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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

Motivation (1)

Å Software architecture is defined as ñé the structure or structures of 

the system, which comprises software elements, the externally 

visible properties of those elements, and the relationships among 

them (Bass et al, 2003)ò

Å Given this definition, every software system has an architecture; and 

if one were to implement a system two different ways, each would 

have its own architecture
ï What makes one superior to the other?

Å Suitability of an architecture is measured in terms of its fitness to 

purpose
ï The purpose of a system is often defined by its business goals and, therefore, it is 

critical that these business goals be considered during the architectural design
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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

Motivation (2)

Å Therefore, the choice of methodology for the development of the 

architecture for software systems has a direct effect on the suitability of that 

architecture

Å If the development process is driven by the userôs functional requirements, 

we would expect the architecture to appropriately reflect those requirements
ï OOAD, for example, focuses heavily on functional requirements

Å The same phenomenon is true in development approaches that stress the 

importance of systemic quality attributes or other non-functional 

requirements
ï Architecture-centric approaches, for example, provide explicit and methodical guidance to an 

architect in creating systems with desirable qualities and goals

Å An integrated approach that combines these two alternatives to capture the 

best of both ñbreedsò in a single architectural development process is 

desirable
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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

Motivation (3)

Å Consider a company that builds hardware-based field systems for controlling 
a buildingôs internal functions, such as heating, ventilation, air conditioning, 
access, and safety. Hardwareôs commoditization has led to shrinking profit 
margins. To improve the margins, the company wants to develop a software 
system to automatically monitor and control the buildingôs internal functions. 
The system users would be facilities managers, and the system would 
broadly perform the following functions:
ï Manage a network of hardware-based field systems used for controlling building functions.

ï Issue commands to configure the field systems.

ï Define rules on the basis of property values of field systems that trigger reactions and issue 
commands to reset these property values.

ï Trigger alarms notifying appropriate users of life-critical situations.

Å The company wants to offer this product in new and emerging geographic 
markets and expand its sales channels by letting value-added resellers sell 
the software system under their own brands. The resellers would support 
field systems from manufacturers they choose.
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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

Motivation (4)

Å Looking at this example, it is clear the business goals set forth by the 
company would have a significant effect on the architecture of the 
building automation system without necessarily affecting its 
functionality 
ï Considerations would have to be made to take language, culture and regulations of 

different markets into account 

ï Hardware devices from many different manufacturers would need to be supported

Å Tradeoffs would need to be made and risks assessed to determine 
the extent to which the product should support these goals 
ï Depending on the companyôs comfort level with the tradeoffs and risks, these goals 

may need to be refined, e.g.  scaling back on the intended markets 

Å All of these business decisions require input from technical staff to 
determine the impact of such requirements and to inform the 
technical staff of the importance of these systemic requirements
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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

Agenda

Å Goal: Using an example create an architecture with OOAD and 

architecture centric approaches, understand their fundamental 

differences and the benefit of integrating the two approaches

Å OOAD (Cheeseman and Daniels, 2001)
ï Requirements definition

ï Component specification

ï Component architecture

Å Architecture-centric methods (Bass et al, 2003)
ï Quality attribute workshop (QAW)

ï Attribute driven design (ADD)

Å Integrated approach
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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

System used for illustration (1)

Å MSLite system is a unified management station for the building 

automation domain that will automatically monitor and/or control the 

internal functions of buildings, such as heating, ventilation, air 

conditioning, lighting, access and safety 
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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

System used for illustration (2)

Å The intended users of MSLite are facility managers who need to 

operate the many systems required to support building functions 

Å Since there are a large number of these systems, a Field System 

Simulator (FSS) is used during software product development to 

simulate the building automation domain 

Å An FSS configuration file is used to create the initial configurations of 

the simulated systems, including their structure and the initial values 

of their various properties 

Å The business goals for this system are
ï Achieve market expansion by selling it in new and emerging geographic markets with 

the accompanying demands on modifiability and interoperation

ï Open new sales channels in the form of value added resellers (VARs)
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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

OOAD Workflow (Cheeseman and Daniels, 

2001)

Scope of this talk
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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

Requirements workflow
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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

Developing business processes (1)

Å The business process on the right 
shows the building configuration 
workflow

Å This workflow is triggered when a 
facility manager receives a new 
building operation policy or an 
update to an existing policy 

Å Depending on the policy details, a 
new rule may be created, an 
existing rule may be amended or 
no change may be required if the 
policy is already implemented by 
the existing rules.

Å The rules can have different 
reactions such as issuing 
commands, generating alarms or 
sending notifications 
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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

Developing business processes (2)

Å This business process 

shows how alarms are 

handled by a facility 

manager

Å Depending on the alarm 

details, the facility 

manager may have to 

acknowledge an alarm, 

follow a Standard 

Operating Procedure 

(SOP) in response to the 

alarm or simply dismiss 

the alarm 
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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

Identifying use cases

Å Business processes can be 
used for identifying use cases

Å The subset of use cases and 
actors shown here comes from 
the analysis of some of the 
business process to be 
supported by MSLite including 
the ones described on previous 
slides

Å These use cases are grouped 
into four use case packages: 
ï Use Case Package 100 (UCP100) is 

concerned with configuring the building 
operations

ï UCP200 covers some aspects of 
monitoring of the building health 

ï UCP300 addresses the Personalization 
of the system by its operators (facility 
managers). 

ï UCP400 manages the interaction with 
field systems

Å Use cases are goal oriented; in 
other words, at the end of a use 
case the actor initiating the 
given use case walks away 
from the system with something 
of value (Cockburn, 2000) 
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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

Developing business concept model
Å Business process descriptions 

introduce some significant 

concepts from the building 

automation domain

Å These concepts are significant 

representing business entities that 

get created, destroyed, associated 

and used in various ways in order 

to achieve something of value.  

Å Therefore, an important artifact in 

OOAD is a business concept 

model that captures these 

significant business terms and the 

relationships among them 

(Larman, 2004)

Å The business concept model of the 

MSLite system identifies a 

collection of domain entities and 

qualifies the way they interact or 

are related to each other using 

associations 
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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

Component specification and architecture 

workflow
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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

Specifying interfaces

Å The use case model and the business concepts model serve as 

inputs for specifying the components for a system that become a 

basis for its architecture (Jacobson et al, 1999).

Å In order to specify the components, we must first identify the 

interfaces they support.
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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

Specifying system interfaces

Å The use cases being at the boundary of a system help identify the 

system interfaces.
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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

System components

Å Once the interfaces have been 

identified, each interface (system 

or business) could be allocated 

to a single component or a 

single component could support 

multiple interfaces (this is where 

OOAD does not provide firm 

guidelines)
ï The allocation of interfaces is primarily 

driven by the principles of abstraction, 

encapsulation, and separation of 

concerns that result in loosely coupled 

and highly cohesive components.  

ï While cohesion comes in many forms, 

the dominant form for most developers 

is that of functional closeness of the 

class members (Schach, 2006); one, 

therefore, is mainly performing 

functional decomposition of the system 

at this point with very little focus on its 

business goals or other quality 

attributes
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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

Business interfaces
Å The process for 

obtaining these 
interfaces starts by 
refining the 
business concepts 
into core business 
types. 
ï We identify core 

business types as 
business concepts in 
the Business 
Concept Model that 
have no mandatory 
associations.  

ï A business interface 
is then created for 
each core type
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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

Business components
Å A component is created corresponding to each core type
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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

Create a component architecture

Å Once the initial 

component specifications, 

their supported interfaces 

and their interface 

dependencies have been 

identified, a component 

specification architecture 

for a system can be 

created 

Å It should be noted that we 

have limited our analysis 

and design to a small 

fraction of the MSLite 

system.  In reality there 

are many more business 

and system components 

than those shown



C
IS

 C
o

llo
q

u
ia

, 
T
e

m
p

le
 U

n
iv

e
rs

it
y,

 P
h

ila
d

e
lp

h
ia

, 
P

A
, 
A

p
ri
l 
8

, 
2

0
0

8

22

Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

Focus of the OOAD approach

Å The final architecture obtained in the previous section reflects the 

use case driven nature of OOAD.  
ï The system components were created by aggregating functionally cohesive use cases.  

Å It also shows OOADôs closeness to the model of the problem 

domain.  
ï The business components were motivated by identifying core entities in the business 

concepts model.  

Å Although this approach does lead to architectures with loosely 

coupled and highly cohesive components that are easy to 

understand due to their semantic closeness to the problem domain, 

it is predominantly using functional decomposition with very little 

focus on the business goals or quality attributes.
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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

Architecture-centric methods workflow
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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

Architecture-centric approach

Å In contrast to the OOAD approach, architecture-centric approach 

focuses on systemic properties that the software architecture must 

embody 
ï Factors that influence the architecture, therefore, tend to be the quality attributes such 

as performance, modifiability, security and reliability (Bass et al, 2003).

Å Consequently, these quality attribute requirements become a 

starting point for the architecture-centric methods

Å Of course, these requirements must provide sufficient detail in order 

to be truly useful
ï For instance, it may not be sufficient to say that a system must be modifiable; any 

system is modifiable with respect to something, and a system can be modified with 

respect to any aspect given enough time and money ïthe question is modifiable with 

respect to what, when and with how much effort
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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

Quality attribute workshop (QAW)

Å Since they are the drivers for the architectural decisions, the first 

task is to determine the important systemic properties

Å This is done with Quality Attribute Workshop (Bachmann et al., 

2002; Barbacci et al., 2000)
ï an architecture-centric method for eliciting quality attribute requirements from the 

stakeholders of a given system

Å The goal of this method is to establish a prioritized set of 

architecturally significant requirements in the form of quality attribute 

scenarios that are mapped to the business goals

Å Clearly, it is important these goals are known before the workshop 

can be conducted even if they are initially very general and will need 

subsequent refinement 
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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

Business goals for MSLite

Å BG1: In order to succeed in the Value Added Resellers market, 

the system must be able to support hardware devices from 

different manufacturers.  This includes existing and to some 

extent future devices.

Å BG2: It must be possible to modify the system to support different 

languages, cultures and regulations.

Å We can further refine BG2
ï BG2.1: The system must allow changing all user interactions language to a 

language of choice.  This includes languages with non-Latin characters and scripts 

written from right to left.

ï BG2.2: The field devices supported by the system can use different units.  These 

units can be different from the units used by the user when specifying automation 

rules thresholds and commands.  The system must be able to make all required 

conversions for rule evaluation and commands without errors and without user 

intervention.

ï BG2.3: Certain regulations and certifications require all life critical systems such as 

fire alarms and intrusion detection systems to operate within specific latency 

constraints.  The system must be able to meet these latency requirements with a 

sufficient margin.
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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

Business goals and quality attributes

Business Goal Quality Attribute

BG 1: In order to succeed in the Value Added Resellers market, the 

system must be able to support hardware devices from different 

manufacturers.  This includes existing and to some extent future 

devices.

Modifiability

BG 2.1: The system must allow changing all user interactions 

language to a language of choice.  This includes languages with 

non-Latin characters and scripts written from right to left.

Modifiability

BG 2.2: The field devices supported by the system can use different 

units.  These units can be different from the units used by the user 

when specifying automation rules thresholds and commands.  The 

system must be able to make all required conversions for rule 

evaluation and commands without errors and without user 

intervention.

Modifiability

BG 2.3: Certain regulations and certifications require all life critical 

systems such as fire alarms and intrusion detection systems to 

operate within specific latency constraints.  The system must be 

able to meet these latency requirements with a sufficient margin.

Performance

Å The business goals are linked to quality attributes
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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

Quality attribute characterization (1)

Quality 

Attribute 

Attribute 

Characterization 

Attribute Scenarios Priority 

Modifiability Support for new 

Field System 

E1.  Support for a new Field System offering functionality 

comparable to the Field System Simulator must be added.  The 

configuration information and details of the interface (calling 

conventions, method names, etc.) are in a different format.  A 

team of 2 developers reasonably experienced with C# extends 

MSLite to support the new system in 320 person hours (40 h per 

week and person, 4 weeks).  

H 

International 

Language 

Support

E2.  A new language needs to be supported by the system.  No 

code modification is required.  A developer reasonably familiar 

with the system is able to package a version of the system with 

the new language in 80 person hours (40 h per week and person, 

2 weeks) excluding string translation time.  

M

Non Standard 

Units Support

E3.  A new Field Device System using non-SI units is connected 

to the system.  A system administrator configures the system to 

handle the new units in less than 3 hours.

H

Å For each quality attribute, the scenarios characterizing the 

corresponding quality attribute are described and prioritized with 

respect to business importance
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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

Quality attribute characterization (2)

Quality 

Attribute 

Attribute 

Characterization 

Attribute Scenarios Priority 

Performance Latency of event 

propagation 

P1.  A field system detects a change of a 

property value and notifies MSLite.  The 

system operates under normal conditions1.  

The value is updated on all user screens that 

currently display the property value within 3 

seconds.  The time durations specified in this 

scenario are performance goals and not hard 

deadlines.

H 

Latency of alarm 

propagation

P2.  An event which should trigger an alarm 

is generated in a field device.  The system 

operates under normal conditions2.  The 

alarm is displayed on the user interfaces of 

all users that must receive the alarm within 3 

seconds after the generation of the event.  

H 

Å 1, 2 Normal conditions must be specified such that quality attribute 

scenarios are measurable
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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

Attribute driven design (ADD)

Å After the architecturally significant requirements have been elicited, 

the architecture that meets these requirements is elaborated using 

attribute driven design (ADD) approach (Bass et al., 2003) 

Å The architecture elaboration approach we use as part of ADD is an 

iterative process 
ï Starting with a monolithic component cumulating responsibilities for all the system 

functionality, architectural patterns and tactics are successively applied to satisfy each 

quality attribute requirement

Å Very frequently, applying multiple patterns and tactics implies taking 

conflicting design decisions
ï This is why the end result of the architecture elaboration process is a compromise 

directly reflecting the quality attributes prioritization 
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Integrating Architecture-Centric Methods into Object-Oriented Analysis and Design

Step 1: Confirm there is sufficient 

requirements information

Å The architecture of the system is designed in terms of the following 

three architecture requirements:
ï Functional requirements: The users of the MSLite system would be facilities 

managers and the intended system would broadly perform the following functions:

ÅManage a network of hardware-based field systems that either currently used or 

might be added in future for controlling building functions

Å Issue commands to configure the field systems

ÅDefine rules based on property values of field systems that trigger reactions and 

issue commands to reset these property values

ÅFor life critical situations, trigger alarms notifying appropriate users

ï Design constraints:  The following constraints are required for MSLite:

ÅConcurrent sessions: it shall support  at least 15 concurrent sessions 

Å Field systems: it shall support at least 30 field systems

ÅEvents frequency: it shall be able to handle at least 20 change of property values 

events from a field system per minute

ÅAutomation rules: it shall be able to handle evaluation of at least 50 automation 

rules per minute

ï Quality attribute requirements: these correspond to quality attribute scenarios 

described in the tables on slides 28 and 29
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Step 2: Choose an element of the system to 

decompose (1)

Å The figure on the right shows 

the overview of the MSLite 

system architecture

Å Initially, the system consists of 

a single component, called the 

MSLite Server, responsible for 

all the functionality to be 

implemented

Å This is chosen for further 

decomposition

Å The functional requirements, 

design constraints and quality 

attribute requirements 

mentioned on the previous 

slide become the input  for  

creating its architecture


