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The Pragmatics of

Bran Selic, /EM Ratiomal Software

sing models to design complex systems is de rigeur in traditional
engincering disciplines. No one would imagine constructing an
edifice as complex as a bridge or an automobile without first con-
structing a varicty of specialized system models. Models help us

understand a complex problem and its potential solutions through abstrac-

tion. Thercfore, it scems obvious that software systems, which are often

among the most complex engineering systems, can bencfit greatly

from using models and modehng techmgues.
However, for histoncal reasons, models n
software cngincering are infrequent and, even
when used, they often play a secondary role.
Yet, as we shall see, the potennal benefits of
using models are sipmficantly preater in soft-
ware than in any other engineenng discipline.

Model-driven development methods were
devised to take advantape of this opportumity,
and the accompanying technologics have ma-
tured to the point where they are penerally
uscful. A key charactenstic of these methods
18 therr fundamental rehance on automation
and the benchits that it bninpgs. However, as
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with all new technolopies, MDIDYs success re-
hies on carcfully introducing it into the existing
technolopical and socal mix. To that end, |
cte several pragmatic cntena—all drawn

from industnal expenence wath MDD

The challenge

Software engincenng 18 10 the unfortunate
position of bemg a new and relatively ymma-
ture branch of engineenng of which much s
expected. Seduced by the relative ease of wnit-
ing code—there 15 no metal to bend or heavy
material to move—and compelled by relentless
market pressures, software users and develop-
ers are demanding systems whose complexities
often excoed our almhities to construct them.

This situation 15 not without precedent in
the history of technology; similar situations
ocowrred when the Industnial Revolution -
troduced new technologies such as steam and
clectnical power! What scems to be umigue,
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_ however, 18 how slowly software technologies

many

practitioners
nave given up
dll nope that

slgnificant
progress will

result from

funoamental
davances in
programming
lechnologies.

have evolved to meet the obvious need for im-
proving product rehablity and productivity.

In particular, smce the mtroduction of third-
penerattion lanpuages i the late 1950s, the
egsence of programmang technolopy has hardly
chanped. Although we've mtroduced several
new programming paradigms since then—such
as strctured and object-onented  program-
ming—and much work has been done to palish
the details, the level of abstraction of market-
dommant programming lanpuapes has re-
mainad almost constant. An If or Loop state-
ment in a modern programming languape such
as Java or C++ 15 not that much more potent
than an If or Loop statement in carly Fortran.
Even promising mechanisms such as dlasses and
mhentance, which have potential for producng
hagher forms of abstraction, remam underused.
Ohyects, for example, are relepated to relatvely
finc-pramed abstrachons confined to a single
address space (such as stacks, data structures,
or praphic pnmitives) consmstent with the pran-
ulanty and abstraction level of the lanpuages in
which they appear.

In an industry that pndes tself on its rapsd
advances, this apparent reluctance to move
forward despite an obvious need might seem
surprising. However, consider the sheer scale
of mvestment—hscal and intellectual—n
those cary-generation technologies. There are
countless lines of code wnitten in tradinonal
programming languages that programmers
must mamtamn and upgrade. This, m turn, cre-
ates a continuous demand for professionals
whio are tramed m and colturally antuned to
these technolopies. Because of ther intncate
nature, attaimng competency in such pro-
pramming technolopies requires significant in-
vestments i bme and effort. This, quite un-
derstandably, fosters a conservative mindset in
both indviduals and corporations. Unless we
properly account for such factors, no techmical
breakthrough 1s hkely to succeed, regardless of
how advanced and prommmg it might be.

Many practitioners have given up all hope
that sipmificant progress will result from fun-
damental advances in programming technolo-
pics; mstead, they are placing their hopes on
process improvements. [his partly explains
the current surpe of interest in methods such
as Extreme Programming and the Ratonal

Umfied Process.*
Although following a proper process 1= cnn-
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cal to any enpineenng endeavor’s success, 1t
too soon to discount the possibibibes that new
programming technologies can acheve. After
all, software development consists pnmanly of
expressing ideas, which means that our abality
to devise suitable facilmies 15 mostly himated by
our imagination rather than by unyielding phys-
ikal laws. Taking advantape of this opportunity
1z one of the central ideas behind MDD and one
of the reasons why 1t represents the first true
generational shift in hasx proprammng tech-
nology since the introduction of compilers.

| recopmize that similar software “revolu-
tions” have been proclaimed many times n
the past but have had httle or no fundamental
impact m the end. Is there any reason to ex-
pect otherwise in this case? After all, MDD 15
based on the old idea of modehng software—
a techmique that has produced more than s
share of skeptics.

The essentials

MDIYs defimng charactenstic s that soft-
ware development’s pnmary focus and prod-
wets are models rather than computer pro-
grams. |he major advantage of this 15 that we
express models using concepts that are much
less bound to the underlying implementanion
technology and are much closer to the problem
domain relative to most popular programming
languapes. This makes the models casier to
speafy, understand, and mamtan; n some
cases, it might even he possible for domain ex-
perts rather than computing technology special-
15ts o produce systems. It also makes models
less sensitive to the chosen computing technol-
opy and to evoluhonary chanpes to that tech-
nolopy (the concept of platform-independent
mdels 15 often dosely connected to MDD).

(M course, if models end up merely as docu-
mentation, they are of hmited value, because
documentation all too easily diverpes from re-
ahty. Consequently, a key prermise behand MDD
15 that proprams are automatically penerated
from thar corresponding models.

As noted, however, both software modeling
and automanc code peneration have been tnied
before, mecting with hmited success at best
and mostly in laghly specialized domains. But
things have progressed since the early days.
Aside from the fact that we now better under-
stand how to model software, MDD 18 more

useful today becawse of two key evolutionary
developments: the necessary awtomation tech-



nologies have matured and industry-wide
standards have emerped.

Automation technologies

Automation 15 by far the most effective
technolopical means for boosting productivity
and relability. However, most carher attempis
at applying awtomation to software modeling
were mated o “power-assist™ roles, such as
diagrammang support and skeletal code pener-
atton. These are often not substantive enough
to make a sspmificant difference to productivity.
For example, once the code 15 generated, the
models are abandoned because, hke all soft-
ware documentation, they require scarce and
expensive resources to mamtan. This s why
solutions based on so-called round-trip engi-
neering, which awtomancally converts code
back mnto model form, are much more wseful.
One drawhack here, though, = that an auto-
mated conversion from code to model usually
can’t perform the kind of abstraction that a

human can. Therefore, we can attain MDIYs
full benefits only when we fully exploat 1ts po-
tential for automation. This includes

B Automatically generating complete pro-
grams from models (as opposed to just
code skeletons and fragments)

®m Automatically venfyimg models on a com-
puter {for example, by executing them)

Complete code peneration simply means
that modeling languapes take on the role of
implementation lanpuagpes, analogous to the
way that third-peneration programming lan-
guages displaced assembly lanpuapes. With
complete code peneration, there = rarely, of
ever, 4 noed to examine or modify the pener-
ated program directly—just as there s rarely a
need to examine or modify the machine code
that a compaler produces.

Automatcally venfying models means using
a computer to analyae the model for the pres-
ence of desirable propertics and the absence of
undesirable ones. This can take many different
forms, including formal (mathematical) analy-
ses such as performance analysis based on
quewing theory or safety-and-hveness property
checking. Most often, thowgh, it means execut-
ing (simulating) models on a computer as an
empirical approach to venfication. In all cases,
it 15 critxcal to be able to do this on haghly ab-
stract and incomplete models that anse early in

the development cycle, because this = when _

software desipners make most of the funda-
mental desipn decisions.

The techmigques and tools for domng this suc-
cessfully have now reached a degree of matu-
nty where this 18 practical even in larpe-scale
industnal applications. Modern code genera-
tors and related technolopies can prodoce
code whose efficiency 15 comparable to (and
sometimes better than) hand-crafted code.
Even more importantly, we can scamlessly in-
tegrate such code penerators into exisong soft-
ware production environments and processes.
This 1 cntical because 1t mmmzes the dis-
ruption that occurs when MDD 15 deployed.

Standards

The last decade has scen the emerpence of
widely supported industry standards, such as
those that the Object Management Group
provides. The OMOG = a consortium of soft-
ware vendors and users from industry, povern-
ment, and acaderma. It recently announced its
Modd-Dnven  Architecture imtiative, which
offers a conceptual framework for defimimg a
sct of standards i support of MDD (sec
www.omp.orgmdaindex.htm). A key MDA
standard 15 the Umbed Modelng Lanpuape,
along with several other technolopies related
to modeling.* " In addition, other formal and

de facto standards, such as vanous Web stan-
dards (XML, SOAP, and so forth) are also ma-

jor enablers of MDD,

Standardization provides a sipmificant 1m-
petus for further propress because it codifies
best practices, enables and encourages reuse,
and facihtates interworking between comple-
mentary tools. It also encourapes speciahiza-
ton, which leads to more sophisticated and

more potent bools.

Stll, with all the benefits of automabon and
standardzation, model-dnven methods are only

as pood as the models they help us construct.

The quality of models

Muodels and modeling have been an essential
part of engneenng from antigquity {Vioovis, a
Roman enpineer from the first century B.C., dis-
cusses the effectiveness of models in the world’s
oldest known engineering texthbook®). Engineer-
ing misdels aim to reduce nsk by helping us bet-
ter understand both a complex problem and its
potential solutions before undertaking the ex-
pense and effort of a full implementanon. In

Despite all the
Denefits of
alllomation ana
slanoardization,
model-driven
methods are
oniy as good as
ine moaels they
neip us
construct.
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