BC9- 86- 007 | 1 DATA PROCESSI NG SYSTEM W TH PL L
OPTI ON CARD Description The present invention relates to digi ta&iéﬁ EO .

processi ng system usi ng pluggable option cards, and in particular to
configurati.on of such systens for different option cards. Many

m croprocessor systens are arranged to accept option cards such as, for
exanpl e, comggalagtgoons adapti ons, expansi on nenory, and graphi cs adapters.
Most of these systens include manually operable switches which are set in
accordance with the option cards and used so as to configure the systens
for the option cards. NmaTa PEREESSINGNSYdTES WINH PLUGGABLE OGTIMOCARMII es t 00
conplex for themto follow unai ded. Users of snaller conputer systens
typically do not have sophis- ticated progranmng skills, and
user-transparent programrabl e paraneter swi tches have been suggested to
sinplify configuration of the systens ttgsg%tgégr' s needs. However, the
routines that are required to so confi T systens are conplex, error
prone, and time consumng. It is an object of the present invention to
substanti al | y rednge pkbsenti ifvetleiay rexprsi e @agital adatss prodeabing sgetann do

productive work on the stem upon re- ring,pr..resettli

after a pomerqsd'f}ﬂ/r\?l@gd?s%n@p Thon, CRRESy a%%\zg?% P@%&%ﬂ'(alagi i cgg%?%; ?%153?;()?{%8{{"
renoved from systess cfos. diffeBE3- SHti0p/cards. la
According to the invention there is provided a digital data processing

systemincluding a plurality of input/output sockets for accepti ng’Pg to a
like plurality of%mmfe&sssﬁt%ﬁ%raag,aramgweéﬁﬁcs;’tg’@gé?'a 5’

ODGFé'VonaI dsdch 88 fobCeranplls, coltitind6atlons ckiabyichs, expansion memory, and
graphics adapters. Most of these systems include manually operable
switches which are set in accordance with the optj.on cards and used so

as to configure the systems for the option cards. Many users find the
switch setting procedures too complex for them to follow qnaided.

Users of smaller computer systems typically do not have sophis-
ticated programming skills, and user-transparent programmable parameter
switches have been suggested to simplify configuration of the systems to
the user's needs. However, the routines that are required to so
configure such systems are complex, error prone, and time consuming. It
is an object of the present invention to substantially reduce the time
delay experienced by a user before he can do productive work on the
@. system upon re-powering or resetting of the system after a power-down,

so long as no cards are changed in, added to, or removed from the slots.



non-vol atile nmenory for storing said operational data, nmeans for applying
an enabling signal to said sockets at power-up of the systemto obtain from
each card occupying a socket, identifier data , identifying the option
provi ded by the card, neans for conparing the identifier data from each of
sai d B&¥ras-af7t h correspondl ng ident}fier data stored in said non-volatile
menory operational data to determ ne whether said stored operational data
is valid for cards in the sockets and gating nmeans (CPU 8, A2, |O0W
responsive to ucc arl n tQ gate,yal id_operatjonal data fqu
sai d rrermr%FcPB g?st&g f’hvel" é°°c ﬁ%e ﬁS%’@V%‘X%? ‘Pcﬁ%?’ﬁ‘gl 8ta for running
t he cmtocesmnpr opsitedndidriudingds plusehityedf i inpstiatpac Iseblsets foBCO- 86- 007

2 Theg [ t entjon a et hod of
autorratl ﬁ#%rﬁ?%{gﬁéa arretﬂé*%s ?or gg%@% oég’t?‘ on’ gg‘r?d“e pfuggable

i nt o ¥paeneyating opexstional data @Gr%ﬁ%@r%@@ﬂl@eﬁm 8ing the steps

of . lon-Pbidtdhe Q:%\‘)ny lfBroitoE'E‘ﬂg VLY %ﬁerﬂﬁ%ﬁéﬁtda'ﬁg QREhOFopard paraneters
relatin to cards into the sockets, and storing the gener at ed

par an@® ¥ing ﬁ“ae‘??Bﬁl%géﬁ’ﬁlet?reﬁ‘f‘&Fy“‘%th% L?ﬁswﬁén‘fp PEwere gpstegeter ni ni ng.
t hat dbtain tfromcegehr caid ccupyRngiansociet] idenbifieepddta { OideptifAngar ds

pl ugged into the s tranferrln the val..d fromthe nmenory
to tﬁt} re%tié)(’:‘t?x\'/"glg%{%gn Caf sé 5‘3%1“11% ngﬁ%’ réﬁeggg%&fg ﬁ%ferred as
cont risomdeach Hreaidrgrrdg witd opresponding\ideatifiprsdath sfurednircards. In an
SO Rhorlvol i 1b iy Ubekik foi) §aledl P Get dhuthe WEREROBRIPN Card type I

provi ded a uniq val ue 1s hardw red on each car A regi steu
al so $osed d@&%’h‘-@ﬁ% q,a&Fd“c Fakigfar rf%ﬁ’-'éﬁe‘t"e?—he 3_°°ket3 and gating

means (CPU 8, A2, 10W) responsive to successf_ul camparison to gate valid
operational data from said memory for storage in the cards to serve as
control data for running the options prov1ded by cards installed in said
sockets.



data such as an address factor (to programrably change the 1/ 0O address
space of the car.d where required:, priority, status, and other system

BC9- 86- 007 3 information providing for the
efficient transfer of data between the system processor and the card, and
bet ween car dsco-8¥ap7t WO or nore of the same card type are used in the
system paraneter data nmay be used to permt use of the cards at different
prioriity levels or to render redundant cards inactive. One portion of main
menory\[_,s provided with battery backup to power that portion when system
power fails or isthtereni fofther Proyii@ednsniavcondanceonithotls iiheergoptison of
TEMDry Are BAKLAGH (@Mt a18pCibeti] Sholdethfs Fol! GodrhE1 Dol AgiTSy Yarkdle
cards inserted In the respective slots together wth the respe&l-ve card
par anet er daR399¥en intre iBpul/enteus seqkets cignfi BiRreRomRNger FYSTER | sed, a
conpl ex routdcaPrisingXendlstsbd 0f ¢ a2l fit3RY/ Rwet Al B Ate Sfstels JeRbANRRLE
data required, for thﬁ cards attaclggg tg the system _to reﬁi?&lt ve s¥stem
resource corfBYAEE SaXf PAgmetessreintivd s FaR05 RYNI98) FPbR g BoGkeF, and

regi st ers arstorhimg thetgenesdinid parambierss in Howenerolatileahémorya gipwebachent NO
change is in.th ..at t o . ji.tions
of the cards, gkgll‘;rfpﬁf‘fce%(;an I§J's t&%%]gﬁ is%gL%g er%‘l&%gggt'lﬁg#mnga% %h’égg%éﬁ%%en
made by conpk®r PRtiaracardsapibggBd\inth thee spckels) Lkrapsterxdng thehealiidspecti ve

sl ot positi Ghrahbdts! Hfo’ O Moty ROS{HR Sedget DAY BPBId calls? {ddPUhiddthe
menory sl ot positions to the respective card rggl sters; and the systemis
ready for ndiavaTetRTE, 59 itEANsigrTed apnerniyel date SXOFIAT SdheafREIOREL i al i sed,
a fedsack | prio@idéd by such option carads. : :

In an embodiment of the invnetion to the detailed later, each
option card type is provided a unique ID, which value is hardwired on
each card. A register is also provided on the card to store parameter
data such as an address factor (to.programmably change the I/O address
space of the card where required:, priority, status, and other system



3

provided to signal the use of the select nechani smduring normal operation.
Routines are invoked to check the response of each card to given select ~
resources to detect duplicate use of a select resource. The enbadi nent of
the invention will now be described, by way of exanple with acconpanying

dr aneeey86-00v Whi ch: BC9- B6- 007 3 4 Figure 1 is a
fragnmentary bl ock diagram of the inproved system Figure 2 illustrates the
bus structure in the Figure 1 system Figure 3 show certain of the logic
ut i | irsfodmdtionepyyridong ifoe sthepef titci agt itrahdgerFof data betysterntheFi gure 4/ shows

U 1 0% ch e BELGH Undenk\Gpdd0Ohfa Rhebdeibral; Fioure 5 shows |ogic utilised

by test routines to check the proper selection of an |I/O cards and Fi gures
6 and 7 are flowharts which illustrate briefly the setup routines used in

the presghén $%8! & Mokl g:lfréhelsiaﬁé‘ég%ﬁ_ ErdLeLS 1hCeheSBPRElmENt Of the

present invention in the form of infegrated circuit desktop type

conpPREAMeESE dake Moyt bR (94F8d JeePexiinsmcEnthec sp3dR PEHHESEY Ut addr essi ng- and
ot heprivitplleve sy Yretd RAGSY GRARRIaAtBdaE factfdd.ached peripheral options.
Thus the user is not burdened with having to set dip switches, follow

conpl ex set'up procedures, etc. Systemresource conflicts are reduced or

el i m nat efle [porebes if g ingmeorpai sippdbeided wilhhbatyeayaserikapstd povesde priority
| evels. .a g t at i ' a‘JE S r. goexi.stence of. two i.dentical option
att a{é arFeE §&°§/§¥e§mgﬁ%taep(g ﬂ%—o%‘ %sn‘s’; glsur‘é"f"ego% et sp‘?)sri"'gsL V1$72-0 to 2-7 f
i nt othikd ohntvadabile partigndef Be@oryw age proujddge (orr dotfracheds plotlugged.
Thesgy store the ID values of the cards inserted in the respective slots W

together with the respective card parameter data.

When the system is first configured and initialised, a éomplex
routine is executed to create'and/or fetch all of the parameter data
required for the cards attached to the system, to resolve system
resource conflicts and to store the data into the appropriate card

registers and the memory slot positions.

However, if after a power-down, no change is made in the cards
attached to the slots or in the slot positions of the cards, a
simplified setup routine determiﬁes that no change has been made by
comparing each card ID with the ID value stored in the respective slot
position. Then the routine transfers the parameter data from the memory
slot positions to the respective card registers; dnd the system is ready

for normal operation.

After the system is configured and initialised, a feedback line is
provided to signal the use of the select mechanism during normal
operation. Routines are invoked to check the response of each card to

given select resources to detect duplicate use of a select resource.

The embodiment of the invention will now be described, by way of example

with accompanying drawings, in which:



cards control various types of peripheral devices (disk drives, printers,
etc.) and add-on nenory which are either integrally contained on respective
cards or attached thereto via external connectors, not shown. Board 1 al so
contains el ements of the central processing system including a central
precessor unit 8, random access nenpry (RAM main nenory nodul es 9,
16, 11, di rECr®%®Mry access (DMA) controts 12, timing controls 13, slot
address decoder 14, whose function is described BC9- 86- 007

5 bel oy, ot her i I rel evant to the. pr [ j on

I ndi ca;aéd .col | e%%g‘\fgﬁiy i%tgﬁ%%%“&%?y sbﬁlﬁgﬁt;a/ﬂfgfamar?g %}%s(i%&%\'/ﬁlgc%ﬁk&?ﬁ s the
central processing elenents with each other and with attached peri pherals.
Dar kened porti ofgyuet 3 R9104S b9 R MYs BlricRhraddr 8RS FibBas 11dfbteflpt a | i nes
17c, and control lTines 17a (Figure 2). A feature hereof is that slots 2-0
to 2-7 can be addressed by "slot address” signals on the address |lines of
bus 17 during setup routines, and cards residing in the slots can be
separately addressed by "I/ O address” signals t address ljnes during
nor mal program ﬁt?o“:‘?,"wvﬁfégé 1 ﬁz 'é’?eohg%icfd?’ggs}@éa dsF;‘@ Zqarire8es are

di stinctly aperaeimnin vleuEiyuxesbayated respectively with physical |ocations
of the sockets and with the types of devices currently attached. Many. .
different types of devices are €ach potentially attachable to any one of

t he few socket sFifurehd shows dipigyse for qeptairembrjhendeaficeof Figure S:10 in the
illustration, is non-volatile, and stores information relative to each .of
the slots 2-0 to 2-7 and its associa%ﬁefd& card when the systemi ower ed
down \_Thi s noduf489s, 5 Shawp | egiqaifFit By ptIPUPES f°%%a§¥?§%per

st or age selection of an I/0 card; and

Figures 6 and 7 are flowcharts which illustrate briefly the setup

routines used in the present system.

Figure 1 illustrates a preferred embodiment of the present
invention in the form of an integrated circuit desktop type computer
system featuring user-transparent'estabiishment of addressing-and other
variable system resource parameters for attached peripheral options.
Thus the user is not burdened with having to set dip switches, follow
complex setup procedures, etc. éystem resource conflicts are reduced or
eliminated by reassigning of parameters. Other parameters include

~ priority levels and a state bit which allows for coexistence of two

identical option attachments.

8ys£em board 1 contains plural sockets or slots 2-0 to 2-7 into
which I/0 option cards 5-0 to 5-7 may be inteichangeably plugged. These
cards control various types of peripheral devices (disk drives,
printers, etc.) and add-on memory whicﬁ.are either integrally contained
on respective cards or attached thereto via external connectors, not
shown. Board 1 also.cogtains elements of the central processing system,
_ including a central processor unit (CPU) 8, random access memory (RAM)
main memory modules 9, 10, 11, direct memory access (DMA) controls 12,

timing controls 13, slot address decoder 14, whose function is described



circuits, i.e., known conplinmentary netal -oxide silicon (CMXS) type
sem -conductor circuits, configured to operate under system power while the
systemis powered up and under battery power 18 in the absence of system
power. Wthin this nodule, a separately addressable space is allocated to
each, gl gg_; oos0r storing certain information relative to the slot. As shown,
this information includes an identity value I D, an addressing factor AD, a
priority value PR, a state bit S. and other information 0. A feature tg be

desqfd1Bed dehet NRgHSS) Qiehdbts AdH Qamtahe nta Rnd *ﬁe@%}}e‘é%ﬁés'skf% menory &g

speed up initialisation (Figure 7) of system
conf#"g‘j‘&F%&qdoﬁ°+ﬁ§§tﬁ‘fﬂlycﬁ'éﬂéecp°§‘ieﬁc§’@% ’rGasP“‘bé‘\HérUdéYWFh aieks her eby reduce
t he gHeMBeid}alUsiicebSingt O1étnts vathagich s@REFUANERRER GRtbaa after operating

the system power-on switch, not s or after system gr channel reset.
Thi SRILPRGAIAC 0 TRAREIPEHPYS i ChRITa, Ferretiis. BhogHyadiress

6 oflimleepE7h,cqata @iindss 17¢) Vmﬂrcainedob)hﬂegun&S(E&g(ztéllml.al i zation) and 7
(PCST). Details of card 5-7 are indicated as representative of the rel evant

| ogi cal organizations of all cards to the extent required for describing
t he presa&rfieagyee dnredl iocthati slnkist 2-QRoa2-d paw-bei adiressedrbyutslotur e, and

undegass@pg EPQ%;S@:?@P@%IQ@# ks BhS 13 881nY' sdelpNlddelngd g2l s 1D

whi ch uni quel y that card type and its réspective perlpheral

devi¥d creds seeiding in 6P%ssls‘a$ £Btks separAtedy | addressedchyit"I4Pl i ng
CONMMaydire g @agnmt ¥R Qhet 8ireas A inbs dudend WOkRM prBgtdidlbrdutionaddr ess
fact CizreréDt’:he slo dgrl:'elsts%sv‘%ldu%/g F\a)ddggsesegtgrte d?ééinghl;i ng.fgetrhe%L | nformati an

values associated respectively with physical locations of the sockets

and with the types of devices currently attached. Many different types

of devices are each potentially attachable to any one of the few sockets

of the system.

One of the memory modules, module 10 in the illustration, is
non-volatile, and stores information relative to each of the slots 2-0
to 2-7 and its associated card when the system is powered down. This
module for example, méy consist of an array of capacitive storage
circuits, i.e., known complimentary metal-oxide silicon (CMOS) type
semi~conductor circuits, configured to operate under system power while
the system is powered up and under battery power 18 in the absence of
system power. Within this module, a separately addressable space is
allocated to each slot, for storing certain information relative to the

" gslot. As shown, this information includes an identity value ID, an
. addressiné factor AD, a priority value éR,-a state bit S, and other

information O.

A feature to be described is the use of this information in the
non-volatile memory to speed up initialisation (Figure 7) of the system
when the slot configuration has not chahged since the last power-down,
and thereby reduce the time the user has to.wait.to.begin useful
applications after operating the system power-on switch, not shown, or

after system or channel reset. This difference in complexity and number



O described with respect to nodule 10. This information is set by the
central systemduring power-up initialization (Figure 6.) A feature of the
systemis that, if slot conditions have not changed since the | ast

power -down of the system the information is sinply transférred to register

21 fromthe &?ggf_lo%i le menory 10 in a relgtively fast operation (Figure
7) ! whereas ' ot "conditions have changed the systemis required to
performa | engthy program process (Figure 6) to retrieve and/or devel op

some on al I g stds EQ&%@BtiSOQ%PMrLMbVﬁ fes éﬁiﬁﬁmm&sﬂm}mlﬁ and

the card register 21. "Control [ogic 22 and decode |l ogic 23 control response
of the card §9%Tto | /0O addresses appearing on bus 17. When power is applied
to the system the cards are addressable initially only through their

sockets, and a portion of the address hus. _But after th ower.-u rocess,
She e ue Ab iR EF A ATt sl s oinflicaint o9 B HRAELYS, oF cpia, Pe Layane
al ternate |/Xoghciir ezgardizaciondt efl alli eprdsytd @hk hexteat trequpred for @esetiiiang t 0

t he socket lQcatio Upon suc etection, the priorit alue PR and state
bit Sin cont]'%%n% elsgﬁtvm%tsﬁe%'onp f’g er S eihs e?g? RRe” vﬁ?éna%g?%“ VI
exchanged beindeenderheonstitionandesdribed delagy t@ansmitnacset pf videohitgn sidnalsl ue,

the decoder g#3ug{kh Fgﬁ&&%&iﬁ& A% I;:/a%ﬁ;eéfa 1 s%ﬁ&pﬁgﬁ%ﬁgﬁ%@d in

Interfacing to the Per sonal nput er . Eggebrec 3 at

pages 130, Msyice. BCo-86-007 7 In operation,

during its power-up sequence the central systemindividually addresses the

option sockets, by .sending respective "sl ot address" si %nal s .on the bus
eﬁ‘%} w°

whi ch\ar e uni queTSPLEEER Ateftarys RaTaneter Antargatinn, £or SPREEQARS e acti vati on

of setup (orcoemadicatiensipetween the card and the system, including the address
factor. AD, the priority value PR, the state bit S, and other information
O described with respect to module 10. This information is set by the
central system during power-~up initialization'(Figure_s.) A feature of
the system is that, if slot conditions have notlchanged sirice the last
power~down of the system, the information is simply transferred to
register 21 from the nonvolatile memory 10 in a relatively:fgst
operation (Figure 7), whereas if slot conditions have changed the systém
is required to perform a lengthy program process (Figure 6) to retrieve
and/or develop some or all of the information and then transfer it to

both mémory 10 and the card regiéter 21.

— Control logic 22 and decode logic 23 control response of the
card 5-7 to 1I/0 addresses appearing on bus 17. When power is applied té_'
the system, the cards are addressable initially ohly £hrough their
sockets, and a portion of the address bus. But after the power-up
process, the value AD in register 21 controls decoder 23 to detect a
default or alternate I/O address associated uniquely to the card type
and unrelated to the socket location. Upon such detection, the ptiority
value PR and state bit S in conjunction with control logic 22 determine
when data may be exchanged between the card and the bus 17. One manner
in which an AD value, the decoder 23 and logic 22 detect an 1/0 address
is shown and described in Interfacing to the IBM Personal Cbmputek by
L. Eggebrecht published 1983 at pages 130, 131. '



i nes ECO-EC7 extending to respective sockets 2-0 to 2-7 and through the
sockets to attached cards 5-0 to 5-7. Upon activation of one.such lLine, ifs
the respective socket is vacant the hexadeci mal val'ue of FFFF is returned
to the systemwhich termnates further operation relative to that socket.
Howegeb-gd-bot he socket contains a cGard, the activated [ine in conjunction
with additional address signals on the bus 17 condition logic 22 on the
respective card to cause drivers 20 to transmt the ID signals nentioned

above whimhopel@iond y dubing es@%uey-&pcaé@eaeel thRVEsRrhY N stdlie Syst em @PU

h d th I d t he |
o anary et pdfReee % ARl FREHte Byl Sl Seeeen (Heteat on
denoﬁﬁd:;psﬁestmalsm theras echichl ansuai@zeﬂhedmmd)byddédbdeemd. Thi s
i ndi %ﬁh'ﬂl i}?e% fJJa@gtéc\ﬁ?kXti%ﬁ @f‘%r@%k?'loii é}k%iéoélﬂ fr subsequent program
m ne the t

processes action be"taken relative to the respective
sl ot lipes tﬂ“?@‘ﬁxﬁd pEtanddng jtesrespegtive sdcketsr &<k fps2 apd divraegic shpari son,

and GoBlds PHatthcidd cRFdLE-6 !t §-Jﬂavap&pfac£mr&g&¢ ,ofaoﬁél%emm& program
procgﬁs will sinply transfer the value of AD, PR _S d O, which are

cur r it 3P TEERastive, sorket dsoracapt dtheohexadsrinal wakis 9f 1’(?"?0’-% he: respecti ve

card rfeﬁmrh:&uoaagmel Systefi mﬂghstétmaa]tesl fuidherldygtfeidnogerﬂbeaﬁm S ah

non- | arison, e mtted,.l D.indicat at the
resperzg%lgvsé’cg?o’t con "él’l"'flsj'le1 c%rsd’c;‘?%e ?% 8558 58 (s Y'ﬁ%’ ?%ﬁgﬂ?tted I D
and iinf eeminnetiongitinedditional laddrrdscsigiadsson ¢he diusi 4V eoadition devel op new
AD, HBgicS22284 theVAddpRotiv chhf ¢hOSRSE! drdGefd 5 uéle}qaéau egndageribing card

resource I’eCIUI renment$ and alternatives. After al car ues are

est aSieRaS mentiongd |abeve Mhich ddentifivithe Fespegtivereard anf devirence first to
the r@p@LCirhy syskeh drOCednpaes tnEEFEtaYndd 10NEh oS AadRRNEdeY 1 Qs b8

respe t|v card re ter; 21. Msmatclg arisons occur when the state
of t§&° ?ﬂeéf‘rﬂ'@’atlggaé Pt TRy, A0 %’egdgg.t ¥ BeFEi e 5L?red in nenory
10 r ehdtsets 4w indication denoting whether the compared values are the. same

or different. This indication serves effectively as a branch condition

for Subseqhent program processes which determine the action to be taken

relative to the respective slot.

If the ipdication just mgntibnéd represents a matching comparison,
and conditions of all other sloFs have_nbp changed, a subsequent program
process will simply transfer the value of AD, PR, S, and O, which are
currently stored in the associated location of memoxy 10 to the
respective card for storage in its register 21. If the indication -/
represents a non-maﬁching comparison, and if the transmitted ID
indicates that the respectivg slot contains a card, the processor 8 uses
the transmitted ID and information gleéned from the other slots to
retrieve and/o; develop new AD, PR, S, and O values for the respective:
card using files'déscribing card resource requirements and alternatives.
After all card values are established, the values for each card are
transferred in sequence first to the respective slot location in

memory 10 and subsequently to the respective card register 21.

Mismatching comparisons occur when the state of the interrogated

socket has been altered. The ID value stored in memory 10 relative to a



BCO- 86 007 8 socket which was vacant at | ast
pawer - down is FFFF, and the ID value stored relative to a previ ously
occupi ed socket is that of the card l.ast occupying that slot. Thus, if a
card is installed-into a previously vacant slot or substituted for a card
having a dif S SRlod P a m s- matchi ng conpari son will occur causing the
syst‘e,mto retri-eve and/ or develop new AD, PR, S, and O values for the
responding card. As noted above, the system cannot deal w th m smatching

| ndi cations ygbide LhesLaL Sachle Ak 1RCKGl-BaKP (BFFRSGRI LAL HBdailli S i S

becausé the priority level, and in certain instances the dress and state
val ues, assi GRexE% Bekahive dicdaprevienslyi 9ecupded rocket ds ?*FFtonﬂéihesﬁ)‘tds lasthe

addr ess and a&aj;gmelaﬁs. 91& remtsl,vg whéddt ¥9 igatalbled idtd BepreaiBadigentity
ID are currentl aI | ed,, either to provide redundan% backup for, device

failure or t&® P t sgribshititedetitc 8 RAFTaBaYAPY ¢ HifREreng: [ 3 Wi ances,
the state vainua:mg drénpld 8 bnt mn] acann chadingptite ey Stem Bo afeticfar! and/oxt at e

during norrra Sheno t riordty.values gan be used.to allow
bot b Jevi coo PSS RCRbT B! A, 8, Snal 0 Sali eokens™ riipp SRRy GBreCT 1P 2
preferred enbodl ment , system information is stored in the ei ght sl ot

positions -(only tiarg&eq §Qove3lthe3%y57tei{z xﬁl%s"\g%alohéﬂ)%&ﬁaéﬂ b ﬁlg?&e{g&‘i’ét €

up to eight feature cards 5 osTtion 1s four
wi de, twentyueFghithp\qtases of 3kl sackesdt have éa?'agscwéiea#d Fhig dsi RS

the first tvwend)gAasrifydibva, sw;a ]} ém&aﬁeman&at thed @8aidist bRa Istate t WO
bytes. The cory ondi n ‘i par net er Qn each cqr g resi des_in
ety % dfe

drivars 20 aif §f%‘r" E’é‘bé’éf \Fé’Fy’e’ﬁt Yﬁ &3 GRE calaty-

certain of tlireel sifires®rantihetapeavalués are relative when two cards with the same
identity ID are currently installed, either to provide redundant backup.
for device failure or to provide additional devicé'capacity. In the
latter instances, the state value can be used to place a backup device
ih an inactive state during normal system operation or the priority
values can be used to allow both devices to operate fully but at

dszerent priority levels.

In the preferred embodiment, system information is stored in the
eight slot positions (only three -~ 30, 31, 32 - are shown) of module 10
to accommodate up to eight feature cards 5-0 to 5-7. Each slot position
is four.bytes wide, twenty-eight bytes for seven feature cards. The
Y c&rd ID resides in the first two bytes and the switch (parameter)
settings in the last two bytes. The corresponding ID and parameter data

on each card resides in drivers 20 and register 21, respectively.

Figure 3 shows schematically certain of the logic.on the board 1
and feature card 5-7 used during setup routines. to read out a card ID
and store pa:ameteis in the register 21. With respect to Figure 3, the
hexadecimal I/0 address values assigned to certain of the components on

each of the feature cards is as follows:

096 - socket select value (one byte)
100, 101 - ID drivers 20 (two bytes)



.

and feature card 5-7 used during setup routines to read out a card ID and
store paraneters in the register 21. Wth respect to Figure 3, the -
hexadeci mal 1/0O address val ues assigned to certain of the conponents on
each of the feature cards is as follows: 096 - socket select value (one
byte) 100, 101 - ID drivers 20 (two bytes) BC9- 86- 007

9" 102 BCIBF~O0Par anet er register 21 (Rwo bytes) These are "durmy” addresses
since they are used by the processor 8 to access |I/O cards and conponents

via the sl ring setu eratio Th ress 096 selectsthelnglc
(gat es 38, J‘%és%) ‘gif s‘? ﬁ%rég%{ﬂ?ﬁo r‘t‘ﬁl%iyg c& toring the card sel ect val ue
-into slot register 40 and also for ‘reading out- the value, i.e., during

di agn de a I ddr ess

el oot B Gaiv}, apediasrithed oy SO NsEa by BT prdes e 90 Wil ¢ 4

| 0gi c#ccess |Ig’ﬁaﬂ=aréﬁ andd FRPSNERER VAR t;heowtt@sdfemgmupwwﬁﬁmt digit

val ue 18p Jadar8ss 0¥ st Aner CofiRUiddtes! 8,2BD) U bR aBlifedsl Nes of addr ess
bus 17b, Figure_ 2. Figure 3 also shows in nore detail certain of the |logic

of thé’egP?ﬁr dAdfFozs gt eadfé»e fard, sgleft vakuec dpke Slot fvdster 4P a%rd 7 which
are USﬂdolfbrt Beadifl Ugut, € ivadGe Ofi. El.guheﬁ‘&dmohsl t Aﬂﬂi‘éssbe assuned for

cyol e lingd 2P, aid 31 S r5ne, O koslt £¢ def steresrorateno ofud ipisses O
Hence andeo:l)(fnongsaddtsﬁgs thd Jcogpdsmtbcnm ahgtxs dloirleasdrogsess 118igmand 100.
Sl ot T GIL&Eehs *PineSaP TR0 ALCORY Wkt S ohPei¥hRE Sidit Vaifie R 1ValNME _
Al, and A2 are coupled to appropriate bit lines of address bus 17b, | o/
Figure 2. '

Figure 3 also shows in more detail certain of the logic of tﬁe slot
address decoder 14 and of the control logic 22 of card 7 which are used
in the setup routines of Figures 6 and 7. It will be assumed for
simplicity of discussion, that addressing of two bytes at a time, i.e.,
one cycle, is available and that two byte data transfers occurs on
busses. Hence, decoding address 101 gates both bytes for addresses 101
and 100.

Slot register 40 is program contro}led to store a three bit value
(000~111) corresponding to a slot (2-0 to 2-7) to be accessed. A decode
circuit 41 changes this three bit binary value to a one in eight line
output but only when it is gated by a signal on ihput line 42. Each
output line, such as EC7, is connected via the respective socket to the
card held in the socket. When a decode circuit 43 decodes an address in
the range 0100 -~ 0103 during a setup routine, it produces an output on
line 42 to gate the value in 40. to cause an output (see Figure 4) on a

card setup line such EC7, one of the control lines 17a of bus 17.

This output on EC7 is applied to AND gates 44 and 45. The address
line A2 is coupled to gates 44 and 45. An 1/0 read line IOR and an 1/0
write line IOW (decoded from control lines 17a) are coupled respectively

to gates 44 and 45. An output 46 from gate 44 is coupled to a pair of



(000-111) corresponding to a slot (2-0 to 2-7) to be accessed. A decode
cikrcuit 41 changes this three bit binary value to a one in eight |ine

out put but only when it is gated by a signal on input |line 42. Each out put

| ine, such as EC7; is connected via the respective socket-to the card held
in the socket. When a decode circuit 43 decodes an address in the range
0100 - 0103pebHsehgoR Setup routine, it preduces an output on line 42 to
gat® the value in 40 to cause an output (see Figure 4) on a card setup line
such Egy one of the control lines 17a of bus 17. This output on EC7 is
applied to ddpdgatescdit=add aid 48he Aaduirtpat 49 fieon\Bats 450il$)|c®dp16ﬂ gates 44

and 45. An e ORy, 2 | n ed

control i ngéscgf ?ﬂaérgggsglu I edggt gé‘l Ve éeteeOdL faegggfq’gf%&%g n out put
46 from gat @river; %WPG&F)I%HWQ) taemﬂtpubff"? fr@cges@aeogo is coupled to the

10 decoder girawdtéss rdgisteg 48. An output 49 fromgate 45 is coupled to a

decode circuit 50. An output 51 from decode 48 is coupled to the ID driver
circuit 20 and the output 52 from decode 50 is coupled to the paraneter

][egi ?]t grf 21. Dubugihg bﬁe pRst s‘eehy&ogegd o€ QIEEE g%y Ghen aﬁ?ﬁﬂ_iamlaéilagi S beiAIng-
et che ro r t he SSOr orce negati v i ca a :
AO to | ogi CET]W% gd%ﬁpg'sga"i[’gg C&tch ﬂ%’ggt ??fecenggﬂFga%",g _gﬁ’@ﬁcﬂé)sgﬁ'ér%
negative, tak gateo Abgpe @aumklrasns Avlput EQV ¥6 negatived(Riguen 40Ut pnmna:toRSl

whi ch t LD | 7 8
U o ST SRR o8 Y B bR Qtped U oFT BRatles BTGNS
the | Ds confhrid, vitiahcgates the tqaaﬁﬁvevsl%énp%ﬂ &ﬁeéaéﬁ ke &ég- i ﬁrcpmsg;(ﬁ

posi kion 32cdpages anll 1 wilek anaum 1nctiN dedptict£6e Adot Hosition On|mgbosy 111
(address 1033du1§h% tl ¥f tqner ?gf tcgtﬁtﬁaxgr, ng%%ggéorB 8 transfers the parameter
values in the slot position 32 (Figure 1) to data bus 17c and forces A2,
Al,IAO to logic 111 (address 103). Shortly thereafter, processor 8
issues an.Iow to cause gate 45 to produce an output on 49. This gateé
an output from 50 to register 21 via line 52 to gate the parameter
values on bus 17c into registér 21. The output 53 of decode 47 is used
during'diagnoétic routines to gate the output of parameter register 21
to bus 17¢ via gate 54. '

As discussed above with respect to a setup routine, an ID of
hexadecimal value FFFF is returned during an ID fetch operation when the
U addressed socket is empty. One method of achieving this :esult is shown
in Figure 3. A pre-wired circuit 60 is gated to force bus 17 to all
"1's" during the IOR cycle by a negative going signal on any one of the
enable card lines ECl to EC7 via OR circuit.ﬁl and the negative going
signal on IOR. If a card is in the soéket which has been addressed, its
ID is gated to bus 17¢c at the same time and all logical Os in the ID
override the logical 1s from 60 to correctly reproduce the ID on
bus 17c.

The légic of Figure 3 is used in a éimilar manner during the

initialisation setup and the POST setup routines of Figures 6 and 7.
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i ssues an |OWto cause gate 45 to produce an output on 49. This gates an *
output fromb50 to register 21 via line 52 to gate the paranet-er val ues on °
bus 17c into register 21. The output 53 of decode 47 is used during

di agnostic routines to gate the output of paraneter registér 21 to bus 17c
vi a gace-deloofs di scussed above withyespect to a setup routine, an ID of
hexadeci mal val ue FFFF is returned during an ID fetch operation when the
addressed socket is enpty. One nmethod of achieving this result is shown in
Figure 3. wheprewoligeitichl Gairlis G(ainé It exk iconfarted tauswd bft enalr/o” | " sy

AU ab0e bR EUS! Sellked QORI IH B0 Ved"Ble AN ENG0" Che enabl e

card lrnes Circ e ne I've ¢gO0i ng signal on
| OR. |asignedr the stapdardeI v drEaulthpddrenathonn R;dd#’%&'s develi and |thej s gat ed

tO bU%ti'xZP akat{le a§§f$zeh'£¥?a§€@nﬁ% 1 R0b&RlesEEat i &ietbhOYRIS4ide the

logical 1's from60 to correctly reproduce the ID on bus-17Cc. The |l ogic of
Fi gur&e%8}s used in a simlar nmanner during the initialisation setup and
the POST setup routines of Figures 6 and 7. BC9- 86- 007

11 When two identical_.cards conpected. to tvg of the 1/O slots

S
and it is TEsIPEF PE FignEe Elﬁt_ e&c‘f%‘\}gse‘? [fering & diagngstic reubiBRay ( he
st andatodasédptd i &hbtheﬂdaﬂs&aad propexlyi msﬁoyxdket:cehtar:dspmmehmo card is
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of Figure dur Iagnostirc rou 0 ascertal n
whet heit emssamcus ppdphsr aytqreep@ndgreﬁ m@ the ;Arpropxiate @lddunates. The
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significant bit is on (the card is active). sSimilarly, a priority
decode circuit 55 produces an output if the priority value on bus 17a is -
equal to PR in register 21 and the card active'hit is on. 1If outputs
are produced by logic 23 and 55, an AND gate 56 produces a feedback
sighal on line 57 to set one bit in a register 58 on the board 1. The
CPU8 under program control will read régisterISS to determine that one
and only one card properly responded to the I/0 altefnate address and
reset register 58. Similar circuits on the other identical card will
respond to the default I/0 address and the appropriate priority level to

set another bit in register 58 for diagnostic purposes.



It corresponds to the alternate address when the appropH—aPe—al-LemaL
address factor ADis stored in paranmeter register 21 an

significant bit is on (the card is active). Sim'larly_, wl' "ngm
circuit 55 produces an output if the priority value on I

to PR in regesigBlooyl and the card active ppt is on. If out puts are produced
by logic 23 and 55, an AND gate 56 produces a feedback signal on line 57 to
set one bit in a register 58 on the board 1. The CPU8 under program control
wil | rg@d register 58 to deternmne that one and only one card properly
responded tCldime |1/ O alternate ‘address and reset register 58. Sinmlar
circuits on the other identical card Wl respond to the default 1/0
address and the appropriate pr|or|ty | evel to set another bit in register
58 for diaghosti® %a#p@sésta progeEzingg-gygtem including a plurality of 12

Caims 1. inedbstigot! scsmes RQOGE\:%S wp ﬁyswdxptmj uﬂlwaalﬁée a&ytpkf

i nput/out put sockets (2-0Q accetln up to a like plurality of

i nput / out put™ ?‘btr?“ﬁa?ﬁfs‘°{’5‘aé'a?o(55°7§° Y ﬁEﬁrﬂeaPBrfﬁeﬂ@%P
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for storing | atlona data, .nmean 4 fo | n. enabl i ng
signal to sgﬁg g% 51'%?[ s %@Peﬁdﬂug?a %8‘?3/ t(gggd“%l’g ?b?ﬁ &ch card
occupyi ng aensbdling sxsdehttpf $ad seckets dtdpowerf-yprf the suptmrtomhiw-deﬁtdny
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successful g 3 o atl 2 e atoepe\lf'g1 zonal data to determine whether said stored
operatlonal data is valid for cards in the sockets and gating means (CPU
8, A2, 10W) responsive to successful comparison to gate valid
operational data from said memory for storage in the cards to serve as
control data for running the options provided by cards installed in said

sockets.

2. A system according to Claim 1 including one or more optiSh cards
installed in said sockets, each card including non volatile store for
generating identifier data related to the card function ir response to
said enabling signal and register means for storing said valid
operational data, including said identifier data, from said memory.

3. A system according to Claim 1 or Claim 2 including means (60) for
generating fixed identifier data in response to enable signals applied
to empty sockets.

4. A system according to Claim 3, including means (8 and Figure 6)
for initially setting up parameter data in said memory in response to
identifier data received from sequentially enabled cards in said sockets

and said fixed identifier data corresponding to empty sockets.

5. A system according to Claim 4 including means (8 and Figure 7) for

transferring corresponding parameter data from said memory to th register



operational data fromsaid rrermry for storage in the cards to serve as
control data for running the options provide insaid -
sockets. 2. A system according to Claim1 i nore option
cards installed in said sockets, each card H@MHW“&H E«#I ile store for
gener aBdarge+@ont i fi er data rel ated t2athe car UncCl ponse to said
enabling signal and register neans for storing said valid operational data,
including said identifier data, fromsaid nenory. 3. A system accordi ng
to Caiml or daim?2 including means (60) for generating fixed identifier
dat a imeansspreach tqardrwithdn o gacke: ipteispongeo teriheydeteckion of4, A system
accor didqgh1i ey ge@ké@r?’thé nakidisngy masfz(o& aitth Ebfd'iR H)sobRét tBidirlk! ¥

settmgj&up paraneter data in said nenory in response to identifier data
recei VEHFY paif Livefh dfentifier dakbe é'ereamgdm £9i %PYSG'ER'é‘t §ogke¥ssMY fi xed
i dent i a8 idaitdfiar @atP Andsaid h&xﬁ:@ptcyr,smﬁkﬁsgmé to - A systemaccording to
Claim gl udi 8,.and F| Jur e 7 %rt transf rlggg %grgéaisdoondl ng

neans.
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equal ';ymbgmﬁe@aémﬂ&ew; |Gk réfoRaide” B Gaply GRicletdl @ socket toget her
with said fixed identifier data correspondl ng ¥o any enpty sockets and said
identifier data in said nmenory, in response. to detection of inequality

t her ebg} ween, sytseemlma&paﬁaaamw p}aéeallna Sxifls "BWhicH BaiPgReNRe t0 the
identifier date?Sreqelv romt ds and sadflg?d identifier data

cor r esHEREi 1% FEEHYEy/ Sﬁk%"tcé"es%miar%p?ﬁ?%'m" all EReE8SPEFAYS preced \9
cl ai nsidentify clalees dopadguality for to write into each installed card the

parameter dat; stored in the corresponding memory location.




means is effective after successful conparison of all th | v
i dentify values for equality for to wite into each i nSthﬁﬂﬁﬁlgmHEu(ﬂ(l“L
paranmeter data stored in the corresponding nmenory |ocati'off e LPCYH-0®-

13 7. A systemaccording to Claim®6 including neans (41, 60) for

I nterrogati ng each i nput/output socket to fetch the identity value of a
card attachedaghigreto or alternatively ngducing a fixed, unique identity
val ue for eacﬁﬁenpty i nterrogat ed socket”” said nenory storing said unique
i dentiity val-ue at each | ocation corresponding to an enpty socket when the
systenri s powered down, said neans for conparing being effective up on
subsequent power-up of the systemto conpare each unique identity val ue
generated an interrogation of a socket with the value in the correspondi ng
menory | ocation, thereby to detect renoval, addition or replacenent of

I nput/out put cards during power-down of the system 8. A nethod of
automatically setting paraneters for operation of option cards pluggable
into input/output sockets in a mcroconputer system conprising the steps
of : at initial power-up of the system generating option card paraneters
relating to cards plugged into the sockets, and storing the generated
paraneters in a non -volatile nenory; BC9- 86- 007

14 at subsequent power-up, determ ning that the stored paraneters renain
valid with respect to option cards plugged into the sockets;

p.
»

7. A system according to Claim 6 including means (41, 60) for
interrogating each input/output socket to fetch the(.dzﬁba value of a“-
card attached thereto or alternatively producing a fixed, unique
identity value for each empty interrogated socket, said memory storing
said unique identity value at each location corresponding to an empty
socket when the system is powered down, said means for comparing being
effective up on subsequent power-up of the system to compare each unique

';. ~ identity value generated an interrogation of a socket with the value in
the corresponding memory location, thereby to detect removal, addition
or replacement of input/output cards during power-down of the systen.

8. A method of automatically setting parameters for operation of
option cards piuggable into input/output sockets in a microcomputer
system comprising the steps of:

at initial power-up of the system, generating option card
parameters relating to cards plugged into the sockets, and storing the

generated parameters in a non-volatile memory;



transferring the valid paraneters fromthe nmenory to the respective opti on
cards. and using the paraneters so transferred as control data for running

t he options provided by such option cards. rding to aim
8, in which said paranmeters include identi tﬂmmﬂmmgmopt ion card

I ncl ug@?-sg‘?@d"f for generating ident uy dat a, *an#l sai d détetm ning that the
stored paraneters remain valid conprises conparing the identity data from
each option card with identity data within the paranmeters stored in a

menor y Ioget;‘ﬁge&wn&eamdﬁg;gaaﬁgmg@%oekﬂ chEtRobd Haridifecard i s plutged.

10. A nethod according to Caim alm9 in which said paraneters

i ncl ugemadn yalddewitdy KPRReSE e PPHO eards: PIngIeR dnkpsifc Bogletan option card
in a socket, and said determ ning that the stored paraneters remain valid
i ncl udes the step of generating.said uniqu aranmeter set on detection of
t he absencﬁ’%&rﬁﬁs%ﬁfg&%&%\rvdl_?‘a P&’%‘b’c‘l?ég f;ﬁg e BeRREY, Ffb,tgﬁy conpari son,
whet heesrelctivt optibnpaaxivet et usiag tho(paramelenn 8 tensfesred|ga cortent BER- equal s t he

uni queorpannibgBliecsptismst proviter BYYyuct @bandarisng Whet her an option card has been

i nserted during power,-down of the system
9. A method according to Claim 8, in which said parameters include ...

identity data, .and each option card includes means for gene:atinq

identity data, and said determining that the stored parameteré remain

valid comprises comparing the identity data from eaéh option card with

identity data within the parameters stored in a memory location \.J
corresponding to the socket into which the card is plugged.

10. A method according to Claim 8 or Claim 9 in which said parameters
include a unique parameter set representing the absence of an option
card in a socket, and said determining that the stored parameters remain
valid includes the step of generating said unique parameter set on
detection of the absence of an optioz; card in a socket and determining,
by comparison, whether the stored parameter set corresponding to that
socket equals the unique parameter set, thereby determining whether an
option card has been inserted dt_:'ring pmr—dwn of the system.




