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ABSTRACT

Manpower planning is concerned with matching the supply of people with the jobs available in any organization.
Every year, during the months of appraisal, organizations record high rates of employee turnover. Due to various
reasons, manpower employed leaves the system periodically. Loss of manpower also occurs due to dismissal and death
of employees. This loss of manpower has to be compensated by suitable recruitment. But, recruitment cannot be made
frequently since it involves cost. Also recruitment of new employment of new employees and giving them training to suit
the needs of the organization works out to be costlier than retaining the available employees. Hence the human
Resource Department has to be alert and avoid manpower loss due to resignations. There is a maximum amount of loss
of manpower that can be permitted in the organization which is called the threshold beyond which the manpower
system of the organization reaches a point of break down. In this paper the concept of Human Resource Department
alertness and find the joint Laplace Stieltjes transform of time to recruit (T) and recruitment time(R) is introduced.
Their expectations are presented with numerical illustrations.

Keywords: Manpower Planning, Manpower system. Shortage, Cumulative Shortage Process, Alertness, Human
Resource Department.

1. INTRODUCTION

Manpower system (MPS) of many organizations record high rates of employee turnover during the period of appraisal.
After the appraisal, several employees walk out of their jobs, disappointed by the outcome. The reason for their
unhappiness could be the new set of responsibilities, lack of opportunities, new policies and low pay of unfulfilled
demands.

Whatever be the reason, businesses suffer losses due to the attritions, because it is usually the most valuable employees
who walk out first. The cost of replacing these ambitious, self-motivated and talented employees is exorbitant.

Hence, to retain top talent, the management should give them a reason to continue working with the organization. Even
during induction and training programmes, the employees can be asked to choose the strengths they want to develop.
Human Resource Personnel play a very crucial role in this area. If Human Resource Department (HRD) is alert to the
retention of employees, the outflow from the MPS of the organization can come down to a great extent.

The total flow out of the MPS due to Resignations, Dismissals and Deaths is termed shortage. When MPS is exposed to
this shortage continuously due to heavy attrition rate, at one point of time, it will break down. This point is called the
threshold level. It can be interpreted as that point at which immediate recruitment is necessitated. If HRD is alert to the
attritions in the MPS, the loss of manpower can be reduced.

The shortage of MPS depends on individual propensity to leave the organization due to factors such as current length of
service, age, salary, place of residence in relation to work place, sex, marital status and the general employment
situation. Such models were discussed by Grinold and Marshall [3].
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V.Subramanian [9] has made an attempt to provide optimal policy for recruitment, training, promotion and shortages in
manpower planning models with special provisions such as time bound promotions, cost of training and voluntary
retirement scheme. Lesson [4] has given methods to compute shortages (Resignation, Dismissal and Death) and
promotion intensities. Markovian models are designed for shortage and promotion in MPS by Vassiliou [9]. Esary et al.
[1] have discussed cumulative Damage Process (CDP) related to the shock models in reliability theory. Gaver [2] has
assumed two types A and B of shocks that can occur in a device causing major and minor damages. The expected time
to recruit and the variance for MPS having threshold which follows Exponential distribution, have been obtained by S.
Parthasarathy and R. Vinoth [7]. S. Mythili and R. Ramanarayanan [5] have found covariance between time to recruit
and recruitment time.

In this paper, we introduce the concept of HRD alertness and find the relation between Time to recruit (T) and
Recruitment time (R). In our model, two types A and B of man power losses can occur in the MPS of an organization.
These can cause major and minor shortages respectively. Type A denotes top managerial level manpower loss. Type B
denotes manpower loss other than top managerial level (subordinate group). Cumulative major shortages lead to the
breakdown of the MPS of the organization. Minor losses cause problems of shortages in the MPS which do not have
impact on the functional operation of the MPS and hence do not lead to threshold level.

We focus our attention on models in which HRD is able to avoid minor shortages whenever it is alert (but not major
shortages). We allow the manpower losses of type A to accumulate. The breakdown of the MPS is indicated when the
total loss exceeds the threshold level. We assume that the MPS can withstand minor shortages due to type B manpower
loss. When the breakdown of the system occurs, we assume that recruitment begins immediately and all the shortages
due to type A and B are compensated by recruitment one at a time.

In this paper, we present a model in which we study HRD alertness related to attritions that are avoided. Here type A
shortages occur in accordance with Erlang process of order 2 and type B shortages occur in accordance with a general
process. S. Mythilli and R. Ramanarayanan [6] discussed the models for Poisson Process. We find the joint Laplace-
Stieltjes transform of Time to recruit and Recruitment time and their expectation.

2. MODEL DESCRIPTION

2.1 Assumptions
1. Lett, be the instant at which the MPS of the organization begins its function. Also, at t,, the system has no
shortage.
2. LetT represent the time (from to) to recruit and R represent subsequent recruitment time respectively.

3. Type A and Type B occur independently with inter-occurence time distribution V(x) and F(x) respectively,
where V(x) is Erlang order 2, with parameter A and F(x) is general.

4.  Let Xy, Xy, ... be the major shortages caused by type A manpower losses which are independent and identically
distributed random variables with general distribution.

5. When the total damage of Type A losses exceeds threshold Y,MPS fails. The random variable Y has
exponential distribution of X ; ‘s with parameter c.

6. MPS can withstand type B Manpower losses, during the recruitment time type B shortages are also
compensated.

7. The recruitment time R of a type A or type B manpower loss as cdf L(y). The recruitments of all type A and
type B manpower loss are compensated by new recruitments one by one. The recruitments time are
independent.

8. Human Resources Department (HRD) is able to avoid minor shortages (Type B) whenever it is alert but not
major (Type A) shortage. At time is zero, HRD has alertness. It can avoid W, attritions losses of Type B. The

first Type B shortage occurs att,, ., The shortage at time t,, ., creates alertness sensation to HRD and W,

(say) attritions of Type B are avoided. The second Type B shortages occur at tW1+W2+2 and it creates another
alertness to HRD to avoid Wj; (say) Type B shortage and so on. Here W;, W,, W5, are identically distributed

random variables with P(W=n)=r,, n=0,1,2, ... and ¢(r) = Z p,r" is the generating function of W.
r=0

2.2 Analysis

The number of occurrence of shortages for the system to collapse is N =min {k: X; + X, + ... + X, > Y} i.e., N >k, if
andonlyif X;+X,+ ...+ X<Y, k=1,2,...

© 2014, IIMA. All Rights Reserved 154



K. Hari Kumar*', P. Sekarz, and R. Ramanarayanan3/ Manpower System with Erlang Manpower Losses and Alertness /
IUMA- 5(6), June-2014.

PIN>K) = P(Y > Xy + X + ... + X = E(e e XerX)y = [E(e*cx)]k k=0,1,2,... where P(Y >y) = e ¥,

y > 0 is the survival function for Y. P(N>K)=a¥ k=0,1,2, ... where @ = E(e"). N has a geometric distribution
P(N=r)=a"'(l-a), r=1,2,3, . ..

We note P (System collapse does not occur due to manpower losses of type A during (0, t]) = P(N>number of
occurrences of losses during (0, t]). The cdf of T, the time to start recruitment, may be derived.

P(T >t) = Zak P, (t),wh e P, (t) represents the probability for the occurrence of exactly k shortages due to
k=0

manpower losses of type A during the period t. Considering that R is the time required to complete the recruitment

process, in what follows, we introduce the concept of HRD alertness and discuss such (T,R) models.

3. HRD ALERTNESS

We focus our attention on models in which HRD is able to avoid minor shortage whenever it is alert to the situation
(but not major shortages).

From time instant t0 HRD has initial alertness. Therefore due to alertness, HRD can avoid W attritions of type B. Then
the first minor shortage occurs at the instant t The shortage at this instant creates an alertness sensation to HRD.

w+1
Again W, (say) attritions of type B are avoided. The second minor shortage occurs at tW1+W2+2. Therefore , shortages
due to attritions of type B occurs at t, ;. Ty, v .20 Ty iw swear ----We study the problem when Wy, Wp,Ws,... are

identically distributed independent random variables, independent of the instants of occurrences and independent of the
major shortage process. The inter-occurrence times of the minor shortages are independent and identically distributed

positive random variables with distribution function Z - LOPW =n)=E,[F,,,(t)] where Fy(t) denotes the
n=0
n-fold convolution of F(t) with itself and E,y denotes expectation with respect to W.

Let G(t)= E,, [F,,;(t)], As the organization starts recruitment at time T, the number of minor losses due to type B,
S(T) has a probability function P[S(T)=n/T]=G(T)-G, ,(T), G,(x) is the n-fold convolution of G(x) with
iself.Go(x)=1 if x>0; Go(x)=0, Otherwise.

Let R=R;+ Ry+...+ Ry« be the total recruitment time where S(T) and N are the number of minor and major shortages
that have occurred.

We note from the assumption that

P(R<y, S(T)=n/N T)=L.(¥)[G,(T)-G,.(T)]

Since V has Erlang distribution of order 2
X

P(T<x S(T)=nR<y/N)=L(y)[[G,(2)-G,.(2)]d , (2) )

0

We note the cdf (V(x)) of type A occurrence is
V(x)=1-e* —1e ™™ and pdf v(x)= 1(Ax)e ™
ax ()™

2n-1

Wenote dV, (x) =V, (x)=A1e"
So, we get

P(T<x Rey)= @ 3L, ofte,0-C, e o
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Introducing Laplace Stiljies transform of P(T<x, R<y)

E(ee™)= ”ef“e "dP(T <x,R<Y)

w o o0 . /1X)2r -1
= a(1-a)l"™ () A e[ G, (x)- ie“(
>3 (1-a)™ ()4 o [6,()-Guu(x)]ae e .
Here I(.) denotes the pdf of L(.)
On simplification, we get
_AA=a)l(n) (1-g*(e+4-A)) B (1-g'(s+2+4))
2\/a|*(,7) (e+A-A)1-1'(n)g (e +A-A)) (e+A+A)(1-1"(7)g (e +A+A))
Here A=/l (n)a
where g(.) is the pdf of G(.)
Put n=0 in equation (4), we get
E(e_ﬂ):ﬂ(l—a) 11
2Va | (s+i-aa) (s+2+4va)
®)
Using differentiation in equation (5), we get
E(T)=———
() A%(1-a)
(6)
Put e=0 in equation (4), we get
SN o [ Y o ML) I o )
al’(n) | (A=A)1-1"(n)g" (A-A)) (A+A)(1-I"(7)g" (A+A)) -
Here A=1./I"()a
Using differentiation in equation (7), we get
1 (1-+/a) (1+a)
E(R) == |1-— r— ~2Ja|E(R)
2|y [l o [

4. NUMERICAL ILLUSTRATION

We have

o o
)= 3 FusOPW =) =&, 1R, 0] and g ()= 5~ 0( 52
o

(5+24)

By taking P (W :0):%, wegetg (1)=

We fix the value a=0.5 and E(R;)=2 and the fixed different values of & ( Say 6= 10,20,30,40,50,60) and varying the

parameter A=5,10,15,20,25,3 in the equation (6) and (8), we get
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Table of E[T]

E[T]
9>
) 10 20 30 40 50 60
5 0.1600 | 0.1600 | 0.1600 | 0.1600 | 0.1600 | 0.1600
10 | 0.0400 | 0.0400 | 0.0400 | 0.0400 | 0.0400 | 0.0400
15 0.0178 | 0.0178 | 0.0178 | 0.0178 | 0.0178 | 0.0178
20 | 0.0100 | 0.0100 | 0.0100 | 0.0100 | 0.0100 | 0.0100
25 | 0.0064 | 0.0064 | 0.0064 | 0.0064 | 0.0064 | 0.0064
30 | 0.0044 | 0.0044 | 0.0044 | 0.0044 | 0.0044 | 0.0044
2D-Graph of E[T]

e Plot of Expectation of T
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As the value of 8 increases, E[T] remains the same and when the value of A increases,E[T] decreases.

Table of E[R]

E[R]
57_) 10 20 30 40 50 60
5 9.4142 | 17.4142 | 25.4142 | 33.4142 | 41.4142 | 49.4142
10 54142 | 9.4142 | 13.4142 | 17.4142 | 21.4142 | 25.4142
15 4.0809 | 6.7475 | 9.4142 | 12.0809 | 14.7475 | 17.4142
20 3.4142 | 54142 | 7.4142 | 9.4142 | 11.4142 | 13.4142
25 3.0142 | 4.6142 | 6.2124 | 7.8142 | 9.4142 | 11.0142
30 2.7475 | 4.0809 | 5.4142 | 6.7475 | 8.0809 | 9.4142
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2D Graph of E[R]

plot of Expectation of R
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3D Graph of E[R]

Surface Plot of Expectation of R
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From the above table, as the value of § increases, E[R] increases and the value of A increases, E[R] decreases.
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