3. EIB-npoToko.a

3.1. Beegenue

BIARMONSACTEHA OTKPUTIX cReTes — OS] (Open System Interconnection). Ona Gsina coygana
B wkonue T0-x rofoes Mexaynapoznoit oprasmausedi no crasgaprisaman [SO (International
Organisation for Standartisation). B 10 spems CymiecTsOBaND HECKOALKO MOAEHCH
ofEcANFENIE RECOBMSHISHRKX APYT ¢ APyroM KosMmaotepos. Cetn paspafiaTweanice Toasko
NOS KOHKPETHBE MOJENH KOMNLIOTEPos. OGMeH Ko JANHLIMH MERTY CeTRME GLLI BOIMOECH
TONLKO NP HAAWIAW OOPEACHCHAOND NPOrpaMMHOTO H annapatsoro obecnegenus w Guin
cessan ¢ Gombmmsyt sarpatami. [losTomy BOIHHEAE NOTPEOHOCTE COMEAHMA MOZERH
BIAHMOACHCTRHA CHCTeM MeTY CoBO.

Komurer 1SO ssen » oBopor momstse orxpuroll cHCTeMu, B KOTOpOH nporpammuoe K
anmapatioe obccnewcnme smmsercs cramgaprus. Jannsili CTERIAPT rapaETMpYET, 9TO
CHCTEMBLl PASNHTHEIX NPOWIBOAWTCACH COBMCCTHML APYT C JAPYTOM H ACTKO MOTYT Ommw
HCTIOILI0BAHE B POLCCCE KOMMYHHKALIHN.

Bery cA0XHOCTH NpOUSCCa KOMMYRHKAUKR BECE NPONECC OOMCHA TaHELIMI PEIICTRAN Ha 7
Ja1at, KOTOpEIC HA3BATH yposuaMK. Tak nosenaack mogens OST (Puc. 3.1), » xotopodl Guunm
4eTk0 pacnpeiencisl fyuxmum orhenuueix ypomuel. Ilosxe miw kamnoro w3 uux Geuaw

paspaboTaiikd B OIMYGANKORAHL COOTBETCTRYIOMIME CTRHIAPTH, KOTOPLIC HE SRAKIOTCH JaCTRID
Aaanod Sasosoil mogenm.

boasmoe suasenme mogenn OS] sakmousercs B paspaborxe W peanusammu CHEAVIOUIHY

EOEICTITHNR:

I Coymba. Kawawii mOKecTOSmmA  ypoBens NpPCIOCTABNSET B  PACTIOPAMCHEE
BHIDCCTORMCIO ONPCACNCHEBIE YCMYyTH, AaskBaembie cioywbami. B cesow owcpems,
YCTPOHCTBO, XOTOPOC HCMOABIYET KakMC-THDO CAyOM, HAIWMBAIOT (OTLIOBATCICM
(service user), a ycrpoficTBo, KOTOPOC HX NPEADCTARANET, — MOCTABHINKOM (service
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3. EIB-nporokon

provider). Caeaver nog4epkryTs, 9to smogens (OS] pacemarpeeaer tonsko gwHKIHH
KOHEDETHOT VPORHT, 8 HE TO, EARHM ﬂﬁpﬂ&ﬂh{ OHH IOTEHE OMTR PeaTHIOBAHE.

Hurepdeiic. Mexny kamIpie JsyMs VPOBHAMH OpraHH30BaH HHTepdelic, KOTOpBIH
ﬂllpf-‘,.'],ﬂ.‘lﬂl:‘l' C]I}"}H'Ehi }""II'_'IIEHE:ﬁ'., TO &CThE KAKHM {]E]}H.'SIZ}M MOTLIOBATCNE  MOMET
BOCOONL3ORATECA YVCIVTAMH MOCTABMIHKA CIV/KD, KakHe MapaMeTpsl cOeIVeT 3a1atk, a
TAKAKE KAKHX PEIVIIETATOR CASIYET OMKIATS,

[Iporokon. llog oporokosos nonuMacTes HEKOTOPRIL HADOP METOLOB, HCINVILIYEMBIX
8 BIANMONEHCTRHA COOTBETCTEVIOMIMY VPOBHEH PAaITHYHBIX cHcTeM. EcmoH, Hanpumep,
YPOREHE N OTEPEITOH cHCTeMBl Ne 1 x0uerT CBAZATRCA C TAKHM SKé YPOBHEM OTEPEITOH
cHeTeMBl N2 2, 10 Onv 0Da JOTKHE MPHASPKHBATLECA ONpEACHeHIBX npasus. Cymma
MAHHEIX THaBAT # obpasveT nporokon ypoeHa N, ParnonpapHeie YpoRHH Halee OvieM
HAIEIBATE IIAPTHEPAMH {peer layvers).

DYHEUMH OTACALHEX VPORHeH OBLTH OIIHCAHE! BO BBeNeHNH K gadHoH wHmre. [Toaromy 31ecs
MBI [OOPOOHEE PACCMOTPHM JEHHEE, MOCPEJCTEOM KOTODBIX BIAHMOIEHCTRYIOT cnyxis
NONB3OBATENA H IIOCTABIIMKA CMTYHD, 4 TAKKE YPORHH-MApTHEPH! (prc, 3.1).

OTrpeITaA cucTama 1 OTepemas cuoTema 2
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Puc, 3.1, KEosvonviaiaigua ro O8fsmodeiu

Moayae caysednmx gasHex (SDU, Service Data Unit). Kommynukauns yposna N+1 ¢
ypoRHeM N IpOHCXOUHT DOCPEICTROM ONpefenenitx ciywd ypornel, TogHee TOBODA,
uepes uaTepdecnl dTHX cnykd. Jasdpie i vpopsaa N #BIAKOTCA COvCcDHBIMKE, CCIH
OHH DEPEIARTCA HIKEICKAILEMY YPOBHIO 08 ainsneinei obpaboTiw.,

Mouyae gammax npotoxona (PDU, Protocol Data Unit), O8MeH QaHHBIMH MEHAY LBYMH
YPORHAMH-DAPTHEPAMH HPOHCXOIHT HA OCHOBE MOAYAS JaHHRX FTPOTOKONE, KOTOPRIH
O0ECIIEMBACT NPABMILHOCTE BOCTPHATHA HAdopMammi. OH COCTOMT W3 HEPeIaHHOI
Dnoxa coyweOHRX JAHHEX, JONOAHEHHBIX napaserpams worepdeiica (1C1, Interface
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Control Information) i cobcrsennoii ynpasnmomic#t vibopmanueti (PCI, Protocol Control
Information),

Hrak, sro Owna mame kpatkas wadopsanua o mogenn OSIL Mu onwcann Tomsko
HeobXoaumMLie Ans JaHHOH IiaBel MomenTws, Bosee nompobuEii pacckas o moaenn mor Gm
COCTARMTE, NOKAMYH, HeIyio KHIArY (oM. [Tane 96]).

3.1.2. EIB B mogean OSI

B Oomee npocreix KOMMYHHEAMMOHHBIX CHCTCM&X, KOTODLIE TIpeAHATHAYEHH A
OMpeJencHHEIX 3334, He BCETOa HeobXoauMo HATHYHE BCeX YPOBHel, YKasaHHBX B MOICAH
0S8 Cers EIB, Hanpumep, Henons3yeT Tonsko 5 #3 7 yposncii (puc. 3.2).

Monene OS5I Eig

T MpeENaIHoE YPoRoHE : MpueEnanHad YooReHk

6 | YpoBeHs npencraBneHus

& CECoHOHMBN VRDBAHEL

4 | TpancnopTHHIA YROBEH: 4 | TpaHCnOpTHLIA ypoBeHs
3 CeTeuon ypoasHs a CaTeach ypoRess

2 | ¥YpoBeHb CBAIH OAMHEIX 2 | YpoReHs CEAIM JaHMbX
9 DHIHYSLEHA YPORSHE 1 PHIIYECKHA YPOBEHE

Puc. 3.2, Moders OS] u EIB

PacesmoTpyM B3aHMogeicTBRE OTAENBHEIX ypoencil. Cayxbw vposreii cetn EIB noctpoens
no npemogny caymb OS] Kaxnas takag cnysba cOCTOHT H3 cTporoll Nocnea0BATENLNOCTH
onepaiiii, 0bo3nasaeMbIX ance Kak TpHMETHBRL ciyxb (Service Primitives).

B npunumne cnefyer pasnHgaTh 4 OCHOBHBIX MpPHMHTHRA! Janpoc (request, req), MIBCIICHHE
(indication, ind), nogTecp#menwe (confirmation, con) M oTeer (responsc, res), B cyxDe
neohA3aTeNbHO namWgHe Beex 4 TpHMHTHBOB. B GomnummcTRe  omydack  ciyOwm
I{]IEECHIPHI[HP}’HTEH i [4] HHCITY I'.I'FHHH'IT-IBEIE H HATHYHED HX BIAHMHOID EMHAITHE

1. CayxGa ¢ noxaspHeM nogTeepwmenuen (puc. 3.3). BMecTe ¢ 3ampocoM NONEIOBETENA
YPOBeHb N nomywacT KOMAaHIy Wa BRIMONHGHHE onpeacnennodl samawn. Komaima
YMAKOBLIBAETCA B COOTBETCTRYIOIIMA moayae manmelx npoTokona PDU. CryxGa, B
COOTBETCTBMM ¢ Momenewd OS[, ona BEMONHEHMM NOCTARFENNON 3aJa4K NOABIYETCR
caysbolt ypopra N-1. Dror yposens, B CBOW0 OYEpENs, HCIOALIYET CITY OB
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HHAECTONIIEND YPOBHA M TaK 70 TCX Mop, NOKa He ORakercs 3aaclicTBOBARNEIM caMblil
nocneanHi 13 HUX, KOTOPEIT NepenaeT ganmeie no GHINTECK cpeac.

Ha npunumaomcd CTOPOHE © TOMOMIEID WIBCUICHHA (HHOTAZ Jamc HECKOMBEHX )
AKTHBHPYETCA COOTBCTCTRYHIAI ypoBeHs IpyToil creTemul. [Tocne Toro kak yganchnsii
yposens N ackoaMpycT MOAYTE OaHHLX opoTokona (PDU) 1 wisneget w3 nero koMasdy,
GMOK CepBMCHBIX AAHHEIX HepegaeTcA Ha Oonec BLICOKMH YPOBEHE (MIW, cciaM 310
NPHETATHOH YPOBEHE, — CAMOMY [OALI0BATEI).

Yposeus N OTOpaBHTENS TOJYYAET NOATECPKUCHHE OT fokansinoro yposas N-1. Ha
OCHOBE COACPAKALIAXCA B HEM TAHHEIX NOCTARIIAK clymbsl NOAY4aeT HHHOPMALIHIO O TOM,
fiLin 1M HEKECTOAINH YPOBSHE B COCTOAHNNN BLINOAHNTE JAMPOC H NMPOAMTRHTE 0BpaboTky.
Takoe noKansHOE NOATEEPKICHHE NOCTE KOPOTKO#H 06paboTEH BRITAETCA TOAL30BATCIIO.

b Gry#Gs

N_Service req M_Servipe.con MN_Service.ind
o] I ® el

Noxanssuti ],I'pﬂ-E-E'H'I:uN YoanenHEA ]."FF'-‘!EﬁHbEFH

l

(H-1)_Service.req  (MN-1)_Service.con {N-1)_Service.ind
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NoxansHsA NoNLIOBATENs Crywib YA b

Puc. 3.3, Cayorctia ¢ noxaisiein nodmegpxedenties

Cnyxba ¢ nogrsepsucaneM (puc. 3.4). Janmas cnymsda Takke COCTOHT M3 3anmpoca,
warenienws ¥ noarsepEaenng. OgHako B 3TOM CAyHae YpOBENL-NapTHep cpasy [ocne
NOMy4eHHA HIBELIEHAA  OTOPARISET COOTRCTCTBYIOINEE  MOOTBEpAAenHe.  3To
NOATREPICICHHE ROIBPAMIACTCA  OTTIPABHTEND YEPEI COOTRETCTBYIGUIMI (IPHMHTHB
vpoBHA N-1, IpHYeM MOCTABIIMK CAYMOB MONYHACT CHIHAN OT [PHMHTHEA HIBEMICHHS
yporug N-1. Caenver obparuTe suHMaNwe Ha To, YTO NEPEIARASMEIE MPH ITOM JalHLIC H
NapaMeTPL! DPHHAANCHKAT YPOBHIO-NAPTHEPY.

H3 wapeneHns yposeHs N MOKET CAENATh JAKTIOICHNG O TOM, BbIMOIHAN JTH YPoBeHEs N-
NoCTARAENNYI0 3afady. B cnyuac nosuHKHOBCHHA OMRGOK 33agava MomeT Otk
BRINOAHEHA SMle pajd. JTO JABACHT 0T ACmoak3yeMoro s yposHe N nporokona. B arobom
CAYYAC NOABI0OBATCINL [TONYSACT HHq]DPHHHEEﬂ O pEIVILTATC {![CEEJKH‘U OTpHOATCIBHOM
Wi nonokHTensroM). Ha ocrose 3roit undiopMagii CHOBa MOMKHO CENATE BLIBO, Beina
TH BRINCGIHSHA [TOCTABICHHAA YPOBHEM N 3agadga.
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NokaneHER NONLICEATEN b CryHDE ¥ QANEHHELR cywbn

@l :.,T@ g,rm

Puc, 3.4. Coyowfia © nodmeepoadenmey

3. Cnyxba c oreeroM (pec. 3.5). Ocobuii BHA cavkDEl, TpPH KOTOPOM OOCHE TONBIEHHA
H3BCIIEHHA HA YPOBHC-NAPTHEPE I'EHEPHPYETCHE OTBET YAANSHHOTO nonssosatens. OTBeT B
BHAE NONTBEPKASHHE NEPEHOCHTCE NPHMHTHBOM YpOBHA N-1 TOMYy DOAB3OBATENHD

cnymbnl. [To TakoMY NPHHIMITY MOXHO OCYIIECTBHTH 00MeH JAHHEHIMH B 0fe CTOPOHEL
Taxkas coywba, B OTIHYHE OT BHINEHSPEYHCACHHBIX, BCCIAA COCTOHT H3 3ampoca,

MIBEIEHMA, TOATEEPANCHHEN H OTBETA.

NoxansHBE NONL30BATENL Criyeic ¥ OaneHHelR Nork3osaTens oy
MN_Service.req H_8 con M_Service.res M_Servica.ind
o] |@:- o| ol
NokansHeai yp::menuht W AneHHEIE jrp-::-EEthz!-.I
{N-1)_Service.req  (N-1)_Service.ind (MN-1)_Sarvice.reg  (N-1)_Service ind
: i 4

Puc. 3.5. Cayxcha c omeemon

Taxum DEI'P-EI-'EGI'I-'I, JNpOC H OTBET HAHIHHPYIOTCA MOARIOBATCACM, d NOATBCPEACHHC H

CIBCIIEHHE NPOBOANT COOTRETCTEYIOMAH YPOBCHE.

AnA noHAMaHEA cOBMECTHOH paboThl OTHENBHEIX YPOBHCH MOKHO MPEICTARWTE, YTO YPOBHH

NEpEOHAYANEHO MACCHEBHEL. Hocrasmme ['.'..I'l}']-l-l'ﬁhl HAYHHACT p&ﬁﬂflﬂﬂ: TOALEO TIPH. TMTOMYICHHH

JANpoca OT NOAL3ORATENS cAyxDul. YTodn BRINOANMTE 3afady, OH, B CBOH O4CpPEIE, ¢

NOMOMIBI0 NPHMMTHREA AKTHBHIHPYET pacnonoweHHml nmwe ypoeenb. Ilo Takofi cxeme
paboTaoT BCE YPOBHA 0 TOrO MOMENTA, TOKA HE CTAHOBHTCH 3acHCTEOBAHHEM nocHe s
YPOBEHE, KOTOPEH HMEET NOCTYN K nepejaromefi cpene. Ha ynaneanoil cTopoHe NpAMHTHE

HIBEHICHHA DOMee HHIKOTO YPOBHA CHTHANMBHPYET CNEAVIOMIEMY YPOBHIO O TOM, 9TO CAEayeT
BRITIONHHTE onpegencHuyio komangy. Hance B COOTRETCTEBHM C JaHHRIMH H3IBEIIEHHA

reHeprHpyeTca MO0 nogTeepxIeHNE, NHOO OTBET.
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[Mocne wopoTkoro obzopa pazawuntix clIyk0 H MX NPUMHTHBOB JIOTHHHO MCpPCHTH K
PACCMOTPERHI0 OTASALILIX YpoBHeil, uX cnywh o NPOTOKONOR.

Cpasy e HECKONLKD 3JAMCUaHHA OTHOCHTCHBHO HOMewknatypel. B kaxnofi w1 rnas
COOTBCTCTEYIOUIMM MOIYISM J2HHEX MPOTOKON0S NOCHEN0BATENER0 NPHCBAHBANHCE HMEHA,
Tax, PDU yposna 2 nasssamick kaapamu, PDU yposps 3 — nakeramm, PDU yposns 4 -
Tenerpammany. TMonstie «coofUIEHHes NPHMEHAETCA 474 0f03navcHHE MOOVAeH ManmmIx
NPOTOKONOE TIPHEIAINOTD YPOBHA,

Kaanan rnapa HagdimaeTcs ¢ parxoro obzopa yvHEUHOHHPOBAHHE COOTBCTCTBYROLIETO
ypoena. [lanee cAcHyeT AETaNBHOE OnMeaHHe cayx0, Jlnw onucaHHA NMPHHONNAE paboThl
KAKIOI0 NPHMHTHEA TPHROAMTCR M0 TPOTPaMMA. HapHbie TpOTPAMMEL  CYIIECTEVIOT
OTAENLIG IR NOKATBHBE VpoRHeH (oTnpasuTeneii) u yaancnnux ypoeHei (nonyvarenei). Ha

caMOM Iele TAKHe nporpammil GyYHKIHOHEPYIOT B TOM CHYTae, eCTH MPHMHTHE Bhl3bIRACTCA
OALIOBATCACM CIYROE HAH PACTIONOMEHHEIM HIKe ypornes. Cnegyer o0paTHTE BHHManue
Ha TO, UTO HEKOTOPHE (parMeHTH mporpaMm na sskike C HOCAT ckopee JHAAKTHYECKHH
xapakrep. Tem HE MEHEe MBI YREPCHLI, MTO TPOHECCH BLINONHCHHA OTICTEARIX caywh M
MPOTOKOAR! ypoBieR ByayT NOHATHE. 3aMNTCPCCOBAHHBIH HHTATCME CMOMET MOMY4HTH
npeAcTABIEHHE 0 pIaAMoeiicTery yporHeit EIB. OBeysicane oIHOTO YPOBIS, Kak NPABHIO,
JAKAITYHBACTCA NOCTPOCHIEM MOIYNA NAHHLIX TPOTOKOE,

3.1.3. Kpartknii ob3op cern EIB

Cere EIB ormmuaeTcd npocTol, RarisiHOH Hepapxuyeckoi  CIpyKTYpoH, coagamnof
CTIENHANEHO I8 OONACTH CHOTEMOTEXHHEKH 30aunil. ¥Yanul ceTH 00beTHHAIOTCA B JTHITHH, 30HbI
H ofnacTH. JIHHHEH OTACNSIOTCA APYT OT APYra ¢ NOMOMIBIO KOMMYTaUHOHHOIO YCTPOHCTBA.
Kamnas uz 15 poaMokae o01acTeil B CBOK OYEPElh PAIRCTRARCTCA HA BEIXODE HA 15 murmi.
Kainan Aiua MOKET coacpkaTt 256 yoTpoiicTs, T0 €CTh MAKCHMANLIOE YHENO YCTPOHCTE,
HIH ¥3J10B, OKAa3BIBAETCA pagHkiM 57600,

CoeaMnenHe CCICBBX Y3108 B KnaccHdeckom sapuadTe EIB npomcxomnt nocpeicrTsom
SKPAHHPOBARHOH OByXnposognoR muuud. TeM He Menee NpeaycMOTPEHBL H HCTIONEIVIOTCA
ROAKCHATEHBIN kabens, criosas MHHHA, pamko. Haubonee pacnpocTpaHeHHOH (M THNHYHON
ans cuerem fieldbus) senderca mMenno SkpaHHpoBaHHAR JRyXnposoanas annud. JoeTym K
cpefe nepetaur manmmx EIB obecneden ¢ nomoumsiy apfuipaxa, a EMEHHO TPOTOKONA
CSMAJCA (Carrier Sense Multiple Access with Collision Avowdance). Kamaeni yzen
OTHPABARCT HE(OPMALIHID HA INHAY No DHTaM | HocHe Kaxgoro OHTa NPOBEPACT, COBNANACT
M YpOBEHE NIHHEL ¢ MepeannmM 3uaueHneM. B caywae wecomnageunsd 3HAMCHHH yaen

HEMEINCHTIO NPCKPALECT OTHPABKY TaHHBIX.

Obsen  nuQopMauHel NPOMCXOANT ¢ NOMOMIBH  HHGOPMAUMOHHEIX. Kagpos. OOHH
HHBOPMANHOHAEIH KaIp COAepkHT KOHIPONMBHOE ToAe, none aapeca, 1-16 Galitop fannex, &
rake | HalT JAMMTE TAHHEBIXL.
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B KOHTDOARHOM TOAC OTMCYACTCA npuuputeT tenerpams. B 4-O0afiTmom aapccnom nome
COLEPHATCA aUpeca HCTOYHHKOB H Koniy coobmienwi. Credyiommc 3aTes JaHHBIG ABAAIOTCA
o UrypaHONIEIMHA T3NHEIMK, HIH CHTHATIAMH, H IPHHAINERKAT MPHENAIHEIM NPOTPAMMAM.
st pacTo3HAHHA OMHGOK Nepenayi OTHPABHTENEs CONAST KOHTPOALHEN SHAK B N00aRIser
ero K HufopMaumonnomy kagpy. IMosyuarens noBTOpHO pacedHTRIBAST 3TOT 3max. Ecaw
BLIABIAKYTCA PASHOITACHA, WHDOPMANMOHERI Kamp OTNPABIAETCS emic pas, B NPOTHEHOM
CAYUAC OTIPABHTENI NOCHUNACTCA NOATEEPHICHHE 00 VCIEMHOM NPHEME,

B coru EIB agpecatamu mMoryT DRITE OTISARHEIE YOTpoifcTRa, TPYNNOEI VCTPOICTE WM BCC
YOTPORCTRE  OHOBPEMEITHE. Elum,}rm' PAITHYATE 413;1:1&1“1:{1':}% H TPYTIMOBYH  apCCatiHi.
PHIMYECKAT ATPECAHA 0IHOIHAYHO waenTHhHIEpyeT y3ea EIB u nenonwsyered b BIOE 3aMHCH
obnacte IHHIA y3e0. 'pynnoead agpecaliy yNOpAIOTHEAEST BIHMOISHCTRYIOWING MPHKIaIHEIE
NPoLEccH M Nogpaigenderca na 13 oCHOBHEX MPYNn, KOTOPLIC B CROK OMEpPETh BEIIOHAINT B
cebs 2048 nogrpynn. PopMa 3aMHCH BEIFISINT KAK 0CHOBHAS FPYNINA/MOIrPynna,

HYrodw obecneanTs pabory yina & cetd EIB neobxoamvo sanporpaMMHEPOBATE €70 QIH3HYCCKRME
agpec. B mannoM cmydae HCTOABIYIOT TENETPAMME], KOTOPBIE ANPECOBANL BLCM Y3I4M, HO
MpEIHASHAYAOTCA 1A }"EI'p-CIﬁlI.':TH-E, HaXOIAMEToCd B pOKHME ITPOrPAMMHEDOBAITHS. Kak Tonuxa
ANPCC YCTAHOBAEH, YCTPOHCTBO MOMKIO HISNTH(PHUADORATE N0 Cro mewmcmm:f ARy,
IOIVIHTE KON(GHIVPALHOHHBE JaHHBIE (IPHACKEHHE, NApaMeTPel, TPYIIIOBOH apec).

[[puaoskeHds BIauMONCHCTBYIOT © [OMOLWBH) [PYNOOBLIX  gapecoe, oOMEHHBAACE Tak
HAIBIBAEMEIMH KOMMYHHKAUHOHHEIME O0BekTaMH, Tak, CUNTHBAA NMOIKCHHE BROCUCUATEIN,
MOBHO YIPABIATE OCBEUICHHEM HAM TeMncpatypoil. B cacayomux pa3aenax noapodua OyayT
PACCMOTPEHE YPOBHH, CTYADE H MPOTOKOME], OTBSYAIONIHE 33 NEPSHOC ITHX AGHHBIX.

3.2, @UINYCCKHH YPOBEHE

nrpaecknii vpoeens (Physical Layer) veranaenneaeTr see JeRTpHUCCKES, MeXaHHYECKHE,
[I'I}"II:BCI.I.HDI[E.."ILHI:'IE H 'I':IE]'EI-IIE-'J'.I&"F}'[IHE I'IﬂPEI.HE:Tp[:] I:PH']-H'-IE!GHD]"G COEJITHNERHA _‘g."l:'l'pﬂﬁﬂﬂ'ﬂ B
pacnpenenenHoil cucTeme. EcTecTBeHHO, B JaHHOM ChOy4ac OYCHE BAaXHO COTJACOBATH
MApIpYT {TO €CTH, KAKHM 00pa3oM JanHee 0VIVT NepedaHkl — 9eped IBYXNPOROINYIo THITHIO,
L MO OLHBRD p-ﬂ.'l.l.l'iﬂl H T._U,-}, TOIONOIHEY, 4 TAGHE CHCTCMY CHITIAMERIILIX KOO8,

['pydo ropopsa, oOcHOBHOH 3agawyedi (HIHYECKOTO VPOBRHA SBIAETCH HMEHHO [epenaya
OTACABHEIX OHTOB, nosroMy nawbonee sasuo cobmoaenne npasun pabotel ¢ GHTaMH Ha
dranueckom yporne, Hemoansyemad cpeta nepelayr JaHHEIX TAKXKE BO MHOTOM ONpEaenscT
NpOTeKO 1-ro ypopuf, CleaviouHil ypoBEHb — KAHANLHBIN — HCIOALIVET MNpPeXIe BCEro
cryxOe, HEODXOAHMEIC AN8 0DCCNeYCiHA Nepenadl BCEro MOTOKA HePes PHIHYCCKYI0 CPeay.

Crangaprioii cpenoil nepegayn g EIB aenaercs sxpanuposanuan sutad napa. Pacnpocrpaness
ARG PAiHO W Hippakpacioe wimydenne, TpaTHIHOHHAL JMEKTPONPOBOIKA TAIGKE MOKET OBiTh
HCTIONBI0BAHA B KauecTee cpoukl nepenadn EIB. B pamunefineM naubonswes sHuManae Dyner
YACAATECA HMetno KnaccuTeckiiM EIB-cueremanm.
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Takx kax EIB mpencramnser cobofi MEHEHTPATHIOBAHHYIO CHCTEMY, TO BCC Y3llbl MOTYT
MPOHSBOIMTL OMEH TAHHBIMH Hanmpamyw (De3 obpamenns K YOPaBAAIMIEMY UEHTPATLHOMY
YCTPORCTRY) Yepes ABYXIPOBOTHEVIO JHHHIO. To eCTh KkIbH 03 yaios 001a0aeT OIHHAKOBRIMH
OPAEAMHE HA AOCTYH K INHHE W, SC/TH [HHAA cBODO/IHE, MOKET CIENaTh IT0 B 000k MOMEHT.

B cHCTeMAX TAKOTO POIa, KOTHA AOCTYI HE PETTIAMEHTHDYETCH HEKHM LSHTPAILHEIM, FI2BEHBIM
YCTPOHCTBOM, TONHOCTRIO HCKTIONHTE KOUIHZHE HepoaMowmro. Oun BOZHHKAIOT TOTIA, KOTTA

HECKOMLEC YIIOR ONFORPEMENo HOTYIAI0T HIBECTHE O TOM, WTO IIHHA cRoboIHA. H KOJUHIHA
cicayer paciossats (collision detect) # YCTPAHHTE ¢ NOMOUIRK COCITHATEHEY METO/I0R (collision
avoidance). B wrore, MHHY IODKEH JEHHMATE TOARED OIHH Y3eN, TIPH9EM HE I0Rue
OTPETETEHAOTD OTPEIKA BPEMEHH, NOCNE KOTOPOTO OH CHOBA NOIMEH OVIeT WIATh JOCTYTA K
e, PHIHGECKHH YPOBEHE TAKKE OTBEHAET 34 PETYIHPOBKY A0CTYLA K CPEfe, 9T0 ofiecneunsact
BOSMOWRHOCTE  TPAHCTIOPTHPOBKH MoTokoR OWro Ges mpoBoem. DTw NOTOKE JODEHBL OBITH
TPARCHOPMHEPOBAHE B COOTRETCTRYIOUIHE HMITYIRCH, KOTUDLIC I0TOM NepenatoTes no cer. Torsa
HA [PHHMMAROLOCH CTOPOHE Wl WMIYNLCOE CHOBA BOCCTAHARNMBANYICH UH(QPOBHIE OWTH W
MEPENAITCA HA KAWATRNEH yposeHs, UToDM mamiuie noisasads BEMOTHATHCE (e omuboK,
PEKOMCHIVETCH PA3delATe DHQpoRMe # aHanoropsie gywknmm yposna. [lodToMy QuIsdeckHi
YPOREHE COCTOWT M3 ABYX NOTypoBHed. Bepxunit morwseckmii momym. (LU, Logical Unit)
BIAHMOTSHCTRYET ¢ KAHATHHLIM VDOBHEM, HIDEHWH MOuynL tocTyna k cpene nepemaum (MALL
Medium Attachment Unit) oTeedaeT 3a ceass co cpenoi (puc. 3.6).

F_Data.req P_Data.con P_Data.ind
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Pue. 3.6. Dusecxull yposen
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B mauane JAHHOIO pasigena monpodso Gnina pacemotpena Tomozorma cherems EIB. danee
pedk MOHAET 0 JOTHYECKOM MOHYIE H CONSammeMca B HCM (porokone. Jlng moscrenus
paboTh OTASTRHHE CAVKeOHMX IEMEHTOR MNEPBOTO YPOBHA NPHBEOCHE (PParMenTh
nporpamM. Tak kax dyvHKUHHE, 38 KOTOPHE OTBCYACT MOOYIE JOCTYNA K CPCIC [NEPEIaTH,
COMHO JANOMKHTE B NCCRAOKD), B JAHHOM coydae DEiNO pelleHO OTKa3aThCAd OT NMPAMCPOR

TIPOTTREMM.
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3.2.1. Tononorns

Cere EIB B CcTaHpaprHOM MCOONHCHMM (SKDAHHPOREHHAS BHTad Napa) CcOCTOHT M3
NMOAKAMNSMACMBIX K HIHHC JAaTYHKOE, HCOOMHHTCARHEIX 3MCMENTOR H CHCTCMHLIX KOMITOHSHTOB.
[To wuHe NepegaeTca IHEPTHA AN JCKTPOHHON 0DOPYA0BAHHA, 8 TAKKE NPOHCXOIHT obMen
HeOOXOTHMOH 114 BRITMIOMHERHMA 337089 HEpopMamed. [napHeM oTawywem EIB annserca
npocTad HArMAAHAA Hepapxuueckas cTpykrypa. Hmenno Gmaromaps atomy EIB oammaxoeo
ya0DHA M A8 YACTHONO NONBIOBAHUN, ¥ I8 ABTOMATHIAMNY DONLIIKX 30aHu.

Haumenwiee pabouee coeauwuenwe EIB mazwnaerca nwmmei. Opna nuuus obeCcaHHACT B
JABHCHMOCTH OT HCIIOMHEHHA 0T 64 mo 250 yanoe H nMeeT cobCTRESHARIE DIOK MHTAHMNA.

C momonreio yoTpoficTea cemH (LC, Line Coupler) oTnentHele JMHAHE COSIMHAIOTCA BAOIE
rnasnoit. [lo Takosy npuaHNy nocTpoensl GONENME OTPEIKH, KOTOPEIE HasnBaT 3ouamy. Takue
JOHLI COmEp#arT, Kak npagino, ot 12 (TP12) ao 15 (TP264) minuii. 30HEI, B CBOIC OYEPEls, MOTYT
OuITE ODBENMHEHBI B MArHCTPAIRHYI0 w0 cea3M (backbone). s 3toro meobxommme!
VCTPOiCTRA CRA3M Da30BLIX ceTell. TeM He MEHeE THAKHE HCNOAL3VIOT COOCTREHHBIE DMOK MIHTAHNA.
Taxum odpasom, & EIB Teopetnyecin momer Ouime mogmmroueno ot 11520 (TP64) no 57600
(TP256) yanos. KpoMe Toro, cyliecrsyior nepexois! k apyrum cucreman fieldbus v x Harepuer.

MagcHMantHO pa3pemieHHad AIWHA AHHHN 3ABHCHT OT cropocTH nepegaud. Ecnu cropocTs
nepegady cocrasnser 9.6 Kburic, To gnupa we JomwHa npessimars 1000 M, npuues
MAKCHMANGIO0E PACCTOAHHE MEXAY ABYMH yilaMe gomxno OwTe He Dombme 700 M. Kak
MPasune, HENOALIYIOT PAVTHYALIE THHHH, KOTOPEIE OTBEYAOT CIETYIONHM TpehopaHnaM:

Tabwuya 3.1
Tunw aunnie cage ¢ cemu EIR
Thu Crpyxrypa lpoxnanwa
PYCYM 2x2x0.B | Ocrosa: EIBA cornacko BoyTpH: rayxas MPOKAANKE B CYXHX,
DIN VDE 0207 u YEAREHCHHBIX H CRIPBIX MOMCLIEHHAX.
DIN VDE 0815
CHEpYEH: BHE MPAMBIX CONHEYHLIX
T EPACHbLIE +1lsna Ty
yeprilit S HETN _
R caal ::hl.'f:mn r:zg}zma}énap:mm oA
fGenwit caoBonua | T g
MonTam: KpaH C THICMACHHEM
I-Y(53T) 2x2x0,& | OcHosa: DIN YDE 0815 BeyTpi: royxas npoEILIKD B CYXHX,
K i oo YEMEWHEHHBIX H CRIPBIX FOMELIEHHA.
HEPHbLE -Bus CHapy®H: BHE MPAMBIX COMHEYHLLX
WENTHH coobogua | myweH.
Denbiid crofogHa

OTEpMTER NPOBOIKE, MPOBOAKE 03
Mosram: JHpaH © 3RICMACHHEM ITYRATYPEOH | B TpyDax.




BE 3. ElB-unpotokoa
Ha pue. 3.7 mobpaena uepapxudeckas CTpyRTypa cicTems EIB.

Pue. 3.7, Tonsanoun cemu FIR

3.2.2. Jormyeexknd MoTyIb

Toruuecknil Mogyas (LU, Logical Unit) npenctapnser cofol HEIARHCHMYO OT CPEJE HACTE
(HEECKOrD ypoRis. [[PHHAB Tanibie LA OTIPABKH OT BEPXHEIO YPOBHS, O J0Das/I#eT K
BIM  ONOMHHTENEHYIO  HudopMamao.  [locne dero  uHQOpManms  pasdupaeTes  Ha
HOCHEIOBATENRIOCTL  Guros, ITH CHIHATE (PACHONONKEHHWE B JOTHIECKOM [OPAIKE)
TPeoBPAsYIOTCE MOTYNIEM A0CTYIA K CPeE IEPEIIAYH TaHHbIX B AWAMOTOREIE CHTHATEL, PHYEM
caMi Nepelada OCYIECTRIAEICH MOCPEICTEOM CHMBOTOB YHHBEPCANLHOID ACHHXPOMIOND
npHemunkamepesarimka (UART).

Cinpomsr UART ucnonssyoTes Ana CHHXpORHiauMM, Tak wax yiusl EIB ne pacnofararor
obmmv TakTosEM cHTRazom. Takum obpasoM. TagToBkH DHT OGepeTcs W3 CHTHANA JAHHBIX
(caMOCHHXPOHMIAUMH), B OPOTHRNOM CIyHAe juis ero nepenaun Beima O HeoGRomHMA
OTAETLHAR IMEHA CRAIN. BapuanT camoCHHXpoWwiaumy OblT BLIOpAH TamoRe BEUIY
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BOOAMOEHOND HIMEHEHHA AOTHYSCKOTD CHPHAME, 9WTO MOWET IIl_'IHH-E:CTI-I K ]]BEITHHE B TAKTAX
oTmpaeHTena H nonyuatend, Henonsaosanue UART & stom cnywac obecrniegnsasT Hagemmyo
nepeiaqy curiana. Kax npasuno, coobwerne UART cocrour w3 11 Guros:

— | erapr-6ur. On papen 0 # Henonw3yeTcs ANS CHAXPONMIAWHHE YIN08, HE HMCHOIIHX
o0IIero TakTa.

= & mndopmatmonnsix dutos (D0..DT), Burel gaHAmMx COOTBCTCTBYHT OKTETY, NPHIEM
CHAYANA KOJHPYETCS HanMensinmi siaganmi 6ut (LSB, Least Significant Bit).

— KonTtponenei 6w, Prinveckwii YpoReHSs NPOBEPAET, KaKHS THCNA cofepkar OuTL
D0.D7 — uernsie wmne meucthnue. B nepeoM cioyuae KouTponeHOMY OHTY
npucsansaeTed 0, so sropom — 1, TIpn Hcnons3oBanHM TAKOro METO4E JNEFKO
PacmoIHATE OIIHOKM, BOTHHKAWIIHE NpH NEpegauc, HO HEAR3A X YCIPAaHHTE.
Epome Toro, pacno3Rars ApoiHEE owubiy, BosHRKaowmHe BHYTPR ciMBona UART
TakXe HeAbzAd, Yrtobel HMETE BOSMOKHOCTE HCKMIOYHTE nogobHuic ownbrH,
HeOONOMHMO BOCTIONB3OBATECA APYIHMH MexamwaMamu, Oun Byayr nogpobHee
paccMOTpeHsl B pasaene 1.3.4,

— | cronm-Out. Janpmil OHT 3asepmaet cumson. OH pasce | M, Kak ¥ cTapr-OHT,
CITY AT I8 CHHXPOHHALIHY,

Crapr-0HT B CTON-0HT HCOONL3YIOTCH JUIA CHAXPOHHIALMNH, & Take oDecneyMBaloT CABMC
yporusg. Murteppan Memmy nmocTYIUICHHAMH cHmBoioe UART na dmmucckoM vpoRHE
cocTapager 2 Takra nepenaun. B orawuwne ot gpyrux cucrem fieldbus, nepenava ornensnnix
CHMBOMOB [POHCXOONT € JOMONHHTENRHEM HATEPBANOM (HHAYWE 33 cTON-OHTOM CHMBOMA N
cpazy caeaosan Osl cTapT-OHT cHMEONE N+1),

[Ipeobpasosanue oxrera Hutos 8 chmeon UART 1 npoBepka HA 4eTHOCTE TAKKE MOXeT OHITE
NPOBEIeHA MOTYIEM JOCTYNA K Cpele Nepeatn JanauX (389acTyI0 HMCHHD TAK B ACNacTed ).
Ho B BaHnOH KnHre DRSO pPemenc pacCMATPHBATE nNpeobpazoBaHHe KAk OOHY HI Modiazay
ToTHYeCKOro Moayid, Ha npuaumMaionicii cTOpoHe nocTynaomHe SHANOrOBLIC CHITIANL CHOBA
npeclpasyioTcs B JOrHYSCKHE. YAaneHHHi YpOBEHb NOTHYECKOTO MOAYIA HIBNEKAeT HI
cumeona UART weolxomryyio HHOOPMaLHIO B OTIPABIACT €€ N3 ¥POBHE NCPCIaYH JaHHEIX.

Celfiyac cneqyeT paccMOTpeTs npobieMy KONTPOAA JOCTYNA K Cpefe Mepelayn Aanibx.

Kak y#e roBopunock paHes, BBHIY ACHHXPOHHOIO AOCTVIA K MMIMH CRIIM B MODOH MOMCHT
MOFYT BOMMMKITYTE KoHQMEKTHE. YreOnl pacniosnate nogobnme kondadkTs, xawamil yien,
OTNPABLTOHA HHDOPMALIIO, BO BDEMA TIEPETAYH TAHHBIX €ll¢ PAT CUMTHIBAET CHIHAT ¢ MIHHBL
IMoka cHrHaN COBNANACT C TEM, KOTOPRIH O NepenaH, Y3ei MOKCT NPOIOEKATE HCIOIBIOBATE
JrnHK, Ecmi e of GHECHPYET, UT0 CHIIAT Ha THEAH OTAHYASTCA OT NMePeNanHoro, TO O QNDKeH
Cpasy NPCpBaTe NPOUECS Nepetayi. 3ToT Y36 MOECT NPCANPHIATE HOBYID MONLTKY NEPeIatH,
MoKa JIPYTOil Y3EI NPOHIBOANT HACTPOHKH H IHHKMA OCTAETCA CEOBOIROH,

AaHHuii  MeT0  A0CTYNa, HMEHYEMBIH «apDHIpameM», OCHOBAH Ha PE3icicHuH  JByx
(HIAYECKHX YpoRHEH MMHBL JOMHHANTHOTO, HAR npeciiagammierc (YpoBeHB JIOTHYECKOTO
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HY7IA), ¥ PCLECCHBHOTO (YPOBERE NOrHIECKOH copAnT). [loka AR oOHH HI Y3N0B HE JaNHMACT
MHHY, OHA HAXOMMTCA HA PEHCCCHBHOM YPOBHE. Kamaeii B3 VINOB, KENAIIHX OTIPABHTE
cooBIICHHE, HATMHACT TOCHNAT, HEpeuwil OAT noCAe TOTO, KAk JMHHY HaXOAWIACh Ha
pelicccHBHOM ypoBHe He Menee 50 raktos. Cnejyer NOMHRTE O TOM, 4TO nepebii GHT ABARETCA
CTAPTOBEIM. 3TOT 3HAK COOTBETCTBYCT JOTHHCCKOMY HYMO H ABIACTCA DOMHNAATHEM. JIHHHA
ABTOMATHYECKH MEPEXOINT W31 PCUESCCHBHOND COCTORHHA B NOMHHAHTHOS. Taknm obpasoM, Bee
OCTANEILIE YR MONYYAoT HHPOPMALHIO O TOM, 9T0 JIHAHA 3aHATS.

Tocne Toro KaK OTIPABACH NEpBbii BHT, HATHHACTCA TAK HASHIBACMAR daza apburpaxa. B arot
MEPHO Kaa i Y36 CPaBHHBAET CBOH CHIHAN C YPOBHEM UTHHLL B Tom cnywae, ecau y3en CeTH
OTTIpaBHA peleccHaniil GHT, a Ha JHHHA HAXOIHTCR HOMMHANTHRIE, TO OH YCTAHARTHBACT
MOMETKY apOHTPaka H CTAHOBHTCA MPHEMHHKOM cOOGIIENHE IpYTOro yCTpoHCTRA.

Tlanusifi METON AAILIBACTCA MHOMKCCTBEHHEIH JOCTYTI C KOHTPONEM necyIneH W npeIoTRpAEHHEM
KOHDITHKTOR (CSMAJCA, Carrier Sense Multiple Access with Collision Avoidance). [TpHHiMas B0
BItHMANHE TOT (AKT, TTO TiepeNaBacMEle COODLIEHHS MMEIOT IPHOPHTETEL, B PACCTAHOBKS KOTOPEIX
MPHHAMACT Y9acTHe # apbuTpask NHIHH, NPOTOKON, IAOKCHEBIH B OCHOBY, MOHO Geuto Bul

oGOHANHTE KaK MHOKECTBEHTLI JOCTYT ¢ KOHTPONEM Hecymeii, ¢ ODHApYMEHHEM KONQUKTOB B
apDUTpaKeM N0 NPHOPHTETY COODLICHHHA (CSMA/CDAMP, Carrier Sense Multiple Access with

Collision Detection and Arbitration on Message Priority).

Ipotokon CSMA/CA (prc. 3.8) MomeT ObITE peantsosan nHOO Ha YPORHC NEPENaYH JaHHEIX,
auGo na GusHIeckom yposHe, b0 Ha ofoux yposHAX cpasy. B mauleM cayyac 5TOT METOR
HCMIOMB3YETCA B Normdeckom momyne. OH NPEIOCTARIACT B PACTIOPRACHNAC YPOBIA nepeaadH
pannuix cnymby, nassaemyio P_Data. 3ra cnymba ocHOBEBacTCA Ha cnywbax Mogyns

IOCTYNA K Cpefie Nepeaiyn AaHHEIX.

Cnymba P _Data cOCTOHT M3 CACAYIOUHX 3IEMENTOB. 3anpoca P Data.req, H3BEIIEHHS
P_Data.ind # noxansHOro NOITBEPRACHHA P Data.con. BaammogeAcTsHE ITHX 3NCMEHTOR

OCYIIECTRASETCA CReTyommM obpasom.

Ecny YpoBeHb CEN3M JAHAKIX TICPCHAET DANHLIC, TO ON AKTHRHPYST therantecknii ypoBeHb C
noMonio oncpaman P_Datareq. C NOMOIIE 3TOTO 3MeMENTa Cy#0H YPORCHE 2 nobaiiTno
NEpeAcT HAHHBIE M YKAIBIBACT ¢ TOMOMILIO NAPAMETPa class, YTO COACPHHTCR B KAMKIOM
Gaitre (nepswifi cHMBON HOBOTO COODWICHHA, ero CEPENHAA HAH ocobrifl BHA coobmicHMA,
HAILBACMEL «noarepxkacHnes). B cooluicrHi MOTYT COACPHATECA BLICOKONPROPUTCTHAR
HEGOPMANWS, WIH aHAsE, TpeGyloumpe NOBTOPHOH nepelatn (KAacc JocTyna 1), a Taxxe
obuunnie manmee (knace mocryna 2). CoobmeHHs |-ro Knacca AOCTYTNIA MOTYT OHITE
ornpasneds nocne 50 TAKTOB mMKEHE, B TEHENHE KOTOPHIX MHHHA Ornina ne saHgTa, coobulcHMy
2-ro Knacca AOCTYHA — Tonsko Hepes 53 Takta. TakuM obpaiom, NPHOPHTET NONYHMAKT TE
yibi, KOTOPHE OTHPABNAIOT COO0WICHIA Kacca JOCTyTa 1.

MMockonsky NEpenada CHMBONOB HE NPOHCXOOHT HENPEPHIBHO, TO NCPECHLAKA coobieHui 2-1o
Kacca MPHOCTAHABNHBACTCA A0 TCX MOP, MOKA JHHHA TE oesobogures. [lonTeepmaenus,
KOTOpHE AmstoTcA ocoboil dopmol coobmennii, Moryr OEITE OTNpaBicHB HEe paHce, JEM
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qepes 13 Takros wanel TTonaTs Bee ocobeHHOCTH napaMeTpa class, KOTOPEIH y9acTByeT B
npomecce apiuTpama, MOXHO, HIYIHE YPOBEIs CRAIN JAHHEIX.

HopwansHea nepanaqs
Ohamgakie (aanuce 1, ureure 1) wan (3anuces 0, yrenue 0)

Puc. 3.8. CSMA/CA-npomoron

typedef enum {classl, class2Z, // Knaccu nocryna
innerframe, ack} /{ ¥ mpyrwe nNpMIHAKM

class type;

Ans Toro wToOH pajofpatecA ¢ STHM (parMeHTOM MpOTpAMMEL, Cchenyer noapobnee
paccmoTpers coyxe(nui anement P Data.con.

typedef enum {ck, medium busy, collision}
status_type layerl; // Crartycuas wupopmauma ypoeHa 1

Hutepipefic MoAyns AoCTYmA k cpefe mepegadd RaHMLIX CRSUHATEAO TPEACTABICH B
ynpoumernom Buge. Ilocne su3zoBa onepanmu MAU check bus() OTOpRBHTEN: MEIET
onpefenenHEE OTPEI0K BPEMEHH, MIOCAE KOTOPOro NONy9asT RHGOPMAIHIO O TOM, CBOBOIHA
78 Depepaiomas  cpema.  Ornensabie GHTH € MOMOWBID NPOUSAYPH MAU Trans ()
HEPERAOTCA MOAYNIO CPEIL MEPENaYH JAHHLX, KOTOPHI, B CBOW OYEpeNb, WHGOPMHpYET
NOTHYECKHH MOAYAL O MOCTYINEHMM HOBRX OuToB. C noMOmEI0 omepauHH MAU Read()
OTNPABHTENE MOXKET Y3HATE AKTYANEHOS COCTONHRES IHHHH CBAIH.
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Cuayana OKTET YPOBHA CBASH IaHHBIX mpeobpazyertcs B cooTeeTcTByrowmil cumeoa UART.
[locne GIPCACACHHOrG NpoMeHyTEa BPEMCHH, B TEHEHHE EOTOPOID THHHA HaXOJHIACkE B
COCTOANHH TIOKQd, H MOCAE TOTO Kak OuI0 YCTAHOBIEHO, 9T0 JMHHHA cBologna, sTH OHTLI
MepedarTcd MOOYyMo JocTyna K cpene (MAU) OgmospeMeHHO NPOBEPAETCA COCTOSHAE
wmnes. TTocne 3Toro HACT Npoucee NEPEaadH BXOIHBX OHTOR, NPHYCM PCUCCCHBHBIC OHTH He
MOTYT ObITE MEPETHCANE JOMHHAHTHEIMHE,. B 3TOM ciyyac 't noMomso cy:kedGHOTO AeMeHTa
P Datacon mTopoit yposenn nonyudt sHaveHne collision (konnmama). Hurepecunim
NPCACTABRMACTCR CNYYaH, KOrgd NOCHMASTCd JOMHHAATHENR OWT, a8 IHIHMA OCTACTCH [IACCHBHA,
30eck QIHOKE MOWET HANOAHTLCA B MOAYIC AOCTYOA K cpelle nepenayd. B atom cayuae yien
OTKMOYaeTcAd or aueEuy. Ecau nepemaya npowna yCOCWHO, YPOBHK CBAIM JaHHBIX
nepeaaeTca anavenue ok (nopTopHo YEPEs NokaAsHOE NoaTeep#acHne P_Data.con)

P Data.reqg handler (class, data)

clasa _type class; /f NpHOpMTET CHMBOMAa
char data; /¢ CHMBOR, KOTORHI CHNeOVET MepelaTe
{ >
Az -y ' A m¥dnomorarenkHas NepeMeHHad
status_type layverl cont; Q;SF; urdopuaniMas CoCTOAHMA MATT
uart type uart; ij // cumeon UART
K2
(\6
N\
uart=char2uart {data) ; ’\\ {/ npepBpazscepadwe oxrTera B DafrT
switch (class) | &Q'
case clagsel: ‘(\& // mnace pocTyna 1
cont=MAU check bus (50} ; /) mpocToR nusmk 50 Takros
break;
case classl: // xnace nocTyna 2
cont=MAll check bus(52}; [/{ npocToi muamMu 53 TarTa
break:
case innerframe?2: // mnace pocryna 2
conte=MAU check bus(2}); /f npocToBt nmHMm 2 TakTa
break:
case ack:
cont=MAU check bus(15); f/ npocToft nuuHum 13 TaxkToB
break;
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a3

if {cont == ok} | /i B coydae ecnu cpema Guna ceRobomHa
for (i=0; i < 11; i++) { Jf Gurer UART nepemapaTh 00 OOHOMY

if ({uare > 1) & 0201) { Ff naRTH OMT ONMA nepenadH

MATT Trans(l) ; // nepenavTe Ha AOTMMeCKOM YpoBHe 1

if (MAU Read() != 1} {
cont=collisicon; [/ xonnusua

break; // nepensuz npepBaxa

}

else |

MAD Trans{0)};// nepemaTs Ha  ACTHMYECKCSM  YPOBHE
if (MAU Read{} != 0)

STOP; /i ommbra MAU!

J

if (cont == ok}

P Data.con(ok); A nepenava ycnedma
alse
P Data.conf{colligion); // Bo3HMERa KONMAMIMA
J
else
F Data.con (medium busy); /{ cpena Buna zadara

I'napnas 3agaya NOTHYECKOTO MOAY/IA — coOparTs M3 OTAENBHEX NEpeaasacMbix BUTOR NOAHBIH
cuMeon UART. Tloerynaiomwme GuTel MOryT OBITE HaWaNoM HOBOTO COOGINEHHA HAH €ro
HACTRIO; BOIMOMHE TAKKE BIMKCHHLIC NOATBePAACHHMA. JT0 Momyas MALU onpenenser no
BpeMeHH npocros nunud. Hrobw eme Donbie ynpocTHTh HHTepdeiic, manee Mu Oyoem
HCXOAWTE HI TOMD, 9TO MOIAVIE JOCTYOE K- Cpoac nepejayH Jalibix HMCOCT CTaHapTiyio
nporpaMMy Q0% KaKIOH H3 BHIUCHAIBAHHLIK  BOIMOmEOCTER, ob6paGoTuMk KoTOpO

cnpeaensercs & nornyeckom Mogyne (MAU Rec classl(), MAU Rec class2{) u t.1.).

Onepanpu, KOTOPBIE DOMDKHE! ORITE NMPOBCACHLI B KAKIOH HI ITHX CTANAAPTHEX TIPOTPAMM,
npEMepHO oguuakoss, Cnadana cso0ogHelil moTox Guros npeofpasyercs B NONHBIH CHMBON
UART. 3atem ma ocHoBe OMTOB YCTHOCTH YCTANARAHBASTCHA, OBUTH MM JAHUHE TEPEIAHE
Gezowubouno. Ecnm ner, TO OKTET CHOBA OTIPABIACTCH HA YPOBCHL CBM3M fanHEX. B
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AABHCHMOCTH OT BhI3bIBacMOr0 oOpaboTamKa YCTAHABAMBAETCA COOTBETCTBYIOUME napaMeTp
class caymebnoro snementa P Dataind (sosmomkHBIe 3Havcuus — classl, classd,

inner frame #ack).

B ToM caydac, CCAM TOCTYNAET HA4Yamo COOGUICHMS, ONEPALMH, KOTOPRE NEOOXOIHMO
BRITONHHTE, BRETIAIAT creayonsy obpasoM (IpyrHe APOrpaMMBel BEIMOAHAKT IPAMEPRO TC
e ONEpaLHi, MOITOMY HE IPHBOARTCH):

MAU Rec classli)

{

uart type uart; // cumBon UART
char data; /! okrer
init uart{uart); J// vHMuMaATMSMpoRaTE cHMMBON UART
for (f = 8; 1 < 11; i+4) // ... W BOCCTaHOBHTL
if (MAU Rec{} == lﬁl /¢ chopsmupoBaTe cumson UART
uart= uart | (0xD1 << i};
if (check uart (uart} == OK} { // nmepenpoRepMT: YETHOCTL
data=uart2data (uart) ; [/ chopMmMpoBATE OKTET
F Data.ind(classl, data)y // m3pemenme ONA ypoBHA 2

3.2.3. Moayns JocTyna K Cpeie nepefays TannbIx

Curianet cetst EIB nepefaiorcst ¢ MOMONILIO CHTHANEHOH koauposks, Hatepdeiicom mexmy
UHQPOBLIM MpeCTABACHHEM MPOTOKONA W CPEfoil nepcaavd HBNSETCA MOAYIE NOCTYTA K
cpeme nepegaum  gammery  (MAU). Ero sajaua kak  OTOpaBMTCN  3AIMIOHASTCA B
npeobpasoBAHAH OHTOR faniuX B COOTBETCTBYIOIHE HMNYALCHL, KOTOPEE MOCYT OBEITE
Mepenans Mo CETH; KK NOTY4aTens — HaobopoT, MPEACTABHT: HX B MHPPOBOM BIAL.

Monyne MAU wenomusyerca & kagectse dusudeckoro uimepdefica IIA cpeaw, a TAKKE
MOCTARAAET MuTaANe yany. B EIB o BRNONNseT SIE B HEKOTOPLIE BAAKHEIE (YHKIHN, TAKHE
KaKk KONTPOIL HANPEOKCHIA IMHTAHHA W FEHEPAlHA COOTBCTCTBYIOMIETO aBAPHHHOID CHIHAMA
([IA coXpaHeHHA mannux). Taioke oH JomkcH NpoJoNKaTs paboTale B Caydas oHHoUHOTO
MOAKARYCHHS APYTOTO Y3/Ia K INIHH CBAIH.



ELWP o5
Fu}mm.mnmmmﬁnﬁmumwm.ﬂum

peun noier o Hawbonee WACTO Henomhayemoil cpese nepeads — BuTol nape. B naTol rnase
Avavt nogpobues paceMorpennt dyHriME MAL w ero pIanMoacHCTENS C JPYTHME CPEIAMM,

s toro wrobs peammsomars meron CSMA/CA mna asofimod mapel, TPHMEHLIOT ABe
HEPARROIHATHEIC GOPME CHIMATE In8 HYREBOrO Min exwmiasoro Gwra. B corw EIB myassod
fHT SRANCTCR AOMWHAHTHMM, TO OCTh OH MONCT HEpemBcars camwwamsii Gur. Ha tom
CEOHiCTSE OCHORER OIIHCAHIWN DAaHee POIECT DAIPSIICHMN KOLTHIHH.

o

VpoBeHs OMMYECKOTO HYAR ONPelenseTcs ¢ NOMOWLY EKOPOTEOTD OTPHUATEALHOTO
HMIYALCA, KOTOPHIH HAKIAAKBASTCA HA HANDSKEHHE HHTANNA, TEXHHYECKH 10 PCATHIORIHO
s MAL crenymounim obpasos: BeipabaThBasTed KPAaTKOBPEMERHLIE HMNYILC TOKD, KOTOPhI B

AOMOITEK CONPOTHRICHAS AHHHH MIHHM M JONOANHTEILHOR WHAYSTHAHOCTE. B pesyanrate
FTOTO BLPafaTHBACTCE MMITYNRC, DpeacTannenHLsl Ba puc. 3.9.

Hoe pamniie MapaMeTphl YRatanel B tabn. 3.2

HeobxommMo nogpobHes OCTANOBHTECE HA TAKOM MOHATHH, K3k MAKCHMILHO MOTYCTHMAN [UTHHA
MiTyInca U mogysaTens. Hynesse Goma moryr pepexpsmars apyr apyra. Kax npasmno, smo
POHCXOHT B0 BpeME (o SpOMTDEDIA WIM NPM OTHpAsNCHMM 0DIDIC DNoITeepacacemi. Fom
OTIPERAKIONIAE VETh HAXOASTCS HA PECCTONHRH JPYT OT APYTa, TO M3-33 BPCMCHE NCPETTH CHrHAE
MOTYT BOTHHKHYTL THETHTELMLe sanepacc. [lomyaren: ¢ 1oM coywae RICIHT HANOKCHMC J8YX
ivmyrbeos (puc. 3,10). Toyromy mpeobpasosammii & undposyio GopMy HMITyILE, KOTOPHIH
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enipafaremaet MAU, nemuoro mmmmee. Bois 3amepiia  QOCTATOMHO Jomelnas, To MOECT
BOSHHEHYTE KOPOTROE HMITY/ILCHOE TIOBHIIEHRE Hanpoxernd. [lonoGume hekTs pacnolnaoTea o
MAL ¢ noMonsio cooTeeTcTRYIER 00paboTHA CHITANOR H YCTPAHAOTCA.

Tabauya 3.2

Mapamempsl cuznana a8 foprupocanus nyieeoso fuma

MapasieTp : M. Maxe,
Bpems nepenaan Gura 104 g (THN.)
JinumenEHoCTE HMITYIREE 34 us 36 ps
(OTMpasHTEL)
JAnHTensHOCTE AMITYIhCa (oY HaTeNk) 25 18 T s
MocToAnyan cOCTaRTRIIITRA 21 ny
AIITY 8 HMITYARCE {HE4ano} 16 Y -10W
AMILLETYAA HMTYNRCE (HOHEW) A3V loy
AMILIHTYIR COTAACYIOLIETY HM Y. e 0y 3V
{na~ano)
AT A COFNACYIOMICTD HMITYALEA L3V 18V
{mosewu)

L

F 3

AT

Bl 1

L2
: Hit 2 ! __=:
A0V i" T *:  AHANOrogkii CHrHAN Ha L
| L L i B P
|

3sud | Tops 104ps

Dn —r

off Lsgpoaci carian 8 MAUP l

Puie, 3,10, Koduposaniie KR Mo REMONCEHEN CHANATO8R

Ilepegata eqwHAMHOTO GHTA OTIHHYACTCA NHIKOH AKTHBHOCTEI WHHH, [MosTomy B npriunne
HEABIA  OTIMYATE, NOCKAZCTCA I HMEHHO eIMHAYHEEH OWT WAM [HHHA HaXOOHTCA B
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cocTosHWA noxos. Ha pue. 3.1 | wsobpasensl rpaniiibl 0008 JOOVCKR OTHOCHTENLHG HANATA
BHTA. '!I"rpﬂﬂf.'!ﬂl CHIHANMA MOWET B TCHCHHE TAKTA CHHNATRCHE, SCAH HENDCPEACTBCHHO TIEPER
ITHM DBLT OTTIPABICH HYICBOH DHT M COFIACYIOMME HMIYILC EUHIE HE JARSPIITSH.

u
!

av

BOHE TONEREHTHOCTH

4 i - t
i} :35ys 104ps
I H
On |
|
o i i Uwdposon curnan 8 MALU o

Puc. 3.11. Koduposanue edtenuiysl

Mogyas MAU nosyuaarens chauana npeofpasyeT aHanoroseii curaaz 8 uagposy e Gopuy o
FPOHIBOLMT HMIOYILCE W3 HyIcewmx Ouros. Pacnossawwee yerpolicteo MAU mexoaupyer
3TH HMIOVIBCH B IOCASI0BATEIBHEIH TOTOK JAHHLIX {pHc. 3.12).

TN TS
T LR i,

= 1t
T S
IBTIDO DDz iD3iDeDSIDEIDY P L 5BPI LET:DO ¢
MocmancaatankHsd noTox Huron
T B e R e T e e | .....
g, O .._i._ -‘_. 1 l _;_ . - -|
e ; O e Y e N P el
SETIDDI DD DAY DS DG DT P ISP 3 igTiD0

Pre. 312, Sopiia cusvidioe va Suni 4 ATPYERROE M3 HEE TOZUYECKOE RPECMAGTENNE
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Kax ywe GbM0 CEAIAHO paHee, NdHHbE OEPelardTCR Ha JAHHHH KK CHMBOMILL LJART ¢
MOMONIEI0 CTAPTOREX OHTOR, GHTOR YETHOCTH, 3 Take cron-Ouros. YToOH momyHatens Mor
NPHHATE WX KOPPEKTHO, OTOCABHEIE HMMYILCL JOMKHEL CAEIORATL HEpEl ONpeneneHROE
BPEMA 38 CTAPTOREM OHTOM # 061a4aTs TpeliyeMoil LIHTEILHOCTEID, JIeK0HPOBAHHEIS TAKHM
oDpaIOM CHMEONL NPEIOCTARTAIOTCA TANCE B PACHOPAAEHHE NOFHYECKOI0 MOTYA.

Ha 3ToM MB 38KaMYMBAIEM ONHCAHHE (DHINYSCKMO YPOBHA, TIONHYEPKHBAR, 4T0 HpPOYTEHHE
MOCACIYIOINX FIaB MoMoxer nanfonee nonHO pazobpaties B sompoce. K comanenmw, 1

2-8 ypOBHM HE BCCILA YIASTCH PACCMOTDETE OTIENEHO OPYT OT ApYIa.

3.3. YpoepeHs CBAA3H NaHHBIX

OcHoBHAs 3a7aus YPOBHE CBA3H JaHHEX cocToMT B OesommbouncH nepenade nanmihix
CETEBOTO YPORHS OIIHOMY HIN HECKOIBKIM Nonyuarenam, KakeTcs, 910 peleHHe 310l 3ataqw
He TpencTaraser ocofoll caommocts, Ho wa caMoM Jene MMEHHO HA YPOBHE CBASM JaHHLIX
NPHXOJHTCA CTATKHBATECA CO MHOUHMH TTPOOJIEMAMH. Kakie-To M3 HHX MOXHO PENIHTE
TOMRED B CAYYAE TECHOrO BOARMOSEHCTBHA © pPacmionOwCHHbIM HIDKE YpOBRHeM (M
Hwenomkayesol cpenoll mepemaw). Onpako HeKOTOPHE Y4CTHRIC 3A789H MOKHO DPEUIHTE
otmemsHo, Tlo “Toif npuunee ypopenh ceasn gaHHelx EIB paynencn Ha 2 TOZYPOBHA.
PaccuoTpiM HX noapobeee (puc. 3.13),

L_Data.rag L_Data.con L_Data.ind

LEDL

!
by

P Dataraq P Datacon P Dataind P_Data.ind P_Data_req

Puc. 3.13. Vposenn ceaau danwsix

BepxHad DONOBHHA YPOBHS Ha3LIBACTCH TONYPOBREM YNDABISHHA TorwgecknM kasanom (LLC,
Logical Link Control Layer). 3necs maxonarca c/iysibl, KOTOpLIE pabOTAKT ¢ CETEREM YPOBHCM.

Ha ornpapisiomeif cTOpOHe BXOjHbE Z8HEBE NpeodpasyioTca B HHGOPMALHOHHBE KaIp,
KOTOPBH ¢ NOMOIIEK BEROBA COOTBETCTBYIOMEH caykbhl nepetaeTca MIDKHeR nonoBHHOH
MOCASNORATENRHO (CHMBOMN 33 CHMBOTOM, OUT 34 OHTOM) QHIHYECKOMY YPOBHIO,
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Y MONVYATend OTACALHEIC CHMRONE! CHOBA Npeclpaiyrcs B NOMNHE Kajp | NCPelaIcs ero
LLC-yposHio, KOTOPKHI NOCKINAET OTOPABMTCMO kaup nogTepwmenws (Acknowledgement
Frame). EcrecTeenno, uTo nepefaya He moxer OuITE Hagexkmol Ha 100%. Hacte kaapa MoryT
OBITE OOBPERICHBI HIH HCKaMeHE, B Xynmewm chiyyae nOTEPAHHBIM MOMKET OKA3ATRCA BLCEh
nndopmansonnsii  kagp. [lostomy Baxogammiica B yposie LLC npoTomoa Jomsed
PACIIO3HATE [TOBPEKNESHHBI KAIp H COOOMIHTE OTTIpaRMTCNio, 9To TpeQyeTcA MOBTOpHAN
nepeaava wndopManHe. 3T JeilcTEMS HAIEIBAKT ODLITHO PACTIOIHABANMEM M YCTPAHCHHEM
ommbok (Etror Control),

Oamoit H3 BamuelmHx 33729 nogypoens LLC  ssnaerca  Takke npeaoctamnenne
neobXOIHMEIX MEXAHUIMOR KOHTPONA M yrpasdeHns nadopuansoninM notokoM. bei atax
MEXAHWIMOR, Hanpuwmep, Oonce OmicTpogeiicrsyioWwnit yien Mor 0OH MPOCTO G3ABANHTEY
noaydatends HAdOpMAUHONHEIMA Kagpamu., CyiecTeyer uensii pan wawbonee wacto
NPHMCHACMEX TCXHUK, KOTOPBIE OCYIIECTRIAIOT KOHTPOAL TOTOKA AAHHBIX H OTBEHAKOT 3a
vetpanense. ommbox. Yposens LLC B EIB roror & nepemade chemywouwicH [MOpUHH
uihOpPMALHK B TOM CHy'ae, eCNH NOMyYeHo NoOTBepkaenne of ycHemHoM NOMYYeHHH
npeasIymero nEpopMatHorrore kagpa (Stop-and-wait). Bonee nogpotuas HadopManms no
FTOMY BONPOCY COACPKMTCA B CNETYIOmEH TIase. '

Husnas nonoBHHA YPOBHH CBA3M JAHHBIX HAIBIBACTCA VPOPHEM YNPaBiciud OOCTYNOM K
cpene (MAC, Medium Access Control Layer). Ero cnyxbaMit NoNp3ayeTcd pacnonomeHHbH
seiwe yposets LLC. Ha cropone ornpasuTens ypopens MAC pasbupact mndopmMalMoHHEL
kaap, nepegapaemui LLC, ¥ nocncaosarentHo MEPCCeUIaET ero QuIHueckoMy YPOBHIO.
Yposens MAC noaygatens crosa co0HpAacT OTACALHBIE CHMBOAHRL B MOANEH
HHpOpMADHOHHBIR Kaap,

B nprnmune obpamenye K cpeac nepeaaun 8 cetd EIB npoMcXofHT ACHHXPOHNHO. 3TO 3HAYHT,
O9T¢ BCE Y3dE MOTYT OTIIPABIATE CBOH JAaHHEIS IO MCpPE Hﬁﬂﬁﬁﬂﬂﬂﬂﬂﬂm # He ORITH
NMPHBA3AHNLIME MPH 3TOM K KOHKPCTHOMY BpoMcniomy rpaduky. Ecam gsa yana xorat
OIHOBPEMEHHD HCMOABIOBATE Cpely nepenaus, To ¢ nomomeix meroga CSMA/CA
ONpefenseTcs, KOTOPOMY H3 VCTPORCTE CIEOyeT OTAATE NPHOPHTET.

HanHeli MeTol OCHOBAH Ha NpHOpHTETe WHQOPMAUHOHHOTO Kaapa. Jnm cumkcuns yposHi
KIMITH3MH B NEPBYI0 oYepens oTnpasnsiores ocofenno saknbie kaipel. [locne onpenenennoroe

NpOMEXYTEA BPEMEHH, B TeYeHHE KOTOPOTO JHHHA HAXOOHTCA B COCTOANMH NOKOA,
NOSYYaTenH NOATBEPHAAINT MOCTYNAenHe HuhopMausomiore wanpa. Yposene MAC
OCYIIECTR/IAET TAKHKE VIIPABICHHE BPEMEHHOH MOCISI0BATENEHOCTRIO.

3.3.1. ¥Ypoeens ynpasieHHA JOrHYeCKHM KAHAIOM

Ypopent LLC npenocrapnger B pacropi#eHHe CETEROrD ypoBHA fedtarpaMmy (Datagram),
KOTOpas NPeIcTaBnfeT GI0K JanHelx, nepetasacmuii He3 NpeABApHTENEHOTO YCTAHOBISHHA
CBAIH MEMIY OTNPABHIENEM H Moaydarenamu. JINa Toro 9To0m mepenarte Takod Onok,
neofiXoaMMo  and Havana npeobpasosate ©ro B ungopmaudonssil xanp. [lockonsxy
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YCTAHOBRNEHHA CBS3H HE TPOHCXONMT, Kaxiell Eagp AOMECH COACpHATH MONWEIA - aopoc

moayuarend. [ToaromMy, npexie YeM NepeiT K OTACABHBIM CTYXeONBM 3EMEHTaM YPOBHA
LLC, neofixomimMo moapobHes 0CTANOBHTECA Ha cnocobax anpecanus, HenoasdyeMelx B EIB.

3.3.1.1. Cmocoln aapecannn
B EIB ncnoassyerca 2 OCHOBHBIX BHIA AApeCalHy,

. AZIpecauns KOHKpeTHoMy yany (Qusmdeckas agpecanma) Kaxaoce w3 yerpoficrs EIB
HMeeT cBolf cobcTBenHbI yHMKANBHEI agpec. B nonydarene nadopmauMoHHEl KATp,
conepaatmit Ppuanteckuii anpec, noarsepagaerca yposnem LLC 1 nepenaetca mance na
ceresol yposeas. Omwyecknit agpec B ceTH EIB cocrouT, Kak MpasHio, Wi

a) wHomepa yerpoficrea (0...233),
b) womepa mnmn (0...15), Ha KOTOpPOH HAXOAUTCH Y3ET,
¢) womepa 30HH (0...15), B KOTOPOH HAXOOHTCA Y3E,

2. Tpynnosax agpecaums (norudeckas anpecaums). B ogmodi rpynne MomeT HAXOUHTRCA
cpasy RecKoARKe ycrpoiicts. ClEIyeT NOMIMTE, YTO JTOT CIIOCOD anpecauuy HE 3aBHCHT
OT PACTIONOMEHAS KOHKPETHOrO yila, TO €CTh YIeHL! OAHOH TPYNIEL MOTYT 3aHHMATE
pasieie no3MuMK BHYTpH obmeit cerw EIB, Ho npw dToM OnM 3aBHCAT JPYT OT Apyra
dyakmHoRaaeo.  HndopManmoHHeie Kagpel, CONEpRAIIHE NOTHUCCKHH  ampec,
noaTeepagaloTed yposiaMi LLC Beex yinos rpyins H OTNPaBNaioTes JANSE HA CETERRIE
YPORHH. B NpHHUHTE AOTHYCCKHE ANPeca 3a1al0TCa NOALIOEATENEM MPOHIBOALHG. Tem ne
MeHee, HTOOE coXpanuTe onpcocnenHylo dopmy, B ceru EIB Geiam ycranomnenw
CeayIIHE 0DAIATENLILIE KOMIIOHEHTERL

a)  nosep nogrpynms (0...2047), onpeaeasiommi GyHKUIMH TPYINLL,
b) Homep ocwosnod rpynnet {1...14), onpenensiowHil K1ace 3a1ad.

Tia ofoux cnocofoB agpecanuy No BO3MOKHOCTH OuAHM BHOpans! OJMHAKOBEIS (QOpMAaTE,
TaxuM obpazoM, agpeca HMEIT CACAYIOMYIO CTPYKTYPY:

tyvpedef union { [/ ampec B dopmare:
struct

char addr; /] Homep veoTpoficTea (0..255)

char line :4; ;S maawm (0, .15}

char zone: 4; /{ =ona (0.,15)

} physical; // dusuueckas ampecalMs
Btruct f{

char subnumber low; /{ noarpynna

char subnumber high :3; f// noorpynna
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char mainnumber: 4; J/ ocuroBHas pyOna
char reserved :1; /f BapesepBMpOBaH
} logical; // norHueckaR anpecauma

| address;

Tak kak agpeca HMEOT OOHHAKOBRIE (OpMaTLL, AN oOnNpefeieHHA BHAA AafpecauiH
uenoabsyetes dnar aapeca pasnagcang (DAF, Destination Address Flag):

— ang duzkucckoro cniocoba agpecanun DAF copepaor anavenne 0. B sToM cnyqae
yposent LLC caepaer agpec HEGOPMALHOHHOIO Kajpa ¢ coOCTBCHHEIM aPecoM

YCTPOHCTRA,;

— ecnH agpecaums rpyrmosaf, ™0 DAF comepsmt | u yposens LLC ompemenser,
ABNASTCH JIH YCTPOHCTRO HISHOM TOH MPYTING, KOTOPOH afpecoBala HRPOPMAIUA.

CneayeT TaKEe CKa3aTh HeCKONEKD ook of ocoboM cnocobe anpecanyy BTOPOro YPOBHA, TaK
HAIBIBAEMOI TpyNIe onpoca. B 3TOM ciyYas ooMi H3 YII0B HMCCT HPaB0 3aMPOCHTE AANTLIC ¥

FpyIne  KoaWgecTBomM Ao 15 yerpoiters.  JlaHHEE, OTOpABIAEMEIE  3ANPOMICHHEIMH
VCTPORCTRAME, JOMEHR OITL BOIEPAICHR B ONpPCICACHHBIA KBAHT BPEMCHE NOCAS

NomyYenus TPeDoBANHE ¥ coacp®aTs He Donce ogHore okrera OMTOR. TakwM obpaszoM, peib
HIET 0 cnocofe rPpYNNoBoH ampecamiy, KOTOPEIE, B OTARYHE OT noryveckol agpecaunn (faar
DAF), uenonssyer cncuuankieic Tabauusl agpecos (Polling-Group-Table), ocobuie cmy®0sl
(CO CTOpPOHE onpamuearomerc yerpoiictea — [_Poll_Data, co cropoHBE ONpaliHBagMbIX
yverpoicts — L_Poll Data Update), a Taxae Moayas JaHHBIX TPOTOKOIA.

3.3.1.1. Caywba pelirarpamss (L_Data)

Cmyacba L_Data yposna LLC orecuact 3a nepegauy sadopManionsers kamgpa. Ona senserca
nogreepETacMoll coyxGoll H COCTOMT H3 TpeX cayxkeOHHX 27eMeNTOB (NPHMHTHBOB):
L_Data.reg, L_Data.ind u L_Data.con.

C momowmero npumuTHEa L Datareq cerepoll ypoBREHE 3anpalidBaeT Mepelaty MakeTa.
Ypoecus LLC npeobpazyer sundopmauuo (LSDU, Link Layer Service Data Umit) =
MpeROCTABACHARE NapaMeTpsl B HAdopMalHONHEH Kazp. 37oT xagp (HOMONHEHHBH
KOHTPORHBIM CHMBOJOM) NPCACTARAACT MOAYAL AaHEEIX npotokona ypoeas 2 (LPDU, Link
Laver Protocol Data Unat).

Mogpobino crpykrypa miopmaimonnore kagpa Ovaer onucana 8 nognaparpade 3.3.3.1.,
CeHUAC e JOCTATOUHO YNOMAHYTE O TOM, 4T0 KD COCTOHT M3 CNCIYIOLIY Iome:

- adpec omrpasumend, T.e. QHIMISCKHHA aTpec OTNPABHTENA, N0 KOTOPOMY MOMHO. JIETrKO
OTPEIENHTE HCTOMHEK AAHHEIX (3T0 TpedveTes ana cnymb);

- adpec nofveamens; Kak yxe OuL1o CEATAHO paHee, aAPECAAA MomeT OuTh du3Kueckol
une normgecxkoi. Oupenenurt cnocol anpecauuu mowno ¢ noMomeis Guara DAF.

Kaxawsii yposes LLC nomken 3HaTe cBoll cofcTeeHEEI ampec ®  ofnagarts
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uadopManpeit o ToM, Kakoll W3 rpynn NPHHAANEAHT YCTPOHCTBO, Appeca rpynmn
XPAHATCH B BHOES CIHCKOR WM Ta0mHII,

address device; // appec ycrpoficTaa
table group; /! rpynnosoit agpec

—  npuopumem; OpW ompaske HndopMAIMORNED Kagpos B ceTH EIB  yuMTeIBAROTCH
NPHOPHTETH, TOYHEE rOBOPH, ONHK W3 PACHONOEEHHEX BBILEC YPORHEH YCTAHABNMBACT
MPHOPKTETHL IR Nepeaapacmoil uudopsmarmy, [anssie, KOTopse Jo/mkHEL GEITE OTIpaBnCHil
B NEPRYIO 0YEpeaE (npuopuTer 1), onpenensroTes cucTeMBEME fynkumamu EIB. Ocransmie
APHOPHTETE NOMLIOBATEML paccTapaseT cam. K JT0H KaTCropHH OTHOCATCH apapHiHER
yrxums  (fpopirer 2), a Takke WN(OPMALHOHHEE KaapLl, KOTOphIe MoryT Oume
OTTIPABIICHBI B NEPBYI0 OMEPeh (MPHOPHTET 3) FTH B 0OLIMHOM pesitnMe (NPHOPHTET 4).
typedef enum {alarm, system, high, low)

clasa type; /{ npmopuTer wHPOPMAUMOSHHOTS xanpa

~  HHghopMayuE; COCTOMT M3 JIAHALIX TPHICKEHHS W YNpaBnsomel REQGOpMaluy YPOBHA.
Jlns ypoens LLC undopmauueil sBaAw0Tes faHHBe, MoLfexaupe nepefade. [l1a Toro
yrofibl NONYYATENb MOT ONPeieNHTE O0BEM A2IHBIX, TAKKE YKaILIBACTCA HX JUTHHA,

—  KoWmpoabusill cuMeos; HCTIONB3IYETCA [UIA PAcNO3naBanid OMHGOK, BOIMMEAIOWMY MPH
nepefaie. B 3ToM caydae NOMydarTeik MOKET 3A(HKCHPOBATE NPOWIOMWEALIME B
i OpMALMOHHOM Kagpe H3MEHCHHA.

Yrolel YOPOCTHTE 3aaady, GyHeM CUMTATE, 4TO A COIAHHA NMOAHOIO HHpOPMAIMONHOrD

Kaapa YPOBCHE LLC HCNOMBIYET npouSaypy assemble frame() (1mH

agsemble rep frame()), KOTOpas Ccpaly PAacCUMTRIBACT KOHTPOMBLULIA  CHMBO,

HEOOXOAHMEIH I3 3alHTL JAHHEIX H J00aBNACT €T0 K Kaapy.

Tannwit wndopManMoRHEl Kaap nepelaerca na yposcks MAC ¢ nmomomeio npouetypsl

Lic2Mac.sender, Ona, 8 cBol oYepeds, NEpefaeT Kalp no HacTAm (HIHISCKOMY YPORHI,

nenone3yd npuMeTHe P Data.req.

Ypoeeue LLC oTnpaBHTeNd HE HMEET HHPOPMALIEA O ToM, DB MM KAIp Nepelan yCnelHo.

[Mosromy HeoOXOHMMO NpPHIATE ONPEISTEHNEE Mcphl, 4TOOH ofecnmednTE BOSMOMKHOCTE

NOBTOPIOI oTnpasky uxdopMamin. Hanpusep, ycTanosuts Taimep (Timer), 3amycTuTL aBa

CUETYHKA HHCIA MOBTOPEHHIl M, HAKOHEN, COXPAHHTS MOCTETHKE OTNPaBNCHHbIC JaHHBIE, [

npoBefenus nojobHeX  omepaumii  yposHio LLC meofxoauMel OBe AONOAHHTENLHBIC

NCpEMCHHBIE,

char counter nack; // DONoRHWUTERLHHER CYeTUHK
char counter busy; ff DONOMHWTENBHEM CHETYMK
timer 1lc; /f Taduep ONA OpOBEPEM NOATBEepRIeHHA

char [MAXLEN] repeated frame; /! nocnennui wHdOpPMALMOHHNRA EKaop
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[Iporpamma A8 caykedroro snementa L Data.req Morna Onl OWITE pEANH30BAHA CHEIYIOUIHM
ofpaioM:

L Data.req.sender handler{source, destination, daf, class, 1_sdu)

address source; // puamueckmit ampec oThApaBMTeNA

addresgss destination; /! {rpynnosoit) agpec nonydaTens

char daf; [/ dnar

clags type class; ff npuopuTeT cooGuedni

char [MAXLEN] 1 sdu; // nanHEEe YPOBHA
{

char [MAXLEN] frame; ff manHee MAC

frame=asgemble frame{class, source, destination, daf, 1 adu);

Llc2Mac.sendexr (Exrama) ; // nepemaTe wunbOpPMALMOHHER kagp MAC
atart_timer(llc); /{ YCTaHOBMTE Takmep ypOBHA LLC
counter nack=0; ff BAMYCTHMTE CUYBTYME YMCI3 OOBTOPEHME
counter busy=0; JY SanyCcTHTE CUeTUME dYMCAAa NoBTOpeHMR
rapeated frame=agsemble rep frame(frame); /! coxpauwre kanp

l'axnm obpasoM, YacTH HHPOPMALHOHHOTD KaApa NOCHSI0BaTENEHO NPHXOAST NONyYaTemo i
¢ MOMOMIBR caykeOHoro aneMenTa P_Data.ind nepeaarores yposmo MAC ana ynakosen ux 8
enMueiit kanp. Kak TOARKO 3TA OMEpamMA 3aBepiieHa, AKTHRHPYETCA BEPXHAA NOMORHIA
YPOBHA NEpejadl JAHHEIX.

Yposens LLC onpeaenser, npegnaswagen n wHGOPMAUHORHEN Kaap AmS JaHAOTO Y3aa,
CNH HET, TO Kamp cpasy yaansercd. Muaue yporens Taxke onpeaenser, HC BOIHUKIO M NPH
nepeaaye aamex omudok, [pr stoM ypoeeds LLC geficreyver cnenyoumm obpazom:

Hewawermsii  mnopMallHOHHEI  Kagp NOMCYACTCH OTPMUATCABHEIM  CHMBOIOM
nogTeepxaenus (nack, Negative Acknowledgement Frame).

1. B ToM choyvae ecAM Kagp He NOBPEXIEH, TO BKNHOYAKTCH MEXAHHIME KOHTPOIS
HHPOPMALHOMIIOrD NOTOKE:

4) ECHH NONYYATCNL B A4HRLIH MOMEHT MEPETPYREH, TO KaAp BOIBpAmAeTCA 00paTHO,

b) ecnw nomyyatens Moxker ofpaborars kagp, To yposens LLC remepupyer
nonomuTensioe nogreepxnenne (ack, Positive Acknowledgement Frame) m ¢
MoMOIER cnyxednoro anementa L_Data.ind. nepegaeT naHnsIe ceTeRoMy YPOBHIO,

B cnegyiomes parMenTe TmpoTpaMMbl ONEpallMA parity() BHIMOAHAET TNPOBEPKY
SoIomEDOYNoi nepemayH Kagpa. 30eck MCPCOABACMEIN BMECTE ¢ KaipoM KOHTPOMBLHLIH
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CHMBON ABIAETCH CHMBONOM 4Y9eTHOCTH. bomee nogpobmo xonTponenmi cumson Oyacr
PacCMOTPEH TIOCTE pa3rosopa o GopMaTe Kagpos,

Ans nepegasn noaTsepakacHNS (B DanHoM cnysae peys noeT o PDU ypoBHS CBAZH JAHHBIX)
yposens LLC sHOBE obpawaeTtca & ypoeimio MAC, koTopoii, B cBOIO O4Ycpeilk, HCOOABIYCT

enyxOn QrIHYecKoro YpoRHS,

typedef enum {ack, nack, busy, collision, medium busy]

status type llc; /f wBopMaumMa CcoCTOAHMA yposaa LLC

Mac2Llc.receiver handler(frame)

char [MAXLEN] frame;

class_type class; /f npuopHTeT CcooGCWeHMA
addresa source; Jf dmauyeckld Afpec OTHNpPABMTENA
addreas destination; , M (rpynnoeoR) ampec NONy4YATENR
char daf; i dnar
char [MAXLEN] 1 sdu; // naHHHE YPOBHA
char check; // KOHTpONBHEN CHMMEON
class=decode claas{frame); /f NoavuMTh OPHMOPHMTET CoobGmeHMA
sourcesdecode address(frame) ; /{ nonyuuTe agpec OTApaBMTenA
destination=decode adress(frame); // MOAYYUTE aapec noAyYaTens
daf=decode_daf (frame) ; // monyuwre fanar
1l sdu=decode sdu{frame) ; // NomyudTeE DaHHHE
checke=decode parity({frame) ; [/ MONyuUMTE KOHTPONLHENR ClMBOR
if (({daf == 0) && A dusuuseckMit anpec

{destination.physical.zone == device.physical.zone) &&
tdestination.phyeical.line == device.physical.line) &&

(destination.physical .addr == device.physical.addr)) ||

{(daf == 1) && {in{destination, group)))) {// noruueckus® agpec
if (check |= parity(class, source,deatination,daf 1 sdu))
frame=assemble frame(nack); /11 cayuai
else

if (receiver status == busy)
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frame=assamble frame (busy) Jf 2a cnydgan

else if (receiver status == ok} | // 2b enyuan
L Data.ind(source, destination, class, daf, 1_sdu);

frames=assemble frams{ack]);

}

Lle2Mac . receiver (frame) ;

Vporens MAC ornpasuTens nepefasT nofyyenHoe MOITREPHICHHE HA YPOBEHB LLC.
[TonoEHETENEROE NOATEEPXACHHS ¢ MOMONIBID cMykebnoro snemenra L Data con cpazy me
fepefacTed Ha ceTepoit yposens. [Tpy nonyueHHH HETATHBHOTO NOATBEUKACHHA HAH B TOM
coy4ae, ecau npuuo coobwenue o neperpyske, LLC nosropaer nepenavy H nEpeiacT BECk
kaap MAC. JT0T nmpomecc ONOBTOpAETCR, ¢Cnd HHGOPMALMOHHHEA Kaap OeLT HCKamen —
max_nack pa3 mad ccid NpOMIONA Teperpyika — max_busy. Ecam nocac noBTOpPHEIX
MONMTOR OTAPARATEN: HC HONYYACT NOAOKHTENEHOID MONTBCPAICHHA, TO C© MOMOLLBLE
cmywebnoro  snementa L _Datacon ceresoMy  YPOBHI) — MepefacTcd  HETATHRAOE
noATECpHACHHE (not ok) B NONBEITKH NepeiayH AaHHbIX NPCKPAIAKTCA,

OnHAKD CAEOVET YNOMANYTE 0 TOH CHTYALHE, KOTJA CaM OTMPaBHTe/lb HE MOWKET NOBTOPMTH
nepeNaTy, TAK Kak CPena 3aiATa JpyruM yoTpolcTIBoM, coobiiente KOTOporo HMeeT Gonecc
BLICOKHH TpHOPHTET. B manHoM cnywyae ceTeBOMy YposHIO ¢ nmodomeio L_Data.con Takse
NepenaeTcd NETaTHRNOS NOATBLCPACHHE.

Mac2lLlc.sender handler{(status)

status type llc¢ status; // WHbOpMAaUMA COCTORHMA YpobBHA LLC

switch {(astatus) |

case ack: // nmaHHHe nepemaHs YCOeWLHo

L Data.con{ok];

stop _timer(llc);: // ocTanoBEmTL TaliMep
break;

case busy;
counter busy++; /4 BanyeTHTE CUeTUME WMCHNA NOBTODEHMH

if {counter busy < max busy) {
Llc2mac.sendear (repaatad frame): // HOBAs nNonMTKa

start timer(lle); {// manycrTHT: TatiMep BaHOBO
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}

else // KomuuecTBo IONYCTHMEY NOBTOPEHWHA NpeBHIIEHO

L Data.con{not ok);
break;

case nack:

counter nack++; // sanyorure cuetumMr wMcna AOBTOPEHMR

if {(counter nack < max_nacE] {

Llc2mac.sender (repeated frame) ; [/ HOBAA MONETEKA

atart timer{lle); // manycTHTe TAMMEp SaHOBO

}

alse // EoaMYecTREO HDOOYCTHMEX NOBRTODEHMM NpeBeleHO

L Data.con(not ok);:

break;
cage collision: f/ wonmesMa M
cage medium busy: // cpenma sauara

L Data.con{not ok);

Koneuno, moTepsisl MoryT ObITE HE TONBKD HHPOPMALHOHHEIE Kaaphi, HO H CAMH
nogreep#enns. Jlng Toro wrobm yposenms LLC me maan noaTsepnenns Deckoncuso,
HCMoneiyerca TaliMep © JAMaNNAIM BPEMEHEM, KOTOPRIA BRINYAETCH Cpasy, Kak TOTEKD
OTIPABHTENs nepenan wudopmano. Kak npasuio, NOATBEPHACHRC HIH HHBOPMAIMOHHEIH
KaiIp, KOTOPEIH MOMyMaTens HE CMOT NPHHATE H3-33 CROCH 3ArPYREHHOCTH, NPHCLUIAIOTCH 10
HETEMCHHA 3A0AHHOTO B TaifiMepe Bpemenw, Ecan BpeMa BuILAO, TO 3TO TMEPBHIH CHIHAN
TpeBor® ans ornpaswrens. OH MOBTOPHO OTHPABNAST MHQOPMANHIO HAH, CCHM 3TO YHE HE
nepeas GespeIvIBTATHAA MONLITKA, MOCEHAAET CCTCROMY YPOBHIO HETdTHBHOS MIONTBEDAKICHHE,

Ecmi oTnpasnaTe OOHH H TE JKE JdHHLIE HECKONRKO pa3s, BOIHHKAET OMACHOCTH, MTO
MOTYVIaTENE HOCKONBKO pa3 MPHITHMACT HX H HECKONBEO Paid npefaeT CETCBOMY YPOBHHD.
Yrobel NPeoTBPaTHTE Takok 3ddekT, NOBTOPHO OTNPaBACHILIC JanHke ofoanavawred B EIB
CHENMANBILIMH CHMBONAMH (moapobues o6 sToM B raase 1.3.3.2). B nononHeHne nporpaMmEl
cyxeGrOro amementa L_Data req Be17a cosfana nponeaypa assemble_rep frame ().

J178 BLIMCONHCAHABIX CTYHAER HCOONbIYETCA CAeaYI0UAL NTOINPorpaMMa YPOBHA ELC:
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Lle timacut ()

{

counter nack++; S YBENMYMTE CUeTUMK YHMCNA NOBTODEHME

if (counter nack < max_nack) |

Llcimaec.sender (repaatad frame); S/ HoBaR OOORITES OTNPaABEM
atart timer{lle); /{ manyeorure Taliep SaHOBO
else ff ROMUMYEeCTES OONYCOTHMHX MOSTOPEHMA NpeBHNEHO

L Data.con(not ok);

i

Ha prc. 3.14 npeacraenen nporokon ypoeus LLC.

Kanp BaHHBI
L Datareq i i e
kagp
OAHMHEX
N
11 T [ L
HHATE

COTRALL NOATE. FaHAT

L Data.ind n

Moryreatarns

Puc. 3.14, Mpomoxoa ypoans LLC

OrnpaBHTEN: MOCEUIAET B HHQOPMAIHOHHOM KAIPE NAHHBIE, NADAMEIPR H KOHTPOIbHLIH
suak, [locne sroro yposens LLC oamnaer nogreepaaenns. Ecou ero Her, TO N0 HCTEYEHHH
OMPEdeNneHHOT) OPOMEKYTKA BpPeMEHH THHMEpE MNOTIKITEA [MOBTOpAETCA. AHANOIHYHO
OTIPABATCAL ACHCTBYET B CIy4ae NOMYMEHHA HErATHEHOTO NONTBEMISHHS WA BOIBPAIIEHNHA
kajpa. EcaM KOAMYECTRO paspemIcHHRIX NOBTOPHEIX MONBITOK NPEBHIISHO, TNEpegada
NPEPRBACTCA H CETEROMY YPOBHID OTHPABIAETCA COOTBETCTRYIOMEE coobmenne,
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Ecas momyweno NONOKHTENRHOC NOATBEPRICHHE, NPEATONATACTCA, HT0 Aanielc HOMYHCHE!
yenemno, B stoM  caydae coTcsOH  ypOBCHB TAKAKE NONyuacT TNOATREPACISHHE OT

COOTRETCTRYIOWICTO CyelHOr0 JICMCHTA.

LLC-ypoBeHE MOMydaTels OKHAMET NOCTYILICHAS HHQOPMAIHOHEOTO Kaipa. Momyyre kaap,
OH ONPEACNACT, CHSIYET M NEPEaTh €70 Jankile. B 3aBHCHMOCTH OT Pe3yALTATOR PEMCHAA
OTOPABHTENH) MOCKIIACTCH NOMOKHTENBHOE nub0 OTPHUATENEHOS MOATECPRISHHAE (MK Kalp,

B ClIyYae neperpyIkn) nufio noITRepiKIcHNE He TeHEPHPYCTCA.

3.3.2. Moayaes J0oCTyIa K cpeae

Ha yposme MAC npoucxomwr pasbwenwe u clopka HNQOPMALMOHAEIX KIADOB H
nofTRepEIeHHi; Kpose Toro, MAC ynpasmser AOCTYIIOM K CpEA¢ NEPemati. [ToTomy
MpOTpaMMa YPOBHA JOMKHA paipabarbiBaThCA COBMECTHO C nporpaMMoil NepeRoro YpoBHA,
Beujy TECHOro BIaMMOACHCTBHA OSTHX YPOBHEH HE BCCrAa YAAETCA NPOBECTH HETKOS
MogyaeHoe wernonsenue MAC-yposHa H QHINMCCKOTO YPOBHA. Jaiaud, CBA3ANNLIC ©
KOMMPOBKOH OTIENBHRX CHIHANOE H YNPasnscMBIM O BPEMCHH JDCTYTIOM K CPCAC, MOTYT
OBITH peIlcial M HA TOM, M Ha apyroM ypoenax. B nassom maparpade coenana nonwiTka
ONHCATE HanOonee pamHLIC aciiekTH yposna MAC,

Knacewueckas cers EIB Henoasayer B KauecTse cpensl BTyio napy. Honomeayemulii cnocod
NOCTYNA K cpele ocHosaH Ha nobuTosom apbHTpawe, Donee HIBECTHOM Kak CSMA/CA, on
Grn onucan 8 naparpade 1,2.2. Xora 3ToT MeTon apOHTpaKa paccuydTaH HA AcHIXPOHHYIO
mepenayy JANEX, CNeIyeT YTHTRIBATE J0NOIHHTENBHEC BPEMEHHBIS MPOLCCCH CETH EIB.

B camom Hawane ma cropone ornpasutens beperca LPDU yposra MAC u ¢ noMoLieio

cmymebHoro anementa P_Datareq nepegaercA mo Onram (B BHEe OKTCTa) (HIHHECKOMY
yposuro. OH komupyer okrer B cumpon UART u npeobpasyer ero B JEKTPHYECKHE CHTHATEL

Mo Toro kax ByAeT OTHpaBmen nepebil cimBoa WipOPMANHOHHOTO Kaipa, JHHHA QOTAINA
GeITh crOGOMHON e sMence 50 TaxTor, TMociemyromiee BpeMs OMHIAHAA JABHCHT OT TOID,
KaKNE PHOPHTETEl HMEKT OTAPARIAEMEIE coobeHMs (3T0 BRANO H3 nepsoro nona LPDU) u
ABNACTCA M OTNPABKA AANNOrD Kaapa MoBTOpHOH {ecaH Ha oTNpaBACHHELNE KAIP HE NPHILID

NOTBEPHRACHHA):
1. Kagpsl, oTnpasnseMsle MOBTOPHO, & TAKKES KaApPhLl, HMSHIIHES CHCTEMHBI HITH ARAPHHTIBLIH

NPHOPHTET, BEICHAKTCA CPA3y nocac ueTedeHns 50 TakTos. Nanaeie #HGOpMaIHOHHBIE
Kaphl ABNAIOTCH AeffTarpamMmamu 1-ro KAacca I0CTyIa.

2. Hndopmanmounsie Kaipel ¢ MPHOPHTETOM 3 W 4 AOmKHB ENATE HCTCUCHHA TPEX
NOTONANTENBALX TAKTOS BpEMEHH, Onin NpHHALIEKAT Ko 2-My KIacCy AOCTYTIA.

Y ornpapiTens HEbopManmonnuil Kagp ¢ yposis LLC nepenaeTcd © noMOULsi0 NPONSTYPE
Llc2Mac.sender. Vposent. MAC onpeneiser Klacc AOCTYN H MEPETacT MEPREI CHMBOI
hHIHUECKOMY VPOBHIO.
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typedef enum {claaal, classz, J/ mmacc mpocTyna o
innerframe, ack} // npyrMe THOE CHMMEONA
aclass_type_ layerl;

char s _next; Ff wmunerc cnemynmero CHMMBONTA KaInpa

char [MAXLEN] actual frame; JJ/ akryvanicuHeli MHdopMauMoOHsEER Kanp

Llc2Mac.sender handler(frame)

char [MAXLEN] frame;

gwitch (class{frame)) {

cage clagsl:
P Data.reqg({classl, frame[0]):
break;

case classa:

P Data.reqg(class2, frame[0]);

break;
a8 next=1; £ MHMUMANHMSHMPOBATE MHIEKC
actual frame=copyl(frame); // coxpasHMTE WHGOpPMAaUHMOHHER kanp

Ecnn kagp mammmix Omin yenemmo mnepemad, LU ¢ momommio cayxeGmoro anesedTta
P_Data.con oTnpasimer nonmaHTennioe noarsepxtenue yposmo MAC. B atom ciygae ma
pHIHMECKHH YPOBEHL MOWeT OHITh mepegan ciaeayiommii oxter. Ecnm mepenaya me Ouuta
BEIMIHCHE BEMIY 34HATOCTH CPCAB HAH BOINHENOBCHHA KOATHINM, yposeHs MAC nomyyaer
HEraTHBHOE moareep#icHue. [locne aToro axTyaneHas nepefada HHQOPMaUHONHOTO Kaapa
npexpamasTes H yporHo MAC oTnpasagerca COOTBETCTRYIOMIES NOTREPAISHHT,

typedef enum {ok, medium busy, collision}

status type layerl; // nudopmauma CooToHAHMA YPOBHA 1

P Data.con.sender handler{(status)

gtatus type layerl status; ff wMHYopMAaUMA COCTOAHMSA YPOBHA 1

{

switch (status) |
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caga ok: /) Bce B nopROoee
while (a8 next < sizeof (actual_frame)) /{ cnepyougei GaiT
P Data.reg({innerframe, actual frame[s_next++]);
break;
cage medium busy: /{ cpena SaHATa
MacZLlec.sender (meadium busy);

break;

cage collipion: // BOSHMERA KONNMaMs

Mac2Lle.sandsr (colligion);

Ha cropore noaygatens cmymeGusit snement P_Dataind uHQOPMHEpPYET O NOCTYNNCHHUH
okTeta. Ypoeeus MAC cHoBa cobupaer oTAcieHEIE OHTE B eannwi kaap. Ilocne Toro kak
DHAM MONYHeHLI BCE CHMBONBL, TNONABE  WHOOPMALHORHBIE Kagp nepenasTca Ha

noeneayony obpabotiy ypormo LLC.

Jlas rore urofel Gonee monHO pazobpaTcd B NPEACTABAEHHOM HHKC (PPATMEHTE MPOTPAMMEL,
CNemyeT oDPaTHThL BHHMAHHE Ha TO, ¥T0 MeCcTOH CHMBOA HHPOPMATHOHNOTD KaApa CONSpKAT
NAHHBIC O AMuHe HRGopMaoHoHnoro kagpa. TolMBKC OTCIONA MOMYYATCNE MOKET YIHATE, KOTAA
sakaruusacTes MudopMausondoll kaap. Cnegyer oOpaTHTR BEREMaRHEe N3 TO, YTO IHAICHHE
IMHHEL HE BETIOYAST KOHTPOALHLIE CHMBON, KOTOpPHIH AONONHAST HHQOPMaWoOnHe#R kaip
(KOHTPONBHEI CHMBOA HE COOEPWHT JAHHEIX YPOBHA 2, 3T0 NpOCcTo YOpPaBIAIOMAd
Huadopmaiua ana LLC).

char r next; /) wHOSxc ONA COSOaHMA WHOPMALMOHHOTO Kaopa
char [MAXLEN] received frame; £/ nompyeeHHLA MHSIPMAUMOHHEN Xanp
char len; J{ RomMuecoTBEO OMMIASMEN NaHHHX

P Data,ind.receiver handler(class, data)
class_type_ layerl class; / /. wHpopMauMA O XADAKTEDEe IaHHEX

char data; // nonesxam wmHpopwauma

switch (class) {

case classl: // nepBEff CHMMBON Knacca mocrynal
cage clagal: L v N3
received frame[0]=data; // HAYATE COo3IOaHME Kaupa

T next=0D; £/ HEMUMAMMSHMPOBATE HMHOEXC
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len=5; i npmum}arh no 6-ro cuMBONA
break;

case innerframe: // cnepvouwdii CHMECR Kagpa
if (r_next == len) ({ [/ mupopMauMs © XOMMUECTEE HAHHEX

len={ (data & OxOF) + &)
elee if (xr next <= len) {/ NpoOonEMTE COCTABNEHMS Kanpa
received frame [r next++]=data;
1E (E neky »>-len) // nepemaTh kKamp Ha ypoBeds LLC
Mac2Llc.receiver (received frame);

break;

B cayvyae wncobxopmumoctd (ecad HHEQOPMAIHOHARH Kagp NPCIHAZHAYANCR J[AaRoMY
veTpolicTRY) nogTRepkacnue rencpupyeres yposHeMm LLC m otnpasnaercd ypopaio MAC, C
HoMomplo anemenTa P_Datareq 370 NoATRCPMACHHE LEPELACTCA (MIMMECKOMY YPOBHIO,
KOTOPBIT Yepe3 15 TAKTOR HAYHNAST Nepenayy.

Lls2Mac.receiver handler(ackframe)

char ackframe; /f/ wanp c NoOTBEEepEISHHEM

P Data.regl{ack, ackframe); // nepepava Ha ypoBes MAC crnpapurTens

0 momydcnuM MOATBCPMKICHHE HA CTOPOHE MOMYMATENA HIBSIACT cHyReOHBIH anement
P Dataind yposus MAC, goTopmii 3atem ornpasnset ero yposto LLC. Bee nocneayioume
onepainy RunomnaoTes yposnes LLC, kak Geino omicano B NpesLIywicit riase.

P Data.ind.sender handlar(class, data)

class type layerl class; // nudopuannAa © XapakTepe CHMBOIA

char data; {f naHHEe (KAOp © NOATBepEESHHEM)
{

Mac2Llc.sender (data); // noprRepmieHHe OTNPABAASTCA yposH LLC

I[Moanas BpeMeiman BIAMMOCBA3E B YNPOILESHHOM BHE NpeIcTaitena na puc. 3.15.
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- KAAD NaHHbX (S nogme. [
- - o = ‘. 'T-
BPEMA OMMABHWA wdhoprguiie MERGCTON LMHR NPGETOR LWMHS
Rracca (0-3 raxra) (15 TaKTOE) {60 TaKTCE)

Pae. 3.15. MTpomoron yposus MAC

3.3.3. ®opmar kajapa (LPDU)

[Tocae monpodHOro paccMOTPEHHA OTISIBHEIX COYKD YPOBHA CBAZH JAHHLIX CACIYET HCPLHTH
HENOCPEICTEEHHD K Bonpocy dopmara kaapos. Fme pay obpareM BHHMaHME Ha To, 970,
rogops 06 HHGOPMANHOHREOM KaIpe HITH KATPE ¢ NOATBEPAICHHEM, Ml HMEEM B BHIY MOIYIIE
IAHHEY OPOTORIA ypoBHs cense aadnsx (LPDU, Link Layer Protocol Data Unit),

3.3.3.1. HudopmanmoHHerii kajap

HudopmausoHBnE kagp cocront 93 6 nonei pa3IHIHoE 1auHE (pHc. 3.16).

OHTPOMBHOA] ALPBC HOTCHHWKE Anpec HEIHEYEHER | Mone IO FRETE L KoHTp.
none {5 Bt i 16 [Bit) {17 Bir) (7 Bit) (=16 Byl cameon (8 Bit)

Pue. 316, Hughopaimpuerrid keodp

Ha peprom Mecte B uudopumaymonsom kaape Haxonures | Galit goHTpOABHOTO OONIE, ©
HOMUOLLBER KOTOPOTD OTPeIelieTed NPHOPHTET KAZPA ¥ o Y (HOBBIA HAN NOBTOPHLIA).

Caenyromue 2 Gafira yeasmBawOT aapec OTIPABHTENd, nanee HmyT 2 Oalita, onpeiensinine
NOAVEATENH WK nonydarenei. Ecnm kagp aupecosad OfHOMY NONYVUATEN, TO COISPRMMOC
NOUA HHTEPHPETHPYETCA Kak QEINYeckrd aapec (Mnu Homep yoTpoicrtaa). Ecmm me wkaup
npeadaIAaded Qad UeNol rpyumel, To cogepxHMoe oboux OaiToR npegcTaBnAeT cobod
morHdeckiii agpec. Paznmwume anpeco uposogeTca HAa ocHoee dmara DAF, xorophii
HEXOGOHTCH B CITEMYROIMIEM OETSTE,

IecTol okTeT HEQOPMANHOHHOID KAaOpa COOePRUT KpoMe duara Taoke 2 caeTyHka, OIHA H3
HHX HGIIEJ'.H.I:-H}'ETE! CCTCRRIM VDORHEM JITH CTON, YTk U[lpﬂ.]lﬂ]ll‘l'l'h-., AOEEH JTH BZE,I’.I,]:I DhITh
nepenaH B OpYToi cekTop ceru. MApyroll cYeTHHE COISPIEHT OJaHHHE O KomHyecTRe DaHTOR
JarHelx. B oxpom undopmanmpoumonm  kagpe moser OwiTe nepefaHo ao 16 GHros.
JaBepualomMi DaHT CONEPANT KOHTPONBHENT CHMBOM JaHHON0 HHPOPMALHOHHOTO Kagpa.

Hanee xotenock Ge mogpobHee OCTAHOBHTBCA HA CIPYETYPE OTISTBHEIX MOISH, HMEIOIIHX
IHAYCHHE 1A 2-10 YPOBHA.
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Hnn'rpunmme nasae

B rouTponssom none ua ocuose 6uros PO 1 P1 onpeaensercs npHOPHTET HEGOPMALHOHHOTD
kanpa. Kaape: ¢ npropurerom Pl orsocares k cacremusn dynxupay EIB (1 taknm ofpazom
¥ Tpancnopriomy ypoenio), OCTanbHEE MPHOPHTETE NONEIOBATENE MOKET BHOWDATE cam. K
HHM OTROCATCA amapwiiieie dywkuwn (npaopnarer 2), & Tamoke MnQOpMAUHOHHBE Kaap.,
KOTOPEIM OTOASTCA TIPEONOYTeHHe TPH OTNpaske (NpHopHTeT 3), H KAIPH, OTNPABIACMEIE B
OOBIMHOM DCHHMC,

Yrober myumie nonats yHkumi S-ro O6MTa KOHTPONBHOIO TOMA, Tak naseiBacMoro doara
MORTOPEHHH, MPEICTaRHM CREMYIONID CHTYAUHIO: HEQOPMALHOHHBIT Kaop anpecosaH rpyIine
VI0B; OTIPABHTENE TOMYUACT HETATHBHOS MOTTREPHUISHHE Kak MHHHMYM OT OIHOTO H3 HHX.
Jagaua OTNPABHTEM — [IEPeciaTe JAHHBIH Kaap emte pas. [Tpugem cro Be A0UGKHBL MOTYYHTE T
ANPECATH, KOTOPBIE YCNSUIHG MTPHAHSIN Kaap B NEpewii paz | yike nepenany miopMauui Jamee,
TMosromy OH JOUDKEH CAEGNATE OTMETKY HA OTCHIIAEMOM NOBTOpHO kagpe. C NOMONIBID TaKOTO
faara aApecaTs OUPCACIAIT, SBNSCTCH TH KAID HOBEIM HITH NOBTOPHD OTIPABRNCHHLIM CTAPEIM, H
B 3ABUCHMOCTH OT 3TOT0 MRG0 HTHOPHPYIOT €70, THOO MEPETAIOT HIDOPMALIMID JANEe.

KoHTRoNbHoE| Aopec weTounmka | Adpec HasHaseHwa | Mome MO Harsue Kowrp.
none (& Bt {18 Bit} {17 Bt} {7 Bt} [1-16 Byta) cumeon (8 Bit)
HI'\.,HH
KoHTponssoe nons
Tla|5i4 |32 |1]0
O(RI1|PIPO| O] D
¥ l
oo CHETEMMER MOHODETAT [AARSISPRHDOBIH0 ANA YpoaHA 2]
1|0 ABBDMAMERA NpEOpETET
o1 Bricomnsh npUopHTET
3 111 Huaxui npsopsTeT
i MoBToRHEE kaop
i DiEurHsER KBGR

Puc. 3.17. Konmpoasnoe noae

Eue pas sepiemca k metoxy apbutpaka CSMA/CA B paigenseMoMy no BpCMERH JOCTYITY K
cpele NepefatH.  Y3Ien, BHOMHBWMMA @ HA HHMM  AKTUBHBIH (IOMHHAHTHBIH) YDPOBENE,
MEPEMHCLIBACT MACCHRITKIH, KOTOPLIH OLUT AKTHBH3HPOBAN APYTHM yinoM cerd. Tak kak mepenada
HHQOPMALTHOHHOTO KAlpa HAYWHACTCH ¢ HyJeBoro OHTa— HaumeHee 3HaWHMOTO DHTA, MOUTKCH
BEITE BRIDpaH cnocol KOIHPOBKH oTAENLHEX npHoprTeTos (prc. 3,17). Takum obpazom, JHHHIO
IIHHMAET TOT Y3&/1, KOTOPEIH NEPBLIM BKIKYACT HE THHHK AKTHEHLIH YPOBEHE.

Ecan oBa MM DONee YCTPOHCTE XOTAT OTNPABHTL HHDOPMAOHOHNEBIE KAAPH ¢ ONHHAKOBLIM
MIPHOPHTETOM, Ha [HHHHM OCTAETCA TOT H3I HHX, KOTOPHI HAMEET caMBii Madbli agpec
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yoTpoiictea (oR Tiepefastcs B cneayiomem oktere). Tax xak ampeca EIB ONHOZHAHHE,
HepaIpemHMEIX KOHIMKTOR JOCTYNA HEe BOIHHKACT.

Eci E TOMY %€ NPHHHMATE BO BUHMAHWE YNPABASCMbIH 00 BPEMENH NOCTYT K Cpeje, TO B
KOHESHOM HTOrEe NOAYHAETCA NpeacTasneHHe B Tabn. 3.3 NpHOPHTETHLIH HOPAIOK.

Tatnuya 3.3
Hpuopumem unopuayuonnoze capd
Paur Knace | Nlpuopurer NosTopHuiif HoaszopaTens | KowrpoawHoe
HOPMATHIHE HB mwone (LS8 -
Kanp MSB) 0123 4567

1 I CHCTEMA A= ypoecHE 4 (OO0 1001
) 1 CHETCME HOCT ¥poRCHE 4 Q00D 1101
3 I HBUPHA aa OPHIIENTHE (01 1001
| 1 asapuHs HET OPHAGHEHHE 0oL 1101
5 1 BRCOKHA i NpPHACKEHHE 010 1001
B I HH3ENI na TIPHAOKCHIE 11 100
1 s BRICOKKI HET NPHANEEHIE ooia 110l
B 2 BHCOKHHA HET OPHACKEHHE G011 F10]

Anpec oTUpPABHTEIR

AApEC OTAPABHTENA — 3T0 HHINYCCKHI ATPEC Y33, OTNPABAAIONIEr0 HHBOPMAITHONHEIR KAID.
Tak k4K BO BpeMs YCTAHOBKH ceTH Kawiomy ycrpoficty EIB npuceausactes coGcTBeRBBIH
anpec, ofecneycHa BOIMOKHOCTE: OAHOZHATHOH HAcHTHQHKAIEA OTAPABHTENL.

Kpome Toro, dmindecknii agpec CONSpHKAT HuQOPMANHI0 O ToM, IS HaXOAHTCH
yerpoiicTeo. B nepenix werwipex Gurax nepsoro Gafita (Z0-Z3) yrajeBacTcs 30Ha, B
cregyiowMx ueThipex Gurax (LO-L3) — nueus, va kOTOPOil HAXOOHTCR y3elL ¥ TeX yinos,
KOTOPRIC HAXOJATCA B rAapuoH obIacTH KN na MACHCTPATRIOH AHHHH, COOTRETCTBYOMIAE
6uTE yoranagnusaroTed B 0. Homep yerpotictsa (DO-D7) subrpaeTcs npou3goibR0, HO TEM
e MeHEe OH HOMEeH OuTE OJHOIHAYHEIM. KOMMYTAIHONHEM YCTPOHCTBAM AHHHH H 30H
nprcausacTes sHavenne 0 (puc. 3.18).
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K ” AQPac METOMHMKE | Aupec nasnaseHns | MNone MO farsibie KoHTD.
::JIEEEEEIEH%E (16 Bity (17 Bit) (7 Bit} (1=16 Byie} cumaon (8 Bit) |

]
-

Anpec wetodHuke (cr) | Aapec woTouHkka (Mn.)

e zl1n?é
2322212uL3L2|L1 Lolo7 e

5 4[3][z2[1]0
ps D4|Da D2 01/Dg]

Puc. 3.18. Adopec ﬂmnpasmr:m

Adpec moayvaTean

Lea wmopManuonisii Kaap. agpecoBaH TOTBKO OMHOMY NOIYYATeTn, TO B ITOM OOE
COACPHEHATCA :bm}ﬂemcm‘i anpec. Ecan me xagp Sopked OLITe OTHPABICH HECKOILKHM
VOTPOHCTRAM, PACTIONOKCHHBIM B DAZHBIX YHACTKAX CETH, HO OfbEIHHERHEM B OAHY IPYIIIY,
TO B OTOM OIS HAXOIHTCH AOTHYECKHH e

B npHuuHile H0I630BATENE CaM MPOHIBONEHD HASHAMACT FpyINoRme aapeca. Tem e mence
enecoODPasHEIM HPEACTARIASTCH Pa3Ienenie Ha HOMEP OCHOBHOH TPy (MO-M3) B HOMED
noarpymme (S0-810). Kaxamil nadopMamHoaHETH Kaap © NOrd4eckiM anpecom oy aiT
BUe "/IEHB] BRIDPAHHON TpYTIMLL, 0DpabaTeIBa0T Ero H OTOPARTAIOT MOLTREPHRICHIE.

Torucckuii M QHIMYeckHi dmpeca OTIMUMAIOT Apyr OT Opyra ¢ nomoupio duara DAF,
KOTOPHIA  COACPAMTCA B crapmeM OHTe croeayviomero noas, Takuw oOpasom, agpec
HOIVIATeIs COCTORT B3 |7 Ouros {puc. 3.19}.

Kos 1 panbhene | ASpec HoTOYHIED Bapes Hadayesna | MNone a0 Davirmie Kosmp. _
nong (B Bit} {16 Bi) {7 Bit) {7 Bit) {1=16 Byte) cuMEon (B Bit)

o,

Afpec HaaHaseHrR (o7,) | Adpes Haskadesua (Mn ) | Snar aipecs HAIHEHEHMA
s ala 321.&?

5 D M bWEHUBCRaA BapRCAUNE

2315251 El:'rl 1] DNorvueckar agpecauns

Puc. 3.19. Adpec nonyuamen

DAF, cueruHi MapmpyTa H IIHHA HHPOPMAUHOHHOTO 10N

PasMep CISAYIOWErD nons Taxcke paped | Gadty; B 7-m Oure naxogaTea gaar DAFE. da Hum
cacaver caerdnk (RO-R2), xotopsiid hcnnnh:i}rél'cu CeTesbiM YPORHEM, 9T00LI ONpPelenHTs,
MO0 TTH NEPETABaTL CONERALTHECT B KaIpe JAHHEE Jaapme. bonee nogpodno JToT Bonpoc
OyaeT paccMoTped modme. Ceiivac e JaMETHM TOULKO, 9TO JATRINC NCPEAaKITCA THITR TE
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Kaipsl, NOKA3AHHA cdeTwika Kotopeix npepsmmator 0. burer LO-L3 pammoro ypossa
YR23BIBART AIHAY HAdopMamionnoro nond, Ecan see 6utw passks 0, TO NepenaeTcs TOMBKO

OMH OKTET JlaHHRIX (pac. 3.20).

ponsHoel ANpes BCTOYHMKE | ANpeC HEZHEYEHHA | Mone MO Oanmsia EoHT.
I nane (8 Bit) {16 Bit) {17 Bi} {7 Bit) {1-16 Bytea) camazan (B Bit)
.._._l._,.-l""‘"-."
Mone inara DAF,
MApLL W QMRS

7le|(5f4]|3f[2]1]0
D [R2|R1|RO{L3{L2{L1|LO

—

.
1 x[x{x[x] nowa
X | X | X - HIHORMELHA PPy THISU A
PHIHYECKIA BNDSCALMA
Morvyeckan aapecagns

~ ==

Piee, 3.20. DAF, cugnriik MApUEpymusayuy o dauua union qayuenio2o noas

KourpoasHeli cHMBOJ

KonTponsuiil cmson fobaenicred K HWHQOpMamomoMmy kaapy A Toro, 49To0s MOKHO
GBITO PAITHYWTE annme, nepenanasie ¢ ompdkamMu. [Toaygartens cpasHHBAcT KOHTPOIBHEIH
CHMBON ¢ CAMOCTOATEIBHO PACCHWTARHLIM IHaUCHHEM. ECTTH OH YCTAHOBHI, Y70 WHbOpMAITHA
HCKR:EeHa, To Jajaya ypoens LLC 3awovaeTcd B aBTOMATHYECKOM NOBTOPCHHH MEPLLatiu.

Obpaborka KOHTpONEHOTO crMeoia (puc. 3.21) bygeT nogpobHee paccMOTpeHa Jaee,

KoHTpONBHOE|AGPEC HoTOUHKWES | Anpes HaanadeHwn | Mone MO OaHHeie Kowtp.
none (& Bit) {18 Bit} (17 Bit) {7 Bit) (1=16 Byte) cHmBon (8 Bit)

Pue. 3.21. Konmporsusid cuMana

3.3.3.1. Kanp ¢ mojgrsepaiennem

TMoarrepwgerna (puc. 3.22) ¥ KaIphl, He MPUESTRIE BCICUCTEHE NEPErPy3kH, cocToaT |2 1 Daiita,
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.5 ]
-
=
- —

=

1 Plonome rarm—ss NooTEereE-es
] Amewar
1 OPeUATENMHOE NOTTRGD

Puc. 3.22. Kadp ¢ nodmeepmedenuen

L)
Noj
]

1

1

0

Eue pay scniomumst meron goctyna x mmwmn CSMA/CA. wrobst monsTs HCIOARIYEMETE
odoanaueHns:

wmnchmwﬁmmﬂ

MOTYCH OMHM W3 Y3i0B, T0 JowmHamTHbie GEre (NO w NI1) merarupaoro
NOATBEPRIEHNA JAMCHANOTCA Ha petcccHBHLIe GHTH NONORHTENLIOTO;

SCIM OfHO M3 YCTpo#cTB HWe mower oOpabotars WHQOPMAUMONNE xaap c
[OrMHECKHM QIPECcoM, TO OHC TEHCPHDYCT KAAR, HC NpuusTRill BCICaCTRNE
teperpyi. Ha ocnose sosmunanmiuix Girros BO v Bl sanroro kagpa omopanwrens.
JAKANMAET, IO OQME HI YIN0B 50 BPEME NONYNCHHE Xaaps Ol sansT (6urw BO u
Bl nososmTessior noarsepkacHis Guimm 6w normiccrn passs 1);

ecni WHGOPMAUNOHHE kaap Obin HEBCPHO Alpecopad (MMM CHARHO HCEAmEN),
TMOITBCPROCHHE HC BBICHAACTCH. JIMINA OCTACTCA OTKPWITOH, 3TO IHAYHT, “To

MOSTBEPAACHHE MPEBPANACTCR B 7 CASAYIOMMX JPYT 33 APYTOM PCHECCHBINEIX GHTOS.

H.mmmmmw%mmmm(a
peIyabTaTe paboTi mpoToxons yposns LLC),

3.3.4. OGuapyxenune ommboK

Gcoboe sunvanmne & npotokane EIB yaeasercs ofuapyemno oumbox, Heobxomime 118 11010
MOXaHIOME Haxogares ua | W 2-u yposnmx. Hexovopeie i mix Gelaw mogpofno ommcan &

wmmmmmmmmmm}

- MNoburoswi kowtpone (yposens 1) Kaxamii m OTTIPABHTENCH nponepseT,

HAXOAMTCR JIH NTHHWA Ha HYIKHOM emy vposae, Ecnu senaeMuiii o aelicTerTenbLii
YPOBHK HE CORMMAIOT, T0 9T0 0IMOKN B ABOHYNOM paspage. Jamena PELECCHBMOTO
YPOBHR NTHHEH Ha NOMHNAMTHEIL JOMYCTHMS ToALKC BO BpeMx $ai apGurpaxa i
Tpit OTOPARICHEN KATPA ¢ noareepucaenuest. B mobos apyrom caveac sozamxaer
ombka B IBOWTHOM paipsac, ¥3en anToMaETHYCCKH OTKTIOMACTCA OT MMM, W
BETHSHTE €10 B paloTy MOEHO TONEKO BPYTHYIO,
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— Koguposka cumsonor (ypoeene |). Kamnuil oxrer upeobpasyercs quanHvecknM

ypoener B cusmeon UART. Jrror cHMBOnN Qom&eH HEMMHATBCA ¢ JOMHHAHTHOIO
cTapT-OMTa, COOCpMaTs 4erHbill OHT M JAKAIMYHBATECA TPCMi POLCCCHEHBIME
ourass (1 cron-Out + 2 GWTa nayin).

[lpoBepka Ha 9WeTHOCTB. JamMTa A4aHHBIX NPOHIBOOHTCA Ha 1 B 2-M ypoBHAX,
OHaMuecKni  YPOBCHL NOACUHTRIBAST CYMMY YHCET OTHENbHEX OHTOB O4HOIO
CHMBONZ H ONpesenseT, ABNsMeTCd OHA YeTHOH WM HeT. B nepsom cayuac OWT
yetHOCTH cuMBona UART craeurcs Ha U, o sropoM — Ha |, O mOMONEIO Takoro
METONA MOMEHO OOHApYWHTE omubDKW, HO HENR3A MY yeTpaHHTh. Kpome Ttoro,
HENB3A ODHADYWHTE ABYKPATHEIE OIIHOKH, BOIHHKOUIHE BHYTPH OQHOTO CHMBOJIA.
TMoaToMy KpoMe TPOIOARHOR YCTHOCTH oDPAIYETCA TAKKE NONEpeyHan (HeyeTHan),
KOTOPad [IEpeiacTcd B KOHTPOTRHOM 3HAKe HEGOPMAIHOHHOND Kaapa.

Yrohel 40 KOHOE YACHATE ONHCAHHOE PBHINE, TPEACTAEHM cobo  nomisii
HHGOPMAITHOHABI EAZp B RHIS MATPHLLL KA¥IAd CTPOKE KOTOPOH COOTBETCTRYET
oauoMy  bafiry  sndopmanuoddore kagpa (Tadm. 3.4) B cronbuax  smatpHub
HAXOIATCA OTHeIbHEE OuTH (DO-DT) nonei. Jlerko 3aMeTHTs, 9T0 OPOIONBHAA
METHOCTH (MeTHAN) PACTIOTOMEHA B OWTE HETHOCTH KaMION OTACHBHOIG CHMBOIIA,
MOMEPCHHAT #HE HETHITE FHIIOHEHL B KDET]}GJ]I-HGH CHIMECTE.

Tatauya 3.4

Koumpate Yempocmi

[fone Dol Dt | B2 D3 D4 | D5 | D6 |DT|P
KOHTRONRHGE mone 1 ! 1 1 | 0 Q [ 0 0 :IJ._
Chmpasrrents 1-i Gafv) | O 0 L 0 o i 0 1 [
——y s FEEAE NS RESE R AEN
Momyearens | 1-f GafiT) | O 'f ¥ i | ¥ { 4] 1 1 B 1oy

Monvyarens {2-1 Gakr) | 0 0 i IE i {l 1 | 1 1
Mapurpymizams psa | (O (b 0 1 0 o 0 .8 -{j‘

METITINES 168 L Y (e R S I I 'ﬂ'
Nawnee 1 e e | &) @f & =4 1 E
KoHrposesril cHyBOn 'HJ"EHL' " .3__ ¥ ﬁ’:,"':d?’;:-l.d':-r;fa’?

~ Takum ofpasom, MOKHO HE TONEKD TNOKATHIOBATL OWIHOKY BHYTPH OJHOMO

CHMBOJA, HO THKEKE ¥ VOTPaHWTe ee. B crvaae po3RAKHoBERHA ommibkH B EIB He
HPGHEKGMTT g€ }"ETTPHHEHI-IH, d OTCHRITAETCA HCTATHRIIOS  MOOTECAEUCHREG,  TTOCGITE
Jll'flﬂ}""-TE:HHH BT HIT -I.'T'I."J'!IFHEH'I'-I.HII:- BEICEITACT RHI[P FAHOE,
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~ Kourpons ppemenu (yposens | u 2). OTnpassTent MOWET BEICBINATE KAJP TONRKD
MocAc TOTO, KAK JHHHA OCTABaJachk B COCTOANHH MNOKOA B TCUCHHE 50 Taxktor, B
CTYHas SCHM RaAp NMPHHAANEENT 2-MY KNACCY JOCTYNA, Y3IY CACAYET MONOKIATE 3
OOMOIHHTENRNMY TaKTH.

— Tonyaatenn MoryT OTOpapuTs NMOZTBEPHASHHE MO NPOWECTEHH 15 TaKTOB CO
BpCMCHH HOMy4enns nocheamero kagpa. Ecnm  OTnpaBmTeal HE TOMyHAcT
MOATREPAKISHNA, TO JA/Iee O HCXOOMT H3 TOrO, UT0 HHPOPMATHOHMBIH KAp nHbo
BLi NOTEPAN, THDO HEBSPHO ANPECOBAH.

~ opmar kagpa (yposess 2). Jlefirarpasmbl cetH EIB 1omanel HMETR ONHCAHHBIA
peie dopmar xanpa. To ecTe npexae poere 8 HHQOPMAMOHHEX Kajpax H KAIpax,
cOACPHANINK NOATEEPEIEHAN, HA ONpefefeHHLIX MECTax NODKHBE HAXONHTECA
GuTh co snauermen 0 wan 1: kanp Moser conepmars or 8 no 23 Gaifros. Pasmep
KaJpa ¢ NoATECPRISHNEM MoweT GHTE He Donee 1 GaifTa.

3.3.5. Mocrsl H MAPIIPYTH3ATOPEI

B 1aKTHOenie XOTENock 61 NoupobHeEe PaceMOTPeTs YPOREHE CBAIN NANHLIX TEX YCTPOHCTS,
KOTORBLE HCMONB3YIOTCH LA COSAHHCHHT EOMITOHENT CCTH,

Muneiinse yeanureny — moctsl (Bridges) — 0TBeyaioT 3a pereHepailfio # yCUACHHE CHIHATOR
muel, TAKEM 06Pa30M, MOKHO YBENHUHTE PACCTOSHHE NepenaTH, 4 Takke (B CTAPBIX BEPCHAX
EIB) paciiMpHTh KOAH4ECTBO yoTpoicrs. Janmme yerpoHcTeRa me MMEROT cOOCTBEHHOTO
agpeca, Mix yposeHb CBAZH JaHHEIX NPHAHMACT HHQOPMAIHONHELES NAKETE! H [OATREPAICHHA
¢ 0aHoH ctopoHkl ceTH EIB M mepemasT Hx Ha APYTYIO.

HanMuHe COSNMAMTENBHNK INeMeHTOR manuit u marmctpaneit (Line Coupler, Backbone
Coupler) no3BONAET PCANMIOBATE THNHuHEIE Jnd EIB  TONOmordu. nmapnan 3agaga
cOCTHRUTETBHOTG MEMENTa (Aance COSIMITHTENLHEIE JTEMEHTEH JHHAI 1 MATHCTpaneH Mbl
OPBEAMHHM Tom  TepMuHoM  MapuwpytzaTop  (Router)) — OnpeennTs, MOKET M
nipopMannonibil kagp OwTe NepemaH B APYTYHO 30HY. ToatoMy YpOBEHb CBAIH OaHALIX
MAPIIPYTHIATOPA TPHAMMACT HEQOPMALHOHHBIX Kajap W De3 nansHeiimed obpafoTrA
MepesaeT ero CCTCBOMY YPOBINO, KOTOPRIH ONPefeiscT HaIHYHe ajpecaTa nakiTd Ha apyrok
cTopone coti. B cmyyae dwsudeckoit aIpecalMy TaKoe ONPEACHESHHE NPOHCXOIHT HA OCHOBE
afpeca VCTPOHCTRE CaMOT0 MapupyYTHIATOPA; ECITH XKC MNaKeT HMECT JOTHYeCcKy10 aIpecanmio,
10 COCAMHMTCNBHEI J7EMEHT HCOAB3yeT Tabmumy mapupyTH3ammw. HroOer w3Gemars
nansHeitmed nepefadn ANGOPMALMOHHOTO Kagpa C HEBEPHEIM A0pecoM, HCNONBEIYIOTCH
AoONGNHATENEHRE MCTO4EL
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3.4. Cerenoif ypoBeHb

Ocnornag 3amada cereboro yposua (Network Layer) sakmodactes B OCVINECTRASHHN
EOMMYHHEAITHN KOHSIH—-EOHTL ME}I:E,EI,}' :.:'E.I'LE.MH H ﬂ'l'l'.lpﬂﬂ-.ﬁﬂ'l OascToR o l.'iJHEiHT-.IEEHH'I'vII! H
JForHgeckiMy agpecamu. Jina sroro neobxoanuMo cocauHNTE APYT ¢ APYTOM YYACTKH CETH H
oDeCNCUNTE NEPEfaYy JAHHEIX MeHAy HAMH. VeTpoHCTBA, HaXOMMUMMECH HA 3-M yposue u
OTECYSIOIIHE 33 COSOHHEHHE 3THX YYacTKOB (TAKKE pAIHYHLIX THNOB YYaCTKOB),
HATRIBAIOTCA MapoipyTHIaTopami { Routers).

Cerepoii yposene (puc. 3.23) npesoctTasiscT B PICNOPAMKCHWE PAcOONOHEENHOTD BEIOE
TPAHCNOPTHOND YpoBHg 00MEH NaKeToR C MoTeped coedMHeHHA. B 3apHCHMOCTH OT ajpeca
HAZNIYCHHA TakKeT oTnpasnsercd AHGo ogHoMy nonywarenso (Unicast), nubo rpynme
noayaareneii (Multicast), mubo scem yanam (Broadcast) cern EIB. Cryx6u, oTBeqarmme 3a
BLIMONHENHE 3TAX 38039, HaskiBatoTes cooteeTceenno N_Data, N Group m N_Broadcast,

Kposme Toro, cetesoil yposens nenonksyer cmyxty 1_Data yposrs ceasn gapsex (pre. 3.23).

MN_Data reqg M Groupreq N _Broadcastreqg N_Broadcast.ind
M_Data.con MN_Group.can N_Broadcast.con MN_Group.ind
NPDW
mmwﬂ BT :.'FlL‘iE-!Hh " (RO = yHEﬂEH'H-hFﬁ m-remﬁ_ YRoREEHE
L_Data.req L_Deaia.con L_Data.ind

Pue, 3.23. Cemesail yposens

Hpexpe yem nepeiity k noapobHOMY PACCMOTPEHHIO OTASIBHEIX iy, eme pas ofpartiM
BHHMAHHE Ha THIIL H ePeMERHBIE 2-T0 YPOBHA,

A% THRE U NepeMeHHEe YposHAa 2 */

typedef union | ll anpec B gopmare:
struct {

char addr; £ Homep vorpoficTea (0. ..255)

char line:4; ff aumma (0. ..15)

char zone: 4; // 3ona (0...18)

| physical; [/ tuanueckas anpecaums
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struct {
char subnumber low; [/ nomorpynna
char subnumber high:3; // noprpynoa
char mainnumber: 4; // TmaBHas rpynna
char reserved :1; // BapezepauposaHo
} logical; // norwueckan anpecauus

| address;
typedef enum {alarm, system, high, low)

clase_type; // npumopurerT cocbmeHMA
typedef enum {not ok, ok)

gtatus type layerz; /¢ nonraepEneHue M3 YPOBHA 2

address device; // anpec yorpoficTea EIB MnM mapuwpyrM2aTopa

EE’TEBDH}" YPORHKY JOMOOHHTETEHO HeuﬁxDJIHHbI CACOAYHHMIIHG THITE H NMEPEMCHHLIC.
A OTHne M NepedMeHHEe yposxa 3 0*/

typedef enum {unicast, multicast, broadcast}

service type; /S enyefe 3-ro YpPOBHA
service type last_ service; // nocnepnar sanpowmeHHas onyxba
address receiver; [/ nomeTuTR anpec Ha3HAYEHMA
chay counter routing; // eqeTyME ONA DanbHEAWER nepefady NakeTolB

3.4.1. Tlepenaqa onnomy nonayqarento (ciayaxia N_Data)

Ecnu TPAHCIOPTHEIH YPOBENS JO/TKEH NEPEIaTh MAKeT TONBKO OHOMY nomyyaremo (Unicast),
T¢ OH NOABIVETCA NOKANLHO NodTeepanacmoil cnyaboil N Data. [lannas cmyx0a cocToRT 13
sanpoca N_Data.req, n3scienns N_Data.ind # nokansnoro nogreepacgenss N_Data.con.

OrnpasHTens ¢ MoMowbry caywkebHoro anemenTa N_Datarcq nepefaeT ceTEBOMY YPOBHIO
HIOPMALIHIO O TpHOpHTeTe coobmennd, (HINTECKOM ANpece MONYIaTeNd, @ TakKe cam
MOAYAE cymeOnux aannwx (NSDU, Network Service Data Unit). Ceresoil yposchs, 8 CBOIO
OYEpenb, COCOHHACT ONOK AANNEIX CO CYETYHKOM MapUpyTHIANHMH, KOTOPBH HMCCT
peiuaiomee 3Hatende And JanbHelled mepenad mawkera, W (QOPMHPYET MOOYIE JaHABIX
npoTokona 3-ro ypoeus (NPDU, Network Protocol Data Unit). Bmecre ¢ octanchuiMu
napamerpamy NPDU nepenaerca ypoeHio 2 ¢ noMonisio cnyxdu I Datareq. Onnum H3 3THX
napamerpor spasetca (mar DAF, koTopuifi HCNONB3YeTCA YPOBHEM CBS3H MAHHEIX An%
Pa3nHYeHHS BHAA aJpecallHi.



122 3. EIB-npoTokon

Tak xak cnyxba N_Data ocymecTraser oOMEH NakeTaMd MERKIY OTHPABMTCICM H
nonyyatenes, DAF gonmen Omth ssicTasned s ). KpoMe TOTO, COXPAHAKITCA BHI 3anpoca H
agpec momydarens. Ofa 5>THX napameTpa HeoOXOJiMMEI JUNA PEaTHIAUMH TOANpPOTPaMMBI,
AKTHBH3IHPYEMOIl NPy BRI3OBE NOKATEROTO noaTeepiacHra N_Data.con.

N Data,req.sender handler (destination, class, n sdu)

address destination; // ampec nonywaTena

class type classg; // npwopmnTer coolweHWA

char [MAXLEN] n_edu; /{ MoOgyns NAHHEX YDOBHA 3
d

char [MAXLEN] 1 adu; // monyns DAHHEX VDOBHA 2

char daf; {f dmar

1 sdusinsert routing(n_asdu); // MODKIKNYHTE CHETYHEK MAPUDYTHIALMH

daf=0; . // nepepmaga Unicast

L Data.req{source, destination, daf, class, 1_sdu);

last servicesunicast; J/ coXpaHMTeE nocnenHuit Sanpoc

recaiver=destination; Jo... W OCNeORMA azpec nonydarend

)

Ha cropome momydartens MpHIIemuit MakeT JAHERX ¢ nomowsio onepauwn L Data.ind
nepedaeTca cetepoMy yposwio. H3  nmoayyenmoro NPDU  m3snexacted  CHETHHE
MAPIPYTH3aLMK (Kak yke Geio ckazano, SDU yposna N-1 uacnruuno PDU yposus N).
Mocne aToro jAaHHBE H IOpyrHe napamerpsl ¢ momowswo L Dataind nepeamotes ua
TPAHCNOPTHEIA YPOBEHE,

L Data.ind.handler receiver(source, degstination, daf, class, 1 sdu)

address source; // ampec oTnpasdTend
addresa deatination; !/ anpec nomyuarens
char daf; ff bnar (0]
clags_type class; /! npuopurer coolmenHA
char [MAXLEN] 1_sdu; /{ mannme ypoeua 2
{
char [MAXLEN] n_sdu; // Hanxue ypoBHA 3
n_edu=delete_routing(l_sdu); [/ wmaBneur cHYeTHUMEK

N Data.ind(source, destinatiomn, class, n_sdu);
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Ha cropone OIMPABATENS NOATECPRKICHHE YPOBHA 2 AKTHBHpYET CETEBOH YPOBCHE. Ha
MONTBEKICHHA CETeBOH YPOBEHE fENacT JAKIMIOYEHHE O HANHTHH omwhoK NpH nepeaate
makera, JlonyckaeTcd BOIMOKIOCTE TOTO, HTO MONYYATCNb OB 3ANAT M HC CMOT IPHHATE
[AKET HAM TO, 4TO H3-33 BOGHHKMEH KOUIHIHNH NaKeT He Onin mepeaa. HNooTRepaacHue C
nomomsio L_Data.con, Bes HIMenennil 0TNPABIALTCA HA TPAHCHOPTHEE YPOBSHE.

L Data.con.sender handler (status)

statua type layerz status; J/ fUHfopMaumAe COCQTOAHMA YPOBEHB 2

switch (last_ service) |
cage unicast:
N Data.con(receiver, status);
break;
cEse multicast: ... JJ ByneT OononHeH No3ke

cage broadcast:

J

3.4.2. Tlepemaua meckoaskmm moayuarensm (cayxba N_Group)

W IIHpoKoBemATe IbHAA nepegaqa (cayxba N_Broadcast)

TToKansHO NO,ITBEEIASMEIE CAYXKOb, HCIOBIYEMEIE ANS Nepeadn coobLeHAR HeCKoIbKHM
nonyuarens (Multicasf) wau BeeM ysnam (Broadcasl), wMeT CXOIHYI0 CTPYKTYPY H
paccmatpuBatoTcd BMecte, Kax w cmymbGa N _Data, oHH HMEIOT 3MCMEHTH 3ampoca
{(N_Group.req, N_Broadcast.req), ussemenus (N_Group.ind, N_Broadcast.ind) u nOEaneHOTO
nogreepscacHus (N_Group.con, N_Broadeast.con).

Ha cropome oTnpasWTcix ceTepoli yposens ¢ noMoupio amementa N_Groupreq (mnm
N_Broadcast.req) mepegaeT npHOpHTET coolINennts, TOrHYCCKHIE agpec noiy<HaTenei (Aanusi
napameTp He Henoaeyerca npu Broadcast-nepeaauc) u cnymeOHEIC AaHHBIE YPOBIA. Ceresoii
YpOBEHE TOJKMIOYACT TAKME CUSTYNK MAPHIPYTHIAUHH W (POPMHDYET MOAYNL JaHHLIX
npotoxona 3-ro ypeena (NPDU). C momomeic L_Datareq NFDU ssecTe ¢ OCTanbHBIMH
napaMeTpaMi OTNPABNAETCA Ha YPOBCHS 2.

[lo samuuwio daara DAF ypoBeHB CBAIM AaHHBIX ONPEAETAST, CICAYCT AH OTNPABHTEL JaHHBIS
oAmOMYy HIH Heckoaskmm yimam. Tak kax cmywbw N_Group u N_Broadcast nosmkHe
OCYUIECTBAATE OOMEH TCNErpaMMAMH MEKAY OTNPABHTENEM H HECKONBEMMH MONYYaTEIAMH
(W BCEMH Y3NAMR), CETEROI YPOBEIL I0/IKEH YCTAHOBHTE COOTRETCTRYIOIIHNE NAPAMETPE B 1.
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N Group.req.sender handler (destination, class, n_sdu)

address destination; // dnpec nenyuarens
class type classe; /{ npuopurer coobmeHMA
char [MAXLEN] n_sdu; // naHHue ypoBHA 3
{
char [MAXLEN] 1_adu; /{ mauHue yposHA 2
char daf; {1 dnarp
1 sdu=insert_routingin_sdu); // MOZKICUMTL CHETHME MaPWRYTHIAUWH
dafs=1; J{ Multicast mmd Broadcast

L Data.reqg(source, destination, daf, class, 1_adu);

receiver=destination; J/ oTMETHTE TPYNNOBOA agpec

i

N Broadcast.rag.sender handler(class, n_sdu)

clasa type class; /{ npuwopurer cooBuasua
char [MAXLEN] n_sdu; // HaHuuee YpOBHA 3
{
char [MAXLEN] 1_sdu; {/ DanHee ypaBHA 2
char daf; [/ dnar
1 sdu=insert_routing(n sdul; // noaknouwTe CHeTHHEK MAPLPYTH3IALHK
daf=1; // Multicast unu Broadecast
receiver.phyiscal .. zone=0; f// anpec soHM npw Broadcast = 0|
receiver.physical.line=(; // appec muuem npu Broadcast = 0!
receiver.physical .addr; // anpec yvocrpodcTea npw Broadcast = 0

L_Data.regi{source, receiver, daf, class, 1 =du) ;

Ha cropome nonydaTend NOCTYNAKUIM MaKeT JaHHBIX ¢ MOMOMEI coyme(noro ancMeHra
L_Data.ind nepegaerca cerenomy ypostio. Hz mnonygennoro NPDU wssackaetca wndopmManms
sapmpyTa3anui. [Tocne aToro ganuwe NepetanTes TPAHCTIOPTHOMY YPOBHIO.
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RriBop ciywebuoro anemenTa 3asHcuT ot dara DAF i agpeca nasnavensa, Ecim maxer dunin
ANPECORAH TOABKO OAHOMY Y3TY, TO [I4 M[epenayd nNaxkeTa TPaHCNOPTHOMY YPOBHIO
pemoacsyeres N Dataind. Ilpw rpynnoBoit agpecausy CREOyeT BeIOMpATE 3NEMEHT
N Group.ind; B TOM cOyYae eciM NakeT AJpPECOBAH BCEM  Y3NMAM, HCNOALIYCICA
N_Broadeast.ind. Janee Gonee noapobuo npeicTabneHa paboTa ceTesoro YPorHA,

1. Data.ind handler receiver{ssurce, destinacion, daf, class, 1_sdu)

address socurce; /{ anpec OTNPABMTENA
address destination; // anpec nonydatens
char daf; // dmar
class type class; ff npuopuTeT coofoeHMA
char [MAXLEN] 1 sdu; // pauume YpoBHA 3
{
n_sdu=delete routing(l_sdu); J/ MoEmouMTE cUeTUME MapwpRyTHIALMK
if {daf == 0) // Unicast

N Data.ind(source, destination, class, n sdu);
elas
if {((degtination.physical.zone == 0) && // Broadcast
{destination.physical.line == 0} &&
(deatination.phyaical .addr == 0})
N Broadcast.ind(source, class, n_sdu);
else // Multicast

M Group.ind(source, destination, class, n_sdu};

Ha cTopoHe OTNpasHTeNs nofTecpacacHue 2-ro YpoBHA JOXOOHT A0 CETEBOro YpopHs, B
IABHCHMOCTH OT MepBoRaYansHoro Tpebonanua snement N_Group.con mibo N_Broadeast.con
cooGNIaeT TPAHCNOPTHOMY YPOBHID TOAbKe HHbopMammo of ycnewnrol wmi Gesycnemnoi
nepenave nakeTa.

[TosToMYy cCAGAYCT AONONHHTE NPHBEJSHHYW MMA 3eMenta L _Datacon mnporpasmy
CISTYIOnIHM 00pasomM:

L _Data.con,.gender handler (status)

statue type layerZ status; [/ mudopuanua cocToORHMA YDOBHA 2

switch (last_service) |
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case unicast: // Unicast
N Data.con(recaiver, status):
break;

cage multicast: J/ Multicast

N droup.con(receiver, status);

break;
caze broadcast: // Broadcast

N Broadcast.con(status);

3.4.3. MapumpyTHiaTop

Mapmipyrusarop (Router) — sro yerpolicteo, pafoTaiomec na ceresoM yposHe Momens OSI u
COSNHHAIOMIES OTOSLNEE YJacTEH ccTH. B NpoTHROMOTOMNOCTE NTHHCHHOMY YCHIHTEIHD
(Bridge), ocxHosroMH 3aaadell KOTOPOTO ARNSETCA YCHICHHE H OBTOPHAA 00padoTRa CHIHANOE
B USTOM, MAPWPYTHIATOP NEPEAACT AKETH TONBKO TeéM YCTPOHCTBAM CCTH, KOTOPBIE B HHX
nelicTBHTENEHO Hy#aawTcs. Ytobw ofecneudTs BOIMOKHOCTE TAKOH (HILTPALNH, CCTCROH

YPOBEHE MApPUIPYTHIATOPA AO/DKCH HMETE HHGOPMANHIO © CTPYKTYPE CMEMHBIX YIACTKOB
ceTH H OBITE B COCTOSHMA PEIIaTh, MOWET I NAKET DEITE OTNPARAEH JaNLUIC HAH HET.

B ceru EIB wMapmpyTH2aTOPE COSAMHAIOT NHHAH H MariCTpaTH ®  HassBaloTes
cooTseTeTecHio: nubo agantep auauy (LC, Line Coupler), nubo aganrep Marucrpans (BC,
Backbone Coupler). DneMeHTH, COSAHHAIGLIMC MHHHH H MATHCTPANH, HMEHT OJHHAKOBYIO
CTPYKTVDY, OJHHAKOBLIC (VHEKUMH H PaInHYalOTCd AMILL MCCTONOIOMEHHEM B CeTH, H
creaonaTentio, gusnuccknm agpecom (Tabi. 3.5).

Tabauya 3.3
Puzneckie aopeca MAPP Y UITmopos
Tun @rIMsceKHi anpoe
:m;:;?:ﬂ MarscTpais JInEun Hosep verpoiicTea
Adanmep Tunuu I-15 1-15 i
Advatirie I-15 | 0 L
MEIUEMPATY
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MapmpyTusarop npoBepseT amgpec Raxporo nocTymarvmero naxera. Ilo daary DAF
ofnpefeNgeTcsd, aIpecORaH I NAKeT OJHOMY YNy HIH HeckonekuM. Paccmorpum ofa
cayuas nogpobnec,

3.4.3.1. MapupyTH3IaTOp H AXPCCAAA OHOMY NOAYHUATENI0

Ecnut dnar DAF sricTasnen B (), TO maKeT ajIpeconan ToALKO 0ANOMY yamy. B Tom cnyyae ccni
aapec NasHAYEHHMA COBNALACT C cobCTBeHERM AlNeCon HE[‘I'ID[I}'THEI-ETDPH, 10  JAHARE
npeaaInaYens Qa8 Hero. TakeM cnocoboM MOEKHO, HATIpHMED, MOCHC YCTAHOBEH CeTH

NepeIapaTh HA MAPILIPYTHIATOP KONPHTYPALHOHHEIE JAHHBIC H TIAPAMETPH,

Ecny e NAKeT aIpecosaH IPYTOMY YIIY, TO B 33BHCHMOCTH OT TOTO MECTA, TOE PACTONIOMCH
camM MAPWPYTH3ATOP, OH PEWIAET CaM, OTNPABIATH JH makeT ganswe. Cneiyer paumHYarts

CACAYIOMME CAYYAH MapIIPyTHIAIHMH;

1. [lepundepHilHag THHHA — adanmep uknty = TIABHAA THHHAR: MTAKET NEPENASTCE NaNbIE B
TOM CITY4ae, BCIH NOTYYATeNs HAXOOHTCA 3a MpeacnaMu nepupepuiinoi THHEH,

2, Tnasnas nunHg — gdanmep aunyy — nepudepuiinad IHHHA: TAKET OTNPABIACTCA JTHIIE
B TOM CITYUae, eC/IH NOMy4aTensb PAcnoJ0KeH Ha THHHH ATanTepa.

3. [naBHas NHHHA — adanmep MazuCmpaas — MArHCTPaaL: MAKST OTNPABASCTCR JATRIIE,
ECTH TONYYATENh HAXOAHTCR Ha APYTOH MarHCTPaTH,

4. Marnerpans — adanmep mdzuempdty —» TTABHAA NHHMA. MAKeT OTNPABNACTCA JANBIIE,
eCiH NOJIY9aTeNs HAXOOHTCA HA MarucTpan ajanrepa.

TMo3TOMY Ha FIABHYH JIHHHK MATHCTPAIIH TIONANAIOT MHIIL TE MAKETH, KOTOPLIC aApEecOBAHB!
THG0 yanaM, NAXOOAUIHMCS 14 TOR THiHH, 100 Y3naM pasasyisX THHHL

Takum obpasoM, NakeT GAHHBIX, OTAPABHTENE H NOTyYaTelh KOTOPOTD HaXoiaTcs Ha ofHOMH
THHAH (WA #a oaHoil MarucTpans), MApULIPYTH3ATOP HHKOrJA HE MepefacT na apyroi
VvMACTOK CeTH. C NOMOMBI0 JanHOTe METo/ia oDecmeyMBacTCd BOIMOMHOCTE 00OMEna
nHGopMALHER MEXAY YIIaMH B OpedegaX OOHOH CeTH, H4T0 3IHAYHTCARHO MNOBBIMIAET
NPOMYCKHYIO CNOCODHOCTE.

Haunwit npaseep (prc. 3.24) Harnanao oTodpaxaeT BHIIECKAIAHHOE,

Ha pucyuxe wiobpamen duanueckuil agpec woHegHoro yerpoiictea cerw EIB, a Tawwe
amanTepa B dopmate MarMcTpannTHHWAMOMep ycTpolictea. CeTh COCTOMT H3I  OBYX
MArHCTPANeH, CBA3aHHBIX ¢ NoMomeio afanrepos 1/0/0 1 2/0/0. Cregyver Takke pasnHqaTh
nepupepuiinme THIEM BEYTPH OTACALHBIX MarncTpaici. ODMeH naxkeTaMH Janibix MCHKIY
VIIAMH NIPENcTARIEH CAEIYIOMHM 00pazom:

I IMaeTwl, mepenapaeMbie BHYTPH OHOH NepupepHitHOR THHHH, HANPHMED MEHKTY YUIAMH 1/1/2
w 1/1/3, ne BBIXODAT 33 MpeAenb! DAMION THITHH, TAK KaK KX e npomycyT agarrrep 1/1/0.
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2. Taxersl, KOTOPRIMA obMenmBaioTes y3ea 1/1/1, pacnonosensbill Ha NepHQepHHACH THHHK
I, u wsen 1/2/2, maxopsmuiics ma nepudepHinoll mMHEHH 2, NEPEAAKOTCA © MOMOIMIBHD
aganTepoB msnn 1/1/0 1 1/2/0, Ho oTRIOHSHITES AIanTepoM MarReTpany 1/0/0.

3. [Ilaxers, agpecopanmsie yinom 1/0/1, pacmonowmeHnsiM Ha rAaBHOH aunH, yaty 2/1/1,
HaofopoT, NepejalTCy ¢ TOMOMLI0 ananrepoB Marnctpann 1/0/0 m 2/0/0, a wme c
NOMOIIEID aaantepa maaun 2/1/0,
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Pue. 3.24. Adpecayur ycmpoicme

[Mo ampecy MapmipyTHIATOPA MOMKHO ONPEIENMTE, ABANCTCH TH OH AJAITTEPOM /THHHH HIH
ANANTEpoM MATHCTpATH, B 3apscAMocT! o1 1000, ¢ KaKoH CTOPONE MAPWIPYTHIATOPA NOTVIEH
MAKET, BLISLIBAKTCH OTpegeneHHbie dynkium. OHH BOIBPAIIAIDT CIEAYIOWHE SHATCHHA!

— false, B CIydac colld TAKET He MOKET OnITh NEPENAR Janee,
— Lrue, B CIy4ae cCiH IMAKET CIEOYVET NCpchaTh Janec,

— local, 8 Cayyae eciid MAKeT IIPpeTHATHAYCH AIH MADITPYTHIATOPA.
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B 1 # B0 2-M pasacnax yHKIHH TPECTABACHB! ONEPANMH [ANA ANANTePa MHHHH; B 3 H d-M —
178 AMAnTepa MarHCTPaIH.

/* opne OAA cnpenenewws dyHrumm let pass() */
typedef enum {true, false, local)

r atatus; !/ BosEpallagMoe IHAMEHHE

typedaf enum {mainlineZsubline, sublineZmainline,
zone2mainline, mainline2zone}

direction; // nanpasnenwe naxkera

/% BoOOMHMM BamHeive nepemexsde YRoBHeR 2 u 3 */
address device; !/ appec yorpoficTea EIBR WM MapupyTH3IaTopa

char counter routing; {/{ nma pansHelimed nepenayW naxkeToB

/* nononHWUTeNkHHEe TEepeMeHHHe I-ro YPOBHA MapupyTHaaTopa */

direction dir; /i axrTyansHOos HanpaslneHMe nakeTa

r ptatua let paas{destination)

address destination; J// anpec HazHaueuuA

switeh {dir) {
case mainlinelsubline: // pasgmen l: ajanTep nUHMM
if [{destination.physical.zone == device.physical.zone) &&
(destination.physical.line == device.physical.line))
if (destination.physical.addr == 0}

return local; // naker npeaHaz3Haded OnA aganTepa JMHMH

eloe
return true; Jf yzmen npa nepuiepMAHOR NMHMMK
else return false; /{ waen Bue nepubepHiHOR nMHKHKM
case gublineZmainline: // paspen 1: apanTep IMHMMK
if ({destination.phyveical.zone != device.physical.zone} &&

(destination.phyaical.line != device.physical.line)

return true; A yaen BHe nepuepmAHOR JNMHMM
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if {({destination.physical.zone == device,phygical.zone) &&
{destination.physical.line == device.physical.line) &&
{destination.physical .addr == 0]

return local; /f naxeT npelfHasHAYEeH ADanTepy IMHAH
elee return false; // ysen sAyTpu nepubepHiHON JMHMM
cage backboneZmainline: // paspen 3: ananTep MATMCTRanH

if ({destination.physical.zone == device.physical . zone})
if ((destination.physical.line==device.physical.line) &&
(degtination.phyeical . addr == 0)

return loacal;// naxeT npenHasHaded ARANTERY MarncTpany

else return true; // ysen Ha marucrpanm
else return false; S/ vmen HA Opyrol MarMOTDAaNM
case mainlineZ2backbone: // paspgen 4: y3en Ha MATMCTDANH

if ({destination.physical.zone != device.physical.zone)
return true; // yaen Ha Opyrod Mardorpanu

elaa
if ({destination.physical.line == 0} &&
(destination.physical .addr == 0]}

return local;// nageT npenHaIHANEeH AjanTepy MATHCTEAIM

else return false; J/ waen ua Tofl ®e MarMcTpanM

3.4.3.2. MapmpyTa3aTop ® rpynnosas aipecanns

Ecan dmar DAF ewictapned B 1, 3na5mT, naker agpecosan rpynne yanos. [Ipe nogkmoyensy K
COTH KOKALIA M3 AJANTEPOR NOMYYACT CAHCOK AOPECOB IPYTIN, OTHOCAUMXCH K Cro THHHHM HIH
MATHCTPANH, ¥ B JanLiueHnes NpomycKacT TONLKO Te NAKeTH, KOTOPEIE COASPMAT Janibie aapeca.

ObfreaunEM JeACTBAY, BMMOANAEMBIE V1A NPOBEPKH COHCKA anpecop, B pynxmmio. Pynkuus

group {destination) BOIEPAMIAET CACAYIOIIHE IHAYCHHA:
— false, B CIYYSE ¢CNH NAKET HE MOXET BLITE OTNpaBnCcH JANBIIE,

— true, B CAYYAE CCNH MAKET MOMKEH OHTE OTNPARIEH AanLIe,
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— local, B COVYae 6CiTH naxeT ObUI ATPeCcOBaH MAPMIPYTHIATODY,

— lecal_and_trus, B COYu4ae €CNA MaKeT aapecoBid MapupyTHIATOPY H JOJLKECH
ORITE TAKME OTTIPARTEN Jalbire.

Ha pwc, 3.25 uarisuHo TIpefcTamicHa [PYNNOBas agpecauus. B ysnax EIB m apantepax
(pusHYECKAR ATPECAIINA NPOCTABTEHA B GOPMATE MATHCTPAIL THHHA HOMED YCTPOHCTRA.
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Puc, 3.25. Mpynnosas adpecayus

[Ipeanonosns, uro ysen 1/1/3 ornpasnser naker rpynne, coctodiied H3 yunos 1/1/2, 1/0/1,
2/1/2 1 2/1/3. B a1oM coyuae naket GyIeT oTnparnen Janee ¢ MOMOUWBID ATANTEPOR THHHH
17140 1 2/1/0, a rakske ¢ MOMOWBIO afanTepoR MarmcTpams 1/0/0 w 2/0/0. B To e apema
amantep nuaun 1/2/0 ordrneTpyeT aanuuli NAkeT, TAK KaK HA €70 JHHHM HC HAXOTHTCH HH

ONHH A3 WISHOB JaHHOH IPYNIkL.
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3.4.3.3. Cayxbn

o pacTosmIero MOMCHTA MEI HE TOBOPHIH O TOM thakTe, YTO MapIpyTHATOP NPONYCKAST HIIH
OTENOHAST NAKETHl HE TONRKG HA OCHOBE WX agpeca, HO TAKEC HCXOAd HI AKTYaJIBHOTO
SHATCHHA CUCTYMEA MaplupyTHzauuy, To9Ree roRops, NepefaioTca AHllL T¢ MAKEThI, CUCTHHE
KOTOPRIX MOKa3HRAeT Inavenne fonswee deM 0 1 aTpecaTsl KOTOPOTO PACMONOKENE! B ADYIO#
KOMMYHHKAUMOHHOH crcTeme.

[lpeacae wesm naker GyA6T NCPCAAH HA CASTYININE YIACTOK CETH, MAPIUDPYTH3ATOD YMCHBIIACT
AKTYANBHOC SHATMCHAE CUCTIMKA Ha eauHpmy. KomvyTanna Goasime 4em na 6 cryneneii b ceTH
EIB ne npeayvemorpena. Tem He MeHes, eclH HeoOXOOAMO NMepenars Aannbie Ha Gonbuime
PACCTOAHNA (HapHMED, B OYeHb PA3BETRACHHON CCTH), CNEOYeT HHHIHATHIAPORATE CYETIHE
MAPIIPYTH3AUMK CO sHadcHdeM 7. [lakeTs! © AanieiM  3034CHHCM DecnpenaTcTBeHHD
HLIFEJTHI{TTI:HJ I'IIJ MYEM 3HaYenne CHcTUHEA MH]_:IIIIF}'TH'EI-E'IIHH HE MEHACTCA.

Cnenyer o0paTHTE BHEMAHHE HA TO, WTO M THHEHNLIC YCHAMTENH, NCPCIABAA MAKET, CHIDRAIOT
SHAYCHHE CUCTYMKA MapumpyTHsammi go 1. Drta  yEKuHONAALHOCTL J0/kHE  ObiTe
npeaycMoTpera Ha ypoeue 3 momenn OSL Mu ne Gyaem B JanHOM CIyIae BIABATECH B
ACTANH W OMIPANHYHMCE THINE 3aMCUAHHCM O TOM, HTO C DOMOMIBERY JdHBION MOXATTHIME
AHHCHHLIC VCHAMTCNH MOTYT THKOKE JOCTATOMHO MPOCTHIM CrOCO0OM NpPCNATCTEOBATE
MPOXOAISHAIO HEREPHO APecopaniikIX NAKCTOB,

Ecni BH BHHMATENLHO YHTANH NPeARIyNIvIo rnasy, To npobieM ¢ OOHHMAHHEM
QYUKIHONNPOBAIHA CNYHKD CETEROTC YPOBHA MAPIOIPYTHIATOPA HE BO3HNMKHET (pHC. 3.20).
B peoknx  coydagx  (HanmpHMep, ©CTH  HOBBI  MAPWIPYTHM3ATOD [POSKTHPYETCA HIH
TecTHpYeTcA) 3anpockl N_Data.req, N_Group.req v N_Broadcast req o THpaBnaoTes Ha ero 3-#
VpoBeHE. TaK ¥e KAK M NOCHeNyIOUHe NoKaIbHbEe NOJTREpHKICHEA, OHH HMEIOT TOT e THN
NAPAMETPOB H PeATH3YIOTCA TakuM e obpasom, IMosromy Mbel He GyJeM OCTAHABIHBATECA HA
Hux noapobno ene pas.

CopceM [I0-ApYIrOMY MAPIIPYTHZEATOP MOEHCIBYET B COy4ae NOCTYNNCHHA HM3IBCILCHHA
L. Data.ind.

N_Data.ind N_Group.ind M _Broadcastind

T T T

Catenoi ypoBEHs MADLIPYTHIATORS

YROREHE CBAIM HakbN 1 YpoasHs CBAIM QaMwwx 2

Puc. 3.26. Cemerotl yposenns Mapupymiusamong
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1. Duangeckan agpecaiiys;

4) ecaM JAaNNLIE NPEIHAINAYEHH TOALRKO JA MapmpyTHIATOPE, TO OH MEpenasT MX
NAXOAAMEMYCA BHIIE YPOBHIO ¢ MoMOmbio onepanun N_Data.ind,

b} B NPOTHBHOM CIYYAS MAPMIPYTUIATOP ONPCACNRET, MOMET M naxeT OulTL nepeian
mansme. Feam pa, 70 CYSTYHK MAPIIPYTHIAMNH YMEHBIDAETCH H C MOMOIIBED
onepaund L_Data.req naxer nepeacTcd Ha Apyrol YUacToK CeTH,

| =]

Jlorngeckad agpecalus:

4] ecAH JaHHBIE NPCOHA3HAYCHL JNS BCEX YCTPOHCIE B CETH, TO MapmIpyTHIATOp
MEPLIAET HX HAaXOIAMCMYCH BLIIIE YPOBUID C TIOMOILIERD I;‘-.I'E}"H{Eﬁ"ﬂm AneMerTa
N_DBroadeast.ind. Tovno Tax #e, nocne yMEHBMEHHA CIETIHEA MapIIpYTH3IAWHH, OH
MCPCAACT HX Ha CREIYIONHH YIaCcTOK ceTH ¢ nomonmio L_Data.req,

b) B cayuae TPYTIMOROHE AIPECAIMHE MAPIIDYTHIATOP ONpEfendeT, ABAACSTCH NH O caM
HASHOM JaHHOH Tpynnel, H CHITIATH3IAPYET 00 3TOM HAXOOXIIEMYCA BHIUE YPOBHKO C
romonio N_Group.ind. IMocne 3moro npopcpsercs, pacTioNoKenti JTH 4NSHE JANNOH
TPYOIEL HA APYroM Y4acTe ceTH. Ecan CHeTIHK MaplipyTH3aume yeraHoedeH g 0, 10
MAKeT OTHHALTPOBEIBACTCA, SCNH HET, To ¢ nomomeio L Datareq on nepemaeTcs gansme.

Peaxuua cercsoro yposns na maeemenne N_Data.ind seirasauT creayiommm obpasom: (316cs
BCTIOMOTATEABHEE dyHKuns get_routing(}, delete routing(), insert routing()
und group () NoOpodHO He PACCMATPHRAIOTCA )

L _Data.ind router_ handler(source, destination, daf, claza, 1_sdu)

adress source; /) ampec oTOpPaBHMTENA
adress destination; !/ anpeec nonyuarens
char daf; {/ dnar
claas type class; !/ npropurer coobuledna
char [MAXLEN] 1_adu; f/ nanwme yporna 2
{
char [MAXLEN] n_sdu; !/ nawnwme yposHa 3
Emunter_ruuting-get_ruutingtl_aduh; // coxpanuTe M
n_dsusdelete routing(l_sdu); /7 MCENOYMTE CYETYME MAPWDYTHIALMHK
1E (daf == 0 Jf dMsHYeckad ampecaluMs

switch {(let pass{destination))
case local: /{ nakeT ampecoBaH MaEpUDVTHIATORY
N Data.ind(scurce, destination, class, n_sdu);

break:;
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Cage Lrue:

if (counter routing == 7) { // #ana ouenr Gonsumx cered!
1_gdu=insert_routingin_sdu); // cusTuMK NAHHEX
L _Data.req(source, destinatien, daf, class, 1_sdu);

}

else if (0 < counter_routing < 7) f{
Eaunter_:ﬁuting—a;f? VMEHBIMTE CHETHME MapwpyTH3aUuuM
1 pdu=insert_routing{n_sdu); // cdeTyYME ONA OaHHEX
L Data.reqg(source, destinaticn, daf, clags, 1 _sdu};

}

cape false: break;

}

else
if [fdestinatiun.phﬁaical.znne == 0) && /{ Broadcast
(destination.physical.line == 0} E&&
(deptination.physical addr == 0) {
N Data.ind(scurce, destination, class, n sdul;
if (counter routing == 7} { // mna ouexr OConeumx ceTew!
1 sdu=insert_routing{n_sdu) ; /[ cueTuuk DAHHEX
L Data.reg({source, destination, daf, class, 1_sdu);
I
else if (0 < counter routing =< 7} {
counter routing--; /i vMeHpmeHHEDE Routing-cuerume
1 sdusinsert routing(n sdu); // cHeTYMR ONR AaHHEX
L _Data.req(source, destination, daf, class, 1 sdu);
]
}
elage J/ Multicast

switch (group{destination)) {
case local: // wapmpyTHM3aTop ABRASTCA YJNEHOM DPYNL
N_Data.ind(source, destination, class, n_sdu) ;

break;
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cagse local_and _true: // sapupyrwz:arop BXOOMT B TRYONY M ...

N Data.ind(source, destination, class, n_adu);

case true: ff naxeT OTNPABAAETCA OQCTAaNEBHEM YIJIaM
1t (counter routinyg == 7)f
1_sdu=insert_routingi(n_sdu) ; // ocUeTYME IaHHHX

L Data.reg{source, destination, daf, claszs, l_sdu);
}
else if (0 = counter routing <= 7)) 1

counter routing=--; /f YMEHBOMTE CHETHMEK

1_sdu=insert_routing{n_sdu);// CUeTUMEK & HHBEIX
l_Data.reqi{socurce, destination, daf, class, l_sdu);

¢
cage false: break; // narkeT WMIrHOpUpYeTrcsa

¥

3.4.4. Moayae 1annsix mpoToxona cetenoro yposus (NPDU)

B sakiiYeRHe KOPOTKO NMPEeJCTABHM KOHKPETHYI0 DEaNHIAUMI0 MOAY/IM JABHEIX MPOTOKONA
ceresoro yposus. Ero PDU cxnaampacted M3 yoparpioneid wropMaan 3-ro yporHA H
Aauseix. Utobsl cokoHoMHTE MECcTo B HHGOPMALHOHHOM Kagpe, YIPaRIaiomas HHpOPMaLin,
4 HMEHHO CUETIMK MAPIIPYTHIAINM, 3AK0IHpOBAHA He B mecTomM OaiTe Kajipa, a B Ourax Ri-
R2. Ha puc. 3.27 HATAAIHO NPECTARNEHE! 3/1a9H H CIY#RON CETEBOID YPORHA,

KoHTponbHOS, AGREs METOWHMKA | AGPec HasHadenus  [Mona MEO OiaHnsme Kontp,
nome (8 Bit) (16 Bit} (17 Bit) (T Bit) {1-16 Byta) cunacn (8 Bit)
cn
)
'-.m_~
*-HH‘
I
[ t]o]
r
o|e|0 MpescaTHTE Napanasy
o MepenETE W YRSEHELHTE
s AL Nepegars

Puc, 3.27. NFDU



136 3. EIB-npoTokon

Janee pews moftaer o TpancnmopTHoM yposue. YrTo0el yCBOMTE AaHHEI MaTephan, BaM
noTpefyeTcd cocpeRoTOIHTE HA HEM BCC CBOS BHHMAHE,

3.5. TpancnopTHbLIH YPOBEHE

Tpancnoptakit yposens cetn EIB (Transport Layer) — kak NpaBrio, NpREAagHoi YposeHs —
NPeIOCTARNAET B PACNOPkKEHHE MONBICRATENS JBa cAocoda mepeaaiy JaHHBIX. 3TO Mepenaia
¢ YCTEHORTENHeM coefuuends ¥ Oe3 ymaltﬁuncﬂus. [IpumepoM nepeoil U3 HHX ABAASTCA
tenedion. Yrobel NOroBopHTE ¢ KeM-HHGYIE, HY/KHO CHauaNa CHATE TPYOKY W nabpate HOMEp.
B ToM cnyuae ecau abonent B HACTOANIEE BPeMs HE NOCTYTIEH WIH CCAH NHHHA 3AHATA, TO
TpyOka KNATeTCA 0DPaTHO H CEAlC CBA3H 3aKanyusacTes. Eciin xe o0 OTBETHN, TO HAYHHACTCA
pasropop. Bpema 0T BpeMcHH, KOHEIHO, MOTYT BOIHHKATE MOMEXH (MOGHABHEE Tenedoin),
WIH, ECTH PENenTop OTBACKCA, OH MOeT HEBCPHO MOHATE Kakoe-amGo coobuleHHE.
HenopasyMeRHd, BOZHHKAIOMME NoA00HEIM 00pasomM, nerko paspelliiTh, MOMPOCHB YCIOBCKA
NOATBEPANTE yeaswanuoe, Pairosop npogon#acTes OO TOTQ MOMENTa, NOKAa He OymyT
BLIACHCHL BCC JCTAMM M OJMH H3 MEpTHCPOB HE PATBeIHHHT CBASh, MONOKHE TPyOKy. Kak
MPagHAQ, FTC MPOMCXOAMT MOCAE TOro, KaK CTOPOHBI NONPOWAAHCE APYr ¢ JApYTOM.
BresalHeli paspelp CBAIM MOWET NPOHIORTH, €CMA KTO-TO M3 YHaCTHHKOB Dairoropa

cayuaiiHo Ha®an Ha «chpocsy.

Dot caydall, BIATRI HI NOBCCANCEHOH MKHIHH, HATIAAHO NPEACTABNAST NMPHNLHN paboTel
ROMMYHHEALHE ¢ YCTAHOBNICHHEM COSTHHCHHA HA TPAHCMOPTIOM YPODIC.

MprMepos KOMMYHEEaLHH 563 YCTARORIEHHA COCAMHCHHUA ABNASTCA NouToRas cuetema. Ecmm
BEl XOTHTE OTNPaBHTEL KAKOE-TO COODMIEHME OQHOMY MAH HCCKONBKHM IPY3bAM (HanphMep,
npMraalicHAe Ha JeHb POMKIEHHA), TO KAWA0oe H3 HHX JOMIKHO COAEp®aTh MONALIH agpec A
Onite Opomeno B noyreBwid sumk. KoHeyro, pabota nowrosodl CHCTEMEI He BCETIA
Ge3YNpedHa: NHCEMa MOTYT NOTEPATLCA HAH A0ATH caHmIEOM mo3ano, Ho, Kak npasHio, NoYTa
paGoraer Oe3 mepefoes. [Tosromy OTNPABHTENIO AOCTATOYHO 3HATH, YTO BEPOATHOCTE
MONYYEHHA TIHCEM JOCTATOYHO BHICOKA (XOTA CTONpONEHTHOR rapawtwu met). Kpome Toro,
MOYTa SBIAETCA MEWEBRIM cniocofom onosemenna. [Tpencranste cebe, uTo kaxnore U3 apyseh
nmpumacck Okl o03paHMBAaTE H npuraaware no Tenedony. Tenedonnmit cucr Gbin Bwl
gocTaroqne penuk. Kommynukaiyd TAKOro poga peaiH30BaHa Ha TPAHCIOPTHOM YPOBHE B
rPYnne NOKaNbHO NOSTEEPAIASMBIX CMY%D, KOTOPHIC OTBEYAIOT 334 JOCTABKY Ccooluenni
ogromy yary (Unicast), rpynne (Multicast) snm scem yorpoiicrsam cictemsl EIB (Broadcast).

3.5.1. KoMMYHHKAUHH ¢ YCTAHOB/ICHHEM COeIHHEHHRA

KOMMYHHKAUMA C YCTAHORMCHHMCM COENMHEHHA OCYIUSCTRANCTCA B TPH 3Tana. B uHawane
OCYIMECTRIACTCA COSMMHEHHE MEXTY IBYMA YCTPOHCTBAMM HA TPAHCIIOPTHOM YPOBHE, 3aTCM
NEPENAIOTCA JAHIEIE H COCOHNEHHE NPEKPALAcTA.
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Ha Bcex Ttpex diasax HCMONB3VIOTCA CIYAKOBI, KOTOpEIe OVAVT paccMOIpeHH nogpobHee
HEMHOTO modke. JINf Hayama e ME KOPOTKO PACCMOTPHM MPOTOKQT H JIAAHM ORpeaengiHe
THOAM H MCPEMENITRIM.

KOppexTHOE BRINOAHEHHE NpoTokona obecneuMBacTed 33 cueT ynparmaomeil nHbopManny,
KOTOPAR 3AKOJAMPOBAHA B JAMHBIX TpancrnopTHoro yposHa (TDSU, Transport Serviee Data
Unit). IMonyvennsidi Takum obpazoM #HGOPMADMOHHEIH nakeT 000IHATAESTCA KAK MOIYIb
TaHHEX MPOTOEOTA TpaRCIopTHOro yposua { TPDL, Transport Protocol Data Umit).

Kampofi w3 a3 KOMMYHHMKAUMH ¢ YCTaNORJSNMEM COSOHHNENHS COOTBETCTBYIOT
cneHHISCKHE MOIYIH JAHNLIX MPOTOKONA;

|, Connect-PDU eayuT I8 YCTAHOBACHMS COBIHTEHHA.

2. Data-PDU ncnonszveres ans nepenagn JanHbm.

3. Ack-PDU noarsepsaact KOPPeKTHOS MONYVISHNHE JaHHELX,

4. Nack-PDU oTceinaeTcs, ecaH NPH NEpeAaye JaniklX BOIHUKRE OWHOKA,
3. Disconnect-PDU nenoneayiorcs ans pasbeInHSHMEA,

Fak yme OLI0 CcKa’ano, H) MEPBOM  3TANC YCTANARTHBACTCR COCAHHEHHE MEXIY
OTApaBHTeAeM H Momyuarenes. ns ynpannenns >THM cOCIMHEHHEM TPAHCNOPTHEIE VPORHH
0GOMX ¥310B JOMAHEL 3aNOMIUTL aJpeca IpyT JpyTa.

address s partner; // nepeMmenHan ypoBxa 4-ro oTNpABMTENR

address r partner; {/ nepemendHan ypoBHA A-ro nmomyyaTens

Ha pTOpOM 3TAn¢ OTNPABMTCIE HAYHHAET Nepefasati Aannsie. TTpu 2T0M BakHO, 9TOOE
MNOAYHATElb MOF OTIHYHTE TEIErPAMMY, KOTOPYIO BHOHT B PRI pal, 0T Toi, KOTOPVIO Ve
noaysan. Cameil npocToif cnocob JoCTHME 5TOrO ~ CASMaTh Tak, TT00H OTOpPABITEN: BMECTE
¢ JanneME BRICEIAN nopaaxoseiii momep. Ha ero ocnose nonyuartens MOMET ONpemenHTE,
HBMAETCA JIH HH(OPMAUHA HOBOH HIIH OH KOMHPYET yXe nonyucHuy. Ecau nanuse ssnsmoTes
MOBTOPHLIMH, OHH WrHOpHpytTca. Ilopaakosrie HoMepa of03madaroTcs Kak NOPATKOBGINH
HOMEP OTNIPABHTENS W NOPANKOERIH HOMCD MONYIATENA.

char sent; /{ NOpPAIKOBEDA HOMep COTOPABUTENS

char received; /{ nopaaxoBeit HOMED RONVYAaTaNsA

[Mocne Toro kak Omn BEOPAH NOPAIKOBBIH HOMep, OTOPABHTENE BEIIDYAET TafiMep
MOATREPHISHNA, CPCAACT BCI0 TENErpaMMy W maeT nogreepacicHud. Ecnu noarsepxaenne
MOTOAHTENRHOE, OTOPABHTENE YBCAHYHBACT CYETIHE OTTIPARNCHNLX COODIMENAN H HAYMHACT
MCpeAaYy CAeAYHILCH TenerpaMMel, Ecniu e spema TafiMepa MeTekacT no Toro, kak OeLIO
MOIYHEHO NOATBCPA/ISHEE, OH SIIC Pas OTNPABIMET TE #e caMule Tannsie. JanHyio onepaiuHo
MOMNO MOBTOPHTE 3 pasa. Ecnim ke © nocne sToro noarsepiacuue He TOMYHEHO,
OTNPABHTEN L JAKAHIHBACT CRAL.
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Nns peanu3ague 3THX 3a4a¥ AnA OTIPABHTCAR TPAHCTIOPTHOTO YPOBHA OMPEACHAKITCR
crenyionue nepeMeHHbIe:

timer ack; J/ maiimep MOOTBEPROSHMA
char counter repeat; [/ cuéTduk WHMCHA NOBTOPeHMA
char act_sdu [MAXLEN] ; // nocneluue oTnpaBneHHEE IaHHHES
class_type act_ class; !/ npuopwTeT NOCHeIHWMX OTNPABIEHHEX NAaHHLX

Kak TONbEO nonysatens samedaer ommbky, on  Cpasy OTOpaBAscT OTPHIATENEROC
nogreepxaeHne, TTpodnema MOKET BOIHUKHYTE JIHIIE B TOM CIYHYa, SCAH NONYMEH MOIYIH
JAHHBIX NPOTOKONA HE ¢ TEM MOPAIKOBEIM HOMEPOM, KOTOPHIH OMHIANCH, Ecnu oTnpasageTes
HETaTHBHOE MONTBEPAACHHE, OTNPABHTENE 3AKAHIHBACT ceauc CBAIM. [lonyuuTh OCTANBHEIE
OAHHEIE B ¥TOM CHYYag MOMHO, TONLKO CO3OAR HOBYEO CBA3IG. EcaM B TEUEHHS ONPEACACHHOTO
BpeMeHH He MepefaeTcs HHKAKHX JAAHEX, NPOTOKON CaM MEpexoiHT Ha TpeTHH 3TN H CBA3b
npepereaeTca. [TodToMy HeoDXOZHMO HANHYHE Y OTOPABHTCAS H MOTYHATEAR CHCLHATBHEIX
TafiMEpPOB: Tak HAILIBACMBIX TaliMEPOB COSTHHEHHAA.

timer s connection; . ff maimep COSOTMHEHMA OTNPABMTENA

timer r connection; // TafiMep COBIMHEHMR NOonyHaTend

B nureparype nporokoni, paforaiomme nofofremv obpasoM, YacTO HajklBalOT NPOTORON
MONOKHTENLHOTO NOATBEpUKACHHA ¢  nocnemyomed  nepegavedt  (PAR,  Positive
Acknowledgement With Retransmission) snH mpoTokoi aBTOMATHIECKOrO 3anpoca MOBTOPa
(ARQ, Automatic Repeat Request). HecMoTps Ha TO 970 MH(pOPMALHOHHRIH MOTOK ARARETCH
OAHOHANPABICHHLIM H HIET OT OTHNPABHTENA K TOAYMATENH, MOOYAH AaNHLIX TPOTORGIN
nepeMemanTea B 06 CTOPOHEL.

Yrobel onHcaTs cAyADE H NMPOTOKON, BAXKNQ ONPCAENHTE AKTYAABHEIC L18 OTOPABHTEAA H
NOAYYATENd COCTOAHHA,

typedef enum {closed, connect, idle, wait,
repeat, disconnect, error}

sender state; // BoSMOXHOE COCTORMME OTNRABMTENA
sender state s state; // arTyansHoe COCTURHME OTIPABMTENA

typedef enum {closed, wait, ack, BIrOr)

receiver state; // BOIMOXHOE COCTOAHME OONYYHaTenA

receiver state r state; // axTyanmHoE COCTOAHWME NONydaTend
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Kpatemit ofzop Owma  weobxonus, uwrobm Oonee nonpobHO paccMOTpeTh  caysOel
LOMMYAHKALIHE © HCOOALIOBAHHEM coennbenxs. Kax enano ua puc. 3.28, oma Beimoaneus
TAHHDE Taaul TpAHENOPTHEI yposers obpatnaercd k cayabe N_Data ceTeBoro ypoBHs.

T_Connectlon.regq T Datareq T_Disconnectreq T_Disconnect.ind
T_Connection.con | T_Datacon | T_Disconnect.con T_Data.Ind
T_Disconnact.ind T_Connect. ind
: :
TRDL 5
NekansHBIE TRAKCTORTHRIA YROBEHE s s - YOanaHHsIA TRAEHCASOTHEN YDOEEH:

(C YCTEHOBREHEM CEASH To4YKa=TouKa) ( YCTESHDRMNBHMEM CEAIM TOUKA-ToMKE)

R e~

N_Data.reg M_Data.con N_Data.ind W_Data.ind N_Data.req

Pue. 3,28, KomMyRukayua © YomauoaTeRues coedunerid

1.51.1. Coyacha opranwiaunu coenunenns {T_Connect)

Towannio nogreepxaaesman cnyiaba T Connect oCyIIecTEIRET OpralHusalHg KOMMYHHKAIHH
Moy OTIPABHTENeM H momydarenes. JanHas cavxkba coctont W3 sanpoca T Connect.req,
drpemperHA T Connectind w1 noxkanenoro nogrsepadeans T Connect.con.

BHavane OTMPABMTENE W TIOTYYATENR HWaXOOATCA B cocTodHnk closed (sakpeito). H3
HPHENAOHOTO YPOBHA C HOMOIIBHY OINCPaliiH T_Cnnnﬂ-:t.req OTIIPpABHTEN} TTOCEUIACTCH
CHIHAI O TOM, 4TO Hf-{:fﬂi{}ﬂ.ﬂh'lﬂ O4CPCAHOC COCIHHOHHE © NOMYSaTeaCM. Eﬂﬁ,ﬂ}'ﬂ HalOMHHTE,
HTO B DﬂpEﬂCHEHHHﬂ MOMCHT EPCMCHH OTNPEBHTCIE MOMCT CBAZATRCE TOIBEQ © OQIOHHM
nomyuarcnes. [osToMy cacayiOuHMe oaui 3a aApyruM 3anpockl T Connect.req OTEIOHAKTCA
IPAHCHOPTHBIM YPOBHEM.

CrrnpasuTens coctasngeT Connect-PDU (Connect Pdu), VCTARARIARACT NPHOPHTET TETETPAMME

M MEPCAACT coOpanHbie NapaMeTpsl © noMomEe onepaip N Data.req cerenoro yposas. Ilocne
FTOID BEKOYACTCA TARMCD COCMHEHHA, OTITPABHTENE MCPCXOANT B cOCToAHne connect (yeTaHOBKA

cEAIM), O FOTOR OTTIPARTATE JAHHBIE NMOMYHATEN H MPHHHMATE TOITBEDHICHAA.

T Connect.req.sender handler(destination)

address destcination; H duanueckull azpec nenydaTens
char [MAXLEN] n_sdu; // DaHHHEe YPOBHA 3
s partner=destination; A coxpammTh fuIMuUecKMi ampec

sent=0; fi rTenerpamma ewe He OTNpABNCHA
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n_adu=encode pdu(Connect Pdu) ;

f/ marommposaTe Connect-PDU

N Data.reql(s partner, system, n_sdu};

gtart timer({s connection); £ BrrognThL TAMMEp COSOHMHEeHWA

g gtate-connect; Hf cnenyowee CoCTOAHME! connect

C nomoumeio coyaebioro anementa N_Data.ind momy9arens y3HaeT 0 TOM, YTO OTIPABHTCILE
COAA COEOHHEHNE. 3TOT CHrHaN NCPeiAcTed Ha NPHKITATHOH YPOBEHE C NOMOMLID OTCPALHH
T Connect.ind. [Tocne 3Tore nonay4gatens BEADYACT CBOH TaliMep COCAMHEHHA H NMEPEXOINT B
cocrosnue wait (oxppanue). O# TOTOR NPHHAMATE JAHILIC H BLICHIATH NOJTBEPEICHHS,

N Data.ind.receiver handler (source, destination, clags, n_sdu)

address source; // dManuecrMit Ampec OTNPaBMTERS

address destination; /7 dmEnyeckMi aapec NoaydaTena

class_type class; f{ npmopuTeTr coobueHmA

char [MAXLEN] n_adu; J/ manHue ypoeHA 3

switch (decode pdui{n sdu}) {

case Connect Pdu: /{ ycraHoBneHME COSOHMHEHMA

r partnerssource; A coxpamnres fMaMuecKMiA ajpec

received=0; // MareT DAaHHEX eme He NonyYeH

T Connect.ind();

start timer (r conmection); /f BEIOUWTE TadMep COSOMHEHHSR
¥ atate=wait; // cnenmyiwuee cocToaHme: wait
break;

AV OyneT OonoaHedo nosme *f

)
}

Enie Heckoneko ciok o ornpasurence. B cocTodaHuH connect BO3IMOXHEL 2 CHTYALMH:

1. Jlokanenoe nogtscpwaenne N Datacon — peakuua Ha nogrscpxacHuce L Data con
yporHA 2. OTNpaBRTENs CHTHATH3HPYET CBOEMY TPHENATHOMY YPOBHIO W MEPEXOIHT B
cocTosHKE idle (npocroit). CocauHeHHE OTKPHTO,

N Data.con.sender_handler {destination, status)

address destination; A/ pmanusckufl anpec OTNRARMTENA
status type layer2 atatus; J/nonTeepknedyme 2 M 3-ro ypoBdel

{
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switch (s state) {

cage connect:
T Conmect.coni);
8 sgtate=idle; {/ cneoyomes cocTromHWe: ldle
break;

i
}

2. Herekaer tafiMep coeaMHenus, OTnpaskTeds cHoBa ROZBpaNIAcTCA B coclosime closed.
Npusnamsel yposens coobusaer o8 smom ¢ novomeio T Disconnectind. Tponcxomur
pPasBeEIHACHHE.

Ogpaborkoi TARMAYTA CoeTHHEHHS JAHHMAETCH nporpaMma
sender connection timecuri). Donet Tompotwe oma OyaeT paiiMOTpRWR B
CHEOYIOMWHX FTaBAX, 30ECH HKE NPHACACHD TOMRKD HAYANO!

sender connection timeout ()

switch (8 state) |
dage connect .|'r.."' oEMGEa B JTP-IDTDKDJ":E npm I:'[-::II:TF-C:'EHH'F"[ E-CI'E,EHHE:HHFI

T_pilcnnnaut.indtl; S/ HET CoelHHeHHA
8 atatescleosed; //cnemyviuee cocrosHWEe OTApABMTERNA: Cclosed
break;

/* Bymer DonomMeHo nosme */

}
}

Ha pue. 3.29 ewe pas npegcrasfie sl 5Ce POLCCCE.

T_Connectreg TC otin

{open request) {connection apen)
CrnpassTans tlosed conmect al -]

T_Disconnect.Ind

(timacut disconned caused by )

; T_Conneclind
{connection open)
MomyaTens cloged wat

Pure. 3.29. Opzamuzayiin coeounerus

C nomolkio onepaumi T Conneclreq nprraafxol ypoBEHL UTNPARMTENA YANPANIABAET
OTEPHITHA COSOHHEHHA ¢ yxioM (open request). Ilocze momyuenns JNOKATEHOID
noareepigenns T_Connect.con OTHPABHTEN: pPACCMATPHBAET COCAMHEHHE KK OTKPRITOE
(connection open). Ecnw we nonreenwpenma wer, ofMena ngHEsivu ne Tpoucxomat. [loyrasy
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M0 MCTEYCHHHM BPCMCHH TafiMepa COSIHHEHWA, TPAHCTIOPTHEIH YpOBENEL OTHpABIAET
mapemenwe T Disconnectind (disconnect caused by timeout) ma MPHETATHOA VPOBEHE,
KOTOPBIR HAYHHACT HOBYID MOTBITEY.

MomygaTent coolwaeT IPHKIAAHOMY YPOBRIO O KCHAHHH OTKPHITE COSTHICHUE ¢ MOMOIUEIQ
onepauun T_Connectind. [locne 370r0 OH MIET NOARNCHAR NEPBLIX JAHHBX {connection open).

3.5.1.2. Coryseba nepegayn napnnix (T_Data)

[Mocne Tore KaK YCTAHORACHO COEIHIICHHME, HAYMNASTCA NPOLECC OOMCHA JAHHBIMH. Hoin
fepeasy TenerpaMs TpaHcnopTHEd YPoBeHE NPEJOCTaBIACT cnyx6y T_Data. Ona cocTout
w3 sanpoca T_Data.req, nascwenns T_Data.ind 1 nogrecpaenns T_Data.con.

Crymebnpic 3MEMEHTH IeACTBYIOT CIEAYIOUHM 00pa3oM. Ha cTopone OTIpaBHTENs 3anpoc
T Data.req Ha nepeaauy JaHHBIX OTNPABIIETCA TPRHCNOPTHOMY YPOBHID. Hanee cocTaBNASTCH
Data-PDU (Data_Pdu), KoaupyeTcs aKTyalEHEH NOPAAKOBHIH HOMEp H BENIOWAETCH TAHMED

NOATEEPHACHHA.

Ecmu ppema TafiMepa HCTEKND, @ OTOAPABHTENs A0 CHX MOP HC NONYYHT NMOATBCPRKICHHA OT
MOAYYATENS, TO TOT #E CAMEIH MOLY/ls JAHALIX NPOTOKONA OTNPABMAACTCA CUIC pas. TMoatomy
1eobXONKMO 3JapaNee COXDAHWTE HI(OPMALHIO © npHOpHTeTe cooDUIEHHA W ero
nepeoHavaneHoC cofepikanme. [Jamee © nOMOWLIO 3Anpoca N _Data.req Tenerpamma
AEPCAAETCS HA ceTeBol YPOBEHE — H TaliMep COSIHRENHA 3allyCKASTCA CIUe pas. OrnpasuTens
NEpEeXONT B COCTOARNE Wait — € 3T0N0 MOMEHTa OH HAYHEAST HATh OATBEPKACHHA,

BHEMATETLHE CHTATENS B CIeayioites QparMenTe nporpaMye! cpasy oOpaTHT BHHMaHHE HA
TO, 4TO B TIAPAMETPaX OTCYTCTBYET anpec HasHagenus, [leno B TOM, ¥TO MOCAC YCTAHOBICHHA
CEAIH 3a0a4ei TPAHCNOPTHOTO YPOBHA CTAHOBMTCH TAKKE YNPABNCHHE A3HHBIM COCIHICHHEM,
a NOCKONBKY MOMeT DuiTh YCTAHORNENO TOMABKO OAMQ COCHHMHCHHE C OONHM Y3JIOM, ©
YCTARORNCHHEM aJpeca He BO3NHKACT Npobnem.

T Data.req.sendsr handler (class, t_sdu)

class type class; !/ npuocpuTeT CooDmeHMA

char [MAXLEN] t sdu; // maHnue 4-TO YPOBHA
{

char [MAXLEN] n_sdu; /{ maunme 3-00 YDOBHA

n_sdu=encode (sent, Data Pdu, t_sdu); !/ ROOMpOBATL TMOPAOXOBEIR

fF womep+PDU
act classsclass; // coXpaHuTE MNPUMCDHTET

act gdu=copyin_sdu) ; [/ CcOXpaHUTL DaHHHE
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}

counter repeat=0; ff HMHMUMATM3MPOBATE CUeTYMKE MOBTOPOR

gtart timer{ack); // BrnmuuTe TafiMep NOOTEEepROSHMA

N Data.regls partner, clasgs, n_adu);

start_ timer (s connect);

A srnpyeTe TafMep coenMHeHMS

g2 Btate=wait; M cnepymnese COCTOAHME COTNPEBMTEIA: wait

IMonyuaTents MOKET CTONKHYTLCH CO CAEIYIOMEME CHTYSIHAMMH;

!1

Hasewerne N_Data ind obpaiactes ¥ TpPaHCNOPTHOMY YPOBHIO.

a)

b)

€)

Ecnin om noayuaer Data-PDU ¢ omHIseMmeiM [OPAIKOBEIM HOMEDPOM, TO
OTTIPABHTCNI0 NOCKLTASTCA MOJORHTENLHOE MOATBEPEACHHE H CUCTYHK MONYIaTENL
yeenuyusaercs, [locne 3Toro JadHBle ¢ NOMOMIBR CAymebHOTO 3aeMenTa
T Data.ind mnepenaroTca nNpHRNAAHOMY YposHio M TafiMep cOeTMHEHEA
HHHIHANTHIHPYCTCR NOBTOPHO,

Econ e o eme pa? momyuaer TOT e camulii Data-PDU, 3pauur, ero
MOOTREPHISHHE TOTEPANOCE, H [O3TOMY eMy Dmna seicnmaHa wonmmd. [loaromy
MOBTOPHO  BLICEITAETCA  MONOKHTENBHOS  MNpeIyOpexIenHe, 110 AauHbe
MPHENSOINOMY YPORHED HE MEPEIANTCA.

Ecne noctymaer Data-PDU, nopaakoesifi noMmep KOTOpOro HE COOTBETCTBYET
QEHIAEMOMY, TO BRICHINAETCH HEMATHBHOE TOATBEPHICHHE.

Hcoxoasmpe nNOTREpWISHMA TEPECEUIAIOTCA B moboM cAyYae KAK CHCOTEMHBIG
coobmenys. IlostoMy onucamian pawes TpoTpaMMa oA cayxedHOrO JneMenTa

N_Data.ind nononnserca caeayioums obpazom;

N _Data.ind.receiver handler{scurce, destination, elass, n sdu)

address source; A/ pMsuueckwi agpec OTOPABMTENA

address destination; // dMaMueckuit anpec NoONY4YaTenA

class _type class; Ff npMopuTeT COODWEHWE

char [MAXLEN] n sdu; ff manHme 3-ro YDOBHA
{

char segqnumber; {f NOpPAOKCEH HOoMep

char [MAXLEN] t sdu; /f pawnpwe 4-ro VPOBHA

switch (decode pduin adu)) {

cagse Data Pdu; // cosmar: Data-PDU
seqnumber=decode_seg(n sdu); // DexooMpoBaTE NORANKOBHE

/i nowmep
t_sdu=decode sdu(n sdu); // BH3BATHL OaHHuE
if (segnumber == received) | !/ cnyuaii a)
n_sdu=encode (received, Ack Pdu); // marommposarts

Jf nopanoxosei Homep+PDU
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M Data.reqlsource, esyatem, n_sdu);
received++; // VEEIMYMTE Noxas;aTenk CYETYMEA MORAYYaTEIA

T Data.ind(class, t_sdu);

i

else if (segnumber == received-1) | ff cayuati b)
n_sdu=encode (segnumber, Ack Pdu);
N Data.reqglsource, system, n_sdu);

}

elase | _ /{ cayyah ¢
n_sdu=encode (segnumber, Nack Pdu);
N Data.reqlsource, system, n_sdu);

start timer(r connection); // BrAounTe TakMmep COEDMHEHMA
break;

case Connect Pdu:

/* oM. OPTEHW3AUMA COoSOMHEeHMA */

]

2. Bpems Taiimepa coeamHeHHA HCTeraeT. TpancnopTikii yYpOBCHL MONYUATENS CUHTALT,
YTO CEA3E 3AKOHYCHAE.

Kak ¥ ing oTNRaRHTENS, ONpeaenses NporpAMMy receiver connection_ timeocut ().

receiver connection timeout()

{

char [MAXLEN] n_sdu; f/ paunruge 3-vo YpoBHA
switch (r_state) {
case walt:
n_ sdu=encode (Disconnact Pdu) ; f/ maxooMpoBaTR
// Disconnect PDU
N Data.reglr_ partner, asystem, n_ sdu);
T Disconnect.ind();
r ptate=closed; // cnepynuee cocrToanme noxyvarens: closed
break;

CHOBa BEPHCMCH K OTAPEBHTEII0 H PACCMOTPHM BEPHAHTLL CIO NOBEHCHHA B 3aBHCHMOCTH OT
PEAKIHH MOTYIaTeIq:

1. Hepe2 onepaguio N_Data.ind npuxoiur nogTeepaIcHue.

a) Ecaw noayueno nomokHTensnoe noarecpaxaciue (Ack Pdu), OTNPABHTCAL MOMCT
BRICBUIATE clenyromwue Jauuee, OO0 3ToM oH cooblIasT NMpHERATAOMY YPOBHIO C
noMome cayxebroro anementa T Data.con. Chcayer oDpaTtHTs BHHMAHHKE 1a TO,
YTO, B OTAHYKC OT jokansHoro nogrscpacacHus 1 Connect.con OpH Co3gaHHu
coenaHennsa, T Data.con BOIHHKAST BCASACTBHE AKTHBHOCTH YPOBHA-NAPTHEDA.
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b) Ecnw we noareepmacHue OHA0 OTPHOATENEHEIM (Mack Pdu), TPaRCTOPTHEI
VPOBEHE OTTIPABHTCIS 3aKaiuuBaeT cogan. [Ipesie yem oTINOYHTLES, O cooDiaeT
o ceoeM pemennn ¢ moMoneio Disconnect-PDU (Disconnect_Pdu).

N Data.ind.sender handler (source, destination, class, n adu)

address source; £/ duanueckHil agpec OTNPABMTEIA

addreas destination; A husHyecki anpec Nony4YaTens

¢lass _type class; M npuopuTeT coofmeHMA

char [MAXLEN] n_ sdu; !/ pavune 3-00 YPOBHA
{

char segnumber; /{ mopanxkoBuit Homep PDU

char [MAXLEN] t_adu; /! mauHee 4-ro YypoBHSA

switch {decode pduin sdu)} {

cage Ack Pdu: /{ cryga#i a)
segnumber=decode seg(n adu);
stop timer {ack) ; S /oCTAHOBMTE TAMMEp NOOTEEEISHMA
if (segnumber == sent} {
Sent++; Jf YBEENMUWTE NOKASETENM CUSTUMEA NOJYYaTENA

T Data.con{class, t sdu)
start_timer (s_connection);// BRAKYMTE TaiMep CoSmMHEHMA

)

B_statesidle; ff cnenyowes cocToRHME oTnpawTens: idle
break;

case Nack Pdu: [/ cnyuai b)
n_sdu-encode pdu(Disconnect Pdu); // bilsconnect-pPDU

N_Data.regir_partner, system, n_sdu);

T Disconnect.ind{};

8_state=closed; /{ cnepyomee COCTOSHME OTNPABMTENA:
!/ eclosed

break;

2. Hcrexaer spems nonTeepEISHHE (T.C. B TeYenWe 3a0aHHOTO BPEMEHH OT TOMYYIATEIA He
MPHIIAY OXHIASMOTO NOITBCPAASHHT), Y OTNPABHTENA E0TE CLUE 3 NONLITKH NOBTOPHOH

nepegayw noayuaremo Data-PDLUL

EciH  COOTBETCTBYIOMICE NOATREPRIEHHE MOCTYNACT, OTNPABMTCNL NCPEXOJHT B
COCTOAHME idle # roToR K mepemade HoBOH TencTpammel. Ecne ke OT momydatens He
NMPHXOOHT MOOTBCPACICHHE, TO CBAZs Tpepbieacrea. Otnpasurens coobuaer of IToM
nocpencraom Disconnect-PDU 1 npekpawact obmMen nanHeMm.

BuinonnuaAmoTcs 3TH ONEPAUMH ¢ TOMOIIEIO OporpaMMel ack timeout (), KOTOpas
BHIBIBACTCA BCAKHIA Pad, KOTa MCTEKACT BPCMSA TIOATBEPAICHAA,
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ack timeout()

{

char [MAXLEN] n_sdu; // manmuse 3-ro YpOBHA

switch (8_state) ({
cage wait:
if {(counter repeat < 3) |
M Data.reg{s_partner, act_class, act_sdu); ,
counter repeat++; [/ YyBENHUMTE CYeTIMK NOBTOPSHMRA

gtart timex{ack); // praoumTe, TaliMep noaTBepREIEHMA
start timer{s_comnnection);// sBrmouwTh TalMep COSBWMHEHMA

J

else |
n_gdu=encode_pdu (Disconnect Pdu); // sarkoIHMpPOBATRE
[/ Disconect-PDU

N Data.reqis_partner, system, n_sdu];

T Disconnect.ind():
g states=closed; /{ cnepyediee COCTOAHME OTIPABMTENA!:
[/ closed

)
)

Fuie pas kOpOTKO MOBTOPHM CaMiie BKHEIe Tank (pre. 3.30). Tipuknagnroi ypoBent OTIPARITENS
¢ nomosko onepasm T_Data req BH3HBACT TPAHCMIOPTHE YPOBCHS, OCYIIECTRISIOUMA NepetaTy
marmeix (send Data_Pdu). 3arem oH Q0EHIAETCR NOCTYIUIEHHA MONOAKHTENEHOTC NOATRENAACHHA
(get Ack_Pdu), o koropom mseemaer ceresoll ypomens ¢ nomompie N _Dataind. Ecm
NOTRCPKICHIA He nprxoanT (acknowledgement timeout), TO TpaHcnOpTILE YPOBEHE MOKeT eiwe 3
[3a NIOTEITATECA BHICIATS 3TH e faHAke (resend Data_Pdu).

TpancnopTHil YPOBEHR NONydateNd Y3HaeT o nocTynalommx mofymax Data-PDU ¢
noMolusko onepatuu N_Data ind (get Data_Pdu). Ecnii ofi HMCIOT 0XHIACMEIH NOPAAKOBLIH
foMep, TO ¢ MOMONEI0 cryxebnoro snementa N_Datareq (send Ack_Pdu) otmpapisercs
NOMOKATENLHOE NOATECPHICHHE.

T_Data.raq acknowledgemant
{send Data_Pdu) timeout
OTnpasHTants idla wait rapaat
N_Data.ind MN_Data.req
(get Ack_Pdu) {resend Data_Pdu)

N_Data.ind
(get Data_Pdu)

Many-arans wall ack

N_Data.req
{send Ack_Pdu)

Puc. 3.30. [Tepedaua dannsix
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3.5.1.3. Cayxba npexpamenns coeqnaenun (T _Disconnect)

Ocranoce nogpofuo paccMOTpers NPOUCCCl, NPOHCXOMALUHE NPH PAIPHBE COSAHMEITH,
HponcxoanT paspee cegan nuGo no zanpocy T_Disconnect.req noxkaisHo NoJrsepEIasmMo
cny#bu T_Disconnect, mibo mo HeTeYeHHH BpeMenH TaliMepa COCOHHCHHA,

OOHYI0 TPHENAIHCH YpOBEHs 3aKaNYHBAST CBAIL MOCNE Tepenayy Beex aanueix. ax sroro
OH HenoasIyeT cayxebHei snemMent T Disconnect.req, TpadcnopTHEIH YPOBREHE OTIPARHTENS
Tpancanpyer Disconnect-FDU # ucnonssver gna nepegady CHCTEMHEIX  cooDmenmii
N Data.req ceresoro yponus. [locne aroro ornpasdTen: epexoduT B cocronanne disconnect
(3aBepmeTHe CRAIN).

T Disconneckt.req.sender handler()

{
char [MAXLEN] n_sdu; f/ naumwa 3-ro YVpoOBHAE
n_sdusencode pdulDisconnect Pdu); // sakcavposaTe Disconnect-PDU
N Data.reg(s_partner, aystam, n sdu);

g state=diaconnect;// caegvouee COCTOAEME OoTORaBMTens: disconnect

Hepes coysebnsni aneseAT N_Dataind nonyyarens y3macT o TOM, ¥TO OTOPABHTENE XOYET
FABCPIUHTL CBAIL. JJannelfi CHIrHAT NepenasTcd MPHEIATHOMY YPOBHIO © MOMOINEID ONMEPAIHH
T_Disconnect.ind. [locne nepegaun CHriana cas3L CYHTASTCA JAKOHYEN IO,

N_Data.ind.receiver handler (source, destination, eclasa, n sdu)

address source; Ff dMzMuecKMiE angpec OTNRPABMTEIH
address destination; f bManueckxi agpec AOMYYATENA
class_type class; /{ npuopnTer copBueHMA
char [MRXLEN] n sdu; // pauHme 3-70 YPOBHA

switch (decode(n_adu)) |
case Disconnect Pdu: /{ sanpoc Ha IaBEpUEHHE CBA3M
T Disconnect.ind();
r state=closed; [/ cnemyiomes cocToAuMe: closed
cage Connect Pdu: ... A/ oM. opraEm3alua CoBOMHEHMA

case Data Pdu: ... /f cu, nepezayds NaHHEX

}



148 3. ElB-nporokon

B cocrosHuH disconnect oTnpasHTelbk MOMET CTONKHYTECA CO CHEYVIOIWHMHE CHTYALTHAMH:

l. Tocrynaer aokansmoe noarscpaacnue N_Data.con, npeicTapiaionies coboil peakLHio
na noarscpikacuue L Data.con yposus 2. OTNpasrTens BRUOYAET cAykeOnmil anemeHT
T_Disconnect.con # Bei3biBAST TAKAM 00pasoM NPHKIANNIOH YPOBCHb, MEPEXONT B

cocTosiue closed. CBA3b 3aK0HYCHA.

N Data.con.sender handler (destination, status)
address destination; /) dMsvyeckMi anpec OTORPABMTENSA
atatus type layer2 statusg; /! nonrTeepxmenwe 2 4 3-T0 YPOBHEH

{

switch (s _state) {
casa disconnect:

T Disconnect.con();
gtate=gloged; // cregvEues COCTOAHME OTMPABMTENA: closed

break;
case connect: /¥ cM. OprasHM3alMA COEIMHEHMA */

}
1

2. Herexaer TafiMep coenmnenya, OTnpaBuTeas cooDIMAST NPHENAIHOMY YPORHIO 00 3TOM C
nomMomeio onepaunk T Disconnect.ind # nepexofMT B COCTORHRAE Closed.

// paspuB CBASH

TIporpasvy sender connection timeout () MOMIG PACIUKPHTE CASTYIOMIM ofpasom:

gender connection timeout ()

{

char [MAXLEN] n sdu; S/ nauvuee 3-T0 YROBHSA

awitch (g _state) |
case disconnect: // oumbxka B NPOTORCIE NPH PaspuHBE CBR3IM

cage <connect:
T Disconnect.ind();
state=cloged; // chnegyomee CcoCToAHWME oTnpaskrens: closed

break:
/* Byner nosxe aonondesEc v/

i

Urobnl HMeTE IIOMHOE NpeICcTARISHHE O NPOTOKOIE, HYXHO TIPHAHMATE BO BHHRMaiHC
CHTYAIHH, BOSHHKAKLUHC BCACACTEHE TOD, 9TO ¥ OTHPABHTCNAA HAK nmony4areid BO3IHHEMH

noMex. HexoTopele H3 NOJODAMK CHTYAUMH [PHBLICHE HHKE.

— ¥ oTnpaHTeNd HCTEKAET BpeMA B Tafimcpe cocauacHui. B 3107 MOMEHT OH HaX0OHTCR
B coctosie idle (ecnm Dbl OH HAXONMICE B COCTOSTHE wail, To chawana Owl
FAKOHYMAOCH BPEMA B TaiiMepe MONTRE[RHICHHN, 3aTcM TadMcp cocaHHeHHd Obil OH
BRITIOYEH TOBTOPHO FTH OcTanosncH). TpasciiopTHEE YpOBEHE OTIIPABHTENS MEpefacT
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YROBRMIO-TIApTHEPY nocneares coobmenne Disconnect-PDUL Tlocne atoro on cooboast
cOOCTBEHHOMY NPHEITAIROMY YPOBHIO ¢ NOMOmLIG  caymefHOrc  3aeMenTa
T Disconnectind o TOM, 4YTO RO3AMKNA omudka, Takum  obpatos, qyHkImHs
gender comnection btimeout () JONONIAETCH:

sender connection_timeout ()

{

char [MAXLEN] n_sadu; J/ maHHme 3-r0 YypOBHE

switch (s_state) |

cage disconnect: £ oumbra npoToKona OpM pPASpRBe CBAIM

cage connect: // ommfixa npoTokona npe OPUAMKM3AUMK CBASK
T Disconnect.ind();
break;

cage idle: // HMe orounare Bonewe Data-PDU?
n_sdu=encode (Disconnect Pdu) ; f) RONMPOBATEL

J/ Disconnect-PDU
N Data.regls partner, system, n sdu);
T Disconnect.ind();
break:;

}

8 gtate=closed; J/ cnenvmomes cocToRme: closed

J

~ B rTom coyuac ccnuM HCTEK3ST BpPEMA B TaliMepe COSHHHEHHA OTIPABHTENI,
HHHUMaTHRY Oeper Ha celd vOaneHHeIH TpaHCNOPTHLIA YPOBCHE M Nepeyact
ornpasuTeno Disconnect-PDU. Mudopmanms o gannoM cocTosHRH mepenaeTcs
NPHETADHBIM YPOBHAM OTOPABHTENS W MOTYHATENd ¢ MOMOWIBI cayaebaOrD
anementa T_Disconnect.ind. Oto yuukansnoc ceoficteo nporoxona EIB.

Ananornynoe  GyexnEm  sender_connection_timeout()  geficteyer  dvHEIMSA
receiver_connection_timeout().

receiver connection timeout ()
i

L

char [MAXLEN] n sdu; /{ maWnde 3-ro ypoBHS

switch (r state) |
cage wait: // roe naxomaTca Data-PDU?
n_sdu=encode (Digconnect Pdu) ; // saxomMposath
/4 Discomnect-FDU
N_Data.reqgi{r_partner, system, n_sdu);
T Disconnect.ind():
break;

}

r_state=closed; /f enepymiles cocToaHme nonydarens: closed
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JleHcTEHA, BETTOMIRCMEIE NPH NOCTYTLICHIHA N_Data.ind, BEFIAIAT CICAYEONIHM 00pazoM:

H_Data-ind.rectiver_handler[anurc&, degtination, class, n_sdu)

address source; f/ guauueckui agpec OTNPABMTENA
addreae destination; // GuEuuecKMit AOpec NONyvaTend
c¢lass type claas; f/ npuopHTer coobWeHMA
char [MAXLEN] n_sdu; // paunme 3-ro YposHA

awitch (decedein sdul) {

case Disconnect Pdu: : // manpoc HA paspeB CBA3M
T Disconnect.ind{):
r state=closed; [fepenyomee cocToAHue: closed
cage Ack Pdu: ... // oM. nomoxmTensHOe NOATBEDEOCHNME
cage Nack Pdu: ... [/ cm. oTpMuaTentHoe NOATBEEDEOSHME

}
!

Ha pwe. 3.31 npeacrasnena pafota cTy kG NpR paspelibe CRA3H.

Puc. 3.31. Paspwia cassu

Ecan mpuEnageoli  YpoBCHs  OTMPEBHTENS  CHIHATHIAPYCT T Disconnect.ind, T0,
cleoBaTeNnsHD, BosHEKIa omubka (disconnect caused by emor). TIpHaHEE OMHGKH MOIYT
ORITh CJIEIYHOLLHMH:

— He YAX0CE OPraHH30BaTE CBR3h {(disconnect caused by timeout),

~  HE YAAI0CH NPEKPATHTE CBAIL,
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— OTHPaBHTENS MONYIHA HErATHBHOE noaTsepwacine (get nack),

~  HECMOTPA HA MHOTOKDPATHEIE TIOMBITKH OTHIPABHTE Nomydaremo Data-PDU, ompasireis
#e nomyssn 1 Ack-PDUS, mn Nack-PDUs (4™ acknowledgement timeout),

— HCTEKNO BpemA B TafiMepax coemHnends OTHpasHTend W nomydatens {connection
problems). ;

Ha cTopoie nonyyarens npHEAagHoi VpoOBRCHE B MoDoM cuydae (HanpuMmep, B cnygae obpeina
CERIH BCAEACTEBHE OWHOKH B npotokone) nomy4acT HWAGOPMaMIO O paspkiBe CBAIH C
noMomE cayxebnoro anementa T_Disconnect.ind.

IMocne Bcex cAeNapHBIX TOACHEHWH ¥ 9HRTATENs He JOMKHO BROIMMENYTE npobied ¢
HOHHMAHHEM [POTOKONA KOMMYHHEAOHH C HCHONL30BAHHEM COSIHHERHA TPaNCMOPTHONO
vpoBHA {pHe. 3.32).

Puc. 3.32. [Ipomoxoa xoMMyNURGYELY € YCMAROGTEHUEM COLCUNERUA

3.5.2. KomMyEuKanuns Ge3 ycTaHOBJeHHS cOeHHeHHS

Hanee OyayT paccMOTPeRs Cyx0b, HCOOMBEIYEMEIE 118 00MeHa TeIerpaMMaMH MERIY IBYMS
yerpoitcreamy (Unicast), sayrpe ogmoii rpynmst (Multicast) u Mesny BceMH YCTpOHCTBAMH B
EIB (Broadcast). [na ofecricgcuus KOMMYHHKAIAH TAaKOre poJa HACOOIBIYIOTCE JOKATLHO
noATEEpREAaeMEle CTymbel. Urobu obecneHTE BHIIONMHEHHE HX 331aY, TPAHCTIOPTHLRIN YPOBEHE
HCTIONBIYET COOTBETCTBYIONIHE CIyR0H ceTeroro yposas (pac. 3.33).
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T_Data_Unack.req T_Group.req T_Broadcast.req T_Broadcast.ind
T_Data_Unack.con T_Group.con T_Broadcast.con T_Group.ind
T I T T Data_Unack.ind T
TPDU YIANEHHLR TRaHCNOPTHHR
NowsMsHERA TEAHERoPTHA YROBEHS
R Hi (583 yETAHOBNBHWA
Baa HHEHHA ypous
( YOTBHOBNEBHWA COaN | o
N_Data.con N_Group.con N_Broadcast.con N_Group.ind
N_Data.req MN_Group.req M_Broadcast.req M_Data.ind N_Broadcast.ind

Pue. 3.33, Konsynuxayus 63 YOmaNOoSTERUR COEOUHEHUR

3,5.2.1. OfiMeH TererpaMMaMi MeaTy npyma yerpoiicrsamn (crymba T_Data_Unack)

Momesosatens 3anpammeaer cnywOy T _Data Unack TpascnopTHoro yposmus, Koria
ReOGX0MMO OTTIPABHTE JAHHEIE TOAEKO ofHomMy yany B cerd. 3anpoc T Data Unackreq ne
NOATBEPMAAETCA  VAATEHHEMM  ypoBHeM-maprHepom.  [lomywaemoe  noATBEPHIEHHE
T_Data_Unack.con renepupyerca cayachusiM 3nemeraTom L_Data.con TOKATEHOTO yPoBHA 2.

CaM Npouecc BIIAIMT CRSOYIOMEM oOGpasoM: NOAB30BATENL NEPEacT TPAHCTIOPTHOMY
YPOBHID TAHHBE M agpec momydareaf. Tak Kak And nepefadd TEeIeTpaMMel HCOOILIYETCHA
cmysba N_Data cerenoro ypoBHS, TO HeofXoauM0 COBIATE HOBBIH MOTYNib JAHHEX IPOTOKOIA.
Jasmeii TPDU p gansreifinen 6yaer oboznavarsca coxpautento Data_Unack-PDU.

T Data Unack.req.sender handler (destination, class, t_sdu)

addrass destination; [/ btu3sMuecEMA ampec MNONYYATEend
class type claag; // npuopuTeT CcoOGWEeHMA
char [MAXLEN] t sdu; // nanude ypoBHA 4
{

chary [MAXLEN] n_sdu; // pmawvde vpomsHa 3
n_pdu=encode pdu{Data_Unack) ; // sakomuposare FDU

N _Data.req(destination, class, n_sdu);

]

Ha cropome momywatens ¢ nomouwsio snemenra N Dataind BaI3HIBAETCA TPAHCOOPTHBIH
yposenes. Ilocne Toro kax Own gexogwposad Data Unack-PDU, namwnsic ¢ noMOMER

onepamna T_Data_Unack.ind nepegatoTca DPHKIATHOMY YPORHIO.
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N _Data.ind.receiver handler (socurce, destination, class, n_sdu)

address amource; /7 dusuyeckuil agpec OTRPAaBMTENA
address destination; // dMauMYecKMA adpec nNolyHaTend
class type classe; [/ npuopmrer coobmexrs
char [MAXLEN] n_sdu; !/ nanHwe vpopHa 3
char [MAXLEN] t_sdu; // maHHHEe YpOBHA 4
gwitch (decode pduin_sdu)) { // pexomupomaTe PDU

cape T Connect Pdu:

case T_Disconnect Pdu:

case Data Pdu: ... // cM. KOMMYHMEAUMA © YOTaHOBISHMEM COSNMHESHMA

case Data_Unack: // oM. xoMMyHMKAUMA 683 YOTAHOBNEHMA COSIMHEHMA
t_sdu:-decnde_sdu{n__sduh . .-lr,.-‘; MABNSYE NaHHES
T Data Unack.ind{source, destination, class, t sdu);

break;

!

[Monyyatens ¢ nomomuio cnyxedHoro anementa T_Data Unack.con nepenaet npamenmee ¢
¥poBeHA 3 noarsepkaenne Ge3 wamenenmil nprknaanoMy ypostzo. Eme pas cagayer obpaTHTE
BIIHMAHHE HA TO, 4TO peYb HACT O NOKAABHOM nogreepwnenuH. Jpyrimu cnomamu, ecan
[IpHENANHOMY YPOBHI} NEpefiacTcd MNONOMMTENLHOS TONTECPAACHHE, INAYNT TOCTeIHM
ur3on onepaid T_Data_Unack.req Guin yenemmsiv, Oanaxo npHKNaqHOH yposcHs HE HMeeT
HHOPMALIHE O TOM, TOWNH TH JAHABE HA CAMOM JeNie 0 IoNy9aTend.

dagan ofpazen npodrnell MApaMETPOR NANHOTO coymeBHOTO MEMEHTA, MOKIO CO3IATH
Unicast-ciyxby, paboTaronyto 6¢3 HCMONBI0BAHHA COSTHHEHMNS,

T Data Unack.con{status)

status_type layer2 status;// noxanewoe NMoOThRepsgsHie © VPOBHMeR 2 u 3

3.3.2,2. O6MeH TererpaMMaMu BHYTPH OIHOH rpynnsl (C1ysha T_Group)

Hrobw oTnpasuts coobienne rpynne yerpolicrs, NPHEAAOHON YPOBEHE HCMOABIYET Cy ROy
4-ro ypoeus T_Group. [auwas cayxba cocronT Hs sanpoca T_Group.req, HIsemeHna
T_Group.ind u noxassnore nogreepagennus T Group.con.



154 3. EIB-npotoxon

C nomompio cryxebmoro snemcuta T_Groupreq TPSHCTIOPTHOMY YPOBHIO MNEpeNaloTCA
aaHAMe # agpec. Januuil ypoBeHs COCTABNAET TaK HaswBsacmeill rpymmoeofi PDU u sei3sBact
¢ nomonsio N_Group.req ceTeBol YpOBCHb,
T_Group.req.sender handler (destination, class. t_sdu)

addresa destination; // norwueckwit appec (rpynnal

class_type claas; // npuopHTeT CcoobmeHna

char [MAXLEN] t_ sdu; J/ DnaHHwe ypoBHA 4
{

char [MAXLEN] n_sdu; // nauume ypoBHHE 3

n sdu=encode pdu(Group Fdu); // sakoawposare PDU

N Group.reqi{destination, class, n_sdu);

}

Ha cTopone momydaTens TPAHCMOPTHHI ypoBCHL pearupyer Ha masemenne N_Group.ind

CeOYIOnmM obpazom:

N Group.ind.receiver handler(source, destination, ¢lass, n_sdu)
address source; // dusugeckui anpec oTnpasMTens

address destination; [/ puamyeckmii agpec nonykarens

clase type class; /! npuopuTer coofieHMA

char [MAXLEN] n_sdu; // nawnme ypoBHa 3
{

char [MAXLEN] t =du; //{ nmaHHme yposda 4

t sduedecode sdu(n_sdu) ; £/ maBneur paHHue

T _Group.ind{destination, clasa, t_sdu);

C nomomsio cayaebmoro snementa T _Group.con NPHKNATHOMY YPOBHIO OTNPaBHTEAS
MOCKITACTCA NOATRCPRACHHE, FEHEPHPYEMOE NOKANLHLIM YPOBHEM 2.

N Group.con.sgender handler (destination, status)
addresa destination; [/ dMIngeckMit agpec NOoNy4YaTens

atatus type layer2 status; // wudopmanua COCTOAHMA ypoBHR 3
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f——

T Group.con(destination, status);

]

1.5.2.3, OOMeR TelerpaMMaMy MeaTy BeeMu yerpoiicreamn (ciyxba T_Broadcast)

lna nepepaun coobmenwnit Bcem ycTpoiicTeam B cetH wcnonsayerca cmyxba T_Broadcast.

Janpoc T Broadcastreq nepemaeTcda Ha . cAyaeOHBIH 3ACMCHT CETEBOTO  YPOBHA
N_Broadcast.req. Ha cTopoHe NoMyd9aTens JaRHLE ¢ moMonisio WN_Broadcast.ind nepegaiorca

CHAYANA TPAaHCTIOPTHOMY YpOBHO, a jance ¢ nomomero T_Broadcastind — npuiiajHOMY.
[TocTynamomiee NOOTBEPAIENHS, Kak H BO Beex Apyrux ciymbax wommynmxauus Ge3
HCTIONB30BAHMA COSIHHENHA, ABNAETCH NOKANLILIM,

Huxe npupeaexsl obpa’usl OTASNBHBIN coyxebnux anementos. Peanmusamus nporpammb
(0YCHE MPOCTO VCTPOSHHOH) 3anpoca NPHKIATHOIO YPOBHA #aH oOpaboTKH H3BEIIEHHA H
MOITREPAACHHA CETEBOTD YPOBRNA NE JONKIA BHIBATE Y YHTATENN 0coBEIX 3aTpyaneHit.

T Broadcast.reg(class, t_sdu)
class_type class; /! npuopuTeTr coobueHMA

chayr [MAXLEN] t sdu; /) nanume vpoepHA 4

T Broadcast.ind(source, class, t_sdu)

addreas source; [/ buaugeckufl ampec CTOPaBMTENA
class type class; !/ npuopuTeT coobLEeHWA
char [MAXLEN] t_sdu; // nannmE YPOBHA 4

T Broadcast.con(status)

status type layer2 status; // widopMaumsa cocTOAHMA ypoBHEeR 2 M 3

3.5.3. Transport Protocol Data Unit (TPDU)

Momyns ZaHHEIX MPOTOKONA TPARHCMOPTHOTO YPOBHA COCTOHT H3 yhpaenswomed andopMalium,
KOTOpAS HAXOAMTCH B ceibMoMm Oaiire MRdOpPMAlLHOHHOrO Kagpa, H JAHHEIX, MAKCHMANEHOS
KOMMYCCTEO KOTOPLIX HC MOMKET nNpesesimars 15 bafdros (puc. 3.34),
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J:I{l:n-l-'rp-:-nu-p:la-; ALpeC HCTOMHRES Anpec HazHaverus  |None MO daxHes | K-E:lnrﬂ
| none (8 Bit) | {16 Bit) {17 B&) {7 Bit) (i—16 Byta) :cm-.mn (& Bit) |
I__ - x e B
I T200
TRDU
|76 1149
|
¥
olojojoloio Data_Unack_Pdu, Group_Poy, Broadceast Pdu
o1 |1338215150 Data_Pdu
1|0 N 00| Connect Fdu
L L 0| 1| Disconmesct Pou
111 (153;82|51{50] 1| 0| Ack Pdu
1 1 _3_-3_§2__31 004 | 1| Mack Pdu
Puc. 3.34. TPDU

JL18 mauana HeCcKOIBKO CI0B O MOTYNC ASHHEIX TPOTOROIE KOMMYHHESINH © HCNONE30BdH HEM
coemnuenns. CUeTUME N0CIeIoRATeNEHOCT oTnpasnenwi Data-PDU naxomuTesa B Owtax S(-
$3, Cuerauk mocaenoBatensnocTd nomyaennit 8 Ack- und Nack-PDU pacnonomed Tam e,
OcTansHbe MOIYIH JAHHHX OPOTOKOIE HCOOJBIYIOTCA AR OPIaHH3AIEH H Paiphisd CBAIH.

Yro wacacres MoayneH JAaHHBX OPOTOKOAE KOMMYHHEAIIHH fed HCNOIL20BAHHA COSTHHEHHS,
TO, KAK BHIHD Ha pHc. 3.34, oM HMEIOT TV e CaMyld KOJHPOBKY. BHHMaTCALHBIH YHTATEIE
cpasy SAMETHT, 4TO JadbHeiimes pasnMuMe MPOHCXOAMT Ha ocHobe Qmara DAF w anpeca
HazHageHua (Taba. 3.6).

Tafauya 3.6
iaar DAF ¢ wdpec RAOINGYERER
Mapamerp DAF Hﬂ:ﬁfm
Drata_Unack-PDU i 0.256
Group-PDU 1 1.256
Broadeasi-FDLiu 1 M

Eens ¢ MOTyIeM JAHHELX OPOTOKOJA HEPElacTca He TOIRKD YHPABTHIOMAS HHOOPMALIHA, HO H
naHHBEe (3 WMenHo Data-, Data Unack-, Group- # Broadcast-PDU), mo sanauell NpHKIATHOTO
ypoBHd #B1geTcA voraHoRka Ouror 0 H 1 B HOHTPONLHOM MOTE, & TAKKE HENOCPEACTBEHHO
JAMOTHENNE JAHHBIX B cilydae ReodxomrmocTH. B cneqyiomed roase Ml noIpolHO PACCMOTPHM,
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vaKie COODWRHMS W KOoMAHILL MOWHO nocknate yepe: cems EIR, wawwe cnymOel i 3roro
HEMIOARIVIOTCA B K3K YCTPOCHR KOHKPETHEIE MOSY/H JTARHLIX NPOTORQIA 7-10 YPOBHA.

3.6. Yipnxnannoii yposeHb

B ochosy konuenurd cetit EIB 3anokena Muoroyposresas Mogens OSI. Tewm He menee B ceTH
£1B wey yposna npeacTannenms (Presentation Layer) » cescuommore yposug Jauupiy (Session
Layer). PacemoTpenusle paHee YPOPHH ofecieuHBaloT nepefiavy JaunblX, N0 H¢ COXEpKaT
AHEAKHX QYHRIIHA QM8 noassosatend. Tak, JapHbe MoryT OuTh Hepefans H AoaydeHE 9eped
cyvmdel Broadeast w Multicast, a Taxwe ¢ noMouisio Unicast,

B npuarnagaoli yposers (Application Layer) exopst cnyx0el xodgurypauss yoTpolcTa H
CCTEBONO MOHeDEMeHTa, 4 Tak#kc ¢MyROB CAE3H NPUETANHBX NpONECccoR MexETy cool.
B Towm crydas ecii cavadbl OpHEALLNOTO ypoBig obpalianTcd k cryxbaM TpaRCnopTHOND
vpornd  BroadcastUnicast, T0 KOMMYVHHKAOHR MCHIY NpEETAgHBIMIE MPOLCCCaME
DCVINECTBNAETCY € MOMOMBI Cly#eDHLX 3NEMENTOB TpaHtnopTHUT( ypomna Mualticast.
3 nocAenyoWEX pasaenax Jandele omyubsr GyIyT paccMOTpesb Homee noapodHD.

3.6.1. ODLeKTHI KOMMYHHEKAHH

CCHOBOH CBAIH MEEIY ABYMSA HAH HECKONBKHMH NPHEALIHMMH NMPOonecCaMu ABTATOTCR Tak
HATHIBAOMELS OBRCRTHL modbymkangi. OfuerThl, ecny WX DACCMATIHEATE & TOMEH IPLHUR
sAdopMagwoHtoi TexHonorEy, ofatanT, ¢ ogmol cTOpolEl, aTPHOYTaMH (HaMPHMED, THIOM
JAHMBIX, OpasoM OocTynma, wodosm JocTyna), © apyroi — MeTOOaMH, OnpejengrlliuMe TC
ICPALIHY, KOTOpPEIE BRIIONAAIDT Janibic ofbeKTh.

O6paILoM 418 KOMMYHHKAUHOHHLIX 0OLEKTOB MOCTY#HIH ODBEKTHl HAGOpMATHRH, TAKKC
cOCTOSIIHE H3 JaHupix o arpubyroe. Ecnw HeoOxopumo oGpaTHTLCA & COUCPMRAHHIO
vianenHbix 06BeKTOB, TO OAA 3TOTO HYHkKHC JAACHCTEOBATE ONpeASIeHELE CnykOp YpoBia 7,
EonH pocMOTperh abeTpakTHo, To o0BLerTh! MOKHO CPaBHHTE ¢ oDuel ofnacThi0 mamMuTH
cweTeme EIB. B 3asRCHMOCTH OT NPHROKERRR TV «THODMBHYIOY NAMATE MOEHD Hwbo
APOYMTATE, AHOO 3amHcaTh. 3agaus NpEKIAAHONO YpPORHA COCTOMT B npPEeaocTABISHHM
coorReTeTRYIOuEl Cavabsl, ¢ MOMOMIBIO KOTOPO MOMHO GRUI0 Gkl Nepejath CofgepRANHe
HbeKTa KOoMMYAHKadMH Mo ceTH. Tax Kax raclanwiias nmaMaTe JOMKHA OCTABATHCH
*OHCHCTEHTHOM, 3Ta chyxOa JomxHa ofecneuurs ZocTYn K jamHoMY O0LeETY BoeM
IAHNITEPECORANNEM B HeM YCTpoicTBam, CymitcTeyeT OMOHE TPOCTOR Cnocobl pemerws
JanHol JagavH: A8 HIeHTHQHKAOHH O0LCKTOR KOMMYHHEADWH HCTOMBEIYVIOTCE rpYIINOBbIC
agpeca, [Ipades cnelyer oGpaTuTe BRHMANHE Ha cASOyIOIE: OTPanHYCHHe! OOBEKT
EOMMYVHHEAMHE MOEET OOTYYITE JAHHBIC OO0 HeCKONbKHM IMMYNNOBGIM AJpCCaM., HO
PTPARASTE CROH JaHHBE OF MOMET TOARKO Yepe3 OOHH IPYTINosoi agpec.

[Tpeactapmy cofe caedyromi coyyai: o0bexT xoMMyHMKanHH X04YeT 3aNHCATL JAHHLIES
epes  wudy),  Oams @3 3830 OpUsoazHOTD  yROBMY  COCTOWMT B HAKOWASUHR
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COOTRETCTBYHOIENO TPYNMOBOMD AApeca W nepeiatic HeoDXOOHMBIX JAHHRIX C TOMOLLBH
TpaHCHOpTHOTO yposHs. [la 3ToH mend NPHKIATHOH yPOBEHE HCMIONBIYET TAK HAIRIBAEMYIO
ACCONHATHBHYI0 Tabmuuy, B EOTOPOH ONPENENcHO OTHOUIEHHE OOBEKTA KOMMYHHEAIMH K
rpynnosoMy  adpecy, B ToM coyuae ecnu HEODXOOHMO TPOWIBECTH 3AMHCH, CACAYET
YIHTHIBATE, YTO HA OOHH 00LEKT KOMMYHHKAIIMH B TAD/IHLIE MOKET NPHXOAHTECA TOMBED OHA
JAMACH, TAK KaK Jasibie MoTYT OBHTE NnepesaHsl TOABKO MO OMQHOMY IPYTINOBOMY 80pecy.

Teneps PacCMOTPHM  CTyHail, KODDA JAHHBIC ANPECOBANHET  KOMMYHHKAITHOHHEIM OOBCKTAM.
Menoas3ys accomMaTHRHYIO TABMHIY, NPHKNATHOH YPOBEHE BIACHACT, KAKHE KOMMYHHKAIIHOHHLIC
OOBEKTEL JOUTAHE] NOMYHHTH COODIMEHHE, H IOTOM MO NOPRAKY OTCRUTAET MM J3HHBIE.

PaccMOTpeRREIE CYYAH NPEICTARNEHE HA pRC. 3,35,
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Puc. 3.35. Kommprusayuonusie o0uexmst u 2pyanoesie adpecd

Mpuknagacil YpoBeHs MPENOCTABINET B PACTODAMKCHHE MOJB3IOBATENA AOCTYI K OOBLEKTaM
KOMMYHHKAIHH (8 JaHHOM CTYYae TAKHM MOTE3OBATEICM ABIAETCH MPHENATHOH [POIEce).
A wrenns ofeexta cymectsyer cayxGa A Read Group, ans sammcs — A_Write_Group.
BepoaTHo, paityMHee GOm0 0w Hassate mandne  caykOm A Read Commob) wn
A Write Commobj. Opnako NpHAETCH NPHAEPAHBATLCH NEPBOTO BApHANTA HAIBAHHA
PacoMoTpHM JaHHBIE CryxDe Donee TogpobHo.

Cnywba A_Read Group coctomr wu3 sampoca A _Read Groupreq, H3BCHICHHA
A_Read Group.ind, oteera A_Read Group.res # nonreepiaenua A _Read Group.con. Ha
cTOpoRe oTHpasHTEns mo 3anpocy A_Read Group.req ssishiBaeTcs mpuknansoi yposers, Ha
OCHOBE OOBEKTA KOMMYHMEKAIMA (0003HAYEHHOTO B NPHBEAEHHOM AWEe (QparMeHte
mporpaMME Kak SAP - tHn gaHHex O0BEKTA — HE HMEET 3HAYMCHHA W 0B0InauacTCd B
AaThHERIIEM SAP type) H acCOUMATHBHOH TaGnuilel, NPHENANHOH YPOBEHL YCTAHARIHBACT
rpebyemuie  TpYNmoBeie  aapeca.  [locme  3TOre KOJHPYETCA  COOTBETCTBYHOIIHH
Read_Group_Req-PDU u coofmienve nepeiseTcs Ha TPaHCHOPTHEIH YPOBEHE ¢ NOMOLIBIO
cavber T Group. 3aTeM oTNpaBHTENE HIET TOCTYTUICHHA OJTBEPHACHHA.
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A Read Group.req handler (SAP, class)

SAP_type SAP; J{ ROMMYHMESLUMOHHER obrexT
class type class; /{ npropurer coobueHws
{
char [MAXLEN] t edu; // nmawnde yporua 4
address destination; f{ anpec rpynnu
destination=5AFP2group (BAP) ; [ Ha®RTHM agpec Tpynnd
t sdu=encode (Read Group Rag); [/ maxcauporaTs PDU
T Group.req(destination, clasa, t adu); // Multicast

Ha cropone nonywarens c nomomso cnymOu T_Group.ind pwIsiBaeTcs npHERagnoH
ypoeeHs. [locne nexonmpopanua ganueix wIsewmenne cmyx0m A_Read Group nepemaetcs

HAHICHHOMY B acCounaTHenoi Tabnune obbeRTy KOMMYHHEAITHN,
T_Group.ind.receiver handler (destination, class, t_sgdu)

addresa destination; // anpec rpynnu

class _type claes; ff npuopuTer coobuEHWA

char [MAXLEN] t_gdu; // nauwue ypoBHA 4
|

SAP type SAP; J/ oOReKRT HOMMYHMKALMHK

switch (decode pdult sdu)) {

case Read Group Req:
SAP=group2SAP{destination) ; // HafiTW ampec rpynnu
A _Read Group.ind(8AP, class))
break;

}

/% B pmaneHefmen SymgeT pacuMpeHo */

KaKk MAHHMYM OOHH H3 YJancHHWX nonas3opaTencii momsen Oate oTeeT A Read Group.res
|KTO HMEHHO 3TO CAENnaeT, ONPEACHacTea Ha KoHpHIypaunorHo# dasze). [Tocne nocTynnenns
OTRETA CUHTACTCA, YTO YOAMEHHEIA YPOBEHE NPHIMKCHMA NONYYHA Aannnie. Makcumanshoe
KOMHHECTBD MNEepefaBacMBX AaNiBIX MOXeT cocrapHTe 14 oxreroe. [lepen ornpaexoit
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cOAfACTCA MOTYAL Aanusx npotokona Read Group-PDU, xoTopiit nepefiaeTea ¢ NOMOIIES
cmymebuoro anementa T_Group.

A Read Group.rea_handler (8AP, class, data)
SAP type SAP; /i ODBERT EoMMyHHMEALMM

class type class; [/ npuopHTeT CcocOmMEeHMA

char[l4] data; J/f naunpme ypossa 7
{

char [MAXLEN] t_sdu; JJ namHme vpoBsA 4

addreas destination; J/ anpec TPyOn=

destination=8AP2group (SAP) ; // HatirTH agpec rpynnd

t_adu=encode (data, Read Group Res) ; // sarcnouposaTe OaHHuS+PDU

T Group.reg{destination, class, t sdu); J/ Multicast

B KoHeunoM MTOre Takaf TencrpaMMa Jomsna JofTH 00 camMoro OTNpaBHTCaA. JNokansass
NpHKNATHON YPOBEHL NPHHHMAET €8 ¢ MOMOMIBI0 COOTBETCTRYIOMEH NPOUCIYDEL. Kak Tonsss
JEKOANMPORAH OTBET H KOMMYHUKALHORMLI 06BEKT HEenTRQHIUPORBAH, AANNEIC ¢ TOMOMIEI
cnymebnoro 3nementa A_Read Group.con MoryT OLITE TepeIalsl NoNE30BATEN,

T Group.ind.sender handler(destination, class, t_sdu)

address destination; // anpec rpynnu
class type class; /{ npuopuTeT coobmleHMA
char [MAXLEN] t =sdu; /) maHHME YpoBHA 4
{
S5AP type SAP; // comnxa HA ODBEeRT KOMMYHMKALIMM
char [14] data; // naupmMe nns OfLEKTAa KOMMYHWKALMM
if (decode pdult sdu) == Read Group Res) {
SAP=group2SAP (destination) ; /[ HakTH apopec TIpynnu
data=decode_data({t_sdu); // wIBneMbe NAaHHEE

A Read Group,.con{BAP, data);
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S peo0NOIHMO. MOTYYHTE Z0CTYH K KOMMYHHKSUHONAOMY o0BEKTY Ha 3anHCh, TO
soonTssveTes  cmykba  A_Write Group, cocrosmas #3 sanpoca A _Write Group.req,
cssments A_Write_Group.ind u noxansHoro nogreepigenis A_Write_Group.con,

CDcie TOM0 KAK NpHETAANOMY YPORHIO OTIPABHTENS NOCKTAeTCS 3anpoc A Write_ Group.reg,
TOCICMACTCA ALpeC rpynnbkl H3 ocHOBe OOBEKTOR KOMMYNWKAUHH, CONSPMAL{HXCH B

scomrarHBHOR  Tabnume. Tlocne srora  rewepEpYeTcR MOAVRL  JAMHAIX  ODOTORQIA

Smte_Group_Reg-PDU w ¢ nomomero onepamin T _Group.req BEI3BBACTCA YpoBEnn 4.
LEpEMeTRE IPH NEPTAXIT COUTOAT BI A0peca TPYANED A JapHey (MakcHMaNbnoe KOIRYecTE0
Tpe 1aBACMEIX JAHHETX HE JOIEKHO Npepblnath 14 okTeToR).

A4 Write Group.reg handler (SAP, class, data)

AP type SAP; A oOBeRT XOMMYHWKALMH
cla2a type class; Ff npaopuTeET coofmennn
sHar[14] data; /) manHuoe ofpekTa KoMMyHHKaLHMK
char {MAXLEN] £ sdu; " // DanHme ypobBMm 4
=ddrega destination; F/ anpec ppyhiOl
iegstination=8AP2group (SAP) ; // uaimi ampec rpynns
t _sSdu=encode (data, Write @roup Req); [/ BmaronmpoBaTh naMHee+PDU
T Group.req{destination, clasg., t_sdu); £/ Multicast

Ha cTopoHe pomyyatens wssemenwe T Groupind TpancnioprHoro YpoBHE BH3LIBAET
MPHENAIHOA ypoBens. 3alavell YIATEHNOTO NPHEIAIHOND YPOBHA XBASSTCA HIBELIeHHE O
ACCTYNICHHH ROBBIX JAHNBIX BCCX KOMMYHMEAUMOWHLX OoFhesTOR, BXOAfLMX B JAHEYV
IPYIINY (B NPEACTABNEHHOM H#e QparMeHTe MPorpaMMBl 3To OTpakeHo B unkile for), Camo
HYBCLICHHE BUINDAHACTCA ¢ NoMOUB onepaund A_Write_Group.ind.

T_Group.ind.receiver handler(destingtion, class, t_sdul

address degtination; // anpec povon

clagsg type clags; £/ NMpuopMTET CcO0BReHMA

char [MAXLEN] t sdu; /7 nanide YpopHA 4
{

SAP type SAP; f/ OGRaNT KOMMYHMKALMMK

charila) data; £/ faHeEe ona ofReRTa KOMMYHUEALMM
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awitch (decode pdult_sdu))

cage Read Group Req:
SAP=group2SAP (deatination) ; J/ HaliTH aopec DpYIION
A Read Group.ind(SAP, claszs);
break;

case Write Group Regq:
datasdecode datai{t_sdu); // w3Enewr paHHMe M HaWTKH SAP
for (;SAP=group2SAP(destination);SAP |= NO MORE SAPs)

A Write Group.ind(SAP, clasa, data); // nepemaTek DaHHEE

break;

HawkoHen, Ha cToOpoHE OTNPABHTENA TIeHepHpPVETCA €mIe OHO nogTeepaicHHe. [laHHOE
NOSTECPAASHHE B MPOTHROMOAOKHOCTE cnyxbe A_Read Group sensercs MOKaneHBIM H
obpa3yeTca H3 DOITBEPHIEHHA TOKANEHOTO YPOBRHA.

T Group.con.sender handler (destination, status)
address destination; /f amppec rpynnm

status type layer2 status; // dHdopumauxa COCTORHMA YpoBHeRr 2,3+4

SAP type SAP; {/ CcHMKA Ha OOBEKT KOMMYHMKALLHM
SAP=group2sSAP (degtination) ; ff HERTH 0DBEKT KOMMYHMEALMM
A Write Group.con(SAP, status); // nepepaTe cocrosHuMe

Ha pac. 3.30 B VOpOWCHHOM BHOS MOpeIcTaBIcHA CHEMA B3aUMONGHCTBHA ciymebHBIX
INEMEHTOB.
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A_Write_ Group.req A_Write_Group.ind
A_Writa_Group.con A A Write_Group.res
A Read_Group.req A_Read_Group.ind
l A_FRead_Group.can T A_Read_Group.res
APDLU
NoRansHsE NDHKRATHOR YDRoEaHL e YoaneHHsIA NpHENaH0A yposeHs
.
fixmn | vl
T_Group.ind T_Group.con
T_Group.con T_Group.raq

T_Group.raq T_Group.ind

Puc. 3.36, f;‘n;nmﬁu ucRoTEEVEMbe OO doCTIng K 00BERIIIM ROMMYHURAUY

3.6.2. Kondurypaunus yCTpOHCTE

[ToNE30BATENE BLBKIBAET CTYXOY npuknagHoro yposns A Set PhysAddr B ToM cmytae, ecim
HE0GXOMMO YCTAHOBHTE HIH HIMEHHTE Yiké CYMeCTRyromhH duansecknii anpec yeTpoHcTEa
EIB. Jins Toro yTobs OpHBECTH COOTEETCTEYIONIES YCTPOHCTBO B PEHHM NPOrpaMMHPOBAHNA,
AOCTATOMHO HAMATE PACTIOAOMEHHYIO Ha HEM CHEIHATBHYH0 KHOTKY.

Crayxba COCTOMT H3 CHEOYIOHMX 3MEMEHTOR! 3anpoca A_Set PhysAddrreq. H3senenns
A Set PhysAddrind ® nokamemoro mommeepmnmerms  A_Set PhysAddr.con. Jampoc
OCYHIECTBAACTCA MOCpencTBomM cmyskbnl Broadcast TpaRCOOPTHOTO YPOBHA T_Broadeast, nperaem
OTHPARTEHHOE COOOMIEHME NONANAET KO BeeM yorpoficream EIB. Tenerpamma CONEPAET AaHHLIE
npERIANHOre YpoBHs, cocTommme w3 PDU Set PhysAddr_Req m anpeca yeTpoficTea.
A_Set_PhysAddr.req handler (newaddress)

address newaddress; // uoBRDT dumauNecEME agpec
char [MAXLEN] t_sdu; [/ nauHge YPOBHA 4

£ sdu=encode (newaddress, Set_PhysAddr Req); !/ sawmonmporaTe PDU

T Broadcast.reg(system, t_sdu);, // cumcremHoe coobusHHe

B yerpoficrsax, ofbeguuennnx 8 cete EIB, npuxnanuofi yposeHs BEIIEHIBACTCH C TOMOIIEH
caymebnoro snementa T Broadcastind. Iocne toro kax PDU Gein nexomposas, Gyzer
YCTAHOBJEH Af[pec yoTpoiicTsa ¢ nomMomsio onepamps A Set PhysAddr.ind.
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3agauell  YOANCHHOrO — NPHNOKCHHA — ABIMETCA  MPOBEpKa  COCTORHHA  KHONKH
nporpaMMuposania. Ecow oma pakaTa, To yOTPOHCTBO NOAYYACT HOBRIH aapec.

T Broadcast.ind.receiver handler (gource, clags, t_sdu)

address source; ff guswuecEME agpec oOTNPaBWTENA
class type class; /o npuopHTeT coofweHMa
char [MAXLEN] t sdu; f) nauuuwe yposus 4
{

address newaddress; !/ naunze ypoeaR 7
switch (decode pdult adu)) | {/ mexommposaTs PDU
cage Set PhysAddr Regq: Jl yeTaHOBRMTE aipec voTpoWcTRAa

newaddress=decode address(t_sdu); [/ H3Bneyr pamuue

A Set PhysAddr.ind (newaddress);

break;

/¥ Byner AOononHeHo nosxe */

}
}

[lpuxnangoil ypoBeHs OTNPABMTENA NepeJaeT TNOMBIOBATENID NPHIIEOMES NOKATBHOES
NOATRCPHICHHE TPAHCIOPTHOND YPOBHA B HCHIMCHCHHOM BHIIC,

A Set Physaddr.con{status)

status type layer2 status;// wndopmauwns cocroarma ypoeseR 2,3 u 4

Eme oaun cnocod ycTaHoBHTE agpec npHOOpa COCTOHT B HCOOABIOBAHHH CHymOH
A_Set_PhysAddr_SerNr.

Haunas cnywba Takme cocTowt w3 sampoca A_Set PhysAddr_SerNrreq, noxanmkmoro
nogreepkacHra A Set PhysAddr SerNrcon n mssemicuma A Set PhysAddr SerNrand,
Eauncrecnnoe ormmue or caya0s A _Set PhysAddr saxmioyaeTrcs B ToM, 9T0 y3ed
HISATHQHOHDYETCR Ha OCHOBE oanOsHaunoro cepuinoro nosepa. [lpu srom oTnanaer
neodX0AMMOCTE  3ancficTBOBATE  KHOOKY, MEPEBONAIIVIO  YCTPOICTBO B pekuM
nporpamMuposanus, Janueid cepuinneiil momep nepenaercs s cetw EIB smecte ¢ PDU
set PhysAddr _SerNr_ Req ¢ momomeio  Broadcast-coobmenna, Hrmme npencrasneHm
MaApaMeTphl NMEMEHTOB SaHHOH ciay#hsl.

A Set PhyshAddr SerNr.reg(serialnumber, newaddrass)
char{6] serialnumber;// conossHaunwid cepufisait Aomep yorpoficrsa EIR

address newaddress; /) soBw@ dusvyscruBE agpec
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E Sat PhysAddr SerNr.ind(newaddress)

address newaddress; [/ HoBuA DMIUUECKMA AIpec

A Sat Physhddr SerNr.con(status)

atatus type status; /¢ madopmanka ‘coCToORHMA YDPOBHA 4

Coymba A_Read PhysAddr mososser noib3oBaTemio CYWTHIBATE (HINTCCKHE ampec
voanenHoro yerpoiictsa EIB. [lannas cmywba coctont #3 3ampoca A Read PhysAddrreq,
wiscicHid A Read PhysAddrind, orsera A_Read PhysAddr.Res » nNOATBEPAASHMA

A Read PhysAddr.con. PaccuoTpim BEpaTic B3auMoaeiicTBHE TaHHLIX OMEPAIIH.

C momomsio 3anpoca A_Read PhysAddr.req none3opaTens BH3KIBacT NPHKNAMNOH ypOBEHE,
3roT sanpoc Taioke mpeofipasyerca cnyaboil T Broadcastreq. Hawmee coctosr w3 PDU-
Read PhysAddr Req. CoolwieHHe BHICBNAETCA KaK TCNCIPAMMA € BRICOKHM NPHOPHTETOM,

A Read PhyshAddr.req handler ()

[
i
1

char [MAXLEN] t_sdu; // pannme ypoRua 4
t sdu=encode {Read PhysAddr_ Req) ; }/ maxoauporaTe PDU
T Broadcast.reg{system, t_sdu): [/ cwcremnoe coofmende

Ha eropone nomyvgaTens ¢ noMomsro wigemenns T Broadeast.nd BeissieacTcd NpPHETaAH0H
yposeAb. [Mocne gekoauposadnd PDU noawjoparenio wad (PHAOKERAWIO OTNPABIAACTCA
COOTRETCTRYIOWIEE HIBEIMICHHE.

T Broadcast,ind.receiver handler (gource, class, t_adu)

addrezs source; £ duanseckuil aipec OTRNPa’MTENnA
clasa type class; // npuopureTr coobmedns
char [MAXLEN] t_sdu; f/ manHHe YpoBHA 4

address newaddress; [/ naHHHEE VPOBHA T
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awitch (decode pdu(t_sdu)) { // mewoawpomaTe PDU
cage Set PhysAddr Regq: // vcraHOBMTE anpec ycorpoficTEa
newaddress=decode address (t_sdu); [/ wsBneus nanuue
A Set PhysaAddr.ind(newaddressa);
brealk;
case Read PhysAddr Req: "/ voTaHoBMTE ampec yoTpoHRCTEA

A Read PhysAddr.ind();

break;

Ecnu ¥y yina HakaTa KHONKA NpOrpaMMHPOBAHHA, TO YCTPOHCTBO PEarHpyeT OTBETOM
A BRead PhysAddr.res, koTOpEH BRIIRIBAET HA CTOPOHE NONYYATENd COOTBETCTRYHOMIMEH
obpaborunk. Ero 2asaws cOCTOMT B YIaKOBKE NapaMerpa (B JJamuom Choywae, agpeca
yerpoiiersa) smecte ¢ PDU-Read PhysAddr Res B Tenerpammy Broadcast. Jlanmas
TENErPaMMA [EPENAcTCA  YAANCHHOMY TPaHCHOOPTHOMY YPORHIO © MNOMOMBI ONCPaLK
T_Broadcast.req.

A Read PhysaAddr.res handler (addr)

addresa addr; S bwzmueckMit ampec

char [MAXLEN] t sdu; // DaHHHe VpoBHA 4

t_sdu=encode (addr, Read PhysAddr Res); /{ anpec+PDU

T Broadcast.reg(aystem, t sdu); // cucremnce coobuenue

}

Ha cTopone oTnpasuTend ¢ noMomsio m3emienua T_Broadcastind smssisacTes npuxnaasod

yposens. Ilocne mexogwposanus PDU, wsencxactes agpec verpoifcrsa, koTopuiil wepes
MOITEEPEICHAE NepéaaeTcs nonkiosateno. Januoe NoATBEp#ISHHE, B MPOTHBOMONOKHOCTE

A_Sct PhysAddr.con, ne apnseTcs NoKanbHbIM!
T Broadcast.ind.sender handler(source, class, t_adu)

address source; J/ buauuecksA anpec CTNpaBMTENA

class type class; /f npuopurer coobuedus

char [MAXLEN] t_sdu; // namHEe ypoBHA 4
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address addr; // maname ypoBHR 7
pwitch (decode pdult_sdu)) { // nercmuposars PDU
case Read PhysAddr Res: // nepenaHHent ampec YCTPOACTEA

addr=decode_address{t_sdu]; // Wapneds NaHHEE

A_Read PhysAddr,con (addr);

break;

Kak npH yCcTaHOBKe agpecd, TAK W NpH Cro CYHTHIBANHK CYMICCTBYCT COOTBETCTEYIOMIAA
cmyxBa, KOTOpas HCTONB3IYET OJHO3HAYHEIE CCpMilHBie TOMEpa 1A HACHTHpHKAIHH
yerpoiicte  EIB. Jlannaa cnysba HaseBactcs A_Read_PhysAddr_SerNr. B npouecce
KOMMYHHKALHH [POHCXOIHT obMeH PDU Read PhysAddr SerNr_Req H
Read_PhysAddr_SerNr_Res.

KoMMYHHKAIHA MERAY OTIPABHTENEM H NONYIATENEM TPOHCXOIHT TaK, KAk OMHCANO BRIIIE.
[ToaToMy AOCTATOMHO MPOCTO NEPEUHCIHTE THITH NapaMeTpoB clyxeOHEIX 3NEMCHTOR.

A Read PhysAddr SerNr.reg(serialnumber)

char[6] serialnumber;// omHOSHauHER cepuiiHWil Howep ycTponcTEa EIB
A Set PhysAddr SerNr.ind()

A Set PhysAddr SerNr.res(addr)

addreass addr; /f pusmdecKud azpecd

A Set PhysAddr SerNr.con{addr)

addresgs addr; /¢ dMswyeckuit anpec

Ha pue. 3.37 nppeacrasfensl NepedHcReHAble Ccnyx0Hl DpPHKIAAHOTC YPOBHA M HX
BIAHMOACHCTBHE C OTIEPALHAMH PACTIONOKEHHOND HHAC TPAHCMOPTHOTO YPOBHA.
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A_Set_PhysAddr]_SerNrl.req A_Set_PhysAddr{_SerNr).ind
A_Set_PhysAddr{_SerNr).con
A_Read_PhyeAddr.req A_Set PhysAddrind
l A_Set_PhysAddr.con T A_Set PhysAddr res

APDL
Nokarssui NpsknanHoR yposeH: -x | YoaneHHsR NDHKNAGHOA YPOBEHL

! |
T_Emadml.mn T_Broadcast con
v T_Brogdcast.ind T_Broadcast.req
T_Broadcast.req T_Bmadcast.ind

Puc. 3.37. Coyoucbvi, ucnonsayemvie din xondiuzypayun yempoucme

CyIecTBYeT el 08 ChymOa, HCHOABIYEMan [ HIMEHEHHA KoHQHrypammn ycrpoiicTs,
KOTOpEA HEe [OKa38HA HAa  JAHHOM  DHCyEke. OJta cayxba  masnmaeTca
A_Read Service Information. Ona DpHMEeHSSTCR ANA CUHTHIBAHHA C© YIANCHHOTO Y3ma
caywebuoi nrpopmanm B QyHKUBOEMpYeT Takme nocpencTsom caymbul T Breadeast. C ee
NOMOUIBEK) MOXHO NPOBEPHTE AKTYANRHOC COCTOAHHE YIAICHHOTO MOONBIOBATENLCKOTD
nprnokenHa. Hampumep, BRIIOMHAESTCA NMPRIOKEHHE B HACTOANIHA MOMEHT WiIH HeT. Kpome
TOTO, C [OMOWLI TOH caymber moxno safith 8 cern EIB ayGmmpyronmecs dHidveckHe
aJIpeca HiIH IEPEBECTH YCTpolcTea B PEXKHM KOHTPOJIA.

3.6.3. Joctyn K 0aMATH

C nomousio coyxt A_Read Memory wm A_Wnte Memory MO®HO CUMTETh HIH 3aMHCATE
3a onHO obpanieHHe A0 12 OKTeTOB B AIPECHOM NPOCTPAHCTBE YiaaneHHOro ycrpodcrea EIB.
Hanusie cnywOn OpraHM30BadsEl H3 OCHOBE KOMMYHHEAIIHH DE3 YCTAHOBACHHA COCTHHEHHS,
xoropas Ora noapobHO onucana B rnaee 3.5.1.

Kax Tomeko monesopaTens  BeEBaeT onepammH A Read Memoryreq mbo
A_ Write Memory.req, Brsrisaerca npuknagHeil yposens. [lepenannsie napaMerpsl, ¢ oguoil
CTOPOHEL, YKAIHBAOT (PHIHNYECKHI aapec y3Ia KOMMYHHKAINH, C ApYT0H — CTAPTOBLLL anpec
H Komu4ecTso GafiTop HaHHBIX, KOTOpHE HeOOXOMWMO MpovecTh WIH 3amicaTs. OcHOBHAZ
3ATA94 IPHEIAMHOTO YPOBHS COCTOMT B CO3JAHHMH MOrHYSCKOND COSAMHEHMS M4 MOMy4YaTens,
Amns aroro Henonssyerca cmymba tpancnopraoro yposns T_Connect,

Ecne cea3e co3naHa, TO ¢ noMonen caybel T Data mponisomirca 00MeH TAHHEIMH MEeR(IY
YIIAMH KOMMyHMEauMd. Ins sToro npHKagHoi yposeHs ornpasnTend dopmupyer nubo
Read_Memory_Req-PDU, ecou  HeoOXOOHMO — NpOHIBECTR  CHHTHIBAHHE, nufio
Write_Memory_Req-PDU, eciq BeobX0IEMO NPOHIBECTH 3AITHCE,



3.6, MNprkaagsoi YPOBEHE 169

Ha cToponc nony4aTes JaHARE ¢ TOMOIILIO HSBCLIEHHA NePefaroTes NONb30RATENIO, MPHICEM
FEHEPHPYIOTCA COOTBETCTBYIOMIAE OTBETEL OTBETH YNAKOBBIBAKOTCA B Read Memory Res-
PDU B cmyuae cumThiBannd Wi B Write Memory Res-PDU B cnywac sanucH. Ecnn
OTMAPABMTENL NONYYHI BCe NadHble W HerT ncollxOaMMOCTH B AansHeHuIedl nmepepaue, OH
JAKAHTHRAST CRALEL, Henonbaye cnyx0y T Disconnect,

Ha puc, 3.38 cuie pa3 kopoTKo npeacTasncua pabora sTHX cy#o.

A_Rasd Mamary.reg A_Read Mamory.ind
A Read_Memory.con A _Raad_Memory.res
+ A_Write_Memory.req A_Write_Memory.ind
l A_Write_Mamory.con | A_Writs_Memory.res
,, T 5
APDU
NosansHuA NpsrEaasod YroseHs e YaanessLii NPHENANHR0HE YROBEHE
F
- i
T_Disconneclind T_Connect.ind ¥
T _Connection.con  T_Datacon § T_Disconnect.con T_Datadnd T_Datas.req
T Connection.req T Datareq T_Disconnect.reg T_Dizconnact.ind

Pue. 3.38. Cayacbsl, ucnorsayessie dag 0ocmynd K RAMAMU

HMeionp3oBanie Aasneix cayad maeder 3a coboi BuzoBe cHyEO PACNONOMEHHOID HINE
TPAHCOOPTHOND YpoBHS. 34 3TO OTBEYAIOT NPOTOKONE! OPHKIANHOIO YPOBHA. JaHnAke
NPOTOKOAR MOTYT ORTE cHOmHeMH. Hanpusep, H Ha CTOpOHE OTOPABHTENA, W HE CTOPOHS
DOMy4daTens ciegyer o0paTHTE BHHMAHHE Ha TO, YTO CBA3L BHEJANIHO MOMCT NPEpRATECA.
[MosToMy MBI He OymeM nogapodHo OCTAHABNHBATRCH HA AETANNX PEalHIANHM, & Cpasy

nepeiieM K 3a7aNHI0 TAPAMETPOR CTyMeOHBIN AIEMENTOR,

Heobxomusmo Gonee DOmpobHO OCTAHOBMTLCH HA NAPAMETpEe KONHYECTsa AaHHux (number) B

NOATBEPEIEHHAX. Kak npaswno, JaHHEH DADAMETP COOCPHHT KOTHIECTBO haKTHIECKH
CUMTAHHGIN HAM 3A0HCAHHBX JaHHeX. EcIH Hemb3d OpOHIBECTH [AOCTYI K NaMATH, OH

peicTABASETCA B 0, H3 Yero NPHNOKEHRE MOXKET YIHATE O TOM, YTO DPOH3IONLIA OWHOKA.

A Read Memory.raq{dastination, class, number, start]

address destination; // anpec nomyyaTens
clase_type class; Ff npuopuTeET coobmEHMA
char number; /! momuuecTEC DAHHEX, KOTOPHE HeoOHOIMMO CHMTATE
char[l] start; // cTaproBmi ampec B ANPECHOM

// npocrpancTBe NONyHaTens
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A Read Memory.ind(class, number,
clase type claas;
char number;
char[l] start;

A Read Memory.res(class, number,
class type class;
char number: i

char{l] atart;

char[] data;

A Read Memory.con{clase, number,
clasg type class;

£

char number;

char[l] atart;

char[] data;

!/ wonW¥eCTBO DaHHEX,

start)

{{ npuopurer CcoobmSHMA
KOTODHE HeoDXOHMMO CUMTATE
S/ CTapTOBHA aIpsEc B8 ALDECHOM
// npodrpadcTRe NOMY4YaATENA

start, data)

f{ npuopurer cooblleHMA
KONMYaCTRO CUMTAHEEX OaWTOBR OaHHEX
ff cTapTOoBWl AOPEC B AOPSCHOM

J// NpocTpaHCTBE NonyuaTens
/f cumTaHHES SafiTH OaHHEX

satart, data)

/) npuopuTeT coobSueHWA
EONMYECTES CUMTaAHHEY CalTOs ITaHHEX
f/ crapToBMit ampec B AONDECHOM

// nMpocTpAaHOTBE NONYYATENR

J/ cuMTaHHBEE GafTH [AHHHEX

A Write Memory.reg(destination, class, number, start, data)

address destination;
class type class;
char number;

char[l] start;

char[] data;

/! KoOmMYeCTBO IaHHLX,

// BamTR DaHHEX,

// appec nonyuartenn

// nmpuopurTeT coofueHMA

KOTOpHE HeolRoOWMG SaNMCATh

S/ crapToBedi ampec B SOpECHOM
!/ npocTpaHcTEe nonydarena

KOTOpHS HeoDXoIMMD 3JanMcaTe

A Write Memory.ind(class, number, start, data)

class_type class;

char number;

/i wonuuecTso DAHHEX,

A npumopMTeT COOGMEeHMA

KOTOPHE HeoDXoaMMO 3Ia3nMMocaTe
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char[1] start; // crapToBugRE Aalpec B aapecHOM

// npocTpaHOoTRE MOoNyYATSNA

char [] data; J// GafiTe paHHER, KOTOopHE HeoDXOIMMO SanuoaTh

A Write Memory.reg(class, number, start, data)

class type class; !/ npuopuTrer coolmeHns
char number; /) woRMuecTREO SanMcaHHHX CaATOoR OAHHHE
char[1l] start; // craproBmii agpec B ANpECHOM

[/ npocTpakcTae NonyyYarens

char([] data; // darTHueckr ZanMcaHHume DARTH maHHEX

A Write Memory.con(class, number, start, data)

classe type class; // npuopureT CcooBmEHHA
char number; // KONMHECTRS SJANWCEHHWX BaliToR DaHHEX
char[1] start; // cTApTOBHIR ajpec B aIpecHOM

/! npocTpaHCTES NOJIYYHaTenA

char([] data; // baxTuueckH 3anucaHHme DARATH NaHHBX

3.6.4. Hocryn k AT

[MpKknagHoil YPOBEHE NPEIOCTABNEET TAKKe cAymOy 1A NOCTYNA K analoroBo-mHQpoBLM
npeobpazoparensM (ALIT) yerpoiicts cerw EIB. [lammas cnywba, ocHoBanuas Ha
KOMMYHHKAIME ¢ YCTAHOBIENNEM COCAMHCHHS, HasrBaeTca A_Read_Adc,

[Tocne Toro Kak npuklagHoll ypopeHs momywaeT sanpoc ¢ nomommsio A Read Adecreq, B
KOTOPOM cOfiepwTes MudopMauss o nonydatene, nomepe kawama ALl o konudecTse
npcofpasosannil, fomkHA OLHITE Opradnsosada cBA3b. CBAIL YCTAHABIHBAETCH C [OMOMIBHO

cny#6b! TpaHcnoprioro yposus T_Connect.

Mpr nonydenus JAHHEIX NPHETATHOH YPOBENL MONYYATENA rCHEPHPYET WIBCIHCHHE
A Read Adcind, woTopoc paspellacT OpHIOKENHID MPOHIBECTH MIMCPCHHA Ha
COOTBETCTBYIOMEM Kamane, [TpanocHHe OTBEYAST CPEANMM 3HATEHHEM NpPOBEACHHOTO
aHanoroso-unfposoro NpeofpajoBaHns, KOTOPOS NPHKIAZHOH YPOBCHE OEPeIacT C NOMOLILIO
ancvenTa A _Read Adc.res,

Ha cTopoHe OTMPaBHTENS NOAYYCHHOS HAYEHME NepefaeTcs noneiosatemo. B ToM cmydas
eCNH OT NOAYUATENA DONBINE HE OMHIASTCH HHKAKAX JaHHBIX, TO CBAIL 3ABEPINACTCA C
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nomoikio cnykbe T Disconnect.req. Eciw %c o speMs npeoDpazopaHig BOIAWENA omiHbka,
TO MApaMeTp NONTECPMICHHA repeat BeICTARNAeTCA B ().

A Read Adc.rag(destination, class, channel nr, repeat)

address destination; // ampec nonyuarens
clase_type class; S OpHOPHTeT CoOoSHSHWS
char channel nr; J/ Homep TpeBVeMoI'o KaHalla
chaxr start; £/ monudecTao npeofpasobBaHWM

A _Read Adc.ind{class, channal nr, repeat)

clase_type claszsa; /d npuopuTar coolleHMA
char channel nr; /J/ Homep TpeGveMoDs KaHana
char start; S/ momadecTes npecdpazoBaHMA

A Read Adc.ree(class, channel nr, repsat, sum)

class _type class; ' /f npuopMTeT CoobueHMA
char channel nr; /7 HOmep kapana
char start; S! monmMuecTBEo npoBefeHHn npecbpasoBAHM
char[1] gum; £/ vopenHEHHOS SHAYMSHME

A Read Adc.conf{class. channel nr, repeat, sum]

clazs type class; /! npuopuTer coobSmenna
char channel nr; // Homep kaHana
char start; /{ KONMYeCTRO MPCEBEOSHHEX NMpeolpa3oBaHMA
char[l] sum; /! wyopensedHuos aHaueHHe

3.6.5. [Joctyn K ceoiicTBaM

Hapany c o0beKTaMH KOMMYHHKGOHH CYIMIECTBYIOT Tak HaswBacMmele obwexre  EIB,
PCACTABIAIOINE HHTCPCC € TOYKH 3PCHMA CeTeBoro meHelmmedra. MuenHo omm Byvayr
paceMoTpeHbl B qannoil rnaee. [lpesae Boero cleyeT OTMETHTE, YTO CYIIECTBYET pasHHLA
MEMTY CHCTEMHLIMH W NpHKIAIHBIME oDBexTaMu EIB. K nepseiM oTHOCATCA YCTpOHCTEA,
AfpecHble TAbAMLBL, ACCOLMATHBHLIC TADNMUB M OPHEAATHEE MOporpaMwmbl. O0wexTEl EIB
TAKHKE PACTIONATAIOT ONpEICNCHHEIME aTpHOYTaMM, HAIRPACMEIMH CBOlicTRamu, Ecnu peus
waeT ob obberTe-yeTpolicTEe, TO €T0 CRONCTRAMM MOTYT DLITL, HANPHMED, CepHANLIA MoMep,
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IAHHEE 0B ISrOTOBMTENE, HAHMEHOBAHRE 3aka’a w 7.0, Ecnu &e 370 npuxnaguoil odberT, TO
HPOTPAMMICT HMEET BOAMOENIOCTE CaM 381ATH HeOOX0IHMEIe CROHCTEA.

puxnaoHol YpoBenhb pacnmonaract cayx0aMH, MOIBONAICIIHMY YIHATE CTPYKTYPY CBOHCTE
(A_Read Property Description), canTmsats csoiicrsa (A_Read_Property_Value) n B cmywac
HeoGX0AMMOCTH 3anuckiBath csolicTea (A Write_Property Value). Hdoctyn & cBOHCTEBAM B
JERMCHMMOCTH OT PEATTHIAIAN OcymecTanseTen aubo ¢ ycramommcumem cBaam, fmrbo Ges
yveranosnennd. Urobe HArMAIHO MPOAEMONCTPHPOBATL, KiK HMEHHO NMPOHIBOIAMTCA OOCTY,
moaemen cnyxoy A Read Property Value w onuumiem cc QyHEOHOWHPOBEHHE, HCXOOA W3
TOTO, 9T0 COODIEHHA NepeaamTed D3 YCTAHORTEN NS CORIHICHHA.

Cmyxba A Read Property Value cocrout H3 3anpoca A_Read Property_Value.req, u3scieHns
A Read Property Valueind, orteeta A Read Property Valuercs H  TNOATBEPEACHHA
A Read Property Valuecon. Kax obmupo, pHavane npuinaiHoil YpoBeHb NONY4YACT 3arpoc
A Read Property Value.req. IMapamerpsl 3anpoca BKTIOHAKT B ceOa (pHIMMECKHH aapec yina

EOMMYHHEAUHMK (peik HAST O KOMMYHHMEMIHH 03 YCTAaHOBRISHHA COSAHHCHMA MEXTY
OITIPARKTENEM H IIOMYYATENEM) H IPHOPHTETA, ¢ KOTOPEIM coolimenne A0nxHO GRITE Mepeaano.

NonoNHATEMERO MOTE30BATEN: IOMKSH YKI3aThH, KAKOS HMEHHO CBOHCTBO OH X0Tel OBl CYHTATE, 2
TaKHC 38JATE CTAPTOBEIL HHIEKC H KOUMHCCTEO SNIEMEHTOB COOTBETCTRYIOMICHD CBOHCTBA (MDI
OKA HE TOROPHAM O TOM, Y0 CROHCTBO MOMKET COCTOATE M3 LEN0ro PALA JAHHBIX OJHOTO THIE).

3anpoc gommeH GTE odopMASH B COOTRETCTEBYIONYIO Teaerpammy. JUis 3Toro HeobxoamMO,
urobel NpHKNaIAoH yporeHs crenepuposan PDU, nasmsacseni Read Property Value Req.
Mocne sroro swassacres eayxda T _Data Unack tpancrnoprioro ypoBsaS.

A Read Property Value.reg handler(destination, class, cbject_id,

property id, number, start)

address degtination; ;) brangeck anpec
class type class; !/ npuopuTer coofUeHMA
unaigned int object id; A upearudurkaTop ofrerTa
unsigned int property id; [ MpedTHiMKaToR CoB0ACTEA

char number; // EOIMYeCTRES IHAYESHWH, KOTopoe OONEHC CHTE CHWTAHO

char start; Jf cTapToBHE MHOSKS
char [MAXLEN] t sdu; // nanwHme vpoBHR 4
t_sdu=encode(chject id, Property id, numbsr, atart,

Read Property Valua Rag); [/ wonupomare PDU

T Data Unack.reg(destination, class, t sdu); // Unicast
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Ha cropone monyuarcns nporpamdsa, ofpafaTniBaoman KOMMYHHEAIHONAEE npouecct Bes
VCTAHOBASHUA CBAIH, Jekoaupyetr PDU 1 HanpapageT 3anpoc NPHAOKCHHEID,

T Data_Unack.ind(scurce, destination, class, t_sdu)
address source; £ dusMuecKHMA azpec oTnpasMTens

addregss destination; J/ bvmugeckMi AOpec NomyYATENA

class type class; // npuopwTeT coofleHMa

char{MAXLEN] t_ sdu; /f // nandue yposxa 4
{

unsigned int object_id; {/ moeHTH@MEATOR obOmexTa

unsigned int property id; /S unenTHbMESTOR CEORCTEA

char number; /) xoauwsesTBO SHaueHME, KOTOpOe AGREHO OHTH CUMTAHO

char atart; ff craproBailt MHEIEKC
switch (decode pdu(t sdu))
case Read Proparty Value Req:

chject id=decode object id(t_sdu); // nexonmpoBaTE HOMEpR

/! oBeerTa

property id=decode property id{t_sdu); /{ mexommpoBaTs
£/ ceofcTBRO

number=decode number{t sdu); // mexomMpoBATE KOMMYECTBO

start=decode start(t_sdu); // mexonupoRaTE CTAPTOBHN HMHOSKC

A _Read Property Value.ind(source,destination, class,
object id, property id, number, start);

break;

[Mocine »TOro npuACHKEHHe AMIKHO CTEHEPHPOBATE OTRET, COAEpHAlHA HeobxoaHMERE
Aannnie. B ToM ciygae ecnin Henkis MPOHIBECTH JOCTYI K HYKHOMY CBOHCTBY (HanpHMep, HeT
npapa Ha AOCTYN), TO 3HAYEHHEe number, CONCIUKANICC KOMMYCCTBO OTCHUIASMBIX NaHHBIX,
BelcTaBAeTcd B ). OcHOoBHAA 3a7a4a YIATEHHOIO MPHKIANHOIO YPOBHA COCTOHT B CO3IaHHH
cooteetcTEyiomux PDU  (Read Property Value Res) ® nepemade HX TpaHCIOPTHOMY
ypoeHio. [Tepenada DaHHEIX OTOPABHTENID OCYIIECTRIRETCA C MOMOMILIO KOMMYHHKAaUHKY Bed
VCTAHOBAECHHA COSIHHEHHA.
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3 noaydeHHOTD OTBETA OTTPARMTCHL  HIBICKACT gHeoOxoauMyo  HHdopMalHiG, A
HONMBIORATEAE [OAYHAET NOATEEpKISAMC O OpHeMe HHMOPMALHIL. CooTneTeTBYIONIME
cnymieBImie INCMEHTEL HMEIOT CRETYIOTIHE THI OADAMETPOR.

h_Rnnd_?rnpn:ty_yalua.rnu{dnﬂtinatinn, claas, object_id,
‘proparty id, number, start, data)

address destination; /! gmmmueckufi ampec
claas type claass; // npuopureT COObmMEeHMA
ungigned int object id; L ﬁFEHTH@HKaTGp cOBBKTa
unsigned int property id; /! wneHTHMiMKATOP CBOACTEA
char number; // KOMMYScTES CYMTAHHEK SHAYSHMNA
char atart; // crapToBmit MHIEKC
char datall: [/ cdwTAHHBIE OAHHEE

A Read Property Value.con(destination, class, cbject id,

proparty id, numbar, start. data)

address destination; /7 dmawueckwii anpec
class_type class; /{ npuopuTeT cocOmeHMA
unsigned int cbject id; !/ MpenruduraTop oOBERTA
unsigned int property id; /{ waeHTHPMEATOD CEOHCTRA
char number; /) EONMMYeCTEO CHMTAHHNX IHAYUSHHA
char start; // crapToBn@l WHASKC
char datal]: // cuMTaHHWE I&HHEE

Kak ynOMHHAI0CL BBIIE, B CIy4ac HeOOXOQHMOCTH CBOHCTBA MOMKHO 3JANWCLIBATE.
HeobXooRMLEe 4 9TOT0 KOMMYHMHKALUHOHHBE TPONECCE APOTERAIOT MPHMEpHO Tak e,
ToNBKO B JAHHOM  CHOYY9ae  WCRONBIVIOTCA — MOAYNH  fatHelX  MpOTOKOAA
Write_Property_Value_Req-PDU 1 Write_Property_Value_Res-PDLUL

C nomousto cayvkon A Read Property Description Mommo CUMTBIBATE ONHCAHNA CBOHCTB
neaHgoM. g 3Tore oTOpasHTeno HenOXOIHMO YRaJaTe HOMED oOBEKTA H HAJEK: cBolcTRa,
Dra cnymba Tamke MomeT paGOTATE MOCPEACTAOM KOMMYHHEAUME C ¥CTAHOBICHHEM CBASH H
Ges ee yCTanoBACHHA,

Ha puc. 3.39 cue pa: npexcrasncubl Boe caymOw, pabotatonme co cBOHCTBAMH, H HX
BIAHMOICHCTEHE HA OCHOBE KOMMYHEKAITHH ¢ YCTAHORMSHHEM CBA3M i 0e3 ee YCTAHORICHHA,
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A_Read Property Description).req A_Read_Property{ Description).ind
A_Read_Propertyi Descripiion).can A_Read Property Deacription).res
A Write_Property.redq A_Writa_Property.ind
A Wirite Praperty. con & Wirile Properly.res
APDU
NokansHLIE MPHENAGHER YRoBEHb s, L i - YiAneHHLIR NPWKNATHNE VIOESHE
: |
T_i:!a:aUn&-:t.lnd ,E.- TI_DataUnact.cnn
T_Datelinack con T_DCalalinack.reg
T_Detalinack req T Datalinack.ind

Pae, 3.39. Capxcliel 098 docmpna & osouCmas

3.6.6. belonacHocTh

BelonacHOCThE SRMASTCH OfHHM M3 Kioueeslx Bonopocoe mid cHetem fieldbus. Tlostomy
HeoGXoIHMO, YTOOR NPHEFAIHOH ypoBeHs xoTa Obl MEHHMATEHO obecnedHean De30MacHOCTR
coaonx crnyx0. B cucreme EIR OciomacHOCTE 3aTPOHVTA MHINE YACTHUNO, NPHUCM YIAPCHHE
HMEHMO M CIIORE HYaCTHHSTION, nPH!lLIIH,.lI.HUE YPOECHE TNPETOCTARTACT BOIMOMKHOCTL
VCTAHOBHTE KK Ha DOCTYT K yerpoiicray EIB (Tounce rosopst K o NaMATH HITH CBOHCTBAM)
M Ka#sil  pas OpoBROAHTE  WICHTHOHEALAIO, OJHAKO TAKHE KHOYH  NCPCIalTes H
HEIAKOIHPOBAHHOM BHIe, OYERHIHO, YTO TCACIPAMMEl ¢ NOAOOHBIMH COODIIEHHAMH JETKD
MEPEXBATHTE W NONYUKTE JOCTYI K JAHHEIM, KOTOPBIE KAk pai H J0KHE ORITh SRIHIEHE.
Yrobel OpenoTBPATHIL NONODHEIE §BITOMER, HYHKHO YCTAHOBHTE ANTOPHTMBL KOJAHPOBAHHA
TaHHEIX Ha MPHIGKEHHH, HAXOIAMIEMCH Hal MPHEASIHEM YPOBHEM.

Hanee peus nofiger of y&ke WMEIOMMXCA TPHETATARK cay®Gax wacnTuMEaliy, 8 HMEHHO O
A SetKey w A_Authorize. O6e caywbur paforarrr B pekiiMe KOMMYAWEAUHH el
YCTANOBICHHA coennnenng. Kammoe w3 verpoficre EIB mosker umeTs flo 255 pazimvHex
KOJIOR, COMOCTARAEHHEIX ¢ 255 painuuneivu yposuamu aocryna (upsopureramn), Kamarii
koa coctomt nr 4 oxreroe. Kom u  ypomew: jocTyna  aonmeHe OeTE 3apanec
3ANPOrpaMMHPOBAHE! B COOTRETCTEVIOMIEM YCTPOHCTRE,

C momomeio - cayskOer A SetKey moskionatens MoMeT TORTOPHO BHOPATL YPOBCHL NOCTYIA,
NpHYEM HOBEIH YPOBCHB AOCTYNA MOMYYAeT nMpHopHrer He OGonbime, wem Onm panee. Ha
CTOPOHC  OTAPABMTCAA  TIPHEAAANOH YPOBCHL YHAKOBBIBACT 3danpoc A _Setheyreq B
Set_Key_Reqg-PDU # mocne yeraHoBIEHNA CBAIH MEPEIALT €10 NMOTYHATENH),

Ha cropode monyuarens NPHENMAAHOH YpOBEHE TEHEPHPYET HIBEHIEHHE [OOIBI0BATENID
A SetKey.ind. [Tocae 31oro onpegeniercs, ABIACTCA TH KOJ BePHBIM H MOMHO I YCTAHOBHTE
HOBBIH YpoBeHBb AocTyma. B cayydae yonenwHOH NPOREpKH KOAd, NPH NOIYYCHHH OTBETH
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A SetKey.res, npuenagsol yposens ornpasnger Set_Key Res-PDU, woropuil comepmut
HOBBIH YPOBEN: A0CTYIA.

Ha ¢Topone noayuatets Noab30RaTent oy aetr HHQOpManHio ¢ NOMONILI NOATECPAIEHNA
A SectKey.con. Ecam me nony4aTefs He BRICTABMN HOBONO YPOBHA AOCTYIA, TO MapaMcip

1 svel mprobperaeT anavenne FFh.

A SatKey.req(destination, class, leval, key)

address destination; // appec nonydaTens
clazs type class; // npuopurer coobmeHus
char level; !/ HeoSxomumel VpOBEHE NOCTYIE
char[4] key; [ mop gotTVYOA

A BetKaey.ind{class, leval, kay)

class_type class; /i npuopHTeT CoCOmeHKHs
char level; // reolxoOMMEEA YpPOBEHE LOCTYOA
char [4] key; fF§ won mocTyna

A SetKey.res(class, level, key)

clasa type class; // npuopuTer cooflleHHA
char level; // farTHdeckMi YPOBEHR IocTyna
char (4] keyv: // ‘woa mocTyna

A SetKey.conl(class, level, kay)

class type class; /i npuopuTer cocOWEHMA
char level; f/ nperocTABNeHHRH YPOBEHL ULOCTYIA
char (4] key; [ rom nocomyna

Fead HeoOXOIHMO BRIACHHTE ¥ YAANEHHOM Yina KOMMYHHKADRH, SRIAETCH JH KOO BEPHEIM H
KAKOH HMMEMNNO YPOBEHL AOCTYNA oH oecnewmBaer, TO Hcmoaksyerca cmymba A_Authorize,
KOTOpAS TAKKE COCTOHT M3 janpoca A Authorizereq, wipemenna A_Authorize.ind, orpeTa
A Authorizercs v nogrscpacaenst A Authorize.con. Texymiee yaaneHHOE NMPHIOKCING MOKET
VETAHOBHTS NpaBa I7A OTOPABHTENA Ha YTCHHC HALIH 3aNHCE JAHHEX B namsts. Ha ocHOBE 2TOTO
MOGKHO PETHI0RATE APYIHE CiyxOEL, NPEICTARIAIONINE HITTCPEC A4 CCTEBONO METC/IRMCHTA,

B npoucece KOMMYHHKADME CcTykeSmnie omementsl nenonbdyior PDU,  HaskiBaeMbie
coorBercTeentio  Authorize Req (Halipapieie OT OTOPABMTENA K TIONYYaTenn) H
Authotize Res (Aanmpasnesse OT monyvaTens K OTNPABHTENN). Ecnwm koi nomyHaTemo ne
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HIBECTEH, TO B CBOEM orsere on oDolHATaeT YPOBEHE AOCTYHA FFh, oGnagarowui caMem
HIIKHM TTPHOPHTETOM,

A Authorize.reg(destination, class, key)

address destination; // amppec nonmy4aTanA
clasa type classe; /! npuopurer cocbmiedna
char[4] key; !/ ¥onm mocTryna

A Authorize.ind{class, key)

clags type clags; !/ npuopkwTeT cooBleHWA

char [4] key: f/ ¥om mocTyna

A Authorize.rea(class, key)
class_type clags; [/ npuopHTeT COODWEHMA
char[4] key; i /J/ won mocTyna
A Authorize.con(class, level)
clags type class; /{ npwopuTer coolm@uuA

char level; f/ npemocTaBneuHEi YPOoREHE JAOCTYOA

3.6.7. Hpyrue cayaxdni

HeoBxoAHMO KOPOTKO NPCACTABHTL OCTABIIHECH CAYADH NpPHKIAIHOTO YPOBHA. K num
OTHOCHTCA chymDa ANA CYHTHBAHHA BEPCHH Y314 KOMMYHHKAIHH (A_Read Mask_Version),
Jpyras cayxGa nosBoNgeT YCTANOBUTE KONTPOMICD) KOMMYHHKAIHH B HCXOAHOE MOTOKENHE
(Restart). Ofe cmywbun paboTaioT ¢ YCTAHOBACHHEM COSTHNCHHA. B mnepeom ciaydae
npowcxogaT obmen Read Mask Req-PDU u Read Mask Res-PDU, so BrOpOM cayuae

ncnonesyerca Restart Reg-PDUL

Kpome Toro, CYIECTRYIOT NOTB3OBATCHBCKHE cayaObl, TOIRONAIOUIHE OCYUICCTBIRTE
oTIEpalMK N0 JANbRefimcMy MEeHEIKMOHTY YCTPOHCTS. Tak, wMmcA JOCTYN K TCRYIIEMY
MIPHACKERII0, MOWKITO CYHTEIBATE M JANHCHBATE YIANEHHYIO BHCUIHIOK MaMATE.

H waxowen CHSOYET YOOMAHYTE © TeX COymDax, KOTOpWE CO3LAIOT YCROBUAL JUTA
NPOTPAMMHPOBAHEA COSMHEMTCABHEIX 3NCMEHTOB 1R IHEHA # marncTpansd. K HHM
orHocATe (kpome npovero) crywbel A1A CHUHTLIBAHHA (A Read Routing Table) n sanucu
(A_Write_Routing Table) Tafnun MapupyTaaaisy. Ouu TAEOKS HMEIOT cobereerinie PDU o
pabOTAIOT B PEKAME KOMMYHHERIHY 083 YCTAHOBICHHA CBAIH.
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3.6.8. Moayae AaHHBIX NpoToKoIa npuackeans (APDU)

Ha 3ToM MBI 3aKOHTHM ONHCAHHE Haubonee BamHLIN coymd npHknagnoro ypoess. boasmoe
BIHMAIHE B XO4g NOBECTBOBAIMA OBLIO YACACHO TOMY, WTOOB MOAPOOHOD OCBETHTE
BIAHMONEHCTBHE CAYKEOHBIX ISMEHTOR H BOIMOKIIOCTEH HCNONBIYCMOH KOMMYHHEALHH
{Multicast, Broadcast u Unicast). Ocranocsk paccMoTpeTh MOIVIE MaAHHEIX NPOTOKONA
MPHETAAHONO YPOBHA, KOTOPLIM NPHKIAZHOH ypoBeHb 0DMEHHBAETCA C COOTRETCTEYIMIIHMH
coybamu (APDU, Application Laver Protocol Data Unit).

Kamasiii MOOy/Ie DAHHEIX NPOTOKONA COCTOMT H3 YNpapnAlomiel ARGopMaunu NpHKIaqHoro
vposua (APCI), xotopas woaupyercs 8 AONONHCHHE YOPABNAROOISH HHpOpMaIHH
TPAHCMOPTHONO YPOBHA M HEIABHCHMO OT KOJMHYECTBA Janibix COcTaBnger oT 4—10 Burom,
Hanee caegyoT JaHALIE NpHETATEOTD YpoeHd (ASDU, Application Layer Service Data Unit).

Ha puc, 3.40 npegcrasness  pasnpunsie $opmars PDU # eme pas nokazano
BIAHMOOEHCTBHE PAINHYHRIX BHIOE KOMMYHHKAUHH C COOTBETCTBYIOINMMM ChHykOaMu.
Coxpamente B obo3nauwaer 8 ganaoM cnyuae Broadeast, M — rpynnoeyto agpecanmio, CO -
KOMMYHHEALMIO ¢ MCOAR3ORanHenm coegmnenss W makonen CL — xommysukauso Oe3
HCIIO/IB30BAHHA COSIMHEHHA.
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Ko TaneHoe Mp&clﬂﬁwm Anpac HazHasexus  [Mane MO Javurie . i
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0[1 0|0 0|0 0|0 00 Read PhysAddr Req B
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111 101 8|1 1|1 0|0 Resd PhysAddr Sertr Req B
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