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Dependency Rank based on Commit History

BACKGROUND

[0001] Scftware development of code projects may demand organization of files
and management software of the source code may be used to manage the code as it
changes over time. For example, a version control system (e.g., a source control tooh)
may refer to changes in the source code {0 a repositary where developers may update a

latest version of code and allow multiple developers to work on a project concurrently.
BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Figures 1 and 2 are block diagrams depicting example dependency
identification systems.

[0003] Figure 3 depicts an axample environment in which various dependency
identification systems may be implemented.

[0004] Figure 4 depicts example interaction by example components used to
implement an example dependency identification system.

[0005] Figures 5 and 6 are flow diagrams depicting example methods for finding
a dependency of files in a project.

[0006] Figure 7 depicts an example commit history and an example dependency
list based on the example commit history.

{0007} Figure 8 depicts an example commit history and example dependency

graphs based on the example commit history.
DETAILED DESCRIPTION

[0008] In the following description and figures, some example implementations of
dependency identification apparatus, dependency identification systems, andfor
methods for finding a dependency of files in a project are described. Software
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development projects may be managed with a lack of understanding of design and
dependencies, such as when each developer of the project knows the particular
dependencies, but that information is not always communicated to other developers.
Thus, the design information and the dependency information may be scattered across
developers of a process. As filas of the project are revised over time, commonly by
multiple devslopers, the complexity of the source code for a project may increase as
well as the effort in maintaining familiarity with the code. To understand dependencies in
the source code, a developer may spend time reviewing the code, relving on
documentation produced by other developers, executing static code analysis fools {o
identify the dependency information, or some combination thereof..

[0009] Various examples described below relate {o analyzing the commit history
to identify dependency information based on developer's commits. By identifying an
association of files based on files committed fogether for a commit and using a number
of distinct developers, a dependency among files may be identified. As described
herein, a dependency rank may be associated with a pair of files and based on the level
of the dependency rank, then the files may be identified as dependent on each other.
For example, if the dependency rank achieves a value with which confidence may be
had in their dependency, which discussed herein as a comparison with a confidence
rank. Errors based on a single developer’s coding strategy may be subsided by utilizing
the number of distinct developers committing the same file pair. As used herein, a file
pair is a representation to identify a group of files as distinct from another group of files.
[0010] The terms “include,” “have,” and variations thereof, as used herein, mean
the same as the term “comprise” or appropriate variation thereof. Furthermore, the term
*based on,” as used herein, means "based at least in part on.” Thus, a feature that is
described as based on some stimulus may be based only on the stimulus or a
combination of stimult including the stimulus.

[0011] Figures 1 and 2 are block diagrams depicling example dependency
identification systerns 100 and 200. Referring o Figure 1, the example dependency
identification system 100 of Figure 1 generally includes a dependency engine 102, a
filter engine 104, and a cluster engine 106, In general, a group of files may be identified

as dependent on each other by a cluster engine 106 where the dependency engine 102
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associates a dependency rank with the files that are commilted together and the filter
engine 104 filters files based on the dependency rank using a confidence rank 108. The
example commit history 110 is simplified in Figure 1 and generally would contain a
plurality of commit log entries, such as commit log entry 112.

[0012] The dependency engine 102 represents any circuifry or combination of
circuitry and executable instructions o associate a dependency rank with files that are
committed together in a commit history. The dependency rank has a relationship with
the number of times a pair of files appear together in the commit history. The
dependency engine 102 may take into account the diversity of the developers
performing the commits. An entity {e.g., a developer) that performs a commit is
discugsed as a “‘committer” herein. For example, the dependency engine 102 may
represent a combination of circuitry and executable instructions to identify a file pair of a
first commit log entry of a plurality of commit log entries in a commit history and assign a
dependency rank to the file pair based on a number of times a first file of the file pair
and a second file of the file pair appear together in the plurality of commit log enfries
and a number of distinct committers that commit the first file and the second file
together.

[0013] The file pairs may be identified by the dependency engine 102 by, for
example, making a file pair for each two-file combination of the plurality of files listed in
a commit tog entry. A commit log entry, as used herein, represents a data structure
containing information of a commit. For example, the commit log entry may be a data
structure that includes fields for a committer identifier and a plurality of files. For another
example, the commit log entry may be a data structure comprising fields for a commit
identifier, a committer identifier, a commit time, and a list of files of the commit. As used
herein, a commit identifier represents a number, a character, a string, a label, or other
distinctive value that represents a commit log entry and a commitier identifier represents
a number, a character, a string. a label, or other distinclive value that represents the
entity performing the commit, such as a name of the commitier or an employes
identification number of the commitier.

[0014] A dependency rank, as used herein, represents a number, a character, a

string, a category, a label, or any other identifier that represents a comparable value
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associated with the number of times a file is committed with ancther file. As mentioned
above, the dependency rank is assigned based on the number of commits that contain
the file pair being assigned the dependency rank and the number of distinct committers
that perform the number of commits. The weight given 1o those factors may be adjusted
according 1o the project and/or attributes of the commit history. A weight function may
be used to determine the dependency rank. For example, the dependency engine 102
may determine the dependency rank as a weighted value based on a weight function
using a set of parameters comprising a number of commits, a number of distinct
committers that perform the commits, and a time decay function {e.g., where the time
decay function emphasizes a first commit that is committed more recently than a
second commit with a greater weighted value than the second commit). The weight
function may perform weighting of the dependency rank (e.g., weight parameters of the
weight function) based on the diversity of the committers and/or the diversity of the
commit times. For example, the weight function may at least one of weight the
dependency rank based on a number of distinct committers identified by a plurality of
commit log entries that include the first file and the second file and/or weight the
dependency rank based on a comparison of a fime window {0 a commil time of the
commit log entry.

[0015] The dependency engine 102 may produce a dependency list based on the
identified file pairs and the dependency ranks assigned to the file pairs. The
dependency list may be used to identify a file that depends on another file while taking
into consideration the dependency rank. As an example, Figure 7 depicts an example
dependency list 780 formed by a dependency identification systern, such as
dependency identification system 100, using the data of the commit history 710 where
the file pairs are listed in order of dependency rank and a file or a file pair may be
searched for in the dependency list,

[0016] The dependency engine 102 may represent circuilry or a combination of
circuitry and executable instructions 1o manage a dependency graph based on a commit
history, where the dependency graph is usable, for example, o identily a file pair and
assign a dependency rank {o the file pair. The dependency graph may comprisea nodes

and edges where each node represents a file of the commit history and each edge
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represents a file pair and is associated with a dependency rank correlated with the file
pair. For example, the dependency engine 102 may represent a combination of circuitry
and execufable instructions {o create a dependency graph comprising a first node that
represents the first file of a first plurality of files of a first commit log entry in a commit
history, create a first edge between the first node and a second node that represents a
second file of the first plurality of files of the first commit log entry, and increase a
dependency rank of the first edge when a second commit log entry of the plurality of
commit fog entries contains a second plurality of files comprising the first file and the
second file. Referring to Figure 8, a commit history 810 may be used by the system 100
to form a graph 882 that represents files of a plurality of commit log entries of the
commit history 810 as nodes and file pairs of the plurality of commit log entries as
edges.

[0017] The dependency engine 102 may represent circuitry or a combination of
gircuitry and executable instructions to examine the files of a commit log entry and
identify a related code in the files of the commit log entry. For example, the dependency
engine 102 may represent a combination of circuitry and executable instructions o
retrieve code of files of the commit log entry, identify a code pair based on changes v a
first file and a second file in the commit log entry, determine a regularity of the code pair
based on a number of times the code pair appears in the commit history, and delermine
the dependency rank associated with the file pair based on the reguiarity. A code pair,
as used herein, refers to a pair of sections of code that are changed in the files of the
file pair compared {o the previously committed versions of the files. For example, a first
function of a first file may be changed in a commit where a second function is changed
of a second file. Thus, the depandency engine 102, may for example, identify a code
pair when a first section of code changes in the first file and a second section of code
changes in the second file, determine a regularity of the code pair based on a number of
times the first section of code and the second section of code change together in the
commit history, and modify a dependency rank of the file pair using the regularnity {e.g.
increase the dependency rank when the regularity is relalively high or decrease the
dependency rank when the regularity is relatively low). As used hergin, a regularity

represents a number, a character, a string, a label, or other comparable value that
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indicates an amount of times the code pair changes together in the commit history {s.q.,
a rate that a first section of code in a first file of the project changes with a second
section of code in a second file). The code pairs may be used as part of the
dependency information, such as in building the dependency graph. For example, by
using cade pair infarmation, the dependency ranks may be associated with a pair of file
and function combinations where the nodes in the dependency graph represent a
combination of a file and a section of code in the file and the edges represent a file
pairfcade pair with second combination of a file and a section of code. In this manner, a
greater granularity of dependency may be identified because the analysis of the files
commifted together are analyzed deeper.

[0018] The filter engine 104 represents any circuitry or combination of circuitry
and executable instructions {o filter a dependency rank based on a confidence rank. For
example, the filter engine 104 may represent a combination of circuitry and executable
instructions {o compare the dependency rank of the file pair o a confidence rank and
disregard any file pairs thal do not achieve the confidence rank. As used herein, a
confidence rank is a number, a character, a string, a label, or other value 1o represent a
threshold of confidence that the dependence rank indicates an actual dependency. For
example, if a file pair is committed only once in the commit history then there would be a
fow confidence in that files of the file pair are indeed dependent on each other and
might instead, have been commilted together merely based on the method of
development by a particular developer. In this manner, the filter engine 104 may, for
example, identify file pairs that have a sufficient reliability of being dependent on each
file of the file pair.

[0019] The filter engine 104 may, for example, represent circuitry or a
combination of circuitry and executable instructions to identify unreliable file pairs using
the confidence rank and removes the file pairs from the possibie results of the system
100 or otherwise indicates the unreliability the file pair as having a dependency. For
example, the filter engine 104 may represent a combination of circuitry and executable
instructions to flag or otherwise indicate that a file pair does not achieve a confidence
ranik. For another example, the filter engine 104 may reprasent a combination of

circuitry and executable instructions o remove the first edge from the dependency
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graph when the dependency rank is below a confidence rank. For yet another example,
the filter engine 104 may represent a combination of circuitry and executable
instructions to change a visual characteristic of a node and/or edge associated with the
file pairs that do not achieve the confidence rank. Referring to Figure 7, a divider 712 is
shown as a representation of a “cut off’ paint of confidence of file pairs actually having a
dependency where the division is at the dependency rank of five. Thus, in that example,
the file pairs having a dependency rank of five or abaove achieve the confidence rank.
Referring to Figure 8, a filter engine, such as filter engine 104, may form the graphs of
884 from the graph 882 by removing edges that do not achieve a confidence rank. In
the example of Figure 8§, the edges having a dependency rank of four have been
removed. Edge removal is an example form of g visual indication that an edge does not
achieve a confidence rank. Other example visual indication include a change in the
opacity, a change in color, an addition of an icon, an addition of a divider, elc.

[0020} A confidence rank may be set by the system 100, by a user or
administrator of the system 100, by @ machine learning technique, or some other way {0
identify a division between file pairs that are more likely to have an actual code
dependency than file pairs who may be merely commitied at the same time. The
confidence rank may be based on a project attribute of a project associated with the
commit history, such as a number of commit log entries in the commit history. As used
herein, a project attribute may be any characterization of the project and may represent
{andfar incorporate) a plurality of project attributes. For example, the project attribute
may be at least one of a project size, a number of total commits of the project, a number
of changes of a section of the project, and/or a number of developers of the project.
{0021} The cluster engine 106 represents any circuitry or combination of circuitry
and executable instructions 1o indicate the second file s dependent on the first file when
the first file pair achieves the confidence rank. For example, the cluster engine 106 may
represent a combination of circuilry and executable instructions to identify a cluster of
nodes that are connected in the dependency graph and cause the cluster of nodes to
display. In the example of file pair removal by the filter engine 104, the cluster engine
106 may indicate the file dependencies by providing the file pairs that achieve the

confidence rank, such as in a dependency list or a dependency graph. Dependency
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and/or the degree of dependency {(as indicated by the, for example, the relative
differences in dependency ranks} among files may be indicated, for example, by an
identifter, an icon, a font or font style, a color, an opacity, an edge of a graph, a distance
between nodes in a graph, or other visual indication.

[0022] In the example of providing a dependency graph, the cluster engine 106
may represent any circuitry or combination of circuitry and executable instructions {o
identify nodes of a cluster that are not a file pair in the commit history. For example, the
cluster engine 106 may identify a cluster of nodes in the dependency graph based on
edges of nodes of the cluster and identify a third node that lacks a direct edge to a first
node when the cluster of nodes includes a first node, a second node, and a third node.
[0023] When the cluster engine 106 identifies the indirect relationship between
files {e.q., the nodes of the files are in the same cluster but are not directly connected by
an edge in the graph representation), the cluster engine 106 may identify that the
cluster of nodes represents a plurality of dependency clusters and should be separated
into a plurality of sub-graphs. The cluster engine 106 may represent circuitry or a
combination of circuitry and executable instructions to split the cluster of nodes into a
plurality of sub-graphs. For example, the cluster engine 106 may represent a
combination of circuitry and executable instructions to separate the cluster into a
plurality of sub-graphs based on nodes of the cluster that do not have a direct
connection where some nodes in the dependency graph may be duplicated.

[0024] Because nodes may be shared amaong the final sub-graphs, the clusters
having shared nodes may be duplicated. For example, a cluster may be duplicated
wherein the shared nodes among a first sub-graph of the plurality of sub-graphs and a
second sub-graph of the plurality of sub-graphs are duplicate graphs. The cluster
engine 106 may trim the nodes and edges of the duplicate graphs to create different
sub-graphs. For example, the cluster engine 106 may remove a first node representing
a first file of a file pair from a first duplicate sub-graph and remove a second node
representing a second file of a file pair from a second duplicate sub-graph where the
resulting sub-graphs include a first sub-graph of the plurality of sub~graphs that
comprises the first node, the second node, and the first edge connecting the first node

and second node and a second sub-graph of the plurality of sub-graphs that comprising
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the second node, the third node, and a second edge connecting the second node and
the third node. Referring to Figure 8, the graphs 886 represent the sub-graphs of the
filtered dependency graph of 884, where the nodes representing files £ and H have
been duplicated and the nodes G and F are removed from one graph {due {o no direct
edge with node ) and the node D remaoved from the other graph. For another example,
sub-graphs may indicate architecture cross-layer dependencies such as in detecting a
cluster of application programming interface (AP1} functionalities that depend on
changes in external and internal AP code. By identifying dependencies and narrowing
the dependencies, confidence may be had in the results of the dependency
identification system 100. For example, the dependency identification system 100 may
take into account not just an overall number of times a file pair Is commitled in a commit
history, but also the number of distinct committers, a time window, and code pair
information {e.g., the regularity of a code pair committed in the commit history) to
determine a dependency rank when indicating a dependency based on a comparison of
a dependency rank 1o a confidence rank as described herein.

[0025] In some examples, functionalities described herein in relation to any of
Figures 1-3 may be provided in combination with funclionalities described herein in
relation to any of Figures 4-8.

[0026] Figure 2 depicts the example system 200 may comprise a memory
resource 220 operatively coupled to a processor resource 222, Referring to Figure 2,
the memary resource 220 may contain a set of instructions that are executable by the
processor resource 222 as well as any data used by the system 200. For example, the
memory resource 220 may contain a set of instruclions, a confidence rank 208, and a
commit history 210. The set of instructions are operable 1o cause the processor
resource 222 {o perform operations of the system 200 when the set of instructions are
executed by the processor resource 222. The set of instructions stored on the memory
resource 220 may be represented as a dependency module 202, a filter module 204,
and a cluster madule 208. The dependency module 202, the filter module 204, and the
cluster module 206 represent program instructions that when executed function as the
dependency engine 102, the filter engine 104, and the cluster engine 106 of Figure 1,

respectively. The processor resource 222 may carry out a sef of instructions to execute
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the modules 202, 204, 206, and/or any other appropriate operations among and/or
associated with the modules of the system 200. For example, the processor resource
222 may carry out a set of instructions to modify a dependency rank of an edge of a
dependency graph when a commit log entry contains a first file and a second file and
the first file is represented by a first node of the dependency graph connected by the
edge to a second node of the dependency graph representing the second file, compare
the dependency rank to a confidence rank, and indicate the first file and the second file
have a dependency when the dependency rank achieves the confidence rank. For
another example, the processor resource 222 may create a dependency graph by
carrying out a set of instructions to add a first node and a second node to the
dependency graph when the commit log entry contains a plurality of files that includes
the first file and the second file (and the dependency graph does not already include the
first node and the second node) and create the edge between the first node and the
second node.

{00271 Although these particular modules and various other modules are
filustrated and discussed in relation to Figure 2 and other example implementations,
other combinations or sub-combinations of modules may be included within other
implementations. Sald differently, although the modules illustrated in Figure 2 and
discussed in other example implementations perform specific functionalities in the
examples discussed herein, these and other functionalities may be accomplished,
implemented, or realized at different modules or at combinations of modules. For
example, two or more modules Hlustrated and/or discussed as separate may be
combined into a module that performs the functionaliies discussed in relation to the two
modules. As ancther example, functionalities performed at one module as discussed in
relation {o these examples may be performed at a different module or different modules.
Figure 4 depicts yet another example of how functionality may be organized into
engines and/or modules.

0028} The processor resource 222 is any appropriate circuitry capable of
processing (e.g., computing) instructions, such as one or multiple processing elements
capable of retrieving instructions fram the memory resource 220 and executing those

instructions. For example, the processor resource 222 may be a central processing unit

10
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{CPU) that enables finding a dependency of files in a project by felching, decoding, and
executing modules 202, 204, and 206. Example processor resources include at least
one CPU, a semiconductor-based microprocessor, a programmable logic device (PLD),
and the like, Example PLDs include an application specific integrated circuit (ASIC), a
field-programmable gate array (FPGA), a programmabile array logic (PAL), a complex
programmabile logic device (CPLD), and an erasable programmable logic device
{(EPLD). The processor resource 222 may include multiple processing elements that are
integrated in a single device or distributed across devices. The processor resource 222
may process the instructions serially, concurrently, or in partial concurrence.

[0029] The memory resource 220 represents a medium to slore data utilized
andfor produced by the system 200. The medium is any non-transitory medium or
combination of non-transitory media able to electronically store data, such as modules
of the system 200 and/or data used by the system 200. For example, the medium may
be a storage medium, which is distinct from a transitory transmission medium, such as a
signal. The medium may be machine-readable, such as computer-readable. The
medium may be an electronic, magnetic, optical, or other physical storage device that is
capable of containing (i.e., storing) exscutable instructions. The memory resource 220
may be said to store program instructions that when executed by the processor
resource 222 cause the processor resource 222 to implement functionality of the
system 200 of Figure 2, The memory resource 220 may be integrated in the same
device as the processor resource 222 or it may be separate but accessible {o that
device and the processor resource 222. The memory resource 220 may be distributed
across devices.

{00301} in the discussion herein, the engines 102, 104, and 106 of Figure 1 and
the modules 202, 204, and 206 of Figure 2 have been described as circuitry or a
combination of circuilry and executable instructions. Such components may be
implemented in a number of fashions. Looking at Figure 2, the executable instructions
may be processor-executable instructions, such as program instructions, siored on the
memaory resource 220, which is a tangible, non-transitory computer-readable storage
medium, and the circuitry may be slectronic circuitry, such as processor resource 222,

for executing those instructions. The instructions residing on the memaory resource 220

11
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may comprise any set of instructions to be executed directly {(such as machine code) or
indirectly {(such as a script) by the processor resource 222,

[0031] In some examples, the system 200 may include the executable
instructions may be part of an installation package that when installed may be executed
by the processor resource 222 o perform operations of the system 200, such as
methods described with regards to Figures 4-8. In that example, the memory resource
220 may be a portable medium such as a compact disc, a digital video disc, a flash
drive, or memaory maintained by a computer device, such as a service device 334 of
Figure 3, from which the instaliation package may be downloaded and installed. In
another example, the executable instructions may be part of an application or
applications already installed. The memory resource 220 may be a non-volatile memory
resource such as read only memory (ROM), a volatile memory resource such as
random access memory {RAM), a storage device, or a combination thereof. Example
forms of a memory resource 220 include static RAM (SRAM), dynamic RAM (DRAM},
electrically erasable programmable ROM (EEPROM), flash memaory, or the like. The
memory resource 220 may include integrated memory such as a hard drive (HD), a
solid state drive {88D), or an optical drive.

[0032] Figure 3 depicts example environments in which various example
dependency identification systems may be implemented. The example environment 390
is shown to include an example system 300 for finding a dependency offilesin a
project. The system 300 {described herein with respect to Figures 1 and 2) may
represent generally any circuitry or combination of circuitry and executable instructions
to find a dependency of files in a project. The system 300 may include a dependency
engine 302, a filter engine 304, and a cluster enging 306 that are the same as the
dependency engine 102, the filter engine 104, and the cluster engine 106 of Figure 1,
respectively, and the associated descriptions are not repeated for brevity. As shown in
Figure 3, the engines 302, 304, and 306 may be integrated into a compule device, such
as a service device 334. The engines 302, 304, and 306 may be integrated via circuitry
or as installed instructions into a memory rescurce of the compute device.

[0033] The example environment 380 may include compute devices, such as

developer devices 332, service devicaes 334, and user devices 336, A first set of
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instructions may be developed and/or modified on a developer device 332, For
example, an application may be developed and modified on a developer device 332,
committed to a repository via a source control tool 344, and stored onto a repository
server, such as a service device 334. The service devices 334 represent generally any
compuie devices 1o respond (o a network request received from a user device 336,
whether virtual or real. For example, the service device 334 may operate a combination
of circuitry and executable instructions {o provide a network packet in response to a
request for data, a page, or funcltionality of an application. The user devices 336
represent generally any compute devices to communicate a network request and
receive andfor process the corresponding responses. For example, a browser
application may be installed on the user device 336 1o receive the network packet from
the service device 334 and utilize the payload of the packet to display an element of a
page via the browser application.

[0034] The compute devices may be located on separate networks 330 or part of
the same network 330, The example environment 390 may include any appropriate
number of networks 330 and any number of the networks 330 may include a cloud
compute environment. A cloud compute environment may include a virtual shared pool
of compute resources. For example, networks 330 may be distributed networks
comprising virtual computing resources. Any appropriate combination of the system 300
and compute devices may be a virtual instance of a resource of a virtual shared pool of
resources. The engines and/or modules of the system 300 herein may reside and/or
execute “on the cloud” {e.g., reside and/for execute on a virtual shared pool of
resources).

[0035] A link 338 generally represents one or a combination of a cable, wireless
connection, fiber optic connection, or remote connections via a telecommunications link,
an infrared link, a radio frequency link, or any other connectors of systems that provide
glectronic communication. The link 338 may include, at least in pari, intranet, the
Internet, or a combination of both. The link 338 may also include intermediate proxies,

routers, switches, load balancers, and the like.
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[0036] The data store 340 may confain information uilized by the engines 302,
304, and 306, For example, the data store 340 may store a confidence rank 308 and a
dependency graph 342.

[0037] Referring to Figures 1-3, the engines 102, 104, and 106 of Figure 1 and/or
the modules 202, 204, and 206 of Figure 2 may be distributed across devices 332, 334,
336, or a combination thereof. The engine and/or modules may complete or assist
completion of operations performed in describing another engine andfor module. For
gxample, the dependency engine 302 of Figure 3 may request, complete, or perform the
methods or operations described with the dependency engine 102 of Figure 1 as well as
the filter engine 104 and the cluster engine 106 of Figure 1. Thus, although the various
engines and modules are shown as separate engines in Figures 1 and 2, in other
implementations, the functionality of multiple engines and/or modules may be
implemented as a single engine and/or module or divided in a variety of engines andlor
modules. In some example, the engines of the system 300 may perform example
methods described in connection with Figures 4-8,

{00381} Figure 4 depicts example interaction by example components used to
implement an example dependency identification system 400. Referring to Figure 4, the
example engines of Figure 4 generally include a dependency engine 402, a filter engine
404, and a cluster engine 406 that may represent the same engines as the dependeancy
engine 102, the filter engine 104, and the cluster engine 106 of Figure 1, respectively.
The example engines/modules of Figure 4 may be implemented on a compute device,
such as a service device 334 of Figure 3.

[0039] The example system 400 of Figure 4 is initiated with a dependency
request 450. The example dependency engine 402 uses program instructions, such as
a graph module 440 and a weight module 442, to facilitate identification of file pairs in
the commit history and assigning a weighied dependency rank to each file pair. The
dependency engine 402 of Figure 4 ulilizes a weight function 456 and a time decay
function 454 when executing the weight module 442 1o cause a processor resource {o
assign a dependency rank to a file pair. The dependency engine 402 of Figure 4
executes the graph module 456 to cause a processor resource 1o create and/or update

a dependency graph 442, which is filtered by the filter engine 404 using the confidence
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rank 408. The filler engine 442 executes the comparison module 444 {o cause a
processor resource o perform the comparison of a dependency rank to the confidence
rank 408. The filter engine 442 executes the removal module 446 o remove any edges
of the dependency graph 442 that fail to achieve the confidence rank 408.

[0040] The example system 400 provides the filtered dependency graph 442 to
the cluster engine 406 to identify a cluster of files that are dependent on each other. The
cluster engine 406 of Figure 4 utilizes program instructions, such as a connection
module 448, a split module 450, and an indicator module 452, {o facilitate indication of
the dependencies in the commit history 410. For example, the cluster engine 406
execules the connection module 448 o cause a processor resource to identify clusters
of the dependency graph 442 that have nodes that are not directly connected by an
edge, executes the split module 450 to cause a processor resource to split the identified
clusters by duplicating the identified clusters and removing nodes and edges associated
with nodes that are not directly connected, and executes the indicator module 452 to
visually indicate the nodes that have connections representing the likely dependency
relationships of the files of the project using a visual indicator as discussed herein. The
resulting dependency information 474 is then provided by the cluster engine 408.
{0041} Figures 5 and 6 are flow diagrams depicting example methods for finding
a dependency of files in a project. Referring to Figure 5, example methods for finding a
dependency of files in a project may generally comprise building a dependency graph,
filtering the dependency graph using a confidence rank, creating a plurality of sub-
graphs based on the filtered dependency graph, and marking a file of a sub-graph as
having a dependency. The example method of Figure 5 generally comprises operations
performable by a dependency identification system, such as dependency identification
system 100, as described herein.

[0042] At block 502, a dependency graph is built having a plurality of nodes that
represent a plurality of files in a commit history. As described herein, the dependency
graph includes a plurality of edges among the plurality of nodes based on whether the
plurality of files represented by the plurality of nodes are contained in commit log eniries
of the commit history. The edges are associated with dependency ranks, such as
dependency ranks weighted based on the number of times a file pair is committed {o the
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commit history by a distinct committer, where the samae files committed by a separate
committer indicates a relationship between the files rather than development strategy,
for example. The dependency graph may be built by a dependency engine, such as the
dependency engine 102 of Figure 1.

[0043] At block 504, the dependency graph is filtered using a confidence rank. As
described herein, a filter engine, such as the filter engine 104 of Figure 1, may remove
edges from the dependency graph that do not achieve the confidence rank or otherwise
indicate there may be a lack of confidence in a dependency of a file pair represented by
an edge. At block 808, a plurality of sub-graphs are created based on the filtered
dependency graph. For example, large clusters of nodes may be split into smaller sub-
graphs o narrow the dependencies 0 be more direct, This may be done via a cluster
engine, such as a cluster engine 106 of Figure 1, by removing nodes of a cluster that
are indirectly connected by two or more edges {where the number of edges of a path
between nodes representing a file pair indicates an indirect relationship and the greater
number of edges indicates a greater degree of indirectness of the relationship).

[0044] At block 508, a file of a sub-graph is marked as having dependency on a
complementary set of files in the sub-graph. As used herein, a complementary set of
files in sub-graph represents the other files of the sub-graph with regard to a particular
file in the sub-graph. In this manner, the each file of a sub-graph may be marked as
heing dependent on the other files of the sub-graph. As discussed herein, a cluster
engine, such as the cluster engine 106 of Figure 1, may perform the marking of a file or
otherwise indicate a dependency relationship among a files, which indication may, for
example, be visual or indicated in the data of a dependency identification system, such
a flag set in a dependency list of the dependency identification system 100 of Figure 1.
[0045] Figure 6 includes blocks similar to blocks of Figure 5 and provides
addifional blocks and details. In particular, Figure 6 depicls additional blocks regarding
providing dependency information and details generally regarding blocks 502, 504, 506,
and 508. The example methad of Figure 6 generally comprises operations performable
by a dependency identification system, such as dependency identification system 100,
as described herein.
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[0046] As indicated at block 602 of Figure 6, a dependency graph may be built by
creating nodes, connecting nodes with edges, and associating a dependency rank with
the edges. At block 604, a node is creatad in the dependency graph that represenis a
file of the commit history. For exampie, a first node of a plurality of nodes is created
when the first node does not exist in the dependency graph and the commit log entry
contains the first file to be represented by the first node. At block 608, nodes are
connected with an edge when the associated files are both in a commit log entry. For
sxample, a first node is connected via a first edge of the dependency graph o a second
node of a plurality of nodes of the dependency graph by creating the first edge between
the nodes when the first edge does not exist in the dependency graph and the commit
log entry comprises the second file that is represented by the second node. At block
608, a dependency rank is associated with the first edge based on a number of distinct
committers and a number of commit log entries that include the files associated with the
edge, such as the first file and the second file connected by the first edge in the
pravious example.

(00471 As indicated at block 610, a dependency graph may be filtered using a
confidence rank by identifving a project attribute and determining a confidence rank
based on the project attribute. At block 812, a project atiribute is identified, for example,
by a filter engine, such as the filter engine 104 of Figure 1. The project aftribute, as
discussed herein, may be any appropriate property of the project that may affect a
confidence level in a dependency betwesn files. For exampile, a filter engine may
identify at least one of a project size, a number of total commits of the project, and/or a
number of commifters of the project, where these project attributes may indicate the
number of files being worked with which would reflect on the confidence level of any
individual commit log entry. A number of file pair appearances in a commit history may
seem large for a small project size and may seem small for a large project size.
Therefore, the characleristics of the project are o be taken into account when
determining the confidence rank as indicated at block 614, For example, the confidence
rank may be determined based on at least one of the project size, the number of total
commits, and the number of committers. The confidence rank may be determined using
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a weighted function, & machine learning technique, or otherwise adjusted as the project
attributes change.

[0048] As indicated at block 616, a plurality of sub-graphs may be created by
identifying a plurality of clusters of nodes, duplicating a cluster, and removing a node
from the duplicate cluster. At black 618, a plurality of clusters of nodes are identified
based on indirect connections in the cluster. For example, a first cluster may be
identified where the first cluster of the plurality of clusters is a first group of nodes that
do not connect {o a second group of nodes, such as after edges of the dependency
graph are filtered out for not satisfying the confidence rank determined at block 614. An
indiract connection may indicate that a cluster may contain multiple dependency
clusters within the cluster. At block 620, a cluster is duplicated when the cluster contains
nodes that are not connected by an edge. For example, a first cluster may be duplicated
when the first cluster contains a first node and a second node and there is not an edge
between the first node and the second node. At block 622, nodes {and associated
adges) are removed from the duplicated clusters. Sub-graphs that are smaller than the
duplicated cluster are extracted from the each duplicated cluster by creating sub-graphs
based on nodes that are identified as not being directly connected in the duplicated
cluster. Indirectly connected nodes identified at block 618 are removed separately from
the duplicated clusters so that a plurality of sub-graphs are tailored to contain different
nodes and/or edges. With reference to Figure 8 for example, the nodes representing
files E and H have been duplicated and the nodes G and F are removed from one graph
{due to no direct edge with node D} and the node D removed from the other graph. For
another example, a first node is removed from a first duplicate of a first cluster and a
second node is removed from a second duplicate of the first cluster, where the first
node and second node are not directly connected in the filtered dependency graph
resulting from block 610.

[0049] The files of the sub-graphs formed at block 616 are accordingly marked as
having dependencias on the other files in the sub-graphs at block 624. As discussed
above, the marking may be made on the dala representation andfor visually presented.
The resulting dependency information may be provided at block 626, where the

dependency information comprises the files of a file pair that are likely to be dependent
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on each other. Examples of providing dependency information include at least one of
providing a list of dependency clusters in the project based on the plurality of sub-
graphs, providing metric information regarding the first sub-graph, providing a list {e.g.,
a checklist) of dependency files of the first sub-graph associated with a checked-out file
retrieved by a developer, and providing a visual representation of the plurality of sub-
graphs via a web page {e.qg., displaying a filtered dependency graph with dependencies
indicated by edges between nodes on a browser application of a client device 338 of
Figure 3). For example, a checklist of configuration file dependencias within a commit
history retrieved from a source control tool may be provided to a developer {e.g., a build
manager) on an open source projact that is working on supporting functionality
associated with the set of configuration files by using the example method of Figure 6.
[0050] Figures 7 and 8 depict example commit histories and results of identifying
dependencies based on example dependency identification systems and/or example
methods for finding a dependency of files in a project as described herein. Figures 7
and 8 have been described with reference 1o the descriptions of Figure 1, bul may
exemplify the example systems and/or methods described with reference to Figures 2-6
as well, Example uses for the example systems and example methods described herein
include discovery of configuration file dependencies, architecture cross-layer
dependencies, feature dependencies, deployment dependencies, stc.

[0051] For example in a first example project, the example systems and/or
example methods described hersin may detect a cluster of the build configuration files
{e.g., porn.xmi) when each time a new version is released, a plurality of build files are
modified with the release version.

{0052} For another example in a second example project, the example systems
andfor example methods described herein may detect the dlusters related to
internationalization configuration files of fifteen languages supporied by the project. A
developer that is working on internationalization support may be provided with a
chacklist of dependent files to ensurg, for example, that the dependent files are modified
cotrectly, An example benefit of the example systems andior example methods
described hearein is that the analysis is language agnostic.
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[0053] For yet another example in a third example project, a cluster of an external
service APL, internal service AP, and data access layer code may be detected where
the data access layer includes a plurality of configuration files that may be detected as
part of a sub-graph of the cluster and another sub-graph of the cluster may contain
changes in exiernal and internal service APls as well as the integration tests that are
changed as a resuit.

[0054] For yet ancther example, a central component in a fourth example project
may support two types of deployments (such as a local deployment and a remote
deployment) where some of the code is different in order to handle these two
deployment types, and thus, an extensible markup language (XML} configuration may,
for example, need o be modified in response to a change in an annotation. In contrast
to static code analysis or a runtime analysis that would likely not detect this type of
dependency, the example systems and/or example methods described herein may, for
example, detect the dependency betweean the XML configuration and the deployment
annotation.

[0055] Although the flow diagrams of Figures 4-8 illustrate specific orders of
execution, the order of execution may differ from that which is Hlustrated. For example,
the order of execution of the blocks may be scrambled relative fo the order shown. Also,
the blocks shown in succession may be executed concurrently or with partial
concurrence. All such variations are within the scope of the present description.

[0056] All of the features disclosed in this specification (including any
accompanying claims, abstract and drawings), and/or alf of the elements of any method
or process so disclosed, may be combined in any combination, except combinations
where at least some of such features and/or slements are mutually exclusive.

{0057} The present description has been shown and described with reference {o
the foregoing examples. it is understood, however, that other forms, details, and
examples may be made without departing from the spirit and scope of the following

o5

claims. The use of the words “first,” "second,” or related terms in the claims are not used
to fimif the claim elements o an order or location, but are merely used to distinguish

separate claim elements.
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CLAIMS
What is claimed is:

1. A system comprising:
a dependency engine {o:
identify a file pair of a first commit log entry of a plurality of commit log entries
in a commit history, the first commit log entry containing a committer identifier
and a first plurality of files that includes a first file and a second file;
assign a dependency rank to the file pair based on a number of times the first
file and the second file appear together in the plurality of commit log entiies and
a number of distinct committers that commit the first file and the second file
together;
a filter engine to compare the dependency rank of the file pair to a confidence
rank; and
a cluster engine to indicate the second file is dependent on the first file when the
dependency rank of the file pair achieves the confidence rank.

2. The system of claim 1, wherein:
the confidence rank is based on a project atiribute of a project associated with
the commit history, wherein the project attribute is at least one of a project size, a
number of total commils of the project, a number of changes of a section of the

project, and a number of developers of the project.

3. The system of claim 1, whersin:
the dependency engine is {0:
create a dependency graph comprising a first node that represents the first
file;
create a first edge between the first node and a second node that represents
the second file; and
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increase the dependency rank of the first edge when a sscond commit log
eniry of the plurality of commit log entries contains a second plurality of files
comprising the first file and the second file;
the filter engine is {o remove the first edge from the dependency graph when the
dependency rank is below the confidence rank; and
the cluster engine is to identify a cluster of nodes that are connected in the

dependency graph.

. The system of claim 3, wherein:

the dependency engine determines the dependency rank as a weighted value
based on a weight function using a set of parameters comprising a number of
commits, a number of distinct committers that perform the commits, and a time
decay function that emphasizes a first commit that is committed more recently than a

second commit with a greatsr weighted value than the second commit.

. The system of claim 3, wherein the cluster engine:

identifies a third node that lacks a direct edge to the first node, the cluster of
nodes including the first node, the second node, and the third node; and
splits the cluster of nodes into a plurality of sub-graphs, wherein:
a first sub-graph of the plurality of sub-graphs comprises the first node, the
second node, and the first edge connecting the first node and second node; and
a second sub-graph of the plurality of sub-graphs comprising the second
node, the third node, and a second edge connecting the second node and the
third node.

6. The system of claim 1, whersin the dependency engine is io;

identify a code pair when a first section of code changes in the first file and a
sacond saction of code changes in the second file;

determine a regularity of the code pair based on a number of imes the first
section of code and the second section of code change together in the commit

history, and
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modify the dependency rank associated with the file pair based on the regularity.

7. A non-transitory computer-readable storage medium comprising a set of instructions

execulable by a processor resource 1o cause the processor resource to

modify a dependency rank of an edge of a dependency graph when a commit log
entry contains a first file and a second file and the first file is represented by a first
node of the dependency graph connected by the edge {o a second node of the
dependency graph representing the second file, the dependency rank being a value
associated with a file pair represented by the edge;

compare the dependency rank to a confidence rank, the confidence rank based
on a number of commit log entries in a commit history; and

indicate the first file and the second file have a dependency when the
dependency rank achieves the confidence rank.

. The medium of claim 8, wherein, when the commit log eniry contains a plurality of

files that includes the first file and the second file and the dependency graph does
not contain the first node and the second node, the set of instructions is executable
by the processor resource to:

add the first node to the dependency graph and the second node o the
dependency graph; and

create the edge between the first node and the second nade.

. The medium of claim 8, wherein the set of instructions is executable by the

processor resource o at least one of:

weight the dependency rank based on a number of distinct committers identified
by a plurality of commit log entries that include the first file and the second file,
wherein the commit fog entry comprises a first data structure comprising a commit
identifier, a committer identifier, and a list of files; and

weight the dependency rank based on a comparison of a ime window to a
commit ime of the commit log entry, wherein the commit log entry comprises a
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saecond data structure comprising the commit identifier, the commitier identifier, the
commit time, and the list of files.

10. The medium of claim 6, wherein the set of instructions is executable by the

DrOCBssor resourcs to;

identify a cluster of nodes in the dependency graph based on edges of nodes of
the cluster; and

separate the cluster into a plurality of sub-graphs based on nodes of the duster
that do not have a direct connection, wherein shared nodes among a first sub-graph
of the plurality of sub-graphs and a second sub-graph of the plurality of sub-graphs
are duplicated.

11. A method for finding a dependency of files in a project comprising:

building a depeandency graph having a pluralily of nodes that represent a plurality
of files i a commit history and a plurality of edges among the plurality of nodes
hased on whether the plurality of files represented by the plurality of nodes are
contained in a commit log entry of the commit history;

fitering the dependency graph using a confidence rank to remove edges from the
dependency graph that do not achieve the confidence rank;

creating a plurality of sub-graphs based on the filtered dependency graph; and

marking a first file of a first sub-graph of the plurality of sub-graphs as having
dependency on a complementary set of files represented in the first sub-graph.

12. The method of claim 11, wherein building the dependsency graph comprises:

creating a first node of the plurality of nodes that represents the first file when the
first node does not exist in the dependency graph and the commit log entry contains
the first file;

connecting, via a first edge of the plurality of edges of the dependency graph, the
first node 1o a second node of the pluralily of nodes that represents a second file
when the first edge does not exist in the dependency graph and the commit log entry
comprises the second file; and
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associating the dependency rank with the first edge based on a number of
distinct committers, a time decay function, and a number of commit log entries that

inciude the first file and the second fila.

13. The method of claim 11, wherein filtering the dependency graph comprises:
identifying at least one of a project size, a number of tofal commits of the project,
and a number of committers of the project; and
determining the confidence rank based on the at least one of the project size, the
number of total commits, and the number of committers.

14. The method of claim 11, wherein creating the plurality of sub-graphs comprises:
identifying a plurality of clusters of nodes, where a first cluster of a plurality of
clusters is a first group of nodes that do not connect to a second group of nodes;
duplicating a first cluster when the first cluster contains a first node and a second
node and there s not an edge betwsen the first node and the second node; and
removing the first node from a first duplicate of the first cluster and the second
node from a second duplicate of the first cluster.

15. The method of claim 11, comprising at least one of:
providing a list of dependency clusters in the project based on the plurality of
sub-graphs;
providing metric information regarding the first sub-graph;
providing a list of dependency files of the first sub-graph associated with a
checked-out file retrieved by a developsr; and
providing a visual representation of the plurality of sub-graphs via a web page.
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