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Abstract 

The benefits of a software system are quantifiable relative to the business goals the system was developed to serve. These benefits result form interactions between the system’s functionality and its quality attributes such as performance, reliability etc. In turn, the system’s quality attributes are determined mostly by its architectural design decisions.

Hence, this paper seeks to argue that software architecture is the crucial component to study in making design tradeoffs and performing cost-benefit analysis. This paper also presents the Cost Benefit Analysis Method (CBAM), which is an architectural-centric approach to the economic modeling of software design decision-making where costs and benefits are traded off with system quality attributes. 
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1. Introduction 

Software engineers in the industry have been doing analyses of software and system architectures using the Software Architecture Analysis Method (SAAM) and the Architecture Tradeoff Analysis Method (ATAM) for the past five years. These analyses primarily investigate how well the architecture has been designed with respect to its quality attributes (QAs) such as performance, reliability, etc. In the ATAM, an additional focus is placed on analyzing architecture tradeoffs, the places where a decision may have consequences for several QA concerns simultaneously.

The biggest tradeoffs in large complex systems always have to do with economics, but this fact has always received little attention in software engineering literature in the past. Given that the resources for building and maintaining a system is finite, there must be some rational process for choosing among architectural options during both initial design and subsequent periods of upgrade. These options will have a different cost, implement different features of which brings some benefits to the organization and will contain some inherent risks or uncertainty. Therefore economic models of software that take into account costs, benefits and risks are needed.

For this reason, a method, called the Cost Benefit Analysis Method (CBAM), is being developed to do the economic modeling of software and systems, centered on an analysis of its architecture. The CBAM extends the ATAM framework to model costs and benefits i.e. adding dollars and goodies to the ATAM as an additional attribute to be traded off. The aim of the CBAM is to explicitly associate costs and benefits as a means of optimizing the choice of decisions.

2. The Fundamental Issues

The CBAM begins where the ATAM left off and depends on the artifacts that the latter produces as outputs.

2.1 ATAM Outputs

When an ATAM is completed, an expected set of artifacts is documented as follows:

· The system’s architecture design

· The prioritized business goals of the system

· The technical and business constraints

· A ranking of scenarios

· The identification of technical architectural decisions that are sources of uncertainty/risks in the existing architecture

The ATAM determines a set of key potentially problematic-architectural decisions based on business goals. These architectural decisions will not only result in some specific QA responses, but also will have costs associated with it.

The ATAM uncovers the architectural decision made and links them to business goals and QA response measures. The CBAM builds upon these and determines the costs and benefits associated with these decisions, with the assumption that a cost estimation models, such as the COCOMO or Function Point, already exists within the organization. Given this information, architectural decisions can be made based on the benefit/cost ratio. The CBAM does not make decisions, but aids in the extraction and documentation of the costs, benefits and uncertainty, and provides a rational decision-making process.

2.2 Triage 

In every major system design or upgrades, the number of improvements desired and the possible space of architectural options needed to meet these improvements is potentially huge. Hence a two-phase approach is taken to browse through this large space of possible changes. The first phase of the CBAM is called triage where costs and benefits are roughly estimated. In the second phase, a more detailed examination of a specific subset of a promising architectural approach is done.

2.3 Dealing with Uncertainty

A great deal of uncertainty is involved with the design of any large, complex system with many investors. The uncertainty comes from these three areas:

· Uncertainty of understanding how architectural decisions map onto QA responses.

· Uncertainty of understanding how architectural decisions map onto costs.

· Uncertainty of understanding how architectural decisions map onto benefits.

Similar to the financial sector, different investments will appeal differently to investors depending on the inherent uncertainties. The CBAM will have to extract and record this uncertainty because it will affect the decision making process. The extraction and validation of the uncertainty is difficult, hence specific techniques for the CBAM will be required to accomplish this.

3. Elaboration of Techniques: The Steps of the CBAM 

The CBAM consists of six steps, which can be executed during both first (triage) and second (detailed examination) phases.

1. Choosing Scenarios and Architectural Strategies

2. Assessing QA benefits

3. Quantifying Architectural Strategies’ Benefits 

4. Quantifying Architectural Strategies’ Costs and Schedule implications

5. Calculate Desirability

6. Make Decisions

3.1 Choosing Scenarios and Architectural Strategies

Enumerate the set of high importance scenarios for which improvement is desired, their quality attribute response goals, and their currently associated architectural decisions. For each high importance scenario for which improvements is desired, enumerate a set of possible alternate strategies i.e. changes to the existing architectural design.  

3.2 Assessing QA Benefits

CBAM needs to determine costs and benefits to facilitate decision-making. Determining costs is already well-established component with models, such as the COCOMO and Function Point, in existence. To determine benefits of an individual AS, a Quality Attribute Score (QAScore), decided by the customer, is assigned to each QA system goal e.g. performance, security, will be the deciding factor.

3.3 Quantifying Architectural Strategies’ Benefits

ASs have effects on multiple QAs, hence the customers are asked to evaluate each AS, on a scale of –1 to +1, according to each QA in terms of its Contributions (Cont). Based on this information, each AS can be assigned a computed benefit score from –100 to +100 in terms of “Benys”:

Benefit = ((Cont x QAScore)

Each of these benefit calculations has uncertainty associated with it. To measure the uncertainty, Kendall’s concordance coefficient is used, where the higher the concordance coefficient, the lower the uncertainty.

3.4 Quantifying Architectural Strategies’ Costs and Schedule Implications 

The expected cost of implementing each architectural strategy that results in the expected benefit is calculated. In addition, schedule implications of each architectural strategy in terms of person-months of effort and/or elapsed time is estimated.

3.5 Calculate Desirability

A desirability metric, by which the various architectural strategies can be compared, is calculated and the changes are ranked accordingly:

Desirability(AS) = Benefit(AS)/Cost(AS)

Now architectural strategies may be considered according to desirability along multiple dimensions (benefit, cost and schedule).

3.6 Make Decisions

Using the desirability metric, schedule constraints and categorization of the uncertainty, the ASs can be plotted according to their benefits and costs. Some ASs are non-negotiable and must be chosen, hence they are removed from consideration. Some ASs may be excluded because of time-to-market conflicts, while others may be included due to dependencies. At the end, a set of architectural strategies that address the highest priorities is determined. These chosen strategies represent the optimal set of architectural investments based upon considerations of benefit, cost and schedule.

4. Related Work Published

	Author(s)
	Kaman, R.; Klein, M.; Clements, P.

	Year
	2000

	Article
	ATAM: A Method for Architecture Evaluation.

CMU/SEI-2000-TR-004, Software Engineering Institute, Carnegie Mellon University

	Description
	The same author and one of the co-authors of the main article wrote this technical report. It presents the ATAM and discusses some of the technical and organizational foundations for performing architectural analysis

	Relation to the main article
	The ATAM, which lays the foundation upon which the CBAM is built, is presented and discussed in this report.


	Author(s)
	Barry W. Boehm; Kevin J. Sullivan

	Year
	2000

	Article
	Software Economics: A Roadmap

	Description
	This article illustrates the economics behind software engineering.

	Relation to the main article
	Gives a better understanding of how economic factors influence software architectural decisions.


5. Contributions to the Field of Software Engineering

The CBAM dovetails nicely with the existing method for evaluating software architecture, the Architecture Tradeoff Analysis Method. It is an effective method for optimizing the space of architectural decisions by helping stakeholders prioritize a set of changes to an existing architecture, or to consider competing strategies for a new architecture. Although this method is still in it’s infancy, it has already shown great promise as illustrated during its application in NASA’s ECS project.

6. Relation with the Laboratory Project

Deciding on an architectural design is inevitably one of the most important stages in the early phases of software development. During the design stage of the lab project, which is to develop an E-shopping system for an IT mall, my team brainstormed and formulated several architectural designs. These designs included software process models, use-case diagrams and object-orientated modules. But due to the lack of experience in making architectural decisions, we had a tedious time deciding which architecture design to employ. 

After reading the term paper article, I have learnt to appreciate the use of an analyzing method, like the CBAM, for evaluating software architecture to aid us in making optimized architectural decisions. If the CBAM had been utilized during the project’s decision-making process, we could have saved time and channeled more energy to the coding and testing of our project. However, I can foresee that the full potential of the CBAM would not be attained if used for my project. This is because, since this is a school-based project, it does not include the cost factor (any budget involved is just simulated) and this could result in a high degree of uncertainty.

7. Possible Extensions

I would like to propose that a cost estimation model be developed and included as one of the steps of the CBAM because cost is an important factor to calculate desirability. In the term paper article, it is assumed that an architecture-aware cost estimation method already exist in within the organization employing the CBAM. But every cost estimation models work with different approach and matrices and this will produce inconsistencies in the eventual result. 

The cost estimation model, which I proposed to develop, should be able to input normalized data and evaluate the cost, using both the line of code approach and function point approach. This is because these approaches are the two most common methods of estimating cost. Therefore by having a standardized cost estimation model, the degree of cost uncertainty is kept relatively constant and allowing better architectural decisions to be made. 

Since the CBAM is still a relatively new analysis method and many of its methodologies are still an enigma to the software engineering fraternity, an extension would be to extensively introduce this method as an add-on to the already existing ATAM.  This promotion will accelerate the usage of the CBAM.

8. Comments on Notations/Diagrams

CBAM arguments the ATAM and commences where the ATAM left off. The ATAM, which stands for Architecture Tradeoff analysis method, analyzes architecture, produces documented quality attribute analyses and identifies tradeoffs between attributes. The aim of the ATAM is to illuminate the risks in architecture and through identification of attribute trends rather than precise categorization of measurable quality attribute values.

The utility tree diagram found on second page of the term paper article fully illustrates the outputs of the ATAM and clearly defines the areas where CBAM commences. This allows the reader to fully understand and appreciate the techniques of the ATAM and CBAM.

9. Validations and Expansion

The architecture analysis methods described in the term paper article has enlightened and supplemented my current knowledge of software engineering. Now I understand how software economics influence the decision-making in a real life software development scenario.

I hope to obtain a more detailed copy of the case study on NASA’s ECS project to gain a more detailed insight on how the CBAM was implemented and its results to verify the concepts learned from this article.

I feel that the proposed cost estimation model as an extension to the CBAM is worth considering. I shall feedback this to the authors of the article to look into the further expansion of this idea.    
10. Comments 

Here are some of my comments to the various aspect of the term paper article.

· Software Project

The CBAM discussed in the article is an effective method that analysts should try to utilize in their software architectural decision-making process.

· Process 

The steps of the CBAM have been illustrated in this review report and are easy to understand and implement.

· Platform 

The platform on which the CBAM operates on is not discussed in the article. I feel that it is vital that the CBAM facilitates decision-making regardless of platform so that every analyst can benefit from it.

· People 

Rick Kaman, the main author of this article is a senior member of the technical staff in the Software Engineers Institute (SEI). He has written papers on Software Architecture, Human-Computer Interaction and Computer Linguistics and Information Retrieval. He is also an Adjunct Professor at the Carnegie Mellon University. 

· Product 

The techniques of architectural decision-making, such as ATAM and CBAM, discussed here are all methodologies. There are no products discussed in this article.

11. Comments on results

This article discusses the application of the CBAM to NASA’s Earth Orbiting System Data Information System (EOSDIS) Core System (ECS) project. The results were encouraging and some of the notable success include:

· Achieving considerable consensus from the stakeholders 

· Provided a means of focusing attention and dramatically reducing the size of the decision space

This case study is a good example of the utilization of the   CBAM in the real world. This case study’s results will aid in the future refinement and development of the CBAM methodology.

11.1  Relevance to the Immediate Future

I feel that the CBAM is already a disciplined technique for determining a set of architectural strategies to pursue that are within budget and schedule constraints. With further development and refinement, it will become a practical and theoretically sound method used for making architecturally informed investment decisions in the near future.
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