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ON THE APPROACH TO SEARCHING FOR FUNCTIONAL DEPENDENCES OF
DATA IN RELATIONAL SYSTEMS

The subject matter of the study is information systems built on the basis of relational databases. The goal of the article is to develop a
method for re-engineering relational databases that takes into account implicit interrelated functionally dependent data that affect the
structure of the logical model. The following results are obtained: the approach to identify previously unknown functional
dependencies based on the analysis of a set of relational database data is suggested; the classes of tasks of reengineering relational
databases are specified; the stage of developing the target logic diagram which is common for the problems of adaptation and
refactoring was studied; the sub-task of checking if the logic diagram of the relational database corresponds to the third normal form
within this stage is considered using the synthesis method; it is shown that the solution of this task involves a number of difficulties,
in particular, it is necessary to find a set of functional dependencies that are performed on the current instance of the data of a
relational database; the approach for finding a set of functional dependencies from an instance of the data of a relational structure is
suggested. The direction of further research can be the support of empty values at the stage of identifying functional dependencies as
well as the issues of data transfer without any loss from the initial structure of the database to the target data obtained as a result of
applying the methods of re-engineering. Conclusions. The approach is suggested to identify previously unknown functional
dependencies which are based on the analysis of a set of relational database data. The first step is to get a set of functional
dependencies for each relationship. The similar operation for the universal relation of the target database is performed at the second
step. At this step, functional dependencies among the attributes of different relationships, that is the interrelationships among the data
that were established during the information system operation, can be identified. The method for determining their information
novelty is suggested; this method consists in verifying the membership of the functional dependencies of the universal relation while
discovering the union of sets of dependencies of individual relations. A promising direction for further research is the development of

methods to implement the technology for verifying if the obtained dependencies correspond to the logical model of the domain.
Keywords: reengineering, relational database, functional dependence, discovering dependences, universal relation, closing

functional dependencies.

Introduction

The rapid development of information technology
has led to major changes in all stages of the life cycle of
information systems (IS), in particular, at the stage of
support and  maintenance.  Constantly  changing
requirements in the condition of shortened terms of
development adversely affect both the quality of the
product and the further opportunities for its development
and maintenance. Situations often happen when further
support for individual components or the whole system
becomes extremely difficult because of the significant
complexity of the internal structure while the design of a
new system that can meet current requirements is
inappropriate for a number of reasons (economic or time
factors and so on). One way to solve such problems is to
carry out re-engineering, whose goal is to improve the
characteristics of the initial IS based on a preliminary
analysis of the IS current state and its individual
components [1].

The basic problems of information system design

The development and implementation of many
modern large information projects are usually long, their
cost exceeds the planned one and the final product can be
unreliable and difficult to maintain. All this leads to the
situation that is known as the “software crisis”. Although
the crisis was first mentioned in the late 1980s, even after
30 years it still cannot be bridged over.

Some of the reasons for the general problem of
designing complex information systems are as follows:

- the development of about 40% of systems fails to
be successful or stops before the work is completed;

- business interests are rationally integrated and the
developed information technology is used only in 25% of
systems;

- only 20-30% of information systems meet all the
criteria for achieving success.

The major failures in developing software have been
caused by the lack of the complete specification of all
requirements within the design phase, the shortage of
acceptable development methodology or by the fact that a
general global project is not sufficiently divided into
separate components that can be effectively controlled and
managed.

In the case of the partial implementation of the
requirements of users of the information system or a
change in the business process to such an extent that the
system ceases does not meet the requirements of users any
more, several options of the development are possible:

- developing a new system;

- modifying (developing) the existing system (legacy
system);

- reengineering the existing system (legacy system).

The first option is the simplest and preferable for the
developer but does not satisfy the requirements of users
because additional time and financial resources are
required; besides, there are development risks and the
risks of loss of the accumulated information within the life
cycle of the used IS. The re-engineering of legacy
information systems requires that experts in the field of
information systems and technologies should be engaged,
which makes the work overcomplicated. There is an
opinion that in most cases it is easier to develop a new
system than to re-engineer it. This is connected with the
qualification of specialists who need to be involved in
work. Their skills should be sufficiently high level to
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solve a set of design problems and create a modified
information system [1].

Re-engineering of information systems in general
and databases, in particular, has become an object of close
attention and active studies. To expand the functionality
and improve the performance of available systems, the
process of re-engineering requires determining and
understanding all the components of such systems. The
database, which is a part of the system, is the most
important component of the information system.
Nowadays, relational databases (RDBs) are dominant and
the vast majority of available software applications and
services use them. This is the reason for selecting the
RDB as the object of the research.

Current studies in the field of this topic were
analyzed. The main areas of development are re-
engineering of the logic diagram with the help of an
intermediate representation such as an ER-model or own
metamodels and applying of a set of pre-set rules for
translating model objects in RDB designs, re-engineering
of obsolete databases; extracting the structure of both
obsolete and relational databases and presenting it as a
conceptual data model, in particular, an ER-model [2, 3].

This article examines the task of identifying
information about the relationships among data that could
be established during the operation of the database.
Relationships are represented as dependencies of various
types, which can then be used as input data for the
methods of re-designing the RDB. To achieve this,
methods for restoring the data structure conditioned by
their interrelations are being developed for later analyzing
and transferring data to a modern platform, usually
relational one. The data are of the greatest value, therefore
a range of measures described above is aimed at
minimizing the loss of meaningful information during the
transfer process. Another area of interest is the support
and maintenance of modern RDBs.

Methods to identify the relationships among the data
preferentially use functional dependencies (FD) as a
means of representing such relationships [4]. This happens
due to the fact that functional dependencies enable
representing in the simplest possible manner the
relationships among the objects of the target subject
domain. Other types of dependencies that are taken into
account are inclusion dependencies and multi-valued
dependencies but their use and methods of detection are
not considered in this paper. It should be noted that the
mentioned methods are directed primarily at using in data-
mining systems and focus on identifying approximate
functional dependencies that enable presenting probable
links that have a certain error [5]. In this paper, the use of
such methods also makes it possible to obtain a set of
strict FDs, that is, valid for the entire set of input data at
the time of processing.

Problem statement

task of discovering hidden dependencies is an integral part
of the task of re-engineering and refers to the stage of
preliminary collection of information about the target
RDB. The described method is a variant for making an
automated decision directly oriented to the detection of
new dependences in the data generated by the target area

[6].

Discovering hidden dependences

This article deals with the methods for solving the
task to identify previously unknown functional
dependencies from a set of data of the target RDB, which
will be definitely correct at the time of processing. The

Initial data for solving the set task are — the logic
diagram of a relational database X ={c;},i =1,n, where
o; is a diagram of one relation that is a DB part, n is a
number of relations; the diagram of relations
o; =<R;,F >, where R; is the medium of relations
(many attributes), F; is a set of functional dependences

(FD) that meet this relation. P =
relations of the target DB.

The functional dependence of A — B type indicates
that for any two tuples u,v of a certain relation p, there
is the conclusion u(A)=v(A)=u(B)=v(B). As an
associated example, the logic diagram X ={ocy,0,} is
considered, this diagram comprises two diagrams of
relations: o, =<R ={AB,C}, F, >0, =<R, ={C,D}, F, >.
Let us assume that there is no information about F,F, or
it has been lost. A set of FD that meet these relations can
be obtained using the method of FD detection from
instances of target relations, in particular, Tane method
whose principles and methods of implementation are
detailed in [7, 8]. When this method is used, a set of
minimal FDs that meet a set of data in the relation at the
moment of processing can be obtained. A minimal FD is
the FD of the X Y, X={A,..,A}Y ={B,,...,B}
type that does not contain a set of Z = X where Z —>Y
is true. Trivial FDs of the A — A type are neglected by
the used method as they are not significant. Let us
consider the example; the relations p,, p, are presented
below:

.,i=1n} is a set of

P1 P>
A B C C D
1 1 1 1 1
2 2 1 2 1
1 2 2 3 1
1 3 3 4 1
3 1 1
4 2 2
2 2 4

Using Tane method, the following sets of FD for the
given relations F, ={AC — B},F, ={C — D}are
obtained.

Taking into considerations sets of FD for F and F,,

a set of FD diagram X is as follows:

2
Fy =|JFR ={AC — B,C — D}; the medium of universal
i=1
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relation R={R, u...uUR,} for the target example is as

follows: R=R, UR, ={A B,C}uU{C,D}={A B,C,D};
The universal relation can be obtained through the

natural combination of all relations that are included in the

diagram. The result of this combination for the example is
presented below.

Table 1. Universal relation

A B C D
1 1 1 1
2 2 1 1
1 2 2 1
1 3 3 1
3 1 1 1
4 2 2 1
2 2 4 1

Using Tane method for the obtained universal
relation, the following FDs are  discovered:

F. ={AC»>B,C >D,A—>D,B—>D}. This set
contains all minimal FDs that are included in F; as well

as additional earlier unknown FDs F; ={A— D,B — D}.

Consequently, a set of FD of the universal relation for the
logic diagram X can be expressed as follows:

Fy =F; UF, where Fy is a set of FDs that meet the

initial relations ¥, and Fy is a set of additional FDs.

It is necessary to determine whether FDs from a set
of F, can be derived from F; or they are new
information. To do this, it is suggested that the method of
checking if FD corresponds to the closure (F;)" should be

used; this method was offered by D. Meyer in [9] —
solving the problem of membership. The principle is as

follows: as F* building is connected with sorting out all
the subsets of attributes that belong to F and has an
exponential complexity, it is suggested that F should be
built — the closure on a set of attributes. F - closure of a

set of X is such a set of attributes X* where
X > X*eF* and there are no attributes in R that

would depend on X but would not belong to X* [10].
The implementation of the method of building F - closure
has a linear complexity. Thus, the method of checking if

FD X —Y belongs to the closure F* consists of
building F- closure of X* and determining if the
expression Y < X'is true. If the expression is true,

X —>YeF",

References

Let us consider the example: to check if A—»D
belong to F;, A"should be built. According to [8],

A" ={A} , as F; does not contain FDs where A is the

only attribute on the left side of FD. D ¢ A", therefore,
A—>DgFR' . Itis shown that B— D¢ K/ in a similar

way. Thus, a set of discovered dependences FZ' is non-

derivable and therefore if new information [11,12].

It should be noted that this approach does not ensure
that new dependences fully correspond to the target area.
As it is based on a set of data which are included in RDB
at the moment of processing and does not take into
consideration their semantics, there is a major risk that
random FDs can be obtained. A random FD is a FD which
is not correct for a particular subject area (for example, the
date of a person’s birth determines the date of the person’s
child) and can be removed at any moment by changing or
adding the tuples of dates that contradict the discovered
dependence in the process of RDB operation [13].

Thus, there is another task — to check if new
dependences are correct for the subject area which is
modelled by the considered RDB. This work does not
consider the solution of this task, this is the area of further
studies. An expert assessment can be used as a way for
solving this task. Or a numerical criterion for each single
FD can be used, which enables establishing a threshold
value, and dependences that are below this value are
considered as random ones.

Conclusions

This paper suggests the approach to identify
previously unknown functional dependencies, which is
based on the analysis of a set of relational database data.
The first step is to obtain a set of FD for each relationship.
The similar operation is performed for the universal
relation of the target RDB at the second step. At this step,
the FD among the attributes of different relationships — the
relationship among the data established in the process of
the RDB operation can be discovered. The method for
determining their information novelty is suggested; this
method consists in checking if the FZ of the universal
relation participates in closing the union of FD sets of
individual relations.

The area for further studies is the development of
methods and means for checking if the obtained
dependencies are correct for the subject area, which is
modelled by the considered RDB.
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PO OJIVH MIAXIJ A0 MOIIYKY ®YHKIIOHAJIBHUX 3AJIEXKHOCTEN
JAHUX Y PEJAINIAHUX CUCTEMAX

Ipeamerom mocmiKeHHs € iHPOPMAIliiHI cUCTeMH, MOOYI0BaHI HAa OCHOBI PENSIMIMHUX 0a3 AaHuUX. MeTo CTaTTi € PO3pOOUTH
METOJl ISl PEIHKUHIPUHTY peJAIifHUX 0a3 JaHWX, IO BpaxOBYe HESBHI B3a€MOIMOB'sI3aHI (DYHKIIOHAILHO 3aJeXKHI JaHHI, AKi
BIUTMBAIOTh Ha CTPYKTYpy JioriuHoi Mozemi. OTpuMaHi Taki pe3yJbTaTH: B CTATTi 3alPOIOHOBAHO MiAXiN 10 BUSBICHHS paHilIe
HeBiToMHX (YHKIIOHATBHUX 3aJIeKHOCTEH, SIKMI IPYHTYEThCS Ha aHaji3i Oe3miui JaHWX penduiiHoi 0a3u naHux. BumineHo kimacu
3aBJaHb PEIHKHUHIPUHTY PeIAliiHUX 0a3 JaHWX; JOCHIIKEHUH eTan (opMyBaHHS IIJTLOBOI JIOTIYHOI CXEMH, KA € CHUTBHOIO UIs
3a7a4 ajganrarilii Ta pedaxkropinra. Po3risiHyTo mig3aBaaHHs MePeBipKU BiAMOBITHOCTI JOTTYHOT CXEMH PEIIAIiHOT 6a3u JaHUX TPETii
HOpMaJIbHI (OpMi B Mekax JaHOro eramy 3a JOIOMOrOI0 METOJAy CHHTEe3y; MOKa3aHo, Io i pillleHHs IMOB’s3aHE 3 HHU3KOIO
TPYIHOILIB, 30KpeMa, HEOOXiJHICTIO 3HAXOKEHHS Oe3miui (yHKIIOHATIBHUX 3aJeKHOCTEH, IO BHKOHYIOTHCS Ha MOTOYHOMY
EK3eMIUBIPI JaHUX JesKol pessiuiiinol 6a3u AaHuX. 3anporoHOBAHO MiaXi I 3HAXOPKEHHs 0e3Miui GyHKIIOHATBHUX 3aJIKHOCTEH
3 IPUMIpPHHUKA JAHUX PeIsLiitHOT cTpyKTypu. HanpsiMKOM A7 TOJAJIbIINX AOCTIIKEHb MOXKE CTaTH peaii3alis MITPUMKH MOPOKHIX
3Ha4YeHb Ha eTarli BUSBJICHHS (DYHKIIOHANBHUX 3aJICKHOCTEH, a TAKOXK MUTaHHS MEPEeHECeHHs JaHuX 0e3 BTPAT 3 BUXiJHOI CTPYKTYpH
0a3u IaHWX B IUTHOBY, OTPHIMAaHY B PE3YJIbTATi 3aCTOCYBaHHS METOMIB PEIHKUHIPHHTY. BuCHOBKH. B po00Ti 3anpOImoOHOBaHO MMiaXig
IO BUSIBJIICHHS PaHillle HEBIIOMHX (DYHKIIOHAIBHUX 3aJIC)KHOCTEH, SIKMH IPYHTYETBhCS Ha aHami3l Oe3nmidi JaHWUX persliiiHol 6a3u
naHux. IlepmimM KpoKOM € OTpHMaHHs 0e3nidi (YHKIiIOHATbHUX 3aJeKHOCTEH A KOXKHOro BimHomieHHs. Ha npyromy kpoui
MPOBOANTRCS aHAJIOTIYHA OTIEpallist U1 YHIBePCATbHOTO BiHOMICHHS 1aHOi 0a3u maHuX. Ha 11boMy KpOIli CTa€ MOYKJIMBHM BHSIBIICHHS
(GYHKLIIOHANBHI 3aJIOKHOCTI MK aTpuOyTaMH pi3HMX BIZHOCHH — B3a€MO3B’S3KY MDK JAQHWMH, sIKi BCTAHOBHJIMCS B IIPOLECi
GbyHkuionyBaHHs iH(opMaIiiiHOT cucTeMH. 3alpoNOHOBAHO CMOCIO BHM3HA4YEeHHs iX iH(GOpMaUifiHOT HOBH3HM, SIKMH MHOJSrae y
nepeBipii wieHcTBa (QYHKIIOHANIBHUX 3aJI€KHOCTEH YHIBEpCaJbHOTO BiJHOIICHHS B 3aMHKaHHI 00’€IHAHHS MHOXXHH 3aJIeKHOCTEil
OKpeMUX BigHOCHH. [IJi MOJANbIIAX JOCIIIKEHb MEPCHEKTUBHUM HANpPSIMKOM € PO3po0Ka METOMIB M pealizalii TeXHOJOTii
MEPEBIPKHA OTPUMAHUX 3aJIC)KHOCTEH Ha MPeIMET BiIMOBITHOCTI JIOTIYHOT MOJIENi IPeIMETHOT 00JIacTi.

KniouoBi ciioBa: peimKuHIpHHT, pensiiiHa 6a3a qaHuX, (YHKIIOHANbEHA 3aJIeKHICTh, BUSBICHHS 3aJIC)KHOCTEH, YHIBEpCalIbHE
BiJTHOIIEHHSI, 3aMHKaHHS (yHKI[IOHATEHUX 3aJICKHOCTEH.
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OB OJTHOM MOJXO/IE K IIOUCKY ®YHKIIMOHAJBHBIX 3ABUCUMOCTEM
JAHHBIX B PEJIAAIIMOHHbBIX CUCTEMAX

IIpeameTom HccaenoBaHMs SBISIOTCS MH()OPMAIMOHHBIC CHCTEMBI, TIOCTPOCHHBIC HA OCHOBE PEIIIIMOHHBIX 0a3 naHHbIX. Llesbio
CTaThbHM SIBISIETCSL pa3paboTaTh METOJ JUIsl PEUHKMHUPHUHTA PEISIUMOHHBIX 0a3 JaHHBIX, YYUTHIBAIOUIMM HaJIMYUE HESIBHBIX
B3aUMOCBSI3aHHBIX () YHKIIMOHAIBHO 3aBUCHMBIX JAHHBIX, KOTOPBIC BJMSIOT Ha CTPYKTYpPy JOTHYecKod Mopenu. IlomydeHbl
CIIEAyIOIINE Pe3yJabTaThl: B CTAThE IMPEUIOKEH MOAXOJ K BBIBICHHIO paHEe HEU3BECTHBIX (DYHKIMOHANBHBIX 3aBUCHMOCTEH,
KOTOPBIl OCHOBBIBACTCSI HA AHAIHM3E¢ MHOXKECTBA JTAHHBIX PEIIUOHHON 0a3bl JaHHBIX. BBIIENCHBI KIacChl 3a7a4 PEHHKUHUPHHTA
PEISIHOHHBIX 0a3 NAHHBIX; WCCIIENOBAH 3Tar (OPMHUPOBAHHS IEJICBOI JOTMYECKOW CXEMBI, KOTOpas sSIBISICTCS oOmied i 3amaaq
ajganTanuy B pedakropuHra. PaccMoTpeHa Toj3a/iadya MPOBEPKH COOTBETCTBHSI JIOTHYCCKON CXEMBI PEIIIIUOHHON 0a3bl TAHHBIX
TpeTheil HOpMaIbHOM (popMe B paMKax JTJAHHOTO 3Tala ¢ IIOMOIIBI0 METO/Ia CHHTE3a; MOKAa3aHo, YTO €€ PEHICHUE COTPSIKEHO C PSAIOM
TPYAHOCTEH, B YaCTHOCTH, HEOOXOIMMOCTBIO HAXOXICHHS MHOXECTBA (DYHKIHOHAIBHBIX 3aBUCHMOCTCH, BBIMOJHSIOMMXCS Ha
TEKYIIEM 5SK3EMIUIIPE JTaHHBIX HEKOTOPOH pENSIUMOHHOW 0a3bl JaHHBIX. [IpeayioskeH MOAXO0J Uil HAXOKICHHUS MHOMKECTBA
(h)YHKIIMOHAJIBHBIX 3aBUCUMOCTEH M3 DK3EMIUIApA JAaHHBIX PEISIMOHHONW CTPYKTYpbl. B KadecTBe HampaBieHHS U JaTbHEHIIMX
HCCIICIOBAHUH MOYKHO BBLICIUTH PEAIM3aLUIO MOIICPIKKU MYCThIX 3HAYCHUH Ha ATaIle BhISBICHUS (YHKIIMOHAIBHBIX 3aBUCUMOCTEH,
a TaK)Ke BOIPOCHI MEPEHOCa JaHHBIX 0€3 MOTeph M3 MCXOJHOW CTPYKTYphI 0a3bl AAHHBIX B LICJEBYIO, MOJIYYCHHYIO B Pe3yjbTaTe
MPUMCHEHHUST METOJIOB PCHHXKUHHPHHTA. BbIBoABL. B pa0oTe mpeayioxkeH TMOAXOA K BBIABICHUIO paHEE HEH3BECTHBIX
(YHKIIMOHATIBHBIX 3aBUCHMOCTEH, KOTOPBII OCHOBBIBACTCS HA aHAJM3¢ MHOXKECTBA JAHHBIX PCIIIUOHHON 0a3bl JaHHBIX. [lepBbIM
[IaroM SIBJISICTCS MOJYYCHUE MHOYKECTBA (DYHKIIMOHATIBHBIX 3aBUCUMOCTEH I KaXXI0TO OTHOIICHUs. Ha BTOpOM Iiare mpoBOIUTCS
aHAJIOTMYHAsl OIepalys Ul YHUBEPCAITLHOIO OTHOIICHUS pacCMaTpuBaeMoil 0a3bl JaHHBIX. Ha 3TOM 11are cTaHOBUTCS BO3MOYKHBIM
BBISIBUTH (DYHKIIMOHAJIBHBIC 3aBUCUMOCTH MKy aTpUOyTaMH pPa3IUYHBIX OTHOIICHHWH — B3aMMOCBSI3H MEXKIAY JaHHBIMH, KOTOPBIC
YCTAHOBWJIMCH B mpolecce (QYyHKIMOHUPOBAHHS HH(POPMAIMOHHOW CHUCTeMbl. [IpemnoykeH crmoco0 ompeaeneHus HX
HMH(OPMAITMOHHOW HOBU3HBI, KOTOPBIA COCTOMT B IMPOBEPKE WICHCTBA (DYHKIIMOHAIBHBIX 3aBUCUMOCTEH YHHBEPCAILHOTO OTHOLICHHMS
B 3aMbBIKaHUN OOBETUHEHHS MHOXKECTB 3aBUCHMOCTEH OTAENBHBIX OTHOMICHWH. /Iy mampHEWIIMX MCCIeJOBAHUI MEPCIIEKTUBHBIM
HATpaBIICHUEM SBIISCTCS pa3paboTKa METOIOB IS PCAU3allMid TEXHOJOTUH TPOBEPKH IMOJYYCHHBIX 3aBHCHMOCTEH Ha MPEeaMeT
COOTBETCTBHS JIOTHUECKON MOJICITH MPEIMETHOM 00IaCcTH.

KnrwoueBbie ciioBa: peHHXUHUPUHT, PEIAIHOHHAS 0a3a JaHHBIX, QYHKIIMOHAJIbHAS 3aBUCHMOCTh, BBISIBICHUE 3aBUCHMOCTCH,
YHHBEPCAITBHOE OTHOIICHHE, 3aMbIKaHUE () YHKIIHOHATBHBIX 3aBUCHMOCTCH.




