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Absiract. Model Integrmte] Compuoting { MIC) s an appoomch o Maosdel
Driven Anchitectore (MDA), which bas been developesd prmarly for
ecimnbehled systems. MIC places stroong ampleeas on Lhe e of domiain
specalic modeling languages (EML-s) and mode] bruslonmalaons, A
enclamodeding provess eilitalad by the Generic Modeling Environment
(GME) tsd soite epables Che mpid usd ipexpeossave developesent of
DSML-s. However, the specificabion of semanlics for DEML-= = shll a

harnd probdem. In onber W simplily Lhe DSML semantics, s pagper
dimaeess mmanli: anchonng, which 5 bassl on U rnsforossbiosal

specfication of seoanlins. Using o matbeemabincal moded, Absbract Stale

bachine [ASM), as a common senants: framework, we have devebopesd
Furmd operabiona] semanties for asel of beoese models of compaubabions;

called semantn: unils. Semantic amchorng of DSML-= mesans Lhe specil
walin of masdel tnshorosbions between DEML-s (or aspests of comphex

DSML-s) el sebecba] semanbie aoils, The pagrer deserilses U seamantac
anclwring process wsing Che melas programosabbe MIC Lol saile,

1 Introduction

The Model-Driven Architecture (MIDA) advocates a model-based approach for
software development. Model-Integrated Computing (MIC) [24,27] is a domain-
apecific approach to MDA, which has been developed primarily for embedded
ayetems. The MIC approach esses the complicated task of embedded system
design by equipping developers with domain-apecific modeling languages [25]
tallored to the particular constraints and assumptions of their varions applica-
tion domaing. A well-made DSML captures the concepta, relationships, inteprity
conatraints, and semantics of the application domain and allows users to program
imperatvely and declaratvely through model constrction.

While a metamodeling procese enables the rapid and inexpensive develop-
ment of DML syntax, the semantics apecibieation for DX5Ml-s remaing a chal-
lenge problem. ‘I'ranaformational specification of semantica [9], gives us a chance
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to amplify the 1D5ML semantics desipn. This paper exploita the transforma-
tional semantics specibication approach for ereating a semantic anchoring infras-
tructure [22]. This infrastructure incorporates a set of metaprogrammable MIC
tools, including: the Generic Model Environment (GGME) [41] for metamodeling,
the Graph Rewriting and ‘Transformation ((GReAl) [2] tool for model trans-
formation, the Abstract State Machines {ASM) [12, 18], as a common semantic
framework to define the semantic domain of DSML-s, and Aaml: [1]  a high-level
executable specification language based on the concepts of ASM for semantics
apecilication.

The organization of this paper procesds as follows: Section 2 describes the
hackpround for XML apeciicationa. Semantic anchoring is summariaed in See-
tiom Cb. In Section 4, we use a simple DSML that captures the finite state machine
domain from Ptolemy 1 [§)] a8 a case stwdy to demonstrate the key steps in the
semantic anchoring process. Conclusions and future work appear in »ection D.

2  Background: DSML Specification

A DSML can be formally defined as a S-tuple L = (A, (7,5, Mg, M) consisting
of abatract ayntax (A), concrete syntax ((), ayntactic mapping { M), semantic
domain (%) and semantic mapping (Myg) [28]. The syntax of a DSML consists
of three parts: an abstract syntax, a conerete syntax, and a syntactic mapping.
The abstract syntax A detines the langpnage concepta, their relationships, and
well-formedness rules available in the language. The concrete syntax ( defines
the specific notations vwsed to express models, which may be graphical, textual,
or mixed. T'he syntactic mapping, Me: @ (' — A, assigng syntactic constructs to
elements in the abstract syntax.

I¥aML syntax provides the modeling constricts that conceptually form an in-
terface to the semantic domain. "T'he semanties of a DSML providea the meaning
behind cach well-formed domain model composed from the syntactic modeling
conatructs of the lanmage. For example, in MIC applications, the semantica of a
domain model often preseribes the behavior that simulates an embedded aystem.

1¥aML semantics are delined in two parts: a semantic domain 5 and a se-
mantic mapping My @ A — 5 [21]. The semantic domain 5 is usnally defined
in some formal, mathematical framework, in terms of which the meaning of the
mddels is explained. T'he semantic mapping relates syntactic concepts to those of
the srmantic domain. In DSML applications, semantica may be either structural
or behavioral. The structural semanfics describes the meaning of the models in
terma of the structure of model istances: all of the possible sets of components
andd their relationships, which are congistent with the well-formedness miles, are

detined by the abstract syntax, Accordingly, the semantic domain for structural
aemantics i detined by a sef-valued semantics. The behardoral semantics may de-

acribse the evolution of the state of the modeled artifact along some time model.
Henee, the behavioral semantics is formally captured by a mathematical frame-

work representing the appropriate form of dynamics. In this paper, we focus on
the behavioral semantics of a DaML.



3 Secmantic Anchoring

Although DSML-s use many different notations, modeling concepts and model
atructuring principles for accommodating nesds of domaing and user eommmni-
ties, semantic domaing for expressing basic behavior categrories are more limited.
A broad caterory of component behaviors can be represented by basic behavioral
abatractions, such as Finite State Machine, Timed Automaton, Contimous Dy-
namics amd Hybrid Antomaton. This observation led us to the following stratery
in defining behavioral semantics for 1XSML-g:

1. Define a set of minimal modeling languages {L;} for the basic behavioral
abstractions and develop the precise specifications for all components of
L, = {05, A, 5, My, M), We use the term "semantic unit® to describe
these hasic modeling lanmuages.

2. Define the behavioral semantics of an arbitrary L = (7, A, 5, Mg, Me) mod-
eling langnage transformationally by specifying the M4 : A — A, mapping.
The My : A — 5 semantic mapping of L is defined by the My = Mo, o M4
composition, which indicates that the semantics of L is anchored to the S;
semantic domain of the L; modeling language.

The tool architecture supporting the semantic anchoring process above is
ahewm in Figure 1. The GME tool enite [4] is used for defining the abstract
syntax, A, for an L = [, 4, 5, Ms, M) DSML wsing UML Class Diagrams
[7] and OCL as metalanguage [8]. The L; = {5, A, 5, Mg, M¢n) somantic
umnit ia defined a8 an Asml. specification [1] in terms of (a) an Asml: Ahstract
Data Model (which corresponds to the A;, abstract syntax specification of the
maodeling langnage defining the semantic unit in the Asml: framework), (b) the
8;, semantic domain {which is implicitly defined by the ASM mathematical
framework), and (¢) the My;, semantic mapping (which ia defined as a model
interpreter written in Asml).
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Fig. 1. Toed Archibecture for DEML Desagn Lthrooghs Seosnbii: Ancluoring

The Ma : A — A; semantic anchoring of L to L; s defined as a model
transformation using the GHeAT tool suite [2]. The abstract syntax 4 and A;



