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t. Introduction 

In manpower planning, as in all other kinds of planning, important para

meters are the planning horizon and the level of aggregation. These two 

are related to each other. Generally there are more planning levels. 'Ihe 

lower level planning is detailed and has a short planning horizon. In the 

higher levei planning the variables are more aggregated and the planning 

horizon is longer. 'Ihe hl.gher level planning determines restrictions (bud

gets) for the lower level planning. 'Ihe structure of the complete planning 

process necessary to control an organization depends on one hand on the 

flexibility of the organization and on the other hand on the instability 

of the environment. With respect to manpower planning, flexibility is mainly 

mobility, the capability of personnel to execute different types of jobs, 

and instability of the environment is mainly instability of the manpower 

requirement. 

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. In such an organization only short

-term planning is necessary. One only has to make an assignment plan. 

Another extreme case is the case of an organization with very specific 

functions and employees (which causes a low mobility and makes it diff icurt· 

to fill vacancies directly by recruitment), no possibilities to fire 

people and a very unstable manpower requirement. In this case the appro

priate planning process is much more complex. Since most decisions have a 

longlasting impact one also needs medium- and long-term manpower planning. 

And by the lack of mobility it may be necessary to make these medium- and 

long-term plans rather detailed. Of course planning is only useful if there 

is at least some flexibility. 
·,,./ 

P.nother :celevant:characteristic with respect to the structure of the planning 

process is the predictability of the environment. 

Predictable instability requires a complete different planning process than 

unpredictable instability. If in the second extreme case the future manpower 

requirement is very unpredictable then long-term manpower planning may be 

of no use. In cases with a high flexibility it is not necessary to have 

medium- and long-term plans, in cases with high uncertainty it is of no use 

to have medium- and long-term plans because the information on which these 

plans are based is too unreliable. See also Verhoeven [71, sections 1.6, 

5.4 and 5.5. 
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This paper is concentrated on flexibility. The effect of unpredictability 

is considered in Smits, Wijngaard [6]. We consider a goal progran:mi.ng ap

proach of manpower planning and investigate the relationship of the right 

structure of the planning process to the mobility of the personnel and the 

instability of the goals on the contents of the categories. Goal progran:mi.ng 

is widely used in manpower planning, especially in defense organizations 

(see for instance Charnes et al. [2], [3]), but there has never been paid 

much attention to the problem of aggregation and disaggregation. The rela

ted problem of the right planning horizon has been considered in Nuttle, 

Wijngaard [5]. Similar problems inthe field of production planning have been 

considered in Wijngaard (9]. The whole approach is also related to the work 

of Hax and Meal on hierarchical planning systems [4}. 

In the manpower systems considered in this paper the categories of per

sonnel are characterized by two dimensions, level and function group. If 

there is sufficient mobility over the function groups one may aggregate over 

the different function groups. Instead of a long term detailed model one may 

use a long term aggregated model and a detailed model with planning horizon 

one. In this detailed model the results of the long term aggregated model 

serve as restrictions (budgets). The advantages of such a stratification of 

the planning process are not only numerical. The numerical advantages are 

only secondary. The main advantage is that it is not necessary to forecast."_ 

the requirement in each of the categories but that it is sufficient to fore

cast only aggregated requirements. This not only reduces the forecasting load 

of the organization, but also makes the forecasts more reliable. 

In section 2 the one-level case is treated, in section 3 the multi-level 

case. In section 4 a numerical example is worked out and some remarks are 

made on the applicability of the results. 

2. One level system 

The system we will consider first is depicted in the foll9wing figure 

a 

I 
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There are two function groups (I and II). The forecasted future require

ments for these categories in period tare nI(t} and nII(t). The "cost" 

of deviations from these "goals" is expressed by a penalty function which 

is linear in the deviations, so 

where ~(t.)1 (respectively xII(t)) is the planned number of people in category 

I (resp. II) in period t. The turnover fraction from each of these categories 

is a. The population can be controlled by recruitment and by transferring 

people from one function group to another. Recruitment is nonnegative but 

further unrestricted and gives no cost. Mobility is restricted; each year 

one may move not more than a fraction B1 of the people in function group I 

to function group :tiand a fraction a
2 

of the people in function group II to 

function group I. Usage of this mobility gives no cost as long as it remains 

within these restrictions. We assume that the actual content of the catego

ries is equal to n1 (0), n11(0). The planning problem for the system is re

presented by the following model (model A): 

T 
Minimize E {!xI(t)-n1 (t}[ + lxII(t)-nII(t)j} 

t•l 

such that 

t•0,1, ••• ,T-~ 

t=O,J, ••• ,T-1 

t•O,I, ••• ,T-1 

The variables x1 (t),xII(t), t•l, ••• ,T are the decision variables, while 

xI(O), xII(O) represent the actual number of employees in I, II. Tis the 

planning horizon. 

The obvious aggregated version of model A is the following model (model B): 

T 
Minimize: E ls(t} ~ nI(t} - n1I(tl[ 

t=I 

such that 
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s(t+l) ~ (1-a)s(t), t•O,l, ••• ,T-1 

Each feasable solution xI(t), xII(t) of model A generates a feasable 

solution s(t) of model B by s(t) :• x1 (t} + x1I(t). Of course 

and there is equality if and only if ~(t)-n1 (t} and x1I(t)-nII(t) do not 

have opposite signs. 

Each feasable solution s(t} of model B generates a feasable solution 

xI(t},xII(t) of model A by executing subsequently, for t•l,2, ••• ,T, the fol

lowing minimizations: 

such that 

This is called disaggregation. Let s*(tl be an optimal solution of model B 

and let x~(tl, x~I(t} be the solution of model A following from disaggrega-· 

tion of siCtl. if,(for all t•l, ••• ,T) x;(tl .. n1 Ctl and ~I(t) - nII(t) do not 

have opposite signs then the cost of ~(t).,~I(t} in model A is equal to the 

cost of s*(t} in model Band ~(tl,x~~(tl is optimal therefore. The following 

proposition gives cond~tions on the mobility of the personnel.Ca 1,B 2) and the 

instal]ility of the goals, (nI(tl,°II(tll under which disaggregation of the op

timal solution s*(tl of model B gives and optimal solution of model A, 

Proposition 2.1. Let the following conditions be satisfied 

(l} nI(t+l} ~ (I-a-S 1}nI(tl, t•O,l,~ •• ,T-1 

(2} nII(t+ll ~ ~1-a-SzlnII(tl, t•O,l, ••• ,T~l 
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* * (3) s {t+l)-(1-a}s (tl + B1nI(tl+(l-aln11Ctl ~ nII(t+ll, t•O, ••• ,T-1 

* * (41 s {t+l}-(1-a}s (tl + B2n1I(tl+(l-alnI(tl ~ nI{t+l), t•O, ••• ,T-1 

where s*(t) is an optimal solution of model B. Then there is a disaggre

gation x~(tl, ~I(tl of s*(t} which is optimal in model A. 

Proof Let x(t),y(t), t•l, ••• ,S(<T}, be such that for t•l, ••• ,S 

* x(t)+y(t) • s (t) 

x(t) ~ (1-a-a 1 )x(t-1) 

y ( t) ~ ( 1-a-B 2) y ( t-1) 

x(t) - n1 (t) and y(t)-nI1 {t) do not have opposite signs. 

The conditions (1), (2), (3), (4) imply the existence of numbers v, 

w such that 

v-nI(S+l) and ~I(S+l) do not have opposite signs. 

Applying this for S•O,l, ••• ,T-1 shows that it is possible to construct a , 

disaggregation ~(t), ~1 (t) of s*(t) sich that (for all t•l, ••• ,T) ~(t)-nI(t) 
and ~1(t)-n1I(t) do not have opposite signs. The solution ~(t) x~1 (t) is 

optimal therefore. Q 

-~----

It is important to note that the conditions (I}, (2}, (3), (4) have indeed 

to do with. the mobility of the personnel Ca 1 ~a2l and the instability of the 

goals (nI(t),nII(t)). The turnover a works as a kind of indirect mobility. 

The conditions (l} and (21 imply that if function group I (II) has a shortage 

in period t then it is possible to prevent that this function group has a sur

plus in period t+l. '!he conditions (31 and (41 imply that if both function 

groups have a surplus in period t then it is possible to prevent that function

group I or II has a shortage in period t+l. 

It is easy to generalize the result of proposition 2.1 to the case with more func

tiongroups. Consider a case with m function groups. Let n.(t} be the goal for 
l. 

function group i. The mobility in function group is s., that means that one 
l. 

may remove each period at most a fraction ai of the people in function group 
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i and distribute these people freely over all function groups. The turnover 

in each function group is a. Let x.(t} be the planned content of function 
l. 

group i and let n.(O} :• x.(O} be the actual content of function group i. 
l. l. 

The !-period planning problem may be represented by the following model 

(model C): 

T m 
Minimize t t Ix. (t}-n.(tll 

t•l i•l l. l. 

such that 

x. (t+ 1) ~ ( 1-a.-B. }x. (tl, 
l. l. l. 

t=O, ••• , 'I-1 , i=l, ••• ,m 

m m 
t x.(t+l} ~ (1-a) t x.(t), 

·11. ·11. i.• l.• 

t•O, ••• ,T-1 

The obvious aggregated version of the model is again model B. Disaggregation 

of a solution s(t) of model B can be executed by subsequently, for t•l, ••• ,T, 

solving the following minimization problems: 

m 
Minimize t !x.(t)-n.(tll 

• 1 l. l. 
l.• 

such that 

m 
t x. (t} = s(t} 

• 1 l. l.• 

x.(t) ~ (l-a-B.}x.(t-1), 
l. l. l. 

i=l, ••• ,m 

The next proposition is a straightforward generalization of propositi9n 2.1 to 

the case with more function groups. 

Proposition 2.2. Let the following conditions be satisfied for all t•O, ••• ,T-1 

(1-a-B.}n.(t} for all i•l, ••• ,m 
l. l. 

(6) s*(t+l} - (1-a}s*(t) + t .a.n.(tl + (1-a} t n.(t} ~ t n.(t+l) 
icI' l. I. icI l. icI l. 

for all nonempty sets I of {1,2, ••• ,m} and I' the complement of I, 

where s*(t) is an optimal solution of model B. 
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Then there is a disaggregation {x.*(t)} of s*(t) which is optimal in 
l. 

model c. 
Proof The proof is analogous to the proof of proposition 2.1. D 

Essential in this stratification of the planning problem is that it never oc

curs -that one function group has a surplus while another function 

group has a shortage. The conditions (1}, (21, (31, (4} or (5) and (6) are 

sufficient to guarantee that but certainly not necessary. _ 

Another set of conditions is worked out in the next proposition. This set 

of conditions is sufficient to keep the differences between function group 

content and function group goal equal over all function groups. This im

plies also that the differences will never have opposite signs. The proposi

tion is formulated for the case with 2 function groups, but can be genera

lized to the case with more function groups. 

Proposition 2.3. Let B~ :;a max(S1 ,a2l !!l.lld; Smin := min(S1 ,S2) 

Suppose the following condition. is satisfied for t=0,1, ••• ,T-1 

* * * + <a -s . ls (t} s s (t+l)_-(l-a.-B . ls (tl max min min 

where s*(t) is the optimal solution of model B. 

Then there is a disaggregation x~(t},x~I(t} of s*(~l such that 
* * * * ~(t)-n1 (t} = xII(t}-nII(t) for all t=l, ••• ,T and x1 (t),xII(t) is an optimal 

solution of model A therefore. 

Proof Let x(t),y(t), t=l, ••• ,S··(<T}, be such that for t=l, ••• ,S 

x(tl + y(t} = s*(tl 

x(t) ~ (1-a.-a 1}x(t-ll 

y(t) ~ (1-a-B2ly(t-ll 

x(t)-n
1
(t) • y(t)-n11{t) 
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It is possible then to find v,w such that v ~ (l-a7B 1}x(S), 

w ~-O-a-B2)y(S), v+w • s*(s+I) and v-n1 (S+l) • w-n11 (S+l) if 

Using the definition of Bmin and Bmax and tha~ x(S)-n1 (s) • y(S)-n11 (S) 

yields that the lefthand side of this inequality is less than or equal to 

while the righthand side of the inequality is greater than or equal to 

That means (see condition (7)} that there is indeed such a pair (v,w). 

·Applying this for S•0,1, ••• ,T-1 shows that it is possible to construct a 

disaggregation ~(t},x~1 (t} of s*(t} such that x;(t)-n1 (t) = x;1 (t)-n11(t) Q 

In proposition 2.3. the linearity of the penalties is not used. Suppose 

that, ins~ead of lxI-nII and jx1I-n11 j, we have penalties p(~-n1) and 

p(x1I-n11) where p is some convex function with its minimum in O. Under condition 

(7) it is possible to keep the differences x1-nr and ~I-nII equal. That means 
x +x -n -n 

t::- .. - .. · . ·1 ' I . .. l 2 I II I II It . .bl th f t~.; ·the tc;>ta pena ty is equa to p 2 is possi e ere ore 

to stratify the planning problem in the same way as in case of linear penal

ties .•. In the aggregate model (model B) I s(t)-n1 (t)-n11(t) I has to be replaced 

by - ---· ----· 
2p((s(t)-nI(t)-n11(t))/2) and in the disaggregation step the penalties 

jx1 (t)-n1 (t)I and jx11(t)-nI1 (t}j have to be replaced by p(xI(t)-n1 (t)) and 

p(x11(tl~1 (t}). 

3. More function levels 

In this section we will extend some of the results of the previous section 

to a system with more function levels. We will consider the case with two 
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function groups (see fig.} but, as in the previous section, the results 

are generalizable to the case with more function groups. 

~ ~~ 

I I 
I • I 
t I 

•· I 

• I 
I I ti I J 
I I 
I I 
I i 
s I 

I P2 'P2 

a2 I2 II2 e2 
Pt Pt 

al 
II II1 al 

I II 

The category I. (II.) indicates function level i and function group I (II): 
l. l. 

The forecasted future requirement for category I. (II.) in period t is equal 
l. l. 

to niift} (~Ii(t)). The costs of deviations from these (forecasted) re-

quirements are assumed to be li~ear in the size of the deviations. The penal

ties for the categories I. and II. are equal. The turnover fraction from 
l. l. . 

level i is a •• The promotion policy is very strict; each year a fraction p. 
l. l. 

of all people at level i has to be promoted to level i+l. But one is free 

to promote people to either function group I or II, independent of where 

they come from. That means that mobility is coupled with promotion. More 

ge~eral cases are considered at the end of this section. To make notatioD 

easier we deline pN :•O. Recruitment is only at the lowest level. We assume 

that the actual personnel population matches the .. requirement. 

The planning problem for this system is represented by the following model 

(model D): 
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T N . 
Minimize I: I: c.{lx...:.(t)-nI.(t)!+lx11.(t)-n11.(t)I} 

• 1 1. .L.1. l. l. l. t•l ].• 

such that 

x._.(t+l) ~ (1-a.-p.}x._.{t), t•O,l, ••• ,T-1; i•l,2, ••• ,N 
.L.l. l. l. .L.l. 

... 

+ ~li-l(t)}, t•O,l, ••• ,I-1; i•2, ••• ,N 

Aggregation of this model gives the following model {model E): 

-_:I N 
Minimize I: I: c. Is. (t)-n.. •. (t)-n..1 . (t} I 

• l. l. J.l. .L. l. t•l l.•1 .. 

such that 

t•O,t, ••• ,T-1 

s.(t+l} = (1-a.-p.ls.(t} + p. 1s-. 1 (t}, t•O,l, ••• ,T-1; i•2, ••• ,N 
l.. 1. 1. l. l.- l.-

Each feasable solution x
1
.(tl, x_ •• (tl of model D generates a feasable solu-
1. J.l.l. 

tion of model Eby s.(t} :• xI.(tl + x11 .(t}. The cost of this solution in 
~ l. l. 

model Eis less thali or equal to the cost of x1i(t}, x11i(t) in model D, and 

there is equality only if x1i(tl - nii(t} and xIIi(tl - n11i(t) do not have 

opposite signs. 

Each feasable solution s(t} of model generates a feasable solution x1i(t), 

x11i(t) of model D by executing subsequently, for t=I,2, ••• ,T, the following 

minimization (disaggregation}: 

N 
Minimize .t

1
ci{lx1i(t)-n11 Ctl l+I x!Ii(tl""'D.IIi(tll} 

l.• 
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such_.that 

x1.(t+l) ~ (1-a.-p.)x_.(t), i•t, ••• ,N 
1. 1. 1. J.1. 

i•t, ••• ,N 

Let s~(t) be an optimal solution of model E and let ~i(t), x;Ii(t) be a 

disaggregation of s~(t) (a solution of model D following from disaggregation 

of s~(t)). If (for all t•l, ••• ,T and for all i•l, ••• ,N) x*1.(t) - 11-.(t) 
1. 1. J.1. 

and ~Ii(t) - nIIi(t) do not have opposite signs then ~i' ~Iiis an optimal 
solution of model D. In the following two propositions we consider sufficient 

conditions for the optimality of ~i(tl, x;Ii(t}. The propositions are analogous 

to the propositions 2.1 and 2.3 and will be given without proof. 

Proposition 3.1. Let s~(t} be an optimal solution of model E. Suppose the 

following conditions are satisfied for t=O, ••• ,T-l and i=l, ••• ,N. 

(8) n1 .(t+l} ~ (1-a.-p.}n1 .(tl 
l. I. 1. 1. 

* * (10) s.(t+l) - (1-a.-p.}s.(t) + (l-a.-p.}U-
1

.(t} ~ n11I..(t+l) I. 1. I. I. 1. I. .L I. 

* * (11) s.(t+l) - (1-a.-p.}s.(t) + (1-a.-p.}n
1
.(tl ~ n

1
.(t+1) 

1. I. I. 1. 1. 1. 1. i· 

Then there is a disaggregation ~i(t}, ~Ii(t} of s;(t} which is optimal in 

model D. 

* . Proposition 3.2. Let si(tl be an optimal solution of model E. Suppose the 

following condition is satisfied for t=O, ••• ,T ... 1 and i=l, ••• ,N 

Then there is a disaggregation x~i(tl, x~Ii(tl of s~(t) such that for all 
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. * i=l, ••• ,N and all t•l, ••• ,T the differences ~i(t) - ~i(t) and 

x~Ii(t) - n11i(t) are equal. The solution ~i(t), x~Ii(t) is optimal 

(in model D) therefore. 

In the system considered here the mobility of the personnel is coupled with 

a promotion. It is easily possible to generalize the results to systems 

where there is also horizontal mobility (as in the one-level case). In case 

of a maximum horizontal mobility at level i of s. the conditions (8) - (11) 
l. 

have to be modified in the following way: 

(8') nI.(t+l) ~ (l-a.-p.-6.)n-.(t} 
l. l. l. l. . l.J. 

(9') nII.(t+l) ~ (l-a.-p.-6.}n-I.(tl 
l. l. l. l. l. l. 

* * (10') s. (t+l)-(1-a.~.)s. (t) + (1-a.-p.)n11 . (t) + S.n1 . (t) ~ n-11.. (t+l) 
1. l. . 1. l. ll l. l. l. l. l. 

* * (I I') s. (t+l)-(1-a.-pi)s. (t) + (1-a.-p. )n1 . (t) + S.nII" (t) C: n
1

l.. (t+l) 
l. l. l. l. l. 1. l. l. 

The condition (12) has to be modified as follows: 

( 12') I n1 . (t+l )-n-1 . (t+ 1)-(1-a. -p. -B.) (n1 . (t)-n-I .(t)) I ~ s ~ (t+ 1 )-(1-a. -p. -S'.) s ~ (t) 
l. l. l. l. l. l. l. l. l. l. l. l. l. ]. 

Condition (12} can also he generalized to the case wher~ only part of the 

promoted people can be t~ansferred to another function group. Let fi be the 

fraction of the.people promoted from level i which can be transferred and 

let Bi again be the maximal horizontal mobility at level i. Then condition 

(12) has to be modified as follows: 

<12"} I nii (t+l}-nIIi (t+I).-(1-ai-it-B.r (nii (tl-~Ii(t)) + 

+ {1-f. 1)p. 1Cn
1

. 1(t}-n
11

. 1(t))! sf. 1p. 1 s~ 1 (t)+S.s~(t) i- i- i.- i.- i.- i- i- i l. 

* For i=l the componen.t f. 1p. 1s. 1(t) in the tight hand side of (12'') has to 
i- i- i-

De· replaced by the total recruitment. 

In case it is possible to recruit at more levels the conditions for aggregation 



- 13 -

/disaggregation remain the same; only in condition (12'') the total recruit

ment at the levels 2,3, ••• ,N has to be added to the right hand side. Restric

ted. recruitment 4oes n&t!! chang& __ ~_!le __ c;~nditio~~ either as long as the restric

tions are on the total recruitment per level. 

Also in cases where the pro1110tion fractions are not fixed (pi) but only bounded 
min max 

0~Y pi and pi ) it is possible to derive the same kind of conditions. 

4 .. Numeric~l example. Application. 

In the introduction we stated that the main advantage of aggregation is 

that it reduces the forecasting load of the organization. Instead of working 

with detailed goals one may work with aggregated goals. From the results in 

the previous section. we see that to check the conditions sufficient for op

timal aggregation/disaggregation we need information about the detailed goals. 

However, it is not necessary to forecast these detailed goals precisely but 

only to check whether the goals will stay within the range where optimal ag

gregation/ disaggregation is possible. 

The optimal solution of the aggregated model is also necessary to check the 

conditions. That means that one has to solve the aggregated model before one 

knows whether the first period disaggregation of this solution is optimal. 

Consider the following example: 

a. 

We have to solve first the aggregated model (model Bl. Let a.= 0.1, T (plan

ning horizonl • 3 and let the aggregated goals be 220, 180 and 150. The total 

actual content is 200. The optimal solution for the aggregated modei is 
* * * . * s (1) = 200, s (2} = 180, s (3} = 162. To disaggregate s (I) we have to know 
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the ma.Ximal mobility S, the actual content in each of the function groups 

(Xr(O), Xrr(O)) and the goals for each of the function groups in the first 

period. 

Suppose 13 .. 0.1, ~(O} •· Xrr(O} • 100, t;:Cl} .. 100, 1i:r(l) • 120.Then s* (1) 

has to be disaggregated by the following minimization: 

such that 

~(l) + ~I(l) • 200 

~(l) ~ 80 

There are many optimal solutions for this minimization problem, namely, all 

feasable solutions with the property that ~(l} s 100 and ~I(l) s 120. A 

solution where the total shortage is distributed evenly over both function 

groups is ~(1) = 90, ~I(l} = 110. To know whether this solution is optimal 

we have to check the conditions for optimal aggregation/disaggregation. 

Consider for instance condition (7): 

1100-120-0,8. 000-100> I s 200-o,8c2001 • 4o 

l~C2}~IC2}-o,sc100-12011 ~ tso-0,8(200} • 20 

The condition for the first period is satisfied indeed. The condition for 

the second period is satisfied if 11:I(2l•36 s ~(21 ~ 1i:r(2)+4. The condition 

for the third period is satisfied if ~(3l~I(3} lies between 

0,8(~(2}."'.".UII(2))-18 and-0-,8(nI(2)-nII(2))+18. 
Based on these conditions one may conclude whether or not aggregation/disag

gregation is optimal. 
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The conclusion that aggregation/disaggregation is allowed implies that 

it is not necessary to distinguish the two function groups in the medium and 

long term. manpower planning. An important point in medium and long term. man

power planning is always the way to define the categories. Which characteris

tics have to be included in the definition of the categories. The first cri

terion for inclusion of certain characteristics is the contribution of these 

.. characteristics to the predictabilty of certain transitions, ~-turnover for 

instance. That is why age is important in general. The second criterion is 

organizational. It J111.1St be.possible to decide whether or not a projected 

personnel population, categorized in a certain way, meets the organizational 

requirements. To make this eva~uation possible the categorization needs to he 

sufficiently detailed. The results of this paper show that what is sufficiently 

detailed depends as well on the mobility· over the categories as on the 

instability of the goals. !f for all reasonable patterns of the future re

quirement the optimal solution of the aggregated model is such that the 

conditions for aggregation/disaggregation are satisfied then one may consider 

the aggregated function groups as the .basic function groups in medium and 

long term. manpower planning. 

It is important that condition (7} is also sufficient for aggregation in 

case of non linear penalty functions. Linear penalty functions are typical 

for goal programming, but goal programming is not the only approach in manpower 

planning. Simulation models (Markov or renewal models} are also frequently used 

(s~~a~tholomew [ 1] and Verhoeven et al. [8]1. In case of a simulation approach 

one does not work with explicit penalty functions. The projected personnel po

pulations under various strategies are evaluated by management. This evalua

tion is in general mainly based· on the differences between projected function 

groups. contents and future requirements per function group; the evaluation is 

based on implicit penalty functions for differences between future ·availability 

and future requirement. That means that also in this approach one may use condi

tions like condition (7) to check whether it is allowed to aggregate over cer

tain function groups. 

The main points of criticism on the use of quantitative methods in manpower 

planning are that 

1. The future requirement is so unpredictable that it does not make any 

sense to use forecasts for this requirement in quantitative planning 

models, and that 
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2. functions and people are so unique that it is not possible to smooth 

out this unpredictability by working with large categories. 

It is only possible to meet this last point of criticism by analyzing the 

mobility required to aggregate-. That analysis was the subject of this .. paper. 
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