
Carnegie Mellon 
Software Engineering Institute 

Using the Architecture Tradeoff 
Analysis MethodSM to Evaluate 
a Reference Architecture: 
A Case Study 

Brian P. Gallagher 

June 2000 

Architecture Tradeoff Analysis Initiative 

Unlimited distribution subject to the copyright 

Technical Note 
CMU/SEI-2000-TN-007 

DISTRIBUTION STATEMENT A 
Approved for Public Release^ 

Distribution Unlimited 



Carnegie Mellon University does not discriminate and Carnegie Mellon University is required not to discriminate in admission, employment, or administra- 
tion of its programs or activities on the basis of race, color, national origin, sex or handicap in violation of Title VI of the Civil Rights Act of 1964, Title IX of 
the Educational Amendments of 1972 and Section 504 of the Rehabilitation Act of 1973 or other federal, state, or local laws or executive orders. 

In addition, Carnegie Mellon University does not discriminate in admission, employment or administration of its programs on the basis of religion, creed, 
ancestry, belief, age, veteran status, sexual orientation or in violation of federal, state, or local laws or executive orders. However, in the judgment of the 
Carnegie Mellon Human Relations Commission, the Department of Defense policy of "Don't ask, don't tell, don't pursue" excludes openly gay, lesbian 
and bisexual students from receiving ROTC scholarships or serving in the military. Nevertheless, all ROTC classes at Carnegie Mellon University are 
available to all students. 

Inquiries concerning application of these statements should be directed to the Provost, Carnegie Mellon University, 5000 Forbes Avenue, Pittsburgh, PA 
15213, telephone (412) 268-6684 or the Vice President for Enrollment, Carnegie Mellon University, 5000 Forbes Avenue, Pittsburgh, PA 15213, telephone 
(412)268-2056. 

Obtain general information about Carnegie Mellon University by calling (412) 268-2000. 



Technical Note 
CMU/SEI-2000-TN-007 

Using the Architecture Tradeoff 
Analysis MethodSM to Evaluate 
a Reference Architecture: 
A Case Study 

Brian P. Gallagher 

June 2000 

Architecture Tradeoff Analysis Initiative 

Unlimited distribution subject to the copyright 

20010420 022 



The Software Engineering Institute is a federally funded research and development center sponsored by the U.S. Depart- 
ment of Defense. 

Copyright 2000 by Carnegie Mellon University. 

NO WARRANTY 

THIS CARNEGIE MELLON UNIVERSITY AND SOFTWARE ENGINEERING INSTITUTE MATERIAL IS 
FURNISHED ON AN "AS-IS" BASIS. CARNEGIE MELLON UNIVERSITY MAKES NO WARRANTIES OF ANY 
KIND, EITHER EXPRESSED OR IMPLIED, AS TO ANY MATTER INCLUDING, BUT NOT LIMITED TO, 
WARRANTY OF FITNESS FOR PURPOSE OR MERCHANTABILITY, EXCLUSIVITY, OR RESULTS OBTAINED 
FROM USE OF THE MATERIAL. CARNEGIE MELLON UNIVERSITY DOES NOT MAKE ANY WARRANTY OF 
ANY KIND WITH RESPECT TO FREEDOM FROM PATENT, TRADEMARK, OR COPYRIGHT INFRINGEMENT. 

Use of any trademarks in this report is not intended in any way to infringe on the rights of the trademark holder. 

Internal use. Permission to reproduce this document and to prepare derivative works from this document for internal use is 
granted, provided the copyright and "No Warranty" statements are included with all reproductions and derivative works. 

External use. Requests for permission to reproduce this document or prepare derivative works of this document for external 
and commercial use should be addressed to the SEI Licensing Agent. 

This work was created in the performance of Federal Government Contract Number F19628-00-C-0003 with Carnegie 
Mellon University for the operation of the Software Engineering Institute, a federally funded research and development 
center. The Government of the United States has a royalty-free government-purpose license to use, duplicate, or disclose the 
work, in whole or in part and in any manner, and to have or permit others to do so, for government purposes pursuant to the 
copyright license under the clause at 52.227-7013. 

For information about purchasing paper copies of SEI reports, please visit the publications portion of our Web site 
(http://www.sei.cmu.edu/publications/pubweb.html). 



Contents 

About the Technical Note Series on Architecture in the 
Department of Defense v 

Abstract vii 

1 Introduction 1 

2 The Context for the Architecture Evaluation 2 
2.1 What is Software Architecture? 2 
2.2 What is a Reference Architecture? 3 
2.3 The Goals of the Architecture in Question 3 
2.4 The Acquisition Organization 4 
2.5 The Development Organization 4 

3 The ATAM 5 
3.1 Purpose 5 
3.2 ATAM Steps 5 

4 The Evaluation 7 
4.1 Timing of the Evaluation 7 
4.2 Phase 1 of the Evaluation 7 
4.3 Phase 2 of the Evaluation 7 

4.3.1 Business Drivers 8 
4.3.2 Architectural Artifacts Available for the Evaluation 8 

5 Evaluation Results 9 
5.1 The Findings 9 
5.2 The Benefits 9 

6 Conclusion 11 

References 12 

Feedback and Contact 13 

CMU/SEI-2000-TN-007 



CMU/SEI-2000-TN-007 



List of Figures 

Figure 1:   The Intended Use of the Reference Architecture Being Evaluated       4 

CMU/SEI-2000-TN-007 



jv CMU/SEI-2000-TN-007 



About the Technical Note Series on Architecture Evaluation in 
the Department of Defense 

The Product Line Systems Program is publishing a series of technical notes designed to con- 
dense knowledge about architecture evaluation practices into a concise and usable form for 
the Department of Defense (DoD) acquisition manager and practitioner. This series is a com- 
panion to the Software Engineering Institute (SEI) series on product line acquisition and 

business practices [Bergey 99]. 

Each technical note in the series will focus on the use of architecture evaluation and, in par- 
ticular, on applying the SEFs architecture tradeoff analysis technology in the Department of 
Defense. Our objective is to provide practical guidance on ways to integrate sound architec- 
ture evaluation practices into their acquisitions. This series of technical notes will lay down a 
conceptual foundation for DoD architecture evaluation practice. 
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Abstract 

The software architecture of a system is a major determinant of software quality and one of 
the earliest artifacts available for evaluation. For a government acquisition organization, the 
ability to evaluate software architectures can have a favorable impact on the delivered sys- 
tem. This technical note describes the application of the Architecture Tradeoff Analysis 
MethodSM (ATAMSM) to evaluate a reference architecture for ground-based command and 
control systems. The use of the term reference architecture in the context of this application 
is presented. A general overview of the ATAM process is provided and the results of the 
ATAM are explored, including the benefits of performing an ATAM-based architecture 

evaluation both to the acquirer and to the developer. 

SM Architecture Tradeoff Analysis Method and ATAM are service marks of Carnegie Mellon 
University. 

CMU/SEI-2000-TN-007 vn 



viii CMU/SEI-2000-TN-007 



1    Introduction 

Most modern defense systems rely heavily on software to achieve system functionality. Be- 
cause software architecture is a major determinant of software quality, it follows that soft- 
ware architecture is critical to the quality of a software-intensive system. For a Department of 
Defense (DoD) acquisition organization, the ability to evaluate software architectures can 
reduce the risk that the delivered system will not meet its quality goals. 

This technical note describes the application of the Architecture Tradeoff Analysis Method 
(ATAM) in the evaluation of a government-sponsored reference architecture for a ground- 
based command and control system. The names of the organizations involved and the refer- 
ence architecture are not provided since they are not necessary for the discussion. The use of 
the term reference architecture is explored as well as how it relates to a product line archi- 
tecture. A general overview of the ATAM process is provided and the results of the ATAM are 
explored, including the benefits of performing an ATAM-based architecture evaluation both 
to the acquirer and the developer. 
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2   The Context for the Architecture Evaluation 

The Architecture Tradeoff Analysis Method was used to evaluate a reference architecture for 
ground-based command and control systems. To explore this application of ATAM, we first 
need to define the terms being used and describe the evaluation context. We begin with the 
definition of software architecture. 

2.1   What is Software Architecture? 

The software architecture of a program or computing system is the structure 

or structures of the system, which comprise software components, the exter- 

nally visible properties of those components, and the relationships among 

them [Bass 98]. 

The software architecture represents the earliest software design decisions. These design de- 
cisions are the most critical to get right and the most difficult to change downstream in the 
system development life cycle. The software architecture is the first design artifact addressing 
reliability, modifiability, security, real-time performance, and interoperability goals and re- 
quirements. 

There are many different views of a software architecture, and which one is relevant depends 
on the stakeholders and the system properties that are of interest. If we consider the analogy 
of the architecture of a building, various stakeholders such as the construction engineer, the 
plumber, and the electrician all have an interest in how the building is to be constructed. 
However, they are interested in different structural units and different structural relationships; 
they each have a different view of what constitutes the architecture. Each of their views of 
architecture is valid. Each represents a structure that maps to one of the structural goals of the 
building, and all views are necessary to represent the architecture of the building fully. Simi- 
larly, a software architecture has a variety of stakeholders, including possibly the develop- 
ment organization, the end user, the system maintainer, the operator, and the acquisition or- 
ganization. Each of these stakeholders has a vested interest in different system properties and 
goals that are structurally represented by different views of the system. These different prop- 
erties and goals and their corresponding architectural views are important to understand and 
to analyze in order to reason about the appropriateness and the quality of the architecture. 

The software architecture to be evaluated was actually a reference architecture. 
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2.2 What is a Reference Architecture? 

A reference architecture is the generalized architecture of several end systems that share one 
or more common domains. The reference architecture defines the infrastructure common to 

the end systems and the interfaces of components that will be included in the end systems. 
The reference architecture is then instantiated to create a software architecture of a specific 
system. The definition of the reference architecture facilitates deriving and extending new 
software architectures for classes of systems. A reference architecture, therefore, plays a dual 
role with regard to specific target software architectures. First, it generalizes and extracts 
common functions and configurations. Second, it provides a base for instantiating target sys- 
tems that use that common base more reliably and cost effectively. 

The concept of a reference architecture is very similar to that of an application framework in 
the parlance of object technologists and to that of a product line architecture. In fact, the 
terms reference architecture and product line architecture are often used interchangeably. A 
product line architecture is the architecture for a software product line.1 

Within a government context, the establishment of a reference architecture that can span a 
broad range of missions, development organizations, and operations concepts is motivated by 
the desire of end-system customers and integrators. These groups wish to achieve high levels 
of strategic software reuse and interoperability. The reference architecture provides specifi- 
cations for both system and component developers. 

2.3 The Goals of the Architecture in Question 

The reference architecture being evaluated was not developed to support a software product 
line, but rather to provide a common framework for classes of ground-based command and 
control systems being built by multiple government and commercial organizations. 

The primary goal of this reference architecture is to standardize the interfaces between soft- 
ware components used in ground-based command and control systems. The expectation is 
that the standardized interfaces will reduce the risk and cost of implementing new systems by 
facilitating the use of standard components in a "plug-and-play" mode. The stated vision is 
that vendors will develop components that are compliant with the reference architecture, 
making the job of a system integrator easier, quicker, and less risky. Figure 1 illustrates this 

vision. 

l A software product line is a set of software-intensive systems sharing a common, managed set of 
features that satisfy the specific needs of a particular market segment or mission and that are 
developed from a common set of core assets in a prescribed way. 
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Figure 1:    The Intended Use of the Reference Architecture Being Evaluated 

2.4 The Acquisition Organization 

Because the reference architecture for ground-based command and control systems is envi- 
sioned to be a common starting point across many instantiations of systems, acquisition or- 
ganizations from two distinct government agencies provided funding. 

Acquisition management responsibilities were split between the two major agencies, and the 
business case and generalized requirements for the reference architecture were developed in 
conjunction with both communities. 

2.5 The Development Organization 

The two agencies used various methods to encourage developers to participate in the defini- 
tion of the reference architecture. Some developers participated as part of an ongoing support 
role to an agency, while others participated as a task on an existing development effort funded 
by the agency. In addition, vendors interested in providing components compliant with the 
reference architecture supplied developers to participate in the definition of the architecture 

using internal funds. 
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3    The ATAM 

3.1 Purpose 

The purpose of the ATAM is to assess the consequences of architectural decision alternatives 
in light of quality attributes. The method ensures the right questions are asked early to dis- 
cover 

• risks: alternatives that might create future problems in some quality attribute 

• sensitivity points: alternatives for which a slight change makes a significant difference in 
a quality attribute 

• tradeoffs: decisions affecting more than one quality attribute [Kazman 98]2 

The ATAM is intended to analyze an architecture with respect to its quality attributes, not its 
functional correctness. 

The ATAM involves a wide group of stakeholders (including managers, developers, main- 
tainers, testers, reusers, end users, and customers) in an effort to surface the relevant 
stakeholders' quality goals for the system. The ATAM is a method for mitigating architecture 
risk, a means of detecting areas of potential risk within the architecture of a complex soft- 
ware-intensive system, and not a precise mathematical analysis. As such, the ATAM can be 
done early in the software development life cycle, and it can be done inexpensively and 
quickly. 

It does not need to produce detailed analyses of any measurable quality attribute of a system 
(such as latency or mean time to failure) to be successful, but it instead identifies trends 
where some architectural parameter is correlated with a measurable quality attribute of inter- 
est. 

3.2 ATAM Steps 

The ATAM process consists of the following 10 steps: 

1. Present the ATAM: a quick overview by the evaluation team of the ATAM steps, tech- 
niques used, and outputs from the process. 

2. Present the business drivers: a brief presentation by the system manager describing the 
business drivers and context for the architecture. 

3. Present the architecture: the architect's presentation of the architecture. 

2   The ATAM has been improved since the application described in this report [Kazman 00]. 
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4. Identify architectural styles: an itemization of styles discovered as a result of the previ- 
ous step. 

5. Generate the quality attribute utility tree: identification, prioritization, and refinement of 
the most important quality attribute goals in the form of a utility tree. 

6. Elicit and analyze architectural styles: a probing of the architectural styles in light of the 
quality attributes in order to identify risks, sensitivity points, and tradeoffs. 

7. Generate seed scenarios: a representation of the stakeholder's interest to understand 
quality attribute requirements. 

8. Brainstorm and prioritize scenarios: addition of scenarios from stakeholders and an un- 
derstanding of their relative importance. 

9. Map scenarios onto styles: continuing to identify risks, sensitivity points, and tradeoffs 
while noting styles and components within styles that are affected by each scenario. 

10. Present out-brief and/or write report: recapitulation of the execution of the ATAM steps, 
results, and recommendations. 
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4   The Evaluation 

4.1 Timing of the Evaluation 

At the time of the ATAM evaluation, the development team for the reference architecture had 
progressed through the following three phases: 

1. Understand the problem and scope the effort. 

2. Document the reference architecture and develop high-level Interface Design Language 
(IDL). 

3. Complete approximately one-fourth of the DDL for the 12 sub-domains. 

4.2 Phase 1 of the Evaluation 

The ATAM method is best applied in two phases. The first phase involves the initial connec- 
tion of the evaluation team leads with the architects and the beginning of the exploration and 
analysis. Phase 1 allows the evaluation team to get acquainted with the architect(s), the sys- 
tem purpose, and the architecture and to begin a preliminary analysis of the architecture. 
Phase 1 also permits the architects to become familiar with the ATAM and understand the 
information they must supply for the complete evaluation to proceed. 

An SEI ATAM evaluation team was selected for this evaluation. The team leads met with ref- 
erence architecture architects and provided templates for architecture presentation to be given 
as part of the evaluation exercise. A draft utility tree and seed scenarios were produced. A 
template was also given to the architecture manager to be used in the presentation of the 
business drivers. 

4.3   Phase 2 of the Evaluation 

All of the ATAM steps are executed during Phase 2, which typically lasts two days. Any pre- 
liminary analysis resulting from Phase 1 is presented. 

For this evaluation, an assembly of approximately two dozen stakeholders gathered for the 
two-day event.3 These stakeholders represented the two government acquisition organizations 
as well as a variety of government contractors with a vested interest in the reference archi- 
tecture. Some of these contractors had been involved with the definition of the reference ar- 
chitecture. Some hoped to build components that would be compliant with the reference ar- 

chitecture. 

3   The typical use of ATAM involves a much smaller group of stakeholders. In this case, the two 
government acquisition agencies felt it was necessary to involve a broader set. 
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All steps of theATAM were executed during the two-day period. The architects used the 
templates provided in their presentation of the architecture. The draft utility tree was pre- 
sented and then refined by the larger convened group. Scenarios were generated and priori- 
tized by the entire group. Some key aspects of this evaluation were the business drivers and 

the architectural artifacts that were available. 

4.3.1 Business Drivers 

One of the most important steps when performing an ATAM-based architecture evaluation is 
to elicit from the acquirer a clear articulation of the business case driving the development of 
the architecture. During this evaluation, a representative from one of the acquisition agencies 
described the business goals motivating the development effort and hence identified the pri- 

mary drivers (e.g., high availability, time to market, or high security) for the architecture. The 

presentation of the business goals included these key points: 

• The goal of the reference architecture is to enable system builders to integrate systems on 
time, within costs, while meeting performance needs; the primary objective is to drive 
down the cost of command and control systems. The strategy involves the use of object- 
oriented technology and Common Object Request Broker Architecture (CORBA) to 
achieve this goal. 

• The focus is on defining interfaces to sub-domains with an emphasis on interoperability 
among the sub-domains as opposed to reusing sub-domains directly. 

• The definition of the standard interfaces gives vendors a target and permits competition 
among vendors in developing products for the same sub-domain. 

• System builders should be able to use the reference architecture to integrate the sub- 
domains quickly. Under current practices, integration costs are very high. Point solutions 
are too expansive and too late. 

• Customers want open systems. 

• The reference architecture will lower the cost and cycle time for system integrators. 

• The reference architecture will help meet future challenges by enabling 

- constellations of systems 
- "plug and play," regardless of location of component (autonomous versus under direct 

control) 

The final point was aimed at being able to demonstrate the "goodness" of the reference ar- 

chitecture to other government agencies. 

4.3.2 Architectural Artifacts Available for the Evaluation 

The artifacts available to describe the ground-based command and control reference archi- 
tecture included of a set of definitions for large-grained components, IDL interfaces for these 

components, and CORBA mechanisms used to connect the components. A number of use- 
cases were also presented during the ATAM evaluation, and their realization in the architec- 
ture was briefly discussed. As noted earlier, the reference architecture specification was not 

complete at the time of the evaluation. 
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5    Evaluation Results 

5.1 The Findings 

The 2-day ATAM evaluation produced a list of 22 risks, which were grouped into the fol- 
lowing 6 risk themes: 

1. The architecture provides no mechanisms for the integrator to reason about quality at- 
tribute tradeoff (for example, real-time performance versus reliability). 

2. The definition of the reference architecture did not include key stakeholder requirements 
for real-time performance, integrability, modifiability, and availability. 

3. There are major tradeoffs between affordability, real-time performance, and modifiabil- 
ity that have been explicitly left to the integrator to address. 

4. There are no overarching quality attribute models (for example, real-time performance 
models, availability models). 

5. There is a lack of common support for managing data. 

6. The direct reliance on CORBA as a distributed system poses a risk for CORBA evolu- 
tion or change to a different middleware. 

Based upon the ATAM evaluation, the evaluation team concluded that little had been done in 
the definition of the reference architecture to address the quality goals of the ground-based 
command and control systems to be supported by this architecture. The fulfillment of those 
goals would be left to the integrators, leaving the likely result that components built to be 
compliant with the reference architecture would indeed "plug," with no real guarantee that 
they would "play." In other words, the business drivers for the reference architecture are at 
risk with the given architecture definition. 

5.2 The Benefits 

An architecture helps the developer and customer reason about a proposed system during its 
development and evolution. A structured approach to eliciting that reasoning early in devel- 
opment increases the system developer's probability that a system built conforming to the 
architecture will meet the needs of its customer base. 

The two days spent using the ATAM to analyze the reference architecture for ground-based 
command and control systems pointed out potential deficiencies that may have taken months, 
perhaps years, to uncover at a greatly increased cost to the acquirer. 

The ATAM evaluates an architecture with respect to its quality goals. In this case, the goals 
were performance, security, availability and modifiability. It became evident fairly quickly 
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that the proposed architecture did not provide any architectural mechanisms to aid the inte- 
grator in ensuring that the intended quality goals were met. 

The team of developers and acquirers of the reference architecture came away from the two- 
day ATAM with a clear understanding that more work needed to be done to ensure that not 
only were the interfaces syntactically correct, but that the components were integrated se- 
mantically as well. 

The benefits of performing an ATAM are clear: early identification of risks, sensitivity points, 
and tradeoffs before design decisions are made and become costly to change. As one partici- 
pant from the government team noted after the results of the ATAM were briefed, "Why 
wouldn't a program want to do an ATAM-based evaluation?" 
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6    Conclusion 

This note has described the application of the ATAM to conduct an architecture evaluation 
during the development of a government-sponsored reference architecture for ground-based 
command and control systems. The context for the evaluation was given. A general overview 
of the ATAM process was presented, and finally, the results of this ATAM-based evaluation 
were examined as well as the perceived benefits to both the acquirer and the developer for 

performing the evaluation. 

The SEI is collaborating with several government acquisition organizations to explore the 
appropriate use of the ATAM within these organizations, to help them adopt architecture 
evaluation practices, and to help them include the appropriate language in a request for pro- 
posal (RFP) to ensure that architecture evaluation is an integral part of evaluating proposals. 
As experience is gained, we will continue to share our lessons learned in future technical 
notes in this series. 
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Feedback and Contact 

Comments or suggestions about this document or the series of technical notes on architecture 
evaluation in the Department of Defense are welcome. We want this series to be responsive to 
the needs of DoD and government personnel. To that end, comments concerning this techni- 
cal note, inclusion of other topics, or any other issues or concerns will be of great value in 
continuing this series. Comments or suggestions should be sent to 

Linda Northrop, Director 

Product Line Systems Program 

lmn @ sei.cmu.edu 

Software Engineering Institute 

Carnegie Mellon University 

Pittsburgh, PA 15213 
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