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METHOD OF COMMUNICATION BBTWBBNFIRMW ARB WR1T1'SN FOR. DIPF.BRBNT INSTRUCl'ION 
SBT AR.CHlTBCTURBS 

Background of the Invention 

Technical Field The present invention relates to firmware and in particular to system and 
methods for communicating between firmware written for different instruction set architectures. 

Background Art Fmnware refers to processor routines that are stored in non-volatile 
memory structures such as read only memories (ROMs), flash memories, and the like. These 
memory structures preserve the code stored in them, even when power is shut off. One of the 
principle uses of firmware is to provide the routines that control a computer system when it is 
powered up from a shut down state, before volatile·memory structures have been tested and 
configured. The process by which a computer is brought to its operating state from a powered 
down or powered off state is referred to as bootstrapping. Firmware routines .may also be used to 
reinitialize or reconfigure the computer system following varions hardware events and to handle 
certain platform level events like system interrupts. 

The bootstrapping process typically begins with the processor(s) in a computer system 
and proceeds outward to system level resources. Initially, each processor tests its internal 
C?JDpODents and intelfaces. In multiprocessor systems, a single bootstrap processor (BSP) is 
usually selected to handle initialization procedures for the system as a whole. These procedures 
include checking the integrity of memory, identifying and initializing other resources in the 
computer system, loading the operating system into memory, and initializing the remaining· 
processors. Since volatile memory structures such as caches and random access memory {RAM) 

are not dependable until later in the boot pro~ess, the processor implements some of its early 
firmware routines for the various bootstrapping procedures inside nonvolatile memory. 

Firmware is typically written in assembly language. This is a low level computer 
language that provides direct access to processor hardware and, consequently, is closely tied to 
the processor architecture. The processor architecture is reflected in the rest of the platform, in 

part, because of the assembly level firmware that ~ used to initialize, configure, and service 
platform level resources. For example, platform resources may transfer data through specified 
registers and/or ~emory locations defined by the Instruction Set Architecture (ISA), and 
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platfonn level intermpts may be han~e4 by refCitjng to specified processor registers. 

Thus,· ~tialization and confjgurat.ipn o~ pJa~~tm,Jevel re19urces. are tied to the ISA of 

the underl~g processot~ ·',('hese ties b,etween -~bly levd. finnware and the ISA also 
'. ·. . . . ·.· : : 

mean that the firmware can not be co11vert~d to different ISAs without extensive 

rewriting. 
'j· 

The ISA-specific bature of f'inp.wafC is significant f~t processors that support 
: .. ;·.'··";; .. . . ·;·.··. . t • •.. 

more than one ISA. For:~ple, b Merced™ processor~: t1J.~·first of a line of 

processors de~gned by ~~i~ Corporati~n of S~ta Clara, C~fomia to implement an 
._, ~ : ' ... 

Ilitel Architecture 64-bi~.m,.A (IA-64). ·These IA-64 process.ors also include resources to 

execute programs codCcf ·iii ii%i Intel Arcbitecture 32~bit ISA (IA-32). While the 

Merced1M processor and, ~tS progeny suppoit IA-32 iristructions~ they are not IA-32 

processors. Among oth~'~gs, their register·stmctureS, Uiemory ·addressing schemes 

and buses reflect their 11:11~\re IA-64 aichitectUre rather thanjih~ legacy IA-32 
··: 

architecture. 
'·,:· 

The IA-64 platf~~is new~ aµd consequently, there. al,-e relatively few resources 

designed specifically for,tlte IA-64 platform. On the other. h~~ there is a wealth of 

resources available for *'~32 platfonns, including mass Storage media controllers, 

keyboards, mice, monit~ts{peripher31 deVices, and the IA-32' fiimware that supports 

them. Huge investmen#,kve also been made. bi IA-32 finii~are for newer teclmologies 

such as Advanced config\u-ation And :eower ManagemenfJnterface (ACPI), Wired For 

ManagerD.ent (WFM). 'J.$. ;'addition, compression technology is available to significantly 

reduce the space reqmr¢~'to store IA-32 firmware. Appro'°1nately lMegabyte 

("Mbyte") of finliw&re' ¢ode may be compresseclto approXithately s 12 Kilobytes 

(K.bytes), using this IA-~2;firmware~ Suppcxtmg these leg~y resources and firmware 

technologies on the IAlM:platform would allow develop~ to preserve the investments 

they have already macte. hl:the IA-3l platform at1d reduce the time to market of IA-64 

systems. · · ·, .· 

Supporting le~ firmware (IA-32) Oil a new proe~sor architecture (IA-64) is a 
. . ' . ' 

relatively complex undbrtaking. For example, in addition to.:the obvious differences in 
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register sizes, and addressable memory, there are multiple addressing modes in the IA-32 

ISA that are not present iiicthe IA-64 ISA. IA-32 employs a·ttiode called protected mode 

to increase the addressable memory size from 1 megabyte to 4 gigabytes. The present 

invention addresses these and other issues associated with the support of legacy firmware 

in a different native environment. 

Summary of the Invention 

The present invention provides a system and method that support 

communications between firmware modules based on different ISAs. 

In accordance with the present invention, a system comprises a first firmware 

module and a second firmware module written for legacy and native ISAs, respectively. 

A data structure is associated with the first :firmware module to provide access to one or 

more -legacy routines through a first dispatcher. The second firmware module includes a 

prologue routine. The prolog routine locates the data structure associated with the first 

·firmware module and initializes it to provide a link between the first and second 

firmware modules. 

Brief Description of the Drawings 

The present invention may be understood with reference to the following 

drawings, in which like elements are indicated by like numbers. These drawings are 

provided to illustrate selected embodiments of the present invention and are not intended 

to limit the scope of the invention. 

Fig. 1 is a block diagram of a computer system that includes a firmware sys~ in 

accordance with the present invention. 

Fig. 2 is a block diagram of a. firmware system stored in the non-volatile memory 

of Pig. 1. 
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Fig. 3 is a flowc)Jart represent,ing a method for· booting resources designed for a 

platform that implemen~'.~ first instn.iction set architecture'()~· ,a platfonn·ctesigned for a 
. ~ . 

second instruction set aiQ.i~. .; 

Fig. 4 is a flowcllart representjng a method for conrin#catmg between first and 

second software modules ~tten for first and second insu1iCti~n set architectures. 

Detailed Discussion of the Inv~tion 
,;;·:_, .. ;: 

The following cfi.scU&sion sets forth numerous spe~µic details to provide a 
: ! ' • • • ••.•• • 

thorough understanding of the invention. However, those of ordinary skill in the art, 

having the benefit of thi~ disclosure, will appreciate that tli~·~vention may be practiced 

without these specific ·cietans. In ~tion, various well-bQWn methods, procedures, 

components, and circui~ have not been described in detail hi order to focus a~tion on ·· 

the features of the pres;t invention. '. ·. 

Fig. 1 is a block.diagram of cme embodiment of a ~~puter system 100 that is . ' . . . . . . . 

suitable for implementing the present invention. The disclosed embodiment of computer 
' ' ' 

system.100 includes one or more processors 110(1)-llO(n) (collectively, processors 110) 

that are coupled to system: iogic 130 through a processor ~s 120. A system memory 140 

is coupled to system logic 120 through bus 150. A non-vo~tile memory 170and one or 

more peripheral devi~ .~80(1)- 180G) (collectively, devi~~ 180) are coupled to system 

logic 130 through perip)Jerat bus 160. Peripheral bus 160 rcwresents, for example, one or 

more peripheral cmnp<>lient interconnect (PCl) buses, indns~ standard architecture 

(ISA) buses, extended.ISA (BISA) buses, and comparabl~·~eripheral buses.. Non-volatile 

memory 170 may be a ~c memory device such as a read _only memory (ROM) or flash 

memory. Peripheral d~s 180 include, for example, a ~~yboard, mouse or other 

pointing devices, mass· St()Iage devices such as hard drive& ~d digital video discs 

{DVD), a display, and the like. These devices, together With system logic 130 define the 

computing platform for system 100. 
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For the disclosed. eJD.bodiment of system. 100, processors 110 may implement a 
first instmction set architeetllre (ISA), e.g., IA-32 and a a s~eOtid ISA, e.g., IA-64. As 
noted abov~ IA-32 has enjoyed widespread use and there is a significant infrastructure 
in place to support IA-32-based platforms. This infrastructure includes a large number 
of peripheral devices 180 and the basic input output systems (BIOS or firmware) 
necessary to boot, configure, and support these devices. On the other hand, IA-64 is a 

relatively new platform and has colTCSpondingly less infrastructure support. 

The present invention provides a means to support legacy resources, e.g. 
resources developed for the IA-32 platform, on a different platform, e.g. IA-64. For one 
embodiment, non-volatile memory 170 stores a hybrid firmware system that includes 
first and second modules for legacy and native platforms, respectively. A mechanism is 
provided to allow communications between the first and second modules. 

Fig. 2 is ~ e~panded block diagram of a firmware system 200, including a first 
firmware module (FWl) 204 and a second firm.Ware module (FW2) 208. The disclosed 
embodiment of FWl 204 includes one or more routines 210, a dispatcher 220, and a data 

' 
' 

structure 230. Data structure 230 is tagged by an identifier block 240 that allows it to be 

identified and validated by FW2 208. 

Routines 210 provide firmware level support for resources associated with the 
legacy platform. For example, routines 210 may include IA-32 code sequences that 

initialize and configure keyboards, input devices, video displays or similar devices that 
have been developed for IA-32 platforms. Routines 210 may also include procedures for 
handling platform level intermpts and procedures to implement newer computer 
technologies like ACPL WFM. 

For one embodiment of firm.ware system 200, a call table 242 associated with 
FWl 204 may be used to store pointers 244 to different routine! 210. Each pointer 244 
is assigned an index through which the pointer (and its associated routine 210) may be 
accessed. For example, dispatcher 220 may receive an indexed input from FW2 208 and 
use the included index to access one of routines 210 via call table 242. 
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Data structure·230 includes ~µltiple st~ge locations 234, which may be used to 

point to different comp®ents of ~Wl,II'C system 200. This information allows routines 
. . ' . 

from one firmware module to access routines iri another firiD.ware module. For the 

disclosed embodiment, locations 234 are l'rovitied to store ~ofuters to dispatcher 220 

(DISPl), a return address (RADDl)lnFWl 204~-ashared:fuemorylocation 
278(SH_DATA) ' a dispatcher 260 cDISP2) .iµ FWZ and~- ietum ·address (RADD2) in 

. . . . . . ' 

FW2 208. The value ofDISP2, sH.J)ATA, and an initiafya.J.~e of RADD2 may be · 
. . . ·: . 

provided by FW2 208 when it first ac:ces$es .data structure·23(). For the disclosed 
. . ... 

embodinlent, shared memory location 27~ -~s ~sociated wj~:FW2 208, but it may be 

defined by either FWl 204 or FW2 ~08. · : ; · _;,' 

DISPl may be ~et when data s~ 230 is compUed and built in FWl 204, 
. . . : :: . ~-. 

since the relative location of dispatcher 220 is available afbUild time. RADDl is set 

when a routine 210 in PW'l 204 access~, a rou.tine in FWi ~98. RADDl points to a 

location in finnware module 204 to whi~h C()~trol is returD# followirig execution of the 
. . ~ . 

routine in FW2 208., Shnilarly, RJ\PP2 ~s set when a roti,tlPe in FW2 208 accesses a 

routine in FWl 204. ~D2 poin~ t~ a locati~ in~ 2.QS to which control iS 

returned following execution of the rem.tine in fl'Wl 204. -~~ATA is a pointer to a 
. . . . . ' 

shared memory location defined in l>lock 278. The value e>(SH_DATA may be set when · . 
. . .. . ': . . . . . . . ' , 

data structure 230 js copied to sys~ m~m,ory ~40, and J:Jle~ is allocated for 

SH_DATA. The s-.memory location is used to store'#le input arguments and output 
. . '• . . . . ·~ . . .·._. .. : •'. . : '. . 

parameters when a particular procedme tu. one fmnware ~lo~k calls another procedure in 
the other firmware blOC:k. .. . . . ·. : · ·.·. ' 

·!· • 

Identifier block 240 is associated with data structure 230 and includes 
. . . . . '• . : :.. .. ~ 

information that allows FW2 208 to locate and validate data.structure 230. One 
·. . . . . . :. - - . . . 

;?·''i• 

embodiment of identifier block 24Q, jncl~s an identificatiC?n string (ID_STRlNG), a 

size parameter (DS_SIZB), and a checksum value. cCHKJ.sl.JM). ID_STRING is ~string 
·: • ,·· : ; ; .· .. •. := . 

of characters for which FWl 204 may b~ scanned. DS_SJZB indicates the size of data 

structure 230 and cHJ.<..sUM is a ~aluederlved from datfi ~tructure 230. FW2 208 may 
. ·.. ... - ; . . . ·. ' : ... · .. : 

process the data of size DS_SIZB following identifier bl~c~ 240 to determine a value. 
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Comparing the value wi~CHK...SUM indicates whether any errors have been generated 

during ttansmission or~ of data structure 230. 

FW2 208 includes prolog routine 250, dispatcher 260, and routines 270. The 

disclosed embodiment of FW2 208 also defines a shared memory location 278. Routines 

270 provide fhmware support for platfoan infrastructure associated with the second ISA. 

For example, routines 270 may include IA-64 code sequences that initialize and 

configure processor(s) .110, system logic 130, system memory 140, and other resources 

that operate in the native IA-64 environment. Dispatcher 260 provides access to routines 

270. One embodiment of FW2 208 emplOys a call table 274 for dispatcher 260 similar to 

that employed by FWl 204. 

For the disclosed embodiment of the invention, prolog routine 250 coordinates 

initialization and configuration procedures for system 100 when a boot or reset condition 

is triggered. For example, following certain processor_ level initialization and checking 

procedures, prolog routine 250 may establish a communication link with FWl 204. This 

may be accomplished by scanning FWl 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 FWl 204 to intialize, test, and configure legacy platform 

infrastructure. FW2 208, e.g. the SAL, emulates the IA-32 eiecution environment in 

which the legacy firmware like IA-32 BIOS operates. 

For one embodiment of the invention, FW2 208 scans legacy FWl 204 in non­

volatile memory 170 and copies parts of it to system memory 140 during boot . 

operations. Loading legacy FWl 204 into system memory140 allows FW2 208 to 
7 
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initialize selected entries in data structure 230 and create an·environment in which legacy 

routines 210 may op~. Running routines 210 froni syst¢m :memory 140 is also faster 

than nmning them froi#Jic>n-volatile meinory 170~ ' : , ;.: . 
. ·.~. ~ i ; ' . • . ·. . :. . ~ 

The foregoing ~ssion refersto actions~ proc~, etc implemented by FWl 

204 and FW2 208. Pe~~ skilled in the art willrecogn~ that it is actually processors . . 

110, e.g. the :BSl>, that ~Orm these functions by imple~iltmg inSttuctions in the 

firmware modules. . ,·, 
. ~ 

Fig. 3 is a flow chart representing a method 300 for:booting system 100 in 
. ' ·: . . . . :· ... ~ 

accordance with the p~ent invention. When a reset condition is detected, the native 

firmware module, e.g. fWM2, initiates 310 a poot sequen~in processor(s) 110. This 

may include, for example, a built in self test (BIST) and processor identity (ID) check; 

For one embodiment of ~e invention, ~e boot steps arehnplemented by a PAL 

firmware component, ~hlch hands control over to a.SAL fi,rmwate component when the 

initial steps are complete.' · · 

The native fimlwaire modul~ also determines 330 ~hether the computer system is 

a symmetric multi-p~or system (SMf?. If it is, a boo.tStrap processor (BSP) is 

selected 334 to coD.mlti~ ~th the boot process. If it is not~ ·iiie single processor is the 
_; .. · ; 

BSP. In either case, ~e J3SP implements the native firmwai:e module to initialize and 

allocate memory 340 tpr portions of the native and/or leP,c.y firmware modules. The 

legacy firmware and its :associated data structure are located :350 in the non-volatile 

memory 170. For exmnple, the legacy firm.ware module lillY be located through a 
. ' . . . 

firmware Interface T~le (Fir), which lists addresses and-~izes for firmware components 
. ' . . 

in the non-volatile :znem~· The data structure may be located by scanning the legacy 
... . 

firmware module for 8n 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 ·2so, copies 360 theleg~cy 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 
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invention. For example, the data stmcture may be located.in the legacy firmware module 

and v~daied before it i~;~~d it to main memory .. In this::~~~ the location of the data 

structure is.updated when it is copied to the main memory, The native firmware module 

may use pointer information in the data structure to caU routine~ in the legacy firmware 

module to initialize 390 legacy platform resources. These legacy routines may also refer 

to routines in the native :firmware module (via dispatcher 260) to complete various 

initialization steps that are done using FW2 (208). Exemplary legacy routines that may 

be invoked in the boot process include routines to set up an interrupt table for the IA-32 

platform resources as well as various routines to initialize these resources. IA-32 

platform resources to be initialized may include a direct memory access (DMA) 

controller, keybo~ mouse, video display, and PCI card. Legacy finnware routines 

may also implement specifications like ACPI, WFM, and System Management BIOS 2.0 

(SMBIOS). 

In order to implement these and other IA-32 routines cotrectly, the native, e.g. 

IA-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 IA-32 

firmware is copied to the system memory beginning at lMB.. As described below, the 

virtual environment replicates the entry point and address range of the IA-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 ~ode 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 system memory. The entry point provides access 

to the native firmware module, which copies the legacy firmware (IA-32 BIOS) to a 

memory location between lMB and lMB - 128 KB. This may be done when the 

system is bootstrapped and the firmware is shadowed to the system memory. ThCreafter, 
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when an intenupt or a hardware event generate4 by a legacy resource· occurs, control is 

transferred to the native fim:lware. The native fumware then uses the legacy firm.ware 

dispatcher.(pointed to ~¥:tlie data stiu~) to access the appropriate legacy routine. 

Mode switchini:l>lmavior in the legacy routines ma;· he handled by removing the 
. . . ~ .. > '.::> ·. . ·.· :;-: _:,,- . . ·.· 

mode switching fanctioti: from the legacy firmware. In the legacy environment, the mode . ~ :-. ~ ·.· -~· :· . : . . •· : . . . 

switching function mu~''P.recede calls to ~mory address~-a~ove lMB, which can only 

proceed in protected mode. This function switches the pro~ssor in and out of the 
,': . .' . . ·.:_::::.-·: .. 

protected mode. Dele~g these functions from the legacy ~ware eliminates the mode 

switching behavior, bu~ leaves the subsequent call to access· d.ata in the protected mode 

address. Since the natiye. firmware se.ts up BRM before iny~iang any legacy firmware 

routine, addresses aboye lMB are accessed properly without mode switching .. 
,... . . . .. .:··-.: 

Fig. 4 is a flowc:~art representing one embodiment of a method 400 for using a 

data structure, e.g. data ~tructure 230, as a communication link between the native and 

legacy firmware mmfuie$. n is assnmed that the firm~are m~duJes (or parts thereof) 
.. ;_ .. ·. '· 

have been copied to sjtstem memory and the data· structure has been initialized to indicate 

the l~cations of their ~spatchers, e.g. dispatchers 260 and '2do in the native and legacy 

firmware module, res~~tively. , .. . , .... 

Method 400 is iiµtiated when an interrupt is detecte,d. 410 and processor control 
: . l ·.. . . . . . • ~ .. 

jumps 420 to the natiye-~ware mod~e ~2). This ha~ens automatically under the 

disclosed processor aicJµtecture, which takes control into ~tive mode upon occurrence 

of an intenupt event. :~2 updates 430 the data stmcbnwith a return address so that 
.•,'. : . 

control can be return~ tO the appro~ location in FW2·when the interrupt handler 
. . : •' . . ·. ·:. 

completes. FW2 also generates 440 an indexed call, using the legacy dispatcher address 

specified in the data~ and~ index associated with the source of the interrupt. 

Interrupt hardware ~y"identify the source of the intenupl. 'The legacy dispatcher 

address may be stored by FW2 or read on the fly from~: ~ata structure. In either case, 

the indexed call acce8~~s 450 the legacy routine (interrupt b~dler) in FWl that is 

identified by the inde:x. · For one embodiment, the legacy ~patcher uses a call table to 
. ' ~ . 

identify the handler asso~iated with the index. 

10 
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The legacy routine processes 460 the intermpt in the virtualized legacy mode 

provided by the native m~} When interrupt processing c0fti~i~, control is returned 

470 to the native firmware, using the retum address specified in the link data stmcture. 

The native firmware may reflect any status changes to the native mode intenupt 

resources when the inteR"Dpt completes 480. 

The mechanism described above may also be used when an operating system 

loader progiam requests the fimiware to make a legacy firmware call, and when a 

hardware intermpt occurs. A variation of this mechanism, which is described below, 

may also be used to process selected hardware intemipts. For example, selected 

hardware interrupts may be handled through a legacy intemtpt vector table. This table 

resides at architecturally specified address locations, eliminating the need to access it 

through the data stmctme 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 intermpt vector table, using architected legacy address locations, to determine ·the 

address of the legacy intemtpt routine. The native firmware sends the CPU directly to 

the legacy service routine after adjusting the retum stack pointer to point to an IA-32 . 

illegal instruction. The illegal instmction 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 fault that returns control to native mode. This 

second method can not be used to access legacy firmware routines that are emb~ded 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 fumware 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 sec~d :firmware module includes a prolog routine to 

locate the data structure in the first firmware routine, update the data structure with a 
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second pointer, and copy portions of both mo4ules to·a dynamic·memory structure. The 

second pointer provides a,ccess to a second set of routines written for the second ISA .. 

The invention has been described with reference to specific embo(iiments. 

Persons skilled in the art and ha-ring the benefit of this disclosure will recognize that 

these embodiments may·be modified in a variety of ways, without deviating from the 

spirit of the invention. F~ example, while the disclosed embodiments refer to IA-32 and 

JA-64 ISAs, the invention is applicable to other ISAs. Similarly, the invention has been 

described for firmware that supports legacy p}atform resources~ However, it may be 

beneficially applied to co~ 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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CLAIMS 

1 ~ A system comprising: 
. ,':.'· 

' . . . . . 

a first firmware module including one or more" routines written for a first 

instruction set architecture (ISA), the routines being accessible through a first 

dispatcher; 

a data strncture 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 strncture and access the routines in the first firmware 

module using the first dispatcher. 

: 11111111111111111111111111 Jiii 
* C L M S * 
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2. The sysetm of claim 1, w~~ the data structure includes si~afure code to identify the data 

structure to the second firmware module. 

3. The system of claim 1, whereµi 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 mc:>re routines being accessible through the associated dispatcher. 

S. 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 modW.e to a location in a random access memory' stores a 

location associated with the data strucb.ll'e, and updates the second entry of the data structure 

with a dispatcher address for the second firm~are module. 

7. A processor system comprising: 

a processor; 

a system memory; and 

a non-volatile memory in which is stored: 

a first firmware module including a data structure and routines in a first 

instruction set architecture (ISA) accessible through the data structure, the 

routines to provide access to legacy resources in the system; and 
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a second firhiware module including a proldl;fb~tine to identify the data 

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

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

second ISA to access native resources in the system. 

9. 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 fmnware 

module with access to the routines in the second ISA. 

1 O. 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. 

11. 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~ respectively, the method comprising: 

associating a data stmcture 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 stmcture and to update the data structure with pointer infonnation for the 

second firmware module. 
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13. The method of claim 12, wherein the pointer information proYides the first firlnware 
:. ,· . . ... : 

module with access to the:routines in the second firm.ware module. 

14. The method of claim 12, ~comprising using the prolog function to copy portions of 
: ! . 

the first and second firmware modules to a dynamic memory: structure . 
:. i 

15. A method for implementing legacy routines, written for ~ first instruction set architecture 

(ISA), on a platform implementing a second ISA, the meth<>4 comprising: 

locating a data ~~cture associated with the legacy routines; 

storing a return a4tfress to a routine written for the second ISA in the data 

structure; and 

calling a selected legacy routine through a dipatcher identified by the data 

structure. 

16. The method of claim 15, wherein locating a data structure cc;>mprises: ·· 

initializing a J>oot routine written for the second ISA.; 

scanning a boot routine written for the first ISA for the data structure, the boot 

routine including the l~gacy 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 thelqentified dispatcher, the indexed Call including an index for 

identifying a pointer to ~e selected routine. 

18. The method of claim 15, further comprising returning control to the routine written for 
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the second ISA, using the stored return address, when the jfil~bted 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 

stmcture by the native boot routine; and 

retumin$ to the selected legacy routine, via the stored return address, when the 

native routine tompletes. 

21. A machine readable medium on which are stored instmctions 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 

writing a return address to the data structure, the return address pointing to a 

location in the block of instructions in the native ISA; and 

accessing a selected one of the plurality of legacy routines through the dispatcher. 

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. 
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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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