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INVESTORSATTITUDE TOWARDSMUTUAL FUNDSIN ROHTK DISTRCT IN STATE OF HARYANA

Dr. Sunil Kumari
Assistant Professor, Department of Higher Education, Haryana

ABSTRACT

Mutual funds are seemingly the easiest and the least stressful way to invest in the stock market but same as
much difficult to choose the any of the MF schemes offered by mutual fund. So Understanding the attitude of
investors on their investment would help the company to increase their profits, so marketer always remains keen
in knowing the investors’ attitude towards mutual fund. Present study aims at finding the same and results
showed that reputation of fund and brand name of sponsor are major determinants of investors’ decision and
out of all available schemes, balanced fund and income funds were most preferred by investors.

Keywords: Mutual Funds, Scheme, Marketers, Investors.

INTRODUCTION

At present, in economic and financial scenario of India financial instruments, particularly Mutual Funds are
emerging in crucial roleto allocate the scarce resources from savers to borrowers for making the productive use
of idle resources thus accerlating investment in economy. The increasing volatility has pushed the investors
towards rdatively safe mode of investment and this move seems to mutual fund that mobilizes and channelizes
the savings of individuals and institutions in corporate securities to provide the steady stream of returns and
capital appreciation. But a lot of mutual fund schemes are available in the market giving different kinds of
benefits like growth schemes, income schemes, balanced schemes, tax saving schemes, money market schemes
etc. Now question arises how investor sdects one or more of the mutual fund schemes, we can say what factors
are taken into account in mutual fund investment decision. Need to answer this question initiated the researcher
to make the study on this topic.

REVIEW OF LITERATURE

De Bond and Thaler (1985) while investigating the possible psychological basis for investor behavior, argue
that mean reversion in stock prices is an evidence of investor over reaction where investors over emphasize
recent firm performance in forming future expectations of the investment

Gupta (1994) made a household investor survey with the objective to provide data on the investor preferences
on MF’s and other financial assets. The findings of the study were more appropriate, at that time, to the policy
makers and mutual funds to design the financial products for the future.

Syama Sunder (1998) conducted a survey to get an insight into the mutual fund operations of private institutions
with special reference to Kothari Pioneer. The survey revealed that awareness about Mutual Fund concept was
poor during that time in small cities. Agents play a vital role in spreading the Mutual Fund culture; open-end
schemes were much preferred then; age and income are the two important determinants in the selection of the
fund/scheme; brand image and return are the prime considerations while investing in any Mutual Fund.

Shanmugham (2000) conducted a survey of 201 individual investors to study the information sourcing by
investors, their perceptions of various investment strategy dimensions and the factors motivating share
investment decisions, and reports that among the various factors, psychological and sociological factors
dominated the economic factors in share investment decisions.

Akhilesh Mishra (2008) has done a study on the topic “Mutual Fund as a Better Investment Plan” and states that
many of the people have the fear of Mutual Funds. “They think their money will not be secure in Mutual
funds,” says Mishra. He also says that the investors need the knowledge of Mutual Funds and its related terms.

From the above review it can be inferred that Mutual Fund as an investment vehicle is capturing the attention of
various segments of the society, like academicians, industrialists, financial intermediaries, investors and
regulators for varied reasons and deserves an in depth study.

OBJECTIVES OF THE STUDY
e Tostudy priorities of investors in selection of mutual fund schemes.

o Toknow thefactors affecting investors’ decision regarding mutual fund.

RESEARCH METHODOLOGY

1. Research Design: Being study exploratory in nature, it will go through primary data collection through
questionnaire, its’ analysis using mean scores & mean index. The Investors’ attitude shall be measured in
terms of their preference and factors affecting their decisions which shall be analyzed at two levels:
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e Ascertaining thelevel of effectiveness for individual parameters.
The scores for the parameter are derived by multiplying the number of respondents with the respective score
and its subsequent summing. Effectiveness index was calculated by applying the formula:

Actual scores obtained for the statement x 100
Maximum obtainable score for the statement

o Theoverall effectiveness I ndex is calculated by using the for mula:
Top scores obtained for the seven parameters x 100
Sum of maximum scores obtainablefor seven parameters

Overall index is taken as benchmark
2. DataCollection: Both primary as well as secondary data have been collected.

3. Sampling: A questionnaire was structured at five rating scale to meet the stated research’s objective and got
it filled up by 100 people were selected on the basis of systematic sampling living in Rohtak District of
Haryana who were having mutual fund experience.

OVERVIEW OF EXISTING SCHEMESIN MUTUAL FUND INDUSTRY

Each category of funds is backed by an investment philosophy, which is pre-defined in the objectives of the
fund. The investor can align his own investment needs with the funds objective and invest accordingly. So on
the basis of investment parameter, Mutual Funds can be broadly classified as

e Growth Schemes: Growth Schemes are also known as equity schemes. The aim of these schemes is to
provide capital appreciation over medium to long term. These schemes normally invest a major part of their
fund in equities and are willing to bear short-term declinein value for possible future appreciation.

e Income Schemes: Income Schemes are also known as debt schemes. The aim of these schemesis to provide
regular and steady income to investors. These schemes generally invest in fixed income securities such as
bonds and corporate debentures. Capital appreciation in such schemes may be limited.

e Balanced Schemes. Balanced Schemes aim to provide both growth and income by periodically distributing
a part of the income and capital gains they earn. These schemes invest in both shares and fixed income
securities, in the proportion indicated in their offer documents (normally 50:50).

e Money Market Schemes: Money Market Schemes aim to provide easy liquidity, preservation of capital and
moderate income. These schemes generally invest in safer, short-term instruments, such as treasury hills,
certificates of deposit, commercial paper and inter-bank call money.

OTHER SCHEMES

e Tax Saving Schemes

Tax-saving schemes offer tax rebates to theinvestors under tax laws prescribed from time to time. Under Sec.88
of the Income Tax Act, contributions made to any Equity Linked Savings Scheme (ELSS) are €ligible for
rebate.

e Index Schemes
Index schemes attempt to replicate the performance of a particular index such as the BSE Sensex or the NSE 50.
The portfolio of these schemes will consist of only those stocks that constitute the index.

e Sector Specific Schemes

These are the funds/schemes which invest in the securities of only those sectors or industries as specified in the
offer documents. e.g. Pharmaceuticals, Software, Fast Moving Consumer Goods (FMCG), Petroleum stocks,
ec. Investors need to keep a watch on the performance of those sectorg/industries and must exit at an
appropriatetime.

RESULTS & DISCUSSIONS
Resultsareto bediscussed into two parts:
1. Parameter wiseInvestors’ Attitude

2. Oveall Investors’ Attitudetowards M F Schemes

1. Parameter wise Investors’ Attitude: As selection of mutual fund depends upon the various factors but here
major 5 factors have been taken into account, in which so many other factors have been comprised of.
Example infrastructure consists of fringe benefits, disclosure of investment from original pattern, sponsor’s
expertise & past performance etc. Flexibility represents the minimal initial investment whereas transparency
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underlies disclosure of periodicity of valuation in the advertisement. Scores were gathered through survey at
point rating scale and has been analyzed in table 1

Table-1: Parameter wiseInvestors’ Attitude

SN | Factorg variables | Strongly | Agree Not Disagree | Strongly Mean Mean
Agree Agree Disagree | Scores | Index
1 Infrastructure 29 32 26 5 8 456 81
2 Reputation of Fund 35 27 25 7 6 479 86
3 Flexibility 33 25 27 8 7 453 81
4 Transparency 32 24 27 10 7 451 81
5 Brand Name of 33 30 22 10 3 470 84
Sponsor
6 Additional facilities 25 30 28 7 10 449 80
Overall Mean Index 2758 83

Tablel highlights that mean indices of both factorsi.e. reputation of fund and brand name of sponsor are 86 and
84 respectively that indicates that these are most influential factors in MF investment decision whereas other
factors have almost similar scores in mean index that indicates their less consideration in MF decision in
comparison to Funds Repudiation & brand name of sponsor. This doesn’t mean that except of two major factors
don’t affect the MF decision, as overall mean index is 83 and all variables’ mean indices are hear about this
value, so they also have the impact on MF decision. So all stated variables are determinants of investors attitude
of Rohtak District in Haryana.

2. Overall Investors’ Attitude towards M F Schemes
Table-2: Investors’ Preferencein Mutual Fund Schemes

MF Schemes High Favorable | Somewhat | Not very | Notat All | Mean | Mean

Favorable Favorable | Favorable | Favorable | Scores | Index
Growth Schemes 3 10 29 26 32 33 28
Income Schemes 35 28 20 12 3 90 78
Balanced Schemes 37 29 21 7 6 93 85
Money Market Schemes 5 15 25 31 29 30 25
Tax Saving Schemes 7 14 24 30 25 31 26
Other Schemes 12 18 25 15 20 40 30
Overall Mean Index 45

As table 2 shows that mean index of balanced schemes is highest that means it most preferred by investors.
Income schemes are at third place that indicates that a big part of MF investors is risk averse and it believes in
getting fixed rate of return. Equity schemes got last rank even mean index of them is lesser than overall mean
index, so only a small number of investors chooses such funds.

CONCLUSION

Present study discussed investors’ priorities in mutual fund schemes as well as factors affecting the MF decision
to know investors’ attitude towards different MF Schemes and determinants of their attitude. Outcomes of the
study reveal that balanced funds are most preferred investment of respondents. Further, all stated variables i.e.
infrastructure, flexibility, transparency, reputation of fund, brand of sponsor, and other facilities, affect the
investors’ MF decision but reputation of fund and brand of sponsor, these two factors are major determinants of
this decision.

LIMITATIONSOF THE STUDY
e Theproject doneis restricted to Mutual funds in Rohtak district in Haryana and its surroundings only.

o Asthe survey was pertaining to investment attitude of investors, biased information may restrict validity of
inference possible,

e Thestudy was constrained by limitations of time.

o Theraw data was collected with the help of structured questionnaire technique. Therefore study is bounded
by the limitation of this technique
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LEVERAGING THE SPIRITUALITY INMARKETING

Dr. Sunil Kumari
Assistant Professor, Govt. College M eham, Haryana

ABSTRACT

In modern era where logical and rational thinking is taking its height but simultaneoudy spirituality is also
regaining its worth to the society. In this scenario, marketer needs to change his marketing strategy according
thereto. Present study focuses on determining the relationship between spirituality and marketing environment.
On the basis of survey analysis of 212 people, it has found that marketing is significantly affected by spirituality
level of buyers. Consegquently, marketers are required to incorporate the spirituality concept in product
features.

Keywords: Spirituality, Marketing, Consumers, Buying Decision.

INTRODUCTION

Spirituality refers to truth (Satya). The phrase “Satyamev Jayate” which means truth always wins has been well
heard to everyone. In the world of commercialization spirituality had been supposed to be lost somewhere but
ignorance of truth cannot run in long run. Thus this is the time when entire world seems to return to its origina
roots. As level of education is increasing people seems to be free from institutional religions and seek for truth.
The 21st century will be spiritual or won’t be at all (M alraux). Spirituality isaintegral part of our human body
which represent the existence of human in entirety. This is the inner state of human being which is responsible
for al physical acts of a person. All physical activities of a person are backboned by spiritual aspect which is
the processed output of unconscious and sub-conscious sheaths of body. What the consumer would purchase is
determined by one’s internal stimuli. If a marketer is able to connect his products’ utility to target customers’
spirituality can raise much more demand in market. This is the new age of spirituality which is being taken a big
business where new age of spiritualism witnesses truth-seeking buyers who bedieves in experiments instead of
religious obscurantism and hierarchy (Van Der Veer, 2009). Such individualism has forced the marketers to
rethink upon their marketing philosophy and designing it accordingly. Transformation of consumers’ realism to
idealism or spiritualism has considerable value to marketers in present scenario. Marketer needs to incorporate
the spiritual content in product features to make it high profitable. Human organisms consists of four sheaths —
physical, subtle, causal and absolute.

LITERATURE REVIEW

Emre Basci (2015) gave a holistic marketing review by combining the 4Ps of marketing with 1C (customer).
Under it four types of spiritualities i.e. anti-capitalist, reformist, consumerist and capitalist, have been studied
with their distinctive features. Study found the inner state of world is changing due to political and social factors
where marketers need to make marketing strategy accordingly. Liberalized economic palicies led to put the
spiritual content in the product to make more salable.

Vinod Kumar & Ankit Jain (2016) this paper talks about marketing through spirituality through the case
study and success story of Patanjali Yogpeeth. The research uses a qualitative approach to collect data
from various officials of Patanjali Yogpeeth through unstructured face-to-face interviews. The study
revealed that yoga and pranayam are very effective tools in marketing through spirituality and influence
the consumption behavior of masses. Patanjali Y ogpeeth is best suited exampl e to study the present topic.

RESEARCH METHODOLOGY

Present research studies the cognition of the buyer in terms of spirituality. Spirituality is an internal stimulus
that directs the consumer behavior. However it is very difficult to define the parameters of spirituality but study
prescribes the certain measures i.e. rdigion, nationalism, cognition and subtle sheath of an individual. Study
proceeded with a sample size of 212 peoplethrough a structured questionnaire as well as personal interviews.

RESULTS & DISCUSSIONS

Majority of the respondents said that they connect their spiritual aspect to the buying decision. Majority (67%)
of the rural but minority (33%) of the urban was found connected with nationalism concept like swadeshi, in
their buying decision. Religion has been found an eminent concept, majority (71%) of the people don’t
compromise with their religious view. They always keep priority of their religious view over economic view. In
India, sometimes it is named superstition but it is Indian scenario where majority (82%) of the people firmly
believe in their traditions and customs without any logic or reasoning. They strongly believe in succeeding their
ancient culture. Most of the people surrender and sacrifice a lot of money or things to pay the tribute to their
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God. A significant number of people were found very rigid to their culture. Marketers could be able to sell their
product more and more by connecting their products’ features with the religious view of the customers.
Consumers’ cognition is another major factor affecting the purchase decision. Cognition is the inner concept of
a person that derives from his own thinking and view point. It is a sdf concept that also determines the
consumer behavior. It is supposed that intelligent people are found more rational and intellectual. They have
their own technical view to interpret the things. It is a strong stimuli to behave in righteous manner. Study found
the cognition least affected by the external forces like peers, groups and society. Generally it moves genetically
from one generation to another generation. In present study majority (%%%) of the people accepted that they
use their own sense in buying decision. So marketers should frame such strategy that associate the product with
the cognition of the consumers. They should make surveys to know the cognition value of the buyers. The last
aspect of the spirituality is subtle sheath of the person. Subtle represents the unconscious sheath of human body.
There are so many things which continuously run in unconscious mind of the human body, which is micro in
nature but gets activated when certain kinds of external forces interact with them. It is very difficult to measure
this subtle aspect of consumer, so there is lot of chances to mismatch the products features to subtle sheath of
the buyer. It is a psychological concept that needs a keen and close observation of the behavior of the person.
But with the help of past data and behavior, marketers can be able to understand such casual and subtle part of
buyer. Majority (61%) of the respondents stated that they don’t make deliberate efforts to bring out their subtle
sense to use it in their decisions. It works automatically but it becomes important to understand to marketers
being its impact on buyer behavior.

CONCLUSION

Present study aims at measuring the impact of spirituality on marketing strategy. Present market scenario is
changing where logical attitude as wdl as rationality is stimulating the people to analyze the things
economically but simultaneously, it can not be denied that people’ spiritual roots are getting stronger day by
day. It can be said that personal, societal, spiritual and economic all aspects move together. With the changing
time spirituality may arise in different color but it can not get finished because it is an integral part of a human
being. Consequently Giants of corporate world have started to make the studies on how to connect the product’s
characteristics to the spirituality aspect of target customers. On the basis of data analysis in descriptive manner,
study explores that there is a significant relationship between spirituality and buying decision of the people.
Hence present study adds value to the existing literature.
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A Reliability Model for the Optimum Number of Standby Units in a System
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Abstract

In this paper. we optimize the number of standby wnits required for a system working with two
operative urits. For the mdustries. it is inevitable to maintain some units ax standby in arder to
increase the availability and to work with adwmirable efficiency. Four models have been developed
taking ne standby, one standby, mwo standby and three standby unity respectively. Sewmi-muarkay
processes and regenerative point technigue have been wsed 1o find the oeasures of system
gffectiveness. Comparative study has also been made 1o find as to which and when one model is better
than the other,

Keywords: System with two operative units, Reliability, Profit Analysis, Optimization of standby
unis.

1. Introduction

Far continuing increasing demands for more reliable systems, there is a need to increase the system
effectiveness, utilize the system properly, reduce the failure frequency, minimize the maintenance cosl
and increase the relmability as well as avalability of a system. The best technique to fill up these needs
is standby redundancy.

Various researchers did a lot of work considering one-unit or two-unit standby redundant systems. Lim
et al. (2000) analyzed the system reliability with dependent repair modes. Chen and Popova (2002)
studied the maintenance policy with two-dimensional warranty period. Chandrasekhar et al. (2004)
studiad 3 1wo unit Standby System with erlangian repair time. El-said et al (2005) dealt with the profit
analysis of a two unit cold standby system with preventive mainteaance and random change in the
units, Parasher and Taneja (2007) studied about the reliability and profil evaluation of a PLC hot
standby system based on a master slave concept and two types of repair facilitics. Mokaddis et al.
(2009) discussed about the stochastic behavior of n two unit warm standby system with two types of
repairmen and patience time Damcese ¢t al. (2010) analyzed the availability for reliability parailel
systems with different rates. Eryilmaz and Tank (2012) studied o senes system with two active
components and a single cold standby unit. Manocha and Taneja (2014) dealt with the stochastic
analysis of a two-unit cold standby system with arbitrary distribution for life, repair and waiting times,
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Malhota and Taneja (2015) revealed the sochastic analysis of a two-unit cold standby system wherein
both units may become operative depending upan the demand. Sachdeva and Tancja (2016) discussed
ahout the availability and profit amalysis of unidirectional amd revertible 1:1 protaction switching
scheme in optical communication process. The concept of optimalily for standby systems was studied
by some researchers including Yun (1989), Badia et al, (2002), Naksgawa (2005),Wang and Zhang
(2014), Liao et al. (2015) bt in these stuchies the optimization of profit did not invelve the expressions
for availability, busy period of repairman, expected number of visits. The problem will be of more
worth if optimality is discussed with respect (o economic point of view involving measures of system
effectiveness and hence there is need 1o optimize the number of standby units on the basis of
profitability derived from various measures of system effectiveness.

A good number of systems being uscd in the open market are those where two units of it arc required
to be used simultaneously and thus the concept af optimality with regard to profuability has been dealt
with for such systems in the present paper. The concern lies on the issue thia as to how many standby
units should be uced for such a system so that the maximum profit 1¢ achieved. The authors made an
atrempt to resolve the issee by carrying out the analysis of following four reliability models on such

systems:
i) A system comprising two operative units and no standby unit
i) A system comprising two operative units and ane standby unit
iii) A system comprising two operative units and two standby units
) A system comprising two operative units aad three standby units

The models for systems comprising tWo operative units with more thin three standby unis have not
been developed in the present study as increasing more standby waits will uasecessarily involve lot of
expenses and hence such consideration scems to be infeasible.

The present paper, therefore, deals with the above mentioned four models abtaining various measures
of system effectivenass by making 12 of regenerative point technique. The profit aspect has been
taken into consideration on the basis of various measures of system effectiveness to arrive at a
conclusien as to which and when one of the models s better than the other 1e. 2 to a system with
how many standby units should be used 10 opdmize the profit.

2. Descriptiom and Assumeptions of the Models

I, The system is operative with two operative units and with either no stundby unit or one standby unit
or two standby units or three standby units

2. All random variables are independent.

3. Failures are assumad o follow an exponential distribution, whereas the repair times have arbitrary
distributions.

4, After repair unit becomes as good as new.

5. There is only one repairman whao is available with the system as soon as required; and the repair is
done on FCES pattern,
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3. Nomenclature

A Constant rate of fallure

el .Gl pdf and c.d f of the repair rate

Op Operative urit

Cs Standby umit

F, Failed unit under repair

| Failed unit is waiting for the repair

Fy Repair of the failed unit is continuing from previous state

Cy Revenue per unit up time

C, Caost per unit up time for which the repairman is busy

C Cost per visit of the repairman

IC Installation cost of an additional identical uait

P, Prafit of model i; i=1, 2, 3, 4

() C.A1. of the first passage time from regenerative state i to a failed stare

qu(t), Q) Prabability deasity function (p d.f), cumulative distribution function (c.d.f) of the
firs! passage time from regenerative state S; to a regenerative state S,

Pt lim gj(s)

A{(t) Probability that system is up and working in full capacity at the instant ¢ given that
sysiem epfered regenecative state S; a0 1=0 for model j; j=1,2, 3, 4,

AR.‘ (0 Probability that system is up and working in reduced copacity ot (he instant t given
that system entered regenerative state S; at t=0 for model j: j=1, 2, 3, 4.

Bl(t) Probability that the repairman is busy in repainng the failed unit at instant t given
that the system started from regencrative state S, at te0 for model j; j=i, 2,3, 4,

V‘i(t) Expected number of visits of the repairman in (0, t]; given that the system entered
repenerative state S; a1 t=0 for model §; j=1,2,3. 4
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4.  Analysis of the Models
4.1 Model 1

This model is for a system with two opesative units and no standby unit. Here states S, aad S, are
regenerative states but the state S, is non regenerative state. Possible transition from one place to snother is

given by:
Table 1
Frono So Sy Sy S
To Si So Si S;
Via B = Sz s
where
Sy = (Dg. Op)
Si=(Fr, Op).
Sy (Fg, Fu)
The transition probabilities ure
Q. (1) = 2he ™ Mdt Q. (t)=Ae™G(t)dt
g} (t) = (e @1)g(t)dt Qy(t)=c“g(t)dt
The non-zero elemenis P, = l.il;l:q;(s)m
Py =1 Pp= 8.(1)
i =@ (0)-g* @A) P =AG %)
From these probabilities, these relations can be derived that
Pu=1 P W:?=
Puthy=1
Mean Sojourn time () in State, 1.8, e expected time to Stay in state iis
B = Ille"'dt
0
He =My, Wy =M+ my,
My =my,

Mean Time to System Failure (MTSF)

To delermine the mean time to system failure (MTSF) of the system, we regard the failed staie as
dolt) = Quelt} Oy (1)

$i(t) = Quel) O(t) + Quait)

Ciéncia e Técnica

' 'a 23
Vitivinicola

Scanned with CamScanner



ISSN:01254.0223 Vol. 33 (n. 8, 2018) Prmed in

PORTUGAL

Taking Laplace Steiltjes Transforms of these equations and solving them for ¢ (5), we obtzin
ty (8) = Q 5)h; ()
¢y () = Qi (s)dhy () +Qy3(s)

MTSF when system staris from the state 0" is

MTSE = lim —2® _ N
-0 [3 D
Where
N=u,+n,
D=p,,
Availability at Full Capacity

The availability AJ(t) is seen lo be satisfy

Ag(1) = M(1) +q,, (1J@A(1)

ALt =g, (DOAL() +q;] (NBA|(D)

Taking Laplsce Transforms of the above equations and solving them for A:; (5) , the availability of the
systom, in steady state, is given by

N
bl Prey o I
A, =limsA[(s) = D
N, = PpyHy
D, =p.l, +H,
Availability at Reduced Capacity
The availability AR(t) is seen to be satisfy
ARL(0) =q,, (1NOAR](1)
AR (t)=M|(t) +q,,(tVOAR (1) + '} ()DAR)(t)
Taking Laplace Transforms of the abave equaions and solving them for A5 (s) , we get

AR! —|imsAR"(<)-ﬂ‘-
O-M o\= D,

N, =1
D, isalready given.
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Busy Period
By prohahilistic arguments we have the following recursive relation for B; (1)

B, (1) =q, (DEB|(1)
BJ(t) = W (1) 1 q,, (BB, (1) +q{ ()SB(1)

In steady state, the 10tal fractions of the time for which the system is under repair is given by
. . 8N.(s)

By =limsBj (s) =lim 3((?,

N, =p,

D, isalreadyspecified.

Expected Number of the Visits of the Repairman
By probabilistic arguments, we have the followiag recursive relatioes for V; (1)

Vi) = Qi) B = Vi)

Vo) =Qudt) ® Vi) +QiP (1) ® 1+ V(w)
For steady state, the expected so. of visits of the repairman is given hy

Vo=lipsVe" )=t
N; —3 |

D, is alrendy given.

Profit Analysis

Al steady state, the expected wial Profit (P)) per unit time incarred © the system is given by
Profit (P)) = CeACy - CyBy' — CaV, 210

where

Cs= Revenpe per unit up time

C; = Cost per unit up time for which the repairman is busy

C, = Cost per visit of the repairman

I1C = Installation cost of a unit per unit time

4.2 Model 2
This model is for a system with two operative units and one standby unit, Here stales S, 84, S, and S, are

regencrative states but states S, and S, are nan regenentive state. Possible transition from one place to
another is given by
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Table 2
From Sa Sy Si Si Sy Sy Sy
To S, Se Sy Ss S, Sy Sa
Via 5, S: Sz S:and§; | .. S:
where
Sq =(0g, Op, Cs)
S=(0p, Op Fr,)
S) = (Fg, Fwr, Op)
Sy = (Fy, Fur, Fur)
Se=(0p, Fr, Fyr)
The transition probahilities sre
Qo) =2t gyo) = g(1)dt
g2 ()= (e MS)g(t)d g2 (1) = (e ORe™)G(1)dt
Q2P0 = (e @Ae ™ ODg(t)dt g (0= (e ™ONg(Ddt
q,(t) =g(t)e ™ di =e ™ g(t)dt
The non zcro ciements = {ugq: (s) arc
Pou =1 Po=2 (0)
P = 2UG (M -G (1) PV =g (0)—g (M)+rg” (L)
Py =8 (0)-g' () Py =8 (M)
pa =5 (0)-g'(2)
From these relations it can be verified that
Pa=l Pn‘Pﬁ""p:? =1
pon"'p?l) +p:’.i" =1 Pu fpﬁ =1

The unconditicnal mean time taken by the system (o transit for any state j when it is counted from
epoch of entrance into state § is mathematically stated as

m, = [1q,(t)dt = —q}'(0)
0

1 “
m, = X m,, =—g (0)
m,, =-g (A) my’ =g (A)-g"(0)
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These conclusions nre drawn from above relations:

; @, (23)_
o1 =M Mo ¥y Ty ()
@, (2 (3)
m oty g =k ) TR W

Mean Time to System Failure (MTSF)
To delermine the mean time to system failure (MTSF) of the system, we regard the Tailed stae as

Sty = Q,,(hSd (1)
6:(1) = QU ShA1) + Q7 (1) ®¢,(0) + QL'(1)

Taking Laplace Steiltjes Transform of these equatiors and solving them far ¢: (). we get
¢ (5) = Q)47 (5)
' (5) = Q) () + Q™ ()4 () + QY™ (s)

MTST when system stans from the state "0°is
MTSE = umﬂ -N
g D

N=Kk, +},(I- pﬁ))

(21

D=p;;

Availability at full Capacity
The availability AJ(t) is scen lo be satisfy

Af,(l) = M;(t) + qm(t)GAf(t)

Al(®) = M () +.q,(DAL(1) + g} (VDA] () + g (DBA()
A0 =q, (DDA () +q% (VOAL(Y)

In steady staie, the availability of the system is given by

N
2 : 2> 1
AO = l,lmSAo (S) = F'

where

Nu “PuPrMy +P,,k,

23)

D, =p,Puka ' Pid Hatpyk,

Ciéncia e Técnica
Vitivinicola

Scanned with CamScanner



ISSN:01254.0223 Vol. 33 (n_ 8, 2018) Pramed in

PORTUGAL

Availability at Reduced Capacity

The availability AR{{() is seen 10 be satisfy

ARG(1) = g, (NDAR (1)

ARG(1) = q, (VDAR() + g (HDAR] (1) + qff " (VDAR] (1)

ARZ(1) =Mi()+q, (NOAR (1) +q (DOAR ()
In steady state, the availability of the system is given by

N
2_5 ) 10 ey U
AR“—!I_IP“SAR. (s) =

where

123)

N, =pio ke
D, isalreadydefined.

Busy Period
By prebnbilistic arguments we have the following recursive relations for Bf ()

B.(t)=q,(DOB;(1)
B{ ()= W, (1) +q,,(D@B} () +q (V@B (1) + g5 "(D@B(1)
B ()= W, (1) +q,, (D@R (1) + g (HORI(N)

In steady state, the total fraction of time for which the system is under ropair is given by

N
B =limsB. (s)=—
0 o0 0( ) Dl

where
N, = (py + {3
and D, is already given

Expected Namber of Visits of the Repairman
By probabilistic arguments, we have the following recursive relatioss for V()

vn!(‘) =Q«(0@|”V|2(')]
Vi1 = Qa0 ® V5 (1) + QT 0S11 + V(D 1+ Q5™ (1) ®11 + Vi)
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V(0= QF (S V(1) 1+ Qumy S+ V] (1))
For steady state, the expected no. of visits of the repainman is given by
Vy =limsV,™(s)

= lim SN—J—(S) = -l-q-l
=0 D) D,

N;=(1- P:?)Pn + P:zfn(“' Pa)
und Dy is already given.

Profit Analysis

At steady state, the expected total Profit (Ps) per unit time incarred o the sysiem is givea by
Profit (P,) = CAC - C,B, - C.V,-3I1C

where

C, = Reveanz per unit up time

C) « Cost per unkt up time for which the repainman is busy

€y = Cost per visit of the repairman

IC = Installation cost of a unit per unit ime

4.3 Model 3

This mudel is for the system with two operative units and two standby units. Here states Sp, S, Sy, S, and 8,
are regenaritive siates but sates S, S; and Sy are ron regenerative ciate. Possible transition from one placa
10 another & given by

Fronw  |Sp |S; |Si |8 Sy S Si | Sa[Ss Se
To Si IS¢ |Si |Sq Ss  |Ss St | S4|Ss | Se Sq
Via e . . S_‘ S_; wee

i

@

!

i

8

&

&

&
Pl

where
Sa = (Op. Op, Cs.Cs)
S,=(0gp, Op, Cs, Fr)
S = (0p, Fg, Fwr, Fwr)
S, - (Op, Fg, Fwr, F“')
S=(0p, Op, Fr, Fur)
Sy= (Fy, Fwr, Fwr, Fwr)
S&=(0p, br, Fwr, Fwr)
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The transition probabilities are
(0 =22e"dt Q1) = e g(0dt

gy () =[ 22e™@e™ |g(t)dt
Qi (1) = e @™ @e™ Jg(t)dt

qi; " (1) =(2he @20 Ohe™ ) G(1)d! q, (O =e"g(ndt
Qu (1) =(22e7"©e™ )a(t)dt Qe ()= (20 @Re™ ) G(t)dt

g 0 = (e 020 @R ™ 1) git)dk 92" () =(2ne™ Ore™ 01 g()dt

QD) =e™g(t)dt G (0 =(AeOAO1)g(t)dt

The non zero dementsare P = l’l_l.lol q;(S)
Pu =1 P =8 (24) Pl =—2g"(22)

pi? =4[ -g' @0 +ag" @ +g'W) |
P = 4A[-G (241G 2+ G'(1)]

Pa=g'@) P =2gm-gen] P =2[G'(M)-G 2w

Pt =g m—-2e'Gy+g'@n)
p::’ P = g'(0)-4g (W) +3g"(2h)—2Ag"(2))
Pos =8 (A) Pl = g"(0) - 2" ()
It can casily verified from these probabilities are

Pa=1 Pm"'P‘l;sm +Plf’ "’Pu =1
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(23) (215) =1

Pu+P + P +Pi =1

Pay+P4: +P =

i3) 33 s)
Pu tPu Py =1 Pu P =1
Mean Sojoumn lime (p;) in state, i e, the expected time 10 813y in state | iy

From these valoes, we conclude that

m,, =, My, + 1y -+ mi ™ 4+ mir™ =k, (Say)
-+ ok, Gay)  memd =,
my, + "\(l:, "'mg‘ =k, (Say) my, +u1l;:’ + m:’” =k, (Say)

Mean Time to System Failure (MTSF)

Reganling the fuiled states as ubsorbing states aml employing the arguments used for regencrative
process, we have the following recursive relations for & (t)

4,(0)=0Q,, (DER (1)
d(1) = Q, (V&) + Q57 (DER(1) + Qi (1), (1) + Qi ()
4 (0 =Q (VER (1) + QL (NEG (1) + QL ()

Now, taking Laplace Steiltjes Transfarm on both sides of sbove equations & solving them fordy (s),
we get

NGs)

- )=
& D(s)

Thus, mean time ta system failure (MTSF) when system starts from 0™ state, is as follows

MTSE=lim — & ® _N
-0 s D
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where

N = pii 7k, + (P + Pl ks + [PAl(Plo + Pg'”)]l‘n +Pls (l “pi
D=p"pd +pi3" (1-p2)

Availability at Full Capacity

Using the probabilisic argumseats of the theory of regesesative procesces, we have the following
recursive relations foe Ali(()

AL(DAL() = M, (1) +,,(DOAT(Y)
Al(t) =M ()4 q,, (DDA (1) + g (DDA (1) + qTT (NDA (1) +q P (DDAL()
A () =M (1) +q,(0DAN(D)+qS (VDA (D) +9% (DDAXD)

ALt =g (DDA () +q2 (HOAL()

In sticady state, the availability of the system is given by

> N,(0) N,
3=l g =t
A=l A =50~ D,

Ny = Ro(PaPuPi) + PuPurkys + Pe (l T pll)p:zl )"4

D, = PuParka + Ps (D5 + D) ky + P buatta + (pabls ™ + 057 (P57 + 1577 ) e

Availability at Reduced Capacity

Using the probabilistic argumests of the theory of regesemtive processes, we have the following

recursive relations for AR;'(!)

AR (1) =M, (1) +q, (DEAR (1)

AR ()=M (1) +q,,(ODDAR (1) +q P (DDAR (1) +q2" (1HDAR | (1) +q' 77 (1) DAR (1)

o
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AR (1) =M (1) +q,, (DOAR] (1) +q) (NCAR (1) + g " (HQAR (1)

ARZ(t) =M;(1) +q,, (VAR (1) +q; (VAR (1)

In steady state, the availability of the system is given by

AR, =lim sAR;( )-w e
Di(0) D,

N, = puPuka +(PE" @R + P+ By )1+ koPe (P +PR™)

D, is already defined.
Busy Period
By probabilistic arguments we have the following recursive relations for B (1)
B,{t)=q,,(NEB,(1)
B} {t) = W' (1) +q, (VBB (1) + 4} (0©B; (1) + i, (V©B(1) +q5, " (V@B,(t)
B} (1) = W, (1) +q, (VOB (1) + 4 (OB (1) + g5 (VOB (1)
B} (t) = W, (1) +q,, (/OB (t) +q5 (VOB (1)

1n steady state, the 101l fractions of the time for which the syagem is under repair is given by

- . N
B; "'"_'339: (s)= —Dl

Ny =1, (pu (o + BEE)+ (e +£27) 0027 + 912

and D is already defined.
Expected number of the visits of the repairman

By probabilistic arguments, we have the recorsive relations for V;(t)

V(0 =Q,®[1+ V(1]
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V7 (1) =Q,, (EV, (1) + QI (EV, (1) +Qi  HEV (1) +Q™ @V (1)

Vi (0 =Q, ()YSV (1) + Q) (IEV, (1) + QL™ (HEV, (1)

V(1) = Q (NEV,(1) + QL (HEV, (1)

For steady state, the expected No. of visits of the repairman is given by

p N
V)= msv,,"'(s) = I—)l
1
N, = PubPuPu

and D, is already defined.

Profit Analysis

At steady state, the expected tatal Profit (Py) per unit time incurred 0 the sysiem is given by

Profit (P3) = CeAL," — Cy By’ — CaVy'- 4IC

where

C, = Revenue per unit up time

C, = Cost per unit up time for which the repainman is busy

Ca= Cost per visit of the repairman

1C = Installsion cost of a unit per unit time

4.4 Model 4
Fromn S. S] S. S| S. S, S 1 SQ Sq SQ
To St I1Se | Sy Sy Ss Sy S¢ Sy |ISs [ S¢
Via a o S, S;and |8y,  S3|S2 S3|S:n Syl |S: |Ss
S, andS; |andS; |S: and
Ss
From S 1S S S; Ss Ss Ss Ss |Ss
To Ss |Sy [ Se Ss Sy Sz S: Se | Ss
Via «o |Sq | Ssand | S, Sa S; and [ Sz | S:
ss 84 84 and
and | Sy
Ss
Table 4
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This model is for a system with two operative units and three standby unies. Here states Sq, Sy, S, Se, S; and
Sgare regencrative states but sates S,, Sy, S, and S¢ are non regenerative stare. Possible transition fram one
place to anather is given by

where

Sa=(0p. Op. Cs, Cs,Cs)
S,=(Og, Op, Cs, Cs, Fr)

S, = (0. Op, Cs. Fg, Fwr)

S:=(0p, Og, Fg, Fwr, Fwr)

S =(0p, Fur, Fur, Far. Fg)

Sy= (T, Fwr, Fwr, Fwr, Far)
Sy= (Op, Fuwr, Fwr, Fwr.Fr)

5,={(0p, Op, Cs, Fwr, I')

Se=(0p. Op, Cs, Fwr, Fr)

The transition probabilities are

Q, (0 = 2he ™ dt g(0)=eg(dt

qii'(0 =(2Ae e ™ ) gyt a0 =(2he ™O2Ae 020 M OAe™ ) GO
qii (1) = (20 M O2ne MO | g(t)at i () = (e @20 MO0 MO ) g(1)dt
Qi) = (2. 020 N O2he T Ohe 1) g (1)d

Q- (0 =e g(1dt qk (0= (Ae™@1) g(0)dt

Q1) =e™a(n)di Qs ()= (23\e'”‘©e"‘ ) git)ydi

s (1) = (2ne ' De M @1) gt gy () =cg(t)dt

Qe () = (2Re™@e™ ) g(t)dr e ()= (22e @20 Do 1) g(t)dt

Q0 () =(22e ©2he M'OAe MO g(dt  ql(0) = (20 ™'ORe ™ ) G(DdL
9 (1) = (22 @20 @A™ G(t)dt
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The peobabilities are given by p, = lim q,(s)

P =1 Pn=2(20) pi’ =2Ag (24)
— -t 1 - o
Pis -81[6'0») G'(22) -AG"(22) ’—;—c (270] Pl =2A'g" (24)

2
p:f"‘) = B[g'(l) - g'(ZX)- kg' (23) - %g"(n)}

pi ™ =[2'(0)-8g"(A) + 78" (20) + Ghg"(20) +20°8" (21) |

Pa =8 (A) Pe =2 O-g'(W)

Py =2[g' () -g' (M) ]
P =g (0)-2g'(A)+g'(22)

iy =24[G' -G (2] Py =8 (24)
po " =4[g" -’ - A" (20 ] Pu =2'(22)
et = g'(0) - 4g"(A) + 38" 20 + 2Ag " (20) Pit = 2287 (24)

po” =g (0)—4g' (1) +3¢7(20) + 22g" (24)
By using these probabilities, we can find the relations

(234) (334) _

Py =1 P +Pi P+l +p =1
P+ Pl + Pl PR Pl =1 P+ P =1
Pn+Py +P =1 PutPa +P +Pe =1
P+ By + iy =1 P+ B+ 4 Pl =1
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Mcan Sojourn time (j;) in state, i.c., the expected time to stay in stale iis

1 1-g°(20)
l-'o=‘2_7: B = gZA it Rt Sl A E g B
1-g'( e
W= e )="o u,=IG(l)dl
A "
From these values, we can find the relations
-+ 4 = )
My, < mi’ +mig” Y 4 mi? e mi =y,
gy + g =y gy + !+ e =
my, <~ mg! +mB® 4 mEt =,

Mean Time to System Fallure (MTSF)

To delerming the mean time Lo system failure (MTSF) of the system, we regard the failed state as

(1) = Qu (D& (1)
(1) = Q) Eey (1) + QP (G (1) + Qi (R (M) + Q7 (DEH () + Q)
¢, (1) =0, (VER() O (1IES, (1) +Q (1)

(1) = Qg (NER (1) + Q" (Eh(1) + Qi (1B (1) + QL (1)

Now, taking Laplace Steiltjes Transform on both sides of above equations & solving them for & (s),

we gt
L= D(s)
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Thus, mean time ta system failure (MTSF) when system starts from 0™ state, is as follows

MTSF=lim — & ® _ N

s D

where

(2,34 {2.3)

N={ppir +pi > (P + 532 )ity +{p3™ (o + 92 +p5 " ) 405 00" K,

+{p,,p,, pld (R. +p2Y 4 m)} ke "’[[Pn(pu % p:,n) *Pw(l’m +p30 m)}(%' spld u.)]
pﬁ’—pm)[(l plr‘r,)(' ul) el 13.0] Pra [pnp(':.l.l) p(n; . (l_p;:))]

Availability at Full Capacity

Using the probabilistic argumeats of the theory of regesesative processes, we have the following
cecursive relations for AJ(t)

Ag(t) = M;(t) +q,, (OA](1)

Al(D) =M, (1) g, (DDA (£) + g} (V@A () +q T (BAL (D +q 1 (DDA () + g (V@A (1)
AL(D) =q, (DDA +qL (@A)

A = M; (1) +9, (DDA () +q57 (DOA(D +q5 7 (DDA

AL =My (D +q, (DDA +qF (NOAJ(D) + 95 (DDA (1) + g3 (NOAL ()

In stesdy state, the avaitahility of the system s given by

N,(0) N

D|(0) D,

Aj= hm sA(s)=——

N, —((I—Pff’)p. +k, )pn,p,,p,, (Pakt, =y, ) PerP s (p.”’-l—p"" ) g plisas)

11y (Peiper (PE 4 P9 1 pgy (P22 4 p2 ;n)( ) uu;))
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13.4) 134.5)

D = {( (2443) | (234) "‘”)(p,,p,, F PP 4 papt 4 pli® (l L an’n’) + pnp:m)

P Py P

1PsPrPa (P + D) 4 bt (PP~ PP s + PerPrPuiProita

Availability at Reduced Capacity

Using the prodabilisic arguments of the theary of regesemtive processes, we have the following

recursive relations for A.Ré(t)
AR(1) =g, (NOAR (1)

AR} (1) = M (1) +q,,(VSARS ()4 q5, (NOAR [ (1) + g, " (OSAR {1 +q53 " "(ODAR (1)
+ @ (OARI()

AR(t) = M{(1)+qq (DEAR (1) + g5 (VOARL (1)
AR () = M} (1) +q,, (N@AR (1) +q'5 (NDAR (1) + 947 (DDAR (1)

AR (1) = M; (1) +q,, (NEAR (D) + g (NOAR (1) +g5; * (DEAR (1) + g2 (DDAR (1)

In stesdy state, the availability of the system is given hy

N
AR} = lim sARS (s) = D"'
N;, =Ky (PePouPu) e {PruPupls ™"+ papls ™ (pig ™ +013"" + "
95 (P +P5" + P ) (Pl ™+ )+ %P P+ Pl N )
4K, {pe (1-P ) (pie™ 7 +05° ) +popl™ (i + 0™ )}
+hioPePr (Pl +P5 7 +P5)

D, iz already defined.
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Busy Period
By probabilistic arguments we have the following recursive relations for B,i (]

B, (1) =q,, (DEB(1)

Bl (t) = W' (1) +q,p()@By(1) + qi7 (VOB (1) + qic (@B {t) +qi7** (NSBI(1) + qiy” (DB (1)
Bi(t) =W/ (1) +q, (DOBI(t) + g5 (VOB (1)

Bi{1)= W, () +q,,(NCE(1)+qy (NOB, (1) +q5 " (NOB(1)

By (1) =W, (1) +q, (DB (1) + g5y (V@ B(D +q5 " (NGB (1) +q5 " (1H@B(t)

In steady state, the 101l fractions of the time for which the system is under repair is given by

- N
B! =limsB] -2
o-s-abs .(S).Dl

Nz = "s[pnpn P — [“P:Z;]'m( (PII + p:J‘.J.SJ )(pn + PS;‘.'”) + p(ri's'p(ls") ,

7
(134) .45

+PiT M Phe (P tP5e )~ Pre Pt PR )RR TIPS P sy (Pt DY)

+Pa (Pl i + Pl DR + 05t P ) F PaPa (Pl R )]

and D, is glready defined.
Expected number of the visits of the repairman

Ry prohahilistic arguments, we have the necursive relations for V] (1)
Vi =0, &[1+ V']

V(1) = Q, (NEV () + QP (DEV () +Q55  (EV, (1) + QI (HEWV (1) + QE *(HEV{ (1)

Vi) = Qu (HEV, (1) + QL (EV (1)
V5 (1) = Qe (UEV () + Q7 (EV; () + QL (EV, (1

Ciéncia e Técnica =
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V, (1) = Q, (EV,' () + QL (HEV, () + QL BV, (1) + QL (HEV; (1)

For steady state, the expected No. of visits of the repairman is given by

v, =l‘i_t£s\/,,"'(s)=%

N; = paPsPuln
and D, is plready defined.

Profit Analysis

Al steady stare, the expected total Profit (Py) per unit time incurred to the system is given by
Profit (P,) = CeACy" - CyBe' — CV-51C

where

Cs = Revenve per unit up time

C; = Cost per unit up time for which the repairman is busy

C; = Cast per visit af the repairman

1C = Installation cost of a unit per unit time.,

Comparative Study among the Models

Mode!l | will be mare or less oc equally beaeficial than Maodel 2 if accarding as

P-Py>00r <O or=0

ie. if (CaACy' — C 1By — GV~ 28 (IC)I(CoACE = Cyllg" = CaV™=3*(ICy)) >0 ar <N or =0

Le if CAC-ACT) CAB, - B (V' V)4 IC, >0 ar <0 or =0

i.e. if CHAGE-AC) = ar < or= Cy(By'- By Co( Ve~ Vi) 15

Hence, No Standby o One Standby may be used according as

(C,(By By 4C, (Vo' Vo' HIC,)
(AC,'-AC)

(C,(B,'-B, )+C,(V,' -V, )IC,)
(Ac-acy)

C,>or<or= forAC,'>AC?

ie il

C,<or>orm forAC,' <AC?

Model 1 will be more or less or equally beneficial than Model 3 if accarding @

Pi-Py>00r <0 or =0

e if (CAGY CB)' GV -2%(IC))-(CoAC, - CBy - GV —4%(ICy) 50 ar <0 or =0
e if CAG-AC)- CUBy' - BY)- Ci(Vy'- V' )+ 24(IC) >0 er <0 or=0

Le. If C{ACY'-AC,") > or < ore C,(By'- By Cy( V- Vi )-24( 1C,)

Prmed in
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Hence, No Standby or Two Standby may be used nccording as
(C,(B,-B, )10, (V, -V, T)-2*(C,))
(Ac,-ac.?)
(C.(B,' B 3+ C, (V,'-V, )-2*(C, )
(ac,-ac.”)

C,>or<or= , forAC,>AC,
Le.if
Ci<oarzor=

, forAC,' <AC,’

¢) Model | will be more or less or equally beneficial than Model 4 if according as
P-P,>00r <0 or=0)
ie i (COACS -~ CiBY — CaVi -2*AC(CoAT:" = CiBy' = GV -54(IC,)) 50 ar <0 or =0
i.e. if CAG"-AC")- CAB,'- By')- Co(Vi'- V') 3%(1Ce) >0 or <0 or =0
ie. if CUAG ACSY) > ar < o= Cy(By'- By')+ CUV- V') 3°( 1)
Hence, No Standby o Three Standby may be usad according a8

(c| (Bu. 'B.‘ )“‘ C: (vo. ""()‘I )‘3 .(Eq ))
(AC,'-AC,")

(C. (“ol 'BQ‘_)*C) (vol 'v.‘ )'3*0(:“ ))
(Ac'-Ac,t)

C,>ar<or=

e if

Ci<car>or=

. forAC,'>AC,*

,forAC,'<AC,*

di Mode! 2 wiX be more or less or equally beneficial than Model 3 if acconding as
PsP:>00r <0 or=0
Le. if (CAG - CBy — V- 38 IC)-CAL, - €, By — GV 4*(1C))) >0 o <0 ar =0
i.e. if CHACS = ACS)-C,(By - B )-Col V- Vo' - 1050 ar <) or =0
i.e. if C{ACS - ACg) > or < er=C(By - Bg' )+ Ca(Ve- Vi)- 1Cs
Hence, One Standby or Two Standby may be used according as

2 or < oe (B -BPIC (V' V') - IC Saes
Cyzor<or= (AC."'— AC.') JorACS >AC,

feif
B !.n a v!- v 1 2
Gy ot>ot-=c‘( 2 (:\L:fiz(A(fui) .) K:..fGACo’\'ACo’
Ciéncia e Técnica
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¢) Model 2 will be more ar bess or equally beneficial than Model 4 if according as
PP > or <0 or=0
Le I (CoAGs' — CiBg = GV -3 7(ICa)-CoA Gy — C,B" — CrVo'-5*(IC) >0 ar <0 or =0
i if CACS — ACy")-CBy'- By )-CVo'- Vo' 2%(1Ce)>0 ar <0 or =0
i il CAAGS = AGy") > 0r < 0r=Cy(By™= B )+ Cal V™= Vo' )= 24(1C,)
Hence, One Standby or Three Standby may be used accarding as

Cu(B'- By )G (W= V') 2*(1C,)

» C,>or<or= (ACI-ACY) forAC, " >AC,"
c.
2, Y, v e v4 L0
CQ< ar>or =C' (Bﬂ B‘()A.CC’,E ;C ‘; ) 2 (IQ) .fWACg!<AC|‘
< 0

) Model 3 will be more or less or equally beneficial than Model 4 if according as
P=P.>0 or <0 or =0

i if (GACE = C,By’ = GV 4*(IC))(CoACy" - By — G,V 5*(1Cy)) >0 or <0 or =0
ie if CUACG- AC")-C By~ By')-Ca V'~ Vi )+(ICo)>0 or <0 or =0

iie. if CUACH™ AGS") > or < or = C;(Bg™ By 1 Co (Vi Vi )1Ce)

Hence, Two Standby or No Standby may be used according as

Cl (Bc]’an‘ )*C, (V"‘ 'vl‘ - (IC' )
(AC,'-AC")
cl‘sﬁ"an.)"cz(vu"vc‘)'(lci)
(AC,’-AC,")

Let us consider the following particular case to illustrate the comparative analysis with respect 1o

revenue per unit up time. For the special case 3=0.1, =02, C,=500, C,=300, 1C=100.

Cror<or=
e if
C,<or>o0r=

JSorAC, >AC,"

JforAC,'<AC,

a) PP, 200 <0 or =000 revenue per unit ap time >9344. 1901 o <924.1901 or = 944.1901

b) PP >0 05 <0 or =0 if revenue per unit up time >1828.2596 or < 1828.2596 or = 1828.2596
¢) PP >00r<0ar =011 revenue per unit up time >437.4187 or < 4374187 or = 437 4187

d) PPy 20 or <0 or=0if revenue per unit up time > 916275 or < 9162.75 or = 9162.75

e) PP, >00r <0 or =0if revenue per unit up time >1483,5232 or < 1483,5232 or = 14835232
f) Py-P>0 or <0 or =0 if revenee per unit up time >2828.01 or < 2828 0 lor =2828.01.

Ciéncia e Técnica
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52Co ive Analysis of the Profits with respect to Installation of a unit

a) Madel 1 will be more or less or equally bencficial than Model 2 if according ss
Py P2 240 or <0 or =)
Le. 1T (CoACy' — €18y — CaVe' -2 (IC)HCeACH — CiBy" — CiVy-3"(1Cy)) >0 ar < or=0
i.e. if CUAC,'-ACH)- C\(By'- By')- CuVy'- Vi )+ IC, >0 or <) or =D
Hence, No Standby or Ome Stasdby may be used according as
i.eif 1Cs > or < or= -CAACe" -ACs )+ Cy(Ba'- By 1 Ca(Vio'- Vi)

b) Model | will be more or less or equally beneficial than Model 3 if according as
PPy =0 ar <0 or =0
e i (CACy — C By — GV 2HUICH)H(CAC = Gy = GV <47(1C)) >0 ar <0 or =0
ie if CUACY -AC)- C(By'- By) CulVe'- Vi )+ 2% 1C) >0 oe <0 01 =0
Hence, No Standby or Two Standby may be used according as

€y (AC-AC,")4C (BB, 4T, (V' -V, )

Le if 1Cy > or < or= 2

€) Model | will be more or less of equally beneficial than Model 4 if according as
Py-Py =0 ar <0 or =0
e 1 (CeACy' — CiBy' — CyVig 2HICHHCACH' = CiBy' = GV -5*(1C0)) >0 ar <0 or =0
Lo 4F CUACY'-ACY")- C By~ By') Cu(Vo'= Vg )+ 3%(1C,) >0er <D or=0
Hence, No Standby or Three Standby may be used according as
C, (AC/-AC,")+C, B,-B,)C,(V)'-V, )
3

d) Model 2 will be more or less or equally beneficial than Madel 3 if according as
PyP:>00r <O or =)
e if(CAC = C B, - C.V - 3*(ICH)-CAC, = OB, = C.V 4*(1Cy) >0 or <0 ar =0
Lo i CUACY = AL )C (B By ) AV Vo' 1 100 or <0 or =0
Hence, One Standby or Two Standby may be used sccording ag
i.e. if 1Co> or <or = -Co(ACs" — ACe HCy{By'™- Bg MCAVo- V')

e if ICy>or < o=

€) Model 2 will be more or less or equally heneficial than Model 4 if according as
Py-Pi>0ar <Oor=0
ie if (CAGCY = C By = GV - 3*(IC)-CoAC,' = C,B," = C;V"-5*(1Cy) >0 or <0 or =0
e ifCYLACY = AC:)-Ci(By™ Bg)CAVi™ V')t 2%(1C) >0 or <t or =0

Ciéncia e Técnica
Vitivinicola

Scanned with CamScanner



ISSN:0254-0223 Vol. 32 (n. 8, 2018) Printed in

PORTUGAL

Hence, One Stndby ar Two Standby may he used according o8
O, (AC,T-AC" | 46, (8,78, )4C, (V," -V, ")

e if ICG>or<or= 2

f) Model 3 will be more or less or equally beneficial than Model 4 if sccording as
PP, >0 or<0or=0
ie. if (CoACy' = CiBy’ = CaVi -3*(IC))(CeACy" - C 1By’ — C:Vo'-5%(1Cy))>0 or <0 or =0
L. if ColACy- ACY)-Cy(By'- Bo')-Co( Vo' Vo 142*(ICo1>0 0r <0 01 =0
ie if 2°0C)>or < or= -CAAC™ AC; M Ci(Bo™- By J4C(Vy'- Vi)
Hence, Two Standby or Three Standby may be used according as
-G, (AC,B-AC: )fC,(B.‘ °B,,' HC, (\,.; 'Vc‘)
2
Let us consider the following particular case to illustrate the comparative analysis with respect to
instailation cost of a unit. For the special case 1=0 1, =02, C;=800, C,=300, C,=500.
a) Py-P; 200 < 0 or =0 if installation cost of & unit >79.4679 or < 794679 ar = 79.4679.
b} P-P; >0 0r <0 or=0if installation cost of a unit > 44,8977 or < 44 8977 or = 44,897,
c) P-P;>00r<0ar=0if installation cost of a unit >78.2852 or < 78.2852 or = 78.2852.
d) Py-P;>0 or <0 or =0 if installation cost of 3 unit > 10.3276 or < 10.3276 or = 10.3276.
e) P,-P>0 ar <0 or =0 if installation cost of & unit > 86.0575 or < B6.0575 or = B6.0575.
£ P:-P,>0 or < 0 or =0 if installation cost of a unit > 175.5373 or < 175.53730c =175.5373.

LeifIC, > or<ar=

53 Comparative Analysis of the Profits with respect to Cost per visit of the

@) Model 1 will be more or less or equally beneficinl than Model 2 if according as
PP or <0 or =0
be iN{CAG - CBy' — GV -2*(ICHHCoACy’ - C B = CyVe'-3%(1Ce)) =0 or <0 or =0
i.e. if C{AC,-AC)- Cy(Be'- By')- Ca(Vy'- V)4 IC, >0 ar <0 or =0
ie. if CoVa'- Ve') < o1 > or = ColAG, -AC) -Ci(By'- Bo')+ 1Ce
Hence, No Standby or One Standby may be used according as

(Co(AC-AG)-Ci(B,-B,' HIC,)
(vn! .V.l)
(< (AC.' AC ) Cy (B, B HIC,)
(V')
b) Madel 1 will be more or less or equally beneficial than Maodel 3 if according as
P|‘p’ >$'(!’ d) Df d)
P if (CeAG' - C By — GV, -2*(ICOMHCoAC, - CBp' — CaVe'-4%(ICe)) >0 or <0 er =0
ie. if CACY-ACH)- Cy(Be'- By)- Ca(Vy'- Vi)e 2%(1C,) >0 or <D or =0
ie. if C{Va'- Ve') <or > or = ColACs -ACs") -Cy(Bo'- Bo }42*( 1Ce)

C.<ar>or=
ie if

C, >or<or=

Jor V' >V,

Jos v ey,

Ciéncia e Técnica

Vitivinicola "

Scanned with CamScanner



ISSN:01254.0223 Vol. 33 (n. 8, 2018) Pramel in

PORTUGAL

Hence, No Standby or Two Standby may be used nccording as

(Cy (AC,'-AC.")-C, (B, By H24(IC,))

C, <or>or= - JSor v, '>v]
Leir (%) .
: L (AC-ACT)-C B, B, 124G )
G, >Cl'<“=((-‘( i L“()v.:v;) s ugnJﬂ’V;(Ve‘
L n

€) Maodel 1 will be more or leas or equally beneficial than Madel 4 if acconding as
P-Fy>00r <0or=0
i.e. If (CaAGy' - CBy' — C3Vp-2*(ICe))-(CoAC," — C,By" - C2Vi-5*(ICy)) 20 or <0 or =0
ie if CAC, -AC") Cy(By'= Bg')- Co(Vy" V,' 1+ 34(ICy) >0 or <0 or=0
i.0. if Ca(Ve'- Vo) < or » or = CAAC, -AC") -Cu(By'- B')+ 3¥(IC,)
Hence, No Standby or Three Standby may be used accarding as

(€, (AC,-AC,")-C (R, -B, " 13°00,)

C, <or>or= Vo) Sorv) vt
ic if LT
AC, - . [l 3
C, >or<ot=(c°( ) : 48‘. . B c'».forV.'<V°‘
T

d) Model 2 will bo more or less or equally beneficial than Model 3 if according s
d) p;"'; >0 ar <Oor=0
L. i (CACY - C\By” - CVE-3XIC){CoAC, - T By - GV 4%(1C) >0 or <0 or =0
Le. ifCUAC) — ACY)-C (By™- By )-Cal V- Vo 1+ 100 or <0 or =0
i.e. ifCy(Vy'- V') < or > or = CACy’ — ACe')-Cy(Bg - By )+ ICq
Hence, One Standby or T'wo Slandby may be wsed according as

C,(Ac/-Ac).c,(B-B.')+1C,

= o C,cor>or= (V,’- V,’) far V5V
e
1 AC3). g
Crorcor= Glac, A?:,! (:;(;? b) rlc'.for b A
L]

¢) Maodel 2 will be more or Jess or equally beneficial than Model 4 if according as
o Py-Py>0ar <Oor =0
P2 if(CAC, - C By - GV -3MIC N {GAGS - CBy' - C,V,'-5%(1Cy) >0 or <0 or =0
Lo iMCUAC = AC)Ci(Bo™ By ) CoA Vo™= Vo 1325 IC >0 or <0 or =)
i, if C(Va'- Vi) < or > or = CACy" - ACe)-Ci(Be™- By )124(1C)
Hence, One Stndby ar Three Standby may be used acenrding a8
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Co(AC - AC,)C (B, - B,')+2%C,) e
(v.g- V.‘) . a €

C, (AC - AC,')-C, (B, - B,') +2%(1C,)
(%)

C,cor>or=

e if

Coorcor= JSor v, ev)!

f) Model 3 will be more or Jess or equally beneficial than Model 4 if according as
PsP>0 or <0 or =0
Le if (CACY - C By - CoV 4¥(ICHHCACS — C By — GV '-5*(1C,))>0 or <0 or =D
e ColACH AC Gy (By™ By )Co(V™s V' H(IC A of <0 or =0
ie. if Co( V™= V') < or > or = CHACy - ACS')»-Ci (Be'~ Ba HI1Cs

Co(AC,-AC,'}-C, (B, -B, )+ (IC, )
(vn, 'vnl)
Co(AC.'-AC,'}-C, (BB, 1+ (IC, )
(Vo}'vu‘)

Let us consider the following particular case (o illustrate the comparative analysis with respect to cost

per visit of the repairman, Foe the special case 2=0.1, i=0 3, Ce=1000, C,=600, IC=125.

Jlor v,'>v,!

Cice>or=
ie il
C,>oc<or=

for V' <!

1) PPy >0 or < 0 or =0 if cost per visit of the repairman >6328 7676 or < 63287676 or =
6328.7676.

b} P-P, 20 0r <0 ar =0 if cost per visit of the repairman >3087.063 or < 3087.063 or =
3087.063

¢) PP>0 ar <0 or =0 if cost per visit of the repairman> 19825649 or <1982.5649 or
=1982.5649.

d) PaP0 or <0 or =0 il cost per visit of the repairman> 318 9850r < 318,985 ar =318.985.

e) P+P>0or < 0 or =0 if cost per visit of the repairman >18077.90 or <18077.90 or =18077.90.

5. Conclusion:

A system comgprising fwo operative units and po/onaftwo/tbree standby unite have been analyzed
developing four models on the following simuatons:

i) When two unit is operative and no unit is standby initinlly

i When two unit is operative and ane unit is standby initially

iii) When two unit is operative and two units arc standby initinlly
iv) When two unit is operative and three upits are standby initially

The number of standby units is optimized on the basis of profitability derived from varions measures
of system effectiveness. Comparative analysis among the models revealed as to how many number of

Ciéncia e Técnica
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standby units should be there o get the maximum profit. The cut off points for the revenoe per unit up
time, intallation cost of a unit and cost per visit of the repairman have been obtained which ennble us
o decide as to when no ar one 0 two or three standby units should be used in order to optimize the
prafit.
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1 DINESS IN
WORK CENTRALITY, RESILIENCE AND HAR
RELATION TO WORK RELATED QUALITY OF LIFE AMONG
PRIVATE SECTOR BANK EMPLOYEES

V.Rani* A. Malik™ S. Kohli**

Key words : Wotk coniraliy, Resiliance, Herdingas and Work relatod Quality of lifo.

Q The probiam of the present research wos io sludy work controlity, resillenco and hardinass
g in relation to work related qualily of lifa among private seclor bank employoos. A samplo
comprising of 100 private bank employees willin the age range of 30-50 ysars with at least 5
yoars of axperiance from private banks wera sslected on the basis of avallablifty and informed
consent. The tools utilized were Work Contrality Scalo (1994); Rasillonce Scaie (1993) Hardiness
Scale (1989) and kaRelaud Quality of Life Quastionnaire (2007) {WROOU Resulls Indicalod
that there was a srgm‘ﬂcan: posilive correlation of work centrality, resifienco and hardiness with
weark refated qualily of life. Resulls implicate thal the employees can be offored workshops
whereby thay can bo trainud to develop and oxpmd theso positive psychologlcal assels.

The concept of wock centrality” refers terms usedio describe 8 phenomencn Inwhicha
generallytothe degmooﬂmpoﬁance of work plays “petson Plpoes high life Importance on \he'activity

Inone’s life (Paullay, Alliger, and Stone- Romero, * ~ofworking.
1994). Work cenlraldy has been viewed 83 an Work centrality differs from the concept of
important aspect ot workethic (Miter, Waehr,and  jop jnvglveientiwhers Work centrality refers to the
3 Hudspeth, 2001), aﬂd ascenual tounderstanding * extant lo which people perceiva work as a main
work meaningfbiniess (MOW ° International _companent of theirlife and Job and-work
. Research Team,:, 1957} Work centrality also -involvement réfers t the extent to which people 4
.' relales posulively‘\m ‘work satisfaction and with ;-.are; mmefsed in nelr. present job or work (Bal i
. wganlzallonal a ‘aa;oc%upat onal commllmenl and. Kodij, 2011). As such, work centrality is
c o g0 eﬂbach Mgno% <'§ enberghe. and Nogdm o= broagefln scope than ]ob or work invoivement,

af 20

t_”..;'\,. : it ‘2009 Schmldl 08) quklnvolvemem. : because it teﬂecls the, Impertance of work in
g )g },mk,,o,a conlrai .; work cenualily are al : ‘ge’n‘;a.r.al w_he_reas the scope of job involvement ,
Huo SpE T el ) R N L T : :
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lives. \Walio (2011 )
coirelation boly twoon
palance. The S dynw

urk cen ’
r\:ohi?\'::lk ::\ life, kool {hvoir work gbove othsr
denvcsmis(acllon

wiith the challenges
adran and Kafaly, 2008:
per of studies have.

.b
! 2 msmence. psychowglcal
IJ ‘;
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Shskl eyl
o Fiedr .u‘., MTayw( 2006)‘Ingeneral
archer ~.'{»-,s= 'auesllsnce:sawpaclwu
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| The sense of

estlieﬂcO, ' career | Tesfience, .,
Mdud and, crganlzaﬁonal v
(Bofte ?erl)tllewmz. nggs. a,nd‘

3; Fiied ;ékson ‘and Tugade, 2003;

posilive ' emolians afe linked to positi®

'lgdr!' 'deals w|| -cbange.;.'," llmentbehav:our .Resiience &

sstr(}ng o ‘g‘\e ‘)«m =

ol Selantial Vol, 19, Mo, 2, August, :um,

o o n raseureo capacily may "9‘0
g buuncd pack frarn such sduations,

loy00
gxtont [itaralufo prosonts avidence that

ragtlonco hos organizationdl outcomes. Thesa
dﬂl"o go ollitudos like organrizahonal
Taytor, and S¢o, 2012, Yuusses
, job salisfaction (Vohta and
 and flex sibility (Sfe, Hul, Phillips, U,
Shl. 2009); employeo behaviouts ke
liona |oommlunenlbehavmmﬂomn¢
oforl, 2 2010); employese performancs and
affectivents? gs (Luthans, Youssel, and Rawski,
teem (Ram Ramiall, 2009), vodkhaperass

2011),se¥-6%
and well-D _peing (Wilson, et  al,, 2005; Yousselelal,
2007), qualty of life and work-ifo balance (Siu,

etal, 2009) and, physical and psychelogical
heailh (siu, et.al. 2009; Youssef and Luthars,

2012).
Resilient people aré able to pursve sew
gand expedencesandgelmom
relationships with athers (Luthans, el.al, 2007),
exploring gnew experiences molvales
to build social relatlonships 2 fhe
workplace and engage Into activities which ar
beyond their defined job roles (Tugade: etal,
2004), Further, resiient individuals are more el
o experience P posifive emotions ¢ven ovaninthemidst
of. dlfﬁcu!l ‘situations. Literatur® suggests Ihat

employees

al Ihe workplace (Ftedrlckson. 2001). Thus, &%
ed that resflience at Lhe workpiac® wil

rage emaosees \0 engage incgan
alsoriaed

%' Hardlnass has beed pul(mva"ﬂi
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Inliaviautal Bciantint Vol 19, Ho. 2, hugunt, 2018 07

Lo
pigh fevels of sless, vt teminin henlthy, hidd »
wheenl personnidy siruciura thon ndividualn whe
cagetionon high baveds of sttnng and bocamn skk.
11y centro! domaln of thia paraonality slrucio,
Libelnd s bardiness, waa subsequontly dolirod
A “the use ol 0qo fesOUTCAS nacossary lo
appraise, inlerprel and rospond 1o hoalthy
arassors”. [Lwas also dofined na o parsanalily
giructure comptising the threo tolatnd genersl
disposlitions of commitment, conlrol, and
challenge ihat function as 2 rosislance rasource
in encounters with siressful conditions (Kobaud,
1979; Kobasa, Maddi, and Kahn, 1862). The
commilment disposition was definod as a
{endency to invelve onesell in actvities in e and
as having a genuine interestin and curiosity aboul
{he surrounding world (activiies, things, olher
peaple). The control disposition was delined asa
t=ndency o believe and actas f one can influence
e evenls laking place around oneself threugh
one's own efforts. Finally, the challenge disposilion
was defined s the belief that change, rathér than
stabiity, Is the normal mode of life and constilutes

motivating opportunities ﬁfbéjf;ionalg’rbm falher

than threats to security.® %
o2 0 &

Hardiness can aisolt df\‘d'epqullzofd asa-

general fiealth promoting "at}t'_og. whies g
individgal to remain bg sﬁycholo‘gwally and
physically healthy despite %ng gc‘}qfrpn.te.\d by

ikiustions o exparEnces (Yasd Here

AL

“

Fothers « WU,

< Ofd;f;l

campotilion of avar protaction). The dahiitating
piocosn auch an monial hoalth brankdonm and
porfotmnnes (nadaduacinn mny atlse due 10

axjusuro of threatoning stennoful sitiration misy

nat alfest much If tho parson has high taval of
hardinasa. Moradl and Shakor (2015) founvl 3

masningful rolationahip betwecn psychological

' hardinoss and fts dimenslons with quality of lfey.

Shokerl (2010) loarrd hat psychologizil handinast
and mental health have a meaninglul ratationship
wilh life quality.

Qualily of work fife (QWL)can be dafined as
"he qualiyof relalionship between employees snd
he total working environmen(”. According toRose,
Beh, Ul|, and Idris (2006) quality of work e is
philosophy ora setof principles, which holds that
people are trustworlhy, responsible and capable
of making a valuable conlribution to the
organization. It glsoinvolves treating pecple with
respect. The elgments that are relevant to an
indwidual's qualty of work (ife include ihe task,
the physical work environment, the social
environment \ithin the organization, administrative
sysien and arélationship between life on ihe job
and off the job (Rose, et.af, 2006).

Improving e quality of work-life serves the
ain’ of ‘mP"W‘ﬂQefﬁdeﬂcy of employees, thal
resits/ifi making, ‘profit and savings of the

oAy

- oAl impfoing smpldyees effidency gels
e Shop).". {ougt lmpiodiig working Gondtions 5 el e

cur 0L amployées ‘integraling themselves with the
ofganizam&véralsiudnesreveal that the qualiy

' . Rt \hnoes emp!oyaes crganzational
uch as ‘organizational Identity,
[commitment, job satistaction and

g+ wor podamance o, Lawerand Le, 200;
‘it Roghing Roehing;and Moan, 2001; SIrgy. Reily,

ety 2008). Rethinam and lsmail 2008)

fors

3 ‘antothers;’ - Wu, anG el !
7 e “'Qq‘,_!,éhﬁ‘ gggq dfiaf quality s wor ffe is asscciated
) j A s: “#m '

faclicn, 106 Involvement, motivation,
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[ 2 e i, 00 "~ Objectives
f st s Mg
/ prochietivity, heatih, mlul';‘:'::"n““'t":"' oo . To0as09s (he wor;:,:;:;giry "’:"‘-"-rn,
/ paigR mmpolmu':o 00:1 wo'lk (Ifg, Chlien and hardiness M‘LW:M e': Uy of titq
hotwoen work and nol Dol qualily o of privalo pank employn

2) study arguos
Mahoiokshmi (2012) & ucly (lafnctin. ToM.,dymorelmbnshbo(mkm'mmy

Iy 5N
work lie is dimally telntod 1o Jo 2.
Parameswati and Kndhlrmvin {2014) ""'““‘:’ ::::: aclience and hardiness vith work kst
diffeeoncns of lifo arong private sector b
1hofo“t:'; :f::ﬂ:::‘, m ol work life nomoly, g:::yees ank
| .
;::olnl\\wk and working condiion3- Thefa it

olso significant gendor ditfercnces 1 ﬂ”' "‘;;’ Hypothosis
rdiness thal s, ¢on g 2 .
dmlsposlibnls o:t: :::mngo Also, it Is found thal Therewould be o positive refahonshl? of wark
cortai .lfmel:tsolqualnyolmvk 4o ondhacdinoss  conirality, rositience and hardiness wilh viork
infac
lated quality of lifc among private sector bank
i nmcawymbwdloonch other. fe
disposilicns ane $ig e B2

In the prosent sconarlo, banking sector is
the mest prevalent subsectorolmmamlalwdof >
in India. The banking Industry like many o€l pagign
financial service industries is facing @ rapldly ; .
changing markel, new iechnologles, economic A correlational design was used for he
unceriainties, fierce compelition, and especially present study.
meore demanding customers; and the changing ~ Sample
climate has presented an unknown set of
chafenges. Theintense compeltion ininlroducing For the purpose of the present study, atotal
innovalive products and sevices and lo satisly Sample comprising of 100 private bank employees
Ihe divergent cusiomer, needs has crealed more within the age range of 30-50 years with atleast 5
demand and pmsuresLop employeas lheteby - years of experience- from private banks wera
incrsasing vuinesatiitylosicess, To dealvith s Selécled. These employees were workingin HOFC
"“”3 and 'oemwn qual ol work ifleof  Bank, ICICI Bank, Federal Bank and AXIS Bank
posuwe ).. ojogical charasteristics onthe posgof assustant managers and managels.
b ika alionce. W"‘ tralfy an ‘?ﬂrdlnea play .

,‘ [ . o
"}Jan mp onmtmtml. {5 Arkhasbeendomon _T??ls’ "

METHOD

¢ spnd;ﬁarenl Wcrk Ceptrallty Scale

PR Work Centrahty Séale has been developed
" by Pl '“Allfger. ind Stone-Romerojn 193+

2 Meas reofworkoentrahly(wc)”“"d
i ' i degrea of importance, el *°
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' _'.has od |n|ernal :’al alllr(Cronbnch'

#Work Conlrallly.,..

Work Genirality moasuro yloked oh
consistency reliabliity eslimale Lo., .7

B.Int
of validity, stalistically slpnifican| 0):‘ :5‘;
correlalions were found bety Work cantrallty

and job involvement (r= 38 nnd Prote
etic (r=.31), ; S

Intomal

Resilience Scale

The Res#ence scale hasbeem deveicpad by
Wagnild and Young in 1993 and comprbos of 25
iems. Therespondents have loamwageach item
on a 7-point Likert-type, scale ranging from 1
(stronglydisagree) 107 (s’tonglyagree). Thescale
hasgood rehablllty(Cmnbadn 3 abha coefficient
was 0.87). In terms of validly the correlaion 6f
Resilionce smw:hReallemSabM(r-o 97;

p=0.000), the HADS deprmn (r=-0.28;

p = 0.017) and anxiety (r = 0.26 p=0. 0'28)
subscales, were sgmﬁcanl.

Hardluoss Scale

Hardiness scals has \;aen dcvelopod by
Barore, Ursano, anht, agd1ngaham in 1989,
It consists of 30 items wth (om allemauves (ie.
0=notatall irve, 1-Alntﬂe'tue ‘2= Quuae |rue a=
Completely true).The : Hafdlness.Smlc Is
composed of three subscéleé ' commitment,
control; and challenge >‘!'hese subscales/

cfmenslpns function as arrsslstance resourca in

the eneobn(ervn!h slms(ulcmdllons ‘The scale

Yi o'ﬁétaied

Bohavioural Sclentat Vol, 19, No, 2, Augusl, 2018 89

based on responses o 23 ilems, A 24th ltem s
usually Inciuded to provide an outcome voriablo
for measuring tho reliabity and validity of the
llems, Respondents are réquired to answer the
questions on a § point scale comprising of :
LStrengly Disegree, Disagree, Neulral, Agree,' and
Strongly Agree. The data is eoded such that
Strangly Disagree = 1 and Strongly Agree = 5,
The scale has gocd reliability (r = .674) and Is
Ibghlycorrelated (r=.832) with Overall Warr Job
Salisfaction Sdo (WJSAT) which is an indication
olexcelimt convugentvaldty

Pmoedura

Fmo(al.ne pmposedsmdywasetmalm
to tae suhjeds that helped fo establish a proper
twponwmﬁtestmied.mes'amsm rapped,
all the scales ware given fo 1he subjects.
Raspondenta were. asked o fill-the scales
according to- imsuuchons with the request to
respond honesty. Theywe also assured that
Mmmam‘dbekept confidential. Scoring *

«was done as per the manuals. The scores were
tabutated tocompMothomcan SDs and Pearson
product momnt ooofﬂmto( cotrelation.

RESULTS AND !lSCUSSlON

The preseMmesbgaion mmedto studythe
relatbnshlp of work cenkauy, teslliance and

' hardhesswihwork :elated quaﬂyor ife amonga!

25 dos p?(eswis!csformepr%msamp!em‘
| cludos fhean Scores end standard desiatens fo

e vanablos uqdor thé present study ie. work

i qualkyotﬁréﬂ’ab[q-Zstpus Ihenter-correlation

cenlrdlly. ('e,si‘ence, hard’mas and work related

Woik car nkally. r&dlienco and
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(WG 277, R = 305 ond 1 = 207) with work _ Uallar paycholopion! and phyaleal ooy
Nkmdqu‘ﬁuly of ble \mbhmoms Wyl empioyoos hawo fjood work Iifo bmar(wol m::or 1%y
Wit high work contrality tond to have betiorwork  Indivklunls ara mose '“‘T&&? o‘-‘tun:-u;ml'mm
related quality of o, Wark conttolly hplion that ~ omofona ovan 0 "m'ﬁ'm oshlive om:t‘m.‘m’
work plays an important rolo In ona's lifa, Poopla ~ Liletaturo ’moqucon‘:os S the M::‘ W
with high wark cantrality report thal (hey would linkad 10 '”";';31) Rosonrch avidanca cm
conlinue o wark even after bocoming ephia for rradacesn, latod vith wotk happine

refrement, andwould continug ta work ovenlfhor (ol rosillonco is rola IPPINOSS ang

, al.nl, 2005; Youssel
financial situation would aliow thom to live wallboing {Whean olol,

comiarably without werking (Arvoy, Hatpaz, and
Lino, 2004; Miler, ot,al, 2001; Mannheim, 1976;
MOW Intemational Research Toan, 1987).

Work centrality is also positively associaled
withtho theoe factars of work related quality of lif
i.e.genaral welbeirg (391); home work interface

L3)andomlml( 108) atwork (Tatle-2). General
weibeng inootporates ‘broader psychological
wdlbcmg as well as general physical health
aspects. The home, work interface factor
addesses workile mmmmmmmt
tnmhch the empbyer is-parceived 1o suppart
employees home wes :and the control at work

: (CAW) factor reﬂec(s‘ihe level at which an

employee feels they. can ‘exercise what thay
consodutobean appppthhhwlor control within
M work environmonLA:l three faclors are
po;lmfyassocabedwi!hmﬂc cenlralty and there
argsomc emphcal,gvldences that support the

mmwmgs Sharma(zm?)repouedma!wwk
mlar’etmce with

work deniratity

: [ d caree ;,{atssfacﬂon working

2 %a ife was foundlobe 34
‘__‘ i lm@&! among dochom Y

P\ : k a!ed quall!yof o tm;nlze s, lmpact On Ihe other hand,

2007), A research conductod by Rani and Magk
(2018) also found resilionco 0s a posilive predicl
of wotk relaled quality of life wilth the contribuson
of 15 por cent of variance.

Hardiness is @iso character sirengih. Hardy
employaes are more committed 1o their work, have
tetter control and 1ake stressful siluations as 3
challenge and make it a growth opporiunity
Provious research also suppors the presen
findings. Moradi, e.al, (2015} found a meaningfu
refationship between psychological hardiness ang
ks dimensions with quality of life. Table-2 alsg
degpicts that resilence and hardiness have shown
slgnlﬁcam negative correlation (~.293;~ 219w
one ol the factors of work related qQuality of ff2 ie.
stréss at work. It shows that resiliant and harcy
employees fael less stress at wock, Rush, Schoel,
and Barnard. (1995) found that there are some
: mdvlduds who are resiiem and actually become
stronger' under _pressure. When resilient
' 9xnenence somelhing upsetting, they
id aotlor\s lhey&n begin doing immedalely

ha_ uness iB consadered o be a personal

i ta"s mental,-ﬁaa\'tﬁ ‘(Maddi ‘and Kobasss.
9.9._)"3 Jodreaabﬁttress (Shapperand and
{ hadiness has 3 P""“"
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OPTIMIZATION OF NUMBER OF HOT STANDBY UNITS THROUGH
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Abstract : Hot stendby systems are being used by various companies’ industries’ plants in order to avoid losses. However,
use of too many hot standby units may be costlier and use of very less number of hot standby xnit(s) may cause major losses

Thus, the study for taking decision regarding number of hot standby unit(s) becomes important in order to have optimum
profit and hence the present paper develops three models for a system comprising one operative unit and no fone / two hot
standby unit(s) Toachieve the goal of optimizing the peofit, the three models are compared finding out the cut-off points with
regard to revenue, cost of installation of hot standby unit(s) and cost per visit of the repairman Semi-Markov processes and
regenerative point technique along with Laplace [ Laplace Stieltjes transforms have been used to find various measures of

system effectiveness,

Key words : Operative unit, Hot standby unit(s), MTSF, Profit, Optimization

1. Introduction

With advancement of technology and need of the
present day society, a large number of industries/ plants/
companies are using sophisticated systems for which
the shutting down/ failure/ interruption cannot be
afforded even for a while and hence for such systems
it becomes necessary to introduce redundancy by using
hot standby unit(s) Literature of reliability contams good
contribution on models for standby systems, Goel and
Gupta (1983) discussed the analysis of a two-unit hot
standby system with three modes Christov and
Stoytcheva (1991) dealt with the reliability and safety
research of hot standby microcomputer signally
systems. Rizwan ef al. (2005) carried out the reliability
analysis of a hot standby PLC system. Parashar and
Tancja (2007) finds the reliability and profit evaluation
of a PLC hot standby system based on master-slave
concept and two types of repair facilities. Rizwan e/
al. (2010) gave the reliability analysis of a hot standby
industrial system. Smgh er al (2013) dealt with the
rehability and availability analysis of database system
with standby unit provided by the system provider
Kumar and Baweja (2015) carried out the cost-benefit
analysis of a cold standby system with preventive

maintenance wherein the repairman takes some time
to arrive at the system whenever required. Kumar and
Kumari (2017) carried out the comparative study of
two-unit hot standby hardware software systems with
impact of mmperfect fault coverage. Manocha et af
(2017) discussed the stochastic and cost-benefit
analysis of two-unit hot standby database system. The
study to optimize the number of cold standby units on
the basis of profitability of the system is carried out by
Batra and Tancja (2018)

A good number of reliability models have been
developed on hot standby systems, but the optimization
of number of hot standby units has not been taken into
consideration in these models Hot standby systems are
used by a large number of companies/industries
including steel ndustries, oil refineries, fertilizers
industries, biscut manufacturing companies, cement
industries, optical fiber plants, casting plants, etc.
However, increase in number of hot standby units
mncreases the cost of mstallation for the system on one
hand and decrease in the number of hot standby units
may result into major losses on the other hand and hence
the users of such systems want to optimize the number
of hot standby units. Therefore, this aspect has been

*Author for correspondence Received

Revised Accepted
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well taken into consideration in the present paper
developing following three models -

i) One operative unit and no hot standhy unit
(Model 1)

i) Onc operative unit and onc hot standby unit
(Model 2)

in) One operative unit and two hot standby units
{Model 3)

The models are compared in order to optimize the
number of hot standby units to be used. Systems are
analyzed by making use of semi-Markov processes and
regenerative point technique and determining various
measures of system effectiveness for Model 2 and
Model 3. For the description and results for Model 1,
one may refer 10 the paper by Batra and Taneja (2018).

2, Assumptions of the Models
1. Thesystem is operative with one operating unit.
2 All random varmbles are mdependent.

3. Failures are assumed to follow exponential
distribution, whereas the repair times have
arbitrary distributions,

4 After repair the system becomes operative.

5. There is only one repairman available for the
system as and when required

Other assumptions are as usual,
3. Nomenclature

A Caonstant rate of failure

A, Constant failure rate of hot standby unit

g(t)G(t) pdf and c.d.f of the repair rate

Op Operative unit

Cs Standby unit

F, Failed unit under repair

Failed unit is waiting for the repair

F, Repair of the failed unit is continuing from
previous state

C, Revenue per unit up time

C, Cost per unit up time for which the
repairman is busy

C, Cast per visit of the repairman

IC Installation cost of an additional identical
unit

P Profitof model i, 1=1,2,3,4

D) C.d.f. of the first passage time from

regenerative state i to a failed state
q,(1), Q1) Probability density function (p.d ),
cumulative distribution function (c.d £.) of
the first passage time from regenerative
state S, to a regenerative state S,
Probability that system is up and working
in full capacity at the instant t given that
system entered regenerative state S, at t=0
for model j; =1,2, 3.
Probability that the repairman is busy in
repairing the failed unit at instant t given
that the system started from regenerative
state S_at =0 for model j; j=1, 2, 3.
Expected number of visits of the repairman

in {0, t], given that the system entered
regenerative state S at 1=0 for model j;

FL2.3.
4. Analysis of the Models

4.1 Model 1 : System having One Operative Unit
and No Hot Standby Unit

In this model, we have considered a system
wherein one unit 15 operative and there 1s no hot standby
unit. Possible transitions from one state to other are
given as follows :

From S, S,
To S, S,

Where, S, and S, are the states representing the
system as operative and failed, respectively,

For description and analysis of this model, the paper
by Batra and Taneja (2018) may be referred to,

4.2 Model 2: System having One Operative Unit
and One Hot Staadby Unit

In this model, we have considered a system
wherein one unit is operative and one hot standby umit
which takes place of the operative unit, if the latter

gets failed. Possible transitions from one state to other
one given as follows:

AC()

Bl(1)

Vi

From |S, |§, |S, |§ S,
To S, S, S, S, S,
Via S, s

Where,

$,= (Op, Hs), S;= (Fr, Op), 8,= (F, . F,).
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States 5, and S, are regenerative states whereas
S, Is a non-regenerative state

4.2.1 Transition Probabilities and Mean Sojourn
Times
The state transition probabilities p,, = lim gy (s) can
1
be obtained using the following:

gu(t)= (e nJe MY, go(r)= e glr)a,

g (0)= 2™ G, gf'e)= (e ©1)gle)ar
Mean sojourn times () ie. the expected time of
stay in regenerative state 7 are given as

| _"‘8.(7\1)
b
A+ Ay 2y

The unconditional ;ean time taken by the system
to transit to any regenerative state j, when time is
counted from the epoch of entrance into state 1 is
mathematically stated as

My =

m, = [ g, (0)dr = g; (0) and thus, we have
U]
n\u-"mm +m*+"n

g+ 3 -J'lg(f)dl ky(say)

4.2.2 Measures of System Effectiveness
4.2.2.1 Mean Time to System Failure (MTSF)

To determine the mean time to system failure
(MTSF) of the system, we regard the failed state as
absorbing state. Thus,

6(t) = Q, ()99, ()

$,(t) = Q (U@t} + Q,(t)

Thus, MTSF = hmu& = ﬁ
20 L3 D
Where, N=p,+u,D=p,
4.2.2.2 Availability Analysis
Theavaitability AC {t) 1s seen to satisfy the following
recursive relations
AC] (1) = My 1)+ qu ()2 ACT (i)

AG () =M 1)+ 4, (0 AC () +4(oAcf(r)

Taking Laplace Transforms and then solving the
above equations for AC;"(s), the availability of the
system, in steady state, 1s given by

" 2 3 Nl

ACG =lim sACS (s)= o

1
Where, ¥, =pylle + 1ty D =Pty + Ky
4.2.2.3 Busy Period Analysis

By probabilistic arguments, we have the following
recursive relation for BJt)

Bi () =g, )2 B (1)
B ()=W(0)+ a2 B3 ()+ g @B 1)

Where, Wy(1)=G(1).
In steady state, the total fractions of the time for
which the system is under repair is given by

B = lim sB3 (s)= lim D:((;) N’
Where, ¥, = k, and D, is already speciﬁed

4.2.2.4 Expected Number of the Visits of the
Repairman

By probabilistic arguments, we have the following
recursive relations for V, (1)

V)=, fi+ 1720

VE)=0ul) 220+ 080 o 1+ v20)]
In steady state, the expected no. of visits of the
repairman is given by

N
I tim sV (s)=— where N, =land D, i
Vs {‘_f;-"'o (s) D, 3 Rad

already given
4.2.3 Profit Analysis

In steady state, the expected profit (P,) per unit

time incurred to the system is given by
Profit () = CACZ - C,B}! = C,¥4IC,)
Where,

C, = Revenue per unit up time

C, = Cost per unit up time for which the repairman
is busy

C, = Cost per visit of the repairman

IC = Installationcostofa hot standby unst per unit teme
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4.3 Model 3 : System having One Operative Unit
and Two Hot Standby Units

In this model, we have considered a system
wherein one unit is operative and two hot standby units
are there. Hot standby unit becomes operative as and
when required. Possible transitions from one state 10
other one given as follows;

From [S, [S, [S, IS, [S, L[S,

T |8, [S, |S, IS, [S, 1S,

via |[.. |.. |8, |S, |S,andS, |... |8,
Where,

S,=(Op, Hs, Hs), S, =(Fr, Op, Hs), S, = (F _, Fwr,
Op), §,=(F,, Fur, Fwr), S, =(Op, Fr, Fwr) StatesS,,
S, and §, are regenerative states whereas S, and S,
are non-regeneralive states.

4.3.1 Transition Probabilities and Mean Sojourn
Times

The transition probabilities p, = lim 4, () for this
model are obtained as
Poi = Lpe= g‘(l' +4),

=202 (e"0) - "0y 40)

pile (A, +7~)’~‘7 0)-G(, 41))

I . | .
& (O) ug (1}*&‘ _”.}1’3 (% "')‘)'

1Y _
A~
=g pll=2"0)-2'()
Mean Sojourn times (u ) for the model are

[ =g q#r)  _1-g"(2)
Y P R Ve T S Y

Sums of unconditional mean times taken by the
system to transit to any regencrative state |, when time
is counted from the epoch of entrance into state i are
obtained as

ny =

(), () l-x (),

Mgy = R Mg M7+ mays = l "‘3(‘“)’)

my + m,, Hn"‘” Irg(r)dr = k, (say).

my +my = ]:’X(’)df =k, (say)

4.3.2 Measures of System Effectiveness

Proceeding in the similar fashion as done in Section
422, various measures of system effectiveness are
obtained as follows:

N
Mean Time to System Failure (MTSF) = D

Steady State Availability (4C} )= %-.

Expected fraction of time during which the

repairman is busy (_8:)- %I'l

Expected Number of Visits (VJ): %'l

Where,

pl). o= pf

N, = PPty + Puks + pli .

D, = pupity (P + pu ks

Ny =(pa + Pl '\‘J'PAI(' i+ ol X""Pu)

-)?.(1 : (:,’ +x)}+ ).,;1(1-1;:(1)} v

4.4 Profit Analysis

The expected total Profit (P,) per unit time incurred
to the system for this model, in steady state, s given by

Profit (P,) = C,AC — C B} — C,V-2%IC))

Where,

C, = Revenue per unit up time

C, = Cost per unit up time for which the repairman
15 busy

C, = Cost per visit of the repairman

1C, = Installationcostofa ot standby un per unit time
5. Comparative Study among the Models
5.1 Optimization of Number of Hot Standby Units

with regard to Revenue per Unit up Time

a) On comparing the profits of models | and 2, we
conclude that Model | is better or worse than Model 2

if P,—P,>00r <0

N =k +pgfl-

and £, =
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i.e. if (C,AC,' = C,B,' = C,V,") - (C,AC;?
~CB = C,V2=(IC,) >0 or < 0.

_— Cy>or>Cy for AC, > AC;
Le. .
Cy<or>C,, for AC] < AC;

Both the models are equally good if C, =C;,,

B - B2 v .V - V2 )-IC
AC) - AC}
b) Comparison between models 2 and 3 reveals
that Model 2 is better or worse than Model 3
ifP-P>00r<0
ie if (CAC? - C. B - C,V2-(IC))
—(CAC) - C B} - C .V -2%IC,))=>0or <0,

where Cgy =

ifif C, >or>Cy for AC] > AC,
T €y <or> Cly for ACE < AC

Both the equally good if C, =Cy,,

. _clB-glre.lz-w)-1c,
where C& = 3 3
(4c; - 4}
¢) As far as the selection between model 3 and

model 1 15 concerned, one should adopt Model 3 n
preference to Model |

if P-P>00r<0
e if (CAC? - C B} - C,V3-2%IC))
—(CAC -CB'-Cl')>0ar<0

" Cy > or>Cyy for AC) > AC}
L0y cor>Cy for AC2 < AC)

Both are equally good if C, = CJ,,

where, €, = gl -8+ el -rg)2+(ic,)
(4¢3 - ac})
5.2 Optimization of Number of Hot Standby Units

with regard to Cost of Installing a Hot Standby
Umit

a) On comparing thr profits of model 1 and 2, we
conclude that Model 1 is better or worse than Model 2

if P-P>00r<0
ie if (CAC) - C.Bo' -CV'-IC) - (CAC]

- C B2 = C,V2=2%IC,) > 0 or <0

ie if IC,>or <IC},
Both are equally good if /C,= iC5, , where

1G5 =, (81— B )+ Cald - 12)-€ulact - ac)
b) Comparmng between models 2 and 3 reveals that
Model 2 15 better or worse than Model 3
ifP,—-P>0or<0
ie if(CAC? - CB7-C Vi -(IC)) - (CAC}
-CB-CV3-2%CH>00r<0

ie if IC; > or < ICg,
Both are equally good ¥ IC, = ICy,, where

16 =68 - B+ .7 -17)-c4c; - 4c3)
¢) As far as the sclection between model 3 and

model 1 is concerned, one should adopt Model 3
preference to Model |

if P,—P>0or<0

Le if (CAC,) - C,B,) - C,V,!'- 2%IC,))
~(CAC,' ~CB!~-CFN>00ar<0

ie ifIC,> or < IC;,

Both are equally good if /C, = IC,, where

. Gl4c; - acl)-c(8: - B)-c. (2 -%7)
Ny :

5.3 Optimization of Number of Hot Standby Units
with regard to Cost per visit of the repairman

a) On comparing thr profits of model 1 and 2, we
conclude that Model | s better or worse than Model 2

if P,—P,>0or <0
Le. if (CAC, - C,B,' = C,V,\) — (CAC;
~CBi-CV2-(IC) >0 or<0

te if Cy<or>Cy, for Vy >V,
N | .
C: >0r>C:|ﬁrV0.<V°x

Both are equally if €, =C;,, where

(colaci-4cz)-ci(a - 83)i i)
e -vi)

b) Comparing between models 2 and 3 reveals that

C;l =
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Model 2 1s better or worse than Model 3
if P,= P,>00r <0
ie if(CAC?-C B?-CJVI-(IC))-(CAC)
=CB-CYJ-2%C))>0ar <

o C, <or>Cy for Vi >V,
LellC, sor<C for V2 <V}

Both are equally good if C, = C5,. where

. Glaci-ac3)-clg: - ) ic,
Cp=
(Vo2 =3 Vo’)
¢) As far as the selection between model 3 and

model 1 15 concerned, one should adopt Model 3 in
preference 10 Model |

fP,-P>0or<(
ie f (CAC} - C\Bj} - C, V3 - 2%IC))
- (CAG! - €8 =G 1) > Dar <0

i lG <or>C€,for V, >V,
Cy>or<C,y; for l"n’<i’ol

Both are equally good if C, =C,,, where

Cy= Cn(AC3 = ACI'J)-CI(H: 7 83)- 2'(’Cu)

. |
(Vo - Vo]

6. Conclusion

Three reliability models have been developed to
arrive at a decision regarding number of hot standby
units to be used for a system having one operative unit
The difference between profits have been obtained
taking two medels at a time with regard 10 parameter
of interest such as revenue per unit up time, cost of
installing a hot standby unit, cost per visit of the
repairman or any other parameter which the user of
such systems wishes to be considered. Cut-off points
of such parameters reveal as to when and which model
ts more beneficial than the other and accordingly as to
model should be adopted by the user. The corpany/
plant/ industry using such system(s) may apply the

present study to achieve simulated results for the data
on rates’ costs available with them for a particular
situation exasting therein,
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1.INTRODUCTION :

India is home to 21 percent of the world’s
unbanked adults and about two-thirds of
South Asia’s (Global Findex Database report
2014). Albeit, government also interfere to
address flaws and disappointments in the
regulated financial institutions.  But
subsidized government interventions also
come out as a failure mainly due to
inefficiency in execution and presence of
asymmetry information. No doubt, that
problem associated with informational
asymmetries, moral hazard, and adverse
selection is difficult to interpret for the
design of specific policies and institutions.
Thus, disappointment with the
effectiveness of formal financial systems in
fostering economic growth has diverted
towards reevaluation of the role of informal

financial institution as a medium of

mobilization and allocation of resources.

2. REVIEW OF LITRATURE :

Bouman, F.JA. (1976) traces the
indigenous saving and credit societies in the
third world through various literatures
available on it. It reveals that rotating
credit association is a  worldwide
phenomenon, appearing in many parts of
Africa, Asia both Americas, the Caribbean
area, the middle east and even in early
Europe. The paper provides the ingredients
of ROSCAs success in diverse cultures and
also identifies its multi dimension function.
It was suggested that in order to build
stronger institutions upon traditional form
of savings and credit, an idea of
traditionalizing modern institution must be
cooperated with the idea of modernizing
traditional institutions.

Low, Alaine (1995) conducted a
biographical survey of ROSCAs. The major

objective of the study was to provide

Available online: https://journals.eduindex.org/index.php/ejbss

Page |2663

" Year 2019



systematic and up to date literature
available on ROSCAs. This survey covers the
wide range of literature on these
associations regarding various aspects like —
its definition, characteristics, geographical
spread, membership advantage and so on.
The findings of the study revealed that
major literature was available in the form of

case study, not in the general demise of

ROSCAs.
3.ROTATING SAVING AND CREDIT
ASSOCIATIONS (ROSCASs):

The term ‘rotating credit and saving
associations’ was given by Geertz (1962) for
institutions which have previously been
called esusu ( small rotating credit
associations exist in Africa around the mid
19t century) or have been included in the
wider groups of thrift, loan and benevolent
associations. But the credit of making this
term more famed and mirror image of
various indigenous Savings and Credit
societies over great part of that broadband
of underdeveloped or semi developed
countries stretching from Japan on the east

through South East Asia and India to Africa,

European Journal of Business &
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known by different local names! goes to
Aderner (1964) . According to Aderner “The

rotating credit association has been defined

& MEMBERS
£ ROUNDS

Rz 1000 CONTRISUTION
s 2000 IN THE POT

e
as a group of particigants who make regular
contributions to a fund which is given, in
whole or in part, to each member in turn.”
In its simplest form, ROSCAs
comprised of four participants, who
regularly contribute a pre-agreed amount of
Rs. 1000, to a saving pot? each month, will
thus eventually receive amount of Rs. 4000
each. After, four months the cycle is closed
(fig.1.2).
Working Process of ROSCAs :
The first collector receives an interest-free
loan from all others. While the last in line is
only saving money as he extends credit to

his fellow members. The others alternate
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between debtor and creditor positions. A
member saves until he receives the fund,
after which he starts to repay a loan in
installments. Thus, not only the credit
rotates, the saving positions rotate too.
The procedure and methodology adopted
from the word kameti and ROSCA s are used
interchangeably in this chapter being the
first used to refer an institution found in
Haryana, and the second to smilar
institutions all over the world.

Evaluating Financial Benefits Or
L osses Of Joining Kameti
In kameti a participant is predicted to
contribute a fixed periodic contribution from
the beginning to the end of the cycle.
Assuming that the individual will win the
last pot (about which the individual will also
be 100% definite), she will come to be with
a saving equal to what ghell make a
contribution. This individual, nevertheless,
have another hazard free and easy option to
place or get monetary savings. That's
depositing it right into a financial institution
periodically. By doing so, he will also be
able to get an interest income throughout the
time that he hold the money within the bank.
If he determined to contribute to kameti, the
advantage might be calculated depending on
what he's going to do with the pot money he

European Journal of Business &
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Available at https://ejbss.org/

ISSN: 2235-767X
Volume 07 Issue 04
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won from the kameti. But, absolutely, aonly
financially prompted individual will have to
calculate and compute the net amount of
money that he can earn from both options
and will decide whether to participate or not
to participate.

There would be difference between
the decision made by those who consider
kameti as an saving mechanism and those
recall it as a credit mechanism. In both
cases, the individual should comprehend the
point a which he'll be detached in order that
he can come to a decision among the options
that he has. Calculating the monetary part
here will aid to understand the empirical
findings higher. Calculating the financial
aspect here will help to understand the
empirical findings better.

Kameti as a saving mechanism

Now individual is available with two
option that will help to generate earnings on
the money whilst he's saving at the same
time: both he's going to use bank or he's
going to join kameti.

l. No involvement in kameti, put it
asidein abank periodically

This situation is viewed as a standard
to evaluate the advantages or loses incurred
with the aid of becoming a member of

kameti, rather of using bank. As long as the
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individual keep on depositing the periodic
repayments this alternative isrisk free.

In this case, the total money that an
individual will have at the end of the nth
period can be calculated using the future
value of annuity formula

FVoa=PMT [((L+i)n-1)/1]
Where, FVoa is the future value of annuity
PMT isvalue of the periodic payment,

i is the periodic interest rate
(annual interest / number of periods) ,

n is the number of periods for
annuity contribution

For our case we assume that the
individual will save 8,000 Rs every month
for 12 months or a year for al scenarios
demonstrated below. Given a 6% annual
interest rate (the prevailing bank saving
interest rate in India), the monthly interest
rate will be calculated as 6%/12. Thus the
Fv of money accumulated at the end of the
12 month will be:

= 8000 [((1 +
(6%/12))12 - 1)/ (6%/12)
= Rs. 99177.92

Of this value 96000 (calculated as 12
* 8000) is the principal, making the interest
income Rs.3177.92. The formula can be
modified to find only the interest income as

follows:
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Interest
{PMT [((1+i)n-2)/i]} — (PMT*n)
The  periodically
interest is depicted in the following graph.

income from annuity =

accumulated

3500.00

3000.00 /
2500.00

200000 /

b

1500.00 /
1000.00

end of each period

e

Accumulated interest income at the

500.00 /
000 —4

1 2 3 4 5 6 7 8 9 10 11

duration in month

Fig 3.1.1.1 Accumulated Interest
Asi it is shown in the graph, the accumulated
interest will rise a a lower rae a the
beginning and rises at higher rate later asthe
principal as well as compounded interest
increases. The accumulated interest income
will stand at Rs. 3177.12 at the end of the
period.
ii. Involvement in kameti

Having the same amount of money
to contribute the same person can also join
kameti. The person joins kameti as if he will
get the last pot since that is the point where
he can be 100% sure about getting the pot
(assuming there is no default by members).

Consequently, logically he can keep on
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contributing the Rs. 8000 periodic
contributions regardless of when he will
definitely get the pot. Nevertheless, he may
get the pot at the first period however he till
continue to make a contribution of the
periodic payment without touching the pot
money he gained. Now the question is what
will he do with the pot money? The
individual has a options to deposit it in a
financial institution right away after he get
the pot money at the bank interest rate- in
our case 6%

a) Deposit it in a financial ingtitution

instantly after getting the pot:

here the individual makes use of both
kameti and bank. S/he's going to bring the
pot money to deposit in a bank. The interest
rate the bank deposit interest rate. As soon
as the individual deposited the cash it's
assumed that he will not withdraw it until
the end of the kameti cycle.

For instance, let us suppose that the
kameti has 12 members in which monthly
contribution is made. If the individual get
the pot a the 3 period, he will deposit it
right away and will not withdraw it until the
end of the 12 month whilst keep on paying
the contribution to the kameti.

This individual joins kameti instead

of saving by his own in a bank. If order to
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calculate the financial benefit that the
individual enjoys by joining kameti, we
should know the period that he will get the
pot money. The financial benefit (interest
income) he enjoyed differs based on the
period he gets the pot since the interest is
dependent on the time that the money will
keep within the bank.

At the beginning of the cycle, however, the
individual do not know when he will get it.
Therefore, we should calculate the interest
income for every possible period. At 6%
interest rate compounded monthly, the
individual’s interest income at the end of the
12 month period given the period where he
get the pot money is depicted in the
following graph.

As it can be seen clearly from figure,
the individual gain will be high if she wins
and deposits the pot money in a bank in
early period. If ghe wins the 1st pot and
deposits it immediately, the interest income
will be Rs. 5760, while s/he will not have an
interest if she winsthe last pot.
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c 1 2 3 4 5 6 7 8 9 10 11
duration of kameti in month
Fig 3.1.1.2 if ghe win the pot &
deposit it into a bank account

Now we can compute when the
individual will be better off financially if he
joins kameti instead of using the bank. It is
important to note here is that the gain from
the bank if he don’t involve in kameti is
constant since his deposit is not affected by

other parties involved.

1 2 3 4 5 6 7 8 9 1011 12
= kamethi

=ill= bank

period

Fig 3.1.1.3 kameti participation vs using
bank

from the above graph one can infer that a
given kameti participant will be financially
better off if and only if he can win the pot at
beginning period of the cycle.

4. CONCLUDING THE FINANCIAL
ANALYSIS:

The following concluding remark are
drawn from the points discussed above :

If the individual is going to deposit
the pot money she win in a bank at the
average bank saving interest rate, the
breakeven point is always before the middle.
Thus if the individual win before half of the
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kameti cycle, ghe will be better off than

making an ordinary annuity saving in a

bank.

Implications:

1 For those who join kameti to be
committed or for some other reason and
want to take the last pot, the kameti is
costing them a value equal to the interest
they could have enjoyed by making an
ordinary saving in a bank. Net payment
to the service they intended toget from
kameti, however is equal to:

= (the interest they forgo + the

transaction cost they incur in kameti -
the transaction cost had they use the
bank)

Usually the transaction cost in
formal ingtitutions is higher than the
informal and hence the net loss after
calculating transaction cost will be lower
than the interest they forgo.

2 For those who use the kameti as a credit
mechanism and use the ordinary bank
saving as a standard, the net gain they
enjoy by joining kameti will be:
= the gain from the investment + the

transaction cost in bank - transaction

cost in kameti

3 For those who use the kameti as a credit

mechanism and use bank lending rate
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as a standard, the net gain they enjoy

by joining kameti will be:

= the interest expense they avoid +
transaction cost in bank - transaction
cost in kameti

By the same effect of the
transaction cost, the net gain from joining
kameti will be higher that the interest
expense avoided
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Abstract: In the presest paper, a reliability model is developed about the profit analysis and Oprimézation of number of hot
standby units for a systean wosking with two operative units. Hot standby works in a similar manaer as operating unit means that
when an operating unit fails. hot standby unit works with the same efficiency as the operating wnit. The opimization of hot
standby units is very important factor for any industry/unit'system for increasing the reliability redusdancy and achigving the
maximam profit. Thus, refiability models with novomeitwo/thres hot standby units in a system working with two operative units
are developed. The cie-off points with regard to revenae, failure rate, et have been obtained to determine as to how many
sty winit{s) shonld be there for the system. Comparative study has also been made o see which and when tme of these nmodels
is batter than the other as far as the profitability of the system is coscerned. Semi-Markov processes and rogencrative poist
technique have been used to obiaie various performability measures.

Keywords: Two operative units, hot standby units, Regererative point Technique, Profit analysis, Optimization

I INTRODUCTION

Ranging from man to machine and m the present scenano
also, technology has u great impact oa every field of life
Due to increase in population and change in their tastes)
imlerests, demand of products 1s mereasing cunbinuously.
To overcome this increasing demand, it 1s necessary to
intreduce the stundby redundancy. Hot stundby redundancy
is that redundancy which is loaded with the sume way as
the operaling wl when the operatng usit [ils. Maay
schalars have done a lot of work on hat standby unsts like
Goel and Gupta (1983) discussed the analysis of a two-unit
hot standby system  with three modes. Chnstoy and
Stoytcheva (1999) dealt with the reliabdity and safety
research of hot standby microcomputer signally systems.

Rizwan et al. (2005) carried owe the reliability analysis of a
hat standby PLC system Parashar and Tancjn (2007) found
the reliability and profit evaluation of o PLC hot standby
system based on master-slave corcept and two types of
repuir facilities. Rizwan et al (2010) gave the reliability
analysis of & hot standby induswial system. Kumar and
Kaman (2017) carned out the comparative study ol two-
unit hot stundby hardware software systems with impact of
imperfect fault covernge. Manacha et al. (2017) discissed
the stochastic amd cost-benefit aralysis of two-unit hot
standby databuse system but the eptimézation of number of
hot standby units for o system has not beea taken into
consideration by them. Batra and Taneja (2018) found a
relizhility model for the optimum number of hot standby
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units in a system working with onc operative unit.
However, there ar2 many systams where systems
camgrising operstive and hot standby system may require
two operative wnlis 10 et om the demand. For sech #
system, working with two operative units, there is need to
study as to bow many hot standby units should te kept in
order to get the optimum profit. T'o answer this question,
we, in the present paper, develop four rehiability models for
asystem having two operative unis and:

i Nohot standby unit (Modzt 1)

. T'wo operative and one hot standby unit (Model 2)

i Two operative and two bot standby units (Model
3)

. Two operative and three bot standby wnits (Model
4).

The models are compared in ordes to optimize the number
of hot standby units to be used. Analysis is doaz using
sermi-Murkov processes and regeneralive point lechnigquee.

[I. NOMENCLATURE

A Fuilure rate of operative unit

Al Fallure rare of hot standby unis

g(1),G(1) p.d.f and ¢.d., of the repair time

Op Operative unit

Hs Stamdby unit

Fr Failed unit undes repair

Fur Failed unit is waiting for the repair

FR Regair of the failed unil is continuing
from previous stite

o Revenue per unit up ime

Cl1 Cost per unit wp te for which the
repairmen is busy

2 Cost per visit of the repairman

IC Installation cost of an additional ideatical
unit

B Profit of model i;is1,23 4

Tty Caf of the first passaga ume from

regaperative statz § o a failed state
qijtt), Qij(s) pdf, ¢di of the first passage time from
regenerative stale Si 1o a negenerative
state §j
Probahility that system working in fall
capacity al the instanl ( given that il
eatered Si at t=0 in case of model j; j=1,
2,3.4.

ACHE)
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Bl Probability (hat the system s wnder repair
at t given that the syssem entered Si at

t=0incase of }=1, 2,3, 4.

Expected number of visits in (O, t}; given
that the system entered regenerative state
Statt=0in cass of j; j=1, 2,3, 4.

vl

1. AnALYSs O THE MODELs

3.1 Model I: System Comprising Two Operative Units
and No Hot Sundby Unit

In thit modal, we have considared a system wherein twe
unitzs ave operative and there is po hor standby unic
Possillke transitions from one stake 10 ocher are given as
follows:

From So S S, Sy S;
To Sy Sa Sy S 5y
Via S;

where 5, = (Op, Op), 5= (Ft, Up), 5; = (Fg, Fu).
Stotes S, and S, are regenorative states whereas S; is a non-
regeneritive stite

3.1.1 Transtion Probombties and Mean Sojourn Times
The state trunsition probabitities ¢ = 20U o0
abtzined using the follawing: e (1) = (F)e7"at |
Q) = e 20dt g, (0~ e Gindt :
qh e = (A D
Thus, we have
Pu=l Pu=8'®), 18" (O R), P3G (M)
From these values, we huve thefollowing relatlons
P, =1
Mo tie=!

o
P tPy =1
Mean sojoum times (p) 1.¢. the expected time of stay m
regeneritive state i are given as

-, =20
". u pl \
Let = [1g,i0d= 4,0}
o
e Mgy = Mg
m, 4 mﬁ'=j:g(c)m =k, (say)
o

3.1.2  Measures of Sysiem Effectiveness

Mg Mg =Py~
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3.1.2.1 Mean Time to System Failure (MTSF)

To determine the mean time to system failure (MTSF) of
the system, we regard the failed state as absorbing state.
Thus,

$o() =Qu(® 1 (1)

§1(t) = Qia() ® P olt) + Qua(t)

" 1
Thus, M'I'SFz]'u-nM:il
50 5 D

. where
N'=pyty. D'= P>

3.1.2.2 Availability

The availability ACi(l) is seen to satisfy the following
recursive relations;

ACL(t) = M (t) +q,,()@ACI(t)

ACH () =MI(1) +q,,(NOACL(1) +q7 (NOAC! (1)
Ml =
M (1) =e™G(t)

Taking Laplace Transforms and then solving the above
equations for AC:;(S) , the availability of the system, in

steady state, 1s given by
1
1 *
1
1

AC, = lim SAC) (s)=

where
N: =Pigho T, D: =PisHatk,

Proceeding in the similar manner as done in the case of
obtaining expressions:

3.1.2.3 Expected fraction of time during which the repairman
is busy

sNL(s) N,

B!)=limsB! (s)=lim =
( U) TR u( ) PR D:(E) D:

3.1.2.4 Expected Number of Visits
sNi(s) N

(V'Y Bims V'™ (s)— & o
Vo) -l V() = i 5=

where
N; =k, Ni=1

3.1.3 Profit Analysis
Profit equation in steady state is given by
Profit (P;) = CoACy' — C,By' — Gy Vy'

3061

3.2  Model 2: System Comprising Two Operative Units
and One Hot Standby Unit

In this model, system with two operative and one hot
standby unit is considered. Possible transitions from one
state to the other are shown as follows:

From Si] S] S| Sl S 1 S_| S.q

To S| So S| S3 S.| S] S,]

Via S; Sg Sg and | ... S]
Ss

Where

Sq=(Op, Hs, Hs), 8= (Fr, Op, Hs), 8; = (Fg, Fwr, Op), S5
= (Fr, Fwr, Fwr), S4= (Op, Fr, Fwr)

States Sg, S) andS, are regenerative states whereas S; and
S5 are non-regenerative states.

3.2.1 Transition Probabilities and Mean Sojourn Times
Q=0 e ™" g (e Pelt), qfl(=(De™Ce)pt). of(=(e™Te")Gl),
qie =R The™TNe(t), q,,(0=e"gt)dt, o5 (N=(he O

The transition probabilities p;; = ]jrr{} q;(s) for this model
5

are obtained as

Pa=Lpu=g (20, pi = 2(g" (W —g' (21)), p3’ =20(G" (L) - G'(21)

Py =g (-2 M) +g' (2h), p,, =g"(A). p) =" (0)—g (W)

Thus, from these probabilities we conclude that
Pu=!
PutPL i =1
Pu+Pii +Pia =
Pa +P(43:]:1
Mean Sojourn times (;) for the model are:
1 1-g' (20 1-g" (L
S N gzi L gx( :

Fo=
Here,
my —Hy

my, +mi+m = J: te M g(t)+2e M g(t)-2e M g (1)1 2he ™ G(1)-2he ™ G(1))=k, (say)

my,+miy +mo = I tg(0di=k, (say). my+m5= j tg(di=k, (say)
1] (i}

3.2.2 Measures of System Effectiveness
3.2.2.1 Mean Time to System Failure (MTSF)

¢ oft) = Qo) ® ¢ 1 ()

010 =0u®® du®+ QT (M) ®d, 1+ Q% (D)
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Thus,

£l

MTSF = lim 1=, (8) - E_ , where
% 3

s+
N'=pg (pi*pi? Jkar D'=pY
3.2.2.2 Availability at full Capacity
The availability AC(t) is seen fo satisfy the following

recursive relations;
ACEX(t) = M2 ()+q, (DOACE (1)

ACE(t) = M (t) +q,,()©ACE, (1) +q{} (1) CACE (1) +q{3” (D OACF, (1)

ACE (1) =q,,(W@ACE (1) + g} (N©ACE, (1)
M:](t) L e-{ZL—l‘ n
My, ()=e""G(D)

Taking Laplace Transforms and then solving the above
equations for ACE‘ (s), the availability of the system, in

steady state, is given by

ACE? = limsACE" (s) = it »
=0 D

2
I

Where,
2 2.3
Nfr=P4lpznPn+P4||-l|~ D =P41pml-lu+p:4 )P3+P4[kz

3.2.2.3 Availability at reduced Capacity

The availability ACRi(t) is seen to satisfy the following
recursive relations:

ACR; (1) =q,, (1) @ACR(t)

ACR; () =M; (1) +q,,(VCACR () + g}’ (1)©ACR (1)
ACRZ(1) =M (t)+q,, (DOACR? (1) +q.) (1)@ACR (1)

M, (1) = (2ae @ ™)G(t) = ky(say)
M3 (1) =e™G(1)

Taking Laplace Transforms and then solving the
above equations for ACR] (s), the availability of

the system, in steady state, is given by

\ - N
ACR? = limsACRg'(s) = D—g

, where

1 __(23) ;
NL=Pis Wy tPy ks, DY=pypioko Pl 1y +pak,

2

1

Proceeding in the similar manner as done in the case of
obtaining expressions

3.2.24 Expected fraction of time during which the

repairman is busy

sNi(s) Nj

Di(s) D}

(B)= linl']1 sB{ (s)= Ijng

3.2.2.5 Expected Number of Visits:

4 - . sNX(s) N?
(V2) =LimsV" (s) = lim —ot = —1
o) ot () =0 DX(s) D?

Where,

N; =(p,, + ")k, and N3=(1-p}?)p,+pi;"(1+p,,)

3.2.3 Profit Analysis

Profit equation for standby unit in steady state is given by
Profit (P5) = CoACq> — C;By” — G, V™-(ICo)

IC; is the installation cost of a hot standby unit per unit
time.

3.3 Model 3: System Comprising Two Operative Units

and Two Hot Standby Units

In this model, a system with two operative and two hot
standby units have been considered. Possible state
transitions are shown in the following table:

Fl‘m] Sr_; SI S] Sl S] Sl

To S[ Sn Sl S; Ss Ss

Via S; | S;andS; | S;and S, | S, S:and S;

+q,5 [(DOACR ()

From S, S, s, s, CH S

To S Sy Ss S 5, Ss

Via nar S Sa S_‘ and S! Ss
Where,

S; = (Op, Op, Hs, Hs), S|= (Fr, Op, Op, Hs), S; = (Fg, Fur,
Op, Op), S;=(0p, Fg, Fwr, Fur), S;=(0p, Op, Fr, Fwr), S5
= (Fg, Fwr, Fwr, Fwr), 5= (Op, F,, Fwr, Fwr)

States Sg. Si1, Sy andS; are regenerative states whereas 5»,
83 and Ss are non-regenerative states.

3.3.1 Transition Probabilities and Mean Sojourn Times

The transition probabilities are:
Qo (1) = (2A+2A,)e" ) dt
q“] (t) e e—(:l-l-ll )lg(t)dt ,
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Qi) = (2R + ), )Be ¥ a e (1)t

Q) = (224 2, )0 " e e Mp(tdt
QT () = (28 4 A" 92he @ )Gt )t

alz (1) = (244, ) P D2k @R O

qu () =e gt . g (1) = (Zhe ™ Qe )g(n)dr ,
g (t) = (2ae Dre ™ )G(t)dt

Qi) =(2he M@ike ORI , g, (1) =2 g0

QL7 (1) = (e " @1)g(t)de
The transition probabilities are given as p = limq, ()
—e

Here,
P =1

Potp +py 4Py =1

R L B L
Po¥Pu P =P =

Py +py + Pl =1
P+ i 4P =1
Pt Pl =)
Mezm Sojoum times () for the mode] are:

W
Thus,
m, =p,
m,+m +mGY+mii = I. [ 2."3{_:2;:':1? ey
4 ‘“’*”l-'k-n)ea.gm JABALN-B)

M (+2)
dt = K. (say)

- +mi” + mi = [ tg(nde=k,(say)
R

L @A) g | 10 )

A

&(t)

)+ m = [HEA=De™ + 2= 306 11t = ky(say)
L

m, +my) +mi" = ftg(udl =k, (say)

3.3.2 Mecasures of System Effectivencss

3.3.2.1 Mean Time to Syitem Failure (MTSF}

Q,(0=0Q, (03 ¢ (1)

Q1) =0 (113 g, (1) +0Q})'(1)3 () + Q5™ (1)3 ,(t) +QE (0
Q.(0) = Q, (13 ¢,(0) + QL (1A $,(1) +QV(1)

MTSF when system starts from the siate 0" 1s

XX *%
MTSF= 'f..'%'u’s_m

_ o (8) = NGs) _ 0"
- 1.13 sh(s) 0 -

_ D(0)~-N(0) _N*
S Do D

Where,
D =pi"pls +pic (- )

N = pT%m, 4l 411 4p, (5, 405 1400 + (3, <P Km0 -l k)
- 1)

= ok (Pl ) 4 ol (- Hp,, <l ks

3.3.22 Availability st full Capacity
The availability ACF{t) is scen to satisfy the folowing
recuriive relotions:

ACE (1) = M, 1) 4 q,, (DS ACE' (1)

ACF (1) « My (104 9 (UDACE (13 +5 (UDACE (1) 4 4/ (IBACF (1) + S LISACE (1)
ACE (1) =M% (1) 44 (DDACE (1) + ¢.F (ODACE (1 + ¥ (DDACE (1)
ACF; (1) = q,, (VOACF (1) + g SACE, (1)

Where,

u:o): e.mo‘.'».l

M (o-a—’;"'—leﬂ'ﬁm- %c‘““(—lchk,(aﬁ
M. (0=2""G(1)

Taking Laplace Transforms and then solving the above
equations for ACF(s), the availability of the system, in

steady state, i given by
ACE' = limsACE/ (1) = [im e8] _ 10
y =i ° lllilll Dis) 0 form

= i SN N N
- D1s) DY D

Where,
N; = PaaPailPalts TP (1= Pio— l’:? W TPaPk;
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D} = pyup,(my, +mn + ol 4miE) 4 p " + o5 4l +miY)

+ PuPaPibe +Bs(Pupie > +pR7 (0 + pp™)
= PalaDiala *loa0i 4 pa )+ GBS PPN P I,

3.3.22 Availability at reduced Capacity
The availabilky ACR(t) is zeen to satisfy the following
recursive relatons.

ACR.(0) = q,,( FRACR (1)

ACR (e MO+, UBDACR 04 ¢ MBACR (1) 4 g5 "(OSACR (1)

+qE M DACRI()

ACRY =M} (1) +1, (BACR] (1) # 44 (BACR IO + ¢ (ODACR1)

ACR (1) = M (1) +qu (DDACR (1) + 5 (YDACR(Y)

Where.,

e lg:u‘.mm mJ:l 0 m:o"t‘.::,zm ™ Gtk ey
3 (0-2eV Gt ™ Glo-A fszy)

M= i

Taking Laplace Traasforms and then solving the above
equations for ACR, (8) , the availability of the system, in
steady staie, is given by:

ACR] ~ limsACR}(0) = lim W) 0
(;) 0

SN, (5)+ Ny(s)  Ni(0) y_,’f
D5 Do) D

= lim ~4
-
Where,

N = Pabaks +(Pupis™ 407 (01" #0157 Dy

+p (P a7k, @and D) isalteady defined.
Proceading in the similar manner as done in the case of
obaining expressions

3324 Expected frction of tane during  which e
repairman is busy

1wl Fidm ﬂ,u) N.

a) lnsh.(s) hn D'(’] D'
3325 Expected Number of Visits
sN'(s) N“
{v)y= EmsVg" (9) = lim —— = D:

Whese.

N2 = (g (psy + 2155+ (¥ + o X + g3k, and
N} = PuiPuPia

334 Profit Analysis

Profit cquation for two standby units in steady state s
given by:
Profit (P3) = CoACy' — B’ — GV -2(1C%)

34 Model 4: Sysrem having Two Operative Units and
Three Hat Standby Units:

In this model, we have considered a system wherein two
units are operative and three hol stardby units which take
place of the operative unit if the laner gets failed. Poisible
tramsitions from one State 1o other ase given ax follows:

Fro |S|S [S|IS ]SS |8 S |[S |5
M) I — T O —_—" = = — —
To HENEREEE R EE LS S |8 S
L. A A 2
Via TP S | & |S |8 | S - S s
3 s, S, o 5, .
aw Jan | d San
< 4 s, d 5
5 S
T |5 S |8 | & [5s | & S | S
m b h
Ta |S |S |S | & |& | S |8 S | &
L) |
Vis S |S S 1S | S S | S
an | . E] m |5
d d d an
Sa 8, S |d
Se
Where,

So=(Op, Op, Hs, Hs, Hs), § = (Fr, Op, Dp, Hs, Hs), S:=
(P, Fwr, Hs, Op, Op), S:=(Op, Op, Fu, Fwi, Fwn), S.=
(Op, Fi , Fwr, Fwry, Fuwr), S5 = (Fp, Fwy, Fwr, Fwr, Fwr), Sg
= {Op, F., Fwr, Far, Fwr), S;:=(Op. O, Fwr. Fwr, Fr), 8,.=

{Op, O, Hs, Fwr, Fr)
States S, Sy, S¢, S; andS; are regenerative states whereas
S5 S:, 84 and S; are pon-regencrative states.

3.4.1 Transition Prohubilities and Moean Sojonrn Times
The wansition probabilities are:
Gy (D=2 +3, Y P0G | g ()= e i

Qi) = (20 + 20 e PRI @e B Yoy dt

Qa0 = (22 20007 DL 4 A e M aDe T B e ) G

qﬁ-'“) - ((n " n'k-onvkhllo[n } k‘}e-ﬂlol‘lleo-ah)‘(.kh

Q80 = (2420, 0 N DEA 4 0 e e
¢§Jmu’. ‘m. lk-clq\lo‘n"‘k-wd.u -ng‘-ug"gan
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=51

o (D=eMg()dt » qLl(t) = (2he™Ol)g(t)dt,
gqe(t) = Mg(t)dt

g () =(2he @ )g(t)dt
g5 (1) = (2he” " @2e M@1)g(1)dt

qu (=€ g0t g (1) = (A @ )g(0dt
gS¥ (1) = 2heM@22e '@ M Yg(n)dt

qe* (0= 2re™@2he M @he MO g(t)dt

g% () = (2he ™ ©re™)G(t)dt

qY (1) = (2re MO 2he M Ore )G (1)dt

It can be checked that
P =1

2]

234
P TPy

( 23), (23.4) _
+DPis +p§s +Pp =1

17

2)

{ (2.3) (2.3,4) (2,345) _
P1U+Pll +pl§ +pl]’ +plﬁ =1

Pos +0es =1

(R3] (5.5 1

Pz +Pn +Pis

Do 03 + 057 =]

(3

Pa TPy + qul + P:ajs-‘” =1

(), (34, {(145) _
Pui+Pgs + D7 +Pse =1

Mean Sojourn times (1) for the model are:

= 1 =l-g'(2}.+2}l‘} - 1-g"(A ) =l-g'(21 )
BAL T qumeg g 0oz

Here,

Fo

my, =,

m, 4 mi® 4 mT 4 mE :IIIE«u.m,,.g‘(u i 2(3-;' k) (&P e Ry 0 )
[ 1

" (A0, H2h42,)

] — gt

(& —ﬂi.nil'bi)g""

+€
—l ~Lix

AR AR ——  E
L+ RNZA42,) ZhLD

e TN

4+ ———— + —————— gt

TETPTRATETPETRLC)
i ~Xin
AN
AAERZA+R,) 202

B Pt L
et )Gt} )=k
PPN 2;,;1;.121.,1)0( =Kl

m
(3, 03) . (2345, (234) _ W=
Mg+, M~ + 1, +my; —J[g(l)d[ =k, (say)

m,+mip=[1g0di =,
L

m,, +mt m!? = t}e™ +2(e™ 2™ )1 20 (eM-e ™M) g(t)di=k ,(say)
i

myy ) - mi? = [ eg(0)dt =k (say)

m, Hmf G = [ (e 420 (e e ™ e ™ ) e ™ e ™ S0k, (s3y)
.

my, +mjy myy mf;”’:j tg(t)dt =l
a

4.4.2 Measures of System Effectiveness

3.4.2.1 Mean Time to System Failure (MTSF)
d}o(t)_ Qm (113 ¢| (t) =0

Qo' b () -0, - ) —q7* (D, —q;5" ¢ = g3
- qg] )b, — Qe = qg‘;’
~Qq.9, _qg,q 7 qus:q‘s = qgsm

MTSE = 1y 1= **(5)

=0 g
_Ng)
- ’ 4
= i D) _DO-N(©) _ N_J
P D(0) D

Where,

N' =(p, 0™ + 007 (p5e + 08 1, + {015 (b, + 0¥ + 0"

L idd 13.4) (1.4)
+(PrsPsi + Prs (P +Pgr” +Pas” 1Ks
a4 4 (a4 23,4

+{Prs (PsiPss ™) +P;5](p31 +pﬂ"” P~ )1 (Pay +P§j pJIEm

i pg Mk,

D= (1-p{7 =)A= pi; )1 =i )= psspi ']
~Py[PrsPiy” " +Pls” (L= P7))]
3.4.2.2 Availability at full Capacity

The availability ACF(t) is seen to satisfy the following
recursive relations:

ACE! (t) = M*(1) +q,, (DOACE (1)

ACFE'(1) =M}, (1) + q,,(DOACE, (1) +q" (WBACE* (1) +q'>** (NOACE' (1)
+q7 " (DOACE, (1) + 95 (VOACE (1)
ACE}(t) =95 (V@ACE (1) + g% (N ©ACE; (1)
ACE (1) =M~ (1) +q, (DEACE (1) + (X (DOACE' 0+ 2 (NVBACE (1 +*  (NEACE' (1
Thus,
N‘
ACF, = limsACE'* (s) = —-
1= Dl
N = perpyPy (- PR+ Pk — (Pailo — ok )Rl + 3 + g™

+0ol (PP (I + i) + 0, (017 + 07 +057) (05" +05*))
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4 = 1. 3 I
Dy T M g papn +Pap +papi

+Pe P8Py T Pa Pn(P:;ﬂm

Pau(ple " pm PRl

(e1)

P (- M pari )
(2345)
P D) T

Mk, + PP rPaiPioka

3.4.2.3 Availability at reduced Capacity

The availability ACR;(t) is seen to satisfy the following
recursive relations:

ACR(t) = MJ(t) +q,, (DOACR; (1)

ACR{(1) =M, (1) +q,,(NOACR, (1) +q}} (VOACR | (1) + a7 (NBACRI()
+qP*(U@ACR] (1) +g) ¥ (VOACR (1)
ACR}(1)=q,, ()@ACR](1)+q% (DOACR (1)

65

ACRJ(t) =M, (1) +q,,(DBACR, (1) + g5 (1 BACR, (t) + g5 (B ACR; (1) + g (13DACR {t]

Thus,

4

ACR; = limsACR}*(s) = %
a0

1

Ni = Pabrbukn + i pnpapte " el (™" + o +oliT™)
+ p;’ur (p.‘ + D:"‘;“ + p:f‘—‘l Hpj:T'-‘JI + n::!.lx }+ pl;:le::J 'p:-ln & p’:.”p(:‘] p;-".ll }
(8] (1345 SX0 1.3 (Lx]] (14,51

+hadpall—pa i +P 1t Palin (Pa P !

N+kypopulFie " +ph

Proceeding in the similar manner as done in the case of
obtaining expressions:

3.424 Expected fraction of time during which the
repairman is busy:

sNi(s) _ Na

o

(B!)=IimsB! (s) =1lim
H s—0 L 13— D':(s]

3.4.2.5 Expected Number of Visits

: " . sNi(s) Nj

(V) = limsV* (s) = lim =2 = 3.

0) s—+ll a ( ) s=+ll chs) D:
Where,

NS e = P57 P B+ PE) BB+ P o + A7)

=i (pey PR D= P (B 4 PR (s + P
+ P el (Bepnlpls
23]

+ ORI i ol
And N; =PerP:Pu:Pwo
3.4.3 DProfit Analysis

Profit equation for three standby in steady state is given by
Profit (P,) = C,AC,' — C,B,y' — G,V '-3(1C,)

{134 23]
3 piy Y i

Y+ PP (P +0IT K,

IV. COMPARATIVE STUDY AMONG THE MODELS

+ei™

4.1 Optimization of Number of Hot Standby Units with
regard to Revenue per Unit up Time:

a) On comparing the profits of Models 1 and 2, we
conclude that Model 1 is better or worse than Model 2

if P-P;>0 or <0

i.e. if (CoACy' — CBy' — C;Vo')(CoACy” — CBg” — GV~
| Cymor<C forAC,' >AC,]
(ICy) >0 or <0 ™ [Cu-cor >C; forAC,’ CACUZ}
Both the models are equally goodif C,=Cy,.
where Cl= (C, (Bn‘-Bn3)+c,(v,:-vni)-lcn )
(Ac,-Acy?)

b) Comparison between Models 2 and 3 reveals that
Model 2 is better or worse than Model 3

if Pz-P; >0or<0
i.e. if (CoAC — CBy* — CoV™(ICo)-(CoAC, — CiBy’ —
C,V,*-2*+(ICy)) >0 or <0
— C,>or <C;, for AC,'>AC,*
Le. 1
C,<or .‘:C:]2 for .AC‘_,z cAC.._,3
Both areequally goodif C,=C;,,.
wheraCym ¢ [n-B )+sz (V"ZJ_ V)16,
i (ac,’-AC,)

c) As far as the selection between Model 3 and 1 is
concerned, one should adopt Model 3 in preference to
Model 1:

A Ps-Py>00r<0
i.e. if (CUACE — CiBy’ — GV -2%(ICe)-(CoACy' — CiBy'
- GCVg')>0 ar<0
¢ {c'p or <C;_,.furAC,3>ACO‘}
C,<or>C;, . for AC < AC,!
Both areequally good if C,=C,.
C, (B, -B, +C,(V,*-V,")+2*(IC,)
(AC,-AC))

where C, =

4.2 Optimization of Number of Hot Standby Units with
regard to Cost of Installing a Hot Standby Unit:

a) On comparing thr profits of Model 1 and 2, we
conclude that Model 1 is better or worse than Model 2

ifP|-P2 >0 or<0
ie. if (CACY — CBy' — CVo'-ICH)«CoAC,: — C;Bg” —
C,Vo2-24(IC)) >0 or <0

ie. ifIC,> or< IC,
Both are equally good if IC;=1ICj,,
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Where, K[, = -CAACE-ACS )+ Co(B'- Be') Co( V" V) ©)
b) Comparing between Model 2 and 3 reveals that
Model 2 is better or worse than Model 3

if P:-P3>0 or <0

ie. if (CACE - CiBy’ — CaVe'-(IC)-(CeACy' - CiBy’ —
Vi -2%1Cy) >0 o <0

e if1Cy > ar< IC),

Both are equally good if 1= 1C;,

Where, IC,, = CAAC, — ACS)+C (B BO)+CoA VS~
Vah
c) As far as the sclection between Model 3 and 1 is
concerned, one should adopt Model 3 in preference to
Model 1

if Ps-Py 20 or <0

i.e. if (CoACy" - By’ - GV -2*(ICHCAC,' - CiBy
= CzVo'))O or <0

e ifICy > or< lC;,

Both are cqually good if 1Ce= 1Cy,

Where, IC, - C,(AC:-AC,')C'(B; -B!‘ )-C:(V!'-V; ]
2

4.3 Optinuzation of Number of Hot Standby Units with
regard to Cost per visit of the repairman:

a) On comparing the profits of Model | and 2, we
conclude that Model 1 is better or worse than  Model 2

if P.-Pz>o or <)

Le. i (CAAC) - C,By' - GV ) (CoAC - CB," - C, V'~

ia. i‘{C, < ar)(f; faV,':rV,,’}

C, >ar<C) far V"<V’
Hoth arcequally goedif C.=C,

Lac ), Lpt
wmc;'z(c.[ﬂc. AC, ). an. B,)11C)
(v'v’)
b)  Companng between Model 2 and 3 reveals that
Madel 2 is betier or worse than Model 3
if P:‘P:)O or <0

Le. if (CRAC)' - C,By — Gy~ (IC)MGAC," - C\B,* -
G,V -2%(1Cy) >0 or <0
C,<or > Chfor V,'>V,' } 151
C ar <Cifor V, eV,
Hothareequally goodif C,=C,
Co(AC'-AC) €, (B, B)+1c,
V)

121

31
41
e {

where ), =

6]
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As far as the selection between Model 3 and 1 35
concerned, one should adopt Model 3 in preference to
Model 1

if Ps-Pi>0o0r<0
ie. if (CoACY — CBy' — CpVy-24(ICy)-
(CoACy — C1Bo' — 2V ) >0or<0

Lo if C,< 0e>C,, for Vp'>V,
G | X or <C},, for V<V,
Bothareequally goodif C,= C3,

C(AC,-AC, )€, (B, B, )} 2%(IC,)
v,"-v,h

“’hc&Ct.,:

V. CONCLUSION

Four reliability models have been developed 1o decide as to
how many hot standby wnits should be there for o system
working with two operative units. The decision may be
taken by finding the difference between profits with regard
10 parameter of imerest like revenue per unit up time, cost
of installing a hot standby unit, cost per visit of the
repairman or any other parameter which the user of such
systems wishes to be considered. Cut-off points of some
parameters have been obtained to reveal as to when and
which model is more beneficial than the other, Cut-off
points of some other parameters of interest may also be
obtained to arrive at a decision of adopung one of the four
discussed models.

VI. REFERENCES

Goel, LR and P. Gupta (1983). Analysis of a Two-Unit
Hot Standby System with Three Modes. Microelectronics
reliability, 23(6), 1029-1033.

Christov, C. and N, Stoytcheva (1999). Reliability and
Safety Research of Hot Standby Microcomputer Signally
Systermns. Penodica Polytechnica SER-TRANSP. ENG.,
27(1-2), 17-28.

Rizwan, SM,, V. Khurana and G. Tancja (2005).
Relinbility modeling of a bot standby PLC system. Proc,
of International conference on communication, computer
and power. Sultan Qaboos Umversity, Oman, 486-489.
Parashar, B, and G. Tancja (2007). Relishility and profit
eviluation of a PLC hot standby systern based on o master
slave concept and two types of repair fucilities. JEEE
Transactions on Reliabiliry, 56(3), 534-539,

Rizwan, SM., V. Khurana ond G. Tancja(2010).
Reliability analysis of a hot standby industrial system.
Imernational Journal of Modelling and Simulaion, 30(3),
315.322.

Kumarn, S. and R Kumar (2017). Compasative Analysis
of Two-Unit Hot Standby Hordware-Software Systems
with Impact of Imperfect Fault Coverages. Inermnational
Journal of Statistics and Systems, 12(4), 705.719.

Scanned with CamScanner



17

18]

COMPUSOFT, Aninternational journal of advonced computer techaccoy, 8(2), February-2019 (Velme-VITT, Tssue-1T)

Manocha, A., G. Tancja, S. and Singh (2017). Stechastic
and Cos-Besefit Analysis of Two Umt Hot Standby
Database System, Imternational Journal of Performability
Emginecring, 13(1), 63-72.

Batra, 5. ard G. Tancja (201 8).Optirization of Number of
Hot Standdby Units through Reliobility Models for a
System Ogerative with One Unit. It j, Agricult, Stat,
Sci., 14(1),365-370.

Scanned with CamScanner



08 Dr Sunil Kumari"Gender Perception towards Spiritual Health Seekers
Satisfaction and Service Quality at Yog Gram, Haridwar Year 2019

MANAGEMENT

INSIGHT

The Journal of Incisive Analysers

Evaluating Emotional Quotient and Reactions of Internet Advertisements (With Special Reference to
Insurance Ads)

PRAGYA JAROLIYA, DEEPAK JAROLIYA

Positive Emotions and Investment Decisions: A Conceptual Exploration
SUSHILA, ANINDITA CHAKRABORTY

The Essentials of Organizational Management: A Study on the Bhagavad Gita
MADHURIMA BASU

Employees' Perception Regarding Performance Appraisal Practices in Insurance Sector; A Case Study of
Bharti AXA Life Insurance Company Ltd.

PALLAVEE SHRIVASTAVA, PRIYANKA SRIVASTAVA

Gender Perception towards Spiritual Health Seekers Satisfaction and Service Quality at Yog Gram, Haridwar
SUNIL KUMARI

Influence of Internal Marketing Practices on Employees' Job Satisfaction in New Generation Banks

ai
weey

Available online at : myresearchjournals.com




Gender Perception towards Spiritual Health Seekers Satisfaction
and Service Quality at Yog Gram, Haridwar

Management Insight
15(1) 37 -41

DOI: https://doi.org/10.21844 /mijia.15.1.5

Sunil Kumari*

Correspondence Email: jiyasunill7@yahoo.com
Abstract

Present study is evaluating gender perception towards treatment and service quality at Yog Gram.
Gender is Independent variables categorised in male and female. Dependent variables are patient
satisfaction and service quality. Study is based on formative scale and data is collected on
deliberate sampling. Analysis is performed using software JAMOVI for computing t-test. Findings
include thereis significant difference found in the perception of spiritual health seekers satisfaction and

service quality at Yog Gram.

Key words: Health, Seeker, Spiritual, Treatment

Introduction

Health is not only attained by physiological aspect
but also spirituality, psychology and other factors
are related to it are concerned. That's why
muskurana (Smiling) and shukrana (Be
thankful) are the two ornaments given by Yog
Gram for being healthy. Enjoy with the
concerns you are blessed with as well as thankful
to god and everybody and everything made
by almighty God. Are these spiritual therapies are
related to patient satisfaction for male and
females present in Yog Gram, is the research
question to be answered in this paper.

Literature Review

Chatterjee and Ramu (2017) in a survey
segues into a round table discussion with a
distinguished set of women entrepreneurs,
academics and scientists on the challenges to the

participation of women in Indian innovation
and entrepreneurship and how it could be

facilitated. Kuamr and Mehrotra (2006)
studied the requirement of health study
related to complementary and alternative

medicine (CAM) and checked the effectiveness of
self-care ad found significant. Hasan, etal(2001)
also found high recurrence of self-awareness
using CAM in Malaysian was significant.
Choi(2017) etal found conventional medicine
was managing parallel form and was importantin
treatment. Farooqui (2016) studied on tumor
patients and found that using local herbs were
found useful with the treatment as they were
claiming cure of Wazaify(2011).
studied in Jordon and found herbal use among
patients was found commendable. Also
Qureshi(2016) estimated the presence of CAM
use provided affirmative insolence towards CAM.
Kumar, Mamidala Jagadesh(2017) laid impact

of happiness with technology advancement. In A

sarcoma.
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survey, Sharma and Prajapati and Tripathi (2018)
presented a state of art over diverse attitudes
engaging PM-QPSK skills for accomplishment
as well as development of several ophthalmic
concert rebukes. Arora M (2018) observed two
types of customers. Consequently different
profiles have been described. The obtained
cluster groups in users are labelled as techno
shrewdness and nonengrossed. The above
literature review shows that there is gap to study
on Gender Perception towards spiritual health
seekers satisfaction and service quality at Yog
Gram, therefore present study is intended to fill
the research gap.

Research Methodology:

Paper is descriptive. Data used is primary and

Scale Reliability Statistics for Constructs

secondary. Primary data from patients based on
structured questionnaire from males and females.
Based on selective sampling sample size of 54 is
enough as it covers about 25 per cent of
population of about 200 patients available. Data
analysis is done using open software JAMOVI.
Cronbach alpha for internal consistency in
statement, Mean, Standard deviation for analysis
and t-test is used for validity of results at 5 per
cent and 1 per cent level of significance.

Results and Discussions:

Cronbach's a results for patient satisfaction
are .815 which shows internal consistency for
statement is justified being >.60. also
Cronbach's o for service quality is .860
calculated using JAMOVI also >.60.

Constructs/Latent variable

Cronbach's a

Patient Satisfaction

0.815 (4 items)

Service quality

0.860 (4 items)

Subsequent table shows descriptive related
patient satisfaction (PS), service quality (SQ) and

Spiritual therapy (Spi).

Descriptives for patient satisfaction, service quality and Spiritual Treatment

Gender PS SQ Spi
N Male 28 28 28
Female 26 26 26
Mean Male 4.15 3.94 4.25
Female 4.09 3.88 4.28
Standard deviation Male 0.853 0.436 0.658
Female 0.840 0.668 0.676

2
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From above table it is clear that male feels more
patient satisfaction (Mean=4.15, SD=.853) than
female respondents (Mean=4.09, SD=.840) , male
feels more service quality at yog gram
(Mean=3.94, SD=.436) than female

respondents (Mean=3.88, SD=.668). But that
female feels more spiritual treatment
(Mean=4.28, SD=.676) than male respondents
(Mean=4.25,SD=.658)

Patient satisfaction

Ps1: | lintend to continue coming to yog gram

PS2: | T'have confidence in recommending yog gram to friends and relatives
PS3: | Iresistinfluences for me to switch to other naturopathy centres
PS4: | Loyalty programmes will make me strongly connected to the yog gram

Descriptive for Patient satisfaction

Gender Ps1 Ps2 PS3
Ps4
Mean Male 4.59 4.56 3.93 3.85
Female 4.32 4.12 3.88 4.28
Standard deviation Male 0.636 0.751 1.14 1.03
Female 1.03 1.33 1.27 0
Independent Samples T-Test for Patient satisfaction
statistic df p
lintendtocontinuecomingtoyoggram Student's
t 1.158 @ 52.0 0.252
Thaveconfidenceinrecommendingyoggramtofriendsandrelati ~ Student's
t 1.466 *® 52.0 0.149
Iresistinfluencesformetoswitchtoothernaturopathycentre Student's
t 0.137 52.0 0.891
Loyaltyprogrammeswillmakemestronglyconnectedtotheyoggr
Student's
t -1.600 52.0 0.116

? Levene's test is significant (p <.05), suggesting a violation of the assumption of equal variances

Vol. XV, No. 1; June 2019
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Service Quality

My concerns are highly valued by yog gram

My treatment experiences with yog gram has exceeded my expectations

Environment at yog gram temperature, light were virtuous

The level of ICT applications in customer service at the yog gram are comprehensive

Independent Samples T-Test for Service Quality

statistic df p

ThelevelofICTapplicationsincustomerserviceattheyoggra Student's

t 0.110 52.0 0.913
Environmentatyoggramtemperaturelightwerevirtuous Student's

t -0.319 52.0 0.751
Mytreatmentexperienceswithyoggramhasexceededmyexpectat ~ Student's

t 1.555 52.0 0.126
Myconcernsarehighlyvaluedbyyoggram Student's

t 1.050? 52.0 0.299

4 Levene's test is significant (p <.05), suggesting a violation of the assumption of equal variances

The independent sample t-test for service quality
shows that there is no significant difference
between opinion of male and female regarding
the concerns are highly valued by Yog gram
(p=.299), treatment experiences with Yog
gram has exceeded the expectations(p=.751),

Environment at Yog gram temperature, light
were virtuous (p=.751) and The level of ICT
applications in customer service at the Yog gram
are comprehensive (p=.913) at 5 per cent level of
significance therefore null hypothesis is accepted.

Correlation Matrix of spiritual treatment, overall transformation, patients satisfaction and service quality

Overall PS

SQ Spi Gender

Overall Pearson'sr —

0.706 ***

0.187 0.757 *** 0.043

Correlation Matrix of spiritual treatment, overall transformation, patients satisfaction and service quality

Overall PS SQ Spi Gender
p-value — <.001 0.142 <.001 0.758
PS Pearson's r — 0.093 0.646 *** -0.035
p-value — 0.467 <.001 0.800
SQ Pearson's r — 0.243 -0.055
p-value — 0.055 0.692
Spi Pearson's r — 0.016
p-value — 0.906
Gender Pearson's r —
p-value —

Note. * p <.05,** p <.01, *** p <.001
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Correlation matrix shows there is correlation
between overall transformation and patient
satisfaction which shows higher the patient
satisfaction, higher will be overall
transformation.

Also higher is the spiritual treatment, higher is
the overall transformation. Results are also
significant at 5 per cent and 1 per cent level.

Findings and Recommendations:

Male feels more patient satisfaction than female
respondents, male feels more service quality at
yog gram than female respondents but that
female feels more spiritual treatment than male
respondents. High degree of correlation is found
between overall transformation and patient
satisfaction which shows higher the patient
satisfaction, higher will be overall
transformation.

Also higher is the spiritual treatment, higher is
the overall transformation. It is recommended
that more patient satisfaction will lead to
more overall transformation of health seekers
so efforts should be made to know the satisfaction
level of patients.
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Far mer s Attitude towards New Crop Insurance
Scheme (PMFBY)
[A Study of Sanghi Village of Rohtak District in

Haryana, I ndia]

Dr. Sunil Kumari, Assistant Professor, Govt. College M eham, Rohtak

Abstract :

Present study aims at finding the effettrveness of new crop rnsurance scheme launched by Government in India,
particularly at a village Sanghi mRohtak dlstrlct of Haryana: Sucoess of any program depends upon the active
participation of all stakeholders therein but how the Indian farmerstake it, is ambiguous. Hence, the present study
is an attempt to explore the perceptions and attltude of people engaged in"agri- busi ness. Study is descriptive in
nature which went through prlmary data collection V|a gettmg the questionnaire filled up from 100 households
chosen on the basrs of purposve sampllng, making the content analysis-.using mean val ue index and testing the
validity of results \AAth the help of F-values to ensure the generallzatlon of outcome. Study. finds the majority of
people aware of this scheme and. thlnklng upon it rationally: but the|r policy buylng decisions are affected by
multiple factors of which peer s 1nﬂuence is 51gn1ﬁcant one. :

Key Words: Agriculture, Rlsk, Crop Insurance, Farmers.

INTRODUCTION : D _ Sl 5

The field of agrlculture has been fuII of uncertalntles in terms of y|eId as WeII as price voIat|I|ty Where asingle
natural calamity putsthe farmersin ap|t|able condltlon (O Brien et al, 2004) but announcement of PMFBY by
Finance Minister Arun Jeitely in his budget sr:)eechk(2016-17) seems to be a big changer for the life of Indian
farmers. No doubt agriculture is a very risky vertture"and practically, a larger insurance premium would cover
more risks. But, it is necessary to ept for optimum insurance (Bastian, 1999). It is a biggest atempt of Govt of
India taken ever in derisking this sector but it strikes the minds of researchers and throws a big question — could
it be effectively implemeht'ed at grouhd Ievel;? Need of 'anSNe'r this question initiates the fesearcher to make a
study on this topic. No doubt it is being taken a big move of Government to mitigate a big part of agri-risk, Agri
minister Radha Mohan has called it a “Amrit Yojna” which also covers the post-harvest and localised crop losses
like hailstones.

As we know that a major part of Haryana is a rural economy based on agriculture and village Sanghi of Rohtak
district has always been active participatory in various fields such as politics, education, social issues etc. Thus

researcher finds it interesting to know the attitude of the people residing in this village towards new crop

[JNRD2001002 International Journal of Novel Research and Development (www.ijnrd.org)
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insurance scheme named Pradhan Mantri Fasal Bima Yojna. PMFBY mitigates the yield risk against the natural

calamity which is attempt to transfer the anticipatory loss of agriculturists with the least premium offer (2% for
kharif crops and 1.5% for ruby crops and 5% for horticulture & commercial crops) of all earlier crop insurance
plans or programmes. It is also notable that today around 23% area of crops is insured under either of NAIS or
MNAIS whereas new crop insurance plan targets to reach the level of 50%. LITERATURE REVIEW

Vast literature is available on insurance but on crop insurance it is limited of which few studies are as under:
Mamata Swain (2014) made a study on crop insurance for adoption to climate change in India analyzing the
performance of NAIS and WBCIS on the basis of secondary data in the state of Odisha the climate change hot
spot of India and revealed the WBCIS as a better plan than NIAS but it covers only losses of climate
uncertainities. - 5

Sabina Yasmin & C. Hazarika (201_.5'.')},:stateddin his st'udy' that"r;eople of Kamrup village of Assam are very
illiterate and not much aware of.cr’c')p insurancetschem,e' named Mo'd,i'fi'ed National Agricultural Insurance Scheme
(MNAIS) which mark the scheme failed. : :

Mukesh. H.V (2015) revealed that the factors Irke access to Ioan educatron off- farm income, and region (based
on nature of |rr|gat|on) |n which a farmer is located have sgnrflcantly influenced the adoption of crop insurance.
Moreover, Iandholdmg srze whether msur:ed or non- msured has deprcted a posrtrve influence on the income of
farmers. g X - .

Tao Ye & Yangbin L|u (2016) carrled out asurvey of data for paddy rice farmers in Hunan Province, China. It
shows that the sampled farmers’ cro‘p insurance perceptlon was surprlslngly low despite years of pilot programs
and tens of billions of expendlture in government subsidies. The result of simultaneous equations model indicates
that crop insurance perception and participation are simultaneously. determi ned and mutually improving.

Being the agrlculture a low proﬁt potentlal has been unable ‘to ﬁnd attentlon from busmess pomt of view that’s
why only few studies. have been made thereon and further dlfferent scholars with different ‘outcome could not
provide a uniform solution to reduce or transfer the risk involved therein which provides the scope to choose this
subject for the purpose of study and bridges the:gap lying in the literature. -

OBJECTIVES OF.THE STUDY 7 :

Present study focuses on analyzi rfg the new crop insurance plan (PMFBY) in terms of - farmers’ view, perception
and reaction. @ NP e '

RESEARCH METHODOL OGY

Target Population: Total number of 1705 families with the population of 9108 of which 4889 are males and
4229 are females as per census 2011 are living in the Sanghi village.

Sampling: 100 households have been chosen for the purpose of study where a household represents the collective
opinion of a family determined on the basis of majority of the members thereof. Survey contains respondents’

demographic as well as agricultural information, risk perceptions & management and rating to PMFBM.

[JNRD2001002 International Journal of Novel Research and Development (www.ijnrd.org)
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Parameters of the Study: Five factord variables i.e. Education, Risk Management, Buying Decision, Perceived

Premium and Perceived Value have been taken as parameters of the study to determine attitude of farmers
towards PMFBY which further have been classified into different statements to get them rated by respondents at
five point rating scale i.e. Strongly Agree, Agree, Indifferent, Disagree and Strongly Disagree. Further weights
have also been given to each statement to include the subjective assessment of the researcher and reach the more

concreteresults. Table |: Parameters of the stated variables

Variables Code Statements
Education/ Es | know about the Pradhan Mantri Fasal Bima'Y ojna.
Awareness E Government campaign for raising the awareness of new

crop insurance.planis %tisfactory

Es ' Iam(skrlledrn managmg yreldrrsk of my crop.
E4 {1 drseemrnate my View=on new crop insurance plan to
others

Perceived Risk | PRt Agrr busmess |s very rrsky and Agrrculturrsts are risk

Cowl i . | averse

PRz- . =1 Probability of variation |n personal yield from country yield
T _ G is high

PR3 .j;, There |salack of risk management tools available in India
~".__.’ NAIS, MNAIS, WBCIS and all other previous crop plans
were not proved good.

PR: | PMFBY isable to mitigatethe yield risk absoltely.

Perceived Influenee ~ |:Pls . . | I'take my policy decision at:my own retiondlity. . . -
Pl | | prefer the advice of my friends and peers on purchasing
the pel icy.
Pl3 Premium'is_ major concern in buying the policy.
A Pla. . || prefer to fdllow the advice of experts to invest in Risky
? Market Insrrumerﬁt.
Perceived Premium ‘PPL - | Premiumto be charged under new crop plan is reasonable
' Ple Varlatlon in premium of different kinds of cropsis justified.
PP; Time interval of premium is appropriate
PP, More premium covers more risk.

Perceived Vaue PV1 PMFBY indemnifiesthe fair value of lossto farmers.

PV New plan provides the ease of getting claim.

PV Claim settlement process is transparent.

PV, Probability of recovery of compensation is fast.
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Tools& Model Framework
Farmers’ attitude has been measured in terms of their preference and factors affecting their perceptions which
have been analyzed at two levels:

e Ascertaining thelevel of effectivenessfor individual parameters.

The scores for the parameter are derived by multiplying the number of respondents with the respective score and
its subsequent summing. Effectiveness index was calculated by applying the formula:
Actual scores obtained for the statement x 100

Maximum obtainable score for the statement
e Theoverall effectrvenesslndex iscalculated by usrngtheformula

Top scores obtai ned for the seven: parameters X 100
Sum of maximum sccrres obtainable for seven parameters
Overall index is taken as benchmark W, flmm
Hypotheses: FoIIowrng null hypotheses have been set regardrng alI stated varrablae
H1: Awareness has norrfnpact. on farmcfs attitude towards PMFBY.
Ha: Perceived Risk:has no impact on farmers’ attitude towards PM FBY. :
Hs: Perceived Influence has no i'mpact on farmers’ attitude towards PMFBY .
Ha: Perceived Risk has no |mpact on farmers attitude towards PMFBY. :
Hs: Perceived Value has no impact on farmers” attitude towards PM FBY
Following research model given in figure 1, has been de_veloped to achieve the objectives of the study:-
. Figure1: Research Model

Perceived  Risk >— H
) . ) v
— GERSE 1 e Farmers
\ Ha ’ > Attitude
Tt >
Ha

Perceived Value Hs
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Where; Farmers Attitude is a dependent variable and Education, perceived Risk, Buying Decision, Perceived

Premium and Perceived Value are independent variables. These five independent variables have been taken as
determinants of intension to adopt the Pradhan Mantri Fasal Bima 'Y ojna.
RESULTS& DISCUSSIONS

Results are to be discussed into two parts:

1. Parameter wise Analysis

2. Overal Analysis

3. Hypothesis Testing

1. Parameter wise Analysis: As selection of crop insurance scheme depends upon the various factors but
here major 5 factors have been'taken |nto account inwhich so many other sub factors have been
comprised of. Scores were gathered through survey at point. ral ng scale and has-been analyzed in table 2

..Table2: Parameter WlseFarmers’ Attitude .

S | Factors/ Strongly - Agree Not Drsagree Strongly ‘| Mean | Mean
N | Variables . 'Agree o : Agree Disagree | Scores | Index
Educatlon/ 29 @2 |26 |5 . {8 . |46 e

Awareneﬁ o s i :

2 [Percaived | 3. - |27 |2 7 6. 419 |86
Rigk o - (% . .

3 | Perceived 33 25 27 8 7 453 81
Influence : :

4 Perceivecl 12 124 10 e 7 41 |8l
Premium. | ; b AR VD

5 | Perceived 3 . .30 |2 . .10 3 410 | 84
Vaue . | X j
Overall Mean I ndex N ‘ 2758 | 83

Table2 highlights that- mea\n'indice's of two factors i.e. perceived risk and perceived value are 86 and 84
respectively that indicates that these are most influential factors in farmers attitude to PM FBY whereas other
factors have almost simiiar'scores in‘mean ‘index'that'vindicates their less consiueration ‘in adoption of crop
insurance plan. This doesn’t mean that except of two major factors don’t affect the farmers’ perceptions, as
overall mean index is 83 and all variables’ mean indices are near about this value, so they also have the impact on
farmers’ attitude. So all stated variables are determinants of farmers attitude of Sanghi village at Rohtak District

in Haryana.
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2. Overall Analysis(Correlation Analyss):

Table 3 shows the Pearson Correlation Analysis among all stated variables. Most of the correlations are

significant.

Table 3: Pearson Correlation between Latent Variable

EA PR PE PP PV
EA 1 0.109 0.035 0.187* 0.385**
PR 0.109 1 0.274** | 0.004 -0.145
PE 0.035 0.275** | L 30.177* 0.191
= _,9‘.1237;? 0004 o.i%7* 1 0.289"*
v 0385 |0 125' 0191 ﬁo 289 |1
*: Correlatlon is S|gn|f|cant at theO 05 Ievel (2-tailed).

f** Correlatlon|ssgn|f|cantatthe001level (2 talled)

With the mtegtanon of flnance and psychologlcal theories, |t has been found that most of the stated variables
i.e. awareness, percelved risk, pe_rpel\(@d mfluence, perceived preml_um and percelved value are significantly
correlated. Furthermofe degree'(')'f correlation between aWareness and perceived value of PMFBY is highest

i.e. 0.385 whereas awareness and perceived risk are not found significantly correlated. Between risk and

premium least amount of ‘correlation has been-traced.’ -
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Hypotheses Tegting
Hypotheses have been tested with the help of regression results as shown in following figure;

Figure 2: Resultsof Hypotheses Tests (H1 to H5)

Awareness

Perceived Risk

v ‘

5

Perceived Influence

|
Perceived Value BN

The values shown in figure2 are regression coefficients of stated variables which all are significant at 0.01 as well

C. N Y. '
. A -

as .05 level which confirmsithat farmers iattitude toWards.-PM_FBY'_:,is dependgnt on aNarenggs,";ri's}g, pthers actions
& decisions, premiu.rinénd'valuec'rea.tidh of pdlicy.: - i - S
CONCLUSION 1% |

Study found the crop insurance to absorb the p:rodu‘btion risk effectively, encouraging the farmers to concentrate
on a fewer number of profitahle crops instead of épread'mg their resources and energy across many crops. In this
way, it has acted as.an incentive for specialization in agriculture. The crop insurance scheme has led to the use of
high-value inputs Iiké seed,_ferti[izer and plant protection chemicals: The insured farmers have realized more
returns than their non-insuréd counterpérts' . v . '

Farmers face congraints like tedious and time consuming procedure, non-availability of crop loan, lack of
motivation and information from officials, etc. On the other hand, the agencies implementing crop insurance
expressed that lack of staff, lack of coordination among them and hindrance to their routine functions were the
major constraints.

Moreover, empirical evidence indicates that the impact of crop insurance participation on perception is slightly

stronger than that of perception on participation, and thus provides weak evidence of a ‘learning-by-doing’ stage
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in China at present. Together with evidence of substantial local disparities in perception, implications for the

Chinese government in further cultivating the crop and rural insurance market are discussed.
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Abstract

Present study identifies the corporate financial behavior towards the global recession. Study explores
how financial markets reacted to the economic downturn. Study reveals that old financial theories and
models could not predict the worldwide recessionary conditions and were replaced by new financial
concepts like behavioral finance, multi-factor & agent based modeling and non-trival probability etc.
Financial mix was also redefined as per changing the priorities of investors during the global financial
crisis. (G10, G11, G12, G13, G14, G15, G177 G18)

Introduction

In the history of human beings the kind of events, global financial recessions have been witnessed
time to time and have a significant effect on the economic systems but generally we fail to predict them
apparently and when they happen then we throw away our orthodox and move towards the new ways
and approaches [Rudd Kevin, 2009]. Recently world has faced severe economic crisis during the year
2008-09 where even AAA rated securities didn’t follow the Efficient Market Hypothesis and were found
crashed [Jeremy ]J. Siegel, 2010]. Aftermath of various economic crises at global level, the term “Herd” is
again on the edge of disapproval in financial literature [Bikhchandani, S. & Sharma, 2000]. Traditional
financial theories have again been questioned during the period of global recession which needs to be
incorporated the behavioral finance with the integration of various disciplines. Efficient market
hypothesis gained a lot of dominance in 1970s but during the 1980s it couldn’t predict the financial market
behavior significantly. During 1990s the behavioral finance emerged as a research concept and various
feedback theories were developed. Models of assessment of impact of smart money on investors were also
designed in this era [Robert ]. Shiller, 2003]. The global crisis in subprime mortgage bank loans in US,
could have been better managed with the involvement of all stakeholders, investment fund managers,
rating agencies, regulatory and monitoring authorities of financial and banking markets [Pezzuto, Ivo,
2008]. The fourth quarter which is the peak point of the global financial crisis, 2008 declined the rate of
new loans to big borrowers by 47% in comparison to previous quarters in US [Victoria Ivashina, 2008].
Despite the innovative financial strategies of leveraging and funding, the banks couldn’t reduce the
systematic risks and financial instability in 2008 and they were titled as ‘Old Wine in New Bottle’ [Mah-
Hui, Michael Lim, 2008]. Many of the financial firms which took rescue operations during the economic
crisis became insolvent. This financial crisis is not last, it will happen again but in some other sort [Alan
Greespan, 2009].

As we know, traditional financial theories have again been questioned during the period of global
recession occurred in 2008. These theories have been failed to predict and address recent global financial
crisis which has pushed to financial professionals and economists to rethink about financial theories to
make their disciplines compatible with changing present scenario. No one can deny that there is a gap
between theory and practice or there is a fundamental problem in finance theory itself. Even if the
problems are only with the practice and not with the theory, finance academicians must revisit how
financial theories can be renowned so that these problems do not reoccur. If there are problems in finance
theory itself, then finance academics must reflect on the directions that finance research should take to
redress these problems.
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Now question arises what kind of change is required in finance mix/ theory to make it compatible
with global economic slowdown. Need to answer this question initiated the researcher to make the study
on this topic. This paper focuses on how finance theory needs to change to cope with global economic
meltdown.

Literature review
Present study reviews the following previous studies made on global recession occurred at different
time intervals.

Author, Year Title of Research Findings
John H. Cochrane, New Facts in Finance CAPM explains the cause of variation in average returns of different
1999 stocks, assets, portfolios and funds etc. but not all investment

options. So multi-factor models have been superseded to CAPM to
explain it further in adequate manner. To infer the market
expectations, price variables are used by the firms. Rewards for risk
of recession, financial distress along with the risk of market
fluctuations, are also offered by the financial marketers.

Burton G. Malkiel, The Efficient Market Stock markets are efficient and cannot be predicted precisely and
2003 hypothesis and its critics accurately.

Ian M. McDonald, The Global Financial Crisis Traditional economics which is based on home-economics was not
2009 and Behavioral Economics found enough to explain the financial crisis 2008-09. Behavioral

finance has emerged as a predictor of market movements. Free
market, self-interest approach based on rationality

J. Doyne Farmer & The economy needs agent- Financial behavioral patterns are changing at global level. In micro-
Duncan Foley, 2009 based modelling structure theories, agent-based modeling has been emerged as a
necessity of the economies to enable them to predict the market

behavior.
Jeremy J. Siegel, 2010 Efficient Market Theory and Efficient market hypothesis didn’t work in the economic crisis 2008-
the Recent Financial Crisis 09. This recession was not because of EMH. Efficient market

hypothesis doesn’t mean the prices are right and risk is none. EMH
cannot be made responsible for this meltdown.

Schwaab, Bernd and Systemic Risk Diagnostics: Study formulated a model to assess the financial system risk and
Koopman, Siem et. Al, Coincident Indicators and with the help of this framework conterminous measures and
2011 Early Warning Signals predictors based on underlying macro-economic and credit risk

constituents for the whole world were constructed. Study revealed
that credit risk conditions can be segregated from macro financial
fundamentals significantly in a continuous manner which can
function as an alarming signal for wise macro- economic policy.

Andrew K. Rosea & Cross-country causes and Study is based on cross sectional analysis of 107 countries. No
Mark M. Spiegel, 2011 consequences of the 2008 common cause was found to the incidence of such severe economic
crisis: Early warning downturn across the countries. Such negative findings disappointed

the researcher.

Nicola Cetorellia & Liquidity management of U.S. Location wise pecking order theory was adopted by the parent

Linda S. Goldberg, global banks: Internal capital banks to reallocate the liquidity in case of financing shock arisen in

2012 markets in the great recession global economic downturn. From revenue point of view, more

valuable affiliates to parent banks were prioritized in protection.

Eamon Duede and Convergence of Economic Study evidenced that the mechanisms driving the

Victor Zhorin, 2016 Growth and the Great o convergence couldn’t work properly and recession started at
Recession as Seen from a global level. Macro-economic theories had massive effect on
Celestial Observatory domestic as well as worldwide economic and social policies.

Troy Davig, & Aron Recession Forecasting using Study uses the Naive Bayes model which is closely connected to

Smalter Hall, 2017 Bayesian Classification Markov’s switching models and logistic regression with some

significant differences as well, to predict the recession. It revealed
that a very large asymptotic error rate was found in naive Bayes
Model, but it merges this error quicker than the logistic regression.

The available literature on global recessionary conditions and interpretations thereof, provides the
scope to researchers to make a consolidated view of all studies to determine a new roadmap to predict
and prevent such economic slowdown. The present study is purely based on the literature evidences and
opinions of financial experts.
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Objectives of the study

Present study aims at knowing the corporate behavioral change towards global recessionary
conditions. It also examines the practical implications of financial models/ theories in worldwide
economic crisis to explore the substitutes of traditional financial mix.

Research methodology

Present study is descriptive in nature which describes the implications of financial models
applicable to the recessionary conditions. Study went through the review of various studies made on
global meltdown along with the personal interviews of financial experts engaged in financial consultancy
to the corporate; to draw some concrete results regarding to failure of prediction about the worldwide
recession occurred. Study is based on following assumptions:

Preferences: It implies the risk preference. Generally, investors are found risk averse, but it is to be
found whether it is time invariant or it varies with market conditions or trade cycles.

Probabilities: It implies the uncertainty in returns in terms of cash on investments which depends
on the investors’ prediction with precision and accuracy. Investors may have homogenous expectations or
subjectively heterogeneous.

Prices: It implies the investment options with investors. Being the reaction of quotes and orders a
very complex process, it is not necessary the price to be in equilibrium at every point of time.

Global recession in India & UK

A recession is a downward state of trade cycle which is officially declared by the National Bureau
of Economic Research (NBER) for any economy. Economic activities in terms of real GDP, employment,
income, industrial production and sales turnover (retail and wholesale both) get declined significantly.
International Monetary Fund (IMF) which is global nodal agency of management of finance defines the
global recession considering many aspects as if any of the economies keeps its growth rate equivalent or
less than 3%, will be taken in global recessionary condition. As per this specified measurement here time
periodsi.e. 1990-93, 1998 and 2001-02 have been qualified as global economic slowdown.

Most of the countries have been got influenced by the global economic crisis stringently. America,
Europe, and Japan faced a severe crises of liquidity as well as credit during the recessionary periods but
India has not been insulated as much of it, Being the India a developing and rural based economy with a
large untapped markets, running on cautious reforms, it has not been found much affected but it could
not completely isolated itself from the recessionary impacts.

Figure 1: Economic downturn of Indian Economy

Year on year percentage growth

i LT ;
I I
1895 2000 2005

Source: http://www.nipfp.org.in

Table 1: Volatility of UK Macro Economics Variables during the Great Moderation Compared with
150-years Average

Variable Volatility Volatility
(1998-2007) (1857-2007)
GDP growth (%) 0.6 2.7
Earnings growth (%) 0.5 6.4
Inflation (%) 0.9 59
Unemployment (%) 0.6 34

Source: Haldane (2009)
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Results & discussion

On the basis of review of the various studies and opinions of financial analysts, it has been found
that conventional financial theories could not indicate the early warning signal of the global meltdown in
2008 but the enterprises which adopted the behavioral finance models and new theories to cope with
changing patterns of the markets were found least affected by such worldwide recession. Results of the
study have been presented in following table:

Table 2: Move of Financial theory during Global Recession

Aspects of Finance Theory Move during Global Recession Substitution in Global Recession

Efficient Market Hypothesis Irrational investment decisions Behavioral Finance

Factor Models Inadequacy of CAPM Multi-Factor Model

Liquidity Micro has become macro! Systemic Risk- non diversifiable risk

Risk Free Rate Mere a useful approximation Overnight Index Swap

Microstructure theories Heterogeneous Players Agent—based Modeling

Tail Risk — Real Risk Non-linear dependence Quantitative models based on non-
Gaussian fat-tailed distributions

Econometrics Several possible regimes Non-trivial Probability

Global recession has opposed the two aspects of Efficient Market Hypothesis (EMH). Burton G.
Malkiel (2003) clearly stated that first aspect is that there is no free lunch means it is not possible to beat
the market in risk adjusted terms. During recession low-risk, high return investments turned out to be
high-risk that failed the EMH. Second aspect is that prices are “right” in the sense that they reflect
fundamentals. The economic slowdown has also denied this claim. Many prices were clearly not right.

Global Recession has proved that CAPM should be substituted by Fama-French three-factor model
and it should be taken as core financial model in prediction of market behavior. Further finance analyst
should go beyond even to reflect liquidity as an overt risk aspect.

Most of the studies depicted that during the global meltdown, liquidity risk has been identified as a
systematic risk that cannot be diversified. The second important aspect is that there is key relationship
between funding liquidity and market liquidity, both were found deeply connected. As it is well known
that market liquidity is related to microstructure of markets whereas funding liquidity is associated with
macroeconomics. It shows that how suddenly micro has turned to macro.

After worldwide economic downturn Overnight Index Swap (OIS) has been regarded as a thing
very closely associated to the risk-free rate of return. It is supposed that high credit rated entities have
very low (negligible) probability of being defaulter over a one-day time span. Its front runs to a very
popular two curve discounting model. Hence the usefulness of risk-free rate of return should be taken
only in approximation.

Financial behavioral patterns are changing at global level. In micro-structure theories, agent-based
modeling has been emerged as a necessity of the economies to enable them to predict the market
behavior. Agent based modeling permit arbitrary number of heterogeneous market players having
diverse information sets, dealing approaches, and purposes. If it is taken correct that microstructure
theories are capable to understand the portents at macro stage, then it becomes essential to adopt agent-
based modeling in finance theories.

Financial move in recessionary conditions have also explored that a large amount of tail risk doesn’t
depend on tail risks of assets individually but on ordinary jump and other conditions of non- linear
dependency. Quantitative models which depend on non-gussian fat tailed distributions based on
nonlinear structure have been suggested to apply. These models are hard but technical sound.

Risk models having Gaussian probability distributions along with linear correlation are now no
longer defendable after witnessing the facts related thereto during global recession.

Before occurrence of this global meltdown, Great moderation had been accepted as a perpetual
structural change in the global economy which signified permanently reduced volatility but this global
crisis 2008-09 has compelled to review the statistical procedures in wholesomeness of probability of
various policy regimes. Hence it should be taken that nontrivial probability of moving to a separate
regime exits.
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Conclusion

The global economic slowdown has caused the serious problems with the rejection of implications
of traditional finance mix and theories. It seems that finance courses have not coped with the
developments in finance theories in the last decade or more. Since late 1990s, finance theory had shifted to
new multifactor Network models that are used in modern finance. In other words, change in finance
teaching is required, a lot in comparison to change in finance theory itself. Interpretation of the various
studies states that home-economics actions were found inconsistent with the prediction of the global
crisis. This is the era of a large amount of innovations in financial markets and products where free
markets and self-interest approach are taking place. Study also reveals that there are some aspects of
finance which are required to be espoused in mainstream of new models in better manner. However,
finance theory itself is upgrading with the incorporation behavioral finance which integrates the new
ideas and insights from several other disciplines and models, but the this worldwide economic meltdown
has depicted that sociological factors have significant impact on many financial phenomena. To achieve
the optimized point of finance theory, not only sociology but finance professionals must incorporate
newly evolved biology, neurosciences, financial antiquity, and the multidisciplinary arenas of network
theory in finance. At the end, it can be said that in globalization and increasing complex world, finance
theory must be converged with sophisticated mathematical models and statistical tools.
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ABSTRACT

The digital journey of learning has been of different perception to different community. We study the
perception of students regarding online learning during lockdown period in three different
communities of [ndia ie. rural, urban and metropolitan on the basis of survey of 411 students during
lockdown period. Ten problem statements have been considered to be rated at Likert's Five Scale. To
check the reliability, Cronbach's @, to analyze the data- mean & standard deviation and to validate the
rosults t-test and Post Hoc Test have been used. It is concluded that majority of students have smart
phones in urban and metropolitan but neutral to learning while rural students prefer the conventional
leaning. This study contributes to the new theory of the efficacy of digital learning as mode of
Jearning in and after lock down period that will bring the attention of educational agencies, faculty
members as well as policy makers towards the problems faced by the students In digital leamning,

Key words: Digital, Learning, Online, Teaching, Students, Lockdown.

INTRODUCTION As per world meter around 200 countries have
Education is inevitable thing which changes got influenced by it. Corona bavoc Is rising
the world into something better. Everyone in day by day very speedily; consequently most
this globe wants a good education to develop of the affected countries even the territories
in them a perspective of looking at life. There therein, have announced the locked down.
are innumerable ways to get education and Fconomies are getting stagnant being stopped
bring it in the learning process like physical the all kinds of activities and movements. No
(attending class in doubt, digital media is emerging in a vital role
School/College/ Institute) and online leaming in different modes in handling such lock down
(remote). Majority of the students prefer peried of facing pandemic COVID-19
physical presence in the classroom but this (Sachdeva, P., & Tripathi, D, 2019; Kabha, R,
COVID-19 outbreak has now entrapped the Kamel, A, Elbahl, M, & Narula, S, 2019 &
whole world and compelled students to go Singh, P, 2019). Target wvectors and
through online mode of learning. But due to educational technology are being affected by
the less availability online facilities, students digital transformation of the economies in
have not been able to grasp knowledge present scenario  (Zakharova Nadezhda,
properly. Polyakov  Kirill etal2019). Different states
have slarted to ride on digital media to

The online journey of learning has been of provide the online services, Every nation is
different perception to different community. trying to protect its primary and core field i.e.
The students of rural community have education from the effects of locked down.
different opinien whereas the students of Hence, it has become the necessity of time to
urban community have different perception. address the educational work stoppage due to

corona crisis (Hindustan Times, 2020).
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However, majority of the nations haven't
adopted a country wide school or college
closure policies, it rests with Jocal authorities.
In context of India, the State Governments
have declared the closure on extension basis
(UNESCO, 2020).

During this critical condition, digital learning
is evolving as a solution to the problem.
Digital learning may be in various forms like
Mobile Assisted Learning (MAL), Computer
Assisted Learning (CAL), Technology
Enhanced  Leamning (TEL), Computer
Mediated Communication (CMC) ete. To
pursue the distance teaching-learning process
in digital form, India has annourxed a list of
digital channels which could enable the
students, teachers as well as researchers, an
online learning platform in lock down, which
includes SWAYAM, MOOCS, E-Pathshala,
CEC-UGC U-tubs Channels, Shodh Ganga,
Vidwan, E-Shedh Sindhu etc. (MINISTRY OF
EDUCATION, Govt. of India, 2020), Various
apps are also being offered to be installed to
access, upload or retrieve the e-content, of
which “Zoom" is getting very popular to
conduct the online classes via cloud
technology. Further social networking systems
like whatsapp, facebook, twitters, skype, U-
tube etc. are also playing an eminent rolke In
setting up the interactions between teachers
and students. Virtual labs, digital library
inflibnet, Google dassrcoms, Google forms
and spoken tutorials etc. are also being

as effective means of knowledge
transmission in digital mode But how
effectively these means are In tackling the
present situation is researchable.

India, like many developing countries across
the globe, is badly equipped to deal with
whats to come, Having understood the
insufficiency of digital faculty and in light of
the many challenges being reported by parents
and students across the country, the Ministry
of Human Resources and Development
launched a “Blamt Padle Online” campaign on
April 12, 2020 for crowd sourcing of ideas to
improve the online education flora and fauna
of India. However, it remains unclear as to
which ideas will see light of day as the urban-
rural education gap further widens amidst the
looming COVID-19 crisis. This paper attempts
to answer the question “ls there any
significant difference in the perception of
students residing in rural, urban and

108

metropolifan area regarding online Jearning
during lockdown period?”

The paper is categorized into five different
sections including the present one. Section 2
discusses review of literature, section 3
presents research methodology, results and
discussion and conclusion are provided in
section 4 and section 5 respectively.

LITERATURE REVIEW
Rainfe & Horrigan (2005) quoted that in all
income groups whether it is low income or
high, computers and Internct access at high
speed seem now everywhere In US ménages.
Petri Nokelsinen (2006) presented the
pedagogical usability criteria and stated that
theoretical aspect of how to design the digital
lcarning content should also be considered
equally important as technical one. To test the
results of study, two samples- one of 66
students of 5* standard and second one of 74
students of 6" standards of elementary
education, were taken under which students
were given to evaluate one LMS and four LMs
with PMLQ. Study found that the PMLQ was
capable to apprehend the differences in the
instructional usability profiles of the learning
modules. Warschauer (2007) stated that
curricular and pedagogic methodologies to
educational technology, occur which can
stand-in to improve the digital learning for all.
Hidaayatullaah etal. (2020) found the entire
global educational arena including Indonesia,
significanly  influenced by COVID-19.
Conventional Jearning has been shifted to
digital mode of laming, Digital learning is
not new one but it had gained the importance
before this corona crisis to keep the pace with
industrialization 4.0 and community 5.0.
Mahalakshml and Radha (2020) stated in their
study that COVID-19 has accelerated the pace
of "Digital India”, an initiative of Gowt. of
India launched recently, The lockdown has
collapsed the traditional teaching and learning
system. However corona is worsening the
mf globe but in spite of that it's a positive
ing that it has promoted tal learning
marvelously. e

Crawford, Joseph, Butler-Henderson, et al
(2020) collected higher education responses on
COVID 19, particularly of universities of 20
countries across the globe. On the basis of 172
secondary sources of information and found
that all developed countries except US are
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running online classes and have not declared
the semester break. Majority of the developing
nations are not in the position to run online
classes due to lack of IT infrastructure, remote
reach, skillsets, content availability etc
Morcover, the focus of organizations being
closed, is shifting to online pedagogy. Revees
et.al. (2020) stated that to assist the students in
learning, busincss players can provide the
online educational services partnered with the
ministry of education through opening of the
nationwide digital cloud classrooms.

Further, Eisenstein in 1979, Ong in 1982,
Harvard Discussions in 1991, Winston and
Attewell in 200, Chengyi Lin in Harvard
Business Review 2020 and so many other
studies or scholars have quoted the
importance of digital learning and literacy
earlier, whereas in present scenario, digital
learning is gaining much more importance
and seems the necessity of the hour. No
previous study has focused on problems faced
the students on account of sudden
adoption of digital learning. Hence the present
study fills the research gap existing in the field
of education with reference to present critical
period of lock down. Referring the above
detailed review of literature and research gap,
following hypotheses are formulated:

HO: There is no significant difference in
rception of students about online digital
learning in Rural and Urban Area during lock
down period.
HI: There is significant difference in
wception of students about cnline digital
learning in rural and urban area during
lockdown period.

Rescarch Methodology

Present study is descriptive in mature
Responses of a sample of 411 students selected
from two states (Delhi, Haryana) through
snow ball sampling technique were recorded
by imparting structured questionnaire, got
filled up in Google Form from focus group i.e.
411 students residing in two states -Haryana
and Delhi during the lockdown period,
selected on the basis of snow ball sampling.
Ten problem statements have been taken to be
rated at Likert's Five Scale. Reliability of data
has been checked terms of Cronbach's a.
Mean, Standard deviation, T-test and Post Hoc
Test have been used to analyze the data.
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Jamovi software has been used for statistical
computation and validation of results.

Results & Discussions

Reliability Analysis: This analysis checks the
internal consistency of responses or data
collected. The rule given by George and
Mallery (2003) has been followed to interpret

internal consistency output.
Table 1.1 Scale Reliability Statistics

Mean SD Cronbach's a
Scale 291 901 837
Source: Authors” Calculations

Value of Cronbach’s alpha is 0.837 with mean
291 and standard deviation 291 which shows
statements have internal consistency as value

of 0.70 or higher is considered good.

Table 1.2 Item Reliability Statistics
if item
dropped

Statement Cronbach’s a

I face problem in digital learning 0824

in Jock down period as it is not

user friendly

1 face problem in digital learning 0.825

in Jock down period as difficult

to learn than conventional

offline learning

I face problem in digital learning 0822

in lock down period as it is

difficult to understand

I do not have 0.825

smartphone/laptop or device

for digital learning

T do not have access to internet | 0.819

1 can't afford data package for 0.814

digital learning

Jack of Electricity /regular power | 0.822

supply is problem in digital

learning

| feel problems in digital 0.822

learning as | do not have smart

phone

| feel problems in digital 0.524

Jearning as it takes more time

than traditional lecture

I feel problems in digital 0.826

learning as | do not have

knowledge how to use

Soutrce: Autiors” Caiculations
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Table 1.2 demonstrates the impact on internal
consistency on statements if one item is
dropped. Itis obvious that all values are more
than 0.70, so no single statement have extreme
impact, all statements are normal,

Opinion of Students of Rural Area (N=208)
states that they feel very few problems in
digital learning due to not having smart phone
(Mean=2.09,  Standard Deviation=1.399,
Standard Error=00970). Also students of

Table 2.1 Group Descriptive about Perception of Students in Digital Learning during Lock down

Period
Residence N | Mean SD SE
I face problem in digital learning in lock down | Rural 340 | 1.551 | 0.1075
period as itis not user friendly Urban 138 | 352 | 1.314 | 0.1118
Metropolitan | 65 | 337 1.219 | 0.1512
[ face problem in digital learning in lock down | Rural 208 | 288 | 1.362 | 0.0944
period as difficult to learn than conventional Urban 138 | 3.76 | 1.241 | 0.1057
offline learning Metropolitan | 65 | 3.86 | 1.236 0.1533
| face problem in digital learning in lock down Rural 208 | 392 1.353 | 0.0945
period as it is difficult to understand Urban 138 | 356 1.351 | 01150
Metropolitan | 65 | 346 | 1324 | 01642 |
T do not have smartphone/ laptop or device for | Rural 208 | 228 | 1478 | 01025
digital learning Urban 138 | 187 | 1.317 | 01121
Metropolitan | 65 154 | 0969 | 01202
1 do not have access to internet Rural 208 | 251 1.516 | 01051
Urban 138 2.09 1.293 | 01100
Metropolitan | 65 | 1.86 | 1.210 0,1501
[car't afford data package for digital learning | Rural 208 | 3.10 | 1.601 | 01110
Urban 138 | 3.06 [ 1.584 | 01348
Metropolitan | 65 212 | 1386 | 0.1720
lack of Electricity /regular power supply is Rural 208 | 288 | 1582 | 0.1102
problem in digital learning Urban 138 | 257 | 149 | 01276
Metropolitan | 65 2,29 1.331 0.1651
I feel problems in digital learning as I do not Rural 208 | 209 | 1399 | 0.0970
have smart phone Urban 138 | 1.68 | 1.101 | 0.0937
Metropolitan | 65 1.62 | 0963 | 0.1195
1 feel problems in digital learning as it takes Rural 208 | 371 | 1426 | 0.0988
more time to understand than traditional Jecture | Urban 138 | 357 | 1323 | 0.1126
Metropolitan | 65 322 | 1420 | 01761
I feel problems in digital learning as I do not Rural 208 | 307 | 1416 | 0.0982
have knowledge how to use Urban 138 | 257 | 1361 | 01139
Metropolitan | 65 185 | 1.228 | 01523
Source: Authors” Calculations

Observation states that Students of Rural Area
(N=208) feel very few problems in digital
learning in lock down period as it is not user
friendly (Mean=3.40, Standard
Deviation=1.551, Standard Error=0.1075). Also
students of Urban Area have less problems of
having smart phone (N=138), (Mean=3.52,
Standard Deviation=1.1314, Standard
Error=0.1118) and students of Metropolitan
Area ( N=65) foel very less problems in digital
learning in lock down period as it is not user
friendly (Mean=3.37, Standard
Deviation=1.219, Standard Error=0,1512),
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Urban Area have less problems of having
smart phone (N=138), (Mean=1.68, Standard
Deviation=1.101, Standard Error=0.0937) and
students of Metropolitan Area (N=65) feel
very less problems in digital learning due to?
(Mean=1.62, Standard  Deviation=0.963,
Standard Error=0.1195). As in three cases
mean is less than 3, it is observed that lack of
smart phone is not an issue in any location
now. Also Students of Rural Area (N=208) feel
more problems in digital leaming as takes
more time to understand than traditional
lecture (Mean=3.71, Standard Deviation=1,426,
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Gtandard Error=0.0988) than students of
Urban Area (N=138), (Mean=3.57, Standard
Deviation=1.323, Standard Error~0.1126) and
students of Metropolitan Area (N=65) feel Jess
problems in digital leaming (Mean=3.22,
Standard Deviation=1.420, Standard
Error=0.1761).

the perception of students in rural, urban and
metropolitan Jocation about problem in digital
Jearning in lock down period as difficult to
learn as conventional offline learning (F=372,
p value= 690) at 5 t level of
significance. Hence Null hypothesis (HD) is
accepted. Also there is a significant difference
in the perception of students in rural, urban

Table 22 One-Way ANOVA (Welch's) and empirical results about perception of students in

digital leaming during lock down period
Statements F P Decision | Significant
value | Rule association

1 face problem in digital learning in lock down period | 0448 | 0.640 HO No
as it Is not user friendly : Accepted

1 face problem in digital learning in lock down period | 0372 | 0.690 HO No
as difficult to learn than conventional offline Jearning Accepted

1 face problem in digital learning in lock downpericd | 4520 | 0.012 | HO Yes
as it i difficult to understand Rejected

T do not have smartphone/ laptop or device for digital | 11356 | <.001 | HO Yes
learning Rejected

1 do not have access to internet 7475 | <.001 | HO Yes

Rejected
I can't afford data package for digital learning 12480 | <.001 | HO Yes
Rejected

Lack of Electricity/ regular power supply is problem | 4634 | 0.011 | HO Yes
in digital learning Rejected

I feel problems in digital learning as | do not have 6451 0.002 | HO Yes
| smart phone Rejected

I feel problems in digital lrarmning as it takes more 305 | 0051 |HO Yes
time than traditional lecture Rejected

1 feel problems in digital leaming as | do not have 2136 | <.001 | HO Yes
knowledge how to use ? Rejected

Source: Authors’ computations

About feeling more problems in digital
learning Students of Rural Area (N=208) opine
that they do not have knowledge how to use
(Mean=3.07, Standard Deviation=1.416,
Standard Error=0.0982) than students of
Urban Area (N=138), (Mean=257, Standard
Deviation=1361, Standard Error=0.1159) and
students of Metropolitan Area ( N=65) feel less
problems in digital learning (Mean=185,
Standard Deviation=1.228, Standard
Error=0 1523),

As table 2.2 states that there is no significant
association [n the perception of students in
rural, urban and metropolitan Jocation about
problem in digital learning in lock down
period as it is not user friendly (F=448, p
value= 640) at 5 percent level of significance.
Hence Null hypothesis (HO) is accepted.
Similarly there is no significant association in

i1

and metropolitan location about problems in
digital learning as they do not have do not
have smart phone (F=6.451, p value< .002) at 5
percent lovel of significance. Hence Null
hypothesis (HO) is rejected. Also there is a
significant difference in the perception of
students in rural, urban and metropolitan
location about problems in digital learning as
they it takes more Hme to understand the
concept than traditional lecture (F«3.025, p
value = 0.051) at 5 percent lovel of si v
Hence Null hypothesis (HO) is rejected. As a
contrary there is a significant difference in the
perception of students in rural, urban and
metropolitan location about problems in
digital learning as they do not have
knowledge how to use (F=23.136, p value<
£001) at 5 percent level of significance, Hence
Null hypothesis (HO) is rejected.
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Tukey Post-Hoc Test is a test to check the
significant difference if categories are more
than two. Hence three categories are students
of rural area, urban area and metropolitan
area. This test will show the results of rural
area with urban area as well as rural area with
metro Politian area. Decision rule is just like as
carlier that accept the null hypothesis if not
found significant and reject the null
hypothesis if fourd significant.

Table 31 indicates that there Is significant
difference in perception of students about 7 it
is difficult to understand In rural area with
metropolitan area As Mean difference is 364
In wban and 4615 in  metropolitan
respectively. T- Value is 246 in urban area and
rural with in melropolitan area is 2.40. Hence
value is more than 2 so significant difference is

visible as p value is 0,038 with rural and
Urban as well as p=0,
metropolitan.  Decision rule says null
hypothesis is rejected. But looking at
observation of Urban Vs. Metropolitan area
there is no significant difference in perception
of students about impact of online learning
about it is difficult to understand as p value is

0.884. Null hypothesis is accepted.

Table 32 indicates that there is significant
difference in perception of students about
smartphone/laptop or device for digital
learning with metropolitan area As Mean
difference is 414 In urban and 745 in
metropolitan respectively. T- Value is 2.78 in
urban arca and rural with in metropolitan area
is 387. Hence value is more than 2 so
significant difference is visible as p value is

Table 31 Tukey Post-Hoe Test = I face problem In digital leaming in lock down period as it is

difficult to understand
Residence Statistics Rural Urban Metropolitan
Rural Mean difference - 0.365 04515 »
t-value - 246 2400
df - 408 408
pvalue - 0.028 0,044
Urban Mean difference - 0.0964
t-valye - 0.474
df - 408
p-value - 0.8%4
Metropolitan Mean difference -
t-value -
df =
p-value | -
 Significant level at 1 percent and 5 percent Note. ' p <05, "' p < 01,"" p < 001
Source: Authors’ Calculations
Table 3.2 Tukey Post-Hoc Test - I do not have smartphone/laptop or deyice for digital leaming
Residence Statistics Rural Urban Metropolitan
Rural Mean difference - 0414 0.745 "
tvalue - 278 387
df - 408 408
p-value - 0.016 <.,001
Urban Mean difference - 0,331
t-value — 1.62
df - 408
p-value - 0.237
Metropolitan Mean difference -
t-value -
df -
p-value -

Note.*p< 05" p<.0]* p<.00]

Source: Authors’ Calculations
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0.016 with rural and Urban as well as p=0.001
in rural vs. metropolitan. Decision rule says
null hypothesis is rejected. But looking at
observation of Urban Vs. Metropolitan area
there is no significant difference in perception
of students about impact of online Jearning
about smartphone/iaptop or device for digital
learning as p value is 0.237. Null hypothesis is
accepted.

Table 33 indicates that there is significant
difference in perception of students about do
not have access to internet for digital learning
with metropolitan area As Mean difference is
427 In urban and .653 in metropolitan
respectively. T- Value is 2.78 in urban area and
rural with in metropolitan area is 3.28. Hence
value is more than 2 so significant difference is
visible as p value is 0016 with rural and
Urban as well as p«0.003 in rural vs

metropolitan.  Decision rule says null
hypothesis is rejected. But Jooking at
observation of Urban Vs, Metropolitan area
there is no significant difference in perception
of students about do not have access t0
internet for digital learning as p valve is 0.533.
Null hypothesis is accepted.

Table 3.4 indicates that there is no significant
difference in perception of students about
access to internet for digital learning with
rural and urban area as Mean difference is
0430 in urban and 978 in metropolitan
respectively, T- Value is .250 in urban area
and, Hence value is less than 2 so no
significant difference is visible as p value is
0.966 with rural and Urban and decision rule
says null hypothesis is accepted but rural with
in metropolitan area is t value is 440 as well as
p=0.003 in rural vs. metropaolitan. Decision

Table 3.3 Tukey Post-Hoc Test « 1 do not have access to intemet

= Rural | Urban Metropolitan

Rural Mean difference - 0.427 0.653 o

t-value - 2.78 3.28

Df - 408 408

p-value - 0.016 0.003
Urban Mean difference - 0.225

t-value - 1.07

Df - 408

p-value - 0.533
Metropolitan Mean difference -

t-value -

Df —

p-value -

Note. * p < 05, ** p < .01, ***p <.001

Source: Authors’ Calculations

Table 3.4 Tukey Post-Hoc Test - I cant afford data package for digital leaming
Urban

Residence _Statistics Rural Metropolitan
Rural Mean difference - 0.0430 0.978 ot
t-value - 0.250 440
Df - 408 408
p-value - 0.9¢6 <.001
Urban Mean difference - 0.935 wee
t-value - 397
Df - 408
p-value - < 001
Metropolitan Mean difference -
t-value =%
Df a—
p-value =

Note. *p < .05,** p < 01, ** p < .001

Source: Authors' Caleulations
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ule says null hypothesis is rejected, By
jooking ot observation of Urban g,
Metropolitan  area there is a significant
difference in perception of students about do
not have access to internet for digital

as p value is 0.001. Null hy pothesis is rejected.

Teble 35 indicates that there Is no significant
difference in perception of students about lack
of Electricity/regular  power supply s
problem in digital learning with rural and
urban area As Mean difference is 310 in urban
and 583 in metropolltan respectively. T- Value
is 1.85 in urban area and. Hence value is less
than 2 5o no significant difference is visible as
p value is 0153 with rural and Urban and
decision rule says null hypothesis is accepted
but rural with in metropolitan area is t value is
270 as well as p=0.020 in rural wvs,

metropolitan.  Decision  rule says null
hypothesis s rejecied, But looking at
observation of Urban Vs. Melropolitan area
there is a significant difference in percepton
of students about lack of Electricity/regular
Power supply is problem in digital learning as
P value is 0.458, Null hypothesis is sccepted.

Table 36 indicates that there is no significant
difference in perception of students about
problems in digital learning as it takes more
time than traditional lecture with rural and
urban area As Mean difference is .146 in urban
and 496 in metropolitan respectively. T- Value
is 958 in urban area and. Hence value is less
than 2 50 no sigrificant difference is visible as
P value is 0.604 with rural and Urban and
decision rule says null hypothesis is accepted
but rural with in metropolitan area is t value is

Table 35 Tukey Post-Hoc Test - lack of Electricity/regular power sapply is problem in digital

leamning
Residence Statistics Rural Urban Metropolitan
Rural Mean difference - 0319 0.583 9
t-value - 1.85 270
Df - 408 408
p-value - 0153 0.020
Utban Mean difference - 0.273
t-value - 1.19
Df - 408
p-value - 0.458
Metropolitan Mean difference -
t-value -
Df =
p-value -
Note,*p < .05,**p <.01,*** p<.001
Source: Authors’ Calculations
Table 3.6 Tukey Fost-Hoc Test - I feel problems in digital learning as it takes more time than
traditional lecture
Residence Statistics Rural Urban Metropolitan
Rural Mean diffarence — 01456 0.496 .
t-value - 0953 251
Df = | s 108
p-value - 0,604 0.033
Urban Mean difference - 0.350
t-value - 167
Df - 408
p-value - | 0217
Metropolitan Mean difference =
t-value =
Cf =
p-value 0
Note.* p< 05,** p <01, *** p < 001
Source: Authors’ Calculations
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:\mPOIhn.. Decision  rule i m“ .
Jreiiests s But looking at
Metropolitan are

Table 3.7 Indicates that there is a significant

ce in feel problems in digital learning
2s 1 do not have knowledge how o use as it
takes more time than traditional lecture with
rural and wrban area As Mean difference is
146 in uban and 49 in metropolitan
respectively, T- Value is 334 in urban area
and, Herce value is less than 2 so significant
difference is visible as p value is 003 with
rural and Urban and decision rule says null
hypothesis is accepted also rural with in
metropolitan area is t value is 6.27 as well as
p< 001 in rural vs. metropolitan. Decision rule
says null hypothesis is rejected. Again Jooking
at observation of Urban vs. Metropolitan area
there is significant difference in perception of
students about feel problems in digital
learning as | do not have knowledge how to
use as p value is 0.002. Null hypothesis is

rejocted

major issue of digital Jearning mode but in
case of understanding, rural students are more
comfortable with traditional lectures as
compared to urban and metropolitan students
who are already in habit of getting digital
Ioctures so carlier, Thus effoets are required to
make the enline content compatible to them.
Similar results were found about the
knowledge of how to use Un:mm?honeoc
other digital media to access. retrieve and
stnrethetontenl.l-{enceitisdso
recommended that rural students should be
made aware of how to use the digital media.

Further, there Is no significant association in
the of students in rural, urban and

metropolitan kxation about problem in digital
learning in lock down perfod. Overall it can be
concluded that more problems are being faced
by rurel arca students in using digital media
as o tool of learning as compared to the urban
arca and metropolitan area students. So,
efforts should be made to enhance the efficacy
of digital media as a tool of learning by
providing practical exposure to the students
about this media

Limitations of the study and future scope
Data being collected via Google Form; the
study could cover only those students who

Table 3.7 Tukey Post-Hoc Test - I feel problems in dightal learning as 1 do not have knowledge how

fo use
Residence Statistics Rural Urban Metropolitan
Rural Mean difference - 0.502 1.221 e
t-value - 3.34 6.27
Df - 408 408
p-value - 0,003 <001
Urban Mean differerce - 0,719 bt
t-value - 3.49
Dt - 408
pevalue - 0.002
Metropolitan Mean difference -
t-value =
Df oy
p-value -
Note,*p<.05,* p<.01,""" p <.001
Source: Authors” Calculations
CONCLUSION were having smart phones and internet

Many students have been found friendly to
use of digftal media of fearning, Further there
is no significant difference in this regard
among the differeat groups ie. rural, urban
and metropolitan. Almast same results were
found regarding to availability of smart
phone, Hence the smart phone = also not a

115

connectivity, This study examines the efficacy
of digital leaming as mode of learning in lock
down period that will bring the attention of
educational agercies, faculty members as well
as policy makers towards the problems faced
by the students in digital learning. Hence the
findings of the study would be useful for the
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y,
#

V ;

/uydmﬂ. faculty members, educational
, imstitutions and government as well. As now
/ India has entered in lockdown phase 4.0, so in
future, researchers may study the perceptions
of other stakeholders like faculty members,
management, parents and government efc. to
add the value in existing literature in this

regard,
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india and China foughta brutal short warin 1962, Nuckar power
China is big threat to India’s territorial integrity. China claims
ontire state of Arunachal Pracesh, Both India and China have
developed their nuclear weapons at par with super powers in
terms of destruction cach of them can inflict Pakistan with
Chinese assistance still maintains decent quantity of nuclear
delivery systems. India is not a signatory of the Non Nuclear
proliferation Treaty as it believes thatit could entrench the satus
quo of the existing nuclear weapons states. China too follows
the same code of conduct when it comes to the nuclear weapons
usage. But Pakistan’s nuclear policy revolves around first use of
nuke to protectitself from massive indian Armed Force columt?s.
So with its versatile nuclear neighbors Indian has to preserve Its
nuclear weapons from getting destroyed by enemy’s first strike.
Strategic Nuclear Triad is the ability of the country to launch
nuclear weapons from Air, Land and Sea.

Keywords: Nuclear Doctrine, Nuclear Weapons, Nuclear
Triad India-China Relations, Non Nuclear proliferation Treaty,
Nuclear Explosion, Deterrence, Nuckar Triad

INTRODUCTION

India aspired to be anuclearstate after 1962 conflict with China,
particularity after China conducted its first nuclear testin 1964,
India carried out its first nuclear detonationa “peaceful nuclear
explosion,” on May 18,1974.5ince then this testhas been mostly
known as Pokhran-1and it had demonstrated a yield of perhaps
12 Kilo Tons (kT). On May 11, 1998, India tested three devices
at the Pokhran underground testing site, followed by two more
tests on May 13, 1998. These tests include fission device witha
yiekd of about 12 kT, a thermonuclear device with a yield of about

43 KT, and a sub-kiloton device.
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credi:_;;;h‘d‘ca: d. ml‘cl?m' weapon state desires to hokl ‘minimum
: terrence’. India has adopted a ‘No First Use’ (NFU)
Pﬂh_cy n.flcr the 1998 (Pokhran 1) nuckar tests, Even though
the:(e will be no first-use of nuclear weapons by India as per the
1999 draft nuclear doctrine (a) any threat of use of nuclear
weapons against India shall invoke measures to counter the
threat ‘alld (b) any nuclear attack on India and its forces shall
result in punitive retaliation with nuclkar weapons to inflict
damage unacceptable to the aggressor. 2

Nuclear Triad essentially has three major components the
strategic bombers, Inter Continental Ballistic Missiles (ICBMs)
and Submarine Launched Ballistic Missiles (SLBMs) for the
purpose of delivering a nuclear weapon. The reason for having

such three branched capability is to significantly reduce the
possibility of the destruction of the entire nuclear architecture

of the state in the first nuclear strike by the enemy itself. The

triad provides the potency to the country which has been under

the nuclear attack to respond swiftly by nuclear means. Such

system essentially increases the deterrence potential of the

state’s nuclear forces. This triad fundamentally represents the

three basic deliveries platform for nuclear weapons, such as :
system like Vertical Launch Systems (VLS), Transporter Erector 2
Launcher (TEL), Rail-mobile launcher etc. for land based fighters

and strategic bombers for airbased and under water submarines

for sea based US and Soviet Union understood the importance

of an effective deterrent that could survive a sm'prise. nuclear i
attack. This demanded the requirement of designing and
developing accurate delivery systems which coukibe c! ispcrse& |
easily in case of an imminent attack or the one which ;kclnln) |
remain deployed in the high seas. Above discussion coukt ;

viewed as a backdrop for the foundation qf a nuclea;:qttxr:i.:( x i
essentially a structure to assure the mussw.c ’sciom $ |
capability and provide more iweeth’ to the detervence.
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STRATEGIC NUCLEAR TRIAD OF INDIA

o s (S
nuckar riad with the commissioning oilrled
Arihant is @ nuclear-pow

Arihant in August 2016. INS ANt 18 " ciles with 2
ballistic missile submarine armed with 1‘1 dlc(-l }?.zlzissilcs cith
range of 750 km, which will later be upgra e i+ rosted the
an extended range 0f3500 km. In No‘vmnbul;l [a;form. els
BraliMos missile from the Sukhoi-30 MKL P

India completed its

developing
ok icy and has been cevEr
maintins a no first use nuclear policy ‘< credible minimum

a nuclear triad capability as a part of lns i
deterrence doctrine. India’s nuckear-weapo p Jeckriiee T

issi Agni Il
surface-to-surface missiles such as the . s
addition, the 5,000-8000 km range Agm-v ICBM wa

i i ted to
successfully tested beginning 19 April 2012 and rls}e:ep:.zci rec raﬁ
enter service by 2019. India has nuclkear-capable f1gh

such as the Dassault Mirage 2000H, Dassault Rafale, Sl{khOi S:-
30 MKI, MIG-29 and SEPECAT Jaguar. Land and air strike
' der the control of Strategic Forces

capabilities are un '
Corp;mand which is a part of Nuclear Command Authority.

1. Air Launched Nuclear Delivery System

The only nuclear weapon ever used during any war was
dropped by usinga homber aircraft by the US Air Force against
Japan. The Combat Fixed-Wing Aircraft are the second leg of
‘Nuclear Triad’ which is used for delivering nuclear weapon. In
any theater of war, Aircraft offers inmense flexibility to deliver
conventional as well as nuclear weapons on the target. Ability of
Aerial platforms to be reused for longer period of time and
modern day avionics offers a variety of advantages for weapon

delivery, The chief attributes for any aircraft to successfully

deliver nuclear weapon on the target could be

1. Most reliable delivery of the weapon with nil margins
for any form of error

2. Ability to penetrate defence and capability to engage
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alternative targets, ifrequired
3. Allweather, day and night capability

For the purposes of deploying a nuclear weapon it's
enviabke that the normal fighter bomber be able to cater for
technological huddlers in terms of initial power and power
conditioning, method of weapon integration, and oper at",’"al
control and security, Essentially nuclear weapons are r equired
to have specific atwibutes for aerial delivery on the targe: &,
Weapon control systems desired to have inbuilt interlocks o
formulate a system which could be made failsafe. Weapon rekease
system shoukd be designed in sucha way that only after the code
entry and corresponding to specific parameter the weapon 1
released on the target Additionally, modern aircralt which are

capable of delivering nuclear weapon are equipped with fire
arm systems which shield the avionics of aircraft from

Electromagnetic pulse (EMP) generated by nuclear detonation.
For detonation of a nuclear weapon considerable amognt of
electronic power is required which could be made obtainable

with the munitions itself or by the aerial platform. Any nuckar
weapon state would try to induct aircrafts offering following
traits:
1. Air craft with the capability to increase its range =

2. Accuracy of weapon delivery (modern day PGMs /| DAMs
have inbuilt systems for this purpose and are guided by
satellites)

3. Methods to mask or otherwise disguise flight signatures
to detection networks (additional aircrafts would be part
of nuclear attack mission employed in various rokes like
EW, ECM, ECCM ctc)

4. Stealth capability and ability to undertake day and night
tasks in all-weather condition situations,

India in collaboration with Russiais on the verge ol‘comin'g
up with 5th generation stealth lighter Lo be called as T-50 PAK-
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weapon, Russin intends to operate at least 200 I’/}I.(-‘l‘/\'. Indiy
250 ofthe Indian Sth Generation Fighter Aireraft (FGFA) Yerigne
Although, the avionies system provide all W(:ullu:l" operating
capability and day and night ability but system requires fu rlt}er
up gradation. Apart from Su30s, the other Indian aircrafts which

could deliver nuclear weapons include M Iragc-Z.OO() 'H/ I'H
(Vaira), Mig29K and Mig-27 (Bhadur). While Mig-27 is a vnnu?gc
atreratt, others arve under up gradation plans to next generation

mereasing its effectiveness and reliability. The Indian Air Force

UAF) successfully test-fired the BrahMos-A supersonic cruise

missile from a Sukhoi Su-30MKI multirole fight

November 22,2017.
BrahMos was a joint venture between

Research and Development Organization
NP0 Mashinostroyenia (NPOM). According to the I

er jet on

India’s Defense
(DRDO) and Russia's

dia’s Press

Information Bureau (PIB), the successfu) testofthe air-liunched
cruise missile “completes the tactical cruise missile triad" noting
that the missile can now be launched from ground, sea, and air-

based platforms. India's army and navy are alread
ground- and sea-launched variants, and the |AF

¥ Operating

is likely to

receive the first deliveries of the air-launched version in next

year's,

From the present indications, the IAF is unlikely to reach

its @rget of 42 combat SqQua
that would transk teinto
achieved, even if all on
thelr fruition on sche

126 and possibly 2

combat aireraft that are availibl in 201 5, the 1Al

drons in the foreseeable future, for
about 900 fighters and is unlikely to be
Boing procurement programmes reach
dule, With a maximum of 272 Su- 30MKIs,

00 Rafaks, 150 LCA Tejas’, and all other
“eannot hope

et 900 modern fighters, as more than 30 per cent or

e
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ximately 300 (MiG-21s and MiG-27s) of these would be
sed out well before 2030.

2. Land Based Nuclear Delivery System

The main agencies responsible for development of this
programme were India’s Defence research Development
Organization (DRDO) and Ordinance Factories. The purpose of
the project was to develop strategic missiles into various
categories. IGMDP has developed five missiles and their variants:
Prithvi, Agni, Akash, Trishul, and Nag. On January 8, 2008 the ~

DRDO has formally announced the successful completion of the
IGMDP.

India in its early days were faced with many failures when
it comes to Missile technologies. But today there are around 68
nuclear warheads which will be fitted on top of ballistic missiles.
These are controlled by Indian Army units. Indian Missiles can
be launched from missile silos and large vehicles. India’s first
nuclear capable missile was Prithvi. But it was much needed in
its western war theatres against Pakistan. Today India posses
world class Agni series missiles ranging from 750 kilometers to
5500 kms. India also developing a true intercontinental ballistic
missile Agni-6. Which are expected to have range of over 8000 'J
km to 10,000 km. With Agni-5 missiles India can targetany part I
of China and with Agni-6 India’s nuckar ambition will take shape |
as a major power in global politics. And these missile are to be
fitted with MIRV. These Maneuverable Reentry warheads can :
larget several targets with a single missile or multiple warheads -
targeting single city to nullify SAM systems and anti ballistic
missiles systems. India and Russia developed Brahmos missi.les
which are considered as the workl's most dangerous missik with
the speed of mach 3 and accuracy of faw cm these missiles can

. -8 It e ﬂl'ea-
be used on enemy weapons industries ot nuclear storag

: 2ol el . ime (MTCR)
India after signing Missile Technology Cont vl Reg ";f,((, km to

from v
has planed to increase the range of Brahmos 'A
2

(y

g
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successfully test-fired the Nirbhay, an indigenous land-attack

cruise missile. The Nirbhay was fired from the Integrated Test
Range on Abdul Kalam Island off the coast of the southeastern
province of Odisha. “The missile majestically cruised for a total
time duration of 50 minutes, achieving the range of 647 km,’
the MoD said. The Nirbhay is capable of loitering, cruises at Mach
0.9, and is reported to have arange between 800 and 1,000 km.,
It carries a 300-450 kg conventional payload (high explosive,
submunitions), but can also be fitted with a small nuclear
warhead (<12 kT). The missile has previously been compared
to the US RGM-109 Tomahawk and Russian SS-N-27 Klub cruise

missiles. Following table provides some useful details in this
regard

Table 1: Source: See References No.7

Desgraion_ Chiss Payload Range Saus
Agni-1  SRBM Single warhead 700-900km  Operational
1,000-2,500kg
Agni-2  MRBM  Singlwarhead  2,000-3,500 km Operational
15-250 kt
Agni-3  IRBM Single warhead  3,000-5,000 km Operational
2,000-2,500 kg
Agni-4 IRBM Singlewarhead  3,500-4,000 km Operational
15-250 kt
Agni-5  ICBM 1,500 kg 5,000-8,000 km In
Development
Prithvi1 SRBM  Single warhead 150 km  Operational
1,000 kg
Prithvi2 SRBM  Singlewarhcad  250-350km  Operational
500 kg

)13

-.)x-
i
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Prithvid SREM Singke warhead 350-G00km  Operational |

LO0O kyy
Sapaika / SLEM Sinke we
: g warhead 700 km/3,500]
Shawrya  /Crulse 2 ® ORI In
{\h*:‘i\l: &5 00kg/ 1,000kg Development
Dhanush - SRBM Singk warhead 350-750km  Operational

1000-250 kg

BrahMos Cruise Single warhead 450-600km  Operational
Missile  200-300kg

Nivbhay Cruise  Singlewarhead  1,000-1,500km Operational
Missike 200-300kg

()

3. Sea Based Nuclear delivery system

Submarines carrying nuclear-armed ballistic missiles
presenta credible deterrent Because of its stealth character, most
of the world’s military forces have a great difficulty in locating
or destroying a quiet submarine. Ballistic missile submarines
equipped with nuclear warheads, which are also called
Submarine Launch Ballistic Missikes (SLBM), serve as the third
and most important leg of the nuclar triad. The invisibility,
mobility and flexibility of submarines offer both areliablk means
of survival against an attack, and a first-strike capability -
particularSrdxly given the type of the weapons they carry. The
era of SSBN started during Cold War, when survival against
nuclear attack for second strike was found crucial Today, with
most of the states following NFU status the need for the second
strike capability is obvious hence SSBN form an important part
of modern day nuclear dynamics. India is among the few
countries who operates SSBM, A nuclear powered submarine
which can launch ballistic missiles. Due to weapon restrictions
on these game changing nuclear submarines India developed its
own version of Ballistic missile submarines. The lead ship of
India’s Arihant missile submarines, the INS Arihant is a 6,000
ton vessel kiunched on July 26, 2009, Commissioned in August

()

f
|
!
|
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s016, the INS Arihant has four vertical klianch tube, whjeg %

ler K-15 missike or four bger [ missibe, It hay
Y

carry 12 sma
submerged speed ol 24 knols,

Bastcally aimed at Chineseheagn
a also plinning to buill next elss of SSBN which are
ar power stations and will carry
series family. Namely K-5.
of inore than 5000
et different cities

laind Indi
considered to have larger nuck:
much longer ranged missiles in the K
These missiles are expected 1o have ranfe
km and can launch multiple warheads to lar

onasingle mission.

CONCLUSION

multidimensional warfare essentially
ms on land, sea and air. For a
y shares its boundaries with
gsential to
a's nuclkear

Modern day warfare is
fought by using weapon syste
peninsular state like India whicl
neighbors with nuclear-weapons complex, itise
remain prepared to fighta multidimensional war. Indi
deterrence mechanisim should have strategic delivery platforms
capable of mounting an attack using land, sea, and air systems.
Indiais yetto possessa fully operational nuclear triad capability.
However, above analysis indicates that India is making
signiﬂcantamountofeﬂ’orts towards that direction and shortly
should have its nuclear triad operational
The weapon delivery platforms available with India’s
neighbors in some Cases are bit superior while in some cases
Indian platforms arc better. It is important to note that for a
nuclear weapon state more than the quantity and types of
phatform having a correct mix of platforms is very essential ILis
important to have platforms which can match your adversary

but, at the sam¢ time particularly in the context of nuclear
importantto develop a system which matches with
Nature of strategic argets envisagedand thenature
the country Is capable of producing woul
ts in the triacl IL1S also Important
yerbe gtaticand (riad should

weapons itis

your doctrine.
and type of weapons
also dictate the states nvestmen

to note that nuclear strategy canne

”('l btl \’
Jdeceptang

premangy,

nraLds .
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qot be viewed as an end itselll Space is finding increasing
acceptance as an additional dimension of warfare. [t could ht
premature to talk of orbital weapons now but it is difficult to
prz;clict the future. There are laws Lo restrictany use of space for
using WMDs; however that does not fully guarantee that
strategic nuclear strike missions in future woukl not have aspace

based platform.
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Stochastic Model on Three-Similar Units Three-
Phased Mission System with FCFS Repairs Peattern

Sudesh Kumari, Rajeev Kumar

Abstract. The paper allocates a stochastic model on three-
similar units three-phased mission system. The developed system
consists of units working in parallel, series and parallel
configurations respectively. Initially, the three similar units are
operational. Each component has only three states. good,
degraded and failed. In this case, the single repair facility that
repairs the unitsin first come first serve (FCF S)pattern has been
thought of. Using Semi-Markov Process and regenerative point
techniques, various measures of the system performance at each
phase are obtained. The system has been analyzed graphically
taking a particular case. Various conclusions are made regarding
the reliability and cost consideration of the system at each phase
as well as for the whole system(as combined Phase |, Phase 11,
Phaselll).

Keywords: Three Phased Mission System, Parallel
Configuration, Series Configuration, Reliability, Profit.

l. INTRODUCTION

A phased mission system is a system that performs a

sequence of various tasks in different time periods
undergoing different environmental conditions and success
criteria. Compared to a single phased system, it consists of
multiple, consecutive and non-over lapping phases (time
periods) of operations, during which the system’s
configuration, the phase duration, system performance,
components’ behavior, the parameters like failure rates,
repair rates of the components may vary from one phase to
aternative phase.lf each phase completes successfully the
task, then phased mission system obtains an overall mission
success. By failing of any of these phases, the mission may
fail. The phased mission system must be evaluated to obtain
the reliability of each phase. As an application, an aircraft
mission has many phases including taxing, take-off,
cruising, descending and landing phases [6].

In the recent years, the modeling on phased mission
systems that involves single or multi-phases with several
components [1] has been widely investigated and many
different approaches appear in the literature to evaluate the
reliability of the phased mission system. Theresearchers [1]-
[7] have focused on the problem of phase independence,
mainly using Fault Tree Analysis, Boolean algebra and Petri
Nets. But with the growing number of the system
congtruction, it is more difficult to be applied to these
systems.
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Keeping this view, thepaper alocates a stochastic model ona
three-similar units three-phased mission system with relation to its
reliability and cost consideration.

1. MODEL DESCRIPTION

In this paper, a stochastic model is developed with three similar
units working in paralel, series and parallel configurations
respectively. The model is based on separate phased modeling. The
duration of each phase isfixed and in al phases, units are initially
considered to be operative. Each unit has only three states: good,
degraded and failed. In this case, the single repair facility that
repairs the units in first come first serve (FCFS) pattern has been
thought of.If any one of unit fails, the system goes for repair to the
repairman. The system slowly works and goes to degradation state.
It is assumed that the failure rate and hence repair rate in
successive phases varies, however within the phase the rates
remain constant. If all the units fail, the system stopped and goes to
completely failed state. As operating life of the system consists of a
series of separate time intervalsg/phases, the reliability of whole
phased mission is taken as combined reliabilities of these phases.
The phase 1l is assumed as phase | but rates are taken different.
Using Semi-Markov Process and regenerative point techniques,
various measures of the system performance at each phase have
been obtained. The system has been analyzed graphically taking a
particular case using exponential distribution. Various conclusions
have been made regarding reliability of the system at each phase as
well as for the whole system.

Other essential assumptions made in formulation of model are:

1. The system is as good as new after each repair.

2. Time to failures of a unit is exponentialy distributed
whereas other time distributions are general .

3. The transition times between the consecutivephases are
instantaneous.

4. Switching is perfect and instantaneous.

5. All random variables are mutually independent.

Table-1: Notationsused in Description of the M odel.
Notation Description

Probability density function (P.d.f.)/Cumulative
digtribution function (C.d.f.) of the first passage
ijoi(£)/ Qi (1) time from a regenerative state i to a regenerative
state j or to a failed state j without visiting to
any other regenerative statein (0,t].
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Gijo V(©)/ Qi
)

P.d.f./ C.df. of thefirst passage time from a
regenerative state i to aregenerative statej or to

afailed statej visiting state k only oncein (0,t].

Piiai (1) Piies ¥(1)

Transition probability from regenerative statei to
aregenerative state j without visiting any other
state/and that of visiting state k oncein (O,t]
respectively.

Higj

Mean sojourn time in regenerative state i before
transiting to any other state. If T; denote the
sojourn timein state i, then mean sojourn timein
statei is

o0

i (t): J. P(T|>t) dt
0

®
Mijoj Mijoj

Contribution to mean sojourn timein regenerative
statei before transiting to regenerative statej /
visiting state k only once.

Digi()

C.d.f. of thefirst passage time from regenerative
statei to afailed state.

UTi(t)

Probability that the system isin up-state at instant
t given that the system
entered regenerative state i
attimet=0.

DTiy; (1)

Probability that the system isin degraded state at
instant t given that the
system entered regenerative
statei at timet =0.

BRig; (1)

Probability that a repairman is busy in repairing
thefailed unit a instant t, given that the system
started from the regenerative state i at t = 0.

VRi; (1)

Expected number of visits by the repairman at
instant t, given that the system started from the
regenerative state i att=0.

Mui; (t)

Probability that the system isup initidly in
regenerative statei without passing through any
regenerative state or returning to itself through one
or more non- regenerative states.

M disvj (t)

Probability that the system is down initially in
regenerative statei without passing through any
regenerative state or returning to itself through one
or more non- regenerative states.

Wisvj (t)

Probability that the repairman is busy with the
system initially in regenerative state i at timet
without passing through any regenerative state or
returning to itself through one or more non-
regenerative states.

Symbol for Laplace Transformation, e.g.
o0 o0

fr(9) = 1[e‘st () dt = ie’St dF(t)

*%*

Symbol for Laplace-Stieltjes transformation, e.g.

0 oo}

F'(9) = t[e_St dR(t) = t[e_St f(t) c.

Symbol for Laplace Convolution, e.g.
t

a(t) © b(t) :I} a(u) b(t - u) du

Symbol for Stieltjes Convolution, e.g.
t

a(t)® B(t) :L A(U) B(t-u) du
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L.T.
L.ST.

Laplace Transform

Laplace-Stieltjes Transform

[11 STATE TRANSITIONS DIAGRAM

Fig.l.depicts several transitions states of the system.
Initialy the system is in working where all the phases are
operative. The epochs of entry into the states 0, 1 and 4 in
phase |, states 5, 6 in phase || and states 7, 8, 11 in phase |11
are regenerative points and hence these are taken as
regenerative states. The states 1, 2, 4 and 8, 9, 11 are
degraded. State 3 in phase |, state 6 in phase |l and state 10
inphase Il arefailed.

Table11: Notationsused in Developed M odel

Notation Description
(I) (t) Time duration of | phase (j = 1, 2, 3)
j

O Operative Unit

Fr Unit is failed and is under repair (i = 1,2,3)
resp.

Fr Failed unit is repair continuing from previous
state

Fw Unit isfailed and waiting for repair resp.

M/ Aol A Failure rate of failed unit in j" phase (j = 1, 2,
3) resp.

a1/ az/ oz Repair rate of repaired unit in j" phase (j = 1,
2, 3) resp.

Gu(t)/ ga(t)/ gs(t) Pdf of time for repair of unitin j" phase (j =1,
2, 3) resp.

Gi(1)/G(t)/Gs(t) Cdf of timefor repair of unit in j™ phase (j = 1,
2, 3) resp.
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Fig.1. Three-Phased Mission System having Three-Similar Unitswith Parallel-Series-Parallel Configurations based
on FCFS Repairs Pattern

Phaselll Mg =Ha

V. TRANSITION&?%H-II‘M%SANDMEAN 610 _ +m =y

nl + andJ + m8 11¢s” ' 1180s 11,11¢s 10¢3’

A. Transition Probabilities My gy, + My 109, =Hug, 5
Various Transition Probabiliti% for each phase in Mg, +m§§) .|_m§3 1) =k, (12-21)
steady state are obtalp ¢ %
(s) =1imQ™ (s)
it o0 u¢1 sy ke V. MEASURES OF SYSTEM PERFORMANCE
Phase| p01¢1 =1 ; Considering failed state as absorbing state, we obtain the
recursve r?lan%p for time to %stem fajgure Other
erformanceé as mean up meah

p + p(2) p(2) =1;
109, 114, 13¢ .
' degradation time, total fraction of time for which the

Piog, + p11¢1 + piEg) =1; repairman is busy, expected number of visits by the
+ 1 repairman are obtained. The steady state solutions for each
p41¢1 Pagg, =1 phase and for the whole system are obtained as: N
p +p® 1
Moy 44 Phasel Mean Timeto System Failure: T 0 =t
Phasel| Pses, = Pess, =1 N )
i ur = *
phase | Mean Up Time: = ,
ase p7% =1 ; Oy D2¢1
Pers, + p + (9) _1
pZZ:: i ésgsf +€ (41 — Mean Degradation Time: DTO¢ _ % Bugy
3 3 3 D2¢1
+ =1,
Puss, pllo)l% Period of the Repairman: BR :_Nidzl
P & + pJ_’Lll¢ =1 (1-11) 01 B
D2¢1
Expected Number of Visits by the Repai :
B. Mean Sojourn Time I\T Hmer of VISEs By the Reparman
Mean sojourn time and unconditional meantimeforeach  \,p  _ _'501
phase are given by: % p
Phagl m — . 2¢;
ot =Hog o where
@ 23 _ +Mo=p
rqodn * m11¢1 * m14¢1 =m 414, 444, 3¢,
m41¢ + m43¢ =p4¢ ;
2 2
m10¢ mm + m() _kl
Phasell 56¢2 u5¢2 :
Mesy =Py
2 2
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N =p (1-p?)+k ;
141 01 1141 1

N2¢ = Hog Pigg Pazy >
1 1 1 1
(23) .
3 =~ Mag, Pargy + Hag Py, >
_ 23) .
o = (1 Hag JPagy, + (L4 14y, )Py,
56 = Piog p41¢ ;
1 1
(@3] .
6, =Py

=u p p
Op1 1041 4141

N
N
N
D,,
D

+ pif)) (22-28)
N,

Phase lIMean Time to System Failure: T,, = 5] 2

19,

+u (p

201 301 4l

N 29,
Dz

20,

Mean Up Time: UT,, =

l&‘zz

Mean Degradation Time: DT, D

20,
N
D

4d,

24,

Busy Period of the Repairman:  BR,, =

VR
/isits by the Repairman:

002

D 24,
where
N

N

20, — M5y, ;
=L+, ;

= Usy, s

=0 :

=1 ;

5¢2

2 = M5<|>2 + He¢2

142

362

N
N
D -

142

D (29— 35)

T _ N1¢3
703 D

N2¢
Mean Up Time: Ut = 3
743

Phase IIIMean Time to System Failure:

103

23

213‘237

D

203

Mean Degradation Time: DT
743

403

qu)3

Expected Number of Visits by the Repairman:

Ng,,

Busy Period of the Repairman:  BR,,

VR

Ty
20,

where
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163 73 88¢3 2
N2¢ = Hyy Pgry Praigy o

9,10) .
N3¢3 = “8% p11,8¢3 “9¢3 pé 11433
(9,10) .

N4¢3 =(1+ H8¢3)p11,8¢3 +(1+ “11¢3)p8,11¢3 ;
N = X

5¢3 8793 11,83
Dy — Q.
D =p p p +p (p +p®9)(36-41)

2, T 8% 1.8 100 118 811¢

Using the results of above three phases, combined result of
the whole systemiis:

Combined Phase Result

Nl
Mean Timeto System Failure: T =
° D,
1
. N2
Mean Up Time: UT,= =
D.
N N,
Mean Degradation Time: DT, =—
D,
Busy Period of the Repairman: BR = N,
. —
DZ
Expected Number of Visits by the Repai'q‘nan:
VR, B
2
where
N=p [0 1-p@)+k]n (1-p9)+k]
1 52 0¢1 11 1 T¢3 88¢3 2
N, = Moy Moy Hzg Piog Pazg Pezg Piigy
N,;=0
Ng = (1+ Mgy, A+ lfl1¢1)p41<|>1 +(1+ M%l)pizv?]
[(1+py, WPayy, +(1+ Mgy, )p123)]
N =p
5 109, 4191 873 11,803
D=p?pu[n (1- D(g) )+K ]+[u (1 P‘Z) )+k ]
1 131 502 T¢s

b, (- p‘g )+k]+|0(g) M [u L4 P‘z))+k]

(253? 1161

‘[“ pop (p +|O M+ ]

O 1041 411 30, 1441 56 602
[it7e, Poree Py gy, + M, (pn,%z P (42-49)

V1. PROFIT INCURRED TO THE SYSTEM

The expected total profit (Po) incurred to the system in
steady state is given by
P,=C,UT,+C,DT,-C,BR,-C.VR,-C,,
where
Co = revenue per unit up time of the system.
C;= revenue per unit degradation time of the system.
C> = cost per unit of busy period of the repairman.
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Cs = cost per visit of the repairman.
C, = instalation cost

VII. NUMERICAL COMPUTATION AND
GRAPHICAL ANALYSIS

The following particular case and values of parameters are
considered for graphical purpose:
g(t)=ae™ where 1=1,2,3

For the analysis purpose, various graphs have been plotted
for mean time to system failure(To), mean up time(UT,) and
profit (Po) of the system with respect to various estimated
and assumed values of the failure rates(A1 , A2 , A3 ) and
repair rates(os, o2 , a3 ) and various costs is studied by
plotting various graphs. The following interpretations and
conclusions have been drawn from the graphs:

|||||

Bl gary U Tiswea LT g b

L] TR 1 T 0 1 S VLR

Fig.2. Mean up time of the system versusfailurerate for
phase I(M1) for different values of repair ratefor
phaselll (a3).

Assumed values of other parameters: failure rate for phase
IT (A2 ) = 0.004, failure rate for phase I1I (A3 ) = 0.005, repair
rate for phase | (a1)= 3, repair rate for phase Il (02) = 4.

RN ——

FROFTT (P

G
Fig.3. Profit incurred to the system ver susrevenue per
unit uptime (Co) of the system for different values
of repair ratefor phaselll (03)

Assumed values of other parameters: failure rate for phase |
(A1) = 0.003, failure rate for phase II (A2 ) = 0.004, failure
rate for phase I11 (A3) = 0.005, repair rate for phase | (a1)=
3, repair rate for phase Il (a2 ) = 4, C1 = 30,000, C, = 1000,
Cs = 800, C4 = 20000
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Fig.4. Profit incurred to the system versus revenue per
unit uptime (Co) of the system for different values
of installation cost (Ca).

The assumed values of other parameters. failure rate for

phase I (A1 ) = 0.003, failure rate for phase II(A> ) = 0.004,

failure rate for phase I11 (A3) = 0.005, repair rate for phase |

(aa)= 3, repair rate for phase Il (a2 ) = 4, repair rate for

phase III (az) = 5, C; = Rs.30,000, C; = Rs.1000, C; =
Rs.800.

VIIl. CONCLUSION

We have explained three phases separately and have drawn
some graphs related to mean up time and profit of the entire
system w.r.t. failure rates for increasing values of repair
rates. From the graphs, it can be interpreted as.

From fig. 2., it is clear that Mean up time (UTo) of the
system declines with increment in values of the failure rate
for phase I (A1) and inclines with higher values of repair rate
for phase I1I (a).

Fig.3 declares that Profit incurred to the system inclines
with increment in the values of revenue per unit uptime (Co)
of the system and also inclines with incrementsin values of
repair rate (as). Also
() when az = 5, Profit incurred to the system inclines
for Co> Rs. 20430.3163,declines for Co< Rs.20430.3163,
remains unchanged for Co = Rs. 20430.3163 and hence to
attain Profit, revenue per unit uptime(Coy) of the system
should be greater than Rs. 20430.3163.

(i)  when oz = 7, Profit incurred to the system inclines
for Co> Rs. 15200.0196,declines for Co< Rs. 15200.0196,
remains unchanged for Co = Rs. 15200.0196 and hence to
attain Profit, revenue per unit uptime(Coy) of the system
should be greater than Rs. 15200.0196.

(iii)  when oz = 9, Profit incurred to the system inclines
for Co> Rs. 10090.3677,declines for Co< Rs. 10090.3677,
remains unchanged for Co = Rs. 10090.3677 and hence to
attain Profit, revenue per unit uptime(Co) of the system
should be greater than Rs. 10090.3677.

Fig.4 shows that Profit incurred to the system inclines
with increment in the values of revenue per unit uptime (Co)
of the system and declines with higher values of installation
cost (Cs). Also
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0] when C, = 15,000. Profit incurred to the system
inclines for Co> Rs.15135.5850,declines for Cg<
Rs.15135.5850, remains unchanged for Cp = Rs.15135.5850
and hence to attain Profit, revenue per unit uptime (Co) of
the system should be greater than Rs.15135.5850.

(i)  when C4 = 20,000. Profit incurred to the system
inclines for C 3 Rs. 20180.7824,declines for C < Rs.
20180.7824, remains unchanged for Co = Rs. 20180.7824
and hence to attain Profit, revenue per unit uptime (Co) of
the system should be greater than Rs. 20180.7824.

(iii) when C4 = 25,000. Profit incurred to the system
inclines for Co> Rs. 252259796, declines for Co< Rs.
25225.9796, remains unchanged for Co = Rs. 25225.9796
and hence to attain Profit, revenue per unit uptime (Co) of
the system should be greater than Rs. 25225.9796.

Further, the model discussed can be fitted by the
designers/users to the real situations. While fitting this
model, one can take estimated values of the parameters so
that one can improve the reliability of the system. The limits
of failure/repair rates are/can be obtained for the system to
give higher reliability, mean up time and profit that is quite
useful for both the system designer and the system user.
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Abstract

This paper deals with a three similar units stochastic model with a three-phased mission
system. The system is considered parallel, series and parallel configuration in three consecutive
phases respectively. Initially, the three similar units are operational. Each component has only
three states: good, degraded and failed. In this case, the repair priority is given to the failed unit
in the developed model, that is, the Last Come First Serve (LCFS) repair model is followed for
the failed unit. Using the Semi-Markov process and regenerative point techniques, the different
measurements of the system are obtained for each phase. The system is graphically analyzed
starting from a particular case and various conclusions are drawn about the reliability of the
system in each phase as well as for the whole system (as combined Phase I, Phase II, Phase III).

I. Introduction

A phased mission system is a system that performs a sequence of various
activities over different time periods under different environmental
conditions and success criteria. Compared to a single-phase system, it
consists of multiple, consecutive and non-overlapping operating phases (time
periods), during which the system configuration, phase duration, system
performance, component behavior, parameters such as rates of failure,
component repair rates may vary from phase to phase. A number of practical
systems that operate in this sequential manner, such as: electronic power
transformers, nuclear power plants, air travel, aerospace and distributed

computing systems. Electronic power transformers have three similar units
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to maximize efficiency, reliability and availability of electrical power. Another
application, the mission of an airplane, has many phases, including taxation,
take-off, cruise, descent and landing phases [8], [9]. If each phase successfully
completes the task, the phased mission system marks the overall success of
the mission. Failure in any of these phases can cause the mission to fail. The
phased mission system should be evaluated to obtain the reliability of each
phase. In recent years, phased mission system modeling involving single or
multiple phases with various components has been extensively studied, and
many different approaches to assessing the reliability of phased mission

system appear in the literature, including [1-7 ], [10].

In the literature, researchers have focused on the phase mission system
problem, mainly using fault tree analysis, Boolean algebra and Petri nets. All
of these techniques are limited by the size of the problem. But with the
increasing number of system builds, it is more difficult to apply to these
systems. When configuring system reliability is complicated and the number
of components is large, especially when it is necessary to evaluate system
reliability from multiple mission cycles, the use of these techniques will not
be easy or straightforward. These techniques are suitable when modeling is
non-repairable phased mission systems. These techniques avoid blowing up
state space. The Markov model is a powerful tool in reliability engineering.
The Markov model analyzes the system by identifying all the different states
in which the system is able to produce accurate measures of system
reliability by assigning transition rates between states. Markov-based
approaches capture functional dependencies between components and the
required order of failures. It is the Markov Reliability analysis of the phased
mission system that provides a numerical result of the phased mission
system with graphical interpretation. With this in mind, the paper deals with
the analysis of a stochastic model in a three-phased mission system of three

similar units in relation to its reliability, availability and cost consideration.
I1. Model Description

We developed a similar three-units stochastic model with a three-phased
mission system. The model is based on independent phase models. The
system is considered parallel, series and parallel configuration in three

consecutive phases respectively. The duration of each phase is fixed and in all
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phases, initially, all similar units are considered operational. Each unit has
only three states: good, degraded and failed. It was considered that single
repair facility that repairs units under the LCFS (last-come, first-serve)
scheme. If one of the units fails, the repairman repairs it. The system works
slowly and goes into a degradation state. It is assumed that the failure rate
and repair rate in successive phases vary, however, within the phase, the
rates remain constant. If all units fail, the system shuts down and goes to the
completely failed state. Since the operational life of the system consists of a
series of separate time intervals / phases, the reliability of the full phase
mission is considered as the combined reliability of these phases. Phase III is
assumed to be Phase I but rates are taken differently. Using the semi-
Markov process and regenerative point techniques, different measurements
of the system performance were obtained at each stage. The system was
analyzed graphically by taking a particular case for exponential distribution.
Different conclusions were drawn about the reliability of the system at each
stage, as well as for the whole system.

Other essential assumptions made in formulating the model are:

1. Failure rates and repair rates for a particular phase are constant, but

can change in an individual phase.
2. The system is as good as new after every repair.

3. The time to failure of a unit is distributed exponentially, while the

other time distributions are general.
4. The transition times between consecutive phases are instantaneous.
5. Switching is perfect and instant.

6. All random variables are mutually independent.
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Table 1. Notations used in developed model and description of the model.

Notation Description

M /A2 [ k3 Failure rate of unit in jth phase
(j =1, 2, 3) resp.

Repair rate of unit in jth phase
1/ P2/ P3 J
(j =1, 2, 3)resp.

Bijo (t) / Qijj (£) Probability density function
(P.d.f.)/Cumulative distribution function
(C.d.f) of the first passage time from a
regenerative state i to aregenerative state
j or to a failed state j without visiting to

any other regenerative state in (0, t].

k Transition probability from regenerative
Pijej () / pij(pj( 10 P Y &
state i to a regenerative state j without
visiting any other state/and that of

visiting state k once in (0, t]. respectively.

Higj Mean sojourn time in regenerative state i
before transiting to any other state. If T;
denote the sojourn time in state i, then
mean sojourn time in state i is
u(t) = ” P(T > t)dt

i .[0 i

UT;(t) Probability that the system is in up-state
at instant t given that the system entered

regenerative state i at time ¢t = 0.

DTjy(t) Probability that the system is in degraded
state at instant t given that the system

entered regenerative state i at time t = 0.
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BRig;(t)

Probability that a repairman is busy in
repairing the failed unit at instant ¢, given
that the system started from the

regenerative stateiat t = 0.

VR,'q)j (f)

Expected number of visits by the
repairman at instant ¢, given that the
system started from the regenerative state
iatt=0.

Mu,-(pj(t)

Probability that the system is up initially
in regenerative state i without passing
through any regenerative state or
returning to itself through one or more

non- regenerative states.

M diq)j (t)

Probability that the system is down
initially in regenerative state i without
passing through any regenerative state or
returning to itself through one or more

non- regenerative states.

Wicpj (t)

Probability that the repairman is busy
with the system initially in regenerative
state i at time t without passing through

any regenerative state or returning to

itself through one or more non-

regenerative states.

91(t) / g2(t) / gs(t)

P.d.f. of time for repair of unit in jth

phase (j =1, 2, 3) resp.

G1(t) / G2(t) / G3(t)

C.d.f. of time for repair of unit in jth

phase (j =1, 2, 3) resp.

;(t)

Time duration of j* phase (j =1, 2, 3)

Symbol for Laplace Transform e.g.
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Figure 1. Three-phased mission system having three-similar units with

SUDESH KUMARI and RAJEEV KUMAR

£s) =] :” e (D) = | 0°° SR (t)

Symbol for Laplace-Stieltjes Transform e.g.

0 o)
—st

F**(s) = IO SR (t) = j e S

t

a(t) © b(t) = IO a(u)b(t - u)du

a(t)y® B(t) = | : A(u)B(t - u)du

States of Statistical Model

Operative Unit

Unit is failed and is under repair

Fy, Unit is failed and is waiting for repair

II1. State Transition Diagram

ooy ke
'... L

parallel-series-parallel configurations based on LCFS repair pattern.
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IV. Transition Probabilities and Mean Sojourn Time

Various transition probabilities from one state to other for each phase are

obtained as:

Phase ]

dQo1y,(¢) = Brie*Mtdt; Q104 (t) = g1(t)e *M1%dt;
Q129 () = 2048 MGy (D)t dQa14,(0) = g1(t)eMdt;
dQz3¢ (t) = he MGy (0)dt; dQ32¢, (t) = g1(t)dt
Phase Il

dQus4 ,(t) = 3age P2tdt, dQs4q, (H)g2 (t)dt
Phase II1

Q6745 () = 3hze >3dt; dQ764; () = g3()e 23ds;

dQ784; (t) = 203 3G (0)dt;  AQs745 () = g3(t)e3dt;

dQgo¢s (t) = hae 1G5 ()dt; dQogy, (t) = gs(t)dt

Taking Laplace Stieltjes Transforms of above derivations, we get the non-

zero element py,, are given by:

lim

* lim Y
Pijp; =s—0 q,-j¢1 (s) =550 ()ng
Various transition probabilities in steady state for each phase are
obtained as:

Phase ]

Po1o; =L Prog; = 91201 Pizg, =1 - 9121 1)

=1-g( ) p =1
1 1

P21p =g (A ) p
1 3201

1 1 23¢1

By these transition probabilities, it can be established that

Po1y; =L Prog, +P120; =1 P21gy +P23¢; =L D329 =1

Phase Il
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P45y, = D549, =1

Phase III
Pe7¢ =1; P766 =g (2h3);  prsy 1- g (2h3);
% 3 . 3
pe7y’ =g’k ) p P =12g"0 ) p =1
3 3 3 8943 3 3 9843

By these transition probabilities, it can be established that
Pe79s =1 P7epz T P7893 =1 D873 T Pgop; =1 Dogpy =1

Mean Sojourn Time and Unconditional Mean Time for each phase are
obtained as:

Phase |

Mo1p; = Hogps  Mi0¢y +M12¢; = Higys
M21p1 TM23¢; = K295 M32¢; = H3¢q
Phase 11
My5¢, = Hagys Msag, = Hsh,
Phase III
Me7¢93 = Hedzs M76¢93 T M7893 = H7¢35

Mg7p3 +Mgog3 = H3pz; Mogys = H9¢3
V. Measures of System Performance

To calculate the mean time to system failure (MTSF), the failure state is
considered as an absorbing state. Using probabilistic arguments, we obtain
the following recursive relations for each phase for:

Phase |

cDoq)l(’f) = Qo1 1(t)D‘qu) (f)

‘131¢1(t) = ()" Doy gt) +Q12¢ (lt)DCD2¢ (?
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<Dz¢1(t) = Q219 1(t)DCqu) gt) + Q234 (f)

Taking L.S.T of these equations and using L’Hospital’s rule, we get

where
N1y, = Bog, (P10, P21; + P23¢1) + P19y + H2gy P12, @0nd D1y, = P12¢,P23¢;

Similarly, other system performance measures such as average uptime,
average degradation time, total fraction of time the repairman is engaged,
the expected number of repairman visits is achieved this way. The stationary
solutions for each phase and for the whole system are obtained as:

Phase I Mean Up Time:

N
UTog, = D2¢1 )

Mean Degradation Time:

Expected Number of Visits by the Repairman: 1

Nsg,

VR0¢1 = D2¢
1

where

Nig; = Hopy (P10¢; P21y + P230y ) + M2y + Mgy P1261 5

N2¢, = Hogy P104q P21 N3g; = Mgy P21o; + M2gq P12015
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Nay, =1 P1o¢; P23¢; + P120:M101 T P1201H201 T P1241 P2391M3015
N5g, = P10¢1 P21415 D1oy = P12¢q P23¢15

Doy, = Hogy P1001 P219; T M1y + P21 + 29y + H30; P12¢ T H301 P1261 P2301 5

Phase Il Mean Time to System Failure:

N
Ty, =02,
2 D1y,
Mean Up Time:
2¢2
UT2g, 2 :
2
Mean Degradation Time:
N3,
DTy, = Dao
2
Busy Period of the Repairman:
_ 4d2
BRyy, = Dy
2

Expected Number of Visits by the Repairman:

Nsy,
VR2y, = Doy,
2

where
N1y, = Hagys N2g, = Hagys N3g, = 05 Nag, =1+ usp,s Ny, =15
D1¢2 =1 D2y, = Hag, + Msg,

Phase IIl Mean Time to System Failure:
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Mean Up Time:

N
UTzgy = 223
D24
Mean Degradation Time:
DT ¢ _ N3os
Busy Period of the Repairman:
BR = Nags
73 Do,

Expected Number of Visits by the Repairman:

where

N1¢3 = He¢s (P76¢3 Pg7¢43 T P8ogs ); N2¢3 = Hep3 P7643 P87¢3
N3ys = W79;P78¢05 + M8z P78¢35 Nags =1 — P7693P8905 + P8703
+P78¢p3H8¢93 T P78¢3 P83 M3 5

Nsys = P7603P87035 D19 = P7803P89¢35

D3¢y = Hep3P7603P8703 T M793P87¢3 + H8p3P7893 + Hops P7843P8903

Using the results of above three phases, combined result of the whole
system is:

Mean Time to System Failure:

Mean Up Time:
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UTy = %23
Mean Degradation Time:

DTy = Ig—:
Busy Period of the Repairman:

BRy = %Zi

Expected Number of Visits by the Repairman: 5

N
VR = 525.

where

N1 = pgg, [M0¢1 (P10¢1 P21p1 T P23¢4 )+ Higq T H2¢4 P12¢1]

[M6¢3 (P76¢3 Pg7p; P89¢3) + U793 T H8p3 P78¢3 I

Ny = 1oy, a9, H6h3 P1041 P2161 P76043 P87435 N3 = 0;

Ny = [1+ sy, I[1- P10g; 2391 + P2161 M0 + P126y + H2gq + P1201 P2391H30, ]
[1- P76¢3P89¢3 T P87¢3M7¢3 + P7893 1843 T P78¢3 P89¢p3 Ho¢s I

N5 = D10¢; P211 P7601 P8743

and

D1 = P12¢; P23¢1M4¢; [H6¢3 (P76¢3 P87¢3P89¢3 )+ H7¢3 + Hgys P78¢3]
+ [M0¢1 (P10¢1 P21¢; T P23¢q )+ H1gq T H2¢q P12¢1]

[M6¢3 (P76¢3 Pg79; + P8ogs )+ H7¢3 + Hp3 P78¢3 ]+ P7843 P89¢3 M4,
[M0¢1 (P10¢1 P2191 T P23y )+ Higq + K29 P12¢4

D, = (H4¢2 + M5¢2)[H0¢1 P10¢1 P21p1 + M1p1 P21 + H291 P12¢1
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THU3¢p P12¢1 P23 ]
[M6¢3P76¢3P87¢3 + W793P87¢3 T H8¢3 T P78p3 + Hopz P78¢3 P89¢3]
VL. Profit Incurred To The System
The expected total profit (Po) incurred to the system in steady state is
given by
Py = CoUTy + C1DTy — C2BRy — C3VRy — Cy4,
where
Cop = revenue per unit up time of the system.
C1 = revenue per unit degradation time of the system.
C2 = cost per unit of busy period of the repairman.
C3 = cost per visit of the repairman.

C4+ = installation cost

VII. Numerical Computation and Graphical Analysis
The following particular case and values of parameters are considered for
graphical purpose:
gi(t) = e " wherei=1,2,3

For the analysis purpose, various graphs have been plotted for mean time
to system failure (To), mean up time (UTo) and profit (Po) of the system

with respect to various estimated and assumed values of the failure rates

(M, A2, A3) and repair rates (o, oz, o3)and various costs is studied by

plotting various graphs.
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Figure 2. Mean up time of the system versus failure rate for phase II (A2)

for different values of failure rate for phase III (A3).

Taking assumed values of other parameters: failure rate for phase

I(r1) = 0.003,

repair rate for phase I(a1) =3,

repair rate for phase

Il (ap) = 4, repair rate for phase Il (a3) = 5.
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Figure 3. Mean up time of the system versus repair rate for phase I(a1)

for different values of repair rate for phase Ill(a3).

Taking assumed values of other parameters: failure rate for phase
I(A1) = 0.003, failure rate for phase II(A2) = 0.004, failure rate for phase

[II(A3) = 0.005, repair rate for phase Il(ay) = 4.
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Figure 4. Profit incurred to the system versus revenue per unit uptime (Co)

of the system for different values of installation cost (Cs ).

The assumed values of other parameters: failure rate for phase
I(A1) = 0.003, failure rate for phase II(A2) = 0.004, failure rate for phase

IlI(A3) = 0.005, repair rate for phase I(a1) =3, repair rate for phase
lI(az) = 4, repair rate for phase 1ll(a3) = 5, C; = Rs.30, 000, C; = Rs.1000,
C3 = Rs.800.

VIII. Conclusion

The conclusion derived from Figure 2 to Figure 4 are as under:

Figure 2. Mean up time (UTo) of the system declines with increment in
values of the failure rate for phase [I(Az) and also declines with higher

values of failure rate for phase I1I(A3).

Figure 3. Mean up time (UTo) of the system inclines with increment in
values of the repair rate for phase I(a;) and inclines with higher values of

repair rate for phase I11(a3).

Figure 4. Profit incurred to the system inclines with increment in the

values of revenue per unit uptime (Co) of the system and declines with

higher values of installation cost (Cs+). Also
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1

(2]

B3]

4

(5]

(6]

(7]

(8]

k)

(10]

Table 2. Revenue per unit uptime V/S installation cost.

C+= 15,000 C+ =20,000 C+ =20,000
Cop|> or < or =|>or<or=Rs > or < or = Rs.
Rs.15135.5919 20180.7866 25225.9824
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ABSTRACT

The present paper deals with cost-benefit analysis of a stochastic model on three-dissimilar units three phased
mission system in which the system carries out different tasks at different phases. Therefore the system
configuration varies depending upon the requirement at the phases. The unit’s configuration in the system is
considered as parallel, series and parallel respectively in three consecutive phases. Initially, the three dissimilar units
are operational. Each component has only three states: good, degraded and failed. In this case, the repair priority is
given to the failed unit in the developed model, that is, the Last Come First Serve (LCFS) repair pattern is followed
for thefailed unit. Using Semi-M arkov Process and regener ative point techniques, various measur es of the system at
each phase are obtained. As operating life of the system consists of series of time intervals at different phase, the
reliability of the whole phased mission system is also evaluated. The system is analyzed plotting various graphs and
various conclusions regarding the reliability of the system at each phase as well as for the whole system (as
combined Phase |, Phase |1, Phaselll). The reliability of a phased mission system isthe probability that the mission
successfully achieve the entire submission objective in each phase.

Keywords. Three phased mission system, series configuration, profit, Semi-Markov and regenerative point
techniques.

INTRODUCTION

A phased mission system is a system that performs a sequence of different tasksin different time periods. Thisis acomplex
system whose mission (task) is divided into a number of consecutive time periods (phases). It consists of multiple,
consecutive and non-over lapping phases (time periods) of operations, in which the system’s configuration, the phase
duration, system performance, components’ behavior, the parameters such as failure rates, repair rates etc. of the
components may be different. As the failure of the PMS can be hazardous, the reliability evaluation of a PMS is essential
before it is putted into operation. The reliability of a phased mission system is the probability that the mission successfully
achieve the entire submission objective in each phase.

An example of a phased-mission system is a modern aircraft flight [1] that has to take passengers from one airport to
another. This system includes severa phases as taxiing to the runway, take-off, and ascent (Climb), Cruise (level flight),
descent, landing and taxiing to the terminal. Each phase of the aircraft flight has a different configuration, reliability
requirement and behavior. The dynamic structure and configuration of aircraft flight (PMS) usually requires distinct model
for each phase. Other systems of the phased are flight systems in space, communication systems, water supply systems,
boiling water reactor systems [2,4] etc and the reliability evaluation of PM S has attracted many researchers. Many efficient
kinds of reliability evaluation methods and techniques have proposed such as analytical methods (binary decision diagrams,
fault tree), Markov (State-Space) method, Petri-Nets and Simulation method, etc. As research continues, more literature has
addressed the reliability analysis of PMS with more complicated cases, such as with repairable component, imperfect fault
coverage, common cause failures. Several reliability models for analyzing such systems using synthetic modeling and
separate phase modeling have been developed and reported in the literature including [1]-[15]. But work in the direction of
stochastic modelling of Phased Mission System remains unattended in the literature. With thisin mind, the paper deals with
the analysis of a stochastic model in a three-phased mission system of three dissimilar units in relation to its reliability,
availability and cost consideration.
MODEL DESCRIPTION

In the present paper, a three phased-mission system is analyzed through the stochastic separate phase modeling. In the
model, three dissimilar units are considered in parallel, series and parallel configurations respectively in three consecutive
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phases. Initially, the three units in a phase are assumed to be operative. If any one of unit fails, it goes for repair to the
single repair facility. The system gradually degrades. It is assumed therefore, that the failure rate and hence repair rate in
successive phases varies, however within the phase remains constant. It is assumed that the failed later is repaired first ie.
the Last Come First Serve (LCFS) repair pattern is followed for the failed unit.. If al the units fail, the system goes to
completely failed state. As operating life of the system consists of a series of separate time intervals and hence phases, the
reliability of whole phased mission system is taken as the combined reliabilities of these phases. The phase 11 is assumed
as phase | but rates are taken different. Various measures of system performance are obtained by using Semi-Markov

Process and regenerative points technique and the model is analyzed graphically.

Other essential assumptions made in formulating the model are:
1. Failure rates and repair rates for a particular phase are constant, but can change in an individual phase.
2. The system isas good as new after every repair.
3. Thetimeto failure of aunit is distributed exponentially, while the other time distributions are general.
4. The transition times between consecutive phases are instantaneous.
5. Switching is perfect and instant.
6. All random variables are mutually independent.

Table: 1. Notations Used In Developed M odel and Description of the M odel

Hipj

UTi(t)

DTi; (1)
BRi; ()
VRig; (1)
Muig; ()
Mdiq; ()

Wig; (1)

Notation Description

i Failure rate of i™" unit in the j phase (i = 1,2,3 & j=01,0, ,03)

Bi Repair rate of i™ unit in the | phase (i = 1,2,3 & j=01,b, ,03)

Fir i unit is failed and is under repair

Fiw i unit is failed and waiting for repair

gi () Pdf of time for repair of it unit in j™ phase (i = 1,2,3 & J=01,0,,03)
Gii(t) Cdf of time for repair of i unitinj" phase (i = 1,2,3& j=01,02,03 )

ijoj(t)/Qijei(t) Probability density function (P.d.f.)/Cumulative distribution function (C.d.f.) of the first

passage time from a regenerative state i to a regenerative state j or to afailed state j without
visiting to any other regenerative statein (0,t].

Piei (0 Piigj ¥(t) Transition probability from regenerative state i to a regenerative state j without visiting any

other state/and that of visiting state k oncein (0,t] respectively.
Mean sojourn time in regenerative state i before transiting to any other state. If T; denote the
sojourn time in state i, then mean sojourn timein statei is
0

wmszﬁpom
0

Probability that the system isin up-state at instant t given that the system entered regenerative
statei at timet=0.

Probability that the system is in degraded state at instant t given that the system entered
regenerative statei at timet = 0.

Probability that a repairman is busy in repairing the failed unit at instant t, given that the
system started from the regenerative state i att = 0.
Expected number of visits by the repairman at instant t, given that the system started from
the regenerative state i att=0.

Probability that the system is up initially in regenerative state i without passing through any
regenerative state or returning to itself through one or more non- regenerative states.
Probability that the system is down initially in regenerative state i without passing through
any regenerative state or returning to itself through one or more non- regenerative states.
Probability that the repairman is busy with the system initially in regenerative state i at time t
without passing through any regenerative state or returning to itself through one or more non-
regenerative states.

0u(t)/ ga(t)/ gs(t)  Pdf of time for repair of unitin j™ phase ( j=¢;,0,,05 ) resp.
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Gu(t)/ Go(t)/ Gs(t) Cdf of time for repair of unit in j™ phase ( j=04,0,,03) resp.
i (t) Time duration of it phase (i =1, 2, 3)
* Symbol for Laplace Transform e.g.

f*(s) = t[eS‘ f(t) dt = [[eﬂ dF(t)

*x Symbol for Laplace-Stieltjes Transform e.g.

F*(9 = Ieﬂ dF(t) = IeSt f(t)

© Symbol for Laplace Convolution, e.g.
t

a(t) © b(t) = J; a(u) b(t - u) du

© Symbol for Stieltjes Convolution, e.g.
t

a(t)%(t) = IO A(u) B(t-u) du

States of Statistical Model

0] Operative Unit
Fr Unitisfailed and is under repair
Fw Unit isfailed and is waiting for repair

STATE TRANSITION DIAGRAM

The transition diagram consists of three phases viz phase |, phase 11, phase 111, depicting the various states of the system is
shown in the fig. 1. Initialy the system is in working where all the phases are operative. The initia states 0, 10 & 14 are
operative. The epochs of entry into al the states in three phases are regenerative points and hence all these are taken as
regenerative states. The states 1, 2, 3, 4, 5, 6, 15, 16, 17, 18, 19 and 20 are degraded. States 7, 8, 9 in phase |, states 11, 12,
13inphase |l and states 21, 22, 23 in phase l11 are failed.

. Far, Fa aw, Far, Fa
9
N v g
[ b2 bs
C) Operative State O Degraded State
—/—1 Failed State ® Regenerative Point

Fig. 1: Three-phased mission system having three-dissimilar unitswith parallel-series-parallel configurationsbased
on LCFSrepair pattern
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TRANSITION PROBABILITIESAND MEAN SOJOURN TIME

Varioustransition probabil iti&iin steady state for each phase are obtained ai
19 . 26

Phase | p = i : p = : :
0141 0261
P Ny oy gy, P Ny, g gy,
= 7\‘3‘1)1 * .
Poas, 7»1¢1 + }L2¢1 + )‘34)1 p1°¢1 =Pezs, = G ()deh) d
pl4d)1 :peag¢1 =1- 91@ (7»24,1) ; pzoq)1 :p41¢1 = 9*24,1 ()L3¢1) ;
p25<|>1 = p474)1 =1- g*2¢1 (7&34)1 ); psoq)1 :p52¢1 = 9*34,1 (7»14,1) ;

Pass, =Pesy, =1~ T, (7‘1‘1&)
By these transition probabilities, it can be established that

Poiy +Pozy TPz =1 ; Py Py =1 ;
1 1 1 1 1
Py TP =1 Psoy TPssp =1 ;
1 1 1 1
Pag T Pazy =1 ; Pszy +Psgy =1
1 1 1 1
Pesy T Peop =1 ; Prag = Pesy =Pgg, =1
1 1 1 1 1
Phase || A .
ase = )“1¢2 . p = 2¢2 ,
10,114, ! 10,124,
Ay, +hy, +ha, Ay, + Ay, T,
A .
Piosy, = - Prsaos, =14 (0)
134, 11,100, — I, ,
My, + Ay, + gy,
p12,10¢2 :gz¢2(o) ; p13,10¢2: Oay Z(O)
By these transition probabilities, it can be established that
p10,11¢ +p10,12¢ +p10,13¢ =1; p11,10¢ :p1210¢ :p13,10¢ =1
2 2 2 2 2 2
Phase 11 B Mgy 0 _ o
S WS W W A gy, g
}\’3
= 03 - * .
p - ' P =p =0y, (A2, )5
14,174, 7\‘14)3 N 7&24,3 I 7»3% 15149, — M20,17¢, 1¢a ( 2¢3)
p15,18¢3 :p20,23¢3 =1- 9;1)3 (7&24,3) ; p16,14¢3 :p18,15¢3 = 9*24,3 (7&34)3);

p16,19¢3 = p18,21¢3 =1- g*2¢3 (7»3¢3 ); pl7,14<|>3 :p19,16¢3 = g;¢3 (7&14,3) ;

P17,200, =P19 22, =1- Y, ()\'14)3)
By these transition probabilities, it can be established that
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p14,15¢3 + p14,16<|)3 + p14,17¢3 =1, Pis 4 *Pis 19 =1,
p16,14¢3 + p16,19¢3 =1; Pz . + Py 2% =1;
p18,15¢3 + p18,21¢3 =1; p19,16¢3 + p19,22¢3 =1;
pzo,17¢3 + p20,23¢3 =1; F’21,18q>3 = pzz,19¢3 :p23,20¢3 =1

Mean Sojourn Time and Unconditional Mean Time for each phase are obtained as:

Phase | Mogy +Mogy +Mogy =pgy Mygy + Mgy =pigy ;
1 1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
Megy +Megy =gy ; Myay =pzg ;
1 1 1 1 1
Mesy =pgy Mosy =p1gy
1 1 1 1
m10,11¢ +m10,12¢ M1z =Higy » Migagy =H11¢ ;
Phase || 2 2 2 2
m,, 10) H12¢ ) My3100 =M1y
2 2
Phase 111 m1415¢ +m1416¢ +m1417¢ N ) ; m1514¢ +m15,18¢ =U15¢ ,
3 3 3 3
m1614¢ +ml619¢ Ml&p ; m1714¢ +My7 200 =174 ;
3 3
m18,15¢ +m18,21¢ “18¢ ; m1916¢ T Migony =puagy ;
3 3 3 3 3
Myo179 + Mgz =gy m2118<|> =U21¢ ;
3 3 3 3 3
m m

22,19 =229 ; 3200 —Ha2sp
3 3 3 3

MEASURESOF SYSTEM PERFORMANCE

A. Mean Time to System Failure
To caculate the mean time to system failure (MTSF), the failure state is considered as an absorbing state. Using
probabilistic arguments, we obtain the following recursive relations for each phase for:

Phasel @ (®=Q ®O®OD® ®W+Q ®OD® @®O+Q OWOD (v

0¢, 01¢, 1¢, 02 ¢, 2¢, 03 ¢, 3¢,

O ®M=Q @WeEDdP ®+Q @®EDd ®
1¢, 10 ¢, 0¢, 14 ¢, 49,

d® ®M=Q ®ODP M+Q ®ODP (O
2¢, 20 ¢, 09, 25¢, 5¢,

d® ®M=Q ®ODP @M+Q ®ODP (®
3¢, 30 ¢, 0, 36 ¢, 69,

® ®MH=Q ®ODd @®+Q @®
4 ¢l 41 ¢l 1 ¢1 47 ¢1

® ®=Q OO ®W+Q ®
5 ¢1 52 ¢l 2 ¢1 58 ¢1

® ®M=Q ®OODd ®W+Q (@®

6 ¢l 63 ¢l 3 ¢1 69 ¢1

Taking L.S.T of these equations and using L’Hospital’s rule, we get
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T = Nay,
Od1 Dlqi
where
N1¢ = Moq) (- p14¢ p41¢ )(1- Pas p52¢ )(1- Pssy p63¢ )+ Pos (M1¢ gy p14¢ )
(1 p25¢ p52¢ )(1 p36¢ p63¢ )+ p02¢ (qu; +H5¢ p25¢ )(1 p14¢ p41¢ )(1 Pss p63¢ )
+ po3¢ (H3¢ +u6¢ p36¢ )(1 p14¢ p41¢ )(1 p25¢ p52¢ )
and

D1¢ = (1_ p14¢ p41¢ )(1_ p25¢ p52¢ )(1_ p36¢ p63<|) ) - p01¢ p10¢ (1_ p25¢ p52¢ )

(1_ p36¢1p63¢1) - p02¢1p20¢1(1_ p14¢1p41¢1)(1_ p36¢1p63¢1)
- p03<|>l p30¢1(1_ p14¢1 p41¢1)(1_ p25¢1p52¢1)

Similarly, other system performance measures such as average uptime, average degradation time, total fraction of time the

repairman is engaged, the expected number of repairman visitsis achieved this way. The stationary solutions for each phase
and for the whole system are obtained as:

N,
Phase | Mean Up Time: Ut = ¢]
Od1 D2¢L

Mean Degradation Time: DT N3¢
0 D2¢l
Busy Period of the Repairman: BR _ N4¢]
0Oh1 qua
Expected Number of Visits by the Repairman: VR _ N5¢]
O¢1 qu

Where

N2¢1 = Ho¢1p10¢1p20¢1p30¢1p41¢1p52¢1%3¢1;
Na;, = Piog, p414yl{(l“t6¢1 + p63¢1H3¢1 ) Posy, P2og, Pasg, Psog, (M5¢,1 + Psog 1lfl2¢,l ) Pozg, Posg, p30¢1p63¢1}

+ pzoqi pszq; paoq; p@:«p1 {( pmq)1 }'l1¢1 + pozq)llflzq)1 + p03¢1H3¢1) p10<p1p41¢1 + p01¢1p14¢1 (H4¢1 *+ Pagy 1“14, 1)};
N4¢1: P1oy P20¢ P30¢ E)41¢ P52¢ P63¢ )

(Pt + Pozibz, + Py s, )+ Poss Pue (e + P s+ Pary i, )

 Piges P { Pazgs P Posis Posis (Mo + Pz, + P, )

* Poszg, P20, P36 Ps2i (Heq;l + PegpMap, T+ p59¢1l't9¢1 )} ;
54) = Paoy pzo¢ p30¢ p41¢ p52¢ p63<|) ,
p41¢ p52¢ Péss (u0¢ p10¢ p20¢ Paos TH1g Pogy Paoy Psoy TH2¢ Pozp Paos Paoy + 3 Posy Paog Paog )

1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
* Poig Pragy P2oy Paoy Pszg Pesy (lvl4¢ + U7 Pazy )+ Pozy Pioy P2sy Paogy Pazg Pesy (“5¢ g, Psgy )

1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1
+ p03¢ p10¢ p20¢ p36¢ p41¢ p52¢ (H6¢ +Lg, p69¢ )
1 1 1 1 1 1 1 1 1
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N
Phase I Mean Time to System Failure: Ty, = D1¢2
14
Mean Up Time: uUT _ M&
1092 D2¢2
o _ Ny,
Mean Degradation Time: DTy, = D
2(])2
Busy Period of the Repairman: BR _ ML
10¢2 D2¢2
Expected Number of Visitsby the Repairman: VR~ _ N5¢2
100 |
24,
where )
Ny, :M10¢ ; Ny, :u10¢ , Na, =0;
N4¢ P10116 lvl11¢ + plO 120 H12¢ "‘ P1o.13 H13¢ :
N5¢ =1 D1¢ = l X
D lvl10¢ +Pio11 Hllq; + P02y H12¢ "‘ P1o.136 H13¢
Phase I11 Mean Time to System Failure: T = N1¢3
14¢3 Dl%
Mean Up Time: uT N2¢
143 DZ%
Mean Degradation Time: DT N3¢
- D2¢3
Busy Period of the Repairman: BR _ N4<|>3
o D2¢3
Expected Number of Visitsby the Repairman: VR~ _ N54>3
W p
3 2¢3

where

N H14¢ (1-pss 18 Pig 18 )(1-pys 1% P1o 16 )(1-pyy 2 Pzo a7 )+ P 150 (H15¢ gy p15 18 )
(1- p16 19¢ Pig 16¢ )(1_ P17 20¢ Pao 17¢ )+ p14 160 (H16¢ +H19¢ p15 199 )(1 Pis.18 p18 15¢ )
(1-py, 20¢ pzo 17¢ ) + P 17¢ (H17¢ +H20¢ p17 200 )(1 P1s,18 p18 150 )(1 P16,19 p19 16<|) )

N2¢ Mg p15 140 p16 140 p17 14$ p1815¢ p19 164 qzo n
Ng, = p15,14¢3p18,15¢3{ (Mzo¢3 + Pao17g:Ma74, P 4,17¢3p16,14¢3p17,20¢3p19,16¢3 + H1€¢3 + P19 164:H 160 )
Pra169, P16,199, Pr7,140, p20,17¢3} + Pas 149 Pro 169, P17,149 P2017,
{(p14,15¢3“15¢3 * Puaz6osMsos 1 PrazzosHazes ) Pis.1495 Prg1ses T Prazse, Pisise (“184)3 + Pig 15, Hasp, )}
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N4¢ = p15,14¢ p16,14¢ p17,14¢ p18,15¢ p19,16¢ p20,17¢
3 3 3 3 3 3 3

{( Pra.150:Ms0: T Prazesstasss 1 Pragzesazes ) + Puasps Prsasss (M18¢3 + Pugaspathisg, T p18,21¢3H21¢3) }
+ Pis1ags p18|15¢3{ P14 1605 P17:1465 Pr6.196: P20.1705 (H19¢3 * Pioa6sstises T Pro22gsM 224 )
* Pra1745Pr6.1405P17,2045 P19 160 (Mzoq;g * Poo176sMa7gs T P20 23p:M2305 )}

N5¢ = p15,14¢ p16,14<|> p17,14¢ p18,15c|) p19,16<|> p20,17¢
3 3 3 3 3 3
qu) = (1_ p15,18¢ p18,15¢ )(1_ p16,19¢ p19,16¢ )(i_ p17|20¢ p20,17¢ )_ p14,15¢ p15,14¢ (1_ p16,19¢ p19,16¢ )

(- P17,205P2017¢ ) ~ Pua6s Pis.14s §1— Pis18p P1s 154 )3(1_ Pu7.204 20174 ) 7 P1aazg Pazaag

(1- Pis, 184, Pie 154 )(1- Pis 190 Pio 166 )
D2¢ =Pig 154 p19 160 pzo 174 (H14¢ p15 144 p16 149 p17 149 +}J15¢ p14 15¢ plG 149 p17 144 +H16¢ p14 160 p15 149 p17 14¢

+H17¢ p14 17 p15 149 p16 14¢ )"‘ p14 150 p15 189 p16 14¢ p17 14¢ p19 16<|> pzo 179 (H18<|> +H21<|> p18 210 )
+ p14 16¢ Pis, 14¢ P 19¢ Pr7 14¢ P 15<|> pzo 17¢ (U19¢ "‘szq) p19 220 )

3
Py 17¢ p15 14¢ p1e 14¢ p17 2o¢ p18 15¢ p19 16¢ (Hzo¢ +H23¢ pzo 23¢ )

Using the reSJIts of above three phas&s combl ned result of the Whol eﬁ/stem is:

Mean Timeto System Failure: T __
0
1
N
Mean Up Time: UT,=—2
2
— N,
Mean Degradation Time: DT,=—
D,
Busy Period of the Repairman: BR, = 34
2
N
Expected Number of Visits by the Repairman: VRo = E
2

where

1= H10¢ [Moq, (- p14¢ p41¢ )(1- p25¢ p52¢ )(1- p36¢ p63¢ )+ p01¢ (H1¢ a4 p14¢ )(1—Pos, p52¢ )

(- p36¢ p63¢ )+ p02¢ (Hz¢ +Hs, p25¢ )(1 P44 p41¢ )(1 p36¢ p63¢ )+ p03¢ (M3¢ +Heg p36¢ )
(1= P p41¢ )(1 p25¢ p52¢ )][H14¢ (1 Pis 189 p18 150 )(1 plG 19 p19 a6 )(1 p17 200 pzo 174 )
Py 154 (M15¢ "‘Hl&p p15 180 )(1 p16 1% Pio a6y )(1 p17 20| P2o 1 )"‘ p14 160, (M16¢ +H19¢ plG 19 )
(- p15 18 p18 150 )(1 p1720¢ pzo 170 )"‘ p14 170 (M17¢ +H20¢ p17 200 )(1 Pis,189 p18 150 )
(1 Pg 109, Pro.165,)]

N2 :[M 100 J [“ 0o Plo‘b P20¢ P30¢ 1p41¢ 1p52¢ ?634) ]1[ u 144 ‘3315144) Elevl% 5)17,14‘1) E18x15¢ P19,16¢ 920,174) J

N, =0
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[p10¢ P20y p30¢ p41¢ p52¢ p63<|> { (p01¢ M1¢ + p02¢ H2¢ + Poge H3¢ ) Doy p14¢ (H4¢ + Pagy H1¢ + Pazy H7¢ )
+ p10¢ p41¢ { pozq) p30¢ p25¢ p63¢ (H5¢ + p52¢ qu) + p58¢ H&p )
+ posq) pzoq) Pasy p52¢ (Heq; + p63<|> qu) + psg¢ H9¢ )}] [p10 116 H11¢ + P10,12¢ H12¢ * Pio13¢ H13¢ ]

[p15 1 p16 2 p17 46 p18 150 Py, 18 pzo ) { (p14 156 M15¢ + p14 16 Ml&p + p14 17 M17¢ )
3
+ Py, 150, Pis 189, (!vllsq) + p18 156 M15¢ + p18 210 Hzlq) )}

+ Pis144s p18,15¢3{ Pra.1665P17,144:P16.1945P20.1745 (P‘lgqn * Pro6pstasss + p19,22¢3H22¢3)
* Pra176:P16.144: P17, 2005 P10 160 (“20¢3 + Pao17sMa76s T P20 2305H 2305 )}]

N = Piog,P200 Paog Pazg Psoy Pes Pis1a6 Pas 146 Pr7.140 Prsase Proiee 20,176,
[p41¢ Ps24 Pezy (Fog Pios Paoy Paoy M6 Po1 Paog Paoe TH2¢ Pozg Piog Paos + 13 Pozy Pioy Paoy )

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

+ Pouy P1ag Paoy Psogy Pszg Peso (u4¢ + 7 Paz, )+ Pozs P1oy Pasy Psoy Pazy Peso (Hap +Hgy Psgy )

1 1 1

+ p03¢ pqu) pzoq; p36¢ p41¢ p52¢ (“e¢ +Mg¢ p69¢ )] [lvl10¢ + plO 116 Mll(j) + Pio12¢ M12¢ + P1o130 H13¢ ]
1 1
[P 150 p19 15 pzo 1 (!vl14¢ p15 1 Pis 140 Py, w +H15¢ p14 15 p16 14 p17 144 +H16¢ p14 164 p15 140 p17 -
+P~J~17¢ p14 176 p15 14 p16 =3 )+ p14 15 plS 18 p16 23 p17 1 p19 159, pzo 1. (Ml&p +H21¢ p18 21 )
3

+ p14 16¢ Pis 14¢ P, 19¢ Py, 14¢ Ps, 15¢ pzo 17¢ (lvl19¢ +M22¢ p19 220 )
3

Py 17¢ p15 14¢ plG 14¢ p17 2o¢ p18 15¢ p19 16¢ (“204, +“23¢ pzo 230 )]

D1 - u10¢l(1_ p14¢ P41¢ 1)(1_ p25¢ P52¢ )(l_ p36¢ P63¢ ) - p01¢ p10¢ 1(1_ p25¢ psz¢ )(1_ p36¢ E)esq) )1

p02¢1p20¢1(1 Piay 1p414>)(1 Paso pea¢ ) Posy psoq; {1 P1ag P41¢ }(1 Pasy 952¢ )1]
[M14¢ (1 Pis, 184) Pig, 15¢ )(1 Pie, 19¢ Pis, 164) )(1 Py 2o¢ Pao, 17¢ ) + Py 15¢ (H15¢ g p15 18¢ )

(- p16 194) Pig, 1e¢ )(1- p1720¢ P, 3 )+ p14 160 (u16¢ +M19¢ p16 196 )(1 Pis1sy p18 15 )
(I-py 200, pzo 17 ) * Pig7o (H17¢ +Hzo¢ p17 200 )(1 p15 18 p18 15 )(1 P16,100 p19 166 )]

+[lvlo¢ (1- Pag p41¢ (- Pas p52¢ )(l p36¢ p63¢ ) + Po1g (lvl1¢ H 4 p144> )(1 Pas, p52¢ )
(1- p36¢ p63¢ ) "‘ poz¢ (qu; s, p25¢ )(1- p144> p41¢ )(1- Pasy p63¢ ) + p03¢ (],L3¢ +l~le¢ p36¢ )

(1_ p14¢1p41¢1)(1_ p25¢ 1pszq> 1)] [lvl14<|> 3(1_ p15,18¢ 3pl&3,15¢3) (1_ p16,19¢3p19,16¢3)(1_ p17,20¢3p20,17¢3)
+ p14,15¢ (M15¢ +H18¢ p15,18¢ )(1_ p16,19¢ p19,16¢ )(1_ p17,20¢ p20,17¢ )+ p14,16¢ (H16¢ +H19¢ p16,19¢ )
(1_ p15,18¢ p18,15¢ )(1_ p17,2o¢ p20,17¢ )+ p14,17¢ (M17¢ +M20¢ p17,2o¢ )(1_ p15,18¢ p18,15¢ )

(1_ p16,19¢3p19,16¢3)] +“10¢ L(l_ p15,18¢ 918,15¢ 2(1_ p16,19¢ 919,16¢ 2(1_ p17,2o¢ 920,17¢ 2
- p14|15¢ p15|14¢ (1_ p16,19¢ p19,16¢ )(1_ p17,2o¢ p20,17¢ ) - p14,16¢ p16,14¢ (1_ p15,18¢ p18,15¢

(1_ p17,20¢3p20,17¢) - p14|17¢ 917,14¢ §1— p15,18¢ Q18,15¢ 2(1_ p16,19¢ 919,164) 2] [Mo¢ {1— p14¢ P41¢ 2
(1- Pasy Psz )(1- Pssy Pesy )+ Poy (H1¢ gy Prag )(1- Pasy Pszy )(1- Pssy Pesy )

+ Pozy (H2¢ *+Hsy Posy )(1- P14y Pazy )(A- Psss Peso )+ Poss (M3¢ ey Pago )(1- P4y Pazy )
(1- p25¢1p52¢)]
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COST-BENEFIT ANALYSISOF THE SYSTEM

The expected total profit (Pg) incurred to the system in steady state is given by
where
Co =revenue per unit up time of the system.
C1 = revenue per unit degradation time of the system.
Cz = cost per unit of busy period of the repairman.
Cs = cost per visit of the repairman.
C, = instdlation cost

NUMERICAL COMPUTATION AND GRAPHICAL ANALYSIS

The following pa[tlcular case and values of parameters are considered for graphical purpose:
g(t)—ocer“” where i1=1,2,3& j= ¢ ¢ ¢ -
ij
Takl ng assumed values of parameters:
failurerate for phase I (A1) = 0.003,
failure rate for phase II (A2) = 0.004,
failurerate for phase Il (As) = 0.005,
repair rate for phase I (a1) = 3, —
repair rate for phase Il (a2) = 4
repair rate for phase 111 (a3) =
Various Costs : Co = 30,000, Cl =30,000, C,=1000, C3= 800, C4 = 20000.
Using the above particular case and the estimated values of various parameters, the values of measures of system
performance have been computed as:

FROFIT (Fy) VERSIS REVEWUE FER UMIT UF TIME(T; } PROFTT (FyVERSS FAILURE RATE(fag) FOR DIFFERENT
FORMFFERERT YALUES OF INSTALLATION COFTIC) VALUES OF FAILURE RATE Rpnad
L 5= = LT A344d
I
LELSK —B— 4= LG AT el Ef-FLLTRCT ]
e — B[] = hlhde0 BT
= LIS b L = T
& - — b= d oL
k= o E A3
B gl B e LR o] T
ALER)
S L3 1] g
s a4
-LI033
O el A e Gl O sLE ST GBIl
~2 1 [aF3 Labi
Fig. 2 Profit versus Revenue per unit up time Fig. 3 Profit versus failure rate
FROFIT (FAIVE RS FAILIHE RATY fagsd FOW DIFFERENT VALUES | FROFIT (Fyf VLRSS FEFAIR BATEiv g | F O DIFFERER
S HEPATH BT Bty ) VALUEE OF BEFAIR RATE(nar)

BT e ]t
- BT —

T A

: h‘i\‘ okl = F._.___,.._- BelpteT
i B arbl = P s aliidan

a7 ) ek gam|
1= TR 2| 4

i Dt B0 -0 EEE QB DRAE GOLa 0gld ARl g

L0

Fig. 4 Profit versus Failure Rate Fig. 5 Profit versus Repair rate
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CONCLUSION

For the analysis purpose, various graphs have been plotted using the above particular case by giving numerical values to
the parameters involved. Various costs is studied by plotting various graphs. The following conclusions have been drawn
from the graphs:

Fig.2 depicts the behavior of profit (Pg) of the system with respect to revenue per unit uptime (Co) of the system for
different values of installation cost (Cs). From the graph, it can be concluded that Profit incurred to the system inclines with
increment in the values of revenue per unit uptime (Co) of the system and declines with higher values of installation cost
(Cs). Also

Table 2: Revenue per Unit Uptime V/S Installation Cost

C,=10,000 C4 = 15,000 C4 = 20,000
Co > or < or = Rs.15135.6171 >or<or= >or<or=
Rs. 20180.8242 Rs. 25226.0282

hence to attain Profit, revenue per unit uptime (Co) of the system should be greater than the above cut-off points.

The behavior of profit (Po) of the system with respect to failure rate (A1) for different values of failure rate (Asg2) iS Shown
in Fig. 3 It is concluded that Profit incurred to the system declines with increment in the values of failure rate (A241) and also
declines with higher values of failure rate (As¢2).

Fig.4 conveys the behavior of profit (Po) of the system with respect to failure rate (Ai42) for different values of repair rate
(021). From the graph, it can be concluded that Profit incurred to the system declines with increment in the values of failure
rate (Liy2) and inclines with higher values of repair rate (02¢1).

Fig.5 reveals profit (Po) of the system with respect to repair rate (a2e1) for different values of repair rate (a143). From the
graph, it can be concluded that Profit incurred to the system inclines with increment in the values of repair rate (a241) and
also inclines with higher values of repair rate (a.i43).

Thus, we have explained three phases and have drawn some graphs. From the graphs, it can be concluded that profit
incurred to the system decreases as failure rate increases and has higher values for higher values of repair rates. Also, it has
been concluded that the reliability evaluation of phased mission system (by taking a genera system) using Markov
Modeling is much easier than the other methods like that fault tree analysis and binary decision diagram etc.

Further, the model discussed can be fitted by the designers/users to the real situations. While fitting this model, one can
take estimated values of the parameters so that one can improve the reliability of the system. The limits of failure/repair
rates are/can be obtained for the system to give higher reliability, availability and profit that is quite useful for both the
system designer and the system user.
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ABSTRACT

In this article, we deal with the reliability and availability analysis of a stochastic model in a three-
phase mission system with three similar units. The developed system was considered in which
the units operate in series, parallel and series configuration respectively. The single repair
facility is expected to repair drives according to the FCFS (first come first serve) model. Using the
semi-Markov process and regenerative point techniques, different measurements of the system
performance are obtained in each step. The system was analyzed graphically by taking a
particular case. Different conclusions were drawn on the reliability and cost consideration of the
system in each phase, as well as for the whole system (such as combined Phase |, Phase II,
Phase Il1).

Keywords: three-phase mission system, series configuration, parallel configuration, reliability, Semi-
Markov process, regenerative point techniques.
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1. INTRODUCTION

In various real-world applications, such as aerospace, communications networks, chemical control,
electronics, transportation, and nuclear power, a mission can contain several tasks or phases that
must be performed in sequence. Most reliability analyzes perform a mission in phases during which
system configuration, success criteria, and component behavior remain similar. But multiple stages
apply in many applications. Multi-phase systems perform a mission that can be divided into
consecutive time periods (phases). At each stage, the system must perform a specific task over
different time periods, subject to different environmental conditions and success criteria. Compared to
single-phase systems, system configuration, phase duration, operational requirements for individual
components, system performance, component behavior, success criteria and parameters such as
failure rates and component repair rates may vary from phase to phase. Such systems are known as
phased mission systems and have been studied by many researchers. Among the latest
developments on phased mission systems, Esary and Ziehms (1975) discussed the reliability analysis
of phased mission systems during the dependent phases of a mission that has several independent
components. Alam and Al-Saggaf (1986) developed a technigue for assessing the reliability of phased
mission systems using the Markov approach during which system criteria and failure rates of all
components can vary from phase to phase. Dugan (1991) suggested an automated analysis of the
phased mission system that has a single Markov chain with a state space that is suitable for joining
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the state spaces of the individual phases. Bouissou et al. (2005) presented the reliability analysis of a
phased dynamic mission system. Tang and Dugan (2006) proposed an algorithm based on a binary
decision diagram for the reliability analysis of phase-based mission systems that have multimodal
failures. Nowakowski (2011) studied the basic problems related to the reliability of multiphase
systems, including logistics and transport systems. Haung et al. (2019) presented and applied the
survival signature to assess the reliability of PMS with multiple types of components. A series of
practical systems that operate in this sequential manner such as: electronic power transformers,
multi-generator power system, nuclear power plant, flight of an airplane, aerospace and distributed
computer systems. For example, an airplane mission has many phases, including tax, takeoff, cruise,
descent, and landing phases (Tang and Dugan, 2006).

In the literature, researchers (Andrews and Dunnett, 2000; Mura and Bondavalli, 2001; tang and
Dugan, 2006; Chew et al., 2008) have focused on the problem of the phase mission system, using
mainly the analysis of fault tree, Boolean algebra and Petri nets. All of these techniques are limited by
the size of the problem. When configuring system reliability is complicated and the number of
components is large, especially when it is necessary to evaluate system reliability from multiple
mission cycles, the use of these techniques will not be easy or straightforward. These techniques are
suitable when modeling is non-repairable phased mission systems. These techniques avoid blowing
up state space. The Markov model is a powerful tool in reliability engineering. The Markov model
analyzes the system by identifying all the different states in which the system is able to produce
precise measures of system reliability by assigning transition rates between states. Markov-based
approaches capture functional dependencies between components and the required order of failures.
It is the Markov Reliability analysis of the staged mission system that provides a numerical result of
the staged mission system with graphical interpretation.

Taking this point of view, the paper deals with the reliability and availability analysis of a stochastic
model in a three-phased mission system of three similar units.

2. DESCRIPTION OF THE MODEL

The model is based on a separate phased model. The system in which the units operate in series,
parallel and series respectively has been considered. Initially, three similar units are operational in all
respective phases. If any of the units fail, the repairman repairs them. The single repair facility that
repairs units according to the FCFS (first come first serve) has been considered. The system works
slowly and goes into a state of degradation. Hence, it is assumed that the failure rate and hence the
repair rate in later phases varies, however within the phase it remains constant. If all units fail, the
system shuts down and goes to the completely failed state. The reliability of the entire phased mission
system is considered the combined reliability of these phases. Phase Il is assumed to be Phase | but
rates are taken differently.

Other essential assumptions made in formulating the model are:

1. Failure rates and repair rates for a particular phase are constant, but can change in a single phase.
2. The system is as good as new after each repair.

3. The time until a unit fails is distributed exponentially, while the other time distributions are general.

4. The transition times between consecutive phases are instantaneous.

5. Switching is perfect and instant.

6. All random variables are mutually independent.

Table 1 shows notations used in developed model and description of the model.

Table 1: Notations
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Notations Description
M/ Nl k3 Failure rate of unitin j'" phase (j =1, 2, 3) resp.
Ba/ Bl B3 Repair rate of unit in j" phase (j =1, 2, 3) resp.

Qigi(t)/ Qijgj (1)

Piiei (Y)/ Pijes ()

Migj

UTi(t)

DTigi ()
BRigi (1)
VRig (t)

Muligj (1)

Mdigj (1)

Wigj (1)

91(t)/ g2(t)/ ga(t)
G1(t)/ Ga(t)/ Gs(t)
o ()

Co

Ci

Probability density function (P.d.f.) / Cumulative distribution function
(C.d.f.) of the first time passage from a regenerative state i to a
regenerative state j or to a failed state j without visiting any other
regenerative state in (0, t].

Probability of transitioning from regenerative state i to regenerative
state j without visiting any other state / and that of visiting state k
once in (0, t] respectively.

Mean sojourn time in the regenerative state i before moving to any
other state. If Ti denotes the time spent in state i, then the average
time spent in state i is

©
W (M) = J' P (Ti>t) dt

0

Probability that the system is in the active state at time t since the

system entered the regenerative state i at time t = 0.

Probability that the system is in a degraded state at time t given that
the system entered the regenerative state i at time t = 0.

Probability that a repairman is busy repairing the failed unit at time t,
since the system started from the regenerative state i att = 0.

Expected number of visits by the repairman at instant t, given that the
system started from the regenerative state i att = 0.

Probability that the system is initially in a regenerative state i without
passing through a regenerative state or returning to itself through one
or more non-regenerative states.

Probability that the system is initially inactive in the regenerative state
i without passing through a regenerative state or returning to itself
through one or more non-regenerative states.

Probability that the repairman is engaged with the system initially in
the regenerative state i at instant t without going through any
regenerative state or returning to himself through one or more non-
regenerative states.

Pdf of time for repair of unit in jt" phase ( j = 1,2,3) resp.
Cdf of time for repair of unit in j" phase (j =1, 2, 3) resp.
Time duration of j" phase (j = 1, 2, 3)

Revenue per unit up time of the system.

Revenue per unit degradation time of the system.
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C2 Cost per unit of busy period of the repairman.
Cs Cost per visit of the repairman.
Ca Installation cost
* Symbol for Laplace Transform e.g.
@ ®

s)= [e% 1w dt= (e dr@)
0 0

*x Symbol for Laplace-Stieltjes Transform e.g.

o0 0

Fis) = [ed dr = [e% 1)
0 0

© Symbol for Laplace Convolution, e.g.
t

ay©b()= | al)b(t-udu
0

e Symbol for Stieltjes Convolution, e.g.
t

a¥B() = [ AW B du
0

The matter of table 2 shows the states used in developed model.

Table 2: States of Statistical Model

States Description
(0] Operative Unit
Fr Unit is failed and is under repair
Fr Failed unit is repair continuing from previous state
Fw Unit is failed and waiting for repair

Figure 1. shows various transition states of the system. Initially the system works where all phases
are operational. The epochs of entry to states 0, 1 in phase |, states 2, 3, 6 in phase Il and states 7, 8
in phase IIl are regenerative points and are therefore considered regenerative states. States 3, 4 and
6 are degraded. State 1 in phase I, state 5 in phase Il, and state 8 in phase Il fail.
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3. STATE TRANSITION DIAGRAM

Fr,Fw ,Fw
5

] Failed State ® Regenerative Point

Figure. 1. State Transition Diagram

4. TRANSITION PROBABILITIES AND MEAN SOJOURN TIME

For each phase, various transition probabilities are obtained such as:

Phase |
dQu (t)=3re®'dt dQ (t)=g (t)dt
1 1 100, 1
Phase II
(t) A et dQ (t) =g ( ye Pt
2
dQY, (t) [2) e*“2t©e*“]g (tydt ; dQ @ (t) [Zk e 2oL 6(dt ;
2 2 2
dQ45 (1) =[2x ‘e e*“@l]g (t)dt; dQ “(t)=g (t)e*dt ;
6302 2
dQ65 (t):k e*“ G—ft—)dt dQY, (t)=[r e?™'©1g (t)dt
2 2
Phase Il
dQg,, (t) = 3hge it ; dQ87¢3 (t) =0 (t)dt
Taking Laplace's Stieltjes transforms from the previous derivations, we get the non-zero element pij¢1
are given by (Table 3): 06039 :D”P i1 639 :EQ"H
@ @
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Table 3: Various Transition Probabilities in steady state are obtained as:

Phase |
Poas =Py =1
Phase Il
P =15 Po =0 (27»2) ; p® =2[g (kz) g (2Xz)]
33,
—p45> —1-2g (x )+g (2 ); P =g (k) ; _e =1-g (1)
Q’&bz 360, 50, p66¢2 2 2
By these transition pl’ObabI|ItIeS, it can be establlshed that
P =10 Poe g ap L P g plte g,
Pesy +Pesy =1i  Pesy +p® =1
N 2 2 660,

Phase lll
p78¢ = P87 =1
3 3

Table 4. Mean Sojourn Time and Unconditional Mean Time are obtained as:

Phase |
Mean Sojourn Time 1 :
] Mo =5, wy, =—9; (0)
Unconditional Mean Time Moy, =Hoy, 5 Mg, =k,
Phase Il
Mean Sojourn Time 1 . 1-g (22 ) .
) Mo, =3\ ) Mg, :—Z(rz)— ;
2 2
Hay =pg 1= 9>(12)
2 2 }\‘2
Unconditional Mean Time ~ Masy, =Hzy, Mesy, T Mes,, =Hey ,
4 (45 _ 5
m32¢ + m(33)¢z + m36¢ m + mc(se)q)z _gz (& k1 )
3 4 A2 )+ 27\4
m +m® +m® g(z)g(
320, 33¢2 35¢, 2}\‘2 2
Phase lll
) . 1
Mean Sojourn Time =
! Mo T3, * Mo =-03(0)
Unconditional Mean Time Mgy, =Mz, 5 Mgz, =Mey,
5. MEASURES OF SYSTEM PERFORMANCE
Phase |

To calculate the mean system failure time (MTSF), the failure state is considered as an absorbing
state. Using probabilistic arguments, we obtain the following recursive relations for:
(0] ifAganq A
e

0,
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O ifiesvy  iHO© @ A
e, LRl O,

_ N, (S)

Taking L.S.T of these equations and solving for ®"7,(s) , we get D, (9) N
19 (S

where
N (=Q7% (8 and D; (8 =1
1 01 . b1

Now the mean time to system failure (MTSF) when the system starts from the state (0), is
_1-0" (s)
T _lim
O ™ oo 06—
S

Using L'Hospital’s rule and putting in the value of (D*S% (S) , we get

N
T =1
01 D1<1>1
where
N1¢ = Uy and Dip=1
Similarly
Phaselll

The recursive relations are obtained for @iy (t) :

O qmiesv i® o
a ¢ ad

ad, 2
0] A8 990 e o moQ- it @ @ A0 QW ff
ad, s ¢ a0, 8 ), a0, a2,
® | inesoy  im® @ Ao i
b, 9¢ 8, 2¢

Phase lll
The following recursive relations are obtained for @iy (t):

o a8 om0 (g
o

9

O iesvy 1O @ A
Qg o 03

Thus Other measures of system performance as mean up time, mean degradation time, total fraction
of time for which the repairman is busy, expected number of visits by the repairman are obtained in
this way. The steady state solutions are obtained as:

Phase |

Mean Time to System Failure: T =_1
Mean Up Time: UT _ 2%

. . 3%
Mean Degradation Time: DT J—
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Busy Period of the Repairman: BR = %1
Oy D2¢1
Expected Number of Visits by the Repairman: VR~ _ N,
061 qu)1
where
N1¢1 =ty © Nay =pg, i Nap =0; N4¢1 =Lty ; Ney =1
D1¢ =1 X D2¢ = Moy +H1¢
1 1 1 1
Phase Il
. . . _ Nld)z
Mean Time to System Failure: Ty =
Dy,
Mean Up Time: ut _ %
2, D2¢2
N
Mean Degradation Time: DT> = Stz
o
20,
. . — N4¢2
Busy Period of the Repairman: BR2¢2 =D
292
- . _ N5¢2
Expected Number of Visits by the Repairman: VRzy ==
22
where
N1¢ =ty (1- p Ykt Nz o=popopo No=p P s
20, 320, 639, 32 39, 63, 49, 360,
4¢ = (1+ u3¢ )p53¢ +(1+ “6¢ )p(45) ; Nsy = Pazy Pesy
4 . 45
d>z = pgs)q)z ) qu,z = Hay, Pazy,Peay, T kz(p63¢2 + p(36¢)2)
Phase lll
. . . _ N1¢3
Mean Time to System Failure: Tm =
D1¢3
Mean Up Time: Ut _ N2y,
T3 qu)3
. . . _ N3¢3
Mean Degradation Time: DT =D
o
23
. . . _ N4¢3
Busy Period of the Repairman: BR7y =D
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Expected Number of Visits by the Repairman: VR7¢3 =k

203

where
Nl‘% =ty Nay =tz Nss =0 N4¢3 =1+ i Ny =1
Dy, =1 Dy, = My, + Mgy,

Combined Phases
Mean Time to System Failure: T =

D
i N2
Mean Up Time: UTo=p—
2
. . N3
Mean Degradation Time: DTo=p—
2
N4
Busy Period of the Repairman: BRy = —
2
. . Ns
Expected Number of Visits by the Repairman: VRy = D_
2

where
N1 = Hg, Hay [M2¢ (1 p® )+ ko] 5 Na =hoy Ky “w Pz p63<1> ;' N3=0;

Na= [1+ ulq, ][1+ Ha¢ ][(1+ Mgy )I063¢ + (1+ pgq )IO ] Ns —p32¢ p63¢
D: = [Ho¢ +H7¢ ][M2¢ (1 p® )"’ kZ] + p Mo¢ P-7¢
D> —[u% + u1¢ ][“74) + qu, ]f)ll2¢ p32¢ p63¢ + ko (psgq; 4 p(45))]

6. PROFIT ANALYSIS OF THE SYSTEM

The expected total profit (Po) incurred to the system in steady state is given by
Po=CoUTo+C1DTo -CoBRo —C3VRo —Cas

7. NUMERICAL COMPUTATIONS AND GRAPHICAL ANALYSIS

The following particular case and values of parameters are considered for graphical purpose:
g (t)=a,e™ where i=1,2,3

Taking assumed values of parameters: failure rate for phase | (A1) = 0.003, failure rate for phase Il (A2
) = 0.004, failure rate for phase Ill (A3) = 0.005, repair rate for phase | (a1) = 3, repair rate for phase Il
(az) = 4, repair rate for phase lll (as) = 5, Co = 30,000, C1 = 30,000, C2= 1000, Cs= 800, C4= 20000
For the analysis purpose, various graphs have been plotted for mean time to system failure (To),
mean up time (UTo) and profit (Po) of the system with respect to various estimated and
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assumed values of the failure rates (I, k2, 3 ) and repair rates (o1, 2, 03 ) and various costs is
studied by plotting various graphs.
Table 5: Numerical M easurement of Combined Phases of Statistical M odel

Rates M easures of the system
Failure Rates Repair Rates Measures
A1 A2 A3 Br | B2 B3 | MTSF Mean Up Time Profit
0.003 0.004 | 0.005 |3 |4 5 | 4166663 | 0.991057 9731.696
0.004 0.005 0.006 | 3 4 5 33.33328 0.988726 9661.775
0005 0006 | 0007 |3 |4 |5 | ZEUC | openos 0823063
3 |4 5 : : -

0000 0:0074 0098 12 1% |2 | 208335 | 0981801 9453.981
0.007 0.008 | 0.009 I = | 1851843 | 0979505 9385.103
0.008 0.009 | 0.01 16.66656 | 0.977216 9316.415
0009 001 | 0011 |3 |4 |5 | 151514 | (o74934 9247.917
001 0011 | 0012 |3 |4 5 | 1388877 | (972658 9179.608

MTSF(Ty)

20

15

10
0005 0006 0.00F 0008 00092 001 0011 0012 0013
b3

Figure 2. Mean Time to System Failure (To) versus Failure Rate (As) for Different Values of Failure
Rate(A1)
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Figure 3. Mean Up Time (UTo) versus Failure Rate(As) for Different Values of Repair Rate(az)
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Figure 4. Profit (Po) versus Failure Rate (As) for Different Values of Repair Rate(az)
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Figure 5. Profit (Po) versus Revenue Per Unit Up Time(Co) for Different Values of Installation
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Figure 6. Profit (Po) versus Failure Rate (As) for Different Values of other Failure Rate (A2)
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8. CONCLUSION
The following interpretations and conclusions have been drawn from the graphs:

The graph in Figure 2. exhibits the behavior of Mean Time to System Failure (To) of the system in
relation to failure rate (As) for different values of other failure rate (A1). The values of other parameters
taken are k2 = 0.004, 01 = 3, 02 = 4, 013 = 5. It is concluded that mean time to system failure (MTSF)
declines with increment in the values of failure rate (As) and also declines with increment in the values
of other failure rate (Az).

The graph in Figure 3. states the behavior of Mean Up Time (UTo) of the system in relation to failure
rate (\s) for different values of repair rate (a2). The values of other parameters taken are A1 = 0.003, k2

= 0.004, a1 = 3, as = 5. It is concluded that Mean up time declines with increment in the values of
failure rate (A3) and inclines with increment in the values of repair rate (02).

Figure 4. depicts the patterns of profit (Po) incurred to the system in relation to failure rate (As) for
different values of repair rate (a1). The estimated/ assumed values of other parameters are taken as A
=0.003, k=0.004,02=4, 13=5, Co=Rs.30000, C1=Rs. 30000, C2>=Rs.1000, C3 = Rs.800, Cs4=

Rs. 20000. It is concluded that Profit incurred to the system declines with increments in the values of
failure rate (A3) and inclines with increments in the values of repair rate (o1)

Figure 5. demonstrates the behaviour of profit (Po) incurred to the system in relation to revenue per
unit up time (Co) for different values of installation cost (C4). The values of other parameters taken are
l1=0.003, k=0.004,3=0.005,0=3,0=4,03=5, C1=Rs. 30,000, C>=Rs.1000, Cs3= Rs. 800.

Following conclusion is drawn from the graph.

» Profit incurred to the system inclines with increment in the values of revenue per unit uptime
(Co) of the system and declines with higher values of installation cost (Ca4). Also

» when Cs = 15,000. Profit incurred to the system inclines for Co > Rs.15135.5850, declines for
Co < Rs.15135.5850, remains unchanged for Co = Rs.15135.5850 and hence to attain Profit,
revenue per unit uptime (Co) of the system should be greater than Rs.15135.5850.

» when Cs = 20,000. Profit incurred to the system inclines for Co > Rs. 20180.7824,
declines for Co < Rs. 20180.7824, remains unchanged for Co = Rs. 20180.7824 and hence to
attain Profit, revenue per unit uptime (Co) of the system should be greater than Rs.
20180.7824.

» when Cs = 25,000. Profit incurred to the system inclines for Co > Rs. 25225.9796,
declines for Co < Rs. 25225.9796, remains unchanged for Co = Rs. 25225.9796 and hence to
attain Profit, revenue per unit uptime (Co) of the system should be greater than Rs.
25225.9796.

Figure 6. depicts the patterns of profit (Po) incurred to the system in relation to failure rate (As) for
different values of other failure rate (A2). The estimated/ assumed values of other parameters are
taken as l1=0.003, 01 = 3, 12= 4, 13= 5, Co = Rs.30000, C1 = Rs. 30000, C, = Rs.1000, C3 = Rs.800,

Cs = Rs. 20000. It is concluded that Profit incurred to the system declines with increments in the
values of failure rate (As) and also declines with increments in the values of other failure rate (A2).
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ABSTRACT: Post-demonetization, digital payments in transactions became substantial; nonetheless, these services
are still relatively new to Indian customers and are still in their infancy. Investigating the variables that influence

customers' intentions to utilise digital payment services in India, particularly among millennials, is necessary to
promote the development of computer enabled devices as an alternative payment method. Present study is to do a
pilot study on millennial perception towards Mobile Banking/Digital wallets/UPI. The study makes use of Cronbach’s
Alpha to see if the data is internally consistent. Millennials will make up 35% of the global workforce just this year.

The results based on Cronbach’s Alpha show that the data is internally consistent after dropping each variable for

challenges faced and customer satisfaction.

KEYWORDS: Reliability analysis, pilot survey, digital transactions, banking

INTRODUCTION

In India, mobile banking began in 2002, with
transactions conducted via SMS at the time. Almost
every banking transaction can now be completed on a
computer, laptop, or smartphone. Everything can be
done online, from checking account balances to paying
credit card bills, utility bills, and transferring funds
(Mittal, 2020b). Mobile banking evolved from online
banking to provide even greater convenience and
accessibility. In 2018, nearly all banks will provide
financial transaction mobile phone apps. These apps
eliminate the need for a computer or laptop to transfer
funds, and as technology advances, bank visits will
become obsolete (Gupta et. al., 2022; Mehta et. al., 2022;
Mittal, 2020). Banking transactions can be completed as
usual once a customer has downloaded the mobile
banking app to their smartphone.

The most important demographic and economic forces
in our time are millennials and Generation Z. Millennials

will make up 35% of the global workforce just this year.
Their total revenue will top $4 trillion within ten years.
We're talking about a global population of 1.8 billion
technologically savvy individuals who will have more
disposable income than any previous generation
(Mandal et. al.,, 2022). They are a group of people who
spend more than 35 hours per week online, which is
50% higher than the average amount of time spent
online by all other groups put together. There will be a
tectonic upheaval in the fundamental character of
finance when a force this large connects with the world
economy, which is historically led by boomers and Gen
X. One of today's most significant demographic and
economic forces is the millennial generation. They have
more purchasing power than ever before, and the
banking sector has advanced by using technology and
streamlining the procedure for customers (Ashokan &
Menon, 2016; Harchekar, 2018). Technology has
completely changed the financial sector, and everything
is now digital and personalised, which is probably the
only way to go in the future (Mittal, 2020a). By making
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banking simple, approachable, and transparent, it has
effectively targeted the millennial generation and laid
the groundwork for the growth of the nation's economy.

Today, mobile technologies are being used more and
more, but India is surprising in how little it uses digital
payment systems. For Indian customers, digital payment
systems are still in their infancy and are relatively new.
By examining the critical variables influencing
customers' propensity to utilise digital payment
services, this study aims to provide light on the growth
of digital payment services in India (OECD, 2019). To
gain a competitive edge, digital payment services are
crucial for businesses engaged in electronic and mobile
commerce. Numerous studies have examined digital
payment services from both the technical and user
acceptability aspects in various nations. The variables
influencing Indian customers' inclination to adopt
digital payment systems have only been partially
understood by previous studies. Little is being done to
close the knowledge gap about the critical elements
influencing Indian customers' intention to use digital
payment services, which motivates the implementation
of digital payment to meet its expectations.

LITERATURE REVIEW

The evolution of payment methods began with barter
and moved on to money, checks, and credit before
focusing on mobile payments in the age of electronic and
mobile commerce (Garg, 2014). According to Smart Card
Alliance, depending on the sort of technology used to
enable them, mobile payments can be either contactless
or remote (Horticulture 2011; Lipton et. al, 2016) .
Remote mobile payments are made using a mobile
device without interacting with the physical point of sale
(POS) system of the merchant. Examples of such
transactions include conducting electronic commerce
over a mobile internet connection, transferring money
using a mobile application, and downloading pay-per-
download news articles (Kumar & Pavithra, 2017). It is
dependent on technologies like mobile applications,
secure mobile browsers, and short messaging service
(SMS).

Proximity mobile payments is a phenomenon paid for a
products or services at the point-of-sale (POS) using
smartphones by the customers. It is considered to
happen in interactive mode (physical) between the
merchant’s terminal and the customer device like
mobile phones. It may be used in both face-to-face
interactions between customers and retailers and
unattended points of sale like vending machines (Ting
et.al, 2019).

Arora et. al,, (2019) in a study observed a considerable
difference in overall mean agreement on employment
satisfaction among the various populations. Yadav et. al.
(2019) indicated that the customer satisfaction is
positively associated with e-wallet solutions and
adversely related to e-wallet challenges. Lochab, A.
(2018) show a significant difference in average
agreement on customer satisfaction in mobile banking

among the various edifications. Graduates are also more
in agreement on the threat of infrastructure than
postgraduates. Graduates could be used to educate the
general public on mobile banking. Mobile banking
should also be covered in graduate-level courses.

Arora and Yadav (2018) in a research study show a
significant variance in the causes of customer
satisfaction among different age groups. Generation Y is
more concerned with the procedures that must be taken
in order for digital wallets to function properly. Key
distinctions between age groups include insecure
payment systems, difficulties using them, and limited
working aid. The current study advises that security
measures be introduced to enhance the use of E-wallets.
Arora (2018) The data reveals two clusters: the first,
which includes 144 persons, is classed as dissatisfied
with the use of digital wallets. They fear that paying
using a digital wallet is dangerous. It's also difficult for
them to operate. The second group of 210 working
professionals is classified as satisfied consumers
because they think digital wallets are a good idea. Each
cluster was divided into four categories: difficult factors,
customer satisfaction, and risk factors. Singh & Arora
(2014) examines a data collected from primary survey
analysis. The result findings show a significant
difference between the responses of the married and
unmarried about their perception to improvise security
risk solutions, performance/service quality risk
solutions, technological risk solutions, and financial risk
solutions in mobile banking is influenced by their age.
When it comes to boosting mobile banking, unmarried
respondents prioritise security risk  solutions,
performance/service quality risk solutions,
technological risk solutions, and financial risk solutions
above married respondents. Age has a significant impact
on agreement on rising security risk solutions, according
to the data. Between single and married respondents,
the average agreement on upgrading security risk
solutions, performance/service quality risk solutions,
technological risk solutions, and financial risk solutions
in mobile banking vary significantly. Women who are
entrepreneurs should be charged a cheaper processing
fee and need a provision of financial aids and subsidies
products and services to boost their business. Other
benefits like lower interest rates, loans would empower
them and improvise their economic conditions. It is also
suggested to provide on frequent basis distinctive
upliftment projects for the housewives from the bank.
The needed support from the banks can play a
significant role in women's empowerment.

Previous research demonstrate the influence of
respondents’ behavioural intentions toward adopting
mobile banking in various Indian cities (Tamil & Balaji,
2019). Primary information about mobile banking
uptake was gathered from clients of commercial and
public sector banks using a standardised questionnaire.
The outcome demonstrates that consumers' behaviour
intentions toward adopting mobile banking in the
research region are highly influenced by performance
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expectation, effort expectancy, hedonic incentive, trust,
and loyalty. Sinha et. al. (2019) made an effort to
investigate the variables influencing the perspective of
Indian e-wallet users toward both public and private
mobile wallet providers. To gather primary data from
433 respondents in the form of structured
questionnaires, the researchers used a survey method
and a hypothetical study design. The IBM SPSS statistical
analysis programme was used to perform the
Independent Sample t test. According to the findings,
public sector e-wallet providers are perceived less
favourably than competitors from the private sector.
Public sector and private sector e-wallet providers in
India have significantly different perceptions of issues,
customer service, and personal danger.

RESEARCH METHODOLOGY

The present research is descriptive in nature. We have
used primary data collected using a structured
questionnaire administered on google form. The
primary objective to check the consistency of the
indicators using reliability analysis. Target population
includes Millennials from different parts of Delhi-NCR in
the age group of 23-35.

We have used non-probability snow-ball technique to
collect responses of the questionnaire. In total we
received 140 responses (42% female and 58% male
respondents). The statements in the questionnaire were
recorded on five-point likert scale.

DATA ANALYSIS

Table 1: Scale Reliability Statistics for Challenges faced
by Millennial in using UPI

Cronbach's a
scale 0.879
In a pilot study, the reliability test is the main tool
considered for analysis. If Cronbach's o> .7, data is
considered internally consistent. Table 1 shows
Cronbach's a=.879, so data is fit for further analysis.

Table 2: Item Reliability Statistics for Challenges faced
by Millennial in using UPI

if item dropped
Cronbach's a

1. Risk in transaction 0.841
2. Difficulty in transaction 0.865
3. No support staff 0.840
4. Unreliable 0.849
5. Interferences/restriction in choice 0.867

Item Reliability Statistics for Challenges faced by
Millennial in using UPI shows that if Unsafe mode of
payments is dropped then Cronbach's a=.841, so data is
still fit and has internal consistency. If Difficult to Use is
dropped then Cronbach's a=.865, so data is still fit and
has internal consistency. Similarly, if Inadequate
Working Assistance is dropped then Cronbach's a=.840,

so data is still fit and has internal consistency. Likewise,
if Not Reliable is dropped then Cronbach's a=.849, so

data is still fit and has internal consistency. Also if
Restricted Choice is dropped then Cronbach's a=.867, so
data is still fit and has internal consistency. If Cronbach's
o> .7, data is considered internally consistent. So all
statements if dropped individually, then also internal
consistency is maintained.

Table 3: Scale Reliability Statistics for Customer
satisfaction by Millennial in UPI

Cronbach's a

Scale 0.776

In a pilot study, the reliability test is the main tool
considered for analysis. If Cronbach's o> .7, data is
considered internally consistent. Table 3 shows
Cronbach's a=.879, so data is fit for further analysis.

Table 4: Item Reliability Statistics for Customer
satisfaction by Millennial in UPI

if item dropped
Cronbach's a

1. Managing funds efficiently 0.761
2. Perceived ease of use 0.773
3. Brand value 0.787
4. Economic condition 0.734
5. Reduced waiting time for digital 0.735
payments through wallet

6. Rapidness 0.734
7. Service comfort 0.751
8. Valuable 0.733

Item Reliability Statistics Customer satisfaction by
Millennial in using UPI shows that if Unsafe mode of
payments is dropped then Cronbach's a=.761, so data is
still fit and has internal consistency. If Ease to Use is

dropped then Cronbach's a=.773, so data is still fit and
has internal consistency. Similarly, if Status Symbol is
dropped then Cronbach's a=.787, so data is still fit and
has internal consistency. Likewise, if Economical is
dropped then Cronbach's a=.734, so data is still fit and
has internal consistency. Also if waiting time for a
transaction involving use of wallet is dropped then
Cronbach's a=.735, so data is still fit and has internal
cc nsistency. If Quickness is dropped then Cronbach's
a=.734, so data is still fit and has internal consistency. In
e same way if Service Efficiency is dropped then
Uonbach's a=.751, so data is still fit and has internal
ccnsistency. If Valuable is dropped then Cronbach's
=733, so data is still fit and have internal consistency If
Ul onbach's a>.7, data is considered internally
consistent. So all statements if dropped individually,
then also internal consistency is maintained.

Table 5: Scale Reliability Statistics for boosting
satisfaction level by Millennial in using UPI

Cronbach's a

Scale 0.771

In a pilot study, the reliability test is the main tool
considered for analysis. If Cronbach's a> .7, data is
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considered internally consistent. = Table 5 shows
Cronbach's a=.879, so data is fit for further analysis.

Table 6: Item Reliability Statistics for boosting
satisfaction level by Millennial in using UPI

if item dropped

Cronbach's a
1. Application of Security tools 0.736
2. Benchmarks for Service vendors 0.712
3. Deployment of Skilled Workers 0.737
4. High Speed of transactions 0.749
5.Compensation in case of frauds and 0.708

cybercrimes by hackers

Item Reliability Statistics for boosting satisfaction level
by Millennial in using UPI shows that if Implementation
of Security is dropped then Cronbach's a=.734, so data is
still fit and has internal consistency. If Performance
Benchmark for Service Providers is dropped then
Cronbach's a=.712, so data is still fit and has internal
consistency. Similarly, if Skilled Wallet Staff is dropped
then Cronbach's a=.737, so data is still fit and has
internal consistency. Likewise, if High Speed of
Processing the Transaction is dropped then Cronbach's
a=.749, so data is still fit and has internal consistency.
Also if Compensation to customers for monetary loss by
Hackers is dropped then Cronbach's a=.708, so data is
still fit and has internal consistency. If Cronbach's o> .7,
data is considered internally consistent. So all
statements if dropped individually, then also internal
consistency is maintained.

CONCLUSION

Mobile Banking in today’s time has gained immense
popularity especially among the millennials. This study
is a pilot study to check the fitness of data based on
Challenges faced by Millennial in using UPI, Customer
satisfaction by Millennial in UPI and boosting
Satisfaction Level of Millennials in using UPI. The results
based on Cronbach’s Alpha show that the data is
internally consistent after dropping each variable for
challenges faced and customer satisfaction.

However, compared to Generation X and Baby Boomers,
Millennials are seen to have good knowledge of products
on ecommerce but have less financial awareness on
banking. Millennials and other generations tend to
invest in complicated financial items like stocks and
bonds as perceived financial literacy increases. Financial
literacy may be increased through straightforward
training to advance financial understanding. By offering
individualised guidance through goal-setting and
monitoring, financial coaching may also be a successful
strategy for boosting financial literacy and awareness.

Due to time and money restrictions, this study's pilot
survey analysis was restricted to a sample size of 140.
The major technique of data collection for the current
study was an online survey. Therefore, the constraints of
an online survey will also apply to this empirical
investigation. Since it is not possible to generalise the
results to the entire state or nation, the main study only

included digital payment transactions carried out in the
Delhi NCR region. To choose respondents, the
nonprobability snow-ball sampling method was used.
Therefore, the present study is similarly subject to the
limits of non-probability sampling. Therefore, the
perspective before and after a lockdown may differ from
the results of the current study. The current study may
also be expanded to other cities, states, and countries to
further understand the attitudes of Indian customers
concerning digital payments.
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Abstract

Predicting currency has always been open to doubt because in financial as well as in
managerial decisions making process it plays a crucial role and it is not easy to forecast
foreign rates with higher accuracy than a naive random walk model. The main goal of this
paper is to use the Arima model to forecast the yearly exchange rate, here we use real foreign
exchange data to check the suitable level of the Arima model for forecasting and it also shows
how suitable the Arima model is to estimate foreign exchange. There has been considerable
improvement in profitability of MNC which conducts substantial currency transfer in
business courses and forecasts exchange rate accurately. The time series Arima model is
applied to forecast the exchange return of SND to INR. To better understand how the Arima
model applies within the period 1st February 2011 - 1st February 2021. In this report
monthly or daily exchange returns are used for variable inputs. This model is based on a few
observations on the Arima model to help predict and solve financial forecasting problems for
the best and worst possible situations which results in demonstrating the predictive
strength and potential but is still a problematic task.

Keywords: ARIMA, Exchange Rate, Exchange rate forecasting, forecasting, time series
analysis

Introduction

The exchange rate is a price which measures the worth of domestic currency in terms of
other nation's currency and it is always a topic of discussion in financial literature.
Exchange rate is also known as forex and foreign exchange rate. It is an important factor in
the growth of the economy of most developed countries where high volatility becomes a
major obstacle in economic growth of the country. Currency in forecasting rate at least
predicts the trend accurately with the underlying process by obtaining more efficient and
some statistical model that represents variability which is important for future investments
and also demanding application for time series forecasting but it doesn't assure the complete
information.

Exchange rate is hard to foresee. Thus, exchange rate development is constantly beginning
with the utilization of the adaptable flexible exchange rate to forecast the exchange
standards. This is so because changes in rate effects import, external trades, inflation and
balance of payments. In this regard, exchange rate is a significant factor in an economy for
indicating demand and furthermore for its use in the monetary strategies and their values.
Exchange rates are not completely predictable moments with exchange rates profoundly
changing disorderly and with noisy structure. This makes difficult and significant topic in
socialistic system in business life. Constantly, this has been a principle worry of
academicians and other specialists in multinational financing. Endeavors to make more
understanding and prediction of exchange rate movements have united numerous
methodologies to predict but, all of them have their own limitations which are full of
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Chart 1.1
Composition of Market Share Wireless and Wireline Subscribers

Source: (TRAI, 2019t

In Table 1.1 it has been mentioned that there are six wireless service providers which are
currently operating in the industry but from the analysis point of view only five have been
considered. Reliance Communications has been removed from the analysis due the reason
that it had declared itself bankrupt in the recent past and currently not providing services to
any subscribers. As per the latest report of TRAI (2019b) its market share had been recorded
as 0.001 from the last two years.

Sampling:

As mentioned in the above paragraph, the complete enumeration method is adopted in the
study and the sample size is equal to the population which is the total number of service
providers in the industry.

List of Wireless Service Providers as on 31st December, 2019

SI.No.|Service Provider Areaof Operation

1 |Bharti Airtel Ltd All India

Reliance Communications/ All India (except Asmm& NE)/
2 Rdi Td Ltd Kolkata, MP, WB, HP, Bihar,
lance Teiecom Odisha, Assam & NE

3 |Vodafoneldealtd All India
4 |BSNL All India (except Delhi & Mumbai)
5 [MTNL Delhi & Mumbai

6 |Rdiance Jio Infocom Ltd All India

Source: (TRAI, 2019b)

Anusandhan - NDIM’s Journal of Business and Management Research | ISSN: 2581-8120 Vol. IV, Issue 1



11

Therefore, in the present study only five out of six service providers have been considered for
the analysis and divided into two categories. Category I comprises of three Private Sector
Service Providers who've acquired Foreign Direct Investment from any of the international
source. Category II comprises of two state owned service providers which are Bharat
Sanchar Nigam Limited d/b/a BSNL and Mahanagar Telephone Nigam Limited, d/b/a
MTNL. The area of their operations are mentioned in Table 1.1.

Time Period of the Study: The study has been conducted on the subscribers from 2015 to
2019 only. The reason behind selecting such years is to reflect the recent trends. It has been
observed that before 2015 the trends in the industry were entirely different and there were
many service providers. But after the debut of Reliance Jio in 2016, many of them opted for
the exit route or merged with the existing service providers.

Source of Data for Analysis: In the year ending performance reports of TRAI, the data of
Rural and total number of subscribers are provided. Values of rural subscribers are
extracted directly form there and for urban subscribers the values are retrieved by
subtracting number of rural subscribers from the total number of subscribers (See Table 1.2
&1.3).
Table 1.2
Rural and Urban Wireless Subscribers of Category I
(With Foreign Direct Investment) (in millions)

Year Bharti Airtel+Telenor Vodafone Idea Reliance Jio

Rural Urban Rural Urban Rural Urban
Subscribers |Subscribers |Subscribers |Subscribers |Subscribers |Subscribers

15-Dec 133.16 160.83 197.28 168.31 - -
16-Dec 130.57 135.28 214.29 180.92 4.12 68.04
17-Dec 159.89*% 142.22 220.93%* 188.1 41.08 119.01
18-Dec 168.63 171.63 220.71 198.04 100.47 179.65
19-Dec 145.48 181.82 172.44 160.17 152.14 217.88

Source: TRAI (2015, 2016, 2017, 2018, 2019a)

Table 1.3
Rural and Urban Wireless Subscribers of Category II
(Without Foreign Direct Investment)

YEAR BSNL(AII India except Delhi and MTNL (Delhi & Mumbai)

Mumbai)

Rural Urban Rural Urban

Subscribers Subscribers Subscribers Subscribers
15-Dec 27.53 54.97 0 3.61
16-Dec 31.63 65.16 0.05 3.58
17-Dec 35 72.92 0.05 3.53
18-Dec 39.04 75.33 0.05 3.42
19-Dec 37.35 80.77 0.05 3.33

Source: TRAI(2015, 2016, 2017, 2018, 2019a)
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There are 3 leading private service providers in the industry as per the latest reports of TRAI
but above mentioned three are the leading service providers. Bharti Airtel reported the
subscribers of Tata Tele (TRAI, 2019a). Also. Quadrant is serving in the state of Punjab only
and Reliance Communications had already reported itself bankrupt before lockdown.
Although the news about the merger of BSNL and MTNL was also in the air but nothing can
be said confidently until it happens.

For the year 2018, Telenor merged with Bharti Airtel and the TRAI reported the total values,
Vodafone and Idea merged, Tata Tele and Reliance Communications were reporting
negligible subscribers (TRAI, 2018).

For the year 2017, There were 12 wireless service providers. But Sistema Shyam merged
with Reliance communications.

Bharti Airtel merged with Telenor therefore the total number of subscribers includes the
values of Bharti and Telenor. Vodafone and Idea merged in 2018 therefore, total of their
subscribers has been considered. The reason behind doing this is that the subscriber's base
of merging companies, also merged ultimately.

For year 2017, even after merger the Reliance communications didn't manage to gain
enough subscribers. Also, the subscribers of Tata were very few in numbers, so couldn't
affect the analysis. Aircel was the company which reported 30.81 million rural subscribers
in 2017 but it vanished in 2018 therefore, it has been considered void and null from the
point of view of analysis. It is expected that the subscribers of Aircel might have opted for
another service provider or they are still lacking the services.

On Feb 15, 2017 the Videocon telecom announced shutting down its operations. It was a
small telecom company which got licences and permit in 17 circles in nation in 2008 lost all
its permit in 2012 in 2G spectrum scam but after bidding again it won the airwaves. It also
received approval for GSM and dual technology but the authority denied its permits in 2015
after which the company couldn't make it to survival.

Same is the case with Quadrant but the TRAI ordered the Telco to serve the subscribers till
the expiration of its license. For which it denied.

There were nearly about 85 million subscribers of the Aircel, which are not less in number.
But the company was fourth in the list of those telcos who bankrupted after the entry debut
of Jio in Reliance Jio in September 2016. It was lying under the heavy burden of 15,500
crore debt and was planning to merge with Reliance communication but due to regulatory
delays and lack of consensus in loan restructuring, the merger couldn't happen. So, after
filling the bankruptcy, it was notified by the TRAI to all the subscribers of AIRCEL to opt for
number porting. By 31st August 2019, they have to shift their plan to Jio, Bharti Airtel,
MTNL or BSNL. Due to this reason, the subscribers of AIRCEL weren't included in DDI
calculation as they were already spread between the companies considered for analysis.

Statistical Technique:
The famous 'Index Numbers' approach has been adopted in the study. The calculation
was based on the below given formulae:

Rural Tele-density = (Total Rural Wireless Subscribers/ Rural Population) * 100
Urban Tele-density (TD) = (Total Urban Wireless Subscribers/ Urban Population) * 100
Urban- Rural Digital Divide Index = (Urban Tele-density/ Rural Tele-density) *100.
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Data Analysis:

Table:1.4
Digital Divide Index for Category I
Digital Divide
YEARS ;/I’\;)itra;eR;raJ TWoIt::\Iell;Sban Rural _ Urban _ Rura_l Tele ?;t;an Inge_(: (Urban Tee
Subscribers Subscribers Population | Population |Density Density density/ Rural
Tele-density) *100
15-Dec 330.44 329.14 881 429 37.50738 |76.72261 |204.5534
16-Dec 348.98 384.24 885 439 39.43277 |87.5262 |221.9631
17-Dec 4219 449.33 889 450 47.45782 [99.85111 |210.3997
18-Dec 489.81 549.32 892 460 5491143 (119.4174 |217.4727
19-Dec 470.06 559.87 897 472 52.40357 |118.6165 |226.352

Source: Author

Table 1.4 depicts ambiguous results of the DDI for the years 2015-2019. The DDI for the
year 2015 was 204.5 which instead of declining, grew more every year. In the year 2019 it

was 226.352 which is higher than the previous five year's DDI.

Table: 1.5
Digital Divide Index for Category II
Digital Divideg
Year TWoitra;eR;raJ J\Ztilgan Rural ' Urban ' Rurall Tele _Ll_J;Zan IngQ(: (Urban Tele
Subscribers Subscribers Population [Population |Density Density density/ _ Rural
Tele-density) *100
15-Dec 27.53 58.58 881 429 3.124858 |[13.65501 [436.9802
16-Dec 31.68 68.74 885 439 3.579661 |[15.65831 [437.4245
17-Dec 35.05 76.45 889 450 3.942632 |[16.98889 [430.9022
18-Dec 39.09 78.75 892 460 4.382287 (17.11957 |390.6537
19-Dec 374 84.1 897 472 4169454 |(17.8178 427.3413

Source: Author

Table 1.5 depicts the DDI for the Category II which declined in year 2018 but again showed
increment in year 2019.

Table 1.6
DDI for Category I, Category II and DDI of India with the Annual Growth Rates
Year [Digital Annual Digital Annual Digital Annual
Divide Index|growth rate [Divide Index|growth rate |Divide Index|growth rate
for Category I|of DDI for |for of DDI for |[forIndia of DDI for
CategoryI |CategoryII |Category II India
15-Dec |204.5534 436.9802 316.24
16-Dec [221.9631 17.4097 437.4245 0.444288 312.3391 -3.9009
17-Dec |210.3997 -11.5634 430.9022 -6.5223 290.4051 -21.934
18-Dec |217.4727 7.073 390.6537 -40.2485 262.8571 -27.548
19-Dec |226.352 8.8793 427.3413 36.6876 269.374 6.5169

Source: Author
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Table 1.6 indicates that the Digital Divide Index of India has declined substantially from the
year 2015 however a slight increment has been noticed in the year 2019.

Null Hypothesis: There is no significant difference between the average DDI of Category I
and the average DDI of the Category II.

Table 1.7
t-Test: Two-Sample Assuming Unequal Variances
Digital Divide | Digital Divide
Index for Index for
Category | Category I1
Mean 216.14818 424.66038
Variance 76.792384, 379.3256644
Observations 5 5
Hypothesized Mean 0
Difference
df 6
t Stat -21.83121184
P(T<=t) one-tail 3.02E-07
t Critical one-tail 1.943180281
P(T<=t) two-tail 6.03E-07
t Critical two-tail 2.446911851

Source: Author

Findings:

The values of DDI of Category I which includes telcos having back up of FDI in the
companies, is less than the DDI of Category II of Non FDI telcos. But the results of annual
growth rates are quite ambiguous and unable to reflect the right nature of the DDI difference
in the two categories. In the initial years it has been observed in both the cases that DDI has
been reduced but in the latent years the DDI showed increased values. The t-test for
differences of means have been used for interpreting the true nature of the DDI calculated.
The p-value is less than 0.01 therefore reject the null hypothesis therefore it can be stated
that the average difference between the DDI of two categories is significant. Therefore, after
ignoring the temporary effects it can be stated that the telcos which are backed up by the
FDI are able identify the need of catering rural market. They are undoubtedly engaged in
doing so, which will benefit them in future as the largest part of Indian population resides in
rural areas only. But the Stated owned companies are lagging behind in such issue and
unable to cater the needs of rural areas. It is also possible that they thrust for expansion has
been reduced and the private owners are still fighting for the market share.

Conclusion:

The study addressed the unequal diffusion of Telecom Services in the rural and urban areas
of the nation, which is popularly known as Digital Divide. After dividing the leading telecom
service providers into two categories, one with FDI and another without FDI, it has been
identified that the telcos backed with FDI are contributing more in reducing Digital Divide
and the difference between their contribution is significant. It is essential for the industry
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players to identify the rural market as an opportunity and extract maximum revenue from

it.
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Abstract: This study is an empirical study on gender perceptions towards UPI. Five
points likert scale is used to prepare a structured questionnaire. Primary data was
based on 643 persons out of which 310 males and 333 females were found eligible in
the form of completed questionnaires. Reliability statistics is up to mark and data is
suitable for further analysis. T-Test statistics show no significant difference between
gender perceptions towards UPI. Limitation of the study is that study is based on only
gender perception. Age wise, education wise and other demographic variables can be

studied in future studies.

Key Words: Empirical, Gender, UPI, Problems, Customer, Satisfaction

Introduction:

UPI stands for Unified Payments
Interface which merges a lot of bank
related services, into a single mobile
application of banks. It has become so
simple and common that laymen in
India are also using it in day to day
operations. The National Payments
Corporation of India (NPCI) is the
company in-charge of the RuPay
payment infrastructure, which is
comparable to Visa and MasterCard.
The Immediate Payments Service
(IMPS) is another NPCI project. UPI
transactions are protected by a highly
secured encryption format that is
difficult to decrypt. Every day, the IMPS
network of the NPCI processes millions
in transactions. With the advent of UPI
technology, this is projected to
skyrocket. Every transaction is verified
using a two-factor authentication
approach similar to OTP. For
validation, however, UPI PIN will be
used instead of OTP. The UPI
applications' primary goal is to promote
digital transactions and pave the way
for a cashless economy. Users can
avoid carrying cash or plastic money by
using UPI. Their smartphone will

handle all the transactions.
Literature Review

The statistics showed by M. Arora and
M. P. Yadav (2018) states that the
factors that influence customer
satisfaction change significantly
depending on the age group. The steps
that must be completed in order for
digital wallets to operate effectively are
more of an issue for Generation Y.
Insecure payment methods, problems
using them, and limited working
assistance are significant differences
between age groups. The current study
suggests adding security precautions
to improve the adoption of e-wallets.
Yadav, M., and M. Arora (2019)
customer satisfaction is positively
correlated with e-wallet solutions but
negatively correlated with e-wallet
problems. According to M. Arora
(2018), utilising a digital wallet to make
payments is dangerous. Additionally,
they find it difficult to function.
Gandhi, M., Gupta, N., & Rawat, S.
(2019) states there is a significant
association in overall mean agreement
on job satisfaction between the various
populations. Khurana, P., Arora, M., &
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Yadav, M. P. (2017) stresses on
providing female students lower-
interest college loans could help
empower women by providing
distinctive domestic upliftment projects
for housewives, banks can play an
importantrolein women's
empowerment. Singh, S., Chaudhary,
S., & Arora, M. (2015) the impact of age
on consensus on growing security risk
solutions is significant. Singh, S., &
Arora, M. (2014) state that when it
comes to boosting mobile banking,
unmarried respondents place a larger
importance on different types of risks
and related solutions than married
respondents. Arora, M., & Lochab, A.
(2018) the average agreement on
consumer satisfaction in mobile
banking varies significantly across
educational institutions. S. Singh, S.
Chaudhary, and M. Arora (2014) been
concerned about the well-being of
others in their research. Benefits of
Human Development Research Lochab,
Arora, Madhu, and Anshu (2019) were
studies as well as in A Lochab and M
Arora (2018) also. The consequences of
different generations may differ. M
Arora and M Mittal (2020) believe that
project-based education can help with
the continuous development of
technological advances, and that
human resources are an important part
of it Arora M (2012).

There is no study on Customer
Satisfaction in UPI so An Empirical
study on Gender perceptions towards
UPI, is an effort to fill the gap.

Table A: Scale used in Study

Cronbach
Alpha

Authors | Year Scale

1. Unsafe mode of payments
2. Difficult to Use

3. Inadeguate Working Assistance

1 4. Not Reliable
Singh, S, & 2014 _ : 0773
Arora, M. 5. Restricted Choice
6. Slow Speed of Data

Transmission

7. Receiving of Fake SMS and
Scams

1. Efficient Management of Funds
2. Easy to Use

3. Status Symbol

4. Economical

2014 5. Reduction in the waiting time for 0.89
any transaction in the wallet

6. Quickness
7. Service Efficiency
8. Vauable

Singh, S, &
Arora, M

Source: compiled from Literature
Review

Research Methodology

Study is descriptive in nature.
Secondary data for literature review and
primary data for empirical analysis is
conducted from 643 respondents.
Questionnaire was sent to 1000 people.
Some responses were incomplete and
were removed during the screening
process. 643 responses were complete
and found suitable for further analysis.
Random sampling method is used. T-
test is used to test the statistics for 5
percent level of significance and
confidence level 95 percent. Overall
response rate is 64.3 percent.

Objectives of the study:

Main objective of the study is an
Empirical study on Gender perceptions
towards UPI. To achieve the main
objective following objectives are
portrayed:

° To know gender perception
towards problems faced in UPI

° To analyze gender wise customer
satisfaction in UPI

° To provide suggestions to
improve UPI experience in Males
and Females
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Hypothesis (H,): Null hypothesis is
considered for the study.

(H,) = There is no significant difference
assumed in the perception of Gender
for customer satisfaction in UPI.

Table B: Gender wise distribution

of respondents:
Gender Number
Male 310
Female 333
Total 643

sSource: Survey

Table B shows there are 310 male
respo ndents and 333 female
respondents in the study.

Results and Discussions
Table 1: Scale Reliability Statistics

of Problems faced by customers in
UPI

N [Men i |Cronbac'sa

Problemsfacedby 63 | 39 | om e

customersinUPI

Source: Survey

As observed in Table 1, Mean of N=643
respondents perception towards
problems faced in UPI is 3.90,
Standard deviation =.520, Cronbach's
a=,773, data is internally consistent as
Cronbach's a > .7is treated as reliable.

Table 2: Scale Reliability Statistics
of Customer satisfaction in UPI

Mean sd  |Cronbah'sa

Quomestdatain | 5 20 | gg7 0.89

UPI

Source: Survey

As observed in Table 1, Mean of N=643
respondents perception towards
problems faced in UPI is 3.38,

43

Standard deviation =.867, Cronbach's
a=,890, data is internally consistent as
Cronbach's a > .7is treated as reliable.

Table 3: Item Reliability Statistics of
Problems faced by customers in UPI

if item
dropped
Cronbach's a
1. Unsafe mode of
0.865

payments
2. Difficult to Use 0.882
3. Inadequate
Working Assistance 0.864
4. Not Reliable 0.869
5. Restricted Choice 0.875
6. Slow Speed of
Data Transmission 0.876
7. Receiving of Fake
SMS and Scams 0.887

Source: Survey

Table 3 shows Cronbach's a, if one item
is dropped from scale. If Unsafe mode
of payments is dropped, then
Cronbach's a,=.865, if Difficult to Use
is dropped, then Cronbach's a,=.882,
similarly If Unsafe Inadequate
Working Assistance, then Cronbach's
a=.864, if Not Reliable is dropped, then
Cronbach's a,=.869, if . Receiving of
Fake SMS and Scams is dropped, then
Cronbach's a =.887. This indicates
that no single statement can affect
overall results. All statements together
show reliability.
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Table 4: Item Reliability Statistics of
Customer satisfaction in UPI

if item
Cronbach's a

1. Efficient

Management of 0.759
Funds

2. Easy to Use 0.771
3. Status Symbol 0.784
4. Economical 0.73

5. Reduction in the
waiting time for any

transaction in the 0731
wallet

6. Quickness 0.731
7. Service Efficiency 0.748
8. Valuable 0.73

Source: Survey

Table 4 shows Cronbach's a, if one item
is dropped from scale. If Efficient
Management of Funds is dropped, then
Cronbach's a,=.759, if Easy to Use is
dropped, then Cronbach's a,=.771,
similarly. If Status Symbol is removed,
then Cronbach's a=.784, if economical
is dropped, then Cronbach's a,=.730, if

valuables are dropped, then
Cronbach's a =.730. This indicates that
no single statement can affect overall
results. All statements together show
reliability.

Table 5: Independent Samples T-

Test

Variables T-Statistic df P
Problems in Using
UPI 0.377 641 0.706
Customer
Satisfaction in 0.184 641 0.854
using UPI
Suggestions to
Improve experience 0.377 641 0.706
of UPI

Source: Survey

Table 5 shows value of independent T
test in males and females, about
Problemsin Using UPI, T -
Statistic=.377, degree of freedom (df)
=641, and p value=.706, it shows there
is no significant difference in perception
of males and females towards Problems
in Using UPI.

Also T-Statistic=.184, degree of freedom
(df) =641, and p value=.854, it shows
there is no significant difference in
perception of males and females
towards Customer Satisfaction in Using
UPL.

Similarly T-Statistic=.377, degree of
freedom (df) =641, and p value=.706, it
shows there is no significant difference
in perception of males and females
towards Suggestions to Improve
experience in Using UPI.

Table 6: Imperical Results

Group N Mean SD SE
Problems
in using Male 310 3.9 0.485 | 0.0276
UPI

Female 333 3.89 0.551 | 0.0302
Customer

Satisfactio
n in using
UPI

Male 310 3.37 0.836 | 0.0475

Female 333 3.387 | 0.823 |0.0451

Suggestio
ns to boost
experienc
e in UPI

Male 310 3.9 0.485 | 0.0276

Female | 333 3.89 | 0.551 | 0.0302

Source: Survey

Table 6 shows Group Descriptive of two
groups, Male (N=310) and Female
(N=333), Mean for problems in using
UPI is 3.90 is more for males than Mean
for problems in using UPI is 3.89 for
females perception. It shows Male
respondents have more problems in UPI
than female respondents.
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Mean for Customer Satisfaction in
using UPI is 3.387 is more for females
than Mean for problems in using UPI is
3.37 for male perception. It shows
Female respondents have more
Customer Satisfaction in UPI than
male respondents. But as per
statistical test of significance at 5
Percent level, no significant difference
is found, so null hypothesis is
accepted.

Conclusion

This study examines how gender
affects perceptions of UPI empirically.
310 male and 333 female subjects out
of a total of 643 people were discovered
to be eligible in the form of a
questionnaire that was filled out. The
reliability statistics are satisfactory
and the data is appropriate for further
study. According to T-Test statistics,
there is no discernible difference in
how men and women view the
experience of UPIL. Therefore, the null
hypothesis stands accepted.  This
study is based on gender perception
only, so it can be considered as a
limitation too. But it provides further
scope of study for other demographic
variables like age, income, marital
status, area of residence etc.
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ABSTRACT

Significant changes in plant growth, distribution, and productivity are all caused by climate change. The
development and photosynthesis of plants are aided by rising atmospheric CO:2 levels, but this effect is
constrained by other environmental conditions. In addition to causing significant harm to plant populations and
ecosystems, extreme weather events including droughts, heat waves, floods, storms, cyclones, and wildfires can
also do so. Climate change can also affect relationships between species and changes in the timing of plant
phenology. It is true that elevated atmospheric carbon dioxide (CO2) levels can occasionally increase plant
output. Thisisdueto thefact that plants need CO: for photosynthesis, and higher amounts of CO2 can speed up
photosynthesis, which promotes greater plant growth. The effects of increased CO2 on plant productivity,
however, are complicated and can be regulated by a variety of other elements, such as the availability of
nutrients, water, and temperature. The advantages of higher CO2 may occasionally be outweighed by these
additional limiting variables. Additionally, while higher plant productivity might be advantageous for some
crops and ecosystems, it might also be detrimental for other types.

INTRODUCTION

Increased photosynthesis in plants results from the carbon fertilisation effect brought on by rising CO: levels in the
atmosphere, which may increase agricultural yields for some crops. Increased CO; levels affect how much water plants
use, which reduces water loss. Nitrogen is become harder to get in terrestrial ecosystems, which has an impact.
Increased CO; has complex effects on plant productivity that are regulated by a variety of other variables, such as the
availability of nutrients, water, and temperature. The advantages of higher CO, may occasionally be outweighed by
these additional limiting variables. While higher plant productivity might be advantageous for some crops and
ecosystems, it might also be detrimental for other types. An overgrowth of invasive species, for instance, may result
from increasing plant productivity in some locations, which can destabilise ecosystems and drive out local plant
species. Increased plant production in agricultural contexts may also result in misuse of fertilisers and other chemicals,
which could be harmful to the health of the soil and the quality of the water.

Increased Photosynthesis Due to Climate Change on Plants and Ecosystems

A variety of climatic and ecologica factors influence the increased photosynthesis brought on by climate change,
making it a complicated subject. On the one hand, greater photosynthesis in plants may result from rising atmospheric
carbon dioxide (CO,) levels, which are brought on by human activities like burning fossil fuels. This is due to the fact
that CO; is an essential component of photosynthesis and that higher levels of CO, can accelerate photosynthesis,
which promotes greater plant growth and output. The results of increased photosynthesis brought on by climate change,
however, are not necessarily favourable. For instance, droughts, heat stress, and other environmental stresses that can
harm or kill plants can result from rising temperatures and altered precipitation patterns brought on by climate change.
In some situations, this can lead to the loss of significant harvests and food supplies, as well as decreased plant
development and production. Furthermore, the increased photosynthesis brought on by climate change may indirectly
affect agricultural practises and ecosystems. For instance, greater CO; levels may cause invasive species to overgrow,
disrupting ecosystems and displacing local plant species. In agricultural situations, increased photosynthesis may also
result in misuse of fertilisers and other chemicals, which can have detrimental effects on the health of the soil and the
water supply. While it is possible that increased photosynthesis brought on by climate change will have some positive
effects on plant growth and productivity, it is crucial to take into account the changes wider ecological and
environmental effects. For the sake of maintaining the health and well-being of plants and the ecosystems they sustain,
combating climate change and lowering greenhouse gas emissions remain a top concern. For crops like wheat, rice, and
soybeans, which make up a sizable share of the world's food output, this effect is particularly important. However, other
factors, such as nutrient availability, may limit the advantages of increased CO,.Climate change is having a significant
impact on plant life, including changes in plant distribution, growth, and productivity. The increasing atmospheric
carbon dioxide (CO) levels have been found to enhance plant photosynthesis and growth, but this effect is limited by
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other environmental factors such as temperature, water availability, and nutrient availability [1]. Rising temperatures
and changes in precipitation patterns can lead to droughts, heat waves, and floods, which can affect plant survival and
productivity [2]. Extreme weather events such as hurricanes, cyclones, and wildfires can also cause severe damage to
plant communities and ecosystems [3]. Climate change can also lead to changes in the timing of plant phenol ogy, such
as flowering and leafing out, which can have cascading effects on other species in the ecosystem [4]. Changes in the
timing of plant growth can disrupt the timing of pollinator emergence, migration patterns of birds and insects, and even
lead to changes in predator-prey relationships [5]. Moreover, climate change can ater the plant-microbe interactions
and soil microbial communities, which are critical for soil health and nutrient cycling. Changes in temperature and
precipitation patterns can affect the microbial community composition and function, leading to shifts in soil nutrient
availability and cycling [6]. The impact of climate change on plants is complex and multifaceted, affecting plant
growth, distribution, phenology, and interactions with other species. The effects can be both positive and negative,
depending on the plant species, environmental conditions, and the magnitude and rate of climate change. The challenge
ahead is to understand and predict these impacts to develop effective strategies for mitigating the negative effects of
climate change on plant communities and ecosystems.

Plants use carbon dioxide (CO,), water, and sunlight to carry out photosynthesis, producing oxygen and carbohydrates
for energy and growth. The carbon fertilization effect, caused by increasing levels of CO- in the atmosphere, leads to a
boost in plant photosynthesis. Global plant photosynthesis increased by 12% from 1982 to 2020, correlating with a
17% rise in atmospheric CO- levels. The majority of this increase in photosynthesis is attributed to carbon dioxide
fertilization [7].

The growth of certain plants increases in response to elevated CO- levels. Above-ground plant growth, on average, has
increased by 21%, while below-ground growth has increased by 28% [7]. This increase in photosynthesis and growth
has the potential to improve crop yields for some crops such as wheat, rice, and soybeans, with expected increases
ranging from 12% to 14% [§].

However, the growth of certain crops, such as corn, sugar cane, sorghum, and millet, are less responsive to elevated
CO; levels [9]. One possible explanation for this is that these crops aready have optima levels of CO, for
photosynthesis[10].

In addition to affecting plant growth, elevated CO, concentrations also influence plant water use. Plants have openings
called stomata that release moisture into the atmosphere and allow CO; absorption. As CO; levels increase, plants can
partially close their stomata and maintain a high rate of photosynthesis, which reduces water loss by 5% to 20% [11].
This may lead to areduction in water released by plants into the atmosphere, which can have implications for the water
cycle.

Overdl, while the carbon fertilization effect may benefit certain crops, the complex interactions between climate
change and plant growth make it difficult to predict the future impacts of climate change on plant productivity and
ecosystems [12].

Climate change-related increases in CO; have the potential to reduce water use while also stimulating plant growth
because of the carbon fertilisation effect. However, other factors like temperature, nutrient availability, and water
availability make it difficult to determine how climate change will affect plant growth.

Impact of Climate Change on Nitrogen Cycle

Nitrogen is an essential nutrient for plant development and growth, and it frequently limits plant yield. These nutrients,
which come in the form of nitrate or ammonium and are absorbed by plants from the soil, are necessary for the
synthesis of proteins and other significant molecules. The lack of nitrogen in many terrestrial ecosystems, the
researchers discovered, can restrict plant growth and production. Nitrogen is one essential nutrient that is becoming
increasingly scarce in terrestrial ecosystems. Researchers observed that unfertilized terrestrial ecosystems are growing
low in nutrients, notably nitrogen, between 1980 and 2017, after studying hundreds of plant species. Global factors,
such as increasing temperatures and CO; levels, are blamed for this decline in nutrients. It has been reported that most
unfertilized ecosystems are becoming nitrogen-deficient as a result of global changes, including rising temperatures and
CO: levels (13). Nitrogen is a crucial ingredient for plant growth and is required for the synthesis of proteins and
carbohydrates in plants. However, because atmospheric nitrogen gas is triple bonded and thus difficult to disintegrate
into a form that can be used by plants, they are unable to utilise it. Natural nitrogen fixation can happen as a result of
lightning, fertiliser manufacturing processes, or symbiotic bacteria relationships with plant roots, such as those of
legumes, in soil.

The amount of nitrogen in leaves may be diluted when CO; levels rise, which can affect plant production (14). Gainsin
productivity may only last a short time if plants are unable to use the extra CO- if nitrogen islimited. The availability of
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nitrogen will determine whether trees can continue to absorb the huge amounts of CO, emissions brought on by human
activity (14). Previous studies projected that the rate of nitrogen fixation would decrease as temperatures rose over
25°C, resulting in lower plant productivity and more warming. The ideal temperature for nitrogen fixation is really
about 5°C higher than previously thought, according to new research (15). This means that nitrogen fixation is more
likely to increase than previously thought, which might assist sustain plant productivity and avert a runaway situation.
According to Griffin's (2020) research, photosynthesis is less affected by temperature increases than nitrogen fixation
in plants. Thisis so because the temperature response of nitrogen fixation, which uses enzymes produced of nitrogen, is
separate from the temperature response of photosynthesis. These enzymes, such as Rubisco, which converts carbon
dioxide into carbohydrates during photosynthesis, can function less effectively at higher temperatures. As temperatures
rise, Rubisco becomes less effective and loses precision, which causes it to fix oxygen rather than carbon dioxide and
reduces the effectiveness of photosynthesis. The plant might squander resources as a result of this. Rubisco's efficiency
declines at higher temperatures, although nitrogen fixation can make up for it [14].

The lengthening and warming of growing seasons as a result of global warming may result in drier soils and less runoff
for streams and rivers. This is due to the fact that plants' increased water needs caused by prolonged growth will
outweigh the advantages of partially closing their stomata [16]. Since evapotranspiration—the process by which plants
expel moisture into the atmosphere—helps keep the air cooler, this could lead to more local warming. Dry soils have
the potential to reduce photosynthesis by limiting carbon dioxide absorption [17]. Even if plants take in more carbon
than they need for photosynthesis during a wet year, this may not be enough to make up for the less carbon dioxide they
took in during the previous dry year [17].

Pests, diseases, and invasive species that destroy vegetation may potentially gain from warmer winters and a longer
growing season. More generations of pests can proliferate over longer growing seasons as a result of faster insect life
cycles, and more pests and pathogens can survive hotter winters [18]. Insects can have catastrophic consequences on
local plants as aresult of expanding their range due to rising temperatures [19].

Crops are more susceptible to weeds, insects, and disease, which already result in large agricultural losses, as a result of
higher temperatures and greater rainfall [19].The yields of significant crops, such corn and soybeans, can decrease by 3
to 7 percent for every degree of additional warming [20].In reaction to rising temperatures, plants are also relocating,
with some species going to cooler altitudes or farther north. For instance, every ten years, plantsin North America have
shifted by 10.5 miles or 36 feet to higher latitudes [19].However, these migratory species may find their new
environments less hospitable, and some species may ultimately suffer as aresult of these changes [19].

Climate change: Impact on India

According to climate change projections, India would experience more frequent and severe extreme weather events,
such as drought, heat waves, and extreme precipitation [21]. Extreme precipitation events can disrupt plant growth,
especidly in places vulnerable to landslides and flooding, and increase the risk of soil erosion and flooding for plants
[22]. A loss of forest cover and the biodiversity it supports due to more frequent high winds that stress tree stands and
cause defoliation and even tree uprooting [23].

In India, there will probably be more hot waves and droughts together, which could cancel out any positive effects of
the carbon fertilisation impact. In some regions of India, the combination of heat and dryness could result in a 20%
reduction in maize yields, which is a common occurrence during hot growing seasons [24]. In areas like the Indo-
Gangetic plains, which heavily rely on monsoon rains for agricultural production, the combination of heat and water
constraint may also lower crop yields [25]. The effects on the region's food security could be severe. Climate change is
projected to bring more frequent and severe extreme weather events, including extreme precipitation, wind disturbance,
heat waves, and drought in India [21]. Extreme precipitation events can disturb plant growth, particularly in areas prone
to floods and landdlides, and make plants more vulnerable to flooding and soils to erosion [22]. More frequent high
winds can stress tree stands, leading to defoliation and even uprooting of trees, resulting in loss of forest cover and the
biodiversity it supports [23]. Indiais aso likely to experience more combined heat waves and droughts, which could
offset any benefits from the carbon fertilization effect. Crop yields often decrease during hot growing seasons, and the
combination of heat and dryness could cause maize yields to fall by 20 percent in some parts of India[24]. In addition,
the combination of heat and water scarcity may reduce crop yields in places like the Indo-Gangetic plains, which are
highly dependent on monsoon rainfall for agricultural production [25]. This could have serious implications for food
security in the region.

Global warming and climate change are causing a variety of impacts on plant life. Warming temperatures and changes
in precipitation patterns are causing alterations in vegetation growth and phenology. In India, there has been a decline
in winter crops such as wheat and potato due to warmer winters and a shorter frost season. This has led to adeclinein
the productivity of the agricultural sector, which is the primary source of income for a large section of the population
[26].Higher temperatures and increased moisture can also make crops more vulnerable to weeds, insects, and diseases,
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which can cause significant crop losses. Each degree of added warmth can cause a 3 to 7 percent loss in the yields of
important crops, such as corn and soybeans [27].Climate change is also expected to bring more frequent and severe
extreme weather events, including extreme precipitation, wind disturbance, heat waves, and drought. Extreme
precipitation events can disturb plant growth, particularly in recently burned forests, and make plants more vulnerable
to flooding and soils to erosion. The combination of heat and water scarcity may reduce crop yieldsin places like India,
where crop yields are projected to increase because of warmer temperatures [28].While some crop yields may increase,
rising CO- levels affect the level of important nutrients in crops. With elevated CO, protein concentrations in grains of
wheat, rice and barley, and in potato tubers decreased by 10 to 15 percent in one study. Crops aso lose important
minerals including calcium, magnesium, phosphorus, iron, and zinc. This could have serious implications for India,
which is home to a large vegetarian population that relies heavily on grains for their daily diet [29].In India, where a
large proportion of the population is engaged in agriculture, plants face an uncertain future due to the impacts of
climate change. The complex interactions between plant physiology and behavior, resource availability and use,
shifting plant communities, and other factors make it difficult to predict the overall impact of climate change on plant
lifein the country (30).

There are numerous effects of climate change and global warming on plant life. Vegetation growth and phenology are
being affected by warming temperatures and altered precipitation patterns. Winter crops like wheat and potatoes have
decreased in India as aresult of warmer winters and a shorter frost season. The productivity of the agricultural industry,
which provides the magjority of the population'sincome, has decreased as aresult [26].1n addition to making crops more
susceptible to weeds, insects, and diseases, higher temperatures and more moisture can also result in considerable crop
losses. Important crops like corn and soybeans might lose 3 to 7 percent of their production for every degree of
increased heat [27].excessive weather events, such as drought, heat waves, and excessive precipitation, are predicted to
become more common and severe as a result of climate change. Extreme precipitation events have the potential to
disrupt plant growth, especially in recently burned forests, and increase the risk of flooding and soil erosion for plants.
In places like India, where agricultural yields are expected to rise due to rising temperatures, the combination of heat
and water constraint may diminish crop output [28].

While some crop yields may increase, the amount of critical nutrients in crops is impacted by rising CO: levels.
According to one study, the protein content of potato tubers, wheat, rice, and barley grains fell by 10 to 15 percent with
increased CO.. Important minerals including calcium, magnesium, phosphorus, iron, and zinc are also lost by crops.
India, which has a sizable vegetarian population and consumes a lot of grains on a daily basis, could be seriously
impacted by this [29]. Due to the effects of climate change, plants in India, where a major section of the population
works in agriculture, face an uncertain future. It is challenging to foresee the total effects of climate change on plant life
in the nation due to the intricate interactions between plant physiology and behaviour, resource availability and usage,
shifting plant communities, and other factors (30).

Addressing Effect of Climate Change on Plants
It will be necessary to take a comprehensive and interdisciplinary approach that takes into account the ecological,
environmental, and sociological issuesinvolved in order to address the consequences of climate change on plants.

The following are some crucial tactics for managing these effects:

Reducing greenhouse gas emissions: It's essential for maintaining the health and well-being of plants and the
ecosystems they support to address climate change and reduce greenhouse gas emissions. A variety of tactics, such as
switching to renewable energy sources, increasing energy efficiency, and lowering dependency on fossil fuels, can be
used to accomplish this.

Agro forestry and conservation agriculture are two examples of sustainable land use practises that can improve plant
yield and safeguard soil quality. These methods, which can enhance soil quality, lessen erosion, and foster biodiversity,
include crop rotation, intercropping, and the use of cover crops.

Natural ecosystem preservation and restoration are essential for preserving biodiversity and ecosystem services.
Examples of such ecosystems include wetlands, grassiands, and forests. These ecosystems can also act as significant
carbon sinks, lowering atmospheric levels of greenhouse gases.

Creating plant types that are more resistant to the effects of climate change, such as drought, heat stress, pests, and
diseases, can aid in ensuring food security and maintaining the health of the ecosystem. Conventional breeding
methods, genetic engineering, and other biotechnological methods can all be used to accomplish this.

Continuing to invest in research and development will be essential for creating new approaches and technology to deal
with the consequences of climate change on plants. These fields include plant biology, ecology, and agriculture. The
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ability to safeguard and improve plant productivity in the face of arapidly changing climate can be ensured thanks to
this.

CONCLUSIONS

The world of plantsis being significantly impacted by the rising temperatures and rising levels of carbon dioxide (CO2)
in the atmosphere. Here are some ways that plants are being impacted by climate change:

Increased Plant Growth: Since plants need carbon dioxide for photosynthesis, locations with higher atmospheric CO»
concentrations may experience an increase in plant growth. However, other elements like the availability of nutrients
and water may have alimit on this effect.

Changes in Plant Distribution: Plant distribution may change when temperatures rise; some plant species may move
to cooler climates, while others may die extinct or become less widespread. Ecosystems and the animals who rely on
these plants for food and habitat may be significantly impacted by this. Ecosystems and the animals who rely on these
plants for food and habitat may be significantly impacted by this.

Changesin Plant Phenology: The time of plant development and flowering, or "plant phenology," can shift as a result
of climate change. The timing of interactions between plants and animals, such as the activity of pollinators and the
availability of food for migratory birds, may be significantly impacted by this.

Increased Risk of Wildfires: Wildfire risk has increased as temperatures have risen and droughts have become more
frequent. In locations with great biodiversity, this can have a substantial impact on plant communities.

Changes in Plant Productivity: Crop yields and plant productivity are both impacted by climate change. In locations
with high populations and restricted access to resources, this may have a considerable impact on food security.

There are numerous and diverse effects of climate change on plants. Warmer temperatures and greater CO- levels may
be advantageous for some plant species, but these advantages may be outweighed by the detrimental effects on plant
distribution, phenology, and production. Protecting the health and well-being of plants and the ecosystems they sustain
depends on addressing climate change and cutting greenhouse gas emissions. Tackling the impacts of climate change
on plants would require a thorough and interdisciplinary approach because these effects are complex and linked.
Reducing greenhouse gas emissions, promoting sustainable land use, safeguarding and restoring natural ecosystems,
creating plant varieties that are more tolerant to climate change, and funding research and development are all methods
for addressing the effects of climate change on plants. By doing these things, we can combat the effects of a fast-
changing climate while also preserving plant productivity, preserving biodiversity, and ensuring food security. For the
sake of both the natural world and our own wellbeing, it is imperative that we take action right away to address the
effects of climate change on plants and ecosystems.
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ABSTRACT

Industrial enzymes are specialised proteinsused in a variety of industrial processes owing to their capacity to
catalyse particular chemical reactions. These enzymes, which are produced by microbial fermentation or
genetically modified organisms, have a number of benefits over conventional chemical catalysts, including
more selectivity, milder reaction conditions, and better sustainability. Due to their exceptional catalytic
efficiency and specificity, enzymes serve as biocatalysts and are essential in many industrial applications.
Enzymes ar e frequently used in the food and beverage industries, where they help turn basic ingredientslike
carbohydrates, proteins, and lipids into tasty finished goods. Additionally, the textile sector uses enzymes for
procedures like desizing, bio-polishing, and denim fading to enhance fabric quality and minimise
environmental impact. Enzymes play a crucial role in laundry detergents in the detergent business,
providing efficient stain removal and energy efficiency. Enzymes are used in medication synthesis by the
pharmaceutical industry, resulting in more productive production methods and a smaller environmental
impact. Enzymes are also essential for producing biofuels, notably the enzymatic hydrolysis of biomass to
produce bioethanol. Finally, enzymes are used in waste management to help treat and degrade a variety of
contaminants. Enzymes provide a viable and effective replacement for conventional chemical processes in
many industrial sectors, encouraging environmentally friendly practices and raising product quality.

Key Words: Industrial Enzymes, Catalysis, Biofuels, Fermentation, Sustainable

INTRODUCTION

Biocatalysts that are commonly employed in many areas of industrial production are industrial enzymes. In
comparison to conventional chemical processes, these specialised proteins promote and speed up chemical
reactions. Industrial enzymes have drawn a lot of interest because of their adaptability, focus, and environmental
friendliness.

Enzymes have been used in industrial operations since ancient times when they were used in things like brewing,
cheese-making, and bread-making. The industrial enzyme business has undergone a revol ution, though, because of
developments in contemporary biotechnology, which have made it possible to produce enzymes on a massive scale
and broaden their applications.

The ability of industrial enzymes to operate in benign operating conditions, such as moderate temperatures and pH
ranges, minimises energy consumption and has a positive impact on the environment. Furthermore, enzymes have
excellent substrate and reaction specificity, which increases efficiency and decreases waste production.

The enzyme industry has undergone rapid development primarily in the past four decades, driven by advancements
in modern biotechnology [1]. Enzymes have been utilized since ancient times in the production of various food
products, including cheese, sourdough, beer, wine, and vinegar, as well as in the manufacturing of commodities
such as leather, indigo, and linen [2][3]. In those early processes, enzymes were derived from spontaneously
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growing microorganisms or added preparations like calves' rumen or papaya fruit, without being purified or well-
characterized [3].

However, the development of fermentation processes in the later part of the last century revolutionized the
production of enzymes by using selected production strains, enabling large-scale manufacturing of purified and
well-characterized enzyme preparations [4]. This breakthrough facilitated the integration of enzymes into true
industrial products and processes, including the detergent, textile, and starch industries [3]. Additionaly, the
application of recombinant gene technology further improved manufacturing processes and made the
commercialization of previously inaccessible enzymes possible [4].

Furthermore, recent advancements in modern biotechnology, such as protein engineering and directed evolution,
have significantly transformed the development of industrial enzymes [3]. These innovations have facilitated the
production of tailor-made enzymes with new activities and adapted characteristics for diverse process conditions,
leading to further expansion of their industrial applications [4]. As aresult, the enzyme industry has become highly
diversified and continues to grow in terms of size and complexity [3].

The mgjority of industrial enzymes in use today have a hydrolytic function and are used to break down a variety of
natural compounds. Due to their extensive use in the dairy and detergent sectors, proteases in particular continue to
be the most common enzyme class. Amylases and cellulases, the second-largest group of carbohydrases, are used in
the starch, textile, detergent, and baking industries [1].

Industrial enzymes now have a $1.5 billion market value worldwide, up from $1 hillion in 1995 [5]. However, in
certain important technical industries, including the detergent industry, growth has been static [5].

The baking and animal feed industries have experienced the fastest growth in the past decade, while other
industries, ranging from organic synthesis to paper and pulp and personal care, have also contributed to the overall
expansion of the enzyme market [1].

Recombinant DNA technologies, protein engineering, and developments in fermentation methods have all aided in
the development of industrial enzymes. Enzyme manufacturing on a wide scale is made possible by fermentation
procedures that make use of particular microbes or geneticaly modified organisms. Through the use of
recombinant DNA technology, desirable genes can be introduced into host species, enabling the creation of
enzymes that were previously scarce. Enzymes can be altered and optimised using protein engineering techniques
to improve their functionality, stability, and specificity for different industrial applications [6].

Industrial enzymes are becoming more and more valued resources for attaining these aims as the need for
sustainable and ecologically friendly processes rises. They provide substantial advantages like decreased energy
use, reduced waste production, and increased process effectiveness. The field of industrial enzymesis anticipated to
grow further with continued study and technical development, resulting in the creation of novel enzymes and the
investigation of innovative uses in a variety of industries.In addition to enhancing process economics, their
utilisation promotes environmental sustainability[6].

This review will examine the most recent improvements in the technical uses of enzymes, segment by segment,
highlighting the important developments that have facilitated these uses.

Enzymesin Detergent Industry

The detergent industry, which represents the largest utilisation in terms of volume and value [7], continues to be at
the forefront of industrial enzyme uses. Proteases are the most common enzymes utilised, although other hydrolases
with unique features are often added to offer a variety of advantages, including the elimination of specific stains
[8]. Proteases and amylases are examples of conventional detergent enzymes that have undergone improvements as
a result of ongoing biotechnological developments. These enzymes from the second and third generations have
undergone extensive optimisation to satisfy the changing performance standards for detergents, whose composition
is continually being improved [9].

The compatibility of enzymes with detergent components, notably their stability features, is one of the major
factors to be taken into account while devel oping detergent enzymes. Additionally, recent work has concentrated on
improving the enzymes' effectiveness at lower temperatures, which isin line with the development of less energy-
intensive laundry and dishwashing practises [10]. When it comes to overcoming the difficulties of effective
cleaning and stain removal at lower temperatures, enzyme technology is essential.

Novel amylases that have been engineered to display increased activity at lower temperatures and alkaline pH,

while preserving stability under detergent conditions, are notable examples of second-generation detergent

enzymes. These enzymes are created using a combination of rational protein engineering techniques and microbial
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screening [11]. Proteases that can operate at low temperatures have been found in nature, and additional
advancements have been made via techniques of lab-directed evolution [12]. Scientists have isolated new proteases
from a pool of 26 subtilisin proteases via DNA shuffling, producing enzymes with improved activity and stability at
alkaline pH—important properties for detergent proteases [13].

An important development in detergent enzymes in recent years has been the appearance of a new enzyme class,
notably mannanases. Procter & Gamble and Novozymes worked together to develop this innovation [14]. The
collaboration between Procter & Gamble and Novozymes to create mannanases is a prime exampl e of the detergent
enzymes' ongoing innovation and advancement. Manufacturers can improve the effectiveness and efficiency of
stain removal by broadening the variety of enzymes used in detergents. This advancement is essential because it
tackles unique difficulties in erasing guar gum stains, which can be extremely difficult.

Procter & Gamble and Novozymes partnership demonstrates the industry's dedication to expanding enzyme
technology and developing cutting-edge cleaning and stain removal methods. The detergent business may offer
consumers cleaners that are more effective and efficient by consistently researching and launching new enzyme
classes, such mannanases.

Guar gum, a typical stabiliser and thickening component in food items, plays a significant role in the efficient
removal of numerous food stains.Guar gum, a stabiliser and thickening substance frequently used in food items, is
recognised for helping to remove various food stains effectively. The detergent sector has been actively working to
improve enzyme activity, stability, and compatibility with detergent formulations since they understand how
important it is to deal with these stains. The breakthroughs in industrial enzymes have been fueled by this continual
research and development in the detergent sector.

The detergent business improves enzyme activity, stability, and compatibility to offer more potent stain removal
and cleaning capabilities. Thisis especially true now that energy-saving techniques are increasingly emphasized in
home and commercial cleaning methods.In order to satisfy changing consumer needs, the detergent industry must
make improvements to enzyme activity and compatibility with detergent formulations. These advancements help
remove stains more successfully and offer energy savings by lowering the temperature requirements for cleaning
procedures.With a continuing focus on enhancing enzyme activity, stability, and compatibility with detergent
formulations, the detergent industry remains the primary force behind the research and use of industrial enzymes.
These developments pave the way for more effective stain removal and cleaning, which helps domestic and
commercial cleaning procedures save energy.

Enzymesin Fuel Production

Based on the primary ingredients and production methods, biofuels are divided into generations. Bio-alcohols like
ethanol, butanol, and propanol are produced as a by-product of the fermentation process used to produce first-
generation biofuels from sugar and starch-producing plants. Cellulose from non-food crops and leftover biomass is
used to make cellulosic biofuels, which are a type of second-generation biofuel. Algal/microalgae species are used
to create third-generation biofuels, which have high energy efficiency and provide benefits for the economy,
society, and environment for both domestic and industrial use [15][16].

Municipal garbage, agricultural residues, industrial organic waste, and livestock waste are all examples of waste
biomass that can make good sources for biofuel production and help to create a low-carbon environment and a
circular economy that is sustainable [17][18]. For instance, the creation of biochar from orange peels effectively
makes use of waste biomass[18].

Various characteristics, including water content, volatile components, ash content, net calorific value, and chemical
composition, influence the choice of suitable waste biomass for biofuel generation [19][20]. In comparison to rice
waste and date fruit waste, studies have indicated that Jatropha fruit waste (cake) demonstrates the superior
potential for the manufacture of biofuels [20].

In the process of producing biofuel, enzymes provide benefits like process effectiveness, cost-effectiveness, and
environmental friendliness. Microbial-driven enzymes are frequently employed, highlighting the significance of a
thorough understanding of microorganisms and their particular enzymes for various biofuels [21]. Enzyme-based
biofuel cells (EBCs), which focus on using glucose as a biofuel to generate power through the use of different
nanomaterials, are a recent discovery [22].With the development and improvement of cost-effective bioprocesses,
the generation of biohydrogen, biodiesel, biogas, and bioethanol would be an ideal option to replace the energy of
fossil fuels. Along with having a thorough understanding of its process and the microorganisms from which these
enzymes are derived, it is crucia to place emphasis on the enzymes involved in the generation of various biofuels.
Enzymes that work well and efficiently will help the economy's transition to a biofuels-based one. As engineering
techniques and synthetic biology have advanced, many microbe strains have been employed to increase the
production of sustainable enzymes for biofuels.
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Enzymesin the Production of Textiles

Despite having a large impact on the world economy, the manufacture of textiles frequently has negative
environmental effects. Enzymes have become useful toolsin the textile industry in recent years, providing effective
and sustainable solutions to a variety of problems. One of the areas of industrial enzymology that is expanding the
fastest isthe use of enzymesin the textile industry. Amylases, catalase, and laccase are the enzymes that are utilised
in the textile industry to remove starch, break down excess hydrogen peroxide, bleach fabrics, and break down
lignin. Due to their non-toxic and environmentally friendly qualities, enzymes are being used more and more in the
chemical processing of textiles as the need for textile manufacturers to prevent pollution in textile production
becomes more and more significant. The most recent commercial advancements involve the use of cellulases for
denim finishing and lactases for bleaching and decolorizing textile effluents. Because enzymes are highly specific,
effective, and operate in benign settings, their employment in technology is appealing. Additionally, using enzymes
speeds up processes, saves energy and water, improves product quality, and has the ability to integrate processes.
The objective isto educate the textile technologist about enzymes and how to employ them with textiles.

Biocatalysts known as enzymes speed up chemical reactions. Enzymes have various benefits over conventional
chemical processes for processing textiles, including less energy and water use, softer processing conditions, and
better product quality. The textile industry uses enzymes at several stages[23].

Biocatalysts known as enzymes speed up chemica reactions. Enzymes have various benefits over conventiona
chemical processes for processing textiles, including less energy and water use, softer processing conditions, and
better product quality. Enzymes are utilised in the desizing, scouring, bleaching, dying, and finishing stages of
textile manufacture.

Desizing and scouring: While scouring eliminates impurities including waxes, pectins, and oils, desizing involves
the removal of sizing agents from fabrics. Alpha-amylases and cellulases are employed for effective desizing and
scouring, which enhances the absorbency, dye uptake, and general quality of the cloth. These enzymatic procedures
are less harmful to the environment than conventional chemical ones.

Bleaching: Enzymes are essential to the bleaching process because they break down lignin, pectin, and other
contaminants in the cloth. Utilising enzymes like xylanase and laccase, enzymatic bleaching lessens the need for
harsh chemicals and high heat, reducing the impact on the environment and improving fabric brightness.

Dyeing and Colouring: Enzymes are used in several stages of textile dyeing, such as colour removal, denim
fading, and enhancing colour fastness. The fabric surface can be better prepared for dye penetration using
enzymatic techniques like bio-bleaching and bio-scouring, which can improve colour intensity and cut down on dye

usage.

Finishing: Enzymes offer creative approaches to textile finishing, giving materials the desired practical qualities.
For instance, soft, smooth, wrinkle-free finishes can be produced using enzymes like cellulases and lipases instead
of harsh chemicals and mechanical treatments. The popularity of enzymatic finishing techniques has grown as a
result of their sustainability, enhanced fabric feel, and low energy requirements.

Environmental Benefits. The textile industry uses enzymes to preserve the environment and promote
sustainability. Low temperatures and quick processing durations are typical requirements for enzymatic reactions,
which work under more tolerant circumstances. As a result, energy is saved, and carbon emissions are decreased.
Enzymatic processes also minimise the ecological effect by using less water and releasing fewer dangerous
chemicals into the environment.

Higher-qudlity finished goods are a result of desired fabric qualities acquired by enzymatic activities, such as
greater fabric absorbency, increased dye uptake, improved colour fastness, and desirable fabric features. By
increasing processing effectiveness and minimising the need for harsh chemicals and repetitive treatments, enzymes
can also assist lower production costs.

The textile industry has undergone a revolution because to enzymes, which offer effective and environmentally
friendly subgtitutes for conventional chemical procedures. Enzymes are used in textile processing for a variety of
reasons, including decreased environmental impact, higher performance, and better fabric quality. An important
step towards a greener and more sustainable future is the adoption of enzyme technology in the textile industry
[24].

Enhancing Nutrient Utilisation and Environmental Sustainability with Enzymesin the Feed Industry
Enzymes have become significant feed additions in the cattle business, solving issues with sustainability and
nutrient utilisation. In the feed industry's use of enzymes like xylanases, B-glucanases, and phytases is very well
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documented, with special emphasis on how they help animals better absorb nutrients and have a smaller negative
impact on the environment.

Cereal-based feed with xylanases and beta-glucanases:

For monogastric animals, xylanases and beta-glucanases are added as feed additives to cereal-based diets. These
enzymes aid in the breakdown of the complex carbohydrates found in plant-based feeds, improving nutritional
availability and improving animal performance [25].

Phytasesfor Better Utilisation of Phosphorus:

Although phosphorus is an essential mineral for animal diets, it is frequently bound in phytic acid in feeds made
from plants. Monogastric animals' low phosphorus utilisation results from a lack of the enzymes needed for
effective phytic acid breakdown. Enzymes called phytoses, which break down phytic acid, have drawn a lot of
interest as feed additives. Phytases increase animal phosphorus uptake by enhancing the release of phosphorus from
phytic acid [26]. This is especialy important since there are restrictions on conventional inorganic phosphorus
sources, including bone meal, and because phosphorus excretion must be decreased to lessen environmental effect

[27].

Research is now being done to improve the effectiveness of phytases in feed formulations. In order to increase
phosphorus release, new fungal phytases with noticeably greater specific activity have been discovered [28]. To
improve the catalytic activity of fungal phytases, methods including site-directed mutagenesis based on three-
dimensional structural analyses have been used [29]. These developments are meant to maximise phytases' abilities
to increase phosphorus utilisation in animal diets.

Feed enzymes, such as phytases, have been discovered to have indirect impacts on the intake of other nutrients in
addition to their direct impact on phosphorus utilisation [30]. In order to better understand these impacts and create
enzyme formulations that enhance nutrient utilisation and advance anima health, more research is how being
conducted. Future prospects include the continuous development of enzyme technology, which will promote
sustainable livestock production methods and alow for better nutrient utilisation in anima diets.By increasing
nutrient utilisation and minimising environmental effect, enzymes are essential in the feed sector. In monogastric
animals, the use of enzymes such xylanases, 3-glucanases, and phytases improves the utilisation of phosphorus and
the breakdown of complex polysaccharides. The optimisation of nutrient utilisation in animal diets has potential for
supporting efficient and sustainable livestock production, according to ongoing research and developments in
enzyme technology.

Enzymesfor the Food Industry: Innovations and Various Uses

The use of enzymes in the food business has grown significantly, with uses ranging from texturizing to flavouring.
This article examines the various uses of enzymes in the food-processing industry, highlighting current
developments and their potential for further development in the future.

Using transglutaminase to Texture:

Through protein cross-linking, transglutaminase has become recognised as a useful texturizing agent in the food
processing industry, enhancing the viscoelastic qualities of goods like sausages, noodles, and yoghurt [31].
Although ongoing attempts are being made to expand the availability of economically viable transglutaminase
enzymes through recombinant synthesis, this problem still exists.

Lipolytic Enzymes in Baking: According to studies [32, 33], lipolytic enzymes are being used more and more in
baking. Recent research suggests that phosphor-lipases can produce emulsifying lipids in situ by degrading polar
wheat lipids in place of or in addition to conventional emulsifiers. Additionally, studies are concentrating on the
causes of bread staling and the enzymatic prevention of staling employing xylanases and a-amylases [34]. Bread
softness and elasticity are maintained in part by the starch and hemicellulose fractions' ability to retain and bind
water.

Novel Applications. Although there is a dearth of literature on a number of promising new applications of
enzymes in the food business. By catalysing the cross-linking of polyphenols, laccase enzymes have been employed
to clarify juice by enabling their smple removal through filtration. By catalysing the cross-linking of polyphenols,
laccase enzymes have been employed to clarify juice by enabling their simple removal through filtration.
Additionally, laccases have been used to improve the flavour of beer. New uses in the food sector may be
discovered by further investigation of various enzyme classes [35].

Enzymes have completely changed the way that food is produced, with uses ranging from flavouring to texturizing.
Recent developments have demonstrated tremendous potential for enhancing product quality and processing
effectiveness, including the use of transglutaminase for texturizing and lipolytic enzymes in baking. In addition,
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new uses for enzymes, such as laccase enzymes, show how widely used they are in the food sector. Enzyme
technology will improve further with continued study and invention, resulting in better food processing.

Oil and Fat Processing

Several innovative enzyme-based techniques have recently been established in the fat and oil industries. Even
though the technique of interesterifying triglycerides using immobilised lipases was first reported in the 1980s, it
has not yet proven to be sufficiently cost-effective to be used in actual large-scale applications, such the
manufacturing of margarine [36]. However, these issues have been resolved by improvements in enzyme synthesis
and immobilisation methods.

Utilising granulated silica to immobilise lipases has greatly decreased process costs, which is a significant
development [37]. This breakthrough has made it possible to produce commodity fats and oils free of trans fatty
acids using enzyme-based techniques, which will result in healthier food items [37].

The "de-gumming" process, which eliminates phospholipids from vegetable oils, is another notable enzyme-based
procedure. Highly selective microbial phospholipases are used in this procedure [38]. This enzymatic step can be
added to save energy and water, which is good for the environment as well asthe industry [38].

These enzyme-based procedures show how enzymes can improve sustainability and productivity in the fat and oil
sectors. It is anticipated that ongoing research and development in enzyme technologies will spur additional
improvements in these procedures and broaden their applications.

Enzymesfor organic synthesis

Chemica synthesis depends on enzymes for organic synthesis, which have many advantages over conventional
chemical processes. In contrast to other industries, the chemical industry has been rather sluggish to adopt enzyme
catalysis despite its considerable promise. However, the manufacture of humerous compounds using enzyme-based
technigues has seen tremendous growth and wide adoption recently, signalling aturning point in the industry [34].

The creation of single-enantiomer intermediates for use in the synthesis of medicines and agrochemicals is a well-
known application of enzymes in organic synthesis. The required biological activity and safety of these chemicals
depend on the selective production of particular enantiomers, which is only possible through enzymatic reactions.
Due to the fact that only a few number of enzymes have broad applicability across severa synthetic pathways, this
market segment is highly fragmented.

Novel enzymatic processes have been created as a result of recent developments in enzyme-based catalysis. For
instance, lipases are useful in the synthesis of enantiopure acohols and amides. These enzymes have a high degree
of selectivity and are effective at resolving chiral mixtures from racemic mixtures. While acylases have been used
to create novel semi-synthetic penicillins, nitrilases have been used to produce enantiopure carboxylic acids[39].

It is significant to remember that many businesses are only just beginning to investigate and utilise the potential of
enzyme-based catalysis in organic synthesis. This suggests that there is still a great deal of space for new research
and breakthroughs in this area. Expanding the range of enzymes and improving their catalytic capabilities for
certain chemical transformations are the goals of ongoing research in the fields of enzyme engineering, directed
evolution, and protein design.

The use of enzyme-based techniques in organic synthesis has a number of benefits. Enzymes frequently operate
with excellent selectivity and under benign reaction conditions, minimising the creation of undesirable byproducts
and minimising waste. Enzyme catalysis can also increase overall process efficiency and allow the use of renewable
starting materials. With predictions of continuous development and innovation in the upcoming years, these
considerations help to explain the increased interest in and investment in enzyme-based organic synthesis.

CONCLUSION

Enzymes are now crucial in many industrial fields, and their uses are constantly growing. Enzymes are being
created for processes that were previously thought to be improbable candidates for enzymatic catalysis thanks to
breakthroughs in biotechnology. This development broadens the use of enzyme utilisation and creates new
possibilities.

The capacity of enzymes to function as extremely effective catalysts under benign reaction circumstances i s one of
their main advantages. This trait results in enormous resource savings, including water and energy, which are
advantageous to the economy and the environment. Such resource preservation is especially important in a world
that is struggling with issues like population growth and resource depletion.Enzyme technology has a great deal of
potential for solving problems that different sectors will confront in the future. It provides environmentally friendly
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substitutes for conventional chemical processes, lessening the impact on the environment and encouraging resource
utilisation that is more effective. We can anticipate even bigger discoveries and innovative uses of enzymes in the
years to come as study and development in protein design, biocatalysis, and enzyme engineering continue.The
development of an industrial environment that is more resource- and sustainably efficient depends in large part on
enzyme technology. Industries may help fulfill the demands of a changing world while reducing their ecological
impact by utilising the power of enzymes. The potential of enzymes will be further realised by continued
innovation and cooperation between academics, business, and biotechnology, which will be advantageous for
society, the economy, and the environment.
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Abstract
As it is being witnessed that in present global scenario product economies are turning to information and
knowledge economies, so governance of such economies needs also to be electronically consequently concept
of E-Governance is emerging of which effectiveness depends upon IT infrastructure, service quality of web
portals of E-Governance and its delivery to citizens at affordable cost with accuracy and proper security. Present
study aims at finding the level of effectiveness of E-Governance in India. Study reveals that efficacy of E-
governance depends upon the service quality of web portals provided by the Govt. to citizens.
Key Words: Web Portals, E-Governance Mix, Service, Quality

1 Introduction
In present era of information and communication technology where economies are undergoing to transform to
E-governance as a broader government modernization programs, so how India can isolate itself at this
counterpart. At the same time, not al Indian state governments are at the same level on the e-governance curve.
While some states have been proactive and faster adopt e-governance concept, others are still in the process of
transforming the domain of citizen-centric governance. Some developed countries at globa level, however,
have already achieved the goals of Governance 1.0, and are now moving on to Government 2.0, described as the
next phase, or next step of good governance and Indiais aso trying to pick the same track of E-governance.
E-governance is nothing but an application of electronic media in Govt services. To make the E-governance
more effective E-governance mix is framed that signifies the mixture of 4As i.e. Awareness, Accessibility,
Adaptability and Affordability in optimal manner. Goodness of E-governance depends upon service quality of
web portals provided by the Govt. regarding these 4As. The central and state governments have taken several
initiatives to harness the power of ICT to improve G2G, G2C and G2B interactions Government’s concern
seems in adoption of National e-governance Plan (NeGP), which aims to make al government services
accessible to common citizens in their localities through common service delivery outlets and ensure efficiency,
transparency and reliability of such services at bearable costs. Now question arises whether Govt web portals
are meeting the needs of citizens so that more steps can be taken by Govt to improve the efficacy of E-
Governance which initiates the researcher to make the study on thistopic.

2. Literature Review
M. Shamsul Haque (2002) revealed in his study that E-governance must show more than this dismal scenario
of human conditions in India. After all, the poor citizens need the basic material preconditions of living —
including food, health, education and employment — before they become interested in non-material concerns
like information and knowledge provided by e-governance. There is no doubt that e-governance has been useful
for certain services enjoyed by citizens, especialy the affluent high-income families and foreign investors. But
it is yet to be seen whether e-governance can eradicate poverty, reduce inequality and satisfy basic human needs
in apoor country like India.
A. Monga (2008) concluded that with the introduction of e-government applications, the service delivery
mechanisms in India have made clear departure from the past - cramped spaces, shabby ambience, long queues,
delaying tendencies of officials procedural complexities, direct and indirect demands for bribe, and inefficiency
in work. The introduction of Information Technology in the governance process has brought about a revolution
in the quality of service delivered to its citizens.
Xenia Papadomichelaki and Gregoris Mentzas (2009) conceptualized an e-government service quality model
(e-GovQual) to develop, refine, validate, confirm and test a multiple-item scale for measuring e-government
service quality for public administration sites where citizens seek either in-formation or services. Within E-
GovQual four factors are used: reliability, efficiency, citizen support and trust. Each of the four factors had a
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significant impact on overall service quality. Through understanding the service quality dimensions for govern-
mental sites, an organization will stand a much better chance of gaining and serving much more citizens.
Dr. Sanjay Kumar Dwivedi & Ajay Kumar Bharti (2010) stated in their study that 81% citizens report
reduction in corruption, 95% find cost of e-governance affordable and 78% favors fast of delivery of services.
Therefore we can say that e-Governance is the key to the “Good Governance” for the developing countries like
Indiato minimize corruption, provides efficient and effective or quality servicesto their citizens.
Debjani Bhattacharya, Umesh Gulla, M.P. Gupta, (2012) took seven constructs — i.e. citizen centricity,
transaction transparency, technical adequacy, usability, complete information, privacy and security and
usefulness of information — were identified from the analyses, which can be used to assess the demand side
service quality of government portals. Jaya lyer & R.K.Srivastav (2012) measured the website quality,
proposing nine dimensions which are identified based on areview of the literature and on the analysis of data of
apilot survey.

Sushil Kumar Singla & Himanshu Aggarwal (2013) focused in the study at discovering e-Governance
inventiveness initiated by the Punjab Government. The study found why e-Governance is not appropriately
applied in rural areas of the Punjab. It emphasized on determinants of e-Governance to control the corruption. It
has also been explained the awareness of citizens about internet required for effective implementation of e-
Governance. This study is useful to know the impact of e-Governance projects implemented and find out the
scope of e-Governance in the State of Punjab.

Parul Jain & Pradeep Suri (2017) explored that an e-governance project where citizen is taking as a central
point witnessed extraordinary value of theoretical S-A-P variables is anticipated to be well thought-out by high
public value. The study has made in depth to determine the relationship between S-A-P variables and civic
value of e-governance plans.

P. Adjei-Bamfo & T.M. Nyamekye et al (2019) reveals that dynamisms in building a healthy ICT
infrastructure, web portals, and human capability to adopt Information communication technology is a proposal
to developing countries inter alia an informative stage to share and communicate SPP necessities. E-governance
also assists a broader model for market keenness valuation and a cohesive e- procurement structure towards
impactful SPP observing and assessment.

Atta Addo & PK Senyo (2021) examined the role of digital identity in socio-development and inclusion and
determines a relationship model between both. Study contributes in advancement of E-Governance by
establishing the relationship between socio-economic development and inclusion.

Furthermore, many more researches have aso been done to determine the quality of the e-Government websites
in different countries. To move on the same line in Indian context, present study aims to provide an instrument
for measuring the quality dimensions of Government web portals to make the E-governance mix more effective
inIndia

: Objectives of the study
o To assess the service quality of Govt Web Portalsin India.
o To explore the determinants to optimize the E-Governance mix.

4. Resear ch M ethodology
Research is exploratory in nature for which both types of data primary as well as secondary, has been collected.
Primary data has been collected through circulation of questionnaire to 100 citizens of Indiarating at 5 point
Likert’s scale and secondary from Newspapers, magazines, internet etc. proper weights were given to scores
gathered as per their significance. Principal Component Analysis has been used to testify the adequacy of
various factors affecting E-Governance mix and grouping thereof. Further X2-test has been applied to know the
validity of the results of the study.
5. Hypothesis:
e Ho: E-Governance Mix isindependent of the stated five factors (F1 F2, F3, F4 and Fs)/Variables.
e Hi: E-Governance Mix is not independent of the stated five factors (F1 F2, F3, F4 and
Fs)/Variables.
6. Parameter s of the Study:
Following factors have been taken as parameters of study which will assess the quality of the Government
web portalsin India
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Table: Parametersof the Study

WebsiteDesign | Reliability Familiarity Per sonalization Security/Privacy
(Fa (Fs)
(F2) (F2) (F3)
Easy inUse Promise to | Familiar with | Offersa Choice Assurance of
respond Website Privacy
Visua Apped Services’ Conducting Links to Other | Non sharing of my
righteous Online Websites information
Transaction
WEell organized | Reasonability | Interactions Delivering the | Protects
Outlook of charges with Govt. | Services information
Agencies
Availability to Variety in  Service
Citizens Options
Doesn’t Crash
Loads its pages
Faster
7. E-gover nance Framewor k

Taking the various views of different scholars it has been explored that optimal framework of following 4 As,
which can be named as E-Governance Mix, can make the E-governance most effective.

Awareness. This metric of the 4A framework requires all citizens are aware of al web portals of e-
governance available made by the Government.

Accessibility: All reports, information, notifications etc provided by the Govt electronically must be
accessibleto all citizens. Moreover, it needs adequate infrastructure.

Adaptability: The metric ensures the E-governance system ability to adapt to the changing needs of
society and fight the regional disparity as well as local issues and contexts. This must be flexible and
respond to the needs of its citizens, meet their best interests and adapt to different contexts.
Affordability: Govt. should also ensure that all web portal of e-governance are either free of costor
affordable to the dl citizens.

8. Results and Discussions

Question wise analysis was made with the help of Excel and SPSS version 12.0. The questionnaire was based 5
different variables that were considered to be significant while using the ICT based Web Portals of E-
Governance and it was measured against a 5-point Likert scale, depending on the level of importance attached
to each variable. The facts obtaining from the questionnaire were analyzed by using Factor Anaysis. Variables
that have factor loading of more than 0.5 were grouped under one factor. Only the factors having Eigen values
greater than one were considered and the remaining factors have not been considered as part the analysis.
Further statistical tests were performed on the data collected.
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Table8.1: Rotated Component Matrix

S. | Congtituents F1 F2 Fs3 Fa Fs
No
1. | OffersaChoice 0.811
2. | EasyinUse 0.766
3 | Non sharing of my 0.733
information
4. | Familiar with Website 0.812
5. | Well organized in outlook 0.711
6 | Assurance of Security 0.556
7 | Conducting Online Transaction | 0.749
8 | Doesn’t Crash 0.829
9 | Services’ righteous 0.538
10 | Reasonability of Charges 0.614
11 | Promisesto respond 0.849
12. | Loadsits pages faster 0.543
Eigen Values 2414 2404 1.792 1.455 1.366
Commutative Per centage 20.032 34968 | 47.089 |58470 | 67.534
Note: F1, F2, Fs, F4 and Fs are the five derived factors.

Sour ce: Survey

From the Table 8.1, we can infer that the 12 variables have coded against the 5 point Likert scale. Table 1 shows
the Rotated Component Matrix (RCM) for the 12 variable giving the proper weight as per their importance to
each variable. This has been used by using SPSS version 16.0. The Principa Component Analysis is a
commonly used method to group the variables under few unconnected factors. This method is closely related to
Factor Analysis. A factor is a co-relation between the concerned variable with a specified factor. Thus, it isvery
important to analyze the nature of a particular factor, and then group them under one factor. Factor Analysis
using Varimax rotations has derived 5 factors, with each having Eigen values greater than | have been shown in
the Table 8.1. From the table, it can be seen that Factor: has the Eigen value of 2.404 and explains 20.032% of
the variance. The Eigen values and percentage of variance for other factors are also shown respectively in the
table. Thetotal Variance accounted by 5 factorsis 65.534%, which is acceptable thus establishers the validity of
the study.
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0. Testing of Hypothesis

Table9.1: CrossTabulation of Factors& E-governance Mix

Factors
Fi [ [Fs [Fa [Fs
A1 18 |3 5 6 0
E-governance Mix | Az 5 0 7 6 1
Az 2 1 5 9 5
Ay 8 2 10 |6 2
Source: Survey Anaysis
Table9.2: Pearson’s Chi-squareTests
Factor /Deter minants
Chi-square 25.945
E-governance Mix Df. 12
Sig. .010*
The chi-square statisticsis significant at the 0.05 level

Source: Survey Analysis

From the table 9.2 and 9.3, it was found that the chi value i.e. 0.0110.05 at (95% confidence level). Hence, the
researcher regject the null hypothesis that the various elements of E-governance Mix is not affected by various
stated factors i.e. Website Design (F1), Reliability(F2), Familiarity (Fs), Personalization (Fs) and Security/
Privacy (Fs).

From the analysis, it is clear that effectiveness of E-governance is influenced by mainly awareness and
affordability. Other factors have aso significant impact on the E-Governance mix. Thus the researcher accepts
the aternative hypothesis that E-governance Mix is affected by stated variables i.e. Website Design (F1),
Reliability (Fz), Familiarity (Fs), Personalization (Fs) and Security/ Privacy (Fs).

10. Conclusion:

Present study finds that E-governance is an emergent counteractive mechanism to govern the information
system or knowledge economy to give the assurance of accountability, truthfulness and limpidity. If E-
Governance portals are constructed on the basis of stated 5 pillars, it would make the web site quality better in
E-governance. It would assist as well stimulate the citizens to use the web portals. Hence the Govt. should
design the websites in such a manner that to provide the better governance. So web portals have significant
impact on the E-Governance effectiveness, its quality matters a lot in this regard and all stated variables i.e.
Website Design, Reliability, Familiarity, Personalization and Security/ Privacy can optimize the E-Governance
mix. Furthermore, Govt. should design its E-governance mix consisting of 4 Asi.e. Awareness, Accessbility,
Adaptability, and Affordability in such a manner so that service quality of web portals provided to citizens can
be improved. So study proves the aternate hypothesis true which means there is a strong relationship between
service quality of govt. web portals and effectiveness of E-governance mix.
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ABSTRACT

The main am of Yoga is to harmonize the body, mind and soul which enhance the human
development. Being the yoga an intangible force, its objectivity has always been questioned
by a common man. Present study aims at investigating the relationship between yoga and
human development that would ensure whether yoga education should be incorporated in
educational courses. The Study is experimental in nature which has been made through
organizing a yoga training camp for 30 people and assessing its outcome by differential
analysis. T-test has been used to study the relationship between yoga and various aspects of
human development. Results of training programme showed that yoga has significant impact
on various aspects of human development. Thus, study recommends that yoga education
should be given to people.

Key Words: Yoga, Human Development, Asanas, Pranayamas, Sheath, Training.

INTRODUCTION

Modern erais of technological innovations and devel opments which lead to ease of doing all
things whether it is economical, educational, and social or of other kind but people moving
with this fast pace of technology; undesirably they are losing something that is humanity.
Humanity consists of values and sound health that is the composition of physical and mental
equilibrium. Now question arises how to raise the humanity in the people and answer of
which lies in yoga education Y oga is a fantastic remedy for overcoming such problems that a
modern man is facing in his daily life. We al strive for success which is which needs fine
tuning of body, mind and soul.Success may be in terms of career, money, socia status,
political power, being a human and spirituality etc, which differs for person to person. But
real success of a personlies in human development. Humanity is another name of truth,
honesty, dignity which exhibits in our behavior. Non humanity is caused by lack of harmony
(uniformity) between body (behavior) and mind (thinking). When a person is about to act

upon something, soul always shouts its righteous or wrongness and wrongness is generally
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veiled by a person using brain (mind) to bring the outcome of act in his’her favor. Generaly
diversity is found among righteous (voice of soul), greed (manipulations made by mind), and
behavior (acts by body) which detroits the humanity. However such lack of co-ordination
among body, mind and soul also causes the various diseases like, headache, anemia, stress,
back pain, digestion etc. Yoga is inner force which enables one to mergeone’s body and
mind with souland introduces one to oneself and brings near to God as well. Yoga is an
ancient but a scientific discipline which was going to be lost in fast pace of world but the
Modi, the prime minister of India rehabilitated it by making it compulsory in school
education and promoting at large as a sports. Modi also brought it at the platform of US
assembly to get it recognized at global level and member states of UN consented it without
any anonymity and UN declared the 21 June as International yoga day in the year of 2014.
Today entire world is facing the severe problem of terrorism which is the outcome of ill
minds. Yoga can aso cure such illness of minds and can stop the people to involve in such
unfair and unethical practices to some of extent. One more worldwide problem is sustainable
development. Yogic view of human development will bring the all United Member States
together to work on achievement of goals of sustainable development (Valentinaleri, 2016).
Yoga practices would aso assist to consumers raising their awareness of the planet's
resources and individuals’ duty to value and live in peace with theneighbors (UN Secretary-
General, Ban Ki-moon, 2016). The only people with inner peace can make the world
peaceful. How world can be transformed without transforming the people and yogais looking
for inner well being of people (Sadguru' JaggiVasudev, 2016). Yoga would also have the
bearing on consciousness and implementation of collective 17 global sustainable

development goals (Akbarridin, India’s permanent representative in UN, 2016).

CONCEPT OF HUMAN DEVELOPMENT

A human being is made of following five sheaths, so human development depends upon the
well being of these sheaths.

1)Conscious sheath(AnnamayaK osha) which is related to our conscious physical deeps
including walking, talking, viewing and other such functions which are performed using the
physical body deliberately

2) Subconscious Physical sheath (Pranamayakosha): deals with physical activities that are
performed in the subconscious state. Digestion, movement of hearts and lungs fall in this
category. No any deliberate effort for these actions are made still the body knows how to
perform them. These are autonomous.
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3)Mental Sheath (Manomaya): deals with mind, emotions and thoughts. The gross thinking
and emotionsfall in this category.

4) Intelectual Sheath (VigyanmayaKosha): Intellect is the faculty that decides what is
good and what is bad. It is ability for rational thought or inference or discrimination. The
vigyanmayakosha helps us to identify true from false.

5) Blissful Sheath (AnandmayaKosha): is a pure state of happiness and joy which is
beyond any material pleasure (Bipin Joshi, 2006). Each of these sheaths or layers of physical
body in yogic philosophy actually represents the different aspects of human personality
Integration of all stated sheaths of human body leads to human development. If all these
sheaths or layers don’t work in coordinated form, a person can’t be taken as humanly
developed..

LITERATURE REVIEW

S. S.Saraswati (1975)focused on how human potential can be developed with the help of
yoga. Study revealed that awareness is inherent to a human, yoga only unveils it by
expanding the consciousness over the instincts. Yoga activates the body, mind and soul in
harmonized manner that enhances the sensibility, intellectuality, psyche, spirituality in
coordination with the physical activities.

Sunil Kumari (2011) also made a study titled -Y oga: A Tool of Stress Management at Work
Placel and found the yoga an effective tool of stress management at work place.

Shelley Brown (2014) made an effort to know whether karma yoga helps in self
development and found the karma yoga as a powerful tool of self development as suggested
by Swami Vivekanand. Each act superseded by right spirit always leads to instinctive
holiness and raises the divine power in a human being.

S. J. Bharati (2018) studied the Maslow's Needs of Hierarchy with advanced yoga
psychology. Swami ji classified the yoga development in four stages — Gross, Subtle, Causal
and Absolute. Study stated that all five needs of human being quoted by Maslow come under
the first stage of yogic view. Yogais progressive in nature which transcends a person towards
devel opment.

R. Acharya& G.P. Mahapatra (2021) conducted a survey of participants to know the
effectiveness of General Yoga Programme (GYP) in terms of their wellness. Analyzing the
survey and connecting it to related literature and researches made in the arena, it was found
that GYP is anexpedient tool for augmentingseveral wellness dimensions. They suggest that
GY P can be protracted to the workplace and human resources can perform a supportive role

in the procedure.

Vol. 53, No.4(l) January — June 2023 1351



ANVESAK
ISSN : 0378 — 4568 UGC Care Group 1 Journa

Being the yoga at the initial stage of rehabilitation, only few studies have been made thereon

and no study has been made specifically on rationale of yoga education in human

development which initiates the researcher to choose this topic for the purpose of the study.

Thus, present study is exclusive in nature.
OBJECTIVES OF THE STUDY

To explain the concepts of yoga and human devel opment.
To measure the impact of yoga on human devel opment.

To ensure whether yogamakes the human development or not.

RESEARCH METHODOLOGY:

Resear ch Design: Being the study experimental in nature, it went through conducting
a yoga training camp, systematic pattern of data collection through observation and
comparison of scores collected at five rating scae before and after the training
programme.

Sampling: 30 people were chosen in deliberated manner to join the yoga training
camp/ programme consisting of both male and female equally.

Procedures: Yogatraining was given to selected people for a period of 3 months under
close supervison and observed the change between pre and after the training
programme.

Tools/ Measures. Data collected through observation has been averaged to attribute
results to an individualand arithmetic mean has been used to compute the mean values
of scores. Standard deviations have aso been computed to know the variability status
of vaues (scores) from the mean values, further which have been taken into
computations of t-values. At the end t-values at 1% level of confidence, have been used
to signify the difference between the mean values of controllable variables and

experimental variables.

PARAMETERS OF HUMAN DEVELOPMENT:

Human development is a vast subject which contains many aspects but in present study it has

been tried to cover all aspects categorizing them into five heads. These five heads also have

sub-aspects. Table 1 indicates the various aspects of human and their corresponding

parameters along with specifications on which basis effect of yoga on various dimensions of

human development has been measured. Proper weights have also been given to each

parameter.
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Table 1:Aspects of human development&their corresponding parameterswith

specifications

S.N. | Agpect of Personality Parameters Specifications of Parameters

1 Conscious physical sheath Physical Fitness | Weight, size of waist

2. Subconscious physical sheath | Shorten the | Respiratory rate, Heart beats rate
breathing and Blood pressure

3. Mental sheath Intelligence Intelligence Quotient

4. Intellectual Sheath Vaues and Ethics | Scale Rating (Being Quality)

5. Spiritual sheath Belief in God Scale Rating (Being Quality)

HOW YOGA CAN MAKE THE HUMAN DEVELOPMENT?

Each sheath of a human being is wrapped by previous sheaths in succession. Yoga is a
systematic process which has various stages to devel op various aspects of person gradually as
shownin Table 2.

Table 2: Aspects of Human development and their corresponding Yoga tools to nourish

them
S.N. | Aspect/or Layer of Personality Type Of Yoga
1 Physical Conscious Yoga Asanas
2 Subconscious physical Pranayama
3 Mental Concentration
4 Intellectual Meditation
5 Blissful /Spiritual Samadhi

Important instruction was given to the trainees to do yogatwice in a day with empty stomach.
They were also said to do it before sunrise and after sunset as it gives more benefits at that

time.
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RESULTSAND DISCUSSION
Table 3 indicates the pre training mean values and post training mean values of each aspect
of human devel opment

Table 3: Effect of Yoga on Human Development

S. | Aspects of Human Development | Pre-training Post-training
No. Mean Values Mean Values
1 Physical Conscious Sheath 36.97 24.58

2 Physical sub-conscious Sheath 27.48 17.45

3 | Mental Sheath 16.93 18.54

4 | Intellectual Sheath 13.02 13.89

5 | Blissful/ Spiritual Sheath 8.12 8.72

Figure 1: Comparison of Pre-Training MV with Post-Training
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Table 3and figure 1 show that scores of physical conscious have been decreased from 36.97
to 24.58. Being the parameters of both sheaths weight, waist size, such decrease in scoresis a
positive sign which indicates that yoga asanas stretch the body and makes it more effluent by
directing energies in most controlled fashion. They provide the vital force and cause it to
flow in specific parts of body. Alike the physical sheath, the subconscious sheath’s score has
also been decreased from 27.48 to 17.45 that shows the reduction in heart beats rate,
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respiratory rate and blood pressure averagely which proves the effectiveness of Pranayamas
on shortening the breath. So it is taken as an excellent remedy for back aches, digestion
problems and heart problems. Moreover, mental, intellectual and spiritual sheaths’ mean
values have been increased which indicates a positive sign for human development but
amount of increase is not too much because it takes along time. Being a training programme

for ashort time period i.e. 3 months, it is not found much high but it is significant.

Table 4: Effect of Yoga on Human Devel opment

S. | Aspects of Human | Pre-training | Post-training | t-value
No. | Development SD SD

1 Physical Conscious 5.61 6.13 15.94
2 Physical sub-conscious | 5.12 351 12.89
3 Mental 3.15 2.11 6.78

4 Intellectual 2.12 1.94 3.56

5 | Blissful/ Spiritual 2.13 1.45 1.98

T-values of both aspects physical conscious and physical sub-conscious are 15.94 and 12.89
respectively which are significant at 1% level of confidence. Mean values of mental sheath
have been increased from 16.93 to 18.54 having the significant t-value i.e. 6.78 which
indicates that yoga sharpens the mind, power of imagination and creativity with
concentration. Further scores of intellect sheath have aso been increased from 13.02 to
13.89, but difference is very little which means yoga especially meditation slightly enriches
the intellect personality raising the comprehensive thinking and sensitizing emotions. One
can think calm, care and affection to others. Maya can’t delude the individual anymore and
majority of decisions prove to be correct. Finally same indications are in case spiritua sheath
which means yoga Samadhi move towards the casual state of mind by introspection where in
the subtle layers of the mind unfold themselves and inner dimensions of personality open out.
So yoga also brings the ultimate bliss, the joy that is impossible to achieve through worldly
enjoyments. In case of intellect sheath and spiritual sheath, the significance of difference in
scores in terms of t-vauesis 3.56 and 1.98 respectively which is also significant at 1% level
of confidence. Above table shows that t-values are decreasing for each next sheath of
personality which means yoga has more impact on the physical conscious than subconscious

personality and so on. Such decreasing trend proves that each sheath of personality is
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wrapped by previous sheaths in succession. Yoga is a systematic process which has various
stages to develop various aspects of personality gradually, so the later stages of yoga need
long time practice to get more effectiveness or perfection. The blissful is the innermost sheath
wrapped by other sheaths in succession and it has been least affected because of the short
duration of training.

CONCLUSION

Yoga gives a lot of physical and mental energy. A person, who acts upon the soul’s voice,
can never be wrong at any front. Y oga is nothing but to bring the transparency between soul,
mind and acts thereupon. The contrast of the post-training scores of the 'Y oga' with the pre-
test scores followed by Gain score analysis (post-training, pre-training, dependent 't' test) was
deemed the most powerful and complete analytic framework to evaluate the outcome of this
study. The outcomes recommends that regular practice of yoga techniques had a positive
impact on the various aspects of human development i.e. physical, mental, emotional and
intellectual levels of people under training compared to the untrained people. In conclusion,
going by the results of the present study, yoga techniques may prove to be an effective means
ofhuman development.It has been found thatyoga is a truth of life that makes the human
development. It unfolds the human potentials. So study recommends incorporating the yoga

education to people to enhance the human developments of the learners.

LIMITATIONSOF THE STUDY

e Study period of 3 months was short because optimization in yoga needs a long term
practice.

e Complete yoga has so many limbs, but only some yoga asanas, pranayama,
concentration and alittle bit of meditation have been included in yoga practices.

e Being the deliberate sampling, trainees were only young employees that limit its
universality.
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