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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 

5 a processin 	unit comprising Nt  target registers, wherein the source binary application is 

configured to beNexecuted in an environment having Ns  source registers wherein Nt  is less 

than Ns; 

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

source binary code block wi 	in said source binary application; 

10 defining a region compn,ing said frequently executed source binary code block 

and at least one neighboring source 	nary code block that exceeds an affinity threshold, 

the frequently executed source binary cs le block and the at least one neighboring source 

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

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

15 and 

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

respective one of the Nt  target registers wherein N is less tha 	or equal to Nt. 

2. 	The method of claim 1 further comprising generating an opti 	ized target binary 

20 code block corresponding to each source binary code block in the region 	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 leasty.  

25 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 

reg 	. 

5 3. The 	ethod of claim 2, wherein the plurality epilogues comprises a first epilogue 

and a second epilogue, 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 se 	nd epilogue is configured to be executed if the second 

10 target binary code block is not in 	e region, the second epilogue comprising a second 

instruction to store each target registe corresponding to a respective mapped source 

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

binary code block. 

15 4. The method of claim 1, further comprising idei ifying live-in and live-out registers 

for the region comprising identifying live-in and live-out misters for each source binary 

code block in the region. 

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

20 code block corresponding to each source binary code block in the region ba, -d at least in 

part on said register mapping wherein each optimized target binary code block 	mprises a 

prologue configured to load data associated with each mapped and live-in source re aster 

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 

25 least one epilogue, the jump on condition and the at least one epilogue configured to 

25 



WO 2011/159739 
	

PCT/US2011/040406 

control flow from a first optimized target binary code block in the region to a second \

\t 

 

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

bloc 	is in the region. 

5 6. The 	ethod of claim 2, further comprising: 

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

said executing com 	ising loading each of N target registers with data corresponding to a 

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

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

10 target binary code block includi 	a first branch instruction configured to jump to a 

second target binary code block; 

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

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

block corresponding to the second target binary ode block if the second target code block 

15 is in the region or executing a second epilogue to ju ,p to a beginning of the second target 

code block if the second target code block is not in the r 	ion. 

7. The method of claim 5, further comprising: 

20 

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

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

one target register with data from memory corresponding to the mapped liv 	in source 

register; 

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

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

25 second target binary code block; 
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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 

seco d target code block is in the region or executing a second epilogue to store the 

mappedTve-out registers for the region in memory and jump to a beginning of the second 

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

8. The method 6(claim 1, wherein affinity corresponds to a correlation in likelihood 

of execution of the frequb lily executed source binary code block and the at least one 

neighboring source binary code block. 

10 

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

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

instruction. 

15 10. An article, comprising a tangible storage med un having instructions stored 

thereon which when executed by a processor result in the ollowing operations 

comprising: 

loading a source binary application comprising a plurality 	f source binary code 

blocks for execution, wherein the processor comprises Nt  target regis 	, wherein the 

20 source binary application is configured to be executed in an environment 	aving Ns  source 

registers wherein Nt  is less than Ns; 

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

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 

xecuted source binary code block and the at least one neighboring source binary code 

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

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

5 and are eac 	bounded by a branch instruction; 

determi 	ng a frequency of access for each source register accessed in the region; 

and 

mapping each o N most frequently accessed source registers in the region to a 

respective one of the Nt  tar 	t registers wherein N is less than or equal to Nt. 

10 

11. The article of claim 10, wh= ein the instructions that when executed by the 

processor result in the following additis i al operations comprising: 

generating an optimized target bina 	code block corresponding to each source 

binary code block in the region based at least ii 	art on said register mapping wherein 

15 each optimized target binary code block comprises 	prologue configured to load data 

associated with each mapped source register from me 	ry to a corresponding target 

register, a body comprising translated source binary code c 	Tesponding to the source 

binary code block and a jump on condition and at least one epi 	gue, the jump on 

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

20 target binary code block in the region to a second target binary code bl b k based, at least 
N  

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 ep ogue 

and a second epilogue, the first epilogue is configured to be executed if the second tar 	t 

25 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 

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 

inst uc on to store each target register corresponding to a respective mapped source 

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

binary code Ws k. 

13. The article of c 	m 10, wherein the instructions that when executed by the 

processor result in the folio ,,ing additional operations comprising: 
\ 

10 identifying live-in and l\ e-out registers for the region comprising identifying live- 

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

14. The article of claim 13, wherein the\  .  structions that when executed by the 

processor result in the following additional ope tions comprising: 

15 generating an optimized target binary code `pock corresponding to each source 

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

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

associated with each mapped and live-in source register from m 	ory to a corresponding 

target register, a body comprising translated source binary code CO1T sponding to the 

20 source binary code block and a jump on condition and at least one epilo,1 	the the jump on 
\ 
e,  

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

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

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

N 

25 15. 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: 

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

said = ecuting comprising loading each of N target registers with data corresponding to a 

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

5 execu ng a body of the first optimized target binary code block, the first optimized 

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

second target binary 	a de block; 

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

executing a first epilo 	e to jump to a body of a second optimized target code 

10 block corresponding to the secon 	target binary code block if the second target code block 

is in the region or executing a second 	ilogue to jump to a beginning of the second target 

code block if the second target code bloc 	s not in the region. 

N 

16. 	The article of claim 14, wherein the instru 	ons that when executed by the 

15 processor result in the following additional operations 	omprising: 

executing a prologue of a first optimized target bin ̀.2y code block in the region, 

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

one target register with data from memory corresponding to the m. sped live-in source 

register; 

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

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

25 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. 

17. 	
\
system, comprising: 

5 a pry essor comprising Nt  target registers; and 

a memo 	configured to store a dynamic binary translator, a register mapping 

module and a sourc binary application configured to be executed in an environment 

having N. source regist`: s wherein 1\11  is less than Ns, the source binary application 

comprising a plurality of so ice binary code blocks to be executed on the processor, 

\ 
10 wherein when the dynamic bii.4 	translator and register mapping module are executed on 

the processor at least one of the dyn mic binary translator and register mapping module 

cause the processor to:  

identify, during runtime of said sour e binary application, a frequently executed 

source binary code block within said source bin 	y application; 

15 define a region comprising said frequently e ecuted source binary code block and 

at least one neighboring source binary code block that e ceeds an affinity threshold, the 
\ 

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

binary code block both include instructions to access at least orik„source register; 

determine a frequency of access for each source register accs\sed in the region; 

20 and 

map each of N most frequently accessed source registers in the regiol\  to a 
\ \ 

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

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

25 processor to generate an optimized target binary code block corresponding to each source 
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binary code block in the region based at least in part on said register mapping wherein 

e 	h optimized target binary code block comprises a prologue configured to load data 

assoc.  • ted with each mapped source register from memory to a corresponding target 
N 

 

register, 	body comprising translated source binary code corresponding to the source 

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

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

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

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

10 19. The system of claim 18, 	erein the plurality epilogues comprises a first epilogue 

and a second epilogue, the first epilo 	e 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 jum 	to a body of the second optimized target 

binary code block and the second epilogue is con gured to be executed if the second 

15 target binary code block is not in the region, the seco d epilogue comprising a second 

instruction to store each target register corresponding to 	espective mapped source 

register to memory and a third instruction to jump to a begin 	ng of the second target 

binary code block. 

20 20. The system of claim 17, wherein the register mapping module fur 	er causes the 

processor to identify live-in and live-out registers for the region comprising 1 entifying 

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 likelihoo 

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. 

22.'\ 	The article of claim 10, wherein the frequently executed source binary code block 

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

5 instruction. 

\ 
23. The system asf claim 17, wherein affinity corresponds to a correlation in likelihood 

of execution of the 

neighboring source 

freq ently executed 

binary 	.de block. 

source binary code block and the at least one 

10  

24. The system of claim 17, w \.-ein the frequently executed source binary code block 

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

instruction. 
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CLAIMS 

1. 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 Nt  is less 

than Ns; 

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 Nt  target registers wherein N is less than or equal to Nt. 

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 

25 



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 Nt  target registers, wherein the source 

binary application is configured to be executed in an environment having Ns  source registers 

wherein Nt is less than Ns; 

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 Nt  target registers wherein N is less than or equal to Nt. 

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 Nt  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 Nt  target registers wherein N is less than or equal to Nt. 

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 

neighboring source binary code block. 

and the at least one 

21. The system of claim 16, wherein affinity corresponds to a correlation in likelihood of 

execution of the frequently executed source binary code block 

neighboring source binary code block. 

and the at least one 
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