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Abstract

The purpose of manpower planning is to best match future
manpower demand and supply in the light of multiple objectives such as
economic conditions, production/scale trends, people skills inventory,
government regulations, as well as organization history and policies
regarding personnel hearing, training, promotion, firing and retirement.
One of the essential components of a manpower planning system is
manpower forecasting, the process of anticipating the future size and
nature of the manpower force. Stochastic models have been widely used
in the study of manpower systems with different modes in series like
training, promotion, placement, etc. There are many industries and
organizations where the skilled personnel are to be recruited and they
must be given prior training before employment. In human resource
planning the training and induction of the right type of personnel is a
pressing problem. In this paper, we consider the optimal solution for the
manpower to be kept as reserve inventory at four different nodes in
series. Two different models have been discussed. Numerical illustrations
are provided using simulation studies.

Key words: Human Resource Planning, Reserve Inventory and
Optimal Solution.

1. Introduction be used as defined by James Walker?,
“Manpower planning refers to the rather
The term “manpower planning” will  complex task of forecasting and planning for
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the right numbers and the right kinds of people
at the right places and the right times to perform
activities that will benefit both the organization
and the individuals in it”, According to Grinold
and Marshall (1977), manpower planning must
be an ancient art, since manpower problems
have existed for centuries. People, jobs, time
and money are the basic ingredients of a
manpower system. A decision maker must be
aware of the interactions among these four
ingredients in order to formulate and evaluate
manpower policy. In the national level Human
resources development is an important aspect
of study and the manpower planning has to be
done taking into consideration the dynamic of
manpower availability and requirements. With
advancement of civilization, science and
technology, manpower is required to deal with
complex problems of varying nature in different
areas of real life, of course required with
specialization and skill. All these associated
problems of manpower requirements warrant
a systematic approach to the study of manpower
planning. The term manpower planning is also
known as human resource planning listed in
the recent literature for the detailed study refer
to Bartholomew?, Bartholomew and Forbes?,
McClean et. al. (1991).

The industrial and administrative
environment and structure largely contribute
to the socio-economic welfare of any nation.
The availability of appropriate type of manpower
is an important factor that contributes to the
task force available for the completion of
planned jobs and projects including industrial
production. The rapid advancement of science
and technology has thoroughly changed the
conventional requirements of manpower to
complete the jobs. It is in this context the
human resource development has undergone
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a rational change over the years. Hence the
methods of manpower planning have become
more complex as it includes the determination
of the equilibrium of manpower supply and
demands, Mathematical and stochastic models
have been applied to a large extend for the
conceptualization of real life situations as
appropriate mathematical models. Such a
process enables the achievement of solutions,
which would be precise, and advantageous.
Some interesting results can also we seen in
Susiganeshkumar and Elangovan®, Elangovan

et. al.*, Susiganeshkumar and Elangovan’.
There are many industries and organizations
where the skilled personnel are to be recruited
and they must be given prior training before
employment. In human resource planning the
training and induction of the right type of
personnel is a pressing problem. Recently there
has been considerable interest in developing
stochastic models for describing optimal
policies for item in inventory whose utility does
not remain the same with the passage of time.
Significant work has been done for describing
optimal ordering policies for units with fixed
life time. In this paper, we consider the optimal
solution for the manpower to be kept as reserve
inventory at four different nodes in series. This
is based on the inventory model for finding the
optimal size of reserve inventory at three
successive stations in series®.

This paper is organized as follows: in
Section 2 assumptions and notations are
discussed. The manpower reserve at four nodes
in series and results are discussed in Section
3. Two different models have been discussed
in Section 4 and Section 5. Numerical results
using simulation studies is also highlighted. A
summary of the results is shown in Section 6.
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2. Assumptions :
() The manpower system comprises of four
nodes namely the recruitment node, the
training node, probation period employment
node and permanent employment node.
The reserve of manpower inventory is at
three points namely in between recruitment
and training, training and probation period
employment and similarly between probation
period employment to permanent employ-
ment.

The delay in finding suitable candidates
after training for employment is very
costly.

(ii)

(i)

2.1 Notations :

The cost of excess candidates at the reserve
points 1, 2 and 3 are denoted as h;, h, and
hs called holding costs.

d;, d; and ds denote the cost arising due
to the shortage of candidates or manpower
at the two intermediate reserve points Ry,
R, and Rs.

The breakdown occurs at the recruitment
or entry point for a random duration t, and
has the p.d.f is g(t) and c.d.f. is G(z).
(iv) r1 denotes the constant rate of training of

(i)

(ii)

(i)
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personnel at the node Ry.

(v) r2 denotes the constant rate of probation
period employment of personnel at the
node R..

(vi) r3 denotes the constant rate of permanent
employment of personnel at the node Rs.

(vii) p1, p2, ps the mean interarrival time of
breakdowns of system Rj;, R, and Rs3
respectively.

3. Manpower Reserve at four nodes in series:

We consider a manpower system in
which the first node is the point of recruitment.
This second node is the training of the selected
before induction or employment. It may be
noted that if there is any delay or breakdown
at the first node namely the recruitment point
then the training will be delayed and ultimately
the shortage of trained personnel occurs. This
in turn affects the running of the industry or
organization. Similarly if there is any breakdown
at the training node there will be again shortage
of trained persons for employment. Therefore
a reserve inventory of persons is to be maintained
at three places namely in between first and
second nodes, second and third nodes and third
and forth nodes. The following configuration
explains the conceptualized model.

R1

Ro

Rs

)

S1, Sy, Sz and S, denote the four sections or
systems devoted to different activities

S1 = Recruitment division

S, =Training division

S3 = Probation induction section

o

S, = Permanent induction section

R; = Reserve of persons at the first stage
R, = Reserve of persons at the second stage
R3 = Reserve of persons at the third stage
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The reserves are in terms of man hours.

In this model it is assumed that if the
reserve of manpower is in excess then there
is a cost of excess and similarly if the reserve
of manpower is in shortage it involves the so
called shortage cost. So the problem is to
determine the optimal size of reserve at the
two different points namely between recruitment
and training and again in between training,
probation period employment and finally
probation period employment to permanent
employment.

3.1 Results

In this model it can be seen that the
total expected cost due to excess of manpower
inventory and also shortage is

E(c) =h,R +h2R2+h R

11 3 3
d, 7 R
+—=L I (t——l]g(f)df
U1 Ri/n 1
o8z [r—[&+&Dg(r)dr
U'l ﬁ ﬁ rl rZ
R
bl st
ulrl r.l ulrl r.l
R {1_6(&&}}_%{1_6
(P n n (L
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R Dg (r)dr
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A
(1.1)
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It may be observed that the first two
terms of eqn. (1.1) represent the cost of excess
of reserve of manpower, the third term is the
cost of training section due to shortage of
candidates and the fourth term is the cost due
to the failure production due to non availability
of manpower.

To optimal values of R;, R;and R3 can be
obtained by solving the equations.

OE(c) _ 0
7@R1 = (1.2)
OE(c) _ 0
?Rz = (1.3)
JE(c) _ 0
Ry (1.4)

On differentiating partially the above equations
with respect to R, and R, and equating to zero
we obtain,

Rﬂd 1_G[R1+R2+R3J o
r, pin r r, ry

(1.5)
R, R, R,
N =0
( h + Ct H (1.6)
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and

Mih

h3 &4_&

n I

{5 e

It may be observed that Leibnitz rule for the
differentiation of an integral namely
b(x)
[f(x, 1) dt = b'(x) f[x, b(x) ]-
a(x)
b(¥) ¢
a (f [x, a(x) |+ [ f(x, t) dx (1.8)
a(x) dx
has been used, in differentiating egn. (1.1) with
respect to Ry, Ryand Rj respectively. Solving
equations (1.5), (1.6) and (1.7), the optimal

143

values of Ry, R, and Rsare obtained. Rajagopal
and Sathiyamoorthy (2003) have discussed
similar such models in inventory management.

4, Model 1 :

Consider the case when G(.) has
uniform distribution over [0, a]. The down time
density of the recruitment is a constant and is
independent of time, that is, the down time
distribution is proportional to time.

The holding cost will arise when a < (Ry/r1 +
Ro/rp + R3/r3).

When a > (R1/r1+ Ra/ro+ Ralrs), the equations
(1.5), (1.6) and (1.7) present the following,

h - d, |:a—(R1/r1)}_ d, |:a_(R1/r1+R2/r2)}
T A a Ml a
_ds[a—(Rl/fﬁRz/fz’fRs/fs)}:o (1.9)
(L a
. d, {a_(R1/r1+R2/r2):|_ d, a_(R1/r1+R2/r2+R3/r3)}:0(110)
Mor, a Hily a .
and
d, [a=(R ,Jr, + R,/r,+ R, /)]
h _ 3 1771 2772 373 = 0
3 ulrl[ ; | (1.12)

On collecting the coefficients of R;, R,and R3 these three equations will be reduced to
the three simultaneous, linear equations in Ry, Ry and R3 as follows.

Consider the egn. (1.9) and it can be written as,

h, - d, dlz R, - d. + dzz R1+7d2 R,
H.fp pyr-a M. pyra H.Mra
d d d d
-—+ 2R+ 2R, +—2-R;=0
M pyna (SLAPEES Mififza
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hl—d1+d2+d3+dl+d22+d3Rl+d2+d3R2 d, R,=0 (1.12)
Ml M,roa Miff,a Hihrsa '
Consider the egn. (1.10) and it can be written as,
hz—d2+ d R, dzz Rz—d3+ d R, + d32 R,
H.h H.nra p.r, a 1P} pnra p.r, a
+ d, R,=0
(ELPLECS
hz_d2+d3+d2+d3Rl+d2+2d3R2+d73R3=0 (1.13)
Hify Hohra Hal, @ Hifpl; @
Consider the egn. (1.11) and it can be written as,
h3— d3 + d3 R1+ d3 R2+ d32 R3: (114)
i HyhTa Hilplsa M.l a

Solving equ. (1.12), equ. (1.13) and equ. (1.14)
we get solution. The obtained solutions are

R :ar1(d1_h1r1|-11+h2r2|-11)

Table 1. The Variation in By consequent to
the changes in h;

L d, (1.15) [hy [ 10 {20 | 30 [40 [ 50 | 60 |70
& _an(hr—dhr,—dh,r,+dh ) | Ri| 45| 365| 315/ 265| 215 165 | 115
2 d,d
L2 (1.16)
400
5 _an(=d;h,r,+d,hrs+dy hy )y,
R, = 300
d,d,
(1.17) & Ly,
after simplification. 100
4.1 Numerical Example : 0
0 20 40 60 80

The Variation in B consequent to the

changes in hy, keeping r;=10, r,=20, d;=30, _ R
h,=45, 1;=1.0 and a=1.5 all are fixed, the Fig. 1. The Variation in Ry consequent to the

hy

simulated values are shown in Table 1. changes in hy
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The Variation in g, consequent to the
changes in d;, keeping r;=10, r,=20, h;=10,
h,=45, 11=1.0 and a=1.5 all are fixed, the
simulated values are shown in Table 2.

Table 2: The Variation in g, consequent to
the changes in d;

di |50 [ 55 | 60 [65 [ 70 | 75 |80

R, | 255| 233 215(199| 186| 175 [165
300
250
200 \N
o' 150
100
50
0
0 50 100
d

Fig. 2. The Variation in R ; consequent
to the changes in d;

The Variation in R 1 consequent to the
changes in p, keeping r1=10, r,=20, h;=10,
h,=45, d;=50 and a=1.5 all are fixed, the
simulated values are shown in Table 3.

Table 3. The Variation in R consequent to
the changes in g

wm|10)12]|14]116|18]20 |22
Rq| 255( 303 351|399 447 495 [543
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600
500
400

' 300
200
100

H1

Fig. 3. The Variation in R ; consequent to the
changes in pg

The Variation in R ; consequent to the
changes in hy, keeping r;=10, r,=20, r3=15,
d1:50, d2:40, h1:10, h3:80, ulzl.O and a=1.5
all are fixed, the simulated values are shown
in Table 4.

Table 4. The Variation in R, consequent to
the changes in h;

h |20 |21 |22 (23 |24 |25 |26

R, 420] 393 366(339] 312| 285 | 258
500
400 \\
300
o
200
100
0
0 10 20 30
h,

Fig. 4. The Variation in g, consequent to the
changes in hy
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The Variation in R, consequent to the
changes in dy, keeping r;=10, r,=20, r3=15,
d1:50, h1:10, h2:20, h3:80, ulzl.O and a=1.5

all are fixed, the simulated values are shown
in Table 5.

Table 5. The Variation in R, consequent to
the changes in d

d | 40 [ 45 | 50 [55 | 60 | 65 |70

353| 300|256 220 189 | 163

R,| 420

500
400
300
200
100

R,

0 50
d,

100

Fig. 5. The Variation in g, consequent to the
changes in d

The Variation in g, consequent to the
changes in o, keeping r1=10, r,=20, r3=15,
d1=50, d»=40, =10, hp=45, h3=125 and a=1.5

all are fixed, the simulated values are shown
in Table 6.

Table 6. The Variation in g, consequent
to the changes in p,

wm|10]12|14]116(18(|20 (22

302| 352|402| 452| 503 | 553

R,| 251
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600

400

R,

200

H1

Fig. 6. The Variation in g, consequent to the

changes in pg

The Variation in g , consequent to the
changes in hg, keeping r,=20, r3=15, d,=40,

ds=20, hp,=25, u1=1.0 and a=1.5 all are fixed,
the simulated values are shown in Table 7.

Table 7. The Variation in R , consequent to
the changes in hs

h,|20 | 30 |40 (50 |60 (70 |80

R, | 281 534(788|104111294|1547| 1800

2000
1500
1000

500

0 10 20 30 40 50 60 70 80 90
h,

Fig. 7. The Variation in g , consequent to the
changes in hs
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The Variation in g , consequent to the

changes in ds, keeping r,=20, r3=15, d»,=40,
h,=20, h3=80, ;=1.0 and a=1.5 all are fixed,
the simulated values are shown in Table 8.

Table 8. The Variation in R , consequent to
the changes in d3

d3 |20 [40 |60 (80 (100 |120 (140

R, | 1800|1125/ 900 (788 | 720 |675 | 643

2000
1500
o 1000

500

0 20 40 60 80 100 120 140 160
d;
Fig. 8. The Variation in R , consequent
to the changes in d3

The Variation in g , consequent to the
changes in pi, keeping r,=20, r3=15, d,=40,

d3=60, h,=45, h3=75 and a=1.5 all are fixed,
the simulated values are shown in Table 9.

Table 9. The Variation in R , consequent to

the changes in g

wm |10 |12 |14]16 |18 |20 |22
658

7681878 987 |1097 (1207

R, | 548
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1400
1200
1000
800
600
400
200

0 0.5 1 1.5 2 2.5
1
Fig. 9. The Variation in R , consequent

to the changes in

On the basis of the model | discussed
the following conclusions are drawn using the
numerical illustration.

(i) As the cost of manpower reserve between
stages S, Sy, Szand Sq namely h; increases
a small reserve R; is suggested as an
optimal one. This is indicated in Table 1
and Fig. 1.

(ii) If the cost of shortages at the first node

namely d; increases, it is suggested that a
larger manpower at Ry is desirable as

indicated in Table 2 and Fig. 2.
(i) The interarrival time between breakdown

w1 increase then a increased in a value of
R is suggested as in indicated in Table 3

and Fig. 3.
(iv) If the cost of manpower reserve at node

2 is higher namely as h; increases then a
decrease in the value of R, is suggested
as indicated in Table 4 and Fig. 4.

(v) If dy, the cost of shortages at the second
node increases a larger reserve namely
R5 is desirable as indicated in Table 5 and
Fig. 5.
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(vi) The interarrival time between breakdown
u1 increase then a increased in a value of
R is suggested as in indicated in Table 6
and Fig. 6.

(vii) If the cost of manpower reserve at node
3 is higher namely as hs increases then a
increase in the value of R3 is suggested
as indicated in Table 7 and Fig. 7.

(vii)If ds, the cost of shortages at the third
node increases a larger reserve namely
Rz is desirable as indicated in Table 8 and
Fig. 8.

(ix) The interarrival time between breakdown
w1 increase then a increased in a value of
R3 is suggested as in indicated in Table 9
and Fig. 9.

(X) If pq the parameter of the interarrival
times between the breakdowns of S; S,
Sz and Sy increases then the interarrival
times will be shorter since E(t)=1/p1,
decreases. Hence a larger reserve at Ry,
R, and Rz is suggested as indicated in
Table 3, Table 6 and Table 9 and the Fig.
3, Fig. 6 and Fig. 9.

E(c)=h,R,+h,R,+h,R,

1
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5. Model 11 :

In the above model an additional
assumption that the down time of Ry is a
random variable which satisfies the so called
Setting the Clock Back to Zero (SCBZ)
property is introduced. This property has been
due to Raja Rao and Talwalker (1990). Under
this property the p.d.f. of the down time t which
is namely g(t) is such that

Q(T)Z E’1e_elT

) _ .
=0, 27 e @:-0) o5 g

ifTSTO

when 1o is called the truncation point.

o0
It can be shown that [g(t)dt=1,

0
and to is called the truncation point which itself
is a random variable that follows exponential

distribution with parameter A. Now the cost
function under this assumption is given as,

1

T, °
A I (r— F\:l j 0, dtple<t, [+ee® j(r—%) 0,6 dt p[t>1,]

ul Ry/1,

To

T, ©
+ 2 I (r —& —%j 916‘91’ dt p[r <7, ]+ gro(0270) j(r —& —%j 92(3‘92T dt p[r > ro]
To

r

1 2
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.
| [T R, _R,
Ry Ry Ry L h

3 o

h I I
610(92—91) I[T _& _
L To "

E(c)=hR,+h,R,+hR,

T

d,
+ n {elR};H

F:Z - F}]OZG_Q” dr p[t>1,]

3

3

F:3 ] 0, dr plt<t,]+
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1— R Jgtng o gp 4 gl ezj ML PN [1—e‘“° ]dr
r1 ‘L'O r1

T, o
9o, ] [T—&—&je“’“ e dr +e* ("% g, f[r—&-iJe““[l—e‘“"]dr
Mol RiR. Lo A
T _
¢ R
0, ,[ [T _&_&——?J e " et (g
d | RRrU L LT
+ = [ P
“3 0.0 o R R o .,
+eto( 2_1)62]‘ ,L.__1__z__3 e—zt[l_e— TO]dT
To r1 rz r3
JdE (c d 1 To 1
© =h +—{0——(0) + Blf (——) e 01Te~Mogr b,
OR, Hq r Ry n

T1

ﬂeTo(ez—eﬂgz f <_ l) e—ezf[l — e—lTo]dT +
T

51 0 1

d 1 To 1

—210-—=(0) + 91f (— —) e f1Te Mgy,
12%) r R\ 1

T2
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eTo(62-61) _2 [

d 1 %
= o—r—(0)+91le N
Hs ! PR

L£]
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—921[1 —/'l‘ro]d.[l

(— l) e 01T~ Aodr  +
R3

eT0(82-61) Zlng _ —921[1_6 ATo]dTl
To

=11+12+I3+I4+15+I6

d Tor 1
I, = hy +— Glj (— —) e 01T~ ATodr
My

To
. f e 017dr
H1Ty Ri
&Y
—h, - d,0,; AT [8_911-] 0
H1Ty =01 [Ry
1
R
=yt e et -
M1Tq
d1 —-0,— —AT
=h,; + e~ A+61)T0 _ o7 1T 0
M1l

=500, f (_1) o011 — e=#n]dr
M1 T 61

0

= — ﬂ 6(92_91)‘[0 [1 —_ e_)-TO] J 8_92‘[ drt
H1T1 70

-6,1
d1 0, e (02— 91)10[1 —_ e—/lro] [e : ]
Ty -0

— 1 (92 91)'[0 1 — e—).TO — —92T0
- aun]1 i (—-tem)
— _i [1 — e—lTo](e—elTo)
H1T1
dq _g. a1 _
L+, =h; +—|—e 91r1 Ao _ e_elro]
M1l
dl -0 &—)\T -0
= h; _E e ‘1 %4 e 010 (1.18)
d To 1
I; = —= Blf (— —)e‘elfe_’hodr
M2 R\ n
T2

d,0, %o
=——= —¢ 0 j e~ 01T dt
U211 &+&
T T



Stochastic model to determine the---reserve at four nodes in series.

151

-0 T
—_ d261 e_/u_o e b1t — e—elTo +e—(/1+91)1'0] (119)
HoTy -0, Ri Ry
T T : d3 o To 1 oyt —/‘LTod
d _g. (R R 5= —|Y% (— —)6’ e T
= . i e_}\To [e—eﬂo —e 61(T1+T2)] Us 5—11+5—22+$—: "
211
d * 1 T
I, = #—28(92_61)70 sz (— 7) e %71 — e~*o]dr — %el (_ l) e~ 7o f ° e=017 g1
2 To 1 Us 1 Ri Ry R3
dzez -6 T T2 T3
= ——= 2l 1T0[1_e M’o]f =027
ar g, (<L) [
= — e e_ 0
d; 6, 0.6 2 e~0:7]" M3 ! &1 =01 [Ry Ry Rs
=__’ur (z 1)70 1—e" To] Ty Ty T3
211
Ry R, R
d — d -t e 61To e 1(7"11 r22 r:)
= _23(92—91)1'0 [1 — e—/l‘fo](_e—azfo) 1B
HUaTy
dz L = ds (62-61)70 g ° 1 -6,1[1 -7 4
= [1_3—)@0](9—9170) 6_11_36 2 n e %1~ e~*%o]dr
oty o
d 0;(BsRe = Ee((’z‘(’lﬁ0 0, (— 1) [1—e*7] fwe“’ﬂ dt
13 + 14 — . i e—)LTo [e_elTO — e_ 1 T1+T2)] U3 T 70
241
-6,71%
d = %3(62—91)1'0 62 (_ l) [1 _ e_/lTo] [e ’ ]
_ 2 [1 — e—/lTo](e_eﬂ'o) U3 n _92 o
HaTy
ds
_ & [e—(l+91)fo _ o M0 (R11+R22) = e 2 (62— 91)10[1 —e Aro][o e~0270]
M2l
I+, = e~ A+01)T0 _ e_;\TO (7‘1+7‘2+T3) — e 01T0 4 o= (A+01)70
stle = (1.20)
311
0E(c)
oR,
d _p, R1_
hy — —— [ % A0 4 g=OuTo| 4
M1l
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Ri Ry
d, [e—(/'1+91)fo — e_kto_el(ﬁ*'ﬁ) e—91To+e—(A+91)To] + d le—(7k+91)'fo —
Har'1 H3Tq
-0, (R R2 Rz
e Ao 91(r1+r2+r3) — e 91T0 4 o~ (A+61)70 I =0 (1.21)
Ata—0, (RL Rz
E@ _p 4 do o= OBT0 _ o 7NT0 w) ]y e [e_memo _
OR; HaT2 —e~01T0 4 o~ (A48T, H3T1 (1.22)
—Atn—0. (RL R2 R3 '
e }\TO 91(T1+T2+T3) — e—91To + e_(z-'l'el)r() ] = 0

Ry Ry R
L) 1.4 k[e_mel”o G _ et 4 p-Getir ] =0 (123)

OR;3 ’ H3Tyq

Solving egn. (1.21), egn. (1.22) and eqgn. (1.23) we get the eqn. (1.24), egn. (1.25) and eqn.
(1.26) after simplification.

_91(&4_&_10) R301 Ry64
e ‘213 daropu i, +e 73 | doripy e T2 dirop, | g

Log|— ry
My ((—2 +e*0)dsrop, + 14 ((—2 +et)d, — e(’Hgl)T"hl’”zﬂz) #3)

) 1.24
R, = g (L.24)
1

R1  R3 R364
_H —_ 2
1(T1+r3 TO) <d3r2‘u2 +e™ d2T1[l3>
Log|— T2
(=2 + e*)dsrop, + 14 ((—2 + e*r)d, — e(’Hgl)Tthrzuz) 1y (1.25)
’Rz =
61
h
r3 (T‘legl + 1 <R291 + ) (Log I:_e_elfo + 26_(/1+61)T0 + %3“3] + /1‘[0)))
R, =- (1.26)

r172604



Stochastic model to determine the---reserve at four nodes in series.

Given the values of the parameters and

the costs the expressions for R, R, and R ; can
be evaluated numerically using simulation.

5.1 Numerical Illustration :

Using computer routines by fixing
r1:30, r2:40, r3:50, R2:30, R3:40, ].11:1, ].12:2,
us=3, d;=200, d,=300, d3=400, 6;=1, 1p=1and
»=0.5, we find the optimal values of R; as
shown in Table 10.

Table 10. The Variation in B, consequent to
the changes in h;

=
=

101 11| 12(13 (14 (15 |16
27 | 24 | 22 |21 (19 |18 |16

=

—_ = 2 2 D
LD

R,

tn

Fig. 10. The Variation in R; consequent to
the changes in h;

Using computer routines by fixing
r1=30, r,=40, r3=50, R,=415, R3=420, ].11:1,
w=2, uz=3, hp=1, d»,=300, d3=400, 6,=1, 7p=1
and »=0.5, we find the optimal values of Ry
as shown in Table 11.
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Table 11. The Variation in E; consequent to
the changes in h;

di; | 100( 110| 120( 130 | 140 | 150 | 160

Ri|6 |9 [12 |14 |16 |18 |20

R,

0 50 100 150 200
d,
Fig. 11. The Variation in R; consequent to

the changes in d;

Using computer routines by fixing
r1=10, r,=20, r3=30, R,=100, R3=120, ].12:3,
].13:3, h1:1, d1:500, d2:600, d3:700, d3:400,
61=1.5, 1o=2.5 and ».=0.5, we find the optimal
values of R as shown in Table 12.

Table 12. The Variation in R consequent to
the changes in g

| 1 2 3 |4 |5 6 7

K21 |16 |14 (12 (10 |9 8

25
20
15
a 10

0 2 4 0 8
H1

Fig. 12. The Variation in B3 consequent to

the changes in
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The simultaneous estimation of the
reserve of manpower namely R, | R, and R

for the fixed values of all the other parameters
has been found out and are shown in Table
10, Table 11 and Table 12, Fig. 10, Fig. 11 and

Fig. 12. The simultaneous variations in 'ﬁl,

consequent to the changes in each one of the
parameter keeping the others fixed is also
possible.

6. Conclusion

From the above conclusion based on
Model I and Model Il it can be undershoot
that as the cost of manpower reserve between
stages S1, S», Sz and S4 namely hy increases a
small reserve R; is suggested as an optimal
one. If the cost of shortages at the first node
namely d; increases, it is suggested that a
larger manpower at R; is desirable. If the cost
of manpower reserve at node 2 is higher
namely as h, increases then a increase in the
value of R, is suggested. If d,, the cost of
shortages at the second node increases a small
reserve namely R, is desirable. If pj the
parameter of the interarrival times between
the breakdowns of S; increases then the
interarrival times will be shorter since E(t)=1/
u1, decreases. Hence a larger reserve at R» is

suggested. The simultaneous variations in &,

and R consequent to the changes in each one
of the parameter keeping the others fixed is also
possible. Based on Model 11, The simultaneous
estimation of the reserve of manpower namely,
R, , R, and B for the fixed values of all the
other parameters has been found out. The

R. Arulpavai, et al.

simultaneous variations in R, , R, and R,

consequent to the changes in each one of the
parameter keeping the others fixed is also
possible. The models developed in this paper
will be used to facilitate the adequate provision
of manpower for the industry at various levels.
As such, it should provide an invaluable tool
for the economic development of the province.
The models developed in this paper also provide
a tool for assessing the manpower profile and
predicting future manpower development on
an industry wide basis.

Suggestions for Future Research :

Theseare many areas of an organization
or industry in which the application of
stochastic models is quite necessary. It would
be very much useful in every sector of human
activity. First of all it is imperative to identify
those areas of human activity where the demand
for manpower and supply are at disequilibrium.
Especially in the area of specialist skill, it
becomes necessary to identify where the
disequilibrium exists and also were there is
interruption in the work schedule due to shortage
of manpower. The identification of such areas,
the type of problems involved and the conversion
of a real life situation into a mathematical model
are essential to develop Human Resource
Management which will yield profits not only
to the management but also to the society itself.
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