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> QM-System at INTEC

> Workflow in SIMPACK Development

> Unit and Component Test

> System and Acceptance Test

> Software Release Process

Quality Assurance in the Software Development at INTEC
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> Goals of the QM-System at INTEC

ANSI Normen
1008-1987 Unit Testing
1012-1986 Verification/Validation Plans
1016-1987 Software design descriptions
1028-1988 Standars for Reviews and Audits
1042-1987 Configuration Management
1061-1992 Quality Metrics Methodology
1063-1987 Standards for User Documentation
1074-1991 Software Life-Cycles
1219-1992 Software Maintenenace
...
DIN/EN/ISO/IEC Normen
DIN EN ISO 9000, 9001, 9002, 9004
E DIN ISO 9000-2   Leitfaden zu ISO 9000
E DIN ISO 8402 QM und Qualitätssicherung
DIN ISO 10011 Audits, ~durchführung
ISO 10007 Guidelines for Config. Management
E DIN ISO 10013    QM Handbücher
ISO/IEC 9126 Quality Characteristics and Guidelines
DIN 66272 Beurteilen von Software Produkten,

Qualitätsmerkmale
DIN 66285 Anwendungssoftware: Gütebestimmung
IEC 1704 Guide to test methods for reliability
IEC 1713 Software life cycle processes
ISO/IEC 9126 Quality characteristics
ISO 9127 User documentation
ISO/IEC TR 9294 Software documentation
ISO 10005 Quality Management – Guidelines
...

QM-System at INTEC
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Quality AssuranceRequirements (Sales, Engineering, Customer)

Development

Requirements

Specification

Software Design

Implementation Modultest

Integrationstest

Systemtest

Acceptance Test
Use Cases

Test Cases

Test Cases

Test Cases

Complex and
customer 

related
models

Components 
Test

i.e. ENGINE

Unit test 
i.e. Gearwheel

> Workflow in SIMPACK Development

QM-System at INTEC
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Quality AssuranceRequirements (Sales, Engineering, Customer)

Development

Requirements

Specification

Software Design

Implementation Modultest

Integrationstest

Systemtest

Acceptance Test
Use Cases

Test Cases

Test Cases

Test Cases

Complex and
customer 

related
models

Components 
Test

i.e. ENGINE

Unit test 
i.e. Gearwheel

> Unit and Component Test

QM-System at INTEC
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Test procedureTest procedure

Test procedureTest procedure

Test caseTest case

Test caseTest case

Test caseTest case

Use caseUse case

Developer

QS-Documents

Models

Platforms

Testing
Information-

Server

Testmodels
File-Server

Testmodel library

Unit and component test

Unit / Component Test
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150+ Testcases
each running on 

→ HP-UX
→ SGI-IRIX

→ IBM AIX

→ Sun Solaris

→ Linux (Redhat/Suse)

→ Windows 2000/XP

150+ Testcases
each running on 

→ HP-UX
→ SGI-IRIX

→ IBM AIX

→ Sun Solaris

→ Linux (Redhat/Suse)

→ Windows 2000/XP

Test cases (functionality)

- SIMPACK-Automotive⊕
- CodeExport/RealTime
- SIMPACK-Contact
- EHD
- FEMBS
- SIMPACK-Flexbody
- LOADS
- SIMPACK-NVH
- Virtual suspension
- SIMPACK-Wheel/Rail 
- SIMPACK-User
- ...

Test cases (functionality)

- SIMPACK-Automotive⊕
- CodeExport/RealTime
- SIMPACK-Contact
- EHD
- FEMBS
- SIMPACK-Flexbody
- LOADS
- SIMPACK-NVH
- Virtual suspension
- SIMPACK-Wheel/Rail 
- SIMPACK-User
- ...

150 states
30 bodies, elastic~
20 loops
50 force elements
20 subvars
5 substructures

Unit TestingUnit Testing

9 states
3 bodies, elastic~
1 force element

Use cases

- customer related models
- in-house projects
- ...

Use cases

- customer related models
- in-house projects
- ...

200+ states
50+ bodies, elastic~
30+ loops
70+ force elements
40+ subvars
5+ substructures

> Library of Testcases (models)

Unit / Component Test
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> Test Case: 1000 RHS Calls

Unit / Component Test

Model Platform Results
- CPU Time
- Test Output

Release
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> Test Case: Time Integration (ParVar)

Unit / Component Test

Model Platform Results
- Integration Steps
- Jacobian
- Step Size
- Order

Release
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-----------------------------------------------------------------
Maximum deviation of curves 1/2 in all frames of current plotcase
-----------------------------------------------------------------
- Modelname: ####################
- Plotcase : 10
- Tolerance:  0.0000E+00

- Deviation D is calculated with variance var applied 
to the curves-difference.
This deviation is made dimensionless by with an normation
to the mean of the effective values of the input-curves:

a) diff_i = y2_i - y1_i  .............. difference for value pair i
b) delta_mean = 1/n * sum(diff_i) ..... mean of the difference fcn.
c) var = sigma**2 = 1/(n-1) * sum( [delta_i - delta_mean]**2 ) ... variance
d) eff1 = sqrt[ 1/n * sum( y1_i**2 ) ] ... effective value of curve 1)
e) D = 100 * sigma / [(eff1+eff2)/2]... normed deviation in [%]

- local maximum deviation
- on page          :   1
- in frame         :   1,   1
- deviation     [%]:        0.02
- delta_max        :  0.1388E-04
- detected at x    :  0.4517E+02

- local maximum deviation
- on page          :  12
- in frame         :   1,   3
- deviation     [%]:      125.58
- delta_max        :  0.1872E-03
- detected at x    :  0.1004E+01

- maximum deviation of curves 1, 2 in all frames:      125.58[%]
- maximum deviation found in frame (row, column):   1,  3

on page                                       :  12

-----------------------------------------------------------------
Maximum deviation of curves 1/2 in all frames of current plotcase
-----------------------------------------------------------------
- Modelname: ####################
- Plotcase : 10
- Tolerance:  0.0000E+00

- Deviation D is calculated with variance var applied 
to the curves-difference.
This deviation is made dimensionless by with an normation
to the mean of the effective values of the input-curves:

a) diff_i = y2_i - y1_i  .............. difference for value pair i
b) delta_mean = 1/n * sum(diff_i) ..... mean of the difference fcn.
c) var = sigma**2 = 1/(n-1) * sum( [delta_i - delta_mean]**2 ) ... variance
d) eff1 = sqrt[ 1/n * sum( y1_i**2 ) ] ... effective value of curve 1)
e) D = 100 * sigma / [(eff1+eff2)/2]... normed deviation in [%]

- local maximum deviation
- on page          :   1
- in frame         :   1,   1
- deviation     [%]:        0.02
- delta_max        :  0.1388E-04
- detected at x    :  0.4517E+02

- local maximum deviation
- on page          :  12
- in frame         :   1,   3
- deviation     [%]:      125.58
- delta_max        :  0.1872E-03
- detected at x    :  0.1004E+01

- maximum deviation of curves 1, 2 in all frames:      125.58[%]
- maximum deviation found in frame (row, column):   1,  3

on page                                       :  12

> Test Case: Result Compare (Filter 400)

Unit / Component Test
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Quality AssuranceRequirements (Sales, Engineering, Customer)

Development

Requirements

Specification

Software Design

Implementation Modultest

Integrationstest

Systemtest

Acceptance Test
Use Cases

Test Cases

Test Cases

Test Cases

Complex and
customer 

related
models

Components 
Test

i.e. ENGINE

Unit test 
i.e. Gearwheel

System / Acceptance Test

> System and Acceptance Test
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> Testing Procedure

System / Acceptance Test

> 1000 Testcases

Complex
Models

customer-
specific
Models

Test-guide

Test Call (RHS)

Integration Statistic

Result Compare

Model
Library

SIMPACK Batch

interactive

GUI & Handling
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• Anhalten/Wiederanfahren
→ Bremsen (mit blockierten Radsätzen)
→ Anfahren (mit/ohne durchdrehenden Rädern)
→ Anhalten im Gefälle im überhöhten Gleis mit anschließendem Lösen der Bremse

• Kraftschlußgesetze
→ FATSIM Diskretisierung

• (skalierte) Gleisanregungen

• elastischer Mehrpunktkontakt
→ TimeInt
→ Statiq equilibrium
→ Nom. Forces
→ parameter Var. (Wechsel der Schienenprofile)

• Weichenüberfahrt

• Track 
→ cartographic ~
→ meassured ~
→ ASCII/binary data
→ track data from database 

• Anhalten/Wiederanfahren
→ Bremsen (mit blockierten Radsätzen)
→ Anfahren (mit/ohne durchdrehenden Rädern)
→ Anhalten im Gefälle im überhöhten Gleis mit anschließendem Lösen der Bremse

• Kraftschlußgesetze
→ FATSIM Diskretisierung

• (skalierte) Gleisanregungen

• elastischer Mehrpunktkontakt
→ TimeInt
→ Statiq equilibrium
→ Nom. Forces
→ parameter Var. (Wechsel der Schienenprofile)

• Weichenüberfahrt

• Track 
→ cartographic ~
→ meassured ~
→ ASCII/binary data
→ track data from database 

> Part of Wheel/Rail Testplan

System / Acceptance Test
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> Acceptance Test - Test Results

System / Acceptance Test
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Testplan

Test-Design

Test-Case

Test-Case

Test-Prozedur

Test-Case

Test-Case

Acceptance-Test

Unit, subsystem 
tests

Test-Case

Test-Case

Test-Case

Test-Case

Test-Prozedur

Test-Prozedur

Developer

QS Documents

Testmodel results:

- Results as ASCII data
- Integrator Statistic
- Result Compare 
- Reference plots

New Release

QS test passed

Test Incident Report

Bug Fix 

Software Release Process
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Quality Assurance in the Software Development

> today: 50+ customer related use cases

> today: 150+ (complex) test cases

> In future: Test reports will be part of the delivery bill

> Non-disclosure Agreement for customer model data

> ongoing development of the test-model library

QM-System at INTEC

New Versions tested with your models
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Big-Bang Method

Incremental Testing

Developer
A

Developer
B

Developer
C

Implementation

System test

Unit Test Unit Test Unit Test

Acceptance Test

Implementation

Developer
A

Developer
B

Developer
C

System test

Acceptance Test

> Testing Procedure

QM-System at INTEC
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Quality AssuranceRequirements (Sales, Engineering, Customer)

Development

Requirements

Specification

Software Design

Implementation Modultest

Integrationstest

Systemtest

Acceptance Test
Use Cases

Test Cases

Test Cases

Test CasesSpecification Design (Formalism)

Design (GUI)

Design (3rd party)

Implementation

Implementation

Implementation

Test Subsystem

Test Subsystem

Test Subsystem

System Test

QM-System at INTEC

> Workflow process in SIMPACK Development
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White Box Testing 
→ formalism and source code related
→ i.e. compact rubber with "r x F"

Acceptance test
(Useability, Performance, 
Compatibility, Validation, ...)

Black Box Testing
→ application related

Virt. Suspension
Macro Joint

Virt. Suspension
Macro Joint

Result CompareResult Compare

Explicit
modelling
Explicit

modelling

> Testing Methods

QM-System at INTEC
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Autom. Testing
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Software Release Process
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