ACCESSI NG AN OPTI ON BOARD | N A COMPUTER SYSTEM BACKGROUND OF THE | NVENTI ON

1. FI ELD OF THE | NVENTI ON: - The present invention relates to the field

of interfacing peripheral devices with a host conputer system In

particular, this invention installs and/or upgrades an optional o

peri pheral device on a host conputer system automatically mnthout %‘ 5;6752
retrofitting the built-in firmvare on the host conmputer. 2. ART

BACKGRQIND I n the past, designers and manufacturers of nultiple board
conputer systens and option boards required nmutual know edge of the
exi stence and capabllltles of these opt| n boards so that t he host
conput er' : BOAR 05,2 SMET
(PROM could recognlze and |nstaII the optlon boards properly Cptlon
boards ref er BACKERA HE -INRENTTIOW! e or plug-in peripheral devices
whi ch enhance,the cap éL [ Of ,functionality to the host
conputer . 1T ' initializes and tests the
conput er system vvhen |'Jthe spresebt dmverguion exeidptes dfo pthel fieldi of
boards ar e acqgl@hFerdd iy B A R 0dle0 I U3 HBYRTS caRiduteher
S e’ nt S a t he

comruni cati on devi ce uct 1 on o new option boar
rel ease of a E¥EtemaM r TRuibARE i atsi Hake s inyemtdion, inrtadils profgy or

g/hentever userapmlads) lafrfta?lbttzfenspt Fﬁ&r&pﬁé@a@n aéiasse'cmutsrthbstﬁm -
ONEel I NES, 0 fetforl ] or | ou S
t he beneflts P&gﬁgﬁﬁr%?ﬁ o q§§$ %%EQBBEt rggmétlngm%h%

built-in flrmware on the host computer.

“

- : 2., — — ART BACKGROUND
' In the past, designers and manufacturers of

multiplé board computer systems and option boards
_ required mutual knowledge of the existence and
- capabilities of these option boards so that the host
EBmputer's central processing unit (CPU) programmable
-read only memory (PROM) CAEid recognizé'and ihstall the
option boards properly. Option boards refer generally
to user-installable or plug-in peripheral devices which-
_ enhance the capabilities of or add new functionality to
o~ the host computer+ The host computer's CPU PROM
initializes and tests the computer system when it is
turned on. Some examples of popular option boards are
accelerated or high resolution video boards, modems and
other communication devices. )

The introduction of new option boards after the
release of a CPU PROM requires the designers to modify
the CPU PROM whenever users wish to install an option

board on a host computer system. Sometimes, the cost of

retrofitting the original CPU PROM outweighs the
benefits of adding a new option board. The cost of
retrofitting CPU PROMS is even higher for third-party
designers or manufacturers who sell their own versions



S

retrofitting CPU PROVS is even higher for third-party designers or ;
manuf acturers who sell their own versions of option boards. In these
cases, third-party option board designers are either forced to purchase a
"license to use the source code far e Cpu PROM or to create option boards
that enulate a faniliar board on thé host conputer. Upgr ades of the
original CPU PROM fromthe host conpany reduce the attractiveness of the

| i censi ng option, while software conpatibility problens and the
Inability to Inprove or add to a design often plague the emul ating optiong
Interfacing an option board to a host conputer is further conplicated 5 by
the fact that the option board may play a role in the Power On sequence of,
the host €8mRAR%kon Thoardshe CEH Iﬂﬁg\gégeg%al Iy, needs tointegrate.the . -
opti on bobbdrinhesl ?ﬁé§§ma sequence G&BF 7?qﬂm$toapmbned to a
comput er stem th %\/I %FnﬁOECQQq&enmwhag@r@t § own as
Power s?es@?P@ﬂ):’%md:ﬁemfbralﬁg@s f| es the |n!t1 grl ty of
.essent i alopmm%ﬁaiasCQﬁﬁ%n%ﬁ CeSSg IX ?or the tth exeakerate
correctl yg 4%& é§ SPrna P §§ﬁﬁeﬁc a %ﬁéatrhbardebm mmélﬁggﬁalees
the regi ste bbe R%d%nplﬁt d:hesyefﬁgj_ﬁalde_tp@rrg tFle -type. of '
peri pher Osﬁnmqmsamysraaheé P Y ?% datdvar e failures, ﬁ??mqﬁﬁsoftmare-
“drivers RRREBRr WP dnteract wth ihe pleY%%J °§e§hee§.,1cm¢jfng1al |y

| oads the pri nery operating system software {. e 15 boots the systemif no
serious hardware failure |s diagnosed). For- the rengi ni ng portion of the
descri ption bel ow, Power 01 sequence will. be used

[
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int erchangeably with POST. In general, the CPU PROM does not recognize

peri pheral devices 20 unless they are previously available and known by

t he designer of. the CPU PROM and are thus properly ldentified by the CPU
PROM Software drivers resident in-th& CPU PROM control these peripheral
devi ces and allow the host conmputer and Its users to access and exploit the
functionality of the peripheral devices. Many host conputers also allow
operg\t{ii ng system software to access 25 these CPU PROM based drivers via a
Vect Of Tabl e (SoHIvEEcampatibjlity\pioblemssanthihetinabilityl ichimprone araddir@\gesigre ROWEC
Tabl e establishes software inters to various driver routines in the CPU.
PROM whi ch can°qq{bwag'é°m§‘&e@§§§ﬁ' O%sed by the operating system software.
Thus, nmuch of the low |l evel code and the responsibility for Interfacing
correctly with the peripheral 30 devices are left In the CPU PROM and

'shared by all other boointeHazivigtareoption boardiong hodtycomputenés fuetbar eximplicatedng
software for the operati ng system and application pro%m. It is
therefore %n bhHjedact thejthe pption board may Rlay 8 meie dmtheLowes Qeseqvence of thee
central proces ' gﬁepé I gzg\@ rches
for and i nterfg%%gbvkﬁppﬁﬁ%?ﬁp%%éperi pgiﬁq‘g&a@gl&égg{gﬁﬁ%aé% a oorrg"? I me

modi fi cati on opodrdéntoithé Polvid ©n dequenes.- Whiah powairad firat appliedfto arcofdpitesn Boar d
Protocol (OBP) PROM on each peripheral device. It is a further object of _

the present i nsxstemoiheGPULRROM performs:a seavence of eresalions kpewn as Fewecn PROVI

of Self Test (POST) which initializes and verifies the integrity of essential hardware

v 10 components necessary for the computer to operate correctly. During a normal _.
POST sequence, the CPU resets and initializes the registers, probes the-
computer system to dete}mine the type of peripheral devices installed, reports
hardware failures. installs soﬂwar; drivers necessary to interact with the
peripheral devices, and finally loads .the primary operating system software (i.e.

15 Dboots the system if no serious hardware failure is diagnosed). For the remaining

portion of the description beldw. Power On sequence will be uséd - =
-— interchangeably with POST. .

In general, the CPU PROM does not recognize peripheral devices
20 unless they are previously available and known by the designer of the CPU
~ PROM and are thus properly identified by the CPU PROM. Software drivers
resident in the CPU PROM control these peripheral devices and allow the host
computer and its users to access and exploit the functionality of the peripheral
devices. Many host computers also allow operating system software to access |
25 these CPU PROM based drivers via a Vector Table (ROMVEC Table) which is
" maintained by the CI;;J PROM. The ROMVEC Table establishes software
pointers to various driver routines in the CPU PROM which can then be
accessed and used by the operating system software. Thus, much of the low
leve! code and the responsibility for interfacing correctly with the peripheral
30 devices are left in the CPU PROM and shared by all other booted software -



any option board installed on the host conputer. It is another object of
the present invention to have the option board take part in the power on
self test .(POST) sequence by allowing the CPU PROMto activate ;the OBP
PROM to install its own self-tesf_ e, --to test itself, and to install
its own software drivers for communicaiTng between the option board and the
host conputer. It is-another object of .the present invention to create in

t he CPU ROWEC Tabl e support routines for conformng the OBP transparentl-y,
to the di agH®elifyingdbe taskod writing sbtwaedor me.raﬁufaﬁﬁg"éwi&m@hﬁd%ﬁ&ﬁ% sequenc®”
- It 5o gisher object of the present invention to selt-rnstall the
software drivers of the OBP PROM for. transparent use by the host conputer.
The OBP PROM software drivers nodify the ROWEC Table entries to repl ace-
old pointers wth pointers- to new driver routines. Thus, through

t he normal - .use ‘of -t he ROWEC Tabl e routines,. the.operating systemis

actual ly using the new option board. The built-in drivers of the CPU PROM .
are circumvented without  being destroyed in:-case - the option board is
ever renoved.. The present .invention is a nethod nd apparatus for
interfacing an optional peripheral devices or board with a host conputer
without retrofitting the CPU:PROM through use:of an-option board protocol
(0BP) PROM ,In general, the CPU PROM does not .recogni ze option- -

B .
5
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bdards ‘unl ess they are known to the designer of the CPU PROM and properly
controlled by built in drivers of the CPU PROM as accessed through a ROWEC:
Tabl e of the CPU PROM The OBP PROM al | ows the option board to participate
in the Power,. On sequence just as other standard peripheral devices. During
a 5 POST sequence, the CPU activates the OBP code, Installs the .
di agnostics, and then the OBP PROMtests the option board itself, using

t ool s_provi ded by the CPU PROM The OBP PROM may load Its own driver before
conpl eting the POST sequence. The OBP sypport code In the CPU PROM provi des
three new functions to reduce the duplTéaxten of code, to standardi ze the

testing nethods 10 ang to$t rEpetéfdrdneadi agga%thcEfdﬂctﬁms Pres8RL POST

sequence. BRI EF DESCRI PTI ON OF THE DRAW N | a descri t%gn of

the various déPveddign cto ghande FBeaWhsFhe, 0 dPERCETF WiYpi cal
Power On SequgeP¥)oipridiraxmelsle exesdbonlyenemolryt (®ROM)e sadrehesnfonn.

board -in tnehd, dHeRkrdbed JIER" SorTBfRl, PRt 1BHUE abichd LaRbhaR,
Sequence wi Bhonertimepnédificabien ofprdtec@PU PROBPRNG: ¢yronernbiver ead

only memory - §RReMh 18@Uiore 461 88 optidh BRI PHoesEat TBBP)OfpHde Bhesent
I nvention. FIGURE 4A i |l ustrates an operating systemusing a ROWEC Tabl e

where there i'§aﬁ"§ oeriphevade ds¥%iGqr t he host conputer system

It is a further object of the present invention
v to achieve the automatic recognition by the CPU PROM of
any option board installed on the host computer.

It is another object of the present invention to

have the option board take part in the power on self

- -  test (POST) sequence by allowing the CPU PROM to
activate - the OBP PROM, to install its own self-test
code, “to test itself, and to install its own:  software
drivers -_f—ér communicating between the option board and
the host c::mputer. .
It is another object of the present invention to

‘ create in the CPU ROMVEC Table support routines for
A conforming the OBP transparently to the diagnostic
standards of the host computer during the POST sequence.
- It is another object of the present invention to
self-install the software drivers of the OBP PROM for
transparent use by the host computer. The OBP PROM
software drivers modify- the ROMVEC Table entries to
replace- old pointers with pointers to new driver
routines. Thus, through the normal use of the ROMVEC
Table routines, the operating system is actually using
the new option board. The built-in drivers of the CPU
PROM are circumvented without being destroyed in case

L
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FIGURE 4B illustrates an operating systemusing the ROWEC Tabl e where
there is an OBP- PROM device in --the host conputer. FIGURE 5 illustrates
the structure and contents of the OBP PROM header used in the.preferred
enbodi ment of the present invention. FIGURE 6 illustrates the structure of
the ROWEC Tabl e used in the preferred enbodi nent of the present invention. -
FIGURE 7 i's a flow chart illustrating the power:on self test (POST)-ENTER
support routine used in the- preferred enbodi nent of the present inventi,Qp.
FIGURE 8-is a flow chart illustratipg the POST- ERROR support routine used
in the preferred enbodi nent of th €sent invention. FIGURE 9 is a flow
chart |Ilustrat|ng t he PCST—EXIT support routine used in the preferred.
enbodi Eggnp58§g ng@gglggmov JNOTATI ON AND NOMVENCLATURE The -
detail ed esc I pti-on folloms I's presented | argely in terms--of .
algorlthns ‘and synbol ic representations. of operations on.data-bits and data

5 structures Wmhélprb&énQOmmﬁéﬂtiﬁmmis aT&@ﬁhddsxﬁdtiwwerEﬁgrlptlon
€ nreans - use in:_t.he data processing arts

represen atlonﬁ % c& %% fo e sk Lle Al

to nmost ©fF etPFEEFFCEOH &P (TREAIBR aBEEIB eFRdi ASVHSES +F PPRFL skilled
in the arithAa Aol i¢computehewd thaut mrérafi’ytmgn&hevdl?ﬁ oPR@Ma sel f -
through use of an optlon board protocol (OBP) PROM. ;n,

- general, the CPU PROM does not recognize option

o
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10 consistent sequence of steps leading to a desired result. These steps
are those requiring physical manipul ati ons of physical quantities. Usually,
t hough not necessarily, these quantities take the formof electrical or
magneti c signal capable of being storgd, transferred, conbined, conpared,
and ot herw Se nmani pul ated. It prove€s ¢onvenient at tinmes, principally for
reasons of common 15 usage, to refer to these signals as bits, bytes,
addregs space, synbols and nunbers, or the like. It should be borne In

m nd,~"however, phliRks utdss they a8 Knodfi o frie'desighef 6f thE GFLE PROMEnd propsiiyt ed
with the -appropriate physi‘cal quantities and are - merely conveni ent

| abel s appl i ed controlted<ty bpilkint driveessof 188 CPU PROM as accdssed tigough @ ROMVEC

mani pul ati ons performed are often referred to In terns such as addj ng or
Compart ng. or ¢ Aiahie Gl GPUPROM: s QSR EEN) s e arban hord 16 RETHEATR:

‘operations per §o{xes, : _ : i hbdidaaOTry e n
operator Is negg{ssar yv.?é’rﬁn ge& rgﬁ@??ﬂ'}%%@“@%@}sﬁgﬁﬁ' {’%&%ﬁy Do"?m hg;a
oper ati ons 8es@POSFeedunes, thelGCRU attivatosithe IOBF cédes instalisahé diagrestics cand 25

t he operations are machi ne operations. Useful machines for performng the

operations of {hen HeQRRAPRON dents e aptien berrddisalbusingiapls previdadim the
mna that tne ST PR The 85 PRBM indy Rt 5 anvel boBtotolleuridh®, 0

conput er and t IROSEEEGUERCOS ThEQBR Sippont cotis & the O PRCM prdvides\thidlei e
relates to nethod steps for operating a 30 conputer in processing

el ectrical or denlipns ioyfeduge tha dupligationniiceds. 1o standardize-he testingimethods gnal s

t o generat g0t her i Sl i T, r i nvention al so —
rel ales toquplahﬁgttggﬁkéﬁﬁ%%p*odr'%ﬁéa iﬁgg‘i&éﬁéﬁhﬁ ?@ﬁ?_s%ﬁ;ﬁgeﬂcaeppar atus may be
specially constructed for required purposes, or It may conprise a general
pur pose conputer as selectively ‘activated or reconfigured by a conputer
program stored In the computer. The algorithns 5 presented herein are not
inherently related to any particular conputer or other apparatus. In
particul ar, various general purpose nmachines may be used with



prograns witten in accordance with the teachings herein, or it nmay prove
nore convenient to construct nore specialized apparatus to performthe
“required method steps. The required structure for a variety of -these
machines will appear 10 fromthe description given bel ow DETAI LED
DESCRI PTI ON OF THE | NVENTION The follow ng detailed description will

be divided into several sections. The first of these will describe the
various -devices referenced by a host conputer systemduring a power “pn
sequence.  Next, a priaor..art.  PaowegOn sequence,, i.ncl-uding aPower On Se f
Test (PCST) mnth no OBP PRONI J—VI ‘rn t he host systemis conpared with a
st andard ‘power on segueng - an! P aa “““\{;The host' system - An
operating system usiTg—e =Y H- FPROM devi ce in the host
systemis al'so cmpamn i o.st hatdeﬁcmrpm abf nl:ﬂeyvsa:emus dgv:hcesst em
driver re. a IC 11 S tem
Flnallme?ﬁgee ﬁGMIg porg rou?gx fef g“%%gd aqr?ﬁ tﬁééie

di scl oseBowesr. Q@d%m&ﬂqﬁe Gﬁplﬁb&%t psﬁfsrrsﬂagemwem%'ge of f ghe - :
standardbgéggnhhgnbggyﬂ@m met hods - and for: streanlining the dlagnostlc

.I

functions of .the POST sequence. Fl-GURE:I I'swa descri ption’ of . the varlous
e Cee et erencadcting o, & 1Y BLERaRAMC! £ SRAHARER O'pdile: N1 BHE T OO
enmbodi nent ‘of the’ present inven ower- on sequence refers to the

sequencesﬁﬁu§9§ﬁsWétQPUOPRGﬂHﬁﬂihQQﬁﬁ in)th¢n§Y$$¢@e and: verrfy the

integrity of : :
FIGURE 3 1llustrates wf standard Power on J—

__ Sequence with . an .option board protocol ' (OBP) . -\
programmable read only memory {PROM) device using in the ' :
preferred embodiment of the present invention._

FIGURE 4A illustrates an operatlng system using
a ROMVEC Table where there is no OBP PROM device in the

host computer system - : —_

FIGURE 4B 1llustrates an- operating system using : y o
the ROMVEC Table where there is an OBP 'PROM device in -
-the host computer.

FIGURE S illustrates the Structure and contents
f the OBP PROM header used in the preferred embodiment
of the present 1nvent10n. S o/

e

FIGURE 6 111ustrates the structure of the ROMVEC
Table used in the preferred embodiment of the present

1nvention.

FIGURE 7 is a flow chart illustrating the power
on self test (POST)-ENTER support routine used in the-
preferred embodiment of the present invention.

FIGURE 8-is a flow chart illustrating the POST-
ERROR support routine used in the preferred embodiment
of the present invention.



essential hardware conponents necessary for a host conmputer to operate
correctly when power is first applied. A CPU PROM 10 is shown | ocated
on the CPU board (not shown) including a CPU (not shown) of a host
conput er system 50. It should be undggstood by one skilled in the art
that the various devices referenced dwlrg the power on sequence are
| ocated in nenory l|locations in various hardware- conponents of the host

compyter system50. During a nornmal Power On sequence the CPU resets and
initializes the r egl st eflﬁuFIEﬂHeaHmchﬂmiﬂuﬁwmggﬁﬁ BRSTSEXY suppert

|n|t|aI|zat|on odeslocte 2 of the CPU PROM
10. The %r l?eesprlaﬂaére %’?Rdé?“’m%??gg’g vge?lh,%“e the type of
peri pher al deV|ces installed and reports-any hardware failures by using the
CPU PROM nonitor codes |located in nenory |ocation 14 of the CPU PROM 10.
‘The CPU then retrieves software drivers, located in menory |ocation 16 of
the CPU PROM 10, necessary to interact wnth t he peripheral devices. The
device drivers located in nenory |ocation 16 al so control the peripheral
devices and all ow the host conputer and its users to access and exploit the
functionality of the peripheral devices. Finally, i.f no serious hardware
failure is diagnosed, the boot code |ocated also at nmenory |ocation 16 of
the CPU PROM pernmits the CPU to | oad the primary operating system sof t war e.
An option protocol (OBP) PROM 207i s shown Iocat ed

L) ' -



on each option board device to be interfaced with the CPU PROM 10. The OBP~
PROM 20 conprises pointers and offsets |ocated in nenory |ocation 22 and a
plurality of OBP self-test and initialization codes |ocated at nenory

| ocation 24 of the option board devi The structure and contents of the
OBP PROM 20 wi || be described fully b€l ow. In the preferred enbodi nent
of the present invention a one-tine m)dlflcatlon of the CPU PROM 10. and ,a
one-tine installation of . the CBP PRC]\A QN each peri pheral device are o
sufficient to interface dtHthliEdi-PRk-riel HHMAE device with a CPU
PROM wi t hout retroflttlng the CPU PROVI ThIS Is in contrast with the

rel evant . practice of ‘updating the CPU PROM whenever new opti on boards are

i ntroduced. |In Fi gufThedetailed idescription whivhnidliews isqréesentddilargely infEms$0 i's
illustrated at |ocated in a_contiguous array in the main menory of a.host

conput er  s§kaigafthmgandsymbol 'Q&Pﬁﬁegﬁ'O%P{M’%l%‘@%bﬂﬁ%ﬁ éﬂaat a nmenmory

| ocat i 3 out i nes. whi-ch
handl e?ntéﬁ%‘;’)t g%\‘ {hﬁ%ﬂ:@h{ercom er%é%s;ﬂégmm‘g Wcﬁdl’ ver vector table
( ROWECQ) 4£hpr6seﬁ1|mwﬁs lafe fileBfls LUSedEBYOIhBSE sKifed InQHe datadirbeassing drld@omai N nenory
| ocation of a host conputer system The ROWEC table 40 conpri ses :
sof t war e puiost effectively soaveydhe subsiance ofdheir warksdo othersskiliad in theverior y for
pointing to driver routines which activate each sub-system (i. '

"~ keyboard, -video,serial port, disk, floppy and ethernet, etc.). V\hl le the

- 1'VT 30 ~—  Analgorithm is here, and generally, conceived to be a self-

—— 22

10 consistent sequence of steps Ieadmg to a desrred result These steps are those . o/

necessa_nly. these qu_antltues take the form of electn_cal or magnetlc sxgnat :
cepable of being stored transferred combined, compared and otherwise

—15  usage, to refer to these_ srgna_ts as bits, by!es. address space, symb_ols and

numbers, or the fike. It should be borne in mind, however, that all of these and | _

oo similar terms are 10 be a_ssociated' with the-appropriate physical. ouantities and are *-‘_
merely convenient labels applied to these quarrﬁtie.s:. ' |

| 20 _ Furthermore. the 'manipulations performed are often referred to in

€’

terms such as adding or comparing or translating, which are commonty
associated with the mental operations pertorm_ed by a human operator. No such
capability of a human operator is necessary, or desirable in those cases, and in
any of the operations de_scribed herein which forrrt part of the present in‘ver\tion;
25 the operations are machine operations. Useful machines for performing the
operations of the present invention include general purpose digital computers or
other similar devices. In all cases; it should be borne in mind that the distinction |
between the method of operatuons in operating a computer and the methods of
computation itself. The present mventron relates to method steps for operatmg a
30 computer in processing electrical or other (for example. mechamcal or chemical) )

physical signals to generate other'desired physical signals.
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permts the host - conputer to interrupt the execution of the operating
system, the ROWEC table 40 provides the transl ation nmechani sm whereby the
host conputer system accesses the CPU PROM based functions.. Finally, a
host conputer system 50 is shown running the booted operati ng system

foll owi ng the execution of a successflyl -power on sequence. As will be
described in greater detail below, the CPU accesses the CPU PROM based
funct ons via the ROWEC Tabl e 40 during the power on sequence. Simlarly,
upon The | oadi ng of the Toppragenhigvention ainofrelatesito@pparatusionperiasmingthesace,

t he operating m al outlllzess

S me_ of, the sane U PROM based
funct | ons. Thggﬂﬁﬁ‘é@nt o, SenarGR Moy iR sReCiall, CRRUIRC 0L ARUIP PEBEReS )
PROM 20 which g BOMéEhiv when
i nterfacing w tﬁﬁt @ Cﬁn&ﬁg&ﬁﬂgﬁl%ﬁos?ggﬂzgg{lang t he eé%_laﬁ{vgtredfég t he
"ROWEC Tabl e 4faconfigured by aruompnmpmgmmsmrawhmﬁhabemphtar ndheralgorithesonse of
t he CPU PROM and t hus al |.ows an .ot her gﬁl;’ntpnovm anrd to be.rec R%nl zed

and used. q’hep@P“‘ﬁgﬂ?ﬁ'g %E"tdﬁqrﬁm SNy pagicular comppier o based
f ti d P
i ?2; :‘On?nl ?lrla éégﬁtssgﬁaﬁﬁggla%go sg ﬂ)%sggiﬁéd&g}}e%g t)ﬂb%ﬁjﬁ%\ﬂ based

function whén pmgeamawymeﬂrgamerdaﬁce Mthuhnlaablﬁags herej, ioo it mayeprove Mover
Sequence with:no OBP PROM device in the host conputer Xstem In

sequence 60, t RMERIGNbIRFRNSIICtBose spacialized apparatls 1o perform the required
method steps. The required structure ior a variety of these machines will appear

f 10 .from the descnptlon given below.
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sequence 62, the initial state of the ROWEC Table 40 is such that the
pointers therein are inactive. I n sequence 64, a reset and
initialization code is activated. to reset and initialize the hardware
conponents of the computer system Among ot her things, the CPU PROM 10
installs the default pointers of the IVI 0 and the ROWEC Table 40.  As
such, the CPU PROM 10 connects points t e I VT 30 and the RCNVEC.TabIe 40
to its own built-in drivers. Next, the CPU PROM 10 probes the systenuﬁpr_-
the size and type. of nenory as-in.sequence: 66, probes the system for known

pl ug-in boards as lﬂ R EQ:DCQE@&R e ) T ﬁor OBP boards as.
v one SKille

i n sequence 70. shoul St 0 art that the:
description of t h@hgeq@w‘ﬁnﬁwp 1ct %?ﬁ'a’FH’ -%gnl s"ﬁgtel exPRusi ve

nor does divhbeeasdntid 3sem§ztal | sethtonsder e |finstr alfed:hesdil gﬂna 2. In -

§°£&St§9 et ed. In
I'vers or use by .
t he oper acomputext mswmam1Meacm9mvnact$mescehe b¥extco0® to boot

the Oper%fﬂarsxﬁttemp&wﬂrsn sd_ S ﬁméﬁ?&%dap@éﬂe@br?eﬁéffce wth -
an optien_board_pr ot ocol; (OBP. deVi ce using i n.the preferred

enbodi menfes¥® (RESE) esWith. rﬂﬁporPRoM Iﬁegéﬁﬁeljr@eté’(? 9rk aYFEeR d is
pover ed ois cd:ﬂpaeaaemeh8a sn-Jaezdaﬁrut paiwe&taﬁeséqﬁéma@mﬁc dnboBp40 is

e o R R T T R e e e FROM.l_O
bui | t-i n wWsivgare sztdm Sydtven wheng oicheOBP hPROM ammeumee—
installs ﬁ&@tdgﬂﬂém is also compared to ‘that of ‘an" ‘operating VJ
system using a - system driver where a ‘video OBP PROM ——
dev1ce is installed in the host system Finally, three =
- new support routines _t:o be - used in the CPU PROM _ afe
disclosed for reducing the dupl_iéation of ~diagnostic
code, for standardizing the testing methods- and for
streamlining the diagnostic f_unctions - of - the POST

' sequence. ' _ .-
'FIGURE-1 is a description of the various devices .- .- .

'refer_'enced during a typical power on sequence of the
preferred embodiment of the present inventien. The ___pow.er"
on sequence refers to the sequence of steps a CPU PROM
performs to initialize and verify the integrity of
essential hardware components necess.ary ‘for a host
compﬁter to operate correctly when power |is first™
' epplied. A CPU PROM 10 is shown 1ocated on the CPU board
(riot shown) 1nclud1ng a CPU (not shown) of a host
donfpute‘r _system 50. It should be understood by one
skilled in the art that the varlous devices referenced
.during the power on seqguence are located in mézﬂory
1ocatidns in various hardware- components- of the host
.computer system 50. During a normal Power On sequence

' ‘the CPU resets and 1n1t1allzes the reglsters in the. host
'computer system using reset 1n1t1allzatlon_ and POST codes
located in memory location 12 of the CPU PROM 10. - The
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poi nters of the |IVT Table 30 and the ROWEC Table 40. As such, the CPU PROM
10 connects poi nters in the VT 30 and ROWEC Table 40 to its own built-in
drivers.  Next;® the CPU PROM probes the systemfor the size and type of
menory as in,sequence 86, probes the systemfor known plug-in.board as in
sequence 88, and probes the systemfor OBP boards as in sequence 90. Up to
sequence 90, the sequences in Figure 3 atgsdentical to that in Figure 2.
However, sequence 90. does not proceed t sequence 98 because of the
presence of an OBP PROM 20 on the option board. In the prior art, the
CPU PROM 10 d6RY adsor predhes; £ha @omthen . system e ‘Eﬁ’é‘?’é‘?%@ﬂ theobyeent

of the presenpgi @i&ﬁtp}@ralt Mo 0o LRENEER) 264 &%He&-é @%QR%:Z&Ws@ée as

shown in sequ

Under,t hi s, 'new_se 0 overrides
Garaul t por i ERd Lurem By Ve ERe° Ratl A hobifag c cﬁaeéa 9ERERS nihy
pointers to tmemoeyr equmtiim llautofles:hm chu EEOMPROMA 'Iherem‘uethenhe

option board E'E‘Tt&-ie\;eﬁe ﬁgq%gr nstaﬁ(}é édCﬂgem #ﬁ fggatgoéffspw

20 as shown ih sagaence o vers as I n sequenc
sequence 98, Pifie thet i @RUarRROM 3 i mqexasamrt %@ syptemact cWibhet the

It follows thﬁbrhﬁhéﬁﬁﬂe&@%rU@s t*%héjﬂéé¥$lﬂé£&éﬁisVﬁﬁéﬁté@eiﬁTKEE
based drivers_for by the operatin CPU_ PROM

g stem F| nal X he
activates thelfg8t EB‘déét glseocantErady é-'rl%/ﬁ &Y ﬂ’)@d%%@:??’bes—
an operating thet hosts w@phlterR@mEQtsTaiﬂasvaw eaédﬂeés and nexpei PREMe 20
or option functionality of the peripheral devices. Finally, if no
v serious hardware failure is diagnosed, the boot code
—  located also at memory locatlon 16 of the CPU PROM

permits the CPU to 1load the primary operating system
software.

An option protocol (OBP) PROM 20 is shown located
on each option board device to be interfaced with the CPU
PROM 10. The OBP PROM 20 comprlses pointers and offsets
located in memory 1location 22 and _—‘a plurality of OBP
self-test and initialization codes mlqcated' at memory
location 24 of the option board devicé.  The structure
and contents of the OBP PROM 20 will be described fully
below. In the preferred embodiment of the present
N invention a one-time modification of the CPU PROM 10 and
a one-time installation of the OBP PROM on each
peripheral device are sufficient to__interface_ a new
‘option peripheral device with a CPU PROM without
retrofitting the CPU PROM. This is in contrast with the
relevant practice of updating the CPU PROM whenever new
option boards are introduced. | —

In Figure 1, an interrupt handler vector table
(IVT) 30 is illustrated at located in a contiguous array
in the main memory of a host computer system. The IVT 30
comprises software pointers located at a memory location
32 of the main memory ‘for pointing to individual routines
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I n the host conputer system In Figure 4A, the system ca
ggngnce pr oceeds frgﬁﬂhe operating systemto the ROWEC Tabljgsc'; ngdt?n
the CPU PROM 10. The prior art Power On Self Test sequence o _
Figure 4A presupposes . a configuration standard perltﬁ o ard
devices. It should be understood: by on&skl IIed in the art table andard
peri pheral devices refer to peri pher___al Vices that are conpati

CPU PROM 10 of the conputer system Shoul d t he manuf act urer or a thiré.

boame#
DY oo e cho Han i it arPepeg SEoRl bl HIRG SConplieds Bulfafll | &) P02
}?O th? it ? ?%W?Léﬁ%‘f%%e@ %\At %ROM Q&Sﬁéhswa@,ﬁ @howh locekeds in
sﬁt);'? ant i &P%Itb%'r mlmmmayehheﬁﬁle ﬁ@lﬁrﬂgﬁoi@ %Es&ae}.e tfh% o

resent | nven -
L(rj\llg gtrjlr g;Zhbg%(l;s?ﬁ%%ﬁ§%%?Léq‘;é#&gebvhgggpurgﬁ/Eﬁe\ﬁ%fe Ito 40 hecsprpees: syst em
by i nt rodﬁ?%gﬂaf'ﬁe beitfi‘éﬁr%oépd:a&ﬁdt ab| neabRy mam cg2angk r gpkaci ng -

melorFOVMRG B llustraies an: operating
e o e Ta I e 40 m}ge%F;%Brog ' 2(3:9‘5?“53% d%EBEW ce is

f)cl)sltﬁtmelrjfggg '\EI’VIQ R 1% sfme (S&h&m tliéYbbardhe E:ydeenseﬁialsequence.

t t c ss t he
pr oceeds. P‘Pﬁﬁwtﬂbsbpefibppg and ethEIRIt)! ik, é%%%atla% :E’V'f1

ass vvnln

driver foseieedi ¢8@ GRMECC Bﬂﬁﬁﬁggg e Sa{mmrmvsher St amdotode as

wever, l1nstead-o
Elt g‘ﬁ;ﬁ ﬁy HBOpmt}@g system, -the ROMVEC table 40 provides the

_translation mechanism whereby the host computer system "f
accesses the CPU PROM based functions.; Finally, a host i
jcomputer system 50 1s shown running the booted operating
system follow1ng the execution of a ‘successful power on
sequence. '

. As will be described in greater detail below, the
__CPU accesses the CPU PROM based functions v1a the ROMVEC
aTable 40 during the power on sequence. Similarly, upon
. the . loading of the operating system follow1ng the power
'on sequence, the operating system also utilizes some of I
the same CPU PROM based functions._ The present 1nvention
fprov1des an option board protocol (OBP) PROM 20 which
._replaces the pointers_ in the ROMVEC Table 40 when L)
_ 1nterfac1ng w1th ‘the CPU PRQM 10.-5 By redirecting the
-pointer in the ROMVEC Table 40 the present 1nvention
Lc1rcumvents the normal response of the CPU PROM and thus
allows an otherw1se unknown board to be recognized and
‘used. The OBP permits the option board to access the CPU
PROM based functions during_the POST sequence. Thus, the
option board may test 1tself, 1n1t1alize 1tse1f and load
its own driver us1ng the CPU PROM based function when
necessary. '

B B Figure 2 illustrates a | prior art Power. On
_ Sequence w1th ho OBP PROM device 1n the host computer
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t hé pointer |nstal l ed in, ROWEC Tabte 40 according to OBP PROM 20 wi ||
cause the CPU to execute a ‘sequence of code |oading a driver specific to
the option board pointed to by ROWEC Table 40. Note that CPU PROM 10 is
entirely bypassed,. when OBP PROM 20 code is executed to | oad the option
board driver. In identifying an option board as described in sequence 90,
the CPU PROMin Figures 3 and 4B | ooks f-or:l(gn- I dentification which

char akteri zes that option board. To facilitate the identification by the

CPU PROM it is preferable for each OBP_PRQV t a str cture

cont ent s as oBYEERBY" bR FETIEICE, SSrar At borkd T IRdriad P A Re
5. Entry 108seﬁueheeommlomﬂ&%lﬁiﬁmdbrsﬁﬂteoofathe ROMYECC Takdentdd i ot i on
nunber . Entry [ ca T st Optd &M he

22. The reng |n| ng g %I‘I 1;e‘:;i"%of rh% %’ontgégé/liﬁ aé;}‘é s"a‘"‘ssﬁ'st ‘t he %
PROM 10 i n desefitienceg 6#he ac resedt @ndstmmé:mlmﬂriqxptqqsie Henrartivated t o

interact w thept resetThSn&ptﬂrﬁ'l:laﬁCi‘]ﬂéméﬂér h%%dvﬁr@réorﬁﬁoﬁ&@tﬁgfpm 20
resi ding on each tion board ustrated |r] EI ure Wien_t he CPU

PROM | 0 i dent FPRBYLER SHF oM poarkong sofherc et » FEBer LBU PROMCPLY prOV
10 activates Ehet@EEsPREMZQiéfaﬁm ipddnitddeedogpt the Bvar d30 Taad OBEh&ROM

system - in ¢ ROuSEe dFeBIRL 4GP AT " i R L GRS T
support or repodnte iim the IVT 30 and the ROMVEC Table 40 to its own
built-in drivers. Next, the CPU PROM 10 probes the
A system for the size and type of memory as in sequence 66,
probes the system fdr'known plug-in boards as.in sSequence
68, and probes the system for OBP boards as in sequence
. 70. It should be understood by one skilled in the art
that the description of the sequence of CPU PROM
functionalities is not_exclqsive nor does it necessarily
occur in the order as illustrated in Figure 2. In
- sequence 72, the testing and initialization of the system
is completed. In sequence 74, the CPU PROM activates the
CPU PROM ‘based drivers for use by the’ operatlng system.
. Finally, the CPU PROM activates the boot tode to boot the - -
'operating system.

st 'Figure 3 describes a standard Power On Sequence
with an option board protocol (OBP) PROM device using in
the pfeferred embodiment of the present invention. - In
:sequence 80, the CPU board is powered on. In sequence
82, the initial state of the ROMVEC Table 40 is such as
the pointers therein are inactive. In sequence 84, the
CPU PROM 10 activates a reset and initialization &ode to
reset and initialize all built-in hardware of the system.
Among other.things,:the CPU PROM 10 installs the default
pointers of the IVT Table 30 and the ROMVEC Table 40. As
such, the CPU PROM 10 connects pointers in the IVT 30 and

. ROMVEC Table 40 to its own built-in drivers. 'Next, the
CPU PROM probes the system for the size and type of
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provi ded through the ROWEC Table 40 wherein ROWEC Table 40 is resident -
at a--virtual nenory location, or addréss. The operating systemnormally
maps the virtual nenory | ocation of the ROWEC Tabl e 40 di rectky into the
physi cal address of the CPU PROM 10. When an option board is identified,
the CPU PROM 10 copies the 1VT 30 and EC Table 40 onto a protected
menory | ocation of the main nenory oﬁ Re system At the sane tinme, the
protected nmenory |ocation of the main nenory is remapped to point to thgf

virtual agkssg aer rnwsa&uaacteo FOWEe ol etHe. sﬁst%;tphfoi-h@m&ﬁt vi du
ROWEC Table p,0| njers tosroptines in the CPU-'PROM ﬁéepl aced with new

poi nt er s R PArgRafH ahl SEEUSNGHR %odé“fihé?ré‘? e fvatefes- of
repl aci ngfqmloamrlsoamstwsRB‘WEé‘quehbe 90.dulpngot beqlil@\mfe @o Sdineence are

t hat the b i_she I that the
oyt e o RS FIn B BEEETR W dLRLROR S8 VAg SHE PR (1
pr ef er r eHQWENRYE nenseguenae p?@sdn'ea matnt puaceede to rtaaquengeesss requ| r ed
to repl a%&usm E’EheTgQ'le%éﬁEer Yot SaR' QEW Q’lﬂdﬂ %‘So ughad dpt iehpe

contai ned 1n- hi's is-acconpli-she ing th relatlve-

of f set ofk Qézfdcmctlﬁﬂ |Wetﬁ’€18§P PREW - Ebetcpff[hepg\éye 208drdess wiate t he
code, whirdcdgnigecshth odrths Opt TN tRer prevaried t@mswlﬂéﬁm HE begl ns.

The, e "SR eadt HhOpRERERT" £AY R bHTES, RLuDSCRELIRR RABLS o, -
I n the prRROMt20. code as. .shown in - sequence 92. - Under thJ.s nhew
~sequence,. the OBP PROM 20 overrldes default po:mters in
the IVT and the ROMVEC Tables and 1nstead loads new ~/
pointers to the correspondlng routlnes in the OBP PROM.
'therﬁeaft_er_.,_' __.'the_f _optlon board tests 1tself accordlng to |
self test .code '_conta:.ned in OBP PROM 20 as shown in
_sequence 94 and ':mstalls OBP er.vers as in sequence 96.
In sequence 98, the testlng and im.t:l.allzatlon of “the _
- system is completed._. It follows that 1n sequence 100, . -
. the CPU PROM 10 actlvates ‘the CPU PROM based drlvers for o
use by the- operat:.ng system. F:Lnally, the CPU PROM 10 -
activates the boot code to boot the operatlng system. B

Figure 4A 'describes an operating system : uSing- the
ROMVEC. Table where “there is no OBP ~PROM 20 or option w)
. board Ain. the host computer system. : In Flgure 44, _the
. system call sequence proceeds from the operat:.ng system
to the ROMVEC Table ' then to the CPU PROM 10. The prior —
art. Power on . Self Test sequence described in FJ.gure 4A '
. presupposes . a conflguratlon o‘f _ standard perlpheral
__dev:.ces. , It should be. understood by one skl.lled in the
art that standard per:.pheral dev1ces refer to perlpheral'
dev:.ces that are compat:.ble w:l.th the CPU PROM 10 of the
_computer system. o Should the manufacturer or _' a thlrd
. party declde to 1nterface a new perlpheral dev1ce, such-
-as an option board to the computer system, the CPU PROM
.10 would have to be retrofitted. Retrofltting the CPU



preferred enbodi nent, the OBP PROM has. fwo run nbdes: (1) under the first
node (Mode 1) the CPU PROM éxecutes the OBP code di rectly, (2) under the
second node (Mdde 0) the CPU PROM unpacks the OBP code into the main nenory
and the OBP code is accessed fromthe new | ocation in the main nmenory.
Under the first node, the CPU PROM naps the OBP PROMitself to an all ocated
virtual address. Under the second node, ~t hep &PU PROM nmaps the | ocation of

t he ugpacked code in the main nenory to the allocated virtual address. In
ei ther node, the allocgted virtual ad ress is,then,stored in |location 130
of the ROWECGHINT A60 tencas Hadlous Figeke WALORTAVEHESE, GHRAtial

r??' aci ng ahR!:Ms(Efl apdi rﬁdftw?:éicmﬁhesaed uerorder CEb addevilate ethl-aéd ive
offset in the cat
Ol rom | acar eEor (BNH, Haskd) o CrEERLEEHCIRY | ke by BRoM, 1877 e
result is thepresentd invenslappreppparegRSNVEGEWamn$qnﬁanng|cnﬁulnﬂw
thus conpl etigges ei-SE' getiells PGS ¢ ﬁtéﬁf EgBEGﬁ b?

el T Test. an

FlgureS t he: OBP PROM 20 proceeds to_insta

Initializati ohheoaetaeeoheaﬁg PEoERcPleSOBF) Eﬁ@“lgﬁvéic%&ﬂ%#m%der

22 to test thmeppbgﬁtbgar n théhgomyecalrhdleoao.,of the Self Test and
initialization (diagnostic) code is automati c because entry 120 of the

opti on PROM header 22 in FI GURE 5 provides the proper offset pointing to
t he OBP PROM addr ess Figuriae 4 afghmstratesleanTdeemgvi‘Eysm dagimg t he

Poer On Sequege il | raie’ cAPORBAN CahOlomt | PRENCI26N 485 S oty —

initialization I on oar hardware 1 n sequence 9
Al t hadgh at tGeel @8 ks t p,;@ oppterface with the CPU PROM 10. Shown

there, —the system call sequence proceeds from the
operating éystem generating a system call to access the
- driver for the video device through the same ROMVEC Table
40 as shown in Figure 4A. However, instead of triggering
the driver routines and code as stored by CPU PROM 10,
the pointer installed in ROMVEC Table 40 gzborQing,to OBP
"PROM 20 will cause the CPU to execute a sequence of code
loading a driver specific to the option board pointed to
by ROMVEC Table 40. Note that CPU PROM 10 is entirely

.- bypassed, when OBP PROM 20 code is executed to load- the -

option board driver. _

o ' In identifying an option board as described in
sequence 90, the CPU PROM in Figures 3 and 4B looks for
an identification which characterizes that option board.
To facilitate the identification by the GPU PROM, it is
preferable for each OBP PROM 20 to adopt a structure and
'contents as outlined by the option PROM header 22 as

- illuStratéd in FIGURE 5. Entry 108 of the option PROM
header 22 contains a device identification number. Entry
108 is located in the first byte of the option PROM
header 22. The remaini;g entries of the option PROM

' header 22 assist the CPU PROM 10 in determining the
characteristics of each option board and how to interact
with it.
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ROM ' ol yi | | .. ut abl e option board test and
20 is supplying the CPU with exec _ o
ibgg'[ gl rat i on code, gP PROM 20 is able td call on the CPU PROM functi ons

[ [ [ board tests
j [ [ nosti cs. Thus, the  option
IR R OR and loads its own driver using the - 19 -

itself, initializes itself, o Sing the opt|on board
[ sources available fromthe ROM
:‘gn;y{ io\r/]Zt Ce)(rtl ret he OBP PROM 20 returrTslt‘b‘t he Power On sequence in seguence

00. Although the.
the operating systemin sequence 1 1e.
o progfee%gpt gRlc(\)/ladZO offgrs desi gners and . manuf acturers of ~ option W

esence |l ate -
E{)afds flexibili tyTlF‘PI qmt_mnaEROM he?derhegcgguﬂégﬂmmc{ ends o c%ﬁ&?but e
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sequence... such, the

bur densomSesmiendn t9onef” Ina@dxw 0@&’?”8%51%“0?4' Egejvpm #he cquce

unctions 1n

resent i 6\5@“&#&3% Py h:a‘f@ s Fhet OBH BRaM On Of -
' !tohe duplicatign o tes‘% e‘%ﬁ% G%fflql iﬁE?% %ﬁﬁkag to three

t he IOOWer 8n 5§qmn$nbrem 9 T POST- EI\FFERI‘%%?E%IPC%?R 134, .

Pt supanEdeanyn%%é e% %W‘? é?ﬁ' ferred embodiment bfintheons to

and POST- §XI Fﬁ@ e>§é&‘(&¢’é¥%f Abe ¢fiomvaret sznspuﬁtsdoiay f&s&ﬁlé’é’“lQBP

facilitat
prov1ded through the ROMVEC Table 40 wherein ROMVEC

‘Table 40 1s resident at a —virtual memory locatlon, ‘or .
'address. The operating system normally maps the virtual ' U
"'memory location_of the ROMVEC -'.Eable 40 dlrectly 1nto the o
"phys1cal address of the CPU PROM 10. When an option )
board is J.dentified "the CPU 'PROM 10 - copies. the IVT 30
“and- ROMVEC Table 40 onto 'a protected memory location of
the maif’ memory of the system. -\ the same tJ.me, the
'protected memory location of the ma1n memory is remapped
'_ to point to ‘the’ v1rtual address corresponding ‘to ROMVEC
’I'able 40. As such the indlvz.dual ROMVEC Table pointers
'- to routines in the CPU PROM can be replaced with new .. .

- "pointers ‘to the OBP~ DROM and 'OBP driver code-’ ‘therein. —
The advantages— of replac1ng po:.nters Ain the~ROMVEc Table
40 during the Power On Sequence. are that the process can P
be accomplished transparently to the user and that the
system automatically configures 1tself. - : '

_ ' As shown in Figure 5 in the preferred- embodiment
of the present 1nventJ.on, the VJ.rtual address required to .
replace a ‘'ROMVEC Table entry 1s preferably constructed
'by code contalned in OBP PROM 20. ‘This is accomplished
by adding the relative offset of a function in the oBP
'PROM 20 to the base address where  the - code, wh:l.ch is
specific to’ the option board having the OBP. PROM 20,
| begins. " The base address in turn depends on the run mode
"of the oth.on board ‘wherein the run mode 1s identified
by entry 114 in option PROM header 22. In the present
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PROM 20. For any additional test to be added one needs only to worry
about how to test its hardware subset, “not how to fit into the POST
sequence. Figure 7 is a flowchart of the POST-ENTER routine.
POST-ENTER 132 initializes the testing paraneters such as-shared

vari abl es and systemresources in step 138 In step 140, the POST-ENTER
det er m nes whet her the Power On sequence |Js€| n a diagnostic node. If yes,
POST- ENTER announces which test is being run by either outputting the

It 1 1
L(e%g ENTER 22 '-.—E'Eeefred 'éﬂad&nié}& ec'i'#e g@vé?c%?x? ﬁﬁ'@fbo PRz - mOAéspo(l)

routine. POST@EFFG@‘HS@JF %t a@?@?at‘&?%eﬂ akher FBF FRoM tGF’EﬁF‘FEe%e’E’éEt ed
during the Poosp %d%e@i@%l Dt aihdedd, t HOFedbiDhede ckBoder o keyhear d

i nput. Next, t P term nes whe her the printing
function is a«g?’i@aqef uhpec 35%%%% iﬁf’g]em}tnteq € hB2dR MENOrY. 234

ei t her nor nal the chanstiec iwdacpessedolfrom thengiew(EFc&REGR @dmocthkes to
determne if e f t | f mé ts
loop flag in ste %{aegiroggh {ilj\;"vlﬁsee:1 rh}es %s:lsé%%drﬁ’t hteﬁéro%l??n %Qﬂg&

a flow char PBPofPRQM\eltﬂi%‘Eﬁ' ts) an Atlopated PmtE?(F-TaliﬁG% -nt dPRdex

POSTdI 00}0 on taet déefec%ﬁa emaag a't%%RthRQMf Qﬁaﬂsatakeenaeamwﬁl c&fhrmude have
B e Y o BB Dol i ThaTain menedy to € a1fSddedh i PANd] o

address. In either mode, the allocated virtual address
'is then stored in location 130 of the ROMVEC Table 40, as
shown in Figure 6. Thus the process of replacing a
ROMVEC pointer is accomplished when the CPU adds the
relative offset in the OBP PROM 20 of the desired
routine to the allocated virtual address stored in
location 130 of the ROMVEC Table 40. This result is then
stored in the appropriate ROMVEC Table pointer location,
_thus completing the replacement process. ) -

With reference to sequence 94'“'i-"n Figure 3, the

OBP PROM 20 proceeds to install the OBP Self Test. and '
Initi;]:ization__ code according to entries 120 and 180 of
option PROM header 22 to test the option board. The
\__/ installation of the Self Test and initialization
(diagnostic) code is automatic because entry 120 of the

option PROM header 22 in .FIGURE 5 provides the proper

offset pointing to the- OBP PROM address for the

diagnostic code. This code will run during the Power On

Sequence and will be responsible for all power on testing

— and = initialization of the option board hardware in .
sequence 94 and 96. Although at this point the option

board PROM 20 is supplying the CPU with executable option

board test and installation code, OBP PROM 20 is able to

call on the CPU PROM functions to assist in running the
diagnostics. Thus, the option board tests itself ‘
initialiies itself, and loads its own driver using the
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test. Thus, in -step 154, POST-EXIT detern1nes whet her the Power On
sequence is in the diagnostic node. If yes, it tests further to see if the . R
test has been pre-set to loop in step 156. | f yes, POST-EXI T.sets | oop _
flag. Otherwise, it proceeds to determne if the test failed before.exiting.
in step 160. If yes, POST-EXIT finds ouf in step 162 if the error is fatal.
If yes, it sets the loop flag in steplibs. Otherw se, POST-EXI T.checks for
keyboard input in step 166. The above three POST functions of the CPU B

PROM t ogepQaLe §QHB | S 2 é@?%éés' aé(x‘?éaﬁfé%& nSSie ! S8y Wiy onal | ty

for the power on sequence. ecause t uncti-ons are acce55|ble by

every har¥fkes- (iihp@@éimorhnh°§ﬁér a!-$ng"1°.$§ﬂs,‘{iatﬁﬁ%f tthe cOBBut BROMys2@m -t here

is less, r@éeui-ﬁé Iweweﬁbwérag@ﬁstséqm Hy t Begliehee bggauggathe .
argunents of t $ OST fa gglons ar re- deflnegélthere is a uniformty-in
the di splBYRaeedsFonteadythe operpking system,dn segHanaR3s are '

accessi bl e, especially.in-the dlagnostlc node, -repair and-maintenance

per sonnel .can Int?igﬁgﬁﬁétb %Qedéégggﬁéé n 5b r“ﬁﬁﬁﬂp npgIne hough_.

t he present inven Cri h reference to Fl 1-9, it
will be ubeleignend and: mamufachunersaref f@ptionubpaxdmrflﬁm,bmxhoul d

~not- be taﬁ?nméérf&bﬂh&a&ieﬂsthupéﬁu b&%n,' RM@Nnedd to éx&uldée the
contenpl at ed.  that enho plications

nts
ncor po AIFPORELE CRERFREORS! SvpRdapies dron the CPU FROH tends €o

- contribute towards the duplication .of code for each _
-.device.during ‘the power onusequenee. . As a result, the -;J
overhead. for testing the power on sequence is burdensome
as addltional hardware components ‘are installed. ' As
such, the present 1nventlon provides three POST functions
,1n the CPU PROM to reduce the ‘duplication of test code
‘and to. streamllne the dlagnostlc functlon of the- power .on

| .jsequence.'~'~ - ' '

. _ In FIGURE 6, the ROMVEC Table 40 p01nts to three
~POST support routines in the CPU. PROM 10: POST-ENTER 132, N

' POST-ERROR 134, and POST-EXIT 136.- . The CPU PROM- 10 .-
provides -thesee-threef_funotions 'to.'facilitate. the
execution of.anY'given test required by any given OBP

. PROM 20. For any additional test to be added, one needs -,

| only to worry about how to test its hardware'subset,-not _ '

how to fit into the POST sequence. - '

Figure 7 is a flow chart of - the - POST-ENTER
- routine.. . ~POST-ENTER ' 132 - initializes the testing
-parameters such ‘as- shared variables and: system resources
in step 138. In step 140, the POST-ENTER determines
whether ' the- Power on ‘Sequence is in a dlagnostlc mode.
'{If yes, POST—ENTER announces whlch test is being run by.
elther outputting the . result to an LED or printing the
test name-tO'a_serial port. If no, POST-ENTER exits.
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|m/ent|on may be easily construed by those skilled in the art. - 22 -
CLAI M5 1. A method for-use in a conputer system having a central
processor unit +(CPU), a main nenory, a CPU programmabl e read-only nenory
(PROM storing a plurality of CPU PROM functions accessible by said CPU,
and at | east one option board conprising a respective OBP PROVM said nethod
for accessing OBP PROM functions stored +n)®ard OBP PROM wherein said

opti ogsboard is not known to said plurality of CPU PROM functions, said

nmet hod conprising the of; storing | ur P ns
and an option board |£¢ﬁ?ﬁ% c&idf nﬁnbgic'g' g?ﬁs‘-' &P%Ff %i gﬁkbﬁ
respective optno@irtlbmr d i ROST-BRBRORpULl 24 sist agtivated nyher | At - errouUr
table conpris r [ i veghor
nmp :d&gu%‘;:&é:lrfsig"' &8k8cta ﬁg&l@?‘; tHE "Péwer éﬁ ‘é é e. Veih

table identif irst virtua range, provid I rst

plurality of dri4 t OST-ERBAR mhagks £ FG‘F%YW%@O%FR‘Q nN%Fd in

entries of sas%eb r 34 6Y eCPOBT-RRROR aﬁété&ﬁiﬁeQOFWHéﬂﬁéélnﬁhbo prifAtChyY
PRC]\/Ifunctlon stored in sai sald. UP

as
functi ons, ion ¢ip; r%‘t’t%‘éﬂ:ﬁg bl"g ¥8 Sal CRFLNR 4 PRy s§FFor
option board mésmalgfascabas&dnuohers sitl*aartmazdrait | by sdidgnpsltdm bmede to

sai. d CPU; protocols. If no, POST-ERROR proceeds to determine if
the error is fatal in -step 150. If it is; POST-ERROR
sets loop flag in step 152. Otherwise, it exits from the

s routine. o

FIGURE 9 is a flow chart of the POST-EXIT
routine. POST-EXIT 136 maintains a POST loop on test
feature and also monitors for fatal errors which may have
accidently escaped from the POST-ERROR routine. POST~
EXIT also handles the exit from each separate-é—i—agnost_in
test. Thus, in -step 154, POST-EXIT determines whether
the Power On sequence is in the diagnostic mode. If yes ’
it tests further to see if the test has been pre-set to
loop in step 156. If yes, POST-EXIT 'sets loop = flag.
Otherwise, it proceeds to determine if the test failed
before exiting in step 160. If yes, POST-EXIT finds out
/ in step 162 if the error is fatal. If yes, it sets the

loop flag in step 164. Otherwise, POST-EXIT checks for
keyboard input in step 166. . ' —
The above three POST functions of the CPU BOOT
PROM together comprise a support layer of minimal self
- ' test functionality for the power on seduence. ' Because
the POST functions are accessible by every hardware
component - and operating system of the computer system,
there 1is 1less need for indep—endent diagnostic code.
Furthermore, because the arguments of the POST functions
are pre-defined, there is a uniformity in the displayed
error messages. ‘Finally, because POST functions are



copying said first -vector table to a protected portion of said nenory so-as
to generate a second vector table when 5aid board identification nunber is
identified to said CPU, providing a second virtual address. range to
identify said second vector table; providing a second plurality of pointers
to said first virtual address range by storing, in said entries of said
second vector table, addresses corre'sﬂdnd'i ng to said first virtual address
‘range; prov’i di ng athird plurality of pointers to said 1111111111111111@11‘

;nt ri (E,‘:S O? Sal | réteﬁgeCJhallgaﬁnpwb?g’e%gg Ir ESS*}OS%’&;?%% %ﬂ in .

sai d opt iBALMRRINCEBErEORABHI FgNns AnFeragtprdhh iagnoskic sind oBP
PROM f uncd i {oRBE St maRARérsaid CPU  may access addresses within said

second virtual: address range to obtain addresses in said first virtual
address range that contains said first plurality of pointers to said CPU '
PROM f unct i ons - ankilhddghhthe pkesehitt i nvlendiont- s teernidbSBRA ROV

function t cqordin cl wﬁieqlg rovi-di ng i
said thi rﬁ‘7 1?lTur afelfggge %o?ggg}‘ggtg’ ?H q&% uné{el on ur ¢ _ '
conpri sestllehefsg@pssmareacﬁnmgl&lugtnasippy lyacandsshenidenot doe ai d

‘taken as - limitations ‘upon = the invent:.on. It

contemplated that many *varled '_._ embodlments > ,and-

: -appllcatlons 1ncorporating the teach:mgs of-— the present -
invention may be easily construed by those skilled in the o V

— art.



base address to form OBP PROM -function addresses, said address offsets
represent |ocations of functions in said OBP PROVs; and, storing said OBP
PROM function addresses in said entries of said first vector table; whereby
sai d OBP PROM functions.are accessible to said CPU. 3. The met hod
according to claim?2, wherein said OBP PROM function addresses poi nti ng
to, said OBP PROM functions stored- im gg ected virtual addresses of said
firstyyirtual address range in said first vector table override any of said
CPU PRONIfunctlons havi ng pointers previously stored within said sel ected
virtual addresses of said first vectorsﬂéﬁﬂﬁgmhen said option boards are
present. 4. The nethod accordlng to claim 3, wherein a power on-

PROMI T unct | o ~dur iy BeBREr G SBRP DUCe ( PERPFERE, AR BRBTRAC s

power on sel fcemalllnr]ddessanlmnit (QHUY, 11d 1ain @enorw @ *CPU to

Bg: ﬁt gf};‘i g?ogﬁ?ﬁ% sal Vet ragtda{g&e pol N gésal O%gffi"g%\/laf yict i ons and

to sai d OBP EHOMCPUNCRROMs functigns n§F§IeIS§é- bY 1EakdsCPY, and
et hod aCCOfQéHbﬁCbﬁéabﬁtﬁonwﬁéh@HTdﬁﬁﬂ%i&iﬁg a respective OBP PROM,

said method for accessing OBP PROM functions stored in

“said OBP PROM, wherein said option board is not known to

said plurality of CPU PROM functions, said method

\yg. comprising the steps of:
storing a plurality of OBP. PROM functions and an

option board identification number in said OBP PROM for
said respective option board in said computer system;
building a first vector table comprising entries

- within said main memory, said first vector table

identified by a first virtual address range;

providing a first plurality of pointers to said
CPU PROM functions by storing, in said entries of said |
first vector table, addresses corresponding to said CPU
PROM functions stored in said CPU PROM so as to map said
CPU PROM functions, through said first vector table, to
said CPU;

reading said option board identification numbers
so as to identify said option board to said CPU;

- - copying said first vector table to a protected
portion of said memory so as to generate a second vector
table when said board identification number is identified
to said CPU; h _

- providing a second virtual address range to-

identify said second vector table; '

providing a second plurality of pointers to said
first virtual address range by storing, in -said entries
of said second vector table, addresses correspondlng to
said first virtual address range;

providing a third plurality of pointers to said

| T
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-PROM conpri ses an option PROM header corrprl sing an option board

I dentification nunber. 7. The net hod according:to" claim6, V\/nerel n
sai d opti on PROM header further conprises: a PROM size identifi.er;; a PROM
address for operating system code and option board drivers; an operating
system code and driver code size identifier; an OBP PROM address for
~diagnostic code; a diagnostic code si2g 1-dent ifier; a run node identifier;
and, optlon board protocol code. 8. The net hod defined in claim,
wherei n. lity .of CPU P f.unctipns resets and ini aI| es
har dwar e© rﬁ%‘?@ ? ons, iRy ELREANGr W s?@ﬁé % rdSFar nponent s.
conpri si lfgrsa:l dremmnntbbmed ad.base addicesst fod sidid reRP PROMcIm m 8,
wherein 4&(31,&),1‘ &J PROM functions test the integrity of

har dwar e® corrpo s of sal’d corrput er system said hardware conponent s
conpri sing" sai d m—:mapnmg dsaid. CPU BRRM gungSdonstiansl sabdcOBPn. 9,
wher ei n- p&emd ﬂ?iﬂ&@iéﬁé( QﬁcﬁPlehPa%O\ééimcepens ﬂd}ﬁté’ééésgr huareskes said

har dwar e - rr%onent s of

ut er stem
11111111&?}1'—9 11PPJ}1111159<=°%r M‘gg%rrp%ﬂé%ﬁscoﬁﬁwa n§°saPH’t6ﬂﬂ on
board. laddresiesonu erssidt eMiropprvirtgal . address . range that

contains said fa.rst plurallty of po:.nters to saJ.d CPU
PROM functions and saJ.d th:er plurallty of po:mters to
'said OBP PROM functions.

-~

2. . The method: accordlng to claim 1, where:.n R
‘providing said - thlrd plurallty of p01nters to the OBP.
PROM functions further compr:.ses the steps of:

adding . a plurality of address offsets to said
-base address to form OBP PROM _funct:l.on addresses, said
address offsets represen_t 1o_ca_t;Lons- p_f functions in said
'OBP PROMs; and, S . '

storing: sa:.d OBP PROM funct:.on addresses in said
entr:l.es of said first. vector table, - ' N

— .. - whereby said OBP PROM functlons .are accessible to .ﬂ?';”

said €PU.
.3. °~ + The method accordlng to cla:un 2, whereln sa1d OBP \J

'PROM function . _addr_ess_es__ poxnt:mg to sa1d OBP PROM
“functions stored: in sele'cted v1rtual addresses of said
'flrst virtual. address range in said first vector ‘table
-override any of saia- CPU ‘PROM functlons having . p01nters
previously stored w1th1n ‘said selected_ virtual addresses
~of said first vector table when said option boards are
present. - ' | |

4. The method acc':ording to 'c"laim 3, wherein a ‘power
- on. sequence: comprlses the step of accessing. certaJ.n CPU'
-PROM functions and OBP PROM functions. durlng ‘a power .on
self test (POST) ,rou.t_lne. to provide a power on self test

Sk c L M S * .
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a ‘central processing unit (CPU); a-nenory coupl ed to said CPU, a CPU
programmabl e read-only nenory, (PROVW storing a plurality of CPU PROM
functions accessible by said CPU, at |east one option boar d
conprising ,a respective OBP PROM storing a plurality of OBP PROM
functions and an option board identification nunber; -a first vector table
stored in said nenory, said first vector 2 e identified by a first

vi rtual address range and corrprisi ng a plurality of entries; a first
plurallty of p0|nt s‘:toreﬂ_'t sald entries of said first vector table,
said first p ’1‘{/ $ointing to said CPU PROM functions and
conpri si ng- addresses correspondl ng to sald CPU PROM functions stored

in said CPU IgRC]\/I SO %Umg@flo a'&'céé’yafﬁig“ 59.913 th%&ﬁ@i gaéhrst

vector table,” to sai. readi ng neans to sal or rea
said opti onPoidkers | georedi dat ismid nUﬁﬁﬁPS‘ ts’ibl%tspowtl Fontsaid sePY

option boardph@lﬁaf@n@gibﬁgphr{@aﬁé R egppO Ifiﬂibfl FRABEYohS! £PYhNg said

first vector ineka table to atfrotec%ﬁggortlon of said nmenory so as to

generate a sdGH said board identification nunbers are

identified to sald CPU; a second virtual address range to identify said

second vector. tabl e; sec | ur al | ters-to t ual

addr ess rangg store %‘grﬁ?‘f%% %’? %‘Fdég%%%na v‘g%é 8%3%1 6%’
PROM comprises an option PROM header comprlslng an option
board identification number. '

7. The method according to eclaim 6, wherein said
option PROM header further compriseé:
a PROM size identifier; .
a PROM address for operatlng system code and
option boarad drivers; : - -
an operating system code and driver code size
identifier; ' ' '
' an OBP PROM address for diagnostic code;
. a diagnostic code size identifier;
a run mode identifier; and, ~~ .
option board protocol code.
—/ 8. The method defined in claim 7, wherein said

plurality of CPU PROM functions resets and initializes
hardware components of said computer system, said
hardware components comprising said option board.

9. The method defined in claim 8, wherein said
plurality - of CPU PROM functions test the integrity of
hardware components of said computer system, said
hardware components comprising said option board.
10.  The method defined in claim 9, wherein said
plurality of CPU PROM functions installs drivers for said
hardware components ' of said computer system, said

-7 * [+ L M H *




‘a third plurality of pointers stored |n sakd entries of said first vector =
table, said third plurality of p0| nters’ pointing to sai'd OBP PROM '
functions and 1111111111 .1111 * * C L M - .S
conprising a base. address for said OBP PRCM and re-mappi ng neans

coupl ed to said second vector table and said CPU for re-nappi-ng sai d CPU
PROM functions and sai d OBP PROM f uncféons such that said CPU may access
addresses within said second virtual address range to. obt ain addresses iy

‘said fir rtual address._range th o] n plurallty of
poi ntersiﬁfiaqrﬂa WWF%nE??‘Bﬁ%g;ﬂé §g$8 ?’R%ﬁgg'p ty of pointers to
said OBP PROM functi ons. - The conputer syst em according to

claim 1% vvherelil °‘§@ﬁl"gte{'h${’gﬁ?iﬁl' Esﬁ%%}glngf pointers. -furt her

corrprl ses: - ress set$ added to sai'd base address of
~said OBP PROMVs toaf‘éﬁ Prefsesshngi BRikddFEPés, said address of fsets.
represent |ocati cmsmgﬁoi-yln@éupngdl Bos8aidC8PURROMs; and sa| d first vector
table storing said o P_PROM f nctlon ddr.esses. e NE

conputer system? ac%%?"dl I,%rog5am&alaf %9&184 n gﬁpﬂ%P Qﬁé%r uncti on
- addr essestmating ng pdusaild tPBRPRCRUT @mm cfmcstmnsl apgceelsddled by rt ual -
'addressessacifd sﬁ;@ f| rst Vi rtuaI address range in said f| rst vector

. at - 1east on : opt:Lon board e comprlsz.ng -' a T

respectlve OBP- PROM storing a plurallty of OBP PROM—
functions and an optlon board 1dent1f1catlon number, : \J

—a first vector table. stored in sa1d memory, saJ.d
first vector table 1dent1f1ed by a flrst virtual address
range and comprlslng a plurallty of entrles, L
_ a first plurallty of polnters stored in sa1d
entries of sald first vector table, sa:.d first plurallty _____
of pointers . po:mt:mg to  said CPU PROM functJ.ons and
- comprising addresses _ correspondlng to saiad . CPU PROM
functions stored 1n sald CPU PROM so. as to map saJ.d CPU
PROM funct:.ons, through said flrst vector table, to sald- '
CPU; ] | IR .
| reading means coupled to sa1d CPU for ‘reading
said option board - 1dent1floatlon numbers so as to
“identify said optlon board to saia CPU, o \J
'COopy means - coupled to sald ‘memory for copylng
-said first ve_ctor_._:__tab_le to a protected .portlon__ of__.saJ.d -
memory so as to__‘é_:;enerat_e a second .\(ector%_aple uhen._ said
board identification numbers are identified to said CPU;
a second virtual address range to identify said o
‘second vector table, o T : , —
a second plurallty of p01nters to. sald first |
virtual address - range. stored in said. entrles of sald
second vector table,. ' _
a thlrd plurality of . . pointers stored in sald
_entries of said first vector table, said thira -plura-l;ty
of pointers pointing to said OBP PROM functi.o_ns. ‘and

W
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tabl e override any of said CPU PROM functions having pointers previously
stored within said selected virtual addresses of said first vector table
sai d option boards are present. 14, The conputer system according

to claim 13, wherein said CPU accesses certain CPU PROM functions and OBP
PROM functions during a power on self test (POST) routine during said power
on sequence to provide said power on setf2®est to said OBP boards. 15.

The “conmputer system according to  claim 14, 27 wherein said.

pointers stored | -vect t abl oint_to sa1 un ons and to
sai d OBP PROFPFER 5‘(9 S faOr%rﬁﬁ ‘%ﬁ%a“'%ﬁ bég#d ﬁg}%t glt"JﬂThe

conputer system acm—uhamnrtg) meansmcdn‘plevhen:@l neaid d seRrERONectapri ses
an option PROMAeadels Gy rc_g:l[f‘%d’in %%%r%iﬁe@ﬁﬁfbﬁ@ﬁ' PAnBLYBRS- Rg/l

The conputer system acco , Wherein said option P
header furthandcsaid OBP %@R@“mtz@nﬁieﬁﬂq?hl‘&at SEROFEE MRRYsaceess

operating sygh@wesadd apdtAph mass@cdﬁdveoirtuam %ﬁés@gr%v@eentaode
and driver code size jdentifier; di a nost{:ﬁagode

a di agnost i cOP§8NsRAATERSRS f’ﬂersa‘éi rW%d@l&"éﬁfl?‘?é es %n’a nge

contains said first plurality of po:.nters to said CPU

PROM functions and said third plurality of pointers to

said- OBP PR@M functlons.

‘u 12, The computer system according to claim 11,
wherein said@ third plurality of pointers further
ébmprlse5° '

- & plurality of address offsets added to said base:
address of said OBP PROMs to form OBP PROM function
addresses, said address offsets represent locations of

_ — functions in said OBP PROMs; and : _
o= said first vector table storing said offset OBP
PROM function addresses.

- o 13, The computer system according" to claim 12,

wherein Said'OBE_PROM function addresses pointing to said

OBP PROM functions stored in selected virtual addresses

-~ of said first virtual address range in said first vector

table override any of said CPU PROM functions having

-pointers _previously stored within said selected .virtual

- addresses of said first vector table said option boards
are present. ’

14. The —Tomputer system according to claim 13,
wherein said CPU accesses certain CPU PROM functions and
OBP PROM functions during a power on self test (POST)
routine during said power on sequence to provide said
power on self test to said OBP boards.

15. The computer system according to élaim 14,
_

S



option board protocol code. 18. The conputer system according to = =
claim 17 wherein, said plurality of CPU PROM functions resets and '
initializeshardware conponents of said conputer system said.hardware
conponents conprising said option board. 19. ... The conputer system
according to claim 18 wherein said pIurallty of CPU PROM functions tests

the integrity of hardware conponents< 23 =sai d conput er systens, said -

har dwar e conponents conprising said option board. 20, The conputer o
System aghes Q11 %91&' gbg&%rg*@&fb&am Ra lirdawéat&é £Rb1BREY inCt i ons
~installs drivers : War e conponent's’, sal d conput er:;system

11111111§91f99§§f¥§1ﬂ¥umu(;uqctrpnssa to sald OBP PROM functlons
for all 1nsta11ed optlon boards. '

16. f._The: computer' system.. accordlng to ciaim _15,
wherein. sald OBP PROM comprlses an optlon PROM header
comprising an optlon board 1dent1f1catlon number.

17. Theh computer 'system according"to clalm 16

wherein said option PROM header further comprlses- _
a PROM. s1ze 1dent1f1er,- . ', L , \u).

a- PROM address. for operatlnq system code and _ .
optlon board drlvers, . . '
_ -an- operatlng system . code - and drlver code size
identifier; : : : o o

an OBP PROM address for dlagnostlc code,_

a dlagnostlc code size 1dentif1er,
- - a run mode. 1dent1f1er, and .

option board protocol code;i-
18. _The .computer— system . accordlng to . claim i? RN o
wherein, said plurality of CPU PROM. functlons resets and
initializes. hardware components of sald computer system,
said hardware components comprlslng sald optlon board. - Q‘J

19. The computerfsystem;accordingrto;claiﬁplé_Wherein
said plurality of CPU PROM functionS,tQSFS'thédintegrity )
of hardware COmponehts of said computer.sYsteme said
hardware components comprising said-option'board.- |
20. . The computer system accordingﬁtOjclaimJ;S_wherein
said plurality of CPU_PROM fuhctions installsxdrivers-for
said hardware cOmponehts of said computerasystem.m
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