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o facilitate traceability, reuse, and evolution, systems should be
specified as compositions of clearly scparated and separately spec-
ificd concerns of interest. Customizing model-driven development
cnvironments—for example, to support different application de-

sign strategics—is difficult because they lack support for clear separation of

concerns. Moreover, because we typically specify MDD systems in terms of

models and code, we must address the issuc of separation of concerns at

hoth the model and code levels.! The Template
abstraction we propose kets us model applica-
oons as hierarchical compositions of tem-

plates. We illustrate our composition process
using a umfied metamodel.

Model-driven development

MDD aims to shift the focus of software de-
vodopment activity from coding to modelng.
Application development starts with an ab-
stract specification A, which 158 to be trans-
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formed into a concrete implementation C on a
tarpet architecture, as Fipure 1a shows.2 The
tarpet architecture 18 usually layered, with each
layer representing one view of the system.

The modehng approach constructs A using
different abstract views A, ... A, cach defin-
ing a set of properbies corresponding to the
concern it models. A view, A 15 an instance of
a more peneral structure that we can represent
ag a (meta)model M,, such as the user interac-
tion model for sequences of user-system inter-
actions, or an entity-relanonship model for
represcnting data. A 15 wsually not available
separately: We wse 1t here to represent the
composition of the views A, ... A, We can
transform each A; mto C,, with application-
level compositon of G, ... C; priving C the in-
tended implementation of A. Instead of per-
forming such a transformaton for every
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apphcation manually, we use My, of which 4,15
an mstance, and mmplement genenc transfor-
mations at the mode level. We can apply these
transformations to all instances of M. Defiming
transformations at the kevel of M; rather than
A; makes scabing up the method to handle larpe
programs possible. For example, we can spec-
ify a ransformanon from a class diagram to
Java classes and then apply this transformaton
to generate Java classes for any apphcaton.
Figure 1b shows a typical business applica-
tion modeled according to MDD, The apphca-
tion 15 implemented across three architecture
layers—user mterface, apphcaton funchonality,
and database—each on a different platform sup-
porting different pnmatives. For example, user
interface platforms such as Visual Basic provide
windows and controls as implementanon pnm-
ives. The apphcanon lopic 15 mplemented ina
Java-hke proprammmg lanpuape with classes
and methods as pnmitives, and the database
layer 18 bankt 1n a relabonal database system us-
ing tables and columns. The three layers are
then combined to pet an implementanon C.

Each layer must address several concerns,
for example:

B The GUI layer must address a standard
look and feel across screens, standard user
mteraction patterns, and the mapping of
window controls to apphcation classes.

B The functonality layer must address error
handhng and logging.

B The database layer must address concur-
rency, auditing, and lockng.

Each concern should be speafied in a2 model-
ing notation best suited for s expression. A
UML. extension might be surtable, as a profile
or variant, where standard UML notations are
inadequate.

Separation of concerns

A paramelerized package B a parametrc
mode] clement that captures patterns of recur-
nng structure, behavior, and constrants of
models. We create parametenzed packapes us-
ing the packape extension mechanism® When
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Figura 1. (a)
Modal-driven software

development; (b) layered
architeciura of a typical

business application.
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Figure 2. The Template
metamodal.

model elements are supphed as parameters to
the packape, the package creates a st of new
mode] elements. Our Template abstraction uses
paramctenzed packape abstracton® to address
the separate specificanon and composibon of
model patterns, and aspect-onented program-
ming® to address separanon of concerns at the
codde level.

Figure 2 shows the Template metamodel,
which expresses how a concern specification 1z
transformed into models and code. There are
two kinds of Templates: a Leaf Template and
a Composite Template. The Leaf Template's
mstannation specfication specifics how to
create concern-specthc model elements, and 1is
transformation specfication specifies how the
mstantated model 18 transformed mto plat-
form-specific code. The Composite Template’s
nstanbiation specification specifies how model
clements constructed 1n member Templates are

merged (woven together): we have found that
the merpe-by-name scheme of model merping

has worked well for our purposes. To speaify
transformations, you can use any model-
aware transformation languape; we used
Specl.® The Templates weaving specification
specifies how the code penerated by 1ts mem-
ber Templates s merped; a code-weaving spec-
thecation lanpuapge along the hnes of Hyper/]”
has been sufficient for us.

We compose apphcations by doing a post-
order traversal of the Template erarchy n
three sequential steps:

1. Inmstantigtion: stamps out models and
mierges them

2. Traensformation: transforms models into
code and penerates weaving speaficabons
for composing the penerated code
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3. Weawing: composes the generated code frap-

This priscess kets us speaify apphications as hier-
archical compositions of Templates of mterest.

An example

Figure 3 shows a umfied metamodel, based
on Figure 1h, with persistent and awditable
classes topether with ther table representa-
tons. (We can mark up a statse UML model z0
that classes are independently persistent and
auditable.) A persistent class has a representa-
tion as a database table. An auwditable class
records the history of its state changes. We pen-

erate a models persistent and awditable fea-
tures from a static model conmsting of classes

and attnbutes, as defined in Fygure 3. Fipure 4
shows the Template model for this apphcanon.

This example considers the functionality and
data manager layers shown m Fipure 1b that
support the concerns of the Object-Relational
Map, Audit, and Object Model Translanon
Templates. All Templates in this example take
Clasa as the mput parameter. Following are
the Templates’ speafications.
Object-Relational Map

This Template specifics an object-relational
mapping stratepy for a persistent class.

Instantiation specification. For an mput class
Cl having its 1aPerasistent property sct to
True, there should exast

B A table T having the same name as the
class Cl

B A key K having the same name as the class Cl
B A mapaTo association between T and Cl



