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Context & Problem

• Context: 
– The correctness of the software architecture is crucial for the success 

of software products
– Early evaluation and verification of the system, before it is built, give 

way for detecting potential risks and therefore minimize cost

• Problem: 
– Many methods for analyzing software architecture have been 

proposed, but almost none have been adopted in the industry 
• Many require special knowledge

– Architecture description languages (ADLs)
• Many are simply not intuitive enough for the software developer

– Correctness and consistency checks require automated formal 
methods

– Informal languages, more popular by practitioners, lack automated 
support



Proposed Solution

• Novel approach determines if an architecture is well-formed:
– Complete
– Self-sufficient
– Self-contained

• A framework for software architecture analysis based on:
– An existing semi-formal model ADL 

• Abstract ADL Model
– An existing constraint-based relational model for formal analysis

• Alloy

• This paper describes the first step of the approach
– Focus on analysis of structure
– Later on other aspects such as 

• Constraints
• Non-functional properties
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Paper Sections

1. Introduction
2. Related Work
3. Background

1. Abstract ADL Model
2. Alloy

4. The Model
1. Basic Model
2. Analysis Rules
3. Translated Instance

5. Example
6. Cost/Benefit of Approach
7. Conclusion and Future Work
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Abstract ADL Model (AAM) Bhattacharya and Perry, 2007

• Although there are many ADLs that exist in the literature, the 
advantage of using AAM is twofold: 
– It uses a semi-formal notation, namely XML, as a means for writing 

architectural specification
– It facilitates constraint-based evaluation by enabling the definition of 

architectural elements as a collection of constraints.

• An arch-element is defined by services, dependencies and 
constraints
– Services are facilities provided by the element
– Dependencies represent supporting services needed from other 

architectural elements
– Constraints define a set of functional and nonfunctional constraints

that should be satisfied
• Services and dependencies are eventually modelled in terms 

of constraints as well

2017-09-12 SAEroCon 5



Alloy Jackson 2012, http://alloy.mit.edu/alloy/

• Alloy is used for formal analysis.
– It is a declarative specification language used for describing a set of 

structures and constraints over these structures.
• Fits with AAM approach

• Alloy Analyzer is used for fully automatic analysis
– Models written in Alloy can be checked for correctness
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Analysis Flowchart
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Example Architecture
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Procedure

1. Write the architectural description using the abstract ADL notation
2. Translate the architectural description to an Alloy model
3. Perform automated analysis against analysis rules
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Analysis Rules Well-Formed Rules

• Completeness: Each service provided by the system is provided by at 
least one of its components.
– This ensures that the system will not promise to provide services that are 

beyond the capacity of its components.
• Self-sufficient: the services provided by the system are also provided by

the composition
– The composition realizing the system is able to provide all services promised 

by the system
• Self-contained: dependencies required by a composition are either 

satisfied by the composition itself (i.e. via components within the 
composition) or are exported.

• Example specification that results in a “counterexample indicating
incorrectness of the model”
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Conclusion & Future Work

• This paper laid the building blocks of a framework for analyzing 
software architectures

Future Work will cover
• Remaining architectural aspects: system behavior, quality attributes
• Extension of the set of rules
• Facilitation of architectural specification through a user interface
• Automatic translation of AAM specification into Alloy model
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Questions

• What is the difference between the rules:
Completeness, Self-Sufficient?
– What is the violated rule in case of the example?

• Why not skip AAM and specify the architecture directly in Alloy?
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Questions

• What’s make you sure that this approach will be accepted in 
practice?

• Are there cases that show that the benefits of this approach are 
greater than the costs -- the time to specify and maintain all the
services and dependencies per module?
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