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1. Motivating Example:
Integrated Automotive Software System

% |ntegration of Mutiple Heterogeneous ECUs & Networks
% Functionality and Multiple Inter-related Aspects

Mobile Car Remote
Communications Navigator Diagnosis
: = _‘-.-—=‘=.=_=-‘=_.;_=_E== Ssxzx==7=.~"
NAG - _
I I'ﬁrewall Keyless Air
I Entry Dashboard | | Conditioner
| 3z
:',f B l . G/W: Gateway
I St Door Module || Light Module LK: L K :
i), GIW:i : Lane-Keeping
I 2| ACC || ABS | | LK PC PA ACC: Adaptive
1 =T ST 5 : Cruise
L LTI PP Al
:. I ,_.'- ........... L Control
l“‘l‘G/W Transmission Engine Cledrance PC: Pre-clash
|‘\\: = L Control Management Sonar Control
e PA: Parking
R\ \ J .
Assistance

\
Steer\by Wire

Brake by Wire
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2. Conventional Approaches and their Issues

% Requirements Engineering

¢ Limitation in modeling R ER
relationships between NFRs | NFR A |
: : NFR B
= Aspect-Orientation/Early Aspect | — NER C '
¢ Limitation in modeling Sgparation | -
v " 0 ncern
relationships between aspects NER A
(Safety)

= Dependability and Fault- Interconnect/ed/ Mnnected?
Tolerance NFR B [ NFR C

¢ Limitation,in considering the Interconnected?
relationship of dependability With eg. eunctional Requirements

other aspects NFR: Non-Functional Requirements

Difficulty of Modeling and Quantitative Evaluation of
. Multiple Nun-Functional Regyirements
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3. Our Approach

< Multi-Dimensional Aspect-Oriented

Requirements Requirements Analysis
Engineering

Quantitative Evaluation of Aspects

Aspect- d Safety Aspect:
Orientation _ :
IEC61508: Safety Integrity Level (SIL)

g Communication Performance

Dependability/ Aspe_c_t: |
Fault-tolerance Classification of Network Protocols by

SAE (Society of Automotive Engineers)

% Product Line Development
Propose a Design Methodology to Satisfy Multiple NFRs
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4. AOREAS: Aspect-oriented Requirements
Engineering for Automotive Software System

% Modeling and Analysis of Multiple-Interrelated Non-Functional
Reguirements through Aspect-Orientation

TReguirements Y

Components and Connectors || (Méta-Models and

(Functional and Architecture Patterns

: ECUs and Communication
Vo= netionan,) | .
on-Functiona __ Network %|ementQ/W

[ Multi-Dimensional Aspect-Oriented Modeling }

¥

4 : : )
Aspect Trace/Domain Analysis

Multi-Dimensional Aspect-Oriented Analysis

L Aspect Matcl;mg Analysis p.
[ Generation of Multiple Product Lines of Automotive Systems ]
'

ﬁConfigurations of Multiple Product-Lines
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4.1 Aspect-Oriented Product Line Architecture
Meta Model

& Meta Model with Two Views

Architecture Srodilet Line Environment/ View from
Pattern Regulation ]
[\ Z% influence ASPECtS 1N
| NFRs
— Architecture System Non-Functional
(Description) (Product) Requirements
has
consists of consists o ?
Connector Component Stakeholder [ Concern
use Ve
consists of consists of [/
Protocol Feature Viewpoint Aspect K>——
\_/|ew from Eeatures S
In the |Architecture
(IComponent/Connector I\/Iodel] ?
Domain
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4.2 Notation of Aspects

% Formal Representation by Extending Class Notation in
UML

Component = F (Features, Aspects)

Name
Attributes
Methods

Safety (SIL=1)
Aspects Communication (Class=A)
~~~~~~~~~~~~~~~ Cost (NominalCost=2Unit)

Features

Name
Data Format
Protocol Sequence

Safety (SIL=1)
Aspects Communication (Class=A)
________________ Cost (NominalCost=2Unit)

Protocols
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4.3 Multi-Dimensional Aspect Analysis (1/2)

< Aspect Trace:

A Set of Aspect,

- Aspect %
along with an Trace Ti
Ordered J——

Connection of
Components &

Componentl
Featurel

il Aspect X=dc*7]
Connectors -\ Aspect Y=Y
@ASpect .....................
in: Aspect
Domal 1. Trace Tj
A Set of Aspect

Aspect

Traces Satisfying Trace Tk

AW Featureb

Aspect
_Requirements

Aspect
Domain
..................................... D(X=X1,
Y=Y1)
Component2 !
Feature2 Aspect
—; Domain
Aspect Y=Y1 Y1cY?2)

Component3 .
Feature3

Aspect X=dc
= P

Aspect Y=Y1

Component4 ~ Componena“"g
Feature4 "

Aspect
Domain

o
]
L]
L]
.........
e
",

NAsSDECT A=de | Agpect X=dc ||
..... ASpect Y=¥2 | —»pspect Y% ;

‘Q
-----------
L] -
------------------------ m..lllllll-l-------‘
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4.3 Multi-Dimensional Aspect Analysis (2/2)

& Aspect Matching: Grantee the Consistency of
Aspects on a System

d Strong Matching ~ _ Com =1
All aspects meet given Ee.n\ditions
across the system R,
- =<
. - - N\
d Week Matching - %
A part of aspects meet given G/W
conditions in a certain part of the , ,
system | |

Com=2
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5. Application to Example of Automotive
Embedded System

i Mobile Car Remote
Information MOST Communications Navigator Diagnosis
Systems

LOW-  Irirewall| [ Keyless Air
BOdy ‘ speed Entry Dashboard | | Conditioner
Electronics | ~an

High- Door Module ||Light Module

G/W
‘ speed AcC || ABS || Lk || PC || PA

Vehicle CAN
Control G/W Transmission Engine Clearance
System Flex Control Management Sonar

Ray

Steer by Wire Brake by Wire

11
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5.0 Product Line Architecture based on Aspect-
Oriented Analysis

< Multi-Dimensional Aspect-Oriented Modeling
and Analysis to Product Line Architecture

Aspect-Oriented Model
(Notation of Aspects)

J

l

[ Aspect Trace/Domain

] )

Analysis

Multi-dimensional Aspect-Oriented

\[ Aspect Matching

| )

1

[ Product Line Architecture ]

12

Assignment of Aspect to
Component/Connector

Constraint in Aspectj

Assignment

Interconnection among
Components
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5.1 Aspects Across the System

@ Select Aspects and Define their Relationships
¢ Safety, Communication Performance (Com), Cost

% Measure and Criteria to Evaluate Aspects

Aspect Measure Criteria
Safety IEC 61508 SIL 1(Low) - 4(High)
Com SAE Class A(Low) - D (High)
Cost Unit Cost 1,5, 10, > 50

13
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5.2 Aspect-Oriented Component Model

% |nterconnection among Components assignhed
with Aspects

Kevyless Entry

Safety (SIL=1)
Com (Class=A)
Cost (NC=1U)

Car Navigator

Safety (SIL=1)
Com (Class=D)
Cost (NC=50U)

Mobile
Communications

Remote
Diagnostics

Door Module

Light Module

Safety (SIL=1)
Com (Class=A)
Cost (NC=1U)

Safety (SIL=1)
Com (Class=A)
Cost (NC=1U)

ACC

Safety (SIL=2)
Com (Class=B)

Cost (NC=5U)

Engine
Management

Safety (SIL=3)
Com (Class=B)
Cost (NC=2U)

Transmission
Control

Safety (SIL=1)
Com (Class=D)
Cost (NC=20U)

Safety (SIL=2)
Com (Class=D)
Cost (NC=20U)

Air Conditioner

Safety (SIL=1)
Com (Class=A)

Cost (NC=10U)

(/4

Dashboard

Safety (SIL=2)
Com (Class=B)
Cost (NC=10U) [

PC

Safety (SIL=3)
Com (Class=C)
Cost (NC=5U)

Clearance Sonar

/N

Safety (SIL=3)
Com (Class=C)

Cost (NC 5U)

PA

Safety (SIL=3)
Com (Class=C)
Cost (NC=5U)

Alternative Variatio

Steer by Wire

\
Brake by Wire

ABS

Safety (SIL=3)
Com (Class=B)
Cost (NC=2U)

Safety (SIL 3)
Com (Class=C)
Cost (NC=5U)

Safety (SIL=4)

Safety (SIL=4)

Com (Class D)
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Com (Class=D)
Cost (NC=10U)

Safety (SIL=3)
Com (Class=C)
Cost (NC=5U)
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5.3 Aspect Trace and Aspect Domain

< Analysis: Verification of Aspect Trace and
Aspect Domain (Brake-by-Wire and ABS)

% Dashboard = Brake-by-Wire

i TDashboard,BrakeByWIre
d Safety =»SIL2

d Com =Class B

= DDashboard,BrakeBlerer

¢ Safety = SIL4, Com = Class D, Cost = 10U

= Dashboard = ABS

l TDashboard,ABS
4 Safety =»SIL2

d Com =Class B

hd DDashboard,ABS

SIL4
Class D

SIL3
Class C

Dashboard
Safety (SIL=2)

Com (Class=B)
Cast (NC=10U)

Alternative

Brake by Wire ABS
Safety (SIL=4) Safety (SIL=3)

Com (Class=D) | | Com (Class=C)
Cast (NC=10U) | | Caost (NC=5U)

¢ Safety = SIL3, Com = Class C, Cost = 10U

15
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5.4 Relationship between Components/Connectors

16

and Aspects

& Relationship betweenAlI"Components/Connectors
and Aspects on System

Component
Safety-Criticality: Throughput: Information Body Electronics Vehicle Control Systems
— — — — vy T
SIS18IBIZIZIEISIE|E|B|B|5|82|5(212/2 (2|35
s 2|3 |alols(2|e|z(z|0|o|l=|=2|al5C]2]|5F |2 |5]|X
AN R I R
<. Q o o | Y 7Y @
, , 12l [EIE|2IEIE(2|E | |78 |3 (2|5 |28 |25
o |@ =, o l|la = 0 D = | =
217121 [B)° 1215 1812z ]2]8]5|8]%]°
3, ) Z|l 0 = o [Q S |8z
3 7y c 2121
Low 1 Low 1 = g =152
NFR 2 0
(@]
=
S
Safety- _Time-Driven B T e e e e e 313 A AL
criticality Event-Driven ol2(3l2la|1l2|2l1|2l3|3]|3]|4a]1 2| 3
i} Time Response p|lo|lp|bp|bpl|lpo|lp|lplp]|Dp]|D p|lb | b p|lbp|pbp|pb |4|2]5s
Perform Behavior | Time (ms) clclclclclclclclc|lc|lc |[clc]lc |P|clclclc |2]|2]3
ance ----- essssssasssnsnnnnnnn hen o T T . nn T .
Throughput |4 (434|212 |21]|2|2|2|2|2|2[3|4|3]|2|2]|2|2|[3]|3]3
Trigger Time-Driven X X|IX[X|X[X[X]|X|X[X]|X|ofX|X|X]|o ol X|o| of of o
Cond |ti0n ..... asas ——————— ssas ssashs ssas snades ssas ohas (TSP RN I - ssadesscsnsseshusasanans
Event-Driven ol ol ol olo|lololo|lololo|X|olo|lo | X[ X] o X[ X|X] X
Cost 414141411121 ]11(1] 2 313 313[3[|2] 2 414 008




5.5 Aspect Range

+Aspect Range Constraints of Aspects to
Construct Product Line Architectures

@O Safety
l Cost

O Component

® Grade A (Luxury class)

e Grade B (Mid class)

® Grade C (Compact class)

Component

Cost

Safety
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5.6 Construction of Product Line Architectures (1/2)

% Product Line Architectures Satisfying Both
Functional Requirements and Aspect Range

F T /Y H
: Mobile Car Remote !
I Information | MOST Communications Navigator Diagnosis !
I Systems | | | I
: 1
E el Keyless Air E
! . Entry Dashboard | | Conditioner ! l Gl
i ow- i Cost
i _ Body Speed | | j
I Electronics CAN | | ! (s e
i : i wrry © i3 O\ S)
I Door Module || Light Module ! ge A B W g C\aS
I I G yade
G/W |- _ R — i G 3eC

i ACC LK || PC || PA i e
i High- | | | | i
! Speed | | | i
i Vehicle CAN Transmission Engine Clearance | |
i Control G/W Control Management Sonar i
1 Systems I i
i | | :

FlexRa
i d Steer by Wire Brake by Wire i
1 1
__________________________________________________________________________

T Grade A (Luxury Class)
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5.6 Construction of Product Line Architectures (2/2)

“Product Line Architectures Satisfying Bott

> > @ Safety
Functional Requirements and Aspe
140 omponent
\
120 |
7 — e ] 100 7 \
! Mobile Car Remote I e ‘
i Information ; MOST Communications Navigator Diagnosis ] |
I Systems | | | 60 3 \
i ! i 40 |
: Firewall Keyless Air I 20 Component
i . Entry Dashboard | | conditioner i 0 R
ow-
1 Body | | 1 A Safety
] . Speed ! Cc\e S
| Electronics CAN | | . P\Q’\DNN Wi c\as c\as‘ﬂ
1 1 G(ade 2 Q mpac\
] Door Module |[Light Module : G
] 1
: o accB* " [k [ pe Mg
1 . .
I High- Samg LA 1 Grade B (Mld CIaSS)
i Speed | | _: __________________________________________________________________
I Vehicle CAN Transmission Engine Clea : 1
I Control G/W | Control Management Sol . MOST Mobile Car i
I Qystems  fr e { Information Communications Navigator I
! y ‘---.-IIIII"--IIII. 1 Systems | '
1 | | "y [ 1
1 e . | .I. 1
1 FlexRa i
] : a Y Steer by Wire Brake by Wire ll“ Firewall Keyless Air [
1 1
L N B e e e e e R Entr Dashboard | | Conditioner ]
| | - y
T T T T I T R R L i Body sLogsz | | | |
1 Electronics (E)AN | I 1
] 1
T Grade A (Luxury Class) i ¢ 72 poor Modul Lt Modue] |
y i GIW ;
; Acci ABS : PA Clearance| 1
i Vehicle High- [ ‘{_" I So?ar :
i Control Speed | | i
1 Systems CAN = - i
! Transmission Engine !
19 L Control Management !




6. Evaluation and Future Work

< Evaluation:
g Derived Multiple Product Line Architectures of
Automotive Embedded System by Applying
Proposed Aspect-Oriented Modeling Methodology

& Future Work:

¢ Increasing Number. of Combination of Aspects
Caused by Connection of a Large Number of ECUs

¢ Simulation Methods to Support Design Activity

20 All Rights Reserved, Copyright Mikio Aoyama, 2008



7. Conclusion

& Complexity in Design of Automotive Embedded
Systems Caused by Tangling Functional
Requirements and Non-Functional Requirements

= AOREAS: Analysis of Multi-Dimensional Aspects by
Multi-Dimensional Aspect-Oriented Modeling and
Analysis Methodology

< Derivation of Multiple Product Line Architectures by
Definition of Aspect Range
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