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1. Introduction

The goal of developing systems better, faster, and cheguer continues to drive software engineering
practitioners and researchers to investigate new software engineeing methoddogies. In requirements
engineaing, the focus has been on describing the functional requirements for systems that are being built
from scratch. As the size and complexity of software systems continuesto grow the use of commercial off
the shelf (COTS) comporents is being viewed as a patential solution to this problem. Effective use of
COTS comporents, however, requires a systematic methoddogy that would provide both a set of
concepts for modeling the subject matter and a set of guidelines for using such concepts. In particular, the
methoddogy needs to recognize and address the people oriented problems including the identification
and resolution of conflicting goals as well as bridging the gaps between stated requirements and
‘approximately fitting comporents while still satisfying the austomer.

The Comporent-Aware Technology (CAT) approach is focused oncreating and modeling a requirements
engineaing approach that explicitly suppatsthe use of commercial off the shelf (COTS) comporents
(Cooper, Chung, Rampura, 200). It is both goal- and agent-oriented, which helps to support the
development of today's complex systems. The processis intended to assist the requirements engineer, not
to replacetheir intelligence and experience.

The Comporent-aware technology (CAT) projed isfocused ondefining a methoddogy that effectively
suppatsthe matching, ranking, and selection of COTS comporentsin early phases of the software
development lifecycle: requirements and architedure. The project aimsto provide a set of models,
tedhniques and tools including:

= A scheme for representing the various stakehdders as intentional  agents
(i.e, agents that make dedsions), the high-level functional and
nonfunctional  requirements of such agents as goals, and the sructura
and kehaviord system functiona requirements as objeds

» A scheme for matching, ranking and sdleding COTS comporents with
gualitative and quantitative decison making approaches. The CAT approach
can be wused to deted and resolve discrepancies between, the caabilities
asociated with the COTS comporents and the needs of the stakeholders
asciated with the current comporent based application

» Forma product- and pocess models and metamodels that are nsistent,
complete, and corred

= Knowledge-based  tool support  that assists the developers in  creating
complete, correct, and consistent models by providing intelligent guidance
and automated defect chedking.

The purpose of this report is to dacument the requirements and software architecure outline for the
Comporent-Aware Technology (CAT) Assistant Tool. The airrent versions of the CAT approach and
tod support are targeted for the eff ective use of commercial-off-the-shelf (COTS) comporents, for which
a blackbox specification of the cmmponrents is available. In the future, the work will be generalized to
suppat off-the-shelf comporents (OTS), for which a set of development models (i.e., goals, use @ses,
architedure, etc.) are available.



2. Requirements Specification

The CAT Tool iscomposed of two main sections. Thefirst sectionisfor modeling of componrent based
applications. The secondsectionis for modeling the COTS Componrent Repasitory.

2.1 CAT Diagrams

The CAT Tool isa CASE toal, which suppats gandard UML diagrams with extensions to support
agent- and goal-oriented paradigms.

2.1.1 Agent Diagram

The Agent diagram all ows the user to model the agents and their goal dependency associations
for the system under development.

Visual Modd

Agent Diagram Sample

Agenw% % &gents i
A et

“““ P Coal dependency 4' >Generalization % Agent
Capabilities

- display Agent specific iconsin the menu and onthe todbar
(agent, generdization asociation, dependency asociation, note, anchor)
- display Agent View in main browser
- cgability to dsplay, create, modify, and remove Agent diagrams
- cgoability to display, creae modify, and remove Agent objects
- cagability to search for Agent objects
- add, modify, and remove generalization relationships
(one Agent can be ageneralization of one or more one or more Agents)
- add, modify, remove goal dependency relationships
- cgability to add, modify, remove Notes



- cagability to anchor a Note to an Agent
- storefretrieve Agent diagrams XML in ASCII file format
- storefretrieve Agent diagrams from RDBM S

Specification

Name

Cardinality
Type
Role
Asciation
Perspedive
Relevance
Generdli zaion (parent agent)
Agent Goal (defined in goa view)
Agent to Agent Goa dependency
Abilities
Asaumption
Notes

Type

string

string

string

string

string

generalization asociation
goal

goal dependency association
string

string

string

[ el

1 or more
0 a more
1 or more
0 a more
1 or more
0 or more
0 or more



2.1.2 Goal Diagram

The Goal diagram allows the user to model the system goals and their associations for the system
under development. The traceability relationships to COTS comporents that may redize the
goals are a'so captured. The goal model is represented as a SoftGoal i nterdependency graph [1].

Visual Moded

Goal Diagram Sample

HACS

Capacity [End User, Sequence, Schedule, System Status|
oo, Aility to support realistic

4'—’ _+scerarios and support for a large

" munber of devices

Flexible [Residential Owner, Business Owne

2~ ' ' Ability toprovide a truly

e’ austomized user experience

Resporsive [End User|

Secure access |End User, SystemStatus
'

MViaragenent of private user oo,
infonmations,  —

Scalable [Business Owner]|
Ahility to support residential """ W
and connercial astonerst, LS

Easy to Use [ Residential Owner, Business Owner,
Sequence, Schedule, SystemStatus|
a srerte,, Ability to rely on third perty
+ conmunication links for pronpt
" resporse times

Ahility to provide intuitives”
mavigation [or all wircless devices ™. v,

Intuntive mterface Help guided navigation

+ e
GU + Configurable interface
Voice Recognitior
Interface

Legend
OO W A S ey e

Softgoal ~ Operationalization  Claim ~ Priority  AND Deconposition  Positive Contribution  Negative Contribution  Topic

r

OR Deconposition
Capabilities

- display Goal specific iconsin the menuand onthe toolbar
SoftGoals, operationalizations, claim, and decomposition, or decompasition, positive
contribution (+), negative wntribution (-), neutral contribution, very negative
contribution (--), very positive contribution (++), note, anchor

- display Goal View in main browser

- cagability to dsplay, create, modify, and remove Goal diagrams

- cgability to search for Goal objeds



- add, modify, remove goal dependency relationships

- cagability to add, modify, remove Notes

- cgability to anchor a Note to an Agent

- storefretrieve Goal diagrams XML in ASCII fil e format
- storelretrieve Goal diagrams from RDBMS

Specification

Name

Type

Topic

Priority

Keyword

Description

Level

Traceability to use case
realized by COTS

AND decompasition

OR demompasition

Very positive contribution
Positive contribution
Neutral contribution
Negative contribution
Very negative contribution
Asamption

Notes

Type
string
string
paitive integer
string
string
paitive integer
goal traceability association
COTSredization association
AND decompasition association
OR demmpasition asociation
very paositive mntribution association
paitive
reutral contribution association
regative ntribution association
very negative contribution association
string
string

Cardinality
1
0 or more
1
1 or more
1
1
0 a more
0 a more
0 a more
0 a more
0 a more
0 o more
0 a more
0 a more
0 a more
0 or more
0 or more



2.1.3 UseCaseDiagram

The Use Case diagram all ows the user to model the actors, software requirements (use caes), and
their associations for the system under development. The traceability relationshipsto COTS
comporents that may redi ze the goals are dso captured. The Use Case diagram is partially
compliant with the Use Case diagram defined in Unified Modeling Language 1.5 it isnot a
complete implementation d the standard.

Visual Mod€

Use Case Diagram Sample

© Initialize
© Logout
/
_‘_‘_‘_‘_‘_‘_‘q—'—* © Choreograph Light sequence
zer \

Capabilities

- display Use Case specific iconsin the menu and on the tool bar

- display Use Case View in main browser

- cagability to dsplay, create, modify, and remove Use Case diagrams
- cgability to search for Use Case objects

- cgability to create, modify, and remove Actors

- cagoability to create, modify, and remove Actor Asciations

- cagability to create, modify, and remove Generali zation Associations between Actors
- cgpability to add, modify, remove Notes

- cgability to anchor a Notes

- storefretrieve Use Case diagrams XML in ASCII file format

- storefretrieve Use Case diagrams from RDBM S

Specification

Name Type Cardinality
Keyword string 1 or more
Weight integer 1 omore
Description string 1



Traceability to Sequence Diagram
redized by COTS

normal flow of event

alternate flow of event

included use cae

extends use case

asciation
COTSredization asciation
string
string
use case name

(e case hame

0 a more
0 a more
1 omore
1 omore
1 o more
1 or more



2.1.4 Sequence Diagram

The Sequencediagram allows the user to model the time ordering of objeds and their associated
methodinvocaions for a section of the gplication under development. The Sequence diagramis
partialy compliant with the Sequencediagram defined in Unified Modeling Language 1.5; it is
not a cmplete implementation of the standard.

Visual Moddl
Sequence Diagram Sample
End User % Main Screen Authentication
Boundary Objed Entity Object
i | i
| Login request (id, pri i
[} | [}
i i Login request i
! i (id_encrypted, !
i I pw_encrypted) i
i — g
i | i
[} | [}
I | . [}
! I Login response !
I | [}
! !
i Login response i i
< i |
' ! '
Capabilities

- display Sequencediagram spedfic iconsin the menuand onthe tod bar
(objeds, lifelines, different types of message passing, focus of control)

- display InteradionView in main browser

- cagability to dsplay, create, modify, and remove Sequence diagrams

- cagability to dsplay, create, modify, and remove Objects

- cagability to dsplay, create, modify, and remove Asociations

- cagability to dsplay, create, modify, and remove Constraints

- cgoability to search for Objects and M essages

- cagability to add, modify, remove Notes

- cgability to anchor a Notes and Messages

- storefretrieve Sequencediagrams XML in ASCII file format

- storelretrieve Sequencediagrams from RDBMS



2.15

Class Diagram

The Class diagram alows the user to model the classes and their associations for the system
under development. The traceéebility relationships to COTS comporents that may redize the goals
are also cgptured. The Class diagram is partialy compliant with the Class diagram defined in
Unified Modeling Language 1.5; it isnat a complete implementation of the standard.

Visual Moddl
Class Diagram Sample
GUI
Screen
Boundary Objed
HACS Main 1 1 Authentication
Screen Entity
Boundary Objed Objed
Capabilities

display Class diagram spedfic iconsin the menu and onthe toolbar
(dependency, asciation, generadi zaion, realization; with 2 variations of asciation:
aggregation and composition)

cgpability to display, create, modify, and remove Classdiagrams
cgpability to dsplay, create, modify, and remove Relationships
cgpability to search for Class diagram abjects

cgpability to group Classdiagram objects

cgpability to add, modify, remove Notes

cgpability to anchor a Notes

store/retrieve Classdiagrams XML in ASCII fil e format
store/retrieve Classdiagrams from RDBM S

Specification (class)

Name Type Cardinality

ClassName String 1

Data attribute Data attribute 0 @ more
rame, type, value, visbility

Operations Operation 1 o more
rame, parameter values, return type

Abstradion string 1



2.1.6 Object Diagram

The Object diagram allows the user to model a set of objects and their relationships for the
application urder development. The Object diagram is partialy compliant with the Object
diagram defined in Unified Modeling Language 1.5; it is not a cwmplete implementation of the

Authenticaion
Entity Ob'|eCt:

standard.
Visual Modél
Object Diagram Sample
Main Screen
Boundary Objed:
Capabilities

- display Object diagram spedfic iconsin the menu and on the tool bar
- cagability to dsplay, create, modify, and remove Object diagrams
- cagability to dsplay, create, modify, and remove Relationships

- cgability to search for Object diagram objects

- cagability to add, modify, remove Notes
- cgability to anchor a Notes

- storefretrieve Object diagrams XML in ASCII fil e format

- storelretrieve Object diagrams from RDBM S

Specification (object)

Name Type
Name String
ClassName String
Data attribute Data attribute

rame, type, value, visbility
Operations Operation
rame, parameter values, return type

Cardinality
1

1

0 o more

1 @ more

10



2.1.7 Collaboration Diagram

The Collaboration diagram allows the user to model the structural organization of objects and
their asociated methods for the application urder development. The Collaboration dagram is
partialy compliant with the Collaboration diagram defined in Unified Modeling Language 1.5; it
is not a complete implementation of the standard.

Visual Model
Collaboration Diagram Sample
1. Login request
(id_encrypted,
Main Screen pw_encrypted) )l Authenticetion
Boundary Objed: Entity Object:
<
2. Login response
Capabilities

- display Collaboration diagram specific icons in the menu and on the toolbar
- cagability to dsplay, create, modify, and remove Coll aboration dagrams

- cagability to dsplay, create, modify, and remove Relationships

- cgpability to search for Collaboration diagram objects

- cagability to add, modify, remove Notes

- cgability to anchor a Notes

- store/retrieve Collaboration dagrams XML in ASCII file format

- storelretrieve Collaboration dagrams from RDBMS

Specification (object)

Name Type Cardinality

Name String 1

ClassName String 1

Data attribute Data attribute 0 @ more
rame, type, value, vishbility

Operations Operation 1 o more

rame, parameter values, return type

11



2.1.8 Impact Diagram

The Impad diagram is aread-only browser that allows the user to graphically explore the
tracedility Relationships gpedfied in the model. For example, the user can request to display all
of the Agentsin the model, seled an agent, and then request to display all of the Goals related to
that Agent. It iscaled an Impad diagram becaise it all ows the user to determine the impad of
making a change (i.e., an update or delete) to an element in the model.

Visual Moded

Impact Diagram Sample

Owner %

Easy to Use |Residential Owner, Business Owner,
Sequence, Schedule, System Status)]

Modest Cost

Ability to provide intuitive &7 3 o
navigation for all wircless devices ~ *+»*++"
Intuitive interface

+
GU

Voice
Recognition
Interface

Help guided navigation

Configurable interface

Edity Voice
Interaction Dragon Naturally L O Configure User Interface
Platform Speaking 8 '

Train Voice

Recognition Interface
Capabilities

- display Impaad spedfic iconsin the menu and onthe toolbar

- display Impad View in main browser

- cagability to dsplay, create, modify, and remove Impad diagrams
- cgoability to dsplay and remove Agents

- cagability to dsplay and remove Goals

- cagability to dsplay and remove Use Cases

- cgpability to dsplay and remove COTS Componrents

- cagpability to dsplay and remove Asciations

- cagability to search for Agent, Goal, Use Case, and COTS objects
- storelretrieve Impad diagrams XML in ASCII fil e format

- storefretrieve Impad diagrams from RDBMS

Note. Theimpact diagram does not support defining or modifying elements.
12



2.2 COTS Component Repository

The COTS Comporent Repository allows for the definition and storage of COTS comporents.

These definitions can then be mapped to functiona requirements.

The COTS Comporent

Repository segregates the COTS Comporent datainto four categories: Communicaion, Security,

Multimedia, and Database.

COTS Repository Diagram Sample

ol R

COTS Component Repository (example: security)

fl::] COTS Comp ottt

Visual Model
Tara Jogtherdication and
Aprttorimtiot Serrice
Legend
composton
association
Capabilities

Communicaion

- cgpability to dsplay, create, modify, and remove IETF protocol diagrams
- cagpability to dsplay, create, modify, and remove IEEE protocol diagrams

Seaurity

cgpability to dsplay, create, modify, and remove Authentication dagrams
- cagability to dsplay, create, modify, and remove Authorization diagrams
- cagability to dsplay, create, modify, and remove Accourting diagrams
- cagability to dsplay, create, modify, and remove Privacy diagrams
- cagability to dsplay, create, modify, and remove Integrity diagrams

Multimedia

- cagability to dsplay, create, modify, and remove Audio dagrams
- cgability to dsplay, create, modify, and remove Video dagrams
- cgability to dsplay, create, modify, and remove Image diagrams

Database

- cgability to dsplay, create, modify, and remove Relational Database diagrams
- cagability to dsplay, create, modify, and remove Object Oriented Database diagrams

Generd

- display COTS Comporent Repasitory specific icons in the menu and onthe tool bar
(COTS comporent, generali zation association, association, note, anchor)

- display COTS Comporent Repaository View in main browser

13



- cgability to dsplay, create, modify, and remove COTS Comporent objeds

- cagability to dsplay, create, modify, and remove COTS Comporent relationships
- cgoability to search for COTS Comporent objects
- cagability to add, modify, remove Notes

- storelretrieve COTS Comporent Repository diagrams XML in ASCII fil e format

- storefretrieve COTS Comporent Repasitory diagrams from RDBM S

Specification
Name

Identifier

Type

Name

Domain

Keyword
Overview

Vendor

Vendor Evaluation
Version Number
Operating Systems
Interfacetype
memory

disk space
Standards Compli ance
Performance
Seaurity

Avail ability
Reliability
Scdability
Subcomporents
Asamption

Notes

Type

string

string

string

string

string

string

venda agent

string

string

norfunctional requirement
norfunctional requirement
norfunctional requirement
norfunctional requirement
norfunctional requirement
norfunctional requirement
norfunctional requirement
norfunctional requirement
norfunctional requirement
norfunctional requirement
COTS Comporent

string

string

Cardinality

1 or more
1 or more
0 or more
0 or more
0 or more
0 or more
0 or more
0 or more
0 or more
0 or more
0 or more
0 or more
0 @ more

14



3. Graphical User Interface

The overall layout of the CAT tool is planned to resemble standard CA SE tools on the market today. This
will provide a cnvenient, easy to use interface and minimize training time.

3.1 Main Form

® CARE - [NewAgeniDiagram]

File. Edit Add Help -0 X

=31 "] |8 &
| Browser x| K ~
El 8| Syskem Under Development View ABC
: UseCase Yiew =
Goal View
Agent Yiew
Class Diagram Yiew %
I Object Diagram Yiew A
H: Logical Yiew
g COTS Component Repository View -+
je2) rf‘ Imnpact Diagram Yiew
s
& |
3%

[Log Window

[} zonealambr., & @ Q&S o 1224 80




4. Software Architecture

4.1 Logical View

HUSES®
: _________ CommandManagement
!
|
I : HUSESH
CARE Assistant Tool_DesktopClient T _!— ________ 7 FormControllers
|
L : wUSEsH —
' |
| . )
| MagicLibrary
I
LUSESE
|
|
|
|
| —|
| ALSESH
|
—f J/ Ir hhhhhhhhhh E Microsoft ApplicationBlocks. ConfigurationManagement
|
BusinessComponentFactory [y —|
l UGS

-
7 Microsoft. ApplicationBlocks. ExceptionManagement

|
|
|
| HUSESn ]
|
|

__________ K Microsoft ApplicationBlocks. Data

where:

Desktop Client
The desktop client acts as a graphical user interfacewith the goplication wser.
Additionaly, the desktop client interacts with all other system componrents and padages.

Command Management
This padkage provides the user interfacewith a mechanism for executing application
commands.

Form Controllers

This padkage provides the user interfacewith a mechanism for interacting with the
application forms.

16



Magic Library
This COTS package provides enhanced user interface capabilities.

Business Component Factory
This padkage is responsible for creating the businessobjeds.

Micr osoft.ApplicationBlocks.Configur ationM anagement
This COTS package provides automated cgpability to uilize XML based appli cation
configurationfiles.

Micr osoft.ApplicationBlocks.ExceptionM anagement
This COTS package provides enhanced exception management.

Microsoft.ApplicationBlocks.Data
This COTS package provides for interadion with a RDBMS.

4.2 Persistent Data

The CAT Assistant tool data is persisted on the file system of the client computer or a computer
networked with the dient computer. Currently, both the COTS Repository data and the diagram data
are persisted to the file system as Simple Object Access Protocol (SOAP) message files.

SOAP is a lightweight protocol intended for exchanging structured information in a decentralized,
distributed environment. SOAP uses XML tedindogies to define an extensible messaging
framework, which provides a message @nstruct that can be exchanged over a variety of underlying
protocols. The framework has been designed to be independent of any particular programming model
and aher implementation specific semantics [2].

4.3 Concurrent Users

The CAT Assistant tool does not support concurrent users. This cgpability will be alded in the next
version of the toadl.

4.4 Distributed Processing

The CAT Assistant tool does not support distributed processing. This capability will be added in the
next version d the tool.
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