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Preface
For some years Knowledge Management (KM) as a large multidisciplinary area is strong
connected with Artificial Intelligence (AI) endeavors. AI brought the way of thinking,
knowledge modelling, knowledge processing and problem solving techniques.
Knowledge is one of intangible capitals that influence the performance of organizations and
their capacity to innovate. Since the beginning of the KM movement in the early nineties,
companies and non profit organizations have been experiment various approaches, often
without using AI.
The objective of this multidisciplinary seventh workshop (initiated in Montpellier during
ECAI’2012
(http://www.eccai.org/ecai.shtml) and continued in Warsaw as a part of
Knowledge Acquisition and Management event in the framework of Federated Conferences on
Computer Science and Information Systems’2014 https://fedcsis.org/2014/kam), later in
Buenos Aires in the IJCAI’2015 framework (https://ijcai-15.org), then in New York,
Melbourne and Stockholm – all in the IJCAI framework - is to gather both researchers and
practitioners to discuss methodological, technical and organizational aspects of AI used for
knowledge management and to share the feedback on KM applications using AI.
According to AI4KM program all papers are divided into three thematically ordered groups:
1) Intelligent Applications - covering papers about supporting smart cities, universities, and other
institutions using selected artificial intelligence methods.
2) Knowledge about Humans – referring to papers about relationships between knowledge
constructs and different group of users.
3) Artificial Intelligence and Business – embracing papers devoted to business-oriented
implementations.

As previously the selected extended papers of AI4KM workshop will be published by Springer
(IFIP Series).
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Crowdsourcing in knowledge management in the Smart City area
Łukasz Przysucha
Wroclaw University of Economics
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Abstract— Crowdsourcing is a new approach and concept
increasingly used in companies and organizations. Thanks to the
outsourcing of tasks entrusted to the wider community,
principals can obtain more detailed results and satisfactory
results of outsourced activities. This idea has been considered so
far in business terms, hardly anyone referred it to processes such
as cities. The author presents in the article the idea of Smart
City, the area of knowledge management and the use of
Crowdsourcing processes for the freeing of communication
channels
between
decision
makers
and
residents.
Crowdsourcing has been recognized in the field of public
aspects, turning to the wider society. The author indicates an
important gap in communication between the city's
decisionmakers and the inhabitants. In many agglomerations,
city authorities do not have knowledge about the needs of
residents, whereas the information cycle is disturbed. The main
goal of the article is to build a flowchart / model of information
flow using crowdsourcing and to discuss its place in intra-city
communication.

I. INTRODUCTION ur civilization
is growing more and more. At the moment, people
migrate from rural to urban areas around the world.
Along with their movement, technology and
available facilities and possibilities are developing. One
should answer whether the current level of city
management, communication between decision-makers
and residents is adequate and whether it affects the
development of the agglomeration. Do the metropolitan
areas created have adequate grounds for further
development and are able to avoid problems with
functioning in the future? The author in the article
analyzes the impact of crowdsourcing on improving
communication in the city, and thus also the development
of Smart City projects.
The article consists of 4 parts. The first one focuses on
migration of people from rural to urban areas, impact on
Smart City procedures and the need to take action in the area.
The second part defines knowledge management processes in
Smart City concepts, talking about the advantages and
positive effects of the implementation of the knowledge
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management idea. The next one is dedicated to
crowdsourcing and its impact on knowledge management in
the area of Smart City. The last part contains a diagram
showing the idea of crowdsourcing in the area of knowledge
management in Smart City.
II.
SMART CITY IDEA

THE DEVELOPMENT OF THE

The idea of Smart City is a relatively new concept
implemented and used by central and local authorities,
economic entities and the city residents themselves. A smart
city [1] is one that uses information and communication
technologies (ICT) to increase the interactivity and efficiency
of urban infrastructure and its components, as well as to raise
the awareness of residents. Area of urban development and
agglomeration is currently a strategic element of globalization
and civilization in the world. The trend of settling urban areas
on a global scale is more and more dynamic. In 1950, only
30% of the total population lived in cities, now it is almost
55%, while in 2050 it will be over 65% of the population [2]
(attention should be paid to the global population increase).
There are more and more mega cities with a population of
over 10 million inhabitants. Currently, the most urbanized
regions include North America (83% of residents living in
cities in 2016), Latin America and the Caribbean (80%) and
Europe (73%). Inhabitants of Africa and Asia live in most
rural areas, at present 40% and 48% of their population live
in urban areas. A continuous increase in the population of
urban areas in the following decades is forecasted. Africa and
Asia are urbanizing faster than other regions, and according
to forecasts, by 2050, they will reach 56% and 64%,
respectively, of urban living in the population. India, China
and Nigeria are projected to jointly account for 37% of the
forecast global urban population growth in 2014-2050. The
estimated increase [3] of the population in urban areas in India
is 404 million inhabitants, in China 292 million and Nigeria
212 million. Tokyo is currently the largest city in the world
with an agglomeration of 38 million inhabitants, followed by
Delhi with 25 million inhabitants and Shanghai with 23
million inhabitants. Mexico, Mumbai and São Paulo have a

population of over 21 million. It is anticipated that by 2030,
41 megacities will be created around the world with over 10
million inhabitants. Forecasts indicate that Tokyo will remain
the largest city in the world in 2030, with 37 million
inhabitants, followed by Delhi, where the population is
expected to grow rapidly to 36 million [4].
The development of urban agglomerations has many
positive aspects for our civilization, but it is accompanied by
many problems. The main one focuses on proper city
management.
The concept of smart city, depending on the various
definitions and scopes can include many aspects of life.
According to this basic smart city can be called the area (city,
region, agglomeration), which consists of four elements [5].
The first of these are creative residents who are "enlightened"
their activities and use their knowledge as well as develop it.
Another pillar is effectively working organizations and
institutions processing existing knowledge [6]. On the
technical side must be ensured adequate technological
infrastructure - broadband cable services in the network,
digital space for data and remote tools for knowledge
management. The final element is the ability to innovation.
Komninos N. explains this as part of management and the
ability to solve problems that appear for the first time since
the innovation and management under uncertainty are key to
assessing intelligence.
The author has conducted research among residents of the city
of Wroclaw in Poland, in terms of what residents associate
the concept of Smart City. The study was conducted among
200 city residents, taking into account the differentiation in
sex, age and work performed. The survey was conducted in
December 2018 in paper form in Polish.

Fig. 1. Associations regarding Smart City. Own source
Chart legend:
A - Intelligent public transport
B - New tele information systems
C - Fast Internet
D - Professional health service
E - Clean air and renewable energy sources
F - Social ties
G - Exchange of knowledge
H - Facilitation in shopping I - Easy contact with the city administration

It should be noted that a very large number of respondents
replied that the concept of Smart City is associated with new
technologies and easy, simplified communication with
decision makers in the city. As many as 54% of those
surveyed associate Smart City with new technologies. In
additional dialogs, they marked mainly communication
devices such as social networks, thought exchange places,
applications and tools supporting Smart Society.
An equally popular association, as many as 41% of
respondents answered that there is easy contact with the city
administration. At this point, the residents commented on the
possibility of influencing the processes in the city, codeciding
about projects and development of the city, awareness of
creating their own image among the Smart Society and
belonging to the community that develops and creates
activities in the area.
III. KNOWLEDGE MANAGEMENT IN THE SMART CITY AREA
One of the best-known definitions for knowledge
management is the one that defines them as the process of
creating, sharing, modifying and using information and
knowledge in a given area [7]. It is often heard that knowledge
management is an element of organizations or companies.
However, this is one of the areas where these processes and
rules can be found. The implementation of knowledge
management within cities has become very popular recently.
Using the resident portals, i.e. electronic sites enabling them
to connect to a given server, residents are able to retrieve
knowledge and data that are transmitted in real time by
institutions or exchange of information between them.
Looking at the urban agglomeration, one should look in many
ways for a company. The main goal, however, will be the
well-being of the citizen and his security, comfort of living,
speed of dealing with various matters, education, etc.
However, city management is very similar to the company
management, because the authorities get a specific budget,
they have specific goals and possibilities to achieve. In this
case, also management processes will often be similar to
those in organizations and business.
Below is a chart showing the expectations of the inhabitants
of Wroclaw, Poland in the field of knowledge management in
the Smart City area. As in the previous survey, 200
respondents were included.

Fig. 2. Expectations of residents in the field of Knowledge Management in
the urban area.
Chart legend:
A - On-line portal for knowledge exchange within the city B - Events and
meetings dedicated thematically for individual groups of residents
C
- Stationary places, allowing coming and acquiring general
knowledge, interdisciplinary
D
- Knowledge base as a material value for the city and its future
generations
E
- Exchange of knowledge with other unconventional media such
as local newspapers and radio

The survey shows that residents expect mainly interactive
knowledge sharing tools, accessible through ICT resources
such as social media or the Internet. As many as 63% of the
respondents indicated that they lacked a portal for local
interaction between users. In the replies, it can also find
comments that the portal should be available in real mode
both via the Internet stationary as well as mobile. The next
places are occupied by elements - widgets, applications and
all kinds of possibilities to organize meetings between
residents with similar interests, hobbies and professions.
It should be noted that residents must be made aware of the
importance of the Smart City concept and know what benefits
it brings.
In the field of Knowledge Management, two types of
knowledge can be distinguished [8].

Fig. 3. Tacit and Explicit Knowledge.

Tacit knowledge and explicit knowledge. As in organizations
and businesses, residents also aggregate and exchange
knowledge. In connection with this, when analyzing
information flows in agglomerations, one can come to the
conclusion that there is also both tacit and explicit knowledge
in urban areas. Tacit knowledge is existing only in the mind
of the man who owns it, created as a result of experience and
not fully conscious ("I know that I can do it"), manifested only
through skillful action. Explicit knowledge, however, is
expressed in a character form and is written on the carriers of
knowledge. In the case of cities, it is necessary to verify,
collect and publish tacit knowledge for wider use. This
knowledge base, which residents have, can be used to
increase agglomeration development. It is also necessary to
collect and manage the knowledge already discovered.
Explicit knowledge should be segregated into the appropriate
repositories, and the proper algorithms, instructions and
operating diagrams may indicate the possibilities of using it.
Many scientists analyze the role of Knowledge Management
in Smart City. For example, Negre, E., Rosenthal-Sabroux,
C., & Gascó, M. propose [9] a novel and innovative Smart
City concept based on people's information and knowledge,
which aims to improve decision-making processes and add
value to the business processes of a modern city. Other
authors, Nam, T., and Pardo, T. A. identify [ 10] the
components underlying the Smart City concept and key
factors of the successful Smart City initiative.

IV. CROWDSOURCING AND ITS INFLUENCE ON KM IN
SMART CITY PROCESSES
The subject of crowdsourcing is quite a new, yet
undiscovered, research area. Analyzing literature, we can
only find a few books on the market that are devoted to
crowdsourcing used commercially on the market. There is
still a research gap in the use of crowdsourcing at the level of
urban communities. Literature in the subject matter focuses
mainly on scientific articles, the intensification of which can
be attributed to the years 2018 and 2019. [11]
Crowdsourcing is a process [12] that uses the wisdom and
potential of the community for the purpose of the individual
or for the public good. It involves the outsourcing of a given
task to the crowd, i.e. an unspecified number of random
people. Crowdsourcing owes its rapid development to the
Internet tool, i.e. the site that gathers millions of Internet users
from all over the world, enabling all of them to participate in
the tasks that were once reserved for a narrow group of
specialists. Crowdsourcing are elements that can take
different forms, depending on the conditions, their final
purpose and use. It can be aimed at acquiring and generating

new, creative ideas. Thanks to crowdsourcing, city authorities
can create new solutions that will be conducive to the local
community. Another use may be to give feedback on specific
queries. This is the process of collecting user feedback on
Smart City project data. Crowdsourcing can develop
knowledge management processes in relation to Smart City
projects. Acquiring knowledge from the crowd gives more
opportunities, diversity of data and better exchange of
information between residents and decisionmakers. This, in
turn, results in the awareness of the effectiveness of action,
the sense of sharing knowledge and increasing motivation to
engage in the process.
V. MODEL OF DISTRIBUTION OF KNOWLEDGE BETWEEN
RESIDENTS AND DECIDENTS

Crowdsourcing in the area of Smart City means first and
foremost the use of knowledge of residents by decision
makers and the government. At this stage, one should ask the
question what factors determine the involvement of
stakeholders in acquiring knowledge. How can we influence
their motivation and willingness to share information and
knowledge? From the technical point of view, the question is
also what tools are used to acquire knowledge from target
stakeholders and to what extent can the acquired knowledge
be used in Smart City projects? In cities there are information
gaps at the communication level between decision-makers
and residents. It is also important how we can supplement our
information resources to reduce the information gap.
The main questions for residents (people who have
knowledge that can be used in the crowdsourcing process),
but also city decision makers are:
A. Under what terms and when you would like to share
your resources?
B. What internal and external factors influence your
motivation to share knowledge?
C. Are Social Media and Resident Portal appropriate
information channels?
D. What do you think about building a local social
image? Are you willing to participate publicly in the
future in the debate about your region and represent
others?
E. What do you think about building a local social
image? Are you willing to participate publicly in the
future in the debate about your region and represent
others?
F. Do you want to co-decide about urban processes?
Crowdsourcing as a process can have many advantages
resulting from its implementation in given places. These can

be corporations, organizations, as well as urban
agglomerations and other clusters of people who can support
the processes of acquiring and transferring knowledge.
The main advantages of crowdsourcing in relation to the
urban community may include [13]:
A. Saving time and money.
The crowd generates ideas much faster and the preparation
of the website is definitely cheaper than paying for the work
of a narrow, specialized team.
B. The variety of submitted projects and their
originality.
Many perspectives and points of view. As with the
development of GNU GPL applications available to
thousands of users, many programmers have many points
of view, which means that the systems are very diverse and
have thousands of additions, templates and widgets. In the
case of acquiring knowledge from the crowd using
crowdsourcing, this process looks similar.
C. Obtaining information on the needs and expectations
of residents.
The process of exchanging messages and needs between
residents and decision-makers in a given location is
extremely important because it develops Smart Society, the
residents feel understood and have a real influence on
deciding on important issues in the area of the immediate
environment. The rulers are not detached from reality and
their opinion is compatible with the rest of the people living
in the agglomeration.
D. Creating a committed community.
An engaged community can greatly influence positive
changes in the city. Thanks to the awareness and
commitment of people, the government can develop all
areas of Smart City. Residents and the government (with
extensive experience) can create Collective Intelligence.
E. Marketing and promotional benefits.
Using crowdsourcing can also be a positive urban
element, which will be made available to other municipal
units. This can be treated as a marketing element of the
urban strategy.
Below, the author presents a general knowledge
distribution scheme in the area of Smart City, including Task
Crowdsourcing.

VI. CONCLUSION

Fig. 4. General knowledge distribution scheme in the area of Smart City.

It should be understood that Crowdsourcing is a response
to the lack of knowledge demand. It forces the process of
knowledge acquisition, which is carried out by the
crowdsourcing process. Crowdsourcing triggers engagement
in target users (in the case of Smart City residents). It is
directly related to the motivation that makes the willingness
to share knowledge between residents and the government.
This process is dual and returnable. Commitment, in turn,
develops the knowledge of the residents. This in turn with
the knowledge of the rulers (who have the appropriate
experience) creates collective intelligence. Crowdsourcing is
a form of collective intelligence. It can be done through
modern ICT tools. These tools generate applications,
constitute social media via the Internet.

Crowdsourcing as a process occurs in many places. So far,
most of the definitions were based on organizations and
companies. In the last 2-3 years, he began to appear in relation
to Smart City. Using Crowdsourcing to acquire knowledge
from residents can help exchange knowledge between
residents, decision makers and the government. However, one
should ask yourself what factors can affect the involvement
of residents in the willingness to share their knowledge and
participation in this project, how to develop their motivation
and what factors, including technology, can be used to
optimize and implement this process in all dimensions.
Thanks to crowdsourcing in the area of Smart City, the
municipal government can save time and money when
making decisions, there is a much greater variety of ideas,
knowledge from the crowd results in standardization of
expectations and directions, and develops originality of
submitted projects. Decision-makers get information on the
needs and expectations of residents. The community becomes
more involved and motivated. There is a diffusion of
knowledge and a full information cycle inside the city.
Knowledge is sourcing, processed, modified and shared. An
important element is bilateral exchange, interaction between
decision-makers and residents.
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Abstract
not any single appropriate definition of this term as so it can
be interpreted in many ways. One of the definitions is that “a
The main aim of the paper is to analyze the possibilities of using
smart city is (…) a city which invests in ICT enhanced
big data as a part of a smart city and indicate what challenges
governance enhanced governance and participatory processes
cities face during big data analytics implementation. The author
to define appropriate public service and transportation
divided this paper into three, main sections. In the first part, the
investments that can ensure sustainable socio- economic
author has described a concept of smart city, explaining why this
development, enhanced quality-of-life, and intelligent
concept has become so important and popular in recent years.
management of natural resources” [2], however by another
In the second part of the article, the author has presented the
definition smart city is “a well performing in a forwardconcept of big data, giving the definition, the most important
looking way in economy, people, governance, mobility,
characteristics and general examples allowing a better
environment and living, built on the smart combination of
understanding of this field. Finally, in a key part of the paper,
these two concepts have been combined together to indicate
endowments and activities of self-decisive, independent and
fields they should complement each other to positively influence
aware citizens.” [3] It is necessary to consider what
the cities’ development and achieving its goals. In the last part
characteristics a city must have in order to be called a smart
of the article, the author gave examples of benefits that cities can
city. The table below shows the components of smart city
see in the implementation of the big data analysis, as well as
along with their description.
examples of big data projects combined with the cities in which
they have been implemented. Results of a paper show that
nowadays, the implementation of big data technology may have
a positive impact on smart city development.

Components

Key words: smart city, big data, ICT, knowledge
management, artificial intelligence
I.

SMART CITY

Cities are an increasingly important element of civilization.
According to the statistics of United Nations (UN), by 2050,
around 68% of the world's population will be living in urban
areas. The gradual shift in residence of the human population
to urban areas, combined with the growth of the world’s
population could add about 2.5 billion people to urban areas
by 2050. [1] The current number of city dwellers, especially
in the largest cities, as well as a perspective of the continued
growth of this population, makes the recourses of the cities
limited. City government faces new, previously unknown
challenges. The problems of the cities can be divided into the
following categories: social, economic and organisational.
Examples of these problems include communication and
transport problems, environmental pollution and ecology or
adaptation urban space to modern needs of city dwellers. In
literature, urban development concept based on modern
technologies and innovative way of managing the city is
named smart city. In research and scientific sources, there is

Smart Economy

Smart Mobility

Description
Means using Information
and Communication
Technologies (ICT) for
business.
A
smart
economy can also mean
better flow of information
and knowledge, as well as
goods and services.
Means innovative
transport and logistics
systems, using ICT to
enable the safe and
efficient movement of
people and goods. They
can also be used to collect
data on the current
transport situation and its
subsequent use, e.g. for a
traffic management.

Smart Environment

Smart People

Smart Living

Smart Governance

Means solutions for
controlling emissions
and energy
consumption. In this
area, Information and
Communication
Technologies can be
used for street and
building lighting or
waste management.
Means an appropriate level
of education. Smart people
are city dwellers who use
various intelligent
solutions in their everyday
activities, both in their
private and professional
lives.
This component is similar
to smart people. Smart
living means that smart
city dwellers use modern
technologies every day.
Smart living refers, among
other things, to concepts
such as smart homes and
smart workplaces.
Means intelligent
management of public
administration, i.e.
integrated management of
all subsystems of a city.
City dwellers, public
benefit organizations and
private companies should
also participate in the
management of these
systems.

Tab.1. Components of smart city
Table 1. does not indicate all areas of city management that
are components of smart cities. In order to better understand
the topic of smart cities, three groups of factors that make up
a smart city can be identified [4]:
-

out by city administrations and politicians. This factor
includes all legal acts, regulations, and institutions, whose
task is to support the development of smart cities. Third,
human factor, includes an educated society that is willing to
use new technologies and responsive to changes.

Technology factors, - Institutional factors, - Human
factors.

The first of them, technology factors, are digital solutions
that improve the functioning of the city's subsystems. The
next of them, institutional factors, concern activities carried

Fig.1 Factors of smart city
An essential element of smart city is knowledge.
However, before we can gain access to knowledge, we
need to analyze the sources of data that allow us to obtain
it. Examples of such sources include: [5]
- data from public registers: population register, real
estate register etc.
- local development plans,
- data from waste management systems, paid parking
zones, cultural institutions,
- data collected by various sensors and sensors
monitoring infrastructure and the urban environment,
e.g. in the field of energy: air and water quality,
traffic volume,
- crowdsourcing - data obtained directly from residents
and communities,
- data made available by city dwellers using social
media applications e.g. applications for monitoring
physical activity,
- aerial and satellite images,
- data collected by companies for their operations,
which can be used by cities, e.g. data from mobile
operators.
II.

BIG DATA
Today and every day, people collect, analyze and
store huge amount of data. From a historical perspective,
big data is not something totally new. Data was already
stored in data warehouses in the 1990s, but they were not
as extensive as they are now. So what does big data mean
nowadays? Watson characterize big data as having:
- High volume – the amount or quantity of data,

- High velocity – the rate at which data is created,
- High variety – the different types of data. [6]
In the extended version of this definition, Watson
explains that “Big data is a term that is used to describe
data that is high volume, high velocity, and/or high
variety; requires new technologies and techniques to
capture, store, and analyze it; and is used to enhance
decision making, provide insight and discovery, and
support and optimize processes”.
Big data is characterized by the following methods of
information analysis:
- possibility of analyzing very large data sets,
- ability to analyze disordered data,
- the searching for relations between effects and causes.
The characteristics described above indicate that big
data analyses differ from classical information analyzes.
In big data analyses, any data set, even the smallest one,
can be of great importance. With the use of big data
technology, the decision-making process, based on bug
data sets is supported, and many people, both from the
world of science and business, see this potential, not
only in the storage of information but, what is more
important, in its analysis.
There are many sources of big data. Examples of data
sources are shown in Figure 2.

Fig. 2 Examples of data sources.
The process of building useful data using big data
analyzes can be divided into the following parts [7]:
- Data creation,
- Collecting data,
- Creating ideas,

- Processed data,
- Inference,
- Implementation, - Utilization.
The first of these stages concerns the creation of data
by various sources. They can be produced consciously
or only accompany specific phenomena. The next
stage, that is data collection, may take place in various
ways. Information may be collected voluntarily or
compulsorily, some of them spontaneously, and others
according to a specific key. The next stage is creating
the idea. Based on it, a data analysis algorithm will be
created from a specific source. Its result is a data
processing step, the aim of which is to develop a model
of a given phenomenon. Inference is the stage of
extracting knowledge from the information collected,
and the transfer of this knowledge to real use is an
implementation that consists in creating a system based
on previously acquired knowledge. In the end, there is
a utilization, which is based on the current use of the
implemented system.
III.

BIG DATA IN A CONTEXT OF SMART CITY

Mining for knowledge from big data is challenging.
There are many challenges related to the design,
development and implementation of big data
applications for smart city. Below are some of them
[8]:
As shown in the first part of the article, data
comes from many different sources. In order to use them
properly, they should be structured using advanced
database systems. When considering the implementation
of urban applications that will use big data, it is important
to keep in mind the many problems that may be associated
with this and relate to both data collection and its future
organisation.
city dwellers should be aware of how to use smart
urban solutions. Their active participation may contribute
to the improvement of the quality of collected data, which
will positively influence the improvement of the
functioning and selection of appropriate directions of the
city development.
security and privacy issues. Databases can collect
confidential and private information that should not be
processed or require a high level of security. Examples of
such data are medical records, bank records, etc. Many
individuals and organisations believe that such data should
not be transferred or used under any circumstances.
These challenges have different impacts on the
performance of smart city applications and create
different levels of difficulty. Moreover, different
applications have different requirements for data usage.
Data, generated from multiple sources, can be
catalogued and stored in different locations, owned by

different actors. There are many opportunities to use
big data to solve problems, through data analysis, data
intelligence and data mining. To facilitate this huge
demand for resources to support big data analysis, the
Cloud was used. The Cloud is a suitable platform for
applications with a high demand for resources,
enabling active cooperation between different
applications. Through the use of cloud computing,
cities have gained access to a huge amount of
computing power.
„Currently, many cities compete to be smart cities in
hopes of reaping some of their benefits economically,
environmentally and socially”. Examples of benefits of
transforming a city into a smart city include: - Efficient
resource utilization: at a time when resources are shrinking
at a very rapid rate, it is essential to know how to allocate
available resources so that their consumption is as low as
possible. “In addition, one of the important aspects of smart
city applications is that they are designed for
interconnectivity and data collections which can also
facilitate better collaboration across applications and
services.”
better quality of life: primarily the result of better
urban areas planning, more efficient and city dwellersfriendly transport systems and better and faster services. better access to information: this benefit makes access to
information easier for all city-dwellers and the share of
knowledge will become obvious.
These and other benefits can only be achieved if cities invest
in more technology and the successful use of big data
analysis. Innovation technology can be very useful when
considering city resource management and decision making.
Implementation of big data application in smart
cities requires a lot of support from information and
communication technology (ICT). This technology provides
ways to solve many of the problems that smart cities face.
There are many examples indicating that the role of big data
in smart city is very important. Some of them are indicated
below:
Smart education: analysis of big data has an
impact on education, increasing the efficiency and
productivity of education processes using smart education
services. Smart education applications can engage people
in an active learning environment. By analyzing big data
education institutions can control whether they are using
their resources properly.
Smart grid [9]: electricity delivery system, which
effectively responds to the behavior of all connected
entities (generator, customer/prosumer, network operator),
integrated with information and communication
technology, enhanced grid operations, customer services,
and environmental benefits. Smart grid continuously
controls what happens at different stages of the energy

flow, allowing the possibility of controlling this process. Smart healthcare [10]: the application of big data analytics
in healthcare has a lot of positive outcomes. Big data
refers to huge amounts of information that are
consolidated and analyzed by specific technologies. When
used in healthcare, they will use specific data on the health
status of a population or individual and help to treat
diseases, reduce costs or prevent epidemics.
In this section, some of the example use cases of bigdata analytics in a smart-city context are presented. As
we can see below big data analyzes are helping cities
around the world:
Smart City
Component
Smart Transport

Big Data
Location
Projects
The city of
Nanjing, China
Nanjing, China,
has installed
sensors in taxis,
buses and 1
million private
cars. The data is
transmitted daily
to the Nanjing
Information
Center, where
experts are able
to analyze traffic
data and traffic
locations and
peak times to
then send updates
to
commuters on
their
smartphones.
With this
information,
government
officials have
created new
traffic routes by
avoiding traffic
jams and
suggesting the
best routes at the
moment without
spending money
on new roads.
[11]

Smart Transport, The main Italian
railway operator
Smart Living
has installed
sensors in all its
trains and now
receives realtime
updates of the
mechanical
condition of each
train and
forecasts for
future repairs

Italy

and maintenance.
This data makes
it possible to
plan actions
before trains fail,
which would
cause many
problems for
travelers. These
technological
innovations
provide
passengers with
a reliable system
and services,
while avoiding
major
disruptions to
cities.

Smart Living,
Smart People

Smart Mobility

almost all car
parks are
managed
digitally using an
application.
Anyone who
wants to book a
parking space
enters their
vehicle
registration
number. The
digital platform
connected to the
application
recognizes the
vehicle. In
Rotterdam,
sensors are
installed to
guide the drivers
to free spaces.

Rotterdam, The
Netherlands

Wroclaw, Poland Wroclaw, Poland
has introduced a (and many others
Los Angeles is
Smart
Los
Angeles,
system in which polish cities)
replacing
Environment
United States
city dwellers can
traditional
submit their ideas
streetlights with
for using the city
the new LEDs.
budget. The
The new lights
administrators of
will be an
this system
interconnected
collect all the
system that will
submitted ideas,
inform the city
both those
administration of
implemented and
each bulb’s
those rejected,
status. If one
creating a
malfunctions, it
database of the
can be identified
greatest needs of
and fixed
the residents.
immediately.
Based on these
data, projects
and
Tab.2. Smart city ideas using big data analysis
improvements
are implemented
educated people who will be able to design and operate
in the city, as
intelligent platforms and applications operating from the
well as repair
city. Another need is to establish common rules for the
works. The ideas
control of intelligent solutions in the city. In a smart city
gathered in the
it is required to monitor and control initiatives and
system concern
implementations using various tools and techniques to
education,
ensure the correctness, effectiveness and quality of the
infrastructure,
implemented applications. All these needs should be taken
culture and
into account when analyzing the use of big data in smart
many others.
city.

Smart Transport, In Amsterdam,
Amsterdam,
In conclusion, it would be appropriate to reconsider the
issues that should be addressed in future studies. Many of
them are the result of the previously presented examples
of using big data in smart city. The most important are data
security, privacy and information protection. Another
important issue is also the growing need for highly

CONCLUSION
Both smart city and big data are two modern and
increasingly popular concepts in recent years. The article
presents the potential of using big data in smart city
development. Combining these two concepts and building
intelligent urban applications can positively affect the
achievement of a better quality of life for residents and
intelligent management of urban resources. Progress in the

field of big data has enabled cities to access information
that has never been available before, and a well-developed
strategy for data analysis gives cities the opportunity to
access extremely important knowledge and easily gain
significant, practical insights. When a city can monitor
desired indicators in real time, the level of its innovation
can quickly increase. Big data offers endless possibilities
to make better decisions.
Building and implementing smart cities based on big
data will require challenges and open issues, the use of
professional design and development models, well-trained
human resources, and being prepared and well supported
by management units. With all success factors and a better
understanding of the concept, making a smart city will be
possible, and a further improvement in smarter solutions
will be realizable.
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Generating ROS Codes from Workflow with Human Behavior Level
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ROS elements such as services, publishers, and
Abstract
To reduce the cost to develop integrated
intelligent applications where multiple robots,
agents, and sensors cooperate to realize
multiple tasks by integrating heterogeneous
intelligence, we have been developing a
platform named PRINTEPS. Since PRINTEPS
provides a user-friendly workflow editor and a
generator based on ROS and SOA, users who do
not know robots and AI techniques will be able
to execute ROS codes generated from
workflows with human behavior level. This
paper proposes the generator based on a ROSbased workflow schema. We describe how we
model ROS elements such as services,
publishers, and subscribers with the proposed
schema, and generate ROS codes from the
workflows. We also evaluate the proposed
schema and generator by applying it to practical
applications.

subscribers with the
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Introduction

In recent years, AI and service robots have attracted a lot
of attention. Currently, these applications focus on a
single task by a single robot or agent. It is still difficult to
develop integrated intelligent applications where multiple
robots, agents, and sensors cooperate to realize multiple
tasks by integrating heterogeneous intelligence such as
knowledge-based reasoning, image sensing, spoken
dialogue, and motion management. Additionally, it is
difficult for domain experts who do not know robots and
AI techniques to implement such applications.
To solve these issues, we have been developing an
integrated intelligent application development platform
named PRINTEPS (PRactical INTElligent aPplicationS)
[Yamaguchi, 2015]. Since PRINTEPS provides a userfriendly workflow editor and a generator based on ROS
(Robot Operating System) [Quigley et al., 2009] and SOA
(Service Oriented Architecture) [Krafzig et al., 2004], users
who do not know robots and AI techniques will be able to
execute ROS codes generated from workflows with
human behavior level.
This paper proposes the generator based on a ROSbased workflow schema. We will describe how we model
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Figure 1: Overview of the workflow editor and generator.

proposed schema, and generate ROS codes from the
workflows. We also evaluate the proposed schema and
generator by applying it to a practical robot cafe [Morita et
al., 2018b; Morita et al., 2018a] and teaching assistant
robot [Morita et al., 2018b] applications.
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Related Work

In terms of generating codes from models, the OMG
(Object Management Group) has proposed MDA (Model
Driven Architecture) [Siegel, 2014] which provides
guidelines for structuring software specifications that are
expressed as models. To support the development of
service robot applications, several model-based tools and
platforms have been proposed [Pot et al., 2009; Datta et
al., 2012; Tenorth and Beetz, 2013; Zander et al., 2016],
and some of the studies are based on the MDA approach.
Although some of these studies have used workflows for
modelling service robot applications like our study, the
workflows are implementation level for developers. Since
there is a big gap between workflows with human behavior
level and implementation level, it is difficult for end users
who do not know robots to describe workflows with the
implementation level. To fill this gap, we have developed
the workflow editor and generator that can generate codes
from workflows with human behavior level based on ROSbased workflow schema.

3

Workflow Editor and Generator

We have developed a workflow editor and a generator
based on the ROS and the SOA. Figure 1 shows the

overview of the workflow editor and the generator. The
workflow editor has service, process, and module layers.
End users can
create workflows with human behavior level in the service
and process layers. In contrast, developers can create
workflows with the implementation level in the module
layers. The workflow editor also has three types of
components: services, processes, and modules. The
service is a function with the roughest grain size and is
composed only of processes defined as business
processes. The process plays a function-like role in which
it compiles multiple processes and modules. The module
is a primitive function, and it corresponds to basic
modules provided by the workflow editor (e.g., variable,
constant, loop, branch, etc.), the ROS publisher,
subscriber, service client, or message. Users can register
ROS message files, service files, and topic (publisher or
subscriber) information as modules in the workflow
editor. Workflows in the service layers only consist of the
services. Workflows in the process layers consist of the
processes and the basic modules. Workflows in the
module layers consist of processes and the modules.
Based on the ROS-based workflow schema, the
workflow editor exports a workflow model file named
“workflow.json” encoded as JavaScript Object Notation
(JSON) format. The generator generates a source file in
Python from the workflow.json file. The source file can be
executed on the ROS environment.
Algorithm 1 shows an overview of generating ROS
codes in Python from workflow.json. First, the generator
analyzes components and connectors information in the
workflow (Line 1 in Algorithm 1). Then, the generator gets
the start component in the workflow and generates the
ROS codes corresponding to the component (Line 2 and 3
in Algorithm 1). After that, by referring components and
connectors information, the generator will continue to get
the next component and generate ROS codes
corresponding to each component until the next
component cannot be obtained (Line 4 to 24 in Algorithm
1).
In the next section, we describe the details of the
ROSbased workflow schema.

4

ROS-based Workflow Schema

4.1

Overview

The workflow editor in PRINTEPS, exports workflows as a
workflow.json file that is encoded as JSON based on the
ROSbased workflow schema. Although currently we only
have developed the generator that can generate ROS
source file in Python, generators can be developed to
generate source codes in various programming languages
and environments such as ROS2 [Maruyama et al., 2016]
in the future.

The workflow schema consists of info, components, and
workflows. We define the workflow schema with JSON
Schema [Wright and Andrews, 2018], which is a schema
language that enables JSON validation.
Listing 1 shows the overview of the workflow schema.
Line 5 in Listing 1 shows the info part as shown in Listing
2, Line 6 in Listing 1 shows components part as shown in
Listing 3, Line 7 in Listing 1 shows workflows part of the
workflow schema as shown in Listing 5, repectively. In the
followAlgorithm 1 Overview of generating ROS codes from
workflow.json
Input: workflow.json
Output: ROS codes in Python
1: AnalyzeWorkflows(workflow.json)
2: Let cmpt = GetStartBasicModule()
3: GenerateBasicModuleSourceCodes(cmpt)
4: while hasNextComponent(cmpt) do
5:
cmpt = GetNextComponent(cmpt)
6:
if isService(cmpt) then
7:
GenerateServiceSourceCodes(cmpt)
8:
else if isProcess(cmpt) then
9:
GenerateProcessSourceCodes(cmpt)
10:
else if isBasicModule(cmpt) then
11:
GenerateBasicModuleSourceCodes(cmpt)
12:
else if isROSServiceModule(cmpt) then
13:
GenerateROSServiceSourceCodes(cmpt)
14:
else if isROSPublisherModule(cmpt) then
15:
GenerateROSPublisherSourceCodes(cmpt)
16:
else if isROSSubscriberModule(cmpt) then
17:
GenerateROSSubscriberSourceCodes(cmpt)
18:
else if isROSMessageModule(cmpt) then
19:
GenerateROSMessageSourceCodes(cmpt)
20:
end if
21: end while

ing sections, we describe the essential points of the
workflow schema.
Listing 1: ”Overview of the workflow schema”
1{
2
3
4
5
6
7

”$schema”: ”http://json−schema.org/draft−07/schema#”,
”type”: ”object”,
”properties”: {
”$ref”: ”info.json#/info”,
”$ref”: ”components.json#/components”,
”$ref”: ”workflows.json#/workflows”

4.2

Info Part of the Workflow Schema

The info part as shown in Listing 2 contains metadata
about workflows including name, description, created,
and creator properties.

2
3
4
6
7

Listing 2: ”Info part of the workflow schema (info.json)”

8
9
10

1{

”info”: { ”type”: ”object”,
”properties”: {
”name”: {”type”: ”string”}, ”description”: {”type”: ”string”},

2
3
4

”created”: { ”type”: ”string” }, ”creator”: { ”type”: ”string”
}
7}

11
12
13
14
15
16
17

4.3

Components part of the workflow schema

Listing 3 shows the components part of the workflow
schema. The components part mainly defines id, info,
shape, inputs, outputs, ros srv, and ros topic properties of
each component. These definitions are referred by
instances of components in workflows part of the
workflow schema described in the next section.
Each component has a shape property which defines
the type of components such as service, process, ROS
service, ROS subscriber, and ROS publisher. Since each
component has one or more inputs and outputs, it also
has inputs and outputs properties. Each input and output
mainly has name, type, and kind properties as shown in
Listing 4. The type property represents the data type of
input or output which is defined by .srv or .msg file in ROS.
The kind property represents the kind of connector. There
are two types of connectors in the workflow editor. One is
the processing flow connector, and the other is data flow
connector. Only one instance of a component is allowed
to connect to the other instance of a component by only
one processing flow connector. If there are two or more
inputs in an instance of a component, one of them is
connected to the output of an instance of a component by
a processing flow connector and the others are connected
to outputs of instances of components by data flow
connectors. In this case, since different inputs can be
connected with processing or data flow connector, the
kind of each input is dynamic flow that represents the
processing or data flow connector. Since some of the
components have ROS-specific properties such as ROS
service name and ROS topic name, we prepared optional
properties (ros srv and ros topic).
Listing 3: ”Components part of the workflow schema
(components.json)”

18
19
20
21
22

}
Listing 4: ”IO items in the components part of workflow schema
(io items.json)”
1{

”items”: { ”type”: ”object”,
”properties”: {
”name”: { ”type”: ”string” },

2
3
4

”type”: { ”type”: ”string” }, ”kind”: { ”type”: ”string” }

The type and kind properties in inputs and outputs are
used in the workflow editor to determine the connectivity
between each instance of a component.

4.4

Workflows Part of the Workflow Schema

Listing 5:
”Workflows part of the workflow schema
(workflows.json)”
1{
2
3
4
5
6

1{

”components”: { ”type”: ”object”,
”patternProperties”: {
”ˆ.∗$”: { ”type”: ”object”, 5
”properties”: {
”id”: { ”type”: ”string” },
”info”: {”type”:”object”,
”properties”:{”name”:{”type”:”string”}}},
”shape”: { ”type”: ”string” },
”inputs”: {”type”:”array”,”$ref”:”io
items.json#/items”},
”outputs”: {”type”:”array”,”$ref”:”io
items.json#/items”},
”ros srv”: { ”type”: ”object”,
”properties”: {
”service name”: { ”type”: ”string” },
”service package”: { ”type”: ”string” },
”service type”: { ”type”: ”string” }
}
},
”ros topic”: { ”type”: ”object”,
”properties”: {
”topic name”: { ”type”: ”string” },
”msg package”: { ”type”: ”string” }

7

”workflows”: { ”type”: ”array”,
”items”: { ”type”: ”object”,
”properties”: {
”id”: { ”type”: ”string” },
”info”: { ”type”: ”object”,
”properties”: {

”name”: { ”type”: ”string” }, ”kind”: { ”type”:
”string” }
},
”components”: { ”type”: ”object”,
”patternProperties”: {
”ˆ.∗$”: { ”type”: ”object”,
”properties”: {
”id”: { ”type”: ”string” },
”kind”: { ”type”: ”string” },
”name”: { ”type”: ”string” },
”position”: { ”type”: ”string”,
”properties”: {
”x”: { ”type”: ”number” }, ”y”: { ”type”: ”number” }

8
9
10
11
12
13
14
15
16
17
18

The components property has a set of instances of
components. Each instance of component mainly has id,
kind, name, position, and data properties. The kind
property represents the type of an instance of
component. The type refers to the corresponding id as
shown in Listing 3 that is defined in the components part
of the workflow schema. The position properties
represent the coordinates of an instance of component in
the workflow editor. The data property represents the
value of basic modules such as constant number and
string basic modules.

}
},
”data”: { ”type”: ”object”,
”properties”: { ”value”: {
”anyOf”: [ {”type”:”string”},{”type”:”number”}
]

22
23
24

Figure 2: TurtleSim service in the Service Layer (left side) and
Move to (10, 10) process in the Process Layer (right side)

}
}}}}
}
{
{
{
{

27
28
29
30
31

}

{

{

}

}

}}}}}}}

Listing 5 shows the workflows part of the workflow
schema. The workflows part defines compositions of
instances of services and processes. Each service consists
of instances of processes. Each process consists of
instances of processes and modules. Each component has
inputs and outputs, and they are connected with
processing or data flow connectors. In this schema, a
workflow represents an instance of service or process
which consists of instances of components and
connectors. Therefore, each workflow has properties for
metadata (id, name, kind, etc.), components, and
connectors.
1

http://wiki.ros.org/turtl
esim

The connectors property has a set of connectors. Each
connector mainly has source, target, and kind properties.
The source and target properties represent a source and
a target port of instance of component respectively. The
source or target port is one of the inputs or outputs of the
instance of a component. The value of source or target
property is an array of strings. The array includes the ID of
the instance of the component and the IO (input or
output) ID of the instance of the component. The IO ID is
automatically generated by the workflow editor. The kind
property represents a kind of connectors described in
Section 4.3.

5

Example Workflows for TurtleSim

This section describes example workflows for TurtleSim
created by the workflow editor in PRINTEPS. TurtleSim is
a simple simulator made for teaching ROS concepts 1.
To facilitate understanding of ROS-based workflow
models, we created minimum workflows including a
service, a process, a ROS service client module, and
constant number basic modules. The ROS service client
module is TeleportAbsolute that teleports a turtle to
specified coordinates with an angle of the turtle. The
inputs of TeleportAbsolute are x, y, and theta. The output
of TeleportAbsolute is nothing, but only move the turtle to
the specified position with an angle in the simulator.

Here, we created workflows to move a turtle to (10, 10)
with angle 0. The blue edges represent processing flow
and the green edges represent data flow connectors in
Figure 2 and 3, respectively. A purple ellipse in the left side
of Figure 2 shows TurtleSim service in the service layer. An
orange rounded rectangle in the right side of Figure 2
shows Move to (10, 10) process in the process layer. A blue
rectangle shows TeleportAbsolute ROS service client
module and yellow rectangles represent constant number
basic modules as inputs of the TeleportAbsolute module
as shown in Figure 3 in the module layer. TurtleSim service
is defined in the root service. The Move to (10, 10) process
is defined in the TurtleSim service. The TurtleSim module
is defined in the Move to (10, 10) process.
Listing 6 shows example JSON codes of the components
part about TeleportAbsolute module based on the
workflow schema as shown in Listing 3. Listing 8 shows an
example of JSON codes of workflows part about Move to
(10, 10)
process based on the workflow schema as shown in Listing
5.

7
8
9
10
11
12
13
14

{”type”:”float32”,”kind”:”dynamic
flow”,”name”:”theta”}
],
”outputs”: [
{”type”:”None”,”kind”:”dynamic
flow”,”name”:”output”}
],
”shape”: ”rosservice”,
”ros srv”: {
”service name”: ”/turtle1/teleport absolute”,
”service package”: ”turtlesim”,
”service type”: ”TeleportAbsolute”

},

Listing 7: Part of the genearated ROS codes about Move to (10,
10) process
1import turtlesim.srv
2import rospy
3
4class PRINTEPSProcess1:
5
6
7

display name=’Move to (10, 10)’
const1=10; const2=10; const3=0

8 def

init (self):

9# ...

Figure 3: TeleportAbsolute module in the Module Layer

def execute i1(self,inputs):
r0007=(rospy.ServiceProxy(’/turtle1/ teleport_absolute’,
turtlesim.srv.
TeleportAbsolute))(self.const1,self.const2,self.const
3) 12# ...
10
11

Note that some of the IDs such as PRINTEPSService1
and PRINTEPSProcess1 in the Listings are simplified for
understanding. In practice, random strings are generated
so that IDs do not overlap. In addition, ros srv, service
name, service package, and service type properties are
added as ROS-specific properties in Listing 6. These
properties are necessary to generate ROS codes by
generator.
Listing 6: ”Example of JSON codes of the components part
about TeleportAbsolute module”
{
”rosservice./turtle1/teleport absolute”: {
”id”: ”rosservice./turtle1/teleport absolute”,
”inputs”: [
{”type”:”float32”,”kind”:”dynamic flow”,”name”:”x”},
{”type”:”float32”,”kind”:”dynamic flow”,”name”:”y”},

1”components”:
2
3

Listing 7 shows a part of the generated ROS codes about
Move to (10, 10) process. The generator generates
services and processes as classes in Python. Line 11 in
Listing 7, /turtle1/teleport absolute ROS service call codes
are generated based on Listing 8. Line 6 in Listing 7,
constant number basic modules are generated as class
attributes of the PRINTEPSProcess1 class. Methods
corresponding to inputs and outputs in the processing
flow are generated in the service or process class (Line 10
in Listing 7).
Listing 8: ”Example JSON codes of the workflows part about
Move to (10, 10) process”
1”workflows”: [

5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
45

”id”: ”PRINTEPSService1”,
”info”: { ”kind”: ”service”, ”name”: ”TurtleSim”, ... },
”components”: {...}, ”connectors”: [...]
},
{
”id”: ”PRINTEPSProcess1”,
”info”: { ”kind”: ”process”, ”name”: ”Move to (10,
10)”, ... },
”components”: {
”I”: {
”id”: ”I”, ”kind”: ”input”, ”name”: ”Input”,
”position”: { ”x”: 341, ”y”: 93 },
},
”O”: {
”id”: ”O”, ”kind”: ”output”, ”name”: ”Output”,
”position”: { ”x”: 717, ”y”: 537 },
},
”ROSServiceModule1”: {
”id”: ”ROSServiceModule1”,
”kind”: ”rosservice./turtle1/teleport absolute”,
”name”: ”TeleportAbsolute”,
”position”: { ”x”: 461, ”y”: 369 },
},
”NumberModule1”: {
”id”: ”NumberModule1”,
”kind”: ”const.double”,
”name”: ”Number”,
”position”: { ”x”: 49, ”y”: 225 },
”data”: { ”value”: ”10” }
},
”NumberModule2”: {...},
”NumberModule3”: {...}
},
”connectors”: [
{ ”source”: [ ”ROSServiceModule1”, ”o1” ],
”target”: [ ”O”, ”i1” ],
”kind”: ”processing flow”, },
{ ”source”: [ ”I”, ”o1” ],
”target”: [ ”ROSServiceModule1”, ”i1” ],
”kind”: ”processing flow”, },
{ ”source”: [ ”NumberModule1”, ”o1” ], 44
”target”: [ ”ROSServiceModule1”, ”i1” ],
”kind”: ”data flow”, }, ...

],

6

Evaluation

We have developed several practical applications where
many robots and sensors work together to perform

multiple tasks using PRINTEPS. In this section, we evaluate
the proposed schema and generator from the workflows
of robot cafe [Morita et al., 2018b] and teaching assistant
robot [Morita et al., 2018a]. Please refer to these papers
for details of each application.
Robot Cafe
TA Robot
# service types
6
9
# process types
20
46
# module types
145
143
# service instances
6
9
# process instances
41
239
# module instances
169
263
# connectors
170
476
Lines of code
1,147
3,168
Generation time (secs)
0.13
0.17
Table 1: Evaluation Reults

# ROS services
# ROS publishers
# ROS subscribers
# ROS messages

Robot Cafe
80
6
11
24

TA Robot
113
0
2
15

Table 2: The details of module types for ROS in the each
workflow

Table 1 shows the statistical analysis results of each
workflow, the lines of code generated from each workflow,
and each generation time. Table 2 shows the details of
module types for ROS in the workflows.
From Table 1 and Table 2, the proposed schema can
represent various modules including ROS services,
publishers, subscribers, and messages. We also confirmed
that the generation times from the workflows to the ROS
codes are practical response time (within 1 second).
As a result, we confirmed that real-world applications of
the proposed schema and the performance of the
generator were enough for the development of integrated
intelligent applications.

7

Conclusion

To reduce the cost to develop integrated intelligent
applications where multiple robots, agents, and sensors
cooperate to realize multiple tasks by integrating
heterogeneous intelligence, we have developed a platform
named PRINTEPS based on ROS and SOA. PRINTEPS will
provide a userfriendly workflow editor for end users. This
paper proposed a generator based on a ROS-based
workflow schema. We have described how we model ROS
elements such as services, publishers, and subscribers with
the proposed schema and generate ROS codes from the
workflows with human behavior level. We have also
evaluated the proposed schema and generator by applying
it to practical robot cafe and TA robot applications.

Through the evaluation, we confirmed the performance
and utility of the proposed schema and the generator.

[Siegel, 2014] Jon Siegel. Object management group
model driven architecture (mda) mda guide rev. 2.0.
2014.

Acknowledgments

[Tenorth and Beetz, 2013] M. Tenorth and M. Beetz.
Knowrob: A knowledge processing infrastructure for
cognition-enabled robots. International Journal of
Robotics Research, 32(5):566–590, 2013.

This study was supported by the project of “A Framework
PRINTEPS to Develop Practical Artificial Intelligence,” (JPMJCR14E3) the Core Research for Evolutional Science and
Technology (CREST) of the Japan Science and Technology
Agency (JST).

References
[Datta et al., 2012] Chandan Datta, Chandimal
Jayawardena, I Han Kuo, and Bruce A MacDonald.
RoboStudio - A visual programming environment for
rapid authoring and customization of complex services
on a personal service robot. IROS, 2012.
[Krafzig et al., 2004] Dirk Krafzig, Karl Banke, and Dirk
Slama. Enterprise SOA: Service-Oriented Architecture
Best Practices (The Coad Series). Prentice Hall PTR,
Upper Saddle River, NJ, USA, 2004.
[Maruyama et al., 2016] Yuya Maruyama, Shinpei Kato,
and Takuya Azumi. Exploring the performance of ros2.
In Proceedings of the 13th International Conference on
Embedded Software, EMSOFT ’16, pages 5:1–5:10, New
York, NY, USA, 2016. ACM.
[Morita et al., 2018a] Takeshi Morita, Naho Kashiwagi,
Ayanori Yorozu, Hideo Suzuki, and Takahira Yamaguchi.
Implementing multi-robot cafe by printeps with service
quality dimensions. Procedia Computer Science,
126:1954 – 1963, 2018. Knowledge-Based and
Intelligent
Information & Engineering Systems: Proceedings of the
22nd International Conference, KES-2018, Belgrade,
Serbia.
[Morita et al., 2018b] Takeshi Morita, Kodai Nakamura,
Hiroki Komatsushiro, and Takahira Yamaguchi.
Printeps: An integrated intelligent application
development platform based on stream reasoning and
ros. The Review of Socionetwork Strategies, 12(1):71–
96, Jun 2018.
[Pot et al., 2009] E Pot, J Monceaux, R Gelin, and
B Maisonnier. Choregraphe: a graphical tool for
humanoid robot programming. In RO-MAN 2009 - The
18th IEEE International Symposium on Robot and
Human Interactive Communication, pages 46–51. IEEE,
2009.
[Quigley et al., 2009] Morgan Quigley, Ken Conley, Brian
P.
Gerkey, Josh Faust, Tully Foote, Jeremy Leibs, Rob
Wheeler, and Andrew Y. Ng. ROS: an open-source
robot operating system. In ICRA Workshop on Open
Source Software, 2009.

[Wright and Andrews, 2018] Austin Wright and Henry
Andrews. JSON Schema: A Media Type for Describing
JSON Documents. Internet-Draft draft-handrewsjsonschema-01, Internet Engineering Task Force,
March 2018. Work in Progress.
[Yamaguchi, 2015] Takahira Yamaguchi. A platform
printeps to develop practical intelligent applications. In
Adjunct Proceedings of the 2015 ACM International
Joint Conference on Pervasive and Ubiquitous
Computing and
Proceedings of the 2015 ACM International Symposium
on Wearable Computers, UbiComp/ISWC’15 Adjunct,
pages 919–920. ACM, 2015.
[Zander et al., 2016] Stefan Zander, Georg Heppner, Georg
Neugschwandtner, Ramez Awad, Marc Essinger, and
Nadia Ahmed. A Model-Driven Engineering Approach
for ROS using Ontological Semantics. CoRR, cs.RO, 2016.

Intelligent Technologies Supporting Non-Public
University Development
Mieczysław L. Owoc1, Agnieszka Sawicka1, Paweł Weichbroth2
1

Wrocław University of Economics,

{mieczyslaw.owoc, agnieszka.sawicka}@ue.wroc.pl

2

WSB University in Gdansk, Poland

pweichbroth@wsb.gda.pl
Abstract
Non-public universities play an essential role in higher education and have to compete very strong in order to
gather potential students. Discussion about determinants of development of this educational sector is presented in
the paper. The main factors is using intelligent technologies in supporting university knowledge management.
Initially, the proposals relate to implementation of natural language processing, business intelligence and
automatization of the selected dean staff activities.
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1. Introduction
Non-public universities play an essential role in higher education and have to compete very strong in
order to gather potential students. Their position more and more depends on quality of education and
managerial competencies of university governance [2]. In both cases applying of intelligent
technologies seems to be a must especially for keeping autonomy of non-public universities. Real
alternative is the fusion with public universities [15-17].
Gradually intelligent technologies are implemented in non-public universities but it should be
included to the university strategy what means defining projects covering selected Artificial
Intelligence (AI) areas [18]. In this paper we consider implementation of these technologies in the
Wroclaw Computer Science and Management University “Copernicus” what for sure is beneficial. By
design, intelligent technology is the method which use knowledge to reach concrete purpose in
efficiency. At the present there are following intelligent technology: multi-agent, machine learning,
ontology, semantic and knowledge grid, autonomic computing, cognitive informatics and neural
computing.
The main goal of the paper is presentation of usability of intelligent technologies in non-public
university including education as well as management areas. The paper is managed as follows: after
stressing special features and ways of non-public university functioning in Poland overview of
intelligent technologies is presented. Both topics are crucial for discussion about usability of particular
technologies in development of non-public universities. Checking of potential options in
implementation of chatbots, business intelligence and automatization of selected university processes
is very crucial in the current research.
2. Related Work
Watts distinguished nine areas in which AI methods can be successfully applied in education sector
[22]. First concern automated grading which simulates the behaviour of a teacher to assign grades to
the answer sheets submitted by the students. It can assess their knowledge by processing and analysing
their answers, giving feedback and recommending personalized teaching plans. Secondly,
intermediate interval education aims at knowledge revision when someone is just about to forget. It is
worth noting, that Polish inventor Peter Wozniak [26] introduced an SuperMemo application, based
on the effect of the interval. The app keeps track of what a user is learning, and when he/she is doing
it. By applied AI techniques, the application can discover when a user most likely has forgotten
something and recommend to revise it. Thirdly, feedback loops for teachers aided by machine learning
and natural language processing techniques, improves the quality of students evaluation. For example,

a chatbot can collect opinions via a dialog interface similarly to a real interviewer but with a small
amount of work required to a user. Moreover, each conversation can be adapted, accordingly to the
student’s personality and provided answers. A chatbot can even formulate the reasons for particular
opinions. Fourthly, to support teachers in their classroom work, one can put into use virtual facilitators.
For instance, at the Georgia Institute of Technology on Knowledge-Based Artificial Intelligence
(KBAI) class, students were introduced to a new teacher’s assistant named Jill Watson (JW) [27], who
has been operating on the online discussion forums of different offerings of the KBAI class since
Spring 2016. JW autonomously responded to student introductions, answered routine, frequently asked
questions, and posted announcements on weekly basis. In the fifth place, Watts presented the chat
campus, based on the IBM Watson cognitive computing technologies [28]. In brief, students at Deakin
University have asked IBM Watson 1600 questions a week to learn the ins and outs of life on campus
and studying in the cloud. Within 12 months of implementing Watson due to enhance the quality of
the student know-how at Deakin, this ground-breaking solution has handled more than 55,000
questions from students. Furthermore, the school is progressing its use of Watson, broadening its
capabilities and teaching the system to understand new sources of information. Personalized learning
is the sixth example of AI application in education sector. In general, it refers to a variety of educational
programs in which the pace of learning and the instructional approach are customized and eventually
optimized for the needs of each learner [29]. In particular, the content is tailored to learning preferences
and the specific interests. Seventhly, one of the most promising is adaptive learning (AL). While the
traditional model of classroom education, continues to be very much one-size-fits-all, on the contrary,
AIpowered AL systems are designed to optimize learning efficiency. For example, Yixue Squirrel AI
(Yixue) collects and analyses students’ behaviour data, update learner profiles, then accordingly
provide timely individualized feedback to each [30]. Since cheating has been the concern of all
teachers, AI-powered protecting systems have been presented as another application of AI in education
sector. Proctoring or Proctored Test is a mechanism to secure the authenticity of the test taker and
prevent him/her from cheating via a proctor is always present during the test [31]. The last solution
argued by Watts is data accumulation and personalization. For instance, learning grammatical rules
can be aided by examples only from the domain being the subject of personal interest [32].
3. The case study
The university, which is the subject of research of this article, namely The University of Information
Technology and Management "Copernicus", on the educational services market has been operating
for nearly 20 years and is one of 384 non-public universities. Since 2001, it has educated 4,000
graduates mainly in the area of new technologies. Further observations and conclusions presented in
the article will be based only on their own observations of business practice and the environment and
competition due to the lack of data from external factors evaluating quality, innovation and conditions
for studying and living for students. Starting from 2019, the university conducts studies solely in the
field of Computer Science in a full-time and part-time system at two levels, including post-graduate
studies and courses.
The organizational structure of the university is a simplified structure with one department and full
decision-making ability of the Chancellor, who is also the founder. His decisions are binding on
financial, program and student matters.

Fig. 1. Organizational structure of the Higher School of Informatics and Management "Copernicus" in
Wrocław

The financing of a non-public university which clearly affects the development and functioning of
educational institutions departs from the possibility of financing public entities. Obtaining funds or
research grants is difficult due to the small number of students. There is also no obligation to conduct
research, which makes it more difficult to win in competitions. All extensions and retrofitting of
university halls are covered only from the earned profit, which consists of tuition payment and fees
for program differences, conditions or promotions. When it comes to the issue of payment for tuition,
the student has the privilege of financing science on the basis of the scholarships obtained, which are
largely similar in terms of procedures for obtaining funds in public universities.
A non-public university, even though it is a university, is also an enterprise. And just as a company
will not exist without clients, a private university will not be able to break through the educational
market without the influence and opinion of its listeners. Hence, it is not surprising that the student
and candidate is treated here as a client, who should be taken care of with due diligence, care and seek
the attention of the educational offer and carried out personally through the recruitment process, which
will result in the signing of a learning contract and minimize the percentage of people, who give up a
place for reasons such as: a place at a public university or a better offer of tuition fees at a competitor.
If we focus our conclusions on the differences in the functioning of these two types of universities,
we should also mention the change in the law on higher education, which imposed student limits on
one lecturer only on public universities. And so, in the WSIZ "Copernicus" with the current number
of students per one lecturer there are 25-30 students, which definitely departs from the provisions of
law for public entities. In addition, due to staff shortages in the form of people with doctoral degrees
and above, and with the desire to reduce employee costs, the person of the substantive career was
introduced. Substantive supervisor is a person with higher education, who cannot be a promoter due
to too low a degree. However, he leads the student through the whole process of writing the work,
advises him, gives his opinion on his progress and is shown in the diploma documentation. The content
supervisor is subject to the promoter, who is a person with a doctorate degree or above. Such a solution
is allowed by the applicable law and applied in the WSIZ "Copernicus", however, there is no

information whether and to what extent public HEIs use it. Looking at the above information about
the structure, method of financing and processes taking place in the area of education and work
organization of the described non-public university, it can be stated that although it is an individual
educating students similarly to universities and state, it is significantly different from it. Of course, it
is not disputed that issues such as: legal regulations, the shape and form of graduate and student
documents, requirements regarding ECTS points, and reporting or deadlines are almost identical.
However, they are so individual in their approach to the quality of education or the candidate that each
of them should be considered separately. In the same way, when designing and implementing business
analytics solutions, it should be taken into account that what works in a given non-public unit does not
necessarily have to serve another organization, especially the state one.

3. Modern view of intelligent technologies
Continuous progress of modern information technologies is strictly connected with presence
of implemented artificial intelligence techniques. Needless to say - during over 60 years of artificial
intelligence development several intelligent approaches appeared in almost all sectors of modern life.
Therefore one can say about new generation of AI stage including potential power of current solutions
and variety of applied techniques. Crucial components of such understanding AI 3.0 are presented in
the Fig.2.

Figure 2. Artificial Intelligence 3.0 (E.Mercier-Laurent, G. Kayakultlu, 2017)

Particular categories of AI can be combined in the final applications; some of them seem to
be obligatory (knowledge, reasoning, processing) while others are employed for the specific
solutions where knowledge should be permanently updated (machine learning) or requires
cooperation between specialised agents (multi-agent systems). Anyway, the current solutions are not
quite satisfied – level of the obtained progress is less than human intelligence. Next imaginable stages
are still before us – we are going to Artificial Super Intelligence passing in the meantime through
Artificial General Intelligence – see Fig. 3.

Figure 3. Future evolution of Artificial Intelligence (C. Ballant, 2018)

Summing up, landscape of Artificial Intelligence in terms of using main categories is rather
stable – but learning-based techniques play more and more significant role. However, specialty of
application areas can determine the shape of implementation artificial intelligence methods. The
educational sector and specifics of non-public universities (described earlier) are real determinants in
defining of intelligent technologies implementation.

4. Selected intelligent technologies as drivers of non-public university development
By educating staff for the IT industry, constantly following trends and creating innovations both in the
area of education and the functioning of a private educational unit translates into profit and brand
visibility and the prestige of education. The search for creative solutions is the equation between the
known, acceptable order and the chaos that innovation can bring. However, if innovation is treated as a
course of action, as a way of managing, without worrying about disturbing relative stability, after a
period of time it can be seen that it has marked out new directions and possibilities of creating a
competitive advantage.
Creating creative solutions at the work of a non-public university is also helpful in creating new
products and services. The implementation of smart technology solutions at a private university will
foster the building of scientific and educational progress, which will translate into satisfactory financial
results and will strengthen the position on the non-public university market and introduce the element
of innovation to the current activities of the unit. As part of the implementation work envisaged at the
University of Information Technology and Management "Copernicus" in Wroclaw, it is planned to
create a chatbot – an intelligent application for managing responses and relations with students and
candidates for studies. This solution, in connection with the personnel problems of the non-public
university described, would answer simple questions about the dates of the sessions, exams, classes and
inform about the recruitment schedule and the recruitment documents needed. As part of the planned
implementation, it is also planned to reorganize the signing of learning contracts, which would consist
in enabling its signing in electronic form via a link sent, generated by the internal university system,
which is consistent with the provision in art. 60 cc.
Support for such a contract would take place in the following steps:
1) To the student’s e-mail address there is a link to the page about the learning contract with a request
to read its contents.
2) After learning the terms of the contract, the student is asked to accept it by clicking the “I accept
the terms of the learning contract” button.
3) After choosing this option, the contract is concluded electronically.
After the student accepts the presented conditions, the confirmation along with the contract is sent
automatically in the pdf file to the dean's employee. Then it is printed and passed to the student's personal
file.
In addition, the plans also include the preparation and full implementation of the implementation of a
voice guide for students and candidates with an impairment of the organ of vision in a weak, medium
and significant degree. Voice guidance on the basis of commands triggered by the user could give tours
st after the womb, present educational offer to discuss payment, call the phone number for the
department or check the plan and schedule both sessions that academic year.
5. Conclusions
The introduction of intelligent solutions for the work of the University of Information Technology and
Management "Copernicus" in Wroclaw creates opportunities to facilitate procedures in the recruitment
process, reduces the use of office machines, which also affects the improvement of the environment. It
relieves the work of the dean's office, which is the most important cell in contacts with students and
candidates. Of course, apart from the positive aspects, one may ask the question whether intelligent
technologies strive to improve human work and make it easier for them to go through certain processes
to become more attractive on the market, or whether it is an interference with human work and increasing
unemployment. However, believing only in a good aspect of the case, it remains to us that the solutions

and techniques of business intelligence will significantly improve the quality of the education process
and acquire new students at the University of Information Technology and Management "Copernicus"
in Wroclaw.
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Abstract. Enterprises usually have a vast amount of data available in many
domains. However, accessing this data currently requires users to
understand a query language such as SQL and they often struggle to get the
data insights as well. In recent times, we have seen that knowledge graphs
(KGs) has proven to be the key components of various natural language
processing applications. They represent every piece of information as
binary relationships between entities, usually in the form of triples i.e.
(subject, predicate, object). This kind of structured knowledge is essential
for many downstream applications such as Question Answering. Motivated
by this problem, we propose a semantically enriched deep learning pipeline
that supports natural language question answering and visual analytics over
knowledge graphs. Our framework is based on a set of deep learning
sequence tagging networks which extracts information from the NL
sentence and constructs an equivalent intermediate sketch, and then maps
it into the actual tables and columns of the database. Our framework is
domain agnostic, and supports multiple types of queries such as
aggregation, self joins, factoid, group-by and transactional. We demonstrate
our framework on two popular public domain datasets – WikiSQL and
Spider.

1

Introduction

Enterprise applications such as finance, retail, pharmacy etc. store a vast amount
of data. However, accessing relational databases requires an understanding of
query languages such as SQL, which, while powerful, is not easy to master for
common people. We have also seen that KG are very effective in applications like
question answering as they help us to project the information / relationships more
explicitly.
In general, enabling natural language question-answering on enterprise
databases has been hard as the NL question may have implicit predicates and
relations that need to be extracted from the sentence. Specifically, an effective
solution will have to identify the predicates, relations, values, constraints, operators
and aggregations from the NL sentence. Most the known techniques have been either
parsing-based approach or deep-learning based approach. Semantic parsing involves
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the translation of a natural language sentence to a machine understanding
representations (eg: logical forms). It requires capturing context and semantic
understanding of the sentence. However, due to large variations in which users tend
to pose their questions, parsing based approaches became rather brittle. Deep
learning based approaches provide an effective solution to the ”brittleness” but need
to be trained with the large amount of data in order to identify the right set of tables,
their columns and the constraints. In NLIDB tasks, it involves multi-dimensional
complexities e.g. schema level, natural language interface level and semantic
understanding level. At schema level, the system must be able to handle the
complexities related to data representation such as to disambiguate between the
same entities and properties. At natural language interface level, the system should
support NL related issues such as handling ambiguity, variations and semantics. Most
importantly, the system must be able to understand user’s context and should
respond back in a meaningful way.
We propose a pipeline of deep-learning models where the natural language
sentence is processed as a sequence tagging problem. The neural network predicts
the tag for each word using which we identify predicates, entities, and values in
the sentence, and create a Sketch (independent of underlying database). The
Sketch is then mapped into the properties of the node with conditions to construct
the actual CQL query. In this work, we store the data in the form of knowledge
graph. We have used NEO4J KG for the data storage. In the pipeline, our first model
identifies the predicates implied in the NL query. Next we identify the relations in
the query. This is followed by identifying the values, operators and aggregations.
The models are trained independently and do not share any internal
representations. However, the input of one model depends on the previous. For
example, once predicates are identified we replace the predicate part in the NL
sentence with some token before passing it to the next model. We capture this
information from the NL sentence and create an intermediate representation
(Sketch which is further used to construct the CQL. Further, based on the data we
predicts the appropriate visualizations e.g. pie chart or bar chart.
We demonstrate our results on two public dataset i.e. WikiSQL & Spider using
our apporach. Our results shows the state of art performance on these dataset. Our
approach is flexible and can be directly used across a variety of domains with
minimal effort.

2

Related Work

The study of translating natural language into SQL queries has a long history.
Popescu et al. introduce Precise NLI, a semantic parsing based theoretical
framework for building reliable natural language interfaces [10]. This approach
rely on high quality grammar and is not suitable for tasks that require
generalization to new schema.
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Recent works consider deep learning as the main technique. There are many
recent works that tackle the problem of building natural language interfaces to
relational databases using deep learning [11,12,17,14,8,4,15,1]. Seq2SQL [17]
propose an approach that uses reinforcement learning to break down NL semantic
parsing task to several sub-modules or sub-SQL incorporating execution rewards.
[13] introduce DialSQL , a dialogue based structured query generation framework
that leverages human intelligence to boost the performance of existing algorithms
via user interaction. Most of the recent papers (like SQLNet [11], TypeSQL [15]
makes an assumption that the system will produce a SQL query for the
corresponding question, given a NL sentence and table schema i.e. table is known
as prior (background knowledge). However, since enterprise datasets are
complex, dynamic and contains large number of tables, it is difficult to predict the
exact tables. Such approaches lacks generalization to the unseen databases.
In contrast to existing deep learning based approaches for intermediate sketch
generation, our approach incorporates semantic enrichment with deep learning
framework. Our ML pipeline supports knowledge transfer across different models
that reduces the cost of overall training of the network. The flexibility of our
approach enables us to easily apply sketches to a new domain. Our framework also
does not require large corpus of NL sentences as training input.

3

Our Approach

We present a novel approach where a natural language sentence is converted into
the sketch which uses deep learning models and then further using the sketch to
construct the database query Cypher Query Language(CQL). To implement this
idea, we propose an approach where we do not make use of any kind of explicit
background knowledge. We define background knowledge as information
pertaining data tables and table schema. Most of the papers in recent times are
training their models with some kind of background information, which makes it
work very well on that dataset but lacks generalization. On the contrary we do not
supply background information along with the questions in the training which
makes our approach domain and data agnostic.
3.1

NEO4J Knowledge Graph

As described above, we store the data in the form of knowledge graph. A graph is
a pictorial representation of a set of objects where some pairs of objects are
connected by links. It is composed of two elements - nodes (vertices) and
relationships (edges). Relational databases store highly structured data which
have several records storing the same type of data so they can be used to store
structured data and, they do not store the relationships between the data.Unlike
other databases, graph databases store relationships and connections as first-class
entities. Fig 1 shows the representation of nodes and their relationships.
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Architecture

In order to generate the query sketch, we have a pipeline of multiple sequence
tagging deep neural networks. Our architecture consists of a bi-directional LSTM
network along with a CRF (conditional random field) output layer. For a given
sentence (x1,x2,...,xn) containing n words, each represented as a d-dimensional

Fig.1: Representation of data and their relationships

vector, an bi-LSTM computes the word representation by concatenating the left
→− ←−
and right context representation, ht = [ht;ht].
In our architecture framework, we use ELMO embedding that are computed on
top of two-layer bidirectional language models with character convolutions as a
linear function of the internal network states [9]. We also use the character-level
embedding as it has been found useful for specific tasks and to handle the outofvocabulary problem. The character-level representation is then concatenated with
a word-level representation and feed into the bi-directional LSTM as input.
In the next step instead of using the softmax output from this layer, we use a
CRF Layer yielding the final predictions for every word (See Figure 3) [3]. We have
X = (x1,x2,...,xn) as the input sentence and P to be the scores output by Bi-LSTM
network. Ai,j is the score of a transition from tag i to tag j for the sequence of
predictions y = (y1,y2,....,yn). Finally the score is defined as :

Tagging Schemes We annotate a NL query as follows.
|What|is|the|employee|id|of|John| is annotated as |0|0|0|a|a|0|b| (See Figures 2
for example sequence).
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Input Sequence

What

is

the

emp

id

of

John

Output Sequence

0

0

0

a

a

0

b
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Fig.2: Example of Input Output Sequence

This example shows that there are two concepts employee id and John marked
as A and B respectively. The same token is used for the concepts which consist of
more than one word e.g. employee id consists of two words, so we mark them with
token ’A’. We follow this representation in our models. This approach makes our
system database agnostic and even with comparatively less amount of training
data we are able to extract the information out of the sentence.

Fig.3: Main architecture of the Seq Tagging network. Word embedding and character
embedding are concatenated and given to a bidirectional LSTM. First layer represents the
word and the left context, second layer represents the word and its right context. These two
vectors of bi-directional LSTM are concatenated and are projected into CRF layer which
finally yields the prediction of the every word.

Model Details To generate the query sketch S we use four different models using
the same architecture (BiLSTM-CRF) [6] explained above. In the sketch generation
process the order of the models matters as the input of the next model depends on
the output of previous model. To train the models, we had to create the
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annotations. In the cases where predicate/entities present in the sentence got the
direct match with columns or values present in the actual database, we have
extracted them using a script and in the rest of the cases we have manually
annotated the data which is available at https://github.com/nlpteam19/curie. To
explain the models in detail we will take an example from Spider dataset : For the
cars with 4 cylinders, which model has the largest horsepower.
– Predicate Finder Model (Return Clause)
This model finds the target concepts (predicates) P from the NL sentence. In
case of database query language CQL, predicate refers to the RETURN part of
the query. Once predicates are identified, it becomes easier to extract entities
from the remaining sentence. The input to the model is a vector form
representation of NL sentence. For example, a natural language sentence, {For
the cars with 4 cylinders, which model has the largest horsepower} is annotated
as {o o o o o a o o b o o o c}. In this example ”cylinders”, ”model” and
”horsepower” are predicates.
– Entity Finder Model (Values in Where Clause)
This model aims to find the values/entities in the sentence. The output from
predicate model is taken and reformed as: {For the cars with 4 <cylinders>,
which <model> has the largest <horsepower>}. The predicates are replaced
with < predicate > token. We reformat the input as :
{For the cars with 4 <predicate>, which <predicate> has the largest <predicate>} and
annotate it as :
For the cars with 4 <pred> which <pred> has highest <pred>
o o o
o
ao
o
o
o o
o
Table 1: Entity Finder Model Annotation

Using the above network architecture, we get the prediction of the entities
from the sentences. It is noticed that in some cases the model misses / capture
some words. For example, there is an entity "spent per vote ( php )" and the
model predicts only "spent per vote (". To tackle this issue we search the
predicted value in the Apache-Solr (see [2]). We assume that structured data
for the domain is present in Lucene. After the search we picked the entity from
the database which has the highest similarity score.
In this example the 4 is the value.
– Predicate Value Bindings Model
In some queries predicate value bindings are already present. For example:
• What is the maximum 2006 census population of lga name Opobo/Nkoro
?
• What is the maximum 2006 census population of Opobo/Nkoro ?
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In first example, there is no information about the concept Opobo/Nkoro, but
the second example describes that Opobo/Nkoro is related to lga name. This
model binds the predicate, in this example lga name to the value or entity
Opobo/Nkoro if such bindings are present. In the example defined above, we
have predicate binding present and to prepare the input sequence of this
model, we replace the predicates with tag <predicate> and entities with tag
<value>.
The tokens at index 4 and 4 are binded as [cylinders] ?? [4]. “??” slot will be
filled with an operator that we illustrate in next model.
– Aggregations & Operators Model
In this model, aggregations and operators are predicted for predicates
For the cars with <val> <pred> which <pred> has highest <pred>
o o o
o
a
a
o
o
o o
o
Table 2: Predicate Value Binding Model Annotation

and entities respectively.As explained earlier, our framework currently
supports following set of aggregation functions: count, groupby, min, max, sum,
asc sort, desc sort. Similarly, following set of operators are also supported:
=,<,>,<>,>=,<=,like. This model also uses the same architecture and the input is
reformed as below :
cars with <val> <pred> which <pred> has highest <pred>
o
o
=
o
o
o
o o
desc sort
Table 3: Agg & Operator Model Annotation

We can infer that predicate cylinders and entity 4 are related as [cylinders]
= [4].
– Limit Model
In some cases, we need to extract the limit associated with the predicates. For
example: in query Give me the highest paid actor, we need to first sort the
actors in descending order according to their salaries and pick the top results
from the set. The above described models predicts the predicate and the type
of sort (ascending/descending), and this model predicts the limit applied on
it. We annotate the data as
cars with <val> <pred> which <pred> has highest <pred>
o
o
o
o
o
o
o o
1
Table 4: Limit Model Annotation
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Finally, using the output from all these LSTM based deep learning models,
following intermediate form (query sketch S) is generated.
Generating Database Query from Sketch The process of generating the query is
independent of underlying database i.e. the same approach can be used for
generating queries across databases. To generate the CQL query, we need to
predict the slots defined in Fig 4 from the predicted sketch S.
The general idea to generate a query is as follows. Sketch S is a set {P,C}, where
P is a set {p1,p2,p3,... pn} and each pi is {ni, ai, hi, gi}, where hi = NL Hint for the
predicate pi gi = Aggregation information for the predicate pi li = Limit to be applied
on the predicate pi
Listing1
1

{
"select":
[
{
"pred_hint": model
},
{
"pred_hint": horsepower,
"aggregation": desc_sort,
"limit": 1
}] "conditions":
{
"pred_hint": cylinders,
"value": 4,
"operator": =
}

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Sketch

}

MATCH r=()−→()
WHERE $COND PRED $OP $COND VAL (AND
$COND PRED $OP $COND VAL)* RETURN ($AGG
$PRED COL)*
?
ORDER BY $ORDER PRED $ORDER LIMIT? $LIMIT
Fig.4: SQL Template. The ”$” tokens represents the slots to be filled and * indicates zero or
more AND clauses. ”?” represents that these clauses may/may not be required based on the
query.
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Similarly, C is a set {c1,c2,c3,... cn} where each ci is {hi,vi,oi} hi = NL hint
for the predicate involved in condition ci gi = Value involved in
condition ci oi = Operator involved in condition ci
Provided with a sketch S, we generate a database query Q. As explained earlier,
sketch contains information about all the required predicates L, i.e. the list of
attributes that need to be extracted from Node N. This component will give a new
relation that only contains the attributes in L. This operation is projection (Π) in
relation algebra. The sketch has also information about all conditions ϕ which
gives us a new relation that contains only those rows satisfying ϕ in N. This is the
selection (σ) operation of relation algebra. To generate the query following set of
operations are executed over the sketch:
– Analysing the predicate part (P) of the sketch: For
all predicates pi ∈ P do:
• Use the NL hint hi to check semantic similarity with all the predicates of
node type ni and attribute type ai to get the closest matching predicate p
• Find the node n of the predicate p of the node type ni
• L = {p | p ∈ P}
– Analysing the condition part (C) of the sketch: For
all the condition ci ∈ C do:
• Use the value vi to perform EDL and select the best candidate using NL hint
for predicate hi , attribute type ai and node type ni to find the predicate p
for the value vi
• Find the node n of the predicate p of the table type ni
• ϕ = {p o v | p,o,v ∈ P}
The next step is to find all the unique nodes (U) involved in a given sketch S. If
the len(U) > 1, we find the shortest path passing through all the unique nodes. We
assume that there is a path if the relationship exists between nodes. This step will
give us join (./) operation of relation algebra. Operator,aggregation and limit
information are already present in the sketch S. Now, combining these, we
compute the final relation (R). Using R, we finally compute the DB specific query
(See Algorithm 1 for details). For example, a natural language sentence {“For the
cars with 4 cylinders,which model has the largest horsepower”} leads to following
database query:

MATCH p=(t1:CARS DATA)-[r:HAS]→−(t2:CAR NAMES)
WHERE t1.Cylinders = 4
RETURN t2.model
ORDER BY t1.horsepower DESC LIMIT 1;
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Visualizations Based on the output of the query(described earlier), we predict the
appropriate visualizations as well. In this work, we take the output and predicts
the axis of the attributes in the result set. For instance, the result of the query :
”How many employees in each department ?” would yield the following output :

Department

Employees

Customer Service

74

Production

87

–

–
Table 5: Result Set

Algorithm 1 Generating the SQL from Sketch S
1: Input: S, D
2: Output: R
3: procedure QueryGenerator(S, D)
4:
N ←∅
5:
Q ←∅;
6:
7:
8:
9:
10:
11:
12:
13:
14:

16:
17:

. S: Sketch; D: Database Information
. result set

for select si ∈ S.select do
Si.select,Ti ← w2vSimilarity(si.pred,D);
the properties in graph
Si.node ← Ni;
P ←∅
P.PRED COL ← Si.select;
P.AGG ← Si.aggregation;
P.LIMIT ← Si.limit;
P.NODE ← Si.node;
Q.select.add(P) 15:
end for
for condition ci ∈ S.conditions do
nodes,values ← EntityDiscovery(ci.value);

. Nodes
. Query illustrated in Fig 4
. Semantic similarity with all

. Find the nodes in which
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value is present using Apache-Solr
18:
19:
20:
21:
22:
23:
24:
for

for node ni ∈ nodes do
if n ∈ N then
S.ci.value ← valuei;
S.ci.node ← n;
else
N.add(ni);
end if 25: end

26: S.ci.pred hint ← w2vSimilarity(S.ci.pred hint) . To find the property for condition
27:
end for
28:
29:
30:
31:
32:
33:

for cond ci ∈ S.conditions do
C ←∅;
C.COND PRED ← ci.pred hint;
C.OP ← ci.operator;
C.COND V AL ← ci.value;
Q.conditions.add(C); 34:
end for

35:
36:

Query ← ConstructQuery(Q, T);
R ← FetchFromDB(Query);

37:
return R
38: end procedure

We have used the similar model (tag prediction) described above to predict the
column that could be the x axis and y-axis respectively. We annotate the input as :
How many employees in each department
o
o
y
o o
x
Table 6: Annotations

In this example, employees has been annotated with y token as it will represent
on the y-axis, and department with x token as it represents the x-axis.
Fig 5 and 6 shows the snapshot of the viz predicted from the output.
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Fig.5: Bar Chart

Fig.6: Pie Chart

4

Experiments and Results

In this work, we focus on two public dataset - WIKISQL which is a collection of
87,673 questions formed from 26,521 tables and Spider dataset which consists of
10,181 questions and 5,693 unique complex SQL queries on 200 databases with
multiple tables covering 138 different domains.
Experimental Details We hand annotated the WIKISQL and Spider dataset to tag
every word of the sentence where we tokenize the sentences using NLTK [5]. We
have initialized Elmo embeddings and for the semantic similarity between words
and columns we have used Spacy library. We also use Stanford CoreNLP [7] to
extract POS tags and date entities.
We conducted our experiments on an Intel Xeon(R) computer with E5-2697 v2
CPU and 64GB memory and 8GB NVIDIA GPU, running Ubuntu 14.04. We evaluated
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the our system using two approached explained above. We use below two metrics
to define the accuracy:
– Logical Accuracy (Sketch) : This represents the accuracy at the sketch level.
It refers to the sketch as described in Fig 1.
– Execution Accuracy : We execute both the generated CQL query and the
ground truth and compare the results.
Results
WikiSQL dataset WikiSQL [17] is a large crowd-sourced dataset for developing
natural language interfaces for relational databases.
Table 7 and Table 8 shows the main results on the WikiSQL dataset i.e. accuracy
on DEV and TEST splits respectively at sketch and execution level.

Dev
AccSketch
Accuracy

AccEx

53.8

57.1

Table 7: Logical and Execution Accuracy for Dev split.

By using Sequence tagging networks to extract the information from the
sentence and then map it to the exact tables and concepts has made us achieved
the desired results.
We have also computed the break-down accuracy at RETURN , CONDITION
& AGG level. Table 9 and Table 10 describes the detailed results for dev and test
splits respectively.

Test
AccSketch
Accuracy

52.1

AccEx
56.3

Table 8: Logical and Execution Accuracy for test split.
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Dev

Accuracy

AccR

AccC

79.2

66.4

AccA
86.4

Table 9: Breakdown results on the WikiSQL dataset. AccR AccC and AccA
represents the Return, Conditions and Aggregation Accuracy
respectively for Dev split

Test

Accuracy

AccR

AccC

AccA

78.56

65.2

85.45

Table 10: Breakdown results on the WikiSQL dataset on Test split

The results shows that our approach makes us achieve greater accuracy in
WHERE clause which is the most-challenging as it requires correct prediction of the
column, operator and values.
Spider Dataset Spider [16] is a large-scale complex and cross-domain semantic
parsing and text-to-SQL dataset annotated by 11 Yale students which has unique
complex SQL queries on 200 databases having complex joins.
As spider chart 7 shows, this dataset is distinct from most of the previous
semantic parsing tasks because:
– ATIS, Geo, Academic: Each of them contains only a single database with a
limited number of SQL queries, and has exact same SQL queries in train and
test splits.
– WikiSQL: The numbers of SQL queries and tables are significantly large. But
all SQL queries are simple, and each database is only a simple table without
any foreign key.
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Fig.7: Complexity in Spider dataset

To test our approach on Spider dataset, we have hand annotated the dataset.
In this work, we have covered ORDER BY, JOINS, GROUPBY. Table 11 illustrates the
accuracy of dev split.

Test
AccSketch
Accuracy

16.23

AccEx
17.54

Table 11: Logical and Execution Accuracy for Spider - dev split.

We want to highlight that we have achieved 17.54 % accuracy by training only
800 out of 4K samples. We believe that we can out perform this accuracy by
training our models on full train set i.e. 4K samples.

5

Conclusions

We have described a framework wherein we semantically map the NL sentence
into an intermediate logical form (Sketch) using the framework of multiple
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sequence tagging networks over Knowledge Graphs. This approach of semantic
enrichment abstracts the low level semantic information from sentence and helps
in generalising into various database queries (e.g. SQL, CQL). We have also
described that output of the data also helps in predicting the appropriate
visualizations which yields additional insights of the data.
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Abstract. Deep learning has demonstrated excellent performance for
hyperspectral image (HSI) classification due to its ability of feature
representation. However, how to design the efficient architecture of deep
learning for HSI classification task is still a challenge. In order to address this
problem, in this paper, a novel framework named spectral-spatial factorized
network (SSFN) is designed . In this network, the spectral feature based
pixels of a 3-D cube patch was extracted using a subnetwork firstly, then,
this subnetwork is shared to fuse spatial information in a 3D patch. Finally,
spectral-spatial features flattened to a vector and fed into second
subnetwork for final classification. Furthermore, we impose the batch
normalization and dropout on every convolutional layer to improve the
performance and regularize the learning process. Experiments
demonstrated that SSFN achieved promising results of HSI classification.
Keywords: deep learning · hyperspectral image classification· factorized
strategy · spectral-spatial features.

1

Introduction

Hyperspectral image (HSI) classification is a hot topic in HSI community. With the
development of deep learning (DL), many DL-based method has applied to the HSI
classification task. HSI data contains limited train sample, however, training a DLbased approach of HSI classification is very hard and timeconsuming. Therefore,
design a effective and easy training neural network is necessarily.
Recently, a deep neural network method with factorized spectral-spatial
feature representation (FSSF-Net) was proposed [22]. The FSSF-Net factorized the
whole net into two subnetworks: pixels-based spectral feature extraction
network(SFE-Net) and patch based spatial classification model (PSC-Net), which
is easy to train and concise adaptive. Inspired by FSSF-Net, in order to make the
DL-based method more effective (i.e. easy to training and obtained higher
classification accuracy), in this paper, we proposed a DL framework with a
factorized strategy. Our method also factorized the whole framework into two
subnetworks: shortcut convolution neural network (SCNN-Net) for spectral
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extract and 3-D patch based classification subnetwork (PAS-Net). The main steps
of our method as follows: the pre-training SCNN-Net is used to extract pixels-based
spectral feature, then, to fuse the spatial information, SCNN-Net is applied to a
patch to extract spital feature. Finally, spatial and spectral features were flattened
to a vector and fed into the PAS-Net for final classification task. These two
subnetworks are combined via sequential connection. Different from FSSF-Net,
our network add a shortcut connection in the first subnetwork, hence, our network
can training deeper and extract more represented feature of HSI. The detail
architecture of the method shown in Fig. 1.

Fig.1. Flowchart of SSFN. The network includes two subnetworks, SCNN-Net and PAS-Net.

The remainder paper is organized as follows. The related works of HSI
classification are reviewed in Section 2. In Section 3, the details of the network
architecture and implementation are reported. In Section 4, the experiments are
done in order to demonstrate performance of SSFN. Finally, some conclusions are
given in Section 5.

2

Related Works

Hyperspectral image (HSI) classification has received considerable interest in
recent years, which is become a major topic of research [1][2][3]. HSI contains
hundreds of narrow contiguous bands [4][5]. The import application of HSI is
classification, which is used to material recognition, ground-objects identification
and so on [6][7][8]. To this end, many methods for HSI classification have been
proposed, such as SVM [9], a most representative approach , which determines the
boundary in high dimensional. Meanwhile, Sparse-based method has been
provided. For example, Chen et.al proposed sparse representation classification
(SRC) [10], which based on the assumption that pixels of HSI can be sparsely
represented by a liner combination of a few training samples over a dictionary.
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Then, the weight of these samples can be obtained by orthogonal associated
pursuit (OMP). Finally, the test label was determined by minimal residuals.
In recent years, with the rapid development of deep learning (DL), some
DLbased methods have been proposed because of its power of feature
representation. And, DL-based methods demonstrated that can obtain the stateof-the-art performance for HSI classification [11][12][13]. For instance, Zhong et
al. proposed a 3-D DL framework SSRN, which explore the spectral-spatial features
using two residual blocks. A novel method diverse region-based CNN is proposed
by Zhang et al. [7], which is merging direction-based half region and central region
factor to extract features, expected to have more discriminative power. Chen et
al.[15] proposed a 3-D CNN to extract deep spectral-spatial information from raw
HSIs. However, DL-based methods still face some problems, such as degradation
problem has been exposed when networks tends to deeper [16].

3
3.1

Methods
Model architecture

In our framework, the SSFN is factorized into two subnetworks: SCNN-Net and
PAS-Net. Given a 3D patch from raw HSI cube, SCNN-Net is applied across each
pixel to extract spectral features. Due to the spectral features extracted from pixels
of 3D patch, therefore, SCNN-Net shares to extract spatial information from a
patch. Then, these features were concatenated a vector. Finally, the vector is fed
into PAS-Net to determine class label.
With the deeper of network, vanishing gradation and degradation accuracy is
occur. In order to address this problem, inspired by [17], in subnetworks SCNNNet,
shortcut connect is added to explore local details and deeper information by skiplayer of shallow and deep layers. Meanwhile, to improve the ability of
generalization and eliminate over-fitting, batch-normalization layers(BN),
Dropout layers and self-normalizing ELU (SELU) are added to the architecture. In
this paper, the rate of dropout layers r = 0.5. The output of network is C
dimensional vector activated by softmax, where C is the number of classes.
3.2

Model training

Given a HSI cube data X = {xi|xi ∈ RW×W×H,i = 1,2,...,N}, where W is the width of the
cube data, H is the number of spectral bands, N is the number of patches. Let Y =
{yi|yi ∈ QC,i = 1,2,...,C} is the label, where C is the number of classes. The task of HSI
classification is to find a decision function f(x), such that the output Y o = {yio = f(xi),i
= 1,2,...,N} is as close to label Y as possible.
In our network, the subnetworks SCNN-Net is pre-trained, and the output of
SCNN-Net is spectral-spatial features as a vector. Then, this vector is fed into the

4

Hailong Su et al.

PAS-Net and output the final classification result. Both subnetworks SCNN-Net and
PAS-Net are trained using cross-entropy objective function, which represents the
error between predicted label and ground-truth label yi

)

(1)

The training steps of SSFN as follows: first, the SCNN-Net is pre-trained. In this
stage, the central pixels in each patch is used to training SCNN-Net. Therefore,
spectral feature is extracted. Then, spatial features fused in the output spectral
features of SCNN-Net. Finally, these two features flattened a vector and fed into the
PAS-Net, achieve the final classification result. The back-propagating is applied to
find optimal parameters. ADAM (Adaptive Moment Estimation)[18] optimizer is
used with a learning rate equal to 0.001. The batch size is set to 16, empirical, the
width of cube data W set to 7.

4
4.1

Experiments
Experiment conditions

In this section, we design experiments to demonstrates the performance of our
proposed method. First, two HSI real world dataset is introduced, i.e.Indian Pines
(IN) and University of Pavia(UP). Then, the classification result is reported
compared with other state-of-the-art methods, which is proposed in recent years.
Tensorflow with CPU version is selected, and a high-level neural networks API
Keras, which is running on top of tensorflow is used to simplifying the
implementation of our network. All the experiments are performed on windows
system desktop PC with Intel(R) Core(TM) i5-7400 CPU at 3.00GHz, 64bit system,
and 8.00 GB RAM, and python language is adopted.
4.2

Data set

The first data set is the Indian Pines (IN) which is captured by AVIRIS sensor over
the northwestern Indian Pines test site. The size of this data set is 145 × 145, and
it consists of 224 spectral within the wavelength from 0.4 × 10−6 to 0.6×10−6m. In
this scene, the water absorption bands ([104-108],[150-163],220) are removed.
There are approximate 10249 labeled pixels with 16 classes. 20% samples are
used to training and remaining for test. The number of training and test samples
are shown in Table 1.
The second data set used in our experiments is University of Pavia (UP), which
is gathered by the Reflective Optics System Imaging Spectrometer (ROSIS03) in
Pavia, northern Italy. It contains 115 bands, and the size is 610 × 340, along with
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9 classes. The spectral coverage ranges from 0.43µm to 0.86 µm. 10% samples are
used to training and rest of samples for test. The number of training and test
samples are shown in Table 2.
Table 1. The numbers of training and test samples for IN.
ID Class
Train Test
1 Alfalfa
21
25
2 Corn-notill
286 1142
3 Corn-mintill
166 664
4 Corn
45
192
5 Grass-pasture
97
386
6 Grass-trees
146 584
7 Grass-pasture-mowed
18
10
8 Hay-windrowed
78
400
9 Oats
12
8
10 Soybean-notill
197 775
11 Soybean-mintill
491 1964
12 Soybean-clean
119 474
13 Wheat
30
175
14 Woods
253 1012
15 Buildings-Grass-Trees-Drives 78
308
16 Stone-Steel-Towers
21
72
Table 2. The numbers of training and test samples for IN.
ID Class
Train Test
1 Asphalt
612 6019
2 Meadows
1480 17169
3 Gravel
303 1796
4 Trees
327 2737
5 Painted metal sheets 260 1085
6 Bare Soil
439 4590
7 Bitumen
262 1068
8 Self-Blocking Bricks 378 3304
9 Shadows
231 716

4.3

Model setting

In our model, due to adapted different datasets, hence, the input spectral
dimensional may differ for both subnetworks. The number of neurons of last
softmax layer of both subnetworks corresponding to the C (the number of classes)
in each dataset.
Meanwhile, the optimization process is a very important factor for
performance of classification. In this paper, ADAM optimizer is applied to harness
the training process. The initial rate is set to 0.001 for both subnetworks training.
The batch size is to equal 16. All training process has 200 epochs and repeated 5
times with all training and test data. Overall accuracy (OA), average accuracy (AA)
are used to measure finally classification results.
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Results

In order to demonstrate the effectiveness of SSFN, we compared it with other
state-of-the-art methods based on deep learning. Such as SAE [19], CNN [20], CNNPPF [21], FSSF-Net [22]. For a fair comparison, these methods have their optimal
settings.
The classification accuracy of dataset IN report in Table 3. The best results are
remarked bold. One can observe that our method SSFN achieve the best
performance compared with other methods. Particularly, SSFN delivered a
roughly 11% increase of OA and AA compared with SAE.
Table 3. Classification result value (%) of data set IN.
Model
SAE
CNN
CNN-PPF
SSFN
FSSF-Net

OA
85.47
97.41
94.34
97.65
93.50

AA
86.34
97.39
96.38
98.05
95.80

Table 4 shows the classification accuracy of UP. The best results are remarked
bold. Obviously, SSFN obtains the best result. Compared with other methods, SSFN
delivered 2.4% increase of AA and OA at least. CNN-PPF produces results close to
SSFN. The reason is both these two methods extracts the features from pixels,
which is more discriminative. The classification map of two dataset are shown in
Fig. 2(a) and Fig. 2(b) respectively. It is obvious that the classification map both
UP and PaviaU are smoothly and have the less noise.
Table 5 given the training and test time of SSFN compared with other methods.
We use different devices (GPU and without GPU) to achieve the time. As the
presented in Table 5, SAE and CNN-PPF obtained the longer time of training step.
The reason is the input of SAE and CNN-PPF is much than CNN
Table 4. Classification result value (%) of data set UP.
Model
OA
AA
SAE
94.25 93.34
CNN
92.27 93.36
CNN-PPF 96.48 95.77
SSFN
98.81 98.25
FSSF-Net 96.16 96.47
Table 5. Training time (hours) and test time (seconds) of IN and UP
IN
UP
Model
Device
Training (h) Test (s) Training (h) Test(s)
SAE
6.1
0.55
20
6.89
i5-7400 CPU
CNN
0.5
0.21
0.6
0.37 QUADRO K2200 GPU
CNN-PPF
6
4.76
4
16.92 QUADRO K2200 GPU
SSFN
1.1
12.69
1.9
50.42
i5-7400 CPU
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FSSN-Net

1.9

75

0.9

49
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i5-7400 CPU

and SSFN. Because the experiments of SSFN is without GPU, hence, the training
time is much than CNN but less than SAE and CNN-PPF. Finally, SSFN achieved the
longest test time. That is because our model in first subnetwork is based-on the
pixels. Fortunately, the adoption of GPU of our method SSFN has largely reduced
the training and test times. Compared with FSSF-Net, our method obtained the
lower training and test time of IN. But our method achieve higher training and test
time of UP, that because our method has the complex network structure. Overall,
our network is effective.

(a)

(b)

Fig.2. Classification map. (a)Indian Pines. (b)University of Pavia

5

Conclusions

In this paper, we proposed a novel and efficient deep learning framework SSFN for
HSI classification. Whole SSFN network was factorized into two subnetworks.
First, spectral feature was extracted by pre-training subnetwork. In order to fuse
the spatial feature, pre-training subnetwork was shared in a patch, then, spectral
and spatial feature combine to a vector and fed into the second subnetwork for
classification. To eliminate the problem of vanishing gradient and degradation
accuracy, batch normalization is used. Dropout and self-normalizing ELU also used
to improve the generalization capability. Compared with other deep learning
based method, our method achieve promising classification performance.
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Abstract
Collecting process-related information from
different stakeholders is a complex and errorprone task. Therefore, there exists a variety of
methods
to
generate
process
models
automatically. In this paper, we present a novel
method for merging process knowledge from a
number of participants. According to the main
principle of the approach, a set of tabular activity
descriptions is merged into one specification of
unordered tasks. Our method includes a semantic
analysis of the input descriptions and merges the
descriptions based on parameter similarity. The
resulting spreadsheet-based form can be then
transformed into a process model using a set of
predefined constraints and a dedicated
construction algorithm.

1

Introduction

Business Process Management (BPM) is a field of study
concerned with overseeing how work is performed in an
organization in order to improve overall work efficiency
[Dumas et al., 2013]. Although the definition of
"improvement" depends on the scope and nature of any
given organization, it most often includes reducing costs,
reducing execution time or minimizing error rates. This can
be achieved by restructuring or removing altogether
unproductive layers, eliminating redundancies and
restructuring processes. To make working with a process less
complicated, Business Process Models are used extensively
in BPM initiatives.
Business Process Model is a formalized graphical
representation of a business process. A business process can
be represented in various forms such as diagrams or
workflows [Vaisman, 2012]. The main purpose of Business
Process Models is to allow for better better understanding
of business processes for all people involved. Additionally,

Business Process Models can help with process
improvement, process stimulation or process verification
[Indulska et al., 2009]. Though, on the surface it does not
seem to complicated, modelling a process requires large
amount of data about a process before a model can be
created. In order to gather that information, Knowledge
Engineering methods are often applied.
∗

Contact Author

Knowledge Engineering (KE) is an engineering discipline
that emphasises the acquisition of knowledge and
representing this knowledge in some unified form of data
[Darai et al., 2010]. Knowledge Acquisition (KA), its major
research field which aims to develop method and tools that
would make the task of gathering and validating knowledge
gathered from domain experts less complicated [Kendal and
Creen, 2007]. Some of the KE methods might require
sophisticated Information Technology (IT) infrastructure in
order to operate. This infrastructure is usually created by
Software Engineers in collaboration with Knowledge
Engineers.
Software Engineering (SE) is a discipline concerned with all
aspects of software production from the early stages of
system specification all the way through to system
maintenance [Sommerville, 2011]. Software engineers aim
to ensure high quality of software products. SE in contrast to
software development aim to develop more complex
systems and includes additional phases when creating
software product that are usually not covered by simple
software development.
Business processes are a vital part of any organization and
whether or not this organization realizes that they can still
have a significant impact on the overall performance of an
organization. For example, they can impact time and cost of
delivery of both products and services and they can
determine the potential of an organization to change or
adapt to new circumstances. Despite all of this, business
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Figure 1: Overview of the proposed approach within the area of business process composition.

processes have not been adequately appreciated for a long
time and only recently got the attention they required. Since
then, companies from all around the globe have started
initiatives that would improve their processes and by
extension, their longterm efficiency. Though, it seems quite
simple on the paper, in reality before a process can be
improved, it has to be deeply understood. This means that
any initiative that aims to improve a process has to begin by
gathering information regarding a process and organizing
that information, usually in form of process models or
workflows. As a result, process analysts with the help of
software engineers have developed several methods, tools,
and concepts that aim to make this process less complicated
and less time-consuming. These ideas can include:
generating process models from text and documents
[Friedrich et al., 2011], providing interoperability standards
[Ganzha et al., 2018] or generating process models from
spreadsheets [Kluza and Wisniewski, 2016´ ]. The latter
approach is particularly interesting because most companies
use spreadsheets on daily basis anyway. Here, a spreadsheet
containing tasks executed within a process is transformed
into a formalized Constraint Solving Problem. The solution of
this problem is used to generate a Process Model using
Process Mining or Model Construction. The final model of
the process is generated in form of an .xml file, which allows
for further improvements of the model. Tough, this concept
takes care of creating a model from previously created data,
it does not address the issue of gathering the information
about a process and preparing them to the required format.
Such task consists of gathering information and resolving
inconsistencies within that information. The mentioned
inconsistencies may include missing information, duplicated
information or contradictory information. Unfortunately,
these inconsistencies have to be resolved manually by a
process analyst.
In this paper, we would like to present an approach for
business analysts which can help with gathering pieces of
information about business processes and offer assistance
with tedious task of consolidating this information into a
consistent spreadsheet. Such a spreadsheet can later be
used to generate a process model. This tool would provide
an easy way to fix such issues and would result in a decrease
of time required to gather and organize information about a
business process.
Figure 1 highlights the phases of automated process
model generation where the method proposed in this paper
can be applied. The figure is based on a general overview of
spreadsheet-based process modeling presented in
[Wisniewski´ et al., 2019].
This paper is organized as follows: Section 2 presents the
idea of knowledge acquisition and its origins, along with an
overview of methods used to acquire business process
knowledge. Section 3 describes in details the proposed
approach to merge process knowledge based on
specifications provided by users. In Section 4, the developed

method has been analyzed on an example process data.
Finally, Section 5 summarizes the obtained results and
proposes ideas for future work.

2

Knowledge Acquisition for Business
Processes

Knowledge acquisition emerged as a separate research area
as a result of the increasing demand for engineering
methodologies for the development of expert and
knowledge-based systems [Shaw and Gaines, 1996]. It has
been established as a discipline concerned with research,
development and application of knowledge acquisition
theories, methodologies and tools with the intent of
automation process of gathering knowledge. In the early
days of the knowledge acquisition, it emphasized the
collection of knowledge that was believed to be a basis for
human expertise in areas that traditional systems could not
mimic. As the scope of the knowledge-based systems
increased, it became apparent that the explicit knowledge
that can be seen in text and data structures and the
concealed knowledge responsible for experts skilled
behavior are not the same. This has led to the discovery that
acquisition of knowledge is in its basis a process of modeling
expert behavior and that the extracted knowledge is often a
model rather than exact knowledge possessed by the expert.
Knowledge acquisition enhances the process of
decisionmaking [Owoc and others, 2015] as well as business
processes [Honkisz et al., 2018]. Some of the most common
knowledge engineering techniques are [Welbank, 1990;
Olson and Rueter, 1987]:
• Interviews. Interviews are probably the most common
techniques for gathering knowledge from experts. They
rely on the assumption that experts can pass their
knowledge to a knowledge engineer. A conversation
with an expert might reveal a lot of important details
about a task or a process. On the downside, interviews
are very timeconsuming for all people involved and
may require several iterations before all relevant
information is gathered.
• Questionnaires. Questionnaires are very efficient
methods in the knowledge acquisition process. In
contrast to interview methods, which are very timeconsuming, questionnaires can be filled by an expert in
their spare time. This makes them a great support
method for interviews because experts can fill out
questionnaires in between interview sessions. This
approach can increase the amount of information
gathered without increasing the time-consumption.
Additionally, questionnaires are particularly great at
uncovering objects of the domain and relationships
within it. In some cases, a questionnaire can be
structured in a way that would allow for automatic
processing of the elicited knowledge.

• Observation. The idea behind this method is simple: a
knowledge engineer observes the experts behavior and
then deduces their knowledge. Although this method
can potentially provide a lot of information, it also
creates several issues. Not only is it time-consuming but
also relies on the knowledge engineer to successfully
recreate experts knowledge based on their behavior.
• Automatic Knowledge Acquisition. This method relies
heavily on advanced systems designed to extract
knowledge from digital sources like server logs or
documents. The results of this method may vary,
depending on the domain and amount of available
information to process, but in a general case, it can
provide an overview of the domain. On the downside,
it might take a lot of time, before such system gathers
enough information for knowledge elicitation.
Additionally, if some of the required information is
missing, this method might fail to elicit any useful
knowledge.
In the context to BPM, Knowledge Acquisition is
particularly useful for gathering information about a process
before a model can be created. This might involve some of
the abovementioned methods or some methods more
suited for BPM initiatives such as workshops or document
analysis. Workshops are a unique version of interviews,
where several experts meet with knowledge engineers and
process analysts to create a Business Process Model through
collaboration and discussion. Document analysis takes
advantage of the existing documentation within a company
to acquire additional information about a process.
Regardless of the selected method for eliciting knowledge
from the experts, Knowledge Acquisition is an essential
element of creating a process model and BPM initiatives in
general.

3

Our Approach

The main goal of the presented system is to help process
analysts with facilitating knowledge gathered from domain
experts by means of analysis of similarity between different
tasks within the process. The system should enable smart
merging of the data provided by different users, as well as
mediation in regards to specific data. The result should be a
declarative process specification in form of a spreadsheet
based on data gathered from different users that could be
used as a basis for BPMN process model generation.
The core functionality of the system consists in comparing
tasks. The comparing tool uses Wordnet and statistical
algorithm to calculate the semantic similarity rate between
tasks, and data entities. WordNet is a semantically-oriented
dictionary of English [Bird, 2005]. It has richer structure than
a traditional thesaurus. NLTK includes the English WordNet,
with 155,287 words and 117,659 synonym sets [Bird, 2005].
WordNet synsets, which are set of synonyms correspond to
abstract concepts. These concepts might not have

corresponding words in English dictionary. These concepts
are linked together in a hierarchy. Some concepts might be
very very general like Entity, State or Event. These concepts
are called root synsets or unique beginners.
Due to the differences of levels of standardization and
roles of the individual task, the comparison of two tasks is
split into comparing each part of the tasks separately:
• Description. Because it is the least standardized part of
the task, it has been proven difficult to come up with
the accurate method of comparing it. The method that
has been chosen for this part is the Cosine similarity in
the vector space where each sentence is represented
by the vector of numbers that represent occurrences of
each
purchase bill
funds
invoice
0.28
0.74 0.17
order
0.93
0.21 0.43
assets
0.14
0.21 0.71
Table 1: Example of a similarity matrix. Each cell represents the
similarity ratio between corresponding words.

word from both sentences in that sentence and the
result is the angle between these vectors.
• Data Required and Data Created. Comparing Data is
also split into comparing Data names and Data
attributes separately. Similarity between Data names is
calculated by finding an intersection between
synonyms of these names. The synonyms are acquired
through the Wordnet, then the similarity is calculated
with the following formula:

where x represents the size of the intersection. This
formula was created in order to return number on
range of 0–1 with the general shape close to the shape
of a logarithmic function. In case that the given name
can not be found in the Wordnet, the similarity is
calculated with the Levenshtein distance with the
following formula:

where m represents the length of the longest of the two
words and the l represents the Levenshtein distance
between the two words.
• Similarity between individual attributes of the data is
calculated the same way the Similarity between Data
names is calculated.
• Similarity between sets of entities like data or
attributes is calculated in a following way:
1. Firstly, a similarity matrix is created, where
rowsconsist of the first compared set of entities,

the columns represent the second set of entities
and the intersections cells contains similarity
between the two entities. Figure 1 contains an
example of such a matrix.
2. Then, the greatest value in that matrix is found.
3. Then, the found value is added to the total
similarityof the matrix.
4. Then, the column and row containing cell with
thefound value are removed.

5. Steps 2-4 are repeated until the matrix is empty.
6. Finally, the similarity between the sets is
calculatedby dividing the similarity of the matrix
by the size of the greater of the sets.
Figure 2 shows the workflow of that algorithm.
After all partial similarity scores for a pair of tasks are
calculated, the result is the average between all these
calculated similarity scores.
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Case Study

Reserve funds
Receive Invoice
Record Invoice

Order Reviewed
Invoice
Invoice

Release funds

Invoice Recorded,
Packing slip Recorded

Issue payment

Funds Discharged

Report Invoice
Discharge funds

Invoice
Invoice Reported,
Packing-slip Reported
Order Sent

Receive invoice

Funds Reserved
Invoice
Invoice
Recorded
Funds Released

Order
Completed
Invoice Reported
Funds Discharged
Invoice

For the purpose of the evaluation of our approach, a supply
process case study is considered. This process is realized by four
roles: accounts payable specialist, purchasing specialist,
warehouse operator and purchasing manager. Although four
roles are required, we will use five spreadsheets, as we inquire
two different accounts payable specialists for the process.
Task description

Data required

Data created

Table 2: Activities of the first accounts payable specialist.

After analyzing the spreadsheet from the first accounts
payable specialist (see Table 2) validating it with similarity
threshold of 65%, we can observe that some of the data required
and created is used only once and that the tasks "Receive
Invoice" and "Record Invoice" might be too similar. Indeed the
data required is identical and data created is only slightly
different. However, it is easy to notice that descriptions of these
tasks suggests otherwise. Now, the process analysts would
probably consult domain expert who created the spreadsheet on
this matter or look into his notes. It might also be a good idea to
look for a solution in other spreadsheets.
Task description

Data required

Data created

Table 3: Activities of the second accounts payable specialist.

In order to resolve these issues, we can use the spreadsheet
from the second accounts payable specialist (see Table 3) into
the second table. Now, we can try to search for duplicates of
tasks "Receive invoice" in both spreadsheets. We choose
similarity threshold of 65% and the results include "Record
Invoice" just as with validation and two tasks from the second
spreadsheet: "Report Invoice" and "Receive Invoice". Duplicating
tasks descriptions suggests, that these tasks should be merged
into one. We choose "Order created" as data required for the
task and "Invoice" for data created because task with identical
input and output is probably redundant. Next, we move task
"Issue Payment" to the main table, because it is unique within
both spreadsheets. Then, we look for tasks similar to task
"Report invoice" from the second spreadsheet. There is only one
task similar to this one and it is "Record
Invoice" from the first spreadsheet. The tasks are most likely
Figure 2: Workflow diagram for calculating similarity ration bethe
same, the only difference is the word choice. Similar sittween two sets of entities

uation occurs between tasks "Release funds" and "Discharge
funds". Because we do not know yet which version is used in
other spreadsheets, we leave them all to decide later.
Next, we can analyze a spreadsheet created by purchasing
manager (see Table 4). These tasks are all unique, so we

Task description

Data required

Review Order

Order Created

Send Order

Funds Reserved

Data created
Order
Reviewed
Order Sent

Table 4: Activities of the purchasing manager.
Task description

Data required

Data created

Create Order

Inventory
Checked
Order Reviewed

Order Created

Reprocess Order

Order
Reprocessed
Table 5: Activities of the purchasing specialist.

can move them into the main table. Then, we can take into
account the spreadsheet created by the purchasing
specialist (see Table 5). Once again these tasks are unique,
so they are moved into the main table.
Finally, we can take into account a spreadsheet from the
warehouse operator (see Table 6). Tasks "Receive
Packingslip" and "Check inventory" are unique, and are
moved into the main table. The task "Record Packing-slip" is
also unique, but it seems like it is missing something as both
data created and required are the same. In order to establish
whether or not it is a mistake we search for tasks that use
"Packing-slip" as their input. We find out that tasks that
might require such input are "Release funds", and
"Discharge funds". This means that we need to choose
between these two. We find out that output from "Discharge
funds" is used, where data created by the "Release funds" is
not. As a result, we remove tasks "Release funds" and move
"Discharge funds" to the main table. Then, we fix the tasks
"Record packing-slip" to create data entity "Packing-slip
reported" and rename it to "Report packing-slip" and move
to the main table. The task "Report invoice" can be moved
into the main table.
Upon validation of three data entities are not used: "Order
Completed", "Order Reprocessed" and "Goods-request".
Data "Goods-request" and "Order Completed" appear to be
data received and created of the entire process. Regarding
the data "Order Reprocessed" it should be consulted with
domain experts about its relation to the entire process.
Figure 3 presents a BPMN model created from the final
spreadsheet using the translation method based on
participatory process modeling presented in [Wisniewski´ et
al., 2018]. There is one notable issue with this model. The
output of the task "Reprocess Order" should probably be
connected back to the task "Review Order" using the
exclusive gateway. It is, however, a relatively minor issue
and a process analyst may fix it directly in the generated
model manually or using some automated repairing
methods [Cervantes et al., 2017].

5

Conclusions

The paper presented a method for an intelligent system that
can support work of a business analyst by assistance with
creating and merging spreadsheets containing process
knowledge. The result of the case study proves that it is
difficult to create a truly "intelligent" tool, as the presented
tool might sometimes feel lacking the insight of a process
analysts and domain expert alike. The models generated
from the data created using the system are not fully
accurate, though they can
Task description
Check Inventory

Data required
Data created
GoodsInventory
request
Checked
Receive Packing Slip
Order Sent
Packing Slip
Record Packing Slip
Packing-slip
Packing Slip
Table 6: Activities of the warehouse operator.

provide a prototype model which serves as a basis for a final
process model.
There are several possible ways for the further extension
of our approach. The similarity calculation can be improved
using machine learning models. This would require collecting
data from the applications and preparing training sets based
on such data. As for now, only basic BPMN elements are
supported. Thus, another extension can support more
complex elements or other types of BPMN elements.
Moreover, for practical application, a support for the realtime collaboration on a single instance of the spreadsheet is
needed. This could reduce time required to resolve
inconsistencies [Adrian et al., 2013] between different
business experts about what is required for the task or what
is created.
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constructing such a concept net, then we analyze
Abstract
One of the ultimate goals of e-commerce
platforms is to satisfy various shopping needs for
their customers. However, decisions made by
modern ecommerce search engines and
recommender systems are not driven by user
needs directly, since there is a huge semantic gap
between user needs and category-based item
taxonomy widely adopted in most e-commerce
platforms. In order to bridge this semantic gap and
therefore further improve user satisfaction, we
propose to construct a largescale e-commerce
concept net called “AliNet”, which is practiced in
Alibaba, the largest Chinese e-commerce platform
in the world. We first formally define “user needs”
in e-commerce, then conceptualize various user
needs from multiple sources as “concept” nodes
in the net. Great efforts are then devoted to
construct the complete structure of AliNet. Some
real industry tests show great advantages of such
user needs understanding empowered by our ecommerce concept net. This project is ongoing
when writing this paper, therefore, we mainly
discuss the importance and necessity of
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its challenges and potential solutions.

1

Introduction

While the number of items on e-commerce platforms grows
dramatically day by day, e-commerce giants like Alibaba and
Amazon are taking great efforts to figure out what items
users might be interested every time they open the shopping
apps. Personalized search and recommendation are two
effective ways for those platforms to help their users quickly
zoom into a small set of items that meet their personal needs
from an enormous candidate set. However, there is a huge
semantic gap between what users need in their mind and
how the items are organized in e-commerce platforms.
The users come to an e-commerce platform can be
roughly categorized into four types according to their
particular needs2:
• Users who have an exact product in mind, for example,
a user who wants to buy the newly released iPhone X
64gb gold.
• Users who have a category of products in mind, for
example, a customer who wants to buy a rice cooker or
a refrigerator. However, the customer does not know
which particular product has the right features he

needs. Moreover, it is also possible that after some
painstaking research, he may realize, instead of a rice
cooker, what he really needs is a steamer.
• Users who have a situation or a problem but do not
know what products can help, for example, a customer
who is planning an outdoor barbecue, who is concerned
with how to get rid of a raccoon in his garden, or who is
panicking at the eleventh hour about a Valentine’s day
gift.
• Users who do not have anything in mind to buy. They
just want to be informed, inspired, enlightened and
entertained, but generally they just want to spend
some time and have fun.
On the other hand, the taxonomy to organize items in almost
every e-commerce platforms is generally based on CPV
(Category-Property-Value): thousands of categories form a
hierarchy according to different granularity, while each leaf
category has specific properties such as color, size, etc. and
corresponding concrete values. It is a natural and simple way
of organizing and managing large amount of items but is very
limited to support e-commerce applications for the aim of
understanding various user needs mentioned above.
For years, e-commerce search engine is teaching our users
how to input keywords wisely so that the wanted items can
be quickly found. It seems keyword based searching only
works for those users who know the exact product they want
to buy. The problem is, users do not always know the exact
product. More likely what they have in mind is a type or a
category of products, with some extra features. Even worse,
they only have a scenario or a problem but no idea what
items could help. In these cases, a customer may choose to
conduct some research outside the e-commerce platform to
narrow down to an exact product, which harms the user
experience and making e-commerce search engine not
intelligent at all. If we trace back to the source, the real
reason behind it is that we only have categories in our

platform, and we don’t have any knowledge indicating what
products are needed for an “outdoor barbecue”, or what is
“preventing the olds from getting lost”. Typing search
queries like these inevitable leads to user needs mismatch
and query understanding simply degenerates to key words
matching.
The same problem exists in item recommendation. Due to
the prohibitive size of transaction data in real-world industry
scenario, recommendation algorithms widely adopt the idea
of item-based CF [Sarwar et al., 2001], which can
recommend from very large set of options with relatively
small amount of computation, depending on the precalculated similarity between item pairs. The recommender
system uses user’s historical behaviors as triggers to recall a
small set of most similar items as candidates, then
recommends items with highest weights after scoring with a
ranking model. A critical shortcoming of this framework is
that it is not driven by user needs in the first place, which
inevitably leads to a dilemma where items recommended
are hard to be explained except for trivial reasons such as
“similar to those items you have already viewed or
purchased”. Besides, it also prevents the recommender
system from jumping out of historical behaviors to explore
other implicit or latent user interests. Therefore, despite the
widespread of its use, the performance of current
recommendation systems is still under criticism. Users are
complaining that some recommendation results are
redundant and lack novelty [Murakami et al., 2007], since
current recommender systems can only satisfy very limited
user needs such as the needs for a particular category or
brand.
In this paper, we attempt to bridge the semantic gap
between actual user needs and existing knowledge in
ecommerce platforms by building a novel concept net which
is able to help search engine directly suggest a customer
“items you will need for outdoor barbecue” after he inputs

Figure 1: Overview of “AliNet”, where concepts are marked by red rectangles and pictures are example items.

keyword “barbecue outdoor”, or help recommender system
remind him of preparing things that can “keep warm for your
kids” as there will be a snowstorm coming next week.
Different from most existing e-commerce knowledge graphs,
which only contain nodes such as categories or brands, a new
type of node, e.g., “Outdoor Barbecue” and “Keep Warm for
kids”, is introduced as bridging concepts connecting user and
items to satisfy some high-level user needs or shopping
scenarios. We call these nodes “e-commerce concepts”,
whose structure represents a set of items from different
categories with certain constraints (more details in Section
2) . These e-commerce concepts, together with categories,
brands and items, form a new kind of e-commerce
knowledge graph, called “AliNet” (Figure 1 (a)). For example,
“Outdoor Barbecue” is one such e-commerce concept,
consisting of product categories such as charcoal, forks and
so on, which are necessary items to host a successful
outdoor barbecue party.
There are several possible practical scenarios in which
applying such e-commerce concepts can be useful. The first
scenario is coarse-grained recommendation, where inferred
concepts can be directly recommended to users together
with its associated items. Figure 2(b) shows the real
implementation of this idea in Taobao 3 App. Among normal
recommended items, concept “Tools for Baking” is displayed
to users as a card with its name and the picture of a
representative item (left). Once a user clicks on it, he will
enter into another page (right) where different items for
baking are displayed. In this way, the recommender system
is acting like a salesperson in a shopping mall, who tries to
guess the needs of his customer and and then suggest how
to satisfy them. If their needs are correctly inferred, users are
more likely to accept the recommended items. The second
scenario is intelligent search, where search queries are
associated with most possible concepts at first. In Figure
2(b), search query “Baking” triggered the concept card
“Tools for baking” with related items. Other scenarios can be
providing explanations in search or recommendation as
shown in Figure 2(c). While explainable recommendation
attracts much research attention recently [Zhang and Chen,
2018], most existing works are not practical enough for
industry systems, since they are either too complicated
(based on NLG [Zanker and Ninaus, 2010; Cleger-Tamayo et
al., 2012]), or too trivial (e.g., “how many people also
viewed” [Costa et al., 2018; Li et al., 2017]). Our proposed
concepts, on the contrary, precisely conceptualize user
needs and are easy to understand. This idea is currently
experimented in Taobao at the time of writing.
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Search Query:

Baking

(a)

Concept:
Tools for Baking

(b)
Items

Concept Card:

Tools for Baking

long press reason:
“Tools for Baking”

(c )

Figure 2: Three real examples of user-needs driven
recommendation. (a): Queries trigger concept cards in intelligent
search. (b): Display concepts directly to users as cards with a set of
related items. (c): Concepts act as explanations in search and
recommendation.

The rest of paper is organized as follows: Section 2
introduces details of AliNet about how we define the
concepts, where the concepts come from and how the whole
structure is constructed. Section 3 discusses main challenges
we encounter in the procedure of constructing AliNet.
Section 4 provides potential solutions to the challenges.
Section 5 mentions related works, and finally, Section 6 gives
a conclusion and delineates possible future work.

2

AliNet

In AliNet, user needs are conceptualized as “concepts” which
include a set of particular items in e-commerce. Generally,
a concept is a fluent short phrase which contains clear
semantic meaning and appeals to common sense.
Furthermore, we divided various concepts into two main
types: shopping scenarios such as “Family Barbecue”,
“European Baking” or “Keep warm for Kids”, may consisting
of items from several categories, and extensible categories
such as “Shoes”, “Bohemian Dress”, or “Messi Shoes for

Kids”, representing needs for a specific category 4 with
unlimited constraints. In order to cover as many user needs
as possible, we generate concepts from two perspectives: 1)
mine enormous raw concept phrases from large amount of
query logs, product titles and open-domain web texts. 2)
generate more complex concepts using existing concepts
through combination.
In order to understand raw concept phrases and then
organize concepts to form a structural network or graph, we
define the schema of concept nodes, the core components
of AliNet as below: Attributes
Based on years of experience in e-commerce, we express
each concept using values drawn from 8 different domains
of an “e-commerce concept vocabulary”, which is shown in
Figure 1 (b). For example, “Outdoor Barbecue” can be
written as “Location: outdoor, Incident: barbecue”, and
“Breakfast for Pregnancy” can be written as “Object:
pregnant women, Cate/Brand: breakfast”. This vocabulary
can be seen as a external semantic universe for concept
understanding. We construct this vocabulary by integrating
WordNet[Miller, 1998], Wikipedia 5 and other general
knowledge bases.
Relations
Concepts are related to representative items, categories,
brands respectively, to form the complete concept net.
Besides 3 related to relations between concepts and 3
existing nodes in e-commerce, we define another 13
relations within different concepts such as: isA, used for, part
of, etc. It should be noticed that there is a hierarchy within
each domain mentioned above. For example, “Shanghai” is
a city in “China” in the domain of Location and “pregnancy”
is a special stage of a “woman” in the domain of Object.
Vocabulary terms at different levels can be combined and
result in different concepts. Accordingly, those concepts are
naturally related to form a hierarchy as well.
Crowdsourcing effort is important during the construction
of AliNet, aiming to make sure the overall quality fits the
requirements of industry applications. All the concepts and
edges generated automatically will be randomly sampled in
batches to test accuracy, and only those batches pass the
test will be added into the concept net. Table 1 shows the
statistics of the concept net used in this paper. There are
around 4 million concepts generated in total at current
stage, among which 17,301 concepts are already deployed in
our online recommender system, covering over 95%
categories in Alibaba and each concept is related with 10.4
categories on average.

4

The range of extensible categories is much larger than
existing standard categories. We basically regard every
product type appeared in human language as our category.

3

Challenges

In this section, we discuss the main technical challenges of
constructing AliNet defined above. Note that difficulties of
this work are not limited to the following four aspects.
# Time
# Location # Object
# Func.
198
267,796
1,930
9,135
Cpt Vocab.
# Inci.
# Cate/Bra.
# Style
# IP
19,405
822,137
1,812 1,504,507
# Cpts (Raw)
4 million
# Cpts (Online)
17,301
# Items
1 billion
# Categories/Brands
19K/5.5M
Table 1: Statistics of AliNet at time of writing.

3.1

Concept Mining and Generation

Mining useful concept phrases is the fundamental task to
construct our concept net. There is no previous work on
defining such “concepts” and few on mining such phrases
from text. Texts in e-commerce include search queries, item
titles, and item comments, which are very different from
normal texts since they are short and extremely noisy, which
increases the difficulty of mining valuable information.
Besides, the algorithm has to achieve an acceptable
precision since Crowdsourcing resource is limited. Another
problem is that our ideal target is to cover all user needs,
while the fact is: user needs seems endless. Thus, mining
concept phrases is a continuous procedure.
Another way to produce more concepts is to generate new
concepts using existing concepts. For example, we combine
IP “Lionel Messi” with concept “Shoes for Kids” to get a new
concept “Messi’s Shoes for Kids”, which is more specific and
complex. How to design a appropriate model to generate
such concepts and classify their reasonability is a hard
problem.

3.2

Concept Understanding

Once raw phrases are mined or generated, understand those
phrases using the vocabulary is a vital step to integrate them
into the graph and become real “concept” nodes. The major
task here is short text Named Entity Recognition (NER). For
example, given a concept phrase “outdoor barbecue”, we
need to recognize “outdoor” as a “Location” and “barbecue”
as an “Incident”. However, term “barbecue” can be a movie
or a song in our dictionary either, so it also could be an “IP”.
Comparing to normal sentences where NER are performed
in most cases, concept phrases are very short, which
consisting of only 2-3 terms on average. Loss of contextual
information brings extra difficulty to disambiguation.
To make the problem even more difficult, we can regard
this task as “Attribute Inference”. If so, we have to infer
unseen attributes for short concept phrases as well. For
5
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example, “Boy’s T-shirts” implies the “Time” should be
“Summer”, which term “summer” does not appear in the
phrase. Designing such an inference model is challenging.

3.3

Concept Hierarchy Construction

For e-commerce use, isA is the most important relations
among all the intra-concept relations since it’s crucial to
downstream applications such as reasoning and inference.
IsA relation mainly exist between extensible categories. The
main challenge is that most category terms in e-commerce
are very rare and sparse when we try to use external text
corpus to do relation extraction. Beside, it’s difficult to judge
a pair of category terms forming isA relation even by human.

3.4

Concept-Item Relevance Computation

Items are always the most important nodes in an ecommerce knowledge graph, since ultimately it is items that
customers will buy. The relevance computation between
concepts and items require extremely high precision since
one bad case could harm user experience badly, and high
recall, otherwise some items will not be found through
certain concepts forever. The challenge here is that concept
is a term-based phrase with some attributes and item is a
complex structure containing various information such as
title, figure, attributes, description or even a short video.
Matching these two heterogeneous contents with high recall
and precision is not a simple task.

4

Potential Solution

In order to address the challenges listed above, we propose
potential solutions, which are described as below:
To solve the challenges in concept mining and generation,
we propose to use phrase mining algorithms such as
AutoPhrase[Shang et al., 2018] and Sequential Pattern
Mining (SPM) to generate concept phrase candidates and
design two models to judge the correctness of concept
candidates. The first model is basically a language model,
aiming to predict whether the terms of concept candidate
are in right order, since terms in search query and item title
where those candidates come from, are not barely in correct
order. The second model is to predict the reasonability of a
concept candidate, which combines various syntactic and
semantic features.
To solve the challenges in concept understanding, we
propose to match short concept phrase back to longer
sentences in external text corpus. For NER, we modify stateof-the-art multi-task sequential labeling models [Gong et al.,
2018] and add some specially extracted features for short
text.
To solve the challenges in concept hierarchy construction,
we propose to first use distributional-based models to
6
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predict potential isA relation, then use a more complicated
rank module to score the confidence. We try to design a new
word embedding training method for rare and sparse ecommerce category terms.
To solve the challenges in concept-item relevance
computation, we propose to deign a deep relevance
matching model for heterogeneous contents. We plan to
fully utilize multimodal information from items and concepts
to improve performance.

5

Related Work

Great human efforts have been devoted to the construction
of open domain KGs such as Freebase [Bollacker et al., 2008]
and DBpedia [Auer et al., 2007], which typically describe
specific facts rather than inconsistent concepts appearing in
natural language text. Probase [Wu et al., 2012] constructs a
large-scale probabilistic taxonomy of concepts, organizing
general concepts using isA relations. ConceptNet [Speer and
Havasi, 2012] tries to include common sense knowledge by
recognizing informal relations between concepts, where the
concepts could be the conceptualization of any human
knowledge such as “games with a purpose” appearing in free
texts. Inspired by the construction of open-domain KGs,
different kinds of KGs in e-commerce are constructed to
describe relations among users, items and item attributes
[Catherine et al., 2017; Ai et al., 2018]. One example is the
“Product Knowledge Graph” 6 of Amazon, another ecommerce giant in the world. Their KG mainly supports
semantic search, aiming to help users search for products
that fit their need with search queries like “items for picnic”.
The major difference is that they never conceptualize user
needs as explicit nodes in KG as we do. In comparison, AliNet
introduces a new type of node to explicitly represent user
needs. Besides, it becomes possible to link AliNet to opendomain KGs through the concept vocabulary mentioned in
Section 2, making our concept net even more powerful.

6

Conclusion and Future Work

In this paper, we point out that there is a huge semantic gap
between user needs and current knowledge structure in
most e-commerce platforms. This gap inevitably leads to a
situation where e-commerce search engine and
recommender system can not understand user needs well,
which, however, are precisely the ultimate goal of ecommerce platforms try to satisfy. To tackle it, we introduce
a specially designed ecommerce concept net “AliNet”
practiced in Alibaba, trying to conceptualize user needs as
various shopping scenarios and extensible categories, also
known as “e-commerce concepts”. We introduce the details
of AliNet and discuss the challenges and potential solutions
during the construction of such a concept net. We believe

that AliNet can benefit a series of downstream applications
in e-commerce, including search, recommendation,
advertising, etc. Our future work includes: 1) Complete the
whole structure of AliNet. 2) Introduce more open-domain
or common sense knowledge into AliNet. 3) Explore various
possibilities of “user-needs driven” applications in ecommerce.
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Loyalty is defined as “... re-purchasing only one brand,
without
considering the purchase of other brands” [Newman,
Abstract— Currently retail companies operate on a highly
competitive market. Keeping customers loyalty on a high level is Werbel 1973] or as “... a persistent and consistent readiness to
a key to achieve success in such business. Retail companies repurchase or re-promote your preferred product or brand in
especially those that use eCommerce channels gather a lot of data the future, resulting in repeat purchases of the same brand
about customers and their behavior. The data can be used to despite market influences and marketing efforts that have the
acquire knowledge about customers helpful when company
potential to change behavior” [Oliver 1999]. Two aspects of
wants to apply actions improving loyalty of customers and their
satisfaction. This paper elaborates on the problem of customer loyalty can be distinguished on the basis of the definition: •
loyalty, how data is used in marketing and sales processes in behavioral aspect related to specific behaviors,
retail and also proposes method of advanced data analysis • the emotional aspect, expressed by the customer's
involving machine learning techniques in order to generate
attachment and “... attitude towards specific objects related
tailored proposals for clients for eCommerce company.
to the supplier, leading to the expression of loyalty
behavior” [Urban, Siemieniako 2008].
1. Introduction
There is also important phenomenon of emotional
attachment also called “the client's emotional loyalty”.
Customers with apparent loyalty are more susceptible to
changing the supplier under the influence of favorable
economic factors, and re-shopping is not related to the positive
trong market competition, dynamic changes attitude of the customer and how they are devoted to the
company. An important feature of loyalty is that the purchase
occurring in the markets force enterprises to take actions
is planned, not accidental. Loyalty is the result of a conscious
aimed at improving their relationships with customers. Those
choice, not a case or alternative offers [Bloomer, Kasper
customers are increasingly choosing online stores as a place
1995].
to buy [Doligalski 2018].
Customer loyalty is closely related to their satisfaction.
It is important to acquire a customer, but even more
A satisfied customer is likely to make purchases again,
important to keep customer with good relation. The most
satisfaction is a prerequisite, but not always enough to achieve
important priority deciding very often about the future of the
true loyalty [Sudolska 2011]. Research shows that among
company and its financial results is to keep the customer
customers who decide to change suppliers, about 6585% are
satisfaction on high level, improve the relationship with the
satisfied with the received product [Stum, Thirty 1991]. The
customers and thus build long-term and profitable
relationship between satisfaction and loyalty depends on the
relationships. This requires companies to take many actions,
degree of competition in a given market. To maintain the
financial outlays, and time. It is also important to constantly
customer and provide them with favorable conditions, the
monitor the undertaken activities, observe the results and take
company must measure customer loyalty and satisfaction.
corrective actions so that the activities are conducted in the
The wide availability of communication and sales
right direction and bring measurable benefits to the enterprise.
channels because of the Internet and social media has
The need to build a lasting relationship with the customer
completely changed the traditional shopping model.
becomes the basis for market activities for enterprises
Customers require higher and higher quality of service and
especially in retail market.
convenience provided by the eCommerce channel. It is
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important in such an approach to enable customers to interact
in a convenient way and at time they choose. Additional
possibilities, such as providing tools and information, enable
building even closer relations.
Rawson states that many companies excel in individual
interactions with customers, but they fail to pay adequate
attention to the customer’s complete experience on the way to
purchase and after. Solution for the problem is that companies
need to combine top-down, judgment-driven evaluations and
bottom-up, datadriven analysis to identify key journeys, and
then engage the entire organization in redesigning the
customer experience. This requires shifting from siloed to
cross-functional approaches and changing from a touchpoint
to a journey orientation [Rawson and others 2013].
Import factors determining customer’s satisfaction and
loyalty is personalisation of approach and customized offers
directed to clients. To be able to generate such the company
has to conduct in-depth and multidimensional customer
analysis.
The main goal of this paper is to elaborate customers
loyalty and satisfaction and known methods involving
acquisition of knowledge about customers in order to apply
customised approach to client. This paper aim is also to
propose the innovative method of B2C eCommerce originated
data analysis in order to generate recommendations of
marketing actions.
This paper is structured as follows. In the next section
the research the related papers are analysed and basing on
other research findings authors provide the foundation of
proposed data analysis method. The following section will
present the results of research and the results are discussed.

2. Related Works and the Selection Method
Techniques of collecting information from clients can be
based, for example, on the surveys, interviews, reports or
direct conversations with customers. You can use for this
[Jones, Sasser 1995], [Ciok 2006]:
• customer satisfaction indicators,
• questionnaire surveys,
• feedback from the customer (comments, complaints and
questions from customers),
• market research,
• staff who have direct contact with the client,
• strategic activities (hiring employees in the same market
as the target group, inviting clients to work related to the
improvement of products and services,
• apparent shopping (mysterious customer),
• analysis of customer loss (contact with customers who
stopped buying products to identify the problem).
However, the information obtained from these sources
may be biased, as the customers may not want to express their
real opinion (fear, lack of time, better perception / service).
Authors of this paper would like to elaborate on different
sources of data storing recorded real actions of all customers

in order to analyze the whole scope of customers and acquire
real shopping patterns.
The problem of customer related data analysis is widely
discussed in literature. Most of applications regards to
customer churn [Burez, Van den Poel 2009], [De Caigny and
others 2018]. Customer churn [Amin and others 2019] is
commonly related to service industries, and rarely considered
as a problem in eCommerce oriented retail industry.
Customers who stop using products/services of the
company are considered as churn customers. Therefore, by
spotting them and understanding drivers, companies may have
better chance to minimise customers churn. One of the main
reasons to undergo the customer’s preservation process is that
keeping a customer is far less expensive than finding a new
customer. That is, sale cost for new customers is five times of
that of old customers [Fathian and others 2016]. Concretely,
in customer churn prediction a scoring model allows the
estimation of a future churn probability for every customer
based on the historical knowledge of the customer. In practice
these scores can be used to select targeted customers for a
retention campaign [De Caigny and others 2018].
There are proposed approaches for telecom industry
[Amin and others 2019], [Hung and others 2006], [Lu and
others 2012], [Tsai, Lu 2009] financial industry (banking and
insurance) [Zhao, Dang 2008], [Prasad, Madhavi 2012],
subscription services like pay-TV [Burez, Poel 2007] and
cellular network services [Sharma and others 2013]. In service
industries like those mentioned, the definition of customer
churn is clear. There is usually a kind of contract between
customer and service provider and when the contract expires
or is terminated we can state that customer left (is a churn
customer). Fewer publications elaborating on churn analysis
in retail business can be found. In [Yu and others 2011] we
can find a proposal to predict eCommerce customer churn
based on SVM algorithm. Observed drawback of such
approach is a premise that we can apply binary classification
(churn and non-churn) while eCommerce reality is much more
complex. In retail and eCommerce we concentrate more on
customer recency than churn. It is difficult to identify the exact
moment when clients discontinue their relationship with
companies [Miguéis and others 2012]. If customer has not
placed an order for 100 days we cannot clearly state that he or
she is a churn customer. We can only predict the probability
or the customer’s return. In [Miguéis and others 2012] we can
find interesting approach based on sequence mining. Authors
grouped the purchases in periods of three months and by
classifying as churners those customers who, from a certain
period, did not buy anything else or those who in all
subsequent periods spent less than 40% of the amount spent in
the reference period.
In [Sulistiani, Tjahyanto 2017] we can find an
experiment concerning prediction of a customer loyalty based
on a data gathered from customer survey where they declare
their satisfaction, but as mentioned earlier, this paper

concentrates on researching real customer’s behavior rather
than their declarations.
There are several factors impacting customer loyalty in
eCommerce. One of them is customization of offers. In
[Clauss and others 2018] the factor is listed among such as
reliability, price value, information quality and others.
Customization of offers is understood as positive answer to the
following questions:
• This platform makes purchase recommendations that
match my needs.
• The advertisements and promotions that this platform
sends to me are tailored to my situation.
• I believe that this platform is customized to my needs.
In [Pappas and others 2017] authors identify
personalisation as an important factor in the area of marketing.
Online shopping personalisation is a strategy that may aid in
persuading customers to select a product or service and lead
to a purchase. The conclusion is that a key factor to increase
customer loyalty is a proper personalisation, but authors also
claim that traditional techniques in personalized online
shopping (e.g., recommendations based on previous
purchases, tailored messages based on browsing history) are
not enough to lead customers to an online purchase, when
customers are on a shopping mission. Importance of
identification of customer’s price sensitivity and promotion
sensitivity in building positive customer experience and
loyalty is also highlighted.
The positive recommendation based algorithms are used
in a vast amount of websites, such as the movie
recommendation algorithms on Netflix, the music
recommendations on Spotify, video recommendations on
Youtube and the product recommendations on Amazon
[Boström, Filipsson 2017]. Online product recommendation
mechanism are becoming increasingly available on websites
to assist consumers in reducing information overload, provide
advice in finding suitable products, and facilitate online
consumer decision-making. Recommendation mechanisms
have been found to help consumers efficiently filter available
alternatives, increase the quality of their considered set and
increase their product choice satisfaction [Lee, Kwon 2008].
In this paper authors concentrate on methods preventing
customer churn by purchase patterns detection combined with
customer segmentation in order to define best suited
marketing messages and tailored offers adjusted to actual
customer’s needs and expectations in order to build positive
experience increasing loyalty.

3. Research method
The most common methods of data analysis used in
marketing are:
• Frequent Pattern Mining (Association rules and sequence
rules).
• Collaborative Filtering.
• Clustering.

•

Classification and regression.
The concept of frequent itemset was first introduced for
mining transaction databases [Han and others 2007]. Frequent
patterns are itemsets, subsequences, or substructures that
appear in a data set with frequency no less than a userspecified threshold. Frequent pattern mining was first
proposed by Agrawal [Agrawal and others 1993] for market
basket analysis in the form of association rule mining. It
analyses customer buying habits by finding associations
between the different items that customers place in their
“shopping baskets”. There are many algorithms searching for
association rules such as Apriori, Charm, FP-Growth and
others. They differ in computational complexity, and thus in
resource demand and execution time. Their operation is
deterministic, so the obtained results will be the same. The
source data for association rules is a set of transactions / orders
of a customers in eCommerce store. The analysis is also
referred to as “Market basket analysis” because it searches for
patterns in shopping baskets. The result of an algorithm is a
list of frequent sets (products appearing frequently). Having
list of sets we are able to construct rules answering a question
which products are frequently purchased together. Example of
association rules generated using FP-Growth algorithm is
presented in Figure 1.

Figure 1. Example of association rules
Each rule is evaluated by the following measures:
• Confidence – this is a percentage value that shows
probability of a consequent product purchase in situation
where antecedent product has been already placed in a
basket.
• Frequency – number of transactions including both
product. It helps to asses if rule is common or perhaps is
only an exception. If confidence is high and frequency is
low it means that two very seldomly bought products were
purchased together only a few times. In such case the
overall value of a rule is considered as low.
• Lift – this is the ratio determining independency of
antecedent and consequent product. In some cases
confidence and frequency are not enough to evaluate a
rule. If e.g. a plastic bag is added to nearly all orders, the
rules with a plastic bag as a consequent product will have
a very high confidence as well as high frequency, but the
business value of those rules will be very low. To
eliminate those rules from further considering lift can help.
If the rule had a lift of 1, it would imply that the probability

of occurrence of the antecedent and that of the consequent
are independent of each other. When two events are
independent of each other, no rule can be drawn involving
those two events. If the lift is > 1, that lets us know the
degree to which those two occurrences are dependent on
one another, and makes those rules potentially useful for
predicting the consequent in future data sets. If the lift is <
1, that lets us know the items are substitute to each other.
This means that presence of one item has negative effect
on presence of other item and vice versa.
There are more measures to value the association rule
like support, coverage, strength or leverage. In our experiment
we find it enough to analyse those 3 measures explained and
presented in a Figure 1.
Sequence rules algorithm is based in a similar
foundation. A sequence database consists of ordered elements
or events, recorded with or without a concrete notion of time.
There are many applications involving sequence data, such as
customer shopping sequences, Web clickstreams, and
biological sequences.
The sequential pattern mining was first introduced by
Agrawal and Srikant in [Srikant, Agrawal 1996]. Given a set
of sequences, where each sequence consists of a list of
elements and each element consists of a set of items, and given
a user-specifed minsupport threshold, sequential pattern
mining is to find all of the frequent subsequences, i.e., the
subsequences whose occurrence frequency in the set of
sequences is no less than minsupport.
The result of sequence mining is a list of rules valued
with similar measures like in case of association rules. The
most important difference is that sequence mining help with
prediction of future purchases of customers basing on their
previously bought products. It may happen that antecedent and
consequent products are the same. If customers buys the same
products which can be consumed, used up or wore out and
need to be re-purchsed. In case of association rules such
situation never happens. One product cannot be purchased
together with itself. If customer buys a several items of the
same product it is treated by algorithm as one product.
Example of sequence rules generated by PrefixSpan
algorithm is presented in Figure 2.

Figure 2. Sequence rules generated by PrefixSpan
algorithm

Collaborative Filtering is the process of filtering or
evaluating items using the opinions of other people [Schafer
and others 2007].
Collaborative Filtering is the most widely used technique
for Recommender Systems. The biggest advantage of
Collaborative Filtering over content-based systems is that
explicit content description is not required. Instead
Collaborative Filtering only relies on opinions expressed by
users on items. Instead of calculating the similarity between
an item description and a user profile as a content-based
recommender would do, a Collaborative Filtering system
searches for similar users (neighbours) and then uses ratings
from this set of users to predict items that will be liked by the
current user [Massa, Avesani 2004].
Unfortunatelly in regular eCommmerce in contrast to
content delivery services (music or movie providers) users are
not used to express opinions about the product they have
purchased that is why collaborative filtering has a limited
usage in the topic of this paper.
The goal of clustering is to find clusters of similar
observations in a set of customers, products, transactions, and
customer contacts with store web pages. In our experiment we
would like to determine segments of customers to whom we
can send an offer or whom we can target when promoting
specific products. We require clusters to have specific
statistical characteristics (such as minimum variance) and
usefulness in marketing decision making (e.g. determining
loyal customer groups).
There are several algorithms supporting clustering. In
our experiments we concentrate on the following:
• k-means based on the Euclidean distance between
observations,
• Bisecting k-means acting on a similar basis to k-means,
however, starting with all the observations in one cluster
and then dividing the cluster into 2 sub-clusters, using the
k-means algorithm,
• Gaussian Mixture Model (GMM), which is a probabilistic
model based on the assumption that a particular feature has
a finite number of normal
distributions,
• DBSCAN identifying clusters by measuring density as the
number of observations in the designated area. If the
density is greater than the density of observations
belonging to other clusters, then the defined area is
identified as a cluster.
To define the goal of customer clustering we used RFM
method widely used in marketing of retail companies. The
acronym RFM comes from the words “recency” (period from
the last purchase), “frequency”, and “monetary value”. In this
type of analysis, customers are divided into groups, based on
information on time which has passed from last purchases,
how often they make purchases, and how much money they
spent.
The following observations explain why RFM is
interesting for retail companies:

•

Customers who have recently made purchases are more
likely to make a new purchase soon.
• Customers who frequently make purchases are more likely
to do more shopping.
• Customers who spend a lot of money are more likely to
spend more money.
Each of these observations corresponds to one of the
dimensions of RFM.
An example of RFM clustering is presented in Figure 3.
One customer is one dot and color presents the number of
cluster to which customer was assigned.

The distribution of average discount used by customer
in their transactions is presented in Figure 4. Another
dimension showing if customers purchase new or relatively
old products is presented in Figure 5. Those graphs show
that there are customers (cluster no 5) where average
discount is 2 percent only, what means that in fact they do
not expect any discount. At the same time they buy
relatively new products so we can state that cluster 5 is
fashion driven but not discount. The oposite clusters are 1
and 4. Those clients expect about 50% discount what is
extremely high and they buy old products so they can be
referred to as “bargain hunters”. Every identified segment
of customers expect different pricing policy in order to gain
the customer satisfaction when it comes to response for the
offer.

Figure 4. Average discount distribution among clusters of
customers

Figure 3. RFM clustering using k-means algorithm
Another useful set of characteristics describing
customer behavior author use in the next experiment. The
proposed segmentation was inspired by direct interviews
with eCommerce managers who independently observed
two principals in terms of profit generation, but also
contrary segments of customers. One of the segments brings
together fashion-driven customers (they focus on new and
fashionable items). Second one is “bargain hunters” –
discount-driven customers who are ready to purchase
products present on a market for a longer period of time but
they expect extremely high discounts. This segmentation is
referred to as “fashion vs. discount”. In such segmentation
we take into account the following dimensions: • Average
discount of a customer.
• The average number of days from product launch to
transaction.
• Average order value.
• Number of orders.

Figure 5. Average number of days from product launch
to transaction distribution between clusters
In order to provide the attractive offer we have to classify
the user in terms of advertised product and the proposed
purchase conditions (price, discount, additional value). Many
marketers are moving away from traditional aggregate-level
mass marketing programs and are searching for accurate
methods of identifying their most promising customers in
order to focus specifically on those individuals [Kaefer and
others 2005]. In contrast to the mass marketing approach, a

direct marketing approach evaluates the profitability of
current and potential customers and uses this information to
focus marketing resources on their best prospects. Numerous
studies have found that a consumer's past purchases can act as
a good predictor of future brand preferences and choice
outcomes. Classification is a technique where we categorize
data into a given number of classes (e.g. purchasing / non
purchasing category). The main goal of a classification
problem is to identify the category / class to which a new data
will fall under basing on the whole available characteristic of
customers (demographic profile, previously purchased
products, selected conditions). The most challenging issue in
preparation of classification model is to select correct features
to train model.

4. Results of research
The aim of our research is to find a method enabling
providing each customer of internet store most accurate offer
in terms of: • product category,
• price level,
• discount level, • moment in time to buy.
To achieve such accurate proposal the combination of
previously mentioned methods is required.
What product to
offer?

Sequence patterns
discovery

What is the best
moment?

RFM based clustering

What conditions?

Fashion vs. Discount
clustering

To which customer
direct offer?

Classification

product category that was pointed out by a sequence rules. In
that case we know that there is an evident reference between
the historical purchases and a current one.
Such approach generates a number of classification
models depending on the number of sequence rules that have
been discovered. We train every model using the data of
customers who bought product categories indicated as
antecedent of a sequence rule (their demographics profile,
history of orders) and analyse if they have actually purchased
the consequent product. Such approach makes prediction of
recommended product more accurate than only sequence
rules, because includes the context of each individual
customer.
The moment in time for offer delivery and proposed
conditions in terms of discount result from the clustering
applied on a customer.
Classification algorithm selected for this task is
XGBoost which is nowadays considered as very efficient and
has been widely recognized in a number of machine learning
and data mining challenges [Chen, Guestrin 2016]. This
algorithm uses gradient tree boosting technique.
Having trained and tested algorithm we can apply it on
every single customer data in order to estimate the probability
of a selected product category to be purchased by given client.
As we can see in Figure 7 such approach for rules with 8%
confidence was validated in case of a specific client to give us
more that 40% probability of a customer’s next purchase.

Figure 6. Procedure to predict of the best offer for a
customer

Figure 7. Results of classification algorithm applied of a
list of customers

The procedure of generation the most accurate offer for
a customer is proposed in Figure 6.
We build a classification models where the target
variable takes values: will buy / will not buy. The
classification model is always generated in a context of

Having that knowledge we can prepare a tailored offer
for each single customer.
The proposed approach seems to give valuable insights
regarding marketing activities. The real business value of
proposed method will be validated by authors in the next
phases of this research study.

5. Conclusions
Application of advanced data analysis based on machine
learning in marketing and customer related data is widely
discussed in literature however research regards mostly to
customer churn problem and in terms of customer
segmentation, satisfaction and loyalty base on surveys and
more psychological grounds. Authors proposed method of
data analysis that is a combination of various techniques and
algorithms of machine learning that is aimed to give a better
result that a typical methods to raise customer loyalty in retail
business.
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Abstract. In this paper we presented a novel supervised deep learning and
feedforward approach for scene labeling. In the recent years, the importance of scene
labeling has been realized far and wide and the advancements in the area of image
processing and computer vision are playing a vital role in this regard. The essence of
scene labeling is to label each, and every pixel of a given image. This can be achieved
with accuracy using a model which captures pixels of long ranges to label the image.
There are various techniques which are utilized for the purpose of scene labeling; these
include the use of the neural networks, the recurrent neural networks and other similar
techniques. A CRF (Conditional random fields) based approach used the field to
generate labels on images and on video graphics by combining the attributes of scene
labeling with that of object classification. In this way, each of the objects presents in
either the static or the dynamic scenes were labelled. This approach showed great
promise as the labelled images were neat and extremely smooth with proper
identification of discrete objects. Using a combination of two types of labeling helped
in achieving the improved images. The Stanford background-based datasets are used
for the experiments and a comparative analysis is carried out to analyses the different
approaches used for scene labeling.
Keywords: CNN, RCNN, Neural Networks, Computer vison, Image segmentation,
Image processing, CRF First Section

INTRODUCTION
Scene labeling or scene parsing is an important method for the understanding and
clarification of images. In the recent years, a lot of work has been done in the area of
classifying and labeling images. Newer software systems and algorithms have also been
developed in order to gain higher clarity and to label each of the pixels in an image in
a better way [1]. The major steps involved in scene labeling include assigning class
labels to each pixel present in an image and to partition the regions of the image as per
their importance or the meaning that they confer to the entire image. There are several
challenges which hinder the task of scene labeling. These challenges include but are
not limited to detection, segmentation and recognition [2]. Each of these steps is tedious
and need to be carried out accurately in order to ensure that the image makes sense.
The scene labeling approaches rely on the use of graphical models, such as the
Markov random fields’ model and the conditional random model. In these models, the
task of scene modeling is achieved by means of using a local classifier to make global
decisions about each pixel in a given image. These models help in easing the visual
processing of images by either segmenting the image or discriminating the filters in a
pixel to pixel or end to end manner [3]. Image segmentation has been carried out since
long now using different graphical models. The models rely on the use of neural
network based algorithms or systems which analyze and refine the image and produce
a visually sound model for the viewers’[4] .
Scene labeling also holds a great deal of importance in the modern technologies, such
as the face detection applications and security devices [5]. These modern-day devices

rely on the correct recognition of the facial features and determine the person’s identity
through the image obtained. This task requires a highly boosted algorithm or a
recognition model that has a high degree of robustness. The recognition can be done in
real time once the robustness is achieved. The correct recognition also depends on the
context of the image which is basically, the difference between the face and the
background. Differentiation of the objects and the background in an image is therefore
of prime importance. As far as face recognition is considered, many of the biological
features have to be scaled and identified by a complete analysis of the picture in an indepth manner [6]. The biological use of the scene labeling also has invasive advantages.
These advantages include but are not limited to endoscopy and x-rays. The images
obtained through these techniques are refined and scaled in order to ensure that the
reports are made through images that make sense and are clear enough to make an
accurate medical diagnosis [7]. Efficient scene labeling and subsequent image analysis
can fulfill the purpose of knowledge management by analyzing pictorial data. The
results of such analysis can be utilized for fulfilling various purposes. For example,
developing tools for environment analysis and sensing surroundings. Such applications
are being considered in the development of automated cars for disabled people,
automatic wheelchairs and other similar outputs.
In addition to the modern-day developments in the two-dimensional (2D) image
labeling, the phenomenon of 3D imaging has also gain popularity. The creation of art
and 3D images has made it crucial to come up with models that can help in the scene
labeling of the 3D images to ensure that these images can be understandable and can
be interpreted correctly. In contrast to the 2D labeling, the 3D scene labeling is more
challenging and labor-some as it requires covering of the entire scene and not just the
specific views or objects [8]. Therefore, it is important to come up with newer models
and better algorithms that can cloud the entire scene in a picture and label it accordingly.
The below given Figure (Figure 1) shows an overview of the different objects and labels
as carried out on the Stanford background. The objects such as the sky, tree, road, grass,
water, building, mountain and the foreground have been labeled and shows by means
of different colors. This pointed out towards the efficiency of the Stanford background
in terms of labeling the different objects and scenarios present in an image.
Furthermore, the Figure 2 shows detailed labeling of different structures as carried out
on the Stanford background. This Figure presents a step by step detailing of specified
objects under focus. The focused view shows that the task of labeling is carried out in
a highly efficient manner on the Stanford background.

Figure 1: Scene labeling on Stanford Background [9]

Figure 2. Scene labelling as carried out on the Stanford Background [10]

Together, the different models for scene labeling work to enhance the area of deep
learning. Deep learning involves the audio or image recognition, bioinformatics
analysis, computer vision, image filtration, face recognition, speech identification etc.
[11-15]. All of these features can be identified with the development of a workable
scene labeling model. The neural networks such as the deep neural networks,
convolution neural network and the deep belief networks are good in terms of
generating results for the above mentioned tasks related to deep learning [16].
However, in order to ensure the long-term workability of the existing barriers and
shortcomings of each of these different models need to be identified and overcome.
The developments in the area of scene labeling have led to the advancements in the
neural networks and models designed to deal with the different image labeling tasks. In
this regard, the most recent and charming strategy is the use of the Recurrent
convolutional neural network for scene labeling. This system basically relies on the use
of an initial training step or system. Once the system is trained, it can be employed to
process the image and label it accordingly. Therefore, the overall time required for
image labeling and feature identification can possibly be reduced by ensuring that the
image processing task is upgraded and made to be fast forward. A perturbation method
was proposed and successfully applied in a study where the dynamic scenes were
captured and labeled in images. The use of the CRF
(Conditional random fields) and MRF (Markov random field) based frameworks led to
the refinement of the data set and the researchers utilized the energy minimization
techniques to achieve scene labeling. A model based on the use of ‘perturb and MAP’
was developed which implied that noise-based energies were used as stimulations for
the development of a sound probabilistic framework. Thus, the energy was minimized
and the framework was sensitized to sounds for labeling the scenes in an image.
However, there are certain features which still need improvement since the data set was
small (only 50 image samples) for this study, further exploration is needed.

The rest of the paper is organized as follows: Section 2 presents the related work;
Section 3 presents our proposed model; Section 4 provides experiments and results; the
paper concluded in Section 5.

RELATED WORK
The concept of image parsing emerged many decades ago and the research in this area
has been growing with the passage of time as the technology keeps developing. The
neural network-based image processing has been around since a long time and
development in this area have led to the betterment and upgrading in the technology.
Scene labeling has been carried out by means of different types of neural networks. The
use of the recurrent neural networks also dates back to the 1980s. The first reference of
the use of the recurrent neural network (RNN) can be found in the work of Jordan
(1986) [17]. Research based developments led to the widespread use of the RNN, which
then became commonly employed in the field of language processing, speech
processing and even image processing [18].
Developments in scene labeling were further worked upon by various researchers
dedicated to this field. In one particular study, the researchers worked to develop a deep
learning method for carrying out the task of scene labeling. To achieve this, a deep
convolution network was explored and experiments were conducted on the MRSA
background. The results proved to be positive as the need to control the labeling in a
manual way was avoided by means of a totally automatic handling of the images [19].
The growth in the research on scene labeling eventually gave rise to the explorations
on the use of the different types of neural networks. The different neural networks have
since then been employed for the task of improving and chiseling the task of scene
labeling.
Besides the use of the neural networks, one particular study focused on the use of the
non-parametric approaches for the labeling of images. In this approach, a
nonparametric scene labeling was carried out by assigning a label to each and every
pixel of the image. To differentiate this approach from the older nonparametric
approach of scene labeling, the researchers used an adaptive nonparametric approach.
This meant the use of an image after making the tool undergo experiments on a
training set and then making the system adaptive to predict and label the super-pixels
by picking the points nearest to the predicted side. This made the system adaptive and
no particular point was fixed as the center of prediction. The results of this study
revealed that an adaptive nonparametric approach was better suited for scene labeling
then the previously existing nonparametric approaches [11].
The Markov Random Field (MRF) and Conditional Random Field (CRF)
The Markov random field (MRF) has been used in many studies for achieving efficient
scene labeling. The MRF is basically a probabilistic model which has become quite
popular for scene labeling. It labels the images on the basis of probability, which is
generated in accordance with the corresponding labels [20]. In one particular study, the
MRF was relaxed to achieve scene labeling by the use of conditional probabilities. This
approach brought forward a way for scene labeling without the constraining the
background or any of the objects in the image as it relies on clearly classifying the
objects present in an image in context with the background and the surrounding features
[21].
Image detection in the case of spatial or spectral orientations has been carried out by
means of using the MRF in connection with the multinomial logistical regression model

(MLR). This approach was based on the use of a Bayesian framework for generating
the spatial and spectral information of the multispectral images. The data thus obtained
was applied onto the MRF to achieve the segmentations. The results were positive and
the hyper spectral images were labeled in both domains that is the spectral and the
spatial domains [22].
In addition to the MRF, the conditional random field (CRF) is also used in many cases.
The CRF relies on the use of arbitrary or dependent objects in an image to generate
probability based labels for correct scene labeling of an image. This approach has been
successfully applied to the one dimensional (1D) images and the images which have
texts along with them [23]. In one particular study, the researchers tried to use a blend
of the MRF and CRF to generate an algorithm which could efficiently be used for
labeling the 2D images as well. This approach relied on the labeling of each pixel by a
finite label set. Once the pixels were labeled, a framework was developed which could
use the data from the labeled images to identify and label the newer images that is the
framework was based upon prior training sets in order to finally label the test images.
This approach showed success as a large number of images from different databases
were successfully labeled [24].
Similarly, a CRF based approach used the field to generate labels on images and also
on video graphics by combining the attributes of scene labeling with that of object
classification. In this way, each of the objects presents in either the static or the dynamic
scenes were labeled. This approach showed great promise as the labeled images were
neat and extremely smooth with proper identification of discrete objects. Using a
combination of two types of labeling helped in achieving the improved images [25].
The CRF was further explored in a study which was based on the use of CRF for scene
labeling. In this study, the researchers used CRF for gathering the global context as
well as the local identifiers of images. Therefore, a model was created which used both,
the local information as well as the information gathered over time. This model was
based on learning of the CRF on the basis of the existing datasets. The log likelihood
of the pixels was calculated by means of the existing maximal gradient. The results of
the study revealed that improved segmentation of the images are achieved by means of
fragment labeling [26].
A perturbation method was proposed and successfully applied in a study where the
dynamic scenes were captured and labeled in images. The use of the CRF and MRF
based frameworks led to the refinement of the data set and the researchers utilized the
energy minimization techniques to achieve scene labeling. A model based on the use
of ‘perturb and MAP’ was developed which implied that noise based energies were
used as stimulations for the development of a sound probabilistic framework. Thus the
energy was minimized and the framework was sensitized to sounds for labeling the
scenes in an image [27]. However, there are certain features which still need
improvement since the data set was small (only 50 image samples) for this study,
further exploration is needed.
Neural networks
The neural networks are quite popular in regards with scene labeling as they are used
in a number of different studies. One particular study employed the Long Short Term
Memory (LSTM) for image parsing so as to use the learning based scenario. This
technique carries out the task of labeling by utilizing the space and orientations. It has
been found that the LSTM was capable of capturing feature maps and labeling pixels
with high efficiency [12]. Moreover, another study utilized the convoluted neural
network for scene labeling by first training the network through raw pixels. This

approach resulted in generating segmented and labeled images. The best results were
achieved with the datasets having Barcelona and Stanford Background [28]..
Convoluted Neural Network
The convoluted neural network (CNN) holds the potential of carrying out large scale
image processing. Visual recognition tasks were achieved in a study by the use of the
CNN. The study utilized the CNN trained on an existing classified image dataset. Once
the CNN based framework was trained, the task of image classification became easier
and quicker. Also, this study proposed that CNN could possibly be used in the future
for the classification and localization of objects [28]. Similarly, the CNN was used for
the classification of large-scale videos. The attributes of CNN based classification
frameworks were used for identifying a way in which the network could be trained to
use the information present in spatio-temporal space and classify a multiresolution
image or video. The spatio-temporal network developed as a result of rigorous trainings
was found to be capable of carrying out scene labeling quite better than the featurebased baselines. However, the results were not significantly better when compared to
the existing single frame models [29].
The deep learning approaches have been aligned with the convoluted neural networks
to achieve better scene labeling. The deep learning modules are basically based on
multilayer frameworks which imply that the training sets will be repeated in multilayers
in order to make the final framework capable of carrying out probabilistic scene
labeling with improved accuracy and higher precision levels [30]. In order to achieve
state of the art segmentation, the convoluted neural network was upgraded by means of
using various classification networks. These networks included GoogleNet, VGGNet
and AlexNet. The learning of each of these networks was transferred to the convoluted
network in order to achieve a highly trained and tuned network for scene labeling. In
this way, segmentation with high accuracy was achieved and the task of scene labeling
became easier and less time consuming [31].
However, the convoluted neural networks have a slight limitation which can prove to
be a drawback in the large-scale application of this network. This limitation is
concerned with the labeling of the negative images. The negative images refer to the
images which have a reversed or differentially contrasted brightness in comparison to
the images used in the training set. The CNN does not correctly identify or label the
negative image, which makes it inefficient in dealing with an unclassified data set [32].
In order to achieve maximum usability, it is important to come up with methods or
models which can overcome this shortcoming and thus maximize the use of the neural
networks for scene labeling.
Recurrent Neural Network
The recurrent neural networks (RNN) are being efficiently used for the task of scene
labeling, object identification, and speech and language recognition. The major
advantage of using the RNN is that it utilizes the information by processing the input
sequences one at a time and then generating discrete outputs. The dynamicity and power
of the RNN make them an important tool for scene labeling and image identification
[30]. However, the training and efficient use of this network has proven to be a lengthy
and tough task. Overcoming this particular feature may prove helpful in coming up with
better frameworks in the future and lead to the development of systems which can lead
to highly efficient image parsing.
Due to the existence of difficulties in training the RNN, a combination of the CNN and
RNN was applied in a study for testing the outcomes of scene labeling. In this research,
the Conditional Random Fields (CRFs) were formulated by means of using pair-wise

potential and approximate inference as the RNNS. This helped in achieving a
framework where the features of the CRF, CNN and RNN were combined. This system
was then plugged to a CNN base and the task of image segmentation was thus carried
out. The study reports positive results as the testing was done on the PASCAL dataset
and the segmentation achieved was up to the mark [33]. The possible improvement in
the training of the RNN was explored in a research study. The researchers developed a
training model in which the token previously given to the network could be identified
by the network and presented in its current state. The training set was thus changed
from the path of full guidance towards a less guided scheme. This led to the working
of the network being changed such that it used the generated token as an input. This
approach showed promise as it led to the improvement in image segmentation and scene
labeling [34].
The scene labeling approach used in this study was aimed at possibly overcoming the
barriers and shortcomings faced with the use of the existing methods. The field of scene
labeling is challenged with the task of identifying a method which can overcome the
occlusions and intra-class variations within images. Moreover, there is a need to ensure
that the image labeling is achieved quickly and efficiently. The existing methods have
certain barriers in achieving seamless scene labeling. For example, the convoluted
neural network presents ambiguous results and can label negative images at times,
leading to misinterpretation of image data. Similarly, the RNN presents the challenge
of achieving quick image interpretation due to long time periods required for training
the network, as described above. Thus, this paper proposes a new approach for
overcoming the existing issues and possibly leading towards enhanced image analysis
through better scene labeling.

PROPOSED ARCHITECTURE
The methodology used for carrying out this study relied on the use of the Convolutional
Neural Network (CNN). The basic approach for this study was a feedforward approach
of the neural network. This approach was used to ensure that the long range
dependencies present in the image labeling tasks were worked on. Each of the instances
for labeling an image take an input of the RBG image and the labeling is carried out by
means of the classifications made by the network previously. Once the network goes
through the learning phase, it is prepared to automatically learns to smooth out the
predictions and the labeling becomes easier and better. Before the application of the
feed forward phase of the RNN, preprocessing is applied on input images. The step
wise working of the experiments relied on the training and testing of the proposed
datasets. Firstly, the Stanford Background was used to obtain a dataset of 715 images,
which were used for training and testing the model. The dataset was split into 143 test
images, which were tested after training with 572 images present in the database. The
specifications of these images included a pixel classification of 320 x 240 and the
scenes were either rural or urban background based. In addition, the MSRC Dataset
was also used, from which 240 images were used. These images were of 320 x 213
pixels. The Tensorflow [35]was used for the implementation and experimentation of
the algorithms.
CNN Architectures
As mentioned earlier, the CNN has layers in a sequential manner and each layer in the
CNN transforms the volumes of activation from one to another (as shown in Figure 3).
The details are as follows:

The INPUT [320x230x3] holds the image’s raw pixels. Here, the image has a width of
320, a height of 230 plus channels of three colors; R, G and B.
The CONV layer can compute the output of each of the neurons which are connected
to the local regions within the input, the computing dots present between the weights
and a tiny region where the neurons are connected with the volume of the input.
A pooling layer is commonly added between the Convlayer in case of the deep
networks. Such architecture helps in reducing the size of representation and the
parameters present in the computing network are also reduced, which also help in
controlling the overfitting. The pooling layer uses the Max operation and reduces the
depth of the inputs. The 2x2 filter size is the most common pooling layer.
This layer introduces nonlinearity into the system which is actually the computing
operations in the conv layers. Previously, sigmoid and tanh (non-linear functions) were
used. However, the linear function such as ReLU has been found to work extremely
fast and with high accuracy. The function f(x) = max(0, x) is used by ReLU for all of
the inputs. To put it simply, this layer reverts each of the negative values and changes
them to 0. Hence, the ReLU layer causes an increase in the nonlinearity of the model
without changing the conv layer in any way.
The dropout layer plays an important role in the neural network. This layer is used for
dropping out random activations in the layers by converting them to 0. This helps in
ensuring that the network does not become too fitted or complex for training data.
Therefore, this layer is useful for the training of the network and is not used for running
tests.
The Softmax layer is a final layer of the output in the neural network which has the
function of performing multi-class classifications. This layer takes scores (numbers) as
input, for example: Kzk, k=1 or zk,k=1) and then arranges them such that they sum up
to be a total of 1, having components just 0 and 1. These numbers therefore represent a
probability distribution.
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Figure 3: A simple Convolutional Neural Network

Recurrent Architectures
rCNN is made up of three back to back convolutional networks of CNN which have
shared parameters. The CNN is basically made up of an 8x8 convolution having a total
of 200 output planes, 1x1 convolutional layer, .5 dropout layer, Relu layer and a
softmax layer (which is the final layer). The likelihood is maximized (as given in
equation 1) to train the rCNN.

L(f) + L(f o f) + L(f o f of)

(1)

EXPERIMENTS AND RESULTS
The results for the different sets of comparisons were also obtained. The class wise and
pixel wise categorization of the training sets and test sets showed different levels of
accuracy when Stanford Background was used and when the MSRC background
training set was used. The Figure 4 shows the graphical results for the accuracy of scene
labeling achieved for out proposed system as compared to the ones obtained from the
Stanford Dataset. It was seen the level of class-wise accuracy of scene labeling for our
method higher than previously reported on the Stanford dataset. Proposed solution
performed well on Stanford Background and achieves average results on MSRC
because MSRC has limited amount of data per class. Per class accuracy on Stanford
background is 78% and 42% on MSRC. Future work contains to apply both semisupervised and unsupervised techniques to train the model, as well as performing
experiments on other datasets such as SIFT Flow, Barcelona.
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Figure 4: Class wise and Pixel wise accuracy comparison of Stanford Dataset

The pixel-wise accuracy on the Stanford Dataset was found to have similar results. It
was seen that our method proved to be somewhat similar in the levels of accuracy to
that achieved previously on the Stanford background (as shown in Figure 4). The
overall results point towards the positive outcomes of the proposed system in achieving
statistically significant levels of pixel-wise accuracy on the Stanford Dataset. When the
Stanford Background dataset was used on the proposed network, the levels of accuracy
for the labeling of various objects was quite high. The Figure 5 represents the graphical
data for the levels of accuracy of each object in the images having the Stanford
Background. The highest level of accuracy was achieved for the labeling of sky,
followed by road, grass, building, tree, foreground object, water and then the mountain.
Each of the objects present in the pictures was correctly labeled.
There was no object in the image which wasn’t labeled even though the levels of
accuracy for the labeling of each of the objects were different.
The overall comparisons of the pixel-wise accuracy achieved by using the Stanford
background dataset and the MSRC background dataset have been represented in Table

1. It can clearly be seen, that the pixel-wise accuracy was clearly significantly high in
comparison to the MSRC dataset.
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Figure 5: Class wise and Pixel wise accuracy comparison of MSRC Dataset

Table 1: Comparison with state of the arts result

S.No

PA (%)

CA (%)

1

Model / Index
Nguyen and Yan 2015 [11]

78.9

34.0

2

Byeon and Liwicki (LSTM
network 5x5) 2015 [12]

77.73

68.26

3

Kekeç and C. Wolf (Augmented
CNNs) 2014 [13]

71.97

66.16

4

Eigen and Fergus 2012 [36]

75.3

66.5

5

Singh and Kosecka 2013 [37]

74.1

62.2

6

Cavigelli and. Benini 2015 (SS)
[38]

74.8

65.0

7

Farabet and LeCun (Singlescale)
2013 [39]

66.0

56.5

8

Pinheiro and Collobert (Recurrent
CNNs) 2014 [40]

76.2

67.2

9

Our contribution (rCNN)

79.8

71.3

The results from this study show that the task of scene labeling can be carried out
efficiently by using the RNN on the Stanford Background. The graphical

representations show that the tests for class-wise and pixel-wise accuracy were higher
when the Stanford background was used. The MSRC background proved to be less
efficient. The results for scene labeling on RNN align with the existing datasets and
prove that the Stanford Background is a better choice for training the neural network as
well as for carrying out the scene labeling. The same could not be achieved for the
MSRC background. Hence, the results prove that the RNN can work well when the
Stanford background is used for scene labeling.

CONCLUSION
In this paper we presented a novel supervised deep learning and feed-forward approach
for scene labeling. Furthermore, the model performed the task of scene labeling
efficiently without using of expensive graphical models or image segmentation
techniques. Our proposed solution performed well on Stanford Background and
achieves average results on MSRC because MSRC has limited amount of data per class.
Per class accuracy on Stanford background is 81% and 42% on MSRC. Future work
contains to apply both semi-supervised and unsupervised techniques to train the model,
as well as performing experiments on other datasets such as SIFT Flow, Barcelona.
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Abstract.1 In the world of the Internet nothing can remain unchanged. As a result
of continuous technology transformations, the directions of activities that were
good yesterday may turn out to be inappropriate tomorrow. The network of
things communicating not only with people, but communicating with each other
generate a vast number of data called Big Data. Internet of Things (IoT) will
open huge data streams of real-time action and response. Artificial Intelligence
(AI) will help companies tap archival as well as fresh data insights for real-time,
rapid-response decisions. The author shows how changes in technology impact
on meaning of Knowledge Management in the organization. The growing role
of Knowledge Management is discussed at the beginning. Then IoT and Big Data
technologies are presented as a teleinformatic background of intelligent
organizations. All considerations presented by the author lead to the presentation
of a few practical solutions how IoT supported by AI, can improve the decisionmaking process and changing the way to achieve competitive advantage.
Keywords:2 Knowledge Management, Internet of Things, Big Data, Intelligent
Organization, Artificial Intelligence
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Introduction

In the world of the Internet nothing can remain unchanged. As a result of continuous
technology transformations, the directions of activities that were good yesterday may
turn out to be inappropriate tomorrow. In practice, this means that enterprises must
constantly update their strategies for building a competitive advantage. They cannot
remain static in this area. Acquiring information about the market and its participants
and the ability to transform them into knowledge is now one of the fundamental
capabilities of enterprises to take up a competitive fight, that enables them to constantly
explore phenomena, processes and changing trends.
The author notices changes in Knowledge Management what lead us to
the intelligent organization concept. It is presented in the first part of the article. Then
IoT is considered as a technological background of modern organization. Vast amount
of data generated by IoT and collected as a Big Data would not be useful without any
context. The usage of Artificial Intelligence is invaluable here. Considerations lead to
presentation of a few examples of innovative approaches in business which are based
on mentioned technologies.

2 Growing role of Knowledge Management in the organization.
Intelligent organization concept
Data, information and knowledge are treated as elements determining the success of
enterprises and, at the same time, as factors that significantly affect on the creation of
competitive advantage by increasing the attractiveness and competitiveness of the
company [1].
Knowledge can be perpetuated in products, services, processes, relations, in the form
of documents, textbooks and training materials, therefore it is treated as a resource,
similar to financial resources, human resources, hardware resources etc. Knowledge
about clients, competitors, market situation is going to be more and more beneficial
because it gives opportunity to react in real time, what is undoubtedly crucial in a race
with competitive enterprises.
The dynamics and scope of economic transformations resulting from the intensive
development of technology mean that the superior feature of modern enterprises
wishing to maintain/achieve a certain position on the market is the ability to adapt to
changing environment conditions and the efficiency of their functioning.
Modern organizations, try to compete with each other, based on the area of
Knowledge Management. A lot of dedicated units and independent workplaces are
created to use the company's knowledge and information resources in the most efficient
way, to look for new external knowledge resources and absorb them and to create
conditions for all participants in the declarational process to be obliged to share their
information and knowledge resources. Finally, gathered knowledge should be
transform into a decision in a decision-making process.
It lead us to intelligent organization concept. The definition of intelligent
organization is not clear. The concept is often equated with even a learning enterprise.
It is assumed that it is an organization bases its philosophy on Knowledge
Management [2]. This term has became so popular due to the rapid development of
ICT, dynamically changing economic environment and increased market
competitiveness. We can consider organization as intelligent when it is a learning
organization with the ability to create, acquire knowledge, organize, share it and use it
to increase efficiency and competitiveness on the global market.
The growing volume of information used in the intelligent organization goes hand in
hand with the increase of its meaning and can be considered as a valuable resource for
the organization. Main resources of knowledge are data about clients, products,
processes, environment, etc. in a formalized form (documents, databases) and
noncodified (knowledge of employees).
In the practical dimension, achieving effective interaction of these elements means
the necessity to use advanced ICT solutions. They use all technical, technological and
organizational innovations, emerging spaces of recent years.
Knowledge Management is constantly evolving and gaining importance. As it is
presented in the figure below, along with the development of technology, and thus the
possibilities, the philosophy of Knowledge Management also changes.

KM 1.0

KM 2.0

KM 3.0

Collecting
techno-centric
Command and control
“KM is extra work”

Sharing
people-centric
Social
“KM is part of my work”

Using
productivity-centric
Practical & Indivdual
“KM is helping me do my
work”

Tabel 1. Evolution and Development of Knowledge Management
Source: https://www.slideshare.net/KM03/knowledge-management-30-final-presentation

It would not be possible without the continuous development of ICT technologies.
The author, in the next part of the paper, focuses on the important role of IoT supported
by Big Data – technology, without which IoT is hard to imagine and elements of
Artificial Intelligence (AI) what lead us new phase of KM called KM 3.0.

3

IoT as a technological background of an intelligent
organization

Until recently, IT and network solutions used in organizations have mainly served to
increase their efficiency by reducing costs and streamlining processes. The technology
was treated instrumentally and operationally, which was expressed by treating the
process of digitalization and computerization functionally as separate elements of the
company's operations. Nowadays, cloud computing and Big Data are treated as the main
carriers of fundamental changes, affecting not only on the savings of improvement, but
also on new sources of income and activities of the organization.
These horizontal changes are referred as the digital transformation of the
organization, and their expression is, for example, new business models, new sources
of profit and innovation, and the use of new performance measures [3].
Despite the growing number of studies and publications on IoT, there is no single
coherent definition of this term. According to McKinsey Global Institute, IoT includes
utilization of sensors and communication systems embedded in various objects and
devices – from roads to pacemakers – to make possible tracking, coordination and
operational control such objects and devices within online network
[4].
For purposes of this article we can distinguish three ways of thinking about IoT:

•
•
•

IoT as utilization of RFID to track objects position.
IoT as M2M (machine to machine) communication to optimize these devices
functionality
IoT as utilizing sensors network, e.g. wearables to deliver data and
information from these objects to the network.

The author points out that IoT determines the next step of Internet evolution, where
increasing number and new kinds of devices connect to each other through a global
network. By this way, IoT uses Internet to create global smart objects network. Internet
integrates people, IoT integrates objects, machines and things which includes sensors
allowing to autonomous communication between them [5].
Without any doubts IoT is powerful tool which is still gaining importance what
makes it worth to consider by modern organizations. Figure 2 depicts increasing
meaning of IoT on the market.

Fig. 1. The IoT market growth
Source: https://www.forbes.com/sites/louiscolumbus/2016/11/27/roundup-of-internet-of-things-forecastsand-market-estimates-2016/

IHS forecasts, presented in the picture above, show that the IoT market will grow
from an installed base of 15.4 billion devices in 2015 to 30.7 billion devices in 2020
and 75.4 billion in 2025 what makes it very important factor of gaining the competitive
advantage on the market.
For the overall functioning of the IoT ecosystem, an appropriate infrastructure layer
is required for the inclusion of cloud solutions, mobility and analytics of large data sets.
Analysis of data generated by devices operating in IoT technology is a great
challenge that will have to be faced by both - device designers and intelligent
organizations themselves that will use them. Data generated by intelligent devices is an
example of a different type of data from those that we encounter so far on the Internet
[6].

The Big Data concept was formulated and disseminated at the beginning of the 21st
century. The analyst Doug Laney working for the Meta Group has defined a group of
problems and ways to solve them in the context of three dimensions: the amount of
data, flow rate and diversity [7]. Big Data is usually perceived as a large number of
data that requires the use of new technologies and architectures so that it is possible to
extract the value flowing from these data by capturing and analyzing the process Big
Data is usually perceived as a large number of data that requires the use of new
technologies and architectures so that it is possible to extract the value flowing from
these data by capturing and analyzing the process [8].
As a result of the analysis of the above definitions, the author of the publication uses
the Big Data concept for data sets, which are characterized by high volume, diversity,
variability and complexity at the same time and are characterized by a real-time stream
inflow.
Analysis of this new kind of data is an almost unlimited source of valuable
information from KM point of view. Technologies like AI will be important for getting
the most out of IoT data and drawing actionable business insights. AI can spot
correlations between disparate sets of data that a human analyst might miss. According
to the Vodafone newest research [9], 81% of adopters say AI will be important to help
them understand and action data from IoT.
In the next part of the chapter the author explains why our attention should be focus
on this trend.
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IoT and AI - innovations for Knowledge Management in
organizations

The Internet of Things (or Industrial Internet) will open vast new data streams of
real-time action and response. AI will help companies tap archival as well as fresh data
insights for real-time, rapid-response decisions.
A key contribution of AI in the enterprise will be to increase the knowledge footprint
of the organization’s experience and data streams, so that KM will be not only a
departmental practice but also a pan-organization (and even pan-ecosystem) capability.
AI-as-a-service (AaaS) is the next wave of SaaS and PaaS evolution.
In order for companies to realize the full potential of IoT, they need to combine IoT
with rapidly-advancing Artificial Intelligence (AI) technologies, which enable “smart
machines” to simulate intelligent behavior and make well-informed decisions with little
or no human intervention.
By applying the analytic capabilities of AI to data collected by IoT, companies can
identify and understand patterns and make more informed decisions. This leads to a
variety of benefits for both consumers and companies such as proactive intervention,
intelligent automation and highly personalised experiences. It also enables us to find
ways for connected devices to work better together and make these systems easier to
use.

This, in turn, leads to even higher adoption rates. That is exactly why; we need to
improve the speed and accuracy of data analysis with AI in order to see IoT live up to
its promise. Collecting data is one thing, but sorting, analyzing, and making sense of
that data is a completely different thing. That is the reason why faster develop and more
accurate AIs is important in order to keep up with the sheer volume of data being
collected as IoT starts to penetrate almost all aspects of our lives [10].
Data that helps cities predict accidents and crimes, Data that gives doctors realtime insight into information from pacemakers or biochips, Data that creates truly smart
homes with connected appliances, data that provides critical communication between
self-driving cars and the other kinds of the data are impossible for humans to review
and understand all of this data with traditional methods, even if they cut down the
sample size, simply takes too much time so makes AI indispensable support for IoT. AI
can be treated as the engine or the “brain” that will enable analytics and decision making
from the data collected by IoT (body). In other words, IoT collects the data and AI
processes this data in order to make sense of it. You can see these systems working
together at a personal level in devices like fitness trackers and Google Home, Amazon’s
Alexa, and Apple’s Siri.
IoT allows organizations to look differently on how to run a business and use
knowledge that is at our fingertips. Below the author describe a few examples of using
knowledge in a very innovative way.

Model

Specification

Solution

Business models based
solely on data and
their use

Company
sales
information based on the
collected data

Skyhook Wireless offers
information based on
geolocation data

Business models based on
the offering
of intelligent products as a
source of additional
benefits

Converting ordinary
products into smart
products

-Play Pure Drive
(tennis racket equipped
with sensors as a
source of information) PoloTech Shirt

Business models based on
behavioral profiling

An individual offer
prepared on the basis of
consumer preferences and
habits

-Progressive (Snapshot
solution)
- advertising banners in
Japan

-

Smart mirrors

Enables people to fit
clothes without wearing
them

Tabel 2. Examples of business solutions based on IoT and AI
Source: own work

The development of smart connected devices enables to collect vast amounts of
different types of data that can be used to create business models based on their usage.
An example of this approach is Skyhook Wireless Company, which offers specific
information acquired based on geolocation data they collect. They can include
information such as which local bars will be the most successful on a specific day and
time, how many people will go near the billboard at a given date and a specific time, or
what is the density of people in a specific urban area on a given day and time. The
company uses anonymous geolocation data collected from mobile users of its services
in every major American city during the past twenty four months to carry out this
analysis.
Another group is business models based on providing customers with smart products
which are sources of additional benefits to them. Play Pure Drive is an example of such
solution. In this case, Babolat has transformed a traditional product into a smart one
which gives players the opportunity to improve their technique by the use of a dedicated
application, a tennis racket equipped with appropriate sensors and a system enabling
the connection to the smartphone. Dedicated application let players check their statistics
and improve skills. Clothing manufacturer Ralpf Lauren made a similar move by
offering smart PoloTech Shirt. It collects all parameters including pulse, the intensity
of the movement, calories burned, and many others with built-in sensors in real-time
during exercise and transmit them to the smartphone or smartwatch [11].
Another group of business models are those based on behavioral profiling. The
system for establishing insurance rates based on monitoring of the driving behavior
through the suitable telemetry device mounted in the vehicle is an example of this type
of solution. The American insurance company Progressive offers this solution called
Snapshot [12]. Another example of behavioral profiling are advertising banners used in
Japan. Their analyze people faces and fit the aids to their sex, mood etc.
As we can see there are plenty of solutions using data generated by Internet of Things
and we are limited almost only by our imagination how it can be used.
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Summary

KM supported by IoT and AI can help organizations make better decisions by the
real-time combination of knowledge, experience and data insights. Data generated by
IoT can be also a valuable source of competitive advantage and let organizations to take
a fresh look on business by launching new business models and solutions based on
gathering and process information. The author wants to show how important is
sustainable development of technologies. While IoT is quite impressive, it really
doesn’t amount to much without a good AI system. Both technologies need to reach the
same level of development in order to function as perfectly as we believe they should
and would. Scientists are trying to find ways to make more intelligent data analysis
software and devices in order to make safe and effective IoT a reality. It may take some
time before this happens because AI development is lagging behind IoT, but the
possibility is, nevertheless, there.

Integrating AI into IoT networks is becoming a prerequisite for success in today’s
IoT-based digital ecosystems. So businesses must move rapidly to identify how they
will drive value from combining AI and IoT - or face playing catch-up in years to come.
The only way to keep up with this IoT-generated data and gain the hidden insights it
holds is using AI (Artificial Intelligence) as the catalyst of IoT.
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Abstract. Knowledge graphs have shown many successful applications such as
recommendation. One essential challenge of knowledge graph is link prediction,
which is to estimate the probability of a link between two nodes based on the
existing graph. Most state-of-art models to solve this problem are built using
embeddings. Experiments of previous works have been conducted on WN18
and FB15K datasets to compare the performance. However, both datasets have
significantly different properties compared with financial data on which there is
no benchmarking of link prediction models. In this paper, we run extensive
experiments of recent models on real financial data, compare their performance
deeply, and show the usage of a completed knowledge graph in consumer
banking sector.
Keywords: Knowledge graph · Link prediction · Consumer banking.
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Introduction

Being one of the largest banks in Southeast Asia, DBS Bank has tremendous customer
data from various sources such as demographics, payments, fund transfers and so on.
As most of the data is inter-related, graph is a promising way to store the data,
investigate the relations and extract useful insights.
Graphs storing knowledge base are often considered as knowledge graph, where
facts in the knowledge base is represented by links in the graph. For example, the
triplet hBob,transfer to,Carloi represents a transaction between two customers.
Aiming to predict new links between nodes based on existing graph, link prediction
is one of the most widely-used and researched applications of knowledge graph. It
comes from the situation that many knowledge graphs are incomplete. For example,
a customer of a bank may not have credit cards in this bank, but may have cards in
other banks, which cannot be captured by the graph within the bank. Using link
prediction, this customer could be linked with a similar card issued by the bank. As link
prediction can uncover unobserved facts and intentions, it is highly useful in
community detection, customer recommendation, anti-money laundering, and many
more. For the same reason, link prediction is also known as knowledge graph
completion.
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To solve the link prediction problem, many embedding-based models have been
proposed recently. In the embedding framework, nodes and edges in a graph are all
embedded into some continuous vector space. Then a score function is proposed to
measure the probability that a triplet hh,r,ti is a fact in the graph. Hence the
embeddings are obtained by minimizing a loss function over all relations in the graph.
With
Model Scoring
function

||h + r − t||p
hTdiag(r)t
ComplE Re(hTdiag(r)t¯
)
x [4]

Table 1. Summary of Popular Works
Parameters

h,r,t ∈ Rn
h,r,t ∈ Cn

Time
complexity
Space
complexity

O(n
)
O(n
)
O(n
)

the learnt embeddings, the probability that h and t are linked by r can be estimated by
the score of hh,r,ti.
Experiments of previous works have been conducted and compared on public
datasets such as WN18 and FB15k. However, it has been pointed out [5] that for many
of the triplets in these two datasets, its reversion also belongs to the dataset. In the
consumer banking data, such inverse relation property only applies to a small portion
of the data such as fund transfer. More importantly, each link in the banking knowledge
graph is explicitly associated with certain types of nodes only. Hence irrelevant nodes
should be excluded in the link prediction for a given link as pointed out in [6].
In this paper, we will construct a knowledge graph using real consumer banking
data from DBS Bank, run experiments of popular models with node types and link
types introduced, conduct comprehensive comparison of the performance drilled
down to relation level, and conclude the most suitable model for different relation
types. Moreover, use cases of link prediction for consumer banking will be provided.
To the best of our knowledge, this is the first work to benchmark knowledge graph
completion models on consumer banking data and propose a guideline to select
models for different relation types. The rest of this paper is organized as follows. We
will review relevant works in section 2 and explore popular models in section 3. The
performance of different models on our consumer banking data will be reported in
section 4. Section 5 will show some use cases and the paper will be concluded in
section 6.

O(n
) h,r,t ∈ Rn
O(n
)
O(n
)
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Related Work

Most of the models proposed for link prediction in knowledge graph leverage
embedding framework. Given a triplet hh,r,ti and the embeddings, there are many
approaches to score the probability of its existence. Popular models are summarized
in Table 1.
TransE model [2] embeds nodes and edges into R n and the head node h can be
translated by adding the edge vector r to obtain a candidate tail vector h + r. Then Lpnorm of h + r − t is employed to measure the distance between h + r and t.
RESCAL model [1] represents the edge r by a matrix Mr in Rn×n, and scores the triplet
by hTMrt. DistMult model [3] extends RESCAL model by setting Mr to be a diagonal
matrix, so the scoring function is hTdiag(r)t, where diag(r) is the diagonal matrix
whose main diagonal is r. However, neither of these two models have considered the
difference of positioning one node as head and tail. To overcome this issue, ComplEx
model [4] proposes to embed nodes and edges into complex vector space Cn, and uses
the conjugation of the embedding vector of a node when it is in tail position.
Table 2. Relations in the Knowledge Graph
Relation

Percentage Head Node

Tail Node

Description

with occupation

8%

Customer

Occupation

with address

8%

Customer

District

with age

8%

Customer

Age Group

with card

10%

Customer Credit Card Type The head has a credit card of this type

with mcc

60%

Customer Merchant Type The head spent in merchant of this type

transfer to

5%

Customer

Customer

The head is with this occupation
The head lives in this district
The age of the head is in this age group

The head transferred money to the tail

TransAt model [6] introduces the attention mechanism which excludes impossible
triplets whose head node or tail node is not feasible for the edge.

3

Methodology

A knowledge graph is a directed graph G = (V,E) with node type set TV and edge type
set TE. Given the set of vertices V and the set of edges E, each node is associated with
at least one type in TV and each edge is associated with one type.
3.1

Problem statement

The knowledge graph can also be viewed as a set of triplets hh,r,ti, where h,t ∈ V , r ∈
TE and (h,t) is an edge in E with edge type r. Triplets existing in the knowledge graph
are considered as facts. The link prediction problem is to estimate the probability of a
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triplet hh,r,ti to be a fact in the graph. Let φ be a scoring function, Θ be the set of all
embeddings and σ be an activation function, then the probability is:
Pr[hh,r,ti|Θ] = σ(φ(hh,r,ti|Θ)).
3.2

Base Solutions

In this paper, we focus on the three models with the lowest complexity.
TransE model [2] embeds all nodes and edges into R n, and assumes that h + l is
close to t if hh,r,ti is in the graph. And the scoring function is:
φ(hh,r,ti,Θ) = ||h + r − t||p,
where p is 1 or 2. Θ is learnt by minimizing the loss function over the training set D:
X X max(γ + ||h + r − t|| − ||h0 + r − t0||p),
p
hh,r,ti∈D hh0,r,t0i∈Dh0h,r,ti

where γ is a margin hyperparameter and Dh0h,r,ti is the corruption set of hh,r,ti:
Dh0h,r,ti = {hh0,r,ti|h0 ∈ V } ∪ {hh,r,t0i|t0 ∈ V }.
DistMult model [3] embeds all nodes and edges into Rn with the scoring function:
φ(hh,r,ti,Θ) = hTdiag(r)t,
where diag(r) is the diagonal matrix whose main diagonal is r. The loss function is the
same as TransE.
ComplEx model [4] embeds all nodes and edges into the complex vector space C n.
To differentiate the head embedding and tail embedding of the same node, it adopts
an asymmetrical scoring function:
φ(hh,r,ti,Θ) = Re(hTdiag(r)t¯),
where Re(x) is the real part of a complex number x.
Given the training set D, a negative set D0 is generated as a set of false facts. Then
the embeddings are learnt by minimizing the following loss function:
X
hh,r,ti∈D

−φ(hh,r,ti,Θ))) + X log(1 + exp(φ(hh,r,ti,Θ))) + λ||Θ||22, log(1 + exp(
where λ is the L2-regularization

hh,r,ti∈D0

parameter.
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5

Type Restriction

Given a relation r and all triplets with this relation in the graph, define its head
candidate set as the collection of node types of the head nodes in these triplets:
H(r) = {τ ∈ TV |∃hh,r,ti ∈ G,h ∈ τ},
and define its tail candidate set similarly:
T(r) = {τ ∈ TV |∃hh,r,ti ∈ G,t ∈ τ}.
When scoring a new candidate triplet hh,r,ti, refine φ to be negative infinity if h
6∈ H(r) or t 6∈ T(r). In other words, if the type of h or t does not match with the type
of r, then this potential link should be ignored in the completion process.

4

Experiments

A knowledge graph of customers in DBS Bank has been constructed where the
evaluation of the three most efficient models will be conducted. The models are
evaluated with different measurements and drilled down to relation-level.
4.1

Experiment setup

To evaluate the models on real data, the knowledge graph constructed with DBS Bank
customers involves money transfer between customers, demographics, credit cards
and merchants. The data source of the knowledge graph covers the first half year of
2018, and all demographics information are updated until Jun 2018. There are 6 types
of nodes considered in this work:
– Customer: a customer of DBS Bank
– Occupation: a occupation of customers
– District: a residence district
– Age Group: age bins of 10’s
– Credit Card Type: type of credit card such as Altitude card
– Merchant Type: type of merchant such as Airlines
Table 2 describes the 6 types of relations with percentage in the graph.
Table 3. Datasets Metadata
Dataset #Node #Relation #Edge in Train/Valid/Test
FB15K 14,951

1,345

WN18 40,943

18

141,442 / 5,000 / 5,000

6

154,280 / 19,285 / 19,285

DBS

16,729

483,142 / 50,000 / 59,071
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Most of the previous works were evaluated on FB15K and WN18 datasets provided
by [2]. To compare the performance on datasets with comparable scale, our
knowledge graph is built on a subset of customers and split into training, validation and
testing sets on a ratio of 8:1:1. The metadata is summarized in Table 3.
The performance of the models is evaluated by MRR, HITS@1, HITS@3 and
HITS@10 as in [2]. Defining its tail corruption set by replacing its tail node with any
other node in the graph, a good model is supposed to score a triplet higher than its
corruptions. Since the target of the models is to give higher score to links existing in
the graph, it should not be considered as a mistake to score a test triplet x0 lower than
its corruption x if x is also valid in the graph. So a filtered version of MRR and HITS@k
is defined using refined corruptions by removing valid triplets. The original
measurements are denoted as “Raw” and the filtered ones as “Filtered”.
For each model in the experiment 7, we test with different initial learning rates
among {0.05, 0.01, 0.005, 0.001} and different embedding dimensions among {50,
100, 150, 200, 250, 300}, and the best combination will be selected according to
MRR(Raw).
4.2

Comparison

The performance of TransE, DistMult and ComplEx models with and without type
restriction is shown in Table 4, which is much lower than the performance on WN18
and FB15K datasets as reported in [4].
For models without type restriction, ComplEx gives the best performance on MRR
and HITS@1 for both Raw and Filtered and HITS@3 Filtered, and TransE is the best for
HITS@10 for both Raw and Filtered and HITS@3 Raw. It shows that without type
restriction, ComplEx is better at identifying only few most possible triplets. In other
Table 4. Overall Performance on DBS Data

Model

MRR

HITS@1

HITS@3

HITS@10

Filtered Raw

Filtered Raw

Filtered Raw

Filtered Raw

TransE

0.169

0.112

0.002

0.001

0.305

0.167

0.440

0.353

DistMult

0.257

0.116

0.180

0.069

0.310

0.108

0.400

0.270

ComplEx

0.288

0.116

0.207

0.070

0.347

0.100

0.435

0.274

TransE (Type Restriction)

0.324

0.180

0.237

0.097

0.377

0.208

0.494

0.371

DistMult (Type Restriction)

0.310

0.149

0.216

0.084

0.368

0.145

0.492

0.341

ComplEx (Type Restriction)

0.318

0.141

0.221

0.080

0.383

0.129

0.497

0.328
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words, if the aim is to obtain a small number of new links, ComplEx should be used
because it has the best HITS@1 performance. On the other hand, with a larger number
of new links to pick out, TransE model should be used because it has the best HITS@10.
It is obvious that the performance has been uplifted significantly by type
restriction. With type restriction, TransE model outperforms DistMult and ComplEx for
almost all measurements except Filtered HITS@3 and Filtered HITS@10.

Table 5. Relation Level Filtered MRR for Type Restriction
Relation

TransE DistMult ComplEx

with occupation 0.2731 0.2727

0.2846

with address

0.0575 0.0570

0.0605

with age

0.3767 0.4164

0.4164

with card

0.3988 0.3784

0.3996

with mcc

0.3787 0.3530

0.3606

transfer to

0.0062 0.0057

0.0010

The relation level Filtered MRR performance for models with type restriction is
shown in Table 5. ComplEx model has the best performance on relation with occupation,
with address and with card, while TransE model performs the best for relations with
mcc and transfer to where TransE model is the best.
As in the graph each customer has only one occupation, one address and one age,
so with occupation, with address and with card are Many-to-One relations. On the
other hand, as one customer could have more than one merchant type and transfer to
more than one customer, and one merchant type could be linked to multiple
customers, with mcc and transfer to are Many-to-Many relations. Hence, ComplEx is
more suitable for Many-to-One relations and TransE is more suitable for Many-toMany relations. Since the relation with mcc is dominating the graph as shown in Table
2, TransE has the best overall performance.
It is worth pointing out that transfer to is the only relation in the graph connecting
nodes with the same type, and ComplEx performs much worse than the other two
models on this relation. So, ComplEx should be avoided for graphs with large portion of
Many-to-Many relations or relations connecting nodes with the same type.

5

Use Case

The link prediction on a knowledge graph has many useful applications in consumer
banking sector. It uncovers relations which is unobserved now but has high probability
to be a fact. Generally, there are two types of unobserved links. One type is links
existing beyond DBS data. For example, there is no fund transfer between two
customers within DBS, but they may have fund transfer through other banks. The
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other type is links to be true. For example, a customer does not have DBS credit card.
But based on the connections from this customer to other customers and products,
there is some card suitable for this customer. With the knowledge graph completed
using link prediction, we can get a better understand about what our customers intend
to do.

Fig.1. Example of Completed Knowledge Graph

Suppose we have a sample knowledge graph completed using link prediction as
illustrated by Figure 1. Solid edges in the graph are existing ones and dashed edges are
obtained from link prediction.
5.1

Personalized Recommendation

There are lots of products offered by DBS Bank. For each of the product, a predictive
model is needed to identify target customers. More efficiently, the knowledge graph
provides a one-stop solution to generate target customers for all products.
Given a customer in the graph such as Bob in the example, it is straightforward to
find out the products which connects to Bob by predicted link. In other words, Bob has
high probability to hold a DBS Altitude card. As he is not holding the card now, it will be
more effective to recommend DBS Altitude card to Bob.
The recommendation could also be real-time. Suppose Alice in the example logged
in to her internet banking. With a simple query on the graph for first-degree product
connections of Alice, it will be discovered that she has high probability to hold DBS
LiveFresh card and treasures product. Then the internet banking system will display
banners of LiveFresh card and treasures product on the website she is surfing.
5.2

Member-Get-Member

Member-Get-Member (MGM) is an important channel for DBS Bank to acquire new
treasures customers. The targeting customers of MGM are customers who have
treasures products and have many first-degree customer connections.
As in the example, Bob has treasures investment and he connects to Alice. Without
link prediction, he has only 1 first-degree customer connection which is Alice.
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However, he has high probability to connect Carlo given by link prediction. There may
be transfers from Bob to Carlo through other banks. So, it is more reasonable to count
Bob’s number of first-degree customer connections as 2.
Targeting customers with more first-degree connections including predicted links,
it can capture intended connections of customers, making MGM more profitable.

6

Conclusions

Extensive experiments have been conducted using DBS datasets for different models.
The performance is much lower than that on the public datasets.
Type restriction can improve the model performance significantly. With type
restriction, ComplEx model performs best on Many-to-One relations while TransE
model has the best performance on Many-to-Many relations. Additionally, ComplEx
model has very low performance on relations linking nodes with the same type.
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Abstract. The aim of the paper is to present identified problems related to the
use of semantic network visualization in the search of business information. This
paper describes research results from two area. First the results from an
experiment with students are presented. In this experiment two constructed
ontologies written in the Protégé 4.3 tool were used. Two groups of potential
problems were identified on the basis of this study. Then the results from the
validation of a few prototypes of created ontologies by experts are described.
Two groups of potential problems were also identified. However, they are not
identical to the conclusions from the experiment with students. To summarize the
data presented in this paper, we point to three groups of problems, which is
related to (1) the understanding the names of semantic relations between topics;
(2) the understanding of the software's operation; and (3) the usability of module
of semantic network visualization for the purpose of business information
searching. The contribution of this paper is to indicate three group of problems
in Searching for Business Information using Semantic Network Visualization.
Keywords: Semantic visualization  Semantic network visualization  Ontology 
Usability of user interface.

1

Introduction

The issues of searching for information using semantic networks, based on a created
ontology for a selected area, is the subject of numerous studies and concerns various
areas [1-7]. Particular attention is paid to the role of visualization, which is multifaceted
and enables interactive visual search for information [6, 8]. In recent years, many
authors have developed a variety of techniques to visually present ontologies [9-12].
Semantic network visualization can play a dual role. First of all, as a visual,
interactive method for presenting various semantic relations between notions. Secondly,
as a visual, interactive interface allowing the user’s active involvement in the process
of searching for unique information. The combination of data visualization in the shape
of a semantic network and personalized navigation can become an effective and
efficient tool for carrying out a variety of economic data analyses. However, one of the
fundamental questions is whether people without an IT education background can find
the necessary economic information using semantic network visualization. Quite
promising results were obtained as a result of the research [13], which needs to be
continued
adfa, p. 1, 2011.
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in order to verify the outcomes obtained, among other things. Despite these results,
there is still an important question: what the potential problems with using semantic
network visualization in finding business information are.

The aim of this paper is to present the potential difficulties related to the search for
information by means of semantic network visualization. The structure of the paper is
as follows. The next section briefly describes the notions of ontology, semantic
network, and semantic network visualization. The following one describes research
results. First the results from the experiment with students are presented. Then the
results from the validation of prototypes of created ontologies are described. The paper
ends with a summary consisting in conclusions from the analysis of the results obtained.

2

Theoretical Background

2.1

Ontology in Management Knowledge Modelling

There are numerous definitions of ontologies in the literature. A wide review of this
issue is presented in: [14]. Nonetheless, there is no universally used one in information
technology. The most frequently used definition is the general explanation of ontology
formulated by T. Gruber, which describes it as a formal specification of the conceptual
layer [15]. Therefore, ontology is a model that formally defines the notions of a
particular discipline and the semantic relations between them. By creating it for a given
area, one obtains an insight into the basics of the modelled domain and a designated
semantic space of terms that appear in it. Ontology can also be described as a graph of
structured semantic notions, where nodes are distinguished concepts, while the relations
between them are arcs. One of the main objectives of its creation is to share knowledge
pertaining to a given field. In summary, ontology in computing is a specific model
describing a particular area of the field in a formalized manner, reproducing knowledge
with the use of identified notions and links existing between them (including mutual
relations, cause-effect relationships, and properties).
The research works conducted indicate that the created ontology for a selected
fragment of economic knowledge has a significant advantage being the relative ease of
its interpretation and modification. In addition, it is possible to create many ontologies,
which will be mapped in several programs in the IT system. Executives can use either
one or multiple applications at the same time reflecting the constructed ontologies. This
approach enables multiple uses of knowledge from a specific area of economic analysis
and allows the analysis and processing of a given area of knowledge as well as the
sharing of knowledge written in a formalized way both between people and IT systems.
2.2

Semantic Network

A semantic network (also called semantic net or concept network) “is a graphic notation
for representing knowledge in patterns of interconnected nodes and arcs” [16]. It is a
directed or undirected graph, where vertices represent concepts and edges represent
relations between concepts. The hallmark of a semantic network is a robust ontology
wherein data and relationships of objects from various fields of knowledge are defined.
Information search within a semantic network is a subject of many studies and a
concern of various fields [17-22]. Moreover, in recent years, many authors have been
developing a variety of techniques to visually present ontologies [9-12].
2.3

Semantic Network Visualization

With the development of areas such as knowledge management, data mining, and
knowledge discovery, there has been a shift from Information Visualization towards
Knowledge Visualization [23-24]. Visualization has also begun to be interpreted not
only as a way of transmitting information by means of graphic elements, but also as a

method of data set exploration, helping the user to identify patterns, correlations, etc.
[24], or as a method of knowledge representation aiming to improve knowledge transfer
[25]. A new term has appeared in the literature describing technologies related to
ontology and the visualization of a semantic network: Semantics Visualization [26, p.
192].
Fundamental factors for a good interface of semantic network visualization are (1)
full overview of the structure for understanding of the global hierarchy and of the
relationships within; and (2) the ability to zoom and to select specific nodes [13]. Figure
1 presents a sample visualization of a business knowledge-oriented semantic network
search.

Fig. 1. An example of semantic network visualization of business knowledge (Source: an
application created based on Protégé 4.3)

In this figure, there are two types of lines, each of which represents a type of topical
relationship. The solid lines represent a relationship of “subclass-of”, whereas the
dashed lines represent user-defined (expert) relationships. Visualization of a semantic
network in the OntoGraf module in the program Protégé allows navigation between
topics in a highly interactive manner. Interesting nodes can be put in the foreground
with zooms, pans and rotations. Users can delete irrelevant branches of the tree or
expand interesting ones. In this interactive visual process, the user is able to
consecutively concentrate on the interesting elements via filtration and focusing
(zooming in).
The combination of semantic network visualization and user navigation can be an
effective and efficient tool for various analyses, including that of business data.

3

Description of the Research

3.1. Results from the Experiment with Students
The aim of the four experiments was to verify the use of semantic network visualization
both in searching for and obtaining necessary economic information with users actively
participating in this process. In the context of this paper, the fourth experiment was
important, described in more detail in [13]. In this paper the necessary results in the
context of identifying the most important problems is described.
The experiment involved applying two applications purpose-created with Protégé
4.3: one for Return on Investment (ROI) rate ontology and one for an ontology of a

multidimensional early warning system (MEWS) for manufacturing companies. They
differ in terms of scale, which is important when verifying the concept of applying a
semantic network as a visual interface for searching and obtaining economic
information.
The experiment used questionnaires whose structure is given below: (1) User’s profile;
(2) Tasks to be performed in the application for the ROI rate; (3) Tasks to be performed in
the application for MEWS; (4) Interface evaluation; (5) Difficulties in using semantic
network visualization in searching for information.
On the basis of literature analysis and previous experiments with the use of semantic
network visualization as an interface during classes with students, the following
problems were proposed in the survey [13]:
1) Understanding how to navigate across the OntoGraf module.
2) Understanding how to carry out the tasks.
3) The need to remember too much information while performing the task.
4) Understanding how the information on the screen is related to the activities
performed.
5) Find the necessary information.
6) Difficulty reading information on the screen.
7) Too many colors on the screen.
8) Understanding the names of semantic relations between notions.
In the experiment, the participants used a questionnaire to mark one of the following
three answers: it is a significant problem, it is a minor problem, it is not a problem.
A three-grade scale for assessing potential difficulties was applied.
Figure 1 shows the results of the assessment of the defined potential difficulties
performed by the participants with only an economic education background. For all the
difficulties specified, the arithmetic mean is above 1, which means that the assessment
is between it is a minor problem and it is not a problem. According to this group of
participants, potential difficulties in using the proposed interface may be related to
problems no. 2, no. 5 and no. 8. Of these three, the biggest difficulty is to understand
the name of the relationship between the terms in the created ontology (the arithmetic
mean is 1.1 and the median is 1.0). People from this group also assessed Finding the
necessary information (no. 5) as a minor problem. The reason may be, also indicated
by them as a difficulty, Understanding how to carry out the task (the median equals
1.0), which consisted in finding information using the semantic network. This requires
further research, in which attention will be paid to explaining how to carry out the tasks
using the tool (interface) provided. The positive conclusion is that more than half of the
participants in this group out of the eight difficulties mentioned above rated five as not
being a problem (the median equals 2.0).

Fig. 2. Evaluation of potential difficulties performed by the participants with an economic
education background

Figure 2 presents the results obtained from the evaluation of potential difficulties in
using semantic network visualization to search for information, performed by
participants with only an IT education background. They indicated four difficulties
constituting a minor problem, three of which are the same as in the case of the people
with an economic education background, i.e. no. 2 (although the median is 2.0), no. 5,
no. 8, and also no. 4. Among these four, the biggest difficulty is, similarly as for the
participants with an economic education background, understanding the name of the
relationship between the notions in the created ontology, for which the median is equal
to 1.0. For this group of participants, in the case of problems no. 4 and 5, the median is
also 1.0. This requires further research. Similarly to the people with an economic
education background, this group indicated that five of the eight potential difficulties
are not a problem (the median equals 2.0).

Fig. 3. Evaluation of potential difficulties performed by the participants with an IT education
background

Figure 3 presents the results of the evaluation of potential problems performed by the
participants declaring economic and IT knowledge. This group indicated that six of the
eight difficulties given were minor problems (for five of them, the median equals 1.0).
The lowest arithmetic mean is for the difficulty types 5 and 8. People from this group
stated that only problems 6 and 7 were not a problem (the median equals 2.0).

Fig. 4. Evaluation of potential difficulties performed by the participants with an IT and economic
education background

The conclusions of presenting results are as follows. First of all, the biggest problem,
according to all participants - regardless of their education, is the nomenclature used in

the created ontology (problem 8). This difficulty is independent of semantic network
visualization, as relationship names are formulated during the ontology
conceptualization process, but the constructed ontology for business knowledge has an
impact on the usefulness of semantic network visualization in searching for economic
information.
To summarize, the results of the experiment with students should be considered to
be fairly optimistic because the arithmetic mean of the grading given to all the problems
in each of the groups of participants is above 1.0, which means an evaluation between
it is a minor problem and it is not a problem. The participants with only an economic
education background indicated the smallest number of difficulties as a minor problem.
The results concerning the participants with an economic and IT education background
are somewhat surprising, as it could be expected that it is this group that should have
the smallest problems using the semantic network to search for economic information.
3.2. Results from the Validation Prototypes of Created Ontology
Since 2010, we have been conducting research related to the use of semantic
visualization for the analysis of business data. The goal of our research is to present the
potential applications of semantic network visualization in management, which
contains the models of knowledge of the financial indicators analysis. Indicators
analysis in finance involves determination of causal relationships between financial
indices representing different structural combinations (the so-called financial ratio
pyramid) for the purpose of internal, comprehensive evaluation of company operating
conditions as well as anticipation of future development trends [27]. Indicators analysis
in finance is a good example of an area offering unique knowledge through combination
of experience and latent knowledge held by experts and managers, data-processing
output generated by the IT systems, and significant ad hoc information. Hence, both the
utility of analyses and the informative capacity of indices are closely related to the logic
adopted by managerial cadres for the calculation of such measures and for the
determination of not only structural, but most of all – semantic correlations that may
exist between them. In other words, the utility of indicators analyses performed on
financial data can also be seen as a function of the manager’s knowledge and
understanding of both structural and semantic correlations between the studied
indicators.
The ontologies of this studies were construed using the approach presented in [2829].
One of the stages of creating an ontology for selected areas of financial analysis is the
validation and evaluation stage of the created ontology. In this stage, the encoded
ontology is checked to ensure it meets the needs of the managers. Validation is carried
out in three areas. Firstly, validation of usefulness and correctness of the created
ontology by experts who will potentially use it. Secondly, evaluation of the application
with a created ontology is carried out by managers. Finally, the validation of predefined
use cases is carried out.
As of now, the following case studies have been developed:
1) ontology of Return on Investment indicator [30];
2) early warning system ontology [31];
3) ontology of chosen financial indicators [32];
4) Company’s Liquidity ontology [33];
5) ontology of emergency policy workflow [2]; 6) financial assessment ontology
[34].
At the stage of validation and evaluation, these case studies were tested by experts
and using the prepared usage scenarios. Several of them have been described in the

publications, for example [2, 32-34]. We prepared use cases and have validated the
created ontology. In our study, evaluation of semantic network visualization as they
pertained to contextual dependencies between financial indicators was conducted using
the OntoGraf module in the Protégé program. Our goal with regards to the OntoGraf
module – which proved to be sufficient for the research – was to verify the usefulness
of semantic network visualization in searching for business information that is
contextually connected.
As a result of validation prototypes, two groups of problems were identified. The
first group includes problems resulting from the ontology created. The most frequently
reported problem concerned the interpretation of the names of semantic relations
existing between concepts. The second group includes problems of software (in this
case the OntoGraf module in Protege). The most frequently reported problem was the
random arrangement of concepts in the visualization window for example after the
operation of expanding or collapsing the relationships.

4

Conclusions

The paper presents the results of research, in which are identified potential difficulties
related to the search for business information using a semantic network visualization.
This paper presents the conclusions from the experiment with the participation of
students and the validation of various prototypes of created ontologies by experts.
The conclusions of presenting results of the experiment with students are as follows.
The biggest problem, according to all participants - regardless of their education, is
the naming used in the created ontology. This difficulty is independent of semantic
network visualization, as relationship names are formulated during the ontology
conceptualization process, but the constructed ontology for business knowledge has an
impact on the usefulness of semantic network visualization in searching for economic
information.
The second problem is related to the knowledge in the given area. The experiment's
results obtained on point no. 4 require clarification. In the group of people with an
economic education background, all but two people (Fig. 2) indicated that this was not
a problem. On the other hand, participants from the other two groups also indicated the
answer according to which it was a significant problem (Fig. 3 and Fig. 4). In defining
this problem, the following question was expected to be answered: is there a need for
basic knowledge of the analysis of economic and financial indicators (e.g. the character
of their construction). Perhaps that is why participants with an economic education
background did not recognize that the defined difficulty no. 4 could be a problem for
them when using a semantic network for the purpose of searching for information.
Validation of prototypes of created ontologies confirmed that the use of semantic
network visualization applications for the analysis of financial indicators depends on
the conceptualization stage of created ontology. Another problem was the usability of
the software. On the other hand, no large-scale studies have been conducted so far with
managers.
To summarize the data presented in this paper, the following potential problems were
identified in the tree groups:
Group I – the understanding the names of semantic relations between topics;
Group II – the understanding of the software's operation;
Group III – the usability of module of semantic network visualization for the purpose
of business information searching.
This means that, the usefulness of using visualization of a semantic network depends
on a good definition of semantic relations at the stage of the ontology conceptualization.

The key is to use such relationship names that are understandable to users. Therefore
the special attention should be paid to the ontology conceptualization stage.
Also special attention should be paid to the creation of software for of the
visualization semantic search. It is important research area of semantic network
visualization. There are many ontology visualization tools, which allow to show
semantic network. In the relevant literature, we can find a comparison of several
ontology visualization tools both in Protégé [35] and other ontology editors [36], but
these works present the preliminary results. A research that will analyze these tools to
show their advantages and disadvantages and will validate the usefulness of the
strengths and weaknesses of visualization interface for semantic searches of business
information by decision-makers is required. It will allow to choose the best tools to
strengthen the users’ cognitive support.
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1. Introduction
Abstract— Currently, retail companies operate in a highly
competitive market. Keeping customers loyalty on a high level is
critical to achieving success in such a business. Retail companies,
especially those that use eCommerce channels, gather a lot of
data about customers and their behavior. The data can be used
to acquire knowledge about customers helpful when a company
wants to apply actions improving the loyalty of customers and
their satisfaction. This paper elaborates on the problem of
customer loyalty. The article shows how to use data in marketing
and sales processes in retail. Authors propose a method of
advanced data analysis involving machine learning techniques to
generate tailored proposals for clients for an eCommerce
company.

I

ntense market competition and dynamic changes

occurring in the markets force enterprises to take actions
aimed at improving their relationships with customers. Those
customers are increasingly choosing online stores as a place
to buy [Doligalski 2018].
It is crucial to acquire a customer, but even more critical
to keep the customer with good relation. The most important
priority deciding very often about the future of the company
and its financial results is to keep the customer satisfaction on

high level, improve the relationship with the customers and
thus build long-term and profitable relationships. Such an
approach requires many actions to be taken, financial outlays,
and time. It is also essential to continually monitor the
undertaken activities, observe the results, and take corrective
actions to ensure the conducted activities are in the right
direction and bring measurable benefits to the enterprise.
The need to build a lasting relationship with the customer
becomes the basis for market activities for enterprises,
especially in the retail market.
Loyalty is defined as “... re-purchasing only one brand,
without considering the purchase of other brands” [Newman,
Werbel 1973] or as “... a persistent and consistent readiness to
re-purchase or re-promote your preferred product or brand in
the future, resulting in repeat purchases of the same brand
despite market influences and marketing efforts that have the
potential to change behavior” [Oliver 1999]. Two aspects of
loyalty can be distinguished basing on the definition:
•
•

behavioral aspect related to specific behaviors,
the emotional element, expressed by the customer's
attachment and “... attitude towards specific objects
related to the supplier, leading to the expression of
loyalty behavior” [Urban, Siemieniako 2008].
There is also an essential phenomenon of emotional
attachment, also called “the client's emotional loyalty”.
Customers with apparent loyalty are more susceptible to
changing the supplier under the influence of favorable
economic factors, and re-shopping is not related to the positive
attitude of the customer and how they are devoted to the
company. An important feature of loyalty is that the purchase
is planned, not accidental. Loyalty is the result of a conscious
choice, not a case or alternative offer [Bloomer, Kasper 1995].
Customer loyalty is closely related to their satisfaction.
A satisfied customer is likely to make purchases again.
Satisfaction is a prerequisite, but not always enough to achieve
true loyalty [Sudolska 2011]. Research shows that among
customers who decide to change suppliers, about 6585% are
satisfied with the received product [Stum, Thirty 1991]. The
relationship between satisfaction and loyalty depends on the
degree of competition in a given market. To maintain the
customer and provide them with favorable conditions, the
company must measure customer loyalty and satisfaction.
The full availability of communication and sales
channels because of the Internet and social media has
completely changed the traditional shopping model.
Customers require a higher and higher quality of service and
convenience provided by the eCommerce channel. It is vital
in such an approach to enable customers to interact in a
convenient way and at the time they choose. Additional
possibilities, such as providing tools and information, allow
building even closer relations.
Rawson states that many companies excel in individual
interactions with customers, but they fail to pay adequate

attention to the customer’s complete experience on the way to
purchase and after. Solution for the problem is that companies
need to combine top-down, judgment-driven evaluations and
bottom-up, data-driven analysis to identify key journeys, and
then engage the entire organization in redesigning the
customer experience. This requires shifting from siloed to
cross-functional approaches and changing from a touchpoint
to a journey orientation [Rawson and others 2013].
Import factors determining customer’s satisfaction and
loyalty is the personalization of approach and customized
offers directed to clients. To be able to generate such, the
company must conduct in-depth and multidimensional
customer analysis.
The main goal of this paper is to elaborate customers
loyalty and satisfaction and known methods involving the
acquisition of knowledge about customers to apply a
customized approach to a client. This paper's aim is also to
propose the innovative method of B2C eCommerce originated
data analysis to generate recommendations of marketing
actions.
This paper is structured as follows. In the next section,
the related articles are analyzed and basing on other research
findings, authors provide the foundation of the proposed data
analysis method. The following section will present the results
of research, and the results are discussed.

2. Related Works and the Selection Method
Techniques of collecting information from clients can be
based, for example, on the surveys, interviews, reports, or
direct conversations with customers. You can use for this
[Jones, Sasser 1995], [Ciok 2006]:
• customer satisfaction indicators,
• questionnaire surveys,
• feedback from the customer (comments, complaints and
questions from customers),
• market research,
• staff who have direct contact with the client,
• strategic activities (hiring employees in the same market
as the target group, inviting clients to work related to the
improvement of products and services,
• apparent shopping (mysterious customer),
• analysis of customer loss (contact with customers who
stopped buying products to identify the problem).
However, the information obtained from these sources
may be biased, as the customers may not want to express their
real opinion (fear, lack of time, different perception of product
or service). Authors of this paper would like to elaborate on
different sources of data storing recorded real actions of all
customers to analyze the whole range of customers and
acquire actual shopping patterns.
The problem of customer-related data analysis is widely
discussed in the literature. Most of the applications regard to
customer churn [Burez, Van den Poel 2009], [De Caigny and
others 2018]. Customer churn [Amin and others 2019] is

commonly related to service industries, and rarely considered
as a problem in eCommerce-oriented retail sector.
Customers who stop using products/services of the
company are considered as churn customers. Therefore, by
spotting them and understanding drivers, companies may have
a better chance to minimize customers churn. One of the main
reasons to undergo the customer’s preservation process is that
keeping a customer is far less expensive than finding a new
customer. That is, the sale cost for new customers is five times
of that of old customers [Fathian and others 2016]. Concretely,
in customer churn prediction, a scoring model allows the
estimation of a future churn probability for every customer
based on the historical knowledge of the customer. In practice,
these scores can be used to select targeted customers for a
retention campaign [De Caigny and others 2018].
There are proposed approaches for telecom industry
[Amin and others 2019], [Hung and others 2006], [Lu and
others 2012], [Tsai, Lu 2009] financial industry (banking and
insurance) [Zhao, Dang 2008], [Prasad, Madhavi 2012],
subscription services like pay-TV [Burez, Poel 2007] and
cellular network services [Sharma and others 2013]. In service
industries like those mentioned, the definition of customer
churn is clear. There is usually a kind of contract between
customer and service provider, and when the contract expires
or is terminated, we can state that customer left (is a churned
customer). Fewer publications elaborating on churn analysis
in retail business can be found. In [Yu and others 2011] we
can find a proposal to predict eCommerce customer churn
based on SVM algorithm. An observed drawback of such
approach is a premise that we can apply binary classification
(churn and non-churn) while eCommerce reality is much more
complicated. In retail and eCommerce, we concentrate more
on customer recency than churn. It is difficult to identify the
exact moment when clients discontinue their relationship with
companies [Miguéis and others 2012]. If a customer has not
placed an order for 100 days, we cannot clearly state that he
or she is a churned customer. We can only predict the
probability or the customer’s return. In [Miguéis and others
2012] we can find an interesting approach based on sequence
mining. Authors grouped the purchases in periods of three
months and by classifying as churners those customers who,
from a certain period, did not buy anything else or those who
in all subsequent periods spent less than 40% of the amount
spent in the reference period.
In [Sulistiani, Tjahyanto 2017] we can find an
experiment concerning the prediction of customer loyalty
based on a data gathered from customer survey where they
declare their satisfaction, but as mentioned earlier, this paper
concentrates on researching real customer’s behavior rather
than their declarations.
There are several factors impacting customer loyalty in
eCommerce. One of them is the customization of offers. In
[Clauss and others 2018] the factor is listed among such as
reliability, price value, information quality, and others.

Personalization of offers is understood as a positive answer to
the following questions:
• This platform makes purchase recommendations that
match my needs.
• The advertisements and promotions that this platform
sends to me are tailored to my situation.
• I believe that this platform is customized to my needs.
In [Pappas and others 2017] authors identify
personalization as an essential factor in the area of marketing.
Online shopping personalization is a strategy that may aid in
persuading customers to select a product or service and lead
to a purchase. The conclusion is that a key factor in increasing
customer loyalty is a proper personalisation, but authors also
claim that traditional techniques in personalized online
shopping (e.g., recommendations based on previous
purchases, tailored messages based on browsing history) are
not enough to lead customers to an online purchase, when
customers are on a shopping mission. Importance of
identification of customer’s price sensitivity and promotion
sensitivity in building positive customer experience and
loyalty is also highlighted.
The positive recommendation based algorithms are used
in a vast amount of websites, such as the movie
recommendation algorithms on Netflix, the music
recommendations on Spotify, video recommendations on
Youtube and the product recommendations on Amazon
[Boström, Filipsson 2017]. Online product recommendation
mechanism is becoming increasingly available on websites to
assist consumers in reducing information overload, provide
advice in finding suitable products, and facilitate online
consumer decision-making. Recommendation mechanisms
have been found to help consumers efficiently filter available
alternatives, increase the quality of their consideration set and
increase their product choice satisfaction [Lee, Kwon 2008].
In this paper, authors concentrate on methods preventing
customer churn by purchase patterns detection combined with
customer segmentation to define best suited marketing
messages and tailored offers adjusted to actual customer’s
needs and expectations to build positive experience increasing
loyalty.

3. Research method
The most common methods of data analysis used in
marketing are:
• Frequent Pattern Mining (Association rules and sequence
rules).
• Collaborative Filtering.
• Clustering.
• Classification and regression.
The concept of frequent itemset was first introduced for
mining transaction databases [Han and others 2007]. Frequent
patterns are itemsets, subsequences, or substructures that
appear in a data set with frequency no less than a userspecified threshold. Frequent pattern mining was first

proposed by Agrawal [Agrawal and others 1993] for market
basket analysis in the form of association rule mining. It
analyses customer buying habits by finding associations
between the different items that customers place in their
“shopping baskets”. There are many algorithms searching for
association rules such as Apriori, Charm, FP-Growth and
others. They differ in computational complexity, and thus in
resource demand and execution time. Their operation is
deterministic, so the obtained results will be the same. The
source data for association rules is a set of transactions / orders
of a customer in eCommerce store. The analysis is also
referred to as “Market basket analysis” because it searches for
patterns in shopping baskets. The result of an algorithm is a
list of frequent sets (products appearing frequently). Having a
list of sets we are able to construct rules answering a question
which products are frequently purchased together. Example of
association rules generated using FP-Growth algorithm is
presented in Figure 1.

Figure 1. Example of association rules
Each rule is evaluated by the following measures:
• Confidence – this is a percentage value that shows the
probability of consequent product purchase in a situation
where an antecedent product has been already placed in a
basket.
• Frequency – number of transactions including both
products. It helps to asses if a rule is common or perhaps
is only an exception. If confidence is high and frequency
is low, it means that two very seldom bought products
were purchased together only a few times. In such case,
the overall value of a rule is considered as low.
• Lift – this is the ratio determining independence of
antecedent and consequent product. In some cases,
confidence and frequency are not enough to evaluate a
rule. If e.g. a plastic bag is added to nearly all orders, the
rules with a plastic bag as a consequent product will have
a very high confidence as well as high frequency, but the
business value of those rules will be very low. To
eliminate those rules from further considering lift can help.
If the rule had a lift of 1, it would imply that the probability
of occurrence of the antecedent and that of the consequent
are independent of each other. When two events are
independent of each other, no rule can be drawn involving
those two events. If the lift is > 1, that lets us know the
degree to which those two occurrences are dependent on
one another and makes those rules potentially useful for

predicting the consequent in future data sets. If the lift is <
1, that lets us know the items are a substitute to each other.
This means that the presence of one item has a negative
effect on the presence of another item and vice versa.
There are more measures to value the association rule
like support, coverage, strength or leverage. In our
experiment, we find it enough to analyze those 3 measures
explained and presented in Figure 1.
Sequence rules algorithm is based on a similar
foundation. A sequence database consists of ordered elements
or events, recorded with or without a concrete notion of time.
There are many applications involving sequence data, such as
customer shopping sequences, Web clickstreams, and
biological sequences.
Agrawal and Srikant first introduced the sequential
pattern mining in [Srikant, Agrawal 1996]. Given a set of
sequences, where each sequence consists of a list of elements
and each element consists of a set of items, and given a
userspecified minsupport threshold, sequential pattern mining
is to find all the frequent subsequences, i.e., the subsequences
whose occurrence frequency in the set of sequences is no less
than minsupport.
The result of sequence mining is a list of rules valued
with similar measures like in case of association rules. The
most important difference is that sequence mining help with
the prediction of future purchases of customers basing on their
previously bought products. Antecedent and consequent
products may be the same in a situation where customers
regularly buys the same products that end or wear out and then
need to be re-purchsed. In case of association rules such
situation never happens. One product cannot be purchased
together with itself. If customer buys a several items of the
same product it is treated by algorithm as one product.
Example of sequence rules generated by PrefixSpan
algorithm is presented in Figure 2.

Figure 2. Sequence rules generated by PrefixSpan
algorithm
Collaborative Filtering is the process of filtering or
evaluating items using the opinions of other people [Schafer
and others 2007].
Collaborative Filtering is the most widely used technique
for Recommender Systems. The biggest advantage of
Collaborative Filtering over content-based systems is that
explicit content description is not required. Instead

Collaborative Filtering only relies on opinions expressed by
users on items. Instead of calculating the similarity between
an item description and a user profile as a content-based
recommender would do, a Collaborative Filtering system
searches for similar users (neighbours) and then uses ratings
from this set of users to predict items that will be liked by the
current user [Massa, Avesani 2004].
Unfortunately, in regular eCommerce in contrast to
content delivery services (music or movie providers) users are
not used to express opinions about the product they have
purchased that is why collaborative filtering has limited usage
in the topic of this paper.
The goal of clustering is to find clusters of similar
observations in a set of customers, products, transactions, and
customer contacts with store web pages. In our experiment,
we would like to determine segments of customers to whom
we can send an offer or whom we can target when promoting
specific products. We require clusters to have specific
statistical characteristics (such as minimum variance) and
usefulness in marketing decision making (e.g. determining
loyal customer groups).
There are several algorithms supporting clustering. In
our experiments we concentrate on the following:
• k-means based on the Euclidean distance between
observations,
• Bisecting k-means acting on a similar basis to k-means,
however, starting with all the observations in one cluster
and then dividing the cluster into 2 sub-clusters, using the
k-means algorithm,
• Gaussian Mixture Model (GMM), which is a probabilistic
model based on the assumption that a particular feature has
a finite number of normal
distributions,
• DBSCAN identifying clusters by measuring density as the
number of observations in the designated area. If the
density is greater than the density of observations
belonging to other clusters, then the defined area is
identified as a cluster.
To define the goal of customer clustering, we used RFM
method widely used in the marketing of retail companies. The
acronym RFM comes from the words
“recency” (a period from the last purchase), “frequency”, and
“monetary value”. In this type of analysis, customers are
divided into groups, based on information on time which has
passed from last purchases, how often they make purchases,
and how much money they spent.
The following observations explain why RFM is
interesting for retail companies:
• Customers who have recently made purchases are more
likely to make a new purchase soon.
• Customers who frequently make purchases are more likely
to do more shopping.
• Customers who spend a lot of money are more likely to
spend more money.

Each of these observations corresponds to one of the
dimensions of RFM.
An example of RFM clustering is presented in Figure 3.
One customer is one dot and color presents the number of a
cluster to which customer was assigned.

Figure 3. RFM clustering using k-means algorithm
Another useful set of characteristics describing
customer behavior are used in the next experiment. The
proposed segmentation was inspired by direct interviews
with eCommerce managers who independently observed
two principals in terms of profit generation, but also
contrary segments of customers. One of the segments brings
together fashion-driven customers (they focus on new and
fashionable items). The second one is “bargain hunters” –
discountdriven customers who are ready to purchase
products present on a market for a longer period, but they
expect extremely high discounts. This segmentation is
referred to as “fashion vs. discount”. In such segmentation
we take into account the following dimensions: Average
discount of a customer.
• The average number of days from product launch to
transaction.
• Average order value.
• Number of orders.
The distribution of average discount used by customer
in their transactions is presented in Figure 4. Another
dimension showing if customers purchase new or relatively
old products is presented in Figure 5. Those graphs show
that there are customers (cluster no 5) where the average
discount is 2 percent only, which means that in fact, they do
not expect any discount. At the same time, they buy

relatively new products so we can state that cluster 5 is
fashion-driven but not discount. The opposite clusters are 1
and 4. Those clients expect about 50% discount which is
exceptionally high, and they buy old products so they can
be referred to as “bargain hunters”. Every identified
segment of customers expect different pricing policy to gain
customer satisfaction when it comes to response for the
offer.

category). The main goal of a classification problem is to
identify the category/class to which a new data will fall under
basing on the whole available characteristic of customers
(demographic profile, previously purchased products, selected
conditions). The most challenging issue in preparation of the
classification model is to choose correct features to train a
model.

4. Results of research
Our research aims to find a method enabling providing
each customer of internet store most accurate offer in terms
of:
• product category,
• price level, discount level, moment
in time to buy.
To achieve such accurate proposal the combination of
previously mentioned methods is required.

Figure 4. Average discount distribution among clusters of
customers

Figure 5. Average number of days from product launch
to transaction distribution between clusters
To provide an attractive offer, we have to classify the
user in terms of the advertised product and the proposed
purchase conditions (price, discount, additional value). Many
marketers are moving away from traditional aggregate-level
mass marketing programs and are searching for accurate
methods of identifying their most promising customers to
focus specifically on those individuals [Kaefer and others
2005]. In contrast to the mass marketing approach, a direct
marketing approach evaluates the profitability of current and
potential customers and uses this information to focus
marketing resources on their best prospects. Numerous studies
have found that a consumer's past purchases can act as a good
predictor of future brand preferences and choice outcomes.
Classification is a technique where we categorize data into a
given number of classes (e.g. purchasing /nonpurchasing

What product to
offer?

Sequence patterns
discovery

What is the best
moment?

RFM based clustering

What conditions?

Fashion vs. Discount
clustering

To which customer
direct offer?

Classification

Figure 6. Procedure to predict of the best offer for a
customer
The procedure of generation the most accurate offer for
a customer is proposed in Figure 6.
We build classification models where the target variable
takes values: will buy / will not buy. The classification model
is always generated in the context of a product category that
was pointed out by sequence rules. In that case, we know that
there is an evident reference between the historical purchases
and a current one.
Such an approach generates several classification models
depending on the number of sequence rules that have been
discovered. We train every model using the data of customers

who bought product categories indicated as an antecedent of a
sequence rule (their demographic profile, history of orders)
and analyze if they have actually purchased the consequent
product. Such an approach makes a prediction of the
recommended product more accurate than only sequence
rules, because it includes the context of each individual
customer.
The moment in time for offer delivery and proposed
conditions in terms of discount result from the clustering
applied to a customer.
Classification algorithm selected for this task is
XGBoost, which is nowadays considered as very efficient and
has been widely recognized in a number of machine learning
and data mining challenges [Chen, Guestrin 2016]. This
algorithm uses a gradient tree boosting technique.
Having trained and tested algorithm, we can apply it on
every single customer data to estimate the probability of a
selected product category to be purchased by a given client.
As we can see in Figure 7 such approach for rules with 8%
confidence was validated in case of a specific client to give us
more that 40% probability of a customer’s next purchase.

Figure 7. Results of classification algorithm applied of a
list of customers
Having that knowledge we can prepare a tailored offer
for each single customer.
The proposed approach seems to give valuable insights
regarding marketing activities. Authors will validate the real
business value of the proposed method in the next phases of
this research study.

5. Conclusions
Application of advanced data analysis based on machine
learning in marketing and customer-related data is widely
discussed in the literature however research regards mostly to
customer churn problem and in terms of customer

segmentation, satisfaction, and loyalty base on surveys and
more psychological grounds. Authors proposed the method of
data analysis that is a combination of various techniques and
algorithms of machine learning that is aimed to give a better
result than typical methods to raise customer loyalty in the
retail business.
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