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- Topics
@ Distributed Real-Time Systems
© Bus-based multi-processor systems
# Real Time Networks
O RTbusses e.g. CAN, TTP, TTCAN
% Analysis of Distributed RT Systems

© Message Transmission Analysis
© Response Time Analysis
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A Distributed: Realal-Time: System

s High-speed

m—Low-speed

Why Distributed Systems ?

&

Physically distributed applications-

(close to physical equipment, e.g. engine control)
Modularity (components developed in isolation)

- Scalability (just add another node: in'the network-)

» Somenew cars contain >3miles of wire
@ Clearlyinappropriate to connect all pairs of communicating entities with their ownwires
#  Which needs O(n*n) wires

o+ Fault tolerance (errors only propagate within suby-part of
system)
Challenge

- build complex distributed systems and maintain high reliability
at low costt

&

RT-Networking: Basic Problem

Bounded latency: A- B

- Competingtraffic
i Guarantees
2ot % Hard-RT: Absolute G.
aﬂOI. # Soft-RT: Probabilistic G.
. i Otherrissues
# Reliability

© F.detection & recovery
% Resource Utilisation

Communic

Netwoik
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Tasks -
- Execution time H Kernal Running
-Period ™ pm system
-Deadlines gy allocation/

'Dep?;ences = | scheduling | =
Functional
Design

3 aspects:
-off-line allocation

The core for the development
. . of real time systems
- run-time scheduling

- & priori schedulability analysis

RT-Networking: Solutions

CSMA/CD Token-ring
(Carrier Sense Multiple Access/ Collision Detection) . . .
Physical or logical ring
Ethernet - X
Collisions Circulating token

back-off RT No COI“Sions'm
Stochastic behaviour -guarantees possible
No RT-guarantees

-




Time triggered

RT-Networking: Solutions

EVenttriggered ol
CSMA/CR (Collision Resolution)

(Carrier Sense Multiple Access / Collision Resolution)

Priority driven

TDMA

(Time Division Multiple Access.e.g. GSM)

Pre-Scheduled

Predictable Dynamic Scheduling .
Testable Flexible u
Static e.g. CAN Pri: ASB>C>D
eg.TTP D cBA D

T time

Response time for C

- Time triggered:
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More examples

% SAFEbus - airplanes, eg. Boeing
% TTA-cars, eg. Audi, Volkswagen
@ FlexRay - cars, eg. BMW, DaimlerChrysler

Event triggered
% CAN -cars, eg. Volvo, Saab, VW, Ford, GM
@ Byteflight - cars, BMW
% LINT acheaperand simple bus protocol

Mixtures
# Time-Triggered CAN (TTCAN)
# TTAextended with events

CAN: Controller Area Network

Lnitiated in the late 706s to connect a nu
us
From Bosch (mid 80ies) for automotive applications
De facto standard for
invehicle comm.
(100 milion CAN nodessold 2000, 300 million sold 2004)
Cost~$3 / node
»  $lfor CANinterface
»  Slforthetransceiver
1 for connectors and additional board area
Controllers available
(from Phillips, Intel, NEC, Siemens, etc.)
Shared broadcast bus (one sender/many receivers) (CSMA/CR
@ CAN permits everyone on the bus to talk
Medium speed:
»  Max: IMbitisec; typically used from 35 Kbit/sec up to 500Kbit/sec
Highly robust (error mechanisms to overcome disturbance on the bus) and

Realtime guarantees can be made about CANperformanc

twisted-pair,
optic fibre or coax

More on CAN

U Message based with payload size 08 bytes v
1 Not for bulk data transfer!
1 But perfect for many embedded control applications

u CAN interfaces are usually pretty smart
1 Interrupt only after an entire message is received
& Filter out unwanted messages in HW *zero CPU load
U

v

CAN is Synctironous

Fundamental requirement: Everyone on the bus sees the current
bit before the next bitiis sent

itration scheme (later)
5 his is one reason Ethernet
andwidth can be much higher than CAN

Time per bit:
. Speed of electrical signal propagation 0.1-0.2 m/ns
3 .ESV &$1 EXV : QV SHU ELW
O Abitcantravel 2500 m (max bus length 1000~1250 m)
R OESV &$1 EXV : QV SHU ELW
O Abitcantravel 100 m (max bus length 40~50 m)
Bandwidth
& 1 Mbps upto 40~50 m
0.5 Mbps upto 80~100 m
40 Kbps up to ~1000 m
& 5Kbps up to ~10,000 m

CAN Addressing

CAN bus can have an arbitrary number of nodes
= Nodes do not have properaddresses
iz Rather,each messagehasan11l-bi t
O In extended mode, identifiers are 29 bits
i Everyone interested in amessage type listens for it
O :RUNV OLNH WKLV 3 ,P VHQGLQJ D WHPSHUDWXU
O 1RW OLNH WKLV 2P VHQGLQJ D PHVVDJH WR QR

Afield identifiero

Designer should allocate the message identifiers to the
stations (different nodes send different messages!)

Each node has a queue for messages ordered by
priorities/identifiers




