation at the Eindhoven University of Technology): 

q21 = 0.25 

p32 = 0.10 

P21 0.10 

x0(t,l) xll = 20 

x0(J,2) xl2 = 50 

x0 (1,3) = xl3 = 100 



x0(2,1) = x21 = 10, 

x0 (2,2) = x22 = 75. 
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That means that x0(1) = 170 and x0(2) = 85. Thereofere 0(1) and 0(2) have 

been chosen 170 and 85 respectively. The coefficient of variation of the 

manpower requirement has been chosen about 0.10. That means that 

2 2 2 2 
cru(c) + cru(u) + crk(c) + crk(u) has been fixed at 600. The minimal promotion 

fraction pmin has been fixed at 0. 

Since in reality fluctuations in the financial means for the personnel in 

different function groups are highly correlated, also high correlation 

between fluctuations in the future demand in different function groups has 

been assumed in the simulation experiments. Only the deterministic case has 

been considered. 

The two planning methods, described in section 5.2.are also compared on 

the basis of average costs. 

6.2. Some results 

In this section some results are presented of simulation experiments with 

the two planning methods described in section 5.2. The question is whether 

the refinement of the original model is useful or not from a .manpower plan-

ning point of view. The results of the simulation experiments show that 

the original model is a very good approximation of the refined model. So 

from a manpower planning point of vie>;r this refinement w.r.t. the turnover 

is not necessary, which makes calculations easier. However, notice that 

these results have been obtained in a system with a manpower requirement 

process with a very special structure. It is possible that the results com-

pletely change when other requirement processes are considered. 
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For more detailed results, see below. In the tables the detailed planning 

method with planning horizon T will be denoted by det(T) and the aggre-

gation method with planning horizon T by aggr(T). Notice again, that only 

known fluctuations in the future demand have been considered in this case, 

so all the time we are in the deterministic case. 

6.2.1. The turnover fractions a,a 11 and a22 

Both planning methods are most sensitive for variations of the tunrover 

fraction a. All costs decrease when a is increasing. The aggregate plan-

ning method is more sensitive for it than the detailed planning method. 

This is shown in table 4. 

average costs model parameters 

det(5) aggr(5) 2 :.! 
pd es qk(c),o:k(u) pmax all a22 a 

8,42 8.80 600,0 0.20 0. I 0 0.05 0.05 0.01 

5.65 5.71 600,0 0.20 o. 10 .0.05 0.05 0.05 

7.88 8.21 400,200 0.20 O. I 0 0.05 0.05 0.01 

4.87 4.94 400,200 0.20 0.10 0.05 0.05 0.05 

Table 4: The effect· ,of variation of the turnover.fractiona on the performance 
of the two planning methods. 

Both planning methods are less sensitive for variation of the turnover 

fraction a 11 • Variation of the tuxnover fraction a 22 almost has no effect 

on the performance of the planning methods. In both cases the aggregation 

method is a little more sensitive for variations in the various turnover 

fractions. 
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6.2.2. The effects of the desired promotion fraction pdes and the maximal promo

tion fraction pmax 

Variations of pdes and pmax have no effect on the performance of the 

planning methods. The reason for this is that promotion is never neces-

sary (pmin has been chosen 0 in all simulation experiments) and fluctu-

ations in the future demand in different function groups are highly cor-

related (see section 4.2.3). This is shown in table 5. 

average costs model parameters 

det(5) aggr(5) crk(c),crk(u) 2 2 l pmax pdes a. I I Cl.22 Cl. 

8.42 8.8I 600,0 0. IO 0.05 0.05 0.05 O.OI 

8.42 8.80 600,0 0.20 0. IO 0.05 0.05 O.OI 

7.88 8.22 400,200 0.10 0.05 0.05 0.05 O.OI 

7.88 8.2I 400,200 0.20 0. IO 0.05 0.05 O.OI 

Table 5. The effect of variations of the maximal and desired promotion 
fractions on the performance of the two planning methods. 
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6.2.3. The correlation in the personnel requirement in different function groups 

If the correlation between fluctuations in the future demand in different 

function groups decreases, all costs will decrease. However, if the per-

formance of one planning method is considered in relation to the performance 

of the other method, it can be remarked that a relatively small variation 

of the correlation, which has been investigated, has almost no effect. 

This can be seen in table 6. 

average costs model parameters 

det(5) aggr(S) 2 2 pd es crk(c),crk(u) pmax a 11 a22 a 

8.42 8.81 600,0 0.10 0.05 0.05 0.05 0.01 

7.88 8.22 400,200 o. 10 0.05 0.05 o.os 0.01 

5.22 5.29 600,0 0.20 0.10 0.10 0.10 0.05 

l 4.44 4.51 400,200 0.20 0.10 0.10 0. 10 0.05 

Table 6. The effect of a relatively small variation of the correlation 
between fluctuations in the future demand in different function 
groups on the performance of the two planning methods. 
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7. General remarks 

In general this kind of simulation experiments can only be executed in 

relatively simple personnel systems. That means that: 

only (a few) important relationships w.r.t. manpower planning be

tween the function groups can be taken into account; 

only a few function groups can be considered. 

This means that only global insight can be obtained about how to act 

in a real situationwhenmainly manpower planning aspects have to be 

taken into account. 

Therefore it is very important to see which (simple) models of the 

personnel system can be formulated and which characteristics have to 

be taken into account. Simulation experiments with aggregation and de

composition methods, which are considered in this paper, can give 

(global) insight in this matter. The conclusion that it is possible 

to use a simple model of the personnel system or that it is necessary 

to u~e an advanced model, can be drawn on the basis of comparisons 

of the average costs of the various planning methods which have been 

taken into consideration • 
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