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Executive Summary

This report presents the results of an architecture evaluation of the Antilock Brake Control System software architecture, which took place at Clemson SC, on February 10, 2004. This evaluation was performed by Group 1 and followed the Architecture Tradeoff Analysis MethodSM (ATAM) evaluation process.

A summary of the results of the evaluation are:

The Antilock Braking System architecture was evaluated to identify the basic risks associated with developing the defined products using the proposed architecture.

One risk theme was identified:

· The use of Commercial Off The Shelf (COTS) software components is questionable.  Although the use of COTS will reduce development time, it may reduce the ability to make modifications since modification may be needed in the components that were purchased.  Use of COTS may also impact testing since the integration of these components increases risk.

1.  Introduction

This report presents the results of an architecture evaluation of the Antilock Brake Control System software architecture, which took place at Clemson SC, on February 10, 2004. This evaluation was performed by Group 1 and followed the Architecture Tradeoff Analysis MethodSM (ATAMSM), a method for evaluating a software system’s architectural decisions in light of desired system quality attributes.

Evaluations using the ATAM take place in two main phases. In Phase 1 the evaluation team interacts with the architect and a few other key stakeholders (such as a project manager or customer/marketing representative). The evaluation team and the system stakeholders will walk through all of the steps of the ATAM, gathering information about the system, its important quality attributes, and its architecture. We begin analyzing architectural decisions in light of the quality attributes, uncovering risks and tradeoffs.  The evaluation team will continue the analysis after the Phase 1 meeting, interacting with the architect(s) as necessary to elicit the necessary information. This interaction typically takes several weeks.

In Phase 2, the evaluation team walks through all steps of the ATAM with a larger set of system

stakeholders and the work from Phase 1 is reviewed with the larger group of stakeholders. With this larger group of stakeholders, important quality attributes are illuminated, and analysis of the

architecture's ability to support those goals continues.

Due to the simplicity of the Antilock Brake Control System architecture Phase 1 and Phase 2 were combined. There were no non-technical stakeholders to involve at the latter phase. The system stakeholders (architects, managers, developers, testers, integrators, etc.) participating in the evaluation are shown in Table 1 below.

Table 1. Attendees in the Antilock Brake Control System Evaluation

	Name
	Organization
	E-mail
	Role

	Sai Madhavapeddi
	Design Team
	msai@clemson.edu
	Architecture Presentation

	Preetham Yellambalase
	Design Team
	pyellam@clemson.edu
	Development Organizer

	Kunal Chopra
	Review Team
	kchopra@cs.clemson.edu
	Review Team

	Jeff Elrod
	Review Team
	Jfelrod1960@charter.net
	Review Team

	Bill Glenn
	Review Team
	waglenn@cs.clemson.edu
	Review Team

	Barry Jones
	Review Team
	barry.jones@alumni.clemson.edu
	Review Team


The ATAM evaluation team members, and their assigned roles in the <system> ATAM evaluation are shown in Table 2 below.

Table 2. Evaluation Team for the Antilock Brake Control System Evaluation

	Name
	Organization
	E-mail
	Role

	Kunal Chopra
	Review Team
	kchopra@cs.clemson.edu
	Process Enforcer

	Jeff Elrod
	Review Team
	Jfelrod1960@charter.net
	Team Leader

	Bill Glenn
	Review Team
	waglenn@cs.clemson.edu
	Evaluation Leader

	Barry Jones
	Review Team
	barry.jones@alumni.clemson.edu
	Process Observer


The remainder of the report is organized as follows:

Section 2: The Architecture Tradeoff Analysis Method (ATAM)

Section 3: Business Drivers Presentation

Section 4: Architecture Presentation

Section 5: Utility Tree

Section 6: Scenario Generation/Prioritization

Section 7: Analysis of Architectural Approaches

Section 8: Risks, Sensitivities, and Tradeoffs

Section 9: Conclusions and Next Steps

2.  The Architecture Tradeoff Analysis Method (ATAM)

The ATAM relies on the fact that an architecture is suitable (or not suitable) only in the context of specific quality attributes that it must impart to the system. The ATAM uses stakeholder perspectives to produce a collection of scenarios that define the qualities of interest for the particular system under consideration.  Scenarios give specific instances of usage, performance requirements, growth requirements, various types of failures, various possible threats, and various likely modifications. Once the important quality attributes are identified in detail, then the architectural decisions relevant to each one can be illuminated and analyzed with respect to their appropriateness.

The steps of the ATAM are carried out in two phases. In the first phase, the evaluation team interacts with the system’s primary decision-makers: the architect(s), manager(s), and perhaps a marketing or customer representative. During the second phase, a larger group of stakeholders is assembled, including developers, testers, maintainers, administrators, and users. The two-phase approach insures that the analysis is based on a broad and appropriate range of perspectives.

Phase 1:

1. Present the ATAM. The evaluators explain the method so that those who will be involved in the evaluation have an understanding of the ATAM process.

2. Present business drivers. Appropriate system representative(s) present an overview of the system, its requirements, business goals, context, and the architectural quality drivers.

3. Present architecture. The system or software architect (or another lead technical person) presents the architecture.

4. Catalog architectural approaches. The system or software architect presents general architectural approaches to achieve specific qualities. The evaluation team captures a list, and adds to it any approaches they saw during Step 3 or learned during their pre-exercise review of the architecture documentation. For example, “a cyclic executive is used to ensure real time performance.” Known architectural approaches have known quality attribute properties, and these will help carry out the analysis steps.

5. Generate quality attribute utility tree. Participants build a utility tree, which is a prioritized set of detailed statements about what quality attributes are most important for the architecture to carry (such as performance, modifiability, reliability, or security) and specific scenarios that express these attributes..

6. Analyze architectural approaches. The evaluators and the architect(s) map the utility tree scenarios to the architecture to see how it responds to each important scenario. 

Phase 2:

Phase 2 begins with an encore of the Step 1 ATAM presentation and a re-cap of the results of steps 2 through 6 for the larger group of stakeholders. Then:

7. Brainstorm and prioritize scenarios. The stakeholders brainstorm additional scenarios that express specific quality concerns.  After brainstorming, the group chooses the most important ones using a facilitated voting process.

8. Analyze architectural approaches.  As in Step 6, the evaluators and the architect(s) map the high priority brainstormed scenarios to the architecture.

9. Present results.  A presentation and final report are produced that capture the results of the process and summarize the findings.

Scenario analysis produces the following results:

· A collection of sensitivity and tradeoff points.  A sensitivity point is an architectural decision that affects the achievement of a particular quality.  A tradeoff point in an architectural decision that affects more that one quality attribute (possibly in opposite ways).

· A collection of risks and non-risks. A risk is an architectural decision that is problematic in light of the quality attributes that it affects. A non-risk is an architectural decision that is appropriate in the context of the quality attributes that it affects.

· A list of issues, or decisions not yet made. Often during an evaluation, issues not directly related to the architecture arise. These may have to do with an organization’s processes, personnel, or other special circumstances. The ATAM process records these so that they may be addressed by other means. The list of decisions not yet made arises from the stage of the life cycle of the evaluation. An architecture represents a collection of decisions. Not all relevant decisions may have been made at the time of the evaluation, even when designing the architecture. Some of these decisions are known to the development team as having not been made and are on a list for further consideration. Others are news to the development team and stakeholders.

Results of the overall exercise also include the summary of the business drivers, the architecture, the utility tree, and the analysis of each chosen scenario. All of these results are recorded visibly so that all stakeholders can verify they have been correctly identified.

The number of scenarios that are analyzed during the evaluation is controlled by the amount of time allowed for the evaluation, but the process insures that the most important ones are addressed.  After the evaluation, the evaluators write a report documenting the evaluation and recording the information discovered. This report will also document the framework for on-going analysis discovered by the evaluators. This is the report in your hands. A detailed description of the ATAM process can be found in [6] and [7].

3.   Business Drivers Presentation

Sai and Preetham presented the Business Drivers behind the Antilock Brake Control System.  The following is the document that was presented.

The major business qualities driving the development of the Anti-Lock Braking System are as follows:

1. The system must be able to accept commercially available software components.

These components can range from a complete subsystem to a single unit of implementation in the system. This would indirectly benefit the time to market for the system.

2. The system should be able to handle upgrades in hardware such as a change in controller, and also in software. This would enhance the systems modifiability.

3. The system should be built in such a way that it could be deployed on vehicles from a broad range of makes and models. Although this would increase the time to develop the system, it would enhance the market area for the product.

4. The system must be able to interact with a wide range of other systems that constitute an automobile.

4.   Architecture Presentation

Sai and Preetham presented the architecture of the Antilock Braking Control System.  The following is the document that was provided.

The aim of this document is to elaborate on the salient features of the architecture of the Anti-Lock Braking System.

The ABS system is 

1. An event driven system that responds to signals sent by individual modules that constitute it.

2. A hard-real time system, as lives are at stake if failure occurs.

3. Modular, as each part of the system is responsible for a certain critical feature. Each module sends out signals or events to other Modules that are connected to it.

Modularity also allows the integration of Commercial Off  The Shelf (COTS) components as each module can be realized by a commercially available software unit.

The following is a high level block diagram of the candidate ABS system. 
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Figure 1: High Level Block diagram of ABS system

5.  Utility Tree

The utility tree provides a vehicle for translating the quality attribute goals articulated in the business drivers’ presentation to “testable” quality attribute scenarios. The tree contains Utility as the root node.  This is an expression of the overall “goodness” of the system. In the case of Antilock Brake Control System the second level nodes were performance, …

Under each of these quality attributes are specific concerns. These concerns arise from considering the quality-attribute specific stimuli and responses that the architecture must address. For example, in the case of Arcade Game Maker Product Line, performance was broken into two concerns: the total number of Sprites on the screen and how many Sprites have to be checked for collisions after each tick of the game clock.

Finally, these concerns are represented by a small number of scenarios. These scenarios are leaves of utility tree and the utility tree thus has four levels.

A scenario represents a use of, or modification of the architecture, applied not only to determine if the architecture meets a functional requirement, but also (and more significantly) for prediction of system qualities such as performance, reliability, modifiability, and so forth.

The scenarios at the leaves of the utility tree are prioritized along two dimensions: [importance to the system, perceived risk in achieving this goal]. These nodes are prioritized relative to each other using relative rankings such as High, Medium, and Low.

	Phase 1: Quality Attribute Tree

	Quality Attribute
	Modularity

	Attribute Concern
	A. Quality of COTS modules.

	Scenarios
	1. Must test to ensure components integrate into system.
	(H,H)

	
	2. Testing COTS modules can affect time to market.
	(H,H)

	
	3. Choosing economic vendor (quality / cost tradeoff).
	(M,M)


	Phase 1: Quality Attribute Tree

	Quality Attribute
	Modifiability

	Attribute Concern
	A. COTS components may not be configurable.

	Scenarios
	1. Adjustments may be needed to tune a component to a certain deployment.
	(H,H)

	
	2. If a component does not perform acceptably it may need to be replaced.
	(M,H)

	
	3. Replacing a component that does not perform to spec may require new iteration through testing all component interfaces.
	(M,M)


	Phase 1: Quality Attribute Tree

	Quality Attribute
	Time to Market

	Attribute Concern
	A. Development time may be reduced but for a simple architecture integration and testing time will increase.

	Scenarios
	1. Each component must be tested for life-critical quality.
	(H,H)

	
	2. Choosing economic vendor (quality / cost tradeoff).
	(M,M)


	Phase 1: Quality Attribute Tree

	Quality Attribute
	Portability

	Attribute Concern
	A. Modify as little as possible to migrate between systems.

	Scenarios
	1. Wish to deploy this system to different vehicles.
	(M,H)

	
	2. Can’t tweak components if purchased (black box).
	(H,M)


	Phase 1: Quality Attribute Tree

	Quality Attribute
	Performance

	Attribute Concern
	A. Architecture must meet performance goals from requirements.

	Scenarios
	1. COTS modules may bind you to certain timing properties.
	(M,H)

	
	2. Component in different environment from test/development may not perform to specifications.
	(H,H)

	
	2. All data input through event-based input module may hinder ability to update at required speed.
	(H,H)

	Attribute Concern
	B. Actors are treated as events by data input module.
	

	Scenarios
	1. Frequent updating by wheel speed sensors may overload event listener.
	(H,H)


6.  Scenario Generation/Prioritization

In addition to the scenarios at the leaves of the utility tree, a scenario elicitation process allows

stakeholders to contribute additional scenarios that reflect their concerns and understanding of how the architecture will accommodate their needs. A particular scenario may, in fact, have implications for many stakeholders: for a modification, one stakeholder may be concerned with the difficulty of a change and its performance impact, while another may be interested in how the change will affect integration ability of the architecture. Table 3 shows the scenarios were collected by a round-robin brainstorming activity. After the scenarios were generated they were prioritized using a voting process in which participants were given 5 votes, which they could allocate to any scenario or scenarios they chose. The number of votes each scenario received is shown in the right most column of Table 3.

	Brainstormed Scenarios

	Scenario Number
	Scenario Text
	Number of Votes

	1
	Components may remove modifiability control.
	

	2
	Testing will take much more effort to ensure that components can perform in life-critical application.
	

	3
	A system probably won’t need a change in hardware after deployment.
	

	4
	When all modules connected to Data Input block send data at the same time there may need to be priorities assigned to not delay critical events.
	

	5
	Actors are treated as events by Data Input module which could delay actual event processing.
	

	6
	Modifiability may be hindered by COTS components.
	

	7
	If main program relies on many function calls or complicated algorithms it may not be able to meet 100 ms. requirements for measuring each wheel.
	

	8
	Multiple wheel speed events firing at the same time may conflict in purely event-driven architecture.
	

	9
	Mechanism to synchronize wheel speed sensor output between all four sensors may be complicated since modules will send signals.
	


7.  Analysis of Architectural Approaches

Three scenarios from the Phase 1utility tree and the Phase 2 scenario generation/prioritization process were examined in detail vis-à-vis the ABS system architecture. The scenarios that were examined were:

1. Standards have an impact on modifiability. 

2. Components in different environments may not perform to specifications.

3. Actors are treated the same as events by the event handler and the data input module. 

Scenario Analysis
	 ATAM Phase
	Scenario 1 Analysis

	Scenario
	Standards have an impact on modifiability

	Business Goal(s)
	Searching for new components costs money and time. 

	Attribute
	Modifiability

	Attribute Concern
	If a problem is found, changing a component would be a concern.

	Architectural Decisions and Reasoning
	Good components can be used to reduce development costs and time.

	Risks
	Increase in the amount of integration time and testing.

	Sensitivities
	Sensitive to the quality of component.

	Tradeoffs
	The decision may reduce development time and costs at the expense of testability and modifiability

	Non-Risks
	

	Other Issues
	


	ATAM Phase
	Scenario 2 Analysis

	Scenario
	Component in different environments may not perform to specifications. 

	Business Goal(s)
	Off the shelf components reduce development time and costs.

	Attribute
	Performance

	Attribute Concern
	Component performance is known in given conditions. Our concern is that it may not be known when moving it to different platforms/vehicles.

	Architectural Decisions and Reasoning
	Not bothered about the best performance of the component, but concern is only how well it performs in the given environment. 

	Risks
	No guarantee that the system will work correctly in any given environment. 

	Sensitivities
	Sensitive to the surrounding environment.

	Tradeoffs
	Increase in performance of the system in the current environment, but at the price of reduced performance in other environments/vehicles.

	Non-Risks
	

	Other Issues
	


	ATAM Phase
	Scenario 3 Analysis

	Scenario
	Actors are treated as events by event handler and the data input module.

	Business Goal(s)
	Event handler is used to operate the ABS system from auto functionality.

	Attribute
	Performance

	Attribute Concern
	Event handler should only deal with events. Our concern is that this may impede performance by burdening the event handler with data that doesn’t concern it. 

	Architectural Decisions and Reasoning
	This scheme was chosen to separate parts of the car with parts of the system and modularity should be enhanced by all messages coming through a central

	Risks
	The system may not be able to perform at the required sampling rate.

	Sensitivities
	Performance could be hindered by the number of events generated by wheel speed/second.

	Tradeoffs
	The system could result in degraded performance, but at the same time improved modularity.

	Non-Risks
	

	Other Issues
	


8.  Risks, Sensitivities, Tradeoffs
The analyses of architectural approaches by applying selected scenarios and the ensuing discussions surfaced a set of risks, sensitivities, and tradeoffs.

Collected Risks
The collected risks are as follows:

Risk 1:  Increase in the amount of integration time and testing.

Risk 2: No guarantee that the system will work correctly in any given environment.

Risk 3: The system may not be able to perform at the required sampling rate.

Collected Sensitivities

The collected sensitivities are as follows:

Sensitivity 1: Sensitive to the quality of component.

Sensitivity 2: Sensitive to the surrounding environment.

Sensitivity 3: The number of events generated by the wheelspeed sensor could hinder performance.

Collected Tradeoffs

The collected tradeoffs are as follows:

Tradeoff 1: The decision may reduce development time and costs at the expense of   

 
       testability and modifiability.

Tradeoff 2: The system could result in degraded performance, but at the same time 

       improved modularity.

Tradeoff 3: The system could result in degraded performance, but at the same time 


       improved modularity.

Risk, Sensitivity, Tradeoff Themes

The set of risks, sensitivities, and tradeoffs presented above led to a discussion of “themes” in the architecture. These represent the key architectural issues that pose potential future problems for the success of the venture. These themes are as follows:

Theme 1:  Over dependence on off the shelf components

We worry that there may not be sufficient components on the market that provide all of the features needed to meet the business goal(s). Should these components exist, then the potential for development time savings exists, but at the cost of modifiability and testability.

9.  Conclusion and Next Steps

The results of the ATAM indicate that current architecture is at a very high level.  More detail is needed to gain a better understanding of the architecture.   The next step is to revise the current architecture in more detail to indicate where COTS components will be utilized. 

The use of COTS components will reduce development time, but at the risk of making future modifications difficult and testing time longer.

Once more detail is added, we will revisit the architecture to identify and evaluated exactly where COTS components are used.
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