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ABSTRACT

Depletion of manpower due to attrition of personnel is a common phenomenon in any
marketing organization when the management takes policy decisions regarding pay,
perquisites and work targets. This depletion will lead to breakdown of the organization in due
course of time if it is not compensated by recruitment. Since the depletion of manpower as a
consequence of the inter-decision times is unpredictable and frequent recruitment which
involves more cost is not advisable, the organization requires a suitable recruitment policy to
plan for recruitment. In this paper, the problem of time to recruitment for a two grade
manpower system with two sources for depletion of manpower is studied by constructing two
mathematical models and using a univariate max policy of recruitment based on shock model
approach. Analytical results for some performance measures related to time to recruitment
are obtained for both the models. The results are numerically illustrated by assuming specific
distributions and relevant findings are presented.
Keywords: Performance measures for time to recruitment, Shock model approach, Two
grade manpower system, Two sources for depletion, Univariate max policy of recruitment.
1. Introduction

Early studies related to manpower planning were reported by a number of researchers
namely Young and Almond [1], Pollard [2], Bartholomew and Morries [3],Young and
Vassiliou [4], Grinold [5], Grinold and Marshall [6], Vajda [7], Mukherjee and
Chattopadhyay [8], Rao and Talwalker [9], Poornachandra Rao [10], Ragavendra [11] and so
on. In these articles, discussion is given on the description of the manpower system, historical

development of the system, elementary theory of wastages and their measures. Bartholomew
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[12] and Bartholomew and Forbes [13] have discussed some manpower planning models for
single and multi grade manpower system using markovian and renewal theoretic approach.
Many researchers [14], [15]&[16] have studied the problem of time to recruitment for single
and two grade manpower system using univariate and bivariate policies of recruitment by
considering policy decisions as the only one source for depletion of man power. Esther Clara
and Srinivasan [14] have studied the problem of time to recruitment for a single grade
manpower system with optional and mandatory thresholds for random loss of manpower
using univariate max policy of recruitment when the inter-decision times are exchangeable
and constantly correlated exponential random variables. Elangovan et.al [17] have initiated
the study on the problem of time to recruitment for a single grade manpower system with
two sources of depletion, one source being the policy decisions and other being the transfer
decisions, and obtained the variance of time to recruitment using univariate CUM policy of
recruitment with independent exponential breakdown threshold for the total loss of
manpower when the loss of man power in the organization due to the two sources of
depletion, inter-policy decision times, inter-transfer decision times, each forming a sequence
of independent and identically exponential random variables with different means. Recently,
Dhivya and Srinivasan [18] and [19] have extended the work of Elangovan et.al [17] for a
two grade manpower system under different conditions on the inter-policy decisions, inter-
transfer decisions and thresholds for the cumulative loss of manpower in each grade. The
objective of the present paper is to study the authors own works [18] & [19] using univariate
max policy of recruitment.

2. Model description of Model I:

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 the 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 the

continuous random variables representing the amount of depletion of manpower in the
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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 Y, be the maximum loss of manpower in the organization due to the first n
transfer decisions. For each i and j, X; and ¥; 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 independent and identically distributed exponential

random variables with distribution F(.) and mean Hi(ul > 0). Let the inter-transfer decision
1

times be independent and identically distributed exponential random variables with

distribution W(.)and mean Mi(uz > 0). It is assumed that the two sources of depletion are
2

independent. Let F, (.)be the m-fold convolution of F(.)with itself and W}, (.) be the n-fold
convolution of W(.) with itself. Let T be the random variable denoting the time to
recruitment with distribution L(.), mean E(T) and variance V(T). Let Np(T)be the number of
policy decisions required to make recruitment at T and Ny,,s (T) be the number of transfer
decisions required to make recruitment at T. 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 C.

3. Main Results for model I:

P(T >t) = Z Z decisions in [0, t)and the maximum loss of manhours due to m policy
m=0n=0 | decisions and n transfer decisions does not exceed the threshold C

© » {Probability that there are exactly m policy decisions and n transfer}
By using laws of probability and from renewal theory [20],
P(T > t) = 5 =0[Fn () = Fpua (D] X720 [Win () = Wi 11 ()]P(maxiifX,y,, 1) <€) @

where Fy(t) = W, (t) = 1.

Since

P(maxifX,,, ¥,) < €) = [G(O" [H(O]" (2)

from (1), (2) and on simplification we get

P(T>t)={1-[1-G(O)]Xn-1Fa (OGO IX{1 = [1 = HO] Zr_s Wa (OIH(O]* ) @)
. Mlme—ulttm—l ‘uzne—uzttn—l

From the hypothesis we note that f,(t) = o and w, (t) = o

Therefore we find that
[1-G(O)]XEoy E, (DGO = 1 — e 1l1=6(Ok
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and

[1-H(O)] T W OIH(O]M = 1 — emreli=HOk 4
From (3) and (4) we get

L(t) = 1 — e~ [1=6Otu2[1-HO]t 5)
which is an exponential distribution with parameter u;[1 — G(C)] + u[1 — H(C)].

We now obtain several performance measures from (5).

1
u1[1-G(O)]+u2[1-H(C)]
1
[11[1=G ()] +u [1-H(©O)]]”

iii. HazardrateatT = py[1—G(C)] + uy[1 — H(C)]
iv.  Probability that recruitment takes place in (t, t+dt) given that there is no recruitment
in [0,1]

=P(t <T < t+dt/T >t) =[1— e [1l1-6@Olul1-H©]at]

i. E(T)=

i. V()=

v.  Average residual time for recruitment given that there is no recruitment upto time t.

1
p1[1-G(O)]+u2[1-H(C)]

vi.  Average number of policy and transfer decisions required to make recruitment at T=
(i + u2)E(T)

vii.  Average total loss of manpower due toNp (T)and Ny,,,,s (T)decisions
={m[EXD] + ua[EQ)IE)

Special Case:

=E(T—t/T>t)=

Suppose X; and Y; follow exponential distribution with parameters a;and a, respectively.

! and V(T) = !

ule—a1C+’u2e—a2C [ule—a1C+Hze—a2C]

In this case E(T) = . The other performance

measures in (iii)-(vii) can easily be obtained.
4. Model description of Model I1:

In Model |, focusing on the characteristics namely loss of manpower, inter-policy
decision times and inter-transfer decision times is made not upon the two grades separately,
but on the organization as a single entity. More specifically, in model 1, the inter-policy
decision times (the inter-transfer decision times) for the two grades form the same ordinary
renewal process. In the present model, the above cited characteristics are focused grade

wisely and the inter-policy decision times (the inter-transfer decision times) for the two
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grades form different renewal processes.  For i=1,2,3...,let X ;and Xp; be the continuous
random variables representing the amount of depletion of manpower(loss of man hours) in
grades A and B respectively caused due to the i™ policy decision. It is assumed that X,;and
Xp; are independent for each i and each form a sequence of independent and identically
distributed random variables with distributions G,(.)andGg(.) respectively. Let X,,,, and
)?Bmz be the maximum loss of manpower in the first m; and m, policy decisions in grades A
and B respectively. For j=1,2,3...let Yj;andYs; be the continuous random variables
representing the amount of depletion of manpower in grades A and B respectively caused due
to the j transfer decision. It is assumed thatY,;and Yg;are independent for each j and each
form a sequence of independent and identically distributed random variables with
distributions H,(.)and Hg(.) respectively. Let Y, and Yz,,be the maximum loss of
manpower in the first n;and n, transfer decisions in grades A and B respectively. For each i
and J, X4;, Xpi, YajandYg; are statistically independent. Let the inter-policy decision times for

grades A and B be independent and identically distributed exponential random variables with

distribution F(.) and U(.) and mean “Land “L (414, t15 > 0) respectively. Let the inter-
14 1B

transfer decision times for grades A and B be independent and identically distributed

exponential random variables with distribution W(.)and V() and mean#iand HL
2A 2B

(424, H2p > 0) respectively. It is assumed that the two sources of depletion are independent.
All the other assumptions are same as in model |.
Main results for model 11
By using laws of probability and from renewal theory[10],
P(T > t) = X =0[Fny (©) = Fn 11 (O] X7 =0 Wy ®) = Wiy, 11 (O] X, =0[Un, (£) = Upy 11 ()]

X Xy =0lVny (6) = Viy 11 (1P (maxi®u, Yany Xy, Viny) <€) (6)
where
P(maxiX g, Yany, Xomy Yon,) < C) = [Ga (O] [Ha (O] [G5 (C)]2[Hp (€)]™2 @)
From (6), (7) and on simplification we get
P(T > t) = {1 = [1 = Ga(O) T3 =1 Fn, O[Ga (O™ 7 JX{1 = [1 = Hy (O] T3, =1 Wa, (O[HA (O]}

X{1 = [1 = Gg(O] X ,=1 U, OLGH(O]™2 7 }X{1 = [1 = Hz(O)] X7, =1 Vo, O [Hp (O)]"271}(8)

”1me—u1ttm—1

since f,, (£) = 2 and w, (1) = % by hypothesis, we find that

[1=Ga(O] X, =1 By D[G4 (O] =1 — 714 [L=Ga @t
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[1 = Gs(O] Zim,=1 Un, (DG (O)"2 7" = 1 — emr1sl1=68(O

[1 = Hy (O] 27y =1 Wa, (D[HL (O] = 1 — #2all-HalOlt

and

[1 = Hp(O)] Z50,=1 Vi, (D [Hp(C)]"2 7" = 1 — e7#2s1-HB (Ol 9)
Therefore from (8) and (9) we get

L) =1- e_[lllA[l_GA(C)]+H2A[1_HA(C)]+ﬂ13[1_GB’(C)]+H23[1_HB(C)]]t (10)
which is an exponential distribution with parameter p;4[1 — G4(C)] + pa4[1 — H4(C)] +

t1p[1 = Gp(O)] + p2pl[1 — Hp(O)].
We now obtain several performance measures from (10).

1
w14[1=G 4 (O +u24[1-H 4 (O)]+u15[1-G (CO)]+u2p[1-Hp (C)]
1
[£14[1=G4(O)]+p24[1-H 4 (C)]+p15[1-Gp (C)]+u2p[1-Hp (C)]]Z

i. E(T)=

i V() =

iii.  Hazardrate at T = p;4[1 — G4 (O)] + ppal1 — Hy(O)] + p1p[1 = G (O] + pap[1 = Hp ()]
iv.  Probability that recruitment takes place in (t, t+dt) given that there is no recruitment in

[0t]=P(t < T < t+dt/T > t):[l — e~ [r1a[1=GA(O)+u241-Hy (C)]+M13[1—GB(C)]+H23[l—HB(C)]]dt]

v.  Average residual time for recruitment given that there is no recruitment upto time t.

1
1#14[1=GA(O)]+u24[1-Ha(O]+p15[1-Gp (O)]+u2p[1-Hp (C)]

vi.  Average number of policy and transfer decisions required to make recruitment at T

=(u14 + paa + 1 + p2p)E(T)

SE(T—t/T>t)=

vii.  Average total loss of manpower due to Np(T)and Nr,q,s .(T)decisions
= {uaE (Xa;) + wpE(Xp;) + .UZAE(YA]') + ﬂst(YBj)}E(T)
Special Case:

Suppose Xyu;, Xp;, Ys; and Yg; follow exponential distribution with parameters a4, a1, @24

and a,p respectively.

1

= — - — 7
(41467148 +p e~ 1BC +ps e ~¥24C 4y g e~ 2BC]

1
2 1A 41 pe = 1BC 4pug e 240 4y ppe~@2BC

In this case E(T) = — and v(r) =

Note:

SUppOSG Xij = maX(XAi,XB]-), Xonymy = maxlgSml(Xij), Yo = max(Yyy, Yp) and ¥, ,, = maxise<n, Vo).
15 <m, 1<l<n,

For this X;;and Yy,
P(max(Xm, my» Ynymy) < €) = [G4 (O™ [Hy (O] [G5 (O)]™2[Hp (C)]2.

Therefore the performance measures for this choice of X;; and Y, are same as in model II.
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5. Numerical lllustration:

The mean and variance of time to
a %) Hq ) C E(T) V(T)
recruitment for both o1 15 (09 |07 | 225 | 1.3466 | 1.833 the  models are
numerica”y 0.3 15 0.9 0.7 2.25 | 2.0739 4.3009 i”ustrated by
. 05 |15 |09 |07 |225 |3.1032 | 10.0056
varying one parameter and
15 |01 |09 [07 [225 16956 | 28751
keeping all the other =103 109 (07 1225 | 25826 | 66699 parameters fixed.

15 0.5 0.9 0.7 2.25 | 3.8752 15.0170
15 0.9 0.1 0.7 2.5 13.1352 | 172.5338
15 0.9 0.3 0.7 2.5 12.3709 | 153.0395
15 0.9 0.5 0.7 25 11.6907 | 136.6717
15 0.4 0.7 0.1 25 18.7792 | 352.6589
15 0.4 0.7 0.3 2.5 7.8848 | 62.1701
15 0.4 0.7 0.5 2.5 4.9900 | 24.8998

Table 1
Model |

Table 2
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Model 11
(I.l]_AZO.7, ‘[1.13:0.2, I.IZA:]..E, HZB:0.8, C:15)

Hia | Hap | H24 | H2B E(T) V(T)
01 |02 |15 |08 |07371 | 0.5433
03 |02 |15 |08 |0.7258 | 05268
05 0.2 15 0.8 0.7149 0.5110
02 |01 |15 |08 |07620 | 0.5806
02 |03 |15 |08 |07032 | 0.4945
02 |05 |15 |08 |06528 | 0.4261
02 |15 |01 |08 |08417 | 0.7085
02 |15 |03 |08 |07601 | 05778
02 |15 |05 |08 |06930 | 0.4802
02 |15 |08 |01 |07197 | 05180

Qa | @1 | Q24 | A2 E(T) V(T)
0.1 15 0.4 0.3 0.5110 0.2611
0.3 1.5 0.4 0.3 0.5553 0.3084
0.5 1.5 0.4 0.3 0.5935 0.3522
15 (01 |04 |03 |0.6332 | 0.4010
15 (03 |04 |03 |0.6516 | 0.4246

Table 3 15 |05 |04 |03 | 06660 | 04435
Model Il 15 |04 [01 [03 [05039 [0.2539
(@14=15, a;5=0.4, 15 |04 |03 |03 | 06060 |0.3673 @3,=0.3, a,5=0.7, C=1.5)

15 0.4 0.5 0.3 0.7132 0.5086
15 0.4 0.3 0.1 0.5469 0.2991
15 0.4 0.3 0.3 0.6060 | 0.3673
15 0.4 0.3 0.5 0.6588 | 0.4340
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0.2 15 0.8 0.3 0.6852 0.4695
0.2 15 0.8 0.5 0.6539 0.4275

Findings:
From the above tables the following inference are presented which agree with reality,

i.  When a;and a, increase separately and keeping all the other parameters fixed in
table 1, the mean and variance of time to recruitment increase.

ii.  When py and u, increase separately and keeping all the other parameters fixed in
table 1, the mean and variance of time to recruitment decrease.

iii.  When aqu, a5, a4 and a,p increase separately and keeping all the other
parameters fixed in table 2, the mean and variance of time to recruitment
increase.

iv. ~When pqa, 15, U424 and u,p increase separately and keeping all the other
parameters fixed in table 3, the mean and variance of time to recruitment
decrease.

6. Conclusion:

The manpower planning model developed in this paper 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 findings 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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