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Abstract--Due to fierce competition in the market, effective
customer relationship management approach is necessary in
order to gain competitive advantage. In general, customers can
be divided into different categories based on their purchase
behavior, historical ordering pattern and frequency of purchase.
Customized sales and promotion on specific items can be offered
so as to increase sales. However, due to the lack of a flexible
pricing strategy, companies can only offer the same sales and
marketing strategies to all customers. Valuable customers may
be neglected which results in the loss of customer loyalty and
even the loss of sales orders. In this paper, an intelligent cloud-
based customer relationship management system (ICRMS) is
designed to formulating the sales and marketing strategies on
flexible pricing in the supply chain. The system integrates cloud
technology and the fuzzy logic approach to manage sales and
order data on the Internet, and to determine the discount price
of products respectively. By conducting a pilot study in an
advanced manufacturing technology company, the results show
that the service quality can be enhanced while customer
satisfaction is increased.

I. INTRODUCTION

In today’s highly competitive business environment,
maintaining good customer relationships becomes a key to
success in the supply chain [9]. In order to fulfill increasing
customer needs and maintain profit, companies not only have
to provide high product quality and services, but also build
long term relationships with their customers [6][15].
Therefore, companies tends to offer a customized sales
strategy to valuable customers so as to gain customer loyalty.
It is especially critical for the trading industry which provides
manufacturing technology equipment. As an agent which
links suppliers and customers, it is known that trading
companies do not produce manufacturing technology
equipment by themselves and usually cannot provide value-
added services to their customers. Instead of ordering goods
from trading companies, customers have another option to
contact the suppliers directly. In this case, trading companies
would have chance to lose the customer due to the lack of
customized sales strategy. Hence, customers are recognized
as one of the most important assets to trading companies.

In the trading industry which provides manufacturing
technology equipment, once a purchase order is received
from the customer or dealer, the trading company will then
contact its supplier to produce and ship the ordered product to
them. The product will then be delivered to its customer or
dealer to complete the order. In such practice, there is no
value added service provided by the trading company. The
only service that the trading company can offer is the after
sales service, including training and maintenance. Therefore,

customers will be easily lost as they can contact and purchase
the product from the supplier directly. In order to retain the
customer and fulfill their needs, the trading company usually
has to offer different selling prices to various customers. The
discount rate changes from time to time, which requires the
sales person to calculate the price based on past experience
and the existing market environment. However, due to the
lack of decision support in such a flexible pricing strategy,
companies can only offer the same sales and marketing
strategies to each customer. Valuable customers may be
neglected which results in the loss of customer loyalty and
even the loss of a sales order. Thus, it is crucial to develop a
system which can determine flexible pricing strategy in order
to retain valuable customers. In this paper, an intelligent
cloud-based customer relationship management system
(ICRMS) is designed to formulate the sales and marketing
strategies on flexible pricing in the supply chain. By
integrating the cloud technology and fuzzy logic approach,
the sales order can be managed effectively while the discount
rate for sales can be determined respectively.

The remainder of this paper is organized as follows.
Section II reviews the past literature concerning the concept
of customer relationship management in the trading industry,
cloud technology, and the fuzzy logic approach for flexible
pricing. Section III presents the architecture of the proposed
ICRMS. Section IV shows a case study to validate the
feasibility of the proposed system. Section V discusses the
results and advantages of adopting the ICRMS. Section VI
gives the conclusions.

II. LITERATURE REVIEW

In this section, the concept of customer relationship
management in the trading industry is first reviewed. The
cloud technology and fuzzy logic approach which can be
applied for customer retention are then discussed.

A. Concept of Customer Relationship Management in the

Trading Industry

Nowadays, the customer has become the most important
asset for most companies. Customer relationships have
indisputable value for companies, and facilitates the
emergence and development of CRM [4]. CRM comes from
the concept of the customer-focused business strategy. It is
recognized as a business processes that can capture, retain
and create value for customers as well as stockholders [18].
Besides, CRM acts as a communication channel to maintain
and develop a long-term positive relationship with current
and targeted customers of the company [30]. According to
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Ngai et al. [26], CRM can be divided into four dimensions,
which are customer identification, customer attraction,
customer retention and customer development. Customer
identification involves targeting the potential and profitable
population who are most likely to become customers, or the
group of existing customers that will bring additional profit to
the company [24]. Customer attraction is the second phase
where organizations invest effort and resources into attracting
the target customers, which concentrates on allocating
resources for its marketing strategies so as to maximize the
effectiveness in direct marketing that motivates customers to
place orders through different channels [28]. Regarding
customer retention, it requires effort in meeting customers’
expectation and increasing customer satisfaction based on a
customized marketing approach, which is a critical step in
building long term relationships with customers [14]. The last
stage, customer development, is the consistent expansion of
transaction intensity, value, and customer profitability. To
manage the customer relationship effectively, efforts have
been made to develop company websites or apps to promote
and sell products through the Internet, over the last decade.
However, the use of IT and mobile devices have become
popular, and becomes a big challenge in managing the huge
amount of data being collected. To tackle the problem of the
large amount of data volume, high complexity data forms and
high speed result generation, cloud computing services have
been introduced as an emerging direction for efficient data
storage and analysis.

B. Cloud Computing Services

With the mature development of the Internet in recent
years, the concept of cloud computing is emerging in many
business areas, such as enterprise resources planning,
warehouse management and CRM [19][32]. From the
customer perspective, an enterprise can adopt cloud
computing services to attract and retain customers by
improving products and services while enhancing customer
experience [5]. According to Armbrust et al. [3] and Zhang et
al. [34], cloud computing refers to the applications delivered
as services over the Internet for enabling convenient on-
demand network access with minimum management effort
and investment in both hardware and software. From a
business perspective, cloud computing can lower the barrier
to IT adoption and make it easier to scale services by the
analytical ability to manage big data [25]. The function of
data-as-service in cloud computing allows enterprises to
visualize both structured and unstructured data, anytime and
anywhere. However, without a proper data analytical process,
the data collected is hardly understood by users. Hence, text
mining in cloud computing has been applied to convert the
vast amount of data into useful information that is
understandable for decision making [11][12]. Amalarethinam
and Beena [1] proposed a customer facilitated cost-based
scheduling model such that customer can enjoy an economic
cost when they pay for cloud computing services.
Considering the financial affordability of small and medium

businesses, a cost-effective materials management and
tracking system, based on a cloud-computing service, was
developed by Ko et al. [17] to improve the supply chain
visibility in inventory tracking. Rajaval and Thangarathanam
[29] designed a behavioural learning system to manage the
unpredictable random behaviour in a trading market with
consideration of the probabilistic rules in negotiation.
Although it is found that cloud computing services can
facilitate big data analysis in an economic and efficient way,
the focus on how to analyze customer behaviour and
purchase patterns for CRM on the Internet is relatively
limited.

C. Artificial Intelligence in CRM

Fuzzy logic is one of the artificial intelligence (AI)
techniques that can be applied in various research domains,
such as performance measurement [13], supplier selection
[2][10], CRM [16][21] and warehouse management [27]. It is
suitable to manage attributes under uncertainty and for values
that cannot be differentiated strictly [23]. It presents a
mathematical model to depict the meaning of unclear
concepts and linguistic variables that are imprecise, vague,
fuzzy and with no clear underlying measurement [20].
According to Chen and Pham [7], a fuzzy logic controller
system comprises three main processes; (i) fuzzification, (ii)
rule-based reasoning and (iii) defuzzification. According to
Lin [22], fuzzy application in measuring service quality is
needed due to the presence of fuzziness in subjective human
judgment. Shah [31] considered fuzzy logic based
classification of customers which can reduce the complexity
of customer data and extract valuable hidden information.
Further, Zandi and Tavana [33] adopted fuzzy logic approach
to evaluate and select the best agile e-CRM framework in the
manufacturing industry. Chougle et al. [8] presented a fuzzy
logic approach to assess service quality and reliability at each
customer level in the automotive industry so that overall
customer satisfaction can be measured. With the ability to
manage attributes under uncertainty or with vague values, it
is found that applying fuzzy logic approach in managing
customer relationships is promising.

In summary, the reviews of the above indicate that
effective customer relationship management can assist
companies to attract new customers and retain valuable
customers by providing customized services. However, the
existing CRM approach can only collect customers buying
behaviour, and the way to analyze data for resources
allocation is neglected. Therefore, cloud technology and the
fuzzy logic approach are considered to extract and detect the
hidden customers’ data in order to deploy relative marketing
strategies to target, attract and maintain long term profitable
relationships with customers.

III. METHODOLOGY

In this paper, an intelligent cloud-based customer
relationship management system (ICRMS) is designed to
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formulate the sales and marketing strategies on flexible
pricing in the supply chain. Fig. 1 shows the system
architecture of ICRMS, which consists of two tiers. The
front-end tier collects various types of data through internet
enabled devices such as PC and mobile devices, and,
enterprise social media such as websites and apps. Examples
of the data include supplier information, customer
information, product information, sales and promotion data,
etc. The back-end tier consists of two modules which are (i)
cloud-based information services module, and, (ii) flexible
pricing strategy module.

A. Cloud-based Information Services Module

Lots of data is being collected and stored in the cloud-
based services platform every day, such as web data,
customer actions, supplier data, product and sales data. These
data can be viewed using online analytical processing (OLAP)
techniques for real time reporting. Generally, the data are in
the form of text data in the web, semi-structure data such as
XML, as well as unstructured data such as figures, tables and
the semantic web. In the era of big data, the data collected are
always large in volume and complex in form. Therefore, data
extraction and pre-processing is an important step to convert

the collected data or documents to a structured form which
can improve the performance in text mining. Firstly, all the
figures and tables collected from the data source are removed.
Then, stop words removal is applied to reduce the noisy
information, as many words are not informative and thus
irrelevant for data representation. These set, of words rarely
contribute useful information even though they may appear
frequently, for example, a, an, the, of, to, with, etc. The text
processing accuracy will be increased after removal of the
stop words. Word stemming is then performed to reduce
words to their root forms. Several words are syntactic
variants of each other since they share a common word stem.
For example, a data record may contain several occurrences
of words like measure, measures and measuring. They are
generally derived from the word “measure”. Different words
share the same word stem and should be represented with its
stem, instead of the actual word. As a result the redundancy
and dimension of the document can be greatly reduced. After
the text mining process, text information containing customer
searching behavior are passed to the decision maker for
designing sales and pricing strategy to the target customers.
The company can then contact their target customers for
promotion according to the keywords obtained.
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Fig. 1. System architecture of ICRMS
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B. Flexible Pricing Strategy Module

In order to keep customers and get orders, a trading
company usually provides different levels of discount to their
potential customers. In this module, one of the common
artificial intelligence techniques, fuzzy logic, is applied to
determine the discount rate that should be offered to the
customers. There are three main components in this module:
(i) fuzzification, (ii) fuzzy inference engine, and, (iii)
defuzzification. Firstly, domain expert i.e. sales managers are
required to identify both input and output variables for
determining the discount rate. The crisp values of the input
and output variables are converted into fuzzy sets through
fuzzification so that the concepts of fuzzy set theory can be
applied. Fuzzification is the process of converting the input
data set into fuzzy sets by determining the universe of
discourse and membership functions of the variables. The
universe of discourse is divided into several regions which
belong to different predicates. For example, the universe of
discourse of order volume may include very low, low, normal,
high and very high. The predicates have special shapes and
styles, such as triangle and trapezoid, to represent their
membership functions. Then, domain experts are asked to
determine the linguistic terms for describing each parameter
and then describe each linguistics term by means of
membership functions. Once the input fuzzy sets are defined,
they are sent to the fuzzy inference engine. The fuzzy
inference engine is connected with the knowledge repository

which stores the fuzzy rules in the form of IF-THEN structure.

The input fuzzy sets are matched and aggregated with the

fuzzy rules in the knowledge repository to generate the output.

The final step is the defuzzification setting. The output
solution has to process a reverse process to obtain crisp
values. Based on the output crisp value, the company is able
to decide on the discount rate for their customers. Through
the fuzzy logic process, a flexible pricing strategy with
discount rate can be formulated to attract customers in
ordering.

IV. CASE STUDY
In order to validate the feasibility of the proposed system,
the ICRMS was applied to a quality manufacturing

technology and solutions provider in Hong Kong.

A. Company Background
ABC (Holdings) Ltd. was founded in 1967, and is listed

on the main board of the Hong Kong Stock Exchange in 2003.

ABC is a leading importer and distributor of many world-
famous brands of advanced equipment and tools, serving all
segments of the manufacturing industry, from heavy
manufacturing to customer electronics. ABC's products and
services also cater for every stage of the manufacturing
process, from product design to production and quality
control. ABC’s vision is to help improve both the quality and
productivity of the manufacturing industry, and thus enhance
everybody’s standard of living and quality of life.

B. Problems Faced by the Company

As long as manufacturing exists, there will always be
business opportunities for ABC. As a trading company which
focuses on supplying various manufacturing tools and
equipment to its customers worldwide, ABC would like to
further increase sales as well as customer satisfaction.
However, to further expand their business, ABC is now
facing some challenges. Currently, ABC lacks a systematic
approach to achieve their two business objectives. They do
not have a standard model to build long term relationships
with their customers. Thus, it is difficult for them to retain
their valued customers. On the other hand, they found that
there is a lack of channels for them to attract new, and
potentially new, customers. Although past sales records are
available, ABC did not make use of the available data for
analysis and find out hidden relationships. As a result, ABC
is unable to define appropriate sales strategies to attract new
customers.

C. Implementation of ICRMS in the Company

The ICRMS was implemented in the case company for
building long term relationships with customers. There are
four implementation stages: (i) to collect and extract relevant
data by cloud technology, (ii) to determine input and output
variables for flexible pricing, (iii) to determine fuzzy sets and
membership functions of the variables, and, (iv) to determine
appropriate discount rate to target group of variables.

1) Collect and extract relevant data by cloud technology

To adopt the ICRMS, relevant data including product
specification and promotion details from the suppliers and
customers are collected. Through the company website,
mobile app and other social networks, customers can easily
view and search for interesting products, any time. All the
data such as customer login ID, date and time on site, page
views, price range, products and keywords searched on site
are collected and stored in the cloud-based services platform.
The use of a cloud-based platform can lower the hardware
requirement in the local company while the data collected can
be viewed online, everywhere. Since the data collected are
large in volume and complex in form, data pre-processing is
performed to convert the data into a structured form for
analysis. Fig. 2 shows the data pre-processing steps in the
cloud-based information services module. Firstly, the source
code in the form of HyperText Markup Language (HTML) is
extracted from the web data. Then, all HTML tags such as
<html>, <body> and <title> are removed as no specific
meaning is presented by the tags. Afterwards, a data record
with only plain text is obtained. To reduce the noisy data and
redundancy of information, the process of stop words
removal and words stemming are also performed so that the
data record, in plain text with keywords, is shown. By
viewing the data record with keywords, the company can
obtain the searching behavior of their customers, such as the
types of products that are interested in, the number of
searches, and, the time on site. By so doing, the company can
contact the customers and actively promote the products to
them.
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Fig. 2. Data pre-processing in the cloud-based information services module

2) Determine input and output variables
If the customers are interested in buying the products, the

company will contact them directly to confirm the sales order.

However, customers may sometime argue whether a lower
selling price can be offered. Such decision has to be made by
the company representative so that a certain profit can still be
maintained. After investigating the key decision making
criteria, it is found that the discount rating is determined
based on five major criteria: (i) customer rating, (ii) order
volume, (iii) change in supplier price, (iv) change in
exchange rate, and, (v) change in forecasted demand. The
trading company classifies its customers into different grades
such that valued customers would have a higher rating and
could enjoy more benefits. This rating is defined based on the
past sales record of the customers such as order frequency,

sales volume and contributed profit margin. In addition,
discount is usually given if a large quantity order is placed.
The supplier price and exchange rate would change
frequently due to dynamic changes in the business market,
materials and production cost. Lastly, the seasonal change in
demand is also taken into consideration. If it is forecast that
the demand of product will decrease in the coming months,
the trading company would provide a higher discount to
attract its customers to place purchase orders for increasing
sales. Fig. 3 shows the input and output variables for
determining the sales discount. As the five key decision
making criteria affect the discount rate that should be given,
they become the input parameters in the module, while the
output parameter is defined as the required change in
discount rate.

Customer Rating —

Order Volume —

Change in Supplier Price —»
Change in Exchange Rate—|
Change in Forecasted

Integrated Customer
Relationship
Management System

Required
—» Change in

(ICRMS) Discount Rate

Demand

Fig. 3. Input and output variables for determining sales discount

637



2016 Proceedings of PICMET '16: Technology Management for Social Innovation

3) Determine fuzzy sets and membership functions of the

variables

After determining the input and output variables, the
fuzzy sets and membership function of each variables are
defined. Fuzzy logic is applied because the values of the five
decision variables are vague and cannot be described with a
single linguistic term such as either “low” or “very low. Take
order volume as an example, the order volume of 2,500 can
be classified as normal and high. There are no clear-out
boundaries for the industrial practitioners to associate the
values to one linguistic term. Without applying fuzzy logic,
the sales manager is unable to clearly describe the order
volume of 2,500 in linguistic term. A fuzzy set has an ability
to classify elements into a continuous set using the concept of
degree of membership. Domain experts are asked to
determine the linguistic terms for describing each decision
variables and then describe each linguistics term by means of
membership functions. For the input variables, the fuzzy set

Input Variable 1

of customer rating is defined as {L, N, RH, H} where L is
Low, N is Normal, RH is Relatively High, H is High. The
fuzzy set of order volume is defined as {VL, L, N, H, VH}
where VL is Very Low, L is Low, N is Normal, H is High,
VH is Very High. For the change in supplier price, change in
exchange rate and change in forecasted demand, the fuzzy
sets are defined as {SiD, SID, NC, SiI, Sil} where SiD is
significantly decreased, SID is slightly decreased, NC is no
change, SII is slightly increased and Sil is significantly
increased. For the output variable, the fuzzy sets of required
change in discount rate is defined as {SuD, SiD, SID, NC, SlI,
Sil, Sul}, where SuD is substantially decreased, SiD is
significantly decrease, SID is slightly decreased, NC is no
change, SII is slightly increased, Sil is significantly increased
and Sul is substantially increased. Fig. 4 shows the
membership functions of the input and output variables. The
Matlab fuzzy toolbox is then used to build the flexible pricing
strategy module for generating the discount rate.

Input Variable 2

L N RH H (LL N H VH
0
0 2 4 6 g 10 100 300 1000 2000 3000 4000
Customer Rating Order Volume
Input Variable 3 Input Variable 4
SiD SID 1|NC SII Sil SiD SID  1|NC S Sil
-10% 3% 0 5% 10% -10% -3% 0 5% 10%
Change in Supplier Price Change in Exchange Rate
Input Variable 5 Output Variable
SiD SID L [NC sl Sul SuD SiD SID 1|NC 58I Sl Sul
20% 10% 0 10% 20% -30% -20%  -10% 0 10% 20% 30%

Change in Forecasted Demand

Change in Discount Rate

Fig. 4. Membership functions of input and output parameters
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Fig. 6. Result of change in discount rate in ICRMS

4) Determine appropriate discount rate to target group of

variables

After defining the fuzzy sets and membership functions of
the input and output variables, the fuzzy rules also need to be
defined in the knowledge repository such that successful rules
can be fired to obtain the solution, as shown in Fig. 5. In
order to demonstrate how the ICRMS works, an illustrative
example is presented as follows. Suppose there is a new
potential purchase order, the customer rating is 7, order
volume is 2700, change in supplier price is -8%, change in
exchange rate is -4% and change in forecasted demand is -
13%. Given the input crisp values of the input variables, the
resultant membership values of the input fuzzy sets are then
calculated. Successfully fired rules are extracted for
calculating the crisp values of the output parameters to
determine the consequent fuzzy region of each output fuzzy
set. Fig. 6 shows the result of change in discount rate such
that a discount of 15% is suggested to this customer.

V. RESULTS AND DISCUSSION

Through the adoption of ICRMS, ABC (Holdings) Ltd.
can collect and analyze the searching behavior of customers
so that appropriate discount rates can be offered to attract
customers. After the pilot run in the case study, it is found
that (i) the successful ordering rate is increased while (ii) the
service satisfaction of existing customers is also enhanced.

1) Increase in successful ordering rate

With the help of the cloud-based information services
module, the trading company can understand the searching
behavior of their existing customers who login to the
company website or app through computers or mobile
devices. Instead of contacting the existing customers
regularly and promote a wide variety of products to them, the
sales person in the trading company can now contact the
customers actively and promote the targeted products to them.
By so doing, the successful ordering rate was increased from
26% to 42% per month.
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2) Increase in customer satisfaction

To keep monitoring the service performance, customer
feedback was collected after the completion of each order.
According to the feedback after the adoption of ICRMS, it
was found that the new approach not only increases the
successful ordering rate, but also enhances -customer
satisfaction. Flexible pricing strategies with different discount
rates can now be formulated by ICRMS, with consideration
of both internal and external factors, including customer
rating, order volume, change in supplier price, change in
exchange rate, and change in forecasted demand. As a result,
valued customers can enjoy a customized promotion price
which encourages them to place orders with the ABC
Company in the long run. Thus, customer satisfaction is
enhanced.

VI. CONCLUSIONS

Since value-added service on tool replenishment is usually
not provided in the trading industry for providing
manufacturing technology equipment, maintaining good
customer relationships is important so that customers will
continue to place sales order with the trading company. In
order to retain the customer and build long term relationships
with them, customized sales and marketing strategies should
be provided to different types of customer. In order to fulfill
customer needs, a flexible pricing strategy should be adopted
such that valued customers would enjoy special discounts
when ordering. Therefore, in this paper, an integrated
customer relationship management system (ICRMS) is
designed for enhancing customer satisfaction. By integrating
cloudy technology and the fuzzy logic approach, the trading
company can analyze the searching behavior of customers
and promote products that are of interest to the customer at
attractive prices. To conclude, the developed model can
provide a clear road map to explore potential business
opportunities in the trading industry, enabling trading
companies to retain customers by building long term
relationships.

ACKNOWLEDGMENTS

The authors would like to thank the Research Office of
the Hong Kong Polytechnic University, and Mr. Joseph Lee,
the Chairman & Managing Director of Leeport (holdings)

Limited, Hong Kong, for supporting the project (Project Code:

G-UA7Z)
REFERENCES

[1] Amalarethinama, D.I.G. and T.L.A. Beena; “Customer facilitated cost-
based scheduling (CFCSC) in cloud,” Proceida Computer Science, vol.
46, pp. 660-667, 2015.

[2] Amindoust, A., S. Ahmed, A. Saghafinia and A. Bahreininejad;
“Sustainable supplier selection: A ranking model based on fuzzy
inference system,” Applied Soft Computing, vol. 12 (6), pp. 1668-1677,
2012.

(3]

[10

=

[11]

[12

—

(13

—

[14

=

[15

[}

[16

[}

[17]

[18

=

[19

[r}

[20

=

[23

—

[24

=

640

Armbrust, M., A. Fox, R. Griffith, A.D. Joseph, R. Katz, A. Konwinski,
G. Lee, D. Patterson, A. Rabkin, I. Stoica and M. Zaharia; “A view of
cloud computing,” Communication of the ACM, vol. 53 (4), pp. 50- 58,
2010.

Batter, M. and M. Batter; “The impact of customer relationship
management capability on innovation and performance advantages:
testing a mediated model,” Journal of Marketing Management, vol. 26
(9-10), pp. 842-857,2010.

Berman, S.J., L. Kesterson-Townes, A. Marshall and R. Srivathsa;
“How cloud computing enables process and business model innovation,”
Strategy & Leadership, vol. 40 (4), pp. 27-35,2012.

Cater, T. and B. Cater; “Product and relationship quality influence on
customer commitment and loyalty in B2B manufacturing relationships,”
Industrial Marketing Management, vol. 39 (8), pp. 1321-1333, 2010.
Chen G. and T.T. Pham; Introduction to Fuzzy Systems, Boca Raton,
FL: Chapman & Hall / CRC, 2006.

Chougle, R., V.R. Khare and K. Pattada; “A fuzzy logic based
approach for modeling quality and reliability related customer
satisfaction in the automotive domain,” Expert Systems with
Applications, vol. 40, pp. 800-810, 2013.

Coltman, T., T.M Devinnery and D.F. Midgley; “Customer relationship
management and firm performance,” Journal of Information
Technology, vol. 26, pp. 205-219, 2011.

Dalalah, D, M. Hayajneh and F. Batieha; “A fuzzy multi-criteria
decision making model for supplier selection,” Expert Systems with
Applications, vol. 38 (7), pp. 8384-8391, 2011.

Delen, D. and H. Demirkan; “Data, information and analytics as
services,” Decision Support Systems, vol. 55, pp. 359-363, 2013.
Demirkan, H. and D Delen.; “Leveraging the capabilities of service-
oriented decision support systems: Putting analytics and big data in
cloud,” Decision Support Systems, vol. 55, pp. 412-421, 2013.

El-Baz, M.A.; “Fuzzy performance measurement of a supply chain in
manufacturing companies,” Expert Systems with Applications, vol. 38,
pp. 6681-6688,2011.

Jiao, J. R., Y. Zhang, and M. Helander; “A Kansei mining system for
affective design,” Expert Systems with Applications, vol. 30, pp. 658-
673, 2006.

Kassim, N. and N.A. Abdullah; “The effect of perceived servic.e
quality dimensions on customer satisfaction, trust, and loyalty in e-
commerce settings: A cross cultural analysis,” Asia Pacific Journal of
Marketing and Logistics, vol. 22 (3), pp.351 — 371, 2010.

Keropyan, A. and A.M. Gil-Lafuente; “Customer loyalty programs to
sustain consumer fidelity in mobile telecommunication market,” Expert
Systems with Applications, vol. 39, pp. 11269-11275, 2012.

Ko, H.S., M. Azambuja and H.F. Lee; “Cloud-based materials tracking
system prototype integrated with radio frequency identification tagging
technology,” Automation in Construction, vol. 63, pp. 144-154, 2016.
Lambert, D.M.; “Customer relationship management as a business
process,” Journal of Business & Industrial Marketing, vol. 25 (1), pp.
4-17,2010.

Lee, C.K.H., K.L. Choy, G.T.S. Ho and C. Lin; “A cloud-based
responsive replenishment system in a franchise business model using a
fuzzy logic approach,” Expert Systems, in press, DOI:
10.1111/exsy.12117, 2015.

Leung, RW.K., H.C.W. Lau and C.K. Kwong; “An intelligent system
to monitor the chemical concentration of electroplating process: An
Integrated OLAP and Fuzzy Logic Approach,” Artificial Intelligence
Review, vol. 21, pp. 139-159, 2004.

Liew, C.B.A.; “Strategic integration of knowledge management and
customer relationship management,” Journal of Knowledge
Management, vol. 12 (4), pp. 131-146, 2008.

Lin, H.T.; “Fuzzy application in service quality analysis: An empirical
study,” Expert Systems with Applications, vol. 37 (1), pp. 517-526,
2010.

Ma, J., S. Chen and Y Xu.; Fuzzy logic from the viewpoint of machine
intelligence, Fuzzy Sets and Systems, vol. 157, pp. 628-634, 2006.
Martinez, P. and 1. Rodriguez del Bosque; “CSR and customer loyalty:
The roles of trust, customer identification with the company and
satisfaction,” International Journal of Hospitality Management, vol. 35,
pp. 89-99, 2013.



2016 Proceedings of PICMET '16: Technology Management for Social Innovation

[25] Marston, S., Li, Z., S. Bandyopadhyay, J. Zhang and A. Ghalsasi,

[26

[27

[29

]

—

[t

—

“Cloud computing — The business perspective,” Decision Support
Systems, vol. 51, pp. 176-189, 2011.

Ngai, EW.T., L. Xiu and D.C.K. Chau; “Application of data mining
techniques in customer relationship management: A literature review
and classification,” Expert Systems with Applications, vol. 36 (2) Part 2,
pp- 2592-2602, 2009.

Ozcan, T., N. Celebi and S. Esnaf; “Comparative analysis of multi-
criteria decision making methodologies and implementation of a
warchouse location selection problem,” Expert Systems with
Applications, vol. 38 (8), pp. 9773-9779, 2011.

Prinzie, A. and D. Van den Poel; “Incorporating sequential information
into traditional classification models by using an element/position-
sensitive SAM,” Decision Support Systems, vol. 42 (2), pp. 508-526,
2006.

Rajaval, R. and M. Thangarathanam; “Adaptive probabilistic
behavioural learning system for the effective behavioural decision in

641

cloud trading negotiation market,” Future Generation Computer
Systems, vol. 58, pp. 29-41, 2016.

Richards, K. A. and E. Jones; “Customer relationship management:
Finding value drivers,” Industrial Marketing Management, vol. 37 (2),
pp. 120-130, 2008.

Shah, M.; “Fuzzy logic: a realistic tool for management of customer
relation,” International Journal of Electronic Customer Relationship
Management, vol. 2 (2), pp. 158-170, 2008.

Xu, X.; “From cloud computing to cloud manufacturing,” Robotics and
Computer-Integrated Manufacturing, vol. 28, pp. 75-86, 2012.

Zandi, F. and M. Tavana; “A fuzzy group quality function deployment
model for e-CRM framework assessment in agile manufacturing,”
Computers & Industrial Engineering, vol. 61 (1), pp. 1-19, 2011.
Zhang, Q., L. Cheng and R. Boutaba; “Cloud computing: state-of-the-
art and research challenges,” Journal of Internet Services and
Applications, vol. 1, pp. 7-18, 2010.



