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The present invention relates generally to an arrangenent for and nethod of

operating a wonpdogs system including a host conputer haviry/asgeiem Random

5 Access Menory (RAM and using a Basicqlnput Qutput System (BICGS) to

oper ate the host conputer. Mire particularly the arrangenent and

method of the invesy$peEm FOR PROVIBING BIOSHG rmsapbbww@the BI G5 used to

operate the systemwthin the nmass nmenory storage of a nmass nmenory

storage peri pheral conputer device rather than - in Read Only Menory
R - gt orage nedia may be 10 expansion BIGS

associ at ec pheral conputer device and/or system

BI OS associated with the host conputer. The ROMrefers to either system

ROM provi ded era \,

peri Bheral THe Ic’fa gen}\ggﬁ? }'Etlgtresgeggfa&bq? ér{%g\éggiﬂ? fgg %é'Yq‘ts"d of

The corrputmeratmlguathrnputecsv&tenumhldyngaucﬂost egmputeti KEvirey §YARERY REAIRSSOr S,

15 | a and a yar eripheral_devices which may
be argle;]t%(iegs%rmg f@é'i"ﬁﬂ%\d YS¥e 2 ‘cl'tell’éa/”t é).’ﬁ% §B§W€%@'8§éﬂ%&§ﬂiﬁespeeds
and Cthpaoist campume Muire bARiclRiRI tAR BRah§erBnt A mBH6AIdFXhE iv@ntion

peri pheral bus npl enent ati on_known as Peri pheral Conponents Interface

(PCl). ThiZomgs ?‘dﬁ%?taﬁ portion qf the BOStused tacaneratgahe sysigmwithin the mapsms. on
mechani sm gkitee Btdrige 05fass memory storage peripheral computer device rather than -
in Read Only Memory (ROM). The BIOS stored in the mass storage media may be

10 expansion BIOS associated with a particular peripheral computer device and/or

system BIOS associated with the host computer. The ROM refers to either system
ROM provided by the host computer or peripheral ROM provided by a peripheral
device (either on a card or on the device itself). o
The computer industry is continuously evolving providing faster processors,
16 larger memory capacities, and a variety of peripheral devices which may be
interconnected with a host computer. Due to these increasing speeds and
capacities, one of the developments in the industry is a peripheral bus .
implementation known as Pefipheral Components Interface (PCl). This peripheral - -
bus has been developed to provide an expansion mechanism between the host
20 computer and peripheral computer devices or expansion boards.

The PCI peripheral bus is designed to be both processor and computer system
architecture independent with the PCl electrical, protocol, and hardware interface
requirements remaining the same regardiess of the CPU or host system computer
architecture being used. This allows the same peripheral computer device to be

25 connected to a variety of different host systems without requiring different versions
of the device for each type of host system with which the device is intended to be
used. Because the PCl bus is independent of the processor and the computer
architecture, each host system is required to provide a mechanism to map host I/O
and memory space to the addressing mechanism used on the PCl bus. This is also

30 true of the expansion ROM memory space of a péripheral computer device, which

typically includes initializing information and operating information such as code
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20 conputer and peripheral conputer devices or..expansion boards. .
The PClI peripheral bus is designed to be both processor and conputer system
architecture independent with the PCl electrical, protocol, and hardware

i nterface equi rements renmai ning the sane regardl ess ﬁ_{%&% U or
host system‘%%%lf?’ architecture being used. This af f#0sane
peri pheral conputer device to be 25 céhnected to a variety of different
host systens wi.t ho éﬁﬁ requi ring different versions of the device for each

type of hd¥id dgte % Pefjghera) qompuien device.s Thatelatk delogatable expansien
Because t ioRTochtisn istididadedardanwed oh e P@'i %e&éormeds e zﬁefaa%%r

architecture, each host systemis reclw red provi de a nechanismto map

host 1/0 earit%@%@bﬁwtquhoa&m a@wtes’étafglarfbandmtmms(&nbaus he PCl-
bus. This is f ]Bgm
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i nfornedi mmmteopmm dg;lgnateﬂ hmeferensacnlumalctmgystem 10 includes a host

2 and data fo per.i uter device, Therefqre eI ocat abl e -
expans| on ComByel 2 ing aRaR oS I IBE biereliil oSt cdmpeser dand Vit s 1 s
not the casgtémrRAM mesory 44 ﬁsscsamhfﬁthelfddﬂrc%&wmm.as SV&eu’aniQS 13is
Standard Architecture (1 SA shown in Figure 1, which

i || ust r at SSOHLINCSEBBNAQM 15 WHI'%QPW”‘B'&%&Z 5A %%ﬂf@'}e@y@ise?ﬁ is

desi gnat e An
Comput or - 1D e 2 S B 14 DS ok B 17, e |
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peri pher al
commumcate with the peripheral computer device using the PCI bus. Device 18

includes ROM 20 which contains any expansion BIOS 22 required in the host
system in order to initialize and/or operate peripheral computer device 18. Ina
15 system using the PCI bus, the host system BIOS and/or operating system must
provide a configuration manager that recognizes individual PCI devices, allocates
resources, and enables those devices. It is the responsibility of the configuration
manager to copy any expansion BIOS of the peripheral device into the host
computers RAM and then execute any initialization routine provided within the

20 expansion BIOS to provide proper peripheral device initialization.
Referring to Figure 2A which diagrammatically illustrates the expansion BIOS
22 contained in ROM 20, the PCI specification allows for multiple code images, for
example 24a-24d, to be stored within the expansion BIOS 22 with each code
image providing the appropriate information for a particular computer architecture.
25 In this example, code image 24a might correspond to an Intel’ based system, code
image 24b might correspond to a Power PC® based system, and so on. These
multiple code images 24a-24d increase the amount of information which is included
in the expansion BIOS thereby increasing the amount of ROM required to store the
expansion BIOS 22. As shown in Figure 2B, code image 24a, and each of the
30 other images, includes a header region_zs. Depending on the requirements of
device 18 to which the expansion BIOS 22 corresponds, each image may also
include a data structure region 28, runtime code 30, initialization code 32, and a

check sum 34. Referring to Figure 2C, the PCI specification also requires that each
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conmected to host Tonputer IZ and system RAM 14 using a host bridge 17. The
10 system al so includes a peripheral conputer device 18, for exanple a
hard di sk drive, which is connected to the PCl bus such that the host
conput er nmaywo9n1de®nmuni cate with the peripheral conput erPGRAUSISES2E| ng t he
PCl bus. Device 18 i ncl udes ROM 20,whi ch contai ns any expansi on Bl OS
22 required in the host systemin order to initialize and/or operate

peri pher al pepEBULEincle¥d<E coRfiglratian %ﬁacémmtas iR I¥8 bPies intsfe host
system BI OGS and/ or operating system nust rovi de-a configuration
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the 20 _expansion Bl OS her. vice initialdszati on.
Rt erri B TR baEcen Tiie BAMHOGEPBA TRGHE T, Spdifies PR abSuht ok miRednn,
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code images, for exanpl e 24a-24d, to be stored within the expansion
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a particul ar RQREMUSY d@sctibel 9h (SR detdil imddiitsly HeERbfter, C&ﬂ:% éfawﬁ.o%‘la
m ght correspond to an Intel based system code I mage 2

cor r espond BI@S 22rhasdieepcopigddatashast siysteahBAM 1 4 thenisiglization cmia I&Z ﬁm@ code

I mages a 4 e in
thegexp?ﬁm onggp%g':?ﬂg % | ncrea |’%f§°{’ﬁ r%aé’%ﬁh?rlsm? thlgfﬁegq‘féq'cgt
t he edpBaarsd pwvﬂ@&hﬁ&rom oksrintonthe g,wtemZBr opexading rd:egm:eZﬂ&psmgd each
of the 30 ot her cludes a_ header regqion 26. De i n
requi r emenf¥" ecoggg@?(ﬁ'ﬁﬁ" € ROpET %‘i‘%’ﬁ‘ﬂ%"}a ‘f‘%ﬁed'ﬁ'ag? %B?rPﬁ?gonds
each i mage wity irabge 24b, c, lonei uclmca mtnantfalufatﬁim&@dé ae% Qif%ea&unr @¢Bhtrokiscode

ef er

2. the perettfaad A oSk SLrEt 3k ana6S CAAE reliea for operating davice 18 " °

15 laft in host system RAM 14 where it remains throughout the operation of the
system. The excess information of the proper code image 24a only necessary for
initialization of device 18 are no ionger necessary. Therefore, the memory used to
store this excess information is made available 1o be used again by host computer
12 thereby reducing the usage of RAM 14 to store the necessary portions’ of

20 expansion BIOS 22, :

Referring now to Figure 3, a typical sequence for obtaining expansion BIOS
from a PCI peripheral device and storing it within system RAM will be described in
detail using the exampie of system 10 described above. After computer system
10 is turned on, indicated in block 40 of Figure 3, the processor of host computer

25 12 starts running system code typically called Power-On-Self-Test (POST} as |
indicated by block 42. The POST code performs unrelated system configurations
(block 44} and then starts the configuration of the PCl bus add-on peripheral
devices by checking for the presence of peripheral devices, such as peripheral
device 18, as indicated by decision box 46. Once the POST code finds peripheral

30 device 18 and as respectively indicated in blocks 48, 50, and 52 of Figure 3, the
POST code starts the configuration of device 18, allocates host /O and RAM
memory space as requested by device 18, and configures interrupt and allocates
IRQ’s on host computer 12 as requested by device 18. At this point, the POST
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3 . PCl device includes a_configuration spacenenory 35 whi ch-is 256
bytes in size and which conforns to the PCl format illustrated. The
i nformati on provided by configuration space 35 includes a device ID

register 36 i ni.ng the device identification and a ' ation
regi ster 38 cO §7Z’i4{'}'|sng a requested anmount of 5 nenory spag(é-&g%;égﬂa
configuration register 38 specifies the4anount of nenory space required-

within the hgst conputer nenory. to map the, e sion BIOS 22 associ at ed
Wi th peri pRERSCeERSMIRRSdY JEWGE 0B hap an expansion RO het peediise iaded anor o
detail i ' ai | i8 . ac0pi ed
o host | Sonfaied SiHICEN By dePREM BUBREY. OF thers FrioteAnth S08) sior
code i mageindicated barhipck 88.dbeiRRJEcodrgoesson tathemaxs peripheral amése;d_tf\g;g;_?;;; '
18 and pr oy ; i t rati Roi-l il
L2, a0 PO Rt Beol S50 A8 ety LUt SBIEN o B ARIARERNER 10
24a as Gonasahbed in blockvb8h If ayevérthere js an expanSioreBlOS:t0 be toadedAromEn’

code has been run, contrgl is returned. to the hos stemand only the-
code T equi Hek] debtEen i i TR, o, ife SeWeE o TEcthe) gxpensipn, B0 35 dPairRatr 1
where it reghfigéretdsdngiaated by 5106R 60ALQkYR Wis IbAding of thé ¥Rp&Bion BROSITESS

I nformation of the proper caode inmage 24a only necessar

) f or
initiali zadP¥igeol8 de\womplatgdqthe ﬁGqPW@eP'%GE‘é%é‘AMQCkI%& adtee preeessenory

used 10 confh@ELdrlny Sheedeviced.ormation is made available to be used
agai n by host conputer 12 thereby reducing the usage of RAM 14 to

store t#e necBefaating pow Toofiguist 42the wRisahelosasBPOBaging and configwrirtgethei rig
b il O o oA By o SRR BN ey Biure o7
det ai | usi nygll tbleaiescebpd & mbresgetad m Sidrtihgsat debistb nalioole 544h twehicls ting ROST
system code determines if peripheral device 18 has an expansion B!OS, the POST code

writes to and reads from the configuration register 38 of configuration space

15 memory 35 of peripheral device 18 to determine if an expansion BIOS is present : -
on the device and, if so, how much memory space is requested. Once it is
determined that there is an expansion BIOS, the process of loading and configuring
the expansion BIOS associated with device 18 generally indicated by block €0 of
Figure 3 proceeds as will now be describe in detail.

20 As indicated by block 62 of Figure 4, the POST code determines an acceptable =~
address to map expansion BIOS 22 stored in ROM 20 of device 18 to and writes
that address to the configuration register 38 of configuration space memory 35 on
PCl peripheral device 18. In block 64 the POST code then enabies expansion BIOS
ROM decoding on the device, Next, peripheral device 18 maps its ROM memory

25 starting at the address the POST code wrote to configuration register 38 in
configuration space memory 35 on device 18 as indicated in block 66. The device
sets up its internal address decoder to decode the memory address range to which
the ROM memory is mapped. As indicated in block 68, the POST code reads
through the expansion BIOS by reading the memory locations to which the

30 expansion BIOS was mapped searching for an appropriate expansion BIOS code
imagé, in this case code image 24a of expansion BIOS 22 . If an appropriate code
image is not found, as shown in decision block 70, the sequence returns to block

56 to see if there are additional devices to be configured. However, if proper code
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10 is—turped on, indieated—+n-bl ock 40-ef—Frgure—3—the processor—of—host
conputer 25 12 starts running system code typically called

Power - On- Sel f - Test (POST) as i ndi cated by bl ock 42. The POST code
performs unr@lgpdadessyst em confi gurati ons (bl ock 44) apgrarsssnembarts
the configuration of the PCl bus add-onsperi pher al devi ces by checki ng

for the presence of peripheral devices, “such as peripheral devi ce 18,

a2 152" ot 2485 0B O, g FE P, SAof 2930 WA A POST Gbas

3, the deﬁ@ﬁTanem(nvmaﬁba withih ihgpst system MMdmnczeothhaaéxnmatws host

ntorrupt SRS sepBuABden U Sevites A TR iohB 15 irPEek ddcobes)

devi ce 18. th¥ appropriBtd ddde ilnBge E%Trom the devuce ROM 20 mto system RAM 14.°As
4 code determnes if evi Cﬂﬁ&r’ 8 has ‘3 @an on Bl OS t hat needs to be

| oaded Sndindicated B‘BFE% aneqP Falls m"&!&sagan qode; #¢,¢f i s no
expansi on BlbBhsia BIOS 220w fif &fbeéi ﬁ)mc{% afd rdfdSinRiaRZ: A edjé)@i Y

next periphera Vi ce t he devices are con he POST
code goes oconfiguding tperipberap device niB apdt installing a\sstsrromel wsotﬂvwk |eport

hovever NGl iSo MR BPASIAs Chédicd Soditnd 8BS Hhd. " Bke inediBulf KpaE 32 | °

the case f Xpansion oade I'gured as
i ndi cat ed Isyﬁhbbedt in@ialifation ¢ddes32 oeirmycaritrdl lof the sgstemoto theéOBOSTT code

device 18 i s epgce., pr ds.to Iock 56..a rocess

Cont maBC 8 sRAREY Ebik dehdn HIGECEE il PETEdaq Rertordls oy ARELpielizations

typical prgaes asIhalidifiitizdpciion @@Ahé 8ySieRORANP 14 used 1o store the expansion
BIOS remaining in system RAM after initialization code 32 has run as read only.

@)

And finally, at this point the sequence returns to decision block 56 to see if there
are any more devices present to be configured.

15 As described above, the expansion BIOS 22 is typically stored in ROM 20 - ¥
located on the peripheral computer device or an expansion card. However, this
approach has the disadvantage of adding to the cost of the device by adding the
cost of ROM 20 which in a system using a PCl bus is only used to store the
expansion BIOS for loading into the system after system start up. More

20 particularly, in a system using a PCl bus and as mentioned above, the host -
computer is required to copy the expansion BIOS into the host system’s RAM. For
purposes of efficiency, the system uses the copied expansion BIOS stored in its
own memory rather than referring back to the ROM on the device when the
expansion BIOS is required for the operation of the system. Therefore, once the

25 necessary portions of the proper image 24a are stored in the host systems RAM, -
ROM 20 is not accessed again until the system is turned off and on again at which
time the proper image of the expansion BIOS is again loaded into the host system
RAM. Also as mentioned above, because multiple images may be required in order
to allow the same device 10 be connected to a variety of host systems having

30 different computer architectures, the size of overall expansion BIOS 22 and
therefore ROM 20 required to store the expansion BIOS can be rather large. This
can cause the expansion BIOS ROM 20 to become a significant portion of the cost

of device 18,
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expansi on Bl OS of.a.peripheral device as.indicated-in block 54 and 60 of

Figure 3 W Il be described in nore detail. Starting at decision block
54 in which the POST code determ nes if peripheral device 18 has an
expansi on BI%,,}I%S,POST code wites to and reads fro”b&@ﬁsss/ 6220
configuration register 38 of configuration space 15 nenory o#

peri pheral device 18 to determne if an €iexpansi on BIGS is present on

t he device an 0 r | ueste

det er mi ned thg’ etcﬁgtggfﬁ S%P%gg’gagsﬂs% H%a%%"eﬂ‘l%p PHeeLL tgf SP%%{ﬁF ﬁ’éoea%l
confi guri nROM useﬂhﬁenaﬁlmlchh@ﬁ volomes af the dﬂvidtsd@b’bsiﬁg pfodifRa! td v

i ndi cat ed lﬁ' l@ll ock, 60 of gure 3 procee as wWll now be describe in
detail . OM may Pﬁ&?W%‘E“W with the expansion ragrammpedbinty the,§OM at '

det er ni nes iA8 tAGE BP hithlufacture ofARdHOR. tmmapﬁssaamqne '%'d%t%% 9411
ROM 20 of device 18 to and wites that address to the co ?lgura

regi st erd 3desst exRATSIArAWeYer s pace: this Py O?s@QM is prognammgbm PR rnsit: et c.e
18. In blo h ecodi ng-
on the devﬁ%’a%ﬁg o ?%Pfgﬁgﬁgl'h@e]c[g@? girﬁ%@ I'ts %'%nao?ha?@qw ﬂﬁrt | ngg
at the addrexpsnsiba BPOST ocafdaeb\agos dound irotiiei expaasioorBiDSy lautoertheaom that
configurati,o ce [ 5.0Nn vice, hcated | pck 66. .,The
devi e " ayg R R Byt I Ep A ioTT BB mPet e Yeianesd. ThiE Sharerey

addr ess r angestrivttbeide much fiBRbREMinTap@ating sndanpeding thel diiiratide gt the bl ock
68, the, K POST code re

t hr oy e expansion BIOS by reading the |
memory 1QcHeViRPY Hpaﬁﬁ‘%tQ%?ws'og%b%l on Bl OS was mapped searching for
an appropri at ¢ emesamo&kroshs @fgansion Bldsaig@mgranﬁrmosnﬁ%e RoOMa@Here 24a
of expansion Bl CS 22 . an _appropriate cod is not found, as

shown in dtPM) \érf“BP’é@k‘tWBd tHus aliewsibe %@@D?‘ﬁﬁ ﬁ'@sbﬂ%b'k updatedsyithgut ee | f
there are afgidd Q'&rafBVd ROM WRiAhARYdeR HhitLifablMEY £ wolld BY HiSdase 36F

the above described approach. Although the programmable ROM provides more
15 flexibility, it is more expensive than ROM which is programmed during its
manufacture and further increases the cost of providing the expansion BIOS ROM.
With the extremely competitive nature of the computer peripheral device market,
for example in the area of hard disk drives, the ability to reduce or even eliminate
the cost of the ROM for the expansion BIOS would provide a significant
20 competitive advantage.
The present invention discloses a novel arrangement and method for operating
a host computer having a system BIOS which is used to operate the host computer
and having system RAM associated with the host computer. The arrangement and
method ailow at least a portion of the BIOS to be stored within the mass memory
25 storage of a mass memory storage peripheral device which is connected to the host
computer. The BIOS stored within the mass memory storage may be expansion
BIOS associated with any particular peripheral computer device and/or expansion
BIOS associated with the mass memory storage peripheral computer device itself.
The BIOS stored within the mass memory storage may also be system BIOS
30 associated with the host computer. This approach significantly reduces or even
elimi'nates the need for and cost of the expansion BIOS ROM for the particular
peripheral computer device and/or the expansion BIOS ROM for the mass memory
storage peripheral computer device. This approach may also be used to
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5 i mage 24a is_found, the sequence_nomes—toblock 72 i n—whi-eh—the—-POST
code determ nes a nenory location within host system RAM 14to copy the
expansi on BI OS code into fromthe devices ROM 20. The POST code then in

bl ock 74 copi “he appropriate code inmage 24a from t he-rARYsf820ROM 20
into system ﬂﬁ/l’ﬂ‘.o%gs 5 indicated in blocks 76 and 78, the POST code calls

initialization code 32 of expansi on Bl OS 22 now i n system RAM 14 and

runs initialization code 32 further opf.igurin i pher.al deyjce 18
hna” i nat al [#9RTEe e AvEs dre bhed 1otiand.sash BFiHeSYstel B RESH Rea Fith e
handl ers, deyg: Corigaet.l | SinélsBmechE all @1ahe i dXphhsibh ZBIDISOBNERAG0R®R of thé S
finished, initialization code 32 returns control of the systemto the PGST

code 10 asSYstmrBIOS i) yeredsip. thenmBss Slempyy Stera0pdTe s PRMPbY ftoraes
final initigldghi¥bmputer Bbiled tisHobrddin!difo BRIVIAEsObsthAGalRY phdtBlE M 14
re-t | g t ter

i
used to st e expansion BI remai ning In system RAM a e
i ni ti al i 9atflexibiitylie Weiating and imarovirgithegystem or fixingrhwgsiinahe BIOSiwithout* <

poi nt the seqguence ' . t | et e ‘ar e
By mor o ddAviak (o phE b BRI sinl ¥ sBver'dberSitel sné BRidiiy orané' F.
expansi on BlygtemBIOS dnyithe aidjoritytaf) exkli of, f@\&xp@ansion BIOSasseciated with the

peri pheral copputer, device or an expansion card. I—g%tvgv r,thi . approach
has the di SPRIFNGFalfieViFes SOBNFRIH 30 IHLSYSIUT BRY 05 UPLRIGHBY YIPPYSIargnER
cost of RO\adfledBIOSB info theSinate Moy ktoraBblof RHE mdssGRémoks Sbrage 8évice t he
expansion BIOS for loading into the systemafter systemstart up. Mre 20

par ti cu?@r | yithpyt hawpg tasci@p #y BIQRROMs and as nentioned above, the host
conputer is required to copy the expansion BIOS into the host systenis RAM

For pur poses of efficiency, the systemuses the copied expansion BIOS
stored in i&Mﬂﬂh@MﬁMr than referring back to the ROM on the
devi ce when the expansion BIOS is required for the operation of the

system Therefore, once the 25 necessary portions of the proper inmge 24a

are stored i n Asievilhbe tesoribed irs nfedéd/Hetail hereinafter, an arrangement for and method
of operating a computer system is disclosed herein. The computer systemn includes ot '
a host computer having system RAM and-a mass memory storage peéripheral '
15 computer device such as a hard disk drive connected to the host computer. The
host computer uses a BIOS to control the operation of the computer system. The
arrangement and method allow at least a portion of the BIOS to be stored within
the mass memory storaée of the mass memory storage peripheral computer device =
rather than requiring all of the BIOS to be stored within BIOS ROM.
20 in one embodiment, the method of and arrangement for operating the computer
- system is a method of and arrangement for operating a particular peripheral
computer device connected to the host computer using a peripheral bus in which
relocatable expansion BIOS location addresses are allowed, such as a PCl bus. In B
this embodiment, the BIOS is expansion BIOS associated with the particular
25 peripheral computer device. The operation of the periphera! computer device
requires the host computer to obtain the expansion BIOS associated with the
particular peripherai computer device and load the expansion BIOS into the system
RAM. This embodiment includes ROM storage memory (peripheral ROM) for
containing a first portion but not all of the expansion BIOS associated with the
30 particular peripheral computer device. A second portion of the expansion BIOS

associated with the particular peripheral computer device is stored within the mass
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ROM 20 is not accessed again until the systemis turned off and on again at
whi ch time the proper inage of the expansion BIOS is again | oaded into
t he host system RAM Al so as nentioned above, because nultiple inages

may be required in order to allow the sane device to ted to a
variety of MN¥RPVWI¥ ens having 30 different conputer arcﬁef’ggsf‘a?% the
size of overall expansion BIGS 22 and 8 therefore ROM 20 requi red to
store the expansion BIOS can be rather large. This can cause the
expansi on MAORIRSPrage of he omess eIy .%amgepaﬁf*?’a?rabmmvénerogewce of

devi ce 18 ¢gnnected 10 the host computer. The particular peripheral computer dévice ma The
cost of this expansion varies depending on the specific type of

ROM used. qrnmaycmtebanthnhmns nemon Isterege (eripheral cannepiges devicei nfhe
duced,

produced g fiagmenE TR AR o BhURRe kBl H3 B o,

approa?Rig@\)lSnﬁd‘ter advam‘eagahef périphegal BOM and ebmaénahuefirshwd ,ofotme this

1 ) ot evi.c |1 S )

ot 1 ed (SPARGONABIGH THoFatal WUBY angeargisufen Rihersl eamBHEr HoRFes, o

i f a bug iThekeartst, b? uslig 1A PiRepditioBloPthe &kpansion! BIOSREM hbsiicomputanise been
produced with the ol d expansi on Bl OS nust be scragged Th| S approach

does not M?@é%ﬂcﬁc‘quéx‘ihsl Mass, MmeMmeRyqstorsae ghd r?BPS'v'Fn’@aF‘hé“‘HB%’P/at i on
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appr oach, sl on ﬁro granmed 1 nto ROM after ROM
i s manl@ a(ﬁlOSedhlclﬁhs gssglclatatkwithd eapvawylaonemlmalt@rwtapm'wamwm- '

is located within the mass memory storage of the mass memory storage peripheral
computer device, and [iii) store the second portion of the expansion BIOS within
the system RAM.
In this embodiment, the host computer may include system ROM memory
15 storage containing system BIOS (system ROM). The peripheral ROM storage
memory containing the first portion of the expansion BIOS may be separate and
apart from the system ROM storage memory, or alternatively, the peripheral ROM
storage rﬁemory containing the first portion of the expansion BIOS may be part of
the system ROM storage memory. In the case in which the ROM storage memory
20 containing the first portion of the expansion BIOS is separate and apart from the
system ROM storage memory, this peripheral ROM storage memory containing the
first portion of the expansion BIOS associated with the particular peripheral
computer device may be located on the particular peripheral computer device.
In another embodiment in which the method and arrangement are a method and
25 arrangement of operating a particular peripheral computer device, the entire
expansion BIOS associated with the particular peripheral computer device is stored
within the mass memory storage of the mass memory storage peripheral computer
device. In this embodiment, the method and arrangement further include an
operating mechanism for commencing the operation of the system. Once the
30 operation of the system is commenced, the operating mechanism causes the host
computer to (i) access the mass memory storage of the mass memory storage
peripheral computer device, (i) obtain the expansion BIOS associated with the

particular peripheral computer device, and (iii) store within the system RAM the
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having to_scrap the ROMwhich -have been—arufacttred as woutd—be—tHe—ease
for t he above descri bed approach. Al though the programabl e ROM

provi des nore 15 flexibility, it is nore expensive than ROMwhich is
programed, dyhie S manuf act ure and further increaseqsHtRes@ss of
provi di ng the expan5|on Bl OS ROM Wth the extrenely conpetitive nature
of the conputer peripheral device narke9 for exanple In the area of
hard di sk drives, abl|l to.reduce .or. _even el t he cost of
he" Row 1 o<rafnsidn IO Fespelstaks it e it PMafasal Gatabifer devicRonper i ¢ | ve

advantage.  in a specifieepsis 6Nthel ghvMsutiment Whith s16:s the dtirelexpaAsibe BIESt and
nmet hod for tgeratl ng a host co ut er havi nr?( a system BI OS which is
4

used to opeitaintheRasryeemepnsrerage of the masg mefe g’tQVQP@ﬁf‘mahg%EP@!ed
with the h nPAS{REgE
portion of lcg ?%s bgngt o${ed W Whéﬂ?o&g@eﬁ%ﬂﬁlﬁd&g%ﬁgge §
mass rreBDrlyufzfelooraym pass phanolly stofsgecperipheral icomputercdavice. t ko thisoversion,” .
conput er he Bl OS st { S si on
5108 assoclh: BT HGP sbbeafhe WhnlRRS plFiERIaf JHiBhaAF cBihufer BEgk
expansi on inciudesl £Firas poctiart e:l met hxpa“msuamﬁi)ﬁeamt 3a s&cmmlgpopmn phehal

conput er device, | |OS stored. with St or age
my 8l S0 heRySian, Bipts Algo. the.Sesiaran s etk i BoRcromRYeL 1
approach  spapbinh aPEwer-0RBeFEFest upBHaie commeéiding bAbEsratibs of 9Rsl syermand

cost of the expansion BIOS ROM for the particul ar peri pheral conputer

devi ce 18ndTs Mass BRMARAL S9N PRIIARGURIICAMABYIEr Aavse inchles a mechanisiyigs

per i pher al | GRS HRVAGRon dire BRESIAST BIY AL50afR WRRTtieparticular

peripheral computer device into the memory buffer of the mass memory storage
peripheral computer device within the time frame of the Power-On-Self-Test. This
allows the operating mechanism to access the memory buffer and obtain the'first

15 portion of expansion BIOS. Thereafter, by using the first portion of the expansion -
B!OS, the host computer is caused to (i) access the mass memory storage of the
mass memory storage peripheral computer devi.ce, {ii) obtain the second portion of
the expansion BIOS which is associated with the particular peripheral computer
device and which is located within the mass memory starage of the mass memory

20 storage peripheral computer device, and (iii} store the second portion of the =
expansion BIOS within the system RAM.

In each of the above described embodiments, the particular peripheral computer
device associated with the expansion BIOS may actually be the mass memory
storage peripheral computer device which provides the mass memory storage in

25 which at least a portion of the expansion BIOS is stored. Alternatively, the
particular peripheral computer device may be any other peripheral computer device
such as a video card, a network card, or any other peripheral device or expansion
card.

In another embodiment, the BIOS is system BIOS associated with the host

30 computer. In this embodiment a first portion of the system BIOS is contained
within a BIOS ROM located within the host computer. A second portion of the
system BIOS is stored within the mass memory storage of the mass memory
storage peripheral computer device. This second portion of system BIOS is
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7 significantly reduce the need for and cost of the system BIOS associ ated
with the host conputer. Since some or all of the expansion BI'OS and/or sone
of the systemBIOS is stored in the nass nenory storage of a mass nenory
storage peripheral conputer device, this approach al so provides

subst anti al' | WAI#PFed flexibility in updating and inprovi Hegl/P¥616228t em or
fixing bugs in the BIOS wi thout having 1@ use programmble ROM Using this
novel approach, the mgjority of the systemBI OGS and the majority of, or all
of , the expgetisgved amdcBoeikiscsysters RAMHN the spmei parnes| asdibei xpansionBIOSad t o
t he system : H BN ' ' |OS into the mass
menory storsggrédgg'tﬁﬁgﬁtﬁggaswnrgﬁory é}ogfééégggggﬁr@gﬁ\?éﬂaﬁggfl having to scrap ’
any Bl OS ROM In arsitieABYDEOE of kite inkifitidn, @\Ccoopatedimeondry storege smelimathéhe

i nvention, ;fhere~i.S.Drovide uter. systemjncluding a host conputer
navi ng ys 2R AN BR.ECE SRR boe Rl BRelEr o TR FRmAReAvHEE

havi ng & r ah¢ihadd 8 HoBS ComMmpuIRl Y1asing sygrnVRIAM associatBd Matrethel fost ROmpterS -
conput er, the host conputer usi ng, BIOS to control its operation, an -
arr angerrentangc?rﬁﬁ‘?%m?g)‘mf storagg,per FOMPUtRTRANCEWBichdecornarted ta thesi bl e
to the host Hprh Ut 1 f f

cont ai ni ng hz‘i)% ?:Ergst pgr?t }Tgﬁﬁg%hte?]@b%il’eﬁmu;ﬁ@sg Bl b&%ﬁgﬁ%%ﬁgﬁﬁm&gfﬁh% he

Bl OS, the system. pdriessss prirtionof the®iQSeisrsgoredovithinthe masstrhemont stosdgee nass

: ' . devi ce: d
) oper at 198 MheCina BBy SRIRGY paliBhGH Bl §ed 15T ULE by B R,
menory ‘Hl orcageputenatter tettastcomputer has loaded tionBIEYS stoeedBn@Be masd rhérappaf t er
b i the first ti h | OS ' he host t t
therot at aoreraasaneBRSy oIS B} v oA hs e SO B ForeR

conput er dawuédiem obthi invédtion has a portion of the memory storage medium containing

BIOS for controlling the operation of the host computer. in one embodiment of the
computer memory storage medium, the medium is the mass memory storage of the
15 mass memory storage peripheral computer device, such as a hard disk drive,"whicﬁ“'fféh'
is connected to the host computer. SR
In another embodiment of the computer memory storage medium, the medium
is a floppy disk or another such medium and the BIOS contained on the medium is -
transferable to the mass memory storage peripheral computer device.: In-this
20 embodiment, the BIOS contained on the medium may be updated and revised BIOS
associated with at least a portion of the computer system such as expansion BIOS
associated with a particular peripheral computer device connected to the system
or system BIOS associated with the host computer. Alternatively, the BIOS
contained on the medium may be expansion BIOS associated with a particular

25 peripheral computer device being connected to the computer system.

BRIEF_DESCRIPTION OF THE DRAWINGS

The features of the present invention may best be understood by reference to
the following description of the presently preferred embodiments together with the
accompanying drawings in which: ,

30 Figure 1 is a block diagram of a priof' art computer system using a PCl bus to

connect a peripheral computer device to a host computer;

%
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second portion of the BILOS which is | ocated—w-thin—t he rot at-able—rass—
menory storage of the mass nenory storage peripheral conputer device, and
store the second portion of the BIOS within the system RAM wherein the

mass nmenory s‘f'.ar,%&?ﬁeri pheral conputer device includes a GeafisS¢ieaio ON
space avail able'to e host conputer, containing information on a requested

size of the BICS, and the first portion‘(]f the BIOS includes initializing

means for makigg, bl ARBSAlgrb it SarERTR Y LFior 8% ekhahdin BlASboRItE"

size of themuhiplesbéelimages;of the BIOS even though the first portion of the
there i s provii@ie a8 st AERILHBRREBis JUSHERPD T cyHoPt AP, FORAMPGFE use
in a conmputgHove ¥ Pigurd 2LWUehith makwstp parBFitRE phar BRdexpuntidMERORE associ at ed
wi th the host conputer and a mass storage peripheral - o on
5 Figure 2C is a detailed diagrammatic illustration of a configuration space”
memory of a PCl peripheral device;

Figure 3 is a flow chart illustrating a prior art sequence used by a typical PCi
based system to determine whether the system includes any peripheral devices
which require the loading of an expansion BIOS into system RAM of a host

10 computer; '

Figure 4 is a flow chart illustrating the details of how a prior art gxpansion BiOS
associated with a particular peripheral device is loaded into system RAM of a host
computer;

Figure 5 is a2 block diagram of one embodiment of a computer system designed

15 in accordance with the present invention which uses a peripheral bus, in which
relocatable expansion BIOS location addresses are allowed, to connecta périph'éralm" :
computer device to a host computer;

Figure 6A is a detailed diagrammatic iliustration of a first portion of an
expansion BlOS in accordance with the present invention for a peripheral computer

20 device,

Figure 6B is a detailed diagrammatic illustration of a second portion of an
expansion BIOS in accordance with the present invention which is associated with
the first portion of the expansion BIOS illustrated in Figure 6A;

Figure 6C is a detailed diagrammatic illustration of the configuration space

25 memory of a PC! peripheral device;

Figure 7 is a flow chart illustrating the details of how an expansion BIOS as
shown in Figures 5, 6A and 6B is loaded into system RAM of a host computer in
accordance with the present invention;

Figure 8 is a flow chart illustrating how a portion of a system B!OS stored in a

30 mass memory storage peripheral computer device as shown in Figure 5 is loaded
into system RAM of a host computer in accordance with the present invention;

Figure 9 is a block diagram of another embodiment of a computer system

designed in accordance with the present invention which uses a peripheral bus, in
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conput er device which_ is connected to the host caonputer, the_system host
conputer using a BIOS to control its operation, at |least a portion of the
Bl OS being stored within the mass nenory storage of the mass nmenory storage
peri pher al device for use by the host conputer ost
conput er h'aggﬁqgﬁfg%the BI OS stored in the mass nenory s%{’g’g%’t‘?n 2?) t he
system RAM of the host conputer, the cdBputer nenory storage nedi um .
conpri sing: . a portion.th f contaipjng BIOS for controlling the
oper at | ong‘ﬁp‘cf‘h@'%?&%(??fﬁﬁ? "%E(ﬁg '?f?é‘?ns?d(yf%%és (P8 PAPWRSY 1L EAMRRR 2 devi ce
i ncl udes epgifpHerdl WoMputsr 8RA6E 16 ¥ HosBBb@plifert he host ‘conputer, containing .
information on a requested size of the BFOS,. and the first portion of the
Bl OS i ncl ude&iguretliOdp pAlayygchars liystrating/the dessils of afirshembediment s Bewamput er
as if the fJ : ROBRId 0 Bl leSgt; hze .S of
fhe B CB ArBa PO EIOF R A i fiBusno P pRAAE R M RRE bFo Rotf
request ©d caraputer imeceardange withtthe presend imegmdion; t here is provided a -

conput er sys I ngl.udi r,.havi system ang. -
artical ar p&iauRar S0 Sratf iraf Ay el asalle A4 SEPHESrbetiniBitshrer usi ng
a peri pheral ekpandion BIOS s showntinFigure 8oinioaded BItOIYsMRAM ofdsihesses are
al l oned, an arrangenent for allow ng the, host conputer to operate the

parti cul arCY¥BPYIEAHIN SFCUIARTR H‘thdgﬁipgés,e"cth'é"%@f‘ht i on of which requires the
host conput erFigre IR Rida ASRAEKArOMUBIrEENRRERC irfbEshridbride Witk théiiventbAl

peri pheral conputer device and | oad the expansion BIOS into the system RAM
t he ar 1@ng@faphics@serinaded figm a mass memonaterage dayise iRt yideodnemant dufinthg a
first portingngHt, 8fa"i‘:|ol-np?1ftert téﬁ,ﬁpg,t;@i on BIOS associated with the .

parti cul ar periphéral conputer ‘device, b) a nmass nenory storage

peri pheral cdrigurect2Biisva Sowcehartitiusttating how, froaccardannet with ahel invenitiog, nass

nes0c] at ot RNBHG Aate & ot P& iR aPEmBR HofHherderioH e SRR durth ™
oper ati ng weastartiuy of auwdmpyitéheysbernt conputer to access the ROM storage

means, obtain the first portion of the expansion BICS associated with the
particul ar peripheral conputer device, and thereafter, by using the first

porti opsof BE IPTION

ReY
Referring to Figure 5, the present invention will initially be described’in terms

of an arrangement for allowing a host computer to operate a particular peripheral
computer device, the operation of which requires the host computer to obtain
expansion BIOS associated with the particular peripheral computer device and load

20 the expansion BIOS into a systern RAM. As shown in Figure 5, a computer system
100 designed in accordance with the present invention includes a host computer

102 having system B!OS 104 which is used to operate host computer 102 and
having RAM 106 associated with host computer 102. System BIOS 104 is stored

in system ROM 108 within host computer 102, A peripheral bus 110 is connected

25 to host computer 102 and RAM 106 using a host bridge 112. And, a peripheral
computer device 114 is connected to host computer 102 using peripheral bus 110.
Host computer 102, system BIOS 104, RAM 106, ROM 108 and host bridge 110

are made up of any suitable and readily providable components which allow host
computer 102 and RAM 106 to be connected to peripheral bus 110 using bridge

30 112. These components include, but are not limited to, any conventional 486,

Pentium®, Power PC®, or RISC based components. Although host computer 102,
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7b—BLCOS, causi ng the-hest—eenputer teo—+—aeeess-the nass rerdry—storage
nmeans of the mass nenory storage peripheral conputer device, (ii) obtain
t he second portion of the expansion BIOS which is associated with the

particul ar Reyemaesal conputer device and which is | ocat eficiédahgnrb he nmass
menory storage neans of the nmass rrermri/ storage peripheral conputer device,
and (iii) store the second portion of %e expansion BIOS within the system

RAM wher giaf 488, B34 Bbgﬂrﬁlgfeqrﬂé}gﬁéﬁﬁn% rﬁarﬂ&ﬁh d fb‘c‘:}é%q?refa ive oo

configuration space av fot ost conputer _contarni n
on a requtsoaeiasdther,df shauwd ba paderstnodshaShisiagota requcremeneoftheslremmt i on of

L e eXPaNiAh Byrsheddt U88ad okl P80 Sl o BKIOIL b, GG oft 0, D

host conpu on o € expansi on
t he requespexcifisicoafigiratibns mmﬂbnemasﬁb\ﬁmxreﬂmcbbe ngthetiheerﬁtidrsso leagtason of

t he expangi on B s smaller than t uest d si According to the
fourth%asﬁl?cl”‘*f"ﬂéﬁé‘ﬂ iCOMPURS; e%‘ﬂc%r]U F%‘? G é?n ﬁﬁ‘? FAMAPNENESO ¥EINGoNp Ut er
havi ng sygkRphétaMad 10 daddschbbdhetidtilier al conputer device connected to
t he host conputer using a peripheral bus in which rel ocatabl e expansion

Bl OS | ocat i oferiphfralshusst 1) say lP‘bWéYﬂ suigable, 2nd ferdityrarovidablel pesinhete! tivs host
conputer t %%hﬁzamﬁe éarnkﬁ'r\'B?bSW@t‘fa'tan%Bﬁ}esggwta%wgﬁ Y bh& préfafred

operation o requir
embodiment of such a peripheral bus is a PCl bus. However, it should be

10 understood that a wide variety of peripheral buses, such as other parallel buses,
serial buses, or multiplexed busés would also fall within the scope of the present
invention. As described in detail above in the background, if a PCl' bus is utilized,
the PCI specification dictates how any expansion BIOS associated with a particular
peripheral computer device is loaded into RAM 106 of the host system. Other

15 peripheral bus configurations have corresponding specifications, and therefore, the - *
present invention will be described in detail assuming that a PCI bus is being used
to connect peripheral computer device 114 to host computer 102. The application
of the invention to other peripheral bus configurations will become clear to those
skilled in the art in view of this disclosure. Although the peripheral bus will be

20 described throughout this specification as being a PCl bus, this is not a' -
requirement. Any peripheral bus which requires the mapping of the expansion
B1OS location addresses into the system memory rather than allowing fixed, hard
wired expansion BIOS location addresses would equally apply.

In a first embodiment of the present invention, peripheral computer device 114

25 isamass memory storage peripheral computer device having mass memory storage
116 such as a hard disk drive or a compact disk player. Device 114 requires an
expansion BIOS associated with the device to be loaded into the host computer in
order to properly initialize and operate device 114. Although 2 hard disk drive and
a compact disk player are specifically mentioned, peripheral computer device 114

30 may take the form of any other mass memory storage device and still remain within
the scope of the invention. Mass memory storage peripheral computer device 114
includes a small amount of ROM 118. In accordance with the present invention,

ROM 118 includes only a first portion 120 of the expansion BIOS which is
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host conputer to-obtain expansion Bl OS associated with the particul ar
peri pheral conputer device and | oad the expansion BIOS into the system RAM

t he arrangenent conpri si ng: a) a nmass nenory storage peripheral
conmput er degiotfgsnect ed to the host conputer and having s ABIPT Y
storage nmeans containing the expansion Bl OGS associated with the particular
peri pher al corrputer devi ce; b) ans for commencing the operation of
t he systepgy dW|th deVike ARG ating nmeans responsive to the conmenci ng of
operation 0 ystem & 'Causi ng the host conputer to (i) access the

mess rrermry Befurrag;a toefigereoBA;, hehemasine @0 PCI Hus| #irsr portiodqnal of qRBUt er
device, (i |é obt a b {] expansi ?n Bl OS associated with the particul ar
peri pher aP eé] gg\}? ldes, fy qanfigyratiog, g‘eﬁﬁ’?'hl 122 e ¥pait ameuny ofe

expansi Onlrlﬂli@ﬁaﬁéﬁ Q@ida!l B4, Wirid a dHRcR bt algar Tﬁ@%‘p@@iﬁ&%f&ﬂgﬁiﬂﬁ GhodHE V! ce,
and as in claim 16, wherein the nass nenory storagee peri phera conputer
devi ce & nEPRRWation SivpPeMaYi Ry %ae'ad'aom Hiel us inaelsné.showenpluttbe @

cont ai ni Ngns ﬁm,wamwo% B stbrk ‘3 %ﬁ%pﬁﬁﬁ gt E;%E ! nC b! 85‘"&“?%1 i ng:

e first portion o ansi on es |
for maki n@ urefeatppemfsmoottms hmdmrpuﬁat pastiorf 12016 4 verytsmpadi gordionof t he

exoanst ol o i 3105, IOEp RS Sl B b o SKBRR R ™ "
request ed psrtith 128 of the expansion BIOS assoc:ated with device 114 is storad in mass
10 memory storage 116. As shown in Figure 6B, second portion 128 of the expansion °
BIOS includes any data structure 130 which may be part of the expansion BIOS,
any runtime code 132 which may be necessary to operate device 114 during the
operation of the system, any initialization code 134 necessary to initialize device
114, and a checksum 138. As shown in Figure 6C, device 114 also includes a
15 configuration space memory 138 having an configuration register 140 which &’
contains information including a requested size or amount of system memory for
mapping the expansion BIOS similar to that described above for the prior art device
18 of system 10. However, in accordancé with the preset invention, the requested
size specifies the amount of memory space required within the host computer to
20 map both the first portion 120 of the expansion BIOS and the second portion 128
of the expansion BIOS associated with peripheral computer device 114.

Although Figures 6A and 6B illustrate only one code image making up the first
portion 120 and second portion 128 of the expansion BIOS, it should be
understood that first portion 120 and second portion 128 of the expansion BIOS

25 may include multiple images, with each of the images corresponding to a different
type of computer architecture to which the device may be attached. This multiple
image approach would allow the same device to be attached to a variety of
systems using different computer architectures which correspond to the different
code images. |f multiple code images are being provided, the requested size

30 information stored in configuration register 140 of configuration space 138 includes
enough space for ail of the first and second portions of the code images.

Now that the elements of this first embodiment have been described, the
operation of this embodiment will be described in detail. When overall system 100
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According to the fifth aspect of the invention-there is provided—a—eonputer
system i ncludi ng a host conputer having system RAM and a nmass nenory
storage peripheral conputer device having mass nenory storage which is

connected t st conputer, the host conputer using ap8likpshgasontr ol
its operati%‘?%‘%t hod conprising the steps of: af provi di ng

per manent menory storage neans which i%¥9accessible to the host conputer
during the £itart-.u 8f t he cor‘rgut.e.r.i stem anﬁ. ich contains a fi.rslt
portion ofs %At Spiteged on, the syptem,igitia \é'saopg&tg " o $9°BR MRPNPRES BYRYES i ¢ hi n
the mass gpsteny 10tvRiBE VA dédteibeBSs dBRIITN teftreiceoR therfiaviehah cfdigureer

devi ce; and ) causi n%the host conputer tq access the permanent

menory st ér éé‘é‘_”ﬁ‘!ﬁ’n ;ncg _ES‘E‘%FQ FHeede; Wkﬁévwsm%@ fonRerighees! deNiges 1 @Bdear t er
by using BBFerHiﬁgthBP{Héré’][}t erighRralldeliceGanieh EINdER dxpahsi6RAMINISH thig access

the mass nenory storage o e mass nenory storage peripheral conputer
devi ceB obase device tekdhd qperatiamobsystem BOQObegftiscto differ drono able wypibaln t he

mass nmenory storage.of, t he S t or i pheral .comqput er . devi ce,
and store® ﬁ'@"&égﬁr&b‘zﬁ‘oﬂ ) fﬁ% eﬁgﬂa{%‘x/\n‘:ﬁ%&n&fﬁ@% gfer#ﬁ%%?' té"l"'ei n the
Mass ITenvppekitivhagsypem P0G after thivpaihewildefucther dedcrties irsreféfencoty thgur at i on
space avail able to _the haqst ¢ ut I ch coptaips informatjgn o

request ed T@M% Eﬁﬁ"F of @%F%WW%mﬁ%ﬁ?%rmﬁgﬁw ﬁgPGdgsﬁ@'ﬁ@ ‘ggﬁﬁcrgﬂe%c ausi ng
the host ggaPEk6r tyipicad PCRbBsddSystemuret ed size of the BI OGS fromthe PC
configuration space, and the step of_causing the host conputer to.access

and obiGhi n t Htarting st dgeistondtiogk S¢ipd Figusg 7 cwhigdsthe FOS epde fetermingg i«
appear tog ipﬁ\%ﬁéi .dﬁgi@l’lt\?rha@%ln%psnﬁoﬁ BL@é, tHe ?’béﬁbd&fe v@ﬁﬁs%%g?aéshe Sl ze

of the requested size of the B even though the first portion the BI CS
i s smal | efrarhathet henfiguration gdgistere140 gt contigurgtion spagesmemengsh3Btoft here

I's provi d%@riﬁh&%ﬁ&&i@é 1%3:59&&&}?%&# Me)?pé?\%% BIOS is present on the device
and if so how much memory space is requested. Once it is determined that there
15 is an expansion BIOS, as indicated by block 146 of Figure 7, the POST code

determines an acceptable address t0 map the expansion BIOS to and writes that

address to the configuration register 140 of configuration space memory 138 on

peripheral device 114. In block 148 the POST cads then enables expansion BIOS

ROM decoding on the device in a manner similar to that described above for system
20 10.

Next, in accordance with the present invention, peripheral device 114 maps
first portion 120 of the expansion BIOS stored in ROM 118 to the system memory
address starting at the address the POST code wrote to configuration register 140
in configuration space memory 138 on device 114 as indicated in block 150.

25 Device 114 sets up its internal addrass decoder to decode the entire memory
address range requested by register 140 to which the ROM 118 is mapped even
though only a small potion is actually in ROM 118 of device 114, Because first
portion 120 of the expansion BIOS stored in ROM 118 of device 114 is
substantially smaller than the requested amount of space requested by register 140

30 forthe overall expansion BIOS as described above, faked generated data is mapped
to this excess system memory space. This may be accomplished in a variety of
ways, For example, a single data location on ROM 118 may be mapped to all of

the excesgs system memory space, thereby requiring only a single data location to
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conmput er having system RAM and a particul ar peripheral conputer device
connected to the host conputer using a peripheral bus in which rel ocatable
expansion Bl OS | ocati on addresses are allowed, a nethod for allow ng the

host ter
operate thewpo?"(ﬂ%’ﬁl ar peripheral conputer device, the opéeg{}%&ﬂ‘ﬁk whi ch
requires the host corrputer to obtain eMpansi on BI OS associated with the

parti cul ai’f" er| heral uter device and | oad the expansion BIOS into the

syst em RA '??18 %%ﬁsiﬁ PIINGRONtPacE fMtegpatively, a smaldata genefatigea nass
Menory st goadendicte pRividdd WRIBAUS SBpatRY bf Geherdting dERSSattBRP b thb ?lgagg means,

connected to the host conputer, b) storing the expansion
associ at ethigpxampledhp data genesstinggadsriemapped iptheexcess/nemony spece sick nass

menory st t stem and
B after DutiindFRE acoassad, thé defe BRI ol RoRBRIA e efesobB BB 1 o1
to (i) Bacoédata.he nmass nenory storage rreans of the mass nenory siorage

peri pher al e the e S oS -
associ at ed V\ﬁﬁﬁg ﬁi°9'¥\{¥“%éi9ﬁ§\fcﬁéf'9'8 3r°§ °¥"o ﬁégﬁg‘é’acﬁﬂr‘dﬁ'{qq?’? store
t he expandesgridddDa mibtv of dther spetif mBNdds \Whe/ t5d nsedt, BR oFWhicHRGBId/falit Or age
peri pheral cq uter Es‘}’? e includes a PCl configuration sKace available to

the host MIHR B iRresent 'ﬂVﬁPB%am %H“‘Jﬂ"%f‘ vergians el of the exegsst he
expansi on aﬁdu@@paw@s FRipBedl tb &' $ihgle dabs IdedBdn tvidehia iFIM Of 1 80 86Stalting first

10 portion 120 of the expansion BIOS. This data location presents a zero as the data
for that location. By doing this, all of the excess RAM space is filied with zeros.
Since all of the excess RAM space is filled with zeros, this excess space does not
effect the check sum counter and the check sum 126 may be placed at the end of
first portion 120 of the expansion BIOS. :

18 As indicated in block 152, the POST code reads through the expansion BIOS -
by reading the memory locations to which the expansion BIOS was .mapped
searching for and appropriate expansion BIOS code image, in this casethe only
code image included in first portion 120 of the expansion BIOS. If an appropriate
code image is not found, as shown in decision block 154, the sequence returns to

20 Dbilock 56 to see if there are additional devices to be configured. However,;if a -
proper code image is found, the sequence moves to block 156 in which the POST
code determines a memory location within host system RAM 106 to copy the
expansion BIOS code into from the devices ROM 11B. The POST code then in
block 158 copies the code image from the device ROM 118 into system RAM 106.

25 This copying includes first portion 120 of the expansion BIOS and the faked -
generated data described in detail above. As indicated in block 160, the POST
code calls the initialization code 124 of the first portion 120 of the expansion BIOS
now in system RAM 106 and runs initialization code 124.

In accordance with the invention and as indicated in block 162, initialization

30 code 124 contains just enough code to activate mass memory storage peripheral
computer device 114 and load second portion 128 of the expansion BI0S into
systern RAM 106. Initialization code 124 runs initialization code 134 of second
portion 128 now in host RAM as shown in block 164, Although in the example
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the host conputer to obtain the requested-size—of—the expansier—BHESHrom
the PCl configuration space, and the step of causing the host conputer to
access and obtain the first portion of the expansion BICS includes the step
of making i PRE@ss t O the host conputer as if the first pegpijsedneddo t he
expansi on Bl 'S tshe size of the requested size of the expansion BIOS even
t hough the first portion of the expansitdn BICS is srraller t han the

request ed Ssi ze. or.di t h Sye t h aspect e _invention there is
v ded St inafEEians 12 DARAESHRN e BB R e 30 bt P eRP AN and
a Mass nengemgetdevigeel pe,rloameec&lndqmmm aasdewd aen miaumdme@dmmr thisst or age
which is ¢gonnected to the host,co e host co ter. aBlGC5Sto
bontrol i 16 NGEE BAUSRTETT oA B eBhaps MGBIGAORRPde I MY BplicB ot

arr angenetode@sibhg bS8t least a portié)w N RIBHSHHsIIHBIDSYs Sidhed6R rﬁH%%rl‘ﬁ MGRESSI bl e
to the host conputer during the start-up of the conputer system?

cont ai n% ngffa'tagleeh‘sﬁ Howsved, she grefesied pmbediment woulﬂ)mlommthmgnaanaott or ed
s " SARSBOTRIY ROUCHP8nglnl8alehg ARTBGK 5 ABNP S A
conput er tpnsatbrt@,sk\ bibek peﬁnlanahzatmrmwp Hohunther ceafigures pedpheraidevioe t i on
(7)fe the Bl Cﬁf Y %%té’l\fstsh Qveros fgsare support including interrupt handlers, device
specific data, etc. Once initialization code 134 is finished, initialization code 134
10 returns control of the system to the POST code as shown if block 168. In biock .-
170, the POST code performs any final initialization such as marking the partion
of the system RAM 106 used to store the expansion BIOS rema;uning in system
RAM after initialization code 134 has run as read only. And finally, at this point the
sequence returns to decision block 56 to see if there are any more devices present
15 to be configured. "
In 8 second embodiment also illustrated in Figure 5, the particular peribheral
computer device may take the form of a8 device ‘or expansion card other than a
mass memory storage peripheral computer device. Examples of such a device are
video cards, multi-media cards, network cards, or any other expansion card or
20 peripheral device which includes an expansion BIOS. In this embodiment computer >
system 100 includes a peripherat computer expansion card or device 174 which
requires an associated expansion BIOS to be loaded into the host computer in order
to initiafize and/or operate expansion card 174. In the same manner as described
above for device 114, expansion card 174 includes a ROM 176 which contains a
25 first portion 178 of the expansion BIOS associated with expansion card 174.
However, in this embodiment, a second portion 180 of the expansion BIOS
associated with expansion card 174 is stored in the mass memory storage of
device 114. This allows the majority of the expansion BIOS for expansion card
174 to be stored in mass memory storage 116 of a mass rﬁemory storage
30 peripheral device 114. The operation of this embodiment would be identical to the
first embodiment described above except that the small initialization code provided
within first portion 178 contained in ROM 176 would operate device 114 and

access second portion 180 of the expansion BIOS associated with expansion card
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menory storage neans, and during the start-up-of-the system_by using the
portion of the BIOS stored within the permanent nenory storage, causing the
host conputer to (i) access the mass nenory storage of the nmass nenory
storage peri ral conputer device, (ii) obtain the operat} which is
| ocat ed wtrﬁﬁ%’ﬁ'&gﬁg‘r&ss menory storage of the nass mmry@%?%ggﬁo

peri pheral conputer device, and (iii) 9Bore the operating data within the
system RAM _wherein the mass nmenory storage peripheral conputer device

i ncl udes al PEicoptained;Within Bress RRBOR\AP12881 Y'&0 the host conputer which
contai ns i nf o4 R i dH'boih ﬂ\lerﬁ‘r‘}%'%ﬁBQﬂe %eésn@%dﬁaaarﬁérﬁg;aewﬁb@ew% hid her

i ncludes the step "of causing the host conputer to obtain the requested size
of the Bl ciscﬂmshﬂwmamb&bl\@h?%topétedsmhfé@,peanbeltah@o@p@qsréevieaudii:rrg t he:
host conpuger .. ' « fi ' | udes
the step o#e%'%lgrt\g&fot%agﬁgdg}f BP éﬁ%ﬁg‘?‘%g{ 6@%%%#‘&%@2% ar‘tiﬂgr &%ﬁ%t I on
of the Bl Cthe isodtlsystEra,cthesf intrioe arequiesstent. Altenativelynah8ROBM euptaidihgtigh’ t he

first portion of the BIOSis s r than the.r ested size. . According
o the' i ofifet PSR Bf B prpans oD b B8 AmidpE Bt BHeF SorbRs it 8 hoo:
conput er hayirafl SpsemN MY arempleNBs ThisERY Vb GOERGRIOMETT WHRERIa RRIANL er

devi ce having mass nenory storage which is connected to the host conputer,

the host cHWperessd e iLPRYICed P a COMPIRIP PRGk08NSIHING A PatticulRg ofeupiRd ar t up
of the comBybgfipiuat 880icés. TRERRhGRIPIGLA 50inthis HldNOROM 118 and?i 76

provi di ng pefnmanent nmenory storage neans accessible to the host computer
dur i ng 10hewdich containptha fiist porian et theyexpansipp BI@§Foapaying 1d¢ andhdevige
portion of S , a[o e [ 1R

rerory st of Z84°8reivei ey beHroFhiel sdbaRR6H B sy RO 108; e iafEi

c) during bhahetexpansionoBlQShassocidtednwittaube mpripherahdevicesriptiuded tim thecess

t he permanent nenory, stor.age. _neans . and .obtagin t orti of ..&.

stored wit GPAPISE D&ékﬁ%ﬁéﬂgﬁﬁe‘mw‘%BBY'&&te‘q#e%{‘ﬁ;s]?’%n'a stbrid Wmtc'flﬂeaog.l a%i ng
the porti ofmerhodynstoPaddSdavios edchiasha haidharivee inehvee sameemanner isodexgeibed ausi ng
e oS Ve e expansian B10S ROV 1aqaired' b Be inclidad dfinthe séte ROM=™" ¥

108 would only need to be large enough to contain code that would operate the

hard drive and turn over control to the initialization code stored in the hard drive.
All of the expansion BIOS associated with the various peripheral devices included
in the package could then be loaded into the RAM of the host system in the same
20 manner as described above. However, in this situation, the first portion of the *
expansion BIOS for each peripheral device is provided as part of the system BIOS
and therefore, the system BIOS {(that is POST in the previous examples) does not
need to search for these peripheral devices as described above.
In accordance with another embodiment of the present invention, this general
25 approach may be used to reduce the amount of system ROM required within the
host computer, Still referring to Figure 5, in this embodiment, system BIQS 104
stored in system ROM 108 is only a small first portion of the overall system BIOS
used by host computer 102. A second portion 182 of the system BIOS is stored
within mass memory storage 116 of mass memory storage device 114 in the same
30 manner as described above for the peripheral device expansion BIOS. With this
arrangement, system ROM 108 only needs to be large enough to store enough
code to activate mass memory storage device 114 and load second portion 182
into system RAM 106.
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storage peripheral conputer device, (ii)-obtain-the operating—data—whieh is
| ocated within the mass nenory storage of the mass nenory storage
peri pheral conmputer device, and (iii) store the operating data within the

syst em RAM %esrgtiﬂ%t he mass menory storage peripheral congpefBEesAedds ce
I ncl udes a PCl guration space available to the host conputer which

contains information on a requested sizEof the BICS, the method further

IOP cludes the F?éf%sprinog toc%ueshorw c‘ng;et irr\] ?—':Sgturg %, uet c%ertagor(m) Bg? 's{}ﬁttgh'gﬁnrcﬁﬂ#éf\éhgfhz' z€
PCl confi ggystbiPBICRRCdividan thtohefist ppriidn stoted ingsyisteen RO 108gna sscond

access and obtain the first portion of the Bl OGS, |pcludes the step of nmaking
it appear D@ﬂiqli’em@simw&l{"@r Mass rpempy fiofage B&thfdﬂaﬁ "\BHE"%I&% the’
size of thg reduas Gl 5é a8s@ibedh dBYAIS RVAR drhiieidntcattdirhb comiditdmnisof t he

r
BIOS is sma Yer than the requested size.  According to the ninth aspect
there i § pturneden amindicateryioriock 184, thedirshpertiopaf thesysiomBIRS; stefeddnng

cporatton Yetam ROMR 1O Tt o LBhAREL ritss' Mimohy sORLANAL, 314 (B
havi ng nasqgepAsYnditareddeblotkd 88y thecfirstpsroion g thesysgerh B0 Sincludesande
on e mas SVHERGRPTEIASARAER AEIE SEUTESS TG SHETTE RECY | 87 Gh e BYRiR ) har
per manent ERGBiNtoSRRMAR/ S RAM A08S SUdhiein loéksel S®andI 92, theafirst goitiong
10 of the system BIOS code loads the second portion 182 of the system BIOS from
mass memory storage device 114 into system RAM 106 and runs the second
portion of the system BIOS which is now in system RAM. At this point, the
second portion of the system BIOS takes control as indicated in block 194 and the
system continues to operate in the same manner as if the entire system BIOS were
15 provided within ROM 104. '

It should be understood that once the second portion of the system BIOS has,
been loaded into RAM and executed, the system may continue in accordance with
the above described arrangements for loading any expansion B!OS associated with -
peripheral devices connected to the system. Alternatively, the expansion BIOS may

20 be loaded as will be described in detail hereinafter. Using this overall approach, the -
majority of the system BIOS, along with the majority of, or even all of, the
expansion BIOS of peripheral devices connected to the system may be stored
within the mass memory storage of a mass memory storage device connected to
the system rather than being stored in ROM. This eliminates the majority of the

25 cost associated with the BIOS ROM required for the system BIOS and expansion
BIOS in a typical computer system. Furthermore, taking this same basic concept
a step further, additional components of a typical computer system may also be
eliminated by storing the information stored in these components within the mass
memory storage device. For example, battery backed up memory which may

30 include system configuration information, passwords, or any other information
typically stored in ROM or battery backed up memory may also be eliminated by
storing this information on the mass memory storage device and accessing itduring

the start-up of the system as described above.
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the start-up of the conputer systemfor containing a first portion of the
Bl CS; b) a second portion of the BICS, the second portion of the

Bl OS being stored within the mass nenory storage of the mass nmenory storage
peri pher al COfTBUt er device; and c) operating neans faor causing the
comput er mEan¥OPY ¥ ess the permanent menory storage meansCTEBIAH0: he
first portion of the BIGS, and thereaft@0, by using the first portion of
the BICS, causing the conputer neans to access the nmass nenory storage of
the mass nenod§ asqrmtag@e'ggwlm of theypipseat inyentien; the meed for s expansiah

portion of SR %%&Fﬂté@%headpéﬂiéﬂgPpéﬁb?\gﬁ%??‘@ga{%vﬁe% Qﬁﬁir%g?q[ +}g ) mass

menory storage peripheral conputer device, e seco of
t he Bl OS wi togetherheRefesirgrtcRRiguraBe @eioverdiesysiem 2@0ningluddsonagyecamputpher al -

conput er deyige incl cont.i i c ' l.e the host _
conput er CO?{Q%'I ﬁsﬁ%mi%ﬂ@%@gt |g sﬁeg‘;ﬁgﬁr@&ug%ﬁ‘ gelﬁgiej‘ @? rf?’?égﬁ?@g' l']gn%r“{ he
first pobtiparipHeralittrisBl 105as desorided fontHe previous embodimeriel Sy8tdrm Q0D algpear

to the host, t if the first ti f th ' BIOS is th
Si'ze of t haNFIRESTBE ShEoryr SirRaelPgjeh SoMBULA 1HECY 1202 MBYPEI RS ¢ he

BIGS is s ”Bﬂn'eﬁforg Redrabb 204 dmeEiceémbbdithent, AF 6PTHE ehdniocn BIOSCAYsBcRTRPCt

there is provided a conputer systemincluding a host conputer having system

RAM and a n¥ith davias 202 iseitargd wishin phassdnemenpstoeageR04.cAs mentiegedabeverenor y
SBf %ga?g ‘é‘*c‘)inft“o?oc}tﬁffgﬂga%%ﬁ 1k 0 dbfige 52 n%gr%%%e follf 8105 thaf® WK Gfivd!SA N9 2
peration, an arrangement conpri sing:

10 compact disk piayer, or any other form of mass memory storage. :

Mass memory storage device 202 {urther includes a3 memory buffer 206 for
storing data input and output as it is transferred to and from mass memory storage
204. Memory buffer 206 is configured such that it appears to the host system as
if it is an expansion ROM installed on device 202 during the start-up of the system.

15 In accordance with the present invention, device 202 also includes an intelligent .
start-up arrangement 208. Start-up arrangement 208 senses when the system is
being turned on and in response to the start-up of the system arrangement 208
causes mass memory storage device 202 to quickly turn on and load st least a first
portion of the expansion BIOS into memory buffer 206. Arrangement 208 is

20 configured to load this first portion of the expansion BIOS into memory buffer 206 -
quickly enough that it is available to the host system when POST checks device
202 10 see if it requires any expansion BIOS. This first portion of the expansion
BIOS is similar to first portion 120 of the expansion BIOS for the first embodiment
described above.

25 Referring to Figure 10, this embodiment is operated in much the same manner
as was describe for the operation of the embodiment illustrated in tha flow chart
of Figure 7. As shown in Figure 10, the first blocks 146 and 148 are the same as
described above. However, in this embodiment after the POST code enables
expansion ROM decoding, block 150 of Figure 7 is replaced with block 210 in

30 which device 202 maps its internal memory buffer 206 as expansion BIOS into
system memory starting at the address the POST code provided to the
configuration space of the device. In the same manner as described in detail above
for Figure 7, faked generated data is mapped to the excess system memory space
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79 — &) permanept—erpry—st or age -Areans—accessi-bl e t o t he—host—conput er
during the start-up of the conputer systemfor containing a first portion

of the BICS; b) a second portion of the BIGCS, the second portion of
the Bl OS bei g $#QpRd -Wi thin the mass nenory storage of theroBssaesrnOry
storage peripheral conputer device; and c) operating neans for

causi ng the host conputer to access thezbernanent menory storage neans,

obtain the_fj] tg,an . r.e er | he, f.j.r st
portion of d *‘Ieeiiﬁ%g? llé%u%%{f“?%'e%%&c%ggp‘%? g:re ?%i'ac%eegéet ejﬂI ?r?a{s?s&r’réiﬁory
st or age of irttamaladdress decodes to deged gthei guitice aiemyaddeass davjecrequestiediby t he

second portion of the Bl OS which, is .|gcated widhin_ the. ne menory .st orage
of the masgsr’F&?ﬁPV'{lP&r?@@eﬁé{FPBﬂ%ﬁ’%’? %36%%P%ﬁd(}33?gg,s'c§mtore the second
portion of “t hasBldddasiciibédfdr eeviviss @fib&tiivientd) aheiPOSTheodeaeadsmhifBuigh teor age

peri pheral conputer device includes a confi uratiq&é{)ace avail abl e to the
host coMpuesparsion BIGR Ry reading W&t’ﬁ‘%ﬂ"'ﬁlﬂ%ﬁ'tf‘g’ﬁd@g‘f@ eRXPENSIPRBIQR Massi on

BI G5, and g%hrs%tarmg 8brPhppriBriste @k ABbH BROS! didb idabe (BIBcRABRE. K0!
making it appear to the host conputer as if the.first portion of the BICS
i s the sizenappropriate godeimageisnotdound thessaguence returnsigblecie56ite See fforti on

oL b o) e A Rekl B g TR EGmevel SpF T RBGh Wil L1
and arr angéemnd, therseguencd moyes tpdilddkc2i 2iin pehictp tiee ROSToonulet deteivines @
Coneot B! b bgstaf Wi Bost i R I{EYE Blplita SRR R 2L
ermbodi ment to tffisn BléMBolyShufi) A0B NdicES203 s The ST void thdnecapied theudade
AT LT WA TP QU Y g TR, ST S
in block 214. This copying includes the first portion of the expansion BIOS and the
faked generated data described in detail above. As indicated in block 160, the -

15 POST code calls the initialization code contained within the first portion ‘of the’:
expansion BIOS now in system RAM 106 and runs the initialization code. : The
remainder of the operation of this embodiment is identical to that described above
for the flow chart of Figure 7.

Alternatively, in another version of this embodiment, memory buffer 206 may

20 be mapped into the host systems memory as expansion BIOS for the entire
expansion BIOS image eliminating the need to divide the expansion BIOS into first
and second portions. Referring to the flow chart of Figure_ 11, this approach will
be described. Blocks 54, '56, 146, 148 remain the same as the embodiment
described above for Figure 10. However, in block 216, device 202 maps its

25 memory buffer 2086 as expansion BIOS for the entire expansion BIOS image into
system memory starting at the address the POST code provided to the
configuration space of device 202. Device 202 reads the expansion BIOS from its
mass memory into its memory buffer and maps the image into system memory.
If multiple images are provided, they are also mapped into system memory. The

30 device sets up its internal decoder to decode the entire memory range even though
there is no ROM on the device. Blocks 152, 154, and 212 are also identical to
those described above for Figure 10. However, in block 218, the POST code

copies the appropriate expansion BIOS image which contains the entire expansion
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particul ar peripheral. canputer device and load the. expansion BIOS into the
system RAM Thi s enbodi nent includes ROM storage nenory (peripheral ROV
for containing a first portion but not all of the expansion BIOS associ at ed

with the party %&‘;wperi pheral conputer device. A second p%trhg;kn(g; t he
expansi on Bl assoCiated wth the particul ar peripheral conputer ofgvi ceis
stored within the mass 2 8

2
menory storgge. of th s nmenory storage peripheral conmputer device
connect ed t ﬁ:ﬁéslﬁ%@f"gﬂé’iﬂﬁs@r".‘e%ﬂﬁ’?}a ecfﬂé#’g‘b‘é?‘?'ﬁﬁ&%q‘ﬁ%’o?ﬂﬁl?%ﬁ’e‘ﬁ@/i ce
nay Or PBY 1A0sysREMIMAMTRES. FRBRT this PBIM M, RRE iopBRItRN FrotEstsCihrdéyt ce. .
The arrangenent further includes an operating nmechanismfor causing the

host 5 conplefks 76 %A andnd2 e the same WRORS dhitheotransiop RIOS; had been ti on
of the foaged td R%l]@%n 8 eV ReSR Whd Beéc'?i%e?%rtfh% riof aﬂesr\/sg?‘lﬁ F\sglown

conput er devi ce. erearter, by using the Tirst portion’o _
expansi ob BinOhe fidw dhest okcbigpet ér i s caused to (i) access the-nass®

ovi o, (11 vt REEEER FioirdB; 2rBReE prand meliHErBRE 20 #rneamant oh i o
associ at ed whidh tHeexpansion 8IS ROM adsorivked withLd partidelar periphslaMddrapiter 1S
per i pher al - 9eWcB STAATTIERN AGURREAMSRAY TPTa0P devGiegs BEMGLELAOBEIE ol BYS ¢ he
expansi on BbBoirhént) systen! J00D PiRidesaBeNpheral computer expansion card or device
10 220 which requires an associated expansion BIOS to be loaded into the ‘host-
computer in order to initialize and/or operate expansion card 220. In the same
manner as described abové for device 202, the expansion BIOS associated with
expansion card 220 is stored in mass memory storage 204 of davice 202. The
-operation of this embodiment would be identical to the embodiment described
15 immediately above except that the initialization code stored within mass memory - -
storage 204 would include initialization and runtime code for expansion card 220
as well as initialization code and runtime code for device 202. g
One of the advantages of the present irivention is that the portion of the
expansion BIOS which is stored within the mass memory storage may be easily
20 upgraded. in the case in which the mass memory storage is a hard disk drive, the -
portion of the expansion BIOS may be stared in a portion of the mass memory
storage which is not user accessible. A variety of methods may be used to protect
this portion of the hard drive from being accessed during normal operation of the
hard drive. In this situation, a utility program may be provided which allows this
25 protected portion of the hard drive to be accessed when and if an update or
correction of the portion of the expansion BIOS stored on the hard drive is desired.
All of the above described embodiments are able to take advantage of this ability
to update and revise the portion of the expansion BIOS which is stored in the mass
memory storage of the mass memory storage peripheral device of the system.
30 The general approach of storing at least a portion of the expansion BIOS on
mass memory storage aiso allows the host system to be configured differently for
different situations. An example of this would be when the system is being used

for running a particular game or application which may function better when the
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In this enbodi nent . the-host conput er may—i-heldde—syst em ROM-rere~y—1i5-
storage containing systemBIOS (system ROV). The peri pheral ROM storage

menory containing the first portion of the expansion BIOS may be separate
and ap_gg\?;.;n%gst he system ROM storage nenory, or altepppirdilsyse t he
peri pher al storage nenory containing the first portion of the

expansi on BI OS may be part of the 8§stem ROM storage menory. In the

case in which the st orage, menor y...20 ontai ning the first portion of
Che- expansFETeET BN SUELR moa Lparer FHl g the nbraplodkraRPRoL e age
nenory, thisgstesd. PheisdinFoehs i mass Memdry seradaddvVitamalde a compidtdisk
portion of the expansion BIOS associated with th(;b%art I cul ar peri pheral

conput er d@AYEE 2pE $he gamg o5 eRRIGHYOR RAYHRE Proy (fedoneompastdisk: JPgnanding :
devi ce. : inhl JTpanratel ' [ er&g“ ment
are a net hgg V;R‘ghzdg tﬁgrgég%%rrent gggs g*ﬁé?ﬂ?%ﬂﬁé’%g‘ g{)ﬁ;ﬁd{,‘% ar gﬁ%%‘%ﬁ%‘?ﬁ
conput er5 devould contain @éhigasta portiomipaetsaibef tBeE3pansionBiPSd Thit expdnsion -

parti cul ar [ I ' b S4.S . it hi.n t he, mass menory
O or age of HRS Snand sefE ol ABUE e dtel iefion pof' kel (e MM, 1 2
enbodi ment wduld opttriicecthenpermtionufenesystémiforthe spacifio damerr applicatideithat Ng

mechani sm f'OB commenci ng the operation of the system Once the 30
operation &F P8R8 "¥stem i s comenced, the operating nechani smcauses the

host CoNMBYtRbring a(portias &f Ihe elSarisrs BIOTTRAY/oF s95@ae BIAS onethgBingsdTeMOr Y
st orage peri pheral conmputer device, (ii) obtain the expansion BIOS

associ ak&d MATPAry piorage of thg Mass| Mpmesy spage Petpheral devigey a deuch farger i i )

3 tore withighnhR§ion YABRIP &M BROS may be provided without increasing the cost of the

peripheral device and/or the system. As described above, this general concept of
storing information required during the start-up of the system may include a variety
of operating data, text, or other information that increases the functionality of the
15 system during the start-up of the system. One specific example of this is the
ability to present more elaborate graphics displiays during the start-up of the syéfem
without having to include a large amount of ROM somewhere within the system in
order to contain the desired graphics information.
Referring to Figure 12A, the operation of a computer system in accordance with
20 the invention will be described which includes the capability of providing particular -
graphics information to the system during the start-up of the system. As indicated
in blocks 222 and 224, the computer is turned on and the initialization code of the
BIOS associated with the system takes control of the system. This BIOS may be
any of the various BIOS arrangements described above. At this point, as indicate
25 Dby decision block 226, the initialization code of the BIOS checks to see if the
computer system 'contains video graphics memory. if there is no video graphics
mermory present, as indicated in block 234, the initialization code of the BIOS goes
on configuring the system. However, if there is video graphics memory present,
the current video memory plane is set active and the current video memory plane
30 image is read from the mass memory storage device directly into video memory as
shown in blocks 228 and 230 respectively. The initialization code of the BIOS then
checks to see if there is another video memory plane to be read as indicated in
decision block 232. I so, blocks 228 and 230 are repeated until there are no more
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expansi on Bl OS assaciated with the particular peripheral conputer device.
In a specific version of the enbodi nent which stores the entire expansion
Bl CS within the nmass nmenory storage of the mass nmenory storage

peri pheral c W/ Elbes device, the nass nenory storage pe%‘P/BEJﬁﬂkz onput er
devi ce incl uded % nenory 5 buffer on the mass nenory storade peri pheral
conputer device. In this version. t @4 expansi on BI OS associated with
the particul ar peripheral conputer device i ncludes a first portion of

t he expansiVtHeBMETUNPIBNeSOPRIFeRSti on of the =~  expansion Bl OS.” Al so,

t he operati ng gEeshag ter o e

Power - On- Sel f-‘{estagp')?(?ﬁ]w ﬁﬂggﬁggéﬁﬁgsﬁ %%Bigra?[p Irc})a%hoc}es%: ﬁgéd;%c{vgﬁfqor% The
mass menor \@r3pics geamele Ipay ba used ipprovidesherepdrating dats ta thesystemnsiThisor

| oading th | Lo h | i wWi.th the
particul ar %pfelrétg&eq ?’Sﬁ%@?ﬁ'“%ﬁ%u?‘é‘? ﬁéi?/%ggq ﬁ%’éﬁ ft%?%eﬁ@&%qﬂ?f'?@fmﬁﬁmﬁ'he
I'TE.SS mer®r waapf?gepasswqyﬁs,i phamwblttltmﬁpm?atidm\zhaenw Tph'b\n?]é Béme ipiiepdgedite of
t he Power-Qp-Sel f-Test. Thi allo t he operati nmechani smt o access
the menory %F‘ﬂe}heaﬂan&'ﬁ 8% ih? FESEM-s \txsslﬁ’as Seseiing, ag‘?""ef(‘?SaFrIS‘i"Sn1 Hixhe

Ther eaf t er ,copiputel ROtrhed bh oAl tAelikitiakkzatibn cB8e ©FRRE BIOS associath With fHae host
conputer is caused to (i) access the mass _nenory stora%a of the mass

menory st orSY§ERARKEHE? ol qf FPatsYFIetR gf drdicqted in Blacks #42mnds224ndigdist i on
of t hepo%ﬁ@%tegar\aeaé' R dbsi6R blotk D theinfthiishridh Ldife ¥ahb tbﬁ%% Rhecks

peri pheral "conpu device and which is located wt Mass nenory

st or agel@f IseeiiiHe MIsSIREMOLY SIoIAgNfievVinerGopraINS bperatipg tata tadeiloasieddntd (i i )

store the PRI f. 00 ; t . ' WL L b t RAM

In each of %g&gboee&gggéfﬁge%é%%id%? &%’bﬁﬂe@péﬁt‘%ﬁlé& -b?oJeI: i%%é‘r

conput er initiatizatiorecadesoficihatRi0S/adeds drheordiguaingithe sitem. ndywavér, ifl thgrébe t he

nMass Mmenory, st orage. peripheral .conpute evi ce I ch provides the mass

nenory st or'ﬁﬁ@eTaﬁ"‘%Iatam%ﬁnﬁﬁn? gggqhz tr{%b??‘{%&etﬁfm'f‘ﬁ%t gRONGICEieRig o

E t or ed. Alhtlew e uﬁélmilnb l#ata into apathe wéraﬁn@eafapiﬁ eedd fraﬁ{mutrﬁssdﬁdrhd n6sy Nay

e any er _peripheral conputer Vi C . such as_a video card,. .o

et vor kTR nratofage eicd imb VRt BN 2 shoytio Bibcks SR cnd 240 réspeqtivdly. *:
The initialization code of the BIOS then checks to see if there is any more operating
data to be read as indicated in decision block 242. If so, blocks 238 and:240 are

repeated until there is no more operating data to be read. Coem e

As mentioned above, by using the approach described for Figures 12A and

20 12B, operating data or graphics may be provided to the system during the start-up

of the system without requiring additional ROM storage space for this information.

This allows much more information to be provided during the system start-up

without increasing the cost of the system or peripheral. This approach aiso allows

the cost of ROM or other forms of memory storage such as battery backed up

25 memory currently used for this purpose to be eliminated reducing the cost of the
system.

Although the peripheral bus has been described throughout as being a PCl bus,
this is not a requirement. As mentioned above, any periphera} bus which requires
the mapping of the expansion BlOS location addresses into the system memaory

30 rather than allowing fixed, hard wired expansion BIOS location addresses would
equally apply. Also, it should be understood that in the embodiments which
eliminate entirely the expansion BIOS ROM on a particular peripheral device, the
particular peripheral device may still include ROM for other purposes and still
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| A—anot her enbodirents—theBHOS i s systemBroSassoci at ed with tHe host 30
conputer. In this enbodinent a first portion of the systemBICOS is

cont ai ned within a BIOS ROM | ocated within the host conputer. A second
portion of wthersess systemBIOS is stored within the nas®CIFS®1§220t or age of
t he mass nenory storage peri pheral5 conput er device. This second
portion of systemBICS is

10 rr@Hah?W?ﬁu@% &ﬁ;ee@f 12 iBVEiRM. RAM i n the same manner as the
expansi on Bl OS store hin the nmass menory storage as descri bed

pr evi ous| y. Although only, afaw spacificsexarpples of ﬁ@wtﬂm @i BFANgEMesFudIChrenor y
st or age t [oToTanely

di scl ose llflh”:gla g lﬂ?%r‘)fstﬁgﬁgogcy aﬁgﬁﬁ%g?&a%ost cgﬁ%mﬁséﬁsﬁa%%ﬁg%yst em
RAM assomtataw uftm mnass hmommage penphgraj compigter ndevigey have er begn

Post  comiseERbRE L sa0 8 yrtecEitpr InSC e oy o oy Soke o8 e SR T
| east a ps¥r éihen sgfec“mbefoahes For exampid, wi hfﬂy@tdrhﬁnmﬁahr&\‘i@fa‘}’ pa‘?;"” B’ of
the mass nepory storage per er al uter device far_use i&" Host™ 10
ey e hoRLGoTB

conmput er 4EMIEss precc H@édt%@‘@"@?“sgmﬁpﬂ ‘ﬂ’ ?ﬁéh%ass
MeMory  geviddd MEQ uersttereh% heShess ReMorj sid?Sgé‘BE%cSoiW’fﬂ@%x rﬁbﬁ gTput er

menory storage medi um of the invention has a portion o e nenory
storage rfirgt aertinebithe expansiontBIGS fasithe cassdnematy stocagspdevice oavdie t he

host £RMYLEL iddd & HeBRPOLIENbs Yeskfbed above or may be stored in a small

expansion BIOS ROM as described abave. The second portion of the expansion -

BIOS for the mass memory storage device along with the expansion BIOS for all of
the other peripheral devices may be stored in the mass memory storage of the
mass memory storage device and may be accessed using the first portion of the

15 expansion BIOS for the mass memory storage device. Therefore, the present
examples are to be considered as illustrative and not restrictive, and the invéntion
is not to be limited to the details given herein;-but may be modified within ‘the
scope of the appended claims. '
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conmput er nenory..storage-nedi um the nediumis the mass nenory storage of
the 15 mass nenory storage peripheral conputer device, such as a hard disk
drive, whi ch is connected to the host conputer. I n anot her
enbodi ment. ¥ biaessonpuUt er nenory storage nedi um the nedi pRtysosnedad @

f1 oppy di sk or another such nedi um and_t{he BI OS contained on the mediumis
transferabl e tgnl GR.H8 stora peri pheral conputer device. In-this

20- enbodi nment, %HE Zﬂﬁ! El ned OALA medi um may be updated and revi sed
. . I

Bl OGS associ east a portiton of the conputer system such as
stem

expansi on Bl OS with a part I cul ar péri'pheral conput er device
connected to,t associated with the host_

conputer. Al Pérrhﬁf" uger styﬁ?"Bfrﬁngsng a h@ﬁh‘f‘%ﬂ'ﬂ\é@" Bavipa svetem BAMagd Be

expansi on ﬁﬁs@&n&ﬁmlsﬁirede fiphetabedrnp Gler devide H%Qfd 859 ey WiSfagdeVi Ce
bei ng connected to the corrgﬁter system IgphDESCRI PTI'ON 6‘9 THE

DRAW NGS Which is co“‘i‘ﬁ%tef’éathhﬁe@%fcwtﬂbe@érhoﬁt mmnutgmumg $H80S1te -

under stgoo@oRirol RS ¥p8ARRNL 8n arrangbMBnt ﬁtlnlnﬁl%lﬂg description of the presently
preferred enbodi nents together wth acconpanyi ng draw ngs”in-

whi ch: 30 Al gur@ermangnhrrmnm SGIOrage anaanis az:cpssrble terthe tospubmBuRFSt em
using a Pl,iRHSnb%tart-up SPIHACESmBURT" bgther for &N H%n%ra de &?m%ﬁ trAgSt

conput er;
BIOS:

b) a second portion of the BIOS, the second portion of the BIOS being
10 stored within the mass memory storage of the mass memory storage peripherai
computer device; and ' |
c) operating means for causing the host computer to access the
permanent memory storage means, obtain the first portion of the BIOS, .and
thereafter, by using the first portion of the BIOS, causing the host computer to
15 access {he mass memory storage of the mass memory storage peripherél computer
device, obtain the second portion of the BIOS which is located within the mass
memory storage of the mass memory storage peripheral computer device, and store
the second portion of the BIOS within the system RAM.
2. An arrangement according to Claim 1 wherein the BIOS is systém BIOS
20 associated with the host computer.
3. An arrangement according to Claim 2 wherein the permanent memory
storage means is provided as part of the host computer.
4. An arrangement according to Claim 1 wherein the BIOS is expansion BIOS
associated with a particular peripheral computer device,
25 5. An arrangement according to Claim 4 wherein the permanent memory
storage means is provided as part of the particular peripheral computer device.
6. An arrangement according to Claim 4 wherein the particular peripheral
computer device is the mass memory storage peripheral computer device.
7. An arrangement according to Claim 1 wherein the BIOS is system BIOS
30 associated with the host computer and expansion BIOS associated with a particular

peripheral computer device.
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1L . Figure-2A+s—adi-agr ammat i-c+Hustration of a prior—art——

expansi on Bl OS cont ai n| n rrul t| | e code i nages; Figure 2B is a
detail ed diagramatic Thip edone of the code i mages shown in
Fi gure 2A Wiy 1a895€s lc.j . pr| or art expansi on Bcfiosee/18220

Figure 2C is a detaile ' |Ilustrat|on of a configuration space

menory of a PCl peripheral device; Figure 3 is a flow chart

to dot ermi ne SAll plfenBhineSf BRI §3%“§“aﬁ1yt%'2 BRI Permanene P6MmoRY 14

require thnodagadhe@wsofs ROMexpansi on Bl OS i nto system RAM of a host 10
conputer;

ure 4 is a flowc art str t he detai.ls of: how
a prior art @x;%ﬁ%'PBﬂteBIW"W sm?@?d@?& @W{}gﬁﬁ?%ﬁf‘w Fal

devi ce i s ghefRindll8ingy Rbaednpler hawh@sgvstem RAN'GXebEated with'the HosPur € 5
is a block diagram of one enbodi nent of a conputer system designed 1p in

accor dadhcE€omputef aNdypeBBsS MATORY i BAragR| B‘H’*m gorpRvieprravige Mhich iis .whi ch
rel ocat ab'c%n%emoqn? b&Tpdrifidiet. %e%ﬂ%ﬁ?@&(;si cBifbufer B BI0R tﬁ%ﬁ?@k s a

peri pher al evice t 1'gure
det ai | ed dtsagua'mm.l at leastusportionaf the Biosmemg stored withisf thamass memwopaNS| on

device; * S8rad e et HRcRGVoRPade TR it e VB eV B 2
second porHidstrcontpuasr after tmpammmpﬂee‘aas nomuonﬂamos Siordt inhthepmassent
o1 G5 119 udTeeme0y* 26588 i gstom RAM o alipss capulErothactosmmuaer P aGaraL |

i [l ustratiQprdfe ,hgg,uﬁpa{,mgﬂg,a@ on space 25 nenory of a PCl peripheral-
devi ce; Figure 7 1s a flow chart illustrati ng the details of how an

expansi on Bl OS @gortion thereefontaining BIES for contralinoske |0§8T&§§déﬂ tf“ﬁt”t?sﬁyst em
RAM of a %p&ggput er in

10. A computer memory storage medium according to Claim 9 wherein the

15 computer memory storage medium is the mass memory starage of the mass
memory storage peripheral computer device which is connected to the host
computer. : -

11. A computer memory 'sto‘rég'e ‘medium according to Claim 10 wherein
the mass memory storage peripheral computer device is a hard disk drive.

20 12. A computer memory storage medium according to Claim 9 wherein the' -
computer memory storage medium Is a floppy disk and wherein the BIOS contained
on the floppy disk is transferable to the mass memory storage peripheral computer
device. '

13. A computer memory storage medium according to Claim 9 wherein the

25 BIOS contained on the memory storage medium is updated and revised BIOS
associated with at least a portion of the computer system.

14, A computer memory storage medium according to Claim 9 whereinthe
BIOS contained on the memory storage medium is expansion BIOS associated with
a particular peripheral computer device being connected to the computer system.

30 15. A computer memory storage medium according to Claim 8 whereinthe
BIOS contained on the memory storage medium is system BIOS associated with the
host computer.

16. In a computer system including a host computer having system RAM

L it
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accordance wth the. present invention; Figure 8 is a flow chart
iI'lustrating how a portion of a- system BIOS stored in a 30 nass nenory

st orage peri pheral con‘mgtsgr device as shown in Figure 5 is | oaded into
syst em RAM O‘&o% ’h co F g iasiBemagﬁagrddance with the present invention;
Figure 9 is [ di agiiEmg enbodi nent of a coﬁﬁﬁfuﬁ"’ﬁ’& em

desi gned in accordance Yl ' nt28 nventi on whi ch uses a peripheral
bus, in 12 whi ch

r el ocat abl 8"¢ R PeFUGer Rar @Qef%Gﬁt‘iml‘r addiceconsegted tathehest computenusiog a

per i pher al 5 CouTHHeR4l Qt‘?é’ vaﬁu IB?:%Eafb‘fé)@Héﬁon BIOS loc?{: %ﬂ%ﬁﬁrésges ated T10W

chart |IIustrat|ngthe ta| I'rst
expansi on glqmta,sarshcangemerﬁlfgna&o@ungsthbdmdedompumrsqspem&ﬂhé pérugufzest 5

t it,h .th ' ' D 11
oo chy t PRl anGR Y oy Rl paeton SRRh Rinitasn the hesteomBISr ©©
expan tS| 6n Bb@Hh expaisiom BICINSh Ess;uﬁaea wm; tmﬁ@ﬁfulﬁt ﬁeﬁmﬁr@lrﬁdﬁ@h@f d@\fggﬁ
conput er cor dance w ent .i nventi on ure is a
fl gb)v chart ?&F‘Eﬁ‘{&‘%?’f@"ﬁ{?ﬂ/élag g}eo%ﬁ %ﬁ'ﬂ Eh?eafransemqn@ﬁommisw aphi cs
are | oaded fromp MROMEBRIge Heans G5t éiﬁi{buﬁﬁmgl éﬂf.PstV;sd#ﬁen gﬁﬂ%y H’f'tﬂg

the start-up of a com%auter system and ow chart
i || ustrati AgPaEIEN B! @éméé"”\m the chmﬁ(/@ﬁﬂpflfmai computepdem:eng data is

| oaded from a ngss NPRBEY mehrg 2tordgy befordthitompte Belie dfhnected to the

10 host computer and having mass memory storage means containing a second

portion of the expansion BIOS associated with the particular peripheral computer
device, and

c) operating rneans for causing the host computer to access the ROM
storage means, obtain the first portion of the expansion BIOS associated with the

15 particular peripheral computer device, and thereafter, by using the first portion of
the expansion BIOS, causing the host computer to (i} access the mass memory
storage means of the mass memory storage peripheral computer device; (ii} obtain
the second portion of the expansion BIOS which is associated with the:particular
periphefal computer device and which is located within the mass memory storage

20 means of the mass memory storage peripheral computer device, and {(iii) store the -
second portion of the expansion BIOS within the system RAM.

17. An arrangement according to Claim 16 wherein the particular
peripheral computer device is the mass memory storage peripheral computer
device,

25 18. An arrangement according to Claim 16 wherein the host computer -
includes its own ROM memory storage and wherein the ROM storage means
containing the first portion of the expansion BIOS is apart from the computers own
ROM storage memory.

18. An arrangement according to Claim 16 wherein the host computer

30 includes a PCI bus for connecting the particular peripheral computer device to the
host computer and wherein the system utilizes PC) protocol for using the PCI bus.

20. An arrangement according to Claim 16 wherein the mass memory
storage means is a hard disk drive and the second portion of the expansion BIOS

-
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t he—start-up of a cemputer—system. . I5-BEFAHEEDBESCRI PTI ON———
Referring to Figure 5, the present invention will initially be described in

terns of an arr angekeitasiBedh r3phce Ng a host conputer to operate a
particul ar. R bhiaedsal devi ce, the operati on pefroshémroer equi res
t he host conputer to o%MHiﬂﬂmlmaanzhon Bl OS associated with the
particul ar peri pheral d load 20 the expansion BIOCS into

a_syst em Rl 5D Qi the Bl faotnord ORI g ¥akE Ml arivel 00 desi gned in

accordance W present 1 nventi I nclFudes "a hast. conpuf er 102
havi ng syst e@1Bl OS A.Marmgemencamdmao@arrazewtmmncmnmd podtiomati

o syat om aexaxeBRSaR HPE s detated i EFRYAY w e MK Bt sy gmoly =1 O
connect ed s2érageawhiehtis notpsérescckesiblend RAM 106 using a host bridge 112.

And, a peri pheral uter device 1 14 s connected to host. conputer
102 usithg perépher afin b‘l‘Iéa'EO‘em accopggg 18 SR é% wherein ghe MASS MEMOD:  RAM

106, ROM %Q&agﬁ%&}%t |st¥éé’r9§aé‘1]¢ﬁsk layePbd eﬁéﬂsedmmosmﬁau of thé @kbénsigl

readily provi dabl e conponen al | ow host onputer 102 and RAM
106 to be &!eﬁne@petm w@hrnm@mmgucoflamomsawghﬁrmwmevbgzeadrhwee
conponent s @ Are not limted to, any conventional 486,-

Pent i uni err é%err] or RI SC based conponents. Although host
conput er 102,23 _ An arrangement according to Claim 16 wherein the particular

10 peripheral computer device is a video card.

24, An arrangement according to Claim 16 wherein the particular’
peripheral computer device is 8 network card. _ -

25, An arrangement according to Claim 16 wherein;

a) the particular peripheral computer device includes a configuration

15 space available to the host computer containing information on a requested size of
the expansion BIOS, and : , :

b) the first portioﬁ -of the expansion cros includes initializing means for
making it appear to the host computer as if the first portion of the expansion BIOS
is the size of the requested size of the expansion BIOS even though the first portion

20 of the expansion BIOS is smaller than the requested size. '

286. An arrangement according to Claim 25 wherein the initializing means
includes means for storing excess information in the system RAM along with the
first portion of the expansion BIOS such that the combination of the excess
information and the first portion of the expansion BIOS equals quantitatively the

25 requested size.

27. In a computer system including a host computer having system RAM
and a particular peripheral computer device connected to the host computer using
a peripheral bus in which relocatable expansion BIOS location addresses are
allowed, an arrangement for allowing the host computer to operate the particular

30 peripheral computer device, the operation of which requires the host computer to
obtain expansion BIOS associated with the particular peripheral computer device

and load the expansion BIOS into the system RAM, the arrangement comprising:

a) a mass memory storage peripheral computer device connected to the




13 RAM 106..—and host. bridge 112—are shown having a particul ar

configuration relative -~ ~to-one.another, it should be understood that
this is not a reqU| r eRnL of the present invention. Instead, these
conponent s gRYv nt er Iéedxkema@dvarl ety of SPEgt %3
conflguratlons a Stl |n t he scope of the inven |on so | ong
as b5 the peri pheral 18® i s connected to these conponents -

usi ng eri al 110 as crl bed hereinafte Per i pher al
bus 310 rdyhEORAGE a'\?imvg'uanv~7 eadi | ¥ S'B9F MEANS CpRiEiNIRG e xppasion” | 1
whi ch rel mesaéaﬂsacewmqne%ﬁcdlﬁcaéﬁmra%hm@ﬁdw& al | oned. One
preferred enbodi nent of such a peripheral bus is a PCl bus. However,

it should be 18} un@epses 6‘6&%‘5‘9“5‘“&‘8@ %thwfdheﬁ&ﬂeﬂheﬂﬁ buses, such
as other paral gl bHﬁ&%tm% mear%%kﬁénﬂ@%theoéorﬁﬁ'\bﬁhﬂks@?g% erat #\gl d al so

fall within the scope of the present I nvention ed | n det ai |
above it shetesadrrcausing the hospcompiger to (it accessdthe mass memargl storage”

speci fi cat d t Lt c.uI ar
per | pher ar st i i RimBEY sERRERLAR S AR RSCORUGE dledyBtR o fer
15 peri phﬂcpahsubusﬂlfosrafss@madmttstﬂmatzcalarwmtﬁi egmppearidevice] amdgii) and

t herefore, resent venti.on w | descrjbed ip detail assum ng
that a PCISt?ﬁ?swft?"b@F (#EM the %Wﬁﬁ@cﬁsﬁeﬁﬁsﬁﬁ‘éf% WES&B&D@F"B&@A ce 1
14 to hostpeeigﬁ@m%rrmeef&gw;eappl i cation of the invention to other
peri pheral bus configurations wll beconme clear to those skilled.in

the art@in vi2dBw of AR arrangeNeay rasconding oiog Flaime 29 Whekeinathey pariigular be 20
descri bed I ot a
_ rgehmum%\&ﬁbﬁ uaogﬁ..sfs mﬂfetc herggg.ﬁemswh&agg e gerg; rytoﬁ'ledufern

requirene Any peri pher al Ires t expansi on
Bl OS Iocatdewceaddresses into the system nenory rather than allow ng fi xed,

P o "o AR ASR RS S MR
114 25 i dneludess Hmmwomum&gengehé phakmlar peripluﬂratcdawteedh&ue trgthsass
gF g%?’ 15 E&ﬂasg 8°T_th?re°(ﬁﬁ’| vtyﬁ fhe system utﬁizeskParprotoco[for usﬁ)\g tﬁCtch bus
An arrangement according to Claim 29 wherein the operating means
includes a memory buffer on the mass memory storage peripheral computer device.
31. An arrangement according to Claim 30 wherein: |
a) the operating means includes means for performing a Power-On-Self-
20 Test upon the commencing of operation of the system according to the PCl
protocol;
b) the expahsion BIOS associated with the particular peripheral computer
device includes a first portion and a second portion; and -
c) the mass memory storage means includes means for loading the first
25 portion of the expansion BIOS associated with the particular peripheral computer -
device into the memory buffer of the mass memory storage peripheral computer
device within the time frame of the Power-On-Self-Test allowing the operating
means to (i) access the mer’nory’ buffer, {ii} obtain the first portion of expansion
BIOS, and thereafter, by using the first portion of the expansion BIOS, {iii) access
30 the mass memory storage means of the mass memory storage peripheral computer
device, (iv) obtain the second portion of the expansion BIOS which is associated
with the particular peripheral computer device and which is located within the mass

memory storage means of the mass memory storage peripheral computer device,
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expansion Bl OS asseoci at eéd with the-dew aded i nt-o—the—host—
conputer in ord stSBee operly initialize and operate device 114.

Al t hough a hard di sk °°“R°P1a°%i‘ conpact di sk player are specifically
ment i oned, vwagsy/posy al gMje 114 30 may take theTh@séieaio any

ot her mass nenory stor | | tll Il remain within the scope of
the invention. Mss rrem)ry storage per| pheral conputer device 114

| nvent | ot sto@iRe Ree8ita Bl dfve &ﬁ?‘?@i‘fﬁ‘%ﬁﬁh*ﬁ%&w&ﬁmxpans| on

Bl OS which is

associ ated with device 114. Referring to Figure 6A, V\/nen u5| ng a
PCl bus, first portion 120 of the expansi on Bl OS includes a
configurati gy headgl drfgngetneriRictofimy s CHfim 31 wﬂgrg,hal i zati on code 124,
and a check sum 126. The speC|f|c I nformation 1 n 5 configuration

header nay vam@) deprn@articuiar periphens mmgeus!sdlt:EhmmMes a thefiguration

use, o 19pact oty i BERR Abntipie i RbAERon SrphuSg R Bl 10 1 <

a veryssrmbl_emnsmralos and the overal|l expansion BIOS, for exanple, |ess
than 1 K byteg.in siz A seco 28 of theazlx_pansmn ‘Bl OS

associ ated wit de\?’%grsff&'ﬁ’@ g{%@&jcpﬁﬁ&%é%@ﬂ%@d%%pw Fi904pRANs 195, As

shown in hbkingat Sfbeat &6 BChaMIconPutdrds iPthd figt BERAIMSIIARe axgaﬁﬂu@sBIG@ udes
any data structure 130 which may _be part of the expansion

runtime dédae &!52%wqm%éﬂﬂeémnﬁmcﬁs@%ﬁ@n@mghathﬂusmmm t%e
Opefat'Orbﬁnetéxézpaﬁ%h%s%%mdw b Rt legle&iB8 Sizb34 necessary to

initialize de
10 33. An arrangement according to Claim 32 wherein the initializing means
includes means for storing excess information in the system RAM along ‘with the
first portion of the expansion BIOS such that the combination of the excess
information and the first portion of the expansion BIOS equals quantitatifiéi;“g'ihe '
requested size, - ' a
15 34. An ‘Brrangement according to’ Cldim 27 wherein the mass remory
storage means is a hard disk drive. I
35. An arrangement according to Claim 34 wherein the expansion BIOS
associated with the particular peripheral computer device is located in a pofﬁi’iﬁ‘of
the hard disk drive mass memory storage which is not user accessible.
20 36. An arrangemnent according to Claim 27 wherein the mass memory
storage means is a compact disk player and the expansion BIOS associated with
the particular peripheral computer device is contained within the memory of a
compact disk which may be read by the compact disk player.
37. in a computer system including a host computer having system RAM
25 and a mass memory storage 'peri-p:i"i"éra’l computer device having mass memory
storage which is connected to the host computer, the host computer using a BIOS
to control its operation, an method comprising the steps of:
8) providing permanent memory storage means which is accessible to the
host computer during the start-ﬁp of the computer system and which contains a
30 first portion of the BIOS;
b) storing a second portion of the BIOS within the mass memory storage
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114, and a checksum 136. s APHS ROk bR -otH-6—6C—devi ce 114 al so includes a

15 configuration spac flavi ng an configuration register 140

whi ch contai ns inf %ﬁﬂﬂ”@“mi ﬁdi ng a requested size or anount of

syst em Memygy ohQloss pansi on Bl CS sim | ar geqnishgisagdescri bed
above for the prior art device 18 _of system 10. However, i1n accordance
with the preset invention, the reques?‘@d si ze specifies the anpbunt of -
menory s r i A . ter, to 20 . map both the first
portion %8ﬁ8frﬁ€%e&'§%§\§%E’{Hg%g&ep&gg%él %ﬁ@%&g&ﬁ&ﬂﬁp??‘f on 128 of the
expansi on Bl O8})ass causihg the/hdst computérctocdccesstiie garmanentraefbdy storage

Al t hough Fi gures 6A gnd_ 6B il l.ustrate one .code i nage maki ng up the ‘
first me%?ﬁ't%ﬁml% fir %"éﬂﬂﬂd’fp t'?@#fm trereaftere a%P%ﬁh%!f it
shoul d besortion dfngher BIOB,dcdubig fthé HosP Compierltd adbéksSHeORfRsH thémery 128 of
t he eéganm on BIOS 25 may include nultiple inmages, with each of. the images

cor r esporfiPragecsd the Fass @emery storagy Rasipheral compytardeyicenobtainthe secandihi ch
t he devi sLhi 1:d ' |1
e devi G 1B of &@ETO@ %g:&%géc%tgﬂ' With gleymg?s h@ﬁgﬁg )2;&9%@%8%%&% a'ow

the sane 'device to be a to .a vari usingdifferent
conput er raewiory storage peipheral coonpestepdevice.oarichstodd friecsemoind portiorcotithe mages.

If multi code. i es,ar I ng provided, the requested size 30

i nf or mat fgdﬁsswgﬁ@d{ﬁien V@B‘?{PWM ion register 140 of configuration space 138
i ncl udes  38.enoughmepikadcurdinlg tooflalim 87 Wwheteif ke BEOD s spsteini BIDS Of the
code ‘L(ga%%; e Novly.that the elenents of this first enbodi nent have
been Hes@ssBEigted with the hosh EPMAULR - of t his enbodi ment wi'l|l be déscribed in

ggt ail. Weggverald nfethé®Bckofliing to Claim 38 wherein the step of providing

izl

permanent memory storage means in'c_:ltides the step of providing the permanent -
memory storage means as bart of the host computer. SRR

40. A method according 1o Clair 37 wherein the BIOS is expansion BIOS

16 associated with a particular peripheral computer device. S s

41, A method according to Claim 40 wherein the step of .providing
permanent memory storage means includes the step of providing the permanent
memory storage means as part of the particular peripheral computer device.- .

42. An arrangement according to Claim 40 wherein the particular
20 peripheral computer device is the mass memory storage peripheral computer
device. .
43. A method according to Claim 37 wherein the BIOS is system BIOS
associated with the host computer arid expansion BIOS associated with a particular
peripheral computer device.

25 44, A method according to Claim 37 wherein the step of providing
permanent memory storage means includes the step of providing permanent
memory storage means in the form of ROM.

45, A method according to Claim 44 wherein;
a} the system inciudes a particular peripheral computer device connected

30 to the host computer using a peripheral bus in which relocatable expansion BIOS
location addresses are allowed,

b) the BIOS is expansion BIOS associated with the particutar peripheral
computer device
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| s—f+r1st sw tched-on, the system i nltr"a’r“l‘v—s operated in the same manner
as typical systeﬂmth&thedaR@@émpescrl bed in detail in reference to the
fl ow chart of Figure B, once the POST code checks system 100
for peri phwoanemsi ce frmines that there is RCPESIENSOal devi ce
whi ch i ncl udes expansi O g case device 114, the operation of
system 1l 00 begins to differ fromt he% ypi cal system descri bed in
reference to ghe fhpvg B%rftst&fmsfl:w&@cdhd Jére6R 07 the BIOS includddPMedtepn Of
system 100 after this point wilT be further descri.bed in reference to the
f1 ow chawof spering gusegond worwon abthel exransiare BiQfeassasiated avith tie pargigular 4

d b t

deci 51 on P8RS Ep Rk dckibe Riutiine AR ridiphey hrbhane feans of bl ) 7

per i pher aherdom smrégdpeﬁwmralrcmptmsldemcalsﬁd t he POST code wites to and
d f th f ti t 140 of t

13308 pof phol SRR PE Eaveia ,BpEF APRBuR Bhoesat QroRPE e TS

present QrernbAy SYagEmeans Mtludds the ﬁwvoﬂuabsnﬁ@my Uoﬁm&ggmsr fostess ed.
Once it is determ ned that there 15. .is an expansi on Bl as indicated by

bl ock 148heRQN sterage maans, ebwin ﬂwﬁrﬁt portw@ézféhﬁpxeenw B&%@?%ﬁéﬁ‘hddr ess
to map thae ﬁ)ﬂ?@ Shfuld! @gﬁ'@{é} dt&?ﬁe\tuﬂé‘tand ther@%ﬁﬁ? g'@tmae first

confi gurat ron r gl ster COI’] urat I On Space neno
per i pher glortiew iof shg expansiorhBHK, qmsmgwmeﬂ@m ooottmtemneambs:amaemasm on

Bl OS scrl bed
oboveQ oML RERRte theBhs bPthé fdek odeflofy RSB etiplibtal bairpytd 3

i nvent i oriii) peraiptier sécudd\pgg\!/lodbd thapxpansmn Bi0S twhicir klﬂklod;ﬁ&c?gfvlthhbe

expansi on Bl stor n 118 to t address starting
e oarUCTa p e Compuey drvich S uRIah 6 Ioare withig the grase sraes | 1
confi gur ghésns manmremw&t&ag@ petigiterailcbnisutendbvias athd (i) Btareknd 50. 25
Devi ce 114 sets up its internal address decoder to decode the entire nenory

addr ess rsgggad ptthgoxpangian BIOS xythip thihsystemBAMOM 118 i s napped even
thougf only 4%, Sel | RRHGD abSordirid' 8 (Cai]) 4B Whérbih Ble Ssmc%rlﬂefhphﬁea@ause
first portion 120 of the expansion BIOS stored In of deV| ce

114 is computer device is the mass memory storage peripheral computer device
47, A method according to Claim 45 wherein the host computer inchides
its own ROM memory storage and wherein the step of storing the first portion of
the expansion BIOS associated with the particular peripheral computer device
20 within the ROM storage means includes the step of storing the first portion of the *
expansion BIOS within ROM storage means which is apart from the computers own
ROM storage memory.
48. A method according to Claim 45 wherein the host computer and the
particular peripheral computer device are connected using a PCl bus and wherein
25 the steps of causing the host computer to access the first and second portions of
the expansion BIOS associated with the particular - peripheral computer device
includes the step of utilizing PCI protocol to cause the host computer to access the
first and second portions of the exparision BIOS.
49, A method according to Claim 45 wherein the mass memory storage
30 means is a hard disk drive and wherein the step of storing the second portion of
the expansion BldS associated with the particular peripheral computer device
includes the step of storing the second portion of the expansion BIOS within the
memory of the hard disk drive.
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substantially smaller hltl%ﬂeé e_request ed anount of space request.ed by
register 140 30 for thegguarati=seHsi on BI OS as described above, faked
generated data is mappeﬁlm] i i excess system nenory space. This may
be acconpli e @ Va ways For exanpl e, aﬁ!’ﬂ%g fa
| ocati on onéggzﬁ’@?% may be mapped to all of t he excess sys% €m nmenory
space, thereby requiring only a singl 84data | ocation to -

16 fill e entjre.excess st em enor,y space. Al ternatively, a snall
data gener at#‘ﬂg A 8?9&6"?23908@?# g\’/i‘ﬂ%’&‘ \ﬁﬁi g'ﬁefaé“ é@ﬁéﬁ?‘é °%fs‘%'é'¥%l"%i ng
dat a pat te¥cemdqibrtibs oflthie ekpansion BIOS veisinRhe nidifofadrhaomat aiskangede s .
mapped tq the excess mem)r% space that when it is accessed, the

dat a gendPaiORS tEBd‘é‘*%_@ﬁéF F'@sﬂ'teh%esc;gge%%'@ﬂ" Qfdhaexpansign Bl@Bawithina
Al L hough S¥HiBn(otqngINaRd bisk dfive FRbsamaihoRPYtoldlewhIERTS hoFfitbrnaseshi. T1 |1 od

are escribed, a variety of other specific nmethods nay be use all of
whi ch Boul d ki | A methad acaardingdofdaist 45 hehereiasimatmass/metrioon starage™

f i A . s .Si ngl
fata | ocaTLaht lxrobrastind Afvérdiinerein (RE P Gf Solsip FRE RSl hofudh, o' ©
expansi onofBiheSExpEnsniBIOS dssoaiatedh withctherpasticulaeperipherairoomisiiter devicd or t hat
I tion., ' hi l.] t he e .S Tl d . wt )
Since. al i nGldERaRE sia & siina Jhe 55Fard PAREg T ibs BxBRnuon BIOS Wi dte cpace
does not memd?{ i@ corfactBSKwWhItR ARYHereadty thRCcomRedt diskplagér. My be

pl aced at the end of first portion 120 of the expansjion BIOS. 15 | As
i ndi c¥Ped i ¥l ock &5’2‘“%@0?@5'?“9:6%&‘?'%& Whersiy e partisx)as hariphes os

computer device is a video card. :

53. A method according to Claim 45 wherein the partiéular peripheral
computer device is a network card. . . . - : C e
54. A method according to Claim 48 wherein; IR
15 a) the particular peripheral computer device includes a PCI configuration 5“

space available to the host computer which contains information on a requested
size of the expansion BIOS, : _ B~
b) the method further includes the step of causing the host computer to
obtain the requested size of the expansion BIOS from the PCl configuration space,
20 and
c) the step of causing the host computer to access and obtain the first
portion of the expansion BIOS includes the step of making it appear to the host
computer as if the first portion of the expansion BIOS is the size of the requested
size of the expansion BIOS even though the first portion of the expansion BIOS is
25 smaller than the requested size.

55. A method according to Claim 54 wherein the step of making it appear
to the host computer as if the first portion of the expansion BIOS is the size of the
requested size of the expansion BIOS includes the step of storing excess
information in the system RAM along with the first portion of the expansion BIOS

30 such that the combination of the excess information and the first portion of the
expansion BIOS equals quantitatively the requested size.

56. in a computer system including a host computer having system RAM

and a particular peripheral computer device connected to the host computer using
—
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t he neror yhis SieatHzons nf{e1 eh—the—expansi on Bl CS ‘was mapped

by—eaeging

searching for and appr i) on BIOS code image, in this case the
only code i mage IW Mmm?st portion 120 of the expansion Bl CS.

| f an appr R bAieBos A d) s not found, as shown pdyrGdeaA&een bl ock
154, the sequence returns to 20 bI oc 6 to see if there are additional

devi ces to be configured. However proper code inage is found, the
sequence Jmy c S nenory
oot on heLRPhef BRC “’sﬂ'@‘?ﬁwﬁe‘%b?“é pebtiin oS AGRCA SRR R,

into froralhlwediemmeﬁ'tdﬁddr allwinph th GBSt cnmkmutblemomperate the cmktlddiﬂ copl es

h d f
Loo oo R R Duter GSied Ineapertion & QhiphTeRte e gomputeiPeg
gener at ecbistaimexieaeiorBIDS assieiatbl vitlioves pAdiculdiperipBeral BoMbotdt dbbfte t he

POST code calls the initialization.cade 124 of the first portion 120
of t hed ex3ghaagnthg expansion BIQS o Et%’ﬁfmlﬁpi'UGt%H‘%b% cPMPrisiag that i on
code 124.gaps of: I n accordance with the invention and as indicated in

bl ock 162, |n|t|aI|zat|on 30 code, 124 contains just . enough codeto
activate nmss atenoPyoidipgayaape ey storage pedphgral computer devite hasing | oad

oer PR ety ol UBRSHARILER o Row oo TN 1 o
128 now i n hosli) RAMmmgsﬂmvexpansldnpoSl&ocMém mmnmmMmlaxmmral
_ |ve tial | ol nc_:|ode 124 | n%l)r%dgs or'LlI y enough code to
a ct ivife w:e within'thg miass memory storage mea
c) commencing the operation of the system; and
d) after commencing of operation of the system, cahsing the host
computer to (i) access the mass memory storage means of the mass rhéf"nory
storage peripheral computer device, (i) obtain all of the expansion BIOS associated
15 with the particular peripheral computer device, and (iii) store the expansion BIOS;‘ :
within the system RAM. o

57. A method according to Claim 56 whersin the step of 'prbvidiﬁag"" the
mass memory storage peripheral cdrr’ip'uter device includes the step of providing the
particular peripheral computer dewce in the form of a mass memory' storage

20 peripheral computer device.

58. A method according to Claim 56 wherein the host computer and the
particular peripheral computer device are connected using a PCl bus and wherein
the steps of causing the host cormnputer to access the expansion BIOS associated
with the particular perlpheral computer device includes the step of utullzmg PCl

25 protocol to cause the host computer to access the expansion BIOS.
59, A method according to Claim 58 wherein
a) the mass memory stordge peripheral computer device includes a
memory buffer,
b}  the step of causing the host computer to access the mass memory
30 storage means includes the step of causing the host computer to perform a Power
On Self Test upon the commencing of operation of the system according to the PCI
protocol;

c) the expansion BIOS associated with the particular peripheral computer

Iy gy
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134, this S not a the invention. Initialization code
124 may include nore as at least a portion of the
expansi on . Bixdyii3esst ore on mass nenory 5 storage 114. ploveyRiezbhe

storage device 1 14, Iﬁaﬁhﬁgﬁ“’ﬁﬁ 'E‘ie‘bn 128, and run initiali-zati on code

preferred enbodi nent would m nim ze thg.anmount of code stored in ROM
118 thereby reducing the cost of the as nuch as possi ble. In block
166, 'mtual,iceahb@aesa Ftlééna‘owsrth% se8id bR gﬁa'phera' devi ce 114
and installs system|evel software support i ncluding_interrupt handl er s,

devi ce sp@ti f i befosm she step oDeausingithe diolst sompoterctdcadc@ssithe frinasss hed,

he' shown_ fedifn? Bitade inddhs, iRQUGMD GR0HED of laatls M KA peebHoLiRe code
initiali za:]cpansleuthOSasmdmedgNMnehmmmcolar peripherd) mhmmmdwhd:iﬁw M6 used
to store the e

OS repai ni.n
i1 ol 2 BBRCGLer R 4R TBsh TP REN ateds RepPhAALCAMAUIES Jovice WV YiSgi nt
t he Tipee eranR ¢ fthePitvdra sl SeifTest) d@imbre%&et Ocasing thd Redteoniginany nore
devi ces present 15 to be confi In a second enbodi irerit ,al so

i | | ust r at &0 (i) Aceespthe 'Bem?'l*!eb‘ffgq‘t f& BBtain the first sertion of expaesion BIOS.Ad ce may
take the hRgfPaler 3{3\? B¥hgthe Ffsrﬁxiﬁﬂﬁﬁh(iﬁ tﬁé"’eﬂpﬁ{s"kﬁ{ B '\uﬁ access theSmadEMory

storage per| pheral conputer device. Exanples o device are
vi deo car deematy storagaingagsiptithe mmmm;!g@peau}erat ¢oampuetepdexicen card

erbodi M 3B s theshd Bifidn o ¥ BB A CERRORhR e msociarig kT ehe .

expansi on paaticulsr petiphecal cﬂ:ﬁl'otbuméﬁdﬂmce and wbﬂ;buslesand vaﬂﬁommdswi on
BIOS to be | oaded.i nto the host con;s)ut er'?%[ﬁwI orde ialize and/or

operate eXPEF ShtheJrass,mamory, siarae &é%’"%&%%%"d?? lf’é'&n("; SIOre e for

devi ce 1143cammmmm:ame:ﬂ;7aﬁsidmsmsawmmw sySeerMtRAMI. contai ns a 25
first porti 0%178 of the ex ansi on BI §OCI ated with expansion card 174.
However, in s enBo@eHEt °°8’§'@8&HCF 5 JMNer8is: of the expansien Bl OS

aSSOC'ﬂi ed with, exP@ﬁ@bQﬂc@le Eer%rbl%o?’ﬁﬂft&%évﬁbém&umé PEPEERfpuRafEAge Of
device 114. This allows the ngjori téémt e expansion BI OGS for expansi on

card SP?!Feta(Yaﬁ%b'gt'i@rtE%thﬁt ﬁ%@@u igh §pa¥aagsem1qmqwna=ma§gqmmy '
storage 3Q; eoﬁf{ﬂ%&@éns%"ﬂi@% 114. The operation of this embogl ment woul d

be |dent|c
b} the method further mciudes the step of causing the host computer to

obtain the requested size of the expansion BIOS from the PCI configuration space,
20 and o g
c} the step of causing the host computer to access and obtain the first
portion of the expansion BIOS includes the step of making it appear to the, host
computer as if the first portion of the expansion BIOS is the size of the requested
size of the expansion BIOS even though the first portion of the expansion BIOS is
25 smaller than the requested size.

61. A method according to Claim 60 wherein the step of making it appear
to the host computer as if the first portion of the expansion BIOS is the size of the
requasted size of the expansion BIOS includes the step of storing excess
information in the system RAM along with the first portion of the expansion BIOS

30 such that the combination of the excess information and the first portion of the
expansion BIOS equals quantitatively the requested size.

62. A method according to Claim 56 wherein the mass memory storage
means is a hard disk drive and wherein the step of storing all of the expansion BIOS
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egpt that the small initialization code

fi+st—enbodi ment deschiRed: BORLERES
y KR EX contained in ROM 176 woul d operate
.,;r‘.;\ tion 180 of the expansion BICS

provi ded wthin fi
devi ce 114 and accH%”%ﬂH Flgl
associ at ed wo bimemspans

PCT/USS6/16220
18 174 contained within nmass rrerrgr7y storage 116. Al t hough both
the first and the second enbodi nents descri bed so far have i ncl uded ROM

118 and RG}hik/the pass Qﬁerﬁ@ryt SRl hmaﬁgahcrgea@%@rstaem GforitY it of the
requires the Ioaélags itbex pansion BIOS in order to.be initialized and/or
o

oper at ed @¥papsioR ipsthermempry of thenbarddiskedtiveenent . Al ternatively,
the RCM conigdl,ni nd A Rgthod ackbfdih B EldifBAhbith fE&8p P didtlddailBetnB °
Syst em

provi ded at other [ocations Wth overa exanpl e of
t hi s may dxpanasiontBIOS associatedhivith thernagtitylar peripheralgraroputes gevieenwithipr ovi ded

K | ' f i pher al
vt cds e rap R SF ey Hiskahng IRAe theilrad o HRridh gt fiah 05
whi ch corgi@gwithia £ pérsibn RetHd leid Bisk divednasy PeMBnBsOfadeOwhiths A6t Uskd and

devi ce 174 respectively may be provided as part of the system ROM 108.
The mj Orqcpfssvble of the expansion Bl OS associated with the peripheral

devices inclggled i 'Ah@ihod accof@iNg 18 (NaiARS BaUkereintHe tnas £ HMdrg stéragee 114
and 174, is stored within a nass .. menory storage device such as a hard

drive i n maRNsismcarpan diskplapes endivdiprein thestapof stakngalbafhienxpangisn ROV
o160 S0 Rk ol i ot B P compuyd el i e i 0 e
memaory storage means includes the step of storing all of the expansion’ BIOS '
within the memory of a compact disk which may be read by the compact disk
player.
65. In a computer system including a host_ computer having system RAM
16 and a mass memory storage peripheral computer device having mass memory’
storage which is connected to the host computer, the host computer using a'BIOS
to control its operation during the start-up ofthe computer system, an arrangement
comprising: e I R LA
a) permanent memory storage means accessible to the host computer
20 during the start-up of the computer system for containing at least a portion of the -
BIOS; . _
b} operating data stored within the mass memory storage of the mass
mernory storage peripheral computer device; and
c) operating means for causing the host computer t0 access the
25 permanent memory storage means, cbtain the portion of the BIiOS stored within the
permanent memory starage means, and during the start-up of the system, by using
the portion of the BIOS stored within the permanent memory storage, causing the
host computer to (i) access the mass miemory storage of the mass memaory storage
peripheral computer device, (i} obtain the operating data which is located within
30 the mass memory storage of the mass metmory storage peripheral computer device,
and {iii) store the operating data within the system RAM.
66. An arrangement according to Claim 65 wherein the system includes
a display and wherein the operating data includes graphics generating means which
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hard drive and t~w0\ﬂéwsneemag the ta+t+al i zati on code stored in the

hard dri ve. Al l of ?p dBl OS associ ated with the various
peri pheral devices incI he package could then be | oaded into
t he RAM of whiretnasds SYS rre 20 manner as descClipi-bREsshsRYe-
However, in this situation, theflrst rt|on of the expansi on Bl OS
for each peri pheral device is provi ded s part of the system BI CS and

L her ef or Ceodit6ls 48 ifALELRSHEld] xag%ugﬁg%éegtéégsgeggytgg% giampl es) does not

need to search for the&se peri pher In
accor dance W71h anoAma@rrapgementrancornding thMms&ﬁchememhecupsraﬂn§uagneral .

25, 2PPr OB JTVC AR BRI R RIBE A0 %Déjq@fq%%‘;é? LS o od wi thin

system BI ﬁ‘érﬂ:ﬂéofthe sygserred in system ROM 108 is only a small fifst portlon
of the overaéé syst em BI OS % E:ﬂSt computer 102. A second portlon
182 of %the $8tem 'be"agggttsﬁtaamfdm Q faimn8a whaseip treqnerating date “of

nass rrermrnmtﬁiésraﬁssmﬂd%qéné&dhﬁnghﬁe%mug%f tﬂ@@wenﬁs descri hed above

for the peripheral device expansion Bl OS arrangenent ,
syst em ROM 18 onl ynmpu@rsﬁtemgeludmhosmmmer kaving)system RkMde to

activate gags, BRR Hefod) dralls Heinbit aAthuoPlesiEs MR hbbE kg

into system 19
Referri ngsto@agmwiﬁtowmemedrtoﬁhgunet SGympiner ape hast compbteausing aBfOSn whi ch

the 19 SYSERMAEI Q8 dertidh dBAnb"th dtalldp be RRE LoRMpuRLytem! a"hetrad - "
ccmpnsmg the steps of:

a) providing permanent mernory storage means accesstble to the host
computer during the start-up of the computer system for containing at least a
portion of the BIOS; _

15 b} storing operating data within the mass memory stoa'age of the mass
memory storage peripheral computer device;

c) during the start-up of the system, causing the host computer to
access the pernianent memory storage means and obtain the portion of the BIOS
stored within the permanent memory storage means; and _

20 d) by using the portion of the BIOS stored within the permanentmemory .
storage, causing the host computer to (i} access.the mass memory storage of the
mass memory storage peripheral computer device, (i) obtain the operating data
which is located within the mass memory storage of the mass memory storage
peripheral corrtputer device, and (iii) store the operating data within the system

25 RAM.

70. A method according to Claim 69 wherein the system includes a
display and wherein the step of obtaining the operating data includes the step of
obtaining graphics generating means which controls the image on the display
during the start-up of the system.

30 71. A method according to Claim 69 wherein the step of obtaining the
operating data includes the step of obtaining configuration information about the
computer system required during the start-up of the system.

72, A method according to Claim 63 wherein the step of obtaining the
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portitom 182 st or ed—wthrmmass nenory-storage 116 of nass nenory-storage

device 114 will be described in detail. In this arrangenent, after the
conputer is 5 turned on as indicated in block 184, the first portion of the
syst em Bl CSwo o7/a09s N system ROM 108 finds and confi guscagussge&grenor y
storage device 114 (bl ock 186). As jndicated in block 188, the first
portion of the system BIOS i ncludes co whi ch determ nes an accept abl e

address t b

Syt om RANLIE PSR oRREL 1 eckB prbriiho3Y5ieshors reqtieg dfrfestaty ¢ ne
syst em Bl G o6abe systém.t he second portion 182 ‘of thé system Bl OS from
mass nenory storage device 114 into system RAM 106 and-runs the second
portion of the systemBIOS which is nowin system RAM At this point, the-
second portion of the system BIOS takes control as,indicated in bl ock 194
and the system continues to ope&“’aﬁe in the sane. manner as if the
entire system BI OS were 15 provi det wi thi n ROM 104. It shoul d-be
under stood that once the second porfl on cf ;he syst em B C§,§Qa__ % been

| oaded into RAM and executed,' the s"y'st m may conti nue . f&%i’:ﬁ? dance w.th
t he above described- arrangenents; for ,glbadl ng any expansi/om E}zg@ associ.at ed
wth peri pheral deviges connect. @d*to the system: . Al ternatkvely, the
expansi on Bl OS may 20 ~ be | oaded as..wi-l-i" be descrl bed in detail
hereinafter. Using this overall approach, the* - majority of the system
BICS, along with the majority of, or even all 0_.f, t he expansi on BI OS
of peripheral devices -connected to the systemmay: be stored - - wthin the
mass nmenory storage of a mass nenory storage device connected to t he
systemrather than being stored in ROM This elimnates the mgjority of the
25 cost associated with the BIOS ROMrequired for the system Bl OGS and
expansi on BIOS in a typical conputer system. Furthernore, taking this
same basi c concept a step further, additional conponents of a typical
conput er system nmay al so be elimnated by. storing the information
stored in these conponents within the nass menory storage device. For
exanpl e, battery backed up nenory which nmay 30 include system
configuration information, passwords, or any other information

typically stored i n ROM o+ :batt.erysbacked-up atenory may al so be elim nated
by _ ., _
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T
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staring this information on the nmass nenpry storage device_and accessing it
during the start-up of the system as descri bed above.

20 In a anot her enbodi nent of the present invention, the need for
an expansi o | OS ROM associated with a particul ar peripheral . conputer
device is e{ﬁvﬂigﬂé{%& al | together. Referring to Figur é"%,’“saﬂl‘%@er al |
system 200 i ncl udes host conputer }92, system BI OS 104, system RAM 106, -
system ROM 108, host bridge 112 and |3 %eripheral bus 110 as described for
t he previous enbodi nents. em 200 al so 11 Golad mass nmenory storage
peri pheral conputer deldT (04 P ~ERVIN=V=T=2~ &Jnor y§storage 204. In this .
enbodi nent, all of the1g Si
stored within nass nenory
enbodi nents, device 202 take the f
conpact di sk player, or any other for
menory storage device 202 further ing
storing data igput ang output as it A
st or age 202{QUERORy buffer 2087 sk _ :
t he host SYStE(Prﬁ'ArQ if it is an expgnpi on1& M install on device 202
during the start-up of the pr esent

A -.acgordance with
' sta
arrangenent 208. Start-up arra 08 senses wheén the systemis

SR ith device 202 is
ment i on ove for other
of a hajg disk drive, a 10
mass menory storage. Mass
a nenory buffer 206 for
qnsferred to and from mass nenory
&di gured sucheghat it appears to

i nvention, device 202 al so -up

208
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causes mass nenory st
a first portion

Arrangement 208 is 20
expansi on ‘BIWSS1/mM0% nenory buffer 206

avai l able to the host

requi res any expansion BIOS. This firgst

is simlar to first portion 120 of ?Hjoexpansion BIOS for the first
descri bed above.

is operated in much the same nmanner

enbodi nent
enbodi nent

operation of the enbodi nent

As shown in Figure 1
descri bed above.
expansi on ROM.decodi 1
30 which device 202~
into
t he

However

system gond
configuration _spac

orage device 202 to quickly turn on and | oad at | east

of the expansion BIOS into nenory buffer 206.
configured to load this first portion of the

qui ckly enough PEOEUSY6116228

202 to see if it

Bl GS

syst em when POST checks device
portion of the expansion
25 Referring to Figure 1 0, this
as was describe for the
illustrated in the flow chart of Figure 7.
0, the first blocks 146 and 148 are the sane as :
in this enbodi nent. after the POST code enabl es
g, block 150 of Fiqure 7 is replaced with block 210 in
Trapdumed Compuiesal . degor y buffer 206 _as expansion Bl OS
; at—thodaddress the POST;code provided to
eyi.c&: I n'the sane ganner as described

in detail above
excess system nmenor
21 request ed4py
up its i nt er nal
range requested by
i n device 202.

for Figure 7, faked-generated data-ts.-mapped to the
Ppacélm Post Code c 2

Wl

[T —

......

dpace of devi ce 202. Device 202 sets
lecode the entire nmenory address
space even-though there is no ROM

Pést P&ftink UldFeddredD

~{ System Configurations ] -~
4 58
8
—
Devices Present? Boot Operating System
46 —

B Begin Conﬁguration of ' "~ Another Device
48/ ' Device . _ - Present? No
3 s 56
Allocate Host /Oand RAM| -~
A o .
50 i
Contigure Interrupt
A Allocate IRQ's
52

Expansion BIOS No

Present?

" Load Expansion BIOS
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As was—descri bed for _previ ous enbodi ments. the POST code reads through the
5 expansion BICS by reading the nenory |locations to which the expansion

Bl OS was rrapped searching for an appropriate expansion Bl G5 code i mage
(bl ock 152) .xwhforsages @ appropriate code image is not found the sequence
returns to brock 58 to see if there are additional deA@ES¢
configured. However, if a proper codgsygage is found, the sequence

noves to block 212 in which the POST code determnes a 10 nenory |ocation
wi thin host system RAM 106 to copy the expansi on Bl S code to from

and the =~ faked geffer ameg q _ _'nd’accatedln

bl ock 160, the 15 ( s’ Ts the Tnittalizati onSegpe N _ai ned within

the first portion of the Xﬁanm on Bl:OS.now i n. systlem RAM5§06 and runs

the initialization cdde. The renmal, g:lewrw_of the operation of this

enbodi ment is identjqal Dstermine Addeess i bdd above for] the flow chart of
gl et “version of this enbodi nent,

Figure 7. ezl
menory buffer 206 may_20__Dbe ed i nto the host, systenﬁs menory as
expansion BICS for the entire expapsi.on. BL.OS i mage [€li.m nating the
need to divide the g ansﬁ@ﬂbgm\_ i 1 st and sgcond porti ons.
Referring to the 840 |, this approach Wi | | be
descri bed. Bl ocks 54, 'n the sanme as the enbodi nent
descri bed above for Higure 10. However, fin.bl:ock 216, dgvi ce 202 maps its
25 nenory buffer 204-as e%amgpyh BIoslfor the entire dxpansion Bl OS i mage
into syst em genTr=y ed address the POST code provided to
t he configurati Qu.spa . L.ce 202. Device 202 rieads the expansion
BIOS fromits 4SS _nenory |nt0|ts menory buffer..arjd maps the ‘i mage
into system msrmr§ﬁ POST\GG ﬁtml@ag wges ‘are provided, they are al so
mapped i nto syste f gewi=fe Sets up its irternal decoder to
decode the entire rrem)ry rang even though- - -there-i-§ no ROM on the
devi ce. Bl ocks 152, 154, ¢S also i dentical to J t hose descri bed
above for Figure 10. & Ne, the PCST code-.
70
» Determine Memory
72 Location
¥
2 Copy Image
74 I
. Call Initialization Code
e
76 ;
A~ Run Initialization Code
78
POST Code Performs
A  ReumwPOST -1 Final Initialization

80 §2
T—

Figure 4 (Prior Art)




copies tThe appropri ateexpansi on Bl OS i mage which contains the entire
expansi on 22 BI CS as
read off of mass nmenory storage 204 from nmenory buffer 206 of device

202 to syst Wodwes06. From this point on, the operation prewesesstér ough
bl ocks 76, 78, 80, and 82 in the sappyyay as if the expansion Bl GS had been
| oaded from ROM on the device as was described for the prior art system
shown 5 in the flow chart of Figure 4. Referring back to Figure
9, another e [ Jes apn _arrang in . which the expansion

Bl OS ROM assqgg , , 94 i phqral conput er devi ce ot her -
than a nmass neno : i ibgmaded all together. In this
enbodi ment_,, .system 200 i ncl udqdq a peri ph X conputer expansion card or
device 10 220 wHiZh requires<gs aSSOCIatgg expansj.on”Bl 05 't o be | oaded
into the host - conput er | der to initialize and/or operate expansion
card 220. In the same as descr.i.bed. above.far device 202, the
expansi on Bl OS associ at gd2wi§ expansl, card 220 is stored in mass
menory storage 204 of device 40R. Thep “opers{i-on.of this enbodi ment
woul d be identical to the enbcolnen descrrbed 15N\ +4:rredi atel’y above except
that the initiali d ' mss:ned@fy.  storage 204
woul d i nclude init
as well as initializa

| r438i ne code for device 202. One

of the advantages 0QfN :5 e . tloh is t hat -t he portlon of the
/’
14 1118 Mg ) 178 1173 Flgure5
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expansion BIOS which is stored wwthin the mass nenory storage nay be easily
20 upgraded. In the case in which the mass nenory storage 1s a hard disk
drive, the portion of the expansion BIOS may be stored in a portion of
t he mass neng;é%, ges . StOrage which is not user accessible. A variety of

met hods may 851 o pr ot ect this portion of the haP@I/g$96{16226 r om

bei ng accessed during nornal operati gyiof the hard drive. In this
situation, a utility program may be provided which allows this 25

protected portion of the hard drive to be accessed whengand if an update or
correction of the portion of _Jte expansion Bl CS stored dlfeshe hard drive is
desi red. Al'l of thesefove
advant age of this abid ?xpanswn@éOﬁp
expansi on Bl OS whi | SSwQPEasent : :
nmenory storage peripheral deYef of the system 30 al approach
of storing at |east a_portion df*° t he expansi gn BI.CS on masSs nmenory
storage also allows fhe host systemto pe conflgured diflfferently for

di fferent situationst AP Addsesst hi k. woul*d -be when tlhe systemis being

¢ of Nohe nass

used for rumnédn or application yhich may function
better when the - o . 23
systemis configuredfin a _manner differ t?han during tjhe .nornmal operation
of the system_4n thﬁ@b&@?ﬁmsn mass nmenory dtorage device may
be a conpact di sk48 A acamm e rre or: applicatign may be provided

on a conpact disk. Dgpending. ~an_hi‘ch of~the above |described.
approaches is being psedyizp FiestPomipaef df sk itself 5 wguld contain at
| east a portion, if_fot @HxparddonBOsexpahsi on Bl OS. Thi s lexpansion

150 o

A

A POST Searches for Image
152

No

Image Found?

154
Determine Mernoxy
15 6/ i Location
y
Copy Irnage
/ -
158
Run Initialization Code | POST Code Performs
A~ of First Portion 7 Final Initialization
160 T 170 ¥
Load Second Portion
- - to POST
162" |t Expansion BIOS 1667 Retum to
+ t
9 Run Initialization Code . Second Portion
] 64/ of Second Portion 166/ Configures Device
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BI OS on the conpact disk would include initialization and runtine code

whi ch woul d optim ze the operation of the systemfor the specific gane
or application that is being run. By storing a portion of the
expansi on ‘BWA@BRMOSor system BI OS on the nmass 10 nenory FPQIVEEE1a320 t he
mass nmenory storage peripheral device, a nuch | arger expansi on and/ or

system BI OS may be provided w thout jncreasing the cost of the

peri pheral device and/or the systerﬁ 18 described above, this gener al
concept of storing information required during the start-up of the
system may include a variety of operating data, text, or other
information that increases the functionality of the 15 systemduring the
start-up af the system One specific exanple of this is the ability to
present nore el aborate graphics displays during the start-up of . the system
wi t hout having to include a | arge anobunt of ROM sonewhere within the system
in order to contain the desired graphics inf-ormation.

Referring to Figure 1 2A, the operation of a conmputer systemin accordance
with 20 the invention will be described which includes the capability of
provi di ng particul ar graphics information to the systemduring the
start-up of the system As indicated in bIocks 222:and 224, the
conputer is turned on and the j ¥ of the Bl S
associated with the systemtak F e sfystem This BIOS nay be
any of the various BIGOS arg nents escr ed appve. At this point, as

indicate 25 by decision bf'otk™226, thepgmtralization code of the BIGS
checks to see if the comp@W vi deo graphics nmenory.
If there is no video graphics 4 Pymﬁnesent as indicated in bl ock

234, the initialization codggo|Cenfigurs Soragedevice on configuring the
system However, .if there is vildeo grapifics me_m)ry present, t he
current video nenory plane is re—current video menory pl ane
30 inmage is read fromthe nas$-nenbirg Porisnage. .defi ce directly into video
menory as shown i n bl aggs | 22Betamihe®808dresss gect i vel y. The initialization
code of the BICS then cheC T t-ﬁ?’ﬂ;e i s anot her video nenory
pl ane to be read as indicated i s=nck 232. If so, blocks 228
and 230 are repeated until theje JnestRerippleads ¢ §.

Second Portion into RAM
180 - :
‘ . "). l‘(i%’-'" ..
First Portion Runs  *
~1 Second Portion in RAM ' __
192 .
¥
Second Portion
» Takes Control
7~
194 ‘

Figure 8



24 ______video nemory planes to be read Ref erring nowte—kigure

12B, the sane basic approach descri bed above for the graphi cs exanpl e
may be used to provide other operating data to the system This
operating include, but is not limted to, systen&sondokasshaati on

i nformation, gﬂﬁ%% text, passwords, or any other infgﬁnatlon tﬁat may
provi de sonme purpose during the start-up of the system As was descri be’
above for Figure 1 2A the conputer is turned on and the initialization
code of the BIOS associated with the 7/10 system takes control of the system
as indicated in blocks 222 and 224. At this poi nt, as indicate by .
deci sion block 236, the initialization code of the BICOS checks 10 to see
if the nass nenory storage device contains operating data to be | oaded into
system |f there is no operating data present, as indicated in block 234,

t he initialization code of the Bl OS goes on configuring the system
However, if there i's o-ﬁ%ating data present, the initialization code
determ nes the nenory | oca nto | oad the operating data into and the

operating data is read frg prage device into system
RAM as shown in bl ocks 23E 1 The initialization
code of the BICS theq‘; : Ny npre operati.ng

data to be read as i ndl Ccaéyed : f so, blocks 238 and
240 are repeated untill r‘élng data to. be read.

As mentioned above, by usﬂﬂ% t he appr oM desc;1ﬂ for Figures 1 2A and 20
12B, operating data or graphics may | pvided to the systemduring the

start-up
JL

e -y I

208

e nass menory 15

e e

204

202

Figure 9



of the systemw thout requiring additional ROM storage space for this
I nformati on. This allows much nore information to be provided during
the system rt-u wi t hout increasing, the cost of the system or
peri pheral’. ?gl‘ﬁ%pr oach al so all ows the cost of ROVPGRW/USISHER20 f Or s
of menory storage such as battery backed up 25 nenory currently used for
this purpose to be elimnated reduci®ft@he cost of the system
Al though the peripheral bus has been described througho as being a PCl
bus, this is not a requiskpent. As nentioned above i¥ey peripheral bus
whi ch requires t he _pefpi ng X addr esses
into the system nmenpg 3@XP%M6§*OSha x&!“’“ﬁhpe‘"mr ey
Bl OS | ocati on addr ggSes ~way/Paesent? i sBrcsmt"s _

' t he

%a'rt I cul ar

understood that in the enbodM™s
expansi on BI OS ROM on:a | §

devi ce, the- -

peri pheral device may sti T nclrude oM For- ot hér- pur posies and still

25 remai n withji4rt r@etmm@mhe nventi on, - Al t hough only a
few specific exatgs etmniprovidin 2 rangerrent in whifch at least a
portion of the BICS or operatl,ng data & "stored in the Ss *menory

storage of a nmass nepory storage periphekral conputer devfj ce have been 5
described, it shoul dbbe ubokblsPewdinghat}the i nvention ngy take on a wi de
vari ety of ojlgr kspaciiic far af exanple, in a gystemin which

several peripheral o T ’ : '

Map First Portion of
210 pansion BIOS from Buffer

A

A~ POST Searches for Image

152

.No

Image Found?

e T

154 -
R Determine 7Memory
21 2/ Location
Copy Image
/!‘
214 I
Run Initialization Code POST Code Performs
A~ of First Portion ~1"  Final Initialization
160 170 —
Load Second Portion
- - Retum to POST
160" L_of Expansion BIOS s68” ] e o
B Run Initialization Code B Second Portion
1 64/ of Second Portion 16 6/ Configures Device -
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devi-ees—are-connected+t-o-the host cosputer—the expansi on BlL.OSfor-all of

t he devices may be stored on the mass nenory storage device. In this
exanpl e, the first portion of the expansion BICS for the mass nenory
storage devi e 10 loaded into a nmenory buffer as bove or
may be storeﬁsiﬂaﬁygnall expansi on Bl OS ROM as descrlgﬁ%ﬁgggggﬂ?The
second portion of the expansion BICS for the mass nenory storage device ’
along with the expansion BICS for all 9610 t he ot her peripheral devices
may be stored in the mass nenory storage of the - nas$ nenory storage

devi ce and nmay be accessed
BI OGS for the mass nenor,
exanples are to be cH&gi
i nvention ~ IS n@g t.o D
nodi fied within the

26 Wiat is clained is.
havi ng system RAM an
havi ng a rotatabl e

Q. the first portlon of _

the appended cl ai ns.
2 couitt-er syst'emrnctvu{rng.. a ﬁ,eszt:;f-icorrputer
ﬂgss .ne sto age per.i-pher al ddenput er:-geyi ce
_ g?‘ggsé pvhich i s connected 'to the host
conmputer, the ho%‘lﬁc: =5 to ¢ontrol |t§J0per"at|0n an
arrangenent conpri si alpergEnent memnbry storgge means accessible
to the host conputer dur| %g?ﬁ‘h start up of the conputenq. .system for
contalnlngaflrst,pfrtlo ' ' e

148

A Muip Entire Expansion
216 BIOS from Buffer

o

A~ POST Searches for Image

182

Image Found? '"'N°_ '

154

Determine Memory

o

212 Location
9
Copy Image
1
218

P Call Initialization Code

76 ‘
_A~ Run Initjalization Code
78
s
POST Code Performs
. L RemmwPOST 1 Fina baizaion

Figure 11



b) a second portion of the BICOS, the second portion of the BIOS being
stored within the rotatable nass nenory storage of the nass nenory storage
peri pheral conmputer device; and c) operating nmeans for causing the
host conput ewolegis8§ess t he pernmanent nenory storage neanspcofussdsszione
first portion of the BIOS, and thereafter, by using the first portion of
the BI OGS, causing the host conputer to access the rotatable mass nenory
storage of the mass nenory storage perlpheral conput er device, obtain the
second portion of the BIOS which is 1'"8d0ed within the rotatable nass
menory storage of the nmass nenory storage peripheral conputer device, and
store the second portion of the BIOS within the system RAM wherein the
mass menory storage peripheral conputer device includes a configuration
space avail able to the host conputer, containing information on a requested
size of the BIGCS, and the first portion~of the BIOS includes initializing
means for making it appear to the host conputer as if the first. por ti-on. of
the BIOS is the size of t he requested si.ze of the BICS even though Ihewn
first portion of _{he. - ~than the reguested size. - An

arrangenent acco i n, to claim 1 V\:hI’EI n the BI IS system Bl bociiat ed
with the hos% C:P""P““An af rangenen or d¥emy anCamipsttem 2 hherei n
t he per manenT™ Trekeesy e a=4 s provi d&@"a '
conput er. 4. arellngto cl aj i.n_the BIOS|s
expansi on Bl OSjEsogiaggdmémml paj t-l cul_ar per; rs%scragguéo%{mldev (':eh:

224 224 '

'Video Graphics
' Present?

Operating Daia ' '_

Present?

226 236
Set Current Video Determine Memory
| Plane Active 1 Location

228 I 238 I

Read From Mass . Read Data From Mass

. Memory Storage Device _t Memory Storage Device

230 240

Another Video More Operating

Plane Present? Yes Data Present? YC.S

232 242
| BIOS Continues BIOS Continues ||
234/ g System Configuration 234/J - System Configuration I

v v
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5. An arrangenent according to claim4 wherein the et |||:||U|%J

storage neans is provided as part of the particul ar peliRERLASEMEN

devi ce.

particular p ripheral computer device is the mass nenony st;o aggcgﬁﬁ'ﬂ;p

devi ce. 7. An arrangenent according to cliaiim™l "wherein t
BIOCS is system BIOS associated with thej]ost conput er (ane—exparnsion B
associated with a particul ar peripheral co

arr gg%lerrent SigATFCENND réduce! e Mebdae AN O f IRE HERM

conput er

S

contr ol

6. An arrangenent according to cl al -4—vd=re1'-e1"rT'TTTe"

ne
e

0.

~

P

mput er devi cHq. 8. An |
%mns

al

A conputer nenory storage nmedi um other than ROM for use in
a conput er smmmlcnmmrngslacmmemmﬂmféhe rapansions BLOS rand/v seme of theed

h the h her al whi ch
% Connect eceYSeRTRIGHS i SPufhiTER Mefi ARl adtase & aHRs FuPRr Gagtes o
pensIRDBompittst 8 0ce MPBHHRACATaISNBrwdRS StistantEly i rovedh n

the mass nenory storage of

flexibility in updating and |mprovmg the system or fixing bugs in the BIOS without
having to use programmable ROM. Using this novel approach, the majority of
the system BIOS and the majority of, or all of, the expansion BIOS associated
with the peripheral devices connected to the system may be updated by simply
reloading a revised BIOS into the mass memory storage of the mass memory
storage device without having to scrap any BIOS ROM.

SUMMARY OF THE INVENTION
According to one aspect of the invention, there is provided a computer system

including a host computer having system RAM and amass memory storage peripheral
computer device having a rotatable mass memory storage which is connected to the
host computer, the host computer using a BIOS to control its operation, an arrangement
comprising:

a) permanent memory storage means accessible to the host computer during the
start-up of the computer system for containing a first portion of the BIOS;

b) a second portion of the BIOS, the second portion of the BIOS being stored
within the rotatable mass memory storage of the mass memory storage peripheral
computer device; and

¢) operating means for causing the host computer to access the permanent
memory storage means, obtain the first portion of the BIOS, and thereafter, by using the
first portion of the BIOS, causing the host computer to access the rotatable mass
memory storage of the mass memory storage peripheral computer device, obtain the
second portion of the BIOS which is located within the rotatable mass memory storage
of the niass miemory storage peripheral computer device, and store the second portion
of the BIOS within the system RAM, wherein the mass memory storage peripheral
computer device includes a configuration space available to the host computer,
contzining iffdrmation on a requested size of the BIOS, and the first portion of the BIOS
includes initiglizing means for making it appear to the host computer as if the first portion

ggeL3gs 6
28/ ta]leo



menory storage peripheral conputer device for use by t
after the host conputer has | oaded the BIOS stored in
storage into the system RAM of the host computer, the L
storage nedi um conpri si ng: a portion thereof copta
controlling the operation of the host conmputer, the mass
conput er device includes a configuration_space avail ablek
conputer, containing information on a re Bested size off the BIOS, and t__[ﬁa
fir s';] p(r)]rt | oof e BIOS iﬂh@S;ﬂeWthd?éQuéslédéizd d)thheElfBl(mﬁe\VEn tOS h ! feaL
to the host ¢o er as t | rst._portion of the BI Is the size of the
requested si @g@b&gﬁgfﬁgﬂ%qg{}ﬁﬁmﬂqgﬁ S‘F‘Fre first portion of the BIOS is
smal | er than the requested size. A conputer menory storage nmedi um
according to claim9 wherein the corrput er nmenory storage nediumis the nass

nenory st or a@@cﬁﬁﬂlﬂihtﬁ e sepend Bppetihoiheir ipareyided A compyer aiemesy istasagei ch
I s connected BNPH d| um
according to c al m E%q@\#lnefﬁe I'n [ £ee 'rqwfss r?g}reor%&s or algdénﬁﬁfp%)ﬁg@gﬁéconp
device is a Iaxss’tedeAM dssoziated with. the wos(cocenmutar arghar yass cstergge rpedipberal
according to r oppy
di sk and Wnefxg'%' %&ﬁ%@n% g‘:ﬂ:‘rﬁ‘g ,?ti]e H%?% ﬁa%ﬁs‘ﬁgl%%&? @ er a'%‘ftée|J to
t he mass nenwosigg atﬁiﬂ&@e cprtral jith @penatumnrqblﬁaeta oemm ef the BIOS being stored within

the mass memory storage of the mass memory storage peripheral computer device for

use by the host computer after the host computer has loaded the BIOS stored in the
e mass memory storage into the system RAM of the host computer, the computer memory
storage medium comprising:

a portion thereof containing BIOS for controlling the operation of the host
computer, the mass storage peripheral computer device includes a configuration space
available to the host computer, containing information on a requested size of the BIOS,
and the first portion of the BIOS includes inifializing means for making it appear to the
host computer as if the first portion of the BIOS is the size of the requested size of the
BIOS even though the first portion of the BIOS is smaller than the requested size.

According to the third aspect there is provided a computer system including a host
computer having system RAM and a particular peripheral computer device connected to
the host computer using a peripheral bus in which relocatable expansion BIOS location

¥~’ addresses afe zllowed, an arrangement for allowing the host computer to operate the
particular peripheral computer device, the operation of which requires the host computer
to obtain expansion BIOS associated with the particular peripheral computer device and
load the expansion BIOS into the system RAM, the arrangement comprising:

a) ROM storage means for containing a first portion but not ali of the expansion
BIOS associtéd with the particular peripheral computer device,

b) a nidss memory storage peripheral computer device connected to the host
computer an‘d:ﬁ‘aving mass memory storage means containing a second portion of the
expansion BIGS associated with the particular peripheral computer device, and

o) nperatmg means for causing the host computer to access the ROM storage
means, obtain the first portion of the expansion BIOS associated with the particular
peripheral coffiputer device, and thereafter, by usmg the first portion of the expansion
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expansi on BI OS assqcjated with the particul ar peripheral conputer device,
requested size of the expansion BIOS; and,

the first portion of the expansion BIOS includes initializing means for making it

appear to the host computer as if the first portion of the expansion BIOS is the size of

Y’ the requested size of the expansion BIOS even though the first Portion of the expansion
BIOS is smaller than the requested size.

According to the fourth aspect there is provided a computer system including a
host computer having system RAM and a particular peripheral computer device
connected to the host computer using a peripheral bus in which relocatable expansion
BIOS location addresses are allowed, an arrangement for allowing the host computer to
operate the particular peripheral computer device, the operation of which requires the
host computer to obtain expansion BIOS associated with the particular peripheral
computer device and load the expansion BIOS into the system RAM, the arrangement
comprising:

a) a mass memory storage peripheral computer device connected to the host

s computer and having mass memory storage means containing the expansion BIOS

associated with the particular peripheral computer device;

b) means for commencing the operation of the system; and

¢) operating means responsive to the commencing of operation of the system for
causing the host computer to (i) access the mass memory storage means of the mass
memory storage peripheral computer device, (ii) obtaining the expansion BIOS
associated with the particular peripheral computer device, and (jif) store within the
system RAM the expansion BIOS associated with the particular peripheral computer
device, and as in claim 16, wherein the mass memory storage peripherail computer
device includes a configuration space available to the host computer containing
information on a requested size of the expansion BIOS; and



b) a mass nmenory storage peripheral conputer device connected to the host

conputer and having mass nenory storage means containing ‘a. seccmd poryion
of the expansion BIOS associated with the particul ar perl,phé‘r al-’ con'pu*t?éﬁr'wi
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avai l abl e to the host conmputer containing information on a requested size
of the expandienergingde thatitth aspect of the invention there is provided a computer system
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the steps of:

~ a) providing perrnanént memory storage means which is accessible to the host
computer during the start-up of the computer system and which contains a first portion
of the BIOS;
b) storing a second portion of the BIOS within the mass memory storage of the
mass memory storage peripheral computer device; and
¢) causing the host computer to access the permanent memory storage means,
obtain the first portion of the BIOS, and thereafter, by using the first portion of the BIOS,
causing the host computer to access the mass memory storage of the mass memory
storage peripheral computer device, obtain the second portion of the BIOS which is
located within the mass memory storage of the mass memory storage peripheral
computer device, and store the second portion of the BIOS within the system RAM,
wherein the mass memory storage peripheral computer device includes a PCI
configuration space available to the host computer which contains information on a
requested size of the BIOS, the method further includes the step of causing the host
computer to obtain the requested size of the BIOS from the PCI configuration space,
and the step of causing the host computer to access and obtain the first portion of the
BIOS includes the step of making it appear to the host computer as if the first portion of
the BIOS is the size of the requested size of the BIOS even though the first portion of
the BIOS is smaller than the requested size.

According to the sixth aspect there is provided a computer system including a host
computer having system RAM and a particular peripheral computer device connected to
the host computer using a peripheral bus in which relocatable expansion BIOS location
addresses are allowed, a method for allowing the host
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c) commencing the operation of the system; and

d) after commencing of operation of the system, causing the host computer to (i)
access the mass memory storage means of the mass memory storage peripheral
computer device, (i) obtain all of the expansion BIOS associated with the particular
peripheral computer device, and (jii) store the expansion BIOS within the system RAM,;
wherein, the mass memory storage peripheral computer device includes a PCl
configuration space available to the host computer which contains information on a
requested size of the expansion BIOS; the method further includes the step of causing
the host computer to obtain the requested size of the expansion BIOS from the PCI
configuration space, and the step of causing the host computer to access and obtain the
first portion of the expansion BIOS includes the step of making it appear to the host
computer as if the first portion of the expansion BIOS is the size of the requested size of
the expansion BIOS even though the first portion of the expansion BIOS is smaller than
the requested size.

According to the seventh aspect of the invention there is provided a computer
system including a host computer having system RAM and a mass memory storage
peripheral computer device having mass memory storage which is connected to the
host computer, the host computer using a BIOS to control its operation during the start-
up of the computer system, an arrangement comprising:

a) permanent memory storage means accessible to the host computer during the
start-up of the computer system for containing at least a portion of the BIOS;

b) operating data stored within the mass  memory storage of the mass memory
storage peripheral computer device; and

¢) operating means for causing the host computer to access the permanent
memory storage means, obtain the portion of the BIOS stored within the permanent
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within the system RAM, wherein the mass memory storage peripheral computer device
includes a PCI configuration space available to the host computer which contains
information on a requested size of the BIOS; the method further includes the step of
causing the host computer o obtain the requested size of the BIOS from the PCI
configuration space, and the step of causing the host computer to access and obtain the
first portion of the BIOS includes the step of making it appear to the host computer as if
the first portion of the BIOS is the size of the requested size of the BIOS even though
the first portion of the BIOS is smaller than the requested size.

According to the eighth aspect there is provided a computer system including a host
computer having system RAM and a mass memory storage peripheral computer device
having mass memory storage which is connected to the host computer, the host
computer using a BIOS to control its operation during the start up of the computer
system, a method comprising the steps of:

a) providing permanent memory storage means accessible to the host computer
during the start-up of the computer system for containing at least a portion of the BIOS;

b) storing operating data within the mass memory storage of the mass memory
storage peripheral computer device;

¢) during the start-up of the system, causing the host computer to access the
permanent memory storage means and obtain the portion of the BIOS stored within the
permanent memory storage means; and

d) by using the portion of the BIOS stored within the permanent memory storage,
causing the host computer to (i) access the mass memory storage of the mass memory
storage peripheral computer device, (i) obtain the operating data which is located within
the mass memory storage of the mass memory storage peripheral computer device, and
(iii) store the operating data within the system RAM, wherein the mass memory storage
peripheral computer device includes a PCl configuration space available to the host
computer which contains information on a requested size of the BIOS, the method
further includes the step of causing the host computer to obtain the requested size of
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a) permanent memory storage means accessible to the computer means during
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the start-up of the computer system for containing a first portion of the BIOS;

b) a second portion of the BIOS, the second portion of the BIOS being stored
within the mass memory storage of the mass memory storage peripheral computer
device; and

¢) operating means for causing the computer means to access the permanent
memory storage means, obtain the first portion of the BIOS, and thereafter, by using the
first portion of the BIOS, causing the computer means to access the mass memory
storage of the mass memory storage peripheral computer device, obtain the second
portion of BIOS which is locafed within the mass memory storage of the mass memory
storage peripheral computer device, and store the second portion of the BIOS within the

b system RAM, wherein the mass memory storage peripheral computer device includes a
configuration space available to the host computer containing information on a
requested size of the BIOS, and the first portion of the BIOS includes initializing means
for making it appear to the host computer as if the first portion of the expansion BIOS is
the size of the requested size of the BIOS even though the first portion of the BIOS is
smaller than the requested size.

According to the tenth aspect there is provided a computer system including a host
computer having system RAM and a mass memory storage peripheral computer device
having mass memory storage which is connected to the host computer, the host
computer using a BIOS to control its operation, an arrangement comprising:
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RAM, wherein the mass memory storage peripheral computer device includes a
configuration space available to the host computer containing information on a
requested size of the expansion BIOS, and the first portion of the BIOS includes
initializing means for making it appear to the host computer as if the first portion of the
BIOS is the size of the requested size of the BIOS even though the first portion of the
BIOS is smaller than the requested size.

In one embodiment, the method of and arrangement for operating the computer
system is a method of and arrangement for operating a particular peripheral
computer device connected to the host computer using a peripheral bus in which
relocatable expansion BIOS location addresses are aliowed, such as a PCl bus.
o In this embodiment, the BIOS is expansion BIOS associated with the particular
peripheral computer device. The operation of the peripheral computer device
requires the host computer to obtain the expansion BIOS associated with the
particular peripheral computer device and load the expansion BIOS into the
system RAM. This embodiment includes ROM storage memory (peripheral
ROM) for containing a first portion but not all of the expansion BIOS associated
with the particular peripheral computer device. A second pottion of the
expansion BIOS associated with the particular peripheral computer device is

stored within the mass
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guantitatively the requested size. 32. 55 An arrangen‘Ent 4ccorich nb““t

a) permanent memory storage means accessible to the host computer during the
start-up of the computer system for containing a first portion of the BIOS;

b) a second portion of the BIOS, the second portion of the BIOS being stored
within the rotatable mass memory storage of the mass memory storage peripheral
computer device; and

S/ c) operating means for causing the host computer to access the permanent
memory storage means, obtain the first portion of the BIOS, and thereafter, by using the
first portion of the BIOS, causing the host computer to access the rotatable mass
memory storage of the mass memory storage peripheral computer device, obtain the
second portion of the BIOS which is located within the rotatable mass memory storage
of the mass memory storage peripheral computer device, and store the second portion
of the BIOS within the system RAM, wherein the mass memory storage peripheral
computer device includes a configuration space available to the host computer,
containing information on a requested size of the BIOS, and the first portion of the BIOS
includes initializing means for making it appear to the host computer as if the first portion
of the BIOS is the size of the requested size of the BiOS even though the first portion of
the BIOS is smaller than the requested size.

2. An arrangement according to claim 1 wherein the BIOS is system BIOS
associated with the host computer.

3. An arrangement according to claim 2 wherein the permanent memory storage
means is provided as part of the host computer.

4, An arrangement according to claim 1 wherein the BIOS is expansion BIOS
associated with a particular peripheral computer device.

5. An arrangement according to claim 4 wherein the permanent memory storage
means is provided as part of the particular peripheral computer device.
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host computer, the system host computer using a BIOS to control its operation, at least
a portion of the BIOS being stored within the mass memory storage of the mass
memory storage peripheral computer device for use by the host computer after the host
computer has loaded the BIOS stored in the mass memory storage into the system
RAM of the host computer, the computer memory storage medium comprising:

a portion thereof containing BIOS for controlling the operation of the host
computer, the mass storage peripheral computer device includes a configuration space
available to the host computer, containing information on a requested size of the BIOS,
and the first portion of the BIOS includes initializing means for making it appear to the
host computer as if the first portion of the BIOS is the size of the requested size of the
BIOS even though the first portion of the BIOS is smaller than the requested size.

10.
computer memory storage medium is the mass memory storage of the mass

A computer memory storage medium according to claim S wherein the

memory storage peripheral computer device which is connected to the host
computer,

11.
mass memory storage peripheral computer device is a hard disk drive.

A computer memory storage medium according to claim 10 wherein the

12.
memory storage medium is a floppy disk and wherein the BIOS contained on the floppy

A computer memory storage medium according to claim 9 wherein the computer

disk is transferable to the mass memory storage peripheral computer device.
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37. A method according to claim36 wherein the step of pfovrdrn ..m..c.+
menory storage means includes the step of providing the pt,rREBhAGEMEN
storage neans as part of the host conputer. 38. A nmeth
claim35 wherein the BIOS is expansion Bl OS associ ated wi | h angarﬂg'[l;lem
peri pheral computer device. 28
33 39. A nethod according to claim38 wherein the step of providrng
per manent menory storage neans includes the step of provifing the perrranent
menory storadd neAnongsitgganemory stbrage anediunulaacorgiog itp ltkainl S '
40. An arr C 3
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devi ce. 4latleadka|mﬁumcbfzum:mmhutfg systeml ai m 35 wherein the Bl OS i s system
Bl OS associated with the host conputer and expansion Bl OS associated with a
particul ar peripheral conputer device.

14. A computer memory storage medium according to claim 9 wherein the BIOS

contained on the memory storage medium is expansion BIOS associated with a
particular peripheral computer device being connected to the computer system.

15. A computer memory storage medium according to claim 9 wherein the BIOS
contained on the memory storage medium is system BIOS associated with the host
fa computer.

16.  In a computer system including a host computer having system RAM and a
particular peripheral computer device connected to the host computer using a peripheral
bus in which relocatable expansion BIOS location addresses are allowed, an
arrangement for allowing the host computer to operate the particular peripheral
computer device, the operation of which requires the host computer to obtain expansion
BIOS associated with the particular peripheral computer device and load the expansion
BIOS into the system RAM, the arrangement comprising:

a) ROM storage means for containing a first portion but not all of the expansion
BIOS associated with the particular peripheral computer device,

b) a mass memory storage peripheral computer device connected to the host
computer and having mass memory storage means containing a second portion of the
expansion BIOS associated with the particuiar peripheral computer device, and

¢) operating means for causing the host computer to access the ROM storage
means, obtain the first portion of the expansion BIOS associated with the particular
peripheral computer device, and thereafter, by using the first portion of the expansion
BIOS, causing the host computer to (i) access the mass memory storage means of the
mass memory storage peripheral computer device, (i) obtain the second portion of the
expansion BIOS which is associated with the particular peripheral computer device and
which is located within the mass memory storage means of the mass memory storage
peripheral computer device, and (iii) store the second portion of the expansion BIOS
within the system RAM, wherein the particular peripheral computer device includes a
configuration space available to the host computer containing information on a
requested size of the expansion BIOS; and,
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19.  Anarrangement according to claim 16 wherein the host computer includes a PCI
bus for connecting the particular peripheral computer device to the host computer and
wherein the system utilizes PCI protocol for using the PCI bus.

20.  An arrangement according to claim 16 wherein the mass memory storage means
is a hard disk drive and the second portion of the expansion BIOS is contained within
the mass memory storage of the hard disk drive,

21.  An arrangement according to claim 20 wherein the second portion of the
expansion BIOS is located in a portion of the hard disk drive mass memory storage
which is not user accessible.

22.  Anarrangement according to claim 16 wherein the mass memory storage means
is a compact disk player and the second portion of the expansion BIOS is contained
within the memory of a compact disk which may be read by the compact disk player.

23. An arrangement according to claim 16 wherein the particular peripheral
computer device is a video card.

24,  An arrangement according to claim 16 wherein the particular peripheral
computer device is a network card.

25.  An arrangement according to claim 16 wherein the initializing means includes
means for storing excess information in the system RAM along with the first portion of
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BIOS into the system RAM, the arrangement comprising:

a) a mass memory storage peripheral computer device connected to the host
computer and having mass memory storage means containing the expansion BIOS
associated with the particular peripheral computer device;

b) means for commencing the operation of the system; and

c) operating means responsive to the commencing of operation of the system for
causing the host computer to (i) access the mass memory storage means of the mass
memory storage peripheral computer device, (ii) obtaining the expansion BIOS
associated with the particular peripheral computer device, and (jii) store within the
system RAM the expansion BIOS associated with the particular peripheral computer
device, and as in claim 16, wherein the mass memory storage peripheral computer
device includes a configuration space available to the host computer containing
information on a requested size of the expansion BIOS; and

the first portion of the expansion BIOS includes initializing means for making It
appear to the host computer as if the first portion of the expansion BIOS is the size of
the requested size of the expansion BIOS even though the first portion of the expansion
BIOS is smaller than the requested size.

27. An arrangement according fo claim 26 wherein the particular peripheral
computer device is the mass memory storage peripheral computer device.

28.  An arrangement according to claim 26 wherein the host computer includes a PClI
bus for connecting the particular peripheral computer device to the host computer and
wherein the system utilizes PCl protocol for using the PCl bus,

29.  An arrangement according to claim 28 wherein the operating means includes a
memory buffer on the mass memory storage peripheral computer device.
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device is a pefuss fiktpstion and a second portion; and

¢) the mass memory storage means includes means for loading the first portion
of the expansion BIOS associated with the particular peripheral computer device into
the memory buffer of the mass memory storage peripheral computer device within the
time frame of the Power-On-Self-Test allowing the operating means to (i) access the
memory buffer, (i) obtain the first portion of expansion BIOS, and thereafter, by using
the first portion of the expansion BIOS, (iii) access the mass memory storage means of
the mass memory storage peripheral computer device, (iv) obtain the second portion of
the expansion BIOS which is associated with the particular peripheral computer device
and which is located within the mass memory storage means of the mass memory
storage peripheral computer device, and (v) store the second portion of the expansion
BIOS within the system RAM.

31.  An arrangement according to claim 30 wherein the initializing means includes
means for storing excess information in the system RAM along with the first portion of
the expansion BIOS such that the combination of the excess information and the first
portion of the expansion BIOS equals quantitatively the requested size.

32.  Anarrangement according to claim 26 wherein the mass memory storage means
is a hard disk drive.

33. An arrangement according to claim 32 wherein the expansion BIOS associated
with the particular peripheral computer device is located in a portion of the hard disk
drive mass memory storage which is not user accessible.

34. Anarrangement according to claim 26 wherein the mass memory storage means
is a compact disk player and the expansion BIOS associated with the particular
peripheral computer device is contained within the memory of a compact disk which
may be read by the compact disk player.
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wherein the mass memory storage peripheral computer device includes a PCI
configuration space available to the host computer which contains information on a
requested size of the BIOS, the method further includes the step of causing the host
computer to obtain the requested size of the BIOS from the PCI configuration space,
and the step of causing the host computer to access and obtain the first portion of the
BIOS includes the step of making it appear to the host computer as if the first portion of
the BIOS is the size of the requested size of the BIOS even though the first portion of
the BIOS is smaller than the requested size.

36. A method according to claim 35 wherein the BIOS is system BIOS associated
with the host computer.

37. A method according to claim 36 wherein the step of providing permanent
memory storage means includes the step of providing the permanent memory storage

means as part of the host computer.

38. A method according to claim 35 wherein the BIOS is expansion BIOS associated
with a particular peripheral computer device.
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cause the host conputer to access the expansi on Bl CS. 56. A net hod
according to claim55 wherein

41. A method according to claim 35 wherein the BIOS is system BIOS associated
with the host computer and expansion BIOS associated with a particular peripheral
computer device.

G 42. A method according to claim 35 wherein the step of providing permanent
memory storage means includes the step of providing permanent memory storage
means in the form of ROM.

43. A method according to claim 42 wherein;

a) the system includes a particular peripheral computer device connected to the
host computer using a peripheral bus in which relocatable expansion BIOS iocation
addresses are allowed,

b) the BIOS is expansion BIOS associated with the particular peripheral
computer device

c) the step of storing the second portion of the BIOS includes the step of storing
a second portion of the expansion BIOS associated with the particular peripheral
computer device within the mass memory storage means of the mass memory storage
peripheral computer device, and

d) the step of causing the host computer to access the permanent memory
storage means includes the step of causing the host computer to access the ROM
storage means, obtain the first portion of the expansion BIOS associated with the
particular peripheral computer device, and thereafter, by using the first portion of the
expansion BIOS, causing the host computer to (i) access the mass memory storage
means of the mass memory storage peripheral computer device, (ii) obtain the second
portion of the expansion BIOS which is associated with the particular peripheral
computer device and which is located within the mass storage means of the mass
memory storage peripheral computer device, and (jii) store the second portion of the
expansion BIOS within the system RAM.
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thereafter, HOBYsBECAEE with e pmmarcpanmeréﬂten@maaévwwﬁhme f(zoMI Qtorﬁ@@ ess
t he mass nenor st or adqe means nenory st or aq Igp er al

conput er devifeeans(ingly e&gh%,s’ﬁptqf, é‘%‘@% H?ﬁjffﬁbPQrPQj’hOfdhe exeansiop BISSowithin BOMni ch
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located within the mass storage nmeans of the mass nenory storage peripheral

conputer device, and (v) store the second portion of the expansion BIOS
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step of making it appear to the host conmputer as if the first portion of
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BIOS associated with the particular periphetral computer device includes the step of
utilizing PCI protocol to cause the host computer to access the first and second portions
of the expansion BIOS.

47. A method according to claim 43 wherein the mass memory storage means is a
hard disk drive and wherein the step of storing the second portion of the expansion
BIOS associated with the particular peripheral computer device includes the step of
storing the second portion of the expansion BIOS within the memory of the hard disk
drive,

48. A method according to claim 47 wherein the step of storing the second portion of
the expansion BIOS within the memory of the hard disk drive includes the step of storing
the second portion of the expansion BIOS within a portion of the hard disk drive mass
memory storage which is not user accessible.

49. A method according to claim 43 wherein the mass memory storage means is a
compact disk player and wherein the step of storing the second portion of the expansion
BIOS associated with the particular peripheral computer device includes the step of
storing the second portion of the expansion BIOS within the memory of a compact disk
which may be read by the compact disk player.

50. A method according to claim 43 wherein the particular peripheral computer
device is a video card.
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§3. in a computer system including a host computer having system RAM and a
particular peripheral computer device connected to the host computer using a peripheral
bus in which relocatable expansion BIOS location addresses are allowed, a method for
allowing the host computer to operate the particular peripheral computer device, the
operation of which requires the host computer to obtain expansion BIOS associated with
the particular peripheral computer device and load the expansion BIOS into the system
RAM, the method comprising the steps of:

a) providing a mass memory storage peripheral computer device having mass
memory storage means connected to the host computer;

b) storing the expansion BIOS associated with the particular peripheral computer
device within the mass memory storage means;

¢) commencing the operation of the system; and

d) after commencing of operation of the system, causing the host computer to (i)
access the mass memory storage means of the mass memory storage peripheral
computer device, (ii) obtain all of the expansion BIOS associated with the particular
peripheral computer device, and (iii) store the expansion BIOS within the system RAM;
wherein, the mass memory storage peripheral computer device includes a PCI
configuration space availabie to the host computer which contains information on a
requested size of the expansion BIOS; the method further includes the step of causing
the host computer to obtain the requested size of the expansion BIOS from the PCI
configuration space, and the step of causing the host computer to access and obtain the
first portion of the expansion BIOS includes the step of making it appear to the host
computer as if the first portion of the expansion BIOS is the size of the requested size of
the expansion BIOS even though the first portion of the expansion BIOS is smaller than
the requested size.
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56. A method according to claim 55 wherein

a) the mass memoty storage peripheral computer device includes a memory
buffer,

b) the step of causing the host computer to access the mass memory storage
means includes the step of causing the host computer to perform a Power On Self Test
upon the commencing of operation of the system according to the PCi protocaol;

¢) the expansion BIOS associated with the particular peripheral computer device
includes a first portion and a second portion; and

d) before the step of causing the host computer to access the mass memory
storage means, including the step of loading the first portion of the expansion BIOS
associated with the particular peripheral computer device into the memory buffer of the
mass memory storage peripheral computer device within the time frame of the Power
On Self Test, and thereafter, causing the host computer to (i) access the memory buffer,
(i) obtain the first portion of expansion BIOS, and thereatter, by using the first portion of
the expansion BIOS, (iii) access the mass memory storage means of the mass memory
storage peripheral computer device, (iv) obtain the second portion of the expansion
BIOS which is associated with the particular peripheral computer device and which is
located within the mass storage means of the mass memory storage peripheral
computer device, and (v) store the second portion of the expansion BIOS within the
system RAM.

57. A method according to claim 56 wherein the step of making it appear to the host
computer as if the first portion of the expansion BIOS is the size of the requested size of
the expansion BIOS includes the step of storing excessinformation in the system RAM
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L hard disk drive includes the step of storing all of the expansion BIOS within a portion of
the hard disk drive mass memory storage which is not user accessible.

60. A method according to claim 53 wherein the mass memory storage means is a
compact disk player and wherein the step of storing all of the expansion BIOS
associated with the particular peripheral computer device within the mass memory
storage means includes the step of storing all of the expansion BIOS within the memory
of a compact disk which may be read by the compact disk player.

61. In a computer system including a host computer having system RAM and a
mass memory storage peripheral computer device having mass memory storage which
is connected to the host computer, the host computer using a BIOS to control its
operation during the start-up of the computer system, an arrangement comprising:

a) permanent memory storage means accessible to the host computer during the
start-up of the computer system for containing at least a portion of the BIOS;

b) operating data stored within the mass memory storage of the mass memory
storage peripheral computer device; and

¢) operating means for causing the host computer to access the permanent
memory storage means, obtain the portion of the BIOS stored within the permanent
memory storage means, and during the start-up of the system, by using the portion of
the BIOS stored within the permanent memory storage, causing the host computer to (i)
access the mass memory storage of the mass memory storage peripheral computer
device, (ii) obtain the operating data which is located within the mass memory storage of
the mass memory storage peripheral computer device, and (iii) store the operating data
within the system RAM, wherein the mass memory storage peripheral computer device
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step of obtaining graphics generating neans which controls the image on the

di splay during the start-up of the syste
piay 6% An arrangem%nt according to clam\ 61 wherein the system includes a display

and wherein the operating data includes graphics generating means which controls the
image on the display during the start-up of the system.

63. An arrangement according to claim 61 wherein the operating data includes
configuration information about the computer system required during the start-up of the
system.

64. An arrangement according to claim 61 wherein the operating data includes a
password required during the start-up of the system.

65. In a computer system including a host computer having system RAM and a
mass memory storage peripheral computer device having mass memory storage which
is connected to the host computer, the host computer using a BIOS to control its
operation during the start up of the computer system, a method comprising the steps of:

a) providing permanent memory storage means accessible to the host computer
during the start-up of the computer system for containing at least a portion of the BIOS;

b) storing operating data within the mass memory storage of the mass memory
storage peripheral computer device;

c¢) during the start-up of the system, causing the host computer to access the
permanent memory storage means and obtain the portion of the BIOS stored within the
permanent memory storage means; and

d) by using the portion of the BIOS stored within the permanent memory storage,
causing the host computer to (i) access the mass memory storage of the mass memory
storage peripheral computer device, (i) obtain the operating data which is located within
the mass memory storage of the mass memory storage peripheral computer device, and
(i) store the operating data within the system RAM, wherein the mass memory storage
peripheral computer device includes a PCl configuration space available to the host
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67. A method according to claim 65 wherein the step of obtaining the operating data

includes the step of obtaining configuration information about the computer system
required during the start-up of the system.

68. A method according to claim 65 wherein the step of obtaining the operating data
includes the step of obtaining a password required during the start-up of the system.

69.  An arrangement for use in a computer system including computer means which
uses BIOS for controlling its operation and the operation of at least a mass memory
storage peripheral computer device having mass memory storage, the system also
including the mass memory storage peripheral device and system RAM somewhere in
the system other than on the mass memory storage device, the arrangement
comprising:

a) permanent memory storage means accessible to the computer means during
the start-up of the computer system for containing a first portion of the BIOS;

b) a second portion of the BIOS, the second portion of the BIOS being stored
within the mass memory storage of the mass memory storage peripheral computer
device; and

c) operating means for causing the computer means to access the permanent
memory storage means, obtain the first portion of the BIOS, and thereafter, by using the
first portion of the BIOS, causing the computer means to access the mass memory
storage of the mass memory storage peripheral computer device, obtain the second
portion of BIOS which is located within the mass memory storage of the mass memory
storage peripheral computerdasica_and atare the second portion of the BIOS within
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c) operating neans for causing the host conmputer to access the permanent

Menory storagge AN coMmpltdt @¥§té\ﬁ :ﬁ¢|ﬁ%sg RORdst @Bmphitet Maviky EpstednRAMNEREaf ter,
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(N a) permanent memory storage means accessible to the host computer during the

start-up of the computer system for containing a first portion of the BIOS;

b) a second portion of the BIOS, the second portion of the BIOS being stored
within the mass memory storage of the mass memory storage peripheral computer
device; and

¢) operating means for causing the host computer to access the permanent
memory storage means, obtain the first portion of the BIOS, and thereafter, by using the
first portion of the BIOS, causing the host computer to access the mass memory storage
of the mass memory storage peripheral computer device, obtain the second portion of
the BIOS which is located within the mass memory storage of the mass memory storage
peripheral computer device, and store the second portion of the BIOS within the system
RAM, wherein the mass memory storage peripheral computer device includes a
configuration space available to the host computer containing information on a
requested size of the expansion BIOS, and the first portion of the BIOS includes
initializing means for making it appear to the host computer as if the first portion of the
BIOS is the size of the requested size of the BIOS even though the first portion of the
BIOS is smaller than the requested size.
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An arvangement and method are disclosed 104
herein for operating a computer system (100)
including a host computer (102) having system 108
RAM (106). The host computer (102) uses
a BIOS (104) to control the operation of the
system. The operation of the system requires 402 108
the host computer to obtain the BIOS (104)
device and store the BIOS (104) within the
system RAM (106). The arrengement and
method of the invention allows at least a portion 112
of the BIOS (104) to be stored within the mass
memory storzge of 8 mass memory storage \
peripheral computer device (114) mther than. 100
being stored within ROM (118). The BIOS
may be expansion BIOS {120) associated with &
particular peripheral computer device or system
BIOS (104) associated with the host computer
(102). / L
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