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TTEthernet
Echtzeiterweiterung zum Ethernet Protokolla

Ermöglicht das gleichzeitige Übertragen von
zeitkritischem und normalen Verkehr
Nachrichtenklassen

1 TT-Nachrichten
2 RC-Nachrichten
3 BE-Nachrichten

Transparentes Synchronisationsprotokoll für
koordiniertes TDMA auf allen Knoten

a Wilfried Steiner: TTEthernet Specification. Nov. 2008.
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CANoe - Vector Informatik1

FlexXCon - Eberspächer2

CanEasy - Schleißheimer3

FlexRay CCM - IXXAT4

Probleme
Produktbeschreibung und
Verwendungsbeschreibungen
Keine Informationen zu Interna der Produkte

1 Vector Informatik: CANoe - Restbussimulation.
2 Eberspächer: FlexXCon - Restbussimulation.
3 Schleißheimer GmbH: CanEasy.
4 Robert v. Häfen: Restbussimulation für FlexRay-Netzwerke.
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Wissenschaftliches Papier: Universität/C-Lab
Paderborn5

Linux-PC-basierter Restbussimulator für
FlexRay-Netzwerke
Implementierung mit SystemC (nicht echtzeitfähig)
Fokus bei dieser Arbeit liegt auf der
Synchronisierung des RBS mit dem FlexRay-Bus
Erreicht durch Synchronisationsbuffer

Unterschied zum Projekt:
Synchronisierung fällt weg, da RBS echtzeitfähig

5 Gilles Bertrand Defo, Wolfgang Mueller und Heinrich Rommel: „Synchronisierung eines SystemC

Restbus-Simulators mit einem Hardware-In-the-Loop FlexRay Netzwerk“. Feb. 2011.
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Dissertation und Paper: TU-Wien 19996

Entwicklung eines Restbussimulator für
TTP/C-Bussysteme
Auf Basis eines Microcontroller für Host
Und TTP/C-Controller für den Bus
Eingesetzt zur Entwicklung eines
Steer-by-Wire–Prototypen

Unterschied zum Projekt:
PC-Basierter Ansatz, Medienanbindung durch
Netzwerkkarte

6 Thomas M. Galla: „Cluster Simulation in Time-Triggered Real-Time Systems“. Dez. 1999

Thomas M. Galla und Roman Pallierer: „Cluster simulation-support for distributed development of hard

real-time systems using TDMA-based communication“. Juni 1999.
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Worst Case Execution Time

Echtzeit-RBS muss die Ausführung der simulierten
Knoten in bestimmten Grenzen garantieren
WCET-Analyse Methode zu Bestimmung der worst
case Ausführungszeit von Programmen
Verwendung bei der Verifizierung von Echtzeit
Programmen7

Und Automotive-Anwendungen8

7 Reinhard Wilhelm u. a.: „The worst-case execution-time problem - An Overview of Methods and

Survey of Tools“. Mai 2008.
8 E. Frank u. a.: „Methods, tools and standards for the analysis, evaluation and design of modern

automotive architectures“. 2008.
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Beispiel The Worst-Case Execution-Time Problem • 36:3

Fig. 1. Basic notions concerning timing analysis of systems. The lower curve represents a subset
of measured executions. Its minimum and maximum are the minimal and maximal observed exe-
cution times, respectively. The darker curve, an envelope of the former, represents the times of all
executions. Its minimum and maximum are the best- and worst-case execution times, respectively,
abbreviated BCET and WCET.

exhaustively explore all possible executions and thereby determine the exact
worst- and best-case execution times.

Today, in most parts of industry, the common method to estimate execution-
time bounds is to measure the end-to-end execution time of the task for a subset
of the possible executions—test cases. This determines the minimal observed
and maximal observed execution times. These will, in general, overestimate the
BCET and underestimate the WCET and so are not safe for hard real-time
systems. This method is often called dynamic timing analysis.

Newer measurement-based approaches make more detailed measurements
of the execution time of different parts of the task and combine them to give
better estimates of the BCET and WCET for the whole task. Still, these methods
are rarely guaranteed to give bounds on the execution time.

Bounds on the execution time of a task can be computed only by methods that
consider all possible execution times, that is, all possible executions of the task.
These methods use abstraction of the task to make timing analysis of the task
feasible. Abstraction loses information, so the computed WCET bound usually
overestimates the exact WCET and vice versa for the BCET. The WCET bound
represents the worst-case guarantee the method or tool can give. How much
is lost depends both on the methods used for timing analysis and on overall
system properties, such as the hardware architecture and characteristics of the
software. These system properties can be subsumed under the notion of timing
predictability.

The two main criteria for evaluating a method or tool for timing analysis
are thus safety—does it produce bounds or estimates?— and precision—are the
bounds or estimates close to the exact values?

Performance prediction is also required for application domains that do not
have hard real-time characteristics. There, systems may have deadlines, but
are not required to absolutely observe them. Different methods may be applied
and different criteria may be used to measure the quality of methods and tools.

ACM Transactions on Embedded Computing Systems, Vol. 7, No. 3, Article 36, Publication date: April 2008.
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Problemstellungen

Komplexität
Ausführungszeit hängt unmittelbar von den
Eingabedaten ab

Nicht alle Eingabedaten sind von Vornherein
bekannt
Mehrere Ausführungswege für eine Aufgabe

Die Bestimmung ist n, p-Komplex
=⇒ Exponentielles Wachstum
Moderne Prozessoren haben sehr hohe Komplexität
Aktueller Zustand des Caches nicht immer
vorhersagbar

Cache-miss, -hit führen zu unterschiedlichen Zeiten
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Fig. 5. Bound calculation.

Figure 5, taken from Ermedahl [2003], shows the different methods. Fig-
ure 5a shows an example CFG with timing on the nodes and a loop-bound flow
fact.

In structure-based bound calculation as used in HEPTANE (cf. Colin and Puaut
[2000] and Section 6.6), an upper bound is calculated in a bottom-up traversal
of the syntax tree of the task combining bounds computed for constituents of
statements according to combination rules for that type of statement [Colin and
Bernat 2002; Colin and Puaut 2000; Lim et al. 1995]. Figure 5d illustrates how
a structure-based method would proceed according to the task syntax tree and
given combination rules. Collections of nodes are collapsed into single nodes,
simultaneously deriving a timing for the new node. As stated in Section 2.1.2,
precision can only be obtained if the same code snippet is considered in a num-
ber of different flow contexts, since the execution times in different flow contexts
can vary widely. Taking flow contexts into account requires transformations of
the syntax tree to reflect the different contexts. Most of the profitable transfor-
mations, e.g., loop unrolling, are easily expressed on the syntax tree [Colin and
Bernat 2002].

Some problems of the structure-based approach are that not every control
flow can be expressed through the syntax tree, that the approach assumes a
very straightforward correspondence between the structures of the source and

ACM Transactions on Embedded Computing Systems, Vol. 7, No. 3, Article 36, Publication date: April 2008.
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Ausführung des Codes auf der Hardware oder einem
Simulator
Mit einer gewissen Menge an Dateneingaben
Kein Aufzeigen von garantierten Grenzen, sondern
Abschätzung
u.A. zu kleine Abschätzung möglich
Kann auch verwendet werden, wenn Quellcode nicht
vorhanden ist9

9 Amine Marref und Adam Betts: „Accurate Measurement-Based WCET Analysis in the Absence of

Source and Binary Code“. 2011.
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Verfahren zur Bestimmung der worst-case
Ausführungszeit
Probleme: sehr Komplex, hängt von Eingabedaten
ab, Fachwissen erforderlich
Statische Methoden: keine Ausführung von Code
zeigen garantierte Grenzen auf
Messungen führen Code aus und schätzen die
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