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Abstract
For uninterrupted service/operation, a main work force is employed when the workforce is inadeguate during peak hours; a reserve of
resource pool has to be maintained, to fulfill the necessity. In many cases, the optimal work force in the reserve pool is laborious to
determine or may be an approximate figure. To find the optimal manpower/resource pool, a mathematical model using Seady state
probability is coined for uninterrupted service. The model may be used for different other requirements like sourcing goods/materials
from suppliers, and to determine the optimal capacity of the in-house facility.

Keywords: Optimal manpower in Reserve pool, Steady state probability

* k%

1. INTRODUCTION

To provide an uninterrupted service the main waiddo is

employed. When the main workforce is not adequate f

absenteeism and such reasons, persons from theegsml
are utilized. Examples of additional nurses in tuspital,
ticket reservation desk — assistants in a resenwatystem or
machine operators in a factory, can be given twstithte this.
In this article, we discuss a model, constructed some
approximating assumptions, to determine an optimhber
of persons who are to be put in the reserve, ih sitoations.
It is perhaps worthwhile to note here that, theliappility of

statistical techniques for planning of man powéqugh in
somewhat a different context of deciding on theuigment,

training and promotional policies in an organizatiowhere
employees may move from class to class, has blestréted
by various authorfl].

2. MODEL AND ANALYSIS
2.1 Model

It is assumed that:

i) There are n machines and one operator operaids e

machine. These n operators form the main work fdrce
addition, there is a reserve pool in which there ar
operators.

i) In the absence of an operator of the main wanté, an
operator from the reserve pool is deputed in hacel

provided the reserve pool has adequate personisaat t

moment to permit this; if this is not possible &gatt
moment, this is done whenever, at earliest as lpashll
the machines have the same priority in this respect

i) Let F (.) be the distribution of the randomriable
which denotes the time after which an operatortlie

main work force) takes a break, and G (.) be the

distribution of the length of a break. Let uF ar@ e the
means of F (.) and G (.) respectively (0 < uF, ug) <

iv) No operator in the reserve pool is absent wihene is
a need. That is, if it is required, m operators alavays be
taken from the reserve pool.

v) Cost per unit time for an unmanned machine isa@d
the cost per unit time for a person in the res@wel is
Cc2.

vi) All the random variables are independent.

2.2 Analysis

We take the objective function as the long-termrage cost
per unit time.

Let N(t) give the number of operators (of the mawrk force)
absent at time t and S(t) the number of unmannezhima at
time t. then, if N(t) = m+j, S(t)=j; j=0,1..., n-mnlan interval
[t, t+At] the cost incurred is C1.S () + C2.m.At, whereAt
is sufficiently small. Thus, the long term expectsbt per
unit time can be written, as a function of m, as,
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. 1 T ) T
cim) = lim () E’[C‘lJ S(H)dt —r:szI d-
To= o o

=lm ., (C1/T) E[[ S(E)d] +C2m

Define Xi(t) =1, if N(t) = m+l, (i=1,2,...
otherwise. Then, S (t)Xi. Xi (t). And,

,n-m), Xift = 0,

i, , = E[[] S(T)d] = 55" flmy.., (7] E [} X0t = T iA,

0

= ImP(ri() =1)

If the limits exist (Lemma 2.2, Barlow and ProscH&75) [2,
4, 5]; next, let p () be the probability that gmecator is absent
at time t, since the operators act independentlyidentically.

F{ X:-(f: = ]_} m_ [ (I—)]'""_E: [l _,'j(r)]n—':m—:'."

By the theorem of steady state probabilities inva stage,
alternating renewal process [3-5]

P= ll_I}jP[f]' =pr [(Hr T g )

Thus,

im, . P(Xi(1)=1) = "C,.[pD)] " [1-p(r))nm*
........................ (d)

Hence,

n—m

i=1

It is straightforward to see that,

C(m) < (=)C (my)

If,

ZT- _1:‘:an ()™ =< (=) ‘3:.;'61
.............................. ®

The LHS of 2.1 is the complement of the binomialidibution

with parameters (rio). For m=0, the LHS SEN
€y

. Thus, if

-

19 > 74 , (0 <F _<1) then there exist a non zero unique

m such thaF( ) - < (m), m=0, 1 , h, since the LHS is

decreasing with m. the minimizing can be found, in this
.a-' C"" -'

case, as minimum m for which LHS- “Ci, and can be

calculated without any great difficulty. The binahi

distribution table may be used, and can be appratach by

the Poisson’s distribution table when n is largeq éor still

larger n the standard normal distribution table banused.

Also, we may note that, the optim?ari is a minimize as long
as,

ne =L am—e C’j ! - " T I e e TS
Z e, B @ < ¢ /2,05 Bpepoy T B)@)
s

2.3 Numerical Example
Cqy

Take ¥ = 0.05, ey 2 0.1; the following table gives the

™ for different values of n, and the sensitivity gan

_,-i

optimal
sy

of ( Ci) in which"* is optimal.

Table 1 Different Values of n, and optimgrE

n -_r.ﬁ C: I.'I
( " “1) Sensitivity

5 1+1 0.0226-0.2262
10 1+1 0.0861-0.4013
15 2+1 0.0362-0.171

20 2+1 0.0755-0.2642
30 3+1 0.068- 0.191

40 4+1 0.053 -0.143

CONCLUSIONS

A model is presented by which the optimal manpovner
reserve for an essential service may be determifiedugh
the assumptions of independence of the random blasia
assumption of uniform pay for the persons in theeinee pool,
etc. are somewhat restrictive, but overall, itusteindicative.
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In a numerical example, it is seen that the extempower
required for a fixed number of machines decreasabetotal
number of machines increases.

The same model may be valid for the situations,ctvtare
similar to that discussed here. For example, whereréain
commodity is sourced from different suppliers, whay stop
the supply for a temporary period sometimes, aedetlis an
in house sourcing also to make up for this the sanaysis
may be applicable to determine the optimal capadfitihe in
house facility.
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