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(57) Abstract: Examples relate to providing distributed compilation of statically typed languages. In some examples, first order de-
pendencies of a target module are identified, where each of the first order dependencies is associated with one of a number of de -
pendent modules. Next, each first order dependency of is traversed to remove code references from source code of a corresponding
module of the plurality of dependent modules, where each of the code references refers to a type detined in an indirect dependency
of the target module, and compile the source code of the corresponding module to generate a module stub of a number of module
stubs. At this stage, source code of the target module is compiled using the module stubs to generate a target program
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DISTRIBUTED COMPILATION OF STATICALLY TYPED LANGUAGES

BACKGROUND
[0001]  Compilation transforms source code written in a programming language
irto another computer language that is typically in a binary form (i.e., cbject code).
Compilation typically occurs frequently and is triggered on each developer's
machine, as a part of continuous integration, on a nightly build server, ele. Parallel
compilation is a technique that allows for different portions of the source code {0
be compiled in parailel on different computing devices. Some programming
fanguages {e.g. C, C++} faciiitate paraliel compilation by providing metadats {i.e.,
declarations)} that is separale from the implementation, which allows a moduls to
be compiled against another module’s metadata before that other module is

compiled.

Brisr DESCRIPTION OF THE DRAWINGS

[0002]  The following detailed description references the drawings, wherein:

[0003]  FIG. 1is a block diagram of an example computing device for providing

distributed compilation of statically typed languages;

[G004] FIG. 2 is a block diagram of an example compuling device in
communication with networked devices and a source code repository for providing

distributed compilation of statically typed languages;

[0005]  FiG. 3 is a flowchart of an example method for execution by a
computing device for providing distributed compilation of statically iyped

languages;

(00081 FiG. 4 is a flowchart of an example method for exscution by a
computing device for performing a static analysis of source cede io enable

parallel compilation of modules in a software application;

[0007]  FIG. 5is a workflow diagram showing an example system for providing

distributed compilation of statically typed languages; and
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{0081 FIG. 8 is an example dependency free 1o be used for distributed

compilation of statically typed languages.

Detaien DESCRIPTION
[0009]  As discussed above, some programming languages faciliiate parallel
compilation by having separate metadata. Other programming languages such as
C# have metadaia that is coupled o the impiementation, which may be compiled
into an assembly. The assembly can then be used as a dependency for the
compilation of another module.  Accordingly, when compiling a module In a
coupled programming language, a dependency io an assembly recursively
triggers the compilation of the entire dependency tree, which describes the
dependencies o assemblies of the module to be compiled. For example, a
dependency tree may specily that the module is dependent on a number of
assembilies that should be initially compiled before the module can be compiled.
The dependencies of a module may be maintained as references to projects of the
dependent assemblies, where the projecis are used fo generale the compiled

dependencies.

{00107 Examples described hersin separate a coupled programming
language’s meladats from s implemeniation in order o enable parallel
compilation. Specifically, the examples describe the creation of module stubs,
which includes the same metadata as the project that is used o compile the
dependency. However, crealing naive stubs for a dependent module (ie.,
replacing all its public method implementations with degenerale ones and
removing private fields/classes/methods, efe) is not sufficient becauss the
dependent module’s metadata itself may dependeant of other assemblies, which in
turn have their own dependencies and so on. For example, a dependent module
may include a public method with a parameter that is of a type defined in anocther

assembly.

[00111  Given a list of modules {i.e., solufion} with dependencies between the
maodules, s induced dependency graph is processed o generate the module

stubs. If a target module uses some type defined in ancther module, the target
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module is dependent on that other module. Thus, removing all code references to
non-first order dependencies of a target module from its first order dependencies
doegs not remove any of the target moduie’s dependent types from the first order
dependencies. In this case, the first order dependencies’ metadaia for the fargst
module is semantically squivalent {o the initial dependency graph with respect to

the target module’s compilation.

(0121 Examples disclosed herein provide distributed compiiation of statically
typed languages. In some examples, first order dependencies of a target
module are identified, where sach of the first order dependencies is associaled
with one of a number of dependent modules. Nexi, each first order depandency
of is fraversed o remove code references from source code of a corresponding
module of the plurality of dependent modules, where each of the code
references refers 10 a lype defined in an indirect dependency of the fargst
module, and compile the source code of the corresponding module o generate
a module stub of a number of module stubs. At this stage, source code of the

target module is compiled using the module stubs to generale a target program.

(00131  In this manner, examples disclosed herein improve distributed
compilation of statically typed languages by using module stubs o compile a
targel module.  Specifically, first order dependencies of the target module are
traversed o remove indirect code references from the first order dependencies
and then compiled to generate the module stubs, which are used to compile the

target module.

[0014]  Referring now o the drawings, FIG. 1 is a block diagram of an example
computing device 100 for providing distributed compilation of statically typed
languages. Compuiing device 100 may be any compuling device (e.g., server,
distributed system, deskiop compuiter, eic.) with access 1o source code. In the
example of FIG. 1, computing device 100 includes a processor 110, an interface

115, and a machine-readable storage medium 120.

(00151  Processor 110 may be any number of ceniral processing uniis (CPUs),
microprocessors, andfor other hardware devices suitable for retrieval and

execution of instruclions stored in  machine-readable slorage medium
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120. Processor 110 may felch, decods, and execute instructions 122, 124, 126 o
provide distributed compiiation of siatically typed languages, as described below.
As an alternative or in addition to retrieving and exsculing insiructions, processor
110 may include any number of eleclronic circuils comprising a number of
electronic components for performing the functionality of instructions 122, 124,
and/or 126.

[0016] interface 115 may include a number of elactronic componenis for
communicating with nefworked devices. For example, inlerface 115 may be an
Ethernet interface, a Universal Serial Bus (USB) interface, an IEEE 1384
{Firewire) interface, an exiernal Serial Advanced Technology Atfachment (eSATA)
imterface, or any other physical connection interface suitable for communication
with the distributed database system. Allernatively, interface 115 may be a
wireless inferface, such as a wireless local area network (WLAN) interface or g
nearfigld communication (NFC) interface.  In operation, as detailed below,
interface 115 may be used to send and receive daia to and from a corresponding

interface(s} of networked devices.

[0017]  Machine-readable siorage medium 120 may be any electronic,
magnetic, optical, or other physical siorage device that siores executable
instructions.  Thus, machine-readable slorage medium 120 may be, for
example, Random Access Memory (RAM), an Electrically-Erasable
Programmable Read-Only Memory (EEPROM), a storage drive, an opfical disc,
and the like. As described in delall below, machine-readable storage medium 120
may be encoded with executable instructions for providing distributed compilation

of statically typed languages.

(00187  First order dependency identifying instructions 122 performs a stalic
analysis of source code to ideniify first order dependencies of a target module. A
first order dependency of the target module includes at least one defined type that
is referenced directly in the target module. Spedifically, the meladata of the
source code is processed o identify the first order dependencies. Further, the first
order dependencies of the targef module can be {opologically sorted to ensure that

dependencies belween the first order dependencies are properly reschved when
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module slubs are generaled as described below. For example, if & first order
dependency is referenced from another first order dependencies, the first order
dependency should be compiled before the other first order dependency o ensurs
that application programming inlerface (AR} declarations or changes in the first
order dependency are reflected in the other first order dependency. The source
code of the target module is writlen in a stalically typed language that reveals the

type of each variable during compilation.

{00191  First order dependency traversing instructions 124 traverses the first
order dependencies of the larget module to generate module stubs. Source code
for each of the first order dependencies are processed in fopological order {i.e.,
according o a module topolegy) to (1) remove code references o any type
defined in the source code that st a direct dependency of the targel module {i.e,,
indirect dependencies) and {2} compile the modified source code o generate g
module stub. A module stub siill includes all the defined types that are directly
referenced by the target module, which allows the module stub fo be substituted
for the compiled dependency when compiling the target module. Further, because
all references fo indirect dependencies are removed, the indirect dependencies

can be ignored during the compilation of the mobile stub.

(00207 Target module compiling instructions 126 compile the target module
using the module stubs generated as described above. The module stubs allow
the target module o be compiled without performing & full compilation of the first
order dependencies. Further, requests may be sent to nelworked devices to
compile each of the first order dependencies in parallel. In this case, the overall
compilation of the farget module and ifs dependencies can be shortened by orders

of magnifude.

(0217 FIG. 2 is a block diagram of an example computing device 200 in
communication with networked devices 270A, 270N and a source codes repository
246 for providing distributed compilation of sialically typed languages. As
flustrated, computing device 200 may include processing resource 202 and

memory resource 204,
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[0022]  Processing resource 202 may be any number of ceniral processing
units (CPUs), microprocessors, processor cores, and/or other hardware devices
suiiable for retrieval and execution of instructions stored in memory resource
204. Memory resource 204 may be any elscironic, magnetic, optical, or cther
physical storage device that siores executable instructions such as RAM,
EEPROM, a storage drive, an optical disc, etc. As described in detall below,
memory resource 204 may be encoded with modules for providing distributed
compilation of siatically typed languages. in FIG. 2, processing resource 202
and memory resource are components of a single computing device 200.
Alternatively, processing resource 202 and/or memory resource 204 may be

disiributed across any number of computing devices in a distributed system,

(00237 Memory resource 204 includes a number of modules 206-220. tach of
the modules may include a series of instructions encoded on memory resource
204 and executable by processing resource 202 of the computing device 200. In
addition or as an alternative, each module may include any number of hardware
devices including electronic circuitry for impiementing the funclionality described

below.

[0024]  Similar to computing device 100 of FIG. 1, computing device 200 may
be g server, distributed system, deskiop computer, or any other device suitable for
execuling the funclionality described below. As delailed below, computing device
200 may include a serles of modules 206-220 for providing distributed

compilation of statically typed languages.

[0025] Device interface module 206 may manage communications with the
networked devices 270A, 270N, Specifically, the node Interface module 206 may
initiate conneclions over network 245 with the networked devices 270A, 270N and
then send compilation requests and receive compiled dependencies toffrom the
networked devices 2704, 270N,

[0026] Dependency analysis module 210 perform dependency analysis of
source code.  Further, although the components of file dependency analysis

module 210 are described in detall below, additional details regarding an exampile
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implementation of module 210 are provided above in connection with instructions
122 and 124 of FIG. 1.

[0027]  Dependency tree module 212 may be configured {o analyze source
code of a farget module fo create a dependency tree. The dependency tree
describes the module dependendcies of the target module, which includes direct
{i.e., first order) and indirect dependencies of the target module. Target module is
directly dependent on a direct module if the fargset module refers 1o a type that is
defined in the direct module. Targe! module is indirectly dependent on an indirect
module if one of farget module’s direct dependencies includes g type that is
defined in the indirect module, where farget module doss not include a types
defined in the indirect module. Dependency tree module 212 analyzes the source
code of the farget module o extract metadata that desocribes its dependencies.
The source code of each of the dependencies can then be analyzed o extract
metadaia describing their dependencies and so on until the source code of the
target module and all dependencies has been analyzed o extract the metadata.
Dependency tree module 212 uses the meladals to create the dependency tree
for argel moduls. An example dependency tres is described below with respect o
FIG. 6.

[0028] Code cleansing module 214 is configured fo use the dependency freg o
cleanse the code of the first order dependencies of the larget module,
Specifically, the source code of each of the first order dependencies is fraversed
to remove type references that are not in first order dependencies of the farget
module (i.e, remove type references fo indirect dependencies of the target
module}. Removing type references fo indirect dependencies removes code that

is irrelevant to the compilation of the farget module.

(00281 Code stub module 216 compiles the cleansed source code of the first
order dependencies o generate module stubs. Because the module stubs still
include type references of the first order dependencies, the module stubs are
semantically equivalent to the uncleansed modules with regard io the target
module’s compilation. In other words, each module stub includes the same pubilic

classes, metheds, efc. that are {1} exposed by a corresponding uncleansed
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module and (2) used by the targst module. Further, code stub module 216 is
configured to generate the module stubs in the correct topological order so that
inter-module dependencies beiween the first order dependencies (i.e., one first
order dependency being dependent on another first order dependency) are
accounted for. Specifically, if a first order dependency is dependent on ancther
first order dependency, the other first order depeandency should be compiled infc a
module stub first so that AP declarations or changes in the other first order

dependency are correctly reflected in a module stub of the first order dependency.

(00307  Compilation module 220 is configured fo compile the target module and
manage the compilation of the targel module’s dependencies. Compilation
module 220 compiles the target module using the module siubs generated by the
code siub module 216, Thus, the compilation of the larget medule can be
performed without compiling any of the dependencies of the target module.
Compilation module 220 also manages the distribution of the targe! module’s
dependencies to networked devices 270A, 270N for parallel compilation. While
only two networked devices are shown in FIG. 2, any number of networked
devices can be included in g distributed compilation as described herein.
Compilation module 220 may send a compilation request to each of the networked
devices 2704, 270N o iniliate the compilation of the targe! moduie’s
dependencies. In some cases, a compilation request may include the source
code for the dependeancy 1o be compiled. In other cases, the compilation identifies
the dependency to be compiled, and the networked device 270A, 270N obtains

the source code from source code repository 240

[0031]  Source code reposifory 240 is configured fo store source code for
computing device 200 and nelworked devices 270A, 270N, In some cases, the
devices 200, 2704, 270N may retrieve source code for analysis and compilation
from source code repository 240, Alternatively, source code may be stored locally
on soimne of the devices 200, 2704, 270N,

[0032] In FIG. 2, networked device A 270A shows modules 272A-274A, which
also exist in networked device N 270N but are not shown o simplify the figure.

Iinterface module 272A may manage communications with computing device 200.
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Specifically, the inferface module 272A may receive compilation reguests from

computing device 200 and provide compiled dependencies in response.

(00331  Compilation module 274A processes compilation requests recelved
from computing device 200. Specifically, compilation module 274A may obtain
source code of a dependency o complie a corresponding compiied dependency.
In some cases, compilation module 274A may be configured (o further distribute
the compilation of the dependencies of the dependency as described above with

respect to computing device 200.

[0034] FIG. 3 is a flowchart of an example method 300 for execution by a
computing device 100 for providing distributed compilation of statically typed
languages. Although execution of method 300 is described below with reference
to computing device 100 of FIG. 1, other suitable devices for execution of method
300 may be used. Method 300 may be implementaed in the form of executable
instructions stored on a machine-readable storage medium, such as sforage

medium 120, and/or in the form of electronic circuitry.

(00351  Method 300 may start in block 305 and continue o block 310, where
computing device 100 analyzes source code of a targel moduie to identify first
order dependencies. Specifically, the source code may be analyzed o create 3
dependency tree for the target module, where the dependency tree shows the first
order dependencies. in block 315, computing device 100 traverses the first order
dependencies of the larget module to generate module stubs. Source code for
each of the first order dependencies are processed in {opological order to (1)
remove code references 1o any type defined in the source code that isn't a direct
dependency of the target module {i.e., indirect dependencies) in sub-block 320
and (2} compile the modified source code o generate 3 module stub in sub-block
325,

{00367  In block 330, computing device 100 compiles the target module using
the module stubs generated in block 315, Further, requesis may be sent t©
networked devices {0 compile each of the first order dependencies in parailel with
the compilation of the target module. Method 300 may then continue fo block 335,

where method 300 may siop.
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(0371 FIG. 4 is a flowchart of an exampie method 400 for exscution by a
computing device 200 for performing a static analysis of source code to enable
parallel compilation of modules in a software application. Although execution of
method 400 is described below with reference to computing device 200 of FIG. 2,
other suilable devices for execution of method 400 may be used. Method 400
may be implementad in the form of execuiable instructions stored on a machine-

readable storage medium and/or in the form of glectronic circuitry.

{00381 Method 400 may start in block 405 and continue to block 410, whers
computing device 200 performs stalic analysis of a farget module {o identify first
order dependencies. Specifically, the source code of the targel module is
analyzed to generale a dependency map that describes the dependencies of the
target module. In block 415, the dependent module of the next first order
dependeancy is processed. In this manner, each of the first order dependencies is

processed in topological order as described above.

10039 In block 420, the code references o indirect dependencies (i.e., all
dependent modules that are not first order dependencies) of target module are
removed from the dependent module. For example, a source code file of a first

order dependency of the target module is shown below in TABLE 1.

TABLE 1 - example source code file of first order dependency
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public class Project 3 Class A
{
private Project 6 Class X di;
public void Foo()
f
1
d1 = new Project 8 Class X(};
}
public int SomeProperty
{
get { return d1.Number; }
set { dg.Number = valug; }
}
}
public class Project 3 Class B : Project 6 Class
{
public bool Goo()
{
return frue:
}
}

in TABLE 1, Project 3 _Class_A is referred 1o in the farget module and is the
reason the dependency is determined o be a first order dependency. Further,
Project 8 Class X is not referred o in the target module and, thus, iis
corresponding dependency is an indirect dependency. Afler cleansing indirect
references from the exampie of TABLE 1, the resuiting cleansed source code file

is shown below in TABLE 2:

TABLE 2 — example cleansad source code file of first order dependency

public class Project 3 Class A

{

public void Foo(}
f
i

}

public int SomaProperty

{
get { return defauii{int}; }
set{}
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As shown in TABLE 2, all references {0 Project 6 _Class X have been removed,

including Project 3 Class 8 that inherits from Project 8 Class X

{00407  The source code of the cleansed dependent module is then complled to
generate a module stub in block 425, In block 430, computing device 200
determings if there are more first order dependencies o process. I there are
more first order dependencies, method 400 returns o block 415 10 process the

next first order dependency.

(00411  In block 435, a request o compile each of the first order dependencies
iz sent to & corresponding networked device for paraliel compilation. In some
cases, the request may include the source for the first order dependency o be
compiled by the corresponding networked device. Alternatively, the corresponding

networked device may retrieve the source code from a source code repository.

(00421  In block 440, the source code of the target module is compiled using the
module stubs o generate a targetf program. The compilation of the target module
iz performed in parallel with the compilation of the first order dependencies on the
networked devices. In block 445, the compiled first order dependencies are
received from the networked devices. Al this stage, the targetl program can be
execuled using the compiled dependencies in block 450. Method 4C0 may then

continue o block 455, where method 400 may siop.

[0043]  FIG. 5 is a workflow diagram showing an exampile system for providing
distributed compilation of statically typed languages. Workflow diagram 500
shows a code reposifory 502, a nslwork device A 5044, a networked device N
504N, and a computing device 508, which may each be similar o their

corresponding componenis described above with respect io FIGS. 1 and 2.

[0044]  In block 520, code repository 502 provides source code of a target
maodule to the computing device 506. In block 522, the computing device 506
performs a static analysis of the source code to identily first order dependencies of
the target module and o create module stubs for the first order dependencies. In

block 524, computing device 506 requests networked device A 504A to compile a
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first direct dependency of the target module. In block 526, networked device A
504A obtains source code for the first direct dependency from the code repository
502. In block 528, computing device 508 requests networked device N 504N to
compile a second direct dependency of the farget module. In block 530,
networked device N 504N obiains source code for the second direct dependency

from the code repository 502.

{0457  In blocks 532, 534, and 536, the targst module and its direct
dependencies are complled in parallel. Specifically in pamllel, (1) computing
device 506 compiles the target module using the module stubs generated in block
522 o generate a target program, (2) networked device A 504A compiles the first
direct dependency; and (3) networked device N 504N compiles the second direct
dependency. In block 538, networked device A S04A provides the first compiled
dependency to computing device 506, and in block 540, networked device N 504N
provides the second compiled dependency o computing device 506, In block
542, computing device 506 can execute the target program using the compiled

dependencies from the networked devices 504A, 504N,

(00461 FIG. 6 is an exampie dependancy iree 800 to be used for distribuled
compilation of statically typed languages. The dependency free 600 is for a target
module 802 that is o be compiled and may be generaled as described above by
performing a static analysis of source code of the farget module 802, Dependency
tree 800 shows that target module 602 has two first order dependencies 6044,
6048. Further, firs! order dependency A 604A is dependent on first order
dependency B 6048, Accordingly, when creating module stubs for target module
802, a module stub for first order dependency B 6048 should be created first o

ensure he first order dependencies are traversed in topological order.

{0477 Dependency tree 600 also shows thal targel module 602 has three
indirect dependencies 808A, 608B, 806C. First order dependency A 804A
depends on indirect dependency A B06A and indirect dependency B 6088, and
first order dependency B 6048 depends on indirect dependency C 6068C. When
static code analysis is performed for first order dependency A 6044, all type

references to indirect dependency A 606A and indirect dependency B 6068 are
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removed from the source code of first order dependency A 804A. When static
code analysis is performed for first order dependency B 6048, all type references
io indirect dependency C 806C are removed from the source code of first order
dependency B 6048,

{00487 The foregoing disclosure describes a number of sxamples for
distributed compilation of staticslly typed languages. In this manner, the
examples disclosed hersin distributed compilation of statically typed languages
by using module stubs o compile a target module, where the module stubs are
compilations of first order dependencies that have been cleansed of references to

indirect dependencies of the target module.
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CLAIMS
We claim:
1. A system for providing distributed compilation of siatically typed

languages, the system comprising:
a processing resource; and
a memory resource operatively connected o the processing resource,
the memory resource comprising:
a dependency analysis module that when executed causes the
processing resource {o:
identify a plurality of first order dependencies of a target
module, wherein sach of the plurality of first order dependencies is
associated with one of a plurality of dependent modules; and
fraverse each first order dependency of the plurality of first
order dependencias o
remove a plurality of code references from source
code of a corresponding module of the plurality of
dependent moduies, wherein each of the plurality of code
references refers fo a types defined in an indirect
dependency of ihe target module; and
compile the source code of the corresponding
maodule to generate a module stub of a plurality of module
stubs; and
a compilation module that when executed causes the processing
resource to compile source code of the target module using the plurality

of module stubs o generate a target program.

2. The system of claim 1, wherein the compilation moduls when executed
further causes the processing resource o:

send a request to compile at least one module of the plurality of
dependent modules to a remote computing device, wherein the at least one
module is compiled by the remole computing device to generale g compiled

dependency in parailel with the compilation of the target module.
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3. The system of claim 2, wherein the compilation module when execuled
further causes the processing resource to:

receive the complled dependency from the remole computing device;
and

execuie the target program using the compiled dependency.

4. The system of claim 2, wherein one of the plurality of module stubs is
semantically equivalent to the compiled dependency with respect {o the target

module.

5. The system of claim 1, wherein the dependency analysis module when
executed further causes the processing resource {o:

fopological sort the plurality of firet order dependencies 1o generale 3
module lopoiogy, wherein the plurality of first order dependencies are traversed

according to the module fopology.

8. The system of claim 1, wherein the source code is written in a
programming  language that couples dependency metadata to  an

implementation of the target module.

7. A method for providing distributed compilation of statically typed
fanguages, the method comprising:

identify a plurality of first order dependencies of a target module, wherein
each of the plurality of first order dependencies is associated with one of a
plurality of dependent modules;

fraversing each firsi order dependency of the plurality of first order
depsndencies {o:

remove a plurality of code references from source code of a
corresponding module of the plurality of dependent modules, wherein
each of the plurality of code references refers to a type defined in an

indirect dependency of the target module; and
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compile the source code of the corresponding module o generate
a module stub of a plurality of moduie stubs;
sending a request o compile at least one module of the plurality of
dependent modules o a remote computing device, wherein the at least one
module is compiled by the remote computing device fo generate a compiled
dependency in paraliel with a compilation of the target medule; and
compiling source code of the target module using the plurality of module

stubs to generate a target program.

3. The method of claim 7, further comprising:
receiving the compiled dependency from the remote computing device;
and

executing the target program using the compiled dependency.

g. The method of claim 7, wherein ong of the plurality of module siubs is
semantically equivalent to the compiled dependency with respect {o the target

module.

10.  The method of claim 7, further comprising:
fopological sorting the plurality of first order dependencies to generale a
module topology, wherein the plurality of first order dependencies are traversed

according o the module fopology.

11. The method of claim 7, wherein the source code is wrillen in a
programming  language that couples dependency metadats o an

implementation of the farget module.



WO 2015/183241 PCT/US2014/039581

18

12. A non-fransitory  machine-readable siorage medium encoded  with
instructions executable by a processor for providing distributed compilation of
statically typed languages, the machine-readable storage medium comprising
instructions to:
identify a plurality of first order dependencies of a target module, wherein
egach of the plurality of first order dependencies is associated with one of a
plurality of dependent modules;
topelogical sort the plurality of first order dependencies to generate a
module topology;
traverse each first order dependency of the plurality of first order
dependencies according to the module topology to:
remove a plurality of code references from source code of a
corresponding module of the plurality of dependent modules, wherein
each of the plurality of code references refers 1o a type defined in an
indirect depsendency of the target module; and
compile the source code of the corresponding module to generate
a module stub of a plurality of module stubs; and
compile source code of the target module using the plurality of module

stubs io generate a target program.

13.  The non-transitory machine-regdable slorage medium of claim 12, further
comprising instructions {o:

send a request to compile at least one module of the plurality of
dependent modules to a remote compuling device, wherein the at least one
module is compiled by the remole computing device to generale g compiled

dependency in parailel with the compilation of the target module.

14, The non-transitory machine-regdable slorage medium of claim 13, further
comprising instructions {o:

receive the compiled dependency from the remote computing device;
and

execute the target program using the compiled dependency.
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15. The non-ransitory machine-readable storage medium of claim 13,
wherein one of the plurality of module stubs is semantically equivalent {0 the

compiled dependency with respect o the target module.
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