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fortiss - Who we are
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0 Sponsored by Bavarian Ministery for
Economics, Transportation, and Technology
since January 1st, 2009
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Development of embedded software: Challenges

e Complexity of domains
— Application domains, e.g., power-train, body, infotainment
— Engineering domains, e.g., mechanics, electric/electronics, informatics

e Complexity of technology
— Platform, e.g., memory limitations, bandwidth limitations
— Distribution, e.g., sensors, control units, busses

e Complexity of functionality
— Increase in size, e.g., comfort electronics, infotainment
— Increase in interconnection, e.g., electronic stability, adaptive cruise control

e Complexity of development
— Supply chain, e.g., middleware, applications

— Product line, e.g., equipment, country specifics

= Complexity reduction through use of models and tool support
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Automotive Software Development: Process

State-of-Art Development: Deficit by lacking models or inadequate use

1

2.
3.
4.
5.
6.
7.
8.

. Example component specification: Lacking domain concepts
Example system specification: Lacking functional models
Example implementation: Lacking view integration

Example component design: Lacking consistency analysis
Example release planning: Lacking plan generation

Example verification: Lacking test generation

Example system maintenance: Lacking quality assurance

Example system integration: Lacking design space exploration
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State-of-art: Inadequate models - Models capture technical solution
e Problem: Lacking concepts of problem domain

e Conseqguence: Inadequate models of functionality of application
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Domain-specific models: Modes of operation

Improvement: Adequate models - Application domain vs technology domain
e Method: Extension of modeling techniques by domain concepts

e Further examples: Signal classes (state/event signals), timing constraints
e |Improvement: More effective modeling, more targeted use
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xample 2: Functional specification

40 6 FUNKTIONEN

Signal Fahrzeugtyp TSG Reaktion
Limousine Links — ignorieren —
Rechtslenker

Rechts | Bewegen der Scheibe hinten rechts mittels
S2.FF_MOTORI und S2.FF_MOTOR2

Coupé, Cabriolet Beide — ignorieren —
S2. FFHB Limousine Links Bewegen der Scheibe links hinten mittels
Linkslenker S2.FF_MOTORI1 und S2.FF_MOTOR?2,
wenn S2.FKIND_SICH nicht gesetzt
k Rechts | Bewegen der Scheibe rechts hinten, mittels
S2.FF_MOTOR1 und S2.FF_MOTOR?2,

wenn S2.FKIND_SICH nicht gesetzt
Coupé, Cabriolet Beide — ignorieren —
Linkslenker, Rechtslenker

3 Komponentenbeschreibung

31 Postion im Fahracug. w s

Tiirsteuergerit

Tabelle 8: Reaktion auf Fenstersteuerungsbefehle.

Offnen einer dem TSG zugeordneten Scheibe Falls ein Signal anliegt, das das Offnen einer Scheibe zur
Folge hat (sieche Tabelle 8), wird auf dem ensprechenden Motor die Spannung —12 V angelegt.

Liegt die Batteriespannung zum Beginn der Scheibenbewegung unterhalb von 10V, so wird die Schei-
benbewegung nicht durchgefiihrt. Statt dessen wird die CAN-Botschaft B_LLOW_WIN = | gesendet.

oo v Fiir die Bewegung sind folgende Fille zu beachten:

o

o Ist die relevante Schalterstellung gleich Fenster runter man. oder ist die relevante CAN-Botschaft
WIN_x_OP=01, so wird die Scheibe nach unten bewegt. Die Bewegung endet, wenn

TRTEN T

— das entsprechende Signal nicht mehr anliegt (bzw. nicht mehr gesendet wird),

— oder sich die Scheibe in der unteren Position befindet (d.h. F_UNTEN bzw. FF_UNTEN),

— oder ein anderer Befehl zum Bewegen dieser Scheibe zu einem spiteren Zeitpunkt eingeht;
in diesem Fall wird der neue Bewegungsbefehl bearbeitet,

oder der Scheibenbewegungssensor (F_ BEWEG bzw. FF_BEWEG) keine Signale sendet,
obwohl der Scheibenmotor angesteuert wird und sich die Scheibe noch nicht in der unte-
ren Position befindet; in diesem Fall wird die Botschaft ERROR_WIN =1 gesendet und der
Fehlercode 0x35 in den Fehlerspeicher eingetragen (siche Abschnitt 6.10)

B

W
B

s ekt

oder die Ansteuerung linger als 3 sec. dauert, ohne daf erkannt wird, daf sich die Scheibe in
der unteren Position befindet’; in diesem Fall wird die Botschaft ERROR_WIN = 1 gesendet
und der Fehlercode 0x35 in den Fehlerspeicher eingetragen (siehe Abschnitt 6.10).

o Wurde die Schalterstellung Fenster runter auto. oder die CAN-Botschaft WIN_x_OP =10 er-
kannt, so wird die Scheibe solange nach unten bewegt, bis

— sich die Scheibe in der unteren Position befindet (d.h. F_UNTEN bzw. FF_UNTEN),

— oder ein anderer Befehl zum Bewegen dieser Scheibe zu einem spiteren Zeitpunkt eingeht;
in diesem Fall wird der neue Bewegungsbefehl bearbeitet,

— oder der Scheibenbewegungssensor (F_BEWEG bzw. FF_BEWEG) keine Signale sendet,
obwohl der Scheibenmotor angesteuert wird und sich die Scheibe noch nicht in der unte-
ren Position befindet; in diesem Fall wird die Botschaft ERROR_WIN =1 gesendet und der
Fehlercode 0x35 in den Fehlerspeicher eingetragen (siche Abschnitt 6.10)

7Z.B. Gestingebruch.

Nersion Stand Autor Freigabe

1.0

5.2.2001 F. Houdek

@ Systemspezifikation
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State-of-art: Lacking models - No models of functional architecture
e Problem: Lacking models for usage view

e Consequence: No precise description of overall functionality
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Models of early phases: Functions

¥ BodyEletronics.systemmodel 3

L Resource Set

& BodyEletronics.systemmodel $3 =0
[~ Resource Set _ . _
v & platform:/resource/BodyEletronics/BodyEletror = Properties £3 . [%. Problems ©] Error Log B E v=0
v &¥ Project BodyElectronics Property Value
¥ [ Or Function PowerPositionWindow Comment 1% Check whether the current battery status is low
¥ B Basic Function PowerOverride Name '=Check Low Battery
-+ Check Low Battery Signal @ Signal Bat
-+ Stop Movement Value 4 Value Lo
» @ And Function PowerPositionControl
[T] Properties $2 |2 Problems ©] Error Log nefll - 1K S
Property Value
Comment "= Set the the motor to "No Movement”
Name *=Stop Movement
Signal @ Signal Mot
Value <+ Value Zr

Selection Parent List Tree Table Tree with Column.

Selection Parent List Tree Table Tree with Columns

Improvement: Explicit models - Structured instead of unstructured information

e Method: Extension of architectural modeling by functional level

e Further Examples: Product lines, timing requirements

e Improvement: More effective modeling and gezieltere Nutzung

10
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Example 3: Implementation

State-of-art: Isolated models - Models for individual steps of development processes
e Problem: Gaps in development process

e Consequence: Defects by contradicting decisions in later phases

{ fortiss
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Integrated models: Component-topology-mapping

AF 3 Perspeciive - -~ Echpse SOK

Q| E S T SAF) Persp.. *
*Project Enploces " T 0@ *Adaptive Cruise Comro A *Rasic MPC5554 Topolag > *Standard Head/Body De 11 . L *Project > Uibeary 12 -0
b Comiort Decroncs | 5= Port Mapping from Adaptive Crulse Control to Basic MPCS554 Topology (Standard Mead /Body
& AdapoveCrunaConerol o) Deployment)
& Prayect
)l <Rooe> * Port Mapping
S tascSigrals Selett Mardwiare pons 10 Mmap 0-ports of the logical aChtetiure 10 them
# Vesiuremethgran O MrC $5%¢ Body
@ Maprwe Cruse Conrol ® CAN-Controler
@ Cruse Cortrol v Kaany
@ CruseConerompner
O DwCruseControl v VeooWsr
@ soeecCrumaConerol
i - ”"d“‘ M M M‘
a » -} ial ports 1o hardware port
QO DsusceConres O MIC 5554 Head 09
@ Soeed Coreral © CAN-Controter
A Bk MPCS S 54 Tooology * Soeedlmd
= Bocy-CAN v CC-Acove
O wpC 5554 sooy - AcDeact
O w5354 Meas s OC-Set
D= 5007 Head Bady Depoymen « Rt
O AcDvact - OC-Actwe ¢ LED-AcIve
© AUED - LED-Ave ‘e AcurD
W@ Adapve Crunte Conteol Crune Comral ¢ LED-Colsion
¥ Adapave Crue Control DistanceContra e WrltD
W@ Adapuve Cruse Control Soeed Comped
O DatanceMry - RadWyr
© SeMeser - OC Set
U S0eed0md - CAN-Comeroier *
© SoeedWy - Veloowss -
¥ WrallD - LED-Colmon
. -
¢ Lok MOBOMA MO T 08 ~ Component Magping Port Mapging Overview
e — o T =a)—p — v = 0)((2 Prodlems 13 ™ Port Rowting #$ ™0
Workspace Log 1 error, 0 warnings, O others
S o g
Ceneral N ame CAN-Controle ~ !;V; — o ufed ™
Yoo manaxh ed” cannce be w Dasance”
Vessage Mtermal | Comment

| €

Improvement: Integrated models - Coherent description of system
e Methods: Integrated formalization of all system views

e Further Examples: Test case refinement (design-level/implementation level)
e Improvement: Avoidance of redundancy/inconsistency

12 mss
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State-of-art: Late quality assurance - Late detection of defects
e Problem: Lacking analysis support for early development steps

e Consequence: Conservation of early defects throughout the development process

| fortiss
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Analysis method: Checking of models
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Improvement: Early Quality assurance - Early correct models via front-loading QS
e Method: Automatic checks for model structure/model content

e Further examples: Checking of signal periods, checking of determinism
e Improvement: Early defect elimination
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Dependab. Matrix

Funktion PowerCtrl ErrMgmt DiagMgmt LockDrv LockPass LightCtrl InstCluster
PowerCtrl
[ErrMgmt X

o X
o X X
kDrv X X
kPass X X
MirrorDrv X
rorPas: X
LightCtrl X X X

State-of-art: Manual release planing - Construction of complete sub-architectures
e Problem: Lacking automatization of release construction
e Consequence: Complication of release planing

| fortiss
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Synthesis method: Release plan generation
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Improvement: Generation of release plans - Systematic incremental development
e Method: Automated model construction by generative search
e Further examples: Cable harness construction

e Improvement: Avoidance of miss-planing

| fortiss
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Test Suite
Test Case
Step

EntrySys01
T19

validKeyPresent  EventOccured
validKeyPresent  EventOccured
validKeyPresent  EventOccured
validKeyPresent ~ EventOccured
invalidKeyPresent

invalidKeyPresent

validKeyPresent ~ EventOccured
invalidKeyPresent EventOccured

keyAbsent EventOccured
keyAbsent EventOccured
validKeyPresent

invalidKeyPresent EventOccured
validKeyPresent ~ EventOccured
validKeyPresent ~ EventOccured
validKeyPresent ~ EventOccured
invalidKeyPresent

validKeyPresent ~ EventOccured
invalidKeyPresent EventOccured
validKeyPresent ~ EventOccured

keyAbsent EventOccured
validKeyPresent ~ EventOccured
keyAbsent EventOccured
keyAbsent EventOccured
validKeyPresent
invalidKeyPresent

keyAbsent EventOccured

validKeyPresent ~ EventOccured

D WKeyReq
isUnlockedClosed WKC_Lock
isUnlockedClosed WKC_Unlock
isUnlockedClosed WKC_Unlock
isLocked WKC_Lock
isUnlockedClosed WKC_Unlock
isUnlockedClosed WKC_Unlock
isUnlockedClosed WKC_Lock
isLocked WKC_Lock
isUnlockedClosed WKC_Lock
isUnlockedOpen  WKC_Lock
isLocked WKC_Lock
isUnlockedOpen  WKC_Unlock
isUnlockedClosed WKC_Unlock
isUnlockedClosed WKC_Lock
isUnlockedClosed WKC_Unlock

isLocked WKC_Unlock
isUnlockedOpen  WKC_Unlock
isLocked WKC_Unlock
isLocked WKC_Lock
isUnlockedClosed WKC_Unlock
isLocked WKC_Lock
isLocked WKC_Lock

isUnlockedClosed WKC_Lock
isUnlockedOpen WKC_Unlock

isLocked WKC_Unlock
isLocked WKC_Lock
isLocked WKC_Unlock

isLocked WKC_Unlock

UnlockDriver

LC_Unlock

LC_Lock

LC_Unlock

LC_Unlock
LC_Lock

On

On

On

SA_On

SA_On

SA_On

State-of-art: Manual test case definition - Expensive test suite construction
e Problem: Lacking automatization of test case definition
e (Consequence: Expensive and un-systematic verification of functionality
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Synthesis method: Test case generation

® Wireless K eyPequest
® " D "'ew'
S Neieton o
L 2 —— ‘
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7 DoorStateComp

s

W+ ACCPCSystem: Test Case Generati

ICLP Test Case Generator (CLP)

AL Testcase Ganerstor (SAL)

Wi Generated Testsuite ACCPCSysten
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3 0 Testcase #1; length: 5
+ O3 Testcase #2; length: 4
= & Testcase 23; length: 3
# (3 Sep 0 (vehideSpeed? 2t
50 @1 (\'MSQ:«:d’S;t:%
= Sep 2 (vebadeSpead?d];targe
2 & Inpnts
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[} targetDistance : Msg{Shod
[) userChangs : Msglactivat]
[) targetEists : Mog(Trus)
) brakeReandy : Mg Trus)
[) bexready : Msg(True)
[} userCommandToContraiTd
=1 & Outputs
[) outputhce : Noval
[ accStae ; Mog(False)
L) execreBeabe : Noval
[) ortscalColisionTime'w arnin)
[) prepareBer : Noval
[) preparefirsks : Noval
|) desradDutance : Noval
(D Testcase #4; length: 4
3 O3 Testcase #S; length: 3
(3 Testcase 2€; length: 4
() Testcase 27; length: 3
(3 Testcase #8; length: 3
D Testcase 89; length: 4
D Testcase #10; length: 3

I

>

T S S

B Test Dyiver

ALCSytens FADM_ 200804151 81630

ADCSyrters FNDM . 200804 151416070001 oS
ALCSyten FODM OEDSISIECT000E | waxc 2
CSoten FADM 0EDSIIECT0000F | mexc » |
ALCS peters FNDM_ 200804 151 81 8G7-00004 nod
ALCSsntenn DM 200804 451 41657 00005 oo 4
(= = 3§
NFD leout 1. CumertSpend 31, chanpeetance Fabe rcDecl

Fabie bideRoady True BelFleady Falte Lage€ e Fabe
NFD Igrarrg frat sesult waluns

-
NFQ Irpt 2 CumertSpend 66 chargadDetance Fabos rclecle
Fom, besboflondy Falie Deltflandy Falie tagef et Faboe
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weOSeSi e Fole e Faie
it Fabe == Faie
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e

e -

el
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L. Sk e ecieesied Tre ond®huton Tam, o

(WA R SRRt | _— | |\

CEX

Ky
x

e JafedaPretted -~

Tam, pacPedarecsnd

Improvement: Synthesis of models - Optimization of test suit construction

e Method: Automatic model construction by generative search

e Further examples: Load tests, robustness tests, model validation

e |[mprovement: Improved efficiency of system verification

18
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Example 7: System maintenance

State-of-art: Unsystematic use of identical parts - Introduction of change defects
e Problem: Lacking analyse support for maintenance
e Conseqguence: Complicated and expensive maintenance

| fortiss
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Analysis method: Clone detection
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Improvement: Identification of identical parts - Avoiding change anomalies
e Method: Automated checks of architectural structure
e Further examples: Requirements clones, IP-libraries, product lines

e Improvement: Simplification maintenance
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State-of-art: Manual integration steps - Constructed mo

cast_cea_ww.ts - TTS Hardware & Mapping Tool
Fie Edt View Window 2

|2t mea|e

"Mapping System Obiects
473 EastEEA_WishWashMapping
- Process Mapping
B O Process instances
3@ EClUs
- Task Mapping
= CommricaionMapring R

ER 4
1 Transmit Signale
Bi7_FronwipeMon_T (CAN-B)
pi2_twl T [CAN-E]
PC_FrontwashSwitch_FrontwashMoritor_T (CAN-{
PC_TipWipe_FrontWipehon_T (CAN-8)
PC_Terminal_Clamp15C_TeminalMon_T (CAN 8)
PC_Terminal_lgniion_TerminalMer_T (CoH-)
FC_GeaDetection_pil5_T (CAN-B)
PC_ReaiwashSuitch_Reaiw/ashMoritor_T (CAN-E
PC_ReatwiperSuitch_Reatwiperbontor_T [CAN-E
C_Terminal_Clamp_61_TeminalMon_T (C4N-6)
(455 Transrit Messages (CAN-E)
5 Transmit Messages (CAN C)
5 SAM_Y

154 0BF v
il | >

W Mapping System E astEEA_WishWashMapping: Process Mapping =[O[x]

Insts

FC_Terminal_ 255

PS_Rearias RAM

PS_Frontif

B Global | 5F Herdwee | 25 Soinme | o Mapping

[ [
Name

€25
Supplier Supplie 1
ROM [Byte]
RAM [Byte]
EEPROM [Byte]
FlashEPROM (8.

Attributes [AdninInfa | TxMessages | FixMessages | TrSignals

For Help, press F1

dels
e Problem: Lacking extensive automatization of design steps

e Consequence: Limited support for design space exploration
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Improvement: Automated development steps - Generated modes

e Method: Automated model construction by generative search

e Further examples: (Mixed-criticality-)deployment generation, code generation

e Improvement: Accelerated exploration of design alternatives
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Models in the development process: Principles

.....

Improvement of effectivity and efficiency: Models support

1. Adequate modeling

2. Phase-integrating development

3. Front loading analyse methods

4. Synthesis of models

= |mplementation of tools for an integrated development process
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Models in application: Examples

Test via application development:

— Driver-Assistance: Adaptive cruise control, parking assistant
— Infotainment: Use of entertainment system
— Body electronics: Power window, keyless entry system



