
 

Aggregation in manpower planning with incompletely known
future demand
Citation for published version (APA):
van der Bij, J. D. (1982). Aggregation in manpower planning with incompletely known future demand: an
example. (Manpower planning reports; Vol. 26). Technische Hogeschool Eindhoven.

Document status and date:
Published: 01/01/1982

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 24. May. 2023

https://research.tue.nl/en/publications/c79214d6-8e0c-4814-80ed-3cf8ded3454c


EINDHOVEN UNIVERSITY OF TECHNOLOGY 

Department of Indnstrial Engineering 

Department of Mathematics and 

Computing Science 

Manpower Planning Reports no. 26 

Aggregation in Manpower Planning with 

incompletely known future demand, an example 

by 

Hans van der Bij 

Eindhoven, April 1982 

The Netherlands 



- 1 -

1. Introduction. 

Recently in many organizations it has been observed that some manpower 

planning has to be done, not only on the short-term, but also on the 

medium- and long-term. 

One of the first problems such an organization has to solve, is the choice 

of the size of the functiongroups in the manpower planning process. When 

small functiongroups are chosen, it is very difficult to make accurate 

predictions of the future demand in these functiongroups, especially on 

the medium- and long-term. The forecasting load is also high in that case. 

On the other hand, when the functiongroups are chosen larger, predictions 

of the future demand will be more reliable and the forecasting load is 

reduced, but it is far more difficult to translate this global or aggregate 

plan into a .short-term detailed manpower plan. 

Moreover, since manpower planning is part of the corporate planning of the 

organization, the level of aggregation in manpower planning has to be cho

sen in accordance to the level of aggregation in other parts of the 

corporate planning. 

These limitations make it difficult for an organization to choose the most 

appropriate level of aggregation for the manpower planning. This choice 

definitely depends on the structure of the organization. An extreme case is 

the case of an organization where each employee can do all kinds of jobs, 

where vacancies can be filled directly by recruitment and where firing is 

easily possible. Only an assignment plan is necessary in such a case. An

other extreme case is the case of an organization with no possibilities to 

fire people and a very unstable manpower requirement. In this case the 
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the approporiate planning process is much more difficult. Since most 

decisions have a longlasting impact one also needs medium- and long

term manpower planning. When the capability of personnel to execute 

different types of jobs (which we call mobility) is low, this medium

and long-term planning has to be rather detailed, in other cases medium

and long-term planning on a higher level of aggregation might be suffi

cient. 

In this paper a very simple personnel structure is considered. The aim 

of this research was to obtain an idea how the instability of the man

power requirement, the predictability of the manpower requirement, the 

mobility and the turnover of the personnel have to influence the choice 

of the most appropriate level of aggregation in the manpower planning 

process. 

The personnel structure, described in this paper, consists of two function

groups 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 mobility. 

Three different planning methods are considered. In the first method each 

period a detailed long-term plan is made. The first period decisions are 

executed. In the second method 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 first period aggregate decisions following 

from this plan are disaggregated. This disaggregation is based on infor

m,ation over the first period only. In the third planning method the detailed 

decisions are only based on the turnover and the predictions of the future 

demand of each functiongroup of the first period; in this case there isn't 
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any long-term planning, so every decision is an "ad hoc" decision. 

The main purpose of this research is to evaluate the performance of the 

long-term aggregate planning compared to the performance of long-term 

~etailed planning and short-term detailed planning. 

The results of this research are not derived by solving analytical equations, 

but by simulation. In these simulations the instability and predictability 

of the manpower requirement and the mobility and turnover of the personnel 

were varied. 

One expects that the long-term aggregate planning always performs worse 

than the long-term detailed planning and better than the short-term detailed 

planning. However this is not the case. One of the conslusions is that in 

a wide range of values of the parameters of the system, every planning 

method performs very poorly and in another wide range of values every 

planning method performs well; there is only a relatively small range of 

values in which there is some difference between the planning methods; 

however, these parameter values may be of considerable interest from a 

practical point of view. When there is a high turnover and a low mobility 

of personnel long-term aggregate planning performs very poorly and even 

short-term detailed planning performs better, but when the turnover is low 

and the mobility of the personnel is high, long-term aggregate planning 

performs as well as long-term detailed planning. 

For more detailed conclusions see section 6. In section 2 a more detailed 

description of the system is given and in section 3 the three planning 

methods are described. In section 4 the design of the simulation experi

ment is treated and in section 5 ther~ are some results and tables. 
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The same personnel structure, but with a completely predictable future 

demand is considered in Wijngaard [5]. Conclusions are formulated there 

under which long-term aggregate planning gives the same performance as 

long-term detailed planning. The research, described in this paper, is 

a:sequel to the research done by Smits, described in [3]. 



- 5 -

2. Description of the system. 

In this paper, a system will be cons~dered, which consists of two function-

groups on the same hierarchical level (see fig. 1). 

Turnover 

I 

fig. 1 • 

Mobility 
{-------
-------~ 

Mobility 

Recruitment 

Turnover 

II 

~ 
Recruitment 

Each year, there is some turnover in each functiongroup, which is a fixed 

fraction of the nunber of people in that functiongroup. In both function-

groups (I and II) recruitment is possible. By this.recruitment the system 

can be controlled. Firing (negative recruitment) is not allowed. To a 

certain extent, it is possible to use mobility between the two function-

groups. This mobility can also be used to control the system. The future 

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]; 

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

i to the other functiongroup. 
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mob := the maximum mobility fraction; the number of people who go at time 

t from functiongroup i to the other functiongroup may not exceed 

mob. X 1 (i); 
t-

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

group i is a. X 
1 
(i) • 

t-

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

availability at time t: 

Xt (I) = (I - a) X I (I) + Rt (1) - Mt (1) + Mt(2); XO (1) given; 
t-

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

Mt (I) s mob X 1 ( 1); 
t-

Mt(2) s; mob X 1 (2); t-

Mt(l), Mt(2), Rt(l), Rt(2), Xt(l), Xt(2) <!: o. 

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

of planning is to match manpower availability as good as possible 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 
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3. Description of the planning methods. 

In this section three different ways of planning are described to control 

the system. All planning methods are of the rolling plan type (see [1]). 

A linear programming approach has been chosen to construct the plans; this 

seemed to be the most appropriate choice for this kind of research. To be 

able to make a plan at time t, it is necessary to have predictions of the 

manpower requirement. A prediction of the required number of people in 

functiongroup i, i periods ahead, made at time t, will be denoted by Gt,i(i)~ 

How to get these predictions, will be treated in section 4. 

3.1. Detailed planning with planninghorizon T (> 1). 

In this planning method the construction of the personnel plan for the 

periods t 0 , ••• , t 0 + T- 1 is based on the following minimization problem 

for xt
0
(i), ••• ,xto+T-l(i): 

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

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

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

Mt (1) ~ mob Xt-l (1); 

Mt (2) ~ mob X 1 (2); t-

+ Mt (2); 

- Mt(2); 

x0 ( 1) given; 

x0 (2) given; 

The first-period decisions of this plan are executed, which give the optimal 

solutions x;
0

(1) and x;
0

(2). 
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In general there are more optimal solutions. To reduce the set of optimal 

solutions, a small penalty has been assigned to the mobility in order to 

avoid optimal solutions with mobility into both directions at the same 

time. 

3.2. Aggregate planning with planninghorizon T (> 1). 

In this planning method 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 first period aggregate decisions following 

from this plan are disaggregated. This disaggregation is based on infor-

mation over the first period only. 

A. Aggregation part. 

The following notation will be used 

.... 
Gt,i := a prediction 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 aggregate plan for the periods t 0 , ••• , t 0 + T - 1 is the solution of the 

following minimization problem for Xt
0

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

Xt = (1 - ci) Xt-l + Rt; x0 given; 

Rt' Xt :<!: 0. 

Solution of this problem gives at each time t the first-period optimal 

recruitment for the whole organization, denoted by R;. To execute the 

first period aggregate decision, it is necessary to disaggregate. This 

* means that the total optimal recruitment Rt has to be distributed over 

the two functiongroups. 

B. Disaggregation part. 

To get detailed first-period decisions, the following minimization problem 

is solved for X (i): 
ta 

min{jxt (1) - G 0 (1) I + !xt (2) - Gt 0 (2)1} 
o ta' o o' 

such that 

xto (1) = (1-a)X 
1

(1) + R (1) - Mt ( 1) +Mt (2); 
to- to 0 0 

x (2) = (1-a)X 1(2) + R (2) + M (1) - Mt (2); 
to ta- ta ta 0 

Mt (1) 
0 

s mob X 1 ( 1); 
to-

MtO (2) s mob Xto- l (2); 

M (1), M (2), R (1), R (2), Xt (1), X (2) :<!: O; 
to to ta to o ta 

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

Solution of this problem gives x* (1) and x*t (2). 
ta o 

x0 ( 1) given; 

x0 (2) given; 

Also in this case, there are more optimal solutions in general. To reduce 
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the set of optimal solutions, a small penalty has been assigned to the 

mobility in order to avoid optimal solutions with mobility into both 

directions at the same time. 

3.3. Detailed planning with planninghorizon I. 

The detailed planning method with planninghorizon 1 is equal to the 

detailed planning method with planninghorizon T, described in 3.1, but 

T I S 1 · f h. 1 · bl · x*t (1) and x* (2). now = . o ution o t is p anning pro em gives 
o to 
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4. Design of the simulation experiment. 

4.1. Generation of the manpower requirement. 

In most real situations, organizations know something about the future 

manpower requirement, but not everything. The future manpower requirement 

as it is generated in the simulations, has the same charateristics. Some 

of the fluctuations are known in advance ans some are unknown. 

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

group i (i = 1,2): 

where the following notation has been used: 

Gt(i) :=the manpower requirement in functiongroup i in period (t-l;~J; 

ut(i) := the unknown fluctuations of the requirement in func~iongroup i 

in period ( t - 1, 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-I(i), ••. ,k0 (i) 

are known; 

0(i) := the process average of the manpower requirement process in function

group i, since the ut(i) and kt(i) will be supposed to have average 0. 

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 

different functiongroups, the variables u and k are generated in the fol

lowing way: 
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0(i) c u 
:= 9(1) +9(2) {ut + ut(i)} ' 

:= 9(i) {kc+ ku(')} 
0(1) + 0(2) t t 1 

where uu(.), uc, ku(.), kc are independent identically distributed normal . . 
. 2 2 2 2 

variables with mean 0 and variance resp. cru(u), cru(c), crk(u), crk(c); 

moreover u~ 1 (i 1 ) does not depend on u~2 (i2 ) if t 2 ~ t 1 or i 2 ~ i 1, 

u~ does not depend on u~ if t 2 ~ t 1, k~ (i 1) does not depend on k~ (i2) 
1 2 1 2 

if t 2 ~ t 1 or i 2 ~ i 1 and k~ 1 does not depend on k~2 if t 2 ~ t 1• 

That means that: 

u~(i) is the part of the unknown fluctuations in functiongroup i in period 

( t - I, t], which only appears in functiongroup i; 

c ut is the part of the unknown fluctuations in functiongroup i in period 

( t - 1 , t], which also appears in the other functiongroup; 

k~(i) is the part of the known fluctuations in functiongroup i in period 

(t - 1, t], which only appears in functiongroup i; 

k~ is the part of the known fluctuations in functiongroup i in period 

(t- 1,t], which also appears in the other functiongroup; 

90 )0£iJ( 2) is a factor which ensures that cr{Gt(l)}/ cr{Gt(2)} = 0(1) I 0(2). 

By varying the variances of the fluctuations, it is possible to vary the 

amount of information which is available at time t. For instance, by putting 

cr2(u) = cr2(c) = 0, u (i) = 0 for all i and t, so all information about 
u u t 

future fluctuations in the demand is available at time t. We call this 

2 2 situation the deterministic case. By putting crk(u) = cr (c) = k . 

for all i and t and we are in the stochastic case. By putting 

0, kt(i) = 0 

2 2 
cru(u) = crk(u), 



- 13 -

cr~(c) = cr;(c), 50% of the information about future fluctuations in the 

demand is available at time t, so we are in a partly stochastic case. 

4.2. Predictions of the manpower requirement. 

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

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

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

at,t(i) = e(i) + kt+t<i); i=l,2; t>O; 

In the simulations at,i (1) + Gt,! (2) is used as prediction of the future demand in 

the whole organization, t periods ahead, made at time t (notation: a n). 
t, .... 

4.3. Simulation experiments. 

When predictions of the future manpower requirement are av~ilable, it is 

possible to do ~imulation experiments with the three planning methods, 

described in section 3. In the simulations performed here, the following 

parameters are taken constant: 

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

at time 0; 

- e(t) = e(2) = 40; the process average of the manpower requirement pro-

cess is 40 in both functiongroups; 

- T = 5; it is shown in [2] that 5 is an acceptable planning-

horizon if the turnover is about 10%; 

- N = 90: all simulations have been executed over 90 periods 

of time. 
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The following parameters are varied: 

2 the variance of the part of the unknown fluctuations in <J (u) := the -u 

future demand which is functiongroup-dependent; 

2 the variance part of the known fluctuations in <Jk (u) := of the the future 

demand which is functiongroup-dependent; 

2 the variance of part of the unknown fluctuations in the <J (c) := the u 

future demand which is functiongroup-independent; 

2 crk(c) := the variance of the part of the known fluctuations in the future 

demand which is functiongroup-independent; 

- mob := the maximum mobility fraction; 

- a. := the turnover fraction. 

Notice that by varying these parameters, many kinds of situations can be 

simulated. Only the cases cr2 (u) = cr2(c) = 0 (deterministic case), 
u u 

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

(partly stochastic case) have been considered. 

4.4. Evaluation. 

At the end of each simulation experiment 

C(J.) 1 
:= 90 

N=90 
l C(j,t) 

t=l 

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

three planning methods, described in section 3, have been compared. 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 calculation time was much 

too high. 
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5. Some results. 

In this section some results of simulation experiments with the three 

planning methods, described in section 3, are given. The main purpose 

is to compare the aggregate planning method with planninghorizon T 

(notation in tables: aggr (T)) with the detailed planning method with 

planninghorizon T (notation: detail (T)) and the detailed planning method 

with planninghorizon 1 (notation: detail (1)). 

5. 1. The total flexibility fraction mob+ a. 

It seems quite logical to think that the larger the total flexibility in 

the organization is, the better aggregation can be used in the manpower 

planning of that organization. However, this is not true. When the total 

flexibility is very small, all planning (and especially aggregate planning) 

is very difficult, but in table 1, it is shown that although the total 

flexibility fraction mob+ a is constant, long-term aggregate planning is 

going to perform worse in comparison with long-term detailed planning, 

when the maximum mobility fraction decreases. This also holds in the 

(partly) stochastic case. 

av. costs modelparameters 

detail(5) aggr(5) 2 2 2 2 a (c) ,a (u) ak(c),ak(u) CL mob u u 

1.68 1.89 0,0 4,64 0.05 0. 10 

0.95 1.41 0,0 4,64 0. 10 0.05 

table 1, performance of long-term detailed and long-term aggregate 

.planning when the total flexibility fraction mob+ ex is 

constant. 
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5.2. The turnover fraction a. 

2.2 

av.costs 

f 
2. 1 

2.0 

1.9 

1.8 

I. 7 

1.6 

0.9 

0.8 

0.7 

0.3 

0.2 

0.1 

If the turnover fraction a increases, all costs are decreasing, but the cost 

of the short-term detailed planning is most sensitive for it; if the turn-

over fraction is small, long-term aggregate planning is better than short-

term detailed planning, but if the turnover fraction is large, long-term 

aggregate planning is not very useful anymore for the organization. For 

the case that a;(c) = 4, a;(u) = 64, o~(c) = a~(u) = 0, mob= 0.10, this 

is shown in fig. 2, but the result also holds for the case that there is 

more correlation between fluctuations in different functiongroups and for 

the (partly) stochastic case. 

~ 
detail (I) 

I aggr(S) )("' ' fig. 2, performance of the three planning 

methods, when the turnover fraction 

a increases. 

detail (5)
0 

' 

0.05 

\ 

\ 

\ I 

\ 

I 
\ 

0. 10 0. 15 0.20 0.25 a 
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5.3. The maximum mobility fraction mob. 

1.4 

costs 

r 

1.0 

0.7 

0.6 

If the maximum mobility fraction mob increases, all costs are decreasing, 

but the cost of the long-term aggregate planning is most sensitive for it; 

if the maximum mobility fraction is small, short-term detailed planning has 

to be preferred to long-term aggregate planning, but if this fraction is 

large, long-term aggregate planning is as good as long-term detailed plan

ning. For the case that cr~(c) = 4, cr~(u) = 64, cr~(c) = cr~(u) = 0, a= 0.10, 

this is shown in fig. 3. This result also holds for the case that there is 

more correlation between the fluctuations in different functiongroups and 

for the (partly) stochastic case. 

~ aggr(S) 

\ 

\ 

\ 
\ 

\ 

\ 

• de tail ( I ) \ 

Ide tail (S)~ ~'' , ~1 \ 

' ' . i ' 

0.05 

' '• ' .. .\ 

0. 10 

~ .. 

fig. 3, performance of the three planning 

methods when the maximum mobility 

fraction mob increases. 

' .. ' .. ' .. - ... -- ..... __ _ . - ... 
' .. "" 
v- ':' . -- ... ·• - - - - . e 

0. 15 0.20 0.25 -----+mob 

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

are almost uncorrelated, it is possible that in one functiongroup the man-
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power availability exceeds the prediction of the manpower requirement and 

in the other functiongroup the prediction of the requirement exceeds the 

availability. So in the aggregate plan, the total recruitment will be 

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

that even in the functiongroup in which the requirement exceeds the availa-

bility, the number of transitions caused by the total recruitment and the 

mobility of people from the other functiongroup, will be too small to 

satisfy the requirement. This situation will not occur in the case that 

there is a detailed personnel plan. 

5.4. Correlated fluctuations. 

When the future fluctuations in the demand are equal in every functiongroup 

(so cr~(u) = cr~(u) = 0), long-term aggregate p1anning performs as well as 

long-term detailed planning. In table 2 this is shown for the deterministic 

case and the (partly) stochastic case. 

ac. costs model parameters 

detai1(5) aggr(5) detail ( 1) 2 2 2 2 mob cr (c) ,cr (u) crk (c) ,crk (u) a. u u 

5.30 5.30 6.34 0,0 200,0 0 .10 0.05 

5.27 5.27 5.51 100,0 100,0 0 .10 0.05 

5.83 5.83 6.49 200,0 0,0 0 .10 0.05 

11 • 2 7 11 • 27 20.36 0,0 200,0 0.01 0. 10 

1.46 1.46 1.46 0,0 200,0 0.25 o. 10 

table 2, performance of the three planning methods when fluctuations in the 

future demand in different functiongroups are completely correlated. 
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This result can also be proved analytically. Since at time 0 both function-

groups have the same strength and the future manpower requirement is the 

same in both functiongroups, there will not be any mobility from one 

functiongroup to the other and the total recruitment in the aggregate 

personnel plan will be the sum of the recruitments of both functiongroups 

in the detailed personnel plan since 

lxt - at,ol = IXt(I) + Xt(2) - Gt,O(I) - ct,0(2)1 = 

jXt(l) - Gt,0(1)1 + jXt(2) - Gt,0(2)j • 

S.S. Uncorrelated fluctuations. 

When the fluctuations in the future demand in different functiongroups are 

2 2 
uncorrelated (so ou(c) = ok(c) = O), long-term aggregate planning is not very 

useful, if the turnover and the maximum mobility are not too high. In the 

deterministic case long-term detailed planning has to be preferred, but when 

uncertainty in the future demand increases, short-term detailed planning is 

going to perform as well as long~term detailed planning, as is shown in table 3. 

av. costs mode.lparameters 

detail(S) aggr(S) detail (I) 
2 2 2 2 o (c) ,o (u) ok (c) ,ok (u) a. mob u u 

0.46 0.6I 0.50 0,0 0,64 0. IO 0. IO 

0.67 0.76 0.67 0,32 0,32 0. IO 0. IO 

0.66 0. 74 0.66 0,64 0,0 0. IO 0. IO 

2.32 2.96 2.78 0,0 0,0 0. IO 0. IO 

3.21 3.7I 3.36 o, IOO o, 100 0. IO 0. IO 

2.76 3.06 2.7S 0,200 0,0 0. 10 0. IO 

table 3, performance of the three planning methods when fluctuations in the 

fu.ture demand in different functiongroups are completely uncorrelated. 
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If in this case extra correlated fluctuations are introduced, all costs 

will of course increase, but the difference in average cost between long-

term detailed planning and long-term aggregate planning is getting smaller 

than the difference in average cost between long-term aggregate planning 

and short-term detailed planning, as is shown in table 4 for the determi-

nistic case and the (partly) stochastic case. 

av. costs model parameters 

detail(5) aggr(5) detail(l) 2 2 2 2 a (c),a (u) ak(c),ak(u) Cl. mob u u 

4.53 5.37 5.65 0,0 64,200 0. 10 0. 10 

7.99 8.54 9 .89 0,0 200,200 0. 10 0 .10 

5.79 5.96 6. 18 32' 100 32, 100 0 .10 0. 10 

9.02 9.21 10 .19 . 100, 100 100' 100 0. 10 . 0. 10 . 
5.36 5.84 6 .10 

. • 64,200 0,0 0. 10 0 .10 

8.79 9. 11 10. 91 200,200 0,0 0. IO 0 .10 

table 4, performance of the three planning methods when extra correlated 

fluctuations are introduced in the future demand. 
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6. Conclusions. 

- The results roughly show how instability and inpredictability of the man

power requirement and turnover and mobility of the personnel, have to 

influence the choice of the appropriate planning method. 

- However, it is not easy to draw precise conclusions from the results, since 

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

and the performance of the planning methods. In a wide range of values of 

the system parameters, all planning methods perform equally poorly and in 

another wide range of values of the system parameters, all planning methods 

perform equally well; there is only a small, but from the practical point 

of view maybe important, range of values in which there is difference between 

the results of the three planning methods. 

In general the performance of the long-term detailed planning is the best. 

- If future fluctuations in the demand in different functiongroups of the 

system are completely correlated, long-term aggregate planning performs as 

well as long-term detailed planning and since it is simpler, it has to be 

preferred therefore. 

If future fluctuations in the demand are completely uncorrelated, long

term aggregate planning performs very poorly when the maximum mobility 

fraction and the turnover fraction are quite small (in our systems 0.10). 

- When the maximum mobility fraction is quite large (in our system> 0.15), 

long-term aggregate planning usually performs well. If turnover is also 

large (in our system> 0.20), the performance of the short-term detailed 

planning is just as good. Since short-term detailed planning is simpler, 

it has to be preferred then. 
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- When the maximum mobility fraction is quite small (in our system~ 0.10), 

long-term aggregate planning usually performs poorly; in this case long

term detailed planning will be preferred, but if turnover is large (in 

our system> 0.20) or if there is a lot of uncertainty in the future 

demand, short-term detailed planning performs just as well and should 

be preferred then. 
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