COVPUTEP RESOURCE CONFI GURATI ON METHOD AND APPARATUS BACKZ%%
| N\VENTI'ON 1. Field of the Invention This invention relate é;
aut owatic resource configuration systens for conputers. 2. Prior Art

Conput ers, and especially micro-conputers, in existence today often allow
the user of the conputer to configure the resources available on the
conputer to neet his or her cartlcular-ﬁeeds For exanple a user requiring
addi tional nmenmory may plEQR RESQURCE, GONPIGYRAT ION- MBERAT WND SAPPARATIGAND| €,
pl ugged into a slot on a nntherboard such as in certain Apple Il series
conput ers. CRAB IHEDENVENTITONIred With cards to run a col or
graphics nonitor while another has cards to run a nonochrone nonitor. In
conput ers that arg ﬁflflc E% bui | t to accept these add-on cards, it is
necessary that the'c g esUpentdodyare of what type of card is in

each aval | able slplys SENBRRUAELOAMLSAES Phi! 145tk Lo BhLONERAIILLRL SYSt oS

to determine their 1nstal resource conriguration a

conput er sys&6nt igurd®iRhedystemd EcTORBmEALPLS Er Systens, a system

adm ni strator nust mmanually define to the conmputer systemthe avail abl e
resources by keyidg iBtieort Betsystem resource definitions and addresses.
Anot her nethod invol ves setting switches on the add-on cards to identify
the resources on $PEPRERTE t 3nEHeSRYFHRILYr migrR-GRMAULEES: | ho Rxiftiemce,r ¢
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N\ resources available on the computer to meet his or her

N\ particular needs. For example, a user requiring additional
mémory may purchase an add-on card. 'The memory is, by example,
plhggpd into a slot on a motherboard such as in certain Apple II
series computers. One computér may be cdnfigured with cards to
run a color graphics monitor while another has cards to run a
monochrome monitor. 1In computers that are specifically buillt to
accept these add-on cards, it is necessary that the central
processor is aware of what type of card is in éach available
slot.

Several methods are utilized to allow computer systems to

e

determine their installed resource configuration at the time the
‘computer system is powered on. In some computer syétems, a
system administrator must manually define to the computer system
the available resources by keying in;o.the system resource
definitions and addresses. - Anotﬁer method involves setting
switches on the add-on cards to identify the resources on the
card to the computer.

The most pertinent'prior art known to the applicant is
Texas Instrument's NuBuéﬂéyStem. ‘The NuBus system invo;ves a

bus with 32-bit addressing capability (4 gigabytes). By system



convention, the upper 256 negabytes of this address space is reserved for
control space for cards. The control space is then divided into sixteen:16
megapyt e address partitions, each assigned to one card installed on the
syst'em Thus, the NuBus addressing scheme supports up to sixteen cards in~
Its dynam c configuration nethodol ogy. Each of the sixteen 16 nmegabyte
address partitions is further divided into a 128 byte configurati on ROV
address space and the remai nder of the2t6 nmegabytes :.is avail able as defined

by the individual, card, The 128 te configuration addr ess ace has
fi xed addre§§8§°3§£‘?"gnEﬂe'f'iﬁpe\fa?g%lf?"?m%?’rgrﬁlfi B'H?aﬂgngﬁépe& Such as a

serial nuNbglege¥6dWl For HEMLAdY SpacE Fod L. PREd JMMEDET 'spaRd ALAHRRS
offsets for such:items as the configuration register, device driver

di agnosti c tddulided einto s¥ikexncdfviesgabyte aiddtiews (pargiaddnss easpace and
utilizing address offsets allows the device drivers, diagnostic tools, and
ot her i nf or Age8Red $penp| A%t 1patalied, endiheqaystam- nZhupy HBgMAYSS of
menory and | S r | - QLG varyj.r nory
dependi ng o%ldltdgg%'fo@ci F%’géiégar .E%’g%eﬁl-ggoét%rexﬁoérg@‘gggg%%rg%%ﬁi ng a
relatively |coh@egaanioh métltalelegy dr iEdeh ePdheasiktrenclinegabytemal | anount

of diagnostic code could utilize nenory for each of the types of code in
the armount rddareeraridbliens isafurthegupividpdainte & 148 hytamml | armount of

devi ce 01 Velong 806 Qe Anhl BAAEL Vol B0 £ IR o 1y 20 RpleCy 000 cOU d

utilize menory i proportions” required for 1T I xed anmount of menory
i's not requinregdbieés SV aoRiTHH1¢Chs Cdiiined KO RAE! iKd14QdBal card. <
- The 128 byte configuration ROM address space has fixed | \;J

addresses assigned for various information about the card such
as a serial number, vendu:_idegtifie:, card type, part number,
and address offsets fpr'such items as the'configuration |
register, device driver, diagﬁostic tools, etc.. This convention
of dividinq address space an¢.ut11;zing address off?ets allows
fhe device drivers,.diagnosfic.tbbis, and other lnféihation to
be placed in the remaiﬁéér of the 15 megabytéé'cf mémory and |
ﬁllowé'this information to occupy vafying amounts of memory
'depending on. the specific card type. In other words, a card

reqﬁiring a relatively'Iarge amount of device driver code and a

CC

relatively small amount of d{aQnostic code could ufillze memory
for each of the types of code in the amount required. Another
card requiring a rélatively'small amount of device driver codé
and a relatively large amoun£ of diagnostic code could utilize
memory in the proportions required fo:-it. A fixed amount of
memory is not rgquired for device driver code, diagnostic code,
etc. _ :

The configuration ihfo;mation resides on each card in the

system in a read-only-memory (ROM) and is addressable as



etc. The configuration information resides on each card in the systemin a
neadﬁonly menory (ROVM) and i s addressabl e .as -3- descri bed above. At
the\flne the systemis started, automatic self- configuration, system

sel f-test, and processor bootlng occurs based on the information
stored in these ROMS. As will be seen, the present invention departs from
t he above convention by allowing nmultiple resources to be defined, instead
of a fixed set in addition to other depart@res. According to the present
invention, -in 8eSePFRBEAT adtdW.Nd ARl tHeCaSime Offe ShBtem’ s é@&ﬂé/d
circuits for cou lin sai d conputer, there “is provid met hod
of deternining BHE EBﬁgFguFS%Foﬁ°BF19§§6E%€%s ofYShen c$?%ﬁT¥%5tcod$ﬁ¢S|ng
(a) for each sapdoeéskoreXBBbﬁiﬁg aogeliref Pasdet esi Nefle adgh£§ERSL idh Ssai d
conmputer's addre ace archh g for the beginning of a format header;

(b) for each saf °§F cgﬁﬁﬁfl § 8h address in said conput er' s address
space where a resource directory is located from an offset value in

a directory offset field hgcatgd;in %m(%ggy éga esdie {gh!y
reading entries _in said resource dlrector and: eterm ning an address of -
a departs from the above conventlon by allow1ng multiple

resources to be defineqd, 3.n_st_ead of a fixed set in
addition to other departures.

et According to the present invention, in a
), : computer ~having at 1least one slot for receiving
circuits for coupling to said computer, there is
provided a method of determining the configuration of
resources of said circuits, comprising: .

' (a) for each said slot, examining a set of
predetermined addresses in said computer's address
space searching for the beginning of a format header;

(b) for each said slot, computing an address
in said computer's address space where a resource
directory is  located from an offset value in a
directory offset field located in said format header;

(c) sequentially reading entries in said
resource directory and determining an address of- a
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corresponding resource 1list from an offset value in
said entry; |

(d) for each said resource llst, determining
1nformat10n about a resource on said circuit by
sequentlally readlng data contained in said resource
list and data located at . addresses computed from
offsets contained in said resource 1list;

(e) recording said resource information in a
table accessible to said computer;

~whereby, the configuration of resources on
said circuit in said computer is determined.



correspondi ng resource list froman offset value in said entry; (d) for
each said resource list, determning information about a resource on -~
said circuit by sequentially reading data contained in said resource |ixgt
and data | ocated at addresses conputed fromof fsets contained in said
resource list; (e) recording said resource information in a t'able

accessi ble to said conputer; whereby, the configuration of resources on
said circuit in said conputer is detqum ned. -4- A configuration
read-only-nenory (ROM is placed on each add-on card placed in the conputer
system and the configuration ROMis assigned a set of addresses within the
addr essi ng space of the conputer system -Wthin-this set of addresses, a
format header is |located at. one of a set of definable -addresses. The
format header contains, anong other information, an offset to a directory
of systemresource identities (lds). The directory of systemresource |ds
contains offsets to resource lists which describe the various resources on
the board. This nethod offers an dvant a z over, the prior art in allow ng

mul tiple resourf&onfigyrat iR rhadrandy vemon @ isqplaced ot each i xed set. -
The format maﬂrc&anpngcaa imtRs f&hp@ér%'ﬁdte&\? aMdi ehe byte | ane(s) the card

w1 be usi ngnfiagutrgéiorpakoherig ;sosrig\r/\gzlil dat] t gf addresses within the

addressing space of the computer system. Within this set of
addresses, a format header iszlocated at one of a set of g‘)
definable addresses. The format header contains, among_other \;)
information, an offset to a directory of system resouxce
identities (1ds). The'directory'offsystem resource 1lds contains
offsets to resource 1ists which describe the various -xresources
on the board This method offers an advantage over the prior
art in allowing multiple resources to be defined to the system,
instead of a fixed set. ' L
The format header contains information.such as which byte

lane (s) the card will be using, a test pattern for validating
the format header, a revision level indicator, a checksum value
for validating ‘and determining whether errors exist on the ‘ \g)-
configuration ROM, and a length field for specifying.the lowest \/
address used by the declaration ROM, in addition to the
directory offset _

' The bus for communication between the various cards ‘and
central’ processor is divided into a number of byte lanes, each
lane capable of . carrying“data between the. components of the
system. The format header contains-data describing which of the
byte lanes will be used by the card The card may use any

,combination of the available hyte lanes. At the time the system



the format .header, a revision |evel indicator, a checksum val ue for

val i'dating and determ ning whether errors exist on the configurati on ROV
and> length field for specifying the | owest address used by the
decltaration ROM in addition to the directory offset. The bus for

communi cati on between the various cards and central processor is divided
into a nunber of byte | anes, each | ane capable of carrying data between the
conponents of the system The format Wéader contains data descri bing

whi ch of thésppeernedhes the =dgeetsed bYe ipsmatrhpaderpen cach hegrdide any
conbi nati Ond%‘:e{' e%vgh&ﬂeﬁ Q¥£ eco'r&?ﬁ&ra(}:i%th Lpfrtelﬁ ré&e otVehEBarg ~2- IS
e eader

powered on the address o or mat on eac oard 1s determ ned and

t hen the confegtéad baNtRe bpe@spiig @ystémi he card are read by the operating
system The length field specifies the |owest address in the address space
assi gned to the Tke depgthhtieddysesrififesnkhe: darestueddress RoVthehi s | eaves,

thi s i mvent PEREEY ARaE v ot s 18P SFRL RS SEER o b8 et ermine its.
resour ce CORbh@igiatdbnator.heThid cales £ AaUbERer hePOYEHE ©8mainderl-
of the available memory. = |
It is one object of this invention to provide a method of
dllowing a computer to determine its resource configuration at

the time the computer is powered on.

b.
L/;
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BRI EF DESRCRTPTTON OF THE DRAWNGS Figure 1 is a diagramillustrating a .
onvention of assigning address space in a conputer system ' .-
Flgure 2 is a diagramillustrating a convention of assigning address space:

prior art c

he pres

ent invention. Figure 3 is a block diagramill’ustrating a metho

d

of using offset pointers to allow n resource lists to be defi'ned for a card

in a conput
diagramil |
of the pres
directory a
a diagrami
present inv
det er mi ni ng
t he present
det er m ni ng
configurati
flow di agra
lists in a

Figure 10 i
val ues and

enbodi nent

er in accordance with the present invention. Figure 4 is a

ustrating a format header qpd its contents within the teachings

ent invention. Figure-5 is a diagramillustrating a resource
ﬁﬁuFFen@%ﬁ?@ﬁp@iéngﬁﬁdﬁgmg§ﬁihe present invention. Figure 6 is
|lustrating a resource list and its contents as taught by the
ention. Figure 7 is a flow di agram showi.ng a net hod of

a copig@ty at L Wikgram VIRt LAt ing BlpicRdatt convenddsice W th
invention. Figure 8is a-flow-diagramshow ng a method of
ofhassigningcaddreas gpace figr poconpusenrsyatembeen found in a
on nmenory as taught by the present invention. Figure 9 is a
m showi-ng a met hod of reading. resource directories and resource
confi gyugadd QNiEEAYIMgRem H13GkESANNgNal EbhvaheseRlod NVvention.

| lustrates byte |anes conbinations and correspondi ng byte | ane
fagsigtinte address aﬁrplalcngixactdheesswnlus édventibhe pr ef erred

of the present e

Figure 3 is a block diagram illﬁsfratiﬁé a method ofﬁusiné qu
_ ; o

offset pointers to allow n resource lists to be defined for a
card in a computer in accordance with the present invention.
Figure 4 is a diagram illustrating a format header and its

contents within the teachings of the present invention.

‘Figure 5 is a diagram illustrating a resburce directory and

its contents as taught by the presenﬁ invention.

Figure 6 is a diagram illustrating a resource list and its

contents as tauéht by the present invention.

Figure 7 is a flowtdiagram showing a method of determining
a configuration when a computer 1s started in accordance with

the'pfesent invention.

Figure 8 is a flow diagram showing a method of déte:mining
whether the start of a format header has been found in a

configuration memory as taught by the present invention.

<



i nvention. '‘DETAI.LED DESCRI PTI ON OF THE PRESENT | NVENTI ON. A net hod and
apparatus for automatically determ ning the resource configuration of a
.cconputer is disclosed. In the follow ng description, numerous specific
det®wils are set forth to provide a thorough understandi ng of the present
invention. It will be obvious to one skilled in the art that the invention
may be enpl oyed without the specific details. In other instances,

wel | - known net hods and structures haveqnot been set forth in order not to
unnecessarily obgqyhee!1qsPheFRY diyRiM igRBwidg @UREtHod biEuséddiings Texas
Instrunent’'s NuBus,” the nost pertinent prior art known to the Applicant.
The NuBus sypéspuricevelsesoaiésiandi tés@icpi listiddassionptéapeafiionty (4

gi gabytes) 1. The upper 256 negabytes of thjs address space is reserved for
control spackemeny B8afipclgsedin Féﬁal?‘iﬁsﬁﬁ%%'w B%bytes is used for gl obal
menory space 2. The control space 3 is further divided into sixteen 16
megabyte partitions 5. Each of the.16 negabyte portions 6 are then further -
di vided into a 138gayée1caniugtistiesobyteadnes comtnarionsR&Mt 9 and an area
for other data 8. The 128 byte configuration ROM 9 has fixed, addresses for
various i nf ocontespongbegbythclans yalves, aad fommati BeadfmSERTt4A%hdor
identifier, card type r,t mher f hitens as a

ﬁg‘?’éegﬁ%ge?f‘&g 4o, gige Yere ANk AHEEERAR £§Gglh% beesemtc |

configuratio river, diagnhostic tools, etc. The nethod
allows for okfs&ittoh? - :

‘\/.
b.
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information regarding [err] a fixed set of resources. Referring to Figure
2, t he convention for assigning address space in the preferred enbodi nent .

di scl osed. The preferred -9- enbodi nent is capabl e of addressing 4&/
gléabytes of nmenory, block 20. The |ower 3840 negabytes df address space 72
(addresses 0000 0000 through EFFF FFFF hexadecimal) is used f'or random
- access-nenory (RAM, for read-only-nenory (ROM), for.super slot space, or

is reserved for future use. The upper 286 negabytes 21 (addresses FOOD 0000
t hrough FFFRyinhi) 41586 : BerGal fAfradog Or their configuration
menories. The pre erred e uses a read-only-menory (ROM) circuit as
Its menory neans, although- it will be obvious to one skilied in the art,
al ternate neans nay be avail abl e. -The upper 256 negabytes 21 is further

di vi ded as shown & H‘eF'f‘%r‘é“’Z‘PEﬁ'GGPéSZQPI pHEomtcally PetesBiniRghitbeur rent | y
has defi ned dg, E, deci mal .

Each card i sééa%&rgggg&s{ %Egg%ﬁn!{éggb%% “Q’Q?ng‘cfr gggég%%?e Zgb%%f erring the
Figure 2, blfsModingtdescriptbe) mgebiiscspetifidduessirgace sé& Foetyned to
each card is further divided by convention into an area for a format header
29 and an ar%® Frovide rrerthesa%stamdaaafepnz!énsmtas aﬁ%ui{!\éﬁmimctory,
resource |i SEY i?ﬁdbé SR4G gw% agﬁ ﬂat a_,m fq_hrgag fo inv%%uect i vel y,

makes up the ton |gura 1 on & rendT nt I'Xt'een rregabyte

space 30 i s e el ehpldyed wiSdTEHE CEfecifhE :fdtl’a&ls byt etnéhe fornmat
header 29 nust reside in one of the

instances;”well-known methods and structures have not been set g‘/
()

forth in order not to unnecessarily obscure the present
invention.

Figure 1 illustrates Texas Instrument's NuBus, the most
pertinent prior art known to the.Applicant. The NuBus system
involves a bus with 32-bit addressing capability (4 gigabytes)
1. The upper 256 megabytes of this address spabe is reserved
for control space for boards 3. The remaining 3840 megabytes is
used for global memory space 2. The control space 3 is further
divided into sixteen 16 megabyte partitions 5. Each of the 16

megabyte portions 6 are then fﬁrther divided into a 128 byte -

configuration read-only-memory (ROM) 9 and an area for other \g)
' o/

‘data 8. .

The 128 byte configuration ROM 9 has fixed addresses for
various inforﬁation about the card such as a serial number,
vendor identifier, card type, part number, and address offsets
for such items as a configufation reéister, device driver,
diagnostic.tools, etc. The method allows for offsets to
information regé:ding criy 8 fixed set of resources.

Referring té Figure 2, the convention for assigning address

space in the preferred embodiment is disclosed. The preferred



upper _four bytes of the sl|lotspace reserved for that card. That is, the

f or mgt ~header nust have its first byte at address FnFFF FFFF hexadecimal to
FNFF {FFFC hexadeci mal (where n is the slot nunber). Figure 4 describes the

format header 29 of the preferred enbodi nent. The format header 29 consi sts
of the byte lanes field 42, a reserved field 43, a test pattern field 44, a
format -10- field 45, a revision field9d46, a cyclic redundancy check

(CRC) field 47, .a lLenqth field .48, _and, a djrecto of.fset field 49.. The
byte | anes fi e“&’°3_§'“?’gi_‘l fﬁ%'&&(?hﬁﬁt%&r\?m%’?? 3f giﬁaebygﬁseof a%eggrﬁh%lﬁgﬂbus
to use when CogTUNrREIIR8E4D MaGabed ©f CAUl-leQUN Sidcan 2B diikesdee
preferred enbodi nent uses a bus with four byte | anes nunbered O through 3.

Thi s techni quenahiol 0080 ttheoogh (EFRIESFIFR: hexadediaad) t e usedf fopurandom ROM 27
i n any conbination of the four byte |lanes, thus allowng himor her o%reat er

flexibility i PIAeSSTREISY (RE pIEPEr T ORLY HRATORN EIPM eqtifT SUPRE S*
confi guration J}Q\‘légﬁ bt & eLgr' %xffa&%qeaxg%)ﬁsiﬁé-up@eguﬁﬁ Highbyies the

valid byte | an uwes 103, an yte lane ¢ i nat1ons 101 whi ¢h ay be
used, and correspaddregsdsOF0Dd (00adENrcight FFFE) FEEEH) cls @3ed Ofor 2heessdinge of
the byte lanes field, Figure 4, block 42 may be conputed by setting a bit
in the | ow ni bmsopand ko shelr geafigunatiay Remordgsh FpecPFefitErfded and

then setting t i i hhle_of th Al e ) e 1ot | bbl e's
conpl enent . Foir]‘%e‘%éﬁg?g,&?fs 2 %ee?rddsgp%é“%f“%ggr g}@(’)nkﬁé\}ﬁbgﬁs{e&% jg/%%é& anes

0,,1 and 3 whafieans, although it will be obvious to one skilled in the art,
o/ .

U alternate means may be available.

The upper 256 megabytes 21 is further divided as shown in
Figure 2, block 24. The preferred embodiment currently has
defi;éd slot space for six cards; labeled 9 through E,
hexadecimal. Each card is assigned sixteen megabytes of address
space 26. Referring the Figure 2, block.27, the sixteen
megabytes of address space 26 assigned to each card is further
divided by convention into an area for a format header 29 and an
area for other code and data 2§ such as a resource directory,
resource lists, and resource code and data. This information,
&yf collectively, ﬁakes up the configuration ROM 27. The remainder
\~/ ' of thé sixteen megabyte space 30 is used for_qther system neéds.

| The first byte of the format header 29 musﬁ reside in one of the
upper four bytes of the slotspace reserved for that card. That
is, the format header must have its first byte at address FnFFF
FFFF hé;adécimal to FnFF FFFC hexadecimal (where n is the slot
number) . _
Figure 4 describes the format header 29 of the preferred
émbodiment. The format header 29 consists of the byte lanes

. field 42, a reserved field 43, a test pattern field 44, a format



comuni cating with the conputer, the low nibble of its byte lanes field 42
woul d be set to 1011 binary. The high nibble would then be set to the |,ow
ni bhl e' s conpl enent or 0100 binary, yielding a value for the field of 0109;__
101} binary or 4B hexadeci mal. The format header 29 woul d-then start at ~
address FnFF FFFF hexadecimal, where n is the slot nunber for-the card.
Referring still to Figure 4, the second byte of the format header in the
preferred enbodinent is a reserved fiel &3 and nust be set to hexadeci nal
00. The next fédeldhfres oevidionf Hielmt 46cami@ycatie mdusdangaichecn ¢ekeysed to

I nsure that a y yte, | al al u s found, The preferred enbodi nent, by
- 11 - conven#g#, d‘r-}éq%i }%%grlﬁ‘nﬁe#?é}gg 2o e directaryspbsetcfiatd A%aci nal .
These val ues are usgd ph¥et TnesUEEETH 4B' g --eg@g Loent,. . however, it wll
be obvi ous to one ski IbPe_gl in th_e_ig_irl% 4?hg;€£ﬁ Sgg na qélggf’"enric?‘nggn%ﬁer

? enbodi ment wi bitbeitlahesaer ithe bnsntd iseswlien comburiitat iy alithOthe Tagqlh or nat

field 45 i denti{’\'ties thf configuration ROM 27 format. The current preferred
enbodi ment al FEAE BRGNS VLEle, The REstRrsernembodiment)jusesi o hs mithi | |

however, be Olyhp 03, R =Ye RN art, that re vial ues. coul d be
assigned as nore ;%f%atl%ng}“g%g&dgf F%\%ﬁ’.ﬁT%é :]lg’\}fss”?% 1898 aHomsythe
identifies theacdirdesignéMa place the EorifiRfichiiord ROMPSEI# hg enbodi ment
will accept values in the.-range of 1 to 9. The next four bytes are the
cyclic redundSPRRAnakdeR Qfokbe four dyhe laness thus @liowtng himooxiheeksum to

al l ow the greater flexibility in his design than prior art method which

.requiré the configuration ROM's fields to-be at fixed addresse#. E’{

.-Figure 10 Iists the valid byte lane values 103, and byte ~
lane bombinations 101 which may be used, and corresponding

“ fo;mat ﬁeader starting addresses 105. The value of the byte
lanes field, Figure 4, block 42 may be computed by setting a bit
inuihe'low nibble 6f'the'byte lane field 42 for e;ch byte lane
used and then Setting the high nibble of the byte lanes field 42
to the low nibble's complement. For example, if a card's

' configuration ROM 27 uéed.byte'Ianes”O;'l and 3.§hen
communicating with tﬁé computer, the low nibble of its byte
lanes field_42;would be.set to 1011 binary. The high nibble

would thgn be set to the low nibble's complement or 0100 binary,

. (:.<;

yvyielding a value for the fieid.of,o;oo 1011'b1nary or 4B
| hexadecimal. The format header 29 would then start at address
FnFF FFFF'hexadecimal;Iwhere.n is the slot number for the card.
| Référring still_to Figure 4, the second byte of the format
peade; in the preferred embodiment is a réserved field 43 and
must be set to hexadecimal 00. The next four bytes of the
format header are a test pattern 44 used to insure that a valid

byte lane value was“found. The preferred embodiment, by



configuration ROM 27 to be validated. It is conputed by applying a 32-bit
rotate-l eft-and-add function to the nunber of bytes specified by the |ength
fiel d748. Only bytes in byte | anes specified by the byte |anes field 42 are
used to calculate the CRC field 47. In making the CRC conputation, the
value of the CRCfield 47 itself is-treated as 0. The length field 48
cantains a val ue specifying the nunber o#1leytes fromthe configuration

ROM s 27 starticopvesiticess réquides thieFieddicbe Ho @ousreBdmect he
configuration ROM 27. The remmi nder of the address space reserved for the
card is then abg*pdetimalor Therer values arpcuafid bytihe cyrrent praferresh

specifies the qffs fromits. addges o,th ddress of the .resource
directory, Fi glfr"&e’og,i'f'% tsc o%\{er,t igo‘(s]tr‘}#sb%ncf%yqsﬁ §s° Fﬁet?'lkeﬁﬁf?egﬁ’ aﬁ%‘@_s bei ng
used. -12- .IRetethd RALBOY hdy BHLIEEL 13, andthed! ERSIAMENOf dRBoukal Ue is used
to determi ne the address of the resource directory 50 for the card. The

resource directdepgr&ingnifirbm tehee sphritdcfethe inventiiarhe sl ot space for the
card (addresses FnQOQ 0000 t hrou I;lfF FF. FF hexadeci mal, where_n.is the
Slot number for 1 heTRRAFERERCEIROr 47 {4eBFLEisR, ChP| CRORLEH-F P BO¥ P rmt
header). The CQRLRRLS Ghel BriatOpEcferdbl Caiuimatt a1%owd BHly BndivlikE, 5.
The resource directory 50 contains an entry for each resourcé list, |isted
by resource | do3lhekxadddieatarii shisrfhedde oitd wildyildwsven, dief sbvi®s to each
resource list, Figure 6, block 60. The preferred enhodjnment all ows
resource |ds.5P%enskijled in the art that more values could be assigned as

\-/ - more format types are defined. The revision level field 46

K“/ identifies the current ROM revision. Currently, the preferred
embodiment will accept values in the range of 1 to 9.

The next four bytes are the cyclic redundancy check (CRC)

field 47. This field contains a checksum to allow the
'configﬁration ROM 27 to be validated. 1t is computed by
applying a 32-bit rotate-left-and-add function to the number of
bytes specified by the length field 48. dnly bytes in byte
lanes specified by the byte lanes'field 42 are used to calculate
the CRC field 47. 1In making ;he CRC computation, the value of
the CRC field 47 itself is treated as 0.

The length field 48 contains a value specifying the number

CC

of bytes ffom the configuration ROM's 27 starting address to the
lowest-~address byte used by the configuratioﬁ ROM 27. The
" remainder of the address spéce reserved fo;'the cérd is then
available for other uses. |
The directory offset value 49 spécifies the offset from its
‘address to the address of the resource dirgctory, Figure 5,

block 50. It counts only bytes in the byte lanes being used.



range of O to 254. The range of 0 to 127 are reserved for resource lists
60 required by the conputer, while 128 to 254 may be assigned by the ,
“indj vidual card designer. The last entry 55 in the resource |ist 50 nust
have an identification nunber of 255 and an offset value of zero and

I ndicates the end of list. This nmethod of allow ng between 1 and 255
resource lists for a card offers the cardqgesigner flexibility not

avai l abl e in Texas_|Instrunment's NyBus System ,The Texas_.lnstrupent, s NuBus:
systemal |l ows a fiXet rﬁﬂlﬂ%e’}‘_’wo?"pwgﬂ'&ﬁ ﬁba&reeggﬁ?%te”tyyﬁgés%dV_ng%ie‘ﬁ ned and
has of fset POLBEEIS, idatbhRidERBladiRadSTor thaCresdineet diAeeBky0s0 Fopvi des a

wel | defined nmechani smfor independent expansion by the individual card
desi gner. AgaithereHmi.r i e txesbugee aliectémy SOf will \haveecan 3@dress withdnour ce
directory 50 point. to resource lists 60.. The conten )f _.the rce
lists 60 are EBFtﬂé’ft GBRST 1RaF Fhe FraFer 2"@9’_'153& ¥ ohﬁg‘g tl’ﬁrgf’?%&s'% ntains a
set of refer caegs hdkadlbdR! WiBzE0Ut end!dIGkCniRRUESE nel Baga) N oM MALT ON
nust include the type 61 and nanme of the resource 64. It may al so include
ref erences exdpt (fori therspaiceoal Yargaedi ) theefomauheaderlcon 66, drivers,
and ot her paraneters 67. .The resource |ist. 60 includes an identification
nunber 63 for eachTihtooptepks of She f@sopsce Airmetory S0 AFe sthovantn
identificatio bers ' et bey 5RO ! anBir + NedRe
range of O togé§§£P$%e 2&%6§¥§&8§?§h%§§£é§g.resggﬁe t or assfgg%dq%ntry
types and the regstitde it} NEistaagey QlesbiBed AL 54, atre theacdmdtise £l omidre

I ndi vi dual card S : . _ -
and provides an offset 52 to each :esou:qe.list, Figure 6, block \_)

P
%+ 2

60. The préferied embodiment allows resource Ids 51 in the L\
r#ngé of 0 to 254._ The}rahge'of 0 to 127 are reserved for _ ‘

' :esohrce 1ists”éo'reéuiféd'by'£he computer, while 128 to 254 may
'be.aésigned by the-iﬁdividﬁal card designer. .The last entry 55
in the fé#ouice 1ist 50 must have an identification number of
255.and an offsét'vﬁlue of zero and indicates the end of list.
fhié hethbd §f allowing between 1 and 255 resource liSts for a
éard offers the caid designér flexibility not available in Texas
Instrument's'NuBﬁé System. The Texas Instrument's NuBus system
allows a fixed.numbéi of"predefihed resource types to, be defined

and has offset'bointeré in the format header. The present

C

invehﬁionlprdﬁidés a well defined mechanism for independent
expansion by tﬁe individual card designer.

Again reéétring to Figure 3, the offset values 52 in the
resource directory 50 point to resource lists 60. The contents
~of the respﬁice lists 60 are further detailed in Figure 6. Each

resource liét 60'contains a set 6£ references to information
about a single resource. This informatién must include the type

61 and name of the resource 64.' It may also include references



desi gner as needed. The | ast value 69 in every Ilst must have a val ue of
255 |nd|cat|ng the end of the list. Associated with each identification
nunber is an offset val ue giving the address of the information. Figure 3
shows use of the offsets 62 in the resource lists 60 to point to the code
or data 31 associated with the entry. The preferred enbodi nent requires one
special resource list for all cards whichi Il communicate with the

conput er cal | edoaidhfratmet i &rs degaeding the Thesdvureso Wood b6 Stdriveys damdt he
conputer with the cards indentification nunber, vendor information, board
flags, and ini PFRET RATABAtYISET - At Then EepoyRSet F\ésrccﬁﬁp&f‘%lf“q% 8Rarted a two

stage process yakes Alatfon Funihe £2G- L0 LReEPSESM (HesbbocPESERGE O

a card and if onéeTIs or mat per i nen

Pnformation fr_Qﬂr&hﬁ_tfiehtratwﬂeeadexmﬂcsemxe@lum&. t63p| £n thieeprésdr@eqnt i on
about each resource is read and stored in a second table and initialization

code for each embedimensycmugtede -Tlhéﬂ!e rarges ofof ks i2fde Rhedpumbens fehe
i nf ormati on abgl, t he dri ver nd St s th in{ornatigrx_d{n t he se ong?
table. Referri A t3FErgarEer 1ph anal yeeq pd,) &% dBothte
configuration paReceTE ¥s A @541 awqwaiiwﬁt tala{e A SvfdlaiCcatd OCck 70. A

first byte lane to examnne is sel ected -14- block 71. The present
i nvention i nspdesbgtb,rt 8s| uevsled. f | Thxt lset alaet b2 igr evesytlistnpest davhyae

| ane conbi nat | On ]f %Ll h Vetfn e ené]e%de{le S]-tias t.l ngs Qaggs legi 'n

this byte Iane
\—/ each identification number is an offset value giving the address
— of the information.
Figure 3 shows use of the offsets 62 in the resource lists
60 to point to the code or data 31 associated with the entry.
The preferred embodiment requires one special resource list
for all cards which will comﬁunicate with the computer called a
_board resource list. This resource list provides the computer
with the cards indentification number, vendor information, board
flags, and initializafion code., _
At the time the compute; is started a two stage process
takes place. First; each slot is checked for the presence of a
W, card and if one is foynd the format header is read'and pe;tinent
information from the format header is stored in a table. Then
information about each resource is read and stored in a second
table and initializatién code.for each slot is executed. Then,
the second'stage réads pertinent information about the driver
and stores the information in the second table.
Referring to Figure 7, the computer starts the automatic

reéource configuration process by determining a first slot to

examine, block 70. A first byte lane to examine is selected,



check is made to see if the beginning of the format header 29 for the card
inthe first slot is in the first byte lane, block 72. If the begi nning, of
t he Format header was not found, branch 73, a check is nade to deterninegj'
theke are nore byte | anes to search for the current card slot, block 76. <
If there are, the byte | ane value is changed to the next byte lane to
check, block 75, and that byte lane is checked for the beginning of a
format header, block 72.- If there were Hg nDre byte | anes to search for
the current card slot, an error 3Rrecor a table, block 77. If there

are nore sl otgl‘f‘a‘ gé&- ch’@&@&esiﬂ‘b ventian, “ﬂﬁtsnﬁ%ﬁaﬁél AfiT%ecked is
d, 7 8,
i ncremente %ii& £n r’bqeta EsP'H 3S§£nét,t§ Tbgﬁgeﬁin%kcoxﬁ?frfartﬁhﬂg if Gagyre a

nmet hod used by e pre efred enbo e beglnnlng of
the format henshes mas:nhmemeaaeméﬂaatﬂn@ddaseds 105" $4 , thiiscbpyé clana@nesacode.
field is exam ned, block 80, to determ ne whether it contains one of the

valid byte | apkeck dgemade tpspes) §if theibaglaning of) the kommatcheaders 28ode | s

i nvalid, bran g f e, fo head f

this byte_ | ane &83&'@ %?P?h Eﬂge q(:'?gessi‘;(}:o iiér%vtha ‘;gr&o bﬁ%hfw' ?’ggd’f est
pattern fiel d12s @faﬁhélelﬁgihhm‘d( o#4thé crgdﬁaer_ﬁemx\/\b@sb@& Eburkd)NbbAén t he
valid test pattern. If not, block 85, the beginning of header was not found

in this byte Tana cietleris madeto ﬁh@evaﬂnied1fe§ze:paaremmasy¢@m¢rmch
86, it indicaf easrc&h%o ret <':8f:rrtL1 eta%grrdmsﬁlsotf.ogggék t}l CkItB there are, the

byte lane value is changed to the next byte lane“tq check, block W,
75, and that byte lane is checked for the beginning of a format A\
headér, block 72;_1If there were no more byte lanes to séarch
- for the'current card slot, an'érro:=is reco:ded_;n a table,
block 77. If there are more slots to be checked, block ?4, the
slot number being checked is incremented, block 79_and_the
process is repeated. _
Referring to Figure 8, a method used by the preferred
embodiment for checking if the beginning sf the fgrmat header
has been found is disclosed. First, the byte lanes cdde field
'is examined, block 80, to determine whether it contains one of
the valid'byteflanes code as listed in Figure 10. If the byte - (N
lanes code is invalid, branch 81, the beginning of the format v
header was not found in this byte lane 89. 1If the byte lanes
code is.valid, branch 82, the test pattern.field_is_exﬁmined,
block 84, to determine whether it contains the valid test
pattern. If not, block 85, the begihning of hea@er was not
found in this bYté lane; Otherwise, if fhe valid test patterh
ﬁas found branch 86, it indicates the start of header was found,

block 87.



After each slot is searched for a format header 29 as described in Figures
7 and .8, slots with a valid format header 29 are exami ned. The resource
direqfory 50, resource lists 60, and other information is read and data .
such as the reference type and hardware device identifiers are stored in a
table. Referring to Figure 9, the process for reading resource directories
50 and resource lists 60 is disclosed. First, several edits are perforned.
The reserved field is examined to insure it4%s set to zero, block 90. The
format field is exahfvex eachi skatr dsi seaxehedi foxr a Yotmat heased 290de, bl ock
91, the revision field is examned to verify it contains a valid revision

|l evel , bl ock 93iescyiRedda Figures I a5d;§i nelrhs wikh A galdd fprmat header
¢ value. f i o n3’ .
correct value, 8?5#}:2&1:&5%:19”3&1:% r%{}agar‘ég'&ﬁ-ecﬁbgyagb e&@géuxcc%n%%tlf%%ﬁ'éz

recorded, block 9 ress of resource drrectory 1s dé

from exam ni ng andeothidrs dnfufthationnNis head asdidaty Shdicak thelrbfekendw for mat
header, bl ock 95. Then, for each entry in the resource directory, the

resource |ist rtyperentdrrgyaredeyiceddentifinns ane Porednimia tabdenati on

stored in a ta bl 9L, AT Qr fhe pertinent resaurce information from
each resource Hegfrglntpggggh;’é%‘?? %éshbeeg%g‘r’ee%sd%gﬁdt%? or€d; CThe conput er has

conpl eted the WIrQEBéiLes 690aMdL Fecbifded 1At D REOEESA0sBACh FaRed, i nstal | ed
on the system has been identified by its identification nunber, vendor

information, af@vearl edie arel nexfermad.i oFhereserved|fieddi bm exontnedidp ce
aduant abes. overtBRES i P SPE. CEtpee SRS T, SBECHRmRC Pt Y0 mat
hgader 29 need examhAéditd 1abure AtCEOMEHIHENE vd13QAEbAY RobES KAURKESE,
| the revision field is examined to verify it contains a valid
revision level, bloék 92. The CRC value is examined to insure
it-éontains the correct value, block 94. 1If any of the edits
fail an error condition is recorded, block 99.

The address of the resource directory is determined from
examining the offset value in the directory offset field of the
format header, block 95. Then, for each entry in the resource
directory, the reéource list referenced by the offset is read
and pertinent information sto;ed in a table, block 97.

— : After the'pertinent resource information from each reso?rce
1ist on each card has been read and stored, the computer has
completed the automatic resource cohfiguration process. Each
card installed on the systeﬁ has beé;‘identified by its
identification number, vendo:_informaﬁion, and car§ type and
inforﬁation on initialization code, device drivers, etc. has
been determined. |

The present invention offefs a number of advantages over
the prior art. First, only the 20 bytes of the format header 29

need be located at a predetermined location in the address



-16- space. The prior art addressing schene requires |locating 128 bytes of
header information 9 in a fixed location. Second, the configurati on ROM
27W\including the format header 29, may be | ocated in any conbination of s&#
the  avail abl e byte | anes. The card designer is not restricted to placing
the configuration ROM 27 in a fixed |location as in the prior "art. Third,
any nunber of resources may be defined. The card designer is not limted
to a set nunber of resources as in the pygor art. Fourth, the prior art

met hod det er gj r Cie ot X ; | Q ~Ri A field.
Each bit _i.nd?%ﬂféetd LRI eﬁtpét%é’%g%hygggﬁé’Jeg‘c’)?’éeig%f'g?”ésé?t@. ng bit 0
i ndi cat es a byves ofr beadercdnfsabdtiion Biin h Ficed Abest PorllOOBeseNd,C€heSEL ti NG
bit 2 indicates_a LAN resource, setting bit 3 indicates a .nonitor resource.

Usi ng this nEPHotBuration, ROM 21 Ancduding £her Eoxnatoheadry 2% nmay Hiet s nust be
added to this fi.eldqnT, £ i nveptj.on | { vAES I b field
~cont ai ni ng ai?:%&d’?dlj gn%}ﬁ ;I‘/l'iroﬁgft teioﬁkeggutlf’%ea%#ed.ﬁ%ﬁ% ?I‘gpél S %roken I nto
sub- fiel ds, cart|dediigfien: ifs agtirebitcdctéd) tiohplidiigd the onfd ga Lt ROM
I ndi cat or describing the general category of the resource, a subclass
i ndi cat or fuf?hit adfdxed d@cehionafelnl theyPrder axsf. t Feindesany coumbed dri ver
interface infer ' : Thi. S..Li f .advant ages 1.s.not ant .t
exhaustive o{’gt%r;sto%‘ ggfﬁ}%g 8% ?%fei%ﬁrd ése'ﬁ}rL %ﬁﬁén els(%ﬁf‘ef)lr}t% PSE hie)irmqg:ﬁgms by
way of hexarr_pte S8t Abnbdic dfNpeddutitesi API1QV CHE P ol atthe PoaseEN thavention
over the prior art. - _

P prior art method determined resource type by setting bits in a

_ o/
resource type field. Each bit indicated a different type of : ;.J

-resource. For example, setting bit 0 indicates a memory
resource, setting bit 1 indicates a boot source, setting bit 2
indicates a LAN resource, setting bit 3 indicates a monitor
resource. Using this method, as more resource types are a&déd
additional bits must be added to this field. The present
'invention'utilizes'an eight byte field containing a code -
identifyiné the resource type. This field is broken into sub-
fields, 1nclﬁding a flag 1hdicating the field'type,'a.category
indicator describing the general category of the resource, 2 |
subclaSé'indic;tor further dividing the general category of the N
| resoﬁtcé-and'diiver interface information. This list of
advantagés is hdt_peantlto be "exhaustive of the features of the
present invention, but tath&:zéhoﬁscby'way of example some of
the importaﬁt 1mpfovemén£s of the preseng in&entién-over the

prior art.

Thus, an iméroéed method of and meanslfor automatically

configuring resources on a computer system is disclosed.

A



Thus, an inproved nmet hod of and nmeans for automatically configuring
resources on a conputer systemis disclosed. Uilizing a configuration
ROM®hd a convention for defining use of address space, a nethod of .
determining resource types and other information at the tinme the conputer
systemis started is. disclosed. -16- CLAIMS 1. -In a conputer having at
| east one slot for receiving circuits for coupling to said conputer, a

nmet hod of determ ning the configuration ef7+esources of said circuits,
conpri sing: (Ftifdrizmen cenfipurasion RoMnard iy convention Ferdtefdpimgase
addresses in sal uter's address.s e _segrching for the beginping of a
or e header oX BOFaR eBenf X peRdt P gfstrmtngns, rosnires Sipssand
conputer's addides ESPAGMaVASH atdtheSAMeCErdl i dRPLOLY dyStbRCHS adabt&dnian

of fset value in a directory offset field located in said fornmat header; (c)
sequential |y rdadlagedntries in said resource directory and determ ning an
address of a corresponding resource list froman offset value in said

entry; (d) for each said resource |ist, determining information about a
resource on said circuit by sequentially reading data '

\/;
L%



contained in said resource list and data | ocated at addresses conputed from

of fsets contained in said resource |list; —e}—+ecording said resourte .

information in a table accessible to said conputer; whereby, ,the iy

confi guration of resources on “l)mmal d conputer is determ necTMJ
2. : A nethod of dete E\“mu “lu guration of resources on a .
circuit in a conputer, as recited itn el a*m®, *further conprising recording
error status in a table if .said -19- format header was not found at one
of said predeterm ned addrésses. ‘3. o A met hod of determ ning the
configuration of resources on a circuit {” a conputer, as recited in Caim
2, wherein the end of each said resource 8qi rectory I s determ ned by the
presence of an. end of [ist .indicator aStMMSentry in the resource di rectory.
4.- - A nethod of determni ng the configuration of-resources on a

"kircuit in a conputgr, as . r d_in e end of, each sajd
resource |ist is deter n?ﬂeadgglgp"& ré??éﬂ%& aI'P g%asﬁ?ﬁecé??ﬁ r%ag %ﬁ?eéﬁqucjr‘??uf‘%
resource Iist. @r coupling to saidreohmuen; admethodi of dgtetmining fthgur at i on of
resources on a Ci uter, as recit F?Hg"ﬁ’g aim4, wherein said

cuf
set of predet eF?r'i"Ir?@d"&Hﬁ?’ége§ pusgascREttlidg g BPREEINBSr mat header
may exist consists gfy t gy N LHESh18UNRS Setdhindng £Ydet bR FrdditdrMifed 110N

of address
addresses in said computer's address space searching for the

beginning of a format header;

(b) for each said slot, computing an address in said

CC

computer's address space where a resource dizectqry is located
from ‘an offset value in a directory offset field located in said
format header; | |
{c)}) sequentially reading entries in saidiresource
: direptory and determinlng an address of a corresponding resource
list from an offset value in said entry;
(d) for each said resource list, determining information
about a resource on said.circult by sequentially reading data
contained in said resource 1ist and data located at addresses
| computed from offsets contained {n said resource 1ist; '
(e) recording said resource information in a table ' U
accessible to sald computer;
whereby, the configuration of resources on said circuitt—in -

said computer is determined.

2, A method of deﬁermining the configuration of
resources od.a circuit in a computer, as recited in Claim 1,

further comprising recording error status in a table if said



\ . e

space assigned to each said slot. 6. A net hod of determ ning the
configuration of resources on a circCyisiins nuﬂ as recited by Caim
5/ wifgrein said information about a xm\“m\mﬂﬁm "8 of a resource type,
resour ce manme, initialization routine,* afd, *opti onall y,- resource icon, and
device driver. 7. A nmet hod of determ ning the configuration of
resources on a circuit in a conputer, as recited in Caim6®6, - 20-

wherei n said deternination i s made autonmdtfcal | y at..the time the conputer
is started. 8. [ERr@atnRdes,vamPPhgtonnd ahseneRE eaift prefetermdngting
circuits for coutigldg_,ggsetso said conmputer, a nethod of determ ning the
configuration of resources of said circuits, conprising: (a) for each said
slot, exam ning a configuration nenory, |ocated at one of a set of
gddresses corresponding to the highest byte in each byte lane in an
address partition asd3igned to sdi dmethad sfodetermining thecsentigusption ot

byte | ane code; (b for each said.s]ot in I ch i l, d e code
has been found, '&igﬁf%'fsné’"aat%é °“85t4"er‘n°?‘.“%‘f Tat §§ ‘S‘F\eigé e%%%tr*gé&g?'fset
fromsaid byte l\eeefRdhel bRl boff Qach ¥aild 2ELEGR081 Fectaliydid et ePRiAGT By
(c) for each said slot in which a valid byte |ane code and test pattern has

been found, editthegpiesdnte af &y eddtef Hilstdindicatos &3 @m eatxy Byt he ane

code to detect the resecﬂce of valid val ues;
resource rectory.

’
~

4, : A method of determining the configuration of
resources on a circuit in a computer, as recited in Claim 3,
wherein the end of each said resource list is determined by an

end of list indicator as an entry in the resource list.

5. A method of determining the configuration of
resources on a circuit in a computer, as recited by Claim 4,
wherein said set of predetermined addresses at which the
beginning of said format header may exist consists of the
highest address in each byté-;ane in a partition of address

P space assighed'to each said slot.

6. . A method of detérmining the cdnfiguration of
resources on a circuit in a computer, as recited by_Claim 5,
wherein said information about a resource consists of a resource
type, resource name, 1n1tializatioh :outine; and, optionally,

resource icon, and device driver.

7. A method of determining the configuration of

resources on a circuit in a computer, as recited in Claim 6,



(d) for each sald slo a valid byte | anes code, valid test
pattern and in mhlch val i d val ue eX|st in said edited fields, determning

: gddress in sai d m\\ﬁ s space where a resource directory- :%,
Ioc ted by calcula e address of a directory offset fie
and of the contents=of ¢sald. d|rectory of fset field, said directory offset_

field being a predeterm ned offset fromthe address of said byte | ane code
field; (e) sequentially reading entries ' sald resource di-rectory and

determini ng an,ddygss, of daagp.nfn%mms“gi&e ﬁ.gg&gfucm & §%C@m%atﬁee““'y

froman offset value In sard ent each sai d resource
list, detern1rudmputsioimnﬁheﬂe@bout a resource on said circuit by
sequentlally readi ng data contained in said resource |list and data | ocat ed
at addresses conputed fromoffsets contained in said resource list; (gQ)
fecording said infgrmation describj t he resources on each said CIrCUIt I n
a data table accessi'bl ¢ @ Compyt ‘%’oiﬁ}%f‘éra t JpasteBye slnk fasnrecpiving sirarits

resources on séfibrl colplimgt td Basdicdmporsryt £metFodi of aleteAgihing.- the A
met hod of determ ning the configuration of resources on a circuit in a

conputer, as refifiigyrevicy fnresoures «fh seid @ieav%umgcemp:#ems conpri ses
TR 88 TSk 5 A it S s Py
check (CRC) toyddatieiCadl dreCofki @'theﬂtﬁd&%s@eél%kgeéﬁﬂnugng to the
highest byte in each byte lane.in an address partition assigned .
to said cerd slot, for the presence of a valid byte lane code; 1-3
. (b)  for each said slot in which said valid byte lane code
has Seen found, examining e test pattern field at a
predeterniined offset froﬁ~said'byte lane code field for the
presence of a valid test.pattern:
(c) for each said slot in which a valid byte lane code and
test pattern has been found, editing fields at predetermined
‘offsets from.said byte lane code to detect the presence of valid . -
values; |
(d) for each said'slot in which a valid byte lanes code,
valid test patée:n, and 1n.wh1ch valid values exist in said S
edited fields, determining an address in said computer’'s address N
epace vhere a resource ditecto:y is located by calculating the
snﬁ of the.address ef a directory.offset field and of the
contedts of said dizectoty.offaet field, said directory offset
fiela being a predetermined offset from the address of said byte
lane code field; | '
(e) sequentially-reaq1ng entries in said resource

directory ahd deterhining an address of a cor:eepohding resource

list for each said entky fzom.an offset value in said entry;’



10. - A nethod of determning the conflguratlon of resources on

CIrCUItS ina conputer, as recited in er conprising the step

Beording errors in a data table accessibl e onputer when valid
vaI es are not found for said byte | ane M‘Hﬂ%ﬁ!ﬁpatter n, and said
edited fields. 11 A et hod e-configuration of

resources on circuits in a conputer, as reC|ted in Caim1l0, wherein said
valid byte | ane val ues are corrputed by settlng a b|t in the | ow ni bble of
the byte | ane fleld; each orlf'i) uratlon nmenory

and by setting the h £RF et 1§a‘ied’°ﬂ§?% %éﬁe Tl? % FnEOFBRt 4 es

conpl enent . about a resource on said circuit by sequentially reading data
contained in said resource 1list and data located at addresses
computed from offsets contained in said resource list;
(g) recording said information describing the resources on
eaéh said circuit in a data table accessible to said computer;
whereby, the configuration of resources on said circuit in

said computer is determined.

-

Y 9. A method of determining the configuration of
resources on a circuit in a computer, as recited in Claim 8,
wherein said editing of fields comprises examining a valid
format identity field for valid values, examining a revision
level field for valid values; and performing a cyclic redundancy

check (CRC) to insure a CRC field contains a valid value.

10. ' A method of determining the configuration of
resources on circuits in a computer, as recited in Claim 9,
further comprising the step of recording errors in a data table
J accessible to said computer when valid values are not found for

said byte lane codé, said test pattern, and said edited fields.

11. A method of determining the configuration of
resources on circuits in a computer, as recited in Claim 10,
wherein said valid byte lane values are computed by setting a
bit in the low nibble of the byte lane field for each byte lane
used by sald configuration memory and by setting the high nibble
of said byte lane field to said low nibbles complement.




