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Examining the Impact of Service Qualitv 
on the Satisfaction of Health Insurance 

Policyholders 

lity 

Sheeba Nair"-

The study aims to identify the dimensions of service quality in the health insurance 

business and examine the impact of various factors on the overall satisfaction of 

policyholders in general insurance companies. It identificd five factors/ dimensions of 
service quality in health insurance business, viz., reliability, empathy, access, 
responsiveness and tangibles. The study revealed that reliability, empathy, access 
and responsiveness have a significant and positive impact on overall satisfaction in 
the public and private sector general insurance companies. Tangibles has an 
insignificant and no positive impact on overall satisfaction in the public sector general insurance companies; and in the private sector firms, it has a significant minimal positive impact on overall satisfaction. This paper contributes to the literature on the service quality dimensions in health insurance and their impact on customer satisfaction. It could have potential practical implications for companies offering health insurance products. The management of the companies can increase their understanding of the service quality dimensions and their impact on customer satisfaction. 

Introduction 
India is considered to be one or the mporLant Countries in global t rade of the 

tor The economic development or any nation depends on its fin ancial 
rct em. of which the insurance sector 1s an mportant Player (Bhatia and Ransal, 

2018). In the financial sector of India, insurance sector has anna most vibrant segments, particularly since the liberalization of the as 
market 

one of the 
second-largest growing sector in the non-life/general insurance industry 

erged 
after 

as the 

in the 
year 2000. In the last few years, the health insurance sector h 
motor insurance sector in India. It has emerged as a significant ha. insurance companies. There are several tactors attributed to the neral ted to the growth of health 

er the ant business for gen insurance sector in India, for example, increasing awareness of rising healthcare cost, rising disposable income, changing lifestvla nsurance, lifestyle-related ailments. 
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Service organizations in lndia are facing fierce competition in the global market 

hecause of liberalization and globalization of the Indian economy (Irulappan and Roseline 

2014). According to Panda (2003), the success of a service provider depends on 
Bincy 
he high-quality relationship with customers. There is a close relationship between service 
aitality and customer satistaction (Parasuraman et al., 1985 and 1988; and Bitner 

al, 1990). Many researchers have found that service quality and customer satisfaction 
are related to customer loyalty through repurchase intentions (Levesque and McDougall, 

1996: Newman, 2001; and Caruana, 2002). Satisfaction is particularly crucial in 
organizations that deliver services, rather than goods (Nicholls et al., 1998). 

Customer satistaction in the health insurance industry is achieved not only at the 

time of purchase of the policy but also at the time of claim settlement. There have been 

many instances where there was mis-selling of policies due to lack of knowledge of 

salesperson, delay in the issue of a policy document, renewal notice, and non-payment 

of claim amount. These instances, in turn, result in conflicts between the policyholder 

and the insurance company Quality of service plays an essential role in an insurance 

company while designing a product and its marketing. Winning over and retaining 

satisfied customers by delivering quality service leads to increased revenue, lower cost, 

increased profitability, reduced switchover, repeated purchases to the insurance company 
Therefore, in today's competitive market, service quality and customer satisfaction are 

imperative for the success and survival of an insurance company. It costs between five to 

six times more to attract a new customer than to keep an existing customer. Happy 

customers tell at least four others of a positive experience, whereas dissatisfied customers 

tell as many as twelve about a negative experience (Nagajothi, 2010). 

Literature Review 
Numerous studies have been undertaken by various researchers to study the concept of 

service quality and customer satisfaction. 

Service Quality 
It is difficult to evaluate service performance because of its unique features, viz, 

intangibility heterogeneity, inseparability and perishability (Parasuraman et al, 1985). 

Service quality has been considered as an elusive and abstract construct as it is difficult 
to define and measure (Parasuraman et al., 1988; Brown and Swartz, 1989; and Carman, 

1990). Parasuraman et al. (1988) have distinguished service quality and satisfaction. 
According to them, service quality is perceived as a global judgment or attitude which is 

related to the superiority of the service delivered, while satisfaction is related to a specific 
transaction. Bitner et al. (1990) illustrated that service quality is the customer's overall 

mpression regarding the relative inferiority/superiority of the organization and services 

provided by them. Cronin and Taylor (1992) proved that service quality is an important 

antecedent of customer satisfaction. Anderson (1996) found that customer expectations 

nave a strong impact on a firm's evaluation of its service quality. Spreng and Mackoy 

996) revealed that higher service quality leads to higher customer satisfaction. Angur 
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et al. (1999) recommended that the SERVQUAL scale is multidimensional and it re 

provide more analytical information due to its greater variability Malherbe and Pe 

(2003) defined service quality as being about value contormance to standards, excellence 

and meeting or exceeding customers' expectations, resulting in delight. Ladhari (200 

opined that service quality is an important tool to differentiate an organization's servicec 

and it also provides a competitive edge over its competitors. Chau and Kao (2009 

found that all the factors of service quality directly influence customer satisfaction. 

Car 
rse 

Customer Satisfaction 
Yi (1990) opined that customer satisfaction is a feeling which the customers experience 

following their purchase or based on the series of consumer-product interactions. Bateson 
(1991) developed a model of sources of customer satisfaction. According to the researcher 

satisfaction results from a comparison between expected service and percerved service. 

Johnson and Fornell (1991) defined customer satisfaction as a customer's overall 

evaluation of the performance of a product or service. According to Fornell (1992). 

higher customer satisfaction is a key indicator of high perceived quality. Zeithaml et al 

(1993) opined that customer satisfaction is a function of the customer's assessment of 

service quality, product quality and price. Rust and Oliver (1994) defined customer 

satisfaction as a summary of cognitive and affective reaction to service quality as the 

customers compare their perceptions of service quality with their expectations of service 

performance. Howat et al. (1999) revealed that an organization that deals with the 

customer's complaints significantly can influence customers' overall satisfaction, their 
perceptions of service quality and their word-f-mouth communication to other customers. 

In the past few years, customer satistaction has gained new attention among the 
researchers as there is a leap from transaction marketing to relationship marketing (Martin 

et al., 2002). Yi and La (2004) opined that relationship marketing is concerned with 
all the marketing activities directed toward establishing, developing, and maintaining successful relational exchanges. According to Kotler and Amstrong (2006), customer 
satisfaction depends on how well perceived service performance matches the customers 
expectations. If the difference between expectauons and perceptions of services is negative. the customer is dissatistied. If the perrormance matches expectations, the customer is satisfied. If the performance exceeds expectations, the customer is highly satisfied. According to Zeithaml et al. (2008), the concept of satisfaction is influenced by five variables, viz., service quality, product quanty, price, situation and personality. 
Service Quality and Customer Satisfaction in Insurance 
Cachdev and Verma (2004) explorea the relauve importance of service quality, i.e.. tangibility, reliability, responsivenesS, assurance ana empathy, in various sectors, viz.. Irance, fast food and beauty salon. Gayathri et al. (2005) indicated a high degree of correlation between rellabnty respOSiveness and empathy, Assiuran 

Litr are the three important dimensions which affected the satisfaction levels of insurance companies. Tsoukatos and Rand (2006) utilized 
a path analysis to study a model to link service quality, customer satistaction and customer lovalty. The researchers 

Th IUP Journal of Marketing Management. Vol. 21. No. 1, 2022 
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areloped a SERVQUAL type service-quality instrument for Greek insurance. Vanniarajan 
al. (2008) identified eight service quality factors in life insurance industry, viz., 

st Omer recognition, customer contidence on employees and agents, agent's customer 

imely service, customer orientation, employee's skills, approad and relationship, time 

crievance redressal, and customer comfort. Duodu and Amankwah (2011) found that 

reliability and responsiveness have a significant impact on customer satisfaction in the 

insurance industry. Upadhyaya and Badlani (2011) analyzed the effect of service quality 

factors (pricing, employee competence, product and service, technology, physical 
appearances, trust, servic 

satisfaction of life insurance customers in India. Gorji and Sargolzaee (2011) studied 

the relationship between service quality and customer satisfaction in the public and 

private sector insurance industries using SERVQUAL model. Sandhu and Bala (2011) 
identified seven factors representing proficiency, media and presentations, physical and 

ethical excellence, service delivery process and purpose, security and dynamic operations, 

credibility and functionality to measure customers' perception towards service quality 
of Life Insurance Corporation of India. There is a strong and positive relationship between 

service quality and customer satisfaction in the automobile insurance industry (Jajaee 
and Sheikh, 2012; and AnanthaRaj and Huam, 2014). Dash and Gunwant (2012) 
revealed that intangible action involved security and reliability that are perceived as 

being more vital dimensions of service quality for customer satisfaction in life insurance 

sector. Dash and Gunwant (2012) found that appealing brochures and pamphlets, 
time-related promises being kept, services being provided at the promised time and 

employees' individual attention to customers influence the perceptiorn of overall service 

quality. Santhiyavalli and Karthika (2013), evaluated the service quality (reliability, 

responsiveness, assurance, empathy and tangibles) of selected health insurance companies 

in India. AL-Qudah et al. (2013) found that there is a significant link between seven 

dimensions of service quality (competence, credibility, reliability, responsiveness, assurance, 
tangibles and communication) and customer satisfaction in Jordan insurance companies. 

Rahman et al. (2014) showed that the customers patronage decision is affected by the 

service quality dimensions such as the perceived value and corporate image (reputation of 

the healthcare insurance company). Manimaran (2014) observed that there is a significant 

indirect impact of service quality (reliability, responsiveness, knowledge and recovery and 

tangibles) on customer satisfaction and loyalty Keong et al. (2014) pointed out the positive 

relationship of service quality, perceived value, corporate image, complaint behavior and 

Tole of the agent with customer satisfaction. Parthiban (2014) found a significant 

relationship between service quality dimensions and overall customer satisfaction in life 
insurance companies. Rajkumar and Kannan (2014) identified eight service quality factors, 

V1Z., employee competence, credibility, timeliness and promptness, convenience, accessibility 

communication, customer orientation, and responsiveness, to analyze the policyholders' 

delivery, advertising and service management) on customer 

Perception towards service quality of lite insurance companies. 

Qureshi and Bhat (2015) revealed six dimensions or service quality in life insurance. 

V1Z., assurance, personalized financial planning, tangidles, corporate image, similarity 

ining the Impact of Service Quality on the Satistaction 
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quality 
shortfall, i.e., perceptions are lower than expectations in all the six service 

dimensions of the study, with personalized financial planning, tollowed by comr 

and assurance being more concerning dimensions. Bhatia and Bansal (2018) Tea 

with agent and competence. Further, their study indicated that there is a service 

lity 
competence 

d 

e, 
viz., trustworthiness, competitiveness, add-ons, peace and coverage and customa er 

responsiveness. Samarasinghe et al. (2018) showed that SERVQUAL dimensions have 

five factors of service quality influencing customer satistaction in health insurance Sem 

significant effect on the level of customer satisfaction in life insurance industry, Ans 

and Krishnaveni (2018) revealed that the type of policy and type of insurance company 

play a significant role in the satisfaction level of health insurance policyholders 

Rathnayake (2019) showed that there is a positive relationship between service quality 

(tangibility, assurance, corporate image and competence) and customer satisfaction in 

Arun 

the life insurance industry in Sri Lanka, whereas technology and personalized financial 

planning and customer satisfaction have an insignificant positive relationship. 

Objective and Hypotheses Development 
To identify the factors/dimensions of service quality in the health insurance 

business; and 

To examine the impact of service quality factors on the overall satisfaction of 

health insurance policyholders in the public and private sector general insurance 

companies. 

To address the research objective 2, the null and alternative hypotheses framed are as 
under 

Null Hypothesis (H,): There is no positive impact of service quality factors on the overall 
satisfaction of health insurance policyholders in the public and 
private sector general insurance companies. 

Alternative Hypothesis (H,): There is a posttive impact of service quality factors on the overall satisfaction of health insurance policyholders in the public and private sector general insurance companies. 
Data and Methodology 
A sample of 800 health insurance policynoldeS In the Greater Mumbai reoion. AMaharashtra, India, was selected using the simple random method. rimary data collected with the help of a structured quesaonnarte See Appendix) from the nsblie and 

was 

private sector general insurance companies. The time period for the nrithe public and 
was September, 2018 to January, 2020. Statistical tools used in th data collection 
Analysis, Structural Equation Modeling, Corelation Matrix and Re tor 

The measurement model was evaluated using AMOS Software ver 1.0. On Coefficient. 

The demographic profile of the 800 health insurance policyholders of Greater Mumhai 
region with regard to their gender, age, educational qualification.. 

occupation, family 
The IUP Journal of Marketing Management, Vol. 21, No. 1, 2022 
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mOnthly income and marital status is presented in Table I. It is observed that most of 

the respondents are males, i.e., 59.8%. A majority of the respondents belong to the age 

orOup of 41-50 years (33.2%), followed by 31-40 years (29.4%). It is further noticed 

that 58.9%% of the respondents have completed graduation. It is found that 56.6% 

respondents are in the service class and 34.19% respondents have a family monthly 
income of T50,000 to F100,000, followed by less than 750,000. A majority of the 

respondents are married. 

Table 1: Demographic Profile of the Respondents 

Public Private Total 

Sector Sector 

1. Gender Male 240 (60.0) | 238 (59.5) |478 (59.8) 

Female 160 (40.0) 162 (40.5) |322 (40.2) 

Total 400 (100) 400 (100) 800 (100) 

47 (11.8) 95 (23.8) 142 (17.8) 

104 (26.0) 131 (32.7) |235 (29.4) 
2. Age 21-30 

31-40 

41-50 162 (40.5) | 104 (26.0) |266 (33.2) 

51 and Above 87 (21.7) 70 (17.5) 157 (19.6) 

Total 400 (100) 400 (100) | 800 (100) 

Educational Qualification Upto SSC 55 (13.8)41 (10.3) 96 (12.0) 
3 

HSC 63 (15.7)40 (10.0) 103 (12.9) 

222 (55.5) |249 (62.2) 471 (58.9) 

70 (17.5) 130 (16.2) 
Graduation 

Postgraduation 60 (15.0)| 

Total 400 (100) | 400 (100) 800 (100) 

Service 229 (57.3) | 224 (56.0) |453 (56.6) 
4 Occupation 

Business 62 (15.5)| 61 (15.2)| 123 (15.4) 

Profession 62 (15.5) 64 (16.0) | 126 (l15.8) 

Others 47 (11.7) 51 (12.8) 98 (12.2) 

Total 400 (100) 400 (100) 800 (100) 

Family Monthly Income () Less than 50,000 110 (27.5) 153 (38.2) 263 (32.9) 

|139 (34.8) | 134 (33.5) |273 (34.1) 
S. 

50,000- 100,000 

100,00 1-150,000 71 (17.7) 43 (10.8) 114 (14.3) 

150,001 and Above 80 (20.0) 70 (17.5) |150 (18.7) 

Total 400 (100)400 (100) | 800 (100) 

Married 344 (86.0) 280 (70.0) 624 (78.0) 
6. Marital Status 

Unmarried 
56 (14.0)| 120 (30.0) | 176 (22.0) 

Total 400 (100) 400 (100) | 800 (100) 

Note: Figures in bracket indicate percentages. 
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Results and Discussion 

Identifying the Factors/Dimensions of Service Quality in the Healtt 

Insurance Business 

alt h 

Reliability Analysis 
Initially, the author has adopted the dimensions of service quality SERVQUAL proposed h 
Parasuraman et al. (1988) with five dimensions to measure service quality viz., tangibles 

reliability, responsiveness, assurance and empathy with modifications to go with the presens 

study. Three items defined tangibles; five items explained reliability; five items explained 
responsiveness; three items represented assurance and five items explained empathy (Nair 

2020). For each item, a difference score 'G is calculated (G =P-E), where P and F 
correspond to Perceptions and Expectations ratings for each statement (Parasuraman et al 

1988). 

nt 

As per Nunnally's (1978) recommendations, the coefficient alpha values should 
be >0.70. The overall coefficient alpha value for the statements is 0.926 

(Table 2). 

Table 2: Reliability Statistics 

Cronbach's Alpha N of Items 

0.926 21 

As per Table 3, the value of Kaiser-Meyer-Olkin (KMO), which is a measure of sample adequacy is found to be 0.893. KMO value 0.60 is suggested as the minimum value for 

good factor analysis. The result of Bartlett Test of Sphericity shows that it is highly significant (p-value = 0.000) with an approximate Chi-Square of 3,196.415 with 210 degree of 
freedom. The result of Exploratory Factor Analysis (EFA) also shows five factors/dimensions of service quality (Nair, 2020). But after the factor analysis, statements related to Reliability and Tangible factors retained all the original statements in their respective factors, but the statements related to factors, viz., Responsiveness, Assurance and Empathy, in the questionnaire broke into various factors. The factors have been accordingly renamed based on the common characteristics the statements shared. The results of EFA of service quality of health insurance are summarized in Table 4. 

Table 3: KMO and Bartlett's Test 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy 

0.893 Bartlett's Test of Sphericity 
Approx. Chi-Square 3,196.415 
df 

210 
Sig. 

0.000 
Confirmatory Factor Analysis (CFA) 

After EFA, CFA was pertormed to assess ne 

unl-dimensionality, reliabilitv. and validit of health insurance service quality measures. CEA was performed on the measurement 
The IUP Journal of Marketing Management, Vol. 21, No. 1, 2022 
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adel comprising five factors, which are Reliability (R), Empathy (E), Access (A), 
mod 

Res acnonsiveness (RE) and Tangibles (T). The mcasurement model was evaluated by 
using 

AMOS Software ver.21.0. Table 5 provides the summarized results of the 
CEA. The results show that chi square statistics ( = 809.235, df = J 82) was 

ianificant at p < 0,01, indicating that fit of data to the model was good and should 

be accepted. 

Table 4: Results of Exploratory Factor Analysis 

Cronbach's 
Alpha 

Percent Eigen 
Loadings valuesCumulative 

Dimensions Items Factor 

Variance 

Factor 1: 0.854 The insurance 0.739 8.528 40.607 
Reliability: 
Ability to perform the| 
promised service 

dependably and 

accurately 

company delivers the | services 
on time (timely 

settlement of claim) 

(R4) 

When the insurance 
0.717 company promises 

to do something by a 
certain time, they 
do so (R1) 

The services of the 
insurance company 

are performed 

correctly right at 

the first time (R3) 
Customers have a 

problem; 

0.702 

0.642 

Excellent insurance 

companies show 

sincere interest 

in solving it (R2) 

The insurance 

0.588 company insists on 

error-free records (R5)| 

Customers of 

the insurance company 

|feel safe in all their 

transactions (A1) 

0.580 

Tells customers wvhen 

0.516 exactly the services 

will be performed 

(RE1) 
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Table 4 (Cont.) 

Factor EigenPercent 
Cronbach's 

Alpha 
Items Loadings values |Cumulative 

Variance 
Dimensions 

0.778 1.593 48.194 Employees/Agents 
of the insurance 

Factor 2: 

Empathy: Caring, 
individualized attention 
the firm provides to 

the customers 

0.837 

company give their 

customers personal 

attention (E1) 

The insurance 0.701 

company has the 

customer's best 
interest at heart 

(E2) 
Employees/Agents of 0.628 
the insurance 
company understand 

the specific needs of 
their customers. 

(E3) 
Easy to approach 
the staff 
of the 

0.484 

insurance company 

(A3) 
Factor 3: 

|Access: Easy 
accessibility and 

simplified procedure 

0.792 Easy online 
accessE4) 

0.732 1.333 54.539 

The insurance 
company has got 

simplified formalities 
for transactions 

0.693 

(RE3) 

Easy telephone 
access (E5) 

0.523 

Factor 4: 0.756 Willingness of the 
employees/agents 
to help customers 

(RE4) 

0.815 1.220 Responsiveness: 
Willingness to help 
customers and provide 

prompt service 

60.350 

Employees/Agents of 0.736 the insurance 

company give 
prompt service 

(RE2) 
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Table 4 (Cont.) 

Cronbach's 
Alpha 

Percent Eigen 
Loadings Values Cumulative 

Dimensions Items Factor 

Variance 

Employees/Agents 0.556 
are never too 

busy to respond 
to customers 

request (RE5) 

Employees/Agents 
have the knowledge 
to answer customers 

questions (A2) 

0.468 

Factor 5: 0.770 Convenient location 0.848 1.002 65.121 
Tangibles: Physical of the branch office 
facilities and (T3) 
Communication material| 

Materials associated 
with service, i.e., 

0.814 

clarity of policy 
statements (T2) 

Visually appealing 
materials (eg, 
brochures) (T1) 

0.615 

Note: Extraction Method: Principal Component Analysis (PCA); Rotation Method: Varimax with 
Kaiser Normalization 

Table 5: Goodness of Fit and SME Fit Convention Indices 

A. Default Model (for Goodness of Fit) 

CalculatedCritical/Table/Expected Result 
Pearson chi-square value 809.235 229.30 significant 

Degree of freedom 182 

P-value 0.000 Less than 0.01 significant 
| B. SME Fit Convention Indices 

CMIN 
CMIN/DF 4.446 Less than 5 Tolerable 

Insignificant 
(close) 

P-value 0.046 Greater than 0.05 

RMR, GFI 
GFI 0.904 Greater than 0.9 Tolerable 

AGFI 0.915 Greater than 0.9 Tolerable 

PGFI 0.9005 Greater than 0.9 Tolerable 
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Table 5 (Cont.) 

Calculated Critical/Table/Expected Result 

Base Line Comparison 

CFI 0.899 Greater than 0.9 Tolerable 
but not 
exact 

Parsimony-Adjusted Measures 

PCFI 0.872 Greater than 0.9 Tolerable 
but not 
exact 

RMSEA 

RMSEA 0.064 Less than 0.7 Tolerable 
PC CLOSE 0.032 Greater than 0.05 Insignificant 

(close) 
Thus, service quality dimensions: reliability, empathy, access, responsiveness and 

tangibles together form a good model fit in this study which is presented in Figure 1. 

Figure 1: Health Insurance Service Quality Model 
0.57 

GR 4 
i.40 

GR1 F 59 1 0.98 
GR 3 0.24 

63 0.35 
GR 2 0.36 

0.77 1.07 
FA 1 GR 5 1.04 

GA 1 1.00 

GRE 1 

GE 1 F 1.01 
.58 0.63 

GE 2 0.96 0.31 

.91 1.08 FA 2 

GE 3 1.00 
.66 

GA 3 0.31 33 GE 4 122 0.55 
82 

GRE 3 1.24 
1.00 FA 3 f0.36, 53 

GE 5 
0.09 

GRE 4 
72 -GRE 2 + 

0.92 
0.53 

0.82 
FA 4 O83 

-GRE 5 S 
GA2 

038 
0.50 

69 

83 1 

-GT 3 
GT 2 

1.28 
1.40 FA 5 0. 18 
I.0 

GT I 
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This model supprts our study and shows the service qquality dimensions were key 

ecedents to the healtlh insurance service quality of general insurance companies. 
Service quality dinensionsrlability, empathv, access, responsiveness and tangibles 

produced signiticant results. 

The factorsdinensions ot service quality in hcalth insurance business identified in 

the EFA have been contirmed by using CFA and are summarized in Table 6. 

Table 6: Factors/Dimensions of Service Quality of Health Insurance, 

Cronbach's Alpha, Factor Load, Eigenvalue and Percentage of Variance 

Percentage of Number Cronbach's 
of 

Eigen 
value 

S. Factors/ Factor 
No. Dimensions Alpha Load Variance 

Items 

Reliability 7 0.854 4.484 8.528 40.607 
. 

Empathy 0.837 2.591 593 7.586 4 

3 0.792 1.948 1.333 6.346 
3. Access 

Responsiveness 4 756 2.575 1.220 5.810 
4. 

Tangibles 3 0.770 2.277 1.002 4.772 

Impact of Service Quality Factors on the Overall Satisfaction of 

Health Insurance Policyholders 

To study the impact of service quality factors/dimensions (reliability, empathy, access, 

responsiveness and tangibles) on the overall satisfaction of health insurance policyholders, 

the author has used Pearson correlation and regression coefficient analysis. Overall 

satisfaction with the services of the insurance company was considered as dependent 

variable and service quality factors (reliability, empathy, access, responsiveness and 

tangibles) as independent variables. 

Correlation Analysis 

A Pearson's correlation analysis was performed to check the relationship between all 

Service quality factors and overall satisfaction with the service ot the insurance company 

in the public and private sectors 
In the case of public sector general insurance companies, all the four dimensions of 

Service quality (reliability, empathy, access and responsiveness) and overall satistaction 

ave a significant positive relationship (0.366, 0.467, 0.372 and 0.425). In contrast, 

angibles service quality dimension has a significantly low degree positive (0.087) 

relationship with overall satisfaction. 

n the case of the private sector general insurance companies, all the four dimensions 

CVice quality (reliability, empathy, access and responsiveness) and overall satisfaction 

aVe a significant positive relationship (0.284, 0.364, 0.361 and 0.435). In contrast, 

gibles service quality dimension has a significantly low degree positive (0.167) 

Telationship with overall satisfaction. 
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e1S, tangibles (R* =0.008; =3.032; = 0.087, p > 0.01;) has an insignificant Dositive impact on the overall satisfaction andit also depicts that the model 

dns only 0.8% of the variance in the overall satisfaction of health insurance 
policyholders 

Tahle 8 shows that in the private sector general insurance companies, Reliability 
(R2 ap0.081; F = 35.016; B = 0.284, p < 0.01); Empathy (R2 = 0. 133; 60.835; B = 0.364, p < 0.01); Access (R2 =0.130; F=59.515; B = 0.361, 

0.01) and Responsiveness (R = 0.190; F = 93.149; B = 0.435, p<0.01) have 

significant and positive inmpact on overall satis faction. Moreover, it also depicts 

shat the model explains (reliability-8.1%; empathy-13.3%; access-13.0%; and 

respe 
snonsiveness-19.0%) of the variance in the overall satisfaction of health insurance 

nolicyholders. Whereas, tangibles (R2 = 0.028; F =11.349; B = 0.167, p < 0.01) 
has a significant minimal positive impact on the overall satisfaction and it also 
depicts that the model explains 2.8% of the variance in the overall satisfaction of 

health insurance policyholders. 

Based on the values, empathy has the highest impact on the overall satisfaction of 

health insurance policyholders in the public sector general insurance companies and 
responsiveness has the highest impact on the overall satisfaction of health insurance 

Dolicyholders in the private sector general insurance companies. 

From Table 9, it is observed that: 

For public sector general insurance companies, in the case of all the factors of 

service quality, except tangible factor, the difference is significant, which indicates 

Table 9: Summary of Hypothesis Testing 
Null 

Service General Hypothesis 
Accepted Quality 

Factors 
Difference Impact Insurance 

Companies or 

Rejected 

Reliability Rejected 
Rejected 

Significant 
Significant 

Public Sector Positive Impact 

Private Sector Positive Impact 

Empathy Public Sector Rejected | Significant Positive Impact 

Significant Private Sector Rejected 

Public Sector Rejected Significant 

Positive Impact 

Access Positive Impact 

Private Sector Rejected Significant Positive Impact 

Responsiveness Public Sector Rejected Significant Positive Impact 

Rejected Significant 
Insignificant 

Private Sector Positive Impact 

Tangibles No Positive Impact Public Sector Accepted 
Private Sector Rejected Significant Minimal Positive Impact 
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that there is a positive impact of service quality on the overall satisfacticane 

health insurance policyholders. In the case of tangible factor, there is a an 

insignificant and no positive impact of service quality on the overall satisfactirm 

of health insurance policyholders. 

For private sector general insurance companies, in the case of all the factors of 

service quality, the difference is significant, which indicates that there is a positive 

impact of service quality on the overall satisfaction of health insurance 

policyholders. In the case of the tangible factor, there is a significant positive 

impact, but that impact is minimal. 

Conclusion 
In today's competitive business environment, service quality plays a very crucial role in 

the success of a business. Service quality is a useful tool to ensure customer satisfaction 

and customer loyalty. An insurance company can maintain a long-term relationship 

with the customer if the customer is satisfied with the quality of services delivered by 

the company. The initial 21 attributes of SERVQUAL scale developed by Parasuraman 

et al. (1988) were used in this study with modifications. EFA and CFA identified five 

factors/dimensions of service quality in health insurance business, i.e., reliability, empathy 
access, responsiveness and tangibles. This study also aimed to examine the impact of 

service quality factors on the overall satisfaction of health insurance policyholders in 

the public and private sector general insurance companies. The study revealed that in 
the public sector and private sector general insurance companies, the following factors/ 
dimensions of service quality, namely, reliability, empathy, access and responsiveness, have a significant and positive impact on the overall satisfaction of health insurance 
policyholders. Whereas tangibles factor/dimension of service quality has an insignificant and no positive impact on the overall satistaction of health insurance policyholders in 
the public sector general insurance companies, and tangibles factor/dimension of service 
quality has a significant minimal posituve impact on the overall satis faction of health 
insurance policyholders in the private sector general insurance companies. It can be stated that convenient location of the branch office and visually appealine brochures and materials associated with service do not have much impact on the overall satisfaction of health insurance policyholders of general insurance companies of both the sectors. Further, it was found that empathy and responsiveness have the highest impact on the Nuerall satisfaction of health insurance policynolaers in the public and private sector general insurance companies, respectively. 

auerial Implication: This study has some practical mplications. The management 
of general insurance companies providing health insurance sem services can use the results of this study to increase their understanding of the service quality dimensions, The 

insurance companies can work on these service quality dimensi for 

quality of their services to satisty the customers. The results of th proving the 

ndino of which service qualty dimension has the highest 

ticfy the customers. The results of the study can also be 
used to increase their undeTStanding of which service quality dime. 
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on the overall satisfaction of health insurance policyholders. Service quality impact 

dim 
15nensions reliability, empathy, access and responsiveness and overall satisfaction have 

oianificant positive relationship with each other. To satisfy and retain a customer, the 
a 

Ance companies should consider these service quality dimensions while preparing 
heir business strategies. Ihis will give them a competitive edge. 

Tfnitations and Future Scope: Firstly, this study was carried out mainly in Greater 
AAsumbai, therefore, the results obtained may not be significant to the country as a 
uhole. The study can be extended to other states of India to have a better generalization 

of the findings. Secondly, in the current study, only five factors/dimensions of health 

insurance service quality are identified. There may be other factors that affect the health 

insurance service quality, and future research may focus on them. Moreover, the impact 

of service quality variables on customer satisfaction and customer loyalty has not been 

studied. In future, research can be undertaken to study the mediating effect of customer 

satisfaction on service quality and customer loyalty. 
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Appendix 

Questionnaire 

A Study on Customer Satisfaction of Health Insurance 

Policyholders 

1. Gender: 

Male Female 
2. Age: 

21-30 U 31-40 41-50 51 and Above 

3. Educational Qualification: 

Up to Ssc HSC Graduation Postgraduation 
4. Occupation: 

Service Business Profession Others 
5. Family Monthly Income (): 

Less than 50,000 50,001-100,000 
100,001-150,000 150,001 and above 

6. Marital Status: 

Married 
Unmarried 

7. Name of your Health Insurance Company: 
8. What is the type of your Insurance Company? 

Public Sector Private Sector 
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Appendix I (Cont.) 

9 Please tick (V)) your resjPonse t0 cach of the statement regarding your 
EXPECTATIONS (the level of service you expect to receive) and PEREPTIONS 

(actual service performance received) of your insurance company (SJD-Strongly 
Disagree, D-Disagree, N-Neither Agree nor Disagree, A-Agree and SA-Strongly 
Agree). 

Expectation (E) Statements Perception (P) 

Tangibles (T) 
Visually 
(e.g., Brochures) (TI) 

appealing materials 

2. Materials associated with service, 
i.e., clarity of policy statements 

(T2) 
Convenient location of the branch 
office (T3) 

Reliability (R) 
When the insurance company promises 
to do something by a certain time, they 
do so (R1) 

4. 

Customers have a problem; excellent 
insurance company shows sincere 
interest in solving it (R2) 

The services of the insurance company 

are performed correctly right at the first| 

time (R3) 
The insurance company delivers the 
services on time (timely settlement of 

claim) (R4) 

6. 

The insurance company insists on error-

free records (R5) 
8. 

Responsiveness (RE) 

Tells customers when exactly the services 
will be performed (RE1) 
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Appendix I (Cont.) 

Statements Perception (P) Expectation (E) 

Employees/agents of the insurance 

company give prompt service (RE2) 

Your insurance company has got 

simplified formalities for transactions 

(RE3) 

Willingness of employees/agents to 

help customers (RE4) 

10. 

11. 

12. 

13. Employees/agents are never too busy t 
respond to customers request (RES) 

Assurance (A) 
14. Customers of the insurance company 

feel safe in all their transactions (Al1) 
15. Employees/agents have the knowledge 

to answer customers' question (A2) 
Easy to approach the staff of the 
insurance company (A3) 

-

16. 

Empathy (E) 
17. Employees/agents of the insurance 

company give their customers personal| attention (El) 
18. The insurance Company has customers best interest at heart (E2) 
19 Employees/agents of the insurance 

company understand the specific needs of their customers (E3) 
20.| Easy online access (E4) 
21. Easy telephone access (E5) 

10. How is your overall satisfaction with the services of your insurance compan Highly Satisfied Satisfied Neither any? 

Dissatisfied Highly Dissatisfied 
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Appendix 2 

This appendix is aligned with the factors and items/statements as listed in the order 

they appear in Figure 1. 

Statement/ltem Factor Short 

Form 
Used 

Factor The insurance company delivers the services on time (timely | 

settlement of claim) 
GR4 

When the insurance company promises to do something 
by a certain time, they do so 

GRI 

The services of the insurance company are pertormed 

correctly right at the first time 
GR3 

Customers have a problem; excellent insurance company 
shows sincere interest in solving it 

The insurance company insists on error-free records 

GR2 

GRS 
Customers of the insurance company feel safe in all their 

transactions 
GAI 

GREI Tells customers when exactly the services will be performeed 

Employees/agents of the insurance company give their 

customers personal attention 
GEI 

Factor 2 

The insurance company has customers best interest 

at heart 
GE2 

Employees/agents of the insurance company understand 

the specific needs of their customers 
GE3 

GA3 Easy to approach the staff of the insurance 

companyy 
Factor 3 

GE4 Easy online access 

Your insurance company has got simplified formalities 

for transactions 

GRE3 

GE5 Easy telephone access 

Factor 4 GRE4 Willingness of employees/agents to help customers 

GRE2 Employees/agent of the insurance company give prompt 

service 

Employees/agents are never too busy to respond to 

customers 
GRE5 

request 

Employees/agents have the knowledge to answer 

customers 

GA2 
questions 

Factor 5 
GT3 Convenient location of the branch office 

Materials associated with service, i.e., clarity of 

policy statements 

GT2 

GTI Visually appealing materials (e.g., Brochures) 

Reference # 03J-2022-02-03-01 

69 

Examining the Impact of Service Quality on the Satisfaction 

of Health Insurance Policyholders 



IUP Publications 
A Division of The ICRFAI Sociely) 

#52, Nagarjuna Hills, Panjagutta 
Hyderabad 500082, Telangana, India 

Tel: +91 8498843633; +91 9052294946 
mail: info@iupindia.in; Website: www.iupindia.in 

The IUP Journal of Marketing Managemen s indexed in the UGC-CARE List and 
included in EBSCO and ProQuest Database 

01 

9770972"684003" 



ISBN: 978-93-90631-89-6 

CRATE-2021 



Proceedings of 
Second National Virtual Conference on 

RecentAdvances in Technology & Engineering 
(CRATE-2021) 

August 13th & 14th, 2021 

EJ,ton 
Dr.A. M . . . . , _ ,  
Dr Na,ttn Kd.an 

Mr P N•Jn"'ll'I Rao 

Paramount Publishing House 
• NEWOELH:I • HYOERA8AD 



SI.No. Title of the Paper Page No. 

Department of Computer Science & Engineering 
1. Data Acquition System for Greenhouse Management Based on loT 361 

- Dr.Bommi R.M. Ravimukila11.M, Aka.rhkumar.M.l, As/11vi11i.P 

2. Agree- Culture: Eventual Fate of Precision Agriculture in India Utilizing Machine 369 
Learning and Artificial Intelligence 

- Mr. Rajesh R Yadav 

3. Email Spam Filtering Using Naive Bayes Classifier 373 
• Dr. Kesheui Sreeka/a, Ga11esh Dasari

4. Appraising the Strength of Machine Learning in Healthcare: Novel Perspectives 3 n  
• Ma11as Kumar Yogi, Jyots11a Garikipati

5. Revamping the CIA Triad: Novel Perspectives 384 
- Pa11abhiKeertha11a, Darapu Uma, Manas Kumar Yogi 

6. Using Machine Learningand Artificial Intelligence to Personalizeand Track 389 
Workout Routines with Computer Vision 

- P.Tlumish Kumar. M. \limo/ Raj

7. DNA Sequence Global Alignment Method using Needleman-Wunsch Algorithm 395 
• N. Se111hilk11111ara11 

8. A Review on Blockchain Based Cloud Computing 401 
• Sushma Sumam, Monika Madlwkar Ra111 

9. Body Mass Index Prediction Using Logistic Regression 409 
- Sha111hi11i Chandrasekar. Vaislmm·i Srira111a11, S11ga111hi M111l111sa111y 

10. loT Based Design for a Smart Plastic Waste Collection System 413 
- Tlumm V. Kowsik J .  Haribharathi S. Jee,•a11karthick B

11. Emotion Detection Sentiment Analysis using NLP and ML along with Speech 
Recognition and Speech Synthesis 416 

• Ms. Harslwda U. Dhamap11rk.ar. Ms. A1111 T. Thomas

12. A Novel Approach For Home Security System 424 
• Abinav Gowtham N. }Jais11riya Y. Mrs.Sha1111111gapriya S

13. Plant Disease Identification by Analysing Leaf Images: A Survey Report 429 
- Priya S. Patil. Mahendra A. P1111d 

14. Fashion Online Shopping System Using Python 439 
- Kotoju Rajitha. Leela Cha11da11a Daki

15. A Comparative Study of Three Symmetric Key Fusion Algorithms DES-Blowfish, 443 
DES-RC6 and BlowfishRC6 

- Dr. Dube H. V. Dr. Amale B.B, Prof. Gala11de C . S

16. Hand Gesture Recognition Using Sensors for Deaf-Mute People 446 
- Sha11111ugapriya S, Shalini TB. Ramya M

17. Using Random Forest Algorithm to Predict Differential Diagnosis of E.rythemato- 451 
Squamous Diseases 

- Syed Nisar H11ssai11 Bukhari, D.S.  Oberoi

xix 



Proceldln91 of Second N11ion1I Vlr1u1I Conltrtnu on Recent Advancu In Technology & En;lnNrlng (CRATE-2021), t>• & 14•, Augu11 2021 

Agree- Culture: Eventual Fate of Precision Agriculture 
in India Utilizing Machine Learning and Artificial 

Intelligence 
Mr. Rajesh R Yadav 

A,si;ia,u l'rofc»or. OeJ>I. ofCompu1er Science. V.K.Krishnn Menon College. Bhnndup, Mumbai. Indio 
Email: rojcshy2808@gmnil.com 

Abstract• The adjuslmenls in climate and 
atmosphere conditions have consistently 
innuenccd crop development, cultivating and 
creature reproducing. A measure set up in some 
cases comes up short. Data and intellectual 
advances arc inventive strategics that can be 
utilized to battle these progressions by applying 
"precision agricullurc". ln this paper, convcrsalion 
is on eventual fate of precision 11gricuJturc which 
has been demonstrated to work in different nulions 
utilizing Al and computerized reasoning. The 
extent of use is engaged on medium and huge scope 
farmers with a plan to bring up the preferences and 
drawbacks of the procedures. Beforehand there has 
!>ten a moderate development in this part yet from 
the year 2016 onwards many new businesses have 
!>ten rising which are yielding high ventures. These 
intellectual innovations have been applied in 
cutting edge nations and have come about in 
expanded yield, development In GOP, low death 
rates and Improved expectations for everyday 
comforts. The equivalent can be applied locally to 
help creation in the rural segment. 

Keywords: Agriculture, Machine Learning, 
Artificial lntelUgence, Al advancements 

I. INTRODUCTION
Agriculture in India is the significant wellspring of 

employment for 66% of the whole populace India, 
Service and private part represem the rest. Fam1ing 
area involves roughly43% of India's topographical land 
spread. In the previous days, India was 10 a great extent 
subordinate upon food impons however throughout the 
years through research, the nation has accomplished 
independence in grain and seed creation. Coordinated 
endeavors have been made to act natura lly adequate in 

the food creaiion and this under1aking has lead to the 
amu1gcmen1 of the Green Revolution. ·111rough the green 
upset the accompanying accomplishments have been 
acquired: 
• Acquiring more land for cullivation-development. 
• Expansion of wuter system plans. 
• Adoption of cutting edge high-yielding seeds. 
• Application of belier water board strategies. 
• Plant insurance exercises through reasonable 

utilization of composts, pesticides and yield 
applications. 
111e above accomplishments thusly have prompted 

a great ascend in wheat and rice creation. Thinking 
about the quantum rise, a national Pulse Development 
Program 1ha1 secured right around 13 states was set 
up in 1986 with the intend to present the improved 
advancements for farmers. Across the country 
Technology 1eam was divulged in l 986 after the 
accomplishment of National Pulse Development 
Program 10 improve the oil and seeds area in India's 
frugali1y. Pulses too went under this program. This 
pauem has proceeded tiJI date and enhancements have 
been seen ceaselessly. As per Precision cultivating or 
accuracy horticulture alludes to playing out the proper 
thing, in the correct way, in the ideal spot and at the 
perfect time. Exactness cultivating is implied to 
coordinate ruraJ practices according to agro-climatic 
conditions so as to build the exactness of utilization. 
Over the most recent 40 years cultivating land has 
contracted a little however the number of farmers had 
quite recently multiplied. According to Agricultural 
Registration of 20 I 0-1 l, the all out number of 
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operational property (singular farmers) was assessed 
a,; 139.36 million and the all ou1 worked zone was 
158.59 million hectare. The normal size of holding had 
been a.,;sessed to be 1.25 hectare. It essentially implied 
that one farmer was having 1.25 hectare of land to 
develop the yields. This implies there is a tremendous 
degree 10 make a harmony between 1he accessible 
ground,; versus the land under development To make 
this suitable, accuracy fanning offers an open door 
advenrure into this son of cultivating for its supportability. 

0.M.ETHODOLOGY 

The methodology of research focuses on the recent 
1echnologies that can be leveraged in order 10 provide 
reasonable option forcurren1 techniques in agricullure. 

The study is isolated into 3 area,; 

I] Area I arrangements with Al and accuracy
agriculture:-

A) Al in1ellecrual innovation. 

B) Effect of PrecisionAgricullure. 

C) AJ advancemenL  for exactnesscullivating.
2] Area 2 arrangements with results and end :-

A) Indian Agriculture and extension for artificial 
in.,;ighl 

B) Difficultie. of Al inAgricullural Sector in India. 

3] Area 3 arrangements with conclusion and fuiure 
scope. 

1] Areal:Arrangements

A. AI intellectual innovation

Machine Learning is the part of coun1erfei1 
knowledge and software engineering which manages 
the formation of calculation.,; that show self-learning 
propeny. With the guide of Artificial In1elligence, precise 
and productive frameworks equipped for a. sessing are 
created 10 illuminate the everyday errand,;. Researchers 
can utilize compmerized recreations 10 lead early yie.ld 
1ests 10 a. sess how a specific assonmen1 may perform 
when confronted with various sub atmospheres, soil 
1ypes. climate designs and different variables. This 
computerized 1es1ing doesn't supplant physical field 

preliminaries; however permits plant reproducers all the 
more precisely foresee the execution of yieJds. 

Fi , :. 1 Machint! lurnin,:, approach proeusin,: ror dnlu 

Data about the yield a.,;sonmen1 10 be tried is utilized 
as input and gone through an AJ approach that di reeled 
or unaided, for example, convolution neural network 
(CNN), Baye.<;ian system, bolster vector machine and 
so on. The methodology investigations the contribution 
Lo extricate the applicable highlight  and data identified 
with the difficuh subject. In light of the factors and 
capacities set, the preparing calct ation playing out the 
information examination and gives a possible yield that 
is grouped, or relapsed. 

B. Effect of Precision Agriculture

Applying psychological advancements in 
agribusiness could help in deciding the best yi.eld decision 
for various climatic conditions and more qualified 10 
farmers' needs. This can be accomplished by 
investigating and looking a1 da1a about seeds rypes, 
climate, kinds of soil, perva.,;ions in a certain territory, 
likelihood of maladies and information about what 
worked grea1es1, s1ep by step results, current market 
pauems, costs also, buyer needs. Farmers would then 
be able 10 senle on choices on s1ep by s1ep instructions 
10 expand return on crops. 

The pace at which theAJ innovation is getting created 
no doubt that the cultivating business is on the cusp of a 
mechanical upheaval under artificial knowledge as its 
main 1luus1. 

370 Vemu lnstkute of Technology, Chlttoor- 517112, A.P., India ISBN: 978•93-90631-8H 





































































 

Proceedings of the 

 

International Conference on 

Research Practices of Cutting Edge Technologies in  

Computing 
 

ICRPCETC - 2021 

11th & 12th November 2021 

 

Chief Editor 

Dr.G.Maria Priscilla 

Editors 

Dr.M.Hemalatha 

Prof.M.Praneesh 
 

 

Organized By 

 
 

PG & Research Department of Computer Science 

Sri Ramakrishna College of Arts & Science 

Coimbatore- 641006 

www.srcas.ac.in 



All Rights Reserved 

Original English Language Edition © Copyright by PG & Research Department of Computer 

Science, Sri Ramakrishna College of Arts & Science. 

This book may not be duplicated in any way without the express written consent of the publisher, 

except in the form of brief experts or quotations for the purpose of review. The information 

contained herein is for the personal use of the reader and may not be incorporated in any 

commercial programs, other books, database, or any kind of software without written consent of 

the publisher. Making copies of this book or any portion thereof for any purpose other than your 

own is a violation of copyrights law. 

This edition has been published by PG & Research Department of Computer Science, Sri 

Ramakrishna College of Arts & Science, Coimbatore. 

 

Limits of Liability/Disclaimer of Warranty:  The author and publisher have used their effort in 

preparing this ICRPCETC – 2021 book and author makes no representation or warranties with 

respect to accuracy or completeness of the contents of this book, and specifically disclaims any 

implied warranties of merchantability or fitness for any particular purpose. There are no 

warranties which extend beyond the descriptions contained in this paragraph. No warranty may 

be created or extended by sales representatives or written sales materials.  

 

First Impression: November 2021 

© PG & Research Department of Computer Science, Sri Ramakrishna College of Arts & 

Science, Nava India, Coimbatore-641006, Tamilnadu, India. 

 

This book is Printed in 70 gsm Papers. 

 

Published By 

PG & Research Department of Computer Science 

Sri Ramakrishna College of Arts & Science 

Nava India, Coimbatore-641006 

Tamilnadu 

India 

 

E 



EDITORIAL NOTE 
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technologies in National development. This book would not have been possible without the 

support, cooperation and encouragement of researchers and would like to acknowledge their 

contribution towards this assignment possible. 

 We express our sincere thanks to Shri D Lakshminarayanasamy, Chief patron and 

Managing Trustee, Shri R Sundar, Chief patron and Joint Managing Trustee, Sri Ramakrishna 

Educational Institutions for the persistent support. We thank Dr.B.L.Shivakumar, Patron and 

Principal and Secretary, Sri Ramakrishna College of Arts & Science for his directions and 

guidance. The conference organizing team of Sri Ramakrishna College of Arts & Science 

deserves special thanks for extending their support in bringing out this book. 

 In this conference more than 200 participants from various countries have attended. We 

have received more than 150 papers from the researchers. The selected research papers are 

published in this book. The papers are classified based on the theme of the conference. The 

researchers discussed on various issues in cutting edge technologies in Computing in National 

Development.  

 We strongly believe that the papers of this book attempts to address the critical research 

issues in Image processing, Machine & Deep Learning, Cloud Computing, Networking, 

Artificial Intelligence, Biometrics, Software Engineering, Big data and  Neural networks. 
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TechnicalAbstract : We as a whole think about information 

existing in the cloud, yet have we at any point pondered where 

this information comes from? To be sure, we use this existing 

information in the cloud and cycle it with various 

programming which further aids in performance, yet we never 

thought often about the beginning of the information. 

Obviously, the information is established by people in our 

working surroundings while communicating, computing, or 

performing different errands. With time, everything redesigned 

including the data and its computing requests. The ascent of 

constant computing requests has constrained the technology 

drivers to reconsider cloud computing design and migrate it 

from unified to appropriated servers. Hence, the idea of Edge 

Computing came into light of focus.Here , with paper 

description I have focused on What is Edge Computing,  its 

need , architectural and computational comparison of edge 

and cloud computing, its advantages and difficulties 

/challenges. 

 

Keywords:Edge ,Computing, Internet of things,  Distributed, 

Colocation ,5G Technology. 

 

I.Introduction 

The computing that happens by putting workloads at the edge 

of corporate networks where the information is being made is 

known as Edge Computing. The "edge" is characterized as the 

position where the end devices can get access to the rest of the 

organization devices like workstations, telephones, work area, 

machines, switches, and sensors. This innovation is utilized to 

interface IoT devices so they can convey information 

effectively, get directions rapidly, and download programming 

refreshes from a cloud or a server center with no problem. 

Edge computing is another way to deal with network 

engineering where first in distributed computing keeps on 

assuming a significant part and besides the additional 

opportunities presented by IoT devices which are fit for 

preparing the information compels organizations to re-

examine their way to deal with IT framework. Edge devices 

gather, sorts, and plays out the performance of the information 

and subsequent to preparing stores the information to its 

predetermined spot.  
 

 

"Edge Computing is an open distributed computing model that 

guarantees quick calculation, handles information exercises, 

network activities and information storage . It carries the 

devices nearer to the spot thus working on the transfer time 

and saving data transfer capacity. It highlights decentralized 

preparation of  power empowering versatile computing and 

Internet of Things."  

 

Fig.1.Edge Computing 

 

   The Edge Computing data is either handled by the actual 

devices or by a nearby PC or server instead of being 

straightforwardly communicated to a server. The data 

processing happens at the Edge of the devices or at the area 

where information is created. Consequently, it essentially 

works on the speed of information handling by decreasing the 

information going among gadgets and incorporating cloud 

server centres. This technology opens a stage for us to convey 

into the premises where the work is performed not normal for 

the storage  retail area, store, banks, etc,.With the flare-up 

of the Internet of things or IoT gadgets, there is a greater part 

of information present in the midway found server center or 

cloud. Subsequently, it requires bigger and costly networks to 

keep up with the unmitigated volume of information. The 

work performed by these IoT gadgets makes a requirement for 

a lot quicker network between the server center or cloud and 

the gadgets.  
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II.Need of Edge Computing  

        For longer than 10 years unified distributed computing 

was predictable and has upset a standard stage to pursue, 

compose, store, and bring information. It has a solid data 

driven design where asset putting away, and computational 

tasks were productive and adaptable. The cloud has turned into 

an imperative piece of data preparation and capacity. Yet, with 

technological innovation and the internet, the time saw huge 

development of data known as the 'Internet of Things'.  

 

 IoT produces deficient information, which further 

should be handled and replied in an exceptionally brief time 

frame. Coming about with an unexpected ascent continuously 

processing requests however with cloud computing the 

expense for creating the information likewise expanded 

dramatically. Nonetheless, the cloud has been halfway 

connected on a worldwide scale to deal with enormous 

information. Additionally, if the actual distance between the 

client and the cloud expands, it raises the transmission issues 

and builds the reaction time, accordingly worrying the client.  

 

       Additionally , clouds have just some restricted access. 

Organization union, web based recordings and web usages 

keeps on moving towards data transmission, disconnected 

admittance to projects and inactivity of delicate applications in 

an expanding interest for cloud administrations. The answer 

for these issues is to move the cloud computing and 

information storage to Edge Computing Platform.  

      The edge computing stage works by permitting 

applications preparing to be performed by a little edge server 

position between the cloud and the client. The organization 

edge brings down the information transport time and builds 

the accessibility. The goal of this technology is to register 

rationales and information to edge networks so the information 

won't get back to the focal server each time the capacity is 

executed by an IoT gadget.                        

         This innovation permits a portion of the responsibilities 

to be offloaded from the cloud server and push it nearer to the 

client's device for handling. Hence, accelerating application's 

reaction time and keeping a low non-active reaction.  

 

III. Cloud computing V/S Edge Computing 

Edge computing is an expansion of the cloud computing 

model- thus giving a base to the optimized solution for 

decentralized infrastructure.  

The primary difference between cloud and edge computing is 

in the context of infrastructure.  

"Cloud is centralized in nature whereas Edge is 

decentralized." 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2.Computational Comparison of Cloud and Edge 

Computing 

The following tabular figure gives a view on point of 

difference in terms of operations and benefits as 

parameters.   

    

IV.Advantages of Edge Computing 

 

a.Continuous Data Processing: This is the center goal of edge 

computing. Since the data computing happens locally that can 

accomplish ongoing data handling, the efficient checking 

approach of ongoing handling forestall many concerns even 

earlier of their occurrence.  

b.Fast and low idleness: The information isn't going each an 

ideal opportunity to cloud server organization can incredibly 

diminish idleness and can upgrade information handling 

execution. 

At the point when data is associated nearer to the client, data 

can be shared rapidly, safely and without inactivity. Edge 

Computing  is joined with 5G, thus decreasing the idleness to 

1 millisecond.  

c.Decreased Internet transfer speed use and related cost: 

Edge can fundamentally diminish internet data transmission 

utilization and cost. Data handling occurs at the edge 

network.The server devices are free more often than not and 
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can be used in other cloud explicit tasks henceforth it can 

decrease server device use and its related cost. 

d.Responsive and Robust Application Performance : 

Responsive and vigorous application execution can be 

accomplished by transferring the preparing rationale to nearby 

edge climate. In this manner, it further develops the business 

effectiveness and unwavering quality by doing basic tasks in 

the neighborhood environment. 

 

V.Difficulties of Edge Computing 

a.Colocation Cloud Data Centers:The strategy for private 

lodging servers and systems administration devices in an 

outsider server center is Colocation. To guarantee smooth 

edge computing tasks, the cloud provider would require 

setting up or teaming up with neighborhood server centers, 

which itself will get a ton of difficulties in terms of 

information virtualization and replication.  

b.5G Technology: 5G remote technology guarantees the 

conveyance of rapid information, diminished inactivity, 

expanded dependability, accessibility, and immense 

organization limit.5g working is needed to speed up constant 

applications, for example, video creation, independent 

vehicles, AI knowledge, profound learning, and advanced 

mechanics. However, to be sure, it is a test for the designers to 

keep up with the 5g innovation and give every one of the 

components with no obstacle.  

c.Solid Security Management: Strong information secret tools 

and approaches assume a significant part of data for Edge 

Computing. The trackdown could be a test and inconvenient, 

particularly when taken care of by various gadgets that 

probably won't be just about as secure as a unified cloud-based 

framework.  

d.Nonstop Local equipment Maintenance: With edge 

computing, the quantity of edge devices increments and hence 

it requires non stop local equipment maintenance. 

Consequently, it includes huge ventures and more support 

costs.  

e.Organization Connectivity and Electrical Power 

Management:Edge Computing  requires continuous network 

availability and electrical force of the executives on the 

grounds that diverse edge devices for distinctive preparing 

force and organization network. 

 

VI.Conclusion: 

       As IoT turns out to be more persuasive, edge computing 

will do likewise. The capacity to analyze information nearer to 

the source will limit latency, lessen the load on the web, 

further develop protection and security, and lower data 

management costs. The reception of cloud computing brought 

data operations to another level.The interconnectivity of the 

cloud empowered a more intensive way to deal with capturing 

and analyzing the information. With edge computing, things 

have become considerably more proficient. Thus, the nature of 

business tasks has become higher.  Edge processing is a 

practical answer for data driven tasks that require lightning-

fast response and a significant degree of adaptability, 

depending upon the present status of things. 
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ABSTRACT  

Education is the powerful tool to bring any change and thereby growth in any field. However, this 

change can only be brought through the use of Advance technologies. Education system gets 

affected by any changes that happen around the world be it in the field of technology or arts or 

archaeology.  The paper focuses on various aspect of changes in terms of version from 1.0 to 4.0, 

its characteristics, patterns to accomplish Education 4.0, benefits of Education 4.0 for teachers and 

students. 

 

Keywords: Education 4.0, Pattern, Outcomes, Versionified Description. 

 

1. INTRODUCTION 

 

Change is evident and the foremost reality of  life. Any type of growth is next to impossible without 

change. Change always comes from a way in classic to Recent trends. Here are Some classic 

definition of Education given by renowned personalities as presented in following diagram: 

 
Fig.1.Definition of Education  
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From all above definitions it can be seen that education is elementary yet one of strongest tools 

that is bringing change to recent developments. 

 

2. VERSIONIFIED DESCRIPTION OF EDUCATION 

 

A) Short Meaning -Nature wise 

Education 1.0: Dictated. 

Education 2.0:Socially constructed, usually with help of Internet access.    

Education 3.0: Contextually reinvented knowledge. 

Education 4.0: Built through effective individual and team driven focused innovative practices. 

 

B) What is the technology aspect of each Education? 

Education 1.0: conducted at classroom doors.   

Education 2.0: Cautiously adopted as open access.  

Education 3.0: utilized everywhere for ubiquitous construction and transmission of knowledge. 

Education 4.0: Always changes with the direct input of learners who acts as a major source of tech 

evolution in the innovation service production. 

 

C) How is teaching done in each version of Education? 

Education 1.0: involves teaching from teachers to students  

Education 2.0: involves teaching from teachers to students and students to students.  

Education 3.0: involves teaching from teachers to students, students to students, students to 

teachers, people - technology-people. 

Education 4.0: amplifies teaching by positive innovative feedback loops, creatively and 

ubiquitously in all phases of living, working and learning. 

 

D) Where does each version of Education localize? 

Education 1.0: in a building  

Education 2.0: in a building or online 

Education 3.0: everywhere in the "creative society". 

Education 4.0: in the globally networked human body. 

  

3. EDUCATION 4.0 AND ITS CHARACTERISTICS 

 

Education 4.0 is the required strategy for learning that adjusts itself with the trending fourth 

industrial revolution. In general, Education 4.0 is a belief that fosters intelligent thinking among 

its stakeholders. It assists education in different patterns, by the consumption of tools and resources 

that are technologically best. In other words, it means that instead of old classrooms patterns of 

chalk and talk students will enroll themselves through courses available on various moods portal 

VCMT Dec 2021 ISBN:978-93-5578-200-7

Education 4.0 55



which in turn makes them self-reliable, independent and professional in terms of skills and ethics. 

There is no boundary in learning things. 

Characteristics of Education 4.0 as follows: 

1) It is scalable in nature. 

2) It is transdisciplinary. 

3) It provides experiential and Hands on training. 

4) It is just in time information based rather than pre-requisite based  

5) Here teachers act as mentors and coach. 

6) It focuses on acquiring skills rather than on knowledge. 

7) The assessment skill is formative and provides student with great ability to learn   

8) Education 4.0 is a flexible source of knowledge/information and promotes personalized 

learning.  

 

4. PATTERNS TO BE FOLLOWED TO ACCOMPLISH EDUCATION 4.0 

 

1. Speed up Remote Learning: It will empower learning whenever, anyplace as the eLearning 

tools will change the general idea and will infer remote learning.  

2. Customized Learning: It will bring the students customized with groups relying upon the 

abilities and explicit gifts. This implies that there will be an individual learning measure for every 

student aiding them in what they possess interest.  

3. Project-based Learning: With project-based learning the students will figure out how to keep 

a hold and clean their abilities and figure out how to apply them over various circumstances.  

4. Field specific Experience: With techno-logical progression, the training educational plan will 

add countless abilities centering human information and individual connection. This will give or 

guarantee more field experience information with the current courses.  

5. Data analysis: Education 4.0 will assist the students to utilize their insight and think to inspect 

continuous and past examples or patterns.  

6. Change in exam pattern and assessment: The current situation of theory based learning solely 

focuses on memorizing or doing rote learning programs and composing those in tests won't be the 

pattern any longer. It is fundamental to comprehend that the customary Q&A design and abstract 

sort questions just won't help later on. It implies the above exclusively won't stamp an individual, 

other than this more pragmatic stuff and exploratory information like tasks and field works will be 

added. 

 

 

5. EDUCATION 4.0's BENEFITS FOR TEACHERS 

 

Teachers symbolize makers of personality and change. Education-4.0 is an intelligence based 

digital revolution that benefits many stakeholders, teachers and educators.  It is beneficial to 

teachers because they can convey information and fulfill the required needs of students.  Teachers 

can indirectly teach students. They can promote digitalized personal learning goals through the 

VCMT Dec 2021 ISBN:978-93-5578-200-7

Education 4.0 56



utilization of tools and techniques thus provides interesting learning outcomes for students and 

better educational outcomes. It facilitates educators with needs by providing the best methodology 

to facilitate work.   It aims to improve performance by promoting teacher-skills and thus improve 

student -learning outcomes. 

 

6.  EDUCATION 4.0's BENEFITS FOR STUDENTS 

 

For any organizational network, Students are the one who brings change to learning by properly 

gaining experience and knowledge provided by educators. It behaves students as beneficiaries. 

Students can connect with various stakeholders, teachers and management with the use of 

technology. Learning outcomes of students are directly related to the implementation level of 

Education 4.0. It is truly a game changer and   improves student-learning outcomes. 

 

7. CONCLUSION 

 

From all the above points discussed it can be concluded that Education 4.0 is a reformary tool that 

has capability of bringing change and thus can help in overall development of teachers, students 

and country. 
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PREFACE 

Proceedings of the International Conference on Artificial Intelligence - A Game Changer for 

Maritime Business 

 

We are very happy to bring you the Compendium of the Proceedings of the 5th International Conference on 

Artificial Intelligence - A Game Changer for Maritime Business 18th and 19th March2022. A major goal and 

feature of this International Conference is to bring academician, research scholars and students together to 

exchange and share their experiences and research results about most aspects of maritime and Business research, 

and communicate the practical challenges encountered and the solutions adopted. This volume contains the papers 

submitted to the International Conference Delivering impact in higher education learning and teaching. 

 

We hope that you will have a technically rewarding understanding of the various research issues raised by the 

researchers across the country on the topic of conference. 

 

We would like to thank the organization staff, the members of the program committees and reviewers. The 

Compendium aims to provide a platform for discussing the issues, challenges, opportunities and findings of 

research on applications of Artificial Intelligence, digital technology and practice. Hopefully, it will also spark 

innovative ideas, foster further research and also aid researchers to identify relations or partnership between the 

various institutions based on the compiled research work presented herewith. 
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SEMANTIC VISUALIZE SYSTEM OF INTELLIGENCE EXTRACTION USING 

PYTHON LIBRARIES 

 

MR RAJESH YADAV 

Asst. Professor, Department of Computer Science, V.K.Krishna Menon College, Mumbai. 

 

ABSTRACT 

Intelligence Extraction, also known as IE, is a technique for systematically organising unstructured 

information or data using a machine learning algorithm. Structure information is collected data that can 

be easily understood and classified by the human brain. As the name implies, unstructured data is a data 

format that contains dynamic information that neither machines nor humans can understand. As a result, 

extracting meaningful information from them is a difficult task. Here I have tried to give a visual view on 

various Extraction obtained through libraries available in a Machine Learning environment. 

 

KEYWORDS: Machine Extraction, Intelligence Structured Data, Webpage, Unstructured Data. 

 

1. INTRODUCTION 

Millions of documents are uploaded to the cloud every day. We process a large amount of data every day, 

so processing and analysing this unstructured data is complicated. To manage that data, we need a simple 

system to use, reliable, efficient, and user-friendly, and through which we can obtain structured data. 

The World Wide Web is a central location where data is stored and managed, so this organisation contains 

a large amount of information in pdf, images, text, numbers, videos, etc. From this large amount of data, 

the user wants only relevant data. Various extraction methodology is discussed below in Section 3, which 

will provide the visual flow of intelligence extraction. 
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2. RELATED STUDY 

[1] Studied various approaches to extract structured data from web pages. She also discussed web data 

extraction techniques, some techniques extracting flat records and others trying to pull nested documents. 

Some of these techniques are either inaccurate or make many strong assumptions. 

[2] Proposed a solution - automatic Extraction of entity relation employing Information Extraction (IE) 

technique divided into two steps of Named Entity Recognition (NER) and Relation Extraction (RE) 

process. The author utilised a supervised machine learning approach combined with a rule-based system. 

Significant findings: It determines which features and algorithms of machine learning are sufficient to 

gain the best-known result and which rules are the most suitable for novel characteristics. 

[3] The authors proposed a new approach to extract structured data from Web pages in this paper. 

Although several researchers have studied the problem, existing techniques are inaccurate or make many 

strong assumptions. Their method does not make these assumptions. They proposed an enhanced method 

and novel partial tree alignment technique based on visual information, significantly improving the 

algorithm's accuracy. Their empirical results using many Web pages showed the accurate Extraction of 

data. 

3. EXTRACTION OF INTELLIGENCE 

Intelligence Extraction is nothing more than the Extraction of structured data. Intelligence Extraction 

includes Web Page Extraction, Csv Extraction, Video Extraction, Image Extraction, and Pdf Extraction, 

among other things. These modules extract data and store it in a file format such as.csv, .txt, etc. 

The proposed system includes the following modules: 
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3.1 Extraction of CSV 

This module extracts CSV data from a specific column by using a unique character known as a delimiter. 

Delimiters are those special characters that separate data. 

This module makes use of two libraries: 

a) Pandas: prime role in data analysis by allowing & importing data from various file formats such as 

CSV, SQL database tables or queries, JSON and Excel. 

b) CSV:  read and write tab-ular data in CSV format. 

In this module, the user must provide the file's name with the extension to the programme. The module 

then reads the file and asks the user which column they want to extract. After providing the column name, 

the user must give the delimiter between the data in that column. 

 

                                                      Figure 1: CSV Extraction Process 

3.2 Extracting Web Pages 

Web Extraction extracts the contents of a webpage and saves it to a file. 

 

                                                        Figure 2: Web Extraction Method 
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This module is divided into several types, including: 

3.2.1 Web-page Text Extraction 

Text data will be extracted from a static website using this method. The above method makes use of three 

libraries: 

a) Request: Send HTTP requests. 

b) Sys: Access to interact strongly with the interpreter. 

c) Beautiful Soup: To pull data out of HTML and XML files. 

3.2.2 Web-page Image Extraction 

This module is a subset of Email Extraction; however, it will extract images from a given URL. There are 

four libraries in use: 

a) Request b) Urllib: This library primarily fetches Uniform Resource Locators aka URL’S. 

c) Beautiful Soup d) Req: to check whether a given string matches with a given regular expression. 

 

3.2.3 Email Extraction from a Website 

The Email Extraction module is used to extract an email address from a website that the user has provided. 

We used three libraries in this case: 

a) Reb) Beautiful Soup              c) Request 

3.2.4 Web-page URL Extraction 

This module focuses on obtaining the linked URL of a specific Website. The user will provide this module 

with a URL, and it will read the website and return a linked URL from it. There are two libraries used in 

this case:  a) Reb) Sys 

3.2.5 Web-page Table Extraction 

This module extracts tables from web pages and saves them in CSV format. 
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4. Extraction of Video 

Video frame extraction will extract each video frame and save it in a file; the structure will be image 

format. This module made use of two libraries: 

a) CV2: to read video 

b) Os: provides the most straightforward functions facilitating user interaction and operating system 

information. 

 

                                                 Figure 3: Video Extraction Process 

 

5. Image Extraction 

This module is used for text extraction from an image as a source. This makes use of two libraries: 

a) Pytesseract: Optical character recognition (OCR) tool for python, which recognises and "read" the text 

embedded in images. 

b) PIL: facilitates image processing capabilities to Python interpreter. It also provides extensive file format 

support. 
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                                                    Figure 4: Image Extraction Method 

6. Extraction of PDFs 

It will extract text from a pdf file. We only used one library in this case, PyPDF2, which is used for 

performing major tasks on PDF files such as extracting the document-specific information, merging the 

PDF files, splitting the pages of a PDF file, adding watermarks to a file, encrypting and decrypting the 

PDF files, etc. 

 

                                                     Figure 5. PDF Extraction Method 

 

Articulation of Proposed System 

This system is based on data gathered from various sources, such as company and organisational data. 

Because the user wants only relevant data, the proposed system categorises that data as easily accessible. 

It will extract and classify data into graph format as output files using various machine learning python 

libraries. 

The complete visual is provided below figure to understand more simply. 
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                                        Figure 6: The Process of Intelligence Extraction 

 

CONCLUSIONS 

Here I tried implementing a visual system in which Extraction is based on the different machine learning 

algorithms that sort unstructured data into a structured format to be user-friendly for the user. 
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“Shield” 
An AI-Powered Framework for Smart Waste Management 

(In Reference to Navi Mumbai) 
 

Mr Rajesh Yadav 

Assistant Professor, Department of Computer Science, V.K.Krishna Menon College,  Mumbai. 

 

Technical Abstract: 

               In the Indian setting, smart urban areas are a somewhat new idea. Current urban areas quickly 

adjust particular advancements to address developments, environments, morphology, and comparative 

viewpoints. This arising pattern empowers the joining and advancement of man-made brainpower, 

mechanical technology, touchy sensors, and huge information by means of the web of things. There are 

even a few increased and computer generated reality variations for savvy urbanization plan. This section 

centers around fostering a model in view of innovative perspective changes that endure brilliant urban 

communities' wording. Punsari, India's smart town in Gujarat, as of now exists as a model. This section 

additionally researches the writing on inexhaustible and environmentally friendly power energy, observing 

the climate, air quality, and water quality. Because of exploration holes, this study will in general use man-

made consciousness to zero in on metropolitan possibilities. It is an experimental review/exploratory 

examination in light of quantitative and quantitative information. It proposes a system/model for Navi 

Mumbai as a feature of Mumbai's keen urban communities. These would bring about coordination. Thus, 

this instructive system would be educational for Researchers, scholastics, enterprises, and government 

offices. Information researchers and conspicuous information examiners are standing out for them in 

creating tech-based urban areas. Human insight joined with man-made reasoning would have social, 

financial, and natural results manageability. 

 

Keywords: Navi Mumbai, Smart-cities, Punsari, Artificial intelligence, urbanism, Smart Waste-

Management. 

----------------------------------------------------------******---------------------------------------------------

1. INTRODUCTION:- 

As indicated by United Nation, the total populace will develop by 9.7 billion by 2050. It is 

assessed that urban communities would house around 80% of the metropolitan populace at that 

point, with every city lodging around 10 million individuals. There would be a huge populace 

increment, bringing about a shortage of assets and energy. The following significant test would be 

the organization and the board of numerous exercises connected with disinfection, gridlock relief, 

and traffic the executives framework. Overseeing such circumstances is generally a troublesome 

assignment. My exploration endeavors to distinguish the job of AI in such worries. Man-made 

consciousness examination can drive all disciplines referenced over that can be extensively 

classified as mental science, then again, actually the AI people group is continuously endeavoring 

groundbreaking thoughts zeroed in on programming, exploring and approving human cognizance 

speculations or planning a framework to play out a particular errand. A PC is a machine that 

permits us to do things present and control images expressly and verifiably. We accept that we are 
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the drivers for thoughts and ideas. Numerous clever specialists would be expected to drive in the 

contemplations. The specialist should identify it's general surroundings, think about its choices, 

and act on the planet overall. Assuming projects are keen, we call them so. This universe is the 

thing it is, and we endeavor to describe its way of behaving. Researcher ask how it affects an 

animal categories deliberately. An actual framework should be dynamic to be alive. Be that as it 

may, a significant number of these issues are sensible on account of applying AI-empowered 

Internet of Things utilizing mechanical headway to make the new conceivable and generate the 

idea of savvy urban communities. A smart-city uses Information and Technology to work on civil 

administrations' quality and execution (like energy and transportation). Subsequently, it 

diminishes the utilization of assets. Inventive innovation decidedly affects the occupants. Urban 

communities are among the most complicated substances and metropolitan improvement with 

different conveniences worries about structures, streets, wellbeing, security, and so on Various 

administrations are accessible, for example, traffic light and stopping the executives, squander the 

board, open spaces, and so on Whenever we allude to it as a savvy city, we talk about utilizing 

sensors, advanced mechanics, and AI supports gathering and putting away in numerous ways. 

 

2. LITERATURE REVIEW:- 

Authors’: R.Begun, M. Arebey, M. Hannan, and H. Basri[2011]. 

Discoveries/Suggestion: To foster the canister and truck savvy observing framework, they 

proposed a framework outfitted with data frameworks and trend setting innovations like RFID, 

Global Positioning System (GPS), General Packet Radio Service (GPRS), and Geographic 

Information System (GIS), as well as camera innovation. 

 

Authors’: M. Arebey, M. A. Hannan, R. A. Begum H. Basri,[2010] 

Discoveries/Suggestion: Another framework portrayed in [2] would screen and deal with the 

whole assortment process. It gives on-time strong waste assortment, vehicle following by means 

of a GIS data set, and continuous receptacle status. Notwithstanding, one disservice of this work 

is that it requires the gathering truck moving toward the waste canister to send information to the 

server. 

 

Authors’: I.von Poser and A. Awad. 

Discoveries/Suggestion: According to them, the assortment interaction represents 85% of the 

absolute expense of the strong waste framework. Be that as it may, in light of the fact that they 

saw distance as an uneven interaction, their answer was restricted to bidirectional ways. Thus, 

they decide the best course for gathering strong waste in urban areas, with Irbid City in Jordan 

filling in for instance. As a for example, this examination made a strategy in light of an exact 

hereditary calculation. 

 

3. PUNSARI – A SMART VILLAGE ROLE MODEL 

The innovative implication of artificial intelligence is commonly seen in urban cities; however, 

seeing the impact of intelligent technologies in villages is quite surprising. In India, this surprise 

is by a small Village in Gujarat and can compete with any smart city. Taking the motivation the 

other village small town in countries needs to ahead their footstep not only to make a particular 

area or state as competent but also to make a whole as "SMART INDIA" and be a role model for 
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other countries in the world. Because of its incredible contribution, Punsari has been named 

"ADARSH GRAM". 

The contributory detail is as below. 

Location: Himmatnagar, Gujarat  

Population: Approximately 6000 

Credibility due to Village Sarpanch, Himanshu Patel 

Facilities: 

 It offers Wi-Fi connectivity; primary schools are equipped with air-conditioning facilities and 

CCTV cameras.  

 All streets in the village have concrete roads; the roads are clean and litter-free.  

 Speakers are installed at every corner of villages to pass on information to citizens.  

 People get chilled mineral water for drinking through the RO water plant, and there is an 

independent public transport system. 

 
Figure.1- Smart Classroom 

 

 
Figure.2- Improvised Waste Collection 
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Figure.3- CCTV enabled Streets in Punsari 

 

4. OBJECTIVES BEHIND  

To investigate ways of planning a shrewd city with AI prompting savvy administration. 

To consolidate AI-based brilliant framework regarding waste administration for the arising city 

of Navi Mumbai. 

 

5. MAN-MADE CONSCIOUSNESS IN BUILDING SMART CITIES 

There are not many instruments accessible to exhibit how AI and man-made brainpower can 

assist with building savvy cities.AI additionally has gifted independent advances that control a 

few explicit situations in urban communities. Since Regulatory and Compliance highlights are 

fulfilled for security, this will turn into a huge element in how city travel courses are planned and 

made due. These apparatuses and innovations assume a fundamental part in the enormous scope 

improvement of keen city the executives. These are incredible examples of design impressions for 

critical scale advancements. In the cosmopolitical and metropolitan urban areas, squander the 

board has been persistent development and in this manner, imaginative administration to handle 

such a situation is required. There is a requirement for shrewd administration in India for 

significant urban areas like Delhi, Mumbai, Kolkata, and so on Up until this point, we can prove 

that main explicit regions have squander the executives that needs greater headway. All things 

considered, there is an incredible interest for such innovations to make the public authority more 

straightforward. 

 

6.SMART WASTE MANAGE-MENT IN NAVI MUMBAI 

Computerized reasoning and IOT can execute savvy squander the board answers for guarantee 

that occupants of a shrewd city get a protected and sound climate. Squander-Waste assortments 

and their legitimate administration and removal are fundamental city administrations. This 

expansion in the metropolitan populace requires imaginative strategies for squander the 

executives. Taking on Artificial Intelligence for savvy reusing and squander the executives can 

give a maintainable waste administration framework. One such model could be Barcelona's waste 

administration framework, outfitted with Sensors and gadgets fitted on squander canisters that 

tells the specialists to dispatch the waste assortment trucks when they fill. They additionally keep 

up with independent containers for paper, plastic, glass, and waste food things in each territory. 

Sewage/wastewater removal frameworks in urban communities are turning out to be more 

productive with the utilization of man-made consciousness to anticipate the quantity of synthetics 

used to tidy up the water pursue off your grimy business, given different potential situations, for 

example, brief populace increments because of occasions, getting ready for expected populace 

development, precipitation levels and so forth. 

Various stages of intelligence are applied to improve waste management 

Stage 1: Instructions was given to Individuals to separate garbage as dry and wet. Door to Door 

Waste Collector visits the society of a particular area and dispose of them as per the type of 

garbage. 

Stage 2: In addition to Stage 1, Sensors were installed in the trashbin to check the fill-up level. 

Current Progress of Existing System: 
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Vighnaharta-A-3-S introduced its first Smart-Bin at Navi Mumbai. The Smart container 

incorporates three areas. A savvy level sensor is associated with each segment. These sensors 

send the level of the trash to the cloud utilizing GPRS 2G. Cloud App tells the Solid Waste 

Management group of NMMC to get once the trash level compasses 80% (The unit can set 

levels). 

 

Figure.4- Smart Bin, Navi Mumbai 

In this way, I propose an enhancement strategy that could uphold, make due, diminish, and 

control squander exercises in Navi Mumbai. 

 

7. FRAMEWORK-ARCHITECTURE 

I anticipate proposing a framework that exhibits a substance to propel the current brilliant waste 

administration framework. Figure 9 exhibits the model of the proposed approach. 

With the use of IoT, AI will turn into the standard way we plan most things. The current waste 

administration frameworks can't proficiently manage the huge loads of trash produced 

consistently. The city of Navi Mumbai is thickly populated and delivers huge loads of waste. The 

city creates around 700 Metric Tonnes(MT) of waste/day. Navi Mumbai stowed the third 

situation in the yearly study of neatness, Swachh Survekshan 2020[MIDC]. NMMC-Navi 

Mumbai-Municipal Corporation got the primary position in the Cleanest Big City in the 10 to 40 

lakh populace class. It dropped to the fourth situation in the yearly overview of neatness, Swachh 

Survekshan 2021 [MIDC]. 

Figure. 5- Swachh Survekshan 2020[MIDC] 
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Figure. 6- Swachh Survekshan 2021[MIDC] 

 

Figure.7- Swachh City Award#1,2021  

 

7.1. SHIELD – AN AI-POWERED AUTOMATED FRAMEWORK OF WASTE 

MANAGEMENT  

Mechanizing the trash arranging and removal processes by changing to Artificial Intelligence for 

Smart Recycling and waste administration is relied upon to raise better and more proficient 

removal strategies to reuse reasonably. Radio Frequency Identifications [RFID] tag is a new 

innovation embraced for squander the executives. Numerous western countries vigorously utilize 

such changes for the trash the board interaction. In like manner, the essential server that stores 

this information decides a proper technique to discard the all out waste produced. Computer based 

intelligence programs and IoT sensors are other progressive ideas in squander the board. The 

sensors on these garbage bins measure the waste levels of the trash tossed inside them and send 

this information through moderate servers to the essential removal frameworks for handling. 

The framework sorts the information into the kind of trash, the amount of each sort of trash, and 

the separate garbage removal strategy. 

Mechanized canny machines are supplanting the conventional waste arranging techniques. The 

planned smart receptacles could think for themselves while arranging and sending trash. Over the 

long run, this framework can likewise refine itself by concentrating on chronicled records to work 

on its productivity. 

Each of an individual requires is to keep the trash in the receptacle.It then, at that point, utilizes its 

sensors to study and look at the rubbish recuperated through the past garbage records and 

afterward chooses the should be finished with the waste. 
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Contingent upon the idea of the choice, the actual canister sends the trash to a fitting removal 

framework, whether it is an unloading ground or a reusing plant.It will move far in keeping up 

with the environmental equilibrium for a superior and more maintainable future. 

An AI-Powered behaviour of the framework 

Consider the above framework flow; the question arises: Where is the artificial intelligence in the 

proposed framework?  

The answer lies here: The concept of AI comes in the frame when primary servers receive data 

through a sensor and compares it with previous records. Based on nature, it decides what to do 

next. The above behaviour is an exact behaviour of the model-based agent in artificial 

intelligence. 

 
Figure.8-Model Based Agent

 
Figure.9-Proposed Framework Prototype 

The name shield is given to the proposed framework to indicate an automated process without an 

in-between actual Human intervention. 

 

8. FUTURE SCOPE 

The proposed model could be developed further and implemented in our cities. There would be a 

lot of technology and management assimilation in the processes mentioned above. AI and sensor 

networks and recent technological trends would be a boon to these rapidly developing cities. 

When these smart systems become a reality, they will face numerous challenges, but their 

adoption will always be a boon to humanity.  

The following study has a few limitations, including a pilot run, government compliance, and the 

costs associated with such a project.  
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9. CONCLUSION 

AI implementation would change the way cities operate, deliver, and manage public amenities 

such as traffic system management, parking management, and waste management. However, the 

proper selection of technologies is critical for smooth operation.  

 Due to the challenges, it will take a long time for cities to become fully AI-operated. Among the 

significant concerns are the growing population, the digital divide, and existing gaps in digital 

literacy. Retrofitted solutions could thus provide a way for ideas.  

 Another critical aspect to consider when implementing AI is collaboration. A shift in mindset is 

required for cities to benefit from the potential of smart cities truly. The authorities should 

coordinate their efforts across multiple departments. Though budget is an important 

consideration, the successful implementation of smart city components worldwide demonstrates 

that smart cities are relatively inexpensive if appropriately implemented. The transition to smart 

cities creates jobs while also helping to save the environment, reduce energy expenditure, and 

generate more revenue.  

 This study aims to investigate how to design smart waste management using AI, which will lead 

to smart governance. I proposed a way to deal with showing the reception of shrewd AI-based 

advancements and endeavored to extend my point of view on fusing AI-based brilliant foundation 

concerning waste administration for Navi Mumbai, an arising city. 
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A Theoretical View on the DARQ as future Cutting-Edge Technology  

Mr Rajesh Yadav  

Asst. Prof, Department of Computer Science, V.K. Krishna Menon College, Mumbai, India   

  

------------------------------------------------------***-------------------------------------------------------- 

 

TECHNICAL ABSTRACT:  

"World of today is the technology of Future." 

 OR 

 

This quoted sentence indicates that whatever and how we live today will reflect the aspects of 

tomorrow, and it will be in terms of technology. Hence, in this paper, I'll try to elaborate on one 

of the cutting edge technology of the future called DARQ.DARQ stands for Distributed Ledger 

Technology (DLT), Artificial Intelligence (AI), Extended Reality, and Quantum Computing. 

You may be familiar with these technologies, which have the most potential in the future. For 

the theoretical view in this paper, I will discuss the technologies mentioned, how this 

technology (DARQ) works, how DARQ technology can improve our future, and finally, my 

thoughts on DARK (Conclusion). 

Keywords: DARQ Technology, Distributed Ledger Technology, Artificial Intelligence, 

Extended Reality, Quantum Computing are some keywords. 

1. FORMAL INTRODUCTION 

We live in the technological age. We cannot claim to be on the cutting edge of technology, but 

we will be in the future. Because the more we think about the problems in the world, the more 

solutions we find. The answer, in this case, is nothing more than the technology we develop to 

solve the problem. Even so, there may be some limitations to that technology. What should we 

do next? We modernize the technology. This cycle repeats itself, and as a result, we evolve. 

This so-called technological evolution intends to make our lives easier. 

We are constantly upgrading to live happily and have a better future. While we cannot predict 

the future because we have not progressed that far, we can speculate on the evolution of 

technology. We constantly watch emerging media and the latest technological trends to predict 

which technologies will have a brighter future.  

Here are a few technologies that will shape the future. 

 Machine learning Deep learning and artificial intelligence 

 Extending Reality with Blockchain 

 Quantum computing. 
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A newly emerging technology that combines the technologies mentioned earlier shows the 

most promise for the future. The DARQ technology will be used in the four significant 

technologies discussed below. 

2. DARQ technologies 

   

2. A Distributed Ledger Technology (DLT) 

DLT ("Distributed Ledger Technology") is a technique of sharing and storing data across 

multiple data stores known as "ledgers". The ledgers' job is to maintain and control the 

distributed network of computer servers (nodes). The data records in each ledger are the same. 

 

Changes to the single ledger reflect throughout the entire distributed network, and in any 

specific case, all network members have an exact, identical dupe of the ledger as the whole. 

2.A.1 DLT TYPES 

Permissioned distributed ledgers and permissionless distributed ledgers are the two types of 

distributed ledgers. 

The permissioned distributed ledger involves the demand for authorization from central entities 

for nodes to enter the network and change the ledger. Identity verification is part of this. 

Every node in the network has a complete and up-to-date dupe of the entire ledger in 

permission-less distributed ledgers. All proposed original ledger additions by network actors 

are communicated to all nodes throughout the network. 

2.A.2 Blockchain technology 

Blockchain is a type of DLT that employs cryptographic and algorithmic approaches to create 

and validate a continuously expanding, append-only data structure that gradually transforms 

into a chain of transaction blocks that serve as a ledger. It is currently the most widely used 

DLT variant in the world. 



Proceedings of International Conference on Role of Artificial Intelligence and Sustainable Engineering in Driving Smart Cities 

ICRASES-2022 

 

51 

 

The nodes begin new additions to the database by creating a new data 'block' containing the 

records of various transactions or deals. In addition, information about the latest data 'block' is 

distributed throughout the network in translated data. As a result, Blockchains ensure that sale 

details are not made public. 

Furthermore, all nodes in the network estimate the data block and confirm its validity using the 

predefined algorithmic confirmation method. The Blockchain consensus mechanism is another 

name for the predefined algorithmic confirmation system. When a data block is verified, all 

nodes can add it to their ledgers, forming a 'chain of blocks' known as The Blockchain. 

Bitcoin, Ethereum, and other blockchain examples are the best. Different DLT variants include 

Hash graph, DAG, Holochain, and Tempo. 

2. B. Artificial Intelligence  

Artificial intelligence is nothing more than a machine's intelligence provided by a developer. 

Giving intelligence to the device ensures that the machine can make its own decisions based on 

the situation. In simple essence, artificial intelligence (AI) is simply lines of code written by the 

developer. However, AI is more than just code. AI is referred to as a "power-up" because it 

transforms a machine when added to it. 

We are still using AI today. The best examples of AI are personal assistants such as Siri, 

Google, Bixby, and Alexa. Also, movie recommendations on Netflix, Prime, ZEE 5, Hotstar, 

etc. As a result, AI is now a part of our daily lives. 

As these technology advances, we will be able to create wonders. AI subtopics include machine 

learning, deep learning, neural networks, etc. 

AI requires data to perform tasks. This data is frequently collected, extracted, and mined as part 

of a process to understand better how we use technology. Patterns are built using data, which 

AI then uses to generate predictions and simulations. 

 

Fig.1.INTELLECT VISUAL OF AI, ML and DL 

2.B.1 MACHINE LEARNING  

Machine learning is creating machines that can collect data, apply algorithms to it, and then 

orient themselves to derive meaningful insights from the information. 
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The primary distinction between ML and AI is that ML does not rely on the code of its creator. 

ML is primarily used to detect faces, voice commands, and objects and translate languages and 

chatbots. In contrast, ML systems start with computer code and then load data, information, and 

inputs to evaluate. This connection to big data binds machine learning and the Internet of 

Things together. 

2.B.2 Deep Learning  

Deep learning advances AI by using artificial neural networks to mimic how the human brain 

works. Each neuron in an artificial neural network has the task of providing a binary response 

to fundamental questions about a piece of data. Extending thousands or millions of these 

artificial neural networks allows a Deep Learning machine to provide exact outputs without 

changing the coding.  

2. C. Extended Reality 

Augmented Reality (AR), virtual reality (VR), and Mixed Reality (XR) are examples of 

extended reality (XR) technologies (MR). These technologies broaden our perception of 

Reality by combining the virtual and real worlds or creating a fully immersive experience. We 

can find them in video games and apps that allow you to fantasize about a different reality 

while using your device. 

XR enhances the human visual experience and spectacularly immerses people. 

Extended Reality can be thought of as a link between the real and virtual worlds. Because of 

advancements in the semiconductor and photonics industries, the demand for augmented, 

virtual, and mixed reality technologies has grown over the years.  

2.C.1. Technologies in Extended Reality  

 

Fig.2.Technologies in Extended Reality  

2.C.1.1. Augmented Reality (AR):  

AR combines digital elements such as visual overlays (objects with no background) and haptic 

feedback over a real-world environment. In comparison to VR and MR, this technology is more 

easily accessible. All we need is a camera to capture the real world, and the AR app will 

overlay virtual objects on top of it, allowing us to see them on our phones. 

Smart glasses or headsets can also be used to experience augmented reality. For the time being, 

augmented Reality is primarily used for navigation. AR glasses do not alter our surroundings 

but rather add digital objects to real space. The digital data is projected directly in front of the 

user's eyes in this case. 
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2.C.1.2. Virtual Reality (VR):  

Virtual reality headsets create or display the virtual reality environment around us, which is 

nothing more than a 3D simulation. They generate a computer-generated artificial environment. 

VR is currently used for entertainment, gaming, and healthcare, among other things. 

There are two kinds of VR headsets: 

A.PC-connected headsets are linked to a computer or a gaming console, resulting in high-

quality virtual experiences. Computers and consoles today are capable of producing natural and 

convincing digital worlds. 

B.Headsets that stand alone: The standalone headsets do not need to be connected to a 

computer or console. The majority of standalone VR headsets provide the VR experience 

through a smartphone screen which is more affordable, but they are also simpler to use. 

2.C.1.3. Mixed Reality (MR):  

MR enables users to see and interact with a completely virtual environment superimposed on 

the natural world around them. This hybrid Reality leans more toward VR than AR. 

The two primary MR devices are as follows. 

Holographic devices - These headsets have translucent glasses that allow the user to see the 

real-world surroundings while creating virtual experiences with holograms. 

Immersive headsets - These headsets have a non-translucent display that blocks out the real 

world and uses cameras to track its surroundings. 

2.D Quantum Computing  

Quantum computing is the final technology in DARQ and the world's most experimental 

technology. I believe it is the most powerful technology in DARQ. It is a type of computing 

that is based on quantum mechanics. Quantum computers were created to solve problems that 

supercomputers were unable to solve. The development of powerful quantum computers for 

the future is still in its early stages. 

 

2.D.1Process of quantum computing 

Quantum computers use quantum mechanics laws to accelerate computation processes. 

Quantum computing has the capacity to change the course of history. It can also be used to lead 

scientific advances, industries, and so on, even when humans are at the beginning of our 

journey.   
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Quantum computers encrypt information as 0s, 1s, or both at the same time using quantum bits 

or qubits. Because of this superposition of states and other quantum mechanical phenomena 

such as quantum entanglement and tunnelling, quantum computers can simultaneously 

manipulate massive combinations of conditions.   

2.D.2. Classical Computing VS Quantum Computing  

 

Table.1.Comparison of Classical and Quantum Computing 

 3. How does DARQ technology work?  

DARQ technology, as the acronym suggests, is a combination of four powerful technologies: 

artificial intelligence, extended reality, quantum computing, and distributed ledger technology. 

Let us first discuss artificial intelligence. Artificial intelligence refers to the brightness of a 

machine (a device or an application) based on code written by the developer and learns from 

situations it encounters. DLT connects a group of computer servers to form a chain-like 

distributed network so that they can share and store information in the most secure way 

possible. Extended Reality assists us in visualizing things and recreates our surroundings in 

unimaginable ways. Quantum computing enables us to compute tasks that will last a lifetime.   

We will combine the technologies as mentioned earlier in the DARQ technology. Assume we 

were able to provide AI to the nodes in the DLT network while also dealing with Extended 

Reality. Normal computation may not be efficient when dealing with complex problems and 

situations using the three big technologies. As a result, we will employ quantum computers as 

network nodes or, at the very least, as a central entity. 

Note that the above assumption could take 50 to 100 years to come true. 

4. Prospective Scope 

SCENARIO OF FLYING VEHICLES: Let us imagine a future in which we finally have 

flying vehicles, but managing traffic in the air (3D space) is difficult because we are not 

moving on the roads (surface). As a result, we will employ DARQ technology. Every vehicle 

now has a quantum processor, and each vehicle is linked to another nearby car via a DLT 

network to receive positional information. The AI in the vehicle drives itself based on that 

information. As a result, the flying vehicles will move like a swarm of ants (as ants 

communicate with each other). Accidents and traffic jams can thus be avoided. With the 

assistance of ER, the passenger can view the journey details inside the vehicle. 
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Fig.4. Visualizing DARQ through Flying Cars  

VIRUS DETECTION AND ACTIONABLE SCOPE: Assume that nanobots exist in our 

bodies. If they detect a new virus, they will send the information to the appropriate alert station 

and kill the virus before it spreads. It is possible thanks to DARQ technology. The nanobots use 

AI to make decisions, and a DLT network links them. Through ER, the individual can view 

their health statistics. 

 

Fig.5.Nanobots in Virus prediction • Other ways in which this technology can improve our future include: • A UNI operating system for all of your devices, with UI, floats in mid-air. • Encyclopaedia based on the emergency room. • Adaptable Nanotechnology or artificial matter – matter that reshapes itself in response to user 

thoughts. • Drones periodically repair the ozone layer. • Spaceships that can travel at light speed (with the help of quantum computing). • Drones and bots that can terraform Mars. • To deconstruct every cell in our body in one location and reconstruct the same cell in another 

location 

5. CONCLUSION 

Numerous issues arise daily. We must be adaptable to change and embrace cutting-edge 

technology to address them. As we all know, each technology has its own set of limitations. If 

the technologies come together, the potential is enormous. As we all know, Artificial 

Intelligence, Extended Reality, Distributed Ledger Technology, and Quantum Computing are 

game-changers if they are combined.  
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PANDEMIC TECHNO-VISION OF ICT IN EDUCATION 

ABSTRACT  
The entire world is confronting pandemic circumstance. To be out of the present 
circumstance, we as a whole are battling. All fields are influenced because of Covid 
19. And furthermore teaching field is influenced. However, ICT is very much 
accommodating to instructors and students. Due to this ICT version of change, 
teaching learning measure becomes easier. In training, ICT assume indispensable 
parts in working with instructing and learning. They have changed study hall 
specialized techniques and adjusted guidance systems. Too, ICTs have made 
educating and learning intelligent and community rather than the customary 
educator talking and students listening approach. The improvement of ICT is 
viewed as a superior method of educating and learning a specific language 
contrasted with the current strategies. In schooling, imaginative learning, 
particularly learning should be possible by utilizing the Internet to produce 
gadget based learning ICT. In this computerized period, ICT use in the study hall 
is significant for offering students chances to learn and apply the necessary 21st 
century abilities. In the advanced world, where everything is taken under Internet 
and new mechanical developments, it is hard to subvert their commitment to 
unknown dialect instructing. ICT shows up as a 'connect' to break the distance and 
'endure' the learning. If there should be an occurrence of distance, instructors can 
utilize ICT through video meeting to empower them educate or screen the students 
learning measure.  
The reason for this paper is to perceive how we can utilize ICT for getting teaching-
learning measure more viable in the present circumstance .We can utilize ICT 
devices for advanced education students. ICT will be helpful for upgrading abilities 
as tuning in, talking, perusing and composing.  
This paper centers on utilization of ICT apparatuses for powerful showing 
learning in pandemic circumstance. 
KEYWORDS Covid-19, pandemic, ICT, ICT Tools, Internet , Social media, Online 
facilities. 

1. INTRODUCTION:- 

Covid disease 2019 (COVID-19) is an 

infections because of SARS-CoV-2. It was first 
recognized in December 2019 in China's city Wuhan. 
The principal case might be followed back to 17 
November 2019. Corona virus is an illness brought 
about by another strain of Covid.Earlier, this 
infection was alluded to as '2019 novel Covid's or 
'2019-nCoV.' This illness spreads all around the 
world and made lockdown everywhere. Because of 
this pandemic circumstance, all fields get influenced. 
Any one of them is schooling. It likewise make 

changes in showing learning measure. Because of 
this lockdown, all schools, universities got shut and 
showing learning measure halted. Yet, ICT devices 
came to help educators and Students. Online classes 
begin and indeed training framework got sponsor. 
These days there are diverse applications through 
which instructors and students are coming to one-
another and finishing their work. Diverse 
applications utilized like zoom, Google meet, WebEx, 
Microsoft and numerous others. There are various 
stages through which educator are coming to their 
teaching through web based instructing. 
Furthermore, students are likewise learning. 

http://www.ycjournal.net/
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2. EFFECTS OF COVID PANDEMIC ON TEACHING 
LEARNING PROCESS: 
i. Online training: Because of Covid-19, there is no 
alternative without online schooling. As lockdown 
don't permits to open schools, universities, so online 
training is just a single choice through which training 
can be initiated. 
ii. Utilization of apps: Different applications these 
days are utilized for online schooling. These 
applications are useful for students and educators to 
reach. Such sort of applications is additionally 
utilized for gatherings/meets, internet trended 
learning process. Example: Zoom, Google meet, 
WebEx and so on. 
iii. Stages/Platforms for online training:  
There are various platforms accessible for online 
training. Through these platforms, online classes can 
be taken, user views can be presented, and 
recordings can be transferred. So these platforms 
are useful to the students just as instructors.  
Example:  Swayam, WebEx, Impartus and so on. 
iv. Utilization of various e-content and digital 
libraries:  
Because of online training there is no time limit just 
as spot limitation for learning. Anybody can gain 
from any spot and whenever, hence many kind of 
courses-anyone can take. What's more, unique e-
content are additionally ready for students on 
various digital platform. Universities’/Colleges can 
enclose towards the development of an online 
resources bank where students can choose to access 
books, notes, documents and study material 
whenever they are in urge to. This would enable 
students to engage with resources and maintain a 
self-study schedule and are useful for them to 
improve their insight. 
V.Virtual placement drives: 
Universities/Colleges can further the process of 
digitalization by organizing virtual placement drives 
for under-graduate & post graduate students. This 
way, even the specificability of placement would not 
be compromised because of the non-accessibility of 
the physical university space. 
3. ICT AND IT'S SCOPE:  
1. World Wide Web (WWW) is refreshing the 

information libraries for students, educators, 
researcher because of huge advancement of ICT. 
An individual from Village additionally, can 
allude the most recent data and exploration 
every day. Open universities and distance 
schooling through ICT are new openings for 
working individuals to gain, information to learn 
at home moreover.  

2. Television broadcast is outstanding amongst 
other correspondence media to instruct the 
students, farmers, athlete with most recent data 
with video clips. The exorbitant and troublesome 
tests progressed a medical procedure for clinical 
students and so forth can be seen.  

3. The curriculum data about reading material, 
reference books and references are accessible on 
Internet. Even one can finish a course of 
unfamiliar college by utilizing Internet, which is 
exceptionally financially savvy.  

4. Audiocassettes, video tapes, sound and video 
CDs, video mixed media intelligent CDs are 
accessible on the lookout for a wide range of 
student. Even educators can foster the content 
CDs utilizing PCs.  

5. Rather than overhead projectors no LCD 
projectors can be utilized for successful learning 
for huge number of students.  

6. The human mix-ups can be stayed away from by 
online assessment. It keeps up with objectivity of 
examination.  

The three words Information, Communication and 
Technology have their own different vitality. Be that 
as it may, the importance of the three words 
altogether, ICT is turning into a vital part of person. 
ICT is exceptionally valuable in practically all spaces 
of human existence.  
4. ICT TECHNO-TOOLS:  
Data and correspondence innovations have become 
typical entities on the whole parts of life. Across the 
previous twenty years the utilization of ICT has 
generally changed the practices and methods of 
virtually all types of attempt inside business and 
administration. Teaching is a socially arranged 
movement and quality schooling has generally been 
related with solid instructors having high levels of 
individual contact with students. The utilization of 
ICT in teaching fits more understudy focused 
learning settings. However, with the world moving 
quickly into advanced media and data, the job of ICT 
in training is turning out to be increasingly 
significant and this significance will proceed to 
develop a lot in the 21st century.  
Portions of the ICT Tools which are utilized for 
showing learning measure are as below: 

http://www.ycjournal.net/


DOI PREFIX 10.22183 
JOURNAL DOI 10.22183/RN 

SIF 7.399 

RESEARCH NEBULA  
An International Refereed, Peer Reviewed & Indexed Quarterly 

Journal in Arts, Commerce, Education & Social Sciences 

 
 ISSN 2277-8071 

 

www.ycjournal.net       International E-Conference on COVID-19 PANDEMIC          Special Issue August 2021     497 

 
Fig 1: ICT TOOLS 

These instruments assist students with gaining 
abilities needed for smooth correspondence. These 
devices are accommodating to instructors just as 
students. 
5. ICT IN TEACHING LEARNING:  
ICT can be valuable for an educator in the 
accompanying manners:  
1) It is useful in the expert advancement of the 
educators. An instructor can learn different language 
abilities with the assistance of ICT. He can do 
different certificate programs run by the well known 
instructive organizations like Cambridge University, 
British Council, Great Learning and so forth. These 
projects help in upgrading his ability to show his 
subject substance simple, monetary and more 
justifiable.  
2) An educator can build his area of information with 
the assistance of e-diaries, e-magazines and e-library 
that can be accomplished distinctly using ICT. He can 
likewise partake in conversations and gatherings 
with the specialists of his subject instructing to work 
on his insight and abilities through sound and video 
conferencing.  
3) ICT assists an instructor with learning 
imaginative strategies for educating. He can work 
with the students on different venture and tasks. It 
likewise helps him in giving educating contents, 
home works and so forth  
4) He might indulge in different in-administration 
preparing programs and studios which are 
fundamental for his expert improvement with the 
assistance of ICT.  
5) ICT assists an educator with directing his students 
about the learning materials accessible on web, 
digital books ,e-diaries ,e-magazines and social 
locales like connected – in which are supportive in 
better acquiring of subject abilities.  
6) ICT likewise helps him outlining educational plan 
of subjects. He can contemplate educational 
programs of various nations to examine their 
advantages and disadvantages, challenges just as 

sociological and psychological issues related to 
learners.  
All these things help him in framing a curriculum 
that leads to achieve the aims and objectives of 
subject of teaching.  
ICT can be useful for a student in the following ways:  
1. Student learn and grasp concept through online 

resources.  
2. Students comfortably learn at their own pace 

and time. 
3. Students possibly meet teachers online and get 

required knowledge about the subject.  
In this way there are different tech-views through 
which teaching learning process is becoming easier. 
These apps help both mentor-mentee to 
communicate with each other and get knowledge of 
particular contents. Teachers are making them more 
tech-savvy through use of different tech-apps. In this 
context, ICT tools are helping teachers as well as 
students in this pandemic situation.  
Conclusion:  In hand-use of ICT in today’s pandemic 
scenario is very much beneficial. To overcome the 
teaching learning problem in part of education, these 
tools are very much efficient and relatable. Through 
these tools one may be in touch and continue their 
learning at their own pace. 
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INTERNET OF BEHAVIORS: A PERSPECTIVE MODEL OF BEHAVIOURAL PSYCHOLOGY 

Mr. Rajesh Yadav 

Assistant Professor, V.K.Krishna Menon College, Mumbai, Maharashtra 

ABSTRACT 

The world is an eye witness of overall growth happening all over.Right from use of technology, to its 

advancement and benefits everything is growing rapidly.We as a user are much dependent on machines and 
technologies.People todays are using devices based on internet of things ,internet of Everything.It ,thus became 

a need to collect and observe the behaviour of customer their preferential interest etc.To achieve this an 

emerging extension of Internet of things is put into force preferably to observe the behaviour and is termed as 

"Internet of Behaviour".Here in my paper , an introduction,  its visionary contribution,various fundamental 
aspects,the benefits will explain the behavioural psychology which will be showcase at end part through case 

studies. 

Keywords: WWW, psychology, Behaviour, IoB,SxO. 

INTRODUCTION & MOTIVE BEHIND 
An interconnected network of physical objects to collaborate and share meaningful data over the internet is 

termed as "Internet of Things (IoT)".The IoT complexity is expanding and emerging constantly , complexity as 

the way in which devices are inter-linked, the processing of computations by these objects on their own. 

Collection of Data gives insight of important information about behaviours of customers, their interest and 

preference, and the world of technology refer this as Internet of Behaviour- IoB. An Internet of Behaviour tries 

to introspect the collected data from online activity of various users through their perspective model of 
behavioural psychology. It addresses the following question: how to understand the data, how to apply the 

perceived understanding to create and market new products, baselining human psychology perspectives. 

According to Gartner- " IoB collects the digital patterns of people's lives from varied Sources and these patterns 

can be used by private and public organisations to study people's behaviour".[8] 

An IOT's conversion of data to information, and the IoB's conversion of knowledge into wisdom, can be seen in 

the pyramid (Fig. 1). 

 
Fig.1.Conversion Pyramid From Iot To Iob 

Thus IoB refers to a phenomena through which user-controlled information is analyzed by means of a 

behavioural-psychology perspective. The analyzed result of IoB put lights on  recent yet new ways of designing 

a User-EXperience(UEX), Search EXperience Optimization(SeXO) and companies offering marketing products 

or services. Consequently, if we observe from the front view it is technically simple, to conduct IoB for a 
company but psychologically complex. The prerequisite of IoB is to conduct statistical studies that map daily 

habits and behaviours of consumers without fully disclosing their privacy for ethical and legal reasons. 

In extended use, IoB combines existing technologies and is an amalgamation of three fields: Technology, Data 

Analytics and Behavioural Psychology. 

IoB is viewed as one of the top tech patterns for the year 2021. The COVID-19 pandemic is chiefly answerable 

for IoB turning into this pattern since it has changed how purchasers associate with brands, making 
organizations reevaluate how they speak with clients. From a human psychology research viewpoint, the IoB 

plans to accurately investigate information and use that understanding to plan and sell new products. From a 

conduct behavioural psychology stance, the IoB attempts to decipher the information gained from clients' online 

exercises. It plans to answer how to decipher information and how to utilize that information to create and 
promote new merchandise, all according to the viewpoint of human brain science. This recent fad influences the 



International Journal of Advance and Innovative Research   
Volume 9, Issue 1 (VI) January - March 2022 
 

58 

ISSN  2394 - 7780 

Quality Infrastructure once in a while on the grounds that different organizations can Increase their availability, 

prompting higher client assumptions.[[1][2][3]] 

VISIONARY CONTRIBUTION 
The rationale of the IoB is to (CAUR):- catch, analyze, comprehend and react to all characterized kinds of 

human practices in an example that permits track-following and in this way deciphering those individuals' 

practices with the utilization of arising machine learning and AI algorithms[10].Behaviours of people are 
monitored and incentives/disincentives are configured to influence them so that they perform towards a desired 

set of operational parameters. What is really uni-quality about IoB is that it's not only descriptive in nature 

(analysing behaviour), but has a proactive nature (detecting which psychological variables to influence to bring 

about a certain outcome)[11]. 

The IoB focuses on consumer choice, and re-designs the value chain. However some users are worried about 

providing their data, whereas others are happy-go-lucky to do so when they believe it adds value to data and 

makes a final data-driven value. For industries or businesses, this indicates the ability to change their image, 
market products or improve the Customer-Experience (CuX) of a product/service. In a hypothetical term, 

information can be gathered on all facts of a user’s life, with the golden goal of improving efficiency and 

quality. 

The fundamental aspects required in company to make use of IoB in its marketing department is as follow: 

Aspect 1: The foremost is to imagine the user’s interaction patterns before the creation of the application and 

touch all those imaginary points.Include these in the creation process, understand the needs, keep the 

application experience cohesively unified , make navigation in the application simple and meaningful.Once the 
application is built and run, convey its purpose, make a user guide and reward by gamifying the CuX in the 

application.In overall aspect, Strong user engagement is required. 

Aspect 2: Solid multi-format supported platform tools are required that can connect to any API, and can upload 
data to the cloud.Multi-channel personalisation should be allowed by these platforms.Besides these platform 

should replicate centralised updates , send unique notifications that turn users into contributors and thus 

facilitate in personalisation of the application. 

Aspect 3: This is the final stage where data is  captured through the applicant that features user behaviour to a 
model. This data is nothing but And actionable data that can be transferred in the form of pop-ups and 

notifications to the customer in order to encourage and adhere to a desired behaviour. 

Ethical usage of IoB 
With Big Data, multiple points of contact information can be accessed. This facilitates exploration of the CuX 

from initial to end, to find where the customer’s interest in a product begins, their journey to purchase and the 

methodology used to make the purchase. This thus provides the ability to invest in more touch points to 
positively engage with the consumer. The efficiency of a service is keyed by this personalisation.Highly 

efficient a service is, the higher the chance of user continuation to interact and modify their behaviour as an 

outcome[11]. 

Benefits of IoB 

Following pictorial diagram shows benefits of IoB as an insight view. 

 

CASE STUDIES 
It is easy for organizations to interface a cell phone with a PC, with a voice associate, with a smart home or with 

their vehicle. Promoting research from Google, Facebook or Amazon is turning out to be increasingly far 

reaching. The calculations of these organizations are designed so they can expect client wants and practices. 

The B2B area is growing quicker than B2C in IoB yet it is inevitable before it becomes omnipresent.  
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For instance, programming organization BMC has fostered a wellbeing application for cell phones that tracks 

diet, rest designs, pulse or glucose levels. The application can make aware of unfriendly circumstances in the 

client's wellbeing and recommend social alterations towards a more sure result. Wellbeing Passport (with 
applications like Aarogya Setu in India, and The Health Code in China) and Social Distancing Technologies are 

accomplices in this arising wellbeing innovation. 

Corresponding to transportation, Uber, for instance, utilizes IoT information on drivers, traveler areas and 
inclinations to reexamine CuX. Likewise, enormous organizations, like Ford, have joined other new businesses, 

like Argo AI, to plan independent vehicles that fluctuate their conduct in every city dependent on vehicle traffic, 

walkers etc. 

One more programming organization, GBKSOFT, has completed a venture that likewise executes the IoB idea. 
The pith of the venture was to assist golf players with further developing their playing abilities with the 

assistance of a versatile application and following of wearable gadgets, to be specific adjusting existing ball 

striking strategy and learning new methods. Utilizing a handheld device associated with the cell phone, each hit 
on the golf ball is recorded in the application and dissected (stroke power, direction, point, and so forth) 

Accordingly, the player can see their missteps and get visual proposals on the most proficient method to further 

develop their swing and stroke. 

CONCLUSIONS 

Without a doubt, A/B testing, SWOT examination and numerous different methods have helped organizations 

for a really long time to fabricate their item and showcasing techniques to make and advance that clients would 

need to purchase. The IoB will take this pattern to a higher level, and is set to produce extensive energy in the 
improvement of the business. As per Gatner, the innovation might in any case be in its initial days, yet before 

the finish of 2025, over half of the total populace will be presented to no less than one IoB program, either from 

the public authority or a privately owned business. It will be the environment that characterizes human conduct 

in an inexorably computerized world. 

Hence, it will be crucial for find some kind of harmony between customized contributions and nosiness to stay 

away from unfavorable purchaser response. Any organization that decides to embrace an IoB way to deal with 

its systems should guarantee that it has hearty network safety set up to secure all that delicate information. 

IoT-reaped information utilized with IoB innovation can be utilized to sell, yet it's not all designated promoting. 

Associations will actually want to test, for instance, the proficiency of their missions, both business and non-

benefit. Likewise, medical care suppliers can quantify patient initiation and commitment endeavors. All in all, 

its inventory of uses is as of now broad, yet it will keep on growing as it becomes set up in the public arena. 
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PRIVACY: IS IT A THREAT TO CYBER SECURITY? 

Mr. Shallun King Monteiro
1
 and Mr. Rajesh Yadav

2 

Student1, Assistant Professor2, Department of Computer Science, V.K. Krishna Menon College of Commerce & 
Economics & Sharad Shankar Dighe College of Science, Mumbai, Maharashtra, India 

ABSTRACT 

In trending digital world, every individual is much concern about their online activity and thereby the privacy 
related to it.Privacy is considered as one of the important factor when it comes a talk of security. The following 
survey paper aims to understand and highlight the importance of privacy in cyber security. It gives a 
compelling argument for both ends and tries to find a balanced view between the two. To achieve the objective 
we have conducted a survey that showcases major view of people on privacy. 

Keywords: Privacy, online, anonymity, cyber, security, information, data. 

I.  INTRODUCTION 

As the dawn of the new era dominated by the internet approaches us, no matter how hard we try it is impossible 
to not have an online presence. From our passports, and various other government documents to simple 
transactions or for using any of the messaging services, digitization is leading the way. However, in recent times 
people are getting more and more concerned about information leaks and data manipulation. The term "Privacy 
Threat" has gained a lot of prevalence in the world around us. Getting tracked on the internet is something that 
has been a major cause of concern for many, which has led to a global need for anonymity on the internet. 
While anonymity can be a boon for some, it comes with its risks. The following paper aims to highlight those 

risks and tries to assess if there is a way to provide both privacy as well as security to the user or an 
organization. 

II.  PERSPECTIVE VIEW OF PRIVACY 

Privacy is one of the most difficult to define human rights as it cannot be restricted to one particular definition. 
The definition may vary according to the context and environment. Privacy has often been used along with Data 
Protection, which relates privacy with the management of personal information. In simple terms, it can be said 
that privacy protection is to what extent society or others can intrude into a person's individual affairs [1]. In the 
context of the internet and Cyber World Privacy can refer to information privacy and privacy of 
communications. 

TYPES OF PRIVACY: 

Information Privacy: Privacy protection for personal data such as credit information, medical records, social 
security numbers, contact numbers, etc. [1] 

Privacy of Communications: Security and privacy of our conversations, mail, email, phone calls, etc. [1]. 

III. Being anonymous online or online anonymity 

In colloquial terms, online anonymity applies to any interaction a user has on the internet that protects his or her 
identity from being shared with another user or third party. Anonymity can have different levels as well [3]. 

Cyber Security: Cyber Security is the use of technology to protect systems, networks, programs, and the user 
from cyber-attacks. Cyber Security may also include protection from Cybercrime such as extortion, harassment, 
fraud, defamation, etc. [4]. 

Privacy and Online Anonymity 

Privacy and Anonymity are terms that are often co-related. These terms differ in terms of actual application and 
are used interchangeably. Anonymity means that your identity is not revealed however, your activity is visible 

to everyone. Privacy means to keep your identity public but your activity is kept a secret [5]. To understand this 
better let’s consider an example. 

Imagine a class of a certain number of students. Each student has been given a code secretly and the results of 
their examination are sent using that code. The teacher herself is not aware of which code belongs to which 
student nor have the students informed each other about their respective codes. When the results arrive, the 
teacher sees that 10 codes have got an F or they have failed the examination and the results are put up on the 
notice board. Since the notice is publicly posted everyone knows 10 students have failed. However, no one 
knows who those 10 students are. This is anonymity. 
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Now let’s say that a student named M is very popular in his class. He sees the results and realizes that he has 
failed the examination. M wants to avoid getting punished and does not want to reveal to anyone his results out 

of shame. Everyone knows M but no one is aware that he has failed. This is privacy. 

The government and various organizations that have been set up by them for protecting us from people like M. 

To achieve this, they use various methods such as wiretapping, tracking, monitoring our online activity, 
monitoring our social profiles, and private searches (legally or illegally). Some people might say, “I have 
nothing to hide as I am not committing any crime or act of treason.” Others might think that these people don't 
realize the actual implication and extent of this and how it may take away some of their civil rights [5]. 
However, even if you have nothing to hide internet privacy is crucial especially in the times, we are living in. 
Let us explore further for the reason. 

IV.  NEED OF CRUCIALITY IN INTERNET PRIVACY 

Let’s go back to our dear friend M again. M has been having some trouble with one of his professors. The 
professor is constantly abusive, unprofessional towards the entire class. One of the students of the class wants to 
file a complaint against the professor. Now when you want to report this to the higher authorities of the school 

administration you would not want your identity to be revealed. Because the professor if he has not been 
removed, might fail you in your terms or give you a bad report. 

Applying this concept to an entire country and its government. Is there any way to assess whether they are using 
their powers correctly? If we want to protest, report an injustice, use social media to spread awareness about our 
problem, raise our voices when they abuse their powers can we do it without being labeled as anti-national [5]? 

Considering all these factors helps us to conclude. If we are being constantly monitored and any organization 
can peep into our lives as per their will and wish. We may lose our freedom of speech. Sensitive information of 
our businesses, our private conversations might also come under constant surveillance. 

The companies which provide a majority of the online services like search engines, emails, social media sites, 
chat applications are available for free. These services use user data, search history, transaction history, 
keywords in chats, etc. to present the user with advertisements to make money. Understandably, they make use 
of these advertisements to support their infrastructure. The problem is that they don't provide the user an 
alternative to keep their data at all. Which is a cause of concern as many users would be willing to pay to keep 
their data secure and untouched by any third person. 

V. DANGERS OF ONLINE ANONYMITY AND PRIVACY 

While it is true that online privacy is crucial it comes with its own set of dangers as well. One of the main 
dangers is that it can lead to online abuse [6]. For anyone who uses social media extensively knows what can 

happen if people can completely hide their identity. The ones who may not be able to criticize you in person 
will use this to post harsh comments on your profile and make abusive and negative comments under their 
anonymous identity. It can lead to online fraud. Impostors and conmen will abuse this privilege to commit 
fraudulent acts and businesses could end up trading illegal goods such as alcohol, weapons, drugs, etc. [6]. A 
good example of this is the Silk Road [8]. Which was an online black market on the darknet. After a lot of 
investigation and findings, the authorities were able to arrest the operators of the Silk Road in 2013. Another 
problem is that there will be fewer consequences to the people who make rape threats or otherwise act illegally 
online in comparison to what would happen if they did those things in person or the real world as we call it [6]. 

VI.  SURVEY 

We conducted a survey in which over 75 individuals took part. The main goal of this survey was to know what 

people think about privacy and data sharing. The survey was shared amongst students of multiple fields 
including computer science students, professors, IT professionals, and engineers as well as professionals of 
other fields. To maintain a unique response criterion, the email ids were used as the primary key. 

Survey Graphs 

 

Figure 6.A: Survey question about the state they belong to. 
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Figure 6.B: Importance to Privacy 

 

Figure 6.C: Importance to Cyber Security 

 

Figure 6.D: Organizations monitoring data for advertisements. 

 

Figure 6.E: Monitoring by the Cyber Crime Department 
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Figure 6.F: On being asked to share their activity for an investigation. 

 

Figure 6.G: Anonymity can be a threat 

 

Figure 6.H: View on Advertisements and online activity. 

 

Figure 6.I: Being monitored by law enforcement. 
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(These were the options given 1. All the time 2. With a proper warrant or at least through prior intimidation 3. 
No, my activity online should only be accessible by me) 

 

Figure 6.J: Level of transparency concerning their data. (3.8% percent said transparent and 1.3% said 

extremely transparent.) 

Comments made by the participants of the survey: 
A few selective comments made by the participants have been given below. 

A. Privacy to data is important for everyone. Some people don’t want to compromise their privacy on online 
media as there are cyber threats and scams. We should be well aware of what we are doing in the digital world. 

B. As per me, cyber security is quite important but talking about being our online activity accessed continuously 
without intimidating before or something like that you strongly disagree. 

C. Accessing other's online data or online activities should only be done with the respective user's consent and 
should not be used for any other negative activities, apart from what is mentioned in the terms and conditions. 

D. Privacy does not exist in cyberspace. The various websites that offer varied services to their consumers fail 
to protect their data time and again. 

E. People's phones should only be breached to collect info when required & necessary by the respective 
intelligence or law enforcers protecting their land & mass. 

RESULTS  
As it is evident from the various arguments presented above and the survey conducted privacy is extremely 
important for many but even more important than that is cyber security (figures 6.B and 6.C). The survey also 
showed the same. According to the Article 12 of the Universal Declaration of Human Rights Act, 1948, which 
state as follows: “No one shall be subjected to arbitrary interference with his privacy, family, home or 
correspondence, nor to attack upon his honor and reputation.” right to privacy is a basic human right [11]. 

From figure 6.D and 6.H we can argue that the people are less likely or do not want to share their data with 
major corporates or organization which is providing them the service. This goes to show that these 
organizations should work on a more privacy-oriented model which will cater to the privacy need of the users. 

At the very least they should have a premium service option that will not record or steal user data. We can 
safely assume that people are willing to cooperate with law enforcement and the cybercrime department if they 
are under any investigation. The maximum number of participants of the survey are willing to share their online 
activity provided they permit it or they are given a prior intimation before they are marked for surveillance. 

From figure 6.G most of the people who took the survey believe that being anonymous online can prove to be a 
threat to cyber security. 

DISCUSSION 

It would not wrong to say that privacy comes under a very gray area of study when spoken by keeping cyber 
security in mind. There is compelling evidence that dictates that law enforcement and cyber cell agencies are 
often able to stop crime before it takes place because they search for keywords in emails, monitor your social 
profiles, and keep an eye on your searches [7]. To some extent, this is where even people in our survey are 
ready to compromise. However, there needs to be a limit and that limit has to be defined. In the name of 

security, if everything we do online is scrutinized constantly, we may lose our freedom of speech, our chats 
might be leaked and sensitive data of business could be compromised. Whereas when it comes to the service 
providers or organizations which provide you with web services, search engines, chat applications, social sites, 
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etc. They must provide an alternative to the user which keeps the user data to the user itself and no one else can 
access it. They must implement security systems to avoid data leaks and data breaches. Even as users we must 

be aware of what we post online. We must learn to control how much access we give to others about our data. 
To do this, there are simple steps that we can do to ensure our privacy at our level. Read the terms and 
conditions of an app or service before accepting it. Do not give unnecessary access to applications that may not 
need that access, like giving location access to social sites. These apps can function without accessing your 
location. So, there is no harm in not permitting them to access. Do not register on unknown sites or sites that 
seem to be dangerous or unauthorized. Make your transaction only through secured payment gateways. These 
are the basic steps. Do not save your credit card, debit card, UPI details on your browser, or any application for 

future use. There are many other ways we can control our privacy on our end. 

CONCLUSION 

In this paper, an elaborative argument was made considering both the good and bad aspects of online privacy. 

As mentioned in this paper, it’s difficult to draw a decisive line between user privacy and security. The key is to 
find the balance and only monitor what is extremely essential. It is difficult to set the standards, yet it is 
essential to do so to protect human rights. We need to do whatever is in our power to stop our data from being 
compromised. As the new age is dawning, we can hope for better rules and better services that ensure that our 
data is not leaked. 
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Abstract: 
Now-a-days, the term of Corporate Social Responsibility (CSR) becomes 
progressively significant. The developing pattern of CSR turns into an intrigued 
challenge for organizations and their administration. There is a mix of uplifting 
outlooks, rehearses, or programs into organization's business technique at the top 
administration level. For organizations and their administration, know whether CSR 
exercises lead to monetary and non-monetary benefits. The paper focuses on the CSR 
categories, definitions, benefits, examples and the connection. 
KEYWORDS: CSR, Economic, Philanthropic, categories, administration, Business 

1. INTRODUCTION:- 

Corporate Social Responsibilities (CSR) refers to 

techniques that organizations set in motion as a 
component of corporate administration that are 
intended to guarantee the organization's activities are 
moral and advantageous for society. Another named 
used for CSR are sustainable business, ,corporate 
sustainability, corporate conscience,  conscious 
capitalism, corporate citizenship or responsible 
business. 
2. CSR CATEGORIES :- 
Corporate Social Responsibility (CSR)  is an 
exceptionally wide idea that is perceived and executed 
contrastingly by each firm, the fundamental thought of 
CSR is to work in a financially, socially, and 
ecologically in manageable way.For the most part, 
corporate social responsibility drives are sorted as 
follows: 
A. Environmental: - 

Ecological/Environmental responsibility drives 
target diminishing pollution/contamination and 
ozone depleting substance gases(emanations), 
and the practical or sustainable use of natural-
resources.  

B. Human rights: - 
Common freedoms responsibilities drives include 
giving reasonable work rehearses (e.g., 
equivalent compensation for equivalent work) 
and reasonable exchange rehearses, and denying 
child labor/work.  

C. Philanthropic: - 
Charitable responsibility can incorporate things 
like financing instructive projects, supporting 

wellbeing drives, giving to causes, and supporting 
local area beautification projects.  

D. Economic:- 
Monetary responsibility drives include further 
developing the association's business activity 
while taking part in manageable practices – for 
instance, utilizing another assembling interaction 
to limit wastage. 

3. CORPORATE RESPONSIBILITY AND ITS DRIVER 
The following diagram show the three phases of 
corporate responsibilities namely Profit 
Maximization, Trusteeship and Quality-of-life. The 
role of drivers and corporate responsibility clearly 
states that an organization can grow in business 
only when its goes in practical through all these 
phases. 

 
Fig.1 CSR drivers and its phases 
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4. Basic Benefits of CSR 
As it were, corporate social responsibility can be 
viewed as an advertising exertion. Nonetheless, it 
goes past that, as corporate social responsibilities 
can likewise help a company's business 
seriousness.  
The business benefits of CSR inculcate the 
following exposures: 

• Stronger brand picture, acknowledgment , and 
notoriety:  

o CSR enhances firms by setting up and 
keeping a decent corporate standing as 
well as brand value.  

• Increased client unwaveringness and deals: 
Firms Clients that follow CSR feels that they are 
helping the firm for great purposes. 
• Operational expense investment funds: 
Putting resources into functional efficiencies brings 
about functional expense investment funds just as 
diminished natural effect.  
• Retaining key and skilled representatives:  
People acting as representatives regularly stay-longer 
and are more dedicated to their firm realizing that 
they are working for a business that rehearses CSR. 
• Easier admittance to financing : 
Numerous financial backers are more able to help a 
business that rehearses CSR.  
• Reduced administrative load: 
Solid associations with administrative bodies can 
assist with lessening a company's administrative load. 
5. CSR benefits in companies  

CSR, is the possibility that an organization ought 
to be socially engaged with the climate around itself. 
This can go from taking part in not-for-profit causes, 
to bettering the local area, or making more grounded 
associations between workers. Eventually, an 
organization's CSR is set up to build generally worker 
arrangements with its qualities and mission. It is 
made to make representatives, and businesses, feel 
more associated with society. In any case, not 
everything organizations can adopt a similar strategy 
at CSR. Industries should know their specialty and 
what their representatives need.  

6. CSR example in real-life 
The following are 5 distinct organizations that show 
incredible instances of CSR in real life.  
1) BMW : 
BMW holds its pride in being perhaps the most 

socially dependable organization in its industry. BMW 
has set the bar high with an objective of aiding more 
than 1,000,000 individuals by 2020. They intend to do 
this by making projects, for example, "The Schools 
Environmental Education Development Project" to 

assist with bringing issues to light of social and 
natural issues. BMW's vital to CSR achievement has 
consistently been arrangement. They're an incredible 
illustration of corporate social obligation due to their 
harmony between a decent plan of action and aiding 
social causes.  
2) LEVI STRAUSS and CO.  

Levi's is another organization that focuses on 
its endeavors on CSR. Levi's methodology is to 
diminish their natural impression by acting on 
common liberties and ecological causes. Very much 
like BMW's program, Levi's has a "Laborer Well-Being 
Initiative" that is expected to assist with working on 
the existence of their representatives. Levi's has 
additionally reserved their "Water-Less" crusade by 
utilizing less water when fabricating their items. They 
have saved more than one billion liters of water and 
desire to all the more likely further develop their 
assembling cycle by 2020.  
3) Survey-Monkey  

Survey-Monkey, most popular for their 
overview creation programming, has made an offering 
back program to all the more likely work on their 
social obligations. They have done this by taking part 
in an imaginative manner to offer in return. Rather 
than giving out prizes to overview takers, Survey-
Monkey gives 50 pennies for each study finished. This 
gift goes to the review takers good cause of decision. 
The organization has given more than 1,000,000 
dollars to associations like Boys and Girls Club of 
America and the Humane Society. Survey-Monkey's 
illustration of corporate social responsibility extends a 
long ways past commitment. They center on bettering 
society overall, in this way giving the organization a 
decent standing.  
4) Starbucks Coffee  

Since the start of its reality in 1971, Starbucks 
Coffee has consistently centered around moral and 
social obligations. Starbucks targets making an item 
that isn't simply gainful to its clients, yet in addition to 
the climate. With the beginning of the C.A.F.E. 
program, Starbucks has set rules to expand item 
quality, social and financial obligation, and natural 
administration. Collaborating with Ethos Water, 
Starbucks is carrying clean water to more than one 
billion individuals who don't approach it. Which 
isolates Starbucks from its rivals is that they center 
around society before themselves. Rewarding the local 
area is an incredible factor to why the brand is so 
notable. It demonstrates that organizations with 
incredible giving projects are esteemed in excess of 
ones that don't.  
5) Ben and Jerry's  
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Originators of Ben and Jerry's, Ben Cohen and 
Jerry Greenfield, have consistently been centered 
around offering back in any capacity conceivable. 
Simultaneously they have hushed up about obvious 
the benefit of associating the organization with its 
representatives. To achieve different CSR objectives, 
Ben and Jerry's made the "Ben and Jerry's 
Foundation." The organization has set the bar high by 
giving 7.5% of its pretax benefits to beneficent 
associations all throughout the planet. Ben and Jerry's 
endeavors "to recognize people" if they work for the 
organization. They have given more than 2,000,000 
dollars to different associations it the desires to 
decidedly affect society. 
CONCLUSION: 

From all above details, it can be concluded that 
CSR has a great impact on business growth and an 
organization's success. 
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ABSTRACT 

 

R, an open-source programming language and much in use due to it simplicity. R is extremely well known 

language that are used by many organizations’ to en-vision and analyse information. Data-analysis is path 

toward investigating the piece of measurements information for learning purposes. Libraries/Packages are 

rolling significant part in R-programming. It has constitute set of different measurable algos and ML ideas 

which empower user to make reproducible research and make enlightening products.  

Keywords : Data Analytics, R, R-Libraries, R-Scope, Big-Data 

 

I. INTRODUCTION 

 

A re-designated version of S-tool, was made by Ross-

Ihaka and Robert-Gentleman at the Bell Labs 

Auckland University, New-Zealand. R thus get name 

using credit of initial of two authors .S was made by 

John Chambers. It is at present evolved by the R core 

group of development, in which John Chambers act as 

member-part. The project was consider in the year-

1992, where the initial variant released in 1995 and 

the beta variant in 2000. In my paper there are six 

section. The various sections are in following way:  

• Section1- About R, its Advantages and 

Disadvantages 

• Section2- Environment 

• Section3- Libraries  

• Section4-Comparisons of R with other languages  

• Section5- Scope of R 

• Section6-Conclusion  

• Section7- References used. 

II. R 

 

A free-open source which utilizes IDE as R-Studio. 

Features: 

• Easy-to-learn and most powerful data-analytic 

programming language. 

• Create the unique & beautiful data visualizations. 

• Compiles code & runs on Unix-platforms & 

similar platforms like Window’s & Mac-OS. 

• Uses Console where scripts get in implementation 

stage. 

 
Fig 1.R-GUI 

III. ADVANTAGES 

 

http://www.ijsrset.com/


International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9  -  Issue 6  - Published :        Sep  10, 2021      Page No : 17-20 

 

 

 

 
18 

• Available for anyone to use. 

• Does not have any license-restrictions, hence can 

be run at any of software platform. 

• Import tools from various unique software’s. 

• Around 4800 packages are available from multiple 

repositories. 

• Active user-groups where queries is answered in a 

short-span of time. 

• It produces visuals in pdf, png, jpg and svg 

formats. 

 

IV. DISADVANTAGES 

 

• Very less visuals on memory management. 

Almost utilizes full of disk space. 

• Best suited for people with data-oriented 

problems only. 

• Cannot be used as back-end server for 

computations. 

• Less-Secure. 

 

V. AS AN ENVIRONMENT 

 

R- Environment is suited for computing statistical 

data & Computer Visual-graphics. A set of software 

facilities having Manipulative data, computation of 

data & data-in visual-graphical format. 

An environment of R is area where we can ware 

objects, variables, functions. 

 

• Basics: It includes essential properties of an 

environment where we can establish our own 

current circumstance.  

• Names-Values Binding: It depicts the principles 

that names ought to follow just as shows a few 

minor departures from restricting a name-value.  

• Explicit-Environment: Conditions have reference 

semantics due to this, they are likewise helpful 

information structures by their own doing.  

 

VI. LIBRARIES 

 

 
 

A) Pre-Modeling Stage:  

• ggplot2: model to make exquisite Data 

Visualizations Using the Grammar of Graphics. In 

vision of ''The Grammar of Graphics'' as per our 

information 'ggplot2' map factors to feel and it 

deals with the subtleties.  

• RRF: RRF means "Regularized Random Forest". 

This library depends on Random Forest bundle 

which is utilized for Feature- determination.  

• Plyr: models data change to perform a few tasks 

like information Split-ting, Applying and 

consolidating of information.  

 

B) Modeling Stage:  

• Car: package used in Continuous-Regression, as 

companion to Applied-Regression.  

• Carat: utilized for grouping and Regression-

training.  

• Forecast: Functions are utilized for Time Series 

and Linear-Models.  

 

C)  Post-Modeling Stage:  

• Comparison: utilized for computing and assessing 

proportions from multivariate ceaseless 

perceptions.  

• ACD: utilized for Categorical-information 

investigation with complete or in-missing 

reactions. 

• PROC:  utilized to envision & break down ROC 

bends in R & S+. Also used to think about 

recipient working trademark. 
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D) Other Libraries:  

RCPP: Assists with further developing execution. It 

gives consistent incorporation in the mid-of R & C++ 

by offering R works just like C++ classes.  

 

VII. COMPARISON WITH OTHER LANGUAGES 

 

 
Fig2: R Comparison with other languages 

 

VIII. SCOPE OF R WITH LIST OF ATTRIBUTES 

 

1. Cost/Availability: Being R as an open-source tool, 

it can be freely downloaded anywhere. 

2. Ease-of-learning: R has quite a ease of learning 

curve. Codes can be implemented with ease of 

structure /syntax which facilitate easy learning in 

users. 

3. Data Handling: R has power to compute 

everything and has good data-handling 

capabilities & options for parallel -computations. 

4. Graphical tendencies: possess advanced graphical 

tendency when it is in considerate purely to 

statistical-tools. Large amount of packages are 

available to facilitate advanced graphical-

capabilities. 

 

IX. BIG  DATA-ANALYTICS  

 

Huge information includes the right portrayal and 

capacity of huge volumes of information in organized 

and unstructured structure on a solitary Personal 

Computer. This information helps in maintaining the 

everyday business activity. It holds the tremendous 

measure of information as well as keeps the 

associations' information unblemished for helpful 

business matters. It is worried about an advancing 

term of portraying any measure of voluminous 

organized, semi-organized and un-organized 

information that can be done in for valuable data 

handling. An organization profit value is not 

designated by the data that is stored which is true for 

old/traditional databases, warehouses, and new 

technologies like big data -Hadoop. Data once stored 

in appropriate manner can be analyze to create 

immense value in it.   

 

X. R SCOPE IN DATA ANALYTICS 

 

R act as an open source software platform for 

statistical computing and analysis.    On a large scale  

due  to its  open-source  nature,  R  is speedily  

adopted  by  statistics  departments  in  universities 

around  the  world,  attracted  by  its  extensible  

nature  as  a platform  for academic research. It's 

available free of cost. R  builds  this  process  very  

easily  and  anyone can  produce  an  R  package  to  

CRAN  that  stands  for Comprehensive R Archive 

Network and make it available to everyone. An 

extensive open-source interactive ide has been 

created by R Studio for the R language, further 

boosting the productivity of R users everywhere.   

 

XI. CONCLUSION 
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R-is one of popular language, easy in terms of 

learning which avails visual-graphics & statistics 

developments. Libraries play as main actor in R- 

Studio & environment. CRAN let users to browse 

packages with respect to topics which they want & it 

also offers tools sets where package of interest can be 

installed in an auto-mode. Due to miscellaneous 

features of R, it has multiple applications & used in 

almost every-field.  
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Preface 

 

This book is intended to survey the most important computer 

algorithms in use today, and to teach fundamental techniques to the 

growing number of people in need of knowing them. 

It is intended for use as a textbook for a second year course in 

computer science, after students have acquired basic programming skills 

and familiarity with computer systems.  

The book also may be useful for self-study or as a reference for 

people engaged in the development of computer systems or applications 

programs, since it contains implementations of useful algorithms.  

The broad perspective taken makes the book an appropriate 

introduction to the field. 

 

      ~Prof.  Rajesh Yadav 
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Chapter 1 

Introduction to Algorithm 

 

An algorithm is a step by step method of solving a problem. 

• “It is commonly used for data processing, calculation and other related computer and 

mathematical operations. 

• An algorithm is also used to manipulate data in various ways, such as inserting a new 

data item, searching for a particular item or sorting an item. 

• An algorithm is a detailed series of instructions for carrying out an operation or solving a 

problem.  

• Technically, computers use algorithms to list the detailed instructions for carrying out an 

operation. For example, to compute an employee’s pay check, the computer uses an 

algorithm.  

• To accomplish this task, appropriate data must be entered into the system.  

• In terms of efficiency, various algorithms are able to accomplish operations or problem 

solving easily and quickly. 

 

1.1 Why Analyze an Algorithm 

• The most straightforward reason for analyzing an algorithm is to discover its 

characteristics in order to evaluate its suitability for various applications or compare it 

with other algorithms for the same application. 

• Moreover, the analysis of an algorithm can help us understand it better, and can suggest 

informed improvements.  

• Algorithms tend to become shorter, simpler, and more elegant during the analysis 

process. 
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A. Computational Complexity 

“The branch of theoretical computer science where the goal is to classify algorithms 

according to their efficiency and computational problems according to their inherent difficulty is 

known as computational complexity.” 

Paradoxically, such classifications are typically not useful for predicting performance or 

for comparing algorithms in practical applications because they focus on order-of-growth worst-

case performance. 

 

1.2 Running Time Analysis 

• It is the process of determining how processing time increases as the size of the problem 

(input size) increases.  

• Input size is the number of elements in the input, and depending on the problem type, the 

input may be of different types.  

• The following are the common types of inputs.  

o Size of an array 

o Polynomial degree  

o Number of elements in a matrix  

o Number of bits in the binary representation of the input 

o Vertices and edges in a graph. 

• A complete analysis of the running time of an algorithm involves the following steps: 

o Implement the algorithm completely. 

o Determine the time required for each basic operation. 

o Identify unknown quantities that can be used to describe the frequency of 

execution of the basic operations. 

o Develop a realistic model for the input to the program. 

o Analyze the unknown quantities, assuming the modelled input. 

o Calculate the total running time by multiplying the time by the frequency for each 

operation, then adding all the products. 

• The running time of a program depends on factors such as:  

1. The input to the program.   

2. The quality of code generated by the compiler used to create the object program.  
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3. The nature and speed of the instructions on the machine used to execute the 

program, and   

4. The time complexity of the algorithm underlying the program. 

 

 

 

    

1.3 How to Compare Algorithms 

To compare algorithms, it is necessary to define few objective measures:  

1. Execution times: It is not a good measure as execution times are specific to a particular 

computer. 

2. Number of statements executed:It is not a good measure since the number of statements 

varies with the programming language as well as the style of the individual programmer. 

3. Ideal solution: Let us assume that we express the running time of a given algorithm as a 

function of the input size n (i.e., f(n)) and compare these different functions 

corresponding to running times. This kind of comparison is independent of machine time, 

programming style, etc. 

 

 

 

 

 

1.4 Rate of growth 

 

 

In other words, the rate of growth for an algorithm is the rate at which the cost of the 

algorithm grows as the size of its input grows.  

 

 

 

 

To compare algorithms, we use a set of parameters or set of elements like memory 

required by that algorithm, execution speed of that algorithm, easy to understand, 

easy to implement, etc. 
 

““““The rate at which the running time increases as a function of input is called as Rate of Growth.”.”.”.”    

The running time depends not on the exact input but only the size of the 

input. 
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1.5 Types of Growth Rates OR Commonly Used Rates of Growth  

1. Linear Growth Rate 

• A growth rate of cn (for c any positive constant) is often referred to as a linear growth 

rate or running time. 

• This means that as the value of n grows, the running time of the algorithm grows in the 

same proportion.  

• Doubling the value of n roughly doubles the running time.  

• A linear growth rate is a growth rate where the resource needs and the amount of data is 

directly proportional to each other.  

• That is the growth rate can be described as a straight line that is not horizontal. 

 

2. Quadratic Growth Rate 

• An algorithm whose running-time equation has a highest-order term containing a factor 

of n2 is said to have a quadratic growth rate.  

 

3. Constant Growth Rate 

• A constant resource need is one where the resource need does not grow.  

• That is processing 1 piece of data takes the same amount of resource as processing 1 

million pieces of data. 

• The graph of such a growth rate looks like a horizontal line. 

 

4. Log Linear 

• A log linear growth rate is a slightly curved line. the curve is more pronounced for lower 

values than higher ones 

 

5. Logarithmic Growth Rate 

• A logarithmic growth rate is a growth rate where the resource needs grows by one unit 

each time the data is doubled. 

• This effectively means that as the amount of data gets bigger, the curve describing the 

growth rate gets flatter (closer to horizontal but never reaching it).  
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1.6 Analysis of Algorithm 

• The term "analysis of algorithms" was coined by Donald Knuth. 

• Analysis of algorithm is the process of analyzing the problem-solving capability of the 

algorithm in terms of the time and size required (the size of memory for storage while 

implementation).  

• However, the main concern of analysis of algorithms is the required time or performance. 

• To analyze the given algorithm, we need to know with which inputs the algorithm takes 

less time (performing well) and with which inputs the algorithm takes a long time.  

• Algorithm analysis helps us to determine which algorithm is most efficient in terms of 

time and space consumed. 

There are three types of analysis: 

1. Worst Case 

• Defines the input for which the algorithm takes a long time (slowest time to complete).  

•  Input is the one for which the algorithm runs the slowest.  

2. Best Case 

• Defines the input for which the algorithm takes the least time (fastest time to complete).  

• Input is the one for which the algorithm runs the fastest. 

3. Average Case  

• Provides a prediction about the running time of the algorithm.  

• Run the algorithm many times, using many different inputs that come from some 

distribution that generates these inputs, compute the total running time (by adding the 

individual times), and divide by the number of trials.  

• Assumes that the input is random. 

 Lower Bound <= Average Time <= Upper Bound  

• For a given algorithm, we can represent the best, worst and average cases in the form of 

expressions.  

• As an example, let f(n) be the function which represents the given algorithm. Similarly 

for the average case.  

f(n)=n2+500,for worst case 

f(n)=n2+100n+500,for best case 
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The expression defines the inputs with which the algorithm takes the average running 

time (or memory). 

 

1.7 Asymptotic Notation 

Introduction 

• Whenever we want to perform analysis of an algorithm, we need to calculate the 

complexity of that algorithm.  

• But when we calculate complexity of an algorithm it does not provide exact amount of 

resource required.  

• So instead of taking exact amount of resource we represent that complexity in a general 

form (Notation) which produces the basic nature of that algorithm.  

• We use that general form (Notation) for analysis process. 

 

 

 

 

 

For example, consider the following time complexities of two algorithms... 

 

 

Algorithm 1 : 5n2 + 2n + 1 

Algorithm 2 : 10n2 + 8n + 3 

• Generally, when we analyze an algorithm, we consider the time complexity for larger 

values of input data (i.e. 'n' value). 

•  In above two time complexities, for larger value of 'n' the term in algorithm 1 '2n + 1' has 

least significance than the term '5n2', and the term in algorithm 2 '8n + 3' has least 

significance than the term '10n2'. 

• Here for larger value of 'n' the value of most significant terms ( 5n2 and 10n2 ) is very 

larger than the value of least significant terms ( 2n + 1 and 8n + 3 ).  

• So for larger value of 'n' we ignore the least significant terms to represent overall time 

required by an algorithm. 

Asymptotic notation of an algorithm is a mathematical representation of its complexity.    

In asymptotic notation, when we want to represent the complexity of an 

algorithm, we use only the most significant terms in the complexity of that 

algorithm and ignore least significant terms in the complexity of that 

algorithm (Here complexity may be Space Complexity or Time Complexity) 
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•  In asymptotic notation, we use only the most significant terms to represent the time 

complexity of an algorithm. 

Majorly, we use THREE types of Asymptotic Notations and those are as follows... 

1. Big - Oh (O)                 

2. Big - Omega (Ω)                     

3. Big - Theta (Θ) 

 

1.8 Big –Oh(O) Notation 

• Big - Oh notation is used to define the upper bound of an algorithm in terms of Time 

Complexity. 

• That means Big - Oh notation always indicates the maximum time required by an 

algorithm for all input values.  

• That means Big - Oh notation describes the worst case of an algorithm time complexity. 

 

Big - Oh Notation can be defined as follows: 

 

 

 

 

 

Consider the following graph drawn for the values of f(n) and C g(n) for input (n) value on X-

Axis and time required is on Y-Axis. 

 

In above graph after a particular input value n0, always C g (n) is greater than f (n) which 

indicates the algorithm's upper bound. 

Consider function f(n) the time complexity of an algorithm and g(n) is the most 

significant term.  

� If f(n) <= C g(n) for all n >= n0, C > 0 and n0 >= 1.Then we can represent f(n) 

as O(g(n)). 
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Example 

Consider the following f(n) and g(n)... 

f(n) = 3n + 2 

g(n) = n 

Solution: If we want to represent f(n) as O(g(n)) then it must satisfy f(n) <= C x g(n) for all 

values of C > 0 and n0>= 1 

f(n) <= C g(n) 

⇒3n + 2 <= C n 

Above condition is always TRUE for all values of C = 4 and n >= 2.  

By using Big - Oh notation we can represent the time complexity as follows... 

3n + 2 = O(n) 

 

1.9 Big - Omega (Ω) Notation 

• Big - Omega notation is used to define the lower bound of an algorithm in terms of Time 

Complexity. 

• That means Big - Omega notation always indicates the minimum time required by an 

algorithm for all input values. That means Big - Omega notation describes the best case 

of an algorithm time complexity. 

• Big - Omega Notation can be defined as follows... 

 

 

 

 

Consider the following graph drawn for the values of f(n) and C g(n) for input (n) value on X-

Axis and time required is on Y-Axis. 

 

Consider function f(n) the time complexity of an algorithm and g(n) is the most 

significant term.  

� If f(n) >= C x g(n) for all n >= n0, C > 0 and n0 >= 1. Then we can represent 

f(n) as Ω(g(n)). 
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In above graph after a particular input value n0, always C x g(n) is less than f(n) which indicates 

the algorithm's lower bound. 

 

Example 

Consider the following f(n) and g(n)... 

f(n) = 3n + 2 

g(n) = n 

Solution: If we want to represent f(n) as Ω(g(n)) then it must satisfy f(n) >= C g(n) for all values 

of C > 0 and n0>= 1 

f(n) >= C g(n) 

⇒3n + 2 <= C n 

Above condition is always TRUE for all values of C = 1 and n >= 1.  

By using Big - Omega notation we can represent the time complexity as follows... 

3n + 2 = Ω(n) 

 

1.10. Big - Theta Notation (Θ) 

• Big - Theta notation is used to define the average bound of an algorithm in terms of Time 

Complexity. 

• That means Big - Theta notation always indicates the average time required by an 

algorithm for all input values. That means Big - Theta notation describes the average case 

of an algorithm time complexity. 

• Big - Theta Notation can be defined as follows... 

 

 

 

 

 

 

Consider the following graph drawn for the values of f(n) and C g(n) for input (n) value on X-

Axis and time required is on Y-Axis. 

Consider function f(n) the time complexity of an algorithm and g(n) is the most 

significant term.  

� If C1 g(n) <= f(n) >= C2 g(n) for all n >= n0, C1, C2 > 0 and n0 >= 1. Then we 

can represent f(n) as Θ(g(n)). 
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In above graph after a particular input value n0, always C1 g(n) is less than f(n) and C2 

g(n) is greater than f(n) which indicates the algorithm's average bound. 

 

Example 

Consider the following f(n) and g(n)... 

f(n) = 3n + 2 

g(n) = n 

Solution: 

If we want to represent f(n) as Θ(g(n)) then it must satisfy C1 g(n) <= f(n) >= C2 g(n) for all 

values of C1, C2 > 0 and n0>= 1 

C1 g(n) <= f(n) >= ⇒C2 g(n) 

C1 n <= 3n + 2 >= C2 n 

Above condition is always TRUE for all values of C1 = 1, C2 = 4 and n >= 1.  

By using Big - Theta notation we can represent the time compexity as follows... 

3n + 2 = Θ(n) 

 

1.11 Asymptotic Analysis 

One naive way of doing this is – implement both the algorithms and run the two 

programs on your computer for different inputs and see which one takes less time. There are 

many problems with this approach for analysis of algorithms. 

1. It might be possible that for some inputs, first algorithm performs better than the second. 

And for some inputs second performs better. 

2. It might also be possible that for some inputs, first algorithm perform better on one 

machine and the second works better on other machine for some other inputs. 
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Solution to above problem is Asymptotic analysis. 

• Asymptotic analysis of an algorithm refers to defining the mathematical 

boundation/framing of its run-time performance.  

• Using asymptotic analysis, we can very well conclude the best case, average case, and 

worst case scenario of an algorithm. 

• Asymptotic analysis is input bound i.e., if there's no input to the algorithm, it is 

concluded to work in a constant time. Other than the "input" all other factors are 

considered constant. 

• Asymptotic analysis refers to computing the running time of any operation in 

mathematical units of computation.  

• For example, the running time of one operation is computed as f(n) and may be for 

another operation it is computed as g(n2).  

• This means the first operation running time will increase linearly with the increase 

in n and the running time of the second operation will increase exponentially 

when n increases.  

• Similarly, the running time of both operations will be nearly the same if n is significantly 

small. 

 

1.12 Properties of Notations 

Following are the properties of asymptotic notations:- 

1. Transitive 

• If f(n) = Θ(g(n)) and g(n) = Θ(h(n)), then f(n) = Θ(h(n)) 

• If f(n) = O(g(n)) and g(n) = O(h(n)), then f(n) = O(h(n)) 

• If f(n) = o(g(n)) and g(n) = o(h(n)), then f(n) = o(h(n)) 

• If f(n) = Ω(g(n)) and g(n) = Ω(h(n)), then f(n) = Ω(h(n)) 

• If f(n) = ω(g(n)) and g(n) = ω(h(n)), then f(n) = ω(h(n)) 

 

2. Reflexivity 

• f(n) = Θ(f(n)) 

• f(n) = O(f(n)) 

• f(n) = Ω(f(n)) 
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3. Symmetry 

• f(n) = Θ(g(n)) if and only if g(n) = Θ(f(n)) 

 

4. Transpose Symmetry 

• f(n) = O(g(n)) if and only if g(n) = Ω(f(n)) 

• f(n) = o(g(n)) if and only if g(n) = ω(f(n)) 

 

5. Some other properties of asymptotic notations are as follows: 

• If f (n) is O(h(n)) and g(n) is O(h(n)), then f (n) + g(n) is O(h(n)). 

• The function loga n is O(logb n) for any positive numbers a and b ≠ 1. 

• loga n is O(lg n) for any positive a ≠ 1, where lg n = log2 n. 

 

1.13 Commonly used Algorithms and Summation 

1. Logarithms 

 

2. Arithmetic Series 

 

 

3. Geometric Series 

 

 

4. Harmonic Series 
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5. Other Important Formulae 

 

1.14 Performance Characteristics of Algorithm 

Introduction 

• If we want to go from city "A" to city "B", there can be many ways of doing this. We can 

go by flight, by bus, by train and also by bicycle. 

• Depending on the availability and convenience, we choose the one which suits us. 

• Similarly, in computer science there are multiple algorithms to solve a problem.  

• When we have more than one algorithm to solve a problem, we need to select the best 

one.  

• Performance analysis helps us to select the best algorithm from multiple algorithms to 

solve a problem.  

• When there are multiple alternative algorithms to solve a problem, we analyse them and 

pick the one which is best suitable for our requirements.  

Formal definition is as follows… 

 

It can also be defined as follows... 

 

 

 

That means when we have multiple algorithms to solve a problem, we need to select a suitable 

algorithm to solve that problem. 

Generally, the performance of an algorithm depends on the following elements:-- 

1. Whether that algorithm is providing the exact solution for the problem? 

2. Whether it is easy to understand? 

3. Whether it is easy to implement? 

4. How much space (memory) it requires to solve the problem? 

5. How much time it takes to solve the problem? etc., 

““““Performance of an algoPerformance of an algoPerformance of an algoPerformance of an algorithm is a process of making evaluative judgement about algorithms.”rithm is a process of making evaluative judgement about algorithms.”rithm is a process of making evaluative judgement about algorithms.”rithm is a process of making evaluative judgement about algorithms.”    

““““Performance of an algorithm means predicting the resources which are required to an Performance of an algorithm means predicting the resources which are required to an Performance of an algorithm means predicting the resources which are required to an Performance of an algorithm means predicting the resources which are required to an 

algorithm to perform its task.”algorithm to perform its task.”algorithm to perform its task.”algorithm to perform its task.”    
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Based on this information, performance analysis of an algorithm can also be defined as follows:- 

• Performance analysis of an algorithm is the process of calculating space required by that 

algorithm and time required by that algorithm. 

• Performance analysis of an algorithm is performed by using the following measures of 

Complexity 

The complexity of an algorithm describes the efficiency of the algorithm in terms of the amount 

of the memory required to process the data and the processing time. 

Complexity of an algorithm is analysed in two perspectives: Time and Space 

1. Time Complexity 

• It’s a function describing the amount of time required to run an algorithm in terms of the 

size of the input.  

• "Time" can mean the number of memory accesses performed, the number of comparisons 

between integers, the number of times some inner loop is executed, or some other natural 

unit related to the amount of real time the algorithm will take. 

2. Space Complexity 

• It’s a function describing the amount of memory an algorithm takes in terms of the size of 

input to the algorithm.  

• We often speak of "extra" memory needed, not counting the memory needed to store the 

input itself. Again, we use natural (but fixed-length) units to measure this. 

• Space complexity is sometimes ignored because the space used is minimal and/or 

obvious, however sometimes it becomes as important an issue as time. 

• When we calculate the complexity of an algorithm we often get a complex polynomial. 

• For simplify this complex polynomial we use some notation to represent the complexity 

of an algorithm call Asymptotic Notation.  

For every algorithm corresponding to efficiency analysis, we have three basic cases :-- 

• Best Case 

• Average Case 

• Worst Case 

“Execution time of an algorithm depends on the instruction set, processor speed, disk I/O 

speed, etc.  Hence, we estimate the efficiency of an algorithm asymptotically.” 

Time function of an algorithm is represented by T(n), where n is the input size. 
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1.15 Master theorem for Divide and Conquer 

• All divide and conquer algorithms divide the problem into sub-problems, each of which 

is part of the original problem, and then perform some additional work to compute the 

final answer. 

• The following theorem can be used to determine the running time of divide and conquer 

algorithms.  

• For a given program (algorithm), first we try to find the recurrence relation for the 

• Problem.  

• If the recurrence is of the below form then we can directly give the answer without fully 

solving it.  

• If the recurrence is of the form              where a ≥ 1 

• b > 1,k ≥ 0 and p is a real number, then: 

 

 

1.16 Divide and Conquer Master Theorem Problems & Solutions 

For each of the following recurrences, give an expression for the runtime T(n) if the 

recurrence can be solved with the Master Theorem. Otherwise, indicate that the Master Theorem 

does not apply 

 

Problem-1: T(n) = 3T (n/2) + n 2 

Solution:T (n) = 3T (n/2) + n 2 => T (n) =Θ(n 2 ) (Master Theorem Case 3.a) 

 

Problem-2: T(n) = 4T (n/2) + n 2 

Solution: T(n) = 4T (n/2) + n 2 => T (n) = Θ(n 2 logn)(Master Theorem Case 2.a)  
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Problem-3: T(n) = T(n/2) + n 2  

Solution: T(n) = T(n/2) + n 2 => Θ(n 2 ) (Master Theorem Case 3.a) 

 

Problem-4: T(n) = 2 nT(n/2) + n n 

Solution: T(n) = 2 nT(n/2) + n n => Does not apply (a is not constant)  

 

Problem-5: T(n) = 16T(n/4) + n  

Solution: T(n) = 16T (n/4) + n => T(n) = Θ(n 2 ) (Master Theorem Case 1)  

 

Problem-6: T(n) = 2T(n/2) + nlogn 

Solution: T(n) = 2T(n/2) + nlogn =>T(n) = Θ(nlog 2n)(Master Theorem Case 2.a)  

 

Problem-7: T(n) = 2T(n/2) + n/logn  

Solution: T(n) = 2T(n/2)+ n/logn =>T(n) = Θ(nloglogn) (Master Theorem Case 2. b) 

 

Problem-8: T(n) = 2T (n/4) + n 0.51 

Solution: T(n) = 2T(n/4) + n 0.51 => T (n) = Θ(n 0.51 ) (Master Theorem Case 3.b)  

 

1.17 Master Theorem For Subtract and Conquer Recurrences 

Master theorem is used to determine the Big – O upper bound on functions which possess 

recurrence, i.e which can be broken into sub problems. 

 

Master Theorem For Subtract and Conquer Recurrences: 

Let T(n) be a function defined on positive n as shown below: 

 

For some constants c, a>0, b>0, k>=0 and function f(n). If f(n) is O(nk), then 

1. If a<1 then T(n) = O(nk) 

2. If a=1 then T(n) = O(nk+1) 

3. if a>1 then T(n) = O(nkan/b) 
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Proof of above theorem (By substitution method): 

From above function, we have: 

T(n) = aT(n-b) + f(n) 

T(n-b) = aT(n-2b) + f(n-b) 

T(n-2b) = aT(n-3b) + f(n-2b) 

Now, 

T(n-b) = a2T(n-3b) + af(n-2b) + f(n-b) 

T(n) = a3T(n-3b) + a2f(n-2b) + af(n-b) + f(n) 

T(n) = Σi=0 to n ai f(n-ib) + constant, where f(n-ib) is O(n-ib) 

T(n) = O(nk Σi=0 to n/b ai ) 

Where, If a<1 then Σi=0 to n/b ai = O(1), T(n) = O(nk) 

If a=1 then Σi=0 to n/b ai = O(n), T(n) = O(nk+1) 

If a>1 then Σi=0 to n/b ai = O(an/b), T(n) = O(nkan/b) 

 

1.18 Method of Guessing and Confirming 

• Let us discuss about a method which can be used to solve any recurrence. The basic idea 

behind this method is,  guess the answer; and then prove it correct by induction. 

• In other words, it addresses the question:  

o What if the given recurrence doesn’t seem to match with any of these (master 

theorems) methods?  

o If we guess a solution and then try to verify our guess inductively, usually either the 

proof will succeed (in which case we are done), or the proof will fail (in which case 

the failure will help us refine our guess). 

As an example, consider the recurrence T(n) = √n T(√n) + n. This doesn’t fit into the 

form required by the Master Theorems.  

Carefully observing the recurrence gives us the impression that it is similar to divide and 

conquer method (diving the problem into √n sub problems each with size √n).  As we can see, 

the size of the sub problems at the first level of recursion is n.  

So, let us guess that T(n) = O(nlogn), and then try to prove that our guess is correct. 

Let’s start by trying to prove an upper bound T(n) ≤cnlogn:  

T(n) = √n T(√n) + n 
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≤ √n. c√n  log√n + n 

= n. c log√n + n 

= n.c.1/2.logn+ n 

≤ cnlogn 

The last inequality assumes only that 1 ≤ c.1/2.logn. This is correct if n is sufficiently large and 

for any constant c, no matter how small. From the above proof, we can see that our guess is 

correct for upper bound. Now, let us prove the lower bound for this recurrence. 

    T(n) = √n T(√n) + n 

≥ √n. k √n  log√n + n 

= n. k log√n + n 

= n.k.1/2.logn+ n 

≥ knlogn 

The last inequality assumes only that 1 ≥ k.1/2.logn. This is incorrect if n is sufficiently large and 

for any constant k. From the above proof, we can see that our guess is incorrect for lower bound. 

From the above discussion, we understood that Θ(nlogn) is too big. How about Θ(n)? The 

lower bound is easy to prove directly:  

T(n) = √n T(√n) + n ≥n  

Now, let us prove the upper bound for this Θ(n). 

    T(n) = √n T(√n) + n 

≤ √n.c.√n + n 

= n. c+ n 

= n (c + 1) 

≰ cn 

From the above induction, we understood that Θ(n) is too small and Θ(nlogn) is too big. So, we 

need something bigger than n and smaller than nlogn? How about n√logn? 

Proving upper bound for n√logn: 

     T(n) = √n T(√n) + n 

≤ √n.c.√n √(log√n)  + n 

= n. c.1/√2  log√n+ n 

≤ cnlog√n 

Proving lower bound for n√logn: 
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    T(n) = √n T(√n) + n 

≥ √n.k.√n √(log√n)  + n 

= n. k.1/√2  log√n+ n 

≱ knlog√n 

The last step doesn’t work. So, Θ(n√logn) doesn’t work. What else is between n and 

nlogn? How about nloglogn? 

Proving upper bound for nloglogn: 

    T(n) = √n T(√n) + n 

≤ √n.c.√n loglog√n + n 

= n. c.loglogn-c.n + n 

≤ cnloglogn, if c≥1 

Proving lower bound for nloglogn: 

    T(n) = √n T(√n) + n 

≥ √n.k.√n loglog√n + n 

= n. k.loglogn-k.n + n 

≥ knloglogn, if k≤1 

From the above proofs, we can see that T(n) ≤ cnloglogn, if c≥1 and T(n) ≥ knloglogn, if k≤1. 

Technically, we’re still missing the base cases in both proofs, but we can be fairly confident at 

this point that T(n) = Θ(nloglogn). 

************ 
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Commonly-Used Terminologies 

• Root: Top node in a tree. 

• Child: Nodes that are next to each other and connected downwards. 

• Parent: Converse notion of child. 

• Siblings: Nodes with the same parent. 

• Descendant: Node reachable by repeated proceeding from parent to child. 

• Ancestor: Node reachable by repeated proceeding from child to parent. 

• Leaf: Node with no children. 

• Internal node: Node with at least one child. 

• External node: Node with no children. 

 

2.3 Types of Binary Trees 

Strict Binary Tree: 

• A binary tree is called strict binary tree if each node has exactly two children or no 

children.  

• A strictly binary tree with n leaves, will have (2n - 1) nodes. 
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2.6 Representation of Generic Trees (N-ary Trees) 

Since our objective is to reach all nodes of the tree, a possible solution to this is as follows: 

• At each node link children of same parent (siblings) from left to right. 

• Remove the links from parent to all children except the first child. 

 

• The above statements say is if we have a link between children then we do not need extra 

links from parent to all children.  

• This is because we can traverse all the elements by starting at the first child of the parent. 

• So if we have a link between parent and first child and also links between all children of 

same parent then it solves our problem. 

• This representation is sometimes called first child/next sibling representation. 

• First child/next sibling representation of the generic tree is shown above.  

• The actual representation for this tree is: 
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Examples  

1: Convert the following infix Expression into postfix and prefix Expression. 

(A + B) * C - (D - E) * (F + G) 

Solution: 

 

 

2: Convert the following infix Expression into postfix and prefix Expression. 

(a + b – c) * (e / f) – ( g – h/i)  

Solution: 

 

 

2.9  Binary Search Tree 

 Binary Search Tree (BST) is a special kind of Binary Tree in which every node contains 

only smaller values in its left sub tree and only larger values in its right sub tree. 

Example- 
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Steps: 

• The insertion of a new key always takes place as the child of some leaf node. 

• For finding out the suitable leaf node, we start searching the key to be inserted from the 

root node till we reach at some leaf node. 

• Once we reach at some leaf node, the new node is inserted as a child of that leaf node. 

 

Example: 

 

Step-01: We start our search for value 40 from the root node 100. As 40 < 100, so we search in 

100’s left sub tree. 

Step-02: As 40 > 20, so we search in 20’s right sub tree. 

Step-03: As 40 > 30 (leaf node), so we add 40 to 30’s right sub tree. 

 

C. Deletion Operation 

 Deletion Operation is performed when we want to delete some particular element from 

the Binary Search Tree. When it comes to deleting a node from the Binary Search Tree, 

following three cases are possible 

Case-1: Deletion of a node having no child (leaf node) 

Case-2: Deletion of a node having only one child 

Case-3: Deletion of a node having exactly two children 

 

Case-01: Deletion of a node having no child (leaf node)-  

It is very simple. Just remove / disconnect the leaf node that you want to delete from the tree.  

Example: 
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3. Left Right Rotation (LR Rotation) 

 The LR Rotation is combination of single left rotation followed by single right rotation. 

In LR Rotation, first every node moves one position to left then one position to right from the 

current position. To understand LR Rotation, let us consider following insertion operations into 

an AVL Tree... 

 

 

4. Right Left Rotation (RL Rotation) 

 The RL Rotation is combination of single right rotation followed by single left rotation. 

In RL Rotation, first every node moves one position to right then one position to left from the 

current position. To understand RL Rotation, let us consider following insertion perations into an 

AVL Tree. 

 

The following operations are performed on an AVL tree... 

1. Search 

2. Insertion 

3. Deletion 

 

1. Search Operation in AVL Tree 

• In an AVL tree, the search operation is performed with O(log n) time complexity.  

• The search operation is performed similar to Binary search tree search operation.  

Following are the steps to search an element in AVL tree:  
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• Simple Path: If all the nodes of the graph are distinct with an exception V0=VN, then 

such path P is called as closed simple path. 

• Cycle: A cycle can be defined as the path which has no repeated edges or vertices except 

the first and last vertices. 

• Connected Graph: A connected graph is the one in which some path exists between 

every two vertices (u, v) in V. There are no isolated nodes in connected graph. 

• Complete Graph: A complete graph is the one in which every node is connected with all 

other nodes. A complete graph contain n (n-1)/2 edges where n is the number of nodes in 

the graph. 

• Weighted Graph: In a weighted graph, each edge is assigned with some data such as 

length or weight. The weight of an edge e can be given as w (e) which must be a positive 

(+) value indicating the cost of traversing the edge. 

• Digraph: A digraph is a directed graph in which each edge of the graph is associated 

with some direction and the traversing can be done only in the specified direction. 

• Loop: An edge that is associated with the similar end points can be called as Loop. 

• Adjacent Nodes: If two nodes u and v are connected via an edge e, then the nodes u and 

v are called as neighbours or adjacent nodes. 

• Degree of the Node: A degree of a node is the number of edges that are connected with 

that node. A node with degree 0 is called as isolated node. 

 

2.12 Applications of Graphs  

• Representing relationships between components in electronic circuits. 

• Transportation networks: Highway network, Flight network. 

• Computer networks: Local area network, Internet, Web. 

• Databases: For representing ER (Entity Relationship) diagrams in databases, for 

representing dependency of tables in databases. 

 

2.13 Graph Representation 

 By Graph representation, we simply mean the technique which is to be used in order to 

store some graph into the computer's memory. 

• Adjacency Matrix  



ISBN: 978-93-91265-23-6 Lambert Publication’s 

 

Fundamentals of Algorithm  Page 54 
 

Step 3: 

• Visit any adjacent vertex of B which is not visited (C) . 

• Push C on the Stack 

 

 

Step 4: 

• Visit any adjacent vertex of C which is not visited (E). 

• Push E on to the Stack. 

 

 

Step 5: 

• Visit any adjacent vertex of E whichis not visited (D). 

• Push D on to the stack. 
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Example: Perform the BFS Traversal on the following Graph 

 

Solution: 
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D. Applications of Topological Sort  

• Scheduling jobs from the given dependencies among jobs. 

• Instruction Scheduling 

• Determining the order of compilation tasks to perform in makefiles. 

• Data Serialization 

 

Example: The number of different topological orderings for the graph shown is ________? 

 

Solution:  

Step-01: 

Write in-degree of each vertex- 

 

Step-02:  

 Now, since vertex-A has least in-degree, so remove vertex-A and its associated edges and 

update in-degree of other vertices. 

 

Step-03:  

 Now, since vertex-B has least in-degree, so remove vertex-B and its associated edges and 

update in-degree of other vertices. 
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B. Data Structures Needed: 

a. A distance table with rows for each vertex w and two columns: 

1. Distance from source vertex 

2. Path - contains the name of the vertex that precedes w in the path from s to w. 

b. A queue used to implement breadth-first search. It contains vertices whose distance from the 

source node has been computed and their adjacent vertices are to be examined. 

Example 

 

Adjacency lists: 

 V1: V2, V4 

 V2: V4, V5 

 V3: V1, V6 

 V4: V3, V5, V6, V7 

 V5: V7 

 V6: - 

 V7:V6 

Let s = V3. The distance from V3 to V3 is 0.  

 Initially the distances to all other nodes are not computed, and we initialize the first 

column in the distance table for all vertices (except V3) with -1. 

 V1 -1 - 

 V2  -1 - 

 V3   0 - 

 V4  -1 - 

 V5  -1 - 

 V6  -1 - 

 V7  -1 - 
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Examples: 

1. Construct the minimum spanning tree (MST) for the given graph using Prim’s Algorithm 

 

  

Solution: 

Step-01: 

  

   

  

 

 

Step-03: 

 

Step-05: 

 

  

Since all the vertices have been included in the MST, so we stop. 

StepStepStepStep----02:02:02:02: 

 
StepStepStepStep----04:04:04:04: 

 

 Step-06: 
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2.18 Selection Algorithm 

 Selection algorithm is an algorithm for finding the k th smallest/largest number in a list 

(also called as kth order statistic). This includes finding the minimum, maximum, and median 

elements.  

 

2.19 Selection by Sorting 

• A selection problem can be converted to a sorting problem. 

• In this method, we first sort the input elements and then get the desired element.  

• It is efficient if we want to perform many selections. For example, let us say we want to 

get the minimum element.  

• After sorting the input elements we can simply return the first element (assuming the 

array is sorted in ascending order).  

• Now, if we want to find the second smallest element, we can simply return the second 

element from the sorted list. That means, for the second smallest element we are not 

performing the sorting again.  

• The same is also the case with subsequent queries.  

• Even if we want to get k th smallest element, just one scan of the sorted list is enough to 

find the element (or we can return the k th -indexed value if the elements are in the array).  

• From the above discussion it can be stated that, with the initial sorting it can answer any 

query in one scan, O(n). 

• In general, this method requires O(nlogn) time (for sorting), where n is the length of the 

input list. 

• Suppose we are performing n queries, then the average cost per operation is just 

 

• This kind of analysis is called Amortized Analysis. 

 

2.20 Partition-Based Selection Algorithm 

• Linear performance can be achieved by a partition-based selection algorithm, most 

basically quickselect.  
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• The difference between dynamic programming and recursion is in the memorization of 

recursive calls. 

• When sub problems are independent and if there is no repetition, memorization does not 

help, hence dynamic programming is not a solution for allproblems. 

• By using memorization [maintaining table of sub problems already solved], dynamic 

programming reduces the complexity from exponential to polynomial. 

 

C. The Greedy Algorithm 

• Greedy algorithms work in stages. In each stage, a decision is made that is good at that 

point, without bothering about the future consequences.  

• Generally, this means that some local best is chosen. 

•  It assumes that the local best selection also makes for the global optimal solution.   

 

D. Linear Programming 

• In linear programming, there are inequalities in terms of inputs and maximizing (or 

minimizing) some linear function of the inputs. 

• Many problems (example: maximum flow for directed graphs) can be discussed Using  

linear programming. 

 

Other Classifications  

A. Classification By Research Area 

 In computer science each field has its own problems and needs efficient algorithms. 

Examples: search algorithms, sorting algorithms, merge algorithms, numerical algorithms, graph 

algorithms, string algorithms, geometric algorithms, combinatorial algorithms, machine learning, 

cryptography, parallel algorithms,data compression algorithms, parsing techniques ,and more. 

 

B. Classification By Complexity 

• In this classification, algorithms are classified by the time they take to find a solution 

based on their input size. 

• Some algorithms take linear time complexity (O (n)) and others take exponential time, 

and some never halt.  
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Solution: 

First let us construct the Huffman tree using the steps we have learnt above-  

Step-01:  

 

 

Step-02: 

 

 

Step-03: 

 

Step-04: 

 

Step-05: 
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3.13 Master Theorem 

 

 

3.14 Dynamic Programming 

Strategy of Dynamic Programming: 

• Dynamic programming and memoization work together. 

• The main difference between dynamic programming and divide and conquer is that in the 

case of the latter, sub problems are independent, whereas in DP there can be an overlap of 

sub problems.  

• By using memoization [maintaining a table of sub problems already solved], dynamic 

programming reduces the exponential complexity to polynomial complexity(O(n2), 

O(n3),etc.) for many problems.  

The major components of DP are:  

• Recursion: Solves sub problems recursively. 

• Memoization: Stores already computed values in table (Memoization means caching).  

Thus , 

 

 DDDDynamic ynamic ynamic ynamic PPPProgramming =rogramming =rogramming =rogramming =RRRRecursion + ecursion + ecursion + ecursion + MMMMemoizationemoizationemoizationemoization    
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Q) Find the optimal solution for the 0/1 knapsack problem making use of dynamic programming 

approach. Consider n = 4,w = 5 kg, (w1, w2, w3, w4) = (2, 3, 4, 5),  (b1, b2, b3, b4) = (3, 4, 5, 6) 

OR 

Q) A thief enters a house for robbing it. He can carry a maximal weight of 5 kg into his bag. 

There are 4 items in the house with the following weights and values.  

What items should thief take if he either takes the item completely or leaves it completely? 

Item Weight (kg) Value ($) 

Mirror 2 3 

Silver nugget 3 4 

Painting 4 5 

Vase 5 6 

Solution: 

Given- 

• Knapsack capacity (w) = 5 kg 

• Number of items (n) = 4 

Step-01: 

• Draw a table say ‘T’ with (n+1) = 4 + 1 = 5 number of rows and (w+1) = 5 + 1 = 6 

number of columns. 

• Fill all the boxes of 0th row and 0th column with 0. 

 

Step-02:  

Start filling the table row wise top to bottom from left to right using the formula- 
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Longest Common Subsequence(LCS): ABADABA , Length: 7 

Various Solution to Longest Common Subsequence 

A. Brute Force Approach 

• One simple idea is to check every subsequence of X[1.. m](m is the length of sequence 

X) to see if it is also a subsequence of Y[1..n] (n is the length of sequence Y). 

• Checking takes O(n) time, and there are 2m subsequences of X.  

• The running time thus is exponential O(n. 2m) and is not good for large sequences. 

 

B. Recursive Solution  

Below is simple observations about the LCS problem. 

• If we have two strings, say “ABCBDAB” and “BDCABA”, and if we draw lines from the 

letters in the first string to the corresponding letters in the second, no two lines 

cross: 

 

• From the above observation, we can see that the current characters of X and Y may or 

may not match. That means, suppose that the two first characters differ. Then it is not 

possible for both of them to be part of a common subsequence -one or the other (or 

maybe both) will have to be removed.  

• Finally, observe that once we have decided what to do with the first characters of the 

strings, the remaining sub problem is again a LCS problem, on two shorter strings. 

Therefore we can solve it recursively. 

• The solution to LCS should find two sequences in X and Y and let us say the starting 

index of sequence in X is i and the starting index of sequence in Y is j.  
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