1. Vyvo] smerujek IBCN

1.1 Uvod

9 EYRWAPDVERK NRP XQNCPQERK MHAAP HXWIN,, QM DM Y4 RDEEDG& RP P XQFDNRQ 1 HEZ RIN
J9%&1  7IHR\DPDIRG YOM CGR V=YD YIRS, QMUDMG6HYFHY LJMEDL HEZ RIN
%6' 1 SUHREHNMR SRYDARYDD | Dlogickd nadstavbu ISDN , teda digitélnej siete sin-

WIURYDQEP LNOAELPL ' { YRERP SUPR\DYEYRVKEHT \&P \R\P HIRP  MISRGSRIDP RAVYD

\MBINRP XQINTpQ@ERK VOALHE VY ] Q P LSRALDEDYNTP L EDGR\RGFD DVBRGERID\OALHE EXG-FQRWY

NALEFK SRV SRAIDADYN. WL DQ.Q-BR QPH 0 RRQ\VOEE N BEXG- Y EXG-FRRWYHP L

rozSirené, st napriklad HDTV (High Definition TV), video konferencie, rychly datovy prenos,

VIG-RMMYyQ YIG-RNQAQPHDW

K rychlejSiemu vyvoju v oblasti BISDN prispeli najméa dva parametUH YH'Ne SRNIRNY

SRRYRAPRYHVD Y ROWANHMNFKQNH 9 dENDWRP XWR SRNUIR\X MIP RAQp [\ (DMERP plSHERD

SREERRYDp IDAHp IXNAHDNRGRMI DYIOF VRYH'DYA 8RX BRKRLRX

Toto vSetko viedlo k vytvoreniu nového principu prenosu dét: Asynchronous Transfer Mode

(ATM ), ktory je organizaciou CCITT (International Consultative Committee for Telecommu-

nications and Telegraphy) akceptovany ako fina ne rieSenie prenosu dat pomocou IBCN .

6~pDVQ VWi FLD YR VYHW WBNRP XQIN Flt

Dnené tel ekomXQNTpQp VIHM\V~ FKOLINMIMMAND 5SHADD i ARX 7R] @PHY 8HSHNBG-
\MBNRP XQNDPQ- \OEEX H LMV DSRi - MBDMH' ] CEH SHIXMFDWR\OGEEX 1 DSUNDG

telex network - SUHY 8] @ANRYP VAN YH'P LP DBX BFKARERX (R BW =@N W
kédované 5-bitovym kédom (Baudot code).

POTS (Plain Old Telephone Service) - podporuje klasickd dvojsmernd hlasovd komuniké
AX 7i VR\VOGEDMISUH) 300 SIRMHEQRMRP MHM3671 3XEIF 6Z WKHG7 HPBKRH
Network).

SIHRVSRt\BpRYEFK G WHIUHDT RYD(E cez dva druhy sieti:
PSDN (Packet Switched Data Network) ] DBEH) QDSURRNRBI;

CSDN (Circuit Switched Data Network) ] DBAHY QDSURRN\RDY;

televizny signdl jepren an

UQARYEP LYQIP LVY\ XAWP \WDBM] Q FK DRHQ WLHXME @H VHDQH
SetRXNRO L @ KN ERY &$79 &RP P XQW$ QMID79

\DMDN LSRAMP ' %6 ' LUHFVARDGDNG\ WP

Y V-NIRP GRP VHNWRUH M QD SUHRV SRObRYERK G WBRGEYDQY MH' / $1 / RFDOS WD
Network)

. B33 | WK VHAVERDESHAL QH@OYWKRYDY SIHAR- VOAEX DA YH'P LSUREDP DIFN\D
DBER QP RAQp SHYi G NRYD DQMQ- \OGEX 1 CBUNDGMH &$ 79 Q-BREERXW3276 MH
3671 QGBRCERXMISHRV79 VJIQ X SHRVKDX R MH ; M] G YRX Y] QNIMARK
GBERK RHNRIHY YH' P LSUREGP DIFN\E

V peci Inych SUSDERK\DG S G NRYD VOBED (DMHMDYUKRYDHVEUHLO- VOGEX
SUNDGP P{aHE t SIHRVSRO\IbRYEFK G WIH'RX 3671 SRP RARX P RGHP X DBIREP HY HRX
BRKRLRX

3WEP Y\ YUKRDBIP ~MIDR Y\ WRUHQHVHM SRGERXMAHMQAM U AX VO@LHE ERD1 ,6DN
1007 ,6' 1 NRU LQMUMSIHRVKOUX DA W3UHRV79 MJQ XQHMIP RAGE N @
REP Hg HHVEUHS WP D SHR MIQQPDOMERIHEQ (H i YD MH SIH79  3UWLSRXEYDQ KDWRYPKR
g d tov ho prenosu saNISDN jav rovnako, vo vn tri jetov ak nad’ DBMIHHD SREIMP GRK
WHKQRYJILE SCANAWZ LWWKHG (HE RIND AUPXWZ MRKHS CHEZ RN SUDRP MEDMIAP HY RYDQ
naprenosd t protokolom X: 25 adruh naprenos hlasu.

DOEP G GANSP DSNRP 3S-ADT | AHVHMDMER@YD VOEE MQAAKRSQRYE Y\ Xét-

YO SRNRNY NV QRYCRFKWHKCRYJL K 1 DBUNDG1,6' 1 MIQDYKRYDQ SIHK@WRYE NOQ O
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VIHRRYRX BFKBRCRX  NEW $ YAIN Y& DNDV-pDVHVNRP SURLKOWK Wit BFKRE  NEW/
GR\RFDY P ALP RA@HWHM\DSRXE YDNRP SUMD SIHNRU- Mt NBW 7H®D1,6' 1
GHERN 8HH HNIWGHYA Xl WRM & UNK S WP D

" RMI] \GRP H\WI DNW P { 8P H] KU+ GR DUBBXMIFLEK QHYEKRG V-pDVGBRK MHAV

Service Dependence - . [BG MH MIQOYUKRYDQ DWKRSQ SUH) 807 GRAESHALLN \O&R
V m lo pr padocK \DA@M SRl DMDL VOAE DBIGR] DSRP RALSUAY@ERK ] DUDA
(modem) anie je to efekt vne.

Inflexibility - 8SHADD RYDQp MHMQHV- VKRS p DABWYD \D@] P HH D SIHRWRYp
r chlosti, ktor saobjavuj v z vidosti napokroku v kompresii hlasu, audio, video ... ,
akogj nav voji VLSI (Very Large Systems Integration).

Ineficiency - 9 G-VRQ SURKUHEN, MHMV~ Y\ X& YD QHH HNAWGH 3URKMEEN. N\~

Y\ X8t YO MBCRX VOGERX QH V- GRWHS( SIHGXK- VOGEX Y U P ALMGBIHWIHM

V etky WAR QHEKRA YHG- NP\ A0HNHY WRUE MBX XQYH)i @XMH 94RDGEDQG, 6' 1
Hi VO DVOEE A< N SRESRXW 2 GWWR VHMEXG-P HSRADERYD RO QHIH YAHMEFK
GHYBKRG NARLD \P H\SRP HX@ Y\ 38H WEDEXGHSRQ-NIY (DVBERYQD YBKRG

Flexible - VAKRSQRY Y\ XatYDY QRYp NRP SUMVQ \WHKCRYJLIHDY / 6,

Eficient - ROWP i @HY\ X3t YOQH YAHMNEFK | GHDERK SIRMEHANRY P H3 L\VOGHEP L
LessExpensive - Q NDG DQ YK YBUREXDSRGBRX%6' 1 EXG- PHAH NHaH@D
P LHWR YH' DMHMDEXGP H] CREHI GRMERX

1.3 Technologicky pokrok

5R YRWHMQH i YIWMBMD SRESRIRYDERK \VOGE FK BROXP RAQHE YATND SRAURNX Y \WBNRP X-
QNPGERK WHKQRYJL A SRIRYRAPHDRSWAD DQRYHV WP RYHVNRGAHSALL 7 IHR QRYp bl

XP R&iRYDDY\ YEND' MH RYp NRP SRHQWV H HNAQHAH ptP \D] QAIMIFK FHY DWED\D CRWMSH
NP L 7éP \DRMRUIMFHWBEXGRYDQX W WP RY NRUD B\ Y P LOGMVGHERD Y] BHF UHDT) RYDM Qo
alebo by boli prli drah .

3R®YRGPH

9 RABERK URNRK WP H] O TP HDD YH'Ne UR YRVY HENWARQNH pR el GHSRP RKR YEYRX
YH P LIERKOFK \MBNRP XQNCh@ERK MHY AURNRS \P RYp NRP XQNpQ M MBP\ V=W YENIp D
b zerbéznych technol gi :

CMOS (Complementary Metal Oxid Semiconductor)

- H\R I8RXEt YOHA DWRKQRY JLD XP Rari XV YH'N- ] GALMRAYE REYRGRY UR XP GH VRV
BRKRL -300Mbit/s), mal spotebu energie. To v etko vedie kr chlym syst mom
DP DBFK PLSRK 1 DALF Yd"IND YH NAMKOMRAM GRCKRYDQHMD PLSRK | GAMRSE pLSRY
HRP HWDXMH pR SUQ SDIEFKGMHD QFHAHM Wiy .

ECL (Emitter Coupled Logic)

-H] DBEH) DMIFRQESRDUWKRRI\ DSRXE YD\D YR Y\ VR\RIEFKBRWEERK DDY JRYEFK
CMAJ @ AKMHTRK VP DBRX ] GAMRACRX ' RKRYDD ERKERMADSR BEXv Y IR PH t
5 *+] pRMIYHPLHHNMWHSHERKBGISHDsov syst my.

Kombin ciou CMOS aECL jetechnol giaBICMOS (Bipolar CMOS) NR Y\ XatYD
YH'N- BFKRf ( &/ DP DB \VGRWEXDYH'N- ] GRS &0 2 6

GaAs (Gallium Arsenide)

( AMVR QHMIN \SHD WHKQRYJIDRSUIRMIMKQRYJLL P | DBBHEP (DMAINYQRYHMVE zeaje
]DNY YHPLGIK 0 i YaONCP BEHHARIKRYD' Y\ SAHIERKGWINRD GRIKXM Y ( &/

1.3.2 Optika

2 SN \WRKCRYJIDMINWR] O P H) YDYH'Ne SRNIRN 9 946" 1 \DSRXat YO MERIARYp
YOND P RIFP REHIIEH) SIHREHLFK SRMHI OY AUR\RS WP ov ch prenosoch je takmer neob-
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medzen .

1 OVH GALNMEP LIDNRUP LSLRWANRP SIHRHWV- SIHRRYI BRKRE QRICKQWMWQ Y| GD
ORC NYDDW 9 3HM WARIINRLY \DQHKVIMDI] GEXM 7RQ P XP RanXMIEXARYDY ROIFND
MWMHP\ VAKRSQD SIHRK YH NoKR P GRAMWYD G WY NUWRP pDH@D GBp Y] QDRI P D8P
SRHWP YEWN W RKEE 7 LHR\W WP\ YADN VMBI SRUHEXW GRY GUIKp WP LQ) @QH] DUDGAD
OHY RSWANY DHBNMH\D SUNP CpH 1 CEUHENWRP X Y] K'DGRP (D OUIP HH SR-NOv
lep iu cenu prenosu oproti klasick m syst mom.

3RIDWKRY DNHMREDAY GRP i FQRIY SREANL V- RSN M WP \ DD RYDQ VD SRXEL YO
Y]HGXK ]GRRYWH® 0 {aXWRBE /(' /LKW PWQ ' IRG P OHY SREtYDp
Y& SUWKUYDpRK DBER P OHY 834 U SRAEAMINDFHIHVIM DN / (1 MIP RRQ
QRORD BKRMUARR 0 EV

1.3.3 Novéa systémova koncepcia

$NRWP HXA VSRP t@DD MH EXG-FQRWYP XMt B\t 1G] LB@ = GHEQPKRSRKDEX\D] G &H
@@EEP NDQAG \WP MM ] DBAHY QDSOANHAvitching. Av ak protokol X: 25 je z dévodu
CHRIBFHQHWINYDDW SIHRRYEFK CQHN QR ] GALW = \RKR SO Q- DMYH'No pDVRYp RHNRIHQAD
DWDHARSR SRERRYD VOGE AV@p PDRYP RAR N 3UHRMIN YENIE VBN D] P HX
v packet-oriented networks, z dévodu podpory & in ch akolend tov ch prenosov, peci Ine
SIHRRY YH'NoKR REMP X G W NJWRP pDH

=i NDEQ P\ EIHND QRYHVNRA-SAHNAI DNAVBH I XQNAH N YA BDGAMIGHEN VOAED QHEXG-

v Sieti podporovan opakovane naviacer ch miestaPK DBIWHED] CEH SHlt [E\ \OGED JDIDQR
YODSRESRX\EFKWRIXQ\RE EMHP EXG- LP SBP HQRYD) (DKUDQHA MHM NRFRYERK BRGRK
SHRK 7RRP {aP HSWHBYE GRSRERY GrRK] i NDEERKIXQ\AL HP QI WIQWDHRA D

time transparency.

1. Semantic transparency

-HIXQ\HD] [ SHXMADVAI YH@ARXpHIHG WRG] GRDNAHX 60P R UHR HMUH QHMI
LGH @DDSULSHRHDY W W A B VQHENRX PDBRX SIDYG-BRRERERX

SUWS YRAFRP Q YWKX SOANHNZ DWRKHG QHA RINVAD SRt VIR VP DBRX NYDIWRU prenosov ch
QN SHRERDY Q YUKX] DKLV S@ NRIHNADRKEE ) X@( WRUE RQARD P H3 LNCAGEP L
dvomasusedn mi uzlami siete (obr.1.1a). Realizovan to bolona rovni HDLC (High-
Level Data Link Control) protokolu, ktor poskytoval funkcie ako: frame delimiting, bit
transparency, error checking ( CRC Cyclic Redundancy Check), error recovery (retransmis-
sion).

Srozvojom ISDN salinky skvalitnili, preto bol protokol X: 25 upraven naframe relaying,
v ktorom medzi susedn mi uzlami siete boli podporovan len niektor funkciez HDLC
protokolu ako frame delimiting, bit transparency, error checking. Ostatn funkcie (error
recovery) boli podporovan aa (~RYQ.HXGto-end komunik cie.

3WH%6' 1 \DWRP\ EHNDJ'DBMR YIOXD® 1 DDBMDSRE YO SINHV W @ é-
van cells), aecel spr vach bjepresunut do end-to-end komunik cie, teda jednotliv

X O VHM \Z \MKLQ) QR3HV Xa ’DBMI-BRGoruj  kontroluch b. T to koncepcia

D] EYDS M HRPRV7WIDMHIO RH $70 . HIEHW HAHD \EU YX FKEE SIWXQXQ
do end-to-HIGNRP XQN AH \ENX] @ MHMP D P LQP | @X] GV DWDSHRVP {&H
Bt YHPLERKO 0 BW/

2. Time transparency

-HIXQ\AD] [EH SHHXWAD YpDWQp GRXPHIHG VBUINP DM RYL 1 IHNRLp VOBE\ SRADGAW
OB D&t SUGHWY URS INHWVSUAHONSUNP DMRYLSR YH'PL NJWRP pODNDQ SR
SHFIK G OIMFRP 7DNDWR\OGER. @ éYCP HUHDOWNP HQTEU YRFHDBER IG-R \M@phony.
SOANHNZ WWKLQ) DIUDP HUHD) LQI MMpP\ P DMSUREQP \ vV SRESRUIRX UHDOWP H\OGLHE
SUIHREHP D | GAIMYMHRYP X ©  CDNWEFK VDJHHXW UHDWYHGBp pCNDQD DSIHR
QP {&X IDDRRYD WP HIQSDHPRA

10RINS 70 SREYDPIQPi @H] GAWX © SIHRNMSUHRVYHP LERKO D$70 P{aH
JDBQRYD WP HRDQSDHRA  GERPDVRY VADW VD IHHXW B D NRGARK NRP XQNChQHVE
AR 7HD@$ 70 MHIRK P RAR SV G NRYD' WHDOWP HVOEE\
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6 XaE\ EXG-FQRW/
=i NJ QNRY \MBNRP XQNPQEFK \OBLHE EXG-FQRIVP { &P HUR GHIX' GR GYRK KDYGERK WWXSQ
GRPi FRAIVDSREAN 2 BHWNXEIQ RoDN YOM RG\GFKWR\OGLHE QHIRIQ ' RP i FGRXMD
] DXYP D W URVOEE\ ] CP HIDQ QD] i EDYX SR3QAN P DM i XWP R] YBaHIHSURGNANW
pr ce.

6 X&E\ SIHGRmM cnosti

' { GAMRX \VOGERX NRUMVBRESRDMIQH KQW@ QW1 SIHGERP i FQRWIY MISUHRVMDBIYt] QKR
VJQ X DWRYRYIDFHERK IRP | FKNYDDW 0 RAQRXYCARYDY R79 MJQ G1Y NYDDMSRIRYDMIH
\RVWPDUIRXMHRX &$ 79 DRPERRGAIMNQRP 79 \JQ GIY Ry'H'DYA &8HWYDDM 7 DNBVRMJIQ O
@ &YIPHE' 79 6\WBQELG' LIMVDY9  DMKRSRALDAN DSHRRY~ ERKERC \DSRK BEXM Y
WPHIt B 0 %W 9 EXG-FQRUWNARDN YOE FHAMNYDD@ IRPi W9 MJIQ X 7HIR
form tjezn my ako HDTV (High Defin0MRQ79 DMKR SRAIDEDYN. (DSHRWRY~ EFKER
QROKXM B 0 %WWY]i YWGRWRGNRP SUMHDSRIDERYDHWNYDDN ' { GANSP | DNRURP
tohto form tu je jeho kompatibilitas SDTV .

9 8HN \VSRP t(@DP VOBE\ SIHRX 79 MJQ XP{axXE\t SR WYDP YU znych m doch:

Najjednoduch pr stup vych dzaz koncepcie CATV , kde saneust levysielgj v etky
programy.

Rozumnej im modelom je switched access TV NHI MLX&t YDA @MY U] YRDSUIRIULP  NRLé
AFHVBERYD DWDSRMHMDSUHY BDRYHDP HEHP GRRWRG W

Zlep en m predch dzaj cej my lienky je video on demand 3RGEMP YIG-RNQAQF\LXat-
YOM Y\ BHIHYIG-RODBERSIRIUP NWé ARFHVBERYD?

DGERX ] DNVP DYRX \OGERX SIHGRP | FQRAMV YIG-R MBIy Q 3RDARYDD SIHRRYI BFK@R
jevtomto SUSDEHRG QR 0 %AW =DX@ B\ P RKQHM\OEE, IG-R\WKRSSQ) DKRP H
HoFDARD -H] NYQ 8HNHP EXGH%6' 1 GRP i FQRAP STHGRIXSQ RENMD\DP QRKp
¢DBH\OGE

6OEE\ SUH SRGQM

SRADAYN SREANRYHWPY D% 6" 1 V- Y] i VDGHREIEQP RGARP | FQRWY - HARX VSRBPQRX
SRALDEDYNRX MIYLG-R MBIy Q DBHY SREQNRK MIMMR\OGED R &UH) (DP R IGR\RQ
IHHAL VICFHEP L~pDX@NP L

9 SROQNRK\DYHP LGEHXIDWKERYIID/ $1  SHRMYHP LSIDYGBRFEQP 3HSRG
NN BEXG- RG%6' 1 RoIN YO Y\ VR\REFKBMWED G WRYp SIHRK 7 DNoWR SURKUHAH NP RAQp

Y\ Xat YDy CEUNDG Y GMMEXRYDERK ADBE | RYEFK M WP RAK SILAMEXRYDERK P XGP H3i O
nych koleniach akonferenci ch.

2. Prenosové mody

2.1. Uvod

V oblasti telekomunik ci sav bud cnosti r tasUR &UHIP V-pDERK\VOGLHE DNEP L\~ SIHIRVKIDWX
(POTYS), distrib cia TV sign luan zko-r chlostn d ta(low speed data) o QRYp VOGE\ INR YIG-RWMBI RCGRYDQH
YIG-RNQAQFH W\R\RT chlostn d taapod. Zavedenie NRYEFK WIBINRP XQINTp@ERK VOAIHE VR VHERX SUQ 8D
QRYp SRADEDYN. D\WBNRP XQNIpQo MHM 0 {8XE\ t SRIEQ QRYp \WBNRP XQNQ WHKQN @] YD
prenosov mi m dami) atieto P{aX SRQ-ND’ Y] QHYEKRA Y porovnan sexistuj cimi technikami. Nov
techniky Y] QNOM QD] i§ NDGHQHVIMBIVD] YA XA FK \WAKQRIRILENEFK P RARVY] KPDGRP (DK@

a] GRS 9\ BDp SHRRYpPyGQ \DP HQQQHNR'NRNI WY hist rii.
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9] K'DERP (DSRADEDYN. QRYEFK VOGLHE DGRIYSP WHKQRY JLHEROBUIHEXG-RQRE GH LCRYDE QRYé
tandard broadband ISDN. V WU NCBVRBIEXG- SRV YaHM SIHRWRYp PyG XYCARYDD SH%6' 1 \BRX
sichv hodami anev hodami. Speci Ine bude pop san technika ATM (Asynchronous Transfer Mode), ktor
v roku 1987 vybrala CCITT ako prenosov. m d pre BISDN. V UR\X &&,77 Y\ @DYé VVERURGERHDQ
5HRP P HIEDMRY  8SHU INKMALGABIO $70 SIHSRAWHY %6' 1 71HR RGSRHDQADERRGRSQHD
v rokoch 1991 a 1992.

2.2. Historia

7HL \DSR UHP HWRKX KMAUH@DJF YR SUPRERDQHNMD SIHRsov m dy v minulosti - spe n
a SHHR\DQHNRL Y{ BHF QG0

2.2.1. Telegrafia

Prv prenosov m d v WBNRP XQNDQRP SIHRHERODNEMLGXK SCAN\HASwitching-u. V telegrafii bol
“packet” (v tomto pr pade spr va) pren an z jednej relay stanice nadruh . Tento “packet” obsahoval adresu
RRMHDM DDSIMP FX DNROMREVCK\SUN 9 WM DWHKRY JLD\SRpt YDD Y V-ERIHYRAPRY DN'~pL (D
JHHRYDQHSXQRY 2 SHIVRUUDACBHR/NAGMAIN 60\ ERDNYGRYDD GHICARAJIMNOH SIHREAHERR
P RAQ SRAAI GRAVNIMHKRERY NJWHDdIh  pulzy).

2.2.2. Telefénia

1 DGGMALIHRWRYE PyG ] DYHEHE ONRFLP L@KRWRIRDID ERG AUPXWWZ WRKLQ)™ SRXEEYDE
v POTS. V WWR DBIN AL MIVSRWQHQYD D DRHD GaNX NRQYH) i AH 3RXE1MHWRKto prenosov ho m du
E?IR] CBUplCHP GYRP DSUCP\PLE YR L
SRGEIMAHUHD. WEQFHDNR X telegrafie (t.j. oper tor opakuje cel konverz ciu) je nepraktick nielen
z  YRX 3HMIP SUHXEHE SUDP\ NRQENAP H3 LSRXEYDM'P L DBIDVBH\WNIHAWGRHIQ RN i
SURK G DMARK GRAHD
( [ DAMIADWMB y QEHKR DB0U W Xa G\ SDERYDDAQIMTH NyQRYDQHWIQ X SIHRBHWLIQ CP RRCB\ ¢
SUCP ROPYJIRYR ) 80E -HAQRX SRAIDAYMNRX ERR [ ERDY MH] RSQWY\&@pH] 0EH SHpXvFH
end-to-end spojenie SIHHSHRVMJIQ XP HY LSRE YDMP L
3{ YRAHERR\S@QHREYRARY | OEH SHRYDP P DX QHRSHIVRIRP  3RY\ Q NIHY DARP DIANERK
\SQ@PRY ERRIFK RM WDQHDzatv ranieriaden mechanicky, nesk r elektromechanicky a nakoniec elektricky.
Ani tento enormn  technologick pokrok v ak nezmenil prenosov m d siete POTS, ktor je st le2circuit
switching®. Nebol a WMMBIQHMIF YRGP HJt SIHRRYE P yGMHM NRLI SUH) 3DGRKMRYE VJQ OSIHEH
MEQRX SRAIDADYNRX 32 76 MIDE\ ERR\SRWQIHQ@GVD D @DAHD GANXK NRQYH) i AH
SUHQHNARYD 55 LNy CBIN AH @CBUN\SRWID@DYH'N- Y] GDBIRE INRX\DMDRY P {3HE\t
AUPAWZ WKLQ) QHYEKREE 1 LHNWRU NRQYH) | AHREVDKMM A KD \WEDH HNWWMBP { 3HE\ ¢ ] Yéa
odstr nen mtich ch sekov kRQMHJi AH 7 [FKp ~VANL MEHWNRQYH]i AHP {3X B\ ¢ ] DB@HP DNWWQ P L-\VHNP L
ingj konverz cie. T totechnikasanaz vaTASI (Time Assignment by Speech Interpellation).

2.2.3. D tové prenosy

. R \DSRAIDEDYNDDVSRWQHSRp\MpRY Dtermin lov objavila ako DSIN ADSUH\WMBNRP XQNhQ
\HA \BN ERDS] YRAHSRE YDQ H LMMVFDFLURXAKZ. WRKHGWB y QDMH %RDSRHEQ P RGP\ Q@
NRQYH] X QIMWTHKR SRt \MBpRYPKRMIQ X DOID®JIRYE MJIQ OMBy@HWMHM $ MEH/YH'N pDt \SRWQ
SROtVIRY DterP LG GRY Y\ X&t YD\MB1y QX MH'

2 BLRANRX YEKRGRX \MB1 y QQHVMHM M MVBUMMSGRY \BNP HJQDINRP NRPYHNP LHWA ptP BRO
\S{ VREHE YH'NE ~\GHK MV XD SUHG WRYp CBIN AH &UPXWZ WKL) YAONXA QHMIIGH @ ] d vodu e te
Y pAHRP GRAVWD\I¢h ch  sekov ako u POTS (bursty charakter).

8a'Y & GAMDMK URNRAK\LI'XAD] DR XYHFRP RYDY aHH Lwdvi WHEHQD GEAH YA KRYXMPHSUH
BEXUV AKDIDNWMUG \RYERK DSIN At %RDXYDARYDD GYHWRKQN,  ALPXAWZ MKIQ) DSDANHAZ WKIQ) 7 IHR
rie eniaboli tandardizovan ako X.21a; %X AKOUINMUIG WRYPKR SUHRVX | CEH SHLO\SHK SCANHWY
switching-X =GIRWSIAMNHAZ WWKHGMHAMV~ Y\ X8t YD GRYWE  NHI' \DVNXRDCHSUHQ 80M G\ SRhDVEXUNY
u), naopak u circuit switched siete s  obsade(p SRDVFHPKR \WYDRDVSRWAD

2.3. 3RADGEDYN' QD YENRQ

V AURNRS WP RTHWMHMA SRHEQD SRINWRYD P QRRVOGLHE 7IHRVOEE. P{aXE\ £ Q] NRr chlostn ,
stredno-r chlostn avysoko-EFKEGWE SUHRRYE P yGENHWRMHMSUHR QHP { BHE\ t QDYUKQUA Fpecificky pre
MEX\VOGEX 1 DREU Mi] REID Hp \VS-NIKP \OAELHE VEVRYRX P LHIRX RGQHNRNERK BVRY | DVFNKQGK SR
WRYN 0 BW + RBEQJ pDX \DWH GADRGVHN-QGSRKRAQ
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10gsfholding time (s)
10>
10% High Quality
High Speed Video
103“ “ Data
10% Low Speed Hifi Sound
bata Videophony
10"
102
| | | | | | | | ‘ bit rate (bit/i)
I i i T i T ‘ | | | NG

2EU 60@E\ RoDNi YDQo Y &ir okopasmovej Sieti

Preferuje sain tali ADMBHMHMVAKRSGHVBUHRK YAHMEFK GXKRY \O@LHE SUHGLGABIDARX RYH.M)
MHMSUIHNEG- VOGEX SIAREHEN \R\V-UWIYDMHAVE. ERDQ UhQ @D YBYRVLGMDAX D~GAEX 2 NP \RKRE\
ERRSRUHEQ | CEH SHplt’ NRP XQN AX P H3 LYZHMEP LMHTP L ptP B\ \DVRR WHHIH HAM YLOF VNRP STNRYDIR
SUHR M SRI-EQD GHLQRYD XQYH]i @XAURNRS WP Ry~ MH VFKRSQ- \8@)t" SRALDEDYN. RpDN YD@ERK DBICM
QHPON YDERK\OAELHE

=D~pHBP GHIQGAHSHRRYPKRP yGX SIHAURNRS WP RY~ \IH™ MISRUHEQD SRAKRSIE FKOUENMIMAR,

H DAFK VOGLHE DLFK SRAIDADYN. DSIHRWRYE PyG 3UHXP RAQGHQH] DYHIHQD SUSDEERK QRYEFK VOELHE
v EXG-FQRUMWI SRHE QD FKDUINWL RYDY' pR OMEHREHFQHALX VOGEX

Pojmom prirodzena miera informécii (natural information rate) naz vame mieru akou zdroj generuje

IQRPi AHEH XYDARYDQDRUDQPHI \WMBNRP XQNpPQHWHM 3ULRG HY P IHDIQRP i At NRAGKR] GIRD
UKDV IGR  MIYHPL]i YMD RGSRAEAMMMKQN NyGRYDQDDkompresie, at m gj od technol gie
spracovaniasign [u a H\RQRP LENEFK P RaQRWY

7~\RSURG HY- P IHXIQRPi At P RRQRUBH HIRYD WRFKDWENEP SUHEHKRP sS(t) (obr. 2.2.). Tento
WRAKDXNE SUHEHK WY pDvT SReDVSIHRXIQRPi At P{aHWE ¢ pDVT trvania telefonickej konverz cie cez
PO76 pD/WWDQD \SRVRDG \RYHINRP XQIN AHP H3 LSROt\EbP L DV = VRKUR WRFKDXENDKR SUHEHKX P RRQR
] MY GHKRIRW PO P i @X SUURG H- BWRY~ P IHX SHEINQOMIDCEWDM Sapriemern prirodzen  bitov
mieru (average natural bit rate) E[ t)] SRot\BQ-] DpDVT.

S= max s(t)

E[s(t)] =$c‘p(t)dt
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T

A S(1)

Els(t)]

Obr. 2.2. Priebeh prirodzenej bitove] miery v pDH

Pomer medzi maxim Inou a priemernou prirodzenou bitovou mierou sanaz va burstiness B.

B=_ >
E[s(t)]

-H] U@ p 3HSRD/Y] Q FK SIHRWRY bude stochastick  priebeh s(t) VAU YO LIN DB SUHP HQ
aPQOPi @DKRIRBEXG- SHVOGEXWIF\D 9 WBXTNH V= XYHEHD WA\ KRARWV SUHQENRLD VOER
Burstiness u KDWRYpKR SUHRX MINS, VREHE WHEP L~VH\P L NRERK MIDL pDX X VIG-D\DpDXR
SRXEYOM NyGRYCAHWKQN.  NAUD JHHXW BEW GRS HHEXQEAFK IQRPI AL K DY

60GED E[s(1)] B
Hlas 32 kbit/s 2
Interakt vned ta 1-100 kbit/s 10
Bulk data 1-10 kbit/s 1-10
Video tandardnej kvality 1,5-15 Mbhit/s 2-3
High Definition TV 15-150 Mbit/s 1-2
Vysokokvalitn video-telefonovanie 0,2—2 Mbit/s 5

TOEXPND  &KDLONWLIMARN, \OGELHE ALRNRSH WP RHWHM

Z\EEX’N P RAQRY\ YRAL GrD]i YHY
1 HH VOMVAIANSIFN 2 AKOINMIMIWDVOGE.  YAHM VOGE\ P DM Y | QHKarakteristiky aj v priemernej
bitovej miere g v burstiness faktore.
alDED\VOAEDQP I EXIMNHWIRYGE  3UN/GRYDQ MJQ XMYAG P RAQp WDV RP R SULRG HY-
EWRY~ P IHX @DSHYQ- KRIRM EXd @D~NRUNYDDW SUWUHSANALP O LP i QGHVEMRYHWP LHY) alebo na kor
HHENWW SUH) 80 \D] B\ W .QRPi AH
1DRAU D MISHRWRY BRK®RS PHADDNRPO IPi @DSUWRIG HY) BWRYI PLHD 7 RR\S VFEXW
] QEHQHNYDDW SIHFEHSULSIHRHLQ RIP i AHVY 88RX SULRG HRX BMRYRX P LHRX GH MISIHRWRYI L EFKRE
S niektor bity zarovnan k QP MY SIHRRYHMERKGWY 1 CRIIN (DREJ E MISHRWRYI BRK®R( Yal
Y1 pADDBERURYQ SUURG HHVEMRYHWP LHH =Y\ &Qp YR'Qp P LHWR MY\ STHD SU] GQ P LIQRP i AP L \WD\D
plytv prostriedkami siete.
SWHRWRYE PyGVKRSE SHI & YaHM \SRP HX\WDL VOAE\ P X\t B\ ¢ YHPLIG] LH@E SHREH
P XM B\ £ VAKRSE SUHD 8 AURND VEHNKP SULRE HERK BWRYEFK P LHUDVOAR\ Vluktuuj cim charakterom.
290 @ SHHRRYE PyGE PDOMIDSRGRRYD' S¢nosr znychinform ci prostredn ctvom
LQMIURYDPKR SVHSX NRLE B\ QHP DOBNP HJALDEHREP H HID VS VRE SREYDQD
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A bit rate (bit/s)
quality reduction

e B m e
RV AV

natural bit rate

t>
Obr. 2.3a. Redukcia kvality redukciou maximalnej bitovej miery
A bit rate (bit/s) bandwidth waste
transfer rate
natural bit rate
‘t »

2EU  E 1HA XAMHSUHRRYPKRS WP DDBN ARX P O] [P i @HVELtovej miery

Prenosov m d je v SROXEMPKOINML RYDE WHKQNRX SUHB@QDSRXAMRX Y prep nac ch uzloch
siete. Naobr. 2.4.s uveden prep nacie techniky pre prenosinform ci v WMBNRP XQNPpHWHL 9 R
YaHREHRMAMKQN WP HIRP YYDYRSRO-NDM SH/n- bitov mieruamal  flexibilitu a VP HIRP YSUDYRY pa X
| Bf LELAMY SUH YDUDH@)- BVRY~ P IHX DEXUV LQRIP i FLH DBIOVM palX | GRS

< fixed bit rate variable bit rate ,
simplicity complexity
4= | | | | | | |
circuit multirate fast  asynchronous fast frame frame packet
switching circuit circuit transfer packet relaying  switching  switching
switching  switching mode switching

Obr. 2.4. Spektrum prepinacich technik

6N UQH ] QP HSRAMWRYD' Y] (HIHRRYp PyQ ] DEH LQMP HQHENWL pojmy. Nasleduj ce dve
G—lLQHJ—IHGDxLMIl]XMYeI\RIRf DIXQNQRY MHM
6pP DQNAN WBQSDWHHAD SRSVIMIVAKRS(RYE MHMSUH) & LIQRP i AHEH A EQH WWSRpHAHG to-end
FKEE VS VREHERK MH'RX EXGH\OGERX DNFHBRYDM (B
y DRYI WDRSDHAD SRIVMWVKRSRS MHMSUH) 8° LQRP | AH] R] GRDGRAHDY pDH
D\A-BRYDM QRP SUHVOGBEX

2.3.1. Sémantick transparencia

6pP DQIAN WBQSDHADXUDXWIVAKRSGRY MHMSUHY 20 LQRP i AHVRADQDHEP YEWN \RP FKEE
7\S\ FKEE\DP{aX @l SIHNDSGE SILRRYE PyG 3BI\OGEX;  ASHALINRYDD- &&,77 GH/Y X&YDQ- YR
Y pACHNINDDQ] NR BAWAMHIR T chlostn d tov komunik ciu, a\O@EX60 ' 6 6Z WKHS0 XANP HICAW
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" DU6HYLE/ aSHAL INRYDR- \SRBPpQRUERX YHBRH ERDGHLCRYDD tri druhy ch b: mierarezidu Inych
AEE SRPHNH IMMERKRKEE P IHD@AU YHERIPHERK G WSRP HUSRIW G WRYEFK ME RN GRSUIDYHERK
RAE YHRAHDD SR Y VDERK G \RYEFK MERMN DP IHDHIRXpHERK G WSRP HUSROW G \RYEFK
jednotiek HFRSDYHERK GRAHDD SR Y\ VERK G \RYEFK ME RN

X.25 SMDS
Mierarezidu Inychch b 107 1070
0 LHDQHAU YCHGRUGHERK G W n 5107
0 IHDQHROPHERK G W n 107

7DEX°ND  $NABWRYDM QA ERPPIH) SWH;  DSMDS

alnERM WP QHMARNRDE 9 | pa(DHIRNRDBRMVY WBNRP XQNTPERK U P P MINS[ \REHD)
umom (white noise, impulse noise, ...). K ] QAHHNYDDM YN SUNSIHYDM DM IDNRY DNRQ@BU REPHI HD

] GRW\S \REXMPHSUHDAHQP Dzablokovanie, ako aj nedokonal oWVP DML X . DAGE MVpP Pi KL\
YOWGPKR GXKX SURREH NADYUKQXA (D] | NDGHXULKR SRP HX FHD YENRQ Y tP V= \ BHSRAIDEN. @
YENRQ VWINISREDARYDY P HADR ERYR{ \OP GIKa EXGIM WP $ GIDMIMBIKALHW WP\ EXG-P DY
chyby, aj NH® GRVP DBX SIDYG-BRFEQRRX 3UHNDEGE M WP P {3HE\ t GHLRYDY SIDYG-BRFERW
YEWN WA B ] DX pDVRY~ MERMX

Jedn m z (ONH GELMERK SDUIP HURY FKOUDNWLL XIWALFK GHERNRDBRAYY QI M@ FK NRP XQINChQERK
syst moch je BER (bit error ratetmierabitov chch b), t.j. pomer medzi chybn mi avyslan mi bitmi za
UHBUH HQBAYQX pDRY~ MERMX 9d\RYp A\ B\ P{aX B\t [ RRYDP MQXOUH DBERVNXI(RYp BEXIW

V WBNRP XQNCpQ@ERKMH'OK Yktor ch sasbitmi nar bapo skupin ch (napr. pakHRYp MHM P{3aX
Y] QNQ- WNXIQ FKEE VS VREHD VDRX DBER CHAEUI YQ P GRYHIP \FKWR\WWY SONHRY 0 { 3HP HWD
GHLCRYD® PER (packet error ratexP IHDSINARYEFK FEE  DNR SRP HUP H3 LA YAHERXpHEP LDBER
straten mi paketmi avyslan mi paketmi. Existuje v ak viac druhov chybn ch paketov:
1) Pakety, ktor sastratili v  VBIENX QHEU YGHR URARYDQD DBER SUH'TAHID 0 { 8HP HWMEDGHLRYDY PLR

TANHNBRNDM ENR SRP HUSRpW MADM EFK SONHRY DFHDRYPKR SRV VDERK SDNHRY
2) Pakety, ktor pUGK GRQHEI YQKRAHD NME LK YAON INAFBMAINRVA YQH 0 { 3HP HWEDGH LR
PIR SCMHAQHWRQUDM ENR SRP HUSROWW VENEFKUWR SENHRY DFHDIRYPKR SRV A MOIGERK SONHRY

6LlH \DMWNDG ] dvoch druhov ent t vykon vaj cich pecifick funkcie: prenos
a WHRQ@QHP XABG] RDQH . HIEHSIHRWRYp M HP\ SR @M GREW BN XYDEXMP HORQEWRYp A\ B
V prep nan a P XABB] RYDQ XYCEXWP HEIVRYp CVBONHRYp A\ B\

2.3.1.1. Chyby pri prenose

Prenosov syst my pracuj hlavne nabitove] rovni a SR¥D,62 P{aXB t ] DUDGH GRSYHWUIM
PR3X26, ([ Y] AHGCXK REE QHNA V- \S \VREH D GHIR\RDBRY RX\CP REGPKR SHRRYPKR
syst mu, in operat vnym z sahom. Prv druhtedaz vis od faktorov ako je druh prenosov ho syst mu (koaxi I,
optiANy YONCR RSWAND | DUDGHID  DBOER DNy NyGRYDQHERR SRAW

. RPaHVDSIHEERNDG  dHAURNRS WP RYE MH EXGH\ EDYH) (WP | ROWANEP LYONIP L SRaPH
teraz chybov charakteristiku optick ho syst mu. Tietov sledky boli z skan z meran vykonan mi ATT

a YHBRHDORARP SIHRRYRP M P H 8 N Xt SRoHMAMRYERK FKEE Y chybn ch sekund ch a burstiness
ch b.
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A probability
(in %)
100 -
99.64%
10 +
1 |
0.2%
0.1+ 0.12%
0.04%
0011 | 1 | >
1 2 3 >4 bit errors
per errored
second

Obr. 2.5a. Pravdepodobnostna distriblcia chyb na optickom prenosovom systéme pr acuj icom
v normélnych podmienkach

) -

A Drobability

(in %)

100 -
90 -
80 -
70
60|
50+ 65%
40 |
30+

27T 10%

| 0,
o1 P e ] .

y

1 23 499 100 biterors
per errored
second

Obr. 2.5b. PravdepoGREQRIMI GMME-FD FKEE QD RSWANRP SUHIRRYRP \k P HSRoDV~GLAE\

7IHRYAVGEN ERD] tVNDp P HDQP GRQMEPKRM WP X VNSHQH V- S SIHYZHM A MpP\ Do
P RAQRIFK SRYCARYDY' | DWHG WHBUH HMMFHYZHM RSWAND MWRP\ =t chto meran P RAQRY YRAL GD
Z very:
1) VAP @Q KRHIpP@EKSRP IHNK R2U D \DY paADREE Y\ W W\CP RABEH 9 tomto
pr klade bolo 99,64% ch b samostatn ch. V QHNR'NERK P i R SUSDERK\DY jedngj sekunde vyskytla viac
QA MEDAK\ BD 7UHEDMLYANXYHERP I 8H FK B Yjedngj chybnej sekunde sanerovnaj dvom po sebe
nasleduj cim chyb m.
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(2) 3RDV~GAE\ ERR] IMMP ~STHUR GHOHVEI YODQHU WP X RBU E 6\MBIVDY\ VN RYDR Y pal.GRX
VPRI AW B\ DBDE®RY  SWSDERY -H]DMPDp 8H A\ EBRK HN-QGREVKRYDR YILF QG
FKEE 7IHRAK\ B\ P{ &P HQ@J YO EXUNVK\ ECP L

2.3.1.2. Chyby pri prep nan /multiplexovan
Prep nacie amultiplexovacie syst my pracuj navy e vystve (2= Q- SIHRRYpP PP\ 9 LM
a 3 paketovo prep NDHKRW WP X SRV (D~URYQLSINHRY \BNEHR\UHP BVRYEFK FKEE P{ aX Y] QNOY M
paketov chyby.
Paketov chyby s sp soben najmachybami v KOYIpNH 7R] @P HY aHSWHSIQ@R M WpP P { 8H] bar
paket naz klade nespr vnej inform cie v KDYLbNHDPER M QHAU YCHLOMBARYD 1 HEU YQOLOMBWHMAD
sp sob nespr vneroutovanie paketu an sledne ch baj ci v paket v spr vhom cieli a SUB Wh@ SINHV
V nespr vnom cieli.
DDOBRX  GALMRX SUpLRX YEVN W SINHRYEFK FKEE MIGHERWIAN | GIRRY
v prep nacom/mXMBB] RYDFRP M WP H NHI” SU@E P QRKR SONHRY SRUHEDIWIN XAt WHIMY | GIRW

" IMMEXPE P RGHOBWDYG-SRERECRAWRKEE MHM

9 RYaHREHQGHWHLAP XMP HED' R~YIK A Bl SIHRRYPKRM WP X ENROMAK\ B\
prep nacieho/multiplexovacieho syst mu. Namiesto modelu naz klade BER a PER \DSR\NWMP HFKOINM RyD?
LFK SIDYG-BRFREECRIGRX AWIEXpQRX | XQNALRX SR SR VHEHDWBIMA K BMRYEFK FKEE 3DNHRYT FK\ ED
P{aHE f LQMSUHRYD) D\Rn po sebe nasleduj cich bitov chch b, kde n MIYH'NRW Saketu v bitoch. Mus me
SIHRA Pl BER presnej ie.

3URQ PDM DN UHEUH HIMADP IHY BWRYERK FKEE MIAWMEXpQRX | XQNARX SIDYG-SREERIY
v skytu 1, 2, ..., n SRVHEH@WBGMARK FKEE | DMERMX pDX 9 R YaHREHRIW~ BWRYp FK\ B\ \§[ \FEHD
chybami na bitovej rovni v prenosov ch aprep nac ch syst moch achybami navy € rovni, akos strata
paketu (PLR) a pridanie paketu (PIR).

3WDYG-BRFEQRVG GMWEEPQ IXQNADEXGHP DY SRAP PO IPi @Q VRENRK AN SINHXY Y BMRFK
av bode 1 (obr. 7THORADIWP BB HOMAWWSIAN- GMWME-AX SCNHRYHVHM 9 3P QP H\L 3HR\RR
tvoriasamostatn bitov chyby a okolo 45% paketov chyby. Prep nacie aprenosov syst my maj teda
SRRYCDM G- NYDDX

A probability

0.5+
Bit errors

04+ Packet errors
0.3+
0.2+
01—+

00 12 510 10% 5102/ 2.10° 10* 10° consecutive

103 errors
Obr. 2.6. Pravdepodobnostn distrib cia chyb v WSIENHVEDNHRYHWHA YH'NRW SDNHX ELMRY

ZvySenie sémanticke transparencie
$ NVH G-BRN MW NYDDEAYQX ~URYH1 Y\ ADERYDQ- QHINRX VOGERX MIP RaQ WMR ~URYH1 | YBAX
SRAIMP HI5to-end protokolov transportngj vrstvy. Tak to zYeaHIHNYDDW P {aHE\  GRUDKQ\W aU
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WHKQNPL) ( & IRZ DGHURUFRUHAWRQ DBERUHADQP IMRXIQRPi At INERDAMRYDD FK\ EDSRAMP
tzv. ARQ (Automatic Repeat Request) protokolov.

7HHQN ) (& SRXYDM NRP SBf Qo NyGRYDAHVWKpP\ @ SUAXJe redundancie na bitovej rovni.
Pr kladmi s k dy Hamming, Golay, BCH (Bose-Chadhuri-+ RFTXHIKHP  NRLH SRIN vt Y ] QHP RAQRIY
opravy ch bv z vidosti od pridanej redundancie.

THKQN $54 -] DEEHD @QUDQP MLIQRPI At NAyp GERRVAD YAHERXpHD 1 DGIMAX
chybn chinform ci v AHDRVDSRXEYDM WHKQN NyGRYDQADBEMWRY SUEX Qo WHKQN P ) ( & 7IHRWRKQN M
pDUR P RAQp SRXALE DGMNALX FKEE (DRIDYX AKEE DDER RERW

V GHERKMH K ] DBAHERK P HEHERK YRAPRK QHNA] DXpH) GRUBIRDQ ~URYHi HYGto-end
s mantickej transparencie. Opravn mechanizmy s v sieti zaveden nab zelink-to-link, napr. v MH'OFK;
SSRGEMP +' / & +LIK/ HHD DB/ LON&RQNRO D NBG-MIXNH

-H] UHR p dHDN MINYDDBMVHMQ] ND VBN VDBIP QREFK SINHRY Y\ YRD LEK URDQWP IMX jtP \D] YeaL
SUHP i YND 3UHEERNDAXE Q DV I YN P RAQRW SRt SIHVDAQ) Z 1QERZ SIRIANROV YH'NRWRX RNQDW.
6NXRpE SFPHNHABP MRYDERK SONHRY | i YIM RGWSX$ 54 SURIRNRX D SR HAM QHSUNDARK paketov. Ak
EXGP HSIHEERNDAY * RBack-N algoritmus s SUHP HEEP SROWP HAWMQ-BUNDAFK SINHRYW P {aHPH
Y\ SRotV Q WDDABUHP I YN SUPRP P MISUIDYG-BRGRECRY DIV DBER SRANRGHQD SDNHX

Ak je paket retransmitovan raz a\SU YAHERXpHE VIDYGERFERUWRXP.(11P)), tak predpokladan
SFPHNHBQP MRYDERK SENHRY MIW/2.P.(1+P).

$ N SR SUHVHABQWP ML QH NI SINANSI YAHERXPHE \BNMIRS t WHADRP MRYDE DSIDYG-SREAREQRWY
\BU YGKRGRXpHIDM  +P).P? 3UHERNDIEE SRoHAHADQWP Wvan ch paketov bude W.P?.(1+P). Proces
UAADQWP Mt EXGHSRNIDRYD DANEP EXGHSONHAVAL YCHERMpHE

0 {&HP HWI] \pt\F YaHM SUHESRNDGE BIBOWP IMH ptP ] tWNDP HVBNEVR Q IDWBUHP | YN

kavaPk x1- Py=V 5 P_

R=
a 2 1-P

¥
o
K=

LY

SUHCSRNDAN H BHMU WpP Pi Y HJGto-end spojen n MQHN aHL SUHBXRYXMISROHABVRY Y pakete a B
predstavuje BER SAHHRRYHVDON.  \ENEH SUHESRNDGE P HGRAK BE @BEMRYHW-URYQ Dich n hodn  distrib ciu).
3RAP P{aHP HY\ SRut\¥ P nasledovne.

3WDYGBRGREQRC 8HSINHWAINS YQHGRUPHD cez jednu linku je (14B)"; cez n liniek jeto (1+B)™.
SWYGBRFERSLS SHIONHEXGHERXpHE A ECHAH nliniek je teda

P=1+(1+B)™
Dosaden m do predch dzaj cej rovnice z skamen rast prem vky cez n liniek:

W 1- (1- B)™
- x> 7/

R(n)
2 (1-B)™

Absol tne hodnoty n rastu prem vky (1=100%) s uveden naobr.2.7aa E SLII-I(.-M—lGaN SONHRY
L 1DREU D XYDAXWMP HSINHAVAANRX WY ORURRU  E $70 SONHWGANRX  EOMRY
V RERFK SUSDERAK XYCRXWP HYH'NRW RNQDW=7 an=4, 2, 1. BER B liniek sa pohybuje medzi 10*° a 10*. Pre
BERPHAHGQA ** MIQ DWBIHi YN | DHEDM QHP D@
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A
12 RO end-to-end

link-by-link

| »
_ 1 _ 4 - :
16° 10° 10 10° 10° B
Obr.2.7a. N rast prem vky R(n) ako funkcia BER (B) (L=1000 bajtov)

91GPH &HXmal ch paketov (napr. u ATM) ost van rast prem vky mal dokoncaaj pre BER do 10**
arastie exponenci Ineprevy ie BER 3UWLYHNERK SONHRFK MIWQRH SRHAL @ UDWALP DN Xa SHBER
hor ie ako 10

Je zauj mav g porovnanie n rastu prem vky pre end-to-end retransmisiu alink-to-link retransmisiu.

A
R(n) ns4

] 1 i "4 - - >
10° 10° 10 10° 10° B
Obr. 2.7b. N rast prem vky R(n) ako funkcia BER (B) (L=48 bajtov)

Na obr. 2.8. porovn vame n rast prem vKy pre syst m s end-to-end retransmisiou (v tomto pr klade
n=4) asyst m s UAABQWP IMRX @DNCAG-MIQN\H n=1). Tento diagram zobrazuje pomer R(4)/R(1) pre L=1000
bajtov a L EMRY 29t IGP H aHQ WDMWBWHP i YN SUHGBp SONHWV DHJGto-end retransmisiu je dramatick
oproti link-to-@QNUAAIQWP IMLXA SWLBER=10"*. Pre kr tke pakety jetenton rast zauj mav lenuliniek s YHPL
zZlou kvalitou (BER 10™). U liniek sNYDDRXDSR1  *° MOEVROV@ Q IDWBUHPi YN INePDOB@ RRU D &H

GDWQ QUDWRRU  P{aHE\¢ ] DOHEDRE
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A R@A4)/R(1)

| | | | .
I I I I Leg
-6 5 -4 =3 -2
10 10 10 10 10" B
Obr. 2.8. Pomer chybovosti end-to-end a link-to-link retransmisie ako funkcia BER (B)

So zaveden m optick ch vl kien prich dzaprenosov m dium s YH'P LY\ VRARX NYDDURX B M| YA pDNVH
GEHGA ** ptP \DRGMDXWSRUHED] Y\ BRYDQADANo-link kvality prostredn ctvom retransmisie, najma
prema pakety.

2.3.2. y DVRYi WDQVSDWHQFID

y DRYi WDQSDHADP { 3HE\ t GHLCQRYDY Db absencia oneskorenia (delay) a rozdielu oneskorenia
(delay jitter+y ] HpDMMQRP i HHV- QRXpHP RRAHDVr znym oneskoren m).

2 ANRHIHMIGH LQRYDp DNRPDRYE IR GHOP HI LSR@QP IQRPIi AH] R] GRD t5) a ARXpHIP
LQRP i AHSUNP DM'RYI (t;) (obr. 2.9.).

Di=t; £ty preprv blok inform ci

D =t3tt, pre podedn blok inform ci

Sender Receiver

Network

first bit at sender

| first bit at receiver

ast bit at sender

last bit at receiver

y time
Obr. 2.9. Oneskoreniev sieti
9 RYAHEHRWVP { 8HE\ t RAARIHIHD ] (HSHNBG EGNIQRPI At AWGBER SINHADje teda

tatistickou premennou s minim Inou hodnotou D, amaxim Inou hodnotou Dy,. Rozdiel DytD,, sanaz va
rozdiel oneskorenia, ale reprezentat vnej iaje vari cia oneskorenia D ] DXULW bDRY~ MEZIRMX 1 DUBGMAL
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GDIUIP 1 Q] RAXNSIDYG-ERFEQRC 8HVDYA VN VIR NG RIAWWNRHIHDUKD] X 3HD je stochastick
premenn .

Hodnota end-to-HIG RHANRHIDMIG G SDIP HMJSUIHUDOWP HVOAE, DNRK@VDvideo. Ak je
RMVNRBHIHSU@E YH N P {8XY KDWRYRP \SRW) Y] QN SUREPP\ Vozvenou a Y\ W W' GHBUWMAP (B SRNBV
kvality. CCIT7 (DBUNDGESH NV AHONHXGto-end oneskoreniev 3276 SUNJRt PV \BNP XMDE\ ¢
SREMYHIP LQ WY R YHQ
A probability

1,,

0 D, delay

Obr. 2.10. Funkcia hustoty pravdepodobnosti oneskorenia

Parametre spdsobuj ce oneskorenie

Oneskorenie siete sasklad z ICFHERK | GAIHN NWUp P { X B\ t UR GBI GRGYRK NDADy Ut
oneskorenie prenosu D; VS VREHp SIHRRP IQRPi AH] R] GRBGRAHD Doneskorenie spracovania Dy,
(sp soben spracovan mv prep nac ch uzloch, multiplexoroch, ...).

D=D,+D,

Oneskorenie prenosu D, je XUpHDP 1\ ] LFNRX LEFKQALRX P pADDY] ADB{RYRX P H3 LRRMHDM RP
apr jemcom. Ak existuje len jedna cesta medzi zdrojom a AH'RP \ENWRFKDXFN SUHPHX) D, P{aHE\t
reprezentovan Diracovou funkciou s jedinou hodnotou; v SUSDGH 8HH MW YILF Fest, D, Pi RUDQpHE SRpHWV
diskr tnych hodn t.

Oneskorenie spracovania Dy, v X] GRK MIXUDHD 1\ ] LENRXLP SBP HQMARX X QY (DAHIMP H3 L] GIRAP
aHHRP DBIDMS\VRERP P DQSXOHHVinform ciami. Napr klad v star ch syst moch prenosu spr v boli spr vy
XGEHD QHNRPNR P LO-WA KRGQ A SRP BERRLSR@P dDBM9 V-pDAERK ~] NS WP RERK,6' 1 W WpP RK M
ROAVARIHQH\SUIARYDQD YH P LNJ W

1 DRUNDG AJMTHSWH@PHP XMDP Y RBANRHQHY SUHPHHP HAHQA  pV 9 bud cich
prep nac ch syst P RAKSHAURNRS WP RYp,6' 1 B \DP DRVRR RHARIHIHHWM] P HELE SHRBHERKRE
\SUIIFRYCQD\DHAM] Y pAMD 0 BW/Dviac).

Stochastick charakter D, MIM@HRYSO Y(HE SREANGP SIHRRYEP PyGP (IBU NV IQRPi AH
pren an v paketoch a NDAGE SONHWPi L(p RHWINRIHQH D, P{&HE\t Y] (HSWHY] HIQRP i AHSWWP WP
spojen .

2.3.3. Upravovanie
" { GALNSP ]i YHIRP WWR GMXMHR pDRYHVD\HP DQNANHVIMDQSDUHFAL MI DNVBHNRG
\WBNRP XQNBQ MH P{&HE\t Y podstate charakterizovan dvomanez visl mi stochastick mi premenn mi B

SIDYG-ERRERIY GWIENQ | XQWADSRVHEH@OWBGBMARK BMRYEFK FKEE DD (funkcia hustoty
SUDYG-BRERERIWRHARBAD 61H \MEDP { 8HE\ t FKOUINA RYDQ SUHFKRARYRX I XQNARX H, ktor je

funkciou B aD.
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i1(t) = Hg,o(i(t))

7RR]@PH) aHINVIQ OrVASLGRMHMY zdroji ako i(t), tak bude modifikovan (chybami
aoneskoren m) a RMPHE GRAHDINRI(t).

H
it o0 1)

Network
2EU 6lH’ DNRSUHKRGRYI | XQNAD

,GHQHBE YAVWSE JQ CP DR\t SUMHURYQDNE ako vstupn  sign 1, t. iy(t)=i(t). V praxi v ak
nastane modifik ciasign lusp soben zmenou alebo stratou niektor ch bitov acelkov m oneskoren m. Rozdiel
medzi vstupn m a YEVWSEP \JQ &P YaONP XM RAEE Y XUPLARK KIDQADK $ NAHBWRYDMQGE UR QHOsal
SRE DNRNPVHWOEE

Niektor real-\WP HVOGE DNA-BMW GRYH'P LP D3 DBER AIDEX YOUCHMN Y RBARIHY 7 IHR\QER
sanaz vg CBR (continuous bit rate oriented) alebo izochr nne.

&HDRYp RAVANRHQHMIWE G GANGP SDUIP HURP 2 (Hkorenie nie je probl mom pre jednosmern
video a KOV \WYD\D YaON UELYeP SULRERWP HBFK \VO@E FK 1 CEUNDIGWMB y QHRIINRBHQHQHP IHE ¢
Y pAHINR PV IQ p PXMDE t SRAEAWHIP QWY R YH) DBIDQVIEK SRAEMP QP {dHEt Y pAHINR
ZhrXED PV SHREHXA B\ BRDQ@UEHD LQMINMMBNRQH] i AH

1 DGXKHVIXRDQHP XMD RU SRGNRQARRX BVRYp A\ B\ 1 CRUNDIGX IG-ROSIN At GHP{ aHB ¢ SRV
EVRYEFK FKEE SUITE YH'Ne SIAREHIQ b EXGHSREHD NYDDWWSUIRGO\AHYIGRWIQ @.

SUHNBG- VOAEX MIP RAQ 3SHALLNRYD DNAHBWRYDM Q- | XQNALX KXWRW SIDYG-EREFRERIVEVRYEFK
ch ba RANRHID 1 CBUNDGMBEXND  SRMVAWONAHBRYDAM Qo RHANRIHIH SRP HUBWRYEFK FKEE SRPHU
str t paketov a pomer pridania paketov pre niektorp V\OGE\ CDNFFHBRYDM' Qo YATM sieti. Pred tov  prenos bolo
SUDEKPDERK P VNRINRHIX SUHREHSIHGWIEXRYD YESROW MIWHED SRotE VRYH'DP HEtP

oneskoren m.

60@&ED BER PLR PIR Oneskorenie
Telef nia 10% 107 107 25 ms/500 ms
Prenosd t 10% 10%° 10%° 1000 ms (50 ms)
Broadcast video 10® 10" 10% 1000 ms
Hi-Fi zvuk 10° 10% 10% 1000 ms
Vzdiaen riadenie 10 10" 10" 1000 ms

70EXPND  $WE-W\OGELHE SWIH$ 70 MH

V SUSDEH 8HQENWY SDUIP HIHVIHMQHSI DM SRALDADYN. \OALHE DAHRYRP WP 1Q QMIP RRQ
Y\ NRED RO \AUIIFRYDQH RAJ " RDMHQ SHKRRY IXQHDGg p @AHRYRP WPRLQ @
skonvertuje prich dzaj ci sign |iy(t) nao(t). V $70 \DVRR ERDRH\SIFRYDQHQ] éYDATM adaptation
layer. 7 RRGRDFHQP XSIDYRYDQH FRBWRAQ) P RAQRUBH HIRYD' D\NR

o(t) = Gg,p [Hs,p (i(1))]

7 RRGRDFHQP VSIIFRYDQH N P X\t B\ t LARRYDp MDHAHRYRP \MP 1Q @ MIQHNH3 VKRS
s SRP RAIRXY\ MHDMAHRWP LQ X ) ( & GRDRpQP LQRP i HH@DRIstr nenie rozdielu oneskorenia)

WV RP RYD' MJQ CBURK G DMAL] RMHMQ@MIQ Qo(t) \SROMALSRALDEDN. \OER
_ Hgp _ Ggp
i(t) h(t) o(t)
e > R
Receiving
Network Terminal
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2EU 6LH’ Dtermin | ako prechodov funkcia
1 DBUWNDG DN MUR GHORGHVARUIHQID SU@E YHNE SUHESHALLEN- VOGEX P {8HE\ t RGstr nen
RDREP RAVNRIHIP SURK G DMARKLIQRPI At DKRIIRK d, (obr. 2.13.). Tento sp sob sanaz vacircuit
emulation SUHREHY] KPDERP (DUR GHCRGAINRUHID SR W URYCIN- VOGEX DNR FLLPXAWZ. WKLY
A probability

1T P2

P1

0 d, delay

Obr. 2.13. p;: funkcia hustoty pravdepodobnosti oneskor enia siete (H), p,: funkcia hustoty
pravdepodobnosti oneskorenia po upraven natermin li (G, H)

KAPITOLA 24
Popis prenosovych maédov.

6 RYDP L ASLIHQRVRYE PyG R] QDpXWMP H XWbIW WFKQINX SRXatYDQ- SW
prenose, multiplexovani a switchovani inform cii. V WGNRP XQNDPQRP  VYHWM
H DXM YH'D 4 ] Q FK SUIHORVRYEFK P yGRY RStaHP ®Q QDG GAIWMIH] QFK
NVRp E\ VDP RKQWRUHAEN KRGIE SUHSRXAMHY %6' 1

1. CS- Circuit switching (Prep nanie okruhov)

Circuit switching sa v minulostL QRf GBR SRXEYDD Y WDBlyQ FK MHDOK 9
V~pDVRIIYNAI WM VB LP SBP HQRYDE (ZBU Y1,6' 1 -HKR SROXBD \SRptYD YR Y\ WRUIHY
NRP XQNCpPQOKR RNXKX PHI L ]GRWP DAHRP DWR @ FH3 daNX WD NRP XQN AH
=DPAHE M Q@ 7' 0 7IPH ' IMMRQ Multiplexing) met de prenosu inform cie medzi
dvoma uzlami. Techniku circuit switching naz vame g STM (Synchronous Transfer Mode).

Pri circuit switching technike sa inform cie pren g v XpLMAK R NBFK =i ND3-
LQRP IpQ- MBZRMX Yjednom cykle naz€YDP HWWP H VAW LHNR'NR VSRWQ \D P XQME0] X
FH MEX ONX \SRYQP QHNRINEFK WP H VARRY (R [P Hu, ktor sa takisto opakovane
pren a s XULWRX | UINYHARX -HIR\VERWQHYAA SRXEYD \MQ LA WP H\VERW VW NMBRND \IV]
istej poz cii) vo fraP H SRoDV FHBMAAN \SRWRD &LUPXAWWZ MKIQ) P{&H B\t Y switching
node vn torne implementovan ako space switching, time switching alebo ich kombin ciou.

&K B NRY P { aX QDX

- chyby v jednotliv ch bitoch sp soben zlyhan m prenosov ch m di, burst
errors x chyby vynika ce pri protekt vnom switchovan
- nepriame chyby vynikaj ce pri strate synchroniz cie frameov.
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3UW SHRH IQRPi At DWWD RPANRHIH NRp P{aPH R GH¥ @@ RHA\RHQH
vzniknut pri prenose cez prenosov linku a oneskorenie vzniknut pri spracovan inform cie
Y\Z ML (@C8U Y QINNOQOURZ EDQGVZ WKLP Xt B\t RANRUIHQHY SUHP HHP HHVENR
HUS).

1 HYEKRERX ALPXAWZ MKIQIX \SRtYDY WP aHMIYH'P LQH O] LHOE SIHREHIN\D
) SHYGHWIR GANDWP HVERK VQP VYIMODSIHRRY @FKERE MIXA \WR 1] Q v 13H
YaHM \OGE PXMD SRGYD IRYQINE SRoHAEWRY (D SIHRV IQRPiI AHD WD PXMDP DY
URYQIN- SUHRRY~ IBFKRL

2. MCS - Multiratecircuit switching

U WNR P HAGD VD SREYD UIRYQNE 7' 0 IRP t ako v predch dzaj com pr pade,
WD V 1] RYDRX SIHRRYRX BAKGRYRX NDQ @ 5R GHOYADN \SRtYD Y VWP &8H MGR
\SRWQH P{ 3H SREYDY QU n |i NDBERK NDQ @Y Y V-pDWQRIMD MR P RAGRY YA X&tYD
@8U DLP SBP HOMAX\OBE SHYIGRYQY1,6' N).

6Z WRKRYDR M PP MY VP VR SLUSDEH\BNAMR | BRI SURIRBH P X\t | DEH SHRYDY
M QKURY] | AX YAHMERK NDQ GRY WRUDAFK MER\GRVWQH 9 HNEP SUREPP RP MIL\SU YCH
] YR SHHRRY~ BFKGR( i NDEPKRNIQ @ $NBE W HM @BU ] YRIDQ rovni 1kbit/s a
QHNRU \OGED B Y\ 3DARYDD SHRRY~- BFK®RE @8U 0 BW +LIK ' HIQWRQ
7HPMMRQ PXHRE \WPH\ERW YHNo P QRAWYR NDQ @Y SUPRP LFK W QKURQ] i AD B
ERDYHP L] G&W 1 DAXKHWADGH DNB\ \P HM ] YRID SUW@E YHN- P RDE RW | @hQ
PDV MVEUHIRRYHVNDEAW QH XBLW &P UHEHIP \&FKUR SUREQP RY P{ 8HE\ t SRXELMH
VIDFH&FK | i§ NDBERK SIHRRYEFK BFK@WY . D3 1P H\DSRAP \NDG | WHV@RRY R
Y]Q K daNDK 6Z KRR MVPP SRRWWD | QHNRINERK \ZIWRKRY NBGE | QK
Al DMRYDE SUH XpLE WS NOQ X SHRRYHMIERKGMY  $ Q. \W \D YaON QM KQHP H L\&P
REPHIHQDP DNR@BU AHLNH B\ \WPHP DR YR'GE NOQ OWR]i NO SIHRRYRX [@FKBRERX
Y paRX D\NR SRADGM CHEN \OBED DB QH M YRIGE NDQ OVR | i NO SIHHRRYRX BFKBRERX
WRY@NHWHNRIY \GRVMQH QP { aHB £ WWRIHp 61\ AD\D P { 8H H\M YLCF \NRP SINRYDY
IN]REHIFPH R ~YIK YAYRWAKQRYJILE D VAP \AYIMOFH ] PHY SRALDADYIHN D YHNRWY
prenosov ch r chlost . Do tretice, SSRBPQRX QHYEKRERX &6 DNRICMO &6 M aH\OGEED SR
Q@G0 DY \SRHQADRNXSXMWAR- SHRWRY~ KA LY SUSDAH aHM Y] BH QN XatYD

3. FCS- Fast circuit switching.

) &6 Y] QND DNR UHNAD (D SRAIDADNX UR & Ul &6 \BNCBE \DGEAHY IRYQ YDD\b
zdrojmi v gdieti, ktor maj kol savou a n razov povahu vysielaniad t. T.j. zdroje v FCS
MHDK V= SUGHBp GR DN MIIQRPiADVM MDY D RGEDY KGR’ DN AlD3D LQRPi AD
vyslan nieje.

1D |ChlDMX WL SRGEYDM Y\ ADED \VSRWQH \R &UWRX S WD zodpovedaj cej
QHNR'NEP NDQ &P \R ]i NDARX SIHRIRYRX BRKBCRX X WpP - GHDXBINXW | GIRW MHM
(KQR' DBIVLSR @t  SRADARYDR- &WNX S \P DDAH D SUNGERP NOQ (B DENXW KHXGHU
LG-QIINAVA. @ \SRWQH + HOGUYAA MJQ@I XMW SUFKRG IlQRPi At D pR V- AP X
spojeniu poskytnut pr slu n zdroje.

. RP'aH] GRW\D SUGH XV G @D SRAIDANH P{aH\DWW aHQEXG- Ydangj chv li
QU | CRUQ@D X\ER\RWIH YAHMERK SRALDEDYIEN

-HIRX] P RAQRIWVONR Y GBAL \WR P HYGX MISRXAltie MFCS (Multirate FCS + je to
analogick roz renie FCS, tak ako je MCSroz ren m CS). Samozrejme to so sebou prin a
RN YEKRGLP GRAVWR SUIREQP RY | GAVRAC Q] INX NRQARD (HG[ LHORY Y| KIDERP D
YEYRVERALDEDYHN D SIHRRY~ @KL \OGLHE DY

. Y{Q]UHREP SUREQPRP YAHMERK SHIK G DMAK PyQRY ADEN] QK QERO
vybran ako kandid t pre BISDN.
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4. PS - Packet switching

9 SANHAZ DWKLQ MHDK V= IQRP i AH] C5X GHYD Y STH\HAK NRp RN QK
A~ LARDRQ@ LQRP i AHpotrebn vo vn tri siete pre routing, opravu ch b, kontrolu toku
(flow contral).

Siete tohto druhu, ako napr X.25, vznikali v 60-tych rokoch, kedy bola e te
A BRYRE NG MWRN 7RV 3DERYDEBR NRQARX FKEE DWINX P H3 LNDAGEP LGYRP L
linkami DWEDL] G SIRRNRO

3ANHAP {8H PD¥ SUP HQDY~ daNX \WKQND 36 P X\t WD P SBP HQRYDY EXIIH
P DQQIHP HQAV3WHRRYP @FKARMNSRLDMX GHERR YH'No R\ VRERYDR | Qo RP HANDQH
SIHRWK pRYAINQ-HEHROBREQPP  SIAREHUWHDOWNP HVOGE \DHH tieto siete g tak nepren  ali.

=CAMRAC SIRINRX HM |V 8&XW RAANRIHQH YR YQ-WL MHY D \&P YIOF \€CAXW
[P SOP HQMAX UHD WP H \QAHE D \QALHE Y\ aDGMAK YHNo SIHRRYD EFKEWY
(desiatky/stovky Mbit/s), no napriek tomu je packet switching HAM WM YH'P L HHNW(D
met dapren zkor chlostn prenosy d t, ako jeto g napr. v X.25.

Siete ako X.25 apod. tvoriaprv genre ciu packet swtiching siet . Zvy ovanie kvality
SIHRRYEK PpGt XP RAQMR Y] QN+ GXKHVIHHI AL MH] DBAHERK @D technik ch ako
[UWPHUHD pLIUPHWZ MKLQ 7 IHR\MKQN P SBP HQMW P HHVIXQ\HE DNR MWRY ;
DR LYd’DND Y paHWSR'TKQYRWY SUHRAH QP XMD ] DK \BN- ] GAW GAM\ALX Dkorekeiu
FKEE pR IP XP RanXW QRIKRYD' W\ d88H SIHRWRYp @AKEBMIV (napr. pre podmienky, v
NREFK ; QRO 0 BW MRSHIIPHWZ MWK DA NJVWIDOFDSHIWP HHD) R\RR
140 Mbit/s)

5. Fast packet switching-asynchronnoustransfer mode

-H W NRHABW NRE KD QHNR'NR DOMODAY V' URYQINEPL ]i ND&h mi
charakteristikami. Patria sem ATM (Asynchronnous Transfer Mode), ATD (Asynchronnous
Time Division), FPS (Fast Packet Switching). Ide tu vlastne o packet switching s minim Inou
implementovanou funkcionalitou v sieti. Slovo asynchronnous sa v n zvoch obNDYX Yd’DND
WPX aH V- W RYRBP D QKyQH RSHIAH PHIL RARUHDMRP D SUNP DMRP
SUMAKYQRS PRAAR QRIIKQY YND@QP \EHDQP STANHRY QHREVODKMMARK D3 X
XAWWhQ- IQRPi AX

V etky z predch dzg cich alternatv mag jednu v hody, ktoU P |0EH SHLD
\GHK $ \RPRQRE SIHRX DNHWR'YHN\VOEAE. BH R<IDGX (D MVBRALDEDYN. \ANDMPH\D
BRKEGWYSIHRK  NYDDW pL BN FKOIRMX DN FKWI'X G W GHKRAD Dpotom ich pr de
YH'D 1 HAMED WD D HREM  YAHMRK SUHFK @ DMAK SIHRRYEK PYQRY ]I YMRE
RG\VOGE  QHRWEBRHhQ Y\ XAMH] GIRVRY  EXVINV FKDUNAMU Q-SUMNS] VRELYRWIVN YE YR \OG@LHE
(future-save), ale naopak, s :

(1) Flexibiln afuture-save
0 {AH\DPHY YH'NRA SRADERYDHVEWN S WP D MER@YERK \QALHE P{ax
\D RENOYIE V@R V QRYEP L FKDUINMIMMCP L $70 X \WpP GRN aH SRESRIRYDY
v etky z nich, bez straty efekt vnosti a bez nutnosti vykonania zmien vo svojom
vn tri.

(2) (1HNYCHYA X3MHYR'GBFK] GRWRY
. 3G \OGEDP { 8HY\ X&tYD' IXERYR'GE YR'GE | GRM

(3) JeGQ XQYH)i @DMH
. HF8HWED DYKQ+ \SIDYRYD' DY\ EXARYD MEQ- IH FHDRYp Q NDG D
X EXG- P H@H
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Z kladn definciaATM, ATD aFPS

(1) Neexistencia kontroly ch b atoku na rovni link-by-link
9 ¢’ D\DY\ VRNHWYDDM@QHN YKREHWAU YH] GIRWRY DAP HJ RYDQX pDNCRRK
radov nie je na rovni link-by-link (t.j. medzi dvoma uzlami na koncoch jedng
QAN SRUEQ NRQARD FKEE D QROXM \D Q]N SRpHVWADN  SCANHRY
S VREHERK SUHAPHQP
0 RQPAA
- Chyby pri prenose (zmena bitov, strata pri n razovom prsune d t) s
sp soben " umom"”, chyby pri protekt vnom switchovan, pri strate
M@EKURQY]iAH 9 &6 MHDK @ UR AHORG 36 MHV QHH LW RAKUDCD
NR&5& $54 SHGVINEPIMR FKEHPL 9 $70 M PRXQRSC NRQURD
t chtoch baetRAYr mci end-to-end protokolu.
- 6D SCAN\HRY D YNDAEQH SCHFNHRY VS \VREH) FK EDY KO@YLpNH SCARNHX
9 NDMANEFK 36 MHOK \D SIREQP  UWHAL P RACRWRX ] QRYX SIHHHQD
packetu (ARQ). T to vak v ATM neexistuje. ATM poskytuje len
prevent vne akcie, ako je pridelenie zdrojov pri set-XSHDNRQAURD pL LHK M
QRN 0 {aH \MD DI DB STANHX S \REHD) SIHApHP EXITHX
NHPAH QHH VA NRQURDWWINX. 9 ' DND FRQQHANRQ oriented m du, je v ak
SR@PHY DSRADRYDY- ~URYH

(2) ATM pracuje v connection-oriented m de
3G SHRRP 1IQRPIAL | WRLQOXX R MHM \D PXM (NN U Y\ WRIK
@IIENE YIW @ RNXK 7R \D XGHWA GQ DN M GRUIMN YRFRGERK | GIRWY [B \D
] DXOLDP QP i @QDVDISCANHRY  3UPRP W pL EXGH YRIGERK ] GIRWRY GRITAMRN
savyhodnocuje tatisticky.

(3) ) XNCR KDYIPN M| UHSNRYDD
$B \D QRUIKXR EFKONMH \SUIIFRRYDQH Y MHV 0 BW 6GaLKDYH D
identifik ciu. virtu Inych spojen pri routerovan ., ato identifik torom zvolen m
pri set-XSH 8 P RainXVILP XAMB®] ovanie viacer ch spojen cez jeden kan |.
. HFAH AQED Y KOMpNH P{aH \§\REL | @ URAMRYDQH SOANHM H Ldv
WHKQN QDGHMAX pLNRUHNALX FKEE Y KDYLpNH

(4) 0 CRAWWRIQRP At Y STANHM NMIUHDMYCHP DD
$B \DSHIARSUYHNEP EXIIURP DYHNoP X] G40Q SLSUAVQP

$70 QRYRXM SRAMH QHNRINERK GXKRY \Z MKRY =i NDGE SRS YaON RWWD
YaQA WRYQNE pt\VER YWHSHVIDON. SOANHX DMKR KOYLPND  LG-QIVIN \RU] GHWD SRXalM (D
SIS GRVBQUMMRQBE®! = (HD ] tMN\DptVR v stupng linky anov  hodnota identifik tora
QRKDYLPN

Charakteristika vykonu

(1) Time transpar ency
9 ’DND Y\ VRNHVLE FKERIVEURDGEDG MHVD P DPP X P QRAVWX LQRP i At Y SOANHM \~
FKOINMIMMN. $70 MHMERE RGIEQ RGNDMANERK 36 MHV
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Char akteristika oneskoreniav ATM
IDRANRHAHY $70 MHODK Pi YSOY YIDFHR pDXWVMHM NRp \SRX G YDM
FHDRYp RHARHIH 2 GAWNRIHQHINR P { 8HP HUIR GHIY Q@
(a) Transmission delay (TD)
Z vis od vzdialenosti koncov ch bodov atypu prenosov ho m dia Nez vis od

SIHRRYPKRPyGX =GADQHMIWSUEDSQH D& -V

(b) Packetization delay (PD)
9]1QN ]DNRGEP NP \DUDEWP HVOGED ] YYXN YIGR NRQHWW GR STANHRY
V MERGFHKEK $70 MHDOK M NRQHJ LD SRUHEQ GR @] DplDMX 9 zmie an ch
MH OAK\DSOANHY CADYA NRQ YDDNEGRP SHKRAH] G670 (RATM sieti.

(c) Switching delay (SD)
Sklad saz SHYQ-MDWY [ HS\VZ WKIQ) GHD ) ' DSUHP HIDYHVPDXY V-YIMIOHARX
s buferovan m, queuing delay (QD):
FD - Sp soben spracovan m aprenosom packetu ce] KIDZDOMH . HI'aH
\Z \WRKH SUIRXAM QD YHNEFK BFKBMINK P RAQR QRUCKQX (B \RR RHANRUHIH
ERRQRC POp
QD + 7RRRHNRHIH] i Yt RG] O’ BAHQDMHMDRG\SU YDQD\DpINTRFK
radov. Ich spr vanie charakterizuje pdf (probability density function Q&N UK
a YOXH SRSV \SU YDQH \D UDGX | R ABMYXNNOKR KI'DAM\D 1 0P LHIR SRI\X
S BEXGPH SREYD GR XOQMT 7R Mi RHARMIH NRY \D SUHMIKH
s ADYGBRFERCRX 1.
(d) Depacketization delay (DD)
Real-WP HVOGE Y\ a0 Y AH'RYRP bode, alebo pri prechode do synchr nnych
Q@570 MHVGRDRQP RANRKHIH CA \D\EN | UINRCAWKRYDOS{ YREE M Ky @
G \RYé VWN 7RRRANRHQHP { 3HP HRI © SRV SRP RARX TXOQMX T 6P R UHR H
DN RGHARBQH VS \REHD SUHKRERP STANHY MHRX MiYIpAHDNR ' ' SCANHAAD
XYDXWIONRE. BROMDME 7 RMIBHVIDYGERFERCRX 9 . HPaHWRARDEB\D
zarat va do celkoveg straty packetov v sieti, hodnotu 109 \D PX\PH (@il G0
n zku.

D:= é’\ D, +§1 FD; +maxq(fIDi + PD

Dz—aTD| +a FDi +a maxocfADi + k. PD+a SD

Celkov oneskoreniev $70 \LHAMoGDY\SR)t\N?HD\R 1avVvzmie anej Seti ako Dy:

L SROHMBHRRERKMUN M SRoH$ 70 VZIWKRY N SRpH/A 70 RAVNERK
pPDXWHM M SRR/ 70 \Z WRKRY'Y k-WVPDAY O SRpHMX RKY QR FK YEP HD 6
= oneskorenie pri prenose v synchr nnej neATM sieti.

Beal Time Real Time
ZEMVICE EEMVICE

£ATH

DTDE switch [ TD4
FDZ2+0D2 oo

synchronous
nietwork,

TN
FD FO+ 0
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Hodnoty v ATO MHDK
8 YCAX\W? HY] QDR PHI L] GRWP DAHRP NP\ \REXWRX RANRIHQH
-V V@EKYQHWZ WKH NDBAGE VRBARBQP -V WS\ d&RNSIHIQRPI AH
v packete (16, 32, 64 byte); 2 typy prenosov ch r chlost (150, 600 Mbit/s); 8 ATM v men
$70 ZOMWRKRY 7' ]i M GQRGA&N \INMR6' Q570 \ZIWK-ov nez vis od ATM
Siete.

Packetization delay (PD)
=i M RGA&N. SCA\HX DIEFKEUN GRX v tP GBa MISCAINHMAP Mi3' Y paH ytP
MINDA \&P NP HEDHHNMWQRE SIHRKX YH'N- pD SUHRUX ] CEHIM KIDYPN. $N
XYCEXWP H~S@p Y XEAIMHSTANHX SREP S YYAX VIBRKERCRX  NEWW/MIYAVBGRNRG
BW &R B PV 3UHY \VRA\REFKGWE \OGE. 0 BEWDVYILF \D3' \WWDYHPL
mal m (125 us).

Fixed switch delay (FD)

Z vis od implement cie, nov ]i YMBRMVRGASN SCANHRY MR U GRYR GMDM
STA\HRY DMK YeP HX \Z WKIQJ H AKDQIH 3UHQ@EHAAN Dr chlosti dosahujeme
YeVON PHIL A —Vnajednuv menu.

Queuing delay (QD)

9 RYH'NHWP IHL] i 1M RGY t CAHQD@QHN Y sieti a od povolengj pravdepodobnosti
VDY SCANHRY 3@V aHSUL t0ABHY MHMQ@ ] DIt EENDEX | HX DRIANRIHIDU \f
H SRHHL @H STHR\DWIIAN. XYDEXMIKRGRBY R PHIt R 91 pADVZ MKLQY
architeNWUN aDGAMIP O P | QHQHNR'NR GMDIRN STANHRY DMEEXIHJ 9 jednoduche
DAKODANAUHWEDE MG-QVBNEVREX TH)  1OD  RAMNIONY \Z WKL Y] GAWMFK VAN 1O
DRAWMILEK YICFHR XVESRUDAXERK ] DVHERX 7\ SFNp RHANRHQHSU £ DAHY
pravdepodobnosti stray packetu 10°°D  SRVHEHIG-HARKWDERY M SOANHY 3UHAANX
packetu medzi 16 £ B \WERK®RX\SUIFRYDQD UK + 600 Mbit/s, znamen 235

SOAHRY RBANRBMQHPHIL A~V

Depacketization delay (DD)

2 GDDXMGHD NN CHIRYCRMIYY oneskoreniach jednotliv ch packetov). Jej
YH'NRVY ]i YIM RGkonvol cie oneskoreniav pDNCRAK UDGRAK 3ULURYQINERK SUHESRNDIGRK
ONRWHPDDSUL4' SREP MW NRE WHEDRAXW Qt MY rozmedz 50-800 ps. T to
KRGIRM DNR\EN- Q-BUISRpt\YCP H SURREH\P HXa SUHEERNDICDDP O 1P| QX KRARNM 4

\ENEHNMRRUNMIXE Y WIVKRGORM ] CERot\BEE

Z ver o oneskoreniach

9 RYAHREH QRSO aHQNY GAlWWE | DNRU YSRYDMALD YH'NRE RGHARUIHAD M
PD, ato ngjma SUMHDK Vdih mi packetami, Q] N P LSUHRWRYEP LIERKRCCP LDY p&P
SROWP $70 -neATM prechodov.

$ N\DFKFRHP HY\ KQ-t' SUi@a YH'NeP RIBANRIHQLP dANDSTANHRY B QP DDA\ ¢
YHPLYH'N 3URE@P @MIWDINDSUWMIKHKREARURHARHID PV W3 RN | OpQH
Y] QN HHNWR YHQ DMIWHEDLCARIRYDY UAPHR YH) 7DNMR' ' EXAHY pr jemcovi
Y paD pRVY AIDED] GAMNLEX 1 HIQ) 5 IHEHQHV- NIDAIH SOANHIV

(2) Semantic transparency
Chovaniesach bv$70 MR3EQP ONRY NDUANEFRK 36 MH'OK 1 DARHDRY~ R\ ERYR(
ATM syst muvpl vaj 3faktory:
Prenosov chyby v poli inform ci
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SUAMHQHEX THX Y switchi
Strata a YBSHIHSIANHX A\ ERX Y KOYLpNH

Prv typ chyby nes vis s$70 DFAKIMWNAURX UR REHIHP H L SR EQéEIH G GXKp GrH
chyby:

Strata packetov sposoben chybou v KOYLpNH

7i \RFK\ EDP { 8H\S{ \REY 8HKRERIBY KOMPNHDEXGH] KRRYDY VMR QHENKR
in ho spojenia, vtedy vlastne vznikne dvojn sobn chyba vinou zI ho prerouterovania. Ak
spojenie S\DNEP\R pt\@BP HH LWl STHNHAD 1 Qpt Dnast va tak chyba len v jednom
SRV 3UHESRNDAMW H 8H KRERWB % 5 SIHRRYPKR P X MIB 0 { 8HP H XYDARYDY
pr pady:

$ N MR K BRYRE VAWIHEHD VBN 8HY] QNHAK\ B ~VHNX VASBNRX Y1 paRX DNR
jeden packet. Vtedy jeinform ciav SO GDGHRAA EQ \BNPL\EN \BNSHNDEG FK\ ED
v KOYLpNH] CBUplit XIVFD MR SOANHXY. QHS] VREXWSULP RQ VREQ- A\ EX

&K ERYR{ M IRYRP HIH R GaH) D YaHM SUHQ &80p BW 9 pr pade zmeny
jedn ho bitu v KOQYLbNH (DWWD WD SCHNHXY Dmultiplifik cia( t.j. mal  chyba

Vv KDYIpNH\S] VRELD\DX YAHMFK SUH) 30K IQRPI At AWE 7RRP{&PH
\SR\F DUBERYCH

Predpoklady:
+  SUHPHOQ JaNDSIANHX
L Jda\DSRDIQRPi At Y SSANHM
K  daNDKDYIPpN
H=i+h
ATM switcK SREYDYAHM BW Y KDYIpNHQ@] IMMIHAHD

3RRP SIDYGBRFERU aHRK EDVDRENDV Y KDYLONHM
h

h+i
SWYGBREFEQRS aH\DAA EDYA W V@HY poli inform ci :

i

i+h
Majme zjednodu en model pozost va ci zjedn ho ATM switcha, prij ma ci inform cie,
K\RLERK A ERYRY MI% DV P Xa ’DAIHAK B QRS VREXW &HDRYI A\ ERYRW MWD V-pHN

FK\ ERYRWKDYIN. DSRDIQRPi At $N\Z WRKIQ) WP LQMBBMMKDMPNX P { 8X
O SWSDa

(1) Chyby v KOYIbNHQH VW~ GAM\RYDQ DQ.RSIDYHp + vykon sanespr vne routerovacie
rozhodnutie. V QIMRZRP SUSDEH DNNCRG AK\ EDVS[ \RE | @ SIHIRAMIRYDQHEXGH
chybn ch 2*i bitov. Tovy sti do celkovej chybovosti:

Bz g+ = 2N g
h+i h+i h+i
0 XQSM LNTHQE H HNWAK\ ERYRUMVIMD M1=B]/B=2h+1
1+h/i

(2) Chyby v KOVPNHV= GAMRYDQ DBIGHRSIDYHD — | BMRY (HRIJ t GRAHD &HDRYI
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A ERYRS

0 XOMSD LNTHGE HHNW

(3) Chyby v KDMpNHW~ h+1 opravené— YaHM BW \~ GRXpHD \SU YH
hM2= hii i
= Jk =
B B e T

0 XGOS INDpQGE HHNAWMWIP HEEt DNRMED WEDALDED

multiplifik cia Ms= nenastane.

1+hi

7 MptP MIKDYLpNDGBED Y] KI'DERP DNRANEG- GEANKG W \&P MIP XAMEM INhGE
HHNAW pit 7ONSHYIGPH aHYSWSDGH  \D I'DKNR GRULCKH P XAMSM INDpE | INRURNR®R
100, v SUWSOH M R WO FAM RNRRR 9 SUSDH GNaPH RN YaHM L
viacQVREQ FK B $ YAON RIDYD YAHMERK FKEE SRAIMP ) (& |RZ DG HIRUARIWHANRY M
] AV DY\ DG SUTA YH'D GRDRh@EK IQRPIi AL 3RGYIM \D SIHR MEIRGFKAH
met dy.

91 paD FKEE NRp \D MWW~ V- BEXd MEFREWYp DBER YIDFQVREQp 9tom
GXKRP SUSDGH MILFK RIIDYD] GAMMAD =W\ pDNMH V- YZON SULQFRK SRENRGH M3\ \BNEH
RSDDKOMPN. Qi YH'NE YE] @P , P SBP HYMW \D SUHR G RSUDYD MEREVRYEFK REE
ktor m v ak vprpade viacn sobng chyby, za n sledok nespr vnu opravu, ZzI
SIHRAMRYDQH P XA INDhGE H FNADWEDFHDRYR RSTh@ ~plGRN

9 ’DNDWP X MIYH'P L] DXwP Dré DB Q P HKDQ] P XVGAMAHRIUIDA FKEE
Pracuje v dvoch m doch, NRIH\bQRP a HM\PbQRP 1 RPi @H\D@HK G DY NRIINoQRP PyGH
aopravuje jednoblMp FK B 3R NZAGVIRSIDYH \D SHBCH QR GAM\LQKR Py(&X Dost va
viRP SRNEP QHEUGH Y B R ERYi KOYIbND 9 8HM GRMIDNMH STANHNV [ Qbt 7éP \D
QRULK®R aHY pr pade n razov chch b sazle prerouteruje len prv chybn packet. V pr pade,
AHWR ERDGRMBEREAWRYI A\ EDDJ’'DE STANHAMVEU YQ  URARYDQH SUHEHKE NRUHNGH

Z GAM\PQKR GR NRUIHNoQoKR \D SHBH Lv SWSDEH  aH GRU LOSCANHAWj ednobitovou
chybou. Tento algoritmus je jednoduch na implement ciu vhodn pre jednobitov chyby
v hIDripNHDnN razov chyby.

" HILQFID YH'NRVWASDNHRY

SUWLQYIKX$70 ERRWHDX P pLVDEXG- SRXaYD SINHWV SHYCHVOBER YDUCHOHV
G&N D\ENMA ASHAIINRYDY IFK YHNRE  WRY SWSDEH DN \D UR KREHP H SUH SHYQ- daNK
DBER UR VK IFK YH'NRWY SUH SWSDG YeEH X YDUCH@HVEAN. SDNHRY 8 N &HP HVL 8HWRR
v ber ovplyvnilo viacero faktorov.

9DUDEL@ YHJ XV IL Q GAND SDNHRY

Prvotn defin cia ATD (Asynchronous Time Division XYDARYDDLIEDRYH'P LNJW FK
SONHAFK SHYGHMIdEN, BWRY . Naproti tomu FPS (Fast Packet Switching) bolo zase
QKUY SUH SINHV YDUDHOHVIAEN. 1 DMOYGHAH IDNRY NARp RYSOViiXv YEKRA
aQHeKRa RERKUHHY - Y\ XAMHAUN S WP D YENRQGRY SUHBIQ@D W\WHED B RKICG
IMD] GAMVRAC SHB:Qhov) a oneskorovanie.
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9\ XalMH &t Si VP D

3UARBH SONHIV REVEKXE DMKODYLPNX. H HNAWCQRW SUHRK YA SROEP HONR
GIWRYEEKVRY

GIWRYEEKWRY E\WRKODYLPpN\

3D\HN SHYCHVIAN

9 ’DNDWWP X SHSONHIV P DM SHYQ- AENX HHNBWQRE SUHIRX Y SRpt\IP HONR

h :%
e, u
~ - [ ++
g/ H
kde / 9HNRYS G \RYHVDINVSONHXY B WK
+ 9HNRY KOYIpN Y B WHK
;o &HDRYE YH'NRWY SUHD 8DGERK G W B\ \RFK

(IHNMRE M ROWPIi @D SH Q\VREN YHNRWY G \RYHM pDXY SCNHM VWA g;/—g/:; .

V optim Inom pr pade efekt vnost YA SRtMP HA =/ J/r+ :

( THNWQRY WD ]i YIM RG YH'NRUWY SUHD 8DERK G We SILYHNRP G \RYRP EBNX P RAQR
QRULKQY RAIP i @X HHNWYCQRYE 1 DBURIVRP X SUL SRXEIMVP DPKR EBNX G VAN H HNAWYQRW
QR Q] ND 3RAIP HWLIL HHNWQRE SUIHRRX Y] KP'DARP (DP RXQp DSIN AH

f Prenos zvuku + je to CBR (Continuous Bit Rate VOGED $ N FKRHP H GRIDKQY
RSWPi @X HHNBWQRYE P XMP H NRP SBUH YA Siiiy SINHWV ptP GR SUHRWK ] YXNX
]DHAHP H DNoML RAWNRIHQH ytP BEXGH YHNRE SONHX Y paD Y paH EXAH g
oneskorenie.

f Prenos videa + DN SRXAIMP H NyGRYDQH Vkon tantn m d tov m tokom, dost vame
situ ciu ako pri prenose zvuku. Pri k dovan sYDUCH@EP G \RYEP \R\RP P{aH
O M\ AD N’ G \RYeé SONHMQHEXGH Y\ STHE ~STH pR ] QaX H HNAYQRW
prenosu. Av ak pri prenose videa sa jedn o YHNo PRAMM G WDteda dospejeme
skoro k optim |ngj efekt vnosti.

f D taztujerozdie medzi nzko avysokor chlostn mi aplik ciami. V prvom pr pade
@8U YWS ] NOYHQFH \DAQRKXW SRP HIHP DD HHNWYQRE (10%). Pri vysok ch
BRKEGWIK @8U ) 73 MRSt WWRN HHNWCRYS  (CBUNDG SIHRY E VVERX
\DARODKMHHNW@RE  %.

. RPFaH SIHRY YR Y\ \RNREFKGW@ERK MH TRK EXGHWRUE SUIHRV] YXNX IGDDd t, celkov
HHNWQRE EXGHRIP | @D OVBUL SRAEMVSINHRY SHYGHVEEN

3D\HV YDUDEL@HVIAAN
3U YDUCH@HVIAANH SINHRY P XMP HGR KOYIpN. ] DKW+ DMS UBWRY QD LQAN AX
daN SUH) EHMQRP i AH SUSDEHIMRQAURTGE EWD GHMALX FKEE (IHNMYQRYE SUHRWK

RPN SRptWP H DNR m:ﬁ, kde h, s spomnan pridan bity. Pri prenose
SONHKF L YDUHQHVIAEN QRIOMMPH RS ¢ YHPL Y\\R\- HHNWWQRE WWRRR %), ato
K@YCHSUHYHNo SINHWV
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Z ver

SRIDERP OHHMW@RE SIHRX P{ 8HP HVNRADRYD &H SONHWV YOUCHOHVIAEN
SRN Wt BBAX HHNWCRYE DNR SONHWV SHYGHVIAAN. $ YADN DN \D SR UHP H @D NRQNpWH
YA XEMHAURNRS WP RYEFK MHV ] ItP H aHWQR SUQRVQHMIDA \BNE Yelr) @&

5 éFKARW SUHSIQDQID D MKR | GRAVR\Y

=CBéBW&H—BtQIJDSNWS—VQNE®E?YDﬂ[H@méN 11 YIM QDIXQNAL FK N
AKRAPHVMNRQ Y DQD 1K WHKQRRILANERK SRAIDADYN KK 1 DVH GANMAH IDNRY - NWRLp
RYSOYiiXv | GAVRAE SHBQPRY V- KBS RSHIAL DYHNRY SP | W SR}AMMQD | BRQM
v nich.

5 éFKA RSHU At
REAKARS |1 YIM DY\ NRQ YDERK I XQ\AL FK DpDHARWSIRP (DK Y\ NRQDQH
f 6SIDFRRYDQHKDYPN
6SUIFRYDQHKOYMPN. MG GAMIX pDERX $70 SUHQPRY 3UHGERNIEN? HIG-QIEND | XQ\AH KOYpN. S
paketoch ako pevnej, tak | YOUH@HVGAAN 9 prvom prtSDGH SUL SONHRRK YH NRWY BWRY P X\
SURQP \SIIRYD KDYPNX] D pV INFKFHQRULKQE BFKEE 0 BWV
3U YDUCA@HVIAENH SINHRY PXMPH] R’ GR~YDK\ MR SUSOG WA BWRY S &FKGMY
0 BWV ] pRKRGRNWLP Hiba 533 ns.
f O DTEP HOMRQV ,
V SUSDGH SINHRY SHYGHVIAAN N\ MW AD MBRGAKAD SUHRBH EBNL Y pamiéti s
LRYQJ\RYH’I\D SUAR MIpt SRXAlT MBIRGMKp DORIW\ D\ YX SP |1 \MW U YDUCH@HV
GaNH SONHRY Xa WHED SRXAlT W @FK®I LP SBP HQMAH algoritmov FindBest, FindFirst

a SRARECH 7 X M8 Q URpQHE DVECP | £RY& P DBP HW

9 H’NRW SCP | WISRXAIWMD | LRQX

3PIRYP QUL MMPP X SIH SINHIV VSHYQRX d&NRX ]i YIMD RG ] 'CEHQAD MHM DSUNDMM QKR
stratov ho pomeru. Pre syst m s variabilnRX GANRX SONHRY N XUpHQIH YH NRWVSCP | W Ha\ NRP STNRYDGHA H
a]i I\t DVRGINM @HR P [ X G8RN SDNHRY 2 9t MIINHEIROEKELH XYDBRYD® Rnajhor om pr pade, teda pre
@M paX GENX SONHX 3UHR SUL VP R SRKUDAH M YEKRAHAD SHYQ GAND SINHWY oproti dih m - paketom
YOUCHOHVESN, / HBit RIKOGP RAGRXURELY BRYHP LITANR SURBHQ-ER Q PHINM @ Pl GARNSONRY

Z ver

2 ELG(DSDJ]PHNH WIERK®RE RSHI AL DWHNRY P | \WW\D @M GEAHGRIIKQE S
SREAIMVSINHRY SHYCHVEAN
Oneskorenie

-HGEP N YHNRE $70 SONHRY QHMISUQE YH'N  CB\ DGR M WP X GHYQHM®R
SU@E YH'No RHARRYDQH pR MIGHYKRGED | YO& SUHW WP\ BHELOFHY WH @RP pDH @8U

prenos zvuku).

Sdhrn o SRXaWSHYQHVDBER Y[llDELCQ-l\/GiéM

Pre iroNRS \PRYp MHM NARUD V= XUbHP KDYQH @@ SIHRV] YYXNX YIGD Dd t, je pr nos z SRAEMD
SONHRY YDUCH@HVIAAN. | DHEDM Q@ RSIRIV YBKRG P SRAEMD |1 GHVIYHNRAY SINHX. pR XP RAQ KDYCH
P HLX ] GAMRE SWRQPRY 3UAR\DIMA SHW] CCITT zhod QD SREMVSINARY |1 GHWHNRAY NRp T YO
cell.
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IOHMRVY$70 FHOX

. HI WH\D IR KRAD SH SHYQ- YHNRE STNHM \WHED XUple MKR YHNRWE =DD W
Pi PHYIDFHR IDNRURY N P XMP HEY GR~YDK\ 6~ VR HHNWQRE SIHRX RANRBQH
(ktor vzQN SULY\\W DY S@EFK SONHRY DNR DMSUL LFK pONDQ YR 1 URQIVAK SUHBLQITPRY
a] GRS [P SBP HQVAH

( THNWYCQRW SLHRWX

(THNAYQRS SHRX Ml @0 SRPHRP PHIL YHNRWRX KODYIpN DYH'NRARX G \RYHMpDAY $ N
predpoklad me kompletne vyplnen paket, dost vame A =—— 7HDPP YpADMGWRY pDf &P Y paX
HHNAYQRS QRUWLP H

Oneskorenie

1 IHNRYp SDP HIH RAWARIHAD V- RYSOYARYDp YHNRARX SENHX YIOF 1 PHHVI0 H3 L KDY
kateg rie oneskorenia patria:

Oneskorenie prLQ@S/7DQ SONHRY

7RR RHARIHIH\D] Y paXVHI\GP YICF ptP Y1 pADMIG \RYi pDf SONHX . HIPSH\WR
YHNRE SROAMGH RYSO YiiXW FHDRYE YENRQ MHM P { 8X \X (DI SIREPP\ VMIMPDRYRX
WDQSOHQARVCRX pR pDXR Y\ A0 SRXAIMH \WRKQIN D UXaHQH ozvien hlavne pri prenose

zvuku.

2 ANRIHQHSU SUIHKRGHMHRX
7RR RANRHQH PXM Bt pR W HAH KDYAH SUH KDRYp SIHRX  &&,77
RGBRHD 8H PO IPi @H DNAF-BRYDMQp RAWVNRMHQH B PDR B¢ PV EH SRNR
UAPINR YH)  $ N RHNRIHQH SUNRot WAR KRR WHED Xa SRXAlE \ERP tQ@Dp UEpN
RYIHQ 3UW Q LREAERK KRYRIRK P RA(R QRIIKQY RHANRHQHR\RR PV DraNINE \D
prenos realizoval kombin ciou ATM a l(HWMHM KRARX P VYHP LIDKNR SUINJRatP H
Zoberme s pr klad 1000 km prenosu sSRXAMP  $70 SWHBQDRY D2 ATM-to-
1R 70 1DUDGHY 2 AANRHQH NRp DXBAHSIH B\WRYp FHD MIRNRRR PV DBIXa Sl
SRAW B WRYEK FHRY EXGHRAWNRHQHDA PV 7RRMQRC LHH@  SUSOG SR}AMD
SIHR SULYR'EH YH'NERK FHIov by ATM nebolo vhodn m m diom na prenos zvuku. Preto sa
@ YEEHUYH'NRWVAHDX P { 3HP HSR UH' | ICFHERK SR DARY
o Ma cell (32ameng bytov), ktor jevhodn skoro prev etky zvukov prenosy
0 9HNEFHD DVIDFEWY NGEHP{aHP HXYDARYDY Rdvoch pr padoch:
3R VAN R IHQSUHY bAQX] YXNRYEFK SSHIRRY )
&HD @END’ LED \pDWY ptP ] Q&P H RHWNRIQH S @SinDg SONHRY DB \R Q@ ~NRU
SIHRRYHVH HNAYQRUY 1 DGXKHWDGH] DD Q-BRMHEXVP HUEDN. R YLHD
0 Stredn cell (3264 bytRY 3RXAMP \ENERKR FHTRY \DP { 3H° HWA KQ- XA bN P
R YHHQYR Y pACHSUWSDERY NGHSRoH/$ 70 X] @Y Dprechodov nain sietenieje
SU@E YHNe 71H8 P { 8HP HCSINRYDY pLDARQp Y\ Sin DQHAHTRY
Oneskorenie vo front ch a pri depaketiz cii
Oneskorenie YR | URQIMK M RYSO YCHP SRP HIRP YHNRWVG \RYHVEDXLY/ DK@YL\
+ SNV p&PHYHNRE G WRYHVPDXY ] Y p&P H DMWR RIAVNRUHAH 1 D GXKHVIVADCH DN
AWy~ pDf |PHEPH RPANRHIH \D R3¢ 1Ypa SHREH YOWXH UHDWCH 1Y paP H
YHNRY KOYIpN. DSUHR pD/ SRUHEE @ SIHRY GHINKR P QRAWWD G WEXAH GB&  $ YaN
FHDRYE UR GHOP H3 L YH'NRWCP L AHOX D BW M]DHIEDM@E DW KOYH Sl
vysoke prev dzkenaseti (jedn saasio pVv
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Oneskorenie pri depaketiz ci je ak msi spojen m oneskoren vo viacer ch front ch.
-H BN RYSOYHRYDDD YHNRARX FHIX $N B AHDRYp RHANRHQH BRR SU@E YH'Np
Y\ ADGAMIMLWR YH'NE buffer na strane pr jemcu.

,P SOP HQEpQ | GV
71 \RMXUPHY GYRP DIDNRUP LDWR V-~ BFKARE DSRoHAAHIRY NJWHKRYHNRE  Na
JDIDHX ] YRBLPKR VADRYPKR SRP HX P XMP HSR (7 SRoHAAHTRY Y] KIDARP (DIURQN 7RR
PtV H | YIM RG YH'NRWIYFHOX DB (D GXKHVWINDHPtP Y pa FHDP i PH \&P Y pAX SPI ¢
Q@I URQM P XMP HSRAELE =Y paHQH FHTX \#8 ] Y1 paXivil DVpDY SRHEGE QD MKR \SUIFRYDQH
a\WD] P HEXWP RAQ- QRULKAM' Q- SHRWRY~ IBFKRS
1 D8UNDG DN JREHIHPH (R ~YIK  BFKRRS 0 BW IURQX YHNRWY ~ FHIRY
a KOMPNX YHNRIY BB W QRSHWP HNtak mtov dedkom:
- pre 16-bytov cell potrebujeme 8.000 bitov paméte, ale na spracovanie
cellum memaxim Inel Vv
- pre 256-bytov cell potrebujeme viac ako 64.000 bitov paméte, a na
\SIIFRYDQHFHIXPi PHX8 Vv
y DV N \P H] IMMD YAON QHMIUR KRGMAL SHREHIM D  pWV\DG FHDWSUIIARYDY 3UWHR\D
RUHQMWP HKDYCHD P | tRY~ ] GAMRAL

Z ver

I1DYHNRE FHOIX YS@YDM SURNFKRAE D IDNRY DB QONUH HRYD(HAH YH'NRWV\~ PHI L

a BWY 9éB-HJMWMDRYSOYHE KODYHRHDRYEP RANRIHIP  HHNWYCRWERX SIHRWX
a zGAVRRX P SBP HQIWVAH

SUNRHER UR KREQWERD SIHHRDD YHNRWY ~ B\\RY ( XYSD D64 bytov (USA a Japonsko).
98\BEY YHNRA B\ \RY ERDWKYi B DMY CCITT a ERORNRP SURP VP H3 LRERP DP RAQR(TP L

) XQ\DQQW, K@YI.bM (Kap. 2.4.5.4)

Virtualne spojenia

$70 SREYDIEDP DB KOYIPNX 2 W@ SRUHED LQRP i AHERD SRN X\ Xa S
Y\ WRIHY VGRWQD ,QRP i HHONR DAHAD SUNP DM’D VHNYH QD ptM®R Dpodobne nie s preto
WHEDVEN DNR MR QA0 SULQHS NIGERK MH'OK . 3@ YWY Ine spojenie je identifikovan
POVHOQEP LGHONIN VWP N Pi LEDGN @ Y& P SUH\SRWQH

Mechanizmus na kontrolu toku cellov (flow control) ako napr klad ARQ (Automatic
Repeat reQuest $70 Q-BRGRXW SHRAHSWLBAKGRWRG 0 BWEB \DSUHIH®R YHNp
P QRAWWR G WNEP B\ \DQRUVMMUDNAD pRE S VAR Q] NX H HNWR

+ @YLPND WD P XM LIGHIVINRYD YL @QH VSRWQH 1 DR\~ Yng obsiahnut dva
identifik tory ato: VCI (Virtual Channel Identifier), ktor identifikuje dynamicky alokovan
spojeniaa VPI (Virtual Path Identifier), ktor identifikuje staticky alokovan spojenia.

Virtualne kanaly

Na identifik ciu virtu Ineho kan lu v KDMPNHVBAL9 &, 9 EXG-FRMNAD EXG- YR YHNRP SREYDY
optick k ble, ktor s schopn SUH) & WRYN 0 BVW DB QHNDQ O EXG- pDIWR SUH) a0 LEDNEW 3UAR
SR MEFRP ROWANRP \SRWQ P{&X B\t SUHJ 80 UGRYR D& QHNR'NR G WFRY YL @ FK NOQ &Y 7RWR
YADGMIDR BWRYe 9&/ LGNIN WU 3UHARBHS$ 70 W] DBEHY D \SRMMVINRP XQN At NAG \SRWQH M
charakterizovan VCI atoto je vybrat pri vytv ran kan lu. VCI m ibalok Iny v znam pre spojenie medzi
X @PL$70 3RXNRPHI NRP XQN AHQHNAEP NIQ GP \DXYR'Q DMHKRO &, NELE EXGHRS  SRAM G
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Virtu Ine cesty

6~ \R SRBSHP DH® \SRWQDP HI LGRP LNRJRYEP LY @P L &H H\DEXG- SUBIDYRYD VICFHp
VP XAVQEH \SRWD \WMD YIDFHp NOQ®  7DNEWR Q YUK XP Rai XVl Y\ Wi U YL @H MHM DDBRX YeKRARX
\INR DBRNRYDEFK AHIWM P HED Q QR UDGHAD MHM DMHRYEFK JGRWY 1D Y\ WRHIH \BNEFKIR
YL @ P MHAAGALY 3,

0 DDBP HQMSFKWR YL @ FK ABMQHSUHELEKD LED QDG MGEP \SRWQP DB Y pARX M D ~URYQL
zv zkov tak chtospojen.PretoVPIm 8+ BMWY pRXPRanXM A YW @ FKABW. 0BG ] t chto
AHAWP { SHREVODKRYD D . YLLWM @ FK NDQ GRY XUDHEBRK SRP RARX 9 &,

Priorita

DOERX I XQWHRX NR- KIYIpNDFHTX | CEH SHXW MIXUDHIHY | Q FK SURIMERILFNEFK \SRWQ 3URIMD
NI SRADERYDQ NY{ QWP X 8HSRP RFRX DG MH GBAHANNMIRYD I SROMHM 3URIMY MIXAVEHQ
CVBULYA VRNRP | 'HQ MHM NGHP { 3HP HY SUSDEHSRUHE. REHRYDY FHD Vn zKou prioritou.

Rozli ujeme dva druhy prior t, aVRpDRYI SURIMBDs mantick prioritD y DRYi SURIMY SUHESRNDG
AHQHNRYY FHD P{aX B YMHVSR QA0 GBAHINR L WD SUHQENA VSRMQD\D Y\ WRY GEAD pDWRY|
WBQSOHMERL D~-NRULGERK 6pP DOMAN  SURIMY] DDXUDXMAHD NREFK VIDBQHMDAMIN YE]TPQ \Ata
\D\&P GHLQMIY ] D\OP DN \WDQSDHIAR

3URINY P{aHPH SUWLDAL pL Xa FHBMYLLW @HVIARWM NDQ OX SUSDEH CVMP REEP FHTRP  3URIWY
P RRQRGHLQRYD' H STAMHY KOYpNHDBER P STAVH UL QG 07 YW @HKR\SRWID

Rie en m s P STAVERX SURIMRX P { 8HP H GHLQRYDY YIDFHR ~URYQ SURIWDB D MKR LP SBP HIMAX
WHED SRXAIE \BEX'N Y SHBQ@DRK pRP{aHE t Q URpQHAH @ LP SOP HQWMAX ([ STAMV@ SURIW MtFH] CEHS-
miesto v KOYLpNH DB LFK 'Y\ KRERFRYDQH EXGH RYH'D MEGROFKAH 3UHHIRYDE M P D@ SRhHAH STRVEERK
prioritn ch bitov (O * 4 bity).

OGWAED

Na podporu spr vy siete a @ P RQRURYDQHYENRQX V- U ) RRKOMbN HAMJ'DAHLQ RP 0hQp BW
9 8KRED Mi SREL BWD UR @HQH (RPi @ K D~GAERYERK Gt. T to technika sa vol PTI (Payload Type
Identification). V \BNWR REEEHERK PHIRK P{aHMH SRUHDY Y] H LQRIP [pQ Dtestovacie d ta (napr. pre
CRC, kvalitu spojenia).

" R FHIX M YKRGD XP LHA@: DMSOUME BEWNREP GRN 8HPHPRQRRD AW B QHS LOHKR SROW
EWRY $70 SRGEYDYVPDQRIY + ~GEERYp AW

Viacn sobny pristup

Ide vlastne o spojenie typu point-to-multipoint NHT' ] MGHVI ] IENHVIDAHX P RAQR G \B \P HRYDY
k IIFHEP NRFRYEP XatYDM'RP DVR B] D SRAIMDWRKR IMBKR VSRWID 1 DENARIXQNAX RSt WHEDUR) & Ul
KOMpNX FHODXRQHIND DAIHEW £ BWRY pR]i YIM RGO $ & + Medium Access Control).

2 FKUWDQD KDYLpN SLIRWFK\ Ei P

$ NQDXHSUW SIHRHKDYIPN. FHOX A ED VAR P { 3HP ' GHIDAYQ YSOY DYENRQ
SIHM SUHREH] U HQHERID t D\EU YQHP IHWR DBIP { aH QDX DMK &UHQHd’DEtRK FKEE
SUHR Ml YEKRZp KOYIpNX GRSQit RP HKDQ] P XV GHM\HH DSR1 MBFREWRYERK FKEE
9 KRAEP PHKOQ]PRP M SRXAIMH R NIFNoKR %&+ NyGX %RVH Chadhuri-Hocquenghem).
1 CSUNDGINFKRHPP HRAKU Q' BWRYE EGN SIRIVAK EHMEpKRBEW N FKFHP HYHAH [V
RV SRAEAMPH@A EH BWRY 71HR QM 3H HW XP RRQD GHM\RYD DMK B Y paHR
SR BWRY DB Xa QH R SHAHM @X ~\S-&QR( GAM\AH FKEE Dkorekcie ch b
jedn ho bitu je uveden v (DVBIGMMAHMEEXNH

# pridan ch bitov — 6 7 8
#chr nen chbitov |
32 48% 74% 89%
40 36% 68% 84%
48 23% 62% 81%
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+@OYMPND $70 FHIX Ml IR GHPQ SRA'D QWWERYHVMBEX'N  4SHALIN AD SRAD &&,77
rozli uje dva GXK KOMPIHN Dto pre NNI (Network Node Interface) a pre UNI (User
Network Interface).

funkcia potrebn bity CCITT
(NNI / UNI)
VCl 8116 16
VPI 8112 12/8
Priorita 04 1
OGAEDDtyp cellu 0+2 2
Poi nt-to-multipoint 08 0/4
HEC 0+8 8
RESERVED 0+6 1
SPOLU 16 £ 56 40

Podporné funkcie xap. 2455

9 R YAHMFK \X WP RAK ] DBBHERK (D SHB QDY SONHRY P X\ B\t SUNP DM \AKRSGE XUplt' KUDQFH
SONHX 1 DBUNDG+' / & NEH V- SRYRBQ SNV YOULE@HVAEN. \D @D R @PHIH NRGAD SONHX SR3XEEYD MV
Y|RADEMRY 7UHED YAIN] DXl CB\ VD GHA VN VRYDD V-pDXGH CMY SONHM R W ] DEH SHH \WRKQINRX A8 W
stuffing?).
ga)9] RINX EMRY P RAQRSRXALE DMWY ATM, ale , bit stuffing? je kv li vysok mr chlostiam ATM nevhodn .
$ YAON YA IND SHYGHWH NRUNSDNHIRY W P RAGR SRXELE TP LHURAEVWIM | LQJ3 DMQp \WWRKQINL , K SROXBIRX M
0o 3RXAl 9] GHFHD
0 . RQMRRYY +( & Header Error Code)
0 Periodick synchroniz ciacellov
. DG ] \AFKWR WHHY P RAQR RIVDY WWYRYEP QDIWPRP |RMWYPL+817 35(SYNC
aSYNC. V stave HUNT iba monitoruje linku aKrDd @8U BWSR B\ pL QHQ) NBH GHIND
hranice cellu. Ak ich n jde, prejde do stavu PRESYNC, kde kontroluje cell po celle ich
hranice. Ak ich n jde n, potom sa prepne do stavu SYNC. Z tohto stavu od de [EDNH" WDV
m po sebe nasleduyj cich hranc cellov. Parametre n am XXM D\R @FK®R \D X \XpP
zosynchronizuje, aakor chlo odhal opak.

rozpoznané
hranice
cellu

m po sebe idicich
chybnich
hranie
cellu

chybné
hranice
cellu

n po sebe idicich sprivoych
ohraniteni cellu

3RXAMH SU ] GQ\ FK FHIRY

3U] GHAHD V- FKDINMY RYDp SRAMP SSHALIANHVKRERW Y KOYIbNH 9 stave +87 K'D3 PHYR
YWHSGERK G\IFK aSHAIIAN- KRARM KOMpN. 7D OEH SHlt 0B \D WIR SRIESRE G WN\RYDD
v ostatn chregul rnychd tach.
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V MYH 35(6<1& \DRAt KD WR KRGRD @ SRMEH KIDQF FHIX 3WHREH i1 GH FHD
prich dzaj po MO\HLEDNH Q-BUHEHKD AIDEDLQ NP XQN AD QH\HA WD EXGH@D HPXMH pOND' GBAH
Podobn situ ciaje g v stave SYNC.

Kontrola HEC

7i\R PHYD W\ X&YD Y] i NP @ Y] tIK PH3 L BWL KOYpN Dnasledovn mi bitmi cyklick ho HEC
k du.

V stave PRESYNC kontrolujeme bit po bite blok, ktor by vyhovova pravid m HEC k du. Ak
nevyhovuje, presunieme sa o BWIDBM $ N \BNEVR EGN Q MBHPH SUSHPHVD AR 35( 6<1& NHSRRP 1K
WP HDA R n tak chto blokov aprepneme sa do SYNC. Zo stavu SYNC odch dzame po m chybn ch HEC
k doch do stavu HUNT. )

3UEPPRP M NHI \D EBN NW& \SiD +( & NyG Q@K G D DMY G \RYHVIDDAMY FHIX 9 W3 FDKN\R
ADAP HW QFKURQ] i AX SUSDEHM  DRALIHREQRYEP H 3UHR\D SRXEE YDWRKQND VAP ERYDQD NARU | CEH SHbt
AHG \RYa EGN M SHXGRY KRARX SRISRERX ptP \D] QAL SIDYG-BRFERE YAW W Y]RN NRU B ERD
g HEC k dom.

Periodick synchroniz cia cellov

0 {&8H\DWW &H SUHFK G DMFH UHHQD | GHINEFK d YRGRY QH\ KRYXWt  DDERX
P RAQRARX Ml SRXAlT SHIRARAN- X QAKURQ] i AX FHTRY NRU M DBREHY D SHIRAANRP
YNDEQ X QRKURQ] ChQBFK FHIRY GR G WRYpKR \RNX  70NER FHDD M FKDUDNWML RYDGE
@BUNDIG 8SHHI @RX KDYMPNRX 7 HQR GXK M @RKURQY] | AH M YOW@H 8SHAL @ P SUSDGRP
prv horie enig, st mrozdiHRP aHQP LR SRUHDQD S ] GQ K FHTRY SRXAIMP HRHD \R
5SHA @RX KOYIPNRX 2 S \D\W NDMEN. DSINXWI SUHFKRGWIYP L+817 — 35(6<1& —
SYNC. a\dt 7RR UHHQH QH M Q-BU0 QYR RYSOYHRYD) DY YNDAQP AXAYERE
blokov d t + teda pr zGQ FK KOMpLHEN GR G \RYPKR EBNX. SIHREH W WP SUDVIGHOH SRUHD
\X GFKURQ] ChQ FHD DXARP DIVNL. 3HIy@7 Mi] YRBQ DNRNRP SURP VP HY LHHNAWCRERX
prenosu a SRUHEQPKR X @FKURQY] ChQoKR pDX 0 DD SHIly @] QAXWH HNGYCRE  DBi] P HEXW
pD/SRMbn  na synchroniz ciu.

Z ver

&&,77 @NRIHF VWEDD GXp WHHIH W1 X QKRQJiAD [DB8H) @ +( & Dscrambling
LQ) RUP CPQoKREBNX

3 ATM Standardy

3.1 Uvod
3UKIDG

Téato kapitola vysvetli vrstvovy model ATM-X XUt KUDQFH P HG LMGQR@YmI vrstvami a podvrstvami
ako ich definuje CCITT. Viac detailne opiSe physical a adaptation layer. Nakoniec sa zaoberiava
~@AERX D SUHYI G NRX M WEP X %6 1

¥ LOORVW&.&, 77

Definicia ATM-u so vSetkymi detailmi je zachytena SGXVII z CCITT. Niektorp pDMNABQEDUGEX
ERQ QDYIKKQXW pIMR WRKQEN.  SUH QHNRY ERD |R-OGHQ \WRKQEND |1 GBMRAY WIIRG @ P L
SRAIDGDYNDP LQHNREFK NDWD 1 DSU QHNRY) NDMD. | G WD) HIRYDR.SRAHEX | DEXGRYDQD REWD] RYEFK
D ] YXNRYEFK VOAIHE  IQp ] DVH AIDCDD EFKA NRP XQN FIX P HG L SRXAtYDWIP L 1 1H V~ YADN YaHWM
RW] N GRABMROGQH Y\ UHEHQD  WHED IFK SRAXMSCH VNRP SBMY RYDY

V juni 1992 CCITT dohodol sa na nasledujtcich navrhoch:

1.113 Slovnik pojmov pre Broadband-ISDN

1.121 Broadband ISDN

1.150 Funkcionalna charakteristika BISDN

, 6 GEE\ %6' 1
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, =i NDGQQp VIHERYp YOWERWMW46' 1

1.321 Modely protokolov BISDN a ich aplik cie

1.327 Funkcion Ina trukt ra BISDN siet

1.361 Specifik cia vrstvy ATM v BISDN

1.362 Funkcion Iny popis Adaptation Layeru (AAL)

1.363 Specifik cia Adaptation Layeru

, 3RGSRWD VBGEE\ FRQUHAIRQBMWY VSRWQD

. . ROMRD SUHP i YN D] DYDAHQD IHWY %6' 1

1.413 BISDN User-Network interface

, 3 UHKIDG Xat YDWMVNEFK SIRFHVRY Y/ D'HU - SUWH,6' 1 D%SDN
1.432 BISDN User-Network interface — pecifik cia fyzickej vrstvy
1.610 Z klady OAM pr stupu

3.1.3 F6rum o ATM

&&,77 SOQXM UHDQi FX awQEDE] i AH $70 D GBRGRE~ SHYI GNX bR B\ SBHOABYRYDO] i NDG
YHH@HMA6' 1 VBEEN 9 WNXRpCRWYSRWHED SUH AILRNRST VP RY~ NRP XQIN AX UDWIH YHP LIgFK® pR
SUQ-WR YBUREFRY V-NURP QBFK NRP XQINDPQEFK VA WP RY | BFK@ AWmQEDWE] i AX 3UWHGSRNDG WD &H
$70 VDRENDYt (DB YR SUWY WIRP REFKRGRYDIMWNRP D SRGQNRYRP VHNRWH

V oktobri 1991 skupina C3( GRA YDWRY \WBNRP XQNDhQEFK SUHYI G NRYDWRY D XatYDIMRY
] DBAD$70 ) RXP V AHRP ] EFKGIQD YEYRD D Y\ EXGRYDAD $70 -RYWNEFK SURGXNRY D VBALLE Y
s kromnom sektore. Prvé v sledky v tomto smere boli spracov vanie s kromnej (lok Inej) UNI medzi
$70 SRXAYDMRP D V=-NRP CHVS70 VZIMK D YHUIH@HVB 1, PHGL$70 SRXatYDMRP D YHUHERX
MHRX DD@P AHRP $70 ) RXP X M XWWX\WRbQt SHFLIN AX Y RGERWH RSHU At UQD@Y 1 HE RN
to-QHERWN IQMIDAH FRQJHWIRQ FROARO NRQARD SUHDAHQD WEffic management (riadenia
prem vky), fyzick ch médi, nové aplik cie a adaptation layeru.

. 6P &&,77 SRRXM $70 ] KIDAWND RSHU \RURY VHWD Q URGQEFK DGP IQWW VRUIRY $70
) RXP | KIDAWND XatYDIMRY D &3( YEUREFRY

3.2 BISDN Reference Configuration

Reference configuration je praktick n stroj na definovanie rozhran (interfaces) medzi r6znymi
entitami siete a na definovanie funkci t chto entt. Tieto konfigur cie pre user-network interface
SRXAW Y,6' 1 &&,77 ] DCHICRYDD Y @ YWKX, DY\ KRYXM YAHWWEP SRAIDGDYN P %6' 1

5 HHHhQp ERG %6' 1 V~] DCHICRYDQ SRCRECHDNRY1,6' 1 56 78 DNRDVWNXSIQ %
NT1 B-NT2 (Broadband network terminationl1,2) , B-TE1, B-TE2 (Broadband terminal equipmentl,2)

Tronsmission

S8 Ta Ug

TE2or | i 5
I BTE2 B-TA :
R Sg

r .
Reference Point

{: Functional Grouping

Fig. 3.2. BISDN Reference Configuration
and B-TA (Broadband terminal adapter) fig3.2. Iba Sga Tg s tandardizované.

B-17 REVDKXM IXQNAH QAaaHV-URYQH DN\R V= @H \WDQWP MMRQ \MUP IODWRQ  WDQWP WMMRQ
interface handling, OAM functions.

B-NT2 obsahuje funkcie pre rézne topoldgie siete, funkcie vy ej rovne ako cell delineation
(synchroniz cia) a concentration, buffrovanie, multiplexovanie/demultiplexovanie cell, priradenie
zdrojov, signalling, protocol handling, signalling adaptation layer functions, switching local connections
and OAM functions. Implement cia funkci B-17 P {&XE{t fyzicky zoskupené ale aj rozdelené.

B-7( XNRQhXM XVHUIQMUIDFH 635 alebo Tz D YWYNRQ YD XNRGHHQD YAHWEFK SLRRNRBY RG
QIQAGFK SR QDM d8lH ~URYQH % TE2 e te nie je tandardizované.
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5 HHUHQFH FRQUXUIDMRQ P {&H E\t I\]IEN. UHDOQ RYDWM'Q  YHD VS{ VREP L 1 IHNRINR SUNDGRY
vid me na fig3.3

. :
S Ts Usg 3.30
ERTZ T BT e
Sg Us 3.3b
eeeenz _}—+—— [N ]
Te Ug 3.3c
1 B-TE1 } - B-NT1
Sp=Te Us 3.3d
s
B-NT2 ; BNTI
Ts Usg 3.3e
Sp
. : :
| w |- W | Ts Us 3.3f
S = SaT— SBT
|
B ] BTE]

———  Physical Interface

[ Functional Grouping

Fig. 3.3. — Examples of Physical Configurations
3.3.1 Reference points

SR Q . H NQKX Y\ (DD&&,77 ABQEDUG VSQIR SRAIDGDYNY SUH SUHQRV 0 EMY/ =YRIDW SUHR
GER Y\ VR\R\YDOE  \WBIM] LD SRADGRYDD VN~ SUHQRWRY~ LEFK@W 0 EMY sa dosiahne tyrmi
0 ESVNDQ ® L pRSRXatYD$7 7 6 RHW 0 HGH®

3UHQRWRY~ BFK®W 0 ESV SRIN\\MM 75 aj Sg 3 UAREH CDW P { &X WHR' DVSR EMRFK DMIY
bunk ch, navrhli dva alternat vy: cell based a SDH (Synchronous Digital Hierarchy) based.

TzaSg s point-to-SRIOARUIHQRYDQ VR ]CDP HQ  WDQUP MMUD UHFHYHUV- YaB VSi LIRYDQ
1D N aatK ~WRYQDFK M SUHHOADYIMW'Q  DMSRIQAfo-multipoint hierarchia.( ale to je e te predmetom
t dia.)

3.3 BISDN Layere

26, ,62 PRGHOM YHPL SRSXOWH D SRXaYy YR YIDFHEFK NRP XQNDPQEFK VWP RAK 3RGREQ
®JIEN  KIHDUKID M QDYLIKQXWV Y, SIH$70 ,6' 1 alDr DD ®Q QAAIH ~UWRYQH V= Y\ WHEBIQ
&&,77 ] DI QH\ DAUOHOAX PHG L$70 D26,

9 WP \R P RGHO VD SRXatYD SRWP RGEHBIEFK SQFK WHSDWDWd planes) na oddelenie user, control a
P DQDIHP HQAPXQNALE 7 DNEVR SUMNS ERCSRXaMWY DWY 1,6' 1 DMWY &&,77 5 HARP P HQCDMRQ, Y pRP
je pop san ISDN Protocol reference model.
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— —= = — Management Plane —-———
i i
~
/ Control Plane / ‘User Plabe / %
e T L
y e Bl
Higher Layer Protocols Higher Layer Protocols = 8
g //i 3
3 )
Q D
/tﬂ | =
]
3
ATM Adaptation Layer s
* |
I
ATM Layer
-~
Physical Loyer

Fig. 3.4. - The BISDN ATM Protocol Reference Model

Model je nakreslen na FIG 3.4. Podobne ako v NISDN obsahuje tri plochy: user plane na prenos

XatYDIMWNEFK IQRP i At FRQARCSOQH YA NRG YD KOYQH VI QD@ D P DQDIHP HOASDQH M SRXAWV QD

SUHYE G NX W WP X DDBMAHMID GP HQY 1D P RGHX @\ HUP DQDJHP HQADR | RV-0d XY \WLSEBFK\

Plochy s rozdelen - podobne ako v OSI ISO modelu — na vrstvy. CCITT ne pecifikuje rel ciu medzi

YOWDP L%6' 1 $70 SIRRNROPRGHX D26, PREHX 7DNR P{3HPH GYD P RGHO SRRYQ YIX 3+<

layer je viac-menej ekvivalentn fyzickej rovne OSI modelu, oba vykonaj funkcie na bitovej rovni.

ATM layer m{ aHP H XP IlM@f D QaGHW-RYQALYUMW Y26, $$/ O HUSUHGABYXM RSHI AH Y\ &8HV
~URYQL \BN DNRMJ QD@ XVHUIQRWP DWRQ Da SR$70 FHOY ) XQ\FH FRQUROSOH | RGSRYHEDM pDVWY
AW N YUMW D XVHUSOH M QDMEKRAHEIH | DUDAE GR WDQVSRWAD) X SUHWRAH YA NRQ YDQH IXQN\FALE

DCDSVBMRQ YUAMM V Xat YDWMWNEP LG \BP LVD GHY QD RNUDMMH\W — v termin loch.

3.4.1 Physical Layer

Fyzick vrstva v BISDN je rozdelen na dve pod rovne: Physical Medium (PM) sublayer pon ka
bitov  funkcie z visiace od prenosov ho m dia, Transmission Convergence (TC) sublayer
prekonvertuje ATM cell do bitov ch tokov, ktor bud posielan cez fyzick m dium. Fyzick vrstva
pre User Network Interface (UNI) je pop san v 1.432.

PM sublayer

T to vrstva je zodpovedn pre korektn posielanie D GRXpRYDQH EMRYEFK \RN\RY SR I\ ] IFNRP P pQt
) XQ\AH QD\QIAEHV-URYCH V= pMR ] i YIMP RGP pAD D YRD VD \BN DNR \WQR VXED\ HU3 K\ IEDOD pGXP
(Physical network access — O HGH®  7i \R SRG-URYHI M | RGSRYHGJ DMSWH VSU YQH EMAP IQ)J
reconstruction u pr jemcu. T to vrstva je definovan v CCITT Recommendations G.703, G.957.

Transmission Convergence Sublayer

7i VR YUAWD VSIRD~BKX CDWAENO\ X Y26, PRGHX Pi  ]i NDGQREFK IXQ\AL

3 IXQ\FAD SR SUNMVEMRY M DGDSWHD EMRY D SRXA Srenosn  syst m, tj SDH, PDH, alebo cell
EDVHG $70 ) RXP WHA SUG YDPRAQRW ) ' ',

71 VR YOMD JHQHXM + HDGHU ( WRU &KHAN IQRWP i AIH X SRUHDWRYL D UREt NRQURX VSU YQRWY X
receivera. Rob aj napr klad rozpozn vanie hran ¢ buniek u pr jemcu - synchroniz ciu.
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3R UWR SR Q YDQ EXQN VD SRXAM DORUWK XV QD ] MMQH SUSDAQH RSWDYX FKEE Y KOYIpNH =DM
MCQREMRYp FKVE\ VD RSWDYID SRNDI VD Y] D VHERX IG-HAFK RENAYID \BNoWR FK\E\ \BNRSWDYDWD Y] G D
sk asaopravach bnavy ej rovni. T mto sa zabr ni aby viacbitov chyby ostali nepov imnut .
7i VR YOMWD P X\t ] DEH SHolt YNDGEDQH D SR@pDQH SU ] G FK EXQHN 7RR VBAL (D ] DFKRYDQH
prenosovejr chlosti. T to funkcia sa vol cell rate uncoupling.

DDEMMR YUAYD P X\t 2 $0 IQRWP i FX Y\ P HQIt V P DQDJHP HQABDCH-om.

3.4.2 ATM Layer

Hlavn funkcie ATM layeru s :

- Multiplexovanie/demultiplexovanie buniek r znych spojen do jedn ho toku buniek.
7 DQVOFID IGHQMN \RUD FHO PR M SRHEQ YR YIDFHERK SUSDGRFK NHA' VD FHOVZ WWKXI | MAIGH
@N DGAXK~ 7i \RWDQUOADVDP { dHVSWDYIt QD 9&, DQD 93, ] YO& DM/SRX
SRWNWRYDQH XatYDWRYL 9&& 93& MAHM] YIDFHERK WHG 426 11HNRYp VOEGE P{ax
SRADARYDY XUplW 4 2 6 SUH MIGQX pDW \RINX VSRWIQID D QA4IX 4 2 6 SUH] Y\ 4Q- pDWt VSRMQD Tento
UR] AHOW QDSU Y &/ 3 EMM Y KDYIpNH
???
5 R] EDBIQH SUGCDQH KOYIbNL EXQN' SRWWRP SUHG AP pR FHOERD GRXpHJ RGSRVDQ DEDS\MRQ
layeru.
Implement cia flow control mechanizmu user-CH&Z RN IQMIDFX QDWBYHQP * ) & EMX Y KOYIbNH
cell.

3.4.3 ATM Adaptation Layer

$$/ SRINWEH VBEE\ SUH XVHU FRQWRCD P DQDI HP HQABDQX

Je rozdelen na dva sublayre: segmentation a reassembly sublayer (SAR) a na convergence
sublayer.

OBKD 6$5 WXED\HX M VHIPHQMAD W GHBIQH IQRPI AH QD N-WN  SUNMAQHVI YHNRWY SUH
Q NDGRY~ pDW EXQN SUH YWY @H VSRMIQH D RSDpQ  IXQNAD WNDGDQH CRXPHQERK FHOXD S{ YRAQ-
[QRP i FIX NRU EXGHSRVMDQ dDBMD Y\ 881X ~URYH?

& RQYHUHQFH VXED\ HUSRWN I \BNp VOEE\ DNR V-~ IGHQMN AD VSUM WP HF&AN UHFRYHY DW 9
QAHNREFK WSRFK $$/ M FRQYHUHQFH VXEO\ HU dDBMUR] GHBQE QD &RP P RQ 3 DW& RQYHU HQFH
sublayer (CPCS) a na Service Specific Convergence sublayer (SSCS).

3UH QHNWREFK X&TYDWRY VOBE! $70 O\HX P{&X B\t SRABbXMFH SUHR QHNHG $$/ @\ HUP{ &H
BtSU]a

" RMD| ERQY &&,77 |DGHICRYDQ  $$/ SUH NDAGE WS VOAE\ MGHQ $$/ QDYWKQSWH FRQHAIRG
RUHOMG VB@EE\ $$/ SUH FRQCHAIRQBIW NRY VSRIDD ] DEXGRYDOGR QFK DMR.3 &6 VXED\HU $70
) RXP WA ] DCHIIQRYDO/DP RAMVEE $S$L pre r chle prenosy AALS.

3.5 )\]IFN ~WRYH
3.5.1 Vo vSeobecnosti

Vo v eobecnosti v CCITT s zadefinovan tri typy prenosu framov. Na z klade SDH, PDH a cell. ATM
Forum sformuloval e te jeden typ, FDDI.

3.5.2 Synchronous digital hierarchy based interface

Charakteriz cia fyzick ho m dia

8 SUHACRWIRYDQ P pGXP M RSWAND YONGQR DBINRD i QHN EQ V~ WWHA SUNMA Qo

V Tg UHHUHQFH SRIQAM | YREQ 0 BEVS SIHRWRYi  BFK®W Y RERFK VP HIRY $ MRSWAND DVHBNUEND
] DUDGHQD V-~ SRXaWMQ UR] KRGXMFH IDNRY V-~ Y] GDBICRY  VSRIDKOYRW  FHQD DWW 3 UH HEINWENp
] DUDGHQD V~ SRAIDADYN. SRSHVDQp Y * ODPi @D Y] ADBIRV ]i Mt RG] RMDEHQ SUHQRVRYPKR
m dia, pohybuje sa medzi hodnotami 100- P 2 SWNo UHHQHP{aHE\t RG -2000m. Optick
P pAD REVDKXM  MGQRWP HIp YOND SRAD * DOl QHNRY G URGp DSIN AH P { X XatYDY DM
multimode fibers.

Charakteristika Transmission Convergence Layeru
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SHQRWRY BFKGM W XaWQ  SUH SHQRV IQRUP DWRQ FHO VU QDAY FH D 2$0 FHQ M 149,760
Mbaud na prenosovom syst me 155,520 Mbit/s a 599,040 na syst me 622,080 Mbaud.

-+ ——————————————— 241 -
Cctets Octets STMA=-1
A
—-‘——-‘F
3. SOH VvC—4
|
b4 Y
1) AU—4 PTR }——==]| N |/ﬂ J
{ B3
Cc2
5 SOH Gl
F2
Z3
Z4
ATM Cell zZ5 ‘.- Eﬂ
A Rl
(s VC—-4 POH

Fig. 3.7. — ATM Cells in an STM-1 or STS-3c Frame

ATM celly s prepraven ako SDH frame, ako je zn zornen na Fig 3.7, v tzv STM-1 frame.
3RWISQRW $70 -ovsk ch buniek je zabalen do C- PpRVSRXV 32+ WRU 9&-4 kontajner. Celly s

WR] EMY QD RNV SUHREH GR & - [ BWY (H PHWFHE SRoOHWVWHD 1 | E\\RY WRANX YIDF
ako 44 buniek). Existuj aj SDH framy na prepravu buniek.

Transmittion convergence sublayer je zodpovedn za generovanie a zachytenie framov, scrambling a
descrambling...

Implement cia OAM funkci je v s lade so pecifik ciou prenosu na b ze SDH v CCITT (G.708,
G.709). Tieto funkcie robia zabudovanie cell do framov, detekuj chyby, posielaj chybov hl ky.
Vykonanie prenosu je kontrolovan per section a per path pomocou overhead octets (POH,SOH). Z
KIDAVND SIHQRVX $70 FHOY 6' + IDPHY M G GAM IED & BE\WM R @XM aH Y NRQEMHY W~
prepravovan ATM-ovsk bunky.

ATM Forum pecifikuje SONET-ovsk STS-3c frame pre priv tne a verejn  UNI v synchr nnej sieti.
621(7 M SIDNFN NRP SDIEI@Qp V6' + -HAE RIAHOM Y+ E\W Y 32+ 3RVHOW \&P R E\ \RP
R QpXM KUWDQEX SWHVFH® YR 9&- 3UMP FD WAR IQRWPI AX P{aH W Xalt Y W\ QFKURQ] DbQRP
algoritmu (cell delineation).

3.5.3 Cell Based interface
Charakteriz cia fyzick ho m dia

V CCITT predp san vlastnosti fyzick ho m dia s identick ako pre SDH based interface. ATM
) RXP &SHFLINXW D P X@P RCGH IIEHUDNR MGQR ] P RAQRWY

Charakteriz cia Transmission convergence sublayeru

V tom\WR SUSDGH FH® V- SRUHDQp SUHEHAQH EH] ] DEDEIQD GR KRANMNEFK ILDP RY

TC sublayer je zodpovedn za synchroniz ciu (cell delineation), za generovanie a kontrolu HEC, za
nastavenie cell rate medzi ATM layerom a fyzick m layerom a za OAM (riadiace) funkcie. Prenosov
BAKEM WXaWQ  SUWH SUHQRV IQRP DIRQ FHO VI QD@ FHOY D 2 $0 FHO M 0 EDXG Q@D
prenosovom syst me 155,520 Mbit/s a 599,040 na syst me 622,080 Mbit/s. Tieto hodnoty s
identick s SDH prenosom.
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27 ] 27

IDLE or
PLLOAM

P IDLE or ATM ATM
L PLOAM Layer Layer

~

Fig. 3.8. - The Cell Based Interface

Fyzick wvrstva prepravuje aj peci Ine physical layer (PL) bunky, ktor nie s v kontakte s ATM
O\HRP 7IHREXQN V= JHCHIRYDQ D VSUWDFRYDQ Y VOP RgHM\ | IENHWUAYH 0 O] IP i @D Y] GDBXRW
medzi dvoma PL bunkami s 26 ATM cell. Fig 3.8 7IlMR EXQN P{&X E\t 3/ -OAM alebo aj neplQQ
(idle) bunky. Idle celly s zaraden iba kv li zachovania prenosovej r chlosti. PL-OAM bunky
pren aj riadiace inform cie t kaj ce sa fyzickej vrstvy, ako regenerator level (F1) a transmission
SDW ) 0 1QP i @D SHURAFMY YEWN W NDAGOKR WSX EXQek je 513 cell. Digital level flow (F2) nie je
SRXAMYY MKR IXQNAH] DVWYSXM)  1GZ  NY] QQHSUMRP QRAMIDQVP MMRQIWDP RY Y FHOEDVHGS8 1,

3.5.4 Plesiochronnous digital hierarchy
Fyzick m dium

9HN YEKRED SUHSIDW EXQHNY 3' + IWDPRAK Y &&,77 M &H 2 GSRU-pDQH * SRYRIXV Y\ X3
H, MBVIFHVEMY GHWHED QDICRVBEYDY VIH DR V&~ SUHGStVDQp QDSU SUH6' + \WDQUP MRQ

Charakteriz cia TC

Eixtuje viacer ch sp sobov pre zmapovanie ATM cell v PDH frames pre variable bit rate. Niektor
skor  implHP HQIVFIH YA Xat YDOMGQX IRUP X SUHQRVX QD] i NDGH EXQHN FHQEDVHG

9 V~pDVCRMAAR P HYW/G VD CHSRXatYDM SUHGQRW GRWBIGB' +-ovsk  pr stup, t.j. riadiace inform cie
D KOAN REVDKXM aSHHL @QH RNWW SULDCHQP CR CHINDKR IWDP X =Y\ad pDW IWDP X je naplnen
$70 FH@P L NRyp V- SUVS{ VREHQ aWKNAY IWDP X 6~ UR] EIly QD RNWW DV QP LM\ SQHQ NDAG
YRQ PIHWR YR IDP X +WQFH FHOV- W QFKUIRQ] RYDQ GHICHDWG SRP RFARX +( & OS@E SRSV
framov pre r zne bit raty, ktor s spomenut v Recommendation G.703 bude vysvetlen v s rii

-« - 59 Celumns =

FA FA2 A
- |
TR .
" MA °
NR R
Q
GC i

5

|

|

v

Fig. 3.9. - Frame Structure ot 34.368 Mbit/s
GRSRUPHQ * [
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Ako pr klad Fig 3.9 ukazuje trukt ru framu pre 34,368 Mbit/s- ovej PDH interface.
Nasleduj ce POH funkcie s definovan :

FA:  Frame Aligment

EM: Bit Interleaved Parity (BIP-8)

TR: Trail Trace

MA: Far End Service Failure (FERF), Far End Block Error (FEBE), Payload type
NR: Network operator byte

GC: General purpose Communications channel (e. g data or voice for maintenance)

v PIMEREME B POL | POH'™s PLCP Payload ' ;
+ . 'Frame . . - : :
; 2 =y il G 53 + 13 or 14 nibbles |

Al A2 P11 Z6 First ATM cell

Al | A2 | P10 | Z5 ATM cell

Al A2 PO Z4 ATM cell

Al A2 P8 Z3 ATM cell

AL-FA2:- 1Pk | 22 ATM cell

Al kA2 | Ps: | Z1 ATM cell

Al A2 PS5 X ATM cell

Al | A2 | P4 | BI1 ATM cell

Al 1BA2 1P | Gi ATM cell

Al A2 P2 X ATM cell

Al | A2 | P1 X ATM cell

Al A2 5 PO< | €1 Twelfth ATM cell Trailer

Fig. 3.10. — The DS3 PLCP Frame

ATM Forum pecifikuje DS3-3/ &3 IWDPH pR REVDKXM FH® SRoHAWE70 FHD 9 WP WR P RGHQ NDAG-
ATM bunku predch dzaj dva PLCP (Physical Layer Convergence Protocol) r movacie oktety, path
RYHKHDG IQAFDWU 32, RNWWD 32 + RNWW5i P RYDAH RNWWY XP RAAXM XUpHQH $70 EXQHN EH
SRXAMD +( & NRp V= GIQ SUH NRQURA D RSIDYX KOYIPN 32, RN IGHQMNXM QDVBIGKMFH 32 +
oktety, tj BIP-8 stuffing (pInka) counter, path status, POH identifier, octets for future use. Trailer
SWYHV 3/&3 WP X REVDKXW QEEG AWREW O D IPi @D SUHHRWRYI BFK&W SUH \WQR IWDPH M
40,704 Mbit/s. Fig 3.10

3.5.5 FDDI based interface

ATM Forum pecifikuje 125 Mbaudov multimode fiber interface v s kromnom UNI. Physical Media
" HSHQEHQNUXEDA HUXAtYD % % @HFRGH | pRKR Y\ SEYD SUIHRWRYI I BFKEM 0 BW/

Synchroniz cia je vyrie en a8SHALI QP @H WP NyGRP QHSRPRARX +( & alDAH 2 $0 SRGSRWD
QH M SOQRYDQ@ Y3+< D\HU +( & P{aHE\t SRXaMW D G-M\RYDQH FKEE QH QD RSUDYX SUHWRAH SUWL
GHEH At VO K\ ERYRM 1 Q VRE

3.5.6 Funkcie transmission convergence sublayeru

Header error control HEC

+( & VSUDFXM FHO KOYIpNX EXQN 7i VR EMRYE IQRUP i FID Bt QHBIQ (D RSWDYX EMRYERK
FKEE DBER QD GHWNFAX YIDFEMRYEFK FKEE 3UH NDAG- YHJIX 7& SRGYUAMX M SRXAW IGHQIFND
rie enie.
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V norm Inom (default) m de pr jemca pracuje v Correction stave. FIG3.11 Ak je detekovan
chyba jedin ho bitu, oprav sa, a pr jemca sa prepne do stavu Detection. Ak sa n jde chyba viac bitov,
G FHOM ] KaHQ D SUviP FD VD WHA SUHSCH GRWBIYX ' HIMARQ

Multi-bit error delected
(Cell discarded)

No error delecled
(No action)

Correction
mode

Detection
mode

\ Error detected
/' (cell discarded)

No error delected

(No action) /
Single-bit error detected
(Correction)

Fig. 3.11. - Ducl Mode Operation of the HEC Algorithm

9 \RP W WYH M ] XaHQ NDAG BEXQND NI REVDKXM FK\EX Y KOYIpNH $N VD REDYt FHQV
NRUHNWERX KOYIbNRX BN VD SUMP FD SUHSCQH CR VIBYX & RUHRIRQ

9\ VIHDb Y\ SRpt\ KRGQRX + ( & QDVBIGRYCQH 3ROQYP Ny JHQHXM EIW KOYIbNH EH] +( &
vyn sob s8 acel polyn mvydel spolyn mom x®+x* | =Y\ aRN SR GHBIQ VD SUUDAXM GR +( &

Cell delineation (synchroniz cia)

3RAD LHRP P HQGDWRQ W\ QFKURQ] DpQé DORIWW XV Pi B\t QH i YIV@ RG SUHQRVCQERK A WpP RY

FHOEDWG 6' + EDWG 3' + EDVHG « Pi B\t DCDSWRYDMQE D NDAG CHERW interface.
$ORUWY XV M CDYUKQXWW QD ]i NDCH Y] tDKX PHG L+( & EMWL D EIW LKOYIpN. 6 \BYRYE GDIWDP SWH
delineation vyzer nasledovne :

9 WMBYH+ XQNEHDGHPE SURFHY/NRQARDM EVWER BWWVAL YQRY + (& BMRY'Y SUHESRNDIEHVK@YLONHFHD
V niektoldFK USDERK 6' + WDRP MWRY  MP RAQ NRQARRYDY + ( & RNMV
SNMVSU YQ SUHSICD VD GRWBYX 3UHV QGF 9 \RP \R VABYH W-ED  pLVD QDED VSU YQD GHEH FD
3 UHR VD VNRQARGM + ( & SRBAND KOYIPNH $N M QHVSU YQD VBNV WP VD YU WGER WYX Hunt.
6\WYP SUH@H GR WBYX 6\QF DN VD SRM@E VSU YQRA KOYLN ' HIB NUWIWGE VWP \D
vyhl si za synchronizovan .
SNVWP Y \RP R WBYH GRAMICH SR VHEH $GKD FHOV QHVSU YQRX KOYIBNRX \BN VD Y\ KOW
QGH QFKY QR D SUHSCQH VD GR WYX + XQ.

Hodnoty Alpha a Delta v CCITT

SDH based PHY layer: Alpha = 7 Delta = 6

Cell based PHY layer: Alpha =7 Delta = 8.

Cell payload scrambling (pomie anie d t)
3WH ] YeaHQH VSRIDKQRWYD IREXVWERWYM QGFKURQ] DhQoKR SURFHVX SUHG ] @P \ VHQEP LXatYDWMP i a
CHSOQRYDQEP LQDSRGREANRYDQDP LVSU YQHW ( & SRBAN Y G \RYHMDWVEXQN. EW Y G VRYHVDDVMAA~

zn hodnen .
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3UWH N]IFN- ~RYHY V 6' + EDVHG WDQWP MRQ M RGSRU-pDQE VDP RA QFKWRQL DhQé  VRDP EGU V
polyn mom x*®  7HQR VADP EBUPi \WX¥SH1 ] Q VREHhia ch b 2. Tento fakt nem vplyv na kvalitu

GHM\RYDQD FK\ B\ Y KOYIpNH BER KOYIpND VDP R QH M SRP LHEDG)
3 UH FHOEDVHG 3 + < @\ HUM RGSRU-hDQE GMUEXRYDQE VFUDP EGU NRE XatYD P\ NIFN- SVHXGRQ KRAQ-

SRWNSQRV QD P IHEDQH ' H\y GRYDQIH X SUMP FX VD XWNXWRPQ SRP RFRX LGHQIENHVBVHXGRQ KRGHM
SRWMSCRAI N VD W GFKURQL] XY QD ] i NDGH SIYHMERXKpHQHVEXQN,  7HQR VADP EBUQHP i YSOY QD
GHWM\FLX FKEE Y KOYIpNH

3.6 The Asynchronous Transfer M ode L ayer

V pecifik cii 1.361jek dovanie ATM buniek pop san do detailov. Strukt ru bunky tvor 48
RNMRYE LQRP @ EBND -RNMRYE KOYLDND 7 IHR RNV V- SRUHDD Y Y] RUNSRP
SR \MDNRSYE MISRMHDEE 2 NMAKODMPN 9 R YO\ RNMN \~ BW SRMHDp Y
zostupnom poradt \MDSRQ-FEWP b 7HORBEWW\IWE ] eYDE Ome] P QHa BwW

(Most Significant Bit)

AWNMDKOYMPN Y81, 8VHJ1HAZRN, QMICHH
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Prv 4 poliaobsahuj 4 bity na Generic Flow Control. Druh pole je routovacie pole, ktor sa
d’DBMEIHD QA VCI (Virtual Channel Identifier) 16 bitov aVPI (Virtual Path Identifier) 8 bitov.
3D GOG7\ H,GRIVIHMNQRDE Y BWK XaBROAWHBE &HD RWIURIM MILED

MBREMRYE D] Tt pt EXQNDP { 8HE\ t ] IKRGHD SULSUHDEHQ IHM + HDGHUETTor Control
REVOOMW  EMRY DABNWHR XA EROY WH@E

911, 1HEZRNI1IREH,QMICAH NMMAUNMDKOYIPN IGNFN D\NR YSUWSOH8 1, IED* ) &
SRAY81, ERRQ@KUIDEAH ) SUAQP dDEAK BWYNSR'X9 3,
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9  NDEWWBI\WP HSRXE YDR SIHQHBUGHDBI EXQN VB U] GHDQHIQp EXAN. &&,77
YaNP HJ LXDPMIQED,' / ( EQIPLUBE WRAHD ' / ( BXAN V- YAW'Q LEDYR

I\ ] LANHWUWAYH 3+ < DQHV~ ] DAHDp YWVHS 70 6~ SRXat YD (D] CBQHIHQ-ERXAMKR
miesta vo fyzickej vrstve. U@DMIQGGRHY V- YIGW Q DWRYWYHS 70 8 NI Xt Q-BRXAIY
miestav toku ATM buniek vo fyzickej vrstve sasnimi v ak zaobch dzaako snorm Inymi
BEXQNPL$70 2EH, / ( DXQDQMIQHGRHDYXP RanXvt W QRKy QH\SRWRHP HJ L

Y\ MHDpRP DSUMP FRP SR GHPHILQP LMY HWRNMXY KOYIbN &/ 3

;L (BEXQN QP {&X XatYDY * ) & SRBI SIHREH* ) & QHMYRI ] LENHWWIXYH 8 (DWLIQHG
FHOYQ@RIN* ) & N\ XaYDY P {&X

M eta-signalling EXQN. \DSRXat YOM D GRKREQAHP HI L9 &, D] GRWP

General broadcast EXQN (HA~ IQRPi AX NRU Pi Bt WMHDQ YaHMEP ~pDXQN-P
UNI.

Point-to-Point signalling EXQN. V= SRX&t YD DNRQ LIXUW AX\VSRWIDP H3 LRERP DER®P L
Segment aEnd-to-End F4 bunky s k dovan VCI 0003H a 0004H vo vn tri Virtu Ing
cesty, ktor obsluhyj .

Segment aEnd-to-End F5 bunky s k dovan PTI 4H a5H vo vn tri Virtu Ineho kan la,
ktor obduhyj .

Hodnota 6H je rezervovan pre Fast Resource Management vo Virtu Inom kan ly.

Cell Type VPI VCl PTI CLP
Unassigned cells 00000000 | 00000000 00000000 - 0
Meta-signalling cells XXXXXXXX | 00000000 00000000 0AO0 B
General broadcast cells XXXXXXXX | 00000000 00000000 0AA B
Point-to-point signalling cells XXXXXXXX | 00000000 00000000 OAA B
Segment OAM flow F4 cells yyyyyyyy | 00000000 00000000 0AO A
End-to-end OAM flow F4 cells yyyyyyyy | 00000000 00000000 0OAO A
Segment OAM flow F5 cells YYYYYYYYy 77777777 77777777 100 A
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End-to-end OAM flow F5 cells YYYYYYYYy 772777777 77777777 101 A
Resource management cells YYYYYYYY 77777777 77727777 110 A
User information cells YYYYYYYY | VWVVVVVV VWY oCuU L

A : Bit jek dispoz cii prevrstvu ATM

% YAWHQDIIYHE @ YERKRG LRX HQIWX DB1SUL SHKREGH\DKREREUP { 8H] P HQ

& VB DEHID

L : Cell Loss Priority bit

8 ,AND@EHV$70 YWM XatYDMD

[ EXERYRQ 93, KRGRM $N9 3, REP YRI &, MMIQ@DT i ADGN QHWEP H) .
\ EXERYR'Q 93, KRERD

] EXERYRQ 93, KREARBY] DRG

Y EXERYR'Q 93, KRERDUY paADINR +

$70 ) RXP \DP IHIHRFK IXWIRG\RR SBEEMK\6P  8HYEHM 37, D&/ 3 0 HB
Signalling-X D* HHDO/ARDGDWY V- YRIQp SUHYA XAIMHS 70 YUXVRX ) ROP \ENWA
GH LGRYDR &’ DALX SUHEDADYHY- KRERNY $ 70 YUVH

Cell Type VPI VCI PTI CLP
ILMI cells XXXXXXXX 00000000 00010000 0AA B

&IHRP MILQRP RYDQHXAYDM'D$ 70 RWIYHDNRQ LIXU AL YU @HVRHWY DP RAGEFK
spojeniach v sieti v prechodnom obdob , k mnies pr stupn lok Ine managementov
MHRYp SURRHG-U

$EBWPpQ YUOWDS$ 70
) XQNAHDWS\ DABWhQERK YUXMHY
$$/ P{8HUWR &Ur \OBE\ SRIN\RYDD $70 YUWWRX DSRALDEDYN. ASHALLIFNHWOGE
AAL mapuje user/con\ROP DIJHP HY/B' 8 3URRARO DIUS QWERLQ RWP hQpKRSR'D
$70 BXQN  SUSDEH YICFHARK QDUBEIMALFK EXQHN YL @HR\SRWQD 7 IHR\OGE \~
WGEBD @ WH3 | NREFKPI NG L SRAIDEN (D$S$/  7IHRWHS \DAM
R G SRAD SDédmetrov :
1. y DIRY8 SRXQP H3 LRGRDQP DSUNDAP - 3UHIRVG WP HJ LSRptVEpP LBU QP
RADQPHIHQ@R GHORG\WBI RIRYDQD NA” SRADGMWP HWHDOWP H Q&R
2. 3LHRRY KR - 1 IHNRY) \OGE P DM NREABRE- SIHRRY- BRKRE X LGBRK\D
P{&HP HYr
3. Typ spojenia - 60EEDP { AHE t FRQHANRIBIWW DBER FRHANRQ RUHMG

= \BFKR SOUIP HARY B P RKARY] QNO- WRIANN. Y] Q AK\QAELHE DBILED NRP HQ AHW-
pr pustn :

7\S$ ([ LMxWPDRYp RAUDQPHAHSIHRX SIHRRYI KA M SHYQ a spojenieje
connection oriented.

7\S% 7N IMYDNRS DBHISHRWRY I EFKARL QHMISHYQ - prenos videa a audia

7\S& 1HPi PHPDRYp RADQPHAH SIHRWRYI IEFKAAE QHMISHQ D\SRWQHM
connection oriented - pr klad connection oriented data transfer.

7\S' [ tA\DRG& \&P aHMIFRQOHANRIDWRIHQMG- data transport Switched Multimegabit
Data Services.
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A B C D
y DRYp 3RADERYDY 1 HSRADEARYD D
RRUDQpHIH
Prenosov Kon tantn Premenn
B
Typ spojenia Connection oriented Connectionless

Vrstva AAL jerozdelen na2 podvrstvy SAR aCS. Prim rnafunkcia SAR je rozdelenie
3' 8 REXQNS$ 70 DQWBEP | GAHIHS' 8 | EXQHN$70 6$5 D&6 P{aXBEt M
pr zdne.

Existuj 4 typy AAL protokolov : AAL1,AAL2,AAL3/4,AALS.

3.7.2. AAL 1 pre konS\lQE~ SLHRRY~ LEFKRW

CBR - &RQMQMAEWDM\OGE SRN Wit SUIHIRVD GRUHIHIQRIP | AL NRCARRERX
SIHRRYRX IEFKBRRX

3HRVPDRHMQRP i AH SHHRVIQRP | AFHRAUNAMHG WLQAN ADFKEE DBER
straten chd t, ktor neboli zachr nen .

Funkcie SAR (Segmentation and Reassembly)
6$5 GRUUH B \RYé EBNRG&6 SUG B \WRY~ KDMPNXDY] QNH6$ 5-PDU. Pri
pr jme zase oddel SAR-3' 8 KDMPNXDSRAMI] Y\ 8RN &6

613 MRS RAWDMt' HWRY~ AQ EXD] MY YICFEMWRY~ FK\ EX

Funkcie CS (Conver gence Sublayer)
O etrenie me kania buniek
2 3HNWHQHSUH DAHQDWDAEQD
=t\NDQHpDWX SUMP ARP - SRXEYDWDRG&&, 77 RESRHOD P HYED6\ FKURRXYV
5HGOO/IPHEMIPS 6576 3RXatYD576 D] PHDQHD] tVNOQHIQRP i ALIH
SUMP FX R pDHX RERMHDWM DD UR GHX KRGQP H3 LSUMP FRP DVHYIMEP pDRP
REARMHDMD 576 MISUH) 830 Y &6LBWFK QDWWGMARK 6$ 5-PDUS.
O etrenie trukt ry d t upr jemcu.
Monitorovanie straten ch azle vsunut ch buniek an pravy
Monitorovanie AAL Protocol Control Information (PCI) chybn ch bitov an pravy.
0 RQWMRYDQH@RYHVPDIMD A EQGERK ~A@NRY Y GHM

HI senie stavu spojenia
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$$/ SWHSUP HO SIHRRY~ LERKRW

$$/ SRO-NDIHP H- SHRRY~ BFKAE 7EP WR\DDOBIP { BHWW aHQHNWLp EXCky
nebud plnepln ajetrebaviacerofunkci v SAR.

&&,77 FAMHREHDNGKREHRIDERP \RKWRIRP i W \BNR B \RDBIP DR | HIY

61 REVOKXWVHNYH QD pt VR D RAHNHQH] CEOGHERK EXQHN

IT Information Type obsahuje jednu z hodn t BOM,COM,EOM. =[plIDFN  \WHGDNRQH-
Spr vy.

[, IQAN WUREMDKXW SRR DBQHERK B\ \Wov v bunke.

&' & P{3HSRP{R RAHMt I\ B Y6$5-SDU.

9 SRGYUNVHE&S P XMDE ¢ LP SBP HQRYDQD \WARI XQ\NAH
2 SNHIHPDRYEFK ~@NRY H WWENFLD D YNDIEDQHDDRYEFK ~ENRY
O WHIHWDMERK D] GIGRIpHEBRK EXQHN
) (&) RZ DG WRUFRUHANRQSIHDXAR DYIG-R\OGE
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SN- Sequence number IT - Information type LI - Length indicator CRC - Cyclic
redundancy code

$$/ SIHAW\OEE
&&, 77 RERHDWIR SIRM\RQre prenos d t, ktor jecitliv nastratu ale nie na
RPNRHQHEAXpHADIQRPi At 0 {3HE t ARIQHANRQ RUHIMG ONR IMFRQUHAMNRQBW
RUHQMG $$/ QOB YAHM. | XQNAHSRIWHEQ FRIGHRIRIBIWVHYWRP  SIHRBHR\RR

sastar vrstvasiete.
Existuj 2m dy:
Message mode :
AAL-6' 8 MISIHHH) SUYHYMERP $$/ ,QMIOAH D8 QWM 3R YD\D@DSHRY
G VWREBQEHVINR DVBUHP HIHVEEN
Streaming mode:
AAL-6' 8 MISIHHH) YRVIDAHERK,' 8 VREGHBIH 7 DNIHE SRG-NDVOER ] IKRG-QAD
PLDWRpHSIHHAHHSG $/ -6' 8 3RXEYD\D@IHRVGBEK $$/ -SDU.
Obam dy pon kg tieto rovnocenn proced ry:
Assured operation :
. &G 6' 8 MISHHH) EH RIUYDINVDY\ W V@A B \ENMI] QRYD] D@Q
Non-assured operation
V tomto pr pade sa SDU v beF QP XM Rl DBERP {aHE t GRXpH) VA EPL 9
takomto pr pade sa znovu nezasiela.
Funkcie SAR podvr stvy:
Skladanie arozkladanier zne dlh ch CS-PDUs
1 DVRR SRX&tYD6$ 5-PDU dve polia:
ST Segment Type - 2 bity - BOM,COM Continuation of Message ,EOM,SSM Single
Segment Message.
Length Indicator LI - 6 bitov - (20 D660 P{aX REVKRYD' P HHVBDW@ERK B \RY D\R
MPOIPXP  \BNSHWMXKRYDQ KRGRUSDWEERK B\ \RY
Detekciach b
SREYDWD&S5& SRH  EWRY . yARYDQHE&' & Mi] DBaHD @IHHRYan polynomickej

funkcie G(x)=1+x+x4+x3+x%+x 10
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7ONWA B P DRE ¢ Q NEHD DV G YGBHD DNROMMDMP EXQN. 71 \RIXQNADMA

Y\ WRIHp SRPRRX61 SR'D BWY

Multiplexovanie viacer ch CS-3' 8 (D\SRBpQPKREAUPRYDMDY$70 YOWWVH

0 XQMB® LQ SRXatYa 10 bitov  Multiplex Identifier (MID) v SAR-3' 8 7RRXP RainXW

PXABB[ RO \SRWQ XHMXHIDARIHAIRG oriented komunik Cii.
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9 \FP \R SUSDEHMIQHNR'NR WP LQ &Y SUSRWERK D/ $1 &RIHANRQDIW DWR/ $1
pripojen jednou ATM Gateway. V etky inform cies pren an cezjedin ATM spojenie,
N D] i NDGHO ," EXGHEARXRYD) OA@E WP 1Q O,QRFP i ADQ] i NDGHNRUHWA
uroben spojenie medzi serverom aMID je podan ibav BOM.
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Funkcie Conver gence Sublayer
6SRBPQ pDf SREMWM &RQMHIHFHEXED HJ &3&6 SUHS S/  XP RAXWMISIHRVAD
frameRYdaN DA B WY &3&6 \GRWQHMIQ@GYIO Dp P DQIHP HARP DBER ARQARD
SOH"" 0 HJ LG/RP DURYQRHJEP L&3&6 HQMIP LP{8HE\t DYLOF &3&6 \GRW(Q DralN
prep naniet cKWR\GRWI QHMISRGSRIRYDP OSORY &3&6-6' 8 SRINSRIMA] DXpRYDQ
oboma stranami CPCS spojenia.
Ochrana CPCS-SDU - =DXpXW ] RAW RYOQHDSHKIDE R &3&6-SDU.
Detekcia a oSetrenie chyb - Pri pr padng chybeje CPCS-6' 8 EXd’ | DKRGHp DBER
dorupHP 6HYIFH6 SHAILF 6 XED HIX 7 DN VHP SDAIDIMAK\ B\ ] IMMpP Y 6$ 5
Alok cia potrebnej pamate- . 3G &3&6-SDU si so sebou nesie g inform ciu o
PLQPi @ FK SRAIDDYN FK@DSP| t SRUHEQ- SUHSUNDA
Termin cia- . DG SIHRVP{aHE t \MP LRYDE DM\HI' FAWMQHMIGRNR(pHE

Form t CPCS-PDU :

CPI Pole - 7RRSRBIDSRXE YD@DSRAVI XQ\AL ’DEFK SRD&3&6 Y KIVMPNHD
)227(5L 1 D8UP{3HRAVIKRYD MERM Y NRERK V- Y\ NIGIHP YHNRUVY %8 6, D
Length poli.

Beginning Tag pole - 8 P RanXW\SRWQH&3&6-PDU Headeraa Trailerau pr jemcu. T
MV KRCRBMRRMHDM RP (DXIYHY) QR% DIXD( 7 DIX SUHAP &3&6-PDU. Pre
nasleduj ce CPCS-PDU jein , napr. inkrementnut . Tento mechanizmusjev ak

1B WpQ@E SRR 0 (20 0, DPHKDQ] PP Lnadetekciuch bv SAR.
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Buffer Allocation Size Indication pole - ,QRP XMISUMP FXRP O IPi @ FK P RAGERK
SRALDEDYN K SULSUNP 0Q WKW &3&6-3' 8 -HWR Pt VR NRUPKRMERM V- @ Y &3,
V message-P RHM% 61] HIRVGIN DNRAENDQ NDGX Y WHP LQJ P RGHP {8HBE\ t IM

Y paD

Padding field - Medzi CPCS-3' 8 QNDGP D7WNMGIRP P{3HEt [ QM XA\
B\\M 9 ROM \D30E3Q) ) IHGDMHHA ADEXIQRPI AX

Alignment field - 9\ IRYQ YDAANX7INGIDQ@D HWY 1HPi QH¢ DX IQRPi AXD
mal by b\t (DXYHE @D

End Tag field - Predan CPCS-3' 8 B RGRUHDM P DODXIYLE URY(IN- KREIRM DNR M
v BTag.

$$/ SHOW\XEE

Z klady

SUH\SRWQADVYH'NRX SIHRIRYRX I BFKRRCRXDSUHY pAHA@DDMIS S/  QIeKRZX) O

B\ \WSUHNCBGEFK 48 bytov SAR-3' 8 (DKOYIbNXDMINMA LD B\RY QDGHMALX FKEE
7TRR\D|@REt Pi R 3HREROA P\ \B{E (REWS$ S/ NRE P DOSRN \RYD' Y paX
\AKRSQRY GAMAHAKEE DP HAHSUIHASHQHG W

AAL5jeidentick ako AAL3/4 alenevyskytuj sav iRP \OEE\ SUHP XAMS®] RYDQH $ N M
zapotreby bude v SSCS vrstve.

Funkcie SAR podvr stvy

Dostane SAR-3' 8 YDUCH@HVEAN FHBPHVHTERK Q VRENRY B\ WRY &3&6 DY\ JHH W
SAR-PDU obsahuj cich 48 bytov SAR d t. Zak dovanieaodk dovaniejeroben na'koniec

SAR-SDU indik ciou" ktor nesie hodnotu 1 v ATM layer user to ATM layer user indik cii
BWY 37, SIH8 VHUIQ RP DNRQEXQ\H + REREU | @P H) ] DolDRN DBER SRNUIIPpRYDQH
SAR-SDU.

Convergence sublayer funkcie

Jetak ist akov AAL3/4 ae AALS neposk\ WIIQHSRIN WS 61] HLQAFDINRY 7 DNIHA
GM\ADRKEE MIRAHARYDY  pIMRY &3&6 YWIYH
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Poliasrovnak mi n zvami mg g rovnak funkcie, ibapole CRC jenov . Obsahuje hodnotu
&5& N MISRt\BQ DRHBP &3&6-3' 8 RGKOYIPN FH Q NDGDA SRTrailer. Polyn m
generuj ci CRC-32je

G(X)= X3+ xP+ xB+ xP4 x 164 124 y 111 5104 4By 571 351 yhy i
3.7.6. Adaptation for signalling

VrstvaATM vybran nasingalling medzi UNI aNNI je AALS.

3.8. Maintenance functions - ) XQNAHXAARYDQD

3.8.1. Z klady

=i NDBE SIWRS2$0 M| DBREHE DXAARYDQ DREVOKHNRI \DWDGE | R RX
BXSHYIMRQ WM DP RQWURYDQD YENRQX BN TR, SUHYHAYQD RAKUDCD ERCPR W HEDD
B\ \D] P HADMIMIDQ ~G3ED

F zy:
- Performance monitoring - Pri normi @HVRSHI AL] DXoXMISUHE-8Q DBER SHIRAMN
NRQURDI XQNAL ] CEH SHHQHIQRPi AH ,QRPi AHRYBNRHV- SRRP SIHHHD R
2$0 HIMNRH SRXAELM WARLQ RIP i AHQ@ GBREIED U WP RYp UR KREAD

kr tkodob kontroly a prevent vne opatrenia.

Defect and failur e detection - 3U SUHE-BCHVOBER SHIRAFNHVNRQURBI XQ\AL P { &X A\ ¢
JIMMD K B $ NRYEVOERNVINHWR A B MV YDRVINHWR A\ EHDBER YEVREAQ

hl  ka

24 x+1
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System protection - 3RNDY M| MMM) K\ ED SRENRGH) MERIMDMY GpHh  z oper cie.
7éP\R\D] P H@E P RAQR SHHHHADRK B ¢’'DBM

Failureor performance information - 3RND (DARHAK BED RAEBVED MERM V~Y pbDH
LQRP RYDD ,QRP i ADRWWP W MIXEYDQ X P RP DY\ GpHIHSREINRGHERK
MERIN DHIMWA ] D@Q VHEIRP B LK XSRYHERP LD SHERDY MDY SRANRGHD)
jednotka.

Fault localization - , QM DBERH WO X WP RYp WXV RAUDQPLD P LHAR A\ EQGHM
MERM . H’ MIGNDD RYDQ M WP SIRKANRY] DXt aHSRANRGH ) MERM EXG-

vynechan .

3.8.2. OAM network layering

OAM toky

2 3HWRYDQHDRSHIAH$ 70 ] DBRAHHWHM\V~ RJIDQ] RYDQ YWMYCH ( [ oA

hierarchick ch rovn OAM, spojen chtokominform ci . 2 vrstvy s definovan v ATM a3
YOWM YRIN ] IENHWOINYH 9 ESHALLANERK SUSDARAK\DP { 3HWEF aHQHYZHM YOM \~

pr tomn . Potom sa potrebn funkcie z ch ba cg vrstvy vykon vaj vovy g vrstve.

Virtual channel - VC - Oba konce vykon va termin ciu VCI uBISDN spojenia.
Tak to spojenie pozost vaz viacer chvirtu Inych ciest. OAM funkcies vykon van na
~URYQ.9 &, DP{aX G YO YWYS SIHIXERYR'Q-]  |i] SRVDERK &EHQ
monitorovanie.

Virtual path - VP - Obakonce vykon va termin ciu VP! pri BISDN spojen . Zase
Pi P HQHNR'NR SIHRRYEFK A7 DNWA P { 3HE\ t SRXatYDQ MED] 5f zna
monitorovanie VP.

Transmission path - TP - Obakonce vykon va rozkladanie askladanien kladu a
2$0 IXQHHSHRX. HP'BHEXQN PXMDE\t IR R DM Q Y WWR~URYQLE ERR
PRAQ| @A 250 BEXN WIEQHEXQHND+ ( & I XQ\AHVW- SRADRYDp v

\MP LpERK ERARK 73 73 M| GAH) | IDAHERK ' LIMUDHRANRY/
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Digital section - DS - 2 EDNRFHV- VHRNRQ\MP LCDARQSRQNV ' LIVBDVHRNRQ] CKU X
XQAARYCAX MEBRNX -HP R&Q SHIHA 2$0 LQRP | AX] SWTK@K' 6

Regener ator section - RS- 1 IV HADUR SR (DM Q MERMSH2$0 M

GN\OO RYDEE PHI L] RU@RYTOP L

Broadband ATM Switching 53/96



OAM funkcies pridelen Layer Managementu BISDN Protocol Reference Modelu. OAM
funkciet kg cesa rovniam OAM s nez vis od OAM funkci in chvrstievas

SR WRYDD Y NAGHWUINYH 7 DNIHE NCBG YWAYD Y NRUHWVA~ 2 $0 | XQNALH SRADGRYDD M
VAKRSQ Y\ NRQ YD YO \VSUIFRYT YDQHDY\ KRARRYDQHLQRP i At RMEBYHDNYDDM
9&VBIN P{aXB t SRRP SUHIPp 3MHO DIHP HQX DBERY S8HWUIAYH 9 3HMR] i YIM
od dangj vrstvy.

Physical layer mechanism
Vo physical layer-L]i IMD2 $0 LQRPIDQWN 73" 656 RGWSX SIHRRYPKRM WP X
DWHA RGUDAMAKIXQ\AL Y17 D17 SHVHWRQRRWMQ WH7 E UH HHIFHSRQWV

V SDH, peci Inebyte-y v SOH nes inform cieo RSaDStoku. Tok TP je
pren an v POH transmission framu.

V cell-based transmission syst meRSaTPs pren an peci Inymi OAM bunkami
naz van mi PL-2$0 BEXQ\OP LDUR QAW EP LKOMBNRXEXQN 7RN' 6 QHMI
SRN WRYDE DBIMM XQ\AHW- SUGXAHD resp. poskytovan TP. Tieto bunky s platn ibav
physical layer-y anies posielan do ATM layer-u.

ATM layer mechanism
9 $70 YWYH 9& 93 V-BEXQN NWRpH Y NRQ YIM 9 & D9 3 ~AAEX 7IHREXQN SUH) &
$20 LQRPI AHP H3 LURYQINEP L~URYii[P LP DQJHnent-plane-u. Existuj dvatypy VP a
VC tokov.
- End-to-( QGGWN NMLE MISRXAW Q@D ( Q5to-End VPC alebo VCC komunik cie.
6HIP HQRYE VBN SRXEL D9 38 DBER9 & NRP XQN AX P HI LYQ\RUEP LERGP L
spojenia, aebo pri viacn sobnom spojen , kde v etky spojeniaspada) pod jednu
D& LQWY AX WS RJIDQ] i AX 7IHREN V- XNRPHDP Y NRFRYERK ERIRK 9 && 9 3&
alebo v spojovac ch bodoch VPC,VCC segmentov.
Adapatation layer mechanisms
CS AAL-X RAVOKXW P RMWMRYDQHYENRX RSDA D]i ] @P\ YKREp SRADWSX$ $/

3.8.3. OAM of the physical layer

5{] QHpDIVSK\ MADOM HIX P XMDE\ t XGALDYDD

Pr klad :

) WNMIRKWDQPHE/ 7 / LHWLPLADIRQ DUIHIHHDRURP D)  MWARKWDQPHE/ 7 7RN
) SRUHBEMIWR SR Q@Y $70 BEXQN FHPKRWWNK5{](HRK B\ P{aX R ' rozpoznané a
UGHD) ) ) YUWNH 1DBBMAHAK B P{&XE 7 GAMRDP Y6 + EDHG
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transmission systéme:

F1:
Stratasign lu, alebo frame-X 6' + WP H\W RKURQY] i AD\DHMXWRhQD
F2:
Degraded error performance: Kvalitaprijat ho bitov ho toku jHGHNG-BWRYDM'Q  YH'D
FKEE 0 {3HWEB t ] DUhlHD VDEEP MJQ &P 1@P X CP\NDQP 3// 0 HIDDWY
BIP v SOH.
F3:
- Lossof cell delineation: Algoritmus na skladanie buniek nie je v stave SYNC. (fig 3.12)
Degraded error performance =@ NYDDW SRXa vasaBIP v SOH
Incorrigible header + @YIpNDP i YIOF FKEE DNRVD\DG RIDNt
Degraded header error performance. YDDWEWRY KDYIpN MIP DD SRX&YD\D+( &
mechanizmus
L oss of AU4 pointer:AU4 pointer v SDH-SOH nebol n jden , ukazuje teda na
nerozpozQDM'E 6' + Q NDG
Failure of insertion and suppression of IDLE cells 3RNIY SURK G DSUYHD," / (
BEXQHN GP{aXB t RPi QHIQRP i AHSIHHHD

V cell-EDHGSIHRRYRP X WP HVRP { X B\ t (DWBERYQ A\ B

F1:
L oss of signal
Loss of F1 PL-OAM cell recognition 3UNP DM (HIHUR SR Q' 3/ -OAM bunky ateda
QP {aHB t Y\ NRQ YD P RQWRRYDQH YENRX
Degraded error performance
F3:
- Lossof cell delineation
Incorrectable header
Lossof F3 PL-OAM cell recognition
Degraded header error performance:D sa] MY SRP RRX% 3 DPERSRGAYDQP &8+
inform ciev IDLE bunk ch.
Failure of insertion and suppression of IDLE cells

3.8.4. OAM of the ATM layer

0 RQAA

F4: Virtual Path
Path not available:9 LW @QDRRADQP { 3HE t ] CEH SHhH) DMI] SR M\t movej
ochrany.
Degraded performance: Bunky ATM prich dzg cedo VCI/VPI spracov vg cich
YUKRBRY GHP Dvt QRIBIRHE YENRQ - (OBU WIDRX EXQHN SUAQP BEXQHN SUIYH'DRKEE

F5: '{/irtual Channel
Channel not available
Degraded performance
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Skratky

SAR Segmentation and Reassembly
CPCS Common part of Convergence Sublayer
PDU Protocol Data Unit

SDU Service Data Units

AAL ATM Adaptaion Layer

OAM Operations and Maintenance
VCI Virtua channel Identifier
HEC Header Error Check

SDH 7??77?

SOH Section Overhead

POH Path overhead

PL-OAM Physical layer OAM

BIP

PLL

4. Broadband ATM Switching

Uvod

V minulosti boli vyvinut r zne prep nacie architekt ry prer zne aplik cieakos hlasov ad tov prenosy
]DBEHDP D WIQMHRYEK PyERK DNR 670 6\QKUIRRXYV 7WDQVH) 0 RGH D SUHBQ@Q SONHRY  71HR
technol ge boli adaptovan v priebehu minulosti na st le sa vyv jgj ce technol gie, NMp QRYR'RYDD FHRYR
v hodnej ierie enia

SUB@HD DAKMMNAD YA IOV SIH 670 QH Mi SUCP R CBINRYDMQ (D aURNRS WP RYp $70 6~ GD
KOYQ | DNRY RYSO Ya XMAHLP SGP HQVAX$ 70 SUHS (ORHVDURKIAMNALY

- YWWRN BFK®R$70 RG DAR 0 BY/s),
tatistick spr vanie sa ATM streamov prech dzaj cich cez ATM prep nac syst m.

BB @HX DFKIWNAMXK RYSO Yi X DMAH LQADP DBRK EXQHNDREP H HY) I XQNHRIDDWKDYIPN. YATM.

V OMDMH ERR RIVDERK YHD SUBQ@RAK DFRKOMIAM 9LIDAHR zQFK \D SREYD M YR
YHNEFRK NRP HpQBRK M P RAK \WWDNRP XQN HH 3RpHAYMSRY D YEMSRY Y syst moch sa pohybuje od 4
SRQH\R'NR\XF

5R @XMP H SXETF LABDAH $70 SUHBQ@PRY WMATM Central Office, a priv tne in tal cie naz van
ATM LAN.

V MR NCEAMRBIDEXGHP HYHRYDY LEDWDQSRYGHVDWDAVSUHR EPRY QHNRQARQHVI

7SR pDt \D @) éYDtransport network a je to vlastne v etok hardware zodpovedn za korektn
prenos d t. Kvalita prenosu sa hodnot parametrami ako cell loss rate, bit error rate, cell delay, cell delay
jitter ain .

. RQARQ pDt \D@ éYDcontrol network a kontroluje transport network, t.j. napr klad ktor inlet (vstup)

" Vktor m outletom (v stup).

V $70 SUBIQHL(ATM switch PXMDE\t $70 BEXQN WBQportovan z jedn ho vstupu (inlet) do jedn ho
alebo viacer ch v stupov (outlet). Stret vame sa s pojmami ako prep nanie, multiplexovanie,... ktor teraz
vysvetl me.

Prep nanie (Switching) je prenos inform cie z vstupného logického ATM kan la (incoming logical ATM
channel) do vystupného logickéno ATM kan la (outgoing logical ATM channel). Logick ATM kan | je
charakterizovan :

p Fyzicky vstup/vystup (inlet/outlet) s SINGRKOMAP pt\VEBP SR
p Logicky kan | na fyzickom porte (logical channel) sprisl cha cim Virtual Channel | dentifier
alalebo Virtual Path Identifier (VPI)
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1D XWNXARDQHIH SHE@QAD WHD GrH IXQ\WRH SRFEQ WP SREYDEP Yklasick ch prep nac ch
syst moch.
Space switching function REJ -H YIGH &H
inform cia zo vstupu 1 je transportovan do v stupu 3,
DY ' { A DSNNERWE Vtouto funkciu je routing, t.j.
ako jeinform ciainterne routovan zo vstupunav stup.

Obr. 0-1 - Space Switching

Time Switching RRU ,GH R W &H
inform cia zjedn ho time dlotu na vstupe je
prepnut do in ho time slotu na v stupe. Na
jednom vstupe a v stupe je pritom viac r znych
time slotov.
V ATM je identifik cia time dotov
v pren an ch paketoch nahraden identifik ciou
logick ch kan lov. Probl m nastane, ak 2 a viac Obr. 0-2 - Time Switching
GILNERK NOQ &Y FKFH SUMASIE (D MG WP H
dot. Toto sarie i frontou (queing) ATM buniek.
Koncentr _cia/Multiplexing + nast va vtedy, ak inform cie z1 YWXSRY PXMD Bt URGBp R O
YEWMSRY SUpRP 1! 0

Expanzia/Demultiplexing + RSCpQ RSHIADNpredch dzaj ce.

=i NDBE UWRES$70 SUBQPDM@PREU 3URKG G DMAHEXQN V- SRADIFK KOYLbN I\]IFN SUHBQ@p
@ YEVNSD @N 1 D NRAGHVIYWSCHVOMYEVYSCHVIDONH V- KOYIPN. MAGHQ DB RV KON P{aHPH
QN OYIIFHERK AN K . HI8HY WRYQ@NRP pDHP {&X S\ | r znych vstupn ch liniek bunky, ktor smeruj
GRURYQINKR YEVSX MISRIHEQD | CEH SHlt” 1 URQM SIHEXQN. NWRUp \DHWMQHSUIFRYDD

7INGH | KWQHPH $70 SWHBQ@PHWNRQJ v tri z kladn funkcie: Routing (space switching), queing a
header trandation.

Obr. 0-3ATM Pr nc p prep nania

Broadband ATM Switching 57/96



Definicie

Switching Fabric (Prep nacia slH + M J@&H)p ] rovnak ch basic switching building blocks, ktor s
QHENEP \S BRP SRS NI 7HD \Z WKIQ) | CEUF M XUH \RSRYJILRX MHH D MM] | NDGEP D MAGEP
elementom.

Basic Switching Bulding Block 3WS@p + MERGHKE HBP HQABRXEYDE na kon trukciu ATM switching
| DEWF DD@AHSRP HRYDQH switching element.

Switching system + WP DNR\D SHRQM $70 BEXQN WP {&H\R B\t B MEGE \Z \KIQ) HBP HQV
alebo g switching fabric.

Switching requirements

$70 PX\ B\t VAKRSQ | DB SHplt' SIHRVIQRPi At Y] Q AK GXKRY VY] Q P L SRADEYNP LD BFKRL
K\ ERYRY DY

Information rates

56FK@R SHRX\DY$70 SR\ EXWIRGQH\RNERK N\EW/DA SR 0 BW @SUNDGSH+' 79 7R OB
HTPH) &H$70 SUBQPH RSHXM @ AHMERKGWY 3UBIQDQH P{&H B\t WDI RDYp SOUBMEP L
\SRWQILPL VW3 M RSHIPQ WBAK®R Q3D DBER M UDI RYDERK YIDAHR SILRRY A MG SUB@p D
YW3 P X\t SUBQ@P RSHRYD DEFKGRWVSRMARY @H* BW/

Broadcast/Multicast

Klasick STM maj len point-to-point konekcie, K mMATM m :

Broadcast + poskytovanieinform ci zjedn ho zdrojav etk m ostatn m.
Multicast + poskytovanie inform ci zjedn ho zdrojaviacer mdestin ci m.
7IHRVOAEER WX WSIAN SRADARYD) SIHAWME-AX79 YIGRNQAQF DY

Vykon

98NRQ P{aH B\t KRARME ] IMHEK SRK'DRY WS \D KRYRH R priepustnosti (throughput),
connection blocking probability, bit error rate, switching delay. V $70 \D XSUCP XW SR RIRL W1 @
connection blocking, cell loss/cell insertion probability a switching delay.

Connection Blocking + XUpXW SIDYG-BRERECRYE  8H QH M GRUBAN SIRMEHANRY (D Y\ WRIHQH QRYHMI
konekcie + pL X& \S{VREHD I\]IMEP REPHIHJIP WHKEGMV @QHN DBER SUHRQDPRY NHEH $70 W~
connection-oriented). I nternal connection blocking M SREIREQp DHLAHGRQR REP HY HQHSUHEQ@HRY 1 HNMp
[P SBP HQMAH QP Dvt VAR LOMOQp EGNRYDQH DB L | QR GER SWHBQh MLP XM SUHNDAG- NRH\AX DBN\RYDY
nejak prostriedky.

Cell losg/cell insertion probability — do $70 SUHBQ@PDP{aHSUWM Y URYINRP pDVH YLIOF EXQHN DN\R M
kapacita jeho z sobn ka, preto sa niektor bunky stratia (cell loss 3WDYGBRFERE WWR VDV MY ATM
vrozmedz 108 & ™. Cell insertion je nespr vne routovanie bunky. Pravdepodobno\f \WMW XGORXVE\ P DD

Bt DL -NIWP HADDNR SIDYGH-ERGRERS FHDBRW

Switching delay + MRPD/ NARE W \SIIFRDQHEXQN. Y SWBQDL + RERDESYDR\RR D& 95
s rozpylom okolo 100.10°% a menej.

Basic Switching Building Blocks

Switching element + SHX@p + SARUWD YT pAGRX] D& YWSRY D YBVNSRY RSHIDQ WFKERL M

0BW DR *BW 9 MW NBWWB \D EXGPH | REHD' IXQ\ALP L \Z MIKIQ) HBP HQRY bR Mi KDYCH
TXHKIQ XA ADYDQHIURQV WDEHJIH SIHRBHSUHIQp YODXGHSIIPAWY ATM ako multiplexer.

) RQBEXQHN P { 3HE\ t QD YVSRAK QD YEVIWSRAK YR YQ-WLHBP HM DBER&DGD SRX&YDDIEDDNMH
S Q@PRY QHMINRH\FRYR RUHQRYDQ

Input queuing

VVWPW UHHY Pi NDBG YWSQ @Q\D WRMELffer, kde si
uklad prich dzaj ce ATM bunky. Zat mito buffermi nasleduje

Broadband ATM Switching

Obr. 0-4 Switching element with input
queuing



UR KRGRYCHD GRIIND N#L - XUpXNA SRIDAH REVOKRYDQD YWHSRY D IFK EXIHTHRY 3RGBE D Mi\Z WKLQ) WD HU
medium, ktor len prepoj dan vstupzdan mv stupom (obr. 4)

Nev hodou tohto sp sobu bufferovania buniek je tzv. Head of the Line (HOL) blocking. Tento stav nast va
vtedy, ak s napr. v bufferi pre vstupn linku 1 spr vy a,b. Nech a MIXpH) SHHYEWNSH DVSJYDb prev stup
p 1HK\VAYDajenavrchubufferaae te HKYEVWNS MREVDGHEDYEWS YR'QGE

Potom ale spr vab PX\t pONO' DCAVDXYR'Q YEWNS KRALMIXBHD SHYR'G YEWS GERMER\RYDY
spr vou a. V one cell time GHP Xut B\ t SUHSQMARK YAHMEFK 1 EXQHN
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Output queuing

Vtomtorieen m |DHNBG YEVWNSQ QONDWRM
EXIHJ NGH VL XNDG $70 BEXQN XpHD SIH WAR
YeW¥S\ 41030 UR KRRYCHD GIIND QH M SRNHEQ
SHRH YAHM SURKRIIH BXQN IG- SUIPR R
bufferov v stupn ch liniek. V one cell time P{a8HBE\
prepnut chv etk ch N buniek (obr.5).

Obr. 0-5 Switching element with output queuing

Central queuing

Vtomto rieen existuje len jedin
\ESRBpE AHWN @ BEXITHISH\SUIFRY! YOp
BEXQN . BBG YAWSQ @D \L ] neho
vyber ,svoje? bunky FIFO raden m. Na
obduhu buffera existuje peci Iny syst m,
QHGR RE\PINE ),) 2 @bo do buffera je

SRUHEQ SUMMSRYD) QKREH @ Y|H
miesta (obr.6)

Obr. 0-6 Switching Element with Central Queuing

Vykon spdsobov radenia

- HRKOUINMU RYDQE FHOBRWGHD DSRIHEQRX YH'NRWRX YAHMEFK EXTHIRY
, QMMYCH WIHED YH'NRY EXITHIDSUHLCBXWIXHQ) MIY! pAID DNR SUHRXAEXWTIXHXQ) DV NMIHEW MBI Y palD
ako pri central queuing. Takisto g scell delay je to najhor ie pri input queuing. Dobre to ilustruje nasleduj ci
pr klad.
Predstavme s po tu a 2 radn kov, ktor obsuhuj klientov. Jeden pred va zn mky (stamps), druh
obduhuje airmail.
1. SUHSRNDEN H &HH LW LED MED | URQI VFIFO obsluhou (obr.7). Potom osoba, ktor m  airmail
PX\ pOND' NeP QHMIY\ EDYHQ RREDPINOMAD@] Q PN DM\HI” MI~IDGIN SUIHDLP DOYR'Ge
2. Naobr.8s dvesamostatn ,v stupn 2 fronty £ prezn mky g pre airmail. Osoba
PONDMFD Q@ OP DOQHMEBNRYDY) RRERXPpONDMARX D] QPN 7INMWA YIGP H aH
~DEA_P XMDSIIFRYDY XMMRY(HAH
3. 1DRAU PiPH]QRYX GRQMEX IURQXN OB MIVIP ¢’DAD RFAED + VHYHJ NRLI SRUHD I'’XG Nobom
SUHIONRP - 3UMP R\REXbD\quFXQDDlPDQSMNNGI))PXSUﬂ-pIQKD\AY\hG DN M SUHS nRX YR
IURQM QHNRPNR I'XG pONOMAFK @] QPN OUDGQA. POV \BN MR SUFH DNR @@ REU DB FHDRYE
NCECAMD U HYRYDQ QD 1URQIV \D] P HALD GYINJWNAHAH @ REU NCAG | TURQAP X\t B\ £ WRUANAN
Q] IMRYD) @WIWW PO IPi @X]i tADNRMGEQ 1URQDQDRRU

Obr. 0-7 Input Queuing na Obr. 0-9 Central Queuing na
poste Obr. 0-8 Output Queuing na poste
poste
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Analyticky model
8 YDAXW H | MBIRGEHE P RG-DIH SURKRG EXQHN D YWWSGERK @N KK + |DBHE @ {ivveP D
identickom Bernoulliho procese.

7RI@PHY 8H YIXERYR'QRP WP H \VARM M SIDYG-ERFEQRS  aH EXQ\D SUGH D XpIW YMHSQ- ONX S
(0<=p<=1). Nechm me N vstupn FKD1 YEWSEFK @QHN . B BEXQ\D SUGH@DXUbLW YWHSQ- D NA SUHBOAW
OAPW YEVHSS- ONX VIIDYGERFERIARX 1

Output queuing

N-i

& Gep 6

3UDYGBREFEQRY [; SHEXQ\DLSUGHDXUH YEWHS SRoDVRHFHDIP HVH X, = :@__8’1- PO
§ NgeNge Ng

., Po

8 UtP HIHHWj cu funkciu n hodnej premennej X(2) X (2) = a z X = ﬁ- — NT

i=1 [4

3RIDOMDMY . GIQRN YIHP HXUbl SRoHM ] EXQHNYRIURQM Q(2) —%

(N-) p°
LQMURYOQP GRAWEP HSUHP HG- YHNRYE IIRW Q =~
N 2(1- p)

SUHSUHP HOp pINDQHEXQN. S| tTKW = Q =

NaR2U M YAYRMpINDQD NAHGE SUpRP ,CBXWS W] DIRQ M NRH LAHQAVSROW
XBLARhQEFK VS Y NS GQ P \SUYIP  NH Qb HUHEDSUHS N

T |-

Obr. 0-10 6WH3Q8 pDVPDNDQIDEXQHN SUH2 XVBXWE XHKLQ)
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Input queuing

Rovnak predpoklady ako v predch dzaj com pr pade. Nech B; M SROHAEXQHN Y D KDYLPNH YWRSQERK
BEXTHRY XUPHERK SUH YEWS L DB EG\RYDERK GER QGHERDQ] YRB SUHVSIIFRYDQH NHI'&H LED MED EXQ\D
v EFP PDHP{&HEt GEDH) DYSWNS L 1HK A’ M SRoHAGRYERK EXQHN Y KIYNH EXTHRY pDH Q
XPHEFK SHYBWMS L 3RAP SO B! =max(B; -1+ A, 0)

i_l , priemern  stav L, je potom L = N.p,

n

N
&HDRYé SROHAPDNOMARK EXQENYPDHQMI L, =N - § B

i=1
NHP S UHBL] HOMVISUESXUERY @ON ,
$NVD1 EBELNGHNRGHQX \SU YDD EX I HABNMR DNR SUL RAGXWIXHXQ)  \MED SUH SUHP HE- GANX EXIHTHD

2
pre konkr tnu vstupn linku plat : B' = _P
2(1- p)

Z AERK Y] tOKRY RGYRAP HP [ LP i @ NRH LAHQWQEXVS \M) DIRQ S;,=0.586.

Central queuing

Centr Ine bufferovanie sa spr va presne ako
output queuing. Ale hlavn v hoda v central queuing
M \GRBP@E |AGHDE EXIHJ 0 {8PH XUREf RIDCG
DX YRRQHVISCP | WM 3RRP P {&HP H YA SRot\ir FHD
QW SFEHHONV XVHNQWP  FKYRWD QB
IXQ\HH Q KREHVISUHP HIGHM NRU- JtWNCPH NHT
bXGPH XYDARYD) QH\RIPQ- daNX YBMMSQERK
bufferov.

98BI\ M (D RRU 0 {aPHYAH Yeuj @&
JON YRQM SPIW S SRAEAW AHWOHKR
EXIHRYDQDRIRNYEVMSPP X =1MN] i YIM RG SR\
YVHSRY D YEVHSRY (D SUHQ@bL

Naobr.12 je zobrazen pomer redukcie pam te.

Obr. 0-11Cell loss probability

Obr. 0-12 Redukcia paméte pre Central Queuing pre Cell loss praobability
10° ap=0.8
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3RDPIVEDRYi VIP XOFLD

$ OOWANE P RG-OSDWED SUXUPBNARK SUHESSRNDERK. SIHR\D VY ADSUHS (@MQADMP XGRYDD (D SRt VBpRK

7N ARV V- YHP L Q UR( D YESFOIRY~ MOX SRot\MhD GER M SRWEQ \WMRYDY YH'P L Q] NH FHD®RW
probability. Simul ciapotvrdilav sledky dosiahnut v anal ze.

Naobr.13 jev sedok takejto simul cie.

Obr. 0-13 9 H’'NRW | LRQN DNRIXQ\AD] DrD8HID

Parametre implement cie z kladnych ATM switching building
blocks

3RADAYN SWI ] IENHMP SBP HQMAL WRAK XYHHERK \S{ VRERY IDGHID V- YH'P LRI -HWR\S{\REHD
QHBR YH'NRYRX 1 URQWV DB OMY ] Q P L SRAIDAYNCP L (D KA D UAYQ- IR KRARYCAX @giku. Teda s tri
K@Y SOUIP HHSWLP SBP HQMALVEAUREBNRY YHNRY URQWV I FKB SCP 1 W VAU YDSIP | \M

Output queuing - N+1 oper ci v one cell time pre jednu v stupn frontu (N potenci Inych z pisov zo
YAHMRK 1 YMHSRY DMER ptVBQH@SR@QHVIUY ¢’DBM 3 UL SREIMGOOSRWGP HP RY WHEDY\ NRDY
N oper ci + zisk je preto minim Iny. Riadiaca logika je celkom jednoduch , iba implement cia FIFO.
V etky vstupy av stupy s pripojen cez transfer medium (Obr.5). Najjednoduch iaimplement ciaje TDM
7IPH IMMRQO XOMBB] Q) $NQPi B\t VADM) DRLMEIDEXQ\D 7' 0 P XM SIIFRYD (DIERKGRWVL )

Input queuing - Len 2 oper cie simult nne v one cell time SIH MEX ILRQY  ]idV  ptveQH
1 HHED SREYD) GBOSRWGPHPRY  Transfer medium 2BJ  P{aHRSHRD) (D P HEHVIAFKGUVINR
1) GER\D P{&H ASRIKQ+? @ UDACFX GJINK SIH ICBXWWIURQN 5 D30FD GJIND M W& AHDRP
jednoduch (FIFO).

Central queuing- 1 RSHIHAL VPXGMIH 1 SRMHRQ @ K ]iSMRY D1 pt\BR), treba dual-ported
PHPRY GRA@\REE | IMNERK®RW 2 BHWIQIHJPHIL 2BJ P XMDRSHRYD) QUERKGRWVL ) 51030
@IINDMI] GANMAD

Memory Access Time for the 3 Queuing Disciplines

Input queuing Output queuing Central queuing
Single ported memory | W/L.F WI/(N+1).F W/2.N.F
Pr klad (ns) 53.3 6.3 3.8
Dual ported memory | W/F WIN.F WIN.F
Pr klad (ns) 106.6 6.7 6.7
Predpoklady pr kladu:

&HDMH  BW: BWAWDSP I \M ) 0 AW 1 SROHANMSGERK QQHN
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4.1 ATM Switching fabrics

Ked \DQHNR'NR\Z WKIQ) HBP HOWMVSRYIGRMHM KRYRUWP HRWY Aswitching fabric?. T to switching fabric
Pi YODACRX YH'NE SFOHAMSRY DYEWSRY AQH\RNR - \MF 9 SUSDEHAHMIWR\Z MKLQ) | CEUF
tvoren identick mi switching elementside o Multistage Interconnection Network (MIN).

1 DSWNDGMN 0 ,1 \DP{&HWDEA' ] HBPHQRYWSX [ DBPER [ RJDQY] RYDEKY QHNRINEFK
~RYQOK WWH/ 3RYpAH\DUR MCKGMH\Z DNKLQ) | CEUIRVANDEM VHBP HORY WSX |

1 DSROIDMXERDO ,1 SRXEEYDD Y MHIK VSUHE NIQP RNXKRY DR QGWU Y SENHRYERK
MHTHK + napr. Banyan network, Delta network. Delta network je zauj mavou podtriedou Banyan network. M
WY \CP RRARYCAX YOWERY pR] TP HY aHQ | YWOIDWP GRNRUDKR YWASX GRID t SINHWEG QRIOt @D
\AIYQ YEVNS ) XQIXWWR QD] i NDGHUHD FOpt\MIF (O éYDEEP routing tag, ktor  obsahuje zak dovan adresu
YEVMSX SUpRP NDAG ~URYH1 0,1 LQMSUAMMIPDL | QRKVIN 3HSREBISINAND YEWXS Y SRIDG DNp XUpLad
ROHNQWVPDY . HIFEHENWR GH LQRYDQ URXARYCHH SUDYIGD] DNRP SRRYDp GRKOWZ DHV- YH'P LIERKGIAM
DAROKRD Y\ VR\D EFKGVSUIHSRWID 1 DA 8HSONHWV P { X SUHRK G Y URRYDHRX MH RX SDUDBIGH

3U YHYODWER SDUDB ho prechodu buniek (paketov) cez switching network prin - aprobl m. Jednotliv
BXQN P{aXYRYGUMHMAEARD] It V-pDIHERWKR IMAKR\Z MKLQ) HPP HQAD\VSRRELS VBNNRT LX

SRIDWSX P LHL NRT] IHKRYRUP HR YQ-VRUURP EGN\RYDQ internal blocking, MIN with internal cell loss) £
kol zianastalavo vn tri MIN, alebo blokovan nav stupe + EXQN GRIJ LOQV-pDUHERWWKR IMPKR YEWNSX DB
\R\D)@Q—BRY[BXI‘VH] DSREQP 0,1 3UREDPP ERN\RYDQDWDUHLY]Q P L\ \VREPL
8 P RRQHQHARX I IRYDQD Y NDAGRP \Z MRKIQ) HBP HQW
- =YeAHQH YQARIHMEFKGRMMDQHN Y] KF'DERP (D YR\DMLX R
- 3RAMHP HKDQ] P X @] GADQHSHRX NRIGIMARK EXQHN
- SRAMWHSDIDBOERKO ,1
3RXEIMAHYIDFHAFK QQHNP HI LMER@YEP LY @P L
7LHRPHM3 \DSRYDRAHNRP HQM B \DQRICKDpR @M Z8.D SUHSXWERE DVSRITKOYRS 0,1

Multistage interconnection networks with internall cell loss

Ide o MIN, kde nast va vn torn blokovanie buniek. Vn torn blokovanie sad vhodn m
AR 0,1 QW @ DNABRYDMQ- Kodnotu + hodnoty okolo 10 na 10 s
QUKW QP SRARYDQH SIRWMHEAMRP 0,1 ZIW IQMODD AHD W P{aH Bt
LP SHIHRYDD Y] H 7 HRUWHEHAD\DAM IR GHIY' Y] KI'DARP (DWAR SDUIP HH

- yDV NHB URXARYCAHUR KREQAMHERR XUREHD

- Miesto, kde V- XB3HD L.QRP i AHRURARYDQ
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7 RR UR GHBQH FKOUINAL XV QDB EIMFD\EEX'ND

Routing time

V pr pade skupiny | a Il pri tvorbe spojenia je cesta cez MIN zvolen raz pre cel dobu
WYOQAD\SRWQD 7R]1Q@PHY aHYaHM BEXQN \VBGMM W MY RHstu cez MIN, teda poradie
EXQHN RWWD] CRRYDD 3ULXPIWRP YA t0EHY YOARUERK ] GIRWY \DP { HWW¥ 8HAIDAR R
QRYp VSRWQH EXGH ] OP LH@XAW 3@V 8H QRYp \GRMQHP{aHBE t YWRHD LEDIND G
YWRIEE YOG A ] GRUBMRP |GRWY 1D]Yolenie cesty existuje viacero techn k.
1 LHNRU pDIVARWY P { X B\ t Q KRGH] YR (B ERDMH WRYQRP HEHW t3H) DAYaH
PDWIY] DXLD VAU YQH GRYPHIH EXQN. 7 RIR U GRAHQIH ] O’ DAHQD ] QaXW SUDYG-BRFEQRV
YOARUPKR EGN\RYDQD &HABP{8HE t Y\ SRot\iQ Y FHQUWQRP SRpt\ipL. DBER P{&H R\t
SRO\BQ  SRWMSCH \BN 8H NCBGE \Z WKL) HBP HQML \RWXNH YRIQD ]GIRWE NRp Pi N
QSR tAL . H’ \DAWEY SRot VBN \D UR GMNEXW (R MER@YERK \Z WKLQ) HBP HQV YR
forme routing tag, alebo ako routing table.

9 ,, D,9 M URXRYCHH U KREQMWMH YA NRQ YD SIHNRG- EXQVX (H i YWBI 7R @PHY aH
MER@P BEXQN \SRWQD P{aX SHKGD 0,1 Y Y]QRK AWK 9 ]JiM\awWwW @
IPSBPHAMVALO ,1 P{aXBXQN UK D QYEWXS Y LRP SRIDG D\R ERQ na vstupe. V
AP VR SUISDGH M QXM RELE SUKVSRUIDAEQH 1 DWR AHORGSWSDARY, D,,, NHW ]GRWY
0,1 |GHDYP PHI L MERM@YEP L \GRWQCP L (D NCAG-MAHAM ] YO& Y WSRK,, D,9 -

zdroje zdielan medzi v etk mi bunkami spojen nav etk chcest ch.

Routing information place

9 SWSDGEH, D,, MIURXRYCAD IQRP i ADXEGAH) Y IR I NWRE N SUAIE NX NDAGM
EXQ\H 5 RAQ) \ P X\t REVOKRYDY IQRPi AX SIHNDAG- ~URYH1 YO ,1 9 WSH, PXM R\t Y
routingtag pln inform ciaprev etky WRYCHYUWH] Q KRGIRRK~WRYQ 7R]@PHY
AHNHP \DXUbt A SUH\GRVMQHG VDY SRtV NRP SBVEE URAMY \BD 9 WSH,, URANY) \[W
RV G0 L.QRP i AH SUH UIRARYCHH ~WRY(H =Q KRGIRYCHH ~URY(H \L YRID Q KREE
YEWXS \BNSHW QHMISRAbN  routovaciainform cia.

9 WSR,,, D,9 URARYCHDWEX'ND SRN W SRUHEQ- IRARYCHX LQRP | AX 7HIR\S VRE
jevhodn pri predpoklade multicastingu.

Roxanne switching fabric
-H3) W RO,1 WaX,, SRNIT LH R VSRWIH SROQAfo-point(singlecasting). Aby bolo
] CEH SHhH UWRYGRP HOp Y\ tDAHIH] GIRRY MHM \BN D EXQN Y S8Rk ~URYQDK Q KREH

rozdelia do v etk ch liniek. S toho d vodu routing tag neobsahuje kompletn inform ciu o

FHXM 1 DBBXAMPHN~pRYp DWIYHID] CEH SHhXv DNAFB\RYDM Q- ~URYHi EGNRYDQD

- Vn torn buffrovanie v switch elements
- 3UH\SR'DKQYp | 0EH SHHHAHYIDAHERK ABXMYD SRXaYOM YIDFQ VREQp 0 , 1
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- 3WPO P @HUR YUXMHQH] i tD3HVDSRYEEYDM YLOFQ \REQD FHV
9 8\BE) \Z MK\ | CEUF M SDDBOH] G3HD ] WRAK ~URYQ D MITDKNR WR &UMFQ PR \D
\BND SROVY AQHN SUGDQP G &K ~URYQ DR SUHSXWERWVSUGDQIP GYaFK planes.

9 SUWSDEH PXGWDIMIX Mi SR DQH WSX ,9 SRARYIAD \IEXND M XP LHAGHD Y

INH BALMARK ~URYQDFK MHM 2 EVOKAW SROHANSIL Y] KIDERP QD \SRWMQH D ~WRvHi 7R
XP RAQAVIXURELY MHMRINR NySILNR'NR SRUHEXW

Athena switching fabric
0,1 WSX,,, 7RI@PHD &HXUHIHFW DY NRQ W] SUHAH3 GREX WYDQD \SRWQD D
MR LQRP i AD M XGAHD Y URARYCRFK \BEX'N FK Y Mvitching elements. Pok m sa n jde

D A \Z WKLY | CEUF SIDYG-BREEQRY EGNRYDQD Mi HX®Y DY SUSDEH H IMMAH
URXRYCRFK VEEXQHN D TKNR LP SBP HMV P XGIFDI)

Multistage interconnection networks without internall cell loss
MINS, v ktol@FK QHIDWIVWYD YQ-RLD Wi FDQHEXQEN 0 { 3H\DDBIWE SHEXQN. NRIGA (D
RNIVFK O ,1 7 IHRMHM\DAM UR GHIY GRGYRK NDAYy UL

- obsahuyj cevn torn buffering

- bez vn torn ho bufferingu

6LHM V YOARGEP EXIHQIRP PXMD NRWRRYD W{DBHRCE EXIWRY B QHDINR
S DRHQHDAP DIDEXQN

St. Louis switching fabric

3{ YREH WWR \Z WKLY | CEUF QHERD DYKQAN SUH EXQN 1] GHVIYH'NRWY DB SUH SINHV
SUP HIGHWHNRIY - H3) \DVHDURAMY) 0 ,1 WSX,,
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Paket procesor PP prid va routing tag k prich dzg cim paketom. Switching fabric SF
SRN W YIFHR ABXAWP HJ L YWNSRP D YEWXSRP  ptP XP RAQW P XAWDXY  6SRRYCR
procesor CP vytv ra spojeniatypu point-to-point, alebo multicast.

6Z \WKLQ) | DRUF 6W RAVM] GaH) |R KDY@ERK pDWtY

- Copy network CN. zodpovedsj za vytv ranie potrebn ch k pii prich dzg cich
paketov. V point-to- SRQNSRWQOAK QHP DM ALDEX | XQNAX

- ali)(MEX\NQ GERN ' 1 =[0H S RYQRPHD W EGHIH SURK @ DMAK
paketov.

- Routing network RN. ZDXpXN\SU YCHGRXHIH STNHRY

- 9IDFHERK BRDGDWD WXSRYERK SUHNDAPRY % 7 9\NRQ YOM SUHNDG D
vytv ranie routing tags.

Batcher-Banyan based MINs

ASHAI @DWHDO0 ,1 RAVDKXMFD\Z MKIQ) | CEUFY Y NREFK QHH LMW P RAQRY YOWRLOHV
kol zie EXQIHN 11H M WHD BEL BEXITRYDQH 70ONWR \ZMRKIQ ICEURV \D  éYom
neblokuj ce (non-blocking 7i W YODWER \DG QRUIKQE YKRARX WSRYJLIRX D] i URYHI
WHED] DGl [B YIOFHp EXQN. QGHERD DAHRYDD GR MBPKR YAWNSX 1 INIQ P HAH MH'H
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tokKlR WSX - |DBEHDP @D %DMKHJBanyan topol gii. T to topol gia zn zornen na
OBBMARP REINX\DWNDG | YDRKHMHMOUBERYDHWAQ DOMHRX

Batcher network

8 \WHI XN EXQN Y] KIDERP D LIFK AH'RY~ DAMK 9XQNL | IMDASRX DARX @D QM &
YEVWNS VHM , GHYOWEHR GHIN- WHADRXMH N \DWNDG | BEBRNRYWSX |

Banyan networ k

-H MEGROFK VPRRARYCHD MH NRUJ ] DXpXME 8H YaHM BEXQN QR ID D DAKHK
10 @PHDQ- Y URAMY \I NARLU MILG-RQIAN  VNRGHQRX DAHRX . HERHDMEH YEWWS QH
V- \WP HRYDCHYIDAHD EXQN QY] QN WP RAQRY NRT) IH

Starlite

30 ZIWK | DBAaHE D YDMKHIBanyan spomenut v literat re. Switch je navrhnut s
kon tantn m oneskorenm a sklad sa s postupnosti rovnomerne rozvrstven ch routing
GERN . RNpVWH &RFHDRU  YDRKHJGRW  7U8 %DQ DQ( [ SOQEHU 8 P RARQAW
Q UIDMYRONDMEFK YWYSRY DKRERW &UN S WP DD XatYDM'D 7 HQR \Z MK SRXatYD EXQN
SHYHIYH'NRIY NX NREP (D YWXSH SUIG YD URAWY D 1 D SUIHNRQDQH YEMWS(HVK ol zie
EXQHN\D SR} YD 7 W05 (HA RIN P H3 LYDRKHIDYOQ DD 71 WRMH UR SR Q YDBEXQN V\RX
MRX AHRYRX DBHRX REH@ LIFK RG VHED D SR | (RYD (D YWXHS NGH WD SR\NW\MD R QRYE
prechod.

Moonshine

71H M ] DBEHDY QD YDRKHIBanyan topol gii, ae pouatYD LGB S VRE WHEHID NRQAONX D
YEVYSH DNR 6\BLDM - H QDYUKQAV SUH SONHIV SUHP HIGHVIAANL  \BNEH QH M XUDHD BR SUH
$70 3RGEYD\DWWRVE zov agoritmus. V prve f ze = $ EBMDARQVD WM pLNRIGIMAH
EXQN pONDM QD YM¥SH 5 Rt VR SRP RFRX 55HAL @ K \&U Y YRDIERK AWIXHWY 500 ] DpDV
\DWAR\SU Y XWHADDXUt \DYItD Q EXQ\D N SRRP P { SHYWASE (DYWSGE SRW
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4.3 Knockout switching element

Tento element bol prv kr t predstaven v 1987. Ako nesk r uvid me, KnoPNRXWZ WK P { 3HP HWNDAY (R
Y pa K pDMVSRP RARX P HEFK -H] DBAHE D YEWNSQHM URQM DYaDNP i DWW FHQW @HR I IRQIRYDQD

Pozrime sa detailne napr cu tohto switchu, ktor je zobrazen nanasleduj com obr zku.

Obr. Knockout Switch

KnocNRXWZ WK Pi 1 YWSRY DQYBMMSRY  SUTFXVMALEK QD URYNHVLEFKERAY 96XQN SHYQH GOHVIH NRUY
SUFK @ D DNCAGE YWKHS Y pDIRYHWIBRAH

3R RUWD] 1 BURDGDWRYEFK ] EHQIF MBDSIHNRGE YWAS v IBHNBGE YEWMS Pi \SRWQH] NBRGEP
vstupoP  DDBRX pDRX MIYXV, QMICFH - HMGHQSIHNBGE YeWS

" RMGPKRYXV, QMICFX P { AHSM @ YIDF EXQEN N \DSRIHEXW GRAEE DAE YEVXS 3UHR\DWY
SRUEM WAREXN EXURYDY $NPi B\t ] DEH SHHI Q@i WDBEXQHN FHDRWSURECHOW P XM YHAH
SPIt ] Y MHVWDRYHWAGGRIMA L -NJ W7 VR SRALDEDYND M) QAHD LQIMDIHQERX D RX %XV, QMULFX

naz vanou Concentrator.

obr. Bus Interface

" RYOV, QMICEX YWHSXWIL YWHSRY | NCAGHV] EHQPHMEHD 71IHRY napojen na Cell Filtre, ktor

presk maj adresu prich dzaj cej bunky, aak je adresovan nav stup, ktor patr tomuto Bus Interfacu, tak je
presunut do Concentratora, inak sazru .

Concentrator m N vstupov aL v stupov. Je postaven z jednoduch ch blokov, ako je zobrazen naobr zku.
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obr. Contention Switch

7IHREBN P O GDYWYS\ DGDYEVHS. NHMGEH YEWNS MIR (ThHE DNRYED @ $ N YWHS SUGH®D
MED$ 70 BEXQ\D \BNM] YRBQ DYt D LINVD] YRDEXQ\D] 'DYpKR YWHSX 1 D] RANRWQHE RIFHMWDMAD]
t chto blokov sa zostav turng.V t00 YaQ SRISXWERJDAHRNRD

2 U] RUXND XWAUNAMX \MUIDY YWHSPLD  YEWMSP L 6~ \WIMIDBHEGN. W ' HD HBP HQV NRp
SR GADEXQNX DXUpWMV-URYQ

obr. Concentrator

V etk ch 8 vstupov vch dzado prvej rovneturna® = QREKY]t&X Wit'0 L SRWSXMAL QR d’DAHKR NRD @D WM
MMHRYQLD SRIOHY NRUY SUHK G D GRA'DBHVHIRYHWMUIND = NDAG-M-UIRYHWED Y] tGHORQME WD
DNHI8HMI/ ~URYQ \BNPiPHPO / BEXQHN NRUb SUHG- & RIFHRDRRP

DDERX pD RX %6XV, QMIDFX MIEX | HJ] RESRYHEE | DXFKRYT YOQHEXQHN N SUNG- & RIHQDRURP  7HQR
EXHUMI G8HE | / P DBFK EXIURY ME-QSIHNAGE YEWHS | &RFFHQAMDALD 1 D] CEH SHHQHWRYQ@NHV i tTEH
NDAQOKR P DPKR EX | IDVDSRX& YDB KU WL 7 HQURYGRP HIHUR GHXMIEXQN. P HE LEXI I WH

YAUROGFDIW D\RP \R\Z KL MBROMAKE SUREHNDEGE YWVS MICDSRWE DYaHM YeWs\ 1D
] DEH SHPHQAHP XQWFDXX \D SUGIM 35 QHP XGIFDWP RGX® DP XGWFDWY EHQFH

4.3.5 Roxanne switching element

-HWE @ éYDE |, QRIUDMG6Z WRKLQ) ( BP HQWV,6(  %ROBUHBXIYHE Y $ GDMLY

58FKERC DYH'NRY ,6( i Bt RGSRAMMMKQRYJIIHYEURR plSX ,6( MIVAKRSE IRARYD EXQN | MEKR
YVHSX @D MEHQDYIDF YEWXSRY \BNGHP XAWFDXD BIRXGDWH V- YH'Ne SUREQP

$ URKLWMNAD, 6( Al DBBHY QDR-QN @HMIURQM 71 VR AHQW @D URQD \VKDWHGEX THUP HPRY 6%0  XAKRYi YD
bunky aje napojen nav etky vstupy av stupy.
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obr. Roxanne Switch

. H EXQ\DSUGH@DYWNS ,6( M@ SUMNRQVHIRYDD D/ BMRY GBp EGN DFHD EXQ\D\DRAIDQt 70NR
rozdelen sauchov v Latchregistri. Odtialto je n sledne presunut cez TDM bus(time division multiplexing) do
690 3W,6( [ \DPXu]DMBXpDRY~MRMMNRIEDY ]iSMWRYdo SBM. Av ak pred z pisom bunky
QR6%0 \DP X\t HWWY\ NRD' URARYDQHWIVREXQN. 7 RRYA NRQ YD5 RAMY / RILF NRU ] DMBX pDRY~
MERMKRE\GAL BEXQHN 11 VBEHDEXQIDSRABIARIURQVY 690  NRU Y\ XatYD YEWNSRY (@
z klade I SE routovacieho m du. Z tejto fronty sa potom obsluhuje pr u n skupinav stupov.

2 VAU YX YRIGEFK DREVDGHERK P LHIY 690 \DWBU 90X 1HJ0 DI HP HOAMERND

. DAGE YEWS Q VOITHARUWDEXQN | 690 DWH\D\S oM DRGK G D

Pri multi cas\W\DSRpHANY St DG-W) AHXGALDYDM Y 85-Ai @HVECP I W $ URARYCADLIQRP I ADY EXQ\H
obsahuje odkaz do tejto pam ti.

,6( Pi ] DAWP DY~ plid 7 R0 QHMI] i YM@ RGASN EXQHN SIHRBHVLLFK UR GYXMIQIL @~V 0 {8HWD
SURYD’ VY ] nymi form tmi buniek a paketov.

4.3.6 Corpin switching element

Bol predstaven v 1987 vo French CNET.

5 RARYDQHY &REQVZ WKL N | DBEHD KDYIPNHEXQN -+ @YLHND REVDKXW UH HIHQo ptV@&R N NA
SUHIDIBYHD SIHNAGY VERWAH 7 RRpEVER\DYA Xat YDY \Z WKL QD] IMMQAH RESRYHIMAHKR YEMYSX D] i URYH1
\DSIHNDG D@RYp UHHHDQ pt VR

obr. Corpin Switch

&RIEQVZ MKADFKRYT NEXCQN P DNRN SOUDBOPP X VRNX LQRP i At + @YLN EXQHN VD VHNYH H REVOKXV
v Control jednotke. Corpin switchm 4 funkcie:
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Super multiplexing blok je zodpovedn zatransform ciu prich dzaj cich buniek naparaleln d tov tok a

B RP i AXKOYIpN GRESHHIE QHRWINX

Demultiplexing blok vykon vareverzn oper ciu k super multiplexingu a kon truuje ATM bunky z

paraleln ho toku.

9 IHJ0 HPRY XNDGE $70 BEXQN DBINRPEHLIEK GRUWYDY &SHAL @HMRP H \ENVRR\DP X\t B (R
vahy pri jgj vn tornej organiz cii.

& RQURCEEN VAUDY X SRXEIMY DYR'QD P LEMIB YR I URQIVK Y 964 1 HJO HP RY

Do supeUP XGISB{ LQJ EGNX YAKI G DM YOS\ \Z LWKX DWR] NCAGHKR YWHSX SRP RARX \GCFH\Z LWRKX
UR G XVISUEKE G DMPHEXQN. QDVBERYCH + OYNX EXQN. SRUHDQDSLYE 55HAL @ YEWS

NALE YHIHER&RQMRCEGNX 318 LQRUP [hG B\ \W QDSY8 LQRP [hQ YAWNS GXKE LQRP [h@ B\ \WMQD
AXKE YBVNS DY

obr. Space Switch
7INRXSIDYHD LQRP | AHVDSRIHDM GREX WD 7X V- SUHNDAGE B\ WML RUP | AHVIP RABAGD | URQW 7 HDSUH
SO B\ W BEXQHN MIMEDIURQBDY 1 DWBBAIMGP XABE] LQJ pDf NG sa znovu kon truuj  bunky ato znovu
SRP RARXNECRHVZ VKX 9N RFK G D (DYEWNS NWRLE EROV SRtWIE Y &RQUIRCEBRNX (RNRUPKR SU-GD
MER@Yp KDYLpN

4.3.7 Athena switching element

YROBUBMYHE Y DSRX&YDWHRKQNX YBVAESGHMURQN -HRMEDPIS\R - YWXSPLD  YAWMSPL
SUPMALBAK®RCRX 0 AW/
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obr. Athena Switch

6NDG \D]R 573 5HHYHDQG7WQPVBRWD] &0 & &HMDMD HPRY &KIS . DG 573 MIVERWD V

NEGEP &0 & MEIRX INRX DSHRVA VDMdnou linkou na prenos adresy.

573 \DWiU RSUNMP DQHEXQHN GHYYQRYDQHKOMPN VAU YXAKEE RIRMHDQHEXQHN DWW

. DD &0 & XAKRY YD EXQN | NZApKRYWYSX 3UHRP XM NG W G WHAH DMDAIHAX NHPi B\t
SR@Q 1 DWVGALII YHMEDDARQ QND] 573 GRNBGKRE&O & 0 XGADWDUWHLSRP RRX  BWRYHVI
PDN NAJ R @pXW (ODNRE YEWYS\DPi WWRSWRYD G BEXQ\D

7 HQR\Z WK N V~pDut RX FHEMZ WRKRYDAHM CEUN. DREVDKAMWIPDE N ] DEH SHXWINRP XQIN AX medzi

RWIV@EP LpDw TP L\MWR I CELIN. 7N YD 0 LFURFRQARBU 7 HQMIQDSRWE @D YaHM 573 DMRO & ' RSInDER
ATM buniek pr davn inform ciu pre ostatn elementy fabriky. Napr klad ak m bunka prioritu.

Jeden CMC m 16d tov chal6 adresov ch vstupoY DSUHNAG WRRYWHS GR&O0 & MY &0 & EXIHJ 71HW-
CERW FH ] BHQEX OVEP R YEWSD | URQV 3RIDOEHM Y DA EXIW\DIQRPi AD]
LQ RP DpQKR EX | D] BHQFRX SIHIAMH QR RESRYHIMPHWEWNSHMURQY 71 MIVAKRSQ XHKRYDY BEXQek a
5 buniek s vysokou prioritou.

CMC obsahuje gj 17. frontu, ktor  spolupracuje s Microcontrolerom.

5. Impact of ATM on terminals and services

5.1 INTRODUCTION

71 \RNCBAWRD\D] OREHI YEKREP LN SRO-NDDX QK Q. SIHRWRYE PyGSUIHVOGE NINR
- variable hit rate video coding

- layered video coding

- pr casnez vid mi hodinami

71H\D] OREH SUREQP P LNRp\DY $70 MHTAK Y WN v DNRUD MISRWEQ UHE FHD
loss, cell delay jitter, source policing).

5.2 VARIABLE BIT RATE VIDEO CODING
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9 \GANRP NyQRYDQDYIG-RWJIQ X SWLSRXAMB&0  3XOH&RAH0 RXMIRQ ML Q

YHNRY YEVYSQKR Ny GRYDPKRMIQ X 3ULSREIMNRP SUNERK DORIMY RY M YH'NRW

v stupn ho k dovan hosign lu premenliv . D vodoms premenliv vizu Inairrelevancy

viG-RVQP NX DSUHP HJDYp P QRAVIVR UHSXQADQAH SRR GHVY 380 | GRRWRYRP \LJQ ¢

SUHP HIYI LWHBIDADMIVS VRERYDQY (HERN\RDBRCRX I'XGMNOKR R\D N QHMIVRKRSp

YQP DO’ YaHM GO

6~pDvQ NRP S DORIW\ -~ | DBEHD (ONRP HQ At \&AKWR GrRh fenom nov. Niektor

l\yG?YD:LH\PoFI@.N N SUNSLHYEM NX NRDVOQX YH NRUVYEVHSQOKR MJQ X
SUHXRRYE VY] tCAQR P H L\WH3EP L[ HP LY obr zku jerelat vnevysok . To
]@PHY 3HSIDYG-BREFEQRC AHVKVHI P S GIP D URYQIN- DBERWRIRWvnak farbu a
WHBR MY\ VRN 7RDY XatYDY intrafield video coding technik ch.

- 7THAPDRYI Q \VBERC P HI LSRN¥SEP LpDWCP LRAV] NXMIAQRE VRN 7R]@PHY
AHSIDYG-BRFEQR aHI[ HOY obr zku jerovnak ako pris cha ci pixel v predo lom
obr zku jevysok . Z tohoto profituj interframek dovacie techniky.

- $N\DpD RE] NX KEEH SRWYSQp R Rp SRIDREVKXW SUHE\ \RbQp LQRWP | AHOM\HY
Q@Y1 Q KP IBXEK 7i \R S WpQRW P{3HE t ROX QH) \WKQNRX ] DBAHRX @D
predpovedan pohybov objektov (motion compensation technique).

- FFT Fast Fourier Transform or DCT Discrete Cosine Transform + d’'BADNyQRYCHD
technika

- 1 DNRGHQ NyQRYDQHREW RYEFK LQRP i At \DSRXEYD+ X 1P DQRYR NyGRYDQH

Q@W HE SRpHAEWRY SIHMIQ O Vvysokou pravG-BRAERERX YEWN W DRSChH

-HIDYGERFED HEG-AHUWHEHIDS 70 IGRN/GHRY EXG- | DBAHD (DNRP BQ At
\WFKQN SRIVDERK Y 88 H YdWRYE YHNRV YEMNSQKR LI Q X EXGHWD pDRYR SUHP HXDYi
$ EXEH]i G0 DVRGNYDDWIGR\QP NRY MNRY MPEG 111,111 .

awabDS (D9 HEHXBXN ] AHYIGRMJIQ CH SHIP HQMOHRN/GHD\DPHQORG SR
28 Mb zas. obr 5.1
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V NDUFNBFK 670 MHIOFKE ERRQAG NRYHIWRYD SUP HIDYe YIG-RWIQ CCDONRRBQEE
\LJQ OYHNRAMEHWDIGRELP L MHM1 DVR\DSRXEEYD YEVKNSGE BX 1 HJ NRLE DWRWP
YESHSUIRSAMWIMIQ O L[ GHWHNRIM KOG RYDQP SUHP HIDYpKRMIQ OXN/GHD

63U YQ RKRGEX I HD\DREVOKXWI HEDANMIQ G 3W$ 70 MIH DR \WAR SUREQP \
RESOEM NHP8HS$ 70 SRESROISUHP HIDY- BFKERE SIHRK G W

" YDK@QYQ SRRYQ YCHHSOUIP HHSUHI %6 D) % NyQRYDQHW- YH'NRY DNYDDMY
REU]INRY . DG NYQRYCR ORI XVUIRE NRP SURP LVP H3 LYH'NRW RX DNYDDRX MJQ X
Pri k dovan sl @RXYHNRCRXMIQ XMIPRAQ YHNRY JQ XA@Q YOWERW P LMHM
7R P { aSHDOMEHWADH\S] \VREI! | YeaHD)- GHRIP i AX RR] NRY SIHQENWR VApQ  DN\D
YeWNSGE BX | HUSUHSID MIQAR ] Qétt NYDDX DQDGXKHVIBCHIMP R&Qp SOWDQH
zdrojmi prein sc ny ( ak je buffer pr zdny g tak sapren @ redundantn inform cie).
3W9 % NyGRYCFHWHKpP HP { aHE\ t GHRPi AD NYDDWREN X GQ SRADEYNCP L
ESHAIIANAWMOGEE 7 HDNYDDWRAM X EXGHY pADSUH79 DNRSIHVIG-RWBIYQ 9 HNRW
NyGRYDPKRVIQ X EXGHWD] i YIMH RG] GAMRIVRRI] NRY D] YRBCHWYDDW 6LIQ COB
bude pren an efekt vne. Obr 5.3
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. RPaHYH'NRY MJQ OX\DP HY MIYKREp YHAH SUHEERYHIY YEYRWHNRMAMIQ XIGR

k deruv pDH 1 DW\VEALSE SURHON GRQIWIXPAWRQ 2BU  WBUH entuje pdf funkciu
SH Y]HWOER 3RAM BROGRIFE NyGUDNYDDWRE] NRY ERDSUIN] \VREHD)
SRAIDEN P @HVWOER SUHPHEG YHNRY MJQ X SIHABELEY- 79 ERDR\RR

Mb/s, 5 Mb/s pre video telef n avideo konferencie. Tieto hodnoty s GRSINDGE D NHI'EH

]i IMD YR YH'NHVP IHIHRG SRXEIMKR NyGHID

=i YHJ 7DNBH$ 70 MH’ Y spolupr ¢i sVBRk dermi pren aibanereduntantn inform cie
DSR-NDP RAQRY YEEHX NYDDW MJQ X

5.3 STATISTICAL MULTIPLEXING
V $70 MHDAKP{38HE f QH\R'NR] GIRRYEFK \LJQ &Y SUH) 30K (DMBIHVIONH 9 STM

sieti alebo sieti s) %6 NyGRYDQP SRADARYDD) YHNRY MON EXGH\XP DMBR@YEFK SHYERK
SRADRYDEK YHNRIWY 9 $70 MHDAK WD SRO-ND P RAQRY 1WA (D H HNAYIWM Y\ XAL\P
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tatistick ho mul\MBB] RYDQAD |GRRYEK WJIQ ®Y SL SRPIHNH aH J|GRW Y]i NP H
nekoreluj
2B ]1Q]RuMBXMIQnN sobok rovnake pdf (video konferencia) pre n=16, 32, 64 zdrojov
N GHNRBHDMWM * WD YOOW@HXND X SIDYG-BRARECRE Vakou n nekoreluj cich zdrojov

P XAM®] RYDERK (D MECHVDONH SURMIKQH XUV B\DM

Z RAU]NXYIGP H 3HSIDYG-BRAEQRE WKR aHSRDARYDY & UNDS W DS
nekoreluj cich multiplexovan ch zdrojov presishne 7 Mb/sje men iaako 10°. Tedaak je
$70 MH GPHJRYDQ) FHOloss rate 10° DP XOMGB] & IDNRUNAY pit MINR MH EXAH
VKRSQ DNFHBRYDY SUECAQH GYRWAY P RAWYR SRV DNRSRIRYQDM'Q MH VFBR.

7 RRP XAMBB] RYDQHP { 3HE t X\NXWhHD LEDDNSR Q P HSG MER@YERK] GRWRY pR
QHMIYaE MEBIRGAG ~BKD 1 OP IHXRWKR D SUH HXW MERGFKADP HYGD NRU S
NDAG-MRYHVERALDEYNH@D SUSRWRHXP RaiXiv | MY pL MIGRINSp SRADARYD P GRAVWR
SRIEHARY 71 RNRQARDMQAM@  SUH] CEH SHHQH SRADERYDCHVNYDDW VOALHE 0 HADMA
zalRAH) (DSOUIPHM]i At S3 ' REy WBUH HQVAHSG \DAM | W\’ D] i NDGHKREI W
JHHXMARK I XQ\FAL D] QK XUHERK YOXWGRIMVINR SUHP HJ UR SIM@ - $ N XYDARXMP HBD
SUHP HDWR SMO|PHD FHDRYI SG P{aHBE t Y\ SRt D\R

Average (sum pdf) = Sum average (pdf)
Variance (sum pdf) = Sum variance (pdf)

. DAGRS GHMIDB] DXAvP DYHAHSR Q@ FHD SG | XQNALX NINR BRQMMIHNARLD FKOUINAMIMNK
$ N MISRpHNP XAMSB] RYDERK | GRRY GRUBIFHCH VRNE \IKP S3 SUSRP t(QD* DARYR
rozdelenie. NDSRIRYQDQH\GAL\BE 8 Yi @ DUR GHP H3 L* DAWRYEP UR GHBQIP D
@P HDEP KREARP LIHNGRNRQHHAX 91GPH dHUR GHODVnarastg) cim
P QRAVWRP YIG-R\SRWQ |PHEXWIDSL  \GRWQLOFK MIP HEt NINR

Probl m tastistick ho muGMB®] RYDQDDOIRIMY RY (DOBN AX SRADARYDHVEWN S \WPD
s st le objektom v skumu.

Number of connections 16 32 64 128
m(Mbit/s) 4,13 4,13 4,12 4,12
s(Mbit/s) 0,130 0,067 0,034 0,017
Measured distribution (Mbit/s) | 6,50 5,65 5,15 4,81
Gaussian distribution (Mbit/s) 5,93 5,42 5,04 477
Difference (%) 8,73 4,00 2,10 0,79

70EX'ND
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5.4 SERVICE MULTIPLEXING

V EXGHAK %6' 1 MHIOK BEXG- WRR YaHN SH) & \OGE SR RWWD VIIF NINR
Z MEPKRNRP SRHQX . DG NRP SRHQMEXGHSUH) & aSHALLANE GXKIQRPi At 7CE

1 Q] RAXWMINOEE DIUMED NRP SRHQV

-Audio : Tento komponent pren azvukov sign | r zng kvality, od klasickgg PCM (64
NEW DA SR\ VRARNYDDAE +,) , ] YANIHHRYDE &' SUHKU YOpRP

-6\BAAGYIGR 7 HQRNRP SRHNEUH) SaDABAGEE YIG-RWIQ 09 HNRY MJQ X\DP {aH
SKERD YWRIW @B 0 EVIHBEAE NIGRWQ OSIHNYDDGHAHVOGEE P{aX
QUN WY

-High definition video overhead : Tento komponent obsahuje dodatkov inform cie
SRADARYDP SH+' 79 7IHY kombin ¢i so tandard video komponentom d vaj HDTV
sign |..

-Teletext : Tento komponent pren ateletextov inform cie.

-Data: Tento komponent pren ad ta. S tod taspojen stypom pren an ho programu
alebo s WSRP \OER

9 3HM WARNRP SRHQVP{aXBRt Y$70 MHIAK SUH) &0 P RUDXGH Y1 Q PL

YW @ P LNDQ @ L 0 XMD\DYaDN GRAERYDY Xl REP H HQD 1 DSUy DRYé IR GHD
medzi zvukov m aobrazRYEP MJQ GP (HPHE t Y pé& D\R PV SHEGHES

synchroniz ciu obrazu a zvuku).

D ta Audio | Standard | High def.
Telete video Video
Component xt overhead
6 XXaED
Telef n X
Videotelef n X X X
Standard TV X X X X
High definition TV X X X X X
9 IG-RNQAQMD X X X
High quality ratio X X
High speed data X

70EXND  +60@E D. RP SRHW

DDEP NIR\RP SUWLGHBQ SUHQ 8D inform ciejerozdelenie jednoduch ho typu inform cie
OQHRNRYMMY 7 IHRYWM P {aX B t SUNS VREHD NYDDMVOGE DSRADARYDHVI
AV@RIMPDAK B 28U ]1Q]RAXMVINER YWVRYE P RGHD 2 EMOKXWIXa SRIVRYDDD
nehierarchick  komkponenty DWH KIHDBKIAND YIG-RNRP SRQHQWV
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1 DNSREAHED YWWYD REVDKXAW Q] NR NYDDVE VIG-RMJIQ OSRXEW' G @8U SIH
EH SHAQRI@ ~pHD " UK YUXRVD M YWIXYD VR WAHERX NYDDRX RAU X YKR3) (C8U SWH
video telef ny avideo konferencie. Tretiavrstvaje vrstvasvysok mrozl enm pre renie
telev zie po seti. Ngjvy iavrstvaje HDTV.
. 3G YOWDY\ Xat YDIQRP i AHQAE K YWXHY (DVNRAMKRYDQHREL ] NX SRADERYDHM
NYDDW ' { GEIMV YEKRED YWIVYRYPKR SUICR SX MINRP SDMEOWP HI LY ] Q PL\OEAHPL -H
\WDP R VOERYD SRIWTP SUH) 380E NINR+' 79 MJQ QDANDGERP 79 | DUDa)
A XEMP GRWRK \SREERK YWY DNRGAWKRYDQHRA X
DDOERX YEKRERX YWIMRYPKR SURSX MIP RAQRE GBAH\DY \GRIDEY \RWIDEP LEXQHN
(cell loss) v$70 MHDK 7CE  XNJ XWSUHP HOE pDvP HY LSRVHEH@UBGMAP L
FK\ ECP LMHM BWAURUUDM FHDBRW SUHY ] (HSHRWRYp @FKBWY 9 LGP HAHSUH
SIHHRWRY~ I EFKBAL 0 EVDSUWFHOBRWDM ® nastane chyba (cell loss) raz za 4,7
miQ-W DBISIH NEW/MW  GiD 9 WYRYI DUAKOWAMNAAD SRO-NDHHNWYQ VS VRE DNR\D
S \&P \RY\ \SRUIDEY
- IN\DWDMQRPi ADYRW SHWUINYH \WWVBIP RAQx CKWDAL M SINOERX LQRIP | ARX
Z YOMMWHY Q3K 7éP \D] QaLIGW'G HHNWIENSjto chyby. Pretovovy chvrstv ch
nevyst va potreba FEC (forward error correction).

- SHRBHQAHYWIM RSHXW S QAARK SHRWRYERK EFKERIIFK SUHP HE pD/P HI L
A ECP LMY pét

- 113EHYWM P{aX B t I'DKAHRKU QHp SIRMADMEXQHN SRXAIMP ) ( & |RZ DGHIRU
FRUHANRQ P HYQ SIHRBHLIFK SIHRWRY BFKAE MIQAAD 7 HDLP SBP HQVADRKUQ
SRIMRDM EXQHN DBER BMRYHVFK\ BHMIMEIRGHAKADNINR SLY 88 FK YWIM FK

Priemern Prenosov |64 kbit/s | 256 kbit/s | 1,5 Mbit/s | 10 Mbit/s | 45 Mbit/s | 135 Mbit/s
(GIENENE

Bit 10° 16 sek. | 3,9sk. |0,7 sek. 0,1 sek. 220ms |7,4ms

Error 10° 4.3 hod. |65 min. 11 min. 1,7min. |22 sek. 7,4 k.
Rate 107 6mes. |1,5mes. GiD GiD [6,2hod. |2,1 hod.
Cell 10° 1,7 hod. |25 min. 43 min. |38 sek. 8,5sek. |2,8sek.
Loss 10°® GiD GiD |7,1 hod. 1,1 hod. 14 min. | 4,7 min.
Rate 10%° 1,9roka |5,8mes. |1 mes. GiD Gh 7,9 hod.

7EXND £ 3UWHP HOE pDvP HI LSRVFHEHQ@OUWBGMAP LMADEP LEXQHN FHD®RW D
bitov mi chybami (bit error).
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" HBRQHMIQ XYW P{3HE\t' ] DBaH DY ] Q AIKWHKQN K 1 DBUN alMH' &7
(discrete cosine transform) koeficientov. Pr tgjto technike je priestor na obr zku
DOV RUP RYDE DGYHP QRAIQ 1 UHNYHp@ERK NRP SRCHORY Q@ NRIUHNYHRQp NRP SROQHQIV
P{aXB t SR}AEA\WQ3&P LYUWP LNAI'aHREVOKX QAAHUR @8HQH Y\ VRNR I UHNYHD
NRP SRHQIWV \~ SRXat YO Y\ &P LYWAVCP L

In prstup posielap vodn sign | cez s riu dvoch n zko priepustn ch a dvoch vysoko
priepustn chfiltrov. N zko avysoko priepustn filter pre horizont Inerozl enie arovnako
SIHYHWWN @HUR @8HQH 9 eVOENRP V- Y] QHMJIQ O NRp P{aX B t BIDQg DNRYWM

5.5CELL LOSSPROTECTION

3RAEMP \Z WWKIQI MWpP X]R . DEMRD P{8PHSUH$ 70 MH FHI loss rate okolo 10 CA
10° 7i WKRERIUMY KRYXMPDSUHY pA Q<\OALHE 1 CBUHNWP X H [Vdv \OGE.  NREFK
NYDDWE P RDYel] GHXWBH DVEFL\INHWR Q] NHVRK ERYRIWY (DBU EDQNRYp SHYRG «
7DNOWRNOGE \DAM IR GHIr RRGRKWNXSn :
- \0GB NMp QA DG WO HSIHRVG W
7IHR\VOER P{aXDNFHBRYDY UR XP Q] GADQHDSIHR RADYDH\RHNGERK G WD
GREOHQHFKEEIMARK P { 3HE\ t RAHNHD LFK WP IMRX 0 { X SR&EtYDr aU$54
(automatic repeat request ) protocol alebo jednoduch  XTP (eXpress Transport Protocol)
vhodnej prer chly prenosd t.
- \0GBE Y\ ADGMPHUHDOW? HSIHRVG WQ@BUIGR
7IHR\VOEE QP { aX\ERIHKD DUANQP IMX G WIBISRUHEXM P HYG (DREKDBRHD
korekciu ch bv prenose. Typick FED (IRZ DGHIRUGAMANRD P HYG -] DBEaHD @D
PVERYDQ EXQHN 3RXAMP ptMRYDQDP RGX®R 1 WP HWKSQ GHM\RYDY 1 -1 po sebe
LG-ARK W VWEXQHN 70N \R P H @D QHMIQ RpQ DSIHQHNM \OGE MI~STOH
SRUEpXMFD (@BU SHRVKODWX ) (& |RZ DGHIRUFRWHANRY P {aX Bt ] DBaHD @
viacer ch princ poch. BCH k dovanie jednotliv ch buniek nedetekuje stratu buniek. Aby
\WERRP R PXu B\t %&+ LP SBP HQRYDQp DYIIFHERK EXQN K pRP{&H
Y\ ADRYD’ Y paAHP QRAVWR RYHKHOGEWD] GalW P SBP HY ciu. Jednoduch iamet da
Mi] DBAHY DNRP BQ At SINEYDRDEXQHN D&+ NyGQRYDQD 3UHNEYDQH
] OEH SHHXW aHY&+ QHP X\t SRNEYDY SUi@E YH DEVRY DQHMISIR YH'P L
NRPSINRYDD 2BJ  XNO XW aHIQRUIP i AHDNRUHNoGE NyGV-SUH) 80 Y znych
bunk ch.
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V SIHFK G DMAHWHNAL\VSRP tQ0 YWIVRYp NyGRYDQHYIG-RMIQ XMW P RAGEP
n strojom navykon vanie ochrany proti strate buniek.

5.6 SERVICE SYNCHRONIZATION

V $70 MHOK YR YaHREHQRIMGH WIWD SRHEDM FKURY] | AHVIHMD\OALHE YA’ DND
DX GFKY QP X SHRRYPP X P yGX - HORSREQ \ GKURQ] R Y\ MHDMALD
SUNP CR WP LQ O/ RN @HKRAQ WP 1Q OXP { 8X B\ . UNRGEMKRYDQ DSUNP CFRP
WP LQ BISRP RARX SUFK § DMAFKRSH-GXIQRP i At 7 RRXP R XWI\MP 1O &P
pracovat’ VIUNYHHRX DSIHRRYRX BFKARX H | YZMBX D SIHRWRYRP P pAX MHLV
1 DUNRGRKNALX KRGQVD SRX&E YOM U] GHWRKQN - HIDP HD UNREWKXIEN @H
KRAQ @] i NDEHSQHADFHIEX |HX (DMVADAHSUNP [pD 2BJ D

' WD GRXV \MUP LQ OX BRKERERX XUDHIRX BN @ P LKRAQP L 7IHRKRAQ \-
JHHRYD 3/ / SKDHGADOBRS \WMNRQARRYDY ~URYiIRX SQHADEX IUD $ NEXIIHJ
SRGMN 3/ / \D\GRP DD DNSUHAN 3/ / ] BFKQ@ 1 DXMMIH SHEX IHUQSRGAN NHP
doraz prv bunka, je bul |HUSHEGSRGEIMP (DBOHE XU ~URYH

,Q P HADW Xat YDASHAL LN LQRP | AHSRUHD | GRRYEP \MP 1Q &P 7 HQR SRUHD
PDRYP]QPN WP HWEPS Y SUDNGHOERK pDVRYERK LOQMYDBAK SR DWRMHK

AN @ FKKR3Q 3UNP Db WAR] @PpN IR SR Q D3/ / SRADQK JHHXW®N QH
hodiny.
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6.0 mal podat 6sykora@st.fmph.uniba.sk

7. Kontrola priepustnosti

WD I LlF FRQWRO Y VIHPDFK $70

7.1 Uvod

Hlavn lohakontroly priepustnosti + 7UNIIEF&RANRD 7& YMHDK%6' 1 MAKUQL MH DXatYDMD OB\ \D
QRULKQ SUHEEH LCRYDp AHB YENRQRAMMHM @8U SIDYG-BRFERU VDN EXQN. BBER RAVNRHID S
SHRHEXQN  DOAD~GKDNRRY SUHSXVGRIMWY RIWP D1} RYDQ SR¥EtYDQD] GRWRY IHM [\ \DGRILKD
lep iaefekt YQR MHM

Ciele kontroly priepustnosti (TC) vrstvy ATM v BISDN:
) G LHOWD PDDER SRGSRRYD' 4R6 4 XODNVR 6HYIFH YWM $70 NGH4 R6 NRQURDMA YaHM
H LMWARHDMEXG-FHP RAQy VOEE
-HEROARE 6P STAW: jednoduch TC vrstvy ATM, ktori P LQP DI XMINRP SBf (Rf Q YUKX MHM
SUbRP P [ LP DI X SREM QR MHRM
5 REAMERE GRUDKQMIH YH No YA XALH] GIRVRY ] DDNERKINRY YHN SRGP LHRN

Z kladné funkcie ATM KP

1 D\S@HRQHKRIXYHEHERK HH'RY V- Q0@ GHIXQ\HHS 70 . 3
CAC + Connection Admission Control (Kontrola pr stupu k spojeniu)

UPC + Usage Parameter Control (Kontrola parametrov)

CAC Connection Admission Control
&$ & WHBUH HQMVINDGX DNAE NWRLD YA NRQ YDMH' YR ] HVHALP-X CE\ \DUR KRED pLPi SRYRD' DBER
] CPIHQ¢ VSRVIQHS$ 70 ALDARY RVERWQHVDSRYR' XMILEDINH LWt GRUNSQp | GIRW [E\  VRR \SRVIQH
P RKRE\ { SIHHHP FH FH3 MK \IN [B\ \SiiiDR4 R SUpRP d'DBVEXG- \SOHP SRP IHN 4 5 YR
YZHMEFK H LMMVIFLEK \SRWQDRK  3RDVWRKVUR QDGY! | RYDQD\SRVID \D3XVH) SRXEYDM D3CHERN MH’
P XMD GR{RE+ DDBERYP

- Limity naobjempren an ch daov

3RAOCRYD) WHDA 6 WVISRYRBI RMNRIHIH SRYRBGE SRP HAMDMERK EXQHN DY
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Toleranciu vari ciet chto dohodnut ch povolen ch limitov

UPC Usage Parameter Control

8 3& UBUH HQMMINDGK ONAE NWeub YA NRQ YDMH CB P RQQURUIRYDID DNRQARRYDD SUHSXWERY VSRWADS 70
YHNRE EXQN VAU YQRYE URARYDQDEXQHN  =D¢0XWI GRAALDYDQHGRKREXAFK QP MY RKREEK Y
CAC).
M tieto funkcie:

6FKRSRY GHM\RYDY MW AX LTI QKR IHRWKX

5 EFKORE YDSUNRHIDSOUIP HARY

-HERGAKRVY P SBP HQMAH

Specifik cia parametrov prenosu
Defin cie
Traffic parameter s (Parametre prenosu )

S pecifik ciami aspektu prenosu. Napr. kvantitDt¥Q DSHNWP{aH B\t SUHP HGE pDV/

WVDQD \SRWID KR SUHRK EXQN. Y M1 paHVISUYi GNH SUHP HG BFRE SUIHRK
EXQN . YDDEYQ DSHNAP{&HE £ WS]GRD YIGRYQ \WBIyQ

ATM traffic descriptor (Opisn parameter Spojenia ATM)

ZoznaP SOUIP HARY \SRVID NALH | DFK\ WYDM FKOUINAIMIAND pU \RKRR\VSRWD BRKERE SUHIRK EXQN
v COMI pAHVBUHY G NH SUHP HE BFBRWE SUHIRK EXQN

Sour ce Traffic Descriptor (Opisn parameter Zdroja)

Sada parametrov spojenia, ktor patriado ATM traffic descriptor- DNy \DSRXEYDM SReDvIi |\ Q@G0 DQD
\GRWQD O\ VDQP LESHAL INRYDD FKOUDNMIMIAND piv \SRWID N V- SRADARYDD | GRAP  BFKAR
prenosu bunky v (CM1 paHVEUHY G NH

Charakteristika parametrov spojenia
. DAGE SDameter v$70 WD LIF GARISRHP X\t B\ ¢

-HEROMAKE D] R XP M@ SIHXVHD\MP 1Q CDMH MZCH ThQEP \S{\RERP
Potrebn v sch mach CAC, aby sa efekt vne dosiahli ciele v konnosti siete.
=0EH SHW'@E SRP RRX83&

aAVEMMEND YV 2 SHDpQp aSHFUIN Fle spojenia

Statistick pr stup
=[P HIDD\DQDWRFKDANAND SOUP HH NINRSUHP HQ BFRE SIHRKEXQN. - HVRWDAPGE SUMMS DYAIN

tieto parametre sa tCBNR] tVADYDM 9\ 300X GBE pDVSR RIRYDQAD NeP XD pL VD SUHNIRLOQHNRLE
Z parametrov.

2 SH.OPQE SUMKS
1 DMER GH LOMWISRYRBIQ SOUIP HHD S~ DIEDWHEXQN. Ny LFK\SiiiDM  3UDVMGR GH LGRYDQD
SOUIP HARY \DABQEA] RDRSRID&E, 77 DEXGP HKRYRIY * HHIF &HT5 DM$ ORIWP

Generic Cell Rate Algorithm

Algoritmus m dvHESHAILNRYDQp SUP HIQ/ , LQRUP HOADAP IW DY\ KRE KRGRN* &5$ ,/ . HP SUcH
bunka z MEPKR] GRD DORUM XYY\ SRADSUHBRNDEE SURKRGADBHVEXQN ] toho zdroja (TAT +
7 KHRANDAD SHERMSS WIYDOZIPH NRE Y\ SRIWSRIDSRID, pRMI GANDPDK P H3 LGYRP LSRWHEH
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DBGMAP LEXQ\CP L $ NdDADEXQNDSUWGHY pDHW algoritmus ju prepust , ak rozdiel medzi TAT at,je
v QP WM/ $ NSUGHW U DORIMY XVMIR (@bt DNR GHA KRYXMEX

Pr chod bunky

TAT =t,

Bunka nevyhovuje

TAT =TAT +1
Bunka vyhovuje

Sch ma7.1. Generic Cell Rate algorithm

Specifik cia zmluvy o spojeni (Traffic Contract)

Dohodnutie zmluvy TC sasklad z RAMERK SOIP HARY \GRWQD & RIGHANRQWEI LF GARISKRU  SRADERYDHM
triedy QoS a defin cie vyhovuj veho spojenia

Connection traffic descriptor

TD spojenlDMIGH LGRYDE RSMEP LSDUIP HAEP L] GRW 6RAUH7 W IF' HAUSKU DMKRVRBLDHLP LSREID
UNI/NNI 7 RBADGRHGH LQAWIXE YD SULDGYLD] DY \SRWADDobsahuje Peak Cell Rate (BFKEW SIHRK
bunky v @M paHVBUHYi @ N5, toleranciu vari cie oneskorenia bunky (cell delay variation tolerance) a niekedy aj
Q@MR3EX P RAQ- KR SHRXBEXQN.  \WRCDEGIFHTIUDM Dburst tolerance.

SHONFHOLDM (DN 38D LEFK®R SIHRX EXAON

Je definovan nafyzickej vrstve ako prevr ten hodnota minim @HKRpDUX7 P H3 LYEN W L] DVHERX
QDQUOEMMAK GYRIK XABRWY 7 MM pét LQMYDOP HJ LGYRP DHP IMOP LY spojen ATM. PCR je povinn
parameter zdroja.

Cell delay variation tolerance (tolerancia vari cie oneskorenia bunky)

. H V- BEXQN GYRK Y] Q FK\SRWR $70 P XAMSB] RD P{aXE\t EXQN MEPKR] R\VGRWD RHARHD
TINMREXQN P{&X Bt RBNRHD N G YOM SIHERE BEXQN P 2$0  7HDP X\uP H] DAHLQRYDY SOIP HMUJ
tolerancie oneskorenia, t. t jedefinovan v s vidosti s3&5 SR¥DDORIW u GCRA (T, t), kdeT je

prevr tenou hodnotou Rp (Peak cell rate + MASGHVEFKGRINSUIHIRX EXQN

Akjet >T- SRRP MIPOLPi @ SFHAEXQHN% NRU P{aX B\ t SHHHP DEFKRIMASRWID

(7.1) %= /7

+ RERM\RBIDGAHE' 9 LP{4H] YR’ SREYDAM Y81, 11,

EXWBLCDEGIFHILDM MISADPRQ K& SLHRK EXQN

-HSRWHEQ (DWR B\ \P HP RKQDBARYD' | GRVIH HNAYGHAH 1 IHMIQM@ SULI GH LQRYDQ SDUIP HARY DB
XStYDM LM P { ZHGH LCRYDX (DKRARM QX DNR BFKERE SUHRK Y COMI paHVBUHY G NH3&5  6&5 M

pre T>1, kde |x| jedoln cel hodnotax.
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MEH @PAHGH LRYDY DORIWRP * &5% Vdvomi parametrami, Tsa BT tg ktor s obidva pecifikovan
v PHY-SAP.
Burst tolerance(tolerancia rozdielov v rychlostiach)

+RERBY% R QpRYDQ D\Rt, je parameter zdroja a XNJ XMIAKRERN pDME Yr mci ktor ch's tolerovan
v chylky v r chlosti prenosu bunky. Je definovan ako GCRA (T ,t¢) a XpXWMKRQp RAUDQPHIHGAN BFKEBM
sekvencie transmisi v s lade s PCR spojenia.

0 [JIPi @ SRPHAEXQHN NRL P { AX WDQSIHIHSUIHYE FH * &5$ YPCRjedan ako:
%06 = +V7 7 ‘ NGHO %6 MIP [ LPi @DYH'NRY EFKGMHNYHAH

MBS

DXXIXIXXIXTT LT e e e XXX
[S IS

T Ts
<+“—> —>

8 0N % e T 22 A T S O O P B I R B’ R R A O

3RAaDGRYDQ WHGD 4 R6
ASHALLNXVHSRADERYDE SRP HUMMDMERK EXQHN. RHINRUIHQHSRDY SIHRX EXQHN Ddel ay jitter.

Defiicia vyhovujuceho spojenia

CAC a83& NRp\-FREAGHASHALIAN SRYIDRHID B PDR] R GR~YIK &7'  FRQHANRQWD | LF
descriptor) a SRADEARYDP 4 R6 DWW [B\ ERD HHNWH . HI' X3 BRR QUGYIL) D \GRWIH 4 R6 M) CEH SHHD
\BNGBR DNR GBR MIVSRWQRHW KRYXMFHSRE'D] PO\ Rprenose.

6 SRWQHNIGH LGRYD DNR' Y\ KRYXIMPH SRNDY SFpHATHA KRYXMALFK EXQHN QHSUANURT t WY WICRYHD ptvaR
ktor bolo pecifikovan v zmluve o prenose oSHIWRURP MHM  3UWQHA KRYXWMHEK VSRWQRIRK MH
QHIHESNMWERREINW 4 R6 U KROMARK YAA GRAAIDYD4 Ré

Granularita parametrov TC

. Y{ QKDZ DRYEP REP HY HQADP W~ KRERW YAHMEFK SDUIP HAURY GMNGH ' { GAIMY MIXULE DN~ P QRALQX
diskr V@ FK KRG WAMD IO 1P XptPH 1 CBUNDG3&5 D6&5 EXG- P O URYCIN- JUDQX@UAY
Tolerancia CDV t EXGHP I KRZGRWVDNRQ VREN. pDUX P HJ LHP IMCP LEXQHN @C8U ns, pri 155.52
Mbit/s).

Obmedzenia na vari ciu onsekorenia bunky (cell delay variation) a

W (burst tolerance)

$ B\ \DARGEADD4 R6 PXMP HYKRAHRP HI It t s FHOGHD) YOUDMRD 1 DMRUE SUSDGME NHT MER\SRVQH
Pi aUNMX21 2)) WD AHSRNIW FK ERKORK VINYHHL FK BFKRERX 385 (DOHM SD\ EH HP Mt
3RpDvf zy ON UPC funkcias premenn mi T (Tg) at(ts) monitoruje PCR(SCR). V pr pade PCR, ON f zaje
charakterizovan sekvenciami s DM\ 38RX P RAQRX BFKALRX Y pr pade SCR s to sekvencie s @RKERRX
PCR.

D DAHRGMYFHXND X ] i YIMBRE t na zdrojov siete a SRADCRYDHW 6

6P X@pQe P RGHO

. DAGE | GIRVWIFKDLENA] RYDGE AWKNALRX SRED 81, Pi SOUPHWH
0 Twin PLQPi @ pD/P HJ LGYRP DSUFKREP LEXQHN
0 Tma POWPIi@ pD/PHI LORP DSURKR®P LEXQHN
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0 T pDV SRNRE MANKNAMDP H3 LbDWR/ pr chodu rovnak

I I A O O O B O

<& » & » & »
<« Ll | Ll | »

Tmin Tmax Tmin

A
v

Tiec=2XT

Obr. 7.4. Predpokladan najhor pr pad trukt ry21 2)) % 1 IHV- SRYRB{p KHT’
zasebou id ce bunky + back-to-back)

DXIXIXXIXIXT e XXX ]
<> < >
Tmin Tmax
rec=B X T

2BV SUHERNDEE QMR SUSDGANAMY 21 2)) % 6~ SRR K| D
sebou id ce bunky + back-to-back)

7TIHR 21 2)) WS d’DBVERIESH (RMER-URYIIRYPKR) ,) 2 P XAMB®] RD Y ktorom
SIHERNDGE P HGHNRGHQ- NDECHW Drandom rozhodenie f z vstupov. Z \RKRP { 3HP H
YA SRotV UHSUH HQBWCH YEVBEN. QME-AH@BQHADEX THD

SRUEXMP HYHAH NDBOAWY. EXITHD (R ] DXLCSRADERYDR- &/ 5 FHORW DR +
pomer straten ch buniek) 10%°. T odhadneme cez funkciu CDV toleranciet. Z skan
pravdepodobnosti overflow-u s potom extrapolovan meodou ngjmen ch tvorcov
apotoms z nich odvoden hodnoty CLR.

5 HHHQP Q@ P RGHO

SRIDQKR] tM\DYCP HYSO Y WBLDHHt naalok ciu zdrojov CBR. Algoritmus pre povol enie nadviazania
SpojHADSUH] GRW&YS B\ POCR t H i YIM@ RGWRWVERBK Y MHY 3REYDDW* HR 1 /D/1 model.

Niektoré vysledky

8 YDAXW? HOONX VIBFK@®RLRX 150 Mbit/s, PCR 2 Mbit/s, T 75 bunkov ch jednotiek. Buffer s kapacitou 54
buniek ATM s CLR 10™%°.

W(jednotka G B Nmax (max. 3RHN N klad (Erlang)
spojen)
25 1 60 0.80
50 1 60 0.80
75 2 60 0.80
150 3 42 0.56
225 4 33 0.44
300 5 27 0.36
375 6 22 0.29

Broadband ATM Switching 87196




88

= \BEXN Y\ SBYD &HptP Y1 pADVRBLDGADE \eP P HIHSWR 1 P{&HE\¢ DNAHBRYDERK \ENCE\ \D

zaFKRYDD YH'NRY EXTHD

( UDQIRY D&/ 5 10™°. 3RFEQP H SHIP HQV P { SAHXURALL DWW EXOWVRBLDCHRX t

D6&5 7HD NHP Pi PHNG\SR tALP Op BEXHSIHEXQN. QHP{ &-P HROIN YO GRELp YE\BIEN. INGRYRIPH

YH N \RBLDGAH EXOAVRBLDGRH

Tietov VBEN XN ] DR SHMIGREY P I’ \ROLDGAX MOHAHRUDQPHD-

2 KUIDQIpHAH SUIH WRAADQFLX &' 9

Toleranciu CDV m{ 8HP HRAUDQpl QDKRERM RGYRAHD- ] SUNOEQKR UH HIHpQKR P RAHX DNRIXQNAX
1P OXYQHGRKRGQMMB&S 1 DBUNDG DNPi PH$ 70 MH VibajeGEP P XWBB] RIRP P { &P HSR:EL PRI-D

M+D/D/1 FIFO.

. HPAHSRWHEXWP H8 3& 1 3& \BNo [R\ P RKRE\ t SRAIW YR YAHMERK IMEXG-AFK P RHBFK KR
RADQPHIHE' 9 MIGRY J GALNY 7 DNoWR KR RAUDQPHAHP { 8HP H] t\N' | modelu s prioritami HoL (Head
R WH/ LKH SHRBHWAR @NBSAHMP XOM R DM@ SUHHCY LAN ain ch ATM switchov, kde saz pDX @
pDvRENBYLD YH' No VANYHHH SRS NBGERK EXQHN
Niektor typick hodnoty z tohto modelu s v tabulke.

Naklad (Erlang) W(jednotka pDvX SUHCRW bunky) W(ms)
0.5 93 0.263
0.6 162 0.458
.07 317 0.896
.08 775 2.19
.085 1433 4.05

Meranie vykonu UPC/NPC

Umiestnenie UPC

8 3& \DY\ NRQ YD9 && DBPER9 3& Y ERGH NGHV- XNR(pHP Svp N 93 DBPER9 & YMHN M metri

P RAGRWY

- 8a&YDM MISUSRen priamo k funkcii Virtual Channel Relater Funkction CRF(VC) aEPC sa
vykon vavo vn tri CRF(VC) naVCC predt m, ako savykon funkcia prep nania.
. HI MISREGYDM SUSRWE SUTPRN&S) 9& A &5) 93 SRAP M8 3& Y\ NRID LEDYRYQ-WL
CRF(VP) naVPC a vovn tri CRF(VC) naVCC.
9 SUSDAH dHXAtYDM NAISUSRWE Dd’DELHKR X3t YDM DDBER VH RYPKRSIRMGHDR &5) 93
83& \DY\NRQ LIEDYRYGW' 5) 93 @ 93& . RQARDSOIP HARY 9 && \DW\ NRQ LC(BP MH'RYEP
SRVIGHRP NH' EXGHSUWWRP (o CRF(VC).

y IORORW/B 3& 13&

&IH 83& 13& M DUl DB XStYDM Q-SUNURL P OXYX RSIHRH 1 D~URYQLEXQENWRP { 8H] @P HIDY

a) 1HK EXQW S

b) 3UG BEXQHW D& 3

¢) Zru bunku

Meranie vykonu UPC

EXQN FK\P  8HSUHIEH&/ 3 D

Nameranie v kRX8 3& \D] DY XUHLDGYHKRIRW
yDVRAI Y\ + pDv ] DNRE XUt GIQ- GHA KRYXWIFX VUM AX (D\SRW | DAERK RNRORWY
Transparencia + 3U\ARK IWAFK SREP HNDFK SURRE VIONRX LQAXM SRUHEQRNRQARTD DNW (D

nevyhovuj com spojen avyhne sakontroln m aktivit m na vyhovuj com spojen .

DDGLH NRQWR@p | XQNFLH
2 NP X8 \SRP HMEFK NRQURTERK I XQ\AE HAMdDBIHP { 8X B\ ¢ SR} DSRESRX DA DAHXA
definovan ch funkci UPC/NPC a CAC:

Priority Control (PC)
Traffic shaping (TS)

Network Resource Management (NRM)

Feedback Controls (FC)
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Priority Control (PC)

. HF $70 SRXEYDP RAQR( &/ 3 DSRADANHXAYDM D | GRWMHMV- (DXYHD DSURIMXE/ 3 NWN
prioritd) a&/ 3 QI NDSURIMY . HP \DNRQUROM &/ 3 D&/ 3  SUHEBXMnosti, aalokuj saadekv tne

] GRUD YKRIAH\DURAMW SREP RSHI\RUMHMP { BHSRN W@t WHE 4 R6 SHWN V&/ 3 D&/ 3
$NWDR&/ 3 BEXQ\H] LMY 3HQHA KRYWDWANX Y &/ 3 \MREXQDMINRQMHIWRYDY D&/ 3 DLAH®R
toku s CLP=1 e te predt m, ako toky CLP=0+1 vojd do kontroly UPC/NPC. Bunka, o ktorej UPC/NPC

R KRIH 3H@M KR\AMIQDS&/ 3 \DY\ D3

$ NQERDUCHD P AIDEH] GRUSHWNE/ 3 SREP BXQN V&/ 3 RNMRERK 8 3& 1 Mt SHQH KRYXv D
tokus CLP=0,s vyraden .

Traffic shaping (TS)

Traffic shaping (TS) kompenzuje efekt CDV na PCR v spojen ATM. Napr kladd nov rozostupy bunk m na
LQAVIGH @ FAK\SRWQIK$ 70 SRADIFK 3&5 DBER YKRAEAK \FKpP

$SNDSREYDONRFLE 70 76 ] DXV SRADARYDD YOWERSt toku buniek do VCC aebo VPC. Ak sa
SRXEYDY ATM switch-L 76 P HY YOWERIMARNX QD9 && DBER9 3& R\ \DARMIKDSRAOERYDY P RALIN AD
YOXZRIWRNX 76 P Xt | OFKRYDY VHNYH RGO~ LOM UMY EXQHN

150U 76 P{8HUGMNRYD' 3&5 TP MWRYDY GANK EXMRY DBERUHGAADS' 9 &P &HYKRAHUR RWWSLEXQN
v pDH

76 MIYRDMQ IXQ\AD P{&HE\t QDXRYHY Y zhode s traffic descriptorom a parametrami, ktor boli dohodnut
v ] P XXYH\RMHRX

Network Resource Management (NRM)
' { G NRP SRHQV& DNRM v %66' 1 \~9 LWWDDBDMY O { X
. =MERAEL &$ &
,P SBP HQRYD' GXK NRQURD SURIW\EP  SHVFIUHIXV WS\ VRNRY NR SRBDGAMM ] QH4 R

( THNYCHAMMEXRYDY VB SUHRSHI FLX MBIR@YERK VAP NRQURD SUHBXWERY
$ JUIRYD' X\HJto-user SOBE\ [R\ 8 3& P RKDE\ { DRINRYDQ DIUHIRYDQP X \RNX

8. Stratégie nasadenia ATM

8.1. Uvod

Technol giaATM znamen v razn krok vpred v SRQ-NDERK \WMBNRP XQNphERK
\VOGE FK Y porovnan sH MMWAP L \WKQRYJIIP L 1 HBSRQ-ND G P QRAVIYR [ EFKONERK

\OELHE DBIDVP RAQRV LFK LQADU ALHGR MBKR YAHREHRQKR UHHID

SWHREH DBl V-pDWp WPIQ@H |DUDGAD 79 WBlyQ UWRXMJ SRot\ip
a\MBNRP XQNCbQp MHM / $1 3% % QHV- |DBAHY D $70 M QAP Y\ P\\@H
opatrn pl n zavedenia ATM, aby \D ] DMMOKODAGNE SIHKRG (D AH'RYp WHHQH NH3
v etky termin Ine zariadeniamaj priamy ATM interface a YAHM \OGE V- SH) 80 R
ATM sieti.

$B WD PRK®R QRIKQE \BNoW NRGH WHHQH $70 B \WDPDR IDvigDy @@
QH\R’'NEFK P LHADRKMHM N mi s :
MH ]i NO QND PXRP HJs network)
SUMMSRYE MH CHFHWVQHE RN
MH SBHEQPRY D stredn (switching and trunk network)
Teraz op eme sp sob nasadenia ATM v \BRKWR WRK pDXNFK MHM QH | YIVBH
0 {3H\D\BN W Y Y] Q K pDRYEFK R\CP IKRK -H]UHW p aH DN VD SR QOE-QH
VERKR WRK HBP HQRY pDIRYR ] @AL' W\ KGHP H\D AP SUREQP RP SWHBRWD ] QalP H

n klady at mzv ime ancuna spech irokop smov ho ATM rie enia
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8.2 ATM v priv tnej sieti z kaznika

V \WVR MHV M YIGW'@E pRIO Y pa Q UDWWENRIRIY SUIHRY(ERK WBQIF Dserverov spolu
SQWYSRP PXAWP pAt pR Pi 1D Q\WBERN Y paHQH SRAIDEDYMHN D &UNX SUH) aDQpKR
S \WPD 6~pDu@ MHM\D NDECAVH ERAIDWRNP QP \WWP BEWVHN Y ADBRA pRYAW WD
predpoklady pre nasadenie ATM v tomto prostred .

8.2.1. Vyvoj inteligentnych hubov

Dne n inteligentn huby s priamymi nasledovn kmi jednoduch ch montovan ch hubov
ZIUQ KXEV Ny \D ] bDD SREYD' Y polovici osemdesiatych rokov. Tieto huby
znamenali v znamn pokrok SUHRBH]QHDP / $1 MHM D SIHXQXQ @D FKUBWEX KXEX
RSURWY SHEFK G DMAHVIVSBIY N ERY tCKEMAHVD EXARYCP L 61HM \D P RKQ RGAM3

] 08 Ny R KYIH GRRYERK \RSRDJIt =MBRGA®R \R ~G3EX D] Y pA®R \GR'IKIYRL $ M
NH MIVRSRYJIDMHMIN | IEN RGIEQ ®IIAN ERDZ WIQ) KXEV] DUDGHID\R | GH'DEP

m diom.

DD&EP SUQRRP KXERY ERR ] DYHEHIH P RAQRUMMH RYHVDEP LMW AH SUCP R GR KXEX
Tak sa z MERGHAERK KXERY WD IQMDHQGD KB Yd RAU 7IHR SREERXW
viacn sobne segmHV /$1 Y]QRKK WSRY (WHHHN 7R\ 510 )' ', DWW

aposkytuj funkcie premostenia aroutovania.

Ale g t to gener cia hubov malaten ist nedostatok + FHD &UNDS WP DMI] GH'DQ \BN&H
DWW VR\REFKGWE MHRYp P R3X® P XMD] GH'DY S WP RVpomD@P LSRELYDMPL $ B
sazabr nilo tomuto nedostatku, boli vyvinut 2 pr stupy, obasY\ Xa\MP $70 Y hube.

Prv  z QFK \SRutYD Y pridan  paketovo-orientovang chrbtice k V-pDU(EP KXERP FHD
based backplane). Tieto syst my sa potom naz vagf ATM huby adosahuj gigabitov
r chlosti nachrbtici.

' KKE SIS X&YD$S 70 JDMZD DBER$70 URXRYDR P R3XO WRYA NRQ YDIXQ\AX
$$/ SH R KXE 7R QRYRIXWM B \D WHR KXB SUHRMD \R \VWNIRP éP L DBER
YHHVEPL$ 70 MHDPL

3 RpIDWRpQp QDVDGHAH $7M hubov
V SOYRP NR\NXE PODEt N$70 KXEXA] $70 LQMICAH@MDGHp GRYH'P LYENRQp
MMPPY  VHYHY SUDRRYQD MBQAH +@YQ pDf RIBH SUSRW) A WKUIDGHp / $1
LQMIOAH $70 KXE EXGHSRERRYD N @QH S @QHDkKoncentr ciu. Vyhraden LAN
LQMIDAH SRN W NDAGP X SRXEEYDM RYL AANURP Q3 DBER ARREQS MK SUHREH
SR I HNYLYDBOAE- XELYDM DMEXMH 9 GHIHVEREHP RAQRROIN YO KDYCH
dopyt po vyhraden ch Ethernet interface-RAK OSQE $70 LQRICAH \D SREINI GR @
podporu malg skupiny aplik ci s SRUHERX YHNHVEUN S WP D @BU YENRQD VHYHY SIH

multimedi Ine aplik cie, tam kde jeto ekonomick v hodn .
t -to-point spojenia. Len jeden v konn
server jepripojen priamocezs kromn ATM UNI interface. Tak mto sp sobom ATM post pnevst pi do z kazn kovho povedomia.
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3RXAMH$70 / $1 VIHW
$70 KB BEXG- SRKERRD H IMMARX \DBX MHY/ $1  (\WHOHNV7RNHD 51Q« D
posN\@- NEGPX \WPLQ @P X JDUDGHIX S@- NCBDAWM V Y\ XEAMP  YENRQGBRK
PR VKRR YId REU 9 L0FQ\VREQ KB MEH DN SRAKRAH \D

navz jom prepoja pomocou routera.

KedaH P RAQRMWDv kon routera's obmedzen , nakoniec by sa P BOQQCANRYD $70
SHBQ@p 7HIR S SRAP P{aHSRN \WRYD' YENRQYD SUHBRWQHP HY LKXEP LINR
g priamy pr stup kv konn m pracovn m staniciam aserverom prostredn ctvom ATM
interface-X 1 DA SHEXAGHWIR $ 70 SUHEQ@H SRN WRYD SRUWHEQ UR KUDQHdo verging
ATM siete.

V @K @ IMAK U\RK \D BEXG- YaAHM WP LQ @QH | DUDGD WD YENRQHAH
termin Ine zariadenia s pRIJ Y paP LSRAIDEYNP LD &UNX S WP D \INGH @NRQH EXG-
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PD YaHM MR ] DUDGD YOXE $70 LQMIOAHMEN DNR\WMI) mg  viastn  Ethernet
interface.

8.3. ATM v pristupovej sieti

" RPiFAL]iNJ QFLP DM ]i XWMP KDYCGH Q@ NDMFNHWMBy QHWOEEH 3276 DAMWME-AL79 MJQ X
SRMHAL @HP { AX \BNWR SRADARYD AWME-AXYGD 91GRon-GPDXG 92' 3276 D79 \OAE \DXa GV
AMNEXXM KOYHH MMWAP LN E®RY@P LUR YRGP L NAMY GYRAQND N L O 1 IHNR'NRRSHIVRURY | CoDRREM
so zav dzan m optick ho k bla, tzv. Fiber-in-the-loop rie enie. 7 DNV UHHQH DB QH M QRUBRQP SUHRSH
YH'ND LOHKELH N WD YERLD GR 1Q UEANKNAL B\ \D P DR YA XAl (D JHHRYDQH d’DEFK SUNE RY | R\O@LHE
N XP Ran X% 6' 1

routery pred tav LAN.
t obetieto typy inform ci cez WAN. Zauj maj sangm o r
t & bud cnosti bud
t t t
¢
s T t r Y%
distrib cia). Tak to architekt ruilustruje obr.8.4. Najednej strane jeto FITL syst m, ktor sadobre hod naposkytovaniedne n ch
distrib ciu TV. Nastrane druhej jeto tzv. BISDN local loop syst m,
¢
Hlavn znaky tejto vybraneg architekt ry je paketovo-orientovan ATM prenos cez topol giu pas vnej opticke) siete (Passive Optical
r & t
(ATM PON).

8.3.1. FITL s technolégiou PON
7HKQRYIID32 1 | DREHY DIDUYQ FK ROWANERK UR GH'RYCPRAK MIYEKRE) | KIDAWND
QI NHVAHQ \BNSUIHV-pDWQ) ,7/ DNRIMBHEXG-FH%6' 1 DSIN AH 9 éKRGERX MW
|G LH@p ] AHDQAHAW S \WPD 2\W N V-NRP IDDEH SHQRIMADGEM | CEH SHolf

ifrovan m posielan chinform ci .

8.3.2 Vysokokapacitn point-multipoint transportn systém

mm okienku v paketoch ATM (ATM cells). Smerom
r naopak 150 alebo 600 Mbit/s. V ber 150 alebo 600 z vis od

3RE YD \D SINHRYR RUHQRYDE WDQSRVE UVpP SHREH $70 SRN W GRRJ- [i NDGiX QD
multiplexing a pr stup typu point-P XGMERQN] MEPKR ] GRD YH'D ~pDX@NRP  plaH multicasting). Takisto je
WRR IRPi WYEKREE | KI'DAMD YA 3aDERYDPKR P LW DY\ WIRYQ YOAX ISP ¢ EXIHNSFH P SBP HQEpQGHMI
] GAVRKVD\WED M) NDARY 7 N M) DXpHD NRP SDMEQBVEXG-AP L% 6' 1 ] DUDEHOPL

V rmci syst mu sa bud exisMPHVOEGE DNR3276 D1,6' 1 \BNWR SUH) &' SIRMHEQRMRP
$70 DWD\WR WHHIHQH M RHM DB LQMURYDE W WP OpDXG@ANH | DCUDGHID LGABRYDD Y EG NRWY
1i NO QNDP {&X B\ t Y\ EDYHD \R'NEP LDABWWP L / LQH, QMUDAHO RX®1 id® RRU D\R SRADGAW] | N QN
0 {&H] OhDy SRYH] PHV32 76 DSRUSCHSUAY DB / ,0 SIH92' DY

1 DY\ 3HMIP RAQp VL SUHBXIYLE WDQSRWWAMWMEXpQERK \VOG@LHE Y P RNHNNX VSRGEMP @H W K
OHRY D RBWANERK | RI@RYDPRY (D ] CEH SHHAH QRUBIRPQOKR YENRX (D WIDH SUNP DMD 79 NDQ O \D

pren g vana govomform te.
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8.3.2.1Transportn syst m

7 UDQVSRYEE KPP | KD QDVBERYQ pDWY
OLT (Optical Line Termination £ XNRGPHIHRSWANAMICN. - (D WIDH~WHEH
3DUYE R GTRYb 3DWive splitter)
ONT (Optical Network Termination + XNRHIHRSWANHWHM Y BT NRWY] | NOJ QND
1 CVILUMANHE HBP HQWMRKRIRS 70 321 KPP X MIP RXC2 17 SUARBH EXGHICRNIRYDE X NCAGKR
IINJQND B8 NJW Y SRRYQ@Q VMBEP 2/ 7 WIBGHVHM - HKRFHD SR YH P LRYSO YQ FHX YaBED
QNIDB M WP X 3UHR MISRHEQD \WR P RGXCRSWP D RYD' VRKIDERP (DVSRIMHEX VSR'IKAYRY DRHX
(1) Multiplexing
SRAMMSONHRYRRIHQRYDD 7' 0 7' 0 $ WRKQND NRU | [EH SHXW I X@duplex pr stupov  topol giu
aviacn sobn pr stup k jedn mu optick mu zdroju. (Obr. 8.5.)

2BGRPLWPHPLV-$70 SONHWV]D5-]GHD Y SINHAK$321 . XNDAGP X SONHX$ 70 MISUAQ
mal extra inform cia na synchroniz ciu a IXQ\HH\SRW \R MH'RYEP \WWBQSRWWP  (8U identifik cia ONT
v SURRNRBI YIOFQ VREQIKR SUMMSX SULSUMKHSHXSWHP 1 DVWARLQ RIP i FX SRAERX RNWABRY
V smere downstream s jednotliv  pakety identifikovan pomocou svojich pol VCI/VPI, aje na nich
] DBAHD DAHWRYDQH ~pDX@ND 9 smere XSWHP P{&H Q@I Y\MHY GQ MEH ~pDIM@N 7R Mi ] DAUWplHD
OLT, ktor generuje povolenia(grants) pre jednotliv. ONT. Tieto povolenias pren an pr ve v spom nan ch
oktetoch. Povolenia aprenos upstream multiplexovan sp sobom pri ktorom je kontinu Iny pr d paketov
oddelen len mal m pomoch m p smom povolen = je to 8 bitov na jeden ATM paket. Povolenia sa teda
XGH X ] YO SUHNCAGE SINHV
(2) Kapacita
Syst mjenavrhnut namax. deliaci faktor 16. Limituj cim faktorom je hlavnedostupn  rkap smaa
'
-on-demand.

8.3.2.2. Techniky nasadenia

Aby sadosiahli n zke n klady, vysok v kon al®] LIH@E SIHRGE M WpP MP RAQ DOAT DBIERYQ
techniky:
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(1) Komunik cia full-duplex
| nasledovn chd vodov:

Pr stup najedin optick k bel
1 IHV- Q WRpQ SRADEDYN. (DWIHON YORHMEAN DNRE\ \RERRY pr pade Wave Division
Multiplexing)
100% GRW¥SCRY S W D RSIRIY % pri oper ci ch ping pong)
. @ RNHNRMYR Q SHDDYJIRY~ 79 DBERBEXG-FHWR &UHD

(2) Synchroniz cia

Pakety v smere upstream s prekladan v RSWANRP UR GTRYCLL $ B \D] WAN\RYDD ] B \RpQ LQRPi AD
P H3 LSRVHEH QUBXMALP LINHF LERDYA YIQANV EFKDM QFKURY] 0hQ P HAGD NRL GRYROXWQ NEHQH I ]\
KRGQYH'PLNJW P -bitov m sekom.

Neistota pr chodu paketu z XpLMKR ~pDIM@ANHR PR M @Y UHANRYDQ (@ - pomocou
PHKDQ] PXWQILQ Y&’ ¢’DBM

Spomnan  sek 3 bitov sa naz va Clock Phase Alignment (CPA) a M W SRIMSRS 7THIR ~\HN M
samplovan n hodinov mi sign Imi s SRXQ@RP QW¥SIRY 1iNH \D WHS ~VHNX Dhodiny, ktor snm
NRUIHESRQMM \DSRXALM D] tVWIQHP REFK G W

g(?%ﬁf KRARYp PHDQD - pDRYR LOMWRYD D A \D] LRI Q®R Q VREHRX BWRYHVRK B\ SUL SRANRAH

u .

(3) Vyrovnanie optického vykonu

Kv li rozdidlom v GaNH YOND DUR GTRYCAHP X SRP HX M ROIWNE YANRQ | ~pDXM@AN FK P RX®Y YR
YaHREHQRWWR AHD 0 OWPi@ WAHOWRRR @b UR GTRYDp SU NJ\WMHVIY] GOBLRMYYHI XV
pri maxim Inegj vzdiaenosti). Polovica tohto rozdielu je odstr nen vyrovnan m laserov ho v stupu na strane
217 ' K SRRYIDMY IRYQ) REP HI XMAP | RIGRYTHRP SUNP ChDDWBH2 / 7

(4) Technika ranging

-HSRANVGRWXSIRYE \WRKQNDWDQILQ) NRU GRYR XMILEFKER YNIIEY ~pDM@ANHP RGXO a ktor
QHN\ U BD] B\ WhQH YH'DSDNHIRY SULSUMNSH WY CFFHW NI

(5) Pristupovy mechanizmus

. Y[ QI ] IFNAWRSRYJILL MItDAND IO~ YENRQEE FRQGHANRQBW SUMMSRYE P HKDQ] P XV SIHMH 321
Hlavn probl m je v\RP &H NRP XQN AD P H3 L WWH3EP L ~pDW@AN P L PRX@® L MPRAQ GRFH 2/7
7INRY] QNOMPHRAARHQHMIDR s (10km).

Preto bol vyvinut in semi-statick pr stup centralizovan v2/7 0 Pi@HSRAIDEAN DS WRRG
~PDXRAN FK P RX@Y V= 1Q PHX& Y pDHLQADT i AH bl @GN0 DADKRYRX 3UHR M P RRQp DWBH2 / 7
VYO 8SHHL @ VKHEXOU NME SRUHD Y smere downstream povolenia vo form TEA (Transmit Enable
Address) sekvencie do ob 1ky APON-X . H’ \WRR7( $ REVOKXMURYQIN- 1\ ] LFN~ DX DNR~pDXWR@IAN P RO
tento moGXCP { 8HY (DBGMARP SINHRYRP \MAMYA MHIY' Y smere upstream.

0 RGX®UDH Y\ EDYHQIH QD VWDQH ~p DWE@ND
T T

(Linelnt r
form t anaopak dekomponovanie ATM paketov sadejev &

7RRY\ EDYHIHP { 3HE\ t MBJROFKRUR &UHp GR\-SHIP d'DEAK P RX®Y SRIDSRMHE] i NIJ QND

podobe tzv. plug-in LIM

Broadband ATM Switching 94 /96



95

8.4 ATM v prepinacej sieti
V VDRIV M BHBQp 8H YH'No SRAQNT WRUD YO YL @H MHAM 9 LUXDO3WYDM
Networks + 931 SRXEMP SUHIMIARK QQEN YHIHPKR RSHIVRD ALLRNRS WP RYE MH
P P{aHY\M:’\R\PI-LH-ISR\N\A}t RYH'DY pAHP RAQRWY Yid' REU

Semi-SHP DHE YW QH\VSRWDP H3 LY] Q P L~pDX@AN P LP RX® L

7IHR YW @H \SRWAD V- NRQUIRRYDYp RSHIVRRP SRAD UWH HYDpQGHIVAKPP\ SRR M
PR \INAWRVH Va4 JWRJIDQIRYD' RG . AW&R 0 BwW/

9 LOFQ VREQp YL @HVSRWIDP { X B\t SUIDGHP Y] QP GMMI Ai P P{&XE t SRQApoint
alebo multicast

ich rozhraniasa konvertuyj do ATM v servisnom multiplexeri, ktor sat
obr.8.9., tak to modul kombinuje prenos z
transportuje po sieti do spr vneho miesta

Zdrojed t z Y] Q FK ~pDI@FN FK P RXERY P{ 8X E\ t SUSDBHWNRP ELQRYDD Y MHRYRP P XWB®] HIL

NRLE P{8H SUG YO' DXEHI YL @H \SRWQD 1 DNRQHF M YAHRN SUHRV SUS NIQ SRPRARX 93 9 LLMDD
Path) prep @D NS P { SHVENVRNRIURYDY MEHD] GIRVER YLDFHERK P LHAVP XGFDIV
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&HD MH M NRQUIRRYD) YMHRYRP UDAODFRRP AHWH 1 HEZRN O DQMPIH&HMMI+ TMN). Toto
AP NRQUROMW SUIGHRYDQH YLUKWM®, FK VSRWQ Dzodpovedaj ci bitov  prenos.
Hlavn m probl mom je vznik semi-SHP DHMERK \VSRWE pRPi ] DQ VBEN ] CEDIH] GRRY NRLp
QHW- Y3 STOH] D’'BHp
Jedn m zrie en je zapojenie connectionless servera na chrbticu ATM, ktor prij ma v etky d ta od
~pDX@NRY Drozhoduje sa, ktor aNP EXGH SRUHIY 7 DNeWR VHYHU P{ 8H @\ 3H \S @ WAR IXQ\NAH ptP
REUWHP HY ~pDX@ANHP RO
Routing
2 BP H3 HQHSUWMKYSX (D] i NO QNP SRADERYDE PO IPi @ YENRQ
Preverovanie adries (address screening)
Rozvinutie skupinovej adresy

8.5.Z ver
Ako WHXN]DR $70 P{&HE t DOGHP NJRN] DNRRP Y UR Ch@ERK pDWEFK MHM 7LHRI ]\ P{8XB\t
~SOHH | YV DBV U p SHNRRACRYDD ~MAH] Y1 pat 3DFH@D-\SHK%6' 1
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