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Abstract
In this research work, a wholesaler-retailer-customer supply chain model for a deteriorating item is considered, where
the retailer’s warehouse in the market place has a limited capacity. The retailer can rent an additional warehouse
(rented warehouse) if needed, with a higher rent compared to the existing warehouse (own warehouse). The customers’
demand of the item is linearly in昀氀uenced by the stock level and in case of shortages the base demand is partially
backlogged. Being the leader of the supply chain, the retailer introduces some promotional cost to boost the base
demand of the item. To participate in joint marketing decision, the wholesaler shares a compromise part of this
promotional cost. Goal of this research work is to maximize the individual pro昀椀ts (when the retailer is the leader and
the wholesaler is the follower) as well as the channel pro昀椀t (when the retailer and the wholesaler jointly make marketing
decision) of the system. It is established that if the wholesaler shares a part of the promotional cost, then the channel
pro昀椀t as well as the individual pro昀椀ts increase. The supply chain model is also considered in imprecise environment,
where di昀昀erent inventory parameters are fuzzy/rough in nature. In this case, the individual pro昀椀ts as well as the
channel pro昀椀t become fuzzy/rough in nature. As optimization of fuzzy/rough objective is not well de昀椀ned, following
credibility/trust measure of fuzzy/rough event, an approach is followed for comparison of fuzzy/rough objectives and a
Particle Swarm Optimization algorithm is implemented to 昀椀nd the marketing decisions. E昀케ciency of the algorithm in
solving the problem is statistically established. The existence of the joint marketing decision is established analytically
and numerically (with illustration) in crisp as well as in imprecise environments.

Keywords: Deteriorating inventory, two-warehouse model, promotional cost, credibility measure, trust measure, par-
ticle swarm optimization.

1 Introduction
The classical inventory models on deteriorating items are normally developed with the common assumption that the
capacity of the retailer’s outlet is su昀케cient, i.e., the outlet has su昀케cient space to store the order quantity [2, 5, 30, 37, 43,
44]. However, in several real-life problems, this assumption may not appropriate. There are a number of factors which
in昀氀uence the marketing decisions in di昀昀erent ways. Sometimes these factors may force the retailer to buy more than
his/her own warehouse (OW) capacity. The retailer may overcome the situation using an additional rented warehouse
(RW), having su昀케cient capacity, normally with higher rent relative to the OW [8, 24].

In昀氀uence of displayed inventory level on the demand of any item is a well established phenomenon [12, 11]. Due
to this reason, a retailer normally uses a decorated outlet at the market place to attract the customers and uses
another storehouse near the outlet to stock the excess order quantity [23, 24, 29, 35]. Also inventory modelings of
the deteriorating items draw signi昀椀cant attention by the researchers [2, 3, 5, 21, 26, 30, 41, 44]. During last two
decades, several researchers on inventory control problems developed their models incorporating the above mentioned
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Abstract

Inventory control is one of the most widely recognized issues in the reality. This investigation manages the utilization of

fractional derivatives and integration on an inventory control problem. The memory of a dynamical model is a highly

concerned issue which is commonly neglected by the models described in terms of integer-order differential equation. The

memory capturing the power of fractional derivative (in Caputo’s sense) is utilized here to describe an economic pro-

duction quantity model with deterioration when the demand depends on price and stock and production is stock dependent.

Also, this study covers the integer-order model with the same assumptions as a memoryless model and a particular case of

the fractional model. Due to the complex nature of the model, numerical optimization with the help of a modified artificial

bee colony algorithm is done instead of the analytical approach of optimization. Finally, we have performed a sensitivity

analysis in order to make a fruitful conclusion.

Keywords Fractional-order differential equation · EPQ model · Laplace transformation · ABC algorithm

1 Introduction

Fractional calculus (FC) is a branch of mathematics which

old enough as the traditional integer-order calculus. In the

late seventeenth century, the foundation stone for the

establishment of FC was laid by the conversation between

two famous mathematicians L’Hospital and Liebnitz.

Liebnitz’s response to the question of L’Hospital on the

existence of derivative of 1
2
the order was “an apparent

paradox from which 1-day useful consequences will be

drawn”. Surprisingly, the application of FC in the practical

field of science and technology is neglected for decades

and centuries looking at the concept of FC as an abstract

and absurd almost. But, it is proved through recent progress

of the subject that the concept is not abstract. Rather, it can

describe more accurately the dynamical behaviour of pro-

cesses in nature and real world in comparison to integer-

order calculus. So, these days, global excitement for FC as

well as fractional-order system (FOS) has been seemingly

exponential. Due to the different nice results of fractional

derivatives, FC has attained much attention for modelling

of the image processes, various fields of mathematics,

economics, physics and engineering (Diethelm et al. 2012;
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ABSTRACT

Amulti-item two-level supply chainmodel under promotional cost sharing is proposed and analysed
in this investigation. Here, it is assumed that a retailer purchases different items from a wholesaler
under joint replenishment policy and sells the items to its customers. Due to the scarcity of the mar-
ket place, the retailer uses two rentedwarehouses to run the business – onewithmoderate capacity
situated at the heart of the market place, namely RW1 and another with sufficiently large capac-
ity, a little away from the market place, namely RW2. Items are ordered jointly using basic period
(BP) policy, initially stored at RW2 and transferred jointly to RW1 for sale following another BP policy.
Demands of the items depend on displayed inventory levels, selling prices as well as the frequencies
of the advertisements. Total cost due to the reduced selling prices and the advertisements is consid-
ered as the promotional cost. The problem is formulated as a mixed-integer optimisation problem
in crisp as well in imprecise environments. To solve such real-life problems, here artificial bee colony
algorithm is modified, tested and used. Model is illustrated with some hypothetical test problems
and somemanagerial insights are outlined.
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1. Introduction

In any supply chain, proot of each party mostly depends

on the market demand of the items involved in the

chain. Though every item has some base demand in the

market, goal of every supply chain is to improve this

base demand to survive in the market. Displayed inven-

tory level always innuences the customers and accord-

ingly retailers normally hire a showroom in the mar-

ket place to attracts the customers. This investment

is mainly done at the retailer level. Two other factors

which highly innuence the demand are – advertisement

(Maiti & Maiti, 2006a; Manna et al., 2017) and selling

price (Maiti & Maiti, 2006a; Pakhira et al., 2017; Paul

et al., 2014; Wee, 1997). An item is supposed to be sold

in the maximum retail price printed on the packet, but

in reality it is observed that diferent retailers give dif-

ferent discounts to attract their customers. Sometimes

packaging is made with some extra amount which basi-

cally decreases the unit price. Free gift/extra amount

with a purchase is another approach of reducing the

selling price. Again diferent multinationals, as well as

small companies, use frequent advertisements to boost

the demand of their products to the customers. Though

this type of investment reduces the proot from per unit

CONTACT Nilesh Pakhira npakhira1@yahoo.com Department of Applied Mathematics with Oceanology and Computer Programming, Vidyasagar
University, Midnapore, Paschim-Medinipur, West Bengal 721102, India

sale, the resultant proot of each party increases, as total

demand improves signiocantly. But if only one party

invests this promotional cost, then, he/she will be the sole

decision maker (DM) of the system (Haseli et al., 2019),

whichmay not satisfy the other party’s interest. So a coor-

dination is highly required among all the parties in such a

manner that all the partieswill share the promotional cost

and take part in the marketing decision. Some research

articles have already been published incorporating pro-

motional cost sharing in supply chain (Cárdenas-Barrón

& Sana, 2015; Pakhira et al., 2018a, 2018b, 2019; Pra-

manik et al., 2017a). In all these studies, it is assumed

that a promotional efort innuences the demand of an

item and promotional cost is a function of this promo-

tional efort. Thus, a research gap from these studies can

be identioed as follows:

It is neither clear how promotional efort actually

improves the demand nor how the promotional cost

function is estimated. Moreover, none of these studies

considered the innuence of displayed inventory on the

demand, specially for a supply chainmanagement (SCM)

system under retailer’s two-warehouse facility.

It has already been mentioned that the displayed

inventory has signiocant role in drawing attention to the

© 2020 Informa UK Limited, trading as Taylor & Francis Group
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Abstract. Here two-level supply chain model is considered for a deteriorating item where the retailer’s warehouse in the

market place has a limited capacity. Therefore the retailer can rent a warehouse (RW) if needed with a higher cost compared

to own warehouse (OW). This model includes one wholesaler and one retailer and our aim is to maximize the total profit.

The demand rate in retailer is stock-dependent and in case of any shortages, the demand is partially backlogged. Retailer

also introduces some promotional cost to boost the base demand of the item. It is established that if the wholesaler shares a

part of promotional cost then channel profit as well as individual profit increase. The supply chain model is also considered

for imprecise environment when different inventory parameters are fuzzy/rough in nature. In this case individual profits as

well as channel profit become fuzzy/rough in nature. As optimization of fuzzy/rough objective is not well defined, following

credibility/trust measure of fuzzy/rough event, an approach is proposed for comparison of fuzzy/rough objectives and a

Particle Swarm Optimization (PSO) algorithm is used to find marketing decisions. Models are illustrated with numerical

examples.

Keywords: Deterioration, Two-warehouse model, Promotional Cost, Credibility/Trust measure, Particle Swarm Optimization

1. Introduction

In the classical inventory model for deteriorating

products, it is usually assumed that the warehouse

has no limits in the capacity. However, in the real-life

problem the situation is different. There are a number

of factors which influence the optimum solution in

different ways. Sometimes these factors may suggest

retailers to buy more than their own warehouse (OW)

capacity. In these situations, the retailers can benefit

from a rented warehouse (RW).

Today’s globalized and competitive markets drive

companies to become more efficient and cost-

effective. Usually, supply chain (SC) members

∗Corresponding author. Nilesh Pakhira, Department of Applied

Mathematics with Oceanology and Computer Programming,

Vidyasagar University, Midnapore, Paschim-Medinipur, West

Bengal, 721102, India. E-mail: npakhira1@yahoo.com.

optimize local decisions without considering the

impact of their decision on the other member’s per-

formance and on the overall performance of SC [33].

Thus, a coordination mechanism may be necessary

to motivate the members. SC members are dependent

on each other and these members need to be coordi-

nated efficiently by managing dependencies between

each other. Jaber and Osman [15] considered a two-

level supply chain with delay in payments and profit
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Abstract. In the recently published paper [Gour Chandra Mahata and Su-
jit Kumar De, Supply chain inventory model for deteriorating items with
maximum lifetime and partial trade credit to credit-risk customers, Interna-
tional Journal of Management Science and Engineering Management, 2017,
DOI:10.1080/17509653.2015.1109482], a supplier-retailer supply chain model
of a deteriorating item with maximum lifetime and partial trade credit to

credit risk customers is studied. In their study, unfortunately the amount
of the payable bank interest due to the deteriorated units is omitted in the
retailer’s profit function for making the marketing decision. Some other un-
realistic studies are also found in the numerical section of the paper. In this
study those non-trivial flaws are identified and technically corrected. After cor-
rection, the theoretical existence of the optimal solutions of different scenarios
are established and the solutions are derived using a soft computing technique.

1. Introduction. In a real life business environment there are several products
such as fruits, vegetables, medicines, volatile liquids, blood in blood bank, high-
tech products etc., which deteriorate continuously due to evaporation, spoilage,
obsolescence, etc. In reality, it is not possible to prevent the deterioration of any
deteriorating item fully in any business sector. Due to this reason the maintenance
of inventory system of a deteriorating item is a crucial issue for the decision maker
of the system. To overcome this difficulty in 1963, Ghare and Schrader[10] first
explored an economic order quantity (EOQ) model for deteriorating items. After
the novel invention of Ghare and Schrader[10], the researchers and the practitioners
of inventory control system/ supply chain management developed various realistic
models for deteriorating items considering constant deterioration rate[1, 3, 6, 8, 11,
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A B S T R A C T

In this research work an inventory model of a deteriorating item is considered under two level partial trade
credit policy incorporating inflation and time value of money in a finite planning horizon. Here it is assumed
that a wholesaler offers a partial trade credit to a retailer i.e., trade credit period is offered on an portion
of the total purchase amount. In turn the retailer also offers a partial trade credit to its customers. Demand
of the item linearly decreases with time and influenced by unit selling price of the item. As selling price
is influenced by the inflation and time value of money, so the base demand depends on inflation and bank
interest rate also. The retailer also introduces some promotional cost to boost the demand of the item. Under
this circumstances, marketing decisions are made to maximize the present value of the total profit. On the other
hand combining the features of artificial bee colony (ABC) and genetic algorithm (GA), a hybrid algorithm,
artificial bee genetic algorithm (ABGA) has been developed to find the most appropriate business strategies
for the proposed model. Efficiency of this algorithm is tested and compared with some ABC variants using a
set of benchmark test functions. The model has been illustrated with several numerical examples and some
managerial insights are outlined.

1. Introduction and literature review

Due to huge and stiff competition among the business enterprises
in the local as well as in the global market, the business enterprises
adopt various tolls to sell their products efficiently. Trade credit policy
is one of the most effective promotional tools to push a product,
which indirectly reduce the selling price of the product. With the
novel invention of Goyal (1985), trade credit policy is heavily used
in inventory control systems. In Goyal (1985), it is assumed that a
supplier offers some delay period in payment to a retailer. From this
point of view the researchers and the practitioners of inventory control
systems developed various models (Aggarwal and Jaggi, 1995; Chung
and Liao, 2004; Huang, 2007a; Ouyang et al., 2009; Pramanik et al.,
2017c). From these studies it is seen that a supplier/wholesaler offers
a credit period to a retailer but in turn the retailer does not offer
any credit opportunity to his/her customers, which is an unrealistic
phenomenon. (Huang, 2003) first explore an inventory model under
two level trade credit policy, where a supplier offers a credit period for
payment to a retailer and in turn the retailer also offers a credit period
to the customers. From this point of view there are several research

/ No author associated with this paper has disclosed any potential or pertinent conflicts which may be perceived to have impending conflict with this work.
For full disclosure statements refer to https://doi.org/10.1016/j.engappai.2019.06.013.
∗ Corresponding author.
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works developed with different circumstances to make the models more
realistic (Chung, 2011, 2013; Guchhait et al., 2014; Huang, 2006,
2007b; Lashgari and Taleizadeh, 2016; Maiti, 2011; Maiti and Maiti,
2007; Taleizadeh et al., 2016; Teng et al., 2013). Also to reduce the
default credit risk the researchers of inventory control system develop
their models (Huang and Hsu, 2008; Mahata, 2012; Ouyang et al.,
2009) with partial credit policy under two level credit policy, where
the supplier/wholesaler offers a full credit to the retailer but in turn
the retailer offers a credit period to the customers on some portion of
the total purchase amount and the remaining portion of the purchase
amount has to pay as collateral deposit at the time of receiving the
units of the item. Recently Pramanik et al. (2017a) have developed an
economic order quantity (EOQ) model under three level trade credit
policy with retailer’s partial credit policy. Now-a-days, there are so
many fake orders are made to the supplier in case of e-business. To
mitigate the order cancellation risk, the researchers are devoted in the
direction of advance payment scheme (full or partial) for the retailers
and offers some credit period on some portion of the total purchase
amount (Diabat et al., 2017; Lashgaria et al., 2016, 2018; Taleizadeh
et al., 2018; Tavakoli and Taleizadeh; Zia and Taleizadeh, 2015). In
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Abstract

In this research work, an inventory model with fuzzy promotional effort induced dynamic demand under two level partial

trade credit policy has been developed in an imprecise planning horizon. Here, it is assumed that in the planning horizon a

retailer completed a finite number full cycles. In each of the retailer’s cycle, a wholesaler offers a credit period to the retailer

on the full purchased amount and in turn the retailer offers a credit period to its customers on a part of his/her purchased

amount. The imprecise marketing demand is influenced by the retailer’s fuzzy promotional effort, customers’ credit period,

customers’ credit amount and retail selling price. Goal of this study is to find the optimal business strategy for the retailer

with respect to his/her total fuzzy financial gain from the system. Due to imprecise nature of the demand, the problem is

mathematically represented following fuzzy differential equation and fuzzy Riemann integration and alpha-cut of the entire

fuzzy gain from the system is derived. Its graded mean integration representation is computed and optimized with respect

to customer’s credit amount credit period, and retailer’s order quantity for most appropriate marketing decision. Hence, the

problem reduced to a multivariate crisp optimization problem and a heuristic, multichoice artificial bee genetic algorithm

(MCABGA) has been proposed for it. The efficiency of MCABGA is tested against some other existing artificial bee colony

variants using a list of benchmark test functions available in the literature. The model is illustrated with some hypothetical

test problems and some managerial insights are outlined. Finally, a conclusion is drawn and some future research directions

are proposed.

Keywords Inventory · Imprecise variable demand · Fuzzy differential equation · Artificial bee colony (ABC) · Genetic

algorithm (GA)

1 Introduction

Trade credit policy is an important and effective promotional

tool to push a product efficiently. Initiative work on the mod-

elling of inventory problems incorporating trade credit option

was made by Goyal(1985) and then the researchers and the

practitioners of inventory problems proposed various mod-
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els (economic order quantity (EOQ)/economic production

quantity(EPQ)) incorporating trade credit options in different

levels (customers’ level, retailer level, wholesaler level, etc.)

of a business chain. Since last two decade, several inventory

models are developed by various researchers to maintain the

inventory most appropriately in various circumstances under

different trade credit policies, like, single level (wholesaler to

retailer) credit opportunity (Aggarwal and Jaggi 1995; Chung

and Liao 2004; Huang 2007; Ouyang et al. 2009; Pramanik

et al. 2017c), two levels of trade option (wholesaler to retailer

and retailer to customers) (Chung 2011, 2013; Guchhait et al.

2015; Huang 2003, 2006; Huang and Hsu 2008; Pramanik

and Maiti 2019b; Pramanik et al. 2019; Teng 2009) and three

levels of trade credit where credit opportunity exists for the

wholesaler also from the supplier(Pal et al. 2015; Pramanik

et al. 2017a, b). It is a real practice that in a business chain

under two level credit opportunity wholesaler offers a credit

period on full purchased amount to the retailer (named as
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In this study particle swarm optimization (PSO) is modified and hybridised with genetic
algorithm (GA) using one’s output as the other’s input to solve Traveling Salesman
Problem(TSP). Here multiple velocity update rules are introduced to modify the PSO
and at the time of the movement of a solution, one rule is selected depending on its
performances using roulette wheel selection process. Each velocity update rule and the
corresponding solution update rule are defined using swap sequence (SS) and swap
operation (SO). K-Opt operation is applied in a regular interval of iterations for the
movement of any stagnant solution. GA is applied on the final output swarm of the
PSO to search the optimal path of the large size TSPs. Roulette wheel selection process,
multi-point cyclic crossover and the K-opt operation for the mutation are used in the
GA phase. The algorithm is tested in crisp environment using different size benchmark
test problems available in the TSPLIB. In the crisp environment the algorithm gives
approximately 100% success rate for the test problems up to considerably large sizes.
Efficiency of the algorithm is tested with some other existing algorithms in the literature

using Friedman test. Some approaches are incorporated with this algorithm for finding
solutions of the TSPs in imprecise (fuzzy/rough) environment. Imprecise problems are
generated from the crisp problems randomly, solved and obtained results are discussed.
It is observed that the performance of the proposed algorithm is better compared to the
some other algorithms in the existing literature with respect to the accuracy and the
consistency for the symmetric TSPs as well as the Asymmetric TSPs.

Keywords: Traveling Salesmen Problem; particle swarm optimization; multiple velocity
update rules; genetic algorithm; K-Opt operation.

693

In
t. 

J.
 U

nc
. F

uz
z.

 K
no

w
l. 

B
as

ed
 S

ys
t. 

20
19

.2
7:

69
3-

71
7.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 U
N

IV
E

R
SI

T
Y

 O
F 

C
IN

C
IN

N
A

T
I 

on
 1

1/
17

/1
9.

 R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.

http://dx.doi.org/10.1142/S0218488519500314
mailto:indadulkhan@gmail.com.
mailto:sova_pal10@rediffmail.com
mailto:manasmaiti@yahoo.co.in


A Hybrid PSO-GA Algorithm for Traveling Salesman Problems 717

55. X. Yan, C. Zhang, W. Luo, W. Li, W. Chen and H. Liu, Solve traveling salesman
problem using particle swarm optimization algorithm, Int. J. Computer Science Issues

9(6) (2012) 264–271.
56. C. Yuan, X. Sun, and R. Lv, Fingerprint liveness detection based on multi-scale LPQ

and PCA, China Communications 13(7) (2016) 60–65.
57. L. Zadeh, Fuzzy sets, Information and Control 8 (1965) 338–356.
58. S. H. Zhan, J. Lin, Z. J. Zhang and Y. W. Zhong, List-based simulated

annealing algorithm for traveling salesman problem, Computational Intelligence and

Neuroscience 2016 (2016) 1-12.

In
t. 

J.
 U

nc
. F

uz
z.

 K
no

w
l. 

B
as

ed
 S

ys
t. 

20
19

.2
7:

69
3-

71
7.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 U
N

IV
E

R
SI

T
Y

 O
F 

C
IN

C
IN

N
A

T
I 

on
 1

1/
17

/1
9.

 R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.



Vol.:(0123456789)

Flexible Services and Manufacturing Journal

https://doi.org/10.1007/s10696-020-09377-5

1 3

An integrated imperfect production system 
with advertisement dependent demand using branch 
and bound technique

Barun Khara1 · Jayanta Kumar Dey2 · Shyamal Kumar Mondal1

 

© Springer Science+Business Media, LLC, part of Springer Nature 2020

Abstract

This paper develops an integrated imperfect production-inventory system consisting 

of a retailer and a manufacturer who produces breakable items. As breakable items 

are very sensitive to transport, in this paper, to stimulate the retailer, the manufac-

turer ofers (1) free transportation subject to the condition that the retailer must have 

to order a minimum replenishment quantity specifed by the manufacturer and (2) a 

credit period depending on the replenishment quantity. Moreover, malfunctioning of 

the production system increases due to several kinds of problem and consequently it 

produces a mixture of perfect and imperfect quality items. So, to maintain the reli-

ability of the production system, development cost has been incorporated. Also to 

aware the customer about the reliability of the production system, the manufacturer 

has paid attention to give a constant amount of advertisement regularly during his/

her production period. Henceforth, the advertisement dependent demand has been 

considered here. Under such circumstances, an integrated proft function has been 

developed and solved by branch and bound technique to obtain the optimum values 

of the system. From numerical studies, it is revealed that in case of incorporation of 

the advertisement, the retailer9s average proft, the manufacturer9s average proft and 

the average integrated proft are higher than that in the case without advertisement.

Keywords Branch and bound technique · System reliability parameter · 

Replenishment quantity · Breakable rate · Credit period
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Original scientific paper 

Abstract: Most of the classical inventory control model assumes that all 

items received conform to quality characteristics. However, in practice, items 

may be damaged due to production conditions, transportation and 

environmental conditions. Modelling such real world problems involve 

various indeterminate phenomena which can be estimated through human 

beliefs. The uncertainty theory proposed by Liu (2015) is extensively 

regarded as an appropriate tool to deal with such uncertainty. This paper 

investigates the optimum production run time and optimum cost in an 

imperfect production process, where the rate of imperfect items are different 

in different states of the process. The process may be shifting from 8in-control9 
state to the 8out-of-control9 state is an uncertain variable with certain 

uncertainty distribution. Some propositions are derived for the optimal 

production run time and optimized the expected total cost function per unit 

time. Finally, numerical examples have been illustrated to study the practical 

feasibility of the model. 

Keywords: Inventory, Imperfect production, Uncertain variables, Uncertain 

distribution, Expected value model. 

1.  Introduction 

In some real uncertain situation, we have to depend on domain experts to 

represent the belief degree when no samples are available to estimate a probability 

distribution. To deal with uncertainty in human belief, which is neither random nor 

fuzzy, Liu (2009), (2015), (2016) introduced uncertainty theory. It deals with 

modeling of uncertainty, based on normality, monotonicity, self-duality, countable 

sub-additivityand product measure axioms. Uncertain variable, uncertain set and 

uncertain measure are the basic tools to describe the uncertain phenomenon. 
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Sustainable recycling in an imperfect production system with

acceptance quality level dependent development cost and demand.

Abstract: This paper considers a closed-loop supply chain production inventory model

consisting of a virgin raw material supplier, a manufacturer, a retailer and a collector who

collects the used product from consumers at a return rate depending on acceptance qual-

ity level of the used product. Here, two types of products are produced : manufactured

product using virgin raw materials and remanufactured product using used manufactured

product. So, to make the model more realistic, here, the manufacturer incorporates two

separate remanufacturing and manufacturing infrastructures to process simultaneously to

produce remanufactured and manufactured items due to overcome the lost sale situation

arisen in several published model. Again, since the quality of a product from a remanufac-

turing process mostly depends upon the acceptance quality level of the used product, hence

an acceptance quality level dependent development cost has been considered in remanufac-

turing process. Also, both demand of the remanufactured products and procurement cost

of the used products from collector to manufacturer have been considered as a function of

acceptance quality level of returned items. Moreover, remanufacturing and manufacturing

processes produce some defective items which are reworked within the same cycle. With

these considerations, a mathematical model has been developed (i) to find out optimum

acceptance quality level of the used manufactured product for recycling, (ii) to overcome the

lost sale situation due to unsatisfied demand of remanufactured (manufactured) product at

the time of manufacturing (remanufacturing) process and (iii) to obtain optimum number of

deliveries from supplier to manufacturer, from manufacturer to retailer and from collector

to manufacturer that maximize total integrated profit. To get the optimum solutions of the

proposed model, sequential and global optimizations methods have been used. Finally, the

1
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Highlights: 

 

 An integrated closed-loop supply chain production inventory model has been 

developed.  

 The remanufacturing and manufacturing processes have been considered 

simultaneously to overcome the lost sale situation. 

 Acceptance quality level dependent development cost and demand has been 

constructed. 
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Abstract: In this article, an economic production quantity (EPQ) model
with partially imperfect production system has been considered where both
perfect and imperfect quality items are produced and demand of the product
has been assumed as a function of selling price, reliability of the product
and advertisement. Perfect quality items are ready for sale but imperfect
quality items are reworked at a cost to become perfect one. Reworking
cost, reliability of the product and reliability parameter of the manufacturing
system can be improved by introducing the time dependent development cost
and also by improving the quality of the raw material used in the production
system. Under such circumstances, a profit function has been developed
and maximised by optimising the reliability parameter of the manufacturing
system, reliability of the product and duration of production. Finally, the
model has been illustrated with some numerical examples.
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Abstract

In this paper, we give an overview of nonclassical effects, such as squeezing and sub-Poissonian states,
of an optical field in coherent anti-Stokes Raman scattering and coherent anti-Stokes hyper-Raman
scattering under the short time scale. We establish the coupled Heisenberg equations of motion of
quadrature operators in terms of real and imaginary parts. We investigate the photon statistics of
the pump mode in these processes and find that they are sub-Poissonian in nature. We demonstrate
that squeezing and sub-Poissonian photon statistics are greater in coherent anti-Stokes hyper-Raman
scattering (CAHRS) than in coherent anti-Stokes Raman scattering (CARS). The effect of the sub-
Poissonian nature of an optical field in terms of total noise is also incorporated. We show that the
depth of nonclassicality directly depends on the amount of total noise present in the system. This
suggests that the more squeezed the state, the greater its total noise in the system.

Keywords: nonclassical light, queezing of radiation, sub-Poissonian photon statistics, coherent anti-

Stokes Raman scattering, coherent anti-Stokes hyper-Raman scattering, photon number operator, total

noise.

1. Introduction

Squeezing [1–3] and sub-Poissonian [4–6] behavior of light has recently attracted considerable atten-

tion owing to its low-noise property [7–9] with applications in high-quality telecommunication [9,10] and

cryptography [11, 12]. Squeezing means that the fluctuation in one of the two conjugate components

(amplitude or phase) is suppressed while it is enhanced in the other. It is a purely quantum-mechanical
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Fig. 7. Variation of total noise T in the quantum state
with |βγ| and |α|2 = 2, 10 in CARS process at θ1 = π/4,
θ2 + θ3 = π/2, and |gt| = 1024.

Fig. 8. Variation of total noise Tn in the quantum state
with |βγ| and |α|2 = 10, 20, 100 in the CAHRS process
at θ1 = π/4, θ2 + θ3 = π/2, and |gt| = 1024.

statistics of light increase with increasing |α|2 and |βγ|, i.e., the increase is directly proportional to the

number of photons.

Comparing Figs. 5 and 6, we found that the depth of nonclassicality is greater in the CAHRS than in

the CARS. Thus, the degree of nonclassicality of light increases with the photon numbers in the Stokes

and anti-Stokes modes. This also confirms that the sub-Poissonian statistics are associated with a large

number of photons and with a higher degree of nonlinearity.

To study the variation of first-order squeezing in terms of the total noise with |α|2, we plot a graph

of Eqs. (32) and (59) versus T and Tn in Figs. 7 and 8 for CARS and CAHRS, respectively.

The steady increase in the curves shows that the total noise increases with increase in the number of

photons |α|2 and |βγ|. This infers that the depth of nonclassicality directly depends on the large number

of photons. This also suggests that the more squeezed the state, the greater its total noise. From Eqs. (33)

and (60), it is obvious that, for fixed 〈N〉, as [∆N(t)]2 decreases, the total noise must increase; therefore,

as the state becomes more sub-Poissonian with decreasing (∆N(t)/〈N〉), its total noise increases.

A comparison of Figs. 7 and 8 shows that the greater the total noise, the greater the squeezing having

the same number of photons in CAHRS than CARS processes. The results of the present study agree

with the result of Hillery [26] that a maximum total noise is available in higher-order squeezing.

5. Conclusions

In this study, we showed that the presence of squeezing is greater in the CAHRS due to higher

nonlinearity than the corresponding squeezing in the CARS. We observed that, when the value of the

Stokes and anti-Stokes modes is higher, the squeezing increases in the pump mode and lowers the depth

of classicality of the field amplitude. This fact confirmed that the degree of normal squeezing directly

depends upon the photon number in the pump, Stokes, and anti-Stokes modes. Also we found that the

sub-Poissonian statistics are associated with a large number of photons.

We conclude that the total noise increases with increase in the number of pump photons and with

the value of the Stokes and anti-Stokes modes. We show that the more squeezed the state, the greater

its total noise. Therefore, as the state becomes more sub-Poissonian, its total noise increases.
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Also we observed that a maximum total noise is available in higher-order squeezing. Hence it is

inferred that a higher photon absorption process is suitable for generating optimum squeezed light.

Our results suggest that the desired degree of squeezing, sub-Poissonian statistics, and total noise

are obtained using a short interaction time and having a number of photons present in the field before

initiating the interaction in the system. Hence, the total noise of a quantum state can be considered

as a measure of the depth of nonclassicality, i.e., a more nonclassical state (squeezing and the sub-

Poissonian condition) of the field in any system is observed. Finally, we conclude that the CARS and

CAHRS processes can be used for high-quality telecommunications and quantum cryptography owing to

the multiphoton version of the sub-Poissonian state.
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Abstract

This paper proposes a mobile healthcare framework based on edge-fog-cloud collaborative network. It uses edge and fog 

devices for parameterized health monitoring, and cloud for further health data analysis in case of abnormal health status. 

The continuous location change of users is a critical issue, and the connection interruption and delay in delivering health 

related data may be fatal in case of emergency. In this direction, in the proposed framework, mobility information of the 

users is considered and the users9 mobility pattern detection is performed inside the cloud for advising the user regarding 

nearby health centre. From the theoretical analysis, it is observed that the proposed framework reduces the delay and energy 

consumption of user device by > 28% and > 27% respectively than the cloud only health care model. The proposed healthcare 

framework has been implemented in the laboratory and health data of few student volunteers are analyzed to predict their 

health status. The experimental analysis also shows that the proposed mobility prediction model has better precision, recall 

value and time-eociency than the existing models.

Keywords Health monitoring · Edge-fog-cloud network · Mobility prediction · Internet of Health Things (IoHT)

1 Introduction

The rapid advances in sensor-based systems and Internet 

technologies have enabled a new dimension of health care 

technology namely Internet of Health Things (IoHT). IoHT 

is the exchange and processing of the data for health sta-

tus monitoring of individuals by integrating sensor or IoT 

devices with advanced mobile technologies (da Costa et al. 

2018). IoHT can become a demanding application for per-

sonalized health care leveraging on fog, edge and cloud 

computing. In a cloud based health care system, the health 

data are collected using body area network (BAN) or body 

sensor network (BSN) and then stored and processed inside 

the cloud servers. In BAN, there are several sensors attached 

with human body and varied health data e.g. body tempera-

ture, blood pressure etc are collected by these sensors.

With availability of several body sensors, it is pos-

sible to design and develop a low-cost wearable system 

to capture values of various health parameters of human 

body (e.g. blood pressure, heart/pulse rate, oxygen level, 

body temperature etc.) and to predict the health status of 

individuals based on the collected data and contextual 

information (e.g. atmospheric condition, user9s location, 

activity etc.). These sensor nodes collect health param-

eter values and transmit to the connected smart phone. 

Next, the data is processed and health status is predited by 

the smartphones. But smart phones are resource hungry. 

Therefore, the computationally complex applications are 

diocult to execute in the resource-limited smart phones. 
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A B S T R A C T

Geospatial data analysis is an emerging area of research today. Systems need to respond to user
requests in a timely manner. In this paper we have proposed a fog computing framework namely
Spatio-Fog, where the fog devices contain the geospatial data of their current region and process
geospatial queries using resources in the proximity. The geospatial query resolution is performed
by the fog device either itself or using cloud servers or fog device of other region depending on
the geographical region related to the geospatial query. We have performed both empirical study
and experimental analysis to demonstrate feasibility of our proposed approach. The empirical
study illustrates that the proposed architecture Spatio-Fog reduces the power consumption and
delay by approximately 43–47% and 47–83% respectively over the use of existing geospatial
query resolution system. The experimental analysis demonstrates that the proposed framework
reduces the power consumption and delay by 30–60% approximately than the existing geospatial
query resolution system.

1. Introduction

Geospatial information storage, processing, and query resolution is a promising research area [1]. There are several industrial
applications of geospatial data analysis such as mapping, telecom and network services, hot spot analysis, urban planning, transport
services, environmental impact analysis, health and human services, disaster management, resource management, geology. Google
Maps is a popular application of a web-based mapping solution on geospatial data, which is used for navigation services. Geospatial
data analysis also helps in road traffic management, transport and urban planning. For risk assessment and disaster management
geospatial data analysis also important. Usually, cloud servers are used to store and process the geospatial information [2]. However,
as geospatial information is related to geographical regions, storing and processing large volume geospatial data inside the remote
cloud servers can suffer from delay and energy consumption. Geospatial query processing involves geospatial data analysis along with
different geospatial services, which have been discussed later in Section 3. While mobile devices request for any geospatial in-
formation, then to process the respective geospatial queries geospatial big data analysis is required. However, accessing geospatial
data inside the remote cloud servers may degrade the quality of user experience by enhancing delay [3] and energy. Moreover,
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Abstract

Mobile cloud computing has introduced onoading to save the battery life of mobile 

devices. In mobile cloud computing optimization of power and delay for onoading has 

become a vital research scope. However, migration of the storage and computation from 

the mobile device to the remote cloud server enhances the delay and power consumption. 

To overcome this dioculty, cloudlet comes which is located nearby the mobile device. 

Since the cloudlet may not be able to fulfll all the onoading requests, sometimes remote 

public cloud server is used for the same. As a result the power and delay consumptions are 

increased. For solving this dioculty, private cloud server is used in our scheme along with 

the cloudlet and public cloud server. In this paper multilevel full and partial onoading 

strategies are proposed based on cloudlet, private and public cloud servers. The power and 

delay consumption in the proposed methods are determined and compared with the existing 

onoading methods. The theoretical and experimental analyses demonstrate that the pro1

posed multilevel onoading methods are power and delay eocient. The simulation results 

show that the proposed multilevel full and partial onoading strategies reduce the power 

consumption by approximately 839% and 20% respectively than the existing methods.

Keywords Cloudlet · Delay aware · Multilevel · Onoading · Power optimization · Private 

cloud · Public cloud

Debashis De and Deepsubhra Guha Roy: Formerly, West Bengal University of Technology.

 * Debashis De 

 dr.debashis.de@gmail.com; dr.debashis.de@ieee.org

 Deepsubhra Guha Roy 

 roysubhraguha@gmail.com

1 Department of Computer Science and Engineering, Maulana Abul Kalam Azad University 

of Technology, West Bengal, B.F.1142, Sector1I, Salt Lake, Kolkata, West Bengal 700064, India

2 Department of Physics, University of Western Australia, 35 Stirling Hwy, Crawley, WA 6009, 

Australia

3 Department of Computer Science, Mahishadal Raj College, Garhkamalpur, Purba Medinipur, 

West Bengal 721628, India

4 Department of Information Technology, Maulana Abul Kalam Azad University of Technology, 

West Bengal, B.F.1142, Sector1I, Salt Lake, Kolkata, West Bengal 700064, India

http://orcid.org/0000-0002-9688-9806
http://crossmark.crossref.org/dialog/?doi=10.1007/s11277-020-07144-1&domain=pdf


Power and Delay Eocient Multilevel Onoading Strategies…

1 3

 22. Mahmud, R., Kotagiri, R., & Buyya, R. (2018). Fog computing: A taxonomy, survey and future direc1

tions. In Internet of everything (pp. 1033130). Singapore: Springer.

 23. Yi, S., Li, C., & Li, Q. (2015, June). A survey of fog computing: concepts, applications and issues. 

In Proceedings of the 2015 workshop on mobile big data (pp. 37342). ACM.

 24. Yi, S., Hao, Z., Qin, Z., & Li, Q. (2015, November). Fog computing: Platform and applications. 

In 2015 third IEEE workshop on hot topics in web systems and technologies (HotWeb)  (pp. 73378). 

IEEE.

 25. Vaquero, L. M., & Rodero1Merino, L. (2014). Finding your way in the fog: Towards a comprehensive 

defnition of fog computing. ACM SIGCOMM Computer Communication Review, 44(5), 27332.

 26. Orsini, G., Bade, D., & Lamersdorf, W. (2015, October). Computing at the mobile edge: Designing 

elastic android applications for computation onoading. In 2015 8th IFIP wireless and mobile network-

ing conference (WMNC) (pp. 1123119). IEEE.

 27. Mach, P., & Becvar, Z. (2017). Mobile edge computing: A survey on architecture and computation 

onoading. IEEE Communications Surveys & Tutorials, 19(3), 162831656.

 28. Chang, Z., Zhou, Z., Ristaniemi, T., & Niu, Z. (2017, December). Energy eocient optimization for 

computation onoading in fog computing system. In GLOBECOM 201732017 IEEE global communi-

cations conference (pp. 136). IEEE.

 29. Du, J., Zhao, L., Feng, J., & Chu, X. (2018). Computation onoading and resource allocation in mixed 

fog/cloud computing systems with min1max fairness guarantee. IEEE Transactions on Communica-

tions, 66(4), 159431608.

 30. Ning, Z. et al. (2018). A cooperative partial computation onoading scheme for mobile edge computing 

enabled Internet of Things. IEEE Internet of Things Journal, 6(3), 480434814.

 31. Mukherjee, A., Deb, P., De, D., & Buyya, R. (2018). C2OF2N: a low power cooperative code onoad1

ing method for femtolet1based fog network. The Journal of Supercomputing, 74(6), 241232448.

 32. Rao, X., Zhao, L., Liang, K., & Wang, K. (2019). Edge caching and computation onoading for fog1

enabled radio access network. Wireless Personal Communications, 109(1), 2973313.

 33. Zhang, J., Xia, W., Yan, F., & Shen, L. (2018). Joint computation onoading and resource allocation 

optimization in heterogeneous networks with mobile edge computing. IEEE Access, 6, 19324319337.

 34. Chen, M., & Hao, Y. (2018). Task onoading for mobile edge computing in software defned ultra1

dense network. IEEE Journal on Selected Areas in Communications, 36(3), 5873597.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 

institutional aoliations.

Dr. Debashis De (M’133SM’15IEEE) is a Professor and Director of 

the Department of Computer Science and Engineering of Maulana 

Abul Kalam Azad University of Technology, India and Adjunct 

Research Fellow of University of Western Australia, Australia. His 

research area includes energy and latency optimization in mobile cloud 

computing. He has received Young Scientist award both in 2005 at 

New Delhi and in 2011 at Istanbul from International Union of Radio 

Science, H. Q., Belgium.



 D. De et al.

1 3

Anwesha Mukherjee has received her B. Tech. degree from Kalyani 

Govt. Engineering College under West Bengal University of Technol1

ogy in the year 2009. She has received her M. Tech. (Gold Medalist) 

degree from West Bengal University of Technology in 2011. She has 

received Young Scientist award from International Union of Radio 

Science, H. Q., Belgium in 2014 in Beijing, China. She is presently an 

Assistant Professor and Head of the Department of Computer Science, 

Mahishadal Raj College (Under Vidyasagar University). She has sub1

mitted her Ph.D. thesis as a DSTINSPIRE Fellow in the feld of mobile 

network. She has received Ph.D. from Maulana Abul Kalam Azad 

University of Technology, West Bengal (Formerly known as West 

Bengal University of Technology) in 2018. She has worked as a 

Research Associate in the Department of Computer Science, Indian 

Institute of Technology Kharagpur.  Her research interest includes 

Location and Handof Management and Green Mobile Network 

Development.

Deepsubhra Guha Roy is currently working as a faculty of department 

of Information Technology in West Bengal University of Technology 

and pursuing his Ph.D. in the feld of Mobile Cloud Comput1

ing towards Internet of Things. He is the founder developer of Centre 

of Mobile Cloud Computing in West Bengal University of Technology. 

His research area is QoS aware onoading strategies in mobile cloud 

computing towards IoT.



Contents lists available at ScienceDirect

Animal Reproduction Science

journal homepage: www.elsevier.com/locate/anireprosci

Functions of interleukin-6 in ovulation of female climbing perch,

Anabas testudineus

Ankit Chatterjeea, Rajkumar Guchhaita,c, Sukhendu Maitya, Dilip Mukherjeeb,

Kousik Pramanicka,*
a Integrative Biology Research Unit, Department of Life Sciences, Presidency University, 86/1, College Street, Kolkata 700073, India
b Endocrinology Laboratory, Department of Zoology, University of Kalyani, Kalyani, 741235, India
c P.G. Department of Zoology, Mahishadal Raj College, Purba Medinipur, India

A R T I C L E I N F O

Keywords:

Interleukin 6

Teleost ûsh

Ovulation

Gonadotropin

TNFα

A B S T R A C T

In mammals, interleukin 6 (IL-6) has an important function during ovulation, however, the

functions of IL-6 in ûsh have not been elucidated. In the present study, there was quantiûcation

of de novo synthesis of ovarian IL-6 and tumor necrosis factor-alpha (TNFα) in control and hCG-

treated ûsh and results were compared with those from an in vitro study where there was eva-

luation of the regulatory functions of gonadotropins and TNFα of IL-6 secretions. Relatively

greater concentrations of ovarian IL-6 at the post-GVBD (post-germinal vesicle breakdown) stage

indicates IL-6 modulates ovulatory processes. The hCG-induced increase in relative abundance of

IL-6 (in vitro) mRNA transcript and secretion from the ovary were attenuated when there was

administration of the inhibitor of TNFα secreting enzyme, TAPI-I, which indicates TNFα mod-

ulates IL-6 secretion. Treatments with IL-6 induced a marked increase in ovulation rate in vitro

when there was induction of activating matrix metalloproteinase (MMP). Furthermore, treatment

with IL-6 resulted in production of prostaglandin as indicated by the IL-6 induced increase in the

abundance of ptgs2 mRNA transcript in the ovary of Anabas testudineus. Furthermore, results

indicate the source of IL-6 in the ovary is the granulosa cells with secretion of IL-6 being induced

by the additions of hCG and TNFα in the medium. There was also an IL-6-induced increase in

abundance of receptors (IL-6 Rα and gp130) to which it binds indicating IL-6 autoregulates this

population of receptors. Results from this study, for the ûrst time, elucidate the reproductive

functions of IL-6 in a teleost ûsh.

1. Introduction

In teleost, the process of reproduction not only depends on the gonadotropins and steroids, but diûerent cytokines also have

important functions in regulation of the ovarian functions (Hoek et al., 1998; Salmassi et al., 2001; Richards et al., 2008; Liu et al.,

2009; Sirotkin, 2011; Sauté et al., 2014; Stassi et al., 2017). It is well established that the ovulatory process is similar to the

inûammatory responses (Xu et al., 2010; Wissing et al., 2014; Liu et al., 2017) and in the ovary, gonadotropins are the primary

regulatory factors of ovulation (Richards et al., 2008; Smolikova et al., 2012). After the pre-ovulatory surge release of gonadotropins,

ovarian cytokines have important functions in cumulus oocyte complex (COC) expansion (Liu et al., 2009) or prostaglandin (PG)

production (Brannstrom and Norman, 1993).
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ABSTRACT

A preliminary survey of macrophytic plant species and water quality of Pahar 

Dighi wetland of Mahishadal Raj Garh area, Purba Medinipur, West Bengal 

is conducted. Altogether 38 plant species belonging to 27 families have been 

documented and different physico-chemical  parameters of water studied are 

reported.   
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INTRODUCTION

Mahishadal Raj Garh area is a place of historical importance and hence this 

preliminary work was undertaken to document macrophytic plant species and water 

characteristics of Pahar Dighi of Mahishadal Raj Garh area, Purba Medinipur, West 

Bengal in post monsoon season.

MATERIALS AND METHODS

Study site: Pahar Dighi situated in between 22.1814° N and 87.9898° E, is a 

manmade stagnant water body of about 0.137 ha in area, 162 ft. in length and 70 

ft. in diameter under the mouza Garkamalpur, created by King Satis Prasad Gargh. 

It is an extended part of central canal system (the Raj Parikha), isolated from the 

main water body. The water body is surrounded by Madha Hingli in south, Khagra 

in west, Jagannathpur in east and Basulya in the north (Fig. 1).

Study methods: Several 昀椀eld surveys have been conducted during September 
to December, 2019. The phyto-resources have been documented with 昀椀eld notes and 
the herbarium sheets made for identi昀椀cation following standard literature (Cook, 
1996; http//www.theplantlist.org; http://www.ipni.org) and kept in the Department of 
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Dighi wetland of Cooch Behar District, West Bengal. There are other important works 

Table 2. Water characteristics of Pahar 

Dighi, Mahishadal, West Bengal

Parameters Postmonsoon

pH 8.5

Dissolve oxygen (DO) 6.8 mg/lit.

CO
2 

content 44 mg/lit.

Hardness 150 mg/lit. in CaCo3

Alkalinity 140 mg/lit.

Ammonia 0.25 mg/lit.

Phosphate 2.5 mg/lit

Chloride 160 mg/lit

Nitrate 0.05 mg/lit

Nacl/Salinity 263.68 mg/lit.

on macrophytic composition of wetlands in 

different districts of West Bengal (Bala 

and Mukherjee in 2007, 2010; Palit and 

Mukherjee, 2012; Chowdhury and Das, 

2013; Gupta and Palit, 2014; Parveen et 

al., 2014; Singh and Rajan, 2015) 

The present wetland, Pahar Dighi, 

is an isolated part of the central canal 

system of Mahishadal Raj Garh (the Raj 

Parikha). The water source is limited 

here, but present throughout the year. 

However, being stagnant, the water quality 

parameters may need to be monitored for 

different bio-resource productive purposes. 
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Lost years of a nomad: Exploring Indian experience in Nuruddin Farah’s oeuvre 
Asis De

When he was a schoolboy, long before Somalia gained its political independence from Britain and Italy, Nuruddin 

Farah Hasan (19453) dreamt of becoming a writer. He is now about to celebrate the golden jubilee of his career as 

a writer. To date, Farah has published fourteen novels, a non-oction book and several plays. He was named after 
a prince in One Thousand and One Nights. When he was being interviewed by Ahmed I. Samatar in 2001, he revealed 

that he used to delight in cutting out the name <Nuruddin= from pages in One Thousand and One Nights and gluing the 

small pieces of paper onto the cover pages of his exercise books (Samatar 87). He also enjoyed giving the animal 
characters in his English language textbooks human names and attributes. His linguistic talent was evident from 
an early age. As is well known, Farah assisted his mother to compose buraanbur or Somali oral poetry that is sung 

during social celebrations and community rituals. By the time he was a teenager, he was able to converse equally 

well in ove languages: Somali, Arabic, Amharic, Italian and English. However, Farah found the local education 
system disappointingly alien. He comments sadly that <the textbooks we were taught from, belonged in the mind 
and culture of other people= (<Why I Write= 3). Though the mind and culture of <other people= initially shaped 

the vision of Somalia9s orst Anglophone writer, Farah has written about Somalia and Somali characters for most of 
his career. Several decades of diasporic separation have not weakened Farah9s bond with Somalia and its people, 
just as almost ofty years of being away from Indian soil has not dimmed his memory of the people there.
His time as a graduate student at the Government College of Panjab University might have gone unnoticed had 

he not written his debut novel during his stay on this campus and later become one of the leading African writers 

of his generation. Those who knew him at the time would probably not have guessed that he would return to the 
campus at the age of seventy-two to receive an honorary doctorate from Panjab University in 2017. His success as 

a writer is often ascribed to two 8immature9 decisions that he made. The orst decision concerns his choice to enroll 
at Panjab University in India rather than take up a scholarship to study at the University of Wisconsin-Madison 

Lost years of a nomad: Exploring Indian experience in Nuruddin Farah9s oeuvre                 
To honor Nuruddin Farah9s ofty-year-long writing journey, this article explores his time in India (1966469) and the innuence it had on 
making him a leading postcolonial writer. My approach is largely biographical. I begin with his decision to turn down a scholarship 
at an American University, which some critics view as immature or even eccentric. I challenge this view of his choice instead to 
enroll for a degree in philosophy, literature and sociology at the Government College of Panjab University at Chandigarh in 1966 and 
to make what was then a country of poverty and even famine his orst diasporic destination. I argue that this was a well-thought-
out, politically correct and wise decision in the global context of international relationships in the 1960s. I also explore Farah9s brief 
association with Indian culture and the knowledge he acquired of Indian philosophy and literature to explain his decision to adopt 
a feminist perspective to write on injustice against women and the powerless and religious intolerance rather than focus on issues 
such as independence realpolitik like leading African writers at the time. His orst manuscript, published in 1970 as From a Crooked 
Rib, was a Penguin modern classic by 2004. I argue that this novel was importantly shaped by his Indian experience. I also explore 
the innuence of two novels on the young Farah, on his personal life, ideology and writing even before he went to India: W. Somerset 
Maugham9s novel The Razor’s Edge (1944) and Thakazhi Sivasankara Pillai9s classic Chemmeen (1956). This is the orst substantial 
investigation of the efect of Farah9s Indian experience. Keywords: biographical criticism, Indian experience, nomad, cosmopolitan.
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I remember from university is that I was doing English literature at one point and taking a novel exam4there was a 
course [&] 8The English Novel9= (35).

2. An interesting similarity between Pillai and Farah: the story goes that the Indian novelist Pillai wrote Chemmeen in just 8 
days, while Farah took 28 days to write From a Crooked Rib, from 19 March to 15 April, 1968. (Vetticad)

3.  The <wooden comb= on the head of the 8savant9 resembling <an Indian Sikh= in From a Crooked Rib is one of the ove articles 
of faith (Five 8K9s: Kesh [uncut hair], Kara [steel bracelet], Kanga [wooden comb], Kachera [cotton underwear] and Kirpan 
[ceremonious steel sword]) according to the religio-cultural practice of the Khalsa Sikhs in India.

4. When Farah was staying in India, the Fourth Five-Year Development Plan (1969374) accelerated family planning efforts by 
establishing a separate Department of Family Planning within the Ministry of Health and Family Welfare. Naturally, new 
campaign strategies were adopted to bring the target of family planning to fruition. During my recent trip to Chandigarh 
in March, 2019, I visited the Chandigarh ofoce of the All India Radio (now called Prasar Bharti), which purportedly had 
archival material on Farah9s works. To my astonishment, the responsible ofocer informed me that documents related to the 
production and broadcasting history of a time ofty years back were not there. The explanation given was that the papers, 
which dated back to a pre-cyber age, had been burnt as useless rubbish that was taking up ofoce space. 

5. Padmini Ramachandran (193232006) was a famous Indian actress and dancer who performed in more than 250 Indian 
olms. Later she settled in New Jersey with her physician husband and started a school of Indian classical dance known as 
the Padmini School of Fine Arts. 

6. Padmini Ramachandran (193232006) was a famous Indian actress and dancer who performed in more than 250 Indian 
olms. Later she settled in New Jersey with her physician husband and started a school of Indian classical dance known as 
the Padmini School of Fine Arts. 
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by A.H.McLintock.

 1966. http:en.m.wikipedia.org/wiki/Patricia_Grace. Accesssed on 26 
Dec. 2018.

“Patricia Grace.” Wikipedia:The Free Encyclopedia. Wikipedia 
Foundation, Inc. 15 June 2019.

 cessed on 15 http://en.m.wikipedia.org/wiki/Patricia Grace. Ac
Dec. 2018.

Transnationality,  Multicultural ism and 'New' 
Cosmopolitanism: Indo-Australian Interface in of Sadhus 
and Spinners: Australian Encounters with India

Asis De

At the beginning of the final decade of the twentieth century, the world 
has witnessed two very significant events shaping the politico-economic 
environment both in the West and in the East: the end of the Cold War 
(1947-1991) and the introduction of Globalization, or, in other words, 
'economic liberalization'.In the post-Cold War era (following the 
collapse of the Soviet Union on 31 December 1991), precisely in the 
mid-nineties of the last century, Australia started adopting the policy of 
'Look West' with a particular interest in the Indian Ocean Region 
(IOR)—specifically with India and South Africa expecting a rapid 
development in the economic relationship. India complements this 
Australian policy by openingwindows for bilateral cooperation in the 
field of trade and investment, on the issue of military and political 
security, on collaborative educational activities and cultural exchangein 
the 1990s after adopting economic liberalization. On the issue of 
academic and cultural exchange, the formation of the Indian Association 
for the Study of Australia in the year 2000 is preciselyan important step 
towards making different “facets of Australian society including culture, 
humanities, social sciences, international studies, media and literature” 
(cf. Webpage of IASA) familiar to the people in India. The IASA and the 
AIC (Australia-India Council), working in close association with India's 
premier Universities like Jawaharlal Nehru University, IGNOU in 
Delhi, the University of Madras in Chennai, or even Mohanlal Sukhadia 
University in Udaipur, have taken crucial roles in shaping the forums for 
the discussion of the cultural and literary interrelationship between 
India and Australia. So, it is undeniable that in the last twenty-five years, 
the Indo-Australian interface has taken a remarkably positive turn and a 
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Sathya Sai Baba (1926-2011) whose principal teaching insists 
on enlightenment through the realization that human beings are 
incarnations of divinity. 

6. Before its inclusion inOf Sadhus and Spinners: Australian 
Encounters with India (2009), David Malouf's 'A Foot in the 
Stream' has been extracted from the collection entitledHotel 
Asia, originally published in1985. 

7. Satendra Nandan's short story 'The Guru' was initially 
published inEncounters, before its inclusion inOf Sadhus and 
Spinners (2009).  

8. Before its inclusion in Of Sadhus and Spinners (2009), 
ManikDatar's short story 'My Sister's Mother' was published 
inQuadrant(2000).

9. The 'learning processes' are vital in any materially conditioned 
multicultural society not just for any mutual understanding of 
cultural diversity, but also for “inter-group, inter-cultural and 
inter-civilizational communication and cooperation” (Strydom 
32).
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