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Annomayun. OOnoii uz ocHoéHbIX 300at ONEPATNOPOE UHPOKOMMYHUKAYUOHHBIX Cemeil A8IIAEMCs GbINONHEHIE 0OA3AMENbCME
1O NPedOCMABNeHIIO CEPEUCOB U YCIIY2 CEA3U, ONpederiaemMbix 002080pom 06 ypoene obeayacusanus Service Level Agreement (SLA).

Mamepuanst u memoo, pe3yasmam u o6cyxcoeHus. B cmamve npedcmasnena umMumayuonnas mooeis CUcmemMvl ynpasneHus
KaQuecmeom UHPOKOMMYHUKAYUOHHBIX YCIIye Onepamopa cesasu, obecnequsaomas peuienue 2a0a4 payuoHaibHo20 pacnpeoenenus
annapamno-NPOZPaAMMHBIX PECYPCOB CUCINEMbL MENHCOY CIIONCHBIMU GLICOKOMEXHONOSUHHBIMU YCIYeAMU C653U, OCYUeCIneneHue KOH-
Queypayuu yenye ¢ mpebyemvimu napamempamu SLA, onpedenenue neobxooumvix 3nauenuii cepeucHvix UHOUKAMOPOE, CPAGHeHUE
UX ¢ NOPO20BLIMU NOKA3amMenamMn. [ ocyujecmenenus uMUmayuOHHbIX IKCREPUMEHINOE ¢ pa3spabomantoli MOOEbIO0 UCROIbIYEMCs
umumamop cemeii [lempu NetStar 2.02.

Ha ocnose popmanusma packpauwennvix cemeii Ilempu (Coloured Petri Net, CPN) u eosmoocnocmeii npomorona OpenFlow
(OF-CONFIG) no yoanéunomy KOHQU2YPUPOBAHUIO CEMEGLIX 2NEMEHMO8 U OUHAMUHYECKOMY pacnpeoenenuio annapamio-
npoepammnsix pecypcoe SDN cemu, pazpabomana uMumayoHHas Mooeb CUCIEMbl YAPAGNEHUs KAUeCMEOM UHPOKOMMYHUKAY U-
OHHBIX YCIIy2 ONepamopa cesasu, 0becne usanwas peutenie 3a0a4 pPayuonaIbHo20 pacnpedeienis annapamio-npoespaMmnsIx pe-
CYpCoe cemit MeAHCOY CAOIACHBIMU GbICOKOMEXHONOLUUHBIMU YCIIY2AMU CE53U, OCYUecmenenue Konpuaypayuu yeaye ¢ mpebyemvimu
napamempamu SLA, onpedenenue neobxooumvix zHauenuill cepeUCHBIX UHOUKAINOPOE U CPAGHEHUE UX C NOPO2OBLIMU NOKAZAMENAMIU.

s ocywecmenenus umMumayuOHHbIX SKCNEPUMEHINOE C paspaboOmanioli Mooenvio ucnonvzyemes umumamop cemeti Ilempu
NetStar 2.02. Ilpeocmagnennan moOens 0aem O3MONCHOCIHb NPOGEOCHUA UCCICOO8AHUA CemU U ee PPASMEHIN0E, HOTYUEHUS UX OCHOG-
HbIX HOKaA3ameneti Kauecme, NOUCKa YenecoobpasHblx pewteHuil no ee KOHPUYPUPOBaHUI0, 0OECNe Ueas MemM CamMbiM ROGbIUEHIE Kae-
CIMBa 0BCIYICUBANUSA NOTBZ06AIMENEH, CHUICEHUE 3AMPAIM HA IKCRIYAMAYUIo cemeti U pazpabomKy panee HeOOCIYRHbIX YCye U cepeu-
coe.

3axmouenue. Paspabomannas umMumayuonnas mMooeins CUCIEMbl YAPAENEHUSs KAYeCMEOM UHPOKOMMYHUKAYUOHHBIX VCIye
onepamopa cesasu obecneuusaem gopmanuzayuio npoyecca gynryuonuposanus SDN cemu, yuumoieas ee cmpyxmypy, napamempul
U 8ePOAMHOCIMHO-6PEMEHNbIE XAPAKIMEPUCINUKY, petenue 3a0a4i PAUHOHANLHO20 PACRPEOeNeHUs ee annapamio-npoPaMmMHbIX
Pecypcos mesicoy CLONCHbIMU GbICOKOMEXHONOSUHHBIMU YCIV2aMU, OCYujecmenenue Konguaypayuu yeiye ¢ mpebyemvivu napamem-
pamu SLA, npu ycmanoexe neobxoOumuix 3nauenuii cepeuchvix UHOUKAMOPOE, CPABHEHUSA UX ¢ NOPO2OBLIMU NOKA3AMENAMU, NPU
6vix00e nokazameneti 3a donycmumvie epanuyst SDL, ocyuecmenenue nepepacnpedenenus pecypcoe cemu.

KnrodeBnie ciioBa: cucTeMa yIpaBlIeHHUS, KAUeCTBO YCIIYT CBS3H, YIIpaBlIeHHe KauecTBOM OOCITyKHUBaHHSL, IOTOBOpP 00 ypoBHE
obcyKuBaHUs, TpoOIeMbl M HHITUICHTEL, ceTH 1leTpu, mmuTtaTop ceteit IleTpu.

Abstract. One of the main tasks of infocommunication network operators is to fulfill the obligations to provide services and
communication services defined by the Service Level Agreement (SLA).

Materials and method, results and discussions. The article presents a simulation model of the quality management system of
information and communication services of a telecom operator, providing solutions for the rational distribution of hardware and
software resources of the system between complex high-tech communication services, configuration of services with the required SLA
parameters, determination of the required values of service indicators and comparison with threshold indicators. For carrying out
simulation experiments with the developed model, NetStar 2.02 Petri net simulator is used.

Based on the colored Petri Net (CPN) formalism of colored networks and OpenFlow protocol (OF-CONFIG) capabilities for
remote configuration of network elements and dynamic distribution of SDN network hardware and software resources, a simulation
model of an information and communication service provider’s communication quality management system was developed that pro-
vides a solution tasks of rational distribution of network hardware and software resources between complex high-tech communica-
tion services, configuration of services with the required SLA parameters, Determination of the required values of service indicators
and their comparison with threshold indicators.

For the implementation of simulation experiments with the developed model, the NetStar 2.02 Petri net simulator is used. The
presented model makes it possible to conduct a study of the network and its fragments, obtain their basic quality indicators, search
for expedient solutions for its configuration, thereby ensuring an increase in the quality of customer service, reducing the cost of
operating networks and developing previously unavailable services and services.

Conclusion. The developed simulation model of the operator's infocommunication service quality management system provides
formalization of the SDN network functioning process, taking into account ITS structure, parameters, and probabilistic-time charac-
teristics, solving the problem of rational distribution of its hardware and software resources among complex high-tech services, con-
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figuring services with the required SLA parameters, setting the required service indicator values, comparing them with threshold
indicators, and exceeding the SDL acceptable limits, reallocation of network resources.

Key words: control system, quality of communication services, quality of service management, service level agreement, prob-
lems and incidents, Petri nets, Petri nets simulator.

This study is funded by the Russian Foundation for Basic Research in accordance with research project No. 19-07-00856\19.

Bgegenne. OHOM 13 OCHOBHEIX 38/1a¥ OIIEPaTOPOB MHPOKOMMYHHUKAITMOHHBIX CETEH SIBISIETCS BEITOJHEHAE 00 5-
3aTEJNBCTB 110 IPEIOCTABIEHAIO CEPBHCOB U YCIYT CBA3H, OIPEAEIAEMBIX JOTOBOPOM 00 YPOBHE 00CIy KHUBAaHUA Service
Level Agreement (SLA) [1-3]. SLA Jukcupyer OCHOBHBIE MOKaszaTelnHW KadecTBa oOchyxwBaHusa (anria. Quality
ofService, QoS), KOTOpHIE omepaTop CBSI3M JOKEH TapaHTHpOBAaTh KIMEHTY. KOHMENuWsl nporpaMMHO-
KoH(UTypupyeMBIX ceTelt SDN onpesnensieT HOBYIO TapaJurMy HOCTPOSHUS ceTel, pa3aeieHue ypoBHel VIIpaBIeHIs 1
Hepesladdl JIaHHBIX, OOecIeUMBACT aBTOMATH3AIMIO IIPONEAYP aJMUHHCTpUpOoBaHUS. CIOXHOCTH WHPPACTPYKTYPHI
IIporpaMMHO-KOHGHUTYpupyeMoit cetrt SDN, cTpyKTypHas cxeMa KOoTopoit IpuBeicHa Ha pUCyHKe |, MHOTOOOpasme ec
CETEBBLIX CIIY KO M IPWIOKEHNH, pasHo0oOpaszne UCIONb3YEeMOTO 000PYI0BaHUS CHCTEM TIO/UIEPKKH KauecTBa, BHI3LIBA-
10T HEOOXOMMOCTh CO3/IaHUs IICHTPATU30BAHHON CHCTEMBI yIIpaBieHus. [Ipn 5ToM, 0OcHOBOH /s HOAJIEpKaHUS Tpe-
O6yeMBIX SLA mnoxasareiel kauecTBa oOCIy KUBAHUSA ABJIAECTCA HAIMUKME MAarucTpalel ¢ BEICOKIMH IPOIYCKHBIMU CIIO-
COOHOCTSIMH, BBICOKOCKOPOCTHEIX MapIIpyTH3aTOPOB M KOMMYTAaTOPOB, COBPEMEHHBLIX BLICOKOIPOM3BOIUTEILHBIX
KOHTPOJLIEPOB, a TAaKKE CUCTEMBI JMHAMUIECKOTO PacIIPE/ICICHUS PECYPCOB.
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Puc. 1. CtpykTypHas cxema nporpaMMHO-KOH(HTYpupyemoiif cetn SDN /
Fig. 1. Block diagram of a software-configured SDN network

Pemuth ganHyio 3a7aqy MOXHO ITyTEM pa3pabOTKH CETH B COOTBETCTBHH ¢ koHmemnmmeit SDN, dopmanmzanun
IporieccoB ee (yHKITMOHUPOBAHUSL, IPHUMEHEHISI MEXaHU3MOB 00ecTIeueHHsI KadecTBa YCIYT, pa3paboTKH W HCCIEI0-
BaHUA MOJIEIIH JUHAMUYECKOTO Iepepaclpe/ieeHUs PECYPCOB allllapaTHO-IIPOTPAMMHOTO KOMILIEKCA MEXKy CIIOJKHEI-
MH BBICOKOTEXHOJIOTHIHBIME YCIYTaMHy IIPH OCYINECTRICHUH WX KoHUryparuu. M3BecTHO, UTO OpraHmsanus oOMeHa
JIAaHHBIMH B IIPOTPAMMHO- KOH(DUTYPUPYEMBIX CETSIX OCYINECTRISIETCs 10/ VIpaBieHueM npoTtokoaa OpenkFlow (OF-
CONFIG), KOTOpPHIi IPeIOCTaRISIET BO3MOXKHOCTH VAAIEHHOTO KOHPHUTYPUPOBAHHUS CETEBBIX DIEMEHTOB, obecTiednBa-
eT IMHAMHIECKOE paclpe/IeIeHIE alllapaTHO-IIPOTPaMMHBIX pecypcoB SDN, coBmecTHMEIX ¢ OpenFlow.

Hanpumep, 37eck MoXkeT OBITH pellicHa 3a/lada JIOTHIECKOTO Pa3JelIeHIs PeCYpPCoB JIOOHX s1eMeHToB SDN cern
HA HECKOJIBKO dacTel, obecnieunBas UX AMHAMHYECKOE pacCIpeeleHNe IIPH YBEIUIeHUHA HWHTEHCHBHOCTH ITOTOKOB I1a-
KkeToB. J[pyruM IIyTeM IOBBIMNIEHUSA kadecTBa oOCIykMBaHHA Hoib3oBarelell SDN cerm sABisercsa obecliednBaeMas
npotokosom OpenFlow (OF-CONFIG) BO3MOXHOCTE HCIONB30BAHUS IOTHIECKOTO YPOBHS VIIPABICHUS, IPU KOTOPOM
peanmzyercsl paclpecieHHOE YIIPaBICHHE HE3aBUCHMBIX (PParMEHTOB CETH 3a CUET IPUMEHEHHSI MHOTOIIPOIIECCOPHBIX
cucreM. /laHHBIE BO3MOXHOCTH IIPOTOKOJIA UCIIONB3YIOTCS aJMUHUCTPATOPOM CETH IIyTEM TOHKOH HacTpoHKH ee IpH-
noxenni. HanGoinee nenecooOpasHble peleHrs MOTYT OBITH IOJNYYEHBI IIPH 3TOM 3a cUeT IpeABapUTEIRHON OlICHKH
napaMeTpoB SDN ceTH, IIpH UCIIONB30BAHUK METOJONOTHH MOJICIAPOBAHUS JHHAMHAKY JTUCKPETHBIX CHCTEM, OCHOBAH-
Holf Ha opmanusMe packparmeHHEIX ceTeit [lerpu Coloured Petri Net (CPN).

Mopaeans cucTeMsl yIpap/ieHI Ka4eCTBOM HH()OKOMMYHIKAIIHOHHBIX YCJIYT HA OCHOBe (hopMasIn3Ma ceTeil
IeTpu

TumoBast cTpykTypa CHCTEMBI VIIPABJICHUSA Ka4eCTBOM YCIYT OIlepaTopa CBs3H, IPEACTaBICHHAs B JIOKyMEHTax
MCD-T Y.2011, npuBeneHa Ha prc. 2 YPOBHH IOKa3aTellell kauecTBa, paccMaTpUBaeMEIX B SLA, IIpHBE/ICHEL HA PIC.
3.
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JUTst TIonb30BaTensT BaXHBIMH HHMKATOPAMHU KauecTBa SIBISEOTCS KaK TEXHHYECKHE (II0J0ca MPOIYCKaHWs, 3a-
JIepKKa JTOCTaBKH, BapHaIysl 3a/ICPKKH, JIOIS ITOTEPh, IIPOIICHT OTKA30B), TaK M CEPBHUCHEIE ITOKa3aTesu (padoTa ciry X-
OBl HOAJIEPKKH, CPOKH OTBETOB Ha 3aIIPOCH], CPOKH YCTPaHEHHsI IpoOIeM 1 WHITH/ICHTOB 1 Jp.) [4].

TTomcucTeMa y paBlIeHHA TToxcucTeMa MOHUTOPHHTA
KaueCTBOM Y CIIYT M KOHTPOTLA TIpuIosKeHuH 1 CeTeBbIX
SLA CEPBHUCOB
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Puc. 2. Cuctems! ylpaBiieHHs Ka4eCTBOM YCIIyT ollepaTopa CBs3H /
Fig. 2. Telecommunications operator service quality management system
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Puc. 3. YposHu nokasateneil kauecrtBa B SLA / Fig. 3. Levels of quality indicators in SLA

B ocHoBy npuBejieHHOH Ha puc. 4 ¢XeMBI IIpoIlecca YIPABICHUS KadeCTBOM OOCIY JKUBAHUS IIOJOKEHBl PEKOMEH-
Jlarui HOpMaTUBHBIX nonoxeHuit MCDO-T Y. 2001. Jlannast cxeMa BKIIIOUAET B ¢e€0s1 MHOXKECTBO IIPOIECCOB, obecIe-
YUBAOIAX aHAIN3 U pPealH3aliio IulaHa 0OecIIeueHN KauecTBa CEPBUCOB U YCIYT, 2IEMEHTH MOHUTOPHUHTA U KOH(H-
TYPHUPOBAHUS CETH W YCIYT, peleHne mpodiieM OoOCIyKUBaHUS, YCTPAHCHNUS WHITMICHTOB U MPOOIeM, MOACPKKA U
BOCCTAHOBIICHHUSI CETH.
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Fig. 4. Scheme of the quality of service management process

Peammzanus 1anHON cXeMBI B KOMIAHUSX CBSI3H OCYITECTBISIETCSI B COOTBETCTBHM C MOJICNBIO, MIPE/ICTaBICHHOM
Ha puc. 5 [5]. Ilognepxka TpeGyeMOro ypoBHSA KadecTBa OOCIY KUBAHUS IPEAIONAraeT pellicHue 3a1a4 MOHUTOPHHTA
COCTOSIHUSL PECYPCOB ceTH, 00paboTKH MHIIUJICHTOB U IIpodiieM, MOHUTOpHUHra SLA, ompeenenust orpanudeHuit SLA,
oOHapyxeHus pobieM Tpaduka, VIpaBICHHS KOHPUIYpAIMsME M CETEBHIMH dieMeHTamMu. CHcTeMa yIpaBieHHS
JIOJDKHA JlaBaTh BO3MOXKHOCTBH OIIEPaTOPy OCYINECTRBISTE KOHQHUIYPAIMIO YCIyT ¢ TpeOyeMBIMH IapaMeTpaMu SLA,
yCTaHaBIMBaTh HEOOXOMUMbIC 3HAUCHHSI CEPBUCHBIX HH/IMKATOPOB, CPABHUBATH MX C IIOPOTOBEIMHU MOKa3aTEISIMA, IIPH
BBIXOJIE TIOKa3aTenel n3 JOMyCTUMBIX TPaHHUI], OCYIIECTRIBITh pacieT HOBEIX HHANKATOpoB SLA, mpegoTBparias u3Me-
HEHHE UX 3HAUCHUI U OCYITIECTRISII TEM CAMBIM NIEPEKOH(PUTYPAITHIO CHCTEME [6].

JUIst panMoHanbHOTO paclpeeIeHIsI allllapaTHO-IPOTPaAaMMHEIX PECYPCOB CHCTEMBI MEX/IY CIOXKHBIMH BEICOKO-
TEXHOJIIOTHIHBIME VCIyTaMy, 00ecIieunBasi TeM caMbBIM 3a7aHHoe B SLA KauecTBO 0OCIy KHUBaHUS, IeIeco00pasHo HCe-
IIOJTH30BaTh METO/IONIOTHIO MOJICIHPOBAHMS TMHAMHUKH JUCKPETHBEIX CHCTEM, OCHOBAHHYIO Ha (opMaTm3Me packpa-
menHX ceTelt [letpu Coloured Petri Net (CPN).

Ha puc. 6 nano popmanbHOE Ipe/IcTaBICHAE B3aUMOCBS3H JIAHHBIX IIPOIIECCOB B HOTANMAX cetelt [lerpu.

Mojens BRIIOWACT TPH COCTABHBLIX Tepexo/a (Service Execution, Incident Management, Service Level Management),
IPE/ICTARISIONMNX OT/CNbHBIE ceTh [leTpn, MoAenupyIomue COOTBETCTBYIOIMME Mporiecchl. |lonoxenne merkn Request
MHUNUMpPYET Hadano Iporiecca. llosoxenne merkm Complete MHANMMpPYET OKOHWaHWE IIporiecca. |losioXeHHE METKH
Detection naunmupyer xkoupuukT. [lonoxenune metkn Closing nHUNIHpyeT okoHdanue koH(nukra. [lozmmust PO nanrmn-
pyeT oOHapy KEHIE HHITWICHTOB IPH BO3HUKHOBEHMH 3arpoca. [losmmust Timer u €€ BXOTHbLIC W BEIXOAHBIE peOpa OIeHUBAa-
10T HauOOJIbITIEE OXKUJIAEMOE BpEMS BBHIIIOJIHEHUS YeiIyTu TMax.0k. MeTku nepexoioB 2 U 5 o0eceunBaioT OleHKy obpa-
GOTKH 3aIpOCOB Ha YCIyTH. Bee ocTalbHBIE MO3HIIMH HHATMUPYIOT CIVIan OTKa30B B 00CIY KUBAHUH:

1 — IpeBHINIEHNE TIOPOTa;

3 — IpHOCTaHOBKA PEATH3AIIA YCIYTH,

4 — BpeMsl yeTpaHeHHUS! KOH(INKTOB.

IIponece noanepkku TpeGyeMoro ypoBHA oOCIy)KHBaHUs onuckBaeTcs cucteMolf Coloured Petri Net Modeling
Language (CPN ML), a XapakTepUCTHKH CETH KOPPEKTUPYIOTCSI B COOTBETCTBHH € JIOTOBOPOM 00 YPOBHE 0OCITY KHBa-
Husa SLA.

Boinyck #3, 2019



COBPEMEHHAA

HAYKA WU WHHOBAL WU

TIpegynpex neHre
xnuenra (TT)

7. CoobireHue
o mpobaeMax

yenym 1

Obpabdorka IpodneM

Perienue mpobieM
06C Ty KUBAHU L

Pemrenve
PemoHT

5. Coobrrenue

peleHH IIPposIeM

10. Brmsaue
Ha YCIyry

"\ 8. CoobmeHue
O TaHHBIX
TpOB e MBI

Vrpaenerue QoS

K nporneccam
OUIMHT A

KIHEHTA

Kau:

9. Bnusrue
Ha SLA

Vipasnenue

3. CeteBoe

(rEpe_)KquTI/lll“ypI/[poB aHMe
i
i
i
i
i
]

pabot

; o pobieme /

4. ITopanok

BOCCTAaHOBJICHHE CETH

Pemmrenue

PemoHT

Toamepskka
u

OmnpeneneHue
orpanuuenuii SLA

*

€CTBOM yCIyTH

MoHuTOpHHT
SLA !
K .

N

Hpyrue
TIpOB alifepel

2. Coobrenue
0 Jerpajaum

yl'[paBJ'ICI{[/[C CETEBBIMH
AaHHBI MIT

H
ViIpaBieHue: apKom OGHapy KeHIe T || BuigBlIeHIE OGHapy xKeHIE
ecT
06cny>1<1xn§lam/m 6o TIEPBOTIPUUMHEI npobaem Tpadimka
Brijieiermie [P OM 3BOTUTETBHOCTH
1. Curnan mpe, K ACHU L T
pecypcos TIPEAY TP K :
4 JIaHHbIE COOBITHS 1. CereBbleijaHHEIE
i |
ViIpaBieHHe CeTeBBIMH 3TIEMEHTAMU H CETEBBIE IEMEHTHI
— — — % Uurepdeiic mporieccor uepes FAB |:| DyHKIMH (activities)

Me:xmporeccHbIi MHTEpdetic

D

Unrepdeiic 1114 MpoLeccOB MEKY MpoBalinepaMu

IIporiecce

Puc. 5. Mogens moanep:xku ypoBHs obemysxuanus / Fig. 5. Service Level Support Model
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PeSyHLTaTOM BBIIIOJHCHWA JIJAHHOTO aJIlOpUTMa ABJICTCH YCTPAaHCHNUC HCTaTUBHOI'O BJIMAHUA UHIUACHTOB U 1IPO-
OeM Ha pealinszanyro yeiyr, a TakKe yCTpaHCHNC HHOBTOPCHU HpO6JIeM. 3a/:[aBa${ JOIYCTUMEBIC IIPCACIbl N3MCHCHUS

uHIAKATOpoB SLA MOXHO peann3oBaTh d2(pdeKTHBHYIO (Y HKITHOHATLHOCTE CHCTEMBI YIIPABICHHSL

Cxema AJITOpUTMa IIporecca yupaBJICHU HpO6HeMaMI/I 1 MHOWJCHTaMH, B COOTBCTCTBHUU ¢ HOPMATUBHLIMU JIOKY -

MeHTamMu MCO-T, npencrarnena Ha puc. 7 [7].

I[J'IH CHGL[I/ICI)I/IKaL[I/II/I IIporecca yIlpaBJICHNA HpO6HeMaMI/I 1 MHIOWJICHTAaMH HUCHOJIL3VIOTCH CICAYIONIUE BBIXOJHLIC

JaHHBIC!
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— pacmpeJieNeHAE BpEMEHH Ha PEieHUE POOIEMEL,

— pacmpeieNieHAe BpEMEHH UL HICHTH(UKANH IPUIHHBI IPOOIEMBL,

— pacmpeieNieHAE PECYPCOB;

— oddekTHBHOCTE pabOTH TPYMIIL YIPaBICHHS IPOOIEMaMH.

MapKHpOBKH BCEX MO3UIUI MOJCIUPYIOT Hporiecchl 0OHAPY KEHUS WHIIMACHTOB U NMPOOJIEM, 3aKpPHITHE JaHHBIX
nporieccoB. OUEBHHO, UTO OT/CTBHBIM IIPOTIECCOM, PEalM3YEMBIM CXEMOU IOJUICPKKH VCIYT, SIBISETCS HpoIiece
yIpaBieHus nHIIeHTaMu. Cxema cetr [leTpu yuparineHust mpodieMaMu IpecTapieHa Ha puc. 8. [[BeToBEle MHOXe-
CTBa M UX pacImu(poBKH, IEpeMEHHBIE H (yHKIINH IpeACTaBICHEI B Tabmune 1.

C Hummnenr )
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~
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OIMUOKU pobJIeMbl
A

Puc. 7. Cxema anroputmMa nponecca yrpaBieHus IpoGieMaMu 1 HHITHICHTaMH /
Fig. 7. Flowchart of the problem and incident management process

Cxema ceru llerpu ynpasnenus mnpodieMamu npuBesieHa Ha pucyHKe 9. [lepexoant TNO, TPO, TEO, T Pro Man,
T Pro, T Err, TP1, TE1, TP2, TP3, TE2, TE3, TP6, TES oGecnieunBaroT KOHTPOJIL IPoOIeEM, KOHTPOIL OIMUOOK U KOH-
TPOJIb TPYIIBI ONMHOOK, MOJIETUPYIOT 0OHAPY KEHIE W OOHOBICHAE JaHHBIX IPOOIEM H OIMHUOOK B COOTBETCTBYIONIMX
0azax JaHHBIX, 00pabaThBaIOT IPOOIEMBL K OIMUOKHU, 00ECIETUBAIOT OOpAIlEHU K IPYIIIaM yIIPaBICHUs IpobieMaMu,
HHIAACHTaMY, onmuOKaMu. Bripaxkenust Ha pedpax rpada JOMOTHATEILHO 00eCIICYNBAIOT KOJMMIECTBO BO3HUKHOBEHIH
HHIHJICHTOB, IpobieM win omubdox [7-9]. OHM coOTBETCTBYIOT BhIpaxkeHmto (p, N, n, 1), re:

p — teket «N Problem», «Problem», «Error»;

N — HOMeEp IIPOGIEMEI I OIMHOKH,

N — KOIMIECTRO HOSBICHHUS JAHHOH IPOOIEMbI WIIN O OKH.
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PesynpraTer rpymnme
Curuan o6 ITpouecc ymparienus YIpaBJIcHU S
HHITH/JICHTE MHITHICHTAMH npoGaeMaMu

Problem
Magament

Incident

; A

‘ Error H Problem H New problem ‘

A 4 A 4 A 4
Closing Err ) ( Closing Pro ( Closing NPro

Pazpemenne Pazpemcnne Pazpemenne
OImMOKH poGIeMbI HOBOi p 0GIIe MBI

Puc. 8. Cxema nporiecca ynpasiaenus npobieMaMu U HHIUASHTaAMH /

Fig. 8. Diagram of the problem and incident management process

N 1
| . (p.n,1) @ +tonnp ew problem

TE4

|

|

! TPro (p.n.1) ; [

Entry (p.N) N Man |
|

man

: TP3

@+t

|

v v N

Closing Err > :

_______ — L
Puc. 9. Cxema cetn Iletpu ynpasnenus npobnemamu / Fig. 9. Diagram of a Petri net for problem management
Tabauma 1
JaHHbIe VIS MOAEJTNPOBAHNS MIPOIIECCOB

Table 1

Data for modeling processes

NUM = integer;
var man, ¢: NUM;

CpezcTBa, pealTu3yIoIue yIpapicHue MpodneMaMu

INT = integer timed;
var N, n, t: INT;

I[aHHLIe T10 BpCMCHHU BLITIOJTHCHUS

DATA = string;
var p, l: DATA;

Tune! u nmyTH yeTpaHeHUs ommGoK

Pro = product
DATAX*INT timed;

(I)opMam/I 3alnsa HCXOAHBIX JaHHBIX

NPRO = product
DATA*INT*DATA timed;

Gopmanuzanus omubGok

PRO = product
DATA*INT*INT*DATA timed;

Gopmanuzanus npobaeM

TenO; var s: Ten0;
Tenl; var r: Tenl;
fun Ok (s:Ten0, r: Tenl) = (r<=s);

HampaBrnenus pe3epBHBIX MyTel pealn3aluy mpolecca
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TMNP;
fun Tmnp () = TMNP. ran();

Pacnipenencnue BpeMeHH peaiu3ail HACTYIHBIIEH TPOOIEMBbI

TMP;

s

OyHKIMS pacipeieeHUs] BpeMEeHH HOAICPKKH

fun Tmp () = TMP. ran();
TME;
fun Tme () = TME. ran();

OyHKINS paclipe/ie/ICHUs pealn3aliiy OmuGoK

TP;

s

fun Tp () = TP. ran();

OyHKIMS paclipe/ielCHUs] BpeMEeHH peali3alii OIHOKH.

TE;

s

fun Te () = TE. ran();

OyHKIMS paclipe/ie/leHUs cpeIHero BpeMeHH 00paboTK.

JUTst OCyITeCTRICHIST HMUTAITMOHHBIX SKCIIEPIMEHTOB ¢ Pa3paboTaHHOH MOAEIBIO HCTIONL3YETCsl HMUTATOp ceTeit
ITerpu NetStar 2.02. DieMEHTHI CTPYKTYPHI CETH U UX IIapaMEeTPHl BHOCATCS B pabodee 1oJe 00IacTH IIOCTPOSHUS MO-
Jenu (puc. 10). Mmuranus BegeTcs B pexXnMax (pUKCHPOBAHHOTO BPEMEHHOTO Iara U OT cOOBITHS K COOBITHIO.

r'é:’, NetStar 2.02b - [D:\Institute_of_Coal\NetStar\raspadskaya10.gpn]
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Puc. 10. I[TocTpoeHue umutanuonHoi mogenu SDN Ha ocHoBe umutaTopa cereil NetStar 2.02 /
Fig. 10. Building a simulation model of SDN based on a simulator of networks NetStar 2.02

3akaodenne.

PazpaGorannast

UMHUTAITUOHHAA MOJCIb CHUCTCMBI

VIpaBIeHUS

KaucCTBOM

HHPOKOM-

MY HHUKaIHOHHBIX VCIYT OIlepaTopa cBs3M obecnedmBaeT GopMalm3aIyio nporecca gpyHknuonnpopanuss SDN cern,
YUHUTEHIBasl €€ CTPYKTYPY, MapaMeTPEl X BEPOSITHOCTHO-BPEMEHHBIE XapaKTEPUCTHKH, PEICHUE 3a/[adl PAIIOHATLHOTO
pacnpejieleHHs1 €€ aNIapaTHO-IPOTPAMMHLIX PecyYPCoB MEX]y CIOXHBIMH BEICOKOTEXHOJIOTHIHBIMH YCIyTaMH,
OCYIIECTRICHAS KOHPUTYpalui yeiIyT ¢ TpeOyeMBIMH mapaMerpaMu SLA, mpu ycTaHOBKE HEOOXOAMMBIX 3HAUCHU
CEPBUCHBLIX HH/IMKATOPOB, CPAaBHEHUS MX ¢ IIOPOTOBEIME HIOKA3aTEISIMH, IIPH BBIXO/IE TTOKa3aTeNnet 3a JOMyCTUMBIE Tpa-
Hunel SDL, ocyInecTBICHHE Iepepacipe/IeICHNsI PECYPCOB CETH.

®dun AHCHPOBaHHE¢

HccnenoBanne BrinonHeHo mpu gpuHaHcoBol nogaepxke POMI B pamkax HayqHoro mpoekta Ne 19-07-00856\19.
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