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» podle zpusobu prenosu dat

- sériové/paralelni/kombinované
- asynchronni/synchronni

e podle druhu meédia
- dratove (wired)/bezdratove(wireless)/optické
« podle typického pouziti
- na cipu, v FPGA, mezi Cipy, mezi deskami, pro
pripojeni periferii, pro propojeni pocitacu (sité)
« podle rychlosti prenosu a dosahu
» podle topologie

- point to point, hvézda, kruh, spolecné médium




& Deleni sbérnic - pokracovani |
= PN o 2 SN '
« podle prlstupoveho protokolu

- s jednim nadrazenym uzlem (single master)

« mnoho lokalnich paralelnich sbérnic, USB, SPI,
IEEE1284

« sbérnice s moznosti alespon nejakych na CPU ci

masteru nezavislych prenosu (DMA) - ISA
- s vice uzly schopnymi iniciovat prenos

« token passing - Profibus (RS-485)

 arbitrace - centralizovana - PCI,
decentralizovana - GPIB, 12C, CAN,
ETHERNET (i kdyz ten prechazi na point to
point pri pouziti prepinacu)
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Zakladni datové

sbérnice PC

e T
Frekvence Kapacita
[MHZ] [ MBytes/sec]
8-bit ISA 8 8.3 7.9
16-bit ISA 16 8.3 15.9
EISA 32 8.3 31.8
VLB 32 33 127.2
PCI 32 33 127.2
64-hit PCI 2.1 064 66 508.6
AGP 32 66 254.3
AGP (x2 mode) 32 60x2 508.6
AGP (x4 mode) 32 60x4 1,017.3
PCI Express 1x |duplex (1+1) 22500 200
PCI Express 16x | 16x duplex 2500 3,200




ISA, EISA

« IBM PC okolo roku 1980

- ISA - Industry Standard Architecture
» puvodné 8-bit, rozSirena na 16-bit (1984)

» proprietarni, ale vyrobcum periferii bylo
dovoleno ji pouzivat

« Intel a Microsoft pridali ISA PnP (1993)



& VME - zakladni udaje

. 2N [
konektor DIN- 41612 (precizni, 96 pinu ve trech
radach - 1...32x[A,B,C])

formaty

- 3U 100x160 mm (P1 - nemultiplexovana 8 nebo
16 bit data a 16 nebo 24 bit adresa)

- 6U 233x160 mm (P1 a P2 - P2 rada B zajisti plnych 32
bitu, rady A a C pro aplikaci)
blokové prenosy do délky 256 bytu
- to umoznuje mutiplexovanou VME64

Pouzivéa se s procesory Alpha, MIPS, 1960, ruznymi
DSP, PowerPC a procesory Intel 80x86
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VMEG64x

* 160 pinové pétiradé
konektory

« adresovani umistenim
karty

 pridan rozvod 3,3 V
napajeni

 piny pridany do
postrannich stycnych 1]
ploch S

« zachovana mechanicka i
elektricka kompatibilita
s puvodnim standardem




VME - parametry

o AL

Polozka

Specifikace

Poznamky

Architektura

Master/slave

Mechanizmus prenosu

Asynchronni nemulti-
plexovany

dale multiplexovany pro
VMEG4

Bez centralniho
synchronizacniho
hodinového signalu

Rozsah adresace

16, 24, 32
dale 40 nebo 64-bit pro
VMEG4

Sitka je volena
automaticky

Sitka datové sbérnice

8, 16, 24, 32
dale 64-bit pro VME64

Sitka je volena
automaticky

Nezarovnané prenosy

ANno

Kompatibilni s vétSinou
procesoru

Detekce chyby

Ano

Vyuziva signal BERR.

Zabezpeceni paritou

Ne

To se nevztahuje na
vnitrni usporadani karet




VME - parametry
20 W

Polozka

Specifikace

Poznamky

Prenosova rychlost

0 - 40 MB/s VME

0 - 80 MB/s VMEG64

0 -160 MB/s VMEG4x
320 - 500+ MB/s
VME320

Pro cyklus BLT
Pro cyklus MBLT
Pro cyklus 2eVME

Preruseni

7 Urovni

Vektor 8, 16, 32 bit

Pocet master(

1 - 21 procesoru

Automaticka arbitrace

Adresovani umisténim

Ano

Pouze VMEG64x

Vymeéna za behu

Ano

Ridici a stav. reg (P&P)

Ano

Pouze VMEG64 a VMEG4Xx

Mechanicky standard

3U jeden x Eurocard
6U dvojnas. Eurocard
9U (volitelny)

160 x 100 mm Eurocard
160 x 233 mm Eurocard
367 x 400 mm Eurocard

Aplikacni a uziv. v/v

Ano

Na panelu a pres P2/)2

Maximalni pocet karet

21

21 x 0,8 palce = 19 rack




VXI - VMEDbus eXtensions
for Instrumentation

S s e | B ey
« definuje dalsi signaly na P2 pro merici
pristroje

« TTL a ECL triggery

 lokalni sbérnice

e analogove sbérnice

« dalsi napajeci napeti (x24 V, -2 a -5,2 V)

« automaticka identifikaci a konfiguraci
zasunutych modulu



VXI - vrstvy

R W

Direct User VXIbus Apnlication

Interaction Programs
with VXIbus |
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VME / VXI - pouziti

» Prumyslové rizeni

- automatizace vyroby, robotika, tryskovée tkalcovské stavy, skladani a
lakovani automobilovych karoserii, rizeni obrabécich center, ocelarstvi a
mnoho dalSich

« Vojenské vyuziti

- polni logistické a ridici systémy, rizeni pozemnich a létajicich
radarovych systému, rizeni palby, komunikace, pristrojové a ridici
vybaveni letadel a dalsi

e [.etectvi:

- palubni pristroje a vybaveni, elektronicke propojeni kokpitu
s ovladanymi prvky (fly-by-wire), letové video servery, rizeni
experimentu na vesmirnych lodich, rizeni startu a letu a mnoho dalsich.
Napriklad v roce 1998 projekt Mars Pathfinder vyuzival ridici systém
postaveny na sbérnici VME pro rizeni lodé a dalsich operaci na planeté
Mars
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VME / VXI - pouziti

. Doprava

- zabezpeceni trate, rizeni vlakovych souprav

e Telekomunikace

- inteligentni digitalni ustredny, zakladové stanice mobilnich telefonu,
Iizeni prenosu na a z sateliti. Moznost vymény zasuvnych karet za
chodu systému byla vyvijena prave na popud tohoto odvétvi

« Simulatory

- letecké simulatory, simulatory zemétreseni, inavové zkousky materialu
a konstrukci a ruzné vojenské simulacni systémy

 Medicina
- sonografické systémy, provadeni a vyhodnoceni CT a magnetické

rezonance

o Jaderﬂy stZkum - urychlovace a detektory ¢dstic



& PCI - Peripheral Component |

Interconnect
« PCI 1 O Intel (1992),
PCI 2.0 (1993), PCI 2.1 (1995)

« puvodné 32-bit sbérnice, rozsireni na 64-
bit

« multiplexovana adresa a data na pinech
ADO az AD31

« pri 64 bit adresaci mozne dva cykly adresy
na 32-bit verzi, jeden na 64 bit verzi

e Vv soucasne dobe nejrozsirenejsi shérnice
od PC pres pracovni stanice, servery a i
prumyslové aplikace




PCI - frekvence

a prenosova kapamta

PCI Bus Bus Clock Bandwidth |Market
Bandwidth [bits]| Frequency [MB/s]

[MHZ]
32 33 132 Desktop/Mobile
32 §) 264 Server
64 33 264 Server
64 06 512 Server
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PCI - topologie

CPU
DI D2
Bus 0
Bridge Primary Bus = 0
DI D2 Secondary Bus = 1
1 Subordinate=4
Bus 1
Bridge Primary Bus = 1 Bridge Primary Bus = 1
DI Secondary Bus = 3 Secondary Bus = 2
3 Subordinate=4 2 Subordinate=2

Bus 2

Bus 3

Bridge Primary Bus = 3
Secondary Bus = 4 DI D2
4 Subordinate=4

Bus 4




PCI - ridici pametovy
rostor

o

31 1110 87 210
Device Select Func |Register |0 |0
31 24 23 16 15 1110 87 210

Reserved Bus Device |Func |Register |0 |1




PCI - hlavicka zarizeni

31 16 15 0
Device Id Vendor Id 00h
Status Command 04h
Class Code 08h

10h
Base Address Registers
24h

Line Pin 3Ch




Base Address 0

i
prefetchable J Type

Base Address for PCl Memory Space

31 210

Base Address 1

Reserved

Base Address for PCI I/O Space



& PCI - Peripheral Component

Interconnect
2t WD RI-20 L) Ghmet?’” - ~oq w3 2N G 2 " L b
» PCI - puvodni specnflkace 33 MHz

» PCI-X - 64 bitu @ 133MHz

« cPCI, Compact PCI - karty o VME
rozmerech, 3U/6U, 2mm connectory

« PC104-Plus -PCI pridana k PC104

 PISA - PCI pridana s PCAT k ISA AT formatu

« P2CI - PCI na VMEO®64 P2 conektoru

« PMC -PCI na Mezzanine Card, 'PMC'

« PXI - cPCI for merici pristroje (jak VXI)
 Card Bus - 32 bit PCI na PC Card (PCMCIA)
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PCI - signaly

Pin# Name PCIPinDesaiption |Pin# Name PCI Pin Description Pin# Name PCI Pin Description Pin# Name PCI Pin Description
Al |TRST |[TestLogic Reset Bl |-12v -12VDC A32 |ADT6 AddressData 16 B32 |AD17 AddressData 17

A2 [H2V +2VDC B2 |TCK Test Clock A33 |43.3V05 |43.3VDC B33 [CBE2 Command, Byte Enable 2
A3 |TMS Test Mde Select B3 |GND Grourd A34 |FRAME |Address or Data phase B34 |GND13 |Groud

A4 |TDI Test Data Input B4 |TDO Test Data Output A3 |GND14 | Ground B3 [IRDY#  |Initiator Ready

A5 |45V 45 VDC B5 |4V 45 VDC A36 |TRDY# |Tamget Ready B36 |43.3V06 [43.3VDC

A6 |INTA Interrupt A B6 |45V 45 VDC A37 |GND15 |Ground B37 |DEVSEL |Device Select

A7 |INTC Interrupt C B7 |INIB Interrupt B A38 | STOP Stop Transfer Cycle B38 [GND16 |Groud

A8 |4V 45 VDC B8 |INID Interrupt D A39 | 43.3V07 [+3.3VDC B39 |LOCK# |Lockbus

A9 |- Reserved B9 |PRSNT1 |Present A4Q |- Reserved B40 |PERR# |Parity Enor

A10 |4V Power (45 V or43.3V) B10 |----- Reserved A4l |- Reserved B41 |43.3v08 [43.3VDC

A1l |- Reserved B11 |PRSNT2 | Present A42 |GND17 |Ground B42 |SERR# |System Emor

A12 |GNDO3 | Ground or Keyway for B12 |GND Ground or Keyway for A43 |PAR Parity B43 |43.3V09 |[43.3VDC

A13 |GND(5 |3.3/Universal PWB B13 [GND 3.3/Universal PWB A4 |AD15  |AddressData 15 B4 (CBE1 |Command, Byte Enable 1
Al4 [3.3Vaux |----- B14 |RES Reserved A45 | 43.3V10 [43.3VDC B45 |AD14 AddressData 14

A15 |RESET |Reset B15 |GND Ground A46 |AD13 AddressData 13 B46 |[GND18 |Ground

Al6 |5V Power (45 V or 43.3V) B16 |CLK Clock A47 |AD11 AddressData 11 B47 |AD12 AddressData 12

A17 [GNT Grant PCI use B17 |GND Grourd A48 |GND19 |Ground B48 |AD10 AddressData 10

A18 |GNDO08 |Ground B18 |REQ Request A49 |AD9 AddressData 9 B49 [GND20 |Ground

Al19 |PME# |Power Managment Event B19 |45V Power (45 V or +3.3V) A50 | Keyway | Open or Grourd for 3.3V PWB B50 |Keyway | Open or Grourd for 3.3V PWB
A20 [AD30 |AddressData 30 B20 |AD31 AddressData 31 A51 |Keyway |Openor Ground for 3.3V PWB B51 |Keyway | Open or Ground for 3.3V PWB
A21 |43.3V01 [+13.3VDC B21 |AD29 Address/Data 29 A52 |CBEO | Command, Byte Enable 0 B52 |ADS8 AddressData 8

A22 |AD28 |AddressData 28 B22 |GND Ground A53 |43.3V11 |43.3VDC B53 [AD7 AddressData 7
A23(AD26 |AddressData 26 B23 |AD27 AddressData 27 A54 |AD6 AddressData 6 B54 [413.3v12 |+3.3VDC

A24 {GND10 |Grourd B2 |AD25 AddressData 25 A55 |AD4 AddressData 4 B55 [AD5 AddressData 5
A25|AD2  |AddressData 24 B2 |43.3V +3.3VDC A56 |GND21 | Groud B56 |AD3 AddressData 3

A26 |IDSEL. | Initialization Device Select |B26 |C/BE3 Command, Byte Enable 3 A57 |AD2 AddressData 2 B57 [GND22 |Ground

A27 [+3.3V03 | +3.3VDC B27 |AD23 Address/Data 23 A58 |ADO AddressData 0 B58 |AD1 Address/Data 1

A28 |AD22 |AddressData 22 B28 |GND Ground A59 | 45V Power (45 V or+3.3V) B59 |VCC08 |Power(4#5V or43.3V)
A29|AD20 |AddressData 20 B29 |AD21 AddressData 21 A60 |REQ64 | Request 64 bit B60 |ACK64 | Acknowledge 64 bit

A30 [GND12 |Ground B30 |AD19 AddressData 19 A61 |VCC11 |45 VDC B61 |VCC10 45 VDC

A31 |AD18 |AddressData 18 B31 [43.3V +3.3VDC A62 |VCC13 |[45VDC B62 |VCC12 45 VDC

'
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PCI - signaly pro 64 bit

a Pin #| Name PCI Pin Description Pin #, Name PCI Pin Description
M; [ A63 |GND Ground B63 |[RES Reserved
I A64 |C/BE[7]# |Command, Byte Enable 7 B64 |GND Ground

A65 |C/BE[5]# |Command, Byte Enable 5 B65 |C/BE[6]# |Command, Byte Enable 6
A66 |+5V Power (+5 Vor +3.3V) B66 |C/BE[4]# |Command, Byte Enable 4
A67 |PAR6G4 Parity 64 B67 |GND Ground
A68 |[AD62 Address/Data 62 B68 |AD63 Address/Data 63
A69 |GND Ground B69 |AD61 Address/Data 61
A70 |AD60 Address/Data 60 B70 |+5V Power (+5 Vor +3.3 V)
A71 |AD58 Address/Data 58 B71 |AD59 Address/Data 59
A72 |GND Ground B72 |AD57 Address/Data 57
A73 |AD56 Address/Data 56 B73 |GND Ground
A74 |AD54 Address/Data 54 B74 |AD55 Address/Data 55
A75 |45V Power (+5 Vor +3.3V) B75 |AD53 Address/Data 53
A76 |AD52 Address/Data 52 B76 |GND Ground
A77 |AD50 Address/Data 50 B77 |AD51 Address/Data 51
A78 |GND Ground B78 |AD49 Address/Data 49
A79 |AD48 Address/Data 48 B79 |+5V Power (+5V or +3.3V)
A80 |[AD46 Address/Data 46 B80 |AD47 Address/Data 47
A81 |GND Ground B81 |AD45 Address/Data 45
A82 |AD44 Address/Data 44 B82 |GND Ground
A83 |AD42 Address/Data 42 B83 |AD43 Address/Data 43
A84 |+5V Power (+5Vor +3.3V) B84 |AD41 Address/Data 41
A85 |[AD40 Address/Data 40 B85 |GND Ground
A86 |AD38 Address/Data 38 B86 |AD39 Address/Data 39
A87 |GND Ground B87 |AD37 Address/Data 37
A88 |AD36 Address/Data 36 B88 |+5V Power (+5V or +3.3V)
A89 |AD34 Address/Data 34 B89 |AD35 Address/Data 35
A90 |GND Ground B90 |AD33 Address/Data 33
A91 |[AD32 Address/Data 32 B91 |GND Ground
A92 |RES Reserved B92 |RES Reserved
A93 |GND Ground B93 |RES Reserved
A94 |RES Reserved B94 |GND Ground




PCI - typicky systém
(zkadvé deska) _

Intel” Pentium” 4
Processor

Communication Streaming
Architecture/GbE

Dual Independent
Serial ATA Ports . 6 Cnt:ladr;gel

10/100 LAN
Connect Interface

E N Hi-Speed USB 2.0
Legacy | L

Iintel® RAID Technology
BIOS Supports (ICHSR only)
HT Technology




PCI - hierarchicka
architektura




PCI Express -

bandw1dth problem
E: T

20 GHz+ ,
15 GH
>12 GHz Copper Signaling Limit
10 GH
5 GHA
1 GHz Parallel Bus Limit
1 GH3
66 MHz
FI:IJ-:.
@ M PCI Bus
WESA .
8.33 MHz D EIsA — '

W EENTIONAL

Dhhica,
ISA Bus

80s 90s 00s



& PCI Express
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« frekvence 2 5 Gb/s O prenosova kapamta
okolo 250 MB/s na jedné PCI Express
trase (nasobi se pro 2x, 4x, 8x)

e Cista uzitecna kapacita okolo 200 MB/s to
je 2x az 4x vice nez klasické PCI

« kapacita neni sdilena, jedna se o sériové
point to point kanaly

» dva pary vodicu a diferencni irovné
« kodovani a synchronizace 8b/10b
« predpoklad az 10 Gb/s (pokrok

x 7 07 e N\



PCI Express -
fy21cka Vrstva

Diferencialni
plné duplexni  cox
fyzicka vrstva

Selectahle

YWyidth Clock

Kodovani 8b/10b zajistuje dostatek hran pro
obnoveni hodin a shodny pocet bitu 0 a 1 pro
vyvazeni stejnosmerné slozky (DC) v stridave
(AC) vazaném systému

Differntial , Tx e Rz Diffrential
Trarstitter " = L0 Receiver
1 hikters &\Tenm'mﬁnn
LR ‘ @ Copper ‘ Resistor L. Davis
T
[

Tx _ Tifferertial

Differential  Bx J
Receiver °_‘_r1m o o | Trareitter




PCI Express -

fy ka Vrstv

Side B Cormector

Slde A Conrector

Pin

# Name Description Name Description

1 +12v +12 volt power PRSNT# Hot plug presence detect

2 +12v +12 volt power +12v +12 volt power

3 RSVD Reserved +12v +12 volt power

4 GND Ground GND Grourd

5 SMCLK SMBus clock JTAG2 TCK

6 SMDAT SMBus data JTAG3 TDI

7 GND Ground JTAG4 TDO

8 +3.3v +3.3 volt power JTAGS TMS

9 JTAGI1 +ITRST# +3.3v +3.3 volt power

10 3.3Vaux 3.3v volt power +3.3v +3.3 volt power

11 WAKE# Link Reactivation PWRGD Power Good
Medhanical Key

12 RSVD Reserved GND Grourd

13 GND Ground REFCLK+ Reference Clock

14 HSOp(0) Transmitter Lane 0, REFCLK- Differential pair

15 HSOn(0) Differential pair GND Ground

16 GND Ground HSIp(0) Receiver Lane 0,

17 PRSNT# Hotplug detect HSIn(0) Differential pair

18 GND Ground GND Ground




PCI Express - paketovy
prenos dat

-

i il -

Transaction Layer

Facket Sequence

_ Data Link Layer
NUmber T-Layer Packet

L-Layer Packet Fhysical Layer




PCI Express -
kompatablllta S drlve

Hlﬂ ﬂ .l.“l.lpl

0S5 Config

SMY

- >=— o |mpa|:t
—

Transaction

Data Link

Fhysical

Future speeds and
encoding technologies
only impact physical layer




Intel” Pentium” 4
Processor
Extreme Edition

85GB/s

PCl Express® 82925XE
x16 Graphics MCH

Intel” High 4 Serial
Definition Audio ATA Ports

4 PCI
Express* x1 6 PCI

8 Hi-Speed Intel” Matrix
USB 2.0 Ports Storage Technology

BIOS Supports
HT Technology'




PCI Express - konektory
T F | re

| 2 P —
-y || bbb b 9

[T '

PCI-X

s 4 n | ‘
—— PCle 8x
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85.6 mm

CardBus
PCMCI

A 't_H
‘ki
5 L
ExpressCard/34
ExpressCard/54

PCle 1x



PCI Express vyhody
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« velky ;/ykon i Jen ve verzi Xl je dvakrat  _
rychlejsi nez PCI a ocekava se zrychleni

« zjednoduseni V/V propojovani, nahradi
postupne AGP, PCI-X a HubLink coz

Vv VvV /7

jednodussi slozitost
 diky urovnovému designu zajisti

kompatibil
e nove kvali

QoS

itu se softwarem
'y, napr. izochronni prenosy a

 sjednoti i externi karty, hot-swap a hot-

plug



aW Puvodnl sekvence
25V
15 Sakvence s vieZemomi bity
= 1 1 1 23 4 1
o d d| d
recesivni  dominantni  recesivni E" 1 N R
Wyslednad sekvence /
Prencsovd | Maxindini ddka ¥
ot | sirke [T e o[
1 Mbit/s 40m
500 kbit/s 112m
300 kbit/s 200 m
100 kbit/s 640 m
50 kbit/s 1340 m Wolna Rizeni pFistupu Ridici Potwrzeni
0Kbits 600 Ebémiﬂi < ™ shérnici Hinﬁ:}rrnaceh_ « Datova oblast > CRC L .
: , - Mezera
10 kbit/s 5200m 3| identitkétor Elalid délka | o a3 g datovyen bajte | CRC. [EIRIE] Konee | 705
E Zpravy R dat 15 bitd {=|Df ramce Zpravam

Delka: 1 g 1711 4 CaZed i 111 7 3



Prostor pro otazky
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