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Crtatbsi onuceiBaeT pe3ysibTarbl
uccnenoBaHnsi 06beKTHbIX U CUTYaLNOHHbIX
Mogaesnei npu yrnpasieHnn TPaHCMOPTOM.
PackpbiBaloTcsi cMbIC U coaepxaHue
Takoro Tuna nHopMaLNOHHbIX MOAEJIe.
Moka3aHo cxoACTBO U pa3sindne Mexay
Humun. PaccmarpuBaioTcss 0CO6EHHOCTH
CcTaTn4yeckux u AUHaMn4ecKkmnx
HGPOPMaLNOHHbIX CUTYaLNN, NX
anddepeHunaumns no KPUTepusm
B3anmMoaelicTBUSI U KPUTEPUSIM COCTOSIHUS.
lMpeanoxxeH meToa NCNOIb30BaHUS MoAeNN
UH@OPMaLNOHHOV CUTyauun AJ11 OLL€HKN
MUHPOPMAaLNOHHON HEOMNPEeREe/IEHHOCTU

NPy MPUHSTUN PeLUEeHWNA.

KrntoseBbie criosa: nHpopmawms,

TpaHCropT, yrnpasiaeHne, MoaeMpoBaHme,
MHpOPMaLMoHHas Moaesb 06LEKTa,
UHGOPMaLMOHHas MOAEIb CUTyaLUH,
MHpOPMaLNOHHast HeornpeaesEHHOCTb,
byHKUMS fOBEpus, PyHKLMS NpaBaonogobus.
|

® MWP TPAHCIMOPTA, Tom 15, N2 6, C. 20-30 (2017)

BOTNPOCHI TEGP

NHdopmaLuUnuoHHbIe
npouecchl B NPOCTPaHCTBE
«0OONbLUMNX AaHHbIX»

Jléeun bopuc Aaexceeeun — 0oKkmop mexnuvecKux
Hayk, npogheccop, pekmop Poccuiickozo
yHugepcumema mparcnopma (MHUHUT), Mockea,
Poccus.

I[semroé Buxmop Sxoeaesur — dokmop mexnu1eckux
Hayk, npogheccop, 3amecmumens pyKogooumens
UeHmpa cmpamezu4ecKo20 aHanu3a u pa3eumus
HUUAC, Mockea, Poccus.

OBpPEMEHHOE yIIpaBJIeHNEe TPAHCIIOP-
TOM XapaKTepU3yeTcsl BO3pacTaHNEM
00BEMOB MHGMOPMALIMU, POCTOM
CJIOXXHOCTU YIMPaBIEHUYECKUX CUTyalni
W COKpAllleHWEM AOMYyCTUMOTO BPEMEHU
TMIPUHSITUST PEIIEHU, OCOOEHHO IJIST BBICO-
KOCKOPOCTHOTO TpaHcIopTa. B onpenenén-
HOW cTeneHU 3TN (DaKTOPHI SIBJISTIOTCS CIE -
CTBUEM MPOOIEMBI «OOABIINX JAHHBIX» [1],
XapaKTEepHOW IS pa3HbIX HAIIPaBJIECHUM.
JLOTIOMTHUTENbHBIM (PAKTOPOM YIIpaBIEHUS
cTaysia mpobyieMa yMEHbIIEHUS WU yCTpa-
HeHUST THGOPMAIIMOHHOM HeompeneIEHHO -
¢t [2], KoTOpass UMeeT OBE NMPUYUHEL.
IlepBast mpuyrHa HEONPENEIEHHOCTU CO-
CTOUT B HEXBAaTKe HeO0OXoaAnMOlt nHhopmMa-
WU IS TPpUHSATUS pemieHus. Bropas —
B Upe3MepHOM MU30bITKE MH(pOPMALINU, KO-
Topas TpeOyeT 3HAUYUTETbHOTO BPEMEHM ISt
aHaIM3a M HAaXOXIEHUs TT0JIe3HOTO KOHTEH-
Ta, YTO MOXET OBITh COMOCTABUMO C JIOTTY-
CTUMBIM BpeMEHEM TIPUHSITUS PEIICHUSI.
OaHUM U3 paguKalIbHBIX ST yIIpaBiie-
HUSI TPAHCIIOPTOM 3apEKOMEHA0BaN cebs
nH(GOpMaIMOHHBIN TToaxox [3], BKIIoyaoo-
U TPUMEHEHUE Pa3TIUIHBIX MH(GOPMALIK -
OHHBIX Mojesieil. Moaenu TpaHCITOPTHBIX
cucteM [4, 5] nmpenHa3HauYEHBI AJIST BBISIBIIE -
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Puc. 1. UndpopmaLmnoHHas Mogesib 06beKTa kak COBOKYNMHOCTb CBSi3€li U OTHOLUEHWIi C BHELUHe cpefoi.

HUSI pe3epBOB pa3BUTHs chepbl TPAHCIIOPT-
HBIX YCJIYT, IMMOBBIIIEHUs KavyecTBa TPaHC-
MOPTHOI PabOThI M MPOTHO3UPOBAHUS OY-
ayuiero TpaHcrnopra. MHbopMalmoHHOe
MOJEIMPOBAHUE HE SIBJISETCS MPOCTHIM
MEPEHOCOM METOMOB MH(MOPMATUKKU U MO-
neneit B cpepy TpaHcnopra. OHO TpeOyeT
HOBOI opraHM3anuu MWHOOPMAIIMOHHBIX
M BJIEKTPOHHBIX PECYpPCOB M MPUMEHEHMUS
MHHOBAIIMOHHBIX PEIICHUIA.

BnAabl UHOOPMALIMOHHbIX
MOJENEN

OOBEeKTHBIE MOJIEJIU OMUCHIBAIOT O0BEK-
Tol. Hanbomnee spKuUM NpeacTaBUTEEM
B UHMOPMALIMOHHOW 00JacTU SABASETCS
nHbopMalMoHHas Moaeab oobekta (MMO).
CuTyallMOHHbIE MOJIEJIU ONUCHIBAIOT CUTYa-
1110, B KOTOPOW HaxoadaTcs oobeKThl. Of-
HOW M3 TaKWX cTajla UHbOpMalMOHHAs
monenb cutyauuu (MMC), unu nngopma-
HuoHHOM cutyanuu. O6e a3Tu nHdopMal -
OHHBIE MOAEJU OJU3KU MEXIY cOo00il, HO
UMEIOT U pa3auuusi. XOoTs He SBISIOTCS
U €AUHCTBEHHBIMU [ OMMUCAaHUS OOBbEKTOB
u cutyauuit. CynecTByoT o6o0I1aronmne
MOJIeJI, HalpUMep, MoJeb UH(popMalu-
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OHHO# KOHCTPYKIIUHU [6], KOTOpasi Mpu He-
00XOIMMOCTH MOXET OIMUCHIBATh KaK 00b-
€KT, TaK U CUTYaIHIo.

OcHoBHoOe pasauuue mexay MMO
n UMC — maciutab aeiictBus. Ob1iee y HUX
TO, YTO OHU TTPOM3BOHOE OT IMTOHSITUST «MH-
(opmalmoHHasE MOACITb».

UudpopmaunoHHass Moaelb o0beKTa
(UMO) [7] onpenensieTcs Kak B3aMMOCBSI -
3aHHasi COBOKYITHOCTb lTapaMeTpPOB, Haubo-
Jiee BaXXHBIX CBsI3ei M OTHOILIeHUI. TepMuH
«HanboJIee BaXKHbBIX» 03HAYAET, YTO B MOJIEb
BKJIIOYAIOTCSI CYIIECTBEHHbBIE CBSI3U U OTHO-
LIEHUs, a HECYIIECTBEHHbIC MCKITIOYAIOTCS.
DTO 0011ee CBOMCTBO JIIOOBIX MOJEJIEH,
B TOM 4ucJie U HeMH(bOopMallMoHHBIX. Dop-
MasnbHoe onucanue UMO npuBeaeHoO B BbI-
paXeHUM:
MUMO = FI(Po, Cint, Cex, Rint,
Rex, 11, 12, SO), (1)
rae Po — mapametpnl oobekTa, Cint — BHY-
TPEHHHUE CBSI3U MEXJIY 4acTsIMU OObeKTa,
Cex — BHEIIHUE CBSI3U C IPYTUMU 00BbEKTa-
MU U co cpenoit, Rint — BHyTpeHHUE MHPOP-
MallMOHHBIE OTHOIIEHUST MEXIY YacTSIMU
o0bekTa, Rex — BHelmHue MHGOPMAaLIMOH-
Hble oTHOWeHus, I1 — nHpopMaLlMOHHBIE

JléevH B. A., LieeTkoB B. 9. UHOpMaLMOHHBIE NPOLECChI B MPOCTPAHCTBE «00NbLUNX AaHHbIX»




Puc. 2. Mpumep 3akpbITON NHPHOPMALNOHHONV CUTYaLN M0 B3aUMOLAEeiCTBUSIM.

B3aMMOJIECTBUSI 00BbEKTA C APYTUMU O0b-
eKTaMu U co cpenoii, 12 — nunpopmaumoH-
HbIe BO3JeiicTBUS Ha 00beKT, SO — cucremM-
HOCTh 00beKTa (Heo0s13aTeIbHOE CBOMCTBO).
OOBEKT MOXKET ObITh YACThIO APYTOro 00b-
eKTa Kak 0oJiee CI0XHOUN CUCTEeMBbl UIU
MOXET OBbITh CAMOCTOSITEILHOI CUCTEMOIA,
obnagamuIeil 11e10CTHOCThIO U CUCTEMHO-
cThlo. B mocnenHem ciaydyae mosiBasieTCs
CBOIMCTBO CUCTEMHOCTH 00bekTa SO.

Ha puc. 1 npuBeaeHa nHpopmaloHHas
MoJesib o0bekTa. BHYTpeHHSIs CTPpyKTypa He
nmokazaHa, a obo3HaueHa yepe3 Po, Cint,
Rint. CBs13u 1 B3auMOIEMCTBUS MOKa3aHbI
CIUTOIIHBIMU JTMHUSIMU, OTHOILIEHUS — IMTyHK-
TUPHBIMU. B3aumoaeiicTBusi — IBOMHBIMU
CTpeJIKaMu, BO3IEMCTBUS — OAHOCTOPOHHMU -
MU cTpenkamu. CBs3u 6e3 B3auMoJeicT-
BUSI — MIPSIMBIMU JIMHUSIMU 0€3 CTPeJIOK.

O0y1acTh CYIIECTBEHHOTO BJIMUSHUS Ha
00beKT BbigesieHa. OcTalbHble 00BEKTHI
B OTOW MOJIENN OTCYTCTBYIOT M IOKa3aHBI
yepe3 BHEITHWE CBI3M U oTHoIIeHud. Lleme-
Boe HaszHaueHue UMO — onucaHue MHAU-
BUIYaJIbHOTO 00BEKTA.

NubpopmanmonHas MoIeilb CUTyallun
(UMC) — B3anMocCBsI3aHHasi COBOKYITHOCTh
napaMeTpoB, Hanbojiee BaXHBIX CBSI3ei
¥ OTHOLIEHMI IIsT JaHHO# cutyanuu. Lle-
neBoe HazHaueHue UMC — onucaHue Ka-
YeCTBEHHO pa3HbIX CUTYallWii: B3AUMOIEii-
CTBUS OOBEKTOB, MOBEICHUS OITHOTO WU
COBOKYMHOCTH 00BEKTOB B JaHHOM CUTya-
LW, TMHAMUKYA CUTyallud 0€30THOCUTETb-
HO K o0bekTaM. CuTyanus MMeeT Bcerma
OosbIIMI MaciiTabd, YeM MOJeJIb OOBEKTA.
WNudopMmanmonHas cutyauust 6oiee pas-
HooOpasHa, ueM UMO. ¥ He€ npeameTHas

Puc. 3. UHdpopmaumoHHas cUTyaLums o COCTOSTHUSIM.
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opueHTauusgd. Hanpumep, nuHpopmanuoH-
Hasl CUTyallus B3aUMOJeUCTBUS OOBEKTOB,
UHbOpMaLlMOHHAS CUTyallUs ABUXKEHUS
o0beKTa, HHGOPMALIMOHHAS CUTyal U
cocTosTHUSI 00bekTa. DopMabHO MOAEb
MMC npuBeneHa B BbIPaKeHUU:

HUMC =F2(Ps, Co, Cp, Ros, Rps, ISI, 1S2, S), (2)
rne Ps — mapametpsl cutyanuu, Co — CBSI3U
Mexay oobektamu, Cp — CBSI3U MEXy Mapa-
MeTpaMu 00beKTa, Ros — OTHOLIEHUST MEXILY
o0bekTaMu, Rps — oTHOLIIEHUS MeX Ty napa-
meTpamu, [S1 — nundopmanoHHbIE B3aUMO-
NeWCTBUS B CUTyallUU MEXIY OObEeKTaMHU,
1S2 — uHdbopMalIMOHHBIE BO3IECTBUS B CU-
Tyaluu, S — cucreMHOCTb cutyauuu. Ha puc. 2
NpUBEAEH MpUMep UHMOPMALIMOHHON CUTY-
allyu 1o B3auMoeicTeusiM. Ha HEM yCcJIOBHO
MOKa3aHbl CEMb OOBEKTOB.

O06bekThl 0603HaueHbl yepe3 Oi, OTHO-
IIEHUS TOKAa3aHbl TyHKTUPOM, CBSI3U U B3a-
UMOJEWUCTBUS — CIJOIIHBIMU JUHUSIMU,
OTHOUIEHUS — MyHKTUPHBIMU. B3aumopeii-
CTBUSI — IBOUHBIMU CTPEJIKAMU, BO3AECHACT-
BUSI — OJHOCTOPOHHUMMU CTpeJKaMu. 3a-
KpbITast ”HOOPMallMOHHAS CUTYallUs Yallle
BCero 00J1afaeT CBOMCTBOM CUCTEMHOCTU
U MOXET OBITh pacCMOTpPEHA KaK CIOXHas
CHCTEeMa CO BCEMU CUCTEMHBIMU CBOICTBA-
Mu. OTHOILIEHUS MOIOJHSIOT COCTOSIHUS.
DTO MOTYT OBITh OTHOILIEHUS WEpapXUU,
OTHOUIEHUSI 9KBUBAJEHTHOCTHU U IIP.

Ha puc. 3 npuBeneHa nHGopMallMoOHHas
CUTyalusl Mo COCTOSTHUAM. CBI3U MeXY
COCTOSTHUSIMU TTOKa3aHbl HEMPEPbIBHBIMU
JuHUSIMU. COCTOSTHUS 0003HAYEHBI IIECTU-
YrOJIbHUKAMU U He 3alITPUXoBaHbl. OObEKT
(O) — BOCbMUYTOJILHUKOM U 3alITPUXOBAH.

PucyHok MoxeT npenmnosiaraTb MHOXe-
CTBO cuTyauuit. Hampumep: moe3a HaxonuT-
Cd Ha CTAaHUMU OTIpaBiaeHUs (YCIOBHO CO-
cTosiHUE 1); moe3a — Ha MPOMEXYTOYHOM
craHuuu (yciaoBHO cocTtosiHue 5 wiu O);
noe3 — Ha CTaHL MU NPUOBITUS (YCIOBHO
coctosiHue 31).

MudopmanroHnHas cuTyarus 1o cocTosi-
HUSIM OIMKUCBIBAET OJIUH OOBEKT, IepeMelaro-
IIUICSI TTO BO3MOXHBIM (PUKCUPOBAHHBIM
coctogHUusAM. OHa CTPOUTCS, KOrJga ecTh
HayaJlbHOE U 1ieJieBoe coctosiHue. Ecinu nemnp
He omnpefesieHa YETKO, a UMeeTCsl HeKas 1ie-
JieBasl Mmapaaurma, To OT YIpaBJIeHUs MO
COCTOSTHUSIM TEePEXOAST K YIPABICHUIO IO
no3unusam [8]. I[IpumMep Takoil cuTyauuu
CBSI3aH C PIHKOM, KOTJIa OTHOM U3 Mapaaurm
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YIIPaBJICHUS SBJSIETCS 00eCneueHue KOHKY-
peHTocnocobHocTU. B 3TOM citydae mpoBoasT
CPaBHUTEJIbHBIN aHAINU3 U OMPENeISIIoT MOo-
3ULMI0 00BbEKTa B MH(MOPMAILIMOHHOUN CUTY-
anuu. CpaBHUBas MO3ULIMIO 00BEKTA C TO-
3ULMEN APYTUX OOBEKTOB, BhIPAOATHIBAIOT
CTpaTeTUIO0 YAyYUIEHUS MO3ULUU 00BbEKTa
«O» ¢ y4ETOM U3MEHEHUS OCTAIbHBIX MO3U-
uuit. Takoe ynpasiaeHue OyaeT AMHAMUYE-
CKWM U TpeOyeT MpUMEHEeHUS TUHAMUYECKOI
MOJIEJIA CUTYyalluu, TEPMUH «IMO3ULIUSI»
yrnoTtpebasieTcss B ABYX 3HaueHUsx. [1po-
CTPaHCTBEHHAs MO3UIMS, KOTOpask OMUCHI-
BaeT nepeMenieHre 00beKTa B TPOCTPAHCTBE,
U MmapaMeTpuyeckas Mo3ulusi, KOTopas Xa-
pakTepU3yeT MO3ULMI0 00BEKTA IO BEIOpaH-
HOMY KPUTEPUIO, HAIPUMEP KOHKYPEHTO-
CHOCOOHOCTh WM HAIEXKHOCTb.

Jn1g MOAHOTH PacCMOTPEHUS TpPaHC-
MOPTHBIX 00BEKTOB HEOOXOAMMO MPUMEHSTh
nvuHaMuyeckue moxaenu. [lepemenienue
TPaHCHOPTA OCYILIECTBISETCS MO TpaHC-
MOPTHOM CETU, aHaJIOT KOTOPOI MPUBEAEH
Ha puc. 3.

JvuHaMuyeckre MOJeIr BKIOYaloT pak-
TOP BPEMEHMU, IO TOW MPUUYUHE UMEHHO
OHU CJTy>XaT OCHOBOI yIpaBJIeHUs KaK Bpe-
MeHHoro rnpouecca [9, 10]. I1pu nepemMere-
Hun UMO, Kkak npaBuio, cTallMOHapHa 1o
BHYTPEHHUM XapakTepucTukam. JlnHamuka
MPOSIBISETCS B IIEPBYIO OUepeab Ha MOJIEIU
MHGOPMAILIMOHHOW CUTYALIUU:

HMC(t) = F3 [Ps(t), Co(t), Cp(t),
Ros(t), Rps(t)]. 3)

B npouecce nuHaMuKu MHGOPMALIMOH-
Hasl CUTyalus puc. 3 xapakTepu3yeT nepeme-
LIeHUe O0BEKTa, U3BMEHEHUE €r0 COCTOSIHUS
U no3uuu. YacTo mpu TaKOM aHAJIU3€E MPU-
MEHSIIOT ToIoJiorndyeckue moaenu [11], ko-
TOpbIE PEelIaloT HE TOJABKO 3alauyu BbIOOpa
MyTH, HO U OLIEHUBAIOT PUCK MepeMEIeHUS,
TEKYILYIO U UTOTOBYIO CTOUMOCTb ITEPEBO3KMU.

IIpu MomenMpoBaHUU CJIEAYeT MPUHU-
MaTh BO BHMUMaHUE, 4YTO OOBEKThI TPaHC-
nopta U TpaHCIOPTHAasA UHPpACTpyKTypa
HaxonAsdTCs B peaJbHOM MPOCTPaHCTBE.
IToaTomy 151 mocTpoeHUss UHPOPMALIMOH-
HBIX MOJeJieli HE0OOXOAUMO KCII0JIb30BaTh
MPOCTPAHCTBEHHYIO0 MHOOPMALIMIO U MPO-
cTpaHCTBeHHbIe Mofesu [12]. B oTnenbHBIX
cllydasix il MOAEIUPOBAHUS YIPaBJIeHUS
HYXHBbI MTPOCTPAaHCTBEHHbIE 3HaHUS [13].
BxuttoueHre mpocTpaHCTBEHHBIX (haKTOPOB
B MOJIeIMPOBaHUE JeJ1aeT BOCTPEOOBaHHBI-
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MU METO/bl TeOMH(MOPMATUKU U TeOUHGOP-
MalnOHHBIX Mogneneit [14]. Kpome Toro,
COBPEMEHHOE MPOCTPAHCTBEHHOE MOJEIN -
pOBaHME IIUPOKO UCTTIOJIb3YET KOCMUYECKUE
TEXHOJIOTUU. B cuiy 3TO0ro mpuMeHsoT
WHTErpauio TEXHOJOTUM JUCTaHILIMOHHOTO
30HAUPOBAHUS U TEOMH(POPMATUKU.

MHCTPYMEHT OLLEHKUA
HEONPEAENEHHOCTHU

[MpruunHamu nH(GOPMAIIMOHHON HEOTIpe-
JIETIEHHOCTHU MOTYT OBITh pa3Hble (haKTOPbI, HO
13 HUX MOKHO BBIJIEJIUTh TPU, U3 KOTOPBIX /1BA
JIMaMETPaTbHO TIPOTUBOTIONOXKHBIE: HETOCTA-
TOK MH(OpMaINK; U30BITOYHOCTH MH(OpMa-
1IUK, KOTOpasi B KOTHUTUBHBIX TePMUHAX
TIPOSIBIISIETCST KaK «<HEO0O3PUMOCTH» U «HEBO-
CIIPUHUMAEMOCTb». TpeTuii hakTop 00yCI0B-
JIEH pa3BUTHEM BBICOKOCKOPOCTHOTO TpaHC-
TOPTa U COCTOUT B TPEOOBAHUY COKPAIIIEHUST
BPEMEHU Ha MIPUHSITUE PEIIECHUIA.

DTH Bce MPUUMHBI MOXHO Ha3BaTh 00b-
€KTUBHBIMU. JIOTIOTHUTEIBHO K HUM TTOSIBU-
Jlach ellg oJfHa — MOBbIlIeHNEe NH(HOPMAIIK -
OHHOW HArpy3kul Ha pyKOBOIWTEJeil, poCT
pucka, oOyCITOBIEHHOTO «UeJTOBEYECKUM
(akTopom». MHpopmanimoHHast Heorpezae-
JIEHHOCTh MOTUBUPOBaHA Pa3HBIMU «HE
(dbakropamu» [16]: HeOCBELOMIEHHOCTD,
HEeMH(POPMUPOBAHHOCTh, HEUCTUHHOCTD
uHdopmaruu (3abiyxneHue), HeaaeKBaT-
HOCTb MOJIEJIUPOBAHUSI.

HeocBenomnéHHoCTh U HEUHDOPMUPO-
BAaHHOCTh OJIN3KUE TOHSITUS, HO MEXIy
HUMU eCTh pa3nnune. HeocBenOMIEHHOCTD
0oJibllle HOCUT CYOBEKTUBHBIN OTTEHOK.
OHa MOXeT BO3HUKATh ITPU HAJTUYUU OCBE-
JOoMJIsTIoNIe nHhopMauu, HO He TOJTy-
YeHHOW MPUHUMAIONIUMU PEIIEHUS TO
cyObeKTUBHBIM TipuunHaM. HenHdbopmu-
POBAHHOCTH Xe 00yCJIOBJIEHA JIMIIb OTCYT-
CTBUEM UH(pOpPMALIUU.

HeuctunHocts nHGOpMaIum (3a0myxe-
HUE) CBSI3aHa C HAJIMUUEM <«IIPaBIOMOI00-
HOI1», HO HE 10 KOHIIa TOYHOU WH(pOopMaIn-
eii. Llenpio MHOOPMAIITMOHHOTO B3aMOIEii-
CTBUSI U TUATHOCTUKM, KaK U JTIOOOTO Hayd-
HOTO MCCJIEIOBAHUS, SIBJISIETCS MTO3HAHUE
uctrHbl. OTHAKO BCIIEICTBUE HETIPABIIBHBIX
HMCXOMIHBIX TIOCHUIOK, HEMPABUIbHON TpaK-
TOBKU YCJIOBUIA, JIOTMUECKUX OIITMOOK U T.TT.—
pe3yibraToM MHGOPMALIMOHHOTO Tpoliecca
MOXET ObITh 3a0ayxaeHue. [Ton 3a0ayxae-
HueM [17] oObIYHO MOHMMAIOT OTpenesIEH-
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HBIN BUJI JIOKHBIX BBICKa3bIBAaHUM, OTIMYA-
FOIIUXCS OT MPOYMX TEM, YTO TaKOE JIOKHOE
BBICKa3bIBAaHNE TTPUHUMAETCS 32 UICTUHHOE.

ITpoGyiieMbl MoeTMPOBaHUSI, HallEJEH-
HOTO Ha YCTpaHEHWE HEeOIpeneJIEHHOCTH,
MMPOUCTEKAIOT B OCHOBHOM OT TOTO, UTO WH-
¢opMallMOHHAas HeoMNpeaeJaéHHOCTh 00-
YCJIOBJIEHA HEalleKBaTHOCThIO MOJIENE, OT-
paxkalolnx peaibHylo cuTyanuto. B HacTos -
1ee BpeMsi ”H(OPMaImoOHHOE MOJIETMPOBa-
HUE cTajio 0oJiee TOUYHBIM MHCTPYMEHTOM,
MO3BOJISIIONIUM CO3/1aBaTh KaueCTBEHHO
pa3Hble MOJIEJIN: CUTyalluid, IPOIIECCOB,
O0BEKTOB, SIBJIEHUI. DTO momoraeT 3P dek-
TUBHO YCTPAHSITh HEOTIPEIeIEHHOCTD.

PaccMoTpuM cUTyallMOHHBIE MOJEJH,
coJepxkalue HeonpeneaéHHocTb. [TpocTeii-
mast: «[Toe3n oma3apiBaeT Ha CTAHIIMIO TIPU -
OBITUSI». DTO KOHCTATUPYIOIIasi MOJENb,
KOTOpasi COIEPKUT HEOTpeneEHHOCTh 0e3
KaKoi-JIM00 KOJIMYECTBEHHOI MEpHI.

Ha npakTtuke BO3MOXHO TIpUMEHEHUE
MoJiesieid, comepKaliuX KOJMIeCTBeHHbIe
OIleHKMW HeoTmpenejléHHocTu. Hanmpumep,
moe3 MpuObIBaeT BOBPEeMs Ha CTAHIIUIO
¢ BeposITHOCTHIO 0,5; npyrast cuTyarus — mo-
€3]l ola3JbIBaeT Ha CTAHIIUIO TIPUOBITUS
¢ BeposTHOCThI0 0,15. DTH BapraHThI pa3HO-
POIHBI ¥ BMECTE CO3aI0T CJI0XHYI0 MH(DOP-
MaIMOHHYIO CUTYaIIUIO.

CrnoxHast nH(pOpMaIIMOHHAsT CUTYaIns
COJIEPXKUT UCTUHHYIO U HE MUCTUHHYIO WH-
¢dopmanuio. st 06padoTKu Takoil nHMOP-
Malluyi TIPUMEHS 0T Teopuio lemrictepa—
Tadepa (THAL) [18]. DTO MaTemaTuuecKas
TEOpUs CBUAETEIHCTB, OCHOBaHHAs Ha
dynkum nosepus (belief functions — Bel)
u GpyHkuuu npasaomnonodbus (plausible
reasoning — P1), KoTopbie UCHOIB3YIOT, UTO-
Obl CKOMOMHUMPOBATh YaCTU PA3HOPOJIHON
nH(GOPMAITMOHHOW CUTYALIMU JUTSI BBIYUCIE -
HUSI BEPOSITHOCTU COOBITHUIA.

DyHKIMS 10BEpUs TTPEACTABISIET cO00
BeposiTHOCTH coobiTus: Bel: P(X) — [0,1].

Ilycte X — yHuBepcyM: Habop Bcex
COCTOSTHU CHCTEMBI (paccMaTpUBaeMBbIX
yTBepKAeHUIt). MOIIHOCTh MHOXeCTBa 2*
COZIEP>KUT BCE TIOMMHOXECTBa MHOXeCTBa X,
BKJIIOYas mycrtoe MHoxecTBo (0. Hampumep,
ecnu X = {a, b}, To 2* = {0, {a}, {b}, X}.

DJjIeMeHThl MHOXXECTBAa MOIITHOCTH MOTYT
OBITH B3SITHI IJIST TIPEACTABICHUS TIPEITIOXKE-
HU OTHOCHUTEJIBbHO (PaKTUIECKOTO COCTOSI -
HUST CUCTEMBI, COJIEPXKAIIIETO BCE U TOJIBKO T
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HeonpeaenéHHoOCTb

Puc. 4. OTHoweHns mexay pyHKumnei gqosepus n pyHkuuer npasgononooms.

COCTOSIHMSI, B KOTOPBIX YTBEPKIECHUE BEPHO.
Teopust mokazaTeabcTBa MPUCBAUBACT MacCy
yOeXXIeHUs KaxkKI0oMY 2JIEMEHTY Habopa MOIII -
HocTHU. BBoguTcs MoHsITHE MacChl (m), 3aM-
CTBOBaHHOE YaCTUYHO U3 (PU3UKH, YACTUUHO
U3 MaTeMaTUKU, U3 TEOPUU BEPOSITHOCTH.
DopmanbHo pyHkMg m: 2 — [0,1] Ha3bIBa-
eTcs 0a3oBbIM yoexaeHueM (basic belief
assignment — BBA), korma oHo nMeeT nBa
CBOICTBaA:

1.Macca nmycToro MHOXeCTBa paBHa HY-
mo: m(@) = 0.

2.Macchl OCTaBIIMXCS 3JIEMEHTOB TTOKa-
3aTeJIbHOTO MHOXECTBa HOPMUPOBAHBI Ha
eIMHUYHYIO CYMMY:

> m(4)=1.

AeP(x)

Maccam(A) aneMeHTa A, 3a1aHHOTO YeHa
Habopa, BbIPaXKaeT JOJI0 BCEX PEIEBAHTHBIX
U JOCTYITHBIX JO0KAa3aTeIbCTB, KOTOPhIE MO/ -
TBEPK/IAIOT YTBEPKIEHUE O TOM, UTO (hakTu-
YeCcKOe COCTOSIHME MPUHAIIEXKUT A, HO HE
TMOOMHOXECTBY A. 3HaueHue m(A) OTHOCUTCS
TOJIBKO K MHOXECTBY A U HE CO3MaET HUKAKIX
JIOTIOJTHUTEIbHBIX YTBEPXKIECHUN O NPYrux
TMOAMHOXECTBaX A, KaXJI0€ U3 KOTOPBIX, 1O
OTpeJIeIEHUI0, UMEET CBOI0 COOCTBEHHYIO
maccy. Micxonst u3 nmpumnumcaHHbIX MAacc, MOXKHO
OTPEICIUTh BEPXHIOI Y HUXHIOK TPaHULIbI
BO3MOXHOCTE! BEpOSITHOCTHOTO MHTEepBaIa.

OTOT UHTEPBAJ CONEPXKUT TOUHYIO BEJIU-
YUHY BEPOSITHOCTU PaccMaTprUBaeMOro Mo -
MHOXecTBa P(A) (B KIIaCCUYECKOM CMBICIIC)
U OTpaHUYEH IBYyMSI HEAIUTUBHBIMU HEIIpe-
PBIBHBIMU M€paMU, Ha3bIBa€MbIMU JI0BEpHUE
{belief) (unu TTogaepKKa {Support)) v mIpaBIO-
nionobue {plausibility): Bel (A) < P(A) < PI(A).
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JoBepue Bel(A) Kk MHOXeCTBY A ompene-
JISIETCSI KaK CyMMa BCEX MacC COOCTBEHHBIX
MOJAMHOXECTB paCCMaTPMBaeMOIO MHOXKECT-
Ba:

Bel(A)= > m(B).

BlBcA

IMpaBnonogobue PI(A) — cymma macc
BCEX MHOXECTB B, TepeceKalommxcs ¢ pac-
CMaTpUBAaEMbIM MHOXECTBOM A:

Pi(A)=" Y m(B).

BlA~\B#0

PI(A)=1-Bel™ _ nna Beex 4 e P (X).

OTtHoueHUs MexXny (yHKIMEN TOBepus
1 QYHKLIMENH TTpaBaonoa00us IIOCTPUPYET
puc. 4.

TIII mo3BoasieT MHTEPNPETUPOBAThH
IoBEepHe U MPaBAOMOA00MEe KaK TPaHUIIBI
MHTEepBajia BO3MOXHOI0 3HaYCHUS UCTUHHO-
CTU TUITIOTE3bl: JOBepHe < KaKas-TO Mepa
WCTUHHOCTU < IIpaBIOIIOa00HeE.

[Ipu 3TOM MOCTYIMPYETCS, YTO:

* IOBEpUeE K TUIIOTE3¢ OIPEaesIeTCs Kak
CyMMa MacC CBUIETEIbCTB, OMHO3HAUHO
MOIIEPKUBAIOIIUX TUIIOTE3Y;

* MpaBaOMOAO0OME oIpeneasieTcs Kak
eIMHUIIA — CYMMa MacC BCEX CBUIIETEJIHCTB,
MMPOTUBOPEYAIINX MU OIIPOBEPTralOIInX I'-
MoTe3y.

ITo cymectBy, T ncrmonb3yeT HEYET-
KWAM OMITO3ULIMOHHBINA moaxon. Pazmuyue
MEXIY YTBEPXKICHUEM U OIIO3UIIMOHHBIM
YTBEPXKIEHUEM OIIpenesieT 00JacTh He-
onpenenéHHOCTH.

Hampumep, mycTh y Hac ecTh TUMOTe3a
«I10€31 MPUOBIBAET MO pacnucaHuio». Eciu
s He€ nosepue 0,5 u mpaBnonogo6ue 0,85,
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TO 3TO 3HAYMT, YTO y HAC €CTh CBUIETEIbCTBA
(o61wueit maccoii 0,5), 0ofHO3HAUHO yKa3blBa-
IOIIIME, YTO TTOe3 MPUOBIBAaeT M0 pacmuca-
HUI0; HO UMEIOTCS U CBUETENbCTBA (001Lel
maccoii 0,15), omHO3HAYHO yKa3bIBalollue,
YTO TI0E€3/] He MPUOBIBAET MO PAaCIUCAHUIO
(moBepue «1moe3n He TpuobIBaeT» = 1—0,85 =
0,15). OcraBiiasicsa Macca (JIOIMOJHsIOIIAs
0,5 u 0,15 oo 1,0 = 0,35), oHa ke — 3a30p
Mexay TpaBnornogoouem 0,85 u moBepuem
0,5, COOTBETCTBYET «HEOMPEAeTEHHOCTU»
WJIW HaJMYUIO CBUIETEIbCTBA, UTO TTOE3T
TOYHO €CTh, HO HE TOBOPSIIIINX HIYETO O TOM,
MMPUOBLIBAET OH BOBPEMSI WJIM HE IIPUOKIBACT.
Hurepsan [0,5; 0,85] xapakTepusyet Heompe-
IeIEHHOCTh NCTUHHOCTY THITOTE3bI, UCXOIS
13 UMEIOIINXCSI CBUICTEIbCTB.

Takum obpazoMm, Moaenb MHGOPMALIU-
OHHOU CUTyalluu C BKJIIOYEHUEM BEpPOSIT-
HOCTHBIX XapaKTePUCTHUK TTO3BOJISIET OTICHU -
BaTh HEOTIPEIEIEHHOCTh HE TOJIBKO KauecT-
BEHHO, HO M KOJMYECTBEHHO. DTO JaeT
BO3MOXHOCTb MCITOJIb30BaTh TaKMe OIIEHKHU
B aBTOMATH3UPOBAHHBIX Y MHTEJUICKTYaTh-
HBIX CHCTeMaxX IJIs MOBBHIIIEHUS KadecTBa
Y HaJIEXKHOCTH yIIpaBJICHUS.

SAKJIKOYEHUE

I[MTpuMeHeHMe OOBEKTHBIX U CUTYalIMOH -
HBIX MOJIEJICH UIsT yITpaBIeHUS TPAHCIIOPTOM
SIBJISIETCST OMHWM U3 HATIPaBJICHU A TIOBBITIIE-
HUS 9 GEKTUBHOCTHU NESITETbHOCTU TPAHC-
MmopTa U OCHOBOW pa3BUTHUS yIpaBICHUS.
CoBpeMeHHOe yIpaBJieHUe Ha TPaHCITOpTe
BCE€ 0OJIbIIIE MEPEXOIUT OT IBPUCTUUYECKOTO
K aBTOMAaTU3UPOBAHHOMY M MHTEJUIEKTYalTb-
HoMYy. TpymHOCTb TAaKOTO TIepexoia CBsI3aHa
C TPYIHOCTBIO (hopMau3allMy CUTYaIIUid,
cofepXaliux HeOTIpeaeIEHHOCTb.

[MpemnoxeHHbI MeTON Ta€T hopManm3o-
BaTh HEOTIPEJEIIEHHOCTh W MPOBOIUTH aBTO-
MaTU3UPOBAHHYIO 00pabOTKY CUTyallUid.
OOBeKTHBIE U CUTYAITMOHHBIE MOJIEIIN TTO3BO-
JISIOT Ha MMOPSIIKA YMEHBIIUTh 00bEM UHGDOP-
Maliu, aHAJTU3UPYEeMbIil YeJIOBEKOM, U HUC-
MOJIb30BaTh TaKUEe MOJETU IJIsT TIPUHSTUS
pelIeHnii B CUTyallMOHHBIX KOMHaTax. B To
xe BpeMs Teopus Hemncrepa—Illadepa
OCTaE€TCSI TOJTLKO OJTHUM U3 TTO/IXO/IOB K OIIeH-

KE HeOHpCI[CJ'IéHHOCTI/I 1 HyXIa€TCAd B OaJlb-
Heuem PasBUTUHN.
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INFORMATION PROCESSES IN BIG DATA ENVIRONMENT
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Tsvetkov, Victor Ya., Research, Design and Project Institute of Railway Informatics, Automatics and
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ABSTRACT

The article describes the results of the study
on object and situation oriented modelling of
transport control, reveals the sense and contents
of relevant information models, similarities and
differences between described models, considers

features of static and dynamic data situations,
their differentiation by criteria of interaction and
state. The authors suggest method of the use
of the model of information situation for
assessment of information uncertainty for
decision-making.

Keywords: information, data, transport, management, control, modelling, information model of an object,
situational information model, informatin uncertainty, belief function, likelihood function.

Today, transportation management is
characterized by growing volumes of information,
increasingly complex situation management
challenges, and ever-shrinking periods of time
available for decision-making, especially in the case
of high-speed transport systems. To an extent, these
factors are corollaries following from the more
general problem of «big data» [ 1] that pervades many
different fields. An additional factor affecting
management is the problem of reducing or
eliminating information uncertainty [2] that has a
two-fold cause. Uncertainty is caused, firstly, by the
lack of information necessary for making a decision.
Secondly, it stems from excessive, and overwhelming,
amounts of information that require a long time for
their analysis and identification of useful content,
which time is comparable to the acceptable decision-
making time.

A radical method of transport management known
as the information-based approach was suggested
[3] that involves the application of various information
models. Models of transportation systems [4, 5] are
designed to reveal opportunities for the development
of transportation services, improving their quality, and
predicting the future of the transportation industry.
Information modeling is not a simple transfer of
methods and models used by information science to
the field of transportation. It requires a new array of
information and electronic resources and a set of
innovative information solutions.

Types of information model

Object models describe objects. The OIM, i.e.
object information model, is the best example of
concepts used by the information science. Situation
models describe situations of objects. The situation
information model (SIM) is an example, sometimes
referred to as the information situation. The two
information models are close to each other but
distinct. They are not the only ones that describe
objects and situations. Generalized models have been
developed, such as the information construction
model [6] that can be used to describe either objects
or situations as needed.

The key distinction between the OIM and SIM lies
in their scopes of applicability. Their shared area is
that both are derivatives of the notion of ‘information
model.’

Object information model (OIM) [7] is defined as
an interrelated set of parameters, the mostimportant
links and relations. The term «mostimportant» means
that included in the model are essential links and
relations, while non-essential ones are left out. This
the general feature of any models, including non-
information ones. A formal description of the OIM is
provided by the formula:

OIM = FI( Po, Cint, Cex, Rint, Rex, I1, 12, SO), (1)

where Po is the object’s parameters, Cint is the
internal links between parts of the object, Cex is the
external links with other objects and the environment,
Rintis the internal information relations between parts

S/

Pic. 1. An object information model as an aggregate of links and relations with external environment.
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Pic. 2. Example of a closed information situation
described with interactions.

ofthe object, Rex is the external information relations,
11 is the information interactions between the object,
other objects, and the environment, 12 is the
information impacts on the object, SO is the systemic
characteristic of the object (an optional parameter).
An object can be a part of another object that is a more
complex system, or it can be a stand-alone system
that has the attributes of completeness and
systematicity. The latter is a manifestation of the
object’s systematicity (systematicity of the object,
SO).

Pic. 1 provides an example of object information
model. The internal structure is not shown but
indicated with Po, Cint, Rint. Links and interactions
are shown with solid lines; relations, with dashed lines.
Double-tipped arrows show interactions; single-
tipped arrows, impacts. Straight lines with no arrows
indicate links without interactions.

The area of material impact on the object is shown
with a bold line. Other objects are not included in the
model and are referenced with external links and
relations. The intended purpose of the OIM is to
describe an individual object.

Situation information model(SIM) is an interrelated
aggregate of parameters, links and relations that are
the most relevant for a given situation. The intended
purpose of the SIM is to describe qualitatively different
situations: interactions between objects, behavior of
a single object or a group of objects in a given
situation, dynamics of the situation irrespective of the
objects. A situation is always of a greater scale than
an object model. An information situation is always
more versatile than an OIM. It is object-oriented.
Examples include information situation of interactions
between objects, information situation of a moving
object, information situation of an object’s state. A
formal description of the SIM is provided by the
formula:

SIM = F2(Ps, Co, Cp, Ros, Rps, IS1,1S2, S), (2)

where Ps is the situation’s parameters; Co is the links
between objects, Cp is the links between the object’s
parameters, Ros is the relations between objects, Rps
is the relations between the object’s parameters, IS 1
is information interactions between objects involved
in the situation, IS2 is the information impacts in the
situation, S is the situations’ systematicity. Pic. 2
provides an example of an information situation
described with interactions. It shows seven objects.

Objects are indicated with Oi, relations are shown
with dashed lines; links and interactions, with solid
lines. Interactions are shown with double-tipped
arrows; impacts, with single-tipped arrows. In most
cases, closed information situations are systemic and
can be viewed as complex systems possessing the
full range of systemic properties. Relations
supplement states. The former can be relations of
hierarchy, equivalency, etc.
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Pic. 3. Information situation by the object’s states.

Pic. 3 describes an information situation by the
object’s states. Links between states are shown with
solid lines. States are shown with clear hexagons. The
object (0) is represented with a shaded octagon.

The picture can describe multiple situations. For
instance, a train is at the station of departure
(conventionally, State 1); the train is at an interim
station (State 5 or O); the train is at the station of
destination (conventionally, State 31).

An information situation by states describes a
single object that moves across possible fixed states.
Such a model is built when we have an initial state and
the target state. If the target is not clearly defined but
a certain target paradigm is available, then a transition
is made from managing by states to managing by
positions [8]. An example of such a situation would be
a market where ensuring competitiveness is one of
management paradigms. In such a case, a
comparative analysis is made to determine the
object’s position in the information situation.
Comparing the object’s position with the positions of
the other objects, the analyst works out a strategy for
improving the position of the object «O» in view of the
changes in the other positions. Such management
will be dynamic and requires a dynamic situation
model; the term «position» has two meanings. The
spatial position that describes the movement of the
object in space, and the parametric position that
characterizes the position of the object by a chosen
criterion, such as market competitiveness or
reliability.

To make the analysis of transport objects more
comprehensive, dynamic models need to be used.
Transportation vehicles move on a transportation
network, a model of which is showed in Pic. 3.

Dynamic models incorporate a temporal
dimension, and for this reason such models serve as
the basis of management as a time process [9, 10].
When an OIM is moving, itis usually stationary in terms
of its internal characteristics. The dynamics are
primarily manifested in the situation information
model:

HMC(t) = F3 [Ps(t), Co(t), Cp(t), Ros(t), Rps(t)]. (3)

As the dynamics unfold, the information situation
of Pic. 3 characterizes the movement of the object,
the change in its state and position. In many cases,
such analysis uses topological models [11] that not
only solve route selection problems but assess the
movement’s risks, the current and total cost of the
transportation.

In modeling, it is important to keep in mind that
transport objects and transport infrastructure exist in
real space. For this reason, spatial information and
spatial models should be used as building blocks in
the construction of information models [12]. In some
cases, management modeling needs spatial
knowledge [13]. Incorporation of spatial factors into
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modeling necessitates the use of geoinformatics
methods and geoinformatics models [ 14]. In addition,
modern spatial modeling relies widely on aerospace
technologies. This requires integration of remote
sensing and geoinformatics technologies.

A tool for assessing the uncertainty

Information uncertainty may be caused by a
variety of factors, three of which can be singled out
as the most salient. Out of the three, two are diametric
opposites: deficit of information, and excess of
information. In cognitive terms, these are described
as «opacity» and «indiscernibility». The third factor is
related to the advent of high-speed transport and is
manifested in the shortening of the time available for
decision-making.

All these factors can be regarded as objective. In
addition to them, another one has emerged:
information overload of managers and increased risks
associated with the «<human factor». Information
uncertainty is also driven by various «non-factors»
[16]: unawareness, uninformed-ness, untrue
information (misunderstanding), inadequate
modeling.

Unawareness and uninformed-ness are close but
distinct notions. Unawareness is largely subjective. It
can arise when the relevant information is available,
but the decision-maker has never received it for
subjective reasons. Uninformed-ness stems from just
a lack of information.

Untrue information (causing fallacies) is related
to the availability of information that is plausible but is
not fully accurate. The purpose of information
interaction and diagnostics, as well as any scientific
research, is learning the truth. However, as a
consequence of incorrect initial premises, incorrect
interpretation of the conditions, errors in logic, etc.,
an information process may resultin a fallacy. A fallacy
[17]is normally construed as a type of false statement
that is distinct from the other false statements in that
it is taken to be true.

Problems in modeling that aims to eliminate
uncertainty largely follow from the fact that information
uncertainty results from the inadequacy of models
simulating a real situation. By now, information
modeling has become a more accurate tool that allows
the creation of qualitatively different models: models
of situations, processes, objects, phenomena. This
tool is effective in helping eliminate uncertainty.

Let us review some situation models that contain
uncertainty. An elementary one would be «The train
is set to arrive at its destination late». This is a
statement model that contains uncertainty without
any quantitative measure.

In practice, models are possible that do contain
quantitative assessments of uncertainty. For example,
the train will be at the station on time with a probability
of 0.5; another situation, the train will be at the station
late with a probability of 0.15. These variants are
disparate and together they create a complex
information situation.

A complex information situation will contain both
true and false information. To process such
information, the Dempster—Shafer theory (DST) is
used [18]. This is a mathematical theory of evidence
that is based on the belief function (Bel) and the
plausible reasoning function (Pl), which functions are
used to combine parts of a disparate information
situation for the purpose of calculating probabilities
of events.

The belief function is the probability of an event:
Bel: A(X)— [0,1].

Let X be the universe, i.e. the set of all states of a
system (statements under review). The power set 2*
contains all subsets of set X, including the empty set
0. Forexample, ifX={a, b}, then 2 = {0, {a}, {b}, X}.

The elements of the power set can be taken to
represent assumptions on the actual state of the
system that contains all the states for which the
statement is true, and only such states. The proof
theory assigns a mass of belief to each element of the
power set. The notion of mass (m) is introduced,
borrowed in part from physics, and in part from the
probability theory. Formally, a function T: 2x—[0.1] is
called a basic belief assignment (BBA), when it has
two properties:

1. The mass of the empty set equals zero:
17(9) = 0.

2. The masses of the remaining members of the
power set add up to a total of 1:

> m(4)=1.
AeP(x)

The mass m(A) of member A, a given member of
the power set, expresses the proportion of all relevant
and available evidence that supports the claim that
the actual state belongs to A but to no particular
subset of A. The value of m(A) pertains only to the set
A and makes no additional claims about any subsets
of A, each of which have, by definition, their own mass.
From the mass assignments, the upper and lower
bounds of a probability interval can be defined.

This interval contains the precise probability of a
set of interest P(A) (in the classical sense), and is
bounded by two non-additive continuous measures
called belief(or support) and plausibility: Bel (A) <P(A)
<P1(A).

The belief Bel(A) for a set A is defined as the sum
of all the masses of subsets of the set of interest:
Bel(A)= 3" m(B).

1Be

The plausibility PI(A) is the sum of all the masses
of the sets B that intersect the set of interest A:
Pi(4)= Y m(B).

BIA\B#0
PI(A)=1-Bel™ forall A e P(X).

Pic. 4 illustrates the relationship between the
belief function and the plausibility function.

DST allows to interpret belief and plausibility as
the bounds of the interval where the true value of a
hypothesis is possible: belief < a measure of truth <
plausibility.

Here, it is postulated that:

- belief in a hypothesis is constituted by the sum
of the masses of all sets enclosed by it;

- plausibility is defined as 1 minus the sum of the
masses of all sets that contradict or reject the
hypothesis.

In essence, DST uses an approach of fuzzy
oppositions. The difference between a statementand
the opposing statement defines the area of
uncertainty.

For example, let us assume that we have the
hypothesis «the train arrives on schedule». If, for this
hypothesis, belief is 0.5 and plausibility 0.85, then it
means that we have evidence (with a total mass of
0.5) that unequivocally indicate that the train arrives
on schedule; but there also is evidence (with a total
mass of 0. 15) that unequivocally indicate that the train
does notarrive on schedule (the belief «train does not
arrive» = 1-0,85 = 0,15). The remaining mass
(complementing 0.5and 0.15to 1.0 =0.35), the gap
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proizvodstvenno-transportnykh sistem]. Nauka i tekhnika
transporta, 2003, Iss. 4, pp. 8—17.

uncertainty

bel(A) _ bel(A)

pI(A)

Pic. 4. Relationship between the belief function and
the plausibility function.

between the plausibility of 0.85 and the belief 0.5,
constitutes the «uncertainty» or evidence that the train
definitely exists but asserting nothing about whether
or not the train arrives on schedule. The interval [0,5;
0,85] characterizes the uncertainty of the initial
hypothesis’s truthfulness based on the available
evidence.

Thus, an information situation model that includes
a probability characteristic makes it possible to assess
uncertainty not only qualitatively but also quantitatively.
This, in turn, allows the use of such assessments in
automated and smart systems for the purpose of
improving the quality and reliability of management.

Conclusion

The application of object and situation models in
transport management is a method to improve
efficiency in operating the transport industry, and a
basis for improving management theory and practices.
In the transport industry, modern management is
making an accelerated transition from heuristic
methods to methods involving automatics and smart
equipment and techniques. The difficulty of this
transition is caused by the difficulty of formalizing
situations that contain uncertainty.

The method suggested above makes it possible
to formalize such uncertainty and process situations
automatically. Object and situation models reduce,
by orders of magnitude, the scope of information that
must be analyzed by humans, and make it possible to
use such models for decision-making in situation
rooms. That said, Dempster—Shafer theory is just one
of many approaches to uncertainty assessment, and
needs to be further developed.
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