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ABSTRACT

A method for dynamic recompilation of Source Software
instructions for execution by a target processor, which
considers not only the Specific Source instructions, but also
the intent and purpose of the instructions, to translate and
optimize a set of equivalent code for the target processor.
The dynamic recompiler determines what the Source opera
tion code is trying to accomplish and the optimum way of
doing it at the target processor, in an “interpolative' and
context Sensitive fashion. The Source instructions are pro
cessed in blocks of varying Sizes by the dynamic recompiler,
which considers the instructions that come before and after

a current instruction to determine the most efficient approach
out of Several available approaches for encoding the opera
tion code for the target processor to perform the equivalent
tasks Specified by the Source instructions. The dynamic
compiler comprises a decoding Stage, an optimization Stage
and an encoding Stage.
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DYNAMIC RECOMPLER
RELATED APPLICATION

more target instructions to be executed in response to a given
Source instruction. Thus, the given computer can execute
target instructions of its own machine, and through emula
tion execute Source instructions.

0001. This is a continuation of Provisional Application
No. 60/175,008, filed on Jan. 7, 2000.
BACKGROUND OF THE INVENTION

0002) 1. Field of the Invention
0003. The present invention relates to a method and
apparatus for emulating Source instructions on a target
information processing System and, more particularly, to a
Scheme for translating Source instructions to target instruc
tions executable on the target information processing Sys
tem.

0004 2. Description of Related Art
0005 Information processing system or computing sys
tems comes in many configurations. They include without
limitation the generally known computers (Such as personal
computers), personal digital assistant, Video game consoles,
application specific control Systems, and other Systems and
devices that incorporate a processing unit. For example,
computers have general-purpose central processing units
(CPU) which are designed to execute a specific set of
instructions.

0006 A CPU of one family, such as the Motorola 680XO
family of processors, manufactured by Motorola, Inc., Phoe
nix, Ariz., executes instructions unique to this family, a CPU
of another family, such as the Intel 80X86 manufactured by
Intel Corp., Sunnyvale, Calif., executes instructions unique
to that family, and a PowerPC processor family, used in a
Macintosh computer manufactured by Apple Computer,
Inc., Cupertino, Calif., executes instructions Specific to that
family. These instructions comprise part of the operating
Systems of the respective computers in which the respective
CPUS reside. Typically, application Software programs are
then written to run on the respective operating Systems.
0007 As another example, video game manufacturers,
Such as Sony, developed a game player based on a propri

etary hardware (processing) platform that runs only game
Software in a CD format which is specifically developed for
its platform. Sony game Software would not run on other
hardware platforms. Game Software based on other plat
forms would not run on Sony players.
0008. A computer manufacturer will design a computer
system with a given CPU and will want to maximize market
penetration by having more rather than fewer applications
Software being able to run on its System. For example, as
indicated above, Apple Computer manufactures the Pow
erPC-based Macintosh line of computers. Applications soft
ware that has been written to run on operating Systems for
the Motorola 680XO family, for example, may not all run on
the PowerPC-based machines. Accordingly, a field of tech
nology has developed in which a given computer having one
type of CPU, called a target, will include an emulator that
allows the target computer to emulate the instructions, called
the source, of another type of CPU. Thus, the target com
puter will have Stored in memory Source instructions that
may be called in response to applications Software, target
instructions emulating the Source instructions and execut
able by the target CPU, and an emulator that causes one or

0009. Two main types of emulation strategies currently
are available in the emulation field. The first strategy is
known as “interpretation', in which each Source instruction
is decoded in turn as it is addressed, causing a Small
Sequence of target instructions then to be executed that
emulate the Source instruction. The main component of an
emulator is typically an interpreter that converts each
instruction of any program in machine language A into a Set
of instructions in machine language B, where machine
language B is the code language of the target computer on
which the emulator is being used. In Some instances, inter
preters have been implemented in computer hardware or
firmware, thereby enabling relatively fast execution of the
emulated programs.
0010. The overhead, in terms of speed, for decoding each
Source instruction each time the Source instruction is called

is relatively Small, but present for each instruction. Conse
quently, a given Source instruction that is addressed and,
hence, decoded, many times in the course of running a
program will slow the execution time of the overall program
being run, i.e., Overhead will increase.
0011. The other main emulation strategy is known as
“translation', in which the Source instructions are analyzed
and decoded. This is also referred to as “recompilation” or
“cross-compilation”. It is well known that the execution
Speed of computer programs is dramatically reduced by
interpreters. It is not uncommon for a computer program to
run ten to twenty times Slower when it is executed via
emulation than when the equivalent program is recompiled
into target machine code and the target code version is
executed. Due to the well known slowness of Software

emulation, a number of products have Successfully
improved on the Speed of executing Source applications by
dynamically cross-compiling portions of Such program at
run time into target machine code, and then executing the
recompiled program portions. While the cross-compilation
process typically takes 50 to 100 machine or clock cycles per
instruction of the Source, the greater Speed of the resulting
target machine code is, on average, enough to improve the
overall Speed of execution of most Source applications.
0012. The primary reason that overall execution speed is
improved by cross-compilation is that most programs con
tain execution loops of instructions that are repeatedly
executed hundreds, thousands, or even millions of times

during a typical execution of the program. The Source
instructions are analyzed and decoded only once, i.e., the
first time they are addressed, and the target instruction
Stream is generated and Stored in memory, usually a RAM
memory that may be a cache memory. By avoiding repeated
interpretation of the instructions in Such loops, Substantial
execution time is Saved. Consequently, Subsequent emula
tion of the same Source instruction may be performed
quickly because the decoding overhead is nonexistent.
0013 While run time cross-compilation of source appli
cations is well known to those skilled in the art, there are

Several areas in which existing croSS-compilation Systems
have fallen short of their potential. For example, it is
necessary to have a relatively large buffer or cache memory
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in the target computer. A block of memory in the target
computer's memory address Space is Set aside to Store the
target instruction Stream generated during the initial trans
lation process. If this block is large enough to contain the
entire translated target instructions, emulation will proceed
at the maximum rate Since, in response to a given Source
instruction, the RAM memory can be quickly addressed to
access the corresponding Sequence of target instructions for

0018. In one embodiment of the present invention, the
dynamic compiler comprises three stages: (1) a decoding

execution. Otherwise, there is translation overhead neces

for the target processor to achieve the intended results,
including further optimizing the operation code for the target

Sary to handle translation of the program in Small Sections
during the execution of the Source program. However, it
often is expensive or prohibitive to Set aside a large enough
RAM memory. Furthermore, it may also be impossible to
determine how large a RAM memory must be allocated in
the target computer's memory address Space to contain the
translated program. Competition for RAM or cache memory
Space with other application Software running on the same
target machine may further limit the execution Speed of
Source applications. For applications involving videograph
ics, it is important that continuity in the graphics is main
tained by the emulation of the Source application.
0.014 Consequently, a competing interest exists between
the size of the RAM memory and the translation overhead.
If the RAM memory is relatively large, the translation
overhead will be relatively low, but at the high cost of
memory. If the RAM is Small, reducing memory cost, the
translation overhead may be high due, for example, to
continually writing newly translated code to the RAM.
These drawbacks are more Significant with low-end
machines running on a slower processor and running on
limited amounts of memory.
0.015 Accordingly, it is desirable to provide an improved
System and method for dynamic recompilation that produces
a more efficient Set of translated code and uses leSS memory.
SUMMARY OF THE INVENTION

0016. The present invention is directed to an improved
System and method for dynamic recompilation of Source
Software for execution on a target information processing
System. The present invention overcome the Short comings
of the prior art by optimizing the translated code to improve
execution Speed and to require leSS memory overhead,
thereby reducing the translation overhead and further
improving execution Speed of the translated code.
0.017. In accordance with one aspect of the present inven
tion, in making the translation, the dynamic recompiler
considers not only the Specific instructions of the Source
Software, but also the intent and purpose of the instructions,
to translate to a set of equivalent code for the target System
that is optimized based on the target processor where the
translated instructions will be running on. The dynamic
recompiler essentially determines what the Source operation
code is trying to accomplish and the best way of doing it at
the target processor, in an “interpolative' and context Sen
Sitive fashion. The Source instructions are processed in
blocks of varying Sizes by the dynamic recompiler. By
processing the block of instruction en masse, the dynamic
recompiler considers the instructions that come before and
after a current instruction So as to be able to Select the most

efficient approach out of Several available approaches for
encoding the operation code for the target processor to
perform the equivalent tasks Specified by the Source instruc
tions.

Stage for decoding the Source instructions and parameters,
creating an instruction Stream that is optimized based on the

Source instructions and parameters; (2) an optimization stage

for optimizing the flow of information and related operation
code based on the characteristics of the target processor, and

(3) an encoding stage for encoding instructions specifically
processor.

0019 For purpose of illustrating the inventive concept,
the present invention is described using the example of
recompilation of Video game Software for playing on a
personal computer System.
BRIEF DESCRIPTION OF THE DRAWINGS

0020 FIG. 1 a schematic representation of one embodi
ment of a computer System that executes the dynamic
recompilation proceSS in accordance with the present inven
tion.

0021 FIG. 2 is a schematic representation of the stages
in one embodiment of the dynamic recompiler of the present
invention.

0022 FIG. 3 is a schematic flow diagram of the dynamic
recompilation proceSS in accordance with one embodiment
of the present invention.
DESCRIPTION OF THE ILLUSTRATED
EMBODIMENTS

0023 The present description is of the best presently
contemplated mode of carrying out the invention. This
description is made for the purpose of illustrating the general
principles of the invention and should not be taken in a
limiting Sense. The Scope of the invention is best determined
by reference to the appended claims.
0024. The present invention is directed to emulation of
Source instructions on a target information processing Sys
tem. To facilitate an understanding of the principles and
features of the present invention, they are explained herein
below with reference to its deployments and implementa
tions in illustrative embodiments. By way of example and
not limitation, the present invention is described herein
below in reference to examples of deployments and imple
mentations for translating Software written for a proprietary
game player for playing on a personal computer.
0025 The present invention can find utility in a variety of
implementations without departing from the Scope and Spirit
of the invention, as will be apparent from an understanding
of the principles that underlie the invention. It is understood
that the dynamic recompilation concept of the present inven
tion may be applied to recompilation of Software designed
for other hardware and/or software platforms, whether in an
information eXchange network environment or otherwise.
For example, the present invention may be applied to
dynamically recompile instructions based on the Motorola
680XO platform to instructions to run on the Intel 80X86
platform, for game, business, productivity and other types of
application Software.
0026. It will be appreciated that the line between hard
ware and Software is not always sharp, it being understood

US 2002/0066086 A1

by those skilled in the art that Such networks and commu
nications facility involve both software and hardware
aspects. A method or process is here, and generally, con
ceived to be a Self-consistent Sequence of Steps leading to a
desired result. These StepS require physical manipulations of
physical quantities. Usually, though not necessarily, these
quantities take the form of electrical or magnetic signals
capable of being Stored, transferred, combined, compared,
and otherwise manipulated. It proves convenient at times,
principally for reasons of common usage, to refer to these
Signals as bits, values, elements, Symbols, characters, terms,
numbers, or the like. It should be borne in mind, however,
that all of these and Similar terms are to be associated with

the appropriate physical quantities and are merely conve
nient labels applied to these quantities.
0.027 Useful devices for performing the operations of the
present invention include, but are not limited to, general or
Specific purpose digital processing and/or information pro
cessing devices, which devices may be Standalone devices
or part of a larger System. AS used in the context of the
present invention, and generally, digital processing and
information processing Systems may include computers

(Such as personal computers), personal digital assistant,

Video game consoles, application specific Systems, and other
Systems and devices that incorporates a processing unit. The
devices may be Selectively activated or reconfigured by a
program, routine and/or a Sequence of instructions and/or
logic Stored in the devices. In short, use of the methods
described and Suggested herein is not limited to a particular
processing configuration. Prior to discussing details of the
inventive aspects of the present invention, it is helpful to
discuss one example of an information processing System in
which the present invention may be implemented.
0028. Target Processing System
0029 FIG. 1 schematically illustrates one embodiment
of a computer System 20 that incorporates dynamic recom
pilation feature of the present invention. The computer

system 20 includes a processor 22 (e.g., an Intel 80X86
processor), internal random-access memory (“RAM”) 23
and read-only memory (“ROM’) 25, and a data bus archi
tecture for coupling the processor 22 to various internal and
external components. A mass Storage device 34, Such as a
hard disk drive, is coupled to the processor 22 for Storing

utility and application Software (including the dynamic
recompiler of the present invention) and other data. The
application Software is executed or performed by the pro

cessor 22. A data read/write device 37, Such as a CD-ROM

drive, DVD drive or floppy disk drive, is provided. The
Source instructions may be stored in the hard drive 34 or on
a CD-ROM for playbacks using the CD-ROM drive 37.
0030 User actuable input devices are also coupled to the
processor 22, including a cursor positioning device 30 and
a keyboard 32 in accordance with the present invention. The
cursor positioning device 30 is representative of any number
of input devices that produce Signals corresponding to a
cursor location on the display 24, and may include by way
of example, a game control console, a joy-Stick, a mouse, a
trackball, an electronic pen, or a touch-pad, which may be an
integral part of the keyboard 32. A display 24 is coupled to
the processor 22 through a video controller 28. The video
controller 28 coordinates the presentation of information on
the display 24 in one or more windows 26. Generally, the
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windows 26 are Scalable, thus permitting a user to define the
Size and location of a particular window 26 on the
display 24.
0031 Dynamic Recompilation
0032. By way of example and not limitation, the dynamic
recompilation concept of the present invention is discussed
in reference to the example of emulation of proprietary
Video game Software for playing on a personal computer
System. More Specifically, the present invention is discussed
in reference to the emulation of Video game Software that has
been written to run on a MIPS R-3000 processor based

System (Source; e.g. Sony PlayStation) for running on a Intel
80X86 processor based system (target).
0033. In accordance with one aspect of the present inven

tion, in making the translation, the dynamic recompiler
considers not only the Specific instructions of the Source
Software, but also the intent and purpose of the instructions,
to translate to a set of equivalent code for the target System
that is optimized based on the target processor where that the
translated instructions will be running on. The dynamic
recompiler essentially determines what the Source operation
code is trying to accomplish and the best way of doing it at
the target processor, in an “interpolative” fashion. The
Source instructions are processed in blocks of varying Size
by the dynamic recompiler at one time. By processing the
block of instruction en masse, the dynamic recompiler
considers the instructions that come before and after a
current instruction So as to be able to Select the most efficient

approach out of several available approaches for encoding
the operation code for the target processor to perform the
equivalent tasks Specified by the Source instructions.
0034. In one embodiment of the present invention as
schematically illustrated in FIG. 2, the dynamic compiler 10

comprises three stages: (1) a decoding stage for decoding the

Source instructions and parameters, creating an instruction
Stream that is optimized based on the Source instructions and

parameters; (2) an optimization stage 14 for optimizing the

flow of information and related operation code based on the

characteristics of the target processor; and (3) an encoding

Stage 16 for encoding instructions Specifically for the target
processor to achieve the intended results, including optimiz
ing the operation code for the target processor.
0035 FIG. 3 is a schematic flow diagram of the dynamic
recompilation proceSS in accordance with one embodiment
of the present invention.
0036) Decoding Stage
0037 Referring to FIG. 3, at the decoding stage 12, the
Source instructions are fetched at 40, e.g. from a CD-ROM
read by a CD-ROM drive, a hard drive, or in real time
Streamed over a network. The instructions are analyzed and
decoded at 42 in blocks of varying Sizes that depend on
Several factors, Such as the location of the instruction and

data in memory or register, the available System resource

(e.g., registers, memory), timing, instruction Sequences
based on functionality of the instructions (e.g., entry point),
target processor's operational characteristics. In essence, the

purpose of the instructions and flow of information (e.g.,
where data comes from and going to) are determined at 42.
The decoding Stage goes through the block of Source instruc
tions and analyzes, examines the operation codes, and
outputs an instruction String which is basically a breakdown
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of what the functional operations are doing. For example for

registers as compared to RAM memory. Data retrieval from

addition, it determines what is the addition from, which two

memory requires a certain amount of time (e.g., 16 nano
Seconds). Consider the addition of two numbers residing in

numbers are being added, where the numbers come from,
and where to put the result of the addition when done. The
instruction String output Stream contains information on the
flow of information in the program.
0.038 Taking the decoded instruction, a preliminary opti
mization of the instruction Stream is conducted at 44 to

include the following optimization tasks: (a) ignore no-op
codes; (b) reduce parameters that do not affect the operation,
e.g., Register 3=Register 1 OR Register 1 (the parameter
“OR Register” is removed), Register 3=Register 1+0 (the
“+0” parameter is removed); (3) translate the instruction
Sequence into another Sequence where the result is always a
constant; e.g., Register 3=Register 1 XOR Register 1 (trans
late to Register 3=0); and (d) ignore the entire instruction if
it has no effect; e.g., Register 3=Register 3 OR Register 3

(ignore, since the original value of Register 3 is maintained).

The preliminary optimization Step 44 outputs the optimized
instruction Stream in preparation for Subsequent flow opti
mization and encoding.
0.039 The decoding stage may be further configured to
analyze the instruction Stream for data flow to determine if
the operation is overridden by Subsequent operations. For
example, consider the following Sequence of instructions
C=A+B and C=M+Q, whereby there is no intermediate
instruction involving C. The decoding Stage determines that
the value of C=A+B would be overridden by the value of
C=M+Q, therefore the decoding Stage would optimize the
decoded instruction stream by omitting the C=A+B instruc

tion.

0040. Optimization Stage
0041. The optimization stage 14 takes the instruction
Stream from the decoding Stage 12 and optimizes the flow of
information and related operation code based on the char
acteristics of the target processor. It basically analyzes the
instruction Stream that was created by the decoding Stage,
and determines the order and Sequence of the operation code
for the target processor. While the instruction stream based
on the Source processor might be addition, Subtraction, etc.,
the instruction Stream optimized for the target processor is
not instructions per se. Instead, the optimized instruction
stream describes the flow of information that is efficient for

the target processor. It is noted that one of the core differ
ences in processors is the way they deal with information
and the flow of information. At the conclusion of the

optimization Stage 14, the output is an instruction Stream that
contains information on the equivalent flow of information
to be handled by the target processor to emulate the intended
results of the Source instructions. One can look at this

optimization proceSS as an interpolation from the Source
instructions to the equivalent results to be achieved by the
target processor, independent of the operations Specified by
the Source instructions, but dependent on the intended pur
pose and flow of the Source instructions and how they are to
be handled by the target processor to achieve an equivalent
result.

0042. To illustrate the optimization stage 14, consider the
difference between the MIPS R-3000 processor and the Intel
80X86 processor. The R-3000 processor has 32 general
purpose registers, to which the processor has instantaneous
access. There is practically no time delay in accessing the

memory. The first number is fetched from memory and
placed into one of the registers, and the other number is then
fetched from memory and placed into another register. The
registers are Summed to complete the addition function, and
the result is placed back into memory. Since the fetching
from memory is relatively slow, the optimization Stage 14
would minimize the number of fetches from memory that
the target processor has to undertake. For example, consider
adding the numbers A, B, and C Separately to D. The long
way of doing this for the Source processor would be to fetch
the numbers from memory required for the respective addi
tions Separately to complete the task; i.e., the number D is
fetched three times for the three Separate additions. Using
the optimization Scheme of the present invention for a target
Intel 80X86 processor, the numbers A, B, C and D would be
fetched from memory and placed in registers. Then D is
added to A, B and C Separately, and the new values are
Stored into memory. Accordingly, D is fetched once and used
three times, instead of being fetched three times. This
reduced instruction Set and memory access is especially
useful for the 80X86 processor, because it has only 7
registers.
0043. As a further example, the optimization stage 14
efficiently maps the operations based on 32 registers for the
Source instruction to the 7 registers on the target processor.
The optimization Stage determines which of the 32 registers
are used and in what Sequence they are used in the instruc
tion flow. Because it is rare that all 32 registers are used at

any given time, the order of the registers that are used (e.g.,
10) are determined and the registers on the target processor

are temporarily assigned to those 10 registers. Given that an
operation could only have a total of 3 different registers in

active use at any given time (e.g., the operation A+B=C

requires two registers for A and B and a destination register

for C), usage of the 7 available registers at the target

processor is juggled. The mapping of the 7 target registers to
the 32 Source registers are constantly Switched depending on
the need dictated by the operation. Using the same example,
if all the 7 registers are occupied and 2 of them are active for
A and B, one of the other 5 registerS is flushed into memory,
and C is loaded into that flushed register. If the data that was
flushed is needed again, it can be brought back to the
registers by flushing one of the other registers. The optimi
Zation Stage thus determines the optimized flow of informa
tion based on the characteristics of the target processor. Such
information is passed onto the Subsequent encoding Stage
16. This provides the encoding Stage the information about
the 7 registers, and which to use to create the target instruc
tions not only through actual functionality but to do all the
Swapping and flushing/purging of the registers. The optimi
Zation Stage tells the encoding Stage which of the registers to
map and which to map out, etc.
0044) The optimization stage also optimizes register
mapping. Consider C=A+B, where A, B and C are already
in memory. The source instruction for the R-3000 processor
would require that register A and register B must be loaded
from memory, register A is added to register B, and the result
is in register C. The operation may require the purging of
one or more of the registers on the processor to accommo
date the variables, and the Storing into memory the result C.
The optimization Stage recognizes from the instruction
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stream that the result of the addition is to be placed in
register C, So the optimization Stage outputs an instruction
flow Sequence which includes mapping the memory C to the
register C, moving of A into register C and adding register
B into register C, without fetching the existing value of C
from memory because the existing value of C will be
overridden eventually. This process is conducted with pro
ceSSor registers and the value of register C does not need to
be stored into memory until it needs to be flushed. It has
saved the fetching of C from memory and the storing of C
back out to memory until it is required, thereby reducing the
overall memory load.
004.5 The above optimization process would not be
applicable to C=C+A, Since C must be loaded from memory
into register because C is a Source for the addition operation.
The optimization Stage recognizes the difference between
the C=A+B and C=C+A scenarios and handles the optimi
Zation accordingly. For C=C+A, C is loaded from memory
and A is added to register C. Without optimization as the
instruction code for the R-3000 processor, the instruction
Sequence includes fetching A and C, adding and placing the
result in a temporary register, and then moving the value in
the temporary register into register C.
0.046 Referring to the instruction sequences C=A+B and
C=M+Q described in connection with the decoding Stage,
instead of removing the overridden C=A+B instruction at
the decoding Stage, the dynamic compiler of the present
invention may be configured to have the optimization Stage
to create an optimized instruction flow Stream which omits
the instructions corresponding to the C=A+B operation,
thereby Saving potential register purging and reload as well
as reducing the amount of target code output.
0047. Many other optimization rules may be developed
for other operational Scenarios and Specific target processors
without departing from the Scope and Spirit of the present
invention. For example, optimization may include interleav

ing instructions for a target processor (e.g., SH4) which has

a pipeline delay in which the data read from memory is not
uSeable until two instructions later. The optimization Stage
can optimize the flow of information by taking advantage of
Such delay to read other data before the previously read data
is uSeable.

0.048 Encoding Stage
0049. The encoding stage 16 encodes and optimizes the
operation codes Specific for the target processor. Using the
examples of R-3000 and 80X86, the instructions for R-3000
are always 32-bit long (or 4 bytes). For the 80X86, the
instructions are variable length, So the instructions might
have a 1-byte instruction, a 3-byte instruction, 7-byte
instruction and So on. Hence, it is advantages to use the
Smallest number of instructions and the instructions that take

the least number of clock cycles to execute. Conceivably,
one can have an instruction that is relatively long, Say a
7-byte instruction, but is faster to execute Such instruction
than executing a number of instructions that are each 2-byte
long. Based on the optimized flow of information deter
mined by the optimization Stage 14, the encoding Stage 16
determines the optimized operation codes to achieve results
equivalent to the Source instructions.
0050. In accordance with the present invention, the
encoding Stage provides Several operation code options
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(cases) for achieving the same results. The particular case
that is optimal depends on the data flow and intended result
determined by the earlier Stages. For example, for an addi
tion, there may be four or more cases to achieve the intended
addition, including increment by 1, decrement by 1, using
the short range -128 to +127, and if outside of the range,
apply a regular addition operation. To illustrate with an
example, to add 128 to a number, the encoding Stage would

optimize by Subtracting (128) instead, as -(-128)=+128.

This is more efficient that using the normal approach of
adding 128, because -128 is a short range number that is
already available. Accordingly, the result of an addition
operation is optimally achieved by a different physical
operation, a Subtraction operation in the example. Again, the
present invention effectively interpolates the optimal opera
tions to achieve the same results intended by the Source
instructions. In a way, the encoding Stage optimizes the
target operation code in a context Sensitive way.
0051 Similar and analogous logic may be applied to
obtain other equivalent results to Subtraction, division, mul
tiplication, comparison, etc. without departing from the
Scope and Spirit of the present invention. For example, for
multiplication by 2, the number is shifted bit-wise in an
operation in accordance with the R-3000 platform. To
achieve a Similar result of this shift variable operation, the
encoding Stage of the present invention may provide for
several cases for shifting the number to be multiplied by 2
bit-wise to achieve the same result, depending which case is
more efficient to obtain the equivalent result.
0052 The process and system of the present invention
has been described above in terms of functional modules in

block diagram format. It is understood that unless otherwise
Stated to the contrary herein, one or more functions may be
integrated in a single physical device or a Software module
in a Software product, or a function may be implemented in
Separate physical devices or Software modules, without
departing from the Scope and Spirit of the present invention.
0053. It is appreciated that detailed discussion of the
actual implementation of each module is not necessary for
an enabling understanding of the invention. The actual
implementation is well within the routine skill of a program
mer and System engineer, given the disclosure herein of the
System attributes, functionality and inter-relationship of the
various functional modules in the System. A person skilled
in the art, applying ordinary skill can practice the present
invention without undue experimentation.
0054 While the invention has been described with
respect to the described embodiments in accordance there
with, it will be apparent to those skilled in the art that various
modifications and improvements may be made without
departing from the Scope and Spirit of the invention. For
example, the dynamic recompiler in accordance with the
present invention may be implemented in computer hard
ware and/or firmware. Further, the dynamic recompilation
concept may be applicable to translation of Software instruc
tions bases on other types of information handling Systems,

hardware and/or software platforms (e.g., Motorola 680X0,
Intel 80X86, PowerPC-based systems).
0055 Accordingly, it is to be understood that the inven
tion is not to be limited by the specific illustrated embodi
ments, but only by the Scope of the appended claims.
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1. A method for dynamic recompilation of Source instruc
tions for execution by a target processor, comprising the
Steps of:
interpreting the Source instructions by considering intent
and purpose of the Source instructions, and
translating interpreted Source instructions to a set of
equivalent operation code for the target processor.
2. A method as in claim 1 wherein the interpreting Step
determines what the Source instructions is trying to accom
plish and the optimum way of doing it at the target processor,
in an “interpolative' and context sensitive fashion.
3. A method as in claim 2 wherein the translating Step
optimizes the equivalent operation code by processing the
Source instructions in blocks of varying Sizes, thereby con
sidering the instructions that come before and after a current
instruction to determine the most efficient approach out of
Several available approaches for encoding the equivalent

operation code for the target processor to perform equivalent
tasks Specified by the Source instructions.
4. A dynamic compiler for dynamic recompilation of
Source instructions for execution by a target processor,
comprising:

(1) a decoding stage for decoding the Source instructions
and parameters and creating an instruction Stream that
is optimized based on the Source instructions and
parameters,

(2) an optimization stage for optimizing flow of informa
tion and related operation code based on characteristics
of the target processor, and

(3) an encoding Stage for encoding instructions specifi
cally for the target processor to achieve the intended
results, including further optimizing the operation code
for the target processor.
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