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ABSTRACT
In this paper a two graded manpower system in which depletion occurs due to policy and transfer decisions which
form respectively two independent sources of depletion is considered. A stochastic model is constructed and using a
univariate Max policy of recruitment, the variance of time to recruitment is obtained when inter-policy decision
times form a sequence of exchangeable and constantly correlated exponential random variables. Analytical
results for the variance of the time to recruitment and other related performance measures.
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INTRODUCTION

Depletion of manpower occurs whenever announcing a new policy decisions (this form one source for depletion) in
any organization. Transfer decisions which are non-recurrent in nature may also lead to depletion of manpower,
thereby forming a second source for depletion. Frequent recruitment is costlier and hence recruitment is postponed
to a point called threshold, a maximum allowable loss of manpower, beyond which the organization cannot run as
usual. Consequently, a suitable decision on making recruitment is to be designed in order to offset the depletion of
manpower. Elangovan et.al [6] have initiated the study on recruitment problem for a single grade manpower
system with two sources of depletion and obtained the variance of time to recruitment using univariate CUM
policy of recruitment when the loss of man power in the organization due to the two sources of depletion, inter-
policy decision times, inter-transfer decision times, and the breakdown threshold for the cumulative loss of man
power in the organization are independent and identically distributed exponential random variables. Usha et.al[9]
have studied the work in[6] when inter-policy decision times are exchangeable and constantly correlated
exponential random variables. In [1] and [2] Dhivya and Srinivasan have extended the work in [6] for a two grade
manpower system according as the inter-policy decisions and inter-transfer decisions form the same or different
ordinary renewal process respectively. In [3], Dhivya and Srinivasan have studied their work in [1] and [2] using
univariate max policy of recruitment. In [4], Dhivya and Srinivasan have studied their work in [1] when the policy
decisions are classified into two types according to the intensity of attrition. In [5], Dhivya and Srinivasan have
studied their work in [1] when inter-policy decision times are exchangeable and constantly correlated exponential
random variables. The objective of the present paper is to study the problem of time to recruitment in [5] using
univariate Max policy of recruitment.

MODEL DESCRIPTION

Consider an organization taking decisions at random epoch (0,00) and at every decision making epoch a random
number of persons quit the organization. There is an associated loss of manpower if a person quits. It is assumed that
the loss of manpower is linear and cumulative. For i=1,2,3.. . let X; be a continuous random variables representing
the amount of depletion of manpower(loss of man hours) caused due to the i" policy decision in the organization. It
is assumed that X;form a sequence of independent and identically distributed random variables with distribution
G(.). Let X,,be the maximum loss of manpower due to the first m policy decisions in the organization. For
j=1,2,3...)let ¥; be a continuous random variable representing the amount of depletion of manpower in the
organization caused due to the j transfer decision. It is assumed that Y; form a sequence of independent and
identically distributed random variables with probability distribution function H(.). Let ¥, be the maximum loss of
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manpower in the organization due to the first n transfer decisions. For each i and j, X; and Y; are statistically
independent. Let C (C > 0) be the constant breakdown threshold level for the depletion of manpower in the
organization. Let the inter-policy decision times be constantly correlated exchangeable and exponential random
variables with distribution F(.), probability density function f(.)and parameter a, Let F,, (.)be the distribution of
the waiting time upto m policy decision times. Let the inter-transfer decision times be independent and identically
distributed exponential random variables with distribution W(.), probability density function w(.)and mean

#i(yz > 0). It is assumed that the two sources of depletion are independent. Let W}, (.) be the n-fold convolution of
2

W (.) with itself. The univariate Max policy of recruitment employed in this paper is stated as follows:

Recruitment is done whenever the maximum loss of man hours in the organization exceeds the constant
threshold C.

Let T be the random variable denoting the time to recruitment with distribution L(.),probability density function I(.),
Laplace transform I(s), mean E(T) and variance V/(T). Let Np(T) and Ny,qns (T) be the number of policy decisions
and transfer decisions taken until the time to recruitment T respectively. Let X Np(ry @and YNT ans. (D€ the respective
total loss of manpower in Np(T)and Nr,.qns. (T)decisions until the time to recruitment T.

MAIN RESULTS
o« ( Probability that there are exactly m policy decisions and n transfer
P(T>t) = Z Z decisions in [0, t)and the maximum loss of manhours due to m policy
n=0 \ decisions and n transfer decisions does not exceed the threshold C
By using laws of probability and from renewal theory [7],

P(T>1) = Z [Fn(®) = Frnsa (0] Z[W () = Wy OIPax(Tp T <O (D
where Fy(t) = Wo(t) =1.

Since
P(max(X,,, ¥,) <€) = [G(OI[H(O)]™ (2)
From (1), (2) and on simplification we get

(o)

L®) = [1-6(O)] Z m(OIGOI™ +[1= HOT ) Wa@HEI"
m=1 n

=1

“[1=6©)] ). F@IGOI™ 1= HOL Y Wh(OHEI
m=1 n=

1

@)
From the hypothesis we note that w, (t) = %ﬁ;fﬁ . Therefore we find that
[1=HOI ) Wa@HOI" = 1 - e teli-HON O
n=1
From (3) and (4) we get
1(t) = pz[1 = H(C)]e Hl1=HON 4 [1 - G (0)] Z e~ H1IHON £ (DGO
o m=1
(1= G(Oll1 ~ HC)] ). e tliHOLE, ©[G(C)™
m=1
()
The mean and variance of time to recruitment can be computed from (5) and from the result
E(T) = — [% [l‘(s)]] and E(12) = | [l‘(s)]] - Thus we get
= s=0
1 [1-6(0)] & -
E(T) = - 1-H(O))|lc(e))™? 6
() = =] #2[1_H(C)];1f[uz( OGO ©)
and
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2 201-6(C)]
E(r) = fulial = HEOT] [GO1™
b1 = HOW [ 1= H(O)] Z el ]
1-G(0)]
ﬁz Flialt = HEOT GO @

When K;,i = 1,2, ...,m are exchangeable and constantly correlated exponential random variables with correlation R,
Gurland [8] has obtained the expression for the cumulative distribution function of the partial sum
Sm :K1+K2 +"'+KmaS

) S Rl Y(mti¥))

P(Smgx)_(1_R);(1—R+mR)i+1 (m+i—1)! ®
where Y (n,x) = fox e % u" 1du and b = a(1 — R), a being the parameter of the exponential distribution.
Therefore in this paper

fn(s) = p—T 9
(1 +bs)™ (1 + (1—R)(1+bs))
Using (9) in (6) and (7), and on simplification we get
1 [1-60)] = (1-R)[1+bu(1-HC))]"” B
E(T) = - GO m1 10

) = =A@ ™ ialT— GO 20 1= K+ ban(1 = @)1 -8 77 ) (10)
and

. 2 C21-6O)] N A-R[+bu(1-HEO)]T" -

Ho (11— HOW |1 - H(C)]]zmzzl 1= R+ ba(1- HO)YA R mR) )
2[1 - G(C)]h?(1 = R) — -m(bu,(1—H(C))(1—m(1—R+mR))—m »
1+ buy(1—H(C GO (11
p2[1—H(O)] Z + b ( ))) [1-R+bu,(1-H()A-R +mR)]2 6Ol an
Special Case

Suppose X; and Y; , i.j = 1,2,3 ... ,follow exponential distribution with parameters a;and a, respectively.
In this case,
el (1= R)[1 + buye~%C]t-m

E(T) = — 1 — g~ Cm-1 12
() Uye~%C  p,e~%C X 1— R+ buye=*%¢(1—R+ mR) [1-e ] (12)
m=
and
—aiC hd —Qy -m _
E(TZ) 2 2670[1 1-R)1 ": bu,e C]l [1 _ e—OllC]m 1
[# e~ azC]Z [# e azC]Z 1 —R +b#2e aZC(l_ R +mR)
2e=Ch2(1 - R) wcvom (D226 (1 = m(1 = R+ mR)) = m Jp—
_ - _omC
+ v Z(1+bu e=®2C)= { [1—R+bieC(1— R+ mR)]’ }[1 e MC] (13)

(12) together with (13) give the mean and variance of the time to recruitment for the present case.
glgrife performance measures related to time to recruitment are presented below.
1. The average number of policy decisions taken untilo:Ehe time to recruitment T is
E(Np(D)) = f E(Nx(D)) l(t)dt
2. The average number of transfer decisions takegun(';il the time to recruitment T is
E(Nrrans (1)) = [ E(Nrpans (0) (01t = 1B (T)
3. The cumulative loss of manpower due to Np (3‘) policy decisions is
Xnpcry = EXDE(Np(T)) = E(Np(8))[E(Xai) + E(X3)]
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4. The cumulative loss of manpower due to Ny,qs. (T) transfer decisions is
Knitrans. 1) = EXDE(Nrrans (T)) = i E(DE(Ya;) + E(Y))]
5. Hazardrateat T = ‘©
1-L(t)

=p (t <T<t+ % > t) - 7““3?(:;(”
6. Average residual time for recruitment given that there is no recruitment upto time t.

_ _ 1) du

SE(T—t/T > ) =2————

CONCLUSION

The manpower planning model developed in this paper is new in the context of correlated inter-policy decision time.
This model can be used to plan for the adequate provision of manpower for the organization at graduate,
professional and management levels in the context of attrition. There is a scope for studying the applicability of the
designed model using simulation. Further, by collecting relevant data, one can test the goodness of fit for the
distributions assumed in this paper. The results given in this paper enable one to estimate manpower gap in future,
thereby facilitating the assessment of manpower profile in predicting future manpower development not only on
industry but also in a wider domain.
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