
Comp arative Analysis of Advanced
Technologies lor Processing of Large Data Sets

Key Words: 0n-line Analytic Data Processing; Data Mining, Symbolic
Data Analysis and Visualtzation of data.

Abstract, ln this paper the applied and theoreticar resurts achieved,
as well as some existing drawbacks in technologies for processtng
of large data sets-OUP ()n-line Analytic processtng), DM (Data
Mining) and SDA (Symbolic Data Analysis) are analyzed. A
comparative analysis is proposed on different types of data
processing and the pros and cons of each one of them are
highlighted. Here are discussed benefits and drawbacks of usrng
data aggregates and visualization of large data set. Some topics of
interest are shown for the purplses of additional scientific study,
being specifically oriented to software applications.
The paper is related with a joint implementation project between
Bulgarian Academy of Science, ICSR, Sofia and CGRI/ lnstitut
d'lnformatique, FUNDP, Namur, Belqtum

1. lntroduction
The increased computer power combrned with the need to

analyze huge data sets, created condit ions for development of
new techniques and technologies.  These inc lude development  of
new algor i thms and new appr0aches,  e.g.  use of  In tu i t ion is t ic
Fuzzy Logic ( lFL) as well  as development of new methodologies
(SDA) or  apply ing of  new approaches to ex is t ing a lgor i thms
Possession of  large data base by any company is  insrgni f icant ,
i f  end users may not easi ly synthesize necessary information
Frequently, data has valuable addit ional hidden potential This is
completely new information that is displayed in the form of
meaningful interrelat ionships between the data that are either
too wel l  h idden or  too complex to be d iscovered jLrs t  by look ing
at the data. The data is frequently originated from dif ferent
sources, Data is retr ieved, consol idated, managed and prepared
for  analys is .  A need is  ident i f ied for  re l iab le too ls  for  analys is
of  company data,  which to complement  the ex is t ing data man-
agement  systems and to be robust  enough to predic t  and fac i l i -
tate complex analysis of business data The goal to extract new
knowledge from huge data sets has urged the need to extend
standard data analysis methods (exploratory, clustering, facto-
r ia l  analys is ,  d iscr iminat ion,  . . ) ,  A task for  the research commu-
nity wi l l  be also to investigate how the achievernents in a spe-
c i f  ic  f  ie ld  may be appl ied in  new data processi "g technologies
e g.  how the achievements of  ex is t ing solut  ons in  the f ie lds of
heterogeneous and distr ibuted databases could be transferred to
0LAP environments

The need for  apply ing of  new nethcCclcgies rn Ci -AP & DM
systems is  a iming to sat is fy  requ' re- : r is  c '  ' :s t  developing
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in format ion technologies,  and to prov ide new capabi l i t ies for
end-users and managers of  organizat ions for  the i r  dec is ion-
making process As being dr iven by constan|y increasing busi -
ness needs,  technica l  developrnents in  the f ie ld  of  0LAp prod-
ucts are strongly market oriented. The research problems re-
lated with 0LAP&DM attract the attention of researchers, but the
output is not enough as comoared with the market success of
respective software products The high prices of sottware prod-
ucts and requirements for powerful hardware discourage any
research str ive. and on other hand software developers are
deeply occupied to create software applications for large orga-
nization i ,e. no viable cooperation between science and industry
is avai lable and as end result there exist no general ly accepted
technology and terminology on issues re lated wi th 0LAp&DM
systems lt  ts st i l l  necessary exist ing concepts to be clari f ied,
the knowledge transfer to be performed in order to have a ctear
understanding on future research and needs to be met bv de-
velopments to  come.

The paper  is  re lated wi th a jo in t  implementat ion pro lect
between the Bulgar ian Academy of  Science,  Sof  ia  and the CGRI i
Inst i tu t  d ' ln format ique,  FUNDP, Namur,  Belg ium The mutual  in-
terest is determined by close themes of both research groups,
related with information technologies as well  as by necessity of
knowledge transfer and sharing of achieved results The project
in question was developed with intention to achieve specif ic
scienti f ic results that ref lect dynamics and innovations in the
f ie ld  of  0LAP and DM technology by means of  appl icat ion of
s0me new research methodology approaches,  which may be of
interest to vendors of software systems.

This paper is structured as fol lows: In section 2 key
benef i ts and drawbacks of dif ferent types of 0LAP architectures
are h ighl ighted.  In  sect ion 3 the at tent ion is  focused on DM and
different data processing methods In section 4 dif ferent visu-
al izat ion methods of data sets in aggregated form are described.
Here are discussed benefi ts and drawbacks at using of data
aggregates Application of new methodologies for analyt ical data
processing is  d iscussed in  sect ions 5 and 6.

2. OLAP
The term 0LAP (0n-L ine Analyt ica l  Processing)  was in i -

t ial ly introduced by the renowned and respected database re-
searcher  E,  F,  Codd in  1993 [1]  ln  1995 he added s ix  new ru les
to the original 12 tor 0LAP systems and restructured them into
four groups, cal l ing them features- table 1.
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Table 1.  The Codd's  ru les for  0LAP
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F1 B-U nrestr icted Cross-Dimensional
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The most of OLAP software products meet the Codd's
requirements for 0LAP compatibi l i ty, provided that dist inct ion is
made between the rules having relat ion with the research ap-
proaches and appl icat ion technologies.  We th ink that  some of
Codd's rules may be used for improvement of the exist ing soft-
ware technologies,  and the remain ing paf i  thereof  should be
further developed and improved by the research community before
to be proposed for  pract ica l  rea l izat ion.

0ur brief evaluation 0f some of these rules is given below
and i t  wi l l  be subject to a more detai led overview in another
paper

Fl :  Al l  modern software products comply with this indica-
t ion.  ln  the f ie ld  of  research a s0ecia l  a t tent ion should be drawn
on the used terminology.

F2, F3, F4, F6, F7, F8 - The expefts in software technolo-
gies should exeft m0re effotts for achievement of these require-
ments for  on- l ine analy t ica l  data processing.

F5: The scienti f ic research should be focused on issues
for clarification of different Wpes of models, which may be intro-
duced,  The use of  mathemat ica l  ca lcu lat ions and def in i t ions
should be more understandable and wel l  presented.  For  us the
issues on terminology remain as subject  to  fu f ther  d iscussion
For example:  Mul t id imensional  analys is  or  Analys is  of  mul t id i -
mensional  models? Mul t id imensional  model ing or  Model ing of
mul t id imensional  models? Dimensions or  D-st ructures?

F13-F15 -  There ex is t  good achievements in  the f ie ld  of
commerc ia l  products,  such as Panorama technology used in
Microsoft Analysis Services. The product SAP BW rreets these
rules in suff icient extent.

F16-F18 -  good ru les,  which wi l l  be analyzed and evalu-
ated rn other  paper

The basic core in the systems for analyt ical data pr0cess-
ing is  the creat ion of  mul t id imensional  models.  The mul t id imen-
s ional i ty  is  a lso the main requi rement  of  Dr  Codd in  the formu-
lat ion of the 0LAP term and in determination which software
products are cornpat ib le wi th 0LAP [1]

The concept  of  a  d imensional  data model  that  could be
represented in a relat ional database is described by Ralph
Kimbal l  [2 ]  This  concept  gained popular i ty  and soon at  the
market appeared software products with relational 0l-AP (R0LAP)
architecture. As opposed to mult idinrensional 0LAP (M0LAP)
systems which use storage structures especial ly designed for
mul t id i rnensional  query processing,  re lat ional  0LAP systems
rely  on establ ished and t radi t ional  re lat ional  databases tech-
nologies The innovatrve approach is  demonstrated in  R0LAP
engine, which implements a transformation f rom a query against
mul t id imensional  data model  to  a query against  re lat ional  s tor-
age model  As R0LAP and MOLAP technologies evolved.  a large
debate began wi th in the research communi ty  whose the supe-
rior architecture for 0LAP aoolications was In fact. each of both
options had i ts own benefi ts and drawbacks Which was best
ult imately depended upon the perlormance, scalabi l i ty resource
ut i l izat ion,  under ly ing repoding requi rements and the nature of
the data? Since each set  of  choices ( re lat ional  0LAP or  mul t i -
dimensional 0LAP) has tradeoffs, i t  is imperative that the appli-
cat ion designer  understand the nature of  the data that  is  being
put  in to the model ,  as wel l  as how the end users wi l l  be us ing
the  mode l .

Table 2 highl ights the key benefi ts and drawbacks to the
R0LAP and M0LAP architectures

Table 2. Comoarative analvsis - MOLAP and R0LAP
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To combt "e  t i : : ene ' ' i s  o f  bo th  techno log ies  the re  a re
increasing effc(s tc -, teg.ate them in the new software archi-
tecture,  so cal led hybr  C ! r - ' lP (H0LAP) systems.

Hybrid 0l-AP archrtecture may be defined as a system
which suppor ts  ano r r tegrates nru l t id imensional  and re lat ional
storage for data In an eqLrrvalent manner in orderto benefi t  from
advantages of both technotogies - M0l-AP and R0LAP (t igure l)

ROLAP

Figure 1. H0l-AP architecture

A hybrid 0LAP approach lets the application designer choose
a combination of relat ional 0t-AP and rnult idimensional 0l-AP
architectures based on the reporl ing requirements of the user,
the system resources avai lable, and the nature of the data. For
example, the D-structures Customer and Product are sometimes
problematic due to their high data cardinal i ty. In H0LAP architec-
ture, these D-structures can be stored in a relat ional 0LAP
schema, while al l  other D-structures are stored in a more
manageable M0t-AP architecture, The true hybrid 0LAP architec-
ture al lows each piece of the model to be stored on a separate
computing platform, thereby fuf iher increasing the scalabi l i ty
across host  systems.  The appl icat ion designer  must  make
choices about both what sub-tables to store in the 0LAP data-
base, and how to physical ly store them. Since each set of
choices has tradeoffs, i t  is imperative that the application de-
signer understand the nature of the data that is being put into the
model ,  as wel l  as how the end users wi l l  be us ing the mul t id i -
mensional  model .  A data and business requi rements assess-
ment ,  thus,  becomes one of  the most  cr i t ica l  s teps in  the
appl icat ion design process.

A task for the research cornmunity wil l  be to investigate
how the achievements of exist ing solut ions in the f ields of het-
erogene0us and distr ibuted databases could be transferred to
H0LAP environments.

Among popular H0llP products are as fol lows. Crystal
Holos, Microsoft Analysis Seruices, SAS CF0 Vision, Speedware
Media,  P i lo t  Analys is  Seruer  Appl ix  iTMl  etc  The product
Microsoft 0t-AP Services is a market leader in OLAP servers
segment  due to i ts  easy insta l la t ion advance technology archi -
tecture for data storage (R0LAP,' | i40LAP HOi-AP) and good tech-
n ica l  suppof t  [a ] .

The product BW (Business Informat or '  \ \ /arehouse) of SAP
supports dif ferent concepts for physica data storage: RCI-AP and
M0l-AP. Before taking of decision r,r,hetf,er is advrsable to create
M0LAP- or  R0LAP-aggregates of  SAP 3"s ness Informat ion
Warehouse for  cedain ln foCube pre.e! ,  s  1es mlst  be ver i f ied
for  establ ishment  of  both opt ions - ' ,  ?  ?. t  1 , ,  c*  such funct ion

depends on the type of database used. Contrary to ROLAp aggre-
gates, MOIAP aggregates do not al low condit ions for f i l ter ing of
characterist ics. BW M0llP Version 3.5 uses Microsoft Analysis
Services application and represents a specif ic platform method
for optimization of certain query performance. BW M0LAp is
avai lable oniy for Microsoft sQL server. BW lnfocubres, for which
M0LAP aggregates are created, basical ly have two condit ions
precedent: they may contain only pre-defined number of charac-
terist ics, navigation attr ibutes and hierarchies and could nor use
speci f ic  BW objects  (e.9.  t ime-dependent  objects) .

The exist ing problem issues related with 0HP technolo-
gies may be classif ied as industr ial and research ones.

2.1. There Exist no General ly Accepted Technology and
Terminology 0n lssues Related with 0LAP Systems

ln th is  type of  rnodel ing the in format ion is  d iv ided in  facts
and d imensions (D-st ructures) .

Fact (F-structure) - it represents the data, subject to analysis.
T h e  f a c t  c o n t a i n s  n u m e r i c a l  a t t r i b u t e s .  T h e  f a c t  i n  a
m u l t i d i m e n s i o n a l  s c h e m e  i s  t h e  o b j e c t ,  w h i c h  c o n t a i n s
measures. Measures evaluate attr ibutes of fact

D-structure, (Dimension) - dif ferent ini t ialviewpoints at data
selection, which wil l  be used during fact analyzing D-structures
conta in main ly  descr ip t ion at t r ibutes.

The term Dirnension has been accepted by a lmost  a l l
research and commercial software models, but i ts translat ion
( D i m e n s i a  0 r  l z m e r e n i e )  i n t o  B u l g a r i a n  l a n g u a g e  a r 0 s e
indignat ion wi th in the Bulgar ian mathemat ic ians and af ter
considering the issue in-depth we adopted the term D-structure.

D-structure represents a connected directed graph, provided
that each node of the graph corresponds to a given aggregation
level, and i ts arcs ref lect , ,pa11-whole" relat ions between the
objects  wi th in the aggregat ion levels .

2.2. High Prices of Software Products and Requirements for
Powerful Hardware

As being dr iven by constant ly  increasing business
needs,  technica l  developments in  f ie ld  of  0LAP products are
strongly market oriented. The research problerns related with
OLAP attract attention of researchers, but the output is not
enough as c0mpared with market success of respective sottware
products. The high prices of software products and reqir irements
for  powerfu l  hardware d iscourage any research st r ive,  and on
other hand software developers are deeply occupied to create
sof tware appl icat ions for  large organizat ion,  i . t .  no v iable
cooperation between science and industry is avai lable and as
end result there exist no general ly accepted technology and
terminology on issues re lated wi th 0 l lP systems.  l t  is  s t i l l
necessary ex is t ing concepts to  be c lar i f ied,  the knowledge
transfer  to  be per formed in  order  to  have a c lear  understanding
on future research and needs to be met by developments to
c o m e  [ 3 ] .

2.3 HOUIP - Architectural Reality or Markeling Hype
All  vendors and developers of 0LAP products are work-

ing to make their products marketable as hybrid. l t  is cr i t ical ly
important to closely examine the architectures of these new
software applications, as their H0l-AP claims may be more

lrlOtf,P
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marketing hype than architectural real i ty
0 l -AP is  a paf t  o f  scope of  too ls .  suppor t ing the decis tcn

making process.  0LAP technologies a l low the managers tak ing
decisions to analyze in fast and interactive rnanner the nrult idi-
mensional  data models,  accord ing to the i r  bus iness consrder-
at ions.

Tradit ional tools for queries and repofts describe what rs
contained in a database The software product ol-Ap answers the
question why certain things are true. The user creates a hypoth-
esis of specif ic relat ionship and checks i ts adequacy through
series of queries to avai lable data, In other words, 0LAp-analyst
is generating series of hypothetic models and relat ionships ano
uses queries to database in order to confirm or reject the same.
The query against a mult idimensional model determines which
D- and F-structures wil l  be used, what f i l ter to apply and the
navigation area, The user is provided with possibir i ty to formulate
individual, customized queries. The users may overview and
evaluate data f rom dif ferent perspectives in course of runtime of
task ass igned.  The whole set  of  funct ions,  necessary for  re-
tr ieval,  processing and formatt ing of such data is provided by
OLAP processor, Eff iciency of resultant query is a dominant factor
for general assessment of the system For the purposes of
fudher scienti f ic research of great impoftance are the issues
related with f inding of most effect ive way of presentation of
queries and balancing of the dynamic load between dataoase
where data is stored and the 0LAP engine [a] 0LAp-analysis in
i ts nature is a deductive process 0r, as Codd says, i t  is a
process where the user  , ,peels  back one 0r  more layers of  the
onion through subsequent  s imple quer ies"

networks,  machine learn ing,  etc  [5 ] .
Most frequently used DM methods, being real ized in mod_

ern software products are as fol lows
3.1. Decision Tree

Here data is displayed divided into categories The resurr-
ing rnodel is presented in the form of a tree structure The
Decis ion t ree is  one of  the most  popurar  crass i f icat ion argo-
r i thms in  current  use in  Data Min ing

3.2. Clustering
Div ides data up in to homogeneous gr0ups.

3.3. ABC Analysis (Pareto Analysis)
The entire production is divided into three groups of prod-

ucts - A, B and c Group A products contr ibuteto highest annual
earn ings,  and these of  Group C -  to  the lowest  earn ings

Pareto analysis is a predecessor of ABC classif icat ion for
determination of the value of inventory stock for each group of
p r o d u c t s .  P a r e t o  ( 1 8 4 8 - 1 9 2 3 ) ,  d i s c o v e r e d  t h e  l a w  0 n
nonpropor l ional  causes,  where are.  B0% of  consequences are
result oI 20% of their causes General ly, Group A products
represent  B0% of  annual  demand for  products of  the organiza-
t ion 0n the other  s ide they account  for  a less than 20% of
inventory stock in any given moment. Pareto diagrams may be
divided in two types.

.- Pareto diagrams for events serue for identi f icat ion of
most important issues needed for the taking of decision

.- Pareto diagrams for causes al low to discover what are
maJOr causes for occurrence of certain events in order to un-
deftake measures for i ts removal

Pareto analysis helps to highl ight most important issues
(these ones, cal led by Juran the vital few) and al l  efforls to be
focused on i ts  so lv ing.  For  f ind ing solut ion of  a  complex tssue
and removing the causes of the same, as well  as for search of
appropriate measures dif ferent methods may be used. An appro-
priate method for categorization of already identi f ied causes rs
the lshikava diagram, named after the Japanese professor Kaoru
lshikava. Such diagram has a complex branched structure and
is  ca l led a lso f ishbone d iagram.

3.4. Association Analysis (Affinity Analysis or Market
Basket Analysis (MBA)) is designed to determine the assocra-
t ions between dif ferent events In case a customer wil l  ouy a
v ideo-p layer ,  whether  he wi l l  buy another  e lect ronic  device? In
case a customer wil l  buy a video-player without cassette, he
would buy a DVD carr ier ,

The re lat ionship wi l l  be in  the form of  a ru le as fo l lows:

tJ {Y ,71Then iZ)
The associat ion analysis (MBA) is an algori thm that exam-

ines a long l ist of transactions in order to determine which i tems
are most frequently purchased together. The input to a MB
Analysis is normally a l ist of sales transactions, where eacn
column represents a product and each row represents either a
sale or  a customer,  depending on whether  the goal  of  the
analysis is to f ind which i tems are sold together at the same
t ime,  or  to  the same person.

The associat ion rule f inding algori thm is trained on histori-
cal data, i .e. past transactions The data contains checkout
information and a l ist of products that were purchased in eacn
transaction, perhaps along with other information (volume, sale

B u s l n ' e s s
N eec, lmaridbni5ric Fuiay Lbgic

Symbollc rfotr Anrlyels

D a t a  M i n i n g

Figure 2.  0LAP,DM, SDA, IFL

The processes related with DM methods dif fer f  rom those
in 0HP systems, as instead to verify validity of hypothetic models,
they use available data to create new models. Figure 2 shows
the relat ion between business need in certain orqanization and
using of 0t lP&DM.

3. Data Mining (DM)
DM- deriving of val id, previously unknown information from

large databases and using i t  at taking of cr i t ical business deci-
s ions Data analys is  is  per formed a iming to drscover  h idden or
not presumed earl ier connections and patterns in analyzed data,
DM uses methods from dif ferent f ields, such as stat ist ics, neural
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amount ,  a l though rn rnany cases just  the presence or  absence
of  a product  in  a t ransact ion is  suf f ic ient ) .

The main problems in  us ing a lgor i thms of  MBI occur  In
analys is  of  a  product  r ,vh ich is  so ld only '1  or  2 t imes as
reflected in a analyzed data f i le Products, which do not attract
commerc ia l  in terest ,  shoulo not  be inc luded in  the f i le ,  as the
algor i thm wi l l  determine ru les inc luding products,  which are not
stat ist ical ly signif icant l t  is preferable al l  products to be equally
represented.

Unl ike the decis ion t ree c lass i f icat ion,  in  c luster ing ano
associat ion analysis, the models are determined on the basis
of the data i tself ,

To obtain maximum effect, users must use such methods
that are most suitable for a certain organization.

The Analysis Process Designer (ApD) is the application
environment for the SAP Data Mining solut ion,

4. Visualization of Data
Tools for graphic presentation and visual izat ion are impor-

tant help engines for data preparation and their impoftance rn
terms of data analysis is not to be underestimated, Visuar analy-
sis al lows the discovery of overal l  trends but arso smailer
hidden patterns, Models, l inks and rnissing values are fre-
quently perceived easier, when displayed graphical ly, than i f
presented as a l ist of f igures or text. Several taxonomies and
surueys are avai lab le for  data v isual izat ion [e,g .  6 ,7,8,  g  and'1 0]. Use of pie chafi  on f igure3allows us to obtain a ful l  picture
on sales of beverages within the territory of given country, (ln the
specif ic case of f igure 3 i t  is shown the consumption of the
given stock on !G map, For development of the model snown
on Fig.3 the fol lowing software components have been used.
SAP_BW - Business lnformation Warehouse, SAP_BASIS - SAp
Basis Component, SAP_ABA - Cross-Application Component,
Bl_CINT -  Business Inte l l igence Content  [4 ] .
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Figure 3. Map presentation using pie charl -  The size
of  c i rc les in  ind iv idual  regions shows d i f ferent

volume of  sa les of  cer la in qoods

In case we are interested in sales dynarnics of several
stocks within cedain t imeframe frqure 4 is cur ideal case This

representation has been used to visual ize specif ic symbolic
objects varying with t ime and is a development by BE scientists.
The modules have been developed in environment Java, 0pen
Inventor, 3D Master-Suite and Java Media Framework, Open
Inventor is a 3D graphic APl, using 0penGL standard. 3D Master-
suite extends and includes 0pen Inventor and high level 3D
graphic classes, The user is provided with several means of
interactivity" They concern standard visualization features such
as zoom, rotation of figures and setting of color and fonts [1'1 ,12].

Figure 4. Example of superposit ion of stars, I  stocks
value for three dif ferent weeks,

This representation has been used to visual ize a sym-
bolic object varying with t ime. What these both methods of
representation have in common is the visual izat ion of data sets
0n an aggregated form. Such sets may be representeo as exist-
ing data or as results of prel iminary analysis,

Pros and cons in use of aggregates:
a, Aggregates improve performance at runtime of certain

query,  but  increase loading t ime.
b.  Aggregate must  be checked regular ly  whether  addi t ional

data is  miss ing or  not .
c .  When to be compressed associated aggregates -  upon

entering of data or after the data was already loaded in database?
d, Aggregates al low fast access to data in report ing mode
Data visual izat ion is also interesting and useful theme ano

is worthy of furlher research. Integration of different representa-
t ion systems by common interface is subject of future studies.

5. Symbolic Data Analysis (SDA)
The French scientist Edwin Diday defines the Symbolic

Data Analysis (SDA) as the extension of standard Data Analysis.
The data descript ions of the units are cal led symbolic when they
are m0re complex than the standard ones due to the fact that
they contain internalvariat ion and are structured. Symbolic data
happen from many sources in order to summarize huge sets of
data [13] .  Symbol ic  data analys is  has been developed to so lve
the problem of the analysis of data known on an aggregated
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form i.e. where quanti tat ive variables are given by interuals and
where categorical variables are given by histograms,
SDA in i ts  essence was in tended as a methodology and in  th is
regard the contr ibut ions are ind isputable [ '1  3,14,15 ] .  Ar t ic les
published by Diday et al.  represent a combination of phi losophy
(good knowledge and interpretat ion of works of Aristot le),
mathemat ics and good knowledge in  computer  technologies.
Furlher development of this methodology would transform SDA
in a technology.  For  instance,  by use of  sof tware in te l l igence
tools for retr ieval and transfer of logic and data, development of
communication infrastructure etc 0n f igure 5 addit ional units
are shown that may be added to exist ing developed modules

Figure 5. SDA architecture

Administrator Unit performs the fol lowing functions
iProv ides funct ions for  the contro l l ing,  moni tor ing and

maintenance of al l  processes.
>Pedorms tasks in data storage process.
iProvides l ibrary of transformation functions that contain

transaction logic for the purposes to cleanse data and to render
data analyzable.

Metadata represents rndispensable attr ibute of al l  modern
information systems. In information systems, containtng large
data sets Some problems occur when users need to be provided

with manuals, indexes, i .  e. they should have information on

stored products, i .  e. they need to have information on informa-
t ion avai lable (metadata). The user should have avai lable the
fol lowing types of descript ions of:

F database structure;
i  pr imary and archive data;
> attributive data;
i  technology of data rePlication;
! val idation and updating of data, etc.
In cases of change of data structure, introduction of new

prirnary data, change 0r addit ion of new requirements to the

system such metadata descript ions as above must be manda-
tory changed.

Recent information about new SDA modules is avai lable on

w\ M,assoproiect.be/

6. fntuitionistic Fuzzy Logic (lFL)
Intuit ionist icFuzzy ( lF) Logic can be used in evaluation of

the models for  large data set .  lF  Set  is  def ined as fo l lows [16] :
A={(x, ;.ro(x), vo(x)) / xe E},

Where  E  i s  a  f i xed  se t ,  func t ions  p r . :E+ [0 ,1 ]  and
v. :E+[0,1]  g ive the degree of  membership and non-member-
ship of the element xe E to set A, The set A is a subset to E and
g xe E: 0S;r^(x)+v^(x)(1

The value n  ̂ (x)= '1-pn(x)-vn(x)  g ives the degree of  non-
determinacy of the element x:E to the set A.

More detai led and in-depth research of IFL and i ts imple-
mentation in the formalization of the 0LAP theory wil l  be subject
to d iscussion in  fu ture papers.  The appl lcabi l i ty  of  IFL wi l l  be
especial ly useful in the analysis of the models, in the formaliza-
t ion of the relevant operators and last, but not least in the
evaluation of the taken decisions

7. Gonclusions
The development of information technologies, which al low

storage of ever-increasing volumes of huge datasets, urged the
necessity of creation and development of new methods for tnfor-
mation analysis. Such needs has led to the rtse of new and
perfection of exist ing methodologies for data analysis which
objectives are to enhance the standard data analysis methods
and to provtde some clari fying results, expressed by notions of
real world and presented mathematical ly through symbol ob-
jects  and lF log ic .

Al l  discussed technologies may be mutual ly supplemented
0l-AP & DM market is characterized by its higher dynamics

and innovations. Research activi t ies need to engage in continu-
ous rn-depth study of new software products aiming to provide

the necessary concepts. The industry should pay adequate atten-
t ion to the research community, aiming the development of new
software products, satisfying requirements of fast developing
information technologies. The quali ty of strategic and business
decis ions,  being taken by us ing of  the new technologies d is-
cussed in  th is  paper ,  rs  s ign i f icant ly  h igher  and they are much
well-t imed as c0mpared with the decisions taken by ustng tra-

dit ional methods.
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