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FEisTy Sériové spojovanie

Sériové spojovanie

doc. Ing. Martin Medvecky, PhD.
ZS 2011/12 M.Medvecky, UT FEI STU Bratislava SpSS—1i/1
—— Spojovanie s pamatou

Charakteristika

Vhodné pre paketové spojovanie
Typické pre siete LAN a MAN
Nevhodné pre izochrénne sluzby
Dva spbsoby

* spojovanie s pamatou

* spojovanie na zbernici

—

LM - Linkovy modul P - Pamat’ R - Riadenie
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FEisTY Spojovanie na zbernici
Charakteristika

Koncové terminaly su navzajom spojené zbernicou,
ktora tvori spolo¢né transportné aj prepajacie medium
pre vSetky signaly.

Klasifikacia:
* podla typu zbernice,
* podla procesu, ktorym jednotlivé terminaly pristupuju
na zbernicu
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FEISTU Typy zbernic
_ ] ) Dve
Obojsmerna Jednosmerna jednosmerné
zbernica zbernica zbernice
® I ®

PJ PJ

PJ
PJ

4

<«

€
PJ<é

PJ

<_
b
®
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FEiSTU Pristup na zbernicu

Pristup na zbernicu

—

Centralizované Decentralizované
riadenie riadenie

4 N\

Pridelovanie Vyzva k Stochasticky Vyzva k
kanalov vysielaniu pristup vysielaniu
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FEisTy Typy zbernic
Kruhova Dvojita kruhova
zbernica zbernica
Py PJ
PJ PJ PJ PJ
PJ PJ
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FEisTY MAC algoritmy

(Additive Link On-Line Hawaii Area)

« Normovana priepustnost zbernice: S =A.e?A
* Maximalna priepustnost zbernice: 1/2e = 0,184

A=>B C=>D E=>F G=>H
P TEoF
renos = E=>F | =
aAdo B c=>D l G=>H >

ﬂol izia Cas

ZS 2011/12 M.Medvecky, UT FEI STU Bratislava SpSs—11/8



_— MAC algoritmy

gr{w ALOHA vs. Slotted ALOHA

Slotted ALOHA

» Normovana priepustnost zbernice: S =A.e”
* Maximalna priepustnost zbernice: 1/e = 0,368

—

Idedlna ponuka/priepustnost’

-
o
1

o
)
L

[
D
|

Slotted ALOHA

Normalizovana maximalna
priepustrnost’ S
o
(2]
|

o
()
1

0 02 04 06 08 10 12 14 16 18 20

Normalizovana ponuka A—>
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FEisTY MAC algoritmy

A=£B
Prenos
zAdoB
> et
C
Tkonét o
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FEiSTU MAC algoritmy
(Carrier Sense Multiple Access)
A=>B C=>D E i j>H
P _ - -
>
t

ﬁoliz ia
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CSMA/CD

(Carrier Sense Multiple Access with Collision

Detection)
A=>B C=D E=>F
-~
~
l N - _
>
Prenos !
z Ado B ' I E=>F
-~ >
ﬁolizia t
x = random (0 , min (2, 219))
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FEISTU

Ethernet

Ethernet
(IEEE 802.3)

Linkovy

segment O Opakovaé

|:| Terminal

IJ__| Segment 3

|1—_|Segment 1

—d

Segment 2

Model OSI Ethernet
VysSie vrstvy VysSie vrstvy
Sietova vrstva s g LLC
Linkova vrstva MAC

-——— =

Fyzicka vrstva Fyzicka vrstva

- -
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gfjs-w Ethernet
Format ramca

Min. 64 B
7 1 2/6 2/6 2 >0 >0 4 |

Preambula| SFD| DA | SA| Dizka| LLC data Pad| FCS

Preambula - postupnost' log. 0,1

SFD - Start Frame Delimiter (10101011)

DA - Destination Address (16 alebo 48 bit MAC adresa)
SA - Source Address (16 alebo 48 bit MAC adresa)
FCS - Frame Check Sequence
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_—— Ethernet
1 Baseb5- UTP, Manchester,
max. 500 m/segment, max. 2500 m siet,
10 Base 5 - 50 Q koax. (“tlsty” = 10mm), Manchester,
max. 500 m/segment, max. 2500 m siet,
max 100 uzlov/segment
10 Base 2 - 50 Q koax. (“tenky” = 5mm), Manchester,
max. 185 m/segment, max. 925 m siet,
max 30 uzlov/segment
10 Base T - UTP, hviezdicova topoldgia,
max. 100 m/segment, max. 500 m siet
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FEISTU Ethernet
10 Broad 36 - 75 Q koax.,
DPSK kod (Differential Phase-Shift Keying),
2x(14Mhz datovy kanal + 4MHz kolizny kanal) = 36MHz,
max. 1800 m/segment, max. 3600 m
10 Base FB - optika, pre backbone a trunk, trunk segment do 2 km
10 Base FP - optika, hviezdicova topoldgia, pasivna distribucia,
do 500 m
10 Base FL - optika, node-to-hub/koncentrator, do 2 km
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—— Gigabit Ethernet

1000 Base SX

1000 Base LX

1000 Base CX

1000 Base T

1000 Base TX

- 850 nm (Short wavelenght), 8B/10B kodovanie,
MMF 50 um <520 m, MMF 62,5 ym <275 m

- 1300 nm (Long wavelenght), 8B/10B kdédovanie,

SMF <3 km, MMF 50 pm <550 m, MMF 62,5 pm < 500m

- 150 Q kabel (Cluster), 8B/10B kédovanie, max. 25 m
- 4 pary UTP kat. 5 (dopor. kat. 5e), 125 Mbaud,
5 uroviové PAM- 5 kddovanie (+2, +1, 0, -1, -2),
segment max. 100 m, ® 200 m

- 2 pary UTP kat. 6,

ZS 2011/12
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FEISTU

Fast Ethernet

100 Base TX - 2 pary UTP kat. 5, 125 Mbaud, binarne kédovanie

100 Base T4 - 4 pary UTP kat. 3, 25 Mbaud, ternarne kodovanie

100 Base T2 - 2 pary UTP kat. 3, 25 Mbaud, 5 stavové kédovanie + DSP

100 Base FX - MMF 62,5 um,

+ 2000 m plny duplex,
* 412 m polo duplex

ZS 2011/12 M.Medvecky, UT FEI STU Bratislava 8pSS—11/18
ur .
FEisTY 10 Gigabit Ethernet
Medium Acces Control (MAC)
Full duplex
|
10Gb Media Independent Interface (XGMII) alebo
10Gb Attachment Unit Interface
| | |
WWDM Sériové Sériové
LAN PHY LAN PHY WAN PHY
(8B/10B) (64B/66B) (64B/66B)
| | | | | | |
WwWDM Sériové Sériové Sériové Sériové Sériové Sériové
PMD PMD PMD PMD PMD PMD PMD
1310 nm 850 nm 1310 nm 1550 nm 850 nm 1310 nm 1550 nm
10G Base 10G Base 10G Base 10G Base 10G Base 10G Base 10G Base
-LX4 -SR -LR -ER -SW -Lw -EW
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g, 10 Gigabit Ethernet

10G Base SR/ 10G Base SW
- 850 nm (Short wavelenght), 64B/66B kddovanie,
- MMF 50 um <300 m, MMF 62,5 um <33 m

10G Base LR/ 10G Base LW
- 1310 nm (Long wavelenght), 64B/66B kodovanie,
- SMF <10 km

10G Base ER/ 10G Base EW
- 1550 nm (Extra-long wavelenght), 64B/66B kddovanie,
- SMF <40 km

10G Base LX4
- 1310 nm (Long wavelenght), 8B/10B kédovanie,
- SMF <10 km, MMF 50 pm <300 m, MMF 62,5 um <300 m

ar

FEisTy 100 Gigabit Ethernet
Oznacenie
* Rychlost’
* 40 =40Gbit/s 100 =100 Gbit/s
¢ Médium
* Metalika
K =DBackplane
+ C=_Cable
*  Optika

+ S = Short Reach (100m)

* L =Long Reach (10km)

+ E = Extended Long Reach (40km)
+ Kédovanie

ZS 2011/12 M.Medvecky, UT FEI STU Bratislava SpSS — 11/ 21
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FEiSTU 100 Gigabit Ethernet
Popis PHY Typ

40G Backplane PHY 40GBASE-KR4

40G Cable Assembly PHY 40GBASE-CR4

100G Cable Assembly PHY 100GBASE-CR10

40G MMF 100m PHY (Ribbon) 40GBASE-SR4

100G MMF 100m PHY (Ribbon) 100GBASE-SR10

40G SMF 10Km PHY 40GBASE-LR4

100G SMF 10Km PHY 100GBASE-LR4

100G SMF 40Km PHY 100GBASE-ER4

Schvaleny: Jin 2010

ZS 2011/12 M.Medvecky, UT FEI STU Bratislava SpSS - 11/23

+ R =64B/66B
+ Pocet paralanych vedeni / vinovych dizok

* Metalika: n =4 alebo 10 ]

* Optika: n = pocet vedeni, alebo vinovych dizok
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_—— MAC algoritmy

Single token passing

=) Token ---)»> Data

al bl ¢l

Na zbernici méze byt iba jeden token
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FEisTU MAC algoritmy

Multiple token passing

Na zbernici méze byt niekolko tokenov
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FEISTU Token Bus
Token Bus
(IEEE 802.4)
<- i
3. Logicky
~ kruh
N\
J
Ve
-
— — -Y
UJ Ukenéovaciajednotka V Vysieaé P Prijima¢
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_—— MAC algoritmy

Single frame

Token ---p»> Data

/I\/I\/I\

Token sa predava k nasledujucemu terminalu az ked
vysielacia stanica kompletne odstrani ramec zo zbernice

ZS 2011/12 M.Medvecky, UT FEI STU Bratislava épSS —11/26
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FEISTUY Token Bus

Format ramca

>1 1 1 2/6 2/6 >0 4 1
Preambuld SD| FC| DA | SA| Datova jednotka | FCS|ED

Preambula - postupnost log. 0,1

SD - Start Delimiter (NNONNOO, N=nedatovy symbol)
FC - Frame Control

DA - Destination Address (16 alebo 48 bit MAC adresa)
SA - Source Address (16 alebo 48 bit MAC adresa)
FCS - Frame Check Sequence

ED - End Delimiter
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gf-{w Token Bus

Charakteristika

» 3 vrstvy: fyzicka, MAC a LLC
* Fyzicka vrstva:
* umozniuje Styri rézne prevadzky na zbernici
* prenosove rychlosti: 1, 5, 10 a 20 Mbit/s
* médium: koaxialny kabel (75 Q), optické vlakno
* MAC podvrstva:
* algoritmus: predavanie tokenov
* 4 urovne priority
* LLC podvrstva:
* 8 druhov sluzieb
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FEiSTU Token Ring

Format ramca

1 1 1 2/6 2/6 >0 4 1 1
SD|AC|FC|DA| SA | Datova jednotkal FCS|ED | FS

SD - Start Delimiter

AC -Access Control (3 bity - 8 priorit)

FC - Frame Control

DA - Destination Address (16 alebo 48 bit MAC adresa)
SA - Source Address (16 alebo 48 bit MAC adresa)
FCS - Frame Check Sequence

ED - End Delimiter

FS - Frame Status
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FEisTy Token Ring
Token Ring
(IEEE 802.5)
—-—-—-— <— P —1lv1"]

V Vysie aé P Prijimaé
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_—— Token Ring

Charakteristika

3 vrstvy: fyzicka, MAC a LLC
Fyzicka vrstva:
* prenosove rychlosti: 4 / 16 Mb/s
* médium: UTP /STP
* max. poCet opakovacov: 250
* max. vzdialenost medzi opakovacmi: neSpecifikovana
MAC podvrstva:
 algoritmus: predavanie tokenov
« 8 urovni priority
LLC podvrstva:
» 8 druhov sluzieb
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gt FDDI gr FDDI

Fiber Ditributed Data Interface Vrstvovy model FDDI

Zbernica: Dvojita kruhova zbernica Model OSI FDDI
MAC algoritmus: multiple token P
passing VySSie vrstvy R LLC
/
Vyhody: Sietova vrstva ,/ MAC
* nekladie obmedzenie na: ’ v
« dizku liniek, Linkova vrstva R PHY SMT
. ; .
* pocCet stanic, _
« celkovy dosah Fyzicka vrstva PMD
* dobré alokacné vlastnosti, ---
relativna necitlivost na
nevyvazenie zataze LLC - Logical Link Control (IEEE 802.2) PHY - Physical
* pokraCovanie v prevadzke v MAC - Medium Access Control PMD - Physical Medium Dependent
pripade poruchy SMT - Station Management
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or or
FEisTU FDDI FEisTY FDDI
Format ramca Pole Frame Control
Typ CLFF zzzz
64b 8b 8b 16/48 16/48 >0 32b 4b  12b Token bez obmedzenia 0000 0000 Synchronny prenos a asynchronny
prenos bez obmedzenia
Preambula| SD| FC| DA | SA Info FCS| ED|FS Token s obmedzenim 1100 0000 Synchrénny prenos a asynchrénny
prenos s obmedzenim
SD - Start Delimiter (kod JK) MAC ramce
FC - Frame Control MAC 1L00 0001 az Rozsah hodnét rezervovanych pre
DA - Destination Address (16 alebo 48 bit MAC adresa) 1L00 1111 MAC riadiace ramce
SA - Source Address (16 alebo 48 bit MAC adresa) Beacon 1L00 0010 Indikacia zavaznej poruchy kruhu
FCS - Frame Check Sequence Claim 1L00 0001 SluZi na uréenie stanice ktora
ED - End Delimiter vygeneruje novy token uréeny na
FS - Frame Status (indikatory ,detekovana chyba*, ,adresa rozpoznana“ a inicializaciu kruhu
sramec skopirovany” - symboly S a R " C - synchr./asynch. ramec, L - 16/48 bit adresa, FF - LLC/MAC riadiaci ramec
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. FDDI

Synchréonna prevadzka

TTRT 2 TDmax + TFmax + TTT + Z:TSAi

TTRT - Target Token Rotation Time (pozadovana doba obehu tokenu)
TDmax - doba obehu ramca
TFmax - doba potrebna na vyslanie ramca s max. dizkou (4500 oktetov)

TTT - doba potrebna na vyslanie tokenu

TSAi - doba vyhradena pre synchronnu prevadzku pre stanicu i
ZS 2011/12 M.Medvecky, UT FEI STU Bratislava SpSS—11/37
or
FEisTY FDDI

Asynchronna prevadzka

* 8 urovni priority =kazda stanica ma mnozinu ésmich
prahovych hodnot Tpg, @z Tpgg

* Asynchrénne data su prenasané az po odvysielani
synchronnych dat

» Stanica mbze vysielat asynchronne data priority ,i* iba
pokial
THT > Tpg

ZS 2011/12 M.Medvecky, UT FEI STU Bratislava SpSS - 11/39
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FEisTY FDDI
Priklad
TTRT =100 ms
Tss = 30ms
LC 1
0 | |
t [ms] t [ms]
1007
TRT
a

THT 50T -—
1 (N
1 A Y
| AN

0 : — :
0 100 200 —
- T T t[ms]
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or

FErsTY FDDI

Monitorovanie kruhu

Ak je doba obehu tokenu dlhSia ako 2x TTRT = porucha
» 3 procesy na detekciu a korekciu poruch:

» Claim-token proces

* InicializaCny proces

» Beacon proces
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gr, FDDI

gr, FDDI

Claim-token proces

Iniciovany kazdou stanicou ktora zisti stratu tokenu (LC=2)

InicializaCny proces

Inicializaciu robi stanica ktora vyhrala claim-token proces

+ Ciefl - stanovit novu hodnotu TTRT
» Claim-token rotuje sietou, kazda stanica méze vyslat
vlastny claim-token ak:

* navrhne kratSie TTRT

+ pri zhodnom TTRT ma prednost stanica so 48 bitovou * Priprvom obehu sietou token neméze byt zadrzany
adresou pred stanicou so 16 bitovou adresou ziadnou stanicou - sltzi na ukoncenie inicializacie a

« pri zhodnom TTRT a zhodnej dizke adresy ma reset TRT
prednost’ stanica s vy$Sou adresou
+ Stanica ktora prijme vlastny claim-token vysle riadny token

» VSetky stanice v kruhu identifikuju inicializaciu na zaklade
predoslych claim tokenov

* InicializaCna stanica vySle riadny token
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FEIsTU FDDI FersTY FDDI

Beacon proces

i . - Fyzicka vrstva
+ Sluzi na izolovanie poruch v sieti

« Stanica ho iniciuje, ak do urcitej doby po zahajeny claim-

wr . Médium Optické vlakno  UTP
token procesu neobdrzi claim-token alebo riadny token Prenosova rychlost 100 Mb/s 100 Mb/s
« Stanica nepretrZite vysiela beacon ramce Kdodovanie 4B/5B + NRZI  MLT-3
- Stanica oakava prijem beacon ramcov od predoslej Max. poCet uzlov 100 100
Vzdial. medzi uzlami 2 km 100m

stanice

» Ak stanica prijme beacon ramec od predo$lej stanice,
postupi ho dalej

* Ked stanica prijme vlastny beacon ramec, povazuje
poruchu za odstranenu a zahaji claim-token proces
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FEisTU FDDI
Typy stanic
+ DAS (Dual-attachment station)
+ DAC (Dual-attachment concentrator)
+ SAS (Single-attachment station)
+ SAC (Single-attachment concentrator)
ZS 2011/12 M.Medvecky, UT FEI STU Bratislava SpSS—11/45
T
FEisTU FDDI - Il
Format ramca FDDI -
< 16 byte >
12 byte '
< >
2 Start | Preamb. Hlaviéka ramca
o]
1
2 Trvanie rdmca: 125 us
i Preambula: synchronizacia
5 na 8 kHz ramce
(7; WBC - Wideband channel
8[2] 6,144 Mbit/s
5 : PDG - Packet data group
88[12] 768 Kbit/s
ol<lalo|<|vlel~]o|al 2| =YL
o OQlOJOJO|O|O] O] O] O] O] O] O] O] O O O
Alo||ojoj0|0]j0|0}o]al o) Qf Q] O O} @
N HEHEHEHEHEHEBEEHEHEEHEEREEE >
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FEISTU

FDDI - 1l

Charakteristika

» Spatna kompatibilita s FDDI

* Vhodné aj pre CBR sluzby

« FDDI-1I paketovy mod (asynchrénne sluzby)
izochronnv mad (svnchrdonne shiizbv)
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- DQDB
Distributed Queue Dual Bus
(IEEE 802.6)

Charakteristika

MAN technoldgia
Kompatibilita s ATM

Prenosova rychlost:

Max. dizka:
Max. vzdialenost’

(2,048) 34,368 - 155,520 Mbit/s
160 km

medzi stanicami: nedef.
* Max. pocet stanic: 512
*  MAC metdda: DQSM + slotted access
* Fyzické médium: SMF / MMF
- BER: 10°
» Kodovanie: 8B/9B + NRZI
ZS 2011/12 M.Medvecky, UT FEI STU Bratislava SpSS —11/48



. DQDB

Topoldgia

Dve jednosmerné zbernice (34,368 / 155,520 Mbit/s)

<hEde

G - generator ramcov PJ - pristupova jednotka

Citanie dat uzlami neovplyviiuje prechadzajuce data,
zapis je realizovany funkciou OR

ZS 2011/12 M.Medvecky, UT FEI STU Bratislava SpSS —11/49
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FEI STU DQDB

. DQDB

MAC mechanizmus

Su definované dva pristupy na zbernicu:

* QA (Queued Arbitrated) - prostrednictvom distribuovaného radu
DQSM (Distributed Queue State
Machine)

* PA (Pre-Arbitrated) - pre izochronne sluzby

QA umoziuje 3 urovne priority

Format ramca
Jednotna dizka: 53 B
1B 52B
ACF Segment

1b
Busy | SL_TYPE | PSR Rezerva |Req2|Req1| Req0

2b 1b 1b

ACF - Access Control Field

BUSY - 1 = obsadeny, O=prazdny
SL_TYPE -1 =QAslot, 0 = PAslot
PSR - Previous Segment Received

ZS 2011/12 M.Medvecky, UT FEI STU Bratislava SpSS - 11/ 51
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a. DQDB
QA segment

4B 48 B

QA segment header QA segment payload

20b 2b 2b Sb\‘

VCI| PT|SP HCS

VCI - Virtual Channel Identifier

PT - Payload Type

SP - Segment Priority

HCS - Header Check Sequence (G(x) =x8 +x2+ x + 1)
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FEI STUY

QA segment

4B 48 B

QA segment header QA segment payload

2b 4b 10b 44B 6b 10b

ST|SN|MID info LEN|CRC

ST - Segment Type (00 = COM, 01 = EOM, 10 = BOM, 11 = SSM)
SN - Segment Number

MID - Message Identifier

LEN - Length (ndsobok 4 v rozsahu 4-44)
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FEISTU

DQDB

QA pristup na zbernicu

+ Kazdy segment ma pre riadenie pristupu ma zbernicu rezervované bity:
Busy bit (1x) a Request bit (3x)

+ Kazdy uzol ma pre kazdy smer prenosu pocitadla: RC (request counter)
a CD (countdown counter)

Busy bit Busy bit
Zbernica A Zbernica A
T T
RC RC -— CD
PR T + Zbernica B — T + Zbernica B
Request bit Request bit

ZS 2011/12
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