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ABSTRACT

Although current objectoriented andyss and design
methods and modeling languages have each a rich st of
semantics and syntax to support the modding of
software systems, ther support for business modding
has been more limited. In addition, there is no full life
cycde support for the chdlenges posed by component
based development and integration (CBDI). The
trangtion and tracedbility from busnes modds to
software  component  architectures is by no means
gnooth.  This paper explores extensons to current
methods to fully support CBDI across the life cyde
dating from busness modding and throughout the
software development lifecycle.

We propose Grammar-oriented Object Design (GOOD)
& a mehod of idetifying and mapping reussble
subsystems in a busness modd to a wdl-mannered
component-first  software  architecture. The latter
architecture assumes the modding and design process is
based on an assembly-based paradigm of wiring pre
built or cusomized components that have been designed
for change and with the intent of repested longterm
reuse and customization.
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1 [Introduction

Current object-oriented methods have been augmented to
incdude work products and activities for business
modeing o have “dandadized” extensons [1].
Examples of these methods include the Rationa Unified
Process [2Z], the Unified Modeling Language (UML) [
and the IBM Globd Services Method [4]. Business
Extensons for the UML [1], the Business Doman in
Globd Services Method [4 and the Eriksson-Penker
extensons to the UML for busness modding [5
directly support busness modding. Business Modding
upports  software modding by  identifying  the
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information systems that best support the operations of
the busness [6], sarving as a bass for functiond and
nonfunctiond  requirements, and a a bass of
refinement into andyss and dedgn, a wdl as
identifying suitable components [5].

The trangtion from busness modding to oftware
modding is not a smooth or wdl-understood process.
Often, diffeent teams that have different
terminologies,  diagramming,  visudization  techniques
and gods peform the activities of busnes and
software modding.  Thus a way to seamlesdy map
these onto one another is required.

2 Component-Based Development And
Integration

There are many ddfinitions and interpretations of what
is dgnified by componentbased devdopment and
integretion (CBDI) and what defines a *“component”
[7]. A software component is “a unit of compostion
with contractudly specified intefaces and explicit
context dependencies only. A software component can
be deployed independently and is subject to
compostion by thirdpaties’ [8. To fuly redize
component-ware, we propose an operdiond definition
of how to adudly buld a technology-neutrd
components using architecturd patterns, based on the
need for components to be eevaed from smal-grained
objects to cover a richer spectrum of granularity up to
the enterpriselevel busness process  These lage
graned enterprissscde  components can  be  wired
together and adapted in a modular fashion to
incorporate new behavior and business rules across
busness lines and product lines.

We define an Enterprise Component (EC) as a
compound desgn pettern thet will dlow design-time
specification of technology-neutrd  components  whose
redizetion mechanism can be based on any dandard
runtime component models such as EJB or COM+.
An EC is a compound patern condging of a
Composte Mediding Fecade with “pluggable’ Rule
Objects [9, that is busness rules tha can be
adaptivdy plugged into a component business modd
without violating the opendlased principle.



2.1  IssuesIn Enterprise Components

During the course of diverse dient conaulting projects
across multiple industry contexts over many years, we
have experienced five common threads of prevdent
problems and issues.

Firdly, the overdl domain context view, condding of
collaborating subsystems is often logt in favor of tacticd
devdopment needs such as daabase tables, user
interfaces and fine-grained objects.  Successful wiring of
components is conducted within a wel-defined domain
context view; describing how subsystems collaborate to
ensure  busness god fulfillment across busnes
processes and workflow steps againgt business rules.
This can often be done in teems of a collaboration
reification, which defines a pluggable workflow that can
be redized in terms of a Rule Object pattern [L(], so the
workflow geps can be adgpted to new busines
requirements.

Secondly, in order to creste a component, it is important
to specify the services the component will require and
provide Thiscomponent interface specification na only
indudes the extendly visble behavior (services), but
dso the rules govaning this behavior (component
“manners’) and meta-data needed for reflection and
component service discovery. Thus a hdlidic picture of
an end-to-end busness process modd is necessay to
show the subsysems and ther percelved interactions
within the business domain and software redization.
This domain-partitioning and modding of manners is the
prime function of subsysem andyss, which is one of
our extensons to current methods.

Thirdly, there is, mogt often, a conceptual mismatch
between the business and software models. These
models are crested for different reasons by different
teams.  Usudly, the business modd is ignored dtogether
o “magicdly assumed’ to exig [11]. Most object
methods view a software modding process as condsting
of an idertification of the identity, sate and behavior of
finegraned dasses in the problen doman besed on
ambiguous busness requirements that ae most often
incorrectly “assumed” to exig [12]. Budness modding
is mentioned in only the most recent versons of the
methods [1] [2] [12]. This crestes a curious impedance
migmaich between the business modd and the software
architecture that will eventudly redize a well-defined
ubset of the busness modd. The mismatch stems from
a “conceptud gap’ between an often vague and
ambiguous under-specification of what is needed and
what the development team assumes is meant, which in
tun, leads to unnecessary rework as tangible and
executable extensble prototypes emerge with  each
iteration [12]. The rexult is yet another problem of
cregting desgn edements that ae too fine-graned,
interdependent and not explicitly planned for reuse.

This leads to the fourth issue of component granularity:
“from wha levd of granularity should we commence

modding and desgning components?” It mugt be
determined if one should dat (object discovery vs
subsysem  discovery) by  defining  whole  busness
subsysems and processes (large-grained), pats of a
busness process (medium-grained) or more fine
grained busness entities such as Customer, Account or
Loan within them.

Findly, a reuse level is assumed or chosen as a garting
point for modding. A common misconception
assumes that the fine-grained “class’ is the ultimate
unit of reuse and thus of “componentization.”  Our
ressarch suggedts that higher levels of reuse (eg., the
“duge” levd) ae more suitable for CBDI and
cregting resilient business supportive software
architectures.

2.1.1 ReuseLevels

We have identified and usad ten levels of reuse [13].
They are, in order of increasing abstraction: base dass,
agoregation  hierarchy,  inheritance  hierarcchy, and
cuger, ie, subsygem, framework, component,
patern, generic  architecture, environment interaction
meta-knowledge and technology transfer  knowledge.
The base dass ie, levd zeo, is often the tacitly
assumed reuse levd that projects employ, leading to
fine-grained objects that build “forests of inter-wined
object grgohs’ which are difficult, if not impossble to
reuse in pat. Our experience and research indicates
that higher levds of reuse should be chosen for
desgning reusble  components by  modding
subsysems—-a  dedign-time, and  redizing them as
components &  run-time. Methods have typicdly
emphesized the run-time aspects of components, eg.,
the UML’s icon for a component provides no guidance
on wha the deps are to redize one where to dart
design and what to include in a component.

3 Business Modeling

A ocomplete achitectural  specification of  an
infformetion  technology sysem indudes information
aout how it is patitioned and how the pats ae
interrdlated. It dso contains information about what it
should do and the purpose it must sarve in the busness
[19]. Orne of today's foremost software development
chdlenges is the need to balance business demands for
fagter time-tomarket with a reatively voldile st of
requirements on the one hand, with the need to ddiver
qudity, reussble code  This chdlenge is becoming
overwheming to software development organizations.
It cdls for vaious techniques such as ensuring
adherence to Meyer's open-closed principle [14], usng
adaptive object modding [159 [16], and desgning
components with pluggable business rules [10].  All
goproaches  nevertheless  require  strong  business
requirements based on an underdanding gained
through busness modeling. The prevdent tacit
expectation seems to be that during software modeling,



the gap in underdanding of business needs, rules, gods
and perspectives will somehow be fulfilled.

It has been seen that producing business modes provides
a sound bass far creding suitable information systems
that support the busness [5. Electronic  business
sydems have the mog to gain from an assembly-based
paadign founded on component-based  development
[17. Unfortunatdy, badancing the need for rapid time-
to-market with qudity has not been eesly or repeatedly
achievdble with the prevdent levds of ambiguity in
busness requirements (usudly with litle or no
ggnificant  busness modding) and the indeterminate
way they are mapped to the software architecture. This
mapping  will amply not wok for component
condruction tha demands partitioning of a doman into
subsystems with well-defined manners.  The business
andys normdly bases busness requirements on the
knowledge the domain expert captured, but this approach
does not guarantee precison or tracesbility. Software
engineers are thus left to exercise unnecessary credtivity
in an area in which they are not wel conversant — the
busness doman. This, in tun, leads to entropy in the
software architecture, yidding mismatched expectations
and systems that do not fit business needs.

4 Software Modeling And Architecture

Optimdly, software is modded by teking the business
requirements that are an output of busness modding and
peforming andyss and design activites on the solid
basis of correct and prioritized busness needs [12]. We
propoe  explicdtly besng the initid modding on
domain-partitioned subsysems that mgp to didinct
busness doman such as Account Management,
Cusomer Rdationship Management, Raing, Billing,
Product Management, Procurement and  Shipping.
Subsequently we suggest discovering the business rules
and condraints governing the behavior of the doman
plus the meta-data required to reflectivdy quey the
component for rules and services a run-time; i.e, the
subsysten manners.  The manners are represented as a
busness domain-specific language thet can be adaptivey
modified & runtime[9.

4.1 Mapping The Business Architecture To
The Softwar e Ar chitecture

We suggest the extenson of current methods such as the
Unified Process of Software Development [12] with
Subsystem Andyss in which the Business Domain is
patitioned into  cohesve  busnessprocess  levd
ubsystems with gppropriate “manners’ dlocated to each
subsystem using ause-case grammar .

As an example, the following usecase is an excerpt from
a completle st of use-cases for an online order
management  system cdled E-Bazear. Especidly
noteworthy is the representation of a busness domain-
specific language in the form of usecase grammars
included in each use-case description.

Make An Online Purchase

This use case dextribes the process of making an
Online Purchase udng the E-Bazaar Sydem, a
hypotheticd online e-business system that presents
cadogs of items for customers to order over the World
Wide Web.

Actors. Customer (Online Customer via Web access
channd), Shipping Vendor, Product Catdog, Credit
Verification System, Address Sanitizer.

Flow of Events: Basic Flow

This use case darts when the actor initiates a Purchase
for an Online Product in the E-Bazaar System after
having browsed and sdlected items for purchase.

1 The sysem displays a product item that the user had

sdected. The user adds the sdected product item to
their shopping cat.  This process (sdecting and
adding an item to the shopping cat) is repested
until the user is stidfied with the items in his
shopping cat. In order to initiate the onling
purchase, the user sdects Checkout.

The sysem displays an Order Summary (an
itemized lig of sdected items and their subtotd).
The user reviews the items and clicks “ Continue’.

The sygem hbrings a hilling and shipping address
sreen with the use’s defadlt billing and shipping
information. The user either sdects the default or

sects an dternaive shipping or hilling address and
clicks continue.

. The sydem digdlays the default payment method

with the last four digits of the credit card numker for
usr veification. The user accepts the payment

method or sdects an dtendive payment method
and selects “continue’.

The sysem digplays an itemized Order.  This
includes items, subtotdls, taxes, shipping charges
and totd. The usx then reviews the Tems of
Agreement and checks the “I agree’ check box and
clicks on “ Submit Order”.

The system submits the order to the EBazaar and
displays a confirmation of the purchase to the use,
dong with a thank you note and a confirmation
number.




Use-Case Grammar

Online Purchase = {ldentification, Presentation, Selection,
Purchase, Confirmation, Order Fulfillment}

Identification = {Challenge User with Login, Verify UserlD and
Password}

Presentation = {Display Menu}

Selection = {Browse Product Catalog, Select a Product Item,
Shopping Cart Operation, Selection}

Shopping Cart Operation = { {Add Item to Shopping Cart | Delete
Item From Shopping Cart | Save Shopping Cart | [Shopping Cart
Operation] }, Checkout }

Checkout = {Complete Order Info}

Complete Order Info = {{Verify Biling and Shipping Address|
Select Billing and Shipping Addresses}, {Verify Shipping Method
| Select Shipping Method}}.

Purchase = {Review Order, Review Terms of Agreement
{Acknowledge Terms of Agreement, Submit Order | Cancel
Order | Change Order to Quote}}.

Confirmation = {Send confirmation number to user}

Order Fulfillment = {Pick and Ship Order}

The use-case grammar is a new artifact, which combines
the notion of a gructured usecase with one of subsystem
patitioning and domain-specific languages [7]. Once a
doman andyss [18] is conducted and business language
andyss [19] is completed, the key abdractions of the
doman ae pattioned in tems of interacting
subsystems that may eventudly be redized as software
enterprise components which are “Composite Mediaing
Facades with pluggable Rule Objects[9]” Manners are
assigned to each subsystem based on the Business Rules
govening its behavior [20. Subsequent  Variation
aiented Andyss is conducted to [10]: separate
changing from non-changing aspects and festures, verify
what changes handle changing aspects using paterns
[21] [22]; patition the doman into subsystems and
define manners  for each subsysem and  their
interactions, and, use three layers of interface
abdrection and concrete redizetion in the aggregate
inheritance pattern.

There have been numerous examples of highly
successful  implementations  of  software  based  on
Domain—Specific Languages (DSLs) [20[23][24[2].
A Business Language is an indudry or busness domain-
specific language that characterizes the key manners or
rues govening the behavior in the doman's partitioned
st of subsystems.  Grammar-oriented Object Design
(GOOD) is concerned with identifying the Business
Language for a given busness doman, patitioning the
domain into subsystems based on Subsystem Andyss,
identifying veriations within the subsysem manners and
aoplying necessay petterns  [21,27] through Vaiationt
oriented Andyss and Desgn, writing usecase
grammars that define the Manners for the subsystem and
the ocontext in which it will interact with other
component interfaces, once deployed and executing the

control  flow in a component framework through
pluggdble  micro-workflows that implement  the
manners.

5 Extending The Unified Process For
Component-Based Development

We contend that the Unified Process of Software
Development cen be extended, and thus used for a
Component-based Devedlopment methodology.  Figure
1 illusrates the Unified Process (UP) with the
following extendons  Architecturd  andyss (1),
Vaidionoriented Andyss (2), Architecturd desgn
(29), Vaidion-aoiented Design (3) and Subsystem
Design (38 and Grammar-oriented Object Design (4).
Of these, Architecturd Andyss is lightly impacted
and Architecturd design and Subsystem Design are
lightly atered.
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Figure 1: A Workflow Map for extensionsto the
Unified Process of Software Development.

5.1 Subsystem Analysis Example

An experienced architect uses petterns tha ae
didillations of past experience that are known to work
and provide effective solutions to dients across
multiple  projects [21][22). The introduction of
architecturd  mechanisms occurs here in the UP
workflow. Consider how the world would appear to an
experienced oftware architect: insead of a large
number of fine-graned objects with little reuse
potentid, the problen doman would be partitioned
into a set of subsystems that could repestedly be reused
in product lines and families of gpplicaions across
multiple projects in various busness lines.

In evay ‘“incandation’, i.e, indanttiaion, each
subsystem might be implemented in a dightly different
way that depends on the component redizaion in the
target problem domain context. However, the st of
types, i.e, intefacess and manners that define the
duster comprisng the subsysem remains unchanged.
Condder the following subsysems that have been
identified through Subsysem Andyss, an extenson to
the Unified Process workflow, for the E-Bazaar
example shown above:




1. Customer Relationship Management = {Account
Management, Contact Management (Addresses),
Security, Customer Profile and Preferences}

2. Order Management={Order Entry {Shopping Cart
Management}, Billing, Fulfillment}

3. Product Management = {Products, Catalogs,
Pricing}

4. Inventory Management = {Fulfillment {Picking
and Shipping}, Vendor Management}

5. Financial Management ={Billing, Accounting and
Bookkeeping, Accounts Payable, Accounts
Receivable}

Note that Shopping Cart Management can be thought of
as part of the Order Management subsystem.  However,
this is architecturdly dgnificant so that in Subsystem
Andyss we condder it to be a separate subsysem
abgtraction. The use-case grammar showing their
relaionship with regard to the larger-grained enterprise
level subsygsem we ae cdling Online Purchase
Subsystem can be written as;

Online Purchase Subsystem = {Customer
Management, Order Management {{Shopping Cart
Management (Order-Entry)}, Order-Processing,
Fulfillment, Billing}, Product management}

The above domain grammar tells us that in order to huild
reussble components for a lager Online Purchase
Component we must build & least four other components
rdaing to the handling of Customers Products,
Shopping Carts and Orders.  Orders pertain to the back
office activities tha occur once an online purchase has
been made. The Shopping Cart metgphor is used to set
up the order. Once the order has been confirmed, an
Order is crested that is sent to Accounting (to generate
an invoice or shipping ligt), to Inventory in order to Fick
and Ship the praduct. Inventory sends this on to
Shipping, which actudly does the physical shipment.

5 Conclusion

Grammar-oriented Object Design was shown to be a
potent combination of extending methods, incorporaing
DSLs from a given busness domain (BDSLs) and
Vaidionoriented Desgn in order to provide a seamless
trangtion from busness modds to component-based
software  architectures.  GOOD darts by extending
current  object modding techniques to indude the
discovey and explidit modding of higher leves of
reuse, dating from subsysems, defining their manners
uing a doman-gecific busness language, i.e, usng
use-case grammars, that describe the rules governing the
cregtion, dynamic configuration and collaboration  of
lage-grained, businessprocessscale, adaptive  software
components  with  pluggable behavior, through the
goplication of architecturd patterns and  representation
of component mannersin the BDSL.
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