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FI RMAMRE WRI TTEN FOR DI FFERENT | NSTRUCTI ON SET ARCHTECTURES Techni ca

Yield The present invention relat esmmmmmmﬁknd in particular to system
and met hodg'ofR3wonmuni cati ng bet we itten for @CTIUSAYRAIG6]
instruction set architectures. Backgroumghoode:t Firmmvare refers to processor
routines that are stored in non-volatile nmenory structures such as read
only nenories (ROW), flash nmenories) and the |ike. These nenory structures
pr eser veqi e DOFIEOMMONETATION BEEMEENNRIWARE WRIOTEN FOB DIHFERENT INSTKUETTOR t he

principle uses of firmvare is th,plr,‘R(\fqu‘g routines that control a
,conputer systemwhen it is powered up froma shut down state,

before
vol atile nmenory structures have been tested and confi gured. by
whi ch a computer is brought to its operating state froma pc* M}Hm&r

. powered off state is referre st ing. Firmare
al so be used to reinitiali Zeﬂg%l?grggggﬁfgh&lé ?‘ﬁéongorrput er system 6 ow ng

various har re e and to.handl e rtai | atfaor.m | evel events |ike
ayst em i nt edbaprel FE ThBiest R i pRfT ol ShnaR e f rdt R S5

pr oces gRkiods fdt comeMirReitiag beet e MawaeMREATsdifdienBindtnidion ¥et Ldhite CMeds.
resources. Initially, each processor tests its internal components and

i nterfaces. phikodtdd Bk OGBRRWEE rEEait8 Fhocessop tigh hROkSitbRR iRhOE-eSa@E ( BSP)

is usually selected to handle initialization procedures for the systemas a
whol e. MRmOsE siprcgEedistcaSs randlopliememedss ROMsleflashiragnoro;. 4td thelks yThese

bdenti Tyl ngy QgL hfc@ér'vﬂh@goﬁ)é {6led iERRH €0 d«tﬁkxﬁd?ﬁvef WL 6. SYSLENR:

| oadi ng the’ operati hg systeminto nenory, and initializing the remalning

pr oces pansipleSisexcaf furovedre Isgo pevinieths toutine uthetscoatrcha asnpeatsgsemmvchenanisom

RA| t dabl.e.until later in the boot th
o1 0ces SOVETEHP SHEND SR ARER IS, PEPLSFoIgHIE Piomasy SRiRatET P PPRT SRR R0E s obis
boot st rcapRiuel. PTIRCHEtEse By WhichGe-ofipye lidbroh ght IR 16 peratipl st frBmi aSpdwepedal |y

witten in assenbly | anguage. This is a |low | evel computer |anguage that
provi déewaior geversd ofisdate i Tpleged s ybaetanRiRe Bind)v 2ty eRfianan 80 bedised isel y
tied tQeihlifaLR AGESHRlzu ROESERILY Gsted BUNAGSAT ik 8dnd £dirS hhflid ect ed
in the ?lest of the plggtformrﬂliﬁ}rg psgﬁtte) because o Strﬂ&g assenbly Ietvel

f i r mvarcertaingtatfosm desedieventsi liketsysi¢tnnterrupiaf | gure) and service platforml evel
resources. For exanple) platformresources may transfer data through

speci fi ed r e boetsisappin procase tpically begins with thvedroersebrisy in Heompiyerrsystemon Set
Architectur P 03 =1.Q.00] 33 ' . 61

ol ac  orth PuerdsSebupf i BvATRORRAT. lughs Bel oty s EiRendl ™

pr oc es sompbegitssindriaterfatddSIn mnltipredessoa kysiems AdingrBdogtitppraeassof (BHPAGS or m

| evel resqurces arc, tied to the | SA of the underlyin rocessor. These ties
bt wee PSRBT Fa I e AR et FEARTSIS T A BFiay THRE PIOCFRRET e can
not be ifQB¥eHeEdns ﬂmdh&%ﬁ@%&nc‘uﬁﬁ, inedtiFPiE afK fnRitSizig otifidrsolifees ihltBe

| SA-specific nature of firmware is signifrcant for processors that support
nore t FRMPYIESYSERD, Ipgsing:tha eperaing susteppingemermery, apg initisdizing tharepaining r st of a
line of . hg OB dGhnRRNE & AbRory GRIAMIPT Ni 2
o PERRERE SR (RGBSR shhil RASCERIn e B By bty

pr oc es e sotalepandabie/vntiblatee frothe best firocess ¢l precessargmalementsdomeiofiitaparlt el
Architecture 32-.bit. I SA (LLA-32 ). VWiile the Mrced" ! Cc and its

o ogeny HatiaR RiRG foh e varioh RokvaPing Bro-du HaHE noms ML RRRRG, "\ o0

h hi .t heir [ . : dd [ ch d
buses rof | aatrar s WERRDS BRI SHhRy LBive - (PHaR TR ANl Ty | A 32

archit el@ﬁgurags thdhgrolilleSdirddh aédesy 16 précedvharddreCdtl sems@uehly, i d16dedy fedto
relatively few resqurces designed specifically for the 1A-64 platform On
t he ot HEP Preasigor arplifesture, TheRrarassorarchitestyir i &flegipdiin tgirest phthe platippm, in

pl at f or | i LA i kol ken: I Q9 cafdt L)
* nonitors 'B%aéraﬁ%wgr a ﬁev@é@&s‘%‘ gﬁgw?%ghfu?%hft (?irn%rt\;mval?%a c![6 ﬁg?ﬁg’u%gggﬂ&t hem
Huge i rplatfermelnvel résaueces| Eeor dxemplenpldtfoinmrelsgurg rhay tmansfee ditathmoughespecified

technol oagi es sych_as Advanced nf i gurati on _And. Power. n nt .Interface
(ACPn, PET 3 ror%%odz:(%cﬁﬁort ?& ﬁ%{hﬁgﬁﬁqﬂc@?ﬁ S%td&,\rrr%t?lécgér %ﬁ‘%@%ﬁm ogy is
available to significantly reduce the space required to store | A-32
firmvare. Approximately 1 Megabyte ("Moyte") of firmware code may be
conpressed to approximately 512 Kil obytles (Kbytes)) using this | A 32
firmvare. Supporting these | egacy resources and firmnvare technol ogi es on
the 1A-64 platformwould allow devel opers to preserve the investnents they
have already nade in the |1 A-32 platformand reduce the tine to market of
hA- 64 systens. Supporting |egacy firmvare (1 A-32) on a new processor
architecture (1A-64) is a relatively conpl ex undertaking. For exanple, in

b N LY O . . o




2° 1 5 APR 2003 ' CVO 00l 33170 PCTI L1S99126161 register sizes) and 15 APR 2003
addressabl e nenory, there are nultiple addressing nodes in the | A-32 | SA
that are noWpH&E3EWt in the 1A-64 | SA. |1 A-32 enploys a node dHT/gp9/26161
protected node to increase the addressable nenory size from1l negabyte to 4
gi gabytes. The present invention addresses these and other issues

associ at ecdlatfarm lewed istemyppss maybe hagded by fefeming to $pecified pfdcessentegisters.ve

envi ronment,. Su ry.of the Lnvention,The present inventiqgn pragui,des a

oyot em and et HORREHA etisaP BN ER Brp AR D ERionisih E e R e
based on dht {:edeelying fpéSessdrnN TRERAIH BB@RehisBmblitle ] Eis@Mard dhde@Rd I9Mals@ Syst em
conprises a first firmvare nodule and a second firmvare nodule witten for

| egacy andmfithitehs Bpayatecapaeiheopyerted o different A3y WHBOYISXK8E¥E at ed with
the first fitmpare module to provide access to one or nore |egacy routines
through a first di spatcher. The second firmwvare nodul e includes a prol ogue
routine. The pr r j : i with the
first firmware frADc u eﬂ%&fg@?ﬁu? %gﬁ@&ﬁﬁ&?@ [’)?%‘\E/fbgép%gfﬁfaﬁsaﬂﬁesp é\gog'tn t he
first and merahsh ficrlSAarkor exanpleshe Biereeti™ascasiqtis i fodt of héinBpAW ngs The
present invention may be undeystood with reference to the faollow ng

drawi ngs) PTREGRARTE chlm@é bé!la%n?%rparfaaow AP Ak gﬁrﬁfﬁ‘fq{%‘aﬁ%MF@?m‘Fﬁese
dr awi ngs aﬁﬁ?eég\[r%lcgﬁgc E2blt s 3&(-@&){?_ﬂ%&@ﬁ%&@'g‘&@&g}smﬁﬁcmc Fe?cﬁ:r@és%e.nt
ed to t he ntion. Fig. 1

invention and are not Inten imt cope of the 1nve
i s a bl ockextcetgmpasprarhs eodedmpan btel Syshtiennrdi22-bitA8A (e82)n Whilenker e system i n

accordance W t hnt he present invention. Fig..2.is .a block dia of a
o o i e BAstaR n poE. Ypa b2 srbiytsr ey gre ot AZE 0 6% apg
2003 WO 004:33dsé6rs PETAJdp ¥ et Blifids, Hicd re@stbSstichr@MaR oty ZRIEEBERENeAGEsa et hod
for booting resources designed for a platformthat inplenents a first

i nst ruct i ofpdRiseaielpstitaeit pative 40-64 gsehiteetyrerathes than the legacy dAsBcond
instruction gei.ngfChitecture. Fig. 4 is a flowhart representing a nmethod
for conmmunicating between f rst and second software nodules witten for

first and seconifthé Dk lﬁ?attlioptﬂ i?r%w,%g Q&r}sg&}eﬂ{lﬁ%hcm are relatively few resources
designed specifically for the IA-64 platform. On the other hand, there is a wealth of

resources available for IA-32 platforms, including mass storage media controllers,
keyboards, mice, monitors, peripheral devices, and the IA-32 firmware that supports
them. Huge investments have also been made in 1A-32 firmware for newer technologies
such as Advanced Configuration And Power Management Interface (ACPI), Wired For
Management (WFM). In addition, compression technology is available to significantly
reduce the space required to store IA-32 firmware. Approximately 1Megabyte
(“Mbyte”) of firmware code may be compressed to approximately 512 Kilobytes
(Kbytes), using this IA-32 firmware. Supporting these legacy resources and firmware
technologies on the IA-64 platform would allow developers to preserve the investments
they have already made in the IA-32 platform and reduce the time to market of IA-64

systems.

Supporting legacy firmware (IA-32) on a new processor architecture (IA-64) is a
relatively complex undertaking. For example, in addition to the obvious differences in
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~ Detail ed D scussion of the Invention The follow ng di scussion sets f“?rStKPR 7003
numer ous specific details to provide a thorough understanding of the
i nvention. YOM833K0 t hose of ordinary skill in the art) havi %&Tfur?ég/f)@ﬁ’efi t
of this disclosure, will appreciate that the invention nmay be practiced
w t hout these specific details. In addition, various well-known nethods,
pr ocedur esysistonyienieandgidessspble nemetysthaease moitime addrersingrmasisslin the 8d433i | i n

order to f t ' ) ur@as r ' ' ig. 1
s e bl oolSEily e R Pt e IR SERA RSPl B RRE T B 4 R B0l

sui t abl e froincrenpd eyraddressgble meenpre sznfroonl e atnne tolhgigahsasl The gresemrodi nent
-of conputer system 100 inclugeg one or nore processors 11Q(1)-11U(n

(ool Loct 1 VRISHoh ROESuhese A teh e st s ORteet W £ SChREh 57 BIRYEt hr ough
a processaqf ;Ruerdmd Hativd SweEbamesenory 140 is coupled to systemlogic 120

.t hrough bus 150. A non-volatile menory 170 and one or nore peripheral
devices 180(1)- 180(j) (collectively) devices 180) are coupled to system

| ogi ¢ 130 through peripheral bus 160. Peripheral bus 160 represents, for
exanpl e) one or nore peri pher Summappofkthe Invérdiomonnect (PCl) buses,

i ndustry standard architecture (lISA) buses, extended |SA (ElI SA) buses, and
conpar abl e per iTHegtaknttinemsion pavideslagystémn and methyodtEf} sopporbe a static nmenory

devi ce such as a read only nory ( or flash nmenpry. Peripheral devices
180 i ncl uﬁ@%c%ﬁmtﬂ?cwﬁﬁ%ﬁg08?1“2?5‘833661 nting devices, mass
storage devices such_as hard drives and digital videg discs (DVD), a

di splay, and t He afqopgancy MithdheRrgseap nventinged RLTICTACPRPYIES Adist fE@™are1 30 defi ne
the computyngphat{ Q8Ad fino%s beBulkOlrindn @r legherParliRRiic0Rhs, RsBi33370

bet Ooon) Fa0eeitd QLR RimBas b Bul\irdn @Br 1cg] ygysteh'n i %’P@cé‘?@ s 110
may i npl enddataatri¢mstis pssetintad withrths Gtst firmpwarcauodnieto(dr®Alls aeesy.td ohgder32 and a

and o e eredCelylnedtbrodeh IR b eBRRE T o Tl e MeARDA DS 0™

8' at f or rrsé%&%gge idﬁfiﬁ%s'ﬂﬁdlﬂbwgeoﬁmllm&ﬁz&i gelzdmra‘msgos ocﬁ]‘fedpﬁﬂi tﬁh)ﬁfs&ﬂ

evices 1 and the basi ¢ .input output, systens (Bl or firmvare) necessary

to boot, c%wwagarr@)iulaﬁadérawg&ef it R RN IGFA ket wesy thp frshpntbsecopghd) | A-64 is
a rel ati vegyndeWmRlaiei or m and has correspondingly |l ess infrastructure
support. The present invention provides a nmeans to support |egacy
resources) e.g. resources developed for the 1A-32 platform on a different
platform e.g. |A-64. For one enbodi nent) non-volatile nenory 170 stores a
hybrid firmvare systemthat ¢ i nd nmodul es for | egacy
and native platforns, respeé??%gﬁgsﬂxhﬁggﬁgﬁ?gﬁﬁﬁggprovided to all ow
communi cati ons t Lr : . | ig. i.s_an expanded
bl ock di agram o §%%§8%§Q§g£%§§ éﬁﬁgﬂgggﬁﬁgfﬁggﬁﬁggbF??ggblG%ﬁ%re nodul e
(FW 1) 204drawihgs, is edhicidliife dlementeamritlicated iMRe midbersT HEhest dratvirgsdreenrbodi nent
of FW1 204 includes one or re routines 210, a.dispatcher 22Q, and a data
ot ruct ur o D9BOSHR Rt st S e e Pisbert i eBoR i ACHBERYS40 | ha
allows it foqinketedesel dfitkindétdional i dat ed by FW2 208. Routines 210 provide
firmvare | evel support for resources associated with the |egacy platform
For exanple, rogpi NR% plaék diBgramtFlakdfphir St it FRAMENS ARk A8 sydithid al | ze
and configure keyboards, input devices) video displays or simlar devices,
that have #rserdapeossithihspresent ipyentionp| at f or ns. Routines 210 may al so i ncl ude
procedures for handling platformlevel intempts and proceduees to
i mpl enent newerFigokiswa Weck diagraml of gifamwarasysirapstorediinthemon-volatileemewdiynent  of
fuznwar e s§ﬁﬁe 200, a call table 242 associated with FW1 204 may be used

. to store poi fet's 244 to different routines 210. Each pointer 244 is
assigned an index through which the pointer (and its associ ated routine
210) may be accessed. For exanple, dispatcher 220 nmay recei ve an i ndexed

. input fromFW 208 and use the included index to access one of routines 210
via call table 242. 5 1 5 APR 2003 CVD 001 33170 PCTNS99/ 26161 Dat a
structure 230 includes nultiple storage | ocations 234, which may be used to



point to different conponents of firmmvare system 200. This informati 3)r5 APR 1003
allows routines fromone firmvare nodul e to access routines in another
firmiare nodw @33For the discl osed enbodi nent, |ocations 234 RGTEU§9E610ed

to store pointers to dispatcher 220 (DI SP1), a return address (RADDL) in

FWL 204) a shared nenory |ocation 27S(SH DATA) , a dispatcher 260 (Dl SP2)

in FV2, and a refgus i AOWans efidiig 4 hethodZobidting h@ombyeesﬁgneaﬂf&az

SH DATA) and an initial value of RADD2 may be provi ded FW2 208 when it
first acceBYHemyHRhIMAlPMERH R &S Hstrugion Sph%rcm%&%%apaﬁ%@m%ﬂc fonar ed

menory | ocglbOindiftiod sBSS0Gatgd With F'~~12 208, but it may be defined by
either FW1 204 or FW2 208. DI SP1 nay be set when data structure 230 is

conpi | ed and bug] I cher
2201 s ava | abl 5iesd Rt teor® e b BRI Bl RE R AR SR SRR 20
204 accessesoad sofuﬁammoﬁnleE\A&ttEﬁ)Sor fiRADDd Seqoad idssrutttonsset axchitéonures.n fir maar e
nodul e 204 to which control is returned follow ng execution of the routine
in FFW2 208. Simlarly,1ZADD2 is set when a routine in FW2 208 accesses a
routine in FW1 204. 12ADD2 points to a location in FW2 208 to which

control is returned follow Dt fKe Pidcho®bf thgni@i¢ionne in FW1 204. SH _DATA
is a pointer to a shared nenory |ocation defined in block 278. The val ue of

SH DATA may be $6f f3ifaGinF@&kcssibh Y48 i ntBRedis sﬁ&%@&’ct&% t%?%\ﬁ@g frenory 140)
and menory is allocated Tor SH DATA. The shared menory tion is used to
store the itgsenghaindensiandiog of theduiteption. pﬁpwnmrethgscm«@rﬂlaarpakﬂi ipuheaart,pr ocedur e
inone fir r.:Qr t = bl ock.
| dent 111 er TH BE RS 1S aROHRE w R BB REHI et Feled o bl PHRIGER e
informati omithha:tthedclspmﬁ&ﬂ\ﬂmmantaddlhacazhaowelvmhmdamattﬂat pradedures,ur e 230.
One enbodi nent of ide tlfle bIocE 240| 3 @ entlflcatlon string
(1 D_STR NG)ComQO%"&“e“ﬁQ Ve(‘lﬁé %ﬂ“f&%“ eﬁhfbl SLaiE QIR Fh{QeHs glentemensu) .
LD_STRI NG itfe Ratdidsiof theYreseh@indsdiRhs for which FW1 204 may be scanned.

DS SI ZE indicates the Size of data stricture 230 and CHK SUMis a val ue
derived from datee G¢ H6lddk 8ia2ith of YR ARSAHA! BT DESSHL %Jkg,s@!mmoqﬁaﬁgze DS
SIZEfoIIovmn entifier ck 240 to determne a va 1 5 APR 2003
' O 00/ 33l 7GuMTe/ (gsgrgplgmminmqpmsm@mh@omaThmixWQShd erkiodioient efchiomputes

dat a ot r ucinn e 300 meEEy BRER SRR Rl AR FORIREBRL By S R 26

and routi neBmZﬂhou’p’lh&tds;scdnﬂBgct Bl@hmdugm:npronéss&\/kﬂzszae A setetteinemesy Bi0shar ed
menory | ocation 278. Rou p rm/vare ort for platform
T ast 1 ucibF SPESanaySB el 120 Rk Bt .| RO Bl anes 7P gl e 0
may i ncl udandb: @Aplﬁ%ﬁcﬁ@wmﬁslﬁd@%dll@bﬁ%@ ldéﬂc@nmoymfdoqylw:d)f;@reaﬁsor S)
110, systemlogic 130) system nenory |40) and ot her resources that operate

in the nat ilogic 120 Buoughneripheralus 169 sB“dtRbﬁé’ﬁl bysslP0deprgseaess ferexample; enerdut i nes

270. One e cher 260
simlar tor@ﬁgtp EEZ%@%@%&@%%%@ME?D@ késﬂfngg%@s%%‘%gﬁ rﬁ&a@ﬁ%ﬁ% of the

i nvention) ({S4) mges, extended ISMEmymnﬂam&hcqmparabdad pezipherahbusesl Nomdvblgtileat i on
procedures for sy bem 00 wh % set ndi tion ISﬂ{fS ﬁ For
D &) - PR Q0 S ke e Jr adry devigh fch e rbiamp L RO By
procedur es)m&h@clyoweﬁﬂx&mev@mmas& #t exai V\?@ £ akucaabhgtrbrldméf WIth FW1
204. This may be acconplished by scanning F identifier block 240
and pr ocessPoRfingideviges, mass %‘Oﬁiﬂﬂd%WSG‘é&beasdéfdad%‘tha%Q@tgéal%éeo difs | ocati on

of data str LaRC

entrico (DGR EAFHky hehOLEE Tilke dthdtk Aok A N o A3 A
subsequent omputing phatfoom for sistemdf@. enbodi ment of the invention, FW 208

i ncl udes system | evel software) e.g. a systemabstraction |ayer (SAL))

whi ch abstracts features of conputer system 100 to ensure that a uniform
set of systemlevel features is available. FW 208 may al so i nclude a
processor abstraction |ayer (PAL) that ismteracts primarily with the
processor core of the 1A-64 platfom . In this enbodi ment, FW2 208 accesses

| egacy firmvare (e.g. 1A-32 BIOS) via FW1204 to intialize, test) and
configure legacy platforminfrastructure. FW2 208, e.g. the SAL, enul ates
the 1A -32 execution environnent in which the legacy firmvare |ike 1A-32

Bl OS operates. For one enbodi nent of the invention, FW 208 scans | egacy FW
1 204 in non volatile nenory 170 and copies parts of it to system nenory
140 during boot operations. Loading |legacy FW 1 204 into system nenory 140
allows FW2 208 to 1 5 APR 2003 w0 0OU 33170 PCTI US99/ 26161 initialize
selected entries in data structure 230 and create an environnment in which

| egacy routines 210 may operate. Running routines 210 from system nenory

| 40 is also faster




t han, running them from non-vol atile nenory 170. The foregoi ng di scus$f5oxPR 2003
refers to actions) procedures) etc inplenmented by FW1 204 and FW2 208.

Per sons skiwd embsiito the art will recognize that it is actual IRCTHUSE6Wr s
110, e.g. the BSP, that performthese functions by inplenenting

instructions in the firmvare nodules. Fig. 3 is a flow chart representing a

met hod 300 f or Fot diRglosedsentid bt bNsyBRe0IMRpRRebish I0heaydbgsandnt knvent i on.
When a reset condition is detected) the native firmware nodul e4 e.g. Fwe,

i ni ti at es "S1OSHUHEOSCLUEHERTE (IR predoddstr 9 aatpconh i wedy ¥nbtubi®, for

exanpl e, @oRehbdvel Th-58hkhs dn _d(@ééé?ea@ﬂgc RQGES 301 sibMERAd: infrdsdriDryeheck. For

_one enbodi nent of the invention) these boot steps are i nplenented by a PAL
firmvare oopipertestpporhliieB-hasnd platforms. cThipindnastturtere SAlludes rhavge sumberponent

when the ipitial eps C et.e. The native fj re. nmodul.e al so

et or mi mes BistRelisiiges ARG A bt ing (R timt RN TRRFDY - pr ocessor
system ( SiRessatyf tol Boot, 2onfregub @hsé Enff%lanr@ms geweds. (3SR otter BRldeTASd 384 to
continue with the boot process. it is not, the single processor is the

BSP. |In eftipbiclycreseplatforan mdmap sorespandiagly jess HErSyectiie sSppRie nodul e to
initialize and allocate nmenory 340 for portions of the native and/or |egacy
firmvar e nodul &€be PIEBRIt ingRtion HrpYideskd meanido Fuppordersey ssewceed- structure are

| ocated 3 j tyil : I 1241

firmare ?r%aétlf?eég&r}%)c/ﬁgéh Tlogct:}%tl‘édﬁt ﬂrgoug% Oé%%ﬁrf%rpzérdﬁé? afé’g agi e % F1T),

whi ch | i sembadidreas aes-valtlesnetesy flO0 storas miybad Ciompareesysemi thattih€ludedn- vol ati | e
menory. The data struct y be | ocated by scanni nigft he | egacy fjrmnare

re
nmodul e f ofrYARE SREAR fqogigjl%foé agrapiiatyve platpEes. fesReAely- < PGERANS ISFor one

embodi Mentyg¥d b Amsl 30 nudicdiddivkivtlch 2R A9l QU dSnédhidshe native firmare
nodul e) e.g. prolog routine 250, copies 360 the |egacy fzrmnare nodule to

the system menmgfqy o i@&geﬂﬁg{t?ﬂi%?o&'}ﬂa%\@h iogétﬁ?xﬁw%@a/%tggx zit)‘é)?faeiuahgdao@@% a

structure. The data str ure may t e update O wth one nor e
poi nters tiomwersonedds W 1X204 and taiseeontifirmmareemadide (EW2TR08. cFltedisabdsedvent s

i ndi cat ed | | j . ' - t 03.V O
00133170 ﬁ@f’%@g& g‘&‘glelﬁ%\‘/“grﬁﬁ%?%%c o'}r‘&gkgﬁ%‘ge?ﬁfﬁéhs 3%233?%; guar egamrray be
| ocat ed i nirtdvere|28gaDataf stroomeer 23010 dighel aynsh idedtifibabindk 240 draealldws is tctepi ed it
to main nepory. In this S t | ocauon of the data structure is updated
when it ié%ﬂﬁF%Ef’QW‘flﬁtégﬁ%?W ry, The native firmware nodul e may use

. pointer informgtion in.the a structure to_call routines mthe | egacy

I .
Firmare nodul RouERGsHIPiPHviddinyre ehPPRAThior srsepices tiPdsd Witidie | egacy
routines 'T@gﬁ%@glﬁﬂoﬁ%f Bér ek OmpIR UWolififess 210_&4}%&@&& e3h béd@’k@&@en@@éjﬂkbﬁ (via
di spat cher 260) to conplete various initiralization steps that are done
usi ng FW igip@@e andzenfigusg keybeyds ynpus devierssvidemdisplays @reinilarslesiges hat he boot
process | g} 4G, iUl ARSI A SFHHBAN RAMFLS IR b ARLE LRl Ll chdie OB
pl atform resources a wel 1 as” Vart us Toutines 10 initralsze these
r esour ces .haddlingplpfozinfleveinmaamty adprocedines tonimipierhen @dweamypnmpuedrude a di r ect
Menory access ., C er, keyboard, nouse, video display) and PCl
card. Legé@“?é’%}“‘exﬁktﬂm may al so i npl ement specifications |ike ACPI,
WFM and Syst em Managenent BI 2.0 (SMBI . In order_to inplenment these
and other 1A-3 °FB‘Eﬂ‘%ﬂ@é’”ﬁﬁ‘r‘P&W‘?’?’eﬁﬁﬁe‘ﬁﬁbmﬂeﬁdﬁ?@?31‘?5\95625‘%Pa\‘fq5‘0r m
virtual i zesyt De4 e 8e MseAnY stoRIWHRtEDs 224 Go diffbredCroutifed 710, BeagiBbitcrbgye, the
virtual environnment accommodates the nobde swi tching behavior of |A-32
routi nes dnw¥signerban index threugh gthielnbie apinter (andtitsrassagintedrontne 2 i ardy beor whi ch
t hese rout] ' Lt ~ ; t he
| A-32 B ng%?eg‘-gﬁog%oﬁl%ﬁﬂgﬁ ‘:fr-‘%/r %Qi i r?gne’{“hnaé‘ 1§§%){e§‘r111§p§éﬁrﬂy¥ %sﬁ;@g%‘l 16
byt es bel ase tielncladed ihdex tb actgssodnetdieoutie 8210 vin ewidtable B12copi ed to the system
menory beginning at 1 MB.. As described below, the virtual environnent
replicates the entry point and address range of the 1A-32 BIOS within the
| A-64 environnent. It also handles the5full nenory range addressed by the
LA-32 BIOCS in a single node (Big Real Mbde or BRM with only a m nor
nodi fication of the | egacy code. For one enbodi nent of the present
invention, an entry point for the native fummare is |ocated below 4GB in
the system nenory. The entry point provides access to the native firmare
nodul e) which copies the legacy firmvare (1 A-32 BIOS) to a nenory | ocation
bet ween 1MB and 1MB - 128 KB. This may be done when the systemis
boot strapped and the fummare is shadowed to the system nenory. Thereafter,
1 5 APR 2003 'O 00/33170 PCT/ US99I 26161 when an interrupt or a hardware
event generated by a | egacy resource occurs, control is transferred to the
native firmvare. The native firmvare then uses the | egacy firmware
di spatcher (pointed to by the data structure) to access the appropriate




Mode swi t ching behavior in the |egacy routines may be handl ed by renPS"iArf)ﬁZ[]ﬂ}
the node switching function fromthe | egacy firmvare. In the | egacy

‘envi ronmentyo bfigzippde switching function nust precede calls PpoTmSHBIGY6!
addresses above 1 MB, which can only proceed in protected node. This
function switches the processor in and out of the protected node. Deleting
t hese function k i | h q%:%@i i.-ng
behavi or, but ?De%é/g@%%g25%%?&%8%%?%ﬁoﬁghg%gé§%ggfgh?ﬁ t he ﬁtrsgdtﬁlﬂgct ed
nmode addr exsnt iSdiffzent kempenentseo! firmmaeer systeat 20Q pIBRMfdrefatipe allowoloitimpsany

| egacy fir re. routi dre e. IMB are _accesse r rly wthout
node sw tcr(i)rﬁg‘g).rlc ﬁgﬁfva& qﬂoc}%gc%aﬁcgﬁﬁgggs lrneaﬁlp é@éﬁﬁﬁﬁrcdﬁ%ﬁéﬁb%g?}ﬁent of a
met hod 400dif6sed eimb@ditnele IGtatbrislB3H UFeproeidgd télaba: flinters tdldiepAdr 226 a
communi cation_link between the native and | egacy firmvare nodules. It is

assuned t h&ISPhearepmadiesndtPRY indiV baPt st thaesddesmondeaatipen copied to

system ne n. initiali t 3 AarrehGat e t he
I )(;cati ons n‘%s)(%lﬁ‘glgétr%?égggsgﬁgéeg?%et%spgfglpat c %‘l#dsvl %%%kgéﬁgsfw)ﬁg native
and | egacyF¥Wir208aMae nalde bEPISRIs SECDAT, \and ek itiod vl of RADD?2 mayéd when an

interrupt is detec 0 and processor .control j 420 to the native
firmare n%r&ﬁ’%éé gﬂ?{g\?z ﬁgﬁ‘n‘f’l%cnl‘lhgxﬁb’r‘fé:cﬁﬁ? S%FVB%PWC?%@EEB?‘%F Ak osed
processor ahkdHimest sHafed Méthéry 16caAkes 2 TORtEcididrt KR EWVEDITBEE HBP Be _
occurrence of an interrupt event. F W2 updates 430 the data swcttire with a
return addéesed 8y citheatFW b4 oM F¥AR0Be returned to the appropriate |ocation
in FW2 when the interrupt handler conpletes. FW al so generates 440 an

i ndexed cal |) uBISR) m#aebe seywbon data paucewre 230 duiewrpiled gad briltdd Fvhl 2Me dat a
structure ' b a j t hepi t.
I nt errupt %g‘% \ﬁgfééﬁﬂnégogggﬁtg ¥@§§T@%}\§4 gic;bu}rsgga%?ﬁ{ ﬁgbuﬁ?lt“ﬁé&rlr' 5.8?5}5’%391' egacy

di spat cher waetda sssina@)0 e @0¢ dedoysebW\Rowineria &V DP0& HADDY poimmsnotahe dat a
structure. In.either case, the jndexed call .accesses 450 the |egacy routine
it er rupt AR i e BagulC Fn BT ool et Toy PHET MR GaR BBt B

enbodi nment routi€in EW2208 dSERMIBNRADIZES sét whdd a foabh&introwk 368 hédeyset Re handl er
associated with the index. to 1 5 APR 2003 WD 00l 33170 PCT/ US99/ 26161 The
| egacy roufquiae By BWd 2045 RGP prints 9 a fgcgen imFWVRE0§ towiugh saagrol isgacy node
provi ded byt ol FRRion R rbiMib R 1 BOOCSRSHAT AT Mfihdre 0Nt T O

is returned 470 to the native tfirmvare, using the Teturn address specified
i n the |inkhagetmemprylotagios deflired imbloick 878 Thewanlee nhyHr AT dchayby/ses vatris
changes to .the native.mode.interrupt reso es ,when the.interrupt conpletes
480, The nSASHIHC 4R L ToB Bl malpoRy 44058 BRI EHoSEbIE at i ng

syst em | oadelr DINTRYI BB shefpdesdnsory Rafiod MWRERd Qord@ikSinputl :e@asantd indrovesue cal |,
and when a hardware interrupt occurs. A variation of this mechanism which
i s descri b8¥aBElesYheRR PUtAarREecsdws it g hpRwaR blogkcallsenother aipspdure in

i nterruptshefftler SikmwaLEDIo8e! ected hardware interrupts nmay be handl ed
through a |l egacy interrupt vector table. This table resides at

archi tectural | yl&ﬂﬁﬁéxfm@éi:ﬁi@g£ %&i%@@%&%@s%ﬁu’i@ fﬁidnﬁgnélﬂ&sf‘eed to access
it through the data swcture described above. en a hardware interrupt
occurs, pr afessasiondntalons FB2EI08 40 losanand walidateidat{ sttty 23@GinAn¢ he nati ve

fi det er mi i.f the i t dl is_|. ' de. If it
o) "t e nafUREpTRRptirerits hRLE A BonHRLa Bl SraliP BYe P SHRRSET R o |
usi ng ar chisize paratheter 08 YSIZHY ra04 & chevkaimh @atue (CHKISUM)NIDeSTRENG G &fing of t he

| egacy interrupt routine. Th ative firmvare sends the CPU directly to the
| egacy ser Pf ERATIGETS ?‘ﬁé"}ﬁ?l’céweia?gﬁMi gorned, BSupHsingdicrtep iesizsof dtapoi nt to
an | A-32 i L 888 2 f ihd &GReq! | bews! in the
| egacy fi rr?warecnzggu %%Kingiﬁ%é fi rmd/vaﬂg’zIE %?j%*%&rA %,Oe'r theﬁ?tgga%cy
handl er exresesssthe tite of sikePSL SIZESfallowing identificc blook 24Qtd, detpemineat iahg. a
voluntary fault that returns control to native node. This second nethod can
not be used to access legacy firmvare r@uti nes that are enbedded in code.
Locating these routines requires recourse to the data swture descri bed
above. There has been provided a system and nethod that allow routines,
witten for a first instruction set architecture, to be inplenmented by
routines, witten for a second instruction set architecture. The routines
are initially enbodied in first and second firmwvare nodul e. The first
firmvare nodul e i ncludes a data structure that specifies a pointer to a
first dispatcher. The first dispatcher provides access to a first set of
routines witten for the first I SA. The second firmvare nodul e i ncludes a
prolog routine to |locate the data structure in the first firmvare routine,
update the data structure with a 11 1 5 APR 20@B WO 001 33170

PCT/ US99/ 26161 second pointer, and copy portions of both nodules to a

—— - o T 1



| A-64 | SAs, the invention is applicable to other ISAs. Similarly, thg APR 2003
I nvention has been described for firmvare that supports |legacy platform
‘resources. wgyweyeh) it may be beneficially applied to code prowisdezbibbr

ot her purposes on other nedia) where translation between the different |SAs
woul d be costly. The specific exanples are provided only to nore clearly

the ‘scope. BHTEHE s EAn MBI RO HREAE bRBer By 6ol et P iafRed o

syst em coaqHngltangmissiohior Storagk bidaa ewrwddita280i ncl udi ng one or nore routines
witten for a first instruction set architecture (1SA), the routines being

accessi bl e t hrewgos ihdlidds peilsPriutiher 50, AispalcRer60 LGldUb&ims 396 Bheed W th the
“first firmvare nodul e, the_data structure including a first entry to store

a poi nt er disgoseq embodupeny pPEBWRAN8 isoglglings awarsd dnamenniegaions iRyl Rovtiges udi ng a
I ' A i t d
Booess 1 he BGE Erbirg Sbpdh B ERMbeh Ml R S (R e LA T her

2. The syEtremmmplectatines270vhay iatindt Me-6dabde synemctuthat initclliwelesl si gnat ur e

code to identify the d tructyre t he second fi re nodul e. The
Syst em of CGTEHRPIOCHETe L. chUT I e LT SEeR EPHeY hband QBEBARErERtc ry 1 o
store a pganéRratt i e AbFRANCHLENVEDEACHALBIEpEHeN 260 SroSRIEO NG dsith POMRERE MOdul e.
4. The system of claim3, wherein the second firmvare nodul e i ncl udes one

or nore r 8t iGesembodimentaf FEYH208mployea efltable 2hhfar dipatchereddOrsishitag to
accessi bl ai&ﬁ@Uﬂ%ﬂH‘?\ﬂ%@i ated di spatcher. The systemof claim1,
€CO0 |

wherein the s rmavar e nodul e i ncl udes one or nore routines in the
second | SA and @ I egi i.s defined |n the,second firmare
modul e to acco}r:ﬁérrntgg?{esg E) aeq;?[{ o%n?rﬁé)?g’ﬁem‘f)crn EM rr(goﬁ’ (r)oqu'in‘r:l‘ezg@?Onor A% irst and
second i nfidalizhtiamamglafosfigithgomsystaiiraffocdygicm 100 wivarabdot bhesq coldigorcode of

t he second f.ir re nodul e ies portions of . the first.fir re. Module to
a | ocati of W%%aéﬂ&ﬁ?@@@e@ggmynﬁrﬁ?é?réF"F]o‘E‘&’c”iE%ﬁ‘O&%g\gﬁ with the
data strugtsdédires2 PebloiPbRLRS23018a P 85 IEh @RbimhuRicatififlisladvith S Lgdau g th a

di spatcher address for the second firmvare nodule. 7. A processor system
conpr i si n§eay be accomplished by scanning FW1 204 for identifier block 240 and processing it to

locate and validate data structure 230. The location of data structure 230 is stored for
future reference, and one or more entries (DISP2, SH_DATA) in data structure 230 are

initialized for subsequent communications.

For one embodiment of the invention, FW2 208 includes system level software,
e.g. a system abstraction layer (SAL), which abstracts features of computer system 100
to ensure that a uniform set of system level features is available. FW2 208 may also
include a processor abstraction layer (PAL) that interacts primarily with the processor
core of the IA-64 platform. In this embodiment, FW2 208 accesses legacy firmware
(e.g. IA-32 BIOS) via FW1 204 to intialize, test, and configure legacy platform
infrastructure. FW2 208, e.g. the SAL, emulates the IA-32 execution environment in
which the legacy firmware like JA-32 BIOS operates.

For one embodiment of the invention, FW2 208 scans legacy FW1 204 in non-
volatile memory 170 and copies parts of it to system memory 140 during boot

operations. Loading legacy FW1 204 into system memory140 allows FW2 208 to
7



a processor; a systemmenory; and a non-volatile menory in which is{5tAPRE0MI
-13 15 APR 7.003 a first firmvare nodul e including a data structure and
‘routines invaobd3ige instruction set architecture (I1SA) accesBEBUSIYHIGUgh
the data structure, the routines to provide access to | egacy resources in
the system and a second firmmvare nodul e including a prolog routine to

identify tiRRiafad flertddumints @n Bita biEerhre 230 afd £0U@MLE cAPEIHnRnBROWRIER @gg«:}t he
first set of routines. The systemof claim?7, wherein the second firmare

modul e f uriFHBRESi2AR MAYPerty thnaing reuiines 240 frem SAteromamers s Oiatlse &sicesour ces
in the Syst?i?ﬂ?hnélgﬂgmﬁn?ﬁéﬁfm-mlatﬁl:m&eﬂogy 1#herein the prolog routine copies

portions o rst firmvare nod I'mto the system nenory and updat es

t he data struct (A 1 f] giar [ ' s to
the routines i nﬂeﬁﬂe}c 8@5%#%3“@%37 . %’E’tguésdf’s é)\ré\n@c!)u?cscgg?#@fn%m%grb gﬁiﬁfhe
second fi r2ednd FW2I008 Pdrednydiitied ifbhe brt wall récognizé diat fénanddllgprevessoper at i ng

enviroiunent for the first firmvare nodul e when the systemis booted. 11.
The syst enl & ¢&l the BSPothappretosm thesg dugctipag by implementingdastiicters MM second

operating fﬂ?ﬁﬁzﬁc?ﬂbglu]@.er ein an operating environnment generated by the
second firmvare nodule virtualizes the first and second operating nodes of

the first |SA A2 @ RNDOMd ShCOMIY RSS! URAL KidSh 105 Second

firmvare routineS witten in second i nstruc n sets,

respect i vekopordahee wigh thegrasempnventing. Waes acésat conglitaondatieteged, st natiee wi t h t he
first fir re routine, t ta.str ure . including an en ough whi ch
out nes 1 Hopwe A p e AR Rt 2o st bil B lad iy

si gnat ure fadéncuie] fdeBkirhple tatild af @if3Est @BISTY @nd prddegabOdestitn giTh) lkReckecond
firmvare routine with a prolog function to |ocate the data structure and to
updat e t heFofng egtbodimnent af the {yepidom these bopt stepnttiedmpieanieddyadtnd i r mwar e

modul e. 136l WBHBARkrR wiBkithdiul LonMBIE N0 DR, RRRILETohBbRIBAL e

provides the first firnvare nodule wth access to the routines in the
second fi r mikal eteppahaicemplete.

The native firmware module also determines 330 whether the computer system is
a symmetric multi-processor system (SMP). If it is, a bootstrap processor (BSP) is
selected 334 to continue with the boot process. If it is not, the single processor is thc
BSP. In either case, the BSP implements the native firmware module to initialize and
allocate memory 340 for portions of the native and/or legacy firmware modules. The
legacy firmware and its associated data structure are located 350 in the non-volatile
memory 170. For example, the legacy firmware module may be located through a
firmware Interface Table (FIT), which lists addresses and sizes for firmware components
in the non-volatile memory. The data structure may be located by scanning the legacy

firmware module for an identifier block associated with the data structure.

For one embodiment of method 300, an initialization routine in the native
firmware module, e.g. prolog routine 250, copies 360 the legacy firmware module to the
system memory, and locates and validates 370 the associated data structure. The data
structure may then be updated 380 with one or more pointers to resources in the native

firmware module. The order of events indicated in Fig. 3 is not essential to the present
8



14. The method of claim 12, further conprising using the prolog fur]crl AWU@%
copy portions of the first and second firniware nodules to a dynam c nenory
‘structure WOaMB31701 5 APR 2003 15. A method for inpl enenti ngqTé¢EI84p6161
routines, witten for a first instnction set architecture (1SA), on a

pl atformi npl ementing a second | SA, the nethod conprising: |ocating a data
st ruct ur einassimi Foeekampld) thddatd eganye maybe rated$i eilethe fir@ivdfemadity ess to
aroutine witten for the second ISA in the data structure; and calling a

sel ected Peylidatedbetorelt SEPBIGE i 19 MBS TORe rinilis st he dogayon pidhedata
structur gechfe lsﬂg@ateaememqé i@t maitiSIEd ), TIRCALIVE G rAwdRtRodilid uct ure

conprises: initializing a boot routine witten for the second | SA; scanni ng
“a boot rooeymee wmtt:rtxefprfr@uortiméhcfdmatrucgnetmaltmumuatmlcwv@mwatehe boot

routine incl | ndin C t he
~data struc S&g 1@%;}{35‘%1 o g%cgd)%{ n@ﬁgslo% g g% 19 h Eg’l‘ﬂ“fgsn’gs ect ed
| egacy r otd do0gnes diihieinadge mmatnodglc&wmdﬁujmcﬁd Zﬁ@b to doanglére vm@h&ﬁt ified

di spat cher, .the i ndexed cal| i ncl udjng index for identifying a pointer
to the sefBéaligationsians that ﬂf@onqﬁﬁn&mg& CHIPIATY b5 B2g Y FAUHBSGS te%rveﬁx si ng

returningye Qx%llié'c‘ﬂ in bR BJoE ploltks '1r§%dé’rrbﬁdd’c§‘ tJ Q4 u B8 iREAH thtldr tHéSLA'Jﬂz the
wh

stored return address, en the selected |egacy routine conpletes. 19. The
met hod of pbxtfanmcmxrwwmélrasor@n@mrsmms eximdtiplize theshesowtesc tldcb2 egacy
routine. ZRFOT e _neth xecut i | ected | egacy

n
routine i §°S°‘§F%O‘gr?§nggah SEur n?’“ﬁhess&gc EngWedgﬁsgﬁ e selected
| egacy r oudbritfvtiet, Regbvard] aiodises vidde display, AddaSisiany) leeghat fiewirewhitings t hr ough a

second di spatcher specified in t ct re by the native boot
routine; S seimpkmeg: %Psmf ﬁaé1°§§réf‘cg§hi|&§%9 ott§H&Manzeemen BIQE 3G
return adgs@ggsosyvhen the native routine conpletes. 21. A nachine readable
medi um on which are stored instructions in a native | SA, executable by a

processor to i moérgmenmﬁlcﬂ%am&e%ﬂmh@ 14192 (S&AROES LAY RERa0Cs, Written

in alegacy ISAto locate a data structure;
1A-64, platform virtualizes the legacy environment, e.g. IA-32. In the example above,
the virtual environment accommodates the mode switching behavior of IA-32 routines
and other features of the architecture and memory model for which these routines were
written. For example, in the IA-32 memory model, the IA-32 BIOS is copied to an entry
point in the system memory that is 16 bytes below 4GB, and the body of the 1A-32
firmware is copied to the system memory beginning at IMB.. As described below, the
virtual environment replicates the entry point and address range of the 1A-32 BIOS
within the IA-64 environment. It also handles the full memory range addressed by the
IA-32 BIOS in a single mode (Big Real Mode or BRM) with only a minor modification

of the legacy code.

For one embodiment of the present invention, an entry point for the native
firmware is located below 4GB in the systern memory. The entry point provides access
to the native firmware module, which copies the legacy firmware (IA-32 BIOS)to a
memory location between 1MB and 1IMB — 128 KB. This may be done when the

system is bootstrapped and the firmware is shadowed to the system memory. Thereafter,

9



determining a dispatcher location specified in the data structure, §ReipR 2003
di spatcher location to provide access to a plurality of |egacy routines;
‘and -15 WoDeARR0200a witing a return address to the dat a petvusspéié} t he
return address pointing to a location in the block of instructions in the
native | SA; and accessing a selected one of the plurality of |egacy
routines I r I r I i claim
21, vvhere}uﬁggf%g%ﬁ%%%tgk(§:g%gg}%ﬁoegﬁ%gggﬁ%lra?g;E?%H:cg%gtrlg%g?ctgﬁgcﬁ gH lggzk usi ng
a firmar gandemd tbitbandtyn firmblare; Tdwndateafimweretthen hsos tiedegacp fienwheck for a

I t bl ' d, Wt h t t 23. T hi. eadabl e
mod um of SSPAF 3B GAL E%hc@e%ﬁﬁ?%%reﬁ‘ﬁ%%%%sa@éEP%rsaréat%f‘e%e%% i ses:

i t foth t ed bl ock. t t .
ccanni gt ho cOBEaHERRE A 6 ELTOnGE DK B PGISIT BTRIEAY A A
. AYl e. AnYhoAY switchifl furtiof\i8mAhd Mg 8 y/firthlv A { In &Elléﬁﬁ@y‘cnvlﬁonment, the mode

30j o4~ytoj e [ V]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]calca]ca U ca]ca]ca]ca]ca °

ca
] ca] ca] c~ayselieafunctpe RaptdEEEs edlscRaleamey addrasses/abave A MB:radctitangingb] X] | ca]

cpLorlce splhschsmeskinupd ol ko ool gl sel sl pyagan) o oo o
| on o] o e e oy i A f Lot L
OOPQQQU QQ&???‘%\WH% ga{‘]"ﬂ‘c‘ﬂ*}‘ g‘?}’ﬁsa € éqbé‘él%‘{?aﬁ 'R AFeest 4P g‘&%‘&%ﬁ‘%{ﬂ]’g‘a] calcalc
a] ca] ca] caligri< Hisel :ﬁ@hmm}&@}ﬁgi BRICHH6R! iﬁmgbany legacy firmware

UWni¥sZuzzzzz\ "\ ab$d*d, d7dCdRdddHef g% +h8hLhahh{ vql gb] X] ] ca] ca] ca] ca] ca] ca]
ca] ca] ca] dejtng] addresayscrbore HYiBaare aqce e e aTepally afidwpe ajadapeudien] cal ca] cal cal ¢

aljcaljcalh ieiiifjj;

kkk.1: 111 Ermmxdngifne 8 SrosbIpispesaeiiting one evibplicedne af cardat 480 tuusiapea] ca] cal

al ¢ calcal gWrsm
oL T 1 B8 GBS o
calcalca acpfica raadiflesa
L{{6]]|]}b} ug—g ~~~~~ g %I ZZ/&{H‘EW nhc’\Yi“]céctagca%ca] cagca].c.%h?%hcta&lcdﬂ ca] cal] ca
] ca] ca] ca] g REP QP SSER MERP RGP 23R Secie e Byeadpiy 'R PGB
10% " & () -thelR¥idns nSﬁéQfﬁép&bcherMelé!%&pﬁtbhcr@Sb 208804 inthé A48 ahd teghéy
355/2'9?5 1 19 g’%ﬁ{ %ﬁi@fﬁﬂ%&&éy-f #109& ()-! 10%& ()- 1i KS90&10%& ()-F
109%& () -y$10%& () - &10%& ()- (310%& ()-1010101@10% () - GL; 30j f H*3 109& ()- |
@10%& ()- 10%¥¢thod £0Gsis imeigred Whenyan migrypy is degertedst 10)and prageasor §ontiokmo4t c D3

10%& (° 100’11911}3&' 420 to the native firmware module (FW2). This happens automatically under the

disclosed processor architecture, which takes control into native mode upon occurrence

of an interrupt event. FW2 updates 430 the data structure with a return address so that
control can be returned to the appropriate location in FW2 when the interrupt handler
completes. FW2 also generates 440 an indexed call, using the legacy dispatcher address
specified in the data structure and an index associated with the source of the interrupt.
Interrupt hardware may identify the source of the interrupt. The legacy dispatcher
address may be stored by FW2 or read on the fly from the data structure. In either case,
the indexed call accesses 450 the legacy routine (interrupt handler) in FW1 that is
identified by the index. For one embodiment, the legacy dispatcher uses a call table to
identify the handler associated with the index.
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10% h& ()-3 10% h& ()- !a&Y*10%h h& ()- S1010105t 10%& ()-t2dEcD3 15 APR 7003
109& ( Y&GLO% h& ()- 3940% h& ()-,,#m 10% h& ()-F@ 10% h& ()- 10%

'h& () - FLO%WROU3p1 M} dECD3 109%&' (I 1°10% h& ()- y/ 10% h& () - IRCT/USIRHE! () -
+L10% h&' ()-1)10% h& ()-YY( 10% h& ()-W-_@ 10% 10% U& ()-3 910%

Ugt ()17 10% U U& ()-0 (10% W& ()- 10 h 10 h 10 hf5 10% h& ()-'{rdE~_@ 10%

10% U&' () - FF 3TriJeQ8/ r&l)tmc% &é&sﬁamh&%ge/ if )herzftﬂ-z@f)f‘édJl%égz)y‘ mdd2%
u&' ()-r#######xnb 0% 0%<& ()- 10 U 10 U 10 U&5s10% ()- & S2ML0%
provided by the native modc When mtcrrupt processing completes, control is returned

470 to the native firmnware, using the return address specified in the link data structure.
The native firmware may reflect any status changes to the native mode interrupt

resources when the interrupt completes 480.

The mechanism described above may also be used when an operating system
loader program requests the firmware to make a legacy firmware call, and when a
hardware interrupt occurs. A variation of this mechanism, which is described below,
may also be used to process selected hardware interrupts. For example, selected
hardware interrupts may be handled through a legacy interrupt vector table. This table
resides at architecturally specified address locations, eliminating the need to access it
through the data structure described above. When a hardware interrupt occurs, processor
control reverts to native mode (IA-64), and the native firmware determines if the
interrupt handler is legacy firmware code. If it is, the native firmware module reads the
legacy interrupt vector table, using architected legacy address locations, to determine the
address of the legacy interrupt routine. The native firmware sends the CPU directly to
the legacy service routine after adjusting the return stack pointer to point to an IA-32
illegal instruction. The illegal instruction may be planted in the legacy firmware module
by the native firmware module. After the legacy handler executes, the illegal instruction
is encountered, generating a voluntary fauit that returns control to native mode. This
second method can not be used to access legacy firmware routines that are embedded in

code. Locating these routines requires recourse to the data structure described above.

There has been provided a system and method that allow routines, written for a
first instruction set architecture, to be implemented by routines, written for a second
instruction set architecture. The routines are initially embodied in first and second
firmware module. The first firmware module includes a data structure that specifies a
pointer to a first dispatcher. The first dispatcher provides access to a first set of routines
written for the first ISA. The second firmware module inciudes a prolog routine to

locate the data structure in the first firmware routine, update the data structure with a
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these embodiments may be modified in a variety of ways, without deviating from the
spurit of the invention. For example, whih‘: the disclosed embodiments refer to IA-32 and
IA-64 ISAs, the invention is applicable to other ISAs. Similarly, the invention has been
described for firmware that supports legacy platform resources. However, it may be
beneficially applied to code provided for other purposes on other media, where
translation between the different ISAs would be costly. The specific examples are
provided only to more clearly illustrate various features of the invention, which is limited

solely by the scope of the appended claims.
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10- f 510% &artiteBture (ISA), the routines being accessible through a first dispatcher;

a data structure associated with the first firmware module, the data structure including a
first entry to store a pointer to the first dispatcher; and
a second firmware module including a prolog routine written for a second ISA to locate

the data structure and access the routines 1n the first firmware module using the first dispatcher.

2. The system of claim 1, wherein the data structure includes signature code to identify the

data structure to the second firmware module.

3, The system of claim 1, wherein the data structure includes a second entry to store a

pointer to a dispatcher associated with the second firmware module.

4, The system of claim 3, wherein the second firmware module includes one or more
routines in the second ISA, the one or more routines being accessible through the associated

dispatcher.

5. The system of claim 1, wherein the second firmware module includes one or more
routines in the second ISA and a shared memory region is defined in the second firmware module

to accommodate data from the one or, more routines in the first and second instruction sets.

6. The system of claim 1, wherein the prolog code of the second firmware module copies
portions of the first firmware Module to a location 1n at random access memory, stores a location
associated with the data structure, and updates the second entry of the data structure with a

dispatcher address for the second firmware module.

7. A processor system comprising:
a processor;
a system memory; and
a non-volatile memory in which is stored:

-13-



10%‘ u& ()-110% Y& ()-&10% & ()-&10% u& ()-+h8hLhahh iei dEYNC 10< F 1.5 APR 2003
109 ()-3 109k ()-F &10%' ()-F F 109 ()-1 F109%& ()-' Y109%&' ()-eiii[]j]; )
*kKkdEYNC 10< |1 g109%&' ()-F 109%&' ()-1 ''109%& ()-,13 10%&k ()-F
&10%&' ()-1310%& ()-kk.Il:111EmdEYNC 10< "1 109 ()-I1f& 10%&k ()-F
$Z710%& ()-!10% ()-ly 109%& ()-1410% ()- EnmmXnnnndEYNC 10< Y 3 10%&' ()- @
109& ()-S/109%& ()--310%& ()-S,s!10%& ()-F *10% () - nnnnoooZoouV7 10l @
109%&' ()- F109&' () - 'dfTﬂ-ﬁ%&fh(nliwarflﬂ-ﬁodl@e ii;@hdl?(gl S&DYRictye and routines in a first
/R - R - /R N
@10% () 1(1)1(5)'[3 cBgnqg:t aErlélh\i/tZact%lroe (@A) a%c%sﬁf)lé zhro%lg% %é%atg)strgcture, the routines to provide
access to legacy resources in the system; and
a second firmware module including a prolog routine to identify the data

structure in the first firmware module and access the first set of routines.

8. The system of claim 7, wherein the second firmware module further includes routines in

a second ISA to access native resources in the system.

0. The system of claim 8, wherein the prolog routine copies portions of the first firmware
module into the system memory and updates the data structure to provide the first firmware

imodule with access to the routines in the second ISA.

10. The system of claim 7, wherein the second firmware module includes a boot routine that

generates an operating environment for the first firmware module when the system is booted.

1. The system of claim 10, wherein the first ISA includes first and second operating modes
and wherein an operating environment generated by the second firmware module virtualizes the

first and second operating modes of the first ISA.

12, A method for communicating between first and second firmware routines written in first
and second instruction sets, respectively, the method comprising:

associating a data structure with the first firmware routine, the data structure including an
entry through which routines in the first firmware module may be accessed,

assigning a signature code to identify the data structure; and

providing the second firmware routine with a prolog function to locate the data structure

and to update the data structure with pointer information for the second firmware module.

13. The method of claim 12, wherein the pointer information provides the first firmware

module with access to the routines in the second firmware module.

14. The method of claim 12, further comprising using the prolog function to copy portions of
the first and second firmware modules to a dynamic memory structure .
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storing a return address to a routine written for the second ISA in the data structure; and

calling a selected legacy routine through a dispatcher identified by the data structure.

16. The method of claim 15, wherein locating a data structure comprises:

initializing a boot routine written for the second ISA;

scanning a boot routine written for the first ISA for the data structure, the boot routine
including the legacy routines; and

recording a location for the data structure.

17. The method of claim 15, wherein calling a selected legacy routine comprises generating
an indexed call to the identified dispatcher, the indexed call including an index for identifying a

pointer to the selected routine.

18. The method of claim 15, further comprising returning control to the routine written for

the second ISA, using the stored return address, when the selected legacy routine completes.
19. The method of claim 15, further comprising executing the selected legacy routine.

20. The method of claim 19, wherein executing the selected legacy routine includes:
storing a return address associated with the selected legacy routine in the data structure;
accessing a native routine through a second dispatcher specified in the data structure by

the native boot routine; and
returning to the selected legacy routine, via the stored return address, when the native

routine completes.

21. A machine readable medium on which are stored instructions in a native ISA, executable
by a processor to implement a method comprising:

scanning a code block written in a legacy ISA to locate a data structure;

determining a dispatcher location specified in the data structure, the dispatcher location to
provide access to a plurality of legacy routines; and
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22. The machine readable medium of claim 21, wherein scanning a code block comprises:
locating the code block using a firmware identification table; and

scanning the located code block for a locator block associated with the data structure.

23. The machine readable medium of claim 22, wherein scanning the located code block
comprises:
copying a portion of the located code block to a system memory; and

scanning the copied portion for the locator block.
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