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Abstract

In this paper, the problem of time to recruitment is
studied using a univariate policy of recruitment for
a two grade manpower system in which attrition
which leads to loss of manpower takes place due to
two sources of depletion. A stochastic model is
constructed and the variance of the time to
recruitment is obtained when the inter-policy
decision times for the two grades form same
renewal processes but the inter-transfer decision
times form the two different renewal processes. The
results are illustrated and specific conclusions are
given on the influence of parameters over the
performance measures.
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1. Introduction

Many researchers [1], [2], [3], [4] and [5] have
studied the problem of time to recruitment for a
marketing organization consisting of two grades by
considering only one source (recurring) for depletion
of man power which takes place due to attrition as
the effect of policy decisions such as revision of pay,
targets etc. taken by the organization, using
univariate and bivariate policies of recruitment under
different conditions. In this context, Suresh Kumar
et.al [6] have obtained the mean and variance of the
time to recruitment for a two grade manpower system
when the exponential inter-decision times for the two
grades form two different renewal processes and the
threshold for the loss of man power in the
organization is minimum of the exponential
thresholds for the loss of manpower in the two
grades.
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Apart from the above cited source of depletion which
is recurring there is another source of depletion due
to transfer decisions which is non-recurrent. In the
presence of these two different sources of depletion,
Elangovan et.al [7] have studied the problem of time
to recruitment for an organization consisting of one
grade and obtained the variance of the time to
recruitment using a univariate policy of recruitment
when (i) the loss of man power in the organization
due to the two sources of depletion and its threshold
are independent and identically exponential random
variables. (ii) Inter-policy decision times and inter-
transfer decision times form the same renewal
process. Recently, Dhivya and Srinivasan [8] have
studied the work of Elangovan et.al for two grade
system and obtained several performance measures
by considering different forms of the loss of
manpower and its threshold for the organization. The
present  paper studies the problem of time to
recruitment for a two grade manpower system with
two sources of depletion when the renewal processes
governing the inter-policy decisions times for the two
grades are same but the renewal processes governing
the inter-transfer decisions times for the two grades
are different.

2. Model Description

Consider an organization taking decisions at random
epoch (0, ) and at every decision making epoch a
random number of persons quit the organization.
Each exit of personnel produces a loss in manpower
which is linear and cumulative. For i=1,2,3..., let
Xy;and X5; 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 Xz; are independent for each i and each
form a sequence of independent and identically
distributed  random variables with  probability
density functions g, (.)andgsz (. Jrespectively. Write
Bym = L%y and Ko = T, X5y For j=1.2,3..., let
¥,;and¥5; be the continuous random variables
representing the amount of depletion of manpower in
grades A and B respectively caused due to the j"
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transfer decision. It is assumed that¥,;and ¥zare
independent for each j and each form a sequence of
independent and identically distributed random
variables with probability density functions k4 (.} and
hz()  respectively. Write ¥4 =ZI72,¥; and
¥in, = Lj2, ¥5j. For each i and j X;;, Xz, ¥ajandV5;are
statistically mdependent. Let 5;(.Jbe the Laplace
transforms of s;(.). Let Z, andZ; be independent
exponentially distributed threshold levels for the
depletion of manpower in grades A and B with mean

2 and Ei(ﬁ‘_q, Bz = 0) respectively and let Z be the
g

Ba
threshold level for the depletion of manpower in the
organization with probability density function &{.].
It is assumed that the number of policy decisions
form a the same renewal process for the both the
grades governed by a sequence of independent and
identically distributed exponential inter-decision
times with distribution F(J, probability density

functionf (.7 and mean ui (uq = 0) respectively . Let
=1

the inter-transfer decision times for grades A and B
be independent and identically distributed
exponential random variables with distribution
W(.Jand V(.), probability density function w.Jand

v(.) and mean—and — (g4 125 = 0) respectively.
Hza Mg

It is assumed that the two sources of depletion are

independent. Let (' (.}be the m-fold convolution of

C{with itself. The univariate CUM policy of

recruitment employed in this paper is stated as
follows:

Recruitment is done whenever the cumulative loss of
man hours in the organization exceeds the threshold
for the loss of man hours in this organization.

Let T be the random variable denoting the time to
recruitment with distribution L(.), mean E(T) and
variance V/(T). Let Nz(TJbe the number of policy
decisions and Ny,zn= (T be the number of transfer
decisions taken in (0,T). Let Xy_ ., and ¥y be
the respective total loss of manpower in Nz (TJand
Nyyans (T)decisions incurred by the organization
during (0,T).

Main Results
The tail distribution of T is given by
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Probability that there are excatly m policy decisions in both grades
P(T = t) =4 mytransfer decision in grade A and nytransfer decision in grade B
and total loss of manpower does not crosses the threshold Z

P(T=1t)= i Zx:

[V, (6) -

=

[Fm () — rr+1_':t'][r"1' ':r'_ r'1+1':r']

.

[f’n;+1{f:']P(-:'Frr.,-t + Epg + i}i".,_.i'l' l}i’!;g = 3] 1)

Invoking to the law of total probablllty we get
P[XM+XM+VM+Y < Z)
= Jg P(Rma+ g + Vpa+Fp <2) k(@dz (2

By considering three kinds for the threshold Z,
explicit expressions for E(T) and V(T) are obtained
below with the help of (1) and (2).

Case (i) Z = min{(Z,. Zg)

In this case it can be shown that

k(z) = (8 +65)eBarbale 3)
From (1),(2)and (3)

P> 1) = ) [F(0) = Frsn (0116406, + 62556, + 61"

=0

T =W () — Wy ()] [Ra(B, + EB-:I]H:I.
eV, () = Vi s O] [Ra(64 + 6] ™
On simplification, it can be shown that
B(T=t) {1 —[1— §4(04+ 05155084+ 65)]
Ei‘f‘.: 1 Fm (EI[F 484+ 8508506, + 8511 i"'u—l}
(1= [ RafBa + 85)] B W, ()[Rl + 8]}
':\1 —[1 - EII:E; + EI}]E::_: E’;:':[‘-}[E I’ﬁ'_ +e]}]-|:':|}(4)
R R R 1
[m—- ﬂ' {t:] = '.i'!,_ o
g P2ENR]

TigTHzalpmy—1

Sincefy, (£) ==

i

and v, () = by hypothesis, we find that

[ny-11

[1 - 34 08: + 62 Gal B + 62)] Z F (60506 + 8505208, + 5,01

=1— g—_ui[j.—gﬂ.jaﬂwajgaiﬂﬂ+E3It

[t —Ra(Ba+ 8)] T2 oy W, (0)[Ra(6, +650]

—1—g —ppall-R B, +B01E

— - = . e L+
[1 —hal8s + 85)] E5 =1 Vi, (8)[R5(8, + 65)]
— 1 — g~ Hasli-Fe(f+8et

-1

()
Therefore from (4) and (5) we get

L(f)=1-¢ (s [1=F 08+ B Fp Bt Bl iy gl -4 (8 +8g) ]+ o[- g B+ B 2

which is exponential distribution with parameter
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P'-:l[j- — Fa(8+ B F, ':E.: + En}] +.“-=.-:|_1 - E-'. (&, + En:'J +

Hzg [1 - Hl (g, + En:']

We now obtain several performance measures from
(6).

From (6) we get

E(T) = !

w1[1 = Ga(Ba + 85)F5(8a + B0 + tza[l — Ba(8a + 62)] + tza[1 — Rz (8a+ 65)]
1

ViT) = — — Z
[-“1[1 —Fa(Bat 05)35(84 + 85)] + wga[1 — By (Ba+ 85)] +az[L — Rs(fs + GB:'H

Hazard rate at t =

P'-:l[j- — Fa(8,+ F)F (8, + En:'] +.“-=.-:|_1 - E-'. (&, + En:'J +

Hag [1 - Hn g, + En:']

Probability that recruitment takes place in (t, t+dt)
given that there is no recruitment in [0,]
=Pt =T =<t+dit/T =1t)

=[1-¢ [y [T 4(8+85) 7o B +0E) ]+ 0o g [1- T4 B+ B 400 p[1-ia B+ 8] dr]

Average residual time for recruitment given that there
is no recruitment upto time t.
=ET—t/T=t)=

1
wlL-ga8,+85)0508, +8g )+ a1 —R 180 +851 )+ 0o glL - Rg(8 4 +85)]
Again from (6) one can prove the following results
using law of total probability for expectation.
Average number of policy and transfer decisions
required to make recruitment at T
= (uy + paq + 825)E(T)
Average  total loss  of
toNp (TJandNyyans. (T)decisions

= [E(X0) + E(X D] 4 22 E( V) + 5z EC¥2 ) }E(T)

manpower  due

Case (ii) Let Z = max{Z4, Zg)

For this case,

k=)= |_ﬁ'i g% + A e % — (6, + 6,) E'_l:g-"gl?‘J @)
From (1),(2)and (7)

P(T=1)= z [Fn(£) — Em s (£)] [ G080 F5(8,01™
m=0

D 0, (0 = W s [Fa@]™ ) (8 = Vi (0] [Ra@]™
= =0

=0
+ D [An(®) = B (] 408558501
m=0
D W, (8) = W01 [Ra6)]™ ) W4, (8 = V101 [Rg6)]™
n,=0 n;=0
= D" () = Fona ()] [F.4(8a + 65)85(8 + 6501
m=0

D 0, 6 = W1 B+ 8] ™ ) 9, 06) = Vi a0 [+ 650]™
[ ng=0

On simplification
PT>1)= 11 —[1 ~ 74080756, Z Ft) Lﬁ(ﬂd‘,@acrﬂﬂ)]*’-*}
m=1

11 -Ra(E] Y W, @R8] H1 [ - RalEn] Y Ve @[]
{ Anélr ZILTY Bnélﬂ =1L

+ 11 —[1 — Fa(8z)F5(85]] z Fm':r-:l[.Q_A(sﬁ':lg_ﬁ‘l:sﬁj]m_l]
m=1
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1—[1— Ry (85)] w, (e[ Rate, j.]“"1 1—[1 =R (8,0] ) v ()[R, (8,01

—{1 ~ 112,06+ 08,06, + 61 ) E (D86, + 6.5, (6, + 6,1

11 [R50 Y, W (R + e,)]”"l]ll ~[t-Faltg+ 1] ). o (0ol +9s?‘]mﬂ]
=t

®

Using (5) in (8) we get

PT>8= g-[uili-g,,[a,q)gaiﬂ,q ) ST R A g - - n
o~ [4[1-7a (8210 5(85) 1+ k2 alt - Ra )+ amlt ~Ria(B )]t _

@-[:aili-gl,q By +8g 10 (80 + 80 + g gl - g[8 +85 1+ gl -z 8, +80]]t

9)

It is known that
ETT) =r [y t™'P(T = t)dt, r=1 (10)
From(9)and (10) we get

1 1 1
E(T) = ¥, +§_E
T =2 o L E ot L L
v “nte a G

Ao~ geBr_ggTr

Hazard rate at time t = At Br_, Tt

Probability that recruitment takes place in (t, t+dt)
given that there is no recruitment in [0,t]
=Pt =T <t+dt/T =1t)

g Ay g Aty g By g B TEy T

g—Atpg—Br_ o—Tr

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

g~Ac Bt -Tr}

rxt fET B

g—At o -Br_-Tt

ZE(T —t/T=t)=

where _ _
A=yl - Fa808a(80] + ga[1 — ha(6)] + gs[1 — hs(6,)]

B = w1 — §a(85)d5(85)] + taall — hy(63)] + 125[1 — Rz (85)]

€ =111 = J4(8,+ 85) 3500 + B5)1+ tog[L ~ Ry(84+ 85)] + gL - (8, +5)]
(11)

From (9) one can prove the following results using

law of total probability for expectation.

Average number of policy and transfer decisions

required to make recruitment at T

=(uy+ pgq + pozJE(T)

Average  total loss of  manpower  due
toNp (T)andNpgns. (T)decisions
={[E(Hy) + E(X5)] + t24E (¥aj) + itasE (V5 ) }E(T)
Case (iii)letZ =2, + Zg
i 8485 —8gz —Baz
In this case je(z) = 2% [¢=% — g~2a2] (12)

From (1),(2)and (12)
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P(T=1)
= G T o (6) — B2 (0] [9.4(65) (1™

D W, () = Wi 1] [Ra(@20]™ D [V, () = Vs @] [ 00] ™
ng=0

n=0
s
GA - EB'

D () — o 1 (8] [Fa(0) G601

m=0

D W, (8 = Wi (0] [Ro(B0]™ ) [V () = Vi a0 [Ra(8.0]™

=0 e

On simplification

1
PT=t =—— {8675 — g e 4}
9}1 - EB

(13)
From (10) and (13) we get
—_ ! [8a 5
E{ﬂ_aﬂ-sa{s ﬁ.}
a2 (B 6 1 BL: EL: 26,85
"m‘eA-ea{gf,a:}‘[eﬂ_eﬁ]:{g:+,§= T }

B BB _g . Tr
fqe—Br_gge-At

Probability that recruitment takes place in (t, t+dt)

given that there is no recruitment in [0,t]

=P(t=T=t+dt/T =t}

E—Erl:l_e—Edrj_aae—}lrl:l_e—}ldrj

Hazard rate at time t =

Ba

gﬂE—Er_gag—}flr

Average residual time for recruitment given that there
is no recruitment upto time t.
E‘q E-E'I.' ." EEE-}‘E ."
- {4
gﬂg—ar_gae—}!r

=E(T —¢/T =¢t) =
Expected number of policy and transfer decisions
required to make recruitment at T
=(ps+ poq + u25)E(T)

Mean total loss of
toNp(T)andNyans. (T decisions
={uy [E(Xa0) + E(X5)] + 1 :AE(YAJ-'] + iggE [Yﬁﬁ'}E[m

manpower due

Note:
If X35, X5, ¥Vayand ¥g; follow exponential distribution

with parameters 4. @iz @o5 and @yp respectively,

7 B = s = W fhg
theng,(6,+ 65) = 5 sy a0t 85) = o 55
R b o P - [
Ra(6a +05) = —T3 5 AN BB, + 65) = 22 e

(14)
and explicit analytical expression for the performance
measures obtained for the cases (i),(ii) and (iii) can
be determined using (14).

Numerical Example:

The performance measures namely mean and
variance of the time to recruitment are obtained by
varying only one parameter and the results are
tabulated. The impact of the nodal parameters ey,
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and u;on these performance measures is given as
findings.
Table.1
(RLF:O . 1;|:t:_4_=0 . l,‘ﬂ:B=O .23 II'J:B=O .01;
.U:AZO.OE);EA:]_.O;EE:O. 1)

f1a | pyq Case(i) Case(ii) Case(iii)
E(T| V(T)| E(T)| W(T) | E(T)| V(T)
0T 005 | 9487 | 9359 | 152+ | 35118 I380 | T05Z1
] 005 | 0487 [ 9333 T6EL IETaT 1756 13550
] LR R R 1745 30273 1533 14751
07 005 | o751 9285 IT7E EREE ] 1558 15453
[y LR RN R 1798 32103 JE:E:0] 158452
05 [ §I0 [ 41730 o EG 3T 9733 3508
[ 03 FEEN R 350 1193 EE 1) 441
[ 03 IET [ 327 135 505 230 TEE
[ 0T I35 1T 178 1453 PEH IR L
[ 0g 105 1T 1.1 13E 165 131 L]

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

e When oy, increases and keeping all the
other parameters fixed, the mean and
variance of time to recruitment increase for
all the three cases.

e When u; increases and keeping all the other
parameters fixed, the mean and variance of
time to recruitment decrease for all the three
cases.

3. 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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