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N306peTeHne 0OTHOCUTCS K 001acT HHGOPMAIIMOHHBIX TEXHOJIOTUH, B YaCTHOCTH K CIIOCO0aM repeiadn
HHPOPMALUHN MEXIY Y31aMH CETH C IIOMOLIBIO IUKJINIECKOTO PACIpeelIeHHOr0 aCHHXPOHHOTO 00MeHa
COOOIIEHNAMHU CO c1ab0i CHHXPOHU3aNKe 1y1st paboTh! ¢ OoabIMMU rpadaMu. TexHudeckuil pe3yabrar
3aKJII0YaeTCsl B MOBBILICHUU 3()(EKTUBHOCTH U CKOPOCTH IEpeAadd COOOLICHUIT MEXIy y3JlaMH CETH,
YTO CIIOCOOCTBYET OBICTPOMY PEIICHHUIO IPUKIATHBIX 3a7a4 B CHCTEME YIPABICHUS OOJIBIINMHE IpadamMu
(FastGraph). 3asBiIeHHBIH pe3yibTaT JOCTHTACTCS 3a CYET KOMITBIOTEPHO-PEaM3yeMoro crocoba
LHUKJINYECKOr0 PACIPEICICHHOI0 aCHHXPOHHOTO OOMEHa COOOLICHUSIMU CO CJIa00i CHHXPOHH3AIUEH,
BBITIOJTHSAIEMOTO € ITOMOIIIBIO ITPOIIECCOPA U COAEPIKAIETO AT, Ha KOTOPHIX: @) ONPEEIISIFOT MHOXKECTBO
TOYEK CEeTeBOro oOMeHa COOOIIEHHSIMH, TA€ KaKAas TOYKAa MNPENCTaBIIET COOOH BBIYMCIMTEIBHBIH
y3en;, b) dopmupyror Moaens rpada s oOMeHa COOOIICHHSIMU MEXKIY TOYKAMU CETEBOr0 OOMeEHa,
B KOTOPOM BEpIIIMHAMH SIBJIIOTCS TOYKH CETEBOTO OOMEHa, a pedpaMu - (pakT OTIpPaBKU COOOIICHHIA;
C) OIPENeNsIIOT TOYKY CETEeBOrO OOMEHa - KOOpAMHATOpa HWCIOIHEHUs oOMeHa cooOmeHusmu; d)
OCYIIECTBIISIOT OTIPABKY COOOIICHHUI OT TOYKHM KOOPIMHATOPA [0 MEHbIIICH Mepe OJHOW TOUYKE CETEBOTO
o0OMeHa; €) MOJTy4aroT OTBET OT TOYKH CETEBOro 0OMeHa, IMOy4HBIIeH cooduienne Ha stane d), npuuem
YIIOMSIHYTBIf OTBET COJAEPKUT MIACHTH(UKATOPHI CMEXHBIX TOYEK CETEBOrO OOMEHa, B KOTOpbIE OyayT
HaITpaBJICHBI COO6HICHI/I$[ oT I[aHHOﬁ TOYKHU CETEBOI'O O6MeHa, IIpyu 3TOM YIIOMAHYTasA TOYKa CECTCBOI'O
oOMeHa (opMHPYeT MapIIpyTHl MOCIEAYIOMEro oOMeHa cooOmeHusMy; f) Ha TOYKe KOOpIAHHATOpPE
OCYIIECTBIISIOT yYeT COPMHUPOBAHHBIX MAPIIPYTOB 0OMEHA COOOIIEHUSMHE ISl KaXI0H TOYKH CETEBOTO
obmeHa rpaga, Ha OCHOBAaHUHU COOOIICHHU# OT KaXI0i TOUKH CETEBOr0 0OMEHaA; g) HTEPATUBHO MOBTOPSIIOT
sTamsl €)-f) 10 TOro MOMEHTa, IOKa TOYKAa KOOPAMHATOP HE COOOIIWT, YTO TOYKH CETEeBOrO0 OoOMeHa

OTCYTCTBYIOT.
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MIIK: GO6F 17/00

CIIOCOBb U CUCTEMA IUKJIMYECKOI'O PACHHPEAEJEHHOI'O
ACHHXPOHHOI'O OBMEHA COOBIIEHUAMHA CO CJIABOM
CHHXPOHM3AITAEN JJI51 PABOTHI C BOJIBIIINMHA I'PA®AMU

OBJACTDb TEXHUKHU

[0001] Hacrosimee TexHUYeCKOe peEIIeHHE OTHOCUTCS K o0jacTh WH(POPMAIMOHHBIX
TEXHOJIOTUH, a TaKke K 00JIacTH ynpasiieHHs1 OONbIINMHU rpad)OBBIMU JAHHBIMH, B YACTHOCTH, K
criocobam mepenauu rpadoBoil HHPOPMAILIUH MEKAY y3JIaMU CETH C TOMOIIBIO ITUKIHYECKOTrO

pacrpeneneHHOro aCHHXPOHHOTO 0OMeHa COOOIIeHUs MU CO ¢l1abol CHHXPOHU3AINEH.
YPOBEHb TEXHUKH

[0002] U3 ypOBHS TEXHUKU U3BECTEH MOAXON MEPeaayt COOOLIEHHH C ITOMOIIBIO TIOCTPOESHHUS
rpadoBoii MozenH y3110B 0OMeHa, HanpuMmep, pa3andHble peanusanun monenu Bulk Synchronous
Parallel (BSP) (https://en.wikipedia.org/wiki/Bulk synchronous parallel), B yactHocTH, MOZA€EmD,

peanmsosanHas B Apache Giraph (http://giraph.apache.org/intro.html). /lanHast Monens OCHOBaHA

HA aNrOpUTME IOHMCKAa KpaTdalimero myTH MEXIy y3jJamMu OOMeHa, AJII Yero BBIMTOJIHSIETCS
OTIpeNieNIEHUE PACCTOSIHUS MEXly BepIINHAMHU B TpadoBOii CTPyKTYypE.

[0003] HsBecTHbIMM peIIEHUSIMM U1l T[IOMCKA KpaTdalllero MyTH SBJSIETCS - IOHUCK
KpaT4aIero myTH MEeXIy ABYMs BEPLIMHAMH B3BELICHHOro rpada (B3BemeHHbIM Ha3bIBACTCS
rpad, pedpa koToporo umeroT Beca). Hanbonee 3¢ pekTHBHBIM aITOPUTMOM IMOUCKA KPATYANIIETO

nyTd Ha rpadax C HE OTpHLATENbHBIMH BecaMH siBisiercss  anroputMm  Dijkstra

(https://en.wikipedia.org/wiki/Dijkstra%27s algorithm ). Anroputm TpedyeT nocien0BaTeIbHOTO
MOWCKA MyTH OT Hanboee Onmmkaiiineli (Ha TeKy U MOMEHT) BEpIIUHBI B TIEpBYIO ouepens. T.e.
€CJIH M3BECTHO, YTO IMyTh MOXET MPOXOAUTH 4yepe3 00€ BEPIIUHBI, TO AJTOPUTM MPOAOIIKAET
NOUCK ¢ Omrkaliimeii U3 IBYX BEpLIMH.

[0004] Anroputm CMMS (xpurepuii -OUT) no3Bossier BBINOJIHATH MOMCK KpaTdalInero
NyTH B TMapajuleIbHOM pEXUMe. AJNTOPUTM 10 ONPEACTICHHOMY KPUTEPUIO BBIOMpaeT
MOAMHOKECTBO BEPILIHUH, 4Yepe3 KOTOPblE MOKET MPOXOAUTh Kpartdanmui nyTtu. Jlanee stu

BEPIIMHBI MOTYT o0OpabaThIBaThCs napajuieIbHO (cm. https://people. mpi-

inf. mpg.de/~mehlhorn/ftp/ParallelizationDijkstra. pdf).

[0005] HenocraTku M3BECTHBIX pEIICHHUI 3aKIIOYAIOTCS B TOM, 4TO B peteHnn Giraph
BEpIIMHA B paMKax Cyrmepliara OAWH pa3 MPUHUMAET COOOIICHMs, U OAWH pa3 OTmpasjsier. B

Cllyda€ NPUMCHCHUA MACCHUBHO MapaJlJICIbHBIX BBIYUCIUTCIBHBIX CUCTEM, B PAAC CIIYyYHACB,
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CUJIbHAsl CHUCTE€Ma CHHXPOHM3ALUHU MpPEMATCTBYeT IOJHOM 3arpy3ke BCeX MPOLECCOPOB U
YBEJIMYNBAET BpeMsl paOOThI aJIrOPUTMA.
[0006] Taxum oOpa3oMm, B 3asBJICHHOM PEIIEHUH MPEAJIaraeTcsi COBEpIIaTh MHOKECTBEHHbBIE

MEPEChUTKH MEKIY BEPIIMHAMHU 3a c4eT OoJiee cnabol CHHXPOHH3AIIHH.
CYHIHOCTDb U30OBPETEHUSA

[0007] Pemmaemoit TexHu4eckol MpoONeMON C TIOMOINBIO 3asBJICHHOTO W300peTeHus
SIBJISIETCS] CO3JAHME HOBOT'O METOMAa LMKJIMYECKOro PachpeieseHHOro aCHHXPOHHOro oOMeHa
COOOIEHUAMH MEKIY Yy3JIaMH CeTH CO CJIa0OH CHHXpPOHHM3ALMeH, Ajsi paboThl ¢ OONbLIMMHU
rpadamu.
[0008] TexHUUeCKUH Pe3yNbTaT 3aKII0YaeTCs B MOBBIMIEHUH 3()()EKTHUBHOCTH M CKOPOCTH
nepenayvu COOOIIEHHI MY Y3JaMHt CETH, YTO CIIOCOOCTBYET OBICTPOMY PEIIEHHIO MPHKJIATHBIX
3a1a4 B cucreMme ynpasieHus: donbmumu rpadamu (FastGraph).
[0009] 3asBJICHHBINA PE3yJbTAaT JOCTUTAETCS 32 CYET KOMITBIOTEPHO-PEaTu3yeMoro crocoda
LUKIMYECKOTO  PacCIpelesieHHOrO0  aCHHXPOHHOTO OOMeHa CcooOLIeHWssMH CO  caloi
CHUHXPOHH3ALMEH, BbIMOIHIEMOTr0 C MOMOLIBIO MTPOLIECCOpPa U COAEPIKALIEro STAIbl, HA KOTOPBIX:
a) OIpenessiFOT MHOKECTBO TOYEK CETEBOro 0OMeHa COOOIISHUSIMY, e Kaskaas
TOYKa MPEACTABISIET COOOH BBIUNCIUTENbHBIN Y36,
b) dopmupyroT Mozaens rpada A oOMeHa COOOIEHUSIMU MEKITy TOYKAMU CETEBOTO
oOMeHa, B KOTOPOM BEPIIUHAMH SIBJISTFOTCSI TOUKU CETEBOr0 0OMeHa, a pebpamu —
(akT oTIpaBKH COOOLIEHMIA;
C) OIpEenessiFoT TOYKY CeTeBOro 0OMeHa — KOOPAMHATOPA UCTIOIHEHUsT OOMeHa
COOOIIEHUSMU,
d) OCyIecTBISIOT OTIPaBKY COOOMIEHUH OT TOYKU KOOPAMHATOPA MO MEHbINEH Mepe
OJIHOM TOYKE CETEBOro 0OMEHa;
€) TOJy4aroT OTBET OT TOYKH CETEBOro OOMEHa, MONy4YUBINeH COOOIIEHNE Ha dTarle
d), mpu4yeM yrnoMSIHy Tl OTBET COIEPIKUT HICHTUPHUKATOPBI CMEKHBIX TOYEK
CeTeBOro 0OMeHa, B KOTOpbIie Oy Iy T HAIMPaBJICHbI COOOIICHHMSI OT NAHHOW TOYKH
ceTeBOro o0OMeHa, MPU STOM YIIOMSIHYyTast TOUKa CETeBOro ooOMeHa GopMHpyeT
MapIIPyThI MOCIEAYIOMEro 0OMeHa COOOIEHUSIMU,
f) Ha Touke KOOPAMHATOPE OCYILECTBISIIOT YYeT CPOPMHUPOBAHHBIX MAPIIPYTOB
oOMeHa COOOLICHUSIMU IS KAKJJOHW TOUKH CeTeBOro ooOMeHa rpada, Ha
OCHOBaHUH COOOINEHHH OT KaKI0H TOUKH CETEBOrO OOMEHa,
g) WTEPaTUBHO MOBTOPSIOT 3TAIBI €)-f) 1O TOro MOMEHTa, IIOKa TOYKA KOOPAHHATOP

HE COOOIIHUT, YTO TOUKH CETEBOI0 OOMEHa OTCYTCTBYIOT.
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[0010] B onHOM M3 4acTHBIX MPUMEPOB BBIMOJHEHUS CIIOCO0a KaXk[asi BEPIIMHA COAEPIKUT
XPaHWINLIE COCTOSIHUN, B KOTOPOM COAEPIKHUTCS MH(POPMAIUS O PHU3HAKE TIOCEIEHUSL.

[0011] 3asBJIeHHbIH TEXHUYECKUN pe3yJNbTaT JOCTUraeTcs TakKe 32 CYeT CHCTEMbI
LUKIMYECKOTO  PacCIpelesieHHOrO0  aCHHXPOHHOTO OOMeHa CcooOLIeHWssMH CO  caloi
CUHXPOHHU3ALUEH, coaepKallel M0 MEHbIIEH Mepe OIUH MPOLIECCOP U MO MEHbLIEH Mepe OOHO
CPEACTBO NaMATH, KOTOPO€ XpaHWUT MallMHOYUTaeMble MHCTPYKLMM, KOTOpble NpH HX

HCTIOJTHEHNH NTPOLIECCOPOM PEATN3YIOT BhIILIEyKa3aHHBIN CIIOCcO0.
KPATKOE OITHCAHUE YEPTEXEN

[0012] Qur. 1 wurocTpupyer oOmUI BUA KOHMYECKOW Mojaenu OoOMeHa COOOIIeHUSMHU
(mpumep peanuszaium)
[0013] @ur. 2 munoCcTpUpyeT OJIOK-CXEMY BBITIOTHEHUS 3asiBJIEHHOTO CIIoco0a.

[0014] @ur. 3 WLTIOCTPUPYET NPUMEP BBIYMCIUTEIBHON CUCTEMBI.
OCYHIECTBJIEHUE N30BPETEHUA

[0015] Ha ®wur. 1 npeacrasien mpumep peanusauun koHuueckord monenu (100) obmena
coobmenusmu. Touka (110) npencrasnseT y3en — HeHTp KoHyca, Touka (150) — BepinHa KoHyca,
touku (101) — (106) — y3:161 0OMEHa TaHHBIMU, pacIojiaraeMble Ha OKPY KHOCTH KOHYCA.

B pamkax peannsanuu 3asBIEHHOTO pELICHUS Y3JIbl KOHHYECKOW MOIENU OOMEHUBAIOTCS

3aIaHHBIMU THITAMU COOOIEHUH, nmpeacTaBieHHbiMu B Tabmure 1.

Tabmuua 1 — Tun cooOLueHui

A0OpeBuarypa PaciiudpoBka Hamnpasnenve 3HaueHHe

CRAM Cone Reverse BepiunHa Ob6partHoe oceBoe coodmenne. MHunmmpyer
Axis Message KkoHyca — MEePBbII KOHYC B CEMENCTBE.
LlenTp xoHyca
CAM Cone Axis entp xoryca Ocesoe cooduenne. ObecneunBaer
Message — Bepmmaa  oTcnekuBaHue nepuQepuitHBIX TOYEK KOHyCa.
KOHYycCa
CBM Cone Base Ientp xoryca OcHoBHOe cooOmienne. [lepeHoCUT naHHbIe
Message — OKpY’KHOCTb MEXy TOUKAMHU PACTPEACICHHON CUCTEMBI H,
KOHYycCa OILIMOHAJIBHO, TOPOKAAET HOBbIE KOHYCHL
CSM Cone Side Oxpyxuocth  bokoBoe coobumenne. Habop CSM 3asepraer
Message KOHycCa — Ka)KJIbId KOHYC.
Bepmnna
KOHYycCa
[0016] HeobxomuMo OTMETHTh, YTO JaHHBIA MPUMEpP TMOKA3bIBAET JIUIIb YACTHYIO

peannu3anuro B BUAC KOHHYECKOH APXUTEKTYPbI, KOTOPasad MOXKET OBITh NnpeaAcCTaBJICHA pa3JIMUHbIMU
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BapuausiMu TrpadoBOMl MOIENH C COXPAaHEHHEM 3asBJICHHOrO (PYHKIIMOHAJa M OCHOBHBIX

BBIUHCJIUTENBHBIX y3J10B petnenus (Tabmuma 2).

Tabmuna 2 — OnucaHue y3JioB

HazBaHnue Ornucanne

Konudeckast mogens Crocod IUKIMYECKOTO PacIpeaeeHHOr0 aCHHXPOHHOTO 0OMeHa
oOMeHa coobieHusiMu co ¢adoii CHHXpOHU3alKel Ha mpuMepe Moaenu rpada
COOOIIEeHUIMU B BUJIE KOHYyCA.

Brraucnurenpabiii  KoHTeliHep pecypcoB, y4acTByIOU B 0OMeHe cooOmmenusmu. Kaskapii

y3en (BY) BY mpencrasnsier codoii ¢pparmenrt (shard), oopeaunsrommii
MOJMHOKECTBO BEPIINH rpada, BMecTe ¢ IOTHKOH 00paboTKu
coobmmenuii. CooOrmennst BHyTpU Kaxaoro BY obpadaTteiBaroTcst
CHHXPOHHO M B OTHOTIOTOYHOM PEXKUME.

Bepiuna (konyca) Menemxkep (yrpaBisiFoIinii y3eia) odMeHa coodienusimu. MarImuupyer
ceMelicTBa KOHYCOB (Cymepinaru) u o0padaThiBaeT pe3yibTaThl,
MOJIyYeHHBIE OT TOYEK.

Komnyc [uxn obMeHa COOOIEeHUMHU, COCTOSIIIUN U3 MOCJIETOBATEIBHOCTH

Mosker nopoxaath oT 0 10 N nouepHuX KOHYyCOB. MOKHO TaKXe
HCIIOJIb30BaTh Ha3BaHUe "Makporuiar”

CewmeiictBo koHycoB Habop mocnenoBaTeapbHBIX KOHYCOB, TOPOXKAEHHBIX omHUM CAM.
AHajoruueH cynepiuary B Moaenu BSP.

Llentp konyca Touxka, siBnstromasicst anpecatom CRAM B mpoliecce JaHHOTO KOHYcCa.
ITopoxnaer CBM. IlonsiTue "nokanbHO" A1t KOHyca.

Oxpy:xHOCTH KOHYca Habop Touek, sBistromuxcs noiyvarensiMu CBM B nponecce TaHHOTO
KOHycCa.

[0017] VY3en ceTH, pacnofio;KEeHHbBIN B BepirHe koHyca (150) Ha3Ha4aeTCs: KOOPAMHATOPOM.
C BepmnHoOl koHyca (150) He accommmpyrorcst Hukakue sepiuuHbl (101-106, 110) rpada. B
KOOPIMHATOPE XPaHUTBhCS WHPOpMaLus HeoOXomumasi AJSl BBIIOJHEHUS oOMeHa W paboThI
(cnenmduuHo IS poriecca).

[0018] VY3en (110), pacrioyIosKeHHBIN B LIEHTPE KOHYCa, MOKET MOChLIATH COOOIICHHIE CAMOMY
cebe (T.e. LleHTp KOHyca MOkeT ObITh Ha mepudepun). Kaxknoe crenyroinee ceMelicTBO KOHYCOB
B pPaMKax OJHOH BEPIIMHBI MOXKET ObITb HHUIIMUPOBAHO TOJBKO IO OKOHYAHHUH MPEIbIAYIIEro.
JleTekTHpOBaTh OKOHYAHME CEeMEeNCTBAa KOHYCOB siBJsieTcs: (yHKuued ¢peiimBopka. IT0 -
€IMHCTBEHHAs] TOUKA CHHXPOHU3aUUH (0apbep) B KOHHYECKOH MOAEIIH.

[0019] Mosker OBITb HECKOJIBKO BEPIIMH KOHYCa, OCYIIECTBJISIOIIUX  OMEpalny

napajuienpHo. Ilopoxkaemble UMH ceMelicTBa KOHYCOB HE3aBHUCUMBI ApPYr OT Apyra. B to ke



BpeMsi OHHM HCHOJB3YIOT OOHH M T€ K€ TOYKHM, U 00paboTka cOOOLIEHWH BHYTPH TOYKH
MPOMCXOIUT MOCIEN0BATEIbHO M CUHXPOHHO.

[0020] Ha xaxmom 13 3TarnoB MCIONHEHUS arOpUTMa KOHHYECKash MOZENb 00eceunBaeT
B3aMMOJIEHCTBIE MEKAY BBIYMCIUTENBHBIMH y3JaMH U koopauHatopoM (150), B wacTHOCTH,
OTIIPABJIEHHs 3aIPOCOB, MOJYYEHHE OTBETOB, CHHXPOHM3ALMUIO HCIOJHEHUS 4epe3 OKHIaHHE
OTBETOB OT BCEX y3JIOB.

[0021] Ha ®uwr. 2 mpencrasiena 0yok-cxema npeayaraeMoro crocoda (200) UKIHYecKoro
pacrpeneneHHOro aCHHXPOHHOTO 0OMeHa COOOIEHUIMHU CO C1a00M cCHHXpoHu3anuei. Ha mepsom
stane (201) onpenessitoT MHOXKECTBO TOYEK CETEeBOr0 OOMEeHa COOOIIEHUSMHU, MO KOTOPHIM Ha
stane (202) hopmupyroTcst Mmonenb rpada A oOMeHa COOOMIEHUSIMU MEKIY TOYKAMHU CETEBOTO
oOMeHa, B KOTOPOM BEPIINHAMH SIBJISIFOTCS TOUKH CETEBOro 0OMeHa, a pedbpamu — akT OTIPaBKH
COOOIIeHUH.

[0022] Ha stane (203) ompenensoT TOUYKY CeTeBOro oOMeHa — KOOPAMHATOPA UCTIOTHEHHUS
obmena coobmenusiMu (150), T.e. BepIIMHy KOHyca - PV, 1 HHUIIMUPYIOIIUE AaHHBIE aJrOPUTMa
dv ans nanHOM TouKM. MHUIMHMPYIOIUI KOHYC B CEMEHCTBE KOHYCOB C ITOMOIIBIO TOUKH Pv nmeer
OTJMYUS OT CIEAYIOIIUX B TOM, YTO OH MHHULMHUPYETCs mpu nomoutu coodbmennst CRAM, B To
BpeMs KaK MMOCHeNyoIue - mpu nomoru coodmennit CBM.

[0023] Ha »rtanme (203) mnpu BBHIMONHEHHMH WHULHAIU3ALUN BBITOJIHAETCS CO3JAHHE
koopauHaropa ucrionHeHus (150) U 3a7aHHOTO KOIMYECTBA BBIYUCIUTEIBHBIX Y3JI0B — LIEHTPOB
KOHYCOB JJIs OCYIIeCTBIIEHUs mporiecca oOMeHa coodmenusimu. Ha nanrom stamne (203) takke
OTIPENeNIACTCS] ANTOPUTM pacrpeneneHus (MapTUIMOHUPOBaHUs) rpada, npeaHa3sHAYeHHbIH IS
(bopMHUPOBAHHS BBIUUCIUTENBHBIX y3JIOB, TIOCKOJIBKY KaKABIH BBIYMCIUTEIBHBIN y3€1 OTBEYaeT
3a 00paboTKy yacTu rpacda — mopoxKAaeT CBOE CeMENCTBO KOHYCOB. [IpuMepoM Takoro airoputmMa
MOXET CIYXXUTh aJrOpuTM BbIYHCIeHHMA Xxeul-QyHKuun wuaeHtudukaropa mod K
(http://personal kent.edu/~rmuhamma/Algorithms/MyAlgorithms/hashTable. htm).

[0024] Ha ysne-xoopaunarope (150) ¢yHkmust anropurMa Av BBIYHCISET y3€1 — LEHTP

koHyca (110) Pc u accorunpoBannblie nannblie dve, 9to cocrasinsier coodmenne CRAM:
Av(dv) — (Pc, dvc).

[0025] Crnenyromum marom (204) sBnsiercs ornpaska koopauHatopoM (150) cooOmeHus
CRAM Touke cereBoro obmena — wneHtpy konyca (110). ITompoOHoe ommcaHue Iara
NPEACTABICHO B pa3zielie ¢ ONMHMCAaHUEeM MpHUMEpa peasn3alui crocoda Ha MpUMepe alropuTMa
CMMS-OUT.

[0026] Ha mare (205) npoucxonut cnenyromee - Ha y3ne (110) (ueHTp koHyca) PpyHKUUs

anropurma Ac Berancisier ciucok BepiuH (101) — (106) Ha nepudepun Pbn u acconmnpoBanHbie

5



nannabie dcbn, uto cocransier Habop CBM; Takske Boraucisercss CAM, B KOTOPBIN BKIFOYAETCS
CIUCOK Tepu(epuiiHbIX BepITUH (HEOOXOAMM Il OTCJICKUBAHUSI 3aBEPIIECHUS CeMeHCTBa

KOHYCOB B y3JIe-KOOPIAHHATOPE):
Ac(dve, d(Pc)) — ¢
(Pbl, dcbl),

(Pb2, dcb2),

(PbN, dcbN),

(Pv, (dev, Pb1, Pb2, ..., PbN))

[0027] Ha mare (206) npoucxoaut ornpaska CAM ¢ TaHHBIMU U3 TIPEIBIIYIIEro MyHKTa OT
TOYKH ceTeBOoro oomena (enrpa konyca (110)) ysny koopaunraropy (150). ITongpobroe onucanue
TAHHOTO 11ara MpeICcTaBJIEHO B pa3zelie ¢ OMMCAHUEM MpUMepa peatu3aliy crocoda Ha puMepe
anroputma CMMS-OUT.

[0028] Ha stane (207) Ha Touke koopauHarope (150) ocyiecTBisitoT y4eT chOopMUPOBAHHBIX
MapUIpyTOB 0OMEeHa COOOIEHUSIMH TS KAKIOH TOUKH ceTeBoro oomeHa rpada (101)-(106), (110)
HAa OCHOBAHHWM TIOJy4ae€MbIX COOOIIEHWH OT Ka)KIOHW TOYKH ceTeBoro oOmeHa. I[lpwHiummn
00paboTku 3aBUCUT OT npouecca. OONH U3 BO3MOKHBIX PUHIIUIIOB - BECTH JIBE OUEPEAH — OIHA
CO CITMCKOM BCEX TOYEK CETEBOr0 OOMEHa, KOTOpble HEOOXOIMMO MOCETUTh, & BTOPAs ouepenb —
CO CITICKOM TOCEIIEHHBIX BEPIIHH.

[0029] Ha mare (208) nponcxoaut npoBepka - MOCELIeHbI I BCE TOUYKH CETEBOr0 0OMeHa,
3aBepLICHbl U BCce mNapaienbHbie paborsl. Ecnmu ma, To obmen 3ameprmaercs. Ecmu Her,
NPOMCXOIUT HOBasi utepanus u mard (205-207) IOBTOPSIFOTCSL.

[0030] Hanee paccmorpuM mpuMep peanusanuu crocoda (200) Ha mpumepe aiaroputMa
CMMS-OUT.

[0031] IIpusenem npumep peanmzanuu crocoda (200) Ha npumepe aaropurma CMMS-OUT
(cm. @ur. 1). Anropurm CMMS-OUT B KOHHYECKOW MOAETH OIHCHIBAET AJTOPUTM IOUCKA
KpaT4aimux nmyTed (B KJIACCHUECKOM BapHAaHTE OJHOHANPABICHHOE), TO3BOJSIIOIINN HAXOIUTh
KpaT4ailliie IMyTH M PacCTOSHUS MEXKAY HEKOTOPOH BepIIMHOW (MCTOYHMKOM) W BCEMHU
OCTaJIbHBIMH BepLIUHaMHu B Tpade - dist(n).

[0032] AnroputMm urepaTuBHbIN. BepinHel AenaTcs Ha HemocelleHHble (Q, MoceleHHble U

tekymue C. Kaxnmoil BeplinHe COMOCTABISETCS OUHAMUYECKH (MTEPaTUBHO) OOHOBIIIEMOE
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BpeMeHHOe paccTtosiHue tdist(n) — MUHUMAJIbHOE U3 M3BECTHBIX HA AHHBIM MOMEHT PacCTOSHUN
OT UCTOYHHKA JI0 TAHHOH BEPLIMHBI (IIPEeIBAPUTENLHOE PacCTOsIHNE). B mocemeHHbIX BepimnHax
tdist(n) = dist(n).
[0033] Ha nepsom mare (nrepauun) tdist(s) = O nist ucrounnka u tdist(n) = Infinity mst Bcex
OCTaJIbHBIX BEPLIHH 1.
[0034] IIpn kaxkpoMm mare (uTepauui) OOHOBISIETCS BPEMEHHOE PACCTOSHUE OT TEKYLIUX
BEPILIMH 10 MX MHIUAEHTOB (BEPIIMH, K KOTOPbIM UAYT UCXONAIINE U3 HUX pedpa), mocje 4ero
TEKyI1e BEPIIMHBI OOBSIBISIFOTCS MOCeIeHHbIMU. Clienyromuye TeKy e BEPIINHbI (CIeayLIIe
BEPLIUHBI JJIs1 IOCELIEHHST) OMPENEIISIOTCS Y CIOBUEM:
C = { n|tdist(n) < min { tdist(u) + w(u, z) | uin Q, u connected to z } }
Bemnunna L = min { tdist(u) + w(u, z) | u in Q, u connected to z } (koTopast SIBISETCA YACTHIO
ycnosus C) ganee Ha3bIBaeTCs MOPOroBbIM 3HaYeHUeM (threshold).
[0035] Jlnst ynoGcTBa OMUCAHUS OMUIIEM MOUCK KPATYAWIIEro My TH U3 ABYX TOYEK CETEBOTO
obmena — u3 Touku left (101) B Touky right (106), To ectsb HaiiTu dist(right). Onucanne anropurma
OyIeT COOTHECEHO C TalaMy MOJIENI OMTUCAHHBIMU BbILIe (3Tarbl U3 Our. 2).
[0036] ITepBble sTambl MOmeNU OAMHAKOBBI At Bcex anroputmoB (u mis CMMS-OUT B
YaCTHOCTH), M TOATOTABIUBAIOT BO3MOXKHOCTh pPaloOThHl anropurMoB. Jtamsl (201) — (203)
BBITTOJIHAIOTCS AHAJIOTMYHO OMMCAHHOMY BBILIE CIIOCO0Y pean3ariim.
[0037] B xoopaunarope (150) Bemercst ABe MPUOPUTE3MPOBAHHBIE OYEPEIU TOYEK, OIHA C
npuoputeTroM 1o nopory (threshold), u BTOpast ¢ NpUOPUTETOM IO MHHUMAJILHOMY BECY MYTH -
minPathWeight = min { tdist mo BeprurHam TOYKH }.
[0038] B Bepiune koHyca (cone vertex) nmomernaercst koopauHaTop. C BepIIMHON KOHYyCa He
ACCOLIMMPYIOTCS] HUKAKUe BEPIINHBI rpada.
[0039] B pabore anropurmMa y4YacTBYKOT TOYKH CETeBOro OOMeHa (BepIINHBI) U
BbIYHCITUTENbHBIE Y376l (BY). BhruncaurenbHbiil y3en acCOUMUPOBAH ¢ HAOOPOM BEPIIMH — TO
ecTh Kaxabli BY BKJIFO4aeT B ceOsi HECKOJIBKO BepIIMH (TOYeK ceTeBoro obdmena). Kaxmas u3
BEPIIHH (TOYKA CETEeBOro 0OMEHa) acCOLMUPOBaHA POBHO ¢ onHuM BY.
[0040] C xaxxapiM BY accornuupoBaHo xpaHuuiine coctossHui sepmnd BY (cnemuduueckoe
s mporiecca). B xpanunuine nist kaxao BepirHbl BY xpanstes:

e mpeaBapureabHOE paccrosiHue (tdist);

® MPHU3HAK MOCEIEHHS,

e 3Hauenne minCEW(u) = min { w(u, z) | u connected to z } — minimum connected edge

weight, onpenensronee MUHUMYM Beca UCXOZSIIero pedpa.

[0041] Taxke B XpaHUJIUILE XPAHUTCA TEKYLIee KOHCOIUANPOBAHHOE AJiA BCeX BepinH BY

noporosoe 3HaueHue (threshold).



[0042] Kak y»e ormedanoch Bbiie Ha dtare (203) mpoucxoauT onpeaesieHne KOOpIUHATOPa
UCTIOJIHEHUS, a TaKXKe MPOMCXOAUT MapTHIHOHUPOBAHHE — BHIOOP 3a1aHHOrO Kojmuectsa (X)
BBIUMCIUTENBHBIX y370B (BY), KoTOpBIE OYynyT OmpenensaTs MOCTPOSHHE CeMeCcTBa KOHYCOB U
OynyT obecneunBaTh NapajIeIbHOE UCIIOJHEHHE AITOPUTMA.
[0043] Koopaunatop He 3HAaeT TIA€ pacnojaraercs CraproBass TOYKA BBIYHCIEHUS
kparyaiimero nyTH (left) n punanbhas Touka nmytu(right).
[0044] Jns Toro uToObl HAWTH CTapTOBYH TO4YKy left (mis wWHUIMANMK ajaroputMa)
KOOPIMHATOP OTIIPABJISIET COOOIIEHNE BBIYHCIUTENbHBIM y3i1aM (BY) 1 nmoiydaer oTBeT B KakoM
BBIUHCJIUTENILHOM Y3JI€ HAXOIUTCS CTapTOBAs BEPLINHA.
[0045] Hanee xoopmunatop Ha 3tame (204) ornpaBnseT cooOlieHne HaiineHHoMy BY B
KOTOPOM HaxoAuTcs Touka left.
[0046] Ha nanHom stamne (204) npoucxoaut ornpaska coodmenuss CRAM Init(left(101)) x
Touke cereBoro oomena left (101) (nawano myTtn). Bepmmna left (101) nocemaercs (Bce myTu kK
Hell == 0). DTo MPOUCXOIUT MPH MEPBOH UTEPALIUU ATOPUTMA.
[0047] B nanpneitmmem koopaunatop (150) (B mampHeHmux urepanmsx) Ha stame (204)
OTIIPABJISIET BXOAHBIE NaHHbIE I 3Tamna (205) — KOTOpBIE SIBIAIOTCS HAOOPOM BEPLINH, KOTOPBIE
HEOOXOIMMO MOCETHTD B XOJI€ BBIMOJIHEHHs 3Tana (205), KOTOpbIe pacpeneeHbl O Pa3INIHbIM
BY, B mapax ¢ accouuMpOBaHHBIM C BEPIINHON BECOM IIYTH K HEH.
[0048] Taxum obpazom koopauaaTop (150) MOKeT OTHPABNATH 3TH COOOLIEHHS Ha 3Tare
(204) necxonbkum BY mapannensHo, 1 cooTBeTCTBeHHO mard (205) — (206) OynyT BBIMONHATHCS
B napasuienu st kakaoro BY. C kaxapiv BY acconmmnpoBas cBoit HaOOp BEpPIINH.
[0049] Ha »stane (205) BY, nonyuusiiasi coodmenue ot koopaunatopa (150), ¢popmupyer
MapLIPyTHI OCHEAYIomero ooMeHa cooOmenussMi.  BY n3Bnekaer crimcok CMEXHBIX BEPIIUH U
pactipenenser paboTy mo HoOaBIEHHIO 3TUX BEPIIUH rpada B ouepenp U MOCEUICHUS MEXIY
COOTBETCTBYHOUM BY.
[0050] Kaxxnp1ii BBIMMCIUTENBHBIN y3€1 JOJKEH pacCyuTaTh Ipeaen pacctosaHus Lo s
CIIEYIOIIero mara u coodmuTs ero koopauHatopy (150).
[0051] Ha stame (205) mpoucxonut ¢opmupoBaHue Ha BY MapmipyToB MOCIEAyOMEro
oOMeHa COOOLIEHHSIMH.
[0052] JList KaKIIoM TOYKM CETEBOrO OOMEHa KOTOpast Oy Yiia COOOIIEeHHe, OTIPABICHHOE
Ha npenpinyuiem stare (204):

a) CtaBUTCS MPU3HAK MOCEIEHNs (B XPAHUIIHIIE COCTOSTHHIH)

6) Bemmonnsiercst makporar (KoHyc). AccounnpoBaHHas TOYKA CTAHOBHUTCS cone center.



B) CTpOUTCS CIIMCOK BEPIINH, Kyaa UayT pedpa ot naHHoH BepuHb! (incident nodes), B
napax ¢ aCCOLMMPOBAHHBIM C BEPIIMHOW BECOM IyTH K Hell (Yepe3 TeKyIyI0 BEPIINHY).
IMpumensiercsi, nmpu HeOOXOMUMOCTH, (pribTpanus pedep 1 BepIIHH.
r) Ilo cmucky  pacceutaercs CBM  3ampoca  moporoBoro  3Ha4Y€HUs
ThresholdRequest([(node, pathWeight)]). Coobmenus arperupyrorcst mo BY, k koTopbiM
NPUHAJIEKAT 1IeJIEBbIE BEPIIMHBI.
[0053] BHyTpr Kkaxkmoil BepmIMHBI (TOYKHM CETEBOro OOMeHa) M0  TOJy4YeHUH
ThresholdRequest:
1. B xpaHunuine COCTOSHUI BEPLUUH ISl KAKAOW U3 HEMOCEIEHHBIX BEPIIHH:
a) Eciiu HeT cocTosiHus (BepiiuHa He ObLTa paHee BUANMA), 100ABISIETCS OOBbEKT COCTOSTHHS IS
TaHHOHM BeplIMHBL [IpH OTKPBITHH HOBOW BEPIIMHBI BEPIIMHA CUMTAETCS HemoceuleHHOH, tdist
paBeH OeckoHeuHocTH, MINCEW paccuuThIBaeTCsl MPU MHULMAIN3ALUN COCTOSHUS U Jaliee He
MEHSIETCSI.
0) mpomn3BOOUTCS OOHOBIIEHHE MPEABAPUTEIBHBIX PACCTOSHUN HEMOCEIIEHHBIX BEPIINH: €CIH
HOBOE TpenBapuTeNbHOE paccTosiHue pathWeight menbine Tekymero tdist, HOBOe CTaHOBUTCS
TEKYIUM.
2. Beraucisiercst npensioxKeHne o IOporoBOMy 3Ha4eHHIo oT BY: moporosoe 3HaueHue 11st Beex
HETIOCEIEHHbIX BEPIINH U3 CIMCKA, MPUHAIeKALTUX JAHHOMY BeIMHCIUTENbHOMY Y3y (BY) (¢
UCITIOJIB30BAHMEM Beca IMyTH K HeH M MHUHMMyMa Beca ucxopsmero pedbpa minCEW). lannas
BEJIMYMHA 3aIIOMHHAETCS B XPAHIITUILE.
[0054] ITocne Toro kak Ha 3tamne (205) copMHUpPOBaHBI MPEASIOKEHHSI, OHU Ha 3Tare (206)
OTIPABIISIIOTCS] KOOPAHHATOPY .
[0055] Ha osrame (206) wHa  koopamHaTtop  BhIChUTaeTcs  coobmenne CAM
VisitReport(thresholdOffer, minPathWeight) - nunpopmanus no nocemenuto BY, comepkammas
TEKyIllee MOPOroBOE 3HAUEHHUe Ui NaHHOro BY, B3sTOe M3 XpaHMIMIA, | CO 3HAYEHHEM
minPathWeight, paBabsiM Munumymy tdist o Beprumaam BY.
[0056] Takke Ha JAHHOM dTare OT KaKIOW BepimuHbI HAa koopauHaTtop (150) orchuiaercs
coobmenne CSM ThresholdOffer(thresholdOffer, minPathWeight) co 3Hauennem npenioxenus
noporosoro 3Hauenus thresholdOffer u co 3Hauennem minPathWeight, paBabIM MuHUMyMYy tdist
1o sepmnHam BY.
[0057] Ha stamne (207) xoopanaarop (150) BeiOupaeT HAaMMEHBLIHH MTPEeN U AaeT KOMaHIy
BBIUHCJIUTENbHBIM Y3JIaM ITOCETUTD T€ BEPLINH, KOTOPbIE MTONANAI0T B JAHHBIH Mpee.
[0058] Koopaunatop BeuMCIsieT TOPOroBOe 3HaUeHUe L 1 mocenaer Te BEpIIUHbL, KOTOPbIE

MOMNAaJY B TaHHBIN peaet.



[0059] Ha cnenyromem stane (207) Ha koopaunatope (150) mpoucxoaut y4et nHGopManu
0 c(OPMHUPOBAHHBIX MapLIPyTaXx OOMEHa COOOIEHUAMHU, & UMEHHO!

a) Koopaunarop no nmonmyuennn CAM VisitReport 0OHOBIISIET MPHOPUTE3UPOBAHHBIE OUYEpENU
TOUEK.

6) B xoopmunarope Bce coobuenns CSM ThresholdOffer arperupyrorcst m BbIYHCISETCS
s¢dexTrBHOE MOpOroBoe 3HaueHue. OOHOBJISIFOTCS] MPUOPHUTE3UPOBAHHBIE OUEPEITH.

[0060] Takxke Ha osrtame (207) TPOUCXOAUT BBIUUCICHHE BEPIIUH JUISI CIEAYIOIIErO
MIOCEIIEeHUS - U3 MPUOPUTE3UPOBAHHON OUepey B KOOPAUHATOPE BhIIEISIOTCS Bee BY, nMerorme
HETIOCEI[€HHbIE BEPIIHNHBI, YOBIETBOPSIOIINE TIOPOrOBOMY 3HAUEHHIO.

[0061] Taxke mocne ydera chHOpMUPOBAHHBIX MapuIpyToB Ha 3tane (207) mpoucxomuT
NpOBEPKAa OKOHYAaHMs PalOThl AJIrOPUTMA. €CIIM B paHee MOJYYEHHbIX MapIIpyTax HMeEeTcs
uHpOpManus O BepiInHe right, TO 3aBepPIINTH AJTOPUTM M BEPHYTHh aCCOLMUPOBAHHOE C right
3HaueHue tdist kak pesynbrar padorsl anroputMma. Eciu nmaHHON BepIIMHBI HE OOHAPYIKEHO, TO
MIPOUCXOANT Mepexon Ha sram 208.

[0062] Ha stame (208) mpoucxomuT npoBepka — €CTh JIM HOBbIE BEPIIMHBI IS TOCELISHHUS
(nadopmarus 06 3Tom OblTa chopMUpoBaHa HA MPEbIAYIIEM STare). ECiii HOBBIX BEpIIHH HET,
TO 3aBEPIIUTH AJTOPUTM C Pe3yJIbTaTOM OECKOHEYHOCTH (1IeJieBasi BepLInHa right He HalieHa, T.e.
HET HUKAKOTO My TH, UAYIIEro K Her u3 left).

[0063] Ecnu BepmuHBI UMEIOTCS, TO Aajibllle MPOUCXOAWT WUTEPATUBHBINA MOBTOP 3TAIOB
(204 _ - (207) anropurma criocoba (200).

[0064] ITepexon k stamy (204) ocyInecTBIAETCS HCXONS WX TOrO, 4TO MO KaXKAOH W3
BbIOpaHHBIX BepiinH paccbulaercs coodmenne CRAM VisitNodes(threshold), nanee Ha stame
(205) xaxnpiii BY orOupaer BepIIMHBI, COOTBETCTBYIOLIME IOPOrOBOMY 3HAYEHHIO. OTH
BEPLIMHBI OOBSBISIFOTCSA BBIOpAaHHBIMH. BecamMu myTw K HUM SIBIISIFOTCSI UX TEKyIIHUE 3HAYECHUS
tdist.

[0065] Oranel (206) — (208) BBIMOJHSIOTCA IO TOTO MOMEHTA, MOkKa He Oyner HalaeHa
HCKOMasl BEPIINHA, WIH K€ He OOHAPYKUTCS YTO MyTH U3 TOUKH left B Touky right Her, nmm ke
ITOPUTM HE OCTAHOBHUTCS MO JPYrOMy KPUTEPHIO OCTAHOBKH — HANPUMEpP MaKCHUMAJIbHOE
KOJIM4YE€CTBO UTEPALIMIL.

[0066] Ha ®ur. 3 npencraBieH oOmui BuA BBIMUCIUTENBHOTO ycrpoiictBa (300),
NPUTOAHOTO AUl BhIMONHEHUs criocoba (200). YerpotictBo (300) MOXKET IpeAcTaBisiTh COOOH,
HaIpUMep, CEpBEP MM MHOW THUI BBIYUCIUTEIBHOTO YCTPOHCTBA, KOTOPBIH MOKET PUMEHSIThCS
IUISL peaM3aliy 3asBJICHHOTO crocoda.

[0067] B of0mem cnyudae BbramciauTenbHOe yCTpoHcTBO (300) comep:KUT OObeTUHEHHBIS

oOmmel muHONW MHPOPMALMOHHOrO OOMEHa OJMH MIJIM HECKOJbKO mponeccopos (301), cpencraa
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namsty, Takue kak O3V (302) u I13Y (303), unrepdeticel BBoma/BeiBona (304), ycrpoiicTsa
BBOAa/BbIBONA (305), M yCTPOUCTBO AJist ceTeBOro B3aumonehcTus (300).

[0068] ITpoueccop (301) (MM HECKONBKO MPOLECCOPOB, MHOTOSIIEPHBIN MPOLIECCOP) MOTYT
BBIOMPATHCS U3 ACCOPTUMEHTA YCTPOUCTB, IIUPOKO MPUMEHSIEMBIX B TEKYIIEE BPEMsl, HAITPUMED,
kommnanuii Intel™, AMD™, Apple™, Samsung Exynos™, MediaTEK™, Qualcomm
Snapdragon™ u t.n. B kauectBe mpoueccopa (301) MoxkeT TakKe MPUMEHSATbCS rpaduuecKuit
npoueccop, Hanpumep, Nvidia, AMD, Graphcore u mp.

[0069] O3Y (302) npencraenisier coOOH OMEPaTUBHYI) NaMsITh W TpPEeIHA3HAYEHO JUIs
XPaHEHHs UCTOJHEMBbIX mpoueccopoM (301) MaTMHOYMTAEMBIX WHCTPYKLUMH ISl BBITIOJTHEHUE
HEOOXOMUMBIX orepanuii no Jjorundeckoi oopadorke nanubx. O3V (302), kak mpaBHIIO, COOEPIKUT
UCTIOJNIHAEMbIE MHCTPYKLUH OINEPAMOHHOW CHUCTEMbl U COOTBETCTBYIOLIUX IPOrPAMMHBIX
KOMITOHEHT (TIPHUIJIO’KEHUS, TPOrPAMMHBIE MOZYJIU H T.I1.).

[0070] I13VY (303) mpencrasnsier coboit oaHO MK OoJee yCTPOHCTB MOCTOSHHOTO XPaHEHHUs
JaHHBIX, Hanpumep, skectkuil auck (HDD), TBeprorenbHbIil HakomuTenb AaHHbIX (SSD), ¢smm-
namsate (EEPROM, NAND wu T.1.), ontuueckue Hocutenn uHdopmanuu (CD-R/RW, DVD-
R/RW, BlueRay Disc, MD) u np.

[0071] Jnsa opranuzanuu padoTbl KOMIIOHEHTOB ycTpoiicta (300) u opranusanuu padboTsl
BHEIIIHUX MOJKIIIOYaeMbIX YCTPONCTB MPUMEHSIOTCS pa3iinyHble BUAbI HHTep(deticoB B/B (304).
Beibop  coorBercTByOIMX — MHTEp(EHCOB  3aBUCHUT OT  KOHKPETHOTO  UCIIOJHEHUS
BBIUHCJIUTENILHOTO YCTPONUCTBA, KOTOPBIE MOTYT NPEACTABIATh COOOH, He orpaHnunBasicek. PCI,
AGP, PS/2, IrDa, FireWire, LPT, COM, SATA, IDE, Lightning, USB (2.0, 3.0, 3.1, micro, mini,
type C), TRS/Audio jack (2.5, 3.5, 6.35), HDMI, DVI, VGA, Display Port, RJ45, RS232 u T.1i1.
[0072] Jlns obecrieueHus1 B3aMMOJEHCTBYS TIOJIb30BATENSI ¢ BBIYUCIUTEIBHBIM YCTPOUCTBOM
(300) mpumenstoTcst pasnuunble cpencrsa (305) B/B mHbopmanmu, Hampumep, KiIaBHATypa,
aucIied (MOHUTOP), CEHCOPHBIN TUCIUIEH, Tay-maj, IKOMCTUK, MAHUIYJISITOP MBIIIb, CBETOBOE
nepo, CTHIIYC, CEHCOpHAsl MaHesb, TPEKOOJ, AMHAMHKH, MUKPO(OH, CPEACTBA JOMOJIHEHHOU
pEaTbHOCTH, OINTHYECKHE CEHCOPBI, IUIAHIIET, CBETOBbIE HHIMKATOPBI, MPOEKTOp, Kamepa,
cpeacTtsa OMOMeTpUYeCKON uneHTH(PHUKauuyu (CKaHep CEeTYaTKU TIJla3a, CKaHep OTIEeYaTKOB
NaJIbLEB, MOAYJIb PACIIO3HABAHUS TOJIOCA) H T.II.

[0073] CpencrBo cereBoro B3aumoneiicteus (300) obecneunBaer mnepenady IaHHBIX
ycrpoiictBoM (300) mocpencTBOM BHYTPEHHEH MM BHEIIHEH BBIYUCIUTENbHON CETH, HATIPUMED,
Hnrpaner, Uutepuer, JIBC u t.n. B kauectBe omnoro mmu Oonee cpencts (300) moxer
UCTIOJIb30BAThCS, HO He orpaHuumBatbes: Ethernet xapra, GSM monem, GPRS momem, LTE
moneM, SG mozem, moayb ciyTHUKOBOM cBsisu, NFC monynb, Bluetooth w/unu BLE monynb,

Wi-Fi monynb u np.
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[0074] JIONOMHUTENBHO MOTYT NPUMEHSTHCA TAKXKE CPEACTBA CIIyTHUKOBOW HABUTALIMU B
cocrase ycrpoiictsa (300), Hanpumep, GPS, I'JTIOHACC, BeiDou, Galileo.

[0075] IlpencraBnenHble MaTepuaibl 3asgBKH PACKPBIBAIOT MPEANOYTUTEIbHBIE MPUMEpPHI
peanusalud TEXHUYECKOIO PELIeHUs] U He JOJIKHBI TPAKTOBATHCS KAK OrPAaHUYUBAIOLINE HHBIE,
YaCTHBbIE MPUMEPBI €r0 BOIUIOLIEHUS, HE BBIXOASIIME 3a MPEAeNbl UCIPAILIUBAEMON MPaBOBOU
OXpPaHbl, KOTOpBIE SBIAIOTCS OYEBUAHBIMH JUIA CHELHMAJINCTOB COOTBETCTBYIOLIEH obmactu

TEXHUKH.
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DPOPMYJIA

1. KomrmproTepHo-peann3yemslii ciocod MUKINYECKOTro pacipeneIeHHOrO aCHHXPOHHOTO

oOMeHa coobieHnsIME co cadoil CHHXPOHU3ALMEH, BBIOIHIEMBIH C IOMOLIBIO IPOLIECcopa ’

COnepKalui 3Tarnbl, HA KOTOPBIX:

a)

b)

g)

OTpeesSIIOT MHOKECTBO TOUEK CETEeBOro 0OMeHa COOOIIECHHUAMHU, IIe KasKaas
TOYKa MPEACTABISIET COOOH BBIUNCIUTENbHBIN Y36,

dbopmupyroT Mozens rpada s oOMeHa COOOIEHUSIMU MEKITy TOYKAMHU CETEBOTO
oOMeHa, B KOTOPOM BEPIIUHAMH SIBJISTFOTCSI TOUKU CETEBOr0 0OMeHa, a pebpamu —
(akT oTIpaBKH COOOLIEHMIA;

OIpeessIIOT TOYKY CETEeBOro 0OMeHa — KOOPAHHATOpPA HCIOJHEeHUs] 0OMeHa
COOOIIEHUSMU,

OCYLIECTBJISAIOT OTIPABKY COOOLIEHHI OT TOYKH KOOPIUHATOPA MO MEHbLIEH Mepe
OJIHOM TOYKE CETEBOro 0OMEHa;

MOJIy4ar0T OTBET OT TOYKH CETeBOro 0OMeHa, MOJyuuBIIel cOOOLIeHNe Ha STarne
d), mpu4yeM yrnoMSIHy Tl OTBET COIEPIKUT HICHTUPHUKATOPBI CMEKHBIX TOYEK
CeTeBOro 0OMeHa, B KOTOpbIie Oy Iy T HAIMPaBJICHbI COOOIICHHMSI OT NAHHOW TOYKH
ceTeBOro o0OMeHa, MPU STOM YIIOMSIHYyTast TOUKa CETeBOro ooOMeHa GopMHpyeT
MapIIPyThI MOCIEAYIOMEro 0OMeHa COOOIEHUSIMU,

Ha TOYKE KOOPIHUHATOPE OCYLIECTBIISAIOT y4eT CHOPMHUPOBAHHBIX MAPLIPYTOB
oOMeHa COOOLICHUSIMU IS KAKJJOHW TOUKH CeTeBOro ooOMeHa rpada, Ha
OCHOBaHUH COOOINEHHH OT KaKI0H TOUKH CETEBOrO OOMEHa,

UTEPATUBHO MOBTOPSIOT 3Tanbl €)-f) 10 TOro MOMEHTa, MOKa TOUKa KOOPAUHATOP

HE COOOIIHUT, YTO TOUKH CETEBOI0 OOMEHa OTCYTCTBYIOT.

2. Crioco0 1o 1.1, XapakTepu3yOLIMICS TEM, YTO KaKAast BEPIINHA CONEPKUT XPAHWINIIE

COCTOSIHUH, B KOTOPOM COAEPIKHUTCS HHYOPMALUS O MPU3HAKE ITOCELICHHSL.

3. Cucrema LMKINYECKOTO PACIPENeIEHHOTO aCHHXPOHHOIO 0OMeHa COOOIEHHSMH CO

C1aboi CUHXPOHU3aLUeH, Cofep Kaliasi o MEeHbIIeH Mepe OJIUH MPOIECCOp U MO MEHBIIEH Mepe

OOHO CPCACTBO NaMATH, KOTOPOE XPAHUT MAITMHOYUTACMBIC MHCTPYKIHMHU, KOTOPBIE IIPU UX

UCTIOJTHEHUH MPOIIECCOPOM PeaTU3yIOT criocod mo jrodomy u3 . 1-2.
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OTYET O IIATEHTHOM IIOUCKE  [Homep espasiickofi sansiu:
(crarest 15(3) EAIIK 1 npasuiio 42 [TaTeHTHOH UHCTPYKUHH K

EAIIK) 202191500

- KTACCU®HKALIMA ITPEAMETA U30BPETEHUSA:
HO4L 45/00 (2022.01)
HO4L 41/00 (2022.01)
HO4L 43/00 (2022.01)

Cornacuo MexayHapoaHolt naTenTHo#H knaccuukauun (MIIK)
b. OBJIACTD [TOUCKA:

[TpocMoTpenHas foKyMeHTaLHs (CHCTeMa KITACCH(HKALMK M MHAEKCH MIIK)
HO4L 45, HO4L 41, HO4L 43

DnexkTpoHHas 6a3a JaHHBIX, HCIOJIB30BABLIASCH MpH NOKCKe (Ha3BaHHe Gassl U, €CITH, BO3MOXKHO, HCIIOJIB3YEMbIE TOMCKOBBIE TEPMHUHBI)
Espacenet, EAITATUC, Google Patents

B. JOKYMEHTBI, CYUTAIOLIUECS PEJIEBAHTHBIMU

Kareropus* CcplIk Ha IOKYMEHTEI C yKa3aHHeM, 1€ 3TO BOMOXHO, PeJIeBAHTHEIX YaCTeH OrnocHTes K yHKTY Ne
X US 2011/0228788 A1 (CISCO TECH INC) 22 ceurs6ps 2011, secs JIOKYMEHT 1-3
X US 2005/0169193 A1 (MICROSOFT CORP) 4 aBrycra 2005, Becb 10KYMEHT 1-3
A US 10177985 B2 (GOOGLE INC) 8 suBaps 2019, Bech JOKYMEHT 1-3
A US 10601671 B1 (LOGICMONITOR INC) 24 mapra 2020, Bech JIOKYMEHT 1-3

I:I IOCICAYIOIINE RAOKYMEHThI YKa3aHbl B IPOJIOJDKCHUH

«T» - Gonee No3 MM ZOKYMEHT, ONyGIHKOBAHHBIH TOCHE AATH IPHODUTETA 1
* Ocofble KaTeropHu CChLTOHBIX JIOKYMEHTOB: IHHE ZOKy! » Oy a pHop

«A» - IOKYMEHT, ONpeensomuii obmuii ypoBeHb TEXHHKH MPUBEACHHBIA /1S NOHMMaHNA W306peTerNA

«D» - 10KyMeHT, npuBeACHHSIH B eBpasuiickoil 3asBxe «X» - IOKYMEHT, MMeIolIUH HauGoIce GIM3KOE OTHOWICHHE K NIPEAMETY NOHCKA,

«E» - 6onee paHHUH IOKYMEHT, HO ONyG/IHKOBAHHBIN Ha JaTy noAaun nopoyanuif HOBU3HY MIIK H306PETATENBCKMH YPOBEHD, B3ATHIN B OTACABHO-

(eBpa3HicKON 3a9BKH HIH NIOCTIE Hee e

O - JOKYMEHT, OTHOCAIWHCA K yCTHOMY PACKDBITHIO, SKCTI OHHpO- «Y» - IOKYMEHT, UMeIouit HanGoee GiM3Koe OTHOLICHHE K NPEAMETY NOHCKa,
BAHMIO M T.1 Topoyammi u30GpeTaTeNnbCKkuii YPOBECHE B COYETAHHMH C APYTHMH JOKYMEH-

"P" - NOKYMEHT, ONyG/IMKOBaHHEIH [0 AATHI NOAaYH eBpa3uiickolt & TaMH TOH ke KaTerop “;
3a5BKH, HO I0C/IE JIATH! MCTIPAITHBACMOTO NIPHOPHTETa" ::L: - ::2;‘:::’ :;L‘:;’;‘:H;; r;a;m-ua::;:rom
s

Jara nposenenns narentoro noucka: 14/03/2022

YnonsomouenHoe nuio0:
3aMecTHTENb HauaNbHUKA OTAENA MEXAHUKH,
(H3NKY U DNEKTPOTEXHUKH M.H. Ocynos
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