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Abstract: Business Intelligence technology for over 20 years is the market leader in analytical processing
of data. As numerous market researches demonstrate Business Intelligence has substantial affect on global
competitiveness of enterprises and on the stability of their position in the market, which is particularly im-
portant in times of economic downturn. Although main users of this technology are large companies and
corporations, software vendors are still looking for solutions that are also available for the SME (Small
and Middle Enterprises) sector and non-profit enterprises. One option available recently is possibility to use
Cloud Computing environment. The article considers the opportunities and risks posed by the organization
of Cloud Business Intelligence system on the example of using it in SME sector.
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1 Introduction

The characteristic feature and the determinant of Busi-
ness Intelligence (BI) effectiveness is the degree of its
integration at the level of concept, organization
and functioning ([2], [3]). This integration is hindered
by locational, organizational and functional dispersion
of data sources and system users. In the consideration
case of the SME sector there is also the problem
of having to take advantage of the high level of support
in the design, construction as well as maintenance
of the BI system. With the need to ensure high effec-
tiveness and efficiency of its use. Due to the complexi-
ty of BI and the need of finding a solution ensuring
optimum of the integration in distributed organization
structure, it seems reasonable to propose architectural
solutions based on Cloud Computing (CC) framework.

If it treats CC as the development of earlier former
and concepts of services such as: grid computing, utili-
ty computing, distributed computing, visualization,
and above all SaaS and outsourcing, that attempt
to integrate these solutions with BI is being developed
for several years in researches papers (e.g. [2], [8], [11]
and [32]). All of them are carried out for long time with
varying degrees of success, but each of them should be
regarded as fragmented in comparison to all the needs
of the SME sector. Therefore this article presents
the concept of integration BI solution in CC environ-
ment, dedicated for SMEs enterprises. The purpose
of the construction of such a solution is making availa-

ble BI solutions to SMEs sector, taking into account
full package of economic, organizational and functional
constraints in the implementation and use of them.
This objective can be expressed by the research ques-
tion to which the answer will be sought:

How the restrictions in implementing of Business Intel-
ligence can be eased or eliminated
through using Cloud Computing technology?

The answers to the above question was subordinated
to the structure of the presented article. In section 2
of the article possibilities and limitations of BI technol-
ogies are discussed. Properties and specifics of CC
technology are presented in section 3. Varieties variants
of the integration of BI with CC concept are described
in section 4. In section 5 the proposal for Cloud Busi-
(CBI)
for SMEs are placed. The article ends with summaries

ness Intelligence implementation concept

and conclusions in section 6.

2 Specificities, possibilities and limitations
of Business Intelligence technology

Business intelligence is gathering, managing, analyz-
ing, and sharing of information in order to gain insights
that can be used to make better decisions [14].
The most important purpose of BI is to provide busi-
ness managers and analyzers the instruments required
conducting analysis [30].
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Figure 1. Conceptual three-layer BI architecture
(source: based on [2])

It can extract and organize available information
to help users to make timely and accuracy decisions
to promote management, marketing and company de-
velopment by fully using present business information
and modern techniques [35]. Cui et al. [9] consider BI
as way and technique of developing business perfor-
mance by supplying influential supports for managerial
decision maker to let them to have liable information
at hand. BI tools are viewed as technology that facili-
tates the effectiveness of business function by giving
an enhanced value to the enterprise information
and therefore the way this information is used. BI can
also improve financial performance and service, it al-
lows to sustain the competing merit and to bring more
economics benefits for company through analyzing
and holding new opportunities and finding potential
threats.

These all is done through interactive access to existing
and historical information, circumstances, and execu-
tions, which all supply perception in the organization
and makes capable intelligent decisions. BI can be
served as architecture, tool, technology, or system that
collects, stores, and analyses data by analytical tools,
facilities reporting, querying and delivers information
that eventually lets organizations to enhance decision-
making [30]. The BI systems contribute to enhance-
ment and precision of information flows, and know-

ledge management and they make capable organiza-
tions to ([20], [25]):

e pursue profitability of their goods sold,
e analyze costs,
e monitor incorporated environments,

e detect business anomalies and frauds.

The basic architecture of BI contains three layers (see
Fig. 1): data, logic and access. Data layer is cleaning
and transforming useful data, extracted from many
different data sources. Then, after ensuring its accura-
¢y, loading them into data warehouse, data mart or data
store. Logic layer is analyzing data by suitable queries
and analysis tools, data mining tools, OLAP tools, etc.
Finally, access layer presents the results of logic layer
for supporting management decisions. It is realized
with graphical user interface, analytical application
or web portal.

According to IDC' researches the market of Business
Intelligence is now the fastest growing IT sector
and one of the few that have experienced growth
in own value during crisis years.

"IDC (International Data Corporation) - one of the biggest com-
panies involved in researches of the global ICT market. It deals
with the preparation of sectoral researches, is a strategic advisor
to ICT projects. The main its goal is to provide analysis on cur-
rent and future development trends in individual sectors of the
ICT market.



Cloud Business Intelligence for SMEs Consortium 107

According to IDG’ and SAS Insitute’ experiences [36]
it happens because enterprises see in this IT tools cate-
gory a chance to gain competitive advantage (80%
of surveyed companies) and overcome the effects
of economic slowdown (70% of surveyed companies).

Mentioned SAS research was conducted in 2009
among 80-plus medium and large Polish companies.
It showed that the most important effects of the Busi-
ness Intelligence system implementation are [36]: high-
er quality and better availability of management
information (62% of respondents), the possibility
of optimization and efficiency improvement of business
processes (60% of respondents), a support in reasona-
ble reduction of operating costs (44%), an increase
in management efficiency (40% of respondents),
an increase of revenue (20% of respondents), an im-
proved relationships with customers (16% of respond-
ents), an increased financial transparency within
the enterprise (10%). Surveyed entrepreneurs are using
or have used Business Intelligence tools in the man-
agement of [36]: finance (56%), strategy (38%), cus-
tomer relationship (38%), supply chain (16%
of respondents), production (16% respondents), mar-
keting (12% of respondents), human resources (8%
of respondents).

Although the survey was conducted among medium
and large enterprises, providers of Business Intelli-
gence solutions said that for the same reasons the SME
sector enterprises buy those solutions more and more
often [10, p. 16-26]. This was possible because more
and more software producers begin to see the needs
of SMEs, now their products are more financially
available for this sector. However, as shown in author’s
survey results conducted among 150 dental clinics
ofthe SME sector, the most important restrictions
of the use of IT tools in supporting decision-making are
[28]:
e lack of technical knowledge in the field of IT solu-
tions decision-making support,
e lack of trained personnel, to whom implementation
and maintenance of such solution could be ad-
dressed,

2 IDG (International Data Group) — The international company
dedicated to the provision of multimedia and marketing services,
organization of conferences and meetings, scientific publishing,
market research, consultancy of design and implementation
and propagation of knowledge about modern IT technologies.

® SAS Institute — international IT corporation classified as Busi-
ness Intelligence market leaders.

e limited knowledge of business management (man-
agement is mostly based on intuition and own expe-
riences),

e limited financial resources which could be used
in this type of investment,

e limited and often insufficient for multidimensional
analysis the number of collected operational data re-
sources.

Taking into account those limitations will be sought
the such organization of BI system that provides
the possibility of its implementation in the identified
group of SMEs.

3 Characteristics of Cloud Computing
technology

CC is a style of computing where massively scalable
IT-related capabilities are provided “as a service” using
Internet technologies to connect multiple external cus-
tomers [26]. The name “cloud” is an acronym of:
“Common, Location-independent, Online Utility that is
available on Demand” [7].

CC refers to both - applications delivered as services
over the Internet and the hardware and systems soft-
ware that provide those services. It is emerging model
of computing where hardware in large data centers can
be dynamically provisioned, configured, and reconfig-
ured to deliver services in scalable manner [15]. Sum-
marizing the cloud model presents three new
dimensions for computing [1, p. 1]:

e the infinite computing resources available on de-
mand, thereby eliminating the need for cloud com-
puting users to plan far ahead for provisioning.

e the elimination of up-front commitment by cloud
users allowing to start from small and next increase
hardware resources only when there is an increase
in their needs.

o the ability to pay for use of computing resources
ona short-term basis as needed (e.g., processors
by the hour and storage by the day) and release
them as needed, thereby rewarding conservation by
letting machines and storage go when they are no
longer useful.
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Figure 2. Visual model of NIST of Cloud Computing definition
(source: based on [4])

The cloud model is composed of five essential charac-
teristics, three service models, and four deployment
models (see Fig. 2).

These five characteristics include [4]:

e broad network access - all computing resources are
available over the network (e.g. internet) and ac-
cessed through standard mechanisms that promote
use by heterogeneous thin or thick client platforms
(e.g., mobile phones, laptops, and personal digital
assistants),

e rapid elasticity - capabilities can be rapidly, in some
cases automatically, and elastically provisioned;
for consumers these capabilities are unlimited and
can be purchased in any quantity at any time,

e measured service - cloud systems automatically
control and optimize resource use by leveraging
a metering capabilities at some level of abstraction
appropriate to the type of service (e.g., storage, pro-
cessing, bandwidth, and active user accounts); re-
controlled,
and reported providing transparency for both
the provider and consumer of the utilized service,

source usage can be monitored,

e on-demand self-service — clients can ourselves con-
trol computing capabilities, such as server time
(CPU time) and network storage, and as needed au-

tomatically change them (conveniently by self serve
method) without requiring human interaction with
each service's provider,

e resource pooling - the cloud service provider's com-
puting resources are pooled to serve multiple con-
sumers using a multi-tenant model, with different
physical and virtual resources dynamically assigned
and reassigned according to consumer demand.

Three service models contain [4]:

e Software as a Service (SaaS) — the consumers use
the provider’s
on a cloud infrastructure,

software applications, running
e Platform as a Service (PaaS) — the consumers have
access to the cloud infrastructure using program-

ming languages and tools supported by the provider,

e Infrastructure as a Service (IaaS) - the consumers
get provision to processing, storage, networks,
and other fundamental computing resources where
the consumer is able to deploy and run arbitrary
software, which can include operating systems
and applications.

The type of CC model is related to division of level
of management and responsibility between user vs.
service provider (see Table 1).
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Table 1. Division of management and responsibility between user vs. service provider
(source: based on [13], p. 19)

Self-managed/ IAAS PAAS SAAS
self-owned
Application Organization has control Qgmbailom B e Coi: Vendor has control

trol with vendor

Organization shares control

Virtual machine with vendor

Organization shares con-

trol with vendor Vendor has control

Server Vendor has control

Vendor has control Vendor has control

Storage Vendor has control

Vendor has control Vendor has control

SaaS

Platform

I

PaaS

Infrastructure

TaaS

Figure 3. Relations between architecture layers and service models in CC
(source: based on [24])

These three types of models handle five layers of cloud

computing architecture (see Fig. 3):

server layer - the base layer comprised of servers,
hardware and software, present in different loca-
tions interconnected with high speed network con-
nections,

infrastructure layer - the layer which contains infra-
structure as a service, provided by the service pro-
vider in the form of virtual machines or operating
systems,

platform layer - such capabilities as developing
and testing applications without investing into addi-
tional hardware or software, services for team col-
laboration, web services integration, operated online
desktop-like environment, etc.,

application layer - access to applications without
installing and updating any software on the comput-
ers locally,

client layer - the final layer comprised of both
hardware and software required in the cloud net-
work for correct functioning.

Finally, the four deployment models are [4]:

private cloud - the cloud infrastructure operates
solely for an organization,

community cloud - the cloud infrastructure is shared
by several organizations and supports a specific
community of these organizations with common
mission, strategic objective, security policy, etc.,

public cloud - the cloud infrastructure is available
to the general public or a large industry group and is
owned by an organization selling cloud services,

hybrid cloud - the cloud infrastructure is a composi-
tion of two or more clouds (private, community,
or public) that remain unique entities but are bound
together by standardized or proprietary technology
that enables data and application portability (e.g.,
cloud bursting for load-balancing between clouds).
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Figure 4. Practical example of CC technical framework
(source: [12, p. 4])

All above elements form the framework of CC solu-
tion. The example of this framework is illustrated be-
low at the Fig. 4. Practical example of CC technical
framework (Fig. 4) provides a high-level overview
of the key functional components for cloud computing
services for USA Government. The cloud computing
framework is neither an architecture nor an operating
model. The framework is a functional view of the key
capabilities required to enable cloud computing tech-
nology. It consists three major categories of cloud ser-
vices:

e Cloud Service Delivery Capabilities — core capabili-
ties required to deliver cloud services,

e Cloud Services — services delivered by the cloud,

e Cloud User Tools — tools or capabilities that enable
users to procure, manage, and use the cloud ser-
vices.

The horizontal functional areas represent the core
of computing capabilities that enable different levels
of cloud computing. The vertical functional areas illus-
trate the management and business capabilities needed
to wrap-around the core components to enable business
processes with cloud computing. For example, report-
ing and analytics offer the ability to perform key re-
porting and business intelligence analytics and
therefore are not core cloud computing components.
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Table 2. Benefits in the practical example of CC technical framework
(source: [18, p. 3])

Type of benefits Current environment CC framework benefits
— low asset utilization (i.e. servers utili- | — improved asset utilization (i.e. servers utili-
zation < 30%) zation increase to 60-70%)
— fragmented demand and duplicative — aggregated demand and accelerated system
Efficiency systems consolidation
— difficulty to manage systems — improved productivity in application de-
velopment, application management, net-
work, and end-user applications
— years required to build data centers for | — more responsive to urgent agency needs
. new services
Agility ; . - - : .
— months required to increase capacity — instantaneous increases and reductions in
of existing services capacity
— burdened by asset management — shift focus from asset ownership to service
management
Innovation — decoupled from private sector innova- | — tap into private sector innovation
tion engines
— risk adverse culture — encourages entrepreneurial culture

However, analytics offer significant business capabili-
ties that can harness the power of the data that will
reside within the cloud computing environment.
For this project benefits shown in Table 2 were identi-
fied.

Among the most frequently mentioned benefits of CC
technologies are [27, pp. 10-11]: scalability, easy im-
plementation, skilled practitioners, frees up internal
resources and quality of service. However, while men-
tioning undoubted advantages of cloud computing we
cannot forget about its risks and faults. Gartner Insti-
tute” lists seven major threats [26]: data risk, regulatory
compliance, data location, data segregation, recovery,
investigative support and long-term viability. Many
works are devoted for research of risk in implementa-
tions of CC framework, e.g. in works of Committee
of Sponsoring Organizations of the Treadway Commis-
sion (COSO) are exchanged [13, pp. 4-5]: disruptive
force, residing in the same risk ecosystem with other
tenants of the cloud, lack of transparency, reliability
and performance, vendor lock-in and lack of applica-
tion portability or interoperability, security and compli-
ance, high value of cyber attack, risk of data leakage,
IT organizational changes and cloud service provider
viability.

The above analysis shows that although the CC tech-
nology implementation is fraught with risk, and certain-
ly is not the solution for everyone, it also creates

* Gartner Institute — is international research institute focused
on analyses of IT market.

an opportunity to increase efficiency and integrity in BI
solutions. The conception of building a BI system
in CC technology is shown in the next section.

4 Cloud Business Intelligence — scenarios
and strategies of system organization

The diverse constructs introduced above lead to
a framework that can help with identifying, combining,
and evaluating potential services. This framework is
visualized in Fig. 5.

The link to all possible variations is an umbrella
of general provider and contract related issues. As in all
outsourcing agreements, it needs to be thoroughly test-
ed whether the provider is trustworthy. Besides,
the contractual agreement has to pinpoint CC promises
of high availability, data security, flexibility, scalabil-
ity, and reliability in form of defined service level
agreements.

The next building block in the framework is the actual
composition of the service. This can be achieved
by specifying the applied granularity on the tool layer
(solution, component, or web-service) and by defining
the subsumed BI services with the help of the dimen-
sions component, business specificity, and life-cycle
phase.
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Next CC aspect is the distribution. In BI solutions it
contains: physical distribution (with the options
of confining the data storage locations to the premises
of the provider, to keep the data in a network of busi-
ness partners, or to freely distribute it on Internet level)
and the architectural distribution (with the extremes
of an end-to-end service provider on the one side and
a best-of-breed solution composition that combines
services of several providers on the other).

Finally intended benefits have to be reflected upon.
This can refer to classical cost based outsourcing ra-
tionales or to harnessing the qualitative traits of CC
approach (introducing flexibility, scalability, perfor-
mance, or additional functionality). Besides, there
might be informational benefits (through add-on data
integration services from the provider) or even trans-
formational effects (by adding new capabilities).

4.1 Cloud Business Intelligence scenarios

Starting from the above characteristics can suggest
possible scenarios for implementing BI solutions
in CC. The composition of the three basic elements:
contract, service and distribution creates suitable

scheme of (Fig. 6, [3, p. 1536]): add-on services sce-
nario, tool replacement scenario, solution provision
scenario, business network scenario, best-of-breed
scenario, BI mashup scenario.

The add-on services scenario refers to the inclusion
of selected functional blocks from CC into BI infra-
structure. Examples are components for web infor-
mation retrieval, web services for preprocessing
qualitative data (e.g. with object or face recognition
data
By applying grid technologies on the provider side,

algorithms), visualization components etc.
even computation heavy features become affordable.
The approach is relatively risk free because of its small

scale.

In the tool replacement scenario CC idea is applied
to complete software tool, e.g. web portal, data mart
or OLAP tool. The tool replacement conforms to the
SaaS idea with possible benefits being a more favorable
cost structure, higher service levels and performance
(e.g. when applied to complex analysis tools). Depend-
ing on the type of tool that is moved to CC, this can
become a critical cut into existing BI infrastructure
with far reaching implications. Long term contracts
with trusted vendors and a curbed data distribution
seem suitable for this scenario.
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Figure 6. Cloud Business Intelligence scenarios
(source: based on [3, p. 1536])

The solution provision scenario comes close to a classi-
cal ASP (Application Service Provider) agreement with
the provider being responsible for the complete hard-
ware and software of an isolated solution — end to end
and across all layers. It has disadvantages as it possibly
introduces a centrifugal force to an integrated BI infra-
structure. It might however be suited for special pur-
pose solutions that need to be set up fast, e.g. for
a time-restricted data mining project or for piloting new
types of applications.

The solution provider scenario comes from and acts
within the confines of a business network. This might
be a B2B marketplace, a franchise operation, a supply
chain etc. The service provider is preferably a central
and neutral partner in the network and provides solu-
tions geared at the different members. CC aspect lies in
the physical abstraction with the provider infrastructure
being virtualized, i.e. by connecting the data center
resources of the network members. This scenario also
allows for information integration benefits.

The best-of-breed scenario is the idea of pushing
the tool replacement scenario further up to the point
where all components of the BI infrastructure are deliv-
ered by external providers. The result is a fully virtual-
ized BI infrastructure that reaps all benefits of a best

of breed resource allocation. Unfortunately this scenar-
io is currently still hampered by the Cloud capabilities
of some BI tools.

The BI mashup scenario assumes a freely composed BI
solution sourced from a global Internet market space.
Compared to the best-of breed scenario, it adds a finer
granularity as well as a stronger focus on combinability
and quick development (the development life cycle
phase). The additional benefits primarily lie in its ex-
treme agility.

4.2  Cloud Business Intelligence integration
strategy

Integration of solution needs a very well defined strate-
gy which provided CC capabilities. Success of the im-
plementation depends on the existence of a service
oriented strategy at the level of the organization, which
would provide the necessary infrastructure for the CC
implementation [16]. Based on recent research on inte-
gration of BI solution and transition it to CC ([23],
[19]) it proposes the following strategy of implementa-
tion of solution in six stages (see Fig. 7).

1. Initation

2. Analysis and evaluation of
the present stage of business

3. Designing CBI solution

h 4

6. Management of
CBI solution

5. Implementation of the CBI

strategy

4. Evaluation and selection of
CBI provider

Figure 7. Stages of Cloud Business Intelligence integration strategy

(source: [22, p. 44])



114 Katarzyna Rostek, Michat Wisniewski, Agnieszka Kucharska
i Main approach: i i Main approach: cost- i i Main approach: cost- E
i technical and business | ! benefitapproach based ! | benefitapproach based !
! value, flexibility i ! ontechnicaland business | ! ontangible monthly i
\ i+ value, and flexibility | | expenses i
s e T . D oly |
: Lt b e i e
1~ L L 4. Implementation
1. Strategic analysis 2. Architectural analysis 3. Solution design CRL
~ " \ ';"\
e % - J .
P R e
; \“ : " : '
|! l\- i _i "\<_.-,_‘_‘-A_.-‘ ..... i L - imimrm - ’
U N mmimmm e 1 1
; NG s : : Main decisions: i Main decisions: estimated :
o ;
: intepration, migration, : ! strategy of CBI | costs and benefits .
i keeping : : i i
; _________________________ A AL SRR AT R S SR SE T ) R S S e e D S e 1
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Initiation stage includes identifying and setting may be achieved gradually, and the software provi-
the hierarchy of business objectives, assessing sion models will coexist for a period of time,

the budget needed to use solution, setting up the work
team, the deadlines and the resources for implementa-
tion and maintenance. Also, within this stage the busi-
ness users that will perform solution management must
be identified and involved in the following stages.
Strategy work team have to include IT personnel as
well as business management. They will communicate
with internal and external stakeholders concerning
objectives, progress, costs and benefits for each cloud
project.

For the success of strategy it is essential to identify
resources used in the daily operations and in establish-
ing the internal operation base. Also, at the level of the
organization, the present needs and possible opportuni-
ties of solution have to be identified. Therefore,
the present stage of business has to be analyzed
and evaluated both from an internal and an external
perspective of the business, putting the stress on the
culture and value of business, on important business
processes and business infrastructure. Evaluation
of business infrastructure involves, among other things,
analysis of management and security of applications,

data storage, finding and classifying data.

Designing of solution may be achieved through
the following steps:

e mapping BI requirements and IT culture according
to one of CC models - the key for the success
of strategy is obtaining the correct combination be-
tween the cloud and internal development for taking
advantage of both solutions. Transition to the cloud

e identification and evaluation of the different plans
of verification of the benefits of solution - for the
evaluation of different plans, the types of criteria
determining the opportunity of solution in a specific
situation must be analyzed, such as: level of person-
alization of data sources; priority of BI solution
on the list of internal IT projects; considerations re-
garding security, risks, regulatory and privacy is-
sues; development of organization and applications,

e identification of the main providers that meet
the operational, technical and business requirements
- identification may be achieved based on infor-
mation from search engines, consulting firms,
and from other sources. Selection of candidate plat-
forms may be made between the traditional BI pro-
viders that have adapted their offer to the cloud
or/and the new providers specialized in BI products
in cloud.

The evaluation of solutions/providers has to be done
based on the most recent sources (provider, consulting
firms, the newest articles), the rest of the sources
of information representing the grounds for obtaining
a global image of the market of BI in CC. Within this
stage takes place the analysis and testing of solutions,
the selection of candidate solutions, identification
of major changes and obtaining insurance from the
selected providers. The model of decision for choosing
the solution combines strategic factors and techniques
with cost-benefit analyses for decisions of migration,
versus integration or keeping in house (see Fig. 8).
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Table 3. Restrictions BI technology on SME sector vs. CBI system conception
(source: own research)

Restrictions BI technology in SME sector

CBI solution

lack of knowledge in the area of possibilities effective-
ly support management decisions

supplied as the complete solution and does not require
knowledge of advanced information technology

limited knowledge of modern methods and models
of business management

based its concept of architecture and structure of the data
model on the predefined model of key competitiveness fac-
tors, dedicated to a specific group of enterprises

inability to self implementation and maintenance of BI
system

implemented and delivered as a service (e.g. outsourcing,
cloud computing)

limited resources for budgeting IT projects

implemented, maintained and funded as a product shared
by a group of enterprises, and not as individual solution

limited and insufficient number of collected source
data

supports a whole group of comparable and competing firms
in the data collected and shared the results of analysis

The major decisions, in this model, are: strategic anal-
yses for grounding decisions of migration/ integration/
keeping based on business factors, architectural anal-
yses based on intangible cost-benefit analyses of strate-
gic decisions and the selected solution based on the
analyses made.

Based on the final offer of the provider, the team will
measure the impact of the selected solution on the or-
ganization, assessing costs and benefits in order
to determine the opportunity of integration and the key
elements under negotiation. Finally, based on the offer
and the model of contract, the contractual elements are
negotiated: price, service conditions, payment, obliga-
tions of the parties, etc., and the contract is closed.

Implementation of solution may be achieved in itera-
tive stages, through continuous transmission of data,
services and processes toward the cloud, with possible
returns from the cloud to operations hosted internally.
This is achieved through continuous evaluations of the
benefits of cloud technologies. Also, implementation
involves setting a flexible program of risk management
(to cope with IT risks that are increasing continually),
testing the solution’s performance and the management
of implementation.

Utilization of solution involves changes in the manipu-
lation of processes, such as data processing, develop-
ment, receipt of information, means of storage,
archiving and saving data, etc. Migration of critical
applications and infrastructure to CC and maintaining
the business activity involves important human re-

sources for the management of sensitive data and of
applications during migration. At the end of the solu-

tion’s implementation takes place the training of users

in operating the new systems.

At the level of the management stage must be present
a management model that should include policies
on security, the management of applications and infra-

structure, risk management and continuous evaluation

of solution. An efficient management is essential

for any quality management program. It supports pro-

active ensuring of quality by measuring and improving
processes, procedures and services. Besides the typical
components of BI solution in monitoring solution must
be taken into account the specific elements of CC envi-

ronment. Among them, the most important are: moni-

toring URLSs, monitoring system resources, monitoring

log files, event management, multi-client capabilit
evaluation of contracts with providers.

ies,

The process of selecting strategy is iterative and is

based on the results of the technical and economical

analyses. Every iteration of the presented cycle identi-

fies and eliminates the platforms of solutions that
unacceptable or unavailable, configurations that are

are
too

expensive or solutions with an unacceptable level

of security. The number of iterations depends on

the

number of available candidate solutions. An attempt

to select and propose concrete the solutions for a SMEs

group will be shown in the next section.
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Figure 9. The model of CBI system for SMEs Consortium
(source: own work)

5 Cloud Business Intelligence for SMEs —
proposition of using

Proposed concept of CBI is based on the assumption
that SME receives ready to use product, which actively
supports the development of its competitive strategy.
This has a direct impact on the scope of the functionali-
ty of BI tool, but is necessary due to the low awareness
of management employees and thus also to the lack
of skills to use computer applications supporting the
decision-making process. This problem does not only
concern the SME sector, but all uses of advanced ana-
lytical systems which after implementation are not
properly operated and consequently does not bring
expected economic and performance outcomes. Pro-
posed BI solution has predefined modules equipped
with complete set of analyzes and reports (dedicated
to specific industry or business) and data warehouse
integrates data collected from group of enterprises (in-
stead from single one).

With the adoption of a common solution for the group
of comparable and mutually competing enterprises
becomes available the functionality, which has hitherto
was not known. It is a possibility of realization
of a benchmarking analysis in the group of competing
firms. Based on these analysis is possible to determine
their competitive position and benefit from the experi-
ence of the group leaders during define the individual
strategy for competitiveness. Specific reference to the
restrictions in relation to the solutions proposed in sys-
tem presents Table 3.

The model of CBI system is presented at Fig. 9.

The aim of CBI implementation is to support decision-
making process in managing of competitiveness devel-
opment. Use of CBI for this purpose will result in:

o the ability determine the current enterprise position
of the competitive market,

e the adjustment of competitiveness development
strategy to this competitiveness position which the
enterprise intends to achieve in the future.

This is made possible by the fact that source data into
the system are delivered by the group of users, and not
by a single enterprise. This concept is consistent with
the approach proposed by analysts of Gartner Institute
[33], who at Gartner BI Summit Conference in May
2011 proposed the output with BI system outside the
enterprise by using not only internal but also external
data sources. The postulate was seen as useful, but very
difficult to pursue. Proposed solution demonstrates how
it can be achieve in the practice

Group of CBI users periodically delivers their source
data over the lifetime of the system. It is a prerequisite
to ensure its actuality and usefulness. The source data
are integrated in a common repository of data, pro-
cessed analytically and made available to users in the
form of ready-made analytical results, statistical sum-
maries and reports.

Data model (data integration layer at Fig. 9) and analyt-
ical layer of CBI system are dedicated exactly to the
needs of its users.
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They are based on the competitive model, selecting key
competitiveness factors and designating the current
competitive position of the enterprise in the group.
In addition CBI system is delivered as a service, so the
management of it is on the provider side and not
the users. There are many different variants of out-
sourcing services in Bl systems [2, s. 1164]:

e reporting service - outsourcing of tools to build
analytical reports via the internet based solely on lo-
cal data of the user,

e OLAP service - outsourcing of multi-dimensional
analytic structure built on the basis of market data,
which can be expanded on user’s own data and in-
tegrated with its analytical system,

e data mining and visualization of data service —
the client uses an external service of professionals
in the implementation and the presentation of results
analyzes based on the resources of own collected
data,

e data warehouse and ETL service - supplying data
into the data warehouse and maintaining its re-
sources is done exclusively by the equipment pro-
vider.

It is clear, that these types of outsourcing services can
be combined, for example by taking advantage of data
warehouse and ETL service with data mining and data
visualization service. The chosen variant of CBI system
type will have then a direct impact on its architecture.
Right choice the variant of CBI system implementation
is determined by the answers to three basic questions:

e what elements of the CBI system the enterprise is
able to maintain independently, and which must be
transferred to outsource?

e what resources of data are available for analysis (in
terms of their quantity, quality and range of infor-
mation ) and what is their level of confidentiality?

e how many the enterprise is able to pay for the im-
plementation and the maintenance of CBI system?

The answer to these questions allows the selection
of a package of services which must be done outside
and those that can be implemented locally. It should
carefully consider rights and responsibilities of the
provider and the recipient in the range of organization
and management of CBI architecture, taking into ac-
count the need to ensure a dynamic development of this
architecture and available system functionalities. Ad-
justment of the project from one side to the needs
and on the other side to the capacity of the enterprise is

simply defining the set of system functionality in the
case of using outsourcing or cloud computing services.
That set of functionality ensures the implementation
of user needs and is acceptable for the enterprise taking
into account the extent of obligations arising from
the need to ensure system efficiency and costs (taking
into account amounts associated with maintenance
of the system such as monthly fee).

In proposed concept the stage before the implementa-
tion of CBI system project is the construction of refer-
ence model of key competitiveness factors. Main goal
of the model is determining the competitive position
occupied by the enterprise in analyzed group.
The model allows both: to conduct internal analysis
of the competitiveness of the enterprise, and to com-
pare its situation with respect to the competitive envi-
ronment (which are co-users of CBI system). Obtained
results provide managers with the knowledge about the
importance and the impact of identified key competi-
tiveness factors on the competitive position, which then
is reflecting in developed strategy and results in in-
crease the efficiency of competitiveness development
management. Applying reference model of key com-
petitiveness factors as the basis for CBI system project,
guarantees its suitability and usability for the enterprise
in defined range of analytical and decision-making
uses.

Using CBI system always increases the awareness
of managers in possibilities of using IT solutions
in decision-making process. Analytical and reporting
needs of users are changing and usually expanding
during the work with the system. If the system is sup-
plied as a service its development is possible and avail-
able at any time of user requests. Expected changes
in services are provided by the supplier and only bur-
den for the user is the change of monthly fee. Presented
CBI system concept, offered as a service with prede-
fined analytical module and database structure adapted
to this module, becomes economically, technically
and organizationally available for SMEs.

Measurable and immeasurable benefits of using that
system are described in Tab. 4. The implementation
and effective use of CBI system will result in time
savings, rationalization of costs and the optimization
of management efficiency. Proposed system architec-
ture also allows the enrichment of own management
experience by experiences of competing enterprises
in the common market, according to good practices
and ethical code of benchmarking.
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Table 4. Expected effects of the implementation of CBI system dedicated to SMEs

(source: own research)

Feature of CBI system

Measurable effects

Immeasurable effects

analysis of competitive posi-
tion of the enterprise

maximization of the profit, rationalization
of costs

supporting of setting goals and direc-
tions of a development of competitive
strategy

benchmarking results be-
tween co-users CBI system

maximization of the profit, rationalization
of costs

determination of competitive strategy
targeted by experiences co-users of
CBI

analyzes and reports

budget preparation

reduction of uncertainty degree in man-
agement decision-making process

predictive analysis

rationalization costs incurred for the devel-
opment of enterprise competitiveness

reduction of operational risk in man-
agement decisions making process

analytical data repository,
data warehouse

reduce the time to access to management
information

increased availability of analytical data
for wider range of users in any place
and any time

multidimensional data pro-
cessing tools

reduce the time to prepare and modify que-
ries and analysis

increased availability of analysis for
wider range of users in any place and
any time

visualization tools, presenta-

reduce the time to prepare, modification and

increased availability of management

tion and distribution of in-
formation

distribution of reports

information for wider range of users in
any place and any time

ETL tools

systems

increase data quality also in transactional

data standardization in the whole of the
enterprise and of co-users CBI system

The verification of usefulness proposed solution was
based on the research experiment, which involved 10
of initial group of 150 dental clinics (covered by survey
research’, [28]). Data collected from these clinics were
used to build DBI system (Dedicated Business Intelli-
gence). The purpose of using system was to determine
competitive position of each clinic in the group.
This was made possible by creating reference model
of key competitiveness factors, which in three identi-
fied areas of measurable effects (El - modernity
and quality of medical services, E2 - the ability to meet
the needs of patients, E3 - results of sales) on the basis
of calculated values of key competitiveness factors
(C1- technological level, C2 — the quality of services,
C3 - timeliness of service delivery, C4 - lasting rela-
tionships with customers, C5 - sales, C6 - costs
and expenses, C7 - the utilization of fixed assets, C8 —
the staff productivity) defined value of the competitive
position CP for each enterprise in analyzed group.
Then benchmarking of obtained results allowed
for matching strategy of competitive development for
this competitive position, which the clinic intends
to take in this group in the future [28].

Results obtained during the experiment confirmed
the usefulness of the proposed concept of DBI solution.

* Scientific work financed from budget funds for science

in 2009-2011 as a research project No. 0078/B/H03/2009/37.

DBI system enhanced by reference model of key com-
petitiveness factors was more understandable, friendly
and helpful to users than IT solution equipped only
with analytical and reporting tools. As a proof of cost-
effectiveness and effectiveness of DBI implementation
it was carried out analysis, presenting below.

It is assumed that a properly implemented and effec-
tively used BI system should be paid after 3 years
of use. Accepting this argument and based on the re-
sults of research conducted by 180 Systems [6]
and Pentaho [21] it can be concluded that the costs
of implementation and maintenance of BI within
the first three years of use are at a level of 30 000 - 100
000 $ in small companies and 30 000 - 400 000 $
in medium-sized companies. Referring to the cost
of the financial performance of the SME sector in Po-
land can be said that the implementation of the BI sys-
tem and keep it in the first year of life is a burden
of 3.5% -25.5% of the annual earnings of a small com-
pany and 2.8% -30% average annual earnings the mid-
dle company.

During the 3 years, which is the assumed period
of return on investment in BI, this load is 3,4% -12% 3-
year earnings of a small company and 1% -13,5% 3-
year earnings middle company.
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Table 5. The participation of DBI system cost in financial results of the group of 12 small enterprises
(summary about 25 users)
(source: own research)

System cost / financial result [%]
Software vendor Solution name
warey 4 in Ist year of the | within 3 years of the
system lifetime system lifetime

Microsoft SQL Server 2008 R2 Enterprise Edition 0,86 0,29
QlikTech QlikView 1,36 0,69
Pentaho (0p§n Pentaho Business Intelligence Gold Edition 0,86 0,86
source solution)

SAP SAP BusinessObjects Edge Professional Edition 4,54 2,05
MicroStrategy MicroStrategy 9 6,28 2,85
IBM Cognos 8 Business Intelligence 6,72 3,16
Oracle Orgc}e Business Intelligence Suite Enterprise 9.17 4,16

Edition Plus

Especially the upper limits of these ranges are a barrier
for capabilities of implementing BI in SMEs By adopt-
ing the proposed DBI solution, in which users of the
system is a group of 12 small enterprises SMEs
and system architecture is planned for about 25 users,
load in the first year of the system is less than 10%
of the earnings of each company, and in 3-year period
below 3,5% of 3-year earnings of each of them (see
Table 5).

Thus, for each of the project implementation, knowing
the estimated costs as defined by the software vendor
and the service provider, you can determine the optimal
size of the group users DBI system, which will reduce
costs and increase the efficiency of its implementation.

Considering the effects of the use DBI solution in the
research group it can be note the change of the results
after using prepared analyzes and reports in 2008-2009
and their impact on the results of 2010 (see Table 6).

Table 6. DBI system efficiency in 2010
(source: own research)

. . Number The gross | The profit Numl?er
The period of analysis . of patient
of patients | of sales value value ..
visits
on average within 2 months
4714 319,00 28,00 2011
[thousand. PLN] ’ ’
2008-2009
on one patient visit [PLN] 158,64 13,73
on average within 2 months
18742
[thousand. PLN] 87 603,00 97,00 3760
2010
on one patient visit [PLN] 160,28 25,68
on average within 2 months
14028 284,00 69,00 1749
The difference: [thousand. PLN]
2010-(2008/2009)
on one patient visit [PLN] 1,64 11,95
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Table 7. ROI for the implementation of DBI by a single vs. a group of 10 clinics
(source: own research)

Software ROI (1year) ROI (1 year) ROI (3 years) ROI (3 years)
Solution name for single for a group . L for a group
vendor clinic of 10 clinics for single clinic of 10 clinics
Microsoft SQL Server 2008 R2 35.64% 1256.38% 306.91% 3969.13%
Enterprise Edition
QlikTech QlikView -14,49% 755,11% 68,58% 1585,78%
Pentaho (0p§n Pentaho Busm(?s.s Intelli- 35.64% 1256.38% 35.64% 1256.38%
source solution) gence Gold Edition
SAP BusinessObjects
SAP Edge Professional Edi- -74,46% 155,42% -43,54% 464,62%
tion
MicroStrategy MicroStrategy 9 -81,53% 84,67% -59,31% 306,91%
IBM E;’eg;‘:: 8 Business Intel- | g 750 72,52% -63,24% 267,62%
Oracle Business Intelli-
Oracle gence Suite Enterprise -87,35% 26,48% -72,10% 178,97%
Edition Plus

The 2-monthly periods of 2010 compared to the years
2008-2009 the gross sales value grew by an average
of 284 thousand. PLN, and the value of profits earned
in that period by 69 thousand. PLN. Assuming that
about 50% of this profit is a result of the use of pre-
pared analyzes and reports in the management process
and that this trend will be permanent, it becomes possi-
ble to calculate the rate of return on investment ROI
in one-year and three-year periods (see Table 7).

Table 7 shows that acting alone clinics could imple-
ment only the cheapest solutions - Microsoft, QlikTech
or Pentaho. However as a group of 10 clinics, using
a common system of DBI, are able to benefit from the
offer of any vendor, even with the most expensive solu-
tion at the market. In this situation the determinant
of used technology are not limited financial resources,
but the actual analytical and information needs of an
enterprise. This confirms the validity of the concept
of group system implementation for the SME sector.

6 Summary

On the basis of researches results, shown in the paper,
it can be stated that nowadays SMEs in Polish market
have very small extent to use of IT tools to support
managerial decision-making process. However, as prac-
tice shows and conducted BI market researches, use
of IT tools can significantly increase the quality,
and reduce the risk and costs of such decisions. As has

been shown the Cloud Computing creates new oppor-
tunities for implementation of the Business Intelligence
systems in these business sectors and organizations,
for which up to now it was not feasible for many dif-
ferent reasons.

The implementation of typical BI solutions in the form
of the system (as a whole realized and maintained
by the enterprise) in most cases is for SMEs technical-
ly, organizationally and economically impossible. It is
also very difficult for network and virtual organiza-
tions, consisting of multiple cooperating objects. Addi-
tional constraint is the low awareness of the managers
in the SME sector in the scope of information technol-
ogy and advanced methods of data analysis and insuffi-
cient number of collected data. Therefore, the proposed
solution is based on following assumptions:

e CBI system is offered as a service for not only one
but for whole group of SME users,

e all users of CBI supply their data into the system,
thus increasing informational and analytical system
strength,

e the construction of CBI system is based on prede-
fined components, in which the key role plays
the reference model of competitiveness factors, ded-
icated to specific group of SMEs,

e the use of CBI system is intuitive, focused on the
use of ready-made packages of analysis and reports
scenarios.
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The proposed concept of CBI system can efficiently
support the development of strategies shaping competi-
tiveness in SMEs. Therefore, it is the prospect of de-
velop BI technology and the possibility of its wider use
in enterprises of all business sectors.

Moreover, this kind of solution is not only reserved for
SMEs. It can be a great opportunity for both network
and virtual organizations that nowadays are seen as
flexible and cost efficient. Despite their structure and
physical location (a virtual organization might not have
even have a permanent office), they still require
an intensive knowledge sharing and exchange. Unfor-
tunately, in this environment, a traditional BI solution
could be highly difficult to introduce. A BI system
in CC technology opens new chances that may result
in profits presented in the second section. As the tech-
nology is fast-moving those organizations benefit from
the new possibilities on the market-place. Smirnov
et al. [29] mention some of them in such a collabora-
tion environment:

e decentralization: business services can be complete-
ly decentralized and distributed over the Internet
and accessed by a wide variety of communications
devices,

e dynamic interoperability: new business partnerships
can be constructed dynamically and probably even
automatically,

o flexibility: a highly-dynamic enterprise consortium
have greater possibilities to use new market oppor-
tunities.

To sum up, BI system in CC technology opens up new
perspectives for: SMEs, network and virtual organiza-
tions and many others, who need effective support
when making management decisions, and are not
in a position themselves implement and maintain BI
system.
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