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Model-driven engineering technologies offer a promising approach to address the inability

of third-generation languages to alleviate the complexity of platforms and express domain

concepts effectively.

i vor the past bve decades, software researchers
| and developers have been creating abstractions
| that help them program in lerms of their design
| intent rather than the underlying computing
sk environment—for example, CPU, memory,
:1111.‘1 network devices—and shield them lroam the come-
plexitics of these environments.

Fram the early davs of computing, these abstractions
meluded both language and pladorm wechnologics, For
ewample, carly programming languages, such as assem-
bly and Tortran, shielded developers from complexities
of programumning with machine code, Likewise, carly
anerating aystem plarforms, such as Q5360 and Unix,
shielded developers from complexities of programming
directly to hardware,

Althengh these early lanpoages and platforms raised
the level of abstraction, they still had a distingr “com-
puting-oricuted” locus. [n particular, they provided
abstracriems of the solution space—thar is, the domam
of computing technologies themselves  rather than
abstractions ol the problem space that express designe
in rerms of concepts in application domains, such asg
telecom, aerospace, healthcare, insurance, and biclogy,

LESSONS FROM COMPUTER-AIDED
SOFTWARE ENGINEERING

Yarious past ciforts have created rechnologies thar
further elevared the level of absrraction used to develop
software,

01E SAR2 06520, 00 & 2006 IEEE ik

shed oy the CCE Comoutss Socialy

One prominent effort besun in the 19805 was com-
puter-aided sollware engincering (CASE), which focused
om doveloping sofrware methods and tools that enabled
developers to express their designs in terms of general-
purpose graphical progrumming representarions, such
ax state machines, strucrure diagrams, and dataflow dia
arams, One goal of CASE was to enable more tharough
analysis ol graphical programs that incur less comples-
ity than convenrional peneral-purpose programming
languages—for example, by avoiding memory corrup-
tion and leaks associated with languages like C. Another
goal was to wenthesize implementation arvtifaces from
sraphical representacions to reduce the eilfort of manu-
ally coding, debugging, and porting programs.

Alrhough CASE arrracred considerable attention in
the research and trade literature, it wasn't widely
adopted in practice, One problem ir faced was thar the
peneral-purpase graphical language representations [or
writing programs in CASE tools mapped poorly onta
the underlying plattorms, which were larpgely single-node
operating systems—such as DOS, 052, or Windows —
that lacked support for important qualicy-of-service
{{205] propertics, such ay rransparene distribution, faule
relerance, and security. The amount and complexity of
generated code needed Lo compensate for the pancity of
the underlving platforms was bevond the grasp of trans-
lation rechnologies available at the time, which made it
hard to develop, debug, and evolve CASE tools and
applications created with rhese tools,
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Anather prablem with CASE was its inability to scale to
handle complex, production-scale systems in hroad
range of application domains. In general, CASE rools did
[ol support concurrent engmneering, so they were limited
tiy programs written by a single person or by a team LIl
serialized their aceess to (les used by these tools, Moreover,
due to a lack of powerful comman middleware platforms,
CASE tenls targeted proprietary execurion envirsnimenls,
which made it hard to integrate the code they generared
with other software langnape and
plarform technologies. CASE tools
also didn’t support many application
domains effectively becanse thuir
“ome-size-lits-all” graphical represen-
EArloms were foo peneric and noncus
tomizable.

A a result, CASE had relatvely lie-
tle impact on commercial soltware
development during the 1980 and 19905, focusing pri-
marily oma lew domains, such as telecom call processing,
that mapped nicely onto stale machine representatians,
Tor the extent that CASE tools were applicd in practice,
they wore Hmited largely to a subset of ronls thar enabled
designers to draw diagrams ol sollware architectures and
document design decisions, which programmers then used
to help guide the creation and evolution of their hand-
crafred implementarions. Since there was no direct rela-
tinmship between the diagrams and the implementations,
hewever, developers tended not to put much stock in the
accuracy of the diagrams since they were rarely in sync
with the code durnmg later stapes of projects.

CURRENT PLATFORM AND
LANGUAGE LIMITATIONS

Advances in languages and platforms during the past
twor decades have raized the level of software abstrac-
tions available to developers, therehy alleviating ene
impediment to carlicr CASE efforts, For example, devel-
opers today typically use more expressive object-ori-
eniteed languages, such as Cs, Java, or CH, rather than
Forrran or O, Likewise, today’s reusable class libraries
and application framework platforms minimize the need
o reinvent common and domainsspecific middleware
services, such as transactions, discovers, fault tolerance,
event notification, security, and distributed resource
management. Due to the maturarion of third-generation
languages and reusable platforms, therefore, sofrware

developers are now herrer cquipped Lo shield themselves
from complexities assoctated with ereating applications

using eatlier teehnologics,
Lrespire these advances, several vexing problems re-

main. At the heart of these problems is the growth ol

platfarm complexity, which has evolved faster than rthe

ability of general-purpose languages Lo mask it. For

example, popular middleware plarfarms, such as J2EE,
JET, and CORBA, contain thousands of classes and
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methods wirh many intricate dependencies and subrle
side effects that require considerahle eftort o progran
and tune property. Moreover, since these plarforms ofte
evalve rapidly—and new plattorms appear regularly—
developers expend considerahle etfort manually porliog
application code to different platforms or newer version
of the same platform.

A relared problem is thar maost application and pla
form coue is still written and mamtained manually vsing
third-generation languages, which
incurs excessive time and offor—
particularly for key inregration
related activities, such as syster
deployment, configuration, and qual
ity assurance. For example, it is har
rv write Java or OfF code tha
correctly and oprimally  deplog
lirge scale distribured systems with
hundreds or thausands of intereonnected software com-
ponents. Even using newer notarions, such as XML
hased deplovment descriptors popular with componer
and service-oriented architecrure middleware platformg,
is [raught with complexity. Much of this complexiy
stems from the semantic gap between the design intent—
for example, “deploy componenes 1-30 onlo noedes A4
and components 51-100 onto nodes H-MNin accordanu
with system resource requirements and availabiliry™=
and the expression of this intent in thousands of lines
handerafted XML whose visually dense synrax convey
neither domain semantics nor design intent.

Due to these tvpes of problems, the solvware indus
try is reaching a complexity ceiling where nexe-genur
tion platform technologies, such as Web services and
product-line architecrures, have hecome so complex thi
developers spend vears mastering—and wrestling
with—plarform APl and usage patterns, and are ofter
Famuiliar with only a subser of the plattorms they use reg
ularly, Moreover, third-generation languages requin
developers to pay such close altention to numerous ta
tical imperative programming decails that they ofter
can’l locus on strategic architectural issues such assys
tem-wide correctness and performance,

‘These fragmented views make it hard for develope
tor knowe which portions of their applicarions are su
ceptible to side efects arising [rom changes to us
requiremnents and language/platform ecnvironments, Th
back o an integrated view—coupled with the danperg
unforeseen side etects—ollen [orces developers o
implement suboptimal solutions thar unnecessa)
duplicate code, violate key architectural principles, an
complicate system evolution and quality assurance.

MODEL-DRIVEN ENGINEERING

A promising approach to address platform comple
ity—and the mnability of third-generation languages 0
alleviare this complexity and express domain conceps



effecrively—is o develop Maodel-Tiviven Engineering
MDY technologies that combine the following:

o Domain-shecific smodeling lanpwapes whose tepe svs-
tems formalize the application structure, behavior,
and requirements wichin particular domains, such
as software-defined radios, avionics mission com-
puting, online financial services, warehouwse man-
agemuent, or even the domain of
middleware platforms. DSMLs
are described using metamoclels,
which define the relationships
among concepts in a domain
and precisely specify the key
semantics and constraines asso-
ciated with these domain con-
cepts. Developers use DSMLs Lo
huild apphearions using ele-
ments of the tvpe system captured by metamodels
and express design intent declaratively racther than
imperatively,

Transformation ergires and genevators that analyze
cerlain aspects of models and then synthesiee varis
ous ypes of arrifacrs, such as source code, simula-
tion inputs, XML deployment descriptions, or
alternative model representations. The ahility to syn-
thesize arrifacrs from maodels helps ensure the con-
sistency between application implementations and
analysis inlormation associated with funetonal and
(oS requiremenes caprured by models, This auto-
mated transformation process is often referred o as
“correct-hy-construction,® as opposcd to conven-
rional handerafred “constrnct-by-correction™ sofe-
ware development processes that are tedious and
LETOH TR,

Existing and emerging MDE technologies apply
lessons learned from carlior effores at developing higher
level platform and languapge abstractions. Tor example,
instead of general purpose notations that rarely express
application domain concepts and design intene, DEM L5
can be railored via metamodeling eo precisely match the
domain®s semantics and svntax, Having graphic ele-
rients that relate directly e a tamiliar domain noronly
helps flatten learning curves but also helps a broader
range of subject mateer experts, such as svstem engineers
and cxpoericnced software architeers, ensure that sofr-
WALE SYSTEmMSs meet user needs.

Moreover, MUE tools impose domain-specilic con-
straints and perform maodel checking thar can detecr and
prevent many errors carly in the life evele. In addition,
since today’s platforms have much richer lunctionality
and Gl than thase 1n che T980: and 1990:, MDE rool
generators need not be as complicated since they can
svithesize artifacts thal map onto higher-level, often
standardized, middleware platform Al'ls and frame-

works, rather than lower-level (4% APIs. As a result, ics
ollen much casier to develop, debug, and evolve MDE
tonls and applications created with these tools.

N THIS IS5UE

This special issue of Comprter contains four arti-
cles that describe the results [rom recent R&D effores
that represent the new generation of MDE tools and
CUVIFOIIMETITS.

Tweor oof these articles focus on the
pressing need for creating languages
that help reduce the complexity ol
developing  and  using  modern
plarfarms, “Developing Applications
Using Maodel Driven Design En-
virenments” by Krishnakumar
Balasuhramanian and colleagues
describes several IXSMLs thal simplily
and automate many activities associated with develop-
ing, eptimizing, deploying, and verifving component
based distribured real-time and embedded systcims.
“CALM and Cadena: Metamodeling for Component-
Based Product-Line Development™ by Adam Childs and
colleagues presents an MDE framework that uses
extended Cvpe ayvsloms Lo captore f.'.urnp-:_ment-bas&d
software producr-line archirectures and arrange those
architectures into hierarchies to transform plactorm-
independent models inte plattorm-specific madels,

When developers apply MDE tools to model large
seale svstems containing thousands of elements, they
must be able to examine varions design aleernarives
auickly and evaluate the many diverse configuration
possibilities available to them, *Awtomating Change
Evolution in Model-Driven Engineering™ by Jeff Gray
and colleapues describes a model transformation engine
for exploring and manipulating large models. The
authors present a solution thar considers issues of scal-
ability in MDE (such as scaling a base model of a sen-
sor nerworle to thousands ol sensors) and applics an
aspect-oricnted approach to modeling crosscutting con-
cerns (such as a flight data recorder policy that spans
multiple avionics components),

As MDE weols cross the chasm from early adopters to
mainstream saftware developers, a ke challenge is 1o
define useful standards thal enable tols and madels ro
wirk together portably and effectively. In “Model-
Diriven Development Using UML 2.0: Promises anc
Fitfalls,” Robert B. France and colleagues cvaluare the
pros and cons ot TIMT 2.0 fearures in terms of their
MDE support,

Another source of information on MDE standardiza-
tiem is available ar the Oljecr Management Group’s Web
site (htepfmic.omg,org), which describes the eflvorts of
the Model-lntegraled Computing Platform Special
Interest Gromp thar is standardizing the results of R&1
efforts funded by government agencies, such as the
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Defense Advanced Research Projects Agency and the
Marional Science Foundarion.

An example of this ransition from Bé& D to standards
is the Crpen Tool Integralion Framework, a metamodel-
based approach to MDFE tool integration thar defines
architeceural components (such as tool adapters and
semantic translators) and interaction prolocols for lorm-
ingpincegrated design tool chains. Other standards, such
as DueryViews Transformations and the MetaOlbject
Facility being delined as part of the UML-based Model-
Mriven Architecture QMG standard can also be useful
as the hasis for domain-specific MDE tools.

Standards alone, however, are imsulficient without

Model-Centric Software Development

sulid infrastructure support for developing and evaly-
ing MDE tonls and applications. The articles in this
special 1ssue describe the application of various MDE
Lerels, such as Felipse from TBM and the Generi
Modeling Enviconment from the Institute for Software
Integrated Systems, to a range of commercial and
R&D projects. To explore commercial adoption in
maore depth, a pair of sidebars, “Model Centric
Software Development™ by Daniel Waddingrom and
Patrick Lardieri and “Tromain-Specific Modeling
Languages for Interprise DRL Sysrem OobS” by Joln
b Slaby and Steven D, Baker, summerize expericnes
applying MDE roels to complex command-and-con-

Daniel'Waddington and Patrick Lerdier, Loclkheed Martin Advanced Technology Laboratories

The idea of using madals o alleviata sefoware complexiny
has been around for many years. However, researchers have
largely applied models to selected elements of the develop-
MENT pracess, particularl}r srructural and eampasitienal
aspectsin the design phase and model checldng and verifica-
tion in the testing phase.

integrated Modeling Approach

At Lockheed Martin, we are developing a form of model-
driven engineering, which we call Madel-Centric Safowara
Development {MCSD. This is an integrated approach in
which models are central to all phases of the development
process. Our vision is subtly different from other sofoware
madeling efforts, such as the OMGs Model-Crriven
Architecture (MDA} and Microsoft’s Software Factories.?
which cancentrate largely on generaring implementation
artifacts from models, Instead, MCSD is based on the
following concepts:
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Figure A, Deviation from finear problem salwing caused by wicked
prroflems, fteratfans between problem understanding and solution
approgches require mulliple iferations between software design,
implementation, and testing.

m Cnmputar

v Avoiding @ anelanguage-does-all approach. Cur approach
uses domain-specific modeling languagzes (DSMLs) to
represent"aspects of intarest” such as atomicity of data
access, end-to—end message delay and resource contentbicn

= Automaled generation of partial implementotion artifacts.
The mapping berween elements In a madel and carre-
sponding elements of implementation is well defined,
Rather than being restricted to-program skeletons, par-
tial implementations also can include fine-grained con-
crete functionality and specifications for software
simulators and emulators. The meodels alene are nor
encugh to build the camplere implementatian,

+ rtegrotion of legacy assets thraugh reverse cngineoring.
Large-scale systemns inherently reguire the incorporarion
of legacy implementarion assets. Reverse enginearing is
Lsed to build models {again for a given aspect of con-
cer) from existing source code, Many previous arcemps
Lo reverse-enginger meodels from source code have failad
due to a lack in constraining aspects of interest,

= Mode! verification and cheching. Developers can use sratic
analysis as wall as rapid-prototype ganaration in combing
tion with runtime performance analysis to evaluate designs,

Cur experience indicares thar combining these concepts
affers a promising direction for large-scale systems developmer:

Addressing Wicked Problems with MCSD

In our experience worling on large-scale software systens
a praminent cause of inflaced software development coses
and extended rime-to-marker stams fram serialized phasing
which males it hard to evaluate design decisions until the
implementation phases are complete. Develcpers can readly
evaluare some desigh properties, such as incerface comparibi
ity before the implementation is complete. However its
difficult to evaluate other properties, such as freedam firam
deadlack and scalability, witheut executing the software, Woo
being able to identify design flaws that cause such problems



trofl and shiphoard computing projects in large system
INCESricne companies,

T'he lessons learned from these types of projects help
marure the MDE ool infrastrocture and harden it for
adoption in mainstream commercial projects. Several
emerging M tools that bear watching m the future are
the Eelipse Graphical Modeling Framewaork, the DSL
Toolkit in Microsoft’s Visnal Studio Team Svsrem, and
openArchilectureWare available from Sourcelorge.

Ay the articles in this special dssue show, recent
advances stemming from vears of R& D efforts around
Lhe world have enabled the successful application of
MIIE fo mect many necds of comples seltware systems,

until fate in the software development Hife cycle Is & significant
contributor to inflated expense and delay.

The problem of late-stage design evaluation in zerialized
phasing is exacerbated in the context of large-scale systams
that attempt to tackle 'wicked” problems.? inwhich the prob-
lem itself is not well-understood unril a selutien is developed.
As a result,as Figlre A shows, iterations hatween problem
understanding and solution approaches require multiple ftera-
tians berween sofoware design, implementation, and testing,

To develop effective software for large-scale systems and
systems-of-systems. Lockheed Martin is applying MCSD tech-
nologies and processes thac alleviate problems with serialized
phasing.

‘e are particularly interested in exploring modeling of
executian architecture, and enabling system engineers to
cxplore execution design and jts effect on system dynarics,
this iz achieved through static analysis and rapid generation of
artifacts for simulation and emulation. This approach facilitates
rapid iteration between probler definition and implementa-
uon selution toncerns.

An Impareant lessan that we have learned is
that models should not be used to replicate
the abstractions that programming languages
pravide. As Figure B shows, madels should
abstract selected clements of the imple-
mented complex system.

W do not balleve it (5 feasihle—ar least in
che near term—4o generate a complete imple-
mentation from models of the system alone.
Furthermare, wa do believe that multiple
modeling notations and interpretations
{views) are necessary to represent each of the
different aspecrs of concern and o fulfill dif-
ferent roles within MCSD such as verification
of correctness, human understanding through
isial incerpretation, and cade genaratian.

Lockheed Martin is pursuing the MCSD
vizion by integrarting selected technologies in
metamadaling, madel checking and verification,
code generation, and revorse engincering Vye

Abstravtion

Abstract views

T avoid problems with carlier CASE tools thar inte-
grated poorly with ocher rechnologies, these MDE
efforts recognize that models alone are insufficient to
develop complex systems.

These arricles therefore describe how MDE leverapes,
augments, and integrates other technologies, such as pat
terns, model sheckers, third-generation and aspect-ori-
ented lanpguages, application frameworks, component
middleware placforms, and product line architectures. In
this broader comtext, models and MDE tools sorve as a
unifving vehicle to document, analvze, and ransform
information svstematically at many phases throughout
a systern’s life cycle, capturing various aspects of appli-

are miloring our solution to meat specific business require-
ments of aur Information Systems and Solutions division and
its need to integrace large-scale systems for information pro-
cessing.
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Figirre B, Relationship between views, models, and implementation, Rether than
replicating the abstractions that programming languages provide, models abstract
Lipon *selected® elements af the implemented complex systen.
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cation stracture, behavion, and QoS using general-pur-
pose or domain-specific notations.

Ithough a great deal of publicity on model-driven
topics has appeared in the trade press, it's surpris-
ingly hard to find solid technical material on MDE
rechnologics, applications of these rechnologies to com-
plex production-seale systems, and frank assessments of
MDIE henelits and areas thart still need attention. For
example, further R&ZLY is needed o suppuorl rounderip
concurrency engincering and synchronization belween
madels and source code or other model representarions,

John M. Slaby and Steven D, Baker, Raytheon, Portsmourth, RL

Researchers are increasingly developing enterprise systems
in many domains using applications compased of distributed
eompenents running on feature-rich middleware fra rewarks,
in what is often termed a service-oriented orchiteclure,

S0A Middleware

In S0A middlewars, software components provide
reusable services to a range of application domains, which are
then compased into dornain-specific assemblies for applica-
tion {re)use. Examples of SOA middleware platforms include
|2EE,.MET,and the CORBA Component Model (CCM).

The transition to 5OA middlewars is gaining mementum in
the realm of enterprise business systems because it helps
address problems of inflexibility and the reinvention of core
capabilities associated with prior generations of maonalithic,
functionally designed, and "'stovepiped” legacy applications.
‘Whersas sofoware engineers developed legacy applications
with the precise capabilities required for a specific set of
requirements and operating conditions, S0OA companents
have a range of capabilities that enable their reuse in other
cantexts. Moreover, enterplise systems are developed in
layers consisting of infrastructure middleware services (such
as marning and discovery, event and notification, securicy and
fault tolerance) and application components that use these
services in different compositions.

Dievelopers are also applying certain types of 5OA-bazed
riddleware, such as real-time CCM, to the enterprise distrib-
uted real-time and embedded (DRE) systems domain, such as
total-ship computing environments and supervisary control
and data acquisition systems, ta provide users with quality-of-
service suppart to process the right data in the right place at
the right time over a compurar gnd. Some Cob properties
that enterprise DRE systems require include low latency and
jitter, as expected in conventional real-time and embedded
systerns, and high throughpue, scalabilivy, and reliabiliny, as
expacted in conventional enterprise distributed systems.
Achieving this cambination of QoS capabilities is difficult.

m Computer

improve debugging at the modeling level, ensure back-
ward compatibilicy of MDE tools, standardize mera-
modeling environments and model interchange lormats,
capture design intent for arbitrary applications domains,
antennate Lhe specification and synthesis of model trans-
formations and QoS properties to simplify the evolution
ol models and metamadels, and certify safety properrics.
of models in DSMLs and in their generated artifacts.
Althoupgh MDE still faces some RED challenges,
decades of progress and commercialization have enabled
us ro reach the critical mass necessary to cross the chas
to mainstream sottware pracotioners, The articles i Lhis
issue help replace hype with sound technical insights

Domain-Specific Modeling Languages for Enterprise DRE System QoS

S04 middieware can also complicate sofvware life-cycle
pracesses by shifting responsibility fram software develop-
mient enginzers ta other types of software engineers (suchas
safoware configuration and deployment engineers) and sys-
tems engineers. Software development engineers traditionally
created entire applicatians in-house using top-down desim
rmethods that they could evaluate throughout the life cycle I
contrast, today, sofoware configuration and deployment enge
neers and systerns enginears must increasingly assemble
entarprise DRE systems by custamizing and composing
reusable SCA components, whose combined properties they
usually evaluate only during the integration phase,
Unfartunately, fixing problems uncavered during integrationls
much mere costly than if they had been discoverad earlier in
the life eycle Thus,a key R&D challenge is exposing these
types of issues (which often have dependancies on compo-
nents that are not available until late in development) earlier
in the life ¢ycle—prior to the system integration phase,

S00A-bazed enterprise DRE systems require design and
runtime canfiguratien steps, which custornize reusable com-
ponents behavior to meet (oS requirements in the cantext
whara they exscute. Finding the right component configura-
tions to meet application QoS requirermnents can be a daunt-
ing task. For example, tuning a DRE shipboard computing
system's concurrency configuration to support both real-tne
and fault-ralerant oS involves tradeoffs that challenge even
the most experienced engineers. Moreoyer, since applicaticd
funerionality is distributed gver many components in an S04
developers must interconnect and integrate componants
correcdy and cfficiently, which is tedious and error prone
using conventional handerafted configuration processes.

The components assembled inte an application must alse
he deployed on the appropriata nodes in an enterprise DRE
systemn, This deployrment process is hard sinee the charactens
tics of hosts anto which components are deployed and che
networlks over which they cormmunicate can vary both statl-
cally {for example, due to different hardware/sofrware plat-



and lessans learned from experience with complex sys-
tems. We encourage vou to gel involved with the MDE
community and contribote vour experience in furre
conferences, journals, and other publication venues, A
summary of upcoming events and venues [or learning
about and sharing infermation on the model-driven
engineering of software syscems appears ar wana,

planetmde.ors,.
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Despite the flexibilivy that S0A middlewars affers, surpris-
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To addrass these challenges, Raytheon is develaping sysrem
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meet end-to-ecnd Clob requirements for variouws worlkloards.
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and design phases, as opposed to the integration phase, when
fixing mistakes s much harder and more cestly.
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genzration, data reducrion, and visualization to raplidly con-
st experiments and comparatively analyze results rom
alternate cxecution architectures, The tools can also import
measured performance daca from faux application caompo-
nents running cver actual configured and deployed infrastruc-
ture SO middleware services to better esumarte enterprize
DRE system behavior in a praduction anvironment.

Raytheon Experience with MDD Tools

As the basis for our system executian madeling taols, the
MDD paradigm and the Generic Maodeling Environment and
CoSMIC MED tools developed at the Instivute for Sofoware
Integrated bystems have provided an effective core set of
capahilities that we have found to be easy to extend and
incyitive Lo use, Ye are currently in the process of transition-
ing these technologias into mainstream acquisitian programs
at Raythean,

Clespite this promising start, howeyer much wark remains
to be done to create a unified MDD enviranment that sup-
ports the wide range of technologies, including currently
incompatible compenent framevorks and legacy applicatiens,
found in enterprise DRE systems thraughout all phases of the
software development life cycle,

These tools are stll maturing, with major challenges
remaining before the entire entarprise computing environ-
ment can be modeled, validated, configured, and deployed via
a unified modeling interface.

John M. Slaby is 2 member of the architectura tearm and the
principal investigarar far research focused on model-driven
development and domain-specific modeling languages at
Raytheon Integrated Drefenze Systems, Porcsmauth, R,
Canract him ar john meoslaby@@raytheon com,

Steven . Baker is a sofoware engineer and a researcher an
rdel-dirfven development and domain-specific modeling
languages at Raytheon Integrated Defense Systems,
Portsmouth, Rl Contace himac ste'iren__d___hnker@

rayrhech cam,
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