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EMULATION OF AN INSTRUCTION SET ON AN INSTRUCTION SET 

ARCHITECTURE TRANSmON 

BACKGROUND 

1. Field of the Invention 

·Th.is invention relates to.computer systems. In particular, the invention 

relates to emulation of microprocessor instructions. 

2. Description of Related Art 

When a processor is improved to incorporate enhanced capabilities, it is 

important to maintain software compatibility with the applications developed. 

in the previous model. One particular problem is the representation of data for 

logical and/ or arithmetic operations. 

For example/ the floating-point (FP) number format has a single­

pretjsion (SP) and double-precision (DP) data formats. While the SP formatis·· 

typically represented by a 32-bit representation, the DP format may have two ·. 

· different types of representation: a regular·64-bit format and an expanded 82- . 
I 

bit format. A regular processor typically uses the regular 64-bit FPDP format 

for operands stored both in its registers and in memory. An enhanced 

processor typically uses the expanded 82-bit FPDP format for operands stored 

in its registers and the regular 64-bit FPDP format for operands stored in the 

memory. For example, the Intel Architecture (IA) processors have a 32-bit 

model and an enhanced 64-bit mod.el: the IA-32 processor and the IA-64 · 

processor. The IA-32 processor uses the 64-bit FPDP format for operands 

stored in both registers and memory. the IA-64 processor uses the 64-bit 

FPDP format for memory operands and the expanded 82-bit FPDP format for 

register operands. 

The transition from one instruction set operating with a regular data 

format to another instruction set operating with an enhanced data format is 

referred to as an instruction set architecture (ISA) transition. On such an ISA 

transition where an application program written using a regular mode of 

operation (e.g., 64-bit FPDP) is transported to a processor using the enhanced 
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mode of operation(e.g~, 82-bit FPDP), or vi~ versa, operand mismatches may 

occur. Such mismatches cause performance degradatipn and in many cases 

may cause software incompatibility. 

Therefore, there is a need in the technology tq provide a method to 
.. :. ~ : : 

emulate an instructi~J.1. ~t for one data format on a PI'.<>fe&sor that operates in 

an expanded data fo~t. 

SUMMARY 
•' 

The invention is a method and apparatus for entulating an instruction 

on a processor. The instruction operates on an operand in a first data format .. 

and the processor operates in a second data form.at. The operand is converted 

from the first data format to the second data format. Thi? processor then 

executes the instruction in the second data format to generate a result in the 

second data format. Tf1,e result is converted from the Second data format to the 

first data format. 

• 
BRIEF DESCRIPTION OF THE DRAWINGS 

The features and advantages of the present invel)tion will become 

apparent from the following detailed description of tile present invention in 

which: 

Figure 1 is a diagram illustrating a computer system in which one 

embodiment of the invention can be practiced. 

Figure 2 is a diagram illustrating a tagged ar~tecture according to one 

embodiment of the invention. 

Figure 3 is a diagram illustrating a form.at conversion according to one 

embodiment of the invention. 

Figure 4 is a diagram illustrating a mode transition according to one 

embodiment of the invention. 

Figure 5 is a diagram illustrating a context switch according to one 

embodiment of the invention. 
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Figure 6 is a .(li~gram illustrating a number fdihat conversion according 

to one embodiment of the invention. 

Figure 7 is a diagram illustrating a process to emulate logical 

instructions according to one embodiment of the invention. 

Figure 8 is a diagram illustrating a calling operation according to one 

embodiment of the invention. 

Figure 9 is a flowchart illustrating a process for an object code 

translation (OCT) according to one embodiment of the invention. 

DESCRIPTION 

The invention is a method and apparatus for emulating instructions 

operating in one data format representation on a processor having another data 

format representation. The technique involves a number of embodiments~ A 

tagged architecture provides tag bits to be associated with each register. 

Various .schemes for converting the data representations are provided. ·Code 

patching with jump instruction to jump to appropriate code is used in mode , 
. transitions or context switches .. Convert instructions convert the data . 
representations between integer and floating-point numbers for arithmetic and 

logical instructions. The invention provides software compatibility between a · 

processor architecture and an enhanced processor architecture. 

In the following description, for purposes of explanation, numerous 

details are set forth in order to provide a thorough understanding of the 

present invention. However, it will be apparent to one skilled in the art that 

these sped.fie details are not required in order to practice the present invention. 

In other instances, well known electrical structtires and circuits are shown in 

block di~gram form in order not to obscure the present invention. 

Figure 1 is a diagram illustrating a computer system in which one 

embodiment of the invention can be practiced. The computer system 100 

includes a processor 110, a host bus 120, a memory controller 130, and a 

storage device 150. 
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The processor 110 represents a central proce~g unit·of any type of 

architecture, such as CC)mplex instruction set comput~# (asq, reduced· 
";:' 

instruction set compu~ers (RISC), very long instructic)j\'. word (VLIW), or hybrid 

architecture. While this embodiment is described in tEfiation to a single · 
, : . . ; . ~ 

processor computer system, the invention could be iinplemented in a multi-

processor computer sy~tem. .: t. 

The memory controller 140 provides various a~ess functions to the 

storage device 150. The memory controller 140 is coUJ:?led to the host bus 130 

to ,allow the processor to access the storage device 159.: ·The storage device 150 

·represents one or more mechanisms for storing info~tion. For example, the 

. storage device 150 may include non-volatile or volati)('! memories. Examples of 

these memories include flash memory; read only memory (ROM), or random 

. access memory (RAM). 

. Figure 1 also illustrates that the storage device JS,O has stored therein 

·.pro~am code 152 and data 154. The prpgram code i's~· tepresents the : 

necessary code for performing any and/ or all .of the tethniques in the present 
.. I . 

. invention. In particular~ the program code 152 includ~ an emulation code 153. · 
• ··: . !' . 

'The ~ulation code 153 emUiates instructions.in one delta format (or mode) on 
the processor 110. The data 154 stores data used by the program code 152, 

graphics data and· temporary data. In partirular the d~ta memory 154 

includes a data segment 155 which contains data repre8ented in a format l, 

referred to as a memory format or expanded format. Of course, the storage 

device 150 preferably contains additional software (not'shown), which.is not 

necessary to understanding the invention. 

Figure 1 additionally illustrates that the proce&;ot 110 includes a decode 

unit 112, an execution unit 114, a register set 116, and~ internal bus 111. Of 

course, the processor 110 contains additional circuitry, which is not necessary 

to understanding the inventiOn. The decode unit 112 is :used for decoding 

instructions received by processor 110 into control signals and/ or microcode 

entry points. In response to these control signals and/or microcode entry 
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points, the executiorl)~t 114 performs the appropriatt!:operations. ·The 

register set 116 includes a number of registers that store data represented in a 

format 2, referred to as·register format. 

In one embodiment, the processor 110 is an Intel Architecture-64 (JA-64) 

·processor. The IA-64 is a 64-bit processor processing 64-bit data. In the IA-64, 

64-bit floating-point double-precision (FP DP) numbers are represented as 82-

bit FP DP in the register set 116 (expanded or register format), but 64-bit FP DP 

in the memor}r 155 (regular or memory format). A 32-bit processor (e.g., IA-

32) represents a 64-bit FP DP numbers as 64-bit FP DP format in both its 

registers and memory, referred to as regular format. To maintain software 

compatibility when porting programs developed for a 32-bit processor (e.g.,· 

IA-32) to a 64-bit processor (e.g., IA-64), some translation or conversion is 

necessary. The technique in the present invention can be used to emulate the 

32-bit instructions on the 64-bit processor. In the following discussion, the 

processor 110 is referred to as a platform processor and the programs or··· 

software written using the 32-bit instruction set is referred to as a porting 

programs or software •. 

The emulation may be implemented in a number of ways. ·One way 

involves a slight hardware modification on the platform processor; Other .· 

ways involve conversions of the data formats by patching code to the porting 

programs~ 

The computer program or software implementing the techniques 

described in the present invention may be stored and/ or transmitted in a 

machine readable medium. Examples of such machine readable medium 

include semiconductor memories such as random access memory (RAM), read 

only memory (ROM), erasable ROM {EROM), flash memory, zrtagnetic 

medium, compact disk read only memory (CDROM), floppy diskette, hard 

disk, optical disk, signals, carrier waves, etc.· The computer program or the 

code sequence emulates the instruction which operates on at least one operand 

in a first data format while the processor operates in a second data format. The 

i > 
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computer program or the code sequence includes a n~ber of code segments, 

. . ! 

sub-programs, sub-routines, or functions to perform a:~l.unber of operations. 

Examples of these operations include converting the ~p~and from the first 

data format to the seco~d data format, executing the ~tiuction by-the 
. . . . : ~ : 

processor in the second data format to generate a result in the second data 
. . .. ·' 

·' ·. 

format, converting the result from the second data format to the first data 

format. Additional code segments are used to perform other functions as 

explained further in the following. 

Figure 2 is a diagram illustrating a tagged archi~cture according to one 

·embodiment of the invention. The tagged architecture includes a tag structure 
.·. 

·to be associated with the register.set. 

·As shown in Figure 2, the processor 110 include$ a register set 116a and 

a corresponding tag set116b. The register set 116a includes N registers 210lto 

. 210N. The tag set 116b includes N tags 2121 to 212N eorresponding to the N 

registers 2101 to 210N~ respectively~ · · · · · 

Each of the tags 2121 to:212N stores a tag bit toindicate the format of 
' .· corresponding register. For example1 the tag bit may be 0 to indicate that the .· 

register format is 64-bit regular· format and· 1 to indicate the register format is 

82-bit expanded format. As is known by one skilled in :the art, other bit 

patterns can be used. The tag set provides a means to· detect if there is a format .. 

mismatch between the operation and the operands. A detection logic circuit ' 

can be implemented to compare the operation type with ·the corresponding tag 

bits. When th.ere is a format mismatch, a trap can be invoked to direct control 

to a micro-routine to change the format of the operands~ A format mismatch 

does not occur often. Therefore the latency incurred by the micro-trap assist is 

acceptable. 

In all stores from registers to memory, the format is changed from 

expanded format to memory format. Figure 2 illustrates a store inStruction 

moves contents of register K 210K to memory 230. 
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lil a context" sWfffu, register set 116a is saved itil'i!Iiemory as saved 

registers 240 by a save instruction (e.g., FXSA VE) and restored by a restore 

instruction (e;g., FXRESTOR). The format is converted on the first use of data 

when the operation and operand formats mismatch. The tag set 116b is not 

saved by the save instruction. The tags are reset to indicate memory format on 

a restore. 

-Figure 3 is a diagram illustrating a format ronversion according to one 

embodiment of the invention. The format conversion method converts the 64-

bit format to the 82-bit format before all operations and 82-bit format to the 64-

bit format after all operations. The format conversion includes a format 1 

converter 320, format 2 converter 360, and- an operation 340. 

Figure 3 shows operands 310, 330; 350 and 370. Operands 310 and 370 

are in format 1 (e.g., 64-bit) and operands 330 and 350 are in format 2 (e.g., 82- -

bit) .. The format 1 converter converts operands 310 from the format 1 to-• 

operands-330 in format 2 before the operation. The operation 340 is · · 

performed using format 2. After the operation, operands 350 are converted·--
' 

back to operands 370 in format 1 by the format 2 converter 360. 

Figure 4 is a diagram illustrating a mode transition according to· one 

embodiment of the invention. A mode transition (e:g., ISA transition) occurs 

when an application running in a first mode (e.g., IA32) calls to an applkation 

in a second mode (e.g., IA64). 

A mode transition involves a model application 410, a model domain 

420, a mode2 domain 430, and a mode2 application 440. The model 

application 410 calls to the mode2 application 440. The mode2 application 440 

does not know about the model format (e.g.; register format). The model 

domain 420 provides a jump to the mode2 by a jump instruction (e.g., JUMPE). 
The mode2 domain 430 provides the mode2 conversion of parameters. Then 

the operation takes place in the mode2 application 440. 
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Upon mode transition frmp. mode2 application~-440 to model application 

410, a branch instructi~ (e.g., BRJA) provides an exi,ffrom the mode2 

application 440 to the ~odel application 410. 

In the mOdel application 410, the double precisiQn data may be 

represented in memozy or expanded format in regist~e; .. In the model domain 

420, all the registers in the model application 410 are saved in memory. The 

mode2 domain 430 loads the parameters from the melJlory with the format 

according to the usage. Jn the mode2 application 440, .the double precision 

data is converted to expanded format in registers. After the operation in 

mode2 application, the branch instruction passes the r~t parameters in 

memory to the model application 410. 

Figure 5 is a diagram illustrating a context switch 500 according to one 

embodiment of the invention. ·The context sWiteh 500 ·occurs due to an 

interrupt and·involves a model application· 410 and a lnode2 operating system . .· 

520. As is known by one skilled in the art,"other causes for the context switch•. 

are prissible such as process swapp'mg, 'mUltitaSking, etc.. 
' . 

The model applicatian is an application running in mode 1 instruction 

.. set (e.g~, IA32). The model 'applieation 410'includes a ~ing code 512 and a" 

return code 514. The m0de2 operating system (OS) ~20 is an operating system 

running in mode 2 iristruction set (e.g., IA64). The mode2 OS 520 includes a · 

patch code 522, a save code' 524, a mode2 code 5251 a restore code 526, and a 

return code '528. 

In the context switch 500 illustrated in Figure 5, the model application 

410 receives an interrupt. The registers in the model application 410 are in 

memory and expanded formats. The calling code 512 call to the mode2 OS 

520. As control passes to the mode2 OS 520, the patch code 522 performs a 

transition to go from the em~tion mode to the native mode by executing a 

patching instruction such as a JUMPE instruction. •All registers are converted 

to the memory format ori the patching instruction. The save code 524 saves all 

the model registers as bits with a bit store instruction. A bit store instruction 
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(e.g., STF.SPILL) stqr~$·the contents of the registers w~~out conversion~ For 

.. _'.·.' . .. ·. . ~ 

example, the IA32 FP registers are stored in the memory as 16 bytes without 

conversion. 

Then the mode2 code 525 proceeds with the exeeution of the mode 2 

instruction set (e.g., IA64) to service the interrupt or other tasks as appropriate. 

After the mode2 code 525 completes its execution, the restore code 526 restores 

the saved model registers as bits with a bit restore instruction. A bit restore 

instruction (e.g., LDF.FILL) restores the register bits stored in memory by the 

bit store instruction to the registers. For example, the IA32 FP registers are · 

restored with the 16 bytes from memory without conversion. Then the return 

code 528 causes an ISA transition to return to the model application by 

executing a branch instruction (e.g., BR_IA). On retuming to the return code 

514 in the model application 410, all registers are restored in memory format. 

If a tagged architecture is used, all internal tags are reset to memory format. 

The return code 514· in the model application 410 continues its operation in the· 

model environment. 

Figure 6 is a diagram illustrating a number format conversion according 

to one embodiment of the invention. The number format conversion converts a 

packed 32-bit integer (INT) item 610 to a packed 32-bit single precision.(SP) 

item 660, and vice versa. The packed 32-bit INT item 610 is converted to the 

packed 32-bit SP item 660 by the convert sequence 605. The packed 32-bit SP 

item 660 is converted. to the packed 32-bit INT item 610 by using native convert 

instructions such as the fpcvt instruction. 

The convert sequence 605 converts the packed 32-bit INT item 610 to an 

unpacked 32-bit INT item 620·by unpacking the item 610 into two separate 

parts, each part is a 32-bit INT item. Then the unpacked 32-bit INT item 620 is 

converted to an unpacked 64-bit INT item 630 by converting each 32-bit INT 

item into a corresponding 64-bit INT item. Then the unpacked 64-bitINT item 

630 is converted to an unpacked 82-bit DP item 640 by converting each 64-bit 

INT item into a corresponding 82-bit DPitem. The unpacked 82-bit DP item 
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640 is then converted tQ a paclced 82-bit DP item 650 }?y packing or combining 

.. : ..... 
the 82-bit DP items intQa packed format. Finally,.th~packed 82-bit DP item 

650 is converted to the 32-bit DP item 660. 

Figure 7 is a dia~am illustrating a process 700 ~9 emulate logical: 

instructions accordin~ ,to one embodiment of the inv~tion. 

Upon START,Jh~ process 700 determines if the.instruction is a logical 

double precision (DP) instruction such as ANDNDP, ANODPD, ORDP, 

XORDP(Block 710). Hnot, the process 700 is terminat~-. H the instruction is 

one of the logical DP ~tructions, the process 700 nex~ determines if the 

operands are in the me1nory .format (Block 720). Hnot,' the process 700 is 

terminated. If the operands are in the memory format~:tl)e process 700 
. . . ' . . 

determines if the signifi,cand is zero. (Block 730).. If not,: the process 700 sets the 

exponent field to Ox1003,E CB.lock 750) and proceeds t() perform the logical 

operation (Block 760). If. the signifiC811:d ~s zero, the pl'pcess 700 sets the 
• • ' ·c ··: 

exponent field to OxO (Qlock 740) and p~oceeds to perfprm the corresponding 

logical operation (Block 760) such as FAND, FANDCM, f.OR, or FXOR. 
I . 

Figme 8 is a diagram illustrating a calling oper~tion 800 according to 

one embodimen~ of the, invention. The calli~g operatiott 800 includes a caller 

810 and a callee 820. · · .. 

The caller 810 runs the application in one .data format and calls the 

callee 820. The callee 820 runs the application in another data format. The 

caller knows the usage of its registers and therefore saves only.the registers 

that need to be preserved before calling the callee 820. : The callee 820 spill the 

registers according to th,e tag bits by stormg the regist~~. as bits in the' memory. 

After the operation;. the callee 820 restores the register bits saved in the 

memory in memory format. If there is foill\at misma~ the callee 820 

converts back when executing the caller instructions. 1,Jpon returning. to the 

caller 810, the caller avoids spurious dC1.ta type conven;ions. 

Figme 9 is a flowchart illustrating a process 90()_.for an object code 

translation (OCT) according to one embodiment of the invention. 
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Upon START;·qte process 900 determines if th~rinstruction is an 

enhanced mode (EM) native instruction (Block 910). Hnot, the process 900 is 

terminated. If the instruction is an EM native instruction, the process 900 

determines if it is one of the packed DP instructions (Block 920). If not, the 

process 900 is terminated. H the instruction isa packed: DP instruction, the 

process 900 emulates the instruction with the corresponding native DP 

instruction (Block 930). The process 900 inserts an appropriate convert 

instruction to.convert the memory format (e.g., 64-bit DP) to the expanded DP 

format (e.g., 82-bit DP). The convert instruction typically includes a store and 

load sequence. 

Next, the process 900 executes the DP instructions with the expanded 

DP format (e.g., 82-bit DP) (Block950). After the execution, the process 900 

inserts a convert instruction to convert the expanded DP format (e.g., 82-bit) to · 

the memory format (e.g., 64-bit). Again, the convert instruction typically 

includes a store and load sequence. The process 900 is then terminated. 

: The present invention provides techniques to emulate a double 
I 

precision instruction set on a processor which has an expanded precision 

format representation. The techniques include format conversion, context 

switching, tagged archit~e, calling conventions, and convert instructions~ 

·While this invention has been described with reference to illustrative 

embodiments, this description is not intended to be construed in a limiting 

sense. Various modifications of the illustrative embodiments, as well as other 

embodiments of the invention, which are apparent to persons skilled in the art 

to which the invention pertains are deemed to lie within the spirit and scope of 

the invention. 

·. ' 
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What is claimed is: 

1. A method for emulating an instruction on a processor, the 

instruction operating on at least one operand in a first data format, the 

processor operating in a second data format, the metJ:tod comprisirig: 

converting the at least one operand from the firSt data format to the 

second data format; 

executing the instruction by the processor in the second data format to 

·. generate a result in the second data format; and 

converting the result from the second data fonnat to the first data 

format. 

2~ The method of claim 1 wherein first data format is a double-

precision floating-point (DPFP) format. 

3~ The method of claim 2 wherein the second data fonnat is an 

expanded double-precision floatirig;.point (EDPFP) fonnat. 

4. The method of claim 3 wherein the DPFP format has a 64-bit 

representation. 

5. The method of claim 4 wherein the EDPFP format has an 82-bit · 

representation.· 

6. The method of claim 5 wherein the 64-bit DPFP format is used in 

memory and the 82-bit EDPFP format is used in registers of the processor. 

7. The method of claim 6 further comprising associating a tag bit to 

one of the registers of the processor to indicate if the register is in one of the 

first and second data formats. 

11111111111111 1111111111111111 
* C L M S * 
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8. · The m!.~od of claim 7 the processor C(?,l\Verts the operand to one 

of the first and seco~d-data formats if there is a mismatch. between the tag bit 

and the corresponding instruction. 

. 9. The method of claim 8 further comprising storing one of the 

registers in the memory in the second data format. 

10. The method of claim 9 further comprising saving contents of 

registers in the memory in the second data format when there is a save 

operation on a context switch. 

11. The method of claim 10 further comprising restoring the saved 

contents of registers from the memory to the registers in the second data 

format when there is a restore operation on a context switch. 

12. A machine readable medium having embodied thereon a 
I 

computer program for processing by a processor to emulate an instruction on 

the processor, the instruction operating on at least one operand in a first data 

format, the processor operating in a second data format, the computer program 

comprising: 

a first code segment for converting the at least one operand from the 

first data format to the second data format; 

a second code segment for executing the instruction by the processor in 

the second data format to generate a result in the second data format; and 

a third code segment for converting the result from the second data 

format to the first data format. 

13. The machine readable medium of claim 12 wherein first data 

format is a double-precision floating-point (DPFP) format. 

111111111111111111111111111111 
* C L M . S * 
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14. The machine readable medium of claiinl3 wherein the second 

data format is an expanded double-precision floating-point (EDPFP) format. 

15. The machine readable medium of claim·14 wherein the DPFP 

format has a 64-bit representation. 

16. The machine readable medium of claim 15 wherein the EDPFP 

format has an 82-bit representation~ 

17. The machine readable medium of claim 16 wherein the 64-bit 

· DPFP format is used in memory and the 82-bit EDPFP format is used in 

registers of the processor. 

18. · ·. The machine readable medium of daim 17 wherein the computer 

. program further comprising a fourth code segment for associating a tag bit to 

one of the registers of the processor to indicate if the register is in one of the. 
I 

first and second data formatS. 

19. The machine readable medilini. of claim 18 wherein the computer. 

program further comprising a fifth code segment for converting the operand to 

one of the first and second data formats if there is a mismatch between the tag ·· 

bit and the corresponding instruction. 

20. The machine readable medium of daim 19 wherein the computer 

program further comprising a sixth code segment for storing one of the 

registers in the memory in the second data format. 

21. The machine readable medium of claim 20 wherein the computer 

program further comprising a seventh code segment for saving contents of 

11111111111111 111111111111 1111 
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registers in the memg9'.' in the second data form.at w,:~~ there is a save 

operation on a con~t switch. . . ., 

22. The machine readable medium of claim 21 wherein the computer 

program further comprising a seventh code segment for restoring the saved 

contents of registers from the memory to the registers in the second data 

format when there is a restore operation on a context switch. 

23. A system comprising: 

a processor; and 

a memory coupled to the processor, the memory storing a code 

sequence that causes the processor to emulate an instruction on the processor, 

the instruction operating on at least one operand in a first data format, the 

processor operating in a second data format, the code sequence comprising: 

a first code segment for converting the at least one operand from 

the first data format to the second data format, 
I 

a second code segment for executing the instruction by the . 
processor in the second data format to generate a result in the second 

data format, and 

a third code segment for converting the result from the second 

data format to the first data format. 

24. The system of claim 23 wherein the code sequence further 

comprising a fourth code segment for associating a tag bit to one of the 

registers of the processor to indicate if the register is in one of the first and 

second data formats. 

25. The system of claim 24 wherein the code sequence further 

comprising a fifth code segment for converting the operand to one of the first 

111111111111111111111111111111 
* C L M · S * 



I 
i. . 

r, ._. 

W000/22524 PCT/US99/23376 

-16-
and second data fo~ats if there is a mismatch between the tag bit and the 

corresponding instruction. 

26. The system of claim 25 wherein the code sequence further 

comprising a sixth code segment for storing one of the registers in the memory 

in the second data format. 

27. The system of claim 26 wherein the code sequence further 

comprising a seventh code segment for saving contents of registers in the 

memory in the second data format when there is a save operation on a context 

switch.· 

28. The system of claim 27 wherein the code sequence further 
•. 

comprising a seventh code segment for restoring the saved contents of registers 

from the memory to the registers in the second data format when there is a 

restore operation on a context switch~ 

I lllllll 1111111111111111111111 
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