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Abstract. Software architects are often forced to make design decisions based
on limited information. In this paper, we present an approach that allows
software architects to study information about design decisions made by
hundreds or more software architects by automatically analyzing the version
management data of large open-source repositories. The contribution is, first,
that it develops a conceptual model to reason about the automatic derivation of
specifically medium level architectural design decisions. Second, we show that
it is indeed possible to derive these design decisions automatically from open
source projects. This provides a basis for statistical and quantitative reasoning
about software architecture design decisions that allows software architects to
make better-informed decisions.
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Introduction
Architects are lonely [1] because they often are the only ones with a system-wide
overview and have no peers within the organization. These architects are responsible
for making design decisions concerning the system or systems that they are
responsible for. A significant portion of these design decisions involves the selection
of 3rd party open source or commercial components. In our experience with architects
at dozens of companies, this selection is done based on descriptions on websites,
anecdotal experiences or sometimes proof of concept implementations [2].
Consequently, despite the best intentions and efforts of the software architect, the
design decisions often are guesses based on circumstantial evidence that are only
validated once the system has been built or changed and it is, once again, in operation.
The vast majority of decisions that software architects are faced with have been made
earlier software architects in other organizations working on similar systems.
Wouldn’t it be great if software architects could get access to the decisions made by
other architects, that would allow them to determine what selections were made from
a set of alternatives and with what frequency? That would give software architects
hard, quantified data to base their own decisions on. The question of course is: how
we can access these decisions? Interestingly, over the last decade or more, several
open-source software repositories have achieved broad adoption and host thousands

of projects in virtually any programming language and application domain
imaginable. Examples include SourceForge1 and GitHub2 with millions of repositories
millions of developers. As many of the projects in these repositories are public, there
is a large amount of data available about the structure of these projects as well as the
evolution of these structures over time. In order to provide the lone software
architects with objective, quantified and statistical information about the design
decisions that other architects have made, version management systems provide an
excellent source of data. However, considering the sheer volume of data, this requires
an automated, rather than manual, approach to derive the information that software
architects require. In order to achieve that, the first question, which is the research
question of this paper, is whether it is feasible to automatically identify design
decisions from commit data.
The contribution of this paper is twofold. First, it develops a conceptual model to
reason about the automatic derivation of architectural decisions. Second, it shows that
it is indeed possible to derive these design decisions automatically. This paper is
organized as follows. First, the concept of architectural decision is introduced. Then,
our hypotheses are presented. Sequentially, a description of how we acquired and
processed the data is given, followed by the analysis or our results. This paper ends
with the discussion and future work, related work and some concluding words.

Architectural Design Decisions
In research about architectural design decisions [3, 4], typically four aspects of
decisions are considered: the decision topic, the choice, the alternatives that are
considered and the rationale (sometimes formalized as ranking) of the decision. We
use these four aspects of architectural decisions to identify decisions in repository
data of open source projects. There are different abstraction levels of architectural
decisions. As described by de Boer et al. [3], decisions are often related to each other,
and this relationship typically forms a tree structure down from more abstract to more
concrete (decisions cause new decision topics). Fig. 1. symbolically visualizes such a
graph. Generally speaking three levels of decisions can be distinguished:
− High-level decisions. High-level architecture decisions affect the whole product,
altough they are not necessarily always the decisions that are debated or thought
through the most. Often, people that are not involved in the realization of the project
(e.g. management or enterprise architects) heavily affect these decisions. Typical
examples of high-level decisions are the choice to adopt an architectural style, use a
programming language, application server, or specific large (COTS) components.
Changing these decisions typically has a huge impact.
− Medium level decisions. Medium level decisions involve the selection of specific
components or frameworks, or describe how specific components map to each other
according to specific architectural patterns. These decisions are often debated in the
architecture and development teams and are evaluated, changed and discarded as
1 http://sourceforge.net/
2 https://github.com/

needed. They have a high impact on the (nonfunctional) properties of the product
and are relatively expensive to change.
− Realization level decisions. Realization level decisions involve the structure of the
code, the location of specific responsibilities (e.g. design patterns), or the usage of
specific APIs. These decisions are relatively easy to change, and have relative low
impact on the properties of the system.

Fig. 1. Relationships between Design Decisions.

As we have experienced in our industrial cases [5], the architectural decisions that
are hardest to make are the medium level decisions, for the following reasons: a) these
decisions have a high impact on the functional and non-functional properties of the
system; b) they change constantly, especially compared to high-level decisions that
only change when remaking the system; c) they are costly to change because of the
impact on the system; d) because new components and version are created constantly,
it is hard to stay knowledgeable about all relevant alternatives, and; e) they have
unpredictable results until they are implemented in the system.
The focus of this paper is on medium level design decisions that change during
development or maintenance. These decisions express themselves through changes in
the version management system, i.e. commits of new and changed code. All of the
previously mentioned aspects of a design decision have a reflection in the version
history or implementation of the system. The decision topic and the choice have a
reflection in the (architecturally relevant) commits. The rationale for the decision can
be reflected in the commit message, and the author of the commit can be contacted for
additional rationale. Alternatives have reflection in the history of the architecturally
relevant commits.

Hypotheses
The research approach we utilize consists of the following steps. First, we formed
hypotheses about how design decisions are potentially represented in the version
history of projects. Second, we selected a set of projects to test our hypotheses on.
From these projects, we generated the data that potentially contained architectural
design decisions, rationale and information about alternatives. This data was used to
validate our hypotheses in a quantitative and qualitative way. The following three
hypotheses are used in the remainder of this paper:

− Hypothesis 1: Medium level design decisions can be identified in the version
history of projects.
− Hypothesis 2: Commits in version management systems contain rationale of the
made architectural decisions.
− Hypothesis 3: Alternatives can be found in the structure of commits in version
management systems.

Mining Git Repositories
This section describes how the data from the git repositories was processed to usable
data in the Gitminer tool. We have looked at projects that contained a Gemfile, that
were used by the community (>1 watcher, >1 fork), were active (change in last
month) and were of moderate size (between 0,3 and 10Mb). From Google’s BigQuery
API3 we have searched project urls that satisfied these criteria, resulting in 710
projects.

Fig. 2. Processing of Repos to Gitminer.

For the processing of the data from the repos, we used git4 tooling. We only looked
at the history of the Gemfile, as this file contained information about used
components. In Fig. 2. this processing is visualized. First, a set of repos is selected
and cloned to a local computer. Then, every commit on the Gemfile is taken, and
every line that changed in the Gemfile within the commit is processed to a database
insert query. To do this, we have automatically processed the output from the git log
command, which outputs the history of a file. At last we inserted the queries to the
database.
Table 1. Acquired Repo Data.
Parameter
Projects involved
Total commits
Total commit messages > 30 characters
Total changed lines

Total #
710
12600
7527
40464
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In our processing, we removed lines that were added and removed in the same
commit (typically a copy-paste of lines to a different location in the same file) and
lines that did not concern gems (but, for example comments). A summary of the
resulting amounts after the above-mentioned steps is presented in Table 1.
Analyses Tool: Gitminer
In order to proof or disproof the hypotheses posed in this paper, we created two
different ‘views’ on the data in the Gitminer database. The Gitminer Web Interface is
a web interface that enables users to browse thought commits. This tool shows the
commits that removed the component you are looking for, as this indicates that a
specific decision was made to remove (or replace) a component. The view includes
the commit messages, the date of the commit and the contact details of the authors. In
this view you can see for every component: A) what replacements of this component
are often used, and B) what this component was often replaced for. As a second view,
the Gitminer Relationship Visualization provides a visual way to identify what
components are related. A state machine displays a relationship when a component
was removed in the same commit as where another component was added. A number
representing the amount of projects accompanies the arrows in the diagram. In this
view it is possible to see patterns of relationships between components.

Results
For our quantitative results, we have presented 100 different commits to six subject
matter experts. We randomly picked 100 commits from the Gitminer database that
had commit messages of more then 30 characters (therefore, had a solid chance of
containing rationale). We distributed the commits among our subject matter experts.
The participants that conducted the research were experienced Ruby software
developers, experienced software architects, and researchers with software
engineering background and experience. We asked them to answer if the presented
commit involved a design decision, rationale for a decision and relevant information
about alternatives for a decision.
Table 2. Quantitative Results.
%
% Yes
% No
% Empty

Decision?
61,75 %
38,00 %
0,25 %

Rationale?
25,50 %
68,75 %
5,75 %

Alternatives?
4,75 %
84,00 %
11,25 %

During our analysis of the data collected with the Gitminer tool, we found
additional qualitative results in addition to the quantitative results. We identified
different aspects related to design decisions, that we used as expert validation:
− There were commit messages that indicated changes of components and rationale
about them. E.g. “use mysql2 instead of mysql because of shit encoding”.

− Commit messages where a decision is made, but the rationale was clearly missing:
“Changed to jeweler2”, or “remove thin”
− Many messages described configuration issues: “Unfortunately, we can’t put rubydebug in the gemfile because it breaks 1.9.2 compatibility …”.

Analysis
As shown in Table 2, roughly 60% of the commits on Gemfiles were considered as
concerning a design decision. For our whole dataset, this would mean that 60% of the
7527 commit messages contains decisions (~4500). Of course, the other commit
messages (with < 30 characters) could also contain decision information, so this
number could very well be higher. Calculated in the same way, about 1900 commit
messages contain rationale about made decisions. When relating this to the number of
projects, on average every open source project we used contained ~ 6 decisions in
commits and ~3 commit messages with relevant rationale. Following, we will discuss
our hypotheses and related results.
Hypothesis 1: Medium level design decisions can be identified in the version
history of projects. The subject matter experts have identified architecture design
decisions in the commit messages. This is a clear quantitative indication that decisions
exist in the commit messages of open source projects. Qualitatively, the researchers
found several interesting design decisions. This qualitatively strengthens the validity
of this hypothesis. Concluding, hypothesis 1 is confirmed by our data.
Hypothesis 2: Commits in version management systems contain rationale of the
made architectural decisions. Rationale was found in 25,5% of the commits that were
inspected by the subject matter experts. Qualitatively the researchers found rationale
in many cases. This qualitatively strengthens the validity of this hypothesis.
Concluding, hypothesis 2 is also confirmed by our data.
Hypothesis 3: Alternatives can be found in the structure of commits in version
management systems. Our subject matter experts have not found many alternatives in
the commit messages from the version management system (< 5%). So, quantitatively
we have no evidence that alternatives can be found. So, hypothesis 3 is not confirmed
by our data. However, alternatives were clearly identified by the researchers in the
Relationship Visualization. So, based on the qualitative data we still think we could
be able to find information about alternatives, but not solely in the commit messages.

Discussion and Future Work
In order to be able to discuss the architectural design decisions we discovered in this
paper, we had to scope the definition of these decisions. We selected medium level
design decisions that concerned component selection. For the validation we have
taken only the commit messages that contained more then 30 characters. Based just
on this research, it is tough to generalize to other kinds of architectural decisions.
We assumed that every added or removed line in the Gemfile was a potential
decision. However, in Gemfiles there are non-gem lines too. For example, there can

be conditional lines or groups that are only called in specific situations. We have
chosen to remove those lines. Hence, dependent on how often this happens, it could
be that some of our found decisions are conditional.
As a reflection on our research, we considered the commit messages to be very
useful in understanding what happened in a project. However, the messages were
sometimes cryptic and short. In that case, data from multiple projects needed to be
used for making similar decisions. The component relationships were interesting from
a research point of view as an indication for dependencies and alternatives.
We are investigating ways to increase the number of repositories in the database, to
be able to base the advice on a larger data set. In addition to this, we are planning to
experiment with our approach on other programming languages. For example, the
pom file of Maven (Java) projects could be used similar to Gemfiles. Also, we are
working on making the results accessible to the public. As noted by several people
that studied our results, the results could be used to statistically advice people about
their architecture.

Related Work
There has been much attention to documenting software architectures [6], as well as
documentation templates [7] and computational modeling [8]. A topic that is being
discussed heavily is the role of the architect [1] and the role of ’the architecture
document’ in the design process [5]. Here, often the architect is responsible for
creating and maintaining the architecture documentation. However, the architect is
never supported in making these decisions in any way.
In the architecture design decision research hierarchical structures are used to
model architectural knowledge [3] or design decisions [9, 10]. This research often
emphasizes the recording of decisions, and the extraction of decisions later in the
development process. However, we have not find any work where statistical data is
used to help architects make better decisions. Dagenais and Robillard [11]
investigated open source development for finding decisions based on surveys and
documentation. Another mining initiative involves searching open source java
frameworks [12], that focuses on code fragments instead of architectural decisions.
On the web, there are several initiatives that provide statistical data about software
projects. For example, there are tools that help developers increase code quality by
providing statistics about the code [13]. However, to the best of our knowledge no
research or practical solution exists that actually searches for design decisions in the
version history of software projects.

Conclusions
In this paper, we have given architects the first step to a wider knowledgebase for
relying their architecture decisions on. We have shown that it is possible to extract
architectural design decision information from the version management of open

source projects, by automating the process of extracting the decisions, and validated
that architectural decisions can be derived from commits on the system.
Architects that are facing problems related to selecting components can benefit
from this, by seeing what happened in similar situations in other software projects.
The information presented in this research is based on real world projects, which are
actually used, build and maintained around the world. By using this information,
architects can be supported statistically for making their decisions.
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