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The Vector Group

Vector’s "Mission Statement”:

Vector provides OEMs and suppliers
of automotive and related industries
with a professional and open
development platform of tools,
software components and services
for creating embedded systems.

Vector Group
480 employees
Date: February 2005

Subsidiaries:

Vector Informatik, Stuttgart, Germany
Vector Japan, Tokyo and Nagoya

Vector CANtech, Michigan, USA

Vector France, Paris

Vector Scandinavia, Gothenburg, Sweden
Vector Consulting, Stuttgart, Germany
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Testing with CANoe: Agenda

0 Motivation: Product life cycle with testing activities

0 White box test, integration test-, black box test capabilities
0 “Specification” instead of “programming” - concepts

0 Generation of tests

0 Typical use cases within testing projects — test management

0 Conclusion
0 Future perspective




Motivation: Testing Activities in the Product’s Life Cycle (simplified)
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Testing with CANoe: system uUnder Test
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Testing with CANoe: Simple Test Arrangement - Proceeding for Test
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Testing with CANoe: integration Testing Capabilities

Test of SUT in simulated environment
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0 Black box tests of SUT

0 Environment either completely
simulated, or

0 Some modules simulated and
others available as real modules,
or

0 Environment available as real
modules

0 Test execution tool
0 is running on PC

0 In all phases, the analysis
features and windows (graph,
trace, data, ...) are available.
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Testing with CANoe: white Box Testing Capabilities

0osCAN-library
ECU
embedded software | Debugging
component
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Testing with CANoe: Black-Box-Test Programming in CAPL

0 Stimulation

0 Already available constructs to
output messages

0 Constructs to set single signals

0 Wait for event conditions

0 Wait for message, user
confirmation, environment
variable, ...

0 Wait for combinations

0 Evaluation + report

0 Retrieve message- and signal-
data

0 Use any CAPL function

Test Framework

SUT+Env

Stimulate

\ 4

Wait

A

(Response)

A

Evaluate

A

/I Stimulate
output (Reg2MsgBuf)
SetSignal (ReglMsg::SigX, 5)

/I Wait
TestWaitForMessage (RespMsg, 2000)

/I Evaluate + report
TestValidateSignallnRange (RespMsg::SigA, 0, 1)
TestGetWaitEventMsgData  (RespMsgBuf)
If (RespMsgBuf.Time > IMaxTime) {

TestStepFail  (,Time*", ,Too late®);
}
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Testing with CANoe: Black-Box-Test Specification in XML (Example)

0 Stimulation parameters Test Framework SUT+Env

0 Input vector: Values, e.g. signal,

environment variable
Test Pattern

. Parameterize
1 Evaluation parameters | rea Signa>
0 Output vector: Values, e.g. signal, =

environment variable =
0 Timing <_ Get Signal
- Evaluation is done automatically
~ (Result) ,
v

A
\ 4

0 Control flow

t
0 Is built-in to predefined
‘test patterns’, several patterns are <statechange wait="2000">
available <input>
- Not needed on specification level > <cansignal name=,GlobState::Ignition">1</cansignal>
. . or s . ignal ="Wi :Level"™>2</ ignal
Maintainability increased </i:§3t18|gna rames ipers evermesansigna
<expected>
O Report <envvar name="WiperMotor"><gt>0</gt></envvar>
0 Is written automatically </Sf§;‘§ﬁ§:12t

0 Formatting can be customized by
changing the style sheet
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Testing with CANoe: Example Test Specification in Altova “XMLSpy”

4 gngineer

Ll = info (3

| testgroup title=Initialization
4 testgroup

> constraints
4 conditions

4 testcase
= ident T
= title Wiping Lewvel 1

= miscinfo fitle=
statecheck

3

= wait
= title

.2

expected

i
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| = cycletime_abs min=0 max=1100

£} description Wiping level 1, fall back to off

WipersystemTest.xml

= title Coretestz of the wiping and washing system

S00
Select Wiping leven 1, check the wiper position being not 0.

k

cansignal ()

« enuvvar

= name EnvatviperPosition

L {}ne 0 -
F
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Testing with CANoe: Example Test Specification in Altova “AuthenticDesk”

WipersystemTest.xml *

Testcase

Al
Identifier |TC1

Title [Wiping Level 1
add werzion
Description:

Wiiping level 1, fall hackto off ;l

Mizcellaneous Information:

Title |
[Mame [Content

|Additiuna| information |This is an additional information block for the current test case

add extendedinfo add constraints add conditions

Statechange Pattern

Title |Se|ectWiping level 1, checkthe wiper pos

wait |00

Input
CAMEIgnals:
|Name |Message |‘v’a|ue
[wipingLevel  [addmsq |1
|WasherRequest|m |D
add enwvar

Expected

Erwironment Variahles:

hame  F [o b= = [rome
[ErvviperFosition [addeq [0 [add it [add ot [addle [add ge [add ianae
add canzignal

E E IEI : © 2005. Vector Informatik GmbH. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.

~|

vector’

-12 -



Testing with CANoe: Blackbox Testing Capabilities (Theory)

0 Observing ‘invariant’ tests Inputs | guT+ERV Qutputs |
0 Stimulation is done by e.g. a Input; = f,(t) Output; = g;(t. ,...1,)
driving cycle
0 Mapping-functions are checked
dependent to the state

Test Framework SUT+Env
0 Definition of mapping-
functions for all states of the Stimulus

SUT is a challenge {(Response)
Stimulus
o i ) Stimulus
0 Additional criteria are needed i
. timulus
to define the end of the test " (Response)
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Testing with CANoe: Architecture for Simulation & Test Execution
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=
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Testing with CANoe: integration of CANstress

0 CANstress integrated as a test tool in CANoe

0 CANstress testing functionality is accessible via the COM
interface

0 Additional COM functions to manipulate the important trigger
and disturbance parameters in the currently opened CANstress
configuration

0 Trigger/enable trigger via I0Cab

COM CANstress

COM

1

e System under
CAN CAN Test (SUT)

CANoe I
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Testing

with CANoe: Example of Vector’s Approach (CAN)

: Structure‘

Test Module as Test List with Report

Initialization of test bed, test environment, SUT

Check network management

Check signal values (e.g. temperature)

Test Case 1

Check cycle time of critical messages

Stress-stimulus (Env)

Stimulus - response

Stress-stimulus (Bus)

Invariants

Diagnostic reg/response
mCheck request-response

\ Check under different conditions
wetwork management sleep check

AN

Sleep request

Global Invariants

Group of Tests

p]lo][d] =
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Testing with CANoe: Typical Testing Use Cases

0 Tests are to be executed

0 Control test environment

0 Perform “remaining bus simulation”

0 Execute test, Collect report information, create report
1 Tests are to be planned, evaluated, repeated, ...

0 Tests and their configurations are to be managed
0 Domain information databases (dbc, Idf, xml, cdd, ...)
1 System requirements databases
0 Manage test configurations and specifications
0 Manage tests for different SUT-versions
0 ...

0 Tests are to be automated

0 Retrieve test configurations, information databases and execute
tests

0 Put test report back into test management
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Testing with CANoe: interface to Test Management System

| | CANoe as |
Test Case | | Test Case | Test Module | Test | Test Report |
Generator Editor i (XML) Execution P (XML)
: : Tool : :
Test Management System
0 maps test cases to test objects
0 manages test results
0 tracks test progress of each test object version
Configuration Management System (e.g. eASEE, ClearCase)
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Testing with CANoe: Tool Infrastructure

lMission plrovic_les
planning

| Project Management |updates Pro Lead input for | Defect Tracking
System ) roject Leader System

creates entries

plans work of

inquires status

Test Engineer

[ lyzed b
Test Case edits is analyzed by

Editor \!._._._._._._._._._._._:- i is o ._._._._._.!
! Test Specification i input LG B o o Bl output ' Test Report i
i : CANoe i (XML) :
Test Case | _»---- - ( ) Ll T T RIERERE =
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\ 4 v

Configuration Management System
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Testing with CANoe: Process Support

0 Using your already invented process tools
0 E.g. configuration-, defect-, requirements-, project management

0 Complete/enhance process support by using Vector tools

0 CANoe with test management example - benefits
0 Configuration management of test specifications and test reports

0 Share test projects and test specifications between multiple
testers

0 Share core test specifications and combine them specifically to
current project

0 Share result (database) between multiple testers and managers

00 Managers are able to look onto destilled information (e.g. the
test results, time to complete tests, ...)
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Testing with CANoe: creation

Domain Knowledge

of Test Specification based on Test Patterns

e.g.
Check cyclic messages occurrences

Generator
Plug-In

Legend: 5 Test Case

e.g.
Test all provided diagnostic services
7 : ' i

CANdb-++ 5 G | ; Engineer
CANdela Studio 5 G At ] .

; Test .| Test Case
DaVinci 5 G * Specification ! Editor

i XML i
DOORS 5 G i
UML Tool 5 G,

5 G : tnagtn;tppgfpt/tpt signals,
e.g.

Test requirements with special structure
High-level defined tests

e.g. Use sequence- and/or state-diagrams
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Testing with CANoe: conclusion

0 Testing — why Vector?

0 Vector tools are scalable for optimal usage within supplier and
OEM processes

0 Domain specific patterns are provided
0 CANoe can be customized - e.g. to provide
0 particular test patterns
0 particular test case generators
0 specialized report formats
- by project work or by customers

0 CANoe as easily accessible testing tool makes formalized
testing possible:

0 from the early development phases
0 for every developer
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Thank you for your attention.

For detailed information about Vector
and our products please have a look at:
www.vector-informatik.com

Siegfried Beeh
Vector Informatik GmbH
Ingersheimer Str. 24
D-70499 Stuttgart
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