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Hpez[MeT Ha pasricxIaHE B MOHOl"pa(bI/IHTa ca MmpouecuTe 3a CIOXKHHU 00eKTH OT pas3iIndiHA
O6J'IaCTI/I, KOHTO C€ XapaKTepusupar C:

e TOJIsIM OpOil ynpaBisiBaIy Bb3ACUCTBUS, KOHTPOIUPYEMH U HEKOHTPOJIMPYEMH (pakTopu
Ha cpelaTa,lapaMeTpHd Ha ChCTOSHUETO HA CPEAaTa M IMapaMEeTpH Ha FOTOBUS M3XOIEH
POIYK;

® HEIMHEIHOCT, HECTAIMOHAPHOCT W/WJIN Ka4eCTBEHA HEONPEIEICHOCT;

e OrpPaHUYECHU BB3MOXKHOCTH WIA HEBB3MOXHOCT 3a M3BBpLIBAHE HAa aKTUBHU
BB3ICUCTBUS (aKTUBEH EKCIIEPHMEHT) 3a LEJIUTE HA UICHTU(PHUKAIMA HA 00CKTa.

3a T9X € B cHia NPUHOUIIBT HA HECCBbBMCCTUMOCT MCXKY HapacTBallaTa CJIOXHOCT Ha 00eKTa u
BB3MOXXHOCTTA 3a BUCOKA TOYHOCT Ha MOJACIA.

HpI/IJ'IO)KeHI/IeTO Ha IPUHOUIIMTC WM MCTOAHUTC Ha KIACHYCCKATa H CbBPCMCHHA TCOPHA HaA
ynpaBJICHUEC € CHUJIHO 3aTpyAHCHO WM HCAOCTATBYHO e(i)eKTI/IBHO BCJICACTBUC IIpUHIMUIIHATA
HCBB3MOXKXHOCT 3a Ch3JaBaHC Ha aICKBATCH MOJACI Ha 00CKTa.

T’prfIT CC Ha HOBU PCUICHUA, IIPU KOUTO B KAYECTBOTO HA MOJECJI HA oOeKkTa ce BBBCXK A 0a3a ot
3HaHHUA (53) 1 MCTOIM 3a YIIPABJICHUC OCHOBAHU HA 3HAHUS, HHTCIIUT'CHTHU CUCTCMHU.

In this book there are investigated complex processes from different application areas, which
have following properties:

e large number of inputs, which can be controllable and not controllable, state
environmental parameters and output parameters;

e non linearity, non stationary and qualitative uncertainty;

e limit possibility or not possibility to provide active influences for the purpose of
investigations of the process.

For these complex processes, it is impossible to achieve clear and punctual model, because
there is incompatibility between complexity of the model process and its punctuality.

The principle and methods of the classical control theory cannot be applied, because it is very
hard to achieve adequate model of the process.



There are looking for new solutions, where the model of the process is replaced with
knowledge base and control methods are based on knowledge, intelligent systems.

1. Gegov A., Arabikhan, F., Sanders D., Vatchova B., Vasileva T. Fuzzy networks with
feedback rule bases for complex systems modelling., vol.21, International Journal of
Knowledge-based and Intelligent Engineering Systems - Volume 21, issue 4, 2017, DOI:
10.3233/KES-170365, 211-225. https://www.scopus.com/record/display.uri?eid=2-s2.0-

85030173041&origin=resultslist&sort=plf-
f&src=s&st1=Vatchova+B.+&st2=&sid=c710c8e0951114225a98eabcd80508f3&sot=b&sdt=b&sI=25&s=AUTHOR-
NAME%28Vatchova+B.+%29&relpos=4&citeCnt=5&searchTerm=

This paper proposes a novel approach for modelling complex interconnected systems by means
of fuzzy networks with feedback rule bases. The nodes in these networks are rule bases
connected in a feedback manner whereby outputs from some rule bases are fed as inputs to the
same or preceding rule bases. The approach allows any fuzzy network of this type to be
presented as an equivalent fuzzy system by linguistic composition of its nodes. The composition
process makes use of formal models for fuzzy networks, basic operations in such networks, their
properties and advanced operations. These models, operations and properties are used for
defining several types of networks with single or multiple local and global feedback. The
proposed approach facilitates the understanding of complex interconnected systems by
improving the transparency of their models.

Crartusita npejuiara HOB MOJXOJ 32 MOJEIUPAHE Ha CIIOKHU CUCTEMU C IOMOIITA HA pPa3MUTHU
Mpexxu U 06aza OT mpaBwia ¢ oOpaTHM BpPB3KH. Bb3nuTe Ha Te3u Mpexku ca 0asza mpaBuiia
CBBpP3aHH ¢ 00paTHA BpbB3Ka MO HAYUH, KbJETO U3XOJUTE OT €HH U CHIIM MPaBUJIa ca BXOJ0BE
Ha CHIIWUTE MpaBUJIa UM MpeauIIHU npaBmwia. [1oaxoabT MO3BOMsABA BCSIKA pa3MUTa Mpexka OT
TO3W TUN JAa ObAe MpeACTaBeHa KaTo €KBHBAJIEHTHA Pa3MHUTAa CHCTEMa, Ype3 KOMITO3UIUS OT
cBOHTE BB3IH. [IporiechT Ha KOMIIO3UpaHe (ChCTaBsHE) OCHIIECTBsIBA yHoTpebaTa Ha popMaTHu
MOJICJIM 32 Pa3MUTHU MpPEXHU, OCHOBHHM OIEpaIlMy 3a TaKWBAa MPEKH, TEXHUTE CBOWCTBA U TIO-
CIOXKHM onepauuu. Tesum mojenu, omepanuy U CBOMCTBA Ce€ M3MOJI3BaT 3a JAeUHUpaHE Ha
HSKOJIKO THIAa MPEXH C €IUHUYHA WM MHOXECTBO JIOKAJTHHU WIHM TJIOOAJIHU OOpaTHH BPB3KH.
[IpennoxxeHusAT MoAXoAa yJecHsiBa pa30MpaHETO Ha CJIOXHH B3aUMOCBBP3aHU CHCTEMH, KaToO
mo100psiBa MPO3payHOCTTA (T.€. MOAECNBT HE Ce pasriiexkaa Karo ,,depHa KyTus') Ha MOJAEIUTE.

2. Gegov A, Petrov,N., Vatchova,B. Sanders,D. Advanced modelling of complex processes by
fuzzy networks. 10, 10, WSEAS Transactions on Circuits and Systems, 2011, ISSN: 1109-2734,
319-330. https://www.scopus.com/record/display.uri?eid=2-s2.0-84555191878&origin=resultslist&sort=plf-

f&src=s&stl=Vatchova+B.+&st2=&sid=c710c8e0951114225a98eabcd80508f3&sot=b&sdt=b&sI=25&s=AUTHOR-
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This work presents an application of the novel theory of rule based networks for building models
of processes characterised by uncertainty, non-linearity, modular structure and internal
interactions. The application of the theory is demonstrated for a flotation process in the context
of converting a multiple rule based system into an equivalent single rule based system by
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linguistic composition of the individual rule bases. During the conversion process, the
transparency of the multiple rule based system is fully preserved while its accuracy is improved
to a level comparable with the accuracy of the single rule based system.

Paborara npeacraBsi NpuiIoKEHHE Ha HOBA TEOPUS 3a MPEXH OT 0a3a mpaBuiia 3a Ch3JaBaHE Ha
MOJIESIM HA TPOLIECH XAPAKTEPU3UPALLU CE C HEONPEAENIEHOCT, HEJIMHEHHOCT, CTPYKTypa OT
MOJAYJIHM M BBTPEIIHU B3auMojeicTBus. [IpunokeHneTo Ha Teopusita € JEMOHCTPHUPAHO 3a
(bIoTalMOHEH MPOIEC B KOHTEKCT Ha KOHBEpTHpaHe (OOpbIaHe) Ha CcHCTEMa C MHOXECTBO
MpaBWJia B EKBHUBAJICHTHA CHCTEMa OT €IHO IPaBWJIO, Ype3 JUHTBUCTUYHA KOMIIO30LMSl Ha
MHAMBUAYaNIHUTE 0a3a oT mpasuia. [1o Bpeme Ha KOHBEPTHpPaHE HA TO3U MPOLIEC, TPO3PAUYHOCTTA
HAa MHOXXECTBOTO 0a3za OT MpaBWJa H3ISIIO C€ MOAAbpXKa, a TOYHOCTTA HA CUCTeMara ce
noao0psBa 10 HUBA CPABHUMU C HEHHATA TOYHOCT ¢ 0a3a OT €IHO MPABUIIO.

3. Vatchova B., A. Gegov Production rule and network structure models for knowledge
extraction from complex processes under uncertainty. Chapter Recent Contributions in
Intelligent Systems. Series Studies in Computational Intelligence. Editors Sgurev et al.. Recent
Contributions in Intelligent Systems Editors Ed. Sgurev V., Ronald R. Y., Kacprzyk J.,
Krassimir T. A., 657, Springer International Publishing Switzerland 2017, I1SBN:978-3-319-
41437-9, DOI:10.1007/978-3-319-41438-6_20, pPP.379-390.  nhttps://www.scopus.com/record/display.uriZeid=2-
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This paper considers processes with many inputs and outputs from different application areas.
Some parts of the inputs are measurable and others are not because of the presence of stochastic
environmental factors. This is the reason why processes of this kind operate under uncertainty.
As some factors cannot be measured and reflected into the process model, data mining methods
cannot be applied. The proposed approach which can be applied in this case is based on artificial
intelligence methods.

CraTtusta pasriexzaa NpoLecH ¢ MHOXECTBO BXOJOBE M M3XOJU OT Pa3IMYHHU IMPHUIIOKHH
obOnactu. Hsikon or BXomoBeTe MoraT Jga ObaaT W3MEpBaHH, a APYyrd HE MoraT jaa Opaar
M3MEPBaHH, OPAN HAIMYMETO HAa CTOXAaCTHYHM (pakTopu Ha cpenata. ToBa € mpUUMHA TIOPAIH,
KOSITO TPOIIECUTE C€ OCBHIIECTBABAT MPH HeomnpeaenaeHocT. [lopaau ToBa, 4e HIKOU OT BXOJHHUTE
nmapaMeTpd He MoraTr Ja ObJaT M3MEpBaHH, T€ HE MOTAaT Jia OTpa3sT aJeKBaTHO Ipoleca Ha
mojena. B To3u cinywaii Data Mining MetoauTe He MOraT Jia ce U3MOJI3BaT, mopaau Gpakra, uye Te
ca MPWIOKUMH 32 JETePMUHUCTHYHH 00ekTH. [IpeloxkeH e moaxoja, KOWTO ce OCHOBaBa Ha
6a3aTa Ha METOJM HA U3KYyCTBEH MHTEJIEKT.

4. Gegov A., Petrov N., Sanders D., Vatchova B.Modular rule base fuzzy networks for
linguistic composition based modelling. 21, International Journal of Knowledge-based and
Intelligent Engineering Systems, vol. 21, no. 2, 2017, DOI: 10.3233/KES-170352, p.53-67
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This paper proposes a linguistic composition based modelling approach by networked fuzzy
systems that are known as fuzzy networks. The nodes in these networks are modules of fuzzy
rule bases and the connections between these modules are the outputs from some rule bases that
are fed as inputs to other rule bases. The proposed approach represents a fuzzy network as an
equivalent fuzzy system by linguistic composition of the network nodes. In comparison to the
known multiple rule base approaches, this networked rule base approach reflects adequately the
structure of the modelled process in terms of interacting sub-processes and leads to more
accurate solutions. The approach improves significantly the transparency of the associated model
while ensuring a high level of accuracy. Another advantage of this fuzzy network approach is
that it fits well within the existing approaches with single rule base and multiple rule bases.

Ta3u craTus npenara JUHTBUCTHYHA KOMIIO3MIMS OCHOBAaHA Ha MOAXOJ 3a MOJEIUpPAaHE Ha
pa3MUTH CUCTEMM, KOUTO Ca MO3HATU KAaTO pa3MUTU MpEXU. Bb3inTe Ha TE3U MpEXU ca MOyJIN
Ha pa3MUTU 0a3u OT MpaBWJIa U BPB3KUTE MEXKAY TE€3H MOJYJIM Ca U3XOAM 3a HSAKOM 0aszu or
MpaBmiIa, KOUTO Ca BXOJOBE Ha JApyru 0a3u mpasuia. [IpeioskeHusT MeTO T PECTaBs pa3MHUTa
MpeXka KaTo €KBMBAJEHTHA pa3MHUTa CUCTEMa, 4Ype3 KOMIO3MLMS OT Bb3JIM Ha Mpexara. B
CpaBHEHHE C MO3HATH MOAXO0H CBbP3aHU C MHOKECTBO 0a3M OT IpaBuIIa, TO3M MOAXO0J OCHOBAaH
Ha MpEeXOBU 0a3M OT MpaBWila OTpas3siBa aJleKBATHO CTPYKTypaTa Ha MOJETUPAHUs MPOLEC C
TEPMUHUTE Ha MOA-NPOLECH M BOAM KbM IHO-TOYHM pemieHus. To3um mnoaxox mnoaoOpsia
3HAYUTEIIHO IIPO3PAaYHOCTTa HA CBBP3AHUTE MOJEIM U OCUTypsBa BUCOKO HUBO Ha TOYHOCT.
Jlpyro mpenuMcTBO Ha TO3UM MPEXKOB MOAXOJ €, Y€ € ChbBMECTHM U C€ HallCBa MHOIO J100pe B
CHILECTBYBAIIIM BeU€ MOJAXOAM C €HA UM MoBeye 0a3a OT IpaBHJIa.

5. Gegov A., Petrov N., Sanders D., Vatchova B. Boolean matrix equations for node
identification in fuzzy rule based networks. 4, 21, International Journal of Knowledge-based and
Intelligent Engineering Systems - Volume 21, issue 4, 2017, ISSN: 1875-8827 (E), DOI:
10.3233/KES-170353, p.69-83. https://www.scopus.com/record/display.uri?eid=2-s2.0-
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This paper proposes a novel approach for modelling complex interconnected systems by means
of fuzzy networks. The nodes in these networks are interconnected rule bases whereby outputs
from some rule bases are fed as inputs to other rule bases. The approach allows any fuzzy
network of this type to be presented as an equivalent fuzzy system by linguistic composition of
its nodes. The composition process makes use of formal models for fuzzy networks and basic
operations in such networks. These models and operations are used for defining several node
identification cases in fuzzy networks. In this case, the unknown nodes are derived by solving
Boolean matrix equations in a way that guarantees a pre-specified overall performance of the
network. The main advantage of the proposed approach over other approaches is that it has better
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transparency and facilitates not only the analysis but also the design of complex interconnected
systems.

Ta3u craTus npennara HOB MOJAXOJL 3a MOJIEJIMPAHE HA B3aUMOCBBP3aHU CUCTEMH, UPE3 Pa3MUTU
Mpexu. Be3nure Ha Te€3U MpEXH ca B3aMMOCBBP3aHU 0a3M OT MpaBHia, a MU3XOAUTE HA HAKOH
0a3u OT mpaBHjIa ca BXOAOBE 3a JApyru 06a3u oT mpaBuia. [1oaxoabT mo3BOJIsIBA BCSIKA pa3MHUTa
Mpeka OT TO3H THI Ja ce MPEeCTaBH KaTo €KBUBAJICHTHA pa3MHUTa CHCTEMA, Ype3 JIMHIBUCTHYHA
KOMITO3UIIMSL OT cBouTe BB3NU. [IpomechT Ha oOenMHsSBAaHE OCHIIECTBABA H3IOJI3BAHETO Ha
(dbopMaIHH MOJIENH HAa Pa3MUTU MPEXHU U OCHOBHH OIEpaIiy 3a TaKuBa MpexH. Te3u MoJenu u
orepanyy ce W3MOoN3BaT 3a JAepuHUpaHe HA UACHTHU(UKAIMS HAa HAKOJIKO BB3JIM B CIydyau 3a
pasMuTU Mpexku. B To3u ciydail Hermo3HaTUTE BB3JIM C€ MOJydaBaT 4pe3 penieHue Ha byrneBu
MaTPUYHU ypaBHEHHMS 110 HAYMH, KOUTO TapaHTHpa MPEAUIBAPUTEIHO Je(PUHUPAHE IATIOCTHOTO
MOBE/ICHHE Ha MpekaTta. [IpeguMcTBOTO Ha TO3U MOJXOJ B CPaBHEHME C APYTU MOAXOIU € IO-
no0para Mpo3pavyHOCT U YJIECHSIBAHETO HE CaMO Ha aHaju3a, HO U Ha MPOEKTHUPAHE Ha CIOKHU
B3alMOCBBP3aHU CUCTEMHU.

6.Gegov A., Sanders D., Vatchova B. Aggregation of inconsistent rules for fuzzy rule base
simplification. 3, 21, International Journal of Knowledge-based and Intelligent Engineering
Systems, vol. 21, no. 3, 2017, DOI: 10.3233/KES-170358, p.135-145.
https://www.scopus.com/record/display.uri?eid=2-s2.0-85027501153&origin=resultslist&sort=plf-
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This paper proposes a rule base simplification method for fuzzy systems. The method is based on
aggregation of rules with different linguistic values of the output for identical permutations of
linguistic values of the inputs which are known as inconsistent rules. The simplification removes
the redundancy in the fuzzy rule base by replacing each group of inconsistent rules with a single
equivalent rule. The simulation results show that the aggregated fuzzy system with the consistent
rule base approximates quite well the original fuzzy system with the inconsistent rule base. The
main advantage of the proposed method over other methods is that it does not require any
refinement of the rule base using additional data sets or expert knowledge. In this context, the
method is quite suitable for applications where rule base refinement is unacceptable due to time
constraints or impossible due to lack of additional data or knowledge.

Ta3m crarus npeajara METOJ 3a OIIPOCTABAHEC Ha 0aza or ImpaBujia 3a PasMUTU CUCTEMH.
MeTOHLT € OCHOBaH Ha CBBKYIMIHOCT OT IIpaBuWjia € pa3jivdHU JIMHIBUCTUYHH CTOMHOCTH Ha
HU3XOAUTE 3a MACHTUYHH NEpMYyTallMM Ha JIUMHIBUCTUYHH CTOMHOCTH Ha BXOJ0BE, KOHUTO Ca
IMO3HATU KaTO HECHBMCCTHMHU IIpaBUJIA. ToBa OIMPOCTABAHE MPEMaxBa U3JIMIIHUTEC pa3sMUTH 0asu
IpaBHjia, YpC3 3aMCHSAHC HAa BCAKAa HCCBbBMECTUMA I'pyIia OT IMPpaBUJia C CAUHUYHO CKBHUBAJICHTHO
IpaBHJIO. CI/IMyJIaI_[I/IOHHI/ITC pe3yiiTaTu II0Ka3BaT, Y€ CbHBKYIIHATA pasMHUTa CHCTECMa CBbC
ChbBMECTHMa 0a3a OT IpaBujia CbBCEM z[o6pe AIlIpOKCUMHPA OpUTHHAJIHATA pa3sMuTa CUCTCMaA C
HeChbBMeCTHMA 0asa oT IpaBuiia. OCHOBHO MpeaAMMCTBO Ha NPCAJIOKCHUAT MCTOA B CPABHCHHUEC C
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Apyru MeToiu € TBbPAC MOAXOAAIIO 3a NMPUIIOKCHUA, KbACTO HO,Z[O6peHI/ICTO Ha 0aza oT ImpaBuia
¢ HCHOPUEMJIMBO TIIOpagu BPEMCBU OI'paHUYCHUA WKW HCEBB3MOXHO IMOpaJju JiUMIICa Ha
JOII'BJIHUTCIIHNU 3HAHUA.

7. Gegov E., Postorino M, Gegov A, Vatchova B. Space independent community detection in
airport networks. Complex Systems.Relationships between Control, Communications and
Computing. Studies in Systems, Decision and Control. Editor Dimirovski G.M. 55, Springer,
2016, ISBN:"978-3-319-28860-4", DOI: 10.1007/978-3-319-28860-4, p.211-248.
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This research explores the topology and passenger flows of the United States Airport Network
(USAN) over two decades. The network model consists of a time-series of six network snapshots
for the years 1990, 2000 and 2010, which capture bi-monthly passenger flows among US
airports. Since the network is embedded in space, the volume of these flows is naturally affected
by spatial proximity, and therefore, a model (recently proposed in the literature) accounting for
this phenomenon is used to identify the communities of airports that have particularly high flows
among them, given their spatial separation. This research results highlight the fact that some
general techniques from network theory, such as network modelling and analysis, can be
successfully applied for the study of a wide range of complex systems, while others, such as
community detection, need to be tailored for a specific system.

ToBa u3cneaBaHe n3ydyaBa TONOJOTUATA U MBTHUKONOTOKA Ha Mpexa B CAIL] 3a nocnennure nse
neceTuneTus. MpexoBUAT MOJIEN C€ CbCTOM OT BPEMEBU CEPUU Ha IIECT MPEKOBU CHUMKU 3a
roauaute 1990, 2000 u 2010, xouTo u3mMepBaT NbTHUKONOTOKA Ha Jertuma B CAILl Ha Bceku
nBa Mecenia. OT KakTo € BrpajieHa MpekaTa BbB BB3AYIIHOTO MPOCTPAHCTBO, 00EMBT Ha TE3U
MOTOIM C€ MPOMEHS 4Ype3 MPOCTPAHCTBEHA OM30CT U 3aTOBA MOJENBT (MIPEATIOKEH HACKOPO B
JTUTEpaTypaTa) U3UMCIEH 3a TO3U (PEHOMEH C€ M3IOJ3Ba 3a UACHTU(UKAIUSI HA KOMYHUKAIIMHUTE
B JICTHINA, KOUTO UMAT BUCOK MOTOK M3pa3€H, Ype3 Ta3u MpOoCTpaHCTBEHa Onu3ocT. Pesynrarure
Ha TOBa M3CJIe/IBaHE MoauepTaBaT (pakTa, 4e HIKOM OCHOBHU TEXHUKHU OT TEOPHsI HA MPEKHUTE,
KaTo MOJIeTIMpaHe U aHAJIM3 Ha MPEXH MOTaT YCHEIIHO Ja C€ MPUJIOXKAT 3a HM3CJeABaHE Ha
IIMPOK KJIAC CJIIOKHHU CHUCTEMH, JIOKATO IPYTH, KaTO pa3no3HaBaHE Ha KIILCTEPU € HEOOXOTUMO
Jla ce HACTpOMBaT 3a creurpuyHaTa cucTemMa.

8. Gegov A., Sanders,D., Vatchova,B. Complexity management methodology for fuzzy systems
with feedforward rule bases. International Journal of Knowledge-based and Intelligent
Engineering Systems, vol.19, 2, 10S Press Content Library, 2015, ISSN: 1327-2314 (P) ISSN

1875-8827 (E), DOI: 10.3233/KES-150310, p. 83-95.  nttps://www.scopus.com/record/display.uri?eid=2-52.0-
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This paper proposes a complexity management methodology for fuzzy systems with feedforward
rule bases. The methodology is based on formal methods for presentation, manipulation and
transformation of fuzzy rule bases. First, Boolean matrices are used for formal presentation of
rule bases. Then, binary merging operations are used for formal manipulation of rule bases.
Finally, repetitive merging operations are used for formal transformation of rule bases. The
formal methods facilitate the understanding and modelling of fuzzy systems in terms of
interacting subsystems. In particular, the methods reduce the qualitative complexity in fuzzy
systems by improving the transparency of the rule bases.

Ta3u crartus mpejaiara METOJOJIOTHS 3a YIPABICHUE HA CIOXHH Pa3MUTH CUCTEMHU C OOpaTHU
0a3u or mpaBwia. Metomosioruita ¢ Ha Oa3ata Ha (OpPMaJIHH MOJEIH 3a IpECTaBsHE,
MaHWITyJAUs W TpaHchopMHpaHe Ha pa3MuTH 0Oasu OT mpaBwia. Haii-Hanpesn OyJieBUTe
MaTpHIM Ca U3MOJI3BAT 32 (POPMAIIHO TPEICTABSIHE HAa 0a3u OT MpaBmJIa, Cje]] KOETO OMHAPHHUTE
olepaIy ce M3MoJ3BaT 3a oOequHsABaHE Ha (HOPMATHO MAHMITYJIMpaHEe Ha 0a3W OT MpaBuUIIA.
[MoBTapsmuTe ce onepalyy 3a CIMBaHe Ce M3MOJI3BAT 3a (opmaiHa TpaHcdhopmanus Ha 6a3a OT
npasuiia. opMaTHUTE METOIU YIICCHIBAT Pa30UPAHETO M MOJCTMPAHETO HAa PA3MUTH CHCTEMH C
TEPMHUHUTE Ha B3aWMOICHUCTBAIIM MOACUCTEMH. Ha mpakTHKa METOIbT HaMaJsiBa KauyecTBEHATa
CIIOKHOCT B Pa3MHUTUTE CUCTEMH, Ype3 MOJ00psSBaHE HA MPO3PAYHOCTTA Ha OA3UTE OT MpaBHUIIA.

9. Vatchova B. Logical method for knowledge discovery based on real data sets. Proceedings of
the IADIS European Conference Data Mining. Volume Editor: Ajith P. Abraham, 2011, ISBN:

978-972-8939-53-3, 203-207. nhttps://ww.scopus.com/record/display.uri?eid=2-s2.0-84865081986&origin=resultslist&sort=plf-
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The paper presents knowledge discovery from real data sets of complex process in mining
industry. It is applied directly approach where experimental data are transformed from numerical
values into relatively and finally in logically values. Using this approach it is achieved more
clearly and accurate knowledge for investigated process by means of simple numerical and
logically procedures. It is created knowledge bases in form of production rules of multi-valued
logic. These knowledge bases can be used for the purposes of prediction, control and analysis of
the complex processes.

CrarusiTa TipeicTaBsi U3BIMYAHE HA 3HAHUSA OT PEAHU JAHHH 3a CJIIOXKHHU MPOIECH B MUHHATA
npoMuILieHOCT. [Ipenmoxken e moaxo/, KbJAETO eKCIEPUMEHTATHUTE JaHHU ce TpaHchopmupar
OT YHMCJIIEHH CTOMHOCTM B OTHOCUTEIHHM CTOMHOCTH W CJI€J] TOBa B JIOTMYECKH CTOHHOCTH.
W3non3Baiiku TO3U MOAXO]I C€ MOTyYaBaT MO-TOYHU U HAJACKTHU 3HAHUS 32 H3CJIEBAHUS OOCKT.
Cw3naBar ce 6a3u OT MpaBUjla HA MHOTO3HAYHATA JIOTHKA. Te3u 6a3u OT MpaBWiia ce M3MOI3BaT
3a 1IeJINTE CBBbP3aHU C MPEJCKa3BaHe, yIPABICHUE U aHAIIU3 HA CJI0KHU MPOIIECH.
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10. Gegov A., Sanders,D., Vatchova,B. Mamdani Fuzzy Networks with Feedforward Rule
Bases for Complex Systems Modelling. Journal of Intelligent and Fuzzy Systems, vol. 30, no. 5,
2016, ISSN: 1064-1246, DOI: 10.3233/IFS-151911, p. 2623-2637.
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This paper proposes a novel approach for modelling complex interconnected systems by means
of Mamdani fuzzy networks with feedforward rule bases. The nodes in these networks are rule
bases connected in a feedforward manner whereby outputs from some rule bases are fed as
inputs to subsequent rule bases. The approach allows any fuzzy network of this type to be
presented as an equivalent Mamdani fuzzy system by linguistic composition of its nodes. The
composition process makes use of formal models for fuzzy networks, basic operations in such
networks, their properties and advanced operations. These models, operations and properties are
used for defining several types of networks with single or multiple horizontal levels and vertical
layers. The proposed approach facilitates the understanding of complex interconnected systems
by improving the transparency of their models.

CraTtusara npeanara HOB IOJXOJ 32 MOJEIIMPAHE HA CI0KHU B3aUMOCBBP3aHHU CHUCTEMH, UpPE3
Mamdani pazmutu Mpexu ¢ 6a3u OT IpaBKia C MPaBU Bpb3Ka. Bb3nure Ha Te3u Mpexu ca 6asza
OT IIpaBUJIa CBBP3aHU C MIPABU BPB3KHU IO HAUMH, KBAETO U3XOJUTE HA HAKOM 0a3u OT IpaBuIiIa
ca BXOJIOBE Ha mopenHute 6a3u oT mpaBwia. [loaxoabT Mo3BoJIABa BCSKA pa3MUTa Mpexa OT
TO3W TUN Ja ObAe MpeACTaBeHa Karo ekBuBajeHTHa  Mamdani pasmura cuctema c
JIMHTBUCTHYHA KOMIIO3MIIMS OT COOCTBEHM BB3NIU. Te3u MojaenH, omepalMu U CBOMCTBa ce
HU3I10J3BaT 3a I[e(l)I/IHI/IpaHe Ha HAKOJIKO THIIa MPEKU C CAMHUYHU UJIU MHOKCCTBO XOPHU30HTAJIHU
HUBAa M BEPTUKAIHU ciioeBe. [IpenokeHusT MOoaXoJ YJECHsBa pa30MpaHETO Ha CIOXHU
B3aMMOCBBP3aHH CUCTEMH, Ype3 N000psBaHE Ha IPO3PAaYHOCTTA HA MOJEIIUTE.

11. Gegov A., Sanders,D., Vatchova, B.Complexity management methodology for fuzzy
systems with feedback rule bases. 26, 1, Journal: Journal of Intelligent & Fuzzy Systems, vol.
26, no. 1, p. 451-464, 2014, 2014, DOLI:DOI:  10.3233/IFS-130857,
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This paper proposes a complexity management methodology for fuzzy systems with feedback
rule bases. The methodology is based on formal methods for presentation, manipulation and
transformation of fuzzy rule bases. First, Boolean matrices are used for formal presentation of
rule bases. Then, binary merging operations are used for formal manipulation of rule bases.
Finally, repetitive merging operations are used for formal transformation of rule bases. The
formal methods facilitate the understanding and modelling of fuzzy systems in terms of
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interacting subsystems. In particular, the methods reduce the qualitative complexity in fuzzy
systems by improving the transparency of the rule bases.

CrarusiTa npejmiara METOJOJOTMS 3a YIpaBJICHHE HA CIOXKHU Pa3MHUTU CHUCTEMH ¢ 0azu OT
npaBuiia ¢ oOpaTHa Bpb3ka. MeTomonoruara ce OCHOBaBa Ha (popMaslHi METO/U 3a IIPEJICTaBsIHE,
JecTBUS U TpaHCPOpMUpaHE HAa pa3MUTH 0a3u OT mpaBwia. M3mon3BaT ce OyleBU MaTPUIH 3a
¢dopmanHO mpexacTaBsHe Ha 0Oa3m OT mpaBwia. OchIIecTBsiBa ce OWHAPHO OOeAWHEHHE Ha
omepanuu 3a (opMaaHa MaHMIyJTanus Ha Oa3ara npaBwia. Haii-Hakpas ce  W3BBpIIBAT
MOBTApSAIIM Ce€ onepanuy 3a OOCJMHEHHE W MaHMOylamus Ha Oas3ara OT NpaBWiaTa.
dopmanHUTe METOAM YJIECHABAT Pa3OMpaHETO M MOJACIHMPAHETO HA PA3MHUTU CHCTEMH 4pe3
noz00peHne Ha MPo3pavyHoOCTTa Ha 0a3aTa OT MpaBmIIa.

12. Vatchova B., Gegov A. Knowledge extraction methods for complex processes operating
under uncertainty. Intelligent Systems (IS), 2012 6th IEEE International Conference, 2012,
DOI:10. 1109“8.2012.6335183, pp.009-013. https://www.scopus.com/record/display.uri?eid=2-s2.0-

84869747301 &origin=resultslist&sort=plf-
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NAME%28Vatchova+B.+%29&relpos=9&citeCnt=0&searchTerm=

This paper considers processes with many inputs and outputs from different application areas.
Some parts of the inputs are measurable and others are not because of the presence of stochastic
environmental factors. This is the reason why processes of this kind operate under uncertainty.
As some factors cannot be measured and reflected into the process model, data mining methods
cannot be applied. The proposed approach which can be applied in this case is based on artificial
intelligence methods.

Cratusita pasriex/zaa cjI0KHU MPOLECH ¢ MHOTO BXOJI0BE U MHOTO u3xoau. Hskou ot Bxogosere
MoraT Ja ObJaT U3MEpeHH, a JPYyrd He Morar ja ObJaT W3MEpEeHHu, Mopajud HAJIUYUEeTO Ha
CTOXAaCTUYHOCT OT 3ao0uKajsmara cpeaa. ToBa € MpUYMHA MOPAAM KOSTO TE3M MHpOoLecH
neiictBaT mpu HeompezaeneHocT. [lopaau ¢akra,ue yact OoT BXOJOBEeTe HE MoraTr jaa Obaar
nepuHUpaHu (MOpajau HaIW4YMe Ha CMYLIEHHWs OT cpelaTa MM HelOoCTaThbYHM BXOJHHU JJaHHN),
Data Mining meronute He Morat qa ObJAaT MpPWIATaHW 332 TAKBB THUIl CIOKHH MPOM3BOJCTBEHH
npouecu. [Ipemiara ce HOB MOAXOJI, KOUTO € ChbBKYITHOCT OT METOAW HAa U3KYCTBEH UHTEIEKT U
MHOT'O3Ha4Ha JIOTUKA.

13. Gegov,A., Petrov,N., Vatchova,B. Advanced modeling of complex processes by rulebased
networks. Proceedings of 5th IEEE International Conference on Intelligent Systems, 7-9 July,
London, UK, 2010, DOI:10.1109/1S.2010.5548336, 197-202. nhttps:/www.scopus.com/record/display.uri?eid=2-

§2.0-77957827025&0rigin=resultslist&sort=plf-
f&src=s&st1=Vatchova+B.+&st2=&sid=c710c8e0951114225a98eabcd80508f3&sot=b&sdt=b&sI=25&s=AUTHOR-
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This work presents an application of the novel theory of rule based networks for building models
of processes characterised by uncertainty, non-linearity, modular structure and internal
interactions. The application of the theory is demonstrated for a flotation process in the context

9


https://www.scopus.com/record/display.uri?eid=2-s2.0-84869747301&origin=resultslist&sort=plf-f&src=s&st1=Vatchova+B.+&st2=&sid=c710c8e0951114225a98eabcd80508f3&sot=b&sdt=b&sl=25&s=AUTHOR-NAME%28Vatchova+B.+%29&relpos=9&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84869747301&origin=resultslist&sort=plf-f&src=s&st1=Vatchova+B.+&st2=&sid=c710c8e0951114225a98eabcd80508f3&sot=b&sdt=b&sl=25&s=AUTHOR-NAME%28Vatchova+B.+%29&relpos=9&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84869747301&origin=resultslist&sort=plf-f&src=s&st1=Vatchova+B.+&st2=&sid=c710c8e0951114225a98eabcd80508f3&sot=b&sdt=b&sl=25&s=AUTHOR-NAME%28Vatchova+B.+%29&relpos=9&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84869747301&origin=resultslist&sort=plf-f&src=s&st1=Vatchova+B.+&st2=&sid=c710c8e0951114225a98eabcd80508f3&sot=b&sdt=b&sl=25&s=AUTHOR-NAME%28Vatchova+B.+%29&relpos=9&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-77957827025&origin=resultslist&sort=plf-f&src=s&st1=Vatchova+B.+&st2=&sid=c710c8e0951114225a98eabcd80508f3&sot=b&sdt=b&sl=25&s=AUTHOR-NAME%28Vatchova+B.+%29&relpos=12&citeCnt=4&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-77957827025&origin=resultslist&sort=plf-f&src=s&st1=Vatchova+B.+&st2=&sid=c710c8e0951114225a98eabcd80508f3&sot=b&sdt=b&sl=25&s=AUTHOR-NAME%28Vatchova+B.+%29&relpos=12&citeCnt=4&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-77957827025&origin=resultslist&sort=plf-f&src=s&st1=Vatchova+B.+&st2=&sid=c710c8e0951114225a98eabcd80508f3&sot=b&sdt=b&sl=25&s=AUTHOR-NAME%28Vatchova+B.+%29&relpos=12&citeCnt=4&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-77957827025&origin=resultslist&sort=plf-f&src=s&st1=Vatchova+B.+&st2=&sid=c710c8e0951114225a98eabcd80508f3&sot=b&sdt=b&sl=25&s=AUTHOR-NAME%28Vatchova+B.+%29&relpos=12&citeCnt=4&searchTerm=

of converting a multiple rule based system into an equivalent single rule based system by
linguistic composition of the individual rule bases. During the conversion process, the
transparency of the multiple rule based system is fully preserved while its accuracy is improved
to a level comparable with the accuracy of the single rule based system.

Paborara mpezncraBs NpuIOKEHHE HAa HOBAa TEOpus Ha 0Oa3ara Ha MpEXH OT MpaBWiIa 3a
U3rpakJaHe Ha MOJICIHM Ha MPOIECH, XapaKTepU3UpalId C€ C HEONMPEIEICHOCT, HEIMHEHHOCT,
MOJyJIHa CTPYKTYPHOCT M BBTPEIIHU B3auMojelcTBusa. I[lpunokeHueTo Ha Teopusta €
JEMOHCTPHUPAHO 32 (PIIOTALIMOHEH MPOIEC OT MUHHATA MPOMHUIIIICHOCT B KOHTEKCT 3a OOpbIIIaHe
Ha cHCT€Ma C MHOXKECTBO 0a3M OT IpaBHWia B €KBHUBAJICHTHA €JIMHUYHA CUCTeMa ¢ 0asza oT
MpaBWiia, Ype3 JUHTBUCTUYHA KOMIIO3ULIMSA OT MHIMBUIYyalmHU 0a3u oT mpasmia. OcBeH TOBa
IIPO3pAaYHOCTTa HA CUTEMA C MHOTO 0a3M OT IpaBWJia € M3LSAJIO 3ala3eHa U HeMHaTa TOYHOCT ce
o 00psiBa 1O HUBO KOETO MOXKE J[a C€ CPAaBHH C TOYHOCTTA HAa CUTEMa C €HO 0a3a MmpaBuIIo.

14. Gegov E. A, Vatchova B., Gegov E.D. Multi-valued logical method for knowledge
extraction and updating in real time. Intelligent Systems, 2008. 1S'08. 4th International IEEE
Conference, vol.2, pp. 17.6-17.8, 2008, DOI:10.1109/1S.2008.4670545

https://www.scopus.com/record/display.uri?eid=2-s2.0-78650496492&origin=resultslist&sort=plf-
f&src=s&st1=Vatchova+B.+&st2=&sid=c710c8e0951114225a98eabcd80508f3&sot=h&sdt=h&s|=25&s=AUTHOR-
NAME%28Vatchova+B.+%29&relpos=13&citeCnt=1&searchTerm=

Familiar methods for knowledge derivation are based on statistical procedures, which are not
accompanied by algorithms for updating of knowledge in real time. In this work, the algorithms
are implemented successfully using both logical and statistical procedures whereby flexible
arrays of experimental data is entered such that older data is removed and newer data is added.
These data are packed together in groups and transformed into logical values of functions of
multi-valued logic. The functions are accompanied by probability of occurrence of its values,
which is evaluated in real time. In this way, a new construction is formed called Multi-Valued
Logical Probability Function (MLPF), which expresses simultaneously two mutually related
correspondences-logical and probabilistic. The correspondences are updated in real time. MLPF
is a system of production rules, which are updated in real time.

[To3naTuTe MeTOAM 3a U3BIMYAHE HA 3HAHUS C€ OCHOBABAT Ha CTATUCTUYECKH MPOILEIypH, KOUTO
HE ca MPUJIPYKEHU OT aJrOpUTMHU 3a IPOMsSHA Ha 3HAHUATA B peasiHO BpeMe. B pasriexnanara
CTaTHsl aJTOPUTMUTE C€ W3MBJIHIABAT YCHEIIHO, W3MOJ3BAMKH JIOTMYECKH M CTAaTUCTHYECKU
MpoueaypH, KbAETO I'bBKaBUTE MAaCUBU OT €KCHEPUMEHTAIHM JIaHHU C€ BBBEXKIAT IO HaYMH B
KOITO CTapuTe JaHHU OTIHAJAAaT U ce J00aBAT HOBH JaHHH. Te3U JaHHU ca MaKeTHUpPaHH B TPYNH U
ca TpaHc(hopMUpaHU B JIOTMYECKH CTOMHOCTH Ha (PYHKIMM HAa MHOTO3HA4yHa JIoTHKa. Te3n
(GYHKIMU ca ¢ HAKAaKBa CTENEH Ha BEPOSITHOCT 32 BCAKA CTOWHOCT OT JIOTMYECKUTE CTOHHOCTH,
KOSITO Ce OIIeHsBa B peasiHo BpeMe. 110 To3u HauMH ce BbBeXk/1a HOBa KOHCTPYKIMs (opMHpaHa,
kato MJIB® (MHOro3HayHHM JIOTMMECKH W BEPOSITHOCTHH (YHKIMH), KOSATO H3pa3siBa [BE
B3aMMOCBBP3aHU CHOTBETCTBUA-JIOTMYECKO U BEPOSTHOCTHO. T€3U ChOTBETCTBHUSA C€ MIPOMEHST B
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peanHo Bpeme. MJIB® e cutema OT NPOAYKUMOHHHU IIPABUIIA, KOUTO CE€ IPOMEHAT B PEAIHO
BpEME.

15. Application of Genetic Algorithms by means of Pseudo Gradient. Vatchova B.
Computational Intelligence, Theory and Applications Ed. by Bernd Reusch, 33, SPRINGER-
Verlag Berlin Heidelberg, 2005, ISBN: ISBN-10  3-540-22807-1, 17-24
http://apps.webofknowledge.com/full record.do?product=WOS&search mode=GeneralSearch&qid=8
&SID=C3ACOIMFFpOWfDcZoN2S&page=1&doc=1

Combining of the methods of GA and pseudo gradient decreases the number of experiments, as a
result large number of arguments, which are changed at the same time. When it is used “pseudo
gradient” is achieved directly looking for the extreme. The numerical example follows that after
three casual iterations have been implemented of the basic genetic algorithm is achieved
absolutely logical variation of the object towards local extreme. In this case not only the
direction and also the speed of the coordinates of the states are modified purposeful accordance
of the coordinates for the looking extreme.

CraTtusara pasriexaa HOB IOJAXOJ] CBbp3aH ¢ KOMOWHUpaHe Ha MeToauTe Ha ['A (reHeTH4HH
QITOPUTMH) | TICEBIOTPaAreHTeH MeToa. [1o To3m HauMH ce mocTura HamaysBaHe Ha Opos Ha
eKCIIEpUMEHTUTE U Ce NMPOMEHs OposT Ha apryMeHTHTe BbB (uTHec ¢yHkuusara. Korato ce
U3I0J13Ba ,,IICEBJI0 TPaJMEHTEH METOJl, TOBa BOJIU [0 AMPEKTHO TBHPCEHE Ha EKCTPEMYM.
Pasrienan e uuciieH npumep, KOMTO MoKa3Ba, ue clie]] U3bJIHEHUE HA TPU CIy4allHU UTepanyu
Ha 0a3a IeHETHYEH aJNTrOpUTBM Ce JOCTHra HW3MEHEHHE Ha O0eKTa MO IOCOKa KbM JIOKAJICH
eKCcTpeMyM. PasrnmexnaHusT MEeToJ B CTaTUSATa MOKa3Ba HE CaMO JHUPEKTHOTO HACOYBaHE KbM
eKCTpeMyMa, HO M TIpOMsiHA Ha CKOpOCTTa Ha KOOpPAMHATUTE 10 CBCTOSIHME, KOUTO
L[EJICHACOYEHO CE MPOMEHSAT CIOPE ThPCEHUS EKCPEMYM.
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