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ABSTRACT

In this paper, the problem of time to recruitment is studied using a univariate policy of
recruitment involving two thresholds for a single grade manpower system with attrition
generated by its policy decisions. Assuming that the policy decisions and exits occur at
different epochs, a stochastic model is constructed and the variance of the time to recruitment
is obtained when the inter-policy decision times are exchangeable and constantly correlated
exponential random variables and inter- exit times form an ordinary renewal process. The
analytical results are numerically illustrated with relevant findings by assuming specific

distributions.
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1. Introduction

Attrition is a common phenomenon in many organizations. This leads to the depletion of
manpower. Recruitment on every occasion of depletion of manpower is not advisable since
every recruitment involves cost. Hence the cumulative depletion of manpower is permitted
till it reaches a level, called the threshold. If the total loss of manpower exceeds this
threshold, the activities in the organization will be affected and hence recruitment becomes

necessary. In [1, 2, 19] the authors have discussed manpower planning models using
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Markovian and renewal theoretic approach. In [6] the author has considered a single grade
manpower system and obtained system characteristics when the loss of manpower process
and inter-decision time process form a correlated pair of renewal sequence by employing a
univariate policy of recruitment. In [8, 10, 12] the authors have studied the problem of time to
recruitment in the single grade manpower system with attrition for different types of
thresholds. In [9] the author has obtained the optimum cost of recruitment for a single grade
manpower system using several univariate and bivariate policies of recruitment. The authors
in [5, 11, 15, 16, 17, 18] have studied this problem corresponding to correlated inter-decision
times under different policies of recruitment. In [7] the author has initiated the study of the
problem of time to recruitment for a single grade manpower system by incorporating
alertness in the event of cumulative loss of manpower due to attrition crossing the threshold,
by considering optional and mandatory thresholds for the cumulative loss of manpower in
this manpower system. In all the above cited work, it is assumed that attrition takes place
instantaneously at decision epochs. This assumption is not realistic as the actual attrition will
take place only at exit points which may or may not coincide with decision points. This
aspect is taken into account for the first time in [3] and the variance of time to recruitment is
obtained when the inter-decision times and exit times are independent and identically
distributed exponential random variables using univariate policy for recruitment and Laplace
transform in the analysis. In [4] the authors have studied their work in [3] using a different
probabilistic analysis. Recently, in [20] the authors have studied the work in [3] by
considering optional and mandatory thresholds which is a variation from the work of [7] in
the context of considering non-instantaneous exits at decision epochs. In the present paper,
for a single grade manpower system, a mathematical model is constructed in which attrition
due to policy decisions takes place at exit points and there are optional and mandatory
thresholds as control limits for the cumulative loss of manpower. A univariate policy of
recruitment based on shock model approach is used to determine the variance of time to
recruitment when the system has different epochs for policy decisions and exits and the inter-
exit times form an ordinary renewal process. The present paper extends the research work in

[20] for exchangeable and constantly correlated exponential inter-decision times.
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2. Model Description

Consider an organization taking decisions at random epochs in (0, «) 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. Let X; be the continuous random variable representing the amount of
depletion of manpower (loss of man hours) caused at the i*"exit point and S, be the total loss
of manpower up to the first k exit points. It is assumed that X;’s are independent and

identically distributed random variables with probability density function m(.), distribution
function M(.) and mean %((x>0). Let U, be the continuous random variable representing the
time between the (k-1)"and k™ policy decisions. It is assumed thatU . s are exchangeable and
constantly correlated exponential random variables with probability density function f(.),

distribution function F(.) and mean u. Let R be the correlation between U; and U, ,i= j and

v = u(1-R). Let W; be the continuous random variable representing the time between the

(i-1)™ and i™ exit times. It is assumed thatW, ’s are independent and identically distributed

random variables with probability density function g(.), probability distribution function G(.).

Let N,(t) be the number of exit points lying in (0,t]. Let Y be the optional threshold level

and Z the mandatory threshold level (Y< Z) for the cumulative depletion of manpower in the
organization with probability density function h(.) and distribution function H(.). Let p be the
probability that the organization is not going for recruitment when optional threshold is
exceeded by the cumulative loss of manpower. Let g be the probability that every policy
decision has exit of personnel. As g=0 corresponds to the case where exits are impossible, it
is assumed that q=0. Let T be the random variable denoting the time to recruitment with

probability distribution function L(.), density function | (.), mean E(T) and variance V(T).
Let A"()be the Laplace - Stieltjes transform of A(.). The univariate CUM policy of

recruitment employed in this paper is stated as follows:

Recruitment is done whenever the cumulative loss of manpower in the organization
exceeds the mandatory threshold. The organization may or may not go for recruitment

if the cumulative loss of manpower exceeds the optional threshold.
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3. Main Result

In this section, analytical expressions for the performance measures namely mean and

variance of the time to recruitment are obtained for different threshold distributions.

P(T>t)= P{ Total loss of manpower at the exit points in (0, t] does not exceed Y or the
total loss of manpower at the exit points in (0, t] exceeds Y but lies below

Z and the organization is not making recruitment }

L8 pT>t)=> PN, (1) =kIP(S, =Y)+ p > P[N, () =k] P(S, >Y) P(S, =z) (1)

r

d
ds’

Note that () =1-P(T >1); E(T) = (D[ L' ()l »T= 120

From Renewal theory [13], we have P[N,(t)=k]=G, (t)-G,,,t)andG,(t)=1 (2)

It can be shown that the distribution function G(.) of the inter-exit times W satisfy

the relation G(x) = qi(l_ a)"F, (X) - (3)

n=1

Therefore G'(s) = qi(l_ qQ)"F,"(s)

n=1
and

Using [14], we get

EW)

v, 2y_ 2A+Uu’R?a) , where q=1— (4)
EW?) = g=1-q
@Ry W o

We now determine the variance of the time to recruitment for different forms of the

distribution of the thresholds by assumingm () —1—e =, F(x) =1—e >, G(x) -
Case (I): H(y) =1—e * and H(z)=1-e**

In this case, it can be shown that

P(S, <Y) :jp[sk <Y /S, <x]mg (x)dx :_fe’”lxmsk (x)dx = aX
0] [0}
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P(S, <Z)=b*,Where a— E[e%*],b=E[e %*] with d=1-d 5)

From (1), (2) & (3) and on simplification, we get

L) =23 G, () a“* + p{b> G, () b** —ab> G, (1) (ab)** }

L sy — aG (s) +p{ bG™(s)  abG (s)

1—aG~ (s) 1-bG"(s) 1—abG7(s)
EM)=EW){1+£—5} (6)

and

a(1+u%R%q)(1-R)*+2av? {2b(1+u2R2q)(1—R)2+2bv 2ab(1+u%R%q)(1-R)%+2abv?
E(T") = (1-R) e (@)’ Pl wrreer (1-R)?c? (ab)? } )

where a, b, ab are given by (5).

We know that

V(M) =ET?*)-[EM] (8)
Equation (6) together with (7) and (8) give the variance of the time to recruitment for case(i).

Case (ii): H(y) =[1-e*1*and H(z)=[1-e*]* which are the extended exponential

distributions with scale parameter ¢and shape parameter 2.

In this case, it can be shown that

P(S, <Y) :jp[sk <Y /S, <x]mg, (x)dx :I[Ze’glx —e 2% mg (x)dx =2a" —b"
(o] [0}

P(S, <2)—2a" —b*, Where a=a(g,) = E(e %) ,b=b(26,) = E(e ***),

a, =a(6,), b, =b(26,)With d =1-d . C))
_ 2 1. 2p p_ 4p 2p 2p p (10)
E(T)*E(W){a b a b aa  ab ' ab bbl}
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and

E(T2) = 2EW)+4a[EW)” _ bEW?)+2b[EW )]’ oaE W2 a[EW)E  BEW?)+25[EW)P
(T ) - 2 - )2 + p Z\2 - 2
(a) (b) (a1) (b)

_ 4aaEW')Baa[EW))* | 2abEW’)r4ab[EW)® | 2apEWW’)+4ab[EM)’ _ bBEW’)+2bb[EW)L }
(aa, ) (@b, (@b’ (bb, (11)

Equation (10) together with (11) and (8) give the variance of the time to recruitment for
case (ii).

Case (iii): H(y)=pe " +qe ™ ,where ~ o,-0, _ __  _ and
= q, =1—p
' 4y + 93 - 94 T *
_ _(Og+u)2 _0.2
H(z) = p,e +q,e % ’where b OO0 .,  ae the

4y + O5 — G

distribution functions with SCBZ property.

In this case, it can be shown that

P(S, <Y)= J' P[S, <Y /S, <x]Img (x)dx :_"[ple’(gl“‘l)X + eI mg (x)dx = p,a“ +q,b"
o 0]

P(S, =Z) = p,a,* +q,b*, Where a —aeg, + ) = E(e ®**),b =b(8,) = E(e %),

8, = (0, + 415) +b, =b(0,) With g =1 _q - (12)
ET) = EON){&+$+ PP, , P,  PPP,  PP.d>  PP.Gh  P4d: (13)
a b a, b, aa, ab, a,b bb,
and

paEW?)2ap[EW)* | qbE(W)+2bg[EW)T ! poAEW?)+2a B [EW)P | apBEW?)+2bg,[EW)
E(r ) (a)? * (b)? * p (a;)? * (by)?

_ PippaaEW?)+2aa pip[EW)I® _ pigpabEW?)+2ah pi[EW) _ pothabE(W?)+2abp, [EW))®
(aay)* (ab, )? (ab )*

0,0, DB E(W?)+2bby gy, [E(W)J?
(bh)’ e
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where a,b ,a_l,Bl,a,@ ,a_bl,b_bland E(W), E(W?) are given by (12) and (4) respectively.

Equation (13) together with (14) and (8) give the variance of the time to recruitment for

case (iii).
Note:

(1)When p=0,our results for cases (i),(ii)& (iii) agree with the results in [3] for the manpower
system having only one threshold which is the mandatory threshold.

(i)When g=1,our results for cases (i),(ii)&(iii) agree with the results in [7] for the manpower
system with optional and mandatory thresholds having instantaneous certain exits in the

decision epochs.

4. Numerical Illustration
The mean and variance of time to recruitment for the cases(i),(ii) and (iii) are numerically
illustrated by varying the three nodal parameters R, « and p one at a time and keeping the
other parameters fixed. The effect of the nodal parameters on E(T) and V(T) is shown in the

following table. In the computations, it is assumed that & =0.01, €, =0.0067,q =0.5,v =2,
6, =0.008,0, = 0.012,6, = 0.004, 6, =0.009, 4 =0.012, 4, =0.009.

Table: Effect of nodal parameters on E(T) and V(T)

Rl | P Case(i) Case(ii) Case(iii)
E(T) V(M) E(T) V(M) E(T) v(T)
05 | 02| 04 225.9527 | 0.4288 x10° 322.5269 0.5403 x10° 225.1492 0.3052x10°

05 | 03 | 04 | 3345572 | 0.9606 x10° | 479.2673 | 1.2096 x10° | 333.3098 | 0.6856x10°
05 | 0.4 | 0.4 | 443.1592 | 1.7040 x10° | 636.0048 | 2.1448 x10° | 441.4678 | 1.2177x10°
05 | 05 | 0.4 | 551.7602 | 2.6589 x10° | 792.7412 | 3.3460 x10° | 549.6248 | 1.9016x10°
05 | 0.1 0.1 95.3347 | 0.7822 x10* | 137.4440 | 0.9931x10% 95.2446 6.2210x10°
05 | 01| 02| 102.6693 | 0.8936x10* | 146.8880 | 1.1364x10* | 102.4892 | 6.8037x10°
05 | 01| 03| 110.0040 | 0.9943x10* 156.3319 | 1.2618x10* | 109.7338 | 7.2815x10°
05 | 01| 04 | 117.3386 | 1.0842x10* | 165.7759 | 1.3694x10* | 116.9784 | 7.6543x10°
06 | 02| 05| 3005511 | 7.2125x10* | 426.4483 | 9.0321x10* | 299.2956 | 4.9698x10*
07 | 02 | 05 | 4007347 | 1.2900x10° | 568.5978 | 1.6167x10° | 399.0607 | 8.9125x10*
08 | 02 | 05| 601.1021 | 2.9115x10° | 852.8967 | 3.6504 x10° | 598.5911 | 2.0143x10°
09 | 02 ]| 05 | 1.2022x10% | 1.1720x10° | 1.7058x10° | 1.4707x10° | 1.1972x10% | 8.1313x10°
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5. Findings
From the above table, the following observations are presented which agree with reality.

1. When « increases and keeping all the other parameters fixed, the mean and variance
of time to recruitment increase for all the three cases. In fact, decrease in < increases
the loss of manpower on the average which in turn prepone the time to recruitment.

2. When R increases and keeping all the other parameters fixed, the mean and variance

of time to recruitment increase for all the three cases.

3. As p increases and keeping all the other parameters fixed, the mean and variance of

time to recruitment increase for all the three cases.

6. Conclusion

The models discussed in this paper are found to be more realistic and new in the
context of considering (i) separate points (exit points) on the time axis for attrition, thereby
removing a severe limitation on instantaneous attrition at decision epochs (ii) associating a
probability for any decision to have exit points and (iii) provision of optional and mandatory
thresholds. From the organization’s point of view, our models are more suitable than the
corresponding models with instantaneous attrition at decision epochs, as the provision of exit

points at which attrition actually takes place, postpone the time to recruitment.
References:

[1] D.J. Bartholomew, Stochastic model for social processes, (John Wiley and Sons, New
York, 1973).

[2] D.J. Bartholomew and F. Andrew Forbes, Statistical techniques for manpower planning,
(John Wiley and Sons, New York, 1979).

[3] A. Devi and A. Srinivasan, Variance of time to recruitment for single grade manpower
system with different epochs for decisions and exits, International Journal of Research
in Mathematics and Computations, 2, 2014, 23 — 27.

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
International Research Journal of Natural and Applied Sciences (IRINAS)
Website: www.aarf.asia. Email: editoraarf@gmail.com , editor@aarf.asia Page 136




International Research Journal of Natural and Applied Sciences
Volume-2, Issue-2 (February 2015) ISSN: (2349-4077)

[4] A. Devi and A. Srinivasan, Variance of time to recruitment for single grade manpower
system with different epochs for decisions and exits having correlated inter- decision
times, Annals of Pure and Applied Mathematics, 6(2), 2014,185 —190.

[5] K. Kasturri, Mean time for recruitment and cost analysis on some univariate policies
of recruitment in manpower models, doctoral diss., Bharathidasan University,
Tiruchirappalli, 20009.

[6] P. Mariappan, Study of some manpower models and their analysis, doctoral diss.,
Bharathidasan University, Tiruchirappalli, 2002.

[7] J.B. Esther Clara, Contributions to the study on some stochastic models in manpower
planning, doctoral diss., Bharathidasan University, Tiruchirappalli, 2012.

[8] S. Parthasarathy and R. Vinoth, Determination of expected time to recruitment in
manpower planning, Recent Research in Science and Technology, 1(3), 2009,

147 — 150.

[9] V. Saavithri, Cost analysis on some policies of recruitment in manpower models,
doctoral diss., Bharathidasan University, Tiruchirappalli, 2003.

[10] A. Srinivasan, P. Mariappan and G. Ishwarya, Mean time to recruitment in a single

graded manpower system with exponentiated exponential threshold, Antarctica
Journal of Mathematics, 8(3), 2011, 213 — 218.

[11] K.P. Uma, A study on manpower models with univariate and bivariate policies of
recruitment, doctoral diss., Avinashilingam University for Women, Coimbatore, 2010.

[12] R. Sathiyamoothi and S. Parthasarathi, On the expected time to recruitment when
threshold distribution has SCBZ property, International Journal of Management and
Systems, 19, 2003, 233 — 240.

[13] J. Medhi, Stochastic processes, (Wiley Eastern, second edition, New Delhi, 1994).

[14] J. Gurland, Distribution of the maximum of the arithmetic mean of correlated random
variables, Ann. Math. Statist., 26, 1955, 294 — 300.

[15] N. Poorni Perianayaki, and A. Srinivasan, Mean and variance of the time recruitment in
a single graded manpower system having correlated inter-decision times associated with
an univariate policy of recruitment when the threshold is continuous, Acta Ciencia
Indica, 34, 2008, 65 — 68.

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
International Research Journal of Natural and Applied Sciences (IRINAS)
Website: www.aarf.asia. Email: editoraarf@gmail.com , editor@aarf.asia Page 137




International Research Journal of Natural and Applied Sciences
Volume-2, Issue-2 (February 2015) ISSN: (2349-4077)

[16] N. Poorni Perianayaki, and A. Srinivasan, Mean and variance of the time recruitment in
a single graded manpower system having correlated inter-decision times associated with
an univariate policy of recruitment when the threshold distribution is discrete, Acta

Ciencia Indica, 34, M(1), 2008, 333 — 338.

[17] N. Poorni Perianayaki, and A. Srinivasan, Mean and variance of the time recruitment in

a single graded manpower system having correlated inter-decision times associated with

an univariate policy of recruitment involving a constant threshold, Acta Ciencia Indica,
34, M(1), 2008, 441 445.

[18] N. Poorni Perianayaki, and A. Srinivasan, Mean and variance of the time recruitment in
a single graded manpower system having correlated inter-decision times associated with

an univariate policy of recruitment when the threshold distribution has SCBZ property,
Acta Ciencia Indica, 34, M(3), 2008, 983 — 986.

[19] R.C. Grinold and K.T. Marshall, Manpower planning models, (North — Holland,
New York,1977).
[20] G. Ravichandran and A. Srinivasan, Variance of time to recruitment for a single grade

manpower system with two thresholds having different epochs for decisions and exits,
Indian Journal of Applied Research, 5(1), 2015, 60 — 64.

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
International Research Journal of Natural and Applied Sciences (IRINAS)
Website: www.aarf.asia. Email: editoraarf@gmail.com , editor@aarf.asia

Page 138



