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CLAIMS
A method, comprising:
loading a source binary application comprising a plurality of source binary code
blocks , execution by a computer system, the computer system comprising memory and
a processing\unit comprising N; target registers, wherein the source binary application is
configured to bexexecuted in an environment having N, source registers wherein N; is less

than Ng;

identifying, during runtime of said source binary application, a frequently executed

source binary code block within said source binary application;

defining a region comprising said frequently executed source binary code block

and at feast one neighboring source binary code block that exceeds an affinity threshold,
the frequently executed source binary code block and the at least one neighboring source

binary code block both include instructions t¢ access at least one source register;

determining a frequency of access for eash source register accessed in the region;

and

mapping each of N most frequently accessed souxge registers in the region to a

A

respective one of the N target registers wherein N is less than or equal to N;.

ized target binary
A

2. The method of claim 1 further comprising generating an opti
code block corresponding to each source binary code block in the regioh ased at least in
part on said register mapping wherein each optimized target binary code blo < comprises a
prologue configured to load data associated with each mapped source register fr

memory to a corresponding target register, a body comprising translated source bina

code corresponding to the source binary code block and a jump on condition and at least

one epilogue, the jump on condition and the at least one epilogue configured to control
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flow from a first optimized target binary code block in the region to a second target binary

ode block based, at least in part, on whether the second target binary code block is in the
region.
\

3. The method of claim 2, wherein the plurality epilogues comprises a first epilogue
and a second e‘;\ﬂogue, the first epilogue is configured to be executed if the second target

binary code block is & second optimized target binary code block in the region, the first

epilogue comprising a first instruction to jump to a body of the second optimized target

binary code block and the secqnd epilogue is configured to be executed if the second

target binary code block is not in the region, the second epilogue comprising a second
instruction to store each target registé corresponding to a respective mapped source
register to memory and a third instructiof\l 0 jump to a beginning of the second target
binary code block.

N\
4. The method of claim 1, further comprising ideﬁ&i\fying live-in and live-out registers

hY
for the region comprising identifying live-in and live-out Pé\pisters for each source binary

code block in the region.

5. The method of claim 4, further comprising generating an optimized target binary

binary code corresponding to the source binary code block and a jump on condition and at

least one epilogue, the jump on condition and the at least one epilogue configured to
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control flow from a first optimized target binary code block in the region to a second

3 rget binary code block based, at least in part, on whether the second target binary code

ethod of claim 2, further comprising:
executing a prologue of a first optimized target binary code block in the region,

said executing compyising loading cach of N target registers with data corresponding to a

respective one of the N mapped source registers for the region;
executing a body of the first optimized target binary code block, the first optimized

10 target binary code block including a first branch instruction configurced to jump to a
second target binary code block; \\
AN
determining whether the secongl\ t@\fget binary code block is in the region; and

executing a first epilogue to jump t& body of a second optimized target code

block corresponding to the second target binarygode block if the second target code block
15  isin the region or executing a second epilogue to jutnp to a beginning of the second target
7. The method of claim 5, further comprising:

AY
20  said executing comprising, for each mapped live-in source register in tha,r
\

target binary code block including a first branch instruction configured to jump to a

25  second target binary code block;
26
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determining whether the second target binary code block is in the region; and

\\ executing a first epilogue to jump to a body of the second target code block if the
second target code block is in the region or executing a second epilogue to store the
mapped“klvx;out registers for the region in memory and jump to a beginning of the second

5 target code block if the second target code block is not in said region.

N\
8. The method B{claim 1, wherein affinity corresponds to a correlation in likelihood

of execution of the frequ%&l\il\f executed source binary code block and the at least one
neighboring source binary coiiblock.

: \

9. The method of claim 1, wheréin the frequently executed source binary code block

and the at least one neighboring source bigary code block are each bounded by a branch

nstruction.

15 10.  An article, comprising a tangible storage medt m having instructions stored

20 source binary application is configured to be executed in an environmen Ving N; source
registers wherein N, is Tess than Ng; ﬁ
identifying, during runtime of said source binary application, a frequentl 3

source binary code block within said source binary application;
defining a region comprising said frequently executed source binary code block

25  and at least one neighboring source binary code block that exceeds an affinity threshold
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wherein affinity corresponds to a correlation in likelihood of execution of the frequently

KN

\Q\{(ecuted source binary code block and the at least one neighboring source binary code
block, the frequently executed source binary code block and the at least one neighboring

source binary code block both include instructions to access at least one source register

and are eaé bounded by a branch instruction;

‘ ing a frequency of access for each source register accessed in the region;

and
mapping each 0f N most frequently accessed source registers in the region to a

respective one of the N, target registers wherein N is less than or equal to N;.

11.  The article of claim 10, wheésein the instructions that when executed by the
processor result in the following additi Qal operations comprising:

. .. N .
generating an optimized target binaty code block corresponding to each source

binary code block in the region based at least i part on said register mapping wherein
\

each optimized target binary code block comprise , prologue configured to load data

associated with each mapped source register from me g\ry to a corresponding target
register, a body comprising translated source binary code corresponding to the source
binary code block and a jump on condition and at least one epilQgue, the jump on
condition and the at least one epilogue configured to control ﬂojv\\gi\rfl\a first optimized

target binary code block in the region to a second target binary code block based, at least

in part, on whether the second target binary code block is in the region.

12, The article of claim 11, wherein the plurality epilogues comprises a first egue
and a second epilogue, the first epilogue is configured to be executed if the second targ et

binary code block is a second optimized target binary code block in the region, the first
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\ epilogue comprising a first instruction to jump to a body of the second optimized target

AN
A binary code block and the second epilogue is configured to be executed if the second

\' . . 0 . . » .
tarfset binary code block is not in the region, the second epilogue comprising a second

\\
instruction to store each target register corresponding to a respective mapped source

5 register to memory and a third instruction to jump to a beginning of the second target

binary code blo

N\
13.  The article of ctaim 10, wherein the instructions that when exccuted by the

processor result in the follow ng additional operations comprising:
A\

AN
10 identifying live-in and live-out registers for the region comprising identifying live-

A

in and live-out registers for each SO\< binary code block in the region.

14. The article of claim 13, wherein the¥nstructions that when executed by the
processor result in the following additional ope Kti\ons comprising:

15 generating an optimized target binary code block corresponding to each source

binary code block in the region based at least in part on Said register mapping wherein

each optimized target binary code block comprises a prolo c configured to load data

20 source binary code block and a jump on condition and at least one ‘.,a_\ the jump on
.\'\
\\
condition and the at least one epilogue configured to control flow from a first
target binary code block in the region to a second target binary code block - least

in part, on whether the second target binary code block is in the region.

25 1S5 The article of claim 11, wherein the instructions that when executed by the
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\ processor result in the following additional operations comprising:

15

20

25

executing a prologue of a first optimized target binary code block in the region,

said executing comprising loading each of N target registers with data corresponding to a
respectiﬁ’\czz: of the N mapped source registers for the region;

execu '\ng a body of the first optimized target binary code block, the first optimized
target binary c?d\Kblock including a first branch instruction configured to jump to a
second target binar;j\eq\fle block;

determining whe\fher the second target binary code block is in the region; and

executing a first epil?)ét e to jump to a body of a second optimized target code
block corresponding to the seconditarget binary code block if the second target code block
is in the region or executing a seconzl\k%iogue to jump to a beginning of the second target
code block if the second target code block\'\s\ilot in the region.

\\
16.  The article of claim 14, wherein the instru%*\ions that when executed by the
A

processor result in the following additional operationé_ omprising:

executing a prologue of a first optimized target bin 'y code block in the region,

said executing comprising, for each mapped live-in source register in the region, loading

one target register with data from memory corresponding to the magpped live-in source

register; .
executing a body of the first optimized target binary code block, tﬁ&.ﬁrs‘t optimized

target binary code block including a first branch instruction configured to jumpMo a

second target binary code block; \\\
determining whether the second target binary code block is in the region; and \

executing a first epilogue to jump to a body of the second target code block if the \x

second target code block is in the region or executing a second epilogue to store the
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mapped live-out registers for the region in memory and jump to a beginning of the second

‘ target code block if the second target code block is not in said region.
N

module and a source binary application configured to be cxecuted in an environment
having N; source registers wherein Ny is less than N, the source binary application
comprising a plurality of sotrce binary code blocks to be executed on the processor,

10  wherein when the dynamic binaxy translator and register mapping module are executed on

the processor at least one of the dynamic binary translator and register mapping module
cause the processor to;
identify, during runtime of said soursg binary application, a frequently executed
source binary code block within said source binary application;
15 define a region comprising said frequently\ecuted source binary code block and

at least one neighboring source binary code block that exceeds an affinity threshold, the

frequently executed source binary code block and the at least one neighboring source

\
binary code block both include instructions to access at least msource register;
AN

AN

. . N . .
determine a frequency of access for each source register accsed in the region;

20 and
map each of N most frequently accessed source registers in the region to a

respective one of the N target registers wherein N is less than or equal to Ni.

18.  The system of claim 17, wherein the register mapping module further causes

25 processor to generate an optimized target binary code block corresponding to each source

31



WO 2011/159739 . PCT/US2011/040406

. binary code block in the region based at least in part on said register mapping wherein
each optimized target binary code block comprises a prologue configured to load data
asso&gted with each mapped source register from memory to a corresponding target
register, é\b\ody comprising translated source binary code corresponding to the source

5 binary code blpck and a jump on condition and at least one epilogue, the jump on

condition and the at least one epilogue configured to control flow from a first optimized

target binary codc block in the region to a second target binary code block based, at least
in part, on whether the seeond target binary code block is in the region.

\
N\

10 19.  The system of claim 18§, %@ erein the plurality epilogues comprises a first cpilogue
and a second epilogue, the first epilogue is configured to be executed if the second target
binary code block is a second optimized\ rget binary code block in the region, the first
epilogue comprising a first instruction to jump to a body of the second optimized target
binary code block and the second epilogue is configured to be executed if the second

15  target binary code block is not in the region, the secohd epilogue comprising a second
instruction to store each target register corresponding to arespective mapped source
register to memory and a third instruction to jump to a beginning of the second target

binary code block.

20 20.  The system of claim 17, wherein the register mapping module fui\"ﬁ er causes the
processor to identify live-in and live-out registers for the region comprising ntifying

live-in and live-out registers for each source binary code block in the region.

21.  The article of claim 10, wherein affinity corresponds to a correlation in likelih\;\g}\

25 of execution of the frequently executed source binary code block and the at least one
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neighboring source binary code block.

The article of claim 10, wherein the frequently executed source binary code block

and at least one neighboring source binary code block are each bounded by a branch

instruction.\

instruction.
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CLAIMS

I. A method, comprising:

loading a source binary application comprising a plurality of source binary code
blocks for execution by a computer system, the computer system comprising memory and a
processing unit comprising Nt target registers, wherein the source binary application is

configured to be executed in an environment having Ns source registers wherein N; is less

than Ng;

identifying, during runtime of said source binary application, a frequently executed

source binary code block within said source binary application;

defining a region comprising said frequently executed source binary code block and at
least one neighboring source binary code block that exceeds an affinity threshold, the
frequently executed source binary code block and the at least one neighboring source binary
code block both include instructions to access at least one source register in common, and the
frequently executed source binary code block and the at least one neighboring source binary

code block are each bounded by a branch instruction;

determining a frequency of access for each source register accessed in the region; and
mapping each of N (N is greater than zero) most frequently accessed source registers in the

region to a respective one of the N; target registers wherein N is less than or equal to N;.

2. The method of claim 1 further comprising generating an optimized target binary code
block corresponding to each source binary code block in the region based at least in part on
said register mapping wherein each optimized target binary code block comprises a prologue
configured to load data associated with each mapped source register from memory to a
corresponding target register, a body comprising translated source binary code corresponding
to the source binary code block and a jump on condition and at least one epilogue, the jump
on condition and the at least one epilogue configured to control flow from a first optimized
target binary code block in the region to a second target binary code block based, at least in

part, on whether the second target binary code block is in the region.

3. The method of claim 2, wherein the at least one epilogue comprises a first epilogue and a
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second epilogue, the first epilogue is configured to be executed if the second target binary
code block is a second optimized target binary code block in the region, the first epilogue
comprising a first instruction to jump to a body of the second optimized target binary code
block and the second epilogue is configured to be executed if the second target binary code
block is not in the region, the second epilogue comprising a second instruction to store each
target register corresponding to a respective mapped source register to memory and a third

instruction to jump to a beginning of the second target binary code block.

4. The method of claim 1, further comprising identifying live-in and live-out registers for the

region comprising identifying live-in and live-out registers for each source binary code block

in the region.

5. The method of claim 4, further comprising generating an optimized target binary code
block corresponding to each source binary code block in the region based at least in part on
said register mapping wherein each optimized target binary code block comprises a prologue
configured to load data associated with each mapped and live-in source register from memory
to a corresponding target register, a body comprising translated source binary code
corresponding to the source binary code block and a jump on condition and at least one
epilogue, the jump on condition and the at least one epilogue configured to control flow from
a first optimized target binary code block in the region to a second target binary code block

based, at least in part, on whether the second target binary code block is in the region.

6. The method of claim 2, further comprising:

executing a prologue of a first optimized target binary code block in the region, said
executing comprising loading each of N target registers with data corresponding to a

respective one of the N mapped source registers for the region;

executing a body of the first optimized target binary code block, the first optimized

target binary code block including a first branch instruction configured to jump to a second

target binary code block;

determining whether the second target binary code block is in the region; and
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executing a first epilogue to jump to a body of a second optimized target code block
corresponding to the second target binary code block if the second target code block is in the
region or executing a second epilogue to jump to a beginning of the second target code block

if the second target code block is not in the region.

7. The method of claim 5, further comprising:

executing a prologue of a first optimized target binary code block in the region, said
executing comprising, for each mapped live-in source register in the region, loading one

target register with data from memory corresponding to the mapped live-in source register;

executing a body of the first optimized target binary code block, the first optimized
target binary code block including a first branch instruction configured to jump to a second

target binary code block;
determining whether the second target binary code block is in the region; and

executing a first epilogue to jump to a body of the second target code block if the
second target code block is in the region or executing a second epilogue to store the mapped
live-out registers for the region in memory and jump to a beginning of the second target code

block if the second target code block is not in said region.

8. The method of claim 1, wherein affinity corresponds to a correlation in likelihood of
execution of the frequently executed source binary code block and the at least one

neighboring source binary code block.

9. An article, comprising a non-transitory tangible storage medium having instructions stored

thereon which when executed by a processor result in the following operations comprising:

loading a source binary application comprising a plurality of source binary code
blocks for execution, wherein the processor comprises N; target registers, wherein the source
binary application is configured to be executed in an environment having N source registers

wherein Nt is less than Ng;

identifying, during runtime of said source binary application, a frequently executed
source binary code block within said source binary application;
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defining a region comprising said frequently executed source binary code block and at
least one neighboring source binary code block that exceeds an affinity threshold wherein
affinity corresponds to a correlation in likelihood of execution of the frequently executed
source binary code block and the at least one neighboring source binary code block, the
frequently executed source binary code block and the at least one neighboring source binary
code block both include instructions to access at least one source register in common and the
frequently executed source binary code block and the at least one neighboring source binary

code block are each bounded by a branch instruction;
determining a frequency of access for each source register accessed in the region; and

mapping each of N (N is greater than zero) most frequently accessed source registers

in the region to a respective one of the N target registers wherein N is less than or equal to N.

10. The article of claim 9, wherein the instructions that when executed by the processor result

in the following additional operations comprising:

generating an optimized target binary code block corresponding to each source binary
code block in the region based at least in part on said register mapping wherein each
optimized target binary code block comprises a prologue configured to load data associated
with each mapped source register from memory to a corresponding target register, a body
comprising translated source binary code corresponding to the source binary code block and a
jump on condition and at least one epilogue, the jump on condition and the at least one
epilogue configured to control flow from a first optimized target binary code block in the

region to a second target binary code block based, at least in part, on whether the second

target binary code block is in the region.

11. The article of claim 10, wherein the at least one epilogue comprises a first epilogue and a
second epilogue, the first epilogue is configured to be executed if the second target binary
code block is a second optimized target binary code block in the region, the first epilogue
comprising a first instruction to jump to a body of the second optimized target binary code
block and the second epilogue is configured to be executed if the second target binary code
block is not in the region, the second epilogue comprising a second instruction to store each

target register corresponding to a respective mapped source register to memory and a third
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instruction to jump to a beginning of the second target binary code block.

12. The article of claim 9, wherein the instructions that when executed by the processor result

in the following additional operations comprising:

identifying live-in and live-out registers for the region comprising identifying live-in

and live-out registers for each source binary code block in the region.

13. The article of claim 12, wherein the instructions that when executed by the processor

result in the following additional operations comprising:

generating an optimized target binary code block corresponding to each source binary
code block in the region based at least in part on said register mapping wherein each
optimized target binary code block comprises a prologue configured to load data associated
with each mapped and live-in source register from memory to a corresponding target register,
a body comprising translated source binary code corresponding to the source binary code
block and a jump on condition and at least one epilogue, the jump on condition and the at
least one epilogue configured to control flow from a first optimized target binary code block
in the region to a second target binary code block based, at least in part, on whether the

second target binary code block is in the region.

14. The article of claim 10, wherein the instructions that when executed by the processor

result in the following additional operations comprising:

executing a prologue of a first optimized target binary code block in the region, said
executing comprising loading each of N target registers with data corresponding to a

respective one of the N mapped source registers for the region;

executing a body of the first optimized target binary code block, the first optimized
target binary code block including a first branch instruction configured to jump to a second

target binary code block;
determining whether the second target binary code block is in the region; and

executing a first epilogue to jump to a body of a second optimized target code block

corresponding to the second target binary code block if the second target code block is in the
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region or executing a second epilogue to jump to a beginning of the second target code block

if the second target code block is not in the region.

15. The article of claim 13, wherein the instructions that when executed by the processor

result in the following additional operations comprising:

executing a prologue of a first optimized target binary code block in the region, said
executing comprising, for each mapped live-in source register in the region, loading one

target register with data from memory corresponding to the mapped live-in source register;

executing a body of the first optimized target binary code block, the first optimized
target binary code block including a first branch instruction configured to jump to a second

target binary code block;
determining whether the second target binary code block is in the region; and

executing a first epilogue to jump to a body of the second target code block if the
second target code block is in the region or executing a second epilogue to store the mapped
live-out registers for the region in memory and jump to a beginning of the second target code

block if the second target code block is not in said region.

16. A system, comprising:
a processor comprising Nt target registers; and

a memory configured to store a dynamic binary translator, a register mapping module
and a source binary application configured to be executed in an environment having N s
source registers wherein N, is less than N, the source binary application comprising a
plurality of source binary code blocks to be executed on the processor, wherein when the
dynamic binary translator and register mapping module are executed on the processor at least

one of the dynamic binary translator and register mapping module cause the processor to:

identify, during runtime of said source binary application, a frequently executed

source binary code block within said source binary application;

define a region comprising said frequently executed source binary code block and at

least one neighboring source binary code block that exceeds an affinity threshold, the
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frequently executed source binary code block and the at least one neighboring source binary
code block both include instructions to access at least one source register in common, and the
frequently executed source binary code block and the at least one neighboring source binary

code block are each bounded by a branch instruction;
determine a frequency of access for each source register accessed in the region; and

map each of N (N is greater than zero) most frequently accessed source registers in

the region to a respective one of the N; target registers wherein N is less than or equal to N;.

17. The system of claim 16, wherein the register mapping module further causes the
processor to generate an optimized target binary code block corresponding to each source
binary code block in the region based at least in part on said register mapping wherein each
optimized target binary code block comprises a prologue configured to load data associated
with each mapped source register from memory to a corresponding target register, a body
comprising translated source binary code corresponding to the source binary code block and a
jump on condition and at least one epilogue, the jump on condition and the at least one
epilogue configured to control flow from a first optimized target binary code block in the

region to a second target binary code block based, at least in part, on whether the second

target binary code block is in the region.

18. The system of claim 17, wherein the at least one epilogue comprises a first epilogue and a
second epilogue, the first epilogue is configured to be executed if the second target binary
code block is a second optimized target binary code block in the region, the first epilogue
comprising a first instruction to jump to a body of the second optimized target binary code
block and the second epilogue is configured to be executed if the second target binary code
block is not in the region, the second epilogue comprising a second instruction to store each
target register corresponding to a respective mapped source register to memory and a third

instruction to jump to a beginning of the second target binary code block.
19. The system of claim 16, wherein the register mapping module further causes the
processor to identify live-in and live-out registers for the region comprising identifying live-

in and live-out registers for each source binary code block in the region.
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20. The article of claim 9, wherein affinity corresponds to a correlation in likelihood of
execution of the frequently executed source binary code block and the at least one

neighboring source binary code block.

21. The system of claim 16, wherein affinity corresponds to a correlation in likelihood of
execution of the frequently executed source binary code block and the at least one

neighboring source binary code block.
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