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Abstract: Embedded Compater-based Systems are becomins highly complex amd hard o
implement because of the largs pumber of concems the desipmers have to address. Theze
systems are tightly coupled to their environments and this requires an integrated view thet
enrompasses both the information system amd itz physicel sumoundings. Therefare,
mathematical analysis of these systems necessifates formal modeling of both “sides™ and their
interaction There exist a mumber of suitshle modeling techrigues for describing the
nformation system component and the pinysical sowironment, ot the best choire chanses fram
dnmmtnu:hmmtnﬂusparpa n&p:npn&eatn‘u—laﬂamuﬂtnmudﬂmgﬂntmtmﬂcan
meta-leve] reprezentation. Asta-level models define modeling lansuazs:s, ot they can also be
uzad to capiure subtle imteractions between demain level model: We will show how the too-
level approack can be supported with computationz] tools, and what kind of novel capabilities
are offerad

Catepory: [ 2.2 Topl: and Technimues

1 The Need

A Computer-bazaed Svstam (CBS) 15 eszentially a pRusical svstem that conzists of an
information proceszing (IF) component a physical esnvirommeant (PE), and a senzing
and actuation mechsnizm that establizhes the merface between the too. Figure 1
Uluzirates thiz staiement. The behavior of the resulting svztem iz determmed by all the
components in thiz ensemble: the bhardware and the =oftware of the mformation
proceszing component the imterfaces to the phy=ical processez the phv=ical
emvironment, and the imteraction amons all of these. We arsue that to develop the
engineering science of these svstems one needs an infegrated approach, where all
azpects of the dezizn can be analyzed.



Figure 1: 4 Computer-bazed Suztem

In amy engineering dizcipline the rigorous amalv:is of a design artifact happens
throush the manipulation and analvsiz of mathematical objectz, called models.
Frequently phyzical prototvpes are al:o bult for experimentation bt sull the
amalvziz—and the understandins—happens with the belp of the mathematical objects.
We nead a similar approach to CBS. such that we can build models of the svstems
Thesa models, by the verv nature of the CES, have to be able to reprasent both the TP
and the PE components, togather with the mtaraction betwaen the two.

An illustrative exampls can be found i the area of digital avionics. Let us consider a
flv-bov-wire svstem that transfornms pilot command: and data from enmvironmental
inputs {e.g. from air data computers and motion senszors) into achuator commands that
act on the control surfaces of the aircraft. When dezigning such a svstem, one uses the
knowledme of control theorv, aircraft dvmamics, and other ensmeerng disciplmes to
establizsh the control laws, to calculate the comtroller gains, etc. The phyvsical
emvironment: aircraft bodv dynamicz, achator dvnarmics, etc. detammine how the
information proceszing component should behave When Mwplemerting such a
component one works with software abstractions: modules, tazks, svnchronization
floating-point and fixed-point vanables, task timing jitter, etc. The essential problem
af CBS iz the subtle imferaction benween the IP and PE of the system. When a
hardvorare or zoftware mplementation decizion 1= made, that will have an impact in
terms of the phyvzical environment. For mstance, selecting a particular fixed-point
representation for a phvzical quantity detenmimes what the expected maxirmm and
mimimum value of that quantitv 1z, The IP will smmply not work if thess sssumpiions
are violated bv the phy=ical emvironment. On the other hand time constants
determuined by the phvsical enviromment will have an mmpact on the hardware and
softwars mnplementation. This leads to 2 vicious circle of mterachon where changes
on one side impact the other and vice verza In order to understand CES it iz not
aufficient to model just the IP or just the PE components, we need techniques for
simultanaous modeling that also support capharing the interactions.

Wanhmally, we want to analvzs, validate, and predict the bshavior of the infesraied
svstern from thess model:. Hence the modeling lansuaze should be rich enough to
capture all thess szpects. Additonally, if fazzible, we would like to synthesze the
implamentation of the svstermn from the model. By symthesis we mean a process that
leads from desien model: and component Llbrarie: to automaticallv zenerated
software and hardware components. Thiz lasi step 1= made possible by the
development of varions design awtomation alzorithms and toolz. Dezign automation is



very maccessfol in the hardwars world but recenthy software synthesis topls have al:o
become avalable.

In thiz paper, we want t0 addres: the following questions: What is the right wav to
mode] CBS7 What iz the “modeling lansnaza™ to be uzed? We argue thar there o no
single modeling lomgwage, which wowld safigfi the reguirements of all CES. Instead
we propose a two-level approach, whers ares-szpecific modeling tool: ars used for
creatims domain-zpacific models, and thezs tools are represented in terms of (and blt
froen) a higher-leval meta-model.

2 The vision

Except for trivial cases, CBS are clozaly related to mathire engmeerme disciplimes. An
industrial instmumentation and confrol system relies on sismal proceszing control
engineering and slactronics. An on-line problem-zolving environment for chemical
manufachuring uses proces: angmeerme kmowladege. An avionics svstem emplovs the
concepts of aerodvmamics, control theory, fault toleramt compuims, and others
Arguably, CBL are aiways used In an enginsering context, where the =olition
provided by the CBS must fit n.

In order to help desien the hardware and the zoftware for a CES, one must use
domarm-specific terminology, concepts, and techmiques. Bv domain, we mean the
larger enmineering dizcipline where the CES belonzs. CBS are often the result of
cooparation between domszin enginesrs and hardware and software designers. We
arsue that the common lansuage uzad by these participants should be that of the
domaiy, and not neceszanly that of computer enginsening.

MDodeling languages that caphare inferesting properties of software svstams (2.2
UML) are very rarely suitable for modeling the entire svsiem. MNote that the “enfire
svstern™ includes not oaly the hardware and the softwars, but the emviramant as wall.
While there are some aspeciz of ULL that make it suitable for modalne dymamic,
raaciive systems (e.2. state chans), it iz inadeguats for capturing models in the form of
Laplace transforms or differemtial eguation:. Alamre engineering disciplines (2.2
control theory or chamical engmeening) have their owm languages and forcing the uss
of another modeling lansuaze is not acceptable.

To summarize we emphazize the need for domain-specixc modeling lanruages in
order to properiy mode] all aspectz of CES. Az CBS are uzed m widelv differing
domains, there i1z a potentially very largs mamber of modeling laneuages that can—
and should—he used To phraze i differentl: the modeling lanruapes for CBS
changes from domam to domain.

Another azpact of CBS is their foegrared nature. They intesrate differant dizciplines:
hardware desion zoftware enzinsering, performance modeling and enginsering in
addition to the “base” domain enginesring dizcipline. When one creates models for
these systemsz 0t iz unavoidable that these modsl: be mtegrated. For exampls, models
of the software architecture should be considered In comjunciion with the modsls of
the hardware svstem to determme end-to-end fimins latenciez. Therefore, while an
engineering modeling lansuaze dominatss the modeling process, one must al:o
addresz the izmue of mtegrating these models with modals that are clozer to the
domain of computer ansineering. We argue that intesration of modsl: 1= not only an



