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Executive Summary
This report presents the results of an architecture evaluation of the Anti Lock Braking System software architecture, which took place at Clemson SC, on February 10th 2004. This evaluation was performed by Sai Madhavapeddi and Preetham Yellambalase and followed the Architecture Tradeoff Analysis Method™ (ATAM™) evaluation process.

A summary of the results of the evaluation are:

The architecture satisfies most of the business goals as it is.

A concern was how a centralized control system would handle a multitude of signals that it would receive from the various modules. The project team demonstrated how this concern could be addressed.

Another concern was the number of components the system could interface with. This concern was also addressed by the project team by stating that the users manual would list the modules that are compatible with the ABS system.
1. Introduction

This report presents the results of an architecture evaluation of the Anti Lock Braking System, which took place at Clemson SC, on February 10, 2004. This evaluation was performed by Sai Madhavapeddi and Preetham Yellambalase and followed the Architecture Tradeoff Analysis Method™ (ATAM™), 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 the 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.

Table 1 Attendees in the ABS System Evaluation

	Name
	Organization
	E-mail
	Role

	Sailesh K Mishra
	Clemson University
	smishra@clemson.edu
	System Architect

	Soundara P Murugesan
	Clemson University
	smuruge@clemson.edu
	Domain Expert

	Manigandan Natarajan
	Clemson University
	manigan@clemson.edu
	Domain Expert

	Prakash C Chitambaram
	Clemson University
	cchitam@clemson.edu
	Consultant


The ATAM evaluation team members and their assigned roles in the ABS system ATAM evaluation are given below.

Table 2 Evaluation team for the ABS System Evaluation

	Name
	Organization
	E-mail
	Role

	Preetham Yellambalase
	Clemson University
	pyellam@clemson.edu
	Evaluator

	Sai Madhavapeddi
	Clemson University
	msai@clemson.edu
	Evaluator


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: Analysis of Architectural Approaches

Section 7: Risks, Sensitivities and Tradeoffs

Section 8: 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, and 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 systems primary decision-makers: the architect(s), manager(s), and perhaps a marketing or customer representative. During the second phase, a larger group of stakeholders including developers, testers, maintainers, administrators and users interact. The two-phase approach ensures 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 representatives present an overview of the system, its requirements, business goals, context, and the architectural quality drivers.

3. Present Architecture. The system of 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 step 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 key 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 is an architectural decision that affects more than 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 attribute 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. 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 the on-going analysis discovered by the evaluators. This is the report in your hand. A detailed description of the ATAM process can be found in [6] and [7].

3. Business Drivers Presentation

Business Drivers: 

            The primary business objectives of the Anti-lock Braking System (ABS) are –


· Improved Safety system: Control of braking vehicle 

(Increase safety and allow the driver of the vehicle to maintain steering control at maximum brake force in a skidding braking situation)


· Allow easy upgrades: Re-flash memory, new e-prom, and new controller board. 

(Use embedded micro-controller software allows for software upgrades in the future)
 

· Reduce design and maintenance costs: Less moving parts, fewer parts to assemble. 

(Exploit embedded software to reduce redesign cost, and allow complex controls; Implement the control system into software to reduce moving parts, which reduces repair and assembly costs.)

Functional Requirement Drivers:

· Receive on/off signals from the brakes, and use them for engaging and disengaging the ABS system 

· Run a System diagnostic test sequence at ignition and determine if any errors are present in the system 

· Run a basic test each time the on brake signal is captured, and determine if any errors are present 

· Terminate system execution if any failure occurs form either test. The termination shall not affect normal braking behavior of the vehicle 

· Relay information to the car's main computer concerning any failures in the system 

· Send a message to the car's main computer that will turn on an ABS error light on the driver's console if an error occurs in the system 

· Provide a method for returning the system to working order if a system failure occurs 

· Receive rotational speed data from four wheelspeed sensors 

· Calculate rotational deceleration from the wheelspeed data, and determine if wheel lock-up is imminent 

· If it's determined that wheel lock-up is imminent, take action to prevent wheel lock-up 

· Disable ABS engagement if the speed of the car is below 15 mph, or enable for speeds of 15 mph and above 

Source : http://www.cs.clemson.edu/~johnmc/courses/cpsc875/projects/ABSRequirements.html
Quality Drivers:

· Performance – ABS should sense speed changes and perform real time brake control
· Reliability -  The system should be reliable in skidding situations and recover from failures
· Modifiability –The system parts should be replaceable and easy to modify, if needed.
· Extensibility – System should be extensible with future software and controllers.
· Testability –The system should provide appropriate error messages during all diagnostics.
Stakeholders:

The Anti-lock braking system stakeholders include auto manufacturers, technicians, and

vehicle drivers ( both test drivers and end-users)
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FEATURE

BENEHIT

nirol of steering, drive and traler wheels

Increases steering ability and vehicle stabilty
during braking

Reduces possibiity of jackknifing and trailer
swing

Reduces tire flatspotting

Failsafe electricalfelectronic system

I the electricalelectronic system fals, the
ABS is shut off, returning the vehicle to
normal braking. On some systems, the ABS
s only shut off at the affected wheels.

‘Traction control

An optional feature that controls excessive
wheel spin during acceleration, recucing the
possibilty of power skids, spins or Jackkrifes,

Self diagnosing system

Builtin system makes maintenance checks
quick and easy

Diagnostic tool compatibilty

ABSs are compatible with industry standarcd
hand held and computer-based diagnostic
tools, Blink codes and other diagnostic
schemes can also be used for
troubleshooting, If other tools are not
vallable.

ABS Malfunction Indicator Lamp,

Informs the driver or technician that an ABS
fault has occured. The warning lamp may
also transmit blink code information. It does
ot signal all possible faults.





Source : www.fmcsa.dot.gov/pdfs/fhwa_abs.pdf

4. Architecture Presentation

Several architectural approaches were identified. Candidate architectures include Event-driven architecture pattern, Process-Control architecture and State-transition architectural pattern. The Process-Control architecture was identified as the most suitable one by the architecture group as described below:

Block Diagram of Process Control Architecture
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The main components of an ABS are similar to an embedded system and typically include:

· Controller. 

· Sensor, wheel speed. 

· Actuators (valve and ABS reservoir) at each wheel. 

The Process Control Architecture for the Anti-lock Braking System will handle key processes and provide for communication among individual modules with suitable interfaces and responses. 

These include –

· System Testing during “car on” and “brakes applied” state to check for errors

· Returning ABS to working order after failure

· Monitoring the state of the brakes

· Receive information from the Wheel speed Sensors

· Analyze the Data from the Wheel speed Sensors

· Provide Wheel Lock-Up Prevention for speeds over 15mph

In this architecture all the physical components (e.g sensors) are accessed by the corresponding modules through interfaces.

The stateChecker module will be the initial process running during the start of the automobile. If either the ignition is on or the brake pedal is pressed, the stateChecker will convey those information to the ABS controller.

The ABS Controller signals the diagnostic module to start the test modules. At the same time ABS  controller sends signal to the Wheel senor module to get the wheel speed and imminent lock state. The ABS is engaged only if the speed of the wheel sensor module returns a wheel speed >15m/h. 
Meanwhile the diagnostic modules runs the tests, and if any error detected will be reported to the computer main memory and sends a disable signal back to the ABS controller. 

A repair technician will then access the failure log from the automobile’s main computer and will send a reset signal back to the ABS controller.

If the tests goes well then ABS will be engaged given that the speed of the vehicle is more than 15 m/h and a wheel lock up is imminent.
Block Diagram of the ABS System
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5. Utility Tree  and Scenario Generation/Prioritization
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 the ABS system, the second level nodes are Performance, Modifiability and Testability.

Under each of these, quality attributes are of specific concern. These concerns arise from considering the quality-attribute specific stimuli and responses that the architecture must address. 

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 a 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 and 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 Utility Tree

	Quality Attribute
	Performance

	Attribute Concerns
	A. The rate of signal generation is too slow 

	Scenarios
	1. Apply brakes just after a signal is sent from the wheel sensor in the brake sub-system 
	(H, L)

	
	2. The Diagnostic test after the brakes are applied takes too long to complete 
	(L, H)

	
	3. Partial test might take time that may have been used by ABS system.
	(H, H)

	Attribute Concerns
	B. Having a centralized control system, the system must wait for 
all signals before it can react.

	Scenarios
	4. Disable a module, the ABS system should not work 
	(L, L)

	
	5. Addition of new features might slow down signal information processing 
	(L, M)


	
	Phase 1: Quality Attribute tree

	Quality Attribute
	Modifiability

	Attribute Concerns
	A. An ability to support change in components

	Scenarios
	6. Change Sensors and check how system works
	(M,M)

	
	7. Changing the diagnostic test module should not change the way the system works 
	(H, M)

	
	8. The test should also include new modifications to the system 
	(L, M)


	
	Phase 1: Quality Attribute tree

	Quality Attribute
	Testability

	Attribute Concerns
	A. Inadequate error Information would make it difficult to detect the problem in the ABS system

	Scenarios
	9. The test does not cover new system features that are added
	( M, M)

	Attribute Concerns
	B. Low down-time for replacement would enhance the low cost and time for maintenance

	Scenarios
	10. Sequence of tests should cover all the important features 
	(M, L)


The Utility tree phase and the Scenario Generation/Prioritization phase have been grouped together in this ATAM and only those scenarios that were thought to be important have been listed in the above table.
7. Analysis of Architectural Approaches

Two of the scenarios generated from the previous phase were analyzed. The following scenario analysis table gives a summary of the points discussed.

	
	Phase 1 Scenario 3 Analysis

	Scenario
	Partial test might take time that may have been used by ABS system. (H, H)

	Business Goals
	The system is fail safe

	Attribute
	Performance

	Attribute Concern
	The rate of signal generation is too slow

	Architectural Decisions and Reasoning
	When the number of signals on which the ABS systems decision module depends on increases, the ABS system would become slow in analyzing all the signals and coming to a decision. The system can prioritize the signals according to their criticality and can wait until only the most important signals are received before it can react.

	Risks
	The signals might not be prioritized correctly

	Sensitivities
	Sensitive to the number of signals

	Tradeoffs
	The priorities might be difficult to track


	
	Phase 1 Scenario 10 Analysis

	Scenario
	Sequence of tests should cover all the important features

	Business Goals
	The system has a low down time and is easy to maintain

	Attribute
	Testability

	Attribute Concern
	Low down-time for replacement would enhance the low cost and time for maintenance

	Architectural Decisions and Reasoning
	If the number of components in the ABS system increases, the number of parts to be tested would also increase. This would adversely affect the downtime and the number of components to be tested to check for the failure of the system. The number of components of the ABS system should be kept to a minimum

	Risks
	Trying to keep the number of components to a minimum could increase the complexity in each of the modules of the system

	Sensitivities
	Sensitive to the number of components in the ABS system

	Tradeoffs
	The system will be less maintainable if the amount of code in each component increases


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

Collected Risks:

1. The signals received by the ABS control module might not be prioritized correctly.

2. Trying to keep the number of components to a minimum could increase the 
complexity in each of the modules of the system.
Collected Sensitivities:

1. The system is sensitive to the number of signals the control system receives.

2. Sensitive to the number of components in the ABS system

Collected Tradeoffs:

1. The priorities the signals are divided into might be difficult to track.

2. The maintenance time is sensitive to the number of components in the ABS 

System.

9. Conclusions and Next Steps
The overall architecture selected by the team to model the Anti Lock Braking System satisfies most of the Business goals and confirms with the quality attributes that are desired of it.

However, the architecture must also ensure that it is compatible with scalability and should also ensure that the number of signals the control module receives should be kept under check.
10. References
[1] L. Bass, P. Clements, R. Kazman, Software Architecture in Practice, Addison-Wesley, 1998.

[2] R. Kazman, S. J. Carriere, “Playing Detective: Reconstructing Software Architecture from Available Evidence”, Automated Software Engineering, 6:2, April 1999.
[3] R. Kazman, M. Barbacci, M. Klein, S. J. Carriere, “Experience with Performing Architecture Tradeoff Analysis”, Proceedings of ICSE 21, (Los Angeles, CA), May 1999.
[4] M. Klein, R. Kazman, “Attribute-Based Architectural Styles”, CMU/SEI-99-TR-22, Software

Engineering Institute, Carnegie Mellon University, 1999.
[5] P. Kruchten, “The 4+1 View Model of Software Architecture”, IEEE Software, Nov. 1995, 42- 50.
[6] P. Clements, R. Kazman, M. Klein, Evaluating Software Architectures, Addison-Wesley, 2002.
[7] R. Kazman, M. Klein, P. Clements, “ATAM: Method for Architecture Evaluation”, CMU/SEI-2000-TR-004, Software Engineering Institute, Carnegie Mellon University, 1999.
Brake Pedal  Sensors





�State Checker





ABS �Error Lamp








Car - Main


Computer





Brakes�Testing �module





Car-on Testing module





  


  Diagnostic Test Module





   Valve Activation


 Module





Wheel Sensor





Wheel Sensor  


     Module





 


Ignition 


  Sensor





             


     ABS


Controller 








Success  





Failure





getSpeed





      Glow


� on / off





Pump  





                   Release





getState





getState





On / Off  


                      State











 Reset





Failure�Log





runTest





runTest








