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Abstract

A lot of existing software architectures suffer from architectural erosion, as a result of lost architectural knowledge. This paper will give a quick overview of the problems with documenting design decisions in the most commonly used approaches to software architecture and which solutions are proposed in the literature. Then the proposed solutions will be compared to determine the major similarities and differences between them in terms of implementation, cost and ease of introduction.
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1. Introduction

The design of software architectures should focus on two questions: ‘How?’ and ‘Why?’  The ‘How’ part states how the architecture should be implemented and is usually straight forward, it is primarily used during the implementation phase. Less straight forward is the ‘Why’ part; this involves the design decisions and is primarily used before and after the implementation phase. It contains the reasons why a specific approach was chosen in favor of the alternatives. In the design phase the design decisions and their rationales are mainly used to convince stakeholders that the right decision has been made, by informing them of the alternatives and their consequences.

After the implementation phase, the design decisions are used to deal with changes in the environment, which require the system to be adjusted to regain environmental ‘fit’. When a system is changed without the engineer knowing the reasons behind the design decisions, the changes may inadvertently cause undesired side effects. These side effects on their turn require new changes to be made to the system; this is known as architectural erosion. However, when the reason for a decision is exactly known, the decision can be re-evaluated. This way you can evaluate all the consequences and guarantee a sound architecture.

An architecture reflects many major and minor decisions, either to guide or constrain the technical implementation. Design decisions are based on the stakeholders’ concerns and are architecturally significant if they affect one or more system qualities like performance or security. 
Our research will show that currently used methods to describe software architectures have significant shortcomings with respect to documenting design decisions. Architectural knowledge is lost over time, which leads to erosion of the architecture. Solutions found in the literature range from additional documentation to whole new approaches to software architecture. However, every solution has a cost associated with it. We will show how the solutions differ from each other in terms of implementation, cost, possible benefits and ease of introduction.

2. Problems tracking decisions in traditional approaches

The overall problem with the traditional approaches is caused by the lack of a clear view on why the architecture looks the way it does. Design decisions are embedded in the architecture and not explicitly documented. Knowledge about these decisions is lost over time and this leads to a number of problems, as identified by Jansen and Bosch[4]: 

· Design decisions are cross cutting and intertwined

Decisions that affect multiple parts of the design simultaneously, lead to design decision information being fragmented across various parts of the design, making it difficult to find and change decisions.

•
Design rules and constraints are violated
During system evolution, previously taken decisions may be violated, which will lead to architectural drift.

•
Obsolete design decisions are not removed
The system has a tendency to erode more rapidly when obsolete design decisions are not removed, yet removing decisions takes a lot of effort with no immediate benefits. It may also result in unexpected effects on the system.

These problems result in systems which are expensive to change and individual artifacts that are difficult to reuse, because the design knowledge has vaporized.

3. Proposed solutions in literature
This section will review four papers from the literature. Not all of the papers provide a complete solution for the problem, but rather discuss different aspects of the prioblem. Kruchten[1] focuses primarily on defining design decisions, an overview of research is provided. Babar[2] has done research on architectural information can be captured and Tyree[3] focusess strongly documenting all the design decisions in a separate document. Bosch[4] finally proposes a new approach towards software architecture. All these papers are discussed in more detail below.
Paper 1: Kruchten
Kruchten defines 4 types of design decisions:

· Existence decisions (“ontocrises”), these decisions state that some element/artefact will show up, i.e. will exist in the system’s design or implementation.
· Bans or non-existence decisions (“anticrises”), this is the opposite of an existence decision, it states that some element or artefact will not appear in the design and implementation.
· Property decisions (“diacrises”). A property decision states an enduring, overarching trait or quality of the system.
· Executive decisions (“pericrises”), these are the decisions that do not relate to the design or quality but are more driven by for example the business environment.
For a decision Kruchten lists the essential attributes:

· Epitome, a short textual statement of the decision.
· Rationale, a textual justification of the decision.
· Scope, for example time scope, when is the first customer release?
· Author, Time-stamp, History.
· State, decisions evolve in a a manner that may be described by a state machine or statechart.
And the relations between the decisions:
· Constrains

· Forbids (Excludes)

· Enables

· Subsumes

· Conflicts with

· Overrides

· Comprises

· Is an Alternative to

· Is bound to (strong)

· Is related to (weak)

· Dependencies

The paper does not give a clear solution how the design decisions should be captured. There is an overview of actors who may use the architectural knowledge from the repository, but not how the repository is build. Visualizing the decisions and their interconnections is marked to be very important. A tool called Aduna is able to visualize ontologies that describe a domain through a set of classes and their hierarchical relationships.
Paper 2: Babar

This approach uses a three component framework for managing architectural design knowledge. The components are created with information from different sources, like architects, artifacts and patterns. The three components are derived the following way:

· Capturing knowledge underlying decisions from architects

A manager can be appointed to the task of capturing design knowledge, it’s also a possibility to let the architects do this themselves, but their knowledge can become a bottleneck.

· Capturing architecture knowledge and associated rationale from patterns

Using a template to document architectural design knowledge extracted from patterns. Because design patterns are reused in different projects, the design knowledge can be reused.

· Characterizing the main architectural constructs and their relationships

The “DAta Model for Software Architecture Knowledge” (DAMSAK) is a customizable model to characterize the data required to capture architecture knowledge and rationale. The model constructs a repository of reusable architectural design knowledge.
Paper 3: Tyree
This solution uses a decision hierarchy for connections between design decisions. It first states that architects should make as few decisions as possible and leave the rest till later in the lifecycle. The only decisions the architect really needs to make are those that identify the system’s key structural elements, their relationships and their externally visible properties.

Once an important design decision is found, a set of alternatives is developed. A simple comparison of pros and cons is used to assign viability to the alternatives. 

For listing the essential information provided for the best alternative they use a table derived from the REMAP and DRL meta-models with two additional fields, Related Principles and Notes.

As the result of a design decision a number of implications can arise, these implications can lead to new design decisions. Repeating this recursively this can deliver a complete decision hierarchy.

The decision hierarchy depends highly on the main decision and changes in the main decision will have a ripple effect across the whole hierarchy. That is why an “Architecture Decisions Model” is made to represent the hierarchy.
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Figure 1: Architecture Decisions Model

All decisions and their tables and models will be described in a simple separate deliverable.

Paper 4: Bosch 
The proposed solution is a whole new approach to software architecture. It aims to define software architectures as a set of architectural design decisions. Aside from solving the problems determined in the previous chapter, it will also help the architect with:
•
Guarding the conceptual integrity

Software engineers often break with the conceptual integrity of the architecture because they are unaware of the design decisions that led to the constraints of the system. Explicit design decisions help in creating the necessary awareness.

•
Explicit design space exploration

Forces the architect to self reflect upon the software architecture, communicate it with others and prevent obvious mistakes.

•
Analysis

Allows comparing possible new design decisions with the existing decisions.

•
Improved traceability

Better understanding of the architecture because the relationship between features and design decisions is more clear.

The Archium approach

The Archium approach tries to define the relationship between general design decision models and software architectures. Archium is fundamentally different from most other design methods, as it does not promote design for or with change, but rather designing using change.

The Archium meta-model consists of three sub-models: 

•
Architectural model
Defines software architecture using ADL  concepts

•
Design decision model 
Model design decisions with their rationale
•
Composition 
Model elements to unite previous sub-models
These models together make Archium capable of describing a software architecture as a set of design decisions.
4. Similarities and differences between proposed solutions

The authors of the above mentioned papers all agree that preserving architectural knowledge is of high importance. They differ in the way in which they propose to actually capture the knowledge. Tyree[2] proposes to add an additional document to the architecture that explicitly documents the decisions and the reasons behind them. It does not propose any other alterations to the architecture design process. In terms of implementation this solution is relatively cheap: the method is easy to learn and understand and although it requires some effort to document the decisions, it will not cause any serious delays in the architecture design process. 
Kruchten[1] does not propose a complete solution, but rather raises questions as to what information should be contained within an architectural knowledge repository, and how this information should be used. The paper does not reach decisive recommendations, but it is made clear that the ultimate implementation will entail a lot more than a simple documentation of each individual design decision. A lot of effort is invested in visualizing the decisions and their interconnections. It is therefore logical to assume that this will require some fundamental changes to the way software architects work. For that reason it will be more costly to implement than the proposal of Tyree.

Babar[2] focuses on obtaining the actual architectural knowledge whereas the other papers suggest this knowledge is readily available during the design phase. Babar raises questions as to who is responsible for capturing the knowledge and what the used framework should look like. Similar to Kruchten, a complete solution is not proposed, but the main idea is a knowledge repository, not a new approach towards software architecture.
Bosch[4] proposes the most radical change in architectural design. The current ways of software architecture are abandoned and replaced with a method that is centered around architectural decisions themselves. As this requires a radical shift in practices, it is very costly to implement.
5. Conclusion

The authors of the reviewed papers all agree that preserving architectural knowledge is of key importance to prevent architectural erosion. They also agree that this concept is new and emerging practices are still in their infancy. The complete new approach Bosch[4] proposes has to deal with the major disadvantages for a new approach:

•
Conservative designers are most likely unwilling to change their approach

•
Retraining architects is expensive

•
Software engineers need to be schooled to understand the architecture

This means the method should be really convincing. The other methods can be introduced in an easier way because the process itself does not have to change in a fundamental way, it just produces more or bigger deliverables. The authors also conclude that not only the main attributes of a design decision have to be documented but also the relations between the individual decisions and the impact a certain change will have on other decisions. Capturing the underlying knowledge of decisions made by architects may also be a good idea, experienced designers can see certain anti-patterns or mistakes in the reasoning of new designers.  Using design decision patterns is, like using patterns in general, a good idea but the traps should be avoided.

With architectures in general becoming more and more complex, combined with increasing demands for software reuse, preserving architectural knowledge becomes increasingly important. This development will increasingly improve the trade-off in favor of the approaches that best serve these new demands, even if they are more costly to implement.
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