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Abstract

In this paper we consider a business organization in fluctuating con-
ditions of availability of man power and business with a special emphasis
given to a new and prevailing idea of business to go off with the man-
power leading to crisis state. The different states have been discussed
under the assumption that changes from availability to shortage and
shortage to availability occur in exponential times with different pa-
rameters. An expression for “Rate of Crisis under steady state (C∞)”
is derived and steady state costs have also been worked by assuming
different costs for the parameters under different conditions.
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1 Introduction

Nowadays we find that labor has become a buyers market as well as seller’s

market. Any company which normally runs on commercial basis wishes to keep
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only the optimum level of any resources needed to meet company’s requirement

at any time during the course of the business and manpower is not an exception.

This is spelt in the sense that a company does not want to keep manpower

more than what is required. Hence, retrenchment and recruitment are common

and frequent in most of the companies now. Recruitment is done when the

business is busy and shed manpower when the business is lean. Equally true

with the labor, has the option to switch over to other jobs because of better

working condition, better emolument, proximity to their living place or other

reasons. Under such situations the company may face crisis because business

may be there but manpower may not be available. If skilled laborers and

technically qualified persons leave the business the seriousness is worst felt

and the company has to hire paying heavy price or pay overtime to employees.

Approach to manpower problems have been dealt in very many different

ways as early as 1947 by Vajda [10] and others. Models in manpower plan-

ning has been dealt in depth in Barthlomew [1], Grinold & Marshal [3] and

Vajda [10]. The methods to compute wastages (Resignation, dismissal and

death) and promotion intensities which produce the proportions correspond-

ing to some desired planning proposals has been dealt by Lesson [4]. Markov

models are designed for wastages and promotion in manpower system by Vas-

silou [11]. V. Subramaniam [9] in his thesis has made an attempt to provide

optimal policy for recruitment training, promotion, and wastages in man power

planning models with special provisions such as time bound promotions, cost

of training and voluntary retirement scheme. For application of Markov chains

in a manpower system with efficiency and seniority and Stochastic structures

of graded size in manpower planning systems one may refer to Setlhare [8]. A

two unit stand by system has been investigated by Chandrasekar and Natrajan

[2] with confidence limits under steady state. For n unit standby system one

may refer to Ramanarayanan and Usha [7]. Yadhavalli and Botha [12] have

examined the same for two unit system with introduction of preparation time

for the service facility and the confidence limits for stationary rate of disap-

pointment of an intermittently used system. For three characteristics system

involving manpower, money and machine one may refer to C. Mohan and R.

Ramanarayanan [6]. For the study of Semi Markov Models for Manpower

planning one may refer to the paper by Sally Meclean [5].

In this paper we consider two characteristics namely manpower and busi-

ness. We derive a formula for the steady state rate of crisis and the steady

state probabilities. The situations may be that the manpower may be fully

available or hardly available and business may fluctuate between full availabil-
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ity to nil availability. It goes off when the manpower becomes nil. This is

so because the experts may take the business along with them or those who

have brought good will to the concern may carry the clients off the concern.

The business depends fully on the availability of manpower. The steady state

probabilities of the continuous Markov chain describing the transitions in var-

ious states are derived and critical states are identified for presenting the cost

analysis. Numerical illustrations are provided.

2 Assumptions

1. There are two levels of Manpoer namely Manpower is full and Manpower

is nil.

2. There are two levels of business namely (1) business is fully available (2)

business is lean or nil.

3. The time T ′ during which the Manpower remains continuously full and

becomes nil has exponential distribution with parameter λ10 and the time

R′ required to complete full recruitment from nil level is exponentially

distributed with parameter μ01.

4. The busy and nil periods of the business are exponentially distributed

with parameters ‘a’ and ‘b’ respectively.

5. T ′ and R′ are independently distributed random variables.

6. When manpower becomes nil, the business is lost and becomes NIL.

3 System Analysis

The Stochastic Process X(t) describing the state of the system is a continuous

time Markov chain with 3 points state space as given below in the order of

Manpower, and Busness

S = {(0 0), (1 0), (1 1)} (1)

Where 1 - Refers to full availability of manpower and busy period in the case

of business.

0 - Refers to nil level of manpower and business. The system is in state (1 j)

when the manpower is in state 1 and business is in state j for (1 j) = (0 0) or



2160 C. Mohan and R. Ramanarayanan

(1 0) or (1 1) and there is not the state (0 1) as the business is lost when the

manpower goes off.

The infinitesimal generator Q of the continuous time Markov chain of the

state space is given below which is a matrix of order 3.

Q =

MP/B (0 0) (1 0) (1 1)

(0 0) -μ01 μ01 0

(1 0) λ10 −(b + λ10) b

(1 1) λ10 a −(a + λ10)

Let Π = [Π00Π10Π11] be the steady state probability vector of the matrix

Q, then

ΠQ = 0, Πe = 1 (2)

Using (2) we can get the steady state probabilities:

Π00 =
λ10

λ10 + μ01
,

Π10 =
(a + λ10)μ01

(a + b + λ10)(μ01 + λ10)
,

Π11 =
bμ01

(a + b + λ10)(μ01 + λ10)
(3)

The only crisis state in this model is (1 1) since if manpower becomes nil the

business goes off with manpower. So the crisis rate of the steady state is given

by

C∞ = bπ11.

Using the steady state probabilities, we get

C∞ = b
bμ01

(a + b + λ10)(μ01 + λ10)
(4)

4 Numerical Illustration and Steady State Cost

Calculations

We find the steady state probabilities and the rate of crises using the formulas

(3) and (4) respectively. Taking, a = 10, b = 12, λ10 = 5, μ01 = 8, we get

π00 = 0.3846, π10 = 0.3418 π11 = 0.2736
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The formula for finding the steady state probability cost is

Steady state probability cost = πij [C
i
M + Cj

B] (5)

Now assigning the values λ10 = 5, 7, 9, 11 and 15 we calculate the corresponding

rate of crises and they are given below in the table:

λ10 C∞

5 1.3675

7 1.5449

9 1.6389

11 1.6841

15 1.6921

The steady state costs in different situations are determined taking the

values:

C0
M = 50, C1

M = 40, C0
B = 65, C1

B = 48 where C0
M = 50 refers to cost of

funds at state zero, C1
M = 40 refers to cost of funds at state 1, C0

B = 65 cost

of business at state zero and C1
B = 48 refers to cost of business at state 1.

S. No. Steady state probability Cost

1 π00 44.23

2 π10 35.89

3 π11 24.10

Total 104.22

We find that as the value of parameter λ10 increases the crisis rate also

increases. Also we observe that the cost of doing business is very high if the

manpower is lean and business is also lean but the cost is higher when there

is manpower but no business, the business has to be got by paying premium

and finally the cost of business is least when the manpower is full and there

is full business and so the business can do very well. But, it has to be noted

that, there is always a threat of business getting into crisis state if manpower

leaves especially experts and experienced people leave the concern.

5 Model II

In the previous model we derived an expression for crisis state under steady

state conditions and also the steady state probabilities considering availability
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and shortage in manpower and business with the new and prevailing concept

of business to go off with manpower. In this model instead of two states for

manpower to fluctuate we consider three states namely man power is fully

available, moderately available and not all available. The business to fluctuate

between two states full availability and zero availability. The business becomes

nil when manpower becomes nil.

6 Assumptions

1. The time T during which the manpower remains continuously moderate

and becomes nil has exponential distribution with parameter λ10. The

time R required to complete recruitment for filling up of vacancies from

level nil to moderate level is exponentially distributed with parameter

μ01.

2. The time T ′ during which the Manpower remains continuously full and

becomes nil has exponential distribution with parameter λ20 and the time

R′ required to complete full recruitment from nil level is exponentially

distributed with parameter μ02.

3. The period of time T ′′ during which the Manpower is continuously mod-

erate becomes full has exponential distribution with parameter λ21 and

the period of time R′′ required for recruitment from insufficient level to

full is exponentially distributed with parameter μ12. The random vari-

ables T and R; T ′ and R′: T ′′ and R′′ are all independent.

4. The busy and lean periods of the business are exponentially distributed

with parameters ‘a’ and ‘b’ respectively. The business becomes nil when

the manpower goes off.

5. The state of the system is (ij) when manpower is in state i and the busi-

ness is in state j. The state (0 1) is not considered as our model is based

on the assumption that once manpower becomes zero the business goes

off. This is because the experts of the concern may carry the business

along with them or good will of the concern built over a period is taken

away by them.
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7 System Analysis

The Stochastic Process X(t) describing the state of the system is a continuous

time Markov chain with 5 points state space as given below in the order of

Manpower, and Business

S = {(0 0), (1 0), (1 1), (2 0), (2 1)} (6)

here

2 - Refers to full availability in the case of manpower

1 - Refers to semi availability or insufficiently available manpower and it refers

to busy period in the case of business.

0 - Refers to nil level of manpower or business.

The infinitesimal generator Q of the continuous time Markov chain of the

state space is given below which is a matrix of order 5.

Q =

MP/B (0 0) (1 0) (1 1) (2 0) (2 1)

(0 0) ε1 μ01 0 μ02 0

(1 0) λ10 ε2 b μ12 0

(1 1) λ10 a ε3 0 μ12

(2 0) λ20 λ21 0 ε4 b

(2 1) λ20 0 λ21 a ε5

(7)

ε1 = −(μ01 + μ02),

ε2 = −(λ10 + μ12 + b),

ε3 = −(λ10 + μ12 + a),

ε4 = −(λ20 + λ21 + b),

ε5 = −(λ20 + λ21 + a) (8)

Q matrix is of order 5. The steady state probability vector Π of the matrix

Q satisfies the following equations

ΠQ = 0 and Πe = 1 (9)

Π = {π00π10π11π20π21} and e = (1 1 1 1 1)t are vectors of order 1×5 and 5×1

respectively.

Q =

[
Q′ c

r −(λ20 + λ21 + a)

]
where r = (λ20 0λ21 a) and c = (0 0 μ12 b)t and
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Q =

MP/B (0 0) (1 0) (1 1) (2 0)

(0 0) ε1 μ01 0 μ02

(1 0) λ10 ε2 b μ12

(1 1) λ10 a ε3 0

(2 0) λ20 λ21 0 ε4

using (9) we get the steady state probabilities explicitly as follows

Π =
1

1 + r((−Q′)−1e)
(r(−Q′)−1 1) (10)

The crises states are (1 1) and (2 1) because as per assumption manpower

becoming moderate to zero or full to zero will lead to absolute business loss

hence they are critical states. Therefore the rate of crisis for the steady state

is given by:

C∞ = λ10π11 + λ20π21 (11)

8 Steady State Costs and Numerical Illustra-

tion

The steady state costs are determined by using the formula

Cij = πij [c
i
M + cj

B], (12)

where ci
M stands for cost of money at states i = 0 or 1, cj

B stands for cost of

business at state j = 0 or 1.

We assume the following values for different parameters to find the steady

costs and the rate of crises:

λ10 = 3, λ20 = 2, λ21 = 1, μ01 = 2, μ02 = 1, μ12 = 2, a = 1 b = 2

Using the above values in (7), we can get

r(−Q′)−1 = (3.47674 1.27907 0.59303 1.40697)

r(−Q′)−1e = 6.75581

Now using (10), we can get the values of steady state probabilities as given

below

π00 = 0.44828, π10 = 0.16492, π11 = 0.07646, π20 = 0.18141, π21 = 0.12893

Using (11) we get the rate of crisis as

C∞ = 0.48724
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We assume the following costs and arrive at steady state costs and the expected

total cost

C0
M = 15 C1

M = 11 C2
M = 7 C0

B = 20 C1
B = 16

S. No. Steady state probability Cost of state

1 Π00 15.6898

2 Π10 5.1125

3 Π11 2.0642

4 Π20 4.8981

5 Π21 2.9653

Total expected cost 30.7299
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