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SYMMETRICAL TOKEN RING LAN WITH MESSAGES OF DIFFERENT TYPES

AND GATED SERVICE
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Annoranus. Vcciemyercs TOKaJIbHasi CETh ¢ CHMMETPUYHOI KOJIBLEBO TOIOJIOTHEl ¢ MAapKEPHBIM IIPOTOKOJIOM IOCTYIIa, C
KOHEYHBIM YHCJIOM N CTaHIMH, KaXkias U3 KOTOPHIX UMeeT 1 0y(hepoB eMKOCTBIO | I KaXKIOTO THIIA BXOSIIUX COOOIEHHIA.
IMocse npuObITH MapKkepa Ha JI00YI0 CTaHLHUIO Bee coOOIIeH s B Oydepax 0OCIy)KHBAIOTCS B COOTBETCTBHHU C JTUCLMILIMHOM
o0CITyKMBaHUS BEHTHIGHOH. BXomsmue cooOmeHns n THIOB SBISIOTCS HPOCTEHIIMMHE, HE3aBUCHMBIMHU 110 HHTEHCHBHOCTH

A;,1<i<n, NOTOKaMM Julsl NPOU3BOJBLHOM cTaniuu. IIpecTapiaena cucteMa BEKTOPHO-MaTPHUHBIX YPABHEHMH, T03BOJIAIOIIAS

paccuruTaTh BEPOATHOCTU CTAITHOHAPHBIX COCTOﬂHHﬁ, a TaK)X€ OCHOBHBIE XapaKTEPUCTUKHU HCCJ’[CI[yeMOﬁ KOHLHCBOﬁ CETH.

KaioueBble ClI0Ba: Mapkep, NOKANbHASL CeNb, CMAHYUSL, COOOUEeHUsL N MUN08, OOUHOUHBIU OYhep, 6eHMUIbHASL OUCYUNIUHA,
8EPOSIMHOCMU COCMOAHULL.
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Abstract. We study a symmetrical ring topology local network with a token access protocol with number N of stations, each of
them has n buffers of capacity 1 for each type of incoming messages. After the token arrives at any station, all the messages in
the buffers are serviced in accordance with the gated service discipline. Incoming messages of n types are Poisson, independent

intensity flows A,,1<i<n, for an arbitrary station. A system of vector-matrix equations is presented, which makes it possible

to calculate the probabilities of stationary states, as well as the main characteristics of the studied ring network.
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Brenenne

[MpoektupoBanre u pazpaboOTKa KOMIBIOTEP-
HBbIX CUCTEM U ceTeﬁ, B TOM YHMCJIC ITPOMBINUICHHBIX,
WH)XCHEPHBIX, a3POKOCMHUYCCKUX M TEXHOJIOTHYC-
CKHX, a TAK)KE UCIOJIB30BaHUE TIPOTOKOJIOB JIOCTYTIA
K cpeje MepeAadd IpenroiaraloT MocTpoeHHe Ma-
TEMaTHYECKNX MOJEJICH, ONMHCHIBAIOIINX CPEICTBA
nepenadu u oopaboTKu AaHHBIX. JIOKaIbHBIE CETH C
kounbiesoi Tomnonorueii (KJIBC) B HacTosee Bpe-
M$ HCTIONIB3YIOTCS OY€Hb IIMPOKO, TaK KaK SBIIOT-
CSl JICIIEBBIM, HECJIOKHBIM M CTaOMJIBHBIM CPEJICT-
BOM IIepeaadyl JaHHbIX.

Bce KJIBC mo cBoeil TEXHUYECKOUW CTPYKTYpe
MOryT 6I)ITI) NpeACTaBJICHBI B BUAE KOHECYHOI'O YHC-
Ja MHPOPMAIMOHHBIX PECYpCOB — abOHEHTCKUX
crannuii (AC), CBS3aHHBIX TEpPEHAIONINM KaHAJIOM
WIK MOHOKaHAJOM. B ceTsix mepemadn mapkepa He-
Oousbioii ciyxeOHbI Kaap (token) mepenaercs B
3amagHoM mopsiake mexnay AC. Tlepemada TokeHa
© Bypakosckuii B.B., 2023
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MPEIOCTaBIAET AOCTYN K CTAaHIMAM B CETH. Bpuio
pa3paboTaHO MHOKECTBO MPOTOKOJIOB JUIsl 3TOM Iie-
penaun. B KJIBC «mapkepHoe kombuo» [1, c.123],
HCIIOJB3YeTCsl KOJIBIEBAasl TOMOJOTHS IEpexoa ¢
HCIIOJIH30BAHUEM TOKEHA (MapKepa).

CXeMbl TOKCHOB IIUPOKO WCIIONB3YIOTCS B
KOMMYHHUKAIISIX C MHOXECTBEHHBIM JIOCTYIIOM.
Kompo mapkeproe [2, c¢. 131] cmykuT mnmrocTpa-
OUeH MPaKTUIECKOTO MPUMEHEHHS TaKHX CXEM TaM,
T7ie €CTh KPUTUYHBIC TPUJIOKEHUS (HeobxommMma 3a-
mmTa HHGOPMALMK) PH BBICOKUX YPOBHSX Tpadu-
ka. [ToaTomMy crout 3aaua MOBBICUTH APHEKTHBHOCTD
3TOM TEXHOJIOTUH B MPaKTUICCKOM NPUMEHCHHH.

Cetb paboraeT mo craHmapTy «token ring» [3,
c. 32]. B MOMEHT mpHUOBITHS TOKEHA HA CTAHIIUIO
AKTUBUPYETCS JUCIUILTUHA 00cTy)uBaHus gated [4,
c. 12] crosmmx Tam cooOmeHud. MoaenaMu
«MapKEPHOTO KOJIbI[a» SBISIOTCS IHUKINISCKHAC CUC-
TEMBI OOCHyXHBaHHSA C odepemsmu [5, c. 63].



CuMMempulmaﬂ MAapKepHas Kolbyesds IOKAlbHAsl cemb ¢ paA3HOMUNHbIMU COD6M/{€IIM}LMM Uu 6eHMUIbHbIM 06c/’zyofcu6auue/w

MaremaTtiuueckue MOJEIH, ONKCHIBAIOIINE CETh
«MapKepHoe KoibLo» ¢ gated cepBHCOM, MOKa3aiu
CBOIO aJIeKBaTHOCTS [6, c. 22]. ba3oBele xapaxkrepu-
ctuku KJIBC 1 BeposATHOCTH COCTOSIHUI CETH Bax-
HBI JJIs1 ONTHMHU3AIUH e¢ paboTsl [7, ¢. 10].

1 MaremaTuyeckasi MoeJb CeTH

Uzygaetcs cummerpuunas KJIBC ¢ mapkep-
HeIM mpoTokoiioM mocrtyma (IEEE 802.5), cocros-
mast 3 N AC u kanana cBs3u. Kaxknas u3 Hux nme-
eT N OAMHOYHBIX OydepoB A mpuemMa IO OIHOU
3asiBKe Kaxzaoro tumna. AC mpoHyMepoBaHBI 110 Ha-
IMMpaBJICHUIO JABUKXCHUA TOKCHA IO CETH. TOKGH, 110-
crynatomuii B AC, HeMeIJIeHHO aKTUBU3UPYET BEH-
TWIbHYO (gated) mist cooOrienuit B Oydepax crau-
K aucuuiuimHy. OHa BKIrouaeT oOpaboTKy Bcex
HaxoJsImxcs B n Oydepax 3asiBOK Ha MOMEHT I10-
CTYIUICHUS TOKEHA.

CooOmieHnss BceX THIIOB, MOCTYMAIOIIAE Ha
mobyo AC, He3aBHCHMO OT €e HOMepa, COOTBETCT-
BCHHO (POPMHUPYIOT HHTEHCHBHOCTH A,,1<i<n,

npocredmue moTokd. Mel OymeM H3ydaTh Mpoliecc
nepenadn 3asBOK I mpou3BosbHOW AC, Tak Kak
CYIIECTBYeT CHMMETpPHS TaKHX IPOIECCOB BO BCEX
AC xonpua. HazoBem Oydep mist 3asBOK j -ro THma
CBOOOJTHBIM, €CJIH COOOIICHHH COOTBETCTBYIOIIETO
tuna Ha AC HeT, U 3aHITHIM B MPOTHBHOM CITyYae.
Koraa npuxoaut cBOOOIHBINA TOKEH, CTAHIIUAS MOXKET
HAXOAUThCH B H000M 13 2" cocrosamii. CocTosHUS
MMOMEYEHBI TaKUM 00pa3zom, uto 1 mimu 0 Ha k-M Mec-
Te 03Ha4aroT, uTo AC MMeeT WK He UMEeT cooOIe-
Hus k-ro tuna, 1<k < n. Tlocne mocTymieHus TOKe-
Ha Ha CTaHIMIO HICT OOCITYyXMBaHUE BCEX COOOIIe-
HUM, UMCIOIIUXCS B JaHHBIH MOMEHT B Oydepax.
[ocne nocrymnenust Tokena Oydepst AC Gnokupy-
FOTCSI ¥ HOBBIE 3asIBKU TEPSIFOTCS.

Bynem o0o03HauaTh O IUIUTENBHOCTH BPEMEH-
HOT'O MHTEpBaja Mepeavyn 3asiBKU WK TOKCHa MEX-
Iy COCCITHUMH CTaHIMSIMH. 3asBKH JIFOOOTO THUMA
MPUHUMAIOTCS B ajgpecaTe Ha Bpems a. J[nwHA Bpe-
MEHHOTO WHTEpBala OOCIy)XHBaHUS 3asBOK IUIS
NPOM3BOJILHOM cTaHIMK A = a + NJ.

PaccMOTpUM COCTOSIHHSI CETH B MOMEHTBI MPH-
obiTust TokeHa Ha AC. COCTOSSHUEM CTaHIUH SIBJIS-

ercs Bextop (B,,B,....B,), B, € {0,1}, i=1,n, rue B, —
KOJIMYECTBO 3asBOK i-T0 TUMa B Oydepe craHIH.
I[Iponymepyem  cocrossamss ~ AC  dgepes  J,
J€10,1,..,2" =1}, Ilycte T, — BEPOATHOCTH HAXO-
*kaenus: AC B COCTOSIHUH j, BEKTOP

=TT s T, )

IIpouecch nepenaqn 3asBok B KJIBC cummert-
PHYHBI, T0O3TOMY MOYHO HCIOJb30BaTh CIOCO0 Je-
KOMITO3MLIVH, TIPEJIoiaras, 4To HCCIIEyeTcsl OJHa
CTaHIUs KoJiblla. ECiiM aHaIM3MpOBaTh CETh B MO-
MEHTHI TIOJYYCHHUS TOKEHA, TOTJa IOBEACHUE CETU
MOJKHO OIKCaTh ¢ MOMOINBI0 e MapkoBa. Ona
HETMPUBOIUMA U HE NICPUOTUYHA.
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2 XapaKTepHCTHKH KOJILLEBOI ceTH

B crammonapaom pexume [8, c. 39] u [11,
c. 133] cocraBiiena cucrema ypaBHEHM, JJIsI BEPO-
SITHOCTEU COCTOSTHUM:

n=10,1E =1,

rae E — cronben u3 equuMl, ® — MaTpuIa, COCTaB-
JICHHAs! U3 TPAH3UTHBIX BEPOATHOCTEH, C AUCITUILIH-
Hoit gated, ® = {g;, 0<i,j<2"-1}, a1meMeHTHI

KOTOPOH MOTYT OBITh pPacCUnTaHbI 110 popMynam:
(N-Dn »n

q9;= Z H[nol(til)]jlo+nll(til)ljll]P{T=N6+mA}a
k=0 =1

e w,(t)=e",m,(t) =1-1,(1), 1, — wHauKa-
TOp cOOBITHSL {B j-M COCTOSIHUM Ha /-M Mmecre k },
ke{0,1}; P{T=N5+mA} — BepOATHOCTb TOTO,
4TO MHTEPBAJ MEXJy MOMEHTAMH BBIXOJa TOKEHA C

paccMaTpuBaeMOi CTaHIIMU W TIPUOBITUS Ha 3Ty XKe
cTannuio paBeH NO+mA, rone 0<m<n(N-1),

t, ={Nd+mA, ecrm i=0,i=2"-1,1</<n, mubo
i#0,i#2" -1, B cocrosgHuu i Ha [-OM MecTe 1;

N+ (m+1)A, ecmu i #0,i #2" —1, B COCTOSHUH I

Ha [-om MecTe 0}.

KiroueBbIMEH XapakTepPUCTHKAMHU PabOThI CETH
[10, c. 83], ompenemsronmu ee 3()(HEKTUBHOCTS,
SIBIISTEOTCSL:

1. TToka3zarens MPOM3BOAUTEIBHOCTH IS 3asi-

BOK i -TO THITa 7S Tpon3BosbHOM AC
2" -1

KZ, =Y "mnd,,
k=1

rae 1<i<n, I, —uHaUKaTOp COOBITUA {HA i-M MeC-
Te B k-M COCTOSTHUHM CIMHUIIA}.
2. BeposITHOCTB TOT0, UTO COOOIIICHHI B CETH HET
_ N
P =mx,.
3. BeposSTHOCTB TOTO, YTO BCE CTAHIIAHN 3aHSTHI
N
PZ=(1-m,)".
4. BeposiTHOCTb TOr0, 4yTO Bce AC MOJHOCTBIO
3aIOJIHCHBI
PBZ =n"

21"
5. BepostHocTh mepenaun k cooOmeHHH 3a
LUKJ 0OpaIieHnst TOKeHa

|
g = RORILE,
ripl.r!
rae
2"-1
P=>mnl, , Y P=1, 0<k<nN,

m=0 {Zlmj,:[ i=0

j=1

B

1

i — WHIUKATOp TOTO, YTO B COCTOSIHUM /m j-H Oy-

¢ep 3aHsr.
6. MatemaTnueckoe OXHIaHME LUKIa o0Opa-
HICHUS TOKEHA MO KOJIBILY

45



B.B. Bypakosckuii

nN
ETC = N§+Ax ) kg,.

k=1
7. CpenHee KOJIMYECTBO COOOLICHWH MPOU3-
BoJibHOTO i-r0 THMa B KJIBC
MN,=NxKZ,.
8. MaTtemaTuueckoe OXKHIaHHE BpeMEHH Iepe-
naun coodenuit Ha AC

EST =AY iP.
i=1
9. IlpomyckHas CIOCOOHOCTh BCEH CETH

PRS=NY1,.
i=1
10. MaremMaTuueckoe OKHAAaHHE KOJINYECTBA
3asBOK B Oydepax AC

2"-1 n
LL=)m > 1, |
k=1 j=l

11. MaremaTtuueckoe OXKHOAHHE KOINUECTBA
3a51BOK, MEepEJaHHbIX 32 UK

nN
EMC =Yg,k
k=0
12. CpenHee 4ucio 3asBOK, OJYYEHHBIX B Te-
YeHHE UK
EMA = LA-ETC.

3akiloueHue

B crarbe omucana Mozenb ceTH KOJIBIIEBOH TO-
MOJIOTUH, Ha KaXXIOW W3 CTaHIMH €cTh HECKOJBbKO
OyhepoB eMKOCTBIO OIMH. Bxomsmue coobmenns n
Pa3NUYHBIX THIIOB MOTYT OBITH 3arpykeHbl B Oy-
(hepsl cooTBeTCTBYIONMX KiaccoB. Coobmienus 06-
CIy’)KMBAlOTCSI B COOTBETCTBHM C JUCLUIIMHON
gated Ha KaxJaOM craHuMH. MaTeMaTHdeckas Mo-
JeNb TPEIoaracT, 4ro MpOLECcChl Nepeaadyn 3as-
BOK Ha CTaHIMSIX HE3aBUCHUMBI JpYyr oT apyra [9,
c. 110]. Pacuer kiIroueBBIX XapaKTEepHCTHK pabOThI
CeTH MOXKHO OCYIIECTBUTH C IIOMOIIBIO KOMITBIO-
TEpHBIX MpPOrpamMM. AKTyaJbHBI 337a4d ONTHMH3a-
MM HUCTIONB3yeMbIX UM paspabarpiBaembix KJIBC.
Pa3paboTansl MaTeMaTHYECKHE MPOLEAYPHI, MTO3BO-
JSFOIIIE PAcCUNTAaTh XapaKTEPUCTHKH pabOTHI HC-
CJIETyeMOM CEeTH, MOCTPOUTH TPAPUKH HX 3aBHCHMO-
CTH OT TexHHuUeckux napameTrpoB mis KJIBC c omn-
pElEeNeHHBIM IPOTOKOJIOM JocTyma. [IpuBeneHHbIE
(hopMyJIBI TIO3BOJISIIOT aHATU3UPOBATH KOPPEISLHIO
BCEX CBOWCTB CETH M €€ Harpy3KH, a TaKKe CBOMCTB
nepeaaroneii cpesl.
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