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Executive Summary

This report presents the results of an architecture evaluation of team 5’s ABS system’s software architecture, which took place at Clemson SC, on February 10, 2004.  This evaluation was performed by team 4 and followed the Architecture Tradeoff Analysis MethodSM (ATAMSM) evaluation process.

A summary of the results of the evaluation are:

1. The architecture does not follow a particular view. The representations need to be clear so as not be ambiguous. This might result in wrong or flawed implementation.

2. The architecture also has aims to store the fault indication states in error codes. This might increase the complexity of the system.

3. If a fault is detected and indicated, the fault mechanism has no way of telling the main controller anything. This is a potential flaw which might render the system unusable.

4. The architecture concentrates on unnecessary detail not associated with the requirements document. The inclusion of collision control and cruise control in the ABS system is not central to the requirements. But at the same time detail is not provided where it is rather needed like the performance handler hidden in the main controller. This is likely to confuse the implementation or design team. 

The architecture’s greatest risk is that it has left out detail needed and included detail that are rather peripheral or unimportant to its central goals.

1. Introduction

This report presents the results of an architecture evaluation of team 5’s ABS system’s software architecture, which took place at Clemson SC, on February 10, 2004.  This evaluation was performed by team 4 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, uncovering risks and tradeoffs.  The evaluation team will continue the analysis after the Phase 1 meeting, interacting with the architects 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.

The system stakeholders (architects, managers, developers, testers, integrators, etc.) participating in the ABS ATAM evaluation are shown in Table 1 below.

Table 1. Attendees in the ABS Evaluation

	Name
	Organization
	E-mail
	Role

	Tracy Ferguson
	Clemson University
	tracyf@clemson.edu
	domain research, architecture choice, architecture testing/review

	Vinay Makula
	Clemson University
	vmakula@clemson.edu
	documentation of drivers, architecture choice

	Claude Marshall
	Clemson University
	claude@clemson.edu
	domain research, architecture choice, architecture testing/review

	Chris Rivers
	Clemson University
	rivers@clemson.edu
	documentation of drivers, architecture choice, architecture design


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

Table 2. Evaluation Team for the ABS Evaluation

	Name
	Organization
	E-mail
	Role

	Kevin Clark
	Clemson University
	wckevin@clemson.edu
	scenario scribe, proceedings scribe, questioner

	Joel Denny
	Clemson University
	jdenny@clemson.edu
	team leader, evaluation leader, questioner

	Josh Greene
	Clemson University
	joshuag@clemson.edu
	evaluation leader, process enforcer, questioner

	Bala
	Clemson University
	bbhavan@clemson.edu
	process observer, timekeeper, questioner


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, 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 the 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 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
Most useful features:

1. Cheap to make/buy

2. Easy to repair

3. Reliable

4. Excellent performance.

5. Does not affect the overall performance of the car.

Business Goals

1. Enhancing the safety of the vehicle.

2. Enhance reputation of product(in this case the car in which it is installed)

3. Should be cheap.

Stakeholders:

1. Development Team for ABS system

2. Development and implementation team for vehicle

3. Vehicle passengers

4. Employees of both companies

5. Legislative bodies.

6. Insurance companies

7. Company(both ABS and Car) Shareholders

4. Architecture Presentation

System Objectives:


National Highway Traffic Safety Administration(NHTSA) defines an ABS as a portion of a service brake system that automatically controls the degree of rotational wheel slip during braking by:

• Sensing the rate of angular wheel rotation.

• Transmitting signals regarding the rate of wheel rotation to one or more devices, which interpret these signals and generate responsive controlling output signals.

• Transmitting those signals to one or more devices which adjust braking forces in response to the signals.

According to the NHTSA:

An ABS consists of several key components: electronic control unit (ECU), wheel speed sensors, modulator valves, and exciter rings. Here’s how these components work together:

1. Wheel speed sensors constantly monitor and send electrical pulses to the ECU at a rate proportional to the wheel speed.

2. When the pulse rates indicate impending wheel lockup, the ECU signals the modulator valve(s) to reduce and/or hold the brake application pressure to the wheel(s) in question.

3. The ECU then adjusts pressure, seeking one which gives maximum braking without risking wheel lockup.

4. When the ECU acts to modulate the brake pressure, it will also (on most vehicles) turn off the retarder (if so equipped) until the risk of lockup is over.

5. The ECU continually checks itself for proper operation. If it detects a malfunction/failure in the electrical/electronic system, it will shut down that part of the ABS affected by the problem—or the entire ABS—depending upon the system and the problem. When this happens, the ABS malfunction lamp lights.

Constraints to the anti-lock braking system include the following:

1. The wheelspeed sensor gives input to the controller. Rapid deceleration causes the ABS system to start. The system must check for skidding hundreds of times a second. If one wheel is decelerating faster than the others, lockup can be caught before it happens.

The system must control a value that interfaces with the wheel cylinders. It results in 'pumping' of the brakes, as much as 10 times per second.

2. The collision avoidance system gives input to the controller. This allows the vehicle to decelerate to prevent a collision.

2.  This relieving of pressure within the wheel cylinder can be accomplished by diverting some of the fluid into a small reservoir.

3. The ABS must re-pump this reservoir's fluid back into the main fluid reservoir.

4. When the vehicle is initially started, the ABS goes through a test sequence.

5. The ABS system must do self-checking whenever the brake is applied.

6. For both 4 and 5 the ABS system evaluates itself, and must inform the driver of the failure of the system, and turn itself off, leaving normal braking unaffected.

7. a) The sensing technology used for obtaining context needs to be dependable. This means both accurate and available in a timely manner.

8. The antilock braking system must sense 

a) Whether the driver is currently trying to brake

b) Whether or not the wheel is currently ‘‘locked’’ under braking.

The adaptive element of the system involves detecting when the wheel is locked and then decreasing braking force until the wheel is no longer locked. Once the wheel is no longer locked (and the situated context is still that of braking) further braking force is applied to the wheel.

9. Must be adaptable to all passenger cars(legal requirement?)

10. Should be relatively easy and inexpensive to repair by technician. The system should give as much information about possible failure as possible, ie self diagnosis.

Architecture Drivers:

System attributes:

Availability: The ABS must be available whenever the car is on. If it is not available it must indicate via audible/visual indicator to the driver and shut itself off to give access to the back-up braking system.

Modifiability: 

a. The system should give easy access to technicians to repair.

b. Should store error code/s so that technician can perform repair easily.

Performance: 

a. System must be real time. 

b. ABS should last life of car or at least until warrantee runs out.

Usability: User interface consist of input from wheel sensors, driver input via brake pressure, collision-avoidance system(if present) and output via LED indicators.

Security: The system should only accept input from those other car systems which it is engineered to, re cruise control, collision-avoidance, brake pedal.

Scenarios

1. Source of Stimulus – Start of engine.

  Response – Self-checking

2. Source of Stimulus - System Failure: 

Response: shut down that part of the ABS affected by the problem—or the entire ABS—depending upon the system and the problem

Response: Inform driver using ABS malfunction LED lamp.

3. Source of Stimulus – Brake applied

 Response - 

a. self-check

b. calculate amount of braking required based on brake pressure applied and wheel speed.

c. Controller signals the modulator valve(s) to reduce and/or hold the brake application pressure to the wheel(s) in question
     4. Source of Stimulus – Lock-up detected 

Response: Controller signals the modulator valve(s) to reduce and/or hold the brake application pressure to the wheel(s) in question.

5. Source of Stimulus: Collision-avoidance/cruise system

Response: Calculate amount of braking required based on current speed, 

and signal received from CAS/cruise system.

6. Source of Stimulus – Brake released

a. Calculate amount of braking required based on brake pressure applied and wheel speed.

b. Controller signals the modulator valve(s) to reduce and/or hold the brake application pressure to the wheel(s) in question
Architecture evaluated:

Pipe-line: Basically works on a stream of data. Each component has a set of inputs and a set of outputs and does some operation on the stream of output. This architecture is not suited to the ABS. Pipeline is not ideal since the ABS does not input and output a stream of information and performs some operation on it, rather it performs some action based on some information that its controller receives.

Blackboard: Control of the system is driven entirely by the state of blackboard and not directly by signals which may be updating the state of the blackboard. This system is suited for systems which must share data. The ABS does not have components which share the same data, rather it has a controller which receives information from different sensors, which, depending on the signals received precipitates some action or inaction by the controller.

Other architectures not appropriate to this system eg client-server, model-view-controller

Architecture chosen:

Process Controller architecture: 

                       [image: image1.png]System Power

power train bus

1} sendg infh
L
Cruise control

|l
|l
| sdnés info
|l
|l
|l
1

Collision avoidance

Current State Verification

! I
Sefasino |

| sends jnio
l
Main Controller

Fault Indicator

Sends info

Brake Applicator

I
} sends info

|
Sensor signal conditioning

I
|

‘Wheel Sensor





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.

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. 

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 Utility Tree

	Quality Attribute
	Availability
	

	Attribute Concerns
	A. The ABS system is functioning when the car is on.
	

	Scenarios
	1. The car is turned on and the ABS system is functioning correctly (not in failure mode), but the failure indicator light is on.
	H, M

	
	2. The car is turned on and the ABS system is in failure mode but the failure indicator light is not on.
	H, M

	
	3. The ABS system has failed and has entered the faulty state.  The technician cannot reset or get out of the faulty state.
	H, L


	Quality Attribute
	Performance
	

	Attribute Concerns
	A. Real-time schedule
	

	Scenarios
	1. System load so high that the system cannot meet the real-time schedule.
	H, M


	Quality Attribute
	Modifiability
	

	Attribute Concerns
	A. Technician is able to start repairs easily.
	

	Scenarios
	1. Proper error code is returned so that the technician knows where to start the problem solving.
	H, M

	
	2. The changing of cruise control or collision avoidance systems affects the system across product lines.
	L, L


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 integrability 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.

Table 3. Brainstormed ABS System Scenarios (Phase 2 Scenarios)

	Scenario Number
	Scenario Text
	Number of Votes

	1.
	A condition might exist such that the ABS doesn’t properly address usability concerns.  The output via LED indicators is not clear enough to the end-user or the error code presentation doesn’t make sense to the technician.  The customer might think the manufacture’s engineering process is spotty.
	5

	2.
	If security concerns are not addressed properly in the implementation of ABS the system might accept improper input and cause unintended (not considered during design) errors.
	11


7.  Analysis of Architectural Approaches
The scenarios from the Phase 1 utility 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: 
	ATAM Phase 1 Scenario 1 Analysis

	Scenario
	The car is turned on and the ABS system is functioning correctly (not in failure mode), but the failure indicator light is on.

	Business Goal(s)
	Avoiding improper repairs by technician that could lead to bad product reputation.

	Attribute
	Availability

	Attribute Concern
	The ABS system is functioning when the car is on.

	Architectural Decisions and Reasoning
	The architectural decision was to have the current state verification determine whether or not a fault occurred and to send a message notifying the controller of the state.  This was decided because it would be available as a component and it is a more efficient and wiser way of approaching the problem.

	Risks
	Fault Indication has no way of telling the main controller anything.

	Sensitivities
	Indicator light bulb out or fuse burnt.

	Tradeoffs
	N/A

	Non-risks
	N/A

	Other Issues
	N/A


	ATAM Phase 1 Scenario 2 Analysis

	Scenario
	System load so high that the system cannot meet the real-time schedule.

	Business Goal(s)
	To prevent users from suing because of not performing like it is supposed to.

	Attribute
	Performance

	Attribute Concern
	Real-time schedule

	Architectural Decisions and Reasoning
	Performance was built into main controller because the architectural pattern that was followed (Motorola) suggested that it be done in the main controller.

	Risks
	Details on how this was accomplished in the architecture presentation was insufficient.

	Sensitivities
	Other processors on the system and the actual speed of the processor.

	Tradeoffs
	More complex system; could affect other quality attribute such as modifiability; could possibly increase cost.

	Non-risks
	N/A

	Other Issues
	N/A


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: The highest risk is the lack of detail in the architecture presentation on how performance was “built” into the main controller.
risk 2: Another risk is that just because a fault is detected and indicated, the fault mechanism (component?) has no way of telling the main controller anything.
Non-Risks

In addition to the risks that were detected, several items were explicitly identified as being areas where there were no risks involved. These were:

none found during Phase 1 evaluation
Collected Sensitivities

The collected sensitivities are as follows:

sensitivity 1: The fault indication of the system is dependent on hardware components (light bulb, fuses) and will not respond correctly if one of these components should happen to fail.

sensitivity 2: The overall performance of the system is  dependent on the speed of the ABS system’s processor and the processors of other systems in the vehicle. 
Collected Tradeoffs
The collected tradeoffs are as follows:

tradeoffs 1: There has been a tradeoff between complexity of the components of the system and the ability to handle quality concerns related to those components.  The cost of the system (stated as a primary business goal to keep the cost of the overall ABS System at a minimum) is also directly related to the complexity of the components of the system.
Risk, Sensitivity, Tradeoff Themes

Theme 1 – Hidden Detail / Interdependency Detail

The detail in the architecture presentation of some of the ABS system’s components is questionable.  It is not possible at this stage to completely address some quality concerns because the detail on how they are specifically addressed is assumed to be part of a component (ex: performance handler is “part” of the Main Controller and hidden in implementation detail at the moment??).  The full sensitivity of a component is also not able to be fully addressed because of the lack of detail of component interdependencies.  For Example, cruise control and collision avoidance systems were said to be dependent on the performance of the ABS’s main controller, but this dependence was never fully addressed in earlier sections of this document (we were also confused as to why they are included as part of a discussion about ABS at all unless you were talking about an ABS product line).
Theme 2 – Fault Indication / Handling
This is directly related to the availability scenarios presented in the above sections.  The concern is that either the fault detection system is not presenting anything back to the stakeholder or is presenting incorrect information (ex: broken bulb or LED).  If the system is overly complex the handling (error codes reported to main controller) may not be decipherable (might also be costly to examine).
9.  Conclusions and Next Steps

The results of the ATAM showed the need for greater detail in the architecture documentation.  From the current documentation, it is difficult to determine if or how the architecture addresses the desired quality attributes.  The next step is to expand the documentation to explain the exact responsibilities and interfaces of the various boxes in your diagram.  Some identification of what the boxes represent (e.g., classes, objects, modules, or processes) would also be helpful.  That is, what type of view is this?
Our evaluation team has also spotted a possible functional flaw.  According to the requirements specification, a technician should be able to reset the ABS system when it is in a failure state.  Where is the failure state stored?  If it’s in the fault indicator, you’ve provided it no way to send that information to the main controller.  How does the technician reset the failure state?  In your expansion of your documentation, you should resolve these issues.
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