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Abstract

In today’s fast-paced business environment, firms are constantly pressured to innovate in
order to remain competitive. Business model innovation (BMI) has recently attracted increasing
attention as a promising approach to achieve competitive advantage in the face of fierce
competition. Despite its great potential, however, BMI also entails high degrees of complexity,
uncertainty and financial risk. Fueled by the rise of digital technologies, BMI has become
increasingly open and collaborative in the recent past.

The aim of this paper is to investigate the role and implications of open and collaborative
practices in BMI and to provide a comprehensive review of available literature in this field.
Therefore, a systematic review of literature at the intersection of Open Innovation (OI) and BMI
has been carried out. Our analysis of the literature identified two major research streams in open
business model innovation (OBMI): OBMI trends (customer-driven BMI, BM co-creation,
early BM validation, virtual collaboration, design thinking) and OBMI effects. Overall, the
findings support a growing trend of collaboration and co-creation in BMI supported by digital or
tangible tools, and further reveal that OI has a direct positive effect on BMI success. Analysis of
the literature also shows that the field of OBMI is still an under-researched area.
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Introduction

t was not so long ago that in real world

scenarios “innovation” implied higher

investments in internal research and
development (R&D) than the competitors [1].
More recent and enhanced innovation strat-
egies rely on collaborative approaches with
external partners to complement their innova-
tive capabilities. Chesbrough first introduced
the notion of open innovation (OI) as a mode of
innovation in which firms use external knowl-
edge sources and external markets to acceler-
ate internal innovation [1]. OI has received
increasing attention from researchers [1—10]
and the media in the recent past. The consen-
sus view among OI scholars is that the value
of reusing the same knowledge over and over
again is limited and can harm a firm’s ability
to innovate [1, 2, 7]. Therefore, the OI model
encourages firms to open up their processes to
the outside world and allow a more participa-
tory and decentralized approach to innovation
in contrast to the previously dominant model
of “closed innovation” [1]. The notion of OI
overlaps with numerous other concepts such
as open source, crowdsourcing, co-creation,
user innovation and other forms of distributed
innovation [11].

OI helps firms to access a wider array of tal-
ent and skills, to reduce cost of R&D, to gain
additional revenue sources (through licens-
ing, joint ventures, etc.) and to reduce the
time-to-market for new products [12—14].
By combining internal and external sources of
innovation, firms gain access to new innova-
tions, new customers, new ways of commer-
cialization and additional markets [12, 13]. In

practice, firms such as Lego, 3M, P&G, IBM
and Dell have demonstrated the power of OI
to improve innovation and financial perfor-
mance.

Besides OI, BMI has emerged as a promising
approach to break out of fierce competition,
particularly in face of the (higher) imitability
of products and processes [15, 16]. It has been
argued in the literature that business models
(BMs) have become the new basis of compe-
tition [17] and probably the most challenging
type of innovation. When trying to develop a
new BM, firms are confronted with high lev-
els of uncertainty, ambiguity and complexity
[18]. A change in the BM can mean multi-bil-
lions in profits or it can mean corporate failure
[19]. The high risk associated with BMI hence
resides in the large scope of business transfor-
mation when BMI occurs. At the same time,
however, BMI is increasingly recognized as
a key driver of super normal profits and the
main source of sustainable competitive advan-
tage [1, 20]. In this context, a systematic lit-
erature review has been conducted in five lead-
ing scientific databases (ACM, EBSCO, IEEE,
Springer Link, Wiley) to provide a comprehen-
sive overview of available literature on BMI
to identify the major topics and concepts dis-
cussed in this field.

1. OBMI trends and effects

Analysis of the literature identified two major
new research streams in OBMI: OBMI trends
and OBMI effects. In the available literature,
various approaches and toolkits have been dis-
cussed, ranging from theoretical models, to
(open) software solutions for virtual collabo-
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ration and playful design thinking methods
to advance BMI. Furthermore, five emerging
trends in OBMI have been identified. Overall,
the literature showed a trend of more collab-
orative forms of BMI and suggested the use of
different approaches and tools to integrate out-
side partners in OBMI activities, as depicted in
Table 1.

Envisaging the participation of supply chain
members in OBMI activities, all studies involve
customers in the BMI process. This is not sur-
prising, as the keywords used for the system-
atic literature search aimed to identify articles
exploring target group involvement, i.e. the
participation of customers, in OBMI practices
[2]. Moreover, 5 out of 11 publications choose
to collaborate with both — customers and sup-
pliers — to advance BMI. Additionally, a single
study chose to involve customers, suppliers and
a research institution in a collaborative setting
of OBMI [21].

Envisaging the intensity of supply chain part-
ner participation in OBMI activities, the Inter-
national Association for Public Participation
[22] has developed a stakeholder participation
spectrum to demonstrate the possible types
(i.e. levels) of stakeholder participation. Based
on this spectrum, two participation approaches
dominate the literature on OBMI: “involve-
ment” and “collaboration”. The majority of
available publications, i.e. 7 out of 11 articles,
choose a collaboration approach which allowed
supply chain members to actively contribute
new BM ideas. On the other hand, two publica-
tions pursued an involvement approach, which
included adding to, modifying, or recombining
knowledge contributed by supply chain part-
ners.

2. BM co-creation

The topic of BM co-creation is most fre-
quently discussed among available literature
on OBMI [23-26]. Ebel et al. define BM co-
creation as the activity of “developing busi-
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ness models together with customers in a col-
laborative manner” [24]. In other words, BM
co-creation encourages the active participa-
tion of supply chain partners in the creation
of new BM. Furthermore, co-innovation
describes a new innovation paradigm, which
incorporates collaboration and co-creation
in a platform approach [26]. Accordingly, co-
innovation emphasizes on the co-creation
of unique value and experience with exter-
nal stakeholders, rather than merely creating
value for them.

The literature analysis we performed
revealed that opening up the BMI process to
allow BM co-creation enables new business
opportunities [27] and enhances the quality
of the developed BMs [24]. It has been argued
that by seeking external feedback and collab-
orating with customers to share BMs, firms
can test the commercial viability of a new
BM before implementing it [23, 24]. Partic-
ularly, the role of customers and suppliers as
valuable participants in the BMI process has
been highlighted in the literature. Ogilvie [25]
argues that engaging directly with customers
and prospective partners helps to co-create
solutions that deliver value to all stakehold-
ers involved. Buur and Gudiksen [21] arrive
at the conclusion that the “discussion of busi-
ness models within the company, and with
suppliers and customers is necessary to ensure
competitive edge”. Similarly, Ebel et al. [24]
denote target group involvement as crucial for
successful BMI. Looking at co-creation from
a customer-perspective, Ogilvie claims that
customers embraced the invitation to par-
ticipate in BM co-creation sessions and were
enthusiastic about the idea to co-create a new
solution [25].

Furthermore, Chew put forward the
view that “service innovation and business
model innovation are the source for business
growth” [23]. The author introduces the pro-
totype of a new integrated design method, the
so-called iSIM (integrated service innova-
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Source

Berre et al.

BM co-creation

Customer—driven BMI

Early BM validation

OBMI Trends

Virtual collaboration

Design thinking
0BMI Effects

Table 1.

Literature analysis

Software solution

Tangible tools

Theoretical model

Toolkits

Additional Information

* Cloud-based platform for OBMI

X X| X X * Pilot testing of business operations platforms
(2013) [27] » Social media based innovation community
Buur and * BM design experiments with “tangible” BMs
Gudiksen X | X X X * Interactive pinball design (gamification)
(2012) [21] * Customer-side of the BM
« Integrated service innovation method (iSIM) model
Chew x x| x| x X X for simultaneous service innovation & BMI
(2015) [23] * Customer co-created value (user value)
«“Backward” BM design (customer as start)
. « Effects of external knowledge sourcing on firm
D?g(l)%le?l[gg]al. X growth (as proxy for BMI success)
« Annual report analysis (310 European firms)
* Pilot testing of business model development tool
Ebel et al. x| x | x| x X X with test users
(2016) [24] « Based on online collaboration literature
« Target group / expert / stakeholder integration
Gudiksen * Playful BM design experiments (gamification)
(2015) [32] X X X * Role plays, use of tangible resources
* Participatory innovation
« Effects of Ol on BMI & organisational inertia
Huang et al. X x| Effects of BMI on firm performance
(2013) [13] « Study among 141 small and medium enterprises
(in Taiwan)
Ogilvie * BM co-creation (customers & industry partners)
(20195) [25] X X X X | X | «Early BM & revenue model validation
« 5Bs template, BM prototypes (mock-ups)
. » Managing customer-driven BMs
P’@%ﬂg‘;n[fé]al' X[ X|X X X | « Customer participation in BMI, BM validation
« Social media based innovation community
fWiimi et al » BM experimentation & BM flexibility
(2012) [26] X | X X | « Customer development process (validation)
« Lean philosophy (testing of BM hypotheses)
: « Customer as start of (new) BM design
Zolnowski et al. X | X X | * Customer impact on other BM dimensions

(2014) [28]

* BM canvas (firm / customer / partner perspective)

10
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tion method), for simultaneous service inno-
vation and BM design. The model is based
on the assumption that customer value co-
creation is central to BMI. Thus, the iSIM
model facilitates the engagement of custom-
ers as co-producers of value. A co-creation
approach in BMI enhances the mutual value
proposition alignment between the cus-
tomer-side and the supply-side business eco-
system [23, 28]. Similarly, Ebel et al. recom-
mend the discussion and refinement of new
BM alternatives with customers and suppli-
ers until mutual agreement among all stake-
holders is reached [24].

To practice co-creation, it has been pro-
posed that firms need an organizational cul-
ture of “open leadership” and “organiza-
tional learning” [23]. With the use of rapid
BM experimentation, firms can test the com-
mercial viability of new BM concepts before
committing capital on the design and imple-
mentation of the BM [23]. Ebel et al. point to
a certain flexibility in terms of BM resources
and capabilities “to ensure that the business
models can be adapted to changing mar-
ket situations” [24]. Zolnowski et al. stress
the importance of adopting a “value network
logic” instead of focusing on a single value
chain, to foster the integration of and inter-
action with external partners [28]. Further-
more, Chew emphasized a combination of
resource integration and configuration capa-
bilities to be able to leverage externally gener-
ated knowledge for internal processes, i.e. so-
called “absorptive capacity” [23].

3. Customer-driven BMI

Another aspect is the need for a more “cus-
tomer-centered model” of BMI [26]. Pynno-
nen et al. argue that “firms do not necessarily
know what the value preferences of their cus-
tomers are” [29], so they should recognize
customers as valuable participants in vari-
ous roles in the BMI process. Zolnowski et
al. take the customer as the “starting point”
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of BMI by positioning the customer at the
top of the BM [28]. Visualising all potential
interaction points with the customer helps to
identify how the customer co-determines and
influences other BM dimensions [28]. Chew
proposes to first envision what the unique
customer experience should be and then
backward design the BM and service offering
accordingly [23]. In the same way, PynnOnen
et al. introduce a four-stage Business Map-
ping Framework to analyze the fit between
the firm’s current BM and customer value
[29]. Each BM element was weighted accord-
ing to customer value preferences to identify
the core and non-core components of the
BM and exclude non-value adding elements
[29]. Trimi and Berbegal-Mirabent stress the
importance of “customer validation” before
creation [26]. They seize on the idea of cus-
tomer development. The main principle of
the customer development process is that a
new concept or idea, first needs to be vali-
dated by customers to be able to proceed to
the creation stage, or otherwise pivots back
to the discovery stage. Regarding BMI, cus-
tomer validation includes the verification of
BM elements such as the perceived value of
the offering, or the appropriateness of pric-
ing or distribution channels [26]. Finally,
Pynnonen et al. point to the importance of
continuous involvement of customers in the
BMI process to repeatedly align a firm’s BM
to current and emerging market needs in an
iterative manner to obtain the essential real-
time information about changing customer
preferences [29].

4. Early BM validation

Envisaging the topic of early BM validation,
researchers agree that “validation before cre-
ation”, i.e. seeking external feedback and tar-
get group involvement in early stages of BM
development, is vital to the success of BMI
[24, 26]. Thus, through using an early BM
validation approach, firms can test the com-
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mercial viability of a new BM concept before
making investments beyond planning [23, 25].
Early BM validation helps firms to reduce the
high degrees of uncertainty and risk entailed
in BMI. Ogilvie argues that the development
of early BM validation techniques is the “key
to success” [25]. Thus, through early and on-
going interactions with customers, firms can
increase their chances of success [26]. BMs
should hence be flexible enough to allow
quick iterations and trial-and-error learning
from early validation attempts. Particularly
for early-stage businesses, the development
of experimentation capabilities to rapidly
test and validate their business hypotheses is
crucial [26]. Ogilvie involves the use of visu-
alization and design thinking techniques in
BM co-creation sessions with customers and
prospective partners. A telematics provider
used visual BM prototypes (i.e. posters) “with
just enough information to allow custom-
ers to understand how the BM might work”,
but also leaving enough space for comments
and ideas by the workshop participants [25].
This innovative approach allowed the firm to
validate and reconfigure a new BM concept
together with a revenue model at minimal
expense [25].

5. Virtual collaboration

Another major OBMI topic identified in
the course of the review is “virtual collabora-
tion”. Available literature highlights the cru-
cial role of IT tools to support open and col-
laborative approaches of designing new BMs
[24]. In this regard, digital OBMI platforms
aim at providing BM development teams
with innovation community support for BMI
challenges. The principal idea behind virtual
collaboration for BMI is thus very similar
to a crowdsourcing approach, which makes
use of collective capacities to solve complex
problems [30, 31]. The digital business mod-
eling tools presented in the literature support
a variety of different features such as voting,

evaluations, rating, search and access con-
trol, community functions (profile pages,
interest groups), messaging, commenting
and other collaboration features such as file
sharing [23, 24, 27, 29].

6. Design thinking

The fifth major topic covered by the lit-
erature is design thinking. Design thinking
describes different participatory innovation
methods involving experimentation, tangible
resources and game-like innovation activi-
ties to stimulate the creative exploration
of innovative solutions [21]. The approach
of “tangible business modelling” allowed
participants to “express themselves with
their hands” [21]. The analyzed literature
reported the use of tangible resources such
as sticky notes [25] or balls and bricks [32]
to facilitate collaboration among (multi-dis-
ciplinary) BM co-creation teams. Buur and
Gudiksen conducted iterative BM experi-
ments in various interactive settings to trig-
ger new discussions and solution-based
thinking. The researchers arrived at the con-
clusion that “playfully ‘thinking with hands
and body’ enhances ‘the quality of conversa-
tions’ towards an innovative outcome” [21].
Similarly, Gudiksen chose different BM
design games for the playful experimentation
with new BM ideas [32]. It has been demon-
strated that approaching the BM as a design
problem advances new perspectives on BMI
initiatives. The use of tangible resources and
a randomizer (i.e. a dice) helped to spark
new ideas and combinations. Eventually, BM
design games have two major benefits: (1)
they impose clear rules that had to be fol-
lowed by all participants, and (2) they pro-
vide a joyful and engaging atmosphere, which
allowed participants to “step out of the real
life” (“foolishness”) and enjoy the “freedom
to play” and stimulated experiential learning
[32]. To successfully practice design think-
ing for BMI, firms need to create a tempo-
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rary space for imagination and encourage an
experimental, game-oriented culture and the
freedom to improvise, play and test BM con-
cepts [21, 32].

7. OBMI effects

Two publications in available literature on
OBMI discussed how OI can be effective in
creating BMI [13, 33]. Both studies used a
quantitative approach to explore the implica-
tions of external knowledge sourcing for BMI
and firm performance [13] or firm growth
“as a proxy for BMI success” [33], respec-
tively. By using survey research methodolo-
gies Huang et al. found that OI can be effec-
tive in changing “organisational inertia” and
hence create BMI [13]. The notion of orga-
nizational inertia describes an organization’s
difficulty in changing its organizational struc-
ture. In addition, organizational inertia has a
negative influence on both OI and BMI [13].
Therefore, it is vital to overcome organiza-
tional inertia to be able to adapt to fast chang-
ing market needs [13]. Furthermore, the
researchers have claimed that Ol has a direct
positive influence on both BMI and firm per-
formance.

By using accounting indicators as a proxy
for knowledge acquisitions, Denicolai et al.
aim at understanding how internal and exter-
nal knowledge assets can be combined to
contribute to a firm’s growth as a proxy for
BMI success [33]. For this purpose, scholars
investigated the interplay between internally
developed knowledge (KINT) and externally
acquired knowledge assets (EINT) to create
value. Their research identifies an inverted
U-shaped tension between the costs and ben-
efits of external knowledge sourcing and inter-
nal absorptive capacity [33]. Thus, it has been
argued that increasing investments in exter-
nally generated knowledge assets has a posi-
tive effect on a firm’s growth, but only up to a
certain point — beyond this threshold it has a
negative effect on a firm’s growth as the orga-
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nization encounters difficulties in absorbing
such high levels of external knowledge [33].
The researchers arrive at the conclusion that
there is an “optimal level” of external knowl-
edge, depending on the absorptive capacity of
the firm, at which firm growth, and thus BMI
success, is maximized.

Conclusion

The analysis of literature we presented
shows that the field of OBMI is still an under-
researched area, as only 11 publications met
the inclusion criteria. It was found that avail-
able literature discusses various trends as well as
the effects of OBMI practices. Analysis of the
available literature reveals that OI has a direct
positive effect on BMI success. It was found
that involving outside partners, particularly
customers, in BMI processes may enhance
both the quality of developed BMs as well as
a firm’s performance — at least up to a cer-
tain level. Regarding the “openness” of BMI
activities, all 11 publications included involve
customers in the process of BMI, while some
chose to additionally cooperate with suppliers
and research institutions to advance BMI. Fur-
thermore, the majority of publications chose a
collaborative BMI setting, which allowed out-
side partners to actively contribute new BM
ideas. Furthermore, five major trends in OBMI
have been identified.

First, the trend of BM co-creation has
been most frequently discussed, indicating
the growing importance of collaboration in
BMI. Second, the literature analysis revealed
the need for a more customer-centric model
of BMI. Third, the findings of this review
suggest that establishing capabilities to val-
idate new BM concepts in early stages of
development is crucial for successful BMI.
Therefore, it has been proposed that firms
should seek early target group involvement
to be able to achieve BM “validation before
creation”. Fourth, available literature has
presented different methods of “virtual col-
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laboration” for BMI. The digital collabo-
ration tools discussed in the literature draw
on crowdsourcing methods for BMI chal-
lenges and highlight the crucial role of ICT
in facilitating OBMI. Fifth, the application
of design thinking in BMI represents another
key finding of this review. This literature
review reveals that approaching the BM as a
design problem through the use of tangible
and visual BM “mock-ups” in experimen-
tal, game-like innovation activities enhances
the quality of discussions among participants
and thus increases innovation output. It has
been argued that using design thinking meth-
ods in OBMI helps firms to advance new per-
spectives on BM challenges and allows them
to both validate and collect new BM ideas at
minimal expense.

It can be concluded that OBMI repre-
sents an important research area, which
is still in its infancy. This paper delivers a
comprehensive review of knowledge in this
emerging research field. Given the insights
on the growing trend of collaboration in
BMI, further research will focus on explor-
ing increasingly collaborative approaches in
BMI. Additionally, future work might shed
light on BM co-creation activities regard-
ing e.g. their application in different stages
of the innovation process and the direction
of information flows. Furthermore, as vir-
tual collaboration tools and design think-
ing methods are both expected to play an
increasing role in facilitating BMI in the
future, they represent promising areas for
further research. m
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Abstract

The main objective of digital transformation is to fulfill the needs of a “new digital generation
customer” for on-demand delivery, quality and personalization. "Anything as a service” has become
the key principle of the digital paradigm. This is about a data-oriented service which relies on sharing
information resources (including public ones) and the requirements for interoperability, security
and trust. This paper presents the main approaches to digital transformation based on the example
of the most innovatively active sectors such as banking and healthcare. We compare the proprietary
development of digital services (products) to the building of a digital sector ecosystem aimed at
attracting an unlimited number of participants. We defined the purpose of creating an ecosystem that
is to provide the population with digital services formed on demand, in real time, in compliance with
legislation and regulations, as well as in the context of maximum trust. We emphasize the role of
openness for uniting the efforts of the community interested in the development of a digital industry,
extension of public-private partnerships and building a competitive environment in order to ensure
the rapid growth of available digital services, as well as to improve their quality. Since the knowledge
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economy is the basis for the digital economy, the authors consider it especially important to form
a semantic core which acts as the carrier of knowledge in a digital sector ecosystem. We confirmed
the necessity to implement the semantic core by a brief analysis of modern semantic approaches to
standardization of information sharing in the above-mentioned industries, such as FIBO, BIAN
(banking), HL7 and UMLS (health). The research carried out allowed the authors to design the
conceptual architecture of the ecosystem and to suggest several proposals for digital transformation
of an industry. The proposals express the necessity of state support for innovation and providing
the conditions for the entry of new digital products based on the following principles: accessibility,
timeliness, personalization, adaptability and security.

Key words: digitalization, digital economy, digital service, economic sector, ecosystem, conceptual
architecture, interoperability, information sharing, semantic integration, semantic core.
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Introduction

illennials, the generation born

between 1980 and 2000, have

grown up and are now involved in
the labor market, which substantially changes
the average customer’s needs. They expect high
quality services (products) on demand as well
as to use mobile and other innovative technolo-
gies to which they are accustomed. When the
experts forecast The Fourth Industrial Revolu-
tion [1], the current situation in various eco-
nomic sectors calls for digital transformation as
well as their integration into the digital world
and digital economy.

Although experts have generally reached
a consensus about the goals of digital trans-
formation, the term “digital economy” stays
rather ambiguous. It retains a focus on mar-
keting following the market trends set for the
benefit of the main players. During the last
few years, various reviews and concepts made
by global analysts and ICT leaders on digitiza-
tion of economy and its particular sectors have
filled the information landscape. Based on
research materials, the Analytical Center for
the Government of the Russian Federation has
compiled seven definitions of “digital econ-
omy” and invited experts to discuss them [2].

18

However, we consider it more useful to move
forward from the exact terminology to making
concrete steps towards the development of dig-
ital economic sectors and further improvement
of public administration.

The public sector should regard digital
transformation within the overall complex
of measures which is required for success-
ful involvement in the global digital economy.
The suggestions on e-government digitaliza-
tion which the authors proposed in the paper
“Towards the digital government in Russia:
Integrative approach” [3] remain relevant and
should be considered within this complex of
measures. We discuss the following issues: pro-
viding interoperability (at all levels includ-
ing semantic); building open platforms which
enable collaboration between domain and IT
experts; establishing an expert community
involving key scientists.

In this paper, we suggest a concept of digital
sector ecosystem architecture in order to define
the main ways and methods of digital transfor-
mation. We have considered potential partic-
ipants and basic ecosystem elements, realiza-
tion features (based on banking and healthcare
sectors) and the role of the state in the future
growth of digital economy. This approach has
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allowed us to work out proposals aimed at pro-
viding innovations with state support based on
public-private partnership principles and to
create optimal conditions for the development
of customer-oriented digital services and prod-
ucts.

1. Current state of digital transformation
in some economic sectors

Using up-to-date technologies, digitalization
reshapes the competitive picture and blurs the
boundaries between the players of economic
sectors. Digital leaders, such as Google, Apple,
Facebook and Amazon, promote the digital
paradigm and people define its significance
in accordance with the expectation level of
“new digital generation clients”, who get used
to permanent service accessibility as well as to
immediate service delivery. Therefore, large I'T
corporations, equipment and software provid-
ers primarily focus their efforts on changing the
form in which they offer products and services
to the customer.

Since clients quickly get accustomed to a high
level of digital services, the market offers solu-
tions which meet their needs in a better way,
by increasing the availability, providing high
usability and convenience together with per-
sonalization of services according to the cus-
tomers’ individual characteristics and interests.

Thus, the experts characterize the digital
transformation by the following features:

4 orientation to customers (a digital service
or a digital product is formed in accordance
with customer requests and doesn’t depend on
the producer’s offer);

4+ orientation towards mobility and veloc-
ity (the principle “here and now”: using any
device, any communication channel);

4 orientation on data (the acquisition of new
data from existing data, analysis and decision-
making).

This leads to the transformation of a business
model towards the individualization of services

BUSINESS INFORMATICS No. 4(42) — 2017

and products. The principle “anything as a ser-
vice” appears, in which the service is data-ori-
ented. For instance, many people consider the
use of “car-sharing” services on par with the
purchase of a car, not to mention Uber-like
services, which have become a popular success
story of the digital economy.

To meet these high customer expectations,
companies must accelerate the digitization
of their business processes. They should go
beyond simply automating existing processes:
“They must reinvent the entire business pro-
cess, including cutting the number of steps
required, reducing the number of documents,
developing automated decision making, and
dealing with regulatory and fraud issues. Oper-
ating models, skills, organizational structures,
and roles need to be redesigned to match the
reinvented processes. Data models should be
adjusted and rebuilt to enable better decision-
making, performance tracking, and customer
insights. Digitization often requires that old
wisdom be combined with new skills, for exam-
ple, by training a merchandising manager to
program a pricing algorithm. New roles, such
as data scientist and user-experience designer,
may be needed” [4].

The banking industry is a significant exam-
ple of rapid digital development. Deloitte con-
ducted research on the use of new technologies
in Russian banks, from which experts chose
11 innovations and divided them into several
groups: security (“smart” authentication),
analytics (Big Data, personal financial assis-
tants), digital technologies (online wallet, con-
tactless payment, etc.), automation (robots in
departments), gamification (games and quests
for customers) and P2P-crediting [5].

We should note that leaders in the banking
sector pay particular attention to I'T develop-
ment and this causes the establishment of digi-
tal factories.

Thus, one of the largest banks in Canada, The
Bank of Nova Scotia or Scotiabank recently
announced the development of a new Digi-

19



MODELING OF SOCIAL AND ECONOMIC SYSTEMS

tal Factory that will pursue, design and deliver
digital innovations and solutions for the Bank’s
customers with the philosophy of “reinventing

9]

how banking serves people”!.

Deutsche Bank now has its own center for
developing digital banking products: The Dig-
ital Factory in Frankfurt. Roughly 400 soft-
ware developers, IT specialists and financial
experts from 14 nations are working together to
develop digital products using state-of-the-art
methods [6].

In November 2016, Deutsche Bank (DB)
gave software developers from Germany and
abroad the opportunity to create digital solu-
tions for bank clients that go far beyond tra-
ditional financial services. This approach
ensured the creation of an innovation ecosys-
tem which united three innovation labs where
the bank cooperates with start-ups from all
over the world, the Digital Factory and DB’s
new research and development center. The
bank provides access to its proprietary develop-
ment environment via an application program-
ming interface (dbAPI) which allows program-
mers to test their ideas for digital services of the
future [7].

The PSD2 (EU Revised Payment Service
Directive)? also supports the logic of open
APIs for the provision of payment services.
According to this quite disruptive initiative,
European banks are obliged to provide third-
party providers with access to their customers’
accounts through open APIs. This will enable
third parties (e.g. application developers) to
build financial services on top of the banks’
data and infrastructure. On behalf of the cli-
ent and without the need to make an agree-
ment with the bank, a third party will be able to
make payments and display information about
transactions in its own applications tailored to
the customers’ expectations. This is another
step towards open banking, which, on the one

hand, brings anxiety into the banking market,
and on the other — it seems to be a new, strate-
gically important,prospect 3.

On the other hand, the proprietary approach
to the development of digital banking ser-
vices is quite traditionally applied. For exam-
ple, in 2011 Russia’s Sberbank created the IT
company “Sbertech”. Currently, about 7000
employees in 16 cities are developing 350 proj-
ects for this bank. The largest projects are the
“Integrated Front-End System”, which is a
client service in any place through any chan-
nel; the “Platform for Business Development
support”, a tool for business applications cre-
ation and the “Data Factory” for monetiza-
tion of information about clients and analysis
of their behavior [8].

Today Sbertech focuses its projects on the
modernization of their own in-house devel-
oped banking system. However, the develop-
ment of open interfaces (Open API) is also said
to be one of the future directions. For this rea-
son, Sbertech management points towards the
creation of marketplaces or aggregators where
“together with their partners they will begin to
sell not only financial but also related services
such as travel and insurance. This is especially
true since the banking ecosystem is growing
and there are many developers who want to
write their own applications related to bank-
ing services” [9]. This shows the desire to fol-
low the principles of openness and to attract a
large number of independent IT professionals
focused on customer-oriented start-up ideas.
This is the approach prescribed by the digital
paradigm.

The innovation market in healthcare is one
of the most active. Digital transformation in
this domain is aimed at identification and pre-
vention of most (80/20) life and health haz-
ards due to timely preliminary diagnostics and
health monitoring, primary medical consul-

!'http://digitalfactory.scotiabank.com/ (accessed 19 September 2017)

2 https://ec.europa.eu/info/law/payment-services-psd-2-directive-eu-2015-2366_en (accessed 19 September 2017)

3 https://nordeaopenbanking.com/ (accessed 19 September 2017)
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tations and personalized on demand medical
services, emergency medical care services ini-
tiation and referral to in-depth medical exami-
nation in high-tech health care centers [10].

The “Accenture Digital Health Technology
Vision 2016” [11] emphasizes that keeping up
with changing technology is vital, but it is just
as important to evolve the consumer experi-
ence, care delivery methods and career devel-
opment opportunities for the healthcare work-
force. It reveals five trends that prove winning
in the digital age that depends on people:

1. Intelligent Automation: Do things differ-
ently, do different things to new jobs, products
and services in healthcare;

2. The Liquid Workforce: Today’s digital
demands call for highly agile healthcare skill-
sets;

3. Platform Economy: Ecosystems are the
new bedrock of digital healthcare;

4. Predictable Disruption: Digital ecosys-
tems blur healthcare’s boundaries in a foresee-
able way;

5. Digital Trust: As healthcare data security
risks increase, so do opportunities to earn con-
sumer trust [11].

The United Kingdom, which is a digital
economy leader, is actively creating an infra-
structure to provide innovation solution devel-
opment by involving a wide range of developers
interested in digital field progress.

One example of such projects is the “Digital
Catapult™, a platform for technical specialists,
creative professionals, business and academic
representatives who develop new ideas within
corporations and promote their products to the
British market and abroad. This allows British
“digital” companies to implement innovations
faster and with less risk. In this way, the entry of
new products and services to the market can be
accelerated.

Code4Health’ is another initiative. It is a
program of NHS England and NHS Digi-
tal to support health and care professionals
with digital tools and technologies to pro-
vide safe, effective, and high quality telec-
are services.

Code4Health intends to educate and inform
all community members (citizens, patients,
guardians, health care employees and digital
technology specialists) about tele-healthcare,
the option to use digital technologies and
related tools, knowledge and skills for col-
laboration in design and implementation of
high-quality digital solutions [12].

The project comprises the following parts:

<> Platform. Code4Health provides a simu-
lated environment in which you can explore
the resources you will find in the emerging
open digital health and care ecosystem, learn
to code, build apps, discover and create con-
tent and test your ideas;

< Learning. Code4Health provides clini-
cians with an explanation of the technologies
they use and with opportunities for coeduca-
tion to help in designing new advanced services
for rendering medical care;

< Communities. Code4Health brings
together people with shared interests in digital
healthcare. Communities can involve people
with a shared interest in some specific aspect
of digital healthcare or involve people chosen
geographically.

Hence, based on the above information, in
order to facilitate digital transformation, the
efforts in three interrelated areas will be fun-
damental:

1. The reengineering of business processes,
technologies and business cultures to provide
customers with a service in any place and at
any time in the digital format they are accus-
tomed to;

4 https://digital.catapult.org.uk/ (accessed 19 September 2017)
3 https://codedhealth.org/ (accessed 19 September 2017)
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2. Implementation of innovative technologies
either in the industry or in the economy in gen-
eral, to be present in any digital platform using
mobile and Internet of Things (IoT) devices;

3. Creation of an organizational form and
normative base for attracting innovation and
effective cooperation with developers of digi-
tal solutions, applications and devices, in the
framework of sectoral state regulation, making
it possible to reduce administrative barriers to
digital transformation.

Therefore, it is also necessary to solve emerging
legal problems in a timely manner and change
the existing legislation, both in the industry and
in the country’s digital economy, while main-
taining a reasonable degree of state regulation
and providing a sufficient level of state support.

The above overview shows that today’s digi-
tal leaders use different approaches towards the
realization of a system for development and
implementation of digital services:

1. To create a proprietary system for the
development and the implementation of digi-
tal services, as well as to establish a digital ser-
vices development company and to lead inde-
pendent activity (in the example of Sbertech).
Along with obvious benefits, the following dis-
advantages stand out in this approach:

4+ it is the developer (founder) of a proprietary
system who defines what clients want; there-
fore it is difficult to carry out the require-
ments of the digital economy to focus on the
customer’s needs;

4+ despite increased competition in the I'T com-
munity, integration with the industry com-
munity is complicated, and it is therefore
difficult to achieve the proper quality and
timeliness of digital services development;

4+ substantial investments in the creation of
specific products and services which may
become outdated before the end of the devel-
opment process.

2. To create a digital sector ecosystem by con-
solidating the efforts of digital technology and
the application developer community, industry
enterprises (for example, in healthcare - medi-
cal institutions providing digital healthcare as
well as other stakeholders) In our opinion this
approach is preferable and is outlined in more
detail below.

Current practice shows that digital transfor-
mation requires openness and involvement of a
wide range of developers who are ready to cre-
ate innovative digital services. Therefore, the
second approach is the most promising. Along
with the relevance of this approach for digital
transformation, it is important to consider it in
more detail.

2. Digital sector ecosystem

Experts and consultants [13, 14] have long
said that the digital economy is becoming one
of the key contributors to GDP growth. It also
has important implications for GDP measure-
ment, productivity and household welfare in
the retail sector and in all service sectors of the
economy [15].

This year the challenges of the digital econ-
omy became one of the main themes at the St.
Petersburg Economic Forum. It was empha-
sized that Russia needs to build up human,
intellectual and technological advantages in
the digital economy sector, and intends to act
in directions which have systemic importance.
This necessitates the formation of a principally
new, flexible normative base to introduce tech-
nology in all areas of life®. At the same time,
all decisions should consider the information
security of the state, businesses and citizens’.

The following stakeholders should support
digital transformation:

e the state — from the standpoint of sectoral
regulation, setting norms and rules, provid-
ing support measures, as well as encouraging

¢ https://sputniknews.com/business/201706021054244434-russia-economy-putin- spief-2017/ (accessed 19 September 2017)
7 https://ria.ru/economy/20170602/1495725962.html (accessed 19 September 2017)
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industry leaders to migrate to a digital para-
digm;

e leading enterprises of economic sectors —
within the framework of consolidating the
efforts of expert communities, sharing infor-
mation resources and providing access to them
for the development of digital services, stan-
dardization and ensuring a sufficient level of
trust and security.

e innovative companies — as the main driver
for the emergence of new customer-oriented
digital services and products.

In conclusion, the principles of openness and
the union of the community’s efforts are fun-
damentally important for digitalization, and
the formation of digital economic sector eco-
systems becomes the basic solution for the dig-
ital economy as a whole.

A digital sector ecosystem is an environ-
ment that serves innovative development and
the expansion of digital services and products,
applications and devices in a particular sector
of the digital economy.

The purpose of creating an ecosystem is to
provide the population with the digital services
formed on demand, in real time, in compli-
ance with legislation and regulations, as well as
in the context of maximum trust. Such appli-
cations will allow consumers’ access to services
and products without thinking how the indus-
try generally works and how the information
systems that support the automation of the sec-
tor function.

This ecosystem creates the basis for a public-
private partnership in digitization of various
economic sectors and provides an opportunity
for many third-party developers: the producers
of new devices, products, tools and digital ser-
vices to join the process. Openness for partici-
pation, government support and a competitive
environment will create the proper conditions
for the number of available digital services
to grow and for their quality to improve. At

the same time, the state will be able to avoid
expenses for mass development and the imple-
mentation of application services, creating
an environment that encourages small and
medium business participation, thus support-
ing Russian providers of services, gadgets and
other devices.

While considering different ways to realize
this ecosystem, we should take into account
that a technology that can solve all industry
problems simultaneously does not exist. The
challenges of sectoral digital transformation
are too monumental and complicated for
one company. Therefore, we should not think
about separate systems and services but dis-
cuss the possibility of using a platform that
provides the opportunity for the collaboration
of separate systems and organizations from
both technological and commercial stand-
points.

The economy of knowledge is the basis for
all digital economic sectors (sub-sectors). The
knowledge keeper in this economy should be a
semantic core, the support and development of
which is a vitally important and scientifically
intensive activity for the digital economy. For
example, in the banking sector, where seman-
tic interoperability is important [16], Financial
Industry Business Ontology (FIBO) is being
implemented®. A joint effort by the Object
Management Group (OMG) and the Enter-
prise Data Management (EDM) Council,
FIBO is an industry initiative to define finan-
cial industry terms, definitions and synonyms
using semantic web principles such as RDF/
OWL and widely adopted OMG modeling
standards such as UML, started in the end of
2015. FIBO is designed and developed accord-
ing to regulatory requirements, e.g. the Basel
Committee on Banking Supervision (BCBS)
239 compliance for effective risk data aggre-
gation and risk reporting is a major driver for
FIBO [17].

8 https://www.edmcouncil.org/financialbusiness (accessed 19 September 2017)
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To reduce the costs of integration, increase
the flexibility of IT solutions and to optimize
banking IT architecture, the Banking Industry
Architecture Network (BIAN) was created and
is being developed by an international associ-
ation of banks and suppliers of IT solutions®.
BIAN is a collaborative not-for-profit ecosys-
tem formed from global leading banks, tech-
nology providers, consultants and academ-
ics. It can become a good example of a second
approach where community members combine
their industry expertise to create a revolution-
ary banking technology framework that stan-
dardizes and simplifies core banking architec-
ture, which has typically been convoluted and
outdated. Based on service-oriented architec-
ture principles, the comprehensive model pro-
vides a future-proof solution for banks that fos-
ters industry collaboration. BIAN plans to use
FIBO, considering it to be a crucial, comple-
mentary initiative”!°.

The current version (BIAN v.5) includes 7
business lines, 36 business domains, about 300
services in different domains, more than 700
business scenarios and about 2000 standard
business operations in these services. Among
the participants, there are 27 financial insti-
tutions (ABN AMRO Group, Credit Suisse,
Societe Generale Group, Deutsche Bank,
Unicredit Group, ING, Achmea, Rabobank,
UBS, Banko Galicia and others) and 43 soft-
ware producers (Temenos, Diasoft, Infosys,
Sopra Banking Software, TCS Banks, IBM,
SAP, Microsoft and others).

In healthcare, interoperability and stan-
dardization have been developing since the
1970s within the strategic healthcare initiative
started in the USA. These initiatives have led
to such significant projects as the Health Level
Seven International (HL7) and the Unified
Medical Language System (UMLS). HL7 was
founded in 1987 to produce a standard for the

exchange of data with hospital information
systems.

Presently HL7 is not only a set of standards,
but it is a not-for-profit, ANSI-accredited
standards developing organization dedicated
to providing a comprehensive framework and
related standards for the exchange, integra-
tion, sharing, and retrieval of electronic health
information that supports clinical practice and
the management, delivery and evaluation of
health services''.

The Unified Medical Language System
(UMLYS) integrates and distributes key termi-
nology, classification and coding standards, and
associated resources to promote the creation of
more effective and interoperable biomedical
information systems and services, including
electronic health records. It is an example of a
universal reference book of medical knowledge
in the broadest sense possible, created with the
use of the most effective methods made in com-
puter knowledge processing. UMLS develop-
ment started in 1986 at the National Library
of Medicine, USA. Such terms as semantic
representation and medical knowledge pro-
cessing are used in UMLS ontologies describ-
ing all possible domains making up the medi-
cal knowledge universe which are created and
constantly developed'?.

UMLS has three tools which developers call
Knowledge Sources:

< Metathesaurus: Terms and codes from
many vocabularies, including CPT®, ICD-
10-CM, LOINC®, MeSH®, RxNorm, and
SNOMED CT®;

< Semantic Network: Broad catego-
ries (semantic types) and their relationships
(semantic relations);

< SPECIALIST Lexicon and Lexical Tools:
Natural language processing tools.

Considering the international approaches

° https://bian.org/ (accessed 19 September 2017)

1 http://fibo2017.dataversity.net/session Pop.cfm?confid=116&proposalid=10193 (accessed 19 September 2017)

" http://www.hl7.org/ (accessed 19 September 2017)

12 https://www.nlm.nih.gov/research/umls/ (accessed 19 September 2017)
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Fig. 1. Conceptual architecture for a digital economic sector ecosystem

to building digital economy platforms in the
healthcare and financial sectors, the authors
developed a conceptual architecture for a digi-
tal economic sector ecosystem.

3. Conceptual architecture
of a digital economic sector ecosystem

We represent a conceptual architecture for the
digital economic sector ecosystem (Figure 1)
as a set of levels, interacting with each other in
compliance with consistent rules:

1. Semantic core;

2. Digital services functioning infrastructure,
which is the technical component of the eco-
system;

3. Digital services for customers and applied
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services for ecosystem participants, including
visual interfaces and the application market-
place, as well as open tools for developers;

4. Personalized gadgets, wearables and IoT
devices.

The basis for digital sector ecosystem cre-
ation and development can be an industry clus-
ter formed as an independent entity by uniting
leading enterprises interested in the promotion
of the digital sector (for example, in health-
care it can be National scientific and medical
centers), within state regulation, cluster policy
realization and other measures of state support
[18].

The core of the cluster should be a specially
organized entity which will serve as a tool for
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the ecosystem’s development, support and
expansion.

1. For affiliated organizations, the cluster is
a project office, center of competence, R&D
center which carries out:

e preventive engineering and the approbation
of new technologies;

o designing the transformation of existing pro-
cedures and business processes, embedding
and integration in existing business pro-
cesses;

e product testing on a platform that simulates
digital sector business procedures for the
embedding and integration of services;

e development of ecosystem technical compo-
nents, including OpenAPI and infrastructure
services;

e creation of a monitoring system to control the
quality of industry digital services through all
lifecycle phases.

2. For sector companies, institutions and
structures, it is a center for digital transforma-
tion and the adaptation of services and prod-
ucts to a digital market, providing:

e digitization of existing processes and the
adoption of best solutions within the digital
sector;

e legitimization of existing mobile services,
cooperation with other enterprises, organi-
zations or institutions for the improvement
of service quality;

e simplification of information security pro-
cedures.

3. For customers, it is an application access
center, supporting:

e cxtended access mechanisms, concealing
the complexity of procedures from clients,
requiring no additional hardware facilities
and simplifying the access of various cus-
tomer categories to the services;

e publication of applications developed by eco-
system participants;

o implementation and integration of IoT
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devices and relevant applications for their
everyday use.

4. For development companies, it is a plat-
form for quality control and product expan-
sion, a competence center and business accel-
erator, facilitating:

o the use of infrastructure applied services and
tools for developers;

o the design of applications that can work with
OpenAPI and other digital systems and ser-
vices within the ecosystem;

e tests of applications, publishing and selling
them via standard application marketplaces;

e the search for investors and the creation a pri-
mary reputation for start-ups;

e participation in the expert community for
semantic core development and standard-
ization of the requirements for applications
and services.

Conclusion

Hence, for the successful transformation to
a digital economy in key economic industries
it is advisable to form a state regulation system
for the digital sector (sub-sector) as well as:

4+ to provide legitimization to digital services
and, if necessary, digital device registration
(which is essential in sectors that are highly
regulated by public authorities, e.g. in health-
care, education, finance);

4+ to develop a system of state support mea-
sures for the digital sector (including the cre-
ation of pilot projects, the development of
PPPs, the formation of business incubators and
stimulation of digital services implementation
in industry enterprises;

4+ to create and develop a digital sector eco-
system;

4+ to conceptualize a methodology for the
formation of a semantic core as a warehouse of
complete and consistent knowledge of the sub-
ject area (glossaries, classifiers, thesauri, ontol-
ogies, models, standards, interaction schemes,
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including international schemes) and to create
an expert community:

4+ to provide the filing of the semantic core
based on harmonized Russian and interna-
tional reference books, classifiers, thesauri and
ontologies for informational resources, shar-
ing and standardization of interaction between
providers and customers of digital services;

4+ to develop an infrastructure for the func-
tioning of digital services, and to ensure the use
of information resources existing in the sector;

4 to create pilot digital services and test them
using the tools of the functioning infrastruc-
ture, and then to provide their seamless inte-
gration with existing systems for subsequent
digital transformation of business processes
performed by sector enterprises;

4+ to provide the transfer of innovative solu-
tions to sector enterprises and support for
domestic start-up companies.

Based on the approaches presented, the
authors of this paper prepared detailed sugges-
tions for the digital transformation in health-
care, the fundamental propositions of which
were included in the “Digital Healthcare” sec-
tion of the “Digital Economy” program draft
worked out in accordance with “Assignment
List for Realization of President’s Message to
the Federal Assembly” [19].

With the expansion of the adopted program
for the “Digital Economy” [20] the implemen-
tation of the suggested sectoral strategy for digi-
tal transformation will create significant benefits
through the rapid development of new, cus-
tomer-oriented products and solutions, as well
as high flexibility and adaptability to changing
needs. The effectiveness of the strategy is largely
determined by the creation of an ecosystem that
provides favorable conditions enabling innova-
tions in developing companies. m
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Abstract

Currently, tender procedures occupy an important place in the work of the procurement department of
any company. Most of the modern recommendation services operate on web-platforms. Implementation
of a tendering system in a company can increase the level of maturity of the procurement process and
will not require serious changes in the structure of the processes. This article is devoted to the study of
the structure of an integrated tender recommendation system. The integrated tender recommendation
system is based on procedures prescribed by federal laws, aggregated tenders from different e-trade sites
(presenting state and commercial platforms); it offers to its users additional services.

The main purpose of the study isto develop an effective model of an integrated tender recommendation
system. In the description part of this article, we present information on peculiarities of the tender
procedure in the Russian Federation and modern advisory services are considered. The functional
advantages of an integrated system in comparison with the web platform are set out. The structure of the
system is designed using several approaches. Using the IDEF0 methodology, a functional model of the
system that reflects the work of processes has been developed and described. The operation of the main
system and subsystems has been analyzed using the projected diagrams of the DFD methodology. A
mathematical model of dynamic filtering of tenders for creating recommendations to users is described.
Relying on the basic principles of collaborative filtering and, with the help of appropriate algorithms,
the integrated system gives recommendations to users and determines the probability of success in a
particular tender. Application of such technology of tenders is possible in companies of different scale.
The developed structure of the integrated system and filtering methods for recommendations are based
on the basic principles of a new international trend — e-tendering.
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Introduction

ith the development of information

technology, most of the world’s

countries have switched to elec-
tronic trading platforms. Tender is an integral
part of the governmental and commercial sec-
tors of the economy. There are many electronic
trading platforms (ETP) and recommendation
web services that collect requirements of differ-
ent categories and deliver information through
queries. Such sites and services also offer addi-
tional services.

The efficient operation of an enterprise’s
purchasing department is directly dependent
on automation of the tender process. In “rou-
tine” tenders, employees regularly make mis-
takes during preparation of applications or
when assembling a package of documents; they
also may miss important changes in the speci-
fications of terms or periods. In order to avoid
errors and increase the purchasing depart-
ment’s efficiency, an integrated tendering sys-
tem should be implemented at the enterprise.
As a result, employees will be able to upload
documents into the system and conduct all
operations related with the tender, from plan-
ning to signing contracts with customers. An
integrated system of tendering combines the
functions of classical ETP and recommenda-
tion web services. It also allows users to auto-
mate “routine” tenders and proposes the
recommended tenders. The system always pro-
vides warnings regarding changes in the terms
of the application, the timing and composition
of documents.

Modern ways of tender processing represent
the object of this research, and the functioning
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of an integrated tender recommendation sys-
tem is the subject of this study.

This article has the following structure. In
the first section, peculiarities of competitions
(tenders) in the Russian Federation are con-
sidered. In the second section, the work of
modern advisory services is analyzed. In the
third section, the model of an integrated ten-
der recommendation system is presented, an
effective structure of the system is designed,
and the functions and subsystems are defined.
This section also provides a dynamic filtration
system, which is based on certain mathemati-
cal methods used in recommendation services.
Finally, in the fourth section, the results of the
study are presented.

1. Features of electronic
tenders in Russia

A tender is a method of competing for a con-
tract among which is compliant with state regu-
lations and, under certain conditions, depends
on the internal rules of the trading platform.
As a result of tenders, the process of conclud-
ing a contract between the customer and the
winner is performed. With this type of trading
operation, the customer makes a choice from a
set of proposals from different companies. As
a result, the selected company undertakes an
obligation to perform work, service or delivery
of some goods to the customer. In Russian legal
acts (http://zakupki-tendery.ru/zakonodatel-
stvo), the concept of “tender” is not officially
used; instead we find the term “competition”.

Modern web sites designed for holding trades
are presented in three fields: state order, munic-
ipal order and commercial order. Each area is
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related with a certain organizer and the inher-
ent specialized selection criteria. The organizers
include government agencies, local governments
and business entities. The special criteria are
value for money, information about orders per-
formed by the participant earlier, as well as addi-
tional conditions provided by the participants in
the application. Within these three fields, vari-
ous forms of the competition are available. The
most frequently used tender forms are an open
tender, a closed tender, a specialized closed auc-
tion, a request for quotations, a purchase from
one supplier, and a request for proposals.

Since January 2011, all government custom-
ers are required to register and conduct ten-
ders on one of five federal state electronic plat-
forms: Sberbank AST, Rosetorg, OSET, ETP,
MMBV “Goszakupki”. Since January 2014,
the Federal Law 0f 05.04.2013 No. 44-FZ “On
the contract system in the sphere of procure-
ment of goods, works and services to provide
for state and municipal needs” is applied. Now,
in addition to the tender procedures, analysis of
previous trades is conducted in the electronic
trading platforms, the statistics on the results
of the competitions are posted, and informa-
tion on planning and orders is provided. The
federal law from 18.07.2011 No. 223-FZ “On
procurement of goods, works and services by
certain types of legal entities” regulates activ-
ities of legal entities — state owned corpora-
tions, monopolies, autonomous institutions,
economic societies, companies of small and
medium business. Before the appearance of the
law, the activities of legal entities and the orga-
nization of competition were regulated through
a variety of legal acts.

2. Modern recommendation services
for tender search and planning

In order to find potential business partners,
companies may use search systems, web aggre-
gators of state trading platforms, industry related
and universal sites, free and commercial bidding
sites, forums, e-trading platforms of debtors’
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property sales. With the development of infor-
mation technologies, most modern ETPs pro-
vide for their users certain additional functions
of planning and holding tenders. However, at
present only commercial systems present com-
prehensive services for tender search and plan-
ning. These services solve a number of prob-
lems, such as the huge number of online sites
of competitions, specific interface of systems,
weak return from search, complexity of moni-
toring the changes in tender conditions, as well
as organizing documents.

Let us consider the results of the survey in
large companies in Australia, the UK, China,
the USA and Japan, represented in [1]. There
are three architectural types of modern elec-
tronic trading platforms. The most popular is
an architecture based on the principal. In this
case, the state acts both as a customer and as
an organizer of the system. The second type is
an architecture based on an independent third
party. A vivid example of such a system is a
commercial electronic trading platform. The
third type is an architecture based on respon-
sibilities distributed between independent third
parties. In such systems, functions are per-
formed by different legal entities. For example,
one company deals with the security of the sys-
tem, another is responsible for the electronic
digital signature. At present, the advisory sys-
tems for the search and planning of the com-
petition are presented in the last two types of
architecture.

3. An integrated tender
recommendation system

Improving the functioning of the purchasing
department of a company can be carried out
with the help of an integrated tendering sys-
tem. For modern Russia, we usually find that
competitions related recommendation services
provide their services through a web site and
cloud computing. The integrated system has
several advantages: minimization of the prob-
ability of system failures at critical times, con-
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Fig. 1. Context diagram of the tender process in the integrated system

fidentiality of correspondence and control over
access to tender information, minimization of
financial and legal risks associated with third
parties, using an effective system of tender fil-
tering, application of an individual approach to
each company registered in the system.

In general, the development of online bidding
systems for large companies aims at improv-
ing the efficiency of the procurement process
through open tenders. For medium-sized busi-
nesses, this means an opportunity to expand
partnerships and find new business partners.
For a small business, it is a convenient search
system and an effective system of recommenda-
tions which the company can use to determine
tenders where it is most likely to win, to view its
statistics and to develop a specific strategy for
activities of the procurement department.

3.1. The process of passing through
the tender in an integrated tender system

The formalization of passing through the
tender is constructed on the basis of the IDEF0
methodology. Figure I shows a contextual dia-
gram of a tender passage process within an
integrated system, as well as related additional
information. Entrance objects are applications
from the executors; the controls are the Federal
Law of the Russian Federation and internal
rules of the system; the mechanism is an inte-
grated tender system; and the output objects
are data for the archive and signed contracts.

The main functions provided by the inte-
grated system are registration in the system,
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manual search, automatic search, rendering
additional services, reporting the tender pas-
sage and archiving (Figure 2).

Let us consider the diagram by its stages.
Registration in the system involves work-
ing with approved applications received from
companies. This function is performed using
an integrated system and is based on the com-
pany’s internal rules. As a result, the function
provides information for the file and user’s
ID. Companies registered in the system can
perform a manual search through appropri-
ate inquiries. Automatic search involves rec-
ommendations to users, providing informa-
tion on tenders that are important for the
company, as well as automatic submission of
applications for regular competitions and set-
ting up an electronic signature in the user’s
account. The function of providing addi-
tional services implies an individual approach
to users, if necessary — assistance in draw-
ing up an application for a tender, reminders
related with changes in terms and conditions,
as well as the preparation of a package of doc-
uments. The function of forming a package of
documents uses the results of previous func-
tions — the results of manual and automatic
searches and additional services. The function
of passing through the tender implies work-
ing with applications and packages of docu-
ments received from suppliers. With the help
of the archiving function, data analysis is per-
formed, which is necessary for the automatic
search function. In addition, the data to be
used for further work are archived.
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Fig. 2. The first level diagram of the tender process in an integrated system

3.2. Analysis of data flows
in an integrated system

An integrated system implies working with
executors of future and current competitions,
as well as interaction with the management of
the system. A relevant context DFD diagram
is presented in Figure 3. From registered users,
the system obtains information about the com-
pany, then on the basis of joint work in a per-
sonal account certain statistics supporting the
recommendation system are generated. From
the system, companies receive necessary infor-
mation on tenders. From the management, the
system receives internal rules, and manage-
ment receives data for the archive.

The context diagram shows all the subsystems
of the integrated tendering system (Figure 4). The
archive subsystem performs storage of informa-
tion on transactions and customers, as well as
their search in the data warehouse. The search
subsystem allows users to search and sort ten-
ders. The search may be carried out using the
manual method. It is also possible to select ten-
ders according to required criteria among ten-
ders recommended by the system. The subsystem
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of additional services provides the user with the
opportunity to choose necessary services with the
help of which the probability of winning the ten-
der may be increased. The subsystem of the tender
passage performs interaction of the installed pro-
gram with state and commercial sites. Through a
well-designed interface, users can go directly to
the requirements of the integrated system. The
dynamic filtering subsystem is looking for tenders
recommended for each company on an individ-
ual basis, relying on mathematical methods and

| 1
Information

about
competition bids

Tender executors |

Information about
tenders

Integrated
tender system

Internal New data
rules for the for the
system archive

1 System management |

Fig. 3. Context diagram of the integrated tender system
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Fig. 4. Zero-level diagram of the integrated tender system

statistics generated in the archive system. The
recommendation subsystem provides the user
with the results of the work under a dynamic fil-
tering system. If the user decides to conduct an
automatic compilation and send regular requests
for tenders, the recommendation system per-
forms this work with the help of a pre-defined
algorithm and digital signature.

3.3. Dynamic filtering subsystem

The maturity of the company’s procurement
process is determined by the ability to automate
part of the processes, thus saving resources of
the enterprise [2]. The electronic format makes
it possible to avoid transaction costs arising dur-
ing the search for a suitable supplier. In addi-
tion, the tender format opens up a number of
possibilities for contracting companies in their
search for customers. However, the process of
searching for a customer can be quite time-
consuming and requires collection of large
amounts of information. At this stage, the like-
lihood for both sides to make the wrong choice
is increased. In this part of the work, a model
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that allows automatic selection of the tender
is proposed. The model is based on the use of
the basic principles of an advisory service. The
key difference is that the method is applied for
selection of a tender in which the contractor can
participate. It is based on the principle of col-
laborative filtering: recommendations are based
on the history of the estimates made both by a
certain user and other users.

To start the recommendation system, users
should assess the tenders in which they partic-
ipated through this program. This condition is
mandatory, as further recommendations will be
based on these data. To evaluate different ten-
ders, users should provide a certain set of char-
acteristics. Ratings for each parameter are in the
range of from 1 to 5.

Among the characteristics examined are the
following:

+ stability of documents status;
4+ stability of application conditions;
4+ stability of terms;

+ level of feedback with the customer;
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4+ degree of the deal’s transparency;
4 correctness of application conditions.

Relying on estimations for each of the listed
characteristics, the overall assessment of the
tender is formed, calculated by the weighted
average formula:

ijlwi %
p )

where X — score assigned by the user for a par-
ticular tender;

x, — score related with the i-th characteristic,
i=1,..,mn

w,— weight of the i-th characteristic, i=1, ...,
n,

n — number of characteristics.

X =

The purpose of the algorithm is to generate a
recommendation for each contractor. The rec-
ommendation is a tender offer which may be
interesting for this executor. The system makes
a recommendation, predicting the assessment
that the user would put for a particular tender on
the basis of its previous estimates. It is impor-
tant that when logging into the system the user
specifies the area of its activity for selection of
the appropriate proposal.

The simplest metric that enables us to esti-
mate proximity of two elements is the Euclid-
ean distance between vectors. Obviously, that the
smaller this value is, the closer the elements are
and thus the more similarities they have. Relying
on this certain recommendation, collection may
be arranged. However, this method is not the only
one. A better choice is possible using calculations
that are more complex. Let us consider several
possible algorithms for predicting the evaluation.

First, let us consider more advanced filtering
methods. There is a set of executors (#€U) and a
set of tenders suitable to the particular executor
(t € T). On the basis of the processed informa-
tion, the system makes a recommendatione,,.

The first algorithm is associated with clustering
of users. It is necessary to introduce the function
of similarity sim(u, v), where u is the selected
user of the system, and v is a user compared with
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the first one. This function shows how similar
are scoring histories of the two users.

This function can be set in several ways. For
example, it can be characterized as a percent-
age of tenders in which the two companies par-
ticipate, or a share of tenders for which the
companies have matched estimates. Further,
users are divided into clusters, relying on the
“like with like” principle: u — G (u).

The predicted user’s score of a certain tender
is calculated as the average of all of the cluster
to which the user belongs:

~ 1
eut -

G (u)
where ¢~ — predicted score of tender ¢ by user
u, teT, ueG(u);

|G(u)| — the number of users in a cluster, for
which user u belongs;

e, — score of tender 7 by user v (another user
of the cluster), re T, ve G(u);

T — a set of tenders;

G(u) — a set of users of the cluster.

evt 4
veG(u)

Let us consider another “user-based” algo-
rithm which can be used to create recommen-
dations [4]. We give a formula for predicting
the evaluation. Here we also use the similarity
function that was mentioned earlier:

o zveusim(u,v)(ew—a)

w =T > sim(u,v) ’

where ¢, — predicted score of tender 7 by user
u, teT, ueG(u);

‘e, — average typical score of user u, ue G(u);

e, — average score of a similar user v, ve G(u);

e ,—actual score of tender# by a similar user v,
teT, veG(u);

sim(u, v) — function of similarity of scores of
the users # and v, ue G(u), ve G(u);

T — a set of tenders;

G(u) — a set of users of the cluster.

Another possible algorithm of estimation is
based on the principle of singular decomposi-
tion [4]:
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e (B)=prl4,
B={p,;:q |ueU,reT},

where “e,, (/) — predicted score of tender ¢ by
user u, teT, ue G(u);

p, — possible score of user u, ueU;

g, — possible score of tender 7, feT;

S — a couple of scores (possible score of user
p,and tender g, );

T — a set of tenders;

U — a set of users.

In this case, p, and g, are parameters that
should be evaluated. It is necessary to optimize
the quality of future predictions:

(2. (B)-e,)’ — min, ey

where “e,, () — predicted score of tender 7 by
user u, teT, ue G(u);

e, — actual score of tender 7 by user u, f€T,
ueG(u);

S — a set of possible scores of user « and ten-
dert;

T — a set of tenders;

U — a set of users.

While the system has a number of previous
estimates, we can speak about availability of a
training sample. Let us rewrite (1), performing
regularization:

zu’t(gz;(ﬁ)_euz)z +lz¢€ﬂ¢2_> min, (2)

where “e,, () — predicted score of tender ¢ by
user u, teT, ue G(u);

e, — actual score of tender 7 by user u, f€T,
ueG(u);

A — regularization parameter, A> 0;

@ — stabilizing functional;

S — a set of possible scores of user « and ten-
dert;

T — a set of tenders;

U — a set of users.

The feature of the regularization parameter 4
is that when A — 0 and the availability of errors
in source data the solution of a correct task
strives for the true solution of an appropriate
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incorrect task. The aim of the stabilizing func-
tional ¢ is to provide stability of solution of the
task if source data are inaccurate.

Let us rewrite (2) for the purposes of the task
under consideration:

Zu,r(p‘;rq’_ew)z_‘_ﬂ'(Zu 2+z:||qf"2)_>min ?

where £ — a set of possible scores of user u
and tender 7;

p, — possible score of user u, ue U;

|p | — norm of scores of user u, ue U;

g, — possible score of tender 7, T,

lp )l — norm of scores of tender #, 1 T;

e , — actual score of tender 7 by user u, t€T,
ue G(u);

A — regularization parameter, 1 >0;

T — a set of tenders;

U — a set of users.

P,

Thus, the problem has been reduced to find-
ing the minimum of the functional. This allows
us to find the most correct assessments for the
predictions.

A separate advantage of the system so devel-
oped is not only automatic selection of the ten-
der for the contractor, but also the evaluation
of the probability of winning it. To calculate the
probability, the system analyzes several criteria,
assigning them ratings from 1 to 10. Among the
criteria are the following:

4+ the degree of occupancy of the tender’s
executor;

4+ user’s experience in working with the sys-
tem;

4+ compliance with the business area of the
tender;

4+ production costs;

4+ geographic distance (if the user is irrelevant
for a particular situation, the system uses the
first four criteria for assessing the probability of
winning).

The probability is calculated as follows:

n
A
i=1 !

1
Z;Bf "

P(T)= : (3)
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where P(T) — probability of winning the tender;
A; — the score assigned by the system to the
tender, relying on the evaluation presented
above;
B, — the maximal score;

7:1’4 ;, — the sum of the scores assigned to the
tender relying on the criteria;

Z;BI. — the maximal possible sum of the

scores;
n — the number of participants in the tender.

In addition to calculating the percentage of
probability, the partitioning of the results by cat-
egories is provided (7able 1).

Table 1.
Categories of probability
of winning the tender

Name
of the category

Probability of
winning (%)

Categories

Category 2 Hi%r]l \?vri?]?]?r?é”ty 70— 89
Category 3 Aver(a)?sv i?]rr?i%bi”ty 50— 69
Category 4 Log( Fv’vrﬁﬁﬁgglty 30— 49
Category5 | " '0(‘)’]Y9V§itn%fi%%abi|ity 0-29

Thus, in this part of the paper the follow-
ing filtering techniques are discussed: estima-
tion of important parameters of the tender and
calculating a recommendation by the weighted
average; simple metrics through Euclidean dis-
tance; the algorithm associated with clustering
of users; a “user-based” algorithm; an algo-
rithm based on the singular decomposition of
the matrix. The probability of winning the ten-
der is evaluated using the criteria and calcula-
tion of estimates using formula (3).

4. The results of the study

As a result of the study, an integrated recom-
mendation tender system has been designed.
Due to aggregation and data selection from dif-

ferent ETPs, so-called “false” tenders can be
identified and excluded from the set of tenders
under consideration (lots with single provider,
lots with special constraints, etc.). With the help
of automated functions and recommendations,
the level of transaction costs related with a ten-
der executor is decreased. A high-quality inte-
grated system includes the ability to store and
process huge data sets.

This system can be used by companies of all
sizes and all kinds of production activities. With
the automation of processes in the purchas-
ing department related to the tender, compa-
nies can save money. The effectiveness of the
system depends on the elaborated structure of
sub-systems, environs of the basic system func-
tions, and on basic algorithms of the filtering
system. The development of an integrated sys-
tem was based on the basic principles of modern
trends of e-tendering. The main features of this
area are identified in [5]; they include minimi-
zation of legal and financial risks, minimization
of errors in preparation of applications, and an
effective tenders search system.

In the near future, e-tendering systems will
be able to reach a higher level of quality. Many
foreign authors speak about possible changes in
the structure of the tender (for example, in [6]),
and also examine the details of such changes.
With the development of recommendation ser-
vice technologies, new integrated systems will
appear that are able to automate part of the pro-
cess in the purchasing department, resulting in
reduced costs of making a tender and procure-
ment through tender. They will increase the
level of maturity of the procurement process,
will increase deals flows, will expand partner
bases and will automate “routine” tenders.

4.1. An example
of the filtering system in operation

Let us present some calculations illustrat-
ing the operation of the filtering system. For
example, we consider an algorithm based on the
“user-based” method. Suppose that there are

BUSINESS INFORMATICS No. 4(42) — 2017

37



INFORMATION SYSTEMS AND TECHNOLOGIES IN BUSINESS

two users A and B. There is information on how
they evaluated tenders in which they took part
(Tables 2 and 3). It is necessary to predict what
score will be assigned by user A4 to the tender 6.

Table 2.
Evaluations of user A
Tender ‘ Score
Tender 1 5
Tender 2 3
Tender 3 4
Tender 4 2
Tender 5 5
Table 3.
Evaluations of user B
Tender ‘ Score
Tender 1 5
Tender 2 3
Tender 4 4
Tender 5 5
Tender 6 1
Tender 8 2

Let us introduce a similarity function as a
share of tenders for which the performers have
matched estimates. Both customers partic-
ipated in tenders 1, 2, 4 and 5. However, the
evaluations coincided only for tenders 1, 2 and
5. Thus the share of tenders with coinciding
estimates for user A is 3/5.

Then we apply the formula for evaluation
prediction and calculate an evaluation predic-
tion of tender 6 by user A:

. ZVEUsim(u,v)(ew —?v)

em =eu + s

Zveusim(u,v)

where g, — predicted score of tender ¢ by user
u, teT, ueG(u);

e, — average typical score of user u, ue G(u);

€, — average score of a similar user v, ve G(u);

e, — actual score of tender 7 by a similar user
v, teT, veG(u);

sim(u, v) — function of similarity of scores of
the users # and v, ueG(u), ve G(u);

T — a set of tenders;

G(u) — a set of users of the cluster.

The average estimate of a typical user (e,) we
take as the average number of scores set out by
the system. If we are afraid to overestimate the
assessment, the geometric mean can be taken,
since it is always less than the arithmetic mean,
except when all the estimates are equal. In this
case, it is 3.8, and in the case of using the geo-
metric average it is 3.59. For user B, the aver-
age (e, is 3.3. Making calculations, we get
3.83. This means that it is likely that user 4 will
assign the score 4 to tender 6.

4.2. An example of calculations

To estimate the probability of winning the
tender, the system uses a proposed technique
assigning to each of the parameters a score from
1 to 10. It is worth paying attention to the fact
that different parameters are taken into account
by a system in a different way. Once again we
turn to the characteristics used in the calcula-
tion of probabilities and give some comments on
the methodology for assigning the scores:

4+ degree of tender executor occupancy (in
this case, the relationship is reversed: the more
loaded the executor is, the fewer points he
receives for this feature);

4+ user’s experience in working with the sys-
tem (direct relationship: the more experienced
a user is, the higher is the score assigned to him);

4+ correspondence of business activity to the
subject of the considered tender (direct relation-
ship);

4+ cost of production (in this case, the relation-
ship is reversed: the lower the cost of production
from this manufacturer, the greater score it gets.
The lower the production cost, the lower price
the user may ask, and therefore, it has a better
chance of getting the order, which should be
reflected in the formula);
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4+ geographical distance (if this parameter is
irrelevant for a particular situation, the system
uses the first four criteria for assessing the prob-
ability of winning. There is a direct relationship:
the closer the performer is to the customer, the
greater the probability of winning).

Assume that there are two firms participating
in the tender — 4 and B. Table 4 presents evalu-
ations estimated by the system.

Table 4.
Scores assigned by the system

Parameter ‘ Firm A ‘ Firm B
Occupancy degree 8 2
Experience 7 4
Compliance 10 7
Cost and price 8 8
Geographical distance 10 5

Using formula (3) to define winning probabil-
ity, we find that the wining probability of firm A
is 43%, and the wining probability of firm B is
26 %. It is obvious that company A has a greater
chance to win, and with the growth of the num-
ber of participants the probability of winning
will decrease.

Conclusion

Thus, in this article the efficiency of the inte-
grated tender system has been considered. The
current state of the federal legislation of the
Russian Federation is analyzed, and specific
features of conducting competitions are high-
lighted. The problems that may be solved using
the system for companies of different scale are
formulated. The structure of a recommenda-
tion service using IDEF0 and DFD method-
ologies has been designed. The mathematical
methods and algorithms that may be applicable
within the dynamic tenders filtering subsystem
are considered. m
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Abstract

The volume of data used for economic analysis of the activities of organizations is growing every year.
Despite the fact that all information required for economic analysis is available from various sources,
such data are very often useless for analysis from the point of view of their economic potential.

The purpose of this study is to outline a foundation for integrating Business Intelligence and Big Data
into economic analysis processes. The theoretical and methodological basis of this study is provided by
scientific research, methodological and practical developments of domestic and foreign authors on the
application of IT solutions in economic analysis.

According to the results of the research, modern information technologies, in particular, the Business
Intelligence and Big Data systems have considerably changed the possibilities for improving economic
analysis and reducing decision-making time. From the methodological point of view, many aspects of
integration of BI and Big Data solutions and their implementation in the economic analysis processes
in Russia’s companies remain insufficiently developed. The foreign market of modern information
technologies for business analytics has a longer history and is being developed more rapidly.

The main conclusions of the study indicate that modern organizations operating on a highly
competitive market should understand that the accumulation of Big Data does not always lead to the
expected business benefits. In this context, the conclusion is that a modern company should not set as its
goal to process all the available data in order to improve the quality of its economic analysis. It is more
significant to use the entire volume of data for segmentation, which allows effective construction of a
large number of models for small clusters, solving specific problems of economic analysis based on the
application of modern IT systems.
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Introduction

foreign market of modern information

technologies, in particular, of Business
Intelligence (BI) systems and Big Data used
to analyze economic information, has a lon-
ger history and is developing more rapidly.
According to an IDC forecast (March 2017),
worldwide profits from the Big Data and Busi-
ness Analytics market will reach $150.8 billion
by the end of 2017, which is 12.4% more than
the previous year. It is expected that commer-
cial purchases of the hardware, software, and
services related to Business Analytics of Big
Data will show an average Compound Annual
Growth Rate (CAGR!) of 11.9% until 2020,
when the profits will exceed $210 billion [1].

The largest volume of investments into
Big Data business analytics technologies is
expected in 2017 in the fields of banking, con-
tinuous production, federal (central) govern-
mental authorities, as well as in the field of pro-
fessional services. It is predicted that all these
industries combined will spend a total of $72.4
billion by the end of 2017 for the development
of Big Data tools. These industries will remain
the largest investors into Big Data in the year
2020 as well, when their investments will total
$101.5 billion. The highest growth rate of
expenditures will be observed in the banking
industry (CAGR of 13.3%), health services,
insurance, operations with securities, invest-
ment management and telecommunications
(each with CAGR of 12.8%) [2].

In contrast to the Russian market, the

1. Application of Business Intelligence
systems and Big Data
for the improvement of economic
analysis in Russia and worldwide

According to Gartner Research, Big Data
business analytics makes it possible to control
in-house information in modern banking struc-

tures better and to expose signs of fraud more
promptly than was possible before, thereby
ensuring financial safety. As follows from this
study, economic analysis of Big Data helps
us to “solve almost all key banking problems
more efficiently, including client acquisition,
improvement of services, clients’ credit score
evaluation, and so forth. Moreover, these tech-
nologies help banks to comply with the regula-
tions issued by the authorities by increasing the
speed and quality of report preparation, mak-
ing the economic analysis of data deeper and
broader, helping to prevent fraud and money
laundering” [3].

BDA+BI technologies are mostly used in
the banking industry to analyze client data-
bases, including the clients’ behavior, prefer-
ences and expectations. For example, PNC
Bank (USA) performs a behavioral analysis
of their clients’ activities on different web-
sites (primarily their online accounts in social
networks), processes the information about
the purchases made by clients and about their
lifestyle, and uses these data to offer flex-
ible interest rates. Another example is Com-
monwealth Bank of Australia (CBA), which
analyses all transactions of their clients and
complements this research with analysis of
the clients’ behavior in social networks. The
combination and analysis of these data flows
have allowed the bank to significantly reduce
its credit default rate [4].

There is also positive experience in Russia.
For instance, the Ural Bank for Reconstruc-
tion and Development launched a project for
Big Data processing using BI technologies
several years ago. This project used the client
database to create personalized credit offers,
investment tools, and other services. Within
just one year of using the innovative IT solu-
tions, the bank managed to increase its retail
loan portfolio by more than 50% [4].

' Compound Annual Growth Rate (CAGR) is the average rate of growth

of investments over a period greater than one year
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Even though insurance companies are
among the leaders of the segment and are
interested in applying Big Data technologies
and Business Intelligence to economic anal-
ysis, Bravura Solutions and Financial Ser-
vices Council agencies conclude that only
a small percentage of insurance companies
compared to the banking industry has started
to move in this direction [5]. According to
a poll, 67% of insurance companies believe
that they only have limited access to their cli-
ents’ data. Respondents think that these data
are sufficient to personalize the interaction
with the clients, but they cannot be consid-
ered Big Data and be used to predict the cli-
ents’ behavior. However, about 30% of foreign
insurance companies that participated in the
poll already use Big Data and BI technologies
for economic analysis to predict their clients’
needs and create personalized offers, whereas
23.7% of the companies did not even consider
such innovational solutions yet [5].

Active development of the technologies
of Big Data analysis in the retail sector —
another leader of this segment — goes in dif-
ferent directions. Let us list the possibilities of
practical application that can be considered
as positive experience for Russian conditions.
Forinstance, in worldwide practice, the brick-
and-mortar retail industry uses the economic
analysis of Big Data with BI technologies to
analyze customers’ behavior, plan their trips
inside the store, group and place the goods
according to customers’ preferences, and plan
acquisitions. As a result, sales increase. In the
online retail sector, the economic analysis of
Big Data — even an analysis using the most
basic set of features of these technologies —
can serve as the basis for the store algorithm
itself: the customers receive suggestions based
on their previous choices and personal pref-
erences. This information can be obtained,
for example, from social networks, prior pur-
chases, and orders from online stores. In all
cases, the intelligent economic analysis of Big
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Data helps to reduce overheads, increase the
customers’ loyalty, nurture their interest, and
involve broader audiences [6].

Experts forecast that under present condi-
tions, investments into analytical software for
intelligent analysis of Big Data will continue to
grow, reaching more than $70 billion in 2020.
The main part of this amount will be spent on
processing consumer surveys, tools of report-
ing and analysis, and means of data storage
management [5]. It is worth noting that the
world market demand for technologies and
services in the field of Big Data and business
analytics is stimulated by the increase in data
volumes, development of new technologies,
and a cultural shift towards making decisions
related to information [2]. According to the
data published by RAC, such a fast increase
in the use of business analytics technology
related to Big Data and the development of
the new methods in this field can be explained
by the fact that this segment achieved a new
level of development compared to Business
Intelligence technology. This new level allows
the companies to use an extended range of
applications (with built-in BI functions) and
does not require the specialists responsible for
economic analysis to have any additional spe-
cialized skills, whereas the similar segment of
the CRM systems requires a different meth-
odological approach and level of skills of the
personnel [5].

Currently, the technologies of Big Data pro-
cessing are reaching a higher level of devel-
opment worldwide compared to the prac-
tices observed in Russia. According to the
latest version of the “Cycle of technologies
maturity” [7] published by Gartner, which
estimates the level of methodology maturity
and implementation, Big Data have already
passed “the peak of excessive expectations,
which they had in 2016, and moved into the
stage of “disillusioning”, i.e. the stage of
active prototyping and development of the
technology. According to expert estimates,
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Big Data will reach their final stage of matu-
rity in 5—10 years. Simultaneously, the analy-
sis of data that combines all approaches to Big
Data including Business Intelligence technol-
ogies has also reached its peak [7].

2. Prospects of interaction
of Business Intelligence systems
and Big Data in economic analysis

Even though the most investments into
the technology of Big Data business analy-
sis are made in the USA, other world players
show higher activity in this area than before.
According to IDC’s data, 45% of the market
of hardware, software, and services related to
Big Data business analysis belong to Euro-
pean, Middle Eastern, African, and Asian
(not counting Japanese) companies [1].

Demand is growing for analytical tools that
can perform a complicated forecasting analy-
sis in the field of Big Data. At the same time,
the availability and range of standard solutions
for Big Data business analysis are increasing.
These solutions are already available from
such major companies as Microsoft, IBM,
Teradata, Oracle and SAP. This promotes a
higher quality of products developed in this
market.

78% of the companies around the world are
certain that the business analysis of Big Data
will be profitable and lead to various advan-
tages within the next 1—3 years. Worldwide,
70% of major companies on the market not
only use their Big Data for business analytics,
but also purchase data from external sources
(it is expected that this percentage will reach
100% by 2019) [1]. It is also expected that
more and more companies will profit from
their data by selling them or by offering some
valuable content based on their data. We
should note that for Russia, this is still only
a distant perspective. However, there is a new
type of offers — “data as a service” (from the
Google search engine and others). For many
companies worldwide, including Russian
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companies — and small businesses as well —
this will make it easier to enter the Big Data
market in the near future.

According to a forecast by IDC, investments
into Big Data business analysis systems con-
venient for all users will become a must for all
companies by 2018 [1]. It is also expected that
the budgets for cheaper financial and orga-
nizational cloud solutions in the field of Big
Data business analysis will grow three times as
fast as those for localized solutions.

Based on the opinion of Gartner’s experts,
we can conclude that the Big Data and BI
markets are at the last stage of a long-term
transition from systematic reporting (IT
approach) to the means of automated analy-
sis (business approach). As a result, the mod-
ern platforms of business analytics and Big
Data analysis (BI&BDA) will need to comply
with new requirements for availability, flexi-
bility and depth of analytic understanding [7].
This promotes the development of simpler,
more flexible, and quicker solutions of busi-
ness analytics, capable of expanding the busi-
ness opportunities using a deep understand-
ing of various data sources. This is why cloud
business analytics and Big Data storage (for
example, in the Amazon cloud) is one of the
priority directions in the foreign technolo-
gies. This opportunity is important for many
companies, especially for small businesses,
and may be recommended as a promising trial
or working version for Russia’s companies.
The advantage of this version is that the com-
pany does not need to spend a lot of money —
which often is the reason why business analyt-
ics is not affordable for small businesses — buy
or lease server space for the Big Data storage,
considering that the company does not need
this equipment on a permanent basis.

So-called streaming analytics, which makes
real-time data analysis possible, is another
promising tool for Big Data business analysis.
We should note that unlike the Russian mar-
ket, the world market tends to divide the field
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of Big Data into multiple distinct areas (for
example, storage, processing, data filtering,
real-time on-demand models, data visualiza-
tion, deep learning, etc.) that solve narrower
specific problems of economic analysis. The
development of ready-to-use solutions for
small and medium businesses which work as
independent applications or as SaaS or BDaS
models (Big Data as Service) is closely con-
nected with the aforementioned subdivision
[8].

When we talk about the connection between
the two innovation technologies (Big Data and
BI) in economic analysis, we have to men-
tion that they are not developing in parallel
and are not subordinate to each other (as some
experts believe). Since 2016, the development
of the Big Data business analysis technology is
closely integrated with the development of the
Business Intelligence technology. This creates
a two-level model of economic analysis. The
first level is the “traditional” Big Data analyt-
ics, where huge volumes of data are processed
in the offline mode (not in real time). A new,
second level provides the possibility of eco-
nomic analysis of relatively big volumes of data
in real time thanks to the in-memory technolo-
gies which are included today in most BI solu-
tions. For today’s Russian business, this level
opens up new possibilities as a consequence
of economic analysis of the data accumulated
by a company. This is connected, in particular,
with the appearance and application of such
phenomenon as “data lakes,” which are the
next evolutionary step to improve the business
analytic processes “on the fly” and so influence
events as they occur in real time. Let us briefly
characterize this innovative phenomenon from
the point of view of its application to economic
analysis and give several methodological rec-
ommendations in this field for modern Rus-
sian companies.

A data lake is a repository that can store mas-
sive volumes of raw data. These data should be
connected with the company’s economic ana-
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Iytical system to perform economic analysis of
the company’s activities. Data lakes allow one
to analyze various incomparable data in their
original format. This is a huge advantage for
today’s organizations since no big expenses are
necessary for storage and processing, and the
data from the “lake” are accessible for business
analytics purposes to any user within the com-
pany at any time [9].

Economic data are collected and stored in the
“lake” because it is unknown beforehand how
they could be used for business development.
However, the very popular opinion shared by
many organizations that “lakes” could replace
traditional data storage facilities is erroneous.
Lakes should provide organizations with new
analytic possibilities and optimize the expenses
for data storage and processing during eco-
nomic analysis. In this context, many modern
companies in the field of Big Data economic
analysis face the question of whether their
organizational activities and financial expenses
for the creation of data lakes will be justified,
especially if the company either already has or
is creating a data storage for the BI technolo-
gies integration to process Big Data. Accord-
ing to Teradata researchers’ estimates [9], data
lakes can be used for more affordable data stor-
age, and these technologies, when integrated,
exert a stronger synergistic effect on economic
analysis. The main distinction from the tradi-
tional storage is that a “lake” can grow almost
indefinitely, keeping the expenses low, and can
provide instant access to any data for all users.
Moreover, while data in a traditional storage
are structured, “lakes” provide cheap stor-
age for all types of data, i.e. data from social
networks or various devices, including data in
audio and video formats [9].

At the same time, companies should be aware
that it may be risky to accumulate “lakes” with
the aim of improving the results of economic
analysis within the company. For example,
company employees tend to store any kind of
data in the “lake” without any quality con-

BUSINESS INFORMATICS No. 4(42) — 2017



INFORMATION SYSTEMS AND TECHNOLOGIES IN BUSINESS

trol. Data security and access control are rarely
maintained. Data from the “lake” can be effec-
tively used primarily by business analytics spe-
cialists, however, they can be accessed by any
business users within the company. Lastly, the
main danger is that these “lakes” — if they are
not sorted and cleaned periodically — could be
transformed with time into “swamps”, mak-
ing the data unusable even for the simplest pro-
cesses of business analytics [10]. We have to
note that the concept of Big Data assumes that
no company data should be discarded, espe-
cially if they can be stored at low cost. Any
data should be initially considered to be “smart
data”. If some data are discarded right away,
there will be no way of knowing if they were
useful for business purposes. At the same time,
we have to keep in mind that it is rather difficult
to determine the potential usefulness of such
data. Hence, an organization does not nec-
essarily have to create and keep such a “lake”
on its own. Outsourcing is already a common
practice, and different companies propose
appropriate tools — in particular, the “cloud”
tools mentioned above.

Conclusions

Analyzing the problem under consideration,
we have to conclude that from the methodolog-
ical point of view, many aspects of the solutions
integration and implementation into the pro-
cesses of economic analysis in the field of BI
and Big Data are still not perfectly developed.
One of the main problems is to find algorithms
and methodological principles as well as fac-
tors and conditions that would allow mod-
ern companies to perform economic analysis
of Big Data using the capabilities of Business
Intelligence with maximum effectiveness for
business, as well as the advantages that could
give the company a competitive edge. As dem-
onstrated by the analysis performed, the meth-
odological aspects of this question are covered
in theoretical and technical business literature
much less than the aspects of storage, analyti-
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cal processing of data, and Big Data manage-
ment technology.

The main conclusion of this research is that
the modern market is very competitive, and
companies should understand that it is not
necessarily profitable to collect and store Big
Data. Aswith any project aimed at the optimi-
zation of business activity, when starting a proj-
ect for applying Business Intelligence to pro-
cess Big Data, companies should begin with
solving the issue of data storage and system-
atization, as well as the pertinence of the data
for certain business goals. The company data
analysts need to ask themselves the following
questions: “what should the ideal results look
like?”, “what is the measure of success?”, and
“what types of information are more useful for
achieving an ideal result?”. When answered,
these questions may or may not lead to the
conclusion that Big Data storage is necessary.
As an alternative, a cloud solution may be cho-
sen for the storage and processing of Big Data
to help the company make strategic managerial
decisions.

It is natural to draw another important con-
clusion: despite the concept of BI & Big Data,
a modern company should not try to process
all available data in the hope of increasing the
quality of the results of economic analysis. It
should be kept in mind that Big Data economic
analysis that uses Business Intelligence and
other modern IT tools is most effective when
it is used to build predictive models. The preci-
sion of such models depends on the quality of
the data sample. Hence, the real challenge of
Big Data integrated with BI in economic anal-
ysis is not to utilize all available data to create
predictive models, as this will not increase the
models’ accuracy. The more important thing is
to use all available data to segment and clus-
ter the data. This will provide an opportunity to
effectively create many models for small clus-
ters while solving practical problems of eco-
nomic analysis based on modern information
technologies. m
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Introduction

unning an online business usually
R|requires dealing with the problem of
anding target customers using the
global network of Internet. This problem can
be solved using both online and offline meth-
ods. The online methods suggest advertising in
one form or another being placed on external
sources linking to the company site. Banners,
contextual advertising, display advertising,
links in the articles and other approaches are
used for that purpose.

To determine the payment for placement of
advertisements on an external source, a few
models are used: payment for the placement
for a defined period, payment for the number
of views (cost per view, CPV), or a frequently
used scheme of payment for a thousand of
impressions (cost per millennium, CPM), pay-
ment for clicks (cost per click, CPC), payment
for the target actions (cost per action, CPA)
[1]. A payment model for the landed customers
as a special case of the CPA model also exists.
Each of the models has its pros and cons: as for
the CPC or CPV the result cannot be ensured
in contrast to CPA providing the advertiser pay
only for the landed customers who make the
payments. Thus, using CPA allows us to sig-
nificantly reduce the risk of potential financial
losses [2]. However, it should be noted that the
CPA model demands that significant techni-
cal improvements be made by the advertiser
that are not required when using CPV or CPM
because the website of the advertisement place-
ment usually provides convenient ways of pub-
lishing it.

CPA networks operate based on the CPA
model. The CPA networks are binding and
medium agents between the site owners (often
with low traffic) and the business that places
the ads on these websites. Webmasters pub-
lish the ads on their sites. Users click on these
ads, and the webmasters get the payments for
the landed customers in case the users make
the target actions. The type of action and its
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price are defined by the advertiser and they are
named and offer. The CPA network is in fact an
intermediate link between the huge amount of
the webmasters, their sites and the companies
which want to attract the audience from these
sites to their own websites for the purpose of
selling goods and services.

Usually the advertiser uses a couple of chan-
nels of customers’ acquisition in the Internet.
Special parameters (codes) should be added to
the link to determine the acquisition source.
Usually they are the UTM codes [3]. The spe-
cial identifiers assigned to customers are often
used for the referral programs [4].

Before doing the targeted action, the cus-
tomer client can enter the site via several
channels (for example, from contextual ads
and then from the search results). To con-
sider this fact during the process of analyzing
acquisition source effectiveness, you should
define the attribution as a rule of assigning the
target action to the acquisition source or the
rule of distributing value by the conversion
value between the sources. The attribution of
the last relevant click [5] is usually used for
the CPA networks without taking free traffic
sources into account (direct traffic, unpaid
search traffic) i.e. the last payment click attri-
bution.

Insofar as the payment is based on the number
and types of the target actions, there appears
to be a problem of recording these actions on
the side of the advertiser and passing firm data
about them to the CPA network in order to
measure the payment for the webmasters.

1. Problem-solving approaches

A few methods of recording the target actions
of the users on the website exist: who got in the
site from a certain channel to provide access to
them for the CPA network: the web server log
analysis service, web beacons activation and
using the web analysis record-keeping systems
(trackers).
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1.1. Web server log
analysis service

In this case, all the “mechanics” of the attri-
bution and attaining the target actions are
developed on the server as the log analysis ser-
vice [6] that records all the references to the
web pages; submitting the transaction forms
and other activities of the users. The referral
and the UTM codes used for the user to get
into the site are recorded in particular. It also
records the customer’s IP-address, his iden-
tifier and other service information (browser
and its version, operating system, time of
the reference etc.) [7]. These logs are usually
saved in one of the following formats [8]:

4+ NCSA Common Log;
4+ NCSA Combined Log;
4+ NCSA Separate Log;
4+ W3C Extended Log.

Further, the service for building the reports
on this data including the attribution model
logic is developed. If necessary, this data is
combined with the other data sources of the
company, for example, with the CRM-sys-
tems. The data is linked based on the client’s
identifier that should be the same for the same
customer in all the systems. To integrate with
the CPA network, a special API is carried out
to provide access to the information about
the payments of the customers landed from
the CPA network (defined based on the UTM
codes).

The ability to get absolute accuracy of the
calculations and carry out a larger amount of
assorted target actions can be seen as the advan-
tage of this approach. In addition, the possibil-
ity exists to record the actions done beyond the
website, for example, to identify users who paid
for the service or the product in cash, using
payment terminals or by bank transfer due to
the ability of integration with other company’s
internal data sources.

We should consider the substantial expenses
for the development of this service (or the
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deployment of a ready-made solution) and its
further support as the disadvantage. It is worth
mentioning the issue of confidence, since the
business can provide false information for the
CPA network and it is quite difficult to check
this.

1.2. Web beacons

This approach is based on the activation of
external pixels when certain events take place
on the website [9, 10]. Special pixels of the
CPA network are placed on the company’s
site. They are activated if certain target actions
have been done. They usually are gif 1x1 px.
[11], located on the CPA network’s sever. The
pixel’s activation activates passing the param-
eters and the cookies of the user. These pixels
are activated only for the users attributed based
on the UTM codes as those landed from the
CPA network. Thus, CPA networks get infor-
mation about attaining the target actions. Usu-
ally this solution is used for relatively simple
target actions that take place on the site (view-
ing articles, clicking certain buttons or submit-
ting a request).

The advantages of this approach are trans-
parency (as the logics of pixel activation can be
checked by the CPA network) and unsophisti-
cated deployment in the customer’s site.

The disadvantage is poor scalability of the
approach: when increasing the number of
recorded target actions each of them should
be separately marked with a separate pixel with
other parameters of activation. It is worth men-
tioning the problems related to the moderniza-
tion of the website’s interface: it is necessary to
keep the domain logic of activating these pix-
els. There is a problem of the complexity of
recording events that can take place beyond the
website, for example, when the client pays for
the service. Another disadvantage is the partial
accuracy of data due to losses related to JavaS-
cript turned off at the user’s browser and ad
blocking tools.
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1.3. Using the goals
in the web analytics systems

In this case, we use the goals that are already
customized in the web analytics systems (for
example, Google Analytics', Yandex.Metrika?,
Piwik3, etc.) and the abilities of these systems
to set the conversions attributes by the sources.
The CPA network specialists have access to
the web analytics trackers with filtering on the
traffic sources corresponding to the CPA net-
work (usually it is a specific code in the UTM
parameters).

For specialists, there is CPA network access
to the trackers of web analytics. Based on this
data, reports are generated and the amount
of remuneration is determined. The reports
are built and the payment value is determined
based on this data.

Transparency is also an advantage of this
method, since the CPA network always can
check the consistency of collecting the goals
and attributions. We should also consider the
relative cheapness of integration: usually the
counters are already installed on the client’s
site and the goals are configured and are used
for analysis tasks within the company.

Loss of data is the disadvantage. Its reasons
coincide with the “web beacons” approach.

2. Case description

2.1. Task assignment

Company “A” works in the field of domain
sales and providing hosting services. It decided
to use a CPA network to increase sales. To
solve the assigned task, the “B” CPA network
was chosen. Company “A” specified the “paid
order” to be the target action. However, since
the company sells a wide range of different ser-
vices with different marginality, the payment
(“offer”) for the purchase by the customer led

by the CPA network, should also vary depend-
ing on the type of service. It is also important
that a huge amount of payments be done not
via the website but via the payment terminals,
by bank transfers etc.

The CPA network demanded availability of
the API for access to the data on service pay-
ments of the users led from this CPA network
with passing information about the category of
the purchased service; the attribution model —
the last payment click. Company “A” did not
have such a service and its development would
require extensive resources. That brought to
nought the beneficial effect of using the CPA
network.

Previously, company “A” implemented the
end-to-end web analytics approach [3] to carry
out more accurate analysis of advertising cam-
paign efficiency and deep analysis of the cus-
tomer’s behavior from the moment of client
acquisition to the site until the moment of
the real payment, based on the integration of
Google Analytics with the internal self-devel-
oped billing solution via the Measurement
Protocol (MP API) [12, 13]. That allowed
them to record the target actions of the users
(payments) done beyond the website.

To carry out technical integration into the
CPA network with a view to economy of
resources, the decision was made to use the
existing system of end-to-end analytics but
improving it.

2.2. Description of the integration
of Google Analytics with the billing

When the customer enters into a purchase
order, the Client ID (cid) is transmitted from
the Google Analytics system (used by Google
Analytics to identify the individual user of
the website) as the parameter, and when the
customer pays for the order, a special pur-

! https://www.google.com/analytics/
2 https://metrika.yandex.ru/
3 https://piwik.org/
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pose request — the Enhanced Ecommerce*
request — is sent from the billing to Google
Analytics with binding to this customer. This
data multiplexing allows tracking the cus-
tomer’s full path from getting into the site to
the real payment for a specific service and the
profit of selling this service.

The payment hit includes the following infor-
mation:

4+ the number of the customer’s order;
4+ SKU of the service;

4 category of the service;

4+ name of the service;

4 revenue;

4+ profit;

4+ clientID.

2.3. “Last payment click”
emulation

To complete the tasks of the regular web ana-
Iytics in the company, the Google Analytics sys-
tem was customized according to the standard
attribution model — the last non-direct click.
However, it doesn’t match up for the integra-
tion with the CPA network since, besides the
paid traffic, the unpaid traffic (mostly organic
search and referral traffic) can dominate and
“erase” the paid acquisition source.

This would take place if the user followed the
paid source and then, for example, followed
the results of the organic search and bought the
goods. At that time, he searched for the name
of the company.

To implement the “last payment click”
model for the integration with the CPA net-
work, there was an additional Javascript
assembly unit developed on the front-end side
of the website that emulated the “last pay-
ment click” logics via the specific user param-
eter of Google Analytics set on the user level
(saved during the whole life time of the cli-

entID). The UTM codes were recorded to
these parameters and sent to Google Analyt-
ics. The information was available for analy-
sis and building the reports; at the same time
the processes and systems already used in the
company to analyze customer behavior on the
site were not damaged.

2.4. Data access API

The mentioned organization allowed mak-
ing Google Analytics a general store of the data
on the full track of the client’s interaction with
the site: from the acquisition source until the
moment of the real payment. At the same time,
since Google Analytics already has the instru-
ments of getting the data via API, there was no
necessity to develop the service for this data
access.

The individual Google Analytics view was
customized for the CPA network. It included
the CPA networks of the traffic source that were
transmitted via the UTM codes. The informa-
tion was available through Google Analytics
Core API [14].

2.5. Interaction
patterns and stages

The integration diagram with the CPA net-
work shown on figure 1 provides for carrying
out the following steps.

Step 1. The customers get into the client’s
site from the webmasters’ resources via the
URL with special UTM parameters that con-
tain the information about the network and the
webmaster identifier.

Step 2. When the site is being loaded, the
information about the UTM codes in the spe-
cific parameters on the user level is also trans-
mitted to Google Analytics besides the stan-
dard information about the page view (cid etc.).

Step 3. When ordering the service on the site,

4 https://developers.google.com/
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the cid (Client ID, client identifier in Google
Analytics service) is sent to billing.

Step 4. After the service payment, billing
transmits the hit with the contents of the paid
services and the cid attached to the order to
Google Analytics via MP. After receiving the
payment data, Google Analytics relates it with
the specified user (based on cid) whose visit
information was recorded at step 2.

Step 5. Using Google Analytics Core API,
the CPA network uploads the information
about the payments of the services and their
categories carried out by the customers who got
into the site of company “A” from the resources
of the webmasters who work with this CPA net-
work. The subsequent cost clearings between
the company and the CPA network are carried
out based on this information.

8

1 Referrals to
the website with
the UTM-parameters

SO

The webmasters website
of the CPA-network

Gompany's website

CPA-

3. Advantages and restrictions
of the suggested method

The described method has a variety of advan-
tages and restrictions that should be taken into
account when solving the problem of integra-
tion with the CPA network.

One of the main advantages of the method is
the fact that a small improvement of the infra-
structure developed for the analytical tasks
allows us to solve the integration problem. This
method would allow the following things for
companies that use end-to-end analytics in
their work:

4+ significantly reduce the time and costs for
solving the problem of integration with the
CPA network;

4+ to test this channel of solving the market-

4

Aite the order payment via MP
API transmitting the hit
with the binding to cid

Order, client cid

2 Pageviews, cid, special Google Analytics

parameters with the UTM-codes

5

Receiving the Core API
payments data

network

Fig. 1. Integration solution with the CPA network
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ing problems of increasing the customer base,
growth of profits or launching a new service as
quickly as possible;

4+ quickly stop working with a promotion
channel in case of its inefficiency;

4+ the ability to take service categories into
account when calculating payment for the
webmasters.

At the same time, the given method has a
couple of technical restrictions that cause par-
tial loss of data.

First of all, Google Analytics can get under
the operation of the anonymizers and ad
blockers for example, AdBlock’, that can
cause the loss of payment data for the custom-
ers attracted from the CPA network who use
these kinds of blockers. This problem can be
completely solved only by using the previously
described approach of log analysis, but due to
the high cost of its development and support
the common method is to simply increase the
webmasters’ reward by a certain percentage.
This method is more profitable than log anal-
ysis system implementation and support for
small volumes of the orders.

Secondly, some customers can get to know
about the services (be attracted to the site)
using one device (e.g., a cellphone) and buy
the service using another device. This situation
can also cause the loss of payment data in this
circuit. To solve this problem, you can use one
of the methods to identify the customer from
various devices [13] by additionally passing the
userlD from billing or CRM to Google Analyt-
ics. This solution would be successful if the user
logged in to the site on each of the devices.

Conclusion

As far as the information about the real ser-
vice payments of the site’s users was bound
with their information in the Google Analyt-
ics system and this information was available
to be received by the CPA network, the inte-
gration task was solved. However, the trans-
mitting of the goods categories and their
names allowed estimation of the various pay-
ments for the webmasters depending on the
service paid by the attracted customer.

Due to the built-in functionality of Google
Analytics (which includes integration with
other company sources of information and
the possibility to access this information
using API), it became possible to solve two
business tasks at once: to bind the visitor’s
clickstream on the site to the payment data
for deeper and more accurate analysis of the
customer’s behavior (end-to-end web ana-
lytics) and provide integration with the CPA
network.

This method expands the approach to carry
out the integration with the CPA network
based on systems of web analytics, upgrad-
ing it by the method of end-to-end web ana-
Iytics. The method allows one to record the
actions of the customer beyond the website
and at the same time to bind these actions
with the visitor’s clickstream and the acqui-
sition source. This approach can also be used
to record other types of target actions that
take place offline, preceded by visiting the
website. m

References

1. Rzemieniak M. (2015) Measuring the effectiveness of online advertising campaigns in the aspect
of e-entrepreneurship. Procedia Computer Science, no. 65, pp. 980—987.

2. HuY., ShinJ., Tang Z. (2012) Performance-based pricing models in online advertising: Cost per click
versus cost per action. Atlanta: Georgia Institute, 2012.

3 https://adblockplus.org/ru/android

BUSINESS INFORMATICS No. 4(42) — 2017

53



INFORMATION SYSTEMS AND TECHNOLOGIES IN BUSINESS

10.

11.

12.
13.
14.

54

Korobkov S.A. (2016) Osnovnye komponenty sistemy skvoznoy marketingovoy Internet-analitiki dlya
malogo biznesa [Main components of a system of end-to-end marketing Internet-analytics for small
business|. International Scientific and Research Journal, no. Ne 11—1 (53), pp. 48—50 (in Russian).

Brown B.C. (2009) The complete guide to affiliate marketing on the web: How to use and profit from affiliate
marketing programs. Ocala, Florida: Atlantic Publishing Company.

Berman R. (2015) Beyond the last touch: Attribution in online advertising. Available at: http://ron-berman.
com/papers/attribution.pdf (accessed 01 December 2017).

Grace L.K.J., Maheswari V., Nagamalai D. (2011) Analysis of web logs and web user in web mining.
International Journal of Network Security and its Applications, vol. 3, no. 1, pp. 99—110.

Goel N., Jha C.K. (2013) Analyzing users behavior from web access logs using automated log analyzer
tool. International Journal of Computer Applications, vol. 62, no. 2, pp. 29—33.

Booth D., Jansen B.J. (2009) A review of methodologies for analyzing websites. Handbook of research
on web log analysis (eds. B.J. Jansen, A. Spink, 1. Taksa). Hershey, PA: IGI Global, pp. 143—164.

D., Kaushik A. (2009) Web Analytics 2.0: Empowering customer centricity. Search Engine Marketing
Journal, vol. 2, no. 1, pp. 5—11. Available at: https://pdfs.semanticscholar.org/f804/b8c0f66b28220d-
64060e27892dbe0a7a3baa.pdf (accessed 01 December 2017).

Mayer J.R., Mitchell J.C. (2012) Third-party web tracking: Policy and technology. Proceedings of
2012 IEEE Symposium on Security and Privacy (SP 2012). San Francisco, California, 20—23 May 2012,
pp. 413—427.

Dwyer C. (2009) Behavioral targeting: A case study of consumer tracking on Levis.com. Proceedings
of the Fifteenth Americas Conference on Information Systems (AMCILS 2009). San Francisco, California,
6—9 August 2009, pp. 1-10.

Waisberg D. (2015) Google Analytics integrations. John Wiley & Sons.
Weber J. (2015) Practical Google Analytics and Google Tag Manager for developers. Apress.
Clifton B. (2012) Advanced web metrics with Google Analytics. John Wiley & Sons.

BUSINESS INFORMATICS No. 4(42) — 2017



Estimating the net premium using
additional information

about a quantile of the cumulative
distribution function

Zhanna N. Zenkova

Associate Professor, Institute of Applied Mathematics and Computer Science
National Research Tomsk State University;

SRO “Association of professional actuaries”

Address: 36, Lenin Avenue, Tomsk, 634050, Russian Federation

E-mail: zhanna.zenkova@mail.tsu.ru

Elizaveta A. Krainova

Doctoral Student, Institute of Applied Mathematics and Computer Science
National Research Tomsk State University

Address: 36, Lenin Avenue, Tomsk, 634050, Russian Federation

E-mail: lanshakoval @gmail.com

Abstract

In this paper, the task of increasing the accuracy of net premium estimations in non-life insurance
is considered. Improvements are achieved by involving additional information about a known quantile
of loss cumulative distribution function. The additional information is used by projection the empirical
cumulative distribution function onto the class of cumulative distribution functions with a certain
quantile, and then the modified empirical cumulative distribution function is substituted into the integral
that yields the mean value. This allows us to obtain a modified estimation of mean value using additional
information about the quantile which is unbiased and its variance is asymptotically less than the variance
of the classical sample mean, so that the mean-square error of the modification is also smaller. Therefore,
the modified estimation is more accurate than the classical one for a large sample size.

The influence of a quantile value on the variance of the new estimation is studied for uniform,
triangular and normal distributions. It is suggested that the minimum of the variance is reached when
a known quantile is equal to the median (symmetry center) for symmetrical distribution. Based on
Simpson triangular distribution, it was shown that for cases of skewed distributions involving the quantile
allows one to decrease the variance more significantly than for symmetrical ones.

The modified estimation of mean value is applied to a real data set for calculation of a net premium.
The data contain information about payments for voluntary health insurance of some insurance company.
It is demonstrated that the classical method underestimates the net premium, and so it could lead to the
company’s bankruptcy. After applying the new modified technique, the net premium becomes higher
and the bankruptcy risk is reduced as well.

This paper contains practically significant results which make it possible to give important
recommendations to an insurance company.
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Introduction

he insurance business is actively

employing the latest scientific devel-

opments, especially in the area of
modern statistical methods and models. This
paper considers the cases of non-life insur-
ance [1] in which the insurance indemnity is
only paid upon the occurrence of an insured
event, which are essentially non-deterministic.
Because of their random character, the insur-
ance companies use the so-called net pre-
mium [2] as the foundation for the calcula-
tion of insurance premiums. The net premium
depends on the mean loss amount and the
probability that the insured event will occur.
Then the net premium is adjusted by a coef-
ficient greater than one, which is calculated
based on the probability of the companyr’s
bankruptcy set by an actuary. The premium is
further incremented so that the company could
make a profit and pay the agents’ commissions.

To optimize their business, insurance compa-
nies always aim at setting policy premiums that,
on the one hand, would be attractive to clients,
and, on the other hand, accurately account for
the random character of the insured events as
accurately as possible. For these purposes, dif-
ferent statistical methods and models are used,
including methods that involve various addi-
tional types of information [3—14].

This paper proposes a new method of
improvement of the net premium estimation
by considering additional information about
the quantile of the loss cumulative distribu-
tion function. This results in a more accurate
modified estimation of the expected value of
the insurer’s payouts per insured event. The
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new method of calculations was tested using
real-life data on voluntary health insurance
and allowed us to re-evaluate the policy pre-
miums, thus reducing the risk of bankruptcy of
the insurance company.

This paper should be of a considerable prac-
tical interest because this approach to the cal-
culation of the net premiums has not been used
before.

1. Estimating the mean insurance
indemnity payment using
additional information about the quantile
of the cumulative distribution function

The net premium p plays the key role in the
calculation of the insurance premium rates in
non-life insurance [1], and it is defined as fol-
lows [2]:

p=z EX, (1

where X — the payout amount, a random vari-
able with the cumulative distribution function
Flx)=P(X<x);

EX — the expected value of the random vari-
able;

z — the probability of occurrence of the
insured event.

In insurance practice, neither z nor EX are
known exactly. They must be estimated based
on the available data on payouts. Very often, the
researcher possesses some additional informa-
tion about the random variable under consid-
eration and its distribution. This information
could come from the conditions of an experi-
ment, the researcher’s professional experience,
etc. It is well known that the use of additional
information positively affects the properties of
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the modified statistics by increasing the accu-
racy of the estimation [3—13].

This paper considers the additional informa-
tion about the known quantile of the cumula-
tive distribution function x_of the given level g,
i.e., we know that

F(x)=gq. 2

Using (2), we obtain the modified estimation
of the expected value by substituting [15] the
modified empirical distribution function into
the functional for EX:

= TxdF,(,’ (x).

The modified empirical distribution function
FJ(x) is obtained as the projection of the ordi-
nary empirical distribution function onto the
prior class [9] by the formula:

q(FN(;C) ]

(x)"
Fi()= [[ IX)FNI(E >J JM} &)
if Fy(x,)e(0:1);
Fy(x), if Fy(x,)=0 or Fy(x,)=1,
where

Ry ()= S H(x-X, ) @)

is the ordinary empirical distribution function,
symbols A and v denote the maximum (mini-
mum) of the two values, H(y) ={0:y <0;1:y > 0}
isa Heavisidesstep function, X, < X, <...< X,
are the order statistics of the independent
sample { X, X,,.., X}, N is a sample size.

Then

X<x

R

(l_q) . & X ] _
IN(F ) B

-4 X+
r

i=l

Here the random variable r is defined
through

and it has the binomial distribution Bi(N, g)
[15].

After the modification using the known
quantile, the estimated expected value is given
by the equation

q < 1- q
7ZXI .I(X[<x ZX zxq)
i=1 i=l
if r=1,N-1;
X, if r=0 orN,

X = &)

where

— 1 N

X=—> X - 6
I ; ; (6)

is the classical sample mean. Additionally, for

r =1, N —1the equation (5) can be defined using

the order statistics:

ZX . 17g Z X,
i=r+l

Let us note that the equation (5) can be
considered as a generalization of the asymp-
totically normal estimation proposed in [8],
which dealt with a more general case of the
functional estimation using several exactly
known expected values; however, the situa-
tions when a modification cannot be defined
were not taken into account. It is worth not-
ing that the aforementioned estimation was
obtained not by substitution, but by projec-
tion onto the prior class using the Kullback-
Leibler divergence.

Let us find the expected value of the estimate

(5):
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EX‘= E{E(X |r)}=E{E{7.;X,,.I(Xi<Xq)+
+N_r';x"'1<xf2xﬁ|r:1’N_1H+
1 N
+E{E{N-2Xir=0 orNH=(l—
E{g~r-fxd(@j + 1;q-(N—r) Txd(F—(x)_qj |r=
rJ q N-r H 1-¢q

i=l1
=1,N—1}+ EX-(q" +(1-q)" )= EX.

Therefore, the modified estimation of the
expected value (5) is unbiased.

Let us find the variance of the estimation (5)
using the equation

DX* = D(E(X*|r))+E(D(X"]r)).
where D{E(X*|r)} = D{EX}=0.

Using independence of X, i = 1, N, we obtain

l-qg &
T NXT . |r=LN-1i=
N—I‘ i=1 ! (Xi>x)
2 2
- ST LT,
r D )([I(quq)} N-r D Xi](xizxq)

According to the properties of expectation,

E(lj — because function f(r) = ! —,is convex.
Er r

r
1

r>0
j Mo E(r|r > O)
was proved numerically for N=10, 100. Figure 1
shows the relative deviation
1

A= " -100%
E( r> Oj
r
as a function of the sample size N for g = 0.2,
0.5and 0.8.

Convergence of E[
.

g"-(1-g)")-

%

) A etag=oss |
— Deltag=02% |

» \ —— Deltag=08%

10

\
\

Fig. 1. Deviation Aforg=0.2,0.5, 0.8

Since ¢ (0,1), then

P(r=1,N-1)=1-¢"-(1-9) ">
=0)=¢ -M)=(1-a)'"

To obtain the asymptotic value of the vari-
ance, it is sufficient to consider the case
r=1,N -1, then

P(r M—0, P(r

N—w ( N 0

N—'

o’ _}VIE}ONDX"ng{X,- 1(X<x)}+
bt

o {1

+(-g). I zd(F(x) "j (- )[I [F(lx)q qﬁ -

= j XdF(x) -~ I + | X’dF(x)-—— R* =
i q % I-¢q

+o0 2
=DX+“ xdF(x)j L g
i q l-g

Here L = _[ xdF(x), R= _[ xdF (x).

Therefore, the asymptotic variance of the
modified estimation of the expected value,
normalized to the sample size, is given by the
following equation:

— 0

o2=DX+(EX)- ; [ | dF(x)] -

{ | xdF(x)J (7)
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Since (EX)2 =I’+2-L-R+ R’ then

(exy-L.p —IL-R2 Ly
q —_

1o 124 |4 p.r——1 g~
q l1-¢q l-¢q
1 2
- | =4 |9 Ri<o,
q 1-¢

which means that the equation (7) can be
rewritten as follows:

o2 =DX- [F j xdF (x)— \/7 jxdF(x)]

or, equivalently [8],

q(1—q)
where o> = DX = NDX.

For the case when the known quantile is the
median, we have:

%05 .
oos=0" —[ _[ xdF(x)—%J .

From (8) it is obvious, that o, <¢’,i.e., when
the number of observations is large enough,
the use of the additional information about the
quantile may reduce the mean-square error,
and, consequently, increase the accuracy of the
estimate of the expected value.

ot = gt oL deF(x) qEXJ (8)

For the uniform distribution U[0 ]](x), the
equation (8) takes the following form:
»_ 1 q(-9q) 9
T4 ©

It is obvious that the minimum of the vari-
ance is reached at g = 0.5. Figure 2 shows the
dependence given by the equation (9).

Figure 3 shows o, vs ¢ for the normal distribu-
tion function N (10,4).

Figure 4 shows the second term of the equa-

tion (8), namely
1

q(1-

d=-

q){[:xdF(x)—q.EXJ (10)

T
0 0.25 50 0. 75 1
fig. 2.0, vs.qfor Uy, (x),0° ==

for different values of ¢ for Simpson’s trian-
gular distribution over the interval [0,1] where
ce(0,1). The value of d shows how much
smaller the final variance o',f is compared to the
variance of the original estimate of the mean
o> = NDX. Note that we did not obtain the best
results for the symmetrical case (when ¢ = 0.5).
The consideration of the quantile turned out to
be more important in the cases of a large skew-
ness (¢ = 0.9 and ¢ = 0.1). When the skewness
is positive (¢ <0.5), the accuracy increases if
we use the information about ¢ > 0.5, and vice
versa (see Figure 5and Table I).

Figure 5 shows the combination of the
parameter ¢ and the quantile g that allows for
the maximum improvement in the quality of
the estimation of the modified mean, mean-
ing that d reaches its minimum value. Table 1

NDX

4
___________________________________ e S
................................... Sl S

X 7

15

1 . . . — q
0 0.25 50 0.75 1

Fig. 3. aj vs. g for the normal distribution
function N(10,4), 6> =4
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Fig. 4. The dependence of d vs. ¢ for the triangular
distribution over [0,1] with the parameter ¢  (0,1)

shows the numerical values for asymptotic nor-
malized variances o, and the minimum values
of d for these combinations of ¢ and g.

Therefore, for all distributions we consid-
ered, the account of the additional informa-
tion leads to a significantly smaller variance of
the estimations. For symmetric distributions,
the variance reached the minimum when the
quantile coincided with the median, i.e. with
the center of symmetry. Skewed distributions
require additional studies; however, judging
by the example of the triangular distribution,
we can assume that, for a positively skewed
distribution, a more accurate estimation of

0.7
0.6 \

0.5

0.4 \

03 T T T T T C
0 0.2 0.4 0.6 08 1

Fig. 5. The combination of the parameter ¢
and the quantile g that allows
for the maximum improvement of the quality
of the estimation of the modified mean for the triangular
distribution over [0,1] with the parameter ¢ € (0,1)
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Table 1.
Values of asymptotic normalized

variances o’ = lim NDX°,
q N>
variances ¢° = NDX

and d = 5, — o° for optimal combinations
of ¢ and ¢ giving the minimum d values

@ q o’ o, d

0.01 | 0.6355 | 0.055006 | 0.015375 | —0.03963
0.1 0.616 | 0.050555 | 0.014224 | -0.03633
0.2 0.609 | 0.046667 | 0.013541 | -0.0331

0.3 | 0.5935 | 0.043889 | 0.013383 | —0.03051
0.4 0.564 | 0.042222 | 0.013619 | -0.0286
0.5 0.500 | 0.041667 | 0.013889 | —0.02778
0.6 0.436 | 0.042222 | 0.013619 | -0.0286
0.7 | 0.4065 | 0.043889 | 0.013383 [ -0.03051
0.8 | 0.3910 | 0.046667 | 0.013541 | —0.03313
0.9 0.384 | 0.050555 | 0.014224 | —0.03633
0.99 | 0.3645 | 0.055006 | 0.015375 | —0.03963

the expected value may be obtained using the
information about a quantile that is greater
than the median, and vice versa.

It is worth mentioning that for uniform dis-
tribution, the estimation of the cumulative dis-
tribution function involving symmetry has a
smaller variance compared to the estimation
that takes the median into account, as shown
in [7].

As aresult, the modified estimation of the net
premium (2) with the account for the informa-
tion about the quantile can be calculated as fol-
lows:

~ 9

pP=zX, (11)

This formula yields a more accurate result
compared to the classical method of estimation
that uses the sample mean because in this case,
the mean-square error X is smaller.
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2. Estimation of the net
premium using a quantile
for voluntary health insurance

The proposed method for the net premium
estimation (11) was applied to real-life data on
insurance indemnity payments made on volun-
tary health insurance policies. For privacy rea-
sons, the actual values are scaled, and the name
of the insurance company is concealed. There
have been N =239 insured events over the con-
sidered period. Table 2 presents the sample
X=1{X, X, ..., X\}, nonrepeating payments Y,
n, — the number of repetitions of Y, in the

k
sample, N = Zn,., and k£ — the number of non-

i=1
repeating payments.

When the net premiums are calculated by the
traditional method, the sample mean X = 504.73
cmu/unit, the probability of an insured event was
estimated as the ratio of the number of insured
events to the number of policies, and it turned out
that z=0.035. The final net premium is p=17.67.

However, from hislong-term experience inthe
health insurance business, the company’s actu-
ary knows that in 90% of the cases the indem-
nity payments do not exceed 750 cmu/unit,
i.e., we know the quantile x, = x,,0fthe ¢ = 0.9
level for the random value considered here.
Using (5), we obtain X' =516.23 cmu/unit. As
a result, by accounting for the quantile, we find
the modified net premium of p?=18.07, which
is 2.26% greater than p.

Table 2.
Scaled data on indemnity payments
for insured events of voluntary health insurance
in conventional monetary units (cmu) per unit
i ¥ n | i ¥ n, i ¥ n i ¥ n,
cmu/unit cmu/unit cmu/unit cmu/unit
1 16.9 2 | 16 131.3 2 31 4375 1 46 1343.8 1
2 20.6 1 17 1375 1 32 468.8 5 47 1500.0 1
3 25.0 1 18 156.3 24 | 33 487.5 1 48 1562.5 2
4 28.1 1 19 162.5 1 34 500.0 3 49 1662.5 1
5 31.3 8 |20 175.0 1 35 531.3 1 50 1687.5 1
6 375 9 | 21 187.5 18 | 36 562.5 2 51 2020.0 1
7 46.9 1 22 200 4 37 600.0 1 52 2500.0 1
8 50.0 1 23 210.0 1 38 625.0 8 53 3125.0 2
9 56.3 11 |24 2188 2 39 739.8 1 54 3750.0 2
10 62.5 19 | 25 2438 2 40 750.0 2 55 4687.5 1
11 87.5 1 26 250.0 5 41 781.25 1 56 5000.0 1
12 93.8 20 | 27 281.3 4 42 937.5 2 57 5625.0 1
13 100.0 5 | 28 3125 19 | 43 1000.0 1 58 83125 1
14 112.5 2 |29 375.0 10 | 44 1125.0 2 59 8437.5 1
15 125.0 11 ] 30 406.25 1 45 1250.0 2 60 9375.0 1
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Therefore, knowledge of the quantile leads
to a more accurate evaluation of the net pre-
mium. The premium calculated previously was
underestimated, meaning an increased risk of
bankruptcy for the insurance company. Since
the modified estimate is more accurate and
provided a large enough sample size (N = 239),
the company’s actuary was urged to recalculate
the health insurance premiums.

Conclusion

This paper presents a new approach to the
calculation of net premiums in the non-life
insurance business. The approach uses addi-
tional information about the quantile of the
cumulative distribution function to calculate
the expected value of loss. The modified mean
estimation is unbiased and more accurate than
the classical sample mean, because its asymp-
totic mean-square error is smaller. Therefore,
the new estimate of the net premium is more

accurate for a sufficiently large number of
observations.

The paper also studies the effect of the quan-
tile on the asymptotic normalized variance of
the modified mean in the cases of uniform, tri-
angular and normal distributions. It is shown
that in the case of a symmetric distribution,
maximum accuracy is achieved by using the
median for the adjustment calculation. As fol-
lows from the consideration of triangular dis-
tribution, positively skewed distributions will
benefit from employing quantile levels greater
than 0.5, and vice versa.

The proposed method was tested using real-
life data on voluntary health insurance indem-
nity payments. The use of additional informa-
tion allowed us to obtain a more accurate value
for the net premium. The company’s actuary
was urged to recalculate the insurance pre-
mium rates to reduce the risk of the company’s
bankruptcy. m
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Abstract

Inthis paper, we propose and implement a method for detecting intersecting and nested communitiesin
graphs of interacting objects of different natures. For this, two classical algorithms are taken: a hierarchical
agglomerate and one based on the search for k-cliques. The combined algorithm presented is based on
their consistent application. In addition, parametric options are developed that are responsible for actions
with communities whose sizes are smaller than the given &, and also with single vertices. Varying these
parameters allows us to take into account differences in the topology of the original graph and thus to
correct the algorithm.

The testing was carried out on real data, including on a group of graphs of a social network, and the
qualitative content of the resulting partition was investigated. To assess the differences between the integrated
method and the classical algorithms of community detections, a common measure of similarity was used.
As a result, it is clearly shown that the resulting partitions are significantly different. We found that for the
approach proposed in the article the index of the numerical characteristic of the partitioning accuracy,
modularity, can be lower than the corresponding value for other approaches. At the same time, the result of
an integrated method is often more informative due to intersections and nested community structure.

A visualization of the partition obtained for one of the examples by an integrated method at the first
and last steps is presented. Along with the successfully found set of parameters of the integrated method for
small communities and cut off vertices in the case of social networks, some shortcomings of the proposed
model are noted. Proposals are made to develop this approach by using a set of parametric algorithms.
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Introduction

oday, a wide variety of real-world
Tsystems of many fields can be repre-
sented as complex networks or graphs,

namely, sets of vertices and edges with non-
trivial topological internals. Examples of such

networks run from technology [1] to biological
fields [2] and social [3] studies.

The notion of community is quite gen-
eral and associated with object classification.
Depending on the context, it may refer to the
module, the class, the group, the cluster, etc.
This notion is of great value for solving the
community detection task for the Internet [4].
The issue is topical for the implementation of
on-the-edge search engines, data filtration and
further automated sorting.

Typical networks to study are popular social
network services. Then the user accounts
are taken for the nodes, and the connections
between them are determined by the formal
notions of “friendship”, “subscription”, etc.,
so that we obtain a graph of interacting objects.
Such networks have the structure of implicit
communities — groups of people united by
some additional feature, for example: class-
mates, subscribers to a number of public per-
sons or thematic publics, criminal elements.

The problem of community detection in
graphs of interacting objects is of great value to
network analysis. In the general case, this task
is NP-complete, so the paper proposes to use
a method with a number of terminal options
since it is required to deal with graphs from var-
ious fields [5, 6]. These options are designed to
possibly refine the resulting community struc-
ture and are based on the initial graph topology
and corresponding field.

1. Community detection methods

The well-known GN algorithm proposed by
Girvan and Newman in 2002 [7, 8] is among
the pioneers of divisive algorithms. Initially
all the graph vertices share one community.

BUSINESS INFORMATICS No. 4(42) — 2017

Each step of the GN algorithm starts with the
edge betweenness [9] calculation for every
edge in the graph [8] and then it removes
those with the highest score. The algorithm
repeats this procedure, and it splits the net-
work into disconnected parts, which in their
turn go through the same process. The loop
breaks when there are no more edges in the
graph or when the split reaches modularity’s
[10] maxima.

Modularity is a numerical characteristic of
the correctness of a partition. Currently, this is
the most popular measure of the quality of the
partition, and it is used directly or indirectly
in the study of complex networks. As a rule, a
closer to real partitioning has larger values of
modularity.

Modularity Q is defined on an existing com-
munity structure of a graph:

0= 1 A ki k;
" 2m ¥, T om

where m the number of edges;

]5(%0)5 ()

A,.j. — the adjacency matrix element;
k,— the degree of the vertex i

¢, — the index of the class to which the vertex
belongs;

0,c=c;;
ooc) =1y one

The edge betweenness for a given edge is the
fraction of the shortest paths passing this edge

among all shortest paths:
o,le
cs(€)= X, —g( 3 (2)

s,veV
where e — the given edge;
V' — the set of graph vertices;

o ,— the number of the shortest paths between
the vertices s and 7;

o (e) — the number of the shortest paths
between the vertices s and ¢ passing through the
edge e.
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The calculation of edge betweenness C(e) is
computationally expensive, as was mentioned
by Girvan and Newman [1, 8]. So in the case
of studying large networks, it is better to apply
different techniques [1].

The fast hierarchical approach was proposed
by Blondel et al. in 2008 [11] for the general
case of weighted graphs. The algorithm is
agglomerative, so it combines current vertices
to new supervertices (communities) step by
step. The increase of modularity for such split
must be maximal as well. At the end of each
iteration, a new hierarchy level is reached. The
loop breaks if there is no increase of modular-
ity. The method is limited more by the process-
ing memory than the time.

The resulting community structure may not
make sense since the approach is based on the
locals of vertices. That is why it is not always
obvious if some intermediate split meets the
reality. Moreover, the outcomes depend on the
vertices order at the first step [12].

The aforementioned approaches mean that
communities are not intersecting with each
other. Furthermore, in real-world systems ver-
tices are rarely belong to single community
[13]. As a consequence, the resulting partition
may not accurately describe the actual network.

Further on, for CPM we denote one of the
well-known methods. In their work, Palla et al.
[14, 15] presented a novel approach for detect-
ing the overlapping community structure in
complex networks.

In this method, finding the structure of over-
lapping communities is related to the problem
of finding k-cliques in a network (complete
subgraphs of size k). Given the clique size k,
this algorithm first finds all k-cliques within
the network. Then it associates two k-cliques
if they share k - 1 nodes (Figure I). Each com-
munity is made over a maximum set of adja-
cent k-cliques [15].

To measure the quality of such partitions,
there are many modifications of classical mod-
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Fig. 1. Determined overlapping communities
with the CPM algorithm for 4-cliques

ularity. In this paper, we consider the variant
proposed in [13]:

I kik ] 1
QW—EZZ[A,-,— ]0,0,’ 3)

ceC ijec 2m

where C={c,c,, ..., c‘q} — the set of overlap-
ping communities;

Q. — the number of communities to which the
vertex i belongs.

2. Description
of the Combined method

In this paper, we consider a combination of
the hierarchical Blondel algorithm with the
CPM method of network partition into overlap-
ping communities. By combination we mean
a consistent application of the two methods.
The idea is that at first our network is divided
into large non-intersecting communities, and
then we find smaller intersecting communities
within them. Hereafter, we call this algorithm
the “Combined method” (CM).

However, if Blondel’s method identifies a
finite community that does not split into parts in
terms of a real network, then it is no longer use-
ful to run CPM on it. Therefore, we apply the
CPM algorithm to each separate ¢ community
identified by the Blondel method only if the per-
centage of vertices with high connection cen-
trality does not exceed a predetermined value
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¢ (v)<a

where n,— number of vertices in ¢ community;

¢,(v) — connection centrality of the vertex v;

@ and p(n) — algorithm parameters,
0<a<l;0<pB<l.

The relatively large connection centrality
value characterizes the vertex as possibly con-
necting different communities. If the vertex is
removed, the graph can be divided into several
components. A similar consideration is used
in the Girvan—Newman algorithm [1, §].
The presence of a sufficient number of such
peaks in the community may indicate that it
has not been finalized completely, and further
fragmentation by the Blondel algorithm is
required. Therefore, the condition of applying
CPM depends both on the value of connec-
tion centrality and on the percentage of ver-
tices which have this value higher than some
threshold a. The threshold values for ¢ (v) and
the vertex percentage are determined by the
input parameters of algorithm & and 3, and
thus they are able to influence the final par-
tition.

As a result of using CPM, vertices that are
not included in cliques are cut off, and there
is a problem of assigning them to the com-
munity. The solution is a system of two new
parameters 7 and m,, of the Combined
method. Depending on their values, not only
the cut off vertices are redistributed, but also
small communities. This allows us to partially
influence the resulting structure, and in some
cases — to avoid combining graph sheets or
small communities into large, meaningless
communities. This characteristic of the parti-
tion, which can be called “picking up junk”,
is intrinsic to many modularity optimization
methods, including the Blondel algorithm
[11, 16, 17].

To accurately define and illustrate the

operation of the parameters ¢  and m_ , let
opt opt
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us consider Cj :{CRI,CR,,...,CRM} the set of
communities identified By the Blondel algo-
rithm, where rc is their number. For conve-
nience, we assume that if the individual com-
munity C ®,E C, does not satisfy the condition
of applying the CPM, then the set C,,, =Cy
duplicates it. Otherwise, Cc,,, is defined as the
set of communities obtained as a result of the
CPM inside C¢,), :

CCPM‘ = {CCPM,.1 3CCPM,.2 s oesCopn, }, (5)

where mc¢, number of communities in Cy € Cy
that were identified by CPM algorithm.

Let us fix the result of CPM partition as Cf
and denote the community structure after
redistribution with the parameter [, as C}.
The parameters . and m, are required when
the algorithm starts, along with the size of
the clique k£ and the limitations @ and 8. The
community structure Cf is first transformed
according to the value of the parameter Loy
and then — according the value of the param-

eterm .
opt

The first parameter Loy is responsible for the
distribution of the cut off vertices of the CPM
application and may have the following values
(Table 1).

Table 1.
Description of the operation
of i, parameter

Cut off vertices that do not belong to any

None community

Each cut off vertex is assigned to an individual
(single) community within the community
in which it was before applying CPM

i2c

Each cut off vertex is assigned to an individual
(single) community that does not intersect
with others

i2r

A group of all cut off vertices that were in the
same community prior to GPM application
forms a community within it

ialc

All the cut off vertices form one community

ia2r that does not intersect with others
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The second parameter m,, works with small
communities. The community is considered
small if the number of vertices in it does not
exceed the size of the clique k£ — the input
parameter of the algorithm. This restriction
is chosen because k is the minimum commu-
nity size that can be indicated using the CPM
method. The m,, parameter can have the fol-
lowing values (7able 2).

Table 2.
Description of the operation
of m,, parameter

None | The structure of communities does not change

Small communities disband, but if the vertex
belongs to other communities, then it remains
in them. Otherwise, it will not belong to any
community

mdel

All'small communities that are in a common
community (i.e., enclosed in it) are united into
one common community that does not have
enclosed communities

mlc

All small communities form one common
community that does not intersect with others,
gven if the vertices belonged to other
communities

mlr

Each of the transformations is done once,
so when new small communities (possibly for
m?2r) appear, they will not be merged with the
new common community. The resulting struc-
ture of C; communities network is formed from
Cf in accordance with the principles shown in
Tables 1and 2.

Separately, we should consider a combination
of parameters with the values “i2c / None”. In
this case, when a small community is identi-
fied, it often turns out that all its members are
also identified as individual communities, and
large communities are divided into one larger
part and several individual parts. To avoid a
bunch of communities in the final structure,
the authors use a modification: in the case
described for small communities, individual
communities disband, so only the smallest

68

community remains. For a large community, it
remains itself and the individual communities
remain within it (that is, we remove the part
of the internal partition except of those indi-
vidual communities). Figure 2 shows a possi-
ble result of the CM operation within one of
the communities obtained in the first step. No
similar result can be obtained by the separate
application of Blondel and CPM algorithms.
Meanwhile, in a number of cases in the graph
analysis such a partition would be extremely
informative.

Fig. 2. Possible final partition within one of the communities
obtained in the first step of CM

3. Tests

The results of the CM operation on differ-
ent types of graphs were evaluated and com-
pared with the separate results of the Blondel
and CPM algorithms. In addition, compari-
son was made with the results of some classical
algorithms: GN, quick greedy optimization of
the modularity FG [18] and the CONGA algo-
rithm (Cluster Overlap Newman-Girvan Opti-
mized algorithm) [19]. We considered depen-
dence of the CM results on the parameters k, @,
B, i, » m,,. The size of the clique k is consid-
ered in the following range: k [3, 10]. For each
partition, the value of Q  is calculated, and for
the partitions obtained by CM, their similarity
measure o to other partitions must be calcu-
lated.
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Collins and Dent [20, 21] proposed the w
(Omega Index) for estimating the similar-
ity of two partitions, based on the number of
pairs of vertices adjacent in the same number
of communities. Let C, and C, be different
partitions, K|, K, — corresponding number of
communities. Let tj(C) be the set of pairs of
vertices occurring together in the C partition
exactly jtimes. Then w is defined as follows:

»,(C,C")-w,(C’,C")
l1-w,(C;C"

»(C’,C”)= , (6)

where o, (C’,C”) — observed value,
w, (C’,C”) — expected value:

1 min(l(1 .K,)

w,(C,Cc== 3 |, (C)N(C”)|,
m 5
1 (Kl Kz
. (C7,C”7) —m— | )'|ff(c )

Value of »(C’,C”)=1in the case of absolute
equality of two partitions.

The authors studied the results of applying
CM and selected classical algorithms on more
than 70 graphs of interacting objects of vari-
ous nature, such as: social networks, scientists
citation networks, interactions of proteins,

infrastructure networks. In a number of cases,
for graphs from one group and with simi-
lar topological parameters, the most optimal
values of the correcting parameters for CM
have been identified. The software realization
is written in Python 3.5, standard and open
libraries, including classical algorithms, were
used to work with graphs. Semi-automatic test
blocks are implemented to find the best values
for Q parameter values. Visualization of the
partitions obtained for the graphs is provided
by third-party software.

Let us consider the results on ego-graphs
obtained from the social network VKontakte
(Table 3) in more detail. The ego-graphs in
this case are graphs formed by a width search
starting from a single vertex with a depth of
1 and adding all the edges between the verti-
ces previously obtained. At the same time, as
a starting point we took vertices with a degree
in the range from about 100 to 500. This made
it possible to obtain not only graphs with dif-
ferent topological properties, but ones which
are also convenient for qualitative analysis of
their sizes. The main objectives of this work
are to study the content of the resulting par-
titions and to find the most suitable values of
CM parameters.

Table 3.
Social network graphs for testing
n m avk dst avntr avclu maxcl bet clo
G, 105 792 15.1 0.1451 38.04 0.712 15 445 0.5434
G, 120 1226 20.4 0.1717 52.39 0.668 14 493 0.5507
G, 158 1352 171 0.1090 44.41 0.767 17 69.9 0.5309
G, 158 1596 20.2 0.1287 63.80 0.638 21 68.4 0.5374
G, 187 1873 20.0 0.1077 51.11 0.674 16 83.0 0.5308
G, 229 1726 15.1 0.0661 26.67 0.633 14 106.5 0.5184
G, 439 4143 18.9 0.0431 41.47 0.602 16 209.6 0.5117
G, 461 4299 18.7 0.0405 49.36 0.665 17 220.7 0.5110

Notation: m— number of vertices; m — number of edges; avk — average degree of vertices; dst— connection density;
avntr — average number of triangles; avclu — average cluster coefficient; maxcl— size of a maximal clique;
bet — averaged betweenness centrality; clo — averaged closeness.
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Table 4.
Test results

s(CM)| 0, |s(BL)| Q% [s(CP)| Q" |s(GN) | 0,V |s(FG)| Q7 |s(CN)| Q,

G, 38 0.213 4 0.320 4 0.167 17 0.250 3 0.315 3 0.245
G, 21 0.367 4 0.385 4 [-0013] 20 0.329 4 0.371 4 0.136
G, 28 0.650 4 0.614 5 0.390 15 0.581 5 0.581 5 0.494
G, 39 0.327 4 0.342 3 0.016 47 0.175 3 0.313 4 0.100
G, 36 0.048 5 0.369 3 [-0008| 27 0.250 5 0.325 | 110 | 0.011
G, 51 0.224 5 0.465 4 [-0029| 22 0.408 6 0.393 4 0.273
G, 90 0.501 7 0.572 8 [-0149| 54 0.536 8 0.509 5 0.304
G, 99 0.349 7 0569 | 11 |-0272| 53 0514 6 0.552 8 0.195

Notation: s( CM) - number of communities identified by CM; s(BL)— number of communities identified by the Blon-

del algorithm; s( CP)— number of communities identified by CPM; s( GV) - number of communities
identified by GN; s(FG) — number of communities identified by FG; s( CN) — number of communities iden-
tified by CONGA; Each of @ —value Q for the partition, obtained by A algorithm.

In most cases, CM identified, as expected, a
greater number of communities on these graphs
(Table 4). For this group of graphs representing
ego-graphs of the same social network, the most
effective parameter option for the content of the
partitions was the 2¢/m2r and k = 4. A quali-
tative expert analysis of the composition of the
groups singled out by the algorithms examined,
especially of small communities of several verti-
ces, showed the greatest efficiency especially for
CM. For example, the Blondel, CPM and FG
algorithms, as expected, left no large commu-
nities. And the smallest communities (includ-
ing 1 element) identified by the GN algorithm
for each of the graphs were not all meaningfully
justified, and in some cases, taking into account
the edges of the graph, they should be combined
with the others.

It should be noted that the value of QX was
not always higher than of other similar algo-
rithms due to the fact that CM calculates
another local extremum of the given quality
measure, which is partially confirmed by the
calculated values of the similarity measure w
of these partitions (7able 5). As you can see
from the tables, not only the number of the
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communities obtained by CM and the other
community algorithms differs greatly, but so
do the sets of vertices combined into groups.
After all, due to the peculiarities of the con-
sidered classical algorithms, some types of
partitions cannot be obtained from their
application, even theoretically. For exam-
ple, the situation in Figure 2 for CPM cannot
be obtained. All combined, this shows that
the partition obtained as a result of CM was
essentially different from the others.

The partition obtained within the CM is
hierarchical, with intersecting and nested
communities, which gives an opportunity for
more complete understanding of the struc-
ture of the investigated graph and better cor-
responds to the actual system of interaction of
objects of some nature, in particular, users of
social networks. As an illustration, let us con-
sider the example for G, in more detail.

At the first step, the CM identifies four com-
munities in the graph G;: Cr, C, Cr, Cr , with
the sizes 44, 41, 37, 36, respectively (Figure 3).
This graph is very revealing, because the com-
munities identified by the Blondel algorithm
are of the similar size. Here C; is a typical
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Table 5.
The values of  of the results of partitioning the graphs
by CM and other algorithms
o(BL) o(CPM) o(GN) o(FG) o(CONGA)
G, 0.0811 -0.0478 0.0209 0.0729 0.0226
G, -0.0125 0.0139 0.0152 -0.0087 0.0655
G, 0.0160 —0.0166 -0.0017 0.0043 0.0149
G, 0.0459 —0.0077 —0.0098 0.0047 -0.0147
G, 0.0651 —0.0058 0.0232 0.0133 —0.0055
G, 0.0915 0.0003 0.0004 0.0159 0.0088
G, 0.0452 0.0009 0.0061 0.0020 0.0066
G, 0.0152 0.0137 -0.0070 0.0096 0.0079

Notation: w(BL) — for partitioning a graph with CM and the Blondel algorithm; «( CPM) - for partitioning a graph

with CM and CPM algorithm; e(/ G:IV) — for partitioning a graph with CM and GN algorithm; e(FG) -
for partitioning a graph with CM and FG algorithm; «( CONGA) - for partitioning a graph with CM

and CONGA algorithm.

“junk” community containing the original
vertex of the ego-graph, leaf vertices and small
communities. The other three communities
are more meaningful, they are user groups,
most of which have no connections with rep-
resentatives of the other two communities.

Then, after applying the following CM steps
on the graph G,, the four communities are
transformed into 28 as follows. Within the
three meaningful dense communities, minimal

Fig. 3. The four communities identified
by the Blondel algorithm in the graph G,

changes occur. Thus, the algorithm found one
vertex less connected to the others inside the
CRz’ for which, according to the i2¢/None
options, a separate community inside CR2 was
selected, and the remaining 40 vertices were
put in the second internal community for CR2.
The community C, remained completely
unchanged, and for C; three vertices were
found. They were separated into their indi-
vidual internal communities, like in the CR2
case, meanwhile creating a large remainder — a
community of 33 vertices .

The main changes occurred at the second step
of the CM within CR; Thus, in this community
4 others were identified. They intersected along
the original vertex of the ego-graph. In addi-
tion, similar to the situation with the other two
upper-level communities, 14 individual com-
munities within the original community were
identified (Figure 4).

In other ego-graph G, with the same num-
ber of vertices, but with a different structure
(Table 3), 39 communities were identified after
applying CM to it. And initially, at the first
step, 4 large groups were also identified (here
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Fig. 4. Communities obtained by CM

|Gl =50, 1G, | = 44,1 G, | = 44,1 G, | = 20)
inside of which already at the second step a
search for intersecting nested communities is
made. In this case, CR2 and C; did not change,
but within the C; and Gy, 28 and 7 nested com-
munities with intersections of different sizes
were allocated, respectively.

It should be noted that according to the
users of social networks whose ego-graphs
were analyzed, other partitions obtained by
the compared methods carried less infor-
mation in themselves. However the Q  score
was higher than for CM in a number of cases
(Table 4). In particular, the results of algo-
rithms that are components of CM were rec-
ognized as less informative and, for example,
for GN the partitioning was partially super-
fluous.

Conclusion

A new algorithm, called by the authors
the “Combined method” (CM), has been
invented and presented to effectively iden-

tificate partitions of implicit communities in
the graphs of interacting objects of various
natures. We apply CM and well-known clas-
sical algorithms on the set of graphs from dif-
ferent industries which were taken from open
sources. We studied the graph partitions into
communities so obtained. Comparison of the
modularity value Q ~on the resultant parti-
tions and the similarity measure o between
the result of CM and the remaining algorithms
showed that in most cases there are significant
differences in the resulting sets of communi-
ties. In addition, for a set of graphs from the
social network, a meaningful analysis of the
partitions obtained was carried out, and it
showed that the result of CM with the options
selected on this set more accurately identifies
groups of interactions between users.

The proposed algorithm was run on graphs
with different parameters. During the testing,
it was found that the use of the parameters of
the restrictions @ and g on these graphs does
not improve the quality of the resulting parti-
tion, since a result different from the results of
applying the Blondel and CM algorithm (with
no constraints) was achieved only in the case
a > 0 and g = 0. Further investigation was car-
ried out at the values of the parameters @ = 0
and f = 1. Thus, the CPM method was run on
all the Blondel communities generated by the
algorithm.

The research showed that the most suitable
values of additional parameters for social net-
works are i2¢/None within the CM designa-
tions. At the same time, it cannot be stated
that for a graph of interacting objects of a dif-
ferent nature this combination will be more
effective than the others. Thus, the authors
consider further studies on the design and
implementation of parametric algorithms for
the partition of communities. We also con-
sider a possible use of automated tools to
select suitable options and parameter values
based on topological features and the original
nature of graphs. m
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Abstract

This paper is devoted to mathematical modeling and optimization of business processes and
process systems under conditions of uncertainty. At present, modeling of business processes is mainly
descriptive, which does not allow quantitative modeling and optimization in the design of processes
and process systems. In addition, the existing methods of decision-making in business processes are
based on the assumption that the decisive factors are deterministic. Despite uncertainty of the real
processes caused by the uncertainty of future costs of resources, the market environment, economy,
finances, etc., the factors of an uncertain future are either not taken into account, or are believed to
be the same as those observed currently.

In this paper, a stochastic interval mathematical optimization model is developed. This model
allows us to simulate in a quantitative way the business processes and process systems in which
they take place, taking into account the uncertainties of the future state of the economy, finances,
market environment, costs of resources, as well as future realization of chances and risks related to
the productive, supporting, and service processes. The criterion for optimality of the model is the
maximization of the smallest deviation of the projected chances and risks, which makes it possible
to make the best decision in the case that the most unfavorable conditions for the business process
occurin the future. The criterion of optimality adopted in the mathematical model takes into account
not only the uncertainty of the future state of the economy, finance, and market environment, but
also the psychology of decision-making and the subjective nature of judgments and estimates. We
present a concept and method for estimating the inductive (logical, subjective) probabilities of the
occurrence of uncertain projected business process factors.

The models and methods developed in the paper make it possible to carry out mathematical
modeling and optimization of business processes in a variety of activities without restrictions on
the complexity of the structural model of the business process, the qualitative and quantitative
composition of the connections in the process systems. On their basis, a software package for the
quantitative design of business processes and process systems under conditions of uncertainty can
be developed.
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Introduction

uantitative design of business pro-

cesses and corresponding process

systems requires appropriate quanti-
tative methods of modeling and optimization.
However, modeling of processes and process
systems in all fields of activity (manufacture,
service, maintenance, support, supply, logis-
tics, supply chains) is nowadays mainly qualita-
tive and descriptive. The models are presented
using either verbal, textual, graphical, or other
kinds of descriptions or notations that form a
stream of works, resources, and information.
In the existing literature on business processes,
their modeling is assumed to encompass the
so-called regulation, documenting, and sup-
porting document flow, and the optimiza-
tion is understood as re-engineering, which
includes a series of actions aimed at coordinat-
ing and amending the processes [1, 2]. How-
ever, all types of organizational instructions
or actions based on some qualitative criteria
of an optimum cannot be, in fact, regarded as
optimization. Optimization should be based
on mathematical analysis and the search for
an extremum of some quantitative measure of
optimality. Using qualitative analysis alone, it
is impossible to ensure that an optimal solution
is found.

In spite of the high demand for the devel-
opment of mathematical methods of model-
ing and optimization of business processes and
process systems, the design of such processes
and systems is still mainly performed using
qualitative approaches. This conclusion fol-
lows from the clearly insufficient number of
published works on mathematical methods of

BUSINESS INFORMATICS No. 4(42) — 2017

modeling and process optimization (as pointed
out, e.g., in [3]), as well as from the dire lack
of case studies on real companies that practice
quantitative design, modeling and optimiza-
tion of their business processes [4, 5]. We note
that while the publications [3, 6—14] present
some mathematical models of business pro-
cesses, these ad hoc results are only applica-
ble to the particular cases considered in those
papers. Moreover, the majority of publications
consider business processes under fully deter-
mined conditions only, i.e., on the assumption
that all the underlying factors of the business
processes are known exactly and unambigu-
ously.

In practice, however, all the factors that
determine the business processes and process
systems are usually uncertain. Among those
factors are the future state of the economy,
finances, market demand and supply, future
prices of the resources and energy, investment
amounts, demand for new products, chances,
risks, and future financial stability of the orga-
nizational units comprising the process system.
In reality, the parameters of both the present
and the future necessarily involve uncertainty.
Therefore we need to incorporate uncertainty
conditions in the methods of modeling and
business process optimization in order to ade-
quately describe reality.

In this paper, we develop a mathematical
model for the optimization of business pro-
cesses and process systems under uncertainty
conditions using stochastic interval factors
obeying the uniform probability distribution.
The models and methods of modeling and
optimization developed in this paper can serve
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as a foundation for the qualitative design of
processes and process systems, development
of the relevant software, and can be employed
in practical applications in the areas of man-
ufacture, support, supply, maintenance, cus-
tomer service, logistics, supply chains among
others.

1. Structural and mathematical models
of the process elements

A structural model of a process and a process
system includes the set of interacting organi-
zational units that are modeled by the pro-
cess elements and connections between them.
Within each process element, various activities
are performed that are aimed at the same com-
mon goal of creating the ultimate end-product
possessing value for the consumer. A process
element receives a flow of resources (industry
factors) at the input. These resources are trans-
formed into either intermediate products or
end-products at the output of the element.

According to [2], there are the following
types of business processes and corresponding
elements (Figure 1):

4+ productive, or main, processes and ele-
ments (Figure la) — processes that increase
both the value and cost of the end-product or
intermediate product, by an amount equal to
the cost of the product’s manufacture. Within
a productive element, the input flows of the

S

material factors, energy, and labor are trans-
formed into the output product (intermediate
product, semi-finished product, unfinished
production, the end-product of the overall
process);

4 supporting processes and elements (Figure
1b) — processes in which the product is nei-
ther produced or changed either qualitatively
or quantitatively, value is not added, in con-
trast with the added value due to the energy and
labor used in the production activities. Within
a supporting element, the amounts of the pro-
duction factors and products at the input and
output of the element are equal to each other.
Examples of supporting activities include load-
ing, unloading, delivery of the factors and
products, storage, documentation paperwork,
and so on;

4+ service processes and elements (Figure
Ic) — processes that increase both the cost
and the value for the consumer for which
they are prepared to pay. Similar to a produc-
tive element, a service element adds value to
the product due to the spending of produc-
tion factors, energy, and labor in the course
of performing the services. At the same time,
the amounts of the product at the input and
output of the service element are equal, as
they are in a supporting element. The ser-
vice works may include any processing of the
end-product done at the consumer’s request
and for which the consumer is prepared to

b

Fig. 1. Structural models for the (a) productive, (b) supporting, and (c) service elements
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pay: custom packaging, sorting, labeling,
improving the appearance, direct delivery to
the consumer, etc.

The input flows of each element include both
the exogenous flows of resource purchased
outside the process (set X), and the endoge-
nous flows of products produced within prior
elements of the same process (set ¥) that are
fed, for the production purposes, into other
elements of the same process. Exogenous
and endogenous flows in the sets X and Y are
numbered independently and continuously
throughout the entire structure of the process
system.

Let us consider the structural model of a pro-
cess system of a sample business process (Fig-
ure 2). The flows of exogenic and endogenic
resources are shown by circles with resource
amounts marked inside them (x for exo-
genic, y for endogenic resources); the incom-
ing resources and/or products are shown by
arrows; the production elements are shown by
rectangles (Figure la), the supporting elements
are shown by diamonds (Figure 1b), and the
service elements are shown by triangles ( Figure
Ic). The structural model in Figure 2 contains
two supporting elements (1 and 6), four pro-
duction elements (2, 3, 4, 5and 7), and a single
service element (8). The exogenic resources are
purchased in the amounts x, x,, x,, Xx,, X, out-
side the process; the endogenic products are
produced in the amounts y , y,, y,, y, within the

(D 5

- O—

SO %

process elements 2, 3, 4 and 5. The end-prod-
uct of the entire business process is the output
of the production element 7; it is produced in
the amount y, and it serves as the input for the
service element 8, in which service works are
performed but y, = y..

The works to create the end-product in the
amount y, are performed the following way.
Resource x, and part x, of the resource x;(such
that x, =x) +x; ) are fed into the warehouse
element 1, and from there to the output of the
production elements 3 and 4. Part x; of the
resource x,, and resource x, are directly fed
into the production element 2, where they are
used to create a product in the amount y,. A
part of this product, y/ (such that y, = y/ + y/),
enters the production element 4, and the
remaining part ) is fed into the production
element 5. Coming out, the production ele-
ments 3 and 4, the products y, and y, together
with x; serve as the input for the production
element 7, where they are transformed. The
product y,after the production element 5 enters
the warehouse together with the resource x,.
After that, they are fed as the input into the
production element 7, where, together with
the products y,, y,, and the resource x,, they
are transformed into the end-product of the
business process y,. The latter undergoes ser-
vice actions in the service element 8, where it
acquires properties demanded and paid for by
the consumer.

N

O >0

Fig. 2. A structural model of the business process and process system
(1, 6 — supporting elements, 2, 3, 4, 5, 7 — production elements, 8 — service element)
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The mathematical model of the i-th pro-
duction element (Figure la), which is fed the
ordered sets of exogenic, X, and endogenic, Y,
flows of resources {x,.ﬂl,x,.ﬂz,...,x,.’”} eX cX
and {y,.,l,yi,z,...,yi,k} €Y <Y, is a multifactor
production function [15, 16], which can be

represented in the following natural form:
Y = f[ ('xi,l’ Xins ces Xins Vits Viaseoos Vik ) ’

where y, € ¥ — the amount of the product that
was produced within the i-th element.

In contrast to the production elements,
where production factors are transformed
into a qualitatively new product at the output,
the supporting elements (Figure 1b) perform
actions to support the production process,
whereas within the service elements (Figure
Ic), service works are carried out upon the
created end-product. The production factors
are not spent within the supporting or service
elements during various actions; however, the
energy, labor, and means of labor are spent
during the works upon the end-product, but
this does not change its amount. While the
supporting processes do not add value to the
produced products, the service processes, on
the contrary, add value to the end-product by
ensuring the properties requested by the con-
sumer and providing services paid for by the
consumer.

Therefore, the mathematical models of the
supporting elements can be represented by
identity production functions of the produc-
tion factors’ transformation into themselves,

f,.(xl.,l,x,.wz,...,xi,n; 15 Vins ...,yl.,k)zx,.j,j =L2,...,n,

f;(xi,l’xi.z"~-axi,n;y,-,p Vigseees i,k) =Vi>J =12,...,k,

The mathematical models of the service
elements are then represented by produc-
tion functions that transform the production
factors and the end-product in the amount
of y into a product of the same amount,

«f(xi,l’xi,Z’""xi,n;y):y [15, 16].

78

2. A mathematical model
of a business process
and process system
under conditions of uncertainty

To adequately describe real business pro-
cesses, mathematical models should take into
account the uncertainty of the future state of
economy, finances, market demand prices
for production factors and energy, volumes of
investments, chances, risks, and other factors
of uncertainty (see Section 1), as well as the
psychological factors that affect the decisions,
opinions, and estimates [17—21]. Uncertainty
is modeled by the stochastic interval fac-
tors that are uniformly distributed inside the
intervals whose boundaries are determined by
inductive (logical, or subjective) probability
[16, 20—25]. To set up the optimization model,
we need to define the quantitative optimiza-
tion criterion and constraints on the range of
acceptable solutions, D [26].

Optimization criterion for the mathemati-
cal model. The uncertain events that might
be crucial in the future could be divided into
two types: events that could be favorable for the
business process (chances) — high profits, goal
achievement, obtaining the planned results —
and unfavorable events (risks) such as losses,
insufficient profit, failures, bankruptcies, etc.
As shown in [16, 24], to ensure the best solu-
tions, the optimization criterion should maxi-
mize the chances and minimize the risks. The
complex criterion “chances-risks” CA&R [16,
24| satisfies these conditions and is defined as

2

Ch&R = B, Ch— | R

where Ch and R — the total projected chances
and risks relevant to the process under consid-
eration;

Bens /3Re[0,1] — the coefficients of relative
importance of the chances and risks.

The values of the total chances Che M
and risks Re M (where M set includes L
chances and K risks) are determined [16, 24]
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as sums of the products of the quantitative
measures of chances (income, profit, cash)
Mg, ,.(k=1,2,...,L) by risks (losses, defaults,
damages) M, ,(k=1,2,...,K) by the measures
of their possible realization, or probabilities,
PCh’k and P, ,i.e.

Rk?

Ch= ZMCh,k PCh,k’ R=

k=1

M

1

L K
Rk PR,k N
k=
Here the qualitative measures of the k-th
chance or risk are stochastic intervals, vary-
ing within the intervals MCh,ke[A_lCh,k,MCh,k],
MCh’ke[A_l R’k,]\_lk,k], where M,,,M., and

Y oni ™M enk

M R’k,ll_[R‘k are the lower and upper bounds of
the intervals of the quantitative measures of
the chances and risks, which are calculated
according to the rules of the interval arithme-
tic [27].

To obtain the best solution relevant for the
business process that will maximize the chances
and minimize the risks at the same time, the
optimization criterion “chances-risks” Ch&R
must be maximized. This means we have to
find a solution under uncertainty conditions
such that we ensure the maximum possible dif-
ference between the lower bound for chances
Ch and the upper bound for risks R [16, 24] for
any o € £ (where w is an elementary event, and
Q is the space of elementary events). We obtain
the following optimization criterion for busi-
ness processes:

max {Ch&R} = max{B,,Ch~ BR[|, )

L —_—
where Ch= ZMCh,k Foni» R= D My Pry-
k=1

K
k=1

Constraints of the mathematical optimiza-
tion model. Constraints of the mathemati-
cal model are determined by the budget and
set the conditions for the value of the total
expenses for the process activities. These
expenses should not exceed the finances avail-
able for the business process. Let us denote the
amounts of the purchased exogenic produc-

BUSINESS INFORMATICS No. 4(42) — 2017

tion factors by {x}={x,x,,...,x,} € D, x>0,
and their costs by Copi and Criv (i=1,2,..m).
Considering that the costs of the production
factors are uncertain and given by stochastic
intervals, and that they vary within the inter-
vals ¢, (@) |:£Ch,i’ECh,[:| and ¢, (w) e [QR,[:ER,I‘]J
Coi < Cg; with the lower and upper bounds
ConirConsand ¢ ;,C, ;, We obtain the expressions
for the total expenses for the purchase of the
production factors for each w € ©:

Co(@) =§c€hﬂ.(a})xi, Ci(w) :iZ::cR’,(a))x,. )

Since both the expenses and the funding vol-
umes of the business process are stochastically
uncertain, we should consider the budget con-
straint in a probabilistic sense, namely through
the probabilities of satisfying the budget con-
straints (inequalities), which should be lower
than certain threshold values p_, and p, set by
the owner of the business process [28] and the
business analysts. Therefore, the constraints
for the chances and risks can be written down
as follows:

P{Co, (@) <1 (0)} 2 e, PICh(0)<14(@)} 2Py, (2)

where Io,(0)e[ 1,1 and I (o) e[ 1, T,);
1, < I ,— the stochastic interval volumes of the
funding of the business process;

P{} — the inductive (subjective, or logical)
probabilities.

The stochastic interval mathematical opti-
mization model. The stochastic interval math-
ematical optimization model of a business
process with uncertain parameters is set up as
follows: we need to find the amounts of the
production factors {x} ={x,x,,...x ,} € D,
x >20,i=1,2,..m, that provide the maxi-
mum value of the criterion “chances-risks” (1)
and satisfy the probabilistic constraints for the

chances and risks, i.e.:

m)eclx{Ch&R} = max {/)’Ch@—ﬁk |R|} ,

P{CCh (w)SICh (a))}zl’cw P{CR (w)S[R ((‘))}Zplr
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To find the optimal solution for the given
optimization model under the conditions of
the stochastic interval uncertainty, we need
to rewrite the probabilistic constraints (2) as
the corresponding deterministic equivalents
[29].

The equivalent deterministic mathematical
optimization model. Let us note that the sto-
chastic interval costs of the production factors
¢, (@), ¢, () and the funding volumes / , (w),
1, (co), weQ are uniformly distributed over
respective intervals. By Lyapunov’s central
limit theorem [30], their sums, which are equal
to the total expenses, are normally distributed
with the expected values

m(Car) = D m(ec, . m(Cy)=Dmie, )
and dispersi(_)ns
(Ca) =30 (e, ) 0(C) =3 0% e ),
i1 =)
where
m(cChy,. ) = (gc,“.+ ECh,,.) /2 ,m(cR’i) = (QR,,. +Cp; ) /2,
*(cons) = (€ ons —Cons )2/12, 0(crs)=(cpi—Ca, )2/ 12.

By the theorem [29], we rewrite the proba-
bilistic inequalities in the constraints (2) in a
deterministic form and thus obtain the final
equivalent deterministic mathematical optimi-
zation model:

b

m(Cg, ) +ke0* (Coy)+0° (1) <m(1,),
m(Cp)+ ke J0? (Co)+0° (1) <m(I),

x, 20, i=12,...,m,

max {Ch&R} = n}%x{/BCh@—/J’R ‘ R

where k,, k, are the quantiles of the standard
normal distributions;

m(1.,), m(I,) and o’ (ICh ), OZ(IR) are expected
values and dispersions for the stochastic inter-
val volumes of funding:

30

m(I,)=(Loy+Te) 12 m(1g) = (1 g +14)/2,
0 (L) = (Ley— 10, ) 112, 0%(1) = (Lo~ T,) 112.

The deterministic mathematical optimiza-
tion model so obtained belongs to the class of
general problems of nonlinear programming.
Its optimal solution can be obtained using spe-
cialized software packages, such as NEOS,
AMPL, MATLAB, MathOptimizier, GALA-
HAD, and MS Excel. From the optimal solu-
tion {x} = {xl Xy s .,x;} obtained numerically,
we can find the optimal values for all the fac-
tors of the business process and process system:
the amount and cost of the end-product, the
amounts and costs of the intermediate prod-
ucts obtained as the outputs of each element,
incomes and profits under different projected
future conditions, etc.

3. Method for estimating
the inductive probabilities
of projected events

Probabilities of future events (the state of
economy, finances, risks, chances, etc.) should
be estimated using the concept of inductive
probability, because the projected events are
unique, and the concepts of the classical or
the statistical probabilities are not applicable.
Unique events are not the random objects that
classical probability theory deals with, because
such events do not satisfy the necessary con-
ditions of being indefinitely repeatable, uni-
form, and possessing a stable frequency in a
large number of trials under identical condi-
tions [20—24].

The concept and method for estimating
the inductive probabilities P(A4) for the events
{4} ={4,, A,, ... A} to occur are developed in
[21] and lead to the projections that are consid-
erably more accurate. The method is based both
on the statistical data on the projections of the
relevant events over past periods of time and on
new information about the present trends. The
data for the past periods of time characterize
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the errors made by the person who performed
the projections of the events and estimated
their probabilities. The data derived from the
history of the events’ development and infor-
mation about the current trends can be used
to calculate the corrections. These two types
of data allow one to derive two matrices: the
matrix of projecting errors made by the given
person, £, and the matrix of corrected pro-
jections, M, calculated by the use of current
information. As shown in [21], the unknown
vector P(A) describing the probability that the
projected events will occur is the eigenvec-
tor of the complete projection error matrix
K =M - L corresponding to the eigenvalue 1,
i.e. P(A) =3 - P(A).

Conclusion

The stochastic interval mathematical opti-
mization model proposed in this paper allows
for the modeling of optimal business processes
and optimal structures and parameters of the

process systems under conditions of uncer-
tainty reflecting the state of the future econ-
omy, finances, market environment, demand
for new products, costs of the production fac-
tors, sale price of the end-product, investments
volumes, future chances and risks, and so on.
The structural model of a production system
may include the productive, supporting, and
service elements that cover the entire range of
activities performed during various business
processes that transform the input factors into
the output products. The mathematical models
and methods developed in this paper facilitate
the mathematical modeling and optimization
of various business processes and process sys-
tems without limitations regarding the com-
plexity, qualitative and quantitative composi-
tion of the process elements, or the complexity
of the structure of the process system. They
can serve as a foundation for the development
of software packages for the quantitative design
of business processes and complex process sys-
tems under conditions of uncertainty. m
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