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IIpearosop

ITpe3 2015 . ce HaBbpmuxa 80 T. oT pokaeHueTo Ha mpod. [lersp bbpHEB, enun
OT OCHOBATEJINTE Ha HampaBlieHHETO ,, lHpopmaTnka*“ B UHCTHTYTA MO MaTeMaTHKa
n nHpopmaTrka npu BAH, ocHOBaTenm u pHKOBOIUTEN HA CEKIHA ,,MaTeMaTH4ecKo
ocUrypsiBaHe‘, IBJITOTOJMIIEH 3aMECTHUK-AUPEKTOp Ha EQuHHMS LEHThp 1O
MaTeMaTHKa M MEXaHWKa, ABJITOTOJHIIEH 3aMeCTHHK-Tpencenaren Ha Cpio3a Ha
MaTeMaturure B beiarapus, ocHoBaTen W NPBB MpeacedareN Ha Acouuanuara 3a
pa3BuTHE Ha HHHOPMAIIMOHHOTO OOIIECTRO.

IIpo¢. bepHer Oemre enuH OT MHOHEPUTE B PAa3BUTHETO Ha WH(POpPMATHKATa B
bbarapus. HeroBusT nprHOC UMa MHOTO aclIeKTH — OT U3YYaBaHETO W Pa3BHBAHETO
Ha WH(pOpMATHYHATA TEOpHs, Mpe3 m300opa KAKBO Ja € MIACTOTO Ha OBIrapckara
nHpopmarnyHa OOIHOCT Ha (oHA Ha OOLIMTE MPOLECH Ha pa3BUTHE Ha
nHpopMaTHKaTa U KOMITIOThPHATA WHIYCTPHSI 110 CBETA, 1O 00YYEHHETO Ha MIIAIUTE
I/IH(bOpMaTI/IHI/I HE CaMO B paMKHMTE Ha TsACHaTa CIICHHUATHOCT, HO M B IIO-IHIMPOK
(unocodcku, OOIIECTBEH, a U YUCTO YOBCIIKH TUIAH.

Ilo moBox Ha Tasm KpbIia TOAWIIHWHA OT POXIACHWETO Ha mpo¢. bbpHEB,
WuctutyThT M0 MaTemaTtuka u uHpopmaruka npu BAH (MMU-BAH), csBMecTHO ¢
dakynrera no maremaruka u uHpopmatuka npu Coduiicku yHuBepcurer ,,CB.
Kmument Oxpuncku®, IlnoBamBckus yHuBepcurer Jllamcnit Xunmenmapcku',
Aconpanusta 3a pasBUTHE Ha MH(GOPMAIIMOHHOTO OOLIECTBO, bbiarapckara cexius
Ha Aconmanusara 3a uH(poOpManMOHHM cucTtemH, Cbl03a Ha MareMaTHLUTE B
Benrapus u Celo3a Ha ydeHuTe B bbirapus opraHuzupaxa NpOBEXJAaHETO Ha
100nieliHa HaydHa KoOH(epeHI s 1o HHPOPMaTHKa B HETOBA YECT.

B mpusitencka armocdepa ce chOpaxa HSIKOJIKO TMOKOJEHHS HErOBH KOJETH W
YYEHHIIH, 3apa3eHd MaJIKO WM IOBEYE OT HECTaHIAPTHHUSA M MHOTOCTPAHEH IOTIJIeH
Ha nipod. bppHEB KbM NpOOIIEMHTE U CHOUTHSATA.

Kasgar, 4e emviH YOBEK MMa TOJIIM HAaydeH TPHHOC, aKO € YCISUT Ja Ch3/aje
IIKOJIA OT TIOCTIE0BATEM HA CBOMTE HICH B HAay4eH IUIaH. XBBPISHKH TOTJICH KbM
MUHAJIOTO M HACTOSIIETO, MOKEM Ja 3aKitouyuM, 4e mpod. bbpHEB ocTaBu Io-
IbI0OKA ciiega — 10 €AWH WM JPYr Ha4WH TOM IOBJAMS Ha MHOrO Xopa B
0pOpMAHETO HAa TAXHOTO (GHIOCOPCKO BIDKAAHE 3a CBETA, HE KAICYJIMPaHETO B
KOHKPETHOTO HAyYHO TOIMPHIIE, HA KOSTO YOBEK CE MOCBEIIaBa, a OCMUCISIHETO Ha
Mo-O0IIMTE MPOIECH HA BIUSHAE HA HAyYHHsS HAmpeIbK BbPXY 4YOBEKa W
0011IeCTBOTO.

Wsnom3BaxMe cpOUTHETO, 3a Ja dYecTUTMM u 80-roguiniHWHATA Ha [OII.
Maprapura bbpHeBa — He caMo CIIbTHMUYKA B KKMBOTa Ha npod. BepHeB, HO U Ha
MPaKTHUKa IIbpBaTa jkeHa-uHGOPMATUK B Bbiarapus, mana CBOS CHIIECTBEH MIPUHOC B
Pa3BUTHETO HA MPOrpaMUpPaAHETo y Hac. T4 U cera mpoAbIKaBa Jla y4acTBa aKTUBHO B
OpraHM3MpaHeTo Ha exerogHata Harmmonamna koH¢epenuus ,,O0pa3oBaHHETO U
M3CICIBAaHUATA B HH(DOPMAIIMOHHOTO OOIIECTBO™.



IIpe3s 2015 r. ce HaBbpImMXa W JPYTH TOAWIIHWHU Ha KOJETH, KOUTO, 3a
CHXKaJICHHE, Beue He ca Mexay Hac: mpod. TomMoB — ch3maTen Ha HAlPaBIECHHETO
,,I3KyCTBeH MHTENIEKT B Bbarapus, nmpod. JoayHeKoB — Ch3maTea Ha rpynarta Io
kogupane B bwarapus, non. boiiwo KoknHoB — ocHOBOMOI0KHUK Ha KorHuTHBHATA
Hayka B boarapus. YacT oT gokmaauTe B HCTOpHUYECKAaTa CEKIMS Ha ToMa ca
MOCBETEHU HA TAX WM Ha pe3ylTaTUTe OT TeXHus TpyA. pyra dact mpocieassar
pa3BUTHETO Ha OCHOBHHUTE HH(popMaTHyHM Hanpasienuss B IMU-BAH — karo
UCTOPUSI, HACTOSIIE U OBJICIIH IUTaHOBE.

Enna Hayka He MOXe Jla ©Ma pa3BUTHE, aKO HAMa IocienoBarteny. ETo 3amo gact
OT AOKJIAAWUTE B HUCTOpHUYECKATa 4acT 0s1Xa MOCBETEHUM HMMEHHO Ha O6y‘-IeHI/IeTO o
nHpopMaThKa — IIPUXH OT PAa3BUTHETO HA YHUBEPCHTETCKOTO 0O0pa3oBaHME MO
nHpopmatuka B bBbarapus, kakTo M Kak HWH(oOpMaTuKara cTaHa OJIMMIIMIICKa
JIICLUITIMHA 33 CTYICHTHUTE.

Bropara wact Ha KOH(epeHIHUsTa ChIbpXKalle IOKIaAu, KOHTO INpelcTaBsixa
HOBHU Hay4YHH pe3yiaratu BbBB BOJACIIN HalpaBJICHUA Ha H3CJICABAHC B
nHpopmaTukara y Hac.

Jeno Ha npod. BepHEB e cxemara, KOSTO ABJITH TOAWHU NPOIBIDKaBa Ja ce
MI0JI3Ba KaTo CPEJICTBOTO, C KOETO 3a MET MUHYTH Ha BCEKHM YOBEK Jla MOXE Jia ce
00sICHM KaKBO TIPEICTABIIBAT MH(pOpMaTHKaTa W MHPOPMAIMOHHUTE IpoIecH. 3a
Hesl TIO-TIOJPOOHO MOXKE Jja MPOYETETe B KIOYOBUS AOKJIAA OT TOMA, IOCBETEH Ha
npod. bbpHes, ¢ aBropu npod. Eckenasu u npog. Cranues. Ta3u cxema nociyxu 3a
OCHOBa M Ha mpemIokeHuss oT mnpod. Pagencku Hayden ¢opym ,,CrbOupane,
ChXpaHeHHe, 00pabOTKa M BH3yaJlM3allus Ha TOJICMH JAHHU, KOWTO CE ChCTOS B
paMKHTe Ha KOH(pepeHIHsTa.

TOM’LT, Makap M MNO3aKbCHAJ, BEYC € IIPEO Bac. Ha,HHBaMe Cce, nornemaafxﬁcn
HUCTOPUATA U HACTOSAIICTO, 1a OCMUCIUM 6I>HGIII€T0 CH.

not. 1-p Kpacumupa VBanosa, nmpod. n-p Hexn Manea
25 mapr 2016 1.
rp. Codus
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Hayuonanna kongepenyus no ungpopmamuxa,
noceemena na 80 2. om poscoenuemo na npogpecop Iemvp bvpues

IIpogecop Ilerbp bbpHeB —
80 roguHM OT PpOKACHUETO MY

ABpam Eckenasu, Ilersp CTan4es

WnerutyT no matemaruka u nHdopmaruka npu BAH, Codust
eskenazi@math.bas.bg, stanchev@math.bas.bg

1. Hsaxou 6norpadmunm 1aHHH

ITersp bvpues e ponen Ha 28 despyapu 1935 B Codust. XKenen, ¢ ae IpuIepH.
CenpyraTta My ¥ IBeTe My IbIIepH ca 3apbpurmim maTeMaTtnka B CY. Cerpyrara My
MaprapuTa e y4eH U npernojaBatel o HHpopMaTHKa, JoOpe Mo3HaTa Ha KOJIETuATa,
JnHec meHcuoHnep. ['omsimata My nablueps, Penera, e mpodecop U pbKOBOIUTEN Ha
karenpa B Illatckms ymmBepcuter Ha Hio Mopk, CAILl, a mamkara asmeps —
CaetIaHa, xxuBee 1 pabotu B Monpean, Kanana.

3apppmmi e npe3 1958 r. cenmamrHOCTTa MaTeMaTHKa — Hay4HO-TIPOU3BOACTBEH
npodwit, B Coduiickus YHUBEPCUTET, cheruaim3upan ase romuau (1961-63) B
O6enuHEHNS UHCTUTYT 3a SIAPeHU u3cneaBanus, Tp. yona, u 6 mecena B MHcTHTYTA
,,bae3 Ilackan®, ITapmwk, KaKTO M KPaTKOCPOYHO B peAMIia UyXKACSCTPAaHHH HAYIHU
OpraHu3aIH.

IIpe3 1968 r. e 3amuTHI qUcepTalus 3a HayyHaTa crerneH ,,Kanauaar Ha Gu3nKo-
MaTeMaTUYECKUTE HAYKHU .

Crnem karto efHa TOAWHA € yYWTEN MO MareMmarwka, mpe3 1960 moctemBa ¢
KoHKypc B MHcTuTyTa mO MaTtemarmka W mH(popmatnka npu BAH, xpmeto e
MOCJIEIOBATENIHO HAY4YeH CHTPYJHUK, CTapIld Hay4deH ChTPYAHUK M mpodecop (oT
1984). OcHoBaten (1964) u pbKOBOAMTEN € Ha cekuusATa ,,MHMDOpMAIMOHHU
n3cneaBaHus (ObuBma ,,ABTOMATH3aIlMs Ha MPOrpaMUpPaHETO™, a TMO-KbCHO —
,MaremaTHuecko OCUrypsiBaHe'‘) OT OCHOBaBaHETO M 0 MEHCHOHUPAHETO My TIpe3
2005 r., kakTO U Ha JlabopaTopusaTa MO MPHJIOKCHUE HAa MaTeMaTukata — [1oBIuB
npe3 1IeJHs TIEPHOJT Ha CHIECTBYBAHETO .

[Tounnan na 29 ampun 2010 roauna.

2. IlpuHoCcH B HayKkaTa

ITersp BbpHEB OCTaBM MMETO CH B HayKaTa IpeId BCHYKO KaTO MH(OPMATHK.
Hayunure My mOCTHXEHUS OTpa3siBaT W3KJIIOYUTEIHO IIMPOKUTE MY OT TeMaTHYHA
rieqHa Touka MHTepecH. JJoOpe M3BEeCTHO e, 4e mpe3 Lenus IIepUoA Ha Pa3BUTHETO
cu (TIpUMepHO Tpe3 MocienHuTe 6-7 meceTwieTvs) MHPopMaTHKaTa € Omma cpen
Hal-TUHAMHUYHHATE HAay4YyHH HanpasieHHs. OOCKTHBHHMTEC MJaHHU IIOKa3BaT, e
I1. bepHeB e myOIMKyBall CBOM ¥ CHbBMECTHH PE3YJITaTH IPE3 MHOTO rojisiMa 4acT OT

Tazu paboTa e npecTaBeHa 3a MbPBU ITBT Ha KOH(epeHuusTa, nocsereHa Ha 80 I. OT poxe-
Huero Ha npod. bepHes, Ha 12.11.2015. TTo-kbcHO HEiHU BapuaHTH ca ITyOIUKYBaHU B
cn. Hayka 6p.1/2016 u B CoopHuka "MaTtemaTnka 1 MaTeMaTH4decko oOpa3oBanue" Ha
CMB, 2016.
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To3u mepuo — oT 1961 mpaxtuuecku 10 cMbptTa cu npe3 2010. IIpe3 ToBa Bpeme,
cjel KpaTbK HayaJleH MHTEpBajl, KOraTo TOH HaBJIM3a B HANPAaBIEHUETO, OT cpejaTa
Ha 1960-Te roAMHM HEroBUTE Pe3yJTaTH ca CBbP3aHU B MOBEYETO Cllyuyaud C Hail-
aKTHUBHO pelIaBaHUTe HHOOPMATHIHH TIPOOICMH.

B obnactra Ha npunoscenuemo na Komniompume 6 auHzeucmuxama brpHes
n3cnensa 3aequo ¢ JI. M. loopes u P. Kupkosa (1967, 1972) 3a mpbB IBT C
KOMITIOTBP YECTOTH Ha KOHCTPYKIMH B OBJITapcKHs €3WK, KaTO aBTOPUTE Ch3/aBat
HEOOXOAMMHTE 3a IIeNTa alrOpUTMH M mporpamu. JloOpe H3BECTHO € Kak Ta3H
IMOHepcKa paboTa Oemie rmocaeBana OT ABJITOTOIUIITHH N3CJIEABAHNS HA OBJITapCKU
YUYEeHH, KOUTO OT FOIMHH Ce MOJI3BAT ChC CBETOBHA U3BECTHOCT U NPU3HAHHE.

Ome mpe3 1964 r., ceBMecTHO ¢ M. AnocTosoBa, ImyOnuKyBa cTaTHs ¢ 0030peH
XapakTep MO BIPOCUTE HAa AaBTOMATU3ALUATa HA IPOTPaMUPAHETO, & CAMOCTOSATEIIHO
n3Hacs JOKIaj 1Mo rojoOHa TeMatnka. CKOpO ciiesl TOBa 3aroyBa IyOiIHKyBaHe Ha
HAyYHHUTE CH MPUHOCH B 00JIaCTTa HA e3uyume 3a npozpamupane u memooume 3a
mpancaayua. HezaBucumo ot MakKapTu npejuiara fja ce IpoBeXAa CTATUCTUUECKU
aHamm3 Ha (AKTHYECKOTO W3MOJ3BaHE HAa KOHCTPYKIMHUTE B E3WIUTE 32
IporpaMMpaHe W TpHiIara pesyiTaTHTe OT W3Cle[BaHe Ha mporpamu Ha Doprpan
IIPU Ch3JlaBaHE Ha OPUTHMHAJICH TpPaHCIATOp. PHKOBOAM CH3JaBaHETO HA ITBPBHUTE
cucTeMHu 3a mporpamupane B bearapus. EcrectBeHo, 3amouBa ce ¢ MwuHCK 2 —
OBPBUAT pEaHO BHEAPEH U EKCIUIOATUpaH KOMIIOTBp B bbarapus, B
W3uucnaurennuss 1eHTHp Ha ToraBaliHus MaTtemaTHuecku WHCTUTYT Ha bBAH:
Hucneyepcka cucrema MU/ 3a wmammuatra Munck-2 (1966), Bubimnoreka
CTaHAApPTHHU TpOTrpaMu 3a MamuHara ,,MuHck-2“ (1966), Cucrema 3a CHMBOJIMYHO
nporpamupane Ha mammHata MuHck-2 (1967). Hakou ot myOnukamunTe mo Ta3u
TEMa ca HallpaBeHH y Hac, UMa 00ade U IPyTH — B MOJCKO HAYYHO crucanue. SIcHo e,
4e TI0 TOBAa BpeMe pa3padOTBAHETO HAa TaKbB KOMIUIEKCEH HHCTPYMEHTApUyM €
W3WCKBAJIO YCHIIUS M TBOPUECKH Pe3yITaTH, a HE caMo IpujiaraHe Ha OTpabOTeHH U
MIPOBEPEHN METOAW W MPOIEAYPH — TaKUBa MPOCTO € HAMAJO WU ca OMIM HOBH H
HenocTeHU. CTpyBa cH Aa 0TOENeKUM U ollle euH BakeH (axt. B uapopmarukara,
B OOJIIIMHCTBOTO OT CIIydauTe, KAaKTO M B KOHKPETHHUS pasriekiaH, pe3ylTaTUTe ce
MoJiyyaBat ¢ KoJIeKTUBHM ycunud. He ciyuaiiHo kasaxme no-rope 3a Ilersp brpHes
,»pbkoBogu*“ — HeroBu chaBTOpu ca II. IletpoB, M. bwpuera, JI. Ilerpoma, /.
Tomxos, P. Kantuncka u ap. OT TO3M MOMEHT HaTaThbK, MPAaKTHUECKU BBB BCHUKU
MOJIOOHM CIy4an Ha KOJISKTMBHH pe3yJiTaTH, Toi € pbkoBoauTensr. Ilo Tes3m
NPUYMHH HaBCSKBIE MO-A0Iy, KOraro nuthupame chaBTopu Ha IleTsp BopHes, e
uMaMe TpeNnBUJ, Y€ BBB BCSKA IyOJMKamWs WM TPHIOXKHA pa3padoTKa TOH e
PBHKOBOAMTEIAT FUTM BOACUIMAT B Hesl. AKO MMa M3KIIOYEHHE, TO MIe ObJe M3PUIHO
otbems3Bano. [lo-momy B opyr pasmen mie ObIe orTOens3aHa BCeCTpaHHATa JEHHOCT
Ha I1. bppHeB mo pa3zpaboTBaHeTo Ha codTyepa Ha clenBaIIns, JOCTABCH BeUye B IMO-
IIUPOKU MaIabu, KOMITIOTED ,,MHUHCK® — mojen 32, 4acT OT KOATO JEHHOCT ce
OCHOBaBa OTHOBO Ha pa3paboTKH Ha bepHEB M 1Moja HETOBO PHKOBOJCTBO B 00JIaCTTa
Ha €3MILHUTE 3a IPOrpaMHpaHe.

ITersp bbpHEB pearupa Ha pa3zBuTaTa OT 3aj7i¢ 1 MHOTO MOJiepHa B Kpas Ha 1960-
T€ TOAWHU TEOpHUS HA pAIMUmMUME MHOMCECHed, KaTo TBOPYECKH s Ipuiara B
COIMOJIOTHYECKHTE NpoyuBanus 3aeAH0 ¢ Bi. Jlumutpos u I1. Cranges (1974, 1975)
Y KbM U3y4aBaHETO HA U3KycTBeHUTE e3ultn (1975).
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B ob6nactra Ha koonepamusnume (Cb6MeCMHUME) UHPOPMAYUOHHU OelHOCIU
€ cpel IIbPBUTE HU3CIEJOBAaTeNM B Ta3d 00JAaCT M OpraHU3Mpa MeEXKAyHapoaHa
KoH(epeHIMs 1o Te3U BbIIpocH omie npe3 1978 r., KbeTo n3Hacs OCHOBHUS JOKJIA/.
Ome mpe3 1976 obave TOH e aBTOp Ha JOKJIAA IO TeMaTa Ha MEXTyHapOIHHS
koHrpec Ha UBM mno mpunoxna maremaruka B Conyn, a npe3 1977 myOnukysa
obmupHa cratust B ci. Cepauka. Jlecernna ronuan no-kscHo [1. BepHeB ce BpblIa
KbM TeMaTukata u 3aenHo ¢ A. I'puropoBa um M. IlumkoBa wu3ciensa
nHpOpMANIMOHHN AEHHOCTH TpPH CHBMECTHaTa paboTa Ha Tpyna aBTOHOMHH
W3ITBIIHUTEIH WIH TIPX IpoTHBOAeHcTBHE Ha aBe rpynd (1990, 1991, 1994).

Brpouem, ABITHM TOOWHHN, B CHOTBETCTBHE C EBPONCHCKHUTE TEHICHLHUH, TE3U
JIEHHOCTH c€ pa3BHUBaT MOJ HA3BAHUETO Oropomuka — BbBeeHO y Hac oT II. bppHes.
CamusT TOHM ompenens 3a TAXxHO Hawdanmo 1977, mo-touno paspaborenara ot II.
A3bn0B, TOrasa acnupanT Ha II. BepHeB, cucrema ,,Pexop® 3a aBTOMaTH3MpaHe Ha
aJMUHUCTpaTUBHATa JCHHOCT, CBbpP3aHAa C pErucrpauusi Ha pEIIeHUus U
KOPECTIOHJICHIIUST W KOHTPOJ 3a u3mbiHeHuero uM. Crenpar peanuzanus Ha
aBTOMaTtu3upan JmueH OenexHuk (1983), Ha cucrema 3a aBTOMaTH3WpaHe Ha
OpraHu3alMoOHHUTE JeiiHOCTH Ha cbBeT (1984), pasrienaHu ca BB3MOXKHOCTHTE 32
apToMaTH3upaHe Ha JneiHoctute Ha bbarapcka ennukinoneaus (1985), uscneasano e
AaBTOMAaTU3UPAHETO HA JEWHOCTTAa Ha PHKOBOAMTEN C ydyacTHero Ha M. bbpHeBa n
Heiinust acrmpanT [I. OOpereHoB. [lo-kbcHO u3ClienBaHMATA MPOABIDKABAT ChC
CTaTHUCTUYECKH aHAIN3 Ha MTOCTaBSIHUTE PE30TIONMH BbpXY Aokymenture (1989), na
nenoBuTe pasroBopu mo TenedoH (1990), cp3maBaHeTO Ha AaBTOMATH3HUPAHO
nHPOPMAIMOHHO TabJ0 KaTo cpencTBo 3a oburysane (1990) u np. CtpyBa cu nma cu
JlaZleM CMETKa, Y€ TOBA Ca BCHIIHOCT MPEIIECTBCHUIUTE Ha CHIINTE MHCTPYMEHTH,
H3I0JI3BAHU JHEC IIOYTH OT BCCKHUTO 6naro;1apeHHe Ha HOBHUTE TexHOJOoruu. OT
YHUCTO HaydYHa TIJIC[IlHA TOYKa BEPOATHO Hali-3HAaYMMH ca pEIYITATUTE 110
ABTOMATU3UPAHO CHCTABAHEC (CI/IHTGS) Ha TCKCTOBU JOKYMCHTU U CBBP3aHUA C TOBA
METOJl 32 M3BJIMYaHE Ha JJAHHU OT TEKCTOBE. B Te3n paboTH y4yacTBar acliUpaHTUTE
Ha bbpHeB or Buernam Jlo Buer Hra u 3anr Konr Txe u ocobeHo 3aabiaboyeHo,
MPOJNBIDKUTETHO M PE3YIATaTHO — Jpyr HETOB YYEHWK M ChTpyAHuKk — CrT.
Kepriemmxuen (1983-1988). bppHeB pa3BuBa IIMpOKa MOMYJISIpU3aTOpCKa M ydeOHa
neiiHocT 1O Oropormka, ocobeHo crex 1985, a mpe3s 1994 wusmaBa kHMrara
,,DIOPOTHKA, TIpeTHa3HaYeHa 32 yUeOHH IeNH, HO ChABPIKAIIA U HIKOW OPUTHHAIHU
€JIEMEHTH.

B obnactra Ha ungpopmayuonnume cucmemu noctwkeHnusTa Ha I1. bepHeB ca
pasHooOpa3nu mo xapakrep. OT efgHa cTpaHa ¢ creruduaHa pa3padoTKa, B KOATO
ToM 3aenHo ¢ . [uueBa, He3aBucuMoO OT JIMpCKHU, pa3BUBa METONOJIOTHS U CUCTEMA
3a paboTa ¢ HEMBbJHA W HEHATBIHO HoctoBepHa HH(opmarmsa (1979). Or mpyra
cTpaHa ca paboTH C TO-TPAAWIIMOHEH XapakTep, NMOCBETEHH Ha pa3paboTkara Ha
KOHKPETHH MH(QOPMAIMOHHU CHCTEMH, HAIIpUMEp CBBP3aHHU C KaJApOBH M MOAOOHU
crpasku (1975).

B obxnacrra Ha kocnumusenama nayka I1. bepueB pabotu ot 1983, mpeaumuo ¢
IpyT cBoi yueHWK — b. KoknHOB, 10 BBIIPOCH Ha TIpeACTaBSHUS HA HH(DOpMAIHS B
YoBCUIKaTa I1aMCT. OpraHmnpa HalMOHAJICH CEMHHAp 110 KOrHUTHBHA HayKa. B
pesynrar npe3 1990 ce ch3aaBa ApyKeCTBO MO0 KOTHUTHUBHA Hayka. Tyk I1e muTupam
pano HamycHanus HU boitdo KoknHOB, HeChbMHEHO Hali-aBTOpUTETHATa OBArapcka u
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C MEXIyHapoJieH aBTopuTeT (uUrypa B Tazu obiacr: ,,...Toi [bbpHeB] criomorna 3a
CH3/aBaHETO Ha OIIE €JHO Hay4HO HaIlpaBjieHUEe B bearapus — KOTHUTUBHATA HayKa.
Toll HUKOTa He € CIIOMEHaBaJl TOBa U HE € MMaJl TaKMBa NPETEHINH, HO € (akT, 4e
KOTHUTHBHATa HAayKa Ce pOJH OT ceMuHapa ,,VIHpopmaThKka M MCUXOIOTHS", KOWTO
ToW opranmsupa B MHcTuTyTra Mo Matemaruka mpe3 1983 roaumna. ToraBa a3z 0sx
CTyZIeHT 3 Kypc, HO TOH akTHBHO Me ITOAKpersiie ¥ u30yTBame Hanpena. be3 Hero
KOTHUTHBHATA HayKa HAMAIIE Aa ce poau B benrapus, mone ve u mpe3 20. Bex™...

C Ba)XHO METOJOJIOTMYECKO 3HAYCHUE ca M3CIIe[BaHUsITa Ha bbpHEB B 00nacTTa
Ha UHopmayuama u ungopmayuonHume npoyecu, 0COOCHO Te€3U BbPXY OOLIUTE
nH(GOPMANMOHHN CTPYKTYPH M OCHOBHHUTE MH(pOpMannoHHH neitHocTH. [IpouyTta e
MPeATIoKEeHaTa OT Hero rpadka, KOSTO B CHHTE3UpaH BUJ MIPEACTaBsI MOJET HA TE3H
CTPYKTYypH M mpouec. Jbirn roawHW Ta3u Tpaduka Oemie H3MOa3BaHa KaTo
eMbJyeMa Ha MHOTOOPOIHY HAIIMOHATHU U MEKAYHApOIHU CHOUTHS.

/7
G

pasnpo-
CTpaHeHH

OcgeH B nHpOpMaTukara, [lersp BepHeB nocTira cepro3Hy HayqIHH PE3yiITaTd U
B IpYyTH 00JacTy.

B obnactra Ha wsuucnumennama mamemamuka cemecto ¢ K. Jloues u II.
Pyces (1964, 1969) cb3naBa uucieH METOJ| 32 €THOBPEMEHHO HaMHpaHE HA BCUYKU
KOPEHH Ha aITeOpHYHM YpaBHEHUs, KOHTO MO-KbCHO CE€ pa3BUBa OT APYTH aBTOPH
(Kepuep u mp.) mo cBera.

B obnacrra Ha Mamemamuueckama ¢puzuka crBMectHo ¢ P. JlerueB u Kmu 3e
ITxen (1962, 1963) paborm mo pemaBaHe Ha ypaBHeHwsAra Ha Yy-Jloy, mo
M3CIIeIBAaHE Ha €IHAa XHWIOTe3a 3a KBJIOOBHIHATA MBIHHA M IO HAKOW APYTH
BBIIPOCH.

B obnacrra Ha ceogpuzuxama B mepnoma 1963-1965 camocrositenHo wiM
cpBMecTHO ¢ B. TomoB 1 M. BppHeBa onpeznesst MOHATHETO TPaBUTAMOHHA 10U
(s1Ip0) Ha TANO M ONpeNes AApaTa Ha PasIHuHM Tena' . Brpouem, KaHIumaTcKaTa My
IucepTanys, 3amuTeHa mpe3 1968, e cepp3ana ¢ Ta3u tremaTtnka. CbBMecTHO C MB.
HensnkoB mpe3 ChOIOTO AeceTwieTHe pabOTH IO Ch3JaBaHe HA METOAM 32
IpecMsATaHe Ha MPaBUTAIIMOHHU M JPYTH T0JIeTa B TOCOKA Ha TEXHUTE 0COOEHOCTH.

! T'paBUTAIMOHHOTO AP0 € 06pasyBaHUe C MO-HHCKA PA3MEPHOCT, B KOETO, aKO C& ChCPE/IO-
TOYH 10 MOAXOMAAII HAYMH MacaTa Ha TAJI0TO, TO IPaBUTAIIMOHHUTE IIOTEHIIHAIN Ha
SAPOTO U TSAJIOTO Ca €HH H CBIIH H3BBH TSIIOTO.
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Tyk cnenBa ga oTOenexuM, ye ChbBMECTHaTa Hay4Ha JeiHocT Ha [1. BepHes ¢
npo¢. Mean HensikoB mpoabinkaBa ot 1961 B mpoabKeHHE HA HIKOJIKO TOTUHH.
I1. BppHEB C yBaXkeHUE TO CUMTA 33 €UH OT CBOMTE YUUTEIH U My ITOCBEIaBa OYEepK
(craBrop M. bBbpHEBa) ¢ onuMcaHue Ha Hay4yHaTa, II€Aaroruyeckara "
OpraHM3allMOHHATa My AEHHOCT, KAKTO ¥ HA YUCTO YOBELIKUTE My KaueCTBa.

3. Ilpunocu B 00pa3oBaHHETO

Wutepecst Ha BbpHEB KBM BBIpOCHTE Ha 00pa30BaHHETO MO WH(OPMATHKA H
MaTeMaTuka € JbIr0TpacH, Ha BCHYKM HUBA, HAMHUpA U3pa3 B pa3HO0Opa3HU (opmu
(y4eOHu m1aHOBe, MPOrpamMHu, y4eOHUIM, yueOHH Nomaraina, IyOIuKaIiy, JOKIaIH,
yyacTHe W OpraHM3WpaHe Ha pasnu4yHd cbOuTHA). [leliHoctute My B TOBa
HalpaBJieHUEe HM3UTPaBaT MHOTO BaKHA pOJA. 3a IBJIBI NEPHOJ OT BpeMe TOH e
(hakTndeckn BomemaTta ¢Qurypa y HaAcC IO BBIPOCHTE Ha OOYYCHHETO TIO
nHdopmaruka.

BeposiTHO IBPBHAT My HPHHOC € NpovyTaTa KHHTa ,,ENeKTpoHHM cMmeTayHH
MamuHE (1966), Hanmucana 3aemHo ¢ JI. bormanos, B. BacwumeB u bi. Cenmos.
Makap za e Oria peHa3Ha4YeHa 32 IO-ITHPOK KPBI' YUTATEINH, 3a8IHO C TOBA TS € U
n3urpajga pojid Ha MbpBUA YHUBCPCUTCTCKU qu6HI/IK 10 U3YUCIHUTCIIHA TEXHHKA U
porpaMmpase y Hac'.

Ta3m kHWMra e mocienBaHa Ipe3 rogwmHuTe (3amouBaiiku ot 1971) ot mHam 30
yueOHMKa, COOpHHKA, TIOMaraiga u Jp., 9acT OT TSX B PAMKHTC Ha MEKIyHApOIHH
KOJIEKTHBH, YaCT — C €KCIIEPUMEHTAJICH XapaKTep.

Tbif KaTo HAMA KaK Ja MPEICTaBs IIBIHNS HaOOp OT MICMEHUTE N3SBH HAa bhpHEB
B 00pa30BaTEIHOTO HANpaBJICHHUE, II¢ WIIOCTPUpaMe MHTEpeca My KbM Pa3INIHUTE
00pa30BaTeNIHN paBHUIA U PAa3HOBUIHOCTH KaTO MIOCOYMM CaMO YETHPH OT TAX:

— ceBMectHata My ¢ JI. M. J[oGpeB cratus B cOopuuk (1976) mo
OCBHBPEMCHSBaHE Ha O0YYEHHETO MO0 MaTeMaTHKa B CPEJHOTO YUMIIHIIC BHB
BpB3Ka C KHOEPHETHKATA U M3YHCINTEIHATA TEXHHUKA,

— caMocTosITeaHaTta My IyOnukaius U mokiaan (1976) 3a obpa3oBaHHETO IO
nndopmaruka BbB BTY3 Ha IV Hammonanna kondbepenmus ,,O0ydeHue Ha
CTYACHTHUTE OT HEMATCMaTU4YCCKUTC BVY3 10 4YHUCICHHU METOOU U
IporpamMmpase’,

— ceBMecTHata My ¢ I1. Aswnos, JI. Jlooper u L. BucrepoB myOnukaius 3a
IIPOEKT 3a mporpama mo uHpopmaruka 3a ECIIY B cm. ,,O0ydennero mo
Maremaruka‘““ (1986),

— cbBMecTHaTa My ¢ M. bbpHeBa mnyOnmKkamust BbpXY 0Opa3oBaHHETO MO
nHpopMaTHKa U HHOOPMAIIMOHHOTO OOIMIECTBO B COOPHHUK OT MEXIyHAPOIHA
koH(pepermus mpe3 2001.

H_[O CC OTHACiA OO0 YHHBCPCUTCTCKATA JICKIIMOHHA HCﬁHOCT Ha HeT’bp BLpHGB,
BCPOATHO TOBa € TIpPCHoAaBaTCIAT C Haﬁ-HLHFaTa H Haii-oOeMHaTa TakaBa B

! Camust I1. BspHeB, KOHTO Belie 106pe H3BECTEH C GE3yNpeuHaTa CH HayUHa CTHKA, B CBOS
crarus 3a 1. M. Jlo6pes nume: “Copatop e [. M. JloOpeB] Ha mMbpBUs yHUBEPCUTETCKH
y4eOHUK 10 HH(OPMATHKA 3a€HO CHC CBOU YUECHHIIN
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Benrapus, 3amounana mnpe3 paneunHara 1964 romuna ¢ kxypca ,,ECM n
nporpamMupane’ ¥ IpoJbDKHIIIA TOBEYE OT YETHPH AeceTuiieTrs. He € Bh3MOXKHO TyK
Jla ce U30pOosT BCHYKHU MpoYeTeHH OT mpod. bbpHEB KypcoBe, HUKaK HE ca Majiko U
TE3H, IPOYCTEHH 32 IbPBH BT B YHUBEpcUTET B bbarapus. MaTepecHa (Ho n TBBpIE
TpynHa) Om Owia 3amadara Ja ce IPECMETHE KOJIKO Ca CTYICHTHTE, KOUTO ca
CIIymaji ToHe €JuH Kypc Ha bbppHEB, Karo B3eMeM IpeABHI, Y€ MO HAIIW JaHHH
ToBa ce e ciyuBano mone B CY, HBY, B ymuBepcurerure B IlmoBmus, Byprac,
[Iymen, B Axagemusita Ha MBP. Bece mak ga cmoMeHeM HSKOM OT Te3W KypCOBE B
ONMUT Ja TOKAXEM TIXHOTO pa3HoOOpasMe ¥ IIMpPOTa HA CHEKTbpa HM:
[Iporpamupane 3a ACM, Mertoau 3a TpaHcianus, AJITOPUTMHUYHU —€3UIIH,
OmnepaioHHH CHCTEMH 3a paboTa B peXHMM Ha paslpelesieHHe Ha PecypcuTe,
ITapanenHo mporpamupane, bropotuka, M3uncnurenna matemaruka, IIpoextupane
Ha ACY, Pasmuru mHoxecTBa, Hdopmaruka n OusHec. Pa3bupa ce, 3acnyrara Ha
[Tersp BbpHEB € HE caMO B KOJMYECTBOTO ¥ HOBOCTTA Ha KYpPCOBETE, @ U B TAXHOTO
kauectBo. Llle urupame no To3u moBoxa B. Beies (muec mpodecop): ,.IIpod. brpHeB
yeTele JICKIMUTE Ha Jpyrusl MOTOK, Karo B Mporpamara cu Oemie BKIIOYMI |
n3yyaBane Ha e3uka PL/I. To3m e3uk ce M3ydasalie ToraBa caMo TEOPETHYHO, ThU
KaTo EJMHCTBEHATa M3YUCIWTENIHA MallMHA [0 OHOBAa BpeMme B MHcTHTyTa mO
MaTeMaTHKa U MeXxaHnka Oemre MuHCK 32, KOSTO MMAaIlle TPAHCIAaTOp caMo 3a €3WKa
®optpan. 3amouHax na mocemasaM HeroBure Jyekuuu. llpod. BepHeB wnmarmre
HEBEPOSTHU TIeJ]arorniecku ymeHus. Bnaneeme ayauropusita. IlpemonmaBame c
HEBEPOSITHA BEIIMHA HE CcaMO €3WKa 3a MporpaMupaHe, HO U OCHOBUTE Ha
MIporpaMHpaHeTo B AeTailnu. Mora fa Kaxka, 9e 0T Hero Mojy4ux Te3u ocHoBH. Ore
nassi 3alMCKUTE CH OTTOraBa. [ OJMHU MO-KBCHO, KOraTo Oelle BHECEHa MalllHATa
EC 1040 n nmamte tpancnarop 3a PL/I, 6i1arogapeHue Ha 3HaHUSITA, KOUTO MOJTYYUX
ot npod. bepHEB, HanMcax A0CcTa MpOrpamMH Ha TO3M e3MK. [IpernogaBax To3u €3MK U
KaTo CIEIKypC Ha CTyJSHTUTE 10 MaTeMaTWKa BbB BuHCIINS mexarormyecku
nHCeTUTyT B lly™men.

3aenHo c Tasu Oorata JEKIMOHHA NEHHOCT € HaJUIe U aKTHBHA paboTa ¢
JUIUIOMaHTH W aclUpPaHTH. YCIIEHIHO 3alIUTHINTE IUITIOMAHTH ca okoyo 60,
acrimpanTuTe — Hajx 20, HAKOW OT TAX — gyxJaeHId. OT Te3u BB3MUTAHUIM Ha MPO.
bbppHEeB mM3pacHaxa BHUAHM YYEHH M YHHMBEPCHUTETCKHM IPEIO/aBaTeld y HAacC U B
qyKOWHA, U3BECTHH COPTYEPUCTH, PHKOBOJUTEIH B 00JacTTa Ha MIPOU3BOJICTBOTO U
M3II0JI3BAHETO Ha CO(PTyep, U Ha 3UUCIIUTEIIHA TEXHUKA.

4. HayuHo-npnJIoKHA M IPOEKTHA JTeHHOCT

Kakro Beue ce BU/s, B MHOTO CIydau B o0jacTTa Ha MH(OpMaTukaTra € TBbpAe
TPYZHO J]a c€ MOCTAaBM TPaHHUIIATA — KbJE CBBPIIBAT YHCTO HAYYHHUTE PE3yNTATH H
KBJIE 3aI104BaT HAYYHO-IIPWIOKHHUTE. ThH KaTO HE € MSICTOTO TYK J]a PElIaBaMe TO3H
BBIIPOC U CJIEJ KaTO MO-TOpPE B pa3jiena 3a HaydHara JEHHOCT CIIOMEHaxme ,,MUHCK
32%, oTmensMe TyK MaJIko MACTO M Ha Ta3H CTpaHa OT JieiiHocTTa Ha brpHes.

B nauanoto Ha 1970-Te B bpnrapus ca BHeceHn okono 15 kommioTspa ,,MHUHCK-
32, xKaTo enrH OT IIBPBUTE € 32 MaTeMaTHIeCcKusi HHCTUTYT. 3a /1a ce KOOpIWHHpa
paborara no ch3aBaHe M M3MOJI3BaHE Ha cOPTyepa Ha Te3U KOMITIOTPH € PELICHO Jia
ce ch3maae Acouuanusi Ha OpraHU3alMUTe, MPHUTEKABALIM TE3H KOMITIOTPH,
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pBKOBOIEHA OT MaTeMaTHuecKusi HHCTUTYT. AcoIuanusaTa € YTBBbpPJCHa OT
toraauraus JIKHTII u e ¢ prroBoauten Ilersp bepues. PaboTara Ha Aconumanmsita
ce koHTponupa oT Hsikoidko HuBa Ha HKHTII no 3am.-npeacenaten. Ilo-kbcHO
(mopasn cMEIIHM JHEC WAEOJOTMYecKH NpuuuHM) npueMHukbsT Ha JIKHTIT —
KHTIIBO — npenmenyBa aconnanusiTa B Kiry0 ,,MuHCK-32.

AconuanusaTa OpraHu3upa peAvlia HAIMOHAJIHU ChBEIIaHMs, JBE HAlMOHAIHU
KOH(EepeHIINH, CeMUHApH. AKTHBHO CBHTPYJHHYH ChC CHBETCKHTE CIELUAIHCTH,
U3IPATEHU IBITOCPOUHO ChC 33Ja4M M0 BHEAPSIBAHETO U €KCILUIOATAUATa HA MHUHCK
32. Ilox wagbpa 1 OT UMETO Ha MaremaTudeckus MHCTUTYT, I1. BbpHEB opranusupa
HSKOJIKO Kypca 0 pa3IndHH acleKTH Ha ,,MUHCK-32% 3a ChTPYAHUIN HA YWICHOBE Ha
Acommanusta. OcBeH TOBa, 4pe3 HAIMOHAIHATA acolyanus beiarapus wieHyBa
aKTUBHO B MEKIyHapOIHATa acoIanys Ha Kiryoosere ,,MUHCK-32%.

3aemHO ¢ TOBa, MO pBhKOBOACTBOTO Ha I1. BpHEB ca pa3spaboTeHn pasHOOOpazHU
KOMIIOHEHTH Ha omepanuoHHaTa cuctema (Hampumep POP 32 3a pabora ¢
®Doptpan), pa3BUTH U yChBBpIIeHCTBaHU Apyru. Camusr I1. bepHeB camocTosTeTHO
CE 3aHMMaBa C TEOPETHUECKH MHTEPECHMS M O0COOEHO Ba)KCH 3a MPAKTHKATa B TO3H
MOMEHT BBIIPOC 3a mporpamHara ckBMectumocT (1973). Jla He 3a0OpaBsme, ye B
CTpaHaTa ce eKcIuioaTupaTr BHeceHute 15 Opos ,,Munck-32%, B Ul na MU omie
¢yHkunonupa ,,MwuHCk-2“, a kommioTpure oT cepusita EC (aHamo3sm Ha
peomtoronaute  IBM/360) 3amouBar ma 3aBnaasBar CUB, BKIIOUHTENHO |
Bwnrapus.

Bripouem oT ka3aHOTO cTaBa SICHO, ue Iisj1aTa Ta3u JIeHHOCT O cieBaiio aa Obie
orOensi3aHa v B pas3jiena 3a OpraHu3aloHHATa TaKaBa.

BeposatHo mppBaTa MamabHa HAay4HO-IIPUIIOXKHA JEHHOCT, B KOSTO € y4acTBaj
BbepHeB, e chp3maBaHeTO Ha MHPBHA OBIArapcku KOMIIOTHD — ,,Buroma® mox
pPBKOBOCTBOTO Ha akaj. Jlrobomup Unues (1961-1963) u B pamkuTe Ha KOJIEKTUB OT
JIeCeTHHA MJIaJM CIEHHUAJINCTH, MMEHaTa Ha KOWTO OCTaBaT B HCTOpHATA Ha
Obirapckara M3YHCIUTENIHA TEXHUKA U UH(QOpMaTHKa.

He ¢ Bb3MOKHO B paMKUTE Ha TO3H JOKJIAI JOPH 1a C€ U30pOSIT MHOTOOPOIHHUTE
HAYYHO-TIPHJIOKHU pa3paboTKH (a B HAKOM CIIyd4ad M TakuBa C (pyHIaMEHTaJIeH
XapakTep), M3MBIHCHH OT KOJCKTHBH IO PBHKOBOACTBOTO Ha [lethp BbpHEB B
pamMkuTe Ha pasnuuHu goroBopu. Cpex 1ax ca metr ¢ MOH — ®HU (wmu TexHu
MPE/IIIICCTBCHUITN ), TOCBETCHH Ha OIOPOTHKA, KOTHUTUBHO MOJCIHpAHE, CUCTEMHU C
M3KYCTBEH MHTEJIEKT 3a CHELUAJIHU IIeJIM, KAaKTO U BHEJAPEHOTO ,,ABTOMATHU3UPAHO
paboTHO MACTO Ha mporpamucra™. B paMkuTe Ha HAYYHOTO CHTPYAHHYECTBO HA
akagemunte Ha crpanute or CUB mo m3umcnurenna texauka (KHBBT) bepHeB e
PBKOBOAMI OBIATAPCKUTE KOJEKTHBH IO pa3padOTKa Ha €3WIM 3a IMpOorpaMHpaHe
(1964-1973), nenus MexayHapoaeH KoiekTuB 1o mpoekta KATIID 3a 6a3u nanHm B
reopmsukara (1981-1985-1990). PrroBoauTen € Ha 3HAUHMTENEH OpOil ABYCTpaHHH
TeMu c akagemMudnu uHcTUTYyIMH oT Wramusa, CCCP, PymbHEs, MoHromus,
Buernam, 6usmute I'JIP 1 UexocioBakus ¢ MMPOK CIIEKTHP OT TEMHU.

5. Opranu3aumoHHa, 001EeCTBEHA U NMOMYJIAPU3aTOPCKA 1eifHOCT

IToutn mpe3 menus cu npodecroHaneH xuBoT I1. bepHEeB 3aema PBHKOBOIHHU
MO3UIIUU B UHCTUTYIIUUTE, B KOUTO PabOTH, ¥ B IPYTH OpraHU3allui U UWHCTUTYIIUH.
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Crnen kato OCHOBaBa CEKIUS ,,ABTOMATH3AIUs HA NMPOrpaMHUPaHETO B paMKUTE Ha
MaremaTtnueckuss uHCTUTYT Ha bBAH mnpes 1964, Toit a1 pbkoBoaM 10
neHcuoHupanero cu mpe3 2005, korato TS ¢ Bede Moj MUMETO ,,MH(bopMaImoHHA
n3cnensanus‘. IIpes tasu cexnus nmpemuHaBaT Hal 140 CbTpyIHHMLM Ha pa3iudHU
aKaJeMUYHM, E€KCHEPTHH M TEXHHYEeCKH Mo3unuu. Hskonm oT TAX 3aBbpIIBAT
KapuepaTa CH B CEKIHATa, APYT'M INPEMUHABAaT B JAPYIW OpraHU3aluH, y4eOHH
3aBE/ICHUS U HHCTUTYTH, KBJETO MAJIKO MIIH MTOBEYE IPEHACST TBOPUECKUTE UMITYJICH
W CTWJI Ha paboTa OT ceKiusTa Ha po¢. bepHes.

bun e 3amectHuk aupekTop Ha Marematnueckuss MHCTHUTYT Ha BAH u Ha
EnuHHMS LEHTBp MO MaTeMaTHKa M MEXaHWKa, HEMPEeKbCHAaTO € OWia wWieH Ha
Hayunus ceBer Ha MHctuTyta. bun e wieH Ha peauua Opyrd HaydyHU ChBETU IO
mmang Ha BAK, mpencenaten va CHC mo mH(poOpMaTHKa ¥ MpHIIOKHA MaTeMaTHKa
(1998-2004) u va CHC no uHdopmarnka ¥ MaremaTuyecko mozenupane (2004-
2007).

Enun ot Haii-Bakaute npuHOcH Ha 1. BppHEB KBbM OBATapckaTa HHPOpPMATHKA €
OpraHM3WpaHaTa OT HEro MEXIyHapoJHa IIKoJa 10 mporpaMmupane. IIepBoro n
n3ganue e mpe3 1976 r. ¢ ywactuero Ha okoio 30 ciuymaTend U JIEKTOpU OT
Benrapus. Ome or crneaBamiata roadHa TS cTaBa MexayHaponHa ¢ 10 yekrtopu u
JOKJIAAUUIM OT 4yXOunHa. B TedeHme Ha TOAMHUTE INKOJIaTa 3aloyBa Ja ce
(hokycupa Bcsika roJjiHa BEPXY OIpe/eieHa BaKHa TeMa, KaTo €THOBPEMEHHO C TOBa
ce o0oraTsiBa CbC CHITBTCTBALIM CEMHHApH U Ipyrd csoutusa. Ot 1991 nporpamHusT
KOMHTET CTaBa MEeXIyHapoJeH, a oT 1992 mkomnara craBa 4acT OT MEeXAyHapoHaTa
koH(pepenmms ICT&P — Information and Communication Technology and
Programming. Ot nHavanoro Ha 21. Bek opraHm3anmsTa ce noema or Kpacumup
MapkoB, KOWTO TIOCTENEHHO pa3BHBa CHOUTHETO OO KOMIUIEKC OT CBBP3aHH
MexayHapoaHu KoHpeperiun. I1. bppHeB 06aue mpoabmkaBa Ja Urpae BayKHA POIIS
B 0pOpPMIHETO Ha TMporpaMara M HW3JaHUATa Ha cphOuTHATa. OrpoMHA 3aciuyra Ha
bepHeB e, ye OmarogapeHne Ha MEXIYHAPOAHUS CH aBTOPHUTET, TOW yCIsiBa Aa
MOKaHW W OCHUTYpHU ydacTHeTo Ha cBeToBHH cBetmwiia — @. JI. bayep, B. bpayep, C.
JlaBpos, A. II. Epmos, W. [Tortocun, Bp. Kypoukun, T. Bamom, JI. Jlykamesuy, H.
Cmupatoc, C. Cnakanuerpa u 1p.

CriernaTHO BHUMAaHHE CIIe[Ba Jla C€ OTIENH Ha IBITOTOMUINHATA My aKTHBHA
nerinoct B Chbro3a Ha MareMatuiuTe B boarapus. Yupemuten e Ha bbarapckoto
MaTematudecko apyskectBo (BM/) (1971) u u3bpan oT Tas3u jgarta 3a €UH OT 3aM.-
npeacenaTenure Ha npyxkectBoro. Ilo-kbcHO (1977) e yupeauren Ha Chro3a Ha
Maremaruiure B benrapus u e u30paH 3a eUH OT 3aM.-TIpelICeJaTeNInTe, JUIHKHOCT
Ha KOSITO € npen30upan u 3aema a0 1992.

PenoBeH yyacTHHK € (0OOMKHOBEHO C JIOKJIAIM U KaTo OpraHu3arop) B mepsure 21
(1972-1992) TIlponethu koHbpepenimu Ha BMJI/CMB wu mnpeaceaaren Ha
nporpamante komureTr Ha 4-tata [IK (Ilepuuk, 1975), 11 I1K (1982, ¢ nomakux B.
Tovpuoo) u 21 TIK (1992, Codus).

He mo-manko akTuBHA, ABJITOCPOYHA W pa3zHooOpasHa e aeliHoctTa Ha IleTwp
bbpHeB no nunus Ha Chblo3a Ha HayYHUTE PaOOTHUIM. YyacTHUK € BBB I (1976) n
III (1982) xourpec ma CHPB. bun unen na [lpesnmamyma na CHPB, a na V-s
M3BBHpPEJIeH KoHrpec Ha Chro3a Ha yueHute B bwarapus (CYD — HOBOTO Ha3BaHMe Ha
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CHPB), kakto u Ha VI-1 xoHrpec e u30bpan 3a wieH Ha YC M Ha M3IIBJIHUTEIHOTO
oropo Ha CVYb. [Ipe3 1990-te roguHu B MPOIBIKCHUAE HA HAKOJIKO TOJIMHU € TTaBeH
penaktop Ha crnmcaHuero ,,Hayka“ ma CYB, koeto, mo o010 MHEHHE, Ce OTpa3siBa
MHOTO OJIarONPHSATHO Ha CIHCAHHUETO.

IMpencenaten e na dusuko-maremarnyeckara cexuus Ha CHPB (1979 — 1990). B
TOBA CH Ka4eCTBO OPraHMU3Mpa eKeroJHH KOJIOKBUYMH Ha ceKuusTa B nepuona 1978-
1983.

IIpe3 1997 yupensBa, ornassiBa U 10 CMBPTTA CU € MOTOPBT Ha €/1HA OT IIbPBUTE
HENpaBUTEICTBEHH oOpranu3anud B benrapus — Aconuanusra ,Pa3sutue Ha
nHdpopMannoHHOTO 00mecTBO™ — u3BectHa karo APHUO. Cemunapute Ha APHO B
MIPOJIBIDKEHHE Ha IBJITH TOAWHM OsiXa HaW-BaXKHHAT LEHTHP HAa WHTENEKTYAIHHUS H
npodecroHargeH XWBOT B o0OjacTTa Ha WH(GOPMAIMOHHOTO OOIIECTBO, YECTO
MOCTaBIWKM Ha CBOOONHO OOCHXKIaHE MHOTO BaKHHM TMO-OOLIM BBIIPOCH 32
pa3BuTHEeTO Ha o0O0mecTBoTo W crpaHata. APMO wm mHec mponppkaBa Ja ¢
OpraHW3aTop Ha  TpagulMOHHATA  HAIMOHAJHA  HAay4YHAa  KOH(epeHIwms
,,O0pa3oBaHneT0 B HWH(POPMAIIMOHHOTO OOmECTBO W W3gaBa B COOPHHUK
PEUCH3UPAHUTE U M3HCCCHW Ha HEI HAYYHU JOKJIAIU. Cne CUTYPHOCT MOXEM Oa
TBBPIUM, Y€ Marepuanu, paspadorean or APHUO BBB BpB3Ka C Ibp)kaBHaTa
cTparerusi 3a WHQOPMAIMOHHOTO oOIecTBO mpe3 1998 r., ca Ownm B3eTH IMOX
BHUMaHHE OT KOJIEKTHBa, pa3paboTmin Ta3u crparterus. OcobeHo TtpsiOBa na
oTOenexuM U Mecednus OrosieTiH Ha APMO, uniiTo riiaBeH peiakTop 10 CMBPTTa CU
ocme 1. bepHeB. brnaromapeHue Ha Hero OFOJICTHHBT Oellie HE CaMO M3TOYHUK Ha
akTyanHa npodecroHarHa WHGOpMAIMS, OTpa3siBalle I0APOOHO CIIOMEHATUTE
ceMHHapH, HO U Oeme cBoOoxHa TprOyHa 3a M3Ka3BaHE HA CTAHOBHINA, MHEHHS H
U/ied, CBBbP3aHN ¢ MH(POPMANMOHHOTO OOIIECTBO, HO YECTO M B MHOTO HO-IIHPOK
acriekt. Camusat bepHeB Oerre He caMO pPeAakTOp, HO M MHOTO aKTHBEH aBTOp Ha
MaTepHalii ¢ IMUPOK TEMATHICH CIIEKTH.

Ot cpemata Ha 1970-tre nmo 1986 Bru. Il. BwepHeB Oeme mpencraBuren Ha
Bbwirapus B Texundeckn komutet 2 (Codryep) Ha MexxayHaponHara ¢enepamus mno
o0pabotka Ha nHpopManusTa — MOUIIL.

ITo mHOro Hayynm um oOmectBeHu Bbmnpocu II. BepHeB unmame coOcTBeHO
MHEHHeE, ITOHSKOra HeChBNAAAIo ¢ oouioTo. Toil He To Kpuele, 10pH BbB BpeMeHa,
KOraTo TOBa MoJkeme na Obae TBBpAE omacHO. bbpHEB Hampumep cMsTamie
KOIIMPaHEeTO Ha KOMIIOTpUTE OT cepusita IBM/360 1 mpenn Bcmiko Ha codryepa (1o
KOMTO BCBHIHOCT OeIe CIEUanncT) 3a roisMa rpemka. Hsmano e kak ga 3Hae
(3amoTo TOBa cTaHa MYyOJIMYHO W3BECTHO €/IBa TPEAW HAKOJIKO TOAWHH), Ue
JaiikcTpa, KOrato no BpeMe Ha ejiHa KOH(pEpeHIUs! M0 COPTYePHU TEXHOJIOTHH Ha
HATO B Pum mpe3 1969 nayuaBa 3a BenpocHute mtaHose Ha CHB 3a xommpane,
Ka3Ba, Y€ TOBa € Haii-rojsiMara nobeaa Ha amepukaHiure npe3 CryaeHara BoiHa.
Kato ce abctpaxupame ot xunepOonara Ha JlaiikcTpa — KaTo 4e nu W JBaMaTta
n3nsA3oxa npaBu. Hue cp3pagoxme y Hac MHOTO J100pH COPTYEpPHCTH, ABJITO BpeMe
o0aue orpaHuyeHN B HE 0COOEHO TBOpUYecKuTe MeToau Ha IBM 3a To3m KOHKpeTeH
tun codryep. EnBa B mocnenHuTe rneTHaiceTHHA TOMMHN OBITapcKUTE COPTYESPUCTH
HaMHUpaT paaylieH IIPHeM I10 cBeTa B copTyepHH (HUPMH OT paHra Ha Maiikpocodt u
I'yren u, pazdupa ce, BcskakBu apyru. beirapckute codryepan GupmMu padOTAT TO
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MOPBYKH OT 4y)KOMHA, COPTYEpHH TUTAaHTH OTKpPHXa CEPHO3HH KIIOHOBE TYK, a BEde
nMaMe U mbpBara Obirapcka codryepHa (upma, nMpojaaeHa 3a CTOTUIM MIJIMOHHU B
qyXOMHa.

IIlo ce oTHacs o momynspu3aTopckara aeidHocT Ha [1. BepHeB, Ts ¢ Onia BUHaru
HEOTMEHHa ¥ BaKHA YacT OT MNPOQECHOHATHHUS My JKUBOT. JlOKyMeHTaHO
JIOKA3aTeJICTBO 3a HAYaloTo U ¢ cratuata ,,ChOIHOCT W mpobieMu Ha
KuOepHEeTHKATa®, MyOJMKyBaHa BbB BECTHUK ,,ABaHrap] ", U3JJaHHC HA TOTABAIIHUS
BMEH, B 6pos my or 16.03.1960 r. ([a orOemexxuM, Ye BBIPEKH H3BECTHO
»pa3sMmpaszsBaHe”, mo ToBa BpeMe Tomop IlaBnoB e mpencemaren Ha BAH, uma
MO3WIMK BBHB BHCIINTE CIICIOHW HA TMapTHilHaTa HOMEHKJIATypa M BIACTTa U
MpoABIDKaBa JJa CYNTa KHOSpHETHKAaTa 3a ,,0yp)koa3Ha JIkkeHayka'™ ). B cmexpamire
TOIWHH, HO C OCOOCHO 3acwiBall ce mHTe3uTeT oT 1970-Te HataThK, mpod. bepHeB
MoJ pa3auyHu (OpPMHU [OBEXAa A0 pa3HOOOpa3sHM KPBIOBE OT OOIIECTBOTO
(y4eHH1n, CTYyJIeHTH, PHKOBOJMTEIU M TIp.) BaKHH BBIPOCH U TEMH, MPSIKO HIH
KOCBEHO CBBp3aHM ¢ HMH(poOpMaTHkata. He € BB3MOXHO CHCTEMHO H30posiBaHE B
paMKHTE Ha TO3M JOKJaJ, 3aTOBa OTHOBO II¢ NPUOErHEM KbM IPEJCTaBHTEIHH
IPUMEPH:

— IUKBJI JEKIUU ,,BBpXy MOHATHETO alTOPUTBM' — Mpea ydeHuIu ot MI-

Byprac B nepuozaa 10-20.06.1974;

— uJeH Ha komucud Ha CeMU HallMOHAJIEH Nperje] Ha TEXHUUECKOTO U HayqHO
TBOpYecTBO Ha MiagexkTa. Codus, 1-5.10.1974;

- ,llle ru Hapuuame npocTo MarucTpute — bbpHEB B MHTEPBIO, B3eTO OT EMu
Bapyx ornocro EITHITKMM, B. ,,Ctynentcka tpudyHa“, 2.04.1974;

- ,,ABTOMaTu4yHO MpecMsTaHe Ha u3pa3u, ci. Maremaruka, Ne 3, 1975, c. 5-8;

— ,MaremarukaTa B TOMOII Ha moimuTHKara“, cm. Hayka, m3manme Ha CVYD,
Ne 1, 1991;

- L MynTtumenus W JpeBHa €BpoIeiicka KyaTypa“, JOKJIaJ Ha CEMHHapa
,,KOMITIOTBpPHA apXxeoyiorTus, MyJlATHMenuss u VHTepHeT mpesacTaBsHe Ha
®opym Ha apeBHaTa Kyntypa, B nmameT Ha [lerbp [eres. Ilnoenus, Jlom Ha
yuenwure, 9-11.10.2000.

3akiouyeHmne

3a cBosiTa BceCTpaHHA U akTHBHA AeiHOCT npod. [leTsp bppHEB mosryuyaBa MHOTO
Harpajy — 6 Ibp)KaBHU OpJieHa U MeJiasia, cpejl KOUTo ABa ca ,,Kupuin u Mertonuid® 1.
CTENeH, MHOXKECTBO IIOYETHH 3HAIIM W TPaMOTH OT MHUHHUCTEPCTBA, ABPIKaBHU
koMuTeTd U oT BAH, kakTo U Menan 3a 3HaUUTENEH MPUHOC B ChBPEMEHHATa HayKa
ot UuctuTyTa mo maremaruka u uadpopmatrka Ha BAH mipe3 2008 ronuHa.

IleHHOCTTa HA T€3W HArpaJIy € HEChbMHEHA.

Curypau cme obaue, ue npod). BbpHEB BUHArH € Ibp)Kaj MMOBEYEC Ha BHUCOKATa
OIICHKA, NPU3HAHKE U ABJIOOKO YBa)KCHHE Ha IpuIaTa MH()OpMATHYHA KOJICTHS Tpe3
nenusi My mnpodecHoHaJieH »XUBOT, KOUTO JIHEC OTHOBO MY 3acBHJIETEICTBaMe.
Hsmame HUKaKBH CbMHCHHS, Y€ OTPOMHOTO MY JIEJI0 HE MOJXKe Ja Objae 3a0paBeHo, a
pE3yaATaTUTE OT HETO ca U e ObJAT MPEe]] BCHYKH.
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Codryepuu texnosoruu 8 UMHU

Pymen PaneB, ABpam Eckenasm,
Henun ManeBa, Becesia AHresioBa

HuctutyT o matemarnka u nHpopmaTtuka npu BAH, Codust
rradev(@math.bas.bg, eskenazi@math.bas.bg, neman@math.bas.bg, vaa@math.bas.bg

Pesrome: Hacrosammar poknan pasriexnaa OIeHHOCTTa W [OCTUTHATUTE
pe3yarati B oOmmpHaTa o0JacT Ha COPTyepHHUTE TEXHOJOTHH U ONM3KH 10
Hes B MIPOJB/DKEHHE HA HAKOJKO JECeTHIeTHs. BaXXHO BHUMAaHHE € OTAENICHO
Ha Hay4YHO-U3CJEIOBaTeNICKaTa JEHHOCT KaTo 0a3a, OT KOSTO ca IOJydeHH
WHTEpECHH  HAay4YHH  pe3yiTaTH,  pa3sHOOOpasHH  TNPAaKTHYECKH U
eKCIIEpUMEHTAIHH  pa3pa0oTku. OCHOBHHTE HANpaBlIeHHWs Ha HAy4YHH
M3CIIeIBAHUS BKIIIOUBAT COPTYEPHUTE TEXHOJIOTHH, €3MLUTE 32 IIPOrpaMHUpaHe
u cneumbnunpaﬂe, OasuTe JAaHHU U HHq)OpMaLII/IOHHI/ITe CUCTEMH,
NPUIaraHeT0 Ha HMH(OPMALMOHHHUTE TEXHOJOTMH B oOyueHuero. Hayuno-
M3CleIoBaTeNcKaTa JeHHOCT HaMHpa CBOETO E€CTECTBEHO NPOABIDKEHHE B
cdepara Ha TIpenogaBaTenckara U oOpazoBaTenHa AEHHOCT, U3TOTBSIHETO Ha
y4eOHHIH, yaeOHN TIomMarana u apyra aureparypa. OTpa3eHo € U yJacTHETO B
penuia ObITapcKu U MEXTYHAPOIHU ITPOEKTH.

1. UcTopus

IIpe3s 1961 r. e cv3mageH M3uucoUTENHHUAT LEHTHP KbM MaTeMaTHUECKUs
nHCTUTYT Ha BAH. Manko no-kbcHo, npe3 1963 r. e cp3ganeHa rpyna ,,Teopus Ha
KpaiiHuTe aBTomMaTn® c pproBojuren pou. Aumursp M. J1o6pes. Toa ce cunta u
3a pOXKIEHA JaTa Ha W3CJIEABaHMATA B oOiacTTa Ha coTyepa, Thil KaTo OTTOraBa,
BBIIPEKH 3HAYMTEIHATa JWHAMHKAa M B ChCTaBa, M B pa3pabOTBaHUTE TEMH, JIHIH
sICHAa MIPUEMCTBEHOCT M YCTOMUYMBOCT Ha MHTEPECHUTE, PA3pabOTKHUTE, PE3yNTATUTE U
cpTpynHunuTe. Thil KaTo cTaBa sICHO, Y€ TeMaTUKaTa, KOATO Ta3u rpyla pa3BHUBa, ce
pasmupsiBa TBbpAE OBp30, mpe3 1966 T. e cwh3mazeHa cekuus ,, |eopeTHYHH
BBIPOCU HA KuOepHeTHKaTa“ ¢ pproBoauten nou. /. lobpes. OT camoTo Havaso
CBHTPYJHULIUTE HA CEKIUTA CE 3aHMMaBaT HE CaMO C OCHOBHATA CH 3ajjaua — Hay4HO-
n3cieioBarelicka pabota, HO ¥ C TPWIOKEHHE Ha HAy4YHUTE pe3yJiTaTH B
MIPaKTHKaTa, KaKTo M C TeJarorndecka JeWHOCT (YeTeHe Ha JISKIMH, BOJCHE Ha
yIpaKHEHUs, THCaHe W M3/1aBaHe Ha Y4eOHWIM M ydeOHM momarana u mp.). Omre
toraBa paon. JloOpeB ppkoBomm u T.Hap. ,Ipyma 10, kosiTo € chcraBeHa OT
CHTPYOHHUIM Ha cekinuu Ha Maremarmdyeckus wHCTHTYT (MU) m mma 3a 3amaua
00CITyXBaHETO, MOIBP)KAHETO M PA3BUTHETO HAa W3YMCIUTENHATA TeXHUKAa B MU —
npenn Bcmako MHCK-2 — mepBata BHECEHa €JICKTPOHHO-U3YHCINTEIHA MAIlIiHA B
Bboarapus.

[To-nararbk Mpe3 TOOUHUTE CEKLUsATa cleABa pa3BUTHETO Ha MHCTUTyTa, KBM
koiito mpunHamnexu. [Ipe3 1970 r. e ce3mamen EIHIIKMM (EmuHeH meHTHp 3a
HayKa | TTOATOTOBKA Ha KaJpH M0 MaTeMaTHKa W MexaHuKa). Kato HeroBo 3BeHO, Ha
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0a3aTa Ha CeKIUs ,,[COPETUYHU BBIPOCH HAa KHOCPHETHKATa™, € CH3IaJCH CEKTOp
»OCcHOBH Ha KkuOepHerukara W Teopuss Ha ympasieHuero” (OKTY) orHoBO ¢
pbkoBoauten jgoil. /1. JloOpes.

IIpe3 1984 r. mpuemnnk Ha cektop OKTY, koiiTo ce pa3gens Ha 3 ceKlnH, CTaBa
cekus ,,CopTyepHH TEXHOJOTHHU, TOTaBa Ch3AajaeHa MOJ UMETO ,,ABTOMATHU3AIINS
Ha COTYepHOTO MPOU3BOJCTBO™. 3a PHKOBOAMTEN Ha CEKIMATA € M30paH CT.H.C.
Agpam Eckenasu, koito s ppkoBogu mo 2012. Cren ToBa pHKOBOAMTEN € TPO.
Henmn ManeBa no BiamBaHero Ha cekuusita mpe3 2014 r. B HoBata ,,CodTyepHH
TexHooruu u uadopmarmonuu cucremu (CopTUC).

2. Hay4Ho-u3cjie0BaTe/icKa AeiHOCT

Hayuno-m3crmenoBatenckata neiitHoct Ha MMUW-BAH B HampaBieHue
,,COPTyepHN TEXHOJOTHH € Hepa3pWBHO CBBP3aHA KaKTO C pa3pabdOTBaHETO Ha
eKCriepuMeHTalleH coTyep, Taka U ¢ aKTHBHA 00pa3oBaTesHa M MOMyJIIpH3aTopcKa
JIEMHOCT B CJIEIHUTE 00JIACTH:

— co(TyepHHU TEXHOIOTHUH;

—  €3HIM 32 MPOrpaMupaHe U crenuuiupane;
— 0asu oT 1aHHU U HH()OPMAIIIOHHH CUCTEMU;
—  uHGOPMAIMOHHH TEXHOJOTHH B 00YUICHHETO.

HpGS PA3IUIHUTC TICPUOAN OT BPEME TC3U o0actu ca ce pa3BuBaJIU C pa3jinyHa
HWHTCH3UBHOCT.

Karo npuMep Mme MnoCOYUM KOHKPETHUTEC U3CJICABAHUA, IMPOBECACHU TIPE3
MOCJICAHUTE HAKOJIKO 'O JUHU U CHbOTBCTHO NMOCTUTHATUTC PE3YJITATHU.

[oa3BaemocT U eproHomMmka Ha codryepa. OCHOBHHTE H3CICABAHUSI U
pe3ynTaTy ca 1o:

— cb3maBaHe Ha 0a30B MojeNn Ha EProHOMHYHOTO KadecTBO 3a OOCKT
,,[IOTpeduTeICKN NHTEpdEic’;

— CpaBHHUTENICH aHAIM3 3a NpWIaraHe Ha CeProHOMHYHUTE IPHHIMIHN B
pasnu4yHM cuTyauuu (mpu  pa3paboTBaHe, MOpBYBAHE, 3aKyllyBaHe WU
CBIIPOBOXKIAHE Ha cOPTyEp);

— aHaJIU3 HA LIeNechOOPa3HOCTTA IIPU NPHIAraHe Ha €prOHOMHYHUS IPUHLMII,
ye e()KacHOCTTa € Bh3MOXKHA CaMO aKo M3KII0YBA NPUHY[A, 3JI0yHoTpeda u
MIPECHIIaHe.

CrierinaiTHO BHUMAHHE € OTJICIEHO Ha BAYKHHS aCHeKT Kak J1a ObJe CTUMYIHpaH
MOTPEOUTENAT, 3a 12 U3MOI3BA AKTHBHO HHTEPAKTUBHH CPEICTBA.

HoB moaxox KbM OLEHKATa Ha PpPa3jMYHU ACINEKTH Ha peanu3aunusi Ha
copryepuu mpoextu ot KoHkpereH Tum (ERP). UscnemBa ce mpoOnembT 3a
OlleHKa Ha pasxonurte 3a paspaborBaHe Ha ERP cucremu. AHannsmpaHu ca HOBH
aCTIeKTH, CBBP3aHH IPEOd BCHYKO C IIOBTOpPHATa H3IIOJI3BAEMOCT, KaKTO M C
(yHKIMOHATHATA MOIMHOCT HAa TMPOAYKTHUTE. TEOpPeTHYHHTE pe3yiTaTH Cce
eKCIIEpUMEHTHPAT BbPXY O0e3CIOPHHS JHUILP 3a TO3W THIT IpHIokeHus — SAP/3.

Pa3paGorBane Ha y4edOHO chabpxaHue cbriaacHo CC 2005 u peanusanusra
HA MpPeICTABUTETHA YACT 4Ype3 ChbBPeMEHHH KOMYHHKAIMOHHH U codTyepHHU
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cpencrBa. Ilopamm Obp3oTo pasButue Ha WKT (uHbopmanmoHHHUTE U
KOMYHHKAI[HOHHU TEXHOJIOTHMH) TPENoJaBaHeT0 Ha WH(OpMaThka BBB BHCIIUTE
YYWIMIA € JUHaMHYeH IPOILEC, CBbp3aH KAaKTO ChC CTPYKTypaTa Ha Y4YeOHHTE
TUTAHOBE, TaKa 1 C aKTyaJIM3WPaHEeTO Ha Y4eOHOTO ChIbpkaHue. B Ta3u Bpb3Ka, cies
NIpOBEJICH aHanu3 Ha m3uckeaHusTa Ha Computing Curricula 2005, ca pa3paborenn
MacIoOpTH Ha pa3IndyHU KypcoBE IO TpHJIOKHa HH(popMaThka. Peanmsupanu ca
CHOTBETHH KypCOBE KaTO YacT OT yd4eOHWs IUIaH Ha CTYACHTHTE OT CHELIHATHOCT
LAHpopmaruka“ B HoB Obnrapcku yrmeepcurer (HBY). Pazpaborenu ca yuebHn
CHIBP)KAHMS M EJIEKTPOHHH YYEOHH pecypcH 3a KypcoBe IO 0a3u OT IaHHH,
MH(OPMAIIMOHHH CHCTEMH, MH()OPMALMOHHO MojenupaHe W Jp. ChTpYAHUIM Ha
CEeKIUATA ca Jald OCHOBEH IMPHUHOC M0 0pOpMsIHE Ha YUeOHM IUIAHOBE U MPOTpaMHU
10 COPTYEpHH TEXHOJIOTHH 32 JJOKTOPAHTH B PAMKHTE Ha EBPOIICHCKH MPOCKT.

EfHOBpeMEHHO € TOBa € MPEUIOKEH M HOB amapaT 3a eJUH acleKkT Ha
peanu3aisaTa Ha TOBa y4eOHO ChABPXKAHUE, KOTAaTO TOBA CTaBa KOMITIOTPU3HUPAHO.
Pa3paboTen e moaxox 3a MoJieMpaHe Ha aJalTUBEH CLIEHAPHH 32 y4eHe B CHCTEMa
3a eNIEKTPOHHO 00yueHue. OnpeneseHd ca (aKTOPHUTE, BAMSCIIN BbpXYy H300pa Ha
TEXHOJIOTUYHU CPEACTBA U CIICHAPUH 3a YUYCHE — CTHUJI HA YYCHC, IOCTUT'HATHU LICTIN HA
oOy4enue. Pa3paborenn ca koHuenTyajaeH u GU3MYECKH MOJIEN Ha ITbTS 32 yYCHE U
ANTOPUTMH 32 MPOEKTUPAHETO U peanu3anuara uM. PazpaboreH e ¢popmaieH MeTon
3a Bepu(uKanus HA MOJCIHATE W ca (OPMYJIMPAHM OCHOBHU HU3UCKBAHHS KBM
cHUCTEMaTa 3a eJIEKTPOHHO 00yUYeHHE, B KOATO MOTAT J]a CE pealn3upar aganTHBHUTE
BB3MOKHOCTH Ha MOJeNa 0 OTHONICHWE Ha CTHJIAa Ha YYeHE Ha O0ydJacMHTE H
TEXHUTE MMOCTIKCHUS TI0 OTHOIICHUE HAa TIOCTABCHUTE YICOHH IICITH.

H3cnenBannst mo e3umy 3a mporpamMupane. V3BbpLIEHH ca CpaBHUTEIHO-
aHAJMTUYHH M3CIIE/IBAHMsI HA MHOXECTBO €3WIM 3a mporpamupane. [Ipennoxenu ca
OpPHUTHHAIHY TIPOTPaMHU KOHCTPYKIIMH — 0000IIEHHS Ha ITUPOKO U3IOJI3BAHUTE — 32
IpecMsATaHe Ha M3pasH, 3a ONMCBAaHE HA MUKIWYHU JCHCTBHA H ap. Paspaborennu ca
OCHOBH Ha OOII MOJXO0[ 3a M3pa3siBaHe Ha CTPYKTYPHH OTHOIICHHS B IMPOTPaMH,
VHHBEpCAJICH 110 OTHOIIGHWE Ha pPa3IMYHHTE Mojaenu (mapagurM) Ha
nporpamupane. Pa3paboTeH e e3uk 3a aHOTHUpaHe Ha mporpamu. PaspaboTenu ca u ca
peayM3MpaHd HWHTEPIPETaTOPH Ha JBa MPWIOKHM €3MKa: 3a Ch3JaBaHe Ha
IJIAHUMETPUYHN YCPTCKHU M 3a OHAIJICAABAHC Ha I'COMCTPUYHU JTaHHU. Yact or
pe3ynraTuTe ca MpeACTaBeHH MoJ GopMara Ha YHUKAJIEH MO ChABPKAHUETO CH
yeOcalT, Npe/ICTaBsIl MHOXKECTBO €3UIIH 3a IPOrpaMHUpaHe.

H3cnenBane Ha HaTJIacuTe 32 MPUJIAraHeTo HA CbBPEMEHHH TEXHOJIOTHH NPH
pa3pa0doTBaHeT0 Ha co)Tyep OT MAJIKM M CPeIHM NpeAnpusTUs. Boprpeku
Pa3BUTHETO HA pa3HOOOpA3HU TEXHOJIOTHH 3a pa3paboTBaHe Ha codTyep, HE MOXKE Ja
CC TBBPJAU, Y€ CHIICCTBYBa CTAHAAPTCH MCETO/] 3a U3rpaXaaHC Ha I/IHq)OpMaHI/IOHHI/I
cHCTeMH. 3aTOBa MHTEPECHA 33j1aya € Jia c€ M3CIeBa MPUIOKHUMOCTTAa Ha HAKOM OT
TEXHOJIOTUHUTE 32 Pa3padOTBaHETO HA MH(POPMAIIMOHHU CUCTEMH, KOUTO MOIIBPIKAT
OCHOBHHM OpraHU3allMOHHM AEHHOCTH. B Ta3um Bpb3Ka € NMpOBeAEHO NMpOy4yBaHE Ha
HEOOXOAMMOCTTa OT MOAXOAANIO MpodecHoHaIHO 00ydeHue B copTyepHuTe GUpMH
3a mpuaoOuBaHe Ha KOHKpeTHH ymenusi mo UML. M3cnenBanu ca Harnacure 3a
NIPUJIaraHEeTO Ha ChBPEMEHHH TEXHOJIOTHH 3a pa3paboTBaHETO Ha COPTyep OT MaJKU
W CpelHH NpeAnpusaTHi. Pa3paboTeHn ca chOTBETHH CTPATErHu 3a NMPO(ECHOHATHO
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oOyuenue. OcBeH creruUYHY Pe3yiITaTH, CBBP3aHHU C ONpPEACICHH MPOAYKTH, Ca
YTOYHEHM TMPEANOYNUTAHUATA HA CIYKHUTCIUTE KbM METOAMTe W (QOpMHUTE Ha
HPOBIKABAIIIOTO UM 00ydeHue.

Ipunioxenne Ha KiIacHPUKANMOHHM MeTOAM KbM 33/1a4a, CBbp3aHa ¢
MOJI3BAHETO Ha e-NPaBUTEJCTBOTO. B pamxure Ha eBponetickus nmpoekT EJIOCT, B
KOWTO CEKIMATa MpeAcTaBsi bhirapus, ca HampaBeHU MPUIOKEHUS Ha pa3paboTeHH
MO-paHo B CeKIMsATa cO(TyepHH CpeAcTBa 3a KiacH(UKalys U OKauecTBSBAaHE Ha
NPOrpaMHU TPOAYKTH HAa OCHOBaTa Ha KJIACHM()MKAIIMOHHM METOIU — pa3paboTeHH
WIH YCBBBPIIEHCTBAHM B ceklMATa. B pesynarar ca HampaBeHM ChbIbPXKATEIHU
3aKJIIOYCHUS] OTHOCHO Pa3HOOOPa3HU XapaKTEPHUCTHKH, BKJI. MPWINKU M Pa3IMKHA Ha
MOJI3BaHETO HA €-NPABUTEICTBOTO OT IPYIH C HUCHK COLUANIEH UIM MKOHOMUYECKU
CTaTyC B LIECT PA3IMYHH CTPAHHU.

PaziiMyHM acneKTH OT TPWIOKEHHETO HA TI'bBKAaBUTE MeETOMOJIOTHH 3a
MPOU3BOJICTBO Ha cOQTyep — BBIOPOCH HA YIPABICHUETO HA KAYeCTBOTO,
cpuetaBane ¢ npyru meroponoruu (PMBOK, Lean, Kanban, Scrum), npobiemu Ha
MIPUJIOKCHUETO UM B ITPAKTHKATA.

3. Ilemarornyecka AedHOCT

OcBeH Hay4yHa JEHHOCT, WICHOBETE Ha CEKIMATA €KETOJHO ca CE 3aHUMAaBAIN U
MpoABDKaBaT Ja ce 3aHMMaBaT C MeJarorudecka JAEHHOCT (YeTeHe Ha JIeKIHH,
BOJICHE Ha YNPAXXHEHMsI, YETEHE Ha CIIELUAIM3UPAHU KypCOBE 3a HYKIUTE Ha JPYIH
OpraHu3aluy, PbKOBOJCTBO Ha MIIaJU HAyYHU KaJpH).

3a mepuona Ha CHIIECTBYBAHETO HA CEKIWSATAa B PasIHMYHUTE M (OPMH CBOHTE
TUTUTIOMHU pabOTH M IucepTanuu ca 3amuTiy Hax 400 AUmIOMaHTH U OKOIo 45
AOKTOpaHTH. Besika roguHa upes3 pa3HOOOpa3HM KypcoBe ca OWIIM 0OyueHH MHOTO
CHELUATMCTH, KOUTO IMO-KbCHO Ca CE peajM3upaly YCIENIHO, KakTo B bwirapus,
TakKa v B 4y)KOHHa.

UneHoBe Ha CEKIHUATA Ca YEIH JIEKIMH WIM BOAWIN YIPAKHEHUS B Pa3IddHU
rpagoBe u yueOnu 3aBenenus. Cpen rpamosere ca Codus, byprac, [Tnosaus, Bapna,
Bnaroesrpan, I'abpoBo, Bemmko TwpHOBO, Illymen, a cpexm YHUBEpCHTETHTE —
Codmiicku (pa3nmuunu (GaKyaTeTH — MaTeMaTHKa U MH()OpMAaTHKa, OHOJIOTMYCCKH,
KypHanmuctuka, (unocodekn), IlnoBauscku, Illymencku, bypracku coboneH,
BenukorspHoBcku, HOrozanmamen (bmaroesrpan), Amepuxancku (bmaroesrpan),
BCY (Bapna), UY (Bapua), HBY (Codus), YHCC (Codus), YACI' (Codus),
YHUBUT (Codus).

Cpen udereHuTe KypcoBe ca: TeopeTHYHM OCHOBHM Ha HH(pOpPMaTHKaTa,
JuckperHa Marematuka, Teopuss Ha KpaitHuTe aBToMaTH, OCHOBH Ha
nporpamupanero, [IoHATHS U CTPYKTYypH B €3UIMTE 3a mporpaMupane, CbBpeMEeHHO
(YHKIMOHATHO TporpaMupane, M3uucnutenHa reoMmeTpusi, Pasmo3naBane Ha
oOpasn, CTpyKTypu OT HaHHM M OpraHu3alys Ha JaHHWTE, ba3su OT JaHHH,
WNudopmanmonnu cucremu, Pasmpenenenu 6asm naHHM u cuctemu, Cucremu 3a
ynpasieHne U o0paboTka Ha JaHHU, ABTOMaTH3aus Ha oOydeHuero, CodryepHu
TexHojoruu, OneHKa n OCUrypsiBaHe Ha Ka4ecTBOTO Ha coryepa, Kommnpecnpane Ha
nanny, Enexrponna teprosust, Codryepen 6usnec, adopmanmoHHo Moaenupane.
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Hemanka yact oT Te3u KypcoBe ca OMiM pa3paboTeHH U YETEHH 3a bPBH BT B
CTpaHaTa OT ChTPYIHHUIM Ha CEKIUATA.

Yerenn ca KypcoBe B o0nacTTa Ha MH(OpMATHKATA M TPEJ CICHHUATUCTH I
YYEeHH OT JIPYTH 00JIacTH.

B mnponbmkeHne Ha TOAWHM CHTPYJHHIM Ha CEKIMATa aKTHBHO padoTAT ¢
M3SBCHM YYCHUIM B 00JIACTTa HA CHCTE3aTEHOTO NPOrpaMHUpaHe: PHKOBOIAT MIKOJIA
kbM Coduiickata MaTemMaTHuecKa THUMHA3Ws, y4acTBaT B IOATOTOBKaTa Ha
HaIMOHAIHUA OTOOp Mo MH(pOpPMAaTHKa, W3HACAT JeKnuM B Hamwonamnara marep-
HIKOJIa M0 MporpamupaHe W B JIATHaTa W3cinenoBaTencKa IKOJIA KbM Y YEHUYECKHUs
uHCTUTYT Tipu UMM 1 np. OcBeH NpsSKO C YY4EHHIM OT CTpaHata, paboTH ce H ¢
TexHH npenoaasareny. Cb3ajeHa e, peryIapHO ce OOHOBSIBA U C€ Pa3NpOCTPaHABA
Cpes yYSHHUIIM ¥ yUuTenr cOMpKa C MOMOIIHU MaTepHaln: KHUTH, CTATHH, TPOTPaMH,
3aJa4d 1 Ip.

YuyeOHuIM, y4eOHH OMAaraJjia u Apyra JurepaTypa

IIpe3 1979 r. xomextuB B cheras JI. M. Jlobpes, P. Kupkosa, 1. Jlenes, A.
Eckenasu u I. IlIBepTHEp HOATOTBY M U31a/ie MbPBHS YHHBEPCHTETCKH YUEOHHUK MO
nHdopmarnka. UneHOBE Ha CEKIMATA Ca ydacTBAJIM B CH3[aBAHETO W HA ITbPBUTE
COOpHHUITM CBC 3aJadd W pPEIICHH MpuMepu Mo mporpamupane (1976 m 1981 —
pas3IIUPEH U IOMBIIHEH).

OCHOBEH ChaBTOp Ha IbPBUS y4yeOHHMK MO JUCKpeTHa MaTemaruka e M. JleneB —
TO € u3naneH npe3 1984 r. B craBTOpeTBO ¢ P. [1aBnos u 4. Jlemerposuu.

Cerpyanunure Ha cexiusata A. Eckenasu u H. ManeBa ca Hanucanu ¥ U3gaid U
BPBHUSA y Hac y4eOHHMK 1o codryepHu TexHomoruu (2001 m 2006 — pasmmpeH u
JIOITBIIHEH), a A. ECKeHasn — v eIHU OT MbPBHUTE YYEOHUIIM IO €JIEKTPOHHA ThPrOBUS
(2002, 2005, 2006).

C’pryI[HI/IHI/I Ha CEeKOMsATa Ca MPEBEIN W U3JaJTN HAKOJIKO KHUTHU B obOnactra Ha
I/IH(bOpMaTI/IKaTa " U3YHCIUTCIIHATA TCXHUKA.

4. Bpb3ka ¢ npakTHKaTa

HapanenHo C MPOBEKIAHC HA HAYYHUTC H3CJICABAHUA BUHArk C€ € ThpcCeia
BPpB3Ka MCKAY TCOpHATAa U IMPAKTHUKATA OT MO3UIUHUTEC HaA Haﬁ—aKTyaﬂHaTa U Hal-
HGO6XOILI/IMaTa 3a JaaCHUA MOMCHT obmact. Kato Haii-3HauMTEIHU npuMepu Moratr
Ja C€ CIIOMCHaAT:

— 1962-1969: pa3zpaboTBaHe Ha OCHOBHM MPHHIMIIM [0 aPXHTEKTypa H
OopraHu3anysl Ha CHhbBPEMEHHHUTE HM3YUCIMTEIHH MAaIlWHH, BKIIOYUTENHO H
Ype3 MOJIeNIUpaHe Ha e/lHa MalllHa BBPXY JIpyTa;

— 1968-1985: cp3maBaHe Ha MHOXECTBO CIICLHUAIN3UPaHU HH()OpManMOHHH
CHCTEMHM 32 pa3lIMdHM MOTpeOuTenH, KakTo B paMkuTe Ha BAH, Taka u 3a
IpyTH OpTaHu3aluy (KaTo MpUMEpH MoraT na ce cnoMeHar cucremure CHUC
3a WH(POPMAIMOHHO OOCTyXBaHEe Ha OOYYCHHETO B €IHO YIeOHO 3aBE/ICHUE,
cucremure ®UKC 3a aBromMaTm3umpaHe Ha NEHHOCTUTE IO 3aIUialllaHe Ha
Tpyaa, cepusara ot cucreMu KMCEC mo aBromatnsupaHe Ha AEHHOCTHTE 3a
MOATOTOBKA M MNPOBCKIAAHEC HAa HAYYHH MEPONPUATHUA, CEPUATA OT CUCTEMU
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ACVYUIIN 3a aBToMaru3anusi Ha OubIHoTeyHuTe neinoctH, cepusita TECT
3a Hy)KIUTE Ha aBTOMaTH3MpaHaTa MPOBEpKa Ha 3HAHUITA, BKI. 3a HYXIUTE
Ha KAT);

— 1971-1980: cp3maBane Ha 0a30BO MPOrPaMHO OCHUTYpsiBaHE 3a €(EKTHBHO
W3IO0JI3BaHE Ha Hal-pa3NpocTpaHeHaTa B JAJACHUS MOMEHT H3YHMCIIMTEIIHA
TexHuka B benrapus (tyk cmamar mammuata MUHCK-32, cepusita CM-4,
MammmHuTe 0T cepusita EC);

— 1968-1978: pa3paboTBane, eKCIIEpUMEHTHPAHE W BHEJPSBAHE HA PA3HOTHITHU
W3YHCIIUTEIHN YCTPOMCTBa (KaTo MpUMep MOXe Jia ce TocodaT nepudepHoTo
ycrpoiictBo koHTposep M30T 5501.E 3a BkimtouBaHe HA MarHUTHU JTMCKOBE
kbM MammuHata MUWHCK-32, kakTo W CHenuaau3upaHOTO YCTPOWCTBO 3a
oOyuenue n usnursane EMU-25);

— 1971-1983: cw3gaBaHe Ha makeTH C 0a30BH MPOrPaMHH CpEACTBa 3a
aBTOMaTU3UpaHE Ha MPOILECUTE MO Ch3/1aBaHe Ha HHPOPMAIIMOHHH CUCTEMH C
o010 mpeaHa3HauYeHWEe Ha CHCTEMH 3a yIpaBlieHWe Ha 0a3u OT JaHHHU (KaTo
npuMepu Morat na ce crnoMeHar nakerure YI'MC m BUC32 3a mammHarta
MUHCK-32, BUCEC u JAKOMC 3a mammmauTe 0T cepusita EC);

— 1977-1983: oOemuHsABaHE HA W3YHCIUTEIHUTE MOIIHOCTH B TOJIEMH
N3YHCIUTETHN KOMIUIEKCH C LI TAXHATa €PEKTUBHA CKCIIOATAIIHS;

— 1984-1987: cp3maBane 1Mo MopbUKa HAa MUHHCTEPCTBO HA 00pa3oBaHHETO Ha
nuioTeH coTyep 3a aBTOMATH3allUsl Ha CHEHHANIM3UPaHH JEWHOCTH MO
o0y4eHue U yIpaBlieHHe Ha 00yYCHHUETO;

— 1993-1994: cp3naBane Ha crnenuanusupan codryep 3a TP3 mo mopwuka Ha
Vallnformatique (®pannus);

— 1995-1996: cw3naBane mo mopbuka Ha Dornier (I'epmanus) Ha codTyepHa
cucTeMa 3a IPOoeKTHpaHe U pa3paborka Ha copryep (cuctemata AGRIS);

— 1993-1995 u 1996-2001: cp3naBane mo nopwsuka Ha EADS (I'epmanus) Ha
coryepHa cucreMa 3a IpOEKTHpaHe M pa3paboTka Ha yuebeH codryep
(cucrema STORYIST);

— 2009-2011: mpoekTupaHe, pa3paboTBaHE W BHEIpsSBaHE Ha BBTPEIIHA
nHdopmanronHa cuctema Ha BAK (3akputa); ch3gaBaHe W MOIIbpXKaHE Ha
UHTepHeT-0a3upaH Perucrsp Ha HayyHMTE CTENECHM M 3BaHMA B PemyOimka
boarapus.

[Toutn Bcuuku OT U30POCHUTE MPOrPAMHU MAKETH MMAT PEAMIAa BHEAPSIBAHUS B
pa3UuHK HAayYyHH WJIM CTOMAHCKMA OpraHW3alliM, KakTo B bbirapus, Taka U B
qy»KOWHA, KaTO HAKOH ca JOCTUTHAIH 10 TioBede oT 800 BHeApSBAHMUS.

Ot cp3naBanero Ha PoHMA 32 HAYYHW M3CIEIBAaHUS (MMEHATa ca Ce CMEHSUIN)
npe3 1987 r. cexnusTa MOYTH HENPEKHCHATO € M3IIBJIHABANA JOTOBOPH C HETO, KAaTO
npe3 1998 M3mBIHABAHUAT OT CEKLUsTa MPOEKT ,,/3cnenBane Ha codpTyepHn 00EKTH
W TIPOIIeCH U MpHiIokeHne KbM codryeprns MapkeTuar™ (11-406) 1994-1997 noxyun
rpamorata Ha MOH 3a IOCTHTHATH CHIECTBEHH PE3YITATH.
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5. MexxayHapoaHa JeidHOCT

JByCTpPaHHO CbTPYIHHYECTBO

Kakro e n3BecTHO, BCHUKH 3BeHa HA MHCTHTYTa IO MaremaTuka 1 MH(POpPMaTHKA
Ca M3IBJIHSABAIM W W3MBJIHABAT MIMPOKA IporpaMa OT TEMH M 3aJaddl 10 JMHUS Ha
JIBYCTPAaHHOTO HAY4HO ChTpyAHMUECcTBO. Cpel MO-3HAUNTETHNTE, B KOUTO aKTHBHO
ca paboTwim 4YJIeHOBE Ha cekuusra, ca: Chb3ZaBaHe Ha LEHTHP 32 KOJEKTUBHO
nomBane (¢ U1 npu Cubupckoro otnenenne Ha AH CCCP); M3uncnuTeiHu MpexXu
(c MHCcTUTYTa TIO €NeKTPOHMKA M M3UMCIuTeNnHa TexHuka npu AH Ha JlatBmiickaTa
CCP); MaremaTtrnuecka kubepHeTrKa U oOpaboTka Ha naHHM (¢ M3ciemoBaTenckus
WHCTUTYT TI0 M3YHMCIMTENIHAa TEXHUKAa W aBTOMaru3aius npu YHrapckara AH);
ABTOMaTn3upaHe Ha JeHHOCTUTE MO UH(MOPMALIMOHHO 00CITy)KBaHE U yIIpaBiIeHUE Ha
akaJieMUYHy opraHu3zaiyu (c LleHTpaneH MHCTUTYT MO M3YMCIMTENHA TEXHUKA H C
Wzunciurenen uentsp npu AH I'/IP); Apxurexrypuu npuHumnu Ha CYBJ] (cbe
Cekmusita 1o oOpabotka Ha wuHpopmanusta npu TY [lpesnen); Teopernuna
nHdopmaTtuka W nHPopMannoHHH cucteMu (¢ MHCcTHTYTa MO MHGpOpPMATHKa IpH
YHuuBepcutera B XaMOypr).

ChILECTBEHO W MOJE3HO Y4YacTHE CEKIMATa € MMaja NpH pa3padoTBaHETO Ha
TeMaTHKarta ,,HOBHM MOKOJICHUS M3YUCIUTEIHH MalluHKU (B 4acTTa ,,copTyep™) mpes
neprona 1985-1990.

Ot 1997 rommHa € YCTaHOBEHO TPalHO W IIOJ30TBOPHO CHTPYAHHYECTBO C
VYuuepcurera B Ten ABUB, ¢ KOWTO B MOMEHTa ce pa3paboOTBa METH CHBMECTEH
npoekT. PazpabGoTBanute nocera npoexTy ca CleJHUTe:

— OuensBane Ha UWHOOPMAIMOHHWUTE CHUCTEMH M HA TEXHOJOTUHTE 3a
pa3paboTBaHETO UM;

— JlucraHMOHHO pa3paboTBaHe Ha HH(POPMAILIMOHHH CHCTEMH U M3CIIE/IBaHE Ha
TSXHATA M3I0JI3BAEMOCT;

— PazpaborBane Ha MH(pOPMAIMOHHM CHCTEMH C HM3IOJ3BAaHE Ha aBaHTapIHU
TEXHOJIOTUH;

— OreHka 1 U300p Ha CI0XKHU COPTYEPHU CUCTEMH;

— PazpaboTBane W yCBHBBPIICHCTBaHE Ha YIIPABICHUYECKUTE AaCIEKTH Ha
I'bBKaBUTE METOJIOJIOTHH B COPTYEPHOTO ITPOU3BOJICTBO.

MHOrocTpaHHO ChTPYIHUYECTBO

[To nuHUSA HA MHOTOCTPAaHHOTO HAYYHO CHTPYTHHYECTBO TPSIOBA Ja Ce OTOCIECIKHU
YYacTHETO Ha WICHOBE Ha CeKIuATa 1 ocodeHo Ha goi. . M. [lobper B AeiiHOCTHTE
no suHusi Ha [IpoOnemHara komucus ,,HaydHun BBIOPOCH Ha W3YMCIUTEIHATA
texauka® (KHBBT) mexny AxageMunTe Ha HAyKUTE Ha OWBIINTE COIUATUCTUICCKH
CTpaHH OT HEWHOTO cb3maBane mpe3 1962 rox. mo 1991 roxa. Cekuusra akTHBHO €
paboTHIa KaKTO B HAyyHaTa W opranm3aimonHa padora Ha KHBBT karo 1s10, Taka
U B MHOTO OT HeitHute pabotuu rpymu (PI): PI'-2 no ,,Pasno3naBane Ha oOpa3u™;
PI'-3 , M3uncnurennu mpexu“; PI-5 | CucreMu 3a aBToMaTu3aIys Ha 00y4eHHETO™;
PI'-11 ,,Cucremu 3a ynpaBineHune Ha 0a3W JaHHM W HWHQOPMAIMOHHM CHUCTEMH'
(pproBoguren nou. [I. [obpes); PI'-19 ,,Cuctemu 3a ynpaBieHue Ha pasnpeesieHA
6a3um mamHm” (ppKkoBomutenu mom. Jl. JloOpes u crt.H.c. P. Kupkoma); PI'-25
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,JHTerpanus Ha HHPOPMAIIMOHHU cucteMu™ (pbkoBoauTen cr.H.c. P. Kupkosa); PT'-
26 ,,CucteMu 3a B3eMaHe Ha pelIeHus .

MekayHApOTHH OPTaHU3ANNA

JIpyro OCHOBHO HamlpaBJ€HHE € Yy4YacTHETO Ha CHTPYJAHWIM HA CEKLIUATA B
MexnynaponHara ¢enepanusi no obOpaborka Ha wuHpopmanusara (MOUIT). B
pamkute Ha MOUII npe3 ronunaunte ce ch3naBaxa Texunueckure komuretn (TC), B
HSKOM OT KOWUTO paboTexa W paboOTAT aKTHBHO WieHOBe Ha cekmusta: TC-2
»Copryep” (A. Eckenasm); TC-6 ,Komymmkammu“ (K. bosuaoB); TC-8
LH2AHapopmanmonnu cuctemu™ (. JoOpes). CrnexBa ma ce orOenexu, 4e ¢ HaIe
chaeiictBue U B bearapus oemre yupenen TC-9 ,,00111ecTBO U KOMITIOTPHU®,

C aKkTHBHOTO ydYacTHE Ha CeKIMATa OsiXxa OpraHM3MpaHW Ipe3 TOAWHHUTE H
HSKOJIKO HAY4YHM U OpraHu3alMoHHU Meponpusitus Ha UDUII u HeroBure KOMUTETH,
mocieHoTo OT Kouto npe3 2007 roxuHa — peIOBHOTO TOTUIITHO 3aceqanue Ha TC-2
10 TEOPHSI U TIPAKTHKA Ha codryepa.

CpTpyIHHIIM HA CeKOusATa ydacTBaT B Obarapckuss kioH Ha ACM ot
ocHoBaBaHeTo My npe3 1990, kakto m B camara ACM. Te ca yyacTBaiM KakTO B
Hay4HUTE MepornpusaTus nox eruaara Ha ACM, Taka U B TAXHATa OpraHu3alus, BKIL.
1 BBB BHCOKO orieHeHaTa oT ACM MexayHapoHa JIATHA ITKOJIA [0 MYJITUMEINS 3a
MJIaIM crienranucTy, Aindena, 1997.

MexayHapoaHH MeponpUsTHS

Enna oT ocHOBHUTE AciHOCTH Ha MHCTUTYTa MO MareMaTtnka U WH(GOpMATHKA €
MPEACTAaBIHETO HAa Hay4YHaTa MPOAYKLIHUS B pa3IMYHU HAYYHU MEPOTIPUATHS Yy HAC U B
qy)kOnHa. B Ta3m Hacoka dIEHOBE Ha CEKIMATa Ca Y4YacTBAIM KAaKTO B
OpPTaHM3UPAHETO (BKJIIOYUTEIHO M aBTOMATH3MPAHETO) HA HAYYHU KOH(EPCHIIHH,
CHMIIO3UYMH, KOHTPECHU U IIp., TaKa U KaTO YJIECHOBE HAa MPOTPAMHUTE UM KOMUTETH,
KaTO PELIEH3EHTH Ha MPEJICTaBsHU 3a JOKJIAJBaHE MaTepuaiu, a ChIIO U B TAXHATA
Hay4YHa TporpaMa ¢ Hay4YHH CHOOIICHUS WIN IUICHAPHH IOKJIAaW, KOUTO ca Omin
MPSIKO CBBP3aHU C pa3BHBaHATa Hay4yHa TeMaThKa. CIUCHKBT Ha TE€3U MEPOIPUSITHS
€ TIPEeKaJICHO JIBJET, 32 Aa OBb/e JaieH TYK, OIIE MO-TOJISIM € CITUCHKBT OT YYacTHATA
Ha CbTPYIHULUTE HA CEKLUATA B TAX.

MexayHapOaHH NIPOEKTH

Oco0eHO aKTUBHO B TIOCIEAHHUTE TOMMHM € YYacTHETO Ha CeKUuATa B
MEXAYHapOaAHHU NpoekTH, (puHaHcupanu npenumuo ot EC. Tosa ywactue obaue, e
3anoyHano omie ot 1986. ETo cnuchk Ha MeXIyHapOIHUTE MPOCKTH C YYaCTHETO Ha
CEeKIMATA KaTO IJIaBeH W3IBIHUTE U KOOPAWHATOP WM KaTo U3MBIHUTEN:

— Konrpakr ¢ UIIM AH CCCP 38-80/82578-10/1.1.9: 1986-1988 mo
pa3paboTka Ha HHOBATUBEH COPTYEP;

— Tloampoexr B pamkure Ha mpoekra BUL/003 UNESCO, undopmainoHHH
TEXHOJIOTHHU B 00pa3oBanueTo: 1986-1990;

— MexnyHapoJeH eBporeiicku mpoekT Multiversum ,,MynTumenusTa Kato
eMHUCTEMOJIOTHYEH pecypc: KbM MHOTOIIOCOYHO, BMECTO KBbM JIMHEHHO
o0yueHme" B paMKkuTe Ha mporpamata Socrates: 2000-2003;
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— Mexnynapogen mpoexkt ECIST-2001-34488 eXPERT mno exctpemHO
nporpamupane: 2002-2003;

— EC npoekr Erasmus 114046-CP-1-2004-1-BGETNDEC no xapmoHu3upaHe
Ha o0ydenuero Ha fokropanTu: 2005-2007;

— EC mpoexr no 6. pamkoBa mporpama Elost 027287 — e-npaBuTesncTBO 32
TPYIIH C HACKO COIMATHO W UKOHOMITYeCcKo nojoxenune: 2006-2008;

— EC mpoekt TRICE 142399-LLP-1-2008-1-BG-ERASMUS-ENW — Teaching,
Research, Innovation in Computing Education: 2008-2010.

6. ExcniepTHu feiiHOCTH

CexknusTa Kato 10, a ChIIO U OTACITHU HEWHHI CbTPYAHUIIU B KaUCCTBOTO CHU HA
CKCIICPTHU, Ca YydacCcTBaJiu B pa3H006pa3HI/I JICWHOCTH C BHCOKA O6IlIeCTBeHa
3HauynMocT. CieaBaT HAKOU MMpUMEpHU 3a TOBA:

PazpaborBane Ha Hammonannara crpaterus 3a obydenuero mo UKT B cpeaHoTo
YUHJIMIIE — 110 Tophuka Ha Munuctspa Ha MOH: 1997-1998.

Pa3zpaborBane ma Hammonamna cTpaTerus 3a WHPOPMAIMOHHOTO OOIIECTBO —
cieq] KOHKypC | 1o opbuka Ha [IpaBurtencTBoTo Ha Permybnmka Bearapus: 1998.

Pa3paboTBane Ha HanuonaiHa crpaterust 3a BACOKMTE TEXHOJIOTUH — 110 MOPBHYKa
Ha [IpaButencrBoto Ha Perry6iuka Benrapus: 1998-1999.

CnucbK Ha CbTPYAHUIA HA CCKIUATA B PA3JIUYHHU NIEPUOIU OT BpEME

B T03M cnuchBK ca BKIIOYUCHHM MMEHATa Ha ChbTPYAHUIIU, KOUTO Ca OMIM YJICHOBE
Ha CCKIUATA UJIK HAa HAKOC OT MPECAUICCTBAIINTE 1 3BCHA (1'[0 a36yqu pezl):

ABpam Eckenaszu, AnexkcaHmbp AXeryksH, AnekcaHabp JlioackanoB, AHpH
OBanues, Anton IletkoB, Artanac Tepsues, boiiko banueB, bosiHka I'naBueBa,
Banentun CwoeB, Bans Iletpoa, Becena Anrenosa, Bennucnas Boies, Bnagumup
I'tones, Bnagumup Tonues, I'ans MnanenoBa, ['eopru Tynapos, [danaun Jloues,
Juvutep Jumurpos, Jumursp M. lobOpes, Enena IlackaneBa, Emumnsa XKuBkosa,
3ape 3ape, Mpan Munes, Hopman Ienes, Mocud Illseprrep, Kupun BosHos,
Kpacumup Manes, Jlionmun ManacueB, Mas laneBa, Mast Unrunuiicka, MoHuka
O®ununosa, Hauo Bacunes, Henu ManeBa, Hukonaii Togopos, Ilersp IIvpBaHOB,
IInamen ymkoB, Pagoctuna Teps3ueBa, Pocen Pames, Pymen PaneB, Pymsna
Kupkosa, Pymsma JleceBa, Cuexxana Kocroma, Cuexana Moneposa, CHexwHa
Kaparro3oBa, Cons Jlazaposa, Cranuo CtankoB, CtosH Kanpanos, Tarsna [Ilampaii,
Tonop bpwu3oB, Tomop Ilangenuen, Xpuctuna 3ameBa, FOnuta Bacunesa, FOnus
Jlxambaska, FOmusiHa [1eHeBa.
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Pa3BuTHe u npumiioxkeHue Ha CUCTEMHU 32
KoMNThpHa ajareopa B UMU-BAH

Maprapura ClII/lpI/IIIOHOBaI, AJIeKCaHIbP I‘epOBl,
Mapus Humesa'®?

1. MuctutyT no maremaruka u udopmatuka npu BAH, Codus
2. ®MU na CVY ,,Cs. K. Oxpuzncku®, Codus
mspirid@math.bas.bg, gerov@math.bas.bg, marian@fmi.uni-sofia.bg

Pe3tome. IlpencraBeHM ca OCHOBHM HACOKM Ha Hay4YHUTE W3CIEIBAHHS B
WuctutyTa no marematuka u uHdopmaruka (VUMW) na BAH, cBbp3anu c
Pa3BUTHETO M HPHIOKEHHUETO Ha T. Hap. CHCTEMHU 3a KOMIIIOTBpPHA airedpa
(CKA). Pasriemanum ca HakpaTKO HSKOM OOIIM XapaKTEpPUCTHKHA Ha TE3H
CHCTEMH W MHOXECTBO KOHKpeTHH crenuanmsupann CKA, paspaboreHu B
M.

Hauyanotro Ha cHomeHaTtuTe WU3CIe[BaHHA O€ [OCTABEHO B  CEKLUS
,Maremartudecko ocurypssaHe”“ Ha MMM, ppkoBogena ot mpod. Ilersp
Brpres. Cnen cp3gaBaHeTo Ha CeKUus ,,/I3KyCTBEH HHTENEKT* ¢ pPHKOBOIUTEN
mpod. Bamentun TomoB, pa3riexnaHata TeMmaTHKa CTaHa MpeAMET Ha
W3CcIIeBaHUs B ceKnuaTa. Tyk ciieiBa Ja moadepTacM CIICIHaHaTa pojisl Ha
mpod. Banentiun ToMoB 3a pa3BuTHEeTO Ha ToBa HampasieHue B IMU. Heka
ot6enexum, ue npe3 2015 r. Toii 6u HaBbpImI 80 rOHHU.

WscnenBanusiTa W TIPHIOKHHTE pa3pabOTKH, MPEICTaBEHH B TEKCTa, ca
OCBIIECTBEHH MPEIUMHO B CEKIHUTE ,MaTeMaTH4ecKo OCHTypsiBaHE U
,3kyctBeH untenekr Ha UMU npu BAH. CiomeHatu ca u Apyru ceknuu Ha
MU, acriekTu Ha U3cieIBaHusATa B KOUTO ca cBbp3aHu cbe CKA.

Knro4yoBn aymm: CHMBONHM M aireOpHYHH NIpeoOpa3oBaHUS, CHCTEMH 3a
KOMITIOThPHA anre6pa, IPHI0KEHHS.

ACM 1998 Classification Keywords: [.1 Symbolic and Algebraic
Manipulation, [.1.3: Languages and Systems: Special-purpose algebraic
systems, 1.1.4 Applications.

YBoa

H3MI0JI3BaxM€ TEPMHUHHU KaTo

B mbpBUTE TONMHM Ha HAIIMTE W3CJIEABAaHMS 10 pPa3MIeKIaHaTa TeMaTHKa
»AHATUTHYHA TIPeoOpa3oBaHuA © ,,CHMBOJHH
MpecMATaHUA ", 32 J1a Xapakrepusupame Bp3MokHocTuTe Ha cucremMute REDUCE 2,
SAC-2 u npyru nmono6uu. EnBa mo-KbCHO BB3MPHEXME YTBBPAMIHS Ce BEUe TEPMUH
,»CHUCTEMH 3a KOMIIOTBpHa anreOpa”. B HacTOSIIMS TEKCT ce M3MOJi3Ba MPEAUMHO
TO3U TCPMUH (He 06C'b)KlIaMe TCPMHUHOJOTMYHUTE HIOAHCH U IEPHUOJUTC HA TAXHOTO

W3I0JI3BaHe, BKIIFOYUTEITHO B HAIIX IyOINKAIIH).
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3a pa3nuka OT cucTeMHuTe 3a uucieHu mnpecmstanusa, B CKA ce usnomnssa
CHUMBOJTHO TPEJCTaBsHE KaKTO Ha BXOAHATa MH(pOpMAIMs, Taka M Ha M3BEKAAHHS
pesynrar, JOpu Ja ChAbpka camMo yucia. Mma cnenm¢uka ¥ B alropuTMUTE 3a
00paboTka Ha M3pa3uTe, MOAAICHU HA BXOJa OT MOTpeduTeNs (C 1en mpeodpa3yBaHe,
OTIPOCTSIBAaHE WJIM M3BBPIIBAHE HA ONpPEJNENICHH MaTeMaTW4ecKH omepanuu). Tesu
ITOPUTMH CHIIO ca IpeIMeT Ha KOMITIOThpHaTa anreopa. Pasrnesknana karo obact
OT ceyeHHeTO Ha HH(MOpPMATHKaTa M MaTEeMaTHKaTa, KOMIIIOTBpHara airebpa
BKJIIOYBA CIICJHUTEC OCHOBHU HANpaBJICHHA: AITOPHUTMH, CUCTEMU M IPUIIOKEHHS.
HammTe wn3cnenBaHus, KOMTO ca IMPEACTaBEHM HAKPATKO B TO3M TEKCT, KacasT
MPEANMHO CUCTEMHTE 32 KOMITIOThPHA aire0pa, TAXHOTO Pa3BUTHE U TIPHIIOKEHHE.

ChBpEeMEHHHUTE CHUCTEMH 32 KOMITIOTBpPHA anreOpa ca WHTErPHpaHd MPOTpaMHH
CpeAr 3a CHUMBOJIHM W YHCJIECHH MPECMATaHWSA, 33 BU3yalu3anus Ha (QYHKOIUH U
JTaHHY, 32 CH3/1aBaHE HA NPOTPAMHH HPOIYKTH, 3a PEIIaBaHE HA 3a/laud C pa3IndHa
CJIO’KHOCT B TIOYTH BCHYKHM 00JIaCTH Ha HAayKaTa M TEXHUKATa. TSIXHOTO M3IIOJI3BAHE B
mporieca Ha o0y4YeHHEe B YHHBEPCHUTETHTE U B CPEIHHTE YUMIIMIIA € B OCHOBaTa Ha
e(heKTHBHOTO NMPHUIOKEHHE Ha HHPOPMALIMOHHHUTE TEXHOJIOTHH B 00pa30BaHUETO.

CKA ce cp3maBaT OT OKOJIO 6 JECETHJICTHS W 3a TO3H IEPHO ca pa3paboTeHU
HSKOJIKO JICCETKM TaKWBa CHCTEMH — ¢ 0Omo mnpenHasHadeHue (¢ Ooraru
BB3MOKHOCTH 32 TPHIOKEHUE B PA3IMYHU MPEAMETHH 00JIACTH) U CICIUATU3UPAHU
(opueHTHpaHN KBM TPHUIOKEHHE B OIpenesieHa obmacT). Y Hac ca qo0pe Mo3HATH
nanpumep CKA Maple, Matlab, Mathematica, Reduce, Derive, Macsyma u np.
C HSKOM OT TE3U CUCTEMH Ca CBbP3aHU H3CIICABAHUATA, PA3TIICIAHH 10-10ITY.

2. Hauajaoto

Hauanmoro na Hamarta wu3cienoBaTencka JeiHocT, kacaema CKA, Oemre
noctaBeHo mpe3 1979-80 r. B cekmus ,,Martemarndecko ocurypsisane” (MO) na
UMMU c npoyuBane u excnepumentupane Ha cucremute REDUCE 2 u SAC-2, xato
ocobeHo 3HaueHHe 3a ToBa nMaxa koHTaktute Hu ¢ O B [ly6Ha, n Utanmanckus
LEHTBP 32 HAYYHH M3CIEABAHUS, ThH KaTo 4pe3 TAX MOIyYMXME JOCTBI 0 TE3H
CHCTEMH M CE 3all03HAXME C OIWTa Ha KOJIETuTe, KOUTO ca paboTwiu ¢ TaxX. MHOrO
MOJIE3HN HAyYHM KOHTAKTH MMaxMe M C KOJIeTH OT TeXHHWYecCKHs YHHBEPCHTET B
Jpe3nen u Yarapckata Akajemusi Ha HayKUTe.

Ipe3 1980 r. B cekmmss MO Oemre ch3mgaaeHa HW3CIeAOBATEICKa TPyMa ¢ UMe
,,/I3KYCTBEH MHTEJIEKT B MaTeMaTnieckoTo ocurypsasane’ (MMUMO) u pproBoanTEN
npo¢. Bamentur Tomos. PabGorata B rpymara Oemie cBbp3aHa MPEIAMHO CBHC
cucremute REDUCE 2 u SAC-2 u ¢dopmupanure ce Bede B TpynaTa HIEH 3a
pa3paboTKy C U3MOJI3BaHE HA TE3U CUCTEMH.

IIpe3 1985 r. rpynata MMMO mnpepacHa B cekuus ,,JI3KycTBEH HHTENEKT C
ppkoBoauTen npod. Banentun Tomos. Crnen npexaeBpeMeHHaTa KOHYMHA Ha MTPOd.
TomoB mpe3 1995 T., ppKOBOJACTBOTO Ha CEKIHMATA OEIIe TOeTO OT AOI. AJIEKCAHIBP
I'epos. IIpe3 2010 r. HAKONKO CHTPYIHHUIN Ha CEKIMATA CE€ TICHCHOHUpPAxa M B Kpas
Ha roJJuHaTta CCKIuiATa NpeKpaTH lleﬁHOC’ITa cu. Haxou U3CJICABaHNuA, 3alI0YHATH B
cekmusaTa obade, O6gxa MPOABIDKEHH U CIIe TOBA (4acT OT TAX — B pAMKUTE Ha CEKIIUs
,,FIHPOPMALIMOHHO MOJIeupaHe*).
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[Ipe3 usnoTo chlecTByBaHe Ha cekius ,,3kycTBeH nntenekt Ha UMU B Hes ce
V3BBpIIBAIIEC AKTUBHA HAyYHO-M3CIIEJIOBATEICKAa U HAYYHO-TIPUIIOKHA JeitHocT. B
TeMaTHKaTa ¥ HCU3MCHHO MPHUCHCTBAIIC KOMITIOThPHATA anredpa.

3. MH3caeaBaHusi U pa3padoTKu

ITo Bpeme Ha popmupanero Ha rpynata UMIMO pa3BuUTHETO Ha W3YHCIUTEIHATA
TeXHHUKa W HHPOpMaTHKaTa OeIe Ch3ano NPEANOCTaBKY 3a IIMPOKO M3IIOI3BAHE HA
KOMIIOTPUTEC B HAYUYHUTC H3CJICABAHHWA, IIPU pEIIaBaHEC HAa HAYYHO-TCXHHUYCCKHU
3amaud ¥ B ympasieHuero. IlpoyuBaiiku Be3MoxkHOcTHTe Ha CKA, HEe
MOMyNIApU3HpaxMe Te3U BB3MOXKHOCTH [1—4] U ThpcexMe MOAXOAAIIM 00JacTH 3a
TAXHOTO TIpuioxeHne. EjxnHa TakaBa Bb3MOXHOCT Oemie wu3mnonszBaHe Ha CKA
REDUCE 3a pemnraBaHe Ha 3a7a4a OT 00JlacTTa Ha CEM3MHYHATa MEXaHHKa C KOJIETH
ot Jlabopatopusita no censmuuHa MexaHuka npu BAH [5]. Ta3u 3amaya mopoan
upesita 3a peanmsanus Ha JlammacoBo mnpeoOpasoBanme B REDUCE. bBere
pa3paboTeH CHOTBETEH IpPOrpaMeH IaKeT, BKIIOYEH IT0-KCHO B OMOIHMOTEKaTa Ha
cucremara [6, 7].

[punoxenusta Ha cuctemata REDUCE B 3amaun oT MeXaHHKaTa MO-KbCHO Osixa
pasumpenn [8—10]. MHTepecHu mnpuwiiokeHUs Osxa HANpaBeHd M B 3aJa4d OT
obmactra Ha BHcmiata reoaesust [11-13], Oeme paspaboTeH ¥ cHenUaIM3UpaH
MPOrPaMEH MAaKeT C HIKOM HECTAHJIAPTHU peanu3allMoHHu pemieHus [14]. YuacTBaxa
cnenuanuct ot Jlaboparopusra no Bucia reoaesus npu bBAH n karenpa ['eonesus
Ha YHUBEPCUTETA 110 apXHUTEKTypa, cTpoutencTBo U reonesus (YACT) B Codus.

IMone3nu mnporpamuu mnakeTw, peanmsupanu cbe cucremata REDUCE, 6sixa
CBBP3aHM C ONEpaly HaJ| CTETIEHHU PeloBe U ¢ u3ciensane Ha ¢yHkuun [15-17].
3acmykaBa OTOEJsI3BaHE M TOAXOABT 3a OpraHM3alms Ha paboTara ¢ (QOpMYIH,
peanmusupan nporpamHo Ha 6a3zata Ha REDUCE [18-20].

ITapanenHo cbc croMeHaTHTe pa3pabOTKU B IpylaTa, Moj PBKOBOJACTBOTO Ha
B. TomoB 0sixa narpanenu xonnernumu [21-24] 3a:

— aHaymTHIHO-m3uucIuTenHu cucteMu (AVIC) — ¢ akueHT BBPXY €EeKTHBHOTO
peanusupaHe KakTO Ha CHMBOJIHHTE M YHCICHHTE IPECMSATaHUs, Taka M Ha
,IIpexoma‘ oT eNUHUS KbM APYTHSI THUI IPECMATaHHS;

— UHTENCKTYaIM3UpaHd aHaMUTUYHO-u3uuciutennun cucremu (MAUC) — B
KOWTO T. Hap. MHTENEKTyaIH3alusl BKIIOYBA BH3MOXKHOCT 3a IMOTpEOUTeINs 1a
¢dopMynupa 3ajavyata CHM Ha €3UK, OJNM3BK /IO €CTECTBEHHMs, CHCTeMaTa Ja
aHanM3upa Ta3u (GOpMYJIMPOBKA U Jia TUIAHMpAa HEOOXOIUMHTE AEHCTBUS 3a
peliaBaHe Ha 3ajavara.

Ha 6a3ara Ha mpoydeHuTe BB3MOXKHOCTH Ha cuctemara SAC-2 U Ha pa3IuyHU
M3CIIeZ0BATEICKK Mmoaxonau mpu usnoi3BaHeto Ha CKA 3amouyna mporpamHata
peanmusanust Ha naBe cnernuanmsupann CKA — 3a omeparuu oT JIMHEHHAaTa anreOpa
[25-28] u 3a pabota ¢ HempekbcHaTH npodu [30,31]. B Te3u nBe cucremu Osxa
peau3upaHd CIeMCHTH Ha CIIOMEHAaTUTe KoHIenmuu. OcoOcHO cienBa Ja ce
orOemexn (PakThT, Y€ W JABETE peanm3anud 0sxa OoQOpMEHH KaTO JOKTOPCKU
nucepranuu [29, 32].
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W3cnensanusta, cebp3anu ¢ koHuenmuure 3a AUC u MAUC npoasmkuxa. Cien
npemMuHaBaneto Ha M. HumieBa na pabora BB ®OMU Ha CV ,,CB. Kimment
OXxpHICKH™, TIOA HEHHO PBKOBOJCTBO Oelle Ch3AaJeH MPOTOTUI HAa MHTEIUICHTHA
(ocHOBaHa Ha 3HAHMS) CHCTEMa 3a KOMIIOThpHa anredpa [33] m Osixa m3cinenBaHH
BB3MOXKHOCTHTE 32 IPUJIOKEHHE HA TaKbB THIT CUCTEMH B 00y4eHHETO Mo anredpa B
cpeqHoTo yuunuine [34].

Omie nee cnenuanusupanu CKA 0sixa paspaborenu ¢ m3non3Bane Ha SAC-2 — 3a
MpecMATaHE HA HEONPEACICHN HMHTErPalld OT JAPOOHO-paIoHaHu QyHKIWY [35] u
3a (hakTopHU3aIMs HA MOJMHOMHU [36].

ITo-kbcHO, cbBMecTHO ¢ kosern oT INRIA Sophia Antipolis, ®panrus, Gerie
peain3upaHo CMMBOJHO M3BEXKIAaHE Ha Taka HapedeHUTe MOAUGHIMpaHH (YaCTHH
mudepennmannu) ypasuenus [37,38] ¢ msmomsBane Ha CKA MAPLE, c¢ nen
aBTOMATU3UPaAHO TpHIaraHe Ha T.Hap. MOAX0J Ha MOAU(UIIMPAHUTE ypaBHEHHS MTPH
YHUCJIEHO pelllaBaHe Ha HIKOM KJIAacoBE YacTHU JU(EpeHIHaTHu YpaBHEHUS.
[MTapanenHo c ToBa 6s1xa npoy4yenn Bb3MokHocTHTe HA CKA MAPLE. C n3non3sane
Ha Ta3W cucteMa Oelle pealn3upaHo v €HO MPeoOpa30BaHKe OT M3IIbKHAINS aHAIN3
(mo unest Ha akan. I1. Kenpepos) — npeoOpazoBanuero Ha JIboxanasp [39] (mpeam
ToBa To Oeme peanusupano ¢ momorara Ha REDUCE [40]).

C u3nos3BaHe Ha €HO OT KOMHMATA Ha cucremara Mathematica 2, noiaydeHa B
VMU B paMKHUTEe Ha MEXAYHAPOJECH MPOEKT, HAPaBUXMe HAKOM €KCIEpUMEHTATHU
MPUIIOKEHNS, B TOBA YHCIO C TeopeMaTa Ha [loHcene oT mpoeKkTHBHATA IeOMETpHUs
(mak no unest Ha akax. I[1. Kennepos).

ITo-xbCHO ¢ TOMOIITa HA CIEABAIIM BEPCHUH HAa cHCTeMaTra 0sxa pealu3upaHu
MPOrPaMHU CPEJNICTBA, TMO3BOJSBAIIN MPUIOKEHHE HA TMOJX0Ja Ha OMEPallMOHHOTO
CMsATaHe 3a pellaBaHe Ha 3a/laydl ¢ HAYaJHU M TPAHUYHU YCJIOBUS 3a HAKOU THUIIOBE
JUHEWHU OOWMKHOBEHU W YacTHH audepeHiuanuu ypaBHeHus [41-45]. Unesra 3a
TE3W M3CIICABAHUSA ¥ OCHOBHHUTE TCOPSTHYHH MMOCTAHOBKH MPUHAIICKAT HA UWIL-KOP.
WBan [lumoBcku. PaspaboTeHuTE alropuTMH W TIPOTPaMHH CPEICTBA CTaHAXa
OCHOBa 3a JOKTOpcka auceprauusi [46]. U3cnenBanusita, CBbp3aHU C Pa3InYHU
MIPUJIOKEHUS Ha TOAX0Ja Ha ONEPAlMOHHOTO CMATaHe, 0sxa mpoabinkeHn [47-49].
Hsikon pesynrartu ca oTpa3eHd B MyOIUKAIMK OT TOCIeHATe roauan [50-52].

B To3n nepuon Gemre excriepumenTrpano u npuinoxenne Ha CKA Mathematica B
3a[a4u, CBbP3aHU C U3CIEIBAaHE HA TEIEKOMYHUKALIMOHHU CUCTEMH [56].

HaKpaﬂ, MakKap U HC Ha IMOCJIECAHO MACTO IO BAXXHOCT, HCKa Ka)XEM M TOBA, Y€ C
HSKOM HAIIM JOKJIaId Ha CEMUHApH U KoH(DepeHuu (Hamp. [53—55]) u ochiecTBeHH
KOHTaKTH C TperojaBaTeNyd ce I[ocTapaxMe Ja IOKaKeM IIOHE 4YacT OT
Bb3MokHOcTHTe Ha CKA, mnoaxomsmm 3a NpUIOKEHHE IpH MpEenojaBaHe H
n3y4yaBaHe Ha Pa3IMuYHA MaTeMaTHUECKH AUCIUTUINHH.

Yact ot NpEeACTAaBCHUTE TYK H3CJICABAHUA 6$[X3 OCBIICCTBEHU B PAMKUTC Ha
cIIeIHUTE npoekmu, punancupanu om Dono ,, Hayunu uzcnedsanun“

— WU-220 ,IIporpamHu cucTteMH 3a KOMOIOTBPHA anreOpa, OPHUCHTHUPAHU KbM

HAYYHO-H3CIICAOBATEIICKH U MHKeHepHH 3amadn’ (1992-1994);

— W-520 ,Pa3zpaboTrBaHe ™ TPWIOKECHWE HAa MPOTPAMHHA CpEACTBa 3a
KoMITIOTHpHA anreopa‘ (1995-1998);
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— V Pn-U-5 ,llpexncrassine, o0paboTka 1 oOMEH Ha 3HaHHS C M3IIOJI3BaHE Ha
CHCTEMH 3a KOMITIOTBhpHa anredpa’ (1999-2000);

— U-1002 ,IIporpamMHu cpencTsa 3a KOMITIOThPHA ainredpa, OpHEHTHPAHU KbM
oOydenuero mo Mmatemaruka“ (2001-2004).

BaxxHa 0COOCHOCT Ha BCHYKM HAIOM H3CICOBAHUSA, CBBP3AaHH C IIPHIOKHU
pa3paboTku, Oemre yqacTieTo (Ha OIpeesieH: eTany oT paboTaTa) Ha CHEIHAINCTH
B 00J1aCTUTE, OT KOMTO Ca PasTIISKAAHUTE 3aJadH.

B ronsma gact oT CIOMEHATHTE MO-TOPE Pa3pa0dOTKH Ca yYacTBaJM aCITUPAHTH Ha
CBOTBETHUTE CEKUMU U TuIuioMaHTd oT ®MU na CVY ,,C. Kniument Oxpuncku®.

4. [lpyru geiiHOCTH, CbI'TCTBALIY NPeJCTABEHUTE U3CIeABAHUS

[lo wnummatmBa Ha mpod. B. TomoB mpe3 1992 r. Oemre opraHusupan
Hayuonanen cemunap no CKA, B KOWTO yuacTBaxa y4Ye€HH OT aKaJeMHYHU
MHCTUTYLIMH B Isj1aTa cTpaHa. Toil ce nmpoBexaiie euH T MeceuHo (0e3 JIeTHuTe
Meceny) B nepuona 1992-96 1. m Oemie MHOTO MOJIE3€H C BB3MOXKHOCTTAa 32
NoJy4aBaHe Ha akTyaiHa nHpopMmauus 3a passutuero Ha CKA u 3a u3cnensanus B
Ta3u 00JIaCT y HAC U B 4y)KOMHA.

Yuacmuemo nu 6 mawu u mexyncoynapoonu mayunu Konghepenyuu u
20CMYy8aHemo y HAC HA YYEHU CbC C6EMO6HA U3BECHIHOCH CHIICHCTRAIIE KAKTO 32
NpEeACTaBAHEC Ha HAIOUMTC PE3YyJITaTH, TakKa W 3a pasmiupsgBaHC HAa HAYYHUTC HHU
KOHTAaKTH.

[MomoOHO Oermre 3HAYCHHUETO W HA YUACHIUEMO HU 6 MeHCOYHAPOOHU pAdomHuU
Zpynu (10 U3KYCTBEH MHTEJIEKT W KOMITIOTBPHA anredpa) U 6 Cb8MeCHmHU HAYUHO-
uzcnedosamesicku memu ¢ uyycoecmpannu uncmumymu (c vHcTuTyT™H Ha AH Ha
Pycusa u Yurapus, ¢ OMSAUN (yOHa), ¢ HallMOHAJIHU HAayYHU LEHTpoBe Ha Mrtanms,
Opanmys u ap.).

Cekiust ,,VI3KyCTBEH WHTENEKT OCLIC Opeanu3zamop u CvopzaHU3amop Ha
peouya medxncoyHapoonu cveeuianua U KOHepenyuu 1O TEMATHKa, CBbp3aHA C
HammTe wu3cnenBaHua. OcoOEHO BHUMAHHE 3aciy’kaBa OpTaHM3MPAaHETO Ha
MEXAyHApOJAHUTE KOH(PEPEHIIMH 10 MPUJIOKEHHEe Ha KoMIoTbpHaTa anredpa ACA
2006 [http://www.math.bas.bg/artint/mspirid/ ACA2006/] u ACA 2012
[http://www.math.bas.bg/ACA2012/].

BaxHo e na otOenexxnm, de U3CIEABAHMSA, CBbP3aHN C KOMIIOThpHATa anredpa,
ca MpoBeXIaHu U B aApyru cekumuu Ha UMW — cexmus ,,Anrebpa“ (cera ,,Anredpa u
noruka“), ,,buomaremarnuka‘ (cera 4acT OoT CeKuA ,,MaTeMaTH4ecko MOJACITHPaHe 1
4yucacH aHamu3™), ,,Maremartndecku ocHOBM Ha uH(popmarukata™ u ap. CKA ce
M3MOM3BaT W cera B pemuna cexkinun Ha MMU, cpmo taka u B Coduiickus
yuusepcurer ,,CB. Kimment Oxpuackn®, Texundueckure ynuBepcuretd B Codust u
I'abporo, YACI, BenukoTbpHOBCKUs yHHBepcHTET ,,CB.cB. Kupun u Meromuii”,
[TnoBnuBckust yuusepcuret ,,Ilancnit Xunennapcku*, HoB ObJrapcku yHUBEpCHTET,
Byprackust cBo00/ieH YHUBEPCHUTET M OIIE B PEIUIIa BUCIIM W CPEAHU YUHIHIIA Y
Hac. C HSKOH OT TSIX UMaMe PEryIsipHH KOHTAKTH.
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Jexyuu no cucmemu 3a komniwmuvpha anzeopa ca yerenu B CY ,,.Cs. Kinumenrt
OXpHUICKHA™ U IPYTH U3MEXKITY U30POCHUTE YHUBEPCUTETH OT CHTPYTHHUIIU HA CEKIIUS
,,/I3KYCTBCH UHTEJICKT" U MPEMOIaBaTCeIN OT T3 YHUBCPCUTETH.

IIpencraBenure uscnenBanusi U paspadoTku, cBbp3aHu cbc CKA, oTpassBar B
3HauMTeNHA creneH (0e3 Ja wW3YepmBaT) pe3ysTaTUTe OT HamaTa HayYHO-
M3CIe/IoBaTeNICKa U MPWIIOKHA JEWHOCT B Tasu obmact. Te ca oTpasenu B Hazg 100
nyboaukayuu. TollssMa 4YacT OT TAX Ca BKJIIOUCHH B CIUCHKA HAa JIUTEPATYPHUTE
W3TOYHUIIM, [IUTUPAHU B HACTOSIIUS JTOKITA].

5. 3akiaroueHnmue

CKA Bce moBede ce M3MON3BAT KaTO MHCTPYMEHT B M3CJeIOBaTelIcKaTa padora
Ha MHOT'O YYCHH, WH)XKCHEpH, NPEroJaBaTe)id U CTyACHTH. B chIIoTO Bpeme Te3u
CHCTEMH C€ pPa3BUBAT M oboraTsBar. Pa3paboTBar ce HOBH QITOPHTMH, Pa3BUTHETO
Ha MH(pOPMAIIMOHHUTE TEXHOJIOTMA HEMHUHYEMO OKa3Ba CBOETO BJMsHHE. B penuia
cly4yau TPUIIOKEHUSTA UM ca ,,HECTAaHAAPTHH ‘, KAKTO C€ BIKIA HampuMep B
nporpamMuTe Ha HSIKOW KoHpepeHimu. MIMEHHO MO JOKIIAAWTe, ChIBPXKAIIU CE B
NpOrpaMHUTe Ha PA3IMYHM MEXIYHapoJHU (OpyMH, MO MHOTO IyOJIMKAlWMU OT
MIOCJIEIHUTE TOJIMHH, 110 HOBUTE BepcHu Ha Hai-nzBectHute roinemu CKA u T.H. ce
BWXKJAa KAaKTO TSIXHOTO aJTOPUTMUYHO oOorarsiBaHe, Taka M Pa3BUTHUETO MM KaTo
MIPOTPaMHM CHUCTEMH W BCE IMO-IIMPOKOTO MM mpuiokeHne. C pagocT MOXeM Ja
Ka)KeM, 4e CM€ YJacTBaJIM U ITPOIb/DKAaBaMe /1a y9acTBaMe B TO3H ITPOIIEC.
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Kommnworspaara suarsucrtuka B UMMU — ucropus,
NMPOEKTH U pe3yJITaTu

JIroamuna /lumurposa

WnerutyT no matemaruka u nHdopmaruka npu BAH, Codust
ludmila@math.bas.bg

Pe3tome: Crarmsita IpeACTaBs HAaKpaTKO pa3BUTHETO HA KOMITIOThpHATa
muarsuctuka B UMU-BAH. Cexkuus ,,Maremarnuecka muHrBuctuka” va MUMU
€ MoHep B Ta3u obiact 3a benrapus. Onncanu ca u3cinenBaHus B 001acTTa Ha
aBTOMaTHYHaTa 00paboTKa Ha OBJIrapcKu €3MK, pa3paboTKaTa Ha alrOPUTMHU U
CHCTeMH 3a MpuiIoXKeHHsATa HM. I[IpoexTuTe Ha cekIMsATa B oOJacTra Ha
€3UKOBOTO HMHXXEHEPCTBO M PE3yITaTUTe OT TAXHOTO U3MBIHEHHE —
npezcTaBsHe U 00pabOTKa Ha JIMHTBUCTHYHU 3HAHMSA, pa3paboTKa Ha HU(PPOBH
MHOTO€3MYHH PECYpCH, CpeACTBa M CHCTEMH 3a MPEJICTaBsIHETO W
YIPaBIEHHETO UM, KaKTO U MPIIIOKEHHUATA MM — CBIIO Ca NIPEACTABCHH.

KimouoBu nymu: E3nkoBu pecypcu, KOMIIOTbPHA JIMHTBUCTHKA, JIEKCHYECKU
0a3u qaHHH, TU(POBU KOPITYCH.

1. KpaTku ucropuyecku 0esiesKKU

[ourn 10 TroauHM Ciiex MHPBHUS OIUT 32 aBTOMATHYECH PyCKO-aHTIIMHCKH TPEBO/,
peammzupan B CAI mpe3 1954 ., kbM ToraBamHusS MaTteMaTHYECKH WHCTUTYT IIPH
BAH (MU-BAH) e cp3ganena ['pyma mo MaTeMaTHdecka JIMHTBHCTHKA U MAITHHEH
npeBoa. B 1964 r. mo uaest Ha mpodecop Asnekcanabp Jlroackanos (1926-1976),
M3BECTEH CIENUAIUCT 10 aBTOMaTH4YHa 00paboTKa Ha e3WKa W MallMHEeH MPEBOJ, B
MU-BAH 3amno4Bar CTaTHCTHYCCKU M3CJICIBAHMS Ha OBJITAPCKU TEKCTOBE U IIBPBU
ONUTH 32 aBTOMATH3MpPaH IIPEBOJ MEXIY POJACTBEHU €3MLM (PYCKH M OBITrapcKH)
[[Tromckanos 1968], [Ludskanov 1971].

Cexuus ,,Marematnuecka quHreuctika“ Ha UMU-BAH e muonep B pa3BUTHETO
Ha KOMIIIOTBpPHaTa JWHTBHCTHKAa B boarapus. OcHoBana e B 1977 r. xato
Jlaboparopust 3a MaremaTHyecka JIMHI'BHCTHKA M € HacleIHWK Ha [pymara mo
MaTeMAaTHUYeCKa JIMHTBUCTHKA U MalHEH npeBos kbM MU-BAH. JlabGopatopusita 3a
MaTeMaTH4ecka JIMHTBUCTMKA € MpEeMMEHyBaHa B CeKIUsA ,,MaTemarudecka
nuHrBUCTHKA B 1985 T

2. Pa3BuTHe

I'naenume memamuunu Hanpaeienusn, CBbP3aHN C U3CICIBAHMUATA B 00JIaCTTa
Ha aBTOMaTM4YHAaTa 00pabOTKa HAa SCTECTBCH €3WK M Pa3BUBAaHU NpPE3 TOJUHUTE B
CEKIIUATA, ca:

1. KOMITIOTBpPHA JIMHTBHCTHKa — CpEACTBa 3a aBTOMAaTHYHa oO0paboTka Ha
OBATapCKU €3WK,
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2. MareMaThvecKa JIMHIBUCTHKA — JIOTMKO-TpAMaTHYeCKu (opMaiu3sMu u
KOMITIOTBPHA CHCTEMH 3a MOJEIUpPaHe Ha pe3yaTaTH OT Teopusi Ha
(hopMaTHUTE E3UITH,

3. KOMITIOThPHA JIMHTBHCTHKA — TpEJCTaBsiHe W 00pabOTKa Ha JIMHIBUCTUYHHU
3HaHMs, pa3paboTka Ha HUPPOBU MHOTOE3UUHH PECYPCH, CPEJICTBA I CUCTEMH
3a MPEJCTaBIHETO U YIPABICHUETO UM,

4. w3cienoBaTelcKu e-MH(PACTPyKTypH — Ch3aBaHe Ha KOHIENITYaJeH MOJEl
Ha e-HHPPACTPYKTypa 3a IMI(pOoBa JTEKCUKOTpa(HsL.

Ceknuata €  yYaCTHHK B JBE  MEXKIYHAapOJHH  H3CIICHOBATCICKU
e-mH(pacTpyKTypHu B 00JIaCTTa HA aBTOMAaTHYHA 00pa0dOTKa Ha e3WKa, pUHAHCHpaHU
ot EBponeiickara koMucusi:

— ELSNET: European Network of Excellence in Language and Speech,
1993-2004, (HatmonaneH koopauHatop — npod. Pagocnas [1asnos),

— CLARIN: Common Language Resources and Technology Infrastructure,
20062012, mpoexr, (koopaunarop 3a UMU — npo¢. Jlronmuna Aumurposa).

3. KoMnlThpHA JUHIBUCTHKA — ABTOMATHYHA 00padoTKa HA eCTeCTBEH
e3MK

v AJITOPUTMH ¥ CHCTEMH 32 ABTOMATHYHA 00PA6OTKA HA GBJIrapCKH €3UK

ToBa HampaBieHHE BKJIIOYBA MHOHEPHHUTE pa3pabOTKH BbPXY aBTOMATHYHATA
00paboTka Ha ObATapcKu e3uk B nepuoja 1980-1985 r.

IIbpBaTa cucremMa 3a aBTOMATHYHO CerMeHTHpPaHe Ha OBJrapckKure
ciaoBodopmMu 6e3 M3MOJI3BaHE HA JileKCceMeH PeYHHK (PEYHMK Ha OBIrapcKuTe
OCHOBH) U 0€3 KaKkBUTO W Jja € OTPAaHWUCHUS, HATOXECHH BBPXY BXOJHHS TEKCT, €
npencraBeHa B [Dimitrova, Paskaleva, Nenova, 1981]. Cucrtemara peamusupa
omucanust B [Paskaleva, Dimitrova, Nenova, 1981] mbpBM aJropurbMm 3a
aBTOMATHYHOTO CerMeHTHpaHe (Ompe/elisHE Ha OCHOBA W OKOHYaHHE) Ha
CI10BO(OPMHUTE B TEKCTA. AITOPUTBMBT € KOMOWHAIMS OT EBPUCTHYHHU CHOOPaXKESHUS
W TOYHO OIIPEAEJICHH MHOXECTBA OT €3WKOBHM €IIEMEHTH (MHOXKecTBara Ha
OBirapcKuTe OKOHYaHMs), TOW € pa3padoTeH Bb3 OocHOBa Ha aHanm3a Ha 700 000
Obirapcku CioBO(GOpPMH, KOUTO KaTo 00EM HPEICTABAT ChABPKAHHETO Ha HIKOJIKO
TBHIKOBHM pEYHHKa W MoOraT na ce obOpasyBar orT 70-Te XWISAM COUHUIM Ha
OOpatHus peyHMK Ha Obirapckus e3uk. Cucremara ChIbpKa M CHOTBETHHUTE
o0ciyBall NpOrpamMH 3a Ch3J[aBaHe, MOATbp)KaHe M OOHOBsSBaHE Ha Oa3o0BaTa
JMHTBUCTHYHA HH(OPMAITHSL.

IIporpamuara cucreMa 3a aBTOMATHYEH aHAJIM3 Ha OBJrapcKH TEKCT
peanu3upa 3a MbPBU ITBT 332 OBJITAPCKH €3UK AJTOPUTHM 32 aBTOMATHYHO CHEMAaHe
OMOHMMHAITA HA OKOHYAHUATA (AaBTOMATHYHO NPUYHCISIBAHE HA JIaJicHa
cioBoopMa KBM OIpeneNieH TpamathdeH kimac) [Dimitrova, Isusova, 1985].
Cucremara, paboTenia B pe)KUM Ha JAAJIOT Ha OBJITapCKH €3WK, 1aBa Bb3MOXKHOCT 32
M3CIIe/IBaHE BU/Ia HA JIMHTBUCTUYHATA MH(OPMAIUS, KOSITO MOXE 1a Ce U3BJe4Ye OT
TEKCTa B PE3yJITaT Ha TO3M BHJ aBTOMATHYCH aHanu3 (NMPUChEIUHSBAHE HA JajicHa
cioBoopMa KBM OIpeneNieH Tpamarudeckd kiac). Cucremara peamusupa
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aBTOMAaTHYEH IMPEXoJ ,,TEKCT — PEUHHK', BKIIIOYBAI CETMEHTHpPaHe Ha OBJITapcKu
TEKCT; aBTOMATHYHO IOCTPOSBAaHE Ha PA3IUYHU BUIOBE PEUHHIM M PEUHUKOBU
apXHBH: KOHKOP/IAHCH Ha JaJIeH TEKCT WM JIaJIeH aBTop ¢ J00aBsiHe Ha HaTpyHaHaTa
B mpoueca Ha o00paboOTKa cTaTUCTHYeCKa WHQOPMAIHMs, UYECTOTHH PEYHHUIH,
KoMOMHMpaHu peyHund. [1o 3amanena oT morpeduTens 3asBKa, cCUCTEMAarTa peaJu3upa
THPCEHE W aBTOMATHYHO HM3BJIMYAHE HA CJIOBO(OPMH M CIOBOCHUETAHUS OT JaieH
OBNTapCKH TEKCT, C KOHTEKCT WIIK HE, C e N3yJaBaHe Ha MOBEACHUETO Ha JaeHATa
JIeKCHYeCcKa €AMHNIA, CHHTAKTUYHA KOHCTPYKIMS WM ONPENeNIeH IpaMaTHICH KJac
B TekcTta. Crucremara e pa3paboTeHa B IBe BEpCHH (3aBHUCEIIN OT HAIWMYHUATE TI0 TOBA
BpeMe TEXHOJOTWYHM TIaTGopmu): eaHara Bepcus € peanusupaHa Ha APPLE-
PASCAL 3a nepconanen kommorbp APPLE 11, a npyrara e peanusupana na PL/1 B
DOS 3a EC1040.

4. MaTteMaTn4yecKa JUHIBHCTHKA — NMPUI0KCHUS

v TIpuJI0KeHHsI HA JOTHKO-TPAMATHYECKH (POPMATU3MH U KOMIIOTHPHH
CHCTEeMH 32 MOJeJIMPaHe HAa pPe3yJITaTH OT TeopHsi Ha (popMaJIHUTe e3ULH
(1986-1995)

W3zcnenBanusta B TOBAa HampaBieHHE (C SICHA TEOpETHYEeCKa M IpaKTHIEeCKaTa
Ba)XKHOCT) ca CBBP3aHM C ONMUTHUTE (KOMTO mpoxbmkasar ciex Hoam Yomckm) 3a
(hopmMaHO IIpe/ICTaBsHE HA €CTECTBEHUTE €3HIH, B CITydast — Ha OBJITapCKusl.

IIporpamuaTa cucreMa 3a MoJeTUpPaHe HA OCHOBHH Pe3yJITATH OT TeOpUATa
Ha ¢opManHuTe e3unM M rpamMatuku [Dimitrova, Todorova, 1993], [Dimitrova
1993], e peanmm3upana 3a Hy)kauTe Ha o0ydeHuero. TeopeTndHaTa 6a3a Ha cucTeMara
BKITIOYBA peJl TeOpeMH, Noka3aHu B [Dimitrova, Todorova, 1991], kouto cBbp3BatT
OTIpPENICIICHH THIIOBE (OpPMAaTHM €3WIM C MarasuHHH aBToMard. llporpamHara
cHCTeMa € JWajoroBa W € TIpelHa3HauYeHa 3a JICMOHCTPHpAHE Ha pPa3InIHA
€KBHUBAJICHTHOCTH IIPH OTIMCAaHWE U TeHepUpaHe Ha GOPMAaTTHHA €3UIIH.

JlornueckuTe rpamMaTHkM, cb3lazeHu B mepuona 1978-1989 r., msmomsBar
IIpeANKaTHATA JIOTUKA OT ITBPBH PEJl 32 OIMCAaHUE Ha €CTECTBEHO-E3UKOBH CTPYKTYPH
U SIBIICHUS, KaTO OCUTYpsiBaT €(EKTUBEH CHHTAKTUYEH W CEMAHTHYEH aHAIN3 H
resepupane Ha (pa3u npu yacTudHa 00paboTKa MM 3a orpaHuyeH gpparment. Haii-
HaIpes ca M3MOJI3BaHM 32 MOJICIIUpaHe Ha CBOOOJICH CIIOBOpE.], KOOPAUHALINS, JIBA U
JSICHa eKCTPAIO3MIMS M IPYTH €3MKOBU SBJICHUS B aHIIIMICKU €3HK, ITI0-KBCHO — 32
WCTIAHCKA ¥ (PPEHCKH.

B [Dimitrova, Pavlov, 1993] 3agpn004eHO ¥ MOCIEIOBATEIHO Ca MPEICTABEHU
YeTUPU BHJA JIOTHUECKH TpaMaThku — metamorphosis grammars, definite clause
grammars, extraposition grammars u discontinuous grammars — U ca pasriieiaHu
BB3MO)KHOCTHTE UM 3a ONMCBAHE Ha CHENN(HIHA 0COOCHOCTH Ha OBITapCKUs €3HK.

3a mepBu mbT B [Dimitrova, Pavlov, 1995] e mnokasano npuioxeHue Ha
NPEeKbCHATUTE JIOTMYECKH TpaMaTHKH 3a (OpMaHOTO OmMcBaHE Ha CBOOOIHMS
cioBopexn B Obirapckus e3WK. lIpe/utokeH € TpUMep 3a ONUCAaHHE Ha
,»YTIPABJICHHETO“ HA OTHOCHUTEIHOCTTa B T'paMaTHYeH CMHCBHI, KOWTO HIIIOCTPHpPA
TSICHaTa BPb3Ka MEXIY JIMHIBUCTHYHATA TEOPHS U TCOPHATA Ha (POPMATHHUTE C3HIIH.
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HpI/IHOC”bT € B MU3MOJI3BAHCTO 3a HOBPBU II'BT HA PA3BUTU JIOTUKO-TPAMAaTHYCCKU
(bOpMaJ'II/I?)MI/I 3a OIMUCAaHUC U MOJICJIMPpAaHE Ha 0COOCHO TEHKKH 3a (bOpMaJ'IHO OIINUCaHHC
SIBJICHUA B GBHFapCKI/IH C3UK (aCHeKTI/I Ha CI/IHTaKCI/Ica), KOUTO HMaT IMpsAKO
MMPUIJIOKCHUC KbM aBTOMATU3UpaHaTa 06pa60T1<a Ha C3UKa.

5. KoMnoTbpHa JUHIBUCTHKA — IPOeKTH 10 EBponeiicku nporpamu

v IIpoekt Ha EK: COP 106 MULTEXT-East Multilingual Text Tools and
Corpora for Central and Eastern European Languages, 1995-1997

Koopaunarop: Jean Véronis — CNRS-France, pekoBoguren 3a Bemrapus —
npo¢. Pagocias I1asmos.

Yuacraunu: CNRS (Laboratoire Parole et Langage) & Universite de Provence,
Aix-en-Provence; Bulgarian Academy of Science, Sofia, Bulgaria; Charles
University, Prague, Czech Republic; University of Tartu, Tartu, Estonia; Hungarian
Academy of Science, Budapest, Hungary; Research Institute for Informatics,
Bucharest, Romania; Jozef Stefan Institute, Ljubljana, Slovenia.

3a WHpBM MBT OBJTAPCKUAT €3UK yYacTBa B MHOTOE3WYHHUTE pECypcH Ha
¢unancupan or EK mpoekr — MULTEXT-East. IIpoekThT BKJIIOYBa IIECT
LEHTPAIHU M W3TOYHO-EBPONEHUCKU €3ULH: 012apCKu, eCMOHCKU, PYMBHCKU,
cnoeencku, yneapcku u yewku (t.Hap. MTE-e3unn), u aneauiicku xaro ,,0nopeH
e3UK".

MULTEXT-East e npoasmkenue Ha npoekta MULTEXT Multilingual Text
Tools and Corpora (1994-1996), enun ot Haii-uzBecTHHTE mNpoekTn Ha EK B
o0JacTTa Ha e3MKOBOTO MHXKEHEPCTBO 3a Ch3aBaHe Ha HU(POBU pecypcH u codryep
3a 00pabOTka Ha aHIVIMHCKHM, (PEHCKH, WCNAHCKH, HEMCKH, WTaJHaHCKH,
¢uHnanackn n xoma"iacku. Pecypcure, paspaborenn B pamknte Ha MULTEXT-
East (MTE) [Dimitrova et al., 1998], ca cBpp3ann ¢ Hay4HAaTa M TEXHOJIOTHYHA
TOTOBHOCT 3a HHTETPHPaHEe Ha OBITapcKus €3UK B MHOTOE3WYHH NPHUI0KHH CHCTEMH
Ha EK, cucremn 3a mammnuen npesox (MII) u ap.

Pesyarartu: Pa3pabotka Ha MTE-MHOTOC3HYIHHTE pECYpCH:

— CpeACTBa 32 NpeICcTABSIHe H AHOTHPAHE HA TUHIBUCTHYHH 3HAHNSA;
— cnenupuyHU (€3UKOBO-3aBHCHMH) PECypCH;
— nudpoBu Kopnycu (00eMHH XpaHUIHUIIA HA ECTECTBEHOE3UKOBU TEKCTOBE).

Hpezlcramme HAa JIMH'BUCTUYHU 3HAHUA

B Ttasm rpyma mnonanmar pa3pabOTKHTE Ha CTaHJapTH3UPaHH CpeJCcTBa 3a
MIpe/ICTaBsiHE HA JIMHIBUCTHYHM 3HAHUWS 3a W3CJICABAHUS U NPHUIOKEHHS B 00JacTTa
Ha €3MKOBOTO WH)KEHEPCTBO: MHOToe3ndHH IudpoBu pecypcu 3a MTE-esunmre n
AHTTIMHCKH e3uK. Pecypcure BKIIOYBAT CpelCTBa 3a NPEACTaBSIHE M aHOTHpaHE Ha
JMHTBUCTHYHH 3HAHHS B CHOTBETCTBHE C MEXIYHAPOIHUTE CTaHAApTH 3a
aBTOMaTHYHa 00pabOTKa Ha E€CTeCTBCHHM €3WIH. Te3W pecypcw ca crnenupuaHd
(e3ukoBo-3aBUCUMHU) pecypcu. CpeacrBarta 3a TpeACTaBIHE U aHOTHpaHE Ha
JIMHITBUCTUYHHU 3HAHUS O6ellI/IHHBaT XapMOHU3HUPAHUTE (bOpMaHHI/I JICKCUYECCKHU
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omucaHusi Ha MOP(GOCHHTAKTHYHUTE XapaKTEPUCTHKU 3a Bceku oT mectre MTE-
e3uKa (BKJI. OBJITapcKn).

Pa3pa60TKa Ha CTAHAAPTHH JICKCUYCCKHU OIMMUCAHUA

®opmanuute nekcuuecku omucanus (MorphoSyntactical Descriptions — MSD)
MPEACTaBIT MOP(OCHHTAKTUUECKUTE XapaKTEPUCTHKH Ha BCEKH ECTECTBEH E€3MHK.
XapakTepucTHKHUTE ca Ae(hUHUPAaHN KaTo CTOMHOCTH Ha aTpHOYTH 3a BCEKH KIlac —
ONpefeNieHa YacT Ha pedyTa — CBhIVIACHO TIpaMaTHKaTa Ha CBOTBETHHUS €3HK.
CrennuyHUTE 32 BCEKH €3UK SBJICHHSA, KOUTO HAMAT aHAJOT B JAPYTUTE IET €3MKa
Ha MPOEKTa, Ca OMMCaHN ChC CHIIHUSA (POPMATU3BM, HO ca MPEACTABEHH KaTO OTACICH
LcnenupuueH e3sukoB pecypc. [lo TO3W HauMH ce OCHTIypsiBa HeoOXoaumaTa 3a
aBTOMAaTUYHHS aHaNIW3 — MOP(QOJIOTHYCH, CHUHTAKTHYEH WM CEMaHTHUYeH —
nHdopmanus 3a pazauyHuTe e3uy. PazpaboTenure 3a Obarapcku e3uk (popmaiHu
ormcarenu (MSDs) ca 326. To3u ¢popmanu3bm 1aBa BE3MOXKHOCT Ja CE€ HM3IOJ3BAT
NPOTPaMHUTE CPENCTBA, CH3MaJACHH B PAMKUTE Ha JIPYyTrH E€BPOINEHCKH INPOEKTH
(manpumep MULTEXT) 3a o6paboTka n Ha OBITapCKM TEKCTOBE, MAPKHPaHU C
SGML (Standard General Mark-up Language) m cHabaeHM cbC CTaHAAPTHHUTE
nexkcndecku ommcanus (MSD). B [Dimitrova 2008] e onmcano NpuIOXEHHETO Ha
Opnrapckure cnennpuaan MTE-e3ukoBm pecypcn 3a aBTOMAaTHYHO CHEMaHE Ha
MOP(OCHHTAKTHYHA MHOTO3HAYHOCT B AaHOTHPAaHH OBJTAPCKH TEKCToBe. B
[Dimitrova, Rashkov, 2009] ca pasrmemamm MTE MopQoOCHHTaKTHIHUTE
cnenuUKAMd Ha HAKOM OBJArapcku riarogHu ¢opmu (TpuUYacTHsITa) U ca
MPEe/JIOKEHH HOBH, ChOTBETCTBAIIM HA ChBpEMEHHATa ObJrapcka rpaMaTHKa.

Pazpaborka Ha CcTaHAapTH3MPAaHH cHeHU(UYHN €3UKOBM pecypcH 3a
CerMeHTHPAHEe HA TEKCTOBE

Crienn(puuHUTE €3UKOBU PECYPCH 3a CETMEHTHpaHe Ha aHOTHPaHH TEKCTOBE ca
pa3paboTeHH KaTo CTaHAapTHH (aiiIoBe, ChABPXKAIIA 32 BCEKH €3MK TaOJMIM C
MYHKTYallMOHHUTE TIpaBWJa, HaH-yIOTpeOsSBAaHUTE CBHKPAILICHUS, CHCTABHUTE
CHKpAIeHUs, KINTHKATE M CIOXHUTE ChCTaBHU aymu. OmmcaHuTe pecypcu ce
M3MOJI3BaT B CHUCTEMH 32 aBTOMATHYHO CErMEHTHpaHe Ha TeKcT (T.Hap.
,,CETMEHTOPH ‘). AHAIM3BT HA TEKCT MPH aBTOMATHYHO CETMECHTHUpPAHE IpPEMHHABa
npe3 HAKOJIKO eTara: OT pa3No3HaBaHe Ha MIPEMUHATEIIHUTE 3HAIU 10 MOP(OJIOTHYEH
aHaM3 M Tpexox ,,TeKcT — peu’. CrenuduyHuTe €3UMKOBH PECypCH ca BXOIHU
JIAaHHHA HE CaMo 3a ,,caMo00y4aBalin ce* coPTyepHH MaKeTH, HAPCUCHH ,,TaTCPH", HO
U B CHCTEMH 3a ,,lIpeiCKa3BaHe’ Ha Bb3MOXXHOTO MHOXKECTBO OT Tarose (ONpe/elieH
TUI XapaKTepUCTUKH) 3a HEMO3HATH, NPEJBAPHTEIHO HECPEIIaHW B TEKCT JIyMH,
KOUTO JHICBAT W B Jekcukonute. B [Dimitrova et al. 1996] ca omucanu
paspadorenute 3a npoekta MULTEXT-East iekcukoHH (crienuau3upany peaHHIIN )
n crenuuuHu (€3MKOBO-3aBHCUMH) PECYpCH, HEOOXOJMMH 3a CETMEHTHpaHe Ha
AQHOTHPaHU €3MKOBH TEKCTOBE.

JIEKCUKOHU M CHCTEMH OT nmpaBuJja, Heo0XoauMH 3a CerMeHTHPaHe H
AHOTHPAaHE HA TEKCTOBE

JlekcMKOHUTE UMaT CTaHAAPTHA CTPYKTYpa, CHCTABEHH €A OT PEYHHKOBH CTATHH,
KOUTO ChIBP)KAT 3arjiaBHa ayma (croBodopma), OCHOBHaTa (popma Ha 3arjiaBHaTa
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JyMa M CBOTBETHOTO M MOP(OCHHTAKTUYHO ONMUCaHUE (OT MHOXKECTBOTO Ha
xapmonnsupanute MULTEXT-East-onrcanus). JlekcukoHuTe 3a OBJITapcKu €3UK ca
4: MTE-Orwell-1984.bg, MTE-Fiction.bg, MTE-News.bg n MTE.Bg. JlekcukoH
MTE-Orwell. Bg conppxka 55182 peunnkosu cratuu (ot Tsx 50810 ca cinoBodopmm,
4205 — cekpamenus u uMmeHa, 1044 uncnosu manuu), MTE-Fiction.Bg chibpxa
24837 peunuxoBu cratuu (0T TsX 23837 cnoBodopmu, 772 chKpalleHHs W UMEHa,
226 uyncnoBu naHHM), TeKCUKOH MTE-News.Bg coabpxa 26200 peYHUKOBH CTATHH
(ot Tax 23164 cnoBodopmu, 2178 chkpamieHns U uMeHa, 858 uucna). JICKCHKOHBT
MTE.Bg e o0cnuHEHHWE Ha WBPBUTE TPU C HW3KIIOYBAHE HA MOBTapALINTE CE
€/IMHHIIN.

n¢ppoBu MHOTOE3MYHHU pecypcH

[{udposute KOpIycH ca 00EMHH XpaHHUJIMIIA HA €CTECTBEHOE3UKOBH TEKCTOBE. B
3aBUCHMOCT OT Oposi Ha €3UIUTe Te OMBAT €IHO- 1 MHOTOe3NYHU. MHOTroe3nYHUTE
KOpIYCH, B 3aBHCHUMOCT OT BHJa Ha TEKCTOBETE, KOMTO CHIbp)KaT, ca CPaAaBHUMH
(TekcToBeTE Ha CHOTBETHHUTE €3WIM HE Cca IMPEBOAHM CHOTBETCTBHSA, a Ca CPABHUMH
1o obeM — Oposi Ha CIIOBOGOPMHUTE B TSX), MApajeJqHH (TEKCTOBETE ca MPEBOTHH
CHOTBETCTBHS) ¥ MOAPABHEHH (TTApAJICIIHN TEKCTOBE C BPB3KH MEXKIYy ChOTBETHUTE
W3PEUCHUs], CETMEHTH WIH naparpadu). AHOTHPAHM ca TEKCTOBE, YHUTO SAWHHUIN Ca
MPUAPYKEHH OT JONBIHNUTEIHN JaHHU. AHOTAIMATa Ha TEKCT(-0BE) MM KOPITYyCH €
CTPYKTypHa (MapKHpaHH ca CTPYKTYPHH EIWHHIM B TEKCTa, KaTO 4YacTH, IJIaBH,
naparpadu, U3peueHus) WIK JIMHTBUCTHYHA (KBbM BCSIKa ClioBoopMa B TEKCTa ca
MPUCHEANHEHU JAHHH, KOJUPAIM NPUHAIICKHOCTTA M KBbM OIpEJeNieH Kiac, Harp.
4acT Ha peuTa).

Kopmycure, paspadorern B mnpoekta MULTEXT-East, ca anomupanu
napanennu v cpasnumu (32 BCEKH €3WK); nodpaenenu (6 npoiiku ,MTE-e3mk —
AHTTIMHICKH €3UK").

IMapaneaen MTE-kopnyc

[Tapanennusat mHoroesnueH MTE-kopmyc € CbCTaBeH OT TPM BepPCHM, BCsKa
CchAbpKAalla 7 TEKCTA:

- 1-Ba Bepcus ,,Opuzunannu mexcmoge*:

Ta3u Bepcus chIbpikKa TEKCTOBETE HA OpUTMHANIA HA poMaHa ,,1984“ Ha J[>xopmx
Opyen u 6-te mpeBoga Ha pomaHa Ha MTE-e3uuure Ha npoekrta. TekcTbT Ha
Obarapckus mpeBoa Ha ,,1984 va [xopmx Opyen chabpxa 87235 ciioBodopmu.

- 2-paBepcus ,, 1984“ CesDOC encoding:

7-Te mapayelHH TeKcTa Ha ,,1984% ca cTpyKTypupaHu aBTOMATHYHO CHIIIACHO
MEeXIyHapoAHUs cTaHmapT 3a komupane Ha kopmycn — CES (Corpus Encoding
Standard) ma TEI (Text Encoding Initiative);

— Mapkupanu ¢ <div>-</div>, <p>-</p>, <s>-</s> tag-oBe;
— QHOTHpPaHH pPBYHO C MapKepH 3a HMeHAa, HA3BaHWA, AATH, IUTATH,
NpsKa/HeNpsaKa ped, MOe3Hus.
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Ipumep ot CesDOC encoding (cTpykTypHa aHOTAIHS):

<teiHeader> ............... </teiHeader>
<text id=,mteo-bg. lang=,bg"“>
<body id=,bg1984‘ lang=,bg"“>
<div id=,0bg.1“ n=,1" type=,part">
<head>l.</head>
<div id=,0bg.1.1* n=,1* type=,chapter*>
<p id=,0bg.1.1.1">
<s id=,0bg.1.1.1.1">AnpunckusT aeH 6e iCeH u CTyaeH, YaCOBHULMUTE Guexa
TpUHaiiceT Yaca.</s>
<s id=,0bg.1.1.4.5°><q id=,0bg.1.1.4.5.1“ rend=,caps" type=,slogan“>
<name type=,person“>'onemus 6pat</name> Te Habnogasa</q>
, Fracelle HaaNUCHT, @ TbBMHUTE 04U NPOHU3BAXa
<name type=,person“>YuHCTbH</name>.</s>

- 3-ta Bepcus ,, 1984“ CesANA encoding:

[TapanenHure TekcToBe Ha ,,1984*“ Ha MTE-e3unute B xopnyca MTE CesANA
encoding ca aBromatnuHo TOK-Hm3mpanm: pasnenenu ca Ha TOKen — mymu u
npenuHarenHu 3HauM, kato TOKen ca mapkupanu ¢ mapkepu 3a <tok>-</tok>,
<orth>-</orth>.

KoprnychT € aHOTMpaH aBTOMAaTHYHO Ha HHUBO C1060g)opma: TEKCTOBETE ca
JIeMATH3HPAHH aBTOMATHYHO, T.C. I00AaBEHA ¢ JIMHIBUCTHYHA HHGOpMAIMs 3a
ocHoBHata ¢opma (JieMa) m MopdocuHTakTHUHOTO omucanue (MSD) Ha Bcsika
cioBoopma. CroBodopMHuTEe B TEKCTa ca MapkupaHu ¢ Mapkepu 3a <disamb>-
</disamb>, <lex>-</lex>, <base>-</base>, <msd>-</msd>, <ctag>-</ctag>.

3-Ta Bepcusi Ha KOphyca € IOJydeHa ClieJi aBTOMATHYHO CHeMaHe Ha
CHHTAKTHYHA MHOTO3HAYHOCT M YOBEIIKAa MOCT-PElaKiMs 3a OTCTPAHSIBAHE Ha
TPELIKU: TIapajeJIHUTe TEKCTOBE Ca PBYHO TPOBEPEHH 3a JIOCTOBEPHOCT Ha
MPENMHATCIIHU 3HAIU U I'PaHUIN Ha U3PCUCHUC, TPUHAIJICKHOCT HA CHOBOd)OpMI/ITe
KbM KJacOBETe Ha yacTuTe Ha peuta (T. Hap. POS-annotation) u 3a cHeMaHe Ha
MOP(HOCHHTAKTHYHA MHOTO3HAYHOCT (MPUCHEIMHABAHE HA OCHOBATa C Haif-rossiMa
BEPOSITHOCT KbM BCSIKa CJIOBO(OpMA B TEKCTA).

IIpumep Ha CesANA encoding 3a den _be B M3pEUEHUETO ,,Anpunckuam O0eH_de
sCeH U cmyOeH, Yaco8Huyume ouexa mpuraiicem uaca.”

<tok type=WORD from='0bg.1.1.1.1\12">
<orth>gen</orth>
<disamb><base>geH</base><ctag>NCMS-N</ctag></disamb>
<lex><base>geH</base><msd>Ncms-n</msd><ctag>NCMS-N</ctag></lex>

</tok>

<tok type=WORD from="Obg.1.1.1.1\16">
<orth>6e</orth>
<disamb><base>ctm</base><ctag>VAIA3S</ctag></disamb>
<lex><base>6e</base><msd>Qgs</msd><ctag>QG</ctag></lex>
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<lex><base>cbm</base><msd>Vaia2s</msd><ctag>VAIA2S</ctag></lex>
<lex><base>cbm</base><msd>Vaia3s</msd><ctag>VAIA3S</ctag></lex>
</tok>

CpaBuum MTE-kopmnyc

Cpasaumusar mHoroesndeH MTE-kopnyc e chcraBeH oT TekctoBe Ha MTE-
e3unute (3a Bceku e3uk B ooeM okosto 200000 crnoBodopmu). CpaBHUMHSAT KOPITyC
3a BCEKHM €3UK € cbcTaBeH OT JnBa kopmyca Fiction.L u News.L (B CesDOC
encoding). 3a Owirapckn e3uxk ToBa ca kopnycure MTE.Fiction.Bg n
MTE.News.Bg:

MTE.Fiction.Bg — cpappxa ChBpeMEHHa OBJIrapcka JMTepaTypa, pPOMaHBT
PASSION unu cmvpmma na Anuca Ha Emumms J[BopsiHoBa, rimaBute 1-4 oT poMaHa
Hckam, Bapsam, Moea na MOmus BepoOepsin. Obembtr My ¢ 97251 crmoBodopmu.
KopmycsT € MapkupaH Ha HHBO ,maparpadg® (<p> </p>), 3a mpska ped
(<q rend=,,PRE=mdash*“> </q>) u 3a umMeHa (<name> </name>).

[Ipumep:

<p><q rend=,,PRE=mdash‘“>Kakgo e ToBa, 4E€TO r0 YeTE MOMMYETO,
roCnoXo, HesiCHO MU Ce BUX[a, Aa He 1 noBnnse 3ne.</q></p>

<p>A T4 M1 OTBbPHa KaTo 3Haella:</p>

<p><q rend=,,PRE=mdash“> dunocogus, <name

type=,,person“>l7|o<lname>.<lq><lp>

MTE.News.Bg — cpappka OTKBCH OT BeCTHHIM ¢ obem 96538 croBodopmu,
TEeKCTOBETE Ca CTPYKTYPUPaHU PBYHO Ha HUBO ,Maparpad™ M aHOTHPaHU PBYHO C
MapKepH 3a HHBO ,Jiaparpad®, Ha HHBO ,.sub-paragraph® ca aHOTHpaHU PBHYHO 32
CBbKpalleHus, 1aTu, UMEHA.

Iapanenen aynno MTE-kopmyc

MTE-ayauo-kopnychbT € CBCTaBeH OT YeTHpU ayauo (aiia Ha ECTOHCKH,
YHTapCcKH, PYMBHCKM W CIIOBEHCKH, M IIECT TEKCTOBH (aiina 3a 6-Te e3Wka Ha
mpoekta, ¢ mo 40 3ammca (KpaTKM OTKBCH, BCEKH OT S5 TEMAaTHYHO CBBP3aHU
U3pEUCHUS).

MULTEXT-East noapaBHeH kopiyc

HoapaBusaBaHero (alignment) Ha TEKCTOBE € MPOIIEC Ha CBHP3BAHE HA JBOHKH
ot nymu (crmoBodopmu), (hpa3u, TSPMUHH HIM H3PEUCHUS B TEKCTOBE OT PAa3IMIHU
C3UIIU, KOUTO Ca MPEBOAHNU €KBUBAJICHTH, TO € U (bopMa Ha aHOTHUPAHC, U3BbPIIBAHA
HaJ TapajelHd KOpIyCH, 3a Ja ce YJIECHH IIOCTPOSBaHETO M OIeHKaTa Ha
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MPEBOJAHUTE MOJEIH, 3ala3eHU B INaMeTTa U M3MON3BaHU B ,,[IOJIIOMOTHAT OT
KOMIMIOTHP  IPEBOI.

HoapaBuenusit MTE kopmnyc cpabpka 6 IBOWKH aBTOMATHYHO ITOJPABHEHU
TEKCTOBE: ,, npe6od Ha MTE e3ux — anenuticku opueunan ‘.

IIpumep:

1-1 <Obg.1.1.7.4>0Omie Tpu crpaau, MOJA0OHU MO BHHIICH BHJ H

MOJIpaBHEHU pa3mepu, Osixa mocetr u3 JIOHTOH.

M3pEICHHA <Oen.1.1.9.2>Scattered about London there were just three
other buildings of similar appearance and size.

1-1 <Obg.1.1.7.5>11 noromkoBa ce M3BUCSABaxXa HAJ OKOJIHUTE

MOJIpaBHEHH 3/IaHMs1, Ye OT MoKpuBa Ha xuiuiieH noM Ilodexa moxexa na ce

N3PCUCHUA BUIAT U YETUPUTC €AHOBPEMEHHO.

<Q0en.1.1.9.3>So completely did they dwarf the surrounding
architecture that from the roof of Victory Mansions you could see
all four of them simultaneously.

3-1 <Obg.1.1.29.6>TbMHOKOCOTO ~ MOMHYE  33J] YHMHCTbH

MOJIpaBHEHH Kpeuienie:

HA3PEYCHHUS ,,CBuHs!“<0bg.1.1.29.7>, Cuns!“<0Obg.1.1.29.8>,,CBuns!“,
1OCNIe W3BEAHBXK TIpabHa TEXBK PEYHHK 110 HOBIOBOpP M TO
3aMOKUTH M0 TEIeKpaHa.

<Q0en.1.1.30.6>The dark-haired girl behind Winston had
begun crying out ,,Swine! Swine! Swine!“ and suddenly she
picked up a heavy Newspeak dictionary and flung it at the screen.

v IIpoekrt PL96-1142 CONCEDE Consortium for Central European
Dictionary Encoding na nporpamaTta Ha EK INCO-COPERNICUS,
1998-2000

KoopmuuaTtopu: Roger Evans u Adam Kilgarriff — ITRI, Brighton, UK,
ppkoBoauTen 3a brirapus — npo¢. Pagocnas [aBnos.

Yyacthunu B Koncopumyma: University of Brighton, Brighton, UK; XRCE,
Grenoble, France; Vassar College, New York, USA; Bulgarian Academy of Science,
Sofia, Bulgaria; Charles University, Prague, Czech Republic; University of Tartu,
Tartu, Estonia; Hungarian Academy of Science, Budapest, Hungary; Research
Institute for Informatics, Bucharest, Romania; Josef Stefan Institute, Ljubljana,
Slovenia.

[TpoekThT MMa 3a 1eN Jja XapMOHU3UPa METOJIOJIOTHSTA, CPENICTBATA U PECYPCUTE
3a ch3/1aBaHe Ha o0Omia Jiekcndyecka 0a3a nannu (LDB) 3a mectTe eBponelcky e3uka
Ha npoekta MTE — Obarapcku, €CTOHCKH, PyMBHCKH, CIIOBEHCKH, YHTapCKH H
yemku. PazpaboTeHnTe pecypcu ca MPeHOCHMH M MHOTOKPAaTHO W3MOJI3BAEMH, ThU
kato m3noisBar ctangaptute Ha Text Encoding Initiative Dictionary Working Group
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(TEI-DWG) u 3atoBa ca ceBMecTumu aApyrd TEl-pecypcu. PrvkoBoncTBara 3a
KoIMpaHe Ha JIeKCHMKorpadcku  pecypcu, pa3pa0OTeHH  Hal-Hampen  3a
3anaJHOEBPONENHCKN €3UIlH, ca Banuaupanu 3a MTE-esunure ype3 mpuiaraHe Ha
ISO8879SGML. CONCEDE LDB e unterpupana ¢ napanensus nogpasied MTE-
KOpIIyC U € MpeJHa3HAYeHA 32 MHTErpalHU U3CIEIBAaHUS U MPUI0KEHUS B CUCTEMU
3a €3MKOBO MH)KEHEPCTBO, MALITMHEH MPEBOJ U IIp.

Pesyararn: PazpaboTka Ha nekcuueckara 6asu qanan CONCEDE.

Pecypcure, pa3zpadorenu B pamkute Ha mpoektra CONCEDE, BrmouBaT KakTo
CpezCcTBa 32 KOJWpaHe Ha PEYHHIH 1 32 MPECTaBsIHE M AaHOTHPAHE Ha JIMHTBUCTHIHA
3HaHUS B CHOTBETCTBUE C MEXIYyHApOJIHHTE CTAaHIAPTH, Taka M JICKCHYECKH Oa3u
JaHHu (emqHO- M MHoroeswyHu). Cxemara OT JIeKCHKOTpad)CKU cHenu(HKaIlii, B
CHOTBETCTBUE C MEXAYHAPOJAHUTE CTaHAAPTH 3a KOAWPAHE HA eNICKTPOHHHU PEYHUIIH,
¢ paspabotena B npoekra CONCEDE c 1ien npuioKeHus: B MHOTOC3UYHU TPUIOKHA
cuctemu Ha EC u cucremu 3a mammnen npeBoja. Moaenst CONCEDE 3a konupane
Ha PEYHUIIM € M3IIOJI3BaH 3a Ch3/jaBaHe Ha CTAHJApTHU (CHITACHO MEXIYHAPOIHUTE
CTaHAApTH 3a KoJupaHe Ha TekcroBe Ha Text Encoding Initiative) nexcnuecku 6a3u
nanHu Ha wectre MTE-e3uka u aHrMicKu KaTo ,,0MO0peH’ e3UK.

Jlekcnyecka 0a3a JaHHU 32 OBJTapCcKU e3UK

[IppBaTa mekcuuecka O6a3a maHHW Ha Obirapcku esuk Bulgarian CONCEDE
LDB e cw3mamena 3a mpoektra CONCEDE. Pesynrature oT HM3cieaBaHusATa 3a
Obirapckus €3WK, W3MBJIHEHH B PAMKUTE Ha NPOEKTa, ca OoTpaseHH B [Dimitrova,
Pavlov, Simov, 2002]. Te BkitouBar pa3paboTka Ha JieKCMKOrpadckuTe
crneuudukanyu 3a OBJIrapcKusi €3MK ChIVIACHO MEXIYHAPOAHUTE CTaHAApTH 3a
KOJIMpaHe Ha EJIEKTPOHHHM PEYHHUIM, 1M0ja00pa (CHopea oIpejesicHaTa B IPOEKTa
METO/IMKa) Ha 3arjlaBHUTE AYMH 32 €JHOe3MYHara JIeKcnuecka Oa3a JaHHM 3a
OBATapCcKM €3WK KaTo dYacT OT MHoroesmynara ©Oasa panan CONCEDE,
KOMIUIEKTOBAHETO M KOJMPAHETO Ha PEYHWKOBHTE CTaTWH 3a Te3W Iymu. Bulgarian
CONCEDE LDB cpabpka 2700 pedHHKOBH €IMHHIM, Oa3upaHa € Ha OBIrapcKus
TBHIKOBEH PEYHHK W M3IOJI3BA JIGKCHUKOrpadckuTe crenuduKaiiy, pa3paboTeHn B
pPaMKHTE Ha MPOEKTA.

Pazpabomkama na nexcuueckama 6aza oannu na o0vacapcku e3ux Bulgarian
CONCEDE LDB e onpeodenena kamo e0no om Haii-8axcHume HaAyuHo-nPUI0HCHU
nocmuscenus na UMH-BAH npes 2000 ..

[Ipumep Ha peyYHUKOBA CTATHUS:
<entry>
<hw>astom|aT</hw>
<gen>m.</gen>
<struc type=,1*>
<def> Anapart, KoiTO cam 3BbpLIBa OnpeaeneHun aeicTaus.</def>
<Istruc>
<struc type=,2">
<register>npeH.</register>
<def>4oBek, KoilTO [eiicTBa MexaHuyecku, 6es oomucnsHe.</def>
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</struc>
<struc type=,3">
<register>BoeH.</register>
<def>kbca aBTomMatnyHa nylwka.</def>
<Istruc>
<etym>[oT rp.]</etym>
<[entry>

v IIpoekr 211938 MONDILEX Conceptual Modelling of Networking of
Centres for High-Quality Research in Slavic Lexicography and Their
Digital Resources (2008-2010), npoexm no 7PII na EK

Koopaunarop: MU na BAH, ppkoBoauTen Ha MEXIYHAPOAHUS EKHUII € pod.
Jronmuna Jumutposa.

Yyacruuuun B Koncopumyma: Institute of Mathematics and Informatics,
Bulgarian Academy of Sciences, Sofia (Coordinator); Institute of Slavic Studies,
Polish Academy of Sciences, Warsaw; Ludovit Stur Institute of Linguistics, Slovak
Academy of Sciences, Bratislava; Jozef Stefan Institute, Ljubljana, Slovenia;
Institute for Information Transmission Problems, Russian Academy of Sciences,
Moscow; Ukrainian Lingua-Information Fund, National Academy of Sciences of
Ukraine, Kiev.

Ien Ha mpoekTa — ch37jaBaHE HA KOHLENTYaJeH MoJe] HAa M3CJIe10BaTe/ICKa
HHPPACTPYKTYpa MOALBpXKAIlA Mpexa OT LEHTPOBE 3a BHCOKOKAueCTBEHU
n3ciieiBaHus B 00JacTTa Ha LU(poBaTa ClaBsHCKa JIeKCHKOrpadus (CcJIaBSIHCKH
e3MIM — €3MKOBa Ipymna OT IpymnaTa Ha HHAOeBpomeiickure e3unu; okoyno 400
MWINOHA Oymu B EBpoma roBOpAT CIaBIHCKM €3UIM: XOpa OT eBpomeiickara
nonysanust B Llentpanna u zrouna EBpomna, bankanute u Hskon yacTu Ha A3ns).

Heo6xogmMocT 0T TakaBa HH(PACTPYKTYpPa — HECHOTBETCTBHETO MEKIY
B2)KHOCTTA HA CIIABTHCKUTE €3MIM U 00eMa U Ka4eCTBOTO Ha IM(POBHUTE pecypcH Ha
Te3u e3urm [Dimitrova et al. 2010a].

Pesyarar: Uscnenosarencka E-undpactpyxrypa MONDILEX.

Cob3naBaHe Ha KOHUenTyasleH mMogea Ha E-mndpacrpykrypa 3a nudposa
JIeKcHuKorpadus.

Paspaboren e Konnentyanen Mopmen Ha rpupa-OasupaHa —eBpomeiicka
u3clefoBaTelncka MHGpacTpykTypa OT LEHTpoBe B obmacTra Ha Ludposara
JeKcukorpaduss M TEXHUTE €3MKOBH pecypcd. MoaenbT o0xBam@a BCHUKH
CHBPEMEHHH €3UKOBU TEXHOJIOTMH M BHJOBE IM(POBH €3MKOBH PECYpPCH: KOPITYCH,
peuHHI, 0a3u AaHHM, JIGKCHKOHH, T€3aypYyCH, OHTOJIOTHH, KOUTO TpsiOBa 1a ObaaT
BKJIIOYEHH B H3CJIEIOBaTelicka HHQPPACTPYKTypa 3a CIaBsSHCKAa JIEKCUKOTpadwus,
KaKTO M TEXHOJOTWYHaTa IuaTgopma 3a HelHata mojapwkka [Dimitrova et al.
2011]. B pamkure Ha mpoekTa ca myonuKyBaHu 124 Haydau ctatuu U 1 MoHOTpadms
[Dimitrova et al. 2010b].
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Paspabomkama na moodena Ha zpuo-oa3upana eepPoneiicka u3ciedoeameicKa
ungpacmpykmypa om yenmpoge ¢ oonacmma nHa yugpoeama nekcuxozpagdusa e
onpeodenieHa Kamo eOHo Om HAl-6aj)cHUMe HAYYHO-RPUNONCHU NOCHMUINICEHUA HA
HMH-BAH npe3 2010 2.

6. MexayakageMMYHU NPOEKTH

v IIpoekt Generic Task of Knowledge Discovery (1997-1998) mexay USA —
National Science Foundation, Carnegie Mellon University 1 UMU-BAH
(xoopamaaTop npod. Bragmmup Ilepuximien)

Pe3yararu: MaimHHO OTKPUTHE B TMHIBUCTUKATA.

B o0nacTra Ha MalMHHOTO OTKPUTHE B JIMHTBUCTUKATA ca pa3paboTeHH CUCTEMU
32 OTKpPUTHE B DPA3IMYHM JIMHTBUCTHYHHM AWCHHIUIMHHA (CEMaHTHKA, THUIIOJIOTHS,
ucTopuyecka rpamatuka u ap.) [Pericliev, 1995]. B obnacrra Ha THIONOTHATA €
Ch3/1a/IeHa porpama, KOATO OIMCBA OTKPUTHATA CH BBB (hopMaTa Ha ISIIOCTEH TEKCT
(Ha aHTIWICKA €3WK) W JBa TaKMBa TEKCTa ca IyOJNMKYBaHM B CIHCaHHE 0e3
JIOMTBITHUTENIHA PEAaKiisi OT YoBeK. ToBa € mbpBara mporpama, reHepupaia HaydHa
cratus. B obmactta Ha wHCTOpUYECKaTa IpamMarTHKa MalIMHHO € TeHepupaHa
XMIIOTE3aTa 3a TEHETUYHA BPB3Ka MEX/y €3UKOBO CEMEUCTBO, roBopemnio ce B fOxHa
Amepuka Ha ATIaHTUYECKHUS OKeaH, M €3MKOBO CeMEICTBO, TOBOPEIIIO CE B MTOBEUETO
octpoBu B Tuxus okean [Pericliev, Valdés-Pérez, 1998], [Pericliev, 2013].
[Tonydenure pe3ynTaTd ca BaXHM HE CaMoO 32 JIMHIBHCTHKaTa M KOMITIOTHpHATa
JMHTBHCTHKA, HO W 3a JpPYyrd HAy4YHU OOJAacTH KaTo TI'eHETHKa, apXeoJorus,
AHTPOIOJIOTHSI U TIPEJUCTOPHSI.

Paspabomkama nHa cucmema 3a MAWIUHHO OMKpUMUE € ONpedeneHa Kamo
€0HO Oom Hall-eajicnume Hay4yHo-npunodxcnu nocmudicenus na UMH-BAH npes
2011 2., 6 nepuooa 2010-2013 ca nyéauxkyeanu 3 monozpaghuu.

v TIpoekT Enexmponnu Kopnycu — CbHOCmagumenno usciedéane ¢ ye
npoekmupane Ha 0vazapo-cnoeauwiku eaexkmponnu eauxosu pecypcu (2008—
2010, 2012-2014) mexny UMU-BAH u UHcTHTYTA 10 IMHTBHCTHKA
»wonouk IMlyp“ Ha CioBamkara akageMusi Ha HAyKUTe, KOOPAUHATOPU
npod. Jlrogmuna Jumurposa (MMU-BAH) n n-p Pagoan I"apabuk
(MJI-CAH)

Pe3ynraTu: Bbarapo-cinoBaiiky elneKTpPOHHH €3HKOBH PECYPCH:

— 0BJArapo-cJoBalIKH NapaJiejieH KOpuyc;

— OBJrapo-cI0BallKH pPeYHHK Ha ¢pasH, aBTOMATHYHO H3BJIEYEHH OT
NoJApaBHEHUs] KOPIyC.
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BBiarapo-cioBanmku napasesieH U NoApaBHEH KOpHyc

[NapanemHUST W MOIpaBHEH OBATApO-CIOBAIIKH KOPIYC CHIBbp)Ka OKoio 163

mumona cioBodopmu B TekctoBe or Official Journal of the EU u nurepatypan
TEKCTOBE:

— TtekcroBe ot Official Journal of the EU, noctsiau B Internet:

e Ha Obirapcku e3uk: 5 140 296 uzpeuenus, 85 MiH. cnoBodopmH,
e  Ha crnoBamku e3uk: § 650 610 uzpeuenus, 78 MiH. coBodopmH,

— JIUTepaTypHH TeKCcToBe (poMaHH, MOBECTH, paskasu): Hax 1 200 000

ci1oBo(GopMH.

TekcToBeTe ca MmoIpaBHEHN aBTOMATUYHO Ha HUBO ,,A3pEUCHHE" ChC COPTYSPHUS
nakeT Hunalign 6e3 n3mom3BaHe Ha JBye3mdeH pedyHuk [Dimitrova, Garabik 2011].
3a aBroMarM4yHaTa MOP(QOJIOTHYHA AHOTAUWS Ha TEKCTOBETE B KopIyca ca
n3non3Banu: tTarep Morce (00yueH aBTroMaTu4HO ¢ tagset, pazpadboreH B CiioBaiikus
HaIlMOHAJIEH KOPITYC) 32 CJIOBAIIKUTE TEKCTOBE, & 32 OBJITapCKUTE TEKCTOBE — Tarep
TreeTagger.

Bbbarapo-cnoBalkusaT Kopnyc € npeacraseH B UHTepHeT:

— Ttect-Bepcust (cBoOonmeH mocten Ha par-skbg-free-0.1) peanmsupana mpe3s

2014,

— TbpceHe B TekcroBeTe — upe3 NoSketch Engine, na
http://korpus.sk/skbg_en.html.

Boiarapo-cioBamiku peyHMK Ha (pa3u, aBTOMATHYHO W3BJIEYEHH OT

MOJPABHEHHUS KOPIYC

Ce3mazieH € IBye3WdeH PeUHUK Ha (pa3d, aBTOMAaTHYHO M3BJICUCHH OT OBITApO-
CJIOBALIKHWA MOJAPAaBHEH KOPITYC. EKCHepI/IMeHTaIIHaTa BEPCHUA HA IBYC3UYHUA PCUHUK
chabprxka 0koj10 290 000 peYHUKOBH CAWHUIIM, B KOUTO OBJATapCKUTE U CIOBAIIKHTE
cioBodopmu ca okos10 793000 [Dimitrova, Garabik 2014].

ITpumep Search interface, queried word rieka, the highlighted example of word
alignment, plavebnych komér and mutio3oBere, crorBeTcTBHE 2:1:

rieka Find | Strategy: | Match words exactly El

Results for: rieka

Frazy z paralelného slovensko-bulharského korpusu. #ore information.

cesta, Zeleznica a rieka = MbTHa, MeNe30MbLTHA M PeyYHa

jazera, rieky alebo kanély = esepa, peku MM KaHanu

kopce, rieky a jazera = Xue/IMOBe, PEKH M e3epa

na sever od rieky = Ha ceBep oT peKka

podniku z jazier, riek = cTONaHCTBOTO OT e3epa, PEKH

priehrad na rieke Mekong = A30BMpH No peka MeKoHr

riek, kanalov, plavebngch kemér = Ha pekuTe, KaHaNUTe, WAKD30BETE
tiahne severne od rieky = npocTMpa ceBepHo OT peka

|Input: |UTF-8 x| Output: |UTF-8 =l In English - Po slovensky
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IIpumep NoSketch interface to the parallel corpus, query word Boaa:

New gue
Hits: 11,709 ( 137.84i.p.m.; related to the whole corpus) | ARF: 2,617 | Result is shuffled
Word List . -
5 Page 1 of 586 Go | Next | Last
o = skbeg-free-0.1-bg skbg-free-0. 1-sk
Vi_ = 0j23385 41120000 - 6 HenuTeiiHa Boaa 0j23385 41120000 - 6 Nepitna voda
ew
ey MpenapaTuTe 3a NbCKAHE Ha CTBKAD , KOMTO 1. lestidla na sklo obsahujiice spravidla
Ca CbCTaBeHH OGHKHOBEHO OT Bofja , OT d Ikohol lé Fst iaki
0j27341 0T MasIKO K T80 0127341 0L SROMOL AR CNN0ZS VO AmAn A
KWIC % alebo kyseliny ( napr . stavelovej alebo
BOJ1A MM OT KHCENWHK ( OKCANOBA , BUHEHA H R R
Sentence BPYTH ) M OT MeK abpasu ; vinnej ) a jemne ;
Alignment Doxivex 10 % AokcuymkauH xuknat 100 mg / . { .
ml KoHueHTpaT 3a nepopaneH pa3teop nineta Eg::’:"‘“‘éot:gop:yrgr:::;:ﬁl:; k'.f:? rgiél (ml
Sort : ( 6porinepn ) 0,5 —1, 0ml npoaykT / 1 i A 3 '
0j78333 0j78333 brojlery ) 0,5-1, Oml lieku / 11 pitnej
CLSEom AMTBP BOAR 3a nueHe . 50 — 100 mg . A .
Lustom vody 50 - 100 mg doxycyklin hyklatu / 1|
AOKCHUMKNMH XMKAAT / 1 (MTBP BOAA 33 ftnel vody 7 del . pocas 3 - 5 dnf
Left | Right nueHe / fieH 3a 3 — 5 AHK ke vody ' P
Node MocpeacTBOM CTaHAAPTHHA NPOLEC HA §tandardnffm procesom na Upravu pitnej
Rreences 0§5979 o6paboTka Ha NMTerHaTa BoJa ( 030HMpaHe ) 05979 vody ( ozonizovanie ) sa tento metabolit

TO3W METaBO/IMT Ce NPEBPBUA B HHTPO3aMMH ( premiefia na nitrosamin ( NDMA ) , ktory je
Shuffle NDMA ) , KOITO € Bpe/leH 3a 3ApaBeTo . skodlivy pre zdravie .
Hait - BUCOKOTO [ONYCTHMO BOJJHO

Filter
== CbAbPKAHKE HA PA3(IACOBKNTE OT [OMALIHK T . .
Frequency NTHUK Ce ONPEeAens Bb3 0CHOBA Ha Najvy3si povoleny celkovy obsah vody v
. T dieloch hydiny sa urci na zaklade obsahu
uStom 0j2B784 cbAbBPHKAHHETO HA GENTBUHHHK HA 0j28784 bielkovin v kusoch , Ktory sa méze
e pa3cacoBkHTe , KOETO MOXeE Aa bbae vahovat b h fyziologicke] vod
Node tags CBBP3AHO € ECTECTBEHOTO ChbPKAHHE Ha NZRRIRYEL NS OuSa N IY2IOWRICHE) VULY s
AR ;lena l 77/ 649 / EMO Ha C 27
peKTHBa Ha Cbeeta o1 .
Doc IDs centemspu 1977 r . 3a c6nmKaBaHe Ha smernlc: Raﬁ#’? 16491 EI:iS__z 2? 5 h
0j53788 TEeACTBaTa Ha -uneHkd 0j53788 s‘*"“".“ Al ZAapIOX MBETpITE
Lellocations OTHOCHO 3PUTENHOTO none Ha BOJjaunTe Ha e
ConcDesc MOTOPHH NPEBO3HH CPEAcTBa vyhladu vodicov motorovych vozidiel

v TIpoekt CemanmuKa u CbnoOCMAasumenna TuH26UCIMUKA, OPUCHIMUPAnU
KbM pa3pabomeane na ogyesuuen enrekmponet peynux (2006-2017) mexay
NMMU-BAH un UacturyTa no caapucruka Ha Ilonckara akagemus Ha
HayKuTe, KoopanHaropu npod. Jlronmuna Aumurposa (MMU-BAH) u
mpo¢. Buonerra Kocecka (MC-ITAH).

B pamknTe Ha mpoekra ca pa3pabOTEeHH IBPBUTE OBIATapo-TIOJICKH HUPPOBU
pecypcu — JIBYe3WYHH OBIrapo-TOJICKM KOPIYCH, TPUE3UUCH OBJIrapo-IoJIcKo-
JUTOBCKU Kopmyc, caensamu MTE-monena 3a enekrpoHHu kopmycu, LDB 3a
MOIAPHKKAa Ha OBITapo-TIONICKA OHJAWH pewHuk. llyOmmkyBanm ca 24 HaydHU
cratuu u 1 MoHOrpadus [Dimitrova, Koseska 2014)]

Pesyararu: [TepBu Obirapo-mnoscku HUQGpoOBU pecypcu

— II'bpBH 0BJATapo-moJICKH KOpIyc;
— II'bpBH 0BJArapo-noJiCKO-JINTOBCKH KOPIIYC;
— LDB Ha ABye3H4eH OHJIAIH PeYHUK.

II'LpBHU 6BATAPO-OJICKH KOPITYC

KopnycbT ¢bappxa okoj0 5 MuinoHa cioBodopmit. ChCTaBeH OT 2 Kopmyca:

— mnapaJjeieH (Hag 3 MIIHOHA CIIOBO(OPMH), BKJI. MOJPABHEH KOPITyC (OKOJIO
1 MuIHOH c0BOGOPMH),
— CpaBHUM.
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Bbarapo-nojickusiT moApaBHeH KOPHYC ChIbpKa TEKCTOBE Ha OBJITapcKu
JUTEPATYPHH MPOM3BEICHUS U NPEBOJANTE UM Ha TOJICKH, MEXAY Kouto Janeu om
Toneoo va Awxen Barenwmiin, Ilpukaszku u paskazu 3a neua ot Em. Craunes, Cs.
MunkoB, A. KapanuiiueB u Jp., ¥ TEKCTOBE Ha MOJICKU JUTEPATYPHH IIPOU3BEICHUS
U TIPEBOJIUTE UM Ha OBITapCcKH, MEXy KOUTO YacTu oT Solaris u Powrot 7 gwiazd na
Stanistav Lem, Jeszcze dzien Zycia, Heban, Wojna futbolowa na Ryszard
Kapuscinski, Popioly na Stefan Zeromski [Dimitrova, Koseska 2009], [Dimitrova,
Dutsova 2013], [Dutsova 2014].

[onpaBHsBaHETO Ha MapaJieIHUTE TEKCTOBE Ha HUBO ,,U3pEYCHUE" € N3IBIHEHO C
€3MKOBO He3aBHCcUMHTE coryepHH makeTn: Memory Translation 2007, (TextAlign:
http://mt2007-cat.ru/index.html) wmm ¢ Bitext Aligner/Converter
(http://bitext2tmx.sourceforge.net/).

[pumep Ha 1-1 nogpaBHEHN U3pEUCHHS — OTKBC OT [aney om Tonedo:
<tu tuid=,0000000001“>
<tuv xml:lang=,Bulgarian‘>
<seg>TbCTpu 1 pasnuyHu 6unu B CTapu BpeMeHa Ha3BaHMsATa Ha Teau
M30CTaBEHM OT eBpeENTE MecTa.</seg>
</tuv>
<tuv xml:lang=,Polish*>
<seg>Barwne i rézne byly w owych dawnych czasach nazwy tych porzuconych
przez Zydow miejsc.</seg>
</tuv>
</tu>

Bbarapo-noJicko-J1MToOBCKU KOPITYC

[IppBHUAT OBATAPO-TIONICKUA-TUTOBCKA KOpIyc € ¢ obeM Okojmo 3 MIH.
cioBodopmu. IloapaBHEHHUAT TPUE3HUYEH KOPITYC JaBa BB3MOXHOCT 3a CpPaBHSBAHE
Ha €3WIM OT JBE Pa3NIMYHU €3WKOBH TPYIH: CIaBIHCKaTa (OBJITapCKH U TOJCKH) H
GanTmiickata (JIUTOBCKM). TpPHE3MYHHMAT KOPIYC HMMa IIMPOKO MPUIOKEHHE B
ChIOCTaBUTENHUTE u3cieaBanus [Dimitrova, Koseska, Roszko, D., Roszko, R.
2010].

KopmychT chabpka 1Be yacTu:

— TonpaBHeH kopIyc — 0KkoyI0 1 MUIIMOH CI0BO(GOPMH, KOMTO ChIBpIKa:

e JluTepaTypHHM TEKCTOBE Ha €JUH OT TPUTE €3UKa M IPEBOJAUTE UM Ha
OCTaHaJINTE /IBa, IIOAPAaBHEHH aBTOMATHYHO HAa HUBO M3peYeHHe: YacTh
ot Solaris Ha Stanistav Lem,

e [IpeBoaure Ha OBIATapCKH, MOJCKU M JIMTOBCKH Ha JIMUTEpATypa Ha JPyT
€3MK, NOJpPaBHCHM Ha HHUBO H3pedeHHMe, BKI.. Le Petit Prince Ha
Antoine de Saint-Exupéry, Master and Margarita na Michael Bulgakov,

e (CneumanusupaHu TekcToBe oT AokyMmeHTH Ha EK moctemHu B Internet,
MIOJIpaBHEHH Ha HUBO maparpad.

— CpaBHHMMAT KOPIYC ChABbPXKA:
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e  TekcToBe OT €NEKTPOHHH MEINH, KOUTO ca CPAaBHUMHM HE MO 00eM, a 1o
CbObpICaAHUe — ONUCAHUSA Ha 3-T¢ €3MKa Ha CHO U CBINO CHOWUTHEC
(aHTIUHACKUAT TEKCT CHIINO € BKIIIOYCH), TAKHBA MHOXKECTBA OT TEKCTOBE
cMme Hapekiu ,,parallel descriptions of content*,

e JlutepartypHH TBOpOH, NPECTaBSINU ChBpEMEHHATa OBJIrapcka, MoJicka
W JINTOBCKa JUTepaTypa (0T Bropara nonosuHa Ha 20. Bek), C pa3Mep Ha
TEKCTOBETE CPAaBHHUM 3a TPUTE €3UKA.

[pumep ot Solaris va Stanistav Lem:

<tu tuid=,0000000011">
<tuv xml:lang=,polish*>
<seg>Widziatem juz seledynowy kontur jedynego wskaznika.</seg>
</tuv>
<tuv xml:lang=,bulgarian“>
<seg>Beue pasnnyaBax CBETNO3ENEHUTE KOHTYPU Ha YHUBEPCANHUS
ykasaten.</seg>
</tuv>
<tuv xml:lang=,lithuanian*>
<seg>Jau iSskyriau Zalsvus universalaus indikatoriaus kontdrus.</seg>
</tuv>
</tu>

LDB na nBye3n4eH OHJIANHH PeYHHK

Monersr CONCEDE (koiiTo e paspadoteH 3a eqHoesnyna LDB) e pasmmpen ¢
men paspaborBaHe Ha nByesmuHa LBD 3a mommbpikaHe Ha JBYEC3WYHH OHJIAWH
peanutm [Dimitrova, Panova, Dutsova 2009]. [lo6aBenu ca HOBH tag-oBe 3a:

— TIIpeACTaBsHE Ha CIpexeHHeTo — <conjugation™> tag u <type> tag (3a 3-te
CHpEXEHHs B OBITapCKUsl €3UK),

— IIpeAcTaBsiHE HAa ceMaHTHYHa HH(opManus: <semantic> tag u <type> tag (1 —

3a TJIaroJiv, U3pa3sBallid ,,ChbCTOSHUE U 2 — 3a U3pa3siBaluTe ,,cCh0uTHE ),

— Buza Ha riaroiure (aspect of verbs) B tag <gram> (3a CBBPIIEH BHUI H 3a

HECBBPIIICH BHN),
— TpeacTaBsHE Ha crenupuuHa WHPOPMALHUSA 3a TPEXOTHOCT/HETPEXOTHOCT
(transitivity/intransitivity): B tag <subc>.

Pa3paboTeH e n cMHTaKTHYeH aHanu3atop 3a TpaHcdep Ha manxHute or LBD B
penannoHHMS MOZENT Ha PEYHMKA. 3a pealn3upaHeTo Ha CHHTAKTHYHUS aHAIIU3aTop €
n3bpana texHojormsita DOM wum e3ukbT 3a mporpamupane Java (JDK Java
Development Kit sepcusa 1.6). Toit TpsiOBa na 0ble HHCTATUpPaH Ha KOMIIOTHPA, Ha
koiito e mHcramupana CYBJl, B cmygas MySQL (c oTBOpeH Kox, TpemocTaBs
uHrepdeiicu 3a nmporpamupane 3a esunure C, C++, Eiffel, Java, Perl, PHP u Python).
MySQL ce pasnpocTtpansiBa 0€31IaTHO, H3MOJ3Ba ce 3a Web-0a3upanu MpUI0KEeHUS
U € eJHa OT Hai-IoOpHUTe anTepHATHBU 3a M3TrpaxkJaHe Ha cUcTeMa OT 0a3u JAaHHH
(BHCOKa CKOPOCT ¥ I'bBKABOCT).

Pesynrature oT mpoektupaneTo u paspaborBanero Ha LDB 3a mommbpxane Ha
OHJIaWH pe4HHuIM ca oTrpaseHu B [Dimitrova, Dutsova 2012]. IIpeaBuneHo e Web-
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MIPUJIOKEHUE 3a IMPEACTaBsIHE Ha IBPBHS OBJITapo-TOJCKH OHJIAHH pPEeYHUK (C aBa
OCHOBHH IPOTPaMHHU MOJIyJa: ,,aIMUHUCTPATOP™ U ,,3a MOTpeOUTEeNs ), ba3upaHo Ha
LDB, unero npoekrupaHe 1 pa3paboTBaHe ca onrcaHu AeraitHo B [Dutsova 2015].

ExcriepuMEHTATHUAT BapHaHT Ha pEYHHKA padoTH oOnTHManHO Ha Internet
Explorer 6.0+ (Windows), Firefox 2.0.1+ (Windows, Linux). 3a cpena 3a pa3paboTrka
ca wmnonsBanu Intelli] IDEA wu TextPad. M30panata TexHONOTWS NpenoCTaBs
BB3MOXKHOCTH 33 IMbPBOHAYATHO WHUIIMMPAHE HA PENIAIMOHHHS MOJEN C JaHHH OT
LDB, kouTo na ciyxar 3a TMOCIEABANl0 MoauduIpaHe, pasmIUpsBaHE U
BU3yanuzupaHe oT web—0a3upaHoTo mpuiokeHue Ha peynuka. llle HamoMHuM, Ye
LDB namupaT OpUIOKEHHE HE caMO 3a MOAIbPKAHE Ha OHJIAWH pEYHULHU B
Wurepner, Ho n B oOpazosanuero [Kovacheva 2014, 2015].

IIpumep:
noBs’pBa|m, - vp. uwierzy¢; He MO’ra Aa ~M Ha o0uK’Te CH pase. nie moge uwierzy¢
SWOim oczom, hie wierze swoim oczom

[pencrapsiHe B Oa3aTa TaHHU:
<entry>
<hw>noss’pBa|m</hw>
<pos>rn.</pos>
<gram>cB.</gram>
<conjugation><orth>-1u</orth><type>3</type></conjugation>
<semantic><orth>cucTosHne</orth><type>1</type></semantic>
<subc>npexogex</subc>
<struc type=,Sense* n=,1">
<trans>uwierzy¢</trans>
<[struc>
<eg>
<g>He MO'ra Aa ~M Ha oun'Te cu<lg>
<usg type=,register‘>pot</usg>
<trans>nie moge uwierzy¢ swoim oczom, nie wierze swoim oczom</trans>
<leg>
<[entry>

3akiouyeHmne

ABTOpPBT (BOACN! U3MBJIHUTET WIM PBKOBOAMTEN HA TNPOEKTH B CEKIUS
,MareMaTH4yecka JIMHTBUCTHKA') TPEJCTaBsl W3CIEIBaHHUATA M pa3pabdOTKUTE B
obnactra Ha KoMITIOThpHaTa JuHreuctuka B UMU-BAH. Onucann ca pesynrarute
OT LIECT MEXIyHapOJHH MIPOEKTa — €3MKOBH PECYpPCH U CHCTEMH 3a pa3pabOTBaHETO
n ynpasneHuero uM. IlocodeHum ca u oOMacTH Ha NPWIOKEHHETO WM, OCBEH
BCEKUIHEBHUS )KUBOT, TOBA €A U CHCTEMH HA €3UKOBOTO MHXXEHEPCTBO, NHTETPUPAHE
B cpenu 3a E-o0ydeHwme, 3a 00pa3oBaTeHH LEIH — UyXKIOC3MKOBO OOydeHHE, 3a
MOJrOTOBKA/TPEHUHT Ha MPEBOAAYM — XOpa MM IPOrpaMu 3a MAIIMHEH IPEBOJ, B
CBIIOCTABUTEITHUTE €3WKOBH M3CIICIBAHUS H JIP.
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HUcTopus u pazBuTHE HA HAIIPABJICHUETO
JIlururajgHa XyMaHUTAPUCTHKA
B cexkuus IIMTXH ua UMHU

Kaauna CorupoBa, Auna CameBa

HuctutyT o matemarnka u nHpopmaTtuka npu BAH, Codust
kalina@math.bas.bg, sameva@math.bas.bg

Pe3tome: Hacrosmusar qoknan npeacTaBs HAKPaTKO MCTOPHUATA U PA3BUTUETO
Ha HampaslieHHeTo JIMTuTaaHa XyMaHHWTapUCTHKA B CeKiws [IpumoxeHne Ha
WHPOPMAIIMIOHHUTE TEXHONOrMM B XxyMmaHurtapHutre Hayku ([IUTXH).
PasrmemaH e KOHTEKCTBT, B KOMTO HAMpaBICHHETO CE pa3BUBa B JPYTH
3aIaJHOEBPOIIEHCKU CTpaHU U ca 000OMIEHH pe3yaTaTUTe OT ABJITOTOANIIHATA
pabota Ha 3BeHOTO B VIHCTHTYTa O MaremMaTHKa 1 nHpopMmaruka pu BAH.

Jururannara  xymanutapuctika  (Digital ~ Humanities) HaBnmmza B
n3cienoBareckoTo moine Ha Amepuka u Epoma ot 1949 r. macam. Illupoxwmsr
00XBaT Ha WHTEPIMCUUILIMHAPHOTO MOJE C€ MOKPHBA C HAKOJKO HAWMECHOBAHWUSL:
Humanities Computing, Digital Humanities, Heritage Studies. TIpe3 1946, xorato
KOMITIOTpUTE OMJI OTPOMHH MalllMHH, TBBpJE OaBHH M CIIOXKHU 32 CHBPEMECHHUTE
CTaHAAPTH, WTAINAHCKUAT HEe3yHTCKH cBemeHnk oteny PobOepro Bypca mmanmpa
M3MOJI3BAHETO Ha MAIIMHM TP aHaINW3 Ha €CTECTBEH €3MK 332 OpPraHW3UpaHeTo Ha
TekcroBere Ha Toma AksuHCkH. [Ipe3 1949 r. orenm PobGeprto 3aBBpmiBa CcBOS
nmuoHepcku Tpy R Index Thomisticus, 6naromapeHue Ha MOAKpEnaTa Ha OCHOBATEI Ha
IBM, Tomac YotchH. J[HeC TO3M TEKCT € BB3NPHUET KaTo OCHOBOIIOJArall TPy,
KOMTO 3a mBPBUM IBT CBBbpP3BAa HHPOpPMATHKATA U KOMIIOTBPHUTE HAYKH C
XyMaHUTapUCTUKATA. KoM 2015 rojvHa, OUCHUININHATA  ,,JJUTHTaJHA
XYMaHHUTapHUCTHKA Cce N3ydaBa B aMEPHKAHCKHUTE U €BPOIEHCKH YHUBEPCUTETH, HO Y
Hac CTBIIKHTE B Ta3u MOCOKa ca 0OaBHU. B KoHTekcTa Ha MHpOpMaTHYHATA HayKa,
pa3BuBaHa B MHCcTUTYTa 10 MaTemMaTHKa ¥ MH(OPMATHKA, TAKUBA CTBIIKU CE MPaBST
3a mepBu 0BT B mepuoaa 2001 — 2003 r., xoraTo AUPEKTOp HA HHCTUTYTa €
akaz. Credan JomgyHEKOB.

Wuunmarop ¥ pbKOBOJMTEN Ha HANpaBlieHUE /Jueumaina XymManumapcmuxka B
pamkute Ha UMY, ot 2001 r. no okromBpu 2009 r. e a-p Munena JlobpeBa, 1ieH Ha
W3nbaautennus ceBeT Ha Hanuonannata komucus Ha PenyOmuka Benrapus 3a
UNESCO (2006). Mucusra Ha copMupaHusi OT Hesl UHTEPAMCILMIUIMHAPEH EKHII,
Ha3Ha4eH W noakperneH w3isio ot akaa. Credan JomyHekoB, € na pa3BHBa
U3CIIe/IOBATENICKa, OOpa3oBaTelHa M TPHIOXKHA JeWHOCT B obOjacTTa Ha
rdpoBu3anMATa Ha KyATYPHO M HAYYHO HACIIEACTBO.

J-p doOpeBa HaTpyIBa CBOS ONMKUT B WHAMBHUYAIHH W3CJIEJ0BATEIICKU MPOCKTH,
a npe3 1992-94 15 nevenu ¢puHaHcHpaHe oT LleHTpanHOEBpONEHCKHS YHUBEPCUTET
Ha tema Computer Supported Reconstruction and Representation of Ancient
Manuscripts. ITpe3 1996-97 xoopnunupa npoekra Text Variety in the Witnesses of
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Medieval Texts: Study form Co-operative Writing Perspective, ¢unancupan ot
UNESCO. Cnen ycnemHa 3amura Ha JOKTOpPCKa AHUCEpPTalMs W IOCTETIEHHO
MpUBJIMYAHE HA MJAJM CIEUUANHUCTH, Tpe3 okTomMBpu 2004 r. Bede ca Ha3HAUYCHU
TPUMa CIICIUATUCTA B PAa3IMYHA XyMaHUTAPHH OOJIACTH, pabOTEIIH B paMKUTE Ha
cekuus ,,TenexkoMyHUKaluu”, oA pbKOBOCTBOTO Ha A-p Ilmamen MareeB. CouiaTa
romuaa B IMU ce cwp3naBa épemenHo 36eHO 3a IWTUTAIHM3ANNSA, YAUTO OCHOBHH
NEHHOCTH ca CBBp3aHH ¢ OOy4YCHHE Ha €KHWIa M KOOPIMHAIUS Ha EBPONCHCKUS
mpoekT "Knowledge Transfer for Digitisation of Cultural and Scientific Heritage in
Bulgaria" (KT-DigiCULT-BG, 6PII na EK). ToBa e mppBust npoekt B MU, xoiito
IIOCTaBs HaA4aJI0TO Ha HUHTCPANCHUTUIMHAPHUA noaxon B 06.HaC'ITa Ha
1 poBU3aLMATa Ha KyITYpHO M Hay4dyHO HaciencTBo B bbarapusa. Bpemennorto
3BEHO NMPHUI00MBa CTaTyT Ha camocmoamenta cekyus B IMU npe3 ronu 2007 . ¢
umeto “TlpunoxxeHue Ha HHPOPMAIIMOHHUTE TEXHOJIOTHH B XYMaHUTAPHUTE HAYKH .

PbKoBOAUTENAT HAa €KUNA € U €IUH OT MHHMIMATOpUTE Ha Ch3JAaBAHETO HA
acormanuara SEEDI (South Eastern Europe Digitization Initiative) — ¢ ocHOBHa 1
CBhTpyZIHHUYECTBO Ha crenuanuctu oT IOromsrouna EBpona B oOmactra Ha
JUTHTANIN3alMATa Ha HayvyHO U KynTypHo Hacneactso. SEEDI opranusupa penoBHH
KOH(EPEHIIUY U pealn3upa o0 IPOEKTH U A0 JHec. B cbTpyannuecTBo ¢ AreHuus
PCUKT (cera JAUTC), ®MU u HEKM o0eme cp3nanes XML-6a3upan kataior Ha
OBJIrapcKUTEe PHKOINCH, ChXPaHABaHU B bbarapus.
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TTvpsuam cneyuanusupan npoPecUoHaNer CKeHep 3a KHUSU, 3aKyNeH 3a HysHcoume Ha
Jlabopamopusma no yugposuzayus 6 UMHU

Exunbr Ha M. [loOpeBa opraHu3upa W ydacTBa B peAMla HAIMOHAIHH H
MEXIYHapOJHU CeMHMHapH M KoH(pepeHunu. TexHnkara, ¢ KosTo Oenie o0opyaBaHa
Jlaboparopusita, Oemre 3akynena or IMU B pamkuTe Ha W3BBHOIOJHKETHH TPOEKTH
(cxkeHepH, CBHPBBP, PAaOOTHH CTaHIWH, CHECHHANM3HPAH CcOPTyep 3a CKaHHpaHe,
codryep 3a 06paboTKa 1 CbXpaHeHHE Ha WHPOPMALIHATA).
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PwroBoncTBOTO Ha exuna — 1-p M. JloOpeBa, a mo-kbcHo U A-p H. koHOMOB —
JIOTIPHACAT 3a YYaCTHETO Ha €KUIa B 3HAUUMH €BPOIEICKY MPOSKTH KaTo:

— COMputational TOOIls for the librarian and philological work in Cultural
Institutions (COMTOOCI, 2005-2007, mapTHBOD),

— Discovering our Past World with Digitised Maps (DIGMAP, 2006-2008,
MIapTHHOP);

— Tpu npoekTa ¢ HauuoHaHO ¢uHancupane (JJAUTC u MOHM);

— JBYCTpaHEH INpOEKT 3a IudpoBU3anus Ha KyJATypHO HacienctBo ¢ MM nHa
CAHY (2004-2006);

— nmudpoBuzanys Ha ayano apxusu ¢ ¢puHancupane or FOHECKO;

- UMU, B munero Ha ceknusa I[IMTXH, Oeme acomuupaH diIeH Ha
eBponeiickute npoektn MinervaPlus, MICHAEL, EUROPEANA wu
DARIAH.

Cnen 2007 ppKOBOOUTEIM Ha C€KUIIA HA CCKIUATA IMOCICIOBATEIHO ca OMIU
k. H. Ukonomos, nou. Kp. VBanosa, npog. I1. Cranues.

IIpe3 2009 r. gact ot exumna Ha cexkuusa [IMTXH ydacTtBa B MEeXIyHapoaeH
paboren cemuHap mno mnpoekta “PLANETS” (¢punancupan ot LleHTpanna
esporiciicka wuwHmnuatuBa, CEI) Ha Ttema ,JIBATOCPOYHO ChXpaHCHHE Ha
uudposusupann nokymentn”. Ilpe3 cpmiara romuna, ceBMectHO ¢ lleHThpa mo
apxurekrypo3Hanne — BAH u Crommuna obmmna (mporpama ,,Kynrypa”), Oemre
M3BBPIICHA JUTHTAIN3AIMSA Ha M3BaJKH OT AapXWUTEKTypeH apXHB Ha 3HAUYUMH
CTrpaJHM MPOEKTH U Oellie MoAroTBeHa u3n0x0a ,,ApXUTEeKTYpHH KOHKypcH B Codus
1878-1944”. Uznoxbara Oeme excroHupaHa B [amepusata 3a YyXAeCTpaHHO
W3KYCTBO, Oe€mle OTKpWTa OT TOTABAlIHUA MHHHCTBP Ha 0O0pa3oBaHHETO W
MIpeIU3BHKA CHJICH MENEH HHTEPEC.

Yacr ot neitnoctute Ha cexiug ITMTXH mo 2011 r. ca:

— 2005. CeBmectHO ¢ JIppkaBeH apxuB ¢ My3eil 3a ucrtopus Ha Codwus:
IUTATAIM3alUs Ha apXWBa Ha cuHarorara, mkamusta B Codus u yact oT
apxuBa Ha nbpkeara ,,CB. Hemens™; u3naBane Ha koMmakT auck “Codus —
PEJIUTHO3HU NMPOCTPAHCTBA .

— 2005. Acouumpan naptHeop B mnpoekta MINERVA wu cpaeiictBue 3a
HAIIMOHAHOTO M3CIICIBaHE HA IUTHTANN3ANUATA B BBITapus u moAroToBKara
Ha Minerva Global report.

— 2006. ExcrnepTHO CBICHCTBHE IPH OCHIIECTBABAHETO HAa H3CIIEJBAHE Ha
IOHECKO 3a pururanmusanusra B roron3rogHa EBpoma.

— Jlurnrammzamus Ha apXuBHH (OHIOBE, CHBMECTHO ¢ [ TTaBHO yrpaBiieHHWE Ha
apXUBUTE; TpaHC(Ep Ha 3HAHUS U O0YUCHHE Ha CKUIIA HM.

— HeBMeHna HOTOMHC — H3CIICAOBATEICKA ICHHOCT U pa3paboTKa Ha codTyep 3a
pasmno3HaBaHe B pbKomucHM TameTHHiM (mor. JI. JlackoB, moHacTosIeM
npenoaasaten B HBY).

— Jlurutanuzanus =~ Ha ~ MaTeMaThyecka  MEpUOJMKAa, CbXpaHsBaHa B
o6ubanorekara Ha UMM u m3maBana or UMU; mururanusaius Ha PuU3nKo-
maremaTudecko crucanue 1904-1993, Uszpectuss Ha Maremaruueckus
nHCeTUTYT — 1954-1974, Crimcanue ,,Cepauka™ (IOCTBITHO OHJIAMH), TpylOBE
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Ha  Owdrapcku  MaremaTmid, IlporokonHa kHura Ha  Dusuko-
MaTeMaTU4eCKOTO JIPyKeCcTBO — pbkonuc, Apxus Ha UMU u np.
Jururanuzanus Ha cTaporneyaTHa nepuoaunka, npurexanue Ha b mpu BAH:
l'ogumnunu ot BectHuuure ,,['aitga®, ,,Mup®, , Jlamnuon®, ,,Jipra“.
OOyuenne Ha ekun oT Hapomna Oumbmmoteka ,.[iBan Bazor®, IlmoBaus, u
IUTHATAN3AIS Ha TEXHA JOKYMEHTH U KHUTH.

Jurnranuzanus Ha JTUYHUS apXuB Ha ocHoBaTens Ha BAH, mpod. Mapun
Jp1HOB, JOCTBIIEH OHJIAKH.

Jlururanuzaiys ¥ TMOArOTOBKA 3a OHJIAMH MyOJuKalus Ha apxuBa Ha Bucima
aTecTaliOHHA KOMHCHSI, TOCTBIICH OHJIAMH.

Jururanuzanus Ha My3WMKalHa IEpUOJHMKAa — CKaHWpaHe, oOpaboTka U
pa3rno3HaBaHe BBB Bpb3Ka C BKIrouBaHe B mpoekT RIPM (1800 — 1950) —
PerpocniekTuBeH MHIEKC Ha My3WKaJHATa MEPHOAMKA, [IBpBOTO OBJITapCcKoO
My3HKaJIHO crucanue ,,['ycna“— 1891 r., Crnucanue ,,A.C.0.* (AkageMuyecKu
cuMmdoHndeH opkecTsp), 1934 1.

2008. Yyactne B cCB3JaBaHETO Ha pe(EpeHTHHS MOJEN 33 IUTHTATHH
o6ubmmotexu ot mpoexta DELOS.

2008-2011. VYgactme B paboTHa Tpyma IO [AWTHTANHA3ANUS KBM
MuHHCTEpCTBOTO HA KyIATypara.

2011-2013. Yyactue B KoopanHaninoHHOTO 3BeHO Ha HarmoHa Hus CHBET MO
nurutanuzanus kbM HI®D ,,13 Beka bearapusa‘.

2010. Ygactue B Kontponnara komucust Ha MKOMOC.

2010. TlpemomaBarencka JAeHHOCT B CHEUHUATIU3UPAHU KypcoBe IO
JMUTATAIN3AIUS U JUTHTATHA OUOJIMOTEKU ChC ChickcTBUeTO Ha CTOonMyHa
obmmua, IlnoBmucku yHuBepcuteT ,llaucwmit Xwunenmapcku”’, CY ,,Cs.
Kmument Oxpunckn”.

Prasrrapen o

®oHa No. 104K "MapuH [ipuHoB"

¥

MpoexrsT

MipoecrsT “[jaruTanes apis Mapa [paHos” 3anousa npes 2006 I. cbe
CIGHAIHETO KA 20 apNBHA eANWA (15 UepHODenn eAMWNt W
HOKESTSO AoKyMeKTU) OT oA MRTOAK Ha Hayusia apurs va BAH.
Ciaiupasieto Sewe ISELPLEAS CT ewina wa ceiyn TIDHOKEKIA Ha
VBHPODIALIICKHUTE TEXHEENIN 8 XYMAHATADHITE Kay’ 1ot MMVBAH.
Mowacrosuiew (2011 1) CRARTa & NpeCTPyXTyPHPaa 8 S13B0paTOPHS 33
LHBECBHIaLIR 13 HEYNHD W ITTYPHO HAENEAETEO,

ApxitBt

s

CHHMKH Hexporon

ane: B CneAMIRta aHCTauR, pazveTerw opuHAW, SEnoTEbHR 53
e Mapies lpwnon 1 eroan cusmsern. SWnmamavpanera ka nise

apeeH bona € MepecTo 10 poRa on & BaNTapNA. To ¢ yHwianso 1o
TeWOTOMA, NETORONOTWA N ASGHDWALHA Ka ANTATMIESHATS

BPR3KN (258 moarca na cueoTo) cue ckerep Zeutschel OSS000 TT ¢ pesonouna

et e L Bt S

o apocs nySnukyBaro Tyk, He mowe 03 Gbae KOMMPAHO, BBINPONIBENDAMG W

PAINPOSTRAHABANG © Kowepchanka uen. Mpasata supxy MnTepneT caima

1 upchposoTo Konme npuHagnenar ka UMU-BAH.
Jueumanuzupan tuyen apxue Jueumanuzayus na apxuea na cunazozama,
Ha npogh. M. /Ilpunos, cvxpanseat @ oacamuama ¢ Copust u uacm om apxusa Ha
Hayunusa apxus na FAH. yvpreama ,,Ce. Heoens “.
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BB Bpb3Ka ¢ mpectpykrypupanero Ha BAH, ot mapt 2011 r. cexnus [IMTXH ce
TpaHcopmupa B Jlabopamopus no uugposuzauyus Ha HAYYHO U KYIMYPHO
Hacnedcmeo KbM cexkuus ,,JIHQOPMAIMOHHM CHUCTEMH™ IO/ PBKOBOJCTBOTO Ha
npod. Ilersp CranueB. OCHOBHO HAy4YHO-TIPWJIOKHO  TOCTHXKCHHE  Ha
JlaboparopusiTa € Ch3JaBaHETO W MPHUJIAraHEeTO Ha METOJOJIOTHH 32 IH(poBU3aLus,
choOpazeHa ¢ J1o0OpuTe eBpomedcKkd TpakTukd. OCHOBHHTE JEHHOCTH Ha
JlabopaTtopus LTHKH BxiouBat mudpoBu3anus Ha apxuBHA (OHIOBE, HA OBITApCKO
MaTeMaTH4ecKo HacJeACTBO, Ha cTrapa OBArapcka My3WKalHa TEpUOIHKA, Ha
ayJIMOapXUBH, HA CTAPONEYATHH KHUTH M OOYUYHTENHH KypCOBE IO JTUTHUTAIH3AIMS.
Ho 2013 r., korato mabopaTopusra mpecTaBa Ja CHIIECTBYBa CaMOCTOSTEIHO, ca
CKaHUpaHU U 0Opaborenu nosede oT 90 000 TOKYMEHTH, MEXIY KOUTO: JOKYMEHTH
Ha [MaBHO ympaBieHWE Ha apXWBHUTE, CTapH BECTHHUIM, (POTOrpad)CKH KOIEKIUH,
apxuB Ha BAK, apxus na UMU.

BRATAPCKL AKAZENNE WA mavEre 5 mﬁ' | 1 L 1)
fr'\_'l‘i,‘.,‘, UFharapcka I BATTHCHH /
XPHCTOMATHA it
S  ERATAPEITE BRATARIA
. -
=roaa 475

Tpumepu na yugpposuzupanu om exuna apmedaxmu
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Ho nmuec MMMWM mnonaepka Ch3AAICHUTE CBHC CHACHCTBHETO Ha €KMIA
cerpynHudectBa ¢ Hayuen apxus Ha BAH, UBE, NJI, Ud®U, ETHorpadcku HHCTUTYT
¢ myseit, [IB-FAH, UIIOU, HANM, Cronuyna oOmmHa, [J1aBHO ymnpaBicHuEe Ha
apxusute, HBKM, Harmmmonamna 6ubnnorexa [lmosnus, BAK, JAWUTC, HXT, HUM
Bosna, CVY, IIY, mHOxecTBO My3eu. llenra e ¢ HaTpymaHus ONWUT M 3HAHUA
EKCIIepTUTEe Ha E€KHUIla, KOMTO JHec palborsaT BB M u3BbH BAH, nma ce pasBuBa
M3CIIeI0BATEIICKaTa, NMPUIOKHATA M IIPENoAaBaTelcKaTa JEeHHOCT Ha HAIPaBICHHE
»JJATUTATHA XyMaHUTAPUCTHKA ’; J1a CE Ch3/1aBaT MPEXU OT MHCTUTYLIIUH U €KCIEPTH
B obmactra y Hac u B EBpoma; nma ce opranusupa npodecHoHaIHO OOy4eHHe 3a
CHELHUATNCTH OT MHCTUTYLMUTE 3a KyITypHa IaMeT, ClelMalu3UpaHd Y4WINILA U
YHHUBEPCUTETH, Jla C€ ChICHCTBA C eKcrepTu3a 3a QopMmHpaHe Ha HaIMOHAIHA
KyJITypHa MONUTUKA U Ap. EKUIBT Tpyma mpenojaBaTelCKH OMUT B HAlMOHATIHU U
qyXJaecTpaHHU yHuBepcutetd, no nporpamu Ha HOHECKO, Bpurtancku chbBer,
Coduiickus yausepcuret ,,CB. Kir. Oxpuacku®, ITnopnusckn yHuBepcurer ,,Ilancuii
Xunennapeku®, Crommuna odmuna, HAUM-BAH, muHHCTEpCTBO Ha KynTypaTa Ha
Wramus u nporpama ,,YdeHe mpe3 uenus kuBoT . IloHacTosiieM 4iIeHOBE Ha
HsKoTantHaTa Jlabopamopus no oueumanuzayus MpoIbiDKaBa 1a padoTH B 0bjacTTa
Ha JWTUTATHATE OMOIMOTEKH, TpaXIaHCKaTa HAyKa W JUTHTAIN3AINs Ha My3eiHH
donmOBE.

63



Hayuonanna kongepenyus no ungpopmamuxa,
noceemena na 80 2. om poscoenuemo na npogpecop Iemvp bvpues

Cexknus MareMaTu4eCKM OCHOBM Ha
unpopmarukara B UMU-BAH:
Teopus Ha KoaupaHeTO U KpUnTorpagus

IHersp boiiBasienkoB

HuctutyT o matemarnka u nHpopmaTtuka npu BAH, Codust
peter@math.bas.bg

Cekust MaremMaTHueckn OCHOBM Ha HMH(OpMaTHKaTra ¢ OocHoBaHa mpe3 1988
romuaa ot Credan [JlomynekoB (1945-2012). CerpymHumure Ha CEKIUATa ca
myomukyBamu Hanm 500 cratmm ot 1975 HacaM B TPECTIKHH CIEIHAIN3APAHU
MEKAYHApOAHH CHHCaHMA B 0ONacTTa Ha TEOpHATa Ha KOJUPAHETO W
KpuntorpadusaTa, 3aUTHIA ca 8 TOKTOPCKH JUCEPTAIMHU 110 MATEMaTHUECKH HAYKU
n "Hax 30 mucepraiuu 3a HaydHaTa U oOpa3oBarenHa CTeneH JOKTop. B MomeHTa Ha
maT KbM CeKmusaTa ca 4-ma mpodecopu, 5-mMa JOIEHTH, 3-Ma acUCTEHTH U S5-Ma
JIOKTOPaHTH.

OCHOBHUTE TEMATHUKH, KOUTO CE€ pa3BUBAT B MOMECHTA, Ca:

— KopoBe u qu3aiiH Ha MOJMHOMHU METPUYHH TIPOCTPAHCTBA
— Onrumansu KoJoBe

— Kpunrorpadus

— Kombunatopuu koHpUTYparmn

Kato ce 3amoune or nHavanmoro Ha 90-te rogunu Ha 20. Bek, roxsaMm Opoi
pe3yiaTaTH ca CBBP3aHM C IOIy4aBaHETO M M3CIEIBAHETO Ha PA3IMYHH BUIOBE
TPAaHHIM 3a KOJOBE B IOJMHOMHAIHHM METPUYHH IPOCTPAHCTBA (BKIIOUUTEITHO
eBKINAOBH  chepu, pealHd, KOMIUIEKCHM W KBaTEPHUOHHM MPOCKTUBHU
MIPOCTPAHCTBA KaTo Oe3KpaiHH IPHMEpPH, ¥ NMPOCTPAHCTBA Ha XEeMHUHT M J[)KOHCHH
KaTo KpaiHM npuMmepu). IIpe3 mociemHHTe TOXVMHHM HMMaMe Ba)XKHO pa3BHTHE II0
BBIIPOCH, CBBP3aHH C MHUHHMAKCHH CHEpPrHHHH NpOOJeMH B MOJMHOMHAIHH
npocTpaHcTBa. Te3u 3agaun ca CBBP3aHU C ONTHMAJIHHU U OJM3KU O ONTUMAJHHUTE
pasnpeaciCHs Ha TOYKM B CbOTBECTHUTC MPOCTpAaHCTBA U HaMHUpAT MPUIIOKCHHUA B
TCOpUATa Ha KOAWPAHETO, 0E3KUUHUTE KOMYHUKAIIUU, UHTCTPUPYEMUTE CHUCTEMU,
TCOpUATAa HA HUIYHUCIUTCIIHATA CJIOXHOCT W JOp., KAaKTO U TMPHUITIOKCHUA OTBB/
MaremMaTtukara — Karo HaHOTeXHoJoruure Hampumep. OTHOBO HOBaTOPCKHUTE
W3YHCIIUTEIHN TIONXOAM WIpasT BakHa pouis. Jlu3allHHTE B TOJMHOMHAIHUTE
METPUYHH MPOCTPAHCTBA MPHUBIMYAT HAIMOCIEABK TOJSIM MHTEpEC MOpaad TAXHATA
B2)XHOCT B alpOKCHMAIMUTE HA TOJIEMU CHCTEMH, TO-CHEIHAIHO 32 MPOoOIeMHuTe ¢
KIMMaTHYHUTE TPOMeHH M 1p. IIpobiemMuTe, KOMTO M3ydaBame, c€ OTHACST [0
TEOPETHYHHUTE M YHCIIOBHUTE acleKTH Ha MUHUMAIHUTE ¥ MaKCHUMAJIHUTE CHEPTHHHH
npoOIeMH U Pa3INIHUTE UM TIPHIIOKCHUS.

I[OKa?)aHI/I ca HeO6XOI[I/IMI/I 1 AOCTAaThbYHU YCJIOBUA 3a ONITUMAJIHOCT HAa T'PAHULIATE
Ha HeBeHHIGﬁH " B ClIy4dasd, KOraToO TC3U I'paHUIIA HC Ca ONTHUMAJIHH, € pa3pa60TeH
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METOJl 3a NOJydYyaBaHE Ha HOBM TpaHUIM. ToBa H3CIEIBaHE € IOJIKPENEeHO OT
MacHBHH M3YUCIICHUS IOCPE/ICTBOM CIICIIHATHO pa3padOTEeHH IPOrPaMHHU HMPOTYKTH.
[Tonacrosmem pabOTHM BBPXY 0000IIEHHS ¥ paslIMpEeHHs Ha TpaHUIUTE Ha
JleBeHIaH 32 MakCHMAaJHN KOJOBE M pa3pabOTBaMe TEXHUKH 3a IOJy4aBaHE Ha
HOBU TPaHUIIN 32 KOJIOBE ChC CI1a00 OrpaHWYEHa CTPYKTYpa, KOUTO UMaT ITOTEHIIAAI
Jla OTBOPST HOBM HarpasJeHus B oOnacTTta. HoBM yHUBEpCaiHU rpaHUIN HAa CHEPTHS
Ha kogoBe B PMS, noiydenu ot boiiBanenkos, [parues, Xapaun, Cap n CtosHOBa
(http://arxiv.org/abs/1503.07228, mpuera 3a mevat B Constructive Approximations), ¢
M3IONI3BaHE Ha HOBOpa3pabOTEHH METOAH, ITO3BOJIIBAT OLICHSBAHETO HAa BaXKHU
XapaKTEePUCTHKH.

Komosete, kopurupaiy rpeniky, UMaT MPaKTHICCKH MIPUIIOKCHUS B 3alllUTaTa Ha
JTAaHHW, BB BCHYKH BHJOBE KOMYHHUKAITMOHHH TEXHOJIOTHH, CHCTEMHTE 32 KOHTPOI 1
T.H. B mopenuma ot cratum, cumTaHo oT Kpas Ha 70-Te TOOWHHU, ca YCTaHOBCHH
penuiia BaKHM CBOWMCTBA HA ONTHUMAJHHUTE JHMHEHHH KOIIOBE, KOMUTO JOBEIOXa IO
KJIacH(PUKAIIMOHHU PE3yNITaTH KaKTO B KJIACHYECKUs IBOMYCH CiIydai, Taka W 3a q-
WYHUTE ciiydad, ¢>2. Pa3paboTeHu ca crnenuanu3upand coQTyepHH MPOIYKTH 3a
MoJTIOMarane Ha HayYHHUTE M3CieBaHus B obnactra. M3cneaBanusaTa mpoabiKasar,
KaTo ce KOHCTPYyHpaT HOBU KOJOBE WK CE JJOKa3BaT Pe3yiTaTH 3a HECHUIECTBYBAHE
B Pa3JIMYHU CITy4Yau, OCUTYPSIBAIIH MO-MIOIPOOHA KITaCH(UKAIIHS.

[TepBuAT TpoOONIEM, CBBpP3aH € KOMOHMHATOpHA CTPYKTypa C ONpEINCIICHH
napameTpu, € npoOieMbT 3a chuiecTByBaHeto. Cien kaTo TOW ObJe pelleH,
BB3HHKBA MPOOJIEMBT C KiIacH(HUKALUATE, 3al[0TO PA3IMYHUTE CTPYKTYPH C STHAKBU
mapaMeTpd MOXe Ja TpUTeXaBaT pPa3IMdHU TPyNd OT aBTOMOP(PHU3MH,
HNOJCTPYKTYPU M JAPYTM CBOWCTBA, KOMTO 3acsAiraT TAXHATa MPUTOJHOCT 3a
orpeneneHn npunoxkenus. Hakpas, moxe na ce u3bepe Haii-poOparta CTpyKTypa ¢
ompenenena 1ei. OCBeH 3a NPSKO IMPUIOKEHHE, KOMOWHATOPHUTE CTPYKTYpPH C
MaJIK{ TIapaMeTpH ce M3II0JI3BAaT KaTo ChCTAaBKH B PEKYPCUBHHM KOHCTPYKIHH C I10-
TOJIEMH TIapaMeTpH W TOBa TI'M TPaBM MHOTO TOJIE3HH 32 KOHCTPYHPAHETO H
NIPE/CTaBIHETO HAa BCHYKM KOMOWHATOPHHM CTPYKTYpu (C  TOYHOCT [0
€KBUBAJICHTHOCT) C OIPEAEICHH TapaMeTpH.

MeroauTe, KOUTO M3II0JI3BaMe, ca KOMOMHAIMS OT MaTeMaTHYeCKH TEXHUKU Ha
pa3chXKICHNE W KOMITIOTHPHO IOJIIOMaraHo ThpceHe. BHUMaTenHOTO M3ydyaBaHe Ha
CBOWCTBaTa Ha oOmpeleliecHa KOMOMHATOpPHA CTPYKTypa € H3IIOJI3BAaHO 32
paspaborBaHe Ha Obp3 KiIacH(pUKanWOHEH anropuTbM. Hue pazuurame Ha
CBBPEMEHHHTE CHCTEMH 3a KoMImoThpHa anrebpa (Maple, GAP, Mathematica), HO
CBIIIO ¥ Ha HAII COOCTBEH coTyep, KOHTO OOMKHOBEHO pa3padboTBame Ha C ++. Toa
MO3BOJIABA W3IOJI3BaHE Ha TapalellHd BHenpsBaHus. Koraro e BB3MOXKHO,
HOoJTy4aBaMe pe3yJITaTHTe 4pe3 PaziInyHi METOAW WM pa3indeH codTyep, KaTo
MpOBEPKa Ha BEPHOCTTA MM.

Hammm nyGmukanmum Bbpxy CRC-komoBere Bede ca HaMEpWiId pa3iIMyHH
MpaKTHYECKH MprtokeHns. Komose ¢ Marbk paguyc Ha TIOKPHUTHE, @ IMEHHO KBa3u-
CBHBBPIICHN KOJOBE M KOJOBE C BB3MOXKHO Hai-MalbK pagdyC Ha MOKPHTHE,
HaMHUpaT NPUIOXKEHHUSI B KOMIIpecHpaHeTo Ha gaHHH, WOM-nameTnTe, N3IbUBaHETO
Ha CHTHAJM BBB B3aMMOCBBP3aHH MPEXH U JIp. ONTHUYHUTE OPTOTOHAJIHH KOJOBE
(OOC) u komoBeTe 3a U30ATBaHE Ha KOHMIMKTH CE MpUIaraT B KOMyHHUKAI[HOHHHUTE
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TEXHOJIOTUH 32 OOMEH C BHUCOKa CKOPOCT, aCHHXPOHHHTE TPaHCMHCHHU, MPEXOBUS
JIN3aiiH, OCBHIIECTBSIBAHE Ha Pa3NpPbCKBaHE Ha JAaHHW, MOOWIHHM pPaJMOCTAHIMHU, a
HamocjeJbK W B T. Hap. peuierbyHa kpunrorpagus. CeirectByBanero Ha OOC
CBBP3aHNTE KIACH(PUKAIIMOHHU 3aJadll Ce HW3Clie[BaT MHTEH3WBHO oT baifueBa n
TonanoBa, KOUTO MOTyYNXa BaXKHA KJIacH(UKALUS.

Bw3MokHOCTTA 3a 3ary6a Ha MAaKETU MpHU NPEAAaBAHCTO HAa JTaHHU II0 MHTCPHET
MOJHOBU HHTCPCCAa KbM KOJOBCTC 3a BB3CTAHOBABAHC Ha 3aJIMUYCHU CHMBOJIU.
KO}IOBGTC, Kopurvupamuyd BMBKBAHUA W 3aJlW4YaBaHUA, HUMAT MTPUIIOKCHHUA U B
3allMCUTE HAa MArHUTHM HocuTenu. Hue mMame 3HaumMTeNneH HanpeabK B Cliy4das Ha
CIHO U3TPUBAHC, KBACTO T. HAp. KOJAOBC Ha BapIHaMOB-TCHCHFOJ'III ocurypsBar
ChbBBPIICHU KOAOBE C rojisMa MOIIHOCT.

Haykara xpunrorpadus ce 00pu ¢ BCHUKH NMPEAN3BUKATEICTBA, MPUYMHEHN OT
ysa3sumoctTa Ha KT uHppacTpykTypara KbM HMIMPOK CHEKTBP OT 3aIUIaXW U aTakH
Ha curypHocrra. Tsg ce 3aHMMaBa C pPa3pa0OTBaHETO HA MaTeMaTHYECKU
HHCTPYMEHTH, KOMTO CBABPKAT BAXKHM TPAJMBHU EIEMEHTH 3a IOCpEIlaHe Ha
HEOTJIOXKHH TPOOJIEMHU 110 CUTYpHOCTTa Ha MH(OpMAIMATa U ChC Ch3/IaBAHETO Ha
HOBH BB3MOXHOCTH 3a pemaBaHeTo uM. Kpunrorpagusara ce ¢okycupa BBPXY
BR)XHUTE IENH 32 OCHTYPSBAaHE HA IMOBEPUTEIHOCT, ISUIOCTHOCT, aBTCHTHKALUS H
HEJIOITyCKaHe Ha HaMeca B €JIEKTPOHHO NPEAaBaHN JaHHH.

B®B3 ocHOBa Ha onKTa HU B pelIaBaHETo Ha MpobieMu ot Teopust Ha KOTUPAHETO
W HAcKOpo MpuaoOuTaTra eKcHepThza B Kpunrtorpadusara, HHE MpoabIDKaBame
U3CIEBaHMs M0 CIEIHUTE TEMH — 1a IPEJIOKUM CHTypHa apxurekrypa 3a OCDMA
MpexH, OasupaHm Ha Kpunrorpadus Ha  pPEIISTKH, KaTo  H3I0JI3BaMe
knacudukanuonau pesynrat 32 OOC, pa3InyHE BHIOBE CXEMH Ha pa3lpeaeicHU
MEXaHHM3MH 3a JOBEpHE (TSACHO CBBP3aHM C ACHHOCTTAa HA CaMOIyalHHUTE KOIOBE,
MAKEeTH U AU3aiiHN), IPWIOKEHUS HA KOJOBE B KPUIITOTPa)CKU aITOPUTMH 32 aHAIIN3
Ha rpemkuTe (KOUTO H3MOJN3BAT KOJOBE 3a KOHTPOJI Ha TrpemkH). Hackopo
pa3paboTeHHn METOJM 32 HaMHpPaHe Ha CIeIHaJeH BHJ NepMyTallul MoraT 1a ObaaT
M3MO0JI3BaHU 3a MOJyyaBaHe Ha 1Moj00peHre B Hail-Io0para M3BECTHA KbM MOMEHTA
mudysust B OnokoBu mmdpu, Oasupanu Ha o0000meHn Mpexu Ha Daiicten
(HaMHMpaHeTO Ha MepMyTalMUTe, KOUTO BOJAT J0 Haili-moOpara audysus, € OTBOPEeH
npo0Oiem).

B namm cxopomrau myGaukauy B 00JiacTTa Ha KpUNToaHaan3a (M3y4aBaHeTo Ha
mH(GPOTEKCT B OIMUT JIa C€ BH3CTAHOBH OPUTMHAIHOTO CHOOIIEHUE) HUE M3CIIeBaMe
BBH3MOXKHOCTHTE 32 MPUJIOKEHNE HA HAKOM ChBPEMEHHH T10/IX0/IM, KOUTO MOTar Jia ce
npuiarat 3a Moauukauus (IMpOU3THYAlla OT TEOPETUYHH OCHOBAaHUS) Ha a00pe
no3Hatust Data Encryption Standard (DES) n neroute npoussoauu. Hue crOupame
W Tpylname OIMT B H3IOJ3BAHETO HA CHBPEMEHHM METOAM 3a KPHUNTOAHAIN3
(ymHelHK, anreOpUYHU U T.H.). TakuBa pe3yiTaTH NpenypexaaBar moTpeOuTenu B
MOJXOUTE UM IpH M300pa M ynoTpedaTa Ha pasMdHU KPUNTOrpapCKH MPOIYKTH.
Hue BB3HaMepsBame [a pa3BMBaME HAIIWTE H3CICIBAaHMS B Ta3M HAcoKa B
KOMOHMHAIHS C TEXHUKH OT KOAUPAHETO.

Komb6unHaTopHuTEe KOH(UIypauuu ca TACHO CBBbP3aHHM C Ba)KHU BUJIOBE KOJOBE,
KOpUTHpAIU Tpemky, kato nepdexkrtan kogose, LDPC-konoBe, caMoopTOroHaaIHN
kogoBe, OOC-koq0BE C TOCTOSHHO TerIo U Jp. Te ChII0O MMAT MHOKECTBO
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KpHITOrpad)cku IpUIIOKEHUsI, KATO HAIPUMEP B CXEMH 3a paslpe/ieiicHue Ha TallHH,
U3MOM3BAllld MEXaHM3MHUTE 3a paslpefensHe Ha cekperHa wuHpopmanus. Ilo-
cnenuanHo T-pasmpeneneHusTa B MPOEKTHBHUM IPOCTPAHCTBA Ca CBBP3aHU C
JUHEHHN mudpHu, KomoBe ¢ (QUKCHpaHa pa3sMEpHOCT M paslpelesieHH Kojose. T-
napajeIM3MHUTE Ha MMPOSKTUBHY NPOCTPAHCTBA UMAT KPUNTOrpadCKH MPUIIOKEHHUS B
HSIKOM IIPAarOBU CXEMHU.

B cekumsaTa ca modydyeHH MHOTOOPOWHM KiacH(HUKAMOHHH DE3yJITaTH 3a
KOMOMHATOpHU JW3aifHW C JaJeHH aBTOMOP(U3MH, PE30JIONWH Ha U3aliHH,
MOJIN3aiHU, JBOMHO paspelluMHM JAW3aliHW M OPTOTOHANHM pe3oirounu. Hue
KJIacu(puIupaxMe pasnpesieNieHNs] C JOIbIHUTEIHN CBOWCTBA B HAKOW NMPOCKTUBHH
MIPOCTPAHCTBA ¥ TApaleNU3MH Ha KpalHW IPOEKTUBHM IPOCTPAHCTBA C Ja/JCHH
TPYIH OT aBTOMOP(HU3MH.

Ceknuss MareMaTHUeCKd OCHOBH Ha WH(OpMATHKaTa TMOJIbPKAa aKTHBHO
MEXKIYHAPOJAHO CBHTPYIHUYCCTBO. TpamuIlMOHHO TPOBEKAaMe MexIyHapoHa
KoHQpepeHIHS M0 AireOprudHa W KOMOHWHATOpPHA TEOpPUS Ha KOJUPAHETO —
OpraHM3WpaH CBHBMECTHO ¢ HMHCTHTYyTa TO MpOoOJIeMH Ha TPENaBaHETO Ha
nHpopManus Ha Pyckara akamemusi Ha HAyKWTe, KaTo Jocera ca mpoBeacHU 14
m3gaaus (ot 1988 1. Hacam), a cnenBamioTo € HacpodeHo 3a roHu 2016 1. B Anbena,
Benrapus. Cexmuara opranm3upa u MexayHapogHa KOH(PEPEHIHS O ONTHMAaTHH
KOZIOBE, OT KOSITO ca mpoBeaeHu 7 m3panus (ot 1995 r. Hacam) W cieaBamoTo e ce
npoBene npe3 oHu 2017 1. TpaauIMOHHEH € U TOJUITHUAT HA HAIIMOHAJIEH CEMUHAp
o Teopus Ha Koaupaneto ¢ Hajx 30 m3maHus gocera (mocienHo Ha 19-22 HoeMBpH,
2015 1.).

CekmusiTa OpraHu3upa M IIKOJH, KaTo HampuMmep IIpmiioxeHus Ha TEXHUKH OT
KOJIOBE, KOPUTHPAIIIH TPEIIKH, B Kpunrorpadceku npumutusH (Bemnko TrpHOBO, 6-9
oktoMBpu 2008 T1.), IIpoekTtupane W cHUrypHOCT Ha Kpunrorpadcku QyHKIHH,
aigroputMu U yctpoiictBa (Anbena, 30 tonu - 05 romu 2013 r.). bsaxme ocHOBHH
opranuzaropu Ha mbpBara koH¢pepenuus BalkanCrypt (Codwus, 7-8 HoemBpu
2013 r.) m EUROCRYPT 2015 (26-30 ampun 2015 1.), Kato mocieaHara € cpen
Hal-TOJIeMUTE MEXIAYHAPOJAHU MaTeMaTHYECKH KOH(EpEHINH, MPOBEXIaHU HIKOTa
B bvarapust.
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boituo KoknHOB 4 pa3BUTHETO HA
KOTHMTUBHATA HayKa B buiarapus

Kpacumupa UBanosa

WnerutyT no matemaruka u nHdopmaruka npu BAH, Codust
kivanova@math.bas.bg

Pe3tome: IlpencraBen e mpunockT Ha boituo KokuHOB 3a pa3BuTHeTo Ha
KOTHUTHBHATa Hayka B bbarapus, KOWTO MOXe OCHOBHO Ja C€ H3pa3H B:
3a1bJIO0YEHN HAyYHHM HW3CJIEIBAHHS M MOCTUTHATH PE3yJITaTH HAa CBETOBHO
HUBO 3a pa3KpUBaHE Ha MOJENa Ha YOBEIIKOTO MHUCIIEHE U BIMSHUETO Ha
KOHTEKCTa U KPaTKOBPEMEHHATa MaMeT; Ch3/laBaHe Ha IKOJa M0 KOTHUTHBHA
Hayka B bbirapus; ce3gaBaHe Bb3MOXKHOCTHU 33 KOMYHHKAI[MN HA OBITapcKUTeE
YU€HH U MIIaJH U3CIEA0BATENN ChC CBETOBHATA HAyYHA OOIIHOCT OT 00IacTTa.

IIpe3 2015 r. ce HaBbpmwIBaT 55 roAMHU OT pPOXKIEHHETO My. [opmocT 3a
WucruryTa Mo MaremaTHka U MHpoOpMaTHKa € (akThT, Y€ TOW HU3pacHa Karo
Y4YEeH UMEHHO TYK, B CEKIIUsTa, PbKOBOJEHA OT npod. bepHes.

‘

,, Bcaka meuma e nocmusicuma
botivo Kokurnos
27.12.1960-10.05.2013

Hauwanoto Ha pa3BUTHETO Ha KOTHMTHBHATAa Hayka B bwirapus ¢ Hepa3pHBHO
CBBP3aHO C JIMYHOCTTA Ha Hauus Kosera u npusten boiiyo Kokunos. [lo nymure Ha
camusi boiuo Kokunos: ,,Kocnumuenama nayka e eona unmepOUCYUNTUHADHA
obracm, Kosmo 00e0UHABA MemoOume Ha MHONCECHEO MPAOUYUOHHU HAYKU,
maxkuea Kamo Ncuxono2usima, Quiocouama, IUHBUCIUKAMA, AHMPONOIOSUAMA,
uHgopmamuxama u HespoHaykume. Bcuuku me @ eOuH MOMEeHM OCb3HABAM, Ye CU
3a0a6am eOHU U CobUU BLNPOCU — KAK € YCMPOeH Y08eUKUAM YM, NO KAKb8 HAYUH
HUe 8b3npuemame céema OKOI0 HAC, KAK pazobupame mosd, 3a KOemo 2080pum,; no
KaKeu 3aKOHU Ce U3Bbpulea Hoseukomo muciene. U, pazopanu 6eonwvic, ue cu
3a0a8am CX00HU 8bNPOCU, 8 OUH MOMEHM pewasam 0a 0bedunam ycunusma cu. ¥
cv30aseam masu UHMePOUCYUNTUHAPHA 001acm, 8 KOAmo udeama e, e, mull Kamo
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me3u 8bNpPOCU CA MHO20 CJLONCHU, eOUHCMBEHUM HAYUH Od CU OMEO80PUM NO-
YCHewHo Ha mix e 0a 00eOUHUM Memooume HA pa3iudHume HAYKU, MaKa ue
Gaxmume u uzcred8aHusAmMa, KOUMO ce NOAYYA8am 6 eOHA O00aACm, HAMUpPam
unmepnpemayus é opyea u o6pammno™.'

Kpatku Ouorpaduunu nanau

Boitao KokmuoB e pomen nHa 27.12.1960 r. B tp. Codms. bama my Hukoma
KoknnoB e rmaBeH cueroBoguren, a Maiika My Koiina KokunoBa e crapmm
npenogasateln no marematuka B [IMC ,,ABpam CTosIHOB®.

Ot 6-T0 OcHOBHO yumiHie ,,I pad Wruarues®, Toi npoabinkaBa 00pa3oBaHUETO
cu B Codmiickata MaremMaTHdecka THUMHAa3WsA. AKTHBHO y4YacTBa BBB BCHYKH
MaTeMaTHYeCKN OJHMMITHAIN, NOCTUTAaiku no mombopums Kper. Ilpes 1976 r. ce
KJacupa Ha BTOPO MSCTO Ha HAaIMOHAJHATA 3aI0MTa HAa HAYYHO-TEOPETHIHATA
koH(pepeHims mo maremarnka. 3aBbpiBa CMIT npe3 1978 1. ¢ mBIHO OTIIMYME.
Cepmiara roauHa e npuet BB Pakynrtera mo MatemMatuka U uHpopmaruka npu CY
,,CB. Kimument Oxpuncku®. Ilo Bpeme Ha cleIBaHETO CH € HarpaJieH ChC 3JaTHA
3HauKa ,,3a OTIMYHO y4yeHue“. B xapakTepuctukara My, JajJieHa OT JEKaHCKOTO
pbKOBOACTBO, mmme: ,OTiMyaBa Cce ¢ OpPraHU3aTOPCKH  CIOCOOHOCTH,
0E3KOMIIPOMHCHOCT KbM ce0e CH W KOJNeruTe, M YMEHHE Ja AOBEXAa JOKpau
3amovHaTara pabora“.

Hayuynarta cm kapuepa 3amodBa OIIE€ Karo CTYAEHT, kaTo Ha 6.11.1984 r.
MOCTHIIBA Ha JUTHKHOCT HporpamucT Ha 4 yaca B MHcTHTyTa mo MaTeMaTWka M
nHdopmaruka. Y ToraBa wMmaiie MpakTHKa CTYAEHTH, KOUTO HMMaT HWHTEpEC H
MOKa3BaT CIIOCOOHOCTH Ja ce 3aHMMaBaT C Hayka, Ja ObJaT NpHUBICUCHU 32
cbhBMecTHa paboTa. [1o To3u HaumH paboraTa 1Mo MarkucTbpcKara UM Te3a € HadaHa
CTBIIKa KbM MO-HATaTBHIIHOTO passurue. [lo mymure Ha camms boiido, nsutocTHOTO
MY Pa3BHUTHE CE ABJDKH Ha YHUKAIHMS IaHC aa ce cperrHe ¢ npod. I[lersp brpres Ha
OpTraHM3WpaHUs OT HEro cemwHap ,,MIH(popMaTrnka u rcuxonorus B MHcTHTYTA TIO
MaTematuka npe3 1983 romuna, korato boifuo e crymeHT Tpetn kypc. Kakro ka3Ba
Boituo B mpomanHOTO €M cioBo KbM mpod). bbpHEB: ,,Ak0 He Oemie yHHKaTHOTO
cBOMCTBO Ha mpod. bepHEB na oreHsABa HOBOTO W MEPCIEKTUBHOTO U Ja My JaBa
IpT, KOTHUTHBHATA HAayKa HAMaIle J1a ce poau B bearapus, mone He u mpe3 20. Bek™.
Ho Bce mak ma He 3abpaBsiMe OyamcTKaTa MOroBOpKa ,,Koraro y4eHHKBT € TOTOB,
YUUTEJIAT 1€ Ce MOABU™.

IIpe3 1985 r. Boiivo 3ammraBa OJecTAIIO CBOSITA AWIDIOMHA paboTa Ha TeMa
HlIpencraBsHe Ha 3HaHUATa B dYoBemkara mamer u ot 1.10.1985 r. mo
pasmpeseneHre € Ha3HaueH Ha MBJICH Iat, a npe3 1986 r. e 3aducieH 3a peloBeH
acrmupanT (cer. TOKTOpaHT) B ToraBamHust 010k C. Haydyen ppkoBoauTen My € mpod.
I1. bepues. biok C Gemie cnenuanHa GopMa Ha acUpaHTypa, B KOSTO xopara ce
n30Upaxa Mo MokKa3aH OTJIMYCH yCIEX M OTJIMYUTCITHH KauecTBa 3a MPOBEXKIAHE Ha

! http://www.btv.bg/video/shows/otpechataci/videos/dots-boicho-kokinov-za-kognitivnata-
nauka.html
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HayuHu uzcnenBanus. [Ipe3 1989 r. e HasHauen 3a HayueH cbTpyanuk I cT., a pe3
1999 r. e noBuIIIeH Ha Hay4YeH CHTPYIHUK | CT.

Ha 16.1.1991 r. craBa emmH OT OCHOBaTenmuTe Ha bBBIATapcko ApPYyKECTBO IO
KOIHUTHBHA HayKa XU HErOB IPBB MPEACCAATEI.

Camara 3ammuTa Ha aucepramusta my ,,AMBRI1: Enun xubpupeH momen Ha
YOBEWIKUTE Pa3ChKACHHUS IO aHAJOTUS™ C€ CBhCTOS CPAaBHUTEIHO KbCHO — TMpE3
2004 r., xaTo ToBa Oemie eAWH IMO-CKOpO (OpPMaJeH aKT Ha MpHU3HABaHE Ha Bede
HATpyTaHUS My ONHT W MPHU3HAHHE OT CBETOBHATAa OOITHOCT B HEroBara 00JacT.
Enna ot mpuumamTEe Oelie W HOBOCTTa Ha HANPABICHHETO, HA KOETO TOH ce sSBH
MMOHEp — Ha TpaKTHKa B bhirapus HsAMalie KOMUCHS, KOSITO Aa Jaae KOMIIETEHTHA
OIICHKa HAa HETOBHUTE IMOCTIDKEHHUS. A YHCTO MAaTPUOTHYHUTE MYy HJACaTH HE MY
MO3BOJIsIBaxXa Jia CU MOMHUCIY 32 €BEHTyalHa 3allluTa ApyTaje.

IIpe3 2005 r. B HoB OBnrapcku yHUBEpCHTET Oemie 00sBEH KOHKYpPC 3a JOIICHT,
KOKTO TOi1 criedeny 1 mpeMuHa Ha paboTa TaM.

Bboituo KoknHOB € pabGoTHI B MHOXXECTBO MEXIYyHApOJHM M HAIMOHAIHU
HOPOEKTH, CBBP3aHH C KOTHUTUBHHUTE MPOLECH M KOTHUTUBHOTO MOJAEIHMpPAHE.
[Ty6muxyBain e Hax 70 cTaTHX U CTY WM.

Hayqlm HHTEPECU H MOCTHKCHUSA

E}II/IH OT OCHOBHHUTC BBIIPOCHU, KOUTO 6y)1exa HETOBUA TIOCTOSAHCH HAYYCH
uHTEpec, Oelle pa3KpUBAHETO HAa MEXaHW3MHUTE Ha 4YOBEIIKOTO MHMCIEHE, I10-
CIIeIMalHO HAa HAUMHUTE Ha pelllaBaHe Ha MpoOieMu, pa30UpaHEeTo, B3EMAaHETO Ha
pemeHus no ananorus. HpopMaTnyHaTa My Hariaca 10 €CTECTBEH ITbT IO Kapaile
Ja ThPCH pelIeHHe 3a Te3U IPOLECHH NpoOieMH B Apyrara OCHOBHA ChCTaBKa:
yoBemkata mnamer. Cuwrame, 4e pa3OMpaHEeTO HAa MEXaHM3MHUTE Ha HEHHOTO
AKTHBHpPAHE ¥ B YaCTHOCT — KOHCTPYKTHUBHUST €JIEMEHT, KOWTO BHACS €MHM30ANYHATA
MIaMeT, Ie JIOBEJE JI0 ThPCEHOTO OOsSCHEHHE Ha TopHHUTE npobiiemu. B msmoctHus
MpoIiec Ha ThPCEHE Ha pelleHre TOH oOpbhiIame oco0eHO BHUMAaHKE M Ha ABIOOKO
¢mnocoeckara gacT Ha eHOMEHa M HaMecaTa Ha TEOPHATa Ha OTPAKEHUETO Upe3
pa3dupaHeTo Ha KOHTEKCTHO-3aBHCHMATa MPUPOJIa Ha YOBEIIKOTO MO3HAHHE.

ExumrsT, ¢ KoMTO TO paboTemie, ce ChCTOEUIE INIABHO OT HETOBHUTE YUEHHIH —
OysaHM MIanekd W JEeBOMKHM, KOWTO HaMepHxa IO-HaTaThIIHA peanu3alus B
pa3NU4YHM NPeCcTHKHU HHCTUTYnMU B EBpona u CAILLL

OcHoBaTa, Ha KOSTO boiluo M3rpaaM MO-HATATHIIHUTE CHU U3CJIECIBAHUSA, €
Ch3/1a/icHaTa KOTHUTUBHA apXuTeKTypa ¢ o0mo npeagnazHadenue DUAL, kosiTo
WHTErpUpa CHUMBOJHUTE M KOHEKIIMOHHUCTKUTE MOAXOJIM Ha MHUKPOHHMBO. Bcuuku
KOTHUTHBHH TIporiecu, mozaenupanu upe3 DUAL, ce 6a3upaT Ha CHUMyJIHpaHe Ha
KOJICKTUBHO TTOBEJICHHUE Upe3 B3aMMOJACHCTBHUS Ha MHOTO XHOPHIHH MUKPO-arcHTH.
[7,8,9,12,18,21].

Xubpuanocrra B DUAL ce mposiBsiBa 1o aBa HaunHa. OT elHa cTpaHa TS ce
0a3upa Ha  PA3TPAHUYCHUCTO W  HWHTCTPAIUATa MEXKAYy CHMBOJHUS U
KOHEKLIMOHUCTKUS MOJXOJ, OT Apyra CTpaHa — Ha JEKJIApaTUBHUS U MPOLIECYATHUS
noaxoa. OcBeH ToOBa XapakTEepHH 4YEpTU ca AMHAMUYHOCTTA W KOHTEKCTHaTa
3aBUCHUMOCT.
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[s1ata 00paboTKa U MpEACTAaBIHE HA 3HAHHS B apXUTEKTypaTa Ce U3BBPIIBA OT
T.Hap. DUAL arentu. Hsma 1neHTpajgeH H3IBJIHUTEN, KOWTO Ja KOHTPOIHMpa
cucTeMaTa, Ja OTIIyCKa CpEeICTBara, Ja pelliaBa KOH(MIMKTHTE W T.H. PelieHusTa
BB3HUKBAT Ha 0a3aTa Ha MCCTHUTE B3aUMOJCHCTBUS Mexnmy Jokamaute DUAL
areHTH. BaxkHa 0COOCHOCT € W BIMSHUETO Ha OKOJHATA CPElla BEPXY PEHICHHUETO Ha
koHkpetHute DUAL arentu.

Bceku DUAL arentr e xuOpumHo oOpasyBaHWe, H3IBIHABAIIO U
NpeACTaBUTENHUTE (QYHKIMM, W oOpaboTBamuTe TmpouecH. Bceku areHT e
CPaBHHMTEIHO TIPOCT, HMMa JOCTBIl CaMO JO JIOKalHa uHpOpMauusi, U CH
B3aMMOJICHCTBA CHhC CBHCEJHUTE arceHTH. HeroBWsT cHMBOJIEH MpOLECOp MOXE Ja
W3MBIHABA MPOCTa MAHUIYJAIMS HA CHMBOJIM (JAUCKPETHH KOMITO3MIIMOHHU
CTPYKTYPH) W Ja TH NPEXBBPISI HA APYTH areHTu. [IpyrusaT acleKkT Ha mpolecopa €
PasmpOCTPaHEHNETO Ha AaKTUBHOCT (HEMPEKBCHATO IOOABSHO KOJNWYECTBO) MEXKITY
areHTUTE, C KOETO TE CE MPUITO3HABAT KATO BH3IIM B MpEXaTa.

CKopocTTa Ha CHMBOJIHATa NpepaboTka, m3BbpmBaHa oT aageH DUAL areHr,
3aBHCH OT HUBOTO Ha HETOBAaTa aKTUBHOCT. AKTUBHUTE areHTH paboTiAT OBP30, IMO-
c1a00 aKTUBHHTE arcHTH paboOTAT 0aBHO, 2 HCAKTHBHUTE arcHTH HE Pa0OTAT H3001I10.
[To To3M HAaYMH BCEKHM areHT AONPHHACS 3a OOMIOTO M3YMCISABAaHE B CHCTEMara B
pa3nuyHa creneH. EMHOBpEMEHHO ¢ TOBa HHMBaTa MM Ha aKTUBHOCT CE€ TPOMEHST
HETNPEeKBCHATO, KOETO BOJIW M JIO ITOCTOSTHHA MPOMSHA HAa CKOPOCTTA HAa CHMBOJIHATA
obpaboTka.

JbnarocpoyHata maMeT Ha apXHUTEKTypaTa Ce CBCTOM OT oOmms Opoil Ha
HaceJieHneTo Ha BCHMYKH nocTogsHHM DUAL areHTH. AKTHBHOTO NMOJMHOKECTBO OT
TSAX TUTFOC HSAKOW BPEMEHHH areHTH IpeACTaBIsIBaT paOOTHATA ITaMeT Ha CHCTEMAaTa.
ChpaoppkaHneTo Ha paboTHAaTa ITaMeT c€ TPOMEHS IWHAMHYHO, OTpa3sBaliKu
MPOMEHHUTE B OKOJTHATA Cpela M BHTPEIIHMS XOJ Ha W3uHucieHne. ToBa € omle eauH
(haxTOp 3a IEBKABOCT U KOHTEKCTHA YYBCTBUTEITHOCT.

Ha 6a3ara na DUAL boiido Kokunos pa3paboru cuctemara AMBR karo mope
HAa YOBEIIKOTO MHCJIeHEe, ONNTBAlKM ce Ja OOCTMHM aHAJIOTHATA, ACAYKIHITA H
0000mennero. MoaenbT HHTErpuUpa MOANPOIECH Ha JOCTBI [0 IaMeTTa,
OCBIIIECTBSABAaHE Ha CHOTBETCTBHE (mapping) u TpaHcdep, KOUTo paboTAT mapaiesHo
Y B3aMMOJIeicTBaT MoMexay cu. [19,25,28]

CrnenBamoTo pasBUTHE BKIIOYBA pa3paboTBaHe Ha MOJeJ HAa 40OBeHIKaTa
enusognyHa mamer. To3su moxen e uHTerpupan ¢ AMBR wu nemoncTpupa
B3aUMOJCHCTBHETO MEXIYy IaMET W pa3ChXICHHWSA. MOJEenbT NPOTHO3Mpa, 4e
HaMECBAHETO Ha E€AWH ENH307 B YT, KOWTO HAMA HHUIIO OOIIO C HETO, MOXKE 1a ce
MOJTydH TTOpaaH MposiBaTa Ha IBE OTICIHHU aHAJIOTUH ¢ TpeTu enu3o. [Iporro3ara Ha
MoJlella HaMHpa M eKCIIEPUMEHTAJIHO MOTBBPXKACHHE, W MO TO3M HAYMH Pa3KpHBa
BB3MOXXHU MEXaHU3MHU 33 Bb3CTaHOBsIBaHE Ha mamerta. [23,37,38,55]

Apxurektypata DUAL ce wu3nonasBa M IpH M3rPakAaHETO Ha MOAeJ Ha
yopemkata npeueHka — JUDGEMAP. MonensT mporHosmpa, 4e OICHKaTra Ha
JaicHa CUTyanusl CHJIHO MOXe Ja ObJe W3KpHUBEHA MOpagd HATWYHETO Ha
HEpENCBAaHTHH (PAKTH B OKOJHATA CPEAa, KOMTO BB3JEHCTBAT BBPXY PEIICHUETO.
Te3u mporHo3u ca MOTBBPACHU eKCIIepUMeHTanHo. [27,29,31-34,36,39-41]
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[To-kbCHO eKUMBT pa3paboTBa MOAET HA YOBEIIKOTO Bb3nmpusitie PEAN,
Koiito pasmmpsiBa AMBR cbc criocoOHOCTH 3a BB3NpUATHS M Ha Ta3u 0Oaza ca
MIPOYUYESHH B3aUMOJICHCTBUATA MEXK Ty aHAJIOTHS, TaMeT U Bb3NpusThe. [42-45]

Boituo KokmHOB paboTH BBPXY H3TPaKIAHETO HAa TEOPHATA 32 KOHTEKCTA,
CTBIIBaliKU BBPXY pa30OMpaHETO Ha POJIATa Ha KOHTEKCTa MIPHU YOBEUIKOTO MHCJICHE U
BJIMSIHUETO Ha JMHAMMKATa HAa KOHTEKCTA BbPXY YOBEIIKUTE MO3HABATEIIHH MIPOLIECH.
Teopusdra BKIIOYBA pPa3KPUBAHETO HA CHIUIHOCTTa HAa TOHSATHETO KOHTEKCT U
WHALMHMpANMs My e(eKT BBPXY pa3ChKACHHATA, pellaBaHeTO Ha MpoOiemH,
B3€MaHeTo Ha penienus. [26,46-51..73]

B mamer nHa boituo, mpe3s 2013 .
Anexcaugbp IleTpoB, KOWTO € €aWUH OT
OCHOBHHTC YYACTHWIIA B peaju3aluiara Ha
DUAL, u3naBa kHurara ,,Associative Memory-
Based Reasoning: A Computational Model of P~ e |
Analogy-Making in a Decentralized Multi-
Agent Cognitive  Architecture® (Lambert
Academic Publishing. ISBN 978-3-659-26248-
7)', chabpKaia TeKCTa Ha JUCEPTAIMOHHUS
TPYA Ha AJleKCaHIbp, KaKTO U TJ1aBa ot ['eopru
[leTkoB (mOcHemHUAT HOKTOpaHT Ha boifdo
KokunHoB), ommcBama  pe3yiTrature  OT
JUDGEMAP.

g
)
i

|
g
-

Ia

sz
a

5 -
[ I
‘I
II

Boiiuo nu miiagure

l
>,
If

IIpe3 1992 r. boi4o ch3aaBa MarucTbpcka
mporpaMa MO KOTHUTHBHA Hayka B Hos
OBNTapcKH YHHMBEPCHUTET, KOSATO € IIbpBara
YHUBEPCUTETCKA MIPOrpaMa Mo KOrHUTHBHA HayKa B LlenTpanna u U3touna EBpomna.

B HoB Obirapcku yHHBEpCHTET IpernojaBaTeiickaTta My JICHHOCT € CBbp3aHa C
MHOTO KypcoBe, Cpel KOHTO ,BbBelieHMe B KOTHMTUBHaTa Hayka“, ,Muciene,
pa3CHKACHUS U pelraBaHe Ha mpoOiemu”, , AHamorus”, ,Ilo3HaHHE B KOHTEKCT,
,,KOHCTpYKTUBHA mameT‘. Bui € NeKTop B pa3iauyHH €BPOINEHCKH YHHUBEPCUTETH
karo: ElorBom-Jlopann ynuBepcureT B bynanema, SIrenoHckus yHHUBEPCUTET B
Kpaxos, YuuBepcurera B ATiHa, YHuUBepcuTeTa B CrneHa, YHuBepcurera B bpemen,
YHuepcuteTa BbB Buena.

B mepuoma ot 1999 1o 2007 r. e 3amectHuk-pekrop Ha HBY mo
Hay4HOHM3CIIeZ0BaTeNIcKaTa paboTa U cucTemMara 3a KadecTBo, a Mexxay 2010 u 2013
T. € pPHKOBOJIMTEI Ha IeNapTaMeHT ,,KOTHUTHBHA HAayKa U IICHXOJIOTHS .

ITon HEeroBo pbKOBOACTBO mpe3 1997 r. ce AWMIOMHUpAT MIBPBUTE MArucTpu IO
cnenuanHoct ,KoruutuBHa Hayka® 3a bearapusa. Ilpe3 roaumnure 12 Herosu
JUIUIOMAHTH YCIEIIHO 3alllUTaBaT CBOMTE Te€3M, a HAKOM OT TIX I0-KBCHO

! http://alexpetrov.com/pub/AMBRbook/
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NPOJIbJDKABAT HAy4YHATa CH Kapuepa KaTo JOKTOPAaHTH Ha MPECTHXHU YHUBEPCUTETH
B EBpona u CAIIl.

IIpe3 1998 r. xoruuTHBHATa Hayka B beiarapus mma cBos mepBu moxTop. [Ipen
MEXIyHapoJHa KOMHCHS ChC ChcTaB Haym SkumoB (mpencemaren), 3apaBKo
Mapxkogs, Kenneth Forbus, Dedre Gentner, Keith Holyoak, John Hummel u Pentti
Kanerva nmoxtopanTsT Ha boituo Anekcanawsp IleTpoB mpernctaBs cBos Tpyn ,,A
Dynamic Emergent Computational Model of Analogy-Making Based on
Decentralized Representations™. Cien Hero mpe3 roIUHHUTE CIEIBAT JOKTOPCKHUTE
3aI[UTH Ha olle 6-Ma ydeHui Ha Boifdo, KaTo BCsiKa OT JMCEPTAlMUTE Pa3BHBA U
oborarsiBa obmata iaropma AMBR ¢ HOBH BB3MOKHOCTH.

Toit Oemre OnecTsmy ydeH HE camMO 3allOTO WMAalle 3aJBIO0YCHH HAyYIHU
MOCTHIKCHUSI, HO W 3al[OTO M3TPaJX Isj1a apMHs OT IMOCIIEAO0BATENH, 3alajJeHd OT
HETOBUTE UIEU.

JlokaTto cu kopecrioHAMpaxMe ¢ Anekcannbp IleTpoB 1o moBox HaNMMCBaHETO Ha
Ta3M cTaTusl, BUASX HETOBOTO MOTO B Kpasl Ha ITOJIIHCa Ha McMara My ,,It is better to
light one candle than to curse the darkness”. boituo Geme 4oBek, KOWTO ,,3amanu
MHOTO cBemu‘. B TBopueckara My aBToOHOTrpadusi 0COOEHO MACTO 3aeMa CIIUCHKBT
Ha HETOBUTE YUCHHUIIN — 3aIIUTHIN MAaruCTPH M JJOKTOPAHTH, ITOKAa3BalKH, 4e TO ce
ropjiee MoBeYe C TEXHUTE MOCTHXEHUSI, OTKOJIKOTO ChC cBoHTE. PaKT € M 0OpaTHOTO
— B MNaMETHOTO IUIaTHO C MaruCTpm W JOKTOpaHTH, 3alllUTUIIM I10J] HETOBOTO
PBKOBOJICTBO, U3pa0OTEHO OT caMHTe TAX 3a ayautopusta B HBY, muum ocobenarta
ropaocTt, ¢ KOATO T€, HpeHCTaBHﬁKH CBOHUTC IMOCTHXXCHUA, 3aCBUACTCIICTBAT HCTOBUS
TaJIAaHT KaTO YYEH U YUUTEI.

Mazucmpu no xoenumuena nayxa ¢ HBY, 3asvpuunu noo He2o60 pbko8o0Ccmeo.

— Kamuna Xamxumnuesa (Kanmmua Kpucrod): maructep (1997); mokrtopar B
Cran¢opackus YHUBEPCUTET; IMOCTIOKTOPCKA crieruanu3ays B Keiimopumxk;
JoueHT B YHuBepcutera Ha bpurancka Koxym6Oust, Baukyssp, Kanana

— Amngpea Kynakos: maructsp (1998); npodecop B Yuuepcurera B Ckomnre

— Bonogomup HBanuenko: maructsp (2000); nokropaT B YHHBEpcHUTETa B
Pouectsp; codryepen nmxenep B CamcyHr u AlidiyeHc

— MUBgaitno Bnaes: maructep (2000); nokxropar B YHuBepcurera Ha Okcdopr;
MOCTAOKTOPCKU CIIeNUalIn3alul B YHuBepcuTera Yopyuk u JIOHIZOHCKH
VHUBEPCUTETCKM Kok, mpodecop B  YHHBepcurera  YOPYHK,
BenmnkoOpuranus

— Hadmxen Motic: maructep (2001); mCHXONOT-KOHCYNTaHT B KIMHHKA B
Oxcdopa

— botika bpatanosa: maructsp (2003); nokropat B YHUBepcuTeTa Ha MenObpH,
ABCTpanus; TOCTAOKTOPCKU CHeuuanu3anud B YHHBepcureta CobpH,
BenukoOpuranus u YHusepcutera Ha MenOobpH, ABCTpaius

— Jlanwena PaeBa-bepu: wmaructep (2003); noxrtopar B Exom Hopman
Cynepuop, Ilmza; mpenomaBaten B YHuBepcuteta B bupmunram,
BennkoOpuranus
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— Apnpuan Hecrop: maructsp (2003); nokropar B YHuBepcutera bpayn, CALLL;
MOCTIOKTOpCKa crnenuanu3anus B YHuBepcurera Kapuerun-MensH, CAIL;
acuCTeHT B YHuBepcurera Ha Toponro, Kanana

— Amnenus MurkoBa: Maructsp (2004); DOKTOp 1O BOCHHA IICHXOJIOTHS;
nscnenoBares B MHCTUTYT 1o BoeHHa ricuxosorusi, BMA, Codus

— CgerocnaB bamsuanku: maructsp (2007)

— Jlymsa llax6a3sH: Maructsp (2008)

— Teopru Huxomaes: maructsp (2009)

Sawumuau doxmopanmu no Koenumugna nayka 8 HPY noo pvkogoocmeomo na
boiiuo Koxunos:

— Aunekcauampp [letpoB: moktop (1998), NMOCTHOKTOPCKH CIEIUANH3AINHA B
VYuusepcurera Kapaeru-MensH, Yausepcuteta Ha Kamndopuus B bpeun u
VYuusepcurera Ha Konopano, CALL; noment B [Ipp:kaBHUS YHUBEPCHUTET Ha
Oxatio, CAIIJ

— Hena 3apeBa: moktop (2003), menumixbp Yosemku pecypen B Kaydiann,
Bearapus u HWuBectop.or AJl; usmbixutencH mupekrop Ha ,,100 foxes
Consulting®

— Ilenka Xpwucrosa: mokrop (2005), acucreHT B aemaprameHT ,,KOorHUTHBHA
Hayka u ncuxonorusa” 8 HBY

— Teopru IlerkoB: mokrop (2005), acucreHT B aemapTameHT ,,KorHUTHBHA
Hayka u ncuxonorus” 8 HBY

— Munena MyraduneBa: moktop (2007), acucTeHT B JeHapTaMeHT
,,KOorautuBHa Hayka u ncuxogorus B HbY

— UVBan Bankos: gokrop (2010), acucteHT B nemapTameHT ,,KorHUTHBHA HayKa
u nicuxosorus B HBY

— CserocnaB bimmznamku: moxtop (2013)

boiiyo KoknHOB € ri1aBeH MHUIMATOP 3a Ch3JlaBaHETO Ha MeXIyHapoHa JIsTHA
niKoja 1o korHutuBHa Hayka B HBY mpe3 1994. Mnesta Ha mikonarta € na nane
BB3MOKHOCT 3a Cpellja Ha MIaJuTe U3CIEA0BATEIN ChC CBETOBHUTE JOCTMXKEHUS B

obnacrra.

Kakto xa3Ba cammsr boiituo B eaHo wuHTepBIO 3a ,,bbarapus cera“ !

(23.08.2007 r.): ,,Cv30asanemo Ha IAMHAMA WIKOIA, d NPeou Mosd U Cb30A6AHEMO
Ha npozpamama no Koehumuena nayka ¢ HbY, 3anaea na ocnosnomo pazoupane, ue
mpsa66a 0a ce OMBOPUM 3d CBEMA U Ye He MOXHCceM 0a NPasuM KOSHUMUBHA HAYKA
CamMo HaA MeCmMHO HUB0, 3aujomo mosed Ou 03HA4ABAN0 04 ce NPAGUM, Ye NPAGUM
makaeéa Hayka. Cmyoewmume, a u camume Hue, mpabea o0a obwyeame ¢
excnepmume no ceéema 6 masu obracm. Jlamuama wKoia e UHCMpPYMeHm, upe3
KOUMO CsIKA 200UHA MYK UOBAM €OHU O HAU-U3GECMHUME YUeHU, ¢ KOUMO Hauume
cmydenmu u Hue ce cpewjame, pas2oeapsime ¢ MAX, Yy8aMe HOBOCMUME 8

123.08.2007, Bwrapus cera, MuTepsio ¢ Boitdo KoknHOB "3a TsTHATA IIKOMA 1O KOTHATHBHA
Hayka 2007", http://www.bulgariasega.com/lichnosti_usa canada/59.html
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KocHUmMusHama Hayka. ¥ Heujo, Koemo e usKio4umenHo axcHo, OUNJIOMUpanemo Ha
Hauwiume cmyoeHmu Cmaga 6UHAcU nped MexcOyHApOOHO JCYPU, MAaKa ue me3u Xopa
yuacmeam 6 U3NUMEAHemo HA HAWUme CMmyOeHmu npu MiXHOMO OUNIOMUPAHE.
THocneonomo ne Hu nosgonsiga 0a Npagum HAKAK®E MeCmeH CMAaHOapm, d HU 0asd
CUSYpHOCH, He mo8d, ¢ Koemo ce 3aHumasame, e Ha ceemoeno Huso™. lllkomara
urpac 0CoOCHO TOIIIMO 3HAYCHHUE 3a CH3/IaBaHETO Ha KaJ[pH M0 KOTHUTHUBHA HayKa HE
caMo 3a bearapus, Ho u B 1sina M3rouna u Lentpanna EBpona. MHOro ot miagure
M3CIIEIOBATEIN, CPEIIAiKU Ce ¢ M3BECTHU MPO(decopH, MOKAHEHH KAaTO JICKTOPU Ha
IKOJIATa, HAMHPAT CBOSTO HAYYHO MPU3BaHHUE M OOII €3HK, M MO-KHCHO 3aBBPIIBAT
JIOKTOPAHTYPH B PECTHKHH YHUBEPCUTECTH.

SUMHa WIKONa 1O KOTHWTBHA HayKa, TpeLLienvK, 2011 3uMHa wKona o KorH

Yacm om naamnomo, HanpaseHo om Hezosume cmyoenmu 3a ayoumopusi 407 na HEY,
KOSMO HOCU He20601MO ume

OO0nIecTBeHo BIIUSAHHE

Omie mpeny fa 3aloyHe CaMOCTOSITETHOTO Pa3BUTHE HA Pa3IMIHU MEPOIIPHATHS,
MOTTYJISIPH3UPAIIHN TTOCTIKEHHSATA Ha MIIaJaTa HayKa, KaTo MIIAJIIN U3CICI0BATEN B
ceKkmus ,,MaTemMaTH4ecko OcCWUTypsiBaHe ToW Oemle AakTUBEH WIeH Ha
OpraHU3aIMOHHUTE, a MO-KbCHO MPOTPaMHUTE KOMUTETH Ha mpoBexaaHata Illkoma
[0 MPOTpaMUpPaHe, KOATO HE CIICA ABJITO IpepacHa B MexayHapoaHa KOH(PepeHIIUs
o uHdopmaruka. Olle ToraBa HErOBHUAT 3aBJI0O0YCH YM M CPYIUIIHS B U3HACSTHUTE
OT Hero MOKJaaAd WM Yy4acTHs B JAUCKYCHU TIpaBexa CHJIHO BI€YaTICHHE.
VYyactBaiiku B opranHuzanusita u mpoBexaanero Ha Illkomara, boituo Bmxkaa
BB3MOKHOCTUTE, KOUTO TaKHMBA MEPOIPHATHS CH3/AaBaT 3a ,,MIAINTE OBITAPCKH
HHPOPMATUIIM Ja Ce Ccpemar W ydaT oOT BOJCIIM MEXIYHAPOIHH YUCHH,

«l

BKIIFOUYHUTCIIHO U OTBBJ Kensa3nara 3aBeca™ .

C pa3BUTHETO HA HJACUTE B CBETOBEH MaIab HAMpaBlICHHETO [OCTEIICHHO
3armoyHa ja go0uBa coOCTBEH OONMK M TOW Oelle eluH OT MHOHEPHUTE B HETOBOTO
M3TpaXKIaHe U YTBbPKIABaHE.

Boiiuo KoknHOB BHHArK ce Oopelie 3a KauecTBO Ha CBETOBHO HHMBO. 3aTOBa,
OCBEH C YHCTO HAyYHHUTE CH H3CJICABAHMs, TOH aKTUBHO paboTenie 1a Chb3aane
MEXIYyHapOIHA CPe/ia, B KOSTO OBIrapcKUTe KOTHUTUBHCTH J]a MOTAaT Jia OOLIyBaT
Ja TTIOKA3BaT CBOMUTE PE3yJITaTH.

VyacTBa B NPOrpaMHUTE KOMHTETH, a IIOHSKOTa € W TMpPENCceAaresl W IoeMa
JOMaKHHCTBOTO HAa pemuiia MEKIyHApOJIHH KoH(epeHmHn B obmacTra Ha
korHuTuBHaTa Hayka karo: Annual Conference of the Cognitive Science Society

' TlamerHo coBo ot Boitao KoknHoB 3a npod. bepHeB
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(2004, 2005, 2009, 2010, 2011), European Workshop on Context (1997),
International and Interdisciplinary Conference on Modeling and Using Context
(1999, 2001, 2003, 2005, 2007), Workshop on Modeling and Reasoning about
Context (2008, 2010), International Conference on Cognitive Modeling (2007, 2010),
International Symposium on Smart Home (2007, 2008) u np.

AXTHBHO y4acTBa B paborara Ha EBpomelickara koH(epeHIHs M0 KOTHUTHBHA
HayKa, KOSITO ce MPOBEX/a BEIHBXK Ha 4eTHpH roaunu, karo mpe3 2011 r. Codus
CTaBa JOMAakKMH Ha Tasu KoH(pepenuus', chOupaiiku Hax 150 yuenu ot EBpoma u
CBETa B MOMEHT, KOraTO KOTHUTHMBHATa HayKa € €AWH OT TPUTE NPHOPUTETHH
o0nacTy 3a Hay4yHO pasBUTHE. J[pyru CHOMTHS MOA HETOBAa MHHUIIMATHBA, POBEICHU
B Codus, ca International Conference on Advances in Analogy Research (1998),
International Conference on Constructive Memory (2003), International Conference
on Cognitive Economics (2005), 2nd International Conference on Analogy (2009) u
Ap.

JlparoroaniieH WieH Ha peJakIMOHHATa KOJIETWS Ha crucaHuero ,,Cognitive
Science Quaterly”, m3mbiHHUTENICH pemakTop Ha ,Artificial General Intelligence®,
ChpelakTop Ha KHIKHaTa cepusi ,Atlantis Thinking Machines: Studies in
Computational Cognition®.

UnenyBa B Acomuanusta no korutuBHa Hayka (CAILl), B AmepuxaHckara
acouuanys 3a M3KyCTBEH HHTEJNEKT, a mpe3 1997 r. camusaT Toif € ocHOBaTen Ha
LlenTpanHo- 1 M3TOUHO-eBPONEiiCKH IIEHTHP 0 KOTHATHBHA Hayka” kbM HBY.

3akjaoueHmne

B excrosero, npeacTassuio boituo Kokunos kato nektop Ha TEDXxNBU 20137,
CTYACHTHUTC IMUIIAT 3a HETO:

,, boiiuo Kokunog e wosek, Koumo He npusHasa MHO20 cpaHuyume u nOCMosHHO
2U npecuua, 3auomo 8apea, e mam ce CIy4eam Hau-uHmepecuume Hewja. 3aHuUMasa
ce ¢ KOCHUMUBHA HAYKA, KOSAMO CIMPOU MOCHO8e MelcOy NPpUpoOHU, XYyMAHUMAPHIU,
coyuantu u mexuuyecku Hayku. Tsa ce onumea 0a ome0o8opu HA 8bAPOCU KAMO KAK
Xopama 8vb3npuemam, yuam, NOMHAM, MUCISAM, 2080PAM, Cb3HABAM KAMO 00e0UHA8A
eKcnepuMeHmaniume Memoou Ha NCUXON02UAMA U HEeBPOHAYKUME CbC CHOUPAHEMO
HA OAHHU 8 TUHEBUCTIUKAMA U AHMPONONIO2UAMA, C MUCTIOBHUME eKCNePUMEHMU HA
Qunocopusma, u ¢ KOMRIOMBPHUME MOOCIU HA UHDOPMAMUKAMA, U3KYCMEEHUs
UHmMeNeKm u pobomukama.

! MuTepsio B "Ornedarsin” mo bTV, 29.05.2011 3a EBpomneiickara KOH(pEPEHIHS 110
KOTHHTHBHA HayKa, mposezieHa B Codus, 21-24.05.2011 -
http://www.btv.bg/video/shows/otpechataci/videos/dots-boicho-kokinov-za-kognitivnata-
nauka.html

2 http://old.nbu.bg/cogs/center/index.html

* Mpencrapsiue Ha b. Koxkuro kato nektop Ha TEDXNBU 2013 -
http://tedxnbu.com/2013/03/15/%D0%BB%D0%B5%D0%BA%D1%82%D0%BE%D1%
80%D0%B8-2013-%D0%B1%D0%BE%D0%B9%D1%87%D0%BE-
%D0%BA%D0%BE%D0%BA%D0%B8%D0%BD%D0%BE%D0%B2/
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Toti ce onumea Oa paszbepe Kak Xxopama pewiagam RpPoOLeMu, KaK 63eMam
peuterust, Kak Cu CHOMHSIM OMMUHAIU CobOUMUS, KAMO HABCAKbOE MY Ce NPUBUNCOAM
ananoecuu. Ybeden e, ue npaseHemo HA AHANOSUU € (DYHOAMEHMATHA HOBEUIKA
CROCOOHOCM, KOSIMO YYACMEd 8668 6CUYKuU 2opeusdpoenu seienus. Ocobeno ca my
UHMEPEeCHU HEeCH3HABAHUME NPoYecu — KaK XOpama ce GIusisim Om KOHMEKCMmd
00KAmMO pascvicoasan, 63eMam pewenue uwiu cu npunomusm wewo. Ilpasu onumu
0a uU3Ccne08a eKCnepuMenmaiio me3u HeCb3Ha8aHu npoyecu u 0a OMKpue mexHume
MeXanuzMu, KAKkmo u 0d NOCMpou KOMAIOMBPHU MOOeIU, KOUmo 0d UMAam
noseoeHue, CXOOHO C YOBEWKOMO U Oopu 0ad NpeocKa38am HOBU AGNeHUs U
ocobenocmu Ha Y08euKOmo noseoenue.

C ocobena OnarogapHOCT KbM KojierHTe My OT HOB ObBirapcku yHHWBEpCHTET,
KOUTO HH ChACHCTBaxa mpu GpopMupaneTo Ha To3u TekcT. M Ha Anexcannsp Iletpos,
KOMTO OTKJIMKHA OTBBJI OKEaHa W MH IIOMOTHA C TPEACTaBIHETO HAa HAyYHHUTE
pe3ynTaTH.

BsipHo e, ue B munero Ha Hoe Obarapcku yHuHBepcuteT Boitdo Hamepu MSCTO,
KBJIETO J1a pa3r'bpHE HA'BJIHO CBOMTE HOBATOPCKU UJIEH.

HHCTUTYTHT MO MaTeMaTHKa U HHPOPMATHKA IIBK OT CBOs CTpaHa Oelle MICTOTO,
KBbJIETO BCUYKO TOBA 3aMlOYHa W TOI MOJy4YH MIBPBUTE CH MPU3HAHUA KaTo yueH. [lo
MyMUTe Ha caMusi Boiluo — ToW € MMan YHHKAaJTHOTO MIACTHE U KbCMET Jia OBIC
y4eHuK Ha mpod. bepHeB.

JIn4HO a3 MbK UMaX YHUKATHOTO IacTre aa ObaeM KoJieru ¢ boitdo.

I/IH(I)OpMaTI/IK I10 AyIa 1 YOBEK 110 ChpIEC — UCTUHATA €, UYC MHOT'O HU JIUIICBA.

IIpunoxenue:
W3BajKu oT HayuHaTa Guorpadus Ha Boiiuo Koxnnos'

YuacTHe B MeKAYHAPOIHHN NMPOEKTH
6th FP of the EU, ANALOGY: Humans — the Analogy-Making Species. (partners: Cambridge, UCL,
CNRS, CNR, U Athens, U Heidelberg, UBC, UCD), 2006-2008, (Principle Investigator, Coordinator).

6th FP of the EU, Explaining Religion. (partners: Oxford, Queen Univ. of Belfast, U. Liverpool, U.
Helsinki, U. Aarhus, U Groningen, CNRS, U. Salzburg, U. Zurich, U. Brunel), 2006-2008, (Principle
Investigator, Coordinator), 2007-2009, (Principle Investigator).

6th FP of the EU, RASCALLI: Responsive Artificial Situated Cognitive Agents Living and Learning on
the Internet (partners: OFAI, DFKI, ARC, Radon, Sirma), 2006-2008, (Principle Investigator).

6th FP of the EU, MIND-RACES: From Reactive to Anticipatory Cognitive Embodied Systems. (Partners:
CNR, U Wuerzburg, IDSEA, OFAI, U Lisbon, Lund U., Noze), 2004-2007, (Principle Investigator).

Sth FP of the EU, EUROCOG project: The Centre of Cognitive Science at NBU: Centre of Excellence,
2003-2005, (Principle Investigator).

McDonnell Foundation, USA, ,,Cross-Linguistic Studies in Aphasia“, 1993-2001 (Principle Investigator),
in cooperation with Elizabeth Bates (UCSD).

! JInuna crpannua Ha Boitao Kokuros B HBY - http://old.nbu.bg/cogs/personal/kokinov/
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CNR, Italy, ,,Context and Emergent Cognition“, 1998-2000 (Principle Investigator), in cooperation with
Cristiano Castelfranchi (Institute of Psychology-CNR, Rome)

CNR, Italy, ,,Cognitive Modelling”, 1992-1997 (Principle Investigator), in cooperation with Cristiano
Castelfranchi (Institute of Psychology-CNR, Rome)

3rd FP of the European Union, COST, ,Real World Commonsense Reasoning“, 1993 (Principle
Investigator), in cooperation with Christopher Habel and Christian Freksa (Hamburg University)

Yuacrtue B HAIIMOHAJHHA NMPOECKTH:

H®HU - ,Priming and Context Effects on High-Level Cognitive Processes”, 1994-1997, (ocHoBeH
H3CIIEe0BATEII)

H®HU - ,Cognitive Processing of Bulgarian Language in Norm and Pathology®“, 1994-1997,
(u3ciiegoBatedn)

H®HU - ,,Cognitive Modeling by the Symbolic and Connectionist Approaches®, 1991-1994, (ocuosen
H3CIIeI0BATEN)

MOH - ,,UnTtenurentau cucremu™, 1987-1991, (u3cienosaren)

Penaxkrop Ha KHUTH

Kokinov, B., ed. (1995). Perspectives on Cognitive Science. Vol. 1. (1995), Vol. 2. (1996), Vol. 3 (1997),
Vol. 4 (1999), NBU Press, Sofia.

Holyoak, K., Gentner, D., Kokinov, B., eds., (1998). Advances in Analogy Research: Integration of
Theory and Data from the Cognitive, Computational, and Neural Sciences. Sofia: NBU Press.

Gentner, D., Holyoak, K., Kokinov, B., eds. (2001). The Analogical Mind: Perspectives from Cognitive
Science. Cambridge, MA: MIT Press.

Kokinov, B., Hirst, W., eds. (2003). Constructive Memory. Sofia: NBU Press.

Dey, A., Kokinov, B., Leake, D., Turner, R. eds. (2005). Modeling and Using Context. Lecture Notes in
Al vol. 3554, Berlin: Springer Verlag.

Kokinov, B. ed. (2005). Advances in Cognitive Economics. Sofia: NBU Press.

Kokinov, B., Richardson, D., Roth-Berghofer, Th., Vieu, L. eds. (2007). Modeling and Using Context.

Lecture Notes in Computer Science (Lecture Notes in Artificial Intelligence), vol. 4635, Berlin:
Springer Verlag. Sofia:
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Press.
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Science. NBU Press.

Pedepupanu cratum:

1. Kokinov, B. (1988). Associative memory-based reasoning: How to represent and retrieve cases. In:
T. O'Shea, V. Sgurev (Eds.), Artificial intelligence III: Methodology, systems, applications (pp. 51-
58). Amsterdam: Elsevier Science Publ.
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Waern, H. Wandke (Eds.), Man-computer interaction research MACINTER-II. Amsterdam: Elsevier
Science Publ. pp. 349-359.
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Amsterdam: Elsevier Science Publ.
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Hctopust Ha 00y4yeHHeTO 10 HH(POPMATHKA
B lllyMeHCKuUS YHUBEpPCUTET

Teonocu Teonocuen

[ymencku ynusepcutert ,,Enuckon K. [IpecnaBcku®,
dakynret o Marematuka u nHpopmaruka, lllymen
t.teodosiev(@fmi.shu-bg.net

1. BbBeaenue

Mmax xbcMeTa M IIACTHETO Jla 3alloyHa TpernojaBaTelickaTa cH paboTra, KoraTto
3aroYyHa pa3BUTHETO Ha 00ydeHHeTo 1o uHpopmaTtrka B lIlyMEeHCKUsS yHUBEPCUTET
(ToraBa Bucm nenarornuecku nHctutyT). Cnien pemenuero Ha [IpaBuTencTBoro 3a
KOMITIOTpU3alMsi Ha OOpa30oBaHMETO U Ch3JAaBaHE HA HOBaTa CHEHUATHOCT
»Marematnka u wuHpopmaruka“, mnpe3 1985 rommHa ce cbB3game CEKTOp
,Hbopmarnka 1 UncneHn MeToan™ KbM Kateapa ,,Anredpa U TeOMETpHs™ ¢ IIaTeH
CBhCTaB OT yeTupuMa npenogasatend. [Ipe3 1991 ronuna, B pe3ynraT Ha yBETUUECHUS
Opoli CTyseHTH, CEKTOPBT MpepacHa B Kareapa ,,VIHpopMaTnka 1 YNCICHH METOAN .
Ot 1998 rommHa OT WUMETO ¥ OTIAMAHA ,,...M dncieHu Meroan™. Ilpe3 2004 romgmna
KaTegpaTa Cce pasfgend Ha JABE CAMOCTOSATEIHM Kareapw: ,,KommroTppHa
nHpopMaTHuKa“, u ,,KOMITIOTEPHH CHCTEMH W TEXHOJIOTHH'® C OOII IIaTE€H ChCTaB Hal
20 mpemomaBatenu. Ilo-HaraThk B TEKCTa 1€ W3MOJ3BaM ,.Kareapara™ KaTo
CHOMPATEITHO MOHATHE 32 JBETE KaTePH.

2. Martepuajna 6a3a

Pa3zBuTHeTo Ha MarepuaigHaTa 0a3a 3amodBa C OCeM KOMIIIOTHpa ,llpaserr 82
(®urypa 1) mpe3 1984 roguna. KaTo BBHIIHA MaMeT ce U3MOI3Baxa ayIMOKaceTH. 3a
BpB3Ka C KOMIIOTpUTE OsiXxa 3aKyleHu KaceTooHH ,,Becna®. Ilpe3 cienBamara
TOZMHA CE€ MOSABMXa WM OfAXa 3aKyNCHW BBHINHHU (IIONU-TUCKOBH YCTPOWCTBA H
mucketn 5.25%. ToBa mo3BomM na 3amouHe OOYYEHHETO HAa CTYACHTHTE II0
nporpamupane Ha Ilackanm (cpemata UCSD PASCAL). OpranmsupaHero Ha
00yuYeHHeTo MpH Te3W YCIOBUS Oelle TPyIHO W NpeAU3BHKBAIlE HEJOBOJICTBOTO HA
CTYICHTHUTE, HAa KOUTO HE MOYKEXME J1a OCUTYPUM MEPCOHATTHO PabOTHO MSICTO.

[TppBata mpakTHdecka 3agada, KOSITO O¢ OCBIECTBEHA C HOBAaTa TEXHHUKa, Oerre
mpe3 3mmata Ha 1985 rommma. ToraBa, B yCIIOBHSTa Ha TEXBK ,,pEKAM Ha
eJleKTporoaBaHeTo” (,,2 yaca mma, 2 "aca HsAMa'), TpsOBamie na ce HalpaBH
WHBEHTapu3anus Ha J[wparotpaiinure matepuanau aktuBé (JIMA) na llymeHnckus
YHHUBEpCUTET. B Te3u ycioBus, 3a €IHO JCHOHOINWE, H3IMOJ3Baiiku cTask B
Oo0nactHara OonHUNA (TaM TOKBT HE criupalie), Oellle U3BbpIIeHa aBTOMAaTH3UpaHa
00pabotka Ha [IMA.

[pe3 1987 6sxa 3akynenu mppBuTe 16-6utoBn kommroTpu. [Ipe3 1989 mo mpoekr
Ha MOH nomyunxme 30 kommrorspa ,,Macintosh® (®urypa 2). C Te3u KOMIIOTpH 3a
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IIBPBH BT 3ar04Ha 00y4YeHHUE Ha ONEepalliOHHA cUCTeMa ¢ rpaduueH MoTPeOUTEICKH
untepodeiic (OS 7).

Taka, 3amoYBaiikui OT €ZHAa KOMIIOTBPHA 3ajla ¢ 8§ KOMITIOThpa, B MOMEHTa
dakynTeThT MO0 MaTeMaTHKa U MH(OpPMATHKA pas3mosiara ¢ 8 KOMIIOTHPHU 3ad 32
oOyyenue ¢ Haj 100 xommorbpa. TpssOBa na ce ordesnexu, 4ye pPbKOBOJICTBOTO Ha
OMU u na 1Y nomarame ycunusi Ja mMoaabpa MaTepuanHata 06a3a Ha JOOpO
CHBPEMEHHO HUBO.

Queypa 1. Ilepconanen xomniomup Queypa 2. Ilepconanen komniomvp
,IIpasey 82 ., Macintosh

3. O0y4enne no nupopmaTuka

Ot 1985 rommra mpoBexmame oOydeHHE Ha CTYOCHTH OT CIICIHATHOCT
,MaremaTnka W WHPOpPMATHKa“, KOUTO HaMmepmxa aoOpa peanu3anus B Pa3IdIHA
chepu. Ot 1993 r. BsB @MU 3anouna o0ydeHHE HA CTYISHTHTE U 110 CIICHUATHOCT
LAHbpopMmaruka™“ (B mocnemHure roauHH TnpodwiupaHa karo ,,KomMmoTbpHa
uHdopmaruka“, ,KoMmioTepHH HHGOPMAIMOHHU TEXHOJNOTMHU u ,.busHec
nHdopmaruka“). B HayanoTo npobiemure Osxa OCHOBHO B JIMIICATa HA JIOCTATBYHO
KOMITIOTbPHA TEXHHKa M y4eOHa JIMTepaTypa, HO MMaxMe JocTa NO-MOTHBUPAHU
cryaeHTd. [locTeneHHO B rOJMHUTE KOMITIOTPUTE CTaHaxa IOBEYE OT CTYJCHTHUTE
Ipex TAX, JIMTEpPaTypHUTE W3TOYHUIN AOCTATHYHO (BKIMIOYHMTENHO B MHTEpHET), HO
MOTHBHMpPAHUTE CTYAEHTH, 32 ChXaJeHHe, HaMalsixa. ToBa He O3Ha4yaBa, 4e HIMA C
KakBO Ja ce¢ MoxBaauM. Ha HaIMOHaNHUTE CTYJCHTCKH OJMMIIMAgH MO
IporpamMupaHe HaIIUTe OTOOpH ca TpagunMOHHO cpen Hai-mobpute. Karo
cBOEOOpa3Ha OIEHKAa HA TOBa OOyUCHHE MOXKE /1a CE MOCOYH, Y€ B MOMEHTA MOYTH
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BCUUKHM TperojaBarenid no nHpopmaruka B 1IIY ca mamm Be3nuranuiy. ['omsma
YacT OT HamuTe OWBIIM CTYAEHTU ca peaju3upaHd Npo(ecHOHAIHO YCIEUIHO B
CTpaHaTa U 4yXOHHa.

He moxe ma Obae OTpedeHO, HEHMO IMOBEYe — ¢ OJarogapHocT TpsOBa 1a
0T6CHC)KI/IM mnmoMoIrTra, KOATO CME IMOJYYUJIHM OT TIO-OIMUTHUTE HU KOJCTHU OT
Codwuiickust yauepcuteT 1 UMU npu BAH. Tlpe3 uaMuHanute roauHy KaTo MaTHA
IpenojiaBaTeNl, M0 ChbBMECTUTEICTBO MIM Ha XoHopap B IIIY ca mpenonaBanu
penuna no0pe MO3HATH HA KOJIETHSTA IpernojaBaTteny karo npod. Munko Iletkos
(mepBH pBKOBOAMTEN Ha Kareapara), jgou. Maprapura bbpHeBa, mou. Ilersp
CroiikoB, npod. Aranac Panencku, npod. ITaBen A3zwnos, npo¢. Ilersp bbpHes,
mou. Jumutsp oOpes, npod. Bennecnas Brie, nmpod. Mapus Humesa, Hukomnait
Mases, non. Aaren JlngeB u ap. Bcudku Te ¢ mpuMepa ci, ChC CHBETH U MPETIOPHKU
ca rmomaraiy 1 Ha Hac (TIperogaBaTeNInTe B KaTeApara), U Ha HaIIUTe CTYJCHTH.

Hckam crienmanHo N1a Ka)ka HAKOJKO M3pEUYEeHMs] B Ta3W Bpb3Ka 3a MaTpoHa Ha
koH(pepeHmmara — npod. [lerbp boprer. B LIV Toif mpenogaBa HIKOIKO TOIMHU
KaTo XOHOPYBaH MIpernoaaBares. 3a BCEKH € SICHO, Y€ XOHOPYBAHUTE MPENoIaBaTeln
PSAAKO W 3a KpaTKO NPUCHCTBAT B YHuBepcutera. [Ipod. BepHEB, BBIpeku Te3u
00EKTHBHHU OOCTOSITENICTBA, HAMEPH BpEeMe M CHIIM J]a TIOMOTHE 3a Ch3IaBaHETO Ha
Ipy>kecTBO Ha Acommarus ,,Pa3surne Ha mHPOpMarmonHoto obmectso™ B LIV, na
HE OTKa3Ba TIOMON] W KOHCYNTanus Ha Kolerutre. ToH pPBKOBOIM HIKOJIKO
JTUIUTOMAHTH, Ha KOUTO Aaje 100bp cTapT B mpodecruoHanHaTa Kapuepa.

Hammm BB3mmTanunm m koserw, npeMmuHanu mpe3 1Y, B momeHnra pabotar B
yyxOnHa win npyru yausepcuret: npod. Msan I'. MBanoB (CVY), n-p AHaronu
Hauer (Hammonanen yumBepcurer Galway, WUpmannwms), m-p Bams JJumurposa
(YauBepcureta B Jlmiinc, BenmnkoOpuTanns), Wopnan JumutpoB
(Bemukobpuranus), Hukona Hukomo (Mpmanmums), Crosa CrosaoB (Hopserws)
u Ip.

ITpe3 mocnemuute 30 TOAMHM MpeENoaBaTENUTE OT KaTeapara akTUBHO ydacTBaT
B 00y4yeHuero Ha yuurenu no uHpopmatuka u UT. Ome npe3 1985 r. aktuBHO ce
BKIIFOUMXME B IIPOBEX/aHE HA KypCOBE M0 KOMIIOTbPHA IPAMOTHOCT B OJIM3KHUTE JI0
[IIymen obnactu. YYaCTHHOMTE B TE€3M KypCOBE, NMPOBSKIAHH 10 MECTA, WABAXA
€HOBPEMEHHO C NMPHUTECHEHHE OT HOBOTO M HEMO3HAaTOTO, HO M C JKEJIaHHE Jia ca B
Kpak ¢ HoBuTe TexHoioruu. IIpe3 2000 roanna, kaTo yyacTHUIM B poekT Ha MOH,
npoBegoxMe ooydenne Ha Haja 300 yuurenu o HHOOPMAIMOHHN TEXHOJIOTHH 32 5-8
knac. Ilpe3 menus mepuoj TNOCTOSIHHO ydacTBamMe B TPYHNOBH M WHIMBUAYaHU
KypcoBe Mo uH(pOpMaTHKa ¥ WH()OPMAIMOHHM TEXHOJOTWH 3a IOBHIIABAaHE Ha
KBaM(UKANUATA ¥ IPEKBATN(HUKALIUSL.

ITo unes Ha n-p bucepka Mosuera, ®MMU crana cbopranusarop Ha Hanmonannus
eceHeH TypHHp 1o wuH(Opmarmka ,J[>KOH ATaHacoB“, KOWTO ce MpEeBbpHa B
TPaIUIIOHEH U OT HAKOJIKO TOAWHU Beue € MEXKyHapO/ICH.

IMo wmes m c axktuBHaTa pabora Ha mpod. Cranmmup CraneB BB MU e
cp3maneH YuebeH KoMmioTbpeH myseil (Durypa 3). B myses ca cpOpaHu MHOTO
[ICHHM EKCIIOHATH, ITOKa3Ballll CTAlMTe HAa Pa3BUTHE HA KOMIIIOTbPHATa TEXHHKA.
TaM cTyIeHTHM M TOCTH MOrar Ja ce 3alo3HasT HarjieJIH0 C pa3BUTHETO Ha
nHdopmarukara B buiarapus.
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DQueypa 3. Hzened om Yuebnusa komniomvpen my3ei

4. 3akJ0ueHue

ToBa Oeme KpaTka pETPOCIEKIMS Ha pPa3BUTHETO HA HH(pOpPMAaTHUKaTa B
IllymeHCcKkus yHHBEpCHUTET Ipe3 HOCIEeOHUTE TpuaeceT roauHu. Hawamoro Oerme
TPYZIHO, 3apagyl HENO3HATOTO M HEONUTHOCTTA. [Ipe3 roamHUTE TPYIHOCTUTE HE
Hamaisixa, 3apajayd HOBHUTE NpEAN3BUKATEICTBA Ha BpeMeTo. bbp30oTo pasBuTHE Ha
uH(pOpMaTUKaTa U3UCKBA OT HAc FOJIEMU YCUIINS, 3a J1a Ce 3aAbpKUM Ha TpebeHa Ha
BBJIHATA.

BaaropapnocTun

To3n KpaTbK HCTOPHYECKH TPETNIEA € YacTUYHO (MHAHCHPAH IO IPOEKT
P/1-08-273/11.03.2015 r.
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Peny0jukaHcKa CTYIeHTCKA OJIUMIINAA
Mo mMporpaMupaHe

Huxonai Kupos

Hog 6barapcku yHusepcuret, Codust
nkirov@nbu.bg

Pe3tome: PemyOnukaHckara CTyJeHTCKa OJIUMIMAAa IO IIPOTpaMHpaHe
(PCOII) e oT60pHO CBCTE3aHUE, B KOSTO YIacTBAT CTYJCHTH U IIPEIO1aBaTEIIH
OT OBJNrapcKUTe YHUBEPCUTETH, B KOWUTO ce H3y4yaBa HH(POpPMATHKA H
nporpamupane. To € CTHUMyJ 32 JOOpPHTE CTYASHTH 1a Ce yCHBBPIICHCTBAT B
yueOHUTEe AMCUMIUIMHE AnroputmMu u Ilporpammpane, a cbIIO0 Taka €
00EKTHBEH KPUTEPHH 3a HHBOTO Ha IIPENOJAaBaHE Ha TE3U IMUCLHUILUIMHH BbB
BUCIINTE HY YIMIUIIA.

KawvoBu AYMMU: HporpaMHpaHe, YHUBEPCUTET, CbCTE3aHUE, UCTOPUA.

ACM 1998 Classification Keywords: K.3.2 Computer and Information
Science Education — Computer science education

1. BbBenenue

Ot 15 rogmHmM pmocera, Bcska TOJWHA y Hac ce NpoBexna PemyOnmkaHcka
cTyAeHTcKa onmmrmumazna mo nporpamupane (PCOII). Hawanoro Ha HammoHAIHO
CTY/IGHTCKO ChCTE3aHHE I10 MPOTpaMHUpaHe € MOCTaBeHO HIKbBIE B Kpas Ha 20. Bek,
MPOBEXKIAHO € HIKOJIKO TOAWHH, W CJeI NMPEeKbCBaHE € BBh3CTaHOBaHO mpe3 2000
TOUHA C UMETO ,,MeXTyyHUBEPCUTETCKH TypHUP 10 nporpamupane’ (MTII). [pe3s
2005 romuHa OpraHU3aTOPUTE CMEHSIT MMETO Ha ChCTE3aHMETO Ha ,,PermyOimkaHcka
CTYJIEHTCKa OJIMMITHA/A IO poTrpaMHupane*.

JlanauTe B Ta3n myOnuKanys ca B3eTH oT nHTepHeT (Tabnuna 1), rmasuo ot [1] n
[2], a 3a cheTezanusaTa mpeau 2000 ronuHA HE € HaMepeHa JOCThITHA HH()OpMAITHS.

Tabnuya 1. Cvecmezanusma no 200uHu

bpoii
I'oguna JlomakuH I'pan y4acTBalu H3tounuk
YHHUBEPCHUTETH
- 2000 AVYb bnaroesrpan 6 http://infoman.musala.com/
contests/139/1145/
- 2001 HBY Codus - -
5 2002 BCY Byprac 10 http://nikolay kirov.be/
MTII 2002/5cp/cp.html
6 2003 my [lymen 10 http://infoman.musala.com/
MTII contests/138/476/
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7 2004 nmy [TnoBauB 11 http://infoman.musala.com/
MTII contests/137/475/

8 2005 Ccy Codus 7 http://judge.openfmi.net/
MTII bepce/competitors.html

17

PCOIT

18 2006 HBY Codust 9 http://nikolay .kirov.be/
PCOII 2006/0Olympiad/index.html
19 2007 BCY Bapna 9 http://infoman.musala.com/
PCOIT contests/134/472/

20 2008 cy Codust 12 http://judge.openfmi.net/
PCOII bepe20/index.html

21 2009 nyB Bapna 12 http://infoman.musala.com/
PCOIT contests/132/470/

22 2010 19% Pyce 13 http://rsop2010.ami.uni-
PCOIT ruse.bg/

23 2011 100 lymen 11 http://www.bcpc.eu/XXIII/
PCOII

24 2012 BCY Byprac 12 http://bepe.ew/ XXIV/
PCOII

25 2013 |HBVY,CY,TYC Codus 14 http://bepe.ew/XXV/
PCOII

26 2014 TYB Bapna 13 http://bepe.ew/XXVI/
PCOII

27 2015 {022 Bnaroesrpan 11 http://bepe.ew/ XX VI
PCOII

28 2016 BCY Bapna - -

PCOII

2. YYaCTHHIHM B ChCTE€3aHUETO

PCOII e equMHCTBEHOTO HALMOHAIHO ChCTE3aHUE 110 MPOrPaMHUPAHE 3a CTYACHTH.
To e He3aBHCHMO ChCTE3aHHE, OPTaHM3UPAaHO OT YYAaCTHHIMTE, KaTo MpaBWIIaTa 3a
MIPOBEX/IAHETO MYy CE€ MPOMEHAT W YTBBPXKIABaT E€JUHCTBEHO OT y4acTBAlUTE B
Hero. Te ca MakcMMaigHO ONM3KM A0 Te3W Ha MEXAyHapoaHaTa CTYICHTCKA
onmumnuaza o nporpamupane Ha ACM (ACM International Collegiate Programming
Contest). PCOII ce mpoBexxaa Bcsika TOAWHA MPe3 Mecel] Mail M ce opraHu3mpa OT
HAKOM OBITAapCKH YHHMBEpCHTET — JOMAaKMH Ha onuMmnuanara. CbCTE3aHHETO ¢
OTOOpHO. Y4acTBaT CTYyIEHTCKU OTOOPH OT OBJITapCKUTE YHUBEPCUTETH, KBICTO CE
n3y4asa uadopmaruka u nporpamupane (Tadnuna 2). Camo CV u 1Y ca yuactanu
BBB BCHUKUTE 15 chCcTe3aHUs.
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Ta6ﬂuua 2. ancmeamu 6 CbCcmezaHuemo yHusepcumemu

YHuBepcuTeT * Bpoii Bpoii
y4JacTusi | JOMAaKHHCTBA
AVYb AMEpUKAaHCKH YHUBEPCUTET B 4 12 1
benrapus
BCY Bypracku cBobo/ieH YHUBEPCUTET 4 13 2
BCY BapneHckH cBOOOIEH YHUBEPCHUTET 4 13
,,depHopusen Xpadsp*
BTY BenukoThpHOBCKH YHUBEPCUTET 10 0
,,CB.CB. Kupni u Merouit*
NVyB MkoHoMuueckn yHuBepcuTeT — BapHa 408 12
HBY HoB OBJirapcku YHUBEPCUTET 4 14 2
Iy [InoBaMBCKY YHUBEPCUTET 9
,Jlancuit Xunengapcku
1% Pycencku ynuBepcuret 12 1
,,2Anren KeHue®
cy Coodmniicku yHHBEPCUTET 15
,,CB. Kimment Oxpuackn™
TYB Texnndecku yHuBepcureT — Bapna Tex 4 1
VI Texunuecku yHuBepcureT — ['abpoBo Tex 10 0
TYC Texuuuecku ynusepcuret — Codus Tex 9 1
YuubUT | YHuBepcurer mo OMOIMOTEKO3HAHUE H 0
H(pOpPMALIMOHHH TEXHOJIOTHH
YHCC YHUBEpPCUTET 32 HALIMOHAIHO U Nk 1 0
CBETOBHO CTOIAHCTBO
ary [ITymeHCcKH yHUBEPCUTET 15 2
,,B1. Korcrantun IlpecnaBcku
10X} IOrozananen yHuBepcurer 9 1
,Heohut Puncku*
O0muo: - 17

* Uk-ukonomuueckn; Tex-Texunueckn; U-YacTen

3. KnacupaHe Ha yHMBepcUTeTHTE

Bceekn yuacTBai] yHHBEPCHTET C€ NPEACTaBs OT €IWH HIM HIKOJIKO OoTOOpa B
ChCTaB: PHKOBOAUTEN (TPEHBOP) U TpUMa cheTe3aresid. B odunuanHoro kiacupane
Ha YHHMBEPCUTETHTE Y4acTBa Hai-100pe MpeACTaBWIMAT ce OTOOp Ha CHOTBETHHS
yuusepcureT (Tabmuna 3). PCOII ce npoBexxa Ha eHAKBU KOMITIOTPH, CBbP3aHH B
Mpexa. Beexu oTOop pasmonara ¢ equH nepcoHaneH KoMmoTsp. Odunuanam e3unn
3a mporpamupaHe ca Java m C/C++. IlpoBexnma ce B equH JeH U € C
OPOABIDKUTENHOCT 5 uaca. JlaBar ce 5-12 3amaum, pelleHMsATa ce U3Mpamar Mo
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MpekaTta Ha KypHTO 3a MPOBEpKa, a Pe3yjITaTUTe OT MpOBEpKara ca BHUIUMH 3a
BCHYKH OTOOpH B peaniHo Bpeme. [IpoBepkaTa Ha H3MPATEHUTE OT OTOOPUTE TEKCTOBE
Ha MporpaMu ce U3BBpILBA OT TecToBa cucrema. Jlo 2015 ronuHa TecToBaTa cucTEMa
oeme pc™2 (http://www.ecs.csus.edu/pc2/), a Tasm TOAMHA YycIemHO Oermre
nznom3Bana spoj0 (http://judge.openfmi.net:9080/spoj0/).

[TenamsT pernament Ha PCOIl ce myGnukyBa Ha caiiTa Ha oJUMIMazaTa —
bepe.eu.

Tabnuya 3. Oduyuanno Kracupaue no yHugepcumemu

roguHa | 2015 | 2014 2013 2012 | 2011 | 2010 | 2009 | 2008
27 26 25 24 23 22 21 20
PCOII | PCOIT | PCOII | PCOII | PCOII | PCOII | PCOII | PCOII
gomakuH | O3V | TYB | Codus | BCY my Py nyB cy
KJIacHUpaHe
1 cy (9 cy cy cy cy cy cy
2 AYBb | HBY HBY HBY | HBY | AVh | IV 1y
3 HBY Py TYC BTY | AYb Py BCY Py
4 oy | TYB 1y UYB | TYC | TYC | TYC | TYC
5 PY 1y Py AVYh | 1Y 1y PY Iy
6 TYB | IO3Y NyB Py BTY | UYB | HBY | HBY
7 BCY | BCY BCY TYB | BCY | HBY | UVB | BCY
8 YD | TVT bCY 1y Py BCY | AYb | BCY
9 BCY | AVYb BTY TYC 1y BTY | BTY | AVb
10 03y | BCY 103y BCY | TVI' | BCY | BCY | BTY
11 NUyB | BTY TYB BCY | BCY Iy ny NyB
12 nyB Iy YT TYI | IO3Y | TYI
13 TYC TyYIr 103y
14 YuubUT
roivHa 2007 2006 2005 2004 2003 2002 2000
19 18 8 7 6 5 ?
PCOIT | PCOII MTI MTII MTII MTII
JIOMaKHH BCY HBY cy 1y a1y BCY AYb
KJIacHpaHe
1 Ccy cy Ccy cy cy cy cy
2 TYC 110 1y ny AYb AYb PMF'

! Skopie University
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3 a1y Iy HBY HBY Ty bCY AVb
4 bCY TYC Iy AVYb 1y 1y BTY
5 VI BCY Py 1y nyB YT HBY
6 Py BCY BCY nyB 103y nyB Iy
7 BCY HBY YHCC bCY HBY 103y

8 AYb NyB 103y Py HbY

9 NyB 103y Py VI my

10 BTY BCY BTY

11 BCY

Kakro ce Bmxkma, CY e Oescrioper (haBoOpuT, CriedeNnni BCHYKH ITbPBH MecTa JI0
2015 r., cnen wero e HBY ¢ 4 Bropu u 3 tpetn mecta, a IIY u AYD nmat o 4 Bropu
U 2 TpeTH KJIaCUpaHUs.

4. Opranu3aTopm Ha ChbCT€3aHUETO

3acnyra 3a opranuzupaneTo u nposexaanero Ha PCOII umar npenojaBaTenu mno
WHPOPMATUYHUTE JTUCIUIUIMHU B  OBITaPCKUTE YHUBEPCUTCTH M OHUBIIK
cheresarend. JlaHHU 32 PHKOBOIUTEIUTE Ha OTOOPH M YYACTHHIU B KYPHTO MMa 32
caenuaute rogunan: 2002, 2005, 2006 1 2008-2015 — o610 3a 11 cbere3anws.

OO6m10 54 koneru ca ygacTBajid B MMPOBEKIAHETO Ha cheTe3anusTa. B Tabmurma 5
ca MMEHATAa Ha TE3U C Hall-MHOTO yYacCTHs KaTO TPECHBOPH W/UIIM YICHOBE Ha JXKYPHUTO.

Tabnuya 4. Pokosodumenu ¢ Hall-MHO20 y4acmus

Wme Ha prKOBOAMTEN' VYHuBepcurer Bpoii yuactus
1 [Kpacumup Manes CVY-8, HbY-3, AVb-1 12
1 |Huxonait Kupos HBVY-9, I03VY-2, BCVY-1 12
3 |Bucepka Mosuepa mry 11
4 |Banentun bakxoes BTY 10
5 |Croiiuo CroeB nyB 7
5 |Aumutsp MuHueB BCY 7
5 |Emun Kenesemxuer |AVYb-5, HBY-1, YaubUT-1 7
5 |UBan TpeHues 110X3% 7
5 |IInamenka Xpucrosa Py 7

! HayunuTe 3BaHIS H CTETCHH Ca H3ITYCHATH, Thif KATO IIPE3 TOAMHATE T¢ OBGHKHOBEHO
HEKOJIKOKPATHO Ca IIPOMEHSHH.
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5 |Crosr Kampasos 1878 7
11|KaTtamuna I'puroposa Py 6
11{Munocnas Cpeaxos cy 6

W3BecTHH ca MU M HAKOJIKO PHKOBOJMUTENN Ha OTOOPH, KOUTO KAaTO CTYACHTH Cca
o cecre3arenu: AHToHUS Tamesa — TYC, Benucnas Hukonos — HBY, Kpuctusa
Xapanambues — CV, Jlacko JlackoB — HBY, Munocnas Cpemnkos — CV.

3akirouenue

[ToBeue nHdpopManus 3a eKEroJHUTE ChCTE3aHHUs NMa Ha caiiTa Ha OIMMITHAaTa
[1], xoiito ce mogmbpka ot 2011 romuna. OGOOIIEHH AaHHHM 32 MPOBEKAAHUTE
Jrocera OIMMIIMAIN MOTaT Jla Ce BUIAT Ha caiTa [3], KbAeTO aBTOPHT UMa aMOMIIUATA
Jla cr0epe U MyOJIMKyBa U IaHHH 3a cheTe3anueto npenu 2000 roauHa.

JIuteparypa
1. Caiit va PCOII — http://bcpe.eu/
2. Wudopmarnuecku nopran MudpoMan — http://infoman.musala.com/

3. PenyGnukancka CTYZIEHTCKa OJIMMITHA/A o MIporpaMHupaHe (ucropus) -
http://nikolay.kirov.be/2016/WCP/rsop.html

Republican Student Programming Olympiad

Nikolay Kirov

Abstract: Republican Student Programming Olympiad (RSOP) is a
competition for teams from Bulgarian universities, in which informatics and
programming are studied. It is a good incentive for students to improve their
knowlege in the areas of algorithms and programming, but also an objective
criterion for the level of teaching of these subjects in the higher Bulgarian
schools.
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IIpuiokeHne HA UTEPATUBHU MPUHIUIHN H
00€eKTHO-OPHEHTHPAH MOAX0 MPH pa3padoTKara
Ha o0pa3oBarejeH corTyep

Kannnka Kanosinosa', Aunpeii AnToHOB®

1: CVY ,,Cs. K. Oxpuacku“/ UMU-BAH, Codus,
kkaloyanova@fmi.uni-sofia.bg
2: XUMHKOTEXHOJIOTHYEH U MeTalyprudeH yHusepcuret, Codus,
andrio@uctm.edu

Pe3tome: Crarusita mpeicTaBs H3MOJA3BAHETO HA HWTEPATHBEH IIPOIEC B
KOMOWHAIUSA ¢ OOEKTHO-OpMEHTHUpaH moaxoj W mpwiokeHne Ha UML
MoOJIeNupaHe mpu pa3paboTkaTa Ha copTyep. AHAIM3UPAHU Ca OCHOBHH
€JIEMEHTH Ha H3MOJM3BAaHUTE METOJOJIOTHM W MPEAMMCTBaTa HA TAXHOTO
chueTaBaHe. [locodyeH € mpuMep 3a U3MOJ3BAHETO HA MOAXOJAa MpH
Ch3aBaHETO Ha coTyep 3a 00pa30BaTEHN LEIH — CUCTEMA 33 BU3yaJIU3aLHsI
Ha 3D obOekTH.

KoarouoBu nymm: Software engineering.

1. BbBenenue

[TocTOSTHHUAT HaNpenbK B Pa3BUTHETO HAa TEXHOJOTHUHTE B MOCIEAHUTE TOJWUHU
IIOCTaBsl HOBM 3a/lauil IIpe]| pa3paboTkaTa Ha codTyep. OT chBpeMEHHHUTE COMTYEpHH
MIPOJYKTH CE M3MCKBA /1a ObAaT MHTEPaKTHBHH, TUHAMHYHH, C O0TaTH BH3MOXKHOCTH
n edextuBeH uHTepdeiic. Toa ce oTHacs B ocoOeHa CTENEeH KbM codTyepa,
Ch3/1a/ieH 3a oOpa3oBaTesHU LeNM. BBIpeKn de B CBETOBEH Mamiald ChHIIECTBYBAT
MHOTOOPOMHHU MPOIYKTH, BCE OIIE TE3H OT TAX, KOUTO CE MpeuIaraT U Ha OBJIrapcku
€3HK, Ca HeIOCTaThYHH.

Crarusra pas3riiexzia IpHI0KeHUETO Ha ChbBPEMEHHH MOJXO0AHU 32 pa3paboTka Ha
copTyepHH TPWIOKEHUS TPH CH3JAaBAaHETO Ha CHCTEMa 3a BH3yalu3auus u
TpaHcdopmanuss Ha 3D oOekTH. 3acerHaTw ca BBIIPOCH, CBBP3aHH C OCHOBHHTE
XapaKTEPUCTHKU M IPEIMMCTBATa Ha M3II0JI3BAaHUTE METOI0JIOTHH 3a pa3padoTKa.

2. U360p Ha MeTOI0JI0THsI

W360ppT Ha MeTomoNIOTHATA 3a pa3paboTka Ha COPTYyepHUS TPOAYKT €
M3KJTFOUMTENIHO BAXKEH 3a YCICIIHATA My pealu3ais. B TOCIeIHUTE TOTUHH
MPOMCHHUTE B TOBA HAIPABJICHHE CA U3KITIOYUTEITHO THHAMUYHH.

[TepBOHaYaTHO METOHONIOTHUTE (OKYCHPAT BBPXY NEHHOCTHTE, CBBP3aHH C
MonenupaneTo Ha manHuTe (data driven approach) — cpOmpaHe W aHanM3WpaHe Ha
M3UCKBAHUATA, KOHLENTyaleH Mojea Ha 0Oa3ara oT JaHHM (IIBJIHO pa3dupaHe Ha
CTPYKTYpaTa, Bph3KUTE U OrpaHH4YeHuATa Ha 6a3aTta oT naHuu (b/1)), mpeobpasyBane
Ha KOHICNTYaJIHUSA MOJCI B JIOTHYCCKH; JIOTUYECKO H (l)I/ISI/IquKO IIPOCKTHUPAHE,
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UMIIEMEHTUpaHe W HacTpoiika Ha bBJl, BBpXy KOsATO Beye ce H3rpaxzia
MIPUIIOKEHHETO.

B mocneaHuTe TOAMHKA BCE MOBEYE CE HAlaraT METOOJIOTHH, KOUTO (oKycupar
BBPXY ISJIOCTHUS MpOIeC Ha pa3paboTka Ha COPTYEPHOTO MPHIIOKEHHE (Process
driven approaches), K0OeTO BKIIIOYBa:

— aHaJK3 Ha OChIIECTBUMOCTTA;

— cpOupaHe ¥ aHAJIM3UpaHe Ha N3UCKBAHUSATA;

— IIPOEKTUPAHE;

— pa3paboTka;

— BaNMIMpPaHE U TECTBAHE;

— BHeEZApsIBaHE;

— [OJIbpIKaHE.

Enna or Merojonoruurte, KOSATO TMOKPHBA JETAMJIHO BCHYKH (a3u IpH
paspaboTkaTta Ha cohTyepHH NPOaYKTH, ¢ YHubumpanust npouec (YII).

2.1. Yauduuupan npouec

Yandunupanust [Iponec (Unified Process) e urepaTiBer mporec 3a pa3padoTka
Ha codryep [7]. Ilpm wm3rpakmaHeTo Ha CcOPTyepHUS MPOAYKT dUpe3 Tasd
METOJIOJIOTHSl TPAOBa Ja ce MpEeMHHE IMpe3 YeTHpH OCHOBHM (azu — [lianupane
(Inception), Hemaiinusupane (Elaboration), H3zepasxcoane (Construction) u
IIpeoasane (Tranzition).

Bceska aza moxe a chappika B cebe CH eJHa WITH HAKOJIKO WTEPAIIHH.

dasn
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Queypa 1. Yuugdpuyupan npoyec — ¢hazu, umepayuu u oucyuniunu

v
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durypa 1 npeacTaBs HarJIeMHO MPOLECa: XOPHU3OHTAITHO — Upe3 PasnpeieIeHUETO
Ha OTICIHUTE (ha3u BHB BPEMETO M BEPTHKAIHO — 4Ype3 paslpe/eliCHHETO Ha
oucuyunaunume (ICHHOCTUTE), KOUTO TOJIBpXKa [8].

[Inanupanemo M3HUCKBa MOATOTOBKATA HA IThPBOHAYAIHATA BH3HMS HA MPOCKTA,
OTIpe/ICNITHETO Ha 00XxBaTa M MPUONM3WTENIHA HAYalHa OICHKA HAa YCHIHSTA 3a
pa3paboTka Ha MPOCKTAa.

BeB (Qazara Ha Jemaiinuzupane ce pabOTH OCHOBHO MO W3SCHABaHE Ha
M3UCKBAHUATA KbM CO(TYCpHHS HMPOAYKT M CE Ch3/AaBAT OCHOBHHUTE E€JIEMEHTH Ha
CHCTEMHHUSI TIPOCKT, a HM3epadscoanemo € CBbP3aHO ChC ChIIMHCKATa pa3paboTka Ha
codTyepa M OKOHYATETHOTO (HUKCHpaHe Ha (YHKIHMOHAIHOCTTA. [Ipedasanemo
M3MCKBAa HAIMYMETO Ha BeYe TOTOBA BepcHsl Ha MPOIYKTa, KOSTO CE MPEJOCTaBsl HA
KITUCHTA/TIOTPEOUTEIIS.

Jpyrata nepcreKkTHBa B pasmIekKIaHaTa METONONOTHS Ca OUCHUNTUHUME
(mefiHOCTHTE), KOMTO C€ W3BBHPIIBAT B Ipolleca Ha paszpaborka. YII mommppxa
peauia AeiHOCTH, KaTO OCHOBHUTE CPeJ TSX ca:

— busnec Monenupane;

— OrnpenensHe Ha U3UCKBAHUSATA;

— IIpoekrtupane;

— HmnnemeHnrtupase;

— VYnopaBieHue Ha IPOEKTa;

— TecrBaHe U Brpa’kiaHe Ha PELICHUETO.

OmnpenensHeTo Ha M3UCKBaHHATAa OE3CIOPHO € €IHA OT Hai-BaKHUTE ACHHOCTU
mpu pa3paboTkaTta Ha COPTYEpPHH NMPOAYKTH. TpaaumnoHHO Te ca 000coOeHU B NIBE
OCHOBHH Tpynmu — (yHKIHOHANHE W HedyHKimoHamHu [3]. DyHKIMOHAITHHTE
M3UCKBaHUs JAaBaT crerupukanuaTa Ha (QYHKIUHUTE, KOSTO TPsAOBa 1a MOIbpPKA
cucremMara, a He(byHKI_H/IOHaHHI/ITC N3UCKBAHUS — OrpaHUYCHUATA. HpI/I
Yuuduuupanus nponec (YHKIHOHATHUTE W3UCKBAHUS CE€ OMKCBAT upe3 T.Hap.
moTpeOuTENCKH cinydan (use cases) — (hopManu3upaHd TEKCTOBH OIMCAHUS, KOUTO
MPENCTaBsIT Pa3IHYHU CLICHApUH Ha paboTa chC COMTYyEepHHS MPOIYKT OT TieAHATA
TOYKA Ha Pa3INYHU MOTPEOUTENH (aKThOPH). AHATIM3BT HA TE3U U3UCKBAHUSA BOJIH JI0
Ch3/laBaHE Ha MOJIENl Ha moTpeduresckure ciydan (use case model), KoiTo ciyxu
KaTo MO/ 3a YTOYHSBAHE HA TMOTPEOMTEIICKUTE W3MCKBAHUS OT BCHUYKH
3aHTEPECOBAHU CTPAHH.

To3u Mozen Ha NpencTaBsHEe HA U3UCKBaHUATA € 0OCOOCHO ylaueH, 3all0To TOH €
pazdupaeM 3a HOTPEOUTENUTE U KIMEHTUTE U JaBa Bb3MOXKHOCT Ha pa3paboTuuLuTe
I'bBKAaBO Jla aKTyalM3uparT CcHeuu(HKalusTa Ha WM3MCKBAaHHATA, Jia OTpassBar
W3BOJIMTE, HAIPABEHH 10 BPEMe Ha aHaJIN3a, Jla MPErJIeK1aT MPOMEHHTE C KIIMCHTUTE
U TTOTpeOHTEIHUTE.

2.2. M3n03BaHe HA 00eKTHO-opHeHTUPaH moaxoa u UML

Jlpyro Ba)XHO MPEeIUMCTBO HAa YHMU(DHUIMPAHUS MPOIEC € HEroBaTa HHTETPALHS C
00EKTHO-OPHEHTHUPAHUsI MOJAX0] 3a pa3paboTka Ha codTyep M H3MOJ3BAHETO Ha
UML.
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OOEKTHO-OpUEHTHPAHUTE METOJM YCIEHIHO ChYeTaBaT IpWIaraHero Ha
peleHusITa 32 MOJEIMpaHe Ha NMpHWIOKEeHHeTo W Ha nomeirHa [10]. Obnactra Ha
IPUIOKEHUE IBPBO C€ MOJENNpa KaTo Habop oT 00eKTH U Bpb3kU. To3u Monen ce
M3M0JI3Ba OT CHCTEMara, 3a Ja MPEACTaBH KOHLECIIUH OT PEalHUs CBAT, KOUTO II0-
KBCHO ce Ipeodpa3yBaT B COPTyCpHH KOMIIOHEHTH.

Ot cBost cTpana nenta Ha UML e na mpefoctaBu CTaHAapTHa HOTAIUS, KOATO
MOXE JIa C€ WU3MOJI3Ba OT BCHUKU OOCKTHO-OPHEHTHPAHH METOIH M € MPUIOKHMA 32
pa3paboTkaTa Ha NIMPOK KPBI COPTYEPHHU NMPHUIIOKEHHS [4].

VII npumara ropHHTE ABE KOHIICTIIMM Hal-Bede Ha OCHOBaTa Ha apredakra
0omeiiH MOJIEN, KOMTO MpecTaBs KOHLENTYaIHUTE KIIACOBE B IIpeAMETHATa 00acT,
KOMTO MOCTEIIEHHO Ce JIeTallIn3upar B COPTyepHH KIacoBe, OMICAHH Ype3 TUarpamMu
Ha KiacoBeTe, a (PYHKIMOHAIHOCTa Ha cHcTemara ce ytouHsBa ¢ apyrm UML
Jquarpamu [6].

Taka mpu pa3paborkaTa Ha CO(OTYyepHHSA MPOAYKT ce OPOPMAT TPH DPa3TUIHU
Mozena [3]:

— OyHKIMOHAIEH MOJEN — MOJIENl Ha MOTPEOUTENCKUTE Ciydau (IpelcTaBeH
Yype3 AuarpaMa Ha MOTpPEeOHTENICKUTE Ciiydan — use case diagram), omucBain
(YHKIIMOHATHOCTTA Ha MPOAYKTa OT TJIeJHa TOYKA Ha TIOTPEOUTES.

— O0exren Moxen, npencraBeHn upe3 UML nmarpamum Ha kiacoBete (class
diagrams), KOWTO OmHCBaT CTPyKTypara Ha coTyepHaTa CHCTeMa B
TEPMUHUTE Ha OOEKTH, aTpuOyTH, acouuauuu u omepanuu. Ilo Bpeme Ha
ONpele/sIHeTO M aHauu3a Ha U3MCKBaHUsATAa NIpu YII 0OexkTHHAT Moxen
3alo4yBa Ja c€ OIHKCBAa Karo JOMEWH MOJeN, a NpH MPOECKTUPAaHETO Ha
cucTeMara TOW ce Mpenu3upa U yTOUHsBa.

— JlunamuueH  mojen, npeactaBenun — upe3  UML  gumarpamu Ha
B3aUMOJCHCTBUETO, AMArpaMy Ha CHCTOSHUETO M AMArpaMu Ha JEHHOCTTa,
KOHMTO OIMCBAaT BHTPEIIHOTO IOBEICHHWE Ha cucrtemara. JlokaTo auarpaMure
3a B3amMmozelctBue (interaction diagrams) oOIMCBAaT IOBEAECHHETO KaTo
IopeAnIia OT ChOOIICHHUS, pa3MEHSIHH Cpel Habop OT 00EKTH, AuarpaMuTe Ha
crerosiHAETO (state machine diagrams) ommcBaT MPOMEHH B CHCTOSHUATA HA
3HAUUMH OOEKTH W BB3MOXKHHUTE MNpPEXOau MeXIy Tax. Jmarpamure Ha
nmeitHocTra (activity diagrams) omucBar IOBEACHHETO II0 OTHOIICHHE Ha
MOCJIE0BATETOIHOCTTA, KOHTPOJIA, PA3KJIOHEHUSTA 1 ApANIeTHUTE JCUHOCTH.

I[OpI/I n CaMO TO3HU Ha60p JuarpaMiu ycCrsgBaT B IIOBEYCTO CiIydad Ja MOACIUPAT B

JIOCTaThYHA CTEMEH CO(PTyepHMS MPOAYKT M Ca OCHOBA HA YCIEIIHATa My
peanu3arys.

3. UHTepakTHBHA rpaduyHa cHCTeMAa 32 BU3YAIU3aAUMH 1
Tpancopmanuu Ha 3D o0exTH

Ha ocHoBara Ha IpeJCTaBeHHUTE MPEIUMCTBA, HOCOYCHHUTE TI0-TOPE METOAOIOTHI
ca W3MON3BaHM IpH pa3paboTKarta Ha croenuduuuHa rpadudHa cHUCTeMa 3a
obpasoBarennu e — MHTepakTHBHA rpadMYHA CHCTEMA 32 BH3YAIM3AaIUH H
Tpancopmanuu Ha 3D oGexTH [5].
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Ilpu mnpunaranero Ha YHuUUIMpaHHs Tporec paboTaTta MpeMHUHaBa Mpe3
yetupuTe (a3, KaTo B JBE OT TAX € HAMPABEHO NOMBIHHUTEIHO pas3leficHHE Ha
ntepauun (Tabmauna 1):

Tabnuya 1: @asu na paspabomxama Ha cucmemama

Jucnunnuan | ApredaxTu [Inanu- | Jeraitmmsupane | Wsrpaxmane [pena-
paHe BaHe
nl1 n2 ni n2
busnec monen | JlomelH Mozen ¢ il
Wsucksanus Monen Ha noTpe- ¢ id i i i
OMTEJICKH CITyJau
Buszus ¢ i il
JlombJIHUTETHA [¢ I 1| 1
cnenupuKanus
Peunuk C i 11 Il Il
[Ipoektupane | CucTeMEH NPOEKT [ I i I
Ynpasnenue [Inan 3a c i b i n
Ha MMPOEKTa pa3paboTBaHe

Pa3paboTenu ca ocHOBHHTE apTe(dakTH, U3UCKBAHU OT YHUPHULIMPAHHS NPOLIEC, B
0o0eM U JIeTaiIHOCT, CHOTBETCTBAIlM Ha MpPUIOKEHHeTo. Tabmuiara yka3Ba Kora
3arouyBa (craptupa) paborara mo chOTBeTHHS apredakr (,,c“) M B Kom Qaszu
IpoJbIDKaBa (,,11°).

Bususita chabpka OCHOBHaTa WH(OpMAlMs 32 LEIUTE U OCOOCHOCTHTE Ha
crcTeMara, KaTo akleHTHpa Ha Bb3MOXHOCTHTE ¥ 32 T0100psBaHe Ha MO3HAHUATA U
pa3OupaHusTa Ha KpaiHUTE OTPEOUTENN OTHOCHO TpaHC(OpMaLMKUTE U OTIEPaIIUNTE
BbPXY OCHOBHM OOEKTH KaTO TO4YKa, OTCEYKa, PaBHHHA W H3CJIEJBAHETO Ha
cBoiicTBaTa UM B 3D mpoCTpaHCTBOTO.

MopenbT Ha TOTPEOUTENCKUTE Cciiydyan 000co0sBa HSKOJIKO MOATPYIH
MOTPEOUTEIICKH CITydan:

— CwMsHa Ha CBOMCTBaTa Ha CI[EHATA,

— CwmsHa Ha no3uimara Ha 3D o6ekTu;

— Cep3gaBane Ha nuHaMHYHHA 3D 00eKTH;

— Cws3aaBane Ha 3D koHburypaiumy;

— Tloka3BaHe Ha JONBJIHUTEIHA HH()OPMAITHS,

— 3BbpIiBaHe HA JOMBIHUTEIHU ONIEpaliu BEpXy 3D oOekTure;

— /3BBpriBaHe Ha ACUCTBUS ¢ KOH(PUTYpaLIUY;

— JlombnHUTENHA rpyna 3a HOMOIHA (YHKIIMOHATHOCT.

Besika rpyna chIabpika HAKOJKO Ha Opodl MOTPEOMTEICKH Clydaw, KOHUTO ca
OMHCaHH B IIbJicH opmar. IIpu OnMCaHUETO UM € H3I0JI3BaH UTEPATHBHUAT MOIXO0.
— OCHOBCH IIOJIOKHUTEICH CLICHAPUH, MOMBIHUTCIHH M aJTePHATHBHU CIICHAPHUH.
Upe3 MBIHOTO OMKMCAaHWE HAa BCHYKHM MOTPEOMTEICKH CIIydad, MOCTUTHATO Ha (asza
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Hsrpaxnaane, ce 000co0sBa U IbJIHATa (HYHKIMOHAIHOCT HA CHUCTEMaTa, KOATO Ce
0a3upa Ha Hal-u3MmoN3BaHuTe (HYHKIUH, TIpe/UIaraHy OT Mo100HH cucTeMu [2].

Ch3gaeHUsIT JOMEHH MOJIET Onpeiens 0a30BUTE KOHIENTYaTHN KIacoBE, KOUTO
MpEeACTaBIT HHHOPMALMOHHOTO ChIbPXKAHUE HA cHUCcTeMaTa. 1031 MO/IeN € OCHOBaTa
3a cle/iBallaTa CThIKAa — HM3TPAKIAHETO HA KIIACOBETE M BPB3KHTE MEXIY THX.
OCHOBHHUTE KJIacOBe M HMHTepdeiich omucBaT pa3NuYHUTE OOEKTH — TOYKa, IpaBa,
paBHMHA W 1p. Hapen ¢ ocHOBHHUTE KJIacoBE W OTTOBOPHOCTUTE, KOUTO Bceku 3D
00EKT ChABbpXKa, cUCTEMaTa OOpaBU M C penuiia MOMOIIHM KiacoBe: 3a paboTa Che
cleHarTa, 3a 3ama3BaHe M 3apexJaHe Ha KOHQHIypaluu BbB (aiijoBara cucrema u
T.H.

Pa3pabotenu ca okono HsAkonko aeceTkd UML nuarpammu — OCHOBHO JHarpaMu
Ha IOCJIeI0BATETHOCTTA, AUarpaMy Ha JIeiHOCTTa U AuarpaMy Ha KJIaCOBETE, KOUTO
MOCTETICHHO JETalIM3UpaT TPOEKTHOTO pEelIeHHe M MojrnoMarat codryepHaTa
peanuzanys.

Cucremara ¢ paspaboreHa Ha Python. M3mos3BaHeTo Ha HUTEPATUBHUS MOAXO[
Ch3lajie BB3MOKHOCT 3a TIIOCTCIICHHO W3TPaXKAaHe W JCTalIM3MpaHe Ha
q)yHKHHOHaHHOCTTa, KaTo IMO3BOJIN CJIIEMCHTH OT HEA 1a 6’l)llaT TOTOBHU U U3IIOJI3BAHU
Ha MO-PaHHU ETallH.

3akiIoueHne

CpBpeMEHHHTE MeETOAM 3a paspaboTka Ha coTyep mnpemrarat Oorar
WHCTPYMEHTApHyM Ha crienuanuctute B odmactra [9], [1]. ChmeBpeMeHHO TAXHOTO
pasHooOpa3ue TMOHSIKOTa 3aTpygHSABa COQTYEepHHTE eKMIHM B m300opa Ha TOYHATA
METOZOJIOTHS 32 KOHKPETHHS MPOEKT.

W3non3BaHeTo Ha WTEpaTHMBHM MpPOLECH 3a pa3padOTKa, KakbBTO €
YHudumpanusaT mnpouec, € Moje3HO pelieHHe B IOBEYETO CIydaH, 3aIloTO J1aBa
BB3MOXKHOCT Ha pa3padOTYMIMTE I'bBKABO Jia pearnpar Ha MPOMEHHTE B XOja Ha
npoekTa. [lo3HaBaHeTO Ha NPOLECUTE, KAKTO W MOAXOMAIIAaTa MM aJaNTamus, ca
KJIFOYOBH 32 ycIeXa Ha IIPOeKTa.

Hacrosmara cratus naBa MMpUMEP 3a €AHO TaKOBAa MPUJIOKCHHUEC, KOCTO 01 MOTJIO
Jla €€ M3II0JI3Ba € YCIICX U IPpU APYTrd MPOCKTH.
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Implementing Iterative Principles and Object Oriented
Approach for Educational Software Development

Kalinka Kaloyanova, Andrey Antonov

Abstract: The paper presents the use of an iterative process in combination
with object-oriented approach and application of UML modeling for software
development. The key elements of the methodologies are analyzed as well as
the benefits of their combination. An example of using this approach for
creating software for educational purposes is shown — a system for
visualization of 3D objects.
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Methodological Approach
for Modelling, Simulation & Assessment
of Complex Discrete Systems

Zlatogor Minchev

Institute of ICT/Institute of Mathematics & Informatics
Bulgarian Academy of Sciences, Sofia
zlatogor@bas.bg

Abstract: Todays’ world is constantly evolving towards improving human-
environment interaction and thus achieving a better quality of life in the digital
age. Apart of this, the proper understanding and perspectives for progressive
development of this idea is discoverable in multiple current and future problem
areas. The paper outlines a methodological approach for modelling, simulation
and assessment from the complex discrete systems perspective. The presented
idea is illustrated from both theoretical and practical prospects, noting
numerous successful results. Some possible improvements of the proposed
approach are finally discussed.

Key words: complex discrete systems, modelling, simulation, assessment

1. Introduction

Modern digital 21st century world headlines are constantly evolving in various fields,
to note: climate, society, governance, economy, security, industry, technologies,
research, education & innovations [1].

The progressive and dynamic understanding of these fields from the human-
environment interaction perspective is a rather challenging task, successfully outlined
by the General Systems Theory [2]. Apart of this, the possible moments of
unexpected changes and perturbations are definitely hard for practical handling and
prediction.

A suitable approach, in support to these problems solving, is the complex systems
modelling [3]. However, the real world models in the digital reality are discrete and
not completely deterministic by design.

Plenty of logical and mathematical formalisms for complex systems machine
representation are available in the research literature [3], [4] to mention: graph-based
modelling, finite state machines interpretations, non-linear system modelling,
discrete event-driven models, object-, agent- based modeling. They are providing
different levels of abstraction and details observation for studied systems structure
and properties.

What however stands indefinite are the system complexities, related to multiple
quantified uncertainties and exploration errors that are difficult for coping in
general [5].
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Additional support, in this sense, is the expert knowledge usage, implementing
different fusion techniques for probabilistic and non-probabilistic reasoning [6], [7].

Another added value in the modelling process is given to fuzzy logic with its
modifications [8], [9].

As the examination of the created models is usually conducted in the digital
space, both open and closed discrete simulations could be used [10]. These however
require different human-in-the-loop roles and computational resources that vary from
normal personal multi-core computers to high-performance facilities with millions
computational cores.

The assessment of the obtained simulation results is the final moment that needs a
suitable framework for correct and profitable evaluation.

Real-time and post-simulation multicriteria evaluations (like: performance
variables observation, benchmarks, score cards, etc.) are applicable in accordance
with the assessment objectives [11].

Further on in the paper an ad hoc methodological framework for modelling,
simulation and assessment of complex discrete systems will be given. Some
noticeable applied results and future work discussion are also provided.

2. Methodological Framework

In this section a threefold approach will be considered, including: 2.1. Machine
Representation; 2.2. Knowledge Extraction & Fusion; 2.3. Simulation & Results
Assessment. All stages are successfully implemented in the Intelligent Scenario
Computer Interface Program for System Analysis (I-SCIP-SA environment, see
Section 3) for complex discrete systems (CDS) practical exploration.

2.1. Machine Representation

The idea behind the machine representation is encompassing the application of
Chen’s E-R model [12] into an evolving intelligent agent concept [13], used for CDS
modelling. This provides a possibility for intuitive understanding and exploration of
many real life problems, based on agent modeling approach [10].

In general, all entities are presented by indexed agents — A4; (i = I+k, k € N),
equipped with sensors — S and effectors — E for interaction with the external
environment (see Figure 1). Sensors and effectors at this stage are abstractions, able
to operate in physical and information world, in accordance with the exploration
necessities.

The communication between agents in this complex system concept is achieved
via their multiple indexed causality relations set — R. R contains all objects R;; (i#], i
= I+k, j = I+k, k € N) responsible for bilateral agents connectivity, following the
model necessities. This requires also a proper understanding of the relations causality
modelling role and involves both: W — weights and D — delayed transition functions
sets, following the ideas of Vester [14]. W and D elements are of considerable
importance for the models discrete simulation implementation (see Section 2.3).
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As the practical modelling realization of CDS machine representation is requiring
adequate problem space expert knowledge extraction and sensors data suitable
fusion, a relevant approach will be further outlined.

ENVIRONMENT

Agent,
|:> Sensors — S, R:::::::s Sensors—S,
{1 Effectors—E, SEER {— Effectors-E,
{W, D} X

Agent,

Y,

v

Agent,

|::> Sensors — S,
<:| Effectors — E,

Figure 1. Graphical illustration of the idea for CDS machine representation.

2.2. Knowledge Extraction & Fusion

Extracting the knowledge of subject matter experts is an important step for complex
environment models creation in various problem areas. The present CDS modelling
approach is benefiting from different techniques, including: brainstorming,
backcasting, discussions, interviews, questionnaire based surveys or other similar
ones [15]. What however is important to note here is that generally knowledge
extraction is always uncertain to some extent and at the same time context
dependable. This practically means that knowledge extraction should be performed
with uncertainty coping [16].

In this sense (see Figure 2) the challenge for experts knowledge and opinions
fusion, combined with the simultaneous sensors data dynamics is of key importance.

The assumed agent-based E-R representation of CDS is providing a suitable
background, using experts’ opinions for initial entities and relations creation,
followed by model relations weighing (see Section 2.3). Concerning the practical
solution of the problem, the scenario-based contextualization was successfully
implemented for both opinions and sensors data fusion [17].

However, it is worth nothing that at this stage, CDS models are providing just a
priori, general understanding for the studied complex environment phenomena.

Further on, a dynamic exploration of the created CDS models is organized
through simulation, combined with multicriteria results assessment.
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Figure 2. Knowledge extraction & fusion idea for CDS modelling.

2.3. Simulation & Results Assessment

Proper understanding of CDS model system properties in multiple scenario context
was achieved via discrete event simulation [10]. This provides an opportunity for
studying the system dynamics, using an approximation, implementing different
delayed transition functions — D [18] of the relations weights — . An important
moment to note here is the practical implementation of this approach, directly
connected with the model assessment.

Generally, a dual assessment of CDS models is performed for better results
understanding (see Figure 3).

REAL-TIME
DYNAMIC
ASSESSMENT

SUPPORTING
OFF-LINE
ASSESSMENT

DISCRETE
EVENT SIMULATION

IN-THE-LOOP
DATA SUPPORT

Figure 3. General idea of CDS model discrete simulation and
dual assessment with in-the-loop data support.
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At first experts knowledge a priori assessment is organized, using a clustered
evaluation of the system dynamics trends. Next, during the simulation process,
experts’ beliefs for the agents bilateral relations weights — W evolutions is visualized
for the entities, using the data from D functions, encompassing expert and sensor data
with in-the-loop simulation support [19], [20].

The second off-line assessment component is organized by using recorded
transition functions — D data trends from the simulation and probabilistic
computational judgments [21], [22]. This provides a possibility for results non-linear
validation and computational verification. A supplementary participation of the
human factor, within the discrete simulation, could also be added with in-the-loop
data support, implementing the computer assisted exercise approach in some specific
tasks proper exploration [23].

2. Software Implementation

The practical implementation of the presented methodological framework is initially
accomplished for I-SCIP-SA, v.1 in Borland Delphi 7 environment [19]. Updated
program realizations of I-SCIP-SA, v.2 [24] and v.3 [20] are also produced in
Borland CodeGear Delphi 2007 & Embarcadero RAD Studio XES5 editions.

Originally, the approach is using an agent-based organization (see Section 2.1),
interconnected with weighed uni- or bi- directional relations (see Figure 4a). Their
weights — W (measured in integer percentages from the interval [0, 1]) could also be
presented as time delayed transition functions values (times equal to 0, concern static
models with single value element array, whilst — arrays of discrete time values are
referring the dynamic ones).

Graphically, the entities are noted with labeled rectangle or circle and relations,
with arrows, labeled for weight (yellow) and time delayed function values array size
(blue).

Following the idea proposed in Section 2.2, expert knowledge and sensor data are
used for entities and relations definition, together with their discrete simulation
realization. In-the-loop data support is providing, at the same time, a possibility for
delayed transition functions modification, implementing both human factors
activities and sensors information.

The dynamic assessment (after Section 2.3) is visualized into a three dimensional
Sensitivity Diagram (SD), using: Influence (forward connectivity, x coordinate),
Dependence, (backward connectivity, y coordinate) and Sensitivity (absolute
difference z = |x - y|) values.

SD is providing four-sector entities classification (in accordance with x, y, z
values): green — ‘buffering’, red — ‘active’, blue — ‘passive’ and yellow — ‘critical’
(see Figure 4b).

Additional, ‘active’ (white, positive z values) and ‘passive’ (grey, negative z
values) reassessment for each of the entities in a certain sector is also fulfilled. This
is directly related to sensitive evaluation of elements towards the z axis. All entities
from the model are visualized in SD with indexed balls.
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Supporting off-line results assessments are
applications [21], [22].
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Figure 4. A screenshot of I-SCIP-SA environment with sample model (a) and the resulting four
zone Sensitivity Diagram classification (b).
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3. Noticeable Applied Results

The presented methodological approach for modelling, simulation and assessment of
complex discrete systems have been successfully implemented in multiple research
areas during the last ten years.

In the fields of crisis and emergency management the results were mainly used
for experimental establishing of a Center of Excellence on Applied Operational
Analysis & Joint Training Simulation & Analysis Center — JTSAC [25]. The
accomplished research experience was also used in 2010 for the ‘Alliance Strategic
Concept 2020’ preparation and is available at the first Bulgarian knowledge portal in
that field [26].

Further on, the research efforts were mainly focused in JTSAC successful role for
the creation of ‘European Network of Excellence on System Security’ — SysSec [27]
with more than eighty partnering institutions all over the world that successfully
developed ‘The Red Book: A Roadmap for System Security Research in Europe’ up
to 2020 [28].

Some distinguished national results in this sense are related to social networks
and smart homes, noting the human factor key digital resilience role [29] within three
SysSec supporting research projects: DMU 03/22 [30], DFNI T01/4 [31] and TK
02/60 [32].

Recent achievements in the cybersecurity field are affiliating the Alliance Wales
Summit Cyber Policy 2014 updates and the new hybrid challenges exploration [33],
marked in the methodological and future threats analysis support to the ‘National
Cyber Security Strategy 2020° ongoing preparation.

4. Discussion

Evidently exploring modern world research headlines with the presented complex
discrete systems approach is producing added values to both fundamental studies and
societal understandings.

Apart of this, there are some weak points that need to be addressed in the future
from human factor and technological perspectives, to note: models simplification due
to causal agent representation, difficulties on data fusion sources implementation due
to numerous errors, uncertainties and different trend discretization dynamics,
limitations of the clustering assessments and the resulting ambiguous visual
representations, external data sources interoperability and synchronization problems
during discrete simulation.

As the specified methodological weaknesses list is quite complex but not
exhaustive at all, many of these gaps are difficult to be surmounted in general.
However new results are expected to be developed, in accordance with the explored
social and technological context, providing methodological and applied
improvements towards the presented approach.
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MeTon010ru4eH moaxosn 3a Moa€JIMpaHe, CUMyJianus
H OIICHKA HA KOMIUVIEKCHU TUCKPETHHU CUCTEMHA

3iaTorop Munues

Pe3tome: B nHemrHus CBAT HHTEPAKTHBHOTO B3aUMOJICHCTBHE MEXKITy YOBEKA H
cpemaTa IIOCTOSHHO €BOJIOMpA, IOBHUINABAKM KadyecTBOTO Ha JKHUBOT B
nururanHata epa. Ot npyra cTpaHa, IPaBUIIHOTO pa30OMpaHe M HaJMYHeTO Ha
MEPCIIEKTHBY 32 TPOTPECHBHO pa3BUTHE Ha Ta3W HIesd MOXe na Obae
YCTaHOBEHO B MHOXKECTBO ChBPEMEHHHU M OBJEIIHM H3CIICIOBATEICKH OONACTH.
Crarusta mpeacTaBsl METOAOJIOTMYEH MOAXOJ 3a MOJEIHUpaHe, CUMYJIalus H
OLEHKa OT TJeAHa TOYKAa HAa KOMIIEKCHHTE JOUCKPETHH CHCTEMH.
IpencraBenaTa uaest € WIIOCTPUPAHA KAKTO TEOPETUIHO, TaKa M MPAKTHIESCKH
C MHOXECTBO YCIICIIIHH pe3ynTaTd. B kpas ca oOCHACHH M HSKOW BB3MOXKHH
nogoOpeHns Ha MPEATI0KEHOTO PEeIIeHHE.
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MeTom0/10TruH 32 IPOEKTHPAHE U pa3padoTBaHe
HA CUTYPHH ye0 yCJIyIru: CbBPEMEHHO ChCTOSTHHE

Maaunnka UBanoBa

Texunueckn yausepcuter — Codust
m_ivanova@tu-sofia.bg

Pestome: VYeb6 ycmyrure ca codTyepHH KOMIIOHEHTH, ITOJIIOMAaraliy
KOMYHHKALHATa MEXAY codTyepHH HpuioxeHus u ycrpoiicta. [Inpokoro
UM IpUiIoKeHHe B VIHTepHeT MoCTaBsi H3NCKBAHKS 32 3aIIUTATa UM OT 3aIUIaxu
W aTakd M TapaHTHpaHe Ha CUTYpPHOCT Ha IpeJaBaHHTEe NaHHU. J[OKIambT
npencraBs  00OOLIEHME M aHAIM3 HAa CHBPEMEHHM METOJOJOTHH 32
NPOEKTHPaHe U pa3padOTBaHE Ha CUTYpHU yel yCIIyru, Bb3 OCHOBA Ha KOETO €
HamnpaBeH M300p Ha METOJOJIOTHS, KOSTO Ja ObJie M3IOJBaHA TPU Ch3/IaBaHE
Ha copTyepeH HHCTPYMEHT.

Kiro4oBu 1ymu: yed yciyru, CHIypHOCT, METOIOJIOTHH 32 IPOSKTHPAHEe
pa3paboTBaHe Ha CUTYpHH ye0 ycIyru

ACM 1998 Classification Keywords: A.l: Introductory and Survey,

D.2: Software  Engineering —  D.2.1: Requirements/Specifications  —
Methodologies, C.2. Computer-communication Networks — Security and
Protection

1. BLBeaenue

Yeb6 ycnmyrara ce pa3miexia KaTo copTyepeH MpOAYKT C OIpejelieHa
(YHKIMOHAIIHOCT, KOWTO JIECHO MOXeE Ja ce [n00aBs, NmpeMaxBa MM 3aMeHs B
codryepro mpuminoxkenue [1]. Hecto yebd ycayrara pabOTH CaMOCTOSTEIIHO HIIH B
KoMmOuHaims ¢ apyru ye6 ycimyru [2]. Ts e 4acT oT apXuTeKTypara, OCHOBaBalla ce
Ha yCJIYTH, 4acT OT OOJIauHH CTPYKTYPH WJIM APYTH PEIICHHUS, N3MOI3BAIH YCITyTH.
YcraHOBEHO €, ue eiHa royisiMa 4acT OT 3aIUIaXUTe U aTaKuTe cpelly yed yciayru ce
JIBJDKAT Ha He 100pe MPOEeKTUPaHH /UK pa3padoTeHu yed yClIyrH, a Apyra 4acT ce
OCHOBaBaT Ha aJMHHHUCTPATOPCKU TPEUIKH U HEeaJeKBAaTHA MOJUTHKA HA ChOTBETHATA
OpraHM3alisi OTHOCHO CHUTypHOCTTa [3]. 3aToBa MPOEKTUPAHETO W pa3pabOTBAHETO
KaTo eIUH OT (haKTOPHUTE 3a NMOCTHTaHE HAa CHTYPHOCT ca OCOOCHO Ba)KHH ITPOIIECH,
CBBP3aHM C e()EKTHBHOTO HM3IIOJI3BAaHE Ha yed yCIyTHM M TapaHTHPAHETO Ha CHUTypHA
ye6 KOMYHHUKAIUsA B PaMKUTC Ha C€AHA OpraHu3anus, HAKOJIKO CBbp3aHU
OpraHM3allii MWJIH B OTBOpPEHOTO yeO mpoctpaHcTBo. IlpoekTupaneTo u
pa3paboTBaHETO Ha CUTYpHU yeO yciyrd TpsiOBa Ja ce M3BBpIIBA Bb3 OCHOBA Ha
CTaHAAPTH W YTBBPACHU NPUHLUIN U METOAU B TPAKTHUKaTa, KAKTO M aJIaliTUBHO Ja
Ce OTYMTAT yCJOBUSTA M N3UCKBAHUITA HA KOHKPETHHS CIIeHapHii 1 KoHTeKcT. LlenTa
Ha CTaTHsTa € Ja ce 0000HM U aHaIU3Upa ChbCTOSHUETO IO MOMEHTa B 00JlacTTa Ha
METOJIOJIOTHH 32 TPOEKTHpaHe W pa3pabdoTBaHe HAa CHUTYpPHH yeO YCIyrH M Ja ce
Harpasy U300p Ha ITOIXOISIIA METOMOJIOTHS, KOSITO J1a C€ M3II0JI3BA IIPH U3TPAXKIAHE
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Ha COPTyepeH HHCTPYMEHT, MPECTaBsII] KOMIUIEKCHA METO/IOJIOTHS 32 OCUTYPSIBAHE
Ha CUTYPHOCT Ha ye0 yCIIyrH, OTYHTAIIA PAa3INYHU (PAKTOPH.

2. Cranpaptu

Yeb ycnyrure wu3mon3BaT HaOOp OT CTaHIAAPTU3UPAHH MPOTOKOJH, KOHTO,
MPABUITHO MPHUJIOKEHH, OCUTYPSBAT HEOOXOAMMATA CUTYPHOCT B KOMYHHKAIIUOHHHUS
mporiec. W3C (World Wide Web Consortium) u OASIS (Organization for the
Advancement of Structured Information Standards) mpemopbuBaT mpuiIaraHeTo Ha
CTaHAapTH, CBbP3aHU ChC CUTYPHOCTTA HA yel0 yCIyTH, MO-BaKHUTE OT KOMUTO Ca:

- W3C Web Services (WS) Policy — Cnemudukanusara neduaupa Habop or
KOHCTPYKUMW/TIONUTAKA 33 OIHMCaHWE Ha XapaKTepPUCTHUKHTE Ha yed YCIyrH |
W3NCKBaHUATa KbM TAx [4]. EnHa monmTika mTO3BOJsABa Ha yed yciyrure naa
nehUHUpAT HM3UCKBAaHHMSA KbM KpalHHUTE/MEKIMHHUTE TOYKH. Te3M M3UCKBAHMA
BKJIFOUBAT M MpaBHJIa 32 3aMa3BaHe HA CEKPETHHUTE JIAHHU, NPAaBUIIA 332 KPUNTHPAHE U
M3I0JIBAHE HA CUTYPHHU TOKBHH.

- OASIS WS Security — To3u cTaHgapT MO3BOJSBA PEaTU3UPAHETO HA CUTYpHHU
SOAP (Simple Object Access Protocol) cpo0mierns upe3 KpunTupaHe 1 IpOBEpKHU 3a
IUTOCT U KOH(PHUICHIIMATHOCT Ha CHOOIIEHHE MITN Ha YacT OT Hero [5].

- OASIS WS Trust — CranaapThT HO3BOJISIBA pa3MsHa Ha CUTYpHH TOKBHH 3a
YCTAQHOBSIBAHE Ha JIOBEpHE B pA3IMYHU JOMEHHM — MPEJOCTaBsi METOIH 3a
BB3CTAHOBSBAHE M BAIUJNPAHE HA CHI'YPHU TOKHHH, KAKTO U HAYWHH 32 OICHSBAHE
Ha JToBepHeTo [6].

- OASIS WS SecureConversation — 1I3non3Ba ce CBBMECTHO CBC
cnerupukanuure WS Policy, WS Security, WS Trust ¢ men peanusupane Ha
CUTypHATa KOMYHHUKAIHMS MEXy KJIHEHTa 1 yciyrarta [7].

- OASIS WS ReliableMessaging — Crienudukanusra 1aBa OMMCaHUe Ha MPOTOKOJ
3a HaJIeXKHO MpeAaBaHe Ha choOuieHus. CTaHIapTHT MO3BOJISBA HA yeO yCIyruTe u
KJIMEHTHUTE Jia CH MUMaT JIOBEpUE, KOraTo ChOOIIEHHETO € M3MpaTeHo M TpsOBa aa
ObJIc TOCTABEHO JIO CHOTBETHATA cTpaHa [§].

- OASIS WS Atomic Transaction — CrienmupuKanyara ONKUCBA TPH CIICIHPHIHHA
MPOTOKOJIAa 3a JOTOBapsHE TMPH OCBHIICCTBABAHC HAa AaTOMHYHA TPaH3AKIIHS.
CraHmapThT YCTaHOBSBAa BB3MOXKHOCT 3a OOpaTHO BpPBIIAHE Ha TPaAH3AKI[MHUTE B
CiIy4ail Ha HEyCIIeNTHO MpeaBaHe Ha ChoOmeHueTo [9].

2. MeTon0J10ruM 3a H3rpaskaaHe HA CHTYPHH ye0 yCJIyru

Toit xkato yeb yciayrute ca copTyepHH CHCTEMH, TO Ce IpeAroiara, 4e TIXHOTO
M3rpaklaHe MOXKE Jla C€ W3BBPIIN IO HIKOS OT HW3BECTHUTE METOJOJIOTHH 32
pa3paborBaHe Ha codryep (Hampumep OOEKTHO-OPHEHTHPAHO WPOCKTHpPAHE U
aHamm3). Ha mpakTuka ce oka3Ba, 4e yCIyTHTE MPUTEXKaBaT PeAnIia OCOOEHOCTH U
M3CIIEI0BATENUTE THPCAT CHENMATHA METOJOJOTHUH 33 TSAXHOTO pealn3upaHe upe3
Tpu moaxoma — (1) wu3MON3BaHe Ha  CHINECTBYBAIla METOJOJOTHS U
YCHBBPILIECHCTBAHETO M, (2) KOMOWHHMpaHEe Ha HSAKOJIKO METOJ0NOTHH, (3) Ch3aBaHe
Ha HOBa METO/AOJOrHs. MHOro a00bp 0030p Ha W3BECTHHTE METOAOJIOTHH 32
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npoekTupane Ha yeO yciyru e HampaBeH or Ramollari, Dranidis u Simons [10],
KOMTO 1ocouBar Hannuueto Ha: (1) metomonorus Ha IBM — aHanu3 u npoexkTupase,
OpUEHTHUPAHO KbM yciyrH, (2) mporec Ha IBM — Monenupane, OpUECHTHPAHO KBM
YCIIYTH ¥ apXHUTEKTYpa, (3) nmponec Ha IBM — yandunmpan nporec, opueHTHpaH KbM
ycryrd, (4) Merojoinorus Ha Sun Microsystems — HENPEKBCHATO KadecTBO, (5)
Metogonorus Ha Everware-CBDI — apxurekTypa, OpHeHTHpaHa KbM YCIYTH H
WH)XeHepcTBO, (6) meromonorms, mpemnoxkena ot Erradi, Anand m Kulkarni —
apXUTEKTypHA paMKa, OpHeHTHpaHa KbM ycuyrH, (7) Meromonorus Ha Papazoglou u
van den Heuvel — mpoextupane m pa3paOoTBaHe, OPHEHTHpPAHO KbM ycIyTH, (8)
MeTozonorus Ha Erl — mpoextupaHe W aHaiu3, OPHUCHTHUPAHH KbM ycayrd, (9)
METOJIOJIOTHSI 3a MojJenupane Ha OusHec mporuecd, (10) merogonorust Ha Jones —
apXUTEKTypa, OPHUCHTHUpaHAa KbM yciayrn. B cratusra Ha Ramollari, Dranidis u
Simons HUIIO He ce chOOIIaBa 3a CUTYPHOCTTA HA ye0 YCIIyTH M ISHHOCTHTE, KOUTO
TpsiOBa Ja ObAAT MIPEABUICHU B TE3H METOJIOIOTHH.

Stojanovic, Dahanayake u Sol mpeacraBsT momoOpeH MeTOA Ha KOMIIOHCHTHO-
6asupaHo pazpaboTBaHe, ChOOpa3eH ¢ 0OCOOCHNUTE XapaKTepUCTUKH Ha yeb yciayrure
[11], makap 4e METOABT HE OTYMUTA BAKHOCTTA HAa CHUTYpHOCTTA NPH CH3/aBaHE Ha
ye6 ycayru. KommoHeHTHO-0a3upaHOTO pa3pa0OTBaHe Mpeaiara pasaeisHe Ha
BBTpELIHATa W BBHIIHATA MEPCIIEKTHBA, HO € OrpaHHYeHO OT IJIeJHA TOYKa Ha
I'bBKAaBOCT, KOMIIO3MpaHEe W Mpeusmois3BaHe. V300pbT Ha yciyra ce HM3BBpIIBA
JMHAMHWYHO, B3 OCHOBa Ha HAOOp OT MONUTHKH. M3MON3BaHETO HA MHCTAIHPAHU
KOMITOHEHTH HE II03BOJIsIBA CHIIMS HA4YWH Ha TPEU3NOoN3BaHe W JAWHAMHUYHO
nosezneHue. [Ipy KOMIOHEHTHOTO pa3pabOTBaHE TPYAHO CE€ HW3MOJ3Ba OOEKTHOTO
MOJIETIMpaHe M Ta3W TPYAHOCT CE yBEIMYaBa C HApacTBaHE Ha CIIOKHOCTTA Ha
MoJena.

Jpyr MeTon 3a mpoeKTHpaHe, OPUCHTUPAHO KBbM YCIYTH Bb3 OCHOBA Ha OHM3HEC
npouecu € npeacraBeH oT Lo u Yu, HO CbIIO HE C€ MPenopbyBaT AEHMHOCTH MO
curypHoctTa [12]. MoaenupaneTo Ha OHU3HEC MPOIECH pasriiexkaa OU3HEC MPOIECH,
UACHTU(UIIPA HAYHHH 32 TIOA00PSABAHETO UM U OIpEeIis OapuepuTe, KOUTO CIThbBAT
MMOCTUTAHETO Ha OM3HEC menuTe. Pe3ynTaTsT OT MOACIMPAHETO € MPAKTHIECKH TUTaH
3a JecTBHE C TMOAPOOHO OIMMCAHWE 3a TMOCTHTaHe ILEIWTE Ha OpraHM3alusaTa |
peanu3upane Ha MPOMsHA, ChoOPa3HO cTpaTerudecKara i MUCHSL.

[TonacrosmieM H3CIIEAOBATENICKM TPYHNH OT aKaJeMHYHaTa OOIIHOCT W OT
coTyepHaTa HMHAYCTPUS TMPONBIDKABAT Ja THPCAT IOAXOAW 3a NPOEKTHpPaHE H
peanu3upaHe Ha cUTypHH yeb yciryru. Hamume ca HSIKoNKo myOimKannuu, B KOUTO T0-
ITBJIHO WJIM YacTUYHO Ca ONMCAaHMW JEHHOCTH, CBBP3aHM ChC CHI'YPHOCTTa Ha yeO
YCIIYTH WJIH Ca MIPEACTaBEHN METOI0IOTHH.

Microsoft nmpeara Habop OT WHXKEHEPHU NEWHOCTH, KIACH(OUIMPAHU B YECTHPH
TpyNH, KOWTO Jia MOATOMaraT co(TyepHHTE pa3pabOT4WIM, KOUTO TpsiOBa na ce
Cch0oOpa3AT ¢ n3nckBaHusATa 3a curypHoct [13]: (1) Hoenmuguyupane na yerume na
cueypHocmma — OTpeNesiHe Ha M3UCKBaHHATA 3a CUTypHOCT; (2) Pasboupane ma
3anaaxume — YCTaHOBSIBAHE HAa BB3MOXKHHTE 3aIUIaXM 38 KOHKPETHHS CLEHapHd H
KOHTEKCT 4ype3 IpHiiaraHe Ha TEXHHKaTa MoZenupaHe Ha 3amaxure. [locraBeHure
LeNH JONPUHACAT 3a NPUOPUTH3MPAHE Ha 3allaxuTe M ys3BUMoCTHTE. Upes
M3TPajieHNs MOJET Ha ChOTBETHATA 3aIlIaxa, COPTyepHUTE Pa3pabdOTUHIIM Ce CTapasT

113



Hayuonanna kongepenyus no ungpopmamuxa,
noceemena na 80 2. om poscoenuemo na npogpecop Iemvp bvpues

na u3derHar ys3sumocture.; (3) Ilpurazane Ha ycmanogeHu npurHyunu, waoioHu u
npakmuky — Taka MOTaT Ja ce eJIMMHMHHpAT penuna MmpoOieMH Ha CUTYypHOCTTA.
AJIanTHBHOTO WM TpHJIaraHe, B 3aBUCHMOCT OT KOHKDETHUsI CLIEHapuil M cily4ai, e
(hakTop 3a peamusupaHe Ha eEKTHBHA CUTYpHOCT.; (4) [lpunacane nHa umdicenephu
MeXHUKU, Kacaeuju CUypHOCIMma npe3 yeaus JHCU3HEeH YUK HA yed NPULo#CeHUemo
— TOBa ca CHEUU(HUIHM NEHHOCTH, Ype3 KOWTO CE OCUTypsiBa pEaM3MpPaHeTO Ha
[EJIUTE TI0 CHUTYPHOCTTA. 3a CUTYpHOCTTa TPsOBa Ja ce MUCIH TIpe3 HEeNus KU3HEH
IUKBII HA TIPOIYKTa, KaTo ce 3alloyHe OT AeUHUpaHe Ha LENUTE 3a MOCTHTaHe Ha
curypHoct. [IpemrHaBa ce mpe3 MoAeNHpaHe Ha 3allaxuTe, KOETO MoJIoMara
MpoeKTHpaHeTo Ha yciayrata. Jloctura ce [0 TpoBepka M KOHTPONI MpHU
MPOCKTUPAHETO, KOJMPAHETO, BHEAPSIBAHETO M TECTBAHETO HA CHUTYPHOCTTA Ha
yciyrara, KOUTO ca 3aJBJDKHTENTHH MEPKH, MMOJ00psBalM IISJI0CTHATA peaTH3alis
Ha curypHoctta. Microsoft U3mon3Ba MHXKEHEPEH Mpoliec 3a pa3paboTBaHe Ha yeb
ycinyrd, BkiouBamy ciepnHure Qasu:  Ilmanupane, M3uckBaHus W aHaM3,
Apxurektypa u mnpoekTtupane, Pa3paborBane, TecrBane, Buenpssane, [Tonappixka
[13], mpe3 kouTo (ha3u ca npeABUICHH JCHHOCTH TI0 peaM3UpaHe Ha CUTYPHOCTTA.

Joo m Woo npuitarat no0pe u3BeCTHaTa METOAOJIOTHS Ha 00EKTHO-OPUEHTHPAHO
NPOEKTUpaHe M aHaJu3 MpU pa3paboTBaHe HA CUTYPHU yeO NPHIIOKEHUS U 10 TO3U
Ha4yMH 3a CUTYPHOCT C€ MHUCIM HE caMO B KpaifHata ¢a3a Ha pa3paboTBaHe Ha
co(ryepa, HO U Mpe3 1eJHs KU3HEH IUKBI Ha cb3gaBaHeto My [14]. [Ipu obexTHO-
OpPHEHTHPaHUsl aHaJIW3 W TPOCKTHpaHe pa3paboTumiure ca (GOKYCHpaHH BBPXY
CH3/IaBaHETO Ha KJIACOBE M OOEKTH, KOUTO CBHOTBETCTBAT Ha pEalHU WIH
KOHLIENTyaJTHH OOEKTH B JajeHa opraHu3anus. HUBOTO Ha TIpaHyIMpaHOCT ce
ompenenst OT Kiaca, KOHTO Ce XapaKTepH3Wpa ¢ HUCKAa CTETNeH Ha a0cTpakmus B
CpaBHEHHE C MOJAEIMPAHETO Ha yciayrH. OOEKTHO-OPHEHTHPAHOTO MPOEKTHPAaHE H
aHaJIW3 € WTEPaTHBEH IMIPOIeC, ChCTOsM ce OT ¢asure: busHec mopenmpane,
WznckBanus, AHanu3 W mnpoektupane, Peammsmpane, TectBane u BrenpsBawre.
ABTOpHUTE TpeniaraT yChBBPIICHCTBAHA METOJOJOTHS Ha OOEKTHO-OPHEHTHPAHO
MPOEKTUpaHe U aHanu3 ¢ (JOKyC BbPXY CUTYPHOCTTA, BKIIOUBala Tpu (azu: AHanus
Ha W3UCKBaHUATA, AHamU3 U MpPOEKTHpaHe Ha cucremMata u Peammsanus.
W3uckBaHusTa 1O curypHocrra ca jgobGaBeHu B TputTe ¢(asu moj Qopmara Ha
He(yHKIMOHATHI N3UCKBAHUSL.

Ot mpyra crpana, aBTopu kato Papazoglou u van den Heuvel cumrat, e mpu
pa3paboTBaHe Ha yeb yCIyTrd U Ha yeO MPUI0KEHHUs, OPUCHTHPAHU KbM YCIYTH, HE €
BB3MOXKHO JHPEKTHO Ja C€ NPWIOKAT OTAEIHHM METOJOJIOTUH Karo: OOEKTHO-
OPHEHTHPAaH aHalIW3 M NPOEKTUpaHe, KOMIIOHEHTHO-0a3MpaHO pa3paboTBaHe W
Mojenupane Ha OusHec mporecu [15]. Te3u Tpu METONOJOTHH HE CHIBPKAT TPU
KIIOYOBH CIICMCHTA, XapaKTepHU 3a MPHIOKCHUSA, OPHCHTHPAHH KBM YCIIyTH:
YCITyTH, BB3MOKHOCT 3a Ch3JaBaHEC Ha KOMITO3UIIMH OT YCIYTH W H3TPaXKTaHE Ha
KOMIIOHCHTH, pEeATM3HUPAIH YCIyTH. Te He TaBaT BH3MOXHOCT U 3a pa3padoTBaHE HA
pasnpenesieHd U XUOPUIHH YCIYTH, JOCTABSHE HA YCIyTH U YIPABJICHHE HA YCITyTH.
Bcesika efiHa OT Te3u TpU METOOJIOTHH, MPHUIOKEHH MO OTASIHO NpHU pa3paboTBaHe
Ha ye0 yciuyru ce okas3Ba HeycremHa. Papazoglou u van den Heuvel cumrar, de e
HEOOXOAMM HOB IIOJAXOJ MpH pa3paboTBaHe Ha yeO yciayrm W Te Mpeaiarar
METOJIOJIOTHS 32 TPOEKTUpaHe U paspaboTBaHe, OasmpaHa Ha ycayru [15], ypes
KOM6I/IHI/IpaHe Ha KOHICHIIHUU OT O6eKTHO-OpI/IeHTI/IpaH aHaJiIu3 W MTPOCKTUPAHE,
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KOMHOHCHTHO-683I/IpaHO pa3pa60TBaHe n MOJACIUPpAHC Ha Oou3HeC mpouecu.
Merononorusita 3a MIPOCKTUPAHEC U pa3pa60TBaHe, 6asnpaHa Ha YCIIYyT' €€ CbCTOU OT

(hazure:

[Tnanupane,

AHanu3 U TPOEKTUpPaHE,

Konctpyupane u TecTBaHe,

O6e3neuenoct, Buenpsisane, 3meinaeHne u HabmogaeHue. Meromonorunte oT [13],
[14] u [15] ca nokazanu upe3 @urypu 1, 2 u 3, Karo ca OTYETEHU U JCHHOCTUTE IO
peanu3upaHe CHTYPHOCT Ha ye0 ycayTure.

JelinocTH IopaeiinocTu JlefiHOCTH 1O CUTYPHOCTTA
‘ IInanupane
N3uckBanusg - OyHKIIMOHAITHI - [lenu Ha curypHocTTa
u H3UCKBAHUSA
HAHE - Hedpyukimonanaun
HM3ACKBAHUS
- TexHonoruunu
W3UCKBAHUS
ApxuTexTypa - YKa3aHus 3a IpOEKTUpaHe - [IpoexTupane Ha yka3aHus
L4t - ApXUTEKTypa ¥ mperien - MonenupaHe Ha 3ariaxu
MPOEKTHPaHE
p p Ha POEKTHUTE PEIICHHUS - TIpoBepKa 1 KOHTPOI
BBPXY NPOEKTHPAHETO HA
CUTYPHOCTTA
PazpabotBane - TectBane Ha oTAEIHU - IIpoBepka 1 KOHTPOI
4acTu BBPXY KOJIa OTHOCHO
- IIpernen Ha Koaa CUTI'ypHOCTTA
- ExXeTHEBHO M3rpakJlaHe
TectBane - TecTBane npu - TecTBaHe Ha cUrypHOCTTa
HWHTETpUpaHe
- CHCTEMHO TecTBaHe
BuenpsiBane - IIpernien Ha BHEAPSIBAHETO - IIpoBepka 1 KOHTPOI
BBPXY BHEIPSIBAHETO
[Hopnpbxka

Queypa 1. Memooonoeus na Microsoft [13]
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HelinocTH IopaeiinocTu JlefiHOCTH 11O CUTYPHOCTTA
Anamms SN O0:1:911500) s ¢:111; 1 (R e
Ha H3UCKBAHUS
HEBHCKEAM I - Hedyukimonanaun - IlpuBmiernu Ha
W3UCKBAaHUS aJIMUHHCTpaTopa
- Ceprudunupane
- Oropu3anus Ha
noTpeduTen
- Kondupenmmannocr n
ISUIOCT HA JTAaHHWUTE
AHanmu3 u - Oynkuwonamum 0 -
MIPOEKTHUPaHE N3UCKBAaHUS
HACHCICH AT - Hedyukimonanau - IIpaBa Ha JOCTHII
W3UCKBAHUS
Peanuzupane - OyHKn©oHamHK ==
W3UCKBaHUS
- Hedpynkunonanau - Kontpon Ha goctena
H3UCKBAHUS
Queypa 2. Memoodonoeus na Joo u Woo [14]
HeitnocTn onneitnocTn JeifHocTH MO CUTYPHOCTTA

[Inanupane no

- Ilenu, npaBuna,

MIPOEKTa poueaypu
- dopmynupaHe Ha
U3HCKBAHUATA
AHanus n - Cuenapun Ha OuzHec - ITonuTtHky 3a cUrypHOCT
MPOEKTHPaHE IPOLIECH

- Unentudunupane u
oIlpesiesIHe Ha OU3HEC
MPOLIECH U YCIYTH
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Konuctpyupane - Kogupane Ha ye0 ycnyru u - Mepku 3a curypHOCT Ipu
U TECTBaHE Om3HEC mporecH pa3paboTBaHETO
- TecTBane - OYHKIIMOHAIIHO TECTBaHE,

TCECT 3a CUT'YPHOCT

O6e3meYeHocT - OnensiBane,
KJIacu(UIIpaHe,
OCTOMHOCTSBaHE HA YCIyTH

BHenpsiBane - Perucrpupane B undposo
XpaHWITHIIIE
- Pexnamupane
W3nbiHeHue u - CBbp3BaHUs ¥ OOPBIICHUSA
HaOoeHue KBM YCIIyTUTE

- YpaBieHue u
HaOII0AcHUE

Queypa 3. Memooonozus na Papazoglou u van den Heuvel [15]

JucKycus U 3aK/II04eHne

OT HampaBeHHsl JUTEPATYpeH IMperiiea ce BWKIA, 4Ye JIO MOMEHTa Ca HaIUIIe
penuiia METOAONIOTMM 32 TPOSKTHpaHe u pa3paboTBaHe Ha yed YCIyri.
Merto1010THH 32 Ch3[]aBaHe Ha CUTYpHH yeO yCiyru ca pa3paboTeHH Bb3 OCHOBA Ha
CBIICCTBYBAIIX MOAXO0AU, HCOPUCHTUPAHU KBbM YCIIYT', YpE€3 aJallTUPAHETO UM KbM
crienudukara Ha yed yciyrure (MeTogosorusata Ha Joo 1 Woo, MeTofoorusaTa Ha
Papazoglou u van den Heuvel) wiu upe3 moOaBsHe Ha NEHHOCTH MO CHTYPHOCTTA
KbM METOJIOJIOTHH, OpPHEHTHPAaHU KbM YCIyru (Merojonorusita Ha Microsoft).
Merononorusita Ha Microsoft € mpoBepeH B NpaKkTHKaTa WHXXCHEPEH Mpolec 3a
peanu3upaHe Ha CUTYpHH ye0 yCIyru, C JoKa3aH yCHex IpH HW3rpakiaHe Ha
co(Tyep, opueHTHpaH KbM yciyru. Meroponorunte Ha Joo/Woo u Papazoglou/van
den Heuvel ca mo-ckopo KOHLENTyalHH, Npeliarainid NOCTUTaHe Ha ONpenelicHa
CUTYpHOCT Ha ye0 yciyrute. Meromonorusta Ha Joo/Woo e pa3paboTeHa Bb3 OCHOBa
Ha METOJIOJIOTHSATA HA 00CKTHO-OPUEHTUPAHO MPOSKTUPAHE U aHAIN3, U Makap, ue Ts
e BepuduImpana upe3 eIuH npuMep, MOKa3Balll pa3paboTBaHe HA OHJIAWH cucTeMa 3a
OaHKupaHe, NeWHOCTHTE 0 CUTYPHOCTTA Ca CBBP3aHH CaMO C He(YHKIMOHAIHUTE
M3UCKBaHUS Ha codryepHata cuctema. Metomonorusta Ha Papazoglou/van den
Heuvel koMOMHMpa HAKOJIKO METOJOJIOTHUH, HEOPHUEHTUPAHH KbM yciyru. Ts He e
BepudHIMpaHa B IpaKTHKaTa U IMOKa3Ba B 001l TulaH B KoM (asu nmpu paspaboTBaHe
Ha co(Tyepa TpsOBa na ce oTpaszar (akropute no curypHocrra. CpaBHeHHE Ha
JIUCKYTHPaHUTE METOJOJIOTHH 33 PEeIN3UpaHe Ha CUTYpPHH yed YCIYTH € IOKa3aHo
gpe3 Tabmuma 1.
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Tabnuya 1

Metonojorus 3a | U3mos3Bana MeTonoJi0orus Bepuduumu- | lobaBenn
peaJn3upaHe Ha paHe Ha JeHHOCTH 10
CUTYPHH yed NMPaKTHKAa |CUTYPHOCTTA
YCJIYTH
Microsoft HnxxenepeH mporec 3a Ha ITo ner ocHOBHU

paspaboTBaHe Ha yelb yciayru JeHHOCTH
Joo/Woo OOGEKTHO-OpUEHTHUPAHO [Ipumep ITo Tpu ocHOBHH

MIPOEKTHPAHE U aHAJIU3 JIEWHOCTH
Papazoglou/ KombOunnpane na xonuernu | He I1o nBe ocHOBHM
van den Heuvel 0T 00EKTHO-OpHEHTHPaH JIeHHOCTH

aHaIM3 ¥ MPOEKTUPaHE,

KOMITOHEHTHO-0a3upaHo

pa3paboTBaHe U MOJETUpPaHE

Ha OM3HEC mporecu

B koHTekcTa Ha cOoTyepHHsS MHCTPYMEHT, KOHTO TpsiOBa aa ce pa3paboTH H
KOWTO TpsiOBa 1a MpejcTaBsi KOMIUIEKCHO pELICHUE 3a JOCTaBsSHE Ha CUTYpHH yeO
yciyru (TyK ce BKJIIOYBA METOJONIOTHsI 3a pa3paboTBaHEe HAa CUTYpHH yed yCiyr,
MIPaBWJIHO aJIMUHUCTPHPaHE, ChOTBETHH IOJUTHKM Ha OpraHH3alusTa) ce n3dmpa
Mmeronoiorusita Ha Microsoft 3a paspaboTBane Ha ye0 ycinyru, ¢ TpeIBUICHH
JIETHOCTH IO CUTYPHOCTTA MOpaad HIKOIKO NPUYHHU:

ToBa e wmeromonorus, oTuurama crenupukara Ha yed YCIyrure Karto
co)TyepHHU CUCTEMH U € Ch3/IaJIeHa KaTo WH)KEHEPEH Ipoliec 3a pa3paboTBaHe
Ha ye0 yciyrd (a He 3a pa3pa0oTBaHEe Ha OOCKTH/KICCOBE, KOMIIOHCHTH WJIH
MIPOIIECH);

BiirouBa [JEWHOCTH 10 CHIYPHOCTTa Mpe3 LeNHs JKH3HCH LUKBI Ha
pa3paboTrBaHe Ha cOPTyepHHS MPOAYKT (a2 HE caMO Ha eTall MPOSKTUPaHE, HITH
pe3 OTIeNH! (a3u Ha pa3paboTBaHe);

[Mpunara ce mojxoJ] Ha pa3dupaHe Ha 3aIUIAXUTE U ATAKUTE Ype3 TAXHOTO
MOJIeTIpaHe, MPUOPUTH3NPAHE U KOMILUIEKCHO JICHCTBHE;

bazupana e Ha HaTpynaHa MpPaKkTHUKa, EKIIEPUMEHTH U €()EKTUBHO JEHCTBAIIN
petieHust (M3MoI3Ba MPEIUIIICH OIUT, 3HAHUS U HAYYHH pa3paboTKu);
Merononorusita e paspaboreHa oT codTyepHH HHXKeHepun B Microsoft ¢
HaTpylIaH ONMT M HENPEKbCHATO Ce MpWJiara Mpy periaBaHe Ha MPaKTHYECKH
npobiemu (a He ce BepuduIMpa UYpe3 HAKOJIKO IpUMEpa WM Ype3
KOHIICTIIINH ).

B 3akmtouenue TpsOBa ga ce oTOENeXH, e cpell M3CIeI0BaTeINTe HIMa SIUHHO
MHEHHE OTHOCHO IOJXOJINA METO/OJIOTHs 3a NMPOEKTUpaHe W pa3paboTBaHe Ha
cUrypHu ye0. Bbnpexku MHOroOpoHHHTE pPa3sHOPOIHHU INPEUIOKEHUS OT CTpaHa Ha
akaJieMU4YHaTa OOIIHOCT U copTyepHaTa HHIYCTpPUS, Ta3u TeMa NPOoIbiKaBa 1a Obe
JCKyTHpaHa 1 U3CJeBaHa, ThPCEHKH ce e)eKTHBHO PEIICHHE.
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Methodologies for Design and Development
of Secure Web Services: The Current State

Malinka Ivanova

Abstract: Web services are software products that support communication
among different software applications and devices. They are wide used via
Internet and this fact leads to emerged requirements about their defence against
vulnerabilities, threats and attacks and guarantees for secure data transactions.
The paper summarizes and analyses the contemporary methodologies for
design and development of secure web services and it shows a choice of a
methodology for realization of secure software systems during their whole
lifecycle. The chosen methodology will be used in development of a software
tool.
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Password Manager
with 3-Step Authentication System

Zhelyazko Petrov, Razvan Ragazan

University of Westminster, London
z.petrov@my.westminster.ac.uk, razvan.ragazan@my.westminster.ac.uk

Abstract: A big factor in online protection is the password complexity. The
strength of this variable is determined by how fast an attacker can guess it. To
increase the effectiveness of this vector the proposed password manager design
has been successfully implemented and tested and have proven to be effective
against main stream brute force techniques. The 3 step authentication system
guarantees 100% access to physical assets in certain scenarios which makes it
a great candidate for establishing a safer environment for home and business
users. We have achieved successful results in terms of encryption strength and
log-in procedure complexity, but more work needs to be done on system
footprint and specifically memory dump based attacks.

Keywords: security, passwords, encryption, Hash, SMS Gateway, Java

1. Introduction

In the modern cyber world data protection is essential part of a system. The
equivalent of our physical key locks in the digital world is the password, and at home
or at work the user is interacting with many doors. At home we have google,
facebook, twitter, ebay, paypal, online banking etc and just like in the physical world
we need different password for each one or we doom our privacy and security. This
fact escalates another issue which is the user memory limitation. It is known that
modern password guessing techniques are very efficient when it comes to guessing
dictionary based passwords such as “thebigbrownfox”. To overcome this issue we
need to use some randomness in our passwords and this makes them very hard to
remember like the password: “GLx1It)*&5“. In a productive environment the
administrators goal is to limit the user access only to the resources they have been
allocated and passwords are one of them. In the office an employee would have to
remember password to access his terminal, work email, ftp server, web server, VPN
connection etc. This limits the possible complexity of the password and poses a great
risk from offline based attacks such as brute force attack with rainbow table or
hardware based attacks. We have designed and develop a java based application
which takes care of everything for the user. Our password manager have 3-step
authentication mechanism which includes password hashing, asymmetric data
encryption and token based authentication. Because we have used only java in-build
features the program is platform independent and can be run on any platform that
supports java. The attack vectors are kept to minimum by enforcing strong anti-brute
force policies during log-in procedures and offline based attacks.
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2. Concept

The main focus is to establish a safe and easy to use environment. A sequence of
events unique to the user have to complete successfully before the user is granted
access to his password database. The first step is to authenticate with a master
password. The master password is salted and hashed and then the result is kept in the
configuration file along with the username. In order to keep the user passwords
protected we have to encrypt the file were they are stored (there is a separate file for
each user). To do that we are using asymmetric encryption and we keep the private
key on a removable memory device such as a USB key. The third and final step is to
successfully complete a randomly generated number request send to the user's mobile
phone. The numbers are generated each time the user tries to log in. Once the 3 steps
are complete the user is presented with an easy to use database editor where he can
add and modify description, links, account names and passwords.

rrrrrrrrrrrr verifyLogin() i—?ap,;‘:te Notify User

Bad user or pw

User Input

ot Empty EIZWYP‘ Empty

and

No Pub key in folder

Generate
and send
SMS Code

Force
Exit

Wrong SMS

Check
Private
Key

Bad Priv key

Figure 1. Authentication logic

2.1. Implementation

The GUI significantly increases the ease of use compared to some other solutions
like CLI based software which aims at speed. The Register form is very self-
explanatory, and in order to increase the security level a password policy is in place.
The admin can easily set the required strength which is hard-coded and have to be
done before compilation. Once registered and logged in, an encrypted database file is
created. The main working window is a simple database editor with some extra
capabilities such as the Open URL, Copy Password and View Log buttons.
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& @ Password Manager AN
Logout Register Change login ... Exit

Logged in as user <testl=> !

[} My Database Type URL Usermame Password |
link facebook.com test
link 'www. gmail.com test2
Add entry Delete row Save table About Copy password View log

Figure 2. User space interface screenshot

2.2. Password Strength

The password strength policy is implemented in the checkStrength function which
uses 5 different variables to determine the security level:

— length

— number of digits

— number of upper case characters
— number of lower case charters

— number of special characters

There are 40 special hard-coded characters (more can be added), 26 letters twice
and the 10 digits which makes it a total of 92 characters. When the minimum
password length is set to 10 this makes it a total of 10792 possible combinations. If
an attacker is trying to brute force a plain MDS5 hash at a rate of 1 million keys per
second he will need 2 million years to complete all combinations. The function
increments the number of characters used and presents the user with a fotal score.

2.3. Random password generator

Inside the new entry form we have implemented a Random passes button which uses
an array of 92 characters and a random number generator to create a password. This
method of password generation is superior to using combinations of words, digits and
symbols and is the recommended way of using the program. The new generation of
rainbow tables include music lyrics, quotes, literature, forum posts and pretty much
every kind of written content from the web because of modern web scraping software
suchas Burp Suite[1] or Crawler4j[2] and can make password guessing much more
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efficient. The use of rainbow tables significantly increases the chances of the
password being cracked in a feasible period of time using FPGA chips[3], GPU
clusters [4] or botnets.

. Add a new entry here )

Type forum

URL www. archlinux.org

Username archuser

Password 97T%ukgb=B@"™V |Random passes

Confirm Pass 97T%ukgb=B@~V Hide passwor...

Save Cancel

Figure 3. User data-base editor screenshot

2.4. Files

The program is using a single configuration file passMan.conf which stores the
username and the hash of the master password. This file have to be manually created.
For each user a new database file is created with the name of the user followed by
.enc extension. The file is encrypted using the public and private key of the user. The
only way to open this file is to use the set of keys. We are using RSA[5] algorithm
and the default value is set to 4096 bit long key in order to minimise the chances of
any brute force attempts.

2.5. Logging

We have implemented a logging system which is intended for administration only. It
logs every significant user action such as date, username, account creation, log in
attempts etc. The information is currently saved in a plain text file, but is only at
testing stages. In a productive environment it will be available only to admins and the
logging information will be saved on a Command and Control Server (C&C). In case
of malicious activities on the account, the administrators will have the ability to
analyse the events and evaluate the damage.

2.6. Password cloaking

Inside the database the user cannot see the passwords. They have to use the Copy
Password button in order to copy the password to the clipboard and C#/ + V into the
login form. This concept allows the user to use randomly generated passwords and
even if someone have a direct sight at the user monitor they won't be able to read the
password. In a productive environment administrators might choose not to reveal the
password to the user and the Open URL button is a concept of a launcher which will
eliminate the need for the user to actually know the password. It is using a system
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call to load the link from the database into a browser. Username and passwords auto-
fill can be implemented.

3. Components

3.1. Berypt

To hash the master password we are using bcrypt[6]. This is a cross platform file
encryption utility which implements the Blowfish Algorithm. It supports passphrases
between 8 and 56 characters and hash value is up to 448 bit long. On top of that it
can add salt and slowness to the hash which is exactly what we have been looking
for. There is other solutions which can be implemented such as PBKDF?2, scrypt and
Simple S2K, but the ease of use of berypt and the slowness factor which can be
manually selected are the main factors behind our choice. The function have java
implementation and will work out of the box without the need to download and
install anything. We just have to add the java file to our project and call the hashing
function from anywhere. There are 2 parameters which we can adjust, the salt length
and the slowness rounds which can be anywhere between 4 and 31 (the default is 10).
If we increase the slowness factor above 15 there will be a noticeable delay in user
space, so we have decided to leave the default parameters. We are using berypt to
hash the master password and add salt and to also match the password of the user.
Every time there is a log in request Bcrypt.checkpw will compare the inputted
password with the one in the configuration file.

3.2. SMS Gateway

The sms feature is implemented by using an sms gateway server and a dongle. The
gateway is called gammu/[7] and is a free to use program. At this stage this
functionality is implemented only on the local machine and the daemon is listening
for any incoming requests to send a message. The generateAndSendCode function is
using an array of 10 digits and the size of the message can be adjusted. When the
functions is called an RNG produces and stores the digits into a string. A second
string with the phone number of the user is fetched and the two are send along with a
system call which generates the call that injects new sms request.

String toShell=String.format ("gammu-smsd-inject TEXT %s -text
\*%s\"",phoneNumber, codeMessage) ;

Process runningP = Runtime.getRuntime().exec(new String[]{"bash","-
c", toShell});*

The user have only 1 attempt to enter the correct code, if the authentication fails a
new code will be generated and send. Although this feature significantly slows down
the user experience, it infinitely increases online brute force attempts. We have seen

" Source code snippet — server have to use the inject command to send an sms.
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similar token based authentication mechanisms in online banking and various other
platforms and it has proven to be efficient. In working environment this feature will
be implemented in a C&C with encrypted connection and a second pair of keys for
the number generation. In the website you can find detailed information on how to
setup the sms server and in case you would like to try the program without this
feature we have provided a second version without it.

3.3. Encryption

Java.Security.* allows us to use native RSA encryption. The obvious choice over
here is the asymmetric encryption method. By encrypting the database file with 4096
bit long key we leave no practical chance for a successful brute force attempt. The
recommended key size by NIST/S8] is 2048 bits, but since 1024 bit keys are now
crackable we decided to go for the maximum possible value. The only drawback of
this is that it is a CPU intensive task and the user have to wait for the key to be
computed, however on most modern systems using Intel i5+ it takes less than 5
seconds to complete on creation and less than 3 seconds on login. Once created the
public key is saved in the user folder, in a working environment it is recommended
that is not saved in the same location as the encrypted file (location can be adjusted
before compilation). When generating the keys for first time, the user have to choose
where to keep the private key. This key have to be secure at all times and it is a bad
idea to keep on the workstation. On log in the user is presented with a file browser in
order to locate the private key. If this fails a force shutdown will occur and login
have to start again. This is a another online brute force attempt elimination. Once the
user is successfully logged we read the data from the encrypted file in bytes format
and use doDec function to decrypt the information and feed it into a string which
displays the information in the database. When we save data into the file we call the
doEn function to the encryption and save the bytes into the file.

3.4. USB Storage

Since we have to keep the private key of the user in a secure location, the best way is
to not have it inside the system. An external storage is the ideal candidate for this
authentication step. When we keep the key on a USB memory for example we leave
no trace of it inside the machine. This significantly increases the protection level
because even a core dump will fail to allocate the key. In a productive environment
extra security mechanisms can be implemented such as USB keyboard integration
and encryption on the USB memory itself. This method of authentication requires
physical access to the USB storage and significantly decreases the attack vectors.

4. Testing

We have conducted several tests on the program resilience. There are 3 factors we
have tested: master password hash decryption time, encrypted file decryption file and
offline password extraction methods. To test the hash we have compared against
similar password storage implementation method in Firefox Browser. The browser
stores hashes of the passwords, key and data in the same folder. If an attacker finds
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this files using free tools he can extract the passwords instantly. With our
implementation if an attacker runs the hash of the password in John[9] without
dictionary or rainbow tables or character selection the task cannot be completed in a
life time because of the added salt and slowness to the hash. We have also attempted
to decrypt the user database file but with the 4096 bit encryption the task seems to be
impossible. The only method that compromises the password is to make a memory
dump. After the user have logged in and the decryption have taken place the data can
be traced if we make a process dump with gcore[10] or pmap. Unfortunately we
have been able to extract the database information, but not the master password,
however this requires privilege escalation on Windows machines and root access on
Unix based systems and if this happens the security have already been compromised
and almost nothing will keep the user data secure.

5. Applications

5.1. Home users

In future editions we are planning to support the sms gateway for home users with a
remote server implementation. We can provide this function using Amazon EC2[11]
services or some similar cloud based solution. Of course there are other
implementation such as KDE Wallet for Linux based systems and KeePass for
Windows based system, but they both lack the sms feature. The source code is well
commented and a basic knowledge about programming is needed in order to
customise the application. A detailed explanation and source code can be found at:
https://github.com/dreadz/password-manager

5.2. Enterprise

In a productive environment the password manager have many applications and can
be customised and tailored to have full control and access over the user activity.
Thanks to the password strength and cloacking and application start capabilities,
administrators can select different levels of security. With this methods users can
have access to content without knowing the password only after successful 3-step
authentication which is forcing physical access to the facility.

6. Conclusion

We all know that we can't have 100% secure environment, but we can introduce and
establish a sequence of protection mechanisms which will certainly decrease the
possible attack vectors in our system. A password manager can be a great tool to
keep our security credentials safe, but let's not forget that even a 4096 bit key can be
cracked[12] under special circumstances. In comparison to similar software our
solutions is in a early alpha stage, but implementation of remote sms server and
memory flushing ca be created. Keeping our passwords secure and most important —
complex enough will give us peace of mind and knowing the possible attack vectors
furthermore reduces the possibility of successful malicious activity.
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MeHu/KBP HA IAPOJIN
C TPUCTBHIIKOBA CUCTEMA 32 Y10CTOBEPSBaHE

Keassko Ilerpos, Pazsan Parazan

Pe3ome: BaxkeH ¢axTop B OHJAWH 3alIMTaTa € CIOXHOCTTa Ha IapoJjara.
Cunata Ha Ta3u IPOMEHIINBA CE OIpPEAENs OT TOBA KOJIKO OBP30 €IMH XaKep
MOXe Jla S To3Hae. 3a 1a ce MOBHIIM e(EeKTHBHOCTTa Ha TO3M BEKTOD,
MIPEUTOKEHUST IU3aliH Ha MEHH/DKBP 32 MApOJH € YCIEITHO UMIUIEMEHTHPAH
U TECTBAH M Ce € JJOKa3aJl KaTo e(pEeKTUBHO YCTPOHCTBO Cpelly MOAEpHHU brute
force' TexHuKH 3a HanyukBaHe. B OIIpeIeNH CLIEHAPHH CHCTEMATA C 3 CTHIKH
3a ynoctoBepsiBaHe rapantupa 100% HyxzmaTa 3a IOCTBI A0 MaTepHalHUTE
aKTUBH, KOETO 5 MPaBU CEPUO3CH KAHIUIAT 3a Ch3JaBaHe HAa MO-O0e30macHa
cpena 3a OoMamiHM u Ou3Hec morpeburenu. Hue mnocturaaxme noopu
pe3yNTaTH MO OTHOIICHHE Ha 3[ApaBHHATA Ha KPUNTHPAHE U CIOXKHOCTTA IO
mpolexypaTa, Makap dYe MpeICTOM aopa3paboTBaHe HA OTIEYaThKa B
CHCTeMaTa M IO-KOHKPETHO — 10 OTHOIICHWE Ha aTaky, Oa3sMpaHu Ha memory
dump*.

1
Brute force — METO/] 3a HAJTYYKBAaHE Ha MapOJIk 4YpE3 UTEparus.

2 Memory dump — MeTOJI 3a H3BJIHYAHE HAa HHPOPMALIHS OT paGOTHATA TAMET
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KOMHIOT'I)pHO TBOPYE€CTBO — BUYEpPa, THEC K YTPC

Esrennsi CenoBa’, Xpucro Craiikos’

1. UucturyT no maremaruka u udopmaruka npu BAH, Codus
jenny(@math.bas.bg
2. MI' ,,I-p llersp bepon®, Bapna
Hristo.Staykov@gmail.com

No computer has ever been designed that is ever aware
of what it’s doing; but most of the time, we aren’t either.

Marvin Minsky

Peslome: B crarusra ca IpeicTaBeHM MJIECH, CBBP3aHM C KOMITIOTHPHOTO
TBOPYECTBO, M IO CHEIHAJHO — C I'bPBUTE OIMTH 3a TIEHEPUPAHE Ha
KOMITIOTbPHA MY3HKa B CBETOBEH KOHTEKCT M B bbarapus. B mepsara yact
aBTOpPUTE C€ CIUpPaT HAa OCHOBHUTE IIPUHULNM 33 Ch3JaBaHe Ha
aTOPUTMHUYHATA My3HKa. PasrienaH e T. Hap. My3uxaien MUKpoOCesm,
Ch3/1aJIeH ¢ 00pa3oBaTesHa 1iel OT IEPBUS aBTOP B TIporpamMHara cpeza Jloro ¢
TUITMYHUTE 332 MY3UKQJIHOTO KOMIIO3UMpaHe OOEKTH M omnepauuu. B BTopara
4acT € TIIPeACTaBeH CBhBPEMEHEH MOJAXOJ 3a TIeHepUpaHe Ha JKa30Ba
UMIIPOBH3aLlUs C MOMOIITA HAa HEBPOHHH MPEXH — IIPOEKT, pa3paboTeH OT
BTOpHs aBTOP B PaMKUTE HAa Hay4HO-HM3CIJIE/I0BATEICKA MEXKTyHApOHA IIKOJIA
3a yyeHunu. Hakpas aBropure ce cnuMpaT Ha CMHUCBIa OT I10J00HU
€KCIIEpPUMEHTH KaTO BB3MOXHOCT IOBEYe XOpa Ja pa3bepaT KOM acleKTH OT
TOBPYECKUS MPOLEC TTOJIeKAT Ha GopManu3upaHe U Ja HaBisA3aT B cdepH, 10
KOHUTO MHAYe He OMXa ce JOKOCHAIM OCBEH KaTO MAaCUBHM KOHCYMATODHU. ..

Knro4oBu AymMu: aropuTMHYIHA My3HKa, TBOPUYECTBO, MUKPOCBSIT, H3KyCTBEHO
H3KYCTBO, HEBPOHHH MPEXKH.

1. BLBeaenue

Kouniomvpnomo meopuecmeo € CpaBHUTEIHO HOB TEPMHH, CBBpP3aH C
TEOPETUYHM U TPAKTUYECKU BBIPOCH TPU HM3ydaBaHE HA TBOPUYECKUTE MPOLECH.
W3cnenBaHeTo HA €CTECTBOTO HA TE3U MPOLECH U CTPEMEXBT 1A Ce Jaje NOAXOAAIIa
neuHUIMS Ha ,,TBOPYECTBOTO CTaBa YCIOPEJHO C BHEAPSIBAHETO HA CHCTEMH,
KOHUTO UMar ,,TBOpUYECKH" xapakTep. Ha aHIIMIICKN BBIPOCHUAT TEPMHUH MOXKE 1a Ce
CpeliHe B HSKOJKO BapwaHTa — computational creativity, artificial creativity,
artificial art, mechanical creativity n creative computation. MoxeM Jia cMaTame, 4e
CTaBa AyMa 3a 00JIacT, KOSITO € CEYEHHE Ha M3KYCTBEHHS WHTEJCKT, KOTHHTHBHATA
MICUXOIIOTHS, (hritocousiTa ¥ U3KyCTBOTO.
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B Haﬁ-06mn JIMHUA KOMHIOTBPHOTO TBOPYCCTBO C€ CHCTOU B MOJCIHUPAHC U
CUMYJIMPAHC HAa TBOPUYCCKU NPOLCCHU C TOMOIITA HAa KOMITIOTHP € LEJI:

1. na ce ch3maze nmporpama, 0CTUrallla PABHUIIETO HA XOPATa-TBOPIIH;
2. nma ce pasbepe mo-mobpe crenudukara Ha YOBCIIKOTO TBOPUYECTBO KaTo
polIec;
3. nace cp3aane mporpama, KosTo MojarnoMara 4oBeKa-TBopel.
Heka wiroctpupamMe HSKOM OT T€3M HJCH B KOHTEKCTa Ha KOMITIOTBPHOTO
KOMITO3MPaHE Ha MY3HKa.

2. AJ]FOpl/lTMH‘lHO KOMIIO3MpPaHe HA MEJI0IUH

Jla ce OTKpHAT U U3yyaT 3aKOHOMEPHOCTUTE, CIIa3BAaHETO HA KOUTO MO3BOJIIBA HA
KOMIIO3UTOPHUTE Ja CBTBOPST U3IbpKAHA B ECTETUYECKO OTHOIIEHHE My3UKalHa
(dopma, € eJHOBPEMEHHO CJIOXKHA U HpHUBIEKaTenHa 3agada. CIOXHOCTTa HJBa OT
TOBa, Y€ MOJEIMPAHETO HA TO3U MpOLeC MpEeAnosara Mo3HaBaHE Ha My3UKaJHaTa
OpraHu3anysi, a MajKo TaKuBa 3aKOHM ca M3BECTHU. OTHOCHUTEIIHO H3KIIIOUEHHE
NIPE/ICTAaBISIBAT CTPOTHSIT KOHTPANyHKT W JI0JeKa)OHUATA, IOpPagd KOETO
KOMITO3MPaHETO B TE3M [Ba CTHIA CE€ TMOJJaBa CPAaBHHUTEIHO IIO-IECHO Ha
ANTOPUTMU3UPAHE.

IIpu ToHanHaTa My3HKa ce TOBOPH MO-CKOPO 3a FOCHOACTBAIIM TeHaeHuuu. Kax
MOXe€ Jla ce MOJIeTIMpa MPOLEeChT Ha KOMIO3UpaHe Ha My3uka? [IbpBa cThIIKa B TOBa
OTHONICHNE € BbBEXKJAHETO Ha HACOUCHA CIyYaifHOCT — M300pBT HA €HO CITydalHO
YHCIIO ChOTBETCTBA Ha M300pa HA JaJeH MYy3HWKAJIEH EJIEMEHT, KOHTO Ce IpHeMa HiIH
OTXBBPJSI CBITIACHO 3afajeHu mpaBwia. Karto ce 3amame pasmpeneicHHEe Ha
BEPOSITHOCTHTE 3a M300p HAa MY3WKAJHH €IEMEHTH OT €JHO WM CBHII0 HepapXudHO
paBHHUILE, MOXKeE J]a Ce MPEJONpeIesn OOLUIHUAT XapaKkTep Ha KOMIIO3UIIMATA, O0e3 Ja ce
MPEABUIM TOUHUST U BUI.

Besika koMIO3HITNS ce XapaKTepu3upa C HIKaKbB OpOW MapamMeTpH, Hampumep
TaKTOB pa3zMep, Jall, My3HuKalHa opMa 1 T.H. 3a J1a ce alTOPUTMHU3Upa MPOIEChT Ha
KOMIIO3UPAHETO, TPSIOBA:

1. na ce ompenensar mpaBuiiaTa, KOUTO IIE CE CIa3BaT 0e3yCIOBHO;

2. na ce uzbepaTr mapaMeTpH, YAUTO CTOMHOCTH III€ Ce MOJydaBar Mo ClydaeH

Ha4uH,;

3. nma ce 3amaje pasnpeAcicHIe Ha BEPOSTHOCTHTE 32 TE3H apaMeTpH;

Jla Ce YCTaHOBH pEabT, 1O KOWTO MIe Ce¢ HU30MpaT CTOWHOCTUTE Ha
rnapameTpuTe.

HaTpymaHusT OHUT ¥ MOTYYCHUTE PE3YyITaTH OT TPAIUIIMOHHOTO MYy3MKO3HAHUE
ce ChueTaBaT ChC CEPHO3EH MaTeMaTHYeCKH aHaju3. M3cienBaHusaTa OT TO3U PO
craBat OCO6eH0 HNHTCH3UBHU C l'lpI/IBJ'II/I‘IaHeTO Ha KOM]'IIOTpI/ITe B
eKCIieprUMEeHTaIHaTa 1eMHOCT.
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3. KpaTbk ucropuvecku nperJien

3a MamMHHM MOJENM Ha My3HKa CTaBa JyMa OT HaW-paHHHTE [HH Ha
KOMIIOTHpa. Jla HarpaBuM KpaThK Iperiiesl Ha IbPBUTE ONUTH B TOBA HAIIPABIICHHUE.

3.1. ITo-u3BeCTHM HEH 32 KOMIIIOTHPHO KOMIIO3UPAHE B CBeTOBEH
KOHTEKCT

Ome mepBaTa mporpaMucTka, Jedam Ana JIpBneiic, BkKIa B KOMITIOTHpA
CPEeICTBO, C KOETO J1a ce pa3paboTBaT M MPOBEPABAT My3UKAIHH Teopud [1].

OCHOBEH NPHUHIMII HAa ITbPBUTE EKCIIEPUMEHTH € W3CJICABAHETO Ha JIOKATHHUTE
BPB3KH MEXAy TOHOBeTe. To3M TMpWHOMO ce HaOnmogaBa B ONMMTHTE HA
amepukaHckuTe Mmatematuil Brooks, Hopkins, Neumann u Wright ot 1957 1. [2]. B
MaMeTTa Ha KOMITIOTBPA C€ BBBOKAAT U aAHAIM3UPAT U3BECTEH Opoil MeIoauu.
[MpecMsTa ce YECTOTHOTO pas3mpe/elieHne Ha BCUYKU ChUETaHHs OT n HOTU (n=1, 2,
..., 8). Ha cremBamms eram ce mocTtposBar penunu Ha MapkoB oT (n-1)-Bu per.
Kakro ce ouakBa, TeHEpUpaHUTE MEJIOANU ce NPUOAUNCABAm JOKAIHO IO BXOIHUTE
JIaHHU, HO TsIXHa 00111a caboCT € Jurcara Ha TIo00aiHa CTPYKTypa.

JIpyri eKCIepUMEHTH C€ OCHOBaBaT Ha (OPMATU3UPAHETO HA MPaBUIA H
3aKOHOMEPHOCTH Ha My3HWKara. IIpy TAX HaesTa 3a KOMIIO3MpaHE Ce CHCTOH B
n30upaHe Ha HOTH TI0 CIyYacH HAa4YMH W 3alMCBaHe Ha OHE3W OT TAX, KOHWTO
VIIOBJIETBOPSIBAT MHOXECTBO OT TIPaBHIIA, ONPEICICHH Upe3 My3HWKalCH aHalu3 Ha
MHECUTE, KOUTO CE U3IMOJI3BAT KaTo Mojel. [IbpBUTE EKCIIEPUMEHTH B Tasd MMOCOKA
ca Ha Hiller u Isaacson npe3 1957 r. [3], kouTo (hopManu3upar HAKOM MpaBHa Ha
CTPOTHsI KOHTPAITYHKT.

XapakTepHO 3a BCHYKM paHHM ONWUTH B o0JlacTTa Ha KOMOIOTBPHOTO
KOMITO3MpaHe €, Y€ CTHIIBAT Ha TEOpUATa HAa WH(POpPMAIMATAa W HA TEOpUATA HA
BEPOSATHOCTHTE.

Cepro3eH ycrex B MOJCIMPAHETO Ha TOHAJIHA My3WKa MpEACTaBIsiBaT paboTuTe
Ha 3apunos. IIpe3 1960 r. Toii my0aMKyBa MBPBUTE CH PE3YITATH MO KOMIIOTHPHO
KOMTIO3HMpaHe Ha €AHOTIIACHN MY3HMKAIIHU IIHecH BBB (popmaTa ABA, B TOHAIHOCT 00
Maxcop, ¢ IBIDKMHA YETHPH OCEMTaKTOBH Tniepuona [4]. B cmenpamure wmy
pa3paboTkn TpuyacTHaTa (opma € 3aMEHEHa C €IHOYAcTHA, KAaTo ca OTPa3eHH
MOBEYE 3aKOHOMEPHOCTH Ha MenoausTa [5].

Wntepecen omur 3a ¢GopMann3upaHe Ha €3WKa Ha TOHAIHATa MYy3WKa IIPaBH
¢peHckuaT marematuk Barbaud BBpXy ocHOBaTa Ha CBOiicTBaTa Ha eIHa KpaiHa
aguTHUBHA rpyna [6].

3.2. U3kycTBeH HHTEJEKT U My3HKa — eJHA HOBA Hay4YHAa 00.J1acT

IIpes 1980 . ce 3aroBaps 3a uskycmeeH ummenekm u mysuxka. Tosa
cioBochyeTanne e uskogano ot Curtis Roads u e cBbp3aHO ¢ HM3CneABaHUSA, IPH
KOUTO My3HKaTa Ce pasriiex/ia KaTo KOTHUTHBEH IPOIEC WM KaTo MHOXECTBO OT
JIETHOCTH, MOJENIHMPAHH C TIOMOIITa Ha KOMITIOTBp [7]. OCHOBHHUTE pasIieKIaHH
BBIIPOCH BKJIFOYBAT:
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— 1o e mysuxanuo 3nanue/unmenexm?

— [lpeocmasnaséa 1w MY3UKAZHOMO  3HAHUE — ABMOHOMHA — HO8EWKd
KOMNEMEeHMHOC  UIU € CbBKYIHOCHL Om  UCMOPUYEecKU CbOpanu, Ho
Hec8bp3aHU KOMNOHeHmu?

— Pazmuna e MY3UKQIHQMA KOMHEMEHMHOCm om  Opyeu  6udoge
KOMNEeMeHmMHOCMU, Hanpumep Iunegucmuynama?

— Kaxsa e 3asucumocmma medcdy 3nanuemo u oeticmsuemo 6 oOnacmma Ha
mysuxama?

Teopusita Ha My3WKaTa ¥ My3UKO3HAHHETO C€ 3aHMMAaBaT OCHOBHO C MYy3HKaTa
KaTO KyATypeH apTedakT 1 He ce HHTEPECYBAT OT KOMITIO3UPAHETO KaTO JCHHOCT WK
KaTO MHCIIOBEH Tpotiec. [Icuxonorusra Ha My3UKaTa ChCpeI0TOYaBa BHUIMAHUETO CH
BBPXY JIOKAJHU SIBIICHUS U BB3MPUATHS, 0€3 J]a OTYNTa YIPABISBAIIUTE CTPYKTYPH B
MY3HUKAIHUTE MPOIECH KAaTO eKCIEePTHU JeWHOCTH. VIMEHHO M3y4aBaHETO HA TaKHUBa
yIpaBisiBALM CTPYKTYPH € €1HAa OT OCHOBHHTE LEIU Ha OOJNAaCTTa uU3KycmeeH
unmenexm u my3uxa. Paborara B Ta3zu obylacT mpenmnonara HOB M I0-33bJI00YCH
MOTJIE]l BBPXY My3HKarta. TpaauiHOHHOTO MYy3HKO3HAHUE € TPEHEOPErBaio Wi ce €
CIHMPAJIO ChBCEM OErI0 Ha €MMCTEMOJOMMYHUTE 3arajKd, KOUTO My3HKaTa MOCTaBs
KaTo YOBCIIKKA CIMOCOOHOCTH W omuT. KpaitHata 1enm Ha o0JjacTTa u3KycmeeH
unmenexm u mysuxa cropen MapBuH MUHCKH e da ce cb30ade KOMNO3Umop, da
Modice ou u crywamen na myzuka [8].

3.3. [IbpBH cTHIKHU 32 KOMIIOTbPHO KOMIIO3MPaHe y HAC

[TbpBHUAT EKCIIEPUMEHT 3a MOJICTMPaHE Ha MY3UKAJIHH TBOPYECKU MPOLIECH Y HAC
€ BBPXY A&ITOPUTMHUYHOTO OMNKCAHME W [pOrpaMUpaHe Ha Mpoleca Ha
XapMoHu3upaHero u e HampaseH oT Credxa J[umoBa npe3 1963 r. AnreOpuunara
dbopmanuzanus, npemiokeHa ot Barbaud, ce u3mon3Ba B MO-KbCEH BapHaHT Ha
nporpamara [9].

Crnenpaiia CThIIKa B M3CICBAHUATA Y HAC MPABHU IIbPBUAT aBTOP HA HACTOSIIATA
CTaTUsi C eKCIePHUMEHTHPAaHE Ha MPEAJIOKEHHS OT 3apHIOB ajirOpUThM 32
KOMITO3MpaHe Ha MEJOAWU U MOAU(DUIMPAHETO My C [00aBsiHE HA KaJCHIH,
OTIpEICNICHN Ccliel MY3WKaJeH aHanu3 Ha mojenupanute menoauu [10]. B To3m
NTOPUTBM Ca OTpa3eHH 3aKOHOMEPHOCTHTE Ha YETHPUTE OCHOBHHM CTpPaHU Ha
MEJIOUSITA: PHUTHM, MY3HKAIHO-BUCOUYMHHHM OTHOIICHUS, JIaJ0BO-XapMOHHYHA
CTPYKTypa M MamadbHa cTpykTypa. [IporechT Ha KOMIO3MpaHe Ha MENOJHsATa Ce
CHCTOM OT CIJICIHUTE ETallH:

—  Q@opmupane Ha obwama cmpyKkmypa Ha meaoousama — n30upa ce 1Mo eIuH TUI
OT MamiabHaTa, PUTMHYHATa M MEJOJUYHATA CTPYKTYPH, C KOETO Ha
CJIeBAIIMTE €Talll Ce OCBHIICCTBABA Pa3wICHSABAHE HAa MEPHOAA Ha IO-MaJIKH
OT/IETTHU TMOCTPOCHHUS;

— [Tlocmpossane na pumvma — CbYETAaHUATA OT HOTHU TPaHHOCTH ce U30upar no
CIy4yaeH HAa4MH B CHOTBETCTBHE C YECTOTaTa Ha paslpelelieHUeTO UM B
n30paHaTa 3a MEJOJUATa pUTMHYHA TpyTa. PUTBMBT Ha KOHKPETHHUS TaKT CE
¢dbopMmHupa, KaTo ce TOJNydYaBaT TOCIEIOBATEIIHO CBYCTAHHS OT HOTHU
TPaAHOCTH, TOKATO COOPBT MM CHBIIATHE C TAKTOBUS pa3Mmep;
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— Onpedensine na menooudnama cmpykmypa — OpraHu3upa ce HOBTOPEHHETO Ha
MEJIOANYHHUTE (PUTYPH KAaTO U300p OT HIKOJKO BBH3MOXKHH THIIA, U3BJICUCHU
Bb3 OCHOBA Ha My3uKajeH aHanu3. Hampumep crpykrypata 1 1 112233
03HAuYaBa, Y€ MEJOJWYHUTE JIMHUM HA BTOPHUS, TPETHUS M YCTBBPTHS TAKT ca
ITOCTPOCHH BBH3 OCHOBA HA MENOAWYHATAa (UTYypa Ha IBPBUSA, MEIOIMYHATA
JIMHUS Ha LIECTHUS € KaTO Ha METHsl, HO € pa3inyHa OT I'bPBUTE YETUPH U T.H.
Vma ce mpenBuI €BEHTYaTHO BHIOM3MEHEHO IMOBTOPEHHE HA MEJOIMYHATa
¢urypa Ha apyra BHCOYMHA TPH 3ala3BaHe HAa WHTEPBAIHUTE OTHOIICHHUS
(cexsenyus);

— Onpedenane Ha  XapMoOHUYHaAmMa  CMpyKmypa —  OpTaHU3Upa ce
MOCJIEOBATENHOCTTa OT aKOPAM KaTo M300p OT HSIKOJKO BH3MOXHHU THUIIA
ctpyktypu. Hampumep, ako o3naunm ¢ T, S u D ToHmKara, cyO0MHHAHTATa
U JOMUHaHTaTa, Bb3MOXKHA XapMoHuuHa cTpyktypae: TTSD S SD T. Axo
JIBa TaKTa UMAaT €JHAKBA MEIIOJUYHA CTPYKTYpa M aKO OMOPHUTE (MIbPBHTE)
UM HOTH MpPHUHAJJIEKAT cbOTBETHO HA T W S, cThmKara Ha CEKBEHIMATA Ce
n30upa U3MEKITY UHTCPBAIHUTE, HA KOUTO OTCTOSIT OCHOBHHUTE TOHOBE Ha T |
S (0o u ¢a 6 2ama do masicop) B TOTYCTUMUS THATIA30H OT JIBE OKTABH,

—  Humepsarno-eucouunna  obpabomka  Ha ~ OnpedenieHus — pumvM 8
cvomeenmcmeaue ¢ MeroOUdHaAmMaA U XApMOHUYHAMA CIPYKINYPU:

a. Bucounnara Ha HauyanHaTa HoTa W, ce u30upa Mo clyyaeH HauuH KaTo
€JIEMEHT OT IIbPBHS aKop/| Ha XxapMoHH4HaTa cTpykTypa (T);

b. Bucounnara Ha TekyiaTa HOTa W, ce oOpa3yBa Kato aareopuveH coop ot
BHCOYMHATA HA TpEAUIIHATA HOTa W, ; W TeKylius WHTEPBAN ¢, YMUTO
3HAK ONPEJENs AN IBUKEHUETO € BB3XO IS0 MM HU3XO/ISIIO0;

c. T'omemmHata Ha ¢ ce m30umpa MO CIy4aeH HAaYMH B CHOTBETCTBHE C
paslpesiesieHNeT0 Ha 4YecToTara Ha JONYCTUMHUTE B MeEJOAWYHATA
CTPYKTypa UHTEPBAJIY;

d. Bucoumnara Ha INOCJICAHUTE HOTU Ha BCiAKa (bpae.a cc CTpou B
CHOTBCTCTBHUEC HA OCHOBHHUTC BUIOBC KaJCHIIH.

[Tpu xapMmoHm3almsaTa Ha 8-TAaKTOBUTE MENIOJUH ca (HOpMaIM3UPaHH OCHOBHH
HPUHIUIY, KaTO UKOHOMUSA 3A O8UNCEHUEMO 8 MY3UKAMA, U3KIIIOUBAHE HA SBHUTE U
ckputuTe mnapanenuimMu. Ha ¢urypa 1 ca moka3aHm HSKOJIKO HpPOW3BEACHMUS,
MOJIy4YeHH C Mporpama 3a MammHara Munck-2 [10].

Ilonyuenure pe3yiaTaTd MOTBBPAKAABAT peAulla JOCTOMHCTBA Ha W3MOJ3BAaHUTE
ANTOPUTMU — MOJXKE Jla C€ TOBOPH 3a 00wy cmujl Ha BCUYKHU TOJYYSHU KOMITO3HIINH.
CpaBHUTEIIHO TOJIEMUST OpOH TpaBHiIa CUITHO yBEIMYaBallle BPEMETO 33 TeHepUpaHe
Ha MeJIOJIUsI, KOSITO Jia TH YJJOBJIETBOPSBA. — IOBEYETO MPUMEPH OMBaxa OTXBBPIICHH,
IIPE/N Jla ce MOJIydaT OCeM TaKTa Mopajau HEBB3MOXKHOCT Jia ce u3bepe HoTa, KOATO
Jla yIOBJICTBOPSIBA BCHYKH AITOPUTMUYHU M3UCKBAHUSI.

Ot umHpoOpMaTHYHA TJIeJHA TOYKA € MHTEPECHO Jia ce OTOENIe)XH, 4Ye Tpelika B
mporpamara, 4YHEeTO OTKpUBaHE OTHE MeCeId, ce Mb/DKEIIe Ha Tpelika B
JIOKyMeHTanusTa. Thil kaTo ce paboTelnie Ha €3UK 3a MPOrpaMHpaHe OT HUCKO HHUBO
(MU/-2), orpoMHH ycuiusl ce Tojlaraxa 3a npeoJoisiBaHe Ha MpoOieMH, KOUTO He
0s1xa CBIECTBEHH OT TJIE/JHA TOYKA Ha MOJICITUPAHHUs mporec. MHOTO 1M0-eCTeCTBEHO
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CC OKasa M3rpaXaaH€To Ha T. HApP. MUKkpocesam C TUIMWUYHUTC 3a o0acTTa 00EKTH H
orepanru, KOETo MbPBUAT aBTOP p€aIM3rpa KaTo CJICMCHT OT AUCEpTAlUATa CU [1 1]
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Queypa 1: Menoouu, nonyuenu ¢ npoepamama na Murck-2

4. O6pa3oBaTeiieH NOTeHIMAJ HA MUKPOCBETOBETE

KOMH}OT’LpHI/ITe MHKPOCBETOBE U MOJCIIN HE MPETCHAUPAT 3a MPECACTABUTCIIHOCT
Ha TOBA, KOETO BEYEC CC NMOCTHUTAa B MOJCIIUPAHETO HA TBOPUYCCKU IPOIECH.

IToHsATHETO MOden B KOHTEKCTA HAa TBOPYECTBOTO, HA KOETO CE ONHpaMe B
pa3paboTBaHETO HA MY3WKAJeH MHKPOCBST, € B CBb3BY4YHE C JISQHUHUIUATA HA
Mapsur Muncku [12]: 3a daden nabarooamen B obexmvm A* e moden nHa oaodew
obexm A domoakosa, ookoaxomo B moowce oa uznonssa A%, 3a da cu omeosopu na
8bLNPOCU, KOUMO 20 unmepecysam 3a A.

ToBa, K0€TO KOMHIIOTPUTE Ca TOCTUTHAIH KaTO KOMAO3UMOPU, XYOOICHUYU,
nucamenu, BCE OIIE € MPEIMET Ha OXKHUBEHH AUCKYCHH U HECTHO3HAYHH KPUTHKH
[13]. Pa3zpaborenute B [11] MHKpOCBETOBE M MOZETH II0-CKOPO MOraT Ja ce
M3M0JI3BaT B y4eOHMs MpOLEC 32 MOTHBHpPAHE HAa MIIAJMTE XOpa Ja IOTJIEJHAT
IMPOU3BCACHUATA HAa MY3HKarTa, JUTEpaATypara, XKUBOIIUCTA, MaTEMaTuKaTta ¢ O4YM Ha
W3CIIe/I0OBATEIH.

ITpn pa3paboTkara Ha eIUH MHKPOCBAT C€ KOHIIGHTpHUpaMe BbPXY CPaBHHUTEIIHO
MaJKO W 3aTBOPEHO MHOXKECTBO OT IPOLEAYPH MU CTPYKTYpH OT AaHHH. B To3M
MHKPOCBAT MOXEM Jia eKCIIepUMEHTHpaMe MU M TCOPHH 3a NaJCHO SBICHUE WIIH
nporec, KOUTO IIe MoJAenupaMe ¢ IIeNl Ja TH paszdepeM mo-modpe. IIpoBepkaTta Ha
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nacnu BHB (bOpMaTa Ha mOporpaMu € €aHa OT Hali-BaXKHUTE XapaKTCPUCTHUKHU Ha
H3KYCTBCHHS MHTCJICKT, @ BCUC U HA U3K)YCMEEHOmMO meopiecmaeo. Bnaro;lapeHHe Ha
KOMIIOTBPHUTEC MUKPOCBETOBEC MOT'aT a C€ TECTBAT TCOPUU OT CBCTA HA U3KYCTBOTO
OT I'JIC/IHa TOYKA Ha MMBbJIHOTA U HCIIPOTUBOPCUUBOCT.

ITpn MopmenupaHeTo Ha JaJleHO SBJICHHE 4YECTO HU Ce CIy4Ba B IIpoleca Ha
eKCIIepHMEHTHPaHe ¢ IIporpamara jAa IIOAyYUM I[0-3aJbJI00YeHO pa3zdupaHe 3a
CBIIHOCTTA Ha ABJICHUETO, a TOBA Ha CBOU peJ] BOAU O HOB €Tal Ha (opManu3upaHe
n T.H. Korato nmpuaazeM KOHKpETEH XapakTep Ha TOBa, KaK Bh3IpUEMaMe JaieHO
Ipou3BEJEHNE Ha U3KYCTBOTO, KO€ 3a HAC € CBIIECTBEHO, KOe cMe IpeHeOperHaau
IIPU CH3J[ABaHETO HA KOMIIIOTBPHHS MOJEN, IpPEBpBIIaMe OTHOIICHHETO CH KbM
MOJICTIMPAHOTO SBJIEHHE B OOEKT, HaJ KOWTO MOXEM Ja paschbxnaBame. Mnm B
CHHXpPOH ¢ W3Ka3BaHeTo Ha MapBuH MuHcku [14], e camo yuum Hoeu newa, HO
Hayuasame Kax 0a MUCTUM 3 me3u Hewd, Cied moea ce Hayyasame 0a MUCIUM 3d
Camomo MucieHe. ..

[Tpn moaxoAsAIo MPOEKTHPAaH MHUKPOCBST €HA MpOorpaMa MOXKE Ja CIIyXKH KaTo
TOYHO ONMCaHWE HA OOII METOJ, KOHWTO € JOCTBIIEH HMEHHO 3aIl0TO € M3IIBIHUM C
pas3MYHU BXOJHH JJAHHH, C PA3JIMYHN AeHUHUINN Ha TIOHATHUS OT U3KYCTBOTO, KOMTO
TPYOHO ce ToAAaBaT Ha (opManm3upane (HampuMep O.1u30Cm, pagHogecue Mexcoy
0YaK8aHOMo U Heoyaxkearomo). Yecto cu CIyXHUM C T. HApP. pabomuu OepuHuyuu —
NpaBUM HAyallHO MNPUONIKEHWE Ha JafeHO IIOHATHE B KOHKPETEH KOHTEKCT
(Hanpumep neduHHpamMe KaTo Ou3KU MOHOSe B My3HKalHATa CKaja OHE3H, KOUTO
OTCTOSIT Ha MHTEpBal ceKyHzAa). ExcrepuMmeHTHpame nporpamara ¢ W30paHuTe
paboTHH NeUHHUIIUKM U W3CIIeBaMe TeHEPUPaHUTE C TSAXHA MOMOII [TPOU3BECHHUS.
AKO0 MeJoAuuTe 3By4aT MOHOTOHHO, MOYKEM Jla KOpUTHpaMe paboTHUTE NepUHUIIH
U OTHOBO Jia u3cieaBaMe eeKTa OT peaKIusiTa.

C npyrm pgymH, OCBEH Ja TEHEpHUpaT ONpEeneNeH THN MPOWU3BEACHMUS,
MHKPOCBETOBETE Ca HOBO MOIIIHO CPEICTBO 32 M3pa3sBaHE HA METOMOJIOTUYHHU HICH,
a TporpaMHTe, pealu3upaHd B TAX, MoraT Ja CIyKaT KaTo CpeICTBO 3a
(hopmanuzupane Ha uaen. PakThT, Ue Ha TE3H HJIEH MOXKE J1a Ce BIBXHE KUBOT 4Ype3
eKCIIepUMEHTH, MpaBH OT MPOrpaMHTe HEHAJAMHUHAT W3TOUYHUK Ha XWIIOTE3H,
CBBP3aHU C aHAJM3 Ha JAJICHO sIBIEHHE (3aKOHOMEPHOCT B MY3HKaTa, B €3UKa, B
abcTpakTHATa KHUBOIIKC), KAKTO U 32 OTKPUBAHE Ha HOBH SIBJICHUS, KOUTO MOXE J1a ce
POZST KaTo CTpaHW4eH e()eKT OT HAIIPABEHUTE EKCIIEPUMEHTH.

IlenHoTO Ha mporpaMu, HalMCaHM B CIEHUAIM3UPaHU 3a JajeHa oOusact
MHUKPOCBETOBE (B HalllUs Cilyyail My3HKarta), €, 4e MOraT Ja C€ U3IO0J3BaT HE KaTo
yepHU Kymuu, a Kato npospaunu cucmemu. OCBEH 4Ye ca CPABHUTEIHO JOCTBITHO
(opManu3upaHoO ONUCAaHME Ha Ipolieca Ha IeHEpUpaHe Ha AaJeHO HPOU3BEICHHUE,
YOBEK MOXE Oa cu uzpae C TSIX JOCTaThYHO ABJITO, 32 Ja paszdepe IOKOJIKO ca
T'bBKABH, T.€. KOM Ca MHBAapWAHTHHUTE €JIEMCHTH B TAX. B TO3M CMHCHI MOXeM Jla
TOBOPHM 32 TSIX KaTO 32 CPe/in, KOUTO ca pedakmop Ha udeu. Vinen ot u3cnenBaHara
obxact mMoraT aa ce obieKaT B moaxoAsma ¢popMa, a IMEHHO KaTo Mporpama, Kosito
MIPE/ICTABISIBA MAMEPUANUIUPAHA XUnomesa 3a TOBAa KaKBO TPEACTABIIABA AAICHO
TBOPUECKO siBIeHHE. [Ipn M3mbIIHEHNE HA IIporpamara ce Mmojy4aBa oOpaTHa Bpb3Ka,
OT KOATO IIOJyYaBaMe€ HH(bOpMaHHﬂ OTHOCHO XHUIIOTE3aTa CH H MOXEM 1da A
pemakTupaMeé B CMUCHI Ha KOpPUTHpaHe, MoOAW(UIMpaHe, Nperu3upaHe,
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yCBBBPIIEHCTBaHE U oOoraTaBane. ETo 3a1o MogenupaHeTo Ha TBOPYECKH MIPOLECU
¢ moMouira Ha MH(OOPMATHYHM CPEJCTBA UTPAae OrPOMHA POJISi B Y4EOHUs MpoLeC.
YoBek He caMO MOXeE Ja NPOBEPH BaIUJHOCTTA HA 3aJI0KEHUTE B XMIOTE3aTa
npaBuia (debugging Ha uzien), HO U Aa npeopMyIpa HIKOU OT NOCTABEHHUTE LIEIH
(degoaling) B pe3yntar OT IOJOXHUTEIHO BB3NPUEMaHE Ha CTPAHUYHU e(eKTH
(xonTo Omxa MorIM 1a ca pe3yiaraT OT HEeJOCTaThbUM B Mojena). ExuH sBeH n
(opmanm3upaH MOAXOA HHU JaBa BB3MOXKHOCT Ja H3pa3uM (yHAaMEHTATHH
NPUHOUIN C MO-TOJsIMa sicHoTa. Hemmo mosede, cBbP3BaHETO Ha AajicHa TEOPHUS C
IporpamMHupaHe € KOHCTPYKTHBEH Hoaxox. M3ydyaBaHeTo HA AajeH MY3WKAJIECH CTHII
HalpuMep MOXKE Jla ce CBEZE /10 MPOEKTHUPAHETO Ha MOAXOAAIIA CUCTEMA, KOSTO Ja
peanusupa cxema, OCHOBaHA Ha TO3H CTHII. ABTOPBT Ha IIporpamaTa 3a KOMIIO3UpaHe
MOXE Ja M3MO0JI3Ba TEXHWKaTa Ha OTKPHMBAaHE Ha TPEIIKH B Hes, 32 Ja aHaJIu3Hpa
coOcTBeHaTa cu paboTa, KaTo MOCTEIEHHO CTUTa 0 BCE IO-ABJIOOKO MPO3pPEHHUE 3a
CTPYKTYPHUTE XapaKTePUCTHKH Ha U3y4yaBaHus cTUI [15].

Mojenu 3a KOMIO3WpaHe HA My3WKa ca CTPOSHH HE CaMO BBPXY TPAAUIIMOHHHU
MYy3UKaJTHU MpUHIUNH. VHTEepecHa € miesTa Ha HAKOW YYeHH Ja M3MOJ3BaT €3WK,
MpeHa3HaueH 3a MOJETHMpaHe MOBEJICHUETO Ha KOJOHHSI OT MPABKH, B MY3HKaJICH
koHTekcT [16]. TlpaBeHn ca u omuTU Ja ce€ HAMEPU MY3UKaITHO CHOTBETCTBHE Ha
Pa3IUYHUA PEKYPCUBHH CTPYKTYpPU — B YACTHOCT KPUBH, CBbP3aHU ChC CUCTEMUTE Ha
Lindermayer, mpoekTHpaHHu 3a OMUCAHWE HA pacTexka Ha OHOJOTHMYHH OPTaHH3MHU
[17]. IIpn n3monsBaHeTo Ha (pakTaaw HAesTa € Ja ce MOCTHIHE EIHOBPEMEHHO
KOMIIAKTHOCT U TIOBTOPSIEMOCT Ha CTpyKTypaTa. HTepeceH ¢axT e, 4e mpu aHau3
Ha W3BECTHH TBOPOHW, ce HATHhKBaME HAa PEKYPCHBHH MEXHU3MH, 3aTOBA H3TJICIKIA
CMHUCIICHO Ja C€ TBPCH BpB3KaTa MEXIy MaTeMaTHKaTa W My3HKaTa W B IBETE
mocokw [18].

W3noxeHneTo AOTyK ce OoTHacs 10 uyacTra Buepa u ce ocHoBaBa Ha [11] u Ha
myonukanuute [19-21].

A cera J1a mpeMuUHEM KbM /[Hec, KaTO XBBPIIUM TIOTJIe], KbM €Ha pa3pabdoTka Ha
BTOopus aBTop [22]. B pamkure Ha wu3ciemoBaTenckaTa mporpama RSI [23] 3a
YUEHHIM TOH Moiy4du oT MeHTopa cu ([xepemu CelirbH) 3aiauaTa 1a aBTOMaTU3npa
BXOJI Ha IIpOrpama, NpeCTaBsBalla NOCIEI0BATEHOCT OT aKOP/IH, C 11 Ha U3X0Ja
Jla ce ToJIy4yH JDKa3oBa MMIpoBH3anus. [Iporpamara obaue Oe mpenocTaBeHa Karo
»4epHA KyTHA W 3aTOBa MJIAISKBT PEIIN Jla HalpaBH CBOM BapHaHT Ha [HKA30Ba
HUMIIPOBU3alMsl — C TIOMOINTa Ha HEBPOHHM MpexH. Ja My magem nymara 3a
MOIPOOHOCTH.

5. HeBpOHHl/ITe MPEKH — €IMH HOB MEXaHU3BM 34 KOMITIO3UPAHE

HeBpoHHaTta Mpexa € CTPYKTypa, BIBXHOBEHa OT OHOJIOTHYHHUTE HEBPOHHH
Mpexu. Ts ce ChCTOM OT HMJCHTHUYHHM EIUHUIM, HapEeYCHH HeBpOHU, KOUTO Ca
ONPOCTEH MOJET Ha MCTHHCKM HEBpOH. HeBpoHHMTE ca CBBp3aHU B Mpexa, Karo
BCEKU chOMpa mojageHara My UHpopManus, o6padboTBa 5 U 5 IpeaBa Ha ChCEIUTE
cu (Durypa 2).

YacT oT HeBpOHHTE ca 00OCOOCHH B CIIOEBE 3a BXOJ M H3XOJ, a OCTaHAIUTE
MeXIy TSIX ca B T.Hap. ckpum cioi. Upe3 NpoMeHsHe Ha TerjiaTa Ha BPB3KHUTE,
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MpeEKaTa MOXKE Jia CC 06)/1!1/! Ha JaJCHO IIOBCACHUC. O6y‘leHI/IeTO Ha HEBpOHHA MpPECKa
CTaBa C TpEHUpall aJropuTb™m, Ha KOWTO ce npeacraBsd TPECHUPOBBUCH Ha60p oT
JaHHU, KOUTO NOCOYBAT KAKbB NU3XO0 C€ OUaKBa MpU JaJCH BXOMI.

Input Hidden  Output

layers layers layers
Input 1 Output 1
Input 2 Output 2
Input 3 Output 3
Input 4 Output 4

DQueypa 2: Ilpumepna monono2us Ha HeBPOHHA Mpedica

B Mys3uKaneH KOHTEKCT, HEBpPOHHA Mpexa MOXe J1a Obae 0o0ydeHa 1a M3MbIHSBA
MY3HUKaJIHH 3a/1a4d, 06e3 a € HeoOX0IuMo /1a ce (popManm3mupar mpaBuiara, mo KOUTo
Jla cTaBa ToBa. [IbpBUTE CTHIIKM B M3MIOJI3BAHETO HA HEBPOHHM MPEXH 3a Ch3IaBaHE
Ha My3WKa ca CBBP3aHM C 00y4aBaHETO MM Ja BB3MPOM3BEXAAT Menonmu [24].
Mozep [25] cp3maBa HEBpOHHAa MpeXa C PEeKypeHTHH BPB3KH, JOBBPIIBA HaydeHa
€IHOTJIaCHA MeJIOUs MU HPeIOCTaBeH OTKBC OT HayanoTo H. HoTuTe oT oTKBCA CE
BBBEXKJAT €[HA IO €JHA B MpeXara, a 3a BCSKA Ce U3BEXKJa MPEANONOKEHHE 3a
ciesBamaTa HoTa. Taka MpexaTa Ha Mo3ep e o0yueHa 1a BB3IPOU3BEXKIA MOTUBH
oT MeHyeTH Ha bax npu monanenn mppBHUTE HAKOJIKO HOTH. KoraTo ce BbBesie OTKBC
OT MeNloJus, KOSTO HE € TPeHHpaHa, MpexaTa MpOABIDKaBa Ja W3BEXKIAa HOTH.
bnarogapenue Ha 00y4eHHETO CH TS Ch3JlaBa JOOPH MOTHBHU HA JIOKAIHO PaBHHUIIE,
HO € HecriocoOHa 1a paboTH BEPXY IMO-IBITH MOTHUBH ChC CII0KHA OpTaHU3anusl.

CrnenBamy pa3paOOTKH BBBEXIAT IO-CIIOKHHM CTPYKTYpH B TOIOJOTHATa Ha
Mmpexute, HapeueHu Long Short-Term Memory (LSTM) knerku. Upe3 pekypeHTHH
BPB3KH B TE3M CTPYKTYpH, MPEXHTE Cca CIOCOOHHM /a 3allOMHSAT CBOM TIPEIHUIIHA
CBhCTOSHMS M Taka Ja o0paboTBaT IO-CIIOXKHH, H3MEHSIIM CE BBHB BPEMETO
crpykrypu. @panknun [26] uznomns3Ba LSTM kineTkd B HEBpOHHA Mpexa, 3a Ja
3aIlOMHS ¥ BB3IIPOM3BEXkK/Ia METOTUH BEB (opma AABA.

OCHOBHHTE TMPOOJEMH TpU M3IOJ3BAHETO Ha HEBPOHHH MpEXH ca B
OTIPEEISIHETO Ha TIOAXOASAIIN TOTIOJIOTHSI, TIPE/ICTaBsIHE Ha JAHHUTE U MHOXKECTBO OT
TPEHHPOBBUHH NpUMepH. KoskoTo No-rojsiM € OposiT Ha HEBPOHHUTE B €IHA MpEKa,
TOJIKOBa MO-CJI0KHA MH(OPMAIHS € criocoOHa 7a 06paboTBa T, HO B CHIIOTO BPEME
€ TMO-TPYJHO Ja C€ OTKPHAT ONTHUMAJIHUTE CTOWHOCTH Ha TIapaMeTpure 3a
oOyueHmero 1. BuHaru chlecTByBa puUCK W OT T.Hap. overfitting u underfitting —
TOBAa € KOraTO MpeXaTa € CBHOTBETHO C TBBPIC CIOXKHA WM TBBPIAE MNPOCTa
CTPYKTYypa 3a 00paOOTBaHHUTE JaHHU, KOETO MOXKE Jia JIOBEJIE OT ,,IUIarHaTcTBaHe™ OT
TPEHUPOBBYHUTE MPUMEPH [10 HU3BEKJAaHE Ha CiIyyallHM AaHHW. JlMama3oHBT Ha
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MY3UKaJIHUA TCKCT CHINO € OT I'0JIAMO 3HAUYCHUC — OTKPUBAHCTO HA 3aBUCUMOCTHU B
MeJI0aus € TOJIKOBA I10-JIECHO, KOJIKOTO IIO-MaJIbK € JUalla30HBbT H.

ITo Bpemero Ha paborata cu B Research Science Institute m3non3Bax LSTM
HEBPOHHH MPEKHU 3a Ch3JIaBaHC Ha MMIIPOBU3AIMA BHPXY AaJICH aKOMIIAHUMCHT. B
ciydasi, fepUHUpaMe UMNpogu3ayus KaTo Ch3IaBaHETO HA MEJIOJMSA BBPXY AaaeH
AKOMITAaHMMEHT, TaKa 4e /ia ce BIIICBA B HETO XapMOHMYHO U puTMHU4HO. Ha Mpeskara
HoflaBaMe PA3IUYHU cekgeHyuu om akopou (akomnanumenmu) U s oOydaBame Ja
M3BEXIAa HANMCaHW OT 4YOBEK HWMIIPOBU3alMHM BBPXy TiaX. Cien oOydeHHeTo
roJlaBaMe Ha Mperkara Helo3HaT 3a Hesl aKOMIIAaHMMEHT W aHaJIM3MpaMe MoJIyyeHaTa
HOBa MMIIPOBH3ALIHS.

BxoabT ce pa3ps3Ba Ha ,,parMeHTH" Pe3 PaBHU BPEMEBH MHTEPBAJIH, KATO BHB
BceKM ()parMEHT € O03HAUCHO KOUM HOTH 3BydaT B To3u MOMEHT (Durypa 3).
®parMeHTUTE OT AKOMIIAHUMEHTA C€ TMOJaBaT IOCJIEJOBATEIIHO HA HEBPOHHATA
Mpexa, a TS U3BEXKIA TaKUBAa, KOUTO TPSOBA J1a CE M3CBUPST KATO MMIIPOBHU3AIIMS.
Besika HOTa XemmpaMe BBB BEKTOpP CHC 7 UHCIA, W3MOJI3BAWKH MPEACTABIHETO HA
®pankiuH B [27].
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Queypa 3: [Ipedcmassne na menoous 8 7-6umosu ompsazvyu

3a ma MpoBepHM JAM CMe HM30paiM TOAXOAAIAa CTPYKTypa M IapaMeTpu 3a
MpeKaTa, IIpoBepsiBaMe Jajli € CIIOCOOHA Ja 3allOMHU U BB3IIPOU3BENE MEIOIUI —
n3non3BaneTo Ha LSTM kiieTku B Mpexarta M MO3BOJIsIBA Ja ce CIpaBU 0e3 Tpemku
Ha 3ajayara 3a BB3IPOU3BEXKIaHE Ha HaydyeH HOTeH TekcT. Ciex ToBa oOydaBame
MpexkaTa ¢ Habop OT aKOMIIAHUMEHTHU U IPUMEPHU UMIIPOBU3AIIUY BBPXY TSX.

[IspBUTE pesynraTét OT 00ydEeHWETO Ha OMMCAaHATa CHCTEMa Ca IOKa3aHH BBHB
Queypa 4. Ha mbpBOTO METONIMHUE € 3alIUCaH U3XOIBT OT MpPEXkara, a Ha BTOPOTO —
aKOMITaHUMEHTHT, MOJIaBaH M 3a BXOJ. B HadamoTo mpekaTta pa3mo3HaBa aKOPIUTE
BBB BXOJIa ¥ BB3MPOU3BEXIA TeMa OT Take Five, mo3HaTa 1 OT Mpolieca Ha 00ydeHue.
CreaBanure apnexupaHu akopu ca HEMO3HATH 3a Hes, 32 KOETO TsI Ce OMUTBA Ja
,,BIUIETE " MOMXOSIIU (PparMEeHTH OT O0YUYCHHUETO CH.

Jamm m3xoapT OT Mpexara € HoOBp, 3aBHCH OT TOBa Kak JeQHuHHpamMe ,,J00pa
uMmpoBm3anusa. CrenBamuTe CTHIIKM B Ta3W cuUcTeMa Ie ObJaT CBBP3aHHU C
OCHOBHHTE MNpPOOJEMH, CpEIIHATH I[PH HampaBaTa M: ThPCCHE Ha MO-TIOAXOIAIIA
TOIOJIOT U, MPECACTABAHC HA MMOBCUC CJIIEMCHTHU OT MY3UKaJITHUA TEKCT U 01)61/IpaHe Ha
MO-TOJISIM TPEHUPOBBUEH HaOOp NaHHW. HaumHBT, Mo KOHTO Mpexara oOpaboTBa
My3UKaTa, MOXe€ Ja JOBeAe [0 HHTEPeCHH MPUIOKEHMSA: Cb3JaBaHe Ha
AKOMITAaHUMEHT B PETHO BPEME WJIM UMHTAIMS HA 1aJeH U3ITBIHHUTEI.
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Hanocnenpk ce momymnsipusupar u T.Hap. Deep Belief Networks — HEBpOHHU
MPEXH ChC crienn(prIHa TOMOIOTHS, KOUTO NMaT ITOBEYE OT €JJMH MEXIUHEH (CKPHUT)
CJIOH ¢ HEBPOHHM, KOETO T03BOJIsIBA 00paO0TBaHETO Ha OIIE ITO-CIIOKHH CTPYKTYpH. B
MIOCIIEIHUTE MecelM ca IyOJMKYBaHH HSKOJIKO ONUTa C TakWBa MpPEXH B
CH3/IaBaHETO Ha MYy3HKa, KOUTO BKJIIOYBAT XapMOHHM3HWPAHE HA €IHOTIIACHHU MEJIOJIH
[28] m xommo3upane Ha upiaHacKa (HOIKIOpHA My3uKa [29].
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Dueypa 4: Akomnanumenm u UMIPOBU3AYUL, Cb3OA0EHA OM HEBPOHHAMA Mpedca

3akioueHmne

W Hakpas na moryiegHeM KbM OBJIIEIIETO, KaTO C€ OMUTaMe J1a CH MPEICTaBUM Kak
O0uxa ce OTHECIM KBbM JIHCIIHOTO KOMIIOTHPHO TBOPYECTBO KOMITO3UTOPUTE OT
BPEMETO, B KOCTO KOMIIOTPUTE OIIE He ca OUIU HAGIe31u B TIXHATA TCPUTOPHSL.

Ome mpe3 1959 r. CrpaBHHCKY THIIE, Y€ BCSIKO M3CIICABaHE, HANBHO WM HE, IMa
3HAUCHHUE, 3all0TO BOAU 1O IO-TOJEMH BBIIPOCH, BCHIIHOCT — 1O EBEHTyalHa
Maremaruuecka (OpMyJIMpOBKa Ha TeOpHATa HAa My3UKara M JO EeMIIUPUYHO
n3y4yaBaHe Ha MY3UKaJIHU (DaKTH, U ITO-TOYHO — HA M3KYCTBOTO HAa KOMOMHHpPAHETO,
KakBOTO € My3HMKaJHaTa KOMITO3MIMs. Pa3BUTHETO Ha HOBUTE TEXHOJOTMH W Ha
W3KYCTBEHUS] WMHTEJNEKT Bede NpeBpblIaT MedTara Ha CTPaBUHCKH B PEATHOCT,
3alI0TO HE CaMO € BB3MOXHO Ja ce (OpMyJHpaT MOAEIH Ha KOMITO3UTOPCKHS
MIPOILIEC, HO J1a Ce TOJUI0KAT TE3W MOJEIH Ha CTPOTO OLICHSIBAHE.
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IlenTa Ha Te3W EKCHEPUMEHTH €CTECTBEHO HE € Jla Ce U3MECTST TBOPIMTE B
M3KYCTBOTO, a Jia Ce JaJe Ha MHOrO MOBEYE XOpa IIaHC Ja pa3depaT TOBa, KOETO
MOXe Jia ce (hpopManu3upa U alrOpUTMHU3UPA, Ja HaBIsA3aT B chepH, 0 KOUTO HHAYE
He OuMxa ce JOKOCHAIM OCBEH KaTO MACHBHU KOHCYMAaropd... Jlamu pesynrarute ot
TE3U OMWTH [Ie ChOTBETCTBAT HA TOBA, KOETO J0CEra Ce € HApU4aio U3KyCTBO, WU
e Ae(UHUPAT Hello, KOETO OTCEra HATaThK I Ce Hapuya U3KYCTBO, € CIIOPEH
BbIpoc. OOWKHOBEHO MY3WKAIHHAT aHalW3 Ce 3aHMMaBa ChC CTPYKTypara Ha
MPOM3BEICHNETO, a W3KYCTBEHHAT WHTCNICKT W KOTHHTHBHATA HAayKa — CBC
CTpPyKTypara Ha TpoIieca. A Hai-ChIECTBEHUAT BBIIPOC € JAH MOKE Ja Ce OTIUIIE
Bp'I)SKaTa Me)K}Iy TAX U 110 KaAKbB HAYHUH. TOBI/I B'Bl'lpOC € BAXXCH Bl'[pO'-ICM BBB BCiKa
yoBemka JeiHocT. OKypaXkaBaIloTo €, 4 JOPU MaJKUTE CTHIIKHA B MOJICITHPAHETO Ha
CHeU(PUIHA MYy3UKaTHH TMPOOJeMH ¢ TEXHUKH, THUITUYHM 3a MaTeMaTHKaTa,
MPOTPaMHUPAHETO, U3KYCTBEHHUSI HHTEJIEKT ¥ MYy3UKO3HAHUETO, MOTAT J1a JOIPUHECcAT
HE CaMO 3a pa30UpaHeTO0 HAa MY3HMKAIHOTO TBOPYECTBO, HO W 3a TBOPYECTBOTO
BBOOIIIE.

Moske OM HaW-BOXHHUAT pE3yATaT €, 4Ye MPOIEeCH, KOWTO IHEC H3TISKIAT
JIOCTBITHM CaMoO 32 YOBEK TBOpEI, B Objelle me Morar ga ObJaT IMpeAOCTaBeHH Ha
KOMITIOTBpPA, KaTo 110 TO3M HAauWH Xopara mie ObJaT CBOOOIHU Jla MpeCcieaBat Olle
MO-IIPEAN3BUKATEITHU TBOPUYECKU LIEIIH.
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Computer Creativity — Yesterday, Today, and Tomorrow

Evgenia Sendova, Hristo Staykov

Abstract: The paper deals with ideas, concerning the computer creativity, and
more precisely — the first experiments in generating computer music in a
national and international context. The first part considers the basic principles
for creating algorithmic music. A Logo musical microworld, developed by the
first author with educational goals is described with emphasis on its objects
and operations typical for composing music. The second part deals with
alternative approaches to generating music involving the use of artificial neural
networks (ANN). An ANN system for creating improvisations over given
accompaniments has been proposed and experimented with by the second
author as a research project within the RSI international summer school for
high school students.
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Abstract: Open access academic archives are the proper instrument to make
visible the majority of the works done during the years and to propagate the
results of already paid research activities, thus raising their value. This is the
way to achieve an improved management of intellectual assets of the whole
university and research community. This paper examines the indicators of the
success as well as the challenges in the support of Bulgarian institutional
repositories. The findings are based on a comparative case study of the six
repositories in research institutes and universities and the local repository of
the Department of Informatics at New Bulgarian University.

Key words: institutional repositories, sustainability, Open Access,
OpenAIRE2020 project, Responsible Research & Innovation, Access to
Knowledge

ACM 1998 Classification Keywords: H3.5 On-line information services—
Data sharing; H3.7 Digital libraries-Collection

Introduction

In today energetic business environment the proper management of digital resources
is vital for any organization in response to the changing business conditions.
Nowadays digital resources are increasingly being recognized as a very important
organizational asset au par with finance and human resources. For higher education
and research institutions digital resources can be strategically used to expose
intellectual assets such as learning content and research papers. Because of the very
rapid development in information and communications technologies it becomes
possible to manage the academic assets more effectively than in the past two
decades. Usually digital resources are organized as institutional repositories,
including long-term preservation and distribution.

During the last five years different types of repositories ranging from digital
libraries through various institutional collections and e-journals up to collaborative
learning environments have been built. In this perspective, universities and scientific
institutions demonstrate a remarkable activity. The main reason for this perpetual
interest is the huge diversity of purposes, deposited resources, services and potential
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users. Universities and scientific institutions need to exhibit and deploy different
kinds of their intellectual assets. It is a matter not only of user’s convenience, but of
representativeness and prestige as well. In this plan, it is quite natural that the main
share of active repositories belongs to countries with advanced higher education and
science — about 20% of them in the North America, 47% in Europe shared among
United Kingdom, Germany, Spain, France and Italy.

Six Bulgarian digital archives of open access have been reported in the
OpenDOAR Database. New Bulgarian University (NBU) and the Institute of
Mathematics and Informatics at the Bulgarian Academy of Sciences (IMI-BAS) were
among the first academic institutions in the country that developed and maintain
three of the registered open digital archives. These archives represent a cardinal
digital environment for long-term preservation of the electronic scientific output of
the academic staff. Apart from this, at NBU a departmental repository to assist all
non-auditoria activities was developed. This repository was designed to deploy
content not covered by the university infrastructure: investigations, learning
resources, theses, students’ projects and papers.

The success of institutional repositories (IR) depends on different factors and
there is no agreement whether these factors are general for all IRs or a local
occurrence. This justifies the purpose of our research effort, namely to examine the
use and the life cycle of Bulgarian IRs. It appears that the initial verve throws the
years. During the last three years no more attempts concerning the creation of new
archives have been reported.

The goal of this paper is to study the indicators of the success as well as the
challenges in the support of Bulgarian IRs. Our findings are based on a comparative
case study [1] of the six IRs in the research institutes and universities and the local
repository of the Department of Informatics at NBU. We argue that the success of a
repository depends not only on the functionalities for members of the community,
content recruitment and interoperability but also it depends on the user acceptance
and their voluntary participation as well as of the attitude of the institutional
government body.

Overview

Usually digital resources are organized as institutional repositories, ensuring long-
term preservation and distribution thus permitting to derive their maximum business
value. The collection of digital content into a repository enables research and higher
education institutions to support investigations, teaching, learning, and administrative
processes.

Institutional repositories are described as “a set of services that a university offers
to the members of its community for the management and dissemination of digital
materials created by the institution and its community members”. Lynch [2] further
notes that essential services include “the management of technology changes and the
migration of digital content from one set of technologies to the next as part of the
organizational commitment to providing repository services”.
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There is no straightforward answer to the question “what it is a successful
repository”. In [3, 4, and 5] content recruitment has been outlined as a critical success
factor. Blythe and Chachra [6] argue that the IRs “will be successful only when they
achieve broad and voluntary participation by individuals in the communities they
serve”. Several frameworks for success have also been developed. For example
Thibodeau [7] proposes that “a framework for organizing information needed to
evaluate the success of digital repositories can be articulated along five dimensions:
service, orientation, coverage, collaboration, and state”. Service applies to the
functionalities for members of the community, orientation refers to the place between
preservation and access where the repository operates, coverage relates to content,
collaboration indicates whether the IR works alone or might best collaborate in some
IR functions, and state is the maturity in the development of the IR. All of these
success factors are internally-driven. Generally speaking the success can be defined
and measured in terms of the libraries and institutions larger goals.

Examination of Bulgarian Open IRs

The number of the digital repositories worldwide increases successively very
quickly. Open access academic repositories exhibited a boost of 300 during the mid
of 2006. Since the beginning of year 2007 the growth of such repositories listed in
the OpenDOAR Database [8] shows a constant increase of 100 repositories per year
up to its present number of over 2900 (Fig.1).
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Fig.1 The changing size of the OpenDOAR Database over time

Fig.2 represents the shares of different types of repositories worldwide.
Repositories are:

— Institutional or departmental — 84%;
— Disciplinary (a cross-institutional subject repository) — 10%;
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Aggregating (collecting data from several subsidiary repositories) — 3%;
Governmental — 3%.

Open Access Repository Types - Worldwide

@ Institutional

® Disciplinary
Aggregating

® Governmental

Total = 2987 repositories

Fig.2 Open access repository types worldwide

In Bulgaria there are six open repositories listed in the OpenDOAR Database [8]:

New Bulgarian University Scholar Electronic Repository with 1775 items
consisting of the research output of the institution. The subjects are
multidisciplinary; the content comprises articles, conferences, books and
learning objects [9].

BulDML at IMI with 2115 items consisting of the journal output of the
institution. The subjects are multidisciplinary; the content comprises articles,
conferences and books [10].

Academic research repository at Burgas Free University with 483 items
consisting of the research output of the institution. The subjects are
multidisciplinary; the content comprises articles, conferences and books [11].
Electronic Repository — Central Medical Library — MU, Sofia with 576 items
consisting of the research output of the institution. The subjects are
multidisciplinary; the content comprises articles, theses, books and learning
objects. Broken and not accessible.

Research at Sofia University with 877 items consisting of the research output
of the institution. The subjects are multidisciplinary; the content comprises
articles [12].

Bulgarian OpenAIRE Repository with 118 items consisting of all peer-
reviewed publications resulting from ERC funded FP7 projects in Bulgaria.
The subjects are multidisciplinary; the content comprises articles [13].
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Compared to an earlier review [14] the findings are similar — no new attempts to
build repository have been reported.

The repositories of NBU

The Scholar Electronic Repository of the New Bulgarian University is governed by a
supervising board called Evaluation Commission. The Head of Library and
Information Services Department is acting as a repository editor thus enforcing
compliance with certain rules when an item is going to be deposited. Academic staff
and university PhD students are allowed to deposit their documents that might be not
published or published via electronic or traditional means. In the case of documents
published elsewhere, the depositing author has to hold the copyrights. If the
copyrights belong to a publisher or other organization, permission has to be granted.
Academic staff can submit unpublished documents as well. In this case authors
should respect ethical standards and ensure quality content. The document types are
listed in the user interface of the software. The repository is build using E-Print [15],
which allows depositing articles, books, conference items, theses, artifacts, images,
compositions, audios, videos etc.

In addition we consider the local repository of the Department of Informatics at
NBU used to deploy content not covered by the university infrastructure i.e. the
repository and the LMS of the university. That content comprises unpublished gray
and supporting material: investigations, learning resources, theses, students’ projects
and papers. Key users of the departmental repository are students and faculty In this
way the department's intellectual production is stored and represented. The open
access.is encouraged, so publishing students’ works could restrain mutual plagiarism.

The repositories of IMI-BAS

The BulDML at IMI becomes a part of the global EuDML aggregator. Currently,
BulDML contains more than 1500 publications from six journals and several
proceedings. BulDML is based on the DSpace [16] version 1.52, with slightly
modified source code for practical reasons to keep consistency with future software
releases and make more easily migration from old to new software versions. Mainly
for submitting content and metadata in BulDML, DSpace native web interface
without any difficulties is used. The repository fulfills minimal metadata
requirements for its content to be presented in the unique framework of the European
Digital Mathematics Library.

IMI-BAS is the contact point for the European Commission Projects OpenAIRE,
OpenAIRE+ and OpenAIRE2020. One of the main goals of those projects is to create
infrastructure focused on open access publications and scientific data deposited in
institutional repositories, thus creating a common scientific platform for the everyday
research life of FEuropean scientists. OpenAIRE2020 continues and extends
OpenAIRE’s scholarly communication infrastructure to manage and monitor the
outcomes of EC-funded research. It combines its substantial networking capacities
and technical capabilities to deliver a robust infrastructure offering support for the
Open Access policies in Horizon 2020, via a range of pan-European outreach
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activities and a suite of services for key stakeholders. It provides researcher support
and services for the Open Data Pilot and investigates its legal ramifications. The
project offers to national funders the ability to implement OpenAIRE services to
monitor research output, whilst new impact measures for research are investigated.
OpenAIRE2020 engages with innovative publishing and data initiatives via studies
and pilots. By liaising with global infrastructures, it ensures international
interoperability of repositories and their valuable open access contents.

Benefits of the Institutional Repositories

The benefits of publishing in an institutional archive of open access can be
summarized from different points of view:

For the university as an educational and research institution

— access to the intellectual output is provided;

— enhanced scholar communication becomes possible;

— shared learning and teaching materials otherwise locked in Virtual Learning
Environments.

The institutional repositories represent the intellectual product created by the
community members thus increasing the institution’s visibility and its public value.
The open archive, by capturing and preserving collective intellectual capital,
increases the overall institution’s academic quality. There exists organizational
support towards dissemination of innovative research results. Open archives become
a feasible way to share ideas and know-how’s and to communicate the research
activities. This way collaborative research is promoted. In addition an easy access to
faculty papers is achieved. The demonstration of value can attract tangible benefits
including project funding from both public and private sources. Documents are
searchable via the Internet as they are indexed by search engines and made accessible
to a wider audience. Finally, the production of the individual authors and the
institution as a whole is promoted.

In the traditional system of scholarly communication much of the research
findings are dispersed through different journals. However nowadays scholars use
Internet intensively to disseminate their achievements. There is growth in the open
access availability of research publications, both gold (author pays for publication)
and green (self-archiving by the researcher). Approximately 30% of all articles are
thought to be available as open access, two-thirds in green and one-third gold [17].
The institutional repository preserves and make accessible the staff intellectual
output in a straightforward manner. This is a lightened publishing model. Journal
published articles can also be placed in the repository to attain a larger audience, thus
enforcing completed publications. Global access to research literature is achieved.

Publication of educational resources in addition to the management of the
curriculum is particularly important for dynamic areas of human knowledge.
Provision of copyright curriculum in such areas is also a kind of advertising on
campus. Making a learning content visible (open courses) increases the potential
reuse of the materials.
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For the academic staff

— improved research knowledge management;

— broad dissemination of published research findings;

— increased citation of some papers;

— indexing.

Sharing of research outputs, unpublished ideas and know-how facilitates their
public visibility. In fact researchers manage and store digital content connected with
their investigations including research data. Thus collaborative work on institutional
projects is promoted. Community members have a place where their scholarly works
are permanently exposed. The available scientific results give rise to the preparation
of new joint projects. Knowledge sharing and reuse is facilitated.

Because of the short period after uploading the document, authors could achieve a
fast dissemination of their results and a greater impact. In rapidly developing areas of
scientific knowledge e.g. computer science or communications researchers can offer
preprints via the open access archive in order to claim priority and to get a fast
feedback.

Open access favors the dissemination of published research in the archives and
contributes to the growth of citing of the scientific production. Citation analysis
demonstrates that research papers that are freely available are easier to cite.

Open access archives are indexed by search engines, which promote both the
production of the individual authors and the institution as a whole. This allows for
the creation of personalized publication lists and increases the citation. Via the usage
of different metrics the researchers obtain hit rates on specific papers. The impact
factor is also derivable.

Challenges in Sustaining Institutional Repositories
There are different factors that contribute for the success or the decline of an IR.
1. The population of IRs

The answer of the question “how to achieve staffs’ participation in a repository?”
concerns the contents’ acquisition of any IR. There exists a psychological resistance
of users to deploy the content in the digital archive. The staff doesn’t see the value of
depositing their work or it is not eager to learn yet another tool that seems to be used
rarely. To overcome this opposition different incentives are to be proposed. The new
role of IRs as an alternative to publishing i.e. the content recruitment is to be clearly
stated.

2. The cost

Building an institutional repository is not a cost free activity. Costs are influenced
by different factors e.g. the chosen technology, the provided services, the price of
data preservation, the expenses for digitizing content etc. One of the first decisions
for an institution is to choose the type of hardware and software for the
implementation of the archive. The choice of open source software reduces cost and
allows for customization. The use of commercial software cuts the maintenance costs
but also can limit the system tuning to the proper needs. Once the software platform
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is chosen, the institution has to determine the personnel needed. Generally 2-3
employees are sufficient for metadata management, advertisement activities and
community members’ induction. In addition, some operational costs e.g. for
hardware replacements, for scanning materials, are to be considered. Nevertheless
that open access institutional repositories represent an alternative to the purchase of
expensive scholarly journals, repositories come with their own price.

3. The copyrights

Usually it is assumed that the depositor possess the rights on digital copy of a
completed manuscript or other own work to be exposed in the repository. This makes
sense when preprints, not yet published articles, and working papers are considered.
However, when institutions decide to post published content, copyright permissions
have to be respected. Reasonably, the depositors are often unaware of whether or not
they can post an article in an institutional repository. Authors (and IR managers) are
confused by the diversity of publisher permissions policies. Some publishers allow
deposit of the final published version of the article, others allow the deposit of the
author’s pre-copyediting version, and some allow no deposit at all. Investigations
show that about 80% of publishers allow some version to be used.

4. The quality of the deposited materials

The quality of documents submitted to the open access archives are estimated by
the supervisors following formal criteria. The author’s contributions might appear
obsolete and/or disputable. It is the author’s personal responsibility for the flaws in
the content e.g. plagiarized texts, faults or junk. Author’s produced digitization can
also be a quality problem, e.g. badly scanned texts or images. Another concern is that
depositors may not know how to describe their work in a way that will increase the
chances of the article to be discovered by search engines. It is the institution liability
to take care such materials to be improved and to ensure a quality repository that
others will use.

5. The strategic vision of the governing board

Most of the repositories are created via targeted projects which execution takes
the mainstream of efforts and resources. After acquiring some critical mass of
deposited items and opening for public use, the repository is said to be functional.
Projects concerning the development of IRs after their ending cannot further provide
for a stable business plan. Our experience shows that the initial enthusiasm
associated with the creation and accumulation of repository content decreases.
Meanwhile expenditures persist as well as organizational support should do.
Therefore, a continuous attention from the institution governing body is needed to
ensure a long-term life of any IR, here included a stable framework for use and
maintenance.

Conclusion

Open digital archives are of great importance for the public visibility and recognition
of research institutes and universities. By allowing an improved management of
intellectual outputs and freeing up the process of dissemination, their main purpose is
to rise up the representativeness of the institution. The rationale behind the
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implementation of an institutional repository is to preserve the intellectual assets of
members’ community.

In this paper we discussed the academic use of open digital archives. An attempt
to summarize the benefits and to analyze the usability and the factors leading to the
success of Bulgarian IRs is presented. The IR is an open e-space which provides
long-term preservation of electronic documents and assists in the dissemination of
research findings both at public and local level. However staff is not necessarily
interested in depositing their work and it is up to the managerial board to stimulate
proper supporting activities. The presence of well configured framework and the
allocation of sufficient cash resources for maintenance are often neglected. The
success of an IR also depends on the integration with the overall librarian collection
of books, journals, digital files, etc.

Based on analysis of current state of open access, made here, as well as in [18],
we suggest some recommendation for further work:

— To be defined clear policies for the dissemination of and open access to
scientific publications resulting from publicly funded research. It should be on
the basis of the green model, within which quality is ensured by scientific
publications. This should embrace all research institutions which perform
and/or disseminate fully or partially state-funded research. Access to the
results of state-funded research should be provided to the greatest possible
extent;

— To be ensured that research funding institutions responsible for managing
public research funding and academic institutions receiving public funding
implement the open access policies.
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Hpe}II/I3BI/IKaTeJICTBa KbM IOAJPbiKKaATa
HA HHCTUTYHHOHAJIHUTEC XPAHUJINIIA
C OTBOPCH J0CTHII B B'IJJII‘apI/Iﬂ

IOnuana IleneBa, Ctanuciaas UBanos,
Kpacumupa UBanosa, [lerbp CTtanuen

Pesome: AkaneMUYHHUTE apXUBH C OTBOPEH JOCTBII Ca MOAXOIAILO CPEACTBO
3a MpeicTaBsHE M MOMYyJISIPU3UpaHE HAa HAayyHUTE IIOCTHXKEHUS Ha
YHHUBEPCUTETUTE U U3CICI0BATEIICKUTE UHCTUTYTHU. 110 TO3U HAaUMH ce mocTura
N0-100p0 yNpaBieHHE HAa MHTEJICKTYaJHUTE aKTUBM Ha Hay4yHaTa OOLIHOCT.
Hacrosimata cratusi u3cieiBa HM3rpaJeHUTE OBJITapCKH HMHCTUTYILMOHAIHH
XpaHWINIIA U aHANU3Upa (GakTopuTe, JOMPHHACSIIN 32 TEXHUS YCTIEX KaKTO
IIPEIU3BUKATENICTBATA, CBBP3aHH C IOAIBPKAHETO UM.
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Pestome: MHQOPMANMOHHUAT MEHHIKMBHT Ha JUTHTATHOTO KYJITYPHO
HACJIENCTBO  BKJIIOYBA  YIpaBJICHHE Ha JOKYMEHTHpPaHETo, OOMEHa,
NIPE/ICTaBsIHETO M CHXPAHEHHETO Ha apTe(akTHTe Ha MaTepHalHaTa KyJITypa,
KaKTO ¥ HayYHO-H3CJIIBATEJICKHS AUCKYPC, KOMTO MHTEPIPETHPa MHHAJIOTO.
W3uckBaHMATA 32 JOKYMEHTUpDAHE M ONHCAHUE HA JBIKUMHUTE KYJITYPHU
LIEHHOCTH € MPEeIU3BUKATEICTBO 338 apXUTEKTypaTa U qu3aiiHa Ha e(eKTHBHH
MHGOPMALIMOHHYU CUCTEMH 3a MPEJICTaBsAHE Ha 3HAHUS U CEMAHTHYHO ThPCEHE.
Bep3oTo pazButHe Ha cTaHmaprute W npuioxkenusta Ha WEB 3.0 (RDF,
SPARQL, OWL, SKOS) mpeanmara WHOBATHBHU IIPHIOXKEHHUS 32
KaTaJIOTU3alHsl, ThPCCHE U BHUPTYaJHO CKCIIOHHpaHE Ha My3€iHH OOCKTH.
Hacrosimara cratust npezjiara aHajau3 Ha My3elHaTa JOKYMEHTAIlUs y Hac |
tunonorusays Ha 407 ChCTABHM TIOJIETA HA MACTIOPTA C OTJIe]] Ch3JaBaHe Ha
KOHLIETITyaJleH MOZe] Ha OHTOJIOTHs, KaTo ce OCHOBaBa Ha (1) HanmoHaiHaTa
HOpMaTuBHa 0a3a, (2) My3eiiHaTa npaktika u (3) u3uckBanusTa Ha web 3.0

Kiaro4oBu 1ymu: ceMaHTHYHA MpeXa, OHTOJIOTHH, My3eeH macopt, OWL,
CIDOC-CRM, Dublin Core

ACM 1998 Classification Keywords: H.1. Information Systems: Models and
Principles; H.2.5 Heterogeneous Databases; H.3.1 Information Storage and
Retrieval: Content Analysis and Indexing

yBOI[ B TeMaTUKaTa

NHdpopMalMOHHUAT MEHHMPKMBHT Ha JIUTHUTAIHOTO KYJITYPHO HAacleACTBO
BKJIIOYBA yINpaBJieHWE Ha JOKyMEHTHPAaHETO, OOMEHa, TMPEACTaBsIHETO W
CBhXpaHEHHETO Ha apTeakTHTEe Ha 4YOBEIIKAaTa MaTepHalHa KyJITypa, KaKToO H
Hay4HO-M3CIIE/[BATEICKUS  JTUCKYPC, KOHTO PpEKOHCTpyHpa W HHTEpHpPETHpa
MUHATOTO. OCOOEHO BaXXHM TIPM TOBAa Ca aHAJIM3BT M 3a/J0BOJIIBAHETO Ha
M3UCKBAHUATA HA TOTPEOUTENss W HA CHBPEMEHHOTO YIPABICHUE Ha MYy3eHHH
koneknuu. [Dobreva & Duff, 2015]. Jurutamsoro xynrypHo HacienctBo (IKH)
M3UCKBA MHTEPIUCLUHUILIMHAPEH TT0/IX0/I U MHOTOCTpaHHa ekcrepTu3a. To e 00ekT Ha
u3clieiBaHe OT JAMCIMIUIMHM Karo ,JJUrUTanHa Xxymanutapuctuka® (Digital
Humanities), , Kommiorbpuu nHayku B obOmactta Ha HacneactBoto® (Heritage
Computing), ,,Iludopmaruka B kynrypaara ooxact™ (Cultural Informatics) n ,,Hayxa
3a HacienctBoto™ (Heritage Science). Hacrosmiara cratust ¢ B obmactra Ha JIKH,
KaTto ce (oKycupa BBPXY CB3AaBaHETO Ha MOJIENl 3a OHTOJIOTHS, MpEACTaBsIIa
pasHOpoJHaTa HHPOPMANHXsS OT Pa3IMYHUTE TUIIOBE My3eiHa JIOKYMEHTALUs y Hac.
[TpencTaBenn ca HaYMHU 32 TUNOJOTH3AIMs Ha MHPOPMATHYHUTE MOJETa C LeJl Aa
Opmar mpencraBeHH chc cTaHgaptute Ha Cemantnunata mpexka (RDF, OWL) u
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cranmaptute 3a Kyntypaa mHpopmanus (Dublin Core, CIDOC-CRM). TepMuHBT
,,CEMAaHTHYHA Mpexa*“ ce oTHacs KbM BHU3UATa Ha koHcopuuyma W3C 3a ch3naBaHe
Ha XpaHWIMIIA 32 XETEPOTeHHU JaHHH, Te3aypycH M WHIEKCHpalld NpaBuia 3a
00paborka. CeMaHTHYHUTE TEXHOJIOTMH WM TPWIOKEHHS CE pa3BuXa CHIIHO Mpe3
2013 1., BBB BpB3Ka C HampeIbka Ha W3CIEIBaHMATA B 00JacTTa Ha W3KYCTBCHHS
nnTenekT. [Issac & Baker, 2015]. Ot anpun 2014 1. Thpcemmara MammHa Ha Google
3amovHa Ja TMoikBa ,rpad-Ha-3HaHWeTo Hummingbird, kaTto 3a mpBB BT
pe3ynTaTuTe MPEACTaBsIT CEMAaHTUYHO CBBbp3aHa MH(OpMALuUs B OTAENCH OJIOK Ha
crpanunara. (¢ur. 1) [Szekely et al, 2014], [Nisheva et al, 2014], [Minelli et al,
2014]. doToraBa ThpPCEHETO CE M3BBPIIBA Ha 0a3aTa Ha CHOTBETCTBHE Ha HU30BE.
ToBa pa3BuTHE MOXKE KaueCTBEHO Ja MPOMEHH JOCThIIAa O CEMaHTHYHO OoraraTa
nH(popMaIus Ha TUTUTATHOTO HACIEICTBO.

o Cn ———
I Npssomerss ) € owg kak 639 ** Noesouasme . e Komseprapane . 2 11 Essentiai e Serous Games | armsvongshop W Quaitics | Sooh. DigCULT - The: DigiCULT @ DIGITAL
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LWymen — Yuxunegua
b wiipeaa Wnyssen = Transiate Prs pag

Obwmma Ulyugﬂ

warw shumen b3 = Transiste ths page

Images for wymen

Pumen 5 e e rgest oty n EAAGANE and e adTersTatve and
economic capdal of Shumen Proance Wikipedia

Elevaton: 164

Area: 136 4 ko
Weather, 4°C Win 5 e
University: Shume
More images for wymen
Hoeiuku Wymen - DarikNews.
tank Ll.ly WO R— '.mE.'ﬂ.:.zy See results about
OVICE 15 & PrOVNCE 1N northeaste Bugana ramed after &
1.

Queypa 1. Busyanuzayusa Ha unoexcuparemo om epaga Ha 3uanuemo Ha I yevn —
(Hummingbird)

CemaHTHYHAaTa HMHTEpHpeTalys Ha OOCKTHTE B OHJIAHH JOCTHIHU MYy3€HHU
KOJIGKIIMU IMa OTEHIHaNa Ja ,,Ch3/1aJe HOBO 3HAHHE , KOETO MOJUIeKH Ha MAIlTMHHA
W eKCIIepTHa TPOBepKa U 00orarsiBa Bb3MOKHOCTUTE 32 OBbP30 KOHTEKCTHO ThPCEHE.
ToBa obaue e NMpeaU3BHKATENCTBO 3a apXHTEKTypaTa W Ju3aiiHa Ha eQEeKTUBHU
MHQOPMAIMOHHM CHCTEMH 3a MHCTHTYLUMHTE 3a KyJlITypHa mamer. ToBa
MPEeIU3BUKATENCTBO BEUE CE MOCPELIa C pa3aMUueH TEMII U YCIEX B MHCTUTYLIMUTE 3a
KyJITypHa MaMeT.
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Cranpapture Ha WEB 3.0 mos3BaT CbBpeMEHHH MPUHIUIM U alTOPUTMHU 3a
CTpyKTypupaHe M WHAeKcupane Ha maHHn (Resource Description Framework ',
Ontology Web Language’, Linked Open Data’, SKOS*, SPARQL?).

Jlo6sp mpumep 3a u3MOI3BaHE Ha Te3W cTaHAapTH B KoHTekcta Ha JIKH ca
ycrnexure Ha mpoekTta Research Space® na BpuraHckus my3eil. Kem deBpyapu
2016 r. Ha mopTana Ha MPOEKTa ca MPeACTaBeHH 2.5 MIIIMOHA 00eKTa KaTO OTBOPEHH
CBBpP3aHU JIaHHHU.

+ Find OBJECTS: DESTROYED IN EVENT Mutiny on the Bounty AND HAS TYPE Wood
Fid @ .. AN ( HAS TYPE )@J( Wood > @ D
L] { DESTROYED N M Mutiny on the Bm.nr.-) AND ( HASTYPE [ Wood >
[H Fiiter these results 4 HIDE 11001200 B PP E
»  Objects/Things [ ]
» PeopleGroups i
> Places O
»  Evenmts ._
V TmeDekes &= || Tite of Search Result v Title of Search Result v Tite of Search Resuit v
[ Spanning two or more Spanning two or more Spanning two or more
- lines lines lines
»  destroyedon
»  usedon
»  modified on
WV createdon
> 1TB0-1T80
i
> 1790-1800 cII:I]I
- — Title of Search Result v Title of Search Result v Title of Search Result v
Q Start a new search based on this search Q Save this search definition Save as a new collection My collections

Queypa 2. CHUMKa Ha eKpana om npeocmassane Ha uHgopmayuonnama cucmema Ha Research
Space, 6 koamo ce mvpcu (1) obexm, Hanpasen om (2) 0vbPBo U c8vpP3aH/paspyUIeH om
(3) cvbumue/soiina om (4) onpedenen nepuoo

! Pamxa 3a omucanue Ha pecypeu (RDF). http://www.w3.org/RDF/. Tlocremo moceren
4.11.2015

% Esnk 3a yeG-onronornn (OWL). http://www.w3.org/TR/owl-features/. [Tocneaso moceTen
4.11.2015

3 OtBopenu cebp3ann gauuu (LOD). http://linkeddata.org/. ITocneaso moceren 4.11.2015.

* Simple Knowledge Organization System (SKOS). www.w3.0rg/2004/02/skos. TTocenHo
nocerex 4.11.2015.

> SPARQL Query Language for RDF. http://www.w3.org/TR/rdf-sparql-query. TTocieaso
noceren 4.11.2015.

® Ipoext Research Space i momssanero Ha CIDOC-CRM B HH(OPMAIHOHHATA CHCTEMA.
http://www.researchspace.org/. [locnenno moceren: 6.02.2016.
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Ienta Ha Research Space e ch3naBane Ha Bupmyanna uzciedosamencka cpeoa
3a u3Kkycmeo. KbM MOMEHTa TOBa € €IMHCTBEHATa paboTella B My3eiHH YCIOBUS
cpena, KosITO MPeocTaBsi KOHTEKCTHO ThpCceHe, 0a3upaHo Ha CTaHIapTa 3a KyJlITypHa
nadopmanuss CIDOC-CRM, mnpusHar or MexayHaponHata OpraHHM3alis Ha
my3zente UKOM.

Ce3nmanenoro mpe3 2016 r. mpuiokeHHE B paMKHTE Ha IIPOEKTa IOJ3Ba
cemaHTH4HaTa 6a3a nanan OWLIM, kato oOekTuTe ca NpeacTaBeHn KaTo OTBOPEHH
cebp3ann ganuu (OCJI). Crangaptute n Texnonorunte 32 OCJ] nmar amOunmsiTa 1a
PEBOIIIOLUOHU3UPAT U3GIUYAHEMO HA UHPDOPMAYUs UPe3 HEJBYCMUCIECHO ThPCEHE U
CBBbp3BaHE Ha pejeBaHTHA MH(GOPMAIMS OT PA3IMYHH M3TOYHMIM IIPU TOCTOSIHHO
JUHAMUYHO OOHOBsiBaHe B yeO cpena. KOHTEKCTHOTO ThpceHE B ITOCOYEHOTO
MIPUJIOKEHUE CTaBa Mo 6 KPUTEPHUS: XOpa/TPyNH, OOEKTH, TOHATHS, CEOUTHS, MECTa U
nepronu/Bpeme (ur.2).

Crangapture Ha WEB 3.0 npaBsit 06p30 OTKpHBaeMH My3eilHUTE 00EKTH B €HA
nH(pOpMaNMOHHA CUCTEMa Upe3 CTPYKTYpPHpaHe Ha CTaHAapTU3UPAHO NMpEICTaBeHa U
MHOTOKpPATHO M3N0I3BaeMa nHdopmanus.

Cmanoapmume 3a Kyimypua uHgopmayus, KOUTO OMHCBAT KOJEKIMHTE U ca
onoopern or UKOM u Mmys3eiiHata HpakTHKa, ca ChIIO TOJKOBA BaKHHU, KOJIKOTO U
TexHoJornyHuTe craHaaptd Ha W3C 3a cemaHTMyHa HHTepHperauus. Tyk e
CIIOMEHEM HSKOJKO, TOpaJu 3HAYEHHETO MM 3a MpexoJa OT THUIOJOTUs Ha
apreakTUTe B HAH-00II IUIaH KBM OHTOJIOTHH HAa HACJIEICTBOTO: CIDOC-CRM',
SPECTRUM?, LIDO®, DUBLIN CORE*. [Woolgar & Lezaun, 2015].

CeMaHTHYHHAT ye0 TOMara B pa3lpOCTPAaHEHHETO Ha 3HAHHETO Ype3
HHCTPYMEHTH, KOHTO YaCTHMYHO aBTOMATH3UpaT TIpolleca HAa CEeMaHTHUYHA
uHTepnperanus. CeMaHTHUHaTa  UHTEpHpETAaLUss €  acOLUHMpaHe  MEXIY
CTPYKTYPHpPaHH TTOJIMHOXKECTBA OT AaHHH (CMHTAKCHUC) CIPSIMO MHOXKECTBO OOEKTH B
TsICHa obOnacT oT 3HaHus. OHTOJOTHUTE, Oa3MpaHW HA JECKPUIITHBHATA JIOTHKA ca
TaKMBa WHCTPYMEHTH. Te aBTOMATHU3MPAT CEMAHTUYHATa MHTEpPIpPETalMs upe3
MOJIETIN OT TPOHKH: O0CKT, CyOeKT, IPeaANKaT.

! CIDOC-Conceptual Reference Model [www.cidoc-crm.org] e cTaHmapT 3a Ky/ITypHa
napopmarms, nogkpener ot MKOM n ono6pen xaro ISO 21127:2006 mpes 2006;
HeroBara mecra Bepcust kbM Maii 2015 Moxke 1a ce moi3Ba U kato GopMaiiHa OHTOJIOTHS,
Ch3Ja/eHA 32 J1a yJIeCHH HHTETPHPAHETO M OOMEHa Ha HH(OPMAIHS OT XeTEePOTeHHI
n3toyHUIM oT obnactra Ha KIH. Bik. npoekTa Ha Bputanckus My3eit ¢ ObIrapcko
yuacrtue Research Space.

2 SPECTRUM CTaHJAPT 3a YIPaBICHUE HA My3CHHU KOJNEKIUN
[http://www.collectionstrust.org.uk/collections-link/collections-management/spectrum.
IMocnenno moceren 4.11.2015.

3 LIDO e XML 6asupan CTaHIAPT 32 OMECAHAE HA My3eHHH apTedakTh
[http://network.icom.museum/cidoc/working-groups/lido/what-is-lido]. ITocaenno moceren
4.11.2015.

* DUBLIN CORE ¢ craHmapT 3a OMICaHHe Ha My3eiiHH apTe(aKT, ON3BAH OT MPOEKTa
EBpomeana [http://dublincore.org]. Ilocnenno noceren 4.11.2015.
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AHaJIu3 HAa U3CJIeIBAHUSATA B 00J1aCTTA U 6’[).]'[1"3[)(:](3 My3ep“ma NMpaKTHKa

bparapckara My3eliHa NpakTHKa Ha ONHMCaHUE Ha OOEKTHUTE, CTPYKTYPHUpPaHUTE
HOAMHOKECTBA OT JaHHH, KOATO € 00eKT Ha HallMsA MHTEPEC, MOXKE Jla ce pasriiesia B
My3eHHHTE UHBEHTApHU KHUTH, ACHIOPTH U JocHeTa. ToBa ca TpU THMA JOKYMEHTH
CBC CXOJIHH, HO Pa3iIM4HU I0JIeTa 3a MOIbJIBaHe. TAXHOTO IOMNBIBAHE € CBBP3aHO C
MO3HAHMS Ha CIeNUaIM3MpaHa TEPMHHOJOTHS OT mpoduia Ha My3ed —
AHTPOIIOJNIOTHSI, apxeoyorus, eTHorpadus. Te3n nmo3HaHust obdade ocraBar ,,CKPUTH'
3a MacoBaTa IyOymKa TOpajaM JMIcaTa Ha yHHQHUOUpaH My3eeH codTyep 3a
JIOKyMEHTaIust, 6a3upaH Ha CTaHJapTH, CIICHHAIN3NUPAHN TE€3aypyCH U ChBPEMEHHH
(hYHKIIMOHATTHOCTH.

ITacnopTuTe U MHBEHTAPHUTE KHUTH MacOBO CE IOMBJIBAT Ha XapTHEH HOCUTE,
0e3 BB3MOXKHOCT 3a aBTOMAaTU3UPAHO THPCEHE, JAONBIBaHE C HOBU IIOJeTa U
penaknus Ha ChbIlecTByBamM. IIpeanoxkeHuTe B CTaTUATA HOBH MOJIETA Ca B3€TH OT
IIpaKTHKaTa U ChIIECTBYBAT nedakro karo HedopmaleH ,.crangapt. [IpomsHara ce
3aTpyIHSIBA W MOPagd HOPMATHBHU IPEYKU: 3aIMYaBAHETO W BMBKBAHETO HA HOBU
M0JIeTa B MHBEHTAPHHUTE KHUTY M MACTIOPTHTE € 3a0paHeHo OT 3aKOHa 3a KyJITYPHOTO
HAcJeICTBO.

Ilpn cw3maBaHe Ha paMKa 3a OHTOJOTMYEH MOJEN Ha My3€eH IIaclopT U
WHBEHTapHAa KHHWTa € HEeoOXOAMMO ChOOpa3sBaHETO MM KaKTO C HOPMAaTHBHATA
ypenbda, My3eifHaTa ITpakTHKa M CcrenudrkaTa Ha KOHKPETHATa KOJEKIHS, TaKa U C
@opmanen cmanoapm 3a KynimypHa ungopmayusi. ILIUpoKo 1mon3BaH € ONPOCTEHHUAT
craamapt DUBLIN CORE, Ho MexmyHapogHata opranm3amnus Ha mysente MKOM
mpernopbuBa mon3BaHeTo Ha KoMmiutekcHUs crangapt CIDOC-CRM. Herosoto
MoauduIMpane 3a Hy)KJUTE Ha KOHKPETEH My3el o0aue M3MCKBA CEPUO3HO HAYYHO
U MIPUJIOKHO ycuiue, KakTo u obyueH IT exwur, ¢ KakbBTO OBIATapCKUTE MY3€H HE
pasmosnarar.

My3eiiHa JOKYMEHTALMA Y HAC

Hayunust macmopt e wact oT HayyHata oOpabOTKa Ha JIBIDKMMAaTa KyJITypHa
nenHocT. Hayunara o0paboTka BKJIIOYBA KaKTO MAacMOPTU3alNs, Taka M eJICKTPOHHA
obpabotka. EmexrpoHHara oOpaboTka criopen 3akoHa 3a KyJITYPHOTO HACIEICTBO
Tpsi0Ba Ja ce M3BBPIIBA IO eOUHeH Comyep 3a ynpasieHue Ha My3selinume ¢onoose,
00006pen om MmuHucmvpa Ha Kyrmypama (kbM HoemBpu 2015 T. TakpB He
chliecTByBa). [lacopTsT e nokymeHT ¢ (opmar AS, cec 17 ChCTaBHHM MoOJETa OT
JIBETE€ My CTpaHH, BKIL. TMOJIE 32 JUANO3UTHBU M PUCYHKH. [loneTara Ha macrmopTute
CBIIO Ca KamezopuliHu, T.e. €IAHO TaKoBa IIOJIC BKIIOYBA OKOJIO YCTUPH
JIONIBJIHATENIHN ToJieTa. BCHuYKM macnopTHH moneta TpsOBa Ja ce BKIOYAT Ha
CBHOTBETHOTO MM MSCTO B OHTOJIOTMYHHSI MOJeN. AHaIU3bT Ha NPAKTHKATE Ha
JIOKYMEHTHpPAHE B HAIlIUTE My3eU BOJAM JIO HSIKOJIKO M3BOAA:

— My3eitHara HOKyMeHTaIMs B €JIEKTPOHEH BUJ (TaMm, KBAETO 5 UMa) € ciaabo
CTPYKTypHpaHa, psIKO TIONbJIBaHa B ISUIOCT W HE ClieBa YTBBPICHU
TEXHOJIOTM4HU cTaHaapTH. Ch3IaBaHETO Ha MoJen Ha My3eeH MaclopT € 4acT
OT pelIeHHeTO Ha mpollieMa, 3aeJHO ChC CTPYKTypHpaHE Ha IoyieTara U
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JIOIIBJIBAHETO UM C HOBH. HampaBeHW ca MHOXXECTBO MHTEpPBIOTA, aHKETH W
aHaJIM3M Ha J0OpH eBPOIEHCKU MPAKTUKHU.

— Pemenne, koeto 6u pabOTHIO Y HAC, U TO B CHOTBECTBHE C TEHJCHIMHTE 3
pasBUTHE W YIpaBICHHE HAa CHBPEMEHHHUS My3ei, € HWHTerpanusra Ha
mojerara 4pe3 NpeAMETHA OHTOJOTMS M PEYHHWK Ha MpeAMeTHaTa o0Jiact
(rezaypyc or tuma Ha AAT Ha mucrutyra GETTY) B mu(popmanmonHa
cucreMa c 1o0bp moTpeburencku uwHTEpdeiic. He e mocrarpuHO
IIPEMaxBaHETO Ha CTPYKTYpHATa HEETHOPOTHOCT Ha MHGoOpManusaTa. 3a aa
nMa KOPEKTHAa CEMaHTW4YHa HMHTEPIpPCTAlHsd Ha pas3IMdYHU 110 BUI MySGﬁHH
KOJISKIIMM € HeoOXOIUMO TOJI3BAHETO Ha CBHUISCTBYBAI Te3aypyc, WIH
Ch3/1aBAHETO Ha HOB TaKbB.

— Hamuuero Ha (1) kpaeH pa3mmupsieM PEYHUK € €HO OT TPUTE 33ABJIKUTEITHH
CBOWICTBa Ha eJHa OHTOJIOTHS, KOSTO Ja € B OCHOBaTa Ha My3eiHa
nHQOpMalMOHHA CHCTeMa, 3acqHO ¢ (2) BB3MOXKHOCTTAa 33 €JHO3HAYHA
MHTEpIIpeTanus Ha KJIacoBeTe M penanuurte ¥ (3) depapxudyHa CTpyKTypa Ha
cucTeMara OT KiIacoBe (HAJMYME Ha peJanusl MOJKJIAC—KIac WM Kiac—
CYIIepKJIac, KOSTO OMNpesels HepapxusaTa Mexay Kiacosere). ChlnecTByBa
pas3iiuKa B M3MOJI3BAaHHUS PEYHWK M TEPMHUHOJOTHS JOPU B PAMKHTE HA CIUH
My3eH, KOETO TpEeAroyara ChbueTaBaHEe HA HAKOJIKO PEYHHKA OT PA3IMIHA
MIPEIMETHH 00JIaCTH (aKO TOBA € TEXHUYIECKH BH3MOXKHO).

Heobxoaumara mpoMsiHa € CBBbp3aHa ¢ HOBHTE Bb3MOXXHOCTH Ha CEMaHTHYHUTE
TEXHOJIOTHM 3a Ch3JaBaHe HA HOBH WIM MOAMGHIMPAaHE HA ChIIECTBYBALIN
MHOOPMALIMOHHN KATATOTH3UPAIIM CHCTEMH, KOUTO Ja NPEIUIOKAT ONPOCTECH
nmoTpeOuTEeNCK WHTEepdeiic, yaobeH 3a My3eWHus ciyxwuren. TakaBa cucTeMa
Tpsi0Ba HE caMoO Ja cjeABa HM3MCKBaHMATa Ha HOpPMAaTHMBHaTa 0a3za W My3eifHaTa
IMpaKTUKa, HO W Ja BKIIKOYBa (byHKHI/IOHaJ'IHOCTI/I 34 CCMaHTHYHO TBPCECHE U
M3BEX/aHe Ha HOBHM 3HaHWs. ToBa M3MCKBA Ch3/laBaHe Ha OOIIA W/WJIM NpEJMeTHa
OHTOJIOTHS criopen Kinacubukanusara Ha [ yapuno u Obepae [Guarino et al, 2009],
JIeHCTBAIIM 3a€/THO C TEMATHYHU PEYHHIIN/TE3ayPYCH.

TumnoJiorn3sanusa Ha HHPOPMALUATA B My3eHHUA NMACIOPT

Hacrosiiuuar TekCT € cbhbCpeaoTOYEH BBPXY THIIOJIOTHU3ALMS HA ChCTABHUTE
rojieTa Ha My3€HHHMS DachopT CHOpel XapaKTepUCTHKATa, KOSTO OIKCBAT.
OdopmeHn ca Tpu THIIA TONETA: AOMUHUCIPAMUGHU, CITy)KEIIA 32 OTYETHOCT H
KOHTpPOJ, OeCKpURMUGHU: ONHCBAT BHUAA, CBABPKAHUETO U ,,3HAYEHUATA HaA
IBIDKMMAaTa KyATypHAa IEHHOCT C IeJ TPyNHpaHe B KOJEKIMH W HW3I0XKOW, H
mexnuuecku. llpuMep 3a aJMUHUCTPATUBHM CHCTaBHU TojeTa (MeTagaHHH) ca:
HauMEHOBaHKE Ha My3es, kaTaliokeH Ne uiu nHBeHTapeH Ne, HanMeHoBaHue, HOHI.
IIpumep 3a omucaTeNIHU ChCTaBHU MMoJieTa ca: ¢opMma, MaTepuai, pasMmep, TErio,
MECTONPOU3X0I, Iepuo, GyHkIwms u Ap. [Ipumep 3a TeXHUUECKH TojeTa ca: (Gaiaos
dbopMaT, pe30soIUsS Ha HW300paKCHHETO, MECTOHAXOXKJCHHWE Ha (aima u TH
€JIEKTPOHEH JOCTBII A0 Hero, u Ap. Te3un Tpu TUma MoJieTa MOKa3BaT pPa3InYHU
,»CBIIHOCTH Ha IpPEeIMETa U ca KOCBEHO CBbP3aHU MOMEXY CH Ype3 CBOMCTBATa UM
(uesiBHO MozIpa3OHpane).
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Ha nayuHa macmopTu3anusi MOJJICKAT OCHOBHHAT U OOMEHHHAT (DOHI Ha BCEKU
Obnrapcku My3el (Bxk.¢wur.3).
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DQueypa 3. Hayuen nacnopm na osusicuma KyimypHa yeHHOCm

Cropel HOpMaTHBHaTa 0a3a ' HAYYHMAT MACHOPT PasKpUBA MCTOPHUYECKOTO,
HMPUPOJHOTO U XyJI0KECTBEHOTO ChABPIKAHKME Ha JBMXKHMMAaTa KyITypHa LIEHHOCT 3a
Hay4HH, 0Opa3oBaTeTHW M BB3MHUTATENHU [eau. HaydyHWTe MacmopTH W TEXHUTE
€JIEKTPOHHM HOCHTENM CE€ ChXpaHSABaT B Hay4HHs apxXxuB Ha Mmyses. [IpenBuzaeHo e

1 HAPEJIBA Ne H-6 ot 11.12.2009 r. 32 ¢popMupaHe u ynpasieHHe Ha My3eiiHuTe GoHI0BE,
W3JaJieHa OT MUHHCTBpa Ha KyJiTypara, ooH., 1B, 6p. 2 ot 8.01.2010 r.
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Ch3JaBaHE Ha ,HAyYHO-CIPABOYHM KAPTOTEKH, HO TaM, KBJICTO MMa TaKama,
JIOCTBITBT € orpaHudeH. HopmaTuBHHUTE NpeAnucaHus 3a My3eilHa JOKyMEHTAIus B
3akoHa 3a KyITYpPHOTO HAcJIEACTBO M CBBbP3aHUTE HapeAO0M HE ca IOJE3HU 3a
Ch3/IaBaHETO Ha JETaiIHa paMKa 32 yHH(HUIMPAH eIeKTpOHEeH BapuaHT. KbM ToBa ce
no0aBsg W JWIcaTa Ha HAIMOHAJIHA CTpaTerusl 3a IUTHUTAIHM3ALMS W KyJITypHa
MOJIMTHKA B obyactTa. EcTecTBeHMAT pesynrar e, 4e OBIrapcKusiT Mys3ed ,,pemasa’
HEYHH(HIMPAHO 337avaTa 3a eJIeKTPOHHATA KaTaJOTrn3alys Ha CBOUTE (OHIOBE.

Oco0eHO BakeH HEJOCTaThK Ha HOpPMaTHBHATa 0a3a e, 4e T He AeduHMpa
npoueaypa Kak M N0 KakBU KpUTEpUH Ja ObJaT opraHu3upaHu apredakTuTe B
HaJIMYHUTE ONMHUCAaHUs — BBB (DOHIOBE (My3eH, apXWBH), B KOJEKIMH (My3eH), B
coupkn (6ubsmmorexn). He ce neduHMpa NpUHIUIIBT Ha ONMUCAHUE Ha OOEKTHUTE —
CIIope]] MECTOIIOJNIOKEHHETO WMJIM CIOpel] pella Ha IIOCTBIBAaHE, WIM HEmo APYTo.
AHaNMN3BT Ha CHIIECTBYBALINTE NPAKTUKH 32 OpraHW3alMsi Ha My3elHHTe (HOHIOBE
i cBexnga go tpu: (1) xporonoeuuno, MO WCTOpHUYECKH Tepuonu, (2) no mun
odoxymenm unu (3) 1o ped Ha nocmwvngare. OpraHU3aNMsITA IO KOUTO U Ja € OT Te3H
KpUTEpUH B MHPOpMAIIMOHHA CUCTEMa, 0a3UpaHa Ha OHTOJIOTUH (M TEPMUHOJIOTHYHH
pEeUHHMIH), Ie MO3BOJIM JIECHO COPTHPaHE Ha 3alMCHUTE, ThPCEHE M W3BJIMUAHE HA
JIAaHHY I10 KPUTEPHUH, OIPENIEIISTHI OT TIOTPEOHTEIs.

OHTOJIOTHYEeH MO/eJT 32 HayUeH MACOPT HAa IBHKUMA KYJITYPHA
LHEeHHOCT

OnuCcaHuAT MO-I0Ty MOJEN HsIMa MPEeTeHINS Ja pemn HaboienuTe mpodiemMu 1
3agadyn C C-IOKyMCHTaluATa B HAIIUTE MY3CH. Toma ¢ BBIIPOC Ha HalHMOHAJIHA
nonutuka. Tyk ce mpejiara HadajgHa CTHIIKA 33 aHAJIM3 HAa Pa3IM4HK THIIOBE I0JIETA,
npenopbYaHu OT My3eﬁHH CIICIHUAIMCTH, TTOJIETA OT TPUTE TUIIA JOKYMCHTH, KOUTO
Jla ca B OCHOBaTa Ha pa3lIMpseM KOHIENTyaJeH MOJE] Ha OHTOJOrui. MoaensT u
peajHaTa OHTOJIOTMS MOTAT Jia ce MOJI3BaT B ObJeIle OT My3eliHa nH(OpManuoHHA
CHCTEMa, KaTo YJIECHAT KAaKTO BBBEXKAAHETO HA JaHHW, Taka M KOHTEKCTHOTO
ThpCEHe.

JHeitHocTTa Ha  pa3paboTUMITE HA  OHTOJIOTMH € 3aTpyAHEHa  OT
0OCTOSITENICTBOTO, Y€ ,Ha NpPaKTHKa IOYTH JIMIICBAT YTBBPACHH OO W
BepUHUINPaHA METOJOJIOTHH, KOUTO Jla ONPEACIAT KaKBU MPOIeaypy TpsiOBa aa ce
V3MBIHAT B Tpolleca Ha Ch3AaBaHeTo Ha eaHa onronorus [Humesa, 2013].
[TonacrosmemM chllecTBYBaT Mal’bK OpOH IPEeAMETHO-HE3aBHCHMU METOMOJIOTHH
(momxoxamn) 3a mocTposiBaHe Ha OHTOJOTHMH, Hai-nomymsippa € METHONTOLOGY
[Lopez et al, 1999].

ITpu mpensapurenHara paboTa MO aHAJIU3 HAa BCHUYKU IOJIETa OT TPHUTE THUIIA
nokymentn B Codwms, IMazapmxuk, llymen, Jynuuna un IlnoBauB ce crurna o
U3BOJIa, Y€ MHBEHTapHATa KHUra Ipejiara TBbpAe Malko nonera. HeliHara men He €
Jla OIUINIE B ITRJIHOTa 00EKTa, a Jia YJIeCHH HeroBata WHBeHTapu3anus. B Monena ca
BKJIIOUCHH U TOJIeTaTa Ha MY3€HHHUS MacmopT, C KOETO OMHCAHUETO € MO-IIBJIHO, a
TakKa ChIIO U HOBH IOJIETA, IPEUIOKEHH OT CIIeNUaTUCTUTE 1o Mecta. Onpenenuxme
25 monera (KJ1acoBe, KaTETOPHH), KOUTO CTPYKTypHpaMe B TaONHIA CIIOpel] TeXHHUS
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Bua U cborBercTBue ¢ kareropun Ha CIDOC-CRM. Tabmuuarta € moBiusHa OT
onTonorus, ch3nasana ¢ OWL pemaxropa Ha Crandopackus yHusepeuter Protege’.

[IpemmoskeHUAT KOMIUIEKT (set) OT 25 ChCTaBHU ,,II0JETa* He BKIIFOYBA BCHUKH 90
kateropun Ha CIDOC-CRM. 25" momera ca pasgeleHd Ha TpU THINA —
JIECKPUIITHBHU, TEXHIUYECKH (CTPYKTYPHHU) U aIMUHUCTPATUBHH.

JleCKpuNITUBHHUTE META/IlaHHU OMMCBAT pecypca ¢ e OTKpHBAaHE W WICHTU(HUIMpPaHe
(ITpumep: 3armaBue, aHOTAIWSL, aBTOP M KIIOYOBH IymH). CTPyKTypHHUTE METaJaHHU
MOCOYBAT KaK ChCTaBHM OOEKTH Morar Ja ObJaT OMHCAaHH  3aC[HO.
AZIMUHHCTpAaTUBHUTE METaJaHHH MPEJOCTaBAT HUH(OpManus, MoanoMarama
ynpasjenneTo Ha pecypca ([Ipumep: kora e OuiI ch3aneH, TUI Ha ¢aiiia/1oKyMeHTa
U ap.).

Te3n Tpu THIA ca CHOTHECEHH CIPSAMO ChABPKAHUETO HA CHOTBETHUTE
kareropun Ha CIDOC-CRM u Dublin Core (DC).

H3TouHnI M

Paborara o OHTOJIOTHYHUS MOZEI C€ YJIECHSIBAa OT OHTOJIOTHYHOTO MPEACTABSIHE
Ha CIDOC-CRM karo cBo6onHo nocterieH OWL 1OKyMEHT, KakTo U TEXHUYecKaTa
JIOKyMeHTaust Ha bpuranckus Myseit mo npoekra Research Space, koiiTo eanHCTBEH
OT EBpONEHCKUTE My3eHd KbM JHENIHA JlaTa BBBEXKAA TO3M CTaHIapT B CBOUTE
katanosu. llenra Ha rojemust ekun Ha mpoekTa Research Space e cp3maBane Ha
BUPMYATHA U3CTE008aAMeENCKA cpeda 3a U3Kycmeo. 2.5 MitH. obexTa Ha bpuraHckus
My3eH ca IPeACTaBeHN KaTO OTBOPEHH CBBP3aHU JJAHHH.

M. Doerr [Doerr, 2015] e mocoumn mapping meron (proof of concept) 3a
kaptupae Ha DC kM CIDOC. B onTtonornunus monen me nonssame DC, xato
nMaMe TIpeJBHJ TakaBa BB3MOXKHOCT B Objelie, Makap M TpyaHa. V300pbT HU €
MOTHBHpaH M OT (Qakra, 4e kKbM HoemBpH 2015 r. camo bputaHckusr mysei, B
cprpynHudectBo ¢ exun ot IT excnieprn, padoru csc CIDOC-CRM. ToBa e mbpBaTa
OHTOJIOTHS, TIpE/ICTaBeHa Ha MexXIyHapoaHus KoMuTeT 1mo ctangaptm3anus (ISO),
3a J]a CTaHE MEXIYHapoJeH CTaHAapT 3a TpaHcdep Ha AaHHM OT oOiacTra Ha
KyJITypHOTO HaclencTBO (He craHmapT 3a Meramanuu!), a DC e momyssipeH u
OTNpOCTeH OuOIMOrpad)CKM CTaHIAPT 32 METaJaHHHW, KOWTO ChAbpPKa MHUHUMAJCH
KOMIUIEKT OT CEMaHTUYHHM TI0jeTa (access points) ¥ € MacoBO IOJI3BaH B
€BPOICICKUTE My3€eH, a JOPU U B HAKOH OBITAPCKH.

Enemenrure na DC? ca: (1) DC: contributor, (2) DC: coverage, (3) DC: creator,
(4) DC: date, (5) DC: description, (6) DC: format, (7) DC: identifier, (8) DC:
language, (9) DC: publisher, (10) DC: relation, (11) DC: rights, (12) DC: source,
(13) DC: subject, (14) DC: title, (15) DC: type. B my3eciiHaTa mnpakThka Te3u
EJIEMEHTH ce pa30upar HeyHH(HUIMPAHO, MOPaJXd KOETO ca J00aBEeHH MHOMECTBO
pEeYHUIU.

! Protégé e pelakTop 3a OHTOIOTHH C OTBOPEH KOZ Ha CTaHMOPICKHS YHHBEPCHTET.
http://protege.stanford.edu. ITocnenHo moceren 4.11.2015.

% Dublin Core [http://dublincore.org/documents/dces/]. ITocrenro moceren 4.11.2015.
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Tabnuya 1. [annu 6 myseunus nacnopm na JJKL] u coomeemcmeusima um ¢
noaremama 6 cmanoapmume CIDOC-CRM u Dublin Core

Kareropun
MeTalaHHU
No HAUMEHOBAHUE HA CIDOC-CRM | DUBLIN
® | OJIETO A= AeckpaTmiB ENTITY CORE
T - Texuuuecku
A - AIMUHUCTPAaTHBHH
HAUMEHOBAHUE HA ) .
1 MY3EST (A) E45, E47, E48 | DC:contributor
2> | HOMEP IO PEJL (A) CITy)KeOHO ciyxeOHO
MOITbJIBAHE MOI'bJIBaHEe
KATAJIOXEH Ne / . .
3 WHBEHTAPEH Ne ! (A) E15, E49 DC: identifier
4 | HAMMEHOBAHME (A) E35 DC: title; DC:
subject
5 ®OHJ / (A) E45, E47, E48,
MECTOJIOXXEHUE E53 )
JUATIO3UTUB Ne,
6 | HETATHB Ne, (019) E38,E36,E62 | -
DOOTOT'PAOUA
E12, E2,
7 | MECTOITPOU3XO/12 (019) E22/24, E39, -
E65
E15, E49, .
8 [TPOU3XO/13 (A) E63/64, E8 DC: creator
CBCTOSHUE I1PU
° | IPMEMAHETO (A) El4, B3 i
10 | OIIEHKA (ITEHA B JIB.) (A) E13 -
11 | ®°OPMA (T, ) E13, E46 DC: format (?)
12 | MATEPUAITI (T, ) E13, E57 DC: format (?)
E13,El6, E54
5 B > . 9
13 | PABMEP (T) E46, E58 DC: format (?)
14 | TETJIO (T) E13, E58 DC: format (?)
15 HAIIWCHU, TATU, an E13, E34, E33, | DC: date
TMOAINC, TOJJUHA E37 DC: coverage

1
I/IHBCHTapHI/ITC HOMEpa C€ MOCTAaBAT XPOHOJIOTUYHO, 110 P€Jia Ha NOCTHIIBAHETO HA obexra

BbBB (1)0H}:[a, a HE IO MECTOIOJIOKECHUETO MYy KbM MOMEHTA. Tosa Cb31aBa HpO6J’IeMI/I npu
Py TbPCEHETO MO MECTOIOJIOKEHHUE.

2
MeCTOHpOI/ISXOHI KbJEC, KaK, KOra U OT KOI'0 € HaME€pEH 1 I/I3p360TeH.

3 Mpowusxon: crap uHBeHTapeH No, 1aTa I HOMEp Ha IPHEMO-TIpeIaBaTeHUs MpoTokon, KIT
Ne. Kak e mpuaoOuT npeamMeTsT: coOCTBEH (JieBa); KyTeH (JIeBa); MoJapeH (JieBa); OT KOro
€ OTKYTICH WJIM TIo/IapeH (TpUTe UMEHa U afipec).
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16 | BUJ [01)) E13, E55 DC: type
17 | BPOM (T) E13, E60 -
18 | PECTABPAIIUSA (T) E81,E79,Ell | -
CTO c DC: description
HNCTOPUYECKA .
19 CITPABKA 1) E62, E63/64 DC: source
DC: relation
20 | ITPABA [01)) E62 DC: rights
21 | ABMXEHNWA HA JKH (A) Ezg E87,E9, |
22 | APXMBHU TAHHU [01)) E31 -
JINTEPATYPHU DC: publisher (?)
23 E62
HAHHU 0 DC: language
VME 1 JUTBXHOCT HA ) .
24 IO BJIBALLSI (A) E21 DC:contributor
25 | IATA HA TIOITBJIBAHE (A) E21, E50 DC:contributor

3a cwxanenne, DC eneMeHTHTE HE TOKPHBAT CHIBPIKATEIHO BCHYKU
HEOOXOAMMH 3a My3€HHHMs MacrmopT TmosieTa. TabNMYHOTO TpeJCTaBsHE IOKa3Ba
HEBKJIIOYEHHTE TIOJIETa C TUpEeTa. BKIIIOYBAHETO MM € BBIIPOC Ha OBJCHIO MPOyYBaHEe
Ha W3WCKBAaHUATA Ha TPEJCTAaBUTEIHU TUIIOBE MY3€H Yy Hac, 3a Jla ce yHuuuupa
noaxonbsT. [IpenBkna ce W BKIIIOUBAHE Ha My3ellHu npoyedypu. MoIenpT HsIMa
NpeTeHIIMNTE Ja € JeTaillieH, TOW ,,paMKupa‘ IbpPBH CTBIIKM 3a Ch3JaBaHE Ha
OHTOJIOTHS 3a JOKYMCHTHpaHE M OIMCAHHE Ha ABWXHMH KYJITYPHH LEHHOCTH.
W360psT Ha moaxomsm crannapt 3a Hes — Dublin Core i CIDOC-CRM — tpsidBa
Jla OTpassBa IBITOCPOYHA HAIMOHANHA MOJHUTHKA, HO Tpemnopbkata Ha MKOM 3a
CIDOC-CRM TpsabBa na ce mma mpenBui. Hamara kpaiiHa men e Ha 0a3arta Ha
npeAjaraHus. MoOJeN Ja ce ch3Aaje paboremia B OBJITapckd My3eWHH YCIIOBHS
nHpopManmoHHa cucteMa ¢ QYHKIIMOHAIHOCTH 32 KOHTEKCTHO ThPCEHE MOHE 110 TPH
KpHUTEpHs: HOMEp Ha IMacrnopTa, UMe Ha 00eKTa W MCTOpUYECKH nepuon. Tosa mie
Obae npenMeT Ha Ob/iela u3ciIeoBaTeIcka u IpuiioxKHa padora.
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Ontological Model of Museum Documentation:
Bulgarian Practice Example

Kalina Sotirova

Abstract: Digital cultural heritage (DCH) requires interdisciplinary approach
and rich expertise. Information management in DCH includes management of
documenting, transfer, presenting and long term preservation of the original
artifacts of human culture (tangible and intangible). High requirements of
museum sector for documenting, description and search of movable cultural
assets is a big challenge for creating effective information systems with rich
semantic functionalities. Rapid development of standards, technologies and
applications of WEB 3.0 (RDF, SPARQL, OWL, SKOS) offers new
possibilities in contextual presentation of memory institutions artifacts. The
current paper offers analysis of museum documentation in Bulgaria, resuming
legislation requirements for description and documenting in field typology. In
Bulgarian museum practice ,,museum passport™ of each object has numerous
fields to describe it. We create conceptual model of ontology, creating new
typology of these fields, based on W3C standards of Semantic Web.
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HudpoBu3upaH KOJEKUMH HA
IUIOBAMBCKHU KYJTYPHU HHCTUTYLMH

Baagumup Banues’, JuUMHUTBP Mumnes?, I'eopru Bparms3

1. OOmmHCKH HHCTUTYT ,,CTapuHeH [lnoBaus*
baltchevvlad@abv.bg
2. Pervonanna HapojHa 6ubnuorexa ,,1.Ba3os*, [lnoBaus
dimin@abv.bg
3. UrcrutyT no matemartuka u nHpopmaruka npu bAH, Codus
vragov(@math.bas.bg

Pesrome: B nokmama ce mpaBu 0030p Ha AEHHOCTUTE, W3BBPIIEHH IIPe3
MOCTAEOHUTE HAKOJIKO TOJWHM OT IUIOBAMBCKU KYIATYPHH HHCTUTYLUH
CBBMECTHO ChC CIIEHHUATHUCTH OT MHCTHTYyTa MO MaTeMaTHKa W WHPOPMATHKA
npu BAH 3a mmdpoBusmpane Ha OOEKTH OT TEXHUTE KOJCKIHU H
MMOMECTBAHETO MM B LU(poBH OHOMMOTEKH. [10-KOHKPETHO ca MpencTaBeHH
rnocturHarure pesynratd npe3 2015 r. OtaeneHo € BHUMaHUE Ha BHXKIAHETO
Ha CIEUUAINUCTUTE OT TE3M WHCTUTYLIMU 32 HACOKHTE Ha pPa3BUTHE M Ha
3amoyHajgara paboTa TO MpOeKTa ,,JIMTHTATHO KYJITYPHO-UCTOPUYECKO
HaCJIeACTBO Ha oOmuHa [TnoBauB®.

KawuyoBu gymn: mudpoBusupanu 00eKTH, TUPPOBH OHOIHOTEKH,
MeTaJ[aHHH, arperarop.

1. BbBenenue

IIpe3 2015 r. 3amouna paboTa MO MPOCKT ,,/JIUTHTANHO KYyITypHO-UCTOPUYICCKO
HacneacTBo Ha O6muHa [InoBnuB. OCHOBHUTE IEHHOCTH IO MPOCSKTA Ca CBBP3aHU C
JTUTATATU3AIIATa Ha 00CKTH OT KYJITYPHOTO M HCTOPHYECKO HACICICTBO Ha Tpaja —
ChIbPXKAHUE, CHXPaHIBAHO B IDIOBJUBCKH KyNTYPHHA HHCTHTYIWH. [logroroBkaTa Ha
00eKTUTe W ONHCAHWETO Ha METAJaHHW 3a TAX CTaBa OT TE3M WHCTHTYIHU
(Pernonanna HaponHa 6ubmuoreka ,,Jisan Ba3os®, Pernonanen ucTropuiaecku Mys3e,
Pernonanen apxeonornuecku my3er, OOIINHCKN WHCTHTYT ,,CTapuHeH [lmoBnuB® u
I'pancka xymoxecTBeHa ranmepus, IlmoBaWB) — mapTHROPM Ha OOIIMHATA.
Pesynrarure mie ce mpeacTaBsaT B ooOma mudppoBa OMOIMOTEKa, a HIKOM OT TAX IIIE
JOITBJIHAT HpellCTaBﬂHeTO Ha Fpaﬂa U B Ta3kd Ha EBpOHCﬁCKHH ChbHO3 —
http://www.europeana.cu.

PabGorara mo mpoekra ce OCHOBaBa Ha HATPYIaHHs OIKUT Mpe3 HOCICIHUTE
HSKOJIKO TOJMHH OT ChBMECTHaTa paboTa B Ta3W ChBpPEeMEHHA TEXHOJIOTMYHA 00J1acCT.

B nokmama ce o0o0maBa W3BBPUICHOTO OT KYJITYPHUTE WHCTUTYLHMH B
JIocerairHaTa UM JeHHOCT U TSXHOTO BIKJAHE 32 Pa3BUTUETO HA POEKTA.

2. Pernonasna Hapoana oud.auoreka ,,isan Bazos“

JlururanuszupaHeTo Ha WHGOPMAIIUs, YIECHEHUTE CIIOCOOH 3a MPEHOC U ThPCEHE
Ha JIaHHU ca TPEANOCTaBKH 3a PEUICHHsS 3a TO-IBJIHOIIEHHOTO MM H3IOJI3BaHE.
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Crermpamuctute 0T  [lmoBmuBckaTa OMOMMOTEKa TMpe3 TOCIEIHUTE TOJMHU
MOCTUTHAXA CEPHO3HU PE3YJITATH NPHU Ch3JaBaHC HA MUGPOBU3UPAHU KOJICKIUHU 32
oma3BaHe Ha OuOMMoTeuHuTe (OHIOBE, KOWTO Ca Ha pPa3MOJIOKCHUE Ha
MOTpEOUTENUTE NPU MOI3BAHETO HA ABTEHTUYHH JOKYMEHTH. Te3u pe3ynTatu ca
CIIE/ICTBHE HA CaMoCTosTeNHarta paboTa Ha CHTPYJHUIM OT OHOIHOTEKaTa W
KOMITETEHTHHU B 00JACTTa CHEUATUCTH OT APYTU HHCTUTYTH, a ChIIO U PE3yTaT Ha
y4acTHe B HAIIMOHAIHHU U MEXIyHApOIHH NPOSKTH 3a aururanu3anus. [loctaBeHa Oe
menta 3a ch3gaBaHe Ha mmdpoa OmbMMOTeKa Kato dacT oT EBpormeiickara
enektponHa OmbOmmoreka Europeana[l][2]. ToBa mpeam3Bumka 3amO3HABAHETO CHC
CBBPEMCHHN MCTOJIU W TEXHOJIOTHMHU 3a CbXpaHABAHC WM OINA3BAHC Ha HAIIMOHAJTHHUTC
KHUKOBHHU U JIPYTHU MAMCTHUIIU U OCUTYPSIBAHC HAa BB3MOKHOCTH 3a 61)133 JOCTHII Ha
noTpeOUTEeNTUTe 10 IU(PPOBUTE PECYpCH B TMOMOII Ha OOPa30BAHUETO, HAYYHHUTE
W3CJICIBAHMYSI, KYJITypaTa u Ipyru 00JIacTH.

[TndpoBusnpaneTo Ha 3HAYMMHUTE W LEHHH (QoHIOBE Ha PermonamHa HapogHa
6ubnmotexa ,,JIBan Ba3os* 3amouna ot 2008 r. Upes ywyacTie B CbBMECTHH IPOEKTU
¢ ApyTy OUOIMOTEKH U C TIOMOIITA Ha CIIEHHATUCTH OT MIHCTHTYyTa 110 MaTeMaTuKa u
nndopmarnka npu bBAH ©Oe HarpynaH 3HAUMTEJICH MacHB OT €JIEKTPOHHHU
IIBJIHOTEKCTOBH 0a3u JaHHHW. MHTepec NpeAcTaBisBaT E€JIEKTPOHHUTE KaTallo3U
,,CTaporeuaTHy, peJKd U IICHHU U3JaHus” oT (QoHmoBeTe Ha oTAeh ,,CHeluaiHu
coupku®, ,Ilepnonuuen mnewatr B bearapus or Bb3HMKBaHeTO My a0 1944 1.
oOXBamam Hears HW3TOYHOPYMEIHHCKH IIedaTr, rojsiMa 4YacT oT Bb3poskaeHckus
revyar M peuna eKeJAHEBHN W3AaHUs OT Ha4ajdoTo Ha XX B., YHUKAJIHATE KOJEKIINH
(ororpadun u KapTHUKH, HOCEIN crennuIHus OOJMK Ha BPEMETO, 3a KOETO ce
otHacsaT. B mepuona no 2012 r. HOBUTE MPOEKTH Ha OMONMOTEKaTa 3a OMa3BaHEe Ha
KyJITYPHOTO ¥ HCTOPHUYECKO HACJIEACTBO ITO3BOINXA CHh3JaBAHETO HA MPOQECHOHATICH
paboren exum, oOydeH 3a paboTa CBC CHBPEMEHHUTE HWH(POPMALUOHHH H
KOMYHHKAIIHOHHHU TE€XHOJIOTHH.

ITpoekThT 3a ChXpaHsBaHE Ha CTAPOIEUYATHHUTE, PEAKH M IEHHHW Hu3MaHus [3]
MI03BOJIM BBBEXK/JAHETO Ha CIENHAIM3UpaH MOJIYJ 3a Ch3JaBaHE Ha EJCKTPOHEH
KaTaJor 3a CbXpaHsABaHE M ONMCAHHE Ha CTApOIEYaTHH, PEIKH M LICHHU KHUTH 4pes3
nHpOpPMAMOHHO-ThpcemaTa cucremMa E-Lib, TsxHoTO mpencrassne B MHTEpHET
ype3 mnporpamHus npoaykT I-Lib ¢ BB3MOXKHOCT 3a CBBPEMEHEH W YA00CH
unrepdeiic Ha ocHoBaTa CDS/ISIS.

OCHOBHH KpHUTEpHUH 3a 1M0ox00p npu (opMupaHe HA AWTHTATHUTE KOJEKIUH ca:
3HAQUEHHETO Ha MAaTEePUAIUTE 3a KyITYpHOTO HACIEICTBO Ha OOIIHOCTTA, PETHOHA,
CTpaHaTa; YHUKAIHOCTTA Ha OPUTHHANA; (PU3NIECKOTO CHCTOSHUE HA MATEPHAINTE U
HyXJlaTa OT ONa3BaHEe Ha OPUTHHAINTE Ype3 Ch3/aBaHE HA JUTHUTAITHU BEPCHUHU KATO
QJITePHATUBH 3a [IOJI3BaHE.

JurntamHUAT IEHTHp Ha OumOmmorekata ¢ cw3mameH mpe3 2008 1. kato
OPOABIDKEHHE Ha MPOEKT 3a ONa3BaHE HA KYITYPHO-UCTOPHUYECKOTO HACIEICTBO.
Hskom or mpoekThTe W pe3yiATaTUTe OT TAX, MPEIOCTABCHW HA IIMPOKHUS KpPBT
moTpeOuTeny upe3 MuppoBH 00pa3u Ha 0COOSHO IICHHUTE MUCMEHH! TOKYMEHTH, Ca:

— CBojeH enekTpoHeH katanor ,,CTaponedyaTHd peaKkd M UeHHU KHUru'. Kum
HEro ca J00aBeHU B IIBJICH TEKCT — METHAZCCET PEIKU U IICHHN KHUTH ¢ 4219
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CKaHMPaHU CTPaHUIM M IBAJECCET U JCBET CTapONECYaHTH KHUTH C 00eM OT
6004 cxaHUpaHU CTPaHHUIIH.

udposuzupan kataior ,,Jloprpetn n cHuMku, punamuzupad npe3 2015 r.,
KaTo KbM HEro ca 100aBeHH CHUMKHUTE, BIM3AIlM B ChCTaBa Ha bwarapckus
UCTOPUYECKH apXuB Ha Oubnmorekata B oOxBar 3446 3ammca um 4373
CKaHMPAaHU CHUMKH.

VYuactue B EuropeanaPhotography — MexmyHapoaen npoekt, GUHAHCHPaH OT
EBpomnelickusi cbi03, B KOHTO Yy4yacTBaT JEBETHAAECET HWHCTUTYLUH OT
TpHHAJECeT eBpoIneiicku appxasu. Hagamoro my 6e mocraseno mpe3 2012 r.,
a MmpoAbDKuUTeNHOCTTa My Oe mo 2015 r. HanMeHOBaHMETO Ha HpPOEKTa €
abpeBmarypa Ha wu3paza ,EBpomeiicku XpaHWIMIIA Ha KOJEKIHH OT
JUrUTAIN3Upany crapu Gotorpadun ¢ ncropuuecka croiHocT “(EUROPEAN
Ancient PHOTOgraphic vintaGe repositoRies of digitized Pictures of
Historical qualitY). Llenra my e mnombiaBane B EBpomeiickara aururainna
6ubmoreka Europeana Ha yHWKaJIHM M KayeCTBEHH IU(POBU M300parkeHUs
OT IBPBHTE CTO roAuHU Ha (ororpadusra (1839-1939).

Vuactue B EBponelickus npoekt EMBARK ¢ uwerupu pbkomuca.
Manuscriptorium e eBpomeiicka AWTHTaTHA OHONMHOTEKa 332 JOKYMEHTAITHO
KyJITYpHO HCTOPHYECKO HACJIEACTBO, KOSATO TPENOCTaBs JOCTBII 1O
CHOAENEHN pPECypcH Ha KyITypHH HHCTHTYTH Ha CTpPaHM OT W H3BBH
EBpomneiickus cbro3. Yciyrara ocUrypsiBa HepeKbCHaAT TOCTHI O OBEYE OT
neT MWIMOHA U(poBU n300pakeHus. Manuscriptorium e mojarperatop Ha
Europeana B cdepara Ha HCTOPUYIECKUTE PECYPCH.

WsrotBen e 1m(poBH3MpaH KaTajlor Ha pPBKOMUCHTE OT ArymnieBaTa
OoubamoTeKa.

WzroTBen e nudpoBusrpan katajor Ha KykieHCKUTe pBKOIICH.

JombnaBa ce nmdpoBara Koiekuus ,OO0EqUHEH KaTaJor Ha OBIrapcKu
NEPUOJUYHU U3JaHus 10 1944 r.%.

Ot 2012 r. Pernonanna Haponmna OmbmmoTeka ,,/iBan Ba3os“ e acommmpan
ygen Ha  QPonmanms  ,Hamumonamna — akamemuyHa — OMOJIMOTEYHO-
nHpopmannonHa cuctema’ (HABUC).

IIporpamara 3a nmGpoBU3aLyMd Ha CIaBIHCKAaTa DPBHKONMCHA KOJICKOUS B
oubnuorekara 3amounHa mpe3 2013 r. 3a TpurogumiHMs mepuoa Osxa
JUTUTAIN3UPAHH ITBIHOTEKCTOBO JIEBETIECET M IET CIABSIHCKU PBKOIUCA
(XII-XVIII Bek), KouTto ca IOCTBIIHM KbM MOMEHTa Ha CBHPBBPUTE Ha
mudposata Oubmmoreka Ha Ponpamms HABUC. Ilpencrom paborta mo
3aCHEMAHETO Ha TOCJICAHUTE YETHPHICCET KOJIeKca OT Ta3W YHHUKalHa
PBKOIHCHa cOMpKa.

VYuactue B 1udpoBara OuOmmoreka Plovdivartefacts or komekuumu Ha
IUTOBIUBCKH KyITYPHH HHCTHTYLIHH.

ITpe3 mapt 2015 1. Geme cneyenen mpoekT mo Ilporpama BI'08 ,KyntypHo
HAcJIeJCTBO U CHBPEMEHHHM H3KyCTBa“, Mspka 2 ,,JIOKyMeHTHpaHe Ha KyJITypHaTa
UCTOpHUS® 3a JUTHTANIM3AIMS Ha KyJITYpPHO-MCTOPHYECKO HAcJeJICTBO, KOWTO ce
W3IBIHABA B HMapTHROPCTBO Mexny OOmunua IInoBIWB M TUIOBOMBCKH KYJITYpPHH
nHCTUTYnUH. [InanupanusaT GUHAHCOB pecypc 3a ASHHOCTUTE M0 AUTUTAIM3ALMS Ha
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KyJATYpPHO-HUCTOPHUYECKO HACIEJCTBO B KYITYPHUTE WHCTHTYTH — HapTHBOPH II0
npoeKkTa € B 00ur pazmep ot 586779 €. B HacTosIIMS MOMEHT ITPOTHYA MPOLECHT 32
00opynBaHETO Ha IMQPOBHUTE JTAOOPATOPUH CHC CHBPEMCHHHM TEXHHYCCKH U
NPOrPaMHHU PECYPCH.

JlururanuzanusTa mo3BojisiBa Ha OMOIHOTEKaTa a 00CITyXKBa TPAIAUIIMOHHHUTE CH
II0JI3BATCJIN 110 HOB HAYUH. MO}IepHI/ITe TEXHOJIOTUU MpejiaraT HOBU NOAXOANU KbM
OCBILECTBIBAHETO HAa CONMAIHO 3HAYUMHM IeNM — IoJydaBaHe Ha oOpazoBaHUE,
W3BBPIIBAaHE HA HAYYHU W3CICIBAHMS, KYJITYPHO M3PACTBAHE U Mp. Y CUIHATA HHU CE
HACOYBAT W KBM TPEJCTABIHETO Ha CHBPEMCHHUTE NHCMCHH IOCTHKEHHS C
OTYMTAHE HA OrPAHUYCHHUSATA W TPYJHOCTHTE, MNPEAW3BHKAHH OT 3aKkoHa 3a
ABTOPCKOTO IPABO U CPOJHUTE MY IIpaBa.

OTynTaMe MOBUIICHUTE U3UCKBAHUS B €0XaTa Ha I/IH(I)OpMaHI/IOHHOTO 06III€CTBO
KbM KBaJ'II/I(i)I/IKaHI/ISITa Ha OMOJIUOTEYHUTE CIICHHUATIUCTU U Hali-Beue IIpHU MOJ3BAHETO
B TCKylllaTa UM pa60Ta Ha Haﬁ-MO[[epHH TCXHOJIOTUU M MPECABUKIAAMC MCPKHU 3a
TAXHATa KBaJ'II/I(l)I/IKaHI/ISL

3. IlpouecsT Ha nudpoBuzanus B PermoHajieH ucTopuyecku My3ei —
IlaoBaus mpe3 2015 r.

3a ommra Ha PernoHajHHsS HCTOPUYECKH My3ed B IM(POBOTO MpeacTaBsSHE Ha
CBOU KOJIEKIIMU CBHUETENICTBAT pocTa myonukamu — [9][10] u ap. {o6pu pesynratu
npe3 MOCIETHUTE HIKOJIKO TOAMHHU Ca MOCTUTHATH B CHTPYIHHYECTBO ChC CEKIIMS
CodtHC na MucTHTyTa MO MaTteMaTka 1 nHdpopmaruka npu bAH.

IIpe3 2015 r. my3sesT crana yact ot Google Cultural Institute. [IpencraBsiHeTo My
€ Beye JOCTBIIHO 3a Bcuuku mnotpeburenu [11]. Ta3u ownnaiin mnardopma
(yHKIMOHHMpPA KaTo T00aiHa Mpexa, 00eIMHSBAIA CBETOBHUTE MY3€H, TalepU U
apxuBd. ApredakTure Morar na ObJaT pa3IVIekKIaHW B HU3KIIOYMTEIHO BHCOKA
PE30ITIONUSI U TPENICTABIABAT MHTEPEC KAKTO 3a JIIOOUTEINTE HA MCTOPUATA, TaKa U
3a M3CJIeI0BaTeINTe, KOUTO UMaT MPOPECHOHATHO OTHOLIEHUE KbM CHhXPaHSIBaHOTO
BBB (hoHIOBETE.

CxeMaTa Ha METaaaHHU BKJIKOYBa Haﬁ-Ba}KHHTe XapaKTepI/ICTI/IKI/I Ha O6eKTa —
itemid, title, description, creator, location:placename, date:start, date:end, filetype,
filespec.

Ha To3m eranm Permonanen mcropwdecku my3eil — IlmoBmuB ydactBa cbe 150
apredakra ¥ JBe OHJAH M310k0u — ,.benrapus B [IbpBaTa cBeTOBHA BOiHA™ M
Hlymara Ha smoHckara kykna“ [11]. IlpemcTtom nombiBaHETO UM, KakTO H
CH3/1aBaHETO Ha HOBH U3JI0KOU.

My3esT npoabIKaBa JUTHTAIN3ANNATA Ha CBOUTE (POHIIOBE, KaTo e Momoopu
ydacTuero cu B Pernonannata nudposa 6nbIHOTEKa Ha KyJNITYpHUTE HHCTUTYyInH. B
Ta3d HAcOKa C€ pa3unTa W Ha pe3yiaTaTHTe OT paboTara MO MPOEKTa 3a
JUTUTAIU3MPaHe Ha KyJITYpPHO-UCTOPUYECKOTO HaciaeAcTBO Ha IlnoBauB 1o
nporpaMara Ha EBponeiickoTo MKOHOMUYECKO ITPOCTPAHCTBO.
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4. ITIpouechT Ha nudpoBuszanus B Peruonasien ernorpadcku my3eii —
ILnoBauB nmpe3 2015 r.

PaGorata Ha mioBauBckus ETHorpadckm Mmyseir B obiactta Ha IM(POBOTO
MIpEJCTaBsIHE Ha CBOM KOJIEKIMHU 3all0YHA C MOATOTOBKATa U IPEACTaBIHETO HA Haj
400 obekTa oT KoNeKnuATa Ha GOHT ,,3aHasATH B mHUIMaTuBaTa Ha UMW mpu BAH
3a Ch3/laBaHE Ha arperaTtop Ha nNM(pPOBH KOJIEKIMU B paMKuTe Ha npoekTa /1002-308
kpM HOHU ,,ABTOMaru3mpaHo reHepupaHe Ha METaJaHHM 32 CleNU(UKAIUU U
CTaHIApTH Ha e-JoKyMeHTu  [5][6][7].

IIpe3 2015 r. PEM-IInoBauB u3rpagu yCTOHYMBU MapTHHOPCKH OTHOIIEHUS C
Google Ireland Limited. BsB Bpb3ka ¢ ToBa 0e m3mon3Bana miardopmarta Google
Cultural Institute 3a aurnTanM3upaHe Ha JIBWKUMH KYJITYpHH IIEHHOCTH M W3JIOXOM
Ha My3es. Jlo TO3M MOMEHT MMa JUTHTAIN3UPAHH JIBE ETHOTPA(CKH H3I0XKOM —
»3Harm Ha  Bpemero/“Signs of Time“, mpencraBdma HWCTOpUSATA HA
BpPEMEH3MEPBATETHATE ypeau OT JPEeBHOCTTa [0 HAIIM [HHW, W ,bearapcku
TpamumonHn Hakuth‘/“Bulgarian Folk Jewels®, mpexacraBsma TtpagumuoHHN
HaKUTH OT emoxarta Ha Bu3paxmanero [12]. B te3u m3nox6u ca BkmoueHu 129
JIBIKMMH KYJITYPHH IEHHOCTH ChC CHUMKH Ha BHCOKA PE30JIIOIMS U C METaJaHHU 3a
BCEKU MpeaMeT — Ha OBIrapckd M aHIIMHCKK e3WK. B MoMeHTa paboTHM BBPXY
IUTHUTAIH3aUMATa Ha Hal-HoBaTa u3nok0a Ha PEM-IImoBmuB — ,,PoMaHTHka OT
KyTusta 3a crnoMmeHu /“Romance from the Memory Box“. OcBen raiepus c
n300pakeHust ¢ o0pa pe3oonys oT (GOHIOBETE HA My3es, BUPTYaIHUTE W3JI0KOU
ca cHa0JeHM M C TEKCTOBM IIaHAa, KOWTO AaBaT IONBJIHUTENIHA HWH(GOPMAIHs MO
TeMara, Ipe/ICTaBsHa B U3JI0K0aTa.

3acera mardpopmara GCI He mogmbpka Obarapcka BepcHs, HO
JUTHTAIN3UPAHUTE MaTepuaid W JaHHHUTE 3a IPEIMETHTE ca IMOJIrOTBEHH W Ha
Obnrapcku e3uk. V3o0pakeHHsiTa ca 3alllUTEHH OT KOMUpPAHe WM W3TErJIsHE, KaTo
aBTOPCKHUTE NpaBa MpuHauIexat u3ipuio Ha PEM-IInosaus. [lururanHure n3noxon
ca JIOCTBITHH 3a BrpakJaHe B APYTH CAlTOBE ClIe] ChOTBETHOTO ChIylacyBaHe. [[Bete
H3105K0H1 ca BKJIIOUCHU Hu B canTa Ha PEM-ITnoBauB
(http://www.ethnograph.info/front/virtual exhibitions.php), a cpmo Taka morar nma
ObIaT pasrienaHu HampaBo oT cTpanunara Ha Google Cultural Institute.

B®B BpB3Kka ¢ mapTHbOpcTBOTO cn ¢ Google Ireland Limited, PEM-ITnoBaus ce
BKJIIOuM B mpoekta Ha Google Inside Street View. Uurepuopst Ha PEM-IInosaus
6emre 3acHeT ¢ MonepHu 3D ycrpoiicTBa. Busyannure Matepuanu ca o6paboTeHn n
CBBP3aHH C HAKOW OT JTUTHTAIN3UPAHUTE OOEKTH, TaKa Ue J1a MOKE Jla Ce pasIiiexkaar
oTONM30 B eKCHo3WmusATa C¢ monpobHa wHpopmammsa. Ha 21 smyapu 2016 T.
IuTATanu3amaTa Ha uaTepropa Ha PEM-IInoBoue me Obae oHmaitH mpencraBeHa
3aeIHO C IUTHTAM3AIUATA Ha ApyTrH naptHeopu Ha Google o mpoexta Inside Street
View. ToraBa € ¥ HaAyaJloTO Ha HOBaTa JWTUTadHa M3JI0k0a ,,Romance from the
Memory Box“/“PomMaHTHKa OT KyTHsTa 32 CIIOMEHH".

Pernonamuuar erHorpadckn Mmyseit — IlIoBAMB € mNapTHHOp IO IPOEKT
»JATATATHO KYJITypHO-UCTOpHUYecko HaciencrBo Ha OOmmua I[ImoBmus* (2015-
2016) mo mspka 2 ,,JlokyMeHTHpaHe Ha KyJITypHaTa UCTOpusa mo mporpama BI'08
,,KYITYpHO HaclieACTBO M CHBPEMEHHHU M3KycTBa“, (hmHancupana or ®M na EUIL
ITo To3u nmpoext PEM-IInoBauB npeasmkaa qururanuzupane Ha okono 9000 Gpos
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JIBIDKUMH ~ KyATYpHH LEHHOCTH OT (OHAOBETE Ha My3es, IpeICTaBsIIH
€THOrpa()CKOTO KyITYypHO-UCTOPUUYECKO HaciuencTBO Ha [InosauB u peruona. Coluo
TakKa ce MpeBIKIa JUTUTATU3alHsl HA CbBPEMEHHH JIBUKUMU KYJITYPHHU IIEHHOCTHU U
HEMaTepHaaHO KyJITypHO HACIEACTBO HA pa3IMYHU €THOCH, BBB BpPbB3Ka C
MIPOCKTUPAHNUTE TEPEHHH €THOTPA(CKHU EKCIICAUIINN, KOUTO I ObAaT NPOBEACHHN Ha
TepuTopusTa Ha rpaj [Tnonus.

5. Hudpona 0ubda1H0OTEKA HA MUIOBAUBCKHUTE KYJITYPHU HHCTUTYIIHH

IIpe3 ampun 2012 r. craptupa cbBMecTHaTa paboTa mo IUGpoBH3AIMS Ha
KOJIEKIIMU U O0CKTH, CBBP3aHH C KYJITYPHO-UCTOPHUYECKOTO HAcieACTBO Ha [InoBaus
u pernoHa. B pamkute Ha Ta3u uaes ce MOATOTBAT M MyOJHMKYBaT HU(POBU3UPAHU
00eKTH, OOEAMHEHW IO OINpEJEJCHM TEMAaTHKH C JOCThI IIpe3 o0l MopTal.
Wunnumaropu Ha npoekTa ca [InoBauBckaTa HapoHa OMOIMOTEKa B CHTPYIHHYECTBO
¢ Pernonamnus wucropudeckn My3eH, PermoHamHHMsS apXeoNOTHUECKH My3eH,
Pernonannara xynoxecTBeHa ranepust U Perrmonainus appxaBeH apxuB. Cucremara
€ MpeJCTaBeHa KaTo arperarop Ha LIU(POBU KyJITYypHO-UCTOPHUYECKH apTe(akTH,
Oa3upaH Ha CTaHOapTa, W3MOI3BAaH OT EBPOICHCKOTO IM(PPOBO XpaHUIUIIE
Europeana. 3a menta e mon3BaHa TeXHOJNOTHYHATa pazpaborka Ha cexnust CodptHhC
Ha MHCTHTYTa IO MaTeMaTuka u nHpopmaruka npu BAH [5][6][7].

HeoOxoaumo e pa3BHTHE Ha CBINECTBYBALIMS IIPOSKT 3a IPEJCTaBsSHE Ha
TUTOBJIMBCKHUTE KYJITYPHH MHCTHTYIIMH B 00Ina nudposa OMOIMOTEKAa U TOBa € OIIe
Mmo-akTyajgHo ¢ oOsBsiBaHeTo Ha [InoBmmB 3a EBporeficka KyiaTypHa CTOJHIIA IIpe3
2019 .

IIspBUTE CTBIKM M CHOTBETHMTE U3BOAM OT HATpPyHNaHWs ONUT BBB
B3aMMOJICHICTBHETO Ha MIOBIUBCKUTE KyJITYpHH HHCTUTYLUH ca Hamuue [4][8].

Hamero pa3z6mpaHe 3a pa3BUTHETO HA TO3M IMPOEKT € KAKTO B KOJUYECTBEHO
OTHOIIICHWE — yBeJIMYaBaHE Ha KOJEKIIMUTE M OOCKTUTE, BKIIOUEHU B TSIX, TaKa H
JMO0ABSIHETO HA HOBHM (DYHKIMOHAIHH BB3MOXKHOCTH CIOPEIl OYaKBaHUATA Ha
ChBPEMCHHHTE MOTPEOUTENTN HA TUPPOBU3UPAHO ChIBPIKAHUC.

Enno wm3cnmenBane Ha 1-p Munena Jlo6pea  (http://www.um.edu.mt/
maks/las/staff/dr_milena_dobreva), HanpaBeHO cbBMECTHO C HEHHHU cTyAeHTH OT [TV
nHllavcuit XuIeHAapcKu™, MPEacTaBs HIKOW OT TE€3M HM3MCKBAHUSA KbM IHU(poBaTa
O6ubnuoreka:

— Ja TO03BOJIIBa MOOCTBII OO0 KHUTUTE W JOPYTrUTE AaApXWBHUA CAWHAIOW Ha

¢donmOBETE;

— J1a pasrmolnara ¢ KOmie OT BCsKa KapTuHa, GpoTorpadust, priM uim My3uKaIHO
IPOU3BECHNE;

— Ja moabp)ka ayauo- M BHIEOCHIBPXKAHHE OT PAgHO- U TEICBH3UOHHU
porpamu;

— HuTepHer cTpaHUIMTE Bede HMAT CBOSATA HEMajKa HCTOPHS, CbIbpXKaT
orpoMHa 1o obeM HH(OpMaIMs U CHIIO TPsOBa a ce HAMEPST T'bBKAaBU
TEXHOJIOTUYHH PEIICHU 32 ApPXUBUPAHETO U MOJI3BAHETO UM;

— MYJITUMEAMMHOTO, WHTEPAKTUBHO CBHIbPKAHUE € MPEeANOYUTaHO Npe]
XapTUCHUS CH BapHUaHT U TIP.
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HaHpe[[BaHeTO Ha Web TCXHOJIOTHUTC, Bb3MOKHOCTHUTC 34 U3BJIMYAHC HA 3HAHUA
U CCMAHTHUYHO TBPCCHEC HU3UCKBAT HOZ[O6pHBaHe Ha CO(l)TyepHI/ITe peuICHus.
CHO)IeJ'IfIHeTO Ha IlI/I(l)pOBO CbABPIKAHUC CbC CbBPEMCHHU MyJITPIMeZ[PIﬁHH Cpe€acTBa €
BCC OLIC HCAOCTUTHATA 3a/1a4a B TO3U IMPOCKT.

3akjoueHmne

[TepBUTE CTBOKHM 3a JAWTHTAIM3HpPaHE Ha OOTaTOTO KYJNTYpHO H HaydHO
CbAbPKAaHUC BbHB q)OH}]OBeTe Ha TUIOBAMBCKUTE KYJITYPHU MHHCTUTYIUH Ca
HampaBeHu. [Ipexcrom ome MHOro caMOCTOATEIHA M ChbBMeCTHa pabora 3a
arperupaHe Ha Te€3W OFPOMHH KOJIMYECTBAa MH(POPMAIMS U Ch3J]aBaHETO Ha yI00eH U
e(eKTHBEH JOCTBII A0 pecypcure. Och3HATa € OTTOBOPHOCTTA 33 IU(POBU3UPAHE HA
HAIIeTO KYJITYPHO M MCTOPUYECKO HACJEJICTBO M MHTEIPHPAHETO MYy B TJIO0ATHUTE
OMOIMOTEKH HA CHBPEMEHHOTO OOIIECTBO.
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Digitized collections of Plovdiv cultural institutions

Vladimir Balchev, Dimiter Minev, Georgi Vragov

Abstract: The article provides an overview of activities undertaken in recent
years by Plovdiv cultural institutions together with specialists from the
Institute of Mathematics and Informatics at the Bulgarian Academy of
Sciences to digitize objects in their collections and their incorporation into
digital libraries. The results achieved in 2015 is presented in details. The
experts from these institutions shared their vision about the directions of
development of the recently started project "Digital cultural heritage of Plovdiv
Municipality".
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Mopaenupane Ha OusHec-00exkTH Ype3 CYB/{
C BbHIIIHA JIOTHUKA HA JaAHHUTE

Ananu Pusos, Wiusa Muros, Kpacumupa UBanoBa

WnerutyT no matemaruka u nHdopmaruka npu BAH, Codust
a.rizov@math.bas.bg, imitov@math.bas.bg, kivanova@math.bas.bg

Pe3tome: B craTtmaTa ce pasriexaa MponechT Ha M3rpakaaHe Ha KauyeCTBEHH
O6msHec Mmopmenu. JlameHHW ca OIpeAENICHHWS HA OCHOBHHUTE €JIEMEHTH IpH
MozienupaHeTo Ha 6u3Hec oOexTH. [IocoueHo e 3HaueHHeTO Ha M3MOJI3BAHETO
Ha METaJaHHU 332 HAJIMYUEeTO Ha NPOoOIeMH IIpU MOJEIMpPAHETO Ha OH3Hec
00EKTH M H3TPaKIaHETO Ha Ka4eCTBEHO WH()OPMAIMOHHO OCUTYpSBAaHE Ha
mpouecuTe B Te3n oOekTH. JlebpHHUpaHO € HaJMYMETO Ha HOB THII
HepenanuoHHd 6a3u ot naHHM — CYBJl ¢ BbHIIHA JIOTHKAa Ha JaHHHTE.
[ocouenn ca mpenmmMcTBara npen usnonsBanute aocera CYB/] ¢ BpTpemHa
JIOTVKA Ha JAHHUTE TIPH M3TPa’kAaHeTO HA KA4eCTBEHH OM3HEC MOJEINN.

KuirouoBu nymn: busnec monen, 6usnec obexr, 6usnec npouec, CYB/I,
metagannu, CYB/] ¢ BpTpemHa noruka Ha ganaute, CYB/] ¢ BpHIIHA JTOTHKA
Ha TaHHUTE.

ACM 1998 Classification Keywords: H.2.0 Database Management

BLBeaenue

EIIHO OT BAXHUTC NPUIOKCHHUA Ha I/IHd)OpMaTI/IKaTa € B aBTOMAaTU3WPAHCTO Ha
yhpaBieHueTo Ha (upMmenute aeiHOcTH. DOpPMANHO Te3W MEHHOCTH MOXKEM Ja
0000IMM KaTo ympaBieHWe Ha OuzHec mpouecH. V3ywaBaiiku oT MH(OpMaTHYHA
rJIe/IHA TOYKA MOCNIEIOBATEIHOCTTA OT JACHHOCTH, 3aKOHOMEPHOCTH U TIPOOIeMH TpH
W3TPaXIAHETO HA aBTOMATU3UPAHH WHOOPMALMOHHM CHCTEMH, OOCIYKBaIlH
(UpMEHOTO ympaBieHHE, MOXEM He CaMO Ja T[OBHIIMM Ka4yeCTBOTO Ha
OOCITy’)KBAaHETO Ha TE3M INPOLECH, HO W Ja OTKPUEM HOBH BB3MOXHOCTH |
HaIpaBJIeHUE 3a Pa3BUTHE B KOHKPETHATa NPHIOXKHA obyiacT M B MH(pOpPMAaTHKaTa
KaTo IUI0. YTpaBleHHETO Ha (UPMEHUTE ACHHOCTH € MOIAXOAAIIA 33 W3CIeIBaHE
obacr, 3aI10To:

— ©nMa Harpynas Oorar onuT Ha HH(QOPMALMOHHOTO OCHUTYpsIBaHE B Ta3u cepa;

— IIpaBeHH ca ONUTH 3a (OPMAIHOTO OIKMCAaHHE | U3TPAKIAHETO Ha
nH()OPMAMOHHY MOJIETH Ha Pa3IMYHH 110 XapakTep U 00eM OM3HeC MpomecH;

— IIOJ/IaBaT Ce Ha M3y4YaBaHE CPABHUTEIIHO JIECHO (OT pecypcHa IJIEHA TOUKa);

— HOBOIIOJNyYEHUTE pE3YyNTaTH Morar OBp30 /Ja ce peanu3upaT U BHEIPAT B
MIPaKTHKATA.

W3scnenBanero, onmucaHO B Ta3d CTaTHs, MMa 3a LEN Ja IOKaKE HIKOU OT
HeIOCTaThINTE HA JOCETalIHUTE MOAXOIM 33 M3rpakAaHe Ha MOJEIH Ha (UPMEHO
YIpaBICHHE M Ja NPEACTaBd BB3MOKHH HOBH IOAXOMH 3a MPEOAOSIBAHETO Ha
3a0ems3aHnTe HEeymoOCTBa TNPH M3TPAKIAAHETO HAa WH(POPMAIMOHHM MOAETH Ha
(upMeHHTE ACHHOCTH M CHOTBETHO Ja MPEIJIOKH HOBH, MO-e()EKTHBHH MEXaHH3MH
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3a peaju3MpaHeTO Ha MPOTPAMHH MPOAYKTH 3a HH()OPMAIIMOHHOTO OCUTYpSBAaHE Ha
CH3AaJCHUTE MOAETH.

busznec od0ekTn

Bempekn We B HawanoTo OOEKTHT Ha HAIETO H3CieBaHE Osxa (QUpMEHHTE
Ou3HeC CTPYKTYpH, C HalpeABaHe Ha padoTaTa ce YCTAHOBH, Y€ TE€3U CTPYKTYpH ca
YacT OT €IUH IO-TOJAM KJIac OOCKTH, KbM KOWTO MOXXEM Jla OTHECeM He caMo
(dbupmeHnTe OU3HEC CTPYKTYPH, HO U OOIECTBEHH, IBPXKABHU U T.H. CTPYKTypH. [lo
HaTaThK B paboTara Te3n 0OEKTH Ie Hapudame ,,buznec obexktu’. Moxe ma magem
cnenHoro dopmanHo onpeneneuue: buznec obekmvm e opeanuzupana eOunHa
CIMPYKMypa, KOAMO OCHULECHEA8A GbHUWIHU U/UIU SbMPEUIHU Cb3UOAmeTHU
oetinocmu. Te3n 00EKTH MMaT €IHAKBO MOBEJCHUE W OJIM3KH 110 XapakTep BHHIIHU
(ctipaMo  OOKpBKaBalara cpeAa) W BBTPEIIHHM (CHOPSMO €OUHHATA CTPYKTypa)
peaKIuy NPy €JHAKBU BHHIIHY W/WIM BBTPEIIHN Bb3CHCTBHSI.

Ipu u3cnenBane Ha NCHHOCTUTE HA OW3HEC OOCKTUTE CIIE[Ba 1a OTOCIICKHUM, Ue
3a TIX € xapaKTepHo IIOYTH IBJIHOTO OTCBCTBHEC HaA HAACKIHU MATCMATHYCCKU
MOJICJIA, KOWTO Jia T OMHCBaT. [IpM TOBa MOJIOKEHUE BOJACUIM MO3UIMU TPU
MOJICIUPAHETO Ha JICHHOCTHTE M TMPOIICCUTE Ha OW3HEC OOCKTHTE 3aeMar
CPrOHOMHYHHM CHOOpaKCHMS: ECTECTBCHOCT Ha MOJelia OT TJeJHA TOYKa Ha
,dOBEIIKOTO BB3NPHUATHC ; HANSKTHOCT TPU CHIPOBOXKIAHETO M TOCTOSHHO
Haymaramo ce momudwuimpane. Jpyra xapakTepHa OCOOCHOCT Ha TE3W JECHHOCTH U
NpolleCH € TAXHATa MNUpaMUAalIHA CTPYKTypa. Tasu CTpyKTypa W CTporara
cyOopAMHAIMS B OpraHu3anysaTa Ha padoTaTa B TSX CBIIO TPAOBa Ja ce B3EMAaT IO
BHUMaHHE MPH M3rPAXIAHETO HA MOJECNIUTE, MOANOMAraiy HHPOPMAIIMOHHOTO
obcnyxBaHe Ha OnM3HEC 0OEKTHTE.

NudopmanmoHnu Moaeau Ha OU3HeC 00eKTH

Konnennusra 3a Ou3Hec Mojena cTaBa IOMyJspHa B kpas Ha 90-Te ronuHu Ha
muHamust Bek [Lo & Yu,2007] u ce cuura 3a ©0Oa3oBa NHpU OOCHKAAHETO W
peann3upaHeTo Ha HWH()OPMALMOHHOTO OCHTypsiBaHe Ha OmsHec obekra. Yecro
YCIICIIHOTO aBTOMAaTHU3WpaHEe Ha JEHHOCTHTE Ha OW3HEC O0eKTa ce NMpPUIKCBA Ha
JKM3HECTIOCOOHOCTTa Ha W3TPajeHus Mopaen. Vma pasnuyHM  aclekTH IpH
n3rpakiaHe Ha OmsHec Mojena. B 3aBHCHMOCT OT I€nHWTE, KOHTO Ca MOCTABEHH,
MOXEM J1a pa3sTPaHNINM MOJEIH Ha!

— MeTonu 3a npaBeHe Ha OusHec [Rappa, 2010];

— OM3HEC apXHUTEKTypa Ha KOMIIaHUATA;

— uH()OPMAIMOHHO OCUTYpsIBaHE Ha OM3HEC NEHHOCTHUTE U T.H.

PaznuyHu ca u cpeiacreaTa, ¢ KOMTO €€ peallu3upaT ChOTBETHHTE MOAEIH. B
Hamrata paboTa cMe ce OrpaHHUYMIM CaMo 10 0OChXKIaHe Ha MPOOIEMUTE, TEXHUKHUTE
U CpelCcTBaTa 3a MOAENUpaHe Ha paboTaTa Ha OU3HEC OOEKTUTE OT IJIeJHA TOYKA Ha
MH(GOPMAMOHHOTO UM OCHTYpsIBAaHE.

174



Hayuonanna kongepenyus no ungpopmamuxa,
noceemena na 80 2. om poscoenuemo na npogpecop Iemvp bvpues

Bu3Hec uzy4asaHe T uHcmpymermu
obeKT uscnedsaHe 3a ynpaeneHue

Que. 1. Ilpoyec Ha ungpopmayuonnomo ocueypsagane Ha OusHec 0beKmu.

HpOHeC’bT Ha I/IH(i)OpMaIII/IOHHOTO OCUT'YpsIBAHC Ha OousHec oOekTa e IHUKJIWYCH

(¢ur. 1) 1 B TOBa OTHOIIEHHE 3a HETO BAXKaT IIPAaBMIIATA Ha TPAAUIMOHHUTE TIOAXOAN
W TEXHOIIOTHH 3a pa3paborBane Ha copryep (Extreme Programming — XP, Dynamic
System Development Method — DSDM, Adaptive Software Development — ASD,
Feature Driven Development — FDD, Kanban, Scrum). Ot moka3aHara cxema Ha
¢ur. 1 ce BwkIa, Y€ KOJKOTO MO-I00BP € MOAETBT Ha 00CIyKBaHHS OM3HEC OOEKT,
TOJIKOBa TI0-Ka4eCTBEHW HH(MOPMAIIOHHM HHCTPYMEHTH 3a YIpaBJCHUE WIe Ce
MOJIy4aT, 3aTOBa W H3CJIEABAHETO HA BBH3MOXKHOCTHTE 3a Ch3J[aBaHETO Ha A00pH

OHU3HEC MOJIENH € MNpeaAMET Ha HACTOsAIaTa pa60Ta.

Bceku Mojien Ha Ou3HeC 00E€KTa ce ChCTOU OT JIBE OTHOCHUTEIHO CAMOCTOSITSITHU
gactu (ur. 2):

— MOJCI Ha Ou3HeC mpouecu,
— MOACJ HAa JaHHU.

Business Model Integration

| Business Model ‘

I Process Model Data Model ‘

| |
‘Process| ‘Process‘ |Process|\v/| Data || Data || Data l
\ % / Logical
| Pseudocode | ﬁ‘ Model
{, S

] Vs '
’Application Prototypesl R%‘Q”;Lmi’;ts % Physical

J Model
N
User Application Database I/O Data
View Panels Programs Generation Structures

Que. 2 Cxema Ha busHeC MO0l U 8PB3KA MENHCOY MOOeIa Ha npoyecume u Mooeid Ha
Ooannume [Smith & Sarfaty, 1993]
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MoaenupaHe Ha OM3HeC MPOLECH

Busnec npoyecom npeocmasniea ceéwp3an HaOOp Om ROGMApsSWU ce 8
onpedejien ped Oelcmausi, Koumo npeobpaszyeam 6x00uu u/uiu bmpewHy pecypcu
8 CLOmMBEMcmeue ¢ nPed8apuUmento YCmaHo8eHu npasuia ¢ yei Cb30a8ane Ha noisu
3a busnec obexma.

UYecro Om3Hec 00EKTHT ce OTBXAECTBsBA ¢ (hupma. ToraBa OW3HEC MpoIECHTE
06XBal_HaT IOTOKa OT CTOINNAHCKHW W TBHPIrOBCKU lleﬁHOCTH, H3BBPUIBAHU OT U BHB
(upmMaTa c 11e1 IOCTUTaHeTO Ha HAKAKBa ThPrOBCKa Lell.

ChIecTBYBAT pa3IMYHA METOMOJIOTHH M CTAHJAPTH, C KOUTO CE OMUCBAT OHU3HEC
npouecure [Tyxapos, 2009]: Unified Modeling Language (UML)'; Business Process
Modeling Notation (BPMN)*; Business Process Execution Language (BPEL)" u T.1.
WsrpaxnaHero Ha TOYEH MoOJeN Ha OW3HEC mpolecuTe B OmM3Hec o0eKTa € BaKHO,
3aII0TO MPHU M3rpakaaHe Ha WHOOPMAIMOHHOTO My OCHTYpsSIBaHE MOJESIBT Ha
Om3Hec TMpollecuTe TMPSIKO BIHsA€ BBHPXY BHAa ©  (QYHKIMOHATHOCTTa Ha
NoTpeduTeNcKus HHTepdeic Ha MPOrpaMHHUTE MPOIYKTH, U3rpaJiecHH Ha HeroBa 06asza

(dwr. 2).

Konkoro m nobpe na O6bae m3rpazeH MOIENbT Ha Om3HEeC OOEKTa, TOH € TaKbB
KbM HSIKakbB MOMeHT. C TedeHHEe Ha BPEMETO YCIOBHATA W IapaMeTpuUTe ce
IMPOMCHAT MW MNBPBOHAYAIHHUAT MOACIT BC€YE HE CHOTBCTCTBA HAIbJIHO Ha
neiictBurenHoctta. OCBeH ue HMaT NHpaMHUJANHA CTPYKTypa, ACHHOCTHTE W
MpoIlecuTe Ha OM3HEC 00CKTa ca W JUHAMUYHH, T.C. T¢ CE MPOMCHSIT BBB BPEMETO
MOpajy pa3jMYHK MPUYMHU: (PUHAHCOBH, TCXHOJOTMYHH, 3aKOHOBH, IICJICBH U T.H.
Ta3u quHAMUKA CHINO TPsSOBA Ja CE MMa MPEIBUI, KOTAaTO CE€ MOJCIUPAT MPOIECUTE
u TpsiOBa nma ce Thpcu choTBeTHOTO UT pemenne, KoeTo Hail-moOpe Moxe naa
peamm3upa W3rpaJcHUs MOAEN TPH aBTOMATH3aIMs Ha WHPOPMAIMOHHOTO
o0ciry)kBaHe Ha OM3HEC O0OCKTA.

YcnemHoTo perraBaHe Ha MPOOJIeMH, TOPOACHU OT AMHAMHYHUTE MPOMEHU Ha
BBHIIIHU W BBTPCIIHM 32 OOCKTAa YCJIOBHUS, € €IHA OT OCHOBHHUTC CIIA0OCTH Ha
CBIECTBYBAIUTE JOCera WH()OPMAIMOHHN TEXHOJOTHH 3a W3TPaXKIaHE Ha
WHPOPMAIIMOHHN CHUCTEMH 3a OOCIyXBaHe Ha Om3Hec oOektn. WHTerpupanu
cuctremu ot tuna Ha ERP, CRM, HRMS u T.H. ca orHOcuTenHo craruunu. Cren
KaTo Beue ca U3rpajieHH, U3BHPIIBAHETO HA MPOMEHU WM PA3BUTHE B T€3H CUCTEMU
€ MHOTO TPYJHO M CKBIIO OT TJIEHA TOYKA Ha W3IMOJ3BaHUTE 332 TOBAa ()MHAHCOBH H
YOBEIIKH PECYPCH.

B romsma creneH mpoOiieMUTe C JUHAMHYHOTO Pa3BUTHE HA WHTETPUPAHUTE
HHQOPMAIMOHHM CUCTEMH Ca KOHIICNTYaJlHO 3al0KEHH C H3MO0JI3BAHETO Ha
HEMOIXO/IAIIN MOJEIU Ha JaHHUTE MPU UHPOPMAIIMOHHOTO MOJE/UpaHe Ha Ou3Hec
00CKTHTE.

" http://www.uml.org/
? http://www.bpmn.org/

3 http://www.service-architecture.com/articles/web-
services/business_process_execution language for web_services bpel4ws.html
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Mopen HA JaHHHUTE

Hepasnenna gact ot Mojiena Ha Ou3Hec 00eKTa € MOJICNbT Ha IaHHUTE. MoienbT
Ha JIAaHHUTE OMNpeJeNs CTPYKTypara M CeMaHTHUKaTa Ha JaHHUTE B 0oOImiusi Ou3Hec
monen [West, 2011]. To¥i mpemocraBs paeraitina wHpoOpManus 3a TOBA KaKBU ca
JIAHHWUTE, KaKBH Ca OTHOIICHUATA MEXKAY TAX, KakK IIe OBJAaT ChbXpPaHECHH U € OT
IIBPBOCTENICHHO 3HA4YE€HHWE, KOTraTo KpaiHara IeJl Ha M3rpakJaHeTo Ha Mojena e
pealM3upaHeTo Ha TPOrpaMeH MPOAYKT, MOJIOMAaram; HHQOPMAIHOHHOTO
o0ciry)kBaHe Ha OM3HEC O0OCKTA.

Wma pa3paboTeHH MHOrO CpeJACTBA 3a OMNKMCAHME HAa MOjeNa Ha JaHHHUTE,
nHanpumep: UML Profile for DDL, Entity Relationship Diagrams (ERD), Integration
DEFinition for Information Modeling (IDEF1X), EXPRESS-G u nap. IIpasennu ca
ONUTH U 3a CTaHAapTU3WpaHe Ha MojaenuTe Ha naHHu [West, 2011], cnopen kouto
Ka4eCTBEHUTE MOJICJIN Ha JITaHHU TPAOBa:
— Ja OTroBapiaT Ha W3HCKBaHWATAa 32 HEOOXOAMMOTO KOJIMYECTBO W
MHOToo0pa3ue Ha JIaHHH;

— nga ObIar SCHM M HEJBYCMHCICHH 3a BCHYKM (2 HE caMO Ha aBTOpUTE Ha
Mojena);

— Ja ObJar ctabWIIHM OT IJIe[HA TOYKa HAa MPOMEHSIIUTE CE€ W3UCKBAHUS KBbM
JTAaHHUTE;

— Ja ObaaT rbBKaBHU CIIPSIMO NPOMEHSIINUTE ce OM3HEC MPAKTUKH;

— J1a MOrar Jia ce U3I0J3BaT OT IPYTH MOJEIH;

— Jla MOrarT Jla MHTErpUpar JaHHU OT Pa3IuuHH APYTH MOJIENU Ha TaHHU.

OcBeH TOBa, MOJENHWTE HAa MaHHW TpsOBa Ia MoraT ga ce pa3paboTBar OBp30 H
€BTUHO.

Mogen Ha
LeHHOCTUTE

Cob3gaBaHe M
AonbasaHe Ha

NOTrM4ECcKMA MOoAen
Ha faHHuTe

JetaiinHu I
MSMCKBAHUA KbM

AaHHUTE KoHuentyanen

mogen Ha AaHHUTe
MpaBomoLma
ArpubyTi
Bpb3ku

TexHU4ecka "
HenpekbcHaTocT

cpeaa CbspasaHe u

AoNb/BaHE Ha
dusndeckus mogen
NpeacrasaHe Y Dusnyecku mogen Ha
PasrnexpgaHe A AaHHUTe

Tabnuum
KonoHu

Kniouose/MHgekcn
Tpurepu
CpspaBaHe u
Bu3Hec gaHHKW AonbiBaHe Ha
AaHHUTe OaHHu

Que. 3. I[Ipoyec Ha cv3oasane na mooen na oannu [West, 2011]
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Ha ¢ur. 3 ¢ wirocTpupaH HaYMHBT Ha Pa3pabOTBAHETO U W3IMOJI3BAHETO HA
MOJICTIMTE Ha JAHHH.

TpaguumroHHO MOAETHT Ha NAaHHWTE WMa TPW HUBa Ha abcTpakmus [Sparx
Systems, 2011]:

KOHLENTYaJTHO — TYyK C€ ONPENENAT OCHOBHUTE CHUIHOCTH HA ONHMCBAHMS
OnzHec 00EKT M BPB3KHUTE MEXKAY THX;

JIOTHYECKO — HAa TOBAa HHUBO CBHIIHOCTUTE c€ NePUHHAPAT MO-TIOAPOOHO,
ompenenAT ce arpuOyTHTEe WM W TEXHHTE B3aMMOOTHOIICHHS, 0e3 ma ce
onucBart HO)IpO6HOCTI/I II0 U3NBJIHCHHUECTO HaAa TE3U B3aUMOOTHOILICHMHA.
Pabotara ¢ nannute He € 00Bbp3aHa ¢ koHkpetHa CYB/I;

¢du3rUecko — TyK ce ompejess NOAPOOHO CTPYKTypara Ha JaHHUTE CIIOpeN
Ttuna Ha koHkpetHata CYBJI, kosATo 1€ ce M3Mmoj3Ba Mpu YIpaBJIECHUETO Ha
JITAaHHUTE B MOJIeNIa.

Harpynanust mpe3 TOIMHWTE ONUT IOKa3a, 4ye IpPWIAraHUTE IOJXOAW TIPH
M3rpaKaHETO Ha MOJEIM Ha JAaHHWTE ca YCICIIHH CaMO MpPH ITbPBOHAYAIHOTO
n3rpakaHe Ha Mojiena Ha OuszHec oOekra. [Iprmaranero UM 3a onucBaHe Ha Ou3HEC
JeHHOCTH BBB BPEMETO W/WIM NPH JUHAMHYHA NPOMSIHA HA YCIOBHATA BOIM JI0
3HAYUTENHU NpoOieMu. EMMH OT TAX € CepHO3HOTO IOCKBIIBAaHE Ha Ipoleca Ha
W3rpaxkaaHe ¥ MOAIPHKKA Ha IPOTPaMHUTE POAYKTH (Gur. 4), a B HIKOU CIIy9au U
HEBB3MOXKHOCTTA 32 HAJICTPOIKa HA U3rPaJIeHUTe MPOrpaMHu npoaykTu. Otyura ce,
Ye KayecTBOTO HA MOJENWTE Ha JaHHM, Ha 0a3ara Ha KOUTO ce pa3paboTBaT
MIPUIJIOKHA WH(OPMALIMOHHHM CHCTEMH M ChOTBETHHUTE IOTPEOMTEIICKH MHTEpdEncH,
He € 100po, 3aI10To:

mpaBWjaTa Ha OW3HEC NPOIECUTE, OMMCBANIM KaK ce MpaBsAT Hemara Ha
OTIpe/IeTIeHO MSACTO B OM3HEC 00eKTa, 4ecTo ca (UKCHpaHU B CTPYKTypara Ha
Mozena Ha gaHauTe. OT TOBa cienBa, Ye MaJIKU IPOMEHH B HA4YMHA, 110 KOWTO
OM3HEC TPOLECHT Ce U3BBPILBA, BOJSIT JI0 TOJIEMU NMPOMEHH B MHTepdencuTe
Ha HHPOPMAIMOHHHUTE CUCTEMH;

BUJIOBETE CBHIIHOCTH, YECTO HE Ca HMACHTHU(UIMPAHU, WK Ca HENPaBUIHO
naeHtnunypanu. ToBa Moxe Jaa goBege 10 ayOnupaHe Ha JaHHH,
CTPYKTYpH Ha JaHHH W (PYHKIMOHAIIHOCTH, KaKTO W Ha pa3XxOJHUTe,
CBITPTCTBAII TAKOBA ITOBTOPEHHE IIPH Pa3pabOTBaHETO, KOPUTHUPAHETO H
noaapbKKaTa,

MOJENWTE Ha MJaHHU 3a pa3IuIauTe WHOOPMAIOHHH CHCTEMH ca
CBIIECTBCHO pA3MUYHH. Pe3ynTarsT OT TOBa €, Y€ € Heo0XO0AUMO
M3rPaKAaHETO Ha JONBIHWUTEIHU CIOXKHH HMHTEepdeHcH MEeXIy CHCTEeMHUTE,
KOHUTO TpsiOBa aa cromenat ganuu. Tesu untepdeiicn Moke 1a CTpyBar ot 25
110 70% OT CTOWHOCTTA HAa KOHKPETHUTE CUCTEMH;

JTAHHUTE HE MOTaT Aa ObJAT CIOJENSHH IO eJNEKTPOHEH IBT C OPYrH OHU3HEC
00€KTH, 3al[0TO CTPYKTypaTa ¥ CMHUChJIa Ha JAaHHH HE ca CTaHIapTU3UPaHH.
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High Cost of
Systems
System

Interfaces

"Same" Data Model
Redeveloped

Same thing
Inflemg\dzgata modelled differently
Insufficient Data
Modelling Standards

@ue. 4. Haxou npobremu, npousmuyayu om ce2aunusi no0Xo0 npu ONUCAHue Ha MOOeid Ha
Ooannume [West, 2011]

Repeated
Development of
same System

Minor Changes Component
Major Rework Redevelopment

Potential reuse
not identified

CYB/ ¢ BpTpeniHa J0ruka Ha JaHHUTE

Msuoro or mpoOnemMuTe, KOMTO BB3HHKBAT MEXIy MOAENAa HA [TaHHUTE H
MH(OPMAIIMOHHOTO peal3upane Ha o0 MOJie] Ha Ou3Hec 00eKTa ca MOpOJeHU
OT TOBa, Y€ CHIIHOCTUTE Ha MOJEIUpPAHHUs OOCKT ce MPEICTaBAT C PeJalluOHHU
Monenu (Hampumep upe3 ER pmarpamm). ToBa e cienctBume Ha ¢akra, 4de 10
HayaJloTo Ha 21. BEeK peNanoOHHUTE CHCTEMH 3a yIIpaBiieHHe Ha 0a3u OT JaHHU Osxa
€IMHCTBEHATa BB3MOXKHOCT 3a IPAaKTHYeCKa paboTa ¢ JaHHU B cBeTOBeH Mamad. C
pa3BUTHETO Ha MH(OPMAIIOHHUTE TEXHOJIOTHH U I0sSBaTa Ha HOBH KJIaCOBE 3aJayM
CTaHa SICHO, Y€ MEXaHM3MHUTE, 3JI0’KCHN B PENIAlIMOHHKS MOJIEN, HE MOTaT M3IUIO0 Ja
OTrOBOPST HA TIOCTOSIHHO TIOBHMIIABAIINTE CE W3UCKBAHUS KBM CHCTEMHTE 32
yrnpaBieHne Ha 0a3u OT JaHHW. B HIKOM ciiydyam ¢ Ta3u TEXHOJIOTHS JIOPH €
HEBB3MOXKHO Jla C€ M3rpaad MOAEN Ha [aHHUTE. B ThpceHe Ha pemeHus Ha
BB3HUKBAIIUTE TPOOIEMH, ce TosiBIXa HOBH U pa3nuyau 1mo Tun CYBJl — cucremure
3a ynpasiieHHe Ha 0a3u OT JaHHH OT HEPENAI[MOHEH THIIL.

Bbrpexu ycrnemHoTo penieHne Ha HIKOHW OT MPOOJIeMHUTE 3a pellalliOHHUTE 0a3n
oT naHHM (B oOmactra Ha roimemute Oasu oT nanHu u WEB npunoxenusira), ot
rJieJHa TOYKa HA M3TPaKJAHETO HA JOOBP MOJAEN Ha HaHHUTE NPH MOJACIUpAHE HA
paborara Ha Om3Hec OOEKTHTE, HEpENAlMOHHUTE 0a3l OT NaHHW CHIIO HE ca
0YaKBaHOTO JOOPO CPEICTBO 3a MOJEIHUPAHE, 3alI0TO:

— ¥WMa MHOTO BHJIOBE HCpEIAIMOHHM 0a3d OT JaHHU, KOUTO IOJIBPIKAT
pa3IMYHA MOJCTH Ha JaHHUTE. Te ca MPEeIMETHO OPHCHTHPAHH U C TAX HE
MOraT Jla Cc€ ONMCBAT YHHUBEPCATHH MPOIECH, CHOTBETHO HE MOXE Ja Ce
OCBINECTBM WHTETPAIMsITA HA J[BA MOJENA, MU3TPAJCHU C PA3IMYHH THIIOBE
HEepeNalroHHHU 0a3u OT JIaHHH;

— HAMAT  3aABIDKATEIHO  MPEIBAPUTEIIHO  TOYHO  pa3NuCBaHe  Ha
nH(popMaIMOHHATa CTPYKTypa Ha 0Oa3aTa, TS MOXKE J1a C€ Pa3BUBa TMHAMUYIHO
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0e3 ocobeHu mpoOiieMu, HO MOPaaU rojsaMara CH CIelHaIu3aus TPyIHO ce
OIUCBAT CIOXKHU IPOLIECH;

CHIBPIKAT TOJSIMO KOJMYECTBO METaJaHHH, B Pa3iIM4yHU ciydan oT 2 o 10
IIBTH [T0BEYE OT 00eMa Ha pealHUTe 1aHHU;

TE ca IpeAHa3HayeHW da paboTAT B paslpeneieHa cpeaa (Ha MHOXKECTBO
CBPBBPH) U 3a TIX Baxku Teopemara Ha bprowp [Brewer, 2000] (1. Hap. CAP
theorem: Consistency, Availability, Partition tolerance). TexHOIOTHYHOTO
pelIeHre Ha MOBEYEeTO BHIOBE HEpENAlMOHHM 0a3d OT JaHHH € Ja u3depar
HanugaocT ¥ BB3MOKHOCT 3a Pa3aen;me Ha 4acCTu. OTTyK CJICABA, Y€ IIPpU TAX
He MOXe Jja ce rapanTHpa KOHCHCTEHTHOCT Ha JaHHUTE, KOETO 3a NPOLECUTe
B MHTepHeT MOXe U J1a He OT rojisIMO 3HAaueHHe, HO KOraTo CTaBa BBIIPOC 3a
¢uHaHCOBa MHOpPMAIIHUS € OT )KU3HEHA Ba)KHOCT.

B db-engines.com mma omucann moBede oT 270 0a3um OT JaHHU C Pa3ITUIHU
MOZENM Ha YIpaBleHHE Ha JaHHUTE. [logpoOHOTO MM aHajIM3WpaHe B Xoxa Ha
Hamrata paboTa Mokasa, 4e He3aBHCHMO OT THUIA Ha 0a3aTa OT JaHHM (pelalfoHEH
nIn HepeHaHI/IOHeH), BCUYKHU TC UMAT HAKOJIKO €AHAKBU XapPaKTCPUCTUKH:

3a[aBaHETO Ha TUIIOBETE HA JAHHUTE M BPB3KUTE MEXIY TAX HA JIOTHYECKO
HHUBO CTaBa C IOMOIITA HA METa/laHHHY;

METaJaHHUTE CE CBABPXKAT BBB (haiioBaTta CTpyKTypa Ha 0Oa3ara OT JaHHH,
T.€. TE Ca HepasJellHa YacT C pEaTHNUTE JaHHH;

METaJ]aHHUTE Ca B OCHOBATa Ha OCBILECTBSABAHE HA IIPOLIECUTE IO YIIPABICHHE
Ha JJaHHUTE.

Ponsdra Ha MenaHHHTE B yIpaBICHUETO Ha 0a3UTe OT JaHHM € OCHOBOIIOJATAIIA.
Te ydacTBaT W B JIOTHYECKOTO, W BBHB (PM3MUECKOTO HMBO Ha pabora c OGa3uTe OT
nanau [Garcia-Molina et al, 2009]. B 3aBHCHMOCT OT TOBa KaK METaJIaHHUTE OMTUCBAT
JIAHHUTE U BPB3KUTE MEKIY TAX, ce (popMHpAT U pa3InYHUTE THIIOBE 0a3u OT JaHHH
— peNIallMOHHU U HEPEeNalOHHH.

lopHUTE TpW XapaKTEpUCTHKH C€ OTHACAT 3a MCETaJaHHUW, W3MOI3BAaHH B
JIOTMYECKOTO HUBO Ha OasuTe oT naHHW. Ha 6a3a Ha ToBa HaOIIOACHNE ONpeesIMe:

JNebununms: Cucmema 3a ynpasnenue na 6aza om OaHHU, KOAMO HA JO2UYECKO
HUBO Ha paboma ¢ OamHUmMe U3NO0N36a MEMAOAHHU, KOUMO Ce CbLObPICAM 6b8
Qaiinosama cmpykmypa Ha 0aszama Om OAHHU, We HaApuuame CUCHmeMa 3d
ynpaenenue Ha OAHHU C 6bMPEUIHA T02UKA HA OAHHUNIE.

CbHocTaBIiKu:

MpoOIeMATE, CHIIECTBYBAIIH IPX U3TOTBIHETO HA MOJeTa Ha TaHHUTE;
xoHnnenius 3a CYB]] ¢ BpTpenina joruka Ha TaHHUTE,

1 HaOJIONEHUETO, Ye MpH MporpamMHaTa peanu3alis Ha Mojela Ha Ou3Hec
obekra paborara Ha CYBJl ¢ BbTpeliHa JOrMKa Ha JaHHWUTE OO0XBaIla
JIOTHYECKOTO U (PU3UIECKOTO HUBO Ha MOJIelia Ha JaHHUTE ((ur. 5),

C€ BMWXKJa, Y€ METaJaHHUTE Ca TOBA, KOETO T'M CBBP3BA. OTTyK cjeaBa U3BOABT, 4
aKO MOXKE€ aa ce n30CTHE IMOJI3BAHETO Ha METalaHHU TIPpU pa60TaTa C JIOTUYCCKOTO
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HUBO Ha 0a3WTe OT JAaHHHW, TOJIIMa 4YacT OT MPOOJIEMHUTE MPH MOJECIMPAHETO HA
JTAaHHUTE B MOJielia Ha OM3Hec 0OeKTa I1e OTIaHaT.

notpebutencku uHtepdeinc

CYB/, c BbTpellHa
Jlornyecko NOrMKa Ha AaHHuUTe
HUBO

dusnyecko
HHBO

Que. 5. Jleticmeue na CYB/] ¢ sbmpewna noeuxa Ha 0aHnume 6 Mooena Ha OaHHUme.

CYB/I ¢ BbHIIIHA JIOTHKA HA JTaHHUTE

Cnen xato OsfXa IOCOYEHH OCHOBHHTE HEIOCTATHIM Ha CBHIIECTBYBAIIHUTE
pENaoHHN M HepeNanioHHu 0a3W OT JaHHU TPH MOJCIHPAHETO Ha JaHHHUTE B
001U MOJEea Ha Ou3Hec 00eKTa, CTUTHAXME J0 3aKJIFOYEHHETO, Y€ IMOJI3BAaHETO Ha
METaJaHHH Ha JIOTHYECKOTO HUBO HA MOJelia € FCHepaToOphT HA TE3HM HEIOCTATBHIIM.
Bb3H1KBa BBIIPOCHT:

Moosice nu Oa ce uzbecre usnoa38aHEMO HA MEMAOAHHU NPU TOSUYECKOMO HUBO HA
MOOena Ha OaHHume U uUMa Ju MaKuea cucmemu 3a ynpasieHue Ha 6a3a om OaHHu,
KOUMO noo0owpicam maxusa mooenu?

Ha mpaxTtuxa TakaBa CYBJl € peanusupaHata Ha OCHOBaTa Ha MHOIOMEpPHUS
WHPOPMAIIMOHEH MeToA Ha AocThll [Mapkos, 1984, 2004] mepenammmonna CYB/,
HapedeHa ArM32. ArM32 e oT ChBBPIIEHO HOB THII U CHOTBETHO Ipe/ylara HOBU
BB3MOXKHOCTH 33 M3TPaXAaHe Ha MO-e(heKTHMBHM Mojaenu Ha JaHHute. OT TienHa
TOYKA Ha M3rPaXKIAHETO HAa KAa4eCTBEH MOJET Ha JaHHHW Ha Om3Hec oOekra ArM32
MIPUTEXaBa CICTHUTE XapaKTEPUCTHKH:

— BBB (aiioBeTe Ha 0a3ara JIMIICBAT METAJaHHW, KOUTO Jia OMKCBAT THUIIOBETE
HA pEaTHUTE JaHHU U BPB3KUTE MEKIY TSIX;

— HsMa BPB3KH, KOUTO J]a ca ONPEICICHH PEABAPUTEITHO (CXeMH Ha TaOIHIN U
pemarun, Wi JSON TOKyMEHTH U KITFOUOBE);

— CEMaHTHKaTa M BPB3KUTE MEXAY MaHHHTE 3aBHCAT OT MOTPEOUTENCKHS
uuTepdeiic, KONTO I'M W3I0I3Ba B CHOTBETHHTE IPOTPAMHHU MPUIIOKCHHS,
pearu3upaIy MoeIa.
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BPB3KUTE MKy JAHHHTE MOTaT Ja C€ MPOMEHAT JUHAMHYHO B 3aBUCHMOCT
OT KOHKPETHOTO HMHTepP(EHCHO pelleHue, 0e3 1a ce MPOMeHs (HH3UYECKOTO
CBCTOSIHUE Ha TAHHHTE.

Hebunnnma: CYE/], npumedcasawa coprume uemupu Xapakxmepucmuxu, ue
Hapuiame CUCHeMa 3a ynpasienue Ha 0a3a om OGHHU ¢ 6bHUIHA JIO2UKA.

CYB/] ¢ BbHIIHA JIOTWKA Ha JAHHUTE PaOOTAT M3ISIIO HAa (GU3UIECKOTO HUBO Ha
MoJIeNia Ha JaHHUTE TIPH ONHcaHue Ha Om3Hec obekTute (dur. 6).

notpebuTencku
WHTepdenc
KoHuentyanHo
HUBO
Jornyecko
HWBO
CYpAc
dusnuecko BbHLUIHA
HuBO NOTUKa Ha
AaHHUTE

Que. 6. Obxeam na CYB/] ¢ 6vHHa 102uKa HA OaHHUME 8bPXY MOOeNd HA OaHHUMe.

3a 5a ce mOIy4d JOOCTaThbYHO JA0Opa IpeicTaBa 3a TEXHOJIOTMYHUTE U
OpraHM3alMoOHHN (OT TJIEHA TOYKa Ha paboTaTa ¢ JAHHWTE) XapaKTEPUCTUKH Ha
Arm32 DBMS, e n30ponmM o1rie HIKOM OT cBOMcTBara Ha Oa3zara:

Crope]l BHJia Ha JIOCThIIa MPUHAICKH KbM KaTeropusTa Ha BIPaJCHHUTE
CVYB/. Toea ca CYB/I, kouTo BIU3aT B ChCTaBHATA YacT Ha MPUIIOKEHHUETO.
OOWMKHOBEHO Ca pCaNM3UPaHM KaTo OUOJIMOTEKH, KOWTO MOTPEOUTENST
BKJIIOYBA B MPUJIOKEHUETO CU. Pa3nuuaBa ce oT TAx Mo ToBa, ue ArM32 moxe
ma pabotm ¢ o0eMH OT pasmpelelicHH JaHHH H  HOAIbpXKa
MHOTOITOTPEOUTEIICKO MONI3BAHE;

03BOJIsIBA JIeCHOTO u3rpaxaane Ha OLAP BbpXy naHHuTe;

paboTu C aTOMapHH CTPYKTYpH — €JlIeMeHTH. EjeMeHTHTe MoraT na uMmaT
MPOU3BONIHA CTPYKTypa. ToO3M MeXaHW3bM € TOHOOCH Ha HuesTa Ha
}IOKyMeHTHI/ITe 6331/1 OT JaHHHU, KOUTO MOorar aa C’BXpaHf{T ueiausa IIOKyMeHT B
ennH JSON 006exT, HO € MO-I'bBKAaB M IMO3BOJISBA Ja C€ MpHJIaraT pasjidndHu
MaTeMaTH4YeCKH METO/IM 32 00paboTKa Ha TaHHUTE.

®opmanrao 3a ArM32 gaHHUTE ca IPOCTO Mopenuia ot OaiToBe, ChIBPIKAIIH CE
B CJIEMCHTUTE Ha CHOTBETHHTE HH(YOPMAMOHHH MpocTpaHCcTBA. (OCHOBHHTE
orepanuy 3a paboTa ¢ JaHHWTE B 0a3aTa ce U3BBPIIBAT OT (QYYHKIIUHU, 32 KOUTO TUIIBT
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Ha JaHHUTE HAMA 3HaueHHe. BCHYKM BB3MOXKHU €JIEMEHTH OT BCHYKH BB3MOXKHU
nH(OPMAIMOHHH MPOCTPAHCTBA CHILECTBYBAT BUPTYaIHO (T€3H, B KOUTO UMa JaHHH,
CBIIECTBYBAT PEAIHO) W BBPXY TAX MOXE Ja CE W3IBJIHSABAT BCHYKH (DYHKIUH,
oOcmyxBanm paborara ¢ maHauTe. B ArM32 uma crnenmanuau (QyHKONH, KOWTO
MOJIIIoMarat 00X0X/IaHEeTO Ha EJIEMEHTHTE C JJaHHU B KOHKPETHUTE HH(OpMaIlMOHHA
MPOCTPAHCTBA.

C wusnomsBaHeTo Ha 0a3a OT JaHHM C TOPHUTE XapaKTEPUCTHKU YCIELIHO Ce
IpeooABaT roJIsiMa 4acT OT NPoOIeMHTe [IPU M3TPaXkJaHeTo Ha MOJEeIH Ha Ou3HecC
obexTHTe. JJMHAMUYHOTO pa3BUTHE Ha MoJejia BbB BPEMETO M OOCIMHSBAHETO Ha
pa3MuHE MOJEIH MOXKE J]a CTaBa JIECHO — OTTYK CJIe/IBAa M JIeCHaTa MPaKTHIECKa
peanm3aiyst Ha MoJieia Ha Ou3Hec 00EKTHTE B IMTPOTPaMHM NPOIYKTH, HE3aBUCUMO OT
BHJA, CTPYKTypaTa M XapakTepa Ha JaHHUTE, KOUTO ce oOpabdorBat. C TakmBa 0aszu
OT JaHHM MOXE Jia C€ OCUrypsBaT MH(OPMALMOHHO MHO-TOJISIM KJIac IMPHIIOKHH
3a/1a4M, BKIFIOYHUTEIHO U TAKWBA, CBBP3aHH C AMHAMHYHO IIPOMEHSIIH Ce TapaMeTpH
U xapakTepucTuku. ['onsiMara crerneH Ha aOCTpakiys O3BOJsIBA TPH 00paboTKa Ha
JaHHHTE J1a ce U3I0JI3BaT MaTeMAaTHYECKH (QYHKIUH.

3akiouenune

Uscnensanute B Tasu pabotra 0a3u OT JaHHU C BBHIIHA JIOTHKA HA JTAHHHUTE
MPUTEKABAT TOJIIM MMOTCHITHAN 32 M3TPAXKTAHETO Ha KaYeCTBESHH MOJICIIM Ha OW3HEC
o0ekTu. [IpakTHIeCKOTO UM IMPUIIOKEHUE € TOJISIMO U OT TIeJHA TOYKa Ha (bakTa, ue
0a3zara OT JaHHU HE € CTPOTO CIENUATU3UPAHa U MOXKE J]a Ce U3MOJI3Ba B PA3THYHU
obnacTH.

O060CcHOBaHO MOXeE Ja ce TBhPAH, ue m3nonmBanero Ha CYB]] ¢ BBHIIHA JTOTHKA
HAa JaHHUTE 33 pPEaU3UPaHETO HA WHTCTPHPAHW MPOTPAMHH MPOIYKTH 3a OHM3HEC
YIpaBJIEHWE UMa ChHIIECTBEHU NpeauMcTBa npen u3noiszBanure gocera CYB]] c
BBTpEILHA JIOTHKA HAa JaHHUTE, @ UMEHHO:

— BOJCII MPU M3rPAXKIAHETO Ha Mojea Ha OH3HeC 00eKTa ¢ MOTPEOUTEICKUST
unrepdeiic;

— TI03BOJISAIBA M3TPXAAHETO HA JIWHAMHYHHA MOJICNH HAa JaHHUTE Ha OW3HEC
o0eKTa;

— BB3MOXKHO € IPSIKOTO 00CIMHEHNE Ha 1B ¥ OBeYe OU3HEC MOIeNa,;

— 1pu o0paboTKaTa Ha MaHHUTE MO3BOJISIBA JICCHO Ja C€ MPUIAraT MOIIHU
MAaTeMaTHIECKH AITOPUTMH;

— HaMa/lsiBa BpPEMETO 3a MOPAaKTHYeCKa pealnu3alus W IOJIPBXKKAa Ha
HOPOrpaMHHUTE CHCTEMH, HE3aBHCHMO OT BHIA, CTPYKTypaTa W Xapakrepa Ha
JAHHWUTE ¥ CIIOXKHOCTTA Ha MOJIelia Ha Ou3Hec oOeKTa.

[Morne 3a OBACIIO W3CIEABAHE € MIOCTHTAHE HA TIO-TOJIIMa CUTYPHOCT HA TAHHUTE
B OM3HEC MOJena, N3MOI3BAKN HECTAaHAAPTHUTE METOIH Ha paboTa Ha Tesu CYB/I.

BaarogapaocTn

Yact OT wH3CICABaHUATA, MNPCACTABCHH B CTATHATA, Ca peaU3UPaHd MpU
M3MbJIHEHHETO Ha TpoekT Ne 7TUdD-02-5/25.07.2014 ,,HoB noaxon 3a u3rpaxkjaaHe Ha
copTyepHH CHCTeMH 32 OM3HEC YIPABICHUEC W KOHTPOJ, MPEIHA3HAYCHHU 32 MacOBO
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MOJI3BaHE: KOHILICMIIUS, METOOJOTUs, MPOTPAMHU CPEJCTBA, EKCIEPUMEHTH H
ananu3®, punancupan ot Harmonamuus mHOBanmoHeH (onx upe3 [Iporpamara 3a
HAChbpUaBaHC Ha MAJKUTE W cpenuute mnpeanpustus (Ceama KOHKYpCHA CECHsl —
2014).
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Business Objects Modelling
Using DBMS with External Data Logic

Anani Rizov, Iliya Mitov, Krassimira Ivanova

Abstract: The article examines the process of building quality business
models. The definitions of key elements in the process of modeling business
objects are given. The existence of a new type of non-relational databases —
DBMS with external data logic, is defined. The advantages of these DBMS
against currently used DBMS with internal data logic in the processes of
building quality business models is mentioned.
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Variable Ordering Based on Distinguishing Sets

Vesela Angelova

Institute of Mathematics and Informatics — BAS, Sofia
vaa@math.bas.bg

Abstract: Finding of an appropriate variable ordering is considered as
important for many applications, in particular for the graph representation of
Boolean function. This sequencing is associated with a binary decision tree
which optimal construction is known to be NP-complete and may be regarded
as a compressed representation of the data structure. There are many heuristics
to find a graph with minimal number of nodes and they are typically associated
with adding a single parameter. Another application of ordering is sequential
fault analysis. Our approach is based on classification concepts related to the
sets of parameters and does not depend on the initial order.

Terms: classification test, representative sample, binary decision diagram
(BDD), fault diagnosis.

ACM 1998 Classification Keywords: 1.5 Pattern Recognition, E.4 Coding
Theory

1. Introduction

An attribute-value system is a basic experience representation in tabular form, where
the objects (rows of the table) are described by the values of particular attributes
(columns of the table). When these objects are collected in groups by given type,
they form a class and we can think of it as an additional attribute for a function
output (the range has two or more than two values which show belonging to a class)
or for identification of a specific situation in a system (state). The process in which
objects are recognized, differentiated and understood is called classification and also
categorization. One of the most important issues for such descriptive tables is to find
the shortest route to reach each class. In this context we build partial order of
attributes, which induces a graph representation with minimal number of nodes. The
main idea in this paper is to select only attributes which distinguish one or a few
objects from other classes and these attributes as a whole group, according to their
occurrences and cardinality, participate in a sequence for the shortest route in the
graph representation. The second section describes a partial function, determined
only for a few objects belonging to two classes (but in common case more than two
classes) and this is the base for our considerations about ordering of attributes. The
introduced concepts of distinctness enable rearrangement of attributes unlike most
examples for minimizing of graph at a fixed order of attributes. The origin of these
special “distinguishers” of different classes is classification or logical pattern
recognition. We shell apply this approach for different types of functions, which
output values show distinctness of the classes. Section 3 is for totally determined
Boolean function where the range is again Boolean. Section 4 discusses an
identification function, where the range has more than two values.
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2. Distinguishing sets for a partially determined function

The distinguishing sets are described in an earlier work [1] and they are good for
classification when there is not enough material for statistics. The main concept is
irreducible classification test, a subset of attributes which distinguishes all classes
(in particular two classes) and which is irreducible. The very way of getting all the
tests give ordinance of parameters, according to the test length and the participation
in them.

Table 1: An example with two classes

Class xI x2 x3 x4 x5 x6 x7 x8 x9
El 1 0 1 0 0 1 0 0 1
K1 E2 1 1 0 1 0 1 1 0 1
E3 | 0 0 0 0 0 0 1 1 0
E4 | O 0 1 0 1 1 0 1 1
K2 E5 1 1 0 1 1 0 0 1 1
E6 | O 1 1 0 1 1 0 0 0

Our table consists of six input elements and we may perform classification (value
of the function) only by checking the fifth parameter. Thus the only node of the
graph will be x5 and depending on value of parameter x5, the result is K1 or K2. But,
the function is determined only by six combinations of parameters. For greater
reliability due to unknown elements, we may continue classification by parallel
checking OR-node for next classification test. However, checking parameters x8 and
X9 is more complex as to be performed consequently with AND. In this case, the
distinguishing sets may have different values in one class; they defer the class as a
whole from the other class. For example, the set {x8,x9} has values ‘01’ two times
and ‘10’ once for class K1. Further, the links between the parameters are complicated
and the contribution for determining class of object decreases. That’s the reason the
terminal tests are convenient to use for classification — each of them alone shows
belonging to class (regardless of accepted values). If these six elements are the only
known elements of classes, the function for a new element may be guessed through
parallel checking of the parameters, forming irreducible distinguishing sets. This is
heuristic classification by voting (eventually weighted depending on the length) from
such sets. We see that any classification test cuts a short description (columns of the
table) sufficient to determine the value of the function. There are a total of 11
classification tests for this example — {x5}, {x8,x9}, {x1,x6}, {x1,x2,x7},
{x1,x3,x7}, {x1,x3x8}, {x1x4x7}, {x1,x7,x8}, {x2,x3,x8}, {x2,x7,x8},
{x2,x4,x6,x8}.

But for graph representation the values of distinguishing sets for different classes
are important because these values don’t fill all combinations of attribute values for
particular distinguishing set. For example, the value ‘1’ for x7 shows belonging to
class K1 regardless {x7} is not alone a classification test. That’s why, the same
procedure we may perform using more specific subsets — irreducible representative
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samples. They are distinguishing subsets for one element and all elements of the
other classes (that is, the combination of corresponding values of attributes is unique
and it is not found in other classes). For example, the value ‘1’ for x7 is
representative sample for class K1 with 2 occurrences; the values ‘11’ and ‘00’ for
parameters x8 and x9 are representative samples for class K2.

The classification tests are more common concept; they include a few
representative samples for one class even shorter ones. The tests give distinctness,
the samples give descriptiveness. The problem of tests finding is equivalent to the set
cover problem (set of all pairs from different classes). It also relates to finding of
representative samples for each element. But representative samples are with
different length, values and occurrences. They are different for different classes.

Our goal is to take only few of them, which cover all elements of the class and all
attributes. This choice gives heuristic rule for graph representation first by the shorter
and more frequent combined values of parameters possibly overlap with the next
sample parameters selected [2].

Remark 1. In the following example (Section 3) describing one class (value) by a
graph, obviously the other class is obtained in the opposite cases because all input
cases are included in the table. This way we get a total order of parameters, which
induces a minimal graph representation of the function.

Remark 2. When we arrange the parameters involved in a particular classification
test, we arrange a presentation describing one route to reach each class (state) only in
this segment (cut set), what is a partial order of parameters inducing a partial graph
representation (Section 4).

3. BDD for a full determined function with two values

A Boolean function can be represented as a rooted, directed acyclic graph which
consists of several decision nodes and terminal nodes. There are two types of
terminal nodes called O-terminal and 1-terminal.Non-terminal nodes are labeled with
Boolean variables. A path from the root node to the 1-terminal represents a (possibly
partial) variable assignment for which the represented Boolean function is true
(output of f is 1), these paths leading to 1 represent models of the formula, while
paths leading to 0 represent counter-models. As the path descends to a low (or high)
child from a node, then that node's variable is assigned to 0 (resp. 1). There are two
kinds of lines — dashed for 0 and solid for 1.

The binary decision tree of the Figure 1 can be transformed into diagram BDD
(Figure 2) by maximally reducing it. There are two kinds of reduction — removing
redundancy and sharing identical nodes [3].

The size of the BDD is determined both by the function and the chosen ordering
of variables.

For Ordered Decision Tree (OBDT) from root to leaves variables are encountered
always in the same order without repetitions along paths. Changing the ordering of
variables x1<x2<...<xn may increase or decrease the size of the tree and this is
important for checking of validity or satisfactoriness.
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Figure 1. Binary decision tree for a function

Figure 2. BDD for the function
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Let’s look at the tabular function as two classes according to its output.
Generally, this function does not have its own subset of parameters differing two
function outputs, because it would be a function of a smaller number of variables. In
this case we search distinguishers of each input vector yielding to 1 with all input
vectors yielding to 0. They are representative samples (special associating rules) for
the separate vector of one class. The same procedure is used for other class. Next, we
describe more convenient class.

The idea is to arrange the parameters in a sequence such that the shorter
distinguishing subsets of attributes appear ecarlier in the sequence and when the
length is equal, more frequent appear earlier. The next subset is chosen to cover other
objects of the same class. This arrangement of parameters would provide a compact
graph representation of the function.

For example, our function, producing two classes is represented in tabular form as
follows:

Table 2: Tabular form sorted by function values

class=value  inputs | xI x2 x3 x4
EO

El

E2

E3

=0 E4
E6
E10

Ell
E14

E5

E7

E8

=1 E9
E12

E13
E15

— e e e e OO = = = OO O O O O

—_— e = OO = = = OO = = OO O O
—_ O OO O = O ==k, O == O O
—_— = O = O = = O =) O OO OO = O = ©

For the second class we find that the part of parameters {x2,x4} with values ‘11’
is a representative sample of ES, E7 and E15; another group of parameters {x1,x3}
with values ‘10’ is representative for E8, E9 and E12. The row E13 has both of them.
In this case the order of parameters must be a sequence of these two subsets with
equal frequency and length — {x1,x3} followed by {x2,x4} are one proposal (Figure
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3), {x2,x4} followed by {x1,x3} are another proposal. So, the shorter and more
frequent subsets are ahead of ordering.

Obviously, if an element has particular representative sample, it is not from
opposite class. If an element is from particular class, it has at least one representative
sample, which is chosen to cover parameters (otherwise these parameters would not
participate in the function as essential parameters).

Generally, the procedure for graph representation is to add in the order
parameters participating in the most frequent representative sample for the remaining
objects in the more convenient class from two classes. In [4] this procedure is
connected with mining frequent item sets for customer database, but our
representative samples are special type association rules where right-hand side
(consequent) is the class, support (frequency) is with respect for a class and an item
set involve values ‘1” and ‘0.

/ . !

/ - :

/ !

v o N
n

Figure 3. Reordered BDD

4. Sequential analysis for a function with more values and probabilities

By using a similar technique, we propose a decision for the weighted graph
compression problem, where the classes are a few specific faults of electronic
system. In this case we will call the class “state” which must be identified. Less
nodes and edges would give a better idea of the structure. For illustration of this task
we refer the readers to sequential fault diagnosis [5].

In it simplest form, the test sequencing problem (also termed the test planning
problem) is defined by the tetrad (S, p, T, ¢), where S = {s¢,51,...5,,} is a finite set of
system states with sy denoting the “fault-free” state of the system and s;, (1 <i<m)
specifying the different faulty states of the system; p = [p(so).p(s1),...p(s,)]" is the
a priori probability vector of the system states; 7 = {t,,t,...,t,} is a finite set of n
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available tests and ¢ =[cl,cz,...,cn]ris the vector of test costs measured in terms of
time, manpower requirements, or other economic factors. Each test ¢, 1 <j < n, is
represented by a binary column vector d;, of dimension (m+1) such that test ¢ detects
a failure state s; if the i-th component of the test vector d;, is 1. Clearly, d,=0 for
1 <j <n. We impose the standard assumption that only one of the system states s;
(0 £i<m), occurs. The goal is to develop an efficient test sequencing procedure to
minimize the expected cost of testing, while taking into account the test outcomes,
test costs, and failure probabilities. In order to differentiate these single tests ¢
(one-parametric) from aforementioned classification tests (sets), we will call them
checks (Table 3).

Table 3: An example from [5]

class=fault 4 t 4 1y ts Prob s;
K1 =5, 0 0 0 0 0 0,70
K2 =g, 0 1 0 0 1 0,01
K3=s, 0 0 1 1 0 0,02
K4 =s; 1 0 0 1 1 0,10
K5=3s, 1 1 0 0 0 0,05
K6 = s5 1 1 1 1 0 0,12

check cost 1 1 1 1 1

Our proposal is to use only test sets which distinguish all states of the system with
evaluated probabilities of these states. Sometimes these sets are also called “minimal
cut sets” especially for fault detection [6]. This is in contrast to the existing step-by-
step optimization bottom-up (dynamic programming) and top-down (by greedy
heuristics) and to approaches that use a few evaluation functions (also heuristic) with
respect of Huffman code.

For this example there are six cut sets with minimal length: {#,5,5}, {t1,6,t4},
{t1,t3,t5}, {t1,lats}, {t,t3ts) {ta,ta,ts}. The decision from the cited paper is the second
set {t1,b,t;} among the six sets. The normal approach is to cycle through 2° options
for identifying the fault. The goal is not to find minimal cut sets, but the ordering of
the parameters for minimization of the search tree. Our proposal is first to assess
participation in the set under the most frequently occurring object s, in relation to all
the others and all s,-s4 together. The representative sample is for {t,,#4} and we get s
for 2 steps. Thus, the frequency is determined by a priori probabilities, unlike the
number of occurrences in the objects from section 3. Next parameters are added to
distinguish all other objects. In our example one solution is after {£,t} to add {#}
(Figure 4). As this triad is a classification test, after the ordered sequence of checks,
all states will be detected.

The same procedure can be carried out for the other classification tests. If the
checks have different costs, we choose the set with minimal total cost. Here, all sets
have equal total weights, but the second one has the least weighted similarities
compared to the most probable state s, namely the shortest representative sample
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{t,t4}. Therefore, a similar decision is received for the sixth classification test {f,,t4}
followed by ¢s.

Figure 4. Optimal order of checks

5. Conclusion

Ordering of the input parameters is important for cost and security assessment of the
described systems. There are several applications of compression by ordering — logic
synthesis, formal verification, fault diagnosis, product configuration, information
retrieval. The basic idea for our ordering is to add frequent parameters from a set as
an ensemble to shorten the path to the terminal nodes in the describing graph. This
new order is achieved by taking into account the length and frequency of the
distinguishing sets. The goal is this new order of attributes to specify quickly the
same values of function of belonging for all defined objects. To use this approach
easily, we have presented a methodology for finding aforementioned sets of
attributes by SAT solvers [7] rather than an own program.

The new model for compressing of data structure needs refinement and more
experiments. The problem is the large amount and different number of representative
samples which induces heuristics to select the next parameter group and future work
in detail.
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IMoapenda Ha MpoMeHIMBH
Yype3 pa3jinyaBalll MHOKeCTBa

Becesa Anresiosa

Pe3ome: Hamupaneto Ha moaxojsiiia noapenda Ha TIPOMEHIMBUTE CE CUUTA
3a B@XHO NMpPU MHOTO INPUIOXKEHHS, IMO-CIIENHANTHO IPH IPEICTaBIHETO Ha
OyneBa ¢ynkmus dype3 rpad. OnTuManHata mnoxapenada € CBBbp3aHa C
muHUMEu3anusaTa Ha BDD (Binary Decision Diagram), unero Hamupane e NP-
IbJIHA 33/1a4a M MOJXKE Ja ce pas3riieka KaTo KOMIIPECHPAHO MPEACTaBsHE Ha
CTPYKTypaTa Ha JaHHUTE. VIMa MHOrO €BpPUCTHYHM METOAM 3a HaMUpaHE Ha
OINTUMAIIHO pEIICHHEe, KOeTO OOMKHOBEHO C€ CBBp3Ba C MOCIEIOBATEIHO
no0aBsHe Ha cile/iBalla IPOMEHINBA WM C ITbPBOHAYAIHO M3BECTHA Hapenba.
JIpyro mpuIOXeHHE 3a ThpPCeHe Ha mojapenda € MOCIeIOBaTeNIeH aHalu3 Ha
IPEIIKH, KbAETO CBCTOSHMATA Ha [aJeHa CHCTEeMa HMaT OlpeeseHN
[pEIBAPUTEIHO M3BECTHH BEPOSTHOCTH. HallMAT MOAXON ce OCHOBaBa Ha
MOHATHUS, CBBP3aHM C pa3IMyaBalld MHOXKECTBA OT IapaMeTpu —
KJIacH(pUKaMOHHN TECTOBE M MpeACTaBUTENHH Habopu. OCHOBHATa HJes € B
paMKuTe Ha KinacH(UKALHOHEH TECT, KOWTO ,,0TCHYa" TOCTATHYHO KOJIHYECTBO
napaMeTpH, J1a Ce U3IO0JI3BaT Hal-4yeCTO CPEIaHUTe NPEACTaBUTEIHN HabOopH,
3a1o0YBaifki OT MO-KBCHUTE, KOMTO Ce€ JH00aBST MOCIIEN0BATEIHO KATO LSUIOCTHA
rpyna W Taka OBp30 Oa ce CTUTHE [0 KpalHHTe BB3MM B Trpada
(pyHKIIMOHATHUTE CTOIHOCTH).
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Abstract: Technology-independent functionality models of the software
system-to-be are crucial for adequately aligning the software to its real-life
environment. This is achieved, by deriving such models based on underlying
real-life enterprise models, such that consistency and traceability is guaranteed
between enterprise level and software level. In the current paper, we explore
the strengths of the SDBC approach in this regard and partially illustrate this
by means of a real-life case example from the healthcare domain.

Keywords: Functionality models; Enterprise-IT alignment; Traceability;
Emergency medical response.

1 Introduction

Technology-independent functionality models of the software system-to-be are
crucial for adequately aligning the software to its real-life environment. This is
achieved, by deriving such models based on underlying real-life enterprise models,
such that consistency and traceability is guaranteed between enterprise level and
software level. In the current paper, we explore the strengths of the SDBC approach
in this regard and partially illustrate this by means of a real-life case example from
the healthcare domain.

The remaining of the paper is organized as follows: in Section 2, we briefly
introduce the SDBC approach and discuss its relevant strengths. In Section 3, we
present an emergency medical response scenarion. In Section 4, we partially apply
SDBC, reflecting the scenario. Finally, in Section 5 we present conclusions and
outlook for further work.

2 SDBC

SDBC stands for: Software Derived from Business Components and the SDBC
approach (“SDBC” for short) has been introduced in [5], being further discussed in
[3,15].

SDBC facilitates the early stages of the software development lifecycle [2] and
particularly — software specification, by providing mechanisms for deriving (re-
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usable) software specification constructs as methodologically mapped from
corresponding enterprise modeling building blocks.

2.1 Modeling Perspectives
The following 4 modeling perspectives are relevant to SDBC:

— Structural Perspective that reflects entities and their relationships;

— Dynamic Perspective that reflects the overall business process and
corresponding to this — the states of each entity, evolving accordingly;

— Data Perspective that reflects the information flows across entities and within
the business process;

— Language-action perspective that reflects real-life human communication and
expression of promises, commitments, etc. as also relevant to soundly
building an exhaustive enterprise model.

The current paper would not go discussing those perspectives in more detail, for
the sake of brevity. Interested readers are referred to [5].

2.2 Theories Behind SDBC

Among the theories behind SDBC are LAP -Enterprise Ontology [6], Organizational
Semiotics [4], and Workflow Management [9]. Further, SDBC is in line with the
Unified Modeling Language — UML [12], Model-Driven Engineering [7], Service-
Oriented Computing [8,10,13], and Context-Aware Computing [12]. Those are
briefly discussed below:

2.2.1 LAP — Enterprise Ontology

This theory emphasizes the importance of interaction and communication (“LAP”
stands for: Language-Action Perspective), recognizing that language is not only used
for exchanging information, as in reports (for example), but that language is used
also to perform actions, as in promises or orders (for example). Such actions are
claimed to represent the foundation of communities and organizations / enterprises.
This points to the white-box model of an organization that is of key importance for
building valid enterprise ontologies — this model acknowledges actors (the entities
fulfilling corresponding actor-roles) who may be executing not only production acts
(for example: deliver a pizza) but also coordination acts (for example: promise a
delivery), and those acts may be of relevance to three perspectives of an organization,
namely: documental (documents being created and used, for example), informational
(customer enters his or her PIN in order to realize a bank transaction, for example),
and essential (the bank transaction itself, for example). Finally, Enterprise Ontology
considers a generic interaction atomic pattern, claiming that any complex interaction
can be decomposed in such pattern primitives and there are always two roles, namely
customer (the one who initiates anything, for example — order something) and
producer. There is a request-promise-execute-state-accept actions sequence between
them and it can be reflected in a success layer and also a failure layer, as well as
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discussion layer, in between. For more information on Enterprise Ontology,
interested readers are referred to [6].

2.2.2 Organizational Semiotics

Organizational Semiotics (OS) considered a number of concepts, such as sign and
affordance, as essentially useful in modeling a (real-life) system and adequately
reflecting relationships and meanings. Often what we observe goes beyond the
primary appearance — for example, one could hold a Rolex pen not only as a means
of writing but also as a way to demonstrate wealth (this is a sign). As for the
affordance concept, it relates to potential abilities (for example: a book affords to be
borrowed). Those concepts and also other OS concepts, allow for building complex
models that reflect both semantics and norms (rules), and that is reflected in the
widely popular OS norm pattern:

whenever <condition>
if <state>

then <agent>

is <deontic operator>

to <action>

The OS norm pattern is considered useful in modeling relationships among
entities, in the context of a business process. For more information on OS, interested
readers are referred to [4].

2.2.3 Workflow Management

It is claimed that any business process can be viewed as a collection of processes,
where a process can be described as “a set of identifiable, repeatable actions which
are some way ordered and contribute to the fulfilment of an objective”; typical
process patterns are sequence, parallelism, split, and so on.

Workflows play useful role in modeling business processes and those models can
be enriched in terms of OS norms and / or entities information. For more information
on Workflow Management, interested readers are referred to [9].

2.2.4 MDE and UML

MDE reflects a way of modeling where computation-independent models are
identified and reflected in platform-independent models which in turn are reflected in
platform-specific models, such that technical details are introduced step-by-step
allowing for re-use and traceability. Such models can be expressed by means of
UML - the de facto standard modeling language — through diagrams, such as use
case diagram, class diagram, activity diagram, state diagram, and so on. For more
information on that, interested readers are referred to [7].
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2.2.5 Service-Oriented Computing and Context-Aware Computing

Web services appear at high-level to be (dynamically) composed by users, hiding
thus their underlying technical complexity — this complexity is with the software
components who are implementing the corresponding service(s). Composability,
traceability, and interoperability are hence of crucial importance in web service
provisioning. Further, context-awareness is often desired and this means adapting the
delivered service (software) behaviour depending on the particular context state
which in turn is to be sensed (by sensors, for example). More information on those
issues can be found in [8,9,10,11,12,13,14,15].

2.3 Concepts
Among the main SDBC concepts are the following:

— Component vs CoMponent: while components represent part of the whole,
coMponents reflect a model of a component adequately elaborated in all 4
perspectives (see Sub-Section 2.1), and we could thus have business
components (business sub-systems) and software components (pieces of
implemented software) as well as business coMponents and software
coMponents, respectively;

— General vs Generic: these concepts are both about re-use, still — general is
about re-using an abstract core (a general reservation engine, for example)
while generic is about parameterizing something that is multi-specific (a car
system to be adjusted to automatic or gear regime, for example);

— Software Specification Model — this is a technology-independent functionality
model of the software system-to-be.

2.4 Outline

The current Sub-Section briefly summarizes the outline of SDBC, with the help of
Figure 1.

As seen from the figure, we consider a Business System from which a Business
Component(s) is to be identified and then reflected in a relevant model — a Business
CoMponent. Another way for arriving at a Business CoMponent is by applying re-
use: either extending a general Business CoMponent or parameterizing a generic one.
Then, the Business CoMponent should be elaborated with the domain-imposed
requirements, in order to add elicitation on the particular context in which its
corresponding Business Component exists within the Business System. Then, a
mapping towards a software specification model should take place and the user-
defined requirements are to be considered, since the derived software model should
reflect not only the original business features but also the particular requirements
towards the software system-to-be. The software specification model in turn needs a
precise elaboration so that it provides sufficient elicitation in terms of structure,
dynamics, data and language-action —related aspects. It needs also to be decomposed
into a number of Software CoMponents reflecting functionality pieces. Those
CoMponents then are to undergo realization and implementation, being reflected in
this way in a set of Software Components. Some Software Components could also be
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purchased. The Software Components are implemented using Software Component
technologies, such as .NET or EJB, for instance. Finally, the (resulting) component-
based ICT application would support informationally the target Business System, by
automating anything that concerns the considered Business Component (identified
from the mentioned system).
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Abbreviations:
be — Business Component ssm — Software specification model
bk — Business CoMponent sc — Software Component
glbk — General Business CoMponent sk — Software CoMponent

gebk — Generic Business CoMponent

Figure 1: SDBC — outline

SDBC was just briefly introduced in the current section, for the sake of brevity.
Still, interested readers can find more information on SDBC in [5].

As mentioned in the Introduction, the remaining of this paper contains a
particular real-life scenario which is reflected in a partial application of SDBC.

3 The Emergency Medical Response Case

Serious emergency events often cause high mortality. To improve emergency
management and reduce the damages to public health it is important to optimise the
coordination of medical emergency response as a building block of the overall
emergency response. A typical emergency response scenario is outlined on Figure 2.
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Figure 2: The emergency medical response scenario

As seen from the figure, somebody fulfilling the role “alarmer” calls 112 and
alarms of suffering person(s). The one receiving the call who hence would be
fulfilling the role “operator”, is to do in parallel two things: (i) (s)he should establish
the person’s condition — the best that can be derived from the call; (ii) (s)he should
establish the person’s location. This information is automatically forwarded to
somebody fulfilling the role “dispatcher” who should match the needs (immediately
sending an ambulance to a particular location, for example) to availability (how
many ambulances are available in relevant proximity, for example). Then, if
necessary, the Dispatcher has to send ambulance(s) accordingly. Then one of the
persons inside the ambulance — the one fulfilling the role “commander” must drive to
the corresponding destination. Then the ambulance is at the destination and another
possible way of its appearing in the same situation would be if the ambulance has
encountered an incident by chance. Then the Commander has to reach the suffering
person(s). Another (or the same) person in the ambulance, the one fulfilling the role
“runner” should then check each suffering person and establish priority. Then a
person fulfilling the role “retriever” brings in the suffering persons to the ambulance
where each suffering person must receive first aid treatment by somebody fulfilling
the role “field doctor”. This is the moment when the suffering person starts fulfilling
the role “patient” and the Commander should allocate each patient (for example: one
should reach Surgery, another one should reach Dermatology, and so on) and
dispatch ambulance(s) accordingly. While it is on the run, the Field Doctor must give
in-ambulance treatment to the corresponding Patient. Finally, the Commander drops
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off the Patient at the corresponding hospital whose emergency department take over
the treatment.

4 Applying SDBC

Because of the limited scope of this paper, we only consider in this section a partial
illustration of the applicability of SDBC, in reflection of the emergency medical
response scenario, and in particular, we are only focused on the Dispatcher’s
matching needs against availability, needed by the corresponding Commander, for
delivering service in turn. What the Dispatcher does (for the benefit of the
Commander) is illustrated in Figure 3.

delivery of a
dispatch instruction

match-making identification of
candidate-matches

Data
searcher

Match-maker,"

request specification ~ Request
/ processor

/ The DISPATCH MEDIATOR

/
information awareness

Figure 3: General business process model for the dispatch mediation case

As seen from the Figure, a further “zoom in” needs to be applied with regard to
the scenario (that is outlined in Fig. 2), such that this actually complex behaviour is
adequately grasped and this assumes also the identification of additional role types in
addition to Commander and Dispatcher, namely: (i) Match-Maker reflecting the one
who is actually matching what is needed against what is available; (ii) Data Searcher
who searches through the available information for the Match-Maker; (iii) Request
Processor who processes all input information accordingly such that it is guaranteed
that all is formulated in the right way.

To summarize: the Commander requests and the Mediator delivers a dispatch
instruction — if we put things as simple as that, we may have these two actor roles,
namely Commander and Mediator. We need however to ‘peek’ inside the Mediator,
in order to be able to specify its functionality, and as seen from the figure, we go to
another level of granularity where we can model actor roles which are internal with
regard to the Mediator. Considering requirements and other issues (not mentioned for
brevity), we arrive at a model where the following 4 actor roles are presented (these
are 4 major roles and the model does not claim exhaustiveness): (i) Dispatcher (D) —
delivering the dispatch instruction to the Commander (C) (on behalf of the Mediator)
on where and how urgently an ambulance is to go; (ii) Match-maker (MM) —
realizing match between what has been captured (through data searching) and

200



Hayuonanna kongepenyus no ungpopmamuxa,
noceemena na 80 2. om poscoenuemo na npogpecop Iemvp bvpues

analyzed (through reasoning), on one hand, and what are the dispatch specifications
(as it is according to the law and on the basis of the received request(s)), on the other
hand; (iii) Request processor (RP) — taking raw data and realizing interpretation
through reasoning techniques; (iv) Data searcher (DS) — considering all available
relevant information.

Hence, the Mediator can deliver the dispatch instruction (through D) to C, only
after MM has delivered to D, which in turn needs to be preceded by the deliveries of
RP and DS.

We then go to the SDBC Entity Model, as exhibited in Figure 4, where we have
the dashed line delimiting what is inside the system from the rest, and we have all
actor roles discussed so far presented. Hence, the actor roles represent the entities in
this model and there are some lines connecting to entities — this reveals the structure
(how the entities are related to each other). Those relations (representing the
interactions) follow the ‘deliveries’ already discussed: D delivers to C, MM delivers
to D, RP delivers to MM, and DS delivers to MM (the grey boxes indicate the one
who is delivering).

Figure 4. Entity model for the dispatch mediation case

—

Request r,
Dispatch d |
F(r,d) = true

..... | RequestMM-DS r4 R(_equestC-D ri
Dispatchps-MM d4 DlSpatchD-_C d1
FDS(r4,d4) = true FD(r1, d1, i2.d2) = true

C—®

RequestMM-RP 13 RequestD-MM r2
DispatchrRP-MM d3 DispatchMM-D d2
| FRP(r3,d3) = true FMM(d2, r2, i3.d3, i4.d4) = true

Fig. 5: Interaction model for the dispatch mediation case
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The Entity model is then straightforwardly reflected in an Interaction model (Fig.
5) where the emphasis is on the interactions which are modeled using the ISDL
technique [9] where workflow details, such as sequence, synchronization, and so on,
are reflected: as it can be seen: i3 and i4 should both be completed (synchronization)
before i2 is completed, and il would be completed after i2 has been completed
(sequence). On the top right corner of the figure is the model at the higher granularity
level (as already discussed) where we look at all as one interaction (a delivery
between the Mediator and the Commander).

Finally, we elaborate each interaction, by applying the request-promise-state-
accept LAP pattern, as it is shown in Figure 6. The 4 grey ovals correspond to the 4
interactions’ production facts and those are elaborated with corresponding coordina-
tion acts (such as request, promise, state, and accept); thus, the first ‘line’ from top to
bottom is to be read as follows: Start, request by C, promise by D, production fact,
state by D, accept by C, and so on. There are decision points — allowing not only for
promise but also for decline, and these in turn allow for failure scenarios as well. We
are not going to explain the model in more detail — interested readers can find more
in-formation on LAP in the references already mentioned, and this would help under-
standing the model better.

This is considered as a ‘service-level’ model since it is useful for deriving (web)
services.

@ ‘ success

Figure 6. Service-level model for the dispatch mediation case
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Deriving service specifications based on such a model is nevertheless not trivial
and requires resolving issues, such as tight coupling (possibly through introducing an
orchestrating entity) which means introducing new entities and new interactions in
turn. Resolving other issues, such as context-awareness, for instance, may also
require introducing new entities and interactions. Still, this way of progressing from
very general real-life information to a well-structured and theory-rooted model is
claimed to be beneficial. Such a model can be elaborated further, by adding for
example semiotic norms.

However, for the sake of brevity, we are not going in further details with regard
to this case. The purpose of this section was to just give an impression on how the
SDBC can be useful in modeling particularly emergency care processes, aiming at
reflecting them in the specification of a supportive information system.

Conclusions

In this paper, we have discussed the specification of information systems that is
based on underlying enterprise models and we have demonstrated how an emergency
care scenario can be reflected in semi-formal models that are useful for specifying
software/web services. In this, we have followed the SDBC approach, demonstrating
its strengths and potentials accordingly. As further research, we plan projecting this
work to a lower level, establishing adequate relations between technology-
independent models (as focused in this work) and technology-specific solutions
while also capturing context-awareness —related features
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Konuenryajuu ¢pyHKIHOHAJIHA MOJEJIH,
0asupanu Ha SDBC
(mpuiioxkenue B CrienniHa MeIUIMHCKA MTOMOII)

bopuc HInmkos

ITpn wsrpaxaanero Ha coTyepHH CHUCTEMH, KOHIENTYaJTHHTE (YHKIHUOHAIHU
MOJENU ca BaKHU 3a TapaHTHPAHETO Ha aJeKBaTHA Bpb3Ka Mexny codryepa H
oOKpBkaBamara ro cpena. ToBa ce moctura, Kato copTyepbT ce cnenuduIupa Ha
0aza Ha CBHOTBETHHM OW3HEC MOJENM, YCTAHOBSBAKM KOHCHCTEHTHOCT H
MPOCIEIUMOCT MeX1y coTyepHOTO HHUBO M OM3HEC HMBOTO. B Tasm crarus Hue
u3cieqBaMe CHIHHTE cTpaHH Ha Mmerogonorusira SDBC 1o oTHomeHne Ha TO3U
mpobleM, KaTo W3MOJ3BaMe 3a WIIOCTpalus Ka3yc OT o0iacTra Ha
3J]paBeoIa3BaHeTo.
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Abstract: The paper describes how a method, supporting decision making, can
be used during software development in an agile framework. The method of
Comparative analysis is briefly presented. An incremental approach to object
modeling is explained and some models, constructed for a number of
intermediate products (requirements, user stories, designs, programs and
increments) are shown. The application of the method is illustrated by a few
examples.
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models

ACM 1998 Classification Keywords: D.2: Software Engineering,
D.2.8 Metrics, D2.9 Management

1. Introduction

Agile software development appears as an alternative to conventional development,
trying to overcome some of its stated deficiencies and responding to the need of a
new approach. Nowadays there is a big family of many and different agile
methodologies, sharing the key ideas of the signed in 2001 Manifesto for Agile
software development [1], but proposing some specific guidelines for their
implementation.

In Agile software development requirements and solutions evolve by
collaboration between members of self-organizing, cross-functional teams. Adaptive
planning, evolutionary development, early delivery, continuous improvement and
encouragement of rapid and flexible response to change are promoted [2]. This new
development paradigm influences the content and performance of any activity,
including decision making [3]. From agile perspective, decisions have to be made
just in time, quickly, on the base of all available information, using appropriate
methods and tools.

In this paper we describe how a rigorous decision support method can be used
during agile software development. The rest of the paper is organized as follows.
Section 2 describes the method of Comparative analysis. In Section 3 the most
difficult part of method application — the object modeling — is presented and some
generic quality models for basic objects are given. In Section 4 there are a few
examples of cases, describing the context of the Comparative analysis. Some ideas
for future research and development work are mentioned in Conclusion.
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2. The method of Comparative Analysis

Let us present briefly a formal method for a reasonable choice. It supports the multi-
criteria decision making and has been developed, taking into account the best
achievements in this area [4].

Comparative analysis (CA) is a study of the quality content of a set of
homogeneous objects and their mutual comparison so as to select the best, to rank
them or to classify each object to one of the predefined quality categories.

The compared objects can be products, processes or resources, identified as
significant for the activity under consideration. For CA practical use, we distinguish
two main players: the Analyst, responsible for all aspects of CA implementation, and
a CA Customer — a single person or a group of individuals, who should make a
decision in a given situation and would like to use the CA as a supporting method.

Depending on the identified problem to be solved by a CA Customer at a given
moment, a case should be opened to determine the context of the desired
comparative analysis. Each case is specified by the following six elements:

case = {View, Goal, Object, Competitors, Task, Level}

The View describes the CA Customer’s role and the perspective from which the
comparative analysis will be performed. The Analyst has to identify the potential
decision makers. For example, in Scrum software development the following roles of
CA Customer can be considered: Product owner, Scrum master, Member of the
development team, Stakeholders and Agile mentor. Taking into account the
responsibilities and typical tasks of these players, several cases will be defined,
considering their respective point of view to the analyzed problem.

The Goal expresses the main Customer’s intentions in CA accomplishment and
can be to describe, analyze, estimate, improve, or any other, formulated by the
Customer, defining the case.

The Object represents the item under consideration. For each object in CA
application a quality model should be created — a set of characteristics, selected to
represent the quality content in this context, and the relationships among them.

According to the stated Goal, the instances of the objects to be compared are
selected and described in the set of Competitors — C = (Cy, C,,..., C,).

The element Task of a case can be Selection (finding the best), Ranking
(producing an ordered list), Classification (splitting the competitors to a few
preliminary defined quality groups) or any combination of them.

The Depth Level defines the overall complexity (simple, medium or high) of the
CA and depends on the importance of the problem under consideration and on the
resources needed for CA implementation.

A step-wise procedure for the CA accomplishing has been proposed and
successfully used in a number of application areas. Next follows a brief description
of the steps.

The first step is Initialization. When a problem, for which the CA seems to be

useful, appears, the Customer creates a CA request — an informal description of the
problem situation, moment and area of consideration. This CA Request is studied by
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the Analyst, who evaluates its conceptual and technical feasibility. When the CA
request is approved, a new case is opened and its elements View, Goal, Object,
Competitors, Task and Level are defined, using some relevant sources of information.

During the Construction a hierarchical object model is created and the weights of
all included in the model quality characteristics are defined. Then the method for
accomplishing the Task (selection, ranking or classification) is selected, taking into
account the defined Task and depth Level.

During the Execution stage the Analyst evaluates each object from the set of
Competitors and fills the objects-factors table, applies the selected method for
implementing the CA task and documents the obtained results.

The Completion stage comprises preparation of the Final report, describing and
saving some elements for re-use and collecting historical data to be available for
further processing.

Each step covers a number of activities. For each activity its aim, the results to be
obtained and how the activity must be performed have been specified. In this way it
is clear who has to do what and when, thus making the comparative analysis
manageable and properly utilized.

3. Quality models for some intermediate products in agile software
development

The case-driven CA begins with construction of the hierarchical object quality
model. The first level comprises m quality factors Fy, Fy, ..., Fy,. They characterize
the local state of the object as regards the defined case. Each factor F; must be
weighed in accordance with its relative importance. Depending on the defined depth
level and the cognitive complexity of the factors, the latter can be further
decomposed. The obtained hierarchical structure describes which quality
characteristics will be considered at different levels and what the relationships among
them will be.

One of the most challenging problems in CA implementation is the construction
of a quality model for a given object. Our suggestion is to apply an incremental
approach. When a new object appears in a case definition, the Analyst has to create
its first model, using different sources of information. The Customer’s requirements
for the studied object should be stated and further analyzed so as to be reformulated
in terms of quality characteristics, described in a hierarchical model. Then the created
model is saved as a generic (basic) model for the object under consideration. When a
request for CA with the same object arises, the generic model is found and is made
available for modification in two directions — expanding the generic model and
constructing its derivative image, relevant to the defined case. First, there should be
an attempt to find some new quality characteristics to be added at some levels of the
hierarchy so as to reflect a new view or goal of the current case. If the attempt is
successful, the expanded hierarchical structure will be stored as a generic model. The
second step is to decide whether some characteristics can be ignored as irrelevant to
the current case. So a derivative of the model is obtained. A special pattern,
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describing the deviation from the basic model is created and saved for future re-use
with reference to the case.

In order to facilitate the CA application, a few quality models for intermediate
products in agile development have been proposed. They can be used as generic ones
and further modified to reflect the peculiarities of the defined situation.

3.1. Quality model for object “requirement”

Agile Requirements Engineering comprises elicitation, validation, estimation and
prioritization of requirements at different levels [5]. The Comparative analysis can
support decision making at some situations appeared when these activities have been
performed.

A simple linear model for object “requirement” has been created. According to
this model the requirement should be:

Unambiguous — to possess the capability to have a unique interpretation,
Testable — the fulfillment of each requirement is measurable or testable,
Consistent — there no contradictory statements in requirement description,
Traceable — each requirement has a rationale,

Understandable — requirement is fully understood when used for developing
software,

Complete — it is possible to make references to precisely identified entities,

Detailed — the description of requirement is given in detail and it is traceable to
user needs.

3.2. Quality model for object “set of requirements”

A simple linear model for object “set of requirements” has been created. The selected
characteristics are:

Completeness — i.e. the set R comprises all requirements, necessary to describe
the chosen functionality of a system or a system’s compound element;

Consistency — the involved in the set R requirements are in reasonable and
logical harmony, without any contradictions in their content;

Relevance — all included in R requirements should possess a direct and clearly
identified connection to the studied system’s functionality.

3.3. Quality model for object “user story”

In agile software development user stories are small units of work. They are a few
sentences in simple language that outline the desired functionality. The goal of a user
story is to deliver a particular value back to the customer.

Usually the user stories are sketched out by the Customer/Product owner. Having
such initial version, the entire development team collectively decides about more
detailed descriptions. They are the granular pieces of work that help define the
implementation items for the story and the upcoming iteration.
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A two-level quality model for object “user story” has been constructed (see
Table 1).

Table 1. Quality model for a user story

Factors Criteria

Accuracy

Trackability

Adequacy Robustness
Completeness
Correctness

Understandability | Self-descriptiveness
Conciseness

3.4. Quality model for object “design of increment”

One of the most important characteristics of agile development is its incremental
nature — working software is delivered fast and frequently. As noted in [6] such short,
focused iterations make the entire agile development cycle much more like a
maintenance phase.

Bearing in mind this, for object “design of increment” we propose a linear model,
comprising 4 characteristics: conceptual integrity, effectiveness, maintainability and
correctness. Their explanation is given in Table 2.

Table 2. Quality model for design of increment

Criterion Explanation

Conceptual Conceptual integrity defines the consistency and coherence of the

Integrity overall design. This includes the way that components or modules
are designed.

Effectiveness The degree to which a design is able to achieve the desired
functionality and behavior.

Maintainability | Maintainability is the ability of the system to undergo changes
with a degree of ease. These changes could impact components,
services, features, and interfaces when adding or changing the
functionality, fixing errors, and meeting new business
requirements.

Correctness Extent to which the design conforms to its specifications and
declared objectives.

3.5. Quality model for object “intermediate product”

The agile development process is iterative with several releases of intermediate
products approaching the final one. Each iteration produces intermediate deployable
code that has been discussed, designed, implemented, and tested. An increment is a
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subset of the final product under development and builds on the functionality of the
prior iteration, reflecting the revised set of requirements. That is why for the object
“intermediate product” we propose a quality model, comprising the characteristics
from the Product Revision perspective (ability to undergo changes) in the McCall
Quality model as described in [7]. The selected quality factors and criteria are shown
in Table 3.

Table 3. Quality model for an intermediate sofiware product

Quality factors | Explanation Quality criteria

Maintainability | The capability of the software product to Simplicity
be mod.lﬁed 50 as to incorporate . Conciseness
corrections, improvements or adaptions to

. . ; Self-descriptiveness
changes in environment and requirements.

Modularity
Flexibility Ease of changing the software to meet Self-descriptiveness
revised requirements. Expandability
Generality
Testability Ease of validation that software meets Simplicity
requirements. Instrumentation

Self-descriptiveness
Modularity

3.6. Quality model for object “program”

It is well known that quality is not something that can be easily added later. So it is
better to ensure quality from the very beginning, writing quality code. Analysis of the
code quality can be done on the base of different quality models. As an example, let
us describe a number of code characteristics, proposed in [8]. Next follows a brief
explanation of each code property and a comment about its measurability:

Conciseness: A program is said to be concise when its meaning is expressed in a
small volume of text.

To estimate conciseness, one can start with a simple metric of program size, such
as number of tokens in a program. But conciseness is essentially a relative measure:
to tell if, or how much concise a program is, one has to compare sizes of different
programs that solve the same problem by possibly using different methods and tools,
including different programming languages.

Straightforwardness: Straightforward expression means that the programming
language is used in a directly understandable way, according to generally accepted
rules, including idioms.

As the notion of straightforwardness reflects the users' opinion, it can only be
measured indirectly, through asking experts and using a scale for evaluation.

Adequacy: Faithful representation of the abstract model of a solution by the (text
of the) program.
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Unless a formal modelling tool exists in which the abstract solution is described,
and a method that compares the program solution against its model, adequacy can
only be estimated vaguely.

Explicitness: A property of a program object, or a relation between such objects
is explicit when it is expressed within the program (as opposed to only assumed).

Cannot be measured in general, since explicitness, as well as the inverse property
— non-explicitness — is something that relates a program text with the programmer's
intention. However, expert estimation can be used in place of formal measurement
method. And true measurement is still possible for several isolated manifestations of
this property.

Apparency: Visual information is apparent when it can be readily grasped.
Besides visual clarity of the information itself, certain preparedness (w.r.t.
knowledge) is implied on behalf of the observer.

Not measurable (except my means of expert estimation).

Memory load: With respect to certain program fragment, this is the amount of
‘memory’ required, related to mentally interpreting the fragment, as well as knowing
of other elements of the program, required to understand the fragment.

Applicable to small fragments, and can be measured based on the internal
structure of the text, along with its relations with the rest of the program. For
example, a highly hierarchical construct requires more memory load in order to be
interpreted, as opposed to a ‘flat’, or sequentially interpreted construct.

Notationality/verbality: This concerns whether a text is primarily symbolic or
verbal.

Can be measured by comparing the number of symbolic or verbal tokens to the
total number of tokens in a program. It is more a characteristic of the programming
language than of particular programs written in it.

Mnemonicity: The ability of program tokens to convey meaning by making use
of associations with something known.

This property, although rather important in practice, is too vague and abstract to
admit measuring.

Uniformity: Sameness or similarity of expressing similar ideas in a language.

This too characterizes not only particular programs, but the programming
language as a whole. It is hard to devise a general measure but measuring with
respect to simple benchmarks is feasible.

Visual characteristics and attributes: May include form, layout, special
graphics, colour, fonts and typography, etc.

As should be apparent, these are not meant to be measured even informally.

Some of the above described characteristics can be studied as significant for
understandability and maintainability of a program. Our suggestion for a code quality
model is to use a linear model, comprising 5 characteristics, namely Conciseness,
Straightforwardness, Adequacy, Explicitness and Uniformity.
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4. How the Comparative Analysis can support the decision making in
agile software development

Generally speaking, CA can be used in any situation, in which a problem is identified
and a case can be defined, describing the context of the CA — when, who and how
makes a decision.

Example 1: How the CA can be used for requirements prioritization

One difficult problem in requirement engineering is to create an ordered list of all
elucidated requirements. Such prioritization will facilitate further requirements
analysis so as to be accomplished in a more systematic and efficient way.

A number of cases for this problem can be defined as a combination of the
following elements:

View — that of the Product Owner, a stakeholder, a member of the development
team;

Goal — to compare the requirements, selected for prioritization;

Object — a requirement;

Competitors — all requirements, chosen to be prioritized;

Task — ranking so as to produce an ordered list of the compared requirements;
Level — any chosen — simple, middle or high.

Example 2: How the CA can be used for analysis of a set of requirements

View — that of the Product Owner, a customer or a member of the development
team;

Goal — to analyze a set of requirements before a new iteration;
Object — a set of requirements

Competitors — only one element — the constructed set;

Task — evaluating the quality of the set of requirements;
Level — simple

Example 3: How the CA can be used for evaluating the effect of
refactoring

Refactoring is an agile practice which deals with changing the design or structure
of the code without changing its results. Refactoring involves rewriting the code to
improve its understandability and maintainability, while explicitly preserving its
behavior.

View — that of the developer, coding the program

Goal — to compare code quality before and after refactoring;

Object — a program

Competitors — two versions of the same program — before and after refactoring;
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Task — ranking
Level — middle.

Example 4: How the CA can be used for communication strategies
selection

The Product owner wants to compare different forms of communication with
stakeholders to be used during an agile project.

View — that of the Product owner;

Goal — to compare the communication strategies, identified as appropriate

Object — a communication strategy

Competitors — 9 communication strategies, chosen to be compared [9], namely
Face to face (F2F), F2F at Whiteboard, Email, Online chat, Teleconference calls,
Videoconferencing, Overview diagrams, Overview documentation, Detailed
Documentation.

Task — ranking so as to produce an ordered list of the compared strategies;

Level — simple.

A linear model for the object “communication strategy” has been created,
comprising only two characteristics — effectiveness and efficiency.

Conclusions
The main goal of the present paper is to describe the method of Comparative analysis
and how it can support the decision making during the agile software development.
One of the most difficult activity — object quality modelling — has been illustrated by
presenting some models for a number of objects — requirement, user story, set of
requirements, design, program and product. As example, four CA cases in Scrum
framework for software development have been given.
Some possible directions for future research and development work can be:
— To identify and describe entirely some other CA situations during agile
software development, in which the decision making is crucial;
— To examine the usefulness of the CA in a real-life agile project, expanding the
re-use library with many different items — cases, models of other objects, etc.;
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Mertoa, noanmoMarain B3eMaHeTO HA peleHus
NPHU 'bBKABO pa3padoTBaHe Ha coTyep

Hean ManeBa

Pe3ome: CtaTtusita OmucBa Kak METOJI, TIOJIIOMArail B3eMaHeTO Ha PEIICHUS,
MOJXe Ja ce M3I0JI3Ba MpPU I'bBKAaBO pa3paboTBaHe Ha codryep. MeToasT Ha
CpaBHUTENHHA aHAIM3 € NPEACTaBeH HAKpaTKo, 3aeJHO C Ipoleaypa 3a
M3IOI3BAaHETO MYy. 3a €AHa OT Hal-TpyIHHTE NEHMHOCTH — MOJeNHpaHe Ha
H3CIIeBaHNTE 00EKTH, € OOSICHEH MpeIaraHusIT HHKPEMEHTaIeH NOAX0 ] U ca
ONHCAaHW MOJENH, KOHCTPYHpPaHH 32 OCHOBHHM MEXIUHHH IPOIYKTH:
W3WCKBAHHS, TOTPEOUTENCKH HCTOPUH, TPOCKTH, NPOTpaMH M YaCTHIHH
MpoayKTH. HSKONKO IMoNe3HH NpWIOKEHHS Ha METOJAa ca MIIOCTPHPAHU C
MIPUMEPH.
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OnruMu3upaHe HAa MPOLECUTEe M0 HHTErpPalus
MexKAy HHPOPMALMOHHHUTE CUCTEMH H
H3IPaKJAaHe HA eIUHEH NMOTPeOnTEeJICKH NPoduI

Muaanen I'eopruen

HuctutyT o matemarnka u nHpopmaTtuka npu BAH, Codust
mladen@math.bas.bg

Pe3tome: B crarmsita e pasrieman mpoOniem, mpen koiTo e usnpaBeH WUT
OTAENBT HA MOBeUeTo cpeaHu u romemu ¢upmu. Korato e HeoOxomumo
MePCOHANBT Ha KOMIIAHUSATA Aa MMa AOCTBI 10 WH(OPMAIMOHHH CHCTEMH H
pecypcH B opraHM3anusara, a To3u nepcoHan Hazasumana 200-300 mymw, ot
rJeHa TOUKa Ha e()eKTHBHOCTTA 3aIl0vuBa Jla CTaBa HaIEXalo Ja ce 00bpHE
[oBede BHUMAaHUE BBbPXY HAulMHA Ha CHOJAENAHE U JOCTBIIBaHE Ha
nHopmarmATa ¥ ONTHMHM3HMpaHe Ha TIIpoleca II0 YIpaBIeHHE Ha
HOTPEOUTEIICKU TPYITH C TO3U pa3Mep.

BLBenenue

[Ipu Hanuumero Ha TOISIM OpOH CIyXHTeNIH B AajfeHa ¢upma, TEKydeCTBOTO Ha
MEpCOHa] M HapacTBAIIUTE W3MCKBAaHUS 3a TIIOBHIIABAaHE HA CHTYPHOCTTa B
OpraHM3allMUTe, W3MNBIHEHUETO Ha 3aJb/DKEHUSATa [0 aJMUHUCTpUpaHE Ha
HOTPEOUTEICKU aKayHTH CTaBa M3KIIOUUTETIHO TPYJIOEMKO, KOETO HOCH ChC cede cH
OMACHOCT OT HEBOJIHHU TPEIIKH, NPOMyCKaHe Ha HIKOM MOMEHTHU OT IOJUTHUKHUTE 32
CUTYpHOCT M €IUH NO-BUCOK PUCK OT JomyckaHe Ha rpemka. OT gpyra crpaHna,
KBan(UIUpaH IEpCOHAT € HATOBapeH ¢ pyTHHHa pa0boTa, KOSTO OTHEMa BpeEMe,
KOETO OT CBOS CTpaHa € HeJoOpa mapruyHa MHBECTUIMS. BCHUKO TOBa ch3/aBa eHO
JIOITBIIHATENTHO HATOBapBaHE Ha MEpPCOHANa B OT/AENA, MOHIKABAIIO €(EKTUBHOCTTA
Ha CITy’KUTEJINTE.

CpIo Taka BB3HUKBAT U IPOOJIEMH B KOMYHHMKAaIMATa MEXAY OTACITHUTE
CIy’)KHTENM, 3BE€HA M PBKOBOJACTBOTO. Jlumcata Ha yZOOHM M JIECHHM HAuYMHH 32
KOMYHHKaIMs TTOJTHKBAT BCEKHM CIIy>KHUTENI caM Ja ThpPCH HAuWMHM 33 BPB3Ka C
KOJITUTE CH WM YECTO TOBa Ca BBHINHU 3a OPraHU3alUATA MOIMICHCKH CHPBBPH,
caiitoBe 3a cmomensHe Ha ¢aitmoBe u apyrd momoOHH. MHOTO  CIyKHTENn
CBXpaHsABAT CIIy)keOHa WH(OpMAIHsI B JHYHUTE CH €JICKTPOHHU mouy wiu ,,USB*
MPEHOCHMH NaMETH, KOUTO TyOsT WM ce moBpexaar. ToBa ce AbDKM Ha (akra, ue
OOMKHOBEHO CIY)KUTEIHNTE HEe ca MH(GOPMHUPAaHU AOCTATHYHO 338 TOBAa KAKBO MOXE Ja
ce CIy4d ¢ LeHHUTe AaHHU. KOHTpomabT Ha paboTa Ha OTAENHHUTE 3BEHAa € MHOIO
TPYJIeH, pa3IMuyHUTE OTAEIM UMaT MU3rpaJicHn COOCTBEHHM CTEPEOTHITH Ha paboTa u
HSIKOUW OT TSX Ca M30CTaHajH, a IPyrH — Hamnpen B paboraTta. BeBexkaaHeTo Ha HOBU
OpraHM3allMOHHU IIPaBWJIa HA HHUBO OPTaHM3alMs € HM3KIIOYHUTEIHO TPYJOEMKO H
3aTpyIHEHO.
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Beuuko ToBa ca mpoOiemMH, 3a KOUTO € HEOOXOAMMO Ja ce IOMHCIU
CBOEBPEMEHHO, 32 J1a ce U30erHaT HEellPeABUICHU 00CTOATEICTBA, KOUTO O1UXa MOTJIH
Jla ce u3pa3idT KakTo BbB (MHAHCOBM 3aryOM, Taka M B 3aryba Ha IIeHHA
kKopniopatiBHa nHpopMarwms. llle mpercraBuM enuH MoAen Ha YIIpaBIEHHE Ha
MOTpeOUTENCKH NMPOQWIN W H3rpakaaHe Ha HMH(OPMALMOHEH IOpTajl, KOWUTO €
BHeZpeH U crenuduumpad mnsio 3a Hyxaure Ha CBAJI mo onkxonorus EAJL, Tp.
Coous [1]. ToBa BurtouBa gehUHIpPAHETO HA MPOIIEca 10 YIIPABICHUE HA aKayHTHUTE
Ha CIYXWTEIU IpH Ha3HA4YaBaHe, CMsSHA Ha CTaTyTa M HAaIyCKaHE C SCHO
crenuduIpane Ha paBaTa Ha OTACITHNUTE SAHOTHUITHU TPYIHU OT CIYXXHTEIH CIPSMO
JUIBKHOCTTA M MPUHAUISKHOCTTAa UM KbM OINPEIENICHO 3BeHO. ToBa e AOMPHHACS
3a yCTaHOBSBaHE HA IpaBWJIa 32 MEHAa)XUpaHE Ha MOTPEOMTENICKUTE aKayHTH. Te3n
npaBuia ce JeGuHUpaT HOOTACIHO 32 BCAKA €IHA OT COPTYEepHUTE CUCTEMH, C KOUTO
pasnoiiara KOMIaHUATa, 33 J1a Ce NOCTUIHE MAaKCUMAaIHO IpEIMU3HUpaHe Ha MpoIieca.
CrezBall erarn € aBTOMaTU3UPAaHETO Ha IpoLieca 10 Ch3JaBaHe Ha IOTpeOUTeNN Ha
Oazara Ha neuHUpaHWTE NpaBmwiIa. ToBa OCHTypsiBa €MHEH aKayHT 3a JOCTBI Ha
BCEKH CIY)XHUTEN JI0 BCHYKH CJICKTPOHHM PECYpCH W CHCTEMH Ha OOJHHIATa,
HE3aBHCUMO OT CO(TYEpHHS MPOIYKT.

WsrpanenusT wuHGOpPMAIMOHEH TIIOpTall OCHTYpsiBa cCpejaTta, KbIETO Ce
OCBILECTBSABA KOMYHUKAIMATA M CIIOJNEJISTHETO HAa MH(OPMAIMs MEXIy MepcoHaa.
ToBa e cucremara, KOATO LEHTPAIM3UPA BCHYKA MH(POPMAIIMOHHN PECYPCH Ha €THO
msicro. OcBeH TOBa Taka c€ IOBHIIaBa WH(QOPMHUPAHOCTTa Ha CIY)KUTEIHTE.
WuTpaner mopranbT JaBa CriocOOMTE, Ype3 KOMTO MOXKE MHOTO IIO-JIECHO Ja Cce
opraHuzupa padbotara 1o oouy paboTHN rpynu. Beeku cimyxuTen Moxe aa MoirydaBa
aKTyaJlHI HOBMHHM M HHCTPYKIHMH 3a paboTa ChC CHEHUANIN3UPAHHUS HPHIOKECH
copryep. IlpemuMcTBOTO Ha TOpTana €, Y€ € I'BBKABO pEIICHHE, KOETO [aBa
BB3MOXKHOCT Ha TOTPEOMTENHTE cCaMM Ja T'O 3aIlBJIHAT ChC CHIBP)KAHME, Ja TO
MOJIPEAT 10 COOCTBEHO JKENIaHUE U J1a HHTErpUpaT OHU3HEC MPOIIECUTE CH B HETO.

AHaju3 Ha peuieHusiTa

Pe3yntaTsT 0oT pa3paboTkaTa Ha cUCTeMaTa 3a YIpaBlIeHHE Ha HMOTPEOUTEICKU
aKkayHTH cieiBa fga ObJe HaOOp OT CKPHUIITOBE, Ype3 KOUTO, KOTaTo CITYXKHTEN €
Ha3Ha4eH, ¢ IPOMEHEH CTaTyC WM HaIlyCHAJ, /1a Ce Ch3/aBa NOTpeOuTEICKN Npodhui
cnpsiMo MH(pOPMAIHATA, KOATO CE ChABbpPXKA 3a HEro B 0asara OT JAaHHMW Ha OTIEI
Yosemkn pecypcu. KoHnentyarHusaT Moaen e Iokas3aH Ha ¢urypa 1.

Besika cmsHa Ha craryTa Ha JafieH CIyXWTen, TpsOBa s1a ce oTpassiBa B
,Microsoft Active Directory”, K0eTo € ICHTPAIHUAT KOHTCHHEP 3a ChbXpaHCHHUC Ha
aKayHTH M CJIC[l TOBa CBIIUTE NPOMEHHM Ja Ce HM3BBPIUBAT BBB BCHYKH JPYTH
co(ryepu, KOUTO HAIMAT pa3paboTeHa Bpb3Ka ¢ ,,Active Directory®.

Benuku  gefcTBHUS, W3BBPIIEHH OT CKPHUINTOBETE BBPXY IOTPEOUTEIICKUTE
npoduin, ce 3anmucBar BBB (Qaiin. Mcropusara e HyHa OT IVIeHA TO4YKa Ha
CUTYpPHOCTTA — 3a MpocJeIiBaHe 1 OTKPUBAHE Ha CJIyyau Ha 3J0HAMEpPEeHU JeicTBus
BBPXY MOTPEONTEIICKH aKayHTH, a U 3a OTCTPaHsABaHE Ha MPOOJIEeMHU ChC CHCTEMaTa,
KOHUTO MOXe€ 13 Bb3HUKHAT.
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Queypa 2. Konyenmyanen mooen 3a cmMaHa Ha napona Ha nompeoumen

Tyk uMa u omie equH Mporec, KOWTo TpaOBa 1a ce pasriena. OcBeH NIPOMEHHUTE,
WHHALMMPAHU OT co(Tyepa 3a YIpaBIE€HHE Ha YOBEUIKHTE PECYpPCH, COHUHCTBEHOTO
HEIO, KOETO MOTPEOUTENAT UMa BB3MOXKHOCT caM Ja MPOMEHS Mo Mpoduiaa cH, €
CBOfATA Tapoiyia. 3a Jla He ce IMoilyyaBa OOBPKBAHE MO CHCTEMHUTE M CHUTYallUH, B
KOHMTO eIUH MOTpeOUTEN UMa pa3lInuHK JaHHU 32 AOCTHII B PA3IMUHUTE CUCTEMH, €
Heo0XoOuMO Ja ce Ch3jaje MopTal, KbAETO Ja ObJe M3BBPIIBaHA CMsJHATa Ha
napojara ¥ Ta3M CMsHa Ja ObJe OTpa3siBaHAa BbB BCHYKH COPTYepH, B KOHUTO €
HeoOxoauMo. 3a Ta3u LieJl Ha IoTpeduTenure TpaOBa Aa ce 3a0paHu cMsAHATa Ha
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napojia nmpe3 BCUYKH NPpOrpaMHu MNPOAYKTHU, KbACTO TOBAa € Bb3MOXKHO, OCBCH IIPE3
rnopTraljia 3a CMsHa Ha IapoJia. Ha (bnrypa 2 e TIoKa3aH M TO3H1 KOHICIITYaJICH MOJCIL.

Tyxk, CBIIO KaKTO W TPH TPEAHUS MO, € MHOTO Ba)KHO Ja UMaMe OTYETHOCT. 3a
Ta3d Iej MOTPEOUTEINTE, KOUTO Ca CMEHHJIM YCICIIHO IapojiaTa CH, MOJydaBaT
MMCMO Ha €NEeKTPOHHATA CH TIOIIa, a aAMHUHUCTPATOPUTE MMAT JIOCTHII 10 OTYET C
WCTOpHS Ha NEUCTBUATA B TIOPTala — YCIEIIHN ¥ HEYCIEIIHH.

Berukn mpomecn, W mpuM  gBaTa  Mofena, € HeoOXogmMmo ga  Obaar
MUMITJIEMEHTUPAHH 110 TaKbB HAYHH, Y€ aKO UMaMe HEYCIEIHIHO JCUCTBUE HIKBJE MO
BEpHUrarTa, mporechT jaa Ob/ie MPEKbCHAT, JIa C€ BbPHAT BCHYKH MPOMEHH B 00OpaTeH
pen U [1a ce 3aluilie KaKbB € IPOo0JeMbT B HCTOPHATA HA ACHCTBHUITA.

[lo ce oTHAcS MO KOHIEHIIMATA 32 MHTEPHET MMOPTAJI, TO TOH TpsOBa Ja UMa TpU
OCHOBHH YaCTH — [[CHTPAJIHA CTPAHUIIA, TIOCAITOBE 32 OTACIHUTE 3BEHA MK TPYIH
u ,,self-service® gacr.

IlenTpanHa CTpaHMUIA: TOBa € MSCTOTO, KBACTO Ca CHUTYHPAaHH PECYPCHTE,
JIOCTBITHH 332 BCUUKHU CITY)KHUTENIU Ha OonHunara. [Au3aiiHeT TpsOBa na e cbo0paseH ¢
KOpIIOpaTHBHATa UJICHTUYHOCT Ha OpPraHU3alusiTa, T.€. Ja ce U3MO0I3BaT oQuInaIHo
JOTo, IBETOBE U €IEeMEHTH. JOCTBIBT Ce OCBIIECTBABA ABTOMATHYHO CIIOpEN
NoTpeduTeNsl, KOWTO IMOJ3Ba KOMIIIOTBHP upe3 ,,Single Sign On“ mpomec. Axo
KOMITIOTBPBT, OT KOWTO NOTPEOWTENSAT Ce ONWTBA Ja BJe3e, HE € YacT OT
OpraHu3alyaATa, TO MOTPEOUTENAT caM TpsAOBa Ja BbBEAEC NAHHUTE CH 3a JOCTHII.
Llenra Ha cTpaHMIATa € Ja € OCHOBHA 3a JOCTBII 10 BCHYKH BB3MOXHH PECYPCH,
KouTo npemnarat napopmannonaute cuctemu Ha CBAJIO. Tosa ca:

— HOBUHH,

— yKa3arer,

—  HWHCTPYKIHH;

— BBTPEUIHO-HOPMATHBHU JJOKYMEHTH;

— OJlaHKH;

— Bonaununa napopmannonna cucrema (BMIC) — HHCTPYKIIUH U yeb M0CThIT,

— CeKuus ,,3a MEH" — MONbJIBaHE HA €JICKTPOHHA MOJ0a 3a OTIMYCK, CMsSHA Ha
napona, ch3/laBaHe Ha coOCTBeHa paboTHa 00acT (MOACANUT) U IPYTH.

Ioocatimose 3a omoennume 36ena unu epynu: ToBa ca o0macTH, Chb3AaAECHH OT
aJMHUHHCTPATOPUTE 3a [EIWTE HA PA3NIUYHU OTIACIH WM TPYHNH IMOTPEOUTEINH.
Hampumep caiit Ha wHGOpPMAmMOHEH OTAEN, Ha BCHYKM CTapIid CECTPH, Ha
CYETOBOJICTBO M T.H. Te3u caliToBe ca Ch3IaleH! OT aIMHHUCTPATOPa, HO KOHTPOIBT
[0 YIPaBJICHUETO Ha ChIBP)KAHHETO € MOBEPEH M3ILUIO Ha CHOTBETHOTO 3BEHO M €
cpoOpazeH cbC cTpykTypara My. C Ien OJeKOTABaHE U ONpPOCTABaHE Ha
CHIBbP)KAHUETO B ITOpTaia, TE3W IMOJICANTOBE ca BHIUMH CaMoO 3a MOTpeOUTenuTe,
KOHUTO MMAaT JIOCTBI 70 TSIX.

,,Self-service uacm: CTpaHuIa, Ipe3 KOSITO BCEKH CIYXKHUTEN MOXKE J1a Ch3/IaBa
coOcTBeHH PabOTHH 00JAaCTH, J1a TH CIOJENs ¢ KOTOTO MIOXKENae U caM Jla UMa IIbJIeH
KOHTPOJI BBPXY ChABPKAHUETO, KOETO C€ MyOIHNKYBa.
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ApxurexkTtypa

CucreMa 3a ynpapJ/jieHHe HA IOTPEOUTEJCKU AaKAYHT

Ha ¢urypa 3 e moka3an MomersT Ha paboTa HA CKPUOTOBETE 32 yIpaBIICHHE Ha
notrpebuTencku akayHTH. COPTyephT Ha YOBEIIKH PECypcH € N30paH 3a Ha4alloToO Ha
HPOLIECUTE IO YIPABICHHE Ha CIYXKUTEICKUTE MPOQUIH, 3aI0TO TOH HAl-IIBIHO U
TOYHO OTpa3siBa PEaHOTO UM CHCTOSHME. B HEro € 3agb/DKUTENIHO a ca BbBEICHU

BCHUYKH JOTOBOPH Ha IIE€pCOHAIA.
)
JActive
Directory”

PowerShell*
CKpunToBe

WcTopwnsa Ha
npoMeHuTe

Dueypa 3. Obwa apxumexkmypa Ha cucmemama 3a ynpasienue Ha nompeoumencku npoguin

Beexn nmen ce remepupa XML ¢ait, B KOHTO ce ChIbpXaT NPOMEHHUTE,
HalpaBeHH B JAHHUTE 32 CIYXHUTEIUTE IPe3 MOCIEIHOTO AeHOHomue. To3n ¢aiin ce
npounta ¢ ,,PowerShell ckpunrt. BB ¢aiina moxxe ga WMa TpH THUTA TPOMEHH:
Ha3Ha4YaBaHe, HAIlyCKaHE M TNPOMsHAa Ha ciyxuren. Cropex Tuma TIpOMsHA ce
SaﬂeﬁCTBa q)yHKLH/IH, KOATO HM3ITbJIHABA HeO6XOﬂI/IMI/ITe ﬂeﬁCTBHfI 0 ynpaBJICHHUETO
Ha moTpeduTenckure nmpodunu. BCHUku U3BBPIICHN JNEHCTBUS Ce 3allaMeTsBaT BHB
(aiin ¢ ucropus Ha npomenure. ,,PowerShell“ ckpuntoBere ca MHOTO 10OBP U300P
3a pealn3upaHeTo Ha Te3H ONEpaliH, 3all0TO CKPUIITOBUSIT €3UK € 4acT OT MakKeTa ¢
porpamMu Ha BCHYKHM ONEPALMOHHM CHCTEMHU W TNPOAYKTH Ha ,Microsoft“ ot
MOMEHTa Ha Ch3laBaHeTo My. Tol e MHTerpupaH B Te3M CO(TYEpHH NPOIYKTH U
JlaBa B3MOXKHOCT 33 aBTOMAaTH3alus Ha IpoliecuTe 1o KoHdurypupane [2]. ToBa e u
LIeNTa Ha Ta3W CHCTEMaA: Jla aBTOMAaTH3Wpa IpolecuTe Ha paboTa M 1a MpeMaxHe
YOBEIIKUS (aKTOpP NMPH TOBEUETO OIEpalliM 0 MEHaKHpaHe Ha akayHTH. Te3u
CKPHIITOBE MOTaT Jia CE H3IIBJIHSABAT aBTOMAaTHYHO 4pe3 KoHpurypamus B ,,Task
Scheduler na ,,Windows* [3]. MIMaT BB3MOXXHOCT Ja OBJAT IOANMHUCAHU ChC
cepTu(UKaT, 3a 1a ce€ TapaHTHUpa, Y€ MbPBOHAYAIHHUAT KOJ HE € MPOMEHEH U Jia ce
n30erHar 3J10ynoTpeou.
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Hpyr ,,PowerShell“ ckpunt mnpoBepsiBa BCHYKM aKayHTH Ha IOTPEOHTEINH,
MpeMecTBa TH B OMNpeIeNicHus ,organizational unit” B ,,Active Directory” u um
Ha3Ha4yaBa HY)KHHWTE IpaBa CIOpe] UIHKHOCTTa M 3BEHOTO. Toil ce m3mbiiHABa Ha
BCEKH HAKOJIKO yaca. ToBa e Hello Karo CBhp3BaHe Ha MOTPEOHUTEN KbM ONpeiesieHa
poJIs cropel HeroBaTra NPUHAIICKHOCT KbM 3BEHO M JTBXKHOCT. TO3HM CKpHIIT €
HYXXHO J1a OBb/ie TOCTOSHHO TIPOMCHSH, 3a Ja OTroBaps Ha IPOMEHAIIaTa ce
CTPYKTypa B OpraHu3alHsTa.

ApxutekTypara Ha yed CTpaHHUIIaTa 3a CMsHA Ha Tapojia He € MHOTO CioXHa. Ts
ce cbcrom OT JBe 00OocoOenu uactu. EnHata ¢ yed wuHTepdelchT, KOWTO ce
BU3yalM3Mpa Ha KIWCHTa, JocThhBaml ye® crpanuuarta. Toil e pa3paboTeH Ha
»~ASP.NET“. TexHomormsita € MHOrO MOIIHa, ¢ J00pe pa3paboTcHa
(yakmmoHamHOCT. ToBa s TMpaBW UyneceH M300p 3a pa3paboTBaHe Ha PEIICHHA,
KOWTO Jla ca JIECHO MOJUIbPKAaHU M BHeApPeHU. Ts M3MbIHSABA Haii-BakHATa IeT Ha
uHTep(deiica 3a cMsHAa Ha Tapoia — JIeCHO JOCThIIHA € 3a MOTPeOUTENHTE.
Peanmzanmsita kato ye® CTpaHWIa JaBa BB3MOXKHOCT 3a HWHTErpals BBHTPE B
HHTPAHET TOpTala Ha oOpraHusanusaTa. [loTpeOuTenuTe MMAaT MOCTBII OT BCEKH
KOMIIOTHP, 0€3 71a ¢ HeoOX0MMUMO J1a Ce WHCTATUPAT JOIBIHUTENeH codryep. JlecHo
MOE J]a ¢ KOHTPOJIUpa OTKBJE MOXKE [1a € MOCThIBa. KIMEHTUTEe KOMYHHKUPAT C
ye0b yacTTa, a BCHYKHU JICHCTBUS Ce U3MBIHABAT B Oe30macHara cpefia Ha ChpBbpa. 3a
Ja ObJie KOMYHHKAIIUSITA MEXIY KIMEHTa U ChPBbpa 3alllUTeHa, € HEOOXO0UMO Jia ce
M3M0J3Ba KPUIITHPAHA BPbh3Ka MOCPEACTBOM cepTudukar. Taka NpeHACSIHETO Ha
JIAHHY € HAITBJIHO 3alIUTEHO B JIBETE MOCOKU — KIIMCHT-CHPBBP U ChPBBP-KIIUCHT.

Bropara uact e ,,PowerShell“ ckpunr, KOWTO ce cTapTUpa Ha ChPBBPA, KOraTo
KJIMEHTHT M0Jja]ie KOMaH/1a 3a CMsiHa Ha mnapoua. ,,PowerShell* cpexara 3a ckpunrose
HU JaBa ChBMECTHMOCT C yIpaBJieHHEe Ha ,,Microsoft codTyepHUTE MPOIYKTH U
onepanuoHau cuctemu. ChIO Taka UMa Bh3MOXKHOCT 3a OCBHIICCTBSBAHE HA BPH3Ka
W aIMUHICTPHUPaHE Ha IPYTH BUIOBE COQTYEPHH CUCTEMH TOCPEACTBOM Moayid. Ot
TJIEJIHA TOYKA Ha CHTYPHOCTTA, 3al[0TO TOBOPHUM 3a padoTa ¢ MOTPEOUTEIICKA TaHHH
3a TOCTBIT JJO BaYKHHU CUCTEMH 3a OPTaHU3AIMITa, € Ch31aJICH TOTPECOUTEIICKHA aKayHT
o MoJieNa 3a Haii-Manko mpaBo. Ha motpeOurens ca nageHHd BB3MOXKHO Haii-MajKo
mpaBa, 3a [a W3MBIHSABA 3a7adaTa CH, a WMEHHO — Jla MOXE Ja W3ITBJIHSABA
»PowerShell“ ckpunra Ha ye0 CbpBBpa M Ja MMa MPaBO Ja CMEHs MOTPEOUTEICKH
napoJiu B ,,Active Directory” u npyrure nHbpOpMaIiOHHN cUCTeMH. B ToBa umcio He
ce BKJIIOYBAT CCPBU3HH, BrPAJCHH, aIMUHUCTPATOPCKH M APYTH BaXKHW aKayHTH B
»Active Directory”. Tyk, KakTo ¥ IIpU CUCTEMAaTa 3a yIpPaBJICHUC HAa aKayHTH, TUIIBT
Ha TO3u noTpeduren ¢ ,,Group Managed Service Account®.

HNutpaner nopran

IMopTanbT MOKeE a ce BU3yaln3upa KaTo JbPBOBHHA CTPYKTypa OT CaliTOBE WU
rpymnu oT caiitoe. Ha ¢urypa 4 e Busyannsupana KapTa Ha HaclleAssBaHETO. Benaku
MI0JICAaliTOBE MOTAT Aa HACIEAAT HUBATa Ha JOCTBI OT CaiiTa pOIAWTEN WM Ja UMat
CBOH COOCTBEHH YHUKAJIHHA. Paznmuunute IBCTOBC Ha BHU3YyaW3allud O3Ha4YaBaT
pasnUYHM HHWBAa Ha JOCTHI B OTIENHHUTE caiToBe. ,Hawdamnata cTpanuma® e
OCHOBHATa M A0 HEA HMAT OOCTHII BCUYKHU CIIYKUTCIIH. KeM nHes ca CBbp3aHU
MOJICAaiTOBE, KOMTO Ca CH3JaJICHH CTaTHYHO, 32 J1a O0CIY)XBaT pa3lM4HUTE OTAEIH
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Wi 000CO0eHH Py OT CIyXuTeIu. Te3u cailToBe ce Ch3aaBaT OT aJMUHHCTPATOP
NPy BB3HUKBaHE Ha HeoOxoammocT. Te ce BMXKIAT caMO OT MOTPEOUTETHTE, Ha
KOHUTO € paspelicH JOCTBIBT N0 TAX. ,,Self Service™ wactra e orhencHa oT obmara
CTPYKTypa M TaM BCEKH CIY)XXHUTET MOXE caM Ja Ch3/laBa COOCTBEHH CaiToBe U
obnacTH.

Havanwa
cTpaHuua

,Self Service*

Cair Ha CaitT Ha Caitr Ha
otgen 1 otaen 2 otaenn
WHauBrayaniu
canTose
Mop-cakTt Mop-canTt MNop-caint
Ha otgen 1 Haotaen 1 Ha oTgenn

Queypa 4. Cmpykmypa na unmpanem nopmana

Jlu3aiin — Toii oTroBaps Ha KOPIOPaTHBHATA MICHTHYHOCT Ha GosHuIara. Thit
kato CBAJIO uMa MHTEpHET CTpaHHIA, TO BBTPEIIHUAT MOPTAl € C MaKCUMAIIHO
OMM3BK 10 HEHHUWS AW3aifH, 3a JAa MOXE CIYKHUTEINTE Ja IJIEeAaT Ha BBTPECIIHMSA
MOPTaJI KaTo Ha HEIIO MO3HATO, a He KaTO Ha OIE €JHA HOBA CHCTEMa, KOATO TPsOBa
Jla M3MOMI3BaT. 3aTOBa CE M3MON3BAT TPA()MYHHU EIEMEHTH M I[BETOBE OT WHTEPHET
cTpanunara Ha Oonnunarta. [lompexbara W Jorukata Ha CTPYKTypuUpaHe Ha
OTJECJIHUTE €JEMEHTH B IIEHTpajHaTa CTpPaHMIA CBHIIO CleJBa JIOTUKaTa Ha
JIOCEralTHUTe MOJAETH Ha paboTa. 3a MpUMEp MOXKE J1a Ce Majie ChUICCTBYBAIIUAT
XapTHeH TelleOHEeH yKaszaTel Ha OONHHIATA, C KOWTO Xopara ca CBUKHAIM Ja
paboTsT 10 MOMeHTa. EJEKTpOHHUMAT BapHaHT OTIOBOps Ha OOIIONIpUeTaTa
cneuuduka Ha mnozapend6a. OcBeH BCHYKO TOBa TyK BaKaTl M CTaHJapTHUTE
M3UCKBaHUS 3a BCsKa yeO cTpaHMIa — Aa ObJie MHTYHTHBHA, Obp3a M MAaKCHMAITHO
OTIPOCTEHa, 3a J]a MOXe JKenaHata HHPOpMAIHs /1a ce ocTHra Obp30.

Cohabpxanue — [Ipobiaemute, KOUTO MHOTO (PUPMH MMAT MPH BHEAPSBAHETO,
ca, 4ye € IOYTH HEBB3MOXKHO Jla C€ KaKe Kak ,,Ipsg0Ba Jja M3IJIeKAa WHTpAHET
NOpTANBT Ha MajeHa opranusanus”. ,,SharePoint“ me TpsOBa mpocro na Obae
UMITJIEMEHTHPAH, a TpAOBa Ja ce U3M0I3Ba. MHOTro BaXXHO € J1a ce MAeHTH(HUIpar
crielinGUYHATE U KPUTHYHU OW3HEC MPOLIECH BBTPE B opraHm3anusara. Kpuruuum ca
NpOLIECUTEe, KOUTO ITPaBAT OpraHW3alMATa TOBAa, KoeTo €. HeoOxomumo e IbiHO
pa3bupaHe Ha Te3H MPOIeCH W UMIDIEMEHTHpaHeTo UM B ,,SharePoint“. OcBeH ToBa,
BHEJPSBAHETO MpeJroiara OCHOBHO NO3HAaHWE Ha caMus NpoXyKT. TpsbBa nma ce
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npoy4aT BB3MOXKHOCTUTE Ha ,,SharePoint® OTHOCHO KOHKpETHHTE TIpOlLECH B
opranmzanusra. Cien ToBa € HEOOXOMMO J1a C€ HAaMEPAT JOMUPHHUTE TOUYKH MEXKIY
(YHKIMOHAIHOCT M Bedye NpPOyUYEHHTEe OM3HEeC mpolecH. TpsOBa na ce MUCITH U
Hampen. BakHo € ma ce orcedr Hemara, KOWTO HAaWCTHHA MMa CMHCHI Ja ce
UMITJIEMEHTHPAT. AKO HEIIo HiMa Ja ObJe IMUPOKO U3IOI3BAHO, TO € Mo-100pe /1a ce
HaOnerne Ha Jpyra 4acT. YecTo Cly)XHUTEIWTe TPyIHO IMpHEMaT INPOMEHUTE H
HOBOCTHTE. 3a Ja ce rpabHe BHIMAHHETO UM € HEOOXOAMMO HEII0, KOEeTO Na THU
3aMHTpHUTryBa. ToBa MOXe J1a O'bJie HElO U3KITIOYUTENHO IpeOHO, HO KOETO € HOJIC3HO
B eXKemHeBHaTa uM pabora. Hampumep, BB3MOKHOCT Ja MpaBAT CIPaBKH 3a
OCTaBallus UM TOAMIICH OTIYCK M EIIEKTPOHHO IOMBbJIBaHE HAa MOJIOA 3a OTITYCK.
Hemro, koero 1ie MM crecTd Bpeme W € JMuHa obiyiara. ToBa Iie T Hakapa upes
TIOJI3BAHETO Ha €JJHa (PYHKIIMOHAIHOCT J]a OTKPHSAT U IPYTH IOJIE3HH 32 TAX Hella.

Topcene — Bp3aMoXHOCTTa 32 ThpceHe € Kiro4yoBa. Llenrta Ha pelieHueTo ¢ na
ObZie LEHTpPaJHO MSCTO 3a ChbXpaHeHHMe Ha uH(popmauums. ToBa mnpennonara
MPOTPECUBHO HATPYINBaHE Ha rOJEMHU KOJIMYECTBA AaHHH C Te4eHHe Ha roaunute. C
BpEMETO 1€ ce OKaXe INpodJieM HaMHpaHETO Ha pejeBaHTHa WH(opManus.
HMnneMeHTHpaHeTo Ha KayeCTBEHO M OBP30 THpPCEHE € OT BHCOKAa Ba)XHOCT. 3a
MOCTUTAHETO Ha MO-TrojsiMa €(EKTHBHOCT € BrpajicHa BBH3MOXKHOCT 3a THPCCHE B
ChIBPXKAHUETO Ha (haiioBeTe.

Kourye — Bp3M0OXKHOCT 32 Bb3CTAHOBSIBAHE HAa U3TPUTH CIEMEHTH HA CHCTEMaTa
OT MOTPEOUTENTE ChC CHOTBETHHUTE TIpaBa. ,,Komrdero™ e peaan3upaHo Ha JBE HUBA.
[TepBOTO HMBO Ma3u ChABbPKAHUE, U3TPUTO B PAMKHUTE HA TEKyIIMsI caiT. To Moxe
Jla ce BB3CTAHOBSBA — TOBa O3HayaBa Aa OBbJE BPBIIAHO HA MSCTOTO, OTKBAETO €
O0uio mnpemMaxHaTo, B CBCTOSIHHETO, B KoeTo ¢ Owro. Cnen uW3THYaHe Ha
KOH(QUI'YpUpaH MEPHOM, ChIBPKAHHETO OT IBPBO HUBO Ha ,,KOIIYETO™ OTHBA BBB
BTOpPO HUBO. TOBa HUBO JaBa BE3MOXKHOCT Ha aJIMHHUCTPATOPHUTE J1a BE3CTAHOBSBAT
ChIBpIKAHKE, KAKTO TOBA CTaBa B MIPEAHOTO HUBO. CJiea H3TPUBAHETO OT BTOPO HUBO
CHIbPIKAHUETO HE MOXKE Jia Ob/Ie Bh3CTAHOBEHO, OCBEH aKO HE C€ ChIbpiKa B HAKOW
apXxHB Ha CHCTeMaTa.

HcTopus Ha Bepcum — Moxe 1a ce KOHPUTYpHpa ChIbPKAHUETO B CaiTOBETE
Jla IMa UCTOpHs Ha IPOMEHUTE, 3a J1a ce npocuensnsa ,,Koit?, ,, Kora?“ u ,,KakBo?* e
MIPOMEHHMJI 10 CJIEMCHTUTE U BCUYKO TOBA Jla MOXKE J1a C€ BH3CTAHOBH 10 MPCAUIICH
erarr.

O0600menne n 0baeI0 pa3BUTHE

JKenannero 3a onTumm3HMpaHe W NOAOOpsiBaHE Ha eXeTHEeBHaTa paboTa JOBene
JI0 UMIUIEMEHTHPAHEeTO Ha TakoBa pemenue. Cimyxurenure B OoimHMIATa ca crnabdo
KOMITIOTBPHO TPaMOTHH, HO B JHEIIHO BpeMe HH(POPMAIMOHHUTE CHCTEMH Ca
Hepas3/ieNnHa 9acT OT BCEKM CeKTOp. V3BBpIIBaHETO Ha eKeIHEBHaTa pabora €
HEMHUCIUMO 0Oe3 TAX. V3KII0YUTETHO BayKHO € Ja Ce Ch3/1a/le MaKCHMallHa JIECHOTA 3
paboTa, a B CBIIOTO BpeME M AOCTAThYHO (DYHKIMOHAIHOCT, 3a Jla HE CE Hajara
CITy>)KUTEJIUTE J1a 51 ThPCAT MO HA4YWHHU, KOUTO MOraT Ja 3acTpalmiaT CUTYpHOCTTa Ha
komnaHusaTa. CHcTemaTa ce ONHWTBAa Ja HaMepH NepheKTHHA OanaHC MEXIY
(YHKIIMOHAITHOCT U HMBO Ha CUT'YpHOCT. Hay4eHOTO OT TO3HM MPOEKT ChC CHUTYPHOCT
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me ObJe TMONE3HO W MPUIOKUMO KATO CTpATerdss B MHOTO OpTaHM3alllH, Karo,
pa3bupa ce, € HeoOX0IUMO J1a Ce ChOoOpa3H ChC CIICIU(PUKUTE HA BCAKA OT TAX. ToBa
pellicHHe He BB3HUKHA M3BEJHBK, BU3MATA 332 HEro Oe MPOMEHsSHA MHOTOKPATHO,
JIOKATO Ce JOCTUTHE 10 TO3U M30paH moaxoj. VICTHHCKUIT KPUTEPHiA 3a ycrexa Ha
TaKOBa HAYMHAHHME € MMEHHO JAJId MPOEKTHT € MOJIE3CH U CE U3IMO0J3Ba OT XOpara.
IlepcoHanrbT MHOTO OBP30 CBHKHA C MOpTAa, KATO BCEKH HAMEPH IO HEIIO MOJIE3HO
3a cebe CH, KOSTO YJIECHsBa €XKeIHEBHAaTa My paboTa. B MomeHTa ciyxurenute
aKTHBHO JaBaT MPEMOPBKU M M3Ka3BaT JKEJAHMS 32 BHACSIHE HA OIIE MOA00peHHs B
paborara uM.

JopaboTkata W pPa3BUTHETO HA WHTPAHET MOPTaja OMPEACICHO € CAuH
HETPEKBCHAT MpPOIeC, KOUTO ChC CHTYPHOCT IIe MPOABIDKH ¥ 3aHampen. Hsama kxak
TOYHO J]a KaXKeM B KaKBa ITOCOKa II¢ C€ HACOYH, 3aIll0TO, BHIPEKH Y€ Ca Ch3/IaJACHH
HsiKOU 0a30BH (DYHKIIMOHATHOCTH M Ca aBTOMATU3UPAHH YaCT OT MPOLIECUTE, UMEHHO
CHIBPIKAHUETO U MOTPEOMTEIUTE HA CUCTEMATa Cca Te3U, KOMTO JIBUKAT Pa3BUTHETO
Hanpexa. Ilenra e BCeku na ycree Ja ONTUMH3Upa U MOA00pu pabortara cu. Mma
HSKOH KJIFOYOBHU HEllla, KOUTO CE IJIAHUPAT B MOMEHTA M CE OYaKBa Jia Ce pean3upar
B OJIM3KO0 OBIEIE:

— OrtBapsiHe Ha TOpTalia KbM HHTEPHET, 3a Ja ObJe HAWCTHHA [OCTHICH
OTBCAKBIE. 3a MenTa € HEoOXOAMMO 3aKyMyBaHETO Ha EIEKTPOHEH
ceprudukaT, 3a Ja ce MOCTHTHE 3aluTa Ha WHpOpPMAIMATA HPU HEWHOTO
MpEeHaCsHE;

— ABTOMAaTHYHO Ch3JaBaHE HA JIMYCH CAWT 3a BCEKHM CIYKUTEA IO 3aaaJCH
mabyoH, 7O KOWTO caMo ToH Aa mMa gocthi. Ciem ToBa, 4Upe3 rpyroBa
MOJIUTHKA, HACTPOIMKa 3a CHHXpOHM3HpaHe Ha ,,Desktop” u ,,My documents*
MAIKUTEe My BBPXY TO3M caiiT. Taka Ie ce OCHTYpH JOCTBITHOCT JIO BAXKHUTE
JIOKYMEHTH, IICHTPAIH3UPAHO YIIPABICHUE HAa CHhIBPKAHACTO U 3ala3BaHe Ha
HCTOPHS HA BEPCHHTE.

Cucremara 3a yhpaBleHHE Ha NOTPEOMTENCKH aKayHTH € W3KIIOYHTEITHO
3aBUCHMMa OT Jpyrure HHQPOPMAIMOHHM CHUCTEMH M € TpSKO CBbp3aHa C
IOPOMEHANIOTO C€ INATHO pasnucaHue. ToBa g ompenens KaTo HENPEKbCHATO
u3MeHsma ce. Haif-BaxnoTro e mnocTuraneto Ha JgoOpa oOpaTHa Bpb3Ka 3a
BB3HUKHAIN MPOOJIEMHU M 3alMC Ha MOAPOOHA MCTOPHS Ha JCHCTBUATA, 3a Ja MOXE
CBOEBPEMEHHO J1a Ce MpEeAINIpreMaT IIpoMeHu. ToBa ca U HelaTa, Ha KOUTO Ce 04aKBa
Jla ce 00phINa Haii-MHOTO BHUMAaHHE M 3aHaIpes.
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Optimizing the Integration Processes between Enterprise
Information Systems through Single Sign On

Miladen Georgiev

Abstract: The article examines a problem facing the IT department of most
medium-sized and large companies. When the employees of the company who
need to have access to information systems and resources in the organization
exceed 200-300 people, from the perspective of efficiency and productivity it
is indispensable to pay more attention to the way of sharing and accessing
valuable business information in the company and optimising the processes of
administering user groups of this size.
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HapaMeTpI/Ian BCKTOPH 3a pa3lnio3HaBaHe HaA
EMOIMUTE B I'OBOpa

Anekcanasp Uines
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Pesome: B ToBa mpoydBaHe ca MPEJACTABEHHM Tpyla OT MapaMeTpH,
HEOOXOMMMH 3a Ch3JlaBaHe Ha CHCTEMA 3a paslo3HABAHE HA EMOLUHTE B
ropopa Ha cBobomHa peuy. To oOxBaima HabOp OT MapaMETPUYHH CIEMEHTH,
HEOOXOIMMH 33 ChCTaBSIHETO Ha BEKTOPU OT JAHHHM, KOMTO MOTar jJa ObaaT
M3II0JI3BaHU 3a 00YUYEHHEeTO Ha PasHOPOAHH Kiacupukaropu. ChCTaBSIHETO Ha
MOJIEITH, ChABPIKAIIN [TAPAMETPU HAa EMOIIMH, € IbPBAaTa M Hail-BaKHA CTHIIKA
3a CH3[JABAHETO HA CHCTEMA 3a pAa3llO3HABAHE Ha PA3IMYHU E€MOLHOHAITHU
ChCTOsIHUS. EMoImMHTE ca MpsKO CBBP3aHU C €3MKa M OWTa Ha PasInYHUTE
OOLIHOCTH W CJIEBA MOJIENIUTE Ha EMOLMOHAIHM CHCTOSHHUS 12 ObIaT MPSKO
3apucuMH OT To3u (akr. Ilopaaum TOBa, IeiTa Ha MPOYYBAHETO € Ja
[PE0CTABU TIAPAMETPUTE, KOUTO JIa TIPECTABIISIBAT TPAJAUBHUATE €JIEMEHTH Ha
pa3IMYHA MOJENM HAa CEMOLMH B TOBOpa. 3a IenTa MOApoOHO € OmHCaH
MOJIETTBT HA M3rOBapsHE Ha peyra, a Clie]] TOBa ¢ 00ChIEHa METOAHKATa Ha
W3BIMYAHE HA OTJCIHHUTE MapaMeTpH OT roBopa. IIpemocraBeHu ca U OJIOK-
JIMArpaMH Ha Ch31aJICHATE METOAUKH.

KuawuoBu AYMHU: EMOLIMH, I'OBOP, pasrio3HaBaHE, [mapaMeTpu, KJ'[aCI/I(l)I/IKaLII/ISI

ACM 1998 Classification Keywords: D.3.3: Language Constructs and
Features — Patterns; 1.5: Pattern Recognition — 5.2 Design Methodology —
Feature evaluation and selection

1. BbBenenue

Wndopmanusta, chappkama ce B pedra, e Oorara, MHOrooOpasHa u
MHOrocrerneHHa.  Jlokato  cpoOmeHweTro Moxe nga Obxe  oprorpadceku
TPAaHCKPUOUPAHO, TO CHOBPXKA [ONBIHUTETHA WHGOPMAIHUS, KOSITO TOKa3Ba
UICHTHYHOCT, TMOJ, BB3pacT, (PU3UYECKOTO M EMOLMOHATIHOTO CHCTOSIHUE Ha
roBOpeII¥s. ABTOMATHYHOTO W3BJIMYaHE HA EMOLMOHAIHOTO CHCTOSHUE MOXE Ja
OB/ie MHOTO IOJIE3HO B CEKTOpa Ha YCIYTUTe M MMa NpPHIOKEHHEe B cdepara Ha
CUT'YpHOCTTa, IOpagd KOETO TO MOJNY4YH 3HAYMTEIHO BHHMaHWEC B HAIIW JIHH.
Emonumsta ce chabpka B TPO30JAWYHUTE MOJEIH HA CJIOBOTO. TOHAIHHUTE H
npekbeBaiy nHaekcu Ha cucremara Toou (Tonal and Break Indices — ToBI), kosro
€ CTaH/apT 3a aHOTaI¥sl, Ce MPEBbPHA B CTaHAAPT Ha MPO30IUYHA TPAHCKPHUIILIUS Ha
MHTOHAI[MOHHHU MOJICIIH, KaTO Pe3yJITaT OT ChTPYAHMYECCTBOTO HA PA3IUYHH HAYYHH
o0nacTi KaTo €3MKO3HAaHWE, MCHXOJIOTHS M EJIEKTPOTEXHHMKA, THPCEIId OOIH
MPO30AMYHHU €JIEMEHTH 3a TpaHCKpUNuus. Tobu ce n3non3ea NpeArMHO 3a CHHTE3 Ha
TOBOpP, KBAETO Mpo30AusTa TpsOBa Ja ObAe ONHMCaHa MO HIKaKbB HayumH. Taszn
cHCTeMa Ce CBhCTOM OT HSKOJKO OOJacTH, BCSIKA OT KOHMTO OIKCBA Pa3IMYHH
napaMeTpd B Pa3MYHM MOMEHTH OT BpeMeTo. YeTHpuTe OCHOBHH OOJAcTH C
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HapaMeTpu ca: MmOHAIHA, NPeKbeeawa, npasonucia U obwa. B ToBa uscinensaxe
M3pa3sBaHETO Ha CIEU(PUUHUTE €3MKOBU 0COOCHOCTH € M3BBPIICHO Bbh3 OCHOBA Ha
JIBA WHTOHAIIMOHHM Kiaca: unmonayuonwnu @pasu (IP) u mesxcounnu ¢pasu
(intermediary phrasing — ip). B Tasm pabora 3a u300pa3siBaHe Ha Ppa3IUIHUTE
€MOIMOHAIHU ChCTOSHUS Os1Xa M3IIOJI3BaHN CaMO €JIEMEHTH OT TOHAJTHOTO HUBO. Bb3
OCHOBa Ha IpaBWJIaTa 3a TeHepupane Ha ToOu, KakTo U Ha eIeMEeHTHTE, 0a3upaHu Ha
WHTOHAIIMA Ha aMEPHKAHCKH aHTJIMHCKH e3WK, mpemoctaBeHn orT Jilkka m mp. u
Stibbard, 6e pa3paboTeH MeTO 32 aBTOMAaTUYHO U3BIMYaHe Ha ToOu mapkepu. bsxa
W3MoN3BaHu 16 mapamerspa oT moxarHama odnact Ha Tobu, KOUTO cropen BUIa CH
Osixa pasmpelesieHd B TeT Pa3jMYHM KaTeropuu, nokasanu B Tabmuua 2. Cren
JCTCKIMA U paslio3HABAHC HA IMapaMETpUTE, TEC Osixa 3alucaHd B MaTpHU4€H BH] 3a
aHanu3. M3BiedyeHnTe mapaMeTpuyHy BEKTOPH OsXa M3I0JI3BaHU 32 pa3paboTBaHe Ha
l'aycoB Muxc Monen (GMM) xkaro ximacudukaTop Ha pas3lo3HaBaHe Ha
€MOIMOHAIIHOTO ChCTOSIHUE B CHCTeMaTa. bsixa N3Moi3BaHu YEeTHPH pa3iuuHH Kilaca
napaMmeTpudHu BekTopu: (1) curHam, cpappkam kKiacudeckw mapamerpu (11
napamerspa), (2) Tobm (16 mapamerspa) m (3) komOuHamust or aBere (27
napamerbpa o60mo). Chmo Taka Osixa M3BICYEHW M KENCTPAIHH KOe(QUIMEHTH
MOCpPEeCTBOM Men ckanata, a uMeHHO (4) MFCCs 3a chCTaBsSIHETO Ha OIE CIWH
napaMeTpUueH BEKTOp OT JAHHH 3a pa3llo3HaBaHE Ha EMOLMUTE B TroBopa. 103U
MeToZ O¢ TPHIOKEH BBbPXY CHTHala Ha rOBOpa, KAKTO M HAa CHUTHAJA, HOJNy4eH OT
CITUIJIOTHCA.

B Ttasm pabora 1mectre eMonMH 3a KilacH(pUIUpaHe W pas3lo3HaBaHe Osxa
padocm, eHA8, mved, cmpax, usHenaoa v Heympanna. KoprycsT Ha pedta, KoiTo 0e
W3IIONI3BaH 32 Te3W EMOIMOHAIHH CHhCTOSHUA, Oe ppuHO MapkupaH. Cucremara Oe
ob0ydena Bbpxy 80% oT mpobure Ha peura B Kopmyca. bmKWHUTE Ha (paszute
Bapupaxa oT 1 cexkyHma mo 12 cexkynmu. Ocrtanammte 20% Osixa M3MOI3BaHU 32
TECTBaHe.

2. N3BauyaHe HA MapaMeTpH OT CUTHAJIA

2.1. Moaea Ha rJ1IacoOBOTO BB3IPOU3BEKIAHE

Ha rmacmata ped Moxke Ja ce IieAa Karo Ha M3XOJEH CHIHal OT
BB3MPOU3BEXK/AIA CUCTEMA, CBHCTOAIIA C€ OT TPU JIMHEMHHM U TNPOMEHIMBU BBHB
BpEMeTO MOJCUCTEMH, KAaKTO € II0Ka3aHo Ha ¢urypa 1.

| | Tosop
—» G [P V@ —» R@® —»

Hmnyncu

DQueypa 1. Mooen na uszosapsane na peuma

ITo Bpeme Ha peueBOTO M3pa3sgBaHe Bb30YKIAaHETO Ha CHCTEMaTa ce MPOU3BEKIA
MPEeANMHO B TJIOTHCA W MMa KBa3WUIEPHOAMYEH XapakTep. MmiyncHuTe cepum OT
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BB3/IYIIHO HalpekeHHe, HACOYEHU KbM IJIOTHCA, Ca MOCIE0BATEIHU BbB BPEMETO U
ce (opMupaT Karo pe3yiTaT OT TPENTEHMATa Ha TJIACHUTE CTPYHU IO BpeMe Ha
MPOU3BOJCTBOTO HAa BOKaJeH CUTHal. [JloTanHata BBJIHA OIpeneNs OCHOBHATa
yectora Ha roBopa. CIeKThpBT Ha MOJNydYeHaTa ped, U3MEpeH INpu yctHure, S(Z),
MOXeE /1a Ce U3pa3u B KOMIUIEKCHATa YeCTOTHA 00JIacT Karo:

S(2) =G(2)V (2)R(2), M

kbaeTo G(Z) e roranen monen, V(Z) e pyHkuuATa 3a TpaHchep Ha BOKATHUSA TPAKT
u R(Z) e epexTpT Ha n3TBPUBaHE HA pedTa OT yCTHHTE.

3a 72 NOoNMy4YuM CIEKThpa Ha IJIOTalHAaTa BbIHA OT BB3IIPOU3BEIEHATA ped TpsOBa
Jla ca HaIMYHU CHCTeMaTa Ha BOKAJIHMS TPAKT, KAKTO U Ta3W Ha YCTHATa KyXHHA. 3a
R(Z) umame nipocT GuITHP OT IBPBa CTENEH, & IMEHHO:

1
; )

kbaero 0.95 < <1.0 . Axo mMozensT Ha u3TbuBAIMS eeKT OT YCTHUTE, KAKTO U
TO3W Ha BOKAJHUS TPAKT, ca aJeKBaTHO MOJICIHPaHH, TOraBa METOABT Ha OOPATHO
¢unTpupane Ha TJIOTaJHMS CHTHAI € Bb3MoxeH. [lo Bpeme Ha miIacoBo
BB3IPON3BEXKIAHE BOKATHUAT TPAKT MOXKE J1a C€ MOJENUpPA KaTO MHOTOIIOJIIOCEH
¢hunThp, U3paseH KaTo:

V=— G)

P .
1+ Zaiz_l
i=1

Koepummenture wHa V(Z) ¢Qunrepa ™MoraT ma ObgaT JECHO TOIXYYCHH
MOCPEICTBOM aHANW3 110 METoja Ha JHHEHHOTO mpenckasBane (LP), or Tuma Ha
aBTOKOpeanus win koBapuanteH meron (Rabiner u Schafer, 1978), kpmeTo p € ot
CTeneHTa Ha Tmpejacka3BaHe. Pemennero Ha riotanuus monaen G(Z) ot dopmyna (1)
MOXeE J1a JIOHJIe OT 00paTHOTO (UITPUPAHE HA TNIOTAIHHS CUTHAJ, 28 UMEHHO!

G(z)=—23)
V(2)R(z)’

R(z)=1-az

4)

AKO MOJENbT Ha BOKAIHHUS TPAKT € OMpPEAEICH C TOYHOCT B KPATKOBPEMEHHUTE
MHTEpBaId HA CUTHAlA Ha pe4ra, ToraBa OOpaTHOTO (GHUATPHPAHE HA TIOTATHHS
CHUTHaJl MOXE Jla C€ OCHTYpH, MPH YCJOBHE, Y€ ChCTABHHTE YaCTH HA MOJENa Ha
IJIACOBOTO BB3MPOM3BEIKIAHE Ca JIMHEHHO OTACIMMH U HE CH B3aUMO/ICHCTBAT €/IHA C
Japyra. B [eiicTBUTENHOCT, BOKAIHOTO BB3MPOM3BEKAAHE CE BIUSE OT BOKAIHUS
TPaKT, KOCTO BOAM 0 PA3IMUUsl B IJIACOBUS OOEM M CHEPIUs KaTO MPOMEHS |
CTPYKTypara Ha 3ByKoBara (popMa Ha riacoBara BbhjiHa. OCBEH TOBa, BApHAILIMHUTE HA
TJIOTATHUSL CHTHAJ, KakTO ce Ha0Iio/aBa NpH H3IOJ3BaHE Ha JapuHrorpad, He
BUHATH OTpPa3siBaT MOJOOHM BapHallMd B TIIOTaaHHS Bh3AynieH nmotok (Flannagan,
1972; O'Shaughnessy, 2000; Quatieri, 2002). He3aBucumo oT TOBa, ako OBIar
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HAMEPEHH CaMO TVIABHUTE XapaKTCPUCTUKH HA TJIACOBHUS CHTHAJ, KATO MOMCHTHUTE Ha
OTBapsiHE U 3aTBapsSHEC Ha IJIOTHCA M CHOTHOIICHUETO MEXIY (a3uTe Ha OTBApPSHE U
3aTBapsiHe (TJIOTATHA CUMETPHsI), 00paTHOTO QUITpUpPaHE MOXKE J1a ObJc CPCKTHBCH
METOJ] B OCHTYPSIBAaHETO HA IITacoBa WHGOPMAIUS, HIBAIIA JUPEKTHO OT CIUTIIOTHCA.
B Ttasm paboTta oOpaTHOTO QUITpUpaHE OCUTYpsSBA HUBOTO HA TOYHOCT, M3MCKBAIIO
ce 3a e(peKTMBHO WU3MON3BAaHE HA IiacoBara WH(oOpMamus B 3agadaTa 3a
KIacu(pUKAIUsI HA EMOIHHTE.

EKCIieprMEeHTAIHO TJIOTANHHUAT CUTHAT O¢ MOTYYeH TOCPEACTBOM JIBE KOHTAKTHU
ractuHkk ot EG2-PC napunrorpad Ha Glottal Enterprises, mocraBeHn Ha I'bpJiOTO
Ha TOBOPHTEIM-IOOpoBONM. B mbiHa cuMeTpus ¢ ToBa Oe¢ 3ammcaHa |
KOpECHOHMpaIaTa ped MOCPENCTBOM MHUKPOGOH W TUTHTATHO 3aIHCBAIo
YCTPOWCTBO Chc cemrummpama dectota Fs = 22,050 Hz. BpemeBu chOTBETCTBHSA
MEXIy ABaTa CUTHaJa ce IIOCTUIHA Ype3 pasriIekaaHe Ha BpeMeBaTa pasifka MEXIy
IJIACOBUTE CHOMTHS B CMMIJIOTHCA W B PEdTa, KaTo MOCIEAHHUTE OsiXa 3allicaHd OT
MHKPO(OH, Pa3oNoKeH Ha Pa3CTOSIHUE d OT ycTaTa Ha TOBOPUTEISI C BOKAJICH TPAKT
nemkuHa [ ToraBa pasnukara BBB BpeMeTO B IIEPUOAM Ha B3eMaHe Ha mpooata 7y
MEX]ly M3TOYHHKA U 3aII1ca Ha peuTa Oe olpeiesieHa KaTo:

_d+Dfs
O - )
C

)

kbpaeTo C = 343 m/c e ckopocTTa Ha 3ByKa BbB Bb3ayxa. [lo-geTailiiHo pasriexnane
Ha JBaTa CUIHaja NOTBBPXKAaBa BPb3KaTa MEKAY MOMEHTA Ha INIACOBOTO 3aTBapsiHE
U peTHOHA Ha MaKCHMAaJIHO CMYIIIEHHE B CUTHAJIA, 3aIFCAaH OT PeyTa.

3arBapsHe
Aunaumyoa

MUHUMARENH NOMOK
aTBOpeH I

Queypa 2: Inomanen umnync ¢ wemupume cu gasu: Omsapsne, Omeopen, 3ameapsine u
3ameopen

Tunuyen riacoB UMIyJC € moka3aH Ha ¢urypa 2. Touku A u b moka3sat Haii-
BHCOKHTE U Hal-HUCKHUTE CTOMHOCTH BBB (popMara Ha BBIHaTa. B ropHara gacTt Ha
¢urypa 3 e moKazaH TJOTaJleH CHUTHAJN, W3BICYEH C I[OMOINTa Ha OOpaTHO
¢untpupane, a B I0JHaTa € CbOTBETHATA pEY.
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Glottal signal
! . ‘ i :
-100 SRR R A BN R AR i £33 1
-150 FEA (n : ul E_
G i 5% ik
0.050 0.075 0.100 0.125 0.150 0.175
Speech signal
0.4 ; &
@ i |
£ 02 : [-bt-
g 0
T
-0.2 ] i | B
0.4 Hie s ed o ridd e i, -
0.025 0.050 0.075 0.100 0.125 0.150 0.175
Time, (sec)

Dueypa 3: Hzeneuen enomanen cueHan u KOpecnoHoupawama my ped.

2.2 O0paTHO (puaATPUPaHE HA [JI0TAJTHATA BhJIHA

OOpaTHOTO (QuATpUpaHe MOXKe Ha ObAC CPEKTHBEH M MPAKTHUEH METOA 3a
M3YHCIIIBAHE Ha TJI0TajHaTa 3ByKOBa BBJHA OT peyra. To € HeoOXOAMMO Nopaau
TOBA, Y€ B CBOOOJIHATA peU TJI0TAJICH CHI'HAI HE MOJKe J1a ObJie 3alncaH U M3M0I3BaH
1o Apyr HauuH. KauecTBOTO Ha MOJy4eHHs pe3yNTaT € ¢ KPUTHYHA 3aBUCHMOCT OT
TOYHOCTTa Ha OIIEHKaTa Ha IJIOTAJHATa YacT OT CUCTEMara 3a BB3IPOU3BEKAAHE Ha
roBopa. Bennbx 3ammcana, peura ce (uiTpupa, 3a 1a ce Jo0He BB3MOXKHO Haid-
Om3KO KomMe Ha TIoTanHaTa GopMa Ha BbIHAaTa. BakeH (akTop, KOWTO BIUsSe HA
(hopmara Ha riacoBHs Bb3IYIICH IIOTOK, € TUIIHT Ha (hOHAIHS.

MHoro MeTonu ca cBbp3aHu ¢ oOpaTHOTO ¢unTprpane Ha roBopa (Rothenberg,
1973; Wong u np. 1979; Moore u np. 2003; Brooks u ap. 2006), HO OCHOBHHTE
NpoyYBaHWs B OOJIacTTa Ce OCHOBaBaT HA JIB€ OCHOBHM IPOLEIYpPHU TPYIH B
3aBHCUMOCT OT METOJa Ha 3alica: B caMara YCTHa KyXWHa, IPELIOKEHO OT
Rothenberg (1973), u u3BbH Hes, KaTo NPH TO3H HAYUH C€ OTYMTA BIMSIHHUETO Ha
n3TpYBaHeTo oT yecTHuTe, Wong (1979). B moapo6Ho npoyuBare, Rothenberg (1973)
M3M0JI3Ba CIEIHAIHO MPOEKTUpaHa Macka 3a 3amucBaHe Ha 3ByKa IPH YCTHHTE.
AHanu3bT ce orpannyasa 1o yectora or 1 kHz. dopMaHTHHUTE YECTOTH U TEXHUTE
YECTOTHU JICHTH Ca HM3YUCICHU C IOMOIITA Ha TECHOJEHTOBA CIEKTOrpama H ca
M3MOJI3BaHU 3a (UITpUpaHE Ha BOKAJIHUS TPAaKT, Taka 4e MOXE Ja CE HW3BJIEYe

229



Hayuonanna kongepenyus no ungpopmamuxa,
noceemena na 80 2. om poscoenuemo na npogpecop Iemvp bvpues

TJIOTATHUAT CUTHaJl. BbIpeku ye HacTpoiikara, M3MON3BaHA B TOBa M3CIE/IBAHE, €
JIOCTa PECTPUKTHBHA W HE MOXKE Jia Ce Npuiiara BbPXY IpEeIBapUTEIHO 3allUCaHH
peueBn 0a3u JaHHW, TO BCE MaK Ipeiara IoBede JeTailiin BbpXy (opmara Ha
rJIoTaNHaTa BBIHA. THH KaTo Ta3W TEXHHMKa M3IMIOJ3BAa Macka 3a W3MepBaHE Ha
MIOTOKA, ECTECTBEHO € €/IMH OT Hal-Ba)KHUTE NMPHHOCH 1A €, Ue TIOJIydeHaTa II0TalHa
BBJIHA HOCH TI0JIe3HA MH(OPMAIHS 33 aMIDIMTyJaTa. AKO IIPHEMEM, Ye 3alHCBaIIOTO
YCTPOWCTBO € TMOAXOISMIO0 KaIHOPUPAHO, TOTaBa W MUHUMAIHUAM Oebum, W
amnaumyonuam nomoxk (BWK (urypa 2) Ha CHTHajla, HABAI OT €MUIJIOTHCA, MOTaT
Ia OpIaT HAAEKIHO IMONTydeHH cien oOparHo ¢untpupane. Kakto 6e mocodeHo oT
Rothenberg, Ha mpakTHKa 0OpaTHOTO (GUITPUpaHE Ce OrpaHHYaBa [0 JIEKO Ha3aJIHU
WIM HEHa3aJHW IJacHU. Pe30HaHCHMTE Ha BOKAJIHUS TPAaKT ca NPEICTAaBEeHU upe3
KOMIUIEKCHH JIBOMKH TOJIOCH M €a MOCOYEHU Kato gopmanmu. EQeKThT, Ch3aaaeH
oT ¢opmanTuTe, TpsiOBa Na ObAe aHynupaH (oOparHO (GUITPUpaH) Upe3 BbBEKIAHE
Ha KOMIUIEKCHA HyJIa JI0 BCEKU €AMH KOMIUIEKCEH IOJIIOC Ha BOKAIHHS TPAKT, KAKTO
1 TIOJIIOC WM PE30HAHC OT ITBPBH peJl Ha HyneBara yectoTa. [IpequMcTBaTta Ha TO3H
METOJl ca: HENPOHHIAEMOCT Ha HUCKOYECTOTEH CTAaeH IIyM; ITOJNYYCHHUST CHUTHAI
MOCTHI'a TOYHOCT JI0 HyJeBa 4YECTOTa; M IMO0-100po KanuOpupaHe Ha HUBOTO Ha
aMIUTUTY1aTa, U3I0JI3BalKN ITOCTOSHEH BB3AyLIeH MOTOK. OCHOBHUAT HEJOCTAaThK ¢,
4e Ts ce U3BBPIIBA B JA0OPaTOPHH YCIOBHS, U3ION3BAKY CHICHHATU3NPaHN METOIH,
KaTo 110 TO3M HAYMH TS HE ¢ IpaKkTHYHa 3a 00paboTKa Ha Beue 3alicaHa ped NpH
HOPMAJIHU YCIIOBUSL.

2.3 ABTOKoOpenanus u guHeiino-npenckaspau meroa (LPC)

3a na HampaBUM TO3M MOJEN 3a PAa3NOo3HaBaHE HAa €MOLIMUTE B TrOBopa IO-
YCTOWYMB KbM CHHXPOHM3AIMATA MEXIY aHAJUTHYHUTE NPO3OPHH M IHUKIUTE Ha
JIApUHKCA, KaKTO W JIa Ce MOyYH IM0-700pa yCTOWYNBOCT KbM IyMa, 33 aHAIN3 Ha
peueBuss kopmyc ce mnpuiara asrokopenamus LPC. Tlpu cpaBHsBane Ha
KOBapHalMsITa W aBTOKOpENANMATa HA JHHEHHO NpEJCKa3BaHE MMa TPH OCHOBHH
BBIIPOCA: KakbB € OpOST Ha YMHOXKEHHATA 3a WM3YUCISIBAHE HAa MaTpHIaTa Ha
KOpeJalusiTa 1 KaTo CICICTBHE Ja C€ HaMEPH pEIIeHHEe Ha MAaTPHYHOTO ypaBHEHHE;
KOJIKO € KOJMYECTBOTO M3IOJI3BaHA MAMET; M KaKkBa € CTa0MIHOCTTa Ha CHCTEMaTa.
Benuku Te3u croifHocTH ca q00pe 00o6menu ot Rabiner m Schafer (1978). 3a
METO/1a Ha KoBapHanus OposT Ha YMHO)KEHHATA Ha KOpPeJallMOHHATa MaTPHUIIA € * P U
(P3+9p?+2p)

6

YMHOXCHHUS, P pa3feNiHusl W P KOpEHyBaHMSA. 3a CpaBHEHHE, METOIBT Ha

aBTOKOpEJANKA Ce HYXAae OT CHIIOTO KOIMYECTBO YMHOXKEHHE 332 KOpeIaroHHaTa
MaTpuna uii N * p, HO pelICHUETO Ha MAaTPUYHOTO YPaBHEHHUE Ce HYKJae OT MHOTO
[0-MAJKO M3YMCIIUTENHATA MOIL, WId HO-TOYHO Ka3aHO — OT P? YMHOKEHHUS.
KonmuuecTBoTo u3mon3BaHa mamer, HEOOXOAMMO 3a JaHHUTE B MeToja Ha

KoBapualnus, CbOTBETCTBA Ha 6p0${ Ha TOYKHUTE 3a aHaimu3 N u 3a Kopé1alimoHHaTa
2

MaTpHla TEXHUAT Opoii e p?.

3a Ja CC HaMCpu PpPCHICHUC 3a HCTOBOTO YPABHCHHUC CC H3UCKBAT

3a Merona Ha aBTOKOpenanmust Te3n mu¢pu ca: N 3a Opos Ha TaHHUTE U P 32
aBTOKOpENIalMOHHATa MaTpHIla, KOSITO OTHOBO € IO-Majika OT Ta3H, HeoOXoJuMa B
MeTosna Ha KoBapuamms. M Hakpas, cTabWIHOCTTa Ha METOJa HAa ABTOKOpENAIHs
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MOYTH BUHATH € TapaHTHpaHa, KOraTo TS C€ U3UYHCIsABA C JOCTaThUuHA TOYHOCT, KOETO
OT CBOS CTpaHa O3HA4aBa, ye TPIOBa Jla Ce M3IOJI3BA IOCTATHYHO BHCOKA CTCIICH Ha
nporuosupane. [lonMHOMHTE Ha TPEJCKa3BAaHETO OOMKHOBEHO OCTABAT CTAOWIIHH,
KOTaTo C¢ W3MON3Ba (QWITHP 3a MPECKCIIOHANMSA Ha pedra. BoIpeku ToBa,
CcTaOMITHOCTTA HA TIOJMHOMHUTE Ha MPECKa3BaHETO HE MOXE Jia ObJc TapaHTHpaHa B
MeTOJla Ha KoBapwanus. Karo msuio, ako OposiT Ha €JICMEHTHTC B aHATUTHYHUS
MPO30peI] € MOCTAaThYHO TOJISIM, /IBaTa METOAa IINe JOBEIAT IO MOJOOHO peIlcHHE.
Karo ce nmaT mpenBui XapaKTepHCTHKHTEC Ha JBaTa METOJa HA KOBapHWAIUATa U
aBTOKOpEJaNuATa Ha JTMHEHHO TpelcKa3BaHe, NMOCIEeTHUTE OCTaBaT BBB (pokyca Ha
aHanm3a, HalpaBeH BBpPXYy Oaszara ¢ pa3roBopHa ped, M3Moi3BaHa Tyk. durypa 4
MOKa3Ba OCTaTbKa OT JMHEHHO Tpe/ICKa3BaHe BBPXY OTKHC OT CUTHAJ Ha JIajieHa ped.
MowmeHTHTe Ha TJIOTATHO 3aTBapsHE C€ BIDKAAT SICHO, Thi KaTo TE ca MPEJCTaBeHH
OT BBPXOBETE Ha OCTAThYHUS CUTHAI.

Short time signal using Harmming window
a
E
=]
=
=L .
1'
4.5 9.0 185 18.0 225 270 &l 5 36.0 40.5 45.0
Time, (ms)
%107 LPC residual errar signal after inverse filtering the speech
T T T T T T T T T
! STTTTTTT g H I [ T T T . STttt 7
I R . A ...... T —
. : : N | | : ‘ : ! :
T o Lt kAol A il K L _ I . AL A |||..I|.J ol |
s ; R ‘ '1 W L | [
£ : : : i : 7 ! )
=‘( '2_ """" ': """"" M TR :' """ o e i Ay | "':’ """""""" BRI RN ]
e
i i i i i i i i i
4.5 9.0 13.5 18.0 2258 270 3.8 36.0 405 45.0
Time, (ms)

Quzypa 4.: Ilposopey om spemesama obnacm na Xemune (2ope) u cuenarom LPC,
oCmanan cied o6pamHomo uampupane Ha 2080pa (001y).

3. I[TapaMeTpHYHHU BEeKTOPH

3.1 Knacuuecku u ToOu npo3oanyHu napaMeTpu

Knacuueckure MMPO30JUYHHU MMapaMETPU Ca: TOHAJTHOCT U CHCPTHUA BbB BpEMEBATa
o0uacr. ABTOMaTI/BI/IpaHOTO U3BJIMYAHC Ha mapaMeTpu OT Tobu IPOCTPAHCTBOTO oe
pcajiu3upaHo U HU3MNBIHCHUCTO MY oe CpaBHCHO C KJIAaCUYCCKUTE IPO30ANIHU
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napaMmeTpu. l3mon3BaHeTO Ha E€IEMEHTH OT TOHalHarta o0nacT BOAM [0
pa3rno3HaBaHe Ha pa3IMUYHUTE EMOLMOHAIHH CHCTOSHMA. TSXHOTO OTKpHUBAHE ce
0a3upa Ha pa3lo3HaBaHE HA TOHA IIOCPEICTBOM H3IMOJ3BAHETO HA MPOCTO
npociensBane ot obpataus ¢uaTep (Simple Inverse Filter Tracking — SIFT
anroputbM (Markel, 1972). KiiacngeckusitT npo30An4eH METOJ M3I0JI3Ba TOHATHOCT
U CHEeprusiTa OT BpeMeBaTa 00JIacT 3a M3BJIMYAHE HA MOJIE3HH JJAaHHU 33 Pa3lIO3HABAHE
Ha emormn. OwHA HacTpoiika Ha moxbopa Ha ToOM eNeMEHTHUTE W KIACHYCCKHUTE
MPO30AMYHN E€JIEMEHTH O€ TMpeayioKeHa 4dpe3 M3YMCIsIBAaHE Ha B3aMMHATa
nHpopmanuss (Mutual Information) Ha BcHYKHM mapaMeTpu OT BcsiKa OOJAcT.
[TonOopbT OT mapaMeTpy ce HaMalsBa JOMBIHHUTEIHO Cliell TPEOIeHKaTa ¢ METO/a
Ha MocieaoBaTeaHus Hampensail noaoop (Sequential Forward Selection). Tyk e
pa3paboTeHa efHa HOBa M Toj00peHa mapamMeTpuyHa o0JIacT KaTo KOMOWHAIMS OT
JIBETE, KOSATO AEMOHCTPHpPA MO-CTAOMIIHO MPEACTaBsIHE B YMCTa ped. Beuuku TectoBe
B KopIryc | ce mpoBeXIaT B TEKCTOBO- M TOBOPUTEI-HE3aBUCHMa Cpelia.

[TapamMeTpUYHUAT BEKTOP MOXKE J1a CE MPEACTAaBU KaTo I
&I(pl,...,p6,€1,...€3,d1,d2) (6)

KBIETO p TPEICTaBsiBa TOHATHHUTE CIEMEHTH, e NPEICTaBlsBa CHEPTHUHHHTE
XapaKTEePUCTHKH U d TPEICTaBIIBAT ApaMETPH C MPOIBIDKUTEIHOCT OT Tabnmma 1.

dopmynupoBKata Ha CreqU(UYHUTE €3MKOBH IpaBWJIa CE OCHOBAaBa Ha JBa
knaca: unmonayuonnu @paszu (IP) n mexcounnu ¢gpasu (ip). Besxo napeno IP ce
CBHCTOM OT HSKOJKO IO-MalKd ip-Ta. OCHOBHHUST TOH Ha Bcsiko IP ce m3Bimmua B
HAYaJOTO, W3MON3Balikh TpocTo TmpociensBane oT ooOpataus ¢unrsp (SIFT
anroputsM Ha Markel, 1972), cnen koeto 3amodBa pa3no3HaBaHETO Ha ITapaMeTpH 3a
(opMmupaHe Ha TapaMeTpuYHHTE BeKTOpHW. llogOpaHWTEe KITacCHYECKH NPO30JMIHH
napameTpu 0sixa 11 Ha Opoit. [IbpBUTE HMICCT eleMeHTa OsIxa U3BJICYCHHA OT OCHOBHUS
TOH (B 4YecTOTHaTa 00JacT) Ha TEKYIIMS aHAJUTHYCH Mpo3opel. bsaxa cbxpaHneHH
BapualMUTe Ha TOHAJHOCTTa BHB BCeKH IP mpe3 menusi mpoBepsiBaH aHaIUTHYCH
Mpo30pel] ¥ Cciell ToBa 0€ M3YMCIICHO CHOTHOIICHHETO Ha IOKayBaHe-CIajaHe Ha
ToHa. CreABaluTe MET napamerbpa 0sXa MoJydeH! MOCPEACTBOM H3MOJI3BAHETO Ha
EHeprusiTa Ha CUrHaja BBB BpemeBaTa oOmact. CpeaHaTa NpPOIBIDKUTEIHOCT Ha
nay3aTta Oe ompeselieHa ¢ IOMOINTa Ha KPhCTOCAaHa KOpeNalusi WM YecToTaTa Ha
npecuyane Ha Hyiara. Ha TsaxHa 0a3za Oe M34nclieHa cpeHaTa CTOHHOCT HA BCUYKH
pernoHaman may3u B emHo [P. TemmsT Ha TOBOpeHe Oe TIpeICTaBeH OT
CHOTHOLICHUETO Ha OpOs M TPOIBIDKUTEIHOCTTa Ha BCHYKH TJIACOBH CETMEHTH
(Wang, 2 004).

Tabnuya 1: Knacuuexu npo3oouunu napamempu

ToHaJIHN eJIEMEHTH

cpenHa

MeauaHa

CTaHAApPTHO OTKJIOHCHUC

AW (N | —

MAaKCHUMyM
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BB3X0JI-CITIaJ]

6 | MakcuMaJieH JMamna3oH Ha CIIaj

Enepruiinm ejeMeHTH

cpeaHa

CTaHJApPTHO OTKJIOHCHUC

MaKCUMyM

Enementu ¢ MPOABJIKUTEC/IHOCT

10 | cpenHa Ib/DKMHA HA HAy3UTE

11 CKOpPOCT Ha M3Ka3a: 6p0ﬁ/ﬂLH)KHHa Ha IrJ1aCOBUTC CCTMCHTH

[onopanute Tobm mapamerpm Osixa 16 Ha Opoit. Cmopenm Buma cu Te3u
mapaMeTpH 0sixa pasIpeesieH: B MeT pa3IndHi KaTeropuH, MOKa3aH!u B Tabmuma 2.
Tobu cucremara e gocra AWHAMHYHA, KOETO TOPaXKAa HIKOM TPYAHOCTH MpHU
aBTOMaTH3UpaHaTa JeTeknus Ha mapamerpH. Haxou Tobu enemenTH, cien kKato ca
OTKPHUTH, HO Ca B KOMOHMHAIUS C TPEANISCTBAIIN WM CIIEIBAIM I'M TaKUBa, MOXE Ja
ObJaT KOHBEPTUPAHH M J1a NIPE/ICTABISBAT APYTH eleMeHTH. EnuH npuMep Moxe aa
ob1e H* nu L+H*. B ciny4aure, Korato B paMKHTE Ha €IHO ip UMa npuchcTBUe HA H*
u L, u H* npexmectsa, HapacTBanl MUK ¢ OU-TOHATHO (pa3oBo ynmapenue L+H* e
OTKpUT U ropHara nuausg H* B To3m MoMeHT e mpesanucana Ha L+H*. Axo B
paMKHTe Ha JajeHo ip e umano Haimmuue Ha L* m H, n L* npenmectsa, cnanamo 6u-
TOHATHO (pazoso ynapenne L*+H e orkpuro n 6asoBata smaus L* B To31 MOMeEHT €
Mpe3anucana.

BaxxHo e na ce orOenexu, e Hakou ToOM €IEMEHTH ca B3aUMHO H3KJIIOYBAIIN
ce. I'pynupane ot Buzna !H+H* He e Bb3MoXHO. [[pyr mpumep e kpaifHaTa HHCKa
rpanuna Ha ToHa L% wu kpaiiHara Bucoka ToHanHa rpanuna H%. Te Bunaru ce
MIOKa3BaT B KOMOWHANMS C IpeaxoHara ToHanHa nHpopmaus. Exna ot npuunnuTe
Tobu cucremara na Ob/e M30paHa KaTo METOJ 32 M3BJIMYAHE Ha OTJCIHUTE YacTH Ha
MPO30AMATA €, Y€ TSI OCHTYPsiBa JOIBIHUTEIHO M 33JbJI00YECHO B3aMMOOTHOIICHHE
MEXIy pasINJHUTEe eJeMEeHTH B ToHamHata obOnact. I[locpenctBom Tobum ©Oe
YCTaHOBEHO, Y€ IIoTalHaTa ()opMa Ha BBJIHATA € IPSKO CBbP3aHa C EMOI[OHAIHOTO
CBHCTOSIHHE Ha TOBOPEIIHS.

Bcuuku ToOu napamMeTpu CbHCTABAT BCEKTOPA OT CJICMCHTU FT, KOHTO HU3IJICxaa
TaKa:

Fr =(1,..146) (7

KBICTO, ! — TPEJACTABIsABa BCHYKH ToOHM eleMeHTH, TOoKa3aHu B TaOmuma 2.
KomOuHUpaHUAT BEeKTOp OT MapaMeTpu OU M3TIICK AT TaKa:

E=(pl,...,p6,el,...€3,dl,dz,ll,...llé) WA E=[FCFT] ®)
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Tabnuya 2: I{enesu monannu Tobu enemenmu 3a uzeiuyane

1. Tonanuu L*+!H

CumBoan: TobH es1ieMenTH:
Momnoronamu | L* HaH-HHCBK TOH (MOHOTOHANIHO PA)
AKIEHTH H* HAH-BHCOK TOH (MOHOTOHATHO PA)

L*+H | yBenmuasain ce akueHt (OH-ToHaNHO PA)

YBEIIM4YaBalll Ce aKieHT cbe 3aHmkeno H (bu-Tonanto
PA)

AKLIEHTH: bu-ronanuu
T L+H* HApacTBall [THKOB akieHT (Ou-ToHarHo PA
AKLEHTH D
L41j* | HAPACTBALL HKOB AKIEHT CHC JAHIIKEH BHCOKA IPAHHIIR
) H* (6u-Tonanuo PA)

H+!H* | cnapmam akuent (6u-Tonanuo PA)
L% thrHAIEH HUCHK TPAHWYEH TOH

2. I'paHHYHH TOHOBE H% (hiHAJIEH BHCOK rPAHHYEH TOH
%H IIBPBOHAYANIEH I'PAHHYEH CPEIEH-TOH

3. Vispasmy axucTH L- HHCBK aKLIeHT Ha ¢pasa

} H- BHCOK aKIIEHT Ha (pasa

4. Mapasuu axnenty ¥ komOunanuy | H-L% | sucox akueHT Ha $pasa Jeko HaMalneH B kpas na desata
TPaHHYHY TOHOBE

L-L% | MHOro HHCKA TOYKA B AHANA30HA HA FOBOPHTENA

L-H% | Hucek akueHT Ha (pasa cieiBaH OT BUCOK IPaHUYEH TOH

M3ni04MTENHO BUCOK AKIEHT B AHANA30HA HA
TOBOPHTEN (IOKAYBaHE)

'H-L% | cnapauy BUCOKO-M3pa3seH aKlEHT C JIeK CIiaj Ha Kpast

5. Cnan

TH* CIaj - KOMIPECHs HA TOHATHMAT JUana3oH WK 3aHHAKeHa
) BHCOKA [PaHHLA

3.2 Excrpaknus Ha MFCC

B ToBa H3CJICABAHC 0s1xa HM3MIO0JI3BaHU YCTUPU CTBHIIKM 3a H3YHCIIIBAHC Ha

MFCCs:
1. Wzuucnsea ce FFT — tpancdopmarus B pen Ha Dyprie 3a BCCKU MPO30peIl OT
JIaJIeHUS] CUTHAT,
2. Upes M3MOA3BaHETO HA TPUBHI'BIHM MPO3OPIH CE MU3BBPIIBA TPaHCKpHOUpaHe
ot Hertz na Men ckana Ha 4eCTOTHMSI CIIEKTHD;
3. M3uncnssa ce log 3a Bcexu ot HoBonosryuennte MEL gecroTw;
4. WzumcnsaBa ce auckperHa kocunycosa TpaHchopmanust DCT na MEL log

YECTOTUTE, KaTo Mo To3u HauuH ce mnoayuaBar MFCCs, kouto ca
MPEJICTABCHU OT AMILUTUTYTUTC HA HOBOIIOJIYYCHHUS CIICKTH.

3a ma ce moiy4Hm ,,CIEKThP Ha CHEKThpa™“ HA CUTHAN, WIH Kencmpym, 0e
M3M0JI3BaHa CJIeJHaTa MOCJIEI0BATEIHOCT, ONcaHa BbB (urypa 5:

Curnan FFT abs()? log IFF abs()? Kencrpym

DQueypa 5: bnox cxema 3a nonyuasane na Kencmpym cucHaul
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4. ApXUTeKTypa Ha cucTeMaTa

3a anamm3a Ha MFCC, u3pbplieH Ha BTOpUS KPBI' OT €KCIIEPUMEHTH, IPOBEACHU
B Oe3exoBa Kamepa Ha 3BYKO3aIlMCHO CTyIHO, OpOsT Ha NapamMeTpuTe BapHpalle
Mexay 4-10 3a rioranHus curHan U 6-12 3a curHana Ha pedra, KakTo € 0000IIeHO B
Tabmuma 3.

I[eTameo OIMMCAaHUEC HAa CHUCTEMATA 3a MU3BJIMYAHC HaA TJIOTAJIHATA CUMCTPUSL

Tabruya 3: MFCC cmenenu, usnoazeanu npu 210MmaiHu U peiesu CUSHAIU

Bun na curnaia

Crened ua MFCC

8

10

12

I'noranen
PeueBu (roBop)

4
\[

\/

6
\/
v A

v -

\/

.\j

peuTa BU3yaJIHO € n300paszeHo Ha urypa 6.

oT

__________ 1 ————————————
I ]2 :
Baza ¢ rorop : : HPF duirsp I TIpeexcnonanus |
____________ I S S
————————————————— 1 —_—————————
) e | 3 |
Imotanna I l ®opma Ha :

camerpus & p BbJIHATA
MFCC 0 1 2 |
Y~ A

Kankynanma Ha

|

Hamupane Ha |
B TIOTATHHA CHTHAI |

|

MHH/MaKe

Obparao
tdunrpapane Ha ['M

|
|
I713COBHMS MOJIEN I
™) |

T'14aCHH 30HH

|
Hamupane Ha I
|
|

Dueypa 6: Uzenuuane na enomanen cuenar u MFCCs

[IpenBapuTenHo 3amucaHara ped € 3apeneHa B 0ok 0, curHanbT ce puatpupa
MIOCPEJICTBOM BHCOKO-uecTOTHO-TIporryckBareinedn ¢untep (HPF), 3a nma Owmar
mpeMaxHaTH Huckute dectotu nmoj 40 Hz. 3a na ce 3amasu ChIIOTO CHOTHOILIEHHE
curHai-yM (SNR) mpe3 menus 4ecTOTeH CIEKThp, CUTHAIBT Ce Iojjlara Ha
MIPEEKCIIOHAIMS TOCPEACTBOM JIOMBIHUTENHO (GunTpupane. dopmarta Ha BBJIHATA B
0ok 3 ce W3uHMCIsABa C MOMONITa Ha peajiHaTa 4YacT Ha TpaHcopMaluara Ha
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Xunbepr. [TogpoOHO 00siIcHEHHE Ha BOKaJHUs TpakT Oe HampaBeHO B Touka 2. OT
Hero ce onpeneins riaacoBusT Monen (I'M) u ce Hamupar rimacHuTe 30HH. Kimo4oBusiT
KOMITOHEHT Ha ¢urypa 6 e 0ok 6, kpaero ce nonyyasa riaotaieH curnan (I'C), ue
camo 3amoro I'C moxe 1a Ob/ie HaMepeH, HO M 3all0TO Morat Jia ObAaT W3YHCIICHH
MFCC koedunueHnture Ha Tiotuca. Kakro O¢ CIIOMEHATO MO-paHO, TIIOTATHHST
CHTHaJ ce IojlydaBa upe3 oOpaTHO (unrpupaHe ciies HAMHUPAHETO Ha HadaJHUTE U
KpalHUTE TOYKM Ha JBIDKCHHE HA IJIOTHCA. TEXHUKH 3a 0oOpaTHO (UITpHpaHE ca
pasrienaH B TOYKa 2, a THUIIMYEH IVIOTAJICH CUT'HAI M ChOTBETCTBAIINS My TOBOp ca
moKa3aHu Ha Qurypa 3.

ITonpobna cxema Ha cucremara ToOM e mokazaHa Ha ¢urypa 7. B 6mok 0
KOpPIYCHT € 3ape/ieH B IaMeTTa 3a YeTeHe Ha 0a3zaTa ¢ TOBOp, ChABPXKAIL PA3THIHA
emornnu. Kakro ce Bmxnia, mMa JBa cBbp3aHd mporeca B 6mok 1. Ha mppBo MscTo,
KOpPIYCHT TpsiOBa J1a ce Ch3AaAe Ype3 PbYHO HAMHPAHE HA MAapKEpH 3a HAYaIO0TO H
Kpas Ha Bcska emorus. Ciier ToBa BCHYIKH BPEMEBH MapKepu ca oO0paboTeHHu Taka,
4Ye Ha4yaJoTO M KPAasiT Ha BCSKA EMOLMS Ja CE 3alHIIaT XPOHOJIOIMYHO, KaKTO ca ce
MOSIBUIIM TI0 BpEMe B Kopiiyca. MapkepuTe 3a MOMEHTUTE Ha eMOIIMOHAIHHU ChOUTHS
B peduTa ce MpoduTar B OJOK 2 M IMO-KbCHO Ce chXpaHsBar B namerta. Ciensa
pasjensiHe Ha BCSIKO €MOIMOHAIHO M3pa3siBaHe B KOPITyca, Taka 4e TO Ce Ipynupa B
cBos kiac. Tosa ce ochiecTBsiBa B 610k 3. M300p Ha mapameTrpu ot Tobu obnacTra
ce u3BbpIIBA B 010K 4, a 00y4eHHe Ha cucTeMaTa — B OJIOK 5. 3a BCSKa OT YETUPUTE
emonuu B Koprmyc | Oe wu3monm3BaHo OanaHcupaHo oOydeHHe, c(hOpMHPaHO
nocpeacTBOM 242 n3Ka3BaHMs 32 BCEKH €MOIMOHANEH Kiac. TecTBaHEeTO ce U3BBPIIN
B 0110k 6 BBpXY 20% oT mpobute, minu 61 n3Kka3BaHMs 32 BCEKH OT YETUPUTE EMOLIUH.

_____________________ . ———— e
I | | 2 '
| Pruno Excnopm | Bpemesu ] L n |
: MapKHpaHe | mapkepu ] || IIpounr Mapxepu :

| I

- h

—————————————————————— I # |
— | |
| 0 | ] H3umciisane Ha |

I Kopnye |
| v IP unarepsanu |

I € rOBOp | |
| | 0 1 5 | 34 BCAKA EMOLHA |
L CTTTTTT 6 BA3A | :

1

| 6 r-TTTTTToy I 5 4 3 I ‘ |

: ! Tectpane 20% ' ! | |

1 [P, il 4 t Pazpenane Ha |

1

__________________ —__ [ EMOIUH |

| §rTTTTTmommmmmes — | . _—__________ _!

i | Obyuemsena80%c 1 1 I T

' 1 TobH, KNacHyeckH, ! : :_ 4 'i :_3 ]I

: 1 KOMOHHHPAHH : Lo Cenexips Ha | | .| Tlapamerpauno I

1| [apaMerpusa 4 eMomME |1 | To6u BexTOp I T HABITHYAHE I

1 I Ilactmns, Anocan, Texen, Heyrpanen 1 : | | I |

: I_--_______-_______.' 1 . ] T -

1

Queypa 7: Brok-ouacpama na Tobu u knacuveckama cucmema

236



Hayuonanna kongepenyus no ungpopmamuxa,
noceemena na 80 2. om poscoenuemo na npogpecop Iemvp bvpues

Crien paznensiHe Ha eMoluuTe, cUrHanbT ce npeaaBa Ha SIFT anmroputhma 3a
W3BJIMYaHEe Ha OCHOBHHMS TOH, KAKTO M 32 J[a C& KOPUTHUPAT IPEIIKUTE. 32 MOCTUTaHe
Ha nenure 0sXa M3MOJ3BaHM 3 KOpITyca C TOBOP. 3a PasllO3HABAaHETO Ha MapamMeTpu
3a Kopryc 1 Osixa M3MON3BaHM KIIACHYECKH IPO30JUYHM TapameTrpu u Todu; 3a
kopnyc 2 Te O0sxa MFCC Ha peura M rioTanHusl CHTHajd, a 3a Kopmyc 3 Osxa
BKJIFOUCHH BCHYKH yroMeHatH napamerpu. [Ipu xopmyc | maHHuTe Bapupaxa B I10-
TroqsM JHWama3oH 32 pa3IMYHATEe [apaMETPUYHM O0JacTH, CIEJOBATEIHO
HOpManmm3upaneTo uM Oe Hamexamo. Cien karto Odxa W3BICUCHH BCHYKH
rapaMeTpH, Te 0gxa MPOBEPEHH 3a TPEIIKH U KOPUTHPAHH, a B Kpasi Ha TO3U IPOIIEC,
3a 1a OpIaT ChCTABEHH NMapaMETPUIHHUTE BEKTOPH, Te Ogxa HopManu3upanu. ToBa ce
HaJ0XH, Thi KATO JAHHUTE UMaxa pa3HOpoAcH xapakrep. I[lapamerpuunuTe BEKTOpU
ce paznenuxa Ha yetnpu kareropuu: Toou (T), knacuuecku (F), komounupanu (C), u
Mel yecToTHH Kencrpanau koeduipentn (MFCC).

5. Pe3yaraTu u 00001meHue

Crnen aHanu3upaHe Ha JaHHWTE, CHOpPaHM OT EKCICPUMEHTHTE, MOXE Jia ce
3aKJIFOYH C TOJIsIMa YBEPEHOCT, Y€ [NIOTATHATA CUMETPHS Ce XapakTepu3npa ¢ 6orato
EMOIMOHAIIHO ChIbPXKAHKE, KOCTO s MPaBU €(EKTUBHO CPEACTBO MPU H3MBIHCHHE
Ha 3ajJ]auara 3a pa3ro3HaBaHe Ha eMoLuKTe B roBopa. OcBeH ToBa O¢ yCTaHOBEHO, Ue
rjoranHarta MHGOpPMaIHs € 3HAYMTENHO MOo-0orara OT KIACHYECKUTE MPO30JHYHH
napamMeTpu U € IO-yCTOHYMBA IIPU IIYMHHU YCJIOBUS, OTKOJKOTO BCHUYKH JPYIH
aHaJIM3MpaHu napaMmeTpu. HuckaTa yectora € B €CTECTBOTO Ha TJIOTAJHUSI CUTHAI U
MOJICHIIBa HEroBaTa CIIOCOOHOCT Jia OIeJIsiBa NMPHU TEXKH YCIOBHS Ha Pa3sHOPOJCH
myMm u ¢untpupane. IIpobiem B cucremara Moxe ga ObJe ONpenesITHETO Ha
TOYHHTE MOMEHTH Ha TJOTAaJHO OTBapsHE M 3aTBapsiHE, KOETO Oe peleHo
MIOCPEACTBOM H3ITIOJI3BAaHETO HAa ITOAXOMAIIO I'PYIIOBO-4ECTOTHO 3a0aBsHE (group-
delay). ToBa e 0coOeHO Ba)KHO, KOTaTO CHCTEMATa Ce U3MUTBA 33 H3IPHKIUBOCT MIPH
mymMHd ycnoBusi. OcBeH ToBa 0Oe J/I0Ka3aHO, 4e, BBIPEKH 4Ye MeN HYECTOTHUTE
kerctpanan koedurmerntu (MFCC) ue pabotar Taka mobpe B Kopmyc 3, KakTo B
Koprryc 2 B gncra ped, karo 1o MFCC moka3Bat mo-7o0pa 3IpaBHHA B IIyMHH
YCIIOBHSI, OTKOJIKOTO KJIACHYCCKHUTE MapaMeTpH B chiutTe ycaoBus 10 SNR = 10 db.
W wnakpas Oemie IMOKa3aHO, Y€ TOHAJIHWUTE W MPEKbCBAIIM HHACKCH OT Toou
MPOCTPAaHCTBOTO MOTAaT Ja JONpUHecaT 3a MoAo0psBaHe Ha pas3lo3HaBaHe Ha
emonuute. JlBere ob6nacti, ToOM M KiIacHUECKHTE MPO3OJUYHM MapamerpH, Osxa
TIOJJIOXKEHU Ha JIOIBJIHUTENIEH M0A00D, 3a Aa ObJaT Bb3MOXKHO Hai-eEeKTUBHHU Clie]]
nozdopa cu Tpenu ChCTAaBSHETO Ha MapaMEeTPUYHUTE BEKTOPH 3a KIaCU(PHKAIIHSL.
ToBa e moka3zaHo Ha /1Ba IbTH B Kopryc 1 n kopmyc 3. M3uncnenara craTucTiHyecka
3HAYMMOCT HOTBBP>K/IaBa BEPHOCTTA HA TIOJIyYSHUTE PE3yITATH.
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Feature Vectors for Emotion Recognition in Speech

Alexander Iliev

Abstract: In this study a group of parameters are presented to create a system
for recognizing emotions in free speech. It covers a range of parametric
elements necessary for compiling feature data vectors that can be used for the
training of various classifiers. Compilation of models containing parameters of
emotions is the first and most important step in creating a system for
recognizing different emotional states. Emotions are directly related to the
language and culture of different communities and therefore patterns of
emotional states are directly dependent on this fact. Therefore, the aim of this
study is to provide parameters to represent the building blocks of various
models of emotion in speech. To this end, the model of the utterance of speech
is explained in details, and then the method of feature extraction of speech
parameters is discussed. Block diagrams of the newly created methods are
provided as a result.
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Pe3tome: OOeKkT Ha H3CICIBAHETO Ca BB3MOXKHOCTUTE 3a OOJIeKYaBaHE Ha
THPCEHETO Ha MOBTAPSIIM CE PEKJIaMHU B Ipecara MpPH OCHUIECTBSBAHETO HA
MeJ¥si MOHHTOPHHT. AHalIu3Mpa Ce BB3MOKHOCTTAa 32 ObpP30 HAMUpaHE Ha
MOBTOPEHUATA Ype3 M3IOJI3BaHe Ha JECKPHITOP Ha M300pakeHusiTa Average
Hash (aHash). Ilpemnmara ce opurMHajzeH MOAXOA 32 OpraHW3alMs Ha
STHKETHPaHUTE SK3eMIULIPH 1 HaMEpPEHHUTe MOBTOPEHUs B eAHa o0uia 6a3a oT
JTaHHH.

KiarwuyoBu xymu: image authentication, aHash, multimedia data base, ArM32.

ACM 1998 Classification Keywords: H.5.1 Multimedia Information Systems

BnBenenne

B mamm mgHE WHQOpPMANMOHHUTE ¥ KIMIMHT areHIuM no0uBaT ocobeHa
3HAQYUMOCT MpPU AHAU3UTE HA COIHMAIHOTO MNPUCHCTBHE HA HHCTHTYIUHTE W
¢upmure. Upe3 oOpaboTBaHEe Ha TOCTHIIBAIIaTa WHPOPMAIUS OT IICHTPATHHUTE U
PEruoOHATIHU CJICKTPOHHU W TIE€YATHU MCIUH, TC MPEAOCTABAT Ha CBOUTC KIMCHTU
3a1bJ0049eHN aHAIHU3H OT Buaa [1]:

— OIIEHKa Ha MEIWIHUS OT3BYK Ha KaMIaHUs Wiu chOuTHe. To3u BHJ aHANn3
MOKa3Ba KOs WHQpOpPMAalMs € MPEeAN3BHKAIA HHTEPEC B MEIUNTE, KOH
KOMYHUKarmoHHH U PR nmefiHocTH ca Omnm ycnemHu. AHANU3BT CIYXH 32
OIIEHKA, ONTHMH3HMpaHe W O(opMsIHE Ha OBJCUINTE OTHOIICHUS MEXKIY
meauute 1 PR neitHocTTa;

— Benchmark ananus. Cayxu 3a cpaBHsABaHE Ha MEJUHHOTO OTpa3sBaHE HA JBE
WIM TIOBeue KOMIIAHUM M € TMOAXOMANl 3a MpOoydyBaHE Ha MEAUHHOTO
IPUCBCTBUE HA KOHKYPEHTH W MapTHhOpPH. ToH Moka3Ba MeAMIHHOTO
MO3UIIMOHMPAaHE Ha €Ha KOMIIAHMA M MOXKE Ja CIIy’)KH 3a OIpejessHe Ha
CTENEHTa Ha IOCTUraHe Ha KOMYHHUKAIMOHHUTE LIENY;

— H3YMCIABAaHE Ha peKJIaMHATa CTOMHOCT Ha pekinamMu U PR myOnmkamum. Toii
MOXeE Jla C€ W3M0JI3Ba 32 OCTOWHOCTsABaHe Ha MyOnuKyBanu PR marepnanu Ha
0azaTa Ha pEeKIAMHUTE Tapupu HA MEIUHTE, KaKTO M Ja C€ W3YNCIH
CTOMHOCTTa Ha [aJcHa peKJIaMHa KaMMaHus. PexkIaMHHMAT aHanus ¢
NPWIOKUM 32 MW3YHCIABAaHE Ha COOCTBCHM MaTepHald, KakTO U 32
MaTepHaluTe Ha KOHKYPEHTH U MapTHBOPH.

EHI/IH OT OCHOBHUTC U3XOJJHU MATCpUaIn, NPECAOCTABSIH HA KIMCHTUTC HAa TaKMBa
KOMITaHWH, € 6IOJ'IGTI/IHT>T, KOHTO CbAbpPiKa KAKTO 0606HIGHI/I KOJIMYCCTBCHU OAaHHU,
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OICHKKW W aHaJIu3u, Taka U IPCKU pe(bepeHuHI/I KbM MaTCepuaanTe, CbAbpiKallnu
HUMCTO Ha KJIMCHTA WJIN CJIICACHUTC OT HEIrO KOHKYPCHTU.

lomsiMa gacT OT MarepuanuTe, KOUTO ca BBB (poKyca Ha pas3TiekTaHUATA, ca
OTTeUaTaHUTE PEeKIaMH. XapaKTepHO €, 4Ye OOMKHOBEHO B PaMKHUTE Ha TEPUOJ OT
BpeMe KOMITAaHHMSTA WJIM MHCTHTYIMATA W3MI0JI3Ba €HA U Chllla pekiama. B MoMeHTa
THPCCHETO Ha CpEIIAHUATA HA PEKIAMUTE W KIaCH(PUIMPAHETO MM MO BUIOBE CE
OCBIIECTBABA PBYHO OT OIEPATOPU, KOETO € BpEMEeMKa M yMOpHUTENHa padoTa.
[[AMOCTHHAT TpOIlEC 3alouBa ChC CKAHMPAHETO HA CTPAHHIUTE HA ICYATHHUTE
MaTepHualli, Clell KOSTO CEe M3BBPIIBA ,Haps3BaHE W CHXpaHSABAHE HA OTICITHHUTE
YacTH B pa3Nu4HU KoHTeWHepu. TekcroBure ywacteuu ce mnoanmarar Ha OCR
00paboTKa, pPHUHO TOYNCTBAHE W TIOCICABAIIO KAaTETOPHU3UpaHE IO HAOOp OT
KITIOYOBH IyMH, a M300paKeHHATa C€ HACOYBAT KBbM CIICHUAIN3HpPAH IIperie] 3a
HAIMYMETO Ha PEKJIAMHU Ha CJICICHWTE MHCTHTYIHMH, OpeHIOBE WM KaMmmaHud. Ha
ma3apa ChIIECTBYBAT COPTYEPHH MPOIYKTH, KOUTO CE 3aHUMABAaT C yIPABICHHETO Ha
KOJIGKIIMH OT W300paKCHHs, HO CaMO KaTo MPHUMEpP IIe MOCOYMM, Y€ MPOAYKTHT
MatchEngine na kanajackara ¢pupma TinEye 3anousa ot $200 MecedHO 3a OrpaHHYeH
obeM ot m306pakenus u ctura 10 $1500 (1 Harope) 3a KOPIOPATHBHE KIHCHTH [2].

B HacrosimaTa paboTa ce mpeiara eMH HOAXO 32 OpraHN3MUpaHe Ha Mpoleca Ha
MperiexaaHe Ha HM300paKCHMATA 32 HAIMYHME HAa THPCEHH PEKJIAMH, KOWTO €
nojyaBromatu3upan. [locTenBammre n300paXkeHHs Ce CpaBHABAT C HAJIMYHH B
0a3ara eTUKETUpaHH IBPBOOOpPA3U M MPHU JOCTaThbuHA OJIM30CT T€ JAUPEKTHO Ce
KaTeropusupar B chinata rpyna. [Ipu cpemane Ha n3o0pakeHHe, KOETO CHCTeMaTa
HE MOXE Jia NPUYUCIU KbM HIKOE OT ETHUKETHPaHHTE, Ce W3BBPIIBA PBYHO
KaTeropu3upaHe OT OlepaTopa Win OTXBBPIITHETO My KaTo HEPEKJIaMEH MaTepHall.

Ilo-mony opranm3anmusATa € KakTO cCieaBa: B mepBa TOYKa Ce pasriiexaar
(aMuis  IECKPHUNTOPH, HW3IMOJA3BaHH Karto ,.oTmedarsim™ (fingerprint) Ha
H300pakeHUSITa, KATO CE MPaBH OLCHKA HA MPHIOKHAMOCTTa UM B PEIIABAHETO Ha
Ta3u 3aj7a4a. BTopa Touka ChIbpka CKCIICPUMCHTAIHU JJAHHU W aHAJIHM3U Ha U30opa
HA KOHKPETHHS JICCKPHUIITOP U ONTUMAITHUTE MapaMeTPH 3a M3MOJI3BAaHETO My. Tpera
TOYKA CC CIUpPA Ha €JHO OPHUTHHAIHO MPEAJIOXKCHUE 3a OpraHu3upaHe Ha Oa3zaTta OT
JTAaHHH, TIPH KOCTO CTUKETHPAHHUTE MHPBOOOPA3H U MOCICABAII0 HAMCPEHHUTE OJIM3KH
0 TAX H300paXeHUs ce chXpaHsBaT B oO0ma 0Oa3a. 3aximroueHWeTo 0000maBa
MOJTyYCHHUTE PE3yNTATH U MpeJyTara HACOKH 3a OBICIIO Pa3BHUTHE.

1. ®amuausara Hash neckpunropu, u3noi3BaHu KaTo OTHEYaThK Ha
H300paskeHust

B mpaktukaTta uMa peauiia MPUIOKEHUA, KBICTO CE MOJydaBa pa3MHOXKaBaHE Ha
mUppPOBO HM300pakCHHWE 4Ype3 IMpeopa3MepsiBaHe, pasTerisiHe, MpoOMsSHA B
KoHTpacTuTe u (opmature. Karo pesynrar ce mMOSBABAT HOBH, MONOOHU Ha
IBPBOM3TOYHUKA, H300pakeHUs. BrIpekn ye n300pakeHuATa HEe ca HICHTUYHH, TC
mpoabIDKaBaT na Obaat gocra omusku. M gecto ce Hamara pemaBaHeTo Ha oOpaTHaTa
3amaya — Ja Cce HaMepaT ONU3KHTE W300pakeHUs, KOWUTO BEPOSTHO ca
TpaHcopMalUU OT €WH U ChI IBPBOU3TOYHHUK. [I0BEUETO OT M3CIEABAaHHSTA Ca
BBPXY TBPCEHETO Ha CpPOTHH H300paKeHMsA, KOUTO Ca MPETHPHENTH pPa3IndHU
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mudpoBu Tpanchopmammu [3], Apyrd u3cnenBaHus ca  (OKYCHPAaHH BBPXY
npoOieMuTe Ha pasno3HaBaHe Ha OnmM3ocT Ha IUQPOB MHPBOOOpa3, KOWTO
BIIOCJIC/ICTBHE € TIpEMUHAJ Npe3 revaTane u ooparHo ckanupane [4]. Hue B cimyyas
ce UHTepecyBaMe OT 3a/1aJara 3a HaMHpaHe Ha OJIM30CTTa Ha M300pakeHHs], KOUTO ca
CKaHUPAHU OT Pa3iIMYHH MEYaTHA M3TOYHHIH.

EnuH oT npeanaraHuTe METOAN M3MOJI3BA Xl (PyHKIHMH, IOCTPOsBaHH Ha Oa3aTa
Ha CHIBPKAHUETO Ha HM300paKeHWsTa. 3a pas3liiKa OT KpHUITOrpadckuTe MeToau
(xaro MD5 u SHAI), mpu KouTO cllel TOCTPOSIBAHETO M CPAaBHEHHETO Ha
CTOMHOCTUTE Ha JBE Xl (YHKIMK MOXE Ja Ce KaXKe CaMo, Ye aKo XEIIOBETe ca
pa3lMuHK, TO JAHHUTE ca PA3JIMYHM, 4 aKO XCIIOBETEe ca €IHAKBH, TO MOXeE OH
JTAaHHUTE ca eIHaKBH (IOpaJn BB3MOXKHOCTTA 33 HaJIMYME Ha KOJU3MM), haMHIHsiTa
pasriiexaann (yHKOMH JaBaT BB3MOXKHOCT 32 CPABHSABAaHE M ThPCEHE Ha OMM30CT
MEXIY H300paXECHUTa, YUUTO XeII (DYHKIIUH Ce CpaBHABAT. JleTalnHu onucaHus Ha
anropuTMHTEe ca mpexnctaBeHn B [5,6]. CmemmamHo 3a meckpunropa pHash mma
OoubimoTeka ¢ orBopeH mocthll Ha (upmara Aetilius Inc. (pHash e perucrpupana
Mmapka ot Evan Klinger) [7].

B pasriexnanara gammius ot xem ¢QyHkunu cragat Average Hash (aHash),
Difference Hash (dHash) u Perceive Hash (pHash). aHash rerepupa otneuaTsk
Ha M300paKEHUETO CIIPSIMO CpefHara cBeTiora Ha m3obOpaxkenunero. dHash crnenBa
MoI00CH aNTOpUTHEM, HO TeHepHpa CTOWHOCTTA Ha MOPEIHUS IMHUKCET B 3aBUCHMOCT
OT TOBa Jali € MO-IPBbK OT JIeBUS CH ChCEH, T.e. TOM CTHIIBA Ha OIICHKAa Ha
rpagueHTtute. pHash e Ha npBB mornea Hall-GUHUAT METOJ, HO 3a CMETKa Ha TOBa H
Haii-6aBHMSIT. TOM ce OCHOBaBa Ha OIEHKA HA YECTOTHUTE MOJETH Ype3 MpHiiarane
Ha JIMCKpPeTHa KOCHHYCOBa TpaHc(opManus Ha MaTpHLIATa.

U B TpuTE Cydas IIbpBOHAYAIHO C€ M3BBPINBA peayLMpaHe Ha pa3Mepa U IBeTa
Ha M300paKeHUATA.

PenyuupaHero Ha pa3mepa 10 ONpeAeNeHH MIUPUHA [ U BHUCOYMHA b (B
MOBEYETO CIy4au paBHU) € Hal-Obp3UAT HAUYMH 33 NpEeMaxBaHe Ha JeTailu3anusaTa
Ha H300paKCHUATA, WTCHOPHPAHEC HA OPUTMHAIHUTEC pPa3MEpH U CHOTHOIICHHE.
Benukn pe3ynTatHu H300pakeHUs CTaBaT C €IHU U CBIIH [ x /; TTHKCEINA.

Cnenpamata CThIKa € peAyHHpPaHeTo Ha nBera. [Ipu Hesd MOIy4eHOTO
n3o0pakeHue ce mpeoOpasyBa B cuBara rama (grayscale). 3a Tasu men HW3MOII3BaMe
no-¢puHOTO TpeobpasyBaHe upe3 ¢opmyiara, MO KOATO ce Hamupa luminosity B
uBetoBus Mogen YCbCr [8]: ¥ =0.299*r+0.587*g+0.114*b

Or NOJIYUYCHUTC €AHAKBH IO pa3MeEp 06€3HBeTeHI/I I/I306pa)KGHI/IH C€ U3YUCIIIBAT
CbOTBCTHUTC NCCKPUINITOPU MO CICAHNA HAYNH:

— Average Hash: 3a Bcsiko 0T H300pakeHHATa ce HAMUPA CpefHaTa CTOMHOCT Ha
CHBOTO B M300paxenuero. [eckpuntopst aHash npencrapisisa nmopeauna ot
HyJIM U €IUHULHA C JBIDKUHA [ X/ | ompenensum nan nopeaHusaT MUKCEN OT
JIMHEHHOTO pa3rbBaHe HAa CHMBOTO M300pa)KeHHE € MO-CBETHJI (CTOWHOCT ,,1%)
WJIN TIO-ThMeEH (CTOWHOCT ,,0) OT M3YMCIIeHaTa Cpe/iHa CTOHHOCT Ha CHBOTO 32
JlaIeHOTo M300paxeHue (Ha ¢ur.l ca BU3yaJM3WpaHU CTHIIKUTE, TPE3 KOUTO
IIpeMHHaBa n300pakeHNETO /10 MojTyJaBaHe Ha aeckpunropa aHash);
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— Difference Hash: [eckpuntopsT dHash ce mnomydaBa upe3 nuHEHHO
pasrbBaHe Ha MaTpULATa C AB/DKUHA !X/ | YHUTO €NEMEHTH MMaT CTOMHOCT
¢/IMHUIIA, aKO JICBUAT MHKCEN Ha TpaHCHOPMHPAHOTO M300paKEHHE € T0-
TBMEH OT TEKyLNIMs W HyJa — B IPOTHBEH Ciydail. 3a moiyyaBaHe Ha
CTOMHOCTTA Ha Hall-IsBaTa KOJOHA CPABHEHUETO CE MPABH MEXIY MUKCEIUTE
OT IOCIIeIHaTa KOJIOHA M TEKYIIHUTE;

— Perceive Hash: AnroputhbMBT CTHIIBa Ha HaMUpaHE Ha OTKIIOHEHHUSATa Ha
gyectotute crnpamo cpexHarta DCT decrora, KOeTo MO3BOJISBA 3ala3BaHe Ha
CTabMITHOCTTa My TIPH KOPEKIMH Ha W300paKEHUETO KaTO CHIIHU MTPOMCHH B
L[BETa W OCBETEHOCTTa, KOUTO TPOABIDKABAT Ja 3ama3BarT olliara My
cTpykTypa. MW3umcnenwero obadye mpoTHda Tmpe3 HAKOJNKO ¢a3u Ha
onpexensae Ha DCT xoehHIMEHTH 1 MOCICBAIIO PEeAyIIUPaHe, KOSTO MPaBy
aJropuThMa B IHTH MO-0aBEH OT OcTaHanute [5,6].

COMPUTERWORLD

-

Wl T L

o, Ty, Ty

‘lJ ) L ol ‘ L - :

© Peryuman 0 e
(a) TTepBoHauaHO JI0 OTIpEe/IeIeH! () IlpemnHaBane uepHO/6310
m300paxeHne HIMpHHa 1 KbM grayscale CHIPSIMO CpeHATa
BUCOYHMHA MpeCTaBsIHE

CTOMHOCT Ha

(B ciryqas 16x16) CHBOTO

aHash=(1111111111111111 1000111000000011 1111111111111111
1111010011111111 ...

... 1000000000011111 0000000001111111 0000000011111011
0000000111111111)

DQueypa 1. Busyanuzayus na cmvnkume no nonyuasane na gexkmopa aHash

Ounenka Ha 0JM30CTTa HA H300PaKEHUATA

[Momyuennre BekTOpH (HE3aBHCHMO MO KOi oT Mertommre — aHash, dHash wmm
pHash) moraTt nma ce m3mom3Bar KaTto OECKpUNTOpH Ha u300pakeHwsaTa. bimsocrra

MEKTY BA ACCKPUITOPA P = (Pys.c Pixp) B P = (P1s-» Pixjy) CHOTBETCTBA HA
CTCeINICHTa Ha OIHM30CT MEXAY IPEACTABEHHTC C TE3H ACCKPHITOPU H300paeHHSL.
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CpaBHeHHETO cTaBa Ha 0a3aTa Ha OICHKA Ha XEMHUHIOBOTO Pa3CTOSIHUE MEX/y IBaTa
JICCKPUTITOPA:

I*h
d(p.q)=.(pi—4;)
i=l1
[MpakThueckata 3ajgaya mOpeanojara aBTOMaTu3MpaHa oOpaboTka  Ha
n300pakeHHsITa TIOPAIN YecTara MosiBa Ha U300paKeHUsl, KOUTO Ca HOBH PEKIIAMH U
OT eIlHa CTpaHa clieiBa a ObJaT €TUKETUPaHHU OT OIeparopa, a OT Apyra Bh3HHKBa
HeOXOoIMMOCTTa TOW JIMYHO Jia TIIperjefa BEpHOCTTa Ha Kiacu(uIMpaHuTe
SK3eMJISIpU. 3aTOBa B TO3M CIIy4aid, aJrOPUTHM, KOHTO OBP30 H3YUCIIsABA M30paHUs
JIECKPHUIITOP, a CJeJ TOoBa II03BOJISIBA JIOCTAaThUYHO CHJIHO CTECHSBaHE Ha
MOTCHIMAHATE KAaHIUIATH 3a CHBMAJACHHE C IOCTBHIBALINTE W300paKEHHS, €
JIOCTaThuHO mMpuemiuB. 110 Ta3W MpUYMHA MMO-HATATBHINHUTE EKCHCPHUMEHTHU e
MpoBeIeM C ITbpBHTE 1Ba aAeckpunropa — aHash m dHash.

2. Pe3yaTaTu OT eKcriepUMeEHTA

2.1. TecToBO MHOKECTBO

TecroBoTo MHOXECTBO ce cheroetie oT 900 H300paXkeHus], KOUTO MPECTaBIIsBAT
n300pakeHNsITa Ha MOTEHIIMATHHU PEKJIaMH, U3psA3aHU OT okoyio 40 m3gaHus oT Tpu
nocnenoBaresnHu AHU (¢ur.2). mMenara Ha camute ¢aiinoBe HocAT nH(popmanus 3a
W3JaHUETO, ACHS U CTPaHHIATa, KbJETO ca OWIM, KaKTO U IopesieH HoMep (B cirydai
Yye UMa HAKOJKO PEeKIaMH OT €lHa U Chlla CTpaHMIa). YacT OoT u300paxkeHUATa ca
TEKCTOBH CHOOILEHHUS, ChIbprKaly HHOOPMAIMHK 32 00sBsIBAHE HA THPrOBE U JPYTH
nogobuu. Te crmemBa ma ce kmacuuumpar OTHETHO, HO CBINO IOJUIEKAT Ha
00paboTka.
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2.2. UHCTpYMeHTApUYM

3a eJra 6eme nu3rpaJ€Ha CKCICpUMCHTAJIHA CHCTEMA, KOIATO II03BOJIABaA
W3YUCIIIBAHETO HA CHOTBETHHS  JECKPUIITOP C pPa3JIM4HU  pasMepu Ha
TpaHCPOPMHUPAHOTO H300paKeHHe (3aJaBaT ce MapaMeTpUYHO), W3YUCISBAHE Ha
pa3CTosAHuATa MCKAY I/I306pa)KeHI/I$ITa N Ha Tasu 6333 rmociacaBall aHaJIu3 Ha
HpOHeHTI/ITe Ha pa3J11/Iqu Memz[y I/I306pa)KeHI/IHTa, KOUTO Ja C€ B3€MaT Karo
OI‘paHI/I‘II/ITeJ'I HpI/I IIOKA3BaAHECTO HaA eBCHTyaJ'IHI/ITe KaHIUAaTH.

®urypa 3 mokasBa pe3yiTaTH OT BU3yaJHM3alMATa Ha JBaTa JCCKPUNTOpa IpHU
pa3IMdIHu pasMEpu 3a €1Ha OT PEKIIAMUTE, ChAbPiKaIIN C€ B TCCTOBOTO MHOXKECCTBO.

BN BN G N A

AHash 8x8 AHash 24x24

DHash 8x8 DHash 24x24

Queypa 3. Busyanuzayus na 0sama deckpunmopa npu pasmepu 8x8 u 24x24
(6s10=,,1", ueprno=,,0°)

IpoBeeHNTE EKCIIEPUMEHTH 3a OIICHKA Ha TOYHOCTTA MPH KIacH(UKAIs Osxa
HaIpaBeHH C M3MOI3BaHeTO Ha Kiacudpukaropa LB1 or Weka [9], koiito ce 6asupa
Ha OIICHKA Ha pas3jinyusiaTa Me>1<11y OTACIIHUTE anI/I6yTI/I, KOE€TO B Ciiydasa CbOTBETCBA
Ha XEeMHHTOBOTO Pa3CTOSHUE MEK/TY JCCKPHUITTOPHTE.

2.3. EkcriepuMeHTH W aHAJIN3

H’BpBaTa rpyla eKCOCpUMEHTH 0sxa MOPOBCACHU C LI U3CJICABAHC HA TOYHOCTTA
Ha paslo3HaBaHC IMPU U3MOJI3BAHC Ha aHash u dHash 3a Pa3InvIHU pasMepu.

B excnepumMenTta yyactBaxa o6mio 260 eTnkeTHpaHu M300pakeHus, kato 98 or
TsX Osixa B oOyuaBamiara W3BajIKa, a OCTaHaIUTe 162 — B TecToBaTa M3BajKa
(nmpakTryeckara 3ajada MPOW3BEXIA TOJSIMO KOJMYECTBO KJIACOBE C HEMHOTO Ha
Opoii mpencraBUTENN).

PesynraTure mokasaxa, ye 3a pasjuka OoT TBbpIAcHHETO B [6], ue dHash naBa mo-
n00pu pesynraru ot aHash, B KOHKpeTHHs cllydall ChC CKaHUPAHHUTE M300paKEeHHs
dHash moxkasa snomm pesynratu — mox 50% pa3smo3HaBaeMocT, 3a pa3nuka ot aHash,
KOWTO Jake M TpH MaJKUTE pa3MEpPHOCTH JaBa Jao0pa pa3lo3HaBaeMOCT Ha
kiacoBete (¢ur. 4).
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Quzypa 4. Pezynmamu om pasnosnagaremo npu npunazare va aHash u dHash

B®B BTOparta rpyma ekcrepuMeHTH Osixa BKIIFOUCHH JOTBIHUTEIHU 50 TEKCTOBU
choOmeHNs (00SBH, KOUTO CBINO CE TPETHPAT KAaTO PEKIAMHHU CHOOIICHHS) W OIIC
590 HeeTnkeTHpaHU N300paKeHNS (HOBH PEKIAMH).

[Tpu knacudpunupanero ¢ aHash (B ciaydas Gemie u3nonseana 10-cThIIKOBa Kpoc
Bayumarus npu pasmep 40x40) xopextHO Osixa kiaacuduimpanu 73.44 %, KoeTo 3a
LEeTUTe Ha HaMallsiBaHe Ha W3BaJKaTa 3a ONEPaTOPCKH M300p € JOCTaThbuHO J00Bp
pesyinrar.

JonbiHuTeneH aHaIu3 (Cbc COOCTBEHHM CO(PTYepHM CpencTBa) IOKasa, 4e IpH
HEpasNo3HATUTE KIaCOBEe M300paXEHUETO ¢ BepeH KJIac ce HaMUpa B I'PBUTE ILECT
Haii-01m3ku kiaca B 43.2 % ot ciryyante (rpaHuiiara 6 B citydas € u30paHa npeBul
IICUXOJOTUYECKATa Bb3MOXKHOCT 3a BB3IPUATHE HA YOBEKA 10 CelieM 00eKTa).

3. IIporpaMeH NpoeKT U OPraHu3anus Ha 6a3aTa OT JaHHH

AHaNIM3BT Ha PE3yJITaTUTE OT MPOBEACHHUTE IIO-TOpPE SKCIEPUMEHTH JOBENe IO
n30op Ha wu3moi3BaHeto Ha aHash geckpunTopa Karo ONTHMAaNEH CHPSMO
HoJlydeHaTa TOYHOCT M BPEMETO 3a W3YMCIeHHe. PasMepHOCTTa, O KOATO Oa ce
CBUBAT HM300pa)KeHUsTa, Oelle OCTaBeHa KaTro MapameTbp, KOWTO OMepaTropbT Ja
n30Mpa ¢ e MOCIEeABAallo HaTpylBaHe Ha WHQOpMalus OTHOCHO KayeCTBOTO Ha
Kinacuduumpane Ha u3oOpaxenusta. JIpyr TakbB mapaMeTsp € OpOosST eTHKETUPAHH
n300pakeHHs1, OJIM3KU 10 MOCTHIIBAIIOTO HOBO N300pakeHHE, OT KOETO OINEepaTopbT
Jla TOTBBPIKIaBa Kjlaca My WJIH Ja TIOCTaBsl HOB €THKET.

Camust AJITOPUTHM 3a U3YUCIIABAHE Ha aHash JCCKPUIITOPUTE HA MOCTHIIBAIUTE
n300pakeHus Oellle ONTUMHU3UPaH IIOCPEICTBOM IpUiIaraHe Ha MHOTOHHIIKOBA
00paboTka Ha M300paKEHUATA, Ype3 KOSATO 3HAYUTEIIHO CE MOBUIIIABA CKOPOCTTA HA
pabora. Hanpumep, mpu mpoBeeH TECT Ha KOMITIOTBD € MPOLECOp C 8 JOTHYECKH
anapa (4 ¢usnyuecku, BCIKO OT TSAX € MO 2 HUIIKK) BpeMeTo 3a o0paboTka Hamals
OKOJIO 3 BTH.
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CpXpaHsBaHETO HA JaHHHUTE 332 M300paKEHUSITA ChABPKA KaKTO HHpOpManus 3a
M3TOYHUKA Ha W300pakeHHeTo (M31aHKe, Jara, CTPaHUIla, MICTO Ha ChbXpaHEHHe Ha
OTps3bKa), Taka U MHPOPMAIMS 3a TOBa Kak € Kiacuduimpano uzodpaxenuero. Ot
rJIefiHa TOYKa Ha Pa3No3BaHETO Ha Kiaca MMa JIBA OCHOBHH THIA HM300pa)KEHUS
(manHN 3a TsX). EquHUAT THI ca T. HAap. nbpe00dpasu — N300PAKESHUETO CE TOSBSIBA
3a IpBB MBT B 0azaTa W TOraBa ONEPAaTOPHT PBUHO MYy 337aBa Kiac, KbM KOWMTO
npuHaUIeKH. Kato mppBooOpa3 Moxe na momnagHe B H300pakeHHe, KaKBOTO Beue €
nMaro B 0a3ara, HO pa3lO3HABAHETO My € OWIO TBBpIE JIONIO M HE € OWio
NPEIUIOKEHO cpen Hal-OnuskuTe kiacoe. OT IiieHA TOYKA Ha 3aJa4aTa TOBA HAMa
3HaYEHKE, OCBEH Ue OMepaTopbT TPSOBA J1a TO €TUKETHUpA Ole BEAHBK. BTOpUAT THIT
ca T. Hap. nosmopenus — cucTeMara € Ipeaiokuia IbpBooOpasuTe Ha Hal-OIU3KHUTe
KJIacoBEe CHpAMO JECKPUNTOpPa Ha MOCTBIBALIOTO H300paXkeHHE, OT KOUTO
OIepaTopbT € MOCOYMI MBPBOOOpa3a, KbM YHHUTO KJIac MPUHAUICKHU MOCTHIIBAIOTO
u300paxkeHHe, WM IOTBBPAUI U300pa Ha CUCTeMAaTa KaTo IIbPBU Hal-OJIU3bK KIlac.

ITpu opranuzanmsTa Ha 0azaTa ce NMPEAJIOXKH OPUTHHAJICH TOJAXOJ, NMPH KOWTO
JIAHHUTE 32 MbPBOOOPA3UTE M MOCIEABAIINTE MOBTOPEHHS CE ChXpaHsBaT B 00IIa
0a3a, Karo MBPBOOOpA3UTE CHXPAHSIBAT BEKTOPUTE, C KOUTO CE CPAaBHSABAT HOBUTE
n300pakeHHsi, M TaroBeTe, BHBEJCHH OT OIeparopa NpU ITbPBOTO CpellaHe, a
MOBTOPEHUSTA CAMO COYaT KbM WACHTH(UKATOPHTE Ha CHOTBETHUTE ITBPBOOOPA3U.
3a nenra ce u3non3Ba ArM32 xaTo MHOrOMepeH METOJ, MO3BOJIABAI] KOMIAKTHOTO
ChXpaHsBaHe Ha Pa3HOpPOHA HH(pOpMaIKs B 00mIa 6a3a.

3akjaoueHmne

IIpoBeneHNUTE €KCIIEPHMEHTH IOKa3axa, Y€ MPHIAraHeTO Ha Pas3TiIekAaHus
neckpuntop aHash ycnemHo Moxke ma ce IPUIIOKH M B pasrieKIaHus clydail Ha
pa3mo3BaHe Ha  CKaHMPAaHH  OT  PasiIMYHH  U3TOYHHULM  H300pa’keHHS.
ExcniepumenTanta copryepHa cucteMa, KOSTo Aa 0O0eAMHHM OTACIHUTE CTBHIKH U A2
MO3BOJIM MOCTIEBAIll aHAJIN3 HA PE3yJITaTUTE, € Beue MOSKTHpaHa U B HaYaJeH eTall
Ha pa3paboTka. 3aJjauu, KOUTO EKUITBT CH ITOCTaBs ca ObJen|o pa3pelaBane, ca:

— HaMHpaHe Ha MOJIXOJI WHICKCEH MEXaHW3bM C IeT ONTHMH3HMpaHe Ha
THPCEHETO 1O OJIN30CT;

— HU3Cle/IBaHE HAa BB3MOXKHOCTUTE 3a JIONIBIHHUTEIIHO YCKOPEHUE Ype3 ThPCeHe
I'BPBO B CHIUTE U3[IAHNUS, KITbCTEPA OT M3[IaHUs M HAKPasi B OCTaHAIIUTE;

— OIICHKa Ha BPEMEBUS HHTEPBAJ, B KOWTO CPEIHO CE 3abpiKa JaJieHa peKiama,
C LIeJT ONITUMHU3UPaHE Ha THPCEHETO.
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Adverts, adverts,... — finding without staring

Miroslav Ivanov, Krassimira Ivanova,
Iliya Mitov, Evgenia Velikova

Abstract: The goal of this research is to examine the opportunities to facilitate
the discovery of equal advertisements extracted from the press, which is one of
the goals of media monitoring. The possibility to find duplicates quickly using
the descriptor Average Hash (aHash) is analysed. Original approach for
organization of the metadata keeping labeled specimens and found repetitions
in a common database is proposed also.
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