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Field of the Invention This invention relates to conputer systens. |n
particular, the invention relates to enul ati on of m croprocessor

i nstructions. EMbHsATION OF AN RIPARMCRQANGER ON AN INSORUCTIONSETed t o
i ncor porate enhanced capabiliti [ t intain software
compatibility with the appli caﬁﬁﬁgg&ﬁgbiﬂdﬁ%wgﬁﬁ%&gw ous nodel. One
particular problemis the representation of data for |ogical and/or
arithmetic operations. For exanple, the floating-point (FP) nunber format
has a single precision (SP) and doubBACKORQUND(DP) data formats. Wile

the SP format is typically retpresent ed by a 32-bit representation, the DP
format may have twd-diff €RtidRepresentati on: a regular 64-bit

format and an expanrded.82bit fornat. A reqular processor.typigally uses the
regul ar 64-bit FP %an)&re(f)aggsr%)nc o ps"ﬂS? %ydst‘grg ‘hﬁi‘ el t{%‘){&e&‘%l{‘éfgagﬂd in
menory. An enhaneRdoRiRGRESAlf R GRbLdsUS RSt REoR¥PANded 82-bit FPDP
format for operands stored in its registers and the regular 64-bit FPDP
format for operands stored in the nmenory. Fox exanple, the Intel

Architecture (I A) processors have a 32-bit nodel and an enhanced 64-bit
nodel : the | A 32 prRocesdescripdiamef Ralaked Arthcessor. The | A-32 processor

uses the 64-bit FP r.m [_qp tored in, both reqgister.s,.and, .
memory. The LA 64 prBeaedpotrogs HRIRYE X MR AuT ereET AR PR fbands
and the expangagofdnbid niathiRin o6 Wb rd @Umpmmtyewmpmeaaf?ﬂi-ca 158s déwIghdd ON
fromone instruction set operating with a regular data format to anot her

instruction sét theppreviongmedeh Snegantandadpodlemfio timaterrgsandd o efidate fas an
i nstruction set .ar]chi ctur (I.SA(\{ transition. On such an I SA transition
where an appl i¥2t3' M rcHgfrrHﬁi’W’iCt PERRYYSNg a regul ar node of operation

e.g., 64-bit FPDPx,I 10 A 0r j t e ced - 2
(APR92003 Vo oo z3f§t%x%?}%7%§8%}]§g%§§ P;%é'ﬁ ‘ﬁgﬁi‘ﬁﬁbegg%?ﬂ%ﬁ%% a(%’“%ﬁ 82-bi t
FPDP), or Vi cpragsisn,(SPpehddeubls pricidies (IDRYd 16 fofma BUGHhiTe SHESR fesnatdyse

per f or mance degradation and in manﬁ/ cases may cause software
i nconpati bi | i typicalherepresented hora37-bitgepresantationhthetRR faahaigyay bape bwode a

hod I [ ' f f
That  oper at os MO SRR IdAP PRSP S LONRARY ‘PHE"] WYEAL R SeLeRet hod

and appar at uspfiqbr@au! Al leBd1AhroR&kbE/HiQMyAlLeR tRE ASRASO64-bit FPDIMdrit! | on
operates on an oprerand ir?gg firbrst datgtpflorr@{S and the procelssorD o%%rrat es in

a second dat afdrospetnd3 koregpeotnith its repistersranelinf memdriie A estiardtatia f or mat

to the second data format. The processor then executes the instruction in
the second daPEC%essqrelyPichllydines dheexpanded §2-bit F!’i?é’ éoéE@ﬁéOfd%Reda’f‘% ptared The

result s conkenl gbiLLOMLh RGNS RanNd: BRLR FOBP RImT-R PSpLiahal shiphdid gemat

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

model and an enhanced 64-bit model: the 1A-32 processor and the 1A-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 l;ormat 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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The features and advantages of the present invention will becone apparZeifR 2003

fromthe fol |\93§‘b6}92594€t ail ed description of the present invent i&”nb&%@fjﬁh:
Figure 1 is a di

agramillustrating a conputer systemin which onhe

enbodi nent of the invention can be practiced. Figure 2 is a diagram
illustrating a tagged architecture accordig to one enbodi nent of the

i nvention. Figeee oBopératidh @Y. AD-bit FPEIN) 261 Vide & et BBbrLRIMAE P ed di ng
to one enbodi ment of the invention. Figure 4 is a diagramillustrating a
node transi t i arwuacBechdimigmbwhesneauwsetpsdforeancetieghedatinreatd om mdniygeases5 is a
diagramillustrating a context sw tch according to one enbodi nent of the

i nvention.  May cARsR SedbyganaenoenpetbilitbcT/ US99/ 23376 -3 Figure 6 is a
diagramillustrati a. nunber format, .conversi on accordi ng to _ope enbodi nent
of “the I nventi on. BBt TREte is AR BT cere Fpe e odudad Bl at o

| ogi cal i nstrdalj@en dEtAIELRS ! Hrie BIRadnTRYn Q%rbé’@sbﬁ&{%@tdp%?atefhg“r e 8
is adiagramillustrating a calling operation according to one enbodl nent

of the inventaroexpahidgdrdat® forsnat. f | owchart illustrating a process for an

obj ect code translation (OCT) according to one enbodi nent of the invention.
DESCRI PTI ON The invention is a nethod and apparatus for enul ating

instructions operating in one data fogm,\/{ gﬁg_esent ation on a processor

havi ng another data format representa t echni que invol ves a nunber
of enbodi ments. ATdgeednass iy 4 Arltié®aRd QppaRfut 38r Bntifati: bR iRGB@&igH ed

w th each register. Various schemes for converting the data representations
are provi ded.orGygeogeasarhThe ingittuttionmperates puen gperaodjinapfitso dappfapratat e
code is used in node transitions .or co&%ffétms i tche Convert .instructjons

convert the dhIFEHIPESERT APFBHS Détshe maind heiapsr g ipermteritdner s
for arithmet 'f&?%rﬂ’}ﬂe Q% £AL (b BREHGhE Q%%nchi‘afEa 'f&?’xﬁg&'ﬂﬂ‘e f}&éé% heff tware
conpatibility between a processor architecture and an enhanced processor

ar chi t ect ur e.exktutes thd pistrowiiog ird ecdecphd data formpubpeaestoh rexpit andid on,
nunmerous details are set forth in order to provide a thorough understandi ng
of the presersecond/data fonmakolles egsultiis comydrtasefrgpp thesacond dnte feknpt tedhen
the art that fthe‘aet cssﬁeci{1ic details are not required in order to practice
the present i'HoEAPIRT™Rh ot her instances, well known el ectrical structures
and circuits are shown in block diagramformin order not to obscure the
present invention. Figure 1 is a diagramillustrating a conputer systemin
whi ch one enbodi ment of theBRIFERESORHAA OIS QFIH EJeRAWRIGS®nput er system

100 includes a prqcessor 110, a_host bus 120, a nenory contrqller 130, and
a storage device 158 featurepangpd vaniageit £ ISR PLYPRIOPS L PREOME The

processor 11Q r ral i i f Y .
B chi oot ur o PEARRT AL InE (AR R A BEREERDP U bt e el tBBeRlionin
i nstruction sghickonputers (RISC), very long instruction word (VLIW, or
hybrid architecture. Wile this enbodinment is described in relation to a
singl e processor Eigynetleis asdisgem ilwsratingencompudensystare in wphishwmeed in a
mul ti processor cojputer ﬁ)‘/s,tem .The m)rg/ ,cogtrol | er 140 provides various
access funct ieg}gocﬂg\epﬁgft e invention can be practiced.
Figure 2 is a diagram illustrating a tagged architecture according to one
embodiment of the invention.
Figure 3 is a diagram illustrating a format 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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storage device 150. The nenory controller 140 is coupled to the host -b%éPR 2003
. 130 to allowyhgeRiQgessor to access the storage device 150. T, ’65%9%%
devi ce 150 represents one or nore nechanisns for storing information. For
exanpl e) the storage device 150 nmay include non-volatile or volatite
menori es. Exanples of these menories include flash nenory, read only menory
(ROM, or random aEipase éneaatiygfaRANjustfatigigrendrdles Gofrhh isinvat sion abedrdine
storage device 150 has stored therein programcode 152 and data 154. The
progr am code 5one embesdiment ehihejarentitivy code for perforning any and /or
all of the techniques in.the,.prese pnyention. In particular., the program
code 152 i ncl udes g}g"gﬁgl’ﬁﬁiddﬁg@&gh%@?{mﬁflep%?%ﬁp UL%SEO&;&S%J emul at es
instructions | QRGeHELEKQIHRo &Y erBISIMAN dMBe REPSREROr 110. The data
154 stores data usegg%y thehﬁogr arr? code 152, grgp Ics data and tenporary
data. In particul aFigure 8dahalingran jlusbehtingcd maag@pémtmw@@mdmgh%Mi ch
contains data represented in a format 1, referred to as a nmenory format or
expanded f or nenbodimenteftae InWentiarer age devi ce 150 preferably contains

addi tional software. (not, .sh ich Is not_necessar 0 _under st andi ng
the invention. |, Fﬁﬁg‘\’ﬁbis3%&?%%&15@?6?5&?%@? 'foﬁéi‘%/‘ qtq%fé}gﬁpa&ssor 110

i ncludes a deggga,lph acBSt L HOAOBMYBBHE midfof MheliRPERESGH, Set 116, and
an internal bus 111. 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 m crocod®EHeRIPHON: s | n response to these

control signals angh/ %ve@tﬁh&ggqﬁetﬁgﬁr%d arﬁpfa?riﬁ%ﬁggg ulg%{g)gqggt%;&zodﬁs

PCT/ US991 23376 _b pornts, t executron u orns Phe appropriate
operations. THgeragiapSh@newRita Id;@mitn@pt@@ﬁtaﬁoﬂm@pr@éesgcﬁgﬁﬁiﬁ{g%nbtr&.tr dRtor e
data represented ina format 2, referred to as register format. In one
enmbodi nent, tfrermt gepresentation. (Ihedechmaqet invadvnes zoumbter @f ebodinients. A
processor. The 1 A.64 is a 64-bit, processor, processi 64-bit data. In the
PA 64, 64- bi t PEEBAGTYTeBITR PRI P PR PEASIIN BR) Hi A BIFEr
represented a i I £ egi . L3} er
formaty . but BAIat TP oh cpher e Ul AEresd tab G RATOVMed SRR T,
32-bit procespatching @ith juAP2instrepties enjusnp t6 4pprépriiiteldBdausinesd irhfddé- bi t
FP DP format in both its registers and nenory, referred to as regular
format. To nefrARsitiansef cortext switghasi Bianveyt insbvchons roryest g dad devel oped

f 32- bi .., | .A-32 64- bi t. «g.., .0lA-64),
sore trans! acenRinaidiasn iRl aBa e R uBR T s e b
i nvention candfalseird @RS TR SN &ifticdpiivid éd6 tWETd RIMspAibilibe bBledinta

processor. In tThe follow ng discussion,” the processor 110 is referred to as
a pl atform prpcessor aaridtechieremndgraeshanced girbeesser ardhiteeturasi ng t he 32- bi t

instruction set is referred . to as a porting prograps or software. _ The
emul ation may be ikbq?@rfﬁh‘t’\é@g Fie%Frmj’r%‘e%mci?UWgs. 0@?@’%@*“?%\)&@6@”& sli ght
har dwar e nodi §j I r C r - e

har dvar ¢ o0, SbE L B T T Rl R ER e PR U AP
The conput er preaertainventieR. HEW & et P WaITRRldApHArbRet ol G ENiNeE $n dessrtichad 1 n
the present invention may be stored and/or transmtted in a nmachine

readabl e medi tivese Spenifit details aseivbt requiteddnasddnto pravtide tine presentiinvention.

sem conduct or. nepori es such random access nenory ( ... read,only nmenory
(RO et 5 atICB R ATSERHY W B KSR WA IBE Thcal REHGIIS AL S SHOW ok
read only ne { j I di sk,

signals, car Wégk\%\ifa@f&r@ %egg%ﬁéﬁcﬁ?%é&aﬁf%ﬁtmt‘ﬁ‘&%g € sequence

enul ates the inst rEighroD igddedpraneilikkaatiag adlorhaet spalenPRewaidh oe a first

data format while the processor operates I'n a second data format. The - 2
APR 2003 WO 0onhbadim@cofithe inas3ien-dodepracticerd.ofhanomputérsystais 168quence

i aicl udes a nunber, of code se nts, sub-prograns, sub-rqutines, or
functions to JHERISER RIORESFHE T@fa léﬁfé?’&ﬁilgévé“. MEBORY| COLF lefﬂééea"éfgérati ons

i ncl ude converéli_agcfhe Oﬁ,@rand fromthe first data format to the second
data format, sé ecut eryécet “instruction by the processor in the second data
format to generate a result in the second data format, converting the
result fromthe second data format to the first data format. Additi onal
code segnents are used to performother functions as explained further in
the followng. Figure 2 is a diagramillustrating a tagged architecture
according to one enbodi nent 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 includes a register set 116a and a
correspondi ng tag set 116b. The register set 116a includes N registers 2101

. PNA KNI - . . A A~ e PNA A v PNA SN b



expanded format to nenory format. Figure 2 illustrates a store i nst r adtAPBA003
nmoves contents of register K 210K to nmenory 230. - 2 APR 20

" 001 22524 PCTINBY¢224376 7 _1In a context switch, register set q’%fgj;é%%”%%ved
in nmenory as saved registers 240 by a save instruction (e.g., FXSAVE) and
restored by a restore instruction (e.g., FARESTOR). The format is converted
on the first use dfhelptecesdirrlOhepopenatd amualgroassiapduliobiah typessat ch.
The tag set 116b is not saved by the save instruction. The tags are reset
to indicate rasabitgctfieg, such e campdex brsuctipgseecBnputess (TlgHaraducedst rat i ng
a format conversion according to enbodi nent of the inventjon. The .
format conver8FEHCHIN RBILOPUNEF Qﬁgﬁé YAl Png GrhRicten ‘t’ﬁ’éilg‘éLb’l‘lﬂ' Offck‘rygﬁltd
before all o | agﬁ- j t 264bi t rmat after all

oper ati ons. %?é}%?%érmrrg' coﬁfv%;\?! %rHEIBEr%(l;FF %r(ﬁt_eig &aepﬁé?%gin rfflégt})%q}eor?(glrngéezo, f or mat
2 _converter 35QcesBH campRE Fistdn, SRAnvEhGHH o dOWEpIeRRIAESn 3 Hhlti330,
350 and 370. Qperands 310 and 370 are in format 1 (e.g., 64-bit) and

oper ands 330 podes360camguiter Systamat 2 (e.g., 82bit). The format 1 converter

converts operands .310 fromthe format 1 to operands 330 in format 2 before
t he operati on. ThJ%tﬁp@eé’f?réfﬁoé‘&r@?]ieg%ﬂgPFBY‘ﬂﬁgVG%‘PH@"‘FQ?F%&%“CZ‘.OHA@é}Fethe

operation, o 3 e r ORY| by
Che format 2 SAverIcRiBl’ RROKERAGS, QRGO AR AR O p g b B
transition aqgQlidwthd provassoetdaetd¥e e Sborddeed dvived. OThe é’to’i‘i)gtedé\fi@é"fw' on
(e.g., ISAtransition) occurs when an application running in a first node
(e.g., |A32) reptdssntsoorsnommoke oreichenisns far segorglinfoueatien.gFer ex6dple, thenode
transition invol ves a, nodel aggrlfi cati on 410, a m)qel, domai n, 42%25 a node
dommi n 430, &Heragefisyice HONpE MGIyHe 285 vatplile fidilatisnemariesn Exaownian ofs 1o
t he node2 appli i i i ut

t he nodel foﬁhg%q%\lgf}&r?é(r}gégﬁ?? e@? gﬁﬁgﬁ&' x%ﬁg 02‘2%3“@%%%%@%90&5%\# es a
jump to the rRede? hymary (RAMMNStruction (e.g., JUWPE). The node2 donain 430
provi des the node2 conversion of paraneters. Then the operation takes place
in the nmode2 appl ikigurehaksgollustrateapiattbe stanegedeeize 150 paystosedithasire g

U d i'ti f L i i 440 | [ i i 4] 0,
Lpon e {1 o LLRDo LA TSR S0841 S5 00, 490 g, del, avpll gt 00 470, o
appl i cation %Qeésgxé)ﬁ] B&d erf’&%ihggsir{gﬂ;ég\dqﬁ&-ali of ﬁ\'&QemgheéﬁpﬂHg%&%&ﬁ 410,

t he doubl e preci si data rmay be, r nted in menory or expan or mat
i n registers.inventidre hogatticdtarpthe gXipraml dodeliS2riagiusies ha emulabienrodell53.
application 410 are  saved in mam)r]é.t The node2 donmain 430 | oads the

¢

par anet ers f ridip amelationsadeyopriemptesingauctiersoingifgdats fpp@atitgaodelPnt he

node2 applicafli ou LSl da i s.converted t panded
format in regbgs?) g?%ég%‘ilgb? ﬂheeg%tgelgéfs ?%r%gi(a%tan%%egjzbggbﬁ P& r%ﬁnnfocf%@branch
instruction %ﬁ‘?ﬁﬁﬁsﬁ!&@a aﬁéwérhraeerryr@t@.r InigariBAEE Yhd @athhifefiA@l152ppl i cation
410. Figure is adiagramillustiating a context switch 500 according to
one enbodi nentclofles helatmsegmeninl SStwhidorardains slata maprégmted dupdoruat Lo an
interrupt and jnvo] ves a nodel lication 410 and a de2 operating system
520. As is kﬁsbaar%iytoo?fea marwré@‘%?ﬁ"attﬁéeeipel}d%ﬂo framata (4 coureh thglogags: ext
S oh are PREMA SOeRe ABIPLARERS SHARBAGUL I SSIRSR, ifich ifimode!
application is an application running I n node Instruction’set (e.g.,

| A32) . The nméeéssag,ptd aAdesardifgithe indsgion. cal | ing code 512 and a return
code 514. The nodeZ operating system (OS) 520 is an operating system
running in node 2Hig\sterljeddiﬁor@§y illasygates|ti@ahe procesaodbld iDelehs a desdoddes a
. patch code 522, ..a save code 524 _.a node2 co 525, a.restoyre code 6,
and a return%ﬂg%fg.exﬁﬁu?%uﬁgﬁg&x? r%&bﬁeéﬁehgﬁé' Pmiagt%%réaf‘i’w ﬁdjgtfgé 5,

t he nodel appli,cati i i T .5t i nodel
appl { cati on S2HFR U pftkasdc aR0 LERLARs bAARICrPLirc g, WHLANFRG Adbeledfy 1)
call to the npiedetftaRdihg the iRGEtioN. TRE detoduhitd 1IRreddRraiodinge patch
code 522 perforns a transition to go fromthe enul ati on node to the native
nmode by execunstngctionsateceivad biyrprocessor dh0 sntolvoatrohsigopsmndvairrmiarocmde A1l
registers are converted to the rrengrg%/ forrr(gt_on t he Fatchi ng i.nstruction.
The save cod@ntEyipainttasingespense tediere cayrasignals ang/emigrogode BNEY st or e
instruction. A bit store instruction - 2 APR 2003



CVO 00122524 PCT/ US99/ 23376 -9 (e.g., STF.SPILL) stores the contents-(ngPerng3
registers without conversion. For exanple, the 1A32 FP registers are sg ored
" in the nenor\‘ﬁlog(gz‘f%" byt es wi t hout conversion. Then the node2 PEIGBURR7
proceeds with the execution of the node 2 instruction set (e.g., FA64) to
service the interrupt or other tasks as appropriate. After the node2 code
525 conpl et g:%ihtts,st}ﬂe?@&%tigﬁ urliNEl4 Bt @x@c&?pﬁgﬁiaﬁ%ﬁrsﬁom%@ved model
registers as bits with a bit restore instruction. A bi't restore instruction
(e.g., LDF.Fegisjerrsesids exludes a pyirdeeof tigistest thaestorend alnmepyedentdchin i t
store instruction to the registers. For exanple, the 1A32 FP registers are
restored w ttATPARZ TEIHTEE L0 a7 HBHENE¥ Ak t hout conversion. Then the return

xecuting a br andh b BERFH e bt R0 R e rvPRae A Rel

code 514 in 4Be.saBFeThapRld4Gak! @it bPocedddr Jfrfog%s%%rg§4é|8ft9dart§.5h9{}?edlﬁl-@4,”e”0ry

format. |If tagged architecture is” used, tags are reset to
menory for méd-biTflbetingtpoint doulsle girdcisiont(F€ DBdehmbprd dreabpromseded 4582k i nues
its operation in_the nodel environpnent. Figure 6 is a diagramil]ustrating

a nunber f obiekF Ednireths regissercsst di b expanded o8 regiaiertonmay, % iy ERPBN.
The nunber f.orpat conv i on nverts cked 32-Jit..integer (INT), item
510 1o a pacRelt PPN L GPatBr BE PR o of Rebyt PRSI Gett, “The
packed 32- bizb) [ d\brebd:R5aGL0bik FPAIP VEHis 961 Be IADIPeRr3dt B boPhitd t em 660 by
t he convert sequence 605. The packed 32-bit SP item 660 is converted to the
packed 32- biregistéfs ahdméhOrpyrefesiedytonas iegalaxdoment. Tostaingin sofwaneh as t he

fpcvt instruction, .The convert sequence 605 converts the packed 32-bit I NT
i tem 610 toCQH‘Hfﬁ‘f?é]dWeW%SQP&rP“BNTog’?é‘Fﬁ ‘g?ﬁlw%ﬁﬁé&@'gﬁ RIREESSPRIBHA0 i nto

two separ at @ ,payt,3.. £a | c bi ' . ked
52-bi T INT (o5 FRBH sRBkissb (el B shhlb A R S e dRR3S 0 by
converting eeéssadd;.bThe Tdhnidi&Nin the Prased® i vsRidiciantbddsed fo drifllatd gi@ Then
t he unpacked 64-bi't INT item 630 is converted to an unpacked 82-bit DP item
640 by conv@Rthihipstautiops opithe Pifbit pracessoro Imthrofollesyiog disapssipnbthe DP it em
The unpacked 82-bhit @3 [ tgm - 2 APEMZOO3 WO 00/22%24 PCT/ US991 23376 - 10
640 is thenPEBFRPEPE LI isgelerpaet 10uRF BBIASOr™RF e Eor 656 thy PRagIaMYOh

conbi ning t ~ DLt [ bLRbA,: s [NV iqnay acked
52-bi Db | to AL A B IR s e TR s e Rl ph e T Y,
di agram i | | pedbgatnngr sofpwaness 700 to enul ate | ogical instructions
according to one _enbodi nrent of the invention. Upon START, the process 700
det ermi nes i f- t hdhergnulationgpay deamplenenteddpsnempeeef wiays (g way

i nstruction. S NFEE)P AN D,. X(agDP | ock . I f\.not, the
process 7001152&? Sf?n'sﬁg ?fdlwaﬁlgﬁo?ﬁlscta rluf(‘:tolnoneipéé(tgonrgggfg%%%aorl'o |t}(1:%rl DP

I nstructi ongyayisNAvBRNACRTTerdind§ithe dRk£ FARMAS bl fpatdtinpReda ks thepsrting t he
menory format (Bl ock 720). If not, the process”700 is termnated. If the
oper ands ar grograche nmenory format, the process 700 determines if the

significand is zero (Block 730). If not, the process 700 sets the exponent
field to Ox1003E [ GERPYISD PregiadnpPeEfeyare Bniperieating:the ttdyiaues oper ation

Bl k 760). . . Sj i fi L S,: ¥/ {. t
frerd oo oxderabdfubifbereifbaudehdy SdGROGR Ao Bhafitd iy cxhonch
operation ( Bh&ling fhd W Medsun A XanfBeMudhRacitine réddhblEingedians i1 s a

diagramillustrating a calling operation 800 according to one enbodi nent of
t he i nvent i dncludaeexdtdridurtapmentdrias sad a5 nandatp aceess an¢rsprB (RAMIdreadcal | ee
820. The caller 810 rups. the appl.i ion. | ata format and calls the
cal | ee 820. °p “I%’I“P’é’ewrr?fﬁ Bqlﬁi‘%éﬂ%&"ﬁﬁﬁﬂﬁﬂ%}ﬂ&fhépaaaﬁ% format. The
caller kno b ' 0 V. ' e

Fagi sters o nagdiakd 8RipA diiiCeeairl) B CROR MR T ARRAR Siabd T,

cal l ee 820 @il lopties] ARY! SikRARE, SaeRl Waves,ldc.t %etc;%&\;mtbﬁp?)dgx&?mbfﬂﬁ the
registers as bits in the nory. After the operation, the callee 820
restores theodegegtancenslatmthe instrudtienmwehirhyopienates ooray léast oae opefandher e
is format m smatch, the callee 820 converts back when executing the_caller
i nst ruct i ondn adshdataformahyhils tha@reeasseroperatesina segpnddaty, tsBhei ous
data type conversions. Figure 9 is a flowhart illustrating a process 900
for an object code translation (OCT) according to one enbodi ment of the

i nvention. - 2 APR 2003 WO 00/ 22524 PCTNS99/ 23376 -11 Upon START, the
process 900 determines if the instruction is an enhanced node (EM native
instruction (Block 910). If not, the process 900 is termnated. If the
instruction is an EM native instruction, the process 900 determnes if it
is one of the packed DP instructions (Block 920). If not, the process 900
is termnated. If the instruction is a packed DP instruction, the process
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processor, c risi.ng: converting an operand of an instruction froma_ first
data format nggb@@ggnd data format, the first and second dat :fch@%?ﬁ{Z?%

corresponding to first and second instruction set architectures,
respectively; executing the instruction usbng the second instruction set

architecture é&n?m@ Eﬁbgra@n b2 3k boddsegien&ement dat uhekbrBt éo&é‘&gf?ﬂé‘x‘(t%f ting
the result fromthe Second data format" to the first data format. “The net hod

of clai m1 wharteprogremsgsib-ngutihes, opburations topeifbemfa nsmbeabioperatiinst 0 t he
second data format conprises converting the operand from a doubl e-precision
f1 oati ng- poi nexgpplep)f theserperatiansigchisle onvertmgihe apesard frarprbe fitstng t he
operand fromthe first ta format, to the second dat.a format, c ri ses
converti ng. t remgdarhRtia Bedp Sl BhadirhatsR e EPe P Bt ik PR ARl nt
(EDPFP) f or Bssof IF S RBAd A ats kthiBt 3o PhsESHa | FRefRESRY dags @

64- bi t reprg;%arnotcaisiooﬁ. The net hoad of cl a?\g% V\he?e%yr%]m?ﬁe E[%%F%ﬁ?ornat has
an 82-bit repfoesant@hivertingltie methdbnotheseaabna ol anh fsreridt to hiee idsttd 4ta DPFP
format is used in rrermr_g and the 82-bit EDPFP fornat is used mregisters of

a processor Havmay fddiberaredessgmgetsiasn used taperprreatherfungiensashod of
claim6 further_,co rfi st'?\nlg.a sofci“ati.n a tag bit to one of the registers of
t he processorextpéa’inﬁ i CRUE 1T % |Qe"vdl|n ter is in one of the first and second
data formats. The ; el AL ; iR [ t he
first data format ?ghféﬁglsgéegg‘{ dhgnaglgwg?ﬁg? tg régggg%%ﬁgg?{lﬁgg{?ﬁiwén
oper and from drhbodimatt afaha ifvertizh. tlhetthggabamhitedatraidfdudes aitdg ttracrres a
m smat ch between the tag bit and the corresponding instruction. -12 - 2
APR 2003 The ‘etarsgogpted withtheregisieepeteonpri sing storing contents of one
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a corresponding tag set 116b. The register set 116a includes N registers 2101 to
210N. The tag set 116b includes N tags 2121 to 212N corresponding to the N
regiéters 2101 to 210N, respectively.

Each of the tags 2121 to 212N stores a tag bit to indicate the format of
corresponding register. For example, 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 there 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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the second data format when there is a save operation on a context switAER2003
11. The nmethod of claim 10 further conprising restoring the saved contents
of registerSVPPYMRSEhe nemory to the registers in the second d&tAUT8PP
when there is a restore operation on a context switch. 12. A machirne

readabl e nmedi um havi ng enbodi ed thereon asconputer program for processing

by a processor to_enul ate an.instr.ucti n.the ocessor, the c ut er
p)r/ogr g_m conpri si glﬁ:angox%%ﬁ&)ijwléwféég%tglsgtm&roogd? ﬁ?ﬁ%{)ﬁ‘e’nﬁ}"%&ﬁ?éﬁ’e@?oper and
of an instruyg m&sfzag% EdveShsiatiord &t%rprxgﬁv@T)%ﬂa%gtoQ@a %ggagggﬁ{gtthe

first and second data mats corresponding to first and se ruction
set archi t edihetrastion ésgeFXRESTOR)a Toerfprnhet isrcoadaitbe opr therfigt aswlef d&a
execute the instruction using the second instruction set architecture to
generate a rebenthe ﬂPQI}ﬁ\é‘Oﬁe?@%rRPQiaﬂfé forsmatamismadctn Thetag sat 116hdsndte

pr ogram code tod%g{} ert the I’EBU| tgfhrqmthe second data format to the first
data format .53Y§ € FALR I YERBadE FREATEFERT R A P oMEMATEi fRTPAEOR | & st
data format zjﬁs@org‘oubl e precision floating-point (DPFP) format. 14. The
machi ne readabl e nmedi um of claim 13 wherein the second data format is an
expanded doubl e- (Figafes3 tma tiagasmnitjupating 6 ERRRE) cdrofersibn atbordthg tereabi ne
readabl e medi um of claim 14 wherein_ the DPFP format has a 64-bit

r epr esent at i &Rbodignent pf the iiensiope ddePENAReANYerFPN anethed KNKKRES dhe b4he

EDPFP f t, . 82- bi tion, -13. - 2 003 17.,T

machi neO; engabdgﬁozr’??gd? %lﬁﬁ g#bitﬁgfﬁgﬁgé@ﬁéeglz Pﬁe’fai’éméf-“ﬁli @&éwaﬁ%mei “used
in nmenory ar&t?&%ﬁ%}‘t’éi%ll@%’rzﬁiér&fWeﬂo?mﬁﬁ@&xdé?si'bﬁgh-?m@ adbr@aPjocessor
havi ng the second instruction set architecture. 18. The machi ne readabl e

medi um of cla@inwvedtér 820 fermat heoro@nzni3é6, arrdoan apefatidn®0. conpri ses a
conput er readabl e program code to assqQciate a it to one o

tag_b f the
registers of the Figurecd ghpws gperaaids 8, 330, 8¥band 741 @peragdis318@@dod70; he
first and Sea(\fgrlqu f(ﬂ’%ﬂ 1f f%r.g%éf-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 application
in a second mode (e.g., LA64).

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.



19. The machi ne readabl e medi um of claim 18 wherein the conputer readdbAfR 2003
program cod ert the operand fromthe first data form

second dat ae\fvgb%gfpﬁgonpri ses conput er readabl e program code tgct@rsl%/@?mt he
operand fromthe first data format to the second data format if there is a
m smat ch between the tag bit and the corre8ponding instruction. 20. The
machi ne readabl e mRshrumce ghdtidR R TROAeT ASpIFQ@RBHUAD & HsH A Aplidabish
conprises a conputer readable programcode to store contents of one of the
regi sters i n4ife bmmehyinstrutctien éagoBR_44A) préddesnsn et frothé¢herauiiede readabl e

medi um of cl ai m.20 wherein the gonputer program further conprises a
conmput er readBB ’éatﬁ?rbg‘?ﬁﬁ?gk?dgo% §B{?Ecitt§?ﬂgﬁs of registers in the nenory
in the second dat [ S | n ont ext

sui ton. 22 The mubieEod i AE0R 418, B e B AR R B o er

program f ur t hgsreSaNRaI ihiahemMofPBP Lk Sind @RISR iRTOHERM. CRORtrRcAEE HBRRIA he
saved contents of registers fromthe nenory to the registers in the second

data format vR@rall therregisters indbe onadadpgrmlidatinndil aresaveeXkn raeirtocih. Tha. A
system conprising: a processor; and a nenory coupled to the processor, the
nMenory stori ﬁbocgf%dwéagéé%%éésﬂlh%Pa%§*§§9 E/rﬁ@ BeopeRnesy Wigh ozt an

et Lot on SHSGUL PP 0Bl BEO5E Rloa P RS SRS RLFRIPRISIAR, 2,000

segnent to COI’]VGI’{ e an | ns 1 on rmat to

a second dat dafOisrBhwvettdd thiekphinde fSesand rdpisterf OAMRY $hE&HPera@BRAAdI NY tO
first and second instruction set architecturés, respectively -14 - 2 APR

2003 a code seylrrapplicagioncthesbraneh imsttuatinm passesihegesihlé pasooatdrs ivst r uct i on

set architecture to generate a rfgsult a t he second data format, and a code
segment to cHMRRPY ke medel 2PPBMANt econd data format to the first data

formt 24, The SHpam ek ShaEmATIRIGE S IR SpUe SRR et

conpri ses a code segnent to aSsociate a

t he processoenibodimeheaf ¢hd invehtoheJhetc@htdxd sivitcRIT60 @kciReidd tosdn and second
data formats. 25. The system of claim24 wherein the the code segnent to

convert the bperaipt ahdomvohgsfimedetapplicaiont1d and henedooperdting systemat
conprises a e,se nt to convert t.he operand fromthe first data format
Lo Lhe  second2iiafs 7 BRRkn 7 Soh erlled R dhaREn ey cBatsseeh ion'sg BT ang
the correspopgi sHB]%tsﬁa‘éF\tabgﬂocéQswggg‘iaﬁ%/,%ﬁfm%kiﬁé?ét&‘ 25 wherein the code
sequence further conprises code se nt to store"one of the registers in

the nmenory in t heTheanodeDapplidadiomsit anZapplidation yaheingoh mbde mid&ruttésrei n
t he code sequence further_conprises a code segnent to save contents_of

regi sters ins¢tiegrddetd). iTherhedglerrplicatiored l0onaaidennenllingesasdy 3l 2ancthye

oper 2t on, Oy By BRRLAE12Ehod e S| GEHIoS 30T &1 RIS fef im0
running in mode 2 instruction set (e.g., IA64). The mode2 OS 520 includesa .
patch code 522, a save code 524, a mode2 code 525, 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 emulation mode to the native mode by executing a
patching instruction such as a JUMPE instruction. All registers are converted

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

the model registers as bits with a bit store instruction. A bit store instruction



restore the saved contents of registers fromthe nenory to the regi st %IAgRiZQIF

the second d ALhpt when there is a restore operation on a
switch. -15 ?‘;A&?J"A”J‘.ﬂﬁ. A A . A.A@Ayy. Ay. AF. Af.y. Al . AhY. AU, pabE TR sars

Uy% r) zupke [ U]l c™a] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a] ca] c”a] ca] ca]ca]c”a]calc™alcalcalcalcaled-)j.x@P] |1 %

1 8)) $) | wr the e/ $TRbPRL IR 6k GRE eahealcathakeabeal palreak eaheabioal Eal cal ca
] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca]ca] ca! $) 2) b+++", k,,---v- @0011/124a478
888#9k999; <>>example, the IA32 FP registers are stored in the memory as 16 bytes without

A} xsni d_Z] c”]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]ca]lca]ca]ca]c
a] ca] ca] ca] c¥EFERPRa] ca] ca] ca] ca] ca!

AA: A#BEGGE | | ] KOOR! -\\\ZIxsnid_Z]ch cal,ca] ca] ca]
ca] ca] ca] ca] ca] ca]@ﬁ%fé%ﬁ%%ﬁ%%g%%% %‘g]e&gf%zi?’&g @?}@8}182] ca] ca]
ca] ca] cal \\ <Jihkiictior e.fD IAG 2B RhQDthe interruéat or other tasks as appropriate.
cTcccHd_ddd/ ehee} xsni d_Z] c™] ] ca]J ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] (sz]) cg] calcalc
a] ca] ca] ca] ca ftat theel maHe2od¢ 623 cangddtesits afemition] de weeforé 464¢ b2@reapedres i () J
jJJ @kkYlll 6mmmn%nnoeo} xsni d_Z] c"],} ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca]tbaprargd s ITsBATE 5 Lajscalth & RihTesire Anetag et ire o &b BlrrrNs
ssJjjj @kkYl |.l 6mmmn%anno ﬁiﬁ( i cM]eal ai}s alcal a+ ai‘ca%ca c cal ca
] ca] ca] ca] Ca]lggﬁrgg %%?%grca Cgilclgfgét]oéaﬁ t%\%lrg% geerl%bétﬁ]sg% ga{ &3 ’E‘glﬁ 6152% 10% o
& ()-3  310%K&store e &on)to thy l@{%’*@@&é.(#ox’- SR B Q& 30)FPLAY DS s (@ke 5~dE9
10% 0& ()- 9 @10% o0& ()-f10% o0& ()- -10% o0& ()-L9:10% o0& ()- 10% o& ()-A
dE:/ 10' 0 10're%tboed wdtl thetl hposs 6& i )mOBBLOM h&uf fondrsion. Then the return
10% 0& ()-910% 0& ()- 9 10% 0& ()-.. UyxY:/ 10' oyl0%& ()-
109! () - | 10%9@2-8%}-% cBupas tensitiqoiggeryrndp thy made  @pplicetiendy) de: /

executing a branch instruction (e.g., BR_IA). On returning 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-bit INT item

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

INT item into a corresponding 82-bit DP item. The unpacked 82-bit DP item
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instructions accordmg to one embodiment of the invention.

Upon START, the process 700 determines if the instruction is a logical
double precision (DP) instruction such as ANDNDP, ANDDPD, ORDP,
XORDP (Block 710). If not, the process 700 is terminated. If the instruction is
one of the logical DP instructions, the process 700 next determines if the
operands are in the memory format (Block 720). If not, the process 700 is
terminated. If the operands are in the memory format, the process 700
determines if the significand is zero (Block 730). If not, the process 700 sets the
exponent field to 0x1003E (Block 750) and proceeds to perform the logical
operation (Block 760). If the significand is zero, the process 700 sets the
expc;nent field to 0x0 (Block 740) and proceeds to perform the corresponding
logical operation (Block 760) such as FAND, FANDCM, FOR, or FXOR.

Figure 8isa diagrar"n illustrating a calling operation 800 according to
one embodiment of the invention. The calling operation 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 the tag bits by storing the registers 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 format mismatch, the callee 820
converts back when executing the caller instructions. Upon returning to the
caller 810, the caller avoids spurious data type conversions.

Figure 9 is a flowchart illustrating a process 900 for an object code

translation (OCT) according to one embodiment of the invention.
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determines if it is one of the packed DP instructions (Block 920). If not, the
process 900 is terminated. If the instruction is a 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) (Block 950). 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
precision instruction set ona processor which has an expanded precision
format representation. The techniques include format conversion, context
switching, tagged architecture, 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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1. A method for emulating an instruction on a processor, comprising:

converting an operand of an instruction from a first data format to a second data format,
the first and second data formats corresponding to first and second instruction set architectures,
respectively;

executing the instruction using the second instruction set architecture to generate a result
in the second data format; and

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

2. The method of claim 1 wherein converting the operand from the first data format to the
second data format comprises converting the operand from a double-precision floating-point

(DPFP) format.

3. The method of claim 2 wherein converting the operand from the first data format to the

second data format comprises converting the operand to an expanded double-precision floating-

point (EDPFP) format.

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 1n registers of a processor having the second instruction set architecture.

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.

8. The method of claim 7 wherein converting the operand from the first data format to the
second data format comprises converting the operand from the first data format to the second data

format if there is a mismatch between the tag bit and the corresponding instruction.

-12-
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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 computer program for
processing by a processor to emulate an instruction on the processor, the computer program
comprising:

a computer readable program code to convert an operand of an instruction from a first
data format to a second data format, the first and second data formats corresponding to first and
second instruction set architectures, respectively;

a computer readable program code to execute the instruction using the second instruction
set architecture to generate a result in the second data format; and

a computer readable program code to convert the result from the second data format to

the first data format.

13. The machine readable medium of claim 12 wherein the first data format is a double-

precision floating-point (DPFP) format.

14. The machine readable medium of claim 13 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.
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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 a processor having the second

instruction set architecture.

18. The machine readable medium of claim 17 wherein the computer program further
comprises a computer readable program code to associate 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.

19. The machine readable medium of claim 18 wherein the computer readable program code
to convert the operand from the first data format to the second data format comprises computer
readable program code to convert the operand from the first data format to the second data format

if there is a mismatch between the tag bit and the corresponding instruction.

20. The machine readable medium of claim 19 wherein the computer program further
comprises a computer readable program code to store contents of 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
comprises a computer readable program code to save contents of registers in the memory in the

second data format when there is a save operation on a context switch.

22, The machine readable medium of claim 21 wherein the computer program further
comprises a computer readable program code to restore 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 executed by the processor, the code sequence comprising:

a code segment to convert an operand of an instruction from a first data format to a
second data format, the first and second data formats corresponding to first and second instruction
set architectures, respectively
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24, The system of claim 23 wherein the code sequence further comprises a code segment to
associate 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 the code segment to convert the operand from the
first data format to the second data format comprises a code segment to convert the operand from
the first data format to the second data format if there is a mismatch between the tag bit and the

corresponding instruction.

26. The system of claim 25 wherein the code sequence further comprises a code segment to

store one of the registers in the memory in the second data format.

27. The system of claim 26 wherein the code sequence further comprises a code segment to
save 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 comprises a code segment to

restore 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.
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