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| NSTRUCTI ON WHI CH GENERATES MULTI PLE DATA- TYPE RESULTS .
Fiel d of th®&Q9MaapTd on The present invention rel at peTySvEI2kS Y
to 5 conputers, and nore particularly to, enulation of sof tware or
execution of interpreted software. Background of the

bei ng piaced on SAMPHFERPYSTRUGTION WHEH GENERRTES .o
ol atorms. The - advantbiaLel 165 EoEAT ATV BRI RESULIE! | anguage:

execution is that once software is witten for execution on a single
hardware platform the same 15 software can be ported to other hardware
pl at f orns wi t hout nmuch additional effort. However, emnul ation and

Field of the Invention

The present invention relates generally to
5 computers, and more particularly to, emulation of

software or execution of interpreted software.

Background of the Invention

in the computer industry, emphasis is currently

being placed on emulation technology and interpreted

10 computer language execution to allow software to be
executed on many different hardware platforms. The
advantage of using emulation and interpreted language
execution is that once software is written for
execution on a single hardware platform, the same

15 software can be ported to other hardware platforms
without much additional effort. However, emulation and
interpreted language execution require an extra layer
of software between the user's executable software

code and the physical hardware in order to achieve



I nterpreted | anguage execution require an extra | ayer of software

bet ween t .S executable software code and the phygieake re
i n order ,lt%gog%/ﬁ{sg%e har dwar e i ndependence of the ﬁger' SJ}%(E) tware

code. This additional |ayer of software is emul ati on overhead that is

not typically found in _other conputer systens , Wherg user soffware is
conpi | ed di ri’tﬂﬂ ade dndependence h@?o&kﬁ eUBPAT SRR xePM&d directly

on t hat hardware platform Although the extra |ayer of soffware in
enul ati on reskinis i adgiianal taypst b sofiware; igepsntdatioss aveihgad
nuances, slower user software execution may result. 10 A goal in
the conputer thatussr nots typicalycéoumd in othépreemputepasysiemsi s
addi ti onal |ayer of software thereby increasing the speed of execution

of  variouyghgpd aiges sbftwaeepist ebrhpilpdiodirectty nfsr a spedcific Java,
Smalital k, and BASIC). In order to reduce 15 enulation overhead, the

ndustry kS HAPTWARS pRatfornPr AR CerueiAB adirbateph andtsi mplify the

i nternmedi ate Tayer of s war e ereby perfornmance I's i nproved.

Therefore, t [ a ti e ndsdecode routine

whi ch has re%@@@%‘%vét@é@gﬁw\e;E%Ogr%‘ﬁmgnﬁdg[éerLﬁ?gt |8(§n

performance I8, LPLo¥eYn emulation result in greater compatability
independent of hardware nuances, slower user software

execution may result.

10 A goal in the computer industry is to reduce the
performance impact of this additional layer of |
software thereby increasing the speed of execution of
various emulators or interpreted language machines
(e.g., Java, Smalltalk, and BASIC’). In order to reduce

15 emuiation overhead, the industry is attempting to
produce customized hardware and simplify the
intermediate layer of software whereby performance
is improved. Therefore, the need exists for a new
emulation fetch and decode routine which has reduced

20 overhead whereby emulation/interpretation

performance is improved.



2 Brief Description of the Draw ngs The

features and advantages of the present i nvention will be nore clearly
under st ood WMQWIRY followi ng detail ed description taken i RCTmSpsira288 on’
with 5 the acconpanyi ng FI GURES where |ike nunerals refer to Iike and
correspondi ng parts and in which: L. FIG 1 illustrates, in a block
di agram an enul at or Beiet wRleseriptien: ot the ubrawingsrdance with

t he present invention; 10 FIG 2 illustrates, in a block

di agram the specific software instruction content of the software

enul at or of FIG i hi r e ' . the
art and has a Iargegﬁgwéﬁ%ﬁuha&f%a%éﬁﬁ% 8t trfe kﬂPé\th?
invention will be more clearly understood from the
following detailed description taken in conjunction with
5 the accompanying FIGURES where like numerals refer

to like and corresponding parts and in which:

FIG. 1 illustrates, in a block diagram, an emulator
software architecture for use in accordance with the

present invention;

10 FIG. 2 illustrates, in a block diagram, the specific
software instruction content of the software emulator
of FIG. 1 wherein this software content is known in the

art and has a large amount of emulation overhead;

FIG. 3 illustrates, in a block diagram, improved
15 software instruction content which can be used to
implement the software emulato~r of FIG. 1 with
reduced emulation overhead in accordance with the

present invention;

FIG. 4 illustrates, in a block diagram, a method for
20 generating the vector address of a software
instruction emulation routine in accordance with the

present invention;



FIG 3 illustrates, in a block diagram inproved 15 software instruction

cont ent V\hwgﬁ) be used to I npl ement the software enul é% |G 1
W th re uc9e gl7egrml ation overhead in accordance with the %W&sg ‘ﬁ?s -
i nventi on; FIG 4 illustrates, in a block diagram a nethod for

20 enerating the t : f f : | Ost | mul at i on
routigne I n acgordarﬁé?\/\ﬁ h.ﬂ?%?éfeg, dﬁes%n@%eqﬁ%ﬁﬂﬁ Wﬁ%'l&nea

3 I il rate L0 bl.ock di agram inproyed

sof twar e instﬁ@é!@@?ecgﬂtséﬂbjéhﬂhhéggheﬁg W@QF‘I &aﬁ S@pl‘é@%ﬁ’%@he sof tware
enul ator of FLG 1 wt reduced enul ation overh I n -acgordance with
the 5 presenﬂmPJ\?éﬂﬁr{}n,the SO WarQ:IQiméslar%plru@{rEﬁl&’s, L anhﬁbI ock di agram
I mproved sof fware instruction content which can be used to

i npl enent t he regluaade esnulation odveribead win raccordance with the

5 present invention;

FIG. 6 illustrates, in a block diagram, improved
software instruction content which can be used to
implement the software emulator of FIG. 1 with
reduced emulation overhead in accordance with the

10 present invention;

FIG. 7 illustrates, in a block diagram, specific
hardware for implementing the software illustrated in

FIG. 6 in accordance with the present invention; and

FIG. 8 is a block diagram illustrating a General
15 Purpose Computer containing the specific hardware

shown in FIG. 7.

it will be appreciated that for simplicity and
clarity of illustration, elements iilustrated in the
drawings have not necessarily been drawn to scale. For
20 example, the dimensions of some of the elements are
exaggerated relative to other elements for clarity.

Further, where considered appropriate, reference



reduced enul ati on overhead in accordance with the 10 present invention;

FIG 7 illustrates, in a block diagram specific har dwar e for

i mpl ement | W ¥RESoftware illustrated in FIG 6 in accor #emaesosi2edsst he
present invention; and FIG 8 is a block diagramillustrating a
General 15 Purpose Corrﬁuter contai ning the specific hardware shown in
FIG 7. numeralsi have bepredepeatedaamengithe idrawiags to
clarity of illustration, elenments illustrated in the drawi ngs have not
necessarily biedicktencosrespondifyy 00 analepgeus heletments.ons of sonme of
the elenents are exaggerated relative to other elenments for clarity.
Furt her, where considered appropriate, reference

4 nuneral s have been repeated anong the drawings to i ndi cate

correspondi ng or anal ogous el enents. L.
Detailed Description

Generally, the present invention is a method and
s apparatus for reducing fetch and decode emulator
overhead as well as opcode emulated execution
overhead for an emulator system. The system taught
herein can be used to perform any type of emulation or
interpreted language execution to enable emulation of
10 any computer language or execution of, for example,
Java, Small Talk, or BASIC computer code. Specifically,
a new computer instruction is used herein, where the
new computer instruction processes instruction
operands to generate a plurality of results which are
15 stored into multiple registers wherein each register
contains an the result in a different data format. Since
this instruction (abbreviated LGMDT herein) provides
the result in different registers using different
formats or pre-processing on the result, the number of
20 opcode emulation ‘finstructions needed in the emulator
routines can be reduced whereby emulation or
interpreted language execution will occur at a faster

rate. In addition, due to this LGMDT instruction, fetch



Detailed Description Generally, the present invention is a

nmet hod an%vg) ggéar atus for reducing fetch and decode enul at or over head
as wel | as"Opcode’enul ated execution overhead for an enul B¢HPS¥R6288m .
The system taught herein can be used to performany type of enulation or

interpreted | angpage exgcution, t.0 enabl e enul.atien of .10 an onpput er

| anguage or e%@%ﬂt‘ggﬁo e equlatap Qverheggvaw?gﬁgﬁ I'ST§I)4@g'6fe A%Pt
conput er code. Specifically,, . .,a new co er instructiop,is,used herein,
where the S yc&rmﬁatei%msj&upﬁ@rbrﬁgﬁt%ssvéemuctwﬁh also ob&r ands
to generate a plurality of results which are i5 stored into multiple

regi sters whereduceedhwhbegrebyr emubation Resdormanceguis further f f er ent

data format. Since this instruction (abbreviated LGVDT herein) provides

the result inimigrfoved: rEgipedmnsendahgesidltsr bave showmathadrthe
pre-processing on the result, the nunber of 20 opcode enul ation

instructi as hegsiesvemene emibahed via rhigi ﬁ?étﬁ@PSanrL@ht?eﬁe\ﬁbﬁﬁeby

enul ation or i nterpreted | anguage execution will occur”at a faster
rate. In addi§g ofreduer thdri or LEHLA i testTeesi on, fetch
5

The invention can be further understood with
reference to FIGs. 1-8. FIG. 1 illustrates a block
diagram of an emulator system 10 which is used to

10 perform emulation or perform interpreted language
execution in accordance with the present invention.
The emulation system 10 is comprised of many
portions/routines, each containing one or more
software instructions. FIG. 1 illustrates that one such

15 portion/routine is the set-up code 11, wherein set-up
code 11 contains computer instructions which
initializes registers to enable proper software
emulation. The emulation system 10 also contains a
fetch-and-decode loop 12 which iteratively fetches

20 instruction emulation opcodes and operand data fromﬂ
memory 124 (see FIG. 8) and performs proper decode
operations on the instruction in order to determine
which vector emulation routine should be executed.

The “decode” processing performed by the routine 12



and decode enul ati on overhead, which is executed for every emnul at ed

I nstructi i system wll also be reduced whereby emul ation
SHopls|sdf

per f or nan her i mproved. Experinental results ha/&E¥HRRPat
the 5 inprovenent obtained via the methods taught herein is greater

than or equal to | nventj.on ca betégfther nderstood with

ﬁ?%u Hhe

reference to HPEAINY_Mvelves the ggngration Hpia Qi ¥§ERof an
enul at or syste 0 which js used,to 10 erform | ation or perform
Chrerpreton | BRGERES. Whishotentns; enelsismesothvarenexpesdion

I nventi on. The emul ation system 10 is _conprised of nany

porti ons/ rout flosy, teache dot anoney emilationr outinesfwithie iast ruct i ons.
FIG 1 illustrates that one such 15 portion/routine is the set-up code 11,
wherein set-upable cbde 11 contains conputer instructions which

initializes registers to enabl e proper software enul ation. The _
emul ati on system 10 al so contains a f et ch-and- decode | oop 12 which

iteratively fetchefFIQ, i bsiltustriadeseral plualigpcofieseetor ogenatatidat a from
menory 124 (see FIG 8) and perforns proper decode operations on the

oo oo, POULIRES! QUEEIEIAT ol yprAsBloatof T, Dy oL et
6 emulation routines 14 in FIG. 1 specifically illustrate
five emulation routines 16-24. However this is by
example only, and any number of emulation routines
10 may be used. Each routine 16-24 in FIG. 1 contains
sixteen 32-bit words of informgtion. Theréi‘ére, a first
emulation routine would begin at an address referred
to as TABLEBASE in FIG. 1 and end at an address
TABLEBASE+63 when using byte-level addressing. A
15 second emulation routine would begin at an address
labeled in FIG. 1 as TABLEBASE + 64 and end 64 bytes
(i.e., 16 words) further on into the memory array. If 64
bytes is not enough room to emulate a particular
instruction, a branch or jump instruction must be used
20 at the end of the block in table’14 to branch/jump to
another location outside of the table 14 to complete
emulation of that particular instruction. Since each

emulation routine (typically one routine exists for each

emulated instruction) is assigned 64 bytes (i.e., 16



usual ly involves the generation of a table vector address whi ch routes

ermul ati on software execution flow to one or nore enul ation_routines
within a WOP¥BI¥%14. 5 FIG 1 illustrates a pluraliF§GToP %8s, .
enul ati on routines within a | ook-up table 14. The vector enul ati on

routines 14 in Fl 1 specifically illustrate five t] .L.out i nes
16- 24. HOV\,eVéIHqugé of gpace ‘EXXY\;WIC@&Q ﬁ%oéﬁd%;ém}fﬁw&fhg%ﬁ 3i on
routines 10 nmy be used. Each routipe 16-24 .in FIG, ,1 contains Si Xt een
32-bi t . wor ds @AChnfesnrdation rmétllréecg@,glasr iatsan addrasg: VélUothate woul d
begin at an address referred to as TABLEBASE in FIG 1 and end at an
addr ess TiaBrEBkERes Dfwbdn framdhiey addrass BABLEBASEA Noteecond

enul ation routine woul d begin at an address | abeled in FIG 1 as

TABLEBASE + 6hainbist @izest of tabléi eairiesé tharnG4f bytesr noayi e t he
menory array. |If 64 bytes is not enough roomto enulate a particul ar

instructien, ?SgtﬁnCh or junp instruction nust be used 20 at the end of
the block in table 14 to branch/junp to anot her | ocation outside of
the table 14 to conplete enul ation of that particular instruction.

e Tt uck T " MGStEe e sobpration (NOP) st o each
which begins at the address TABLEADDRESS and ends at
the address TABLEADDRESS+63. Not all of the table
space provided for a routine need be used by the

10 respective routine whereby some wasted space can
easily be tolerated. FIG. 1 also illustrates a byte
integer push routine (BIPUSH) for a BIPUSH instruction.
The BIPUSH routine is located at an address TABLEBASE
+ 64 x N. This BIPUSH routine 20 contains computer

15 instructions which performs a byte integer push during
emulation. An emulation POP routine 22 in FIG. 1 begins
at an address TABLEBASE + 64 x M and contains
computer instructions which are used to POP a top
word off of an operand stack in memory. A last

20 emulation routine 24 in FIG. 1 is illustrated as
beginning at an address TABLEBASE + 64 x 255. In other
words, FIG. 1 specifically illustrates that there are 28 =

256 routines within the table 14 in FIG. 1. In this 256-

routine embodiment, a single opcode byte, as used in



7 wor ds) of space in which to store an enul ati on routine, each

emul ati on (RYbd418,42€0i ns at an address val ue that is multi from
t he address TABLEBASE. Note t hat ot her sizes of table ent rblejgéjs%%s%%4
bytes may be 5 used. FIG 1 illustrates a no operation (NOP)

O whi : i A !
ddr cos TasLEXOYRSEA ARIQUEIT 4RBFEsS B ONE Bt e 08, utinés®

ti d d ' ' b d
cpace can - TERES BY Nt dndiaRychuiffined:bf ipyliies et B, dfved
nueger Push Lot BE S SLRLSE 0 R PRt B G Benturd BB
bush dur i ng  BAGI a B aiKerelc: Can i PeiowBes 45iNg dha begi ns -
at an address TABLEBASE + 64 x M and cont ai ns conputer instructions
whi ch are Ssedmedheab taught heraind of f of an operand stack in menory. A

|l ast 20 emulation routine 24 in FIG 1 is illustrated as begi nni ng at
an address TABLEBASE + 64 x 255. |In other words, FIG 1 specifically

illustrates that tHel@.aReilpdstrates specificitsoftware hcodeewtdthe is4 in
FIG 1. In this 256- routine enbodi nent, a single opcode byte, as used
in used to implement the various functions illustrated
previously in FIG. 1. For example, FIG. 2 illustrates
specific instruction(s) which aré used to implement the
10 set-up code 11 from FIG; 1. FIG. 2 illustrates that a
load address (LA) instruction is executed as part of the
set-up code 11 in order to copy the assembler-
determined TABLEBASE address into a TABLEBASE
register where this central processing unit (CPU)
15 hardware register is referred to as RTABLEBASE. in
addition to this load address (LA) instruction, other
instructions may be executed as part of the set-up

code 11 in FIG. 2 to prepare a hardware system for

emulation or interpreted language execution.

20 After execution of the set-up code 11, the fetch
and decode loop 12 of FIG. 2 is executed. The
fetch/decode loop 12 in FIG. 2 contains two assembler
labels entitled “Fetch” and “Fetch2”, which

symbolically illustrate addresses when executing the



8 Java, can uniquely address any one of the 256 routines I n

FIG 1. Note that any nunber of routines can be used wher eby enul ati on
of any oneV&*?P4V3, Penti um code, BASIC, Smalltalk, etc. BGHUB26288
perfornmed using the 5 nethod taught herein. FIG 2 illustrates
specific software code which is to inplenment the various- functions

used
illustrated compuieruggdeni2.c Thertetakkapdedenariecoparadiont of
specific instruction(s) which are used to inplement the 10 set-up code 11
fromFIG 1. khe fetchl and aesodatunit 12 Ibeginsidbysexagoyutingsta uction is
executed as part of the set-up code 11 in order to copy the assenbler-
deterni ned TARbERNyEsIdzers witlh apTGABEERRBZU) imstustRksnwheThe his

central processing unit (CPU) 15 hardware register is referred to as

RTABLEBASE. | rexecudish t6pmitiie ihstruegenatgaedss dnAbpdsdeusionn.ant her

I nstructions may be executed as part of the set-up code 11 in FIG 2 to
prepare a har t ; atq i ret.e ge
executi on. g Z%H?eﬁfﬁg@(eg}wgﬁugf tq@@erp %ﬁgmg?lg?@ﬁgéfet ch

(RPC) into a CPU hardware register referred to as
ROPCODE. Specifically, the first LBZU instruction in the
loop 12 of FIG. 2 adds the integer one to the program
counter register (RPC), and then uses this incremented

10 address to access an opcode from memory and store
that opcode in the ROPCODE register. The ROPCODE
register value is a thirty-two bit long value which can
contain one of 256 unique values for Java. This 8-bit
unique opcode value is used as an index value to access

15 a specific emulation routine within the table 14 of FIG.
2. Since the routines within the table 14 are blocks of
memory of sixteen words (or sixty-four bytes) in
length, the opcode value read via the first LBZU
instruction in FIG. 2 must be shifted to the left by 6-bit

20 positions. In order to perform this index shifting
function, a shift word left immediate (SWLI) instruction
is used to shift the value stored in the ROPCODE
register left by 6-bit positions whereby the shifted
result is stored back into ROPCODE.

10



and decode loop 12 of FIG 2 is executed. The

FIG 2 conggb@§?f%@ assenbl er | abel s entitled "Fetch" and "Fetch2"

whi ch- synbo

9 c
fetch and dec
updat e (LBzZU).

Speci fically,
the integer o

fetch/decode | oop 12 in

ically illustrate addresses when executing thECT’US”W26288

onputer code 12. The fetch and decode operati on of t he

"ot 70l AR P BEEIE Y, M8s? used T BHGE ol Sidadr

(RPQ) ini o B0, St reaitin,thes BB ODES redisiepauB the

r;tAEJ-tlg& Lg aﬁT'SetSrSu%&éggderVdé'g?bﬂée h%éﬁﬁﬁ%ﬁ\gfgn 3ses

this increnented 10 address to access an opcode from nmenory

adds

and store

that opcode i egistecr1dis eyddition tietRoPBTABLEBABE! eregidter is a

thirty-two bit |ong value which can

contain one of 256 uni que val ues

for Java. Fhi svy@luetand the ﬂ@%@@%vm%mt% vabdeats gperfrsienedal ue t20

access 15 a specific enulation routine wit

Si nce the routjntes fimatiba thite §4aart@rh?ﬂ4g:? i
wor ds (or SIXJy foé?e%yrggfbln Iength e opgod. Eg”?éagﬂéFg

first LBzZU

10

20

in the table 14 of FIG

RTEMP. The RTEMP value now contains the address of
the specific emulator instruction in table 14 which
must be executed by the emulator in order to perform

proper emulation of the desired computer instruction.

In order to properly branch to the specific
emulation routine within table 14, a move to count
register (MTCTR) instruction is executed to move the
address stored in the RTEMP register to the count
register (RCTR) within the CPU hardware architecture.
The count register is a register internal to the
architecture of the central processing unit (CPU) or
processor where this count register is coupled to a
branch processing unit (BPU) of the CPU. A subsequent
branch count register (BCTR) instruction following the
MTCTR instruction in routine 12 will then cause the
emulated program to branch to thé address stored
within the count register to enable a change of

execution flow to a routine within table 14. As

11

gheer



instruction in FIG 2 nust be shifted to the left by 6-bit 20 positions.

In order t QE‘@ mthls i ndex shifting function, a shift word |eft
|rmed| ate‘? Pnstruction is used to shift the val ue BEHUSH26388 he
register left by 6-bit positions whereby the shlfted result

S stored bac

An ADD i nstruﬁ‘tq§r)ir'fait§RaD '(3ni 1G4 20 they lagd ingtrugdion Imd@esf%m Wit hin
t he ROPCODE i st th the . ABL dd t d thin th
RTiBLEBASE r %@éée%oﬁhl1£ea@dlthll Egﬁﬁa e Sng[m?ha\gwsv\éﬁ 'd’)gmal ue

and the ROPCCDE register value is perfornmed into destination that is a
tenporary regafoaw sabsequaent exevwiipn Tok wTeEMfYihee noastinest ai ns t he
addr ess of the specific emulator instruction in table 14 which nmust
be executed bwitthin etabblat ot 4i.n order to perform 10 proper enul ation of the
desired conputer instruction. In order to properly branch to the
specific emul ation routine within table 14, a nove to count

{ﬁgi sétT e (sr\/leTgCiTsR% eir 'h'?é bt@ﬁtévegggimshexw@utibm ol ¢heh M TCTHRdIrestrugitisgd in
and the BCTR instruction in routine 12 of FIG. 2, a pre-
fetch operation is performed. The pre-fetch operation
is performed by executing an additional LBZU
instruction near the end of the fetch decode loop 12 in

10 FIG. 2. This second LBZU iﬁstruction within the routine
12 increments the program counter register (RPC) by
one and then accesses a data value from memory
located at this incremented program counter value. At
this time, the program is uncertain as to whether the

15 data accessed via this second LBZU instruction is an
emulation data operand or a new emulation instruction
opcode. The determination of what is contained from
this pre-fetch instruction is made by the code

executed within table 14 subsequent to the execution

20 of the BCTR instruction in routine 12 of FIG. 2.

FIG. 2 specifically illustrates three emulation
routines 16, 20, and 22 originally illustrated in FIG. 1.
The routine 16 is the first routine within the table 14

and is accessed by an 8-bit Opcode value of zero (e.g.,

12



15 register (RCTR) within the CPU hardware architecture. The count
regi ster isygobB/fH,gter internal to the architecture of thfgfﬁgég’gé&%
| ed

processi ng' unit CPU) or processor where this count regis
to a branch processing unit (BPU) of the CPU. A subsequent 20 branch

count register on oy ng A he MICTR i nstruction_in
routine 12 wi |965§§@99u§if‘5ﬁ3é W@ =0 ib@dcépee%h%‘/m&rﬁh value, of
address stored wi thin the count, re |ster tAs en:%\RLe a change of
execut i on f 1 oVl 0Z8TPSui$ nEE@F: BYh th@o mepd 2, this zero value is

11 |IIustrated|n FIG 2, thelast I nstruction in the fetch

decode | oop 18hEtedi angcaddack ascamindextowthe TABLEBASEhwalbeequent
execution of one of the routines within table 14. 5 I n between
the execution wherebymirr RidtMEt register will’ coat8ITRTABLEBASE un

routine 12 of FIG 2, a pre- fetch operation is perfornmed. The

pre-fetch eper@tidh the opceeld oremd hy esgalitiozam athit b%@éuhB%Uﬂ]

i nstruction near the end of the fetch decode loop 12 in 10

second LBZU i “ﬁﬁéUBGmRV"lrﬁé‘lrﬁdti‘@nrwt toatine 12 WIF $BRYE inhgney 09ram

counter register (RPC
executlon of the software instructions in routine 16

within table 14 after execution of the BCTR instruction.
Routine 16 implements a no-operétion (NOP) routine
10 whereby no functional operation is performed by the
system, and the system is simply attempting to stall
time. Since no operation is performed by the routine
16, routine 16 simply contains a branch back into a
fetch decode loop 12 of FIG. 2. Sincé routine 16 is a
15 NOP instruction emulation routine and since the NOP
instruction has no operands, the routine 16
understands that the pre-fetch value from the second
LBZU instruction in routine 12 is an opcode and not
data/operand(s). This means that the prefetched value
20 from the memory which was accessed via the second
L BZU instruction in routine 12 is an opcode. Since this
pre-fetch value is an opcode, the routine 16 will branch
to the label FETCH2 in routine 12 in order to process
the pre-fetched value as an opcode. By performing a
25 FETCH2 or FETCH branch at the end of all routines in

13



one and then accesses a data val ue from nmenory | ocated at this

I ncrenment ed_program counter val ue. At this time, the programis
uncertain aé”qgg?/ﬁé% her the 15 data accessed via this second PEPUS98/26288

i nstruction is an enul ation data operand or a new emul ation instruction
opcode. The dete m natj on of what |s contai ned from this pre-fetch

instruction istaRie Bd.teenibaved logping andi exacutione ofsfetelkeaneht to
t he execution 20 of the BCIR instruction in routine 12 of FIG 2.

FIG 2 specifi cecgdd |operatiens hiseperformiech by theutemasater 2mtiland 22
originally illustrated in FIG 1. The routine 1 6 is the first routine
wi thin the tablsoftwhare temhinationeiseehgoami®reid. Opcode val ue of zero

(e.qg., 12 00000000 binary). Wen the
Opcode having a val ue of all zeros is read by the routine 12, this zero

val ue is shi fted jainthedsiedoate aedddga routire TWLEB/F%VQ 4§ the wher eby
the RTEMP register will contain TABLEBASE + 5 O. the opcode read is

equal to ze50, FiRRgreRNboN 6 g., N'e RAFFDNg0 w5 oY) BEOHTEMP2 Wil

result int uti on of 't 'software I nstructl o in routi ne

}’“n;r‘gge;f‘g': ﬁ@%‘&@; ant W"gb&: Pég% 4itEF UekEQUtion BRUthE® 16
routine 12 will contain the value TABLEBASE + N x 64.
Therefore, the BCTR instruction at the end of routine
12 will cause a change of execution flow so that

10 instructions within the routine 20 of table 14 are
executed. In routine 20, the first instruction is an
extend sign byte instruction (EXTSB) which is
performed on the contents of ROPCODE. This operation
is performed on the opcode register since it is

15 understood by the routine 20 that the pre-fetch value
retrieved by the second LBZU instruction in routine 12
must represent a data value because the BIPUSH
instruction is an emulated instruction that contains one
instruction operand that is needed for proper

20 emulation. The extend sign byte instruction must be
executed since the BIPUSH operation performed by
routine 20 requires a signed data value where the
instruction LBZU only read an unsigned 8-bit value into

a 32-bit space.

14



10 whereby no functional operation is perfornmed by the system and the

systemis gidMyisatenpting to stall tinme. Since no oper gtiRRod/Ss288
performed -by the routine 16, routine 16 sinply contains a branc ack
into a fetch decode loop 12 of FIG 2. Since routine 16 is a 15 NOP

oper éﬁééf “The rout iR B8RRI O e, v HEMHR U2 Fom ¢ he
LBZL_i . : . 5 i

thcg/noper and(ﬁd#ﬁ@ﬁ%gﬁégi rr??%l i f &@@%&&Cwqugfmww menory

whi ch was accessed via the second LBZ7U insté_uctlon I n routigFI 12 is an

opcode. Si nce ingteuctiomris @xeaWafe I1HigniREHMMEIOPhPUSAESNdNES Wi | |

branch to the |label FETCH2 in routine 12 in order to process . .the
pre-fetched varakiasinRORCED By fiheridaya operapttigt Eﬁrrém%r anch

at the end of all routines in 13

table 14, sontdeeednhenpiny tirel davaustackopoiaten (ﬁSP) kyecddansber ati ons

is perforned by the enulator until software term nation i s encountered.

15,0 o ey 32 (L D) e MOSEOBCe 5.
execution of tfiis RSP |ocation. After the stack is properly
processed by the code in routine 20, a branch is
performed back to the assembler label FETCH within
10 routine 12. The branch of routine 20 does not return to
the label FETCH2 since the routine 20 has
used/consumed the pre-fetch byte from routine 12 and
must now begin the routine 12 with a new instruction

fetch.

15 If the Opcode read by the routine 12 is equal to M
(e.g., M = 11100110 binary), then the RTEMP value and
the count register at the end of routine 12 will be
equal to TABLEBASE + M x 64. In this case, the BCTR
instruction at the end of routine 12 will result in an

20 execution flow continuing with routine 22 in table 14.
Routine 22 performs a POP operation on an operand
stack. In order to perform this POP operation, a load
address (LA) instruction is performed using the

operand stack pointer (RSP). This load address

15



routine 12 will contain the value TABLEBASE + N x 64. Therefore, the
BCTR instruction at the end of routine 12 will cause a change of

executi on WPIX3EGE%t hat 10 instructions within the routine PETHISOBAGSE 14
are executed. In routine 20, the first instruction is an ext end
sign byte instruction (EXT which is erforned on the contents of
ROPCODE. Thi s'ﬂﬁié“é?&% adé@ 4 ﬁéﬁﬁlﬁ b 4)nth ﬁb%&%@éanﬁsi%t?&k since it is
15 understood by the routine 20 that the pre-fetch val ue |, retrieved by
the second LBROINtRE rand places dhisnaddress valie rkackséntoathata val ue
because the Bl PUSH instruction is an enulated instruction that contains
one i nst r gtackn popiertard (RBP)i effestivelyorepnopéng2mreeulviordn. The
extend sign byte instruction nust be execut ed since the Bl PUSH
operation perf@gmedhy operarid i skack. r eftereshis sadaere sintproeessimger e

t he I nstruction LBZU only read an unsigned 8-bit value into a
32-bit spage. ; i i 4 i iAf t er

ext endi ng?helgi%ﬁﬁo(?rmﬁed VIQ| Jce)‘"lltlnn?hgz’ trll?%DEC(])DE roe%ieg?telp,n e{é\store wor d
with update ( [ > i din THiSaI | ushes the
vl e T h hepoiibiete| AR, tekecltivh SeRfthed to THitsel FETCHZ P

Java operan
routine 12 since the pre-fetched value from the

second LBZU instruction in routine 12 contains an
opcode which must now be processed as an opcode in
10 routine 12 without need for another new instruction

fetch via the first LBZU instruction in routine 12.

Therefore, FIG. 2 illustrates specific emulator
routine 12 which executes, in a looping manner, to
retrieve one or more of opcodes and data from

15 external memory. The opcodes read via the routine 12
are processed to derive an appropriate software
emulation vector which is used by the branch
instruction BCTR to invoke emulation routines for that
particular opcode. By performing the instruction BCTR,

20 respective routines within table 14 are appropriately
executed whereby all of the routines eventually return
execution control to the fetched decode routine 12.
lterative emulation/interpretation continues in this

looping manner until the program is terminated.

16



5 decrenenting the Java stack pointer (RSP) by 4 and t hen placing the

32-bit (4 Qyd §93142 ue of ROPCODE into this RSP | ocation. After the stack
is properly processed by the code in routine 20, a branch Ret S98/26263
performed back to the assenbler |abel FETCH within 10 routine 12. The

: ) : h
Foutine 20 nas | S 2o lenit: Heed g 4&‘@%%%@;%#5%?@%@%@??; and |
must now begi |4tﬁ§hl %‘{%ﬁg%@”n tws%hklﬁ}éﬁa . det.c .15 I
h d %"L@ nd-interphetado

E)i ﬁarQS)C? teh(ra‘ﬁa:t he RTENPrvaI ue.and | e?ﬁh% cz)unt regi gte %Flnat t he end of
routine 12 wi IIRNQUA0E KXGPULIOFARASRRE EXFdRRIE. O nﬁ?%i gvesEeathe BCTR

i nstruction at the en f.rutine 12 will result in an 20,  execution flow
conti nui ng wi tMPYHOE 2 %‘rj(éala @Q'\%Qrms aFé@Pn@p,ﬂ‘Eﬁthﬂor e ardep

operation on an operand . stack. In order to performthis POP operation,
a | oad 5 addr qeerfamm this r@@Pooperakionousingisamgennalation oper and

stack pointer (RSP). This |oad address 15
i nstruction adgRvaronhwentf the osiXeinggumtibnsadkom routine 12 and

the two instructions from routine 22 need to be
executed in order to perform the emulated POP
operation. However, out of these eight total

10 instructions within the combined routines 12 and 22,
only one of these eight instructions (the “LA RSP,
4(RSP)” instruction) performs the actual POP
operation, while the rest of the seven of the eight
instructions are executed as part of emulation

15 overhead. The resulting POP émulation overhead is
over 80% for the process of FIG. 2. Furthermore, since
the routine 12 in FIG. 2 is executed for every
instruction which needs emulation, any overhead within
routine 12 greatly impacts the overall performance of

20 emulation since routine 12 is continuously re-executed
in a looping manner. Accordingly, any reduction in the
instruction count for the routine 12 can greatly impact
the overall performance of the emulation by greatly
reducing the loop-executed overhead needed for

25 every emulated instruction. In addition, if the fetch

17



poi nter and places this address val ue back into the stack pointer (RSP)
effectively renoving one word fromthe operand stack. After-this address
processi ngW® 99%3d5erfornmed in routine 22, the POP operation PET/USISREEP| et e
and execution returns to |abel FETCH2 in routine 12 since the
pre-fetched value fromthe second LBZU instruction in routine 12

contains an andpdedoddilkdopuil wan beepadjasted so dhabdpitrelecodelo
routine 12 wi thout need for another new instruction fetch via the first

LBZU instruct logated onithia tRe routines 1662 wktablé 14 i tanstalgoes

speci fic enul at or routi ne 12 which executes, in a Iooplng manner, to

retrieve one epfEibEd 96CTeSEeRNIngdtiEClibs, 1%y eN °grehtgprory. The

opcodes read V|a the routli ne are processed to derive an appropriate

BCTR 1o i nvok ef%ffzﬁagﬁféoﬁf‘aone‘f%“ S agan b IBItREN guril’ 5t "

perform ng hiﬁgﬁkon BCTR, 20 respective routines within table 14
are appropﬁlat‘:eh{}i xecut ed whereby all of the routines eventually
return execution control to the fetched decode routine 12.

| terative eml at| onpat e it at] QMo p" hRYES AL SreductigiPgg e
obtained via FIGs. 3-7 using the architecture of FIG. 1.
FIG. 3 illustrates a new fetch and decode loop 12' which
may be used in place of the prior art fetch and decode

10 loop 12 illustrated in FIG. 2'. The new fetch and decode
loop 12' in FIG. 3 requires that the TABLEBASE address
value be positioned on a 16K byte multiple address
(e.g., 32K, 128K, 2048K, etc.) within the memory map.
Once this L*16K TABLEBASE value has been set, where L

15 is a finite positive integer, the code of FIG. 3 can be
used to reduce the overhead of the fetch and decode

loop 12 from FIG. 2.

The code in FIG. 3 begins by performing the same
LBZU instruction previously discussed with respect to
20 FIG. 2. However, FIG. 3 replaces the SWLI and ADD
instruction of FIG. 2 with a single instruction INSRWI
which stands for “insert from the right side of the

register with a word immediate value.” The operation

18



FIG 2 can be used to illustrate the effects of emul ati on overhead on
bot h enmul aty@hos3s, | Nt er pret ed | anguage execution. As an f he
i PR (G

overhead, * routine 22 in FIG 2 perforns a POP operation.
perform this POP operation using an enul ation envi ronnment, the six

netruets ons b by AT INS A TSI TStGlE YeCTEslgaR T ie, 22,
roveverout_ shiblFStect! ShApitaly ol BSE' BBKR HIAE/AM, S RRSE A e

4(RSP)" instruction) perfornms the actual POP operation, while the rest

of the seven of th Lght . Lnstructions a te s part .of

emul ation 15 overh%@?%e’”%[@f@% ?%téﬁuﬁeﬁéﬁéﬁgléé(ﬁﬁe IS over 80%
for the process of, FIG k6 2. Furthernore, since the routine 12 in FIG 2

i s executed f@osHed on @t1Qk iMeMRINYnbedbadasyul vinee e over head

W t hin routine 12 greatly inpacts the overall performance of 20

emul ati on §i ndeABJUEBASE2 valdenis nsoupositionadsdhel most rsigrificainty
manner. Accordingly, any reduction in the instruction count for the

routine 12 cabigs elISBsipéom posittonvd) dd Ibpigr positivre P77 tdonkrn ation

by greatly reduci ng the | oop-executed overhead needed for 25 every

i;ml ated i nst thef 'PABLEBASE i valuefhidie deder bits while the low
order bit positions 18 through 31 of the TABLEBASE
value have an inherent binary value 0. The INSRWI

10 instruction takes the opcode value which is stored in
the ROPCODE register and shifts this value by 6. This
shift of 6 bit positions to the left aligns the opcode
value into the bit positions 18 through 25 of the
RTABLEBASE register as illustrated in FIG. 4. This

15 shifted opcode value can then be inserted, without the
need for an ADD instruction, directly into the bit
positions 18 through 25 of FIG. 4 which were previously
0 due to the 16K byte alignment of the TABLEBASE
value. The INSRWI instruction has instruction operands

20 that specify the values 8 and 6; which indicates that 8
bits are to be inserted into RTABLEBASE after
performing the shift operation by 6-bit positions.

Since these eight opcode bits are inserted into the

RTABLEBASE register in a portion which was filled with

19



and decode | oop 12 can be adjusted so that the code | ocated within the
routines 16-22 of table 14 can al so optimzed to fewer instructions,
even greatwo 99/31gwr f or mance i nprovement can be obtained durirgr/6s98/26288

enul ati on. Thi s overhead and performance reduction is obt ai ned
via FIG. 3-7 using the architecture of FIG 1. FIG 3 illustrates a new

fetch and decpiigaled® IbYicwaples inthe RTABLEBASES s art
fetch and decode li% |O(§p§ 12 illustrated in FIG 2. The Eg/svgf ?chh’l"ea% decode

postti oned on'S A SRERQIT gy T80 S0 ROy ol BRY e

nea addres_s (e.qg.,
cet unere | rSIRIRON ¥ Psayed (BE A il S BVer e Poulitie po°"

oo 1O TGN IR H BRI, IS JofkER, BRdef PR RositioriEiRe” ' ez, ©

I nstruction previously. discussed with respecf t 0 FLG wever, FIG 3

repl aces the §V\[¢UQ%U Fbgemainn as &% %f'hﬁﬁg{aztfd/:vi”f‘h':icasmgl e

i nstruction | NSRW whi ch stands for "insert fromthe, ri 8hihgi ?ebe t he
able

regi ster with ldhesedlowmarnder Qdbilevalugs aser agamded sinc

14 contains routines which are of 16 words in length.
Therefore, by properly positioning and adjusting the
TABLEBASE value, a single instruction INSRWI| may be

10 used in FIG. 3 to replace the previous two instructions
SWLI and ADD from FIG. 2. It has been experimentally
shown that this simplification of routine 12' alone has
resulted in roughly a 10% improvement in the .
performance of a Java based emulator over that shown

15 in FIG. 2.

After performing the INSRWI instruction in FiG. 3,
the value stored in RTABLEBASE is moved to the count
register (RCTR) and the pre-fetch operation LBZU is
performed. These instructions, MTCTR and LBZU, are

20 similar to that previously discussed for FIG. 2. After
execution of the pre-fetch LBZU operation, the branch
count register (BCTR) instruction is used to continue
execution flow of the emulator in one of the routines
16-24 located in table 14.

20



18 performed by the INSRW instruction is further illustrated

graphical ly | ock di agram of FIG 4. FIG 4 illustrates
t hat the TA&@%&%@@M ue is posi tioned on a 16K nmenory bouR&IfYs98/:26288 e
the 5 TABLEBASE val ue is so positioned, the nost significant bits

MSB f i ti : |t |1 tai t TABLEBASE I
hi gh-order b ts wni WG Pt REhBHIE! | G8Ti dneng obteinetoAns: of 1 ne
TABLEBASE val ue have an.inherent bipary value 0. Th? II:Fl RW_ 10
i nstruction taﬁ@f‘ﬂ\éeg&ﬁge‘)y@lru&ﬁhp&wﬁ saét sPEing o Bop

regi ster and shifts thi lue by 6. This , hift of 6 bit positions to
thg left aligndOLHENSp dﬁG- S dngy ic;tatalrh@idtt!qmaltpenbnaameugh 25
of the RTABLEBASE register as illustrated in FIG 4. This 15 shifted
opcode val ue cdrenedit overntdwt discuisseditint G, 3.nektGiob HlugipBtes a

I nstruction, directly into the bit positions 18 through 25 of FIG 4

whi ch were previewslfetch ahdiudetodedodiK 1Rt ewhicinisnfughdme TABLEBASE

val ue. The INSRW instruction has instruction operands 20 that specify the

val ues 8 and 6;omtingizdddoverethahdiluStrated irf RIGsL 02bgy mperted into
RTABLEBASE aft er performng the shift operation by 6-bit positions.

S e ese el SPLrRERREE | Ing! POutRTS | 127 BPFILS. 5 alBWRFBPSE realster
improved optimization of the individual instruction
emulation routines 16-24 located in table 14.
10 Specifically, the BIPUSH routine 20 of FIG. 2 may be
simplified to the BIPUSH routine 20" of FIG. 5 due to

changes in the fetch decode loop 12" in FIG. 5.

The fetch and decode loop 12" of FIG. 5 begins by
executing the LBZU instruction and the INSRWI
15 instruction as previously discussed with respect to FIG.
3. Therefore, the process of FIG. 5 has all of the

advantages previously discussed for the emulation
method of FIG. 3. After the execution of these two
instructions in FIG. 5, the RTABLEBASE register

20 contains the vector address of the emulation routine to
be executed with the table 14. This vector address in
RTABLEBASE is preserved by moving the value in
RTABLEBASE to the count register (RCTR) via the
MTCTR instruction. After execution of the MTCTR

21



19 binary O | ogic values in the RTABLEBASE base address, no
add operation needs to be perforned, whereby an I nstruction is saved in
t he routi newd®93037er the routine 12. In addition, the | owPCToUrsdensisst .
positions 26 5 through 31 remain as zero as illustrated in FIG 4.

These | ow order O bit values are needed since the table 14 contains

routines whi chirpgteuetich®, v@r aewninstruidtion, refereéd ¢o ysptheerioad
positioning and adj usting the TABLEBASE val ue, a single instruction

[NSRW ey be Afid UseAerBtE! Multipl IealAogie” NLAGMBT) g i nstructions

SW.I and ADD from t has 'been experinentally shown that this
sinplificationa,af, | e I : req.gégll i %
i mprovenent i npmémtéd@;'erﬁthé&a%@\ﬂwal%aga aséely’er?duﬁ%%?g(%érgbﬁﬁat shown

15 in FIG 2. : f Qryd L inst i Lo FIG 3,
t he val ue storQQmP%ABL%ﬁ%triﬁMﬁc}bﬁé E%E\r?t'mblﬁ y&%l“lﬁogﬂ'bmﬂm
and the pre-fetch ogeration l.EZU I S erforned. These kﬂstrﬁftiogs,
MICTR and LBzZUMERR0PY OF & fIKEe SPYIRR %F‘S\/igﬁ!%?{/atﬁécﬁs Hrabty P& 2.
After execution of the pre-fetch LBZU operation, the branch

result values from the inpu va?ue wherein each result

value has a different data format. The LGMDT

instruction generally stores each result value having a

different data format to different registers in a

10 plurality of CPU registers so that the emulator may use
any one of the data formats subsequent to the

execution of the LGMDT instruction.

Specifically, the LGMDT instruction illustrated in

FIG. 5 increments the Java program counter (RPC) by 1

15 and then reads a byte value (i.e., 8 bits) from the
address indicated by the Java program counter (RPC).
The LGMDT instruction in FIG. 5 treats the byte value
read from memory as a data operand, even though the
byte value may actually be an opcode read from

20 memory. By treating the byte yalue as a data operand,
the LGMDT instruction converts the read data byte to a
32-bit signed and unsigned data value wherein the
unsigned data value is stored in a first ROPCODE
register (e.g., ROPCODE register) and the signed data

22



count register (BCTR) instruction is used to continue execution flow

of the emulgl os4sho ONe of the routines 16-24 | ocated in dahl
20 . “Wiile the method of FIGs. 3 and 4 obtai ned lIan S
| mprovenent over the prior art routine of FIG 2, the routine of FIG 5

bt ai ddizhi fi i dyi N FI G
SVEG s el SR T e recd RO SRR B ur « her
Coutine 12+ oRPFC QDR 2eiisten™ Afies, Sedytion, OF GiEdrENMDT
i ndi vi dual i ti ieQN; ' 6-24 | d.i bl :
Speci 1 cal 1y, TS B0Gw 1 B THRCHATHABNE Gise8 To tanedd to the
Bl PUSH routine 20" (I),f Flﬁ\ 5 due to changes, i.n the fetch decode | oop
12" in FIG 5execution floné fQ examHteicedEe Oodhel oufingss Wi ns. by

executing the LBZU instructjon and the INSRW 15 instruction as previously
di scussed i t tabdepd4 as discussed. heneiraboyet he process of FIG 5 has

all of the advant ages previously discussed for the enul ation met hod
of FIG 3. After the execution of these two

FIG. 5 specifically illustrates the advantage of the

LGMDT; instruction through the use of the BIPUSH
instruction. The BIPUSH routine 20" has been
simplified in FIG. 5 due to the presence of the LGMDT

10 instruction in routine 12'. Due to the execution of the
LGMDT instruction, the extend sign byte instruction
previously existing in the routine 20 as illustrated in
FIG. 2 can be removed from the routine 20" in FIG. 5.
This removal is allowed since the LGMDT instruction

15 provides both signed and unsigned results for the
routines in table 14 to use. In addition, the STWU
instruction in routine 20" no longer accesses the
ROPCODE location as illustrated in FIG. 2, but will
access the ROPCODE+1 register which contains the

20 signed value generated by the LGMDT instruction in
routine 12". The register ROPCODE contains the
unsigned value which is not needed by the routine 20".
Therefore, by comparison, nine instructions are needed

in FIG. 2 in order to emulate a BIPUSH instruction,

23



instructions in FIG 5, the RTABLEBASE regi ster 20 contains the vector
address of the emulation routine to be executed with the table 14. This
vect or addMEX%/31579 RTABLEBASE i s preserved by noving the P&ITIES%/mR6288
RTABLEBASE to the count register (RCTR) via the MICTR i nstructi on.
After execution of the MICTR . 21

instruction, awbhereas ranly csevest dnstductionst ase” needed dod eemdatee

mul tiple data types"” (LGVDT) is performed. The LGVDT is, generally, any
execut.abl e @ BIR ISHh i straction vhsirg | thesl s elutiomusf \RiGe §.rom 5

menory or a |like source and generates a plurality of result values from
the i nput value wherein each result val ue has a different data format.

The LGVDT  instrugj@n gef¢nstiates oaesuededr reerdrmalritee having a
different data format to different registers ina 10 plurality of CPU

. d
egisters S0 MRiptavesE! eindmhviahoad JRHGEAH e dhat! or mt s

eql exgacut I on O . ns_t ructi on. . |
Che. dava. pr dor ANCSONE TRp opon FAE SRGM R ePes e, SRRAnGRLET. &

8 bits) fromthe sre complicated LGMDT instruction than that

illustrated in FIG. 5. However, this improved LGMDT
instruction may be used to further simplify the
emulation algorithms performed using the emulation

10 system 10. The LGMDT ins-truction in FIG. 6 contains
four instruction operands. The first operand is the
ROPCODE register destination, the second operand is
the address of the next opcode to fetch from memory
using the Java program counter (RPC), the third

15 operand is the number of bits in the opcode read from
external memory (e.g., 8 in this example), and the
fourth operand for the LGMDT instruction is the number
of bit positions which the opcede should be shifted left
before vector generation (e.g., 6 in this example). It is

20 important to note that the operands for the LGMDT
instruction can be reduced by hard-wiring or fixing
certain operands to specific values or locations in
hardware or in LGMDT instruction decode processing.

For example, the bit size of 8 and the left shift value of
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address indicated by the Java program counter (RPC). The LGVDT

instructi oRydBoklsém 5 treats the byte val ue read from MDY Res 558t @
operand, éven though the byte val ue nay actually be an opcoc{g 1428t r om
20 nenory. By treating the byte value as a data operand, t he LGVDT

i nstruction comgeghp Y trrfépd%}@d@ygﬁattﬁ LGM@)S?I-biﬁ%ﬁ,ngPand unsi gned

data val ue wherein the unsi gned d value ' is ore I rst ROPCODE

250 ° (0 wiEEPY, s Perdfeldfh liche Bs amaramymable
Mmstruction ts Wabunil HKed bitile dNSraiite seXectianor the
routines within 5 table 14 as di scussed herei nabove. FIG 5
LD e WAL (SRR o krerl e b
Coutine 12" 5 DTS EemRuMameTyt Bnd. gamspatendires: irasultseinx ond
|S: ?Bs? )r/;te ei:lniStnrtlIJwCrteig ndifferg%?\/iir?tléasrlr%/alex(i)gc)n?eigri]s%gres.r Ou'trihnee fzigstai/alue

generated by the LGMDT instruction in FIG. 6 is a vector

address which is generated in accordance with FIG. 4 or

a like process. A second value generated by the LGMDT

10 instruction is an unsigned 32-bit operand/data value as
previously discussed for FIG. 5. A third value
generated by the LGMDT instruction in FIG. 6 is a 32-bit
signed operand/data value generated from the opcode
and placed in one of the internal ROPCODE registers.

15 Generally, the vector addresses from the LGMDT
instruction is placed in ROPCODE+2 register, the signed
32-bit operand/data value is placed in ROPCODE+1
register, and the unsigned 32-bit operand/data value is
placed in the ROPCODE register. Given this placement

20 of the three results from the LGMDT instruction, the
MTCTR instruction moves the contents of the ROPCODE
+ 2 register to the count register (RCTR). A second
LGMDT instruction is executed to allow for pre-

fetching of any one of a new opcode, a signed operand,

N
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FIG 2 can be renpved fromthe routine 20" in FIG 5. This renmoval is
al l oned since the LGVWDT instruction 15 provides both signed and unsi gned
results forWMh®/3157 routines in table 14 to use. |In addition, PCTESBRéEss

instruction in routine 20" no | onger accesses the ROPCODE | ocati on as
illustrated in FIG 2, but wll access the ROPCODE+1 register which
cont ai ns the 200%i gnetingignedecopesand.by Thee BGIIR instructicrnoallows
routine 12". The regi ster ROPCODE contains the unsi gned val ue which is
not needed by texecwtiome flow. to cdmiineferia, diyecofiie sroutinies

I nstructions are needed in FIG 2 in order to enulate a Bl PUSH

i nstruction, located within table 14. 23 whereas only seven
i nstructions are needed to emul ate a BIPUSH i nstruction using the
solution of FIG 5. FIG 6 illustrates a further perfornmance

i mpr ovenent and overf]tqgg rsdgﬁtécﬂﬂcwﬁy‘ iltr&tes | et BAPRISH EP@raQLor'f' G

6 illustrates an expanded an nor e “conpl i cated LGVDT 1 nstructlon than

t hat ] ustraggd: | N G rci; RReMP" iSNist i (B QF)g‘ihE@VQiTscu?%é%f "With' on

may be used Yo further 'sinpli t)} the enulation algorirthns performed using
the emilation rospect to FIG. 5.

FIG. 6 illustrates a POP operation 22'"'. Since the
LGMDT instruction has provided a vector calculation in
addition to 32-bit signed and unsigned data values, the
10 routine 22'"" of FIG. 6 can return to the MTCTR
instruction instead of returning to an INSRWI
instruction or an SWLI instruction as illustrated in FIG.
5 and FIG. 2 respectively. In other words, the routine of
22'" can simply return to a location within routine 12'"
15 which updates the count register (RCTR) and does not
need to perform pre-processing of any registers
before performing such a move to the count register.
Therefore, the code used in FIG. 6 saves one instruction
in the execution of the POP operation 22'"* and saves an
20 additional one instruction over that illustrated in FIG. 5
when executing the BIPUSH operation 20'". In essence,
the code used in FIG. 6 needs six instructions in order
to perform a BIPUSH operation whereas the prior art

required nine operations to do the same BIPUSH
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10 system 10. The LGWDT instruction in FIG 6 contains f our

I nstructi onwepwyag@ds. The first operand is the ROPCCDE r egit-Ft1S68/26288
destination, the second operand is t he address of the next opcode to
fetch from nmenory usi ng the Java program counter (RPC), the third 15

operand is the k ' N the; o) § ; ernal nmenory
(ecg s T tni BYESESS I FIG, 7, TRISHE5Fer B 30% BavingS I o
instruction is hi o1 | t he shoul d be
shifted |eft H"%Hﬁﬁﬁfée%@ﬁ%éﬁem% gﬁ(@%"m’%ﬁﬂﬁ “hi g’@igﬁﬂ e). It is
20 inportant to naote that, the operands f@ﬂi tﬂ?e:: LGVDT .instruc#ion can
be reduced by hS8RYIRGS WilbDei seqp Tor @l Qineppaisirustians piiti i€ val ues
or locations in hardware or in LGVDT instruction decode processing.
For exanpl e, therpuiadione package ofethertintarpreteduéanguage system.
24 6 can be "hard-wired" in the LGVWDT instruction wher eby
t hese paranes er snwsdmmoarpe yangusmndve instiuctionsl havei baenby t he
instruction's execution. The LGVDT instruction will read the 8-bit
value 5 from eximptroriugedoriyepeith owimcht @lidwedoreseduction of
overhead in code emulation and interpreted language
execution whereby computer performance can be

greatly improved.

10 FIG. 7 illustrates a register file 100 and a load
unit 101 which may be used to implement the LGMDT
instruction illustrated in FIG. 6. The register file 100 is
shown containing six registers: ROPCODE 102,
ROPCODE+1 104, ROPCODE+2 or RTABLEBASE 106, RSP

15 108, RPC 110, and RCTR 112. The central processing
unit (CPU) hardware RSP 108 register is the operand
“stack pointer”, the RPC 110 register is the emulation
“program counter”, and the RCTR 112 register is the
CPU “count register” for performing branch operations

20 using the branch unit. The RSP 108 and RPC 110
registers allow the load unit 101 to read information

from cache and/or external memory.

The load unit 101 reads a byte from memory in

response to a LGMDT instruction. This byte is provided
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three different internal CPU registers. The first val ue generated by the
LGVDT instruction in FIG 6 is a vector address which is generated in
accor dance™ ¥¥1519G. 4 or a like process. A second val ue rEEITESBLEEESLY.
the LGWDT 10 instruction is an unsigned 32-bit operand/ data val ue as
previously discussed for FIG 5. Athird val ue generated by the LGVDT

instruction inijRl gardllel do3thiee loadssulsdriter did d4tgvangd 998! at ed
fromthe opcode and placed in one of the internal ROPCODE registers. 15

Generally, the t RS ndavy ' [ hSsnpl_aced in
ROPCCDE+2 r egi s:ltvigg Qlér{gdg)gned Uhﬁ?g)égiet ope}:]aend?}égétlz\pégﬁe&?sap ?ced I n

PO | MBESong vRlela Rk e SRR Y8l a1
osul o T rom {15 BB T TR s oHET BASPARHE 4 AR
socond SO AR i Ly ACERHTE JoMEP S, Pie bytd Sl

or an unsi gned ,operand. The BCIR instruction allo .executi flowto
continue in ondSoSigReEXsANOREL USINGchiHgrwiaxend i 146. The sign

extend unit 116 converts the byte value to a 32-bit
signed value for use as a signed operand by accessing
an ROPCODE+1 register 104 (this is the register

10 numerically one greater than the ROPCODE register
102). The vector bit processor 118 of FIG. 7 performs
either the shift-and-add operation of the SWLI and ADD
instructions or performs the operation discussed in
FIG. 4 to convert the RTABLEBASE/ROPCODE+2 and the

15 byte value to a look-up vector used to access at least
one routine within table 14. The code in table 14 and
routine 12 may access any one of the three registers
to obtain the value that is needed and may ignore all

other unneeded values in the registers 102-106.

20 FIG. 8 is a block diagram illustrating a General
Purpose Computer 120 containing the load/store unit
101 and register file 100 shown in FIG. 7. The General
Purpose Computer 120 has a Central Processing Unit

(CPU) or processor 122 containing the load/store unit
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FIG 6 specifically illustrates the BIPUSH operation 5 20"'. The routine

20"" is simw@besxyhhat di scussed with respect to FIG 5.
FIG 6 illustrates a POP operation 22"'. Since the LGVDT i r%r rsjé’ﬁfzgﬁ
has provided a vector calculation in addition to 32-bit signed and

nsi gned data v S, e . ne £l n.return to,the
lI\J/ITCngR instrﬁc@ﬁor‘?'il'ﬁsfégé]sf(’ﬁwméugmg @LGH}P%IYN%% IS qq{%‘??ﬁ&?&olﬁ‘)or
SW.I instructjon as illustrat in Fl a FIG 2,respectively.
?2 ot herI \r/]vor ds,tt e P'&ﬁ?ﬁé%’quﬂ EY"a g&‘ﬁ Qi%éiyrm&mpﬁﬁ‘&zéfl‘ﬁc%t i on
ithin routine 12"' 15 i.ch updates the count register (RCIR) and does
\rllmot | need torﬁéa\tw\p’)\?ﬂgﬁ o%@@@iimcmmer@agaﬁe medigfar and
perform ng such a nove to the count register. Therefore, the code used

in FIG 6 savesinsiudes Melatde Memariese saictas ddRAMharRDFSBRMt i on

22"' and saves an 20 additional one instruction over that illustrated in

FIG 5 wien andcMNomdvoletiRl M8ropisisuch 288, ROMesSEASH, the

code used in FIG 6 needs six instructions in order to performa

B PUSH oper at | oEFRONE EEPROM, arid bubiEamentory. NAR cinmeetda 9o
to the Bus 126 are Secondary Storage 130, External
Storage 132, output devices such as a monitor 134,
input devices such as a keyboard (with mouse) 136, and

10 printers 138. Secondary Storage 130 includes machine
readable media such as hard disk drives, magnetic
drum, and bubble memory. External Storage 132
includes machine readable media such as floppy disks,
removable hard drives, magnetic tape, CD-ROM, and

15 even other computers, possibly connected via a
communications line. The distinction drawn here
between Secondary Storage 130 and External Storage
132 is primarily for convenience in describing the
invention. As such, it should be appreciated that there

20 is substantial functional overlap between these
elements. Computer software such as emulation code
10-24 and user programs can be stored in a Computer
Software Storage Medium, such as memory 124,
Secondary Storage 130, and External Storage 132.

25 [Executable versions of computer software 133 can be
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process in FIG 2. This is over a 30% savings in I nstruction usage in
the BIPUSH routine. Simlar savings will be seen for all other

i nstructi owe %nitrhe ermul ati on package or the interpreted penossups2ss
system 5 |In summary, various new instructions have been i ntroduced
herein which allow for reduction of over head in code enul ati on and

I nterpreted Iaf%g ' t b
Igregtly | mprove .a froom %qgﬁgwoﬁﬂfﬁgg?@g %g?@??rﬁpg‘eﬁ%nang a

oad - unit L¢h t @ L Ast ti
Tust rated | ERETE! HOREE Jf 32, SeCBRHEY Sagl 130, £ S "
regi sters: ROP, . + 4, + ASE 106, RSP
15 108, RPC 1@%"‘5&\2%@&]{% M{g"‘%@ édarépgg%ﬁegefné&géﬁﬁ agﬁﬁoﬁy
hardware RSP 108 regi ster ig,th d "stack inter", .t RPC 110
register is thE&m '&ﬁaglﬂme' iﬂerﬁpggse;aﬁ%&%n teeqsd?g%gﬁg’lhg)e lﬁj@)rﬁégi ster
Is the CPU "count register"” for perform ng branch operations 20 using
the branch aini Volatderdderoeryndorrstaned on rtggﬁessmoadlafw tptOra@e unit

101 to read information from cache and/ or external nenory.

The | oad unit 1@0r gxieratbyleading ietor Y olatile Mesparye fos a LGVOT
I nstruction. This byte is provided 27

execution.
Although the invention has been described and

illustrated with reference to specific embodiments, it

10 is not intended that the invention be limited to those
illustrative embodiments. Those skilled in the art will
recognize that modifications and variations may be
made without departing from the spirit and scope of
the invention. For example, the LGMDT instruction

15 taught herein may not only process for output 8-bit
values but may process any sized (16-bit, 4-bit, 32-
bit, 64-bit, etc.) values into different data formats for
storage in separate registers. The process used herein
may be used to generate any signed number, unsigned

20 number, floating point format, different integer
format, left or right justified number, shifted or
rotated value, big endian value, little endian value,
ASCIl output, or any other numerical format in paralle!

to any other numerical format for improving emulation
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in parallel to three | oad sub-units 114, 116, and 118. The zero extend

uni t externas dohesdyte value to a 32- bit unsigned val ue agpcihfydghsishe
byte val ue were a unsi gned operand. This unsigned operand is then 5
provi ded to an ROPCCODE regi ster 102. The byte val ue is sign extended

U510 2% Splifricd y Tifefofeied TOGRURipASBARNG, Bie, o
o OPOCDE L ke as WHel ok FeS i ing 17 HEAL e, BSRE o

per forns ei ther, the shj.ft-and-add,opgratjon of the SWI and ADD.

i nstructions ofiQt® nkoy @Q?péﬂa?@gr‘\edﬁs@ut(%e§ai\’re hbrappd; QWéIQfdﬁmert

t he RTABLEBASE/ ROPCODE+2 and the 15 byte value to .a | ogk-up vector used to
access at | eas@nd bwnachocachewiaadn t hbeseiareit isodetendeshithats and
routine 12 may access any one of the three registers to obtain the

val ue that 5s theisidhventiony egoonepass all ofhtheuvaridtionsiapd in the
regi sters 102-106. 20 FIG 8 is a block diagramillustrating a

Gener al ~ Pumosiifi€ationer as2Gatlowhinnthehadopg/ efotheudppendddl and
register file 100 shown in FIG 7. The Ceneral Pur pose Conmputer 120 has
a Central Proceggijpg Unit (CPU) or processor 122 containing the

| oad/ store unit
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28 101 and register file 100. Menory 124 is connected to t he
processor 122 by a Bus 126. Menory 124 is a relatively high speed

machi ne r &EMMWBE7Aedi um and includes Vol atile Menories sURIT/BGSISREARB| and
SRAM 5 and Non-Volatile Menories such as, ROM FLASH, EPROM EEPROM
and bubbl e nenory. Al so connected to the Bus 126 are Secondary Storage
130, External Storage 132, output d€@laemsuch as a rrﬂm

i nput devi ces such as a keyboard (with nouse) 136, and 1 mnmmﬂ“’”ij,
Secondary Storage 130 includes nachi ne readabl e nedi a*suth tas *has I sk
drives, magnet\iq&‘ .drllm? angd .bubbl e nmenory. External Storage 132

i ncl udes machi @Ea@a @ dSsuch as fl oppy di sks, renovabl e hard

drives, magnetic tape, CD-ROM and 15 even other conputers, possibly

connected via C i i.0 j e oS¢l i

bet ween Secondz‘ry S{\omé%gaa(nm%@rﬁaasp e;(%%ﬂﬁb' Qéi] M”Eﬁ'ftﬁ%ﬁ |y
for conveni ence in deS{:ri i.ng the N nr\'/ﬁnti on. As such, it should be
appreci ated t hat t hERUMEHON QBRI Bunct i onal overl ap between these

el ements. Conputer software such as emfll ation code 10- 24 and user
programs can be stoBedlusddityofut@gistersoraigre storage Medi um such as
menory 124, Secondary Storage 130, and External Storage 132,

a multifunction instruction execution circuit,
wherein:
the multifunction instruction execution
circuit moveé a plurality of operands in
10 a corresponding plurality of formats
into a corresponding plurality of
registers from a common location in
response' to a single execution of the

multifunction instruction.

15 2. The processor in claim 1 wherein:

a first one of the corresponding plurality of
formats is an integer encoded in memory in
an unsigned byte format, and

a second one of the corresponding plurality of

20 formats is an integer encoded in memory in a

signed byte format.
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25 Execut abl e versions of conputer software 133 can be

29 wo oBesisf ro | t orage Medi um such as rnal
St orage 132, Secondaryrrmmmuﬂmﬂamy*m Non- Vol atil e Nenm‘;,CE’Hg&(’ﬁt”%é ed
for execution directly * intb Vol ati e Menory, executed directly out of
Non- 5 Volatile Menory, or stored on the Secondary Storage 130 prior to
| oading into Vo] atile Menory for |, executian. ) Al t hough the

i nvention has Been ﬁ@@r pB@éeﬁﬁpr INj CIKYr &t MN@Temy ef erence to specific
enbodi ments, it 10 is not intended that the invention be |imted to those
i llustrative enbodi @entt¥rdTedse oki thedcorrespanding! pluralitgcegni ze that
nodi fi cations and vari ati ons may be made w t hout departing fromthe

spirit and scope of tfoematenis openBmatexdartpyethehgidd®Sshpsigyct i on
15 taught herein may not only process for output 8-bit val ues “but may

process any sized (16-bitinsérbitg 82fixed BUMbet Bt bHies Cﬁ)so#q%lf!:(}aﬁ)ri nto

different data formats for storage in separate register ocess

used herein may be ussir n | gRe @HTq Jnsi gned 20
nunber, flogti ng point for rratrﬁ(%fp?ec{ﬁen IF,‘i mt%gél ﬁx deatidh' ¥ 91
third one of the corresponding plurality of

registers.

4. The processor in claim 1 wherein:
a first one of the corresponding plurality of
10 formats is generated- by the processor by
inserting a fixed number of bits from the
common location into a fixed location in a
first one of the corresponding plurality of

registers.

15 5. The processor in claim 1 wherein:
the multifunction instruction explicitly specifies a
first one of the corresponding plurality of
registers and implici‘tly specifies a second
one of the corresponding plurality of

20 registers.
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format, left or right justifie rotated value, big
endian value, little endian va lmlrmﬂ "HEW”“WI put, or any other nuneri cal
format in p¥OA93&$79 to any othef nunerical«tormat for inprotiugys2e2ss
enul ati on per f or mance or

I nterpreted | anguage execution. In sorre cases, the code fromroutine 12

may be placed 6. intA cbenpudernpsoigrambstofddt @rsaaeslmfanaireprﬁdjrafg@n
and branch cache |l oad. Therefore, it is intended that 5 this invention

gggggpgfsst al ag:‘o Lhaneiium | foe exdeutiomdohi eaireessol abhpdble bt he

executing a multifunction instruction and having a

plurality of registers,

5 said computer program comprising:

a first set of computer instructions stored on the
“software storage medium comprising the
multifunction instruction, wherein:

a single execution of the multifunction

10 instruction moves a plurality of
operands in a corresponding plurality of
formats into a corresponding plurality
of registers from a common location;

a second set of computer instructions stored on

15 the software storage medium comprising:

a first operand instruction which utilizes a
first one of the corresponding plurality
of registers in a first one of the
corresponding plurality of formats as a

20 first instruction register operand; and

a third set of computer instructions stored on the

software storage medium comprising:
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a second operand instruction which utilizes a
second one of the corresponding
plurality of registers in a second one of
the corresponding plurality of formats

5 as a second instruction register

operand.

7. The computer program in claim 6 wherein:
the computer program is a Java bytecode

interpreter.

10 8. A software storage medium containing computer
software stored in a machine readable format for
execution by a processor having a plurality of
registers ahd capable of executing a multifunction
instruction,

15 - said computer software comprising:

a first set of computer instructions comprising
the multifunction instruction, wherein:
the muitifunction instruction moves a
plurality of operands in a corresponding
20 plurality of formats into a
corresponding plurality of registers
from a common location;

a second set of computer instructions comprising:
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What is clainmed is: 1. A processor capable of executing a

mul tifunction I nstruction 1 IE01] W a plurality of
regi st er s; wannd/31579 a nulti funcﬂmﬂ"i”ﬂu'ﬂ\”#ﬁ'&‘"’execm | OrPCT/USH8I6288
wher ei n: the mul tifunctiof ihst¥uction execution
circuit noves a plurality of operands in 10 ) a correspondi ng
plurality of formats a first operand iinstructionr ewhiohi ndilizesalg ty of
regi sters froma comon |ocation in " response to a single
execution of the first orel Off thet i @Orresd Ordin- pluddlitg- The
processor in claim1 wherein: a first one o? ther{cgc‘;rPes%ég)lrllgylzng
plurality of f fMpEgiste@dn innt rb:r?éle i nory in
an unsi gned byte format, andQ)r é@S a secﬁgﬁ;sntg 0 tﬁg g?)gtraespondi ng
plurality of 20 for ' b At eqer odgd ¢j Yol Ny @
Si gned byte for mat. dBfresporbing ?ﬂﬁraﬁ?ﬁﬁﬁ foPnate® 4s' 'a

5 first instruction register operand; and

a third set of computer _instructions comprising:
a second operand instruction which utilizes a
second one of the corresponding
plurality of registers in a second one of
10 the corresponding plurality of formats
as a second instruction register

operand.

9. A method of forming in a first register a table
entry.address for an entry in a table stored in a
15 memory comprising:
loading the first register with a table base
address for the _table stored in the memory,
and
inserting a table index into the first register,
20 wherein: |
the table index contains a first fixed number

of ordered bits,
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3. The processor in claim?2 hird one

corr espondiigopbisnsl ity of L o llllmmllmuﬂuﬂ%umgfi o e

conmpn | ocation into a fixed location in a third one of the

corresponding plurality {§fe flrst fixed nngfEé’Ft ®fSordered- tﬁbt qﬁr gh cessor

in claiml wherein: first one the correspondl

f h
|1(r)lsert| ng a fi xg&nﬁhf}blef gfenbl":?é@jr om ?% are Oﬁfééﬂe&’y"&%el B'd'gl on
plurality of oo aegister left shifeihy a SeSBnd Aked m1

wher ei n: t he rmltlfunctlﬁn |nsft itlon explicitly specifies a
first one of the correspondi nﬂ [5\1 &) iQ bi regi sters and

inplicitly specifies a sec one of the corresponding
plurality 8f 20 f)cp\yg,qqnd@rs fixed number of bits in the table

base address are. zero, and
the low order fixed number of bits is greater
~than or equal to a sum of the first fixed

number and the second fixed number.

10 10. The method in claim 9 which further comprises:
branching to a jump address specified by the first

register after the table index is inserted.
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33 6. A conputer program stored on a software storage

medi um for execution on a processor capabl e of executing a

mul tifunctiwodgessioucti on and having a plurality of regr/etsi®:28s5
sai d conputer program conprising: a first set of conputer '
instructions stored on the sof tware storage nmedi um conpri sing
t he mul tifunction instruction, wherein: . a single
execution of the multifunction 10 1 instruction noves a
plurality of operands in a corresponding plurality of
formats into a corresponding plurality of registers from
a common | ocati on; a second_set of conputer instructions stored on

15 the software storage mkdi um conprising: 11 a first
operand instruction which utilizes h SET UP CODE fiJrst one of the
corresponding plurality of registers irfa first one of
t he correspondi n as a 20
first instruction register operand;-aﬁd———-———————a—%hFFd—setlgf conput er

l—

. ; h
instructions stored on the FETCH/DECODE LOOP
~ 10
TABLEBASE: { NOP . J
16 WORDS
: 16
TABLEBASE+64:
16 WORDS
18
TABLEBASE+64%N: | BIPUSH
16 WORDS
2 > 14
TABLEBASE+64*M: | POP
16 WORDS
22
TABLEBASE+64%255:
16 WORDS
2 v

F1IG.7



sof tware storage medi um conpri sing: 34

a second ompaygmsistnstruction which utilizes a PCT/SHB2Bss0Ne
of the corresponding plurality of registers in a second
one of the corresponding plurality of formats 5
as a second instruction register oper and. 7. The
conputer program in claim®6 wherein: /. the conputer programis a
Java byt ecode i nterpreter. 10 8. A software storage
medi um ¢antaining copputer software stored in a nmachine readabl e
format for executlon a proce a h f
regi ster$ and capabl e of exec |ng g wl%ﬁfm&rﬁé&% -PAEIEBA§EO
11
FETCH: LBZU ROPCODE, 1(RPC)
FETCH2: SWLI ROPCODE, ROPCODE, 6
ADD RTEMP, RTABLEBASE, ROPCODE
MTCTR RTEMP
LBZU ROPCODE, 1(RPC) |
BCTR | 12
3
TABLEBASE: B FETCH2 16
| TABLEBASE+N*64: EXTSB ROPCODE
STWU ROPCODE, -—4(RSP) | 14
B FETCH 20
TABLEBASE+M+64: LA RSP, 4(RSP)
B FETCH2 2 ||
FETCH: LBZU ROPCODE, 1(RPC)
FETCH2: INSRWI  RTABLEBASE, ROPCODE, 8, 6
MTCTR RTABLEBASE
LBZU ROPCODE, 1(RPC)
BCTR 12
TABLEBASE
(HIGH ORDER BITS)|OPCODE| 0 | RTABLEBASE
0 17 18 25 26 31

FIG. 4



I nstruction, 15 sai d conputer software conprising: a first

set of conputer instructions conprising the multifunction
i nstructi owo yEaER N: the mul tifunction instruydtosHsFees a
plurality of operands in a correspondi ng 20 plurality of’
formats into a corresponding plurality of registers
froma common | ocati on; a second set of conputer instructions
conpri si ng: . 3/35 a first
operand instruction which utilizes a first one of the
corresponding plurality of registers in a first one of
t he corresponding plurality of formats as a 5
first instruction register operand; and a third set of conputer
i nstruct §yons conpri si ng: S rand rnstruction whjch
utilizes|a deond one %fxéliavgghsﬂ'@r%E AS
plurality of registers in a secagnd one of 10 t he
correspofpding plurality of for et s . as a seconé—
i nstructi [egl ster

FETER: LBZU  ROPCODE, 1(RPC)

FETCH2: INSRWI RTABLEBASE, ROPCODE, 8, 6

MTCTR RTABLEBASE
LGMDT ROPCODE, 1(RPC)

BCTR 12"
TABLEBASE+N#64:  STWU ROPCODE+1, —4(RSP) 12
B FETCH 20"

FI1G.5

LA ROPCODE+2, TABLEBASE
: 1_1::1
FETCH: LGMDT  ROPCODE, 1(RPC), 8, 6
FETCH2: MTCTR ROPCODE+2
LGMDT  ROPCODE, 1(RPC), 8, 6
BCTR 2"
TABLEBASE+N*64- STWU ROPCODE+1, —4(RSP)
B FETCH 20"
| 4
TABLEBASE+M+64: LA RSP, 4(RSP)
: B FETCH2 a2

F1G.6



oper and. 9. A nethod of formng in a first register a table

entry addrewegb/g{ygn entry in a table stored in a 15 MREANYS98/26288
conpri si ng’ | oading the first register with a table base
address for the table stored in the nenory; and
inserting a table index into the first register, 20 wher ei n:
the table index contains a first fixed ngly’.)er of ordered
bits, the first
fixed nunber of ordered bits in the tabl e i ndex are
inserted into the first regi ster left shiffe®@YJEa FROMd
fixed nunber of bits, 5 a | pw—oEJEFERNASd
nunber of bits in thg table 102 _ base addrgss MEMORYf 0. and
4
ROPCODE - _ i f114
104 . ZERO
3o | EXTEND
/ ROPCODE+1 = 116
REGISTER 106 2 EXTEND
FILE 39 SIGN
100 RTAB([SEBASE
PCODE+ o
RO C?DE 2 39 ; 18
)
__| VECTOR BIT |,
108 35 | PROCESSOR
RSP —>
110 LOAD
UNIT
RPC - 101
/112
T0 FROM
BRANCH —= RCTR - INTEGER
UNIT UNIT

FIG.7



the | ow order fixed nunber of bits is greater t han or

equal to a sumof the first fixed nunber and the second
fixed nunmberWO99/865720. The nmethod in claim9 which further comerRsAL6288
branching to a junp address specified by the first regi ster -
after the table index is inserted.
37
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. ) 1 BYTE FROM
Accelerating software emulation and other —— EXTERNAL
data processing operations utilizes execution of 102 MEMORY
a single computer instruction that produces mul- L
tiple data type results from a single source. The ROPCODE )
instruction generates from a single operand a plu- A 1
rality of different types of outputs in a corre- 104 , ZERO
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