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ABSTRACT

Many manpower models play a dominant role in &ffit design and control of manpower system. In plaiger,
a mathematical model has been developed with thectlee of minimizing the manpower system cost dgrihe
recruitment and promotion period which are deteediby the changes that take place in the systeresitited in the
form of recursive optimization, a dynamic programmiwhich has been found to be analogous to theriéfag Whit in

model in the production and inventory management.
KEYWORDS: Recruitment, Promotion, Dynamic Programming and paver Planning
INTRODUCTION

Bartholomew and Forbes (1979) have describedt#tie of the art | n various facts of manpower piagnEdwards
(1983) has surveyed various models on their assamphd application and concluded that good presiems of results
are more important than theoretical sophisticati®rice and Piskor (1972) have developed Goal progring model of

manpower planning system for financial, manningnpotion and manpower accounting.

Zanakis and Maret (1981) have formulated a Marko\doal programming model with pre-emptive priestand
provided a more flexible and realistic tool for mamwer planning problems. Mehimann (1980) has deeslooptimal
recruitment and transition strategies for manposyatems using dynamic programming. He has formdilatelynamic
programming recursion with the objective of minimg a quadratic penalty function which reflects thgportance of

correct manning of each grade under preferred itevent and transition patterns.

While the models developed in the manpower plapfiterature have considered financial and lab@tsand the
system and resulted in the form of recursive omatidon. A dynamic programming model has been faorige analogous
to the Wagner—Whitin (1958) model, based on th¢ dats, it generates the optimal recruitment aanmtion schedules

for future periods.
Manpower System Costs

Manpower system costs depend upon the variousrfacthe various costs associated with manpoweersys

consist of the following:
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* Recruitment and Promotion costs
e Overstaffing costs
» Understaffing costs
* Retention costs
* Wastage costs.
Recruitment and promotions costs(1)Cost of adsiedi
e Cost of conducting written test
e Cost of information processing
e Cost of manpower working on the processing of @gjpibn
» Cost of administrative authority which determinesruitment and promotion policies

* Costs incurred in the form of payment to the inimwcommittee members or the wages of the peopléhen

interview committee.
» T.Apaid to the candidates which is optional.
e Cost of medical examination done by the organiratio
e Cost of training people
e Miscellaneous expenditure, including postage ptebame calls etc.

The actual components of recruitment and promotiost depends upon the procedure followed by the
organization for recruitment while the above conmgrus are indicative only. Even though the chargespaid by
applicants for processing, it is not proportional the actual recruitment and promotion costs met ngny
organizations. The cost of advertising and cosadrhinistrative authority from a fixed componentirisependent of

people recruited or promoted based on the suitgbilithe candidates.

The costs like traveling expenses are paid toniigering people and also depend on the policy ahea
organization in determining the number of candigldte be interviewed. According to management’sgwliif the
people to be called are a predetermined ratio, twkicproportional to number of candidates selectemhterviewed

and remains constant.

A fixed and a variable component per recruiterppommoter is applicable for all the costs like coctihg
written test, manpower working on the processingpplications, Information processing, medical exetion and

training the people. The fixed costs are highéhnefselection process is in groups like militargre&ment process.
Overstaffing Costs

Overstaffing costs are those incurred owing touantilized workforce. These costs are analogoughto

inventory costs in a production / inventory sitoati
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Understaffing Costs

Understaffing costs are those resulting from desed productivity and loss of goodwill (in a prafibtive

organization) as a result of the non-availabilitythe workforce.
Wastage Costs

The costs result from the retrenchment or retirgnod the employee.
Retention Costs

There are certain costs which are involved iningtg an employee in an organization. These castsist of (i)

probation costs, (ii) training and development spand (iii) internal mobility costs.

Probation costs are those incurred owing to thmlag effect of an employee during a probationzsiod. The
training and development costs are different frdra tecruitment costs and are incurred owing to dbeelopment
programmes which an employee undergoes duringahese of his service to the organization. Intemability costs are

the costs involved in demotion or transfer of arplaryee within the organization.

MATHEMATICAL MODEL

The following assumptions are made while formualgtihe manpower planning problem to determine ogtim

recruitment and promotion policies:
e The recruitment and promotion size are known axetfi
» Recruitment and promotion at a particular gradmoissidered.
» Recruitment, promotion and overstaffing costs arewn and fixed.
» Understaffing is not allowed in both the grades.
Notations
1.R (t): Recruitment in any periodt. S (t) : Rixecruitment cost in period t.
P(t): Promotion at any period t. Q (t): Cost ofmpotion/ period.
i(t): Cost of overstaffing per recruiter or promagper period.

[ (t): Number of people recruited / promoted in @arlier period for the requirements of period t.
X (t):  Number of people recruited in period t at Grade

X2 (t): Number of people recruited in period t at Grade

2.¥0: Number of people promoted in period t from Grddeo Grade 2.

ZE Variable cost of recruitment &rade 1 / employee recruited.
V- Recruitment at Grade 2 / employee recruited.
u: Variable cost of promotion at Grade 1 to Grade 2.
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Overstaffing cost not allowed for Grade 2 sincevds for higher level, not necessary. Since, weal neesatisfy
all requirements on time, so that understaffing is itmitdd.

e The requirement cost in period t is given by thenmave function:
SH3[xq O1+v; X (1) 1i=1,2.
e The promotional cost in period t is given by:

Q@) ¥ [YOFuy)

» The overstaffing cost is i(t) I(t). The total costrecruitment for the F period planning interval is:

t

Zl: (0% Oy % O+OI1OF @

» The total cost of promotion for theTperiod planning interval is:

t
Z, [(x) V' [y oy ®+01OF @

Thus the total cost of recruitment and promotionthe T period planning interval is:

t
> SO O1FQY) y YOI X O+uyD) =12 (3)
i=L

Here we take(0) =1 (0) = Owithout loss of generality.

The problem is to minimize this sum, subject t® tlonstraint that all recruitments and promotionsstrbe met

on time, and since the variable cost of recruitmeemd promotions are constant. Thus we have thatamstant in
Equation (3)
t t
Vv R@®andu). P
i=1 i=1

Thus the problem may therefore be stated as: Ma@mi

r

Y. [Goax opQ ¥y DOFigeni=iz......

i=1

Subject to

t t
D Xa= ) Ruji=i2......

i=1 i=1

t
DY z Pni=12.......
=1 =1
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DYNAMIIC PROGRAMMING FORMULATION
Theorem

The well-knownWagner~Whitin model is characterized to determine economic Iaé swith this model.
The fixed recruitment and promotion cost is analegim the set-up cost and the overstaffing coahaogous to the cost

of carrying inventory in an inventory system.

The propositions of Wagner Whitin model, which facilitate formulation of Dynaenprogramming recursion

are thus given.
Theorem 1
There exist an optimal program such that:

I (t) x ©)=Oforalitand=12

Theorem 2

The minimum cost policy has the property thatrberuitment cost x takes the values 0, R(t), RB (1), . . .,
R() + R(t+1)+ ...+ R(T) and the promotion cogttakes the values 0, P(t), P(t) + P(t+1), . .(t) P P(t+1)+ .. . +
P(T).

Table 1: It Provides Hypothetical Data for a 5 YearPlanning Period of a Manpower System

Year| R | P Sin 000’s Qin 000’s 1in 000’s
1 79| 41 728 540 15
2 34|10 705 220 12
3 52| 14 698 385 16
4 61| 38 714 412 14
5 25| 8 708 398 16

Theorem 3

There exist an optimal program such that if Rastisied by some x(t**) and P is satisfied by som{&*),
t** < t*, then R(t) and P(t), t =t** + 1, . ./ .t* -1 are also satisfied by x(t**) and y(t**).

Theorem 4

Given that I(t) = O for period t, it is optimal tmnsider periods 1 to +1 by themselves. Let F(t) denote the
minimal cost program for periods 1 to t, then:

t t
F(t) = min[min[S(j) +Q(j) + Z Z li(h)[R(k) ++ P(K)]+ F(j = 1], S(t) +Q(t) + F(t - 1)]
i=1 =l

The above recursion, stated in words, means tmaminimum cost for the first ‘t' periods comprisadixed
recruitment and promotion cost in period j, plus tiharges for satisfying requirements R(k) and mtion P(k), k = j+1,
. . ., t by recruiting and promoting manpower iripé j, which results in overstaffing cost, plugtbost of adopting an
optimal policy in periods 1 to j-1 taken by thenves. We state below the manpower planning horizworem

analogous to the WagneVhitin planning horizon theorem which further infigs determination of optimal policies.
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The Manpower Planning Horizon Theorem

*%
If the minimum in (1) occurs for j =t < t* at any period t, then in periods t > t* itsgfficient to consider only
tr* < j <t If t* = t* then it is sufficient to considerrpgrammes such that x (t*) > 0 and y (t*) M&agne~Whitin
algorithm can be made use of to determine the @ptiecruitment and promotion policies. The algaritht period t*,

t*=1, 2,... N may be stated as:
» Consider the policies of recruiting and promotirtgperiod t**, t** = 1,2,. . . t*.

e« The total cost of these t* different policies bydad) the fixed recruitment cost, promotion cost and
overstaffing costs associated with the recruitmantl promotion at period t** and the cost of actomimally
for periods 1 to t** - 1 considered by themselv@$ie latter cost has been determined previouslyhm t
computations for periods t = 1, 2, ... t* - 1. (3)oRr the t* alternatives, select the minimum costiqyofor

periods 1 to t* considered independently. (4) Pedcéhe process to period t*+1 or stop if t* = N.

Table 2: It Summarizes the Calculations of the Manpwer Planning Problem Presented in Table 1

Year 1 2 3 4 5

S 728| 705 | 698| 714| 708
Q 540| 220 | 385| 412| 398
i 15 12 16 14 16
R 79| 34 52 61 25
P 41 10 14 38 8
1268 1928* 3011 |3846* 4952

2193|2720* 5690|4308*

4595
Minimum cost | 12681928 | 2720| 3846| 4308

Optimum policy 1 2 2.3 4 5

Numerical lllustration

Table 1 shows the hypothetical data for a 5 yéamrpng period of a manpower system. Table 2 surzesithe
calculations of the manpower planning presentethible 1.Thus the optimal policy may be stated as folloRscruit
and promote in period 44x+y4 = 86+46=132 and use the optimal policy for periddso 4, implying (2) Recruit and
promote in period 2, x +y2 = 86+24=100 and use the optimal policy for periddso 2, implying (3) Recruit and
promote in period 1,x+y1 = 79+41=120. The total cost of this policy is 4308.

CONCLUSIONS

In this paper an attempt has been made to olitaingtimal number of recruits and promotions mawéat the
total cost incurred is minimum in the manpower piag system along with the various costs like r#gorent costs,
promotion costs, overstaffing costs, wastage casts retention costs. There are two types of cogt lieen taken into

account namely fixed and variable costs. The mbdsl been found to be analogous to the Wagner-Winitidel in a
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production or inventory situation. The major lintiten of the model is the fact that it is considenmedsolation from the

various constraints and operating policies unddckvh manpower system operates. As another comstrhithe model is

that, it is assumed that there is no overstaffinghie higher grade. This model can also be disdugsthout this

constraint as further work.
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