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Abstract

Merging and splitting source code artifacts is a common ac-
tivity during the lifespan of a software system; as developers
rethink the essential structure of a system or plan for a new
evolutionary direction, so must they be able to reorganize the
design artifacts at various abstraction levels as seems appro-
priate. However, while the raw effects of such changes may
be plainly evident in the new artifacts, the original intent of
the design changes is often lost. In this paper, we discuss how
we have extended origin analysis [10, 5] to aid in the detec-
tion of merging and splitting of files and functions in proce-
dural code; in particular, we show how reasoning about how
call relationships have changed can aid a developer in locat-
ing where merges and splits have occurred, thereby helping
to recover information about the intent of the design change.
We also describe a case study of these techniques (as imple-
mented in the Beagle tool) using the PostgreSQL database
as the candidate system.

1 Introduction

Merging and splitting source code artifacts — such as files
and functions — are commonly performed activities during
both active development and maintenance. These refactor-
ing techniques [3, 8] can be used to keep the codebase in a
healthy and agile state; software maintainers often use merg-
ing and splitting to reduce the complexity of the software
system, making it more comprehensible and easier to evolve.

Although the effects of merging and splitting are plainly
evident in the source code version histories, the merging and
splitting actions themselves typically are not. That is, it may
be clear what is contained in successive versions of a set of
files, but it may not be clear that between versions 4.2 and
4.3 one function from each of the files scsi.c, atapi.c,
and usb.cwere merged into a common utility function that
was added to the file storage.c.

Detecting where merges and splits have occurred can help
software maintainers to better understand the change history
of a software system. In a typical development environment,
system changes are tracked by a version management sys-

tem, and detail which characters in which files have changed
since the last check-in. They usually do not provide answers
to such questions as “why was this new function added?”,
“where did the XXX functionality disappear to?, “how much
additive versus invasive change occurred?”, or “how much
restructuring of source code occurred?”. If a software de-
veloper requires answers to these questions, (s)he must ei-
ther hope that previous developers have kept accurate and
up-to-date documentation, or (s)he must make use of tools
that can help to extract information about the system’s evo-
lution after-the-fact.

In this paper, we propose an approach to detecting func-
tion and file merges and splits that may have occurred be-
tween versions of a software system. Our approach is based
on a detailed analysis of call relations and various attributes
of the function entities themselves. This work is an extension
of our previous work on origin analysis [5, 10]; our original
formulation of origin analysis did not consider the possibil-
ity that program entities might be merged or split between
versions.

The remainder of this paper is structured as follows: In
Section 2, we define what we mean by origin analysis, and
show how we have extended the definition to include the de-
tection of merging and splitting of source code artifacts. In
Section 3, we describe how we have implemented our tech-
niques in the Beagle tool, and we describe a case study per-
formed on the source code for PostgreSQL, an open source
database system that is in wide use. In Section 4, we dis-
cuss related work, and finally, in Section 5 we summarize
our results and sketch future research.

2 Origin analysis and merges/splits

2.1 Definition of origin analysis

Let us begin with an informal definition of origin analysis:

Suppose G is a software entity (such as a function,
class, or file) that occurs in a particular version
of a software system, call it Vnew. Suppose further
that G did not “exist” in the previous version, call
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it Vorig, in the sense that there was no like entity of
the same name and/or location.

Origin analysis is the process of deciding if G is a
program entity that was newly introduced in Vnew,
or if it should more accurately be viewed as a re-
named, moved, or otherwise changed version of an
entity from Vorig, say F.

We note that while simple renaming and moving of enti-
ties are easy to define formally and fairly easy to detect, the
more general concept that G is a changed version of F is
not. This is why we consider that origin analysis must be a
semi-automated approach to be useful. The user must apply
experience and common sense to decide if the similarity is
strong enough to consider that G is a changed version of F.

While this informal definition helps to show the intuition
behind our research, origin analysis — as we have imple-
mented and investigated it — is slightly more complex:

� Origin analysis can be performed in either direction:
old-to-new, or new-to-old. That is, the above formu-
lation essentially asks the question: “Are these appar-
ently new entities really new?”; one might be just as
interested in asking: “Are these apparently deleted en-
tities really gone from the new version?” Our origi-
nal implementation of origin analysis in the Beagle tool
considered only the first question, but the new version
of the tool supports looking in both directions.

� Since merging and splitting of software entities may oc-
cur, there may be several Gis that were split from a sin-
gle F, and there may be several Fis that were merged
into a single G. It may also be the case that several Fis
are merged into a G that is present in both versions of
the system (or analogously, an F that exists in both ver-
sions may split off some of its “old” functionality into
one or more “new” Gis into the new version).

We shall concentrate our discussions on the phenomena of
merging and splitting in this paper.

2.2 Implementing origin analysis

Previously, we have described how we used a combination of
entity analysis and relationship analysis techniques to help
to detect structural changes that have occurred between ver-
sions of a software system [5]. In brief,

� [Entity analysis] we created a kind of hash value or fin-
gerprint of each function in a (procedural) system based
on its various attributes, such as number of lines of
code, fan-in/out, number of local/global variable used,
its cyclomatic complexity, etc., and

� [Relationship analysis] we considered the set of callers
and callees of each function.

In our original implementation of origin analysis in the Bea-
gle tool [10], the analysis routines were performed all at once
in a batch, and the results combined into a single list. That is,
for each function G that appeared to be “new” in Vnew, and
for each function F that appeared to be “deleted” in Vold, we:

1. compared the entity analysis fingerprints,

2. compared the calls and called by relational images, and

3. performed a simple string matching algorithm on the
function prototypes.

The results were then combined into a linear ranking, and
the user was able to examine the best “match candidates”.

Recently, we have sought to improve the design of Bea-
gle by making it more flexible and more interactive. We
have generalized the notion of matching, we have devised
a plug-in infrastructure that allows for the easy addition of
new “matcher” subtools, and we have provided support for
building incremental persistent models of a system’s change
history. However, we will not discuss that work here as it is
detailed elsewhere [12]. Instead, we will discuss how detec-
tion of merges and splits has been incorporated into Beagle.

2.3 Merge/split matching

Merging and splitting can occur at different architectural
granularities. When these actions are performed at the
subsystem level — as files and subsystems are broken up,
merged, and moved around — significant changes to the de-
sign of the software system are being effected. When merg-
ing and splitting are performed at the function level, this of-
ten reflects a fine tuning of the design, as maintainers may
strive to improve the cohesion of a function, file, or class or
lessen its coupling with other design entities. Since changes
at the higher levels of design (i.e., file and subsystem) can be
inferred from changes at the lower levels, we have concen-
trated our efforts on extracting and modelling information
about merges and splits at the function level.

Let us now consider how merging and splitting can affect
the call relationships between the various program entities.
To simplify discussions somewhat, we will let N �

�
and

consider only merging of functions for now.

F1
 out1
in1


F2
 out2
in2


G
 out
in


Figure 1: Canonical two-way function merge.

Figure 1 shows the before and after of two functions, F �

and F � , being merged into a single new function, G. Let
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us assume that in � , in � , and in denote the callers (clients)
and out � , out � , and out denote the callees of F � , F � , and G
respectively.

While there are many reasons why merges may occur, we
have found three cases that are relatively easy to detect by
examining the call relationships:

1. Clone elimination — Two (or more) functions that per-
form similar tasks are merged into one function in the
new version.

F1
in1


F2
in2
 G
 out
in1
 in2


out
out1
 out2


Figure 2: Clone elimination.

A strong indicator of this phenomenon is

� in ��� in ����� � in ��� in ��� in
� out � � out ��� out

That is, F � and F � have no clients in common (if they
are clones, why would one call both?), and the union of
the clients is the client set of the new function. Since the
three functions have roughly the same functionality, the
set of outgoing calls for each should be highly similar.

2. Service consolidation — Two (or more) functions that
perform different services, but are called at the same
time by the same clients, are merged into a new, larger
function.

F1
 out1


F2
 out2


G


in
in1
 in2


in
 out1
 out2


Figure 3: Service consolidation.

A strong indicator of this phenomenon is:

� in � � in � � in
� out � � out � � out

That is, the client sets of F � and F � are similar to each
other as well as to the new function G, and the union of
the callees of F � and F � are similar to that of G. Since
F � and F � perform different tasks, there is no presumed
overlap in the callee sets out � and out � .

3. Pipeline contraction — A function (the service
provider) is only ever called by a single client. In the
new version, either the client consumes functionality of
the service provider directly, or a new function is cre-
ated that merges both the client and service provider.

F1
 out1


F2
 out2


G
 out1
 out2


in1


in
in1


Figure 4: Pipeline contraction.

A strong indicator of this phenomenon is:

� F �
	 out � � in � ��� F ��
 � in � in �

� out � � out � � out

That is, the “second” function F � is called only by its
single client F � in the old version, and the client set of
F � and G are highly similar. Furthermore, the callee set
of the new function is similar to the union of the callee
sets of F � and F �

Since, at least structurally, a split is the dual operation of
a merge, we note that the analogous patterns of

4. clone introduction,

5. service extraction, and

6. pipeline expansion

may also be detected easily. We have built some of this
knowledge into the new version of the Beagle tool; in the
next section we will describe our experiences in using Bea-
gle to look for merges and splits in a large software system.

We conclude this section by noting that merging and split-
ting may occur for a number of other reasons, in addition to
those cases we have described above. Those patterns listed
above were the ones we had conceived of before attempting
the case study on PostgreSQL; in the next section, we shall
discuss more patterns that we observed to occur in the evo-
lution of PostgreSQL.

3 Case study: PostgreSQL

3.1 Using Beagle

Beagle is a research tool that is intended to help developers
gain an understanding of a software system’s evolutionary
history [10, 12]. Beagle incorporates various techniques and
subtools from software metrics, software visualization, and
relational databases into a unified framework; this frame-
work allows users to query, visualize, and navigate through a
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system’s change history, and allows users to build persistent,
annotated models of how structural changes have impacted
the design of the system. Details of its various functionalities
are described elsewhere [10, 12]. In this paper, we concen-
trate on how origin analysis in Beagle can be used to detect
merges and splits of functions and files.

3.1.1 Detecting basic merges/splits at function level

As noted above, the purpose of origin analysis is to decide
if a software entity that appears to be either new (in the new
version of the system) or deleted (from the old version) really
is new or deleted, or if it should more accurately be viewed as
having come from or disappeared into some other software
entity.

For simplicity of explanation, we will assume the user is
considering an “apparently new” entity, which we will call
the target. The basic iterative process for performing origin
analysis is straightforward:

1. the user decides on a candidate entity set of interest
from the old version,

2. the user applies one or more “matchers” to the target
and the candidates, and

3. the user examines the ranked list and the detailed
matcher output and decides which, if any, of the can-
didate matches to accept as the “correct” origin of the
target entity.

Step 1 helps to reduce the computation time by allowing
the user to decrease the number of entities used in perform-
ing the matching algorithms; this is particularly useful in
cases where we know (or hypothesize) that changes must
have happened within the parser subsystem, or that only
“deleted” entities could be involved.

In Step 2, the “matchers” are applied to produce a ranked
list of the “best” matches together with details of the matcher
output and hyperlinks to the appropriate source code loca-
tions so that the user can browse and compare. The match-
ers are plug-ins to the Beagle tool; currently, there are four
matchers for functions: name, declaration, implementation,
and call relations. The last one, called relation matcher, is
the most useful for detecting merges and splits.

The relation matcher computes the similarity of two func-
tions by comparing three sets of call relations: both callers
and callees, callers only, and callees only. Comparing func-
tions based on combined similarity of both caller and callee
sets is a good technique for finding functions that have
been moved or renamed, but it works less well for finding
merges/splits as the patterns discussed in Section 2.3 illus-
trate. Allowing the user to match on similarity of only caller
or only callee sets provides the additional flexibility to get
a more accurate ranking when merging or splitting is sus-
pected to have occurred.

The candidates are ranked by computed similarity, and are
associated with detailed information of how each similarity
is computed. Figure 5 shows an example of candidates pro-
duced by relation matcher. Here, we were trying to find the
origin of apparently deleted functions in heap.c in Post-
greSQL in release 5.0. For function DeleteTypeTuple
(highlighted on the left), two functions in release 6.4.2 on the
right were found to be very similar to it. The closest match
was DeletePgTypeTuple and why its similarity was 1.0
was displayed at the bottom: their call relations were exactly
the same.

similarity


details


Figure 5: Candidate list produced by relation matcher

In Step 3, the user decides if (s)he thinks that the cur-
rent evidence is strong enough to make a commitment. The
whole process may be repeated using different candidate sets
and/or different matchers until the user is satisfied that the
“correct” origin of the target entity has been found or, alter-
natively, that no such entity exists. In either case, once the
decision has been arrived at, it is recorded as an attribute of
the target entity and the matching candidate(s) (if any) in the
Beagle model of the system.

After several iterations of origin analysis, we may find
multiple candidate functions appear to have the same origin,
which indicates that a merge or split may have occurred. In
this case, we examine the detailed change of call relations to
see why it happened. A small helper tool for comparing call
relations of two sets of functions helps us in this phase.

3.1.2 Detecting chained merges/splits at function level

Sometimes we discover that a set of structural changes, in-
cluding merges and splits, may be “chained” together; that
is, the entities involved are heavily interdependent, making
it difficult to perform our typical analysis in one iteration.
In such a case, performing the analysis iteratively helps to
reveal what has occurred.

Here, we present a detailed example taken from our case
study of PostgreSQL from release 6.4.2 to 6.5. At first,
it appeared that three functions in geqo eval.c within
the optimizer geqo subsystem had been deleted. Af-
ter performing origin analysis, we found that these func-
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tions had actually been merged into file joinrels.c in
optimizer path subsystem in release 6.5.

The call relations of eight functions in geqo eval.c
and joinrels.c in the two releases are shown in Figure 6
and 7 respectively. This example is complicated, so for the
sake of simplicity we have adopted some labelling conven-
tions: a circle with a capital letter label — such as A — de-
notes a “function of interest”; a rectangle with a lowercase
label and a number in parentheses — such as h ����� — denotes
a set of functions that are callees of the functions of interest,
with the number indicating the cardinality of the set. A white
box indicates that this set of callees were callees only in one
version; a grey box indicates that they were callees in both
versions. A grey box that has the same letter label but a
smaller (or larger) number denotes a subset (or superset) of
the original callee set.

joinrels.c
geqo_eval.c


A


B
 C


D


E


G


H


F


h(8)
g(3)


j(3)


f(1)
 i(1)

e(1)


p(1)


Figure 6: Call relations in release 6.4.2

joinrels.c
geqo_eval.c


A
 I


N


O


M


h(7)
 k(2)


m(3)


j(1)
g(2)


n(1)

p(1)


Figure 7: Call relations in release 6.5

In the first iteration of origin analysis, we decided that E
had been renamed to I, based on their similar caller sets (not
shown in the diagrams). Then we noticed that both D and H
have seven callees in common with O (since h ����� and h �����
have seven common functions). After close examination, we

concluded that D and H had been merged into O. Next, we
noticed that — after taking the above merging into account
— the caller and callee sets of C were similar to those of N:
they have one common callee in A, and now D and H had
been matched to O. Also, G was now appeared to be similar
to N: they have a matched caller E and I, and one common
callee in j �
	�� and j ���
� , plus callee H had been matched O.
After examining the source code, we decided that C and G
had indeed been merged into N, and by similar chain of ev-
idence that B and F had been merged into M. Thus, we can
see that by applying matching iteratively, we succeeded in
detecting three chained merges that had occurred at the same
time.

3.1.3 Detecting merges/splits at the file level

File level merges/splits are detected manually in Beagle. If a
new file G is found to be composed of functions from two old
files F � and F � , then we consider that files F � and F � have
been merged into G (a similar statement holds for splits at the
file level). Once detected, the user enters this information as
attributes of the files in question into the model of the system
version in the Beagle repository.

3.1.4 Visualization

Beagle supports a variety of visualization tools for browsing
the evolutionary history of a software system [12]. Among
these is a scatter plot viewer, as shown in Figure 8. Scatter
plots are well known in clone detection research [2, 6, 9]; the
basic idea is that entities of interest (say functions or even
lines of code) are lined up along the X and Y axes, and dots
or coloured marks are used to indicate the presence of an
“interesting property” (or “hit”), usually that there is a non-
trivial similarity between two entities.

In clone detection, it is typical to put the same entities
along the X and Y axes (to make the visualization feasible
for large systems, sometimes only subsets of the system’s
entities are used). Of course, the diagonal should be a solid
line of “hits”, but often other patterns reveal themselves too,
such as where several consecutive lines of code in different
parts of the system are similar, indicating that cloning may
have occurred.

In origin analysis, we typically put two different versions
of a system along the X and Y axes. Of course, we ex-
pect to see a high degree of similarity along the diagonal,
but we also expect to see breaks, where functions have been
changed, added, or deleted between versions.

Scatter plots can be used in a variety of ways: a “hit” can
indicate that the computed fingerprints of two entities are
within a given tolerance, or that their caller sets (or callee
sets, or both) are highly similar, or that some other inter-
esting relationship holds between the two entities. We have
used scatter plots to look for meta-properties and recurring
patterns across the system. Figure 8 shows an example from
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analyze.c


parse_agg.c


parse_clause.c


analyze.c


functions remain

in analyze.c


functions move to

parse_agg.c


functions move to

parse_clause.c


Figure 8: Scatter plot showing function movement between
versions.

the case study of how using a scatter plots can quickly high-
light when functions have been moved between files; this is
particularly useful for finding file merges and splits. In our
case study, we found that looking at a scatter plot after some
origin analysis had been performed helped to find further in-
cidents of function merging and splitting, and was also very
helpful in detecting merging and splitting at the file level.
Being able to see various relationships between many pairs
of functions at the same time was an invaluable tool in ex-
ploring the evolutionary history of PostgreSQL.

3.2 Applying original analysis to PostgreSQL

PostgreSQL is an open source object-relational database
management system (ORDBMS), originally based on the
POSTGRES system which was developed at the University
of California at Berkeley. The original POSTGRES project
started in 1986; it was abandoned in 1993 only to be reborn
the following year as Postgres95. An SQL language inter-
preter was then added, and its performance and maintain-
ability were greatly improved due to many internal changes.
In 1996, the project was renamed as PostgreSQL, and since
then many new features have been added. It continues to
evolve and is in widespread used, especially within the Linux
community. We have chosen to study it as it is a well known
piece of software of significant size and complexity.

For our case study, we selected 12 releases of PostgreSQL
starting from 6.2 (Oct. 1997) to 7.2 (Feb. 2002). We de-
cided to focus on the backend subsystem, which imple-
ments all of the server functions. The backend subsystem
is the largest in PostgreSQL; it comprises about 70% of the
whole code base.

In raw numbers, from version 6.2 to 7.2 the backend
subsystem of PostgreSQL grew

� from 186 KLOC to 279 KLOC,

Growth of PostgreSQL
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Figure 9: Growth of PostgreSQL

� from 328 to 388 files, and

� from 3262 to 4531 functions.

Figure 9 shows the LOC (lines of code) of the backend
subsystem in of the each releases in the study. We can see
from this figure that PostgreSQL evolves continually in the
four years with an annual growth rate about 10%.

3.2.1 Summary of structural changes

We performed origin analysis on each consecutive pair of the
12 releases, including six major releases (e.g., 6.4.2 to 6.5)
and five minor releases (e.g., 7.0 to 7.0.3). We have summa-
rized the number of each type of structural change in each re-
lease in Figure 10. Perhaps unsurprisingly, the total number
of structural changes that were found to have occurred in the
six major releases is much greater than those of five minor
releases. Although move and rename had the largest num-
bers of instances in overall, merges/splits occurred in seven
release changes. The four largest number of merges/splits all
occurred in major releases and there was no merge/split in
three minor releases. These observations conformed to our
expectation that most structural changes occur during major
release changes.

From minor release change 6.5 to 6.5.1, however, we
found ten splits or, more precisely, ten instances of partial
clone elimination (we describe this pattern in section 3.2.2)
combined with pipeline extraction. These splits resulted
from the introduction of a standardized way of expression
tree walking; this design change eliminated near-duplicate
code in many routines that visit an expression tree recur-
sively. We found this surprising, as we did not expect to see a
major design restructuring implemented by a minor release.

We also noticed that as a result of implementing this same
walker mechanism, another split occurred from release 6.5.1
to 6.5.2 and six more splits occurred in release 6.5.3 to 7.0.
This was not the only case we observed of a “ripple effect”
where a series of related structural changes spanned multiple
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Figure 10: Structural changes detected by origin analysis

releases. We had a similar observation for a series of func-
tion renamings, where the leading underscore character was
removed from one function in 6.4.2 to 6.5, three functions in
6.5.3 to 7.0, and five functions in 7.0.3 to 7.1.

3.2.2 Two more patterns

In addition to the merge/split cases patterns described in Sec-
tion 2.3, we discovered two more patterns in the course of
our case study that we had not anticipated:

1. Parameterization — Two similar functions F � and F �

are combined into a new function G by adding a param-
eter to distinguish different functionalities.

A strong indicator of this phenomenon is

� in ��� in ��� in
� out � � out ��� out
� dec 	 ��� decl � � decl �

�
paramnew � decl

where decl � , decl � and decl are function declarations
for F � , F � and G respectively, paramnew is the new pa-
rameter in decl, and “ � ” denotes lexical similarity.

2. Partial clone elimination — A chunk of code found in
two functions F � and F � are clones. These clones are
extracted out to form a new function G, which is called
by its parent functions F � and F � .

A strong indicator of this phenomenon is

� in � � in � ���
� out � � out ��� out
� in � � F ��� F � 


where out � and out � are the callee sets of the common
clone segment within F � and F � .

F1
in1


F2
in2


out
out1
 out2


F1


F2


G


out1'


out2'

in1


in2


out1'


out2'


out


in


Figure 11: Partial clone elimination

3.2.3 Combination of patterns

As is common with the application of design patterns [4],
we found that multiple patterns of merging/splitting may be
applied on the same entities at the same time. For exam-
ple, the creation of a standardized expression tree walker
mechanism mentioned above involved a combination of par-
tial clone elimination and pipeline extraction (although we
counted it only as one instance in Figure 10). In this combi-
nation, partial clone elimination was first applied on func-
tions that share common code for visiting an expression
tree, which resulted the creation of a new function called
expression tree walker. Then, pipeline extraction
was further applied on the “parent” functions (where the
clones had just been removed from): each of the parents split
off the logic that detailed the peculiar way it walked the tree
into a new adapter [4] function, call it my walker, which
the new, slimmed-down parent became the sole client of.

When different merge/split patterns are applied at the
same time, the change of call relations can be complex and
hard to reason about. Our current approach favours flexibil-
ity and querying over automated pattern detection; we intend
to add more automated support for pattern detection in the
future.

3.2.4 Instances of different patterns

In Table 1, we list the total number of instances we found for
each merge/split pattern as well as some examples.

We were surprised to find only one instance of service
consolidation in our case study. A possible reason for this
is that situations for this change to occur are relatively rare
and developers may be hesitant to merge different services
after-the-fact if they are unsure that these services should be
combined into one. Patterns that relate to removing code du-
plicates, including clone elimination, parameterization and
partial clone elimination have a relatively large number of
instances. This indicates that much effort had been put
to eliminate duplicate codes, routines, and idioms in Post-
greSQL. It also suggests that clones are good starting points
for merge/split detection, and clone detection, although it
is different from origin analysis, can help to improve tech-
niques in origin analysis.
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Pattern(#) Examples Version

clone elimination (7) getAttrName,get attname
� get attname

6.2 � 6.3.2

service consolidation
(1)

gettypelem,typtoout �

getTypeOutAndElem
6.4.2 � 6.5

pipeline extraction
(6+23)

appendStringInfo �

appendStringInfo,
enlargeStringInfo

6.4.2 � 6.5

parameterization (3) RelationSetLockForRead,
RelationSetLockForWrite

� LockRelation

6.4.2 � 6.5

partial clone
elimination (27)

finalize primnode,
fix opid, ... �

expression tree walker

6.4.2 � 6.5

Table 1: Pattern instances

When we considered these instances as a group, we
found that the names of the entities themselves often
gave out information about the type of the change, such
as when gettypelem and typtoout were merged to
getTypeOutAndElem, and appendStringInfo split
off enlargeStringInfo. This indicates that entity
names are a valuable source of information in merge/split
detection.

3.2.5 Group of merges/splits

Three groups of splits were detected:

1. 17 splits in ten files from four subsystems caused by the
implementation of the walker mechanism mentioned
above,

2. six splits in four files from two subsystems caused by
a mutator mechanism that supports a standard way to
modify an expression tree, and

3. four splits in four files in subsystem access caused
by a callback mechanism that allows tuple processing
during index building.

All three groups were caused by introduction of a new mech-
anism. We wondered how a group of changes scattered
in different subsystems spanning multiple releases could be
performed. After we examined the CVS log of PostgreSQL,
we found that all these changes had the same author. This re-
minded us the fact that PostgreSQL has a core development
team, which enables the common author of a large number
of files to restructure modules relatively easily without wor-
rying about “breaking” what other developers were doing. It
would be interesting to investigate whether the group change
phenomena is different in other OSS projects without a core
development team. We intend to investigate this in the fu-
ture.

3.2.6 Merges/splits at file level

We also found two groups of merges/splits at the file
level. The first one corresponded to a large-scale re-

structuring in the parser subsystem from release 6.2
to 6.3.2. Functions in the “old” files were redistributed
throughout the subsystem; some were placed in existing
files, while others were grouped into “new” files. The
functions themselves were not merged or split, but left
intact. For example, functions in analyze.c were
moved into seven files and a new file parse agg.c in
release 6.3.2 was formed from function agg error in
catalog utils.c, four functions in analyze.c and
ParseAgg in parse.c. The second group resulted from
the cleaning up of optimizer subsystem from release
6.4.2 to 6.5; most functions in file geqo eval.c and
geqo paths.c in optimizer geqo subsystem merged
to subsystem optimizer path.

We can see that total number of merges/splits at file level
and the frequency appears to be much smaller than that at
function level. They happened only during major releases
changes, which is reasonable because structural changes at
file level usually reflect a big change to overall design, which
is typically implemented only during major release changes.

3.2.7 Summary: Merging and splitting in PostgreSQL

In summary, we found that merging and splitting accounted
for a non-trivial number of structural changes — both at the
function level and at the file level — in the evolution of Post-
greSQL. While detecting where merges and splits had oc-
curred required time and effort, it improved our understand-
ing of how and why some of the major design changes had
been made to the system.

We note that while we are fairly confident that we have
no false positives in our findings, we may have missed some
merges and splits also. That is, merging and splitting may be
even more widespread than we have found so far.

4 Related work

4.1 Fowler’s refactoring catalogue

Refactoring is a commonly performed preventive mainte-
nance activity; its intent is to improve some aspects of the
design of an existing system while leaving the outward func-
tionality of the system mostly unchanged.1 Refactoring can
be performed at various levels of detail: within and between
functions, classes, packages/subsystems, and up to the ar-
chitectural level; however, as used in Fowler’s widely read
book, the term mostly concerns function- and class-level de-
sign changes [3]. It presents a catalogue of “bad smells”2

to look for in code, as well as a set of appropriate actions
(refactorings) to take in each case.

1While Opdyke was the first to use the term in its present sense [8],
Fowler’s book is the best known distillation of this body of knowledge [3].

2van Emden and Moonen have built a tool called jCosmo to aid in the
automated detection of “bad smells” [11].
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While Fowler’s book is aimed mainly at object-oriented
systems, many of the refactoring patterns listed in Fowler’s
book are of interest to our work in origin analysis, as they
involve moving, renaming, merging, and/or splitting meth-
ods/functions. These include: push down/pull up/move
method; hide method; form template method; extract/inline
method; rename method; replace method with method ob-
ject; and parameterize method.

We note that Fowler’s catalogue is aimed at the (in-
tentional) design level; his patterns are at the level of
what-would-a-developer-be-thinking. Our patterns are more
low level, and correspond more closely to what-would-a-
developer-do-to-the-code.

4.2 Clone detection

Origin analysis borrows some techniques from software
clone detection [1, 7]; however, the aim of origin analysis
is distinct from that of clone detection, and some of the de-
tails and tradeoffs are different. Clone detection, per se, is
usually performed on a single version of a software system
to see if any two (or more) components strongly resemble
one another. The goal is to detect where cloning may have
occurred in the past, with a view to possibly reorganizing the
source code and refactoring the commonalities into a single
place within the system. Origin analysis is performed across
two versions of a system, and the goal is to build a model of
where, how, and why structural changes have occurred.

5 Summary

Merging and splitting source code artifacts are common ac-
tivities during development and maintenance, yet it is com-
mon for the rationale of these design changes not to be
recorded. In this paper, we have discussed a set of tech-
niques for applying origin analysis to detect instances of
merging and splitting in source code. We presented a set of
merge/split patterns, and showed how reasoning about call
relationships can aid in detecting their occurrence. Finally,
we performed a case study on the PostgreSQL system; we
found that merging and splitting of functions and files had
occurred throughout its history, and that the techniques for
detecting merging/splitting that we implemented in the Bea-
gle tool were helpful in building a model of how the system
had changed.
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