2171823 PLURAL PROCESSOR SYSTEMS HAVI NG SHARED RESOURCES Thi s invention
relates generally to the control of processors and nore specifically to the
conjipl of the utilization of systemresoyrces by a second processor

co ted to concurrently run a programdifferent fromthat being execut ed
by a main processor in the system The ready availability of 1

m cr o-processors has lead to.-a dramatic increase in the nunbg (%18623)%

characterizations of peidli MRloksSdRR ks FMEPIAENE é}ﬂ%ﬂdéﬁ%%i&%se known as
personal conput er s——Hewever—an—average—so-called “personal conmputer” of

even half a decade ago m ght be considered a very primtive device in
conpari son Wit ithis iaveitige silates Qenbffllr to "ther sontabl ENPrticeEsorsVany more
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and have et ten or purchased co rogra roperly
i nst ruct i néeIRe BPRAPEETRY CPW%M MQWGP@@& a§=k§ pregransdiffedentr Sramssi ng

and data pEREACBEiMy eRERIted Aty Q%;%r&&&s&o@&&@ﬁ@'sﬁ@é@mer technol ogy has
evolved so rapidly, there has been a strong need to maintain some degree of

conpatibility in the system conponents. Thus, standards, either official or
de facto, haveThe ddeadyl anvaildbility mfsmimspsqcealsbmmhaarmeauamd‘a/admatic

i nput / out Pyt erdeh6O)ind .e.ﬂé Cafbd 0 oE 'aaaﬁwewiuws @é Eefa)e&%éfgs sm@l £ hough

t he devi ces ma have been purc severa years ag use 1 n syst ens
that are c gF%dncluding those knqwnpﬁ PEF SRR Lpgompy &’5’/”3 Gquenes g8 averase

program soéé+iralbed Apeiddinal donpliteX bENGiewichdldt a ddcags é:gbaﬁlgwtebélsdéﬁkidéred
creat ed as,a resul.t ?I‘{u Ln the sof t war e, wever. havetgg gn{h

per pl exi ng cor%a’fmbmi S °pro 5 4T BIPPHE R e r e T eEhfor °60y Ras evd ved As

an exanpl e'pensonabicomputezds | y personal conputers were eight bit machines,
i ~r'hat the processor was capable of processing a single eight bit byte at
a tinme. The technol ogg | ater evol ved into the use of sixteen bit processors

and is more relBM AP HECRREFIPAPT CPREHTSHPATHPBEERSRT LETAPHough

sof twar e otdngiunet |systend ted Have @itherQiditbénd or purchased computer program
software for properly instrucﬁing the computer to perform selected tasks

such as word processing and data processing applications.

As this personal computer technology has evolved so rapidiy, there has
been a strong need to maintain some degree of compatibility in the system
components. Thus, standards, either official or de facto, have evolved
which, in most cases, allow many hardware input/output (1/0) éevices'to be
used in state of the art systems, although the devices may have been
purchased several years ago for use in systems that are considered

primitive by today's standards.

The program software, as well as the extensive data files that are
usually created as a result of using the software, however, have presented
a perplexing compatibility problem as the hardware technology has evolved.
As an example, most of the early personal computers were eight bit
machines, in that the processor was capable of processing a single eight
bit byté at a time. The technology léter evolved into the use of sixteen
bit processors and is more recently evolving into thirty-two bit

processors. Although software originally written for an eight bit



2 processor mght be useable or nmade to be useable with a thirty-two bit

processor system the application could usually be programed to run in ﬁ,
fuch nore effjcient and high performance %rjanner by witing the software \(:%
:

with an original intent of running on a thirty-two bit processor. O
cour s the obvious problemw th that approach is that of the extensive
software and data bases already paid for which re desi-gned for the eight
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CO- Pr OCessSQhLg, gikd¥én BEEprdbiddozed in the prior art to allow particular new
functions of the conmputeéer (such as nuneric or floating point decinal :

capabilities) typical prior art co-processor arrangenents have rel egated

t he previously axoatingly pthe @rsirabibityhaf mfing abpe icahsd ek PHSAgCUTLwadd er
(such as an_L/Q.cont.rol | er). whil . he additio - cessqr. adds the
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prior art @seputercerstensdssehvioust hddithenallyr dyoweress .t theydewemandidivhemal ,

| ess advaneegdsdimas&s SGhpute &ﬁﬁfﬁﬁnitsxﬁl{bt%é Qtime@im aPhLnes S _tQJIe a state
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type of CoLLARaLIORl B B RIQTER by | theCBRAD, ABLr FREHIWBRNLON &
per f ormancé prograns | ndependently of t 14 CO- processor. “The co-processor
confi gur at "Brs4 §1thpughtadditioppdipregessors, sometimes called co-processors, have

been utilized in the prior art to allow particular new functions of the
computer (such as numeric or floating point decimal capabilities) typical
prior art co-processor arrangements have relegated the previously existing
processor to that of a special purpose controller (such as an I/0
controller) while the new, additional co?processor adds the additional

functional capability.

In contrast with the above-described prior art use of co-processors,
it has been proposed to use an additional, less advanced processor (in
j comparison with the main processor of a state of the art system) to allow
the continued utilization of existing, lower power or lower performance
programs and existing data files associated therewith in the latest, most
high performance computer systems. In this type of configuration the main
processor is capable of'executing high performance programs independently
of the co-processor. The co-processor configuration is such that existing,
earlier generation programs and the data files associated therewith may be
run substantially concurrently with the programs being executed by the main

processor.



.earlier generation progranms and the data files associated therewith nmay be
bstantially concurrently with {hg prograns being executed by the main
QEEIsor . - 3- In the configuration just described,.however,. problens
of "’¢gntention for systemresources can arise between the two processors,
These probl ens are. conpounded by the fact that entirely different opereting
systens rmay be. IR tef eenfigeratien Juph deserilpdy HAVERRA r BHFRIAPS s vi ewed by
eachI ?)f L hecoHtRaLssOEsr sydta eé?nﬁcealaahoagbejs;eemﬂ Gl:hbétm}‘ pficeasoradvant age
to all ow concurrent operation o 0- PLOocessol,. Lo, run.. Lgation.prograns
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t he | nventi gin Bbplivats@n prodransiwith Priivstiaypa afabperatinge sgstim syilieca
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t he co- pr ocegstem ndhe otwor prdcedsdms.t he main processor to selectively . .
prevent the co-processor directly accessing the I/O device and. to re-route
trapped access requests to the nmain processor for execution thereby. As

di scl osed hBisdleswre-of thecEmengion echnique is enployed in a 3 | \J

. The present invention provides a data processing system iﬁélﬁdimg:’
a main procéssor, programmed to have direct access to an-I/O'deviéé, '
and a co-processor, also programmed to havé*direct acCessfto-an I/O”_
device, and an I/0 device interconnected by a bus system to the main
processor and the co-processor in such a way that both the main
processor and the co-processor can have direct access to the I/0 -
device, a transparent access trap being provided in the co-processor,
-effective on the co-processor and controlled by the main processor to
selectively prevent the co-proceésor directly éccessing the I/O_device
and to re-route trapped access requests to the main processor for

execution thereby.

As discloSed_hereinafter} a control technique is employed in a
co‘ptocessinQ'envirbnment in which i/o facilities aié_shared bétweén’a
master processor running a known set of support code and a'cb—proééssor
running code of.unknown origin relative to the master processor. The
aétual_mahagement of the shared I/0 resources is made transparent to
the software running in the co-processor because of additional control
logic associated with the co-processor. This iS'aécominshed'by_
providing trapping logic incorporating a random access memory;'laadable

by the master processor, which contains data related to the current

L4



co- processing environnent in which I/O facilities are shared between a .
mast er processor running a known set ofifsupport code and a co-processor #
Junning code of unknown origin relative'to the master processor. The

act ual,. rranagerrent of "the shared I/O resources is nade transparent to the
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Addi ti onal | ythe| BRjinc Pracegsen @pyt v lake (fhe inriginadr e 98vcet 0 manage
interrupts to and fromthe co-processor card so as to prevent interference
with the main processor's utilization of system conmponents. The foregoing
and ot her objects, features, extensions and advantages of the invention

w Il be apparent fromthe follow ng nore parti-cul ar description of a
preferred enbodi nent of the invention, as illustrated in the acconpanying
dr@y}i ngs. Brief Description of the Draw ngs :

-
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FIG 1 is a block diagramof the system configuration of a conputer system

archit ecture enploying both a nain processor and a co- processor managed
acy ing to the techniques of this inveél on. FIG 2 is a block.diagramof .

t he~¢o- processor portion of the systemof FIG 1. FIG 3 is a detalled

| ogi ¢ di agram of the interrupt filter shown in FIG 2. FIG 4'is a det aij ed

- logic diagramof the I/0 filter shown in FIG 2. FIG 5is a di agram whi ch
depi cts the setdaipidnaliye 1665d 48 gysoctaedrwith tlhﬁcb#lﬁof:éﬁédirto mafages IS a

35 Best TEAEPRE U ah xR B’ 8- SRR oncll o0 28 SO BLEvRI I RS,
t he syst erHi&brthegmain pmpe@ﬁoa scohplirationy ot EYSERT FPERRREDED enpl oyi ng both

mai n processor and a cop-processor i.s shown. A main processor 11 is
connect ed by a channel.. 12 t$ a marmréccontrol | er 13, The nmain processor 11

may be, for exBpf¥FreoiftheBf AheERBaBCts: Eoafresn Srteansoess APd arGEESsor
al t hough idf wvhe I:.nbeminderﬂu.dm apparenostroskitd €dllowind)done tpathiactulahe mai n

processor :fe%cPPﬁﬁiQ&‘ of :#ﬁlfé%reﬁn&b%‘éﬂ%x&' of thi ei}%eﬂéﬁ%e S0 1 Msedled g€ OF

speed, as nventi.o no means confin to a mcro-processor
envi r onmerfthe FIROmAEIERY ‘B‘GH%’F‘-’(?I-I er 13, may be, for exanple, an Intel 8202,
particularly if the main processor is an Intel 80286 mnicro-processor. A

channel 1 0 rBects r’r&é/ncor}:troller 13 to a system nenory 15, which
Is typi cal%é—g—ﬁg\m—%%ggee—ﬁeﬁ%ﬂ-—m |/ O bus 16 connects the controller
13- to a plurality of I/0O devices including a fixed disk, or hard file 17, a

floppy diskettgdriug ;%mek Ri1agt&] o%%heasygt@ﬁocad&&mﬁh&?ofamoﬁp&%xboard
21. In additional to the aforenmentioned |/ O devices 17-21, a co-processor -

card 22 i §5W§F§m)35F¥%£9ﬁEHFe employing both a main processor and a co—processor o v\
’ managed according to the techniques of this invention. o
| 4
FIG. 2 is a block diagram of the.co-processoi portion of the system of
FIG. 1.

FIG. 3 is a detailed logic diagram of the interrupt filter shown in
FIG. 2.

FIG. 4 is a detailed logic diagram of the I/0 filter shown in FIG. 2.

FIG. 5 is é diagram which depicts the set-up by the master processor
"of the I/0 filter. '

FIG. 6 is a diagram which depicts the register contents for the logic
shown in FIGS. 3-5.

Best Mode for Carrying Out the Invention

"In FIG. 1 a block diagram of the system confiéuration of a computer
system architecture employing both main processor and a cop-processor is:
shown. A main processor 11 is connected by a channel ‘12 to a memory

controllér 13. The main processor 11 may be, for example, a Motorola 68000



to the 1/0 bus 16. Wth the exception of the keyboard, each of the I/0O

devices 17-21 is attached to an interrupt [err] is conveyed directly to t:he
gain procesWnd does not appear on [/ O bus 16. For a functional bl ot:'
di agr am of e contents of the co-process card 22, reference is nade to

FI G szhe nucl eus 25 of the co-processor card |ncI udes the processor

itsel f, which may, for exanple, be an Intel 80286 nicro-processor, an
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si gnal s. Aomrppm&rwessan qaf/ émf isizeor2¢épeedhiashthis dovantodd dlky by ndass mai n

processor Ildonsiged!thld mlza-grwe%g@prena%ﬁén@f L mef )’ QR3S PexCoY dn
the other 1/O devices 17-21 which are connect(id tothe |/Obus 16 |nt
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devi ces. | ninkedignzBamisenyepcesornt @r chdinel i 14t eonn2éts Thetndmbe dontrdiher

cont rol of r aﬁgﬁ d h; o) upt
filter ciaﬁnrtge{ lég%;ée\l/me 'y Q:Pa{ Tﬂ\r{l\!fégr r%p ?‘%ﬁgg %?%?n&r %%5 %Eugi-%G to
pr event thelr response by the co-processor. The | ogic of the interrupt
filter 27 can aAsq/8ldued f&emmu;a ﬂfeoﬁ&&&giléklli &ogsrtﬂhaaﬁtyrmer:wmesmes

t hrough I/ es to.th processo
" co-pr ocessg”m@'é e B s’fb oFi P ? ﬁgt E“&%ﬁ &ﬁ?sﬁjgfi"e E tfe main
processor Xkioter nequw riéded s&ﬁlard%ra@sskeyﬂpeard 2int gnralitioradlr sgaher at e

an interr UFEfoE-&netn Sorfed W@ﬁ@@x‘é&rs 1-,_'5Iiusa cb o@@é&rp{:&féeﬁqr dilsd arftheqt o
smulate any evice, Referring now to 3, aI0|c di agram of the

eruupt F’é‘? 179 bys t6re Ebﬂbltﬂ%é*ﬁ%?t‘t?argﬁj iRy ?@foﬁbﬁoﬁlp t he
re i nder. afevibéss 1dexchb Fﬁﬂteaidd[ Vi dnl mde&auﬂag S&lhpeyed aitiekEy tooti Paib

for a depictiaon of t ent eV us gisters and nenory whigh
will be despcoc?)ses(?rhie{r.'el na tegrm%Fo}EPreaf ?/b% #’erupt situations that may

be associated with the co-processor card 22 WI || be described. The first,
and per haps For a functional block diagram of the contents of the co-processor

card 22, reference is made to FIG. 2. The nucleus 25 of the co-processor
card includes the processor itself, which may, for example, be an Intel
80286 micro-processor, an interrupt controller which may be, for example,
an Intel 8259, and one or more local I/0 devices which may, for example,
.include a timer from which a time of day clock and sound generation
facilities receive their timing signals. Additionally, an I/0 filter 26,
which is controllable by the main processor 11, is utilized to prevent
access of the co-processor card 22to the other 1/0 devices 17-21 which are

/ connected to the I/0 bus 16 in the event that the main processor 11 has a
higher priofity need for those devices. In a similar sense, an interrupt
filter 27 is utilized in the control of interrupts associated with the
co-processor. The interrupt filter 27 can selectively Block interrupt
lines from the I/0 bus 16 to prevent their response by fhe CO=processor.
The logic of the interrupt filter 27 can also allow the main processor 1l
to generate interrupts through 1/0 writes to the co-processor card 22. By
this means, the co-processor can be allowed to directly process any

interrupt, or the main processor 21 can require itself to process the



“AND gat es

nost conmon, type of interrupt to be considered arrives at a set of AND
gates 30 via a set of bus interrupt lines 31. "~ For the purpose of this

d I ption, consider that the |evels j ntrerrupts that can be .conveyed
al8¢hg the bus interrupt lines 31 to the D gates 30 are the bus interrupts

1-5. Assuming that one of the interrupts 1-5 is present at .the appr opwi-at e

one of AND gates 30, if this one of AND gates 30 is properly conditioned by
the mask 1 X | @Wnd Re- t afd ough
§84§“§eﬁ%§h%%ﬁ e O eyl L0
finally t&resrRssphtids %‘Elp‘P ?l*%?esfﬂ‘ultaﬁ%a@éi f/looé%‘é’§6r 35. As stated above, if
the co- processor 35 is an InteI 80286, the interrupt controller 34 -may be
I'ntel 8259. rder for | uy al i of AND es .30 1t0.b K r
condi ti oned t g3?§“?rﬂ°é’r %tlg tHef e%%rl &Rt 8%rr%'s Qntem et Q g’%%m%yt"fb
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data bus égscﬂptﬂinl W e AND SaRIril 16 MeePBPRId.Y 6 (RAda i giviidnabs y)

condi tion ative to each of the_ possible bus interrupts 1-5,. a.separate
bit in t h&hAeroRteRss of éahee,‘zar&g%aea’f%rw 1'14 BEMORY Hfhich il be ﬁ‘F%‘F’?‘Bﬁ?s 1-5
I's set if nbheindBteY.pr BRRSEfFeslds desermttéieue&qneomsmary Bé dsmociztpand

directly totl?q:%eoc];o-t roe%ggﬁlt.{;% iﬂ‘lgiﬁ i:e desc;.l—meﬁ het Pﬁs@'ﬁdpé%ﬁﬁggor

is utiliziig resour ces sdc annot permt the co-pfoces
direct|y mespooumro type of interpipy tnber ?‘tﬁ?ﬁiée@ﬂSantlh’esrPd'-l A §atoe®dNBr 11
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the particul ar, |nterru Rx@tht% essor tl% res .to. rohlglt :
response NFSEHECLR PP §§’6 E the e ar‘fﬁ?eérr?ﬂ" 3 ﬁ °§§S"tﬁ7§ T4t he . |
bus i nt er mlpig ItﬁdﬂdusBmt:eraqstocmesedlvuct khe Dfgated i ske Ehe s imteriuptishe\ )
that ‘the: Gogpr 9ggsnal die h&ﬁ&?ﬁ&@l Lé/tel}@s&semgeqsg_pfe@eﬁeaﬂst@qggopmees

with the |xed mal N processor evel o a nee gccess

to the fiwee off 3ND DRtes30eckls shisg preAf AR gateh S0pig PFW’%’H@ FRRditioRga R¥er
- 32 assocCi @hgethadkt fégtlggeﬂ Abe(dsURé dxBY£ined Be10W) &h@nﬂaﬁeﬁrﬁ)fz £ Qated through

AND gates 30, then through OR gates 33, to the 1nterrupt controller 34, and
finally to the interrupt line of the co-processor 3S. As stated above, if
the co-processor 35 is an Intel 80286, the interrupt controller 34 may be

Intel 8259.

In order for the plurality of AND gates 30 to be properly conditioned
to pass interrupts therethrough, the mask registeér 32 must be previously
loaded by the main processor 11 via the I/0 porfion'16a of the'deta bus 16.
To allow the AND gates 30 to be properly (and'individually)“conditioned -
relative to each of the possible bus interrupts 1-5, a”sepéfaﬁeuﬁit_in the \*j
mask register 32 associated with each of the bus interrupﬁs 1-5 is set if '
the main processor 11 desires the co-processor 35'to:reepond'd£reotlyito |
one of the bus interrupts 1-5. Thus, if the main processor 11 is utilizing
resources such that it cannot permit the co-processor 35 to difecfiy.
respond to one of the bud interrupts 1-5, the main processor 11 can
dynamically turn off the bit in the mask register 32 associated with the
particular interrupt that the main processor 11 desires to prohibit
response by the co-processor 35. As an example of this, assume that the

bus interrupt level 3 is associated with the fixed disk 17. Assume further



which will serve to decondition the one of the plurality of AND gates 30
associated with the interrupt |evel 3. Another type of interrupt associ g¥gd
with the co-processor card 22 is the outbgund interrupt, which is distinRd ‘
fromthe inbound intérrupt. In this case, other logic 37 on the

co- prfcessor card.22 has a need to i ssue an interrupt to the main processor
11. Such an interrupt is designated in Fig. 3 as interrupt level 6. Since
this interrtpt tlse notpronesdsome3s Bis nepentslynbéenc emyagpddint @edNDagiiyoeSwid@es Thi s
situation 'ﬁa:%stﬁet ff§£léHJhE's)P‘iv. SIBCH HE%BI—E&%EQ} &Wex)e%fé‘geﬂeefa%oé he main
processor and not for the co-processor . Athird type of interrupt

associ at ed °ERS t4etho ¥t 845k 17 ¢ HrecesEorsllyfap rﬁeéﬁélﬁﬁ? bift dmdds 45K t he
Cﬁ- plrocelss?iegsstwberhsabi:giﬁﬂa_atmhom& hﬁtﬁt@nﬁ QG@SGYE&E}J&I&?@ td %gw&e of
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peri odi cal | 3sspsiatedawigihgtizd iftemuphileleln 3ti re of day clock is updated. In
this case, the interrupt fromthe local /0O devices 40 is conveyed directly
along line 36 to the level O interrupt input_of the interrupt controller 34
to be conveyed 2@thee tyRe afr LpterriRt apsuateth vith (Fhe (OsBEICeS80r Sard 32t i
type of i ntiver cyibophd das&thpby whiicls iso@istindt Fhém &he RINBOEES Qfiteraipt 22IhS a
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data bus pofilgl, 0f ak68nQ@frifie 18@136DUS 1AL tBUS Nntlr Bt 6id HBYE odl BiIRE O e
I/ O data bus 16a causes a force register 41 to djrectly convey an interrupt
siignal , such 88° SPVERY HR ANREPEP0:| ARSI RIBuLh 27, 1t SRR PRt SAPHL
coftrol | er S%. idtermbpd whe imoemibd for lthe rdés Qriopéssanr drndahot Iferl|wweel 7

interrupt ig._not _the interrupt levels that is ever found on &
I nterrupt I‘fsongs °§%Pg‘r%f33 the level 7 interrupt can only be

A third type of interrupt associated with the co-processor card 22 is
an interrupt intended for the co-processor 35 which originates on the
co-processor card 22 from one of the local I/0 devices on that card which
are dépicted by block 40. as described.abové; one such I/0 device may be,
for example, a timer t§ periodically issue a signal from which a time of
day clock is updated. 1In this case, the interrupt from the local 1/0
devices 40 is conveyed directly along line 36 to the level 0 interrupt
input of the interrupt controller 34 to be éonve&ed to the;interrupt'infput

of the co-processor 35.

A fourth type of interrupt processed by this logic on the co-processor
card 22 is a simulated interrupt of the co-proéessor 35 by the main
processor 11. Instead of entering the co-processor card 22 along lines 31,
fhis simulated interrupt from the main processor 1l enters the cd-processor
aloﬁg the I/0 data bus pbrtion_lGa of the data bus 16. Such an interrupt
signal on the I/O data bus 16a causes a force register 41 to directly
convey an interrupt signal, such as any of the interrupt levels 1 through
7, to the interrupt controller 34. It will be noted in this description

that the level 7 inferrupt is not one of the interrupt levels that is ever



forced fromregister 41 in response to an .appropriate set of signals on the

| fg&dat a bus portion 16a of the 1/0O bus 16. This facility. allows the
er processor to provide interrupts Aor devices such as the keyboard

that”"have no assigned interrupt lie inthe I/0 bus 16. 'The |nterrupt g

| evel 6, however, can also be forced in this manner, eventhoeugh the | éwel
interrupt can also be conveyed out bound from the co-processor card 22 via
lines 31. ordin I erpidensd gpelt b&y teggA 14 Heer r upt
can be seﬁ?u'buf’%o’ﬁ‘ﬁg %lporr'fuén\gls $'ltzgessor J(é:arg tte ; 7d y
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these I/0 dew ces by the maln processor 11. As_an exanpl e, consider.the

si t uat i on intexzMPE Waﬁh%lﬁﬁ’ob?)r"eéé%\@ér oubopd ifrel the_gAsRROREEST [ REH #2nEi% i xed
di sk 17. Thfes 31" AeBSMbgRA ROSHI1INE uAdkisesad ahat heheflievell aliinkerkdipon t he

CO- processor addr ess %é ﬁﬁ°’e"x°°'%ﬁadedsrs§ss okl gﬁ ]trmgﬁ Avaid 30h &8 B 1

trap RAM 582 5% um ng e mal.n.-processor
is curr entslxgtumtedlhyl e tfhecd irrptbtgrsdl 19 bwewen'ﬁé twhe daterupte fi xed

di sk 17 1 gof ﬁ%‘iﬁé’f’%ﬂ £ot Qﬁe tdoRBrdRAMAS 352 2810 fkk1ity Qutdauta fsingad he-
address in the trap RA corresponding to the add.ress‘_tqgc heflélemgsk
r

17. Thi s ipkexFughilevei tt°i Ee AERIARE HORY CREMTEFATIP RO PERESE S T

I
| ogi ¢ 48. phbeddabs FIORM thehe-pbragessontasel | ogic 48 raises the BLOCK RFW O\J
(block read/wite) signal to a set of gates 49 in series with-the 1/0O READ
and I/OWRITE lines fromthe co-processor 35. This serves to block.read and

Write signal s Referariceais mgwtmedectn EigcdsSen acaesrriptiongsf the 1ogip eseyor
35. Since ¢hhecd priltddess 3B cad blesdeaxt:l.é@ rmeag abGed=Lad qbeliéed b nahanI)d aus

gﬁ\él ?:/e O {/\E@T%%e%%ggeﬁ (Ca)tr}ﬁl?)g‘brrrael ELHS‘:" bzattﬁgn torgggpecon Ide?o ) gbilgﬁ 'S / O

READ si gnalrotessopriluncas an examhlethsozmrml'te ﬂ:f&mﬂ'—i@m mr%CWMG causes
co-processor 35 des;res to” read data from the fixed disk 17. The o
co-processor 35 posts the address of the fixed ‘disk 17 on the co-processor
address bus 45. This address is also’ ‘made available to the trap ‘RaM 46
through.a multiplexer 47. Assuming that the main processor 11 is currently
utilizing the fixed disk 17, when the address of the fixed disk 17 is
conveyed to the trap RAM 46, a zero bit is output from the address 'in the
trap RAM 46 corresponding to the address of the fixed disk 17. This zero

~ data bit is conveyed along the data line to the trap control logic 48. At

this point, the trap control log;c 48 raises the BLOCK R/W (block
read/write) signal to a set of gates 49 in series with ‘the ‘1/0 READ and 1/0
WRITE lines from the co-processor 35.  This serves to block read and write

signals from leaving the co-processor ‘card 22 from the co-processor 35.

Since the co-processor 35 is attempting to read data from an I/Q: _

. device, the co-processor 35 raises its 1/0 READ linefﬁﬁSincé the I/O READ

and 1I/0 WRITE. 'lines are also input to the trap control logic 48, thls 1/0
READ signal in conjunction with the zero bit from the trap RAM 46 causes

»

I



10 the trap control logic 48 to begin a read trap sequence. The trap
control | ogic 48 immedi ately issues a TRAP signal on the NOT READY |ine @
the co- processor 35 has now been ful I'y di c@nnect ed fromthe I/0O bus 16.
Next, a_ signal ‘on line 52 to the bus arbltratlon | ogic 53 results in the
dropprgg of the -MASTER LINE. This relinquishes any control of the 1/0O bus
16 by the co-processor card 2.. The trap control |ogic 48 also generates a
si gnal on | Fife t523P \GRPERP); Logignds tPoPagin ANDegdttEaB GEeauanRe - ot Ther tYampeentrelt he
ANDhgat e 561édicl 19 ImAediab By l1EPiesCaNFRAG s:rgae1 Sdn€hé FoT In‘.sp.?hamalﬂa prOCEssor
11 has previol set I nt er.rupt tQ.a wanlnterrupt
on an 1/0Ot raﬁrgé?qslfé’ﬁc%g]gﬁﬁ nfwefg flﬁqye‘i"sfg | nf'%é efrlfB th§| us 8 ut put
fromthe AND gate 56. Next, the main processor 11 det ects the requi r enent

for service by RBANSaOdigRhi hAr1idestRQ He $hgNRbi Gatibd 19%&6553@&5@&0&5 by
polling the 0- processor stat us reiglster 62. The sig rovided on _|ine
F, SEORRL

55 by the t 1g|1°f &8% cMASTERSLINE; o T si Fpfdpayishes G&VrcqwrMBfgﬁteeé/%O
and 61. Thebwd lérby rpeltcd-procgasas chfd and 61 are the | /O READ and I/ O WRI TE
lines, respectively, fromthe co-processor 35. Thus, when the signal
appears on line 55 either AND gate 60 or AND gate 61 sets a bit in a status
regi ster. 62. AThe gaap dontiFdalogies 6% allme geagrAtesnesignak orjlinerSamhBhhis

data bus or igulbidish A8 gatiiss. avtaeI&laleg :L%buéht% ontd m gqfcetstaelgcheﬁ%essor
35, is also.input to the_status regist malngrocessor

11 detects tHEFERfuCPEHRAL TGP Terit cé p%c@%?’o?r‘lTsF%ra&é tfar?epﬁ"d‘f’ gly set
regi ster 62thshiiotexxopt evhtralr eegiztex thor allioli are intSrrupt emgén gadetap and ont o

the 1/0 dat godidfedOshi 2 16330061 6 :ﬂﬁg?n{} 'gnalT SRtofe B CHROkcl bW

kno t hat t CO- processor as atte rea a from an
deVice on eP®heFextn Bhermpinipgecesnson 1]?6%‘?%""—%‘3’@ REUATENCRENEIT s chdivn
Pr OCESSOr NEYdnsSeSIRStiver’ €REl TRHOIB bhghalOoPl QR ERHOF instances, by polling the &

co-processor status register 62.

The signal provided on line 55 by the trap control logic 48 is also an
ihput to é pair of AND gates 60 and 61. The other inputs to gates 60 and
61 are the 1/0 READ and I/0 WRITE lines, respectlvely, from the
co-processor 35. Thus, when the signal appears on line 55 elther AND gate
60 or AND gate 61 sets a bit in a status register 62. A signal indicative
of the requirement for either an 8 bit data bus or a 16 bit data bus,
available at the output of the co-processor 35, is also input to the status
register 62. Thus, when the main processor.ll detects the requirement for
; service processor 11 reads the status regiéter 62 which contents are gated
from.iines'63 through gate 64 and onto the I/O data bus portion 16a of the
data bus 16.

_ The main processor 11 now knows that the_co-processér 35 has attempted
to read_déta-from an I/0 device on eithef an 8 bit wide or a 16 bit wide
data chahnel. The main processor now issues a read from the co-processor
trap address register. When this read is detected by the decoder 70} a
select.line in a selection bus 75 is raised to enable control logic 48 to

open gates 65 to pass the address from the co-processor address bus 45 onto



trap'address regi ster. When this read i s detected by the decoder 70, a

S€, @ line in a selection bus 75 is raised to enable control logic 48 to
opefy gates 65 to pass the address fromtl;q co- processor address bus 45 onto
the™1/O data bus portion 16a of the I/O bus 16. The main processor 11 ngw

- has the address from which the co-processor 35 attenpted to:read. Théwfrai n

processor 11 can now either issue the read requests directly to'the I/O

devi ce or tﬁé'ﬁ/d ai® Méltpoirbﬁmr eedl ofatie Showue 1R, THdweire prodessorill now

processor riyes th t t FQ d bus.'
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In that case, the ces ]}1]? talns the trap address as in a
read trap,°£tﬁ%"r‘Fs éé%e?a? ap da a regi ster. Wen.this read is
det ected by - decoder 70, a select I|ne in selection bus 75 i's raised t.o
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The sequence is very similar for a ‘trapped wr1te operation. In that'
case, the main: processor ‘11 simply obtains the trap address as in a read :
trap, then issues a read to the trap data reglster. When th1s read’ is
- detected by decoder 70, a select line in selection bus 75 is ralsed to
enable control logic 48 to open gates 51 to pass ‘the data from the
co-processor data bus 67 onto_the 1/0 data bus 16a. The main processor 11
can then write the data to the.I/O device if desired. Rather than writing
this data to an 1I/0 device, this procedure can be followed when it is '
deslred to send data from the co-processor 35 to the main processor 11 for R~)

use by the main processor 11 for some other purpose. o

Since there is no requzrement to wrzte to a real I/o devzce, read or
‘write traps provide a convenient method of synchronizrng theé operation of
ethe two processors (commonly known as a semiphore) or of passing ‘data
between the co—processor 35 and the main processor 11 durzng the" runnzng of

diagnostics or for passing parameters or parameter addresses from the
o-processor 35 input/output operatlng system to" serv1ce_rout1nes runnlng

in the main processor 11.



the two processors, (comonly known as a sem phore) or of passing data
bet ween the co-;processor 35 and the mai n processor 11 during the running.
di agnostlcs or for passing paraneters or parameter addresses fromthe
co- prgessor 35 input/output operating systemto service routines running
in the main processor 11. Referring nowto Fig. 5 the logic is shown
for | oadi ng th&efemEinRAldwito [Rigt It ne logindesshown Ifbr Iduwditg ahe RAWp4RAMTBY
be an n by 4} tthétn?atlh 9&3‘ §fce f sGribed Fig.
4, when the téya ZPGJ dressgx§ @ﬁ@ %Mnﬁs?mgigt %t‘lﬁs% ?); qhg}'%l\éﬁa{'% bi t
resi di ng atraf“liﬂg‘ ﬂ‘é‘?eﬁsc’iﬁ“ﬁﬁ ad@F descrifiedsrelagive &B Bignt $ oWhen ghe ‘ZFBPV\#Pé’t her
gr not the 460iPLasAISOd, &Eeczﬁﬁtaﬁ& rs@&'fds)’oﬂcu\ée§ﬁxga8 Hl/thdﬂH%iﬂ@ﬁQntﬂehg 1/0
us 16. For__t ur pases. o [ anatio [ med_t i nary
zero at th&¢ océlg?\raa g %sst%ﬁ né’et ﬁ'g cﬁ%tmri %ﬁ%ceéasor rc%rnr‘?8§ g‘l rectly
access t he cehproens$qr(3 g @ancdireatiyheddye®s bars 116, dewhdd enathei AT bug dléue R.wﬁr 1
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can have direct access to icular device on the I /0B
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wite traps provide a conveni ent nethod of synchronizing the 'operation q_@
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co-processor data bus 67 has now applied thereto by the main processor 11 a
plurality of at least m + 1 bits. The m bits are gated through the
multiplexer 47 to address the trap RAM 46 while the additional bit is gated
from the data bus 67 through gate 68 to the data terminal of fhe trap RAM

. 46. Concurrent with this the main processor 11 also causes the I/0 bus 16
I/0 write line to rise to an up level. With the signal on line 71 from
decoder 70 also at an up level, the AND gate 72 provides an up level output '
‘to the WRITE terminal of the trap RAM 46. In this manner, the main
processor 11 can write either a zero or a 1 bit to a particular address in

L‘f the trap RAM 46 which corresponds to a particular I/0 device.

Referring back to Fig. 3, in a similar manner decoder 80 is used to
set particular bits to binary zero or one levels in the force register 41
and in th mask register 32 in a manner analogous to that described just
above for setting the bits in the trap RAM 46. It will, therefore, be _
understood by those skilled_in the art that the dynamic flexibility offered
by this technique relative to I/0 traps is also offered relative to

interrupt controls.



to the WRITE terninal of the trap RAM 46. In this manner, the main
geassor 11 can wite eirther a zero or a1l bit to a partlcul ar address in

(:ap RAM 46 which corresponds to a rticular I/0O device. Referring

o Fig. 3, in a sinilar manner, dedotfer 80 is used to set particul ar

blts to binary zero or one levels in the force register 41 and in th sk

regi ster 32 in a manner anal ogous to that described just above for setting

the bits in thepiéapoRAMe4fol1lblring blograb@igy déﬁ.gnbihﬂéﬁ@% SEO&HbLhyr tebase

skilled in_t rt that th hi g technlque
ol at fve &5 Meoteronsgtiar oF SERREeeREisag bhdaliond Eor Morkeimpe A o 0 1
Tabl e 1 oftrapped BEADwperptpengr Tnid Agstdagi paral delgu sy opsration esct e of the
descripti QBo0f Aelgei3RoNS¥igs G i bed operations for performing a trapped READ
operation. This Iisting parallels the operation described above relative to
Fig. 4. TABLE 1 READ TRAP Trap address = a trap address register get the
trap address Conpare Trap address with Trap table (table of trap addresses)
If Trap access is a sem phore address E?E%QO Execut.e what ever action

sem phore indicates Trap data = cal cul a Sem phore response End Do;

El self Trap address is shared devices Then Do; |f DeVi'ce can be assigned

to co- pro®EARJRARhen Do; Trap.RAM = Assign. devi ce 't o co-processor
Trap address = a 'trap address register lget the trap address

Compare Trap address with Trap table (table of trap addresses)

If Trap access is a semlphore address

Then -Do; .
Execute whatever action semlphore indicates R v
Trag_data = calculated semiphore response ' \~/
End Do; R

”

Elself Trap address is shared devzces
Then Do; .

If Dev;ce ‘can be ass1gned to co-processor
Then Do; - :
Trap RaM = Asszgn device to co-processor
Read data 0 Read I/0 dev1ce port
End Do;
Else (device cannot be reassigned)__
Notify user of confl;cting demands and exxt

Elself Trap_: address is an emulated device

Then Do, '
Read some actual I/0 device 1f necessary
Calculate emulated read response PR
Read data = calculated emulated read response S AJ
End Do; : : '

Else T : -
Trap should not have occurred. Notify user and exist .

Endif;
Endif;
Endif;



Read data O Read 1/0O device port End Do; Else (device cannot be .
reassigned) _ Notify user of conflicting demands and exit Elself Trap
address is an enul ated device Then Do; sone actual |/0O device |"--:.‘-.
necessary Cal cul ate enul ated read response Read data = calculated e ed
read L%sponse End Do; Else Trap should not have occurred. Notify user and
exist Endif; Endif; Endif; If 16-bit flag = Fal se Then Do; Exchange hi.gh
and | ow bytes of Read dat a as address requires -so that co-processor
receives da a on caorrect_bus lines. End Do; TRAP DATA REAQ STER = Tr ap dat a;

| send the'tdfa b’fte-fgﬁq %rB%]es'fsor End READ TRAP;, Table 2 of the fol | ow ng
_progranm ng design

5.0\3%'&% f tgeea description of the B
above-descri bed operatio 3 ation. This
listing parallels the opgfd&t Ef;rb gi%rib g% gbﬁ&epre a@ve téé_Q%g 4. TABLE 2

WRI TE TRAP End Doj

TRAP DATA REGISTER = Trap data; ! send the data to co-processor -

End READ_TRAP;

Table 2 of the following programming design language is another form

of the description of the above-described operatiohs for performing a
trapped.WRITE operation. This listing parallels the operation described

T above relative to Fig. 4. - ' .

™

TABLE 2

WRITE_TRAP
Trap_address = TRAP ADDRESS REGISTER ! get the trap.address
Compare Trag_gddress with Trap-Table (table of'trap addresses)

If Trap address is a semiphore address
Then Do;
Write data = Read TRAP DATA REGISTER
If 16-bit_data = false
Then
Exchange high and low data bytes of
Write data if address requires to that
_ correct byte is processed. :
k,f Execute whatever action semiphore indicates using
Write data as a parameter

End Do;



Trap, address = TRAP ADDRESS REG STER get the trap address Conmpar e

Tr gpadiress with Trap-Table (table of trﬁgaddresses) I f Trapaddress is a
senéyppr e address Then Do; Wite data = ad "TRAP DATA REGQ STER, I.f 16-bit
dat 8 fal se Then Exchange high and |ow data bytes of Wi te data if adciress

requires to that correct byte is processed Execut e what ever-action u
seni phore indicates using Wite data as a paraneter End Do; El sel f

Tr apaddr essskfr TRap @dagens €8 shaesa [@evidd Device can be assigned to
co-processor Tia p&); TrapRAM = Assign device to co-processor Wite data =
TRAP DATA REG STER |If 16-bit data = Fal se Then Exchange hi'gh and | ow dat a
bytes of Wite datif @sviaskdras der aspigned toocd-pasdcesspr ect byte is processed.
Wite |I/0O device port TheyyPee data End Do; Else - . ( device cannot be
reassigned ) Notify user oF’rW|~cﬁﬁ¢ggdé¢rm¢estcaﬁe‘$w?sﬂrsel F Trap

address is an enul at ed devF’Ette data = DATA REGISTER
16-b1t data = False’

. Then o s
Exchange high and low data bytes of
Write_data as address requires so
that correct byte is processed.
Write I/O dev1ce port = erte  data
End Do,.._;-
Else ( dev1ce cannot be rea581gned ). .
Notlfy user of confl;cting demands and exlt

ElseIF Trap address is an emulated dev1ce
Then Do;
Write_ﬂata = TRAP DATA REGISTER
If 16-bit_data = False
Then '
Exchange high and low data bytes of
Write data if address requires so that
correct byte is processed.
' Calculate proper emulation action ..
Write some actual I/0 device if necessary, elther
with Write data or with calculated data

C

kA

End Do;

Else .
Trap should not have occurred. Notify user and exit

Endif;
Endif;
Endif;

End WRITE TRAP; = | ‘_ o AU

Table 3 of the following programming deSLgn language is another form
of the description of the above-described operations for sett;ng the
availability of I/0 devices in the trap RAM, for use by the co-proqessor
35. This listing paralleis the operation described above relative to Fig.
5.

3



" Then Do; Wite data = TRAP DATA REG STER If 16-bit data = Fal se Then

Exchange high and | ow data bytes of Witg,data if address requires so
.correct. byte is processed. Cal cul ate progb emul ation action Wite song,
“actual. 1/0 deVice if necessary, either with Wite data or with cal cul at ed
dat a&al;nd Do; Else Trap should not have occurred. Notify user and exit

Endi {5 Endi f; Endif; End WRI TE TRAP; Table 3 of the follow ng progranm ng
desi gn Ianguage i s another form of ther28escy | ption of the above-described
operations for setting the availability of /O devices in the trap RAM for
use by th@‘%‘!‘éaﬁaﬁ@cessor 35. This listing parallels the operation described
above relative to Fig. 5. TABLE 3 INITI ALI ZE: Stop co-processor; Wite
Tap Ram ¥ E?(ﬂrg‘aeﬁs&ﬁe of assignnents. User nay be given nenu option to
assign deyi €Sy S 38 lE)rl nte gglrra 3f)roces gr Co-processor as

reqUI red !I'l% Hgn rﬁgféoégto a S.‘I.gn dev@gs ;;%{B!regrlnte Q%ﬁ;&:gcesgo{' eofrl ect
current assig cessor as required. If user makes choices, modify table of
assignments to reflect current assignment.

INTERRUPT CONTROL REGISTER = other contents + INTERRUPT ON I/O
1 Enable co-processor interrupt
on I/0 trap

Start co-processor;
End INITIALIZE;

N ' Table 4 of the following program design language is another form of
the description of the servicé loop program running the main processor. &
when this routine detects the need for service, the routines in Table 1 and

2 are called as necessary.

TABLE 4
SERVICE_LOOP:
Begin; o ! repeat loop indefinitely
Wait for interrupt 15}
Flags = STATUS REGISTER; ! read the flags register

C If (Flags & 16~bit I/0 bit) < > 0
/ Then 16-bit flag = True;
Else 16-bit_flag = False;

If (Flags & READ I/0 bit) < > 0
Then READ TRAP;

Else If (Flags & WRITE I/0 bit) <> 0
Then WRITE_TRAP; '

Else
Some other trap not part of this disclosure;

Endif;
End SERVICE LOOP; ! repeat from begin



INTERRUPT CONTROL REAQ STER = ot her cont eis + ] NTERRUPT ON I/ O | Enable

COo-p cessor I nt errupt on I/Otrap Star o- proce'ssor End L NI Tl ALI ZE;
Ta4 of the follow ng program desi gn I'anguage is another form-.of the
desefi ption of the service |oop programrunning the main processor.

2'are called as Deeseeays 4 Wafteidh Rl (b skl Sl DGR 1 TR € g

| répeat - IO(ﬁF°Fﬁ%R9F/?RTP€P§e%ﬁ&Fte’W6F°WPEr%}ﬂ‘l%lfqilf&@bl“i‘:-ﬁﬁ%?@&# STER;
read the fl agtwe&giaShaitekfprokbsgs &mle 8dtprbédashbi| ) Tﬁe%oQthQﬂni&nbhi flag -

T El bi = Fal & READ bi t READ
TRAPL I s 19° (8% 067 WP TEeriees, 19 aod Betirsre T PR R e ok e
other trap rexovpdimg bfapphns ldgte linsenroratadlih ;a EaniomSERESEHMLIEEP;

repeat frompgglihe by !feSHIUTREYprdceNYr!, Otlvhltcﬁcéwx'tgi’r% hﬁté’%%ésﬁeﬁ’o ftﬂlé a main
processor/ co- processor, environnment in which I7Ofacilities are shared |

bet ween a nmeSHFERRY, BSRRAIdEY By, ghey °809’iﬂ°65%°§‘sﬂf a"YT‘I’I% shareta F/9dsuieafent of

‘the shared |idgieemnulseassecianed wﬁtnrt&paéce@koéasbh&ocﬁawgecﬂﬂﬁefum to

and from the co-processor card. For example, while the system

descrlhed used spec;fied micro-processors and controllers, it will be
understood by those skilled in the art that the claimed arrangements
can be applied to systems employing proceseors of any size, large ot.
small, fast or slow, the examples of hardware having been used herein
only for the purposes of illustration and not by way of l;m;tetion. \~)

”.



fprovi ding trapping logic incorporated in a random access menory, | oadable

by the master processor, which contains data reI~3-T—ﬂill&3&g£§_r1_;‘_S
‘usablllty by, t he co-processor of " any of 3$red I/ O devi ces ogi '

associ ated with the ‘co-processor to nmana i nt er t he

co- p‘r\%essor card. For exanple, while the syste H{'ﬁ speC|f|ed
m cro-processors and controllers, it wll _be undet st‘oo 'skilled in
the art that the clainmed arrangenents caf™b&%Sapplied to systems enpl oyi ng

processors of any size, large or small, fast or slow, the exanples of

har dwar e hayi ng 5 e s of illu ab1.an and
‘not by vvayai(;f I?%?gtﬁﬁgsﬁ%ay%%g CI‘%&H%P& am%lrig gégﬁsﬁarﬁfg?%%\%f"n%l uding a
mai n proced¥SE, diFeEH ragRREY tPorh AR deiviet apd dese-mrocessor) @ldevi ce, and a

co- pr ocessqrmgaén&@dptrdagaméedwaé@ée €4 l’aQCi/oaa&Gi%é tfaath /@ feykee, and
an 1/ 0 devi 58 lntercogng’é gﬂ% Yﬁ‘{ﬁ“hi? stemto the nain processor and t he
h

co- processo“l’n PREQRER™S Nt iy BF‘ES’@@%%P“%H@% he

CO- pr ocessoo-proresave idi s@taa&ge&att lotthhehd /n@ml@\tbeessoa dnidattsgar ent access
trap being piguddledol Bah iave il GR30Ls S GRCL) a/%emet, § SRaflgggesor and
controlled by the main processor to selectivel preven he cO- processor
directly ac¥sess r?gare Reing oravifedeinithe 199-PErdestey efLasbite abcEes requests

to the mai rboppmssaf ah@rconxfs1leld Gy the maly pchessoA &'%Eﬂatiserﬂ ained in
claim1, wherei Fetrans ar en tra%éigs contral l able py the main

processor tf0 Selectively preven ?“ﬁfg’éd’cﬁ'?% sthe F/OReY %P0 TS natural Iy
arriving i m%rm-ng Erapperd LAFcess Fequests sy thenmadn ghaceswbri foxt kgeaut2on wher ei n
the- transpaigpiraccess trap is controllable by the main processor to force

interrupts into the co-processor. 4. A systemas clained in any pr ecedi ng
“claim wherein the main _
2. A system as claimed in claim 1, wherein the transparent access -

trap is controllable by the main processor to selectively prevent the

co-processor from receiving naturally arriving incoming interrupts.

3. A system as claimed in claim é, wherein the transparent access
trap is controllable by the main processor to force interrupts into the

CO=processor.

4. A system as claimed in any preceding claim, wherein the main
processor is arranged to service co-processor trapped requests for I/O

access by means of an emulated I/0 device.

5. A system as claimed in any preceding claim, wherein the access

trap is operative to selectively mask co-processor access to the bus.

6. A system as claimed in any preceding claim wherein the access trap
saves the I1/0 address_of a trapped I/0 access attempt by the
co-processor and issues an interrupt to the main processof, the main
processor, in response thereto, accessing the I/0 device addressed,

temporarily enabling access by the co-processor to the data part of the



d| ng claim wherein the access trap |s Operat y mask
-pryocessor access to the bus. 6. | A systemas clai med i n" arfy precedl ng

cla wh t h, t t h dd O atel
at e?pt by UHE O, BPOCRELNeFel PaRRIYEna, forhy i PE e P PR IA FEoBr Bbstor .
-the -mai n- praa/esm;:e|a¢cess5ﬁdoh$e:hﬂmletprocsemm ng the 1/ 0O devi ce

addressed, tenporarily enabling access by the co-processor to the data part

of the 19 bus, if appropriate, for supplying data to or receiving data
fromthe |/ G-de C¥SERICRE HALPRA LR ANEPTPSALRE SLIm, Yherein thecacaesss
clainmed in awip mrrﬁwdksngeaisabmwh\wlerwe nudifeprreessr camrreaed ddemtaeat by
whi ch the g, Bages Cﬁ@ag&@g& %g Sl B4 L JEAMSThE, Yot N dl2

portion of bus for orcin e COo-proces
_co-processor. :

™

'.processor is arranged to service-co- proces or tra uests for
_access by nmeans of -an enul ated 1/ 0O devi ce. Hmjmm |n any



