
3.3.2 Number of books and chapters in edited volumes/books published and papers  published in national/ international conference proceedings per teacher during last five year 

Sl. 

No

. 

Name of the 

teacher 

Title of the 

book/chapters  

published 

Title of 

the 

paper 

Title of the 

proceedings 

of the 

conference 

Name of 

the 

conference 

National / 

International 

Calendar 

Year of 

publication 

ISBN number of the 

proceeding 

Affiliating Institute at the 

time of publication  

Name of the 

publisher 

1 
Deblina 

Hazra 

Henry 

Fielding’s 

Joseph 

Andrews 

NA NA NA National 2022 ISBN: 978-93-82267-87-4 
Mahishadal Raj 

College 

Worldview 

Publications 

2 

Debashis 

De, 

Anwesha 

Mukherjee, 

and 

Rajkumar 

Buyya 

Green Mobile 

Cloud 

Computing 

NA NA NA International 2022 

eBook ISBN: 978-3-031-

08038-8, Hardcover ISBN: 

978-3-031-08037-1 

Affiliation of 

Anwesha 

Mukherjee: 

Mahishadal Raj 

College 

Springer 

Cham 

3 Asis De 

Becoming 

“more 

Bhutanese”: 

Transnational 

Dislocation 

and Cultural 

Identity in 

Lingchen 

Dorji’s Home 

Shangrila: A 

Novel from 

Bhutan' in 

Collisions of 

Cultures: 

Frictions and 

Re-Shapings 

edited by Lily 

Rose Tope and 

Wolfgang 

Zach 

NA NA NA International 2022 ISBN : 978-3-339-13200-0 
Mahishadal Raj 

College 

Hamburg: 

Verlag Dr. 

Kovač 



4 

Rituparna 

Mondal, 

Prasenjit 

Pramanik, 

Ranjan 

Kumar Jana, 

Manas 

Kumar 

Maiti, and 

Manoranjan 

Maiti 

"An EOQ 

Model for 

Deteriorating 

Items under 

Trade Credit 

Policy with 

Unfaithfulness 

Nature of 

Customers." In 

Engineering 

Mathematics 

and 

Computing 

NA NA NA International 2022 

Print ISBN: 978-981-19-

2299-2, Online ISBN: 978-

981-19-2300-5 

Mahishadal Raj 

College 

Springer 

Nature 

Singapore 

5 

Rituparna 

Mondal, 

Ranjan 

Kumar Jana, 

Prasenjit 

Pramanik, 

and Manas 

Kumar Maiti 

"A Fuzzy 

EOQ Model 

for 

Deteriorating 

Items Under 

Trade Credit 

Policy with 

Unfaithfulness 

Nature of 

Customers." In 

Real Life 

Applications 

of Multiple 

Criteria 

Decision 

Making 

Techniques in 

Fuzzy Domain 

NA NA NA International 2022 

Hardcover ISBN: 978-981-

19-4928-9, Softcover ISBN: 

978-981-19-4931-9, eBook 

ISBN: 978-981-19-4929-6, 

Series ISSN: 1434-9922, 

Series E-ISSN: 1860-0808 

Mahishadal Raj 

College 

Springer 

Nature 

Singapore 

6 
Subhabrata 

Mabhai 

“ASYMMET

RIC 

SYNTHESIS,” 

In Futuristic 

Trends in 

Chemical, 

Material 

Sciences & 

NA NA NA International 2022 
ISSN/ISBN: 978-93-95632-

67-6 

Mahishadal Raj 

College 

IIP 

Proceedings 



Nano 

Technology 

7 

Anwesha 

Mukherjee, 

Debashis 

De, and 

Rajkumar 

Buyya 

“Green Mobile 

Cloud 

Computing for 

Industry 5.0.” 

In Green 

Mobile Cloud 

Computing 

NA NA NA International 2022 

Print ISBN: 978-3-031-

08037-1, Online ISBN: 978-

3-031-08038-8 

Mahishadal Raj 

College 

Springer 

Cham 

8 

Anwesha 

Mukherjee, 

Debashis 

De, and 

Rajkumar 

Buyya 

“New 

Research 

Directions for 

Green Mobile 

Cloud 

Computing.” 

In Green 

Mobile Cloud 

Computing 

NA NA NA International 2022 

Print ISBN: 978-3-031-

08037-1, Online ISBN: 978-

3-031-08038-8 

Mahishadal Raj 

College 

Springer 

Cham 

9 

Avishek 

Chakraborty, 

Anwesha 

Mukherjee, 

Soumya 

Bhattachary

ya, Sumit 

Kumar 

Singh, and 

Debashis De 

“Multi-

criterial 

Offloading 

Decision 

Making in 

Green Mobile 

Cloud 

Computing.” 

In Green 

Mobile Cloud 

Computing 

NA NA NA International 2022 

Print ISBN: 978-3-031-

08037-1, Online ISBN: 978-

3-031-08038-8 

Mahishadal Raj 

College 

Springer 

Cham 



10 

Anindita 

Ray 

Chaudhuri, 

Anwesha 

Mukherjee, 

Debashis 

De, and 

Sukhpal 

Singh Gill 

“Green 

Internet of 

Things Using 

Mobile Cloud 

Computing: 

Architecture, 

Applications, 

and Future 

Directions.” In 

Green Mobile 

Cloud 

Computing 

NA NA NA International 2022 

Print ISBN: 978-3-031-

08037-1, Online ISBN: 978-

3-031-08038-8 

Mahishadal Raj 

College 

Springer 

Cham 

11 

Asis De and 

Alessandro 

Vescovi 

Amitav 

Ghosh’s 

Culture 

Chromosome: 

Anthropology, 

Epistemology, 

Ethics, Space 

NA NA NA International 2022 ISBN: 9789004360341 
Mahishadal Raj 

College 

Leiden & 

Boston: Brill 

12 

Asis De and 

Alessandro 

Vescovi 

‘A Few Words 

from Amitav 

Ghosh on Gun 

Island: An 

Interview’ in 

Amitav 

Ghosh’s 

Culture 

Chromosome: 

Anthropology, 

Epistemology, 

Ethics, Space 

by Asis De 

and A. 

Vescovi (eds.) 

NA NA NA International 2022 ISBN: 978-90-04-40431-1 
Mahishadal Raj 

College 

Leiden & 

Boston: Brill 

13 Asis De 

‘Transcultural 

Identity and 

Cosmopolitani

sm in The 

Glass Palace’ 

in Amitav 

Ghosh’s 

Culture 

Chromosome: 

NA NA NA International 2022 ISBN: 978-90-04-40431-1 
Mahishadal Raj 

College 

Leiden & 

Boston: Brill 



Anthropology, 

Epistemology, 

Ethics, Space 

by Asis De 

and A. 

Vescovi (eds.) 

14 

Asis De and 

Alessandro 

Vescovi. 

‘Introduction: 

The Culture 

Chromosome’ 

in Amitav 

Ghosh’s 

Culture 

Chromosome: 

Anthropology, 

Epistemology, 

Ethics, Space 

edited by Asis 

De and A. 

Vescovi (eds.) 

NA NA NA International 2022 ISBN: 978-90-04-40431-1 
Mahishadal Raj 

College 

Leiden & 

Boston: Brill 

15 

Asis De and 

Nirmalendu 

Maity 

‘Urbanity and 

Transformatio

n of Island 

Life: Jail, 

Jungle and the 

Jarawa in 

Pankaj 

Sekhsaria’s 

The Last 

Wave: An 

Island Novel’ 

in Ecology, 

Literature and 

Culture: An 

Anthology of 

Recent 

Studies, Ed. 

Animesh Roy 

NA NA NA National 2022 ISBN: 978-81-269-3285-6 
Mahishadal Raj 

College 

New Delhi: 

Atlantic 

Publishers 



16 
Shyamal 

Mondal 

‘Gender (In) 

equality of 

Female 

Detectives: 

Rethinking 

Samar 

Sheikh’s 

Bobby Jasoos 

(2014) and 

Arindam 

Shil’s Mitin 

Masi (2019)’ 

in 21st 

Century 

Cinematic 

Adaptations in 

Indian 

Cinema: A 

Reflection of 

Socio cultural 

Aspects. 

NA NA NA National 2022 ISBN: 978-81-922167-3-7 
Mahishadal Raj 

College 

Sarojini 

Naidu 

Vanita 

Mahavidyala

ya 

17 

Priti Deb, 

Anwesha 

Mukherjee, 

and 

Debashis De 

“Mobile health 

monitoring for 

senior citizens 

using femtolet-

based fog 

network.” In 

Contemporary 

Medical 

Biotechnology 

Research for 

Human Health 

NA NA NA International 2022 ISBN: 978-0-323-91251-8 
Mahishadal Raj 

College 

Academic 

Press, 

Elsevier 

18 

Bachchu 

Paul, 

Tanushree 

Dey, 

Debashri 

Das 

Adhikary, 

Sanchita 

Guchhai, 

and Somnath 

Bera 

NA 

A novel 

approach 

of audio-

visual 

color 

recogniti

on using 

KNN 

Computationa

l Intelligence 

in Pattern 

Recognition: 

Proceedings 

of CIPR 2021 

Computatio

nal 

Intelligence 

in Pattern 

Recognition

: CIPR 2021 

International 2022 

Print ISBN: 978-981-16-

2542-8, Online ISBN: 978-

981-16-2543-5 

Mahishadal Raj 

College 

Springer 

Singapore 



19 

Bachchu 

Paul, 

Sanchita 

Guchhait, 

Tanushree 

Dey, 

Debashri 

Das 

Adhikary, 

and Somnath 

Bera 

NA 

A 

comparat

ive study 

on 

sentimen

t analysis 

influenci

ng word 

embeddi

ng using 

SVM 

and 

KNN 

Cyber 

Intelligence 

and 

Information 

Retrieval: 

Proceedings 

of CIIR 2021 

Cyber 

Intelligence 

and 

Information 

Retrieval: 

CIIR 2021 

International 2022 

Print ISBN: 978-981-16-

4283-8, Online ISBN: 978-

981-16-4284-5 

Mahishadal Raj 

College 
  

20 

Bachchu 

Paul, 

Debashri 

Das 

Adhikary, 

Tanushree 

Dey, 

Sanchita 

Guchhait, 

and Somnath 

Bera 

NA 

Bangla 

Spoken 

Numeral

s 

Recognit

ion by 

Using 

HMM 

Computationa

l Intelligence 

in Pattern 

Recognition: 

Proceedings 

of CIPR 2021 

Computatio

nal 

Intelligence 

in Pattern 

Recognition

: CIPR 2021 

International 2022 

Print ISBN: 978-981-16-

2542-8, Online ISBN: 978-

981-16-2543-5 

Mahishadal Raj 

College 

Springer 

Singapore 

21 

Sonia Sahoo 

and Deblina 

Hazra 

William 

Congreve’s 

The Way of 

the World 

NA NA NA National 2021 ISBN: 978-93-82267-74-4 
Mahishadal Raj 

College 

Worldview 

Publications 

22 

Anwesha 

Mukherjee, 

Debashis 

De, Soumya 

K Ghosh, 

and 

Rajkumar 

Buyya 

Mobile Edge 

Computing 
NA NA NA International 2021 

Print ISBN: 978-3-030-

69892-8, Online ISBN: 978-

3-030-69893-5 

Mahishadal Raj 

College 

Springer 

Cham 



23 

Anwesha 

Mukherjee, 

Debashis 

De, Soumya 

K Ghosh, 

and 

Rajkumar 

Buyya 

“Introduction 

to mobile edge 

computing.” In 

Mobile Edge 

Computing 

NA NA NA International 2021 

Print ISBN: 978-3-030-

69892-8, Online ISBN: 978-

3-030-69893-5 

Mahishadal Raj 

College 

Springer 

Cham 

24 

Anindita 

Ray 

Chaudhuri, 

Anwesha 

Mukherjee, 

and 

Debashis De 

“SMEC: 

Sensor Mobile 

Edge 

Computing.” 

In Mobile 

Edge 

Computing 

NA NA NA International 2021 

Print ISBN: 978-3-030-

69892-8, Online ISBN: 978-

3-030-69893-5 

Mahishadal Raj 

College 

Springer 

Cham 

25 

Sukhendu 

Maity, 

Madhuchhan

da Adhikari, 

Rajkumar 

Guchhait, 

Ankit 

Chatterjee, 

Ajishnu 

Roy, and 

Kousik 

Pramanick 

"Strategies for 

Improving the 

Efficiency of 

Nanomaterials.

" In 

Nanomedicine 

for Cancer 

Diagnosis and 

Therapy 

NA NA NA International 2021 

Print ISBN: 978-981-15-

7563-1, Online ISBN: 978-

981-15-7564-8 

Mahishadal Raj 

College 

Springer 

Singapore 



26 
Anwesha 

Mukherjee 
NA 

A Partial 

Computa

tion 

Offloadi

ng 

Strategy 

for 

Microcel

l-

femtolet 

based 

Future 

Generati

on Edge-

Cloud 

Network 

XXXIVth 

URSI General 

Sssembly and 

Scientific 

Symposium 

2021 

XXXIVth 

URSI 

General 

Sssembly 

and 

Scientific 

Symposium 

2021 

International 2021 

Electronic ISBN: 978-9-4639-

6-8027, Print on 

Demand(PoD) ISBN: 978-1-

6654-2995-5, Electronic 

ISSN: 2642-4339, Print on 

Demand(PoD) ISSN: 2640-

7027 

Mahishadal Raj 

College 

URSIGASS, 

IEEE 

27 

Shreya 

Ghosh and 

Anwesha 

Mukherjee 

NA 

Cloud–

Fog–

Edge 

Computi

ng 

Framewo

rk for 

Combati

ng 

COVID-

19 

Pandemi

c 

Proceedings 

of 

International 

conference on 

advanced 

computing 

applications 

Internationa

l conference 

on advanced 

computing 

applications 

International 2021 

Print ISBN: 978-981-16-

5206-6, Online ISBN: 978-

981-16-5207-3 

Mahishadal Raj 

College 
Springer 



28 

Chayan 

Biswas, 

Sukhendu 

Maity, 

Madhuchhan

da Adhikari, 

Ankit 

Chatterjee, 

Rajkumar 

Guchhait, 

and Kousik 

Pramanick 

NA 

Pharmac

euticals 

in the 

Aquatic 

Environ

ment and 

Their 

Endocrin

e 

Disruptiv

e Effects 

in Fish 

Proceedings 

of the 

Zoological 

Society 

NA National 2021 

Electronic ISSN 

0974-6919 

 

Print ISSN 

0373-5893 

Mahishadal Raj 

College 

Springer 

India 

29 Asis De 

Colony, Cane-

field and 

Coolies: 

Indenture, 

Indo-

Caribbean 

Diaspora and 

Belongingness 

in David 

Dabydeen’s 

The Counting 

House 

NA NA NA National 2021 ISBN : 978-1-63944-425-0 
Mahishadal Raj 

College 

Diaspora 

Studies 

Series, 

CoHaB IDC, 

University 

of Mumbai 

30 Asis De 

Amitava 

Ghosh: The 

Great 

Derangement 

NA NA NA International 2021 ISSN 1747-678X 
Mahishadal Raj 

College 

The Literary 

Encyclopaed

ia 

31 Swati Basak 

Women and 

Acid Attack in 

India: A 

Shame on 

Humanity 

NA NA NA National 2021 
Print, ISBN: 978-93-89224-

71-9 

Mahishadal Raj 

College 

Representati

on on 

Women 

Space (vol. 

III), Kunal 

Books, New 

Delhi 

32 

Soma 

Chanda and 

Ambarish 

Mukherjee 

Food Plants 

from 

Wilderness of 

Ayodhya Hills 

in Purulia 

District, West 

Bengal (India): 

Aspects and 

NA NA NA National 2021 ISBN: 978-9391002-25-2 
Mahishadal Raj 

College 

Plant- A 

Valuable 

Resource of 

Sustainable 

Agriculture, 

Food and 

Medicine 



Prospects in 

the Context of 

Food Security 

33 

Asis De and 

Nirmalendu 

Maiti 

The 

Partitioning 

“Shadow 

Lines”: The 

Border, the 

“Other” and 

the Eco-

literary in The 

Hungry Tide 

and The Great 

Derangement 

NA NA NA International 2020 ISBN 9788875901738 
Mahishadal Raj 

College 

Dipartiment

o di Lingue 

e Letterature 

Straniere e 

Culture 

Moderne – 

Università 

degli Studi 

di Torino, 

Torino 

34 
Prakash 

Bisui 

Tribal 

Religious 

Identity and 

Ethnic Politics 

in 

Chotonagpur 

Region During 

the Jharkhand 

Movement 

NA NA NA National 2020 ISBN-978-81-939021-9-6 
Mahishadal Raj 

College 

Art & 

Review, 

Vol. II 

35 Sujit Mondal 

Hari Chand 

Thakur: The 

pioneer of 

Matuya 

Movement 

NA NA NA National 2020 ISBN-978-81-943484-74 
Mahishadal Raj 

College 

Indian 

Social 

reformer 

edited by 

Dr  Suryaka

nt 

Kapshikar, 

Kapshikar 

publication 



36 

Anwesha 

Mukherjee, 

Debashis 

De, and 

Soumya K 

Ghosh 

NA 

Power-

efficient 

and 

Latency-

aware 

Offloadi

ng in 

Energy-

harveste

d Cloud-

enabled 

Small 

cell 

Network 

XXXIIIrd 

URSI General 

Sssembly and 

Scientific 

Symposium 

2020 

XXXIIIrd 

URSI 

General 

Sssembly 

and 

Scientific 

Symposium 

(URSIGA 

2020) 

International 2020 

Electronic ISBN: 978-9-4639-

6800-3, Print on 

Demand(PoD) ISBN: 978-1-

7281-5690-3, Electronic 

ISSN: 2642-4339, Print on 

Demand(PoD) ISSN: 2640-

7027 

Mahishadal Raj 

College 

URSIGASS, 

IEEE 



37 

Bachchu 

Paul, 

Somnath 

Bera, 

Tanushree 

Dey, and 

Santanu 

Phadikar 

NA 

Voice-

Based 

Railway 

Station 

Identific

ation 

Using 

LSTM 

Approac

h 

Proceedings 

of 

International 

Conference on 

Frontiers in 

Computing 

and Systems 

Proceedings 

of 

Internationa

l 

Conference 

on Frontiers 

in 

Computing 

and 

Systems: 

COMSYS 

2020 

International 2020 

Softcover ISBN 

978-981-15-7833-5 

Published: 24 November 

2020 

 

eBook ISBN 

978-981-15-7834-2 

Published: 23 November 

2020 

 

Series ISSN 

2194-5357 

 

Series E-ISSN 

2194-5365 

Mahishadal Raj 

College 

Springer, 

Singapore 



38 

Asis De and 

Nirmalendu 

Maiti 

‘The 

Partitioning 

“Shadow 

Lines”: The 

Border, the 

“Other” and 

the Eco-

literary in The 

Hungry Tide 

and The Great 

Derangement’ 

in Esterino 

Adami, 

Carmen 

Concilio, 

Alessandro 

Vescovi (eds.), 

Crossing the 

Shadow Lines 

: Essays on the 

Topicality of 

Amitav 

Ghosh’s 

Modern 

Classic 

(Quaderni di 

RiCOGNIZIO

NI, XI), 

Dipartimento 

di Lingue e 

Letterature 

Straniere e 

Culture 

Moderne – 

Università 

degli Studi di 

Torino, Torino 

NA NA NA International 2020 ISBN: 9788875901738 
Mahishadal Raj 

College 

Dipartiment

o di Lingue 

e Letterature 

Straniere e 

Culture 

Moderne – 

Università 

degli Studi 

di Torino, 

Torino 



39 
Shyamal 

Mondal 

“Re-reading 

and Re-writing 

Satyajit Roy’s 

Charulata(196

4) in a 

Postcolonial 

Rubric” in 

Trends in 

Postcolonial 

Language, 

Literure and 

Culture edited 

by Abhilasa 

Phakun 

NA NA NA National 2020 ISBN: 978-93-89940-72-5 
Mahishadal Raj 

College 

Purbayon 

Publishers 

40 Swati Basak 

Tales of 

Women in 

India, From 

Slavery to 

Bravery 

NA NA NA National 2019 ISBN 978-93-89217-12-4 
Mahishadal Raj 

College 

Ababil 

Books, 

Kolkata  

41 Asis De 

‘The Portrait 

of the Author 

as Indian: 

Representation 

of Identity in 

Ruskin Bond’s 

Lone Fox 

Dancing: An 

Autobiography

’ in 

Representing 

the Self: 

Addressing 

Issues of 

Ethnicity and 

Identity across 

Domains, by 

Moumita Dey 

(Ed.) 

NA NA NA National 2019 ISBN: 978-9381563-27-4 
Mahishadal Raj 

College 

Visakhapatn

am: Global 

Publishing 

House 



42 
Shyamal 

Mondal 

“Bengali Art 

Films: 

Women’s 

Subjectivity 

and Use of 

Transgression 

in Ekla Cholo 

and Nirbasita” 

in Of the Line: 

Transgression 

and 

Representation 

in Literature 

and Culture 

edited by 

Tanmoy 

Kundu and 

Srirupa 

Mahalanabis, 

Atlantic 

Publishers 

NA NA NA National 2019 ISBN: 978- 81-269-3112-5 
Mahishadal Raj 

College 

Atlantic 

Publishers 

43 
Prakash 

Bisui 

Partition and 

Indo 

Bangladesh 

Relation, 

Reflection on 

Movie: A 

historiographic

al Analysis, 

Pondering the 

Past Glimpses 

of Our Society 

and Culture 

NA NA NA National 2019 ISBN-978-93-88207-48-5 
Mahishadal Raj 

College 
PAIOLCK 



44 

Jaydeep 

Das, 

Anwesha 

Mukherjee, 

Soumya K. 

Ghosh, and 

Rajkumar 

Buyya 

NA 

Geo-

cloudlet: 

Time and 

power 

efficient 

geospatia

l query 

resolutio

n using 

cloudlet 

International 

Conference on 

Advanced 

Computing 

(ICoAC), 

IEEE 

Internationa

l 

Conference 

on 

Advanced 

Computing 

(ICoAC), 

IEEE 

International 2019 

Electronic ISBN: 978-1-7281-

5286-8, Print on 

Demand(PoD) ISBN: 978-1-

7281-5287-5 

Affiliation of 

Anwesha 

Mukherjee: 

Mahishadal Raj 

College  

IEEE 

45 Asis De 

‘Amitav 

Ghosh ka 

Sahitya lok’ 

(Hindi) and 

‘The Literary 

Universe of 

Amitav 

Ghosh’ 

(English) in 

the Jnanpith 

Literary 

Souvenir of 

the 54 th 

Jnanpith 

Award on 

Amitav Ghosh 

NA NA NA National 2019 NA 
Mahishadal Raj 

College  
NA 

46 Asis De 

“Empire and 

Exile: 

Representation 

of the 

Burmese 

Royal Family 

across the 

Border in 

Amitav 

Ghosh’s The 

Glass Palace 

and Sudha 

Shah’s The 

King in Exile”, 

in Beyond 

NA NA NA National 2019 9.788E+12 
Mahishadal Raj 

College  

Diaspora 

Studies 

Series, India 

Diaspora 

Centre, 

University 

of Mumbai, 

Mumbai: 

Navvishnu 

Publications 



Borders and 

Boundaries: 

Diasporic 

Images and 

Re-

presentations 

in Literature 

and Cinema, 

by Nilufer E. 

Bharucha, 

Sridhar 

Rajeswaran 

and Klaus 

Stierstorfer 

(Eds.) 

47 

Subikash 

Mookherjee 

and 

Debasish 

Mondal 

"Major 

Components 

of Green 

Urbanization 

and Their 

Relative 

Importance: A 

Study on 

Some Districts 

of West 

Bengal 

(India)." In 

Handbook of 

Research on 

Economic and 

Political 

Implications of 

Green Trading 

and Energy 

Use 

NA NA NA International 2019 

ISBN13: 9781522585473, 

ISBN10: 1522585478, 

EISBN13: 9781522585497 

Mahishadal Raj 

College  
IGI Global 

48 

Ajay K. 

Chaubey and 

Asis De 

‘Mapping 

South Asian 

Diaspora: 

Recent 

Responses and 

Ruminations’ 

NA NA NA National 2018 ISBN: 978-81-316-0901-9 
Mahishadal Raj 

College  

Jaipur: 

Rawat 

Publications 



49 Asis De 

“Representatio

n of Female 

Subjugation 

and Domestic 

Violence in P. 

Sivakami’s 

The Taming of 

the Women”, 

in 

Quintessence 

of Dalit 

Literature: 

Rebel 

Narratives, by 

Ashish Kumar 

Gupta and 

Soni Sharma 

(Eds.) 

NA NA NA National 2018 
ISBN 10: 9381416885  ISBN 

13: 9789381416884 

Mahishadal Raj 

College  

Delhi: 

Akhand 

Publishing 

House 

50 Asis De 

“Transforming 

Continuum of 

South Asian 

Diaspora: In 

Conversation 

with Vijay 

Mishra,” in 

Mapping 

South Asian 

Diaspora, by 

Ajay K. 

Chaubey and 

Asis De (Eds.) 

NA NA NA National 2018 978-81-316-0901-9 
Mahishadal Raj 

College  

Jaipur: 

Rawat 

Publications 

51 

Ajay 

Chaubey and 

Asis De 

‘Introduction’ 

in Mapping 

South Asian 

Diaspora, by 

Ajay K. 

Chaubey and 

Asis De (Eds.) 

NA NA NA National 2018 978-81-316-0901-9 
Mahishadal Raj 

College  

Jaipur: 

Rawat 

Publications 



52 Swati Basak 

“Women, 

Science and 

Education: 

Kalpana 

Chawla, the 

True Heroine”, 

Pondering the 

Past, 

Paschimbanga 

Anchalik o 

Lokosanskriti 

Charchakendra 

NA NA NA National 2018 978-93-88207-00-3 
Mahishadal Raj 

College  

Paschimban

ga Anchalik 

o 

Lokosanskrit

i 

Charchaken

dra 

 

 



 
 
 

 
 

 

 

 

 

 

MAHISHADAL RAJ COLLEGE 
(Govt. Sponsored) 

Estd.: 1946 
 

NAAC accredited ‘A’ Grade College 
 

DST (FIST) Govt. of India Approved College 
Mahishadal: Purba Medinipur 

E.mail : principal.mrc1946@gmail.com 
 

 
 
 
Supporting document for 3.3.2.1 Total number of books and chapters in edited 
volumes/books published and papers in national/ international conference 
proceedings year wise during last five years 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:principal.mrc1946@gmail.com


MAHISHADAL RAJ COLLEGE 

SESSION: 2018-2019 

Number of books published: 01 

Books: 

1. Ajay K. Chaubey and Asis De (Eds.). ‘Mapping South Asian Diaspora: Recent Responses and 

Ruminations’, Jaipur: Rawat Publications, 2018, (ISBN: 978-81-316-0901-9), Print. 

 

Number of book chapters published: 07 

Book Chapters: 

1. Asis De. ‘Amitav Ghosh ka Sahitya lok’ (Hindi) and ‘The Literary Universe of Amitav Ghosh’ (English) 

in the Jnanpith Literary Souvenir of the 54th Jnanpith Award on Amitav Ghosh, June, 2019, pp. 4-6 

(Hindi) and pp. 11-13 (English). 

2. Asis De. “Empire and Exile: Representation of the Burmese Royal Family across the Border in Amitav 

Ghosh’s The Glass Palace and Sudha Shah’s The King in Exile”, in Beyond Borders and Boundaries: 

Diasporic Images and Re-presentations in Literature and Cinema, by Nilufer E. Bharucha, Sridhar 

Rajeswaran and Klaus Stierstorfer (Eds.), [Diaspora Studies Series], India Diaspora Centre, University 

of Mumbai, Mumbai: Navvishnu Publications, 2018, pp. 132-147.  

3. Asis De. “Representation of Female Subjugation and Domestic Violence in P. Sivakami’s The Taming 

of the Women”, in Quintessence of Dalit Literature: Rebel Narratives, by Ashish Kumar Gupta and 

Soni Sharma (Eds.), Delhi: Akhand Publishing House, 2018, pp. 17-26.  

4. Asis De. “Transforming Continuum of South Asian Diaspora: In Conversation with Vijay Mishra,” in 

Mapping South Asian Diaspora, by Ajay K. Chaubey and Asis De (Eds.), Jaipur: Rawat Publications, 

2018, pp. 19-29.  

5. Ajay Chaubey and Asis De. ‘Introduction’ in Mapping South Asian Diaspora, by Ajay K. Chaubey and 

Asis De (Eds.), Jaipur: Rawat Publications, 2018, pp. 1-16.  

6. Subikash Mookherjee, and Debasish Mondal. "Major Components of Green Urbanization and Their 

Relative Importance: A Study on Some Districts of West Bengal (India)." In Handbook of Research on 

Economic and Political Implications of Green Trading and Energy Use, pp. 315-339. IGI Global, 2019, 

DOI: 10.4018/978-1-5225-8547-3.ch018, ISBN13: 9781522585473, ISBN10: 1522585478, EISBN13: 

9781522585497. 

7. Swati Basak. “Women, Science and Education: Kalpana Chawla, the True Heroine”, Pondering the 

Past, Paschimbanga Anchalik o Lokosanskriti Charchakendra, Vol. II, Print, ISBN 978-93-88207-00-3, 

pp. 248-253. 

 

 



ASIATIC, VOLUME 12, NUMBER 2, DECEMBER 2018 
 

Ajaya K. Chaubey and Asis De, eds. Mapping South Asian Diaspora: 
Recent Responses and Ruminations. Jaipur and Delhi: Rawat 
Publications, 2018. 296 pp. ISBN 978-81-316-0901-9. 

 

 

The phenomenal progress of technological modernity has gradually increased the 
need to reconfigure the notion of identity. Even our sense of belonging demands 
revisionary perspectives. In today’s globalised world, diaspora is being 
characterized more by routes than by roots. As a result, diasporic identities are 
now becoming fluid. Moreover, the phenomenon of diaspora is still evolving, 
and, is, therefore, refusing any fixed definition. Diaspora studies is now 
preoccupied with the shifting patterns of experiences. In such a context, the 
publication of Mapping South Asian Diaspora: Recent Responses and Ruminations, edited 
by Ajay K. Chaubey and Asis De (with a foreword by Emmanuel S. Nelson), is 
a welcome addition to the corpus of diaspora studies. 

In the Introduction to the volume under review, the editors have sketched 
the evolution of diaspora to facilitate the reader’s understanding of the premise 
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of the book. They claim, “the fast changing socio-economic and cultural scenario 
due to globalization” (9) has given rise to certain issues in South Asian diasporic 
context that deserve immediate critical attention. Hence, they feel the need for 
the publication of a book like this. They refer to some important diaspora 
theorists, among whom Khachig Tololyan observes that diaspora as “a term that 
once described Jewish, Greek, and Armenian dispersion now shares meanings 
with a larger semantic domain that includes words like immigrant, expatriate, 
refugee, guest-worker, exile community,  overseas community, ethnic 
community” (qtd. in Chaubey and De 1). Diaspora, in a way, has now become an 
umbrella term. In spite of its multiple meanings, diaspora, as the editors assert, is 
basically concerned with “the issue of human migration from the place of origin 
to  some other  transnational locations” (3). In order to offer a theoretical 
overview of South Asian diaspora, the editors have historically divided it into 
three phases: “(a) Diaspora in the pre-colonial period, (b) Dislocation and 
transportation in the colonial period, and (c) Postcolonial Diasporic movement 
to the West” (4). In the first phase the diasporic movement was voluntary and 
largely motivated by “trade and religious transactions” (4) while, in the second, it 
was largely forced and motivated by economic reasons. The diasporic movement 
in the third phase has become largely voluntary, and motivated by the longing for 
“a better living and global privileges” (4) and can be regarded mainly as “a 
postcolonial phenomenon and then, as natural consequence of globalization” (6). 
Section A, “Diaspora in Flux: Newer Insights,” exclusively discusses critical 
responses of Vijay Mishra, a renowned scholar and critic of Indian origin, to 
questions regarding the shifting patterns of South Asian Diasporic experiences 
and the emergence of the newer forms of diasporic imaginary. Dwelling on 
several important issues related to the old (“egalitarian”) diaspora and the new 
(“selfish”) diaspora, and the role of the cyber world, he observes that “in the 
transnational modern Indian diaspora culture is a memory that is commodified, 
a memory that has now been transformed into different types of items and these 
items take the form of cinema or YouTube, Skype and the like” ( 22). He suggests 
that it is really difficult to “theorize a diaspora which is no longer a diaspora 
traditionally defined within the semantics of home, absence, trauma, belonging, 
and loss” (22). 

Section B, “Considering Diasporic Literatures of South Asia: Texts and 
Contexts,” which accommodates eleven essays, makes an attempt to critically 
explore the literatures of South Asian Diaspora. It opens with the essay “What 
Diaspora? Whither Diaspora?: Some Random Questions, Answers and 
Ruminations,” by Somdatta Mandal, a distinguished academic and an expert on 
Diaspora studies, which deals with the contours of diaspora and focuses on the 
ever-evolving processes the concept has undergone. She underlines the shifting 
nature of diaspora studies when she comments, “It seems that the whole branch 
of diaspora studies is becoming passé and being replaced by studies on 
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transnationalism” (33). Amritjit Singh, another eminent academic and critic, 
outlines a theoretical trajectory of the South Asian American experience and 
critically examines how “the diasporic populations and their ‘Imaginary 
homelands’ remind us of how culture and identity are reconstituted as they travel 
to new places” (60). The essay titled “Interrogating Borders in Amitav Ghosh’s 
The Shadow Lines and The Hungry Tide” by Sharmistha De Dutta also deserves 
mention as it records the celebration of the cross-border socio-cultural 
interactions often taking place in defiance of the political border. In fact, it 
examines how Ghosh “problematizes the concept of borders,” thereby showing 
that “man-made borders are basically porous” (100). Along similar lines, another 
essay written jointly by Sulagna Mohanty and Amrita Satapathy, deals with the 
issue of crossing boundaries and its effect on “the cultural memory of 
contemporary postcolonial selves” (118) as illustrated in Vikram Chandra’s Red 
Earth and Pouring Rain. Rositta Joseph Valiyamattam’s essay titled “Of Diaspora 
and Native Literatures: Reading Benyamin’s Goat Days” traces the Indian 
diasporic experience in the 1990s in the Gulf region and portrays the horrible 
effects of contemporary neo-colonialism. Actually, it examines the Indian 
diaspora’s rootlessness as well as its assimilation of the Arab culture in the 1990s 
in the post-Cold War period. Raj Gaurav Verma in his “Home No/w/here: A 
Study of Diasporic Dilemma in Khaled Hosseini’s The Kite Runner” focuses on 
the Afghan diaspora in America and critically analyses how nowhere do the 
diasporic people find their home. However, some other essays in the section 
critically deal with the issues relating to exile, dislocation, displacement, race, 
ethnicity and so on. 

Section C, “Conversations and Discussions,” covers interviews of some 
well-known writers and critics. Tabish Khair critically discusses multiple 
dimensions of diaspora in the contemporary scenario while Murali Kamma’s 
conversation focuses on the discourse of identity as well as the politics of 
language. Eminent critics like Somdatta Mandal, Makarand Parajape and Manjit 
Inder Singh respond to the questions of negotiating identities, the issue of 
crossing borders and such. In fact, these interviews reveal the shifting patterns of 
lived experiences especially in South Asian diasporic contexts. It is, however, not 
clear why Vijaya Mishra’s interview is placed in a single section and not included 
here. 

The four essays included in Section D, “South Asian Diaspora: 
Interdisciplinary Responses,” have presented the interdisciplinary responses to 
the issues related to less discussed South Asian diasporic groups. The first essay 
(a reprint) titled “Reconfiguring Asian Australian Writing: Australia, India and 
Inez Baranay” by Paul Sharrad deftly deals with the dynamics of Indo-Australian 
connection. Quite interestingly, it discusses Sharrad’s feeling that “Indian and 
Australian writers are beginning to wander into each other’s spaces and settle 
there in increasingly numerous and complex ways” (261). The essay “One Nation, 
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Two Diasporas: Nepali Migrants and Bhutanese Refugees in the United States” 
by Lopita Nath is also significant as it critically examines the role that the Nepali 
diaspora in the US can play in dealing with the Bhutanese refugees who are of 
ethnic Nepali descent. In fact, the essay seeks to address questions like: “How 
will these two diasporic communities identify themselves? Can they be clubbed 
as one community or will they choose to stay different?” (232). Another essay 
“The Bhutanese Diaspora: A View on History” by Alice Anna Verheij critically 
examines how the Bhutanese “Lotshampas,” (meaning “people from the south”) 
found themselves in a state of exile at the hands of the Bhutan government in the 
1990s. Violet Cho’s essay “Searching for Home: Explorations in New Media and 
the Burmese Diaspora in New Zealand” examines the role of new media in 
addressing the Burmese diasporic identities. The essay also presents the new 
media as “a source of empowerment for members of diaspora communities… in 
the public sphere in the host country, their country of origin and across 
international boundaries” (278-79). 

In the last two decades or so, there has been a proliferation of scholarly 
articles and books on diaspora. The present book evidently enjoys some 
distinction as it has dealt with some important aspects of diaspora. First, the 
concept of South Asia has been extended to include Burma (Myanmar) and 
Afghanistan and indeed, the airtight nomenclature (South Asia) fails to suggest 
the interactions that go on in the border states where history and lived 
experiences of bordering nation states have socio-cultural dialogues. Secondly, in 
South Asian context, India is generally foregrounded, resulting in the 
marginalisation of the smaller nation-states. This issue is addressed here with the 
inclusion of articles on Nepalese and Bhutanese diasporas. Thirdly, the book 
accords some prominence to the Indian labour diaspora in the Gulf in the 1990s 
– an area that is not much explored. Fourthly, the inclusion of interviews has 
enriched the volume as the direct responses as well as the personal views of some 
eminent writers and critics of South Asian origin bring to the fore the nuances of 
diasporic experiences. Finally, the book not only provides the literary and cultural 
representations of the changing patterns of South Asian diasporic experiences, 
but also includes interdisciplinary responses to them. On the whole, the book 
gives new directions to the South Asian diaspora studies in the context of 
globalisation. 
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ABSTRACT

Aspirations for being urban in character are considered as a significant phenomenon of socio-economic 
development in developing countries. Urbanization, in economic sense only, means intensive economic 
activities by a large number of people in a relatively small plot of land, where secondary and tertiary 
sectors play a dominant role and where certain amenities are bound to be available for general citizens, 
though it doesn’t seem complete without addressing the issue of nature. Though urbanization of an area 
is tried to be measured by some academicians through applying the method of indexing with available 
indicators and their data-driven weights, environmental issues are not incorporated there for any kind 
of factor analysis to identify their individual relative importance. This chapter intervenes at this juncture 
and focuses on construction of an urbanization index for some selected “town area units” belonging to 
some selected districts of West Bengal and run a factor analysis of it on some identified environmental 
factors. It observes negative relationship between QVSE and IGU, positive association between IGU 
and PR, and positive relation between IWDS and IGU.
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KEY TERMS AND DEFINITIONS

Average Correlation: In statistics, correlation is defined as a measure of relationship between the 
statistical dispersion within individual categories and the dispersion across the whole population or 
sample. The measure is defined as the ratio of two standard deviations representing these types of varia-
tions. ‘Average Correlation’ of a particular variable (or dimension) is defined as the average value of its 
all sorts of correlations, i.e., its squared simple correlation (i.e., r2), its squared ortho-partial correlation 
and its squared semi ortho-partial correlation(s), if any.

Factor Analysis: It is a statistical process in which the values of observed data are expressed as func-
tions of a number of possible causes in order to find which are the most important. Factor analysis is a 
technique that is used to reduce a large number of variables into fewer numbers of factors. This technique 
extracts maximum common variance from all variables and puts them into a common platform.

Green Urbanization: It is defined as the practice of creating some sort of balances between urban-
ization and ecology which is supposedly to be beneficial to both human and the environment. It can be 
considered as an attempt to shape more sustainable places, communities and lifestyles, and consume 
less of the world’s resources. It is interdisciplinary, combining the collaboration of landscape architects, 
engineers, urban planners, ecologists, transport planners, sociologists and economists.

Index: In economics, an index is defined as a statistical measure of changes in a representative group 
of individual data points. These data may be derived from any number of sources, including company 
performance, prices, productivity, employment, etc. Economic indices generally track economic health 
of an identified geographical area from different perspectives.

Principal Components: Principal component analysis (PCA) is a statistical procedure that uses an 
orthogonal transformation to convert a set of observations of possibly correlated variables (entities each 
of which takes on various numerical values) into a set of values of linearly uncorrelated variables called 
principal components. Principal component analysis is an approach to factor analysis that considers the 
total variance in the data, which is unlike common factor analysis, and transforms the original variables 
into a smaller set of linear combinations.

Relative Importance: The relative importance of a factor represents its basic value-weight, including 
any imputations. It is nothing but the true (i.e., actual) contribution of an individual factor in explaining 
the dependent variable excluding the overlapping (i.e., joint) contributions as appeared from other factors.

Weights: In statistics, imputing weights is known as a technique in which a data item (such as an 
average) is emphasized more than other data items comprising a group or summary. A number (weight) is 
assigned to each data item that reflects its relative importance based on the objective of the data collection.
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Abstract—Geospatial data analysis is an emerging area of
research today due to the potential to enable varied location-
aware services. The existing centralized cloud-based analysis
becomes time and computing-intensive for huge amount of
geospatial data processing. This paper addresses the challenge
of time and power-efficiency in QoS-aware geospatial query
resolution. We propose a cloudlet based hierarchical paradigm,
namely Geo-Cloudlet, where the cloudlets contain the geospatial
data of the districts. The state and national level geospatial
data are stored inside the state cloud and country cloud
respectively. The query resolution is performed by either the
cloudlet or by the state cloud or country cloud depending upon
the geographical region related to the query. The experimental
analysis illustrates that the proposed architecture Geo-Cloudlet
reduces the latency up to 61.3% and power consumption up to
61.1% over the use of only remote cloud servers for geospatial
query resolution.

Index Terms—Geospatial Query; Geo-Cloudlet; Quality of
Service; Time-efficient; Power-efficient

I. INTRODUCTION

Geospatial data storage and analysis is a major challenge

due to its large volume. With the advancement in location

acquisition systems, sensor networks, and mobile computing,

a huge volume of geospatial data is collected [1]. For resolv-

ing geospatial queries, the huge volume of data has to be

processed, which is computationally intensive and requires

ubiquitous network access. Cloud computing offers a plat-

form for geospatial data processing because of its ability to

provide ubiquitous network access, on-demand self-service,

resource pooling, rapid elasticity, and measured services

[2]–[4]. Geospatial cloud computing is a cloud computing

paradigm that is driven by geospatial sciences and optimized

by spatio-temporal principles for enabling geospatial science

discoveries within a distributed computing environment [1].

However, storing and processing of data completely inside

the long distant cloud servers increases latency in query

resolution. As a solution towards this problem, fog computing

has been used for geospatial data processing in [5]. However,

the intermediate devices like switch, routers which act as fog

devices, partially offload data or computation. In our work,

we will use cloudlets for geospatial data processing. Cloudlet

is a computer or cluster of computers, which stores the fre-

quently accessed data and acts as an agent between the client

device and cloud [6]. Cloudlet has reduced the energy and

latency over remote cloud servers in computation offloading

[7]. Our objective is to provide a time and power-efficient

paradigm for geospatial query resolution. In this paper, we

have introduced a cloudlet based hierarchical architecture

for geospatial information storage and processing, and the

mathematical model of latency and power consumption for

the proposed paradigm is developed. In our paradigm, mobile

devices are the clients, which generate geospatial queries.

A. Related Work

Geospatial information refers to the data with respect to

a geographical place, in terms of geographic coordinates.

Geospatial data collection takes place by Geographic Infor-

mation System (GIS) [8]. Using multi-dimensional data set, a

method has been proposed for geospatial query resolution in

[9]. The use of cloud data centres for geospatial data storage

and analysis has been demonstrated in [1], [2], [3]. For mas-

sive geospatial data processing, a GIS querying framework

has been proposed in [10]. In Geospatial Cloud computing,

the application tier is used for geospatial services. There are

various categories of geospatial services: Web Map Service

(WMS) [11], Web Coverage Service (WCS), Web Feature

Service (WFS) [12], Catalog Service for the Web (CSW)

and Web Processing Service (WPS) [13]. Open Geospatial

Consortium (OGC) constraints geospatial service chain based

geospatial query resolution on the cloud has been discussed in

[4]. For VM allocation with geospatial service chain learning

a method has been discussed in [14]. However, access to long

distant cloud servers for geospatial data processing increases

the latency. As a solution, fog computing has been used for

geospatial data analysis in [5], [15], [16]. Fog devices are the

intermediate devices between the user and the cloud servers,

which participate in data processing [17]. Edge devices are

also nowadays used for offloading computation and storage

[18]. Geospatial query processing in edge devices has been

discussed in [16].However, the processing of voluminous

geospatial data requires high-end processing, which is beyond

the capability of the edge or fog devices. Cloudlet being a

computer or cluster of computers, has the ability to store

and process a large volume of data [6]. In our work, we use

cloudlets and propose a hierarchical paradigm for geospatial

query resolution.
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analyzed, and ‘filter’ operation is used. After resolving the

geospatial query using GCP VM, the result is sent back to

the mobile phone 1. The latency for resolving this query

and the power consumption of the mobile device during this

period are presented in Table III. As GCP VM is used for

resolving query 4, the latency and power consumption of the

mobile device is the same for the proposed model and if GCP

resolves the query.
In Fig.10 the latency in query resolution and power con-

sumption of user devices during that period are presented

with respect to four experimental studies. From the experi-

mental results of the four case studies of query analysis (see

Table III and Fig.10), we observe that using the cloudlet up

to 61.3% reduction in latency and 61.1% reduction in power

consumption of the mobile device can be achieved than only

remote cloud-based system, and the QoS is improved.

VI. CONCLUSIONS AND FUTURE WORK

In this paper, a cloudlet based hierarchical paradigm for

geospatial query resolution, namely Geo-Cloudlet, has been

proposed. The cloudlets contain geospatial data of the district

regions. For the state and national level geospatial data

storage and analysis, state cloud and country cloud are

used respectively. When a geospatial query is received from

a mobile device regarding the district region, the cloudlet

resolves the geospatial query after analyzing the geospatial

data and responds to the mobile device. Otherwise, if the

geospatial query is regarding the state or national level

geospatial data, the cloudlet responds using the state cloud or

the country cloud. The experimental results illustrate that our

proposed system improves the QoS by reducing the latency

up to 61.3% and power consumption of the user device up to

61.1% than only remote cloud-based query resolution. Thus

we can conclude that the proposed framework, Geo-Cloudlet,

is a time-efficient paradigm as well as provides low power

consumption of the user device during the query resolution

period. As we are using a multi-tier framework, partial data

processing and dealing with the inter-dependency among

different task segments during geospatial data processing is

a challenging future scope.
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Ma
nish

ada
l Raj 

Coll
ege 

taki
ng plac

e side 
by

 
side with 

natio
nal 

integ
ratio

n. 16
 

reg
ion

al 
trib

al 

eth
nic

ity
 was 

rem
ern

ber
 

durin
g 

ngi
ouS

 

Con
ver

sion
, wer
e run 

alon
g with

 

colo
nial

 rule
. 

Tho
ugh

 

Bri
tish

 

spo
ntan

eou
sly 

hCt
IVi

ties
 of

 
Ch

rist
ian

 

Mi
ssio

nar
ies 

inc
lud

ing
 

spr
ead

ing
 of

 
edU

cati
on, sOC

ial and 

Over
 

ent
hus

ias
tic took

 

init
iati

ve 

to
 

note
 

dow
n man
y 

imp
orta

nt data
 

abo
ut the 

reg
ion

. 

aom
inis

trat
ive map 

by
 

pas
sin

g 

diff
ere

nt 

Law
s.1 

Inde
ed few 

Brit
ish 

civ
ilia

ns bein
g 

par
icu

larl
y 

ma
rke

d the 

reg
ion

 and trie
d to

 
sep

ara
te the land

 

from
 

thei
r main
 A
S a 

con
seq

uen
ce,

 

rev
olt 

aga
ins

t the 

Bri
tish

 

took
 

pla
ce.

" 

Col
oni

al 

adm
inis

trat
ion

 

rep
erc

uS
sio

n was 

not
ice

d afte
r the 

intr
odu

ctio
n of

 
Bri

tish
 

land
 

col
oni

al 

rev
enu

e 

pol
icy.

 

Au
stri

c' and 

'Dr
avi

d' 

spe
aki

ng clan
 

wer
e 

pre
dom

ina
nt 

amo
ng them

. A
 

neg
ativ

e 

trib
es with

 

mul
ti 

lan
gu

age
s and 

cul
tur

e used
 to

 
res

ide
 

tog
eth

er 

thro
ugh

 

age
s and 

Sto
ne and 

is
 

sur
rou

nd
ed 

by
 

jun
gle

s, 

clim
ate

 is
 

dry and 

rou
gh.

 In
 

this 
reg

ion
 

var
iou

s 

ind
ia. 

Ab
out

 the 

geo
gra

ph
ica

l 

fea
tur

es,
 

here
 the 

ter
rai

n is
 

mad
e up

 
with

 

anc
ien

t 

Ch
oto

nag
pu

r 

pla
tea

u 

reg
ion

 is
 

one of
 

the 

sig
nif

ica
nt trib

al 

inf
est

ed are
as of

 

reg
ion

 also 

par
tici

pat
ed 

in
 

Indi
an 

Nat
iona

l 

Mov
eme

nt and unit
y. 

13
 

and 

cul
tur

al 

pra
cti

ces
. 

of
 

Ch
ris

tia
n 

M
iss

ion
ari

es,
 

cre
ate

d 

com
ple

xit
y 

am
ong

 

trib
al and the
ir 

soc
ial

, 

po
liti

cal
 But in

 
co

lon
ial

 

pe
rio

d, with
 the 

arr
iva

l of
 

Br
itis

h 
ad

m
in

ist
ra

tio
n 

in
 

Ind
ia, the 

ac
tiv

itie
s 

Va
ish

nav
a 

rel
igi

on
 

co
nn

ect
ed

 the 

trib
al 

peo
ple

 with
 the 

ma
ins

tre
am

 

rel
igi

ou
s 

bel
iefs

. 

ma
ins

tre
am

 

ad
mi

nis
tra

tiv
e 

str
uc

tur
e of

 
soc

iet
y. 

Fu
rth

er the 
adv

ent
 of

 
Bu

dd
hy

a and also
 

sta
rte

d 
inf

lue
nc

ing
 

Pr
ak

as
h 

Bi
su

i" 

Jh
ar

kh
an

d 
M

ov
em

en
t. 

in
 

C
ho

to
na

gp
ur

 

Re
gio

n 

du
rin

g the Tri
bal

 

Re
lig

iou
s 

lde
nti

ty and 

Eth
nic

 

po
liti

cs 

"A
ss

ist
an

t 
Pr

of
es

so
r, 

that
 19n 

Cen
tury

, an
 

ende
avou

r of
 

deve
lopm

ent 

of
 

re
su

lts
. It

 
is

 
to

 

alr
ead

y 

stu
die

s done
 on

 

grow
th of

 
Jhar

kha
ndi iden

tity 

reve
alin

g 

vari
ous 

Man
y hav
e 

of
 

pan trib
al 

iden
tity grow

n up
 

in
 

this regi
on 

in
 

this deca
de 

wh
ich 

is
 

the 

ou
tco

rm
e 193

0, effo
rt the 

of
 

dev
elop

men
t of

 
trib

al 

ethn
icity

 in
 

this regi
on 

star
ted,

15 

Sinc
e 

So.1
4 

Thi
s reg

ion
 

from
 

Ind
ian 

Nat
iona

l 

mov
eme

nt, they
 did not 

suc
cee

d to
 

do
 

trie
d to

 
the 

spa
re 

the
ir 

rel
igi

ou
s 

bel
ief

s 

whi
ch 

int
rod

uc
ed

 
them

 with
 the afte

r the 

inv
asi

on
 o

f 

Ra
jpu

ts i
n 

the
se trib
al 

inf
est

ed
 

mid
dle

 

Ind
ia. And 

Ra
jpu

t 
myt

h eth
nic

 

ide
nti

ty.
 But aft

er 

Gu
pta

 era,
 the 

ad
mi

nis
tra

tiv
e 

sys
tem

 

sta
rte

d to
 

cha
ng

e 

new 
rel

igi
ou

s 
co

nc
ep

t, 

or
igi

na
ted

 
from

 the 

pe
rce

pti
on

 o
f 

rel
igi

on
 

that
 

pr
ior

itiz
es

 

ce
ntr

ic.
 

The
y had 

int
im

ate
 

co
nn

ec
tio

ns
 

with
 

reg
ion

al 

ad
m

in
ist

ra
tio

n and with
 the the

ir own 

fe
at

ur
es

. 

Be
sid

es
, 

the
ir 

rel
igi

ou
s 

tho
ug

hts
 and 

pr
ac

tic
es

 

wer
e 

tot
all

y 

na
tur

e are
as,

 

pr
im

itiv
e 

ad
m

in
ist

ra
tio

n 

sy
ste

m was 

fol
low

ed
 up

 
by

 
the 

tria
ls' 

ac
co

rd
ing

 to
 with

 

sa
lie

nt 

fe
atu

re
s 

use
d to

 
live

 in
 a 

sp
ec

ifi
c 

reg
ion

. 

Be
for

e 

co
lon

ial
 

era
, in

 
the

se 

'N
ish

ad
', 

wh
ile 

tho
se of

 
Ary

an 

co
un

ter
 

par
ts 

wer
e 

cal
led

 

'B
rat

ya
'. Few 

of
 

the
m, Ind

ian
 

so
cie

ty,
 the 

par
ts of

 
Non

-

Ar
yan

s who wer
e 

de
tac

he
d use
d to

 
be

 
cal

led
 

did not 
rem

ain
 as

 
ca

rri
er for 

eth
nic

 

ide
nti

ty 

Du
rin

g 

for
ma

tio
n of

 
so

 
cal

led
 

m
ain

str
ea

m
 

of
 

Ar
yan

s and 

no
n-

Ar
ya

ns
 

gav
e 

birt
h to

 
new 

Sa
na

tan
 

Re
lig

iou
s 

co
nc

ep
t, 

wh
ich

 too So
cia

l 

fac
tor

s are als
o 

as
so

ci
at

ed
 

with
 

Ind
ian

 

cas
te 

pe
rc

ep
tio

n.
 

Ind
ia, 

wh
ere

 

mi
xin

g dif
fic

ult
 to

 
ex

pla
in the 

Ind
ian

 

cas
te 

pe
rce

pti
on

, on
 

the 

bas
is of

 
rel

igi
ou

s 

ide
nti

ty.
 div

ers
e 

cu
ltu

re and 

man
y 

rel
igi

ou
s 

tho
ug

hts
. 

Man
y 

trib
es live

 in
 

Ind
ia. 

Na
tur

all
y it is

 

fac
tor

s to
 

co
ns

tru
ct the 

ide
nti

ty of
 a 

ca
ste

.2 

Ind
ia is

 
the land

 of
 

mu
lti 

lan
gu

ag
es

, 

with
 

po
liti

cs.
 

Pr
es

en
tly

, the 

rel
igi

ou
s 

tho
ug

hts
 

play
 a 

key role
 

alo
ng with

 

oth
er 

th
ou

gh
ts.

" It
 

is
 

dif
fic

ult
 to

 
fig

ure
 out the 

exa
ct tim
e of

 
ori

gin
 of

 
rel

igi
on

 

and its 
mi

xin
g 

Sin
ce

 

an
cie

nt
 

tim
es

, 

Su
pr

em
e 

ca
ste

s 

hav
e 

co
nn

ec
tio

ns
 

wit
h the 

re
lig

io
us
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Pr
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s, 
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on

, 
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2. Sin
ha,

 

Su
roj

it, 

Sta
te 

Fo
rm

ati
on

 and 

Ra
jpu

t 

Myt
h in

 
Tri

bal
 

Ce
ntr

al 

Ind
ia, 

Ca
mb

rid
ge 

Un
ive

rsit
y 

6 

Ma
hat

o, 

Pa
sh

up
ati

 

Pra
sad

, 

Bh
aro

ter
 

Ad
iba

si 

O
 

Da
lit 

5 

and 

Eth
nic

 

Me
mo

cid
e in

 
Jh

ark
ha

nd
), 

Pu
rba

lok
, 

Ko
lka

ta,
 

201
2. 

Ma
hat

o, 

Pa
sh

up
ati

 

Pr
as

ad
, 

Sa
ns

kr
iti

za
tio

n V
s 

Ni
rba

ka
iza

tin
 (A

 
Stu

dy 

on
 

Cu
ltu

ral
 

Sil
en

ce
 

4.
 

De
lhi

, 
20

07
. 

Th
apa

r, 

Ro
mi

la, 

Hi
sto

ric
al 

Be
gin

nin
g of

 
the 

Co
nce

pt on
 

the 

3.
 

Gu
ha,

 

2 

Ma
rtin

, 

Elo
isa

 &
 

Pa
tel

, 

Su
jat

a, (Ed
), 

Cu
rre

nt 

So
cio

log
y, 

Sag
e, 

Ma
rch

, 

201
6. 

Sp
ohn

, 

1.
 

of
 

the 

Hi
sto

ry 

of
 

Na
tio

na
lis

m,
 

Ox
for

d, 

201
3. Ve

er, 
Pe

ter
 Van 

End
 

N
ot

es
 

: 
the

ir own 

ide
nti

ty and 

eth
ni

cit
y. 

co
nv

er
sio

n from
 

Hi
nd

u, 

Ch
ris

tia
n, and 

M
usl

im
, 

rel
igi

on
, and 

su
pp

ort
 to

 
ev

olv
ing

 role
 in

 
the 

pe
rio

d of
 

Jh
ar

kh
an

d 

m
ov

em
en

t to
 

ov
er

co
m

e the 

su
bj

ug
at

io
n and 

Jh
ar

kh
an

d 
re

gi
on

27
 

Thi
s all 

typ
e of

 
re

lig
io

us
 

co
ns

ci
ou

sn
es

s hav
e 

pla
ye

d 

sig
ni

fic
an

t wh
ich

 

als
o 

in
flu

en
ce

d 

'P
an

-T
ri

ba
lis

m
' 

ide
a 

am
on

g the 

tri
be

s and 

low
er 

ca
ste

s in
 

V
ai

sh
na

vi
sa

m
 

hav
e 

un
ifi

ed
 the 

loc
al 

pe
op

le by
 

the 

sp
iri

tu
al and 

so
cia

l 

ac
tiv

ite
s 

pr
ac

tic
ed

 the 

loc
al 

re
lig

io
us

 

fe
sti

va
ls and 

tra
di

tio
ns

. 

'Ha
r 

M
ita

n' 26
 

ide
a and 

from
 

re
lig

io
us

 

aw
ar

en
es

s 

pla
ye

d 

a 
role

 to
 

un
ite the 

sam
e 

gro
up

s and 

ca
ste

s who 

in
 

sam
e 

re
gi

on
, on

 
the 

oth
er sid
e the "Ha
r 

M
ita

n"
 

ide
a in

 
trib

al 

so
cie

ty
 

wh
ich

 

cam
e 

M
us

lim
s who 

pa
rti

ci
pa

te
 

wit
h 

loc
al 

rel
igi

ou
s 

pr
ac

tic
es

 and the 

va
rio

us
 

gro
up 

of
 

trib
es 

m
ov

em
en

t by
 

re
lig

io
us

 

co
nv

er
sio

n of
 

Sa
nth

al 

lea
de

r 

Bi
rsh

a 

M
un

da
.24

 Dev
i, in

 
her 

wr
itin

gs
 

hig
hli

gh
ted

 

Ch
ris

tia
n 

M
iss

io
na

rie
s' 

en
de

av
ou

r to
 

co
ntr

ol 

trib
al 

hav
e 

see
n this

 

tric
k as

 
re

lig
io

us
 

op
pr

es
sio

n.
23

 

Re
no

wn
ed

 

W
rite

r Ms. 

M
ah

as
he

w
ta

 

aw
ar

en
es

s and 

co
nc

ep
tio

n (till
 

19n 

Ce
ntu

ry
) to

 
pre

ac
h 

Ch
ris

tia
ni

ty
. 

Ma
ny 

pe
op

le M
iss

ion
 

So
cie

tie
s 

too
k the 

ad
va

nt
ag

e of
 

po
ve

rty
 of

 
tri

ba
ls,

 

the
ir lack

 of
 

rel
igi

ou
s 

Lu
the

ran
 

Ch
urc

h, 

M
eth

od
ist

 

M
iss

ion
ary

 

So
cie

ty and 

Ro
ma

n 

Ca
tho

lic
 

M
iss

ion
. The 

Or
isa

, 

fol
low

ed
 by

 
fo

un
da

tio
ns

 of
 

Ch
urc

h 

M
iss

ion
ary

 

So
cie

ty,
 

No
rth

ern
 

Ev
an

ge
lic

al 

The firs
t 

Am
eri

ca
n 

Ba
pti

st 

M
iss

ion
 

So
cie

ty
 

was 

es
ta

bl
ish

ed
 in

 
193

8 in
 

Ja
le

sh
w

ar
, 

Thi
s 

rev
ea

ls the 

im
pr

es
sio

n of
 

lon
g 

tim
e 

co
nfl

ict
 of

 
Ar

yan
s and 

no
n-

Ar
ya

ns
.?2

2 

who was 

sto
len

 by
 

so
m

eo
ne

 and the 

Sa
nt

als
 are stil
l 

loo
kin

g for 

the
ir 

G
od

de
ss

. 

Ac
co

rdi
ng

 to
 

'D
an

sh
ay

a 

tes
tiv

al and 

trib
al 

lit
er

atu
re

, 

Du
rga

 is
 

the Dev
i of

 
Sa

nta
ls,

 

so
cie

ty.
21

 In
 

this
 

way the
ir 

re
lig

io
us

 

th
ou

gh
ts 

pav
ed the way 

of
 

the
ir 

cu
ltu

ral
 

ide
nti

ty.
 

coo
e lots
 of

 
cr

iti
cis

m
 by

 
loc

al and 

trib
al 

ne
w

sp
ap

er
s and 

m
ag

az
in

es
, and 

trib
al civ
il 

e no
 

op
tio

n of
 

"S
ari

" 

rel
igi

on
 in

 
ce

ns
us

 

for
ma

t. A
s a 

res
ult

, 

go
ve

rn
m

en
t had to

 WeY
O 

See
n 

som
e of

 
the 

Sa
nt

al
s 

re
tu

se
d to

 
re

gi
ste

r 

th
em

se
lv

es
 as

 

Hi
nd

u but 

the
re 

Cer
i r 

"S
ar

na
", 

wh
ich

 

me
an

s 

na
tur

e 

lov
er 

re
lig

io
n.

 ln
 

las
t few 

ce
ns

us
 

rep
ort

 w
e 

ir
 

re
lia

io
us

 

ide
nti

ty as
 

Hi
nd

u. The
y like

 to
 

es
tab

lis
h 

the
ir own 

rel
igi

on
, 

nam
ely

 

S in
 

this
 

reg
ion

 

Sa
nt

als
 

was the 

mo
st 

co
ns

cio
us

 

trib
al 

gr
ou

ps
. 

The
y 

ref
us

ed
 

the 
sim

ilar
itie

s 
slow

ly 

Sa
ma

j, 

Pu
rba

lok
, 

Ko
lka

ta, 199
5. 

Ary
an,

 

Na
tio

nal
 

Boo
k 

Tru
st, 

Ra
mc

ha
nd

ra,
 

Ind
ia 

Af
ter 

Ga
nd

hi,
 

Ma
cm

illa
n, 

Gre
at 

Br
ita

in,
 

200
7. W

illf
rie

d, 

Mu
ltip

le 

Mo
der

nit
y 

, 
Na

tio
na

lis
m and 

Re
lig

ion
: A

 
Glo

bal
 

Pe
rsp

ec
tiv

e, 

Der
, 

Na
tio

na
lis

m
 and 

Re
lig

ion
, 

Br
eu

illy
, 

Jho
n, (ed
), The 

Ox
for

d 
Ha

nd
bo

ok
 

role
 to

 
co

nn
ec

t 

be
tw

ee
n the 

low
er 

ca
sts

 of
 

loc
al 

Hi
nd

us
, 

low
er cas
t of

 
co

nv
er

te
d reg

ion
. O

n 
one sid

e 

in
flu

en
ce

 of
 

Ba
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na
vi

sa
m

 

am
on

g the 

trib
e 

pla
ye

d an
 

im
po

rta
nt 

co
ns

ci
ou

sn
es

s 

pla
ye

d 

im
po

rta
nt

 

role
 to

 
de

ve
lop

 the 

eth
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ide
nti

ty 

in
 

Jh
ar

kh
an

d 

re
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rm
at

io
n 

am
on

g the 

tri
be

s.2
0 

Du
rin

g the 

Jh
ar

kh
an

d 

m
ov

em
en

t 

re
lig

io
us

 

in
flu

en
ce

d by
 

the 

re
vi

va
lis

t 

m
ov

em
en

t 

wh
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was 

in
flu

en
ce

d by
 

the 

re
lig

io
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Bi
srs

ha
 

M
un

da
's 

rev
olt

 in
 

189
9 and the 

191
4 

Th
an

a 

Bh
ag

at 

m
ov

em
en

t was 

Ch
ris

tia
n 

M
iss

io
na

rie
s 

alw
ay

s 

ch
os

e 

the
se 

trib
al 

in
fe

ste
d 

are
as 

to
 

pre
ac

h 

Bib
le. 

Ch
ris

tia
n 

rel
igi

on
 

pla
ys 
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piv

ota
l role
 

ove
r the 

trib
al 

rel
igi

on
 

and the
ir 

cu
ltu

re.
 

foun
d way of

 
es

ta
bl

ish
in

g 

the
ir 

re
gi

on
al 

id
en

tit
y and 

eth
nic
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Introduction

The centres of economically useful plants and those of 
plant diversity abound in richness of crop and wild plants. 
Moreover, the areas rich in floristic diversity are regions 

where tribals have settled. In other words, wide floristic diversity 
and tribal richness maintain a good correlation, integrating into the 
same ecosystem where the ethnic groups live in harmony with nature, 
domesticating wild plants and animals through the ages according to 
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Abstract

This paper has proposed an energy-harvested small cell
network that is composed of large cells containing cloud-
enabled small cell base stations inside to provide the users
communication and computation services simultaneously.
An application offloading strategy has been proposed based
on small cell zooming. This is observed that the proposed
network reduces the power consumption of small cells by
approximately 14% and the proposed offloading method re-
duces the power consumption of the user device by 23-54%
approximately during offloading an application.

1 Introduction

The objective of future generation mobile network is to pro-
vide high bandwidth and low latency services to the users.
To address the challenges, small cells have become the prin-
ciple elements of fifth generation (5G) mobile network [1].
The small cells refer to the picocells and femtocells, which
are deployed inside the large cells like macrocells and mi-
crocells [2, 3]. However, to offer the users communication
and computation services simultaneously Small Cell cloud
enhanced eNodeB (SCceNB) [4, 5, 6] and femtolet [7, 8]
come into the scenario. These small cell base stations have
in build storage and computation ability so that the users
registered under them can make and receive voice call as
well as can offload their data and applications inside these
devices. However, the radiation due to dense small cell al-
location and rapid growth in multimedia traffic are increas-
ing the CO2 emission and polluting the air. To overcome
this problem, an energy-efficient small cell network design
has become important. Energy harvesting has become a
promising solution for designing energy-efficient small cell
network [9, 10, 11]. In energy harvesting the renewable en-
ergy resources such as solar, wind are used as a source of
power supply. Moreover, the base stations transmit energy
which can charge the batteries of other devices. Here en-
ergy harvesting occurs from radio-frequency environment.
Though a small cell consumes very less amount of power,
large number of small cell allocation increases the power
consumption of the network. To address the issue, there are

two major objectives of this work:

• To reduce the power consumption of the small cells in
the network to provide a green small cell network.

• For energy-efficient offloading cloudlets [12, 13], fog
devices [14], edge devices [8] are used. However, in
cellular network indoor base stations providing data
and computation offloading are available to reduce the
latency as well as energy consumption. But if these
devices have not enough power level to execute a re-
quested code, then remote cloud has to be accessed.
The objective is to propose a strategy that will provide
power and latency aware offloading if the small cell
has not enough power to execute computation.

To address the objectives, the contributions of the paper are:

• An energy-efficient small cell network has been pro-
posed, where cloud-enabled small cell base stations
(C-SB) are used inside the large cells for simultaneous
computation and communication service provisioning.
Femtolets and SCceNBs are used as C-SBs in the net-
work. These C-SBs are powered using renewable en-
ergy resources. However, they can charge up using
transmission energy from the adjacent C-SBs as they
are located densely.

• A small cell zooming based offloading strategy has
been proposed to save the latency and power consump-
tion of the user device during offloading.

Rest of this paper is organized as: Section 2 discusses the
proposed strategy, Section 3 studies the performance of the
proposed strategy and Section 4 concludes the paper.

2 Energy-harvested C-SB based Network

In the network we have considered macrocell and microcell
base stations and inside their coverage C-SBs are allocated.
The solar and wind resources are used to charge the C-SBs.
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Table 1. Experimental results

Code Latency in Latency in Power consumption Power consumption Latency reduction Power reduction
proposed scheme existing scheme [7] in proposed scheme in existing scheme [7] in proposed scheme in proposed scheme

Linear search 18.6 ms 18.6 ms 1.11 mW 1.11 mW Nil Nil
Merge sort 33.6 ms 61 ms 1.936 mW 4.235 mW 44.92% 54.28%

4-Queens puzzle 60.6 ms 88 ms 3.421 mW 5.72 mW 31.1% 40.19%
Converting a bmp 507.8 ms 592 ms 28.325 mW 36.96 mW 14.23% 23.36%
image to PGM file

mental results demonstrate that the proposed method re-
duces the offloading latency by 14-44% approximately and
power consumption of the user device during offloading by
23-54% approximately than the existing scheme. In Fig.4
the communication latency while offloading data using pro-
posed and existing approaches [7] with respect to the size
of the data are presented. The data transmission rate is 1
Mbps approximately. In the proposed scheme the C-SB
under which the mobile device is registered if has lower
power, then adjacent C-SB expands coverage and the mo-
bile device is handed over to it. The mobile device then of-
floads the data to that C-SB. In the existing approach [7] the
remote cloud is used to offload the data if the C-SB under
which the mobile device is registered has lower power to of-
fload the data. In Fig.5 the power consumption of the user
device while offloading data using proposed and existing
approaches [7] with respect to the data size are presented.
In Fig.4 and Fig.5 the latency and user device’s power con-
sumption while offloading 50-500 MB data using proposed
and existing methods [7] are compared. For high amount of
data offloading (> 200 MB), the C-SB’s energy level falls.
Hence, in the existing scheme [7], the remote cloud stores
the data. In the proposed method, the adjacent C-SB ex-
pands coverage and the mobile device offloads the data to
it. This is observed that up to 80% reduction in latency
and power consumption in offloading is achieved using the
proposed approach. From the theoretical and experimental
analysis, it is observed that the proposed method reduces
power consumption of the small cells, offloading latency
and power consumption of the user device.

4 Conclusion

In this paper we have proposed an energy-harvested small
cell network which reduces the power consumption of the
small cell base stations and the user devices. In the pro-
posed network, the small cell base stations provide commu-
nication and computation services. They can expand cov-
erage and execute applications of the user devices. When a
small cell has very low energy level to afford computation
service to its users, its adjacent small cells expand coverage
and provide service to its users. This is observed that the
proposed network reduces approximately 14% power con-
sumption. This is also observed that the proposed method
reduces approximately 23-54% power consumption of the
user device during application offloading.
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Abstract Enormous research is going on Automatic Speech Recognition (ASR) in
the past decade. Human-Computer Interaction (HCI) will become more efficient and
hands-free through voice-based commands. In our proposed work of speech recogni-
tion, we have taken a list of ten major railway stations in South Eastern Railway (SER)
from Howrah (One major railway station in West Bengal, India) to Medinipur (A
station in West Bengal, India). We have chosen the ten important stations where most
number of passengers travels through the local train. The passengers spent a huge
amount of time in the long queue for collecting the tickets. We have created a small
speech corpus, where 20 people have uttered these stations ten times; a total of 2000
audio samples. We have done a prepocessing phase, followed by a Mel-Frequency
Cepstral Coefficients (MFCC), � MFCC and � � MFCC feature extraction method
and finally a Long Short-Term Memory (LSTM) sequence classification has been
used for correct identification of the station’s name and obtained the highest training
accuracy of 96.87% for the different hyperparameters discussed in Sect. 5.
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Abstract

This paper has proposed an energy-harvested small cell
network that is composed of large cells containing cloud-
enabled small cell base stations inside to provide the users
communication and computation services simultaneously.
An application offloading strategy has been proposed based
on small cell zooming. This is observed that the proposed
network reduces the power consumption of small cells by
approximately 14% and the proposed offloading method re-
duces the power consumption of the user device by 23-54%
approximately during offloading an application.

1 Introduction

The objective of future generation mobile network is to pro-
vide high bandwidth and low latency services to the users.
To address the challenges, small cells have become the prin-
ciple elements of fifth generation (5G) mobile network [1].
The small cells refer to the picocells and femtocells, which
are deployed inside the large cells like macrocells and mi-
crocells [2, 3]. However, to offer the users communication
and computation services simultaneously Small Cell cloud
enhanced eNodeB (SCceNB) [4, 5, 6] and femtolet [7, 8]
come into the scenario. These small cell base stations have
in build storage and computation ability so that the users
registered under them can make and receive voice call as
well as can offload their data and applications inside these
devices. However, the radiation due to dense small cell al-
location and rapid growth in multimedia traffic are increas-
ing the CO2 emission and polluting the air. To overcome
this problem, an energy-efficient small cell network design
has become important. Energy harvesting has become a
promising solution for designing energy-efficient small cell
network [9, 10, 11]. In energy harvesting the renewable en-
ergy resources such as solar, wind are used as a source of
power supply. Moreover, the base stations transmit energy
which can charge the batteries of other devices. Here en-
ergy harvesting occurs from radio-frequency environment.
Though a small cell consumes very less amount of power,
large number of small cell allocation increases the power
consumption of the network. To address the issue, there are

two major objectives of this work:

• To reduce the power consumption of the small cells in
the network to provide a green small cell network.

• For energy-efficient offloading cloudlets [12, 13], fog
devices [14], edge devices [8] are used. However, in
cellular network indoor base stations providing data
and computation offloading are available to reduce the
latency as well as energy consumption. But if these
devices have not enough power level to execute a re-
quested code, then remote cloud has to be accessed.
The objective is to propose a strategy that will provide
power and latency aware offloading if the small cell
has not enough power to execute computation.

To address the objectives, the contributions of the paper are:

• An energy-efficient small cell network has been pro-
posed, where cloud-enabled small cell base stations
(C-SB) are used inside the large cells for simultaneous
computation and communication service provisioning.
Femtolets and SCceNBs are used as C-SBs in the net-
work. These C-SBs are powered using renewable en-
ergy resources. However, they can charge up using
transmission energy from the adjacent C-SBs as they
are located densely.

• A small cell zooming based offloading strategy has
been proposed to save the latency and power consump-
tion of the user device during offloading.

Rest of this paper is organized as: Section 2 discusses the
proposed strategy, Section 3 studies the performance of the
proposed strategy and Section 4 concludes the paper.

2 Energy-harvested C-SB based Network

In the network we have considered macrocell and microcell
base stations and inside their coverage C-SBs are allocated.
The solar and wind resources are used to charge the C-SBs.
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Code Latency in Latency in Power consumption Power consumption Latency reduction Power reduction
proposed scheme existing scheme [7] in proposed scheme in existing scheme [7] in proposed scheme in proposed scheme

Linear search 18.6 ms 18.6 ms 1.11 mW 1.11 mW Nil Nil
Merge sort 33.6 ms 61 ms 1.936 mW 4.235 mW 44.92% 54.28%

4-Queens puzzle 60.6 ms 88 ms 3.421 mW 5.72 mW 31.1% 40.19%
Converting a bmp 507.8 ms 592 ms 28.325 mW 36.96 mW 14.23% 23.36%
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mental results demonstrate that the proposed method re-
duces the offloading latency by 14-44% approximately and
power consumption of the user device during offloading by
23-54% approximately than the existing scheme. In Fig.4
the communication latency while offloading data using pro-
posed and existing approaches [7] with respect to the size
of the data are presented. The data transmission rate is 1
Mbps approximately. In the proposed scheme the C-SB
under which the mobile device is registered if has lower
power, then adjacent C-SB expands coverage and the mo-
bile device is handed over to it. The mobile device then of-
floads the data to that C-SB. In the existing approach [7] the
remote cloud is used to offload the data if the C-SB under
which the mobile device is registered has lower power to of-
fload the data. In Fig.5 the power consumption of the user
device while offloading data using proposed and existing
approaches [7] with respect to the data size are presented.
In Fig.4 and Fig.5 the latency and user device’s power con-
sumption while offloading 50-500 MB data using proposed
and existing methods [7] are compared. For high amount of
data offloading (> 200 MB), the C-SB’s energy level falls.
Hence, in the existing scheme [7], the remote cloud stores
the data. In the proposed method, the adjacent C-SB ex-
pands coverage and the mobile device offloads the data to
it. This is observed that up to 80% reduction in latency
and power consumption in offloading is achieved using the
proposed approach. From the theoretical and experimental
analysis, it is observed that the proposed method reduces
power consumption of the small cells, offloading latency
and power consumption of the user device.

4 Conclusion

In this paper we have proposed an energy-harvested small
cell network which reduces the power consumption of the
small cell base stations and the user devices. In the pro-
posed network, the small cell base stations provide commu-
nication and computation services. They can expand cov-
erage and execute applications of the user devices. When a
small cell has very low energy level to afford computation
service to its users, its adjacent small cells expand coverage
and provide service to its users. This is observed that the
proposed network reduces approximately 14% power con-
sumption. This is also observed that the proposed method
reduces approximately 23-54% power consumption of the
user device during application offloading.
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Voice-Based Railway Station
Identification Using LSTM Approach

Bachchu Paul, Somnath Bera, Tanushree Dey, and Santanu Phadikar

Abstract Enormous research is going on Automatic Speech Recognition (ASR) in
the past decade. Human-Computer Interaction (HCI) will become more efficient and
hands-free through voice-based commands. In our proposed work of speech recogni-
tion, we have taken a list of ten major railway stations in South Eastern Railway (SER)
from Howrah (One major railway station in West Bengal, India) to Medinipur (A
station in West Bengal, India). We have chosen the ten important stations where most
number of passengers travels through the local train. The passengers spent a huge
amount of time in the long queue for collecting the tickets. We have created a small
speech corpus, where 20 people have uttered these stations ten times; a total of 2000
audio samples. We have done a prepocessing phase, followed by a Mel-Frequency
Cepstral Coefficients (MFCC), � MFCC and � � MFCC feature extraction method
and finally a Long Short-Term Memory (LSTM) sequence classification has been
used for correct identification of the station’s name and obtained the highest training
accuracy of 96.87% for the different hyperparameters discussed in Sect. 5.
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Introduction to Mobile Edge Computing 1

Anwesha Mukherjee, Debashis De, Soumya K. Ghosh, and Rajkumar Buyya 2

Abstract Fifth generation mobile networks aim to use multi-tier heterogeneous3

cellular networks integrated with cloud computing to provide users with low4

latency and energy-aware service. However, for high bandwidth and low latency5

services, edge/fog computing comes into the scenario. In edge/fog computing,6

the intermediate devices between end users and cloud participate in processing7

and storage of data as well as execution of applications. Mobile edge computing8

provides cloud computing services at the edge of mobile network, which facilitates9

the developers, service providers as well as the users. Internet of Things (IoT) has10

become a principle component to design smart technological solutions for our daily11

life. For low latency and high bandwidth services, edge computing assisted IoT12

has become the pillar for the development of smart home, smart health etc. This13

chapter will discuss the overview of mobile edge computing along with its real time14

applications. 15
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SMEC: Sensor Mobile Edge Computing 1

Anindita Raychaudhuri, Anwesha Mukherjee, and Debashis De 2

Abstract The development of mobile user equipment progresses cooperatively 3

with the advancement of the latest mobile applications. Still, the limited battery 4

capacity prevents users from running computationally intensive applications on their 5

gadgets. This one stimulated the evolution of Mobile cloud computing (MCC). 6

Instead of its ample data storage and processing capability, MCC suffers from high 7

latency. To deal with the latency problem a novel promising concept known as 8

mobile edge computing has been introduced. Mobile edge computing (MEC) and 9

wireless sensor networks (WSN) are two ever-promising research domains of the 10

wireless network. The integration of MEC with WSN has given birth to Sensor 11

Mobile Edge Computing (SMEC). However, sensor mobile edge computing is an 12

emerging field, and energy-efficiency is one of the major challenges of this field. 13

In MEC, services are provided at the edge of the mobile network for reducing 14

the latency that in turn can improve the quality of user experience. Previously 15

MEC focused on the use of base stations for offloading computations from mobile 16

devices. However, after the arrival of fog computing, the definition of edge devices 17

becomes broader. SMEC is a fusion of mobile edge computing and wireless sensor 18

network. SMEC is an architecture where the sensor nodes capture the status of 19

environmental objects and the collected data are sent to the cloud through the edge 20

devices which participate in data processing also. This chapter discusses sensor 21

mobile edge computing, its architecture, and its applications. The future scopes and 22

challenges of SMEC are also addressed in this chapter. 23
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21.1 Introductioncesectitle0003

Nowadays electronic health monitoring is a popular research domain. In electronic healthpara0001

monitoring system users upload their health data to the server side and get advices from
the health centers [1–2]. Today most of the users access internet through their smart phones.
Thus, in this paper we focus on mobile health monitoring system [3–4]. In a mobile health
monitoring (M-health) system the users upload their health data and get advices from the
health center through their mobile phones. But the smart phones are resource hungry. Hence
execution of heavy applications and storage of high volume of data may not possible. To
overcome the difficulties mobile cloud computing has introduced [5–6]. Provisioning of health
care services on time is important. Use of cloud servers might fail to provide the health care
services on time due to enhancement in propagation and communication delays. To solve this
problem fog computing comes [7–9], where the intermediate devices between end node and
cloud participate in data processing to decrease the delay and energy consumption. Health
care services using fog computing have been proposed in [10–12]. The indoor region suffers
from poor signal strength, which affects the use of internet services. Femtocell has solved
this problem. Femtocell is small cell base station which is specially allocated at indoor region.
Femtocell- and mobile cloud computing-based m-health monitoring have been discussed in
[3–4]. Communication while computing we have proposed femtolet in [13]. Femtolet is a fifth
generation (5G) indoor base station that has storage and can perform computation that can be
used in healthcare, retail, etc. [14–16].

1Contemporary Medical Biotechnology Research for Human Health. Copyright c© 2022 Elsevier Inc. All rights reserved.
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Non-Print Items

Abstractcesectitle0009

This paper proposes a mobile health monitoring model for senior citizens using fog computing.spara005

Important health data of a person are collected and transmitted to his or her mobile device
using body sensor network. Along with the location information mobile device transmits the
health data to the connected femtolet which is a fog device. The femtolet is a home base station
having computation ability. The femtolet and gateway are used for health data processing in this
approach. From the femtolet the data are sent to the health center. Depending on the results of
health data processing, the disease is detected and initiatives are taken to cure the patient by the
health center. The simulation analyses demonstrate that the proposed health monitoring model
decreases the delay and the power respectively by ∼62% and ∼58% than the existing fog-assisted
health care system.

Keywordscesectitle0009

M-health; Femtolet; Gateway; Fog computing
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Abstract

The complexities associated with spatiotemporal delivery of drugs in disease
therapy from the biomedical viewpoint, gradual increase in pollution level in the
mother environment, and the quest for renewable energy sources as an alternative
to the use of fossil fuels make it highly anticipated the development of
technologies averting the therapeutic complexities and providing a better way
of environmental remediation and energy production. The advent of
nanotechnologies and its recent progress could provide opportunities for dwin-
dling the aforementioned problem. In this chapter‚ we tried to summarize differ-
ent technological advancements for improving the efficiency of nanoparticles‚
especially in the field of nanomedicine. The crucial points to be emerged from this
study are the physicochemical parameters‚ most importantly the size, shape,
crystallinity, and surface chemistry which would be manipulated for qualitative
functional improvement of nanoparticles; and also modifying the nanoparticles
surface with molecules (peptide, antibody, protein, lipid, surfactant, small
molecules, ligands, polyethylene glycol, etc.) tackling a particular therapeutic
concern like cellular internalization, stability, solubility, immune clearance, drug
targeting, etc. would be of immense therapeutic values.
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Abstract

Fast and low power offloading is an emerging area of
interest for future generation mobile network. This pa-
per proposes a partial computation offloading strategy
for microcell-femtolet based edge-cloud network. In the
microcell-femtolet network microcells contain femtolets in-
side their coverage area to provide good communication
and computation facilities to the user devices at indoor re-
gion. An indoor user is connected with the femtolet and an
outdoor user is connected with the microcell base station
in the microcell-femtolet network scenario. When a com-
putation has to be partially offloaded, the task is partitioned
into two segments, one is locally executed and the other one
is offloaded to the femtolet or edge server according to the
user’s presence at indoor or outdoor region. The theoretical
and experimental results illustrate that the proposed partial
offloading scheme reduces the latency and power consump-
tion of the mobile device than the cloud based approach.

1 Introduction

The smart phone users desire computation and communica-
tion services simultaneously at low power and low latency.
For faster service provisioning edge computing comes into
the scenario for future generation cellular network and In-
ternet of Things (IoT), by bringing the storage and compu-
tational resources at the edge of the network [1, 2]. Usually
the edge servers are placed along with the base stations [1].
In a fifth generation (5G) small cell network, due to poor
signal strength at indoor regions, small cell base stations
such as femtocell base stions (FBSs) and picocell base sta-
tions (PBSs) are used inside the coverage area of the large
cell base stations i.e. macrocell base stations (MBSs) or mi-
crocell base stations (MiBSs) [3]. For joint computational
and communication services, small cell with computation
and storage abilities such as Small cell cloud enhanced eN-
odeB (SCceNB) and femtolet, has been discussed in [4].
The remote cloud based offloading [5, 6] increases the la-
tency [7, 8], which the use of edge/fog computing [1, 9]
can resolve. In this paper, a partial computation offloading
strategy is proposed for microcell-femtolet based network,
where femtolets [4] are used inside the microcell to pro-
vide good coverage at indoor region. The objectives of the
proposed work are summarized as:

• A task containing a number of jobs will be offloaded.
Therefore, in partial offloading the decision making
regarding which job will be offloaded and which one
will be locally executed, is a major concern.

• As the user device is a mobile device, the user will be
at indoor or outdoor region. Therefore, it is another
challenge to provide the user partial computation of-
floading at minimal latency and power consumption
despite its presence at indoor or outdoor region.

To attain the objectives, the contributions of this paper are:

• A partial computation offloading strategy is pro-
posed for microcell-femtolet based edge-cloud net-
work. When a computation has to be partially of-
floaded, the task is decomposed into two segments:
one containing the jobs to be locally executed and
another segment containing the jobs to be offloaded.
Based on the deadline, amount of computation to be
performed, and inter-dependency among the jobs, it is
decided whether to locally execute or offload a job.

• If the requesting device is registered under a femto-
let at indoor region, the computation is partially of-
floaded to the femtolet. Otherwise, if the user is under
the MiBS, the computation is partially offloaded to the
edge server. If the user is disconnected before deliver-
ing the result, the edge server/femtolet sends the result
to the cloud along with the device ID. The cloud sends
the result to the mobile device via a push notification
message. Theoretical and experimental results show
that the proposed method provides partial computation
offloading at low latency and low power consumption
of the mobile device than the existing schemes.

Rest of this paper is organized as: Section 2 discusses the
proposed partial computation offloading method, in Section
3 the calculation of offloading latency and power consump-
tion of the user device are illustrated, Section 4 discusses
the theoretical and experimental results, and finally Section
5 concludes the paper.



ysis.
Theoretical analysis: For theoretical analysis MAT-
LAB2015 is used. In Fig.1 the average latency in par-
tial computation offloading using the proposed and existing
strategies are presented. In Fig.2 the average power con-
sumption of the mobile device during offloading using the
proposed and existing strategies are presented. In the pro-
posed scheme partial computation offloading is performed
either to the femtolet or edge server. It is considered that
for half of the requests, offloading takes place to the fem-
tolet, and for the rest half of the requests, offloading takes
place to the edge server. The average offloading latency for
the proposed scheme is calculated using equation (3) and
the average power consumption of the mobile device dur-
ing offloading is calculated using equation (4). To compare
with the proposed approach, the latency in case of partial
offloading to the cloud [5, 6] is also calculated. This is ob-
served that the offloading to the femtolet using the proposed
scheme reduces the latency by approximately 40-50% than
offloading to the cloud. This is also observed that the of-
floading to the edge server using the proposed scheme re-
duces the latency by approximately 30-40% than offloading
to the cloud. This is also observed from the offloading to
the femtolet/edge server (considering equal number of re-
quests) using the proposed scheme reduces the latency by
approximately 35-45% than offloading to the cloud respec-
tively. This is observed that the offloading to the femtolet
using the proposed scheme reduces the power consumption
of the mobile device by approximately 20% than offload-
ing to the cloud. This is also observed that the offloading
to the edge server using the proposed scheme reduces the
power consumption of the mobile device by approximately
2-10% than offloading to the cloud. This is also observed
that the offloading to the femtolet/edge server (considering
equal number of requests) using the proposed scheme re-
duces the power consumption of the mobile device by ap-
proximately 10-15% than offloading to the cloud.

Experimental analysis: In experimental analysis a mobile
phone with 2GB RAM is used as the user device and the
device is connected to an edge device having 4 GB RAM
and 250 GB HDD. To compare the proposed scheme with
the cloud based scheme a VM instance of 3.75 GB RAM
and 250 GB HDD has been taken in Google Cloud Plat-
form. For experimental analysis, three codes are partially
offloaded. Each of the three codes are divided into two seg-
ments, which execute separately. However, to get the final
result the output of one segment has to be provided as input
to another segment. Here, the codes of binary search, find-
ing adjoint of a matrix, and copy and encrypt the content of
a file, are considered. The latency in local execution and of-
floading while using the proposed scheme and cloud based
scheme are presented in Table 1. The power consumption
of the mobile device during the total period is presented in
Table 2. From the experimental results this is observed that
partial offloading to the edge device reduces the latency and
power consumption of the user device by approximately 25-
31% than the cloud based partial offloading scheme.

The theoretical and experimental results show that partial
offloading to the edge device using the proposed scheme
reduces the latency and power consumption of the user de-
vice. Thus, the proposed approach can be referred as a fast
and green offloading scheme.

5 Conclusion

In this paper a partial computation offloading strategy is
proposed for microcell-femtolet based future generation
edge-cloud network. This is assumed that a mobile device
is either connected with a femtolet if the user is at indoor
region or the MiBS if the user is at outdoor region. When
a computation has to be partially offloaded, the task is par-
titioned into two segments, each containing jobs. Based on
the deadline, computation intensity and inter-dependency
among the jobs it is decided whether to locally execute or
offload a segment. For offloading a segment either the fem-
tolet or the edge server attached with the MiBS is used,
based on the user’s presence at indoor or outdoor region.
This is observed from the theoretical and experimental re-
sults that partial offloading to edge device using the pro-
posed scheme reduces the latency and power consumption
of the user device with respect to the cloud based partial
offloading scheme.
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Cloud–Fog–Edge Computing Framework
for Combating COVID-19 Pandemic

Shreya Ghosh and Anwesha Mukherjee

Abstract In the past few decades, Internet of things (IoT)-based devices and applica-
tions have shown a rapid growth in various sectors including healthcare. The ability of
low-cost connected sensors to cover large areas makes it a potent weapon in the fight
against pandemics such as COVID-19. The huge amount of data generated by these
sensors in a cloud architecture has led to challenges in terms of network bandwidth
usage, latency, computation cost, etc. In this paper, we have proposed a cloud–fog–
edge-based healthcare model that can not only help in preliminary diagnosis but can
also monitor patients while they are in quarantine or home based treatment. The fog
architecture ensures that the model is suited for real-time scenarios while keeping
the bandwidth requirements low. Edge architecture ensures that the application is
capable to collect and accumulate several contextual information from varied sen-
sors. The proposed framework yields encouraging results in taking decisions based
on the COVID-19 context and assisting users effectively.

Keywords Health service provisioning · Health data analysis · Cloud–fog–edge
framework · COVID-19

1 Introduction

The COVID-19 pandemic has created an unprecedented challenge to the healthcare
systems across the world. This is much more critical for the developing and under-
developed countries, which often have very high population densities and limited
healthcare infrastructure. Further, a large number of citizens are often needed to
be quarantined or to be provided home-based treatment. Thus, there is a need of a
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employs GPS sensor, it may be utilized for identifying disease patterns and their
endemic nature. Once such patterns are identified, medical supply chains can be
automated much more efficiently.
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Abstract Pharmaceutical chemicals represent one of the

major contaminants in the aquatic environment. Several

studies have revealed their negative effects on non-target

organisms. Pharmaceutical chemicals are constantly

released into the environments and their chronic exposure

at lower concentrations may impose a threat to the aquatic

environment and human health. Pharmaceuticals have been

reported in surface water as well as in groundwater which

is the ultimate source of drinking water. Mostly antibiotics,

anti-depressant, b-blocker, synthetic hormones, non-ster-

oidal anti-inflammatory drugs, and analgesics have been

detected in aquatic environments. Major sources of phar-

maceuticals in the aquatic environment are sewage and

WWTPs effluents, hospital discharge, and the effluents of

pharmaceutical industries. Pharmaceuticals and their

metabolites have been detected in fishes collected from

different aquatic environments. Pharmaceutical chemicals

disrupt the thyroid, reproductive, and neuroendocrine sys-

tems of fishes. The present study reviews the concentra-

tions of pharmaceuticals in the aquatic environment and

bioaccumulation in the fish body, and their toxicological

impacts on the endocrine system to identify the knowledge

gaps. This study suggests more extensive case studies for

controlling pharmaceutical release into the environment

and evaluating the ecological risks of emerging EDCs.

Keywords Pharmaceuticals � Endocrine disruptive

chemicals � Teleost � Endocrine dysfunctions � Wastewater

treatment plants

Introduction

The aquatic pollution due to anthropogenic activities cau-

ses harmful effects to the aquatic environment and human

beings as well. Industrial and hospitals effluents, sewage

and wastewater treatment plants (WWTPs) effluents,

agricultural pesticides and fertilizers are the major sources

of various kinds of water pollutants. These pollutants in the

aquatic environment enter the body of different non-target

organisms interfering with their normal physiological and

endocrine functions. Exogenous chemicals or pollutants

can interfere with hormone-receptor interaction and disrupt

their functions which affect the growth, reproduction,

metabolism, and energy balance of the body. The exoge-

nous agents that alter the synthesis, secretion and function

of normal hormones of the body are collectively termed

endocrine disruptive chemicals (EDCs). For different

structural and functional similarities, EDCs can mimic the

body’s hormonal activity and exert actions through dif-

ferent hormone receptors like thyroid receptors, estrogen

receptors, retinoid receptors and many others. It can also

interfere with the pathway involved in hormonal biosyn-

thesis. Wide ranges of EDC have been detected in aquatic

environments like micro/nano plastics, heavy metals, pes-

ticides, and pharmaceutical chemicals (Ebrahimi and

Teherianfrad 2011; Rochman et al. 2014; Martyniuk et al.

2020; Schmitz et al. 2018).

With the rapid increase in the human population and

advancement in the health sector, every year many new and

valuable pharmaceutical drugs are coming into the market
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A Novel Approach of Audio-Visual Color
Recognition Using KNN

Bachchu Paul, Tanushree Dey, Debashri Das Adhikary, Sanchita Guchhai,
and Somnath Bera

Abstract Speech is one of the attractive areas of the scientists to research in the field
of machine learning and they got maximum success in Automatic Speech Recog-
nition system. ASR system gradually enters its footsteps into space exploration to
home automation, education sectors to commercial sector, and various public sectors
in our daily life to make it more manageable and comfortable. In our proposed work,
we aimed to build a model on isolated Bengali word recognition system based on
different colors pronounced in Bengali dialects that provides an audio-visual presen-
tation of the recognized color. In this research work, LPC is used for extracting speech
features based on pitch and fundamental frequency and KNN classifier for recog-
nition. The proposed system achieved 94% testing accuracy for the dataset of 1500
audio samples for 15 classes where each class represents a specific color pronounced
in Bengali dialect.

Keywords ASR · LPC · KNN

1 Introduction

Enhancement of technological development becomes a blessings in account of human
perspective. This advancement of technology build up a communication system
between the man and machines. Speech plays the role of a communicator for
ASR system. Day by day ASR system gets popularity as the system ensures the
removal of language barrier for effective communication. Communication among
the human is influenced by spoken language, therefore, it is quite natural for people
to expect speech interface with the digital devices by which human can speak in
native language. In this research work, Bangla words are used to develop our system.
In Our proposed system, fifteen colors are pronounced in Bengali dialects, which
are uttered by ten speakers, and finally the output is given in the form of recognized
audio-visual representation. Any audio-visual system provides an opportunity for
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A Comparative Study on Sentiment
Analysis Influencing Word Embedding
Using SVM and KNN

Bachchu Paul, Sanchita Guchhait, Tanushree Dey, Debashri Das Adhikary,
and Somnath Bera

Abstract Development of sentiment analysis is one of the most active research
areas that relates natural language and social networks. In our proposed work, we
have done sentiment analysis on an annotated list of positive and negative sentiment
words from dataset opinion-lexicon-English. Here to perform our task, we used
pretrained word embedding that converts words into numeric vectors and forms the
basis for a classifier. Word2vec, a commonly used algorithm, includes CBOW and
Skip-gram model in learning word embedding which is basically used for calculating
the word vector. Finally, feature vectors are used to train SVM and KNN classifier.
Here, we got testing accuracy of 96.2% for SVM classifier and 93.4% for KNN
classifier.

Keywords NLP · Sentiment analysis · Word embedding · Word2vec · SVM ·
KNN

1 Introduction

Sentiment is a thought influenced by feelings and emotions. The thought or feeling
intended to be conveyed by words, acts, and gestures. With increasing populari-
ties of various social networking sites, the way of expressing views, ideas have
changed [1]. In recent trends, sentiment analysis is becoming a necessary tool to
monitor and recognize the sentiment to upgrade customer’s satisfaction and deci-
sion making. Sentiment analysis is essential to understand different opinions of the
customers in business purpose which helps to take correct decisions [2]. Sentiment
analysis is the interpretation and classification of emotions within text data using word
embedding techniques. Sentiment analysis or opinion mining is a type of natural
language processing for tracking the writer’s feelings, and its aim to examine the
opinions of the writer about specific entities is in positive and negative view [3].
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6 Conclusion

In this research work, our experiment achieved 96.2% accuracy by SVM classifier and
93.4% accuracy by KNN classifier. Our proposed work is based on CBOW and skip-
gram model which is better than other word embedding techniques as both of them are
probabilistic in nature. Here also, we used two simple machine learning algorithms
which can get better accuracy and make our research work more flexible. But after
analyzing the result, we can conclude that SVM gives better sentiment polarity than
KNN. The drawback of our proposed technique is sentiment analysis which is not
possible for sentence vector and predict only two polarities (positive and negative).
In future, in order to use efficiency and flexibility of our methodology, we will apply
sentiment analysis on Bengali words. Further, we will focus for multiple polarity and
work on sentence level. We will apply our methodology for large datasets of various
popular social network like chat, tweets of twitter, comments used in e-commerce
sites, etc.
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Bangla Spoken Numerals Recognition
by Using HMM

Bachchu Paul, Debashri Das Adhikary, Tanushree Dey, Sanchita Guchhait,
and Somnath Bera

Abstract Speech is one of the most natural forms of vocalized communication
media. Nowadays with the advancement of machine learning, different doors are
opened to us for finding several standard ways to step out in the real world. ASR is
just like the door to explore the concept of communication through speech between
human and digital devices that can recognize speech. In this paper, we have designed a
Hidden Markov Model-based isolated Bangla numerals recognition system where the
Short-Term Fourier Transform is used for collecting the feature vectors. The defined
system achieved 91.50% accuracy for our own dataset of 2000 uttered samples for
10 classes, which gives a satisfied result for this Bangla numerals recognition.

Keywords ASR · HMM · STFT · WSS

1 Introduction

Standard communication is always done successfully through speech. Speech helps
us to complete a smooth communication among us. Those who are not computer
professionals can communicate through speech because of its easiness and coziness
in communication purposes. As the people of India live in a semi-illiterate country,
so with the help of the application which supports speech recognition they will be
more benifitable and can take the advantage of modern science. Speech recognition is
the way that helps people to communicate with computer through speech. In speech
recognition, isolated words are recognized and after converting it to text format,
finally, it is prepared to a machine-readable format. Speech recognition performs a
major role in medical unit, home automation, for growing the development of real-
world market-based applications, which is used basically for commercial purposes.
The application of speech recognition will become more useful in that field where the
keyboard operation is not suitable. Speech is really needful to the users who mainly
use hands and eyes for their work, like mail-sorter, aircraft pilot, cartographer, etc. as
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REFUGEES TO WORKER-MIGRANTS

Transformations of Cross-Border Migration  
in Amitav Ghosh’s Novels

Asis De

In The Great Derangement, Amitav Ghosh writes, “My ancestors were ecological refugees long before 
the term was invented.”1 This is one of the reasons Ghosh is particularly sensitive to the unwillingly 
displaced populations and refugees in almost all his fictional narratives. Ghosh’s use of the term “eco-
logical refugees” for his ancestors migrating away from the British Indian province of Bengal to Bihar in 
the nineteenth century due to a massive flood emphasizes that human migration due to environmental 
disaster is no less significant than the dislocation of millions after the turbulent politico-historical events 
in the post-Partition Indian subcontinent. Historically, it is a truism that the word “refugee” started 
permeating the Indian literary imagination mainly after the Partition of British India in 1947, and the 
Indian conception of “refugee” is essentially validated by a sense of the border between the two nascent 
nations of India and Pakistan. However, the refugee in Ghosh’s creative imagination is, more broadly, 
a destitute figure who witnesses the loss of almost every materiality of their past in the whirlwind of 
situational disasters, like Ghosh’s “ancestors sitting huddled on an outcrop, looking on as their dwellings 
were washed away.”2 Ghosh’s refugee, fundamentally, lacks a home: either they lose it or they leave it 
behind. This chapter, organized into five sections, explores the evolving trajectory of Amitav Ghosh’s 
representation of refugees over his five major novels set in the South Asian context and beyond: The 

Circle of Reason (1986), The Shadow Lines (1988), The Glass Palace (2000), The Hungry Tide (2004), and 
Gun Island (2019). The first section overviews the historical and other situational contexts of cross-
border migration and multiplicity of the refugee condition across Ghosh’s literary canvas. The three 
following sections track the transformation of Ghosh’s ethical engagement with a variety of refugees 
as storyteller, pinpointing the shift in his depictions of destitute twentieth-century refugees to twenty-
first-century cyber-educated undocumented worker-migrants to Europe. The concluding fifth section 
sums up the evolution of Ghosh’s representation of refugees and their shared identity. For Ghosh, 
the identity of a refugee or cross-border migrant is hardly a permanent condition of exile in distress. 
Rather, it retains a hopeful, resilient spirit that transforms the refugee into a resident.

At its simplest, the refugee is a figure who is forced to migrate to a safer place after losing home in a 
conflict—be it political, ethno-religious, societal, economic, or even environmental. The statutory def-
inition of the “refugee” in Convention and Protocol Relating to the Status of Refugees (1951), finally agreed 
upon by the United Nations in 1967, is a fair product of well-thought-out jurisprudence which justifies 
the logic behind the refugee’s cross-border migration and stateless condition.3 However, the ground 
realities of refugees’ plight across the globe are very different from one instance to the other. The scen-
ario of refugee rehabilitation and support systems for asylum seekers and illegal worker-migrants in 
developed countries is substantially different from that of India, Pakistan, or Bangladesh. Therefore, 
the narratives accommodating refugees’ experiences in these South Asian countries focus primarily on 



Refugees to Worker-migrants

101

issues like pre-migration community conflicts, the plight, and dehumanization of refugees in camps 
as well as in places such as railway stations and terminuses, individual memories of exploitation and 
injustice, the negligence of the state in rehabilitation, the use of the refugee population as vote banks 
by the political parties, and state-sponsored atrocities inflicted upon groups of refugees. Issues like the 
rights of refugees, civilian movements to broaden resource supports, and legal aids for both refugees 
and economic migrants—which often find place in Euro-American refugee narratives—are rarely vis-
ible in South Asian Anglophone refugee narratives. Unlike his earlier novels, Ghosh’s latest novel Gun 

Island addresses these latter issues to some degree, as some of the characters enter European countries 
as refugees. However, Amitav Ghosh does not depict refugees as never-ending crises but as something 
fundamental to the human condition of the Indian subcontinent in the twentieth and twenty-first 
centuries. The vast tapestry of stories over time and space delineated in Ghosh’s novels accommodates 
refugees and economic migrants as they “‘dwell in travel’ in cultural spaces that flow across borders” 
and contribute to the novelist’s invocation of the “syncretic elements in culture(s) as a possible solution 
to intercultural conflict.”4 Most interesting is the variety of refugee figures in his narratives. From pol-
itical (the Indian Partition) refugees in The Circle of Reason and The Shadow Lines, to war refugees and 
ethno-religious refugees in The Glass Palace and The Hungry Tide, to ecological refugees and worker-
migrants entering Europe through illegal trafficking in Gun Island, Ghosh’s representation of border 
crossers evidences a wide range of ideas and ethical values.

In his book Amitav Ghosh (2007), Anshuman Mondal observes that “the figure of the ‘refugee’ is one 
that has continued to inform [Ghosh’s] fiction throughout his career.”5 Mondal’s scholarly statement, 
which was made fifteen years ago, understands the “refugee” only as post-Partition destitute peasants 
crossing the border to seek refuge in India. To Mondal, Ghosh positions the refugee primarily as the 
subaltern, unwelcomed “other” to the urban “bhadralok, the upper and middle sections of Bengali 
society,” in novels like The Circle of Reason, The Shadow Lines, and The Hungry Tide.6 Ghosh showcases 
the post-Partition refugees in his first two novels, The Circle of Reason and The Shadow Lines, primarily 
en masse—as a wave of faceless, destitute subjects with whom the novelist finds an ethical engagement 
as a storyteller. Ghosh recognizes the group identity of refugees in these novels as a reality of the time 
and records their destitution from the point of view of a detached empathetic observer. It is in The 

Glass Palace that Ghosh first shows a deep interest in individual stories of migration and destitution, as 
he tells Aldama in an interview after its publication: “And in the end my real interest is in the predica-
ment of individuals.”7 In both The Glass Palace and The Hungry Tide, Ghosh’s representation of refugees 
becomes more intimate as he delineates a comprehensive matrix straddling both the past and the present 
of refugees, as the “refugee’s self-identity is anchored more to who she or he was than what she or he 
has become.”8 For example, the intimate conversation of one of the Bangladeshi refugees with Kusum, 
a character in The Hungry Tide, accommodates both the past and present of the peasant refugees:

“Once we lived in Bangladesh, in Khulna jila (district): we’re tide country people, from the Sundarbans’ 

edge. When the war broke out, our village was burned to ash; we crossed the border … We were met by 

the police and taken away; in buses they drove us to a settlement camp.”9

The speaker is one of the low-caste Hindu peasants who had left their homes in Bangladesh as war 
victims and ethno-religious refugees and who identify themselves as the “Bastuhara” or destitute people 
without any home. From these “Bastuhara” (homeless) refugees rowing their boat in The Hungry Tide to 
the economic migrants on the Blue Boat stranded in the Mediterranean on its way to Italy in Gun Island, 
Ghosh’s treatment of the refugee has accommodated multiplicity of vision over time.

Ghosh’s representation of refugees and worker-migrants appearing as “refugees” has altered courses 
interestingly throughout his oeuvre: from the post-Partition ethno-religious refugees pouring in India 
from East Pakistan/Bangladesh in The Circle of Reason and The Shadow Lines to the state-sponsored geno-
cide of the similar type of low-caste Hindu refugees in 1979 in The Hungry Tide; from the 1941 exodus 
of the Indian refugees from Burmese cities and towns in The Glass Palace to the young worker-migrants 
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from the twenty-first-century Indian subcontinent reaching Italy as “refugees” with the support of 
organized human trafficking in Gun Island. Amitav Ghosh’s evolving migration vocabulary clarifies 
why many of his major fictional characters are textually identified as migrants and not refugees, as the 
term “refugee” has its exclusive politico-historical dimensions in the postcolonial cultural context of 
the Indian subcontinent. Claire Gallien’s assessment of the term “refugee” as “an historical construction 
that privileged political and ideological considerations over economic and ecological ones” is, therefore, 
reasonably applicable to Ghosh’s ethno-religious refugees in the spatio-temporal context of twentieth-
century India.10 Interestingly, in The Calcutta Chromosome (1995) and the three novels commonly known 
as the Ibis trilogy—Sea of Poppies (2008), River of Smoke (2011), and Flood of Fire (2015)—Ghosh does 
not use the word “refugee” even once but the word “migrants” with ease. Gallien reads “migrant” 
as an inclusive “double-edged term” which is broadly used “to avoid discriminating between people 
because of their reasons for migration.”11 In Ghosh’s literary imagination, the “refugee” identity stands 
for people migrating with surviving members of the family, whereas the economic migrants usually 
do not move with family but with a few close friends. However, what is common between these two 
categories is their ability to stand firm against situational hostilities and their resilient spirit for survival.

“Refugees from the East”: The Circle of Reason and The Shadow Lines

While looking at post-Partition Indian Anglophone literatures, one may notice a huge concentration of 
authors and media pundits on the western border between India and West Pakistan and the corridor of 
population exchange between Delhi and Lahore, in comparison with the less visible literary attention 
across the border between India and East Pakistan/Bangladesh. Indian novelists like Khushwant Singh, 
Anita Desai, Manohar Malgonkar, and Vikram Seth have all composed narratives on the violently 
turbulent post-Partition days, cross-border migration, and the destitute refugees, mostly set in north-
western India and Delhi. Amitav Ghosh remains the only eminent Anglophone Indian writer to focus 
exclusively on the refugee scenario across the borderline between India and East Pakistan. It is remark-
able to note that the exact phrase “refugees from the east” appears in Ghosh’s first two novels—The 

Circle of Reason and The Shadow Lines, when he first mentions the refugees in those narratives.
Amitav Ghosh’s debut narrative, The Circle of Reason, “suggests that its author feels very deeply 

indeed, about history’s victims … who are forced into exile by events beyond their control.”12 The 
Indian locale in the first part of the narrative is “a village called Lalpukur, about a hundred miles north 
of Calcutta, near the border,” where “most of the villagers were refugees from the east.”13 Ghosh’s treatment 
of the refugee issue is both spatial and temporal, as he specifies the positionality of the Indian village 
“near the border” between India and East Pakistan, where post-Partition political refugees find shelter 
as “history’s victims.”14 The majority of refugees who pay the price of Partition have been “vomited 

out of their native soil years ago … and dumped hundreds of miles away” in Lalpukur, which serves as 
nothing but “a dumping-ground for the refuse from tyrants’ frenzies.”15 In this narrative, the refugees 
have been delineated as human waste expelled from their homes as part of the ethnic cleansing of the 
poor Hindus from East Pakistan. The specific use of the word “vomit” in Ghosh’s narrative recalls 
Zygmunt Bauman’s idea of the stranger, the political and ideological “other,” as does his conception of 
exclusion as the process of “vomiting the strangers, banishing them from the limits of the orderly world”: 
“‘cleansing’—expelling the strangers beyond the frontiers of the managed and manageable territory.”16

Ghosh insists further on the historicity of exclusion as a process of expulsion of the ethno-religious 
“other” from the territoriality of East Pakistan, which continues for decades and reaches its zenith 
during the civil war and “genocide in Bangladesh”: “borders dissolved under the weight of millions 
of people in panic-stricken flight from an army of animals.”17 The “panic-stricken flight” of millions 
of refugees from Bangladesh in fear of violence and persecution ends in Lalpukur, the place that offers 
the much sought-for “consolation of a sort—refuge.”18 Ghosh uses the word “refuge” thrice and the 
word “refugee” twice in The Circle of Reason but remarkably uses the plural form “refugees” five times 
to emphasize his preference for the representation of their group condition—a portrayal of the refugees 
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as a faceless collectivity. The representation of the refugee habitus cropping up like make-shift ghettos 
at Lalpukur in The Circle of Reason implies camaraderie among the destitute migrants, and a sense of 
refugee solidarity while settling down in a new country.

In The Circle of Reason, Ghosh implies that the refugees should be considered more than a regional 
issue with limited impact on the social life of the host nation. Poverty and destitution make the refugees 
so vulnerable that people with evil intentions often take advantage of them, as Jyoti Das, the police officer 
in the narrative, apprehends: “there were so many refugees in those border areas and they were good clay 

for anyone’s hands.”19 The probability of the misrecognition of the refugees as criminals, prostitutes, and 
half-paid laborers, is evoked in the phrase “good clay for anyone’s hands.” Ghosh addresses this issue 
prominently in The Hungry Tide, discussed in the next section. In the second part of The Circle of Reason, 
it appears that Ghosh shifts his attention from the ethno-religious refugees as he does not use the word 
“refugee” even once and concentrates on the story of Alu’s migration to al-Ghazira. However, Robbie 
B. H. Goh reads Alu’s immigrant positionality “as a refugee in al-Ghazira,”20 although Alu is neither 
a post-Partition refugee nor an ethno-religious victim fitting into Ghosh’s usual pattern of political 
refugee-hood in the novel. Moreover, Alu is not an economic migrant who reaches al-Ghazira chasing 
the dream of an affluent future but a suspect of crime being chased by the police. In sum, in his literary 
debut, Ghosh responds to the refugee issue from an immediate sense of ethical responsibility, as it was 
an unavoidable reality during the 1970–80s.

The Shadow Lines, Ghosh’s second novel, is a more concentrated literary meditation on the ideas of 
nation, freedom and borders, communal violence and migration, and the moral and ethical responsibil-
ities of a writer whose “life had been affected by civil violence,” alongside “the effects of fear on memory 
and one’s engagement with the world.”21 The portrayal of refugees as group identity is more vivid than 
the previous novel, and it becomes evident from Ghosh’s preference for the plural: the word “refugee” 
appears once, but “refugees” ten times. However, the first sentence on the refugees in The Shadow Lines 
appears identical with The Circle of Reason: “There were only a few scattered shacks on Gariahat Road 
then, put up by the earliest refugees from the east.”22 The location of the “few scattered shacks” on a par-
ticular road in south Calcutta makes it clear that the refugees are no longer confined to “some far-flung 
refugee camp on the border.”23 The landscape in the southern fringe of Calcutta appears “filthy” to 
Tha’mma, a major character in The Shadow Lines, “all because of the refugees, flooding in like that”: 
“Rows of shacks appeared on both sides of the road [now], small ramshackle structures, some of them 
built on low stilts, with walls of plaited bamboo, and roofs that had been patched together somehow 
out of sheets of corrugated iron.”24 The considerable refugee influx, consequent transformation of land-
scape and the attitude of the residents of Calcutta to refugees in part two of the novel could be seen 
as “evidence of how refugees were deeply unwelcome in capital cities in the immediate aftermath of 
partition.”25 Ghosh’s distinction between the pre-Partition migrants settled in Calcutta and the post-
Partition East Pakistani refugees pouring into the city finds fictional expression in the snapping remark 
of Tha’mma: “We’re not refugees. … We came long before Partition.”26 Tha’mma and her family came 
from Dhaka and settled in Calcutta “long before Partition,” so how could she be a refugee? The tem-
poral distinction between the “pre-” and the “post-” Partition appears more significant in constructing 
refugee identity in the Indian mindset than the spatial difference between Dhaka and Calcutta.

Ghosh’s depiction of both post-Partition Hindu and Muslim refugees in The Shadow Lines appears 
impartial, as to him, it is destitution and not religion that shapes the identity of a refugee. As he 
mentions the illegal squatting of the Hindu refugees in Calcutta, so he describes the forced occupation 
of Tha’mma’s ancestral house in Dhaka by Muslim refugees “who had gone across from Bihar.”27 Some 
readers may find the forced occupation of minority households an act of violence, but it is historically 
a truism that both “India and Pakistan responded with a series of legislation around ‘evacuee’ property 
that effectively legalised this de facto transfer of property from minorities to refugees as part of the 
solution to the crisis of accommodation.”28 While referring to the Khulna riots of 1964, the narratorial 
voice resonates with empathy: “Hindu refugees began to pour over the border into India … towns and 
cities of East Pakistan were now in the grip of a ‘frenzy’ of looting, killing and burning.”29 An identical 
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feeling overpowers the narrator as he witnesses a similar “frenzy” in Calcutta: “Mobs went rampaging 
through the city, killing Muslims and burning and looting their shops and houses.”30 Ghosh’s sardonic 
humor comes ablaze as the narrator talks about the “printed pictures of weeping, stranded Hindu 
refugees” on the pages of a few Calcutta dailies alongside the apathetic indifference of elite visitors 
of Moulin Rouge, the luxurious bar on Park Street in Calcutta: “it was business as usual, with a tea 
dance from 5 to 7 p.m. and a Dinner Dance with Delilah accompanied by the ‘popular Moulin Rouge 
quintette.’”31 The Shadow Lines also critiques the forgetting of the historical contribution of ordinary 
people in alleviating the frenzies across shadowy borders between the nations: “there were innumer-
able cases of Muslims in East Pakistan giving shelter to Hindus … and equally, in India, of Hindus 
sheltering Muslims. But they were ordinary people, soon forgotten.”32 The reference to “ordinary 
people” emphasizes Ghosh’s ethical responsibility to humanity in general and his moral acknowledg-
ment of common people who saved the lives of refugees.

Refugees and Forgotten History: The Glass Palace and The Hungry Tide

As The Circle of Reason and The Shadow Lines contextualize refugee movements in the political histor-
icity of Indian Partition and the Liberation War of Bangladesh, The Glass Palace depicts the marginalized 
history of forced displacement during the anti-Indian riots in Burma, which resulted in an exodus of 
Indians from colonial Burma in 1941. Due to this shift in spatio-temporal context, Ghosh does not 
apparently consider the Indian immigrants as refugees since most of the narrative covers the historical 
time of British colonial rule in the Indian subcontinent, making the ideas of a stable Indian nation and 
its international border invalid. To Ghosh, as the resident Indians are not the ethno-nationals of Burma 
but successful economic migrants there, the Burmese people wanted to free their economic space in the 
name of ethnic cleansing. The anti-Indian riots may be seen as a totalitarian act of violent repatriation 
of the Indian economic migrants, who finally leave the country like refugees. However, in this grand 
narrative consisting of 48 chapters, Ghosh uses the word “refugee” only twice and “refugees” just 5 
times within the final 15 chapters. The readers come across the word “refugee” first in chapter 33, when 
the Indian lawyer Mr. Khan visits Rajkumar’s house in Rangoon and informs him about the decision 
taken in “a meeting of some of the city’s most prominent Indians” to form “a Refugee Evacuation 
Committee” in “fears of a coming catastrophe,” as “the committee’s intentions were to get as many 
Indians out of Burma as possible.”33 Rajkumar refutes any possibility of migration initially, but as the 
situation grows hostile fast and his eldest son Neel dies during the chaos of a Japanese air raid, he agrees 
to move to India. As the air was heavy with mutual distrust and escalating ethnic conflict between the 
Indians and the Burmese, thousands of Indians started heading toward a safer destination: “towards the 
northern, landward passage to India—a distance of more than a thousand miles … their possessions 
bundled on their heads; they were carrying children on their backs; wheeling elderly people in carts and 
barrows.”34 The spectacle that Rajkumar and his family witness on their way to Calcutta is unnerving: 
“some thirty thousand refugees were squatting along the river-bank, waiting to move on. … Great 
numbers of refugees were still arriving, every day.”35 The city of Rangoon certainly did not have such 
a huge Indian population, but as Hugh Tinker finds it, “spectacle of the Rangoon Indians fleeing in 
terror inevitably produced a reaction among the Indian population in all the up-country towns,” who 
also joined in the exodus.36

Ghosh’s narrator describes the details of the migratory flight of refugees in poignant language that 
finally reaches its climax with Manju’s death by drowning while ferrying across a river. Rajkumar and 
his wife Dolly reach Calcutta with their infant granddaughter Jaya like “starving migrants from the 
countryside” and approach Uma for shelter. The narrator sums up the situation of Rajkumar: once a 
business tycoon of Rangoon, now a dependent, “Uma was a benevolent benefactress; he a near-destitute 
refugee.”37 In Ghosh’s fictional representation of refugees, destitution is the crucial feature. However, 
what makes Rajkumar stand out is his resilient spirit, and his resourcefulness which holds him strong 
even in the face of acute distress. In The Glass Palace, Ghosh represents a unique refugee-responsive 
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imaginary in a different historical and humane matrix than the other novels. Was Rajkumar a war 
refugee or a victim of ethnic conflict? How could Rajkumar be a refugee in Calcutta, as his ancestral 
origin was in British-occupied India? The issues of rootedness and territoriality are so complex in the 
case of Rajkumar that the reader feels no surprise when he recollects the glory of Burma in his refugee 
condition in Calcutta: “Ah, Burma—now, Burma was a golden land,” or his fascination for Burmese 
cuisine, the “mohingya” noodles in particular. In the remaining twenty years of his “new life” as a 
dependent refugee at Uma’s house in Calcutta, Rajkumar remembers neither the distress he and his 
family members endured during the exodus nor does he recount the loss of his son and daughter-in-law, 
as if it was a chapter forgotten forever.38 These simultaneous processes of selective remembering and for-
getting improve his access to rights in the context of the host society and may be seen as a constitutive 
part of the refugee experience.

Ghosh’s next novel, The Hungry Tide, also grapples with refugees’ forgotten history. It returns to 
the settlement of refugees from Bangladesh in the Indian part of Sundarbans and their forced evacu-
ation from the island of Morichjhãpi by the state, resulting in a genocide which lapses soon into col-
lective forgetting. Here Ghosh treats refugees as a collective entity of poor and low-caste people who 
flee the communal violence of Bangladesh and enter the Indian part of Sundarbans for survival “in 
successive waves, some after the partition of the subcontinent in 1947 and some after the Bangladesh 
war of 1971.”39 The novelist uses the word “refugees” 16 times, though his center of attention is the 
Morichjhãpi massacre of 1979, which Mondal describes as “a marginalized episode in the coercive his-
tory of the modern postcolonial Indian state.”40 Ghosh uses the word “refugees” first in relation to the 
Morichjhãpi incident in chapter four3 amid a conversation between Nilima and Kanai:

“It was around the time of the Morichjhãpi incident, so I was beside myself with worry.”
“Oh?” said Kanai. “What was that? I don’t recall it exactly.”
“Some refugees had occupied one of the islands in the forest,” Nilima said. “The government wanted to force the 

refugees to return to their resettlement camp in central India.”41

Kanai’s reaction after listening to the reference of “the Morichjhãpi incident” and his failure to “recall 
it exactly” emphasize the public amnesia of this marginalized history. The literary reconstruction of 
the Morichjhãpi incident finds exposure through Nilima’s memory and the diary Nirmal had written 
before his death in 1979. Nilima retrieves from her memory all the relevant information in a journal-
istic manner, whereas Nirmal’s diary is an intimate documentation spirited with revolutionary idealism. 
The novelist “has enlivened the fabula of Morichjhãpi eviction into a beautiful syuzhet” that perfectly 
describes “the essential conflict arising between the human struggle for survival and the interdepend-
ency with nature.”42 As The Hungry Tide displays cross-border migration of refugees on political and 
ethno-religious grounds, so it accommodates intra-national counter-migration of the refugees from the 
resettlement camp in central India to Sundarbans for familiar environment, as they “have always lived—

by fishing, by clearing land, and by planting the soil.”43

Chapter 19 of The Hungry Tide, with its historically significant title “Morichjhãpi,” contextualizes 
the refugees as “the poorest of rural people, oppressed and exploited both by Muslim communalists 
and by Hindus of the upper castes.”44 Nilima identifies these peasants as low-caste “Dalits” who came 
to Morichjhãpi not from Bangladesh directly but “from a government resettlement camp in central 
India” situated at “a place called Dandakaranya … hundreds of miles from Bengal.”45 After enduring 
the hostile people and environment of Dandakaranya for a decade, as Nilima tells Kanai, many refugees 
“organized themselves and broke out of the camp” and “moved eastward in the hope of settling in the 
Sundarbans.”46 The reader may notice refugee solidarity in their “organized” resistance and counter-
migration to the familiar riverine environment of Sundarbans. One of the refugees confesses before 
Kusum—“we love our tide country mud … rivers ran in our heads, the tides were in our blood.”47 The 
use of first person collectives, “we” and “our,” emphasizes the warmth of the bond between the refugees 
and their familiar riverine environment. The idea of refugee solidarity finds an intimate involvement in 



Asis De

106

this narrative, as Kusum reflects: “these were my people, how could I stand apart? We shared the same tongue, 

we were joined in our bones; the dreams they had dreamt were no different from my own.”48

Nirmal’s diary in The Hungry Tide could be seen as an “apology” of a left-wing idealist who laments 
the “anti-human” stand of the then Left Front government of West Bengal that prioritized the project 
of wildlife conservation over refugee rehabilitation. Nirmal’s concern for refugees appears identical to 
Kusum’s anxiety, as Nirmal’s diary chronicles Kusum’s words on the face of eviction—“Who are these 
people, I wondered, who love animals so much that they are willing to kill us for them?”49 An amazing 
reversal of the binary between “they/us” takes place as Nirmal, despite being an Indian citizen, stands 
in solidarity with the dispossessed refugees. The description of the refugee-boat in Nirmal’s diary, 
defiantly moving against a speedboat of the police deployed for eviction, upholds the spectacle of 
refugee solidarity: “the people in the boat joined together their voices and began to shout, in unison, ‘Amra kara? 

Bastuhara. Who are we? We are the dispossessed.’”50 Nirmal’s leftist ideology of privileging the rights of the 
dispossessed leads him to a philosophical reflection, which could be considered as Ghosh’s statement 
on belonging and identity: “Where else could you belong, except in the place you refused to leave.”51 Shameem 
Black convincingly demonstrates how Ghosh’s narrative “uncovers a past in which refugees compete 
for legitimacy on tideland islands with endangered tigers.”52 Black’s idea of the refugees’ competition 
“for legitimacy” on the rights of the tideland with “endangered tigers” points out the fountainhead of 
existential conflict between the humankind in destitution and the other non-human species on the face 
of extinction. Ghosh’s treatment of the refugees finds a significant transformation in The Hungry Tide, as 
he introduces the conflict between social and environmental justice: the already rehabilitated refugees’ 
yearning for the riverine ecology and settling down in the island of Morichjhãpi and the eventual state-
sponsored eviction and genocide of refugees on the ecological grounds of tiger conservation.

Ecological Refugees and Worker-Migrants across the Mediterranean: Gun Island

Gun Island, Ghosh’s latest novel as of the time of writing, may appear like a sequel to The Hungry Tide 
as some of its characters and themes reappear. The idea of environmental migration introduced in The 

Hungry Tide 15 years earlier and the notion of “ecological refugees” showcased in The Great Derangement 
in 2016 find more space in this narrative, as Ghosh accommodates an ecological dimension alongside 
the politico-cultural context of ethno-religious refugees from East Pakistan/Bangladesh. The “steady 
flow of refugees from East Pakistan” and the fresh arrival of “many more hungry mouths” after an 
environmental disaster “known as the Bhola cyclone” in mid-November 1970 sets the spatio-temporal 
context of both the political refugees and the ecological migrants in Gun Island.53 Whereas the narrator-
protagonist Dinanath is a descendant of Partition-refugees—“my parents and grandparents had crossed 
over to India when the subcontinent was partitioned,” Ghosh’s shocking metaphor of “hungry mouths” 
emphasizes the severe destitution of ecological refugees.54 The character of Lubna Alam recounts to 
Dinanath how a climate catastrophe destroyed their ancestral house in Bangladesh before they arrived 
in Europe: “Everything’s gone now; the house, the people—the water’s taken it all.”55 The narrator also 
refers to the evacuations before “Cyclone Aila, which hit the Sundarbans in 2009,” and its “long-term 
consequences” as “communities had been destroyed and families dispersed”: “the young had drifted 
to cities, swelling already-swollen slums,” and the elderly “had taken to begging on the streets.”56 
Devastating climate events like storms and floods often compel the people of Sundarbans to migrate to 
far-off places as refugees.

In Gun Island, Ghosh uses a transcontinental spatiality as his characters move between Asia, the 
United States, Europe, and Northern Africa. The novelist’s treatment of the refugees and cross-border 
migrants takes a giant leap as he includes the twenty-first-century European “refugee crisis” (2015–16) 
alongside the economic migration of young South Asians with the support of international trafficking 
networks. In Gun Island, Ghosh uses the word “refugees” 35 times and its Italian equivalent “rifugiati” 
8 times, alongside the word “migrants” 18 times and its Italian form “immigrati” twice—a pervasive 
coverage never found in any of his earlier narratives. As most of the characters move across the borders 
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of multiple cultural spaces, Ghosh takes the freedom of using an expansive multilingual vocabulary, 
even accommodating words from the register of cyber technology and social media. Moreover, some of 
the women characters appear remarkably active in ameliorating the plight of refugees: Gisella and Imma 
adopting “two orphaned refugees—a six-year-old girl from Syria and a boy of seven from Eritrea”; 
the Bangladeshi lady Lubna, an environmental refugee and now a travel agent in Venice, supporting 
young worker-migrants as a benefactress by making them aware of “rights under the law and things like 
that”; and Piya, reappearing after The Hungry Tide, participating in an expedition to rescue the stranded 
refugees “on the Blue Boat.”57

Bilal and Palash, the two Bangladeshi migrants, working as Lubna’s assistants in Venice, are lit-
erary representations of South Asian economic migrants who populate the working class in the service 
industry of several European cities. In Gun Island, Ghosh puts forward the tricky difference between 
the politico-legal status of “refugees” and that of the “worker-migrants,” which constitutes the core 
of global debates over the “European Refugee Crisis” (2015–16). As per the European Agenda on 
Migration58 and the norms on the status and rights of refugees set by the UN in the 1951 Convention and 
1967 Protocol, illegal economic migrants entering Europe through trafficking are not eligible for legal 
protection and the status of “refugees.” However, in reality, some pro-refugee political organizations 
and liberal activists advocate for equal rights and legal status for every migrant and asylum seeker on 
par with refugees on humanitarian grounds. Unlike Ghosh’s earlier narratives which showcase the 
political and ethno-religious refugees in India in the last century, Gun Island focuses on the increasing 
complications of undocumented cross-border migrations in this age of economic globalization.

The young worker-migrants from South Asia, particularly from Bangladesh, constitute a large 
population of “the rifugiati and immigrati”59 in Italy. Gisella, alias Gisa, who has been “commissioned 
by a consortium of television channels” to make a documentary on refugees, informs Dinanath: “last 
month Bangladeshis were the second largest group coming into Italy.”60 Gisa also informs Deen about 
the news of “a boatload of refugees” which has been “spotted in the eastern Mediterranean.”61 She 
further illustrates how worker-migrants from Bangladesh take advantage of entering Europe with a 
motley group of refugees dispatched by traffickers from Egypt: “a gruppo misto with Eritreans, Egyptians, 
Ethiopians, Sudanese, and maybe some Bengalese as well. That’s been the pattern with boats from 
Egypt.”62 The description of Rafi’s overland cross-border migration from Turkey to Bulgaria with a 
group of refugees of mixed ethno-nationalities appears identical to Gisa’s statement: “there were a few 
Bengalis among them, but the others were from Iraq, Syria, Afghanistan, Somalia, Pakistan and some 
other countries, too.”63 The young Bangladeshi worker-migrants who reach the European coastline as 
“refugees” are not destitute war refugees or asylum seekers but belong to middle-class families. They 
can afford the cost of illegal cross-border migration through an organized human trafficking system 
“with tentacles that reach into all regions and most countries in the world.”64 Cheap smartphones 
and easily available Internet facilitate undocumented transnational movements of worker-migrants, as 
Ghosh points out in an authorial meet: “Every migrant, basically their movements are made possible 
through cell phones: the payments to the traffickers, the destinations where they are going—all of it is 
completely tied to this technology.”65 In this age of advanced cyber technology and social media, cell 
phones act as agents to dismantle ties with the familiar local and provoke the young minds of the Global 
South for the distant Global North, where life appears glamorous. Moreover, the desire for social pres-
tige in the homeland and the dream of sending home hefty remittances entice the young Bangladeshi 
worker-migrants so thoroughly that they risk the Mediterranean in leaky boats or rubber rafts and land 
ultimately upon a system of disguised slavery in the hands of labor recruiters. From his conversation 
with a Bangladeshi youth selling bottled water near Rialto Bridge in Venice, Dinanath learns that even 
during the fearsome cross-Mediterranean journey “in a gommone,” the migrant witnessed a kind of 
community solidarity, as he “was in a group and they crossed over together, giving hope and courage 
to each other.”66 The worker-migrants’ travel experiences, camaraderie with people of other ethno-
nationalities, and the patient “listening to the trauma of another [can] contribute to cross-cultural soli-
darity and to the creation of new forms of community.”67
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However, apart from the fear of being capsized in the Mediterranean, Ghosh depicts in Gun Island 
the other troubles worker-migrants face during their journey: the inhumanity of the traffickers,68 
the risks of being victim to “the trade in human organs”69 in Egypt, the anxiety of being stopped by the 
coastguards upon reaching the European shoreline and even the threats of “planned attacks on 
migrants”70 in Europe. In the final chapter, Ghosh describes “the clamorous confrontation” between 
the “right-wing, anti-immigrant groups” and the pro-refugee activists including some major fic-
tional characters.71 In the face of the right-wing opposition to accommodating refugees and eco-
nomic immigrants in Europe, activists take a significant role in organizing solidarity movements for 
the refugees, as Palash tells Deen how “human rights activists across Italy had decided to take up the 
cause of the boatload of refugees.”72 Lorenzo Zamponi observes how Italy, particularly in “the last 
few decades, has seen a significant presence of migrants’ and migration-related political activism, 
both in the institutional realm and in street politics.”73 However, upon locating the “refugees on the 
deck of the Blue Boat,” as the activists greet them with a “cheer of welcome,” the slogans from the 
vessels of the anti-immigrant groups—“Go back where you came from … Europe for Europeans,” expound 
their desperate attempt “to preserve the whiteness of their own metropolitan territories in Europe.”74 
In the name of overseas trade and economy, the colonial guilt of “repopulating other continents” 
with “slaves and coolies” is historically countervailed by the migratory flow of people from the erst-
while Empires.75

Conclusion

The transformation of refugees and cross-border migrants is visible on many levels across Ghosh’s 
narratives—throughout the literary representation, in the author’s thinking over time, and also in the 
characters’ subjectivity. From the post-Partition destitute ethno-religious refugee families flocking to 
India as “history’s victims” in the early novels to the ecological refugees in The Hungry Tide and Gun 

Island, from forced displacement to seemingly voluntary cross-border migration, Ghosh’s treatment 
of “refugees,” understood broadly, evidences a steady transformation.76 While the narrators of the 
first two novels witness the refugee influx and eventual transformation of respective socio-cultural 
spaces like detached observers, the narrators in The Glass Palace and The Hungry Tide emphasize the 
transformation of destitute refugees into resilient individuals struggling to remake the new country 
as their home. Though ontologically distinct from refugees, young worker-migrants flocking to 
Europe from the Indian subcontinent as “refugees” through organized global “trafficking in human 
beings” in Gun Island is the latest phase in the evolution of the refugee figure in Ghosh’s narratives.77 
Whereas the twentieth-century ethno-religious and ecological refugees in Ghosh’s novels seek socio-
cultural assimilation in the host nations as they have no ancestral homes to return to at their places of 
origin, the worker-migrants in Gun Island prefer dual citizenship as their politico-national identity.

The sea-change in Amitav Ghosh’s representation of refugees finds expression also in the use of 
language: unlike the victim groups of refugees in the earlier novels, the young worker-migrants in 
Gun Island appear skilled in multilingual conversation, another form of cross-border extraterritoriality 
which interrogates the supposedly default monolingual imaginary along national borders and simultan-
eously attempts to establish new literary geographies more cosmopolitan in nature. Worker-migrants 
in Ghosh’s latest novel hardly lament the loss of roots like the destitute, anxious refugees of the earlier 
narratives but instead accommodate the realities of transcontinental routes to live their dreams. The 
element that puts the twentieth-century transnational refugees in a common frame of solidarity with 
the twenty-first-century cyber-literate, transcontinental worker-migrants is, as Tipu tells Dinanath in 
Gun Island, “their stories”: “story of persecution if you want them to listen to you.”78 In sum, the figure 
of the refugee in Ghosh’s narratives has transformed over time, even as he consistently attends to the 
socio-economic and cultural specificity of South Asian migrants via the strong ethical engagement of 
a storyteller.
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Abstract In this study, an EOQ model has been developed for a deteriorating item
with time dependent deterioration with a fixed expiration date under partial trade
credit policy considering the unfaithfulness nature of the base customers. The main
purpose of this research work is two folds. First, the unethical behaviour of the base
customers is considered. On the other hand, a non-trivial flaw has been rectified, con-
sidering all the inventory models with deteriorating items under trade credit policy,
developed in the last two decades. The proposed model is illustrated with various
numerical examples. Some managerial insights are also outlined.
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A Fuzzy EOQ Model for Deteriorating
Items Under Trade Credit Policy
with Unfaithfulness Nature of Customers

Rituparna Mondal, Ranjan Kumar Jana , Prasenjit Pramanik,
and Manas Kumar Maiti

Abstract In this study, a fuzzy EOQ model has been developed for deteriorating1

product with time-dependent deterioration and fixed expiration date under partial2

trade credit policy, considering unfaithfulness nature of the base customers. This3

model is a mixed-integer profit maximization problem designed in a crisp and impre-4

cise (fuzzy) environment for the uncertainty of different costs and banking interest5

involving the inventory control system. The decision variables and input parameters6

affect in the model are fuzzified. This research investigates about optimal replenish-7

ing time and selling price to maximize the profit. Also, a particle swarm optimization8

(PSO) algorithm has been utilized to obtain the best suitable marketing plan for the9

decision-maker. Numerous numerical examples are also cited. AQ110

1 Introduction11

In the current competitive, volatile marketing situation, it is crucial to draw the opti-12

mal decisions for the decision-maker/store manager/retailer. To enhance the demand13

for a product, the inventory system/supply chain players adopt various promotional14

activities. Among those, trade credit policy is the best productive activity. But for15

this credit policy, there is a possibility of cheating the credit amount, i.e., default16

credit risk. In a supply chain, this type of risk occurs at the retailer-customers level17

because there is no such certified bonding between retailer and customers; credit is18
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The goal of asymmetric synthesis is the 
chemical conversion of a molecule into a 
specific stereoisomer (enantiomer). In spite 
of the fact that asymmetric chemistry can be 
conducted stoichiometrically, it is most 
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I. INTRODUCTION  
 

During asymmetric synthesis, an achiral unit in a substrate is converted into a chiral 
unit in such a way that different amounts of stereoisomers (enantiomers or diastereomers) are 
produced. 
When an achiral compound is converted into a compound with an asymmetric carbon 
(CHIRAL) using traditional laboratory techniques, the result is a racemic mixture. One 
optically active isomer will arise preferentially over the other if such a synthesis is carried out 
under chiral influence. 
 
1. Stereoselective reaction: A reaction that produces one stereoisomer of a product 

preferentially over another. Several stereoisomers can form, but only one predominates in 
this type of reaction. A mechanism that allows for multiple TS conformations or 
geometries is capable of achieving this. 

 
 
2. Stereospecific reaction Reactions in which stereochemically different starting 

compounds produce stereochemically different products. These happen only when the 
mechanistic path requires efficient symmetry to allow orbital overlap. e.g., SN2 reactions. 

 
If two stereoisomeric reactants S1 and S2, react with reagent R separately to yield 

products P1 and P2, respectively, such that P1 and P2 are stereoisomeric to each other, then 
the reactions are termed stereospecific. 
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 Asymmetric reduction with chiral reagent: synthesis of (S)-fluoxetine 
 
 

 
 

Chiral organozinc reagent: efavirenz synthesis. 
 

4. Catalyst Regulated Asymmetric Synthesis (Asymmetric Synthesis of 4th Generation): 
An asymmetric synthesis can also be achieved by applying a chiral catalyst. The catalyst can 
be an enzyme or a synthetic catalyst, usually one such as a chiral transition-metal catalyst. 
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3.1  INTRODUCTION

Soil is a rudimentary integrant in gratifying the increasing stipulation for 
food and further necessities [1]. The health of the soil is correlated with 
agricultural sustainability, and thus the common people in India are reli-
ant on their sustenance. For growing micronutrients, soils of India are less 
productive. Thus, the yielding of crops can be enhanced by preserving the 
fertility of the topsoil. For the cultivation of crops, agriculture requires a 
decision support system. The water level is lowering every day. Optimization 
of water usage can be done by soil moisture monitoring. Even soil moisture 
is one of the most significant factors of climate change. Water and energy 
are circulated by soil moisture between the atmosphere and the land. It has 
a distinct correlation with climate change. Along with the climatic factors, 
heterogeneity in precipitation and temperature directly affects the diver-
sification of soil moisture. Since soil moisture is favorable for crop yield, 
the procedures involved for their growth can be improved if the content of 
the soil moisture of any area or location is predicted successfully [2]. This 
enlightens a farmer to know more about whether adequate watering has 
been done to the yields for its proper growth or not, the most appropriate 
time of dispersing and harvesting the yields, soil percolation is suitable or 
not, etc. Remote sensing technology gathers information regarding ground 
surface and a basic spatial resolution is provided. Other than the tempera-
ture, pH, and turbidity, there are too many factors such as atmospheric 
association, chemical processes of soil, the crudeness of soil, vegetation, etc.

Soil moisture monitoring is highly significant from the agricultural per-
spective. The efficient use of water plays an important role in cultivation. 
Proper water usage can be possible by soil moisture prediction. For better 
soil moisture content estimation, various parameters have to be considered 
such as soil moisture, turbidity, pH, temperature, and humidity. The objec-
tive of this work is to monitor the soil moisture using these parameters. To 
accomplish the objective, four different sensors are used in our work, and 
a comparative analysis between a few machine learning methods is per-
formed for detecting the moisture content in the soil.

3.2  RELATED WORKS

There are various soil moisture estimation models such as the SPAW 
(Soil Plant Atmosphere Water) model [3], USDAHL (U.S. Department of 
Agriculture Hydrograph Laboratory) model [4], SAC-SMA (Sacramento 
Soil Moisture Accounting) model [5], etc. Recently, remote sensing methods 
have also been used for soil moisture estimation, such as microwave remote 
sensing measurements [6]. Data-driven forecasting tools such as artificial 
neural networks (ANNs) can also participate in soil moisture estimation 
[7]. Error Propagation Learning Back Propagation (EPLBP) neural network 
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Green Mobile Cloud Computing for 1

Industry 5.0 2

Anwesha Mukherjee, Debashis De, and Rajkumar Buyya 3

1 Introduction 4

Mobile Cloud Computing (MCC) integrates mobile computing and cloud com-5

puting, which brings the facilities of using cloud services to the mobile users6

[1–4]. With the rapid increase in the usage of smartphones, the demand for storage7

and access to various applications also increases. However, mobile devices face8

multiple challenges: limited storage, limited battery life, limited computing power,9

bandwidth, etc. [1]. In such a scenario, MCC has fulfilled the users’ demands. Cloud10

computing provides three types of services: Software as a Service (SaaS), Platform11

as a Service (PaaS), and Infrastructure as a Service (IaaS). Cloud is a virtualized,12

shared resource or infrastructure that can compute, analyze, and warehouse large13

amounts of data. Cloud serves the client on an “on-demand,” “pay as you use” basis.14

The elastic nature of the cloud helps the client to get the desired service according to15

the requirements. Various cloud providers such as Amazon EC2, Microsoft Azure,16

and Google Cloud Platform provide ubiquitous service along with elastic storage17

and immense processing facilities in an “on-demand” and “pay as you use” fashion.18
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New Research Directions for Green 1

Mobile Cloud Computing 2

Anwesha Mukherjee, Debashis De, and Rajkumar Buyya 3

1 Introduction 4

Whenever, we integrate more than one technological paradigms, then several issues5

appear. In mobile cloud computing (MCC), we have discussed issues such as6

mobility, reliability, security, and network connectivity. As we are focusing green7

mobile cloud computing (GMCC), meeting the criteria of energy-efficiency is a8

mandate in this case. This chapter discusses the following topics as future research9

areas in GMCC: 10

• Energy harvesting in MCC 11

• Entropy-based GMCC 12

• Green Vehicular MCC 13

• Green Mobile Crowd Sensing 14

• Green Edge and Fog Computing 15

• GMCC-based Smart applications 16

• Geographical Location Aware Mobile Recommender System 17

• Nature Inspired Optimization Algorithms for GMCC 18
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1 Introduction 6

The rapid growth and advancement in mobile communication and computing has7

increased the number of mobile users as well as their demand. The users’ demands8

are not only limited to the voice call, message service and surfing Internet, but9

also access several applications. Many of these applications require high resource10

configuration of the device as well the execution of exhaustive applications drains11

the battery life of the handheld mobile devices. Usually, the mobile devices suffer12

from resource constraints in terms of computation, storage capacity, battery life13

etc. In such a circumstance, execution of resource-intensive and sophisticated14

applications such as recognition of speech/face/object, augmented reality, natural15

language processing etc., inside the mobile device is quite difficult. To resolve16

this problem as well as to meet the user demand, the concept of Mobile Cloud17

Computing comes, which offers offloading facilities to the users [1–3]. In mobile 18
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Green Internet of Things Using Mobile 1

Cloud Computing: Architecture, 2

Applications, and Future Directions 3

Anindita Raychaudhuri, Anwesha Mukherjee, Debashis De, 4

and Sukhpal Singh Gill 5

1 Introduction 6

In the last few decades, the number of mobile users has increased drastically and7

the mobile devices have become popular medium for accessing Internet services.8

Various mobile applications have been introduced for learning purpose, video9

conferencing, chatting, health monitoring, playing games, listening music, editing10

photos and videos, accessing social networking sites and professional sites, etc.11

However, the handheld mobile devices suffer from various drawbacks such as12

limited storage capacity, limited processing capability, limited battery life, etc. Due13

to these constraints the execution of exhaustive applications and storage of high-14

volume data inside the mobile devices may not be possible. In such a scenario,15

MCC has come that permits to store data and execute applications outside the16
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Abstract

Disturbance in ecosystem balance is increasing drastically due to human inter-
ferences. Different kinds of toxins are continuously being released into the
environment from various sources; few are naturally produced in environment
like cyanotoxins, and the rest are released from industries or other human
activities. Living organisms, including humans, come in contact with various
kinds of toxins during their lifetime. To understand the level of toxicity and
mechanism of action, ecotoxicological evaluation of these environmental
stressors is necessary. Selecting/creating an ideal model system for toxicity
screening is a major concern among scientist. At present, various animal models
like mice, rats, fish, etc., and different cell lines are used to understand the
toxicological potential of environmental stressors. Mammalian cell lines are
widely used to predict the toxic effects on cellular level, especially on human
perspective. To understand the mechanism of toxicity at organism level, other
models like fish, mice, rats, etc., are used. This chapter reviews the benefits and
drawbacks of different model system like teleost, algae, and mammalian animal
models over mammalian cell lines. This chapter will also help to understand the
vitality of these model systems in toxicity evaluation and choosing the suitable
ones for ecotoxicological evaluation of environmental stressors.

Keywords

Ecotoxicology · Environmental toxicants · Animal models · Mammalian cell
lines · Teleost · Algae · Model organisms

1 Introduction

Living organisms, including human beings and other organisms, during their life-
time, come in contact with diverse environmental and chemical toxicants, such as,
xenobiotics, persistent organic pollutants, drugs and pharmaceuticals, etc. These
toxic environmental pollutants not only cause potential cellular, tissue, and organ
damage, respiratory and cardiovascular disorders, but also pose serious threat to the
viability of the organisms (Kelishadi et al. 2009). These pollutants bear mutagenic,
carcinogenic, or even teratogenic effects on the germ cells, embryonic and adult
stages of all living organisms, and not only induce embryotoxicity but also devel-
opmental deformities of the offsprings and the adults, perinatal disorders, and
mortality, thereby indicating trans-generational effects, persisting from one genera-
tion to the next.
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