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Abstract 

In this paper decomposition and aggregation methods in manpower planning are 

considered in an organization with a simple personnel structure. 

The aim of the research was to evaluate how instability and predictability 

of the environment and turnover and mobility (the capability to execute dif

ferent types of jobs) of the personnel influence the performance of aggre

gation and decomposition. 

Results of this research are derived by simulation experiments. 



- 2 -

1. Introduction 

The aim of organizational planning is the matching of required and available 

resources. The resources usually are financial resources, raw materials and 

personnel. Such resource planning is a very complicated matter. Necessary 

requirements have to be determined, plans for the ~cquisition or generation 

(supply) have to be made and, finally, the resources have to be allocated 

(see [4]). Moreover the future is not completely known in general and pre

dictions of, for instance, necessary requirements mostly are not very reliable. 

Two ways are considered to reduce the complexity of the resource planning 

and to deal with the uncertainty of the environment: 

- aggregation: 

instead of a detailed plan, a global plan is made, based on aggregate in

formation about all resources together, which reduces complexity; after

wards first period aggregate decisions are disaggregated in order to ob

tain a detailed first period plan; since aggregate information is more 

reliable than detailed information, this may also be a better way to tackle 

situations with a high uncertainty. 

- decomposition: 

only a partial matching problem is solved, which reduces complexity; since 

the information which is necessary for a partial plan can be obtained at 

a lower level in the organization, this information may be more reliable 

in general, which reduces uncertainty. 

In this paper decomposition and aggregation methods in manpower planning are· 

considered. To look at manpower planning (or financial planning or raw 
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material planning) only, is in fact a kind of decomposition itself. But also 

within manpower planning, one can look at decomposition and aggregation 

methods. 

The personnel structure, described in this paper, is very simple. It consists 

of two functiongroups on the same hierarchical level. In each functiongroup 

there is some turnover and in each functiongroup recruitment is possible. 

The system can be controlled by recruitment and to a certain extent also by 

usage of mobility (the capability of personnel to execute different types of 

jobs). 

The aim of the research was to evaluate how instability and (in)predict

ability of the environment (in this case: instability and (in)predictability 

of the manpower re~uirement) and mobility and turnover of the personnel in

fluence the performance of aggregation and decomposition. 

In [2] detailed planning methods and an aggregation planning method were 

considered. In the present paper two decomposition methods and two aggrega

tion methods are compared; one decomposition method and one aggregation 

method are related to a certain decision structure in the organization, the 

other two methods are not related to any decision structure in the organiza

tion, but they have been constructed for theoretical reasons which will be 

explained later on. 

One of the methods, which will be called the decomposition/composition method, 

is an example of bottom-up planning. At the bottom of the organization, for 

each functiongroup a long-term plan is made, based on predictions of the 

future demand and the turnover of the personnel in that functiongroup. After-
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wards at the top of the organization these plans are collected and adjusted 

to each other for the next year. At the top of the organization the first 

period recruitment is determined. When it is necessary, people who are 

capable to do functions in both functiongroups, are transferred to functions 

in another functiongroup. 

Another method which will be called the aggregation/disaggregation method is 

an example of top-down planning. In this method each period an aggregate 

long-term plan is made at the top of the organization. This plan is based on 

the total turnover in the organization and the predictions of the total man-

power requirement. The personnel budget for the whole organization for the 

next year which is based on the first period solution of the long-term plan, 

is sent down to the bottom of the organization. Every functiongroup has to 

make its own first period plan, based on detailed information of both function-
• 

groups, but these plans are restricted by the total personnel budget. This 

part of the planning process is called the disaggregation part. When it is 

necessary, people who are capable to do functions in both functiongroups, are 

transferred to another functiongroup. 

Results from the other two methods (which are called the decomposition method 

and the aggregation method) can be seen as "best case" results for respecti-

vely decomposition and aggregation, since in both methods all first period 

information of both functiongroups (information about possible mobility be-

tween functiongroups included) is used at the construction of the long-term 

plan. In the decomposition method one uses further detailed information of 

both functiongroups, but does not take into account mobility. In the aggre-

ga'tion method, aggregate information of the total system is used further. 
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The results of this research are not derived by solving analytical equations 

but by simulation. In these simulations the effect of instability and 

(in)predictability of the manpower requirement and mobility and turnover of 

the personnel has been evaluated. 

The results roughly show how these parameters influence the performance of 

aggregation and decomposition. However, it is not easy to draw precise con

clusions from the results, since there is not a simple relationship between 

the parameters of the system and the performance of the planning methods. 

Only in a small, but from the practical point of view maybe important, range 

of values of the systemparameters, there is difference between the results 

of the four planning methods. Inside this range of values the aggregation 

methods are most sensitive to variations in the mobili~y of the personnel 

and the decomposition methods 'are most sensitive to variations in the turn

over of the personnel. 

In Section 2 a more detailed description of the system is given and in Section 

3 the planning methods are described. In Section 4 the design of the simula

tion experiment is treated and in Section 5 some results and tables are given. 

For more detailed conclusions see Section 6. 

2. Description of the system 

The system considered, consists of two functiongroups on the same hierarchi

cal level (see Fig. 1). 
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I II 

+---------mobility 

~ 
Recruitment Recruitment 

Fig. 1 Picture of the system which will be considered. 

Each year, there is some turnover in each functiongroup. It will be assumed 

that the turnover in each ~unctiongroup is a fixed fraction of the number of 

pe?ple in that functiongroup. In both functiongroups, recruitment is possi

ble. The system can be controlled by this recruitment. Firing (negative re-

cruitment) is not allowed. To a certain extent it is possible to use mobi-

lity between the two functiongroups. This. mobility can also be used to con-

trol the system. The fuuure manpower requirement in both functiongroups is 

partly predictable. 

The following notation will be used: 

Xt(i) := the number of people in functiongroup i at time t; 

Gt(i) :=the required number of people in functiongroup i in period (t-1,t]; 

(see Section 4 for the demand model and the prediction of the 

demand); 

Rt(i) :=the recruitment in functiongroup i in period (t-1,t]; 
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Mt(i) :=the number of people who go in period (t-1,t] from functiongroup i 

to the other functiongroup; 

mmob := the maximum mobility fraction; the number of people who go at time 

t from functiongroup i to the other functiongroup may not exceed 

mmob. xt_1(i); 

a :=the turnover fraction; in the period (t-1,t] the turnover in function

group i is a. xt-l(i). 

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

availability at time t: 

Xt(l) = (1-a) xt-1 (1) + Rt ( 1 ) - Mt (1 ) + Mt(2); XO(l) given; 

Xt(2) = (1-a) xt-1 (2) + Rt(2) + Mt(l) - Mt{2); x0(2) given; 

Mt(l) s mmob xt-1 (1); 

Mt(2) s mmob xt-1(2); 

Mt(l), Mt(2), Rt(l), Rt(2), xt (1), xt (2) ~ 0 • 

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

purpose of manpower planning is the matching of manpower availability to man

power requirement. Recruitment and mobility are the control variables. The 

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

3. Description of the planning methods 

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

methods are of the rolling plan type (see [1]). A linear programming approach 
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has been chosen to construct the plans; this seemed to be the most appropri-

ate choice for this kind of research. To be able to make a plan at time t, 

we need predictions of the future manpower requirement a few periods ahead. 

A prediction of the future demand in functiongroup i, t periods ahead, made 

at time t, will be denoted by Gt t(i). In Section 4 the demand model and the , . -
predictions following from this model will be given. 

3.1. The decomposition/composition method with planning horizon T(>l) 

The decomposition/composition method is an example of bottom-up planning. At 

first at a low level of the organization, in each functiongroup a long-term 

personnel plan_ is made, based on the turnover in that functiongroup and pre-

dictions of the future demand. In these long-term plans the need for recruits .. 
in each functiongroup is analysed for every period. This part of the plan-

ning method is called the decomposition part. 

If there were no mobility between the functiongroups, the need for recruits 

following from the long-term plan of a functiongroup should always be posi-

tive or zero, and decisions following from this plan would be optimal for 

that functiongroup~ Since there is a possibility to transfer people from one 

functiongroup to the other, decisio~s following from a long-term plan in which 

recruitment is restricted by zero, are not optimal anymore. Therefore, to a 

certain extent it is allowed for a functiongroup to give up a negative need 

for recruits in the long-term plan. But a· negative need for recruits in one 

functiongroup is only (partly) realizable if there is a positive need for 

recruits in the other functiongroup. So at least the first period decisions 

following from the two long-term plans have to be collected at the top of the 
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organization and adjusted to each other. This is done in the composition 

part of the planning method. 

A. Decomposition part 

The construction of the long-term plan is based on. the following ~wo mini-

mization problems in Xt (i), ••• ,Xt +T-l(i), one for i = 1 and one for i = 2: 
0 . 0 

T-1 -
min l lxt +t(i) - Gt t(i)j 

t=O O O' 

such that for t 

= (1-a) Xt_1(i) + Rt(i); Xt _1(i) given; 
0 

~ - a mmob . xt-1 (i); a ~ 0 ; 

The optimal recruitment for both functiongroups for the first period (which 

' * ( * ( . may be negative.) is denoted by Rt 1) and Rt 2). In reality negative re-
0 0 

cruitment is not allowed. So at the top of the organization an assignment 

plan has to be made which is rea~izable. Mobility between the two function-

groups (if possible) can be helpful in the construction of this plan. The 

construction of this plan is described next. 

B. Composition part 

The first period assignment plan is made in the following way; 

if R* (I) ~ 0 and R~ (2) ~ O, mobility does not help here to realize 
to o 

negative recruitment, so the recruitment chosen is 0 in both function-
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groups and the optimal solutions x: (1) and x* (2) are given by: 
o to 

* x (1) = 
to 
* xt (2) = 

0 

(1-a)Xt -1(1) 
0 

(1-a)Xt -l (2) 
. 0 

. * ( * ( if Rt 1) ~ 0 and R 2) ~ O, mobility is not necessary here, so the 
o to 

real recruitment is equal to R: (1) and R; (2); x; (1) and x* (2) 
o o o to 

are given by: 

x: (1) = 
0 x; (2) = 
0 

( 1-a) xt _
1 

(I ) 
0 

(1-a)Xt -l (2) 
0 

if R: (1) and R* (2) have different signs, it is possible to transfer 
o to 

people from one functiongroup to the other, for instance, if 

* * Rt (i) < 0 and.Rt (2) > 0: 
0 0 

* ·• Rt (1) := (1-a)X (1) - G (1) ; 
o to-1 to 

* * if R (I) > IlllllObXt l (l)then R (1) 
to o- to 

{ 

R: (1) if R: (2) ~ R: (1) 
0 0 0 

Mt ( 1) = * * * 
0 Rt (2) if Rt (2) < R (1) 

o o to 

* = R (2) - M (1) ; 
to to 

* Rt (2) 
0 

* xt (1) 
0 

* . and Xt (2) are given by: 
0 

* xt (1) = 
0 

:= nmob Xt _
1 
(I) 

0 

* xt (2) = 
0 

* (1-a)Xt _1(2) +Mt (1) +Rt (2) 
0 0 0 

The composed first period decisions, one gets in this way, are executed. 
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3.2. The decomposition method with planninghorizon T(>l) 

In the decomposition/composition method not all information about the first 

period is integrated. Since all information about the first period is known, 

it is possible to see whether negative recruitment in the first period in 

one functiongroup can be met by mobility to the other functiongroap or not. 

So it is possible to integrate the first period information in the plans of 

both functiongroups. This is done in the decomposition method. For the other 

periods the need for recruits in both functiongroups is analyzed separately. 

We get the following minimization problem for Xt (i), ••• ,Xt +T-l(i) (i=l,2): 
0 0 

min 

sucli that: 

xt (1) = (1-a)Xt -1 (1) + Rt (1) - Mt (1) +Mt (2); Xt _1(1) 
0 0 0 0 0 0 

given 

x (2) = (1-a)Xt -l (2) + Rt (2) + Mt (1) - Mt (2); xt -1<2) 
to 0 0 0 0 0 

given 

Mt (1) ~ mmob xt -1 (1) 
0 0 

Mt (2) 
0 

~ mmob Xt _1 (2) 
- 0 

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

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

Note that in this method the same information of beth functiongroups is used 

as in the decomposition/composition method but in this method the first 

period information of both functiongroups has been integrated; therefore a 

better performance can not be expected from any other decomposition method. 

Note also that the first period decisions following from these plans are 

always realizable. 

* * Solution of this problem gives Xt (1) and Xt (2) •. In general there are more 
0 0 

optimal solutions. To reduce the set of optimal solutions, a small penalty 

has been assigned to mobility, in order to avoid mobility into two directions 

at the same time. 

J~3. The aggregation/disaggregation method with planninghorizon T(>l) 

The aggregation/disaggregation method is an example of top-down planning. 

At the top of the organization, each period an aggregate long-term plan is 

made based on the total turnover in the organization and the predictions of 

the total future demand. The personnel budget for the next year of the whole 

organization, following from the first period solution of this long-term plan, 

is sent down to the bottom of the organization. There the personnel budget 

has to be distributed over the two functiongroups. This part of the planning 

problem is called the disaggregation part. The disaggregation is based on 

detailed first period information of both functiongroups. 
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A. Aggregation part 

The following notation will be used 

Gt,i := a preciction of the required number of people in the whole organi

zation, i periods ahead, made at time t 

Rt := the total recruitment in the organization at time t. 

The aggegate plan for the periods t 0, ••• ,t0 + T - 1 is the solution of the 

following minimization problem for Xt , ••• ,Xt +T-l 
0 0 

T-1 
min l lxt +t - Gt 2 1 

i=O 0 O' 

xt -1 given 
0 

Solution of this problem gives at each time t the first period (aggregate) 
0 

optimal recruitment for the whole organization, denoted by R; • This (aggre-
0 

gate) optimal recruitment is sent to a lower planning level in the organi-

zation. There the total recruitment R: has to be distributed over the two 
0 

functiongroups. When the available number of people in one functiongroup 

exceeds the required number of people, it is also possible to transfer people 

who are qualified to do functions in both functiongroups, to functions in the 

other functiongroup. This is done in the disaggregation part which is 

described next. 
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B. Disaggregation part 

To make an assignment plan for each functiongroup, the following minimization 

problem is solved for xt (i) (i=l,2): 
0 

min l<xt (1) - G 0(1)) - (Xt (2) - Gt 0 (2))1 
0 to, 0 O' 

such that : 

x (1) = (1-a)Xt -1 (1) + Rt (1) - Mt (1) +Mt (2); xt -1 (1) to 0 0 0 0 0 

xt (2) 
0 

= (1-a)Xt _1(2) + 
0 

Rt (2) 
0 

+ Mt (1) 
0 

- Mt (2); Xt _1(2) 
0 0 

Rt (1) + R (2) = * Rt 
0 to 0 

Mt (1) s mmob Xt -1 (1) 
0 0 

Mt (2) s mmob xt -1 (2) 
0 0 

Mt (1)' Mt: (2), Rt (1)' R (2), xt (1), xt (2) ;?; 0 • 
0 0 0 ta 0 0 

Solution of this problem gives x* (1) and x; (2) • 
to o 

given 

given 

In [2] almost the same planning method is described. But there in the dis-

aggregation part the object function 

lxt (1) - Gt 0 c1>I + lxt (2) - Gt 0(2)1 
0 O' 0 O' 

is used. In the present paper another object function has been chosen since 

the object function, described in [2] , allows an asymmetric assignment of 

recruits to tpe functiongroups, even if the number of people in both function-

groups is the same. 



- 15 -

3.4. The aggregation method with planninghorizon T(>l) 

In this method the construction of a long-term plan is based on the fact that 

usually organizations have more reliable information about the near future 

than about the remote future. So information about the remote future is 

aggregated. For the long-term plan, detailed information about ea~h function-

group over the first period is used and global information about the whole 

organization over the other periods. The same notation as in 3.3 is used. 

The construction of the long-term plan is based on the following minimization 

problem for Xt (i), Xt +l, ••• ,Xt +T-1 (i=l,2): 
0 0 0 

min {Ix (1) 
to 

such that : 

xt (1) = (1-a)Xt -l (1) + Rt (1) 
0 0 0 

xt (2) = (1-a)Xt _1(2) +Rt·(~) 
0 0 0 

xt +l = (1-a) {Xt (1) + xt (2)} 
0 0 0 

xt (1), 
0 

Xt (2), Rt (1), Rt (2), 
0 0 0 

- Mt (1) 
0 

+ M (1) 
to 

+ R t 0+1 

Mt (1)' 
0 

and such that for t = t 0 + 2, ••• ,t0 + T - 1: 

+ M (2); Xt _1(1) 
to o 

- Mt (2); 
0 

xt -1 (2) 
0 

Mt (2), 
0 

xt +t' 
0 

Rt +1 
0 

f · · d · · b · x*t (1) d * (2) The irst perio solution of this pro lem gives an Xt • 
0 0 

given 

given 

~ 0 



- 16 -

Not~ that in this method detailed first period information of both function

groups has been integrated. So a better performance can not be expected from 

any other aggregation method since aggregation methods are always based on 

aggregate information about the whole system. 

4. Design of the simulation experiment 

4.1. Generation of the manpower requirement 

In most real situations, organizations have some information about the future 

demand, but part of the information is not very reliable. The future man

power requirement as it is generated in the simulations, has the same charac

teristics. Some of the fluctuations are known in advance and some are unknown. 

·The following model is used to generate the manpower requirement in function

group i (i=l,2): 

where the following notation has been used: 

Gt(i) := the manpower requirement in functiongroup i in period (t-1,t]; 

ut(i) := the unknown fluctuations of the requirement in functiongroup i in 

period (t-J,t]; at time t, only ut(i), ut-l (i), ••• ,u0 (i) are 

known; 

kt(i) := the known fluctuations of the requirement in functiongroup i in 

period (t-1,t]; 

at time t, ••• ,kt+l(i), kt(i), kt-l (i), ••• ,k0 (i) are known; 

0(i) := the average manpower requirement in functiongroup i (the ut(i) and 

kt(i) will be supposed to have average O). 
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Note that no trends in time have been assumed, only a process average and 

random fluctuations around this process average. 

To be able to simulate a certain correlation between the requirement in dif-

ferent functiongroups, the variables u and k are generated in the following 

way: 

0 (i) 
:= 0(1) + 0(2) 

0 (i) : = ----------0 (1) + 0 (2) 

u c u where u (.), u , k (.), kc' are independent identically distributed normal . . 
2 2 variables with mean 0 and variance resp. a (u), cr·(c), 
u u 

2 2 
crk(u), crk(c}; more-

i2 I: i 1, u~ .d~es not 
1 

if t 2 I: t
1 

or 

That means that: 

u~(i) only contributes to (unknown) fluctuations in functiongroup i in period 

(t-1, t]; 

u~ contributes to (unknown) fluctuations in both functiongroups in period 

(t-1, t]; 

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

(t-1,t]; 

k~ contributes to (known) fluctuations in both functiongroups in period (t-1,t]; 

0 (i) is a factor which ensures that cr{Gt(l)} I cr{Gt(2)} = 0(1) I 0(2). 0(1) + 0(2) 
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Notice that the coefficient of variation of the manpower requirement process 

of functiongroup i is given by 

e (i) . I a
2 cu> 2 2 2 I e (i) + ak (u) + a (c) + ak(c) = a (I) + e (2) u u 

I ~2 <u) 2 2 2 
+ ak(u) + a (c) + ak(c) u u 

e (1) + a (2) 

By choosing different values for the variances of the fluctations, it is 

possible to vary the amount of information which is available at time t. For in-

2 2 stance by putting a (u) = a (c) = O, ut(i) = 0 for all i and t, so all infor-
u u 

mation about future fluctuations in the demand is available at time t. We 

call this situation the deterministic case. By putting a~(u: = a~(c) = O, 

kt (i) = 0 for all' i and t, and we are in the purely stochastic case. By put

ting <J~(u) = a~(u), a~(c) = a~(c), part of the information about future 

fluctuations in the demand is available at time t, so we are in a stochas-

tic case. 

4.2. Predictions of the manpower requirement 

As predictions of the future dema~d in functiongroup i, R, periods ahead, made 

at time t (notation Gt,t(i)), we use: 

R, > 0 • 

In the simulations Gt,t(l) + Gt,R,(2) is used as prediction of the future 

demand in the whole organization, R, periods ahead, made at time t (notation: 
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4.3. Simulation experiments 

When predictions of the future manpower requirement are available, it is 

possible to do simulation experiments with the four planning methods, de-

scribed in Section 3. In the simulations performed here, the following para-

meters have been fixed: 

x0 (1) = x0 (2) = 40; the number op people in both functiongroups is 40 

at time O; 

0(1) = 0(2) = 40; the process average of the manpower requirement 

process is 40 in both functiongroups; 

T = 5; it is shown in [3] that 5 is an acceptable planninghorizon if 

the turnover is about 10%; 

N ~ 90; all simulations have been executed over 90 periods of time; 

since the use of different random number sets for different simulations 

would be an extra source of variance, we applied a common random number 

technique; 

a sample from a normal distribution with µ = 0 and a
2 = 1 was generated 

and stored on a background storage medium; this set has been used in 

all simulations to generate the demand. 

The following parameters have been varied: 

a2 (u) := the variance of the part of the unknown fluctuations in the 
u 

future demand, which is functiongroup-dependent; 

a~(u) := the variance of the part of the known fluctuations in the 

future demand, which is functiongroup-dependent; 
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a2 (c) := the variance of the part of the unknown fluctuations in the 
u 

future demand, which is functiongroup-independent; 

a~(c) := the variance of the part of the known fluctuations in the 

future demand, which is functiongroup-independent; 

nmob := the maximum mobility fraction; 

a. := the turnover fraction. 

Simulation experiments with the two decomposition methods, showedLhaL the 

2 2 2 2 
best value of a was dependent of ak(u), ak(c), au(u), au(c). When fluctu-

ations in the future demand in different functiongroups are completely cor-

related, it is not possible to use mobility, so then a has to be O. The ex-

periments showed that ·an acceptable value of a is 

Notice that by varying the parameters, many kinds of situations can be simu-

2 2 Only the cases a (u) =a (c) = 0 (deterministic case), 
u u 

2 2 2 2 
ak(c) = 0 (stochastic case) and au(u) = ak(u), au(c) = 

(partly stochastic case) have been considered. 

4.4. Evaluation 

At the end of each simulation experiment 

N=90 
C(j) := 9

1
0 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, describ~d in Section 3, have been compared. 
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The choice of N = 90 was a compromise; for N < 90, it was very difficult to 

draw any conclusions, for N = 200 or N = 300 the execution time was too high. 

5~ Some results 

In this section some results are given of simulatfon experiments with the 

four planning methods, described in Section 3. The main purpose is to evaluate, 

how the systemparameters influence the performance of aggregation and de

composition. Since in the decomposition method and in the aggregation method, 

the first period decisions following from the long-term plan are based on 

detailed (first period) information of both functiongroups, results from 

simulation experiments with these two methods can be seen as "best case" 

results for respectively decomposition and aggregation. The other two methods 

are related -to a certain decision structure in the organization. 

In this section the emphasis will be put on the comparison of the two plan

ning methods, related to a certain decision structure in the organization. 

Afterwards we will look at the results of the decomposition and aggregation 

method and compare the results of the decomposition/composition method with 

the "best case" results of decomposition and the results of the aggregation/ 

disaggregation method with the "best case" results of aggregation. 

In the figures and tables, the decomposition/composition method with plan

ninghorizon T, will be denoted by dec/com(T), the decomposition method with 

planninghorizon T by dec(T), the aggregation/disaggregation method with 

planningh~rizon T by ag/dis(T) and the aggregation method with planninghorizon 

T by agg(T). 
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5.1. The turnover fraction a 

If the turnover fraction a increases, all costs will decrease. In the deter-

ministic case, the decomposition/composition method is more sensitive for 

variations in the turnover fraction than the aggregation/disaggregation 

method. This result holds for both decomposition and aggregation methods. 

Especially when the turnover fraction increases from 50% of the coefficient 

of variation of the manpower requirement process of both functiongroups 

(see 4.3) to 150% (in our case: 0.05 :s; a::>; 0.15), the performance of the 

decomposition/composition method is changing drastically in relation to the 

aggregation/disaggregation method. This is shown in Figure 2 for the case 

that mmob = 0.10, o~(c) = 4, o~(u) = 64, o~(u), = o~(c) = O. 
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Fig. 2. Performance of the decomposition/composition method and of the 

aggregation/disaggregation method, when the turnover fraction a 

increases. 
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If uncertainty in the future demand increases, the difference in per-

formance between the aggregation/disaggregation method and the decom-

position/composition method is getting smaller. 

The performance of the aggegation method is usually better than the 

performance of the decomposition method, also in the case of increasing 

uncertainty and in the case of increasing correlation between fluctua-

tions in the future demand in different functiongroups. So on the basis 

of "best case" results aggregation will be preferred to decomposition if 

turnover is not high. This is shown in Figure 3 for the case that 
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.... , 
'~ "''\lo ·- -.. -----:a 
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Fig. 3. Performance of the decomposition method and of the aggregation method, 

when the turnover fraction a. increases. 
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The performance of the decomposition/composition method is almost as 

good as the performance of the decomposition method. The performance 

of the aggregation method is better than the performance of the aggre-

gation/disaggregation method if the turnover is not high. 

5.2. The maximum mobility fraction nnnob 

If the maximum mobility fraction nnnob increases, all costs will at first 

decrease. But for increasing maximum mobility fraction, costs of the de-

composition methods will increase again. In this case the long-term plan 

is too optimistic, it can not be realized on the short-term. So in this 

case a decrease of a should have caused a better and more stable perfor-

mance. 

In the deterministic case the aggregation/disaggregation method is more 

sensitive for variations in the maximum mobility fraction than the decompo-

sition/composition method. Especially when the maximum mobility fraction 

increases from 50% of the coefficient of variation of the manpower require-

ment process of both functiongroups (see 4.3) to 150% (in our case: 

0.05 ~ nnnob ~ 0.15),the performance of the aggregation/disaggregation method 

is changing drastically in relation to the decomposition/composition method. 

2 2 
This is shown in Figure 4 for the case that~ = 0.10, ak(c) = 4, ak(u) = 64, 

2 a (u) 
u 
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Fig. 4. Performance of the decomposition/composition m~~hod and of the aggre

gation method, when the maximum mobility fraction nnnob increases. 

Note that especially for the case that the fluctuations in the future demand 

are almost uncorrelated, it is possible that in one functiongroup the pro-

jected manpower availability exceeds the prediction of the manpower require-

ment and in the other functiongroup the prediction of the requirement 

exceeds the projected availability. So in the aggregate- pian of the 

aggregation/disaggregation method the total first period recruitment will 

be very small. When there is a low mobility in the organization, this means 

that in the functiongroup in which the requirement exceeds the availability 

this shortage will not be filled. 
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If. uncertainty in the future demand increases, the difference in perfor

mance between the two planning methods is not so clear anymore. 

The performance of the aggregation method is usually better than the per

formance of the decomposition method, if maximum mobility is not too low. 

So on the basis of the "best case" results, decomposition will be 'Preferred, 

although when the future demand is highly uncertain, there is no difference 

in performance anymore between aggregation and decomposition. 

The performance of the decomposition/composition method is as good as the 

performance of the decomposition method, the performance of the aggregation/ 

disaggregation method is worse than the performance of the aggregation 

method (especially when the maximum mobility is low). 

5.3. Gorrelated fluctuations in the demand 

If the fluctuations in the future demand in different functiongroups are 

completely correlated, the performances of both the decomposition/composition 

method, and the aggregation/disaggregation method and the decomposition 

method are equally good. 

The performance of the aggregation method is worse, when the maximum mobi

lity is low. The reason for this is an asymmetric assignment of recruits 

to the different functiongroups in the first-period manpower plan. Even if 

the number of people in both functiongroups is almost the same, it is pos

sible that all recruits are assigned to one functiongroup. This causes 

large fluctuations in the filling of one functiongroup, which can not be 

restored by mobility if the maximum mobility fraction is low. In the long run 
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manpower planning is more difficult if the filling of both functiongroups 

is changing rapidly. 

In Table 1, this is shown for the deterministic case. 

average costs model parameters 

dec/com(5) ag/dis(5) dec(5) agg(5) 2 2 2 2 cr (c),cr (u) crk (c) ,crk (u) a. mm.ob u u 

5.30 5.30 5.30 5.86 0,0 200,0 0.10 0.01 

5.30 5.30 5.30 5.57 0,0 200,0 0.10 0.05 

5.30 5.30 .5. 30 5.36 0,0 200,0 0.10 0.10 

11. 27 11.27 11. 27 11.27 o,o 200,0 0.01 0.10 

1.46 1.46 1.46 1.46 0,0 200,0 0.25 0.10 

Table 1. Performance of the four planning methods when fluctuations in the 

future demand in different functiongroups are completely correlated 

(deterministic case). 

5.4. Uncorrelated fluctuations in the demand 

If all fluctuations in the future demand in different functiongroups are 

uncorrelated, the performance of the aggregation/disaggregation method is 

poor in relation to the performance of the decomposition/composition method, 

if the turnover is about 10% and the maximum mobility does not exceed 10%. 

If the turnover decreases, the difference in results between these two 

planning methods is not so clear anymore. This is shown in Table 2 for the 

(partly) stochastic case. 
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average costs model parameters 

dec/com(5) ag/dis(5) 2 2 2 2 mmob· au (c) 'qu (u) O'k (c) 'O'k (u) Cl. 

0.67 0.75 0,32 0,32 0.10 0.10 

3.36 3. 72 0,100 . 0,100 0.10- 0.10 

0.66 0.71 0,64 o,o 0.10 0.10 

2.74 3.17 0,200 0,0 0.10 0.10 

2.09 2.03 0,32 0,32 0.05 0.10 

5.89 6.03 0,100 0,100 0.05 0.10 

1.65 1. 79 0,64 0,0 0.05 0.10 

4.63 5.01 0,200 0,0 0.05 0.10 

Table 2. Performance of thedecomp6sition/composition method and of the aggre

gation/disaggregation method, if fluctuations in the demand in dif

ferent functiongroups are uncorrelated and the maximum mobility 

fraction is 0.10 ((partly) stochastic case). 

If the turnover and the maximum mobility are about 10%, the difference in 

results between the aggregation method and the decomposition method is not 

clear. If the turnover fraction decreases the performance of the aggregation 

method is getting better than the performance of the decomposition method. 

If the maximum mobility decreases, the performance of the decomposition 

method is getting better. This is shown in Table 3 for the deterministic 

case. 
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average costs modelparameters 

dee (5) agg(5) 2 2 2 2 cr (c) ,cr (u) crk (c) ,crk (u) Cl nnnob u u 

0.49 0.46 o,o 0,64 0.10 0.10 

2.44 3.01 0,0 0,2(}0 0.10 0.1-0 

1.43 1.32 o,o 0,64 0.05 0.10 

4.35 4.32 0,0 0,200 0.05 0.10 

0.73 0.74 o,o 0,64 0.10 0.05 

2.93 3.32 o,o 0,200 0.10 0.05 

Table 3. Performance of the aggregation method and of the decomposition 

method, if fluctuations in the demand in different functiongroups 

are uncorrelated (deterministic case). 

There is a difference in performance between the decomposition/composition 

method and the decomposition method. This difference is increasing when the 

turnover decreases. There is also a difference in performance between the 

aggregation/disaggregation method and the aggregation method. This diffe-

rence is increasing when the maximum mobility decreases. 

6. Conclusions 

It is roughly shown by the results in Section 5 _how instability and 

(in)predictability of the future demand and turnover and mobility 

of the personnel influence the performance of aggregation and decom-

position. 
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It is not easy to draw precise conclusions from the simulation results, 

since there is not a simple relationship between the parameters of the 

system and the performance of the decomposition and aggregation methods. 

Only in a small set of values of the systemparameters, there is diffe-

rence between the results of the planning methods; from a practical point 

of view however, this set may be important. When uncertainty in the 

demand increases, this set is getting smaller. 

Results from the decomposition method and the aggregation method can be 

seen as "best case" results for respectively decomposition and aggre-

gation. On the basis of these results one can say that the performance 

of decomposition is poor if the turnover is low and that the performance 

of aggregation is poor if the maximum mobility is low. 
. , 

The aggregation/disaggregation method is more sensitive for variations 

in the maximum mobility fraction than the decomposition/composition 

method; the aggregation/disaggregation method will certainly not be 

preferred if the maximum mobility is low (~ 50% of the coefficient of 

variation of the demand process of both functiongroups), unless fluctua-

tions in the future demand in different functiongroups are completely 

correlated. 

The decomposition/composition method is more sensitive for variations 

in the turnover fraction than the aggregation/disaggregation method; 

the decomposition/composition method will certainly not be preferred if 

the turnover is small (~ 50% of the coefficient of variation of the 

demand process of both functiongroups), unless fluctuations in the 

future demand in different functiongroups are completely correlated. 
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If the fluctuations in the future demand in different functiongroups 

are completely correlated, the simulation results of the decomposition/ 

composition method and the aggregation/disaggregation method are 

equally good. 

If the maximum mobility is not high and the fluctuations in the future 

demand in different functiongroups are completely uncorrelated, the 

performance of the aggregation/disaggregation method is poor. 
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