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Recompiling with Generic to Specific Replacement

Claim of Priority

[0001] This application claims the benefit priority to U.S. Patent

Application No. 13/461,757, filed May 1, 2012, entitled "Recompiling with

Generic to Specific Replacement", which is incorporated herein by reference in

its entirety.

Background

[0002] Many computer programs are written in a reusable style, where

functions may be called using variables that may change each time the function

may be called. Such a programming style has many uses, such as being able to

test and verify each function independently, as well as having sections of

executable code that may be reused over and over.

[0003] In order to create executable code from such a program, a

compiler and linker may create and track all of the connections between many

different sections of code.

Summary

[0004] Executable code may be recompiled so that generic portions of

code may be replaced with specific portions of code. The recompilation may

customize executable code for a specific use or configuration, making the code

lightweight and executing faster. The replacement mechanism may replace

variable names with fixed values, replace conditional branches with only those

branches which are known to be executed, and may eliminate executable code

portions that are not executed. The replacement mechanism may comprise

identifying known values defined in the executable code for variables, and

replacing those variables with the constant value. Once the constants are

substituted, the code may be analyzed to identify branches that may be evaluated

using the constant values. Those branches may be reformed using the constant



value and the rest of the conditional code that may not be accessed may be

removed.

[0005] This Summary is provided to introduce a selection of concepts in

a simplified form that are further described below in the Detailed Description.

This Summary is not intended to identify key features or essential features of the

claimed subject matter, nor is it intended to be used to limit the scope of the

claimed subject matter.

Brief Description of the Drawings

[0006] In the drawings,

[0007] FIGURE 1 is a diagram illustration of an embodiment showing a

system with code optimization.

[0008] FIGURE 2 is a diagram illustration of an embodiment showing

development and optimization cycles.

[0009] FIGURE 3 is a diagram illustration of an embodiment showing

an example deployment in a datacenter.

[0010] FIGURE 4 is a flowchart illustration of an embodiment showing

a method for optimizing code.

[0011] FIGURE 5 is a flowchart illustration of an embodiment showing

a method for optimizing conditions within code.

Detailed Description

[0012] Executable code may be recompiled to make the executable code

more specific for an instance that may be executed. The code may be analyzed

to identify variables that may be replaced by constants, then branches of the code

that can be determined given the constants may be evaluated and streamlined. In

some cases, code that cannot be reached once the constants are known may be

removed from the executable code.

[0013] Recompiling executable code may attempt to streamline and

speed up execution of the code by replacing variables with constants. The

executable code may be developed, tested, and operated as a generic code, then



recompiled to speed up execution for a specific execution instance. In some

embodiments, the recompiling and optimization may occur at runtime, while

other embodiments may recompile and optimize prior to runtime.

[0014] The executable code may be any executable code, including

application code, operating system code, services code, or any other set of

executable instructions. In many embodiments, executable code that may be

written in functional languages or written in functional language style may

enable an analysis engine to identify constant values for variables. Since

functional languages and programs written in a functional language style may

have no mutable state, an analysis engine may readily identify those elements

that do not change and may propagate those values throughout the code.

[0015] For the purposes of this specification and claims, the term

"executable element" may define a set of instructions that may be executed by a

processor. In a typical embodiment, an executable element may be machine

level commands that may be sent to a processor. A single computer application

may be made up of many executable elements. An executable element may also

be referred to as a job, application, code chunk, or other term.

[0016] Throughout this specification, like reference numbers signify the

same elements throughout the description of the figures.

[0017] When elements are referred to as being "connected" or

"coupled," the elements can be directly connected or coupled together or one or

more intervening elements may also be present. In contrast, when elements are

referred to as being "directly connected" or "directly coupled," there are no

intervening elements present.

[0018] The subject matter may be embodied as devices, systems,

methods, and/or computer program products. Accordingly, some or all of the

subject matter may be embodied in hardware and/or in software (including

firmware, resident software, micro-code, state machines, gate arrays, etc.)

Furthermore, the subject matter may take the form of a computer program

product on a computer-usable or computer-readable storage medium having

computer-usable or computer-readable program code embodied in the medium

for use by or in connection with an instruction execution system. In the context

of this document, a computer-usable or computer-readable medium may be any



medium that can contain, store, communicate, propagate, or transport the

program for use by or in connection with the instruction execution system,

apparatus, or device.

[0019] The computer-usable or computer-readable medium may be, for

example but not limited to, an electronic, magnetic, optical, electromagnetic,

infrared, or semiconductor system, apparatus, device, or propagation medium.

By way of example, and not limitation, computer readable media may comprise

computer storage media and communication media.

[0020] Computer storage media includes volatile and nonvolatile,

removable and non-removable media implemented in any method or technology

for storage of information such as computer readable instructions, data

structures, program modules or other data. Computer storage media includes,

but is not limited to, RAM, ROM, EEPROM, flash memory or other memory

technology, CD-ROM, digital versatile disks (DVD) or other optical storage,

magnetic cassettes, magnetic tape, magnetic disk storage or other magnetic

storage devices, or any other medium which can be used to store the desired

information and which can accessed by an instruction execution system. Note

that the computer-usable or computer-readable medium could be paper or

another suitable medium upon which the program is printed, as the program can

be electronically captured, via, for instance, optical scanning of the paper or

other medium, then compiled, interpreted, of otherwise processed in a suitable

manner, if necessary, and then stored in a computer memory.

[0021] When the subject matter is embodied in the general context of

computer-executable instructions, the embodiment may comprise program

modules, executed by one or more systems, computers, or other devices.

Generally, program modules include routines, programs, objects, components,

data structures, etc. that perform particular tasks or implement particular abstract

data types. Typically, the functionality of the program modules may be

combined or distributed as desired in various embodiments.

[0022] Figure 1 is a diagram of an embodiment 100 showing a system

that may analyze executable code to replace generic code with specific code.

Embodiment 100 is a simplified example of the various software and hardware



components that may be used an execution environment for applications and an

operating system.

[0023] The diagram of Figure 1 illustrates functional components of a

system. In some cases, the component may be a hardware component, a

software component, or a combination of hardware and software. Some of the

components may be application level software, while other components may be

operating system level components. In some cases, the connection of one

component to another may be a close connection where two or more components

are operating on a single hardware platform. In other cases, the connections may

be made over network connections spanning long distances. Each embodiment

may use different hardware, software, and interconnection architectures to

achieve the functions described.

[0024] Embodiment 100 illustrates a computer system 102 that may

create specific code for execution from generic code. The specific code may

attempt to replace variables with constants, simplify or remove branches in the

generic code, and otherwise streamline the code for execution.

[0025] Widely used programming techniques teach programmers to

create functions, routines, or other code blocks in a generic manner. Such

functions may accept a variable or set of inputs, perform a function, and return a

result. The function may be called from many different locations within an

application, and the code may be reused for many different input values. Such a

function may be tested and validated as a separate unit of code.

[0026] Another widely used programming technique may be to create

branches for different conditions in a program. A branch may determine that

one function may be executed when a value of X is received, while another

function may be executed when a value of Y is received. When a branch is

determined, a function may be called, causing a computer to keep track of all the

function calls using a set of internal pointers and a stack storage mechanism.

[0027] Many advanced processors may attempt to identify code that will

be executed in the future. Such processors may load the code into a cache

memory prior to being executed to avoid a delay when the executable code may

be retrieved from main memory. In some cases, code executed from cache may

be performed on subsequent clock cycles, while code that may be retrieved from



main memory may cause a processor to wait many clock cycles, sometimes over

100 clock cycles later, before the next instruction may be processed.

[0028] At a code branch point, the advanced processors may not be able

to look ahead and determine which branch of the code may be executed next.

Code branches often cause slow performance as the next function or execution

may wait until the executable code may be retrieved from main memory after the

code branch condition may be evaluated.

[0029] An optimization routine for executable code may attempt to

minimize or remove branch points by replacing variables with any known

constants. Based on the constants, branch points in the executable code may be

analyzed to identify branch conditions that may be known. When the branch

may be fully determined prior to execution, the branching code may be removed

and replaced with a pointer to the code associated with the only branch that may

be possible.

[0030] The optimization routine may be performed prior to execution.

In some cases, the optimization routine may be part of a just-in- time compiler or

some other runtime environment that may prepare and manage applications

being executed. In other cases, the optimization routine may be part of an

operating system, where an analyzer may decompile, analyze, and recompile

code for execution. In still other cases, the optimization routine may be

performed in a development environment by analyzing source code.

[0031] The optimization routine may be performed on programs written

in functional languages or in a functional language style. Functional language

style consolidates blocks of executable code into units that receive input and

return an output without otherwise changing state or receiving state that may be

defined outside of the function. Functional language style may treat each block

of executable code as independent, separate operations that may not depend on

any other input except for that which is passed to the function, as well as not

changing the state or value of other objects, except for that which is returned by

the function. In many functional languages, a message passing mechanism may

transmit and receive the values of parameters passed between functions.

[0032] Many functional languages, such as Erlang, Scala, F#, and others

may enforce such restrictions on code that may be written and compiled in those



languages. Other languages may also be used to write in a functional language

style and yield similar results.

[0033] The optimization may be readily applied to programs written in a

functional language style because the state of variables may be defined when

messages are passed between functions. As such, the analysis may be performed

by analyzing the connections between functional elements.

[0034] In contrast, non-functional languages or applications written in a

non-functional language style may allow some variables to be changed, updated,

or retrieved within a function, where those variables may not be expressly

passed between the functions. In such cases, the analysis for an optimization

routine may have more difficulty identifying when variables are changed.

[0035] Some applications may be written in a language or style that may

identify very small functions that may be linked together in an application. For

example, some Erlang programs of moderate size may include many hundreds of

thousands if not millions of individual functions connected by message passing.

Such situations may allow for fine-grained analysis of parameters passed

between functions.

[0036] In contrast, some applications written in a functional language

style may have large blocks of code that may be treated as independent

functions. Some such applications may identify only a handful to several

hundred functions that may be considered independent functions. Such

situations may allow for a more coarse-grained analysis.

[0037] In general, more fine-grained analyses may result in more

dramatic improvements in processing speed than more coarse-grained analyses.

[0038] The device 102 is illustrated having hardware components 104

and software components 106. The device 102 as illustrated represents a

conventional computing device, although other embodiments may have different

configurations, architectures, or components.

[0039] In many embodiments, the device 102 may be a server computer.

In some embodiments, the device 102 may still also be a desktop computer,

laptop computer, netbook computer, tablet or slate computer, wireless handset,

cellular telephone, game console or any other type of computing device.



[0040] The hardware components 104 may include a processor 108,

random access memory 110, and nonvolatile storage 11 . The hardware

components 104 may also include a user interface 114 and network interface

116. The processor 108 may be made up of several processors or processor

cores in some embodiments. The random access memory 110 may be memory

that may be readily accessible to and addressable by the processor 108. The

nonvolatile storage 112 may be storage that persists after the device 102 is shut

down. The nonvolatile storage 112 may be any type of storage device, including

hard disk, solid state memory devices, magnetic tape, optical storage, or other

type of storage. The nonvolatile storage 112 may be read only or read/write

capable.

[0041] The user interface 114 may be any type of hardware capable of

displaying output and receiving input from a user. In many cases, the output

display may be a graphical display monitor, although output devices may include

lights and other visual output, audio output, kinetic actuator output, as well as

other output devices. Conventional input devices may include keyboards and

pointing devices such as a mouse, stylus, trackball, or other pointing device.

Other input devices may include various sensors, including biometric input

devices, audio and video input devices, and other sensors.

[0042] The network interface 116 may be any type of connection to

another computer. In many embodiments, the network interface 116 may be a

wired Ethernet connection. Other embodiments may include wired or wireless

connections over various communication protocols.

[0043] The software components 106 may include an operating system

118 on which various applications and services may operate. An operating

system may provide an abstraction layer between executing routines and the

hardware components 104, and may include various routines and functions that

communicate directly with various hardware components.

[0044] The operating system 118 may be defined using various

functional components 120. The components 120 may be blocks of code that

operate in a functional language style. In some cases, the components 120 may

be written in a functional language.



[0045] An analyzer 1 2 may include a decompiler 124 and compiler 126

and may create optimized executable code using the operating system

components 120 as well as applications 144. The optimized executable code

may be incorporated into the device's executing code and caused to run.

[0046] Embodiment 100 illustrates an embodiment where a single

device may optimize code that runs on the device. Embodiment 300 presented

later in this specification illustrates an embodiment where optimized code may

be created and deployed to other devices.

[0047] The device 102 may have an execution environment 128 that

may analyze and optimize application 144 for execution. An execution

environment may be a virtual machine or other environment that may manage

execution of applications.

[0048] The execution environment 128 may include a just-in-time

compiler 130. Some programming environments may create applications in

source code, and then compile the source code into intermediate code. The

intermediate code may then be compiled at runtime into executable code by a

just-in-time compiler 130. The just-in- time compiler 130 may operate with a

linker 132 to create a full set of executable code.

[0049] The execution environment 128 may have a data collector 134

and an analyzer 136 that may create optimized code. The data collector 134 may

determine the value of certain constants prior to execution, and the analyzer 136

may create the optimized code by inserting the constant values and analyzing

any branches or conditions within the code.

[0050] A development environment 138 may include some

programming tools that a developer or programmer may use to create the

applications 144. The development environment 138 may include an editor 140

and compiler 142.

[0051] Figure 2 is a diagram illustration of an embodiment 200 showing

steps that may create optimized code. Embodiment 200 may show the

development cycle 202 and optimization cycle 204 that may result in optimized

executable code.

[0052] In the development cycle 202, a programmer may develop code

in step 206, compile code in step 208, and test the code in step 210. The



development cycle 202 may iterate many times until the programmer may

deploy the code in step 212.

[0053] The deployed code from step 212 may be executed in step 214

without optimization. In such a case, the deployed code may perform all of its

functions as designed. After optimization, the optimized executable code may

perform the same functions, but with a much faster throughput.

[0054] The optimization cycle 204 may collect data in step 216 to

determine any known parameter values. In some embodiments, the data

collection step 216 may be a separate application, function, or mechanism to

collect information for optimization. For example, an optimization that may

include operating system functions may perform a data collection to identify the

available hardware, network addresses, and other information that may be used

to optimize the performance of the operating system. Such a data collection may

be performed by a routine that may be part of an optimization mechanism.

[0055] In some embodiments, a data collection step 216 may be

performed as a profiled or instrumented analysis of the executable code. In such

embodiments, a profiler may collect data while the code may be executing. The

data may be analyzed to identify variables that have known or consistent values.

[0056] The executable code may be decompiled in step 218. Some

embodiments may decompile machine code or intermediate code to create a

higher level code that may be more easily analyzed. Other embodiments may

access and optimize source code, intermediate code, machine code, or some

other form of code, and such embodiments may not perform step 218.

[0057] Variables may be replaced by constants in step 220. The

variables may be those variables determined from step 216 or from analysis of

the executable code. The replacements performed in step 220 may remove

references to a parameter and replace those references with the actual value of

the parameter.

[0058] The replacement of step 220 may provide some performance

improvements for executable code. In many cases, a reference to a variable

value may cause an executing processor to perform a lookup or memory access

for that variable. When the variable name may be replaced by a constant value,



the processing overhead of accessing the variable value may be avoided, thereby

increasing performance.

[0059] An analysis of conditional statements may identify conditional

statements that may be replaced in step 222. The conditional statements that

may be replaced may be those for which the variable values are known and the

condition may be evaluated at the time the optimization cycle 204 may be

executed. The replacement of conditional statements may remove conditional

statements and replace those statements with direct jumps or other pointers to the

portion of code that may be executed when the condition is satisfied.

[0060] The replacement of conditional statements may provide increased

performance, as a processor may be able to 'look ahead' and prepare to execute

the code when the condition is satisfied. When a conditional statement exists, a

processor may not be able to 'look ahead', as the condition may not be known.

In such a situation, the processor may evaluate the condition, then may have to

wait as the next set of instructions may be retrieved from main memory prior to

continuing execution. By eliminating the wait time associated with processing a

condition, performance may be increased.

[0061] Orphan code may be identified and removed in step 224. Orphan

code may be portions of the executable code that may not be reached during

execution. Orphan code may be identified when a condition is replaced in step

222, which may leave an orphaned code block that may not be reached when the

condition is removed.

[0062] In some embodiments, the process of step 224 may involve

creating a control flow graph of the executable code, then analyzing the control

flow graph to identify orphaned code.

[0063] The process may iterate in step 226 to perform further

optimization, in which the process may return to step 220.

[0064] Once the optimization is ready for execution, the code may be

recompiled in step 228 and deployed in step 230. In some embodiments, the

optimization cycle 204 may be performed repeatedly. In one such embodiment,

a profiler may gather further data in the data collection step 216 and cause the

optimization to be performed again.



[0065] Figure 3 is a diagram illustration of an example embodiment 300

showing a customized deployment of code for an enterprise application.

Embodiment 300 is one example of how a code optimization mechanism may be

used to deploy customized code to servers in a server farm.

[0066] Embodiment 300 illustrates a server farm 302 that may have

several servers 304, 306, 308, and 310. In many embodiments, a server farm

may have many hundreds, thousands, or even hundreds of thousands of servers.

The servers may be connected to a network 312 which may also be connected to

a manager 314.

[0067] The manager 314 may create and distribute operating systems

and applications to the various servers in the form of optimized executable code.

While the manager 314 may be illustrated as a single device, other embodiments

may have one or more functions described for the manager 314 to be performed

by separate devices.

[0068] The manager 314 may operate on a hardware platform 316,

which may be similar to the hardware platform 106 of embodiment 100.

[0069] The manager 314 may have a code generator 324 which may

create customized executable code using various applications 326 and a full

copy of an operating system 328. The code generator 324 may create a

customized executable that is optimized for each specific server. In many cases,

different servers may perform different tasks, and as such, the executable code

may be optimized for that task.

[0070] The code generator 324 may combine the operating system 328

and applications 326 into a single executable, and may perform at least some

optimization on the code using, as an example, the process described in

embodiment 200. The code generator 324 may create an optimized version of

code as described by a system manager 322.

[0071] A system manager 322 may determine which server may execute

which code, then pass the configuration to the code generator 324. The code

generator 324 may then create a configured operating system 320 that may

contain an operating system and applications. In some embodiments, the

configured operating system 320 may contain only an operating system and

applications for a particular server may be downloaded separately.



[0072] In some cases, the code generator 324 may operate on

decompiled code, intermediate code, or source code, and may use one or more

compilers 330 to create the executable code.

[0073] A Pre-eXecution Environment (PXE) boot server 318 may

receive requests from the various servers at boot time. As part of the

communication, a server may request bootable code from the PXE boot server

318. The system manager 322 may determine which version of the configured

operating system 320 may be transmitted to the server, and the PXE boot server

318 may transmit the bootable code to the server. In such an embodiment, a set

of pre-configured operating systems 320 may be available prior to receiving a

request from a server.

[0074] In some embodiments, the manager 314 may receive a request for

bootable code and then the system manager 322 may cause the code generator

324 to create optimized code. In such an embodiment, the system manager 322

may determine a configuration after the request is received.

[0075] Embodiment 300 is an example of a distribution mechanism that

may be deployed in a datacenter environment. In other embodiments, a code

generator may create optimized code for desktop computers, slate and tablet

computers, mobile telephones, hand held scanning devices, sensor devices, or

any other computing device. In many cases, the optimization mechanism may

speed up the execution of the code while maintaining the same functionality of

non-optimized code.

[0076] Figure 4 is a flowchart illustration of an embodiment 400

showing a method for optimizing code for execution. Embodiment 400

illustrates the operations of an analyzer, such as the analyzers 122 and 136 of

embodiment 100, as well as the operations of a code generator, such as the code

generator 324 of embodiment 300.

[0077] Other embodiments may use different sequencing, additional or

fewer steps, and different nomenclature or terminology to accomplish similar

functions. In some embodiments, various operations or set of operations may be

performed in parallel with other operations, either in a synchronous or

asynchronous manner. The steps selected here were chosen to illustrate some

principles of operations in a simplified form.



[0078] Embodiment 400 illustrates a method for optimization where

constants may replace variables, and a condition optimization may be performed.

An example of a condition optimization may be found in embodiment 500

presented later in this specification.

[0079] In block 402, the code to be optimized may be received. The

code may include application code and operating system code. In some

embodiments, the code may be only operating system code, while other

embodiments may process only application code.

[0080] Data may be collected about the deployment in block 404. The

data may identify any constants that may be collected and used by the executable

code.

[0081] The code may be decompiled in block 406, and each variable

may be identified in block 408. Each variable may be analyzed in block 410.

[0082] For each variable in block 410, an attempt may be made in block

412 to determine the value for the variable. If the value is not known in block

414, the process may return to block 410. If the value is known in block 414,

and the value is not constant in block 416, the process may return to block 410.

[0083] If the value is known in block 414 and the value is constant in

block 416, each instance of the variable may be analyzed in block 418. For each

instance in block 418, the variable may be replaced by the value in block 420.

[0084] The process of blocks 408-420 may put constant values in place

of the variables. At this point, a condition optimization may be performed in

block 422. An example of a condition optimization is illustrated in embodiment

500 presented later in this specification.

[0085] After the optimization may be performed, the updated code may

be stored in block 424, recompiled in block 426, and deployed in block 428 to be

executed in block 430.

[0086] Figure 5 is a flowchart illustration of an embodiment 500

showing a method for analyzing and optimizing conditions in code.

Embodiment 500 illustrates the operations that may be performed in block 422

of embodiment 400.

[0087] Other embodiments may use different sequencing, additional or

fewer steps, and different nomenclature or terminology to accomplish similar



functions. In some embodiments, various operations or set of operations may be

performed in parallel with other operations, either in a synchronous or

asynchronous manner. The steps selected here were chosen to illustrate some

principles of operations in a simplified form.

[0088] Embodiment 500 illustrates a method for optimization where

conditions may be analyzed and removed when the conditions are known.

Embodiment 500 may also perform orphan removal.

[0089] The code may be received in block 502 with variables replaced

by constants. The code may be searched to identify a condition in block 504.

[0090] If the condition cannot be evaluated using the known constants in

block 506 and another condition exists in the code in block 514, the process may

return to block 504.

[0091] If the condition can be determined given the constants in block

506, the condition statement may be removed in block 508 and replaced with a

jump to the executable code associated with the condition. If an orphan code is

created in block 510, the orphan may be removed in block 51 , otherwise the

process may return to block 514 to process another condition.

[0092] After the optimization has been performed, the code may be

updated in block 516.

[0093] The foregoing description of the subject matter has been

presented for purposes of illustration and description. It is not intended to be

exhaustive or to limit the subject matter to the precise form disclosed, and other

modifications and variations may be possible in light of the above teachings.

The embodiment was chosen and described in order to best explain the

principles of the invention and its practical application to thereby enable others

skilled in the art to best utilize the invention in various embodiments and various

modifications as are suited to the particular use contemplated. It is intended that

the appended claims be construed to include other alternative embodiments

except insofar as limited by the prior art.



CLAIMS

What is claimed is:

1. A method comprising:

receiving a set of executable code;

decompiling said set of executable code;

determining a first constant value for a first variable in said

executable code;

for each occurrence of said first variable, replacing said first

variable with said first constant value to create a first modified set of

executable code; and

recompiling said first modified set of executable code to create a

second set of executable code.

2. The method of claim 1 further comprising:

executing said second set of executable code.

3. The method of claim 1 further comprising:

analyzing said first modified set of executable code to identify

conditions that are satisfied when said first variable is defined at said

first constant value;

for each of said conditions, removing said conditions from said

first modified set of executable code.

4. The method of claim 3 further comprising:

identifying an orphan code in a first condition, said first

condition being satisfied when said first variable is defined at said

first constant value; and

removing said orphan code from said first modified set of

executable code.

5. The method of claim 4, said executable code being application code.

6. The method of claim 5, said decompiling being performed in an

executable environment, said executable environment being separate

from an operating system.

7. The method of claim 5, said decompiling being performed in an

operating system.



8. The method of claim 5, said decompiling being performed in a server,

said executable code being transmitted to a client device for execution.

9. The method of claim 8, said second set of modified executable code

comprising operating system code.

10. A system comprising:

a processor;

a code analyzer operating on said processor, said code analyzer

that:

receives a set of executable code;

decompiles said set of executable code;

determines a first constant value for a first variable in

said executable code;

for each occurrence of said first variable, replaces said

first variable with said first constant value to create a first

modified set of executable code; and

recompiles said first modified set of executable code

to create a second set of executable code.

11. The system of claim 10, said code analyzer being comprised in an

execution environment.

12. The system of claim 10, said code analyzer being executed after

receiving a request for executing said executable code.

13. The system of claim 10, said executable code comprising application

executable code.

14. The system of claim 10, said executable code comprising operating

system executable code.

15. The system of claim 14, said executable code further comprising

application executable code.

16. The system of claim 10, said code analyzer being comprised in an

operating system.

17. The system of claim 16, said second set of executable code being

executed on a second system having a second processor.



18. A method comprising:

receiving a set of executable code, said executable code

comprising application code;

decompiling said set of executable code;

identifying links from said application code to operating system

code and incorporating said operating system code into said set of

executable code;

determining a first constant value for a first variable in said

executable code;

for each occurrence of said first variable, replacing said first

variable with said first constant value to create a first modified set of

executable code; and

recompiling said first modified set of executable code to create a

second set of executable code.

19. The method of claim 18 further comprising:

downloading said second set of executable code to a client

device.

20. The method of claim 19, said second set of executable code being

the complete set of executable code executing on said client device.
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