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BBenenne

pu aHamm3e TpadoB COLMAIBLHBIX ceTeil [1]

BO3HHMKAaeT 3aJada BHM3yaJIbHOTO IIpeACTaB-

JICHUSI WX CTPYKTYp. AKTYyaJIbHOCTH PaOOTHI
omnpenesieTcsl MOTPeOHOCThIO B MPOrPaMMHOM KOM-
TUIeKCe 1Sl aHaJIu3a U BU3yaau3aluu rpadoB 00IbIINX
pa3MepoB, BO3HUKAIOILEH B 3a1a4yax COLUOJIOTUYECKO-
ro ¥ MapKeTUHIOBOTO aHaJI13a.

[IpencraBieHHOE ITpOrpaMMHOE OOecIieUeHUEe IIpe-
IOCTaBJISIET IMMPOKKME BO3MOXHOCTH IS BU3yan3a-
LMY U aHaju3a ceTeil OGonblimx pasMepoB. O6macTb
MpUMEHEeHUsT OoOuIMpHa [5] W 3aTparuBaeT MHOTHE
CMEXHBIC TUCIUTUTMHBI, TaKKe KaK COIIMOIOTHS, TICH -
XOJIOTHSI, TIOJIUTOJIOTUSI, MAPKETUHT U T.1. CyIecTBy-
0T TaKKe MPOoTrpaMMHBIE TIPOAYKTHI UISl aHaIM3a Tpa-
¢oB, Kak i2 Analyst’s Notebook [9], Sentinel Visualizer
[12], CrimeLink [8], Xanalys Link Explorer [14] u Tom
Sawyer Software [13]. HecMoTpst Ha HEKOTOpbIE pa3iu-
yus B JETaNSIX, 10 MpPeaocTaBasseMoil (hyHKIMOHATIb-
HOCTU M Ha3HAYEHUIO 3TU CUCTEMbI BU3YAIU3allUM BO
MHOTI'OM CXOXHU.

i2 Analyst’s Notebook, CrimeLink, Sentinel Visualizer
n Xanalys Link Explorer siBasitoTcsl mporpaMMHBIMU
MpoAyKTaMu, IpelHa3HAaYeHHbIMU IS aHalIu3a CH-
CTeM B3aMMOCBSI3aHHBIX OOBEKTOB W M3YUYECHUS OU-
HaMMKM TIOCJIeI0BaTeIbHBIX COOBITHI. Tom Sawyer
Software mpencraBisieT coboii Habop OMOIMOTEK ISt
CO3IaH1sI THCTPYMEHTOB BU3YyaIM3allii M aHAJIN3a Ce-
TEH U3 Pa3IMYHBIX IPEAMETHBIX 00JIACTEN.

B mepeunciaeHHBIX BBIIE CHCTeMaxX HaOIOmaeTcs
PSI HEIOCTATKOB: OTCYTCTBHE IIaT(OPMEHHO-HE3aBH -
CHMBIX PEIIeHUI, OTCYTCTBHME COOCTBEHHBIX CITCIIHA-
JIN3UPOBAHHBIX XPAHUJIUIL, a TAKXKE TO, YTO CUCTEMBI
HE OPMEHTUPOBaHBI Ha pPaboTy c rpadamMu OOJBIINX
pa3MepoB.

1. ApxuTeKTypa NporpaMMHOro KOMILIEKCa
anaqu3a rpagos

[IporpaMMHBII KOMIUIEKC IpeaHAa3HAYeH I BU-
3yaJbHOIO aHajau3a TIpacoB B3aMMOACHCTBYIOIINX
00BEKTOB (HAIIpUMEDP, COIMAIBHON CETH) M aBTOMa-
TU3VPOBAHHOTO PAa3MEIIeHUs] BEPIIUH W CBSI3eil mpu
BU3YAIM3alliM B COOTBETCTBUU C 3aJaBacMBIMU M30-
Opa3sUTEeTbHBIMU COTJIAIIICHUSIMU.

OCHOBHBIE KOMITOHEHTBI IIpOrpaMMHOI'0O KOMILICK-
ca M B3aMMOJECICTBUE MOI[YJ'ICIL/'I, COCTaBJIAIOIIUX ITPO-

rpaMMHBII KOMIUIEKC, IIpEICTaBICHBI Ha puc. 1.

HMMnopT naHHBIX B MPWIOXKEHUE OCYIIECTBISETCS C
TIOMOIIIBI0 MOMYJISI KOHBEpTallMM OaHHBIX. Peann3o-
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Puc 1. ApxuTekTypa nporpamMMHOro KOMMekca

BaHa o0paboTKa AaHHBIX M3 Tabaul Excel, daiiioB ¢
pacmpenusimu: doc, html, xml, pensunonHoi B/I,
WIM TeKCTOBBIX (hailyioB crienMagbHOro popmara, co-
JepXaliux CTPYKTypUpoBaHHbIe daHHble. KoHBepTep
BBLIENSET U3 (haiiioB TabIMUYHbBIE TaHHbBIE U TIpeodpa-
30BbIBaeT UX B rpad, KOTOPHIA coxpaHseTcs B ¢aiiio-
BOI cucTeMe XxpaHwiuiia rpacda.

[IpyHUUNNANIBHOI OCHOBOM apXWUTEKTYyphl IIPO-
rPaMMHOTO KOMILIEKCA SIBISICTCS HATUYKe ABYX PEXU-
MOB XpaHeHus rpada:

4 6a30BOE XpaHeHMe, MpeTHa3HAYeHHOE TSI XpaHe-
HUS TpadoB 6oJBIIOro pasMepa (MUIJIMOHBI BEPIINH
u pedep);

4 JIOKaJIbHOE XpaHeHWe, TIpeHa3HaYeHHOE TS Xpa-
HeHUs rpadoB, KOTOphIE SBISIIOTCS TToArpadamu, mo-
JIy9eHHBIMH 3a1IpocaMi K 0a30BEIM rpadaM u pe3yiib-
TaTaMM 00PadOTKN KIIMEHTCKUM IIPUIOXKECHUEM.

B kayecTBe 0a30BOIi CTPYKTYpPHl XpaHWJIMILA HUC-
TOJIb3yeTCs CHelMaIu3upoBaHHas haiiioBasi cucTeMa
[4]. JaHHas1 cucTema pealu3yeTcsl BHyTpU HEKOTOPOTO
(paiiya craHmapTHOI (haiiIoBOI CUCTEMbI KOMITbIOTEPA,
MO3TOMY MOJ JIOTMYeckuM daitioM OyaeM MOHUMATh
(haiis, mpuHamIeXallIuii JaHHOU CrieaJIu3upOBaHHON
CUCTEME U COCTOSILIIUI U3 3aMUCEN TEPEMEHHON IJTUHBI.

Hcnonb3oBaHue coOOCTBEHHON (PaiiIoOBON CUCTEMBI
00ecrneyrmBaeT OTCYTCTBUE AOTMOJHUTEIbHBIX CUCTEM-
HBIX BBI30BOB ITpU paboTe ¢ daitnoBoii cucteMoit. OT-
CYTCTBUE CJIOXHON CUCTEMBI aapecauuu (CTPYKTYpPhI
KaTajJoroB) M JIMIITHMX MEXaHU3MOB (IIpaBa IOCTYIIA)
NPUBOIUT K OTCYTCTBMIO AOTMOJHUTEIbHBIX HaKIaa-
HbIX PacXOJ0B Ha OpraHU3allMI0 XpaHEHWS MaHHBIX.



AHATING [JAHHBIX Yt UIHTEJITIEKTYAJIBHBIE CUCTEMBI

CobctBeHHas hailioBast cucTemMa MO3BOJISIET OpTaHU-
30BbIBaTh yNpapieHue Oydepusalveid U XpaHeHUEM
JIAHHBIX, KOTOPOE HE 3aBUCUT OT OCOOEHHOCTE orepa-
LIMOHHOW CUCTEMBI.

Ju1st Gosiee OBICTPOTO BBIMTOJHEHUS OTepalnii mouc-
Ka BEpILIMH MO0 KOHKPETHBIM 3HAUEHUSIM aTpUOYTOB B
XpaHWJIUILE TPUCYTCTBYET CIIEHMAIU3UPOBAHHBIN UH-
JIeKC Mo atpudyTaM BepliuH. JlaHHBIM MHIEKC TakKXKe
HCITOJTb3YeT COOCTBEHHYIO KOITHIO CIICITNATN3UPOBaH-
Ho¥ (paitoBOI CUCTEMBI.

Hcnonb3yeMble CTPYKTYPbl JaHHBIX TO3BOJSIIOT MPO-
BOIUTH 3((dEeKTUBHbIE 00bEIMHEHUE U TIepeceucHUe
rpacoB. JlaHHas CTPYKTypa XpaHWINIIA U TIPEAyCMO-
TpeHHBIE OIlepalliy OBLIM MPOTECTUPOBAHBI Ha Tpa-
¢ax, umeromux nopsaka 100 MUIMOHOB BepIIMH U
HECKOJIbKMX MUJUIMAPIOB CBSI3EiA.

K kaxkgoMy KOHKPETHOMY COXpaHEHHOMY Tpady
MOXET OBITh IIPUBSI3aHO JII000E KOJIMYECTBO BapHaH-
TOB BM3YyaJM3allNy JIOKAJTBHOTO Tpacda, KOTOphIe CO-
XPaHSIOTCST B XpaHWJINIIAX BApMAHTOB BU3YaIM3allVH.
IMon BapraHTOM BU3yaIM3allii IOHUMAETCST PACIIOJI0-
JKEHME BEpIIMH U CBSA3eil MexXIy co00i, NKOHKHU BCeX
BEPIINH, CITOCOOBI BU3yaIN3allMi BCeX BEPIITNH, MKOH-
KM BCEeX aTpHOYTOB M MX CTWJIM, CTUJIM BCEX CBSI3CH U
KOOPAVHATHI UX TOYEK U3JIOMOB.

CxeMa Bu3yanuzauuu mjis rpada coxpaHsieTcsi B OU-
HapHbBIi (aitr. CHayaja 3amychIBAETCSI CTPOKOBBII
VHUKATBHEIN WMACHTU(PUKATOP XpaHWIMINA IS TOTO,
YTOOBI BBECTH OTHO3HAYHOE COOTBETCTBUE CXEMbl BU-
3yanu3alunu U rpacda. 3aTem B (aiii 3anuchiBaeTCs BCs
KOJIICKIIVSI MKOHOK BEPIIMH B (hopMaTe <HMSI MKOHKH >
<u3o0paxeHre UKOHKW>. Jlajiee B ¢haii 3amuchIBaeT-
Cs1 BCSI KOJIJIEKIIMSI TUTIOB aTpUOYTOB B hopmare <uMsi>
<uer> <nar oToOpaxkeHUs1> <UMS UKOHKU> <HKOH-
Ka> <IIOPSIIKOBBIM HOMEp TP BU3yaau3anum> <diar
OTOOpaXXeHUsI UKOHKK> <iar oTobpaxkeHuss UMEHU >
<TUM BbIpAaBHUBAHUS TEKCTOBOI'O 3HAUeHUsI> <THUII Xpa-
HUMOTO 3HaueHus>. 3aTeM B (haiiyl 3amMchIBacTCsT BCS
KOJUJIEKIIMS TUTIOB CBA3€l B hopmaTe <HUMsI TUIIA CBSI3U>
<1IBET TUIIA CBA3K> <IIMPWHA TUHUN> <CTUJIb TTHIN>
<HampapjeHue JuHuW>. Jlajee 3amuchIBalOTCS TIPYII-
MUPOBKY BEPIIMH M CBI3CH: IS KaXXKIOW IPyNIIOBOM
BEpIIMHBI 3aIMCHIBACTCS €€ MICHTH(MUKATOP 1 MacCUB
UICHTU(UKATOPOB BEPIINH, U3 KOTOPBIX OHA COCTOMT;
JUTSL KaXKIIOM TPYIIIOBOM CBSI3W 3aIlMChIBAETCS €€ UICH-
TUGhUKATOP U MACCUB UACHTUMUKATOPOB CBA3CH, U3
KOTOPBIX OHA COCTOWT. 3aliCh TPYIITOBEIX BEPIIUH U
CBSI3€il MPOMCXOAUT C YYETOM MOCJENOBATENbHOCTA U
BJIOXKEHHOCTHM TPYIIIMPOBOK. 3aTeM IOCJeNI0BaTeIbHO
COXpaHseTCs BU3yaIU3alldsl BCceX BEpIIMH B ¢hopmare

BbUSHEG-HHDOPMATHKA Ne4(30)-2014 r.

<uaeHTU(GUKATOP BEpPLIUHBI> <KOOpAMHaTa X> <KO-
opauHara y> <uIeHTU(dUKaTop crocoba BU3yaJbHOTO
MpeacTaBieHUs] BepIIMHbBI> <IOIMOJHUTENIbHBIE IMapa-
METPBl KOHKPETHOTO BU3YAJIBHOTO TIPEACTABICHUSA>.
IToce coxpaHsieTcsT BU3yaau3aliysl BceX CBs3ell B hop-
Marte <HIACHTU(UKATOP CBSI3K> <uUAeHTU(MHUKATOP Bep-
IIUHbI Havyana> <WAEHTU(MUKATOP BEpPLIMHBI KOHIA>
<ctuiap> <muMpuHa> <OTCTYII IEPBOTO CETMEHTA U3JIO-
Ma> <HampaBjieHue>. [lajgee uaeT 3anuch BCeX U3JIOMOB
cBsa3eit B popmate <uaeHTU(UKATOP BEPIIMHBI HaYaia
cBsI3eii> <UAeHTU(PUKATOP BEPIIMHBI KOHIIA CBSI3E>
<BeJIMYMHA OTCTyIIa MEXIY MNapajuIeJIbHO WAYIIUMU
CBA3SIMU> <KOJMYECTBO M3JIOMOB> <MACCHUB KOOPIM-
HAaT BCEX U3JIOMOB>.

Huxe oTmenbHO NMPUBEAEHO ONMKMCAHWE MOMAYJIS BU-
3yaau3aly U MOIYJIEi, pealu3yIOIUX aJITOPUTMBI aB-
TOpa3MelleHus U aHajIn3a rpada.

2. Monyas Bu3yaju3amuu rpacga

CrnipoekTupoBaHbl 3((EKTUBHBbIE CTPYKTYPHI JaH-
HBIX, KOTOPBIC TTO3BOJIMIN CO30AaTh PAa3BUTYIO CHCTEMY
pelakTUPOBaHUSI U aHanu3a 0e3 yirepba MPOM3BOAU-
TEJLHOCTH U C JOIYCTUMBIM OOBEMOM 3aHUMAaeMOM
namsity. s 6pICTporo 10CTyma K BEpIIMHAM U CBI3SIM
HCTIOJB3YIOTCS cOaaHCUPOBaHHBIE OMHAPHBIE JEPEBbsI
noucka. st ObICTPOro nocTyra K MHLUASHTHBIM CBSI-
35IM BEPIIMHEI WCIIOJIB3YeTCS eIlle OmHA CTPYKTypa —
cOajlaHCMpPOBaHHOE OMHAPHOE NEPEBO MOMCKA, KITIoYa-
MM B KOTOPOM SIBJISTFOTCS YKa3aTeJIM Ha BEPIIIMHEL, a Xpa-
HUMBIM 3HaYEHUEM IJIs1 KaXKIOoro Kitoya (BepIMHbI) —
cbajaHCUpOBaHHOE OMHAPHOE JIePEeBO MOMCKa, KITova-
MM B KOTOPOM SIBJISIIOTCS yKa3aTeJd Ha CBsi3M. B maHHOI
CTPYKTYpE IJIST KaXKIOM BepIIMHBI XPaHUTCS HAOOP MH-
LUICHTHBIX CBsA3el. B maba. I mpuBeneH aHamm3 3¢-
(bekTUBHOCTM 6a30BBIX OIEpalnii C BBIOPAHHOI CTPYK-
TYpOii Ipu paboTe ¢ rpachoM, MOJHOCTBIO 3arPyKeHHbIM
B omnepaTUBHYIO aMsTh. [1ycTh V'— MHOXeCTBO BEpIIMH
rpada, £ — mHOXecTBO pebep rpada.

Tabauya 1.
AcHMITOTHKA onepanuii npu padote ¢ rpacdom

Onepauus ‘ AcumnToTuKa onepaumit
[lo6aBneHue cBA3M O(log(E)))
YpaneHue cesiau O(log(lE)))
Jlo6asneHue BepLUMHbI O(log(|V]))
YIIaneHvie BepLUVHbI O (log(IV))
Mouck BepLLMHbI O(log(|V]))
Movick casian O(log(|E))




O6em 3anumaemoit namar: O (c,| V| + ¢,| E'|), rae
¢=2,¢=3.

Tax kak Bce BEpUIMHBI U CBSI3U XPAHSITCS B OMHAp-
HBIX COIAHCUPOBAHHBIX IEPEBbSIX MOUCKA, BCE OLICH-
KU BpeMEHHU paboThl U 00bEMa 3aHMMAEMON MaMsITU
UMEIOT JIOTapU(PMUYECKYIO CIIOXKHOCTD. [ XpaHeHU s
BCell CTPYKTYphl Tpada wucmosib3yercs Tpu Oa30BbIe
CTPYKTYPBI JAHHBIX: MHOXECTBO BCEX BEPIIWH, MHO-
JXKECTBO BCEX CBSI3EH U CTPYKTYpa, COIMOCTAaBJISIOIIAS
KaXJI0il BepIIHE MHOXECTBO €€ WHIUICHTHBIX CBSI-
3eii. KoHcTaHTa ¢, TojtydeHa 3a c4eT IBOMHOTO XpaHe-
HUSI KaXIO0W BEPLIMHBI B TIEPBOM U TPEThEN CTPYKTY-
pax. KoHcTaHTa ¢, mojiy4eHa 3a CueT XpaHeHHsT KaX 1o
CBSI3W BO BTOPOU CTPYKType U JBOWHOTO XPaHEHWS
KaXJI0i CBSI3U B TPEThEU CTPYKTYPE JAHHBIX.

B BEIIICONIMCAaHHOI CTPYKType HAHHBIX B KaxKIOi
BEepIIMHE XPaHUTCS BCA HeobxommMmas MHGOPMALINS
11 Busyanm3anun. Co CBSI3SIMM [IeJI0 OOCTOUT He-
CKOJIbKO MHAYEe: JaHHBIC 110 M300paskKeHIIO CBSI3M B Ka-
YeCTBE JJOMAaHOM JIMHUM XPAHATCS B OTAEIBHOM CTPYK-
Type TaHHBIX.

BBemeMm cienyromme CTpyKTypel HOaHHBIX. OmHa
CTPYKTypa JaHHbIX OyIeT coiepxkaThb Mmapy ykasare-
JIeW Ha BEPIIMHBI C 3aJaHHOW OMepaluer CpaBHEHUS.
Hpyrast CTpyKTypa COAEpPXUT KOOPAMHATHI JIOMAHOM
JIMHUU, KOTOpasl BBICTYIAET B KAYECTBE HaMpaBJIsiO-
1€l Mpy MPOPUCOBKE BCEX CBSI3E MEXAY ABYMS 00b-
ektamMu. CBsi3b OyleT BH3yaJU3UPOBATBCSI C TEM XKe
KOJIMYECTBOM CETMEHTOB, MAYILIMX MapasuleJibHO Ha-
MpaBJsoNieil TMHUY, 3a UCKJIIOYEHUEM BYX: TIEPBOTO
u nocaeaHero. Kpome Toro, Bo BTOpoii CTpyKType TakK-
Ke OyleT XpaHUTbCS MOMOJHMUTEIbHAS WH(OpMaLKs
O Pa3JMYHBbIX TTapaMeTpax CABUIOB OTHOCUTEJIbHO Ha-
MpaBJsIolieii JUHNMN.

boiee Toro, sk3eMruisip Kjacca OyneT comepxKaTb B
cebe cbanaHCHMpOBaHHOE OMHApPHOE AEPEeBO IIOMCKA,
KJII0YaMU B KOTOPOM OYAYT SIBJISITbCSI yKasaTeau Ha
CBSI3U. DTO CIEJAaHO JJISI TOTO, YTOOBI UMETh OBICTPBIi
JIOCTYIl KO BCEM OOBEKTaM, KOTOpbBIEC JOJIKHBI ObITh
BU3YaJIM3UPOBAHBI OTHOCUTEJIBHO 3aJaHHOW HampaB-
JISTIOIIE KpUBOM, TaK KaK JJISI KaXIOM CBSI3M HE IO -
pa3yMeBaeTCcsl XpaHEHUE KOOPAWHAT €€ MPOPUCOBKMU.
Bce xoopauHathl OyayT BBIYMCIASTBCS BO BpPEMSI BbI-
MOJIHEHUST TporpaMmbl. Torga MOXHO co3nath cba-
JJAHCMPOBAaHHOE OMHApHOE IEePEeBO MOUCKA, KIHOYaMU
B KOTOPOM OyIyT CTPYKTYpblI, COAepXKallllue Mapbl Bep-
IIMH, a 3HAaYeHUEM OYAET CTPYKTypa C KOOpAMHATAMU
JIOMaHOU JIVMHUMU.

Takum o6pa3oM, MBI CMOXEM COKpPAaTUTh OOBEM
XpaHUMOW MMaMsITH, TeM caMbIM 3(p(GEKTUBHO PellaTh
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3a1ady XpaHEHMS MMPOPHUCOBKU CBSI3eil M MX OBICTPYIO
BU3YAIM3AIIUIO.

ITpu paborte ¢ OonbimMu rpadamMyd KPpUTAYHBIMU
SIBJISIOTCS HE TOJBKO Bce 0€3 MCKIIOYEHMST 0a30BbIe
orepauuu, HO U 00beM Tpedbyemoit mamstu. Pazpabo-
TaHHbIE CTPYKTYPhI JaHHBIX 3((PEKTUBHO COYETAIOT B
cebe 00a TpeboBaHUSI.

B mporpaMMHOM KOMILJIEKCE MPEIyCMOTPEHO He-
CKOJIBKO M300pa3uTesIbHbIX COTIallleHUH JJIS1 BEPILUH:
WKOHKU, JIMHUHU TeMBbl, Ta0auIIbl. OTOEIbHO CTOUT OT-
METUTh CIOCO0 MPEACTaBIEHUS BEPIIMH B BUIE TUHUU
TeMbl. JINHUS TeMbl — 3TO BepIIMHA, KOTOpasi Mpe.-
CTaBJISIETCSI B BUJIE TOPU3OHTAIILHOTO OTPE3KA C UKOH-
KOI, KOTOpas MOXET MNEPEMEIIAThC IO BCEU IJIMHE
otpe3ka. Ecii MHUMAEHTHBIE JUHUU TeMbl BEPIIMHBI
HaxXOIITCS B BEPTUKAJIBHOM II0JIOCE, OIPAaHUYCHHOM
KOHLIAMU JIMHUU TE€MBI, TO BCE CBSI3U MEXAY TaKUMM
BEpLIMHAMU M JIMHUEHN TeMbl OyayT BEPTUKAIbHBIMU
W TIEPIIEHIUKYJISIPHO COEAUHSTHCSA C JMHUEU TEMBI.
OcTtanbHble WHIWICHTHBIC JUHUM TEMBl BEPIIMHBI
OyIoyT COEOUHSTHCS C ONMKAUIIMMU KOHLIAMU JTUHUU
TeMbl U HE OyayT BepTuKadbHbIMU. [lonoXeHue KOH-
LIOB JIMHUU TEMBbI U ee IJIMHa MOXeT MeHsThcs. Mc-
MoJIb30BaHME JAHHOTO CIocoba MpeACTaBIeHUST MO-
3BOJIsIeT 3((HEKTUBHO pelllaTh 3a1adyy BU3yalU3aluu
IS HEeKOTopblX TIpadoB. HocTynmHa BuU3yalIu3allus
MHOXECTBEHHbBIX CBSI3CH C M3JIOMaMU MEXIY BEPILIU-
HaMH, C BO3MOXHOCTBIO 3alaHWS IIMPUHBI, LIBETA U
TiIa JUHUU. s aTpuOyToB TakxKe MPEeayCMOTPEHO
MHOXECTBO CIOCOOOB Y HACTPOEK OTOOPAKEHUS.

IToMmuMo OoraToii (PYHKIMOHAJTBHOCTH OTOOpaxKe-
HUs Pa3INYHBIX 3JIEMEHTOB Tpaca, pa3paOdOTaHHBIN
MOAYJIb BU3YyaJIM3allMM TIO3BOJISICT MaHUITYJIMPOBATh
OoNBIIMMU TpacaMH, pa3Mepbl KOTOPBIX ITOCTUTAIOT
MWIIMOHA BEPIIMH U HECKOJbKUX MIIJIMOHOB CBSI3CH,
3a CYET CICIIMAIbHO pa3pabOTaHHBIX U ONTHUMU3HUPO-
BaHHBIX aJITOPUTMOB MAalIMHHOM rpachUKH.

3. Cpeacrsa aBTOMATHYECKOTO pa3MeNIeHHUs
NpHU BU3yamu3amuu rpagos

Monaynb aBTOMAaTHUECKOTO pa3MeIleHUs] OOBEKTOB
MpeaHa3HaYeH IS LieJieid BU3yaJbHOIO aHajiu3a Ipa-
(da u peanusyer rpadpuueckue cxeMsl [6, 10] Tuma mas-
JIMHUI XBOCT, JIMHUSI TEMbI, KPYroBOe pa3MellecHUeE,
TMIOKOMITOHEHTHOE KpPYroBO€ pa3MeIleHue, a TakKKe
pa3MellieHre, OCHOBAaHHOE Ha aJITOPUTME BbIAEICHMS
COOOIIECTB B CETH.

Pa3merieHre BepIIvMH U CBSI3eil SIBISIETCS HETPUBU-
aJTLHOM 3amavucii ¥ B pyIHOM peXMMe MOXET TpebOBaTh
3HAYUTEJIbHBIX BPEMEHHBIX 3aTpaT yxXe sl rpacdoB
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C KOJIMYECTBOM TOpsnKa mecdaTu. IToaToMmy Hapsay c
BO3MOXKHOCTbIO PYYHOT'O Pa3MeIIeHMS] BEPIIMH U CBS-
3¢l MPeaoCTaBiIsIeT HECKOJIPKO BapMaHTOB aBTOMAaTH-
YeCKOTro pa3MelleHMs 2JIEMEHTOB.

3.1. Cayuaiinoe
pa3MeineHne 00beKTOB

[ns 3amaHHOV ceTy TMoAOUpaeTcs MPsIMOYTOJIbHAS
00J1aCcTh HYXKHOTO pa3Mepa. 3aTeM B 3Ty 00JIacThb CIIy-
YaliHBIM OOpPa30M TTOMEMIAIOTCST BCE BEPIIMHBI U WX
cBsi3u. PacrnpeneneHue BeplMH B 3alaHHON 00jacTu
SIBJISIETCSI PABHOMEPHBIM.

3.2. Kpyrosoe
pa3MelneHne 00bEKTOB

VY3161 paBHOMEPHO pacIojaraloTcsl I0 OXHOU
OKpyXHOcTU. PacnipenesieHue 1o OKPY>KHOCTU MPOU3-
BOJMTCSI HA OCHOBE CTPYKTYPHI CBsI3el. MMHUMU3ALIMS
MepeceyeHrit B KpyroBoM pasMellieHuu spisiercst NP-
TpyInHOI 3aaaueit [7].

Ilycts G(V, E) — rpad, rae V' — MHOXECTBO BEpIINH,
E — mHoxecTBO pebep, n=|V|, m=|E|. Ucnonssyercs
JIBYX(ha3HbI AIrOpUTM [7] MUHMMU3ALIMU TTEPECEUCHUN.

Ha mepBoM 3Tamne BepIIMHBI HO0ABISIOTCS B OIUH
MX KOHIIOB JIMHEIHOIO pa3MelleHus 00beKToB. I1ycTh
NW)={uvV:{u,vie EF} — MHOXECTBO CMEXHBIX BEP-
IIMHBI JJIs BepluUHbI v. BbIOOp mepBoii moOasisie-
MOI BEPIIMHBI OINpEAE/ISIETCST CASAYIOIIMM 00pa3oM:
V,=argmax,_,— BEPIIMHA C MAKCUMAJIbHOM CTENEHBIO.
ITocnenoBaTeIbHOCTb 1OOABIEHUS OCTATbHBIX BEPILIMH
OIIpeleIseTCsl IOCIeq0BATEIbHOCTbIO 00X0ma Bcex
BEPLIMH Ha4YMHAas ¢ BEPIUMHBL V, aITOPUTMOM 00X01a
B mupuHy. [lociie 1o6aBieHus BceX BEPILIMH B IMHE-
HOE pa3MellleHne OHO eCTECTBEHHBIM 00pa3oM TpaHC-
dbopmMupyeTcst B KpyroBoe IyTeM COSIMHEHUs KOHIIOB.
AccuMITTOTHYECKAsI CJIOXKHOCTD TaHHOTOo 3Tamna O (n).

Ha BTOpOM 3Tarme BBIIIOJHSCTCS MUHUMMU3AIINS TIe-
peceueHus cBsazeit. s kaxmoi BeplIuHbI v € V npo-
CMaTPUMBAIOTCSI Bce BepIIMHBI 4 € N (V) M BEIOMpaeTCs
Ta, TIPU TIEPECTAaHOBKE C KOTOPOW KOJMYECTBO Tepe-

CEUCHMI MaKCUMAaJIbHO YMEHBIIMNTCS, TTOCTIC YeTO BhI-
TOJTHAETCS TepecTaHoBKa. I 3amaHHOI BEPIIWHBI
mpoleaypa IMPOIOKACTCS OO TeX IOp, ITOKa HEeJb3sI
OymeT HaWTHU COCEOHIO BEpIIMHY, IEPeCTAaHOBKA C
KOTOpOMA MMHHUMU3UPYET KOJMYECTBO IEPECCUYCHUIA.
ACHMIITOTUYECKAsl CJIOXHOCTb JaHHON IpOLeIyphl
O (nm). DKcriepuMeHTalIbHbIE pe3yabTaThl [7] moka-
3BIBAIOT, YTO JAHHYIO OIEpallvio JOCTaTOYHO CIelaTh
HECKOJIbKO pa3 I CllydallHOro Habopa BEepIIVH IS
TOCTVKEHUST JIOKAJTbHOTO MUHUMYMa (OYHKIIMHU KOJIH-
YeCTBa IepeCceuycHUIA.

3.3. Kpyrosoe mokomMmnoHeHTHOE
pa3MelnieHne 00bEKTOB

CHayvaja [l ICXOAHOM rpada BBITOJHSIETCS ITOUCK
BCEX KOMITOHEHT CBSI3HOCTU C IIOMOIIbIO aJITOPUTMAa
obxoma B IMpUHY. B pe3ynbraTte moaydyeHo pa3oueHue
Crpada G Ha HemepeceKallecss MHOXECTBA:

Cc={C,..C,|ULC=V,Ap,q:1< p,q<k, p#q,C,NC,=D}.

3aTeM y3IIbl KaX 0 KOMITOHEHTBI ¢, PACITIOJIararoTcs
MO OKPY>KHOCTH Ha OCHOBE CTPYKTYPbI MX CBSI3eii IO
aJITOPUTMY KPYTrOBOIO pa3MelleHUs1 00beKTOB. LleH-
TPbI OKPY>KHOCTEM pa3MEIIalTCsI Ha OJHON TOpU30H-
TajgbHOU nmpsiMoii. [TpuMep nipencrasieH Ha puc. 2.

3.4. Pasmemenue
«OIHA JTMHUS TEMbI»

W3 cetu BeIOMpaeTcs BeplUMHa 11 TpeACTaBIeHUS B
BUJIE IMHUU TEMBbI. 3aT€M OCTaJIbHbIC BEPIIMHBI pa3Me-
1[aI0TCSI OTHOCUTEJIBHO 3alaHHOM JIMHUU TEMbI CBEPXY
¥ CHU3Y TTOCJICIOBATEIbHO IPYT 3a IPYTOM, TO €CTh Ha
KaXXIOM BepPTUKAJIbHOM YPOBHE PaCIIOIOXKEHO He 00-
Jiee IBYX BEPIIMH: OMHA CBEpXy M omHa CHuU3y. [InmHa
OTpe3Ka JIMHUYM TeMbl IOAOMPAETCS TaK, YTOObI BTOPO-
CTETIeHHBIE O0BEKTHI, COCIMHEHHbIE C JUHUEH TEMBbI,
COENUHSUITUCh C Hell BepTUKaIbHBIMU CBsA3sIMU. [lo-
PSIIOK  PACTIONIOKEHUST BTOPUYHBIX OOBEKTOB MOXHO
KOHGMUTYpUPOBATh Pa3IMYHbIMU criocobamu. [Tpumep
pa3MellleHus MpeacTaBiieH Ha puc. 3.

Puc. 2. KpyroBoe NOKOMMOHEHTHOE pasmelLieHIne 00bEKTOB

BbUSHEG-HHDOPMATHKA Ne4(30)-2014 r.
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Puc. 3. Pa3MeLLeHNe «0Ha NUHIS TEMbl»

3.5. Pasmemenne
«JIB€ JIMHUH TEMbI»

Ilycts G(V, E) — rpad, Tme V' —MHOXECTBO BEPIINH,
E — mHoxecTBO pebep, n=|V|, m=|E|.

W3 cetn BoIOMpaAIOTCS IBa 00bEKTA 1151 TTpeACTaBIIe-
HYs B BUAE IMHUM TeMbl V' ={u , u,} < V. HazoBeM Bep-
IIWHEI N3 MHOXeCTBa V' \ V' BTOpUYIHBIMU.

Hdnst Busyanuzanuu rpada G mpemaraercs UcC-
MOJTb30BaTh MHOTOMONOCHOEe pasMmelneHue [2]. Ipo-
WITIOCTPUPYEM TIpemyiaracMbIii CIIOCO0 Ha IIpuMepe,
KOrJa BBIIEJICHHOE MHOXECTBO V' comep:XWT aBe Bep-
IIWHEL (puc. 4). BeplIuHBI BBIIEICHHOTO MHOXKECTBa
U, u, TIPEICTABJIAIOTCS B BUIE TOPU3OHTAIBHBIX JIM-
Huii. [IpocTpaHCTBO MeXIy 3TUMM JMHMSIMHU pasfe-
JIEHO Ha TPWU TOJIOCHI: CPENHSS I10JI0CA UCIIOIb3YeTCs
IUIST pa3MelleHUs] MOMETOK BTOPUYHBIX BEPIIMH, a
KpaliHue MOoJIOChl — IS pa3MellleHMsI IOMETOK Ha pe-
Opax. B obuiem ciayyae, eciay BblAEJIEHHOE MHOXECTBO
V' comepXuT n BEpIIUH, TO ISl pa3MEeIeHUST ITIOMETOK
BTOPUYHBIX BEPLIWH UCTIONB3yeTCs n+1 mojoca, a s
pa3MelIeHusl MOMETOK Ha pebpax — 2n MOJ0C COOT-
BETCTBEHHO. [[J151 MOCTpOEHUST MHOTOITOJIOCHOTO pa3-
MEIICHUST TIpeajiaraeTcsl MCIIONIb30BaTh CIICAYIOIINIA
aJITOPUTM, COCTOSIIMI U3 TISITH IIaroB.

1. Ha BoImeieHHOM MHOXeCTBe V' huKcupyeTrcs He-
KOTOPBIW MTOPSIIOK U, ..., U, , 3AMAOLINIT OTHOCUTEb-
HOE PACIOJ0XEHNE TOPU3OHTATbHBIX TIMHUI, COOTBET-
CTBYIOLIMX BEPUIMHAM BbIICJIEHHOTO MHOXECTBA.

2. OnpenenseTcs MOPSIIOK 100aBIeHUs pedbep MexX Ty
BEpIIMHAMU BBIZECJIEHHOTO MHOXKECTBA.

3. s KaxXmoii BTOpMIHOM BepIInHbI ve V\ V' BBIOK-
paeTcs 1oJioca, B KOTOpOil OyIeT pa3MellieHa IOMETKa
BEPLIUHBI V.
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4. OnpenensieTcsl MOPSIAOK NOOABICHUS BTOPUYHBIX
BEPLIMH V,, ..., V, .

5. Ilyrem noGaBiaeHus1 pedep MeXay BeplIMHAMMU BbI-
JIEJICHHOTO MHOXKECTBA U IMOCAEAYIOLIEro 100aBICHUS
BTOPUYHBIX BEPIIMH C WHIMICHTHBEIMA UM pebpamMu
MPOM3BOIUTCS ITOCTPOCHWE MHOTOIOJIOCHOTO pa3-
MEIICHUSI, TapaHTUPYIOIEEe OTCYTCTBUE IepeCceUeHUI
MEXIy MOMETKaMU.

OnuieM o0IIKe MMPUHIIAITBEL pabOThI aaropuTMma. U3
rpaga BeIOMpalOTCs ABa OObEKTa IJIsSI MpeacTaBIeHUS
B BHIE JJUHUM TeMBI. JIMHUU TeMbl pa3MellaloTcs Ha
33JaHHOM PAcCTOSIHUU JPYr OT Apyra. 3aTeM OCTallb-
HbIe 00BEKTHI Pa3MEIIAIOTCSI OTHOCUTEIBHO 3aTaHHBIX
JIMHUI TeM CBEPXY M CHM3Y TOCJIEIOBATEIbHO APYT 3a
IpyroM. HIWHBI OTPe3KOB JIMHHUIT TeM ITOOOMPAIOTCS
TaK, 9YTOOBI BTOPOCTEIIEHHBIE OOBEKThI, COCTNHEHHBIC
C IMHUSIMU TEMbI, COEAUHSUTUCH C HUMU BEPTUKAIbHBI-
MU cBA3IMUA. CTOUT 3aMETHUTh, UTO BCE BEPIIIMHEI, pac-
TOJIOXKCHHBIE Hall TEepBOM JIMHUEH TEMBI COCIMHEHBI
TOJIBKO C HEM 1 MeXAY COOOI; BCE BEPLIMHBI, PaCcoJjio-
JKEHHBIE MO BTOPOU JIMHKUEH TeMbI COeTUHEHBI TOJTHKO
C Heil 1 MeXOy CoO0O0M; MeXIy OIBYMSI TUHUSIMU TEMbI
0TOOPaXKAIOTCST UX CBSI3U U OOBEKTHI, UMEIOLINE CBI3U
c 00eMMM JTMHUSIMH TeMbI. [TOpsIIOK pacroIoKeHMUST
BTOPUYHBIX O0BEKTOB MOXHO KOHMDUTYpHPOBAaTh pa3-
JIMYHBIMY CIIOCO0aMMU, IIpUMeEp Ha puc. 4.

3.6. Pa3mennenue, 0CHOBaHHOE
Ha OLI€CHKE CBA3HOCTHU

JanHoe pa3MellleHre OTANYaeTCs OT KPYroBOTo I10-
KOMITOHEHTHOTO pa3MelleHNsI OObEKTOB TEM, UTO MEX-
Iy BBIICJICHHBIMU KOMITOHEHTAMH MOTYT OBITH CBSI3H.
O6mast cxeMa pabOTHl JAHHOTO aJITOPUTMa pa3Melle-
HUS cJIeIyIolas: cHavajia 3aJaeTcsl opor Ha KoJInde-

bUSHEG-HHDOPMATHUKA Ne4(30)-2014 r.



s 8eane

Puc. 4. PasmelLigHne «[1Be NINHAK TEMbl»

CTBO CBsI3eil MexXy BeplunHaMu. MHoOXecTBO pedep £
pa3ouBaeTCs Ha JBa HEIepeceKarIInxcsl MHOXECTBa
E= E1 UE2 B COOTBETCTBUM C 3aJAHHBIM ITOPOTOM. E1 —
MHOXECTBO pebdep, YAOBIETBOPSIONIIUX 3aJaHHOMY
nopory, E, — ocranbHble. [lanee NMPUMEHSETCS ajiro-
PUTM BBIICIEHUS KOMIIOHEHT CBSI3HOCTHM Ha Tpade
G'=(V, E)). B pesynbrare nosnyyeHo pasouenue C Bep-
muH V' ucxogHoro rpada Ha HellepeceKaroIuecss MHO-
JKeCTBa:

c={C,..C,|ULC=V,Ap,q:1< p,q<k,p#q,C,NC,=D}.

Ecnu xomuuecTBO CBsI3edl MeXIy MMapoi BepLIUH
HMKE 3aJaHHOrO I0POra, TO OHU IMONalalT B Pa3ivuy-
HbI€ KOMIOHEHTHI CBSI3HOCTU, WHAYE€ OHU IOMAIaioT
B OJJHY KOMITOHEHTY CBSI3HOCTHU. 3aTeM Y3Jbl KaXIou
KOMIIOHEHTBI C, pacronararorcsi Mo OKPYXKHOCTH Ha
OCHOBE CTPYKTYPbl MX CBSI3€M IO IPEACTABIEHHOMY
BBILIIE QJITOPUTMY KPYroBOro pasmelneHusi. LleHTpsl
OKPYXXHOCTEM pa3MellalTCsl Ha OMHON FOPU30HTAIIb-
Hoi1 npsimoii. Ha cxeMe Takske pacrioiaratroTcsi BCe CBsI-
3u rpada, TeM caMbIM MEXAy BEPIIMHAMU Pa3IUUHbBIX
KOMIIOHEHT CBSI3HOCTU MOTYT OBITh TPOBEACHBI CBS3H.

3.7. Pa3Melmenne, OCHOBAHHOE
HAa BbIZIEJIEHNH COO0IIECTB

Peanu3oBaH aropuT™ aBTOMaTU4Y€CKOIO BbIAEICHMUS
coo011ecTB [3] ¢ BO3MOXHOCTBIO BU3yaiu3aluuu rpagda
Ha OCHOBE ITOJIyYEHHOro pa30MeHHUsI Ha COOOIleCTBa.

[TpuMep pabOTHI AITOPUTMA BBIICICHHS COOOIIECTB 1
MPUMEHEHMST pa3MEIIeHUSI ¢ MCIOJb30BAHMEM 3TOTO
aJropuTMa IpeacrasieH Ha puc. 5. Ilycts L(M) — me-
TpUKa KauyecTBa IOJIydeHHOTO pa3oueHus: M.

L(M)=qH(@Q)+Y." pH(P"), (1)

rae M — pa3bueHue ceTh Ha COODIIEeCTBa, M — KOIuJe-
CTBO coob1riecTB, H((Q) — aHTpOMUS MTEPEXOI0B MEXITY
coob1ectBaMu, H(P') — sHTpoIUS NepeMelIeHUS BHY-
TP COOOIIECTBA i, ¢ — BEPOATHOCTH TIEpeXoaa MeXIy
COO00IlIeCTBAMU Ha KaXJOM IlIare ciy4ailHoOro Oyxiaa-
HMUS, p, — BEPOSATHOCTb OCTAThCS B COOOLIECTBE /.

MeTpuka KadyecTBa MOJy4eHHOTo pa30ueHUsT MOXET
OBITH JIETKO MOACYMTAHA IJIs JII000ro pazoueHusi, 0o-
HOBJIEHUE U MEepecUYeT 3TOM METPUKU OyIeT SIBJSIThCS
OBICTPOIi Orepalueii.

C noMollIbIO aAropuTMa BhIAEIEHUS COOOILECTB BCe

BEPIIMHBI pa30MBAIOTCS Ha HEIEPECEKAIOIINECS MHO-
KEeCTBa

c={C,..C,|ULC=V,Ap,q:1< p,q<k, p#q,C,NC=D}.

Kaxmoe MHOXECTBO BEPIIMH MPEACTABISET COOOIIIe-
CTBO. 3aTeM Y3JIbl KaXI0ro COOOIIECTBA pacIoiaralT-
CST TI0 OKPY>KHOCTH Ha OCHOBE CTPYKTYPhI MX CBSI3€H.
LleHTpbI OKPYKHOCTE pa3sMeLIAlOTCs 110 OKPYKHOCTH.
Ha cxeMBbl Tak Xe pacrojlaralotcsl Bce CBsI3U rpada,
TEM CaMbIM MKy BEpLIMHAMU Pa3IMYHBIX COOOILECTB
MOTYT OBITh MPOBEIACHBI CBSI3U. [IpuMep mpencTaBiieH

Ha puc. 5.
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Puc. 5. Tipuvep paboTbl anropuTMa BbIAENEHUS COOBLLECTB U PASMELLIEHUS, OCHOBAHHOIO Ha 3TOM anroputMe

3.8. Pa3memenne
«IIaBJIMHHUIA XBOCT»

ABTOMaTHYECKOE pasMeIleHNWe <«ITaBIMHUI XBOCT»
OaszupyeTcsl Ha MeToAe (pu3ndecKux aHanoruit. B ka-
YeCTBE BEpIIMH BEICTYITAIOT OAWHAKOBO 3apsKCHHBIC
YacTHUIIEI, a B Ka4eCTBe CBA3CH — TIPy:KUHBI. OTTaj-
KMBAIOIIasl CUJia BEpIIMH OCHOBBIBACTCS Ha 3aKOHE
Kynona (2), onuchIBaloOIIero CUJIbl B3aMMOAEHCTBUS
MEXIY TOYCTHBIMH SJICKTPUICCKUMMU:

=k D%l e)

2
F2ha

rae E — CMJIa, ¢ KOTOPOIi 3apsin 1 neiicTByeT Ha 3apsij
2, q,, q, — BEJIMYMHBI 3apSIOB, /i, — PagUyC-BEKTOP
(BekTOp, HampaBJIeHHBIN OT 3apsina 1 K 3apsay 2, U paB-
HBII, TI0 MOJIYJTIO, PACCTOSIHUIO MEXIY 3apsiaMu — r,,),
k — K03 GUIIMEHT NMPONMOPIIMOHATBHOCTH.

Cuia mpuTSIKeHUSI MEXITy CBSI3aHHBIMY BEPIITMHAMU
omnuchiBaeTcst 3akoHoM ['yka (3):

F=kAl 3)

rme F— cuia, KOTOpOM pacTITUBAIOT (CXKUMAIOT) TIPY-
XKWHY, Al — aOCOJTIIOTHOE YIUTMHEHUE (CXKATHE) TIPYXKU-
HBI, kK — KO3 PULIMEHT YIIPYTOCTH.

AJITOPUTM aBTOpa3MelleHUsT SBJSIETCSI MTepalu-
oHHbIM. CleIoBaTebHO, AJITOPUTM 3aKOHUYUT CBOIO
paboty 1160 B ciaydyae, Koraa ObLIO JOCTUTHYTO MakK-
CHMaJIbHOE KOJIMYECTBO UTEpalvii, TMOO KOraa NTUHA-
MMYeCcKast CUCTeMa Tiepelilia B COCTOSIHUE PABHOBECHSI.

4. Cpencrsa anaiu3sa rpaga

Monyib aHanu3a rpada rnpeaHa3HaueH IS peainsa-
LIVY QJITOPUTMOB U CTPYKTYP JAHHBIX U IIO3BOJISIET IIPO-
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BOJIMTH pa3iMuHbIe onepaluuu Han rpadamu. B ntaHHOM
MOIYJIE pealM30BaH AJITOPUTM U3BJICUCHUS OArpacoB
Ha OCHOBE MOMCKOB B IIMPUHY M HA 3alaHHYIO B 3a-
npoce TyOrHy OT 3alaHHOM BEPIIWHBI, HA OCHOBE MC-
TOJIB3YeMBIX B 3aIipocax (OMJIBTPOB II0 aTpuOyTaM, Ha
0aze BblAeIeHMS KaacTepoB. [IpenycMoTpeHa BO3MOX-
HOCTb TIOMCKa OOBEKTOB IO 3aJaHHBIM MapaMeTpam
B COOTBETCTBUMU C 3aJaHHBIMU ajiroputmamu. Kpome
TOTO, peaan30BaHa (OYHKIIMOHAIBHOCTh IOMCKA TT0XO0-
XKMX BEPILIMH Ha OCHOBE CTPYKTYPHI CBSI3€M Y 3HAYCHUI
atpudyToB. 15 6oJiee 3¢ deKTUBHOTO aHaIM3a rpadoB
peaanM30BaHbl AJITOPUTMBI OOBEIMHEHUS U TIepeceye-
Hus rpadoB. Takke MOXHO ITPOaHAIM3UPOBATh KPaT-
yaiie Myt MeXy J1000i1 mapoii BepIIvH B rpade.

3a cueT CBA3KU C XpaHUWIMILIEM IrpadoB yI00HO pado-
TaTh C OTPOMHBIMU TpadaMu MyTeM BbITPY3KH MOATrpa-
(oB 110 3aJaHHBIM (PUILTPaM, OObEAMHEHHS U TIepece-
yeHus rpacdoB. CTOUT OTMETUTD, UTO 3a CUET HAIMYUS
MOJYJISI KOHBEpPTAllMM JaHHBIX BCe rpadbl XpaHSTCS B
€IMHOM CIeUAIM3UPOBAaHHOM (hopMaTe XpaHWIUIIA.

AHAJIMTUYECKIE MHCTPYMEHTBI TTO3BOJISTIOT IIPOBOIUTH
pa3zHoobpa3Hble ruccienoBanus rpada [11] u ero cTpyk-
Typhl. [IpemycMOTpeH MOMCK W BbIICJCHUE BEPIIVH U
CBsI3el IO 3alaHHBIM aTpubyram. PeanmzoBaH mopcyer
METPUK LIEHTPAJIbHOCTH JIJIsT BCEX BEPILIMH U cBsa3eit. Ha-
TpUMep, UCTIOJIb3YETCsl METPUKA CBSI3U — IIEHTPATbHOCTD
o nocpeaHuuecTBy (4) (betweenness centrality): Kojue-
CTBO KpaTJalIMx MyTei MeX Iy BCEMU TapaMuy BEPIIIVH,
TIPOXOSIIITNX Yepe3 3aJaHHYIO CBSI3b.

betW(l) = 2 s#t,seV o.sot.—(l)’ (4)

st

roe 1 — cBA3b, U1 KOTOPOU CUMTaeTcs MeTpuka, V —
MHOXECTBO BepLIMH rpada, 0, — KOJIMYECTBO KpaT-
Yajux myTeil MeXy BEPIIMHAMU S U 1, 0y () — Konu-
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YECTBO KpaTJyallmx MyTel MeXmy BeplIlHaMU S U f,
TPOXOSIIINX YePE3 CBA3D /.

IIpu pabGore ¢ OGomplMMKU TpadaMM IS aHAIA3a
CTPYKTYPbI PEATTU30BAH aJITOPUTM OLIEHKU CBI3HOCTH,
KOTOPBIM MO3BOJISIET /I 3aJaHHOTO IOpora Mo YuciIy
CBsI3ell MeX1y Tapoii BepIlMH pa3ouTh rpad Ha KOMIO-
HEHTBI CBSI3HOCTH, BBIMTOJIHUTD pa3MellleHUE 0ObEKTOB
C YYETOM IOJIyYeHHBIX KOMIIOHEHT M TTOKa3aTh CIIUCKU
BCEX BEPILUMH IS KaXKI0U IMMOJITy4EeHHOM KOMIIOHEHTHI.

3aknouenue

OnucaHHBIM MPOTPaMMHBINA KOMILJIEKC peaan30BaH
Ha s3bike C++. Peanuzanusi BU3yaau3aldu BbITOJ-
HEHa C MCIOJb30BaHUEM Tpaduyeckoil OMOIUOTEKHU

OpenGL. UnTepdeiic peannszoBaH ¢ UCITOJIb30BAHUEM
ouobauorexku Qt. Bce mcnonb3yeMbie cpeacTBa peau-
3alUK SIBJISIOTCS KpocciuiardopMeHHbiMU. Tem ca-
MBIM TIPOTPAMMHEI KOMIUIEKC CITOCOOEH (hYHKIIMO-
HUPOBATh B Pa3INYHBIX ONIEPAlIMOHHBIX CHUCTEMaX.

IIpennaraemelii B JaHHOM cTaThe TPOrPaMMHBIN KOM-
IUIEKC TIPENIOCTaBISIET IMMPOKYI0 (DYHKIIMOHATBHOCTD
npu pabote ¢ rpacdamu GosbIIKUX pa3MepoB. B maHHOM
MpOrpaMMHOM OOECIeYeHUU peau30BaHbl CpeICTBa
npeacTapieHus rpadoB, MO3BOJISIONINE IIPOBOIUTD aHA-
T3 rpada B3anMOICHCTBYIOIINX OOBEKTOB BU3YaIbHBI-
MU CpeACTBaMM IOCJIe aJITOPUTMUYECKON OOpabOTKU.
JaHHOe cpenCTBO MpeaHa3HAYEeHO IS IITMPOKOTo Kpyra
aHAJIUTHUKOB B 00J1aCTsIX MH(MOPMALIMOHHOI 6e30ITacHO-
CTHU, MApKETUHTA, COLIMOJIOTMYECKUX UCCIIEAOBAHNIA. B
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L e e A s

The problem of huge graph visualization arises in various fields of sociology and marketing. The relevance of this work is
determined by the need for the software package for analysis and visualization of such graphs. This paper introduces summary
analysis of several software products and highlights their weaknesses: lack of cross-platform and specialized graph warehouses,
inability to deal with huge graphs.

This paper presents a detailed description of the overall architecture of the software developed and each of its modules separately,
as well as a procedure for communication between core modules. A special graph warehouse capable to process graphs having up to
100 million vertices and billions of links is used to store graphs. A description of main data warehousing principles is also introduced.
The use of a proprietary file system ensures the absence of additional system calls when working with the warehouse and the lack
of a complex addressing system and any excessive mechanisms, that enables to avoid any extra overhead costs associated with
data warehousing. Furthermore, there is a description of a methodology for data visualization module, used data structures and
computer graphics algorithms, that enable to handle graphs comprising up to millions of vertices on real time basis.

1t is worth noting a wide range of algorithms for auto layout of graphs such as random layout, circular layout, circular component
layout, peacock tail layout, one or two themes layout, layout based on community detection and estimation of cohesion. This
paper presents a detailed description of each of the layout mentioned above.

Special attention should be paid to the developed methods of graph analysis. Algorithms have been designed to detect
communities in social networks, to evaluate graph cohesion, to find the shortest paths between any pair of vertices, graphs union
and intersection, etc.

A key feature of all algorithms presented in this paper is their ability to handle huge graphs.

A T

Key words: graph, graph analysis, graph visualization, graph storage, software.
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P
r Cmambs nocesuera npobneme nomoK08020 U3BneHeHUsi OGHHbIX U3 OOKYMEHIMO8 NOAYICECKOLL CHPYKMYpbl, 045

N

KOMOopbix cAabo npUmMeHUMbl Memoodbl CRAOUIHO20 ONMUYECK020 PACHO3HABAHUS CUMB0A08. Jlis obnecuenus npoyecca
CO30aHUsL CIMPYKMYPHBIX ONUCAHUI MAKUX 00KYMEHMOE WUPOKO UCHOAb3YIOMCS MEmoobl MauiuHHo20 00yuerus. Tem
He MeHee, CyuweCmeyroujie peleHuss No-npelcHemy 00Cmamo4HO CAONCHbI 05 KOHEYH020 N0Ab308amensi, NOCKOAbKY
mpebyrom pyMHO20 ONUCAHUSL JAEMEHMO8 CIMPYKIMYPbl OOKYMEHMA, He UMEHOUUX NPAMO20 OMHOUEHUS K U3BACKACMbIM
OGHHbIM.

Bpabome paccmampusaemcsi 603MONCHbIA HOOX00 K ONUCAHUI U300padiceHUll O0KYMEeHMOB NepeMeHHOL CpPYKmypbl,
ucnoawb3yemblii @ cucmeme nomokosoeo éoda ABBYY FlexiCapture, a makce memoo agmomamu4ecKoeo HOCmpoeHUs.
MaKoll CMpyKmypHoil MoOeau Ho pazmemke 6cex 3neMeHmos cmpykmypol. [1o0pobHO onucsleaemcs aneopumm
ABMOMAMUHECK020 NOUCKA ONOPHBIX NEMEHIMOE NO NOAb306AMENbCKOL PAZMEMKE U36/1eKAeMbIX OGHHbIX, NO360ASIOUUIL
BHAYUMENbHO 00Ae24UMb ¢ MOYKU 3DEHUs NOAB308AMENs NPOUECC CO30aHUs CMPYKMYpPHOU Modeau dokymenma ABBYY
FlexiCapture. Hnmeepauyust OnUCaHHOL MEXHON0UU 00YHEHUS Ha IMane 6epUpQUKalUU U3gAeKaembix OaHHbIX N036045em
UHKPEMEHMANBHO YAYMUWAMb CMPYKMYPHYIO M00etb OOKYMeHma, npu 5mom 6ce, Ymo mpebyemcs: om KOHEUHO20
noab308aMenst — UCNPAGASMb HEBEPHO HALIOEHHble 68 NPoyecce 86004 pecUoHbl u3seKaemblx noael. Takoce 6 cmambe
ONUCaH Memoo U pe3yabmam OyeHKU 3ggexmusrocmu npediodcerHoeo nooxoda. OnucanHblii cnocob NOUCKA ONOPHBIX
2/1eMEHMO8 NOKA3A/ CE0H) NPUMEHUMOCHb HA PEAIbHbIX HAAMENCHbIX OOKYMEHMAax ps0a Hemeyrux nocmasuguxos: 89,3%
cuemog moeym Ovimb 06pabomanst 6e3 OUUOOK NPU MUHUMAABHOM YUACIUU NOAL308AMENSL, NPU IMOM BEPHO U3BACUCHDL

dannvie uz 97,8% noseil.
k (0}

J

KimoueBbie ciioBa: cructemMa ITOTOKOBOTO BBOMA, TOKYMEHTHI TOJYKECTKOM CTPYKTYPBI, CTPYKTYPHOE OITMCAHWe
N300paXkeHUsI TOKYMEHTA, OIIOPHBIC 3JIEMEHTHI, PEIephl, MOJISI, pa3MeTKa IOJIeii, METOIbI MAITMHHOTO O0YJIeHNS],

YaCTOTHBIN CJIOBapb.

1. Benenne

0 Mepe Bce OOJIBIIETro paclpoCTpaHeHUs pac-
MpeaeaeHHBIX MHMOOPMAIIMOHHBIX CUCTEM M
CUCTEM 3JIEKTPOHHOTO JIOKYMEHTOO00OpOoTa
HaOMpaloT MOMYJISIPHOCTh M CUCTEMBI IIOTOKOBOT'O BBO-
na naHHbiX. Ha BXoa Takux cucteM morajaaeT 00JbIIoi
MAacCCHB JOKYMEHTOB Pa3JIWYHON IMPUPOIAbI, MOITOMY
00paboTka Bcero oobemMa JaHHbBIX BPYYHYIO 3aTpyIHU-
TeJibHA, 3aTpaTHa IO BPEMEHU U MPaKTUUYECKHU HEBO3-
moxHa. [Toctpoenue 3¢pHeKTUBHOM CUCTEMBI TOTOKO-

BOT'O BBOJa TOKYMEHTOB CBSI3aHO C PEIICHMEM IIEJIOrO
psma 3amad, TaKMX KakK paclio3HaBaHWE TEKCTa, KJlac-
cubUKaIsI U300paXkeHU, MapIIpyTU3aIis U U3BJIC-
YeHHUE TaHHBIX U3 JOKYMEHTOB.

B maHHOIi cTaThbe BHMMaHUE yIEJeHO MpodeMe aB-
TOMATUYECKOTO M3BJICYCHUST JAHHBIX U3 U300paKeHUI
JOKYMEHTOB. Jlaxke MOKyMEHTbl OJQHOTO THIIA 3aya-
CTYIO UMEIOT ITOJIyKECTKYIO CTPYKTYpY, TO €CTh pac-
MOJIOKEHKME OJHOTUITHBIX JAHHBIX HA HUX BApbUPYETCS
OT ONHOIO 3K3eMIUIApa K Apyromy. McnoibzoBanue
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TpadapeTHEIX (GOPM C SIBHBIM YKa3aHHEM pPETUOHOB
M3BJIEKAEMBIX NAaHHBIX W JAJPHEHINNM paclio3HaBa-
HUEM TEeKCTa METOJAMM ONTUYECKOTO Paclo3HaBaHMSI
CHMBOJIOB HE ITO3BOJISIET KOPPEKTHO WM3BJIEKATh WH-
dopmaLMIo M3 TaKUX HOKYMEHTOB. JIJIsl M3BJICUEHMS
nHPOPMAILIY U3 TOKYMEHTOB HEXXECTKOM JIOTMUECKOM
" TpapIecKoil CTPYKTYPHI MCIIONb3YETCS CITCITAIM -
3UpOBaHHAsl CTPYKTYpHasi MoAeab AOoKyMeHTa [1; 2].
BonbInyto TpyogHOCTE B MCITOIb30BAHMM TAKUX MOJEC-
JIeH TIpeCcTaBIIsIeT HEOOXOANMOCTh IPSIMOTO YKa3aHUS
TeOMETPUIECKMX OTHOIICHW MEXIY 3JIeMEHTaMU JI0-
KyMeHTa [3; 4], co3manus TeMaTU4eCcKUX ciaoBapeit [2;
3], a TaK:Ke py4yHOTro OIMMCAaHMSI HEKOTOPBIX 3JIEMEHTOB
CTpYKTYpHl [2; 4]. Bce aTO 00yca0BIMBaeT BBICOKUE
TpeboBaHMSA K KBAIM(UKAIIMU CO3IaTeIeii CTPYKTYp-
HBIX ONMCAHMI M OOJIbIlIME BPpEMEHHbIE 3aTpaThl Ha
coznmanre 3(GEKTUBHBIX OIMMCAHWUN Haxke IS TOKY-
MEHTOB ITPOCTOM CTPYKTYPHI.

st ynporieHusl Tporiecca CO3MaHus CTPYKTYPHBIX
OINMMCAaHUI MTOKYMEHTOB MCITOJb3YIOTCSI METOABI Ma-
muHHOro obyuyeHus. Ilokasan cBoto 3(pPeKTUBHOCTD
METOI aBTOMAaTHMYECKOIO ITOCTPOCHUSI CTPYKTYPHOIO
OINMCaHUsI JOKYMEHTa C MCIIOJb30BaHUEM I10JIh30-
BaTEJIbCKOM pa3MeTKM Bcex ajieMeHTOoB [5]. OmgHako,
9TOT MOAXOJ XOTh U 3HAYUTEJBHO YIIPOIIAET IIPOIIECC
CO3IaHUS CTPYKTYPHBIX ONTMCAHUI, HO HE pelliaeT Impo-
6;emy B mesioM. OT MOJIB30BATEIST TTO-TIPEXKHEMY Tpe-
OyeTcsl BPYYHYIO YKa3bIBaTh HA0OpP CTATUYECKUX BJie-
MEHTOB (ITOAMMCH, 3aTOJIOBKY U T.1.), C 3TUM CBSI3aHbI
oIpeeIeHHbIC TPYIHOCTH. BO-TIepBhIX, ITOIB30BaTENh
He BCerga MOXET XOpOIIO OINpEeNeJUTh, SBISETCS U
CTPOKA «XOPOIIIUM» OMTOPHBIM 3JIEMEHTOM (pErepom),
HAIeXXHO JIOKAIM3YIOIIUM T10Jie. BO-BTOpBIX, BO3HU-
KaeT psx MpoOJieM, €ClId TPEAriojiaraeTcsl, YTo Ipo-
IeCC CO3MaHMSI CTPYKTYPHOIO OIMMCAHUS MOXET OBITh
pacmpenesieH Mo BpeMEHU WJIU IMPOCTPAHCTBY, TaK Kak
Ha0Op pa3MEUEHHBIX PEIEePHBIX BJIEMEHTOB MOJIKEH
COBHIAAATh IJII BCEX HOKYMEHTOB OOYyYalOIIeil BHI-
O0opku. CienyloluM I1aroM B YIPOUIEHUM Mpollecca
CO3IIaHUS CTPYKTYPHOTO OIMMCAHUS SIBJISIETCS aBTOMa-
TH3aIUsl TTOMCKa OIOPHBIX JIEMEHTOB ITOKYMEHTa Ha
OCHOBE pa3MEeTKU M3BJIEKaeMbIX JaHHBIX (moJeii). Ta-
KOI ITOIXo 10 MUHIMYyMa CHIKaeT TpeOOBaTeIbHOCTh
K KBaIU(pUKALUMU TOJb30BaTeNsI, MOCKOJIbKY TpeOyeT
JIVIITb YKa3aHUsS TIOJIOXKEHUS MoJjiell Ha n300pakeHuu
MOKYMEHTa, a TaKXKe MO3BOJISIET BHEIPUTH CUCTEMY 00-
YUYEHMS Ha 3Tare BepuduKaluy U3BJIeKaeMbIX TaHHBIX
W MHKPEMEHTAJIBHO YIy4IIaTh CTPYKTYPHOE OICaHUe
B IIpOLIeCcCE BBOA.

B pabote paccmarpuBaeTcs IMOAXON K aBTOMAaTH4Ie-
CKOMY IIOMCKY PETIepHBIX 3JIEMEHTOB MIJIs JajbHEeIIe-
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TO MOCTPOEHUS CTPYKTYPHOTO OMMUCAHUS B paMKax MO-
nenu, ucrionbzyemoit B cucteme ABBYY FlexiCapture.
[TpumMeHUMOCTD TIpenIoKeHHOTo MeToAa Obuia Tpo-
BepeHa Ha TECTOBOM TakeTe M3 622 peabHbIX HeMell-
KuX cyeToB oT 10 mocTaBIUKOB. MeToa mokasai CBOIO
3¢ dHEKTUBHOCTD, KaK 4acThb MpoLecca UHKPEMEHTaTb-
HOTO OOYy4YeHUsI CTPYKTYPHOTO OIKMCaHUs B Mpolecce
BBOJA.

2. Mogeab CTPYKTYPHOTO
ONHKCAHKUA TOKYMEHTOB

Metoabsl aBTOMAaTMYECKOTO IMOMCKAa OMOPHBIX 3Je-
MEHTOB pacCMaTPUBAIOTCSI B KOHTEKCTE MOJEIN CTPYK-
TYPHOTO OITMCAaHMsS, HMCIIOJb3yeMOW B CHCTEME IIO-
tokoBoro BBojga ABBYY FlexiCapture. CTpykTypHOE
OINMucaHWe JOKyMEHTa MpeacTaBisseT co0oil aepeBo
TUMM3MPOBAHHBIX BJIEMEHTOB, OIpeAeIsSIomuX dop-
MaT M COOEpP:KMMOE HEKOTOPHIX YacTell JOKyMEHTA.
Bcero npoctynHo 18 TMIIOB 3JIeMEHTOB [JIs1 Pa3IMYHbBIX
TUIIOB JAHHBIX, TAKMX KaK CTaTUYECKMII TEKCT, AaTa,
JNEHEeXHass CyMMa, 4uciio, TeaehoH, PeryIsipHOe Bbl-
paxeHue u T.1. I KaXXIOro u3 3JIEMEHTOB 3a0acTCsI
Habop CBOWCTB, OTNPEESIONINX KaK COIEePXKMMOE BCe-
ro IOKyMeHTa (o0si3aTeibHbIE M 3allpellieHHbIE dJie-
MEHTbI, MUHUMAJIbHOE U MaKCUMaJbHOE KOJMYECTBO
MOIRJIEMEHTOB B TPYIIIE, KOJMYECTBO MOBTOPEHUM U
T.A.), TAK U COAEPXUMOE CaMUX BJIEMEHTOB (BapUaH-
ThI TEKCTa, MUHUMAJIbHOE U MaKCUMaJIbHOE 3HaUYEeHHUE,
(opmaT, KOJIMYECTBO CUMBOJIOB, KOJTUYECTBO CTPOK U
1.1.). Kpome Toro, st KaxIoro ajieMeHTa MOTYT ObITh
3a/IaHbI OTPaHUYEHUS 00J1aCTH MOUCKA — HAOOp MOJy-
TUIOCKOCTEMN, B KOTOPBIX 3JIEMEHT MOXET OBbITh HaMIEeH.
OrpaHuyeHust 00J1aCTU TIOMCKA MOTYT OBITh 3a1aHbI OT-
HOCUTEJILHO TPaHUI] N300paKeHUS TNO00 OTHOCUTEIIb-
HO DPACIIOJIOXKEHUS IPYruX, HalIeHHBIX paHee, dJie-
MEHTOB.

Ha ocHoBe 3agaHHBIX CBOWCTB M OOJIACTEN MOUC-
Ka OMpeAesseTCs] KaueCTBO TMIIOTE3hI O TOM, YTO pac-
ITO3HAHHOE CJIOBO WJIM MHOXECTBO CIIOB SIBIISIETCS CO-
OTBETCTBYIOILIMM 3JIEMEHTOM. HapylleHne Kaxmoro
W3 TpaBuj MPUBOIUT K HAJOXEHUIO OIpPeneeHHOro
mpada, pasMep KOTOPOTO 3aBHUCUT OT CTETEHW Ha-
pYILIEHUsSI M TI0JIb30BaTENNLCKUX HACTpOeK. B mporec-
ce aHaM3a TOKYMEHTa CTPOUTCS JepeBO TUITOTE3: TSl
KaXI0W U3 TUIOTE3 PACIIONOKEHUS TEKYILEro dJIeMeH-
Ta BBIABUTAETCS MHOXKECTBO TMIIOTE3 PACIIOIOXKEHUS
CllefyomuxX 3meMeHToB. KauecTBo 1emouku rurmores
PACCUMTHIBAETCSI KAaK MPOU3BENEHUE KAYeCTB KaxXIoMn
W3 TUIIOTE3 DTOW LIEMOYKHU. Pe3ynbpraToM aHau3a siB-
JISIETCS LIEMTOYKa TUIIOTE3 HAMJIYUIIEero KauecTBa, eCin



Ka4eCcTBO TaKOM IICTTOYKM ITPEBOCXOAUT IIPEIEITBbHOE
MMHMMAJIbHOE 3HAaueHMe, B IMPOTUBHOM CJIydae CUH-
TaeTCsl, YTO JOKYMEHT HE COOTBETCTBYET 3aJaHHOMY
CTPYKTYpHOMY OIMCaHuio. B o0ImeM ciyvae Jioruka
TMOCTPOCHUST CTPYKTYPHOTO ONMMCAHUS 3aKIII0YaeTCs B
OIpeNeNIEHUN CTATUYECKOTO «KapKaca» JOKYMEHTa U
MOCJeAYIOLIel JTOKAIU3alud M3BJIeKAeMbIX daHHbBIX
OTHOCHUTEJIBHO €TO0.

3. MeTtoa nocTpoenus
CTPYKTYPHOTO ONMCAHUA
10 TM0JIb30BATE/IbCKOM Pa3MeTKe

[MonmpoOHOe omucaHue MeToJa aBTOMATUYECKOIO
TMOCTPOCHUST CTPYKTYPHOTO OIMHMCAHUST JOKYMEHTa I10
MOJIB30BATEILCKOI pa3MeTKe BBEIXOAUT 3a PaMKU JTaH-
HO¥ CTaThbU, OMHAKO IIJIST OOIIETO IIOHMMAaHUS PACCMO-
TPUM KpaTKO€ OMMCaHUE MCIIOJb3YyeMOI0 aJlfTOpUTMA.
H7s 3agauu TOCTPOCHUSI CTPYKTYPHOTO OMUCAHUST He
paccMarpuBaeTcsl mpobsieMa KiacCcuduKaluu ITOKYy-
MEHTOB. CUMUTAETCS, YTO CTPYKTYpHOE OMNMMCAHUE CO3-
JIaeTcs Ui HOKYMEHTOB CXOXell CTPYKTyphl (cueTa
BBIIEJICHHOIO IOCTaBILIMKA, aHKEThl OIpPEeAcIEeHHOIO
KJIMEeHTa ¥ T.1.). B ciydae, Korma Ha BXOJ ITOCTYITAIOT
TOKYMEHTBI Pa3IMUHON CTPYKTYPHI, MOIpa3yMeBacT-
CsI UCITOJIb30BaHNE BHEIITHETO KiaccuduKaTopa u He-
CKOJIbKUX CTPYKTYPHBIX ONMUCAHUI IJII KaXXIOro M3
TUITOB 00pabaThIBa€MbIX JOKYMEHTOB.

C y4eToM BBIIIIEYKa3aHHBIX IIPEIITOI0XEHUN 1 OITH-
CaHHOM paHee MO CTPYKTYPHOTO OMMCaHMs, 3a1a-
ya aBTOMAaTMUYECKOIO CO3JaHUsI CTPYKTYPHOTrO OITMCa-
HUS M0 MOJb30BaTEIbCKON pa3MeTKe BCEX DJIEMEHTOB
CBOIOWTCS K IBYM ITOA3adadaM: OMpelescHHe THIIA U
HaCTpOMKa CBOICTB KaXXIOTO M3 3JIEMEHTOB 1 ITOCTPO-
€HUE TeOMETPUUYECKUX OTHOIICHUI MeXAy dJeMeHTa-
mu. HabGop cBOIICTB 3jieMeHTa 3aBUCUT OT €ro TUIa, U
aJITOPUTM UX HACTPOWMKHU He OyAeT paccMaTpUBaAThCS
noapobHo. B obiieM ciaydyae, cBOCTBA 3a0al0TCsI KakK
HauOoJiee CTpOrue pasyMHBIE OrpaHMYEHMS, BKITIO-
YyalollMe BCE BO3MOXHBIC BapUaHThl 0Oydalolleil BbI-
OOpKHU.

J11s1 ToCTpOeHUSI FTeOMETPUUECKUX OTpaHUYEeHU I 00-
JIaCTU TOMCKA JUISI KaXIOro TOKyMEeHTa CTPOUTCS Ma-
TpUlla OTHOLIEHUI MEXIy 2JIeMEHTaMM TUIIA <«BbIILIE-
HUKE» U «JIeBee-IpaBees, OCJIe YEro Pe3ybTUPYoIIast
MaTpHIla OTHOIICHMI ITOJyJaeTcsl KaK IIepecedeHue
BCero MHoOXecTBa Marpuil. OTCTYIIbl OrpaHUYEHUI
OT rpaHMUI] JIEMEHTOB TaKXe 3aaloTCsl KaK Hauboiee
CTPOTUE OTPaHUYEHUS, BKITIOUAIOIIIUE BCE BO3ZMOXHbIE
BapMaHTBl B3aMMHOTO DPACITOJIOKCHUS 3JICMEHTOB Ha
MOKYMEHTaX Habopa 00yJeHUsI.

4. ITouck OIIOPHBIX 3JICMCHTOB
C MCNOJIb30BAHUEM I10J1b30BATEIbCKOM
Pa3sMeTKH MmoJiei

BKpaTLlC, IIOUCK OIIOPHBIX 3JIEMEHTOB COCTOUT U3
CJICOYIOUINX STAIlOB:

1. TOCTpOEHME YAaCTOTHOTO CJIOBAps IS JOKYMEHTOB
o0yyJaroIieii BBIOOPKU;

2. BBIOOpP CIOB-KaHAUAATOB B PEIIEPHBIC JIEMEHTHI 10
JaCcTOTHOCTH,

3. cusiHUe T€COMETPUYCCKU OJIM3KUX CJOB-KaHAUIATOB
B CTPOKHU JJIA KaXX10ro n3 10KyMEHTOB,

4. corocTaBjieHUE PErepoB Ha NOKYMEHTax olydaro-
1€l BBIOOPKM.

s TIoMicKa OMOPHBIX 3JIEMEHTOB IS BCEX JTOKY-
MEHTOB OOy4alolieii BBIOOPKM CTPOMTCS YaCTOTHBII
CJIOBapb C YYeTOM BO3MOXHBEIX OIIMOOK pacro3Ha-
BaHUs: CJIOBA CYMTAIOTCS BapMaHTaMU OJHOTO CJIOBa,
€CJIM CBOIATCA APYT K APYry HE IMPEBOCXOIAIINM I10-
POTOBOTO 3HAYCHMS KOJTMICCTBOM 3JIEMEHTAPHBIX OITe-
paluif, K KOTOPbIM OTHOCSITCS BCTaBKa, yAaJleHuEe U
3aMeHa CUMBOJIA.

Ha ocHOBe 4aCTOTHEBIX CIOBapeii BRIOMPAIOTCS CJI0BA-
KaHIWAAThI, IIPY 9TOM [IJIs1 OLIEHKM KAayecTBa CJIOBA W
HCIIONB3YeTCS Mepa

_2..40d,w)

q(w) D

riae |D| — KolIn4ecTBo JOKYMEHTOB B HAGOpe 00y4YeHUSI,
a q(d,, w) — KaueCTBO CJI0Ba W Ha IOKYMEHTE d,, paBHOE

max(q(d;,w;)) — MaKCUMAJIbHOMY KauyeCTBY KOHKDET-
HOTO 3K3eMIUIsipa ciioBa Ha jaokyMeHTte. KauectBo
KaXIOro KOHKPETHOTO 3K3eMIUISIpa CJIOBa BBIYMC-
JITeTCS B COOTBETCTBUU C (DOPMATOM CONEPKUMOTO,
(opMaTupoBaHUEeM, T€OMETPUYECKUMU pa3MepaMu U
pacToyioXXeHueM TekcTa. Tak, OOHyC MoTydJaloT coBa
¢dopMatHo noxoxue Ha 3aroyioBkd, URL, moanucu u
T.Il. CTaTUYECKUE dJIeMEeHThl JoKymeHTa. CioBa, BXO-
JSIIAE B MEJTKUI Y CTUTOIITHOM TEKCT, MOTYy4aloT MEHb-
1ee KayecTBo. Takxke mrpadyroTcs ciaoBa no opmary
MOX0XWe Ha YMCJIEHHbIC 3HAYEHUSI, AaThl, TyHKTYyaTo-
pHI U T.1I.

JIOTIOTHUTETLHO OTCEKAIOTCST CJIOBA C MAJIOK YacTOT-
HOCTbIO, IT0 Mepe

dsw
df(w)=log (1 MCENIN
| D|
rae |d,>w| — KOIMYECTBO JOKYMEHTOB OOydaroliei

BBIOOPKH, B KOTOPBIX BCTPEYAETCS CIIOBO W, a |D| — 06-
LIee KOJIMYECTBO JOKYMEHTOB B HAbope 00yYeHMSI.
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Ha sTom sTamne He UCMOAB3YETCS Mepa VTSI OTCEUEHUS
CJIOB, YacTO BCTPEYAIONIMXCS HA OTHOM 3IK3EMILISIpE
JIOKYMEHTA, MMOCKOJIbKY YaCTOYITOTPEOUTETHHOE B KOH-
TEKCTe NOKYMEHTa CJIOBO MOXET ObITh YaCThIO MEHee
YACTOTHOM CTPOKM, SIBJISIOLIEHCS XOPOIIUM OIIOPHBIM
aneMeHToM. Hamprmep, 4aCTOTHBIE Ha IUTATEKHBIX 10~
KyMEHTax cjoBa «invoice» U «date» 00pa3yloT HameX-
HBII penep-MoANUcCh K MOJIO «invoice date».

Ha craenmylomeM sTame TreoMeTpUUYeCcKH OJIM3KUE
CJI0OBa-KaHIWOAThl CIMBAIOTCS B CTPOKY Ha KaXKIIOM U3
JTOKYMEHTOB Habopa 00ydyeHusi. CIIMCOK OTIOPHBIX dJie-
MEHTOB TIOJTy9aeTCsl IyTeM COITOCTABJICHUS TIOJyYeH-
HBIX CTPOK-KAHAWIATOB JIJIST KaXXI0TO U3 JOKYMEHTOB.
HavanpHEBI CITHCOK pernepoB (hOPMHUPYETCS Ha OCHOBE
CTPOK-KaHAMIATOB, HAICHHBIX Ha TIEPBOM TOKYMEH-
T€, JAJIbHEUIIUHI IIPOLIECC CONIOCTABIEHUS IPOUCXOIUT
WUTEPATUBHO CJIEAYIOIIMM 00pa3oM:

1. g KaXmoro CIeAyIoIero JOKYMEHTa CTPOUTCS
JIBYIOJIBHBIN Tpad, BepIIMHAMU KOTOPOTO SIBIISIIOTCS
CTPOKM-KaHIUIATHl M MMEIOIIMEecs] Ha JaHHOM JTare
penephl, COOTBETCTBEHHO. Bec kaxkmoro pedpa s pe-
repa r ¥ CTPOKH-KaHINIATa § PACCUUTHIBAETCS IO pa3-
METKe MHOXeCTBa IMoJjieii FKak y
—k ZJZIL(r’ S ))

| F|
rae 7T'(r, s) — cTeneHb COBIaJeHUSI TEKCTOBOIO COIEP-
XaHust r v s, L(r, s, f) — CTeNeHb COBIAJIEHUsI OTHO-
CHUTEJILHOTO PACIOJIOKEHUS TIOJs f, OTHOCUTEJIbHO F
Ha KOJUIEKIIMHA 00paboTaHHBIX JOKYMEHTOB U OTHOCH-
TEJIBHO § Ha TEKYLIEM JOKYMEHTE, | F| — obliee Koamde-
CTBO IOJIEN, a K — KOHCTAHTA.

El

W (r,s)=T(r,s)-(maxL(r,s, f,)

2. 3 rpaca ynanstorcs Bce pedpa ¢ KayeCTBOM HIKE
TIOPOTOBOTO, TTOCJIE YETO UIIETCS MAaKCUMaJIBHOE ITapo-
coueTaHMe, OIpeaesionlee MPUHAIICKHOCTh CTPOKHU
KaHIMIaTa K COOTBETCTBYIoIIeMy perepy. CTpoku, He
MMEIOIINE ITAPHOTO perepa, J0OABIISIIOTCS KaK HOBBIN
PENEPHBINA 3JIEMEHT.

3. JIns Bcex perepHbIX B3JIEMEHTOB OOHOBJISIIOTCS
JaHHBIC 00 OTHOCUTEIHLHOM PACIIOIOXKCHUH IO C
YUYETOM IIOC/IeAHEr0 OOPabOTAHHOIO JOKYMEHTA.

Ha mocnenHeM sTamne, mocjie OKOHYaHHUS Ipoliecca
COMOCTAaBJIEHUSI, U3 TIOJYYEHHOTO CITMCKA pPerepHBIX
2JIEMEHTOB YHAJSIOTCS BJIEMEHThI, IpeACcTaBIeHHbIE
Ha MaJIOM OTHOCHUTEJIbLHOM KOJIMYECTBE MOKYMEHTOB
oOyuaronieil BLIOOPKU.

5. MeTonuka u pe3yJbTaT TeCTUPOBAHHUS

Ouenka 3¢p(PEKTUBHOCTH METOAA aBTOMAaTHUUYECKO-
ro MOMCKa PEIepHBIX 3JIEMEHTOB caMma 1o cebe 3a-
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TPYOHUTEIbHA, MOCKOJbKY, BO-TIEPBBIX, HE BCerna
MOXHO OOBEKTMBHO OIpPEAeINTh, HACKOJbKO Kaye-
CTBEHHBIM DETIEpOM SIBJISIETCSI KOHKpPETHasl CTpOKa,
BO-BTOPBIX, 3a4aCTYIO IJIS MOCTPOCHUS KadeCTBEH-
HOTO CTPYKTYPHOTO OIMCaHUS JOKYMEHTa He 00si3a-
TeJbHO UCIIOJb30BaTh BCE «HAMEXHbBIE» CTATUYECKHUE
3JIEMEHTHI, a JTOCTATOYHO OTPAHUUYUTHCS KaKUM-TO
pasyMHBIM MHUHUMYMOM. B CBSI3M ¢ 3TUM Xapakre-
PUCTUKHU MOJHOTHI U TOYHOCTU OTHOCUTEJIbHO HEKO-
TOpPO# 3TAJJOHHO! pa3MeTKU PEIePOB HE SBIISIOTCS
NpUeMJIEeMbIMM TOKa3aTeJsIMUA KadyecTBa BHE KOH-
TeKCTa NaJIbHEUIIETO0 WMCIIOJb30BAaHUS HalIeHHBIX
OITOPHBIX JIEMEHTOB.

[MpenyoXxeHHbI TOAXON TECTUPYETCS B CBSI3KE C
OINKMCAHHBIM paHee METOAOM aBTOMAaTUYECKOIro CO3-
JAHWST CTPYKTYPHBIX OMUCAHUI, KaK TIEPBBIi Iar WH-
KPEMEHTAIIBHOTO OOYYEHUSI CTPYKTYPHOTO OMMCAHMS
B IIpoOLIecce BBOJA: CIEpBa MO MOJIb30BATENbCKON pa3-
METKE TIOJIEl OTpeNesieTCs pacnoOXeHUE OTTOPHBIX
3JIEMEHTOB, 3aTeM OOBbEIUHEHUE PA3METKU PETEPOB U
MOJIEN UCIONB3YETCH ISl CO3NaHUS OYEPENHON BEp-
CHUM CTPYKTYpHOTo onucaHus. HheKTUBHOCTh TAKOTO
MOAX0a CPABHUBAETCSI C aBTOMATUYECKUM CO3IaHUEM
CTPYKTYPHOTO OMMCAHUS C UCTIOJb30BAHUEM BPYUHYIO
yKa3aHHbIX OTMIOPHBIX 3JIEMEHTOB: [IJI51 JOKYMEHTOB 00-
y4Jarouiei BHIOOPKM OINepaTop yKa3bIBaeT pacIoyioxXe-
HUE TOAMUCEN K U3BJIEKAEMbIM JaHHBIM, a Takxke 0e3
WICITOJIb30BAHUS OMOPHBIX 3JIEMEHTOB, UCKIIOUNATEb-
HO T10 TTOJIOXKEHMIO MOJIEH.

B ob6mieM Bume crieHapwii TeCTUPOBAHUS BBITJISIIUT
CJICIYIOIIM 00pa3oM:

1. Ina Havyana obpabOTKM TOKYMEHTOB, IMOJIb30Ba-
TeJb BPYYHYIO YKa3bIBaeT pPAcCIIOJIOXEHHE H3BJeKae-
MBIX ITaHHBIX Ha IEPBBIX TPeX M300paxKeHMSIX TOKY-
MEHTOB IaHHOTO THIIA.

2. Ilo okoHYaHUU pasMETKM aBTOMATHYCCKM CO3-
JacTCd 1€pBasd BEPCUA CTPYKTYPHOIro OIItMCaHud, UC-
I10JIb3YEMOTIO B NaJTbHEUIIIEM 11 U3BJACUYCHUS JAaHHBIX
N3 TOKYMCHTOB.

3. Ecim B mIpo1iecce MOTOKOBO#T 00pabOTKM KaKUe-TO
MOJI HaIJIUCh HEBEPHO, IMOJIb30BaTe/Ib BPYYHYIO UC-
TIPABJISICT PACTIOIOKEHIE TTOJICH.

4. B ciyuae, koraa oMok oOpabOTKM HE CBSI3aHbI
¢ nedexramu n3obpaxeHus (MMpOOIEeMbI paciio3HaBa-
HUSI, TIEPEKOCH U T.1.), TIOJIb30BaTe b T00ABIISIET ITPO-
OJIeMHBII 9K3eMILISIp JOKYMEHTa B HA0Op 00yueHuUsl.

5. Ha ocHOBe 1T0Th30BaTENIbCKOM pa3MeTKH TT0JIei TTo
BCeMy HabOpy OOy4YeHUsT CO3IaeTCsl OuepeaHast BEpCHs
CTPYKTYPHOTO OITHMCAHUsI, KOTOpasi UCIOJb3YeTCs IJIsT
JaJibHeIe 06paboTKN JOKYMEHTOB.
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Hns TIpoBepKM TIPUMEHMMOCTU IIPEIJIOXKEHHOTO
MOJIXO04a MCIOJIb30BAJICS MAaKeT, copepxammnii 622 pe-
aJlbHbIX cueTa oT 10 HeMeLKUX MOCTaBIIMKOB. Takum
obpa3oM, B TIpollecce BBOIA YJacTBOBaIO 592 mOKy-
MEHTa, TMOCKOJIbKY MEpPBbIe TPU M300pakeHUsT TOKY-
MEHTOB KaXXJIOTO M3 MOCTABIIVMKOB MCIIOJIb30BaJIACh
IIJIS CO3JAaHUSI MCXOOHOW BEPCHHM CTPYKTYPHOIO OIM-
CaHUs.

Tabauya 1.
Pe3yabTaThl 00pa00OTKH TOKYMEHTOB
npu o0y4eHnu 6e3 NCNOIb30BAHUS PENEepPoB

KonuyectBo ‘ KonuyectBo ‘ Hons
own6oK AOKYMEHTOB AOKYMEHTOB
0 0 0%
1 0 0%
2 6 1,0%
3 62 10,5%
4 58 9,8%
5 134 22,6%
6 260 43,9%
7 72 12,2%

PesynbraThl 3KCcniepuMeHTa, MPUBENEHHBIC B maba.
1, MOKa3bIBalOT, YTO METO, 00yUYeHMSsT O€3 UCITOJIb30Ba-
HUSI CTaTMYECKMX 3JIEMEHTOB HE MPUTOACH IS ITOTO-
KOBOTO BBoJa. Tak, HU OIWH JOKYMEHT He ObUI BBEJCH
0e3 ommboK, MeHee 3 OIMOOK OBIJIO TOTYIIIEHO BCETO
Ha 1% noKyMeHTOB, a AJis 60Jjiee, YeM ITOJIOBUHBI TOKY-
MEHTOB ITOTOKA BBIZEJIEHO He 6oJiee OMHOTO ITOJIS.

W3 maba. 2 BunHo, 4TO GOJIEe-MeHee MPUEeMIEMbII
pe3yabTaT W3BJEYEHHUS MaHHBIX 0e3 MCIOoJb30Ba-
HUSI OMOPHBIX 3JIEMEHTOB JOCTHUTAETCS TOJBKO IS
JOCTAaTOYHO KECTKO ITO3WIMOHMPOBAHHBIX ITOJIEH
BbIeJIeHHOTO ¢opMaTta (mata). 2KecTko pacmoJfa-
rajpuiyecs 1moJjs 6osiee cBoO6OIHOr0 hopmarta BbIAe-
JISIIOTCSI CUJIBHO XyXXe (IoJIydaTesib, HOMEp cUeTa), a
Ka4yecTBO BBIIEJICHUS MOJIEW C TLIaBaIOUIEe MO3ULU-
el (cyMMa cueTa) Wiu nepeMeHHOro pasmepa (aapec
rnoJtyJyaTesisl) HeJib3sl Ha3BaTh XOTb CKOJIbKO-HUOYIb
IpUEeMIICMBIM.

Tabauuya 3.
CpaBHeHue pe3yJIbTaTOB 00Pa0OTKH
JIOKYMEHTOB NIPH ABTOMATHYECKOM MONCKeE
U PYYHOM YKA3aHUH OTIOPHBIX JIEMEHTOB

Konn- KonuyectBo nokymenToB | [lons AOKYMEHTOB
4ecTBO
owm6ok
0 529 418 89,3% 70,6%
1 46 122 8,6% 20,6%
2 9 33 1,5% 5,6%
3 3 10 0,5% 1,7%
4 2 5 0,3% 0,8%
5 0 1 0% 0,1%
6 3 3 0,5% 0,5%
Tabauuya 4.

CpaBHeHHe pe3yJIbTATOB H3BJICYEHHUS
JAHHBIX noJei NpH aBTOMATHYECKOM IMOUCKE
M PYYHOM YKA3aHHUH OMOPHBIX JIEMEHTOB

Tabauya 2. Konu- KoppekrHo Haitneno
HaiileHo mosiell | JMLWHUX none
PesynbraThl n3Biedenus Wms nons :::;;'L
JAHHBIX NOJIei NPy 00yYeHUuH naKere PYUHOi
0e3 NCNoJIb30BAHNS PENepoB
Mony4arens 592 577 555 0 0
Konnuecteo | KoppektHo Hons Anpec
Hms nons noneit HailleHo | Haii[ieHHbIX noﬂyﬂ%mﬂ 590 571 467 2 0
B nakerte nonev nonev
Homep
Nonyvatens 592 161 272% cHeta 4| % 536 4 4
Anpec nony4arens 590 64 10,8% [ara 599 585 579 0 0
Homep c4eta 574 191 33,2%
Cynma 580 | 570 | 570 8 12
Nara 592 372 62,8% 6e3 Hanora
Cymma 6e3 Hanora 580 10 1,7% Cymma
Hanora 492 485 478 2 2
Cymma Hanora 492 57 11,6%
Cymmia 588 28 4.8% Cymma 588 580 575 0 0

bUSHEC-UHDOPMATHUKA Ne4(30)-2014 r.
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01. 31 4 IpUBEIEHO CpaBHEHUE Pe3yJIbTATOB BBOJA C
MHKPEMEHTAIBHBIM O0yYeHUEM CTPYKTYPHOTO OITHCA-
HUS TP MCTIOJIb30BAHNH aBTOMATHYCCKM HAIeHHBIX
(«aBTO») M yKa3aHHBIX OIIEPATOPOM BPYUHYIO («pyd-
HOIi») OMOPHBIX 3JIeMEHTOB. ONMMCaHHBIN METOI TTOKa-
3a]l cBOIO 3(peKTUBHOCTD: 89,3% MOKYMEHTOB ObLIU
obpaboTaHbl 6e3 OLIMOOK, a olIMOKa 0oJiee YeM B IBa
MoJist ObUTa AOMylIeHa MeHee, 4yeM Ha 1,5% mokymeH-
TOB, MPU ITOM ycnelHo Obu1o HaitneHo 3919 uz 4008
noJjeit (97,8%). Boiee TOro, B KOHTEKCTE OMMCAHHOIO
MHKPEMEHTAJIBHOTO OOYyYeHUs CTPYKTYPHOM MOIEIH,
MIPeUIOKEHHBIN TTOAX0n oKa3ajics 3((heKTUBHEE, YeM
pY4YHOE yKa3aHHE OIIEpaTOPOM IIO3UIIMI ITOAIIMCEN K
M3BJIEKAEMBIM ITOJISIM.

6. BoiBoap1

MeTtn mokasan cBol 3G (GEKTUBHOCTh M ITO3BOJINI
MMHHUMM3UPOBATh YYaCTHUE MOJIb30BaTes B IpoLecce

CO3MaHUs CTPYKTYpHOTO omucaHus. Pe3ynbraThl Te-
CTOBOTO 3KCTIEpMMEHTA TT0Ka3aju, YTO I0JIb30BaTe b
MOXET TIOJIyYUTh CTPYKTYPHOE OMMCAHUE JOCTaTOYHO
BBICOKOTO Ka4yeCTBa, ITPOCTO YKa3bIBasl pacIioyioXeHue
M3BJIEKaeMbIX JaHHBIX. TeM He MeHee, MO-TpekKHEMY
TpeOyeTcs ImoanepKKa IMoIb30BaTesIst [Tl (GUIbTPpAIuy
nedeKTHbIX U300paXkeHWl, 4To TpedyeT omnpenesieH-
HOM, XOTb M HE BBICOKOM, KBanubuxkanuu. B uaeaie,
cUcTeMa NOJDKHA YMETb aBTOMAaTUYeCKM MPUHUMATh
pelieHue, N00ABIATh AU OuepedHOe U300pakeHue B
00yyYaloIIyI0 BEIOOPKY.

Takke He cTOUT 3a0bIBaTh, YTO MPU pa3pabOTKe Me-
TOJIa UCIIOJIb30BaJIOCh TOCTATOYHO CHIIBHOE MPEIII0JI0-
JKEHME O TOM, YTO JOKYMEHTBI Pa3IMYHON MPUPOIBI U
CTPYKTYPbI MOTYT OBbITh HaBepHSIKa pa3leaeHbl BHEIII-
HUM KJaccugukaropoM. OgHako, caMo 1o cede co3na-
HHME TaKOro KjiaccupuKaTropa — AOCTATOYHO CJIOXHAs
¥ TpyooeMKas 3afada, TpeOyroIast OTAeJIbHOTO Uccie-
JoBaHMS. B
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The paper deals with automatic data extraction from semi-structured documents. The through optical character recognition
methods are slightly applicable for this kind of input. To simplify the process to create structural descriptions of such documents
machine learning methods are widely used, however, current solutions are still complicated for end-users, because these require
manual description of document structure elements, which are not directly relevant to date to be extracted.

The article presents a possible approach to describe variable structure document images used in document data capture system
called ABBYY FlexiCapture and a method of automatic model creation based on layout of all structure elements. The paper
provides a detailed description of an algorithm for automatic detection of reference elements based on user layout of data to be
extracted that enables to facilitate dramatically the process of building of a structured model of an ABBYY FlexiCapture document
Jfrom the user perspective. Integration of this technology at the data extraction validation stage enables to incrementally improve
the structural model of a document, as it requires a user only to correct localization of wrongly found data being extracted.
Finally, the paper describes a method to assess robustness of the proposed approach and test results. The described method
involving detection of reference elements has shown its effectiveness in processing actual payment documents of a number of
German suppliers: 89.3% of invoiced can be treated with no faults with minimum user intervention; furthermore, the data had
been extracted correctly from 97.8% of fields.
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Key words: data capture, semi-structured documents, structural description of document, reference elements,
reference points, fields, fields layout, machine learning, frequency list.
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7 Jlannas paboma pazeusaem nooxo0d k hnpobreme MHOLOKPUMEPUANLHO2O PAHICUPOBAHUS, HA3bIGAeMblil Hamu \

MHO20KpUmepuaivhoil cmpamugpuxayueti. Ilpu makom nooxode npedcmaensiem UHMEPEC He CHIOALKO NOAHOE
YHOPSOOHUBAHUE 8APUAHMO8, CKOIbKO PA30UEHIe MHONCECBA 8APUAHMO8 HA 3A0aHHOE YUCAO KAACCO8, YNOPAOOUEHHbIX
no npednoumenuro. Pandicuposanue nosyuaemes nymem AuHeiHoU ceepmiu kpumepueg ¢ gecamu. Ilpu smom eeca
0NPeoeAstoMCsL, UCXO005L U3 NPEONOA0NCEHUS O HANUMUU HEKOMOPOU CIPYKMYPbL 8 OAHHbIX, MAKOLL Ym0 MONCHO 8bl0eAUMd
«NAPANNCABHBIC» CAOU — CHIPANTbL.

B pabome [6] asmopbt cihopmyruposanu 3a0a4uy GopmMuposaHus OnmUMAaibHOU cCmpamu@uKayul, KaxK 3aoauy
ONMUMU3AUUL HEKOMOPOIL Uene60l (YYHKUUU OMHOCUMENbHO 82C08 KpUumepues, 00HAKO, NPeon0dCceH bl 8 SMOii pabome
aneopumm peuleHus NoAyHaemMo 3a0a4u, UCNOAb3YIOUWULL CAYHATIHBLE NOUCK, OKA3AACS HeADheKMUBHbIM NO CPDABHEHUIO C
dpyeumu memooamu cmpamugurayull.

B dannoii pabome npednaeaemcst HOGblU ANCOPUMM ONMUMUZAUUL UeAe60l (DYHKUUU MHOLOKPUMEPUAIbHOU
cmpamuguKayuy  Ha OCHO8e K8AOPAMUYHOO NPOSPAMMUPOBAHUS. ISl 8CecmopoHHe20 IKCNePUMEHMANbHO2O0
UCCAe008aHUs Kauecmea padombl aneopumma npediaeaemcs yCo8epuieHCme08anHas Mo0eb 2eHePaYUU UCKYCCHBEHHBIX
cmpamuguyuposannbix dannblx. Hoeas modenv eenepayuu cmpam umeem 0oabule NApamempos 04si HACMPOUKU
U nosgonsem cubKo 3a0aeamv 2eoMempuio CIpam: OpPUEHMAUUlo, MOMMUHY, DPA3MAX U UHMEHCUBHOCb, 4O
AyMule YHUMbIeaem CMpyKmypy peanvhvix 0anHwix. [Ipednaeaemvlii ancopumm KCHEpUMEHMANbHO CPAGHUBAEMCA C
CYUECMBYIOWUMU MemOo0amyu CMpamu@UKayu Ha UCKYCCMBEHHbIX OaHHbIX, U NOKA3bIBACMCsl €20 NPEUMYUeCNEO 6
bonvuiuHCmee paccmompertbix caydaes. Paccmampuearomes 0sa npumepa peanvHbix 0aHHbIX — OubAUOMempuYecKUe
noxazamenu 118 Hayunwix JcypHanos u xapakmepucmuky nyoauxayuonroi akmuenocmu 102 cmpan. Ha smux anHbix
HOBbLU ANe0pumm npueooUm K Xopouio UHmMepnpemupyemvim U adekeamusim pesyismamam. Takoice okasaiocs, ymo
HA 3MUX OGHHbIX NOCMPOEHHOE AN0PUMMOM MHOOKPUMEPUAAbHOe pa3dueHue Haubosee co2Aaco8aHo ¢ pasoueHusMu,

\I’IOCI’HPO(?HHbIMU 10 0MOeNbHO 83MbIM Kpumepusim.
A\

J

KmoueBsie ciioBa: crpaTuduKaliysi, MHOTOKPUTEPHUATILHOE PAHKMPOBAHNE, B3BEIIICHHAS CyMMa, KBaIpaTUIHOE

MIporpaMMHPOBAaHNE, OIITUMM3ALNSI, ONOIMOMETPHSI.

Beenenne

paGore [6] paccmMaTpuBaeTcs mpodiiemMa cTpa-
TU(hUKALMKM KaK IMOMCK BECOB KPUTEPUEB Ta-
KMX, YTO 3JIEMEHTHI CTpaT 00pa3yloT KOMITAKT-
HBIe TPYNINbl HAa OcU 0000IIeHHOTO KpuTtepus. Hdns
pelieHnsT BOZHUKAIOIIEeH ONTUMU3AIIMOHHON 3amayu
OIpeaesieHNs] ONTUMAaJIbHBIX BECOBBIX KO3 dUILIMEH-

24

TOB KpUTEPHUEB B 3TOI pabOTe UCIOJb30BAICS METO/,
CJydyaiiHOro IIOMCKa, WMUTHMPYIOIIUN 3BOJIIOLMIO.
[IpennoxeHHBI MeTOn CTpaTUGhUKAUMU 3SKCHEpr-
MEHTaJIbHO CPaBHUBAJICS C PSIIOM IPYTUX aJITOPUTMOB
M, B 00IIIEM M LI€JIOM, YCTYIIMJI HEKOTOPHIM U3 HUX. B
IaHHOI paboTe IpeajaraeTcsl MCIIOJb30BaTh OoJice
TOYHBIA METOJA KBaAPaTUYHOTO MPOTrpaMMUPOBAHUS
BMECTO ClIyJaiflHOTo moucka. B Takoit Mogubukanuu



METOI CTpaTU(HMKALIMA OKa3bIBAeTCS BIIOJIHE KOH-
KYPEHTOCIIOCOOHBIM B BBIYMCIUTEIbHBIX 3KCIEpU-
MeHTax. [IpumMeHeHne MeTona K peaJbHBIM JaHHBIM
MIPUBOINUT K XOPOIIO MHTEPIPETUPYEMBIM BECOBBIM
Ko3(hGUIIMEHTaM KPUTEPHUEB, a MOJIyIacMbIe CTPAThI
OKa3bIBAaIOTCI JTOCTAaTOYHO afeKBaTHEI. ISt TpoBe-
JIEeHUSI KOHTPOJUPYEMOIO BBIYMCIMTEIBHOIO 3KCIe-
pUMEHTa Ha MCKYCCTBEHHBIX HaHHBIX B HACTOSIICH
pabote TmpenjaracTcs yCOBEpIIeHCTBOBaHHAsI IMapa-
MeTpuYecKass MOIEIb TeHepaluK JIMHEHHBIX CTpar.
DTOT MeXaHU3M TeHepalluy IMO3BOJISIET B 3aBUCUMO-
CTH OT ITapaMeTpPOB TMOKO 3a1aBaTh CTPYKTYPY CTparT,
M TEM CaMbIM MOIEIMPOBATh MHOTHE CUTyalll, BO3-
HUKaIOIINE B 3aJa4ax MPUHATHS PEIICHUIA.

[anbHelilnee comep>XaHUWe BKIIOYAET YEThIPE pas-
nena. B mepBoM pasnesie MpUBOIUTCS KpaTKUii 0030p
CYLIECTBYIOIIMX METOAOB cTpatudukanuu. Bo BTopom
pasmene (popMymmpyeTcss IpodjieMa MHOTOKPHUTEPH-
anbHOU cTpatudukauuu. B TpeTrbeM pasnene mpu-
BOIMTCS ONTHMMHU3aLMOHHAs 3agaya (GopMUpOBaHUS
MHOTOKPUTEpUATBLHON CTpaTU(UKALIMM U HOBBII aj-
roput™M e€ peuieHus. YeTBepThlii pazfgesl COOEPKUT
OIMMCaHNe peajJbHBIX U CTeHepPHPOBAHHBIX JAHHBIX, a
Tak>Ke pe3ybTaThl 9KCIIEPUMEHTOB.

PaGoTa Benach mpu 4yacTMYHOI (PMHAHCOBOM MOJ-
IepxkKe MexayHaponHou Jlaboparopuum aHanuza u
BeIOOpa pemrennit HUY BIIID. ABTop BEIpaxkaet 0OJia-
romgapHocTh I.T.H. b.I'. MUpKuHY 3a mOoCTaBJIeHHYIO 3a-
naygy.

1. ITocranoBka
npooIeMbl CTPATH(DUKATIH

MHoxecTBO U3 N OOBEKTOB, OLIEHEHHBIX IO M
KpUTEepUsIM, HEOOXOAUMO pa3feluTh Ha K Hemepe-
CEeKaIOIIUXCS TPYIII, YIIOPSIOUYSHHBIX MEXIY COOOM
TaKUM 00pa3oM, YTOOBI OOBEKTHI M3 OJHOU TPYIITHI
OBLIM OBl KaK MOKHO 00JIe€ CXOXU MO NPEANOYTECHUIO
¢ 00BbeKTaMM U3 TOM XKe TPYIIIBI 1 BOCHOBHOM JIYYIIIe,
yeM 00BEKTHI U3 TPYIII C OOJIbIIUM HOMepOoM. Takoe
VIIOpSIMOYeHHOE pa3oueHune OymeM Ha3bIBaTh CTPATH -
dukaieit, a MoJyJyeHHbIe TPYINbl 00BEKTOB CTpa-
TaMu. OLIeHK1 00bEKTOB MO KPUTEPUSIM OyIeM 3aIi-
ChIBaTh B BMJIE KpUTEPMANbHOM MaTpubl X = || x, |,
raei=1,..., N— 00beKTHl WJIU BApUaAHTHI, j=1, ..., M—
KPUTEPUH, & X, — 3HAYCHUE j — IO KPUTEPUSI /IS i-TO
obbekTa. MckoMoe MHOXKECTBO CTpaT O003HAYUM
§={S,, ..., 8}, rme S, — MHOXeCTBO OOBEKTOB, IPU-
Hamexanux k-t crpare (k = 1, ..., K). O0bekT u3
CTpaThl C HOMEPOM k UMeeT 00Jiee BBICOKUI paHT WU
MpeanoYTUTeIbHEr YyeM 0O0BEeKT M3 CTpaThl 1, eciu
k<l

2. Kpurepnii
MHOTOMEPHO¥ CTpaTH(UKAIUH

B paGore [6] mpemioxeHa LiejaeBass (PYHKLMS It
dopMUpoBaHUS ONTUMATBLHOM MHOTOKPUTEPUATHHOM
crpatudukanuu. MaeaabHo, cTpaThl 00pa3yloT mapali-
JieIbHbIe TUIEPILUIOCKOCTU. 3HAYeHUsI KPUTEPUEB i-TO
00bEKTa YIOBJICTBOPSIIOT YPAaBHEHUIO!

X, + XiaW, + XV = G + )

€CIM OH TIPUHANJICXKUT CTpaTe C HOMEpOM Kk, Tme
¢, €lc,, ¢, ..., €} — UCKOMBIE LIEHTPHI WK «yPOBHU»
CTpAT, UCKOMbIC W, — Beca KPUTEPHUEB, e, — MUHUMH-
3upyeMasi omunoka. [ monyyeHust cTpaTU(UKALIU,
Beca w, YPOBHM CTpaT ¢ U pa3dueHue S BEIOUpAIOTCS
IyTeM peLleHUs] ONTUMU3aLMOHHOM 3agauu (1):
K N M 2
S3| o | - min
k=1ieS;, \_Jj=1 ” (1)
M
ZW =Lw, 20
j=1
CMBICTT 3alayd; HAWTU TaKyl0 KOMOMHAIIMIO BECOBBIX
KO9((HUIIMEHTOB W, ¥ TaKKE YPOBHHU ¢, arperMpOBaH-
HOTO KPUTEPUS ijjxj, YTOOBI 3HAYEHMSI arperupo-
BaHHOI'O KPUTEPHUS Ha BCeX 00bEKTaxX k-1l CTpaThl ObLIU
KaK MOXHO Omixke K ¢, [6].

3. Aaroput™m penieHusi
ONTHMHM3AMMOHHOI 321241 MHOTOKPHTEPHAJILHOI
JIMHEHO# cTpaTh(uKaAIH

Hnsa dopmupoBaHusl cTpaTudUKALUKU Tpeiarae-
MBI arOpUTM pelaeT 3agavy (1) ucrnoyb3ysl MOaXo/,
yepeayromencs MUHAMU3ALMKU, KOTOPBIA 3aKiioda-
€TCsl B TMOMCKE OINTHUMAIBbHOIO PEIIeHUs M0 OIHOM
TepeMeHHoO Tipu (pukcupoBaHHBIX Apyrux. Ha Takom
MPUHIIMIIE OCHOBAaH, HATIPUMEP, ONWH U3 BapUAHTOB
anroputMa k-cpeanux [ 11]. Pemenue 3amauu (1) umet-
Cs1 YepeIOBaHUEM TPEX MOCIIENOBATENBHBIX Iar0B:

1) ITpu ukcupoBaHHBIX Becax W, M LIEHTPaX ¢, HATH
ONTUMAaJIbHOE pa3oueHue;

2) Tlpu (pukcUpoBaHHBIX Becax w1 pasoueHuu S
HaTU ONTUMAaJIbHBIE LICHTPHL;

3) Ilpn pUKCHPOBaHHBIX LIEHTPAX ¢, U Pa3OUEHUM §
HAiTH ONTUMAIIBHbIC BECa W,.

Ha mepBbIX OBYX Iarax pelieHue Mojydaercs clie-
JYIOLIMM 00pa3oM: ONITUMAIbHOE Pa30ueHe HAXOJUT-
cs IIPUCBOEGHMEM KaXXIOMY OOBEKTY HOMEpa CTPATHI C
OMKaNIIIAM IICHTPOM, a LIEHTPHI BBIYMCIISIOTCS KakK
CpeIHMe 3HAYCHUS B3BEIICHHOI'O KPUTEPUS ISl 00b-
€KTOB BHYTpU cTpaT. Ha TpeTheM Iare ontuMalibHbIe
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Beca KpUTePHEB TOIyYaloTCsl U3 pelieHns 3a1a4 KBa-
JIPaTUYHOTO TIPOTPAMMMPOBAHUS C OTPAaHMUYCHUSMM.
ITockosibKy Ha JaHHOM 3Tale pa3doueHue GpukcrupoBa-
HO, KaXI0MY OOBEKTY MPUITUCHIBAETCS COOTBETCTBYIO-

LKA eMy LeHTp cTparthl ¢, (i) €{c,, ¢,, ..., ¢;}, i=1 ... N.

Hns ymobctBa mnepenuiiem (1) B 0Oojiee KOoM-
MakTHOM Buae. Bocrmonb3yemMcs COOTHOIIEHUEM
¢ ()= Zilck (/)w; , TIOCKOJIbKY Beca B CyMME PaBHbI
eIUHUIIE. 3aTeM TIepenUIleM BhIpaskKeHIE BHYTPU CKO-
0ok (1) B ciaeayloleM BUe:

2

22 thy‘"’/‘_ck(i) =ZZ Exyw,-—ck(ﬂwj =

k=lieS, \_j=1 k=lieS, \_j=1
K N M 2 K N M 2
=22 | 2 —em | =23 | 2w,
k=1ieS; \_j=1 k=1ieS; \_j=1

Crenas 3aMeHy EpEMEHHON Xj = (x; —¢, (i) n BBE-
19 o6osHaueHne X =||x;|| nepenmmem (1) B MaTpuy-
HOM BUIIE!

e .
w X Xw — min

2w =1 )

Hnsa pemeHust (2) MOXHO BOCIOJIb30BaTbCsS OMHUM
M3 U3BECTHBIX aJITOPUTMOB KBaApaTUYHOIO IPOrpam-
MUPOBaHMS, HAIPUMEDP, METOIOM aKTUBHOTO MHOXE-
cTBa (active-set algorithm) [7], MILIEMEHTUPOBAHHBIM
B makete Matlab 7. I1pennaraeMblii alrTOPUTM CTpaTH-
¢UKay Ha OCHOBE KBaAPaTHIHOTO IIPOrpaMHpOBa-
Hud Linstrat-Q nmpuBeneH HIKe.

Anroput™m Linstrat-Q

Ha éxode:

- O6bekTHI X, i=1... N

- Yucno crpar K;

- Yucno utrepauumii 7.

Ha ebixode:

- Becaw;

- LeHTpsl cTpar c;

- Pazouenue S.

1. UHunumanu3upoBaTh Beca w M LIEHTPHI CTpaT C.
CreHepupoBaTh Beca w CIyJallHO TaKue, 4YTO W, > 0,
j=1.Mmnu Zjil w; = 1. BeIYucanTh CBEpTKY KpUTEpH-
eB ¢ BecaMU. LIeHTpBI cTpaT creHepupoBaTh ClydaitHO
PaBHOMEPHO 13 avara3oHa OT MUHMMAJbHOIO 3Haye-
HUSI CBEPTKH KPUTEPHEB 1O MaKCUMAJILHOTO.

2. 1o 3amaHHBIM BecaM U LIEHTPaM HAUTU ONTUMANTb-
Hoe pa30ueHue:
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2

M
x,€S8, , e k= argmin, ny.vg. AR
=

k=1..K i=1..N.

3. Ilo 3amaHHBIM BecaM M pa3OMEHMIO Ha CTpPaThl
HalTH ONTUMAJIbHbIE 1IEHTPbI:

1 N M
ck:|Sk|szl]'w}"

x; €8 j=1

4. Tlo 3amaHHBIM ILEHTPaM U pPa30MCHMIO HANTH
ONTHUMAJbHBIE Beca, PEIIUB 3aJady KBaJpaTUYHOTO
MporpaMMUpoBaHus (2).

5. 3aBepunThb, ecau caeaaHo T uTepauuil, WHaye
MepenTH K . 2.

Bornpoc 06 nHUIIMaM3aluy aITOPUTMOB, CTPOSIIIIMX
pa3dueHus1, IBIeTCS OMHUM M3 KJIIOUYEBBIX B KJIacTep-
HOM aHaJIM3e. B 3aBUCMMOCTH OT HaYaIbHbIX 3HAUYECHU I
BECOB W UM LIEHTPOB C MOTYT IOJIy4aThCs PA3JUYHbIE
pasoueHus. JJaHHasg paboTa ciaeayeT TpaguLIMOHHOMY
SBPUCTUYECKOMY ITOAXOAY — 3aJaTh HavYaJIbHbIE I1apa-
METPBI CITy4aliHO, HAUTU pelIeHUE I KaXI0W TaKOU
VHULAATA3ALUY, & 3aTeM BBIOpATh pellieHue, 1 KO-
TOPOTro 3HAYEHUE 11e1eBOI (PYHKIIUU OYIeT MUHUMAJIb-
Ho. [Ipyroii Tak e BaxXXHbII BOIPOC — 00 onpeneeHun
ONTUMAaJIbHOTO YK CJla CTpaT — B IaHHO paboTe He pac-
CMaTpUBaETCs

ITponeMoHCTpUpyeM paboTy ajaropuTMa IO Iaram
Ha mpocToM Ipumepe. PaccMoTpuM I11ecTh 0OBEKTOB
OLEHEHHBIX 10 ABYM Kputepuam x, = (0,1), x, = (1,0),
x,=(1,2), x,=(2,1), x,=(2,3), x,= (3,2).

Iar 1. [TpousBeaemM MHUIIMATU3ALMIO BECOB U LIEH-
TpoB. JloIycTUM, CreHepUpOBaHHbIE 3HAYEHUST PABHbI
w=(0.2,0.8),¢,=0.3,¢,=1.9, ¢, =24

Illar 2. BeluucisieM CBEPTKY KpUTEpUEB C Beca-
mu. Ilomydgaem 3HaYeHMST IIST KaXKOOTO OOBEKTa CO-
otBerctBeHHo 0.8, 0.2, 1.8, 1.2, 2.8, 2.2. Hanee s
MEePBOT0 00BEKTA BBEIYMCIISIEM KBaApaT Pa3sHOCTH 3Ha-
YeHUsI CBEPTKM M 3HAYEHMSI LIEHTpa KaXIoil CTpaThl
(c,—x,wT), k=1, 2, 3. MUHUMAabHBIM SBJIAETCSA
KBaJIpaT Pa3HOCTHU /ISl TPEThel cTpathl (¢, — x, w )’ =
=(0.3—-0.8)2=0.25, crenoBarebHO, HA3HAYAEM IIEP-
BbIiA OOBEKT Ha CTPATy ¢ HOMEPOM 3. AHAJIOTMYHO IIPO-
W3BOIVUM Ha3HAaYeHUS IS OCTaJIbHBIX 00BeKTOB. [1o-
JIydaeM, 4TO OOBEKTHI MPUHAIIEXKAT COOTBETCTBEHHO
cTparam ¢ HoMepamu 3, 3,2, 2, 1, 1.

IIar 3. Temeph IS KaXXIOW M3 CTPAT BBIYUCIISIEM
LIEHTPHI KaK CPeIHME 3HAYeHMS B3BELICHHBIX KPUTE-
pueB OOBEKTOB, MPUHAMICKAIIUX 3aJaHHOM cTpaTe.
Takum oOpaszom,

bUSHEG-HHDOPMATHUKA Ne4(30)-2014 r.
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.(0.8+0.2)=0.5, ¢, =%
:; (28+22)=25.

1
— (1.8+1.2)=1.5
. (18+12)=15,

IIar 4. BeraucisgeM MaTpUILy X JIJISI TOCTPOEHMUSI 3a-
Jauyy KBaApaTUIHOTO ITporpaMMupoBaHus (2):

0 1 0.5 05 -0.5 05
1 0 0.5 05 0.5 =05
T 1 2 B 1.5 1.5 _ -0.5 05
2 1 1.5 1.5 0.5 =05
2 3 25 25 -0.5 05
3 2 25 25 0.5 =05

Marpuna st 3amadyd KBaJpaTUIHOTO IPOrpaMMU-
poBaHus (2) OymeT UMeTh BUII:

—7 — 1.5 -1.5
X X=
-15 1.5
Peutenue 3amauyl KBaIpaTHMYHOTO MPOTPaMMUPOBa-

Hus gaet Beca w = (0.5, 0.5). [ToBTopsieM Tpu BbIIIEO-
MMMCAHHEBIX IIara 3aJaHHOe YUCIIO NTSPAIHiA.

Ha mare 2 mis xaxnoro u3 N oObeKTOB ITPOU3BO-
JIUTCS CBEpTKa ¢ BecaMu Mo M KpUTEpUSIM U BbIYUC-
JIIeTCS HanMeHbInas 3 K KBagpaToB pa3HOCTE, 3Ha-
YUT OIICHKA CJIIOXHOCTH 3TOTO IIIara B XyIIIEeM cIyJac
O(NMK). Ha mare 3 BEIYUCIISIIOTCSI CpeAHUE 3HAYEHUS
B3BEIIEHHBIX KpHUTepreB BHYTpU cTpaT. CIIOXHOCTH
aroro mara O(N). Naree, Ha mare 4 tpedyercss O(NM)
onepaulxm st BeraucneHust Matpuisl X . Tpousse-
NIeHUue X X Tpedyer O(NM?) oneparuu. O603HaAYNM
O(f{M)) o1IeHKY CIIOKHOCTH PEIIeHUS 3aIaui KBaapa-
THUYHOTO MPOrpaMMUPOBAHUS (2), TIE f3aBUCUT OT BHI-
OpaHHOTrO ajJiroput™Ma ontumuszauuu. [1pu 3aganHom 7'
Yycyie UTepalldii OlleHKa CJI0KHOCTHU aJIfTOpUTMa OyneT

O(NM(M+K)+AM)T).

4. DKcnepuMeHTAIbHOE CPABHEHHE
aJITOPUTMOB CTPaTH(PUKALUU

st anpobaluy paccMaTpuBaeMbIX B paboTe ajaro-
PUTMOB M UX 3KCIIEPUMEHTAJILHOTO CpaBHEHUS OBLIN
B3SIThl MCKYCCTBEHHbIE U peaybHble HaHHble. Ilpen-
JIOXKEH YCOBEPIIEHCTBOBAHHBIN aJITOPUTM TeHEpaluu
CTpaTU(UIIMPOBAHHBIX JAHHBIX, ITO3BOJISIIOIINIA BCe-
CTOPOHHE KOHTPOJMPOBaTh KOHGUTypauuio crpar. B
KavyecTBe peajbHbIX TaHHBIX OBLIM B3SITHI OMOJIMOME-
TpUYEeCKHE TTOKA3aTeN XYPHAJIOB U CTpaH.

Huxe, 6 maba. 1 nepeyncieHbl METOObI CTpaTUdhU-
Kallu¥, UCTIOJIb3yeMble B pabOTe IS SKCITEPUMEHTAIIb-
HOro cpaBHeHWMs. bojee moapoOHbI 0030p paccma-
TpUBAEeMBIX METOIOB ITPUBEIEH B padore [6].
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Tabauya 1.
Cnmcok MeTo10B cTpaTH(UKAIMY 1 UX a00peBUaTYD,
HCNOJIb3YEMbIX B IaHHO# padore

MeTop cTpaTUcthukauum ‘ A66pesuatypa | WcTounmk
MeToz nHeiHoi CTpaTuduKaLmmn 912
Linstrat-Q ¢ ucnonb3oBaHuem LSQ a6oTa
KBaAPaTV4HOro NPOrpamMMMpPOBaHKs p
MeToz NuHelHo CTpaTMgnKaL
Linstrat Ha 0CHOBE 3BOMOLIMOHHOIA LS [6]
MUHUMU3ALAN
Ctpatudukauns ¢ noMOLLbH0 NpaBina BC 2]
bopaa (Borda count)

MeTon ABC- knaccudmkaumn

Ha OCHOBE NMHENHOM ONTUMU3aLN LWO [13]
BecoB (Linear weights optimization)

PaHX1poBaHue N0 BANSHLD

(Authority ranking) AR (19]
CTpatndnkauns 06beanHeEHEM PS (6]
rpaHiL Mapeto (Paretostrat)

Bce meTomb! ObLT UMILIEMEHTUPOBAHEI B cpeae Mat-
lab 7. 1151 peleHus 3aJa4u KBaApaTUIHOTO Mporpam-
MupoBaHus (2) ucnoiab3oBajach (GyHKLUs quadprog
u3 o6umbauoreku Matlab Optimization Toolbox. dus
pEIIeHMS 3a0a9y JIMHEIHOTO TTPOTpaMMUPOBAHUS IS
metona LWO ucnonb3oBaiack GyHKIMS linprog 3 BbI-
meynomsinyroit ouonaumoreku. dnss BC, LIWO, AR no-
cJie TIOJIyYeHUsI OMHOMEPHOI'0 PaHXXKHUPOBAHUS CTPATU-
(bukamsa npon3BoaUIACh IO YMCICHHBIM 3HAYCHUSIM
arperupoBaHHOTIO KpuTepusa. I 3TOrO MCHOJB30-
BaJICS aTOPUTM k-cpemHux. CiaydaifHast THAIIAATA3a -
uuga ana LS, LSQ, a Takxke k-cpeanux nisg BC, LWO,
AR BreinonHsnack 100 pa3, u 3anmuceiBajics pe3ysbTar,
JaoIINi HaMeHblIee 3HaYeHUe 1IeJieBOM (PYHKIIWU.
Yucno urepaunit T mist anroput™ma LS n LSQ B 3Kkc-
TMepuMeHTax ObUIO YCTaHOBJIEHO paBHBIM 100.

Jns OoLIeHKW KadecTBa CTpaTH(UKALINU TIPU KOH-
TPOJUPYEMOM IKCIEPUMEHTAIBHOM MCCJIEIOBAHMY Ha
MCKYCCTBEHHBIX JaHHBIX MCIIOJb30BaJICS ITOKAa3aTellb
TOYHOCTH CTpaTU(UKALIMK, T. €. OTHOLIEHHE OObEeK-
TOB C IIPAaBWJIBHO OMIPeIeIcCHHBIM HOMEPOM CTPATHI K
001IEMY YMCTY OOBEKTOB:

correct

(3

accuracy =

Ha peaynbHbIX TaHHBIX TaKas Mepa KauyecTBa He Mpu-
MEHMMa, TTOCKOJIbKY 3aBEIOMO HE M3BECTHO K KaKOM
cTpaTe OTHOCUTCSI 00beKT. MEI TojiaraeM, 4To XOpo-
111e€ MHOTOKpUTEpUaAIbHOE pa3dreHre TO0JKHO OBbITh
COIVIACOBAHHO C pa3bMeHUEeM MO KaxXA0My OTAEIbHO
B3dITOMY KpuTepuwo. [ToaToMy mJisi OLIEHKM KavyecTBa
paboTHl aAropuTMa Ha peajJbHBIX JAHHBIX MBI MC-
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MOJIb30BAIM CPEJHEe PACCTOSIHME OT MHOTOKPUTE-
pUaIbHOIN CcTpaTU(UKALUUU N0 3 OINHOKPUTEpPUAJb-
HBIX CTpaTU(UKALIMNA 10 KaXKIOMY OTAEIHHO B3ITOMY
KpuUTepuio. B KadecTBe pacCTOSIHUSI MEXIY CTpaTH-
dukanusamMu S 1 R UCINOJb30BaJOCh HOPMUPOBAHHOE
paccrossaue Kemenu-Cuenna [4, 10]. dus crpatudpu-
Kaluu S, 3alaHHO Ha 00BEKTAX X, ..., X, CTPOMIACDH
MaTpulia:

LS(x,)>S(x)
5, =9 0,8(x;) = S(x)), 4)
-1,5(x;) < S(x)
roe S(x) 0603HaYaeT HOMep CTPaThl, KOTOPOM MPUHAI -
JIEXUT OOBEKT X. AHAJIOTUYHO (POPMUPYETCST MaTpUIIA
crpatudukainu R. PaccrossHue Bbrumcsiercs mno dhop-
MyJie:

N

s = 2N(N—1 Z

i,Jj=

(&)

4.1 Mogaens reHepanun
cTpaTuHIMPOBAHHBIX TAHHBIX

Jist Toro 4ToObl OOECIeYuTh BO3MOXKHOCTbH ITPO-
BeIeHNST KOHTPOIMPYEMBIX 9KCIIEPUMEHTOB 110 CpaB-
HEHUIO aJrOPUTMOB, B pabore [6] ObUT MpenIoXKeH
CITyJaiiHBIiI MeXaHW3M TeHepallny CTPaTHOUIIPO-
BaHHBIX JaHHBIX.

B nmaHHoOI1 paboTe TpemjiaraeTcsl yCoBepIIeHCTBOBAH-
Has BepcUsl ajJropMTMa TIeHepaluM, I103BOJISIOIIas
0oJjiee pa3HOCTOPOHHE KOHTPOJIMPOBATh FeOMETpUYe-
CKYI0O KOH(MUTYpallio CTpar. AJNTOPUTM TeHepUupyeT
CTpaThl B BUJIE MapauleJIbHBIX TUIIEPIUIOCKOCTE. bo-
Jiee TOYHO, T€OMETPHUsI CTPAT 3aJAeTCSI Pa3IMYHBIMU
ImapaMeTpaMu, K KOTOPBIM OTHOCSITCSI: BECOBbIE KOA(]-
(ULIMEHTBI W, YPOBHU CTPAT ¢, MHTEHCUBHOCTU CTPAT
0, pasMax crtpaT ® v TojlMHa cTpaT d. CMBIC]I 3TUX
BEJIMYMH PACKPBIBACTCSI B HIDKECIICAYIOIIEM aJTOPUT-
M€ reHepaluu cTpaTUGUUUPOBAHHBIX NJaHHBIX. Criun-
COK 3HAYeHWI1, 3aJaBaeMBbIX 110 YMOJJYaHUIO Iapame-
TPOB TeHepaluu, puBeneH ¢ maoba. 1 Ilpunroxcenus 1.
Ha puc. 1HarmsgHo MpoaeMOHCTPUPOBAHO TO, KAaK BhI-
[JISLASAT CTPAThl B 3aBUCHMOCTU OT IIapaMeTPOB TeHepa-
LY. AJITOPUTM reHepaluy OIIMCaH HILXE.

AJITOPUTM reHepanuu
CTPATH(UIMPOBAHHBIX JTAHHBIX

Ha éxode:

- Yucno oobekToB N, pazMepHocTb M 1 uuncio ctpat K;
- YpoBHU cTpar c;

- BecoBrie k0a(hduIMeHTH (OpUeHTALIMS CTPAT) W;
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- TonmuHa cTpar o;
- UHTEeHCUBHOCTH CTpaT b;
- Pazmax cTpat @.

Ha sbixode:
- 3HayeHUsI KpUTEPUEB IJISI KaXKIOro 00beKTa;
- UHIeKkce cTpathl 17151 KaXKIOro 00beKTa.

1. BeiOpaTh HOMEp CTpaThl U3 MYJIBTUHOMUAIBHOTO
pacripeneiaeHust

k~M@,0,..,0,)

2. BoiOpaTh BeJIMYMHY, MOACIMPYIOLIYIO 3HAYeHUE
arpeTMpOBaHHOIO KpUTEpUSl (3HAYECHUS CBEPTKU
KPUTEPHUEB ¢ BecaMi) Ha 00beKTe, M3 HOPMAIBHOTO
pacnipenenenus r~ N(c, , 0)

3. CreHepupoBath M-1 KOOpaIMHAT U3 paBHOMEPHO-
r'O pacIpeaeeHus:

X~ Ue, (1=9),c(1+9) /wj),j= 1... M-1.

4. BBIYMCINTL TIOCNIEOHIO M-10 KOOpAMHATY W3
YpaBHEHUSI TUIIEPIUIOCKOCTHU
x,=(r—wx twx +..+w,  x )/w,.

5. 3aBeplInTh, €ciM creHepupoBaHO N OOBEKTOB,
WHaJe IepeTH K 1m. 1.

4.2. PeajibHble JaHHbBIE.
BubanomeTpuuecKue noKasarean
KYPHAJIOB M CTPaH

PeanbHble maHHBIE OBLTM B3SITHI C TIOpTaJia sCimagojr.
com, pa3pabOTaHHOTO WCCIIEAOBATELCKOM TIPYIIOi
SCImago (http://www.scimagolab.com/). OToT moprain
COIIEPXKUT B OTKPBITOM JOCTYIle OMOIMOMETpUYECKIE
MoKa3aTeJ v XXypHAIOB M CTpaH, MOJydyeHHbIe Ha OCHO-
Be OaHHBbIX 13 0a3bl Scopus (http://www.elsevier.com/
online-tools/scopus). JlaHHBIE W3 3TOTO MCTOYHUKA
IIMPOKO UCTIONB3YIOTCS B HAYYHBIX pa3paboTKax (CM.,
Hanpumep, [1, 17, 18]).

4.2.1 Jlannbie
0 OMOJMOMETPHYECKUX
MOKA3aTeIAX KYPHAJIOB

PaccMoTpuM OubIMOMeTprUUYecKre MoKa3aTeau Ha-
YUHBIX XypHajoB u3 pasnena Artificial Intelligence
3a 2012 rox. Bcero B aToM pasgene 118 xypHaioB. B
KayecTBe KPUTEPUEB OLIEHKHU MPECTHKa XypHalla pac-
CMOTPUM TpU HauboJsiee MOMYJSIPHBIX OUOJIMOMETPU-
YeCKUX IMOKa3aTest:

1) Uupexc SJR (Scientific Journal Ranking) [8].
Ero 3HadyeHme oTpaxkaeT cpemgHee YUCIO ITOCeIe-
HUM XypHajla HEKMM YCJIOBHBIM YMTaTelIeM, CO-



AHATING JAHHBIX Yt UIHTEJITIEKTYAJIBHBIE CUCTEMBI

Puc. 1. JInHeiHbIe CTPATh 419 Pa3NNYHBIX KOMOUHALMIA
napameTpoB reHepaLiiv B IBYMEpHOM cily4ae, M = 2.
MpuBeaeHbI CNeayoLLNe BapHaHTbI:

(1) cTparbl B 33BMCMOCTIA OT OPUEHTALMN W
(Qw=(0.5,05), (6) w=(0.8,0.2), (8) w=(0.2,0.8);
(2) cTpatbl B 3@BICMMOCTY OT TOMLLWHbI
(o =0.05(n),0=01(),0=02
(3) cTpathl B 3aBUCMMOCTIA OT UHTEHCUBHOCTH
(x)@=(05,03,0.2),(3)#=(0.7,02,0.1), (1) @=(0.8,0.15, 0.05);
(4) cTpaTbl B 3aBUCUMOCTY OT pasmaxa
(K) P =0.05(n)P=0.1,(m)P=05.

BEpLUAIOILIMM CllyyaliHble MEePeXoAbl MO CChLIKAM Ha
JOKYMEHTBI XYpHajioB. JJaHHBIII MHAEKC pa3BUBAaeT
UIel0, JieXallylo B OCHOBE M3BECTHOTO ajiropuTMma
nenmxpank [12].

2) Unpexe Xupiua (H) [9]. DTOT nHAEKC XapaKkTepu-
3yeT KOJIMYeCcTBO crareir h, onmyOJMKOBaHHBIX XypHa-
JIOM, TaKMX, YTO YUCJIO UX LIUTUPOBAHUI BbILIE 3HAYE-
HuUs .

3) Ummaxkr-dakrop xypHana (I) [20]. DroT mHOeKc
pPaCCUMTHIBAETCSI OTHECEHMEM YMCJIa LIMTHMPOBAHUI
cTaTeil, OIy0IMKOBaHHBIX B XypHaJie B TAKOM-TO Oy,
3a IOCJIeAYIOLIME ABA T0a, K YUCIIY CTaTeii, OImyOJInKO-
BaHHBIX B XYpHaJle B TOM CAMOM TOfy.

Bonee monpobHOe 0OCyXneHUE BBIIIEIIEPEYNCICH-
HBIX U APYTUX HAYKOMETPUUECKMX IT0Ka3aTelei, UX 10-
CTOMHCTB 1 HEIOCTaTKOB MOXET OBITh HAIEHO B psizie
pabor, HarpuMmep, B [1, 3, 5].
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4.2.2 Jlannbie 0 OMOIMOMETPUIECKHX
MOKa3aTeNsaX My0IMKAIMOHHOM
AKTHBHOCTH CTPaH

W3 ynoMsiHyTOro BbIIIE WMCTOYHUKA OBLIM B3SThI
JIaHHBIE 0 MyOIUKAIMOHHOM akTuBHOCTH 102 cTpaH 3a
2012 rom, B IMpeaMETHOM 00JIACT — MCKYCCTBEHHBIN
uHteanekT (Artificial intelligence). Kpurepuu, uc-
MOJIb3yeMble JIJIs1 OLIEHKM CTPaH, CICAYIOIIE:

1) Obmiee ynciao JOKYMEHTOB ONMYOJIMKOBAHHBIX 3a
2012 (D);

2) Yucao UMTUPYEMBIX TOKYMEHTOB, OITyOJIMKOBAaH-
HbIX B 2012 rony (CD);

3) OG6uee KoauyecTBo LMTUpoBaHuii B 2012 rony,
MOJIyYeHHBIX JOKYMEHTaMHU, OIyOJMKOBAaHHBIMU B
stoM ke roxy (C).

4) CamonutupoBaHue nokymeHToB B 2012 rtomy
(country self-citations) (SC);

5) CpenHee uucio uutupoBaHuit B 2012 romy moky-
MEHTOB, OITy0JIMKOBAaHHBIX B 3ToM rony (CPD);

6) H-unnekc Ha ypoBHe ctpanbl (H).

4.2.3 HopMHPOBKH JAHHBIX

J7151 peabHBIX JAHHBIX MbI UCTIOIb30BAIM ABA CII0CO-
0a HOPMMPOBKU: CTaHAApPTHAsI HOpMUpPOBKa (6) (puBe-
JIeHVe 3HaYeHUIi KpuTepueB K auanasony [0,1]), u cTa-
TACTUYECKAsT HOpMUPOBKa (7) (MpuBeneHUe 3HAYUeHU
K HYJIEBOMY CPEIHEMY U €IUHUYHOMY CTAaHIAPTHOMY
OTKJIOHEHMUIO):

X; —min;(x.;)

= (6)

max; (xlj) —min;(x.;)

“NTh (7)

Z;
y
9

B dopmyse (6) min;(x,;) u min;(x.;) MAKCUMaJIbHOE U
MUHMMAaJIbHOE 3HaUYeHUe 110 j-My KpuTtepuio. B hopmy-
e (7) M4, ¥ 0, Cpe/iHee 3HaYeHNE 1 CTAHIaPTHOE OTKJIO-
HEHWE 3HAYECHUM j-TO KPUTEPUS.

4.3 Pe3yabTaThbl 3KCIIEPUMEHTOB
HA MCKYCCTBEHHBIX JIAHHBIX

B 3TOM paspgene mpuBeleHBI pe3yJbTaThl 3KCIIEPU-
MEHTOB IO CcTpaTU(UKALIMK, B 3aBUCMMOCTU OT IHa-
paMeTpoB TeHepallMu CTpaT: pa3MEepHOCTH, OOIIero
KOJINYECTBA CTC€HEPUPOBAHHBIX OOBEKTOB, MHTCHCUB-
HOCTH, pa3Maxa U TOJIIIMHEI cTpaT. Kpurepuii olieHK1
KavyecTBa pabOTHl airOpUTMa — TOYHOCTH CTpaTU(DU-
Kauuu (3). PesynbTaThl 9KCIIEpUMEHTOB MPUBEICHHI B
maba. 2-5 [lpunoxcenus 1.
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IIpennaraemslii anroput™ LSQ okazaycst moctaTou-
HO YCTOMYMBBIM K YBEJIMYCHUIO pasMEpPHOCTU (maba.
2, Ilpunooxcenue 1). B Toxxe BpeMsI TOUHOCTD CTpaTU(DM-
Kamuy MeTomoM LS 3HaunTeTbHO CHU3MIIACH YXKe TIpU
pPa3MepHOCTU OOJIBIIMX MATU. TOYHOCTH cTpaTuduKa-
LIMY 3aMETHO CHU3MJIACh C POCTOM Pa3MEPHOCTU TaKXKe
nns metogoB LWO u PS. Anroputm AR mokasan 00-
PATHYIO TEHICHIINIO: TOYHOCTD CTPATH(UKAIINH C YBe-
JIMYEHUEM pa3MepHOCTH BO3pocCa.

CHUXeHMe TOYHOCTU cTpaTudukamuu mast LSQ
MIpU YBEIWICHUM PA3MEPHOCTH MOXET OBITh KOM-
MEHCUPOBAHO YBEJIMYECHHEM 00beMa BBIOOPKU
(maba. 3, Ilpunoxcenue I). Takoit ke 3PPeKT «KOM-
neHcanum» HaomogaeTcs u mist LWO. Metoast AR u
BC aBastoTcsa OTHOCHTEIBHO HEUYYBCTBUTEIBHBIMU
K 00beMy JaHHbIX. A 151 LS u PS cHuXeHue TouHo-
CTU cTpaTUDUKALIMY IIPU YBEIUYCHUU Pa3MEPHOCTHU
He ymaeTcsl KOMIIEHCHPOBaTh yBeIMYeHUEM 00beMa
JaHHBIX.

AJTopuTMBI TUHEWHON cTpatudukanuu LSQ u LS
MOKa3ajy BbICOKYI0 YCTOMYMBOCTh K UBMEHEHUIO UH-
TEHCUBHOCTE CcTpar f 1o CPaBHEHUIO C IPYTUMU aJiro-
putMmamu (maba. 4, IHpusoxcenue 1).

IIpu Manbix 3HaYEeHUSIX pa3maxa ¢ Bce aJroOpUTMbI
MoKa3ajiyd ITOCTaTOYHO BBICOKME pe3yabTaThl (maba.
5, Ilpunoxcenue I). OCOOEHHO CHIIBHO 3TOT ITapaMeTp
BIMSET Ha paboTy aaroputMa PS. He Tak 3aMeTHO, HO,
TeM He MeHee, CHIKaeTcd 1 TouHocTh 11 AR 1 BC. B
MEHbIIEH cTerneHu pa3max BiauseT Ha LWO u coBcem
He BIUeT Ha KauecTBo padbotsl LS 1 LSQ.

YToJmeHne cTpaT BIUSIET Ha Ka4eCTBO pabOTHI BCeX
anroput™MoB (mabn. 6, Ilpusoxcenue 1). ATTOPUTMBI
LSQ, LS, nokasbiBaioiyue OTIUYHYIO TOYHOCTbH MPU
HEeOOJIBIINX 3HAYCHUSX 0, C YBEJIMICHUEM 0 HAUMHAIOT
ycTynath anroputMy LWO, KoTopsblii oka3aics Haubo-
Jiee YCTOMYMBBIM K YBEJIMYEHUIO TOJIIUHBI CTpaT.

Takum 06pa3oM, MPaKTUYECKU BO BCEX 9KCIIEPUMEH-
Tax LSQ BXOOUT B TpyIITy JUAEPOB. DTO BBIAEISET €TO
W3 BCEX APYTUX AITOPUTMOB, KOTOPBIE MOTYT OKA3aThCsT
YYBCTBUTEILHBIMU K TOMY WJIM MHOMY IapameTpy.

4.4. Pe3yibTaThl IKCIEPUMEHTOB
Ha peayibHbIX JAHHBIX

B sTOM paszmesne mpuBemeHBI Pe3yIbTaThl SKCIEPU-
MEHTOB IO CTpaTH(UKAIUKM Ha peaJbHBIX JTaHHEIX,
onucaHHbIX B 1. 4.2. PaccMoTpeHa cTpaTudukauums
118 nHayuHbIX XypHasoB 1 102 cTpaH mo 6ubiamome-
TpuyecKrUM nokaszareasiMm. O0cyxXaaeTcsl CorjlacoBaH-
HOCTh pa3oueHuil. OLIEHKON CTEIeHU COIJIacOBaH-
HOCTHU CIIyXMT cpeaHee paccrossHue Kemenu-CHemna
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(5) Mexny MHOTOKpUTEpUAIbHON cTpaTudUKaLMei u
cTpaTUdUKALIMSIMU IO KaXIOMY OTIEIbHOMY KpUTE-
puio.

4.4.1 PesyabTaTsl cTpaTuduKauN
aKaJleMHMYeCKNX JKYPHAJIOB
1o OHOJIMOMETPUYECKHM MOKA3ATe IS IM

Kaxk BugHo u3 maéa. 2, Ilpusoxcenus 2, Hanbdojee co-
IJIacOBaHHOE pa30MeHue IJIsT 000UX TUTIOB HOPMUPOB-
KH TOJTYYUIIOCH METOJAMM JIMHEWHOW CTpaTU(UKALINN
LS u LSQ. Meton AR Hailen coriacoBaHHOe pa3oue-
HYE TOJBKO MPU CTaHAAPTHON HOPMUPOBKE.

Ham anropurm LSQ cdopmupoBan oavMHaKOBbIE
cTpatudukanum misg odoeux HopMupoBok. [lpu sTom
HauOOJIbIIIME Beca Moaydusu uHaeke SJR u nmmmakr-
dakTop (cm. maba. 1, Ilpunroxcenus 2). To eCTh 110 3TUM
JBYM KPUTEPUSIM MOXKHO TIOJyYUTh XOPOIIIO CTPaTH-
(pumpoBaHHOE MHOXECTBO XypHaJIOB. B TO e Bpemst
vHAeKC XUpIlia MoJy4yrsl HeOObIION BEC — TAKAM 00-
pa3oM, aJITOPUTM Kak OBl TIPUCOEANHSECTCS K KPUTHUKE
3TOro MHIEKca (CM., HanmpuMmep, coopHuUK «Mrpa B -
dupb» 2011). B niepByto cTpaty BOLLTH 6 KYpHAJIOB, BO
BTOpYI0 42 1 B TpeThio 70. B mepBoii cTpaTe XXypHabl,
BBICOKO LIEHMMBIE B COODILIECTBE UCCIENOBATENCH:

1. IEEE Transactions on Pattern Analysis and
Machine Intelligence;

2. International Journal of Computer Vision;
3. Foundations and Trends in Machine Learning;

4. ACM Transactions on Intelligent Systems and
Technology;

5. IEEE Transactions on Evolutionary Computation;
6. IEEE Transactions on Fuzzy Systems.

Heckonbko HEOXMIOAHHBIM  SIBISIETCA — IOMana-
HUE B 3Ty TPyNIy OTHOCUTEIbHO HOBOIO XypHasa
Foundations and Trends in Machine Learning. Dtot
XypHaJ MyOJUKYeT BBICOKOKAYeCTBEHHBIE MOHOIpA-
(brueckrie 0630phI IO AKTyaIbHBIM TTpOOIEMaM.

4.4.2 Pe3yabTaThl cTpaTH(hHUKAINMA CTPAH
1o OMOIMOMETPHYECKHUM NOKA3ATEIAM

Tak ke, Kak U B TIPEABIAYIIEM IKCTIEPUMEHTE, Hau-
0oJiee corjlacoBaHHBIE Pa30MEeHMsT TTOTyYUITUCH TIO Me-
togaM LS u LSQ (em. maba. 2, Ipunroxncenus 3). Beca
KpUTepueB 3amucaHbl B maoba. 1, Ilpunoscenus 3, U3
HUX HEHyJIeBble Beca ITOJIyYMJIU, IJIABHBIM 00pa3oM,
JBa KPUTEpHs: CAaMOLIMTUPOBAHUE M WHICKC XHUp-
ma. OcTtajabHble KpUTEPUM Ha TaHHOM BBIOOpPKE BEAYT
ce0sl HEYCTOMYMBO, U HE MO3BOJISIOT pa3le/inTh ee Ha



«TapajijieJIbHbIe» CJIOU. DTO, MPEXKIe BCEro, XapakTe-
PUCTUKHM OOLIEro KOJIMYecTBa crateid (Kkputepuu 1 u 2
u3 M. 4.2.2), 1 XapaKTepUCTUKU LIUTUPOBAHUS B TOM
XK€ roay, TAaKXKe€ HOCSIIME CIyYalHBIA XapakTep: Iew-
CTBUTEJIBHO, VIS ICCTBEHHOTO YUeTa HOBOM ITy0IMKa-
MY HEOOXOAMMO BpeMsl Ha Pa3BUTHE U aalTallnio ee
WAEW, a TaKKe Ha IMyOJMKALUWIO MOJYYEHHBIX pe3yib-
taroB. Pacuersl 111 maHHbIX 3a 2009 ron (mpu 3ToM B
pacyet Gepercst LUTUpPOBaHUE padoT 3a OoJjiee MOIruit
nepuon 2009 - 2012) mpuBOIAT K aHAJOTUYHBIM pe-
3yJibTaTaM, TIPW 3TOM CpelHee YMCIIO LIMTHPOBAHUN
MOJIy4aeT HECKOJIbKO Ooibiunii Bec — 13% Bmecto 5%,
a Beca KpuTepueB 1 1 2 ocTaloTcsl HYJIEBHIMU.

IlepByto cTpaTy cocTaBuIM OBe cTpaHbl: Kwuraii,
CIIA. Bo BTOpoii cTpate oka3zanuch 17 ctpan: Mcna-
Husg, Aarms, @panumsa, TaitBanb, Amonnsa, Uanus,
T'epmanus, Kanana, Mtanus, FOxnas Kopest, ABctpa-
qust, Tonkonr, lNomnanaus, Cunramnyp, Beiiiapus,
W3zpannb. OctanbHble 83 cTpaHbl C(hOPMUPOBAIN Tpe-
TBIO CTpaTy.

3aKkinouenue

B pabote paccmoTpeHa IipobJjieMa MHOTOKPUTEpPU-
aJIbHOM CcTpaTMdUKalUM Ha OCHOBE aBTOMAaTUYECKOTO
ompenesieHUsI BECOBBIX KO3(P(PUIIMEHTOB KpUTEpHEB
TakKMM 00pa3oM, YTOOBI MoJydyaeMble CTpaThl 00pa3o-
BbIBAJIM KOMITAKTHbIE MHOXECTBA HA OCHU 00O00IIEHHO-

ro Kpurepust. [IpemioxeH alroputM, UCTIOIb3YIOIINI
KBaZIpaTUIHYI0 ONTUMU3AIMIO0. DTOT aJTOPUTM IKC-
MepUMEHTAJIbHO CPaBHEH C TPYIIION CYIIECTBYIOIIUX
noaxonoB. Kak oka3zanoch, B OOJIBIIUHCTBE CIIydaeB
MPEUTOKEHHBIN aJITOPUTM TIPUBOAUT K HAWIYIIINM
pemieHusiM. [IprMeHeHVEe alropuTMa K pealbHBIM
JIAHHBIM TIPUBOJUT K TOCTATOYHO XOPOIIO MHTEPIIpe-
TUPYEMBIM pe3yJibTaTaM.

B manmpHe#meM MBI IUTAHUPYEM IIPOBEPHUTH pabOTy
aJTOpUTMa Ha pa3IMIHBIX PEalbHBIX HAHHBIX, OCO-
OCHHO B IPUMEHEHUH K TMHAMNIECKIM psiTaM MHOTO-
MEpPHBIX KPUTEPHEB C LIEIbI0 JaTbHEUIIET0 N3yICHMS
IIpo0JIeM MHTEPIIPEeTallud M YCTOMYMBOCTU IIOTydac-
MBIX peleHMi. 3acayXnBaeT BHUMaHUS, B YACTHOCTH,
mpobiieMa YCTOMYMBOCTH aJITOPUTMa OTHOCUTEIHHO
W3MEHEHUS TOJIIMHEI CTPAT.

CyliecTBeHHBIM HEeJIOCTaTKOM IOAX0/1a K CTpaTugu-
KallMM Ha OCHOBE paccMaTpuBaeMOro B paboTe Kpu-
Tepust JUHEHHON cTpaTu(UKauuM SIBIASETCS TO, YTO
NAHHBI KPUTECPUI HE YYUTBLIBACT PACCTOSIHUS MEXIY
crparamu. To ecTh, U3 HECKOJBbKUX PELIEHU, TT03BO-
JISTIOUIUX MOJIYYUTb OJWHAKOBO TUIOTHBIE TPYIIIAPOB-
KJ Ha OCH B3BEIICHHOTO KpUTEepUs, He OydeT claeiaH
BBIOOD B I10JIb3Y TOr0, KOTOpPOE 00ecIieunBaeT, MaKCH-
MaJIbHBIH 3a30p MEXIy cTpatamMu. B HacTosiiee Bpems
HCCIIeayeTCs BO3MOXHOCTh C(HOPMYJIMPOBATh KPUTE-
puii cTpaTUUKALIMY TaKUM 00pa3oM, YTOOBI ITPeoao-
JIETh BbILIEYNIOMSIHYThI HENOCTATOK. M
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NMPUNOXXEHMUE 1.

Pe3ynbTaTbl 3KCNEPUMEHTANbHOIO HCCAE0BAHUA anropuTMOB
CTPaTU(PUKALNKM HA NCKYCCTBEHHbIX faHHbIX

Tabauya 1. Tabauya 3.
3HavYeHHs MapaMeTPOB reHepanun TouyHoCTh cTpaTH(UKAINH (CpeaHee 3HAYECHHE
CTPAT MO YMOJTYAHUIO U CTaHAapTHOe OTKJIoHeHue st 10 renepamnmii)

B 3ABUCHUMOCTH OT KOJIMYECTBA CTCHEPUPOBAHHBIX

MapameTp reHepauum cTpar 3Ha4eHue no ymonyaxuio 00beKTOoB N 1ipu pa3mepuoctu M= 20

Yucno obbekTos, N N=300
Mero Yucno creHepupoBaHHbIX 06bLEKTOB
Yucno kputepunes, M M=5 n N =200 N =300 N =500
Hcno crpar, K K=3 LSQ 0.65:0.27 0.75:022 1.000.00
LierTpb! crpar, ¢ ¢=(03,0508) LS 0.49+0.11 0.43:0.11 0.44+0.10
WHTeHCUBHOCTY CTpaT, & 6=(0.33,0.33,0.33) BC 0.87+0.03 0.88+0.02 0.88+0.02
Beca kpuTepues, w w=(0.2,02,020202) LWO 0.38+0.04 0.44x0.03 0.63:0.04
TonumHa ctpat, o o=001 AR 0.88+0.05 0.89+0.04 0.88+0.02
Paamax ctpar, @ @ = PS 0.33+0.04 0.33+0.02 0.33+0.02
Tabauya 2. Tabauya 4.
TounocTh cTpaTHdUKALIH ToynocTts cTpaTHduKanuu (cpeaHee 3HaUYeHHE

M CTAaHIAPTHOE OTKJIOHeHue /151 10 reHepanuii)

(cpeaHee 3HAYEHHME M CTAHIAPTHOE OTKJIOHEHHE
B 3aBUCHMOCTH OT HHTEHCHBHOCTEH 0

s 10 renepanuii) pa3IMIHBIMA METOAAMH
B 3aBUCHMOCTH Pa3MepPHOCTH AaHHbIX M

laTTepH MHTEHCUBHOCTH CTpaT

MeTon Pa3mepHOCTb AaHHbIX 6=(0.33,0.33,0.33) | #=(0.5,0.3, 0.2) | =(0.6,04,0.1)
S ] n+n ] n+0 0402 LSQ 1.00£0.00 1.00£0.00 1.00£0.00
UUZU. UUZU. .04%U.
+ + +
LS 1.00:0.00 1.00:0.00 0.44+0.08 15 1.000.00 1.00:0.00 1.00:0.00
BC 0.902002 0.73:003 0.88:0.01 BC 0.75+0.03 0.77+0.03 0.56+0.11
LWO 1.00£0.00 0.98+0.01 0.45+0.04 LWO 0.99+0.01 0.95+0.03 0.88+0.05
AR 0.60+0.02 0.61+0.04 0.88+0.03 AR 0.600.04 0.67+0.03 0.65+0.06
PS 0.99+0.00 0.3620.02 0.32+0.04 PS 0.3620.02 0.2020.03 0.09+0.02
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Tabauya 5.

To4yHOCTH cTPATU(DUKAIMH

(cpeanee 3HaYeHHE U CTAHIAPTHOE OTKJIOHEHHE
st 10 renepanmii JaHHBIX) B 3aBUCMMOCTH

oT pa3maxa crpat ¢

Pa3max

MeTopn

Tabauya 6.

To4yHOCTH cTPATU(DUKAIIMU

(cpeaHee 3HAYEHHE M CTAHIAPTHOE OTKJIOHEHHE
11 10 renepanmii JaHHBIX) B 3aBUCMMOCTH

OT TOJIIIUHBI O

® =041 ®-1 =001 ; .
LSQ 1.000.00 1.000.00 1.000.00 LSQ 1.000.00 0.99+0.01 0.76:0.09
LS 1.00+0.00 1.00+0.00 1.00+0.00 LS 1.00+0.00 0.99:0.01 0.77+0.09
BC 0.97+0.01 0.95+0.01 0.74x0.03 BC 0.76+0.03 0.73:0.03 0.71:0.03
Lwo 0.99+0.00 0.99:0.01 0.98:0.01 LWo 0.98+0.01 0.96+0.01 0.90+0.02
AR 0.67+0.04 0.65+0.05 0.59+0.02 AR 0.59:0.03 0.58+0.04 0.59:0.03
PS 0.96+0.02 0.86+0.04 0.36:0.02 PS 0.35+0.02 0.38+0.02 0.42+0.03
NPUNOXXEHUE 2.
AHannM3 MHOrOKPUTEPUANbLHOW CTPATUCDMKALMKN XKYPHANOB
no 6M6NMOMETPUYECKUM NOKa3aTensam
Tabauya 1. Tabauya 2.

Beca kpuTepues BaKHOCTH
HAYYHBIX XKYPHAJIOB, HAliIEHHbIE METOIOM
JHelHo# crpaTudukamuu LSQ

Beca kputepues,
HalAeHHbIE NpU cTpaTUthuKaLum

Kputepuii

CrtanpaprtHas Cratuctuyeckas

HopmupoBKa (7) HOpMUPOBKa (8)
NHpexe SIR 0.38 0.47
NHpekc Xupua, H 0.14 0.14
mnakT chakop, | 0.47 0.39

CpenHue 3HAYEHHS PACCTOSTHHIA

KemenuCHeluta Mexay ynopsao4YeHHbIMH
Pa30HeHHAMH JKYPHAJIOB [0 OTAEJbHBIM KPUTEPHAM
1 Pa30MEHUsIMH, HAIEHHBIMM METOIAMH
MHOTOKPHTEPHAJILHOM CTpaTH()UKAIMA

|LSO|LS|BC|LWO|AR|PS

CpeaHee paccTosHue.

(CTaHfapTHas HOpMIDOBKa) 012 (012017 013 [0.12(0.23
CpeaHee paccTosHue.

(CTaTUCTAYECKas HOPMHDOBKa) 012 (012017 0.15 [0.20 [ 0.23

NMPUNOXXEHWE 3.
AHanu3 MHOroOKpUTEpHanbHoi cTPaTU(IMKALMM CTPaH N NY6NUKALUOHHON aKTUBHOCTH

Tabauuya 1.

Beca kpuTepueB OLeHKH My0JIMKAIIMOHHOI
AKTHBHOCTH CTPAaH, HAli/IEHHbIE METOIOM
JMHeliHo# crpaTudukamuu LSQ

Beca kputepues, HailieHHbIE NPy CTpPaTU(MKaLum

Kputepwuii

Tabauya 2.

CpenHue 3HaYeHUs PACCTOSTHUIA
Kemenu-CHeJia Mexy ynopsao4eHHbIMI
Pa30UEeHUsIMH CTPAH 10 OTJEJIbHbIM KPUTEPHIM
U pa30MeHUsIMH, HAliIeHHBIMH METOAMHU
MHOTOKPHTEPHAIbHOM CTPATH(DHKAIIH

CranpaprtHas CratucTtuyeckas
HOpMHpOBKa (7) HOpMHPOBKa (8) Lsa | LS BC LWO | AR PS
CpenHee
2 0 0 paccTosHme.
(CTanpapTHas 010 | 010 | 026 | 0.21 [ 016 | 0.18
3 0 0 HOPMIPOBKA)
4 0.63 0.52 Cpenviee
PACCTOSHME.
5 0.05 0.07 (CTaucTnieckas 010 | 010 | 026 | 017 [ 012 | 0.18
6 0.33 0.41 HOPMYPOBKa)
bU3HEC-UHDOPMATHKA Ne4(30)-2014 r.
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This paper elaborates an approach to the problem of multicriteria ranking referred to as multicriteria stratification. The
target of stratification is an ordered partition with predefined number of classes — strata rather than a complete ranking of the
set of objects. Ranking is computed by means of linear convolution of criteria with some weights. These weights are based on
assumption that data can fit some linear structure so that «parallel» layers can be identified - strata.

1In the paper [6] the authors formulated the problem of multicriteria stratification as a task of minimization of a cost function
depending on criteria weights; however the algorithm proposed in that paper to address the emerging task based on random
searching has demonstrated low performance in comparison to some other stratification approaches.

In this paper a new algorithm based on quadratic programming is proposed to optimize the multicriteria stratification target

function. Amore sophisticated synthetic data generator for a comparative study of the stratification algorithm has been developed.

The new data generator has more parameters to tune and allows more flexible control of geometry of synthetic strata: orientation,
thickness, spread and intensity of layers that enables to pay due regard to real data structure.

The novel algorithm has been compared experimentally with existing stratification approaches by involving synthetic data, and
its competitiveness has been shown in the majority of case studies. Two real-world datasets have been processed — bibliometrical
indicators of 118 scientific journals and parameters of publication activities of 102 countries. The new algorithm applied to
handle these data has produced sensible and well interpretable outputs. Furthermore, on these data the proposed algorithm found
the most coherent multicriteria stratification to those computed by each single criterion.
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Key words: stratification, rank aggregation, multicriteria, weighted sum, quadratic programming, optimization,
bibliometrics.
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/ N

B cmamve paccmampusaemcs 3a0aua NOCMPOEHUs DPACYEMHOU MoOenu u3MepeHust nekmposnepeuu (calculated
measurement model of electric power) 6 UHEGHOPMAUUOHHBIX cucmeMax 0 ABMOMAMUSUPOBAHHO20 UCHOOOPA308AHUs HA
PO3HUMHOM pbiHKe Anekmposnepeuu PD. Obsexm uccredosanus — po3HUMHbLI PoIHOK neKkmpodnepeult (the retail electricity
market) u buzHec-npoueccol 3Hep2oCcOBIMOBbIX NPeONPUSMULL, NPeoMem UCCAe008aHUS — MACCUBbL OAHHbIX 00 SHep2onompe-
OneHuu paznuuHoeo pooa nompebumeneii (consumption habits).

Lleav uccredosanuss — nocmpoenue Koryenyuu U Mooeay UHMOPMAUUOHHOL CUCHEMbL, NO38OATIOUCH PACCHUMBIBAMD
DOSHUYHYIO UYeHY U CHOUMOCHb NOMPEONeHHOU 21eKMPOIHEPSULU.

Pewennvimu 3a0auamu 6 uccre0o8anuu A6UAUCY:

+ onpedenerue CywHoCcmell, Komopble A6A310Mcsa NApamMempamy 045 pacHema YeHsl U CIoUMOCHU 21eKMPOSHepeUL;

+ Kaaccugukayus u onpedeneHue Kpumepues Kaaccuguxayuu yuemubuix (user data) u pacuemuoix nokazameneii (estimates
data), yvacmeyouux 6 asmomamusupo8aHHoOM YeHo00pa306anuiL;

+ 10000 pPazIUMHbIX 8APUAHIMOE UHMESPAUUU IMUX NAPAMEMPOB;

+ Modeauposanue CmpyKniypbl 6a3vl 0GHHbIX, KOMOPAas hopmupyem pacHenHyro Mooenb UsMeperuii 1eKmposHepeUl.

B cmamve danbl onpedeneHus yuemHbix U pacuemHbix NOKA3amenetli, Komopble S8ASMCs INeMEHMAamu Ompacieeblx
KOPNOPAMUGHbIX UHMOPMAYUOHHBIX CUCEM, ONUCAHbI NPUHUUNGL (POPMUPOBAHUS. MOOeAU UBMepeHUs! SAeKMpPOoIHepeUU
(calculated measurement model of electric power) npu cozdanuu u 6HeopeHul OUAIUHZ0BbIX UHPOPMAUUOHHBIX cicmeM (meter
fo cash systems), a makice 0aHb! Onpedenerus paziuMHbIX MEPMUHO8 INeKMPOIHEPLEMUKY C IOUKU 3DEHUS UHPOPMAMUKU U
UHQOPMAYUOHHBIX MEXHOA0UI.

Llenoo6paszosanue Ha po3HUMHOM PbiHKe AeKMPOIHePeUU PACCMOMPEHO KAK HeKUL COYUANbHO-IKOHOMUMECKUI npoyecc,
K KOmMopomy Oblau NPUMEHEHbl Memoobl MAMEMAMUYECK0e0 MOOCAUPOBAHUS U CUCMEMHO20 aHanu3a. [IpednojcerHvle
Kpumepuu KAaccugukayuy U npaguia nOCMpoeHUs ces3eil @ cmpykmype 0a3vl 0aHHbIX 00AA0arom YCMOUMUBLIMU CEAZIMU
2NEMEHMOB U OpeaHU3AYUeEL, MO NPOSBUAOCH 6 BbIAGNEHHOM CHUNCCHUU SHMPONUU CUCHEMbl 8 UeaoM NO CDAGHEHUN)
CUCMEMOOOPABYIOUUMY DNeMEHMAMU U YaKmopamu.

Boisisnennvie u onucanHble cés3u Moeym NOMO4b HA NPAKMUKe 8 3a0a4ax Ompaciesou NpoepaMMHOU UHJCEHepUU U
napamempu4eckoi adanmayuu npu paspabonike OUAIUH0BbIX UHGHOPMAUUOHHBIX CUCIEM.

B onucannom uccaedosanuu npoussedeno modesuposarue cmpykmypbi 6a3bi OGHHbIX, POPMUPYIOULET PACHEIHYH MO-
Oenb U3MepeHUl 2NeKmpoIHepeUl, HO360AIOULI0 ONEPUPOBAb PAZIUMHBIMU O02080DHBIMU U TEXHUHECKUMU NAPAMEempPamul
anexmpocHadcerust (contractual input), a marice onpedensimo POHUMHYIO UEHY U CIOUMOCHb NOMPEONeHHOI 1eKMPOIHePULL.

Teopemuueckue u ananumuueckue uUccie008aHUsA NO360AUAU CO30aMb ABMOPAM UHHOBAUUOHHYIH NPOOYKM 6 eude
npoepammot dasi IBM «AC Duepeo.YIIDJl», 3apeecucmpuposantoi Ceudemenscmeom o eocpeeucmpavuu No 2013615624
(ony6auxosaro 17.06.2013), komopblii ycneuiHo anpobuposancs Ha NPeonpusimusix SHepeemu4ecKol Ompaciu 8 HeCKOAbKUX

geeuOHax PO. )

KimoueBble cioBa: 11eHOOOpa30BaHME, PO3ZHWYHBIM PHIHOK 3JICKTPO3HEPTHUM, pacuyeTHAs MOMIEIbh M3MEpPEeHUI
3JIEKTPOIHEPIUY, YIEeTHbIE MOKa3aTeau, pacueTHhIe IToKaszaTesM, MHGOPMAllMOHHbBIE OMJUIMHIOBBIE CUCTEMBI,
SHEProCOBITOBbIE KOMITAHUU.
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1. BBenenue

aXXHBIM YCJIOBHUEM JIOCTIDKEHMSI SKOHOMMUYECKOM

M 3HEPreTn4ecKoil 3@MEKTUBHOCTH B 3JIEKTPOI-

HEpreTUKe SBIIIETCS CTeIIeHh BHEAPESHMS MH(DOP-
MAallMOHHBIX TEXHOJIOTUI. DHEProcOBITOBAS HesITeIb-
HOCTb (retail power agency) — ogHa 13 TeX 00JIacTel, Te
nHpopMammonHele TexHonoruu (UT) urpaior kimoue-
By10 posb. OntumanbHas ctpykrypa UT criocobHa cae-
JIaTb KOMITAHUIO KOHKYPEHTOCIIOCOOHO# 1 3 (PeKTHB-
HOM, 1 HA00OPOT, HEIIPABIWIBHO CTPYKTYpUPOBAaHHBIC
WT moryt ctaTh TOpPMO30M Ha IyTU ee pa3BuTus [1].

OcCHOBOIf aBTOMaTM3allMU IMPOU3BOICTBEHHBIX ITPO-
LIECCOB B 3JIEKTPORHEPIeTUKE SIBISIETCS 00paboTka u
XpaHeHue JaHHBIX 00 3HepromoTpedaeHun. Ham sroii
3ajaueil padoTaay aMepruKaHCKUii yueHbli Panbgp Kum-
6amn (Ralph Kimball), koTophblii onpeneani nmpakTuie-
CKH€ TIpUEMbI MIOCTPOSHUST XPaHUIUII JTaHHBIX U KJTIO-
YyeBble KOHLIEMIIMY MHOTOMEPHBIX MOeJeld AaHHbBIX
(multidimensional data model), ucnoab3yeMbIX MpU
XpaHEHUU JaHHBIX 00 00beMaX SHepPronoTpedIeHMUS
[2], 1 HeMeLKui uccaenoBatelb Xapaiaba OpllaMIOH-
nep (Harald Orlamiinder), KOTopbIii TOCTPOWJI HOBYIO
POJIEBYIO MOJIEJIb YYaCTHMKOB PO3HUYHOI'O PhIHKA 3JIeK-
Tpo3Hepruu [3], KoTopast MOXET CIY>KUTh OCHOBOM 1151
pa3pabOTKU MH(POPMAILIMOHHBIX CUCTEM C (DYHKLIMSIMU
aBTOMATU3UPOBAHHOTO IEHOOOPA30BAHMUSI.

KoppekTHoe MnocTpoeHue CTPYKTYpbl OWJITMHIOBBIX
CHCTEM 3aKJIIOYAETCS] B TTOCTPOEHWM CTPYKTYPBI XpaHe-
HUS pa3IMYHbIX TApaMETPOB YUeTa SHEPrornoTpedIeHus
B MOJEJISIX, MO3BOJIAIONIMX OMEPUPOBATH Pa3IMYHBIMU
JIOTOBOPHBIMU Y TEXHUUYECKUMU TTapaMeTpaMU 3JEKTPO-
CHAOXEHUS UTS1 IEPUOJUIECKUX PACUETOB LIEHBI U CTOU -
MOCTU MOTPEOJIEHHON 3JIEKTPOSHEPTMM Ha PO3HUYHOM
pbiHKe anekTposHeprun (PPY). B mepuonuyeckoii ot-
pacieBoi TUTEpaType UMEETCSI OMUCAHNE OMbITA aBTOMA-
TU3ALMU SHEPTOCOBITOBO AESITETbHOCTA KOMITAHUH pe-
TUOHAJTLHOTO M TOPOMICKOTO YPOBHS, TakuX Kak MOBK,
«BonrorpagaHeprocobITy, «MOCIHEPTOCOBIT> W IPYTUX
MPENNPUSITUIA, T€ UCHOAB30BAIUCH PA3NUYHBIE 3apy-
OeXXHble MporpaMMHoO-armaparHblie iat@opmbl (SAP,
Oracle E-Business Suite, Oracle CC&B). Konuenuuu
nepeurcieHHbx CYB/l (DBMS) BkiouaroT B ce0st K-
€HTCKOE aHAIMTUYECKOE TIPUIIOKEHNE W HA0Op MHCTPY-
MEHTOB, MPENHA3HAYCHHBIX IS W3BJICYCHUS, aHATU3a
U TIpeACTaBICHUS UH(MOPMALIUN U3 XPAaHWINILNA JaHHBIX
JUISE HYXI CIEeHWATUCTOB TpeanpusaTust. Takoro pona
WHCTPYMEHTBI, KaK TpPaBWIO, HE UMEIOT MPUKIATHOW
OPUEHTALIU U TPEOYIOT OT CHELIUATACTOB IESTEIbHOCTD,
CBSI3aHHYIO C TOCTPOEHUEM 3allPOCOB K XPaHWIMIILY TaH-
HBIX U BU3yan3auuein TeKcToBbix (linguistic evidence) u
YHCIOBBIX JaHHBIX (numerical data), mpu KOTOpoil uc-
TIOJIb3YIOTCSI MHOTOMEPHBIE MOJIEU TAHHBIX.

K coxaneHnuro, KoMMepUYecKre OpraHn3aluy He ITy-
OJINKYIOT Pe3yJIbTaThl CBOMX MCCIICIOBAHUI, B TOM YHC-
Jie B HAYIHBIX XypHajaX. ABTOPBI CTaThbW YYaCTBOBAIM
B ITIOCTAHOBKE TEXHMYECKMX 3a7ad ¥ BHEAPECHU OTeUe-
CTBEHHBIX MH(MOPMAIIMOHHBIX OWUIMHTOBBIX CHCTEM
POCCHUICKMX pa3pabOTYNKOB B KOMITAHUSIX «ApPKTUK—
aHepro» (MypMaHcKas obmactb), «O00poH3HEproc-
ObIT> (MoOCKBa), BO MHOXECTBE PErMOHAJIbHBIX 3HEp-
rocOBITOBBIX OpraHu3anuii Boarorpaga, BiaguBocroka,
Apocnasns, Camapckoii u CapaToBcKoii obnacTeit. AHa-
JIU3UPYS PEe3yIbTaThl IPOEKTOB, MOXHO CAEJIaTh BHIBOI,
YTO TIPUMEHEHWE B BSHEProCOLITOBOM IESITETHHOCTH
OMJUTMHTOBBIX MH(MOPMAIIMOHHBIX CUCTEM JaeT 3HAUM-
TeJTbHBIE TIOJIOXKUTEIbHBIC 3(P(MEKTH KaK OIepaTUBHO-
TO, TaK ¥ CTPATeTMUECKOro XapakTepa Ha JOJITOCPOYHYIO
MEepCIIEKTUBY, B MTHTepecaxX CyObEeKTOB 3HEPIeTUISCKOTO
pbiHKa. [Ipy 3TOM MHGpOpPMALIMOHHbIE OWUJUIMHIOBBHIE
CUCTEMBI IJISI 3HEProcOBITOBBIX OpraHu3auuii (retail
power enterprises) Ha pO3HUYHOM PBIHKE 3JICKTPOIHEP-
TUU CTPOSATCS WHTYUTUBHO, KOHIIETIIIUM ITOCTPOCHUS
OTpaciieBbIX MHPOPMAILIMOHHBIX CUCTEM U CTPYKTYp 0a3
JAHHBIX B JINTEpAType HE OMUCAHEI.

2. Mogein u3MepeHns 3IeKTPOIHEPIHH

IMocTpoenne Momenn MHGOOPMALTMOHHON CHCTEMBI,
TO3BOJISIONIEH OIPEeAeISITh POSHUYHYIO 1IEHY U CTOU-
MOCTh TOTPEOJCHHON BJIEKTPOIHEPTUHU, OMEPUPYS
pPa3IMYHBIMUA JTOTOBOPHBIMU M TEXHUYECKMMU Ilapa-
MeTpaMU 3JIEKTPOCHAOXEHUsI, TIpearnoaraeT napame-
TPUYECKYIO afarTaluio MPOrpaMMHOIO OOeCITeUeHMUsI
(ITO). B npotiecce anekTpocHabxeHus (electric power
supply) nmorpeduTeneit MpoOUCXoaAT pa3IUuUHbIE TEXHU-
yeckue (specifications subject to change) u moroBop-
HbIe U3MEHEHMUSI, KOTOPbIE, KaK CIIEACTBUE, TIPUBOMIST
K U3MEHEHMSIM TTapaMeTpoB pacdeTHoit Momenu. [1pu
9TOM mapaMeTpuiecKasl amaIlTalus Ioapa3syMeBacT
N3MEHEHNE IIePEeMEHHBIX, OIPEACIISIONNX IIOBeIe-
HUe nmporpamMMel. [Ipy TakoM momxome MOXHO MEHSTh
mapamMeTpbl WM 3aCTaBUTh IPUJIOXKEHUE CJIeIOBaTh
Kakoi-mmbo nHo# u3 umeroluxcs crpateruii [4]. Tla-
paMeTphl afganTaluy MPUIOXKEHUM Wiau uHbOopMalu-
OHHBIX CUCTEM OIPEAEISIIOTCS AJIs1 KaXI0i TOUKU TOo-
cTaBKU (supply point) 2JIeKTpO3HEPTUU.

PacueTtHasi Mojenb u3MepeHHS  JJIEKTPOIHEPrHd
(PMMN) (calculated measurement model of electric
power, CMM) — 3T0 MoAenb, onuchiBaoas (Ui oT-
paxaromas B ”H(GOPMALIMOHHON CHUCTeMe) IIpaBWiIa U
METOIbl 00pabOTKU MHGMOPMAIIMU O LIEeHaX U CTOMMO-
CTU TIOTPEOJIIeMOIl 3IeKTposHeprun. PacueTHast Mo-
JeJb U3MEPEHUST OTpakaeT SKOHOMMYECKUE YCIOBUS
3JIEKTPOCHAOXKEHMSI U OTpENessieT CTPYKTypy O0asbl
IAHHBIX, B KOTOPOI XpaHATCS JaHHBIE, HEOOXOIMMBbIE
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IUIST pacyeTa IIeH U CTOMMOCTHU ITOTPeOJICHHON 3Hep-
run. 3amadeil pacueTHOM MOIC/IN U3MEPEHUI SIBIISICTCST
¢dopMUpOBaHIE KOPPEKTHBIX YUETHBIX M PACUCTHBIX
nokaszateneit [5].

YueTHble MOKA3aTe€IM — 3TO KOJMYECTBEHHEIC BE-
JIMYUHBI, KOTOPBIE TPeOyeTCsT XpaHUTh B 0a3e MaHHBIX
WH(MOPMAIIMOHHONW CUCTEMBI IJII TIPOBEACHUS pacue-
TOB WJIA aHAJIN3a JAHHBIX. DTU JaHHBIC CHUMAIOTCS C
MprOOPOB yUeTa 3JIeKTPOIHEPTUU, BBOISITCS BPYIHYIO,
3arpyKaroTcd M3 BHEIIHUX CHUCTEM, peXe — HaXOHATCS
pacyeTHBIM MyTeM. B o011em cimydae, yaeTHBIMU ITOKa3a-
TEJISIMM MOXHO Ha3BaTh 3HaUeHMS (PYHKIMI ¢ OIpee-
JICHHBIM HabOpOM apTyMeHTOB, KOTOPEIC B TaJIbHEHIIIEM
YUYaCTBYIOT B KaKUX-JIMOO pacueTax WJIA UCITOTb3YIOTCS
B or4yerax MH(pOpMammoHHOU cucTeMbl. C ITOMOIIBIO
YUETHEIX TTOKa3aTesiei pean3yIoTCs yIeTHbIC (DYHKITAN
CIIeIMATN3NPOBAHHOTO IIPOTPAMMHOTO 00CCITCUCHYS.

PacueTHble moKa3aTeslm — 5TO pa3IMYHbIC TOKA3ATENIN,
copMrpOBaHHEIE B aBTOMAaTHU3MPOBAHHOI CHCTEME B
pe3yJibTaTe MPUMEHEHMS pacueTHBIX (YHKIIMIA [6].

VY4eTHBIE U pacueTHBIE TIOKA3aTe N B 0a3aX JaHHBIX OT-
pacieBbIX MH(POPMAIIMOHHBIX CHCTEM XPAHSTCS B BUIE
m3Mepennii. CormacHo KoHuenmu Pambda Kumban-
Jla, I3MEpeHne — 3To mHTeplperauns ¢akrta (facts for
measurements) ¢ HEKOTOPOIl TOYKM 3pSHUSI B peaJlbHOM
MHpE, ComepKalas yI9eTHbIC ¥ pacyeTHBIC TTOKA3aTelIH,
KOTOpBIE CBS3aHBI IO CMBICIy MeXay cobOoil. OObIY-
HO M3MEepEeHUS IIPEICTARIISTIOTCS KaK OC MHOTOMEPHOTO
MPOCTPAHCTBA, TOYKAMU KOTOPOTO CBSI3BIBAIOT OIIpEIIe-
JICHHBIE (DaKTHI PeaTbHOTO MUPa C YMCIOBBIMM VJTY JIMHT -
BUCTUYECCKUMM ITOKA3aTEISIMU, XapaKTePU3YIOIINMU 3TH
dakTel. B oTpacieBbx ”HGOPMALIMOHHBIX CUCTEMAX 3TU
JIMHTBUCTUYECKUE TIOKa3aTen SIBJSIIOTCS pa3pe3aMu
aHaJMTHYecKoro ydera (incisions analytical accounting).
B MHOroMepHOM MOIENW KaXAbIA yYETHBIA WM pac-
YETHBIN MOKa3aTesb CBI3aH C OAHOW WJIM HECKOJIBKUMU
OCSIMU — U3MepeHMSIMU. M3MepeHrus — 3T0 KiIroueBast
KOHIIETIIMSI MHOTOMEPHBIX 0a3 JaHHBIX. MHOroMepHoe
monaenupoBaHue (dimensional modeling (DM) mnpeny-
CMaTpUBaeT UCTOJIb30BaHME U3MEPEHUH IS TPEIOCTaB-
JIEHUSI MaKCYMAaJIbHO BO3MOXHOTO KOHTEKCTA JIIST U3Me-
psiembIx (pakToB (facts for measurements) [2]. XpaHeHue
TAHHBIX, VTS 1LieJIel pacyeTa CTOMMOCTH, JOJDKHO ITPOU3-
BOIUTKCS COTNIACHO C(DOPMUPOBAHHOI B MH(OPMALIMOH-
HOM CUCTEME PaCYETHON MOIEIN U3MEPEHUM.

Hcronb3ys Teopuio MHOXECTB U TeopuIo rpadoB, pac-
YETHYIO MOJIE/Ib U3MEPEHMIT MOXKHO 3a/1aTh KaK KOHEYHOE
MHOXECTBO Y, COCTOsIILIee U3 /1 3JIEMEHTOB, ONpPENeIsIO-
LLIUX PACYETHBIE NMOKA3ATENM IS j~TOM TOYKU y4eTa

Y={1,2, . n,

KOTOpbIE ¥ (POPMUPYIOT BEPIIMHBI OPUEHTUPOBAHHOIO
rpacda, 1 MHOXeCTBO IyT (set of edges) mogMHOXKeCTBa
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(subset) P = {p,, p,, ..., p,}, ipu aTOM PC Y. B peaib-
HBIX MH(OPMALIMOHHBIX CUCTEMaX 0a3bl JaHHBIX (Pop-
MUPYIOT HaOOp TaOJMII, KOTOPBIC OTPaxKaloT JaHHBIC
10 COCTABJISTIOIIMM, UCITOIB3yeMBIM TIPY pacyere IeH
u crouMoctd. KonmmuecTBo M HMepapxusi 3JIEMEHTOB
ofpeaessieTcss paCyeTHOM CXeMOoit 15l ToTpeduTes, a
TakXke 3amayaMM lieHooOpasoBaHUs (DopMUpoBaHUS
pacueTHOI Momenn W3MepeHUs). PacueTHas mMomenb
M3MEPEHUSI 2JIEKTPOSHEPTHU B OMJUTMHTOBBIX MHDOP-
MAaIlMOHHBIX CUCTeMaX (POpMUpPYETCs IS LIeJIeii oIpe-
JIeJIeHUsT 1IeHbl 1 CTOMMOCTH, IyTEM CBSI3U OOBEKTOB
WIM CITIPAaBOYHUKOB U MOXET OTOOpaxaThCsl B IPEBO-
BUIHOI opme. DIIeMEHTaMM 3TUX MHOXECTB SIBJISI-
JOTCSI MHOXECTBa, CojepKalllue JaHHble 00 00BbeKTax
3JIeKTpocHabXeHus (power supply objects) morpedure-
Jiel 1 cBA3sIX MexXny HuMu (PC), mapaMmeTrpax pacueta
00beMoB (P"), 1 JaHHbBIE O ITapaMeTpax pacyeTa LeH U
CTOMMOCTH 110 00beKTaM 3jieKTpocHabxenus (PC). Ta-
KuM obpasoMm, P={P°, P¥, P€}. Takoe npencraBjeHue
JaeT BO3MOXHOCTh MCIIOJIb30BaTh TEOPUI0 MHOXECTB
IUTST KITacCU(UKAIINK YISTHRIX U PaCUeTHBIX IoKa3aTe-
Jieit 1 pa3pabOTKU CTPYKTYPhl Oa3bl AAHHBIX MH(pOPMa-
IMOHHBIX OMJIJTMHTOBBIX CHCTEM.

3. Knaccndukanus ydeTHbIX
M PACYETHBIX MOKa3aTeJiel

Onepupysl y4eTHbIMU U PaCUETHBIMU MOKa3aTeasIMU
MOXHO aBTOMAaTU3UPOBATh MPOILIECC IEHOOOPa30BaHUS
Ha pPO3HUYHOM PBIHKE 3JICKTPOSHEPTUM.

IleHooOpa3oBaHue B aBTOMATH3MPOBAHHOW OMJIJIMHIO-
BOIi cCTeMe — 5TO aBTOMAaTUYECKUI WIM TTOJlyaBTOMa-
TUYECKUI pACUET LIEHbI HA BJIEKTPOIHEPTUIO C UCTIONb-
30BaHMEM JIWHAMUYCCKU M3MEHSIOIMIMXCS YUETHBIX
WJIM PACUYETHBIX IIOKA3ATEJIEH.

OCHOBHBIMHM 3aJayaMy IIpoliecca aBTOMAaTU3UPO-
BaHHOTO IICHOOOPa30BaHUSI SIBJISTIOTCS:

4 onpeesicHe pa3IMYHbIX YUETHBIX MOKa3aTesIeil, yJa-
CTBYIOIIMX B (POPMUPOBAHUU LIEHBI U OTCASXKUBAHUE U3-
MEHEHUI 3TUX MOKa3aTesIei;

4 BBOJI ¥ XpaHEHME TaHHBIX 00 YIETHBIX ITOKA3aTeIISIX CO-
IJIACHO MOJIENIA U3MEPEHUS 3JICKTPOSHEPIUM 1 OTCIICKI -
BaHUE U3MEHEHUI MOJIE/IH;

4 MOJyYyeHre HOBBIX PACUETHBIX MOKa3aTesel, yuyacTBy-
FOIIMX B pacueTe [eH U CTOMMOCTH 3JICKTPOSHEPIHH.

B nporiecce vccaenoBaHus Wil TOMCKA TEXHUISCKUX
pElIEHUII OMMCAHHBIX BBIIIE 337a4 K KaXmou TIpyIl-
e MOTpeOuTeNIel 3JMEKTPOSHEPTUU (KaxXIoMy OObeK-
Ty 3JIeKTpocHabxeHus1 Ha PPD) 6bu1 momobpan Habop
aTpuOyTOB, HEOOXOAMMBIX JIJISI BHITTOJIHEHUS PACUETHBIX
onepaiuii. BelaeasioT yeTbipe rpymnmbl MOTpeOUTeNei:
0a3oBble MOTPEOMTENM, HAceJIeHUE, MPOYMre MOTpeOu-
TEJIM, OpraHM3alliM, OKa3bIBAIOIIME YCIYTU IO Tepe-



Jaye 3JeKTPOIHEPTUM W MPUOOpPETAIOIINe €€ B LEeJIIX
KoMIieHcauu notepsb [7]. OCHOBHBIMU KPUTEPHUSIMU,
MO0 KOTOPBIM MOBEPravch Kaaccudukauuu aTpuoyThl
00BEKTOB, PACUETHBIC U YYETHBIC ITOKA3ATENIN, CTAIN:

4 KOHEYHBIf HA00p 0OBEKTOB U KJIACCOB;

4 BO3MOXHOCTh XpaHEHHUSI MoKa3aTesieii, XapaKTepH-
3YIOIINX OOBEKTHI, B PEIISIIIUOHHBIX 0a3aX JaHHBIX;

4 COOTBETCTBHME OTPACIICBOMY 3aKOHOIATEIILCTBY.

Takxke npu kiaccudukalvy ObUTM BbIACICHBI Ta-
paMeTphl ¥ aTpUOYTHI, OIIPEACIISIONMNE IICHY IS KaX-
JIOTO OOBEKTA ydeTa, METOJl €€ pacyeTa U yCIOBUS UC-
MOJIb30BaHMS JAHHOM 1IeHBI IIPU pacdyeTe CTOMMOCTH.
YroMstHyTast BBIIIIE HEOTHO3HAYHOCTD MCITOJIb30BAHMS
anemeHToB PMMU mnpu knaccuduxkaumum cyuiHocrtei
JJISL LieJIe 1lieHooOpa3oBaHUS MpeAIogaracT BO3MOX-
HOCTh MCIIOJIb30BaHUS 3TUX JIEMEHTOB KaK OOBEKTOB
0O KaK KJIacCOB B 3aBUCMMOCTH OT CTEIICHM HX Xa-
PaKTEPHOCTHU.

B c¢Bs13M ¢ paznuuueM B iegHOOOpa3oBaHUM Ha PPD B
neHoBbIX (LI3) u HeueHoBbix 3oHax (HLI3) Obu1 mpo-
M3BeIeH aHaIu3 (hbaKTOPOB, OMPEIEIISIONINX OCOOEH-
HOCTU (hOPMUPOBAHUS IIEH U CTOMMOCTH YKa3aHHBIX
BBIILIE TPYII MOTpeOUTEe el B pa3IUYHbIX 30HaX OITO-
BOT'O PBIHKA U UX CTENIEHU JOMUHUPOBAHUS B pEaJIbHBIX
JIOTOBOPHBIX YCJIOBUSIX 2JIEKTPOCHaOXeHUs. B pe3yJib-
TaTe ObLIO BBISIBJIEHO KOHEYHOE KOJIMYECTBO HaOOPOB
TEXHUYECKO-9KOHOMUYECKUX YCJIOBUI TMOTpeOJeHUs
3JIEKTPOIHEPTUH, MO3BOJSIONIUX TPUMEHSATh TOT WU
WHOW BUJ LIEHOOOpa30BaHUS M CIIOCOO pacyera CTOM-
MOCTH MOTPEOJICHHOU 2JIEKTPOIHEPTIUU.

AHaI3 TPOBOAWICS C MPUMEHEHMEM METONa 3KC-
MepTHOU KilaccuduKaly, IpuHIXAN KOTOPOTo COCTO-
WUT B 000OCHOBAaHHOM TE€peHOCe KacCU(DUKAMOHHBIX
pELeHU, TOJYYEHHBIX U] OMHOTO 00BbEKTa, Ha HEKO-
TOpble Apyrue o0beKThl. ba3oil 3HaHUit 1151 060CHOBA-
HUS Y IEPEHOCA CIIY>KUT OTHOIIIEHUE TOMUHUPOBAHUS,
KOTOpOE, B CBOIO OYEpENb, CTPOUTCS U3 OTHOLIECHUNA
XapaKTepHOCTH [8].

ITpu uccnenoBaHuu cnocoboOB pacyeTa LeH U CTOU-
MOcCTHU 371eKTposHepruu B HII3 6bu1 mosrydeH KOHTEKCT
K =(G, P, 1), rne G, — rpynmsl otpedbuTene, co-
OTBETCTBYIOIINE PA3IMIHBIM CITOCO0AM pacdeTa IeHBI
u croumoctu B HL3, P, — MHOXECTBO IPU3HAKOB, 110
KOTOPBIM KJIACCU(UITNPOBAINCH 3JIEMEHTHI MHOXKE-
crBa G, a I, — MHOXECTBO 3HAYEHWIi STUX TIPU3HAKOB.

IIpu mccaemoBaHMM CIIOCOOOB pacyeTa IIeH W CTOU-
Moctu Tiotpebuteneit B 113 ObUT momydyeH KOHTEKCT
K, = (G,, P,, 1), tne G, — Tpyniibl noTpeduTeseii, co-
OTBETCTBYIOIIIME Pa3IMIHBIM CIIOCO0aM pacdera HeHbI U
croumocTu B L13, P, — MHOXECTBO IIPU3HAKOB, 110 KOTO-
PBIM KJIaCCU(MULIMPOBAIKCH JJIEMEHThI MHOXECTBA G,, a
1, — MHOXX€ECTBO 3HAYEHMUH STUX MPU3HAKOB.

3amaya ompeaeaeHMsT HauOoyiee OOIIMX IPU3HA-

KOB, ONpEIEISIONINX CIoco0 pacyeTa LEHBI U CTOM-
MOCTH, pellajlaCh METOIOM COBMEIICHUST KOHTEKCTOB
K = (G, P, I)n K, = (G,, P, I,), B pesynbrare Ko-
Toporo Obuto TonydyeHa pemierka C(K) KOHTekcTa
K= (G, P, I), npeacraisioiias co00ii MHOXECTBO pa3-
JIMYHBIX HA0OPOB TEXHUYECKO-3KOHOMMUYECKMX YCIOBUIA
MOTPeOJICHUSI BJIEKTPOSIHEPTMHU, TTO3BOJISIIOIIMX MpUMe-
HSITh TOT WIM MHOM BU, LIeHOOOpa30BaHUS U CIIOCO0 pac-
yeTa CTOMMOCTH ITOTPeOJICHHOMN 3JIEKTPOSHEPT M.

B xoHTekcre G — rpynmbl NOTpeOUTENEH, COOTBET-
CTBYIOIIIE DPa3IUYHBIM CIIOCOOAM pacueTa IIeHBI U
CTOMMOCTH, P — MHOXECTBO TPU3HAKOB (XapaKTepH-
CTHUK), TI0 KOTOPBIM KJIacCU(PUIIUPYIOTCS 3TEMEHTHI
MHOXecTBa G, COOTBETCTBEHHO / — MHOXECTBO 3HaUe-
HUM 3TUX MPU3HAKOB.

IMomyuennbie Ha60pHb! C(K) 3aBUCSIT OT aTMIHHUCTPa-
TUBHBIX U TOTOBOPHBIX YCJIOBUII MOTPEOICHUS, a TaK-
K€ OT XapaKTEepUCTUK IIPUMEHSIEMBIX IIPUOOPOB yUeTa.
DT HabOPHI BAUSIOT Ha TIPOIIECC IIEHOOOPA30BaHUS U
B 3aKoHOmaTebcTBe PMD Ha3bIBAIOTCS «1IEHOBAsT KaTe-
TOpUsI».

ILleHoBast kareropuss — 3TO HabOp TEXHUYECKO-
3KOHOMUYECKUX YCJIOBUI TOTPEOMTENSI, ITO3BOJISIO-
LW TPUMEHSITh TOT WJIM MHOM BUJ LIEHOOOpa30BaHMS
U crnocod pacyera CTOMMOCTHU IMOTPEOJICHHOM BJieK-
TPO3HEPTUU. DHEProcOBITOBbIE KOMIIAHUM B CTaTycCe
rapaHTUPYIOIIEro MOCTaBIIMKA BBIHYXKIEHbI aIMU-
HUCTPATUBHO OTHOCUTH MOTPEOUTENSI K OJHOU U3 Iie-
HOBBIX KaTeropuii, a He3aBUCHMbIE SHEPIOCOBITOBBIC
KOMIIAaHMH TEXHUIECKU OTHOCST IMTOTPEOUTENS K OTHOM
U3 LICHOBBIX KATeTOPUI.

B monydyeHHOM KOHTEKCTE KaXIOMY DJEMEHTY g
MHOXecTBa G COOTBETCTBYET MHOXECTBO ITPU3HAKOB
P 1 MHOXECTBO 3HaYCHHI STUX MPU3HAKOB [, = ¢ (9),
COOTBETCTBYIOIINX TOM MJI MHOM LIEHOBOI KaTeTOPHU.

Hcrionb3yeMblii BhIIIE KOHTEKCTHBIM ITOXOI TTO3BO-
JIVJT BBIIETATD pa3IMIHbIC MHOXKECTBA XapaKTEPUCTHK,
yJacTByIOIIKE B (DOPMHUPOBAHNU PEISIIMOHHON Moe-
Ji1 6a3bl JAHHBIX UH(HOPMAIMOHHOUN OUJUTMHTOBOM CH-
cTeMbl. [IJ1s1 3TOTO 1IeHOBasI KaTeropus ObLIa BhIpaxkeHa
KaK KOHEYHOE MHOXECTBO, COCTOSIIIEE U3 DJIEMEHTOB,
OTIPEIEIISIIONINX XapaKTePUCTUKU IS j-TO OOBeKTa
BJIEKTPOCHAOKEHUSI:

K = {pil,pil,""

re p, — k-ast XapaKTepiCTUKa, OMpPeeIISIOLIast LIeHO-
BYIO KaTeropuIo JIJIsT j-Iro 00bEKTa 3JeKTPOCHAOXKEHMUS,
n = 8 — KOJWYECTBO XapaKTEPUCTUK, CPEIU KOTOPHIX
MOXHO BBIACJIUTD CJICAYIOIINE:

1. oTHOIIIEHUE TTOTpeOUTENIeH K LIEHOBLIM UJIU HE 1ie-
HOBBIM 30HaM,;

2. KaTteropusl moTpeduTeseii (HaceleHue, KpyImHbIe,
MEJKHMe TTOTpeOUTEN, CeTeBble OpraHU3aIN);

C C
W} KS < P,
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3. Hannuue ¢dakTa (TpedOBaHMSI) TPAHCISLIMU LIEH
3JIEKTpO3HEprun 1 MmomtHoctu OPOM;

4. Tun Tapuda Ha 3HEepPruto0 (OAHOCTABOYHBIA WU
JIBYXCTaBOYHBI);

5. Tun Tapuda Ha YCIIyTH 10 Tiepeaayde 3JIeKTPOIHep-
M (OJHOCTABOUHBI UJIM JIBYXCTaBOYHBIN);

6. ciocob ydyeta 00beMOB (MHTETPaIbHbIM B LICJIOM 3a
Mepuol, UHTEPBAIbHBII 10 YacaM, IO 30HaM CYTOK);

7. 4uUcio 30H — IJIs crocoba yyeta o0beMOB IO 30-
HaM CYTOK;

8. Hamume akTa (TpedoBaHMS ) ITOYACOBOTO IUIAHU-
pOBaHUS.

MHOXecTBO LIEHOBBIX KaTeropmii K¢ = {K ,.C} ompe-
JeJisIeTcsl pa3IMYHBIMU KOMOMHAIIMAMY 3HAYSHU I Xa-
PaKTEepUCTUK, OMNpPeIesoNInX IEHOBYI0 KaTeropuio,
HO B 1I€JIOM TaHHOE MHOXECTBO KOHEYHO U COMEPKUT
pa3TMIHbIe BAPUAHTHI LIEHOBBIX KaTeTOPUIA IS 1IEHO-
BBIX U HELIEHOBBIX 30H.

B Poccuu 11ieHbI Ha 3J1€eKTPUUECKYIO 9HEPTUio (MOIII-
HOCTh), IIOCTABJISIEMYIO IIOTPEOUTEISIM, HE MOIYT
OBITh BBIIIE HEKOTOPHLIX €€ TpeAeibHbIX ypoBHel. B
KOHLENLUN, TPpeIIoXEeHHONW aBTOpaMM HacTosIei
nyOoaMKaluu, MpeaeabHblii YpOBeHb 1LIEH B aBTOMAaTH-
3UPOBAHHOM CHUCTEME — OTO PACUYETHBIMA IOKa3aTeb,
MOJyYEHHBIA B COOTBETCTBUM C MOPSAKOM (hOPMUPO-
BaHUsI LIEHBI, ONPEeAeIsieMbIM CBSI3aHHOM C HUM LIEHO-
BOM KaTeropueil M XpaHsILIUICcS B pelsLMOHHON 0a3e
nanHbix (BI) wimn B cooTBeTcTBYMIOIIEM peructpe b1
JJI MCMOJb30BaHUS B OMNpEeAeIeHUN CTOMMOCTHU IO-
TpeOJeHHON 3JIEKTPOIHEPTUH.

PacueT nipenenbHBIX YPOBHEN 11EH MOXHO BbIPa3UTh
KaK HeKy10 GyHKIIMIO, MapaMeTpaMy KOTOPOi SIBJISIET-
cs Habop mokazareneit XC, ucnonab3yeMbix mpu op-
MMPOBaHUU TIPEEIBHOTO YPOBHSI LIEH:

C=7(X%)

HaGop anemenToB MHOXecTBa X € pasnuyeH i Lie-
HOBBIX U HELIEHOBBIX 30H WJIM UHBIMM CJIOBaMU 3aBU-
CHT OT LIEHOBOM KaTeropuu, To ectb X¢ = f{K°).

Jona 113 snemenTaMu MHOXecTBa X SIBISTIOTCSI TAKHE
yUYeTHBIE TT0Ka3aTeJIM KaK CPpeIHEB3BEIIeHHbIC HEPETY-
nupyemble 1leHsl OPOM (CBHII) — (D), Tapudmi
Ha niepenayy (7,“'?), rapucdbl Ha yenyru nHbpacTpyK-
Typ OPOM ("), cobITOBBIE Han6aBKK (AS) :

c ATS  nGRID pINF AC
Xiipa={Di ST T ’Ai}'

Hna HII3 snemenTamMu MHOXecCTBa X € ABIISIOTCS Ta-
KH€ YYETHBIE ITOKA3ATEIH KAK: JaHHBIE KOMMEPUYECKOTO
orepaTopa, BIMAIOIME Ha GOPMUPOBAHUE POSHUYHBIX
1eH D, peryaupyemsle po3HUYHBbIe Tapudsl (regulated
prices 7,**7), ynenbHasi CTOUMOCTb 3JIeKTPO3HEPTHU Ha
OPDM J :
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X Cma {DATS TREG J.}.

JlaHHBIe yJ9eTHBIC TTOKA3aTelIM, BXOMSIINE B COCTaB
X £ M3MEHSIOTCSI B 3aBUCMOCTH OT TOTO C KAKO Ipyri-
nel Todek moctaBku (I'TIT) (r), KakuM CyOBEKTOM
OPBM (2HeprocOLITOBOM KOMIMAaHWEW WM rapaHTu-
PYIOILMM TIOCTABLIMKOM) (7,), IO KAKOMY THILy JIOr0O-
BOpa (r,) OCYLIECTBJISETCS MOCTABKA 2JIEKTPOIHEPIUH
(IOoroBop BJIEKTPOCHAOXKEHUS WM JOTOBOP KYIUIM-
nponaxu). Takke, y4eTHBIMH ITOKA3aTEIISIMU SIBIISIIOT-
CcsI ceTeBasi OpraHM3aIysl, 10 CeTSIM KOTOPOI OCYIIIECT-
BJISIETCS DJIEKTPOCHAOXEHUE (7,), B KAKOM PETHOHE (r;)
U 110 KaKOMY YPOBHIO HalpSIKEHUIO (7,) TIPOM3BOAUT
nepenavyy 3JeKTPOIHEPINH, K KaKOM IIEHOBOI KaTero-
puu (r,) U rpynmne norpeduTenei (r,) OTHOCUTCA 00b-
eKT dJIeKTpocHa0xeHus1. KpoMme Toro, uMeeT 3HaUeHUE
TakoW ToKasaresib Kak 30Ha cyrok (TOU) (r), mis
KOTOPOM pacCUMTHIBACTCS LIEHBI. TakKuM 00pa3oM, 3TU
HaOOpHI YYETHBIX TMOKa3aTeNeil SBISIOTCS apryMeHTa-
mu Gynkumn X[ = f(r; |i=1...n).

DTO MHOXECTBO IIPEACTABISIET CO00M 00beIMHEHIE
HECKOJIBKMX MHOXECTB, OIPEIOCIISIONINX CTPYKTYPY
XpaHEHMSI JAaHHBIX O KaXIOM M3 DJIEMEHTOB MHOXECTB
XCuz, XCH13, KOTOpbIE MOTYT COOTBETCTBOBATb pa3-
pe3aM aHAJIUTUYECKOTO ydera B MHMOPMAIIMOHHBIX
OUJUIMHTOBBIX CUCTEMAX.

CoBOKYITHOCTb YYETHBIX MoKaszateneii {r,|i = 1... n},
OT KOTOPBIX 3aBHCST JaHHbBIE O COCTABIISIONINX, BXO-
JSIIMX B COCTAaB IPEJeNbHBIX YPOBHEHl I1I€H, MOX-
HO TIPEACTaBUTh KaK HEKOe KOHEYHOE MHOXECTBO
R={r,|i=1...n}, COCTAaB KOTOPOTO 3aBUCHUT OT LIEHOBO
KaTeropuy, T.e.

R=£(K°), R X.

B cBol0 ouepesb, KaxkIblil U3 2JIEMECHTOB MHOXECTBA
X BXOJIUT B COCTAB IPYTMX MHOXKECTB, IPEACTABIISIOIINX
co0oit JaHHBIE O TOM WJIX WHOM BHE TIOKA3aTeNs, VC-
ITOJIE3YEMOTO TIPY PacyeTe MpeaebHbIX YPOBHEH LIEH.

KO
DiATSCD , T;GR[DC TGRID’ AICC AC , T;-REGC TREG.

AHam3 3aKOHOIATeIbCTBA 1 MACCUBOB JAHHEIX O 1Ie-
Hax pa3JM4YHbIX SHEProCOBITOB MM TapaHTUPYIOLIUX
MOCTaBIIMKOB T0Ka3ajl, YTO JaHHbIE O MpeAe/IbHBIX
YPOBHSIX IIeH 3aBUCAT OT MHOXKECTBA YUETHBIX ITOKAa3a-
Teseil R, ONpenessiomnx UX COCTABISIONIE, KOTOPbIe
Y4acTBYIOT B pacueTe 3TuX lieH. Kpome Toro, st xe
YUYETHBIC TT0Ka3aTe/In, OT KOTOPBIX 3aBUCUT (POPMUPO-
BaHWMe TIpeIeIbHBIX YPOBHEH IIEH, SIBIISIIOTCS CBOMCTBA-
MU OOBEKTOB 3JIEKTPOCHAOXEHUS, ITO3BOJISIIOIIMMU
HCIIOJIb30BaTh, IPU pacyeTe CTOMMOCTHU, C(POpMHUPO-
BaHHBIE MpeAeIbHbIE YPOBHMU LICH.

COBOKYITHOCTh YYETHBIX IIOKa3aTeleil, B paspese
KOTOPBIX PAaCCUMTHIBAIOTCS IIpeAc/bHBIC YPOBHU IICH,



onpenessieT MHOXECTBO Pa3IMUHbIX BADMAHTOB pacye-
Ta TIpeeJIbHbIX YPOBHEN LIEH.

BapuaHT pacuera npeaesbHOro YpoBHS LIEH — 3TO
3JIEMEHT PACUETHOW MOJIEJIM, OTHOCSIIUIA UCIOJIb30-
BaHME OJHOM U TOM XK€ LIEHOBOIM KaTeropuu 1 OIpeae-
JISTIOIIE METO pacyeTa LIEH WU IIPEIeIbHbIX YPOBHEH
LIEH C Pa3JIMYHBIMU YYETHBIMU MOKA3ATEJISIMU JIJI51 CXO-
JKHMX 10 Ha00pY CBOMCTB 0OBEKTOB 2JIEKTPOCHAOXKEHUSI.

HMcxonss U3 MHOXeCTBa BapMaHTOB pacuera IeH U
MpeaeTbHBIX YPOBHEH IieH (muddepeHanus I1o
YPOBHSM HampsDKEHMSI, 30HaM CYTOK, TPYIIIaM IOTpe-
outeneit, TumaMm goroopoB, I'TII), MoxHO 0OBEmM-
HUThb HEKOTOpBIC ITOKa3aTeld, OOWHAKOBBIC IS pa3-
JuyHbiX ['TII yuactHukoB OPOM, B Tak Ha3bIBaeMble
TapudHBIe TPYIIITHI U OTIPEIEINTh B3aMMO3aBUCUMOCTh
YUYETHBIX Tokazarejieil. [0Bopsl SI3BIKOM TEOPUH MHO-
JKECTB MOXHO BBIIEIUTh B MHOXECTBE R IOAMHO-
xectBo GT = {t, t,, ..., t }, tne G" c R. DneMeHTamu
MHOXecTBa G’ SBJISIOTCS TaKUe yYEeTHBbIE MOKA3aTeIn
KakK IIeHOBas KaTeropus, ypOBEeHb HaIpsSKEHUS, BUI
MOTPeOUTEIS, TUII ToroBopa. O4eBUIHO, YTO IIPU 3TOM
YMEHBIIIMTCS KOJIWYECTBO ITOKa3aTesei {rl.li =1... n},
OT KOTOPBIX 3aBHUCST JaHHBIE O COCTABJISIONIMX IIpe-
IeTbHBIX YPOBHEH 1IeH 1 JaHHBIC O IIPEIeTbHBIX YPOB-
HSIX IIeH, TTOCKOJIBKY BMECTO 3JIEMCHTOB, BXOISIIINX B
MHOXecTBO G, MOXXHO UCIIOJIb30BaTh OJUH 3JIEMEHT,
ONpeAeNIOIINI TaHHbBI Habop.

TapudHas rpynna (G7) — 3TO COBOKYITHOCTh TEXHU-
KO-9KOHOMMYECKUX YCIOBUI TOTpEeOUTENSI, TTO3BOJIS -
I0Il[as OMPEENISITh TOT WIM MHOUM BapuaHT pacyeTa LieH
WIW MPENEJIbHBIX YPOBHEN LIEH IS TOU WU UHOWM lie-
HOBOI1 KaTteropuu norpeoutensi. TapudHas rpymnmna B
JAHHOI KOHIIEIIIMHY, BKJIIOYAeT B ce0sl IEHOBYIO KaTe-
TOpUIO, 3aAI0IIYI0 METO/ pacyeTa LIeHbl U CTOUMOCTHU
1151 I'TIT mu6o coBokynmuoctu I'TTI, K KoTopoit oTHO-
CUTCS MOTPEOUTEN TaHHOM Tapu(HON TPYIIbl. DTU
COBOKYITHOCTH SIBJISIIOTCSI OCHOBHBIMH ITOKa3aTeIISIMU,
OIpENEeISIOMMMHI TTapaMeTphl pacdeTa IMeH U CTOMMO-
CTHU IUTSI 00BEKTOB 3JIEKTpOCHaOXeHNs Ha PPD, Haxons-
IIKUXCS B AaHHOW TapudHoIi rpyme v B faHHou ['TTI.

COOTBETCTBEHHO, IIJIs1 j-TO OOBEKTa 3JIEKTPOCHAO-
JKEHMSI MOXHO BBIIEUTH €Ile OJHO CBOWCTBO G_,-T,
OMpeAensollee OTHOUIEHUE JAHHOTO O0BbEeKTa K Ta-
pudHOI rpymIe, npuiemM G/.T e G". TlockonbKy Tapud-
Hasl TpymIia BKJIOYaeT B ce0s LIEHOBYIO KaTeTOpUIO
(K°cG"), To MOXHO YTBEPKAaTh, YTO OTHOLIEHUE 00D~
€KTa 3JIEKTPOCHA0XEHUS K Tapu(HOI TPpyIIe onpee-
JISIET TakXe W ero OTHOILIEHME K 1IEHOBOI KaTeropuu,
160 ompeelisieT Crnocod pacueTa LEeHbl U CTOMMOCTU
JUIS1 TAaHHOTO OOBEKTA.

Pacuer croumocTu st j-TO 00BEKTa JIEKTPOCHAO-
JKEHMSI, a TakKe pacyeT LIEH W pacyeT YpOBHEH leH

MOXHO BBIPa3UTh KaK HEKYI0 (YHKLMIO f; , mapame-
TpaMy KOTOPOIA SIBJISIIOTCST HAGOPBI TaHHBIX 0 LieHax C,
1 00beMax SHEPronoTpedeHUs V] , KOTOpbIe, B CBOIO
ouepenb, 3aBUCST OT COOTBETCTBYIOLIUX JAHHOMY 00b-
€KTy 2JIEKTPOCHAOXEeHUs TapaMeTpOB pacueTa IEHbI
ch U mapaMeTpoB pacyeTa 00beMOB PjV.

S;=£(GW). =k ) =41 (1)) 1= 1 ().

Ha ocHoBe mpoBeneHHOTro WCCIENOBAHUS MOXHO
YTBEPXIaTh, UYTO HAOOpP MAaHHBIX O XapaKTePUCTUKAX,
OIpeACIISIIONINX AJITOPUTM pacyeTa [IEHBl U CTOUMOCTH
P st naHHOTO 00BEKTA SJIEKTPOCHAOKEHHSI, TOJKEH
comepXaTh TaKWe YYCTHBIC ITOKa3aTelIM KaK CYyOBEKT
OPBM (rapaHTHUpYIOIIWI MOCTABIIUK WA 3HEPTOC-
ObITOBasi OpraHM3alKs, Mo IigHaM KOTOPOU MpOU3BO-
nutcs pacueT croumoctn), I'TIT cyonekta OPOM, Ta-
pudHas rpymnia U ceTeBasi opraHu3aiust, Ybu Taprugbl
IIPUMEHSIOTCS TIPU OTIPEACTICHUN CTOMMOCTH YCIIYT T10
TPaHCIIOPTY JIEKTPOIHEPIUH.

4. MoneanpoBaHnue 0a3bl JAHHBIX
HHGOPMAIMOHHOI CHCTEMbI

ITpu MmoaenupoBaHuu 6a3bl JAHHBIX C ToMo1LIbI0 ER-
IWarpaMM JaHHOE MHOXECTBO P ObLIO MPeACTaBIeHO
B Buje accoumaTuBHOU cymHocTu «IlapameTpsl pac-
gyeTa 1IeH U CTOUMOCTH OOBEKTOB 3JIEKTPOCHAOXKEHMS
Ha PPD», onpenensionieil cBI3U MeXAy Tpems pas-
JIMYHBIMA O0BEKTaMU WH(MOPMAIIMOHHON CHCTEMBI:
«O0BeKTH 3eKTpocHAOXKeHUsS», «['TIl» m «Tapud-
HbIe TpyNIb». JlaHHas CBSA3b SBIISIETCS 0a30ii, onpee-
JISIONIEH, IO KaKMM Tapu(HBIM TPYIIIaM 1 JIJIsT KaK1X
I'TIT cyobekToB OPOM cienyeT paccuuThIiBaTh LEHBI
U TIpeaeTbHbIC YPOBHHM IICH, a TAKXKe OIpeAeIIsieT, Ipe-
IIeJIbHBIE YPOBHU KaKOW Tapu(HOI TPYIIIbI M KaKOTO
cyonrekta OPOM crnemyer ucmonb3oBaTh IPU pacdyeTe
CTOMMOCTHU [IJII KOHKPETHOTO O0BEeKTa 2JEKTPOCHA0-
xkeHus. IlpencraBneHHasi Ha puc. 1 Mojaenb OTpaxa-
€T OCHOBHbIC YUYETHbIC I1OKAa3aTe/U, OIpeaessIolIne
ImapaMeTpsl pacyeTa IIeH U CTOMMOCTH JJIsI OOBbEKTOB
9JIEKTPOCHAOXKEHMSI, MX aTpUOYTHI, a TaKXKe yCTaHaB-
JIMBAET B3aMMOCBSI3U MEXKIy STUMU ITOKA3aTeIISIMU.

B xoHIIeNIIUM peIsIIMOHHON MOIEIN JaHHBIX, U30-
OpaxkeHHbI1 Ha puc. I 3JA€MEHT pacuyeTHON MOJAeIUu
IJISI 1LieJieil aBTOMaTU3UPOBAHHOTO 1IEHOOOpa30BaHUS
OTpaxkaeT OCHOBHbIE TaOJMIIbI, CBA3aHHBIE ¢ (DOPMU-
pPOBaHMEM LIEH 11 OOBEKTOB 2JEKTPOCHAOXKEHUS, UX
CTPYKTYPY (ITOJIST) M CBSI3M MEXIY TabimiaMu. Taomm-
ma [TAPAMETPBI_PACYETA (calculation_Options)
B MOJIEJIM OTPaKaeT B3aMMOCBSI31 MEeXY pa3IUuuYHbIMU
YUYETHBIMU U pacYeTHBIMU MOKa3aTeNasIMU, OMMCHIBae-
MBIMU MHOXecTBOM PC. Tabiuipl, OObLeINHEHHDBIE B
rpynibsl «Cocrapistomue [TY1L s 13» n «Cocras-
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Puc. 1. CxeMa pacyeTHOi! MOAENA U3MEPEHNS ANEKTPOSHEPTUN
NS 33[124 aBTOMATU3UPOBAHHOTO LIEHO06PA30BaHS

Jsirorue ITYH nng HIL3», npeactaBisiioT coboii onu-
CaHHBIE BHIIIIE 3JIEMEHTH MHOXECTB X 1 X¢-"7? coOT-
BETCTBEHHO. MHOXecTBO R B 6a3aX TaHHBIX peabHBIX
WMH(GOPMALIMOHHBIX CUCTEM SBJISIETCS OMHOM M3 oceit
W3MEpPEHUI U UCTIOJIb3YyeTC KaK pa3pe3bl aHaTUTUIE-
CKOTO yueTa, OIpeaesisi CTpyKTYpY XpaHeHUS JaHHBIX,
WCITOJIb3YEMBIX JJISI pacyeTa LeH U MpeaesibHbIX YPOB-
HEMU 1LIeH.

IMonyyeHre JAHHBIX 3TUX TaOIUL IIPU pacyeTe mpe-
JeNbHbIX YPOBHEH LEH MOXET ObITb OpraHU30BaHO
MOCPEICTBOM COOTBETCTBYIOILMX 3aIPOCOB, KOTODBIE
MOHO BBIPa3uTh hyHKImeii f, (P).

5. 3akmouenne

[IpemnoxeHHass Moaeab KiIacCUGUKAIIUN YICTHBIX
M pacyYeTHBIX IMOKa3aTeJiell, yJaCTBYIOIIMX B MPOLIeC-
ce aBTOMAaTU3MPOBAHHOTO 1I€HOOOpa30BaHUS, Ha-
JISIIHO MOKa3bIBaeT, B KAKMX pa3pe3ax cjleayeT Xpa-
HUTH TOKa3aTeaM, yJYacTBYIOLIME B pacyeTe ILIeH, a
TaKKe 4YeM MOTYT OINpeAesIThCs NapaMeTphbl pacueTa
LIEH U CTOUMOCTHU JJIs1 00BEKTOB 3JIEKTPOCHAOKEHU S
noTpeouTens.

MonenupoBaHue CTPYKTYpbl 0a3bl JTaHHBIX, (POpMU-
PYIOLLEH PACYETHYIO MOIEIIb U3MEPEHUMN JIEKTPOIHED-
TUU, MOXKET ObITh MCIOJIb30BaHO MPU NMPOEKTUPOBAHUU
MHOOPMAIIMOHHBIX CUCTEM, UCIIOIb3yEMBIX ISl aBTO-
MaTHU3allM JEATETbHOCT SHEPrOCOBITOBBIX OpPTraHM-
3auuii. Pe3ynbTaThl vcClieq0BaHUS TakXKe MOTYT OBbITh
WCITOIb30BaHBl M B pa3pabOTKe OpraHU3allMOHHOU U
TEXHUIECKON KOHIIEIIIINN TT0A00pa OIMTHUMAJIbHBIX J10-
TOBOPHBIX YCJIOBHMI 9HEPTOCHAOXKEHNSI, UTO HAIIPSIMYIO
BIMSIET HA SHEProa(PPeKTUBHOCTH OTpaciu. B
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This article addresses building a computational model for measuring electric power in information systems designed to support
automated pricing in the retail electricity market of the Russian Federation.

The object of this study is the retail electricity market and business processes of retail power supply enterprises. The subject of
the study is arrays of energy consumption habits data.

The purpose of this study is to build a conceptual framework and an information system model enabling to calculate retail
prices and costs of electric power consumed.

This study has solved the following tasks:

+ 1o identify entities that constitute parameters to calculate electric power prices and costs;

+ 1o classify user data and estimate data involved in automated pricing, and to formulate classification criteria;

+ to select various options to integrate these parameters;

+ to simulate the structure of a database that forms the computational model for measuring electric power.

This paper presents definitions of user data and estimate indicators, which are elements of industry-specific corporate
information systems, describes underlying principles applied to build the computational model for measuring electric power when
designing and implementing meter-to-cash systems, as well as formulates definitions of various electric power concepts from the
perspective of information technologies.

Pricing in the retail electricity market has been regarded as a socio-economic process, towards which mathematical simulation
and systems analysis methods have been applied. The suggested classification criteria and rules for links building in the database
structure enable to ensure sustainable element links and organization that has manifested itself in revealed decrease in entropy
of the system as a whole compared to the backbone elements and factors.

The detected and described links can offer practical help to address industry-specific software engineering and parametric
adaptation challenges faced in development of meter-to-cash systems.

This study involves simulation of the database structure that forms the computational model for measuring electric power
enabling to operate various power supply contractual and technical inputs, as well as to determine retail prices and cost of electric
power consumed.

The theoretical and analytical research enabled the authors to create an innovative product — a software solution «AS Energo.
UPEL» (certificate of state registration # 2013615624 issued on 17.06.2013) that has been successfully tested at power supply

enterprises in several Russian regions. $
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Key words: pricing, electricity retail market, computational model for measuring electric power, user data, estimate
data, meter-to-cash systems, retail power supply companies.
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/ N
r Mamepuanbl cmamou 0CHOBAHYBL HA PE3YALMAMAX, HOAYHEHHBIX YHACMHUKAMU (npenodasamensmu u cmyaeﬂma—\
MU) HAYUHO-UCCAe008aMENbCK020 ceMurapa gaxynvmema ousnec-ungopmamurxu HUY BIIID. [leav — uccredosanue
B03MOJICHOCIEN YNPAGAeHUs 00yHeHUeM KaK NpoueccoM, NpUMEHeHUe COBPEMEHHbIX UHPOPMAUUOHHBIX MEXHON0U
U uHcmpymenmoas. Jlano onpedenenue npoyecca 00yMeHUss KAk CO8MeCmHOU 0esimeabHOCU YMaACMHUK08 npouyecca 8
OpeaHU3aUUL YCE0eHUs. Y4eOHOU OUCUUNAUHDL, NOAYHEHUS CYOBEKMUBHO HOBbIX UAU HOBbIX NPEOMEMHbIX U NPOUEOYPHbIX
3Hanuil. B kauecmee npedmema uccae0o8arus 8bl0pan npoyecc o0y4eHus KOHKpemHoul oucyuniute «Modeauposarue
U onmumu3sayus buzHec-npoueccos». Buinoanen ananuz ocobernocmeli npoyecca ooy4eHus, onpeoeneHsbl mpebosanus
K YNpAsneHuro npoyeccom 00y4eHus:, biN0AHEHO MOOCAUPOBAHUE U OUEHKA 803MOMICHOCHEN A8MOMAmMU3UPOBAHHO0
Ynpaeiaenus npoueccom ooyuenus. /s aHasu3a ucnonb308aHa UHGOpMayus 06 opeaHu3auuu U npogedeHuU peans-
HbIX 3aHAmMuUll Ha Qakyrsmeme OusHec-uHgopmamuku. Boisenenst caedyroujue mpebosanus K npoueccy oOy4eHus:
ovicmpas adanmayusi K U3MeHeHUsM, eubKoe YnpaesieHue ¢ y4emom pPasiudHbix Memodos 00y4eHus, NoCmosHHoe
83aumodeiicmsue y4acmHuKo8 npoyecca o0yMeHus, a makice CO30aHUE 03MONCHOCMEN 045 MBopYecmea, peghaex-
cuu, 0151 UCNOAb308aHUSL CYOBEKMHOCIU YMACMHUKO08 npoyecca. [ MOOeAUpo8aHus UCHOAb308AMUCh PA3IUUHbIE HO-
mavuu: eEPC u duaepammul 63aumodeticmeus: u nogedenust cyosexmos. Ilepeas Homayus omrocumcs K Kaaccuue-
cKoti memodonoeuu modeauposanus ARLS, a emopas — K cy0seKmHO-0pPUEHMUPOBAHHOU MeMOO0A0UY YNPAGACHUS
npoyeccamu Metasonic. [lokazano, umo yooeremeoperue gcex mpebosanuil Kk npoyeccy oby4enus obecneuuaemcs
npu cybseKmHo-0pUeHmMUpoO8aHHoOM no0xXoode U NPAKMuU4ecKl Hee03MOICHO NpuU Kaaccuteckom nooxode. Onpedenervl
NpUHYUNBL pazoeneHusi 0000UeHHO20 npoyecca 00y4eHUs Ha MeaKue NPoYeccyl, paspadomarsl ux Mooeu 8 ude oua-
epamm 83aumodeiicmeusi U Ouazpamm nosederust cyosexkmos. llpedcmasnernsi 603MONCHOCIU UBMEHEHUs. nPoYyecca 00-
VHEHUs! YUaACMHUKAMU Npoyecca 6e3 npoepammupoBanus, ¢ y4emom agmomamu3ayuy cenepayuu npuaoxicerus é Meta-
sonic S-BPM Suite. Pesyavmamut uccaedosanusi mo2ym Obimbs noae3Hbl 0151 AH00bIX OpeaHU3AUUIL, 300y Mbl8ArUUXCS
0 nepexode om mpadUYUOHHOL HCeCKOLL CMPYKMYpbl K 00aee cO8peMenHOl PepreKCUBHOT OpeaHU3ayul ¢ cemesuim
Kez*aumo@eﬁcmeuem compyOHUK08. )
\ Z

KmoueBble cjoBa: Ipoiiecc oOydeHMsI, MOICIMPOBAaHMUE IIpoIiecca, aBTOMATU3allMs IIpollecca, CyOBEeKTHO-
OpPUEHTUPOBAHHOE yIpaBieHUe npoleccoM, S-BPM, rudkuii mpouecc, pepieKCUBHOCTb.

Bsenenue TpUBAIOTCS TpU Buaa obyuyeHus [2]: 1) mpocreiiiiee
0 MHEHHMIO PSia MCCIEIOBATENEH, CyTh 06Y- o0y4eHue TOMY, 9TO HaXOAUTCA Ha IOBEPXHOCTH, C
YeHUs] MOCTENeHHO TpaHchopMupyercs or | HEIbIO TPUCHIOCOOUTBCA K TOMY, UTO ABNAETCA O0LIe-

MIPOCTOTO TIOJIYYEHUS! «IIPEAMETHBIX 3HAaHUii» | MPUHATBIM; 2) KDUTUYECKOE TIEPEOCMBICIIEHUE THITO-
K TOJIYYCHUIO <«IIpOLIenypHBIX 3HaHUii» [1]. Paccma- | Te3, m3yyeHme KOHTEKCTa AESITEIbHOCTU 1 BO3MOXK-
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Hble KOPEHHbIE U3MEHEHUsI COOCTBEHHBIX lieyieil; 3)
OCMBICJIEHUE U TEPEOCMBICIIEHHUE CAMOTO IMpolecca,
CaMOKPUTUKA, OCO3HAHUE W UCIPABJIEHUE MBICIU-
TEJIbHBIX MOJIEJIE, TIPOBEPKA OTIIPABHBIX CMBICJIOBBIX
TOYeK neicTBusd. BTOpoil 1 0COOEHHO TPEeTUil BUIBI
O0y4yeHUs CBSI3aHBI C TOJYYEHUEM <IMPOLEAYPHBIX
3HaHWIT», C pa3BUTHEM pedIEKCUU Y 00yJaIOIIUXCS U
o0yyalolux.

1. TpeGoBanus
K npoiueccy o0y4eHust

B nutepaType 4acTo MCHOIB3YETCS TEPMUH «y4ded-
HBIII Tpolecc», a B 00pa3oBaTeIbHBIX CTaHAAPTax
(ProC) ynmomuHaercst «00pa30BaTeIbHbBINA ITPOLECC».
O0a TepMMHA HEOOCTATOYHO OMHO3HAYHBI, MO3TOMY
OyaeM MCII0JIb30BaTh 00Jiee TOYHBIM M OJHO3HAYHBIN
TepMHH — «IIpoliecc 00ydeHus». OTMETUM, UTO UCCIIe-
MOBaHUE HE KacaeTcsl dudaKkmu4eckoll cmopoHsl o0yde-
HUsI, a TIOCBSIILICHO 0peanu3ayuUoHHOU cmopoHe obyde-
Hus. [Ipouecc oOydyeHuUsT paccMaTpuBaeTcsl Kak OOuH
W3 MPOLIECCOB OPTaHU3ALUU, a YIIPABJIEHUE ITPOLECCOM
COCTOUT M3 MOJICJIMPOBAaHNsI, aHAIN3a, COBEPIIIEHCTBO-
BaHMS, aBTOMATU3AIIN ¥ KOHTPOJIS.

ITpouiecc 0OyyeHUs B By3e OTJIMYAETCS PSIAOM OCO-
OGeHHOCTEe, 3aTpyIHAOIIMX yrpaBieHne. PopmaibHO
00yJyeHUe B By3¢ CTPOro perIaMEeHTHPYETCSl CTaHIap-
TaMH, Y4eOHBIMU TIJIaHAMU U IIporpaMmMamu. PeaibHO
00yJeHUe TpeOyeT IMTOCTOSTHHBIX IIEPEMEH U TBOPUECKO-
ro moaxona. BeimenuM aBe KaTeropuy MpUYUH Iepe-
MeH: 1) TmepeMeHbI B O0llIeCTBe, HAyYHBIC MCCIICI0BA-
HUSI, COCTOSTHE SKOHOMUKHU U T.11.; 2) YHUKAJIBLHOCTh
ayIUTOPUU Y UHIWBUIYYMOB, IIPOTUBOPEYMS BO B3au-
MOOTHOIICHUSIX ¢ OIOPOKPATUUYECKUMU CTPYKTYpaMu,
oOpaTHBIE CBSI3M, BHe3amHble COOBITHUS U T.1. Bece 60-
Jiee BaXXHOU CTaHOBMTCSI HaydHO-MCCIIeIOBaTEIbCKas
JIeATeIbHOCTh, KOTOpasi BKJIIOYAeT KaK HaydyHBIC HC-
CleIOBaHMS TIperogaBaresicii, TaKk U OOyd4eHUe CTy-
IEHTOB Ha CeMUHAapax, B MpoeKTax u T.1. CTpeMIecHne
K MOJYYEHUIO IPOLEAYPHBIX 3HAHMM — MEPBBIN LIar K
HAYIHBIM MCCICIOBAHMSIM.

OnpenenuM mpouecc OOYYeHHSI KaK COBMECMHYH
dessmeabHOCMb YHACMHUKO8 Npoyecca no opeanu3auuu
yceoeHUs. y4eOHbIX OUCYUNAUH 045 NOAYHeHUs npeo-
MemHbIX U npouedypHuiX 3HaHull. TepMUHBI «CYOBEKT»
U «CYOBEKTHOCTb» OIPEACIUM CIIeAYIOIIMM 00pa3oM
[3]: «cyOBEeKT» — HOCUTEIb NEeSITEILHOCTH, CO3HAHMS,
MO3HAHUA U pedIeKCUU; «CYOBEeKTHOCTb» — Xapak-
TEPUCTUKA CYObeKTa (KaK HOCUTENS AeSITeIbHOCTH,
CO3HAHMS, TMO3HAHUS M pedIeKCUM), OoTpaxalolas
MOJTHOTY €T0 aKTyaJbHBIX M IOTeHIMAIbHBIX BO3-
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MOXHOCTE! U CTeNeHb UX peaju3allui B HACTOSIIEM
un Oynymem. Ilom «0000ILIEHHBIM IpOlIeCCOM» O00Y-
yeHusi OyaeM IMOHMMAaTh TUIIOBOM IIpOIECC, COaep-
KAl o01IKMe YepThl, CXeMbl, IPUHIIMITBI 00YYEeHUS
Mo MHOXecTBY aucuuiuivH. [Tog MmetraMoaenbio mpo-
mecca odoydueHMe OyaeM IMOHWMATh OMMCAaHUE CTPYK-
Typbl 00OOIIEHHOTO Ipoliecca, OomnpeaesieHUsT B3au-
MOJIEMCTBUS 3JIEMEHTOB €ro CTpyKTyphbl. COBMeCTHas
JIesITeIbHOCTh YYaCTHUKOB Ipoliecca Mo MOJyYeHUIO
3HAHUI MpeanojaraeT BO3MOXHOCTb MCOJIb30BaHUS
CyOBEKTHOCTH JII000T0 yyacTHHUKA IIpoliecca, He3aBU-
CHMO OT €ro POJIu.

Kak mpoucxomut yrpaBieHHUe TPOlecCCOM OOyde-
Hus? g ympaBiIeHHMSI 4acTO HCIOJB3YIOT CIIEHyIO-
IMe MeTonmbl: 1) HEMmocpeACTBEHHbIE YIPABISIOLINE
BO3IEMCTBUS 00yYalollero; 2) onocpeaoBaHHbBIE BO3-
JecTBUSI «O0OOIIEHHOro MperogaBaTensi»; 3) ca-
MoympaBjeHne obydaemoro. K HemocTtaTkaM METOIOB
OTHOCSATCS: OTCYTCTBHE B3aMMOIEICTBHS C 00yJIaeMbl-
MM, OPMEHTALIUSI Ha HECYIIIECTBYIOIIETO YCPEIHEHHOTO
00y4aeMOTo M OJTHOCTOPOHHee O0y4YeHHUE, OTCYTCTBUE
TIOCTOSIHHOW OoOpaTHOW cBs3u. B3misa Ha oOydeHue
KaK Ha MPOIEeCC MO3BOJISIECT YTBEPXKIATh, YTO BO3MOXK-
HOCTH yIpaBJIeHUS 00yYeHHEM HaIpsSIMYIO 3aBUCST OT
BO3MOXHOCTEl aBTOMaTM3almMu Tpoiecca. OObIYHO
JUTSI aBTOMAaTHU3alMy OOYYEeHUST UCTTONIB3YEeTCs KIacCu-
YeCKUI IMMOIXOM, OCHOBAaHHEBII Ha pa3paboOTKe Hepap-
XUYECKUX aBTOMATU3UPOBAHHBIX CHCTEM, COCTOSIIMX
M3 TOACUCTEM, Kaxkaash U3 KOTOPHIX, B CBOIO O4Yepe.b,
COCTOUT U3 MOJyJieil. ABTOpaM He M3BECTHA HM OIHA
3 aBTOMATU3UPOBAHHBIX CUCTEM, KOTOpas IpeaycMa-
TpuBaja Obl aBTOMATU3allUIO0 U YIIpaBJIeHUue O0yyeHU-
€M Kak MPOILIECCOM, BCE COBPEMEHHBIE CUCTEMBI SIBJISI-
10TCs obecnequsarouumu. C ydeToM pe3yabTaToOB psiia
ucciaenoBanuit [4, 5, 6], chopmynupyeMm cieayioue
TpeOboBaHUS K IIPOLECCy O0yUeHUSI:

1. boeicTpas ajmamnTtaius mpolecca K MU3MEHEHUSIM.

ObecrnieunBaeTcsl, HaMpUMepP, CO3TaHUEM YCIOBUN IS
CaMOOPraHU3alUNA CUCTEMBI.

2. 'nbxkoe ympaBieHUe TIPOLIECCOM, BO3MOXHOCTh
MPUMEHEHHS Pa3IMIHBIX MeTOHoB. OOecIeunBacTCsI
caMoOopraHu3alen u qereHTpan3alneii.

3. ITocTossHHOE B3aMMOJEUCTBUE YYACTHUKOB IPO-
1ecca, Kak IpeaMeTHoe, TaK U npoienypHoe. [TpuBo-
JIUT K aAIUTUBHOMY 3D HEKTy.

4. Co3gaHue BO3MOXHOCTEM i peJIeKCUU, TBOP-
4yeCcTBa, MCIIOJIb30BaHUSI CYOBEKTHOCTU YYAaCTHHUKOB
npoiecca. Pacimpsier Mcnojib3oBaHWE WHTEJUIEKTY-
AJTbHBIX PECYPCOB YIaCTHUKOB.

5. MHTerpanusa B mpoliecce JOKYMEHTOB M obecIie-



YHUBAIOIIMX I/IH(I)OpMaLII/IOHHBIX cucteM. Ilo3Bossier
panoOHaJIbHO UCITOJIb30BATh HeoOXoouMBbIe PECYPCHhI.

6. OneHka 3G ¢GEeKTUBHOCTH BBITIOJTHEHUS KaXXIOTO
aK3eMIuIsipa. [ToBBIIIIaeT BO3MOKHOCTH TI0 COBEPIIICH-
CTBOBaHMIO IIpolLiecca.

Peanmzamust 3Tux TpeGOBaHUS IIPU aBTOMATU3AILINU
MpoLECcca ¢ IOMOILBIO TPAAULIMOHHBIX ITOAX0A0B (Ha-
npumep, BPMN) upesBbiyaiino Tpygpoemka. OgHako
MPY KCITOIb30BAHUM CYOBEKTHO-OPHEHTUPOBAHHOTO
MOAXOAa BBIIOJHEHUE TPeOOBAHMII CTAHOBUTCSI BO3-
MOXHBIM.

2. Cy0beKTHO-OPHEHTHPOBAHHBII TOIXO
K YNPaBJIEHHIO NIPOIIECCOM 00yYeHHsI

MeTonmonorust CyobeKTHO-OPMEHTUPOBAHHOIO MO/ -
XoJla peau30BaHa B MHCTPYMEHTAJIbHON CHCTeMe
Metasonic S-BPM Suite m1s1 MogenupoBaHus, Baayuaa-
LIMY 1 HEMEIJICHHOTO MCTIOJIHEHMST OM3HEC-TIPOIIECCOB.
«HemenneHHoe McHojHEHWE» O3HAYaeT, YTO MpPeod-
pa3oBaHUE MoOJe/ieil B HCIOJHSIEMOe TPUIOXEHUE
(workflow) TIporcXOaUT aBTOMATUYECKHU TIPU BBITPY3Ke
mopesieit Ha cepBep. B otuete 3a 2014 r. Gartner Ha3Ba-
Jla Metasonic S-BPM Suite n”HHOBallMOHHBIM, 3 dheK-
TUBHBIM U WHTPUTYIOIIMM IIPEIVIOKCHUEM Ha PBIHKE
BPM [7]. IlpumeHenue S-BPM mno3BoiauT He TOJIBKO
CYIIIECTBEHHO COKPATUTh PAcXOIbl Ha aBTOMAaTU3aIINIO
¥ KapIWHAJIBHO ITOBBICUTH aIalITUBHOCTH IPOIIECCOB,
HO U CYIIIECTBEHHO ITPOIBUHYTHCS Ha IYTH K CO3TaHUIO
peduiekcuBHoro npeanpustus XXI Beka, 0CHOBaHHO-
ro Ha TJIaBEHCTBYIOIICH POJIM CYOBEKTHOCTH IIPHU BHI-
TMOJIHEHUM TIpolieccoB [8].

ITpouiecc B S-BPM BBIIIAIUT Kak 00OMEH cooOIie-
HUSIMU MEXIy yJacTHUKaMu. Kaxkmplii ydacTHUK pac-
cMaTpUBaeTCs He Kak (hyHKIIMOHAIbHBIN pecypc, a Kak
CyOBeKT, 001a1aI01IUMI MHTEIEKTOM, CIIOCOOHOCTSIMU
K TBOPYECTBY U pediaekcuu. [IpeacTtaBuM, KaK BBITJISI-
IUT peanusanus S-BPM B MHCTpyMeHTabHO cUCTe-
Me Metasonic S-BPM Suite. B ee coctaB BXoA4IT:

4 Metasonic Build — cpega npoekTupoBaHus Tpo-
1eccoB U UT-pa3paboTku;

4 Metasonic Proof — cpena Bepudukaumm mpoiec-
COB;

4 Metasonic Flow — cpena ucroiHeHusI 1 KOHTPOJI-
JIVHTA MPOLIECCHBIX TPUJIOXEHUI;

4 Metasonic Base — cpena amMUHMCTPUPOBAHMUS
cepBepa 1 PUIOXKEHUN.

CyuiecTByeT Ba OCHOBHBIX THUIIa MPOLECCHBIX MO-
JieJieii: «MOfiesTb B3aMMONEUCTBUSI» U «MOJNIETh TTOBE-
neHusi». [lepBasi Mozesb ONMKUCHIBAET B3aUMOIECTBUE

CyOBEKTOB MeXay co0oil B BUAe oOMeHa HMHdopma-
IUOHHBIMUA COOOIICHUSIMU, a BTOpasl OTpaxkaeT yda-
CTHEe CyObeKTa B IIpoIlecce B BUIE OIMMCAHMS €T0 CO-
CTOSIHMM M TOCJIeA0BaTEIbHbBIX MEPEXOJ0B U3 OJHOIO
cOCTOsTHUsI B apyroe. IIpyu 3TOM IOCTaTOYHO 3HAHMS
BCETO TIISITM BJIEMEHTOB HOTAIIUM: <«CYOBEKT», «CO-
OOIIeHNE», «COCTOSTHHUE OTIPABICHUSI», «COCTOSHUE
MOJydeHUs» U «(PYHKIIMOHAIbHOE coCTOsiHMe». Ilo-
CleqHME TPU DJIEMEHTa OTPaXaloT COCTOSTHUSI CyOb-
€KTa TIPU BBIIOJTHEHWM Tiporiecca. MHTepecHO, 4TO
COCTOSTHME OXWIAHMS, KOTOPOE 3aHMMAaeT OOJIBIIYIO
JacTh XXM3HU YeJIoBeKa, MOXET OBbITh MPEACTaBICHO B
MOJIEJIN COCTOSTHUI KaK (hyHKIIMOHAIBHOE COCTOSIHUE.
ITpu MomenupoBaHUU Mpoliecca B ITOW XKe MOJEIU
BBITIOJHSIETCS TIPOSKTUPOBAHUE WCITOTHIEMOIO IIPH-
JoxeHus1. Peanuzanus (reHepalys Koaa) IPOUCXOIUT
aBTOMATMYECKU IPU 3arpy3Ke Moneseil B XpaHWJIUILE
Ha cepBepe. TakuMm 00pa3oM, KOAWPOBAHWE TIPUIIO-
JKEHUSI OTCYTCTBYET, a IPOCTOTA HOTALIMIA ITO3BOJISICT
MPUBJICYh K MOAETUPOBAHUIO BCEX YIACTHUKOB ITPO-
Hecca. Cy0ObeKTHO-OPUEHTUPOBAHHBIN MOIXOH HaeT
BO3MOXHOCTb YYaCTHUKAM TIpOliecca CaMOCTOSITETEHO
MPOEKTUPOBATH M OBICTPO MEPETIPOCKTUPOBATH MOIEITH
mpoliecca, UMUTHPOBATh BBIIIOJHEHUE MOICIEH I
coriacoBaHusl (BalupaluK) Ipoliecca ¢ KOJUIeTaMu,
WCTIONB3YS IS 3TOTO pedIieKCrio, TBOPYECKHE CITO-
COOHOCTH, CYyOBEKTHOCTh BCEX YIaCTHUKOB TIpoIiecca,
a TaKKe HeMeJIEHHO TIpeBpaIlaTh MOICIM IIpoliecca B
HCITOTHSIEMbIE TIPUIOXKEHUS ITyTeM 3arpy3Ku 3TUX MO-
JleJIei Ha cepBep.

3. MoneaupoBaHue mpomecca
00yuYeHHs B By3e

[pexne, yeM mepeiTH K MOIEIMPOBAHUIO IIpoLecca
B cpene Metasonic Build, BeimeiuM BaxKHbBIE TOTTOJIHU-
TeJbHbIe 0COOEHHOCTH ITpoliecca O0yYeHUS:

1. Kak mpaBuio, cxeMbl U NPUHLMUIIBI OOYYEHUS
(B By3e, Ha (akyiapTeTe, Ha Kadeape) MMEIOT MHOTO
o01Iero sl pa3HbIX TUCUMIUIMH. DTU OOIIME YepThI
MOTYT OBITh MPEACTaBAECHBI B 0O0OIIIEHHOM IIpolecce
00y4YeHU s, TPEICTABIEHHOM B BUIIE METAMOJIEIIH.

2. O6yyeHre KOHKPETHBIM JUCLUTLIMHAM B By3¢ UMe-
€T MHOro ocoOeHHocTeil. OCOOEHHOCTH MOTYT OBITh
OTpaxkeHbI MPU IETATBHOM OMUCAHUU JIEMEHTOB 0000~
IIIEHHOTO TIpoIlecca (Mone KOHKPETHEIX IIPOIIECCOB).

B cooTBercTBMM ¢ MOpUHIMIAMU CYOBEKTHO-
OPUEHTHPOBAHHOTO TOIXOAa, NPH MOICIMPOBAHUU
WCITOTb3YeM HalIpaBJICHUE «CHU3Y-BBepx». CHavama
MOJEJMPOBAHUE BBIMOJHUM [UISI KOHKDPETHOM OHUC-
LUIUIMHBL «MojeaupoBaHue W COBEPILEHCTBOBaHUE
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Tabauya 1.

KommnonenTsi n Cyﬁ’beKTbl npouecca Oﬁy‘lel-[l/[ﬂ JAUCIHUILIMHE
«Monejmponalme N COBEPHICHCTBOBAHHE 6M3Hec-np0ueccon»

BHyTpeHHne cyObeKTbl

BHeluHue cy6beKTbl

Mpouecc Y4acTHHKH (6u3Hec-ponu) (6u3Hec-ponu)
TeopeTnyecKoe 3aHaTne 1 Hegens [penonasarens-nekTop, «JlekTop» «MeToauct»
neKuwst CTYMEHTbI Kypca «CTyneHT> «MeHemxep»
C M
[pynnoBoe NpakT4eckoe 1 Hegens Mpenofasaren cemMuHapa, «[penofaBarenb» «MeToaucT»
3aHsTUE (CEMUHAP) CTYAEHTHI FpYNMbI «CemnHapucT» «MeHemxep»
BHeayautopHast .
(oMauHss) pacoTa 1-7 oHeit CTymeHTbl Kypca CemuHapuct Her
Braes B9 renens | wpid) o (Tponopestans comapa, | <dKaaeRaTOD- <Merogycr
(TecToBoe 3aaaHue) yP CTyEGHTbI ) pa, «JK3AMEHYIOLLNIACS » «MeHemxep»
o «JlekTop»
5 MogBeneHue UToroB 1 Hegens I'Ipeno;LaBaTean ;g?;e,umep y4€0Hoi Mgggﬁ?gp «Tlpenonaearenb»
«JK3ameHarop»

OM3HEC-TIPOIIECCOB», 3aTeM IOJTYUYEHHBIE PEe3yTbTaThl
00001IUM IJIST APYTUX TUCLHUILUIMH Kadeapsl U chop-
MUpYyeM MeTaMoJieNIb 000011IeHHOTO mpoliecca. O0yde-
HUeE 10 JUCIUTUIMHE MOXET ObITh ITPEICTaBICHO B BUJIE
MISITH TIPOCTHIX TIpotieccoB (maba. 1), OTIMYAIOIINXCS
pa3HbBIMM IIMKJIaMU, HEKOTOPOH CaMOCTOSITEIbHO-
CTBIO ¥ HEOOJIBIINM YHCJIOM YIYACTHHKOB (CYOBEKTOB,
OusHec-posieil). Hanpumep, mpu BBIITOJTHEHUU TIPO-
necca «Teopernueckoe 3aHsiTUE (JIEKLMS)» TIPOUC-
XOJIUT OOMeH cooOIIeHUsIMU (puc. 1) MeXIy BHYTPEH-
HUMHU cyObeKTaMM Tipolecca «Jlekrop» u «CrymeHT»
(MHOXeCTBeHHBIM). BHyTpeHHUMU SIBJISIIOTCST CyOBEeK-
Thl, YYaCTBYIOILIME B OMHOM U TOM Xe mpoiiecce. Kpome
Toro, «JIekrop» Tmonxydaer MHGOPMAIINIO O CTYACHTaX
OT BHELIHEro cyobekTa «MeHeakep ydeOHO#t yacTu» u
IepeaacT OLICHKH IIJIST TTOABSACHUS UTOTOB BHEITHEMY

=Y

[™ OueHkm 3a 3KCNPECC-KOHTPOMBHYHO

L

MeHepxep

y4e6Hoit

yacTu <

™ 06wit crvcox cTyaeHToB

cyobekTy «Metomuct». OOMEH COOOIIEHUSIMU MEXIY
BHYTPEHHUMM CYOBEKTaMM IIpOLiecCa OTpaxaeT BbI-
TOJTHEHHWE 3TOTO Tpoliecca, a 0OMEH COOOIEHUSIMU C
BHEIIHUMU CYObEKTaMU OTpaxKaeT MHTepheic MexXmy
Pa3HBIMU MPOLIECCAMM.

Jlns onrcaHus B3aUMOAEHCTBUS CYOBEKTOB UCITOJb-
3yeTcsl AuarpaMma B3auMOJECHCTBHUS. AHATIOTUYHO
MOTYT OBITB IIPEICTABIICHB B3aNMOICHCTBUSI BHYTPEH-
HUX 1 BHEIIHUX CyOBEKTOB B Ipolueccax «I'pymmoBoe
TpakTUYeckoe 3aHsitTne (ceMuHap)», « BHeaynmutopHast
(momaliHsist) pabota», «DK3aMeH (TeCTOBOE 3aJaHue)»
u «ITonBeneHnune uroros». [pouecc «I[loaseaeHue uto-
TOB» HHTETPUPYET OCTAJIbHBIC ITPOIIECCHI B OOIIUIA ITPO-
ecc OOy4YeHMSI, TTOCKOJIBKY ISl TTOABEICHUSI UTOTOB
HEOOXOIMMEBI Pe3yJIbTaThl BCEX OCTAIBHBIX ITPOIIECCOB.

Mpe3eHTauns
OKOHYaHwe 3aHsTUs

Tema 3KCnPecc-KOHTPONbHOIA
OKOHYaHwe perucTpam
OTKpbITa perucTpauus

b
b
b
b
b

>4

[™ Otser Ha BoMpOC 3KCMPECC-KOHTPOLHOI
[ Ommerka o peructpaum

Puc. 1. [inarpaMma B3auMogiiCTBMiA NPOLIECCa « Te0peTYecKoe 3aHsTue (neKwus)»
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—>

<

06bsiBNeHue
TEMbl

=4

Mpuem oTBETOB

[ns: CtypeHt
Tema akcnpecc-
KOHTPOMbHOI

—>

JKenpecc-
KOHTPOMbHas

06bsBREHNe

(Ong Bcex) KOHTPOJbHOM

—>

3aBepLunTh

—>

[nst: CTypeHt
(OTBET Ha BONPOC 3KCMPECC-KOHTpoNbHOM (OT BCex)

v

npuem 0TBETOB

Tekums!

—> —>
- >< O1: Mexemkep |Z Or: CTypeHt ‘g
Hayano 3anHsiTie OTKprTMe CNUCKA \,(/)HEGHOVI yacn [ PBFVICTDBLI,I/IFI ?TKpblTa perucTpaums 1 SaBepLueHme
OTKPbITO! BLUMI CINCOK CRyLIaTenein HoBble ak3emnaspbI: ervcTnaLnm
3aHATUA CTyOEHTOB CTYIBHTOB y Min: 1, Max: 100) A

3aBEPLUMTH PErUCTpaLMi

—>
0. CTymeHt

OtmeTka o peructpauwm (OT Bcex)

MnaHa 3aHATUiA

—
- g 2pka OTBETD Mposepka OTBETOB .
3aBepLLeHVe Mpvem oteeTos 2| Manoxenne BEPKa OTBETOB KOHTPOIbHOI HET KyMYNATVBHBIX
npmefaa 0TBETOB 3apeplue neKwum KOHTPONbHOW BbINOMHEHA OLIEHOK
—
I I
— — > —
[ns: CTypeHt [nsi: CTypeHt MpoBepKa He Pac4eT KyMynaTmBHbIX
lpeseHTauns OkoHyaH1e Tpedyercs OLIEHOK BbIMOMHEH
(Onst Beex) 3aHUTHIA
([ns BCex)
> Y
D [ns: Results D> Omnpaska

OKoHYaHve
ayIUTOPHOIO...

npoLigcca

Puc. 2. [Inarpamma cocTosHWiA CyObekTa «J1ekTop»

KpoMe oOMeHa coOOLIEHUSIMU, TIPU BBIMOJHEHUU
npoliecca Kaxablid CyObeKT HAaXOAUTCS B OMHOM U3 TPeEX
COCTOSTHMIT: COCTOSTHHME ITOJIYYCHMSI COOOIICHUSI, CO-
CTOSTHME OTIIPaBKU COOOIIeHUS M (PYHKIMOHAIBHOE
coctosgHMe. JlmarpamMmMa COCTOSIHUI JieKTopa (puc. 2)

KoHew ak3emnnspa [T

(MeTogucr)

KOHTPOSbHY10

OLeHki 3a 3Kcnpecc-

oLeHok 3a 3K

HauyrHaeTcs ¢ GYHKIIMOHAIBHOTO cocTosiHus «Havano
3aHSTUSI», KOTOPOE YCTAHOBJEHO KaK HavyalbHOE U 3a-
IycKaeT HOBBIN 9K3eMIUISIp Tpoliecca «TeopeTnieckoe
3aHgaThe (Jlekuus)». [ToaydyuB CHUCOK CTYIEHTOB OT
MEHeXepa Yy4eOHOI 4acTu, JIEKTOP OTKPBIBAET Peru-

=Y

[onyyeHue coobLLEHns
0 Hayane perucTpawm

—>
Or: NIEKTOP
OTKpbITa perucTpauns

> ( PerucTpaums Ha nexkumn )

—>
PeI'I/ICTpaLI,VIFI BbINOSiHEHA

—>
Lins: JIEKTOP

0TmeTKa 0 perucTpauim

) —>

[oaroToska _ [ns: NEKTOP =Y ] >

0TBETa Ha Bonpoc [ Tema MonyyeHve MHAopMaLK Or: JIEKTOP

3Kcnpecc- 0 3aHITUN MpesenTauns
I KOHTPONbHON
—
MoaroToBka oTBETA
Ha BOMPOC BbINONHeEHA
D> Omnpaska | Nns: IEKTOP
0TBETa | OTBET Ha BONPOC 3KCMPECC-KOHTPOMBHOM

D> Ompaska

NOATBEPXIEHNS
0 perucTpauym

NG V3ysenvie Tembl
TeKLM

—>

Tema n3y4eHus

3aHsTve

3aKOHYEHO

Puc. 3. [lnarpamma coCTOSHII MHOMXECTBEHHOTO CyObekTa «CTyagHT»
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CTpaIrio CTYACHTOB U3 CIMCKa. Ha 3aHITUM MOTYT pe-
TUCTPHUPOBATHLCST BCE CTYACHTHI U3 CITMCKA, B TOM YHUCIIE
C yIaJieHHBIM JOCTYIIOM. Y4YacTWe B 3aHSITUM NPUHU-
MarT BCE 3apeTUCTPUPOBAHHBIC CTYICHTBHI, KOTOPBIC
TOJIYJaroT JOCTYIT K HEOOXOMMMEIM MaTepHaiaM, IIpo-
CIIYIIIMBAIOT JOKJIAI, B3aUMOICHCTBYIOT C Y9aCTHUKAMU,
BBITIOJTHSIIOT BHE3AITHBIE SKCIPECC-KOHTPOJBHbBIE U JIp.
BeinonHeHre ak3eMITIsipa mpolecca JUis JIEKTOpa Mmpo-
TOJDKAETCs, TI0Ka He TPOBEPEHBI OTYETHI CTYIACHTOB 3a
BBITIOJTHEHNE SKCIIPECC-KOHTPOJIBHBIX PabOT U HE OT-
MpaBJICHBI OLICHKM.

JunarpaMma COCTOSIHUIA cTyneHTa (puc. 3) HauMHaeT-
¢ C MOJTyYeHH sl COOOIIEHMs O HavYaJle perucTpaliy Ha
Jiekuuu. CooOIIeHUE MOXKET OBITh ITOJTYyYeHO Ha YCTPOi-
CTBO, MMeIOllee IOCTYII K cepBepy (T.e. Bbixom B MH-
tepHeT Wi WMHATpaHer). CTyoeHT OTKPHIBAET CIMCOK,
PETUCTpUPYETCS Ha JICKIIUK U ITOJIy4aeT HEOOXOIUMYIO
nHpopManyio. Ecam ieKTop Ha3HAYUT KOHTPOJIbHYIO
paboTy, TO CTYACHT BBIIIOJHSCT €€ 1 OTIPABJISICT OTBET
JIEKTODY.

Ilo ncreyeHNU OMpeneIEHHOTO BpEeMEHHU CTYICHT IO~
JIy9aeT JOCTYIT KO BCeM MaTrepuayiaM JeKIIUU. YJacThe
CTYIIeHTa B 3K3eMIUIsIpe Tpoliecca 3aKaHYMBAETCSI T10
OKOHYAaHWHU ayIUTOPHOT'O 3aHSATHS.

DneMeHThl Mofenel (puc. 1, 2, 3) obiagaroT CBOMCTBA-
MM, KOTOPbIE ITO3BOJISIIOT IIOCTPOUThH MOJIE/IN Ipoliecca
U BBIINOJHUTh IIPOEKTUPOBAHNUE TIPMIOXKEHMS (OOBIYHO
3TO HIejlaeT MPOrpaMMMUCT). PaccMoTpmM, Kak IIpuBe-
JICHHBIC BBIIIIE TPEOOBAHMUS K TIPOIICCCY OOYUECHMST pea-
JIM3YIOTCS B CYOBEKTHO-OPUEHTUPOBAHHOM MHCTPYMEH-
TaJibHOM cpene Metasonic S-BPM Suite:

1. BeicTpast agantalus rpoliecca K U3MEHEHUSIM 00¢e-
CIIEYMBAETCS TEM, YTO M3MEHEHMS BBIIOJIHSIOT y4acT-
HUKU npouecca. [Ipu sTom:

4 U3MeHEeHUEe AuarpaMMbl B3aUMOIEMCTBUS MHUIA-
TOp COTJIACOBBIBAET CO BCEMU YUACTHUKAMMU mpoliecca (B
pexXuMe BaTUAALIUN);

4 3MEHEHME rarpaMMbl COCTOSIHUM He TpeOyeT co-
IJIaCOBAHUS C IPYTMMM YYaCTHUKAMMU IIpoliecca, KpoMme
cllyyasi, Koraa 3T M3MEHEHMS BIMSIIOT Ha AMarpaMmmy
B3aMMOJIEICTBUS;

4 B 0COOBIX CiIydastxX (M3MeHeH1e OM3HEeC-00bEeKTOB U
T.I1.), TPEOYIOIINX 3HAHUS SI3bIKa Java, BOBMOXKHO TTPU-
BJICUEHHE IIPOrPaMMMUCTA.

M3MeHeHHbIe MOJIENIM 3aTPyKaloT Ha cepBep, Tie Xpa-
HAT KaK Bepcuu Iporiecca. ' 0TOBHOCTh K 3aITycKy HO-
BOI BEpCUM TpoOLIecCca COCTABMISIET OT HECKOJIBKUX MU-
HYT JI0 HECKOJIBKUX YacoB. MHULIMATOP 3amycKka HOBOTO
9K3eMIUIsIpa Mpolecca BLIOMpaeT Ha cepBepe HYXKHYIO
BEpCUIO UM 3allycKaeT ee Ha ucrojHeHue. Hampumep,
«TeopeTnyeckoe 3aHITUE (JIEKIIUs)» 3amycKaeT «JIek-
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TOp», «['pymNIIoBOe MPaKTUUYECKOE 3aHATHE (CEMUHAp)»
3amyckaeT «IIpemomaBarene», «BHeaymuropHyio (mo-
MaIITHIOW) paboTy» 3armyckaet «CtyneHT». Bepcuu npo-
11ecca MOTYT OBITh TAKXKe CBSI3aHBI C PA3TUIHBIMUA METO-
JlaMU OOy4YeHUsI.

2. TlocTrosiHHOE B3aMMOMEICTBHE YYACTHUKOB IpPO-
1ecca, JeLEHTPaIM3alKs OJTHOMOYMIA, BO3MOXHOCTHU
IUTS pehJISKCUUY 1 UCTTONTB30BAaHUS CYOBEKTHOCTH YJacT-
HUKOB TIpoIlecca SIBIISTIOTCST HEOTheMJIEMBIMY CBOIMCTBA-
MM CyOBEKTHO-OPHUEHTHPOBAHHOTO TTOAX0A.

3. NMHaTerpanms pa3paboTaHHOTO TMPUIIOKEHUST Work-
flow ¢ mokymMeHTaM 1 THGOPMALIMOHHBIMU CHCTEMa-
MU, HacTpoiiKa Ioka3areJieit 3(pHeKTUBHOCTH Mpoliec-
ca obecricueHa BO3MOXHOCTSIMM MHCTPYMEHTAIbHOM
cpenbl Metasonic S-BPM Suite u BwInosiHsIeTCST NP
pa3paboTKe MOJEIN.

B kauecTBe mpumepa ObLT pacCMOTPEH Mpolecc o0y-
YeHUs] KOHKPETHOW mucUMIUIMHE. JIJIs ympaBieHUS
MPOILIECCOM OOYUYCHMS IPYTUM TUCIIUTUIMHAM HE00XO0-
IAMO pa3paboTaTh COOTBETCTBYIOIIME MOICIU B3au-
MOOEWCTBUM U COCTOSTHUM C YYETOM YHUKAJIBHBIX OCO-
OeHHOCTel IUCUMIUIMHBL. Tak Xe, Kak v U151 IpuMepa,
Heo0XoAMMO pa3paboTaTh BEpCUU Mpoliecca C yIYeToOM
OCOOEHHOCTE WCIIOJHEHUSI OTICIbHBIX 3K3eMILISI-
poB Tmpolecca. M3meHeHUs IIpoliecca MOIYT OBITh
BBITIOJI-HEHBI CAMUMHU YJ9acTHUKaMu. JIjIsT Havaa 3a-
HSTHST WHU-LIMATOP BBIOMpPAET HYXKHYIO TUCIUTUIMHY
W HY>XKHYIO BepCUIO (MJIU CO3JAeT HOBYIO) M 3aIlyCKaeT
COOTBETCTBYIOIIMI 3K3eMIUIsIp Ha ucrnonHeHue. [lo-
psAIOK B3auMomeicTBUsL (MHTepGhelChl, MOCIea0Ba-
TEJTBHOCTH) IIPOLIECCOB COIJIACOBaH C pacIrCaHUEeM
U y4eOHBIMU TUIaHAMU. TakuM 00pa3oM, MOXET OBbITh
BBITIOJITHEHO MOJEIMPOBAaHUE U yMpaBjieHWe BCEMU
JUCHUILUIMHAMMU, KOTOPBIE OTHOCSITCS K 00001IeHHOMY
npolieccy ooydeHus (puc. 4).

..... >
JIOMALLIHAS PABOTA s IOV 00S

-
B JIEKUMA ~7| 3akpennene B
: Y3HaHW .
..... = i
OHEHKa ..... Y 4 JKIAMFH T8 Ll ~
Y3HaHui W Hasbh
’ 1l HaBbIKOB
..... »
OueHka 3a
3K3ameH
..... > Y
OueHka 3a > < >
3KCnpecc- Ougtra sa
KOHTPOMbHYIO CemmHap

Puc. 4. Metamoaenb 0606LLEHHOT0 NpoLecca 00y4eHns
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3aKnouyenue

CoBpeMeHHbIe TpeOOBaHUS K YIPaBICHUIO Mpoliec-
COM OOYyYeHHMs NeNaloT MPaKTUYeCKH HEBO3MOXHBIM
WCIIOJIb30BaHUE TPAJUIIMOHHBIX TOAX0A0B. Peann-
3auu TpeOGoBaHUI BO3MOXHA TIPU MCIOJIb30BAHUU
CyObEKTHO-OPMEHTUPOBAHHOTO TOAX0Na W WMHCTPY-
MEHTaIbHOM cucteMbl Metasonic S-BPM Suite. ITpo-
CTOTa HOTALMi TIO3BOJIIET YJYacCTHMKAM Mpoilecca
OOyYEeHMST CaMOCTOSITEIbHO BHOCUTH W3MEHEHUS B
9K3eMIUISIPBI TTPoIlecca, Co3aaBasi TaKMM 00pa3oB a3y
TIPOLIEIYPHBIX 3HaHU. Bce co3maHHble BApMAHTHI Xpa-
HSITCS Ha cepBepe (WIM B 00J1a4HOM XpaHWIHIIIE) U 3a-
MyCKalTCsI KaK CEPBUCHI.

[pemoxeHHass CTpyKTypa Ipoiiecca o0y4eHuUst Co-
CTOMT U3 METaMOJE/U IMpOoLecca U MHOXECTBA BapH-
AHTOB JCTAJIBHBIX Moeseii. BapmaHTBI OTpakaroT 0Co-
OGEHHOCTU OUCLIMIUIMHBI, TIpernoaaBaTelis, ayaIuTOPUH,
Jo0bie M3MEHEHUsI B poliecce. Vicronbs3oBaHne cyonb-
€KTHOCTH YYaCTHHUKOB IIpoliecca SIBJISIETCSI OCHOBOM
IUISI COBEPIIICHCTBOBAHMS IIpoIiecca.

CyObeKTHO-OPUEHTUPOBAHHBIN TOAXON K 00yde-
HUIO CIIOCOOCTBYET TpaHC(OPMAIIMU By3a OT KECTKOM,
(bYyHKIIMOHAJIBHOM CTPYKTYpPhI MPOIILJIOrO BeKa K Irmo-
KOMY, ceTeBoMy pedieKCUBHOMY mpeanpusatrio XXI
BeKa, OCHOBAaHHOMY Ha MaKCHUMaJIbHOM HCIOJIb30Ba-
HUM TBOPYECKUX BO3MOXHOCTEH M ITOTEHIIMAa BCEX
YYaCTHUKOB Ipoliecca 00ydyeHus . B
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The article is based on the results obtained by the participants of the research seminar in the faculty of business Informatics of
the Higher School of Economics. Its objective is to study possibilities of learning management as a process and to apply modern
information technologies and tools. The learning process is defined as joint activity of participants in organization of discipline
study and obtaining of subjectively or objectively new subject and procedural knowledge. The coursework in the discipline
«Modeling and optimization of business processes» has been chosen for our research. We have analyzed specifics of learning
process, defined requirements of process management and made modeling and assessment of automated process management.
The analysis is based on information of real studies in the Faculty of Business Informatics. We have identified the following
requirements to learning process: fast adaptation to changes, flexible management using various teaching methods, constant
interaction with education participants, creative and reflexive abilities using participants’ personality. EEPC (ARILS) and
interaction and behavior diagram (Metasonic) were used as two different notations. The first notation refers to classic modeling
methodology (ARILS) and the second one — to subject-oriented methodology of process management. It was shown that subject-
oriented approach meets all requirements of education process that is almost impossible with classical approach. Principles of
dividing learning process into smaller processes, process models (interaction diagrams and behavior diagrams of subjects) are
developed. Possibility to change process management by learning subjects (teachers, students) without programming, including
the automated generation of workflow application was presented. Results of research can be useful for any organization thinking
about transition from traditional rigid education structure to a more advanced reflexive learning environment with network
communications.
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8 Modern international economic environment is exposed to profound transformations of business operating conditions\
due to consequences of the financial crisis. Currently the organizationalflexibility becomes the most important characteristic
of enterprises. In its turn it presumes the adoption of such organizational structures where business relationships and
aligned IT infrastructure are recognized as a specific type of the resource that a company can use to achieve competitive
advantage. This research analyzes various issues of flexible organization and enterprise models which influence
functionality and architecture constraints of enterprise information systems. For the analysis the authors have applied a
transactions mechanism concept and specific design methodology. This paper offers an insight into key properties of four
[flexible organizational forms in tight connection with Enterprise Ontology formal modeling approach and DEMO, which
Jfollow the language-action perspective.

\_ J

Key words: organizational forms, collaborative strategies, transaction cost theory, networks, spin-offs, clusters,
outsourcing, DEMO methodology, enterprise information systems.

53



1. Introduction

n the presence of the world economic crisis one of

the problems frequently faced by enterprises is cost

reduction and, hence, the need in optimized or-
ganizational structures to foster businesses flexibility. By
flexibility we understand the capability of an enterprise
to adapt rapidly their organizational structures and un-
derlying IT infrastructure to external or internal envi-
ronmental changes. Consequently, the organizational
structure itself must have adequate adaptation charac-
teristics.

As an example of such changes the customer relation-
ship management may be considered. Customers want
to increase their influence on products they purchase.
Therefore organizations need to offer products and serv-
ices of increasing complexity with ever shorter times-to-
market. This need stimulates research in new analyti-
cal instruments and new forms of CRM systems, which
facilitate dynamic restructuring of enterprise processes
and even their entire organizational forms.

The lack of IS knowledge and expertise has affected
especially SMEs. For example, many have not engaged
in or been slow to adopt advanced IT-practices and ar-
chitectural principles of information systems. A low lev-
el of organizational readiness has been suggested as the
most important reason for this. Organizational readiness
includes the level of knowledge about IT by managers,
as well as availability of a relevant technology to develop,
for example, an e-commerce website. However, there is
evidence that some SMEs have been able to develop an
internal level of IS expertise, particularly by gaining IS
project experience over the years and by employing in-
ternal IS experts. Thus it is no longer appropriate to as-
sume that all SMEs have low levels of internal IS exper-
tise even if it remains the key factor for their success.

This paper amplifies approaches to select adequate or-
ganization forms and offers new principles of combin-
ing the transaction costs theory and advanced methods
of business modeling based on the language action per-
spective. In our research we refer to Design & Engineer-
ing Methodology for Organizations — DEMO [7]. We
have demonstrated that the transaction analysis repre-
sents the basis for decision support in applying of dif-
ferent organizational modalities of economic activity.
This paper is structured in the following way: after the
introduction Chapter 2 analyzes the very basis of or-
ganizational structure choice — the transactional costs.
Chapter 3 provides the description of the mostly diffused
flexible organizational forms and introduces the DEMO
methodology. Chapter 4 outlines new results linked to
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the choice of problem areas of every organizational
structure, the DEMO can be applied to.

2.Transactional approach and its influence
on organizational structures

Different authors [3, 18, 26, 27] recognize business
relationships as a specific type of the resource that a
company can use in the realization of relational strate-
gies. The opportunity to mobilize others as «partners»
has increasingly become an emergent issue in the stra-
tegic management literature. From a resource-based
perspective the importance of business relationships is
emphasized by the idea that firm’s critical resources may
span the boundaries of firms itself and be embedded in
inter-firm resources and routines. A firm uses resourc-
es both within the firm (firm-specific resources) and at
other organizations (firm-addressable resources).

Within economics there have been several approaches
to the study of networks and alliances, mainly includ-
ing transaction cost economics, strategic management
and institutional perspective. In transaction cost eco-
nomics literature various roles have been identified for
management accounting in inter-firm settings that re-
late to specific accounting techniques and different uses
of accounting information. From the economic point of
view, according to the approach of transaction cost the-
ory of Williamson [25, 27], the two fundamental ways
of organizing economic activities are market and hier-
archy.

The form of production coordination according to
the market model is achieved when processes are bro-
ken down into individual steps carried out by independ-
ent firms that interact with each other through exchange
transactions. Price formation, through the dynamics of
supply and demand, ensures coordination between the
parties. However, markets often do not work perfectly.
Asymmetric information, uncertainty, high asset spe-
cificity and exchanged risk of opportunistic behavior
are factors that determine an increase in transaction
costs and force businesses to make use of hierarchy in
the marketplace as a mode of organization of economic
activity.

In studies influenced by the institutional theory, col-
laborations and networks encompass a broad range of
inter-organizational relationships. Some authors [1, 21]
argued that institutions supply rules and resources upon
which collaboration is built. Thus, to fully understand
and explore dynamics of collaboration and networks,
it is crucial to examine the institutionalized patterns of
rules and routines, emphasizing the objective and the



external aspects of the institutional environment.

The transaction analysis may lead to the adoption of
quite different organizational solutions like networks,
clusters, spin-offs or outsourcing relations. All these
types are fully referred to flexible structures because they
can rapidly redesign their organizational aspect as a re-
sponse to external environment changes. Consequently,
the information system must have similar adaptation
characteristics providing high grade of flexibility. In ad-
dition, organizational restructuring has a large social
aspect, therefore exploited communication paradigms,
patterns and policies should be presented for decision
makers explicitly during that process [23].

3. Flexible organizational forms

In the modern environment logistics and production
flows become faster and more complex. They require
more flexible management of space, time and resources
in order to achieve desired levels of efficiency. From this
point of view such business forms as clusters, networks,
outsourcing relations and spin-offs offer different ad-
vantages. First of all, the strong socio-cultural link to a
limited area (especially in the case of spin-offs and clus-
ters) promotes rapid circulation of ideas and easy inter-
action between individuals who share a certain «cultural
zone». It is based not only on technical and production
skills sharing conveyed also through specific channels of
training, but it also includes a high entrepreneurial cul-
ture and better identification of values and mutual inter-
ests of partners.

The second growth factor is the existence of a systemic
approach in inter-business relations, that all the men-
tioned forms present, according to the logic of flexible
specialization. The split nature of organizational struc-
tures often comes not from specific design patterns guid-
ed by a chief manager or head enterprises, but as a spon-
taneous response to the competitive environment. Thus
it enables to replace a company with others, which are
able to perform the same activities along the production
process. At the same time, there is a remarkable stability
of relationships, often based on a relationship of mutual
trust, which can facilitate the search for coordination
forms that can increase the overall efficiency of a busi-
ness pattern.

3.1 Business networks

The concept of network emerging from the collabora-
tion strategies framework is consistent especially within
the management literature focusing on «strategic net-

work». It is considered as an intentional, long-term alli-
ance enabling different companies to acquire or defend
competitive advantage against competitors outside the
network. A network can be defined as «a set of busi-
ness entities, legally independent, reciprocally commit-
ted to implement a deliberate and finalized cooperation
strategy, leveraging the technical and economical com-
plementarities in achieving joint economic objectives,
which indirectly benefit the individual businesses» [3].

These roles include the use of financial and non-fi-
nancial information in the «make or buy or ally» deci-
sions, in the selection of a potential partner, during the
management of cooperation and in the monitoring and
evaluation of collaboration activities. These studies of-
ten examine inter-firm accounting in conjunction with
the issue of motivation and incentives, underscoring the
importance of studying accounting in a broader control
context.

The subject of the strategic analysis and manage-
ment accounting of networks has come to the attention
of academics and practitioners over the last decades.
Emergence of the global knowledge economy has trig-
gered innovative systems and operation models, having
a deep impact on business environment and organiza-
tional interdependencies. To define the current business
landscape, some authors [14] suggest the metaphor of
the «rainforest», indicating that one of its basic feature
is the intricate interdependency among companies that
requires an alternative framework to be studied.

According to this framework, strategic networks are
the result of an engineered process, where the work-
ing arrangements are specified in written contracts and
fulfilled in a formal organization. Besides, the goals are
planned and specified in a predetermined time horizon,
the cooperation is based on «network capital» rooted in
business and economic rationality and focused on in-
vesting in relationships as a means to increase business
performance.

The strategic management literature recognizes busi-
ness relationships as another type of the resource that a
company can use to achieve competitive advantage. The
opportunity to mobilize others as «partners» and, hence,
apply modern business planning instruments, including
transaction-based ones [2, 7], has increasingly become
an emergent issue in the strategic management literature
based especially on the engineering approach.

Unfortunately, modern strategic context of selected
agreements is mainly characterized by an «emergent»
rather than «engineered» process with a negative im-
pact on the quality of business planning that tends to be
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less structured when there is no reference to an inspiring
model of business interaction. The elements of business
planning framework even the mandatory ones («strate-
gic objectives» and «network action plans») present on
average a poor level of elaboration, containing general
intentions and planned actions directed mainly on in-
ternal processes and resources, without a clear vision of
desired strategic positioning.

3.2 Spin-offs

The characteristics of the national innovation system
of many European countries explain the serious impact
of the economic crisis on innovation. Policy responses
were concerned with supporting innovation systems and
developing innovation capacity, such as improving infra-
structure, public investments in R&D and innovation,
investment in education and training at all levels, as well
as demand oriented innovation policies, including pub-
lic procurement, financial support to SMEs, venture
capital and, an important factor, policies aimed to en-
terprises agglomerations development. They are seen as
a part of the national strategy for coping with the effect
of the financial crisis in many countries, partly because
the industries involved in such programs represent in-
dustries oriented towards global markets that were most
affected by the crisis [17].

The phenomenon of spin-off is characterized by the
expressed willing of the employees or businessmen to
create a new business distinct from the original one while
they are still within this latter. It is namely this intention-
ality that distinguishes the spin-off from a normal for-
mation of company by former employees. In the latter
case, the output of the employees by the company is not
spontaneous but it is determined by contingent reasons,
related to dismissal, misunderstandings with the mana-
gerial staff or dissatisfaction with the carried out tasks.
The start-up of new business venture is next to unem-
ployment and does not imply involvement of the initial
occupation. Correspondingly the growth ambitions ap-
pear less intense and motivated.

Universities and other research institutions have al-
ways given more emphasis to technology transfer mech-
anisms to promote cooperation between university re-
search and industry. These alliances are very different in
terms of methods and purposes, have often proved a suc-
cess both for the industry that gains in competitiveness
and technological advancement, and for the university
that has the ability to use rich intellectual property at its
disposal to finance its research and to train their students
by making them more competitive and prepared for the
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industrial world.

The international experience shows that namely the
split off of small innovative enterprises from the big in-
dustry represents the element that links together research
and business environment. They can assume the risk of
transforming of business idea into industrial prototypes
realization, without which it is impossible to evaluate
how perspective a research idea will be in the market and
if it’s worth commercial realization. This mechanism is
implemented by means of spin-offs. The spin-offs are
majorly diffused in the USA where all the information is
gathered by especially created Association of University
Technology Managers.

The innovation risk is the reason due to which many
large companies don’t realize broad-scale investments:
they need at least some guarantee of success. So, from
the practical point of view the application of research to
the industrial process became the niche of small innova-
tive firms. Such procedure became possible also in Rus-
sia after the Federal Law No. 127 «About Science and
State Scientific and Technical Policy» adoption. The
main advantages of this Law are the following:

4 unemployment reduction,;

4 the possibility for the universities to develop the own
innovative technologies;

4 enhancing of the state funds directed towards inno-
vation development effectiveness;

4 practical realization of ideas in socio-economic
sphere.

3.3 Clusters

Cluster (industrial district) constitutes a territory with
high concentration of small and medium-sized enter-
prises with high production specialization, generally
characterized by strong interdependence of their pro-
duction cycles and strongly integrated with the local
socio-economic environment. The competitiveness of
industrial districts derives from the particularity of pro-
ductive organization in the form of flexible specializa-
tion for which the production cycle is divided into dif-
ferent phases and each firm is specialized in execution
of a particular stage of production which ensures lower
costs, flexibility and innovation [22].

Actually, clusters’ formation and development be-
came one of the priorities also at European level. Smart,
sustainable and inclusive growth is key objectives indi-
cated by the Europe 2020 Strategy paper [9]. Increased
economic interdependencies and global impacts of the
financial crisis demand sophisticated handling and



planning at the political level in various areas of impor-
tance. Through their value networks and proven chan-
nels between businesses, research and academic reality,
clusters provide efficient catalysts for innovation policy
interventions. They are able to transform policy inter-
ventions into value creation and multiply public spend-
ing by private investments.

In this context, the cluster is a valid alternative to
organizational hierarchy or market, in terms of trans-
action costs, that can achieve the benefits of both of
them. On the one hand, it allows to reach high pro-
duction volumes that allow to benefit from economies
of scale (a typical effect of the «hierarchy»), and on
the other hand, by preserving small business district, it
continues to benefit from the advantages of flexibility
of its market form. The conclusion about clusters’ cre-
ation and location and, more important, the aspect of
interdependency of clusters participants can be made
on the base of attentive transactional analysis by means
of modern instruments and information systems [7].

From the business perspective it is also evident that
the presence of successful clusters and clusters in crisis
does not depend on the geographical location of the
sectors they belong, but by realized strategic decisions.
In particular, among the causes of the crisis of some
districts we can see [22]:

<> the inability to control the markets;

<> low levels of investment in product and process in-
novation;

<> difficulties related to generation exchange;

<> the shortage of specialized skills;

<> lack of cooperation between companies.

The presence of these factors eliminates the benefits
of agglomeration determining in local businesses of the
cluster worse performances than those of firms that op-
erate autonomously in the same sectors. On the contra-
ry, in case of successful clusters, enterprises adopt strate-
gies aimed to:

4 promote cooperation with other companies;

4 design and implement product and process innova-
tions by investing in research and development;

4 realize joint efforts in marketing and staff training;

4 strengthen the company's equity and to increase its

size.

In summary, the business perspective understanding of
the cluster evolutionary dynamics depends on the analy-
sis of the behavior of individual units, which represent
the real part of the explanatory capacity of growth of the
entire aggregate cluster.

3.4 Outsourcing

Nowadays outsourcing belongs to the most actively
used management organizational practices. However,
implementing and sustaining change is one of the more
difficult aspects of organizational leadership. It is chal-
lenging enough to align multiple stakeholders within
the same company who have different priorities and
goals. Outsourcing introduces additional complexities —
stakeholders don’t belong to the same company or or-
ganization, these can include different nationalities and
cultures, and may be separated by distance, time zones,
languages and commercial interests.

A possible solution for making slender the organiza-
tional structure of enterprise is the use of outsourcing
of certain activities such as: services, asset management
services, management information system, which can
enable economies of scale and specialization, and espe-
cially lower need for employees, as that labor costs rep-
resent the largest portion of business operating costs. At
the same time greater flexibility and greater propensity
for technological innovation can contribute to increased
productivity of labor.

Since the competition has become more complex,
companies must focus on core business, that is, on those
activities, where they possess specific skills, know-how
and accumulated experience. Hence, it’s necessary to
find ideal partners at external companies to manage
business areas of less strategic importance and lower val-
ue-added. Outsourcing emerges, therefore, as an organ-
izational strategy to enhance the competitive strength of
companies.

There exists a variety of outsourcing definitions. Still,
all of them converge in the following: outsourcing is un-
derstood as an operating mode/strategy aimed to con-
centrate enterprise resources on the «core business»,
namely typical enterprise activities which guarantee its
sustainable competitive advantage, externalizing all oth-
ers.

We wish to study the phenomenon of outsourcing
from the enterprise engineering point of view and here
the DEMO (Design & Engineering Methodology for
Organizations) represents a valid support. It is the meth-
odology for design, engineering, and implementation of
organizations and networks of organizations. Entering
into commitments and complying with them is an oper-
ational principle for each organization. These commit-
ments are established in communication between social
individuals, i.e. human beings [7].

The same Prof. Dietz has incorporated the LAP-
vision into the DEMO-methodology that aims to de-
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liver an Enterprise Ontology, which is a construction-
al model of an enterprise that is fully independent on
its implementation; it is dependent only on a product
(structure) delivered by an enterprise. Dietz elaborates
mainly how to derive this ontology from descriptions
about already implemented organizations and pro-
cedures, but does not claim to cover the «brand new
creation» of an enterprise from market and customer
demands, although he briefly shows how to derive an
ontology from a product structure. Actually drafting an
organization structure based on an enterprise ontology
does not enter between its scope; DEMO itself does not
contain criteria or rules for implementing an organi-
zation, apart from stating a «one-actor-one-person»
ideal. Furthermore, he claims an Enterprise Ontology
to be a stable starting point for defining information
systems

In DEMO the basic pattern of a business transaction
is composed of the following three phases: the actagen-
ic phase, when a client requests a fact from the supplier
agent; the action execution that generates the required
fact, and the factagenic phase, which leads the client to
accept the results reported.

Basic transactions can be composed to account for
complex transactions. The DEMO methodology pro-
vides an analyst with an insight of business processes of
an organization, as well as agents involved. The analy-
sis of models built on the DEMO methodology allows
a company to gain detailed understanding of process-
es of governance and cooperation and serves as a basis
for business reengineering and information infrastruc-
ture development, consistent with its business require-
ments.

From the enterprise engineering point of view (and
DEMO, in particular) all business processes can be di-
vided into three large parts. There are coordination and
production activities that pertain to the realization of
new, original material or immaterial production facts.
Such activities relate to the primary function of an en-
terprise, its business, and have to do with the very es-
sence of the enterprise ‘being’. For that reason, they are
defined as ontological.

The important second type of activities, subordi-
nated to the first one, is that of activities concerning
collecting and providing information for carrying out
the coordination and production activities at the on-
tological level. These ones are defined as infological.
Finally, the third type regards the activities that sup-
port the infological level, and concerns the form of
information (data). These so-called datalogical (or

documental) level has to do with the transmission,
transformation, or storage (not necessarily electroni-
cally) of data [7].

So, operatively and in the first approximation the out-
sourcing means the maintenance of all ontological proc-
esses/transactions within an organization and externali-
zation of all others. From these positions the following
definition can be traced:

Definition: outsourcing is an enterprise strategy fo-
cused on the internal management of ontological proc-
esses and complete or partial externalization of infologi-
cal or datalogical ones.

However, implementing and sustaining change is one
of the more difficult aspects of organizational leader-
ship. If clients were able to achieve its cost, capability
and capacity goals by itself, then outsourcing would not
be required. By definition, outsourcing requires change.
The initial switch from internal to external service deliv-
ery is the first and most obvious change.

The enterprise engineering approach can give also a
mechanism to analyze other mentioned organization-
al forms. To our mind, the results of modeling can be
used for selection of the most appropriate organizational
form according to the table 1.

Table 1.
Synthesis of possible transaction-based
methods application

Organizational Application Transaction costs
form object analysis application
. Complementarity relations,
Clusters Smilrl]fer:dggggmm individuation of a business
P leader
Business process analysis,
selection of processes
Outsourcing Large companies to externalize, individuation
of typical (ontological)
business processes
. Selection of partners
Networks Smaelrl]fer:drriggglum and projects to develop
P in cooperation
Spin-off Lsar;g:I'I ggerggja”;iggd Individuation of projects
Universities and competences to carry out

Applicability of the proposed method was demonstrat-
ed in the case of a real car company, which faces business
challenges and needs re-engineering. During develop-
ment of the method the original notation of DEMO was
modified in order to include developed Actor-Function
Role Table, Transaction Costs Table and Restructuring
Cost Table and was enhanced by modifying Actor Trans-
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action Diagram (or Organization Construction Dia-
gram). It helps to graphically represent all the changes
and costs associated with enterprise restructuring.

The analogous technique can be applied to all or-
ganizational solutions described earlier. Future research
may focus on particularities of transaction techniques
according to application object and special organiza-
tional form and the generalization of proposed method
onto all organizational solutions presented in Table 1,
which represent the effective way of costs reducing and
enhancing enterprise’s reaction to market changes. Very
often this approach application leads to small-medium
enterprises creation.

Traditionally, SMEs have several advantages over a
large company due to their size and flexibility in adapting
to change. It has also been found that market and learn-
ing-oriented SMEs, facing strong competition, tend
to be more innovative and resilient. Competition and
sustainability for SMEs involve factors such as chang-
ing market trends, changing technologies and emerging
new management and organizational techniques. With
advances in information technology (IT)/information
systems (IS), entrepreneurs are interested in developing
a virtual enterprise with suitable strategic alliances that
are based on core competencies. Also, the majority of
SME:s are keen to adopt advanced ITs such as electronic
data interchange (EDI), enterprise resource planning
(ERP) and e-commerce with the objective of improving
their own supply chain efficiency first and then the sup-
ply chain of their partners.

4. Results
and discussion

To our opinion, such innovative cross-disciplinary
connection facilitates unbiased and comprehensive
analysis of social interactions within current or planned
organizational forms of the enterprise, as well as it of-
fers practical advices for particular transitions or trans-
formations of the enterprise towards a more robust and
effective organization. For each of the flexible organi-
zational forms, which have been analyzed in this arti-
cle, forthcoming analysis of DEMO models provides
decision makers with particular means of organization-
al transformations. For example, in order to smoothly
transit to such forms, as spin-offs, networks or outsourc-
ing application an analyst may use DEMO models to de-
sign the best strategy of enterprise splitting.

Obviously, such strategy deals with information sys-
tems management at small and medium enterprises,
and a manager of a small business will be limited in

what activities can be initiated. Hence, he will em-
phasize allocating scarce resources in the near term.
This may be interpreted in different ways for various
stakeholders including consultants, vendors and gov-
ernment. Consultants must realize that the near term
focus of the small business manager may not be in the
best interest of the manager. The multi-staged decision
making approach of the small business manager should
be placed within a long-term plan which will benefit
the small business.

While applying such models to the clusters analysis
they help to produce an affordable plan of enterprises’
merging or may provide guidelines for even more com-
plex transformations like transformations to a holding or
an industrial/financial group formation.

From such positions the use of the DEMO method-
ology for enterprise structure modeling and creation of
flexible structures is quite advantageous. It is easily re-
producible, and it can be applied regardless business seg-
ment of the enterprise. Besides, from this point of view
different graphical tools like Xemod, for example, be-
come of fundamental importance.

This paper has demonstrated how DEMO transac-
tions facilitate comprehensive analysis of enterprises’
weak points and, hence, the proper selection of suitable
organizational form, according to problems faced by an
enterprise. In comparison with other prevalently quali-
tative approaches like Delphi method, panels or expert
evaluation which main weakness point is its subjectivity
[10, 13, 28] our proposal relies on quantitative metrics
to estimate enterprise restructuring and future operation
costs, that leads to better understanding by enterprise
stakeholders and more accurate and objective planning
of changes.

From the economic point of view the described solu-
tion gives an opportunity of the most efficient costs con-
trol and hence the prospective of financial management
procedures improvement. Further research could regard
an attempt to investigate also enterprise revenues in or-
der to complete the economic activity analysis. Certain-
ly, such analysis can be efficiently supported by software
tools. As a way for future development of instrumental
support for the proposed method we consider to develop
a design support software package that will help to au-
tomate and to simplify the method application. Moreo-
ver, it will reduce enterprise modeler’s time for creating
DEMO diagrams and estimations costs, and it will also
give an opportunity to enterprise stakeholders to use this
tool themselves in future and not to involve 3rd-party
enterprise modeler. ®
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This paper focuses on challenges associated with modification and enhancement of process models in software
production in CIS region, usually accompanied by specific risks and organizational resistance, and aggravated by
weakness of formal corporate change management structures. All findings and conclusions are based on authors’ survey
carried out at the end of 2013 that covered 21 managers of software companies from CIS. The study was aimed to address
challenging issues of software production standardization and certification, organizational resistance and other specifics of
change management at the level of an entire company. This paper highlights relevant institutional interventions to support
change management at planning, staff preparation and change implementation phases. The experts have ascertained that
the systemic approach to change management is needed, including formal change planning activities and establishment
of a special team change management for an internal project. Also the experts have shared their practical experiences and
outputs: typical challenges, change reinforcement techniques and transformation timeframes.

The authors have resumed their research findings by formulating the following recommendations: to use a 4-stage
lifecycle change plan, to manage general and specific risks at all stages, to formalize change management and to use
change implementation analysis results in future practice. y

/4

\.

Key words: changes implementation management, software production improvement, organizational resistance
in software company.

Introduction

The complexity of standardization in software
development is a well-known problem of the
IT industry in all over the world. In CIS (Com-
monwealth of Independent States) region a part of that

evolution process was missed at the end of 1990s, when
new and progressive ISVs (Independent Software Ven-

dor) and outsourcing companies implemented advanced
process models based on CMM (Capability Maturity
Model) and RUP (Rational Unified Process). There are
also plenty of IT-companies in CIS countries, which
have built their own process models of software produc-
tion themselves, basing them on habits of management,
sometimes without taking into account end-customer
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expectations. On the other hand, over the last 10 years
software companies - newcomers have tried to use agile
and hybrid methodologies. In the authors’ survey over-
all experiences and opinions of 21 experts from differ-
ent kinds of software companies have been grouped and
identified:

4 cffective approaches in process improvement and
change management;

4 key factors of resistance and cooperation of partici-
pants in processes improvement;

4 possible future scenarios of software development
improvement.

Meanwhile, IT-companies from CIS (and first of all
from Russia) have been playing an increasingly impor-
tant role in the world market software development and
have been enjoying a rapidly growing share. It means
that success in production and business improvement
at these companies has a strong impact on the regional
economy.

The IT industry has been evolving very rapidly thanks
to its technologies, automation tools, modern method-
ologies, educational standards and end-customer expec-
tations. It means that production processes should be
flexible and capable to accommodate to rapidly chang-
ing environment [1]. Proven approaches and practic-
es in change implementation give additional chances
for successful production, business improvement, and
meeting customer requirements.

A Russian software production enterprise is an in-
teresting field to observe, how modern approaches in
change management and software development process
standardization gain new highlights and specific aspects
in half-isolated conditions.

1. Research method and process

The survey was conducted in the period since Sep-
tember 9 till December 18, 2013 by a 3 round-Delphi
study. Twenty-one Russian speaking experts from CIS-
countries took part in the survey. All experts were lead-
ing managers at their companies: from project manag-
ers with team of 15+ people to software quality directors
and CEO of software companies with hundreds software
engineers.

In the first round the panelists sent their opinion and
answers on the list of questions split into 3 sections:

<> common questions about influence of production
processes standardization and company certification on
the quality of software products;

<> special questions about experience and best prac-

tices at the level of production of the whole company;

<> prognosis and opinions concerning 10 years per-
spective of software development process models and
instruments in CIS countries.

In the second round the panelists received principal
opinion of experts’ panel for each of the questions. If
expert’s answer differed from the principal opinion, the
expert could correct his answer or just give a comment.

In the third round the panelists gave additional infor-
mation and comments that helped to improve Delphi
study results and objectivity.

The process of gathering experts’ opinions is worth be-
ing described in more details in this article, as well as
generalization of the results in the form of ranked lists
and bar/pie charts.

When the responses collected were analyzed during
the first round, for each question the dominant (princi-
pal) opinion was selected to become the general consen-
sus of the panel. In the 2nd round the responses of each
expert were compared with the principal opinion of the
panel to provide an expert with an opportunity to change
or to comment.

As a result, for every multiple-choice question a
ranked list with the dominant response was received at
the beginning. If expert’s answer was not in the top of
answers list, then in the 2nd round comment from his
side was requested.

For questions with one possible embodiment of the
response charts were built to demonstrate popularity of
answers in percents. It helps to receive the whole panel’s
opinion and to further develop the methods and recom-
mendations.

The following table contains the number of active ex-
perts for each of the rounds.

Table 1.
Activity of experts for rounds
of the Delphi study
Round 1 ‘ Round 2 | Round 3
Active experts 21 16 21
Percent of active experts 100% 76% 100%

In round 2 we faced obvious decrease of expert’s ac-
tivity.

The following charts show different information
about the experts, their experience and geographical
locations.
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Presented experience is usually most relevant for the
same type of IT-companies [2]. Types of IT-companies
were presented in Delphi Panel in the following ratio:

4 10% of the experts with experience at non IT-compa-
nies with in-house development;

4+ 14% of the experts with experience at software vendors
(ISV);

4+ 29% of the experts with experience at software system
integrators;

4+ 48% of the experts with experience at tailor-made
software companies (include out-sourcing model).

CIS-region geography of the survey is presented below:
<> 57% of the experts from Moscow and Sankt-Peters-
burg (Russia);
<> 19% of the experts from other cities from Russia;
<> 14% of the experts from Ukraine;
<> 10% of the experts from other countries of CIS region.

The experts presented the middle age group, usually
considered in the IT area as the apex of creativity and
professional activity:

® 5% of the experts at age 20-29;
® 62% of the experts at age 30-39;
@ 33% of the experts at age 40-49;
® 0% of the experts at age 50+.

Meanwhile, most of the experts had been working in
software development area for considerable number of
years, so there were no experts in the panel working in
the IT sector for less than 5 years:

4+ 19% experts had been working in the software de-
velopment area from 5 to 10 years;

4+ 81% experts had been working in software devel-
opment area for more than 10 years.

2. Results

Section 1. Overview of standardization
of software production

In this section the experts answered questions relating
to importance of software production process standardi-
zation and official company’s certification. Also in this
section detailed perspectives of process model improve-
ment were included.

According to the principal opinion of the panel, there
is a strong and visible correlation between software de-
velopment process standardization and final quality of
software products. Most of the experts consider that
standardization is a key factor of high quality in software
development. On the following diagram and all others
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Fig. 1. How often does software development standardization
influence the final quality of software product?

numbers mean percent of experts that have chosen the
relevant answer (Fig. I).

Actually it implies that one of approaches of compa-
ny’s management to impact the quality of software pro-
duction is to establish a quality control department that
should work over standardization of process model and
improve quality of software products. CIS experts rely
on standardization as a key method for product qual-
ity improvement with some additional remarks: time
schedule and even opportunity of process standardiza-
tion depends on many factors, such as:

a. Qualification of project office and software produc-
tion management;

b. Common character of all produced software prod-
ucts.

The principal opinion of the experts about obliga-
tory certification for a company is not so clear. About
25% of the experts have not seen any relation between
well-known certifications or appraisal (like ISO, ICAg-
ile or CMMI) and high quality of software products. A
big share (about 43%) of the experts has considered that
official certification could confirm high quality of soft-
ware only sometimes. Meanwhile, some experts have re-
marked that even preparation for certification and first
audits may temporary increase software quality. But typ-
ical opinions were quite different:

«... often company do not support requirements be-
tween certifications and do not manage the quality of
software...» or «there is a lot of cases then CMMI Ap-
praised software companies do not support their own
standards in more than one reviewed project».

Experts’ opinions about predominance of any kind of
process models in software development in perspective
of 10 years were different as well. But a trend of popular-
ity decreasing for classic iterative software development
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1 — Well-known iterative methods (RUP, MSF 3.0, etc)
2 — Well-known agile practices (Agile, Scrum, etc)

3 — Hybrids methods (OpenUP, MSF for Agile, etc)

4 — In-house distinctive models

Fig. 2. Which methodologies and standards from your point
of view are promising in the next 10 years for practical usage
in software commercial development?

models (like RUF or MSF) appears in CIS countries,
and now much more attention is paid to hybrid and agile
methodologies. However, a significant share of market
would be taken by companies with their own vision of
software production models, including picking elements
from iterative, flexible and hybrid models. Certainly, last
variant means significant predominance of own distinc-
tive expertise of project teams and specialists, rather
than simply adaptation of existing standards to a specific
software product or region (Fig. 2).
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%0 238

19

2 143
10 -

0 T T T
1 2 8 4

1 — Every 2-4 years 2 — Every 4-7 years

3 —Only in case of deterioration in production 4 — No, never

Fig. 3. Is it necessary to do regular process reengineering
in software production?

The experts haven’t come to a common opinion about
needs of regular reengineering of current production
process model. But the majority of experts have found
that improvement of software production should have
been regular even if it has not been done by drastic reen-
gineering (Fig. 3).

In addition to above mentioned, the panel has found
that for the CIS companies there have been a lot of

well-known cases, when standardization driven from
the center had led companies back to decentralization
in quality management (for example, in program of
projects or business division). After such kind of decen-
tralization the improvement of processes had been ex-
ecuting at the level of projects or directions.

It means that only dedicated organization units like
SEPG (Software Engineering Process Group) or quality
management direction may focus all efforts on contin-
uous process improvement or even just on compliance
with accepted production standards. Also such kind of
unit may proactively audit the needs of partial or full
reengineering of process model in software production.

Section 2.
Changes in processes of software
production at the whole company level

In this section the experts shared their opinions and
experience concerning practices of changes implemen-
tation in software development processes at the level of
the whole company — or at a separated division (sub-
sidiary), focused on software development at a com-
pany. Of course, this experience related to significant
changes that have impacted all stages of processes and
all the project team members. For example, this kind
of change could be implementation of CMMI princi-
pals in production or a new approach in usage of agile
practices.

Of course, implementation of any organizational im-
provements starts from the planning stage and includes
estimation of its expected effects [3]. The experts have
come to an agreement that for an internal project of soft-
ware production process improvement it is strictly obliga-
tory to have the full and actual set of project documenta-

60

52.9
50 471
40
30
20
10
0 0
0 T T
1 2 3

4

1 — Very important 2 —Some importance
4 — Changes do not have ny common plan and project

3 — Unimportant

Fig. 4. How important is to have a full and actual set of project
documentation in internal process improvementin software
production (project plan, risk table, resource map, etc)?
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Fig. 5. How important is to have the formal phase
of planning in project schedule of changes implementation
in software production at the level of the whole company?

tion (like project manifest, plan, risk table, etc.) (Fig. 4).

It is also important to have a formal phase of planning
in such internal project (Fig. 5).

The experts have found the following list of arrange-
ments required to get company’s staff ready for future
organizational and process changes in software devel-
opment (given in order of popularity, but all the actions
presented in Delphi study are relevant):

4+ Kick-off meetings and detailed explanation for the
whole staff;

4 Personal meetings with line and project managers;
4 Internal marketing support of future changes;
4 Announcing of changes by the top management.

Thus kick-off meeting is the most common and popu-
lar practice that is used in practice of more than 90% of
the experts. Strange as it may seem, the «internal mar-
keting support» was met only in experience of 47% of the

100
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40

2 17.6

[ -
0 - - | — .
1 2 3 4

1 — Very important
3 — Unimportant

2 — Some importance
4 — Damage change management

Fig. 6. How important is to form a separate team for internal
project of production processes improvement
(with participation of different company’s managers)?

experts [4], meanwhile «support of ordinary engineers is
a well-known factor of success in change management
at IT-companies».

Also the panel was sure that a dedicated team for
internal project of process improvement should have
been allocated. This team should have been formed
from managers and leading specialists for whom this
team’s activities were not the main job at a company,
but would rather have complemented their basic func-
tions (Fig. 6).

The experts have also identified the dominant role of
company’s first person (CEQ) for initiating and imple-
menting changes in production processes at the level of
the whole software company: in practice of more than
90% of the experts a top-manager significantly helps to
overcome internal project’s crises, such as personal con-
flicts or lack of resources. Only 6% of the experts, how-
ever, have met a CEO, who has managed this kind of
project in software companies directly.

Involvement of the top management at early stages
of internal process improvement gives strong benefits
and helps to overcome a lot of regular problems. At a
company innovators shouldn’t be afraid of high expec-
tations or super extra pushing from the top manage-
ment side, because they rather prefer to watch process
of improvement from a distance and correct it only in
special cases.

The panel has agreed that a major and most frequently
recurring problem was the problem of formal attitude
from the side of process participants. This formal atti-
tude means change implementation without significant
results and real understanding of its main goals. More
than 80% of the experts have faced such kind of problem
in their practice. Meanwhile, more than 50% of the ex-
perts have encountered huge resistance of I'T-company
staff, involved in changes of business processes.

It means that explanation and wide debates about
goals and process of changes implementation should be
started at early stages and should continue through the
whole project. There are lots of practices and approach-
es supporting involvement of company’s staff in Total
Quality Management [5] or compliance with the stand-
ardized processes. Those of them which are relevant for
a case should become regular activities in appropriate
internal project plan.

The experts have also identified a problem of serious
contradictions between current practices in projects at
various stages and new approaches that lead to simulta-
neous maintenance of several different methodologies at
a company; obviously it takes more efforts and frustrates

BUSINESS INFORMATIGS Ne4(30)-2014
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employees. At the same time «imaginary» interest of the
top management declaring the high priority of changes,
but at crucial moments not supporting the correspond-
ing project, causes significant difficulties.

Generally, the panel has not defined the vector of cur-
rent customers’ influence on internal projects of chang-
es implementation. A significant part of the experts
(around 30%) considered that the current stakeholders,
interested in a final software product, had not impacted
on such kind of internal activities.

The panel has compiled an agreed list of cardinal
methods of overcoming staff resistance at software com-
panies (in order of method’s popularity):

<> Involvement of resisting persons into changes im-
plementation;

<> Positive motivation of the staff to adopt changes;

<> Advocacy with elements of suppression.

70
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1 —Goals are almost lost; 2 — Part of goals are achieved
3 — Goals are achieved, details became better
4 — Nobody cares about comparing planned goals and actual results

Fig. 7. How strong are planned goals of changes implementation usually
modified at the end of an internal project?

Meanwhile, only 10% of the experts have admitted di-
rect suppression as a useful method.

It’s important to compare planned and actual results
of changes implementation. Experience of the panel was
quite positive (Fig. 7).

On practice it means, that the original planned goals
may be sorted in groups and for each group of the goals
a separate project stage in process improvement may be
scheduled.

Also the time schedule of internal project at a dynamic
IT enterprise is really an important project parameter.
Experience of the panel shows, that in most cases the
originally planned dates have been usually exceeded

(Fig. 8).
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1 —Final schedule has exceeded the planned one by 50% and more
2 - Final schedule has exceeded the planned one by 20-50%

3 — Final and initial planned schedule have been equal
4 — Nobody has estimated time schedule

Fig. 8. How is final time of changes implementation in the production
processes at the level of the whole company comparable with planned
schedule of internal project?

Thus the additional risk of the lack of time is relevant
for such kind of projects, and monitoring of project
schedule should be regular and pro-active. At the plan-
ning stage a management team should consider possible
time reserves.

The panel has agreed that it was important to arrange
a formal assessment of change implementation in soft-
ware production processes at the company level (Fig. 9).

It means that summarizing at the end of an internal
project should be formal and should be scheduled in a
project plan. Also such kind of reports may be reviewed
from time to time, especially at the beginning of next
stages of an internal process improvement project.
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3 — Only in case of successful implementation
4 — Unimportant

Fig. 9. How important is formal summarizing
of results of change implementation in software
production processes at the company level?
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Fig. 10. How important is involvement of external consultants
in internal project of change implementation in production
at the level of the whole software company?

The experts have defined a set of effective steps to re-
inforce implemented changes in production practice of
a company (in order of answer’s popularity):

4 Additional audit of process execution;

4 Process documentation respecting corporate stand-
ards and instructions;

4 Attention to process or practice in case of recurring
defects and problems;

4 Internal marketing support of implemented changes.

Also the experts have added some actions into the list
of best practices:

4 Internal trainings;

4 Automation tools configured according to the new
processes.

The panel has mainly identified the role of external
consultants in internal projects of production process
improvement at the level of the whole company as «im-
portant at some stages» (Fig. 10).

3. Conclusions
and recommendations

The experts’ panel has recommended to use the same
or wider set of documentation for an internal process
improvement project, than for external software / con-
sulting projects. For such kind of project dedicated team
from leading specialists and managers should be allocat-
ed, executing these roles at company in addition to their
basic functions.

Based on the survey findings the authors may also rec-
ommend to pay attention to the formal stage of plan-
ning, when a manager of this kind of internal project
may spend time on risks management and planning im-
portant items:

4 Additional time reserves;

4 Involvement of external consultants at some stages
and activities (like training or audits);

4 All arrangements and actions aimed to overcome typi-
cal implementation problems;

4 To gain support and loyalty of top managers, who may
help passing critical points of a project.

There are two well-known problems in such kind of
projects that may be envisaged at the planning stage: lack
of time and lack of resources. Additional time reserves
could help to mitigate the first risk, and involving top
managers could help to address the second one. Sup-
port of top managers (like CEO, CTO or COO) could
be a strong helping factor, giving additional chance for
success to a software production process improvement
project. Involvement of top managers into change man-
agement at a high level may be the most valuable re-
source at this stage [6].

Dividing an internal project into phases at its planning
phase could help to prioritize its goals and to get addi-
tional chances for successful achieving at least part of
them.

At the next formal stage of an internal project — prepa-
ration of company’s staff for future changes [7] — the
panel has recommended to start a set of activities, first
of all: kick-off meetings and detailed explaining for all
the staff. Well-done preparation of employers for future
changes may save a lot of time and efforts for innovators
at the next stages of an internal project — a detailed study
of changes and changes implementation.

Change implementation faces a lot of risks and problems
at IT-companies [8]. This Delphi study has shown some
of these problems, e.g. formal implementation without
results and without its understanding by employees, and
even organizational resistance. It requires a lot of efforts
and attention during all implementation stages from an
internal project team. The experts have recommended:

<> Involvement of resisting persons into change imple-
mentation;

<> Positive motivation to adopt changes;
<> Advocacy with elements of suppression.

Based on the survey findings the authors may also
recommend formalization and documentation of inter-
nal project outputs no matter on its results. Such kind
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of report may be used to plan future process improve-
ment or to implement correction activities at next stage
of change implementation.

The experts have recommended the set of effective
steps to assess implemented changes in production prac-
tice of a company, such as:

4 Additional audit of process execution;

4 Process documentation respecting the corporate
standards and instructions;

4 Attention to process or practice in case of recurring
defects and problems;

4 Internal marketing support of implemented changes.

The survey has shown the importance of process im-

provement and standardization that needs planned and
balanced approach for change implementation at the
level of the whole company. The panel responses, es-
pecially in consensus opinions, have demonstrated the
necessity of considering all the factors of organizational
resistance and analysis at each stage of a change imple-
mentation project.

The study performed has revealed that the main ideas
and approaches in software production standardization
have strong reflection in practice of software companies
in CIS region — even respecting such CIS-specific fac-
tors as ownership structure, strong language barrier with
world’s software standards & experts, old-style tradi-
tions for information technologies.
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7 N
r In 1971 in his Nobel lecture Simon Kuznets noted that the population growth had been ceasing to be the main force\

of the economic growth over the last one or two decades. Accordingly, the authors have examined the contemporary
demographic situation in the world based on information given in United Nations (UN) population prospects. This paper
describes the global demographic balance method that includes 5 age cohorts of the population of 20 countries and regions
of the world for the last period of 1950-2010 and UN Population Prospect to 2050. This method has been applied to
analyze quantitative parameters of the demographic situation in developed, least developed and in developing countries.
Developed countries, which had passed the demographic transition, will face a depopulation pattern in XXI. The age
structure of depopulation trends in these countries is given. In least developed countries the population growth has been
persisting but not at so high pace as it was in the second half of the 20" century. BRICS countries stand out from developing
countries. To assess qualitative characteristics of countries of the world the Human Development Index (HDI) has been
used. This paper outlines characteristics of this indicator given by United Nations Development Programme (UNDP).
HDI values for BRICS countries are specified, and a conclusion has been drawn that qualitative growth is needed for
economies of these countries. Outputs of world population simulation and projections by G.P. Gorshkov, B.M. Dolgopolov
and A.A. Akayev, adjusted for the biosphere ultimate capacity, are presented. A conclusion has been formulated that

Kprojections by S.P. Kapitsa and UN experts that disregard the biosphere ultimate capacity are more realistic.
\

J

Key words: UN demographic prospects, global demographic balance, age population structure, least developed
and developing countries of the world, BRICS countries, Human Development Index, United Nations Develop-

ment Programme, biosphere ultimate capacity.

1. Introduction

ture: «Six characteristics of modern economic
growth have emerged in the analysis based on con-
ventional measures of the national product and its com-
ponents, population, labor force, and the like. First and
most obvious are high growth rates of GDP per capita

In 1971 Simon Kuznets said in his Nobel Prize lec-
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and population in developed countries — both large
multiples of the previous rates observable in these coun-
tries and of those in the rest of the world, at least until
the recent decade or two» [1]. The trends that Simon
Kuznets had identified for the two recent decades have
become dominant in the contemporary world. The first
one is a decline in population growth rates in devel-



oped countries down to depopulation. Such dynamics
has been affecting the economic growth environment.
To analyze the dynamics it was necessary to construct a
global demographic balance.

In part 2 of this paper the global demographic bal-
ance methodology is presented. It’s possible to estimate
quantitative parameters of the global demographic situ-
ation with the help of the global demographic balance
(the respective estimates are provided in the third part
of this article). The quality characteristics of countries
of the world have been assessed by applying the HDI,
the findings are presented in the fourth part of this pa-
per. Special attention has been given to the situation in
BRICS countries, including Russia.

2. Global demographic
balance methodology

To build the global demographic balance data from
«World Populations Prospects. The 2008 Revision. Vol-
ume II: Sex and Age Distribution of the World Popula-
tions» [2] have been used.

Values for the following five-year age cohorts have
been calculated:

- total population;

- children (0-14);

- persons of working age (15-59);

- retirement-age population (60 or over);

- the extreme elderly (80 or over).

For each population group its percentage of total pop-
ulation both of a region and the whole world has been

calculated. In addition, the annual growth rate for each
interval value indicator (r) has been determined:

e InP, —InP, (1)
t
Where:
P — the value of the index at the end of an interval,
P, — the value of the index at the beginning of an in-
terval;
t — the length of an interval.

To analyze the global demographic balance the follow-
ing regionalization structure has been chosen to classify
countries and regions of the world:

1. World as a whole;

2. More developed countries;
3. Less developed countries;
4. Europe;

5. Western Europe;

6. Eastern Europe;
7. Russia;

8. North America;
9. USA;

10. Latin America;
11. Brazil;

12. Oceania;

13. Asia;

14. China;

15. India;

16. Japan;

17. Africa;

18. Sub-Saharan Africa;
19. South Africa;
20. BRICS.

The global demographic balance has enabled to ana-
lyze core demographic trends in the world, in civiliza-
tions and in retrospective according to the UN average
and highest projections.

3. Analysis of world demographic trends
with the global demographic balance

On the planet rapid population growth is observed in
a high period of industrial civilization. Previous popula-
tion declines were results of wars, epidemics and natural
disasters, but after such periods the population started
to rise again. The crisis of industrialization and the ap-
proach of post-industrial civilization called into being a
new demographic phenomenon.

1. First of all, one can observe a demographic change
associated with the decline in birth rates and popula-
tion ageing in developed countries (representing West
European, East European, North American civiliza-
tions, a part of Eurasian one, as well as Australia and
New Zealand from Oceania). Such demographic proc-
esses correlate closely with the Human Development
Index and the level of a country development. The con-
sumer society formed in the most developed countries
(that comprised 1 billion 273 million or accounted for
18% of the world population in 2010) has stopped repro-
ducing and requires more and more resources to sup-
port a prolonged lifetime. In 1950—2000 the increase in
the number of children (0-14 years old) had stabilized in
the above listed countries, whereas in 2050 the number
of children is expected to fall to 10%, and only 11% of
children will live from their birth in the consumer so-
ciety, according to the UN average projections. At the
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same time, the number of retirees (60+) had increased
by 2.4 times in the mentioned countries in 1950—2000,
and in 2000—2050 it is estimated to rise by 3.1 times. The
number of the extreme elderly had grown by 4.4 times
in 1950—2000, and in 2000—2050 it will augment by 3.2
times to reach 9% of the total population.

The number of persons of working age (15—59) had
increased by 1.5 times in the most developed countries
in 1950—2000, but it will decline by 11% in 2000—2050
to 52% of the total population, according to the UN av-
erage projections. It implies that only every eighth in-
habitant of the planet will enjoy postindustrial produc-
tion and consumption patterns.

In Western Europe, representing the western civiliza-
tion, according to the average projections, the average
population growth rate is estimated to drop from 0.7%
in 1950—1975 to 0.15% in 2030—2050 that will consti-
tute 2.7% of the total population. Such a demographic
load on the population of working age implies exten-
sion of the working age among the population (60+)
thanks to higher public healthcare level and lifelong
education. Besides, postindustrial production tends to
reduce the number of persons employed in the material
production.

Perhaps, it will be followed by reductions of persons
employed in human services along with virtualization of
this area. Besides, possibly, immigrants from Asia and
Africa will continue to move to Western Europe to be in-
volved in unskilled work, and immigrants from Eastern
Europe and Eurasia — in skilled work.

Eastern Europe (representing East European and
Eurasian civilizations) has faced depopulation not be-
cause of demographic changes but due to social upheav-
als generated by the dissolution of the socialist camp
and the USSR. A sudden fall in income and healthcare
spending due to transition from socialistic principles to
the market economy had resulted in the decline in pop-
ulation: (-0.4%) in 2000—2010, with a predictable fall to
(-0.1%) — (-0.5%), accompanied by slowdown in chil-
dren growth to (-0.8%) in 1975—2000 and to (-2.5%)
in 2000-2010. That’s why countries of Eastern Europe
should pursue a purposeful policy to support birth rates
and social stability.

In the USA (representing North American civiliza-
tion) high population growth rates are observed with
positive children growth rates over the entire interval,
as well as shrinking share of the employed (15—59) —
to 55% and higher percentage of the elderly (80+) - to
7—8%.

In Japan (representing Japanese civilization) the
population growth rates are estimated at (-0.17%) —
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(-0.39%) for 2010—2030 and (-0.36%) — (-0.72%) for
2030—2050. Percentage of children will drop to 11—
15%, and the percentage of employed people — to 45%.
At the same time, percentage of retirees (60+) will rise
to 40—44%, and percentage of the extreme elderly — to
14—15%. Such demographic levels will force the Jap-
anese society to identify new ways to handle this chal-
lenge.

Such demographic processes in developed countries
will cause transformations in the economy and cul-
ture. The capitalist system had been operating, first of
all, during a long historical period of demographic ex-
pansion. Nowadays it needs to adjust for a period, when
population with high potential has been shrinking. It has
to modify mechanisms to skim extra profit from world
economic streams for the Golden Billion population
that is aging. Besides, this process may impact the domi-
nant system of sociocultural values. As different age
groups have different values, educational and cultural
interests, the sociocultural sphere of developed coun-
tries will more and more represent interests of the ma-
ture age population of those countries when the virtual
component of this sphere will generally expand.

2. The least developed countries of the world (49
countries representing African, Muslim and Buddhist
civilizations) accounted for 12% of the total population
or 854 million in 2010. In the above mentioned coun-
tries the population had grown by 3.4 in 1950—2000 and
is expected to increase by 2.5 in 2050, according to the
UN average projections, and by 2.8 according to the
highest estimates. These countries will face a slowdown
in growth rates from 3.8 times in 1950—2000 to 1.5 times
in 2000—2050, according to the UN average projections,
and to 2 times according to the highest ones. At the same
time, while the growth rate of retirees slightly lagged be-
hind the population growth rate in the mentioned coun-
tries in 1950—2000, in 2000—2050 it will augment to 5.5
and 7.9 for the extreme elderly (80+). Consequently, in
2050 every fourth child, every 20th retiree and every fifth
employed habitant of the planet will live in 49 least de-
veloped countries of the world.

The Human Development Index is extremely low in
these countries. Correspondingly, every fourth child of
the planet will live under conditions, where educational
and healthcare services are almost unavailable for him/
her. The same situation will be faced by every fifth em-
ployee in the world. As a result, the fifth part of human
potential isn’t good for functioning in the postindustri-
al civilization; the main field of using their work is old
technological structures. According to the UN data, at
present 1 billion people starve on the planet. Humaniza-



tion of life on the basis of partnership of civilizations as-
sumes intensification of redistribution processes in favor
of poor habitants in the world. It’s feasible only due to
robust growth in labor productivity, adoption of the sixth
technological structure in developed and developing
countries of the world with simultaneous intensification
of redistribution streams from developed and developing
countries to the poorest ones.

3. Demographic processes in developing countries
maintain a middle position between the most and the
least developed countries. Let’s examine characteristics
of these processes using BRICS countries (representing
Latin American, Eurasian, Indian, Chinese and African
civilizations), as an example.

The population of BRICS accounted for 44% of the
world population in 1975 and is projected to shrink
to 37% in 2050, while enjoying positive population
growth that is estimated to decrease from 2% in 1950—
1975 to 0.1% in 2050. In 2010 39% of children of the
world, 45% of the employed, 40% of the retired and
33% of the extreme elderly (80+) lived in the region. In
2050 children will account for 17—21%, the employed
— 57—58%, the retired — 22—25% and the extreme eld-
erly — 4—5% of the total population of the mentioned
countries.

Russia, as a part of BRICS, represents Eurasian
civilization, and it is one of the most developed
countries of BRICS. This country saw depopulation
(-0.4%) in 2000—2010, and depopulation rates are ex-
pected to persist at (-0.2%) — (-0.4%) in 2010—2030
and at (- 0.1%) — (-0.5%) in 2030—2050. In 1975—
2000 the increase in the number of children averaged
(-0.6%), in 2000—2010 — (-2.4%). At the same time,
in 2000—2010 the country faced the decrease in the
number of retirees (-0.6%). This information is an il-
lustration of declined birth rates and higher mortality
rates caused by the social catastrophe in the 1990s. As
a result, Russia’s percentage of the world population
will shrink from 4% in 1950 to 1.2% in 2050. National
demographic policies aimed to encourage births and
to decrease mortality have started to produce positive
results but the country is in the period of the demo-
graphic echo of the birth decline of the 1990s that ag-
gravates the situation.

4. Use of the Human Development Index
to estimate the world demographic situation

In the previous part of this paper the quantitative de-
mographic indices of countries of the world were ex-
amined. The HDI use enables to assess quality indices
associated with development of countries of the world.

Since the 1990s «the Washington Consensus» has been
governing the world. But some politicians in developing
countries have formulated their own purposes and de-
velopment mechanisms. First of all, these include Paki-
stani Mahbub-ul-Haq and Indian Amartya Sen. In 1990
they suggested a new integral indicator to assess nation-
al progress. That was the Human Development Index
(HDI). They assumed that «the real wealth is people»
not profits earned by those people.

Since 1990 the United Nations Development Pro-
gramme has published series of reports focusing on
cross-country dimension of the HDI.

Experiences of 20-year operations in this field were
summarized in Human Development Report 2010 [3].

The HDI constitutes a new pattern of progress that
consists of three components: Gross National Income
per capita, life expectancy and educational level. At the
same time, the report stipulated that «<human develop-
ment is the expansion of people’s freedoms to live long,
healthy and creative lives; to advance other goals they
have reason to value; and to engage actively in shap-
ing development equitably and sustainably on a shared
planet. People are both beneficiaries and the drivers
of human development, as individuals and in groups»
[3, p.2].

The world’s average HDI has increased 18% since
1990 and 41% since 1970. Three of 135 countries -
the Democratic Republic of the Congo, Zambia and
Zimbabwe have a lower HDI today than in 1970. The
slowest progress has been experienced by countries in
Sub-Saharan Africa struck by the HIV epidemic and
countries in the former Soviet Union suffering in-
creased adult mortality. The top HDI movers include
China, Indonesia and South Korea (income «growth
miracles»), as well as Nepal, Oman and Tunis in oth-
er categories. The slowdown in health advances is due
largely to dramatic reversals in 19 countries. In 9 of
them — 6 in Sub-Saharan Africa and 3 in the former
Soviet Union — life expectancy has fallen below 1970
levels [3, pp. 3-4].

The Human Development Report specifies two cen-
tral contentions: that human development is different
from economic growth and that substantial achieve-
ments are possible even without fast growth [3, p. 5].

The report emphasizes the lack of a significant cor-
relation between economic growth and improvements
in health and education. Research by William Easterly
and Francois Bourguignon had confirmed that. «Iran,
Togo and Venezuela experienced income declines, yet
their life expectancy has risen an average of 14 years
and their gross school enrolment an average of 31%
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since 1970 [3, p. 47]. This conclusion is very valuable
for Russia, especially in the period of international
sanctions against it.

The report stipulates that «much development pol-
icy-making assumes that economic growth is indis-
pensable to achievements in health and education.
Our results suggest that this is not the case. This does
not mean that countries can forget about growth — we
have underlined that growth generates important pos-
sibilities. Rather, the results imply that countries do not
have to solve the difficult problem of generating growth
in order to tackle many problems of the health and ed-
ucation fronts» [3, p. 50].

The stable development generates opportunities to
maintain this positive process in the future. The HDI
estimates this opportunity quite comprehensively. Not
only the dynamics of economic growth but also both
the educational level and life expectancy reached by
this generation constitute the basis of high life qual-
ity for next generations. Especially progress in health
confirms that. During half a year life expectancy has
increased in developing countries as much as in the de-
veloped ones. The epidemiological transition has been
passed. Some 85% of mortality reductions in a sample
of 68 countries since 1950 could be explained by glo-
bal progress. Eradicating smallpox, a disease that killed
some 2 million people annually in the 1960s, cost only
$300 million.

Concerted government policies mattered. A package
of six vaccines assembled by World Health Organiza-
tion costs less than $1, and deworming costs just 50
cents a year [3, pp. 50-51]. That has reaffirmed the
conclusion made above about close correlation be-
tween economic growth and achievements in health
and education in developing countries in the period
of global progress.

The table 1 lists HDI values for BRICS countries, ac-
cording to Human Development Report 2010.

As the figures in the table 1 show, BRICS countries
don’t have high indices in terms of the HDI standard [3,
pp. 143-145]. Norway (HDI 0.938), Australia (0.937),
New Zealand (0.907), USA (0.902) and Ireland (0.895)
are top 5 HDI countries [3, p. 143].

As far as BRICS countries are concerned, Russia dem-
onstrates the best index (0.719) that corresponds to rank
65, and India has the worst one (0.519) with rank 119.
Such low HRI values of BRICS countries suggest that the
quality of human potential in these countries has sound
growth prospects.

5. Conclusions

According to the UN average estimate (disregarding
the biosphere ultimate capacity), the world population
is forecast to reach 9 billion 150 million, and according
to the highest estimate, it may rise to 10,461 million.
According to S.P. Kapitsa’s [4] projection, the world
population may approach 11,300 million people due to
hyperbolic growth and demographic change. This pro-
jection is based on absolutely strong growth, ignoring
any limitations associated with the biosphere capacity.
At the same time, the ultimate earthen biosphere ca-
pacity is 5 billion people, as G.P. Gorshkov’s [5] cal-
culations suggest. According to B.M. Dolgopolov’s
projection [6], the total population will stabilize at
around 5.6 billion people with allowance for the bio-
sphere capacity. A.A. Akayev’s [7] forecasts an aperi-
odic or oscillatory reversal of the world population to
about 5.2 billion people. U.V. Yakovets [8] supposes
that the technological progress removes the limitations
of the ultimate biosphere capacity. K.E. Tsiolkovsky [9]
shares this opinion.

Basically, the UN demographic projections dis-
regard the ultimate biosphere capacity. According
to these projections, the total population had grown
by 2.4 times in 1950 — 2000 and is estimated to rise

Table 1.

The Human Development Index (HDI) in BRICS countries

comy | v | e | g | e | oo
Russia 65 0.719 67.2 8.8 15,258
Brazil 73 0.699 729 72 10,607
China 89 0.663 735 75 7,258
South Africa 10 0.597 52.0 8.2 9,812
India 19 0.519 64.4 4.4 3,337
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by 1.5—1.7 times further in 2000—2050. The authors
have relied on these projections to compute their own
global demographic balance. The following results
have been obtained: in 2000—2050 the total number
of children is expected to grow by 1—1.3 times, the
employed — by 1.5—1.6 times, the retired — by 3 times
and the extreme clderly (80+) — by 5.6 times. Ac-
cording to these calculations, children will account
for 20—24% of the world population, the employed —
57—58%, the retired — 19—22% and the extreme eld-
erly (80+) — 4% by 2050.

Overall, population aging is observed because of the
decline in births and the increase of the number of re-

tirees, especially the extreme elderly (80+). That con-
firms Kapitsa’s conclusion that more and more coun-
tries of the world are facing demographic changes. The
HDI analysis made by the authors to compare BRICS
with the most developed countries has enabled them
to draw a conclusion about sound growth potential for
BRICS countries, including Russia.

Holding the demographic imperative affects produc-
tion and consumption patterns. Correspondingly, in
the middle of the 21% century serious changes are an-
ticipated in the global socio-economic landscape and in
economic growth environment that necessitates new re-
search in this area. B
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B 1971 6 Hobenesckoii aexyuu C.Ky3ney ommemua, umo 3a nocaeonue 1-2 decsaimunemusi pocm Hacenenus nepecmaem 0bimo
OCHOBHbIMU 08U2amenem dKOHOMUHECK020 pocma. B ces3u ¢ smum agmopamu ucciedyemcsi cospemMerHas 0emoepagpuueckas
cumyayus 6 mupe Ha 0a3e uHgopmayuu, npusedeHnoli 6 npoerHozax OOH. Onucvieaemcs Memooonoeus en00aabH020
demozcpaguuecko2o 6ananc, 6KAIUAOUIE20 NAMb 603PACHHbIX K0O20pm Hacenrerus das 20 cCmpaH u pecuoH08 Mupa 045 RPOULI020
nepuooa, s 1950-2010 ee. u npoeroza OOH do 2050 200a. C e2o nomowbro KoauHecmeenHo aHanu3upyemcsi demozpagpuueckas
cumyayus 6 pazeumolx, HauMeHee pazeumblx U pasgUearUUXcs Cmpanax mupa. Jis pazgumsix CMpan mupa, npouleouiux
demoepaguueckuii nepexod, 6 XXI eexe 6ydem xapaxmepeHr pedxcum Oenonyaayuu Haceaenus. Illpusodumcs eo3pacmuas
CIMPYKmMYpa 0enonyAsyUOHHbIX MEeHOeHYUI 8 IMUX CMPaHax. B Haumenee pazgumouix CMpanax pocm HaceaeHus npodoaicaemes,
HO yoice He MAaKuMU 6bICOKUMU MeMNAMU, KaK 60 emopoii norogute XX eexa. Jlis pazeusarouux cmpan 0cobo 6vi0esromes
cmpanvt BPUKC. Jlna oyenku KauecmeeHHbIX XapaKmepucmukx cmpan Mupa ucnoaszyemcs MHOekc paseumus 4en08e4eckoeo
nomenyuana (MPYII). /laromcs xapakmepucmuku O0anH020 uxdukamopa, npueodumvie Ilpoepammoii pazeumus OOH.
Ilpusoosmcs s3navenus UPYII oas cmpan bPUKC u deaaemcs 661600 0 HeoOX00UMOCMU KA4eCMEeHH020 POCMA IKOHOMUK dMUX
cmpaH. [lpusodamces pesyromamot modeauposarus u npoerosuposarus I I1. Topuikoswvim, b. M. Jloneonososvim u A.A. Axaesvim
YUCNEHHOCMU HACeNeHUS MUPA C Y4emOoM NPedeabHol emkocmu buocgepul. Jleanaemcs 661600 0 mom, umo npoerosvt C.11. Kanuyb
u axcnepmos OOH, coenannvie 6e3 yuema npedenvroii emxocmu 6uocghepot, 6oaee pearucmutHb.

N

Kmouesbie cioBa: nemorpadpudeckuii mporHo3 OOH, rnobanbHbI geMorpaduueckuii 6amaHc, Bo3pacTHas

CTPYKTypa HaceJieHus, pa3BUTble, HaMMeHee pa3BUThIe W pa3BUBAlOIIMecsl cTpaHbl Mupa, ctpaHbl BPUKC,
MHJEKC pa3BUTHUS YyeoBeyeckoro noreHuuyana, [porpamma paszsutuss OOH, npeaeabHas eMKOCTb OMochepshl.
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+ AHHOTaums ponxHa ObiTb MHOPMATUBHON (HE copepxaTb OBLIMX
CNoB).

4+ AHHOTaLMS I0NXHA OTpaXaTb OCHOBHOE COAEPXaHWE CTaTbu 1 ObiTh
CTPYKTYPUPOBAHHOM (C/eA0BATh JIOTUKE ONKUCAHMS PE3yNbTaToB B CTATbe).

+ CTpyKTypa aHHOTaUMW: NpeaMeT, Lenb, METOA UIM METOA0NO0rMIo
NpOBEAEHMS UCCEN0BaHNS, Pe3ybTaThl UCCNEN0BaHMIA, 06NACTb UX NpK-
MEHEHUS], BbIBOIbI.

<+ Metop, unm MeToLOM0rMI0 NPOBEAEHUS UCCIEN0BaHMIA Lienecoobpas-
HO OMKCBIBATL B TOM CAy4ae, €CAY OHW OTAMHAIOTCS HOBU3HOI U npes-
CTaBISIOT MHTEPEC C TOYKM 3PEHIS laHHOI paboThl. B aHHOTaumsX cTaTei,
OMMCLIBAIOLLMX IKCTIEPUMEHTANbHBIE PAOOTHI, YKa3bIBAIOT MCTOYHMKM aH-
HbIX 1 XapakTep nx 06paboTku.

+ PeaynbTarthl paboThbl ONUCHIBAIOT NPEAESbHO TOYHO U MHGOPMATUBHO.
MpUBOASTCS OCHOBHbIE TEOPETUYECKME W IKCTIEPUMEHTAIbHBIE PE3yIibTa-
Thl, akTUyECKMe LaHHble, 0BHApYXeHHLIE B3AUMOCBSA3M W 3aKOHOMEp-
HOCTU. Mpy 3TOM OTHAETCS MPEANOYTEHWE HOBLIM PE3yNbTataM M JaH-

HbIM [IONIFOCPOYHOIO 3HAYEHMS, BAXHBIM OTKPBITUAM, BLIBOLAM, KOTOPLIE
OMPOBEPraloT CYLECTBYIOLE TEOPUM, A TAKXE MHPOPMALIK, KOTOpas, M0
MHEHMIO aBTOpPA, UMEET NPaKTMYECKOe 3HaYeHue.

+ BbiBOabI MOryT COMNpPOBOXAATbCA pPeKoOMeHAauMsaMU, OLEHKaMW,
npeaoXxeHnamu, runotesamn, OnMcaHHbIMKN B CTaTbe.

+ CBeneHus, coaepxalumecs B Ha3BaHUM CTaTbu, HE LOMKHbI MOBTO-
pATLCS B TeKCTe aHHoTauuu. Cneayet u3beratb IMLWHKUX BBOAHBIX dpa3
(Hanpumep, «aBTOP CTaTbil PACCMATPUBAET...»).

+ /cTopudeckue CripaBKkm, ECIY OHU HE COCTABNISIOT OCHOBHOE COLIEp-
XaHue [OKYMEHTa, OnucaHue paHee onybaukoBaHHbIX paboT 1 0bLLen3-
BECTHbIE MOSIOXEHUS, B AHHOTALMM HE MPUBOASTCS.

+ B TekcTe aHHOTaumM cneayet ynoTpebnisiTb CUHTAKCUYECKME KOH-
CTPYKLM, CBOWCTBEHHbIE I3bIKY HAYYHbIX W TEXHUYECKUX [IOKYMEHTOR,
136erarb COXHbIX FPAMMaTUYECKUX KOHCTPYKLIMIA.

4+ B texcTe aHHOTaLMK CneayeT NPUMEHSTb 3HAYUMBIE COBA W3 TEKCTa
CTaTbu.

KJTHOYEBDBIE CJIOBA npuB0asTCS HA PYCCKOM U @HITIMIACKOM $13bIKaX.
KonnyecTso KktoueBbIx Cnos (CnoBocoyeTaHuin) — 6-10. Kniouesble cnosa
UM CNOBOCOYETAHMS OTAENSIOTCS APYr OT Apyra TOYKOW C 3anToid.

GOPMVYJIbI. Mpyu Habope dopmyn, kak BbIKMIOYHbIX, TaK U CTPON-
HbIX, [OMXeH ObiTb UCMONb30BaH pepakTop ¢opmyn Math Type unm MS
Equation. B ¢popMynbHbIX 1 CUMBONMYECKUX 3aMMCAX FPEYECKMe (pycckue)
CUMBOJbI, @ TaKke MaTemaTuyeckue GyHKUMM 3anmChbiBalOTCS NPSAMbIMU
wpndTamu, a NnepeMeHHbIe apryMeHTbI GYHKLWIA B BUAE aHMMIACKMX (na-
TUHCKUX) OYKB — HAKMOHHBIM KYPCUBOM (MPUMEP «COS a», «sin by, «min»,
«max»). Hymepaums bopmyn — CkBO3Has (M0 XenaHWio aBToOpoB LOMNycKa-
€TCq [BOMHas Hymepauus GopMmyn C yKasaHueMm CTPYKTYPHOrO Homepa
pasgena CTaTby U1, 4epe3 TouKy, HoMepa GopMynbl B pasaene).

PUCYHKM (rpadwmku, amarpammbl 1 T.n.) MOTYT ObiTb 0OpPMIEHBI
cpeacreamu MS Word unn MS Excel. Cebinku Ha pucyHKM B TekcTe 00513a-
TesbHbl U JOMKHbI NPEALIECTBOBATL NO3NLMU PA3MELLEHUs PUCYHKA. [l0-
MyCKaeTCs UCMO/b30BaHME rpadmyeckoro BEKTOPHOrO daiina B gpopmare
wmf/emf unm cdr v.10. QoTorpadmuyeckre Matepuansi NPesoCTaBnsIoTCs
B dopmare TIF unm JPEG, ¢ pa3pelueHnem usobpaxenus He MeHee 300
TOYEK Ha JtoiiM. Hymepauus pUcyHKOB — CKBO3HaS.

TABJINLbI odopmnsiotcs cpeacteamm MS Word nnu MS Excel. Hy-
Mepauys TabnnL, — CKBO3Has.

CMUCOK NIUTEPATYPbI coctasnsieTcs B COOTBETCTBUN C TpeboBa-
Husmm FOCT 7.0.5-2008. Bubnuorpadmyeckas cebinka (npumeps 0bopM-
NeHWs pa3MelLLeHbl Ha caiite xypHana http://bi.hse.ru/). Hymepauus 6u-
6nmorpacdmyeckux UCTOYHUKOB — B MOPSAKE LMTUpOBaHWs. CCbinku Ha
MHOCTPaHHYIO UTEPATYpy — Ha i3blke OpUrMHana 6e3 CoKpaLLeHuiA.

CNMUCOK JNIUTEPATYPbl 019 AHI0S3bIMHOIO BJIOKA
odopmnsieTcs B cootBeTcTBUM C TpebosaHuamu SCOPUS (npumepsi
opopmIeHns pa3melleHbl Ha caiite xypHana http://bi.hse.ru/). Lna
TPaHCAMTEPALMN PYCCKOSI3bIYHBIX HAMMEHOBAHMWI MOXHO BOCMO/b30BATb-
cs cepaucom http://translit.ru/.

[ns pa3melLieHns NONHOTEKCTOBbLIX BEPCUIA CTaTel Ha CaiiTe XypHana
C aBTOpaMM 3aK/TH0HAETCS INLIEH3WNOHHBIN J0roBOp O Nepeaye aBTOPCKUX
npas.

Mnara ¢ aBTOpOB 32 Ny6NMKaLMIO PYKONUCElA HE B3MMAETCS.



Articles should be topical and original, should outline tasks
(issues), describe key results of the author’s research and
appropriate conclusions.

Manuscripts are submitted via e-mail: bijournal@hse.ru.

TEXT FILES should be submitted in electronic form, as a MS
Word document (version 2003 or higher).

LENGTH. Articles should be between 20 and 25 thousand
characters (incl. spaces).

FONT, SPACING, MARGINS. The text should be in Times
New Roman 12 pt, 1.5 spaced, fit to the width, margins: left — 25
mm, all other — 15 mm.

TITLE of the article should be submitted in native language and
English.

AUTHORS’ DETAILS are presented in native language and
English. The details include:

+ Full name of each author

+ Position, rank, academic degree of each author

+ Affiliation of each author, at the time the research was
completed

+ Full postal address of each affiliation (incl. postcode / ZIP)
+ E-mail address of each author.

ABSTRACT are presented in native language and English.
+ The abstract should be between 200 and 300 words.

+ The abstract should be informative (no general words), original,
relevant (reflects your paper’s key content and research findings);
structured (follows the logics of results’ presentation in the paper)

+ The recommended structure: purpose (mandatory), design
/ methodology / approach (mandatory), findings (mandatory),
research limitations / implications (if applicable), practical
implications (if applicable), originality / value (mandatory).

+ Itis appropriate to describe the research methods/methodology
if they are original or of interest for this particular research. For

papers concerned with experimental work the data sources and
data procession technique should be described.

+ The results should be described as precisely and informatively
as possible. Include your key theoretical and experimental results,
factual information, revealed interconnections and patterns. Give
special priority in the abstract to new results and long-term impact
data, important discoveries and verified findings that contradict
previous theories as well as data that you think have practical value.

+ Conclusions may be associated with recommendations,
estimates, suggestions, hypotheses described in the paper.

+ Information contained in the title should not be duplicated in
the abstract. Authors should try to avoid unnecessary introductory
phrases (e.g. «the author of the paper considers...»).

+ Authors should use the language typical of research and
technical documents to compile your abstract and avoid complex
grammatical constructions.

+ The text of the abstract should include key words of the paper.

KEYWORDS are presented in native language and English.
The number of key words / words combinations are from 6 to 10
(separated by semicolons).

FORMULAE should be prepared using Math Type or MS Equation
tool.

FIG.S should be of high quality, black and white, legible and
numbered consecutively with Arabic numerals. All Fig.s (charts,
diagrams, etc.) should be submitted in electronic form (photo
images — in TIF, PSD or JPEG formats, minimum resolution 300
dpi). Appropriate references in the text are required.

REFERENCES should be presented in Harvard style and
carefully checked for completeness, accuracy and consistency.

The publication is free of charge.
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