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Abstract

With the increase of complexity in automotive control
svsiems, the amourt qf data that needs to be managed
iz alzo ncreasing. LUsing a real-tims database manage-
ment system (RIDEMS) as a tichtly intsgrated part of the
software development procsss can gihve signjficant bens-
Mtz with respect fo data managsment. However, the vari-
abilitv of data manasement requirements in differsnt zvs-
tems, and the heterogensousness of the nodes within a sys-
tem may require a disting? databaze corfiguration for sach
node. In this paper we infroduce a sqftware engingering ap-
proach for generating RIDBMY confiswrations suitabis for
Fesouwrce-constrained automotive control svstems, demoted
the COMET development suit. Using software emginssr-
ing tools to assist developers with design and analvzis of
the svstem under development, diffsvent database configu-
rations can be generatsd from pre-fabricated componentis.
Each genesvated COMET databaze comtains only function-
ality required by the node it is execufing on.

1. Introduction

In recent vears, automotrye control systems have evolved
from simple zmgle processor systems to complex dis-
tnbuted systems. At the same time, the amount of data that
neads to be manased by thess svstems 15 mereazing dramat-
weally; data volume managed by automotnye systems 12 pre-
dicted to merease 7-10%% per year [3]. Current techniques
for storine and mampulating data ebjects 1n antomeotive sys-
tems are ad hoc in the sense that they normally mamipulate
dafa objects a= mternal data structures. This lack of a struc-
tured approach to data management rezults 1n a costly devel-
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opment process with respect to design, implementation, and
vertheation of the svstem [17]. It also makss the system dif-
ficult to maintain and develop while preserving consistency
with the emvironment. e.g., maimtaming temporal properfies
of data. As data complexity 15 growmeg the need for a um-
form, efficient. and perzistent way to store data 1= becoming
mereazmehy mmportant. Using a real-time database manaze-
ment system (RTDEMS) as a tighth- mtesratad part of an
automotrve control system has the potental to sobre many
of the problems that application designers have to consider
with respect to data management, ez, locking of the data,
persistency and deadlock sruations. More importantly, m-
corporating an RTDEMS mto an automotrre control system
can reduce development costs, result in higher quality of the
dezsign of the systems, and consequently vield higher raha-
bality [9].

The wvanabiify of data management requirements 1n
diffarent automotrre control systems requires distinet ET-
DBMS configurations specially smited for the particnlar sys-
tem [27]. Smmce an automotrve control system 15 heteroge-
necus, consisting of several nodes (called electromc con-
trol umits, ECs), sae fipure 1, the abity to configure the
ETDEMS to smt the reqmrements of an mdrnidual node 1=
crucial. For instance, an aufomotrie system could consist
of a z=mall number of resource adeguate ECUs responzible
for the overall performance of the velucle, e.g., 32t CPUs
with a few Mb of EAM and a larse number of ECUs ra-
sponzible for confroling spectfic subsystams m the vehi-
cle, which are significantly resource-constramed, ez., an
8bit micro-controller and a few kb of EAM [17]. ECUs
with greater amount of resources usually have real-hme op-
erating systems support, which 15 not affordable m small
resource-constrammed ECUs.  Althoush different i therr
charactenstics and available resources, all nodes m an au-
tomotrre control system are exchanming, sharing and ma-
mpulating data, thersby requirmgz a wmiform way of data



manarement. e.g., via a EIDEBEMS.

The heterogensous charactenstics of nodes 1n an auto-
motme control system result in a need to have distinct K-
DBMS configurations smted for a particular node [17]. In
safaty-crifical nodes, tasks are often non-preemptrie and
scheduled off-lme, implymng that a RTDEMS confisuration
for that node could be made =mall m size and provaded
functonahity, smce the majonty of the ETDEMS's func-
tionahty, such as synchromzation and concurrancy-control,
could be handled off-lme. Less cntical and larser nodes
have preemptable tasks, requnng a ETDEBMS confisuration
with mun-time concurrency control mechamsms, and sup-
port for database quenes formulated durmneg run-time (ad-
hock queries). A confizurable ETDEMS supporting differ-
ent types of nodes would, from the applhcation’s poimt of
view, provide uniform access to the data regardless of the
size and charactenistics of an ECT

Today, there exists 2 number of commercial databases
smtable for embedded svstems. ez Pervasmve SQL [19],
Polyhedra [20], Berkeley DE [22], and TimesTen [32]. Al-
thoush zmall m si1ze and therefore suttable for rescurce-
constrained automotree confrol systems, these databases do
not mmcorporate real-fime behavior. This m turn mmplies
that thewr behavior cannet be anabyzed, which makes them
unsmtable for deplovment m an automotrre system. Re-
search projects that are building real-time databasze plat-
forms, such as DesD& [2], RODATN [12], STRIP [1], and
EeeHIVE [214], mamh- addrazz real-ime requirements, are
monolithic, and targeted towards a larger-scale real-time ap-
phication, which makes them unsuitable for use 1 embed-

ded resource-constramead emvironments.

In this paper we propose a software ensmeering ap-
proach for generating ETDEMS confizurations suitable for
raspurce-constrained automotrre control systems. This ap-
proach 1z supported by the COMET development suit.
The smt consists of a set of data manasement. analysiz and
configuration tools, as well as a library of pre-defined soft-
ware arhfacts providing specific RTDBAS funchionahty.
The hbrary of artifacts and the possible configurations of
the ETDEMS are referred to as the COMET ETDELS plat-
form. With the COMET development st we amm at provid-
mg sofiware developers an automated way of tailloring and
analvzing the data management for a particular automotrire
control system, or a node m the system. The COMET KT-
DBMS platform, 2 part of the COMET development suit,
15 developed using an approach to aspectual componant-
bazed software development (ACCOED) [30]. ACCOERD
enables us to uhlize the beneafitz of component-bazed soft-
ware development (CESDY) [23] by developing components
that encapsulate specific real-time databaze funchonalhties.
ACCORD also enablss us to exploit the benefits of aspect-
oriented software development (AQSDY) [11] by providing 2
way of encapsulating, managing, and mplementing cross-
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Figure 1. An heterogeneous automotive con-
trol system

cutting concerns i a ETDEBMS 1 a predictable manner;
crosscuthng concems melude concurrency control, logging,
and recovery. In AOSD, a crosscuthng concern 13 a fune-
tionality or non-functional feature that cannot cleanly be
encapsulated in a procedure, fonction, object ora clasz [11].

The paper 1= organized a= follows. In zectom 2 we
present the COMET development suit. We prasant the kev
concepts used mm the COMET development suif 1n sachion
3, meloding COMET aspects and components and possible
COMET ETDEMS confisurations. We conclude the paper
and discuss our future work mn section 4.

2. The COMET development suit

To successfully and efficiently generate systems from
a hbrary of pre-defined artifacts, the development process
should be supportad by appropriate tools. Im this sechion
we present our view of the overall development process to
obtain syvstem-specific RTDBMS configurations. Fizure 2
shows the constituents of this process.

Az shown m figure 2, the development of a ETDBMS
confguration starts with specifyme the requirements of an
automotive control system. which are then used as mput for
makimz a modeal of the system. Thiz model consists of the
nodes, their interconnections and the mdrvidual mon-time
properhes, e.g., the scheduling polhicy of the node, if the
tazks are presmptive or not, available memory, and CPU
respurces. 1he goal of makims the mode] of the undarh--
mgz zystem 1z to derrve reguired database fimctionality for
each of the node m the system. Examples of funchonahty
are support for ad-hoe gueries (guenes dynamically created
durng run-time), and to enable the data crgamization to be
changed dunne mn-time (1.e., provide a dynamic database
schema). Next, a model ofthe datzbaza 1.e_, the actual data,
and any precompiled quenes are derrved with the help of
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Figure 2. The COMET development suit

the data engmearing fool. This step also mrrolves speci-
fying which pariz of the dafabase should be available on
which node, and the temporal properties of the data, such
as temporal conzistency [21). Thiz mformation, 1e., de-
sired database functicnality for each node, data model, and
dafabase schema 1= then used by the confizuration tool to
select a zet of aspect: and components from the hbrary to
form a database configuration suitable for sach of the nodes
{zee figure ). The overall decompo=sition of the databaze
functionalhity into aspects and components, and the devel-
opment of components and aspects, 1= done according to
the ACCOED design principle (see saction 3.1). The ob-
tamed COMET confizurations can then be analyzed wath
respect to run-time properties, e.z., worst case execufion
time, memory requiremeants, and response fime analyziz, by
the amaly=is tools. If the amaly=is indicates that the con-
figuration 1= unfaazible, the confizuration step and anakras
step could be further rterated until an acceptable solution 1=
found.

The resultmz ETDEMEs are configured to contam no

more than the needed funchonality, thus reducing both com-
putztional costs and memory requirements.

3. The COMET key concepis

Az menhoned, different nodes m the automotive con-
trol systermn may require distinet ETDEMS confisurations.
Component-basad databaszes [4, 7, 8, 10, 13, 18, 22] usmg
the component-bazad softwars dﬁ-&l-:-pmmt ]:-amd@:u [23]
can be partiall or completely azssembled from a pre-defined
set of components with well-defined interfaces. Therefore,

theza are surted for tailloring a databaze zystam towards an
apphication. However, there are aspects of database zys-
terns that are difficult to encapsulate mto components with
well-defined mterfaces; fypical examples melude synchro-
mization, fransachon models, and databaze policies such
as concurrency control [3]. These aspects are crosscut-
ting concerns that permeate the whole system and affact
multiple components. Hence, using traditional component-
bazed approach 15 necessary but not sufficient to enable ef-
ficient development of configurable RTDEMSs. Therefore,
m COMET we use an approach fo aspectual component-
bazad rsal-tmme zystem development (ACCORED) [30, 31]
{dizcuszzed m saction 3.1) that provides a nohion of a recon-
fieurable component, and therebv enables both encapsula-
tion of KTDEMS fimctionality mmfo components and eff-
clent handlmg and implementation of crosscuthing concerns
via aspects.

Usmng the ACCORD approach, different COMET com-
ponents and aspects can be developed, and then uszed for
aszembling COMET confizurzhons smtable for a specific
automotive control system. Existing COMET components
and aspects are discuzsed m section 3.2, We illustrate the
COMET conceptz miroduced m this section with an exam-
ple of the COMET confizuration smtable for a parficular
nede m the automotrve contrel system 1n section 3.3,

3.1. Aspects and components in RTDBMSs

ACCOED uhhizes notons from both component-based
and aspect-onented seftware development, mtegrating them
mto real-time svstem development. While CBESD fradi-
tionally use black box as an abstrachon metaphor for the
components, AOSD uthizes the white box metaphor to em-
phazize that all details of the 1mplementation should be ra-
vealed. ACCOED supports the notion of a reconfizurable
real-time compenent model (RTCOAL) [26, 30, 21]. Com-
ponents bualt using ETCOM are grev boxes as they are en-
capsulated m mterfaces but changes to their behavior can
be performed m a predictable wav uzing aspects. Aspects
are allowed to modify the code of the components 1 pre-
defined, exphertly declared, reconfisuration pomnts. In thus
sechon we bnefly review ETCOM and 1= configurambity
via aspects, while detailed descniptions of ACCORD and
ETCOM can be found m [26, 30, 31].

Azpactz are programming-lansuare leve] constructs en-
capsulating crosscuthng concems that imvasmrelr chanze the
code of the component and correspond to the traditional az-
pects I existing aspect lanpuagez. The main constituants
of azpects are: (1) components. wnitten In 2 component lan-
guage, a.g., C, C++ and Java; (1) aspects, written 1 a cor-
rezponding aspect lansuase, e z., AspectC [6], AspectC++
[23], and Aspect] [33]; and (1) an aspect weaver, which
15 a preprocessor that mserts code from the aspects mto the



