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ABSTRACT

In this paper, the problem of time to recruitmensiudied using a univariate policy of recruitmémta single
grade manpower system in which attrition takes gdague to policy decisions. Assuming that the patiecisions and
exits occur at different epochs, a stochastic maxebnstructed and the variance of the time tourtoent is obtained
when the inter-policy decision times form a geomeprocess and inter-exit times form an ordinargesgal process.
The analytical results are numerical illustrated &me effect of the nodal parameters on the pediooa measures is
studied.
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1.INTRODUCTION

Attrition is a common phenomenon in many marketinganizations. This leads to the depletion of maveyo
Recruitment on every occasion of depletion is riMisable since every recruitment involves cost. ¢éethe cumulative
depletion of manpower is permitted till it reacletevel, called the breakdown threshold. If thaltddss of manpower
exceeds this threshold, the activities in the omgaion will be affected and hence recruitment lees necessary. Many
researchers have studied several problems in marpganning using different methods. In [1] and {28 authors have
discussed some manpower planning models for aesangdl multi-grade manpower system using Markoviahranewal
theoretic approach. In [17] the authors have aralythe problem of time to recruitment for a singtade manpower
system which is subjected to attrition, using thmévariate policy of recruitment based on shock naggproach for
replacement of systems in reliability theory. Id]1the author has studied the problem of time twuigment for a single
grade manpower system and obtained the variantdedime to recruitment when the loss of manpowems a sequence
of independent and identically distributed randoaniables, the inter- decision times form a georogtrocess and the
mandatory breakdown threshold for the cumulatives lof manpower is an exponential random variablaudigyg the
univariate cum policy of recruitment. In [19] thethor has studied the work in [14] using univariatel bivariate policies
of recruitment both for the exponential mandatdmeshold and for the one whose distribution hasSB8Z property.
In [12] the authors have analyzed the work in [dth (i) exponential breakdown threshold and (¥jended exponential
threshold having shape parameter 2 using the bieacum policy of recruitment. In [10] the authaslstudied the work
in [19] when the recruitment policies involve optéd and mandatory thresholds. In [13] the autha@reéehstudied the

problem of time to recruitment for a single gradanmower system by assuming that the attrition isegsted by a
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geometric process of inter- decision times usidgffarent probabilistic analysis.

In all the above cited work, it is assumed thatitaih takes place instantaneously at decision bpodhis
assumption is not realistic as the actual attritiolh take place only at exit points which may oaynnot coincide with
decisions points. This aspect is taken into accéamthe first time in [3] and the variance of ttime to recruitment is
obtained when the loss of manpower, inter-decidiores and exit times are independent and idenyicditributed
continuous random variables according as the manddireakdown threshold is an exponential randomakée or
extended exponential random variable with shaparpater 2 or a continuous random variable with S@Berty. In [5]
the authors have studied the work in [3] when titeridecision times form a sequence of exchangemideconstantly
correlated exponential random variables. In [4], [8] and [8] the authors have extended the retewmiork in [3] when
the inter-decision times form (i) an ordinary reaéwrocess (ii) a sequence of exchangeable andasthscorrelated
exponential random variables (iii) a geometric pss and (iv) an order statistics respectively usinglifferent
probabilistic analysis. Recently in [9] the authbess/e studied the results of [4], [6], [7], and [8&ing univariate Max
policy of recruitment. The present paper extendsrésearch work in [5] when the inter-policy demistimes form a

geometric process.
2.MODEL DESCRIPTION

Consider an organization taking policy decisionsaatiom epochs in @) and at every decision making epoch a
random number of persons quit the organizationrd ieean associated loss of manpower, if a persids.dt is assumed
that the loss of manpower is linear and cumulativer i=1,2,3..., let X be independent and identically distributed

exponential random variables representing the amofudepletion of manpower (loss of man hours) tué” exit point

with probability distribution function M(.), dengitfunction m(.) and meaé((x>0). Let § be the cumulative loss of

manpower in the first k exit points. It is assunﬂeﬂtA , the time between (i-f)and I" exits, form a geometric process of

independent random variables and c¢ (c>0) is tharpater of this geometric process. Let F(.) andbié.xhe distribution

and probability density function of Aespectively. LeB; , the time between the (i*1and " exit times, be independent

and identically distributed random variables witlolpability distribution function G(.), density futien g(.) and meaé

(6>0). Let Vk (t) be the probability that there are exactly k extnps in (0,t]. Let Y be the independent breakdown

threshold level for the cumulative depletion of pawer in the organization with probability distrtmn function H(.) and
density function h(.). Let g be the probability tleaery policy decision has exit of personnel. 8igg0 means exits due to

policy decisions are impossible, it is assumed ¢f0. Let T be the random variable denoting the timeecruitment

with probability distribution function L(.), dengifunction I(.) , mean E(T) and variance V(T). L@t() and u*(.) be the

Laplace - Stieltjes transform and the Laplace fans of U (.) and u (.) respectively. The univagigfUM policy of

recruitment employed in this paper is stated devia:

Recruitment is done whenever the cumulative loss ofian hours in the organization exceeds the breakdaow
threshold.
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3. MAIN RESULT

Our recruitment policy together with law of totabpability give the following expression for thel tdistribution
of T.

PT>9=> V(P& <Y) ()
K=0
We now obtain the distribution and the variancetiofe to recruitment by considering different threlsh
distributions.
Case (i):H(x) = 1-e”%

In this case from (1) we get

P(T>1 =[G () -G, (] a" @)
k=0
L= a in (t)a“? 3)
k=1
and
- aG(s)
L(S)=——— 4
(s) -2 G(s) @
wherea = E[e ?* Janda =1-a )

It can be shown that the distribution function @&f.}he inter-exit times satisfy the relation

G =q ). 1-q)"F, (X ()
n=1

Therefore from (4) and (6) we get on simplificattbat

C
EM= ————— 7
M= e-1+q) )
and

=~3( A _ 2 _ 2 _
v(T) = 2ac’(c-1+q) +(c” —1+qg)(ac” -1) @®)

(@) (c* ~1+q)(c-1+q)?

wherea is giving by (5)

(7) and (8) give the mean and variance of the tomecruitment for case(i).

Case (ii): H(X) =[1-e % F which is the extended exponential distribution veitiale parameté and
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shape parameter two [11].

In this case it can be shown that
Lo =2a » G ()a"-b> G, ()™
k=1 k=1

and

_ 2aG(s) _ bG(s)

HE) 1-aG(s) 1-bG(s)

wherea is given by (5) and =1- E[e "]

Therefore from (6) and (10) we get on simplificatihat

E(T) C {25:5}
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(9)

(10)

11)

(12)

:/l(c—1+q) ab

and

V(T):( : ]( : T 2fe-1+ 0)eca®)” - @)y b) + (¢ -1+ )@ab)” - (@)D)]- (13)
02—1+q ﬁB/\(C—l+q) (CZ_1+Q)(26—§)2

(12) and (13) give the mean and variance of the timrecruitment for case(ii).

Case (jii): H(x) = ple_(g””)X + pze_gzx, which is the distribution function with SCBZ preny [16].

8 -6
wherep, =—2 2 and p, =1-
B L+06,-6, P> P

In this case it can be shown that

L) = pa,Y G (Ha, "+ pp,Y G (H)b,™
k=1 k=1

E(S): QEZGN(S) + p2626~ (S)
1-a,G(s) 1-b,G(s)

whered, = 1- E[e'(gl”')x} , Ezz 1- E[e_gzx]

Therefore from (6) and (16) we get on simplificatihat

E(T):( c Jpﬁzwz@
Alc-1+q a262

and
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V() =[a2b2/](cc_1+q)J [(Cz _21+qjca2b2(c-1+q)(plbz *P3) 22 (0) + P,(8)°R) | = (4
[(p)?(B,)? +(p,)*(@,)" + 2p.p.20.]
(18) and (19) give the mean and variance of the timrecruitment for case(iii).
3.1 Note
i. When g=1, our results agree with the results if fadall the three cases.
ii. When c=1, our results agree with the results irf¢g8pll the three cases.
iii. When g=1 and c=1, our results for cases (ii) ai)dafie consistent with those of [15] and [18] restively

4. NUMERICAL ILLUSTRATION

The mean and variance of time to recruitment fobthe three cases are numerically illustrated byying one
parameter a time and keeping all the other paraméted. The effect of the nodal parameters onntlean and variance

of time to recruitment is shown in a table. Inthl cases we talke0.05.We consider the cases c<1 and c>1.

Table 1: (Effect of the Nodal Parameters on E(T) athV(T) )

a X q c Case (i) Case (ii) Case (iii)
E(T) V(T) E(T) V(T) E(T) V(T)
2 | 05] 08| 06 123 0.148x10 183 0.196x10 | 31.982 | 0.504 x10
4 | 05| 08] 06 243 0.584x10 363 0.752x10 | 61.864 | 0.856x10
6 | 05] 08| 06 363 1.308x10 543 1.668x10 | 91.747 | 1.058x10
05| 2| 08| 0.6 8.25 62.5556 12.9 96.750 2.392 88.291
05| 4| 08| 0.6 4.125 15.6389 6.0( 24.187 1.1P6 2.07
05| 6 | 0.8] 0.6 2750 6.9506 4.00 10.750 0.797 9.81(
05| 05| 0.8/ 0.6 33.0 1.000¥10 48.0 1.548 x1® | 9.570 1.412 x10
05| 05| 09| 06 264 0.651x10 38.4 0.926 x10 | 7.656 0.891 x10
05| 05| 1| 06| 220 0.455x10 32.0 0.624 x1d | 6.380 0.615 x10
2 | 05] 0.8] 25 89.130 0.893¥1Q 132.608] 0.999 xT0 | 23.175| 2.594 x10
4 | 05| 0.8] 25| 176.08f 3.296xX10 263.043] 3.888x10 | 44.829 | 4.392 x10
6 | 05| 0.8 2.5/ 263.048 7.211¥X10 393.478| 8.668 xT0 | 66.483 | 5.398 x10
05| 2| 0.8 25 50978 52.367 8.695 45.608 1.783 45.32,
05| 4| 08| 25 2989 13.091 4.347 11.402 0.8p6 11.33
05| 6 | 0.8 25 1992 5.818 2.898 5.0676 0.577 5.036
05| 05| 0.8 2.5 23.913 837.880 34.782 729.741 6.935 725.213
05| 05| 0.9 2.5 22.916 772.719 33.383 673.695 6.646 666.736
05| 05| 1| 25/ 22.000 715.000  32.000 624.00D 6.380 15.086
05| 05| 0.8 0.9 28.285 767.184 41.142  1.038x10 8.203 1.018 x10
05| 05| 0.8 0.8 29.333 810.951 42666  1.130°x10 8.507 1.097 x10
05| 05| 0.8 0.7l 30.80C 880.867 44800 1.274x10 8.932 1.215 x10
05| 05| 03] 1| 73.333 4.237x10 106.666] 6.933 xT0 | 21.268 | 6.834 x10
05| 05| 0.3] 1.5 41.250 1.755X10 60.000| 2.092x10 | 11.963 | 2.142 x10
05| 05| 03] 2| 33.84 1.391x1Q0 49.230| 1.412x10 | 9.8160 | 1.443 x10
5.FINDINGS

From the above table the following observationspaiesented which agree with reality,

i. Whena increases and keeping all the other parameted fittee average loss of manpower increases. Therefor
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the mean and variance of time to recruitment iregdar all the three cases.

As )\ increases, on the average, the inter-decision di@eeeases and consequently the mean and varifitiogeo

to recruitment decrease for all the three caseswhe other parameters are fixed.

As g, the probability that every policy decisiorstexit of personnel increases, the mean and variahtme to

recruitment decrease for all the three cases wienther parameters are fixed.

The mean and variance of the time to recruitmemtdacreasing or increasing according as c¢>1 or giqdte the

geometric process of inter-policy decision timestachastically decreasing when ¢>1 and increashmen c<1.

6. CONCLUSIONS

The model discussed in this paper is found to beermalistic and new in the context of considering

(i) separate points (exit points) on the time afas attrition, thereby removing a severe limitatiam

instantaneous attrition at decision epochs anda(iprobability for any decision to have exit poimatsd (iii) bringing

monotonicity by associating geometric process faeripolicy decision times. Our model is more dlgathan the

corresponding models with instantaneous attritibmlecision epochs, as the provision of exit pojtsvides a better

domain for the stochastic model, thereby enrichivggscope of the present research work in the psoce
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