
 
Abstract— It is a common phenomenon that some personnel 
leave an organization after completing a certain period of 

services to that organization voluntarily or involuntarily due to 

death, retirement or termination. It usually happens that 

whenever the policy decisions regarding promotion and target 

of work or sales to be achieved are revised, then, there will be 
exit of personnel, which in other words called the attrition or 

wastage. In any organization like marketing, industrial, 

software, the depletion of manpower due to policy decisions is 

quite common. This results in manpower attrition and then 

recruitment becomes necessary. Frequent recruitment is not 
advisable due to the cost of the same. Hence recruitment is 

postponed till a point called the breakdown point of total 

depletion beyond which the normal activities cannot be 

continued due to shortage of manpower. This level of 

allowable manpower attrition is called threshold. In this paper, 
a Stochastic model to determine expected time to recruitment 

and  variance  of time to recruitment with three sources of 

depletion of manpower attrition under correlated inter arrival 

times have been derived. A mathematical model is constructed 

and a performance measure namely the mean time to 
recruitment is obtained. The analytical results are numerically 

illustrated and the influences of nodal parameters on the 

performance measures are studied and relevant conclusions 

are presented The Stochastic model discussed in the paper is 

not only applicable to industry as a whole but also in a wider 
context of other applicable areas 
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I. INTRO DUCTIO N 

In an organization, the depletion of manpower can occur 

due to two different cases (i) Whenever the policy 

decisions regarding pay, perquisites and work schedule 

are revised and (ii) Due to transfer of personnel to the 

other organization of the same management occur. In 

real time, once the exit of personnel happens, the 

recruitment cannot be introduced as a result of it’s time 

overwhelming and costly. Once the total amount of 

wastage crosses a certain threshold level, the 

organization reaches an uneconomic status which 

 
 

otherwise be called the breakdown point and 

recruitment is done at this point of time. Many models 

have been discussed using different kinds of wastages 

and different types of distributions for the threshold. 

Such models could be seen in [2],[3],[4],[10]and [11]. 

The problem of time to recruitment is studied by several 

authors both for single and multi-graded systems for 

different types of thresholds according as the inter-

decision times are independent and identically 

distributed random variables or correlated random 

variables. In a multi-graded system, transfer of 

personnel from one grade to another may or may not be 

permitted. Most of these authors have used univariate 

CUM policy of recruitment by which recruitment is 

done whenever the cumulative loss of manpower 

crosses a threshold. In [16] the author has obtained the 

performance measures namely mean and variance of the 

time for a two graded system when (i) the loss of 

manpower and the threshold for the loss of manpower in 

each grade are exponential random variables (ii) the 

inter-decision times are independent and identically 

distributed exponential random variables forming the 

same renewal process for both the grades and (iii) 

threshold for the organization is the max(min) of the 

thresholds for the two grades(max(min)model) using the 

above cited univariate cumulative policy of recruitment. 

In [1] the authors have studied the maximum model 

discussed in [16] when both the distributions of the 

thresholds have SCBZ property. In [32] the authors 

have obtained the performance measures when the loss 

of manpower follows Poisson distribution and the 

threshold for the loss of manpower in the two grades are 

geometric random variables. Assuming that the inter 

decision times are exchangeable and constantly 

correlated random variables, the performance measures 

of time to recruitment are obtained in [12] according as 

the loss of manpower and thresholds are discrete or 

continuous random variables. In [20] the author has 

extended the results in [12] for geometric thresholds 

when the inter-decision times for the two grades form 

two different renewal processes. In [33] the author has 

studied the results in [12] and [16] using a bivariate 

policy of recruitment. In [29] these performance 
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measures are obtained when the inter-decision times are 

exchangeable and constantly correlated exponential 

random variables and the distributions of the thresholds 

have SCBZ property. In [31] the authors have studied 

the results in [16] when the threshold for the 

organization is the sum of the thresholds for the grades. 

This paper has been extended in [19] when threshold 

distributions have SCBZ property. In [13] the work in 

[31] is studied when the loss of manpower and 

thresholds are geometric random variables according as 

the inter-decision times for the two grades are correlated 

random variables or forming two different renewal 

processes. This author has also obtained the mean time 

for recruitment for constant combined thresholds using 

a univariate max policy for recruitment. In [17] the 

authors have studied the work in [16] when the 

thresholds for the loss of manpower in the two grades 

follow an extended exponential distribution with shape 

parameter 2. In [6], [7] and [8] the authors have 

considered a new univariate recruitment policy 

involving two thresholds in which one is optional and 

the other a mandatory and obtained the mean time to 

recruitment under different conditions on the nature of 

the thresholds according as the inter-decision times are 

independent and identically distributed exponential 

random variables or the inter-decision times are 

exchangeable and constantly correlated exponential 

random variables. In [9] the authors have also obtained 

the mean time to recruitment when the optional and 

mandatory thresholds are geometric random variables. 

In [21] the authors have studied the problem of time to 

recruitment for a two graded manpower system when (i) 

the loss of manpower in the organization due to i
th

 

decision is maximum of the loss of manpower in this 

decision in grades A and B (ii) the thresholds for the 

organization is max (min) of the thresholds for the loss 

of manpower in the two grades under different 

conditions using a univariate CUM policy of 

recruitment. They have also studied max policy of 

recruitment by assuming constant threshold. In [22] the 

authors have extended the work of [21] when the 

threshold for the loss of man hours in the organization is 

the sum of the corresponding thresholds of the two 

grades according as the thresholds are exponential or 

extended exponential thresholds. In [23], [24], [25] and 

[26] the authors have extended the results in [6] for a 

two grade system according as the thresholds are 

exponential random variables or extended exponential 

random variables or SCBZ property possessing random 

variables or geometric random variables. In [27] the 

authors have extended the results in [6] for a two grade 

system according as the optional thresholds are 

exponential random variable and the distributions of the 

mandatory thresholds have SCBZ property. For a single 

graded manpower system, in [19] the authors have 

obtained the mean and variance of time to recruitment 

when (i) the loss of manpower form a sequence of 

independent and identically distributed Poisson random 

variables (ii) the threshold for the loss of manpower 

follow geometric distribution and the number of policy 

decisions announced by the organization is governed by 

a renewal process with independent and identically 

distributed exponential inter-decision times. In all the 

earlier research work the monotonicity of inter-decision 

times which do exists in reality, is not taken into 

account. In [15] the above limitation is removed and the 

authors have obtained the mean time to recruitment for 

a single grade manpower system by assuming that (i) 

the inter decision times form a geometric process in 

which the monotonicity is inbuilt in the process itself 

(ii) the loss of manpower is a sequence of independent 

and identically distributed exponential random variables 

and (iii) the distribution of the threshold for the loss of 

manpower in the organization is exponential. In [5] the 

authors have studied the results of [15] for a two grade 

system when the threshold for the loss of manpower in 

the two grades are exponential thresholds or SCBZ 

property possessing thresholds or extended exponential 

thresholds or geometric thresholds. They have also 

studied this work in [28] by considering optional and 

mandatory thresholds for the loss of manpower in the 

two grades. In [14] the authors have extended the work 

of [24],[27] when the loss of manpower for the 

organization is the maximum of the loss of manpower in 

the two grades by assuming exponential, extended 

exponential and SCBZ property possessing thresholds 

for the loss of manpower. In all the above cited works, 

authors have assumed the loss of manpower is a 

sequence of independent and identically distributed 

random variables. Uma et.al [29],[30] suggested two 

models in which threshold distributions following 

exponential and having SCBZ property to overcome the 

problems with the constant threshold models. A 

stochastic model with threshold of two components are 

assumed and they are (i) allowable level of wastage and 

(ii) available manpower also called as backup resource 

was developed by Vijayasankar et al [34]. The total of 

the maximum allowable attrition and the maximum 

available backup resource are considered as threshold in 

that paper. The backup resource is nothing but the 

manpower inventory on hand which can be used 

whenever there is a necessity. In [18], Rojamary and 

Uma modifies the  results  in [34]  to find the   long -run 

average cost per unit time for a single grade system 

under univariate policy of recruitment. 

 

In the present paper, the  authors  extend  the  

results of  [34]  to find the expected time to recruitment 

and the variance  of  time to recruitment using a 

bivariate policy of recruitment  for a single grade 

system with three  components of  threshold  namely the  

maximum allowable attrition and the maximum 
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available backup resource and attrition due to transfer of 

personal from other organizations. 

 

II. MO DEL DESCRIPTIO N 

Consider a single grade organization with univariate 

policy of recruitment which takes decisions at random 

epoch. At every decision making epoch a random 

number of persons quit the organization. There is an 

associated loss of man-hours to the organization if a 

person quits. Let Sn be the survival time after (n − 1)
th

 

decision where n= 1, 2.3…. and let Xn  be   a continuous 

random variable representing the amount of depletion of 

manhours due to the n
th

 epoch of policy decisions. Let 

Tn : the cumulative loss of manhours in the first n 

decisions. Let K(·) : distribution function of Sn with 

mean  a > 1and G(·) : distribution function of Xn, n = 1, 

2, 3, . . . . Let   3,2,1iYi  are the   threshold  levels 

for  the  loss  of  man-hour and  are  assumed  to be  

continuous  random  variables where Y1 is  the 

maximum allowable attrition and Y2 is the maximum 

available backup resource , then the threshold of 

manpower depletion T = .+  . Let F(·) be the 

distribution function of T and W is the time to 

recruitment under the given  recruitment 
III. RESULTS 

In this section the expected time to recruitment is 

derived. 

 

By assumption the recruitment is made whenever the 

cumulative loss of man-hours exceeds the threshold T. 

Accordingly the time to recruitment W = S1, if T1> T. If  

T1 ≤ T then no recruitment is made till the next decision. 

If T2 exceeds T then recruitment is made and W = S1 + 

S2, otherwise no recruitment. In general, if Tk> T then 

recruitment is made and W = S1 + S2 + ... + Sk and if Tk 

≤ T no recruitment is made till the next decision. 
     
Consequently, 

E(W) = P(Ti ≤ T ≤ Tj+1 )  

= P(0 ≤ T − <  −  

)  

            =  

dF(u)dG(s)dGi (t).  

Assume that the loss of man-hours at the i th decision 

Xi, follows exponential distribution with parameter α.  

Then the cumulative loss of man-hours Ti follows 

gamma distribution with parameter α and i.  

Hence dGi (t) = dt, i = 1, 2, 3, . . . , 

Let ∼ exp(β) and ∼ exp(γ) , ∼ exp(δ). Since the 

p.d.f of T is the convolution of T1 + T2+T3 and it is 

given by 

f(u) =  

 

Now the time to recruitment in equation becomes  

E(W) =  

 dudG(s)dGi t) 

          = 

dudG(s)dGi (t) 

 On simplification, the time to recruitment is  

E(W) = 

 } 

Table 1: Numerical Illustration 

⅄ E(W) 

0.1 0.44 

0.2 0.88 

0.3 1.32 

0.4 1.76 

0.5 2.2 

0.6 2.64 

0.7 3.08 

0.8 3.53 

0.9 3.97 

1 4.41 
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Figure 1 Effect of mean survival on expected time to recruitment  

IV. CO NCLUSIO N 

⅄ is shown in Y axis and E(w) in x – axis. From the 

above table (Table 1) we observe that if the value of the 

parameter ⅄ increases, the expected time to recruitment 

increases as shown in table (Table 1) and graph (Figure 

1).  
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