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Abstract: Leaving of personnel in any organization is a common phenomenon.
This results in the loss of manpower and recruitment is suggested to make up
the manpower deficiency. At the same time it may be observed that frequent
recruitments are not suggested since it involves cost and time. Hence the pro-
cess of recruitment is postponed till the cumulative loss of manpower crosses
a particular level known as threshold. Determination of the expected time to
recruitment is an important aspect of studying manpower planning. In this
paper the expression for expected time to recruitment is obtained under the
assumptions that the interarrival times between the successive epochs of de-
cision making are constantly correlated where as interarrival times between
the successive epochs of transfer of personnel to sister organizations are i.i.d
randomvariables.
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1. Introduction

In an organization, the depletion of manpower takes place due to two different
cases:

1) whenever the policy decisions regarding pay, perquisites and work sched-
ule are revised and

2) due to transfer of personnel to the other organization of the same manage-
ment. When the shortage of manpower occurs, immediate recruitment cannot
be carried out due to the expenditure involved. Hence the depletion of man-
power is allowed till the total magnitude of depletion crosses a particular level
called the threshold. As and when the total depletion of manpower crosses
the threshold level the process of recruitment is started .The Authors [5] have
discussed a stochastic model for estimating the expected time to recruitment
under the assumptions that i) the depletion of manpower is in terms of persons
leaving at every epoch of decision making and at every epoch of transfer and
hence they are in terms of discrete random variables. ii) the recruitment is
carried out as and when the total depletion crosses a level called the threshold
which is a discrete random variable.

In this paper it is proposed to determine the expected time to recruitment
time under the assumption that the interarrival times between successive epochs
of policy decisions are not independent but correlated, whereas the interarrival
times between successive epochs of transfers are i.i.d random variables.

In obtaining the expression for expected time to recruitment the result
due to Gurland [2] has been used .Shock model approach to determine the
expected time for Recruitment has been discussed by R. Sathiyamoorthy and
R.Elangovan [3]. R.Sathiyamoorthy and S.Pathasarathy [4] have obtained the
expression for the expected time to Recruitment in a two grade organization
using shock model approach.

2. Assumptions

1. In an organization, The depletion of manpower occurs whenever the policy
decisions are announced. The interarrival times between decision epochs are
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random variables having exponential distribution with parameter a . These
random variables are constantly correlated and exchangeable but not indepen-
dent.

2. The depletion of man power also occurs due to transfer of personnel and
the interarrival times between successive epochs of transfer are i.i.d random
variables having exponential distribution with parameter λ.

3. As and when the total depletion due to the above two reasons crosses
the threshold which itself is a random variable, recruitment becomes necessary.

4. The two types of depletion are linear and additive.

3. Notations

Xi- a continuous random variable representing the amount of depletion of man
hours due to the ith epoch of policy decisions. X ′

is are i.i.d random variables
having exponential distribution with parameter α .

Yj – a continuous random variable representing the amount of depletion of
man hours due to the jth event of transfer of personnel. Y

′

j s are i.i.d random
variables having exponential distribution with parameter µ.

h(.) = p.d.f of Xi

k(.) = p.d.f of Yj

ui – a random variable denoting the interarrival times between decision epochs.
u

′

is are constantly correlated and exchangeable random variables with exponen-
tial distribution with parameter a.

vj – a random variable representing the interarrival times between the suc-
cessive epochs of transfer . v

′

js are i.i.d random variables with exponential
distribution with parameter λ.

f(.) = p.d.f of ui

g(.) = p.d.f of vj

Z – a continuous r.v representing the threshold level and is assumed to be
exponential with parameter c.

Fm(.) = c.d.f of

m
∑

i=0

ui, the sum of the interarrival times between decision

making epochs.
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Gn(.) = c.d.f of

n
∑

j=1

vj ,the sum of the interarrival times between the epochs

of transfers.

T – a r.v denoting the time to recruitment in the organizations.

X̃ = X1 +X2 + ...+Xm Ỹ = Y1 + Y2 + ...+ Yn
L(t) = P (T < t) =c.d.f of the time to recruitment of the system.

S(t) = Survivor function P (T > t)

L∗(S) = Laplace transform of L(t)

h∗(.) = Laplace transform of h(.)

k∗(.) = Laplace transform of k(.)

The probability that the total depletion of manpower on ”m” occasions of
decision making and ”n” occasions of transfer of personnel does not exceed the
threshold level is given as

P [X̃ + Ỹ < Z] =

∫ ∞

0
Qx̃+ỹ(z)c.e

−czdz

= c

∫ ∞

0
Qx̃+ỹ(z)e

−czdz

= c Q∗
x̃+ỹ(c)

But we know that

F ∗
m(s) =

1

s
f∗
(m)(s)

Using this result

P [X̃ + Ỹ < Z] = c
q∗
x̃+ỹ(c)

c

= q∗
x̃(c)q

∗
ỹ(c)

= [q∗(c)]m[q∗(c)]n

= (h∗(c))m(k∗(c))n (1)

Since X and Y are independent and Xi and Yj are i.i.d random variable.

4. Main Results

S(t) = P (T > t) = Prob that there are exactly ”m” occasions of policy making
and ”n” occasions of transfer and the total depletion does not cross the threshold
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Z in (0, t).

=

∞
∑

m=0

(Fm(t)− Fm+1(t))(h
∗(c))m

∞
∑

n=0

(Gn(t)−Gn+1(t))(k
∗(c))n (2)

S(t) =

{

1− (1− h∗(c))

[

∞
∑

m=1

Fm(t)(h∗(c))m−1

]}

{

1− (1− k∗(c))

[

∞
∑

n=1

Gn(t)(k
∗(c))n−1

]}

(3)

Now

L(t) = P (T < t) = 1− S(t)

= (1− h∗(c))

[

∞
∑

m=1

Fm(t)(h∗(c))m−1

]

+ (1− k∗(c))

[

∞
∑

n=1

Gn(t)(k
∗(c))n−1

]

− (1− h∗(c))(1 − k∗(c))
[

∞
∑

m=1

Fm(t)(h∗(c))m−1
∞
∑

n=1

Gn(t)(k
∗(c))n−1

]

(4)

Pdf is given by

l(t) = (1− h∗(c))
∞
∑

m=1

fm(t)(h∗(c))m−1 + (1− k∗(c))
∞
∑

n=1

gn(t)(k
∗(c))n−1

− (1− h∗(c))(1 − k∗(c))[

∞
∑

m=1

fm(t)(h∗(c))m−1
∞
∑

n=1

Gn(t)(k
∗(c))n−1

+

∞
∑

m=1

Fm(t)(h∗(c))m−1
∞
∑

n=1

gn(t)(k
∗(c))n−1] (5)

= (1− h∗(c))

∞
∑

m=1

fm(t)(h∗(c))m−1

+ (1− k∗(c))

∞
∑

n=1

λe−λt (λt)
n−1

(n− 1)!
(k∗(c))n−1

− (1− h∗(c))(1 − k∗(c))[
∞
∑

m=1

fm(t)(h∗(c))m−1



688 K. Usha, P. Leelathilagam, R. Ramanarayanan

∞
∑

n=1

∫ t

0

λe−λt(λt)n−1

(n − 1)!
(k∗(c))n−1dt

+

∞
∑

m=1

Fm(t)(h∗(c))m−1
∞
∑

n=1

λe−λt (λt)
n−1

(n− 1)!
(k∗(c))n−1]

= (1− h∗(c))

∞
∑

m=1

fm(t)(h∗(c))m−1

+ (1− k∗(c))λe−λt(1−k∗(c))

− (1− h∗(c))(1 − k∗(c))

∞
∑

m=1

fm(t)(h∗(c))m−1[
1− e−λt(1−k∗(c))

1− (k∗(c))
]

−

∞
∑

m=1

Fm(t)(h∗(c))m−1λe−λt(1−k∗(c))(1− h∗(c))(1 − k∗(c))

= (1− k∗(c))λe−λt(1−k∗(c))

+ (1− h∗(c))

∞
∑

m=1

fm(t)(h∗(c))m−1e−λt(1−k∗(c))

−

∞
∑

m=1

Fm(t)(h∗(c))m−1λe−λt(1−k∗(c))(1− h∗(c))(1 − k∗(c)) (6)

l∗(s) =
λ(1− k∗(c))

s+ λ(1− k∗(c))

+ (1− h∗(c))

∞
∑

m=1

f∗
m(s + λ(1− k∗(c))(h∗(c))m−1 (7)

−
λ(1− h∗(c))(1 − k∗(c))

s+ λ(1− k∗(c))

∞
∑

m=1

f∗
m(s + λ(1− k∗(c)))(h∗(c))m−1

−
dl∗(s)

ds
|s=0 =

1

λ(1− k∗(c))
−

∞
∑

m=1

f∗
m(λ(1− k∗(c)))

(h∗(c))m−1[
λ(1− h∗(c))(1 − k∗(c))

λ2(1− k∗(c))2
]

E(T ) =
1

λ(1− k∗(c))
−

(1− h∗(c))

λ(1− k∗(c))

∞
∑

m=1

f∗
m(λ(1− k∗(c))(h∗(c))m−1

(8)
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Gurland [2] has obtained the expression for the c.d.f of the partial sum Sm =
u1 + u2 + + um.
When the Random variables ui i = 1, 2,m are exchangeable, exponentially
distributed and are with constant correlation R.Gurland has derived that the
c.d.f of
Sm = U1 + U2 + + Um is Fm(x) = P (Sm ≤ x)

= (1−R)

∞
∑

i=0

(mR)i

(I −R+mR)i+1

ψ(m+ i, x
b
)

(m+ i− 1)!

where ψ(n, x) =
∫ x

0 e
−xxn−1dx and b = a(1−R)

andf∗
m(S) = Laplace tranform of fm(x) is

f∗
m(s) =

1

(1 + bs)m
(

1 + mRbs
(1−R)(1+bs)

) (9)

where b = a(1−R), a being the parameter of the exponential distribution.
Noting that the interarrival times between decision making epochs are con-
stantly correlated exponential variables with parameter a .

f∗
m(λ(1− k∗(c))) =

(1−R)[1 + bλ(1− k∗(c))]1−m

(1−R+ (1− k∗(c))[bλ − bλR+mRbλ]

h(.)and k(.) are exponentially distributed with parametersα, µ

h∗(c) =
α

α+ c

k∗(c) =
µ

µ+ c

1− h∗(c) =
c

c+ α

1− k∗(c) =
c

c+ µ

E(T ) =
1

λ( c
c+µ

)
−

c
c+α

λ( c
c+µ

)

∞
∑

m=1

(1−R)[1 + bλ(1− k∗(c))]1−m(h∗(c))m−1

(1−R+ ( c
c+µ

)[bλ− bλR+mRbλ]

=
c+ µ

cλ
−

(c+ µ)2(1−R)

λ(c+ α)

∞
∑

m=1

( c+µ
c+µ+bλc

)m−1[ α
α+c

]m−1

(c+ µ)(1−R) + bλc(1−R+mR)
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From this we can find expectation of time to recruitment . As the serious
is infinite, it is tedious to find out. We can also have the finite occasions of
decision making and transfer of personnels as a special case.

Suppose two occasions of policy decisions and n occasions of transfer of
personnel are considered.

Put m=2

E(T ) =
c+ µ

cλ
−

(c+ µ)2(1−R)

λ(c+ α)
[

1

(1−R)(c+ µ) + bλc
+

(c+ µ)α

(c+ µ+ bλc)(α + c)((c + µ)(1 −R) + bλc(1 +R))

]

We discuss some numerical examples for the above case.

5. Numerical Example

λ = 1.2 α = 1 b = 0.24 C = 0.24 µ = 2

6. Conclusion

As a value of α which is the parameter of the random variable representing the
amount of depletion at every epoch of policy decision increases then it is seen
that E(T ) which is the expected time to recruitment increases. This is due to
the fact that X is distributed as exponential with parameter α and E(X) = 1

α

As α increases E(X) namely the average amount of depletion decreases
hence E(T ) namely time to recruitment increases.
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As a value of µ which is the parameter of the random variable representing
the amount of depletion at every epoch of transfer of personnel increases then
it is seen that E(T ) which is the expected time to recruitment increases. This
is due to the fact that Y is distributed as exponential with parameter µ and
E(Y ) = 1

µ

As µ increases E(Y ) namely the average amount of depletion decreases
hence E(T ) namely time to recruitment increases.

As R, the correlation between the inter-decision time increases and hence
the mean time to recruitment increases
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