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1. Vývoj  smeruje k IBCN 
 

1.1 Úvod 
9 êYRM�V~þDVQêFK�NRPXQLNDþQêFK�VLHWt�VPHUXMH�N�,QWHJUDWHG�%URDGEDQG�&RPPXQLFDWLRQ�1 HWZRUN 
��,%&1 ����7LHWR�VD�þDVWR�Gi YDM~�GR�V~YLVORVWL�V�%URDGEDQG�,QWHJUDWHG�6HUYLFHV�' LJLWDO�1 HWZRUN 
��%,6' 1 �� ��SUHWRåH�MH�WR�SRYDåRYDQp�] D�logickú nadstavbu ISDN , teda digitálnej siete s in- 
WHJURYDQêPL�VOXåEDPL��' { YRGRP��SUHþR�VD�YêYRM�XEHUi �WêPWR�VPHURP��MH�SRGSRUD�PQRåVWYD 
WHOHNRPXQLNDþQêFK�VOXåLHE�V�U{ ] Q\ PL�SRåLDGDYNDPL��ED�GRNRQFD�DM�SRGSRUD�VOXåLHE�EXG~FQRVWL� 
NWRUêFK�SUHVQp�SRåLDGDYN\ �WHUD] �DQL�QHSR] Qi PH��0 RåQp�VOXåE\ ��NWRUp�EXG~�Y�EXG~FQRVWL�YHPL 
rozšírené, sú napríklad HDTV (High Definition TV), video konferencie, rýchly dátový prenos, 
YLGHRWHOHIyQ\ ��YLGHRNQLåQLFH�DW� 
K rýchlejšiemu vývoju v oblasti BISDN prispeli najmä dva parametUH��YH Nê�SRNURN�Y 
SRORYRGLþRYHM�D�Y�RSWLFNHM�WHFKQLNH��9 DND�WRPXWR�SRNURNX�MH�PRåQp��DE\ �QD�MHGQRP�þLSH�EROL 
SRGSRURYDQp�YLDFHUp�IXQNFLH�DNR�GRWHUD] ��QDYLDF�V�RYHD�Y\ ããRX�UêFKORV RX� 
Toto všetko viedlo k vytvoreniu nového princípu prenosu dát: Asynchronous Transfer Mode 
( ATM ), ktorý je organizáciou CCITT (International Consultative Committee for Telecommu- 
nications and Telegraphy) akceptovaný ako finálne riešenie prenosu dát pomocou IBCN . 
 

� �� �6~þDVQi �VLWXi FLD�YR�VYHWH�WHOHNRP XQLNi FLt 
 
Dnešné telekomXQLNDþQp�VLHWH�V~�FKDUDNWHULVWLFNp�ãSHFLDOL] i FLRX��7R�] QDPHQi ��åH�SUH�NDåG~ 
WHOHNRPXQLNDþQ~�VOXåEX�H[ LVWXMH��DVSR ��MHGQD�VLH �] DEH] SHþXM~FD�W~WR�VOXåEX��1 DSUtNODG� 
 
telex network -�SUHQi ãD�] QDNRYp�VSUi Y\ �YH PL�PDORX�UêFKORV RX��GR�� � � �ELW�V���=QDN\ �V~ 
kódované 5-bitovým kódom (Baudot code). 
POTS (Plain Old Telephone Service) - podporuje klasickú dvojsmernú hlasovú komuniká- 
FLX��7i WR�VOXåED�MH�SUHQi ãDQi �SURVWUHGQtFWYRP�VLHWH�3671 ��3XEOLF�6ZLWFKHG�7HOHSKRQH 
Network). 
 
SUHQRV�SRþtWDþRYêFK�Gi W�MH�UHDOL] RYDQê�cez dva druhy sietí: 
PSDN (Packet Switched Data Network)�] DORåHQi �QD�SURWRNROH�; ��� �  
CSDN (Circuit Switched Data Network)�] DORåHQi �QD�SURWRNROH�; ��� �  
 
televízny signál je pren� � an�  
Ui GLRYêPL�YOQDPL�V�Y\ XåLWtP�WHOHYt] Q\ FK�DQWpQ��WHUHVWULi OQH�Y\ VLHODQLH� 
sie RX�NRD[ Li OQ\ FK�Ni EORY��&$ 79 ��&RPPXQLW\ �$ QWHQQD�79 � 
VDWHOLWPL�SRXåLWtP�' %6�� ' LUHFW�%URDGFDVW�6\ VWHP� 
 
Y�V~NURPQRP�VHNWRUH�MH�QD�SUHQRV�SRþtWDþRYêFK�Gi W�SRXåtYDQi �VLH �/ $ 1 �� / RFDO�$ UHD 
Network) 
 
. DåGi �] �WêFKWR�VLHWt�EROD�ãSHFLi OQH�QDYUKRYDQi �SUH�GDQ~�VOXåEX�D�MH�YHPL�SUREOHPDWLFNp 
DOHER�QHPRåQp�SUHYi G] NRYD �QD�QHM�LQ~�VOXåEX��1 DSUtNODG�VLH �&$ 79 �QHSRGSRUXMH�32 76���VLH  
3671 �QHSRGSRUXMH�SUHQRV�79 �VLJQi OX��SUHQRV�KODVX�FH] �VLH �; ��� � �MH�] �G{ YRGX�Y] QLNDM~FLFK 
GOKêFK�RQHVNRUHQt�YHPL�SUREOHPDWLFNê� 
V � peci� lnych�SUtSDGRFK�VD�Gi �SUHYi G] NRYD �VOXåED�QD�VLHWL�QDYUKRYDQHM�SUH�LQ~�VOXåEX� 
3UtNODGRP�P{ åH�E\ �SUHQRV�SRþtWDþRYêFK�Gi W�VLH RX�3671 �SRPRFRX�PRGHPX�DOH�REPHG] HQRX 
UêFKORV RX� 
3UYêP�Y\ YUFKROHQtP�~VLOLD�R�Y\ WYRUHQLH�VLHWH�SRGSRUXM~FHM�LQWHJUi FLX�VOXåLHE�EROD�1 ,6DN 
�1 DUURZ�,6' 1 �� ��NWRUi �LQWHJUXMH�SUHQRV�KODVX�D�Gi W��3UHQRV�79 �VLJQi OX�QLH�MH�PRåQê�NY{ OL 
REPHG] HQHM�ãtUNH�Si VPD��SUHWR�MH�QD DOHM�SRWUHEQi �QH] i YLVOi �VLH �SUH�79 ���3UL�SRXåtYDQt�KODVRYpKR 
aj d� tov� ho prenosu sa NISDN jav� rovnako, vo vn� tri je to v� ak na DOHM�ULHãHQp�SRXåLWtP �GYRFK 
WHFKQROyJLt��SDFNHW�VZLWFKHG�QHWZRUN�D�FLUFXLW�VZLWFKHG�QHWZRUN��SULþRP�MHGQD�MH�GLPHQ] RYDQi  
na prenos d� t protokolom X: 25 a druh�  na prenos hlasu. 

DOãtP�G{ OHåLWêP�DVSHNWRP�ãSHFLDOL] i FLH�VLHWt�QD�MHGQRWOLYp�VOXåE\ �MH�QHVFKRSQRV �Y\ Xåt- 
YD �SRNURN�Y�NyGRYDFtFK�WHFKQROyJLi FK��1 DSUtNODG�1 ,6' 1 �MH�QDYUKRYDQi �SUH�KODVRYê�NDQi O 
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V�SUHQRVRYRX�UêFKORV RX�� � NELW�V��$ YãDN�Y DND�V~þDVQHM�NRPSUHVLL�KODVX�VWDþt�UêFKORV �� � NELW�V� 
GRNRQFD�Y�Ui PFL�PRELOQHM�VLHWH�VD�SRXåtYD�NRPSUHVLD��SUH�NWRU~�VWDþt�� � NELW�V��7HGD�1 ,6' 1  
QHGRNi åH�HIHNWtYQH�Y\ XåL �VYRMX�ãtUNX�Si VPD� 
' RWHUD] �VSRPHQXWp�IDNW\ �P{ åPH�] KUQ~ �GR�QDVOHGXM~FLFK�QHYêKRG�V~þDVQêFK�VLHWt� 
 
Service Dependence -�. DåGi �VLH �MH�QDYUKRYDQi �D�VFKRSQi �SUHQi ãD �OHQ�ãSHFLILFNp�VOXåE\ � 
V m� lo pr�padocK�VD�GDM~�SRXåL �DM�QD�LQp�VOXåE\ �DOH�OHQ�] D�SRPRFL�SUtGDYQêFK�] DULDGHQt 
(modem) a nie je to efekt�vne. 
 
Inflexibility -�ãSHFLDOL] RYDQp�VLHWH�QLH�V~�VFKRSQp�DGDSWRYD �VD�QD�] PHQHQp�SUHQRVRYp 
r� chlosti, ktor�  sa objavuj�  v z� vislosti na pokroku v kompresii hlasu, audio, video … , 
akoaj na v� voji VLSI (Very Large Systems Integration). 
 
Ineficiency -�9 Q~WRUQp�SURVWULHGN\ �VLHWH�V~�Y\ XåtYDQp�QHHIHNWtYQH��3URVWULHGN\ ��NWRUp�V~ 
Y\ XåtYDQp�MHGQRX�VOXåERX��QLH�V~�GRVWXSQp�SUH�GUXK~�VOXåEX�Y�Ui PFL�MHGQHM�VLHWH� 
V� etky�WLHWR�QHYêKRG\ �YHG~�N�P \ ãOLHQNH�Y\ WYRUL �MHGQX�XQLYHU] i OQX�VLH ��%URDGEDQG�,6' 1 ��  
QH] i YLVO~�QD�VOXåEi FK��NWRUp�SRGSRUXMH��2 G�WHMWR�VLHWH�EXGHPH�SRåDGRYD �RGVWUi QHQLH�YãHWNêFK 
QHYêKRG��NWRUp�VPH�VSRPHQXOL�Y\ ããLH��WHGD�EXGH�SRQ~ND �QDVOHGRYQp�YêKRG\ � 
 
Flexible -�VFKRSQRV �Y\ XåtYD �QRYp�NRPSUHVQp�WHFKQROyJLH�D�9 / 6,�� 
Eficient -�RSWLPi OQH�Y\ XåtYDQLH�YãHWNêFK�] GLHODQêFK�SURVWULHGNRY�PHG] L�VOXåEDPL� 
Less Expensive -�Qi NODG\ �QD�Qi YUK�YêUREX�D�SRGSRUX�%,6' 1 �EXG~�PHQãLH��NH åH�QD- 
PLHVWR�YHD�VLHWt�VD�EXGHPH�] DREHUD �OHQ�MHGQRX� 
 

1.3 Technologický pokrok 
5R] YRM�VLHWH�QH] i YLVOHM�QD�SRGSRURYDQêFK�VOXåEi FK�ERO�XPRåQHQê�Y DND�SRNURNX�Y�WHOHNRPX- 
QLNDþQêFK�WHFKQROyJLi FK��SRORYRGLþH�D�RSWLND��D�QRYHM�V\ VWpPRYHM�NRQFHSFLL��7LHWR�QRYp�þUW\  
XPRå RYDOL�Y\ YêMD �VLH RYp�NRPSRQHQW\ �HIHNWtYQHMãLH��þtP�VD�] QtåLOL�LFK�FHQ\ �D�VWDOL�VD�GRVWXSQH- 
MãtPL��7êP�VD�RWYRULOD�FHVWD�EXGRYDQLX�V\ VWpPRY��NWRUp�E\ �Y�PLQXORVWL�QHEROL�Y{ EHF�UHDOL] RYDWH Qp 
alebo by boli pr�li�  drah� . 
 

� �� �� �3RORYRGLþH 
9 �RVWDWQêFK�URNRFK�VPH�] D] QDPHQDOL�YHNê�UR] YRM�Y�HOHNWURQLNH��þR�YêUD] QH�SRPRKOR�YêYRMX 
YHPL�UêFKO\ FK�WHOHNRPXQLNDþQêFK�VLHWt��ãLURNRSi VPRYp�NRPXQLNDþQp�V\ VWpP\ �V~�Y\ YêMDQp�QD 
b� ze rôznych technol� gi�: 
 
CMOS (Complementary Metal Oxid Semiconductor) 
-H�WR�QDMSRXåtYDQHMãLD�WHFKQROyJLD��XPRå XMH�YH N~�] ORåLWRV �REYRGRY��UR] XPQH�Y\ VRN~ 
UêFKORV ��� � � -300Mbit/s), mal�  spotebu energie. To v�etko vedie k r� chlym syst� mom 
QD�PDOêFK�þLSRFK��1 DYLDF��Y DND�YH NHM�KXVWRWH�GRVDKRYDQHM�QD�þLSRFK��] ORåLWRV �þLSRY 
HQRUPQH�UDVWLH��þR�SULQi ãD�UêFKOHMãLH�D�ODFQHMãLH�V\ VWpmy. 
 
ECL (Emitter  Coupled Logic) 
-H�] DORåHQi �QD�VLOLFRQ�ELSRODU�WHFKQRORJ\ �D�SRXåtYD�VD�YR�Y\ VRNRUêFKORVWQêFK�DQDOyJRYêFK 
DM�GLJLWi OQ\ FK�VLH DFK�V�PDORX�] ORåLWRV RX��' RVDKRYDQp�UêFKORVWL�VD�SRK\ EXM~�Y�UR] PHG] t 
5-� � * + ] ��þR�MH�YHPL�HIHNWtYQH�SUH�UêFKOH�SUHQosov�  syst� my. 
Kombin� ciou CMOS a ECL je technol� gia BICMOS (Bipolar  CMOS )��NWRUi �Y\ XåtYD 
YHN~�UêFKORV �( &/ �D�PDO~�VSRWUHEX�D�YH N~�] ORåLWRV �&0 2 6�� 
GaAs (Gallium Arsenide) 
( ãWH�WR�QLH�MH�Y\ VSHOi �WHFKQROyJLD�RSURWL�WHFKQROyJLi P�] DORåHQêP�QD�VLOLNyQRYHM�E� ze a je 
] DWLD�YHPL�GUDKi ��0 i �YãDN�DPEtFLH�GRVDKRYD �Y\ ããLH�UêFKORVWL�DNR�VD�GRVDKXM~�Y�( &/ �� 
 

1.3.2 Optika 
2 SWLFNi �WHFKQROyJLD�WDNLVWR�] D] QDPHQi YD�YH Nê�SRNURN��9 �%,6' 1 �VD�SRXåtYDM~�MHGQRYLGRYp 
YOi NQD��PRQRPRGH�ILEHU���SUHWRåH�LFK�SRWHQFLi O�Y�ãLURNRSi VPov� ch prenosoch je takmer neob- 
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medzen� . 
1 DMG{ OHåLWHãtPL�IDNWRUPL�SUL�RSWLFNRP�SUHQRVH�V~��SUHQRVRYi �UêFKORV ��GRVLDKQXWHQi �Y] GLD- 
OHQRV ��NYDOLWD��9 ãHWN\ �WLHWR�IDNWRU\ �VD�QHXVWi OH�] OHSãXM~��7R�Qi P�XPRå XMH�EXGRYD �RSWLFNp 
V\ VWpP\ �VFKRSQp�SUHQRVX�YH NpKR�PQRåVWYD�Gi W�Y�NUi WNRP�þDVH�QD�GOKp�Y] GLDOHQRVWL�V�PDOêP 
SRþWRP�YêVN\ WX�FKêE��7LHWR�V\ VWpP\ �YãDN�VWi OH�SRWUHEXM~�GRV �GUDKp�WHUPLQi OQH�] DULDGHQLD 
�ODVHU\ ��RSWLFNp�D�HOHNWULFNp�SULMtPDþH�������� ��1 DSULHN�WRPX�Y] K DGRP�QD�SDUDPHWUH�SRQ~NDM~ 
lep� iu cenu prenosu oproti klasick� m syst� mom. 
3RGD�WRKR�Y�DNHM�REODVWL��GRPi FQRVWL��SRGQLN\ ��V~�RSWLFNp�V\ VWpP \ �QDVDG] RYDQp�VD�SRXåtYDM~ 
U{ ] QH�GUXK\ �] GURMRY�VYHWOD��0 { åX�WR�E\ �/ ( ' �� / LJKW�( PLWWLQJ�' LRG���� � � QP�ODVHU\ ��SRXåtYDQp 
Y�&' �SUHKUi YDþRFK��DOHER�� � � � QP�ODVHU\ ��8 å�SUL�SRXåLWt�QDMODFQHMãHM�DOWHUQDWtY\ �/ ( ' �MH�PRåQp 
GRVDKRYD �UêFKORVWL�Ui GRYR�� � � 0 E�V� 
 

1.3.3 Nová systémová koncepcia 
$ NR�VPH�Xå�VSRPtQDOL��VLH �EXG~FQRVWL�PXVt�E\ �IOH[ LELOQi ��=�GQHãQpKR�SRK DGX�VD�] Gi ��åH 
QDMOHSãtP�NDQGLGi WRP�MH�VLH �] DORåHQi �QD�SDFNHW�Vwitching. Av�ak protokol X: 25 je z dôvodu 
QHGRVWDWRþQHM�NYDOLW\ �SUHQRVRYêFK�OLQLHN�GRV �] ORåLWê��=�WRKR�SO\ Q~�DM�YH Np�þDVRYp�RQHVNRUHQLD� 
D�WHGD�QHVFKRSQRV �SRGSRURYD �VOXåE\ �FLWOLYp�QD�þDVRYp�RGR] Y\ ��3UHWR�MH�Y\ YêMDQê�WODN�QD�] PHQX 
v packet-oriented networks, z dôvodu podpory aj in� ch ako len d� tov� ch prenosov, � peci� lne 
SUHQRVRY�YH NpKR�REMHPX�Gi W�Y�NUi WNRP�þDVH� 
=i NODGQi �P \ ãOLHQND�QRYHM�NRQFHSFLH�MH�IDNW��åH�IXQNFLH��NWRUp�Y\ åDGXMH�QHMDNi �VOXåED��QHEXG~ 
v sieti podporovan�  opakovane na viacer� ch miestaFK��DOH�WUHED�] DEH] SHþL ��DE\ �VOXåED�JDUDQWR- 
YDOD�SRGSRUX�WêFKWR�IXQNFLt��DM�NH �EXG~�LPSOHPHQWRYDQp�QD�KUDQLFL�VLHWH��NRQFRYêFK�ERGRFK 
SUHQRVX���7RWR�P{ åPH�SUHWDYL �GR�SRGSRU\ �GYRFK�] i NODGQêFK�IXQNFLt��VHPDQWLF�WUDQVSDUHQF\ �D 
time transparency. 
 
1. Semantic transparency 
-H�IXQNFLD�] DEH] SHþXM~FD�VSUi YQH�GRUXþHQLH�Gi W�RG�] GURMD�N�FLHX��6DPR] UHMPH�VLH �QLH�MH 
LGHi OQD�D�SUL�SUHQRVH�VD�Y\ VN\ WXM~�FK\ E\ �V�QHMDNRX��PDORX��SUDYGHSRGREQRV RX� 
3UL�S{ YRGQRP�Qi YUKX�SDFNHW�VZLWFKHG�QHWZRUNV�VD�SRþtWDOR�V�PDORX�NYDOLWRu prenosov� ch 
OLQLHN��SUHWR�EROD�Y�Qi YUKX�] DKUQXWi �SOQi �NRUHNFLD�FKêE��) XOO�( UURU�&RQWURO��PHG] L�NDåGêPL 
dvoma susedn� mi uzlami siete (obr.1.1a). Realizovan�  to bolo na � 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). 
S rozvojom ISDN sa linky skvalitnili, preto bol protokol X: 25 upraven�  na frame relaying, 
v ktorom medzi susedn� mi uzlami siete boli podporovan�  len niektor�  funkcie z HDLC 
protokolu ako frame delimiting, bit transparency, error checking. Ostatn�  funkcie (error 
recovery) boli podporovan�  aå�QD�~URYQL�HQG-to-end komunik� cie . 
3UH�%,6' 1 �VD�Wi WR�P\ ãOLHQND� DOHM�UR] YLQXOD��1 D DOHM�VD�SRXåtYDM~�SDNHW\ ��WHUD] �QD] ê- 
van�  cells), ale cel�  spr� va ch� b je presunut�  do end-to-end komunik� cie, teda jednotliv�  
X] O\ �VLHWH��VZLWFKLQJ�QRGHV��Xå� DOHM�QHSRGporuj�  kontrolu ch� b . T� to koncepcia 
VD�QD] êYD�$ V\ QFKURQRXV�7UDQVIHU�0 RGH���$ 70 ����. H åH�VPH�FHO~�VSUi YX�FKêE�SUHVXQXOL 
do end-to-HQG�NRPXQLNi FLH��WDN�X] O\ �VLHWH�PDM~�PLQLPi OQX�] ORåLWRV ��D�WHGD�SUHQRV�P{ åH 
E\ �YH PL�UêFKO\ �� � � � 0 ELW�V�� 
 
2. Time transparency 
-H�IXQNFLD�] DEH] SHþXM~FD�YþDVQp�GRUXþHQLH�Gi W�SULMtPDWH RYL��1 LHNWRUp�VOXåE\ �SRåDGXM~� 
DE\ � DOãt�SU~G�ELWRY��UHVS��SDNHW��SULãLHO�N�SULMtPDWHRYL�SR��YH PL��NUi WNRP�þDNDQt�SR 
SUHGFKi G] DM~FRP��7DNpWR�VOXåE\ �QD] êYDPH�UHDO�WLPH�QDSU��YRLFH�DOHER�YLGHR�WHOephony. 
3DFNHW�VZLWFKLQJ�D�IUDPH�UHOD\ LQJ�V\ VWpP\ �PDM~SUREOpP\ �V�SRGSRURX�UHDO�WLPH�VOXåLHE� 
SUHWRåH�PDM~�] ORåLWp�VLH RYp�X] O\ ��QD�NWRUêFK�VDJHQHUXM~�UHODWtYQH�GOKp�þDNDQLD��D�SUHWR 
QHP{ åX�JDUDQWRYD �WLPH�WUDQVSDUHQF\ � 
1 DRSDN�$ 70 �SRXåtYD�PLQLPi OQH�] ORåLWp�X] O\ ��SUHWR�MH�SUHQRV�YHPL�UêFKO\ �D�$ 70 �P{ åH 
JDUDQWRYD�WLPH�WUDQVSDUHQF\ ��OHER�þDVRYp�VWUDW\ �VD�JHQHUXM~�Då�QD�NRQFRFK�NRPXQLNDþQHM 
FHVW\ ��7HGD�QD�$ 70 �VLH DFK�PRåQR�SUHYi G] NRYD �UHDO�WLPH�VOXåE\ � 
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� �� �6OXåE\ �EXG~FQRVWL 
=i ND] QtNRY�WHOHNRPXQLNDþQêFK�VOXåLHE�EXG~FQRVWL�P{ åPH�UR] GHOL �GR�GYRFK�KODYQêFK�VNXStQ� 
GRPi FQRVWL�D�SRGQLN\ ��2 EH�VNXSLQ\ �RþDNi YDM~�RG�WêFKWR�VOXåLHE�QLHþR�LQp��' RPi FQRVWL�VD 
] DXMtPDM~�VN{ U�R�VOXåE\ �] DPHUDQp�QD�] i EDYX��SRGQLN\ �PDM~�] i XMHP�R�] YêãHQLH�SURGXNWLYLW\  
pr� ce. 
 

� �� �� �6OXåE\ �SUH�GRm� cnosti 
' { OHåLWRX�VOXåERX��NWRUHM�SRGSRUD�MH�QHY\ KQXWQi �QDMPl �SUH�GRPi FQRVWL��MH�SUHQRV�WHOHYt] QHKR 
VLJQi OX��D�WR�YR�YLDFHUêFK�IRUPi FK�NYDOLW\ ��0 RåQR�XYDåRYD �R�79 �VLJQi OH�Y�NYDOLWH�SRURYQDWHOQHM 
VR�V~þDVQRX�VLH RX�&$ 79 ���DOHER�R�GLJLWi OQRP�79 �VLJQi OH�Y�RYHD�Y\ ããHM�NYDOLWH��7DNêWR�VLJQi O 
QD] êYDPH�6' 79 ��6WDQGDUG�' LJLWDO�79 ���D�MHKR�SRåLDGDYN\ �QD�SUHQRVRY~�UêFKORV �VD�SRK\ EXM~�Y 
UR] PHG] t�� �� �Då�� � 0 %LW�V��9 �EXG~FQRVWL�MH�RþDNi YDQê�HãWH�NYDOLWQHMãt�IRUPi W�79 �VLJQi OX��7HQWR 
form� t je zn� my ako HDTV (High DefinLWLRQ�79 ���D�MHKR�SRåLDGDYN\ �QD�SUHQRVRY~�UêFKORV  
GRVDKXM~�� � �Då�� � � 0 %LW�V�Y�] i YLVORVWL�RG�NRPSUHVLH�D�SRåDGRYDQHM�NYDOLW\ ��' { OHåLWêP�IDNWRURP 
tohto form� tu je jeho kompatibilita s SDTV . 
9 ãHWN\ �VSRPtQDQp�VOXåE\ �SUHQRVX�79 �VLJQi OX�P{ åX�E\ �SRVN\ WRYDQp�Y�U� znych m� doch: 
 
Najjednoduch� � pr�stup vych� dza z koncepcie CATV , kde sa neust� le vysielaj�  v� etky 
programy. 
 
Rozumnej� im modelom je switched access TV���NH �VL�XåtYDWH�QDMVN{ U�] YROt�SURJUDP��NWRUê 
FKFH�VOHGRYD ��D�WHGD�SR�VLHWL�VD�SUHQi ãD�RYHD�PHQãLH�PQRåVWYR�Gi W� 
 
Zlep�en�m predch� dzaj� cej my� lienky je video on demand��3RXåLWtP�YLGHR�NQLåQtF�VL�Xåt- 
YDWH�Y\ EHULH�YLGHR�DOHER�SURJUDP��NWRUê�FKFH�VOHGRYD � 
 

OãRX�] DXMtPDYRX�VOXåERX�SUH�GRPi FQRVWL�MH�YLGHR�WHOHIyQ��3RåDGRYDQi �SUHQRVRYi �UêFKORV  
je v tomto�SUtSDGH�RG�� �� �GR�� 0 %LW�V��=DXMD �E\ �PRKOL�HãWH�VOXåE\ �YLGHR�VKRSSLQJ�D�KRPH 
HGXFDWLRQ��-H�] MDYQp��åH�NH �EXGH�%,6' 1 �GRPi FQRVWLDP�SOQH�GRVWXSQi ��REMDYLD�VD�PQRKp 

DOãLH�VOXåE\ � 
 

� �� �� �6OXåE\ �SUH�SRGQLN\  
3RåLDGDYN\ �SRGQLNRYHM�VIpU\ �QD�%,6' 1 �V~�Y�] i VDGH�RGOLãQp�RG�GRPi FQRVWt��-HGLQRX�VSRORþQRX 
SRåLDGDYNRX�MH�YLGHR�WHOHIyQ��DOH�Y�SRGQLNRFK�MH�DM�Wi WR�VOXåED�UR] ãtUHQi �QD�PRåQRV �YLGHRNRQ- 
IHUHQFLt�V�YLDFHUêPL�~þDVWQtNPL� 
9 �SRGQLNRFK�VD�YHPL�GREUH�XMDOD�WHFKQROyJLD�/ $ 1 ���SUHWR�MH�YH PL�SUDYGHSRGREQp��åH�SRG- 
nLN\ �EXG~�RG�%,6' 1 �RþDNi YD �Y\ VRNRUêFKORVWQp�Gi WRYp�SUHQRV\ ��7DNpWR�SURVWUHGLH�MH�PRåQp 
Y\ XåtYD �QDSUtNODG�Y�GLVWULEXRYDQêFK�GDWDEi ] RYêFK�V\ VWpPRFK��SUL�GLVWULEXRYDQêFK�PXOWLPHGLi O- 
nych � koleniach a konferenci� ch. 
 

 

2. Prenosové módy 

2.1. Úvod 
V oblasti telekomunik� ci� sa v bud� cnosti r� ta s UR] ãtUHQtP�V~þDVQêFK�VOXåLHE��DNêPL�V~�SUHQRV�KODVX�

(POTS), distrib� cia TV sign� lu a n�zko-r� chlostn�  d� ta (low speed data) o QRYp�VOXåE\ �DNR�YLGHR�WHOHIRQRYDQLH��
YLGHR�NQLåQLFH��Y\ VRNR-r� chlostn�  d� ta apod. Zavedenie nRYêFK�WHOHNRPXQLNDþQêFK�VOXåLHE�VR�VHERX�SULQi ãD�
QRYp�SRåLDGDYN\ �QD�WHOHNRPXQLNDþQp�VLHWH��0 { åX�E\ �SRWUHEQp�QRYp�WHOHNRPXQLNDþQp�WHFKQLN\ ��QD] êYDQp�
prenosov� mi m� dami) a tieto P{ åX�SRQ~ND �U{ ] QH�YêKRG\ �Y porovnan� s existuj� cimi technikami. Nov�  
techniky Y] QLNDM~�QD�] i NODGH�QHXVWi OH�VD�] Y\ ãXM~FLFK�WHFKQRORJLFNêFK�PRåQRVWt�Y] K DGRP�QD�UêFKORV �
a ] ORåLWRV ��9 \ EUDQp�SUHQRVRYp�PyG\ �VD�PHQLOL�QLHNR NRNUi W�Y hist� rii. 
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9 ] K DGRP�QD�SRåLDGDYN\ �QRYêFK�VOXåLHE�D GRVWXSQp�WHFKQROyJLH�ERO�SUH�EXG~FQRV �GHILQRYDQê�QRYê�
� tandard broadband ISDN. V WHMWR�NDSLWROH�EXG~�SRStVDQp�YãHWN\ �SUHQRVRYp�PyG\ �XYDåRYDQp�SUH�%,6' 1 �VSROX�
s ich v� hodami a nev� hodami. Špeci� lne bude pop�san�  technika ATM (Asynchronous Transfer Mode), ktor�  
v roku 1987 vybrala CCITT ako prenosov�  m� d pre BISDN. V URNX�� � � � �&&,77�Y\ GDOD�SUYê�V~ERU�RGSRU~þDQt�
�5HFRPPHQGDWLRQV���ãSHFLILNXM~FL�GHWDLO\ �$ 70 �SUH�SRXåLWLH�Y %,6' 1 ��7LHWR�RGSRU~þDQLD�EROL�GRSOQHQp�
v rokoch 1991 a 1992. 

2.2. História 
7HUD] �VD�SR] ULHPH�WURFKX�KLVWyULH�QD�G{ YRG\ �SUHþR�EROL�QLHNWRUp�SUHQRsov�  m� dy v minulosti � spe�n�  

a SUHþR�VD�QLHNWRUp�Y{ EHF�QHXMDOL� 

2.2.1. Telegrafia 
Prv�  prenosov�  m� d v WHOHNRPXQLNDþQRP�SUHQRVH�ERO�DNêVL�GUXK�SDFNHW-switching-u. V telegrafii bol 

“packet”  (v tomto pr�pade spr� va) pren� � an�  z jednej relay stanice na druh� . Tento “packet”  obsahoval adresu 
RGRVLHODWHD�D SUtMHPFX��DNR�DM�REVDK�VSUi Y\ ��9 WHGDMãLD�WHFKQROyJLD�VSRþtYDOD�Y V~ERUH�YRGLþRY�D N ~þL�QD�
JHQHURYDQLH�SXO] RY��2 SHUi WRU�ULDGLO�SUHQRV�NDåGHM�VSUi Y\ ��6SUi Y\ �EROL�NyGRYDQp�GH�IDFWR�GLJLWi OQH��SUHWRåH�EROR�
PRåQp�SRXåL �OHQ�GLVNUpWQH�KRGQRW\ ��NUi WNH�D dlh�  pulzy). 

2.2.2. Telefónia 
1 DVOHGXM~FL�SUHQRVRYê�PyG��] DYHGHQê�QD�NRQFL�PLQXOpKR�VWRURþLD��ERO�³FLUFXLW�VZLWFKLQJ´ �SRXåtYDQê�

v POTS. V WHMWR�DSOLNi FLL�MH�VSRMHQLH�QDYLD] DQp�QD�FHO~�GåNX�NRQYHU] i FLH��3RXåLWLH�WRKto prenosov� ho m� du 
EROR�] DSUtþLQHQp�GYRPD�SULDP\ PL�G{ YRGPL� 
·  3RXåLWLH�UHOD\ �VWDQLFH�DNR�X telegrafie (t.j. oper� tor opakuje cel�  konverz� ciu) je nepraktick�  nielen 

z G{ YRGX��åH�MH�WêP�SUHUXãHQê�SULDP\ �NRQWDNW�PHG] L�SRXåtYDWHPL��DOH�DM�SUH�VNUHVOHQLH�LQIRUm� ci� 
SULFKi G] DM~FLFK�GR�FLHD� 

·  ( [ LVWHQFLD�WHOHIyQQHKR�DSDUi WX�Xå�QHY\ åDGRYDOD�ÄGLJLWi OQH³�NyGRYDQLH�VLJQi OX��SUHWRåH�VLJQi O�PRKRO�E\ �
SULDPR�DQDOyJRYR�SUHQi ãDQê��-HGLQRX�SRåLDGDYNRX�EROR��DE\ �EROL�Y VLHWL�] RSQXWp�VStQDþH�] DEH] SHþXM~FH�
end-to-end spojenie SUH�SUHQRV�VLJQi OX�PHG] L�SRXåtYDWHPL� 

3{ YRGQH�EROR�VStQDQLH�REYRGRY�] DEH] SHþRYDQp�PDQXi OQH�RSHUi WRURP��3R�Y\ Qi MGHQt�DXWRPDWLFNêFK�
VStQDþRY�EROR�LFK�RWYi UDQLH�D zatv� ranie riaden�  mechanicky, nesk� r elektromechanicky a nakoniec elektricky. 
Ani tento enormn�  technologick�  pokrok v�ak nezmenil prenosov�  m� d siete POTS, ktor�  je st� le ªcircuit 
switchingº. Nebol a VWi OH�QLH�MH�G{ YRG�PHQL �SUHQRVRYê�PyG�VLHWH��NWRUi �SUHQi ãD�OHQ�KODVRYê�VLJQi O��SUHWRåH�
MHGLQRX�SRåLDGDYNRX�32 76�MH�DE\ �EROR�VSRMHQLH�QDGYLD] DQp�QD�FHO~�GåNX�NRQYHU] i FLH� 

3UH�QLHNWRUp�ãSHFLILFNp�DSOLNi FLH��QDSU��VSRMHQLD�QD�YHN~�Y] GLDOHQRV ��DNR�X VDWHOLWRY���P { åH�E\ �
FLUFXLW�VZLWFKLQJ�QHYêKRGQê��1 LHNWRUp�NRQYHU] i FLH�REVDKXM~�Då�� � � �WLFKD��WHGD�HIHNWLYLWD�P{ åH�E\ �] YêãHQi �
odstr� nen�m tich� ch � sekov kRQYHU] i FLH��7LFKp�~VHN\ �MHGQHM�NRQYHU] i FLH�P{ åX�E\ �] DSOQHQp�DNWtYQ\ PL�~VHNPL�
inej konverz� cie. T� to technika sa naz� va TASI (Time Assignment by Speech Interpellation). 

2.2.3. D� tové prenosy 
. H �VD�SRåLDGDYND�QD�VSRMHQLH�SRþtWDþRY�D termin� lov objavila ako�DSOLNi FLD�SUH�WHOHNRPXQLNDþQp�

VLHWH��WDN�EROD�S{ YRGQH�SRXåtYDQi �H[ LVWXM~FD�FLUFXLW-VZLWFKHG�WHOHIyQQD�VLH ��%ROL�SRWUHEQp�PRGHP\ �QD�
NRQYHU] LX�GLJLWi OQHKR�SRþtWDþRYpKR�VLJQi OX�QD�DQDOyJRYê�VLJQi O�WHOHIyQQHM�VLHWH��$ M�GQHV�YH Ni �þDV �VSRMHQt�
SRþtWDþRY�D terPLQi ORY�Y\ XåtYD�WHOHIyQQX�VLH � 

2 EURYVNRX�YêKRGRX�WHOHIyQQHM�VLHWH�MH�MHM�SUtVWXSQRV �WDNPHU�QD�DNRPNR YHN�PLHVWH��þtP�ERO�
VS{ VREHQê�YH Nê�~VSHFK�MHM�Y\ XåLWLD�SUH�Gi WRYp�DSOLNi FLH��&LUFXLW�VZLWFKLQJ�YãDN�Xå�QLH�MH�LGHi OQ\ �]  d� vodu e� te 
Yl þãLHKR�PQRåVWYD�WLch� ch � sekov ako u POTS (bursty charakter). 

8 å�Y ãHV GHVLDW\ FK�URNRFK�VL� XGLD�] DþDOL�XYHGRPRYD ��åH�H[ LVWXM~�ULHãHQLD�OHSãLH�Y\ KRYXM~FH�SUH�
EXUVW\ �FKDUDNWHU�Gi WRYêFK�DSOLNi FLt��%ROL�XYDåRYDQp�GYH�WHFKQLN\ ��FLUFXLW�VZLWFKLQJ�D�SDFNHW�VZLWFKLQJ��7LHWR�
rie�enia boli � tandardizovan�  ako X.21 a ; �� � ��%XUVW\ �FKDUDNWHU�Gi WRYpKR�SUHQRVX�] DEH] SHþLO�~VSHFK�SDFNHW�
switching-X��=GURMH�SDFNHW�VZLWFKHG�VLHWH�V~�Y\ XåtYDQp�OHQ�YWHG\ ��NH �VD�VNXWRþQH�SUHQi ãDM~�Gi WD��SRþDV�EXUVW-
u), naopak u circuit switched siete s�  obsadeQp�SRþDV�FHOpKR�WUYDQLD�VSRMHQLD� 

2.3. 3RåLDGDYN\ �QD�YêNRQ 
V ãLURNRSi VPRYHM�VLHWL�MH�SRWUHEQp�SRVN\ WRYD�PQRKR�VOXåLHE��7LHWR�VOXåE\ �P{ åX�E\ �Qt] NR-r� chlostn� , 

stredno-r� chlostn�  a vysoko-UêFKORVWQp��3UHQRVRYê�PyG�WDNHMWR�VLHWH�SUHWR�QHP{ åH�E\ �QDYUKQXWê�ãpecificky pre 
MHGQX�VOXåEX��1 D�REU��� �� ��MH�] REUD] HQp�VSHNWUXP�VOXåLHE�V�ELWRYRX�PLHURX�RG�QLHNR NêFK�ELWRY�] D�VHNXQGX�SR�
VWRYN\ �0 ELW�V��+ ROGLQJ�þDV\ �VD�WLHå�OtãLD�RG�VHN~QG�SR�KRGLQ\ � 
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2 EU��� �� ��6OXåE\ �RþDNi YDQp�Y širokopásmovej  sieti 

Preferuje sa in� tali FLD�MHGQHM�VLHWH�VFKRSQHM�SUHQRVX�YãHWNêFK�GUXKRY�VOXåLHE�SUHG�LQãWDOi FLRX�RYHUOD\ �
VLHWH�SUH�NDåG~�VOXåEX��SUHWRåH�WDNi WR�V~VWDYD�VLHWt�E\ �EROD�Qi URþQi �QD�YêYRM��LQãWDOi FLX�D ~GUåEX��2 NUHP�WRKR�E\ �
EROR�SRWUHEQp�] DEH] SHþL �NRPXQLNi FLX�PHG] L�YãHWNêPL�VLH DPL��þtP �E\ �VD�WRWR�ULHãHQLH�HãWH�YLDF�VNRPSOLNRYDOR��
3UHWR�MH�SRWUHEQp�GHILQRYD �XQLYHU] i OQX�ãLURNRSi VPRY~�VLH �VFKRSQ~�VSOQL �SRåLDGDYN\ �RþDNi YDQêFK��DOH�DM�
QHRþDNi YDQêFK�VOXåLHE� 

=D�~þHORP�GHILQtFLH�SUHQRVRYpKR�PyGX�SUH�ãLURNRSi VPRY~�VLH �MH�SRWUHEQp�SRFKRSL �FKDUDNWHULVWLN\ �
H[ LVWXM~FLFK�VOXåLHE�D LFK�SRåLDGDYN\ �QD�SUHQRVRYê�PyG��3UH�XPRåQHQLH�] DYHGHQLD�SUtSDGQêFK�QRYêFK�VOXåLHE�
v EXG~FQRVWL�MH�SRWUHEQp�FKDUDNWHUL] RYD �þR�QDMYãHREHFQHMãLX�VOXåEX� 

Pojmom prirodzená miera informácií (natural information rate) naz� vame mieru akou zdroj generuje 
LQIRUPi FLH�EH] �XYDåRYDQLD�RKUDQLþHQt�WHOHNRPXQLNDþQHM�VLHWH��3ULURG] HQi �PLHUD�LQIRUPi FLt�NDåGpKR�] GURMD�
�QDSU��KODV��YLGHR������ �MH�YH PL�] i YLVOi �RG�SRXåLWHM�WHFKQLN\ �NyGRYDQLD�D kompresie, a t� m aj od technol� gie 
spracovania sign� lu a HNRQRPLFNêFK�PRåQRVWt� 

7~WR�SULURG] HQ~�PLHUX�LQIRUPi FLt�PRåQR�UHSUH] HQWRYD �VWRFKDVWLFNêP�SULHEHKRP�s(t) (obr. 2.2.). Tento 
VWRFKDVWLFNê�SULHEHK�WUYi �þDV�T�SRþDV�SUHQRVX�LQIRUPi FLt��P{ åH�WR�E\ �þDV�T trvania telefonickej konverz� cie cez 
PO76��þDV�WUYDQLD��VSRMHQLD�Gi WRYHM�NRPXQLNi FLH�PHG] L�SRþtWDþPL��DW��= WRKWR�VWRFKDVWLFNpKR�SULHEHKX�PRåQR�
] LVWL �GYH�KRGQRW\ ��PD[ LPi OQX�SULURG] HQ~�ELWRY~�PLHUX��SHDN�QDWXUDO�ELW�UDWH��S a priemern�  prirodzen�  bitov�  
mieru (average natural bit rate) E[S(t)] �SRþtWDQ~�] D�þDV�T. 

S = max s(t) 

ò= dtts
T

tsE )(
1

)]([  
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Obr . 2.2. Pr iebeh pr irodzenej  bitovej  miery v þDVH 

Pomer medzi maxim� lnou a priemernou prirodzenou bitovou mierou sa naz� va burstiness B. 

)]([ tsE
S

B =  

-H�] UHMPp��åH�SRþDV�U{ ] Q\ FK�SUHQRVRv bude stochastick�  priebeh s(t)�VSUi YD �LQDN��DOH�SULHPHUQi �
a PD[ LPi OQD�KRGQRWD�EXG~�SUH�VOXåEX�W\ SLFNp��9  WDEX NH�� �� ��V~�XYHGHQp�W\ SLFNp�KRGQRW\ �SUH�QLHNWRUp�VOXåE\ ��
Burstiness u KODVRYpKR�SUHQRVX�MH�VS{ VREHQê�WLFKêPL�~VHNPL��NWRUêFK�MH�DVL�� � � �þDVX��X YLGHD�VD�þDVWR�
SRXåtYDM~�NyGRYDFLH�WHFKQLN\ ��NWRUp�JHQHUXM~�ELW\ �OHQ�SUL�QHUHGXQGDQWêFK�LQIRUPi FLi FK��DW� 
 

6OXåED E[s(t)] B 
Hlas 32 kbit/s 2 
Interakt�vne d� ta 1–100 kbit/s 10 
Bulk data 1–10 kbit/s 1–10 
Video � tandardnej kvality 1,5–15 Mbit/s 2–3 
High Definition TV 15–150 Mbit/s 1–2 
Vysokokvalitn�  video-telefonovanie 0,2–2 Mbit/s 5 

7DEX ND�� �� ��&KDUDNWHULVWLN\ �VOXåLHE�ãLURNRSi VP RYHM�VLHWH 

Z WDEX N\ �� �� ��PRåQR�Y\ YRGL �GYD�] i YHU\ � 
·  1 HH[ LVWXMH�ÄW\ SLFNi ³ �FKDUDNWHULVWLND�VOXåE\ ��YãHWN\ �VOXåE\ �PDM~�U{ ] QH�FKarakteristiky aj v priemernej 

bitovej miere aj v burstiness faktore. 
·  äLDGQD�VOXåED�QHPi �EXUVWLQHVV�URYQê�� ��3UL�NyGRYDQt�VLJQi OX�MH�YåG\ �PRåQp�WUDQVIRUPRYD �SULURG] HQ~�

ELWRY~�PLHUX�QD�SHYQ~�KRGQRWX��EX �QD�~NRU�NYDOLW\ ��SUL�UHGXNFLL�PD[ LPi OQHM�ELWRYHM�PLHUy) alebo na � kor 
HIHNWLYLW\ ��SUHQi ãDM~�VD�] E\ WRþQp�LQIRUPi FLH�� 

1 D�REU��� �� D��MH�SUHQRVRYi �UêFKORV �PHQãLD�DNR�PD[ LPi OQD�SULURG] HQi �ELWRYi �PLHUD��7RWR�VS{ VREXMH�
] QtåHQLH�NYDOLW\ ��SUHWRåH�SUL�SUHQRVH�LQIRUPi FLH�V Y\ ããRX�SULURG] HQRX�ELWRYRX�PLHURX�QHå�MH�SUHQRVRYi �UêFKORV �
s�  niektor�  bity zarovnan�  k OLPLWX�SUHQRVRYHM�UêFKORVWL��1 DRSDN��QD�REU��� �� E��MH�SUHQRVRYi �UêFKORV �YåG\ �
Yl þãLD�DOHER�URYQi �SULURG] HQHM�ELWRYHM�PLHUH��=Y\ ãQp�YR Qp�PLHVWR�MH�Y\ SOQHQp�SUi ] GQ\ PL�LQIRUPi FLDPL��WHGD�VD�
plytv�  prostriedkami siete. 

3UHQRVRYê�PyG�VFKRSQê�SUHQi ãD �YãHWN\ �VSRPHQXWp�D LQp�VOXåE\ �PXVt�E\ �YH PL�IOH[ LELOQê��SUHWRåH�
PXVt�E\ �VFKRSQê�SUHQi ãD �ãLURNp�VSHNWUXP�SULURG] HQêFK�ELWRYêFK�PLHU�D VOXåE\ �V fluktuuj� cim charakterom. 

2 SWLPi OQ\ �SUHQRVRYê�PyG�E\ �PDO�WHGD�SRGSRURYD �SUenos r� znych inform� ci� prostredn�ctvom 
LQWHJURYDQpKR�SUtVWXSX��NWRUê�E\ �QHPDO�WDNPHU�åLDGQH�REPHG] HQLD�QD�VS{ VRE�SRXåtYDQLD� 
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Obr . 2.3a. Redukcia kvality redukciou maximálnej  bitovej  miery 

 

2 EU��� �� E��1 HY\ XåLWLH�SUHQRVRYpKR�Si VP D�DORNi FLRX�P D[ LP i OQHM�ELtovej  miery 

Prenosov�  m� d je v SRGVWDWH�FKDUDNWHUL] RYDQê�WHFKQLNRX�SUHStQDQLD�SRXåLWRX�Y prep�nac�ch uzloch 
siete. Na obr. 2.4. s�  uveden�  prep�nacie techniky pre prenos inform� ci� v WHOHNRPXQLNDþQHM�VLHWL��9 R�
YãHREHFQRVWL�WHFKQLN\ �VPHURP�Y DYR�SRQ~NDM~�SHvn�  bitov�  mieru a mal�  flexibilitu a VPHURP�YSUDYR�Yl þãLX�
IOH[ LELOLWX�SUH�YDULDELOQ~�ELWRY~�PLHUX�D�EXUVW\ �LQIRUPi FLH��DOH�DM�Yl þãLX�] ORåLWRV � 

 

Obr. 2.4. Spektrum prepínacích techník 

6N{ U�QHå�] DþQHPH�SRSLVRYD �U{ ] QH�SUHQRVRYp�PyG\ ��] DGHILQXMHPH�QLHNWRUp pojmy. Nasleduj� ce dve 
GHILQtFLH�FKDUDNWHUL] XM~�YêNRQQRV �D IXQNþQRV �VLHWH� 
·  6pPDQWLFNi �WUDQVSDUHQFLD��SRSLVXMH�VFKRSQRV �VLHWH�SUHQi ãD �LQIRUPi FLH�EH] FK\ EQH��W�M��SRþHW�HQG-to-end 

FKêE�VS{ VREHQêFK�VLH RX�EXGH�VOXåERX�DNFHSWRYDWHQê� 
·  ý DVRYi �WUDQVSDUHQFLD��SRSLVXMH�VFKRSQRV �VLHWH�SUHQi ãD �LQIRUPi FLH�] R�] GURMD�GR�FLHD�Y þDVH�

DNFHSWRYDWHQRP�SUH�VOXåEX� 

2.3.1. Sémantick�  transparencia 
6pPDQWLFNi �WUDQVSDUHQFLD�XUþXMH�VFKRSQRV �VLHWH�SUHQi ãD �LQIRUPi FLH�V RKUDQLþHQêP�YêVN\ WRP�FKêE��

7\ S\ �FKêE�VD�P{ åX�OtãL �SUH�NDåGê�SUHQRVRYê�PyG��3UH�VOXåEX�; �� � �ãSHFLILNRYDQ~�&&,77��GQHV�Y\ XåtYDQ~�YR�
Yl þãLQH�NUDMtQ�QD�Qt] NR-�Då�VWUHGQR-r� chlostn�  d� tov�  komunik� ciu, a VOXåEX�60 ' 6��6ZLWFKHG�0 XOWLPHJDELW�
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' DWD�6HUYLFHV��ãSHFLILNRYDQ~�VSRORþQRV RX�%HOOFRUH�� � � � � � ��EROL�GHILQRYDQp�tri druhy ch� b: miera rezidu� lnych 
FKêE��SRþHW�QH] LVWHQêFK�FKêE���PLHUD�QHVSUi YQH�GRUXþHQêFK�Gi W��SRPHU�SRþWX�Gi WRYêFK�MHGQRWLHN�GRSUDYHQêFK�
GR�QHVSUi YQHKR�FLHD�D SRþWX�Y\ VODQêFK�Gi WRYêFK�MHGQRWLHN��D PLHUD�QHGRUXþHQêFK�Gi W��SRPHU�SRþWX�Gi WRYêFK�
jednotiek�QHGRSUDYHQêFK�GR�FLHD�D SRþWX�Y\ VODQêFK�Gi WRYêFK�MHGQRWLHN�� 
 

 X.25 SMDS 
Miera rezidu� lnych ch� b 10-10 10±10 

0 LHUD�QHVSUi YQH�GRUXþHQêFK�Gi W ± 5.10±8 

0 LHUD�QHGRUXþHQêFK�Gi W ± 10±4 

7DEX ND�� �� ��$ NFHSWRYDWH Qp�FK\ ERYp�P LHU\ �SUH�; �� � �D SMDS 

äLDGHQ�V\ VWpP�QLH�MH�GRNRQDOê��9 l þãLQD�QHGRNRQDORVWt�Y WHOHNRPXQLNDþQêFK�V\ VWpPRP�MH�VS{ VREHQi �
� umom (white noise, impulse noise, …). K ] QtåHQHM�NYDOLWH�YãDN�SULVSLHYDM~�DM�LQp�IDNWRU\ ��DNR�QDSU��REPHG] HQp�
] GURMH�VS{ VREXM~FH�SUH DåHQtP�D zablokovanie, ako aj nedokonaloVWL�PDWHULi OX��. DåGê�V\ VWpP�Pi �FK\ E\ �
YODVWQpKR�GUXKX��SUHWRåH�MH�QDYUKQXWê�QD�] i NODGH�XUþLWpKR�SRPHUX�FHQD�YêNRQ��ý tP�V~�Y\ ããLH�SRåLDGDYN\ �QD�
YêNRQ��W�M��MH�SRåDGRYDQi �PHQãLD�FK\ ERYRV ���WêP�GUDKãt�EXGH�V\ VWpP��$ OH�DM�QDMGUDKãLH�V\ VWpP\ �EXG~�PD �
chyby, aj NH �OHQ�V PDORX�SUDYGHSRGREQRV RX��3UH�NDåGê�V\ VWpP�P{ åH�E\ �GHILQRYDQi �SUDYGHSRGREQRV �
YêVN\ WX�FK\ E\ �] D�XUþLW~�þDVRY~�MHGQRWNX� 

Jedn� m z QDMG{ OHåLWHMãtFK�SDUDPHWURY�FKDUDNWHUL] XM~FLFK�QHGRNRQDORVWL�Y GLJLWi OQ\ FK�NRPXQLNDþQêFK�
syst� moch je BER (bit error rate±miera bitov� ch ch� b), t.j. pomer medzi chybn� mi a vyslan� mi bitmi za 
UHSUH] HQWDWtYQX�þDVRY~�MHGQRWNX��%LWRYp�FK\ E\ �P{ åX�E\ �L] RORYDQp��VLQJXOi UQH��DOHER�VNXSLQRYp��EXUVW�� 

V WHOHNRPXQLNDþQêFK�VLH DFK��Y ktor� ch sa s bitmi nar� ba po skupin� ch (napr. pakHWRYp�VLHWH���P{ åX�
Y] QLNQ~ �VNXSLQ\ �FKêE�VS{ VREHQp�VWUDWRX�DOHER�QHVSUi YQ\ P�GRUXþHQtP�WêFKWR�W] Y��SDNHWRY��0 { åHPH�WHGD�
GHILQRYD�PER (packet error rate±PLHUD�SDNHWRYêFK�FKêE��DNR�SRPHU�PHG] L�QHVSUi YQH�GRUXþHQêPL�DOHER�
straten� mi paketmi a vyslan� mi paketmi. Existuje v� ak viac druhov chybn� ch paketov: 
1) Pakety, ktor�  sa stratili v G{ VOHGNX�QHVSUi YQHKR�URXWRYDQLD�DOHER�SUHDåHQLD��0 { åHPH�WHGD�GHILQRYD �PLR 

�SDFNHW�ORVW�UDWH��DNR�SRPHU�SRþWX�VWUDWHQêFK�SDNHWRY�D FHONRYpKR�SRþWX�Y\ VODQêFK�SDNHWRY� 
2) Pakety, ktor�  pUtGX�GR�QHVSUi YQHKR�FLHD��NWRUê�LFK�YãDN�DNFHSWXMH�DNR�VSUi YQH��0 { åHPH�WHGD�GHILQRYD �

PIR��SDFNHW�LQVHUWLRQ�UDWH��DNR�SRPHU�SRþWX�WDNêFKWR�SDNHWRY�D FHONRYpKR�SRþWX�Y\ VODQêFK�SDNHWRY� 
6LH �VD�VNODGi �]  dvoch druhov ent�t vykon� vaj� cich � pecifick�  funkcie: prenos 

a SUHStQDQLH�PXOWLSOH[ RYDQLH��. H åH�SUHQRVRYp�V\ VWpP\ �SR] QDM~�OHQ�ELW\ ��WDN�XYDåXMHPH�OHQ�ELWRYp�FK\ E\ ��
V prep�nan� a PXOWLSOH[ RYDQt�XYDåXMHPH�ELWRYp�DM�SDNHWRYp�FK\ E\ � 

2.3.1.1. Chyby pr i prenose 
Prenosov�  syst� my pracuj�  hlavne na bitovej � rovni a SRGD�,62 �P{ åX�E\ �] DUDGHQp�GR�SUYHM�YUVWY\ �

PRGHOX�2 6,��( [ LVWXM~�U{ ] QH�GUXK\ �FKêE��QLHNWRUp�V~�VS{ VREHQp�QHGRNRQDORV RX�VDPRWQpKR�SUHQRVRYpKR�
syst� mu, in�  operat�vnym z� sahom. Prv�  druh teda z� vis� od faktorov ako je druh prenosov� ho syst� mu (koaxi� l, 
optiFNp�YOi NQR��RSWLFNp�] DULDGHQLD������ �DOHER�DNp�NyGRYDQLH�EROR�SRXåLWp� 

. H åH�VD�SUHGSRNODGi ��åH�ãLURNRSi VPRYi �VLH �EXGH�Y\ EDYHQi �QDMPl �RSWLFNêPL�YOi NQDPL��SRStãHPH�
teraz chybov�  charakteristiku optick� ho syst� mu. Tieto v� sledky boli z�skan�  z meran� vykonan� mi ATT 
a %HOOFRUH�QD�RSWLFNRP�SUHQRVRYRP�V\ VWpPH��8 ND] XM~�SRþHW�ELWRYêFK�FKêE�Y chybn� ch sekund� ch a burstiness 
ch� b. 
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Obr . 2.5a. Pravdepodobnostná distr ibúcia chýb na optickom prenosovom systéme pracujúcom 
v normálnych podmienkach 

 

Obr . 2.5b. PravdepoGREQRVWQi �GLVWULE~FLD�FKêE�QD�RSWLFNRP �SUHQRVRYRP �V\ VWpP H�SRþDV�~GUåE\  

7LHWR�YêVOHGN\ �EROL�] tVNDQp�PHUDQtP�OHQ�MHGQpKR�V\ VWpPX��WDNåH�QLH�V~�SUHVQp�SUH�YãHWN\ �V\ VWpP\ ��DOH�
PRåQR�LFK�SRYDåRYD �] D�WUHQG\ �UHSUH] HQWXM~FH�YãHWN\ �RSWLFNp�V\ VWpP\ ��= t� chto meran��PRåQR�Y\ YRGL �GYD�
z� very: 
(1) V QRUPi OQ\ FK�RSHUDþQêFK�SRGPLHQNDFK��REU��� �� D���VD�Yl þãLQD�FKêE�Y\ VN\ WXMH�VDPRVWDWQH��9  tomto 

pr�klade bolo 99,64% ch� b samostatn� ch. V QLHNR NêFK�Pi OR�SUtSDGRFK�VD�Y jednej sekunde vyskytla viac 
QHå�MHGQD�FK\ ED��7UHED�VL�YãDN�XYHGRPL ��åH�� �FK\ E\ �Y jednej chybnej sekunde sa nerovnaj�  dvom po sebe 
nasleduj� cim chyb� m. 
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(2) 3RþDV�~GUåE\ �EROR�] LVWHQp�~SOQH�UR] GLHOQH�VSUi YDQLH�V\ VWpPX��REU��� �� E�� ��6Wi OH�VD�Y\ VN\ WRYDOL�Yl þãLQRX�
VDPRVWDWQp�FK\ E\ ��DOH�Xå�OHQ�Y � � � �SUtSDGRY��-H�] DXMtPDYp��åH�� � � �FK\ EQêFK�VHN~QG�REVDKRYDOR�YLDF�QHå�
� � � �FKêE��7LHWR�FK\ E\ �P{ åHPH�QD] YD �EXUVW�FK\ EDPL� 

2.3.1.2. Chyby pr i prep�nan�/multiplexovan� 
Prep�nacie a multiplexovacie syst� my pracuj�  na vy� � ej vystve (2±� ��QHå�SUHQRVRYp�V\ VWpP\ ��9 UVWY\ �� �

a 3 paketovo prep�nDQpKR�V\ VWpPX�SUDFXM~�QD�~URYQL�SDNHWRY��WDNåH�RNUHP�ELWRYêFK�FKêE�P{ åX�Y] QLND �DM�
paketov�  chyby. 

Paketov�  chyby s�  sp� soben�  najmä chybami v KODYLþNH��7R�] QDPHQi ��åH�SUHStQDFt�V\ VWpP�P{ åH�] UXãL �
paket na z� klade nespr� vnej inform� cie v KODYLþNH�DOHER�MX�QHVSUi YQH�LQWHUSUHWRYD ��1 HVSUi YQD�LQWHUSUHWi FLD�
sp� sob� nespr� vne routovanie paketu a n� sledne ch� baj� ci v paket v spr� vnom cieli a SUHE\ WRþQê�SDNHW�
v nespr� vnom cieli. 

DOãRX�G{ OHåLWRX�SUtþLQRX�YêVN\ WX�SDNHWRYêFK�FKêE�MH�QHGRVWDWRN�] GURMRY�
v prep�nacom/mXOWLSOH[ RYDFRP�V\ VWpPH��NH �SUtOLã�PQRKR�SDNHWRY�SRWUHEXMH�Y\ XåL �WLH�LVWp�] GURMH� 

� �� �� �� ��' LVWULEXþQê�P RGHO�SUDYGHSRGREQRVWL�FKêE�VLHWH 
9 R�YãHREHFQHM�VLHWL�PXVtPH�EUD �GR�~YDK\ �FK\ E\ �SUHQRVRYpKR�V\ VWpPX��DNR�DM�FK\ E\ �

prep�nacieho/multiplexovacieho syst� mu. Namiesto modelu na z� klade BER a PER�VD�SRN~VLPH�FKDUDNWHUL] RYD �
LFK�SUDYGHSRGREQRVWQRX�GLVWULEXþQRX�IXQNFLRX�SRþWX�SR�VHEH�QDVOHGXM~FLFK�ELWRYêFK�FKêE��3DNHWRYi �FK\ ED�
P{ åH�E\ �LQWHUSUHWRYDQi �DNR�n po sebe nasleduj� cich bitov� ch ch� b, kde n�MH�YHNRV �Saketu v bitoch. Mus�me 
SUHWR�XUþL �BER presnej� ie. 

3UHVQi �PDWHPDWLFNi �UHSUH] HQWi FLD�PLHU\ �ELWRYêFK�FKêE�MH�GLVWULEXþQRX�IXQNFLRX�SUDYGHSRGREQRVWL�
v� skytu 1, 2, ..., n�SR�VHEH�QDVOHGXM~FLFK�FKêE�] D�MHGQRWNX�þDVX��9 R�YãHREHFQRVWL�V~�ELWRYp�FK\ E\ �VS{ VREHQp�
chybami na bitovej � rovni v prenosov� ch a prep�nac�ch syst� moch a chybami na vy� � ej � rovni, ako s�  strata 
paketu (PLR) a pridanie paketu (PIR). 

3UDYGHSRGREQRVWQi �GLVWULEXþQi �IXQNFLD�EXGH�PD �SRWRP�PD[ LPi �QD�Qi VRENRFK�GåN\ �SDNHWX��Y�ELWRFK��
a v bode 1 (obr. � �� �� ��7HQWR�GLDJUDP�UHSUH] HQWXMH�W\ SLFN~�GLVWULE~FLX�SDNHWRYH�VLHWH��9 ãLPQLPH�VL��åH�RNROR�� � � �
tvoria samostatn�  bitov�  chyby a okolo 45% paketov�  chyby. Prep�nacie a prenosov�  syst� my maj�  teda 
SRURYQDWH Q~�NYDOLWX� 

 

Obr. 2.6. Pravdepodobnostn�  distr ib� cia chýb v W\ SLFNHM�SDNHWRYHM�VLHWL��YH NRV �SDNHWX� �� � � �ELWRY� 

Zvýšenie sémantickej  transparencie 
$ N�VLH �QHSRVN\ WXMH�NYDOLWDWtYQX�~URYH �Y\ åDGRYDQ~�QHMDNRX�VOXåERX��MH�PRåQp�W~WR�~URYH �] YêãL �

SRXåLWtP�HQG-to-end protokolov transportnej vrstvy. Tak� to zYêãHQLH�NYDOLW\ �P{ åH�E\ �GRVLDKQXWp�QDSU��
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WHFKQLNDPL�) ( &�� IRUZDUG�HUURU�FRUUHFWLRQ��DOHER�UHWUDQVPLVLRX�LQIRUPi FLt�DN�EROD�GHWHNRYDQi �FK\ ED�SRXåLWtP�
tzv. ARQ (Automatic Repeat Request) protokolov. 

7HFKQLN\ �) ( &�SRXåtYDM~�NRPSOH[ Qp�NyGRYDFLH�VFKpP\ �QD�SULGDQie redundancie na bitovej � rovni. 
Pr�kladmi s�  k� dy Hamming, Golay, BCH (Bose-Chadhuri-+ RFTXHQJKHP���NWRUp�SRVN\ WXM~�U{ ] QH�PRåQRVWL�
opravy ch� b v z� vislosti od pridanej redundancie. 

7HFKQLN\ �$ 54 �V~�] DORåHQp�QD�UHWUDQVPLVLL�LQIRUPi FLt��NWRUp�QHEROL�VSUi YQH�GRUXþHQp��1 D�GHWHNFLX�
chybn� ch inform� ci� v FLHOL�VD�SRXåtYDM~�WHFKQLN\ �NyGRYDQLD�ELWRY�SUtEX] Qp�WHFKQLNi P�) ( &��7LHWR�WHFKQLN\ �MH�
þDVWR�PRåQp�SRXåL �QD�GHWHNFLX�FKêE��QD�RSUDYX�FKêE�DOHER�RERMH� 

V GQHãQêFK�VLH DFK�] DORåHQêFK�QD�PHGHQêFK�YRGLþRFK�QLH�MH�] DUXþHQi �GRVWDWRþQi �~URYH �HQG-to-end 
s� mantickej transparencie. Opravn�  mechanizmy s�  v sieti zaveden�  na b� ze link-to-link, napr. v VLH DFK�; �� � �
s SRXåLWtP�+ ' / &��+ LJK�/ HYHO�' DWD�/ LQN�&RQWURO��QD�NDåGHM�OLQNH� 

-H�] UHMPp��åH�DN�MH�NYDOLWD�VLHWH�Qt] ND��WDN�VWUDWD�PQRKêFK�SDNHWRY�Y\ YROi �LFK�UHWUDQVPLVLX��þtP�VD�] YêãL�
SUHPi YND��3UHGSRNODGDQê�Qi UDVW�SUHPi YN\ �PRåQR�Y\ SRþtWD �SUH�VOLGLQJ�ZLQGRZ�SURWRNRO�V YH NRV RX�RNQD�W. 
6NXWRþQê�SRþHW�UHWUDQVPLWRYDQêFK�SDNHWRY�] i YLVt�RG�W\ SX�$ 54 �SURWRNROX�D�SRþWX�HãWH�QHSULMDWêFK paketov. Ak 
EXGHPH�SUHGSRNODGD �* R-Back-N algoritmus s SULHPHUQêP�SRþWRP�HãWH�QHSULMDWêFK�SDNHWRY�W�� ��P{ åHPH�
Y\ SRþtWD �Qi UDVW�SUHPi YN\ ��SULþRP�P�MH�SUDYGHSRGREQRV �VWUDW\ �DOHER�SRãNRGHQLD�SDNHWX� 

Ak je paket retransmitovan�  raz a VSUi YQH�GRUXþHQê��V�SUDYGHSRGREQRV RX�P.(1±P)), tak predpokladan�  
SRþHW�UHWUDQVPLWRYDQêFK�SDNHWRY�MH�W/2.P.(1±P). 

$ N�SR�SUYHM�UHWUDQVPLVLL�QLH�MH�SDNHW�VSUi YQH�GRUXþHQê��WDN�MH�RSl �UHWUDQVPLWRYDQê�D SUDYGHSRGREQRV �
VSUi YQHKR�GRUXþHQLD�MH�� � ±P).P2��3UHGSRNODGDQê�SRþHW�UHWUDQVPLWRvan� ch paketov bude W.P2.(1±P). Proces 
UHWUDQVPLVLt�EXGH�SRNUDþRYD �Då�NêP�EXGH�SDNHW�VSUi YQH�GRUXþHQê� 

0 { åHPH�WHUD] �VþtWD �YãHWN\ �SUHGSRNODGDQp�UHWUDQVPLVLH��þtP�] tVNDPH�WDNêWR�Qi UDVW�SUHPi YN\ � 
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3UHGSRNODGDMPH��åH�V\ VWpP�Pi �Y�HQG-to-end spojen� n�OLQLHN��åH�L�SUHGVWDYXMH�SRþHW�ELWRY�Y pakete a B 
predstavuje BER�SUHQRVRYHM�OLQN\ ��WDNåH�SUHGSRNODGi PH�OHQ�FK\ E\ �QD�ELWRYHM�~URYQL�D ich n� hodn�  distrib� ciu). 
3RWRP�P{ åHPH�Y\ SRþtWD�P nasledovne. 

3UDYGHSRGREQRV ��åH�SDNHW�MH�VSUi YQH�GRUXþHQ�  cez jednu linku je (1±B)L; cez n liniek je to (1±B)nL. 
3UDYGHSRGREQRV ��åH�SDNHW�EXGH�GRUXþHQê�FK\ EQH�FH] �n liniek je teda 

P = 1 ± (1±B)nL 

Dosaden�m do predch� dzaj� cej rovnice z�skame n� rast prem� vky cez n liniek: 

nL
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B
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nR
)1(

)1(1
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--
×=  

Absol� tne hodnoty n� rastu prem� vky (1 = 100%) s�  uveden�  na obr. 2.7a a � �� E��SUH�GYH�GåN\ �SDNHWRY�
L��1 D�REU��� �� D��XYDåXMHPH�SDNHW�V GåNRX�� � � � �EDMWRY��QD�REU��QD�REU��� �� E��$ 70 �SDNHW�V GåNRX�� � �EDMWRY��
V RERFK�SUtSDGRFK�XYDåXMHPH�YH NRV �RNQD�W=7 a n=4, 2, 1. BER B liniek sa pohybuje medzi 10±6 a 10±2. Pre 
BER�PHQãLH�QHå�� � ±6�MH�Qi UDVW�SUHPi YN\ �] DQHGEDWHQH�PDOê� 
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Obr . 2.7a. N� rast prem� vky R(n) ako funkcia BER (B) (L=1000 baj tov) 

9 LGtPH��åH�X mal� ch paketov (napr. u ATM) ost� va n� rast prem� vky mal�  dokonca aj pre BER do 10±4 
a rastie exponenci� lne pre vy� � ie BER��3UL�YHNêFK�SDNHWRFK�MH�WHQWR�H[ SRQHQFLi OQ\ �UDVW�GUDPDWLFNê�Xå�SUH�BER 
hor� ie ako 10±5. 

Je zauj�mav�  aj porovnanie n� rastu prem� vky pre end-to-end retransmisiu a link-to-link retransmisiu. 

 

Obr . 2.7b. N� rast prem� vky R(n) ako funkcia BER (B) (L=48 baj tov) 

Na obr. 2.8. porovn� vame n� rast prem� vky pre syst� m s end-to-end retransmisiou (v tomto pr�klade 
n=4) a syst� m s UHWUDQVPLVLRX�QD�NDåGHM�OLQNH��n=1). Tento diagram zobrazuje pomer R(4)/R(1) pre L=1000 
bajtov a L � � �EDMWRY��2 Sl �YLGtPH��åH�Qi UDVW�SUHPi YN\ �SUH�GOKp�SDNHW\ �D�HQG-to-end retransmisiu je dramatick�  
oproti link-to-OLQN�UHWUDQVPLVLL�Xå�SUL�BER=10±4. Pre kr� tke pakety je tento n� rast zauj�mav�  len u liniek s YHPL�
zlou kvalitou (BER 10±3). U liniek s NYDOLWRX�DVSR �� � ±5�MH�DEVRO~WQ\ �Qi UDVW�SUHPi YN\ �WDNê�PDOê��REU��� �� D����åH�
UHODWtYQ\ �Qi UDVW��REU��� �� �� �P{ åH�E\ �] DQHGEDQê� 
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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� dza prenosov�  m� dium s YHPL�Y\ VRNRX�NYDOLWRX��B�MH�] Y\ þDMQH�
OHSãLH�QHå�� � ±8� ��þtP�VD�RGVWUD XMH�SRWUHED�] Y\ ãRYDQLD�OLQN-to-link kvality prostredn�ctvom retransmisie, najmä 
pre mal�  pakety. 

2.3.2. ý DVRYi �WUDQVSDUHQFLD 
ý DVRYi �WUDQVSDUHQFLD�P{ åH�E\ �GHILQRYDQi �DNo absencia oneskorenia (delay) a rozdielu oneskorenia 

(delay jitter±U{ ] QH�þDVWL�LQIRUPi FLH�V~�GRUXþHQp�GR�FLHD�V r� znym oneskoren�m). 
2 QHVNRUHQLH�MH�GHILQRYDQp�DNR�þDVRYê�UR] GLHO�PHG] L�SRVODQtP�LQIRUPi FLH�] R�] GURMD��t0) a GRUXþHQtP�

LQIRUPi FLH�SULMtPDWH RYi (t1) (obr. 2.9.). 

Df = t1 ± t0 pre prv�  blok inform� ci� 

Dl = t3 ± t2 pre posledn�  blok inform� ci� 

 

Obr . 2.9. Oneskorenie v sieti 

9 R�YãHREHFQRVWL�P{ åH�E\ �RQHVNRUHQLH�D�U{ ] QH�SUH�NDåGê�EORN�LQIRUPi FLt��ELW�DOHER�SDNHW��D je teda 
� tatistickou premennou s minim� lnou hodnotou Dm a maxim� lnou hodnotou DM. Rozdiel DM±Dm sa naz� va 
rozdiel oneskorenia, ale reprezentat�vnej� ia je vari� cia oneskorenia D�] D�XUþLW~�þDVRY~�MHGQRWNX��1 DVOHGXM~FL�
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GLDJUDP�] Qi ] RUXMH�SUDYGHSRGREQRV ��åH�VD�Y\ VN\ WOR�NDåGp�RQHVNRUHQLH�D ukD] XMH��åH�D je stochastick�  
premenn� . 

Hodnota end-to-HQG�RQHVNRUHQLD�MH�G{ OHåLWê�SDUDPHWHU�SUH�UHDO-WLPH�VOXåE\ �DNR�KODV�D video. Ak je 
RQHVNRUHQLH�SUtOLã�YHNp��P{ åX�Y KODVRYRP�VSRMHQt�Y] QLNQ~ �SUREOpP\ �V ozvenou a Y\ WYi UD �QHSUtMHPQê�SRNOHV�
kvality. CCIT7�QDSUtNODG�ãSHFLILNXMH��åH�DN�HQG-to-end oneskorenie v 32 76�SUHNURþt�� � �PV��WDN�PXVLD�E\ �
SRXåLWp�HOLPLQi WRU\ �R] YHQ\ � 

 

Obr . 2.10. Funkcia hustoty pravdepodobnosti oneskorenia 

Parametre spôsobuj � ce oneskorenie 
Oneskorenie siete sa sklad�  z YLDFHUêFK�] ORåLHN��NWRUp�P{ åX�E\ �UR] GHOHQp�GR�GYRFK�NDWHJyULt��

oneskorenie prenosu Dt��VS{ VREHQp�SUHQRVRP�LQIRUPi FLH�] R�] GURMD�GR�FLHD��D oneskorenie spracovania Dp 
(sp� soben�  spracovan�m v prep�nac�ch uzloch, multiplexoroch, ...). 

D = Dt + Dp 

Oneskorenie prenosu Dt je�XUþHQp�I\ ] LFNRX�UêFKORV RX�PpGLD�D Y] GLDOHQRV RX�PHG] L�RGRVLHODWH RP�
a pr�jemcom. Ak existuje len jedna cesta medzi zdrojom a FLH RP��WDN�VWRFKDVWLFNi �SUHPHQQi �Dt�P{ åH�E\ �
reprezentovan�  Diracovou funkciou s jedinou hodnotou; v SUtSDGH��åH�H[ LVWXMH�YLDF�Fiest, Dt�Pi �RKUDQLþHQê�SRþHW�
diskr� tnych hodn� t. 

Oneskorenie spracovania Dp v X] ORFK�MH�XUþHQp�I\ ] LFNRX�LPSOHPHQWi FLRX�X] ORY�QD�FHVWH�PHG] L�] GURMRP�
a FLHRP��DOH�DM�VS{ VRERP�PDQLSXOi FLH�V inform� ciami. Napr�klad v star� ch syst� moch prenosu spr� v boli spr� vy 
XORåHQp�QLHNR NR�PLQ~W�Då�KRGtQ��Då�SRWRP�EROL�SRVODQp� DOHM��9  V~þDVQêFK�~] NRSi VPRYêFK�,6' 1 �V\ VWpPRFK�MH�
RQHVNRUHQLH�VSUDFRYDQLD�YH PL�NUi WNH� 

1 DSUtNODG�GLJLWi OQH�SUHStQDþH�PXVLD�PD �RQHVNRUHQLH�Y SULHPHUH�PHQãLH�QHå�� � � � V��9  bud� cich 
prep�nac�ch syst� PRFK�SUH�ãLURNRSi VPRYp�,6' 1 �E\ �VD�PDOR�WRWR�RQHVNRUHQLH�HãWH�] PHQãL ��SUHWRåH�UêFKORV �
VSUDFRYDQLD�VD�HãWH�] Yl þãLOD��� � � �0 ELW�V�D viac). 

Stochastick�  charakter Dp�MH�VLOQH�RYSO\ YQHQê�SRXåLWêP�SUHQRVRYêP�PyGRP��QDSU��DN�V~�LQIRUPi FLH�
pren� � an�  v paketoch a NDåGê�SDNHW�Pi �LQp�RQHVNRUHQLH��Dp�P{ åH�E\ �U{ ] QH�SUH�U{ ] QH�LQIRUPi FLH�SUL�WRP�LVWRP�
spojen�. 

2.3.3. Upravovanie 
' { OHåLWêP�] i YHURP�WHMWR�GLVNXVLH�R þDVRYHM�D VpPDQWLFNHM�WUDQVSDUHQFLL�MH�IDNW��åH�NDåGi �

WHOHNRPXQLNDþQi �VLH �P{ åH�E\ �Y podstate charakterizovan�  dvoma nez� visl� mi stochastick� mi premenn� mi B 
�SUDYGHSRGREQRVWQi �GLVWULEXþQi �IXQNFLD�SR�VHEH�QDVOHGXM~FLFK�ELWRYêFK�FKêE��D D (funkcia hustoty 
SUDYGHSRGREQRVWL�RQHVNRUHQLD���6LH �WHGD�P{ åH�E\ �FKDUDNWHUL] RYDQi �SUHFKRGRYRX�IXQNFLRX�H, ktor�  je 
funkciou B a D. 
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i1(t) = HB, D(i(t)) 

7RWR�] QDPHQi ��åH�DN�VLJQi O�YVW~SL�GR�VLHWH�Y zdroji ako i(t), tak bude modifikovan�  (chybami 
a oneskoren�m) a GRUXþHQê�GR�FLHD�DNR�i1(t). 

 

2 EU��� �� � ��6LH �DNR�SUHFKRGRYi �IXQNFLD 

,GHi OQH�E\ �YêVWXSQê�VLJQi O�PDO�E\ �SUHVQH�URYQDNê ako vstupn�  sign� l, t.j. i1(t)=i(t). V praxi v� ak 
nastane modifik� cia sign� lu sp� soben�  zmenou alebo stratou niektor� ch bitov a celkov� m oneskoren�m. Rozdiel 
medzi vstupn� m a YêVWXSQêP�VLJQi ORP�YãDN�PXVt�RVWD �Y XUþLWêFK�KUDQLFLDFK��$ NFHSWRYDWHQê�UR] GLHO sa l�� i 
SRGD�NRQNUpWQHM�VOXåE\ � 

Niektor�  real-WLPH�VOXåE\ �DNFHSWXM~�OHQ�YH PL�PDO~�DOHER�åLDGQX�YDULDELOLWX�Y RQHVNRUHQt��7LHWR�VOXåE\ �
sa naz� vaj�  CBR (continuous bit rate oriented) alebo izochr� nne. 

&HONRYp�RQHVNRUHQLH�MH�WLHå�G{ OHåLWêP�SDUDPHWURP��2 QHVkorenie nie je probl� mom pre jednosmern�  
video a KODV��VWi YD�VD�YãDN�UXãLYêP�SUL�RERMVPHUQêFK�VOXåEi FK��1 DSUtNODG�WHOHIyQQH�RQHVNRUHQLH�QHVPLH�E\ �
Yl þãLH�DNR�� � �PV��LQi þ�PXVLD�E\ �SRXåLWp�HOLPLQi WRU\ �R] YHQ\ ��DOH�DQL�V LFK�SRXåLWtP�QHP{ åH�E\ �Yl þãLH�DNR�
zhrXED�� � � �PV��SUHWRåH�Xå�E\ �EROD�QDUXãHQi �LQWHUDNWLYLWD�NRQYHU] i FLH� 

1 D�GUXKHM�VWUDQH�PXVLD�RVWD�SRG�NRQWURORX�ELWRYp�FK\ E\ ��1 DSUtNODG�X YLGHR�DSOLNi FLt�QHP{ åH�E\ �SRþHW�
ELWRYêFK�FKêE�SUtOLã�YH Nê��SUHWRåH�LQi þ�EXGH�SRUXãHQi �NYDOLWD�UHSURGXNFLH�YLGHR�VLJQi Ou. 

3UH�NDåG~�VOXåEX�MH�PRåQp�ãSHFLILNRYD �DNFHSWRYDWH Q~�IXQNFLX�KXVWRW\ �SUDYGHSRGREQRVWL�ELWRYêFK�
ch� b a RQHVNRUHQLD��1 DSUtNODG�WDEX ND�� �� ��SRSLVXMH�DNFHSWRYDWHQp�RQHVNRUHQLH��SRPHU�ELWRYêFK�FKêE��SRPHU�
str� t paketov a pomer pridania paketov pre niektorp�VOXåE\ �DNFHSWRYDWHQp�Y ATM sieti. Pre d� tov�  prenos bolo 
SULGDQêFK� DOãtFK�� � �PV�N RQHVNRUHQLX��SUHWRåH�SUH�GLVWULEXRYDQp�YêSRþW\ �MH�WUHED�SRþtWD �V RYHD�PHQãtP�
oneskoren�m. 
 

6OXåED BER PLR PIR Oneskorenie 
Telef� nia 10±7 10±3 10±3 25 ms/500 ms 
Prenos d� t 10±7 10±6 10±6 1000 ms (50 ms) 
Broadcast video 10±6 10±8 10±8 1000 ms 
Hi-Fi zvuk 10±5 10±7 10±7 1000 ms 
Vzdialen�  riadenie 10±5 10±3 10±3 1000 ms 

7DEX ND�� �� ��$ WULE~W\ �VOXåLHE�SUH�$ 70 �VLH  

V SUtSDGH��åH�QLHNWRUp�SDUDPHWUH�VLHWH�QHVS DM~�SRåLDGDYN\ �VOXåLHE��QD�FLHRYRP�WHUPLQi OL�MH�PRåQp�
Y\ NRQD �GRGDWRþQp�VSUDFRYDQLH��REU��� �� � �� ��' RGDWRþQi �SUHFKRGRYi �IXQNFLD�GB, D�QD�FLH RYRP�WHUPLQi OL�
skonvertuje prich� dzaj� ci sign� l i1(t) na o(t). V $ 70 �VD�WRWR�GRGDWRþQH�VSUDFRYDQLH�QD] êYD�ATM adaptation 
layer. 7RWR�GRGDWRþQp�XSUDYRYDQLH��FRQGLWLRQLQJ��PRåQR�UHSUH] HQWRYD�DNR 

o(t) = GB, D [HB, D (i(t))]  

7RWR�GRGDWRþQp�VSUDFRYDQLH��NWRUp�PXVt�E\ �LQãWDORYDQp�QD�FLHRYRP�WHUPLQi OL��MH�QLHNHG\ �VFKRSQp�
s SRPRFRX�Y\ VLHODM~FHKR�WHUPLQi OX��) ( &��GRGDWRþQp�LQIRUPi FLH�QD�Rdstr� nenie rozdielu oneskorenia) 
WUDQVIRUPRYD �VLJQi O�SULFKi G] DM~FL�] R�VLHWH�QD�VLJQi O�o(t)�VS DM~FL�SRåLDGDYN\ �VOXåE\ � 
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2 EU��� �� � ��6LH �D termin� l ako prechodov�  funkcia 

1 DSUtNODG�DN�MH�UR] GLHO�RQHVNRUHQLD�SUtOLã�YH Nê�SUH�ãSHFLILFN~�VOXåEX��P{ åH�E\ �RGstr� nen�  
GRGDWRþQêP�RQHVNRUHQtP�SULFKi G] DM~FLFK�LQIRUPi FLt�QD�KRGQRWX�d0 (obr. 2.13.). Tento sp� sob sa naz� va circuit 
emulation��SUHWRåH�Y] K DGRP�QD�UR] GLHO�RQHVNRUHQLD�SRVN\ WXMH�URYQDN~�VOXåEX�DNR�FLUFXLW�VZLWFKLQJ� 

 

Obr . 2.13. p1: funkcia hustoty pravdepodobnosti oneskorenia siete (H), p2: funkcia hustoty 
pravdepodobnosti oneskorenia po upraven� na termin� li (G, H) 

KAPITOLA 2.4 
Popis  prenosových módov. 

 

 6ORYDP L� ÄSUHQRVRYê� P yG³ � R] QDþXMHP H� XUþLW~� WHFKQLNX� SRXåtYDQ~� SUL�
prenose, multiplexovaní a switchovaní inform� cií. V WHOHNRP XQLNDþQRP � VYHWH�
H[ LVWXMH�YH D�U{ ] Q\ FK�SUHQRVRYêFK�P yGRY���RStãHP �OHQ�QDMG{ OHåLWHMãLH�] �QLFK����
NWRUp�E\ �VD�P RKOL�WHRUHWLFN\ �KRGL �SUH�SRXåLWLH�Y�%,6 ' 1 � 
 
1. CS - Circuit switching (Prep�nanie okruhov) 
 Circuit switching sa v minulostL� GRV � GOKR� SRXåtYDO� Y WHOHIyQQ\ FK� VLH DFK�� 9 �
V~þDVQRVWL�MH�HãWH�VWi OH�LPSOHPHQWRYDQê�QDSU��Y 1 ,6' 1 ��-HKR�SRGVWDWD�VSRþtYD�YR�Y\ WYRUHQt�
NRPXQLNDþQpKR� RNUXKX� PHG] L� ] GURMRP� D FLHRP� D WR� QD� FHO~� GåNX� WUYDQLD� NRPXQLNi FLH��
 =DORåHQê� MH� QD� 7' 0 � �7LPH� � ' LYLVLRQ� Multiplexing) met� de prenosu inform� cie medzi 
dvoma uzlami. Techniku  circuit switching naz� vame aj STM (Synchronous Transfer Mode). 
 Pri circuit switching technike sa inform� cie pren� � aj�  v XUþLWêFK� F\ NORFK�� =i NODGQ~�
LQIRUPDþQ~�MHGQRWNX�Y jednom cykle nazêYDPH�WLPH�VORW��1 LHNR NR�VSRMHQt�VD�PXOWLSOH[ XMH�
FH] � MHGQX� OLQNX� VSRMHQtP� QLHNR NêFK� WLPH� VORWRY� GR� IUDPH-u, ktor�  sa takisto opakovane 
pren� �a s XUþLWRX�IUHNYHQFLRX���-HGQR�VSRMHQLH�YåG\ �SRXåtYD��WHQ�LVWê�WLPH�VORW��W�M��VORW�QD�WHM�
istej poz�cii) vo fraPH� SRþDV� FHOHM� GåN\ � VSRMHQLD�� &LUFXLW� VZLWFKLQJ� P{ åH� E\ � Y switching 
node vn� torne implementovan�  ako space switching, time switching alebo ich kombin� ciou. 
 &K\ E\ ��NWRUp�P{ åX�QDVWD �� 

- chyby v jednotliv� ch bitoch sp� soben�  zlyhan�m prenosov� ch m� di�, burst 
errors ± chyby vynikaj� ce pri protekt�vnom switchovan� 

-  nepriame chyby vynikaj� ce pri strate synchroniz� cie  frameov. 
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 3UL� SUHQRVH� LQIRUPi FLt� QDVWi YD� RQHVNRUHQLH�� NWRUp� P{ åPH� UR] GHOL � QD� RQHVNRUHQLH�
vzniknut�  pri prenose cez prenosov�  linku a oneskorenie vzniknut�  pri spracovan� inform� cie 
Y�VZLWFKL��QDSU��Y�GLJLWDO�QDUURZEDQG�VZLWFKL�PXVt�E\ �RQHVNRUHQLH�Y�SULHPHUH�PHQHM�DNR�� � � �
µs). 
 1 HYêKRGRX�FLUFXLW�VZLWFKLQJX�VSRþtYD�Y�WRP���åH�MH�YHPL�QHIOH[ LELOQê��SUHWRåH�DN�VD�
UD] �SHYQH�VWDQRYt�GåND�WLPH�VORWX��V�QtP�V~YLVLDFD�SUHQRVRYi �UêFKORV �MH�Xå�WLHå�IL[ Qi ��ý LåH�
YãHWN\ �VOXåE\ �PXVLD�SRXåtYD �URYQDNê�SRþHW�ELWRY�QD�SUHQRV�LQIRUPi FLH�D�WHGD�PXVLD�PD �
URYQDN~�SUHQRVRY~�UêFKORV � 
 
2. MCS - Multirate circuit switching 
 3UL� WHMWR� PHWyGD� VD� SRXåtYD� URYQDNê� 7' 0 � IRUP� t ako v predch� dzaj� com pr�pade, 
WHGD� V� IL[ RYDQRX� SUHQRVRYRX� UêFKORV RX� NDQi OD�� 5R] GLHO� YãDN� VSRþtYD� Y� WRP� �� åH� MHGQR�
VSRMHQLH�P{ åH�SRXåtYD �QDUD] �n ] i NODGQêFK�NDQi ORY� �Y�V~þDVQRVWL�VD�Wi WR�PRåQRV �Y\ XåtYD�
QDSU��QD�LPSOHPHQWi FLX�VOXåE\ �SUH�YLGHRIyQ�Y�1 ,6' N).  
 6ZLWFKRYDFt�V\ VWpP��MH�Y�WRPWR�SUtSDGH�WDNLVWR�] ORåLWHMãt��SUHWRåH�PXVt�] DEH] SHþRYD �
V\ QFKURQL] i FLX�YãHWNêFK�NDQi ORY��WYRULDFLFK�MHGQR�VSRMHQLH��9 HNêP�SUREOpPRP�MH�L�VSUi YQH�
] YROL �SUHQRVRY~�UêFKORV �] i NODGQpKR�NDQi OD��$ N�E\ �VPH�MX�QDSU��] YROLOL�QD�� rovni 1kbit/s a 
QLHNWRUi � VOXåED� E\ � Y\ åDGRYDOD� SUHQRVRY~� UêFKORV � QDSU�� � � � � 0 ELW�V� �+LJK� ' HILQLWLRQ�
7HOHYLVLRQ��� PXVHOL� E\ � VPH� VSRML � YHNp� PQRåVWYR� NDQi ORY�� SULþRP� LFK� V\ QFKURQL] i FLD� E\ �
EROD�YHPL�] ORåLWi ��1 D�GUXKHM�VWUDQH��DN�E\ �VPH�MX�] YROLOL�SUtOLã�YHN~��PRKOD�E\ �RVWD �] QDþQi �
þDV �MHM�SUHQRVRYHM�NDSDFLW\ �QHY\ XåLWi ��,VWêP�ULHãHQtP��WêFKWR�SUREOpPRY�P{ åH�E\ �SRXåLWLH�
YLDFHUêFK�] i NODGQêFK�SUHQRVRYêFK�UêFKORVWt��. DåGê��IUDPH�VD�SRWRP�VNODGi �] �WLPH�VORWRY��R�
U{ ] Q\ FK� GåNDFK�� 6ZLWFKRYDFt� V\ VWpP� SR] RVWi YD� ] � QLHNR NêFK� VZLWFKRY�� NDåGê� ] � QLFK�
GL] DMQRYDQê� SUH� XUþLWê� W\ S� NDQi OX� �SUHQRVRYHM� UêFKORVWL��� $ QL�WX� VD� YãDN� QHY\ KQHPH� LVWêP�
REPHG] HQLDP��DNR�QDSU���åH�L�NH �E\ �VPH�PDOL�YR Qê�NDQi O�VR�] i NO��SUHQRVRYRX�UêFKORV RX�
Yl þãRX� DNR� SRåDGXMH� QHMDNi � VOXåED��DOH� QLH�MH�YR Qê� NDQi O�VR� ] i NO�� SUHQRVRYRX� UêFKORV RX�
URYQDNHM�YHNRVWL��VSRMHQLH�QHP{ åH�E\ �Y\ WYRUHQp��6LWXi FLD�VD�P{ åH�HãWH�YLDF�VNRPSOLNRYD �
DN� ] REHULHPH� GR�~YDK\ �YêYRM�WHFKQROyJLt� D� VWêP� V~YLVLDFH� ] PHQ\ �SRåLDGDYLHN� QD� YHNRVWL�
prenosov� ch r� chlost�. Do tretice, sSRORþQRX� QHYêKRGRX� &6� DNR� DM� 0 &6�� MH�� åH� VOXåED� SR�
QDGYLD] DQt�VSRMHQLD�RNXSXMH�GDQ~�SUHQRVRY~�UêFKORV �L�Y�SUtSDGH��åH�MX�Y{ EHF�QHY\ XåtYD� 
 
3. FCS - Fast circuit switching. 
 ) &6�Y] QLNOD�DNR�UHDNFLD�QD�SRåLDGDYNX�UR] ãtUL �&6��WDN�DE\ �VD�OHSãLH�Y\ URYQi YDOD�Vo 
zdrojmi v sieti, ktor�  maj�  kol�savou a n� razov�  povahu vysielania d� t. T.j. zdroje v FCS 
VLH DFK� V~� SULGHOHQp� OHQ� DN� MH� LQIRUPi FLD� Y\ VODQi � � D� RGREUDWp� KQH � DN� åLDGQD� LQIRUPi FLD�
vyslan�  nie je. 
 1 D� ] DþLDWNX� VL� SRXåtYDWH� Y\ åLDGD� VSRMHQLH� VR� ãtUNRX� Si VPD� zodpovedaj� cej 
QLHNR NêP� NDQi ORP� VR� ] i NODGQRX� SUHQRVRYRX� UêFKORV RX�� V\ VWpP� QHDORNXMH� ] GURMH� VLHWH�
LKQH ��DOH�VL�SR] QDþt��SRåDGRYDQ~�ãtUNX�Si VPD�D�FLH�D�QD�SUtVOXãQRP�NDQi OH�DORNXMH�KHDGHU�
LGHQWLILNXM~FL� GDQp� VSRMHQLH�� +HDGHU� YåG\ � VLJQDOL] XMH� SUtFKRG� LQIRUPi FLt�� QD� þR� V~� GDQpPX�
spojeniu poskytnut�  pr�slu�n�  zdroje. 
 . H åH�] GURMH�VD�SULGHXM~�OHQ�QD�SRåLDGDQLH��P{ åH�VD�VWD ��åH�QHEXG~�Y danej chv�li 
GRVWDWRþQp�] GURMH�QD��XVSRNRMHQLH�YãHWNêFK�SRåLDGDYLHN� 
 -HGQRX�] �PRåQRVWt�DNR�Y\ OHSãL �W~WR�PHWyGX��MH�SRXåLtie MFCS (Multirate FCS ± je to 
analogick�  roz� �renie FCS, tak ako je MCS roz� �ren�m CS). Samozrejme to so sebou prin� � a 
RNUHP�YêKRG�L�PQRåVWYR�SUREOpPRY��] ORåLWRV �GL] DMQX��NRQWURO\ ��QHIOH[ LELOQRV �Y] K DGRP�QD�
YêYRM�SRåLDGDYLHN�QD�SUHQRVRY~�UêFKORV �VOXåLHE�DW�� 
 
 . Y{ OL� ] UHMPêP� SUREOpPRP� YãHWNêFK� SUHGFKi G] DM~FLFK� PyGRY�� åLDGHQ� ] � QLFK� QHERO�
vybran�  ako kandid� t pre BISDN. 
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4. PS - Packet switching 
 9 �SDFNHW�VZLWFKLQJ�VLH DFK�V~�LQIRUPi FLH�] DSX] GUHQp�Y�SDFNHWRFK��NWRUp�RNUHP�QLFK�
QHV~�L�GRGDWRþQp�LQIRUPi FLH potrebn�  vo vn� tri siete pre routing, opravu ch� b, kontrolu toku 
(flow control). 
 Siete tohto druhu, ako napr X.25,  vznikali v 60-tych rokoch, kedy bola e� te 
FK\ ERYRV �OLQLHN�GRV �Y\ VRNi ��7R�VL�Y\ åDGRYDOR�NRQWUROX�FKêE�D�WRNX�PHG] L�NDåGêPL�GYRPL�
linkami D�WHGD�L�] ORåLWê�SURWRNRO� 
 3DFNHW� P{ åH� PD � SUHPHQOLY~� GåNX�� WHFKQLND� 36� PXVt� WHGD� LPSOHPHQWRYD � EXIIHU�
PDQDJHPHQW��3UHQRVRYp�UêFKORVWL�VSRþLDWNX�QHEROL�YHNp��WR�VS{ VRERYDOR�] QDþQp�RPHãNDQLH�
SUHQRVX��þR�YãDN�QHERO�SUREOpP��SUHWRåH�UHDO�WLPH�VOXåE\ �VD�FH]  tieto siete aj tak nepren� � ali. 
 =ORåLWRV � SURWRNROX� HãWH� ] Y\ ãXMH� RQHVNRUHQLH� YR� YQ~WUL� VLHWL� D� WêP� YLDF� V DåXMH�
LPSOHPHQWi FLX� UHDO� WLPH� VOXåLHE� D� VOXåLHE� Y\ åDGXM~FLFK� YHNp� SUHQRVRYp� UêFKORVWL�
(desiatky/stovky Mbit/s), no napriek tomu je packet switching� HãWH� VWi OH� YHPL� HIHNWtYQD�
met� da pre n�zkor� chlostn�  prenosy d� t, ako je to aj napr. v X.25. 
 Siete ako X.25 a pod. tvoria prv�  genre� ciu packet swtiching siet�. Zvy� ovanie kvality 
SUHQRVRYêFK� PpGLt� XPRåQLOR� Y] QLNQ~ � GUXKHM� JHQHUi FLL� VLHWt� ] DORåHQêFK�QD� technik� ch ako 
IUDPH�UHOD\ ��þL�IUDPH�VZLWFKLQJ��7LHWR�WHFKQLN\ �LPSOHPHQWXM~�PHQHM�IXQNFLt�DNR�MH�WR�Y�; �� � �
�D�WR�L�Y DND�Yl þãHM�VSR DKOLYRVWL��SUHWRåH�QHPXVLD�] DK D �WDN~�] ORåLW~�GHWHNFLX�D korekciu 
FKêE�� þR� LP� XPRå XMH� GRVDKRYD � Y\ ããLH� SUHQRVRYp� UêFKORVWi. (napr. pre podmienky,  v 
NWRUêFK�; �� � �GRVDKXMH�� 0 ELW�V��MH�WR�SUH�IUDPH�VZLWFK�� �Då�� �NUi W�YLDF�D�SUH�IUDPH�UHOD] �RNROR�
140 Mbit/s) 
 
5. Fast packet switching-asynchronnous transfer  mode 
 -H� WR� NRQFHSW�� NWRUê� ] DK D� QLHNR NR� DOWHUQDWtY� V� URYQDNêPL� ] i NODGn� mi 
charakteristikami. Patria sem ATM (Asynchronnous Transfer Mode), ATD (Asynchronnous 
Time Division), FPS (Fast Packet Switching). Ide tu vlastne o packet switching s minim� lnou 
implementovanou funkcionalitou v sieti. Slovo asynchronnous sa v n� zvoch obMDYXMH�Y DND�
WRPX�� åH� V~� WX� GRYROHQp� D\ QFKUyQQH� RSHUi FLH� PHG] L� RGRVLHODWHRP� D� SULMtPDWHRP��
$ V\ QFKUyQQRV � PRåQR� GRVLDKQX � YNODGDQtP�Y\ EHUDQtP� SDFNHWRY� QHREVDKXM~FLFK� åLDGQX�
XåLWRþQ~�LQIRUPi FLX� 
 V�etky z predch� dzaj� cich alternat�v  maj�  jednu v� hody, ktoUi � LP� ] DEH] SHþLOD��
~VSHFK��$ �WR�PRåQRV �SUHQRVX�DNHMNR YHN�VOXåE\ ��EH] �RK DGX�QD�MHM�SRåLDGDYN\ �WêNDM~FH�VD�
UêFKORVWL�SUHQRVX�� �NYDOLW\ ��þL�EXUVW\ �FKDUDFWHUX� �DN�FKYt X�Gi WD�QHFKRGLD�D potom ich pr�de 
YHD���1 HWUSLD�WHGD�QD�QHGRVWDWN\ �YãHWNêFK�SUHGFKi G] DM~FLFK�SUHQRVRYêFK�PyGRY�� ] i YLVORV �
RG�VOXåE\ ���QHGRVWDWRþQp�Y\ XåLWLH�] GURMRY��EXUVW\ �FKDUNWHU��QHSULVS{ VRELYRVWL�N�YêYRMX�VOXåLHE�
(future-save), ale naopak, s� : 
 

(1) Flexibiln�  a future-save 
0 { åH�VD�PHQL �YHNRV �SRåDGRYDQHM�ãtUN\ �Si VPD�MHGQRWOLYêFK�VOXåLHE��P{ åX�

VD� REMDYL � VOXåE\ � V� QRYêPL� FKDUDNWHULVWLNDPL�� $ 70 � V\ VWpP� GRNi åH� SRGSRURYD �
v� etky z nich, bez straty efekt�vnosti a bez nutnosti vykonania zmien vo svojom 
vn� tri. 

 
(2) ( IHNWtYQH�Y\ XåLWLH�YR QêFK�] GURMRY 

. DåGi �VOXåED�P{ åH�Y\ XåtYD � XERYR Qê�YR Qê�] GURM�� 
 

(3) JeGLQi �XQLYHU] i OQD�VLH  
. H åH�VWDþt�QDYUKQ~ ��VSUDYRYD �D�Y\ EXGRYD ��MHGLQ~�VLH ��FHONRYp�Qi NODG\ �QD�

X�EXG~�PHQãLH� 
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Z� kladn�  defin�cia ATM, ATD a FPS 
 

(1) Neexistencia kontroly ch� b a toku na � rovni link-by-link   
9 DND�Y\ VRNHM�NYDOLWH�OLQLHN��YKRGQHM�VSUi YH�] GURMRY�D�GLPHQ] RYDQLX�þDNDFtFK�

radov nie je na � rovni link-by-link (t.j. medzi dvoma uzlami na koncoch jednej 
OLQN\ �� SRWUHEQi � NRQWUROD� FKêE� D� GRVDKXMH� VD� Qt] N\ � SRþHW� VWUDW\ � SDFNHWRY��
VS{ VREHQêFK��SUHWHþHQtP� 
 0 RåQp�FK\ E\ � 

- Chyby pri prenose (zmena bitov, strata pri n� razovom pr�sune d� t) s�  
sp� soben�  "� umom", chyby pri protekt�vnom switchovan�, pri strate 
V\ QFKURQL] i FLH��9 �&6�VLH DFK�� �QD�UR] GLHO�RG�36�VLHWt��QHH[ LVWXMH�RFKUDQD�
�DNR� &5&�� $ 54 �� SUHG� WDNêPLWR� FK\ EDPL�� 9 � $ 70 � MH� PRåQRV � NRQWURO\ �
t� chto ch� b ale tR�Då�Y r� mci end-to-end protokolu. 

- 6WUDWD�SDFNHWRY�D�YNODGDQLH�SDFNHWRY�VS{ VREHQi �FK\ ED�Y�KODYLþNH�SDFNHWX��
9 � NODVLFNêFK� 36� VLH DFK� VD� SUREOpP� ULHãL� PRåQRV RX� ] QRYX� SUHQHVHQLD�
packetu (ARQ). T� to v� ak v ATM neexistuje. ATM poskytuje len 
prevent�vne akcie, ako je pridelenie zdrojov pri set-XSH�D�NRQWUROD��þL�LFK�MH�
GRVWDWRN�� 0 { åH� WHGD� QDVWD � VWUDWD� SDFNHWX� VS{ VREHQi � SUHWHþHQtP� EXIIHUX��
NH åH�QHH[ LVWXMH�NRQWUROD�WRNX���9 DND�FRQQHFWLRQ-oriented m� du, je v� ak 
SRWODþHQi �QD�SRåDGRYDQ~�~URYH �� 

 
(2) ATM pracuje v connection-oriented m� de 

3UHG� SUHQRVRP� LQIRUPi FLt� ] � WHUPLQi OX� GR� VLHWH� VD� PXVt� QDMVN{ U� Y\ WYRUL �
ORJLFNê�YLUWXi OQ\ �RNUXK��7R�VD�XGHMH��OHQ�DN�MH�GRVWDWRN�YR QêFK�] GURMRY��DE\ �VD�
] DUXþLOD�PLQLPi OQD�VWUDWD�SDFNHWRY���3ULþRP�WR��þL�EXGH�YR QêFK�] GURMRY�GRVWDWRN��
sa vyhodnocuje � tatisticky. 

 
(3) ) XQNþQRV �KODYLþN\ �MH�] UHGXNRYDQi  

$ E\ � VD� GRVLDKOR� UêFKOHMãLH� VSUDFRYDQLH� Y� VLHWL� �� � � � 0 ELW�V��� 6O~åL� KODYQH� QD�
identifik� ciu. virtu� lnych spojen� pri routerovan�., a to identifik� torom zvolen� m 
pri set-XSH��8 PRå XMH�L�PXOWLSOH[ ovanie viacer� ch spojen� cez jeden kan� l. 

. H åH� FK\ ED� Y� KODYLþNH� P{ åH� VS{ VREL � ] Op� URXWHURYDQLH� SDFNHWX�� H[ LVWXM~�
WHFKQLN\ �QD�GHWHNFLX��þL�NRUHNFLX�FKêE�Y�KODYLþNH� 

 
(4) �0 QRåVWYR�LQIRUPi FLt�Y�SDFNHWH��MH�UHODWtYQH�PDOp 

$ E\ �VD�SUHGLãOR�SULYHNêP�EXIIURP�D�YHNpPX�] GUåDQt�SUL�SUi FL�V�QtP� 
 

 $ 70 �GRYR XMH�SRXåLWLH�QLHNR NêFK�GUXKRY�VZLWFKRY��=i NODGQê�SULQFtS�YãDN�RVWi YD�
YåG\ �URYQDNê��þtVOR�YVWXSQHM�OLQN\ �SDFNHWX�D�MHKR�KODYLþND���LGHQWLILNi WRU�]  QHM�VD�SRXåLM~�QD�
SUtVWXS�GR�WUDQVODWLRQ�WDEOH��=�QHM�VD�] tVND�þtVOR�v� stupnej linky a nov�  hodnota identifik� tora 
GR�KODYLþN\ � 
 
Charakter istika výkonu 
 
(1) Time transparency 

9 DND�Y\ VRNHM�UêFKORVWL�EURDGEDQG�VLHWt�D�PDOpPX�PQRåVWYX�LQIRUPi FLt�Y�SDFNHWH�V~�
FKDUDNWHULVWLN\ �$ 70 �VLHWt�GRV �RGOLãQp�RG�NODVLFNêFK�36�VLHWt� 
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Charakter istika oneskorenia v ATM 
 1 D� RQHVNRUHQLH� Y� $ 70 � VLH DFK� Pi � YSO\ Y� YLDFHUR� þDVWt� VLHWH�� NWRUp� VSROX� Gi YDM~�

FHONRYp�RQHVNRUHQLH��2 QHVNRUHQLH�WDNWR�P{ åHPH�UR] GHOL �QD� 
(a) Transmission delay (TD) 

Z� vis� od vzdialenosti koncov� ch bodov a typu prenosov� ho m� dia. Nez� vis� od 
SUHQRVRYpKR�PyGX��=GUåDQLH�MH�WX�SULEOLåQH�� �Då�� �—V� 
 

(b) Packetization delay (PD) 
9 ] QLNi �] DNDåGêP��NH �VD�UHDO-WLPH�VOXåED��] YXN��YLGHR��NRQYHUWXMH�GR�SDFNHWRY��

V MHGQRGXFKêFK�$ 70 � VLH DFK�MH�NRQYHU] LD�SRWUHEQi � OHQ�QD� ] DþLDWNX��9  zmie� an� ch 
VLH DFK�VD�SDFNHWL] DFLD�Y\ NRQi YD�QD�NDåGRP�SUHFKRGH�] �QH$ 70 �GR ATM sieti. 
 

(c) Switching delay (SD) 
Sklad�  sa z SHYQHM�þDVWL��IL[ HG�VZLWFKLQJ�GHOD\ ��) ' � �D SUHPHQOLYHM�þDVWL��V~YLVLDFRX�

s buferovan�m, queuing delay (QD): 
·  FD - Sp� soben�  spracovan�m a prenosom packetu  ce] � KUDGZDUH�� . H åH�

VZLWFKH�SUDFXM~�QD�YHNêFK�UêFKORVWLDFK��PRåQR�GRVLDKQX �DE\ �WRWR�RQHVNRUHQLH�
EROR�GRV�PDOp� 

·  QD ±�7RWR�RQHVNRUHQLH�] i YLVt�RG�] D DåHQLD�VLHWH�D�RG�VSUi YDQLD�VD�þDNDFtFK�
radov. Ich spr� vanie charakterizuje pdf (probability density function��GåN\ � UDGX�
a YODVWQH� SRSLVXMH� VSUi YDQLH� VD� UDGX� ] R� ãWDWLVWLFNpKR� K DGLVND�� 1 DPLHVWR� SRSLVX�
SGI� EXGHPH� SRXåtYD � OHQ� TXDQWLO� T�� 7R� MH� RQHVNRUHQLH�� NWRUp� VD� SUHVLDKQH�
s SUDYGHSRGREQRV RX�� � -q. 

(d) Depacketization delay (DD) 
Real-WLPH�VOXåE\ �Y\ åDGXM~�Y FLHRYRP�bode, alebo pri prechode do synchr� nnych 

QH$ 70 �VLHWt�GRGDWRþQp�RQHVNRUHQLH��DE\ �VD�WDN�] UHNRQãWUXRYDO�S{ YRGQê�V\ QFKUyQQ\ �
Gi WRYê�WRN��7RWR�RQHVNRUHQLH�P{ åHPH�RSl �SRStVD �SRPRFRX�TXDQWLOX�T��6DPR] UHMPH�
DN� RQHVNRUHQLH� VS{ VREHQp� SUHFKRGRP� SDFNHWX� VLH RX� MH� Yl þãLH� DNR� ' ' �� SDFNHW� VD�
XYDåXMH�DNRE\ �ERO�VWUDWHQê��7R�QDVWDQH�V SUDYGHSRGREQRV RX�� � -q��. H åH�Wi WR�VWUDWD�VD�
zarat� va do celkovej straty packetov v sieti, hodnotu 10-q� VD� PXVtPH� VQDåL � GUåD �
n�zku. 

 

 Celkov�  oneskorenie v $ 70 �VLHWL�WHGD�Y\ SRþtWDPH�DNR�' 1 a v zmie�anej sieti ako D2: 
 L� �SRþHW�SUHQRVRYêFK�OLQLHN��M� �SRþHW�$ 70 �VZLWFKRY��N� �SRþHW�$ 70 RYVNêFK�
þDVWt�VLHWH��Mk� �SRþHW�$ 70 �VZLWFKRY�Y k-WHM�þDVWL��O� �SRþHW�V\ QFKUyQQ\ FK�YêPHQ��6' �
= oneskorenie pri prenose v synchr� nnej neATM sieti. 
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Hodnoty v AT0 �VLH DFK 
 8 YDåXMPH�Y] GLDOHQRV�PHG] L�] GURMRP�D FLHRP�� � � � �NP��VS{ VREXM~FX�RQHVNRUHQLH�
� � � � �—V��� �V\ QFKUyQQH�VZLWFKH��NDåGê�V RQHVNRUHQtP�� � � �—V��� �W\ S\ �GåRN�SUH�LQIRUPi FLH�
v packete (16, 32, 64 byte); 2 typy prenosov� ch  r� chlost� (150, 600 Mbit/s); 8 ATM v� men 
�$ 70 �VZLWFKRY���7' �] i YLVt�OHQ�RG�GåN\ ��WDNLVWR�6' �QH$ 70 �VZLWFK-ov nez� vis� od ATM 
siete. 
 
Packetization delay (PD) 
 =i YLVt�RG�GåN\ �SDFNHWX�D UêFKORVWL�] GURMX��ý tP�GOKãt�MH�SDFNHW��WêP�MH�3' �Yl þãLH��ý tP�
MH�NUDWãt��WêP�MH�PHQãLD�HIHNWtYQRV �SUHQRVX��YHN~�þDV�SUHQRVX�] DEHUDM~�KODYLþN\ ���$ N�
XYDåXMHPH�~SOQp�Y\ XåLWLH�SDFNHWX��SRWRP�SUL�] YXNX�V UêFKORV RX�� � �NELW�V�MH�YêVOHGRN�RG�� �
� � � �E\ WH��GR�� �� � � �E\ WH��PV��3UH�Y\ VRNRUêFKORVWQp�VOXåE\ ��� �0 ELW�V�D YLDF��VD�3' �VWi YD�YHPL�
mal� m (125 µs). 
 
Fixed switch delay (FD) 
 Z� vis� od implement� cie, no v ] i YLVORVWL�RG�GåN\ �SDFNHWRY�MH�WR�Ui GRYR�GHVLDWN\ �
SDFNHWRY�QD�MHQGX�YêPHQX��VZLWFKLQJ�H[ FKDQJH���3UH�QDãH�GåN\ �D r� chlosti dosahujeme 
YêVOHGN\ �PHG] L�� �Då�� � �—V na jednu v� menu. 
 
Queuing delay (QD) 
 9 R�YHNHM�PLHUL�] i YLVt�RG�Y\ DåHQLD�OLQLHN�Y sieti a od povolenej pravdepodobnosti 
VWUDW\ �SDFNHWRY��3ODWt��åH�SUL�Y\ DåHQt�VLHWH�QD�� � � �] DþtQD�GåND�EXIIHUX�D RQHVNRUHQLD�Ui V �
H[ SRQHQFLi OQH��3UHWR�VD�W\ SLFN\ �XYDåXMH�KRGQRWD�Y UR] PHG] t�GR�� � � ��9 l þãLQD�VZLWFKLQJ�
architeNW~U�Y\ åDGXMH�PD[ LPi OQH�QLHNR NR�GHVLDWRN��SDFNHWRY�QD�MHGHQ�EXIIHU��9  jednoduchej 
DUFKLWHNW~UH�VWDþt�MHGHQ�WDNêWR�EXIIHU��� � �LQ�D�� � �RXW�OLQHN�Y�VZLWFKL���Y ] ORåLWHMãtFK��WLVtFN\ �LQ�
D�RXW��MH�LFK�YLDFHUR�XVSRULDGDQêFK�] D�VHERX��7\ SLFNp�RQHVNRUHQLH�SUL�Y\ DåHQt�� � � ��
pravdepodobnosti stray packetu 10-10�D�� � �SR�VHEH�LG~FLFK�UDGRY��MH�� � � �SDFNHWY��3UH�GåNX�
packetu medzi 16 ±�� � �E\ WH�UêFKORV RX�VSUDFRYDQLD�UDGX�� � � �± 600 Mbit/s, znamen�  235 
SDFNHWRY�RQHVNRUHQLH�PHG] L�� � �Då�� � � �—V� 
 
Depacketization delay (DD) 
 2 GVWUD XMH�GHOD\ �MLWWHU��QHURYQRVWL�Y oneskoreniach jednotliv� ch packetov). Jej 
YHNRV �] i YLVt�RG konvol� cie oneskorenia v þDNDFtFK�UDGRFK��3UL�URYQDNêFK�SUHGSRNODGRFK�
DNR�VPH�PDOL�SUL�4 ' ��SRWRP�MLWWHU��NWRUê�WUHED�RGVWUi QL �MH�Y rozmedz� 50-800 µs. T� to 
KRGQRWX�DNR�WDN~�QHSULSRþtWDYDPH��SUHWRåH�VPH�Xå�SUHGSRNODGDOL�PD[ LPi OQX�KRGQRWX�4 ' �
�WDNåH�MLWWHU�MH�Xå�Y WHM�KRGQRWH�] DSRþtWDQê�� 
 
Z� ver o oneskoreniach 

9 R�YãHREHFQRVWL�SODWt��åH�QDMG{ OHåLWHMãt�IDNWRU��YSOêYDM~FL�QD�YHNRV �RQHVNRUHQLD��MH�
PD, a to najmä�SUL�VLH DFK��V dlh� �mi packetami, Qt] N\ PL�SUHQRVRYêPL�UêFKORV DPL�D Yl þãtP�
SRþWRP�$ 70 -neATM prechodov. 

$ N�VD�FKFHPH�Y\ KQ~ �SUtOLã�YHNêP�RQHVNRUHQLDP��GåND�SDFNHWRY�E\ �QHPDOD�E\ �
YHPL�YHNi ��3UREOpP�QDVWi YD�DN�VD�SUHVLDKQH�KRGQRWD�RQHVNRUHQLD�� � �PV��YWHG\ �WRWLå�] DþQH�
Y] QLND �HIHNW�R] YHQ\ �D MH�WUHED�LQãWDORYD �UXãLþH�R] YHQ\ ��7DNLVWR�' ' �EXGH�Y pr�jemcovi 
Yl þãLD��þR�VL�Y\ åLDGD�] ORåLWHMãL�EXIIHULQJ��5LHãHQLH�V~�NUDWãLH�SDFNHW\ � 

 
(2) Semantic transparency 

Chovanie sa ch� b v $ 70 �MH�RGOLãQp�DNR�Y�NODVLFNêFK�36�VLH DFK��1 D�FHONRY~�FK\ ERYRV ��
ATM syst� mu vpl� vaj�  3 faktory: 
·  Prenosov�  chyby v poli inform� ci� 
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·  3UHWHþHQLH�EXIIHUX�Y switchi 
·  Strata a YORåHQLH�SDFNHWX�FK\ ERX�Y KODYLþNH 
 

Prv�  typ chyby nes� vis� s $ 70 � DUFKLWHNW~URX�� UR] REHULHPH� VL� SUHWR� EOLåãLH� OHQ� GUXKp� GYH�
chyby: 
 
Strata packetov spôsoben�  chybou v KODYLþNH 
 7i WR�FK\ ED�P{ åH�VS{ VREL ��åH�KRGQRWD�Y KODYLþNH�VD�EXGH�] KRGRYD �V þtVORP�QHMDNpKR�
in� ho spojenia, vtedy vlastne vznikne dvojn� sobn�  chyba vinou zl� ho prerouterovania. Ak 
spojenie s WDNêPWR� þtVORP� QHH[ LVWXMH�� SDFNHW� VD� ] QLþt� D nast� va tak chyba len v jednom 
VSRMHQt��3UHGSRNODGDMPH��åH�KRGQRWD�%( 5�SUHQRVRYpKR�V\ VWpPX�MH�B��0 { åHPH�XYDåRYD � � �
pr�pady: 
 

·  $ N�MH�Wi WR�FK\ ERYRV �V~VWUHGHQi �WDN��åH�Y] QLNQH FK\ EQê�~VHNX�V�GåNRX�Yl þãRX�DNR�
jeden packet. Vtedy je inform� cia v SD\ ORDGH�FK\ EQi �WDN�þL�WDN��WDNåH�NDåGi �FK\ ED��
v KODYLþNH�] DSUtþL XM~FD�VWUDWX�SDFNHWX��QHVS{ VREXMH�SULDPR�Qi VREQ~�FK\ EX� 

 
·  &K\ ERYRV �MH�URYQRPHUQH�UR] ORåHQi �QD�YãHWN\ �SUHQi ãDQp�ELW\ ��9  pr�pade zmeny 

jedn� ho bitu v KODYLþNH� QDVWi YD� VWUDWD� SDFNHWX� D multiplifik� cia( t.j. mal�  chyba 
v KODYLþNH�VS{ VRELOD�VWUDWX�YãHWNêFK�SUHQi ãDQêFK�LQIRUPi FLt��FK\ E\ ��7RWR�P{ åHPH�
VSRþtWD �QDVOHGRYQH� 

 
Predpoklady: 
 + � �SULHPHUQi �GåND�SDFNHWX 
 L� �GåND�SR D�LQIRUPi FLt�Y�SDFNHWH 
 K� �GåND�KODYLþN\  
 H = i + h 
 ATM switcK�SRXåtYD�YãHWN\ �ELW\ �Y KODYLþNH�QD�] LVWHQLH�FLHD� 
 
3RWRP�SUDYGHSRGREQRV ��åH�FK\ ED�VD�REMDYt�Y KODYLþNH�MH� 

3UDYGHSRGREQRV ��åH�VD�FK\ ED�Y\ VN\ WQH�Y poli inform� ci�: 

Majme zjednodu�en�  model pozost� vaj� ci z jedn� ho ATM switcha, prij�maj� ci inform� cie, 
kWRUêFK�FK\ ERYRV �MH�%�D Vi P�Xå� DOãLH�FK\ E\ �QHVS{ VREXMH��&HONRYi �FK\ ERYRV �MH�WHGD�V~þHW�
FK\ ERYRVWL�KODYLþN\ �D SR D�LQIRUPi FLt��$ N�VZLWFKLQJ�V\ VWpP�LQWHUSUHWXMH�KODYLþNX��P{ åX�
QDVWD �� �SUtSDG\ � 
 
(1) Chyby v KODYLþNH�QLH�V~�GHWHNRYDQp�DQL�RSUDYHQp ± vykon�  sa nespr� vne routerovacie 

rozhodnutie. V QDMKRUãRP�SUtSDGH��DN�NDåGi �FK\ ED�VS{ VREt�] Op�SUHURXWHURYDQLH�EXGH�
chybn� ch 2* i bitov. To vy� sti do celkovej chybovosti: 

 

0 XOWLSOLILNDþQê�HIHNW�FK\ ERYRVWL�MH�WHGD� 
 
(2) Chyby v KODYLþNH�V~�GHWHNRYDQp��DOH�QHRSUDYHQp�– i ELWRY�QHGRUD] t�GR�FLHD��&HONRYi �
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FK\ ERYRV � 
 

0 XOWLSOLILNDþQê�HIHNW�� 
 

(3) Chyby v KODYLþNH�V~� opravené –�YãHWN\ �ELW\ �V~�GRUXþHQp�VSUi YQH��

&HONRYi �FK\ ERYRV � 
 

0 XOWLSOLILNDþQê�HIHNW��MH�PHQãt��DNR�MHGQD��WHGD�åLDGQD� 
 
multiplifik� cia nenastane. 
 

 7�M��þtP�MH�KODYLþND�GOKãLD��Y] K DGRP�QD�NRQãWDQWQ~�GåNX�Gi W���WêP�MH�PXOWLSOLILNDþQê�
HIHNW� Yl þãt�� 7DNåH� YLGtPH�� åH�Y SUtSDGH� �� � �VD� DKNR� GRVLDKQH� PXOWLSOLILNDþQê� IDNWRU� RNROR�
100, v SUtSDGH� �� � � MH� WR� VWi OH� HãWH� RNROR� � � �� 9 SUtSDGH� �� � � GRNi åHPH� RSUDYL � YãHWN\ � �L�
viacQi VREQp��FK\ E\ ��$ YãDN�RSUDYD�YãHWNêFK�FKêE�SRXåLWtP�) ( &��IRUZDUG�HUURU�FRUUHFWLRQ��MH�
] ORåLWi � D Y\ åDGXMH� SUtOLã� YHD� GRGDWRþQêFK� LQIRUPi FLt�� 3RXåtYDM~� VD� SUHWR� MHGQRGXFKãLH�
met� dy.  
 9 l þãLQD� FKêE�� NWRUp� VD� Y\ VN\ WQ~�� V~� EX � MHGQRELWRYp�� DOHER� YLDFQi VREQp�� 9 tom 
GUXKRP�SUtSDGH��MH�LFK�RSUDYD�] ORåLWHMãLD��=Y\ þDMQH��V~�YãDN�SUL�QLFK�SRãNRGHQp�DM�Gi WD��WDNåH�
RSUDYD�KODYLþN\ �QHPi �YHNê�Yê] QDP��,PSOHPHQWXMH�VD�SUHWR�OHQ�RSUDYD�MHGQRELWRYêFK�FKêE��
ktor�  m�  v�ak v pr�pade, viacn� sobnej chyby, za n� sledok nespr� vnu opravu, zl�  
SUHURXWHURYDQLH��PXOWLSOLILNDþQê�HIHNW�D�WHGD�FHONRYR�RSDþQê�~þLQRN� 
 9 DND�WRPX�MH�YHPL�] DXMtPDYê�DGDSWtYQ\ �PHFKDQL] PXV�GHWHNFLH�RSUDY\ �FKêE� 
Pracuje v dvoch m� doch, NRUHNþQRP a GHWHNþQRP��1 RUPi OQH�VD�QDFKi G] D�Y�NRUHNþQRP�PyGH�
a opravuje jednobLWRYp� FK\ E\ �� 3R� NDåGHM� RSUDYH� VD� SUHSQH� GR� GHWHNþQpKR� PyGX� D ost� va 
v RP�� SRNêP� QHSUtGH� SUYi � EH] FK\ ERYi � KODYLþND��9 ãHWN\ �GRWHUDMãLH�SDFNHW\ � ] QLþt�� 7êP�VD�
GRVLDKOR��åH�Y pr�pade n� razov� ch ch� b sa zle prerouteruje len prv�  chybn�  packet. V pr�pade, 
åH�WR�EROD�OHQ�MHGQRELWRYi �FK\ ED�D� DOãt�SDFNHW�MH�VSUi YQ\ �URXWURYDQLH�SUHEHKOR�NRUHNWQH� 
 Z GHWHNþQpKR� GR�NRUHNþQpKR� VD� SUHSQH� L v SUtSDGH��åH� GRUD] LO� SDFNHW� V jednobitovou 
chybou. Tento algoritmus je jednoduch�  na implement� ciu vhodn�  pre jednobitov�  chyby 
v hlDYLþNH�D n� razov�  chyby. 
 

' HILQtFLD�YH NRVWL�SDNHWRY  
 

3UL�Qi YUKX�$ 70 �EROR�WUHED�XUþL ��þL�VD�EXG~�SRXåtYD �SDNHW\ �SHYQHM�DOHER�YDULDELOQHM�
GåN\ �D WDNWLHå�ãSHFLILNRYD �LFK�YHNRV � �WR�Y SUtSDGH��DN�VD�UR] KRGQHPH�SUH�SHYQ~�GåNX���
DOHER�UR] VDK�LFK�YHNRVWL��SUH�SUtSDG�YêEHUX�YDULDELOQHM�GåN\ �SDNHWRY���8 Ni åHPH�VL��åH�WHQWR�
v� ber ovplyvnilo viacero faktorov. 

9DULDELOQi �YHU] XV�IL[ Qi �GåND�SDNHWRY 
Prvotn�  defin�cia ATD (Asynchronous Time Division��XYDåRYDOD�LED�R YHPL�NUi WN\ FK�

SDNHWRFK� SHYQHM� GåN\ � �� � � E\ WRY�. Naproti tomu FPS (Fast Packet Switching) bolo zase 
QDYUKQXWp� SUH� SDNHW\ � YDULDELOQHM� GåN\ �� 1 DMKODYQHMãLH� IDNWRU\ �� NWRUp� RYSO\ Y XM~� YêKRG\ �
a QHYêKRG\ �RERFK�ULHãHQt�V~�Y\ XåLWLH�ãtUN\ �Si VPD� YêNRQQRV �SUHStQDQLD��WX�WUHED�EUD �RK DG�
DM�QD�] ORåLWRV�SUHStQDþov) a oneskorovanie. 
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9\ XåLWLH�ãtUN\ �Si VP D 
 3UHWRåH�SDNHW\ �REVDKXM~�DM�KODYLþNX��HIHNWtYQRV �SUHQRVX�Y\ SRþtWDPH�DNR�  

KODYLþN\�E\WRY����E\WRYGiWRYêFK���
E\WRYGiWRYêFK���

+
 = h  

 

3DNHW\ �SHYQHM�GåN\  
 

9 DND�WRPX��åH�SDNHW\ �PDM~�SHYQ~�GåNX��HIHNWtYQRV �SUHQRVX�Y\ SRþtWDPH�DNR 

��� +/
/
;

;
�

+úú
ù

êê
é

=h  

kde  / � �9 HNRV �Gi WRYHM�þDVWL�SDNHWX�Y�E\ WRFK 
+ � �9 HNRV �KODYLþN\ �Y�E\ WRFK 
; � �&HONRYi �YHNRV �SUHQi ãDQêFK�Gi W�Y�E\ WRFK 

( IHNWtYQRV � MH� RSWLPi OQD� SUH� Qi VREN\ � YHNRVWL� Gi WRYHM� þDVWL� SDNHWX� W�M�� ;/
/
;

=úú

ù
êê

é � . 

V optim� lnom pr�pade efekt�vnos �Y\ SRþtWDPH�
+/

/
�������

+
=h . 

( IHNWtYQRV � WHGD� ] i YLVt� RG� YHNRVWL� SUHQi ãDQêFK� Gi W� ±� SUL� YHNRP� Gi WRYRP� EORNX� PRåQR�
GRVLDKQX �RSWLPi OQX�HIHNWtYQRV ��1 DSURWL�WRPX�SUL�SRXåLWt�PDOpKR�EORNX�Gi W�MH�HIHNWtYQRV �
GRV �Qt] ND��3RV~ PH�WHUD] �HIHNWtYQRV �SUHQRVX�Y] K DGRP�QD�PRåQp�DSOLNi FLH� 

ƒ Prenos zvuku ± je to CBR (Continuous Bit Rate�� VOXåED�� $ N� FKFHPH� GRVLDKQX �
RSWLPi OQX� HIHNWtYQRV �� PXVtPH� NRPSOHWQH� Y\ S D � SDNHW\ �� þtP � GR� SUHQRVX� ] YXNX�
] DYHGLHPH� DNpVL� RQHVNRUHQLH�� ý tP� EXGH� YHNRV � SDNHWX� Yl þãLD�� Yl þãLH� EXGH aj 
oneskorenie. 

ƒ Prenos videa ±� DN� SRXåLMHPH� NyGRYDQLH� V kon� tantn� m d� tov� m tokom, dost� vame 
situ� ciu ako pri prenose zvuku. Pri k� dovan� s YDULDELOQêP� Gi WRYêP� WRNRP� P{ åH�
QDVWD � VLWXi FLD�� NH � Gi WRYê� SDNHW� QHEXGH� Y\ SOQHQê� ~SOQH�� þR� ] QLåXMH� HIHNWtYQRV �
prenosu. Av�ak pri prenose videa sa jedn�  o YHNp� PQRåVWYi � Gi W�� D teda dospejeme 
skoro k optim� lnej efekt�vnosti. 

ƒ D� ta ± tu je rozdiel medzi n�zko a vysokor� chlostn� mi aplik� ciami. V prvom pr�pade 
�QDSU��YVWXS�] �NOi YHVQLFH��VD�GRVDKXMH�SRPHUQH�PDOi �HIHNWtYQRV  (10%). Pri vysok� ch 
UêFKORVWLDFK� �QDSU�� ) 73��MH�RSl �Y\ VRNi �HIHNWtYQRV ��QDSUtNODG�SUHQRV� � � � � E�V~ERUX�
VD�GRVDKXMH�HIHNWtYQRV �� � %. 

. H åH�SUHQRV�YR�Y\ VRNRUêFKORVWQêFK�VLH DFK�EXGH�WYRUL �SUHQRV�] YXNX��YLGHD�D d� t, celkov�  
HIHNWtYQRV �EXGH�RSWLPi OQD�DM�SUL�SRXåLWt�SDNHWRY�SHYQHM�GåN\ � 
 

3DNHW\ �YDULDELOQHM�GåN\  
3UL� YDULDELOQHM�GåNH�SDNHWRY�PXVtPH�GR�KODYLþN\ � ] DKUQ~ �DM�Si U�ELWRY�QD�LQGLNi FLX�

GåN\ �SUHQi ãDQHM�LQIRUPi FLH��SUtSDGQH�DM�NRQWUROQê�ELW�QD�GHWHNFLX�FKêE��( IHNWtYQRV �SUHQRVX�

SRWRP� Y\ SRþtWDPH� DNR� �

	

K+;
;

++
=m , kde hv s�  spom�nan�  pridan�  bity. Pri prenose 

SDNHWPL� YDULDELOQHM� GåN\ � GRVDKXMHPH� RSl � YHPL� Y\ VRN~� HIHNWtYQRV � �VNRUR� � � � %), a to 
KODYQH�SUH�YHNp�SDNHW\ � 
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Z� ver  
S RK DGRP�QD�HIHNWtYQRV �SUHQRVX�P{ åHPH�VNRQãWDWRYD ��åH�SDNHW\ �YDULDELOQHM�GåN\ �

SRVN\ WXM~� OHSãLX�HIHNWtYQRV �DNR� SDNHW\ �SHYQHM�GåN\ �� $ YãDN�DN� VD� SR] ULHPH�QD�NRQNUpWQH�
Y\ XåLWLH�ãLURNRSi VPRYêFK�VLHWt��] LVWtPH��åH�WHQWR�SUtQRV�QLH�MH�Då�WDNê�YêUD] Qê� 

5 êFKORV �SUHStQDQLD�D MHKR�] ORåLWRV  
 =ORåLWRV �SUHStQDQLD�SDNHWRY�SHYQHM�DOHER�YDULDELOQHM�GåN\ �] i YLVt�QD�IXQNFLi FK��NWRUp�
FKFHPH� Y\ NRQi YD �� D QD� LFK� WHFKQRORJLFNêFK� SRåLDGDYNi FK�� 1 DMG{ OHåLWHMãLH� IDNWRU\ �� NWRUp�
RYSO\ Y XM~� ] ORåLWRV � SUHStQDþRY� V~� UêFKORV � RSHUi FLt� D YHNRV � SDPl WH� SRXåLWHM� QD� IURQWX�
v nich. 
 

5 êFKORV �RSHUi FLt 
RêFKORV �] i YLVt�QD�Y\ NRQi YDQêFK�IXQNFLi FK�D þDVH�GRVWXSQRP�QD�LFK�Y\ NRQDQLH� 

ƒ 6SUDFRYDQLH�KODYLþN\  
6SUDFRYDQLH�KODYLþN\ �MH�G{ OHåLWRX�þDV RX�$ 70 �SUHStQDþRY��3UHGSRNODGDMPH�LGHQWLFNp�IXQNFLH�KODYLþN\ �SUL�
paketoch ako pevnej, tak i YDULDELOQHM� GåN\ �� 9  prvom prtSDGH� SUL� SDNHWRFK� YH NRVWL� � � � � � � � E\ WRY� PXVt�
SUHStQDþ�VSUDFRYD �KODYLþNX�] D�� �� � V��DN�FKFH�GRVLDKQX �UêFKORV �� � � �0 ELWV�V� 
3UL�YDULDELOQHM�GåNH�SDNHWRY�PXVtPH� ] REUD�GR�~YDK\ �QDMKRUãt�SUtSDG��W�M�� � � � � � �E\ WRY��SUL�UêFKORVWL� � � � �
0 ELWV�V��] �þRKR�GRVWi YDPH iba 533 ns. 
ƒ 0 DQDåPHQW�IURQW\  
V SUtSDGH� SDNHWRY� SHYQHM� GåN\ � MH� WX� VLWXi FLD� MHGQRGXFKãLD�� SUHWRåH� EORN\ � Y pamäti s�  
URYQDNR�YHNp��3UHWR�VWDþt�SRXåL �MHGQRGXFKp�DOJRULWP\ �QD�VSUi YX�SDPl WH��3UL�YDULDELOQHM�
GåNH� SDNHWRY� Xå� WUHED� SRXåL � UêFKOH� LPSOHPHQWi FLH� algoritmov FindBest, FindFirst 
a SRGREQH��7X�MH�WLHå�Qi URþQHMãt�DM�SDPl RYê�PDQDåPHQW� 

 

9 H NRV �SDP l WH�SRXåLWHM�QD�IURQWX 
3DPl RYp� Qi URN\ � V\ VWpPX� SUH� SDNHW\ � V SHYQRX� GåNRX� ] i YLVLD� RG� ] D DåHQLD� VLHWH� D SULMDWHQpKR�

stratov� ho pomeru. Pre syst� m s variabilnRX�GåNRX�SDNHWRY�MH�XUþHQLH�YH NRVWL�SDPl WH�HãWH�NRPSOLNRYDQHMãLH�
a ] i YLVt�DM�RG�DNWXi OQHKR�PL[ X�GåRN�SDNHWRY��2 Sl �MH�QDMMHGQRGXFKãLH�XYDåRYD�R najhor� om pr�pade, teda pre 
QDMYl þãLX� GåNX� SDNHWX�� 3UHWR� SUL� WRPWR� SRK DGH� MH� YêKRGQHMãLD� SHYQi � GåND� SDNHWu oproti dlh� m paketom 
YDULDELOQHM�GåN\ ��/ HSãt�RGKDG�PRåQR�XUREL �OHQ�YH PL� DåNR��SUHWRåH�QHSR] Qi PH�DNWXi OQ\ �PL[ �GåRN�SDNHWRY� 
 

Z� ver  
2 ELGYD�SDUDPHWUH��W�M��UêFKORV �RSHUi FLt�DM�YHNRV �SDPl WH�VD�GDM~�OHSãLH�GRVLDKQX �SUL�

SRXåLWt�SDNHWRY�SHYQHM�GåN\ � 

Oneskorenie 
-H�GREUp��NH �YHNRV �$ 70 �SDNHWRY�QLH�MH�SUtOLã�YH Ni ��DE\ �VD�GR�V\ VWpPX�QHYQLHVOR�

SUtOLã�YHNp�RQHVNRURYDQLH��þR�MH�QHYKRGQp�] YOi ã �SUH�V\ VWpP\ �EHåLDFH�Y UHi OQRP�þDVH��QDSU��
prenos zvuku). 

Súhrn o SRXåLWt�SHYQHM�DOHER�YDULDELOQHM�GåN\  
Pre � iroNRSi VPRYp� VLHWH�� NWRUp� V~� XUþHQp� KODYQH� QD� SUHQRV� ] YXNX�� YLGHD� D d� t, je pr�nos z SRXåLWLD�

SDNHWRY� YDULDELOQHM� GåN\ � ] DQHGEDWHQê� RSURWL� YêKRGi P� SRXåLWLD� IL[ QHM� YHNRVWL� SDNHWX�� þR� XPRåQt� KODYQH�
PHQãLX�] ORåLWRV �SUHStQDþRY��3UHWR�VD�DM�H[ SHUWL�]  CCITT zhodOL�QD�SRXåLWt�SDNHWRY�IL[ QHM�YH NRVWL��NWRUp�QD] YDOL�
cell. 
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9H NRV �$ 70 �FHOOX 
. H � VPH� VD� UR] KRGOL� SUH� SHYQ~� YHNRV � SDNHWX�� WUHED� XUþL � MHKR� YHNRV �� =DVD� WX�

Pi PH�YLDFHUR�IDNWRURY��NWRUp�PXVtPH�EUD �GR�~YDK\ ��6~�WR�HIHNWtYQRV �SUHQRVX��RQHVNRUHQLH�
(ktor�  vzQLNi � SUL� Y\ WYi UDQt� SOQêFK� SDNHWRY� DNR� DM� SUL� LFK� þDNDQt� YR� IURQWi FK� SUHStQDþRY��
a ] ORåLWRV �LPSOHPHQWi FLH� 
 

( IHNWtYQRV �SUHQRVX 
( IHNWtYQRV � SUHQRVX� MH� GDQi � SRPHURP� PHG] L� YHNRV RX� KODYLþN\ � D YH NRV RX� Gi WRYHM� þDVWL�� $ N�

predpoklad� me kompletne vyplnen�  paket, dost� vame 


�

�




+
=h ��7HGD�þtP�Yl þãLD�MH�Gi WRYi �þDV ��WêP�Yl þãLX�

HIHNWtYQRV �GRVWi YDPH� 
 

Oneskorenie 
1 LHNWRUp� SDUDPHWUH� RQHVNRUHQLD� V~� RYSO\ Y RYDQp� YH NRV RX� SDNHWX� YLDF�� LQp� PHQHM�� 0 HG] L� KODYQp�

kateg� rie oneskorenia patria: 
 

Oneskorenie prL�QDS DQt�SDNHWRY 
7RWR�RQHVNRUHQLH�VD�] Yl þãXMH�WêP�YLDF��þtP�Yl þãLD�MH�Gi WRYi �þDV �SDNHWX��. H åH�Wi WR�

YHNRV � SRGVWDWQH�RYSO\ Y XMH� FHONRYê� YêNRQ�VLHWH��P{ åX� WX� QDVWD �SUREOpP\ � V MHM�þDVRYRX�
WUDQVSDUHQWQRV RX��þR�þDVWR�Y\ åDGXMH�SRXåLWLH�WHFKQtN�QD�UXãHQLH�ozvien hlavne pri prenose 
zvuku. 
 
2 QHVNRUHQLH�SUL�SUHFKRGH�VLHRX 
 7RWR� RQHVNRUHQLH� PXVt� E\ � þR� QDMPHQãLH� KODYQH� SUH� KODVRYp� SUHQRV\ �� &&,77�
RGSRU~þD�� åH� PD[ LPi OQH� DNFHSWRYDWHQp� RQHVNRUHQLH� E\ � PDOR� E\ � � � � PV� �EH] � SRWUHE\ �
UXãLþLHN�R] YHQ\ ���$ N�RQHVNRUHQLH�SUHNURþt�W~WR�KRGQRWX��WUHED�Xå�SRXåL �VSRPtQDQp�UXãLþN\ �
R] YLHQ��3UL�Qi URGQêFK�KRYRURFK�PRåQR�GRVLDKQX �RQHVNRUHQLH�RNROR� � �PV��DYãDN�DN�E\ �VD�
prenos realizoval kombin� ciou ATM a LQHM�VLHWH��KRGQRWX�� � �PV�YHPL� DKNR�SUHNURþtPH�� 
 Zoberme si pr�klad 1000 km prenosu s SRXåLWtP� � � $ 70 � SUHStQDþRY� D 2 ATM-to-
1 RQ$ 70 �] DULDGHQt��2 QHVNRUHQLH��NWRUp�QDVWDQH�SUH�� � �E\ WRYp�FHOO\ �MH�RNROR�� � �PV��DOH�Xå�SUL�
SRXåLWt�� � �E\ WRYêFK�FHOORY�EXGH�RQHVNRUHQLH�Då�� � �PV��7RWR�MH�GRV �UHi OQ\ �SUtSDG�SRXåLWLD��
SUHWR�SUL�YR EH�YHNêFK�FHllov by ATM nebolo vhodn� m m� diom na prenos zvuku. Preto sa 
QD�YêEHU�YHNRVWL�FHOOX�P{ åHPH�SR] ULH �]  YLDFHUêFK�SRK DGRY� 

o Mal�  cell (32 a menej bytov), ktor�  je vhodn�  skoro pre v�etky zvukov�  prenosy 
o 9 HNê�FHOO��� � �D YLDF�E\ WRY���NGH�P{ åHPH�XYDåRYD �R dvoch pr�padoch: 

- 3RXåL �UXãLþN\ �R] YLHQ�SUH�Yl þãLQX�] YXNRYêFK�SUHQRVRY� 
- &HOO\ � QDS D � LED� VþDVWL�� þtP� ] QtåLPH� RQHVNRUHQLH� SUL� QDS DQt� SDNHWRY�� DOH� WR� QD� ~NRU�

SUHQRVRYHM�HIHNWtYQRVWL��1 D�GUXKHM�VWUDQH�] DVD�QHSRWUHEXMHPH�UXãLþN\ �R] YLHQ� 
o Stredn�  cell (32 ± 64 bytRY���3RXåLWtP�WDNêFKWR�FHOORY�VD�P{ åHPH�Y\ KQ~ �UXãLþNi P�

R] YLHQ�YR�Yl þãLQH�SUtSDGRY��NGH�SRþHW�$ 70 �X] ORY�D prechodov na in�  siete nie je 
SUtOLã�YHNê��7LHå�P{ åHPH�DSOLNRYD �þLDVWRþQp�Y\ S DQLH�FHOORY� 

Oneskorenie vo front� ch a pri depaketiz� cií 
Oneskorenie YR�IURQWi FK�MH�RYSO\ YQHQp�SRPHURP�YHNRVWt�Gi WRYHM�þDVWL�/ �D KODYLþN\ �

+ �� $ N� ] Yl þãtPH� YHNRV � Gi WRYHM� þDVWL�� ] Yl þãtPH� DM� WRWR� RQHVNRUHQLH�� 1 D� GUXKHM� VWUDQH� DN�
Gi WRY~� þDV � ] PHQãtPH�� RQHVNRUHQLH� VD� RSl � ] Yl þãt�� SUHWRåH� YODVWQH� UHODWtYQH� ] Yl þãtPH�
YHNRV �KODYLþN\ ��D SUHWR�þDV�SRWUHEQê�QD�SUHQRV�QHMDNpKR�PQRåVWYD�Gi W�EXGH�GOKãt��$ YãDN�
FHONRYê� UR] GLHO� PHG] L� YHNRV DPL� FHOOX� � � � D � � � E\ WRY� MH� ] DQHGEDWHQê�� D� WR� KODYQH� SUL�
vysokej prev� dzke na sieti (jedn�  sa asi o � � � V�� 
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Oneskorenie pri depaketiz� ci� je ak� msi spojen�m oneskoren� vo viacer� ch front� ch. 
-H� WDNWLHå� RYSO\ Y RYDQp� YHNRV RX� FHOOX�� $ N� E\ � FHONRYp� RQHVNRUHQLH� EROR� SUtOLã� YHNp��
Y\ åDGXMH�VL�WR�YHNê�buffer na strane pr�jemcu. 
 

,P SOHP HQWDþQi �] ORåLWRV  
7i WR�MH�XUþHQi �GYRPD�IDNWRUPL�D WR�V~�UêFKORV �D SRþHW�FHOORY�NUi W�MHKR�YHNRV �� Na 

JDUDQFLX�] YROHQpKR�VWUDWRYpKR�SRPHUX�PXVtPH�SR] QD �SRþHW�FHOORY�Y] K DGRP�QD�IURQWX��7RWR�
þtVOR�QH] i YLVt�RG�YHNRVWL�FHOOX��DOH�QD�GUXKHM�VWUDQH�þtP�Yl þãt�FHOO�P i PH��WêP�Yl þãLX�SDPl �
QD�IURQWX�PXVtPH�SRXåL ��=Yl þãHQLH�FHOOX�WLHå�] Yl þãXMH�DM�þDV�SRWUHEQê�QD�MHKR�VSUDFRYDQLH��
a WHGD�] PHQãXMH�PRåQ~�GRVLDKQXWHQ~�SUHQRVRY~�UêFKORV � 

1 DSUtNODG� DN� ] REHULHPH� GR� ~YDK\ � UêFKORV � � � � � 0 ELW�V� IURQWX� YHNRVWL� � � � FHOORY�
a KODYLþNX�YHNRVWL�� �E\ W\ ��GRVSHMHPH�N tak� mto v� sledkom: 

- pre 16-bytov�  cell potrebujeme 8.000 bitov pamäte, ale na spracovanie 
cellu m� me maxim� lne 1 V� 

- pre 256-bytov�  cell potrebujeme viac ako 64.000 bitov pamäte, a na 
VSUDFRYDQLH�FHOOX�Pi PH�Xå��� � � V� 

ý DV��NWRUê�VPH�] LVWLOL��YãDN�QLH�MH�UR] KRGXM~FL��SUHWRåH�DM�] D�� � V�VD�G�  FHOO�VSUDFRYD ��3UHWR�VD�
RULHQWXMHPH�KODYQH�QD�SDPl RY~�] ORåLWRV � 
 

Z� ver  
1 D�YHNRV �FHOOX�YSOêYDM~�SURWLFKRGQp�IDNWRU\ ��DOH�QDMSUHIHURYDQHMãLH�YHNRVWL�V~�PHG] L� � � �
a � � �E\ WRY��9 êEHU�MH�WHGD�RYSO\ YQHQê�KODYQH�FHONRYêP�RQHVNRUHQtP��HIHNWtYQRV RX�SUHQRVX�
a zORåLWRV RX�LPSOHPHQWi FLH� 
 3UL�NRQHþQRP�UR] KRGQXWt�EROL�SUHIHURYDQp�YH NRVWL� � � �E\ WRY��( XUySD��D 64 bytov (USA a Japonsko). 
9 êVOHGQi �YH NRV �� � �E\ WRY�EROD�VFKYi OHQi �DM�Y CCITT a ERO�WR�NRPSURPLV�PHG] L�RERPD�PRåQRV DPL� 
 

) XQNþQRV �KODYLþN\  (Kap. 2.4.5.4) 

Virtuálne spojenia 
 $ 70 �SRXåtYD�LED�PDO~�KODYLþNX��2 VWDWQp�SRWUHEQp�LQIRUPi FLH�EROL�SRVN\ WQXWp�Xå�SUL�
Y\ WYRUHQt�VSRMHQLD��,QIRUPi FLH�DNR�DGUHVD�SULMtPDWHD��VHNYHQþQp�þtVOR�D podobne nie s�  preto 
WUHED�WDN��DNR�MH�WR�QXWQp�SUL�QHVSi MDQêFK�VLH DFK��. DåGp�YLUWu� lne spojenie je identifikovan�  
þtVHOQêP�LGHQWLILNi WRURP��NWRUê�Pi �LED�ORNi OQ\ �Yê] QDP�SUH�VSRMHQLH�� 
 Mechanizmus na kontrolu toku cellov (flow control) ako napr�klad ARQ (Automatic 
Repeat reQuest��$ 70 �QHSRGSRUXMH��SUHWRåH�SUL�UêFKORVWL�RG�� � � �0 ELW�V�E\ �VD�SUHQLHVOR�YHNp�
PQRåVWYR�Gi W��NêP�E\ �VD�GRVWDYLOD�UHDNFLD��þR�E\ �VS{ VRELOR�Qt] NX�HIHNWtYQRV � 
 + ODYLþND� WHGD� PXVt� LGHQWLILNRYD � YLUWXi OQH� VSRMHQLH�� 1 D� WR� V~� Y nej obsiahnut�  dva 
identifik� tory a to: VCI (Virtual Channel Identifier), ktor�  identifikuje dynamicky alokovan�  
spojenia a VPI (Virtual Path Identifier), ktor�  identifikuje staticky alokovan�  spojenia. 

Virtuálne kanály 
 Na identifik� ciu virtu� lneho kan� lu v KODYLþNH�VO~åL�9 &,�� 9  EXG~FQRVWL�VD�EXG~� YR�YH NRP�SRXåtYD �
optick�  k� ble, ktor�  s�  schopn�  SUHQi ãD �VWRYN\ �0 ELW�V��DOH�YLUWXi OQH�NDQi O\ �EXG~�þDVWR�SUHQi ãD �LED�NELW�V��3UHWR�
SR� MHGQRP� RSWLFNRP�VSRMHQt� P{ åX� E\ � SUHQi ãDQp�Ui GRYR� Då�QLHNR NR� GHVD WLVtFRY� YLUWXi OQ\ FK� NDQi ORY�� 7RWR�
Y\ åDGXMH�Då�� � �ELWRYê�9 &/ �LGHQWLILNi WRU��3UHWRåH�$ 70 �MH�] DORåHQi �QD�VSRMLWHM�NRPXQLNi FLt��NDåGp�VSRMHQLH�MH�
charakterizovan�  VCI a toto je vybrat�  pri vytv� ran� kan� lu. VCI m�  iba lok� lny v� znam pre spojenie medzi 
X] ODPL�$ 70 ��3R�XNRQþHQt�NRPXQLNi FLH�QLHNWRUêP�NDQi ORP�VD�XYR Qt�DM�MHKR�9 &,��NWRUê�EXGH�RSl �SRXåLWHQê�� 
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Virtu� lne cesty 
 6~�WR�SRORSHUPDQHQWQp�VSRMHQLD�PHG] L�GYRPL�NRQFRYêPL�X] ODPL��&H] �QH�VD�EXG~�SUHSUDYRYD �YLDFHUp�
VLPXOWi QQH� VSRMHQLD� �WHGD� YLDFHUp� NDQi O\ � �� 7DNêWR� Qi YUK� XPRå XMH� Y\ WYi UD � YLUWXi OQH� VLHWH�� DOãRX� YêKRGRX�
WDNWR� DORNRYDQêFK� FLHVW� MH� PHQãLD� Qi URþQRV � ULDGHQLD� VLHWH� D VLH RYêFK� ] GURMRY�� 1 D� Y\ WYRUHQLH� WDNêFKWR�
YLUWXi OQ\ FK�VLHWt�VO~åL�9 3,� 
 0 DQDåPHQW� WêFKWR� YLUWXi OQ\ FK� FLHVW� QHSUHELHKD� LED� QDG� MHGQêP� VSRMHQtP�� DOH� Yl þãLQRX� MH� QD� ~URYQL�
zv� zkov tak� chto spojen�. Preto VPI m�  8 ±�� � �ELWRY��þR�XPRå XMH�� � � �Då�� � � � �YLUWXi OQ\ FK�FLHVW��. DåGi �]  t� chto 
FLHVW�P{ åH�REVDKRYD �Då�� � �.  YLUWXi OQ\ FK�NDQi ORY�XUþHQêFK�SRPRFRX�9 &,� 

Priorita 
 DOãRX�IXQNFLRX��NWRU~�KODYLþND�FHOOX�] DEH] SHþXMH��MH�XUþHQLH�U{ ] Q\ FK�SULRUtW�ORJLFNêFK�VSRMHQt��3ULRULWD�
MH�SRåDGRYDQi �NY{ OL�WRPX��åH�SRPRFRX�QHM�VD�Gi �VLH �OHSãLH�ãWUXNWXURYD �QD�ORJLFNp�SRGVLHWH��3ULRULWD�MH�XåLWRþQi �
DM�SUL�Y\ VRNRP�] DDåHQt�VLHWH��NGH�P{ åHPH�Y SUtSDGH�SRWUHE\ �REHWRYD �FHOO\ �V n�zkou prioritou. 
 Rozli� ujeme dva druhy prior�t, a WR�þDVRYi �SULRULWD�D s� mantick�  prioritD��ý DVRYi �SULRULWD�SUHGSRNODGi ��
åH�QLHNWRUp�FHOO\ �P{ åX�E\ �Y VLHWL�SR] GUåDQp�GOKãLH�DNR�LQp��WHGD�SUH�QLHNWRUp�VSRMHQLD�VD�Y\ WYRUt�OHSãLD�þDVRYi �
WUDQVSDUHQWQRV �QD�~NRU�LQêFK��6pPDQWLFNi �SULRULWD�] DVD�XUþXMH�FHOO\ ��NWRUêFK�VWUDWD�QLH�MH�Då�WDNi �Yê] QDPQi ��Weda 
VD�WêP�GHILQXMH�U{ ] QD�VpPDQWLFNi �WUDQVSDUHQWQRV � 
 3ULRULWX� P{ åHPH� SULUDGL � þL� Xå� FHOHM� YLUWXi OQHM� FHVWH�� NDQi OX� SUtSDGQH� DM� VDPRWQêP� FHOORP�� 3ULRULWX�
PRåQR�GHILQRYD �H[ SOLFLWQH�Y KODYLþNH�DOHER�LPSOLFLWQH�SUL�QDGYLD] DQt�YLUWXi OQHKR�VSRMHQLD�� 
 Rie�en�m s LPSOLFLWQRX�SULRULWRX�P{ åHPH�GHILQRYD �YLDFHUR�~URYQt�SULRUtW��DOH�QD�MHKR�LPSOHPHQWi FLX�
WUHED�SRXåL �WDEX N\ �Y SUHStQDþRFK��þR�P{ åH�E\ �Qi URþQHMãLH�QD�LPSOHPHQWi FLX��( [ SOLFLWQp�SULRULW\ �VtFH�] DEHU~�
miesto v KODYLþNH�� DOH� LFK� Y\ KRGQRFRYDQLH� EXGH� RYHD� MHGQRGXFKãLH�� 3UHIHURYDQê� MH� PDOê� SRþHW� H[ SOLFLWQêFK�
prioritn� ch bitov (0 ± 4 bity). 

ÒGUåED 
 Na podporu spr� vy siete a QD�PRQLWRURYDQLH�YêNRQX�V~�SULGDQp�GR�KODYLþN\ �HãWH� DOãLH�LQIRUPDþQp�ELW\ ��
9 êKRGQp� MH� SRXåL � ELW� QD� UR] OtãHQLH� QRUPi OQ\ FK� D ~GUåERYêFK� G� t. T� to technika sa vol�  PTI (Payload Type 
Identification). V WDNWR� RGOtãHQêFK� FHOORFK� P{ åH� VLH � SRVLHOD � U{ ] QH� LQIRUPDþQp� D testovacie d� ta (napr. pre 
CRC, kvalitu spojenia). 
 ' R�FHOOX� MH� YKRGQp�XPLHVWQL �DM�SDULWQê� ELW�� NWRUêP� GRNi åHPH� PRQLWRURYD �FK\ E\ � �QHSi UQHKR� SRþWX�
E\ WRY���$ 70 �SRXåtYD�Y V~þDVQRVWL�� �±�� �~GUåERYp�ELW\ � 

Viacn� sobný prístup 
 Ide vlastne o spojenie typu point-to-multipoint�� NH � ]  MHGQHM� I\ ] LFNHM� DGUHV\ � PRåQR� Gi WD� VPHURYD �
k YLDFHUêP�NRQFRYêP�XåtYDWH RP�D WR�OHQ�] D�SRXåLWLD�WRKR�LVWpKR�VSRMHQLD��1 D�WDN~WR�IXQNFLX�RSl �WUHED�UR] ãtUL �
KODYLþNX�FHOOX�R QHMDNp� DOãLH�ELW\ �� � �±�� �ELWRY��þR�] i YLVt�RG�0 $ &�± Medium Access Control). 

2 FKUDQD�KODYLþN\ �SURWL�FK\ Ei P  
 $ N�QDVWDQH�SUL�SUHQRVH�KODYLþN\ �FHOOX�FK\ ED��WRWR�P{ åH�PD �QHJDWtYQ\ �YSO\ Y�QD�YêNRQ�
sLHWH��SUHWRåH�] UHMPH�QHGRUD] t�QD�VSUi YQH�PLHVWR��DOH�P{ åH�QDVWD �DM�UR] ãtUHQLH� DOãtFK�FKêE��
3UHWR� MH� YêKRGQp� KODYLþNX� GRSOQL � R PHFKDQL] PXV� GHWHNFLH� DVSR � MHGQRELWRYêFK� FKêE��
9 KRGQêP�PHFKDQL] PRP�MH�SRXåLWLH�F\ NOLFNpKR�%&+ �NyGX��%RVH-Chadhuri-Hocquenghem). 
1 DSUtNODG�DN�FKFHPH�RFKUi QL �� � ELWRYê�EORN�SURWL�FK\ EH�MHGQpKR�ELWX��NWRU~�FKFHPH�YHGLH �DM�
RSUDYL ��SRXåLMHPH�QDY\ ãH�� �ELWRY��7LHWR�QDY\ ãH�HãWH�XPRåQLD�GHWHNRYD �DM�FK\ E\ �Yl þãLHKR�
SRþWX� ELWRY� �DOH� Xå� QLH� RSUDYL ��� 3HUFHQWXi OQX� ~VSHãQRV � GHWHNFLH� FKêE� D korekcie ch� b 
jedn� ho bitu je uveden�  v QDVOHGXM~FHM�WDEX NH� 
 

# pridan� ch bitov  
# chr� nen� ch bitov  

6 7 8 

32 48% 74% 89% 
40 36% 68% 84% 
48 23% 62% 81% 
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+ ODYLþND� $ 70 � FHOOX� MH� UR] GHOHQi � SRGD� QDVOHGRYQHM� WDEX N\ �� âSHFLILNi FLD� SRGD� &&,77�
rozli� uje dva� GUXK\ � KODYLþLHN�� D to pre NNI (Network Node Interface) a pre UNI (User 
Network Interface). 
 

funkcia potrebn�  bity CCITT 
(NNI / UNI) 

VCI 
VPI 
Priorita 
ÒGUåED�D typ cellu 
Point-to-multipoint 
HEC 
RESERVED 

8 ± 16 
8 ± 12 
0 ± 4 
0 ± 2 
0 ± 8 
0 ± 8 
0 ± 6 

16 
12 / 8 

1 
2 

0 / 4 
8 
1 

SPOLU 16 ± 56 40 
 

Podporné funkcie (Kap. 2.4.5.5) 
 
 9 R� YãHWNêFK� V\ VWpPRFK� ] DORåHQêFK� QD� SUHStQDQt� SDNHWRY� PXVt� E\ � SULMtPDWH� VFKRSQê� XUþL � KUDQLFH�
SDNHWX��1 DSUtNODG�+ ' / &��NGH�V~�SRYROHQp�SDNHW\ �YDULDELOQHM�GåN\ �VD�QD�R] QDþHQLH�NRQFD�SDNHWX�SRXåtYD�LVWi �
Y] RUND�ELWRY��7UHED�YãDN�] DUXþL ��DE\ �VD�QHY\ VN\ WRYDOD�V~þDVWQH�DM�Y SDNHWH��WR�MH�] DEH] SHþHQp�WHFKQLNRX�ÄELW�
stuffingª). 
 9 ] RUNX�ELWRY�PRåQR�SRXåL �DM�Y ATM, ale „bit stuffingª je kv� li vysok� m r� chlostiam ATM nevhodn� . 
$ YãDN�Y DND�SHYQHM�YH NRVWL�SDNHWRY�WX�PRåQR�SRXåL �QDPLHVWR�ÄELW�VWXIILQJ³ �DM�LQp�WHFKQLN\ ��,FK�SRGVWDWRX�MH� 

o 3RXåL �SUi ] GQH�FHOO\  
o . RQWURORYD �+( &��Header Error Code) 
o Periodick�  synchroniz� cia cellov 

. DåGp� ]  WêFKWR� ULHãHQt� PRåQR� RStVD � VWDYRYêP� GLDJUDPRP� ] R� VWDYPL� + 8 1 7�� 35( SYNC 
a SYNC. V stave HUNT iba monitoruje linku a K DGi � �QDSU��ELW�SR�ELWH���þL�QHQi MGH�QHMDNp�
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��LED�NH �VWUDWt�
m po sebe nasleduj� cich hran�c cellov. Parametre n a m� XUþXM~�� DNR� UêFKOR� VD� V\ VWpP�
zosynchronizuje, a ako r� chlo odhal� opak. 

 

3RXåLWLH�SUi ] GQ\ FK�FHOORY 
 3Ui ] GQH�FHOO\ �V~�FKDUDNWHUL] RYDQp�SRXåLWtP�ãSHFLILFNHM�KRGQRW\ �Y KODYLþNH��9  stave + 8 7�K DGi PH�YR�
YVWXSQêFK� Gi WDFK� ãSHFLILFN~� KRGQRWX� KODYLþN\ �� 7UHED� ] DEH] SHþL �� DE\ � VD� Wi WR� SRVWXSQRV � QHY\ VN\ WRYDOD�
v ostatn� ch regul� rnych d� tach. 
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 V VWDYH� 35( 6<1 &� VD� RSl � K DGi � Wi WR� KRGQRWD� QD� SRWYUGHQLH� KUDQtF� FHOOX�� 3UHWRåH� SUi ] GQH� FHOO\ �
prich� dzaj�  po�OLQNH�LED�NH �QHSUHELHKD�åLDGQD�LQi �NRPXQLNi FLD��QLHNHG\ �VD�EXGH�QD�QH�PXVLH �þDND�GOKãLH��
Podobn�  situ� cia je aj v stave SYNC. 

Kontrola HEC 
 7i WR� PHWyGD� Y\ XåtYD� Y] i MRPQê� Y] DK� PHG] L� ELWPL� KODYLþN\ � D nasledovn� mi bitmi cyklick� ho HEC 
k� du. 
 V stave PRESYNC kontrolujeme bit po bite blok, ktor�  by vyhovoval pravidl� m HEC k� du. Ak 
nevyhovuje, presunieme sa o ELW� DOHM�� $ N� WDNêWR� EORN� Qi MGHPH�� SUHSQHPH� VD� GR� 35( 6< 1 &�� NGH� SRWRP� LFK�
Ui WDPH�Då�GR�n tak� chto blokov a prepneme sa do SYNC. Zo stavu SYNC odch� dzame po m chybn� ch HEC 
k� doch do stavu HUNT. 
 3UREOpPRP� MH�� NH � VD� EORN�� NWRUê� VS D� + ( &� NyG� � QDFKi G] D� DM� Y Gi WRYHM� þDVWL� FHOOX�� 9 WHG\ � DKNR�
VWUDWtPH�V\ QFKURQL] i FLX��SUtSDGQH�MX� DåãLH�REQRYtPH��3UHWR�VD�SRXåtYD�WHFKQLND�VFUDPEORYDQLD��NWRUi �] DEH] SHþt��
åH�Gi WRYê�EORN�MH�SVHXGRQi KRGQRX�SRVWXSQRV RX��þtP�VD�] QtåL�SUDYGHSRGREQRV �YêVN\ WX�Y] RUN\ ��NWRUi �E\ �EROD�
aj HEC k� dom. 

Periodick�  synchroniz� cia cellov 
 0 { åH� VD� VWD �� åH� SUHGFKi G] DM~FH� ULHãHQLD� ]  QHMDNêFK� G{ YRGRY� QHY\ KRYXM~�� DOãRX�
PRåQRV RX� MH� SRXåL � SHULRGLFN~� V\ QFKURQL] i FLX� FHOORY�� NWRUi � MH� ] DORåHQi � QD� SHULRGLFNRP�
YNODGDQt� V\ QFKURQL] DþQêFK� FHOORY� GR� Gi WRYpKR� WRNX�� 7DNêWR� FHOO� MH� FKDUDNWHUL] RYDQê�
QDSUtNODG�ãSHFLi OQRX�KODYLþNRX��7HQWR�GUXK�V\ QFKURQL] i FLH�MH�YODVWQH�ãSHFLi OQ\ P�SUtSDGRP�
prv� ho rie� enia, s t� m rozdiHORP��åH�QDPLHVWR�SRVLHODQLD�SUi ] GQ\ FK�FHOORY�SRXåLMHPH�FHOO\ �VR�
ãSHFLi OQRX�KODYLþNRX��2 Sl �VD�WX�NODVLFN\ �DSOLNXMH�SUHFKRG�VWDYPL�+ 8 1 7� �35( 6< 1 &�� �
SYNC. a VSl �� 7RWR� ULHãHQLH� QLH� MH� QHSULD] QLYR� RYSO\ Y RYDQp� DQL� YNODGDQtP� ÄUXãLYêFK³�
blokov d� t ± teda pr� zGQ\ FK�KODYLþLHN�GR�Gi WRYpKR�EORNX��SUHWRåH�V\ VWpP�SUDYLGHOQH�SRVLHOD�
V\ QFKURQL] DþQp�FHOO\ �DXWRPDWLFN\ ��3HULyGD�7�MH�] YROHQi �DNR�NRPSURPLV�PHG] L�HIHNWtYQRV RX�
prenosu a SRWUHEQpKR�V\ QFKURQL] DþQpKR�þDVX��0 DOi �SHULyGD�] QLåXMH�HIHNWtYQRV ��DOH�] PHQãXMH�
þDV�SRWrebn�  na synchroniz� ciu. 

Z� ver  
&&,77� QDNRQLHF� Y\ EUDOD� GUXKp� ULHãHQLH�� W�M�� V\ QFKURQL] i FLD� ] DORåHQi � QD� + ( &� D scrambling 

LQIRUPDþQpKR�EORNX� 
 

3 ATM Štandardy 

 
3.1 Úvod 
 
� �� �� �3UHK DG 
 
Táto kapitola vysvetlí vrstvový model ATM-X��XUþt�KUDQLFH�P HG] L�MHGQRWOLYými vrstvami a podvrstvami 
ako ich definuje CCITT. Viac detailne opíše physical a adaptation layer. Nakoniec sa zaoberiava 
~GUåERX�D�SUHYi G] NRX�V\ VWpP X�%,6 ' 1 � 
 
� �� �� �ý LQQRVWL�&&,77 
 
 Definícia ATM-u so všetkými detailmi je zachytená SGXVII z CCITT. Niektorp�þDVWL�ãWDQGDUGX�
EROL� QDYUKQXWp� þLVWR� WHFKQLFN\ �� SUH� QLHNWRUp� EROL� ] RV~ODGHQp� WHFKQLFNp� ] i OHåLWRVWL� UHJLRQi OQ\ P L�
SRåLDGDYNDP L�QLHNWRUêFK�NUDMtQ��1 DSU��QLHNWRUp�NUDMLQ\ � ] G{ UD] RYDOL�SRWUHEX� ] DEXGRYDQLD�REUD] RYêFK�
D� ] YXNRYêFK� VOXåLHE�� � LQp� ] DVH� åLDGDOL� UêFKOX� NRP XQLNi FLX� P HG] L� SRXåtYDWHP L�� 1 LH� V~� YãDN� YãHWN\ �
RWi ] N\ �GRVWDWRþQH�Y\ ULHãHQp��WUHED�LFK�SRVWXSQH�VNRP SOHWL] RYD �� 
 V júni 1992 CCITT dohodol sa na nasledujúcich návrhoch:  
 I.113  Slovník pojmov pre Broadband-ISDN 
 I.121  Broadband ISDN  
 I.150  Funkcionálna charakteristika BISDN 
 ,�� � � ��6OXåE\ �%,6 ' 1  
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 ,�� � � ��=i NODGQp�VLH RYp�YODVWQRVWL�%,6 ' 1  
 I.321  Modely protokolov BISDN a ich aplik� cie 
 I.327  Funkcion� lna � trukt� ra BISDN siet� 
 I.361  Špecifik� cia vrstvy ATM v BISDN 
 I.362  Funkcion� lny popis Adaptation Layeru (AAL)  
 I.363  Špecifik� cia Adaptation Layeru 
 ,�� � � ��3RGSRUD�VOXåE\ �FRQQHFWLRQOHVV�VSRMHQLD 
 ,�� � � ��. RQWUROD�SUHP i YN\ �D�] D DåHQLD�VLHWL�Y�%,6' 1  
 I.413  BISDN User-Network interface 
 ,�� � � ��3UHK DG�XåtYDWHVNêFK�SURFHVRY�Y�/ D\ HU�� �SUH�,6 ' 1 �D�%ISDN 
 I.432  BISDN User-Network interface – � pecifik� cia fyzickej vrstvy 
 I.610  Z� klady OAM pr�stupu 
 
3.1.3 Fórum o ATM 
 
&&,77� � SOi QXMH� UHDOL] i FLX� ãWDQGDUGL] i FLH� $70 � QD� GOKRGRE~� SUHYi G] NX�� þR� E\ � SUHGVWDYRYDO� ] i NODG�
YHUHMQHM�%,6 ' 1 �VOXåE\ ��9�VNXWRþQRVWL�SRWUHED�SUH�ãLURNRSi VP RY~�NRP XQLNi FLX�UDVWLH�YHP L�UêFKOR��þR�
SULQ~WLOR�YêUREFRY�V~NURP QêFK�NRP XQLNDþQêFK� V\ VWpP RY� ] UêFKOL�ãWDQGDUGL] i FLX�� 3UHGSRNODGi �VD�� åH�
$70 �VD�REMDYt�QDMSUY�YR�SULYi WQRP ��REFKRGRYDWHVNRP �D�SRGQLNRYRP �VHNWRUH�� 
 V októbri 1991 skupina C3( �GRGi YDWHRY���WHOHNRP XQLNDþQêFK�SUHYi G] NRYDWHRY�D�XåtYDWHRY�
] DORåLOL� $70 � ) RUXP � V� FLHRP � ] UêFKOHQLD� YêYRMD� D� Y\ EXGRYDQLD� $70 -RYVNêFK� SURGXNWRY� D� VOXåLHE� Y�
s� kromnom sektore. Prvé v� sledky v tomto smere boli spracov� vanie s� kromnej (lok� lnej) UNI medzi 
$70 � SRXåtYDWHRP � D� V~NURP QHM� $70 � VZLWFK�� D� YHUHMQHM� 8 1 ,� P HG] L� $70 � SRXåtYDWHRP � D� YHUHMQRX�
VLH RX�� DOãtP � FLHRP �$70 � ) RUXP X�MH�XVNXWRþQL�ãSHFLILNi FLX�Y�RGERUH�RSHUi FLt��VLJQDOLQJ�� 1 HWZRUN-
to-QHWZRUN� LQWHUIDFH�� FRQJHVWLRQ� FRQWURO� �NRQWUROD� SUH DåHQLD�� �� WUDffic management (riadenia 
prem� vky), fyzick� ch médi�, nové aplik� cie a adaptation layeru.  
 . êP � &&,77� SR] RUXMH� $70 � ] � K DGLVND� RSHUi WRURY� VLHWt� D� Qi URGQêFK� DGP LQLVWUi WRURY�� $70 �
) RUXP �] �K DGLVND�XåtYDWHRY�D�&3( �YêUREFRY�� 
 
3.2 BISDN Reference Configuration 
 
Reference configuration je praktick�  n� stroj na definovanie rozhran� (interfaces) medzi rôznymi 
entitami siete a na definovanie funkci� t� chto ent�t. Tieto konfigur� cie pre user-network interface 
SRXåLWp�Y�,6 ' 1 �&&,77�] DGHILQRYDOD�Y�Qi YUKX�,�� � � �D�Y\ KRYXMH�YãHWNêP �SRåLDGDYNi P �%,6 ' 1 �� 

�5 HIHUHQþQp�ERG\ �%,6 ' 1 �V~�] DGHILQRYDQp�SRGREQH�DNR�Y�1 ,6 ' 1 ��5 �6 �7�8 ��DNR�DM�VNXSLQ\ �%-
NT1 B-NT2 (Broadband network termination1,2) , B-TE1, B-TE2 (Broadband terminal equipment1,2) 

and B-TA (Broadband terminal adapter) fig3.2. Iba SB a TB s�  � tandardizované.  
 

 B-1 7� � REVDKXMH� IXQNFLH� QLåãHM� ~URYQH�� DNR� V~� OLQH� WUDQVP LVVLRQ� WHUP LQDWLRQ�� WUDQVP LVVLRQ�
interface handling, OAM functions.  
 B-NT2 obsahuje funkcie pre rôzne topológie 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-1 7� �P { åX�E\ �fyzicky zoskupené ale aj rozdelené.  
 B-7( � � XNRQþXMH� XVHU� LQWHUIDFH� �6B alebo TB� � D� Y\ NRQi YD� XNRQþHQLD� YãHWNêFK� SURWRNRORY� RG�
QDMQLåãtFK�SR�QDMY\ ããLH�~URYQH��%-TE2 e� te nie je � tandardizované.  
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5 HIHUHQFH� FRQILJXUDWLRQ� P { åH� E\ � I\ ] LFN\ � UHDOL] RYDWHQi � YHD� VS{ VREP L�� 1 LHNRNR� SUtNODGRY�
vid�me na fig3.3  
 

 
3.3.1 Reference points 
 
SR] Q��. H �NQLKX�Y\ GDOL�&&,77�ãWDQGDUG�VSOQLOR�SRåLDGDYN\ �SUH�SUHQRV�� � � �� � � �0 ELW�V��=YROLOL�WR�SUHWR��
OHER�Y\ VRNRNYDOLWQi �WHOHYt] LD�SRåDGRYDOD�WDN~�SUHQRVRY~�UêFKORV ��� � � �� � � �0 ELW�V�sa dosiahne � tyrmi 
� � � �0 ESV�NDQi OP L��þR�SRXåtYD�$7	 7�6RQHW���0 HGHUO\ � � 
 3UHQRVRY~� UêFKORV � � � � 0 ESV� SRVN\ WXMH� 7B aj SB�� 3UHWRåH� GDWD� P { åX� WLHF � DM� SR� ELWRFK� DM� Y�
bunk� ch, navrhli dva alternat�vy: cell based a SDH (Synchronous Digital Hierarchy) based.  
 TB a SB  s�  point-to-SRLQW�RULHQWRYDQp��WR�] QDP HQi ��WUDQVP LWWHU�D�UHFHLYHU�V~�YåG\ �VSi URYDQp��
1 D� Y\ ããtFK� ~URYQLDFK� MH� SUHGVWDYLWHQi � DM� SRLQW-to-multipoint hierarchia.( ale to je e� te predmetom 
� t� dia.) 
 
3.3 BISDN Layere  
 
2 6,� ,62 � P RGHO� MH� YHP L� SRSXOi UQH� D� SRXåLWp� YR� YLDFHUêFK� NRP XQLNDþQêFK� V\ VWpP RFK�� 3RGREQi �
ORJLFNi � KLHUDUFKLD� MH� QDYUKQXWi � Y� ,�� � � � SUH� $70 � ,6 ' 1 �� äLD � � ] DWLD� OHQ� QLåãLH� ~URYQH� V~� Y\ VYHWOHQp��
&&,77�] DWLD�QHY\ MDGULO�UHOi FLX�P HG] L�$70 �D�2 6,�� 
9 �WRP WR�P RGHO\ �VD�SRXåtYD�SRMHP �RGGHOHQêFK�SO{ FK� �VHSDUDWed planes) na oddelenie user, control a 
P DQDJHP HQW�IXQNFLt��7DNêWR�SUtVWXS�ERO�SRXåLWê�DM�Y�1 ,6 ' 1 �DM�Y�&&,77�5 HFRP P HQGDWLRQ�,�� � � �Y�þRP �
je pop�san�  ISDN Protocol reference model.  
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Model je nakreslen�  na FIG 3.4. Podobne ako v NISDN obsahuje tri plochy: user plane na prenos 
XåtYDWHVNêFK�LQIRUP i FLt��FRQWURO�SODQH�Y\ NRQi YD�KODYQH�VLJQDOLQJ�D�P DQDJHP HQW�SODQH�MH�SRXåLWi �QD�
SUHYi G] NX�V\ VWpP X�� DOHM�WUHWLD�GLP HQ] LD�P RGHOX��OD\ HU�P DQDJHP HQW��þR�] RV~OD XMH�WUL�SORFK\ �� 
Plochy s�  rozdelen�  - podobne ako v OSI ISO modelu – na vrstvy. CCITT ne� pecifikuje rel� ciu medzi 
YUVWYDP L� %,6 ' 1 �$70 �SURWRNRO�P RGHOX�D�2 6,�P RGHOX��7DNWR�P { åHP H� �GYD�P RGHO\ �SRURYQi YD �� 3+ <�
layer je viac-menej ekvivalentn�  fyzickej � rovne OSI modelu, oba vykonaj�  funkcie na bitovej � rovni. 
ATM layer m{ åHP H�XP LHVWQL�QD�QLåãHM�~URYQL�YUVWY\ � � �Y�2 6,��$$ / �OD\ HU�SUHGVWDYXMH�RSHUi FLH�Y\ ããHM�
~URYQL��WDN�DNR�VLJQDOLQJ��XVHU�LQIRUP DWLRQ��Då�SR�$70 �FHOOV��) XQNFLH�FRQWURO�SODQH�] RGSRYHGDM~�þDVWL�
GDWD�OLQN�YUVWY\ ��D�XVHU�SODQH�MH�QDMYêKRGQHMãLH�] DUDGL�GR�WUDQVSRUW�OD\ UX��SUHWRåH�Y\ NRQi YDQLH�IXQNFLt�
DGDSWDWLRQ�YUVWY\ �V�XåtYDWHVNêP L�Gi WDP L�VD�GHMH�QD�RNUDML�VLHWH�– 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 I.432. 
 
PM sublayer 
 
T� to vrstva je zodpovedn�  pre korektn�  posielanie�D�GRUXþRYDQLH�ELWRYêFK� WRNRY�SR� I\ ] LFNRP �P pGLt��
) XQNFLH�QDMQLåãHM�~URYQH�V~�þLVWR�] i YLVOp�RG�P pGLD�D�YROi �VD�WDN�DNR�WHQWR�VXEOD\ HU�3K\ VLFDO�0 pGLXP �
(Physical network access –� 0 HGHUO\ �� �� 7i WR� SRG~URYH � MH� ] RGSRYHGQi � DM� SUH� VSUi YQH� ELW� WLP LQJ�
reconstruction u pr�jemcu. T� to vrstva je definovan�  v CCITT Recommendations G.703, G.957.  
 
Transmission Convergence Sublayer 
 
7i WR�YUVWYD��VS D�~ORKX�GDWD�OLQN�OD\ UX�Y�2 6,�P RGHOX��P i �� �] i NODGQêFK�IXQNFLt�� 
3UYi � IXQNFLD�SR� SULMDWt� ELWRY�MH�DGDSWi FLD� ELWRY� QD� SRXåLWê� Srenosn�  syst� m, tj SDH, PDH, alebo cell 
EDVHG��$70 �) RUXP �WLHå�SULGi YD�P RåQRV �) ' ' ,� 
7i WR� YUVWYD� JHQHUXMH� +HDGHU� ( UURU� &KHFN� LQIRUP i FLH� X� SRVLHODWHRYL�� D� UREt� NRQWUROX� VSUi YQRVWL� X�
receivera. Rob� aj napr�klad rozpozn� vanie hran�c buniek u pr�jemcu - synchroniz� ciu. 
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3R� UR] SR] Qi YDQt� EXQN\ � VD� SRXåLMH� DOJRULWP XV� QD� ] LVWHQLH� SUtSDGQH� RSUDYX� FKêE� Y� KODYLþNH�� =LVWHQp�
MHGQRELWRYp�FK\ E\ �VD�RSUDYLD��SRNLD�VD�Y�] D�VHERX�LG~FLFK�REMDYLD�WDNpWR�FK\ E\ ��WDN�RSUDYD�VD�Y] Gi �D�
sk� � a sa oprava ch� b na vy� � ej � rovni. T� mto sa zabr� ni aby viacbitov�  chyby ostali nepov� imnut� .  
7i WR� YUVWYD� P XVt� ] DEH] SHþL� YNODGDQLH� D� SRWOi þDQLH� SUi ] GQ\ FK� EXQLHN�� 7RWR� VO~åL� QD� ] DFKRYDQLH�
prenosovej r� chlosti. T� to funkcia sa vol�  cell rate uncoupling.  

DOHM�Wi WR�YUVWYD�P XVt�2 $0 �LQIRUP i FLX�Y\ P HQL�V�P DQDJHP HQW�SODQH-om.  
 
3.4.2 ATM Layer 
 
Hlavn�  funkcie ATM layeru s� : 
·  Multiplexovanie/demultiplexovanie buniek r� znych spojen� do jedn� ho toku buniek. 
·  7UDQVOi FLD�LGHQWLILNi WRUD�FHOO��þR�MH�SRWUHEQp�YR�YLDFHUêFK�SUtSDGRFK��NH �VD�FHOO�VZLWFKXMH�] �MHGQHj 

OLQN\ �QD�GUXK~��7i WR�WUDQVOi FLD�VD�P { åH�VSUDYL�QD�9&,�D�QD�93,�] YOi ã �DM�VSROX�� 
·  3RVN\ WRYDQLH� XåtYDWHRYL� 9&&�93&� MHGQHM� ] � YLDFHUêFK� WULHG� 4 2 6�� 1 LHNWRUp� VOXåE\ � P { åX�

SRåDGRYD �XUþLW~�4 2 6�SUH�MHGQX�þDV �WRNX�VSRMHQLD�D�QLåãLX�4 2 6 �SUH�] Y\ ãQ~�þDV �VSRMHQLD� Tento 
UR] GLHO�MH�QDSU��Y�&/ 3�ELWH�Y�KODYLþNH�� 

·  ??? 
·  5 R] EDOHQLH�SULGDQLH�KODYLþN\ �EXQN\ �SR�WRP �SUHG�WêP ��þR�FHOO�EROD�GRUXþHQi �RG�SRVODQi �DGDSWDWLRQ�

layeru. 
·  Implement� cia flow control mechanizmu user-QHWZRUN� LQWHUIDFX� QDVWDYHQtP � * ) &� ELWX� Y� KODYLþNH�

cell.  
 
3.4.3 ATM Adaptation Layer 
 
$$/ �SRVN\ WQH�VOXåE\ �SUH�XVHU��FRQWURO�D�P DQDJHP HQW�SODQX� 
Je rozdelen�  na dva sublayre: segmentation a reassembly sublayer (SAR) a na convergence 
sublayer.  
ÒORKD� 6$5 � VXEOD\ HUX� MH� VHJP HQWi FLD� �UR] GHOHQLH�� LQIRUP i FLH� QD� N~VN\ � SULMDWHQHM� YHNRVWL� SUH�
Qi NODGRY~�þDV �EXQN\ �SUH�YLUWXi OQH�VSRMHQLH��D�RSDþQi �IXQNFLD��VNODGDQLH�GRUXþHQêFK�FHOO�QD�S{ YRGQ~�
LQIRUP i FLX��NWRUi �EXGH�SRVODQi � DOHM�QD�Y\ ããLX�~URYH � 
&RQYHUJHQFH�VXEOD\ HU�SRVN\ WXMH� WDNp�VOXåE\ ��DNR�V~� LGHQWLILNi FLD� VSUi Y\ ��WLP H�FORFN�UHFRYHU\ � DW�� 9�
QLHNWRUêFK� W\ SRFK� $$/ � MH� FRQYHUJHQFH� VXEOD\ HU� DOHM� UR] GHOHQê� QD� &RP P RQ� 3DUW� &RQYHUJHQFH�
sublayer (CPCS) a na Service Specific Convergence sublayer (SSCS).  
3UH� QLHNWRUêFK� XåtYDWHRY� VOXåE\ � $70 � OD\ HUX� P { åX� E\ � SRVWDþXM~FH�� SUHWR� QLHNHG\ � $$/ � OD\ HU� P { åH�
E\ �SUi ] GQ\ �� 
' RWHUD] �EROL�Y�&&,77� ] DGHILQRYDQp� � �$$/ �SUH�NDåGê�W\ S�VOXåE\ �MHGHQ��$$/ � �QDYUKOL�SUH�FRQQHFWLRQ-
RULHQWHG�VOXåE\ ��$$/ � �SUH�FRQQHFWLRQOHVV��NWRUp�VSRMLOL�D� ] DEXGRYDOL�GR�QLFK�DM�&3&6�VXEOD\ HU��$70 �
) RUXP �WLHå�] DGHILQRYDO�VDP RVWDWQê�$$L pre r� chle prenosy AAL5.  
 
3.5 ) \ ] LFNi �~URYH  
 
3.5.1 Vo všeobecnosti 
 
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 SUHGQRVWRYDQp�P pGLXP �MH�RSWLFNp�YOi NQR��DOH�NRD[ Li OQH�Ni EOD�V~�WLHå�SULMDWHQp�� 
V TB UHIHUHQFH�SRLQW�MH�] YROHQi �� � � �0 EVS�SUHQRVRYi �UêFKORV �Y�RERFK�VP HURY��$M�RSWLFNp�DM�HOHNWULFNp�
] DULDGHQLD� V~� SRXåLWHQp�� UR] KRGXM~FH� IDNWRU\ � V~� Y] GLDOHQRV �� VSRDKOLYRV �� FHQD� DW�� 3UH� HOHNWULFNp�
] DULDGHQLD�V~�SRåLDGDYN\ �SRStVDQp�Y�* �� � � ��0 D[ LP i OQD�Y] GLDOHQRV �] i YLVt�RG�] RVODEHQt�SUHQRVRYpKR�
m� dia, pohybuje sa medzi hodnotami 100-� � � P �� 2 SWLFNp�ULHãHQLH�P { åH�E\ �RG� � � � -2000m. Optick�  
P pGLD� REVDKXMH� � � MHGQRVP HUQp� YOi NQD� SRGD� * �� � � �� DOH� QLHNWRUp� Qi URGQp� DSOLNi FLH� P { åX� XåtYD � DM�
multimode fibers. 
 
 
Charakteristika Transmission Convergence Layeru 
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3UHQRVRYi � UêFKORV � Y\ XåLWHQi � � SUH� SUHQRV� LQIRUP DWLRQ� FHOO�� VLJQDOLQJ� FHOOV� D� 2 $0 � FHOOV� MH� 149,760 
Mbaud na prenosovom syst� me 155,520 Mbit/s a 599,040 na syst� me 622,080 Mbaud.   

 
ATM celly s�  prepraven�  ako SDH frame, ako je zn� zornen�  na Fig 3.7, v tzv STM-1 frame. 
3RVWXSQRV �$70 -ovsk� ch buniek je zabalen�  do C-� ��þR�VSROX�V�32 + �WYRUt�9&-4 kontajner. Celly s�  
UR] ELWp�QD�RNWHW\ ��SUHWRåH�GR�&-� �� � � � [ � �E\ WRY��QH] P HVWt�FHOê�SRþHW�FHOO��1 �[ �� � � � � � �E\ WRY��WURãNX�YLDF�
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 
K DGLVND� SUHQRVX� $70 � FHOO� Y� 6 ' + � IUDP HV� MH� G{ OHåLWê� LED� &� � E\ WH�� R] QDþXMH�� åH� Y� NRQWDMQHU\ � V~�
prepravovan�  ATM-ovsk�  bunky.  
ATM Forum � pecifikuje SONET-ovsk�  STS-3c frame pre priv� tne a verejn�  UNI v synchr� nnej sieti. 
62 1 ( 7�MH�SUDNWLFN\ �NRP SDWLELOQp�V�6 ' + �� - HGLQê�UR] GLHO�MH�Y�+ � �E\ WH�Y�32 + ��3RVLHODWH�WêP WR�E\ WRP �
R] QDþXMH� KUDQLFX� SUYHM� FHOO\ � YR� 9&-� �� 3UtMHP FD� W~WR� LQIRUP i FLX� P { åH� Y\ XåL� Y� V\ QFKURQL] DþQRP �
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 
) RUXP �ãSHFLILNXMH�D�P XOWLP RGH�ILEHU�DNR�MHGQR�] �P RåQRVWt�� 
 
Charakteriz� cia Transmission convergence sublayeru 
 
V tomWR�SUtSDGH�FHOO\ �V~�SRVLHODQp�SULHEHåQH��EH] �] DEDOHQLD�GR�KRFLMDNêFK�IUDP 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�  
UêFKORV � Y\ XåLWHQi � � SUH� SUHQRV� LQIRUP DWLRQ� FHOO�� VLJQDOLQJ� FHOOV� D� 2 $0 � FHOOV� MH� � � � �� � � � 0 EDXG� QD�
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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Fyzick�  vrstva prepravuje aj � peci� lne physical layer (PL) bunky, ktor�  nie s�  v kontakte s ATM 
OD\ HURP ��7LHWR�EXQN\ �V~�JHQHURYDQp�D�VSUDFRYDQp�Y�VDP RWQHM�I\ ] LFNHM�YUVWYH��0 D[ LP i OQD�Y] GLDOHQRV �
medzi dvoma PL bunkami s�  26 ATM cell. Fig 3.8�7LHWR�EXQN\ �P { åX�E\ �3 / -OAM alebo aj neþLQQp�
(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 
SDWK�) � � ��0 LQLP i OQD�SHULRGLFLWD�YêVN\ WX�NDåGpKR�W\ SX�EXQiek je 513 cell. Digital level flow (F2) nie je 
SRXåLWp�MHKR�IXQNFLH�] DVWXSXMH�) � �IORZ ��NY{ OL�QHSUtWRP QRVWL�WUDQVP LVVLRQ�IUDP RY�Y�FHOO�EDVHG�8 1 ,� 
 
3.5.4 Plesiochronnous digital hierarchy  
 
Fyzick�  m� dium 
 
9HNi �YêKRGD�SUHSUDY\ �EXQLHN�Y�3' + � IUDP RFK� Y�&&,77�MH�� åH�2 GSRU~þDQLH� * �� � � �SRYRXMH�Y\ XåLWLH�
H[ LVWXM~FHM�VLHWL��QHWUHED�QDLQãWDORYD �VLH �DNR�V~�SUHGStVDQp�QDSU��SUH�6 ' + �WUDQVP LVVLRQ� 
 
Charakteriz� cia TC  
 
Eixtuje viacer� ch sp� sobov pre zmapovanie ATM cell v PDH frames pre variable bit rate. Niektor�  
skor�  implHP HQWi FLH�Y\ XåtYDOL�MHGQX�IRUP X�SUHQRVX�QD�] i NODGH�EXQLHN��FHOO�EDVHG�� 
9 �V~þDVQRVWL�WLHWR�P HWyG\ �VD�QHSRXåtYDM~��SUHGQRV �GRVWDO�6 ' + -ovsk�  pr�stup, t.j. riadiace inform� cie 
D� KOi ãN\ � REVDKXM~� ãSHFLi OQH� RNWHW\ � SULUDGHQp� GR� QHMDNpKR� IUDP X�� � =Y\ ãQi � þDV � IUDP X je naplnen�  
$70 �FHOODP L��NWRUp�V~�SULVS{ VREHQp�ãWUXNW~U\ �IUDP X���6~�UR] ELWp�QD�RNWHW\ ��D�V�QLP L�MH�Y\ SOQHQp�NDåGp�
YRQp� P LHVWR� YR� IUDP X�� + UDQLFH� FHOO� V~� V\ QFKURQL] RYDQp� �GHOLQHDWHG�� SRP RFRX� + ( &�� ÒSOQê� SRSLV�
framov pre r� zne bit raty, ktor�  s�  spomenut�  v Recommendation G.703 bude vysvetlen�  v s� rii 

GRSRUXþHQt�* �� [ [ � 
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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) 

 
ATM Forum � pecifikuje DS3-3 / &3 � IUDP H�� þR� REVDKXMH� FHOê� SRþHW� $70 � FHOO�� 9 � WRP WR� P RGHOL� NDåG~�
ATM bunku predch� dzaj�  dva PLCP (Physical Layer Convergence Protocol) r� movacie oktety, path 
RYHUKHDG� LQGLFDWRU� �32 ,�� RNWHW�� D� 32 + � RNWHW�� 5 i P RYDFLH� RNWHW\ � XP Rå XM~� XUþHQLH� $70 � EXQLHN� EH] �
SRXåLWLD� + ( &�� NWRUp� V~� OHQ� SUH� NRQWUROX� D� RSUDYX� KODYLþN\ �� 32 ,� RNWHW\ � LGHQWLILNXM~� QDVOHGXM~FH� 32 + �
oktety, tj BIP-8 stuffing (plnka) counter, path status, POH identifier, octets for future use. Trailer 
�SUtYHV�� 3 / &3� IUDP X� REVDKXMH� QLEEOH� �ãWYRUELW\ � �� 0 D[ LP i OQD� SUHQRVRYi � UêFKORV � SUH� WHQWR� IUDP H� MH 
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 
' HSHQGHQW�VXEOD\ HU�XåtYD�� %�� %�OLQH�FRGH��] �þRKR�Y\ SOêYD�SUHQRVRYi �UêFKORV �� � � �0 ELW�V� 
Synchroniz� cia je vyrie� en� �ãSHFLi OQ\ P �OLQHi UQ\ P �NyGRP ��QLH�SRP RFRX�+ ( &��äLDGQH�2 $0 �SRGSRUD�
QLH�MH�SOi QRYDQê�Y�3+ <�OD\ HU��+ ( &�P { åH�E\ �SRXåLWê�QD�GHWHNRYDQLH�FKêE�QLH�QD�RSUDYX��SUHWRåH�SUL�
GHOLQHi FLt�VD�FK\ ERYRV �] Qi VREt� 
 
3.5.6 Funkcie transmission convergence sublayeru 
 
Header error control HEC 
 

+ ( &�VSUDFXMH�FHO~�KODYLþNX�EXQN\ ��7i WR� � ELWRYi �LQIRUP i FLD�VWDþt�QLHOHQ�QD�RSUDYX�� �ELWRYêFK�
FKêE�� DOHER� QD� GHWHNFLX� YLDFELWRYêFK� FKêE�� 3UH� NDåG~� YHU] LX� 7&� SRGYUVWYX� MH� SRXåLWp� LGHQWLFNp�
rie� enie.  
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V norm� lnom (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, 
GDQi �FHOO�MH�] UXãHQi ��D�SUtMHP FD�VD�WLHå�SUHSQH�GR�VWDYX�' HWHFWLRQ�� 

 
 9 �WRP WR�VWDYH�MH� ] UXãHQi �NDåGi �EXQND��NWRUi �REVDKXMH�FK\ EX�Y�KODYLþNH��$N�VD�REMDYt�FHOO�V�
NRUHNWQRX�KODYLþNRX��WDN�VD�SUtMHP FD�SUHSQH�GR�VWDYX�&RUUHFWLRQ�� 

9 \ VLHODþ�Y\ SRþtWD�KRGQRWX�+ ( &�QDVOHGRYQH��3RO\ QyP ��NWRUp�JHQHUXM~�ELW\ �KODYLþNH��EH] �+ ( &��
vyn� sob� s 8  a cel�  polyn� m vydel� s polyn� mom x8+x2� [ � � ��=Y\ ãRN�SR�GHOHQt�VD�SULUD XMH�GR�+ ( &�� 
 
 
Cell delineation (synchroniz� cia) 
 
3RGD�UHFRP P HQGDWLRQ�,�� � � �V\ QFKURQL] DþQê�DOJRULWP XV�P i �E\ �QH] i YLVOê�RG�SUHQRVQêFK�V\ VWpP RY���
FHOO� EDVHG�� 6 ' + � EDVHG�� 3 ' + � EDVHG� « � ��� P i � E\ � DGDSWRYDWHQê� QD� NDåGê� QHWZRUN interface. 
$OJRULWP XV� MH�QDYUKQXWê�QD� ] i NODGH� Y] DKX� P HG] L�+ ( &�ELWP L� �D� ELWP L�KODYLþN\ �� 6WDYRYê� GLDJUDP �SUH�
delineation vyzer�  nasledovne : 
 
·  9 �VWDYH�+ XQW�GHOLQHDþQê�SURFHV�NRQWUROXMH�ELW�SR�ELWH�VSUi YQRV �+ ( &�ELWRY�Y�SUHGSRNODGDQHM�KODYLþNH�FHO\ ��

V niektoUêFK�SUtSDGRFK��6' + �WUDQVPLVVLRQ����MH�PRåQp�NRQWURORYD �+ ( &�RNWHW\ �� 
·  $N�MH�VSUi YQ\ ��SUHStQD�VD�GR�VWDYX�3UHV\ QF��9�WRP WR�VWDYH�VN~ãD��þL�VD�QDãOD�VSUi YQD�GHOLQHi FLD��

3UHWR�VD�VNRQWUROXMH�+ ( &�SRORåND�KODYLþNH��$N�MH�QHVSUi YQD��WDN�V\ VWHP �VD�YUi WL�GR�VWDYX�Hunt.  
·  6 \ VWpP � SUHMGH� GR� VWDYX� 6\ QF�� DN� VD� SRWYUGt� VSUi YQRV � KODYLþN\ � ' HOWD� NUi W�� 9WHG\ � V\ VWHP � VD�

vyhl� si za synchronizovan� .  
·  $N� V\ VWpP � Y� WRP WR� VWDYH� GRVWDQH� SR� VHEH� $OSKD� FHOO� V� QHVSUi YQRX� KODYLþNRX�� WDN� VD� Y\ KOi VL�

QHV\ QFKUyQQRV ��D�SUHSQH�VD�GR�VWDYX�+ XQt.  
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) 
 
3UH� ] YêãHQLH� VSRDKOLYRVWL� D� UREXVWQRVWL� V\ QFKURQL] DþQpKR� SURFHVX� SUHG� ] ORP \ VHQêP L� XåtYDWHP i a 
QHSOi QRYDQêP L�QDSRGRE RYDQLDP L�VSUi YQHM�+ ( &�SRORåN\ �Y�Gi WRYHM�þDVWL�EXQN\ ��ELW\ �Y�Gi WRYHM�þDVWL�V~�
zn� hodnen� .  



Broadband ATM Switching  40 / 96 
 

3UH� I\ ] LFN~� ~URYH � V� 6 ' + � EDVHG� WUDQVP LVVLRQ� MH� RGSRU~þDQê� VDP RV\ QFKURQL] DþQê� VFUDP EOHU� V�
polyn� mom x43� � �� 7HQWR�VFUDP EOHU�P i �VWXSH � ] Qi VREHnia ch� b 2. Tento fakt nem�  vplyv na kvalitu 
GHWHNRYDQLD�FK\ E\ �Y�KODYLþNH��OHER�KODYLþND�VDP RWQi �QLH�MH�SRP LHãDQi �� 
3UH�FHOO�EDVHG�3+ <�OD\ HU�MH�RGSRU~þDQê�GLVWULEXRYDQê�VFUDP EOHU��NWRUê�XåtYD�F\ NOLFN~�SVHXGRQi KRGQ~�
SRVWXSQRV �QD�P LHãDQLH�� ' HNyGRYDQLH�X�SUtMHP FX�VD�XVNXWRþQt�SRP RFRX�LGHQWLFNHM�SVHXGRQi KRGQHM�
SRVWXSQRVWL��NWRUi �VD�V\ QFKURQL] XMH�QD�] i NODGH�SUYHM�GRUXþHQHM�EXQN\ ��7HQWR�VFUDP EOHU�QHP i �YSO\ Y�QD�
GHWHNFLX�FKêE�Y�KODYLþNH��� 
 
 
 

3.6 The Asynchronous Transfer  Mode Layer  
 
V � pecifik� cii I.361 je k� dovanie ATM buniek pop�san�  do detailov. Štrukt� ru bunky tvor� 48 
RNWHWRYê�LQIRUPDþQê�EORN�D�� -RNWHWRYi �KODYLþND��7LHWR�RNWHW\ �V~�SRVLHODQp�Y�Y] RVWXSQRP�
SRUDGt��WHGD�DNR�SUYê�MH�SRVLHODQê�� ��2 NWHW�KODYLþN\ ��9 R�YQ~WUL�RNWHWX�V~�ELW\ �SRVLHODQp�Y�
zostupnom poradt��WHGD�SRþQ~F�ELWRP�þ�� ��7HQWR�ELW�MH�WLHå�QD] êYDQê��QDMYê] QDPQHMãt�ELW��

(Most Significant Bit) 
 
�âWUXNW~UD�KODYLþN\ �Y�8 1 ,��8 VHU�1 HWZRUN�,QWHUIDFH�� 
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Prv�  4 polia obsahuj�  4 bity na Generic Flow Control. Druh�  pole je routovacie pole, ktor�  sa 
DOHM�GHOt�Qa VCI (Virtual Channel Identifier) 16 bitov a VPI (Virtual Path Identifier) 8 bitov. 

3D\ ORDG�7\ SH�,GHQWLILHU�MH�NyGRYDQê�Y�� �ELWRFK���Xå�ERO�Y\ VYHWOHQê���&HOO�/ RVV�3ULRULW\ �MH�LED�
MHGQRELWRYê�D�] QDþt��þt�EXQND�P{ åH�E\ �] DKRGHQi �SUL�SUH DåHQt�VLHWH��+HDGHU�Error Control 
REVDKXMH�� �ELWRY�D�WDNWLHå�Xå�ERO�Y\ VYHWOHQê� 

 
 
9 �1 1 ,��1 HWZRUN�1 RGH�,QWHUIDFH���MH�ãWUXNW~UD�KODYLþN\ �LGHQWLFNi �DNR��Y�SUtSDGH�8 1 ,�LED�* ) &�
SROH�Y�8 1 ,�EROR�QDKUDGHQp�SULGDQtP� DOãtFK�� �ELWRY�N�SR X�9 3,� 
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9 �� ��NDSLWROH�VPH�SRXåtYDOL�SUH�QHSULGHOHQp�EXQN\ �VORYi �SUi ] GQH�D�QHþLQQp�EXQN\ ��&&,77�
YãDN�PHG] L�XQDVVLJQHG�D�,' / ( �EXQNDPL��UREt�UR] GLHO\ ���,' / ( �EXQN\ �V~�YLGLWHQp�LED�YR�
I\ ] LFNHM�YUVWYH��3+< ��D�QLH�V~�] DVLHODQp�YUVWYH�$ 70 ��6~�SRXåtYDQp�QD�] DSOQHQLH�QHSRXåLWpKR�
miesta vo fyzickej vrstve. UQDVVLJQHG�FHOOV�V~�YLGLWHQp�DM�YR�YUVWYH�$ 70 ��8 ND] XM~�QHSRXåLWp�
miesta v toku ATM buniek vo fyzickej vrstve sa s nimi v� ak zaobch� dza ako s norm� lnymi 
EXQNDPL��$ 70 ��2 EH�,' / ( �D�XQDVVLJQHG�FHOOV�XPRå XM~�V\ QFKUyQQH�VSRMHQLH�PHG] L�
Y\ VLHODþRP�D�SUtMHPFRP��5R] GLHO�PHG] L�QLPL�MH�Y�� ��ELWH�RNWHWX�� �KODYLþN\ ��&/ 3� 
,' / ( �EXQN\ �QHP{ åX�Y\ XåtYD �* ) &�SROH��SUHWRåH�* ) &�QLH�MH�YR�I\ ] LFNHM�YUVWYH��8 QDVVLJQHG�
FHOOV�QDRSDN�* ) &�Y\ XåtYD �P{ åX�� 
 
Meta-signalling�EXQN\ �VD�SRXåtYDM~�QD�GRKRGQXWLH�PHG] L�9 &,�D�] GURMRP� 
General broadcast�EXQN\ �QHV~�LQIRUPi FLX��NWRUi �Pi �E\ �Y\ VLHODQi �YãHWNêP�~þDVWQtNRP�
UNI. 
Point-to-Point signalling�EXQN\ �V~�SRXåtYDQp�QD�NRQILJXUi FLX�VSRMHQLD�PHG] L�RERPD�ERGPL� 
Segment a End-to-End F4 bunky s�  k� dovan�  VCI 0003H a 0004H vo vn� tri Virtu� lnej 
cesty, ktor�  obsluhuj� . 
Segment a End-to-End F5 bunky s�  k� dovan�  PTI 4H a 5H vo vn� tri Virtu� lneho kan� la, 
ktor�  obsluhuj� . 
Hodnota 6H je rezervovan�  pre Fast Resource Management vo Virtu� lnom kan� ly. 
 
 
 

Cell Type VPI VCI  PTI  CLP 
Unassigned cells 00000000 00000000 00000000 - 0 
Meta-signalling cells xxxxxxxx 00000000 00000000 0 A 0 B 
General broadcast cells xxxxxxxx 00000000 00000000 0 A A B 
Point-to-point signalling cells xxxxxxxx 00000000 00000000 0 A A B 
Segment OAM flow F4 cells yyyyyyyy 00000000 00000000 0 A 0 A 
End-to-end OAM flow F4 cells yyyyyyyy 00000000 00000000 0 A 0 A 
Segment OAM flow F5 cells yyyyyyyy  zzzzzzzz zzzzzzzz 1 0 0 A 
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End-to-end OAM flow F5 cells yyyyyyyy  zzzzzzzz zzzzzzzz 1 0 1 A 
Resource management cells yyyyyyyy  zzzzzzzz zzzzzzzz 1 1 0 A 
User information cells yyyyyyyy  vvvvvvvv vvvvvvvv 0 C U L 

 
A : Bit je k dispoz�cii pre vrstvu ATM 
%���%LW�MH�QDVWDYHQê�QD�� �YêFKRG] LRX�HQWLWRX��DOH�SUL�SUHFKRGH�VD�KRGQRWD�P{ åH�] PHQL  
&���%LW�SUH DåHQLD 
L : Cell Loss Priority bit 
8 ���,QGLNDþQê�ELW�$ 70 �YUVWY\ �XåtYDWHD 
[ ��� XERYR Qi �9 3,�KRGQRWD��$ N�9 3,� � �� �SRWRP��YR�9 &,�MH�VLJQDOL] i FLD�ORNi OQHM�YêPHQ\ . 
\ ��� XERYR Qi �9 3,�KRGQRWD�� 
] ��� XERYR Qi �9 3,�KRGQRWD�U{ ] QD�RG�� �� 
Y��� XERYR Qi �9 3,�KRGQRWD�Yl þãLD�DNR�� � � � + �� 
 
$ 70 �) RUXP�VD�PLHUQH�RGFK\ XMH�RG�WRKWR�SUHGSLVX�WêP��åH�YãHWN\ �37,�D�&/ 3�0 HWD�
Signalling-X�D�* HQHUDO�%URDGFDVWX�V~�YR Qp�SUH�Y\ XåLWLH�$ 70 �YUVWYRX��) RUXP�WDNWLHå�
GHILQRYDOR� DOãLX�SUHGQDVWDYHQ~�KRGQRWX�Y�$ 70 �YUVWYH� 
 

Cell Type VPI  VCI PTI  CLP 
ILMI cells xxxxxxxx 00000000 00010000 0 A A B 

 
�&LHRP�MH�LQIRUPRYDQLH�XåtYDWHD�$ 70 �R�VWDYH�D�NRQILJXUi FLL�YLUWXi OQHM�FHVW\ �D�PRåQêFK�
spojeniach v sieti v prechodnom obdob�, k� m nie s�  pr�stupn�  lok� lne managementov�  
VLH RYp�SURFHG~U\ � 
 

� �� ��$ GDSWDþQi �YUVWYD�$ 70  
� �� �� ��) XQNFLH�D�W\ S\ �DGDSWDþQêFK�YUVWLHY 
�$ $ / �P{ åH�UR] ãtUL �VOXåE\ �SRVN\ WRYDQp�$ 70 �YUVWYRX�QD�SRåLDGDYN\ �ãSHFLILFNHM�VOXåE\ ��
AAL mapuje user/conWURO�PDQDJHPHQW�3' 8 ��3URWRFRO�' DWD�8 QLW��GR�LQIRUPDþQpKR�SR D�
$ 70 �EXQN\ ��SUtSDGQH�YLDFHUêFK�QDVOHGXM~FLFK�EXQLHN�YLUWXi OQHKR�VSRMHQLD��7LHWR�VOXåE\ �V~�
UR] GHOHQp�QD�� �WULHG\ �] �NWRUêFK�Pi �NDåGi �LQp�SRåLDGDYN\ �QD�$ $ / ��7LHWR�WULHG\ �VD�GDM~�
UR] GHOL �SRGD�� �SDUametrov : 
1. ý DVRYê�SRVXQ�P HG] L�RGRVODQtP �D�SULMDWtP �- 3UHQRV�Gi W�PHG] L�SRþtWDþPL�QDSU��QHPi �

RKUDQLþHQLH�QDUR] GLHO�RG�WHOHIRQRYDQLD��NH �SRåDGXMHPH�UHDO-WLPH���VOXåE\ � 
2. 3UHQRVRYi �UêFKORV �-�1 LHNWRUp�VOXåE\ �PDM~�NRQãWDQWQ~�SUHQRVRY~�UêFKORV ��X�LQêFK�VD�

P{ åH�PHQL � 
3. Typ spojenia - 6OXåED�P{ åH�E\ �FRQQHFWLRQOHVV�DOHER�FRQQHFWLRQ�RULHQWHG� 
 
=�WêFKWR�SDUDPHWURY�E\ �PRKOR�Y] QLNQ~ �WHRUHWLFN\ �� �U{ ] Q\ FK�VOXåLHE��DOH�LED�� �NRPELQi FLH�V~�
pr�pustn� : 
7\ S�$ ���( [ LVWXMH�þDVRYp�RKUDQLþHQLH�SUHQRVX��SUHQRVRYi �UêFKORV�MH��SHYQi �a spojenie je 
connection oriented. 
7\ S�%���7DNp�LVWp�DNR�$ ��DOH�SUHQRVRYi �UêFKORV �QLH�MH�SHYQi �- prenos videa a audia 
7\ S�&���1 HPi PH�þDVRYp�RKUDQLþHQLH��SUHQRVRYi �UêFKORV �QLH�MH�SHYQi �D�VSRMHQLH�MH�
connection oriented - pr�klad connection oriented data transfer. 
7\ S�' ���/ tãL�VD�RG�&�WêP�åH�MH�FRQQHFWLRQOHVV�RULHQWHG�- data transport Switched Multimegabit 
Data Services. 
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 A B C D 

ý DVRYp�
RKUDQLþHQLH 

3RåDGRYDQp 1 HSRåDGRYDQp 

Prenosov�  
UêFKORV  

Kon� tantn�  Premenn�  

Typ spojenia Connection oriented Connectionless 

 
Vrstva AAL je rozdelen�  na 2 podvrstvy SAR a CS. Prim� rna funkcia SAR je rozdelenie 
3' 8 �GR�EXQLHN�$ 70 �D�Qi VOHGQp�] ORåHQLH�3' 8 �] �EXQLHN�$ 70 ��6$ 5�D�&6�P{ åX�E\ �DM�
pr� zdne. 
 Existuj�  4 typy AAL protokolov : AAL1,AAL2,AAL3/4,AAL5. 
 
3.7.2. AAL1 pre konšWDQWQ~�SUHQRVRY~�UêFKORV � 
CBR -�&RQVWDQW�ELW�UDWH�VOXåE\ �SRVN\ WXM~�SUHQRV�D�GRUXþHQLH�LQIRUPi FLL�NRQãWDQWQRX�
SUHQRVRYRX�UêFKORV RX� 
3UHQRV�þDVRYHM�LQIRUPi FLH��SUHQRV�LQIRUPi FLH�R�ãWUXNW~UH�Gi W�D�LQGLNi FLD�FKêE�DOHER�
straten� ch d� t, ktor�  neboli zachr� nen� . 
 
Funkcie SAR (Segmentation and Reassembly) 
6$ 5�GRVWDQH�� � �E\ WRYê�EORN�RG�&6��SULGi �� �E\ WHRY~�KODYLþNX�D�Y] QLNQH�6$ 5-PDU. Pri 
pr�jme zase oddel� SAR-3' 8 �KODYLþNX�D�SRãOH�] Y\ ãRN�&6� 

 
61 3�MH�VFKRSQp�RSUDYL �� �ELWRY~�FK\ EX�D�] LVWL �YLDFELWRY~�FK\ EX� 
 
Funkcie CS (Convergence Sublayer) 
·  O�etrenie me� kania buniek 
·  2 ãHWUHQLH�SUH DåHQLD�VNODGDQLD 
·  =tVNDQLH�þDVX�SUtMHPFRP�-�SRXåtYD�VD�RG�&&,77�RGSRU~þDQi �PHWyGD�6\ QFKURQRXV�

5HVLGXDO�7LPH�6WDPS����6576���3RXåtYD�576�QD�] PHUDQLH�D�] tVNDQLH�LQIRUPi FLL�SUH�
SUtMHPFX�R�þDVH�X�RGRVLHODWHD�D�UR] GLHOX�KRGtQ�PHG] L�SUtMHPFRP�D�VHUYLVQêP�þDVRP�
RGRVLHODWHD��576�MH�SUHQi ãDQi �Y�&6L�ELWRFK�QDVOHGXM~FLFK�6$ 5-PDUs. 

·  O�etrenie � trukt� ry d� t u pr�jemcu. 
·  Monitorovanie straten� ch a zle vsunut� ch buniek a n� pravy 
·  Monitorovanie AAL Protocol Control Information (PCI) chybn� ch bitov a n� pravy. 
·  0 RQLWRURYDQLH�GDWRYHM�þDVWL�D�FK\ EQêFK�~GDMRY�Y�QHM� 
·  Hl� senie stavu spojenia 
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� �� �� ��$ $ / �� �SUH�SUHP HQQ~�SUHQRVRY~�UêFKORV � 
 
$ $ / � �SRQ~ND�SUHPHQQ~�SUHQRVRY~�UêFKORV ��7êPWR�VD�DOH�P{ åH�VWD �åH�QLHNWRUp�EXQky 
nebud�  � plne pln�  a je treba viacero funkci� v SAR. 
&&,77�HãWH�QHGRVSHOD�N�GRKRGH�RK DGRP�WRKWR�IRUPi WX��WDNWR�E\ �WR�DOH�PDOR�Y\ ] HUD � 
61 �REVDKXMH�VHNYHQþQp�þtVOR�QD�RãHWUHQLH�] DEO~GHQêFK�EXQLHN� 
IT Information Type obsahuje jednu z hodn� t BOM,COM,EOM. =DþLDWRN���VWUHG�D�NRQLHF�
spr� vy. 
/ ,�LQGLNi WRU�REVDKXMH�SRþHW�] DSOQHQêFK�E\ WH-ov v bunke. 
&' &�P{ åH�SRP{ F �RãHWUL �FK\ E\ �Y�6$ 5-SDU. 
 
9 �SRGYUVWYH�&6�PXVLD�E\ �LPSOHPHQWRYDQp�WLHWR�IXQNFLH� 
·  2 ãHWUHQLH�þDVRYêFK�~GDMRY��H[ WUDNFLD�D�YNODGDQLH�þDVRYêFK�~GDMRY� 
·  O�eWUHQLH�VWUDWHQêFK�D�] OH�GRUXþHQêFK�EXQLHN� 
·  ) ( &�) RUZDUG�( UURU�FRUUHFWLRQ�SUH�DXGLR�D�YLGHR�VOXåE\ � 
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SN- Sequence number IT - Information type L I  - Length indicator CRC - Cyclic 
redundancy code 
 
� �� �� ��$ $ / �� �� �SUH�GDWD�VOXåE\  
&&,77�RGSRU~þD�WHQWR�SURWRNRO pre prenos d� t, ktor�  je citliv�  na stratu ale nie na 
RQHVNRUHQLH�GRUXþHQLD�LQIRUPi FLt��0 { åH�E\ �FRQQHFWLRQ�RULHQWHG�DNR�DM�FRQQHFWLRQOHVV�
RULHQWHG��$ $ / �QHXVNXWRþ XMH�YãHWN\ �IXQNFLH�SRWUHEQp�FRQQHFWLRQOHVV�VHUYLVRP��SUHWRåH�R�WRWR�
sa star�  vrstva siete. 
Existuj�  2 m� dy: 
·  Message mode : 

AAL-6' 8 �MH�SUHQHVHQi �SUi YH�Y�MHGQRP�$ $ / �,QWHUIDFH�' DWD�8 QLWH��3RXåtYD�VD�QD�SUHQRV�
Gi W�NRQãWDQWQHM�DNR�DM�SUHPHQQHM�GåN\ � 

·  Streaming mode: 
AAL-6' 8 �MH�SUHQHVHQi �YR�YLDFHUêFK�,' 8 V�RGGHOHQH��7DNWLHå�SRQ~ND�VOXåE\ �] DKRGHQLD�
þLDVWRþQH�SUHQHVHQHM�$ $ / -6' 8 ��3RXåtYD�VD�QD�SUHQRV�GOKêFK�$ $ / -SDU. 

Oba m� dy pon� kaj�  tieto rovnocenn�  proced� ry: 
·  Assured operation : 

. DåGi �6' 8 �MH�SUHQHVHQi �EH] �RSUi Y�D�DN�VD�Y\ VN\ WOL�FK\ E\ ��WDN�MH�] QRYD�] DVODQi � 
·  Non-assured operation 

V tomto pr�pade sa SDU v� beF�QHPXVt�GRUXþL ��DOHER�P{ åH�E\ �GRUXþHQi �V�FK\ EDPL��9 �
takomto pr�pade sa znovu nezasiela. 

Funkcie SAR podvrstvy: 
·  Skladanie a rozkladanie r� zne dlh� ch CS-PDUs 

1 D�WRWR�SRXåtYD�6$ 5-PDU dve polia : 
ST  Segment Type - 2 bity - BOM,COM Continuation of Message ,EOM,SSM Single 

Segment Message. 
Length Indicator LI - 6 bitov -�( 2 0 �D�660 �P{ åX�REVDKRYD �PHQHM�SODWQêFK�E\ WRY�DNR�

MH�PD[ LPXP�� � ���WDNåH�WX�MH�XVFKRYDQi �KRGQRWD�SODWQêFK�E\ WRY� 
·  Detekcia ch� b 

3RXåtYD�VD�&5&�SROH�� � �ELWRY��. yGRYDQLH�&' &�MH�] DORåHQp�QD�JHQHURYan� polynomickej 

funkcie G(x)=1+x+x4+x5+x9+x10 
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7DNWLHå�E\ �PDOL�E\ �Qi MGHQp�DM�] OH�YORåHQp�DNR�DM�VWUDWHQp�EXQN\ ��7i WR�IXQNFLD�MH�
Y\ WYRUHQp�SRPRFRX�61 �SR D�� �ELWRY 

·  Multiplexovanie viacer� ch CS-3' 8 �QD�VSRORþQpKR�GRUXþRYDWHD�Y�$ 70 �YUVWYH� 
0 XOWLSOH[ LQJ�SRXåtYa 10 bitov�  Multiplex Identifier (MID) v SAR-3' 8 ��7RWR�XPRå XMH�
PXOWLSOH[ RYD �� � � �VSRMHQt�QD�XVHU�WR�XVHU�QD�FRQQHFWLRQ-oriented komunik� cii. 
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9 �WRPWR�SUtSDGH�MH�QLHNR NR�WHUPLQi ORY�SULSRMHQêFK�QD�/ $ 1 ��&RQQHFWLRQOHVV��D�Wi WR�/ $ 1 �
pripojen�  jednou ATM Gateway. V�etky inform� cie s�  pren� �an�  cez jedin�  ATM spojenie, 
NWRUp�QD�] i NODGH�0 ,' �EXGH�GRUXþRYD �QD�GDQê�WHUPLQi O��,QIRUPi FLD�QD�] i NODGH�NWRUHM�MH�
uroben�  spojenie medzi serverom a MID je podan�  iba v BOM. 
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Funkcie Convergence Sublayer  
6SRORþQi �þDV �SRGYUVWY\ �&RQYHUJHQFH�6XEOD\ HU��&3&6��SUH�$ $ / � �� �XPRå XMH�SUHQRV�GDWD-
frame-RY�GåN\ �� �Då�� � � � � �E\ WRY��&3&6�VSRMHQLH�MH�QDGYLD] DQp�PDQDJHPHQWRP�DOHER�FRQWURO�
SODQH"""��0 HG] L�GYRPD�URYQRFHQQêPL�&3&6�HQWLWDPL�P{ åH�E\ �� �D�YLDF�&3&6�VSRMHQt�DYãDN�
prep�nanie t� cKWR�VSRMHQt�QLH�MH�SRGSRURYDQp��ÒSOQRV �&3&6-6' 8 �SRVWXSQRVWL�MH�] DUXþRYDQi �
oboma stranami CPCS spojenia. 
·  Ochrana CPCS-SDU - �=DUXþXMH�] REUD] RYDQLH�D�SUHK DGQRV �&3&6-SDU. 
·  Detekcia a ošetrenie chýb -   Pri pr�padnej chybe je CPCS-6' 8 �EX �] DKRGHQp�DOHER�

doruþHQp�6HUYLFH�6SHFLILF�6XEOD\ HU-X��7DNWLHå�VHP�SDWULD�DM�FK\ E\ �] LVWHQp�Y�6$ 5� 
·  Alok� cia potrebnej pamäte - ��. DåGi �&3&6-SDU si so sebou nesie aj inform� ciu o 

PLQLPi OQ\ FK�SRåLDGDYNi FK�QD�SDPl �SRWUHEQ~�SUH�SULMDWLH� 
·  Termin� cia - �. DåGê�SUHQRV�P{ åH�E\ �WHUPLQRYDQê��DM�NH �HãWH�QLH�MH�GRNRQþHQê� 
 
Form� t CPCS-PDU : 

 
 
·  CPI  Pole - 7RWR�SROH�VD�SRXåtYD�QD�SRSLV�IXQNFLt� DOãtFK�SROt�&3&6�Y�KODYLþNH�D�

) 2 2 7( 5L��1 DSU��P{ åH�REVDKRYD �MHGQRWN\ �Y�NWRUêFK�V~�Y\ MDGUHQp�YHNRVWL�Y�%$ 6,�D�
Length poli. 

·  Beginning Tag pole - 8 PRå XMH�VSRMHQLH�&3&6-PDU Headera a Trailera u pr�jemcu. T�  
LVWi �KRGQRWD�MH�RGRVLHODWHRP�QDVWDYHQi �GR�%7DJX�D�( 7DJX�SUH�GDQp�&3&6-PDU. Pre 
nasleduj� ce CPCS-PDU je in� , napr. inkrementnut� . Tento mechanizmus je v�ak 
] E\ WRþQê�SRSUL�%2 0 ��( 2 0 �0 ,' �D�PHFKDQL] PDPL�na detekciu ch� b v SAR. 
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·  Buffer  Allocation Size Indication pole - ,QIRUPXMH�SUtMHPFX�R�PD[ LPi OQ\ FK�PRåQêFK�
SRåLDGDYNi FK�SUL�SULMtPDQt�WRKWR�&3&6-3' 8 ��-H�WR�þtVOR�NWRUpKR�MHGQRWN\ �V~�GDQp�Y�&3,��
V message-PRGH�MH�%$ 6L] H�URYQDNi �DNR�GåND�Qi NODGX�Y�VWUHDPLQJ�PRGH�P{ åH�E\ �DM�
Yl þãLD� 

·  Padding field - Medzi CPCS-3' 8 �Qi NODGRP�D�7UDLOHURP�P{ åH�E\ �� �Då�� �QHY\ XåLWp�
E\ WH��9 RODM~�VD�3DGGLQJ�) LHOG�D�QHQHV~�åLDGQX�LQIRUPi FLX� 

·  Alignment field - 9 \ URYQi YD�GåNX�7UDLOHUD�QD�� � �ELWRY��1 HPi �QLHV �åLDGQX�LQIRUPi FLX�D�
mal by b\ �QDVWDYHQê�QD�� � 

·  End Tag field - Pre dan�  CPCS-3' 8 �E\ �RGRVLHODWH�PDO�QDVWDYL �URYQDN~�KRGQRWX�DNR�MH�
v BTag. 

 
 � �� �� ��$ $ / � �SUH�GDWD�VOXåE\  
 
Z� klady 
3UH�VSRMHQLD�V�YHNRX�SUHQRVRYRX�UêFKORV RX�D�SUH�Yl þãLH�GDWD�MH�$ $ / � �� �QHYêKRGQi ��0 i �� �
E\ WH�SUH�NDåGêFK�48 bytov SAR-3' 8 �QD�KODYLþNX�D�WDNWLHå�LED�� � �ELWRY�QD�GHWHNFLX�FKêE��
7RWR�VD�] GDOR�E\ �P i OR��3UHWR�ERO�Y\ P\ VOHQê�QRYê�W\ S�$ $ / � ��NWRUê�PDO�SRVN\ WRYD �Yl þãLX�
VFKRSQRV �GHWHNFLH�FKêE�D�PHQãLH�SUHGåHQLH�Gi W� 
AAL5 je identick�  ako AAL3/4 ale nevyskytuj�  sa v RP�VOXåE\ �SUH�PXOWLSOH[ RYDQLH��$ N�MH�
zapotreby bude v SSCS vrstve. 
 
Funkcie SAR podvrstvy 
Dostane SAR-3' 8 �YDULDELOQHM�GåN\ �FHORþtVHOQêFK�Qi VRENRY�� � �E\ WRY�&3&6�D�Y\ JHQHUXMH�
SAR-PDU obsahuj� cich 48 bytov SAR d� t. Zak� dovanie a odk� dovanie je roben�  na "koniec 
SAR-SDU indik� ciou" ktor�  nesie hodnotu 1 v ATM layer user to ATM layer user indik� cii 
ELWH�Y�37,�SUH�8 VHU�LQIRUPDWLRQ�EXQNH��+ RGQRWD�� �] QDPHQi �] DþLDWRN�DOHER�SRNUDþRYDQLH�
SAR-SDU. 
Convergence sublayer funkcie 
Je tak�  ist�  ako v AAL3/4 ale AAL5 neposk\ WXMH�QHSRVN\ WXMH�%$ 6L] H�LQGLFDWLRQ��7DNWLHå�
GHWHNFLD�FKêE�MH�RãHWURYDQi ��þLVWR�Y�&3&6�YUVWYH� 
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Polia s rovnak� mi n� zvami maj�  aj rovnak�  funkcie, iba pole CRC je nov� . Obsahuje hodnotu 
&5&��NWRUi �MH�SRþtWDQi �QD�FHORP�&3&6-3' 8 �RG�KODYLþN\ �FH] �Qi NODG�Då�SR Trailer. Polyn� m 
generuj� ci CRC-32 je: 
G(x)= x32+ x26+ x23+ x22+ x16+ x12+ x11+ x10+ x8+ x7+ x5+ x4+ x2+ x+1 
3.7.6. Adaptation for  signalling 
Vrstva ATM vybran�  na singalling medzi UNI a NNI je AAL5.   

3.8. Maintenance functions -�) XQNFLH�XGUåRYDQLD 
3.8.1. Z� klady 
=i NODGQê�SULQFtS�2 $ 0 �MH�] DORåHQê�QD�XGUåRYDQt�D�REVOXKH�NWRUi �VD�VNODGi �] �GR] RUX-
6XSHUYLVLRQ��WHVWLQJ�D�PRQLWRURYDQLD�YêNRQX�WDN�DE\ �SUHYHQWtYQD�RFKUDQD�ERO�þR�QDMPHQãLD�D�
DE\ �VD�] PHQãLOD�DM�RSUDYQi �~GUåED� 
F� zy: 
·  Performance monitor ing - Pri normi OQHM�RSHUi FLL�] DUXþXMH�SULHEHåQi �DOHER�SHULRGLFNi �

NRQWUROD�IXQNFLt�] DEH] SHþHQLH�LQIRUPi FLH��,QIRUPi FLH�R�YêNRQH�V~�SRWRP�SUHQHVHQp�GR�
2 $ 0 �HQWtW��NWRUp�SRXåLM~�WLHWR�LQIRUPi FLH�QD�GOKRGREp�V\ VWpPRYp�UR] KRGQXWLD��
kr� tkodob�  kontroly a prevent�vne opatrenia. 

·  Defect and failure detection - 3UL�SULHEHåQHM�DOHER�SHULRGLFNHM�NRQWUROH�IXQNFLt�P{ åX�E\ �
] LVWHQp�FK\ E\ ��$ NR�YêVOHGRN�WDNHMWR�FK\ E\ �MH�VSUi YD�R�WDNHMWR�FK\ EH�DOHER�YêVWUDåQi �
hl� � ka. 
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·  System protection - 3RNLD�MH�] LVWHQi �FK\ ED��SRãNRGHQi �MHGQRWND�MH�Y\ O~þHn�  z oper� cie. 
7êPWR�VD�] PHQãt�PRåQRV �SUHQHVHQLD�FK\ E\ � DOHM� 

·  Failure or  performance information - 3RNLD�QDVWDQH�FK\ ED��RVWDWQp�MHGQRWN\ �V~�Y�þDVH�
LQIRUPRYDQp��,QIRUPi FLD�R�WRPWR�MH�XåtYDQi �V\ VWpPRP�QD�Y\ O~þHQLH�SRãNRGHQêFK�
MHGQRWLHN��DOH�MH�WLHå�] DVODQi �VXVHGRP�DE\ �LFK�XSRYHGRPLOD��åH�EROD�Y\ VODQi �SRãNRGHQi �
jednotka. 

·  Fault localization - ,QWHUQp�DOHER�H[ WHUQp�V\ VWpPRYp�WHVW\ �RKUDQLþLD�PLHVWR�FK\ EQHM�
MHGQRWN\ ��. H �MH�ORNDOL] RYDQi �V\ VWHP�SURWHFWLRQ�] DUXþt��åH�SRãNRGHQp�MHGQRWN\ �EXG~�
vynechan� . 

 
3.8.2. OAM network layer ing 
OAM toky 
2 ãHWURYDQLH�D�RSHUi FLH�$ 70 �] DORåHQHM�VLHWH�V~�RUJDQL] RYDQp�YUVWHYQH��( [ LVWXMH�� �
hierarchick� ch � rovn� OAM, spojen� ch tokom inform� ci�. 2 vrstvy s�  definovan�  v ATM a 3 
YUVWY\ �YR�I\ ] LFNHM�YUVWYH��9 �ãSHFLILFNêFK�SUtSDGRFK�VD�P{ åH�VWD ��åH�QLH�YãHWN\ �YUVWY\ �V~�
pr�tomn� . Potom sa potrebn�  funkcie z ch� baj� cej vrstvy vykon� vaj�  vo vy� � ej vrstve. 

 
·  Vir tual channel - VC - Oba konce vykon� vaj�  termin� ciu VCI u BISDN spojenia. 

Tak� to spojenie pozost� va z viacer� ch virtu� lnych ciest.OAM funkcie s�  vykon� van�  na 
~URYQL�9 &,�D�P{ åX�Gi YD �YVWXS�SUH� XERYR Q~�] �� �Ii ] �SRStVDQêFK�Y\ ããLH�QD�
monitorovanie. 

·  Vir tual path - VP - Oba konce vykon� vaj�  termin� ciu VPI pri BISDN spojen�. Zase 
Pi PH�QLHNR NR�SUHQRVRYêFK�FLHVW��7DNWLHå�P{ åH�E\ �SRXåtYDQi �MHGQD�]  5 f� z na 
monitorovanie VP. 

·  Transmission path - TP - Oba konce vykon� vaj�  rozkladanie a skladanie n� kladu a 
2 $ 0 �IXQNFLH�SUHQRVX�. H åH�EXQN\ �PXVLD�E\ �UR] R] QDWHQp�Y�WHMWR�~URYQL�DE\ �EROR�
PRåQp�] ORåL �2 $ 0 �EXQN\ ��VNODGDQLH�EXQLHN�D�+ ( &�IXQNFLH�V~�SRåDGRYDQp�v 
WHUPLQDþQêFK�ERGRFK�73��73�MH�] ORåHQi �] �YLDFHUêFK�' LJLWDO�VHFWLRQV 
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·  Digital section - DS - 2 ED�NRQFH�V~�VHFWLRQ�WHUPLQDWLRQ�SRLQWV��' LJLWDO�VHFWLRQ�] DKUXMH�
XGUåRYDFLX�MHGQRWNX��-H�PRåQp�SUHQLHV �2 $ 0 �LQIRUPi FLX�] �SULDKOêFK�' 6� 

·  Regenerator  section - RS - 1 DMPHQãLD�UR] SR] QDWHQi �MHGQRWND�SUH�2 $ 0 ��MH�
ORNDOL] RYDQê�PHG] L�] RVLORYDþPL� 
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OAM funkcie s�  pridelen�  Layer Managementu BISDN Protocol Reference Modelu. OAM 
funkcie t� kaj� ce sa � rovniam OAM s�  nez� visl�  od OAM funkci� in� ch vrstiev a s�  
SRVN\ WRYDQp�Y�NDåGHM�YUVWYH��7DNWLHå�NDåGi �YUVWYD��Y�NWRUHM�V~�2 $ 0 �IXQNFLH�SRåDGRYDQp�MH�
VFKRSQi �Y\ NRQi YD �YODVWQp�VSUDFRYi YDQLH�D�Y\ KRGQRFRYDQLH�LQIRUPi FLt�R�VWDYH�D�NYDOLWH��
9 êVOHGN\ �P{ åX�E\ �SRWRP�SUHGDQp�3ODQH�0 DQDJHPHQWX��DOHER�Y\ ããHM�YUVWYH��9 ãHWNR�] i YLVt�
od danej vrstvy. 
 

Physical layer mechanism 
Vo physical layer-L�] i YLVLD�2 $ 0 �LQIRUPDþQp�WRN\ ��73�' 6�56��RG�W\ SX�SUHQRVRYpKR�V\ VWpPX�
D�WLHå�RG�ULDGLDFLFK�IXQNFLt�Y�1 7� �D�1 7� �SUH�VHFWLRQ�FURVVLQJ�WKH�7E�UHIHUHQFH�SRLQW� 
 V SDH, � peci� lne byte-y v SOH nes�  inform� cie o RS a DS toku. Tok TP je 
pren� � an�  v POH transmission framu. 
 V cell-based transmission syst� me RS a TP s�  pren� � an�  � peci� lnymi OAM bunkami 
naz� van� mi PL-2 $ 0 �EXQNDPL�D�UR] OtãLWHQêPL�KODYLþNRX�EXQN\ ���7RN�' 6�QLH�MH�
SRVN\ WRYDQê��DOH�MHM�IXQNFLH�V~�SULGUXåHQp��resp. poskytovan�  TP. Tieto bunky s�  platn�  iba v 
physical layer-y a nie s�  posielan�  do ATM layer-u. 
 
 ATM layer  mechanism 
9 �$ 70 �YUVWYH��9 &�9 3��V~�EXQN\ ��NWRUp�Y\ NRQi YDM~�9 &�D�9 3�~GUåEX��7LHWR�EXQN\ �SUHQi ãDM~�
$ 2 0 �LQIRUPi FLH�PHG] L�URYQDNêPL�~URY DPL�PDQDJHment-plane-u. Existuj�  dva typy VP a 
VC tokov. 
·  End-to-( QG�WRN��NWRUê�MH�SRXåLWê�QD�( QG-to-End VPC alebo VCC komunik� cie. 
·  6HJPHQWRYê�WRN��SRXåLWê�QD�9 3&�DOHER�9 &�NRPXQLNi FLX�PHG] L�YQ~WRUQêPL�ERGPL�

spojenia, alebo pri viacn� sobnom spojen�, kde v�etky spojenia spadaj�  pod jednu 
DGPLQLVWUi FLX�UHVS��RUJDQL] i FLX��7LHWR�WRN\ �V~�XNRQþHQp�Y�NRQFRYêFK�ERGRFK�9 &&�9 3&�
alebo v spojovac�ch bodoch VPC,VCC segmentov. 
Adapatation layer  mechanisms 

CS AAL-X�REVDKXMH�PRQLWRURYDQLH�YêNRQX�RSUDY\ �D�] i ] QDP\ �YKRGQp�SRGD�W\ SX�$ $ / � 
 
3.8.3. OAM of the physical layer  
5{ ] QH�þDVWL�SK\ VLFDO�OD\ HU-X�PXVLD�E\ �XGUåLDYDQp�� 
Pr�klad : 
) � �WRN�MH�RKUDQLþHQê�/ 7��/ LQH�WHUPLQDWLRQ��D�UHJHQHUDWRURP��D�) � �MH�WLHå�RKUDQLþHQê�/ 7��7RN�
) � �SRWUHEXMH�UR]SR]QD �$70 �EXQN\ �FHOpKR�WRNX�5{ ]QH�FK\ E\ �P{ åX�E\ �rozpoznané a 
SULGHOHQp�) � �) � �) � �YUVWYH���1DVOHGXM~FH�FK\ E\ �P{ åX�E\ �GHWHNRYDQp�Y�6' + �EDVHG�
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transmission systéme: 
 
F1: 
·  Strata sign� lu, alebo frame-X��6' + �IUDPH�V\ QFKURQL] i FLD�VD�QHXVNXWRþQLOD 
F2: 
·  Degraded error performance: Kvalita prijat� ho bitov� ho toku jH�QHDNFHSWRYDWHQi ��YHD�

FKêE��0 { åH�WR�E\ �] DSUtþLQHQp�VODEêP�VLJQi ORP��] OêP�X] DP\ NDQtP�3/ / ��0 HULD�VD�WR�Y�
BIP v SOH. 

F3: 
·  Loss of cell delineation: Algoritmus na skladanie buniek nie je v stave SYNC. (fig 3.12) 
·  Degraded er ror  per formance��=Oi �NYDOLWD��SRXå�va sa BIP v SOH 
·  Incor r igible header �+ODYLþND�P i �YLDF�FKêE��DNR�VD�VD�Gi �RSUDYL  
·  Degraded header error  per formance�. YDOLWD�ELWRY�KODYLþN\ �MH�PDOi ��SRXåtYD�VD�+ ( &�

mechanizmus 
·  Loss of AU4 pointer :AU4 pointer v SDH-SOH  nebol n� jden� , ukazuje teda na 

nerozpozQDWHQê�6' + �Qi NODG� 
·  Failure of inser tion and suppression of IDLE cells�3RNLD�SULFKi G] D�SULYHD�,' / ( �

EXQLHN��QHP{ åX�E\ �QRUPi OQH�LQIRUPi FLH�SUHQHVHQp� 
 
V cell-EDVHG�SUHQRVRYRP�V\ VWpPH�WR�P{ åX�E\ �QDVOHGRYQp�FK\ E\ � 
 
F1: 
·  Loss of signal 
·  Loss of F1 PL-OAM cell recognition�3ULMtPDWH�QHYLH�UR] SR] QD �3/ -OAM bunky a teda 

QHP{ åH�E\ �Y\ NRQi YDQp�PRQLWRURYDQLH�YêNRQX� 
·  Degraded er ror  per formance 
F3: 
·  Loss of cell delineation 
·  Incor rectable header  
·  Loss of F3 PL-OAM cell recognition 
·  Degraded header error  per formance:D�  sa ] LVWL �SRPRFRX�%,3��DOHER�SRXåtYDQtP�ãSHF��

inform� cie v IDLE bunk� ch. 
·  Failure of inser tion and suppression of IDLE cells 
 
3.8.4. OAM of the ATM layer  
0 RåQp�FK\ E\ � 
F4: Vir tual Path 
·  Path not available:9 LUWXi OQD�FHVWD�QHP{ åH�E\ �] DEH] SHþHQi �D�MH�] DSRWUHE\ �V\ Vt� movej 

ochrany. 
·  Degraded performance: Bunky ATM prich� dzaj� ce do VCI/VPI spracov� vaj� cich 

YUFKRORY�QHPDM~�GRVWDWRþQê�YêNRQ��-�QDSU��VWUDWRX�EXQLHN��SULGDQtP�EXQLHN��SULYHD�FKêE�
... 

F5: Vir tual 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   Virtual channel Identifier 
HEC Header Error Check 
SDH ???? 
SOH Section Overhead 
POH Path overhead 
PL-OAM  Physical layer OAM 
BIP  
PLL  
 
 

4. Broadband ATM Switching 

Úvod 
V minulosti boli vyvinut�  r� zne prep�nacie architekt� ry pre r� zne aplik� cie ako s�  hlasov�  a d� tov�  prenosy 

] DORåHQp� QD� WUDQVIHURYêFK� PyGRFK� DNR� 670 � �6\ QFKURQRXV� 7UDQVIHU� 0 RGH�� D� SUHStQDQt� SDNHWRY�� 7LHWR�
technol� ge boli adaptovan�  v priebehu minulosti na st� le sa vyv�jaj� ce technol� gie,� NWRUp� GRYR RYDOL� FHQRYR�
v� hodnej� ie rie� enia. 

3UHStQDFLD� DUFKLWHNW~UD� Y\ YLQXWi � SUH� 670 � QLH� MH� SULDPR� DSOLNRYDWH Qi � QD� ãLURNRSi VPRYp� $ 70 �� 6~� GYD�
KODYQp�IDNWRU\ �RYSO\ Y XM~FH�LPSOHPHQWi FLX�$ 70 �SUHStQDFHM�DUFKLWHNW~U\ � 

¨  Y\ VRNi �UêFKORV �$ 70 ��RG�� � � �Då�GR�� � � 0 ELt/s), 
¨  � tatistick�  spr� vanie sa ATM streamov prech� dzaj� cich cez ATM prep�nac� syst� m. 

3UHStQDFLX�DUFKLWHNW~UX�RYSO\ Y XMH�DM�GHILQtFLD�PDOêFK�EXQLHN�D�REPHG] HQi �IXQNFLRQDOLWD�KODYLþN\ �Y ATM. 
V OLWHUDW~UH� EROR� RStVDQêFK� YHD� SUHStQDFtFK� DUFKLWHNW~U�� 9 LDFHUR� z QLFK� VD� SRXåtYD� DM� YR�

YHNêFK NRPHUþQêFK�V\ VWpPRFK��WHOHNRPXQLNi FLH���� ��3RþHW�YVWXSRY�D�YêVWXSRY�Y syst� moch sa pohybuje od 4 
SR�QLHNR NR�WLVtF� 

5R] OLãXMHPH� SXEOLF� LQãWDOi FLH� $ 70 � SUHStQDþRY�� W�M�� ATM Central Office, a priv� tne in� tal� cie naz� van�  
ATM LAN. 

V WHMWR�NDSLWROH�VD�EXGHPH�YHQRYD �LED�WUDQVSRUWQHM�þDVWL�SUHStQDþRY�QLH�NRQWUROQHM� 
7UDQVSRUWQi � þDV � VD� QD] êYD� transport 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 
j itter  a in� . 

. RQWUROQi �þDV �VD�QD] êYD�control network  a kontroluje transport network, t.j. napr�klad ktor�  inlet (vstup) 
VSRML �V ktor� m outletom (v� stup). 

 
V $ 70 �SUHStQDþL (ATM switch���PXVLD�E\ �$ 70 �EXQN\ �WUDQVportovan�  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 výstupného logického ATM kan� la (outgoing logical ATM channel). Logick�  ATM kan� l je 
charakterizovan� : 

Þ  Fyzický vstup/výstup (inlet/outlet) s SULVO~FKDM~FLP�þtVORP�SRUWX 
Þ  Logický kan� l na fyzickom porte (logical channel) s prisl� chaj� cim Virtual Channel Identifier 

a/alebo Virtual Path Identifier (VPI) 
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1 D� XVNXWRþQHQLH� SUHStQDQLD� WUHED� GYH� IXQNFLH� SRGREQp� WêP� SRXåtYDQêP� Y klasick� ch prep�nac�ch 
syst� moch. 

Space switching function� �REU�� � � -H� YLGLH �� åH�
inform� cia zo vstupu 1 je transportovan�  do v� stupu  3, 
DW��' { OHåLWê�DVSHNW�VSRMHQê�V touto funkciu je routing, t.j. 
ako je inform� cia interne routovan�  zo vstupu na v� stup. 

 
 
 
 

Time Switching �REU�� � � ,GH� R� WR�� åH�
inform� cia z jedn� ho time slotu 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 slotov 
v pren� � an� ch paketoch nahraden�  identifik� ciou 
logick� ch kan� lov. Probl� m nastane, ak 2 a viac 
ORJLFNêFK� NDQi ORY� FKFH� SULVW~SL � QD� MHGHQ� WLPH�
slot. Toto sa rie� i frontou (queing) ATM buniek. 

Koncentr � cia/Multiplexing ± nast� va vtedy, ak inform� cie z 1 � YVWXSRY� PXVLD� E\ � UR] GHOHQp� GR� 0 �
YêVWXSRY��SULþRP�1 ! 0 � 

 
Expanzia/Demultiplexing ±�RSDþQi �RSHUi FLD�N predch� dzaj� cej. 
 
=i NODGQê�SULQFtS�$ 70 �SUHStQDþD�MH�QD�REU�� ��3ULFKi G] DM~FH�EXQN\ �V~�SRGD�LFK�KODYLþN\ �I\ ] LFN\ �SUHStQDQp�

QD�YêVWXSQp�OLQN\ ��1 D�NDåGHM�YVWXSQHM�DM�YêVWXSQHM�OLQNH�V~�KODYLþN\ �MHGLQHþQp��DOH�URYQDNp�KODYLþN\ �P{ åHPH�
Qi MV �QD�YLDFHUêFK�OLQNi FK��. H åH�Y URYQDNRP�þDVH�P{ åX�SUtV �]  r� znych vstupn� ch liniek bunky, ktor�  smeruj�  
GR�URYQDNpKR�YêVWXSX��MH�SRWUHEQp�] DEH] SHþL �IURQWX�SUH�EXQN\ ��NWRUp�VD�HãWH�QHVSUDFRYDOL� 

7DNåH� ] KUQLHPH�� $ 70 � SUHStQDþH� Y\ NRQi vaj�  tri z� kladn�  funkcie: Routing (space switching), queing a 
header translation. 

 
Obr. 0-3 ATM Pr �nc�p prep�nania 

 

 

Obr . 0-1 - Space Switching 

Obr . 0-2 - Time Switching 
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Definície 
Switching Fabr ic (Prep�nacia sLH �±� MH� ] ORåHQp� ]  rovnak� ch basic switching building blocks, ktor�  s�  

QHMDNêP� VS{ ERP� SRSUHSi MDQp�� 7HGD� VZLWFKLQJ� IDEULF� MH� XUþHQp� WRSROyJLRX� VLHH� D� MHM� ] i NODGQêP� D� MHGLQêP�
elementom. 

Basic Switching Bulding Block��3UHStQDþ��±�MHGQRGXFKê�HOHPHQW�SRXåtYDQê na kon� trukciu ATM switching 
IDEULF�� DOãLH�SRPHQRYDQLH��switching element. 

Switching system ±�V\ VWpP��DNR�VD� SUHStQDM~�$ 70 � EXQN\ ��W�M��P { åH�WR� E\ �OHQ� MHGLQê�VZLWFKLQJ�HOHPHQW�
alebo aj switching fabric. 

Switching requirements 
$ 70 �PXVt�E\ �VFKRSQp�] DEH] SHþL �SUHQRV�LQIRUPi FLt�U{ ] Q\ FK�GUXKRY�V U{ ] Q\ PL�SRåLDGDYNDPL�QD�UêFKORV ���

FK\ ERYRV �DW� 

Information rates 
5êFKORV �SUHQRVX�VD�Y $ 70 �SRK\ EXMH�RG�QLHNR NêFK�NELW�V�Då�SR�� � � 0 ELW�V��QDSUtNODG�SUH�+ ' 79 ���7R�DOH�

QH] QDPHQi �� åH� $ 70 � SUHStQDþH� RSHUXM~� QD� GDQHM� UêFKORVWL�� 3UHStQDQLH� P{ åH� E\ � UHDOL] RYDQp� SDUDOHOQêPL�
VSRMHQLDPL�� YWHG\ � MH� RSHUDþQi � UêFKORV � QLåãLD�� DOHER� MH� UHDOL] RYDQêFK� YLDFHUR� SUHQRVRY� FH] � MHGHQ� SUHStQDþ� D�
YWHG\ �PXVt�SUHStQDþ�RSHURYD �QD�UêFKORVWL�SRWHQFLRQi OQH�* ELW�V� 

Broadcast/Multicast 
Klasick�  STM maj�  len point-to-point konekcie, k� m ATM m� : 
Broadcast ± poskytovanie inform� ci� z jedn� ho zdroja v�etk� m ostatn� m. 
Multicast ± poskytovanie inform� ci� z jedn� ho zdroja viacer� m destin� ci� m. 
7LHWR�VOXåE\ �VX�W\ SLFN\ �SRåDGRYDQp�SUH�GLVWULE~FLX�79 ��YLGHR�NQLåQtF��DW� 

Výkon 
9 êNRQ� P{ åH� E\ � KRGQRWHQê� ]  YLDFHUêFK� SRK DGRY�� W\ SLFN\ � VD� KRYRUt� R� pr iepustnosti (throughput), 

connection blocking probability, bit error rate, switching delay. V $ 70 � VD� XSULDPXMH� SR] RUQRV � QDMPl � QD�
connection blocking, cell loss/cell insertion probability a switching delay. 

 
Connection Blocking ±� XUþXMH� SUDYGHSRGREQRV �� åH� QLH� MH� GRVWDWRN� SURVWULHGNRY� QD� Y\ WYRUHQLH� QRYHM�

konekcie ±� þL� Xå� VS{ VREHQp� I\ ] LFNêP� REPHG] HQtP� UêFKORVWL� OLQLHN�� DOHER� SUHStQDþRY� �NH åH� $ 70 � V~�
connection-oriented). Internal connection blocking MH�SRGREQp��DOH�LGH�OHQ�R�REPHG] HQLH�SUHStQDþRY��1 LHNWRUp�
LPSOHPHQWi FLH�QHPDM~�WRWR�LQWHUQp�EORNRYDQLH��DOH�LQp�i QR��OHER�SUHStQDþ�VL�PXVt�SUH�NDåG~�NRQHNFLX�DORNRYD �
nejak�  prostriedky. 

Cell loss/cell inser tion probability – do�$ 70 �SUHStQDþD�P{ åH�SUtV �Y URYQDNRP�þDVH�YLDF�EXQLHN��DNR�MH�
kapacita jeho z� sobn�ka, preto sa niektor�  bunky stratia (cell loss� �� 3UDYGHSRGREQRV � WHMWR� VWUDW\ � MH� Y ATM 
v rozmedz� 10-8�Då�� � -11. Cell insertion je nespr� vne routovanie bunky.  PravdepodobnoV �WHMWR�XGDORVWL�E\ �PDOD�
E\ �DVL�� � � � -NUi W�PHQãLD�DNR�SUDYGHSRGREQRV �FHOO�ORVV� 

 
Switching delay ±�MH�WR�þDV��NWRUê�WUYi �VSUDFRYDQLH�EXQN\ �Y SUHStQDþL��+ RGQRWD�EêYD�RNROR�� � �Då�� � � � �� � -9s 

s rozpylom okolo 100.10-9s a menej. 

Basic Switching Building Blocks 
Switching element ±� SUHStQDþ� ±� SR] RVWi YD� Yl þãLQRX� ] � � � Då� � � � YVWXSRY� D� YêVWXSRY�� RSHUDþQi � UêFKORV � MH�

� � � 0 ELW�V� Då� � �� * ELW�V�� 9  WHMWR� NDSLWROH� VD� EXGHPH� ] DREHUD � IXQNFLDPL� VZLWFKLQJ� HOHPHQWRY�� þR� MH� KODYQH�
TXHXLQJ��XGUåLDYDQLH�IURQW\ ��UDGHQLH���SUHWRåH�SUHStQDþ�YODVWQH�SUDFXMH�Y ATM ako multiplexer. 

) URQWD�EXQLHN�P{ åH�E\ �QD�YVWXSRFK��QD�YêVWXSRFK��YR�YQ~WUL�HOHPHQWX��DOHER�åLDGQD��SRXåtYD�VD�LED�DN�VLH �
SUHStQDþRY�QLH�MH�NRQHNFLRYR�RULHQWRYDQi � � 

Input queuing 
V WRPWR� ULHãHQt� Pi � NDåGi � YVWXSQi � OLQND� VYRM� Euffer, kde si 

uklad�  prich� dzaj� ce ATM bunky. Za t� mito buffermi nasleduje 

 

Obr . 0-4 Switching element with input 
queuing 
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UR] KRGRYDFLD�ORJLND��NWRUi �XUþXMH�SRUDGLH�REVOXKRYDQLD�YVWXSRY�D�LFK�EXIIHURY��3RVOHGQp�MH�VZLWFKLQJ�WUDQVIHU�
medium, ktor�  len prepoj� dan�  vstup z dan� m v� stupom (obr. 4) 

Nev� hodou tohto sp� sobu bufferovania buniek je tzv. Head of the L ine (HOL) blocking. Tento stav nast� va 
vtedy, ak s�  napr. v bufferi pre vstupn�  linku 1 spr� vy a,b. Nech a�MH�XUþHQi �SUH�YêVWXS�þ�� �D�VSUi YD�b pre v� stup 
þ�� ��1 HFK�VSUi YD�a je na vrchu buffera a e� te�QHFK�YêVWXS�� �MH�REVDGHQê�D�YêVWXS�� �YR Qê� 

Potom ale spr� va b�PXVt�þDND ��Då�VD�XYR Qt�YêVWXS�� ��KRFL�MH�XUþHQi �SUH�YR Qê�YêVWXS�� ��OHER�MH�EORNRYDQi �
spr� vou a. V one cell time�QHPXVt�E\ �SUHSQXWêFK�YãHWNêFK�1 �EXQLHN� 
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Output queuing 
V tomto rie� en� m�  ] DVH�NDåGi �YêVWXSQi �OLQND�VYRM�

EXIIHU�� NGH� VL� XNODGi � $ 70 � EXQN\ � XUþHQp� SUH� WLHWR�
YêVWXS\ �� äLDGQD� UR] KRGRYDFLD� ORJLND� QLH� MH� SRWUHEQi ��
SUHWRåH� YãHWN\ � SUtFKRG] LH� EXQN\ � LG~� SULDPR� GR�
bufferov v� stupn� ch liniek. V one cell time�P{ åH�E\ �
prepnut� ch v�etk� ch N buniek (obr.5). 

 

 
 

Central queuing 
V tomto rie� en� existuje len jedin�  

VSRORþQê�FHQWUi OQ\ �EXIIHU�SUH�VSUDFRYi YDQp�
EXQN\ �� . DåGi � YêVWXSQi � OLQND� VL� ]  neho 
vyber�  „svojeª bunky FIFO raden�m. Na 
obsluhu buffera existuje � peci� lny syst� m, 
QLH� OHQ� RE\ þDMQê� ) ,) 2 �� Oebo do buffera je 
SRWUHEQp� SULVWXSRYD � Qi KRGQH� QD� U{ ] QH�
miesta (obr.6) 

 
 
 
 
 

Výkon spôsobov radenia 
-H�FKDUDNWHUL] RYDQê�FHOO�ORVV�GHOD\ �D�SRWUHEQRX�YH NRV RX�YãHWNêFK�EXIIHURY� 
,QWXLWtYQH��VWUHGQi �YHNRV �EXIIHUD�SUH�LQSXW�TXHXLQJ�MH�Yl þãLD�DNR�SUH�RXWSXW�TXHXLQJ�D�Wi �MH�HãWH�VWi OH�Yl þãLD�

ako pri central queuing. Takisto aj s cell delay je to najhor� ie pri input queuing. Dobre to ilustruje nasleduj� ci 
pr�klad. 

Predstavme si po� tu a 2 � radn�kov, ktor�  obsluhuj�  klientov. Jeden pred� va zn� mky (stamps), druh�  
obsluhuje airmail. 

1. 3UHGSRNODGDMPH��åH�H[ LVWXMH�LED�MHGQD� IURQWD�V FIFO obsluhou (obr.7). Potom osoba, ktor�  m�  airmail 
PXVt�þDND ��NêP�QLH�MH�Y\ EDYHQi �RVRED�þDNDM~FD�QD�] Qi PN\ ��DM�NH �MH�~UDGQtN�SUH�DLUPDLO�YR Qê� 

2. Na obr.8 s�  dve samostatn�  „ v� stupn� ª fronty ± pre zn� mky aj pre airmail. Osoba 
þDNDM~FD�QD�DLUPDLO�QLH�MH�EORNRYDQi �RVRERX�þDNDM~FRX�QD�] Qi PN\ ��7DNWLHå�YLGtPH��åH�
~UDGQtFL�PXVLD�SUDFRYD �XVLORYQHMãLH� 

3. 1 D� REU�� � Pi PH� ] QRYX� OHQ� MHGQX� IURQWX�� DOH� MH� WDP� DOãLD� RVRED� ±� VHUYHU�� NWRUi � SRVLHOD� XGt� N obom 
SULHþLQNRP�� 3ULWRP� RVREX� þDNDM~FX� QD� DLUPDLO� SXVWt� N GDQpPX� SULHþLQNX� DM� YWHG\ �� DN� MH� SUHG� RX� YR�
IURQWH� QLHNR NR� XGt� þDNDM~FLFK� QD� ] Qi PN\ �� ÒUDGQtFL� PDM~� WDN� LVWR� SUi FH� DNR� QD� REU�� �� DOH� FHONRYi �
NDSDFLWD�UH] HUYRYDQi �QD�IURQW\ �VD� ] PHQãLOD�GYDNUi W� �NH åH�QD�REU�� �NDåGi � ]  IURQW�PXVt�E\ �WHRUHWLFN\ �
GL] DMQRYDQi �QD�W~�LVW~�PD[ LPi OQX�] i Då�DNR�MHGLQi �IURQWD�QD�REU�� � � 

 
Obr . 0-7 Input Queuing na 

pošte 

 

Obr . 0-8 Output Queuing na 
pošte 

 
Obr . 0-9 Central Queuing na 

pošte 

 

Obr . 0-5 Switching element with output queuing 

Obr . 0-6 Switching Element with Central Queuing 
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Analytický model 
8 YDåXMPH� ] MHGQRGXãHQê� PRGHO� SUH� SUtFKRG� EXQLHN� QD� YVWXSQêFK� OLQNi FK� ±� ] DORåHQê� QD� QH] i YLVORP� D�

identickom Bernoulliho procese. 
7R� ] QDPHQi �åH� Y XERYR QRP� WLPH� VORWH� MH� SUDYGHSRGREQRV �� åH� EXQND� SUtGH� QD� XUþLW~� YVWXSQ~� OLQNX� S�

(0<=p<=1). Nech m� me N vstupn� FK�D�1 �YêVWXSQêFK�OLQLHN��. DåGi �EXQND�SUtGH�QD�XUþLW~�YVWXSQ~�D�MH�SUHSQXWi �
QD�XUþLW~�YêVWXSQ~�OLQNX�V SUDYGHSRGREQRV RX�� �1 � 

 

Output queuing 

3UDYGHSRGREQRV �� [ i� �åH�EXQND�L�SUtGH�QD�XUþLWê�YêVWXS�SRþDV�RQH�FHOO�WLPH�MH�
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8 UþtPH�JHQHUuj� cu funkciu n� hodnej premennej X(z) 
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Na REU�� � � MH� YêYRM� þDNDQLD� QDNUHVOHQê�� SULþRP� ,QSXW� 8 WLOL] DWLRQ� MH� NRHILFLHQW� SRþWX�
XåLWRþQêFK�VSUi Y�N SUi ] GQ\ P�VSUi YDP��NH �QLþ�QHWUHED�SUHSi MD �� 

 

 
Obr. 0-10�6WUHGQê�þDV�þDNDQLD�EXQLHN�SUH�2 XWSXW�4 XHXLQJ 
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Input queuing 

Rovnak�  predpoklady ako v predch� dzaj� com pr�pade. Nech i
nB MH� SRþHW� EXQLHN� Y QD� KODYLþNH� YVWXSQêFK�

EXIIHURY�XUþHQêFK�SUH�YêVWXS�L��DOH�EORNRYDQêFK��OHER�QHEROL�] YROHQp�SUH�VSUDFRYDQLH� �NH åH�LED�MHGQD�EXQND�

v GDQRP�þDVH�P{ åH�E\ �GRSUDYHQi �QD�YêVWXS�L���1 HFK� i
nA MH�SRþHW�QRYêFK�EXQLHN�Y KODYLþNH�EXIIHURY�þDVH�Q�

XUþHQêFK�SUH�YêVWXS�L��3RWRP�SODWt� i
nB =max( i

nB 1- -1 + i
nA , 0) 

&HONRYê�SRþHW�þDNDM~FLFK�EXQLHN�Y þDVH�Q�MH�� å
=

--=
N

i

i
nn BNL

1
1 , priemern�  stav Ln je potom pNL .= , 

NH �S�UHSUH] HQWXMH�SULHSXVWQRV �OLQN\ � 
$ N�VD�1 �EOtåL�N QHNRQHþQX�VSUi YD�VD�EXIIHU�WDNLVWR�DNR�SUL�RXWSXW�TXHXLQJ��WHGD�SUH�SULHPHUQ~�GåNX�EXIIHUD�

pre konkr� tnu vstupn�  linku plat�:
)1(2

2

p
p

B i

-
=  

Z GDQêFK�Y] DKRY�RGYRGtPH�PD[ LPi OQ\ �NRHILFLHQW�,QSXW�8 WLOL] DWLRQ�Smax=0.586. 
 

Central queuing 
Centr� lne bufferovanie sa spr� va presne ako 

output queuing. Ale hlavn�  v� hoda v central queuing 
MH� VSRORþQê� ] GLHDQê� EXIIHU�� 0 { åPH� XUREL � RGKDG�
] LVNX� YR QHM� SDPl WH�� 3RWRP� P{ åHPH� Y\ SRþtWD � FHOO�
ORVV� SUREDELOLW\ � XVHNQXWtP� FKYRVWD� GLVWULEXþQHM�
IXQNFLH� Qi KRGQHM� SUHPHQQHM�� NWRU~� ] tVNDPH�� NH �
bXGHPH� XYDåRYD � QHNRQHþQ~� GåNX� YêVWXSQêFK�
bufferov. 

9 êVOHGRN� MH� QD� REU�� � �� 0 { åHPH� YLGLH � YêUD] Qê�
] LVN� YR QHM� SDPl WH� SUL� SRXåLWt� FHQWUi OQHKR�
EXIIHURYDQLD�RSURWL�YêVWXSQpPX��=LVN�] i YLVt�RG�SRþWX�
YVWXSRY�D�YêVWXSRY�QD�SUHStQDþL� 

Na obr.12 je zobrazen�  pomer redukcie pam� te. 
 

Obr . 0-11Cell loss probability 

 

Obr. 0-12  Redukcia pamäte pre Central Queuing pre Cell loss probability 
10-9 a p=0.8 
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3RþtWDþRYi �VLP XOi FLD 
$ QDO\ WLFNê�PRGHO�SODWt�LED�SUL�XUþLWêFK�SUHGSRNODGRFK��SUHWR�VD�VLWXi FLD�SUHStQDQLD�VLPXORYDOD�QD�SRþtWDþRFK� 
7DNpWR�WHVW\ �V~�YH PL�Qi URþQp�QD�YêSRþWRY~�VLOX�SRþtWDþD��OHER�MH�SRWUHEQp�WHVWRYD �YH PL�Qt] NH�FHOO�ORVV�

probability. Simul� cia potvrdila v� sledky dosiahnut�  v anal� ze. 
Na obr.13 je v� sledok takejto simul� cie.  

 
Obr. 0-13�9 H NRV �IURQW\ �DNR�IXQNFLD�] D DåHQLD 

Parametre implement� cie z� kladných ATM switching building 
blocks 

3RåLDGDYN\ �SUL�I\ ] LFNHM�LPSOHPHQWi FLL�WURFK�XYHGHQêFK�VS{ VRERY�UDGHQLD�V~�YH PL�RGOLãQp��-H�WR�VS{ VREHQp�
QLHOHQ�YHNRV RX�IURQW\ �DOH�DM�U{ ] Q\ PL�SRåLDGDYNDPL�QD�UêFKORV �D�SUtGDYQ~�UR] KRGRYDFLX�Oogiku. Teda s�  tri 
KODYQp�SDUDPHWUH�SUL�LPSOHPHQWi FLL�WêFKWR�EORNRY��YH NRV �IURQW\ ��UêFKORV �SDPl WH��VSUi YD�SDPl WH� 

 
·  Output queuing - N+1 oper� ci� v one cell time pre jednu v� stupn�  frontu (N potenci� lnych z� pisov zo 
YãHWNêFK�1 �YVWXSRY�D�MHGQR�þtWDQLH�QD�SRVODQLH�VSUi Y\ � DOHM���3UL�SRXåLWt�GXDO�SRUWHG�PHPRU\ �WUHED�Y\ NRQD �
N oper� ci� ± zisk je preto minim� lny. Riadiaca logika je celkom jednoduch� , iba implement� cia FIFO. 
V�etky vstupy a v� stupy s�  pripojen�  cez transfer medium (Obr.5). Najjednoduch� ia implement� cia je TDM 
�7LPH�' LYLVLRQ�0 XOWLSOH[ LQJ���$ N�QHPi �E\ �VWUDWHQi �DQL�MHGQD�EXQND��7' 0 �PXVt�SUDFRYD �QD�UêFKORVWL�1 �) � 
·  Input queuing - Len 2 oper� cie simult� nne v one cell time SUH� MHGQX� IURQWX� � � � ] i SLV�� � � þtWDQLH����
1 HWUHED�SRXåtYD �GXDO�SRUWHG�PHPRU\ ��Transfer medium� �2 EU�� � �P{ åH�RSHURYD �QD�PHQãHM�UêFKORVWL�DNR�
1 �) �� OHER� VD� P{ åH� ÄVSR DKQ~ ³ � QD� ULDGLDFX� ORJLNX� SUH� LQSXW� IURQW\ �� 5LDGLDFD� ORJLND� MH� WLHå� FHONRP�
jednoduch�  (FIFO). 
·  Central queuing -�� �1 �RSHUi FLt�VLPXOWi QQH��1 �SRWHQFLRQi OQ\ FK�] i SLVRY�D�1 �þtWDQ�), treba dual-ported 
PHPRU\ ��GYRMQi VREQê�] LVN�UêFKORVW���2 EH�WUDQVIHU�PHGLi ��2 EU�� � �PXVLD�RSHURYD �QD�UêFKORVWL�1 �) ��5LDGLDFD�
ORJLND�MH�] ORåLWHMãLD� 

 
Memory Access Time for  the 3 Queuing Disciplines 

 Input queuing Output queuing Central queuing 
Single por ted memory 
Pr �klad (ns) 

W/1.F 
53.3 

W/(N+1).F 
6.3 

W/2.N.F 
3.8 

Dual por ted memory 
Pr �klad (ns) 

W/F 
106.6 

W/N.F 
6.7 

W/N.F 
6.7 

Predpoklady pr�kladu: 
&HOO�VL] H� �� � �E\ WHV��: � �� � �ELW��ãtUND�SDPl WH���) � �� � � �0 ELW�V��1 � �� � ��SRþHW�YVWXSQêFK�OLQLHN� 
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4.1 ATM Switching fabrics 
Ke �VD�QLHNR NR�VZLWFKLQJ�HOHPHQWV�VSRMt�GR�VLHWH��KRYRUtPH�R�W] Y��Äswitching fabr icª. T� to switching fabric 
Pi �YDþãLQRX�YH Nê�SRþHW�YVWXSRY�D�YêVWXSRY��Då�QLHNR NR�� � � �WLVtF���9 �SUtSDGH�åH�MH�Wi WR�VZLWFKLQJ�IDEULF�
tvoren�  identick� mi switching elements ide o Multistage Interconnection Network (MIN). 
1 DSUtNODG�WDNi �0 ,1 �VD�P{ åH�VNODGD �] �HOHPHQWRY�W\ SX�� [ � ��DOHER�� � [ � � �RUJDQL] RYDQêFK�Y�QLHNR NêFK�
~URYQLDFK��VWDJHV���3RYDþãLQH�VD�UR] VLDKOHMãLH�VZLWFKLQJ�IDEULFV�VNODGDM~�V�HOHPHQWRY�W\ SX�� � [ � � � 
 
1 D�SRþLDWNX�EROL�0 ,1 �SRXåtYDQp�Y�VLHDFK�V�SUHSi MDQtP�RNUXKRY�� � � � � � �D�Då�QHVN{ U�� � � � � � �Y�SDNHWRYêFK�
VLHDFK�± napr. Banyan network, Delta network. Delta network je zauj�mavou podtriedou Banyan network. M�  
W] Y��VDPRURXWRYDFLX�YODVWQRV ��þR�] QDPHQi ��åH�QH] i YLVOH�QD�WRP�GR�NWRUpKR�YVWXSX�GRUD] t�SDNHW��YåG\ �GRUD] t�QD�
VSUi YQ\ �YêVWXS��) XQJXMH�WR�QD�] i NODGH�UH D] FD�þtVOLF�QD] êYDQêP�routing tag, ktor�  obsahuje zak� dovan�  adresu 
YêVWXSX��SULþRP�NDåGi �~URYH �0 ,1 �LQWHUSUHWXMH�þDV �] �QLFK�WDN��åH�SRãOH�SDNHW�QD�YêVWXS�Y�SRUDGt�DNp�XUþLOD�
RGVHNQXWi �þDV ��. H åH�WDNWR�GHILQRYDQp�URXWRYDFLH�SUDYLGOD�] DNRPSRQRYDQp�GR�KDUGZDUH�V~�YHPL�UêFKOH�GDM~�
VD�GRVDKRYD �Y\ VRNp�UêFKORVWL�SUHSRMHQLD��1 DY\ ãH�SDNHW\ �P{ åX�SUHFKi G] D �URXWRYDFRX�VLH RX�SDUDOHOQH� 

 
3Ui YH�YODVWQRV �SDUDOHOQ� ho prechodu buniek (paketov) cez switching network prin� � a probl� m. Jednotliv�  
EXQN\ �P{ åX�YR�YQ~WUL�VLHWH�GRUD] L �V~þDVWQH�GR�WRKR�LVWpKR�VZLWFKLQJ�HOHPHQW�D�VSRVREL �WDN�NROt] LX� 
 
3RGD�W\ SX�PLHVWD��NROt] LH�KRYRUtPH�R�YQ~WRUQRP�EORNRYDQt�� internal blocking, MIN with internal cell loss) ± 
kol�zia nastala vo vn� tri MIN, alebo blokovan� na v� stupe ±�EXQN\ �GRUD] LOL�V~þDVQH�GR�WRKR�LVWpKR�YêVWXSX��DOH�
WR�VD�Xå�QHSRYDåXMH�] D�SUREOpP�0 ,1 ��3UREOpP�EORNRYDQLD�VD�ULHãL�U{ ] Q\ PL�VS{ VREPL� 

-  8 PRåQHQLH�ÄEXIIURYDQLD³ �Y�NDåGRP�VZLWFKLQJ�HOHPHQW 
-  =YêãHQLH�YQ~WRUQHM�UêFKORVWL�OLQLHN�Y] K DGRP�QD�YRQNDMãLX�UêFKORV  
-  3RXåLWLH�PHFKDQL] PX�QD�] GUåDQLH�SUHQRVX�NROLGXM~FLFK�EXQLHN 
-  3RXåLWLH�SDUDOHOQêFK�0 ,1  
-  3RXåLWLH�YLDFHUêFK�OLQLHN�PHG] L�MHGQRWOLYêPL�X] ODPL 

7LHWR�PHWyG\ �VD�SRYDþãLQH�NRPELQXM~��DE\ �VD�GRVLDKOD�þR�QDMY\ ããLD�SULHSXVWQRV �D�VSR DKOLYRV �0 ,1 � 
 

Multistage interconnection networks with internall cell loss 
Ide o MIN, kde nast� va vn� torn�  blokovanie buniek. Vn� torn�  blokovanie sa d�  vhodn� m 
GL] DMQRP� 0 ,1 � GRVWD � QD� DNFHSWRYDWHQ~� Kodnotu ± hodnoty okolo 10 na ±10 s�  
GRVLDKQXWHQp�� 5RXWRYDQLH� SURVWUHGQtFWYRP� 0 ,1 � ZLWK� LQWHUQDOO� FHOO� ORVV� P{ åH� E\ �
LQPSOHQHWRYDQp�U{ ] QH��7LHWR�ULHãHQLD�VD�GDM~�UR] GHOL �Y] K DGRP�QD�WLHWR�SDUDPHWUH� 

-  ý DV��NHG\ �URXWRYDFLH�UR] KRGQXWLH�EROR�XUREHQp 
-  Miesto, kde�V~�XORåHQp�LQIRUPi FLH�R�URXWRYDQt 
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7RWR�UR] GHOHQLH�FKDUDNWHUL] XMH�QDVOHGXM~FD�WDEX ND� 

 
 

Routing time 
V pr�pade skupiny I a III pri tvorbe spojenia je cesta cez MIN zvolen�  raz pre cel�  dobu 
WUYDQLD�VSRMHQLD��7R� ] QDPHQi ��åH�YãHWN\ �EXQN\ �VOHGXM~�W~�LVW~�FHstu cez MIN, teda poradie 
EXQLHN�RVWi YD�] DFKRYDQp��3UL�XUþLWRP�Y\ DåHQt�YQ~WRUQêFK�] GURMRY�VD�P{ åH�VWD ��åH�åLDGRV �R�
QRYp� VSRMHQLH� EXGH� ] DPLHWQXWi �� 3ODWt�� åH� QRYp� VSRMHQLH� P{ åH� E\ � Y\ WYRUHQp�� LED� DN� VD� Gi �
Y\ WYRUL � YQ~WRUQi � FHVWD� ] � GRVWDWNRP� ] GURMRY�� 1 D� ] Yolenie cesty existuje viacero techn�k. 
1 LHNWRUp�þDVWL�FHVW\ �P{ åX�E\ �Qi KRGQH�] YROHQp��DE\ �EROD�VLH �URYQRPHUQH�Y\ DåHQi �D�GDãLH�
þDVWL� ] DUXþLD�VSUi YQH�GRUXþHQLH�EXQN\ �� 7RWR�UR] ORåHQLH� ] D DåHQLD� ] QLåXMH�SUDYGHSRGREQRV �
YQ~WRUQpKR�EORNRYDQLD��&HVWD�P{ åH�E\ �Y\ SRþtWDQi �Y�FHQWUi OQRP�SRþtWDþL��DOHER�P{ åH�E\ �
SRþtWDQi � SRVWXSQH�� WDN� åH� NDåGê� VZLWFKLQJ� HOHPHQW� VL� WHVWXMH� YR Qp� ] GURMH�� NWRUp� Pi � N�
GLVSR] tFLL��. H �VD�FHVWD�Y\ SRþtWD��WDN�VD�UR] GLVWULEXMH�GR�MHGQRWOLYêFK�VZLWFKLQJ�HOHPHQWV�YR�
forme routing tag, alebo ako routing table. 
9 � ,,� D� ,9 � MH� URXWRYDFLH� UR] KRGQXWLH� Y\ NRQi YD� SUH� NDåG~� EXQNX� QH] i YLVOH�� 7R� ] QDPHQi � åH�
MHGQRWOLYp� EXQN\ � VSRMHQLD� P{ åX� SUHFKi G] D � 0 ,1 � Y� U{ ] Q\ FK� FHVWi FK�� 9 � ] i YLVORVWL� QD�
LPSOHPHQWi FLL�0 ,1 �P{ åX�EXQN\ �SULFKi G] D �QD�YêVWXS�Y�LQRP�SRUDGt�DNR�EROL na vstupe. V 
WRPWR�SUtSDGH�MH�QXWQp�UREL �SUHXVSRULDGDQLH��1 D�UR] GLHO�RG�SUtSDGRY�,�D�,,,��NGH�V~�] GURMH�Y�
0 ,1 � ] GLHODQp� PHG] L� MHGQRWOLYêPL� VSRMHQLDPL� QD� NDåGHM� FHVWH� ] YOi ã �� Y� W\ SRFK� ,,� D� ,9 � V~�
zdroje zdielan�  medzi v� etk� mi bunkami spojen� na v� etk� ch cest� ch. 
 

Routing information place 
9 �SUtSDGH� ,�D� ,,�MH�URXWRYDFLD�LQIRUPi FLD�XORåHQi �Y�URXWLQJ�WDJ��NWRUê�MH�SULGDQê�NX�NDåGHM�
EXQNH��5RXWLQJ�WDJ�PXVt�REVDKRYD �LQIRUPi FLX�SUH�NDåG~�~URYH �Y�0 ,1 ��9 �W\ SH�,�PXVt�E\ �Y�
routing tag � pln�  inform� cia pre v�etky � URYQH�YUi WDQH�] Qi KRG RYDFtFK�~URYQt��7R�] QDPHQi ��
åH�NH �VD�XUþt�FHVWD�SUH�VSRMHQLH�Gi �VD�Y\ SRþtWD �NRPSOHWQê�URXWLQJ�WDJ��9 �W\ SH�,,�URXWLQJ�WDJ�
REVDKXMH� OHQ� LQIRUPi FLH� SUH� URXWRYDFLH� ~URYQH�� =Qi KRG RYDFLH� ~URYQH� VL� YROLD� Qi KRGQê�
YêVWXS��WDNåH�WX�QLH�MH�SRWrebn�  routovacia inform� cia. 
9 �W\ SRFK�,,,�D�,9 �URXWRYDFLD�WDEX ND�SRVN\ WXMH�SRWUHEQ~�URXWRYDFLX�LQIRUPi FLX��7HQWR�VS{ VRE�
je vhodn�  pri predpoklade multicastingu. 
 

Roxanne switching fabric 
-HGQi � VD� R� 0 ,1 � W\ SX� ,,�� SRNLD� LGH� R� VSRMHQLH� SRLQW-to-point(singlecasting). Aby bolo 
] DEH] SHþHQp�URYQRPHUQp�Y\ DåHQLH�] GURMRY�VLHWH��WDN�VD�EXQN\ �Y�SUYêFK�~URYQLDFK�Qi KRGQH�
rozdelia do v� etk� ch liniek. S toho d� vodu routing tag neobsahuje kompletn�  inform� ciu o 
FHVWH��1 DVOHGXM~FH�N ~þRYp�QDVWDYHQLD�] DEH] SHþXM~�DNFHSWRYDWHQ~�~URYH �EORNRYDQLD� 

-  Vn� torn�  buffrovanie v switch elements 
-  3UH�VSR DKOLYp�] DEH] SHþHQLH�YLDFHUêFK�FLHVW�VD�SRXåtYDM~�YLDFQi VREQp�0 ,1  
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-  3UH�PD[ LPi OQH�UR] YUVWYHQLH�] i DåH�VD�SRXåtYDM~�YLDFQi VREQp�FHVW\  
9 êVOHGQi �VZLWFKLWQJ� IDEULF�MH�SDUDOHOQH�] ORåHQi � ] �WURFK�~URYQt�D�MH� DKNR�UR] ãtULWHQi �þR�VD�
WêND�SRþWX�OLQLHN�SULGDQtP�GDãtFK�~URYQt�D�þR�SULHSXVWQRVWL�SULGDQtP�GDãtFK�planes. 

 
9 � SUtSDGH� PXOWLFDVWLQJX� MH� 5R[ DQQH� W\ SX� ,9 �� 5RXWRYDFLD� WDEX ND� MH� XPLHVWQHQi � Y�
QDMG{ OHåLWHMãtFK� ~URYQLDFK� VLHWH�� 2 EVDKXMH� SRþHW� NySLL� Y] K DGRP� QD� VSRMHQLH� D� ~URYH �� 7R�
XPRåQXMH�XUREL �VLHWL�WR NR�NySLL�NR NR�SRWUHEXMH� 

Athena switching fabric 
0 ,1 �W\ SX�,,,��7R�] QDPHQi ��åH�XUþHQLH�FHVW\ �VD�Y\ NRQi �UD] �SUH�FHO~�GREX�WUYDQLD�VSRMHQLD�D�
Wi WR� LQIRUPi FLD� MH� XORåHQi � Y� URXWRYDFtFK� WDEX Ni FK� Y� Vwitching elements. Pok� m sa n� jde 
FHVWD� FH] � VZLWFKLQJ� IDEULF� SUDYGHSRGREQRV � EORNRYDQLD� MH� QHQXORYi � D� Y� SUtSDGH� H[ LVWHQFLH�
URXWRYDFtFK�WDEXOLHN�VD� DKNR�LPSOHPHQWXMH�PXOWLFDVWLQJ� 
 

Multistage interconnection networks without internall cell loss 
MINs, v ktoUêFK�QHQDVWi YD�YQ~WRUQp�VWUi FDQLH�EXQLHN��0 { åH�VD�DOH�VWD��åH�EXQN\ �NROLGXM~�QD�
RNUDMRFK�0 ,1 ��7LHWR�VLHWH�VD�GDM~�UR] GHOL �GR�GYRFK�NDWHJyULL� 

-  obsahuj� ce vn� torn�  buffering 
-  bez vn� torn� ho bufferingu 

6LHWH� V� YQ~WRUQêP� EXIIHUQLJRP� PXVLD� NRQWURORYD � Y\ DåHQRV � EXIIURY�� DE\ � QHQDVWDOR�
SUH DåHQLH�D�WêP�VWUDWD�EXQN\ � 

St. Louis switching fabric 
3{ YRGQH� Wi WR� VZLWFKLQJ� IDEULF� QHEROD� QDYUKQXWi � SUH� EXQN\ � IL[ QHM� YHNRVWL�� DOH� SUH� SDNHW\ �
SUHPHQQHM�YHNRVWL��-HGQi �VD�VHOIURXWLQJ�0 ,1 �W\ SX�,,� 
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Paket procesor PP prid� va routing tag k prich� dzaj� cim paketom. Switching fabric SF 
SRVN\ WXMH� YLFHUR� FLHVW� PHG] L� YVWXSRP� D� YêVWXSRP�� þtP� XPRåQXMH� PXOWLFDVWLQJ�� 6SRMRYDFt�
procesor CP vytv� ra spojenia typu point-to-point, alebo multicast. 

 
6ZLWFKLQJ�IDEULF�6W��/ RXLV�MH�] ORåHQi �] R�� �KODYQêFK�þDVWt� 

-  Copy network CN. zodpovedaj�  za vytv� ranie potrebn� ch k� pii prich� dzaj� cich 
paketov. V point-to-SRLQW�VSRMHQLDFK�QHPDM~�åLDGQX�IXQNFLX� 

-  ' LVWULEXWLRQ� QHWZRUN� ' 1 �� =DEH] SHþXMH� URYQRPHUQp� UR] ORåHQLH� SULFKi G] DM~FLFK�
paketov. 

-  Routing network RN. ZDUXþXMH�VSUi YQH�GRUXþHQLH�SDNHWRY� 
-  9 LDFHUêFK� EURDGFDVW� D� VNXSLQRYêFK� SUHNODGDþRY� %* 7�� 9 \ NRQi YDM~� SUHNODG� D�

vytv� ranie routing tags. 

Batcher-Banyan based MINs 
âSHFLi OQD�WULHGD�0 ,1 �REVDKXM~FD�VZLWFKLQJ�IDEULFV��Y�NWRUêFK�QHH[ LVWXMH�PRåQRV �YQ~WRUQHM�
kol�zie EXQLHN�� 1 LH� MH� WUHED� UREL � EXIIURYDQLH�� 7DNpWR� VZLWFKLQJ� IDEULFV� VD� Q] êYDM~�
neblokuj� ce (non-blocking���7i WR�YODVWQRV �VD�Gi �GRVLDKQX �YKRGQRX�WRSROyJLRX�D� ] i URYH �
WUHED�] DUXþL ��DE\ �YLDFHUp�EXQN\ �QHEROL�DGUHVRYDQp�GR�MHGQpKR�YêVWXSX��1 DM] Qi PHMãLH�VLH H�
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toKWR� W\ SX� V~� ] DORåHQp� QD� %DWFKHU-Banyan topol� gii. T� to topol� gia zn� zornen�  na 
QDVOHGXM~FRP�REUi ] NX�VD�VNODGi �] �%DWFKHU�VLHWH�QDVOHGRYDQHM�%DQ\ DQ�VLH RX� 

 
Batcher  network 
8 WULH XMH� EXQN\ � Y] K DGRP� QD� LFK� FLHRY~� DGUHVX�� %XQN\ � ] � QDMQLåãRX� DGUHVRX� QD� QDMY\ ãã� 
YêVWXS�VLHWH��,GH�YODVWQH�R�QHMDN~�WULHGLDFX�VLH ��NWRUi �VD�VNODGi �] �EORNRY�W\ SX�� [ �  
Banyan network 
-H� MHGQRGXFKi � VDPRURXWRYDFLD� VLH �� NWRUi � ] DUXþXMH�� åH� YãHWN\ � EXQN\ � GRUD] LD� QD� DGUHVX�
] D] QDPHQDQ~�Y�URXWLQJ�WDJ��NWRUi �MH�LGHQWLFNi �V�NRQHþQRX�DGUHVRX��. HGåH�QD�MHGHQ�YêVWXS�QLH�
V~�VPHURYDQH�YLDFHUp�EXQN\ �QHY] QLNi �WX�PRåQRV �NROt] LH� 

Starlite 
3UYê� VZLWFK� ] DORåHQê� QD� %DWFKHU-Banyan spomenut�  v literat� re. Switch je navrhnut�  s 
kon� tantn� m oneskoren�m a sklad�  sa s postupnosti rovnomerne rozvrstven� ch routing 
QHWZRUNV�� . RQNUpWQH�� &RQFHWUDWRU� � � %DWFKHU�6RUW�� � � 7UDS� � � %DQ\ DQ�( [ SDQGHU��� 8 PRåQXMH�
Qi UDVW�YRQNDMãtFK�YVWXSRY�D�KRGQRW\ �ãtUN\ �Si VPD�QD�XåtYDWHD��7HQWR�VZLWFK�SRXåtYD�EXQN\ �
SHYQHM�YHNRVWL��NX�NWRUêP�QD�YVWXSH�SULGi YD�URXWLQJ�WDJ��1 D�SUHNRQDQLH�YêVWXSQHM�kol�zie 
EXQLHN�VD�SRXåtYD�7UDS�QHWZRUN�PHG] L�%DWFKHU�D�%DQ\ DQ��7i WR�VLH �UR] SR] Qi YD�EXQN\ �V�WRX�
LVWRX� FLHRYRX� DGUHVRX�� RGHOê� LFK� RG� VHED� D� SRãOH� ] QRYD� QD� YVWXS�� NGH� VD� SRN~VLD� R� QRYê�
prechod. 

Moonshine 
7LHå�MH� ] DORåHQi �QD�%DWFKHU-Banyan topol� gii, ale pouåtYD�LQê�VS{ VRE�ULHãHQLD�NRQIOLNWX�QD�
YêVWXSH� DNR� 6WDUOLWH�� -H�QDYUKQXWi �SUH�SDNHW\ � SUHPHQQHM�GåN\ �� WDNåH� QLH�MH� XUþHQi � OHQ� SUH�
$ 70 ��3RXåtYD�VD�WX�WURM-f� zov�  algoritmus. V prvej f� ze ±�$ UELWUDWLRQ�VD�WHVWXMH��þL�NROLGXM~FH�
EXQN\ �þDNDM~�QD�YVWXSH��5REt�WR�SRPRFRX�ãSHFLi OQ\ FK�VSUi Y�YRODQêFK�ÄUHTXHVW³��5D] �] D�þDV�
VD�WLHWR�VSUi Y\ �XWULHGLD�D�XUþt�VD�Yt D] Qi �EXQND��NWRUi �SRWRP�P{ åH�YVW~SL �QD�YVWXSQê�SRUW� 
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4.3 Knockout switching element 
 
  Tento element bol prv�  kr� t predstaven�  v 1987. Ako nesk� r uvid�me, KnoFNRXW�VZLWFK�P{ åHPH�VNODGD �GR�
Yl þãtFK�þDVWt�SRPRFRX�PHQãtFK��-H�] DORåHQê�QD�YêVWXSQHM�IURQWH��DYãDN�Pi �DM�þUW\ �FHQWUi OQHKR�IURQWRYDQLD���
Pozrime sa detailne na pr� cu tohto switchu, ktor�  je zobrazen�  na nasleduj� com obr� zku. 

 
Obr. Knockout Switch 

 
  KnocNRXW�VZLWFK�Pi �1 �YVWXSRY�D�Q�YêVWXSRY��SUDFXM~FLFK�QD�URYQDNHM�UêFKORVWL��%XQN\ �SHYQH�GDQHM�YH NRVWL�
SULFKi G] DM~�QD�NDåGê�YVWXS�Y�þDVRYHM�MHGQRWNH� 
��3R] RVWi YD�] �1 �EURDGFDVWRYêFK�] EHUQtF��MHGQD�SUH�NDåGê�YVWXS��ý LåH�NDåGê�YêVWXS�Pi �VSRMHQLH�] �NDåGêP�
vstupoP�� DOãRX�þDV RX�MH�%XV�,QWHUIDFH��-H�MHGHQ�SUH�NDåGê�YêVWXS� 
��' R�MHGQpKR�%XV�,QWHUIDFX�P{ åH�SUtV �QDUD] �YLDF�EXQLHN��NWRUp�VD�SRWUHEXM~�GRVWD �QD�GDQê�YêVWXS��3UHWR�VD�WX�
SRWUHEXM~�WLHWR�EXQN\ �EXIURYD ��$ N�Pi �E\ �] DEH] SHþHQi �QXORYi �VWUDWD�EXQLHN�FHOO�ORVV�SUREDELOLW\ ���PXVt�YHGLH �
SDPl �] DStVD �Y�MHQHM�þDVRYHM�MHGQRWNH�1 -NUi W��7i WR�SRåLDGDYND�MH�] QtåHQi �LQWHOLJHQWQRX�þDV RX�%XV�,QWHUIDFX��
naz� vanou Concentrator. 

 
 

obr. Bus Interface 
 
��' R�%XV�,QWHUIDFX�YVWXSXMH�1 �YVWXSRY��] �NDåGHM�] EHUQLFH�MHGHQ��7LHWR�V�  napojen�  na Cell Filtre, ktor�  
presk� maj�  adresu prich� dzaj� cej bunky, a ak je adresovan�  na v� stup, ktor�  patr� tomuto Bus Interfacu, tak je 
presunut�  do Concentratora, inak sa zru� �.  
  Concentrator m�  N vstupov a L v� stupov. Je postaven�  z jednoduch� ch blokov, ako je zobrazen�  na obr� zku. 
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obr. Contention Switch 

 
��7LHWR�EORN\ �PDM~�GYD�YVWXS\ �D�GYD�YêVWXS\ ��NGH�MHGHQ�YêVWXS�MH�R] QDþHQê�DNR�Yê D] Qê��$ N�QD�YVWXS�SUtGH�OHQ�
MHGQD�$ 70 �EXQND��WDN�MH�] YROHQi �] D�Yt D] D��LQDN�VD�] YROt�EXQND�] � DYpKR�YVWXSX��1 D�] RVWURMHQLH�&RQFHQWUDWRUD�] �
t� chto blokov sa  zostav� turnaj. V� D] �YåG\ �SRVWXSXMH�GR� DOãLHKR�NROD� 
 
��2 EUi ] RN�XND] XMH�ãWUXNW~UX�WXUQDMD�V�� �YVWXSPL�D�� �YêVWXSPL��6~�WX�DM� DOãLH�EORN\ ��WN] ��' HOD\ �HOHPHQW\ ��NWRUp�
SR] GUåLD�EXQNX�QD�XUþLWHM�~URYQL� 
 

 
obr. Concentrator 

 
  V�etk� ch 8 vstupov vch� dza do prvej � rovne turnaMD��=�QLFK�Y] tGX�� �Yt D] L��SRVWXSXM~FL�GR� DOãLHKR�NROD�QD�WHM�
LVWHM�~URYQL�D�� �SRUD] HQt��NWRUt�SUHFKi G] DM~�GR� DOãHM�~URYQH�WXUQDMD��=�NDåGHM�~URYQH�WHGD�Y] tGH�OHQ�MHGHQ�Yt D] ��
D�NH åH�MH�/ �~URYQt��WDN�Pi PH�PD[ �/ �EXQLHN��NWRUp�SUHMG~�&RQFHQWUDWRURP� 
 
�� DOãRX�þDV RX�%XV�,QWHUIDFX�MH�EXIIHU�] RGSRYHGQê�] D�XFKRYi YDQLH�EXQLHN��NWRUp�SUHMG~�&RQFHQWUDWRURP��7HQWR�
EXIIHU�MH�] ORåHQê�] �/ �PDOêFK�EXIIURY��MHGHQ�SUH�NDåGê�YêVWXS�] �&RQFHQWUDWRUD��1 D�] DEH] SHþHQLH�URYQDNHM�] i DåH�
NDåGpKR�PDOpKR�EXIIUD�VD�SRXåtYD�6KLIWHU��7HQ�URYQRPHUQH�UR] GH XMH�EXQN\ �PHG] L�EXIIUH� 
 
��%URDGFDVW�MH�QD�WRPWR�VZLWFKL�MHGQRGXFKê��SUHWRåH�NDåGê�YVWXS�MH�QDSRMHQê�QD�YãHWN\ �YêVWXS\ ��1 D�
] DEH] SHþHQLH�PXOWLFDVWX�VD�SULGDM~�ãSHFLi OQH�PXOWLFDVW�PRGXO\ �D�PXOWLFDVW�] EHUQLFH� 
 

4.3.5 Roxanne switching element 
 
��-H�WLHå�QD] êYDQê��,QWHJUDWHG�6ZLWFKLQJ�( OHPHQW��,6( ���%RO�SUHGVWDYHQê�Y�$ OFDWHOL�Y�� � � � � 
��5êFKORV �D�YH NRV �,6( �] i OHåt�RG�SRXåLWHM�WHFKQROyJLH�YêURE\ �þLSX��,6( �MH�VFKRSQê�URXWRYD �EXQN\ �] �MHGQpKR�
YVWXSX�QD�MHGHQ�D�YLDF�YêVWXSRY��WDNåH�PXOWLFDVW�D�EURXGFDVW�QLH�V~�YHNê�SUREOpP� 
��$ UFKLWHNW~UD�,6( �MH�] DORåHQi �QD�FHQWUi OQHM�IURQWH��7i WR�FHQWUi OQD�IURQWD��VKDUHG�EXIIHU�PHPRU\ �6%0 ��XFKRYi YD�
bunky a je napojen�  na v�etky vstupy a v� stupy.  
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obr. Roxanne Switch 

 
��. H �EXQND�SUtGH�QD�YVWXS�,6( ��MH�QDMSUY�SUHNRQYHUWRYDQi �QD�/ �ELWRY�GOKp�EORN\ �D�FHOi �EXQND�VD�RKUDQLþt��7DNWR�
rozdelen�  sa uchov�  v Latch registri. Odtialto je n� sledne presunut�  cez TDM bus(time division multiplexing) do 
6%0 ��3UL�,6( �� � [ � � �VD�PXVt�] D�MHGQX�þDVRY~�MHGRWNX�Y\ NRQD �� � �] i SLVRY�do SBM. Av�ak pred z� pisom bunky 
GR�6%0 �VD�PXVt�HãWH�Y\ NRQD �URXWRYDQLH�WHMWR�EXQN\ ��7RWR�Y\ NRQi YD�5RXWLQJ�/ RJLF��NWRUi �] D�MHGQX�þDVRY~�
MHGQRWNX�REVO~åL�� � �EXQLHN��1 i VOHGQH�VD�EXQND�SRãOH�GR�IURQW\ �Y�6%0 ��NWRU~�Y\ XåtYD�� ��� ��� � ��� � �YêVWXSRY�QD�
z� klade ISE routovacieho m� du. Z tejto fronty sa potom obsluhuje pr�slu� n�  skupina v� stupov.   
��2 �VSUi YX�YR QêFK�D�REVDGHQêFK�PLHVW�Y�6%0 �VD�VWDUi �%XIIHU�0 DQDJHPHQW�MHGQRWND� 
��. DåGê�YêVWXS�Qi VOHGQH�GRVWi YD�EXQN\ �] �6%0 �D�WLH�VD�VSi MDM~�D�RGFKi G] DM~��� 
 
  Pri multicasWH�VD�SRþHW�NySLt�D�GHVWLQi FLH�XGUåLDYDM~�Y�ãSHFLi OQHM�SDPl WL��$ �URXWRYDFLD�LQIRUPi FLD�Y�EXQNH�
obsahuje odkaz do tejto pam� ti. 
 
��,6( �Pi �] DXMtPDY~�þUWX��7RWLå�QLH�MH�] i YLVOê�RG�GåN\ �EXQLHN��SUHWRåH�VL�LFK�UR] GHXMH�QD�IL[ Qp�~VHN\ ��0 { åH�WHGD�
SUDFRYD�V�U{ ] nymi form� tmi buniek a paketov. 

4.3.6 Corpin switching element 
 
  Bol predstaven�  v 1987 vo French CNET.  
��5RXWRYDQLH�Y�&RUSLQ�VZLWFKL�MH�] DORåHQp�QD�KODYLþNH�EXQN\ ��+ODYLþND�REVDKXMH�UHIHUHQþQp�þtVOR��NWRUp�MH�
SUHGQDVWDYHQp�SUH�NDåGp�VSRMHQLH��7RWR�þtVOR�VD�Y\ XåtYD�Y�VZLWFKL�QD�] LVWHQLH�RGSRYHGDM~FHKR�YêVWXSX�D�] i URYH �
VD�SUHNODGi �QD�QRYp�UHIHUHQþQp�þtVOR�� 

 
obr. Corpin Switch 

 
��&RUSLQ�VZLWFK�VD�FKRYi �N�EXQNi P�DNR�N�SDUDOHOQpPX�WRNX�LQIRUPi FLt��+ODYLþN\ �EXQLHN�VD�VHNYHQþQH�REVOXKXM~�
v Control jednotke. Corpin switch m�  4 funkcie: 
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·  Super multiplexing blok je zodpovedn�  za transform� ciu prich� dzaj� cich buniek na paraleln�  d� tov�  tok a 
WUDQVIRUPi FLX�KODYLþN\ �GR�ãSHFLi OQHKR�WRNX� 

·  Demultiplexing blok vykon� va reverzn�  oper� ciu k super multiplexingu a kon� truuje ATM bunky z 
paraleln� ho toku. 

·  %XIIHU�0 HPRU\ ��XNODGi �$ 70 �EXQN\ ��DOH�NH åH�LFK�GRVWi YD�Y�ãSHFLi OQHM�IRUPH��WDN�WRWR�VD�PXVt�EUD �GR�
� vahy pri jej vn� tornej organiz� cii. 

·  &RQWURO�EORN�VSUDYXMH�SRXåLWp�D�YR Qp�PLHVWD�YR�IURQWi FK�Y�%XIIHU�0 HPRU\  
 
   
  Do supeU�PXOWLSOH[ LQJ�EORNX�YFKi G] DM~�YVWXS\ �VZLWFKX�D�WHQWR�] �NDåGpKR�YVWXSX�SRPRFRX��VSDFH�VZLWFKX�
UR] GH XMH�SULFKi G] DM~FH�EXQN\ �QDVOHGRYQH��+ODYLþNX�EXQN\ �SRVLHOD�QD�SUYê�ãSHFLi OQ\ �YêVWXS�� 
NWRUê�YHGLH�GR�&RQWURO�EORNX��3UYê�LQIRUPDþQê�E\ WH��QD�SUYê�LQIRUPDþQê�YêVWXS��GUXKê�LQIRUPDþQê�E\ WH�QD�
GUXKê�YêVWXS��DW� 

 
obr. Space Switch 

 
��7DNWR�XSUDYHQp�LQIRUPi FLH�VD�SRVLHODM~�GR�EXIIUD��7X�V~�SUH�NDåGê�E\ WH�LIRUPi FLH�VDPRVWDWQp�IURQW\ ��7HGD�SUH�
SUYp�E\ W\ �EXQLHN�MH�MHGQD�IURQWD�DW��1 DVOHGXMH�GHPXOWLSOH[ LQJ�þDV ��NGe sa znovu kon� truuj�  bunky a to znovu 
SRPRFRX�VSDFH�VZLWFKX���%XQN\ �RGFKi G] DM~�QD�YêVWXS��NWRUê�ERO�Y\ SRþtWDQê�Y�&RQWURO�EORNX��GR�NWRUpKR�SU~GLD�
MHGQRWOLYp�KODYLþN\ � 

 

4.3.7 Athena switching element 
 
��%RO�SUHGVWDYHQê�Y�� � � � �D�SRXåtYD�WHFKQLNX�YêVWXSQHM�IURQW\ ��-H�WR�MHGHQ�þLS�VR�� � �YVWXSPL�D�� � �YêVWXSPL��
SUDFXM~FL�UêFKORV RX�� � � �0 ELW�V� 
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obr. Athena  Switch 

 
��6NODGi �VD�] R�� � �573�5HFHLYH�DQG�7UDQVPLW�3RUW��D�] �� �&0 &��&HQWUDO�0 HPRU\ �&KLS���. DåGp�573�MH�VSRMHQp�V�
NDåGêP�&0 &�MHGQRX�OLQNRX�QD�SUHQRV�Gi W�D�Mednou linkou na prenos adresy. 
��573�VD�VWDUi �R�SULMtPDQLH�EXQLHN���GHNyGRYDQLH�KODYLþN\ ��VSUi YX�FKêE��RGRVLHODQLH�EXQLHN��DW�� 
��. DåGp�&0 &�XFKRYi YD�� �� �EXQN\ �] �NDåpKR�YVWXSX��3UHWR�PXVt�NDåGi �Wi WR�� �� �Gi W�YHGLH �DM�DGUHVX��NGH�Pi �E\ �
SRVODQi ��1 D�WR�VO~åL�SUi YH�MHGQD�DGUHVQi �OLQND�] �573�GR�NDåGpKR�&0 &��0 XOWLFDVW�VD�ULHãL�SRPRFRX�� � �ELWRYHM�
PDVN\ ��NWRUi �R] QDþXMH��QD�NWRUê�YêVWXS�VD�Pi �VNRStURYD �GDQi �EXQND� 
��7HQWR�VZLWFK�MH�V~þDV RX�FHOHM�VZLWFKRYDFHM�IDEULN\ �D�REVDKXMH�þDV ��NWRUi �] DEH] SHþXMH�NRPXQLNi FLX�medzi 
RVWDWQêPL�þDV DPL�WHMWR�IDEULN\ ��7DN] YDQê�0 LFURFRQWUROHU��7HQ�MH�QDSRMHQê�QD�YãHWN\ �573�DM�&0 &��' RS D�GR�
ATM buniek pr�davn�  inform� ciu pre ostatn�  elementy fabriky. Napr�klad ak�  m�  bunka prioritu.  
  Jeden CMC m�  16 d� tov� ch a 16 adresov� ch vstupoY�D�SUH�NDåGê�WHQWR�YVWXS�GR�&0 &�MH�Y�&0 &�EXIIHU��7LH�V~�
QDSRMHQp�FH] �] EHUQLFX�QD�VDPRWQp�YêVWXSQp�IURQW\ ��3RGD�DGUHV\ �Y�DGUHVQRP�EXIIUL�VD�LQIRUPi FLD�] �
LQIRUPDþQpKR�EXIIUD�] EHUQLFRX�SUHQHVLH�GR�RGSRYHGDM~FHM�YêVWXSQHM�IURQW\ ��7i �MH�VFKRSQi �XFKRYD �� � �EXQiek a 
5 buniek s vysokou prioritou. 
  CMC obsahuje aj 17. frontu, ktor�  spolupracuje s Microcontrolerom. 
 
 
 

5. Impact of ATM on terminals and services 
 
5.1 INTRODUCTION 
 
7i WR�NDSLWROD�VD�] DREHUi �YêKRGDPL�NWRUp�SRQ~ND�DV\ QFKUyQQ\ �SUHQRVRYê�PyG�SUH�VOXåE\ �MDNR�
- variable bit rate video coding 
- layered video coding 
- pr� ca s nez� visl� mi hodinami 
7LHå�VD�] DREHUi �SUREOpPDPL�NWRUp�VD�Y $ 70 �VLH DFK�Y\ VN\ WXM~�D�NWRUp�MH�SRWUHEQp�ULHãL ��FHOO�
loss, cell delay jitter, source policing). 
 
 
5.2 VARIABLE BIT RATE VIDEO CODING 
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9 êVOHGNRP�NyGRYDQLD�YLGHR�VLJQi OX�SUL�SRXåLWt�3&0 ��3XOVH�&RGH�0 RGXODWLRQ���MH�IL[ Qi �
YHNRV �YêVWXSQpKR�NyGRYDQpKR�VLJQi OX��3UL�SRXåLWt�NRPSUHVQêFK�DOJRULWPRY�MH�YHNRV �
v� stupn� ho k� dovan� ho sign� lu premenliv� . D� vodom s�  premenliv�  vizu� lna irrelevancy 
viGHR�VQtPNX�D�SUHPHQOLYp�PQRåVWYR�UHGXQGDQFLH�SUtWRPQHM�Y�3&0 �] GURMRYRP�VLJQi OH� 
3UHPHQOLYi �LUHOHQDQFLD�MH�VS{ VRERYDQi �QHGRNRQDORV RX� XGVNpKR�RND��NWRUp�QLH�MH�VFKRSQp�
YQLPD �YãHWN\ �GHWDLO\ � 
6~þDVQp�NRPSUHVQp�DOJRULWP\ �V~�] DORåHQp�QD�NRPELQi FLt�WêFKWR�GYRFh fenom� nov. Niektor�  
NyGRYDFLH�WHFKQLN\ ��NWRUp�SULVSLHYDM~�NX�NROtVDQLX�YHNRVWL�YêVWXSQpKR�VLJQi OX�� 
- SULHVWRURYi �V~Y] DåQRV �PHG] L�VXVHGQêPL�SL[ HOPL�Y obr� zku je relat�vne vysok� . To 

] QDPHQi ��åH�SUDYGHSRGREQRV �åH�VXVHGQp�SL[ OH�PDM~�URYQDN~�DOHER�VNRUR�Uovnak�  farbu a 
VYHWORV �MH�Y\ VRNi ��7R�VD�Y\ XåtYD�Y intrafield video coding technik� ch. 

- 7LHå�þDVRYi �Qi VOHGQRV �PHG] L�SRWXSQêPL�þDV DPL�REUi ] NX�MH�GRV �Y\ VRNi ��7R�] QDPHQi ��
åH�SUDYGHSRGREQRV ��åH�SL[ HO�Y obr� zku je rovnak�  ako prisl� chaj� ci pixel v predo� lom 
obr� zku je vysok� . Z tohoto profituj�  interframe k� dovacie techniky. 

- $ N�VD�þDV �REUi ] NX�KêEH��SRVWXSQp�REUD] RYp�SROLD�REVDKXM~�SUHE\ WRþQp�LQIRUPi FLH�DM�NH �
QD�U{ ] Q\ FK�PLHVWDFK��7i WR�SUHE\ WRþQRV �P{ åH�E\ �RGVWUi QHQi �WHFKQLNRX�] DORåHQRX�QD�
predpovedan� pohybov objektov (motion compensation technique). 

- FFT Fast Fourier Transform or DCT Discrete Cosine Transform ±� DOãLD�NyGRYDFLD�
technika 

- 1 D�NRQHþQp�NyGRYDQLH�REUD] RYêFK�LQIRUPi FLt�VD�SRXåtYD�+XIIPDQRYR�NyGRYDQLH�
�QDMPHQãt�SRþHW�ELWRY�SUH�VLJQi O\ �V vysokou pravGHSRGREQRV RX�YêVN\ WX�D�RSDþQH�� 

-  
-H�SUDYGHSRGREQp��åH�EXG~FH�ULHãHQLD�$ 70 �YLGHR�NyGHURY�EXG~�] DORåHQp�QD�NRPELQi FLt�
WHFKQtN�SRStVDQêFK�Y\ ããLH��%LWRYi �YHNRV �YêVWXSQpKR�VLJQi OX�EXGH�WHGD�þDVRYR�SUHPHQOLYi  
$ �EXGH�] i OHåD �DM�RG�NYDOLW\ �YLGHR�VQtPNRY�MDNR�Y MPEG I,II,III . 
���âW~GLD�Si QD�9 HUELHVWD�XNi ] DOD��åH�YLGHR�VLJQi O�H[ SHULPHQWi OQHKR�NyGHUD�VD�PHQLO�RG�� �SR�
28 Mb za s. obr 5.1 
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V NODVLFNêFK�670 �VLH DFK�E\ �EROR�QXWQp�NRQYHUWRYD �SUHPHQOLYê�YLGHR�VLJQi O�QD�NRQãWDQWQê� 
VLJQi O�YHNRVWL�GDQHM�YODVWQRV DPL��VLHWH�1 D�WR�VD�SRXåtYD�YêVWXSQê�EXIIHU��NWRUê�QD�VYRMRP�
YêVWXSH�SURGXNXMH�VLJQi O�IL[ QHM�YHNRVWL�Y\ KODG] RYDQtP�SUHPHQOLYpKR�VLJQi OX�NyGHUD����
6SUi YQ\ �FKRG�EXIIHUD�VD�REVOXKXMH�IHHGEDFN�VLJQi ORP��3UL�$ 70 �VLH DFK�WLHWR�SUREOpP\ �
RGSDGDM~��NH åH�$ 70 �SRGSRUXMH�SUHPHQOLY~�UêFKORV �SUHQRVX�Gi W� 

 
' YD�KODYQp�SRURYQi YDFLH�SDUDPHWUH�SUH�9 %5�D�) %5�NyGRYDQLH�V~�YHNRV �D�NYDOLWD�
REUi ] NRY��. DåGê�NyGRYDFt�DOJRULWPXV�UREt�NRPSURPLV�PHG] L�YHNRV RX�D�NYDOLWRX�VLJQi OX��
Pri k� dovan� s IL[ QRX�YHNRV RX�VLJQi OX�MH�PRåQi �YHNRV �VLJQi OX�GDQi �YODVWQRV DPL�VLHWH��
7R�P{ åH�QD�MHGQHM�VWUDQH�VS{ VREL�] YêãHQ~�GHIRUPi FLX�REUi ] NRY�SUH�QLHNWRUp�VFpQ\ ��DN�VD�
YêVWXSQê�EXIIHU�SUHS D��MH�QXWQp�] Qtåt �NYDOLWX��D�QD�GUXKHM�VWUDQH�DM�PRåQp�SO\ WYDQLH�
zdrojmi pre in�  sc� ny ( ak je buffer pr� zdny aj tak sa pren� � aj�  redundantn�  inform� cie). 
3UL�9 %5�NyGRYDFHM�VFKpPH�P{ åH�E\ �GHIRUPi FLD��NYDOLWD�REUD] X�GDQi �SRåLDGDYNDPL�
ãSHFLILFNHM�VOXåE\ ��7HGD�NYDOLWD�REUD] X�EXGH�Yl þãLD�SUH�79 �DNR�SUH�YLGHR�WHOHIyQ��9 HNRV �
NyGRYDQpKR�VLJQi OX�EXGH�WHGD�] i YLVLH �RG�] ORåLWRVWL�REUi ] NRY�D�] YROHQHM�NYDOLW\ ��6LJQi O�DOH�
bude pren� � an�  efekt�vne. Obr 5.3 
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. H åH�YHNRV �VLJQi OX�VD�PHQt�MH�YKRGQp�YHGLH�SUHGSRYHGD �YêYRM�YHNRVWL�VLJQi OX�YLGHR�
k� deru v þDVH��1 D�WR�VO~åL�SGI��SUREDELOLW\ �GHQVLW\ �IXQFWLRQ���2 EU�� �� �UHSUH] entuje pdf funkciu 
SUH�� �U{ ] QH�VOXåE\ ��3RXåLWê�ERO�LGHQWLFNê�NyGHU�D�NYDOLWD�REUi ] NRY�EROD�SULVS{ VREHQi �
SRåLDGDYNi P�GDQHM�VOXåE\ ��3ULHPHUQi �YHNRV �VLJQi OX�SUH�ãWDQGDUGQ~�79 �EROD�RNROR�� � �
Mb/s, 5 Mb/s pre video telef� n a video konferencie. Tieto hodnoty s� �OHQ�SUtNODGQp��NH åH�
] i YLVLD�YR�YHNHM�PLHUH�RG�SRXåLWpKR�NyGHUD� 

 
���=i YHU���7DNåH�$ 70 �VLH �Y spolupr� ci s VBR k� dermi pren� � a iba nereduntantn�  inform� cie 
D�SRQ~ND�PRåQRV �YêEHUX�NYDOLW\ �VLJQi OX�� 
 
5.3 STATISTICAL MULTIPLEXING 
 
V $ 70 �VLH DFK�P{ åH�E\ �QLHNR NR�] GURMRYêFK�VLJQi ORY�SUHQi ãDQêFK�QD�MHGQHM�OLQNH��9  STM 
sieti alebo sieti s ) %5�NyGRYDQtP�SRåDGRYDQi �YHNRV �OLQN\ �EXGH�VXPD�MHGQRWOLYêFK�SHYQêFK�
SRåDGRYDQêFK� YHNRVWt� �� 9  $ 70 � VLH DFK� VD�SRQ~ND�PRåQRV � ] tVND � QD�HIHNWLYLWH� Y\ XåLWtP�
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� tatistick� ho mulWLSOH[ RYDQLD� ] GURMRYêFK� VLJQi ORY�� S L� SRGPLHQNH�� åH� ] GURMH� Y] i MRPQH�
nekoreluj�  . 
2 EU��� �� �] Qi ] RUXMH�Q-n� sobok rovnakej pdf (video konferencia) pre n=16, 32, 64 zdrojov 
NWRUp�QHNRUHOXM~��* UDI�YODVWQH�XND] XMH�SUDYGHSRGREQRV �V akou n nekoreluj� cich zdrojov 
PXOWLSOH[ RYDQêFK�QD�MHGLQHM�OLQNH�SUHVLDKQH�XUþLW~�ELWUDWH�� 

 
   Z REUi ] NX�YLGtPH��åH�SUDYGHSRGREQRV �WRKR��åH�SRåDGRYDQi �ãtUND�Si VPD�SUH�� � �
nekoreluj� cich multiplexovan� ch zdrojov presiahne 7 Mb/s je men� ia ako 10-9 . Teda ak je 
$ 70 �VLH �GLPHQ] RYDQi �FHOO loss rate 10-9 D�PXOWLSOH[ Qê�IDNWRU�MH�Yl þãt�MDNR�� � ��VLH �EXGH�
VFKRSQi �DNFHSWRYD �SULEOLåQH�GYRMLWp�PQRåVWYR�VSRMHQt�DNR�SRURYQDWHQi �VLH �V FBR.  
���7RWR�PXOWLSOH[ RYDQLH�P{ åH�E\ �XVNXWRþQHQp�LED�DN�SR] Qi PH�SGI�MHGQRWOLYêFK�] GURMRY��þR�
QLH�MH�YåG\ �MHGQRGXFKi �~ORKD��1 DPLHVWR�WRKR�VD�SUHIHUXM~�MHGQRGXFKãLD�PHWyGD��NWRUi �S L�
NDåGHM�QRYHM�SRåLDGDYNH�QD�SULSRMHQLH�XPRå XM~�] LVWL ��þL�MH�GRVWXSQp�SRåDGRYDQp�PQRåVWYR�
SURVWULHGNRY��7i WR�NRQWUROD�MH�QXWQi �SUH�] DEH] SHþHQLH�SRåDGRYDQHM�NYDOLW\ �VOXåLHE��0 HWyGD�MH�
zalRåHQi �QD�SDUDPHWUL] i FLt�SGI��' REUp�UHSUH] HQWi FLH�SGI�VD�GDM~�] tVND �QD�] i NODGH�KRGQ{ W�
JHQHUXM~FLFK�IXQNFLt�D�] �QLFK�XUþHQêFK�YODVWQRVWt�DNR�SULHPHU��UR] SW\ O« �$ N�XYDåXMHPH�OHQ�
SULHPHU�D�UR] SW\ O�] PHQD���FHONRYi �SGI�P{ åH�E\ ��Y\ SRþtWDQp�DNR� 
 
  Average (sum pdf) = Sum average (pdf) 
 Variance (sum pdf) = Sum variance (pdf) 
 
. DåGRSi GQH�MH�DOH�] DXMtPDYHMãLH�SR] QD �FHO~�SGI�IXQNFLX�MDNR�OHQ�MHM�QLHNWRUp�FKDUDNWHULVWLN\ ��
$ N�MH�SRþHW�PXOWLSOH[ RYDQêFK�] GURMRY�GRVWDWRþQH�Y\ VRNê�VXP�SGI�SULSRPtQD�* DXVVRYR�
rozdelenie. ND�SRURYQDQLH�VO~åL�WDE��� �� ��8 Yi G] D�UR] GLHO�PHG] L�* DXVVRYêP�UR] GHOHQtP�D�
QDPHUDQêP�KRGQRWDPL�SUH�YLGHR�NRQIHUHQFLX��9 LGtPH��åH�UR] GLHO�VD�V narastaj� cim 
PQRåVWYRP�YLGHR�VSRMHQt�] PHQãXMH�D�S L�� � � �VSRMHQLDFK�MH�PHQãt�MDNR�� �� �� �� 
  Probl� m � tastistick� ho muOWLSOH[ RYDQLD�D�DOJRULWPRY�QD�DORNi FLX�SRåDGRYDQHM�ãtUN\ �Si VPD�
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 4,77 
Difference (%) 8,73 4,00 2,10 0,79 
7DEX ND�� �� �± porovnanie medzi Gaussov� m a nameran� m rozdelen�m 
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5.4 SERVICE MULTIPLEXING 
 
V EXG~FLFK� %,6' 1 � VLH DFK� EXG~� VNRUR� YãHWN\ � SUHQi ãDQp� VOXåE\ � SR] RVWi YD � YLDF� MDNR�
z MHGQpKR�NRPSRQHQWX��. DåGê�NRPSRQHQW�EXGH�SUHQi ãD �ãSHFLILFNê�GUXK�LQIRUPi FLt��7DE��� �� �
] Qi ] RUXMH�VOXåE\ �D�SUtVOXãQp�NRPSRQHQW\ �� 
-Audio : Tento komponent pren� � a zvukov�  sign� l r� znej kvality, od klasickej PCM (64 
NELW�V��Då�SR�Y\ VRNR�NYDOLWQê�+ ,) ,�] YXN�JHQHURYDQê�&' �SUHKUi YDþRP� 
-6WDQGDUG�YLGHR���7HQWR�NRPSRQHQW�SUHQi ãD�ãWDQGDUGQê�YLGHR�VLJQi O��9 HNRV �VLJQi OX�VD�P{ åH�
SRK\ ERYD �Y UR] Sl Wt�� �� �Då�� � �0 E�V�SUH�EHåQê�YLGHR�VLJQi O��SUH�NYDOLWQHMãLH�VOXåE\ �P{ åX�
Qi URN\ �VW~SD � 
-High definition video overhead : Tento komponent obsahuje dodatkov�  inform� cie 
SRåDGRYDQp�SUH�+ ' 79 ��7LH�Y kombin� ci� so � tandard video komponentom d� vaj�  HDTV 
sign� l.. 
-Teletext : Tento komponent pren� � a teletextov�  inform� cie. 
-Data : Tento komponent pren� �a d� ta. S�   to d� ta spojen�  s typom pren� � an� ho programu 
alebo s W\ SRP�VOXåE\ � 
9 ãHWN\ �WLHWR�NRPSRQHQW\ �P{ åX�E\ �Y $ 70 �VLH DFK�SUHQi ãDQp�VDPRVWDVWQH��U{ ] Q\ PL�
YLUWXi OQ\ PL�NDQi OPL��0 XVLD�VD�YãDN�GRGUåRYD �XUþLWp�REPHG] HQLD��1 DSU��ý DVRYê�UR] GLHO�
medzi zvukov� m a obrazRYêP�VLJQi ORP�QHVPLH�E\ �Yl þãt�DNR�� � � �PV���SUH�GREU~�
synchroniz� ciu obrazu a zvuku). 
 
 

           
Component 
 

6OXåED 

 D� ta 
Telete
xt 

 Audio Štandard 
video 

High def. 
Video 
overhead 

Telef� n         X   
Video telef� n     X        X      X  
Štandard TV     X      X       X      X  
High definition TV     X      X       X      X          X 
9 LGHR�NQLåQLFD     X        X      X  
High quality ratio     X        X   
High speed data     X     
7DEX ND�� �� �±�6OXåE\ �D�. RPSRQHQW\  
 

DOãtP�NURNRP�SUL�GHOHQt�SUHQi ãDQHj inform� cie je rozdelenie jednoduch� ho typu inform� cie  
QD�QLHNR NR�YUVWLHY��7LHWR�YUVWY\ �P{ åX�E\ �SULVS{ VREHQp�NYDOLWH�VOXåE\ �D�SRåDGRYDQHM�
FLWOLYRVWL�QD�FK\ E\ ��2 EU��� �� �] Qi ] RUXMH�WDNêWR�YUVWYRYê�PRGHO���2 EVDKXMH�Xå�SRSLVRYDQp�
nehierarchick�  komkponenty�D�WLHå�KLHUDUFKLFNp�YLGHR�NRPSRQHQW\ � 
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��1 DMVSRGQHMãLD�YUVWYD�REVDKXMH�Qt] NR�NYDOLWQê�YLGHR�VLJQi O��SRXåLWHQê�QDSU��SUH�
EH] SHþQRVWQp�~þHO\ ��' UXKi �YUVWYD�MH�YUVWYD�VR�VWUHGQRX�NYDOLWRX�REUD] X�YKRGQi �QDSU��SUH�
video telef� ny a video konferencie. Tretia vrstva je vrstva s vysok� m rozl�� en�m pre � �renie 
telev�zie po sieti. Najvy� � ia vrstva je HDTV. 
��. DåGi �YUVWYD�Y\ XåtYD�LQIRUPi FLH�QLåãtFK�YUVWLHY�QD�VNRQãWUXRYDQLH�REUi ] NX�SRåDGRYDQHM�
NYDOLW\ ��' { OHåLWi �YêKRGD�YUVWYRYpKR�SULQFtSX�MH�NRPSDWLELOLWD�PHG] L�U{ ] Q\ PL�VOXåEDPL��-H�
WHGD�PRåQp�VOHGRYD �SURJUDP�SUHQi ãDQê�MDNR�+ ' 79 �VLJQi O�QD�ãWDQGDUGQRP�79 �] DULDGHQt�
Y\ XåLWtP�OHQ�WURFK�VSRGQêFK�YUVWLHY�QD�NRQãWUXRYDQLH�REUD] X� 
� DOãRX�YêKRGRX�YUVWYRYpKR�SULQFtSX�MH�PRåQRV �OHSãLH�VD�Y\ VSRULDGD �VR�VWUDWDPL�EXQLHN�
(cell loss) v $ 70 �VLH DFK��7DE��� �� �XND] XMH�SULHPHUQê�þDV�PHG] L�SR�VHEH�QDVOHGXM~FLPL�
FK\ EDPL�VLHWH��ELW�HUURU�UDWH��FHOO�ORVV��SUH�U{ ] QH�SUHQRVRYp�UêFKORVWL��9 LGtPH�åH�SUH�
SUHQRVRY~�UêFKORV �� � � �0 E�V�D�SUL�FHOO�ORVV�UDWH�� � -8 nastane chyba (cell loss) raz za 4,7 
miQ~W\ ��DOH�SUH�� � �NELW�V�MH�WR�� �� �G D��9 UVWYRYi �DUFKLWHNW~UD�SRQ~ND�HIHNWtYQ\ �VS{ VRE�DNR�VD�
s WêPWR�Y\ VSRULDGD � 
- DN�VD�VWUDWt�LQIRUPi FLD�YR�Y\ ããHM�YUVWYH��VWi OH�MH�PRåQp�QDKUDGL�MX�SUtVOXãQRX�LQIRUPi FLRX�

z YUVWLHY�QLåãtFK��7êP�VD�] QtåL�YLGLWHQê�HIHNW�WDNejto chyby. Preto vo vy� � �ch vrstv� ch 
nevyst� va potreba FEC (forward error correction).   

- 3UHWRåH�QLåãLH�YUVWY\ �RSHUXM~�S L�QLåãtFK�SUHQRVRYêFK�UêFKORVWLDFK��SULHPHUQê�þDV�PHG] L�
FK\ EDPL�MH�Yl þãt� 

- 1 LåãLH�YUVWY\ �P{ åX�E\ � DKãLH�FKUi QHQp�SURWL�VWUDWH�EXQLHN�SRXåLWtP�) ( &��IRUZDUG�HUURU�
FRUUHFWLRQ��PHWyG\ �SUHWRåH�LFK�SUHQRVRYi �UêFKORV �MH�QLåãLD��7HGD�LPSOHPHQWi FLD�RFKUDQ\ �
SURWL�VWUDWH�EXQLHN�DOHER�ELWRYHM�FK\ EH�MH�MHGQRGXFKãLD�MDNR�S L�Y\ ããtFK�YUVWYi FK� 

-  
Priemern�   Prenosov�  

UêFKORV  
64 kbit/s 256 kbit/s 1,5 Mbit/s 10 Mbit/s 45 Mbit/s 135 Mbit/s 

  Bit 10-6 16 sek.  3,9 sek. 0,7 sek. 0,1 sek. 22,0 ms 7,4 ms 
  Error 10-9 4,3 hod. 65 min. 11 min. 1,7 min. 22 sek. 7,4 sek. 
  Rate 10-12 6 mes. 1,5 mes. � �� �G D � �� �G D 6,2 hod. 2,1 hod. 
  Cell 10-6 1,7 hod. 25 min. 4,3 min. 38 sek. 8,5 sek. 2,8 sek. 
  Loss 10-8 � �� �G D� � �� �G D 7,1 hod. 1,1 hod. 14 min. 4,7 min. 
  Rate 10-10 1,9 roka 5,8 mes. 1 mes. � �� �G D � �GH  7,9 hod. 
7DEX ND�� �� �±�3ULHPHUQê�þDV�PHG] L�SR�VHEH�QDVOHGXM~FLPL�VWUDWDPL�EXQLHN��FHOO�ORVV��D�
bitov� mi chybami (bit error). 
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' HOHQLH�VLJQi OX�QD�YUVWY\ �P{ åH�E\ �] DORåHQp�QD�U{ ] Q\ FK�WHFKQLNi FK��1 DSU��Y\ åLWLH�' &7�
(discrete cosine transform) koeficientov. Pr tejto technike je priestor na obr� zku 
WUDQVIRUPRYDQê�QD�GYH�PQRåLQ\ �IUHNYHQþQêFK�NRPSRQHQWRY���Qt] NR�IUHNYHQþQp�NRPSRQHQW\ �
P{ åX�E\ �SRXåLWp�QLåãtPL�YUVWYDPL�NH åH�REVDKXM~�QLåãLH�UR] OtãHQLH��Y\ VRNR�IUHNYHQþQp�
NRPSRQHQW\ �V~�SRXåtYDQp�Y\ ããtPL�YUVWYDPL�� 
  In�  pr�stup posiela p� vodn�  sign� l cez s� riu dvoch n�zko priepustn� ch a dvoch vysoko 
priepustn� ch filtrov. N�zko a vysoko priepustn�  filter pre horizont� lne rozl�� enie a rovnako 
SUH�YHUWLNi OQH�UR] OtãHQLH��9 êVOHGNRP�V~�� �U{ ] QH�VLJQi O\ ��NWRUp�P{ åX�E\ �EUDQp�DNR�YUVWY\ � 
 
5.5 CELL LOSS PROTECTION 
 
3RXåLWtP�VZLWFKLQJ�V\ VWpPX�] R�� ��. DSLWRO\ �P{ åPH�SUH�$ 70 �VLH �FHll loss rate okolo 10-8�Då�
10-9��7i WR�KRGQRWD�MH�Y\ KRYXM~FD�SUH�Yl þãLQX�VOXåLHE��1 DSULHN�WRPX�H[ LVWXM~�VOXåE\ ��NWRUêFK�
NYDOLWD�E\ �PRKOD�YêUD] QH�XWUSLH �DM�S L�WDNHMWR�Qt] NHM�FK\ ERYRVWL���QDSU��EDQNRYp�SUHYRG\ « �� 
7DNpWR�VOXåE\ �VD�GDM~�UR] GHOL �GR�GYRFK�VNXS�n : 
- VOXåE\ ��NWRUp�QHY\ åDGXM~�UHDO�WLPH�SUHQRV�Gi W 

7LHWR�VOXåE\ �P{ åX�DNFHSWRYD �UR] XPQp�] GUåDQLH�D�SUHWR�RSUDYD�QHNRUHNWQêFK�Gi W�D�
GRSOQHQLH�FKêEDM~FLFK�P{ åH�E\ �RãHWUHQp�LFK�UHWUDQVPLVLRX��0 { åX�SRXåtYD �QDSU��$ 54 �
(automatic repeat request ) protocol alebo jednoduch� � XTP (eXpress Transport Protocol) 
vhodnej� � pre r� chly prenos d� t. 

- VOXåE\ �Y\ åDGXM~FH�UHDO�WLPH�SUHQRV�Gi W��QDSU��YLGHR� 
7LHWR�VOXåE\ �QHP{ åX�VSROLHKD �QD�UHWUDQVPLVLX�Gi W�DOH�SRWUHEXM~�PHWyG\ �QD�RGKDOHQLH�D�
korekciu ch� b v prenose. Typick�  FED (IRUZDUG�HUURU�GHWHFWLRQ��PHWyG\ �V~�] DORåHQp�QD�
þtVORYDQt�EXQLHN��3RXåLWtP�þtVORYDQLD�PRGXOR�1 �VPH�VFKSQt�GHWHNRYD �1 -1 po sebe 
LG~FLFK�VWUi W�EXQLHN��7DNi WR�PHWyGD�QLH�MH�Qi URþQi �D�SUH�QLHNWRUp�VOXåE\ �MH�~SOQH�
SRVWDþXM~FD��QDSU��SUHQRV�KODVX���) ( &��IRUZDUG�HUURU�FRUUHFWLRQ��P{ åX�E\ �] DORåHQp�QD�
viacer� ch princ�poch. BCH k� dovanie jednotliv� ch buniek nedetekuje stratu buniek. Aby 
WR�EROR�PRåQp��PXVt�E\ �%&+�LPSOHPHQWRYDQp�QD�YLDFHUêFK�EXQNi FK��þR�P{ åH�
Y\ åDGRYD �Yl þãLH�PQRåVWYR�RYHUKHDG�ELWV�D�] ORåLW~�LPSOHPHQt� ciu. Jednoduch� ia met� da 
MH�] DORåHQi �QD�NRPELQi FLt�SUHNUêYDQLD�EXQLHN�D�%&+ �NyGRYDQLD��3UHNUêYDQLH�
] DEH] SHþXMH��åH�%&+�QHPXVt�SRNUêYD �SUtOLã�YHD�ELWRY�D�QLH�MH�SUHWR�YHPL�
NRPSOLNRYDQp��2 EU��� �� �XND] XMH��åH�LQIRUPi FLH�D�NRUHNþQê�NyG�V~�SUHQi ãDQp�Y r� znych 
bunk� ch.  
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V SUHGFKi G] DM~FHM�VHNFLL�VSRPtQDQp�YUVWYRYp�NyGRYDQLH�YLGHR�VLJQi OX�MH�WLHå�PRåQêP�
n� strojom na vykon� vanie ochrany proti strate buniek. 
 

5.6 SERVICE SYNCHRONIZATION 
 
V $ 70 �VLH DFK�YR�YãHREHFQRVWL�QHY\ VWi YD�SRWUHED�V\ QFKURQL] i FLH�VLHWH�D�VOXåLHE�Y DND�
DV\ QFKUyQQHPX�SUHQRVRYpPX�PyGX��-H�OHQ�SRWUHEQp�V\ QFKURQL] RYD �Y\ VLHODM~FL�D�
SULMtPDFt�WHUPLQi O��/ RNi OQH�KRGLQ\ �WHUPLQi OX�P{ åX�E\ �UHNRQãWUXRYDQp�QD�SULMtPDFRP�
WHUPLQi OH�SRPRFRX�SULFKi G] DM~FHKR�SU~GX�LQIRUPi FLt��7RWR�XPRå XMH�WHUPLQi ORP�
pracova �V IUHNYHQFLRX�D�SUHQRVRYRX�UêFKORV RX�QH] i YLVORX�QD�SUHQRVRYRP�PpGLX VLHWL��
1 D�UHNRQãWUXNFLX�KRGtQ�VD�SRXåtYDM~�U{ ] QH�WHFKQLN\ ��-HGQD�PHWyGD�UHNRQãWUXXMH�ORNi OQH�
KRGLQ\ �QD�] i NODGH�SOQHQLD�FHOO�EXIIHUX�QD�VWUDQH�SULMtPDþD��2 EU�� �� D� 
' i WD�VD�GRUXþXM~�WHUPLQi OX�UêFKORV RX�XUþHQRX�ORNi OQ\ PL�KRGLQDPL��7LHWR�KRGLQ\ �V~�
JHQHURYDQp�3/ / �SKDVH�ORFDO�ORRS���Wi �MH�NRQWURORYDQi �~URY RX�SOQHQLD�EXIIUD��$ N�EXIIHU�
SRGWHNi �3/ / �VD�VSRPDOt��DN�SUHWHNi �3/ / �] UêFKOL��1 D�XLVWHQLH��åH�EXIIHU�QHSRGWHNi �NH �
doraz� prv�  bunka, je buIIHU�S HG�SRXåLWtP�QDSOQHQê�QD�XUþLW~�~URYH �� 
 
,Qi �PHWyGD�Y\ XåtYD�ãSHFLILFNp�LQIRUPi FLH�SRVLHODQp�] GURMRYêP�WHUPLQi ORP��7HQWR�SRVLHOD�
þDVRYp�] Qi PN\ ��WLPH�VWDPS��Y SUDYLGHOQêFK�þDVRYêFK�LQWHUYDORFK�SRGD�VYRMLFK�
ORNi OQ\ FK�KRGtQ��3ULMtPDþ�WLHWR�] QDþN\ �UR] SR] Qi �D�3/ / �SRGD�QLFK�JHQHUXMH�ORNi OQH�
hodiny.  
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7. Kontrola priepustnosti 

�WUDIILF�FRQWURO��Y�VLH DFK�$70  
 

7. 1 Úvod 
Hlavn�  � loha kontroly priepustnosti ±�7UDIILF�&RQWURO��7&��Y�VLH DFK�%,6' 1 �MH�FKUi QL �VLH ��D�XåtYDWHD��DE\ �VD�
GRVLDKOL��SUHGGHILQRYDQp��FLHOH��YêNRQQRVWL�VLHWH��QDSU��SUDYGHSRGREQRV �VWUDW\ �EXQN\ �DOHER�RQHVNRUHQLD�SUL�
SUHQRVH�EXQN\ ��� DOãLD�~ORKD�NRWURO\ �SULHSXVQRVWL�MH�Y�RSWLPDOL] RYDQt�SRXåtYDQLD�] GURMRY�VLHWH��DE\ �VD�GRVLDKOD�
lep� ia efekt�YQRV �VLHWH� 
 
Ciele kontroly priepustnosti (TC) vrstvy ATM v BISDN: 

·  ) OH[ LELOLWD��PDOD�E\ �SRGSRURYD��4 R6��4 XDOLW\ �RI�6HUYLFH��YUVWY\ �$ 70 ��NGH�4 R6�NRQWUROXMH�YãHWN\ �
H[ LVWXM~FH�DM�EXG~FH�PRåQp�VOXåE\  

·  -HGQRGXFKRV ���6LPSOLFLW\  : jednoduch�  TC vrstvy ATM, ktori �PLQLPDOL] XMH�NRPSOH[ QRV �Qi YUKX�VLHWH��
SULþRP�PD[ LPDOL] XMH�SRXåLWHQRV�VLHWH 

·  5REXVWQRV ��GRVLDKQXWLH�YH Np�Y\ XåLWLH�] GURMRY�] D�DNêFKNR YHN�SRGPLHQRN 
 

Z� kladné funkcie ATM KP 
1 D�VSOQHQLH�KRUHXYHGHQêFK�FLHRY�V~�QXWQp�GYH�IXQNFLH�$ 70 �. 3� 

·  CAC ± Connection Admission Control (Kontrola pr�stupu k spojeniu) 
·  UPC ± Usage Parameter Control (Kontrola parametrov) 

CAC Connection Admission Control 
&$ &�UHSUH] HQWXMH�VDGX�DNFLt��NWRUp�Y\ NRQi YD�VLH �YR�Ii ] H�VHW-up-X��DE\ �VD�UR] KRGOD��þL�P i �SRYROL �DOHER�
] DPLHWQX �VSRMHQLH�$ 70 ���äLDGRV �R�VSRMHQLH�VD�SRYR XMH�LED�DN�H[ LVWXM~�GRVWXSQp�] GURMH��DE\ ��WRWR�VSRMHQLH��
PRKOR�E\ �SUHQHVHQp�FH] �FHO~�VLH �WDN��DE\ �VS DOR�4 R6��SULþRP� DOHM�EXG~�VSOQHQp�SRGPLHQN\ �4 R6�YR�
YãHWNêFK�H[ LVWXM~FLFK�VSRMHQLDFK���3RþDV�WRKWR�QDGYl ] RYDQLD�VSRMHQLD��VD�³XVHÚ�SRXåtYDWH ��D�³QHWZRUŃ ��VLH ��
PXVLD�GRKRGQ~ �QD�QDVOHGRYQRP� 

·  Limity na objem pren� � an� ch � dajov 
·  3RåDGRYDQi �WULHGD�4 R6��W�M��SRYROHQp�RQHVNRUHQLH��SRYROHQê�SRPHU�VWUDWHQêFK�EXQLHN��DW�� 
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·  Toleranciu vari� cie t� chto dohodnut� ch povolen� ch limitov 
 

UPC  Usage Parameter Control 
8 3&�UHSUH] HQWXMH�VDGX�DNFLt��NWRUp�Y\ NRQi YD�VLH ��DE\ �PRQLWRURYDOD�D�NRQWURORYDOD�SULHSXVWQRV �VSRMHQLD�$ 70 �
�YH NRV �EXQN\ ��VSUi YQRV �URXWRYDQLD�EXQLHN����=DUXþXMH�GRGUåLDYDQLH�GRKRGQXWêFK�OLPLWRY��GRKRGQXWêFK�Y�
CAC). 
M�  tieto funkcie: 

·  6FKRSQRV �GHWHNRYD �VLWXi FLX�LOHJi OQHKR�SUHQRVX 
·  5êFKOD�RGR] YD�SUHNURþHQLD�SDUDPHWURY 
·  -HGQRGXFKRV �LPSOHPHQWi FLH 

Špecifik� cia parametrov prenosu 

Defin�cie 

Traffic parameters (Parametre prenosu ) 

S�  � pecifik� ciami aspektu prenosu.  Napr. kvantitDWtYQ\ � DVSHNW� P{ åH� E\ � SULHPHUQê� þDV�
WUYDQLD� VSRMHQLD��UêFKORV � SUHQRVX�EXQN\ � Y QDMYl þãHM� SUHYi G] NH��SULHPHUQi � UêFORV �SUHQRVX�
EXQN\ ���. YDOLWDWtYQ\ �DVSHNW�P{ åH�E\ �W\ S�] GURMD��YLGHRIyQ��WHOHIyQ�� 

ATM traffic descr iptor  (Opisn�  parameter  Spojenia ATM) 
ZoznaP�SDUDPHWURY�VSRMHQLD��NWRUp�] DFK\ Wi YDM~�FKDUDNWHULVWLFNp�þUW\ �WRKRWR�VSRMHQLD��UêFKORV �SUHQRVX�EXQN\ �
v QDMYl þãHM�SUHYi G] NH��SULHPHUQi �UêFORV �SUHQRVX�EXQN\ � � 

Source Traffic Descr iptor  (Opisn�  parameter  Zdroja) 
Sada parametrov spojenia, ktor�  patria do ATM traffic descriptor-��D�NWRUp�VD�SRXåtYDM~�SRþDV�Ii ] \ �QDGYLD] DQLD�
VSRMHQLD��DE\ �VD�QLPL�ãSHFLILNRYDOL�FKDUDNWHULVWLFNp�þUW\ �VSRMHQLD��NWRUp�V~�SRåDGRYDQp�] GURMRP��UêFKORV �
prenosu bunky v QDMYl þãHM�SUHYi G] NH�� 

Charakteristika parametrov spojenia 
. DåGê�SDUameter v $ 70 �WUDIILF�GHVFULSWRUH�PXVt�E\ � 

·  -HGQRGXFKê�D�] UR] XPLWHQê�SUH�XVHUD�WHUPLQi O�D�VLH �MHGQR] QDþQêP�VS{ VRERP� 
·  Potrebn�  v sch� mach CAC, aby sa efekt�vne dosiahli ciele v� konnosti siete. 
·  =DEH] SHþLWHQê�SRPRFRX�8 3& 

âWDWLVWLFNp�YV��2 SHUDþQp�ãSHFLILNi FLe spojenia 

Štatistick�  pr �stup 
=DPHULDYD�VD�QD�VWRFKDVWLFNp�SDUDPHWUH��MDNR�SULHPHUQi �UêFORV �SUHQRVX�EXQN\ ���-H�WR�WUDGLþQê�SUtVWXS��DYãDN�
tieto parametre sa DåNR�] tVNDYDM~���9 \ åDGXM~�GOKê�þDV�SR] RURYDQLD��NêP�XUþLD��þL�VD�SUHNURþLO�QLHNWRUê�
z parametrov. 

2 SHUDþQê�SUtVWXS 
1 DWYUGR�GHILQXMH�SRYROHQp�SDUDPHWUH�D�SUHS~ã D�LED�WLH�EXQN\ ��NWRUp�LFK�VS DM~���3UDYLGOR�GHILQRYDQLD�
SDUDPHWURY�VD�ãWDQGDUGL] RYDOR�SRGD�&&,77�D�EXGHPH�KR�YROD �* HQHULF�&HOO�5DWH�$ OJRULWKP� 
 

Generic Cell Rate Algorithm 
Algoritmus m�  dvH�ãSHFLILNRYDQp�SUHPHQQp�/ ��,��LQFUHPHQW�D�OLPLW����D�Y\ KRGt�KRGQRWX�* &5$ �� ,�/ � ���. H �SUtGH�
bunka z MHGQpKR�] GURMD��DOJRULWPXV�Y\ SRþtWD�SUHGSRNODGDQê�SUtFKRG� DOãHM�EXQN\ �]  toho zdroja (TAT ± 
7KHRUHWLFDOOO\ �SUHGLFWHG�$ UULYDO�7LPH���NWRUê�Y\ SRþtWD�SRG D�SRGD�,��þR�MH��GåND�þDVX�PHG] L�GYRPL�SR�VHEH�
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QDVOHGXM~FLPL�EXQNDPL���$ N� DOãLD�EXQND�SUtGH�Y þDVH�Wa, algoritmus ju prepust�, ak rozdiel medzi TAT a ta je 
v OLPLWH�/ ��$ N�SUtGH�VN{ U��DOJRULWPXV�MH�R] QDþt�DNR�QHY\ KRYXM~FX� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Špecifik� cia zmluvy o spojení (Traffic Contract) 
Dohodnutie zmluvy TC sa sklad�  z RSLVQêFK�SDUDPHWURY�VSRMHQLD��&RQQHFWLRQ�WUDIILF�GHVFULSWRU���SRåDGRYDQHM�
triedy QoS a defin�cie vyhovuj� veho spojenia. 

 Connection traffic descriptor 
TD spojenLD�MH�GHILQRYDQê�RSLVQêPL�SDUDPHWUDPL�] GURMD��6RXUFH�7UDIILF�' HVFULSWRU��D�MHKR�WROHUDQFLDPL�SRGD�
UNI/NNI���7ROHUDQFLH�GHILQXMH�XåtYDWH�SUL�DGYLD] DQt�VSRMHQLD�D obsahuje Peak Cell Rate (UêFKORV �SUHQRVX�
bunky v QDMYl þãHM�SUHYi G] NH), toleranciu vari� cie oneskorenia bunky (cell delay variation tolerance) a niekedy aj 
QDMQLåãLX�PRåQ~�UêFKOR �SUHQRVX�EXQN\ ��VXVWDLQDEOH�FHOO�UDWH��D burst tolerance. 
3HDN�FHOO�UDWH��QDMY\ ããLD�UêFKORV�SUHQRVX�EXQN\ � 
Je definovan�  na fyzickej vrstve ako prevr� ten�  hodnota minim� OQHKR�þDVX�7�PHG] L�YêN\ WPL�] D�VHERX�
QDVOHGXM~FLFK�GYRFK�XGDORVWt���7�MH�QDMYl þãt�LQWHUYDO�PHG] L�GYRPD�HPLVLDPL�Y spojen� ATM.  PCR je povinn�  
parameter zdroja. 
Cell delay variation tolerance (tolerancia vari� cie oneskorenia bunky) 
. H �V~�EXQN\ �GYRFK�U{ ] Q\ FK�VSRMHQt�$ 70 �PXOWLSOH[ RYDQp��P{ åX�E\ �EXQN\ �MHGQpKR�] R�VSRMHQt�RQHVNRUHQp���
7DNLVWR�EXQN\ �P{ åX�E\ �RQHVNRUHQp��NH �Gi YDM~�SUHGQRV �EXQNi P�2 $ 0 ���7HGD�PXVtPH�] DGHILQRYD �SDUDPHWHU�
tolerancie oneskorenia, t .  t  je definovan�  v s� vislosti s 3&5�SRGD�DOJRULWPu GCRA (T, t ), kde T je 
prevr� tenou hodnotou Rp (Peak cell rate ±�QDMQLåãHM�UêFKORVWL�SUHQRVX�EXQN\ �� 
Ak je t  > T-� ��SRWRP�MH�PD[ LPi OQ\ �SRþHW�EXQLHN�%��NWRUp�P{ åX�E\ �SUHQHVHQp�QD�UêFKORVWL�VSRMHQLD� 

(7.1.)  ���� -+= 7% t  pre T>1, kde |x| je doln�  cel�  hodnota x. 

+ RGQRWX�WROHUDQFLH�&' 9 �VL�P{ åH�] YROL �SRXåtYDWH�Y�8 1 ,�1 1 ,� 
6XVWDLQDEOH�FHOO�UDWH��QDMQLåãLD�PRåQi �UêFKOR�SUHQRVX�EXQN\ � 
-H�SRWUHEQi �QD�WR��DE\ �VPH�PRKOL�DORNRYD �] GURMH�HIHNWtYQHMãLH���1 LH�MH�QXWQi �SUL�IGHILQRYDQt�SDUDPHWURY��DOH�
XåtYDWH�VL�MX�P{ H�GHILQRYD �QD�KRGQRWX�QLåãLX�DNR�UêFKORV �SUHQRVX�Y QDMYl þãHM�SUHYi G] NH�3&5���6&5�MH�

Pr�chod bunky 

TAT = ta 

TAT = TAT + I 
Bunka vyhovuje 

Bunka nevyhovuje 

TAT< ta 

TAT< ta+L 

Áno 

Áno 

Nie 

Nie 

Sch� ma 7.1. Generic Cell Rate algorithm 
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MHGQR] QDþQH�GHILQRYDQi �DOJRULWPRP�* &5$ �V dvomi parametrami, Ts a BT t s, ktor�  s�  obidva � pecifikovan�  
v PHY-SAP. 
Burst tolerance(tolerancia rozdielov v rýchlostiach) 
+ RGQRWD�%7��R] QDþRYDQi �DNR�t s, je parameter zdroja a XND] XMH�ÄKRGQRW\ �þDVX³ ��Y r� mci ktor� ch s�  tolerovan�  
v� chylky v r� chlosti prenosu bunky.  Je definovan�  ako GCRA (Ts ,t s) a XUþXMH�KRUQp�RKUDQLþHQLH�GåN\ �UêFKOHM�
sekvencie transmisi� v s� lade s PCR spojenia. 
0 D[ LPi OQ\ �SRþHW�EXQLHN��NWRUp�P{ åX�WUDQVSDUHQQH�SUHMV �FH] �* &5$ �Y PCR je dan�  ako: 

��� �

77%06 
 -+= t ��NGH�0 %6�MH�PD[ LPi OQD�YH NRV �UêFKOHM�VHNYHQFLH� 

 
 
    MBS 
 
 | |X|X|X|X|X|X| | | | | | | | | | | | | | | | | | |X|X|X|X|X| | | | | | | 
 
              t s          Ts 

 

 
         T       Ts 
 
 | |X|X|X|X|X|X| | | | | |X| | |   | |X| | |   | |   |X| | |   | |X| | | | | 
 
              

3RåDGRYDQi �WULHGD�4 R6 
âSHFLILNXMH�SRåDGRYDQê�SRPHU�VWUDWHQêFK�EXQLHN��RQHVNRUHQLH�SRþDV�SUHQRVX�EXQLHN�D delay jitter. 

Defiicia vyhovujúceho spojenia 
CAC a 8 3&��NWRUp�V~�RELGYH�ãSHFLILFNp�SRGD�RSHUi WRUD��E\ �PDOL�] REUD �GR�~YDK\ �&7' ��FRQQHFWLRQ�WUDIILF�
descriptor) a SRåDGRYDQp�4 R6�QD�WR��DE\ �EROL��HIHNWtYQH���. H �Xå�EROR�QDGYLD] DQp�VSRMHQLH��4 R6�MH�] DEH] SHþHQp�
WDN�GOKR��DNR�GOKR�MH�VSRMHQLH�Y\ KRYXM~FH�SRG D�] POXY\ �R prenose. 
6SRMHQLH�MH�GHILQRYDQp�DNR�Y\ KRYXM~FH��SRNLD�SRþHW�QHY\ KRYXM~FLFK�EXQLHN�QHSUHNURß[ t�LVWp�VWDQRYHQp�þtVOR��
ktor�  bolo � pecifikovan�   v zmluve o prenose oSHUi WRURP�VLHWH����3UL�QHY\ KRYXM~FLFK�VSRMHQLDFK�VLH �
QHUHãSHNWXMH�GRKRGQXWp�4 R6��SUL�Y\ KRYXM~FLFK�YåG\ �GRGUåLDYD�4 R6� 
 

Granularita parametrov TC 
. Y{ OL�KDUGZDURYêP�REPHG] HQLDP�V~�KRGQRW\ �YãHWNêFK�SDUDPHWURY�GLVNUpWQH���' { OHåLWp�MH�XUþL ��DN~�PQRåLQX�
diskr� WQ\ FK�KRGQ{ W��WHGD�JUDQXODULWX��LP�XUþtPH���1 DSUtNODG�3&5�D 6&5�EXG~�PD �URYQDN~�JUDQXODULWX���
Tolerancia CDV t �EXGH�PD �KRQGRW\ �DNR�Qi VREN\ �þDVX�PHG] L�HPLVLDPL�EXQLHN��QDSU��� �� � �ms, pri 155.52 
Mbit/s). 

Obmedzenia na vari� ciu onsekorenia bunky (cell delay variation) a 
Ws (burst tolerance) 
$ E\ �VD�GRGUåDOL�4 R6��PXVtPH�YKRGQH�REPHG] L �t s FHOO�GHOD\ �YDULDWLRQ����1 DMKRUãt�SUtSDG�MH��NH �MHGQR�VSRMHQLH�
Pi �ãWUXNW~UX�2 1 �2 ) ) ��WHGD��åH�SR�NUi WN\ FK�UêFKO\ FK�VHNYHQFLi FK�UêFKORV RX�3&5�QDOVHGXM~�SDX] \ �EH] �HPLVLt��
3RþDV f� zy ON  UPC funkcia s premenn� mi T (Ts) a t (t s) monitoruje PCR(SCR).  V pr�pade PCR, ON f� za je 
charakterizovan�  sekvenciami s QDMY\ ããRX�PRåQRX�UêFKORV RX��Y pr�pade SCR s�  to sekvencie s UêFKORV RX�
PCR.   

DOãLH�RGVWDYFH�XND] XM~�] i YLVORV �t  na zdrojov siete a SRåDGRYDQHM�4 R6� 

6LP XODþQê��P RGHO 
. DåGê�] GURM�MH�FKDUDNWHUL] RYDQê�ãWUXNW~URX�SRGD�� � �� �� ��8 1 ,�P i �SDUDPHWUH� 

o  Tmin PLQLPi OQ\ �þDV�PHG] L�GYRPD�SUtFKRGPL�EXQLHN 
o  Tmax PD[ LPi OQ\ �þDV�PHG] L�GYRPD�SUtFKRGPL�EXQLHN 
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o  Trec þDV��SR�NWRUê�MH�ãWUXNW~UD�PHG] LþDVRv pr�chodu rovnak�  
          
 
 | |X|  |  |  |  |  | | |X| | |  | | |   | |  | | |   | |   |X| | |   | |  | | | |X| | 
 
              

 Tmin Tmax Tmin  
 
 
 Trec=2 x T 
 

 Tmin =T - t    a Tmax = T + t  
 
Obr. 7.4. Predpokladan�  najhor� � pr�pad � trukt� ry 2 1 �2 ) ) ��% � ���1 LH�V~�SRYROHQp�KQH �
za sebou id� ce bunky ± back-to-back) 

    
 
 | |X|X|X|X|X|X| | | | | | | | | | | | | | | | | | |X|X|X|X|X| | | | | | | 
 
                       

  Tmin             Tmax 

  
 

    Trec=B x T 
 
 

Tmin =d   a Tmax = BT +(1-B)d 
 
2 EU��� �� ��3UHGSRNODGDQê�QDMKRUãt�SUtSDG�ãWUXNW~U\ �2 1 �2 ) ) ��%! � ���6~�SRYROHQp�KQH �] D�
sebou id� ce bunky ± back-to-back) 
7LHWR��2 1 �2 ) ) �W\ S\ � DOHM�SRVWXSXM~�GR�MHGQR~URY RYpKR�) ,) 2 �PXOWLSOH[ RUD��Y ktorom 
SUHGSRNODGi PH�QHNRQHþQ~�NDSDFLWX�D random rozhodenie f� z vstupov. Z WRKWR�P{ åHPH�
Y\ SRþtWD �UHSUH] HQWDWtYQH�YêVOHGN\ �GLVWULE~FLH�QDSOQHQLD�EXIIHUD��� 
3RWUHEXMHPH�YHGLH �NDSDFLWX�.  EXIIHUD��DE\ �] DUXþLO�SRåDGRYDQ~�&/ 5 ��FHOO�ORVV�UDWLR�± 
pomer straten� ch buniek) 10-10.  T�  odhadneme cez funkciu  CDV tolerancie t .  Z�skan�  
pravdepodobnosti overflow-u  s�  potom extrapolovan�  meodou najmen� �ch � tvorcov 
a potom s�  z nich odvoden�  hodnoty CLR.  

5 HIHUHQþQê�P RGHO 
3RGD�QHKR�] tVNDYDPH�YSO\ Y�WROHUDQFLH�t  na alok� ciu zdrojov CBR.  Algoritmus pre povolenie nadviazania 
spojHQLD�SUH�] GURMH�&%5�E\ �PDO�E\ �QH] i YLVOê�RG�VYRMHM�SRORK\ �Y VLHWL���3RXåtYD�VD�WX�* HR�1 �/D/1 model. 

Niektoré výsledky 
8 YDåXMPH�OLQNX�V UêFKORV RX�150 Mbit/s, PCR 2 Mbit/s, T 75 bunkov� ch jednotiek. Buffer s kapacitou 54 
buniek ATM s CLR 10-10. 
 

W (jednotka G) B Nmax (max. 3RþHW�
spojen�) 

N� klad (Er lang) 

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 
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=�WDEX N\ �Y\ SOêYD��åH�þtP�Yl þãLD�WROHUDQFLD�t ��WêP�PHQHM�VSMHQt�1 �P{ åH�E\ ��DNFHSWRYDQêFK��WDN�DE\ �VD�
zaFKRYDOD�YH NRV �EXIIHUD�� �� �( UODQJRY�D�&/ 5 �10-10. 3RGREQp�H[ SHULPHQW\ �P{ åH�XUREL �DM�V�EXUVW�WROHUDQFLRX�t s 
D�6&5����7HGD��NH �Pi PH�N�GLVSR] tFLL�PDOp�EXIIUH�SUH�EXQN\ ��QHP{ åHPH�RþDNi YD �GREUp�YêVOHGN\ ��DN�GRYROtPH�
YHNp�WROHUDQFLH�EXUVW�WROHUDQFH� 
Tieto v� VOHGN\ �XNi ] DOL��åH�MH�GREUp�PD �WROHUDQFLX�VLOQHMãLH�RKUDQLþHQ~� 

2 KUDQLþHQLH�SUH�WROHUDQFLX�&' 9  
Toleranciu CDV m{ åHPH�RKUDQLþL �QD�KRGQRWX�RGYRGHQ~�]  SUtVOXãQpKR�UHIHUHQþQpKR�PRGHOX��DNR�IXQNFLX�
] POXYQH�GRKRGQXWHM�3&5���1 DSUtNODG��DN�Pi PH�$ 70 �VLH �V iba jeGQêP�PXOWLSOH[ RURP��P { åHPH�SRXåL �PRGHO�
M+D/D/1 FIFO.   
. H åH�SRWUHEXMHPH�8 3&�1 3&�WDNp��DE\ �PRKOR�E\ �SRXåLWp�YR�YãHWNêFK��DM�EXG~FLFK��PRGHORFK��KRUQp�
RKUDQLþHQLH�&' 9 �MH�GRV �G{ OHåLWp����7DNpWR�KRUQp�RKUDQLþHQLH�P{ åHPH�] tVND �]  modelu s prioritami  HoL (Head 
RI�WKH�/ LQH���SUHWRåH�WLHWR�QDMOHSãLH�VLPXOXM~�R] DMVWQê�SULHEHK�Y LAN a in� ch ATM switchov, kde sa z þDVX�QD�
þDV�REMDYLD�YH Np�VHNYHQFLH�SRVSi MDQêFK�EXQLHN��� 
Niektor�  typick�  hodnoty z tohto modelu s�  v tabulke. 
Náklad (Erlang) W (jednotka þDVX�SUHQRVu 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 výkonu UPC/NPC 

Umiestnenie UPC 
8 3&�VD�Y\ NRQi YD�QD�9 &&�DOHER�9 3&�Y�ERGH��NGH�V~�XNRQþHQp�SUYp�OLQN\ �9 3�DOHER�9 &�Y�VLHWL���M� me tri 
PRåQRVWL� 

·  8 åtYDWH�MH�SULSRjen�  priamo k funkcii Virtual Channel Relater Funkction CRF(VC) a EPC sa 
vykon� va vo vn� tri CRF(VC) na VCC predt� m, ako sa vykon�  funkcia prep�nania. 

·  . H �MH�SRXåtYDWH�SULSRMHQê�SULDPR�N�&5) �9 &��FH] �&5) �9 3� ��SRWRP�MH�8 3&�Y\ NRQDQp�LED�YR�YQ~WUL�
CRF(VP) na VPC a  vo vn� tri CRF(VC) na VCC. 

·  9 ��SUtSDGH��åH�XåtYDWH�MH�SULSRMHQê�QD� DOãLHKR�XåtYDWHD�DOHER�QD�VLH RYpKR�SURYLGHUD�FH] �&5) �9 3� ��
8 3&�VD�Y\ NRQi �LED�YR�YQ~WUL�' 5 ) �9 3��QD��9 3&���. RQWUROD�SDUDPHWURY�9 &&�VD�Y\ NRQi �LQêP�VLH RYêP�
SURYLGHURP��NH �EXGH�SUtWRPQp CRF(VC). 

ý LQRQRVWL�8 3&�1 3& 
&LH�8 3&�1 3&�MH�] DUXþL ��DE\ �XåtYDWH�QHSUHNURþLO�] POXYX�R�SUHQRVH���1 D�~URYQL�EXQLHN�WR�P{ åH�] QDPHQD � 

a) 1 HFKi �EXQNX�SUHMV  
b) 3ULGi �EXQNH�WDJ��QD�&/ 3 � �EXQNi FK�WêP��åH�SUHStãH�&/ 3�QD�� �  
c) Zru� � bunku 

Meranie výkonu UPC 
Na meranie v� kRQX�8 3&�VD�] DWLD�XUþLOL�GYH�KRGQRW\ � 

·  ý DV�RGR] Y\ �±�þDV��] D�NWRUê�XUþt�GDQ~�QHY\ KRYXM~FX�VLWXi FLX�QD�VSRMHQt�] D�GDQêFK�RNROQRVWt� 
·  Transparencia ±�3UL�WêFK�LVWêFK�SRGPLHQNDFK��SUHVQRV ��V�DNRX�LQLFLXMH�SRWUHEQpNRQWUROQp�DNWLYLW\ �QD�

nevyhovuj� com spojen� a vyhne sa kontroln� m aktivit� m na vyhovuj� com spojen�. 

DOãLH�NRQWUROQp�IXQNFLH 
2 NUHP�Xå�VSRPHQXWêFK�NRQWUROQêFK�IXQNFLt��HãWH� DOãLH�P{ åX�E\ �SRXåLWp��QD�SRGSRUX�D�GRS DQLH�Xå�
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) 
. H �$ 70 �SRXåtYD�PRåQRV �&/ 3�QD�SRåLDGDQLH�XåtYDWHD��] GURMH�VLHWH�V~�QDVWDYHQp�QD�SULRULWX�&/ 3 � ��Y\ VRNi �
priorita) a &/ 3 � �QL] ND�SULRULWD���. H �VD�NRQWUROXM~�&/ 3 � �D�&/ 3 � �SULHSXVtnosti, a alokuj�  sa adekv� tne 
] GURMH�D�YKRGQH�VD�URXWXMH��SRWRP�RSHUi WRU�VLHWH�P{ åH�SRVN\ WQ~ �� �WULHG\ �4 R6�SUH�WRN\ �V�&/ 3 � �D�&/ 3 � � 
$ N�VD�R�&/ 3 � �EXQNH�] LVWt��åH�QHY\ KRYXMH�QD�WRNX�V��&/ 3 � ��Wi WR�EXQND�MH�NRQYHUWRYDQi �QD�&/ 3 � �D�LGH�GR�
toku s CLP=1 e� te predt� m, ako toky CLP=0+1 vojd�  do kontroly UPC/NPC.  Bunka, o ktorej UPC/NPC 
UR] KRGQH��åH�QHY\ KRYXMH�QD�&/ 3 � � � ��VD�Y\ UDGt��� 
$ N�QHEROL�SULGHOHQp�åLDGQH�] GURMH�SUH�WRN�&/ 3 � ��SRWRP�EXQN\ �V�&/ 3 � ��R NWRUêFK�8 3&�] LVWt��åH�QHY\ KRYXM~�QD�
toku s  CLP=0, s�  vyraden� . 

Traffic shaping (TS) 
Traffic shaping (TS) kompenzuje efekt CDV na PCR v spojen� ATM.  Napr�klad d�  nov�  rozostupy bunk� m na 
LQGLYLGXi OQ\ FK�VSRMHQLDFK�$ 70 ��SRGD�LFK�3&5�DOHER�YKRGQêFK�VFKpP� 
$ N�VD�SRXåtYD�QD�NRQFL�$ 70 ��76�] DUXþXMH�SRåDGRYDQp�YODVWQRsti toku buniek do VCC alebo VPC.  Ak sa 
SRXåtYD�Y ATM switch-L��76�PHQt�YODVWQRVWL�WRNX�QD�9 &&�DOHER�9 3&��DE\ �VD�GRVLDKOD�SRåDGRYDQi �PRGLILNi FLD�
YODVWQRVWt�WRNX���76�PXVt�] DFKRYD �VHNYHQþQ~�LQWHJULWX�EXQLHN� 
1 SDU��76�P{ åH�UHGXNRYD �3&5��OLPLWRYD �GåNX�EXUVWRY���DOHER�UHGXNFLD�&' 9 ��WêP��åH�YKRGQH�UR] RVW~SL�EXQN\ �
v þDVH� 
76�MH�YROLWHQi �IXQNFLD��P{ åH�E\ �QDVWDYHQi �Y zhode s traffic descriptorom a parametrami, ktor�  boli dohodnut�  
v ] POXYH�VR�VLH RX� 

Network Resource Management (NRM) 
' { OHåLWê�NRPSRQHQW�7&��D NRM v %,66' 1 �V~�9 LUWXDO�3DWKV���0 { åX� 

·  =MHGQRGXãL �&$ & 
·  ,PSOHPHQWRYD �GUXK�NRQWURO\ �SULRULW\ �WêP��åH�VHJUHJXM~�W\ S\ �WRNRY��NWRUp�SRåDGXM~�U{ ] QH�4 R6 
·  ( IHNWtYQH�GLVWULEXRYD �VSUi Y\ �SUH�RSHUi FLX�MHGQRWOLYêFK�VFKpP�NRQWURO\ �SULHSXVWQRVWL 
·  $ JUHJRYD�XVHU-to-user sOXåE\ ��DE\ �8 3&�PRKOD�E\ �DSOLNRYDQi �DJUHJRYDQpPX�WRNX 

 
 

8. Stratégie nasadenia ATM 

8.1. Úvod 

Technol� gia ATM znamen�  v� razn�  krok vpred v SRQ~NDQêFK�WHOHNRPXQLNDþQêFK�
VOXåEi FK� Y porovnan� s H[ LVWXM~FLPL� WHFKQROyJLDPL�� 1 HSRQ~ND� OHQ� PQRåVWYR� UêFKOHMãtFK�
VOXåLHE�DOH�DM�PRåQRV �LFK�LQWHJUi FLH�GR�MHGQpKR�YãHREHFQpKR�ULHãHQLD� 

3UHWRåH� DOH� V~þDVQp� WHUPLQi OQH� ] DULDGHQLD� �79 �� WHOHIyQ�� URXWHU�� SRþtWDþ���� �
a WHOHNRPXQLNDþQp� VLHWH� �/ $ 1 �� 3$ %; ���� � QLH� V~� ] DORåHQp� QD� $ 70 �� MH� QXWQp� Y\ P\ VOLH �
opatrn�  pl� n zavedenia ATM, aby� VD� ] DLVWLO� KODGNê� SUHFKRG� QD� FLHRYp� ULHãHQLH�� NHG\ �
v� etky termin� lne zariadenia maj�  priamy ATM interface a YãHWN\ �VOXåE\ �V~�SUHQi ãDQp�SR�
ATM sieti. 

$ E\ � VD� PRKOR� GRVLDKQX � WDNpWR� NRQHþQp� ULHãHQLH�� $ 70 � E\ � VD� PDOR� ] DYi G] D � QD�
QLHNR NêFK�PLHVWDFK�VLHWH��NWRr� mi s� : 

·  VLH �] i ND] QtND��FXVWRPHU’s network) 
·  SUtVWXSRYi �VLH ��DFFHVV�QHWZRUN� 
·  VLH �SUHStQDþRY�D � stredn� (switching and trunk network) 

Teraz op�� eme sp� sob nasadenia ATM v WêFKWR� WURFK� þDVWLDFK� VLHWH� QH] i YLVOH��
0 { åH� VD� WDN� VWD �Y U{ ] Q\ FK�þDVRYêFK� RNDPLKRFK�� -H� ] UHMPp�� åH� DN� VD� SRGDUt� QDVDGHQLH�
WêFKWR� WURFK� HOHPHQWRY� þDVRYR� ] ODGL �� Y\ KQHPH�VD� WêP�SUREOpPRP�SUHSRMHQLD�� ] QtåLPH�
n� klady a t� m zv� � ime �ancu na � spech � irokop� smov� ho ATM rie�enia. 



 

Broadband ATM Switching  90 / 96 
 

90 

8.2 ATM v priv� tnej sieti z� kazníka 
V WHMWR� VLHWL� MH� YLGLWHQê� þRUD] � Yl þãt� Qi UDVW� YêNRQQRVWL� SUDFRYQêFK� VWDQtF� D serverov spolu 
s Qi VWXSRP� PXOWLPpGLt�� þR� Pi � ] D� Qi VOHGRN� ] Yl þãHQLH� SRåLDGDYLHN� QD� ãtUNX� SUHQi ãDQpKR�
Si VPD��6~þDVQp�VLHWH�VD�NDSDFLWQH�EOtåLD�VYRMLP�OLPLWRP� �ELW� �VHN���Y] GLDOHQRV ���þR�Y\ WYi UD�
predpoklady pre nasadenie ATM v tomto prostred�. 

8.2.1. Vývoj inteligentných hubov 
Dne� n�  inteligentn�  huby s�  priamymi nasledovn�kmi jednoduch� ch montovan� ch hubov 
�ZLULQJ� KXEV��� NWRUp� VD� ] DþDOL� SRXåtYD � Y polovici osemdesiatych rokov. Tieto huby 
znamenali v� znamn�  pokrok���SUHWRåH�] GLHDQp�/ $ 1 �VLHWH�VD�SUHVXQXOL�QD�FKUEWLFX�KXEX�
RSURWL� SUHGFKi G] DM~FHM� VSOHWL� Ni EORY� DKDM~FHM� VD� EXGRYDPL�� 6LHWH� VD� PRKOL� RGYWHG\ �
] DSi MD �GR�KYLH] GLFRYêFK�WRSROyJLt�� =MHGQRGXãLOR�WR�~GUåEX�D ] Yl þãLOR�VSR DKOLYRV ��$ M�
NH �MH�WRSROyJLD�VLHWH�I\ ] LFN\ �RGOLãQi ��ORJLFN\ �EROL�ZLULQJ�KXEV�] DULDGHQLD�VR�] GLHDQêP�
m� diom. 

DOãtP�SUtQRVRP�KXERY�EROR�] DYHGHQLH�PRåQRVWt�VLH RYHM�DGPLQLVWUi FLH�SULDPR�GR�KXEX��
Tak sa z MHGQRGXFKêFK� KXERY� VWDOL� LQWHOLJHQWQp� KXE\ � �YL � REU�� � �� � �� 7LHWR� SRGSRUXM~�
viacn� sobne segmHQW\ � / $ 1 � U{ ] Q\ FK� W\ SRY� �( WKHUHQHW�� 7RNHQ� 5LQJ�� ) ' ' ,� DW���
a poskytuj�  funkcie premostenia a routovania. 

 
Ale aj t� to gener� cia hubov mala ten ist�  nedostatok ±�FHOi �ãtUND�Si VPD�MH�] GLHDQi �WDNåH�
DM�Y\ VRNRUêFKORVWQp�VLH RYp�PRGXO\ �PXVLD�] GLHD �Si VPR�V pomDOêPL�SRXåLYDWHPL��$ E\ �
sa zabr� nilo tomuto nedostatku, boli vyvinut�  2 pr�stupy, oba s Y\ XåLWtP�$ 70 �Y hube.  
Prv�  z QLFK� VSRþtYD� Y pridan� paketovo-orientovanej chrbtice k V~þDVQêP� KXERP� �FHOO-
based backplane). Tieto syst� my sa potom naz� vaj�  ATM huby a dosahuj�  gigabitov�  
r� chlosti na chrbtici. 
' UXKê�SUtVWXS�Y\ XåtYD�$ 70 �JDWHZD\ �DOHER�$ 70 �URXWRYDFt�PRGXO��WHQ�Y\ NRQi YD�IXQNFLX�
$ $ / � SUH� � FHOê� KXE��� 7R� GRYR XMH� DE\ � VD� WLHWR� KXE\ � SUHSRMLOL� VR� V~NURPêPL� DOHER�
YHUHMQêPL�$ 70 �VLH DPL� 

� �� �� ��3RþLDWRþQp�QDVDGHQLH�$ 7M hubov 
V SUYRP�NURNX�E\ �PDOL�E\ �N $ 70 �KXEX�FH] �$ 70 �LQWHUIDFH�QDVDGHQp�OHQ�YHPL�YêNRQQp�
V\ VWpP\ � �VHUYHU\ �� SUDFRYQp� VWDQLFH��� +ODYQi � þDV � RVWDQH� SULSRMHQi �FH] � Y\ KUDGHQp� / $ 1 �
LQWHUIDFH��$ 70 �KXE�EXGH�SRGSRURYD �ORNi OQH�SUHStQDQLH�D koncentr� ciu. Vyhraden�  LAN 
LQWHUIDFH� SRVN\ WXMH� NDåGpPX� SRXåtYDWHRYL� ÄV~NURPQ~³ � DOHER� ÄRVREQ~³ � VLH �� SUHWRåH�
SRVN\ WXMH�HNYLYDOHQW�MHGHQ�XåLYDWH�QD�MHGQX�VLH ��9  GQHãQHM�GREH�PRåQR�RþDNi YD �KODYQH�
dopyt po vyhraden� ch Ethernet interface-RFK�� ÒSOQê� $ 70 � LQWHUIDFH� VD� SRXåLMH� OHQ� QD�
podporu malej skupiny aplik� ci� s SRWUHERX�YHNHM�ãtUN\ �Si VPD��QDSU��YêNRQQp�VHUYHU\ �SUH�
multimedi� lne aplik� cie, tam kde je to ekonomick�  v� hodn� . 

��������� ��� � �����������! �� "�� #�$�� �&%&�!�'��(�) * �+��� %&�,) -.$�� � $��0/ �&��(1�!23��4�576�2'���!89%&�;:1<�* 6��;� ���;* �!��(=$���� ��*

-to-point spojenia. Len jeden v� konn�  
server je pripojen�  priamo cez s� kromn�  ATM UNI interface. Tak� mto sp� sobom ATM post� pne vst� pi do z� kazn�kovho povedomia. 
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� �� �� ��3RXåLWLH�$ 70 �/ $ 1 �VLHWt 
$ 70 � KXE\ � EXG~� SRGSRURYD � H[ LVWXM~FX� VDGX� VLHWt� / $ 1 � �( WKHUQHW�� 7RNHQ� 5LQJ« ��� DOH�
posN\ WQ~� NDåGpPX� WHUPLQi OQHPX� ] DULDGHQLX� SOQ~� NDSDFLWX� V� Y\ XåLWtP� YêNRQQêFK�
SUHStQDFtFK�VFKRSQRVWt�� �YL �REU�� �� �� ��9 LDFQi VREQp�KXE\ � �MHGHQ�QD�NDåGp�SRVFKRGLH��VD�
navz� jom prepoja pomocou routera. 

 
Ke åH�PRåQRVWL�D v� kon routera s�  obmedzen� , nakoniec by sa PDO�QDLQãWDORYD �$ 70 �
SUHStQDþ��7HQWR�SUHStQDþ�SRWRP�P{ åH�SRVN\ WRYD �YêNRQQp�SUHSRMHQLH�PHG] L�KXEPL�DNR�
aj priamy pr�stup k v� konn� m pracovn� m staniciam a serverom prostredn�ctvom ATM 
interface-X��1 DY\ ãH�EXGH�WHQWR�$ 70 �SUHStQDþ�SRVN\ WRYD �SRWUHEQp�UR] KUDQLH do verejnej 
ATM siete. 
V QDGFKi G] DM~FLFK� URNRFK� VD� EXG~� YãHWN\ � WHUPLQi OQH� ] DULDGHQLD� VWi YD � YêNRQQHMãLH�
termin� lne zariadenia s þRUD] �Yl þãtPL�SRåLDGDYNDPL�QD�ãtUNX�Si VPD��WDNåH�QDNRQLHF�EXG~�
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PD � YãHWN\ � WLHWR� ] DULDGHQLD� YODVWQê� $ 70 �LQWHUIDFH�WDN�DNR� WHUD] � maj�  vlastn�  Ethernet 
interface. 

8.3. ATM v prístupovej sieti 
' RPi FL�] i ND] QtFL�PDM~�] i XMHP�KODYQH�QD�NODVLFNHM�WHOHIyQQHM�VOXåEH��32 76��D�GLVWULE~FLL�79 �VLJQi OX��

3RWHQFLi OQH�P{ åX�WDNLVWR�SRåDGRYD �GLVWULE~FLX�YLGHD��9 LGHR-on-GHPDQG��9 2 ' � ��32 76�D�79 �VOXåE\ �VD�Xå�GQHV�
GLVWULEXXM~�KODYQH�H[ LVWXM~FLPL�Ni EORYêPL�UR] YRGPL��NU~WHQi �GYRMOLQND��NRD[ Li O���1 LHNR NR�RSHUi WRURY�] DþDOR�DM�
so zav� dzan�m optick� ho k� bla, tzv. Fiber-in-the-loop rie� enie. 7DNpWR� ULHãHQLH� DOH� QLH� MH� GRVWDWRþQp�� SUHWRåH�
YHNp�LQYHVWtFLH�NWRUp�VD�YORåLD�GR�LQIUDãWUXNW~U\ �E\ �VD�PDOL�Y\ XåL �QD�JHQHURYDQLH� DOãtFK�SUtMPRY�] R�VOXåLHE�
NWRUp�XPRå XMH�%,6' 1 � 

>
�,�'� 2�6�� /�)�* � �+���1$��!�'��� ���&* �&? � �1�!���&)�@��&) * ���!A'2�B!C ��� / 2.$��!���'@&���!��(1-�) * � �;�'���1DE�,F1GIH
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Hlavn�  znaky tejto vybranej architekt� ry je paketovo-orientovan�  ATM prenos cez topol� giu pas�vnej optickej siete (Passive Optical 
>
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(ATM PON). 

8.3.1. FITL s technológiou PON 
7HFKQROyJLD�32 1 �] DORåHQi �QD�SDVtYQ\ FK�RSWLFNêFK�UR] GHRYDþRFK�MH�YêKRGQi �] �K DGLVND�
Qt] NHM�FHQ\ ��WDN�SUH�V~þDVQp�) ,7/ ��DNR�DM�SUH�EXG~FH�%,6' 1 �DSOLNi FLH��9 êKRGRX�MH�WLHå�
IOH[ LELOQp�] GLHDQLH�ãtUN\ �Si VPD��2 Wi ] N\ �V~NURPLD�D�EH] SHþQRVWL�VD�GDM~�] DEH] SHþL �
� ifrovan�m posielan� ch inform� ci�. 

8.3.2 Vysokokapacitn�  point-multipoint transportn�  systém 
`.T0�+* �!AU� ��* �&� �&�'* C �!����)�? 2�B;�'A3H D�Y�4

K
#

>�J�K�L,>
#'Z � �;8R�1� �&? �+AN#!`�Y

LcdeM
)��=$�� �+��S&T�� / -3�f['g h

mm okienku v paketoch ATM (ATM cells). Smerom 
�'�.$���2�B�C ���;* � �1���.)0� �&* �,H 2'$�) * � ���;8

M
/��=8U�!B��!WR�&Z �;�'* C ���!A3$'� �+���')�[&i!j!5k��� * \ )0#

naopak 150 alebo 600 Mbit/s. V� ber 150 alebo 600 z� vis� od 
�'@&�;��S&���;�!WN%+6U)0? 2�B'� �+���

 

3RXåtYD� VD� SDNHWRYR� RULHQWRYDQê� WUDQVSRUWQê� V\ VWpP�� SUHWRåH� $ 70 � SRVN\ WXMH� GREU~� ] i NODG X� QD�
multiplexing a pr�stup typu point-PXOWLSRLQW��] �MHGQpKR�] GURMD�YHD�~þDVWQtNRP��þLåH multicasting). Takisto je 
WHQWR�IRUPi W�YêKRGQê�] �K DGLVND�Y\ åDGRYDQpKR�PLHVWD�QD�Y\ URYQi YDFLX�SDPl ��EXIIHU�VSDFH���LPSOHPHQWDþQHM�
] ORåLWRVWL�D�WHGD�DM�Qi NODGRY��7DNLVWR�MH�] DUXþHQi �NRPSDWLELOLWD�V�EXG~FLPL�%,6' 1 �] DULDGHQLDPL� 

V r� mci syst� mu sa bud�  exisWXM~FH� VOXåE\ � DNR� 32 76� D� 1 ,6' 1 � WDNLVWR� SUHQi ãD � SURVWUHGQtFWYRP�
$ 70 ��D�WHGD�WRWR�ULHãHQLH�QLH�MH�RYHUOD\ �DOH�LQWHJURYDQê�V\ VWpP��ÒþDVWQtFNH�] DULDGHQLD�LQãWDORYDQp�Y�EOt] NRVWL�
] i ND] QtND�P{ åX�E\ �Y\ EDYHQp�WR NêPL�DGDSWpUPL�� / LQH�,QWHUIDFH�0 RGXOH��YL �REU��� �� �� ��DNR�SRåDGXMH�] i ND] QtN��
0 { åH�] DþD �SRYHG] PH�V�32 76�D�SRVWXSQH�SULGD �DGDSWpU\ �/ ,0 �SUH�9 2 ' �DW� 

1 DY\ ãH�MH�PRåQp�VL�SUHGVWDYL �WUDQVSRUW�GLVWULEXþQêFK�VOXåLHE�Y�� �� � mP�RNLHQNX�V�SRXåLWtP�OLQHi UQ\ FK�
ODVHURY� D� RSWLFNêFK� ] RVLORYDþRY� QD� ] DEH] SHþHQLH� GRVWDWRþQpKR� YêNRQX� QD� VWUDQH� SULMtPDWHD�� 79 � NDQi O\ � VD�
pren� � aj�  v anal� govom form� te. 
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8.3.2.1 Transpor tn�  syst� m 
7UDQVSRUWQê�V\ VVWpP�] DK D�QDVOHGRYQp�þDVWL� 

·  OLT (Optical Line Termination ±�XNRQþHQLH�RSWLFNHM�OLQN\ � �QD�VWUDQH�~VWUHGQH 
·  3DVtYQê�UR] GH RYDþ��3DVVive splitter) 
·  ONT (Optical Network Termination ±�XNRQþHQLH�RSWLFNHM�VLHWH��Y�EOt] NRVWL�] i ND] QtND 
1 DMNULWLFNHMãt�HOHPHQW�WRKRWR�$ 70 �32 1 �V\ VWpPX�MH�PRGXO�2 1 7��SUHWRåH�EXGH�QDLQãWDORYDQê�X�NDåGpKR�

] i ND] QtND��Då�� � �NUi W���Y�SRURYQDQt�V�MHGQêP�2 / 7�QD�VWUDQH�VLHWH��-HKR�FHQD�SUHWR�YH PL�RYSO\ YQt�FHQX�YêVOHGQp�
Qi NODG\ �V\ VWpPX��3UHWR�MH�SRWUHEQp�WHQWR�PRGXO�RSWLPDOL] RYD�V�RK DGRP�QD�VSRWUHEX��VSR DKOLYRV �D�FHQX� 

(1) Multiplexing 
3RXåLWi �MH�SDNHWRYR-RULHQWRYDQi �7' 0 �7' 0 $ �WHFKQLND��NWRUi �] DEH] SHþXMH�IXOO-duplex pr�stupov�  topol� giu 

a viacn� sobn�  pr�stup k jedn� mu optick� mu zdroju. (Obr. 8.5.) 

 
2 ELGYRPL�VPHUPL�V~�$ 70 �SDNHW\ �] DS~] GUHQp�Y�SDNHWRFK�$ 32 1 ��. X�NDåGpPX�SDNHWX�$ 70 �MH�SULGDQi �

mal�  extra inform� cia na synchroniz� ciu a IXQNFLH�VSRMHQp�VR�VLH RYêP�WUDQVSRUWRP��QDSU� identifik� cia ONT 
v SURWRNROH�YLDFQi VREQpKR�SUtVWXSX�SUL�SUtVWXSH�XSVWUHDP��1 D�W~WR�LQIRUPi FLX�SRVWDþXMH�RNWHW�ELWRY� 

V smere downstream s�  jednotliv�  pakety identifikovan�  pomocou svojich pol� VCI/VPI, a je na nich 
] DORåHQp�DGUHVRYDQLH� ~þDVWQtND��9  smere� XSVWUHDP� P{ åH� QDUD] � Y\ VLHOD �OHQ� MHGHQ� ~þDVWQtN�� 7R� MH� ] DSUtþLQHQp�
OLT, ktor�  generuje povolenia(grants) pre jednotliv�  ONT. Tieto povolenia s�  pren� � an�  pr� ve v spom�nan� ch 
oktetoch. Povolenia a prenos upstream multiplexovan�  sp� sobom pri ktorom je kontinu� lny pr� d paketov 
oddelen�  len mal� m pomocn� m p� smom povolen� ± je to 8 bitov na jeden ATM paket. Povolenia sa teda 
XGH XM~�] YOi ã �SUH�NDåGê�SDNHW� 

(2) Kapacita 
Syst� m je navrhnut�  na max. deliaci faktor 16. Limituj� cim faktorom je hlavne dostupn�  � �rka p� sma a 

� �!:&$��'@&�+*����,��$�* � %;�!W3��S;���&? �

>
�;�'� 6�2+/��,)��,�+�'Al[;m�-�@&�&) * ��C %&�':���� � ��? �!$�S&) 8R�c[;i�i�5k��� * \ )�$�� �12�$�) * � �&�+8c#!m!"�"�5k��� * \ )��'��Q�? �����')�* �;* �'@+��� /bT�C � ���=$�S&)�8U�=$�� �1��� ) * � � ��-�%�� 2U4�`U�

K
A�) * (;89��D�Y

>
$��')��!A'* 2;/ �1�!A'�N� ��� / -�%&�^8R�!B&���')�* �'$�� �=����) �&�'�&��� �,)�? 2�B�� �+�3`.� �����

-on-demand. 

8.3.2.2. Techniky nasadenia 
Aby sa dosiahli n�zke n� klady, vysok�  v� kon a IOH[ LELOQê�SUHQRVQê�V\ VWpP��MH�PRåQp�QDVDGL �QDVOHGRYQp�
techniky: 
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(1) Komunik� cia  full-duplex 
F1�'? �1:����'? �;��S1���!832���� ��S&%&� �,Z 2�? ?��'2'$�? �+X.����/ �&��� ��� /O��? ���!��� /�� B&���U[;h'j'j'��8n:

 nasledovn� ch d� vodov: 

·  Pr�stup na jedin�  optick�  k� bel 
·  1 LH�V~�Qi URþQp�SRåLDGDYN\ �QD�VWDELOLWX�YOQRYHM�GåN\ ��DNR�E\ �WR�EROR�Y pr�pade Wave Division 

Multiplexing) 
·  100%�GRVWXSQRV �Si VPD��RSURWL�� � % pri oper� ci� ch ping pong) 
·  � � � � QP�RNLHQNR�MH�YR Qp�SUH�DQDOyJRY~�79 �DOHER�EXG~FH�UR] ãtUHQLD 

(2) Synchroniz� cia 
Pakety v smere upstream s�  prekladan�  v RSWLFNRP�UR] GHRYDþL��$ E\ �VD�] UHGXNRYDOD�] E\ WRþQi �LQIRUPi FLD�

PHG] L�SR�VHEH�QDVOHGXM~FLPL�SDNHWPL�EROD�Y\ YLQXWi �UêFKOD�V\ QFKURQL] DþQi �PHWyGD��NWRUi �GRYR XMH�Qi MGHQLH�Ii ] \ �
KRGtQ�YH PL�NUi WN\ P �� -bitov� m � sekom. 

Neistota pr�chodu paketu z XUþLWpKR� ~þDVWQtFNHKR� PRGXOX� MH� QDMSUY� UHGXNRYDQi � QD� � �- pomocou 
PHFKDQL] PX�UDQJLQJ���YL � DOHM� 

Spom�nan�  � sek 3 bitov sa naz� va Clock Phase Alignment (CPA) a MH�WR�SRVWXSQRV � � � � �� 7HQWR�~VHN�MH�
samplovan�  n hodinov� mi sign� lmi s SRVXQRP� � � � �Q� VWXS RY�� 1 i MGH� VD� VWUHG� ~VHNX� D hodiny, ktor�  s n�m 
NRUHãSRQGXM~�VD�SRXåLM~�QD�] tVNDQLH�VDPRWQêFK�Gi W� 

7DNpWR� KRGLQRYp� PHUDQLD�V~� þDVRYR�LQWHJURYDQp�DE\ � VD� ] DEUi QLOR� Qi VREHQLX�ELWRYHM�FK\ E\ � SUL�SRãNRGHQt�
� seku CPA. 

(3) Vyrovnanie optického výkonu 
Kv� li rozdielom v GåNH� YOi NQD� D UR] GHRYDFLHPX� SRPHUX� MH� RSWLFNê� YêNRQ� ]  ~þDVWQtFN\ FK� PRGXORY� YR�

YãHREHFQRVWL�UR] GLHOQ\ ��0 D[ LPi OQ\ �UR] GLHO�MH�RNROR�� � G%��� �� �UR] GH RYDþ�SUL�NUi WNHM�Y] GLDOHQRVWL�YHU] XV�� �� � �
pri maxim� lnej vzdialenosti). Polovica tohto rozdielu je odstr� nen�  vyrovnan�m laserov� ho v� stupu na strane 
2 1 7��' UXKi �SRORYLFD�MH�Y\ URYQDQi �REPHG] XM~FLP�] RVLORYDþRP�SULMtPDþD�QD�VWUDQH�2 / 7� 

(4) Technika ranging 
-H�SRXåLWi �GYRM-VWXS RYi �WHFKQLND�UDQJLQJ��NWRUi �GRYR XMH�UêFKOR�YNODGD �~þDVWQtFNH�PRGXO\  a ktor�  

QHY\ Ui ED�] E\ WRþQH�YHD�SDNHWRY�SUL�SUtVWXSH��W] Y��DFFHVV�MLWWHU�� 
(5) Prístupový mechanizmus 
. Y{ OL�I\ ] LFNHM�WRSROyJLL�MH� DåNp�Y\ YLQ~ �YêNRQQê�FRQQHFWLRQOHVV�SUtVWXSRYê�PHFKDQL] PXV�SUH�VLH �32 1 ��

Hlavn�  probl� m je v WRP�� åH� NRPXQLNi FLD� PHG] L� VXVHGQêPL� ~þDVWQtFN\ PL� PRGXOPL� MH� PRåQi � OHQ� FH] � 2 / 7��
7DNWR�Y] QLNDM~FH�RQHVNRUHQLH�MH�Då�� � ms (10km). 

Preto bol vyvinut�  in�  semi-statick�  pr�stup centralizovan�  v 2 / 7�� 0 D[ LPi OQH� SRåLDGDYN\ � QD� Si VPR� RG�
~þDVWQtFN\ FK�PRGXORY�V~� ] Qi PH�Xå�Y þDVH�LQLFLDOL] i FLH��þL�QDGYLD] DQLD�KRYRUX��3UHWR�MH�PRåQp�QD�VWUDQH�2 / 7�
Y\ YLQ~ � ãSHFLi OQ\ � VFKHGXOHU�� NWRUê� SRVLHOD� Y smere downstream povolenia vo form TEA (Transmit Enable 
Address) sekvencie do ob� lky APON-X��. H �WHQWR�7( $ �REVDKXMH�URYQDN~�I\ ] LFN~�DGUHVX�DNR�~þDVWQtFN\ �PRGXO��
tento moGXO�P{ åH�Y QDVOHGXM~FRP�SDNHWRYRP�VORWH�Y\ VLHOD �Y smere upstream. 

� �� �� ��0 RGXOi UQH�Y\ EDYHQLH�QD�VWUDQH�~þDVWQtND 
<O����? 2�@&��S1) * � �+* (&o�� �,) A�) * (;8321/ �1:

 
��� ��� /�8c� �;� A.:��&? �!B!�;��S=���18R�!�'2�? S;� ��� /�� �!:�T0C � � * � ���')�* �!-�@��&) * �NC %;���&6����!A'���;���;��� �=�

 podobe tzv. plug-in LIM 
(Line Int

�;� %;6��;��o'�=5e�!�'2�? �&)
M

#����;B���WU��A���� �'2'* WUT�$��&%&� S&? ���1$'� �,� �'-.* �;%&6'���'? p'o�� 2�#���T0�+* �!AU)���:���� � �+���!23��4�57:����;� ��� %���2��;q��!�����;� :!� �1��S+*����1��4�5

form� t a naopak dekomponovanie ATM paketov sa deje v 
* �!8U* ��-�@;�&) * �NC %;���!898R�'�!2�? �'$��!2�B�C * C 8P$�� C )0? 2�T ��� /�����VrH �N� �!���0�  �� m

M
�

 

7RWR�Y\ EDYHQLH�P{ åH�E\ �MHGQRGXFKR�UR] ãtUHQp�GRN~SHQtP� DOãtFK�PRGXORY�SRGD�SRWULHE�] i ND] QtND� 
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8.4 ATM v prepínacej sieti 
V V~þDVQRVWL� MH� EHåQp�� åH� YHNp� SRGQLN\ � WYRULD� YODVWQp� YLUWXi OQH� VLHWH� �9 LUWXDO� 3ULYDWH�
Networks ±�9 31 ��SRXåLWtP�SUHQDMDWêFK�OLQLHN�YHUHMQpKR�RSHUi WRUD��âLURNRSi VPRYi �VLH �
LP�P{ åH�Y WRPWR�VPHUH�SRVN\ WQ~ �RYHD�Yl þãLH�PRåQRVWL��YL �REU�� �� � � 

·  Semi-SHUPDQHQWQp�YLUWXi OQH�VSRMHQLD�PHG] L�U{ ] Q\ PL�~þDVWQtFN\ PL�PRGXOPL 
·  7LHWR� YLUWXi OQH� VSRMHQLD� V~� NRQWURORYDQp� RSHUi WRURP� SRGD� UH] HUYDþQHM� VFKpP\ �� SUHWR� MH�

PRåQp�WDN~WR�VLH �YåG\ �] UHRUJDQL] RYD �RG�� . ELW�V�GR�� � � 0 ELW�V 
·  9 LDFQi VREQp�YLUWXi OQH�VSRMHQLD�P{ åX�E\ �SULUDGHQp�U{ ] Q\ P�GHVWLQi FLi P��P{ åX�E\ �SRLQW-point 

alebo multicast 

 
<OXN� ) * 2;/ -�%;�,)0? 2�B&�'A3�

 ich rozhrania sa konvertuj�  do ATM v servisnom multiplexeri, ktor�  sa t
�&��� ) * �����'? S1-�@;��) * �NC %+�'A.8R�'�'2�? �&��������� �!�������

obr.8.9., tak� to modul kombinuje prenos z 
� Q':;�'A�%;6U? �!��S&? �'A�%;63���!8U2���� ���&@+�'W�%;63:&�'� �0/ �!�3�&����V��
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H <O* 6��;� ���;* #�s
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� � �
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#!DE��F=G.#'Z � �;8R�

� �&? �+A�#!��4�5tV��
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#!��� ���&�����!��Z �;� �;��@+��(=8c� �&) * ���') * � �;`.T �&* ���.)0�=$�� �;��S&�!:��1���1��4�57$��;���+* A3�

 transportuje po sieti do spr� vneho miesta 
2�� @&�+�N� �'�

 

Zdroje d� t z U{ ] Q\ FK�~þDVWQtFN\ FK�PRGXORY�P{ åX�E\ �SUtSDGQH�VNRPELQRYDQp�Y VLH RYRP�PXOWLSOH[ HUL��
NWRUê� P{ åH� SULGi YD � D XEHUD � YLUWXi OQH� VSRMHQLD�� 1 DNRQLHF� MH� YãHWRN� SUHQRV� SUHSi MDQi � SRPRFRX� 9 3� �9 LUWXDO�
Path) prep�QDþD��NWRUê�P{ åH�WDNLVWR�NRStURYD �MHGHQ�] GURM�GR�YLDFHUêFK�PLHVW��PXOWLFDVW�� 
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&HOi �VLH � MH� NRQWURORYDQi � Y VLH RYRP�ULDGLDFRP�FHQWUH� �1 HWZRUN� 0 DLQWHQDQFH�&HQWHU�± TMN). Toto 
FHQWUXP�NRQWUROXMH�SULGHRYDQLH�YLUXWi OQ\ FK�VSRMHQt�D zodpovedaj� ci bitov�  prenos. 

Hlavn� m probl� mom je vznik semi-SHUPDQHQWQêFK�VSRMHQt��þR�Pi �] D�Qi VOHGRN�] DEUDWLH�] GURMRY��NWRUp�
QLH�V~�YåG\ �SOQH�] D DåHQp� 

Jedn� m z rie� en� je zapojenie connectionless servera na chrbticu ATM, ktor�  prij�ma v� etky d� ta od 
~þDVWQtNRY� D rozhoduje sa, ktor�  a NDP� EXGH� SRVLHOD�� 7DNêWR� VHUYHU� P{ åH� QDY\ ãH� VSQD� WLHWR� IXQNFLH�� þtP�
RGEUHPHQt�~þDVWQtFNH�PRGXO\ � 

·  Routing 
·  2 EPHG] HQLH�SUtVWXSX�QD�] i ND] QtNRP�SRåDGRYDQê�PD[ LPi OQ\ �YêNRQ 
·  Preverovanie adries (address screening) 
·  Rozvinutie skupinovej adresy 

8.5.Z� ver 
Ako�VPH�XNi ] DOL��$ 70 �P{ åH�E\ �QDVDGHQp�NURN�] D�NURNRP�Y UR] OLþQêFK�þDVWLDFK�VLHWH��7LHWR�Ii ] \ �P{ åX�E\ �
~SOQH�QH] i YLVOp��DOH�MH�] UHMPp��åH�NRRUGLQRYDQp�~VLOLH�] Yl þãt�ãDQFH�QD�~VSHFK�%,6' 1 � 

 


