‘BC9- 86- 010- 2202977 COVPUTER SYSTEM HAVI NG DI RECT MEMORY ACCESS Descri ption
The present invention relates to a conputer systemwith a DVA (Direct
Menory Access) controller 'with which peripheral devices of nunber greater
'ihan the nunber, of physical DVA channels can perform DVA data transfers.
Many” presem@r@&yo‘m)rrputer syst ens enpl oy DVA channels to all pheral
devikes to transfer data, primarily to and fromthe main mené\%/ﬁ

- goi ng through the CPU (Central Proce55| ng Unit). B Qassi ng t he. CPU of
VG DL ﬂm and i nproved

course has the advant ag&= -
overall systemefficiency. because the CPU Is free to perform other tasks
during the data transfer. The m)st q’%nnp t%ﬁactlce to- date has been to
provi de one physical DMA channel ripheral unit that is allowed
DVA access. An -exanple of a corrput er system whi ch enpl oys such an

arrangement | Swhb%éﬁéﬁfﬁﬁm%n CoipidsCto a"@aifp%e&r syB€en Wit BMa peri pheral

devices which a user may attach to_a conputer system has been ing¢creasing
and i s expdRixegtilemopnAcaaEs)t Gontgoiler phth T"h’s;‘fhaﬁE%iPhF‘é"’l]eF?"jt“ﬁér have
becone avahﬁﬂézegfa&tchﬁaﬂhaﬂlme fuedderss phfidichl ENAl clianAEly can tperfermibNA Ces,
hard fil es, tape kup devi ces, high speed printers, etc., all of which
can make a&@ @%%ﬁ use of DI\/A access. On the other hand, adding further
physi cal DVA channel S is. costly of system hardware, board space, and bus

space. It has lggs*; é,QQQé,{t #. v alyae LN DIy Bl RERHM s PES Iamw al

devices with-the Téstriction of” nutually exclusive operation. Sharing of

DMQ{} hannePsrirhesak dgyices; to transfey s‘%aé:ﬁc PripaEi Iypke ¥rd From e, ter
systens. -Tﬂﬁﬁéty§cﬁﬁﬁﬁﬁﬁtf§%ﬂhﬁ|Eﬁrough the CPU (Central Ptocess;ng Unit) .

Bypassing the CPU of course has the advantage of increased data transfer

rates and improved overall system efficlency because the CPU is free to

perform other tasks during the data transfer.

~ .The most common practice to date has been to provide one_physical
DMA channel for every peripheral unit that is allowed DMA access. An
example of a computer system which employs such an arrangement is the

IBM Personal Computer.

However, the number of peripheral devices which a user may attach
fo a computer system has been increasing and is expeéted to continue to
W/ do so. For instance, lately there have become available optical disk
readers,_édditional communications devices, hard files, tape backup
devices, high speed printers, etc., all of which can make advantageous

use of DMA_éccess.

Oon the.other hand, adding further physical DMA channels is costly
of system ha:dware,'board space, and bus space. It has been considered
to share DMA channels among peripheral devices with.the restriction of
mutually exclusive operation. _Sharing of DMA channels is employed in,
for'instance, the IBM XT and AT computer systems. These schemes require
extensive modifigations_to_the operating sYstem as additional

subroutines are,réquired to prevent the peripheral devices associated



extensive nodifications to the operating systemas additional
are required to prevent the peripheral devices associated

subrouti nes
BC9- 86- 010

2 with each DVA channel from operating si mul t aneously. A significant
performance burden is also created when file controllers are-not )
suf fi ci-erfCPy86-0aPel i gent™ to al |l ow ovérl apped seek operations: The ;
probl em-is conpounded in certain situations, for exanple when a LAN (L&Eh
Ar ea hbtmork) feature and a file controller share the same DNA | evel and a
LAN fi | e W&R\Rach Btk channgl sTrop  oRsEabing sHid taRonR et heddifieaptio devi ces.
US- A-ﬁ 9%;?&6@& Barded tik ﬂsogéreade@%eﬁlerilal d‘dﬂﬁﬁlg.eis et &5 Wher ein
peripheral device e rit eve nd requests access to
comuni cat*& W’teﬂ eﬁé %‘3: quogéf g%?&?ﬁ?%ﬁe%b PRER Pf'%‘ri'%gel evels. = .
The pri omrbylénevelcomsemghm sectarinbsa.tuhmed farcexahpibg whentdh@aBauses for '
which theabegtiRsls Welhsth ﬂaﬁo%\mﬁaa esgl@réo&.@folaefgghgué Ahe! Qa1 ﬁﬂ(‘d' tions
a .

of the centr processor. S are provi

however .

US- A- 4, 4069y Bafca SN Kilecseryer th&}gme mast [Fzafe ank |aph- %’r‘éb&%@?e’syst emin
whi ch eaalheOfwd Bevivdkii pl € processors can access ‘a single nenory. ‘A
programmebl e register circuit stores priority information designating a
menory access grade priority for each of the processors. The priority .

i nf or mati on ocusrab2, 92EaThSe to rEamdGatitiyet [l . ati seXosmsnal computer system by at | east

[0 o memiry PROREeeyt e KLy hodhea Gl 983107 3@%%%”? s ol

i nt erest fox aqagssemmmzcegawmme BRROTY ra¥iet pelected taeemiqqé@ the

priority levels. The priority level assignments can be- changed

according to the causes for which the request signals are generated or

the particular load conditions ofﬂthe central processor. No DMA paths

are provided, however.

In US-A~4,400, 771 to Suzuki et al. there is shown a multi-processor

system in which each of the multiple processors can access a single
memory. A programmable register circuit stores priority information .
designating a memory access grade prioritj for each of the.processcrs.
The priority information can be changed manually, by an external

circuit, or by at least one of the processors. The Suzuki et al. patent

does not employ DMA access to a memory from'plural peripheral.devices.

US-A-4 257,095 to Nadir is of interest in its teachings regarding

bus arbitration techniques.

- The following United'States patents are mentioned for.general

“background teachings related .to computer systems-emplcying DMA
controllers: 4,371,932 to Dinwiddie, Jr., et al., 4,419,728 to Larson,
4,538,224 to. Peterson, 4,556,962 to Brewer et'al,, and"4,584;703 to

Hallberyg.

It is an object of the present invention to prov1de a ccmputer '

~system employing a DMA controller wherein peripheral devices in

a number



.
The follow ng United States patents are nentioned for general background
teachings related tqo conputer systens enploying DVA controllers: 4,371,932
tb Dinwiddie, Jr., et*al., 4,419,728 to Larson, 4,538,224 to Peterson,
4,556,962 GaoBreppy et al., and 4,584,703 to Hal | berg. It is an object of
the pyesent invention to provide a conpu er .system enpl oying a DVA '

contr &l | ers wherein peri pheral devices in a nunber BC9- 86- 010 _
3 greater g@me&h&ﬁumrxmesenohwrﬁakcﬂ\fm&Q@Q&?Aﬁ pf&&hd@qnl fhet bﬁs&mstem
can share the channel s mnthout encount eri ng | ens of e prior

art appr oa&ﬁ’és‘“‘dF%c'i??s% shernels AHtBOR ﬁﬁc?‘B‘tPﬁ%‘& ﬁ%ﬂ?ﬁ?‘“ﬁh‘éﬁ &heg
provi ded apefoEaierappysiches cdispnsssidngbavenul ti - channel direct nenory access
(DMA) device, and neans for coupling a plurality of peripheral devices to

t he DVA device, said neans for coupling being capable of coupling a nunber
of peripheral deotrdinag ta she dnventiont therpuish providetia conputes| system t he DVA

devi ce. 1 Neaftalsily ReEE1CBRIAG] lirsed refloby!akeERC I hahRRd adeibas has a

respective channel assignnent value associated therewth and | east one
DVA channeffoF £oupking a b%glt"‘\féH“prEf iRsRépharay dAgviees ttﬁr%gﬂmaﬂe&m’t satd on
control ci meand fot hibuﬁl:bigt haiugoaamné recf cﬁlhp’lCiugta mmrﬂ 6f H@ripteral f or

' h
aCCESS, T Eai ﬁ\?ﬁg h%nne?é%?ﬁrﬁ%anne ge ff Bﬁ&n % dlat‘ aeJ %Le q)%x' g rgql{%lgt I "

access to assl| gnnen rog rarme | n’t
arbi trati osysesm ba#nscphwptexi@eéetreﬁhﬂwaehjmeemheaelzebgiw has ghar ed

channel . AReSgHRegvdRhntd] hEEign¥RNvh ik %&Acﬂa@m RReARIER 'Jﬁ@,dat Hxag@y oOf

example, wth reference to the acconpanyi ngkl raw ngs, in whi
one DMA channel is shared between perip eral devices through an

arbitration control circuit, the arbitration control circuit comprising

means for comparing the channel assignment value from a peripheral

devicé reéuebting acéess to a DMA channel with channel assignment data
- programmed into the arbitration control circuit to determine curremt

access to a shared channel.

~ An embodimentlof the invention will now be described, by way of
example, with reference to the accompanying drawings, in which:

Fig. 1 is a block diagram showing a computer sistem employing the
‘invention; ‘

Fig. 2 is a conceptual diagram uéed to expiain the operation of the

" present invention;

.Fig. 3 is a logic diagram depicting in'détail an arbitration
circuit provided in peripheral devices of the computer system of Fig. 1;

Fig. 4 is a diagram showing details of one of the buses in the
computer system of Fig. 1; ' '

Fig. 5 is a detailed logic diagram of a central arbitration comntrol
circuit employed in the computer system of the invention; and



Fig. 1 is a block diagramshow ng.a conputer system enploying the
invention; Fig. 2 is a conceptual diagramused to explain the operation of
the present invention; Fig. 3 is a logic di agram depi cting in detail an
arbitr 0 rcuit prOV|ded in peripheral devices of the conputer systen)
of Fi gaﬁdf Q%Cdg}o 4 is a diagram show %ag details of one of the buses in theg
~conputer systemof Fig. 1; Fig. 5 is a detailed |ogic diagramof a central

arbitration PgDnBrPJ achétfa‘i'.léd el'SEi@Wng}d} bP&% EHMB‘é{ols)éﬂ-&H'toﬁsth?n

i nventi on; is a
det ai | clehel é@‘f%‘tél?fb:gr am of a DIVA control circuit used i n the [ nventl on. _
BC9- 86- 010 ' 4 Referring first to FIG 1 of the

acconpanyi ng drawi ngs, there is shown a bl ock diagram of a conputer system
in which the present invention is used to advantage. A CPU comuni cat es
with a main nmenory 15, bus controller 16 and math co-processor -14 via-a
system bus 26. Communi cati on between the CPU and its associ ated perlpheral
devices is through a bus controller 16, the latter being coupled to the
peripheral devices through a famly bus 25. In the present exanple, the
_ peripheral devices include an auxiliary nenory 17, two conmuni cati ons
devices 18 and 19, a hard file 20, an . ' '



5ptical disk 21, and two floppy disks' 23, Q.her peripherals can of course
be used as well as system needs dictate. The peripheral devices are
pepresent ed generically by DVA slave 24. A DVA controller 12 is provided to
al low at | east sel ected ones of the peripheral devices direct nmenory
accesgs. 'Forpddlpg-digr pose, as will be explgained in nmore detail below, the
fam Iy .bus, or at least a portion thereof, is branched to the DVA

control l er 12. Each peri pheral all owed DVA access is provi ded with an

arbitration cirCréfier2thg aﬂd;tea@ lFIpery phegnal a&wmpmla@ dx-abmgrsattmecw cui t
I s assigned an arb|

|on rit evel aln be explalned I n
nore detail Tater ba°% St7g ar ﬁ?‘ﬁp"g r(%ﬁ’f h?ﬁ VEP e PrefR L ssoci at ed
w th the Dl\/Nmntml Eensed tar bivansage.anong peri pheral devi ces concurrently
requesting DVA access and to informthe DVA controller of which peripheral

is to have access. In the conputer system enbodil nggt he i nvention, the
number of peri phkrEF erspppisates Wih A4 palfeaermy Atcdus qoatEridareys epdhin the

number  of pMe&hceA-pleegebamebfa ﬁr eystdacbusnzshecaw&he&aubﬂ LReRsdlaRe &Pyl t h-
t he present rb::/ent on eyl ce?s‘%at?le all otted thei

odi bat od DV KB ABRo-{RERT SertapBFal dritars, ke thEniEif ReSRIERMorS on
t he shared (*;iteoga'amralad:ey cupihertIte, thec pessiphexall devicderthrbuglr eatanigydus

priority. esent example, ﬁ?e perxPheral a Jicéélﬂhbfh §§€3%Ei

it is assune that Eere ar e elg Sl Ca annel S, nated O
t hr ough 7. .MemOFY Wur'f‘f%F%é%%‘ﬁ VE‘FP&nH%Iaé‘dOlgana hprar%ﬂgh ed® and

thal r emai ni ggriefnRASk R1}- shar ko F1dppy Gisladsat 0thdropériph¥idleatan of
per|[)herals course be used as well as system_needs-dictate. The peripheral devices

_ are represented generically by-DMAlslave 24,

A DMA controller 12 is provided to allow at least selected ones of _'
the'perlpheral.devxces direct memory access. For this purpose, as will
be explained in more detail below, the family bus, or at least a portion
thereof, is branched to the DMA controller 12. Each peripheral allowed
DMA access is provided with an arbitration circuit 24, and each
peripheral having an arbitration-circuit is assigned an arbitration
(pribrity) level. Aqaln as will be explained in more detail later, a
central arbitration control circuit 11 is associated with the DMA -
controller to arbitrate among per1pheral devices concurrently requesting
DMA access and to inform the DMA controller of which peripheral is to

. have access.

In the computer system embodying the invention, the number of
peripheral devices to be allowed DMA access is greater than the number
of physical DMA channels provided in the system. In accordance with the
present invention, some of these devices are allotted their own
dedicated DMA channel, whlle others share the remaining DMA channels.

On the shared. (programmable) channels, access is in order of preass;gned

priority.-



Referring nowto FIG 2, which is.a conceptual drawi ng used to explain the
principles of the present invention, a conparator is provided with two sets
of inputs. One set is conposed of four lines froma bus ARBUS (ARbitration .
Bus). The value on the ARBUS is indica- tive of the peripheral currently b .. .-
requesti ngeg_ddysghannel having the highest arbitration (priority) level s

| f that peripheral is one of those having one of the dedicated channel s=1-3
or 5-7, access is granted directly to that channel. On the other hand, if -

Ehﬁ per: pher alzgi Shé pLeiintt HREL1HAVLE NG Estlﬁha'r?léQ. m&ermk&rﬁ B&%@w&ﬁhnel

channel s and 4), access is grante only if Jt riorit evel

corr espon(ﬁ’gAt%"Bﬁ%elsdf. - ﬁ%@’,‘%tﬁ%ugs&ﬁ?‘é%’e?‘iﬁ)ér é@ifgféf% %ssé‘ﬁ‘axfh-""tThi s |

oper at i on chahrelsel emg| 4iame cshamedpp aed bkt tembixling chanhelsefled emdeS+70aFe gs

3-6. FIG d@d'&t@d'é@%ﬁdi‘#'@@éﬁ%&%&%ﬁsﬁ the arbitration circuits 28 used
s allTo

In each of the periphera DVA'access. The arbitration |evel _
assigned to the peripheral is set in a register 70, hereinafter referred to
as. the channelreéifingt sowa &S IFFBIEN! vAf 84 & conchbtSalT@¥awidgdeded t&i ng any of
a nunber of #e,l | - known teghnl 2u§§ Pr ef er abl ﬁ-,'the CPU adgr esses the R
peri pher al®*PHESUEH BFHIERIET §RcPHBFIeEE THER e 1 BTRIEPD S evel can be
set througmosigletivwith. twhisstsTef iyputione Otéirsetigis chepdde@f Bast dihexput - Qut put
System, ROGI J BoYGketE J%itr%@fég ). Cpfd yaiﬂéedﬂ%re?‘%ﬂiﬂﬁﬁ £9/$h81Ba-Or the
application programas desired. Oherwise, it I's possible to input the _
channel pri¥e iafythe ppEiRheRel FAFERACHY (1P IMeFtIRArs DYl chaneal hawingatheal -
arb: t(r]I Qtlmﬂgﬁéd’tcﬂfﬁi&&atﬁnl (ﬁﬂlieﬂﬁf}t_ é?ﬂe\’@lfa thfltzl@é't §%ﬁﬁh€f%1_73s|&{él .gf cl (rjI cuit o -
i ncl udi ng,,.the_various signal i cat i .3, 1.s disclosed an
di Scusseq PRI AR PRe farie: ARCAGREFS carnsla i OF [S2E ASoRRR deITgted
ANS| / | EEE a3tectig6ed 283 chamddlshemh bje tdthet mahdf ufetinf pétiphbralcdb dned
El ectroni Gt mlenﬁa%riﬁg llongharngrbel'o$§amng§§ 'DML_ Nerafh& a(léhannels 0 and 4},

access is granted. only i£~its-prio;ity_;eve1 cdrrespohds_to'éne of the

values pfeset.in :egisters_s'and-7;'.This operation will be explained in

more detail below with reference to Figs. 3-6. |

FIG. 3 is a logic diagram of one. of the:afbitration circuits 28
used in each of the-peripherals a;lowed DMA access. The arbitration
level assigned to the peripheral'is set in a register 70, hereinafter
referred to as the ¢hahne1-priority-asSignment'register.f This.may be
‘done using any of a number of‘welléknown techniques. Preferably, the \~)
CPU addresses the peripheral through a preassigned port so that the '
arﬁitration_level can be set through software. This may be done through
the BIOS (Basic Input-Output System), POST (Power-On Self Test) at
reset, the operating system, or the apélication program as desired.
Otherwise, it is possible to input the"éhannel priority assignment value

with hardware switches.

The actual arbitration ciicuitry-iS-implementéd-with of an arbiter
72. This circuit;'includingnthe.varidus Sigﬁaléfindicated'in FIiG. 3, is
disclosed and discuésed in détail'in American Natibnal Standard/IEEE
Standard No. ANSI/IEEE Std 696-1983, published by the Institute of

Electrical and Electronics Engineers, Inc., June i3, 1983. 1In general,



[ : :

BC9- 86- 010 ‘6 each.device incorporated in the
arbitration schene I's provided with such a circuit, and the circuits are
g¢onnected together via an ARBUS. The ARBUS in the exarrpl e shown.has four
data_lines TMAO.-- TMA3,- allowing for 16 different arbitration |evels. Any
desited nunisP-86r®30h can be used: Duringéan arbitration tine period :
‘desi é'nat ed by the control signals pHLDA and HOLD, all devices desiring to
gain control over the bus (those havi ng the I'WANT signal set to the high
("1") state)** PARHFE PRLTROTAIS LR HhPOIHLSFAGPR tSFPePR S| RETAERS MhER AREUS.
Th| S occurs d mf&aﬂtewaphee irduits areWrietti®d Sogptabr MAPRINOARBUS. i1Mdi cating

" truth" to.the .h ' t h hel d
Fre ot e e A3hde SRSRbOuktR s R fega 2155 P M R ot 1
t he_nce_ onto Jtﬁhélﬂﬂaleﬁ: lachitratidhOleve W3 Anfit ddsi ged mumiodr thaughr ¢int betusea.
period, the mkmﬁe aqnafﬂ@rﬁ@%ﬁiknbrfeal&ﬂ%{é?n?%é \9« feve Jseeyﬂnu of the

arbitration | evel of the device havin vvave? orns of
‘the vari ous FE-BhaAnS FRIRy | dilcfeicre desériNott glaﬁ" FONEFQLl PYen he bugcftdweed ,
ANSI / | EEE stmdﬁg d:he Inwm-hesiaﬁﬂ 86t ad ﬂﬁ@ﬁdyﬁrﬂﬂl"ﬂﬁdﬂe)dtﬁwﬁit @heit he ARBUS

f t 25 | t s to t b
control | or PEPAPRERRFE-IEs oY vl 7Bte Fle MEPET | SRLSCE-8 ERCRRELS 1o
the overall. diample/oblﬂsz& iwhex ejbe cgiguial AFRIG (A/" 'Ehélmﬁ.as las " bdw-timeth®ent r al
arbi tration g néf)ogrgg WSUe R Re 4 NEeI GAR FaluCnehZnét sRNBN 11 FigS

-5 and. 6, resp CtIV erence is now nmade. As Indicated in FIG
5, \the si gnaHeglﬂEﬂ_fD" meBAtH'-TOBﬁ‘? tthe MRBeAresr &L focthe ariidser & and signal

['/ARBTI VE.  /¢hNeRdé Matb StheNareig. IiQles SMADE- Goih3 NJat el bd¥ ot iR @¥BlickaglionON IS
to take pl acergg?n%hg hveal eerolnp o ARBUS lines TMAO - TMA3 will be the value of

the arbitration level of the device having the highest level. The

ﬁaveforms of the various signals mentioned here are shown in detail in

the referenced ANSI/IEEE stahdard.

In the preferred embodiment under discussion, the ARBUS forms a
. part of the family bus 25 coupling the peripherals to the_bus controller
16 and theﬁce to the CPU 10. The relationship of the ARBUS to the
overall family bus 25 is depicted in FIG. 4.

_ The details'of the central arbitration control circuit 11 and the
A " DMA controller 12 are shown in Figs. 5 and 6, respectively, to which

reference is now made.

'As indicated in FIG. S, éhe signals HOLD and pHLDA from the ARBUS
are used to éenerate a signal /ARBTIME; /ARBTIME is in the "0" state '
,during the time when arbitration is to take place among the pefipheral

. devices competlng for a DMA channel. It remalns in the "0" state long

_ enough for the signals on the -‘ARBUS to have reached steady-state
condztlons, that is, sufficiently long for the arbitration to be
completed. To generate /ARBTIME, pHLDA is inverted by an inverter 61,
then applied together with HOLD to respective inpute of an EXCLUSIVE-OR

gate 62. A one-shot multivibrator 63, having an output pulse period



devi ces c
enough fo
condi ti on

To generate /ARBTINE pHLDA is inverted by an inverter-61,
BC486HILD t o respective inputs? of an EXCLUSI VE- OR gate 62. A ;°

t oget her
.one-shot
7 | onger

onpeting for a DVA channel. -, It remains in the "0" state | ong

r the signals on the ARBUS to have reached steady-state

s, that is, sufficiently long for the arbitration to be conpl eted.

then applied

i

mul tivibrator 63, having an output pulse period BC9-86-Q10 =

than the arbitration tinme on the ARBUS, is triggered by the

| eadi ng edeRIE tnwetbﬁ;ﬁﬁmtraei%tim%ﬁnt% mww&rmegeé ®yetheThe out.p'ut

of the ongesdialy dadet bt Itlaé eau%ut pulledrih tche tHXCLOSVBLUGR Qhtd 62 . EX@eUSI VE- OR
to t hus roduce /AR%I Hb%@ha her arra rrents are

gate 62 b
of course

Sniie, ot Shp Corosatied, mriblyhRes ppoks

. 53FeRk RE ‘request

signal s fEmUsamoaegaueeGZirbe ﬂR@d gaagedéheo thud pMuERe/dmmut atpptied to -

gener at e
case is t

RSl coTREY SR S e LB (R STl R when

ar bi t r at i 8PP4e3ckh/PMA regheste ségnallcf rampessh @ﬁé%oﬁﬂ?a%eq $e9ethep and theoyi ded.

for each ofed Bﬂtﬁtogﬁ;ﬁmtﬂoegéﬂuﬁt&%' peldR S1AHANGISS af ﬁzsphea@%ﬂm and one
conpare | g rovi ded for each of the fixed channels, . Each conpare
| ogi ¢ 40 ?g‘?‘ %F ArameRth AR PRSI AR ST HARTEME P Lhe 2" fFFatRetDr esent

exanpl e) delﬁlnedthe axmeeges:tcms viien axdiersidnt s aakingDblacehamrthle ZREUSgNMENt:

regi ster,
conpare |
t he conpa

of the co

which is |oaded by the CPU with a DVA channel assignnent. The

ogi cs 49, nanely, those for the fixed channels, are identical

to

%

re |98 compere dewiepho tisapravided £gr seash of) the preprammelley a set ol
switches phdicuficsil éanel R ARIneASPdt@RRNG brfe BBIRARE! YogiBlee @4l Y One each

are lLogics 40 and 49 are _shown in detail since. the
P ovided for each of the fixed channels. Each compare logic 40 for the

programmable DMA channels: (channels 0-and 4 in:the present example)
includes a regzster 41, referred to as a DMA channel assignment
regxster, which is loaded by the CPU with a DMA channel assignment. The
compare logics 49, namely, those for the fixed channels, are identical
to the eoméare logics 40, except that the register 40 is replaced by a
set of switches with which the channel assxgnment xs manually set.- Only
one each of the compare logics 40 and 49 are shown in detail since the
others ones of the campare logzcs 40 and 49 are 1aentical and their

input signals are the same

The  outputs from the registers 41 for the prpgrammable-ehannels

'(compare logics 40) and the outputs of the switches for the fixed '

channels (compare logics 49) are compared with the siénals TMAO - TMA3
by a set of.echusive-OR'Qates.42,'thefoutputs of which are applied to
inputs of a NOR gate 43.  If a match is present between the channel -

jass1gnment and the value represented by TMAO - TMA3 at the end of the -

arbitration perlod, that is, if the correspondznq sxgnals are then in
the identical states, the output from the NOR gate 43 (COMPARE O -

COMPARE 7) will be. in the "1" state. -Of course, only one NOR gate 43 at'

-a time can have an active output. .

\J



‘ot hers ones of the conpare logics 40 'and 49 are identical and their input
signals are the sane. The outputs fromthe registers 41 for the
jorogrammabl e channel-s (conpare logics 40) and the outputs of the switches
for the fixed channels. (conpare Iogi cs 49) are conpared with the signals
TVAG - TMVAS- Bro-86-ab of exclusive-OR gateg 42, the outputs of which are
appl\—ed to inputs of a NOR gate 43. If a match I s present between the
channel assi gnment and the val ue represented by TMAO - [err] at the end of
the arbitration Wwath oeferehed noe,toi FIG.he, catr tiss pod difnthe iagbitiratione titwen i n

Uhe i denti calnes! A:in 48e0Whdl ted [ Py lOR Gab dd CRURARFD the CNPARE

7) will be in the our se one ate43atat|rrecan
have an act i %ignals GG!"PARE OBCQO‘%\RGR) in the "1% state will be set in qneypf jthe

ref erence nowd QaEdh@s f oattﬂehmneeém%lmemr bl'rhéa:lth@fl e OMEARARBT! IVE

goes back to_the." " a"l" omt he e of Si

COVPARE 7 i niCPHaRE 1"" ]t]agﬁ i £ 5o* sse"F"?h-aBa e&Fet%e tW&qu‘t cﬁ%é Af%‘ t he
DVA cont r ol | @rré8pondieg pbhitrionscin tie COMMRREI - COVPARE 7 will be in t he
"Q0", state, and hence a "0" will be set in the correspondi ng positions in
the latches 51. The outputs of the latches 51 are applied to correspondi ng
DVA request i npufhe CBREXYS of BReE(@fckes Blupreasrpided donerrceerrmding Ot rol | er

ICs 52. In ¢ esagwg\heganbmq@deroﬂgw %?Stvﬂﬁcaééiﬁeié;nﬁe&%daﬁ!& eamonwpe
8237 progranma cont |.er manufactured by Intel ;E. oration. The DVA

control l er |¥'€ 82 5fB té‘&s%%‘l?@”&’dﬁn‘é‘tqeédd’tfﬂ‘ﬁﬁi hﬁaf‘éf arens may be
any_of the | ﬂj;&l 823 }rdiframealileSDMA contrbbPer0 tamsfactyredUis Iatel nermas;oreosa

or 80286. FO{‘h %Mi‘ ! o%tr?gllgpeIcc 8%‘38&&. Q:g§c£i%t %@c&&f using NOR gates 53.
‘The CPU may be any of the Intel_xAPX 86 series of microprocessors, such
as the 8088, 8086 or 80286. For details of the connections between the
two DMA controlier IC's and the CPU, reference may be made to the 1985

 Intel Micrdsfstem_Components_Handbbok; pages 2-57 to 2-71.

Aecordingly; for a peripheral having a dediceted DMA ehannel
assignment, once the peripheral wins on the ARBUS, it is guaranteed
immediate use of a DMA channel. For a peripheral sharing one of the DMA
channels, when it wins on the ARBUS, it will gain the immediate use of a

~DMA channel only if its channel priority assignment value, as held in
its ehannel priority assignment register 70, matches one of the DMA
channel assignment values set in one.of the two registers 41. Of
course, the BIOS, operating system, or applications program can
eentinually reprogram the channel assignmenf values held in the DMA
channel a551gnment reglsters 41 of the two programmable channel compare
logics 40 to assure that all perlpherals needlng access eventually are
given the use of a DMA channel. Many different programmzng schemes can
be implemented to control the values stored in the DMA channel '
.a551gnment registers 41 and the channel priority assignment registers 70
'of the arbitration circuits depending upon the application at hand. 1In
a simple example, the values set in the priority assignment registers 70
are fixed and the valﬁes set in the DMA-channeleassignment registers 41

are rotated among at least some of the values in the priority assignment



two DVA controller IC s and the CPU, . reference.may be nade to the 1985

Intel M crosystem Conponents Handbook pages 2-57 to 2-71. Accordingly, for -
a peripheral having a dedi cated DVA channel assi gnnent, once the peri pheral N
wins on the ARBUS, it is guaranteed i mediate use of a DVA channel..For a..
peri pher algc'%gg%_ir#g one of the DVA channgls, when it wins on ‘the ARBUS, j§
~wll gain e Tedi ate use of aDI\/AchanneI only if its channel pI’LOI’I
assi gnrent value, as held in its channel priority assignment register 70

mat ches ong, g g;;e,wg &hangsle assl g@%ﬂ&ﬁﬁagy&me&a bi‘tlp'aﬂe e Hpe two

.registers 4 course, thé BIOS, operating %:é em or appfications
progr am ceRFogurmahim DM - ShapreSr arﬁhanee c‘-ﬁa‘iﬁf@l the; usg ffed D F’Eﬂi@ehel dfin the

DMVA ¢ hanne'imasmgaﬁenbefmbsaﬁr §rét Jempioybhaaatvmg rzdheﬂf mmnermean Sloxrgonpare
logics 40 to gssure t hat ah Eﬁ}g %1I s_needin ess eve y are '
gi ven_t ho STEBLS TE0086R Bava kR APPLRIERS~ar | FBF GER Seitdm 2ein be
i npl enent exighed chona rpxbgtmabbd (10,73 csmme;dWishetShacdém (therpee:limemnt
[e0i Sters firgfhal Hfert mgbsew 8 et BSLO B Wval P LB B2 Ghebe 18

o) rcw t's depen an 5 npl e

arbitrati %fu pon e application at

exanpl e, tRFOIFIIMghlie §§F“‘lﬁ45t h pi‘l‘@PM%l 48 AAvghkabie, ritgi numbes cAp E‘F@ f| xed

and the valdigst St thd) rbfistOM 0hadiNal @S gharakRsd abeslisst Slicweddr Alsndet at ed
anong at | east songe of _the values jn the}ngrloég % assi nrrent BC9- 86- 010

9 regi st er'®e78elagtieh, OF JRP-PERFEAMYIS; SIS V\?&en°5rfe’eof t he.
progr anmalpresehd mbaﬂ:ﬂeh sand Dhahe prboimgai of tthe wsee, ofurahéMexalaescdill | f
"intellige ott bgeéls esregléergre enpl oyed -havi ng- t heir own controller, nore
conpl ex schenes nay Dbe inpl ément ed.  For exanpl e, when a. perlpheral as- ..
signed to a programmuabl e DVA channel Wi shes access, the peripheral . can

Other applications of the invention are also contemplated. For

© example, programmable DMA channels provided by the use of the invention
can be used as redundant back~up channels for ones of the dedicated
channels, thereby providing 1mproved system reliability.



¥

query the operating system or BIOS as*to.the availability of one of the
programabl e channels.” If a channel is available, its nunber can then be
set in the registers-70 and 41 to guarantee access. However, since the

sel ection of theIBrogranntng schene i s beyond the scope of the pr esent

~i nveRti on B093861P10he province of the uskt, further exanples will not be

 di scuSsed.here. O her applications of the I nvention are al so contenpl at ed.
For exanpl-e, programmabl e DVA channel vi ded by the use of the invention
can be used as redundant back-up chan f-or ones of the dedicated
channel s, thereby providing I mproved systemreliability. BC9- 86-010

10 CLAI M. 3 1. SHS r | n r nor
access (DVA d%% ce Mﬂéd‘gﬁ@g%ﬁ@ h%éfggiﬁchwul 5 ﬁura% \ﬁémoqg g&té’r?ﬁheré

devi ces (1G2M4))devgce h‘éz MRang f%‘aFﬂ“RFéaﬁs& Pgt‘f@éﬁbqunge’fiéhﬂ@ﬂcapabl e of

cgupl i Ing admabercwtmeta wnermrf dW:lc@@Ssai@rﬁﬁn@L féﬁ&ﬂuﬁlﬁﬁgdmal’ﬁgrcﬁ@ﬁbﬂmh
channel s, t t he characteris i n_that _eac
~ peri pher al ng?&inﬁas ng'"i’eersﬁec‘ter\% %’ﬁ‘ﬂm Vﬁc%%'s?ﬁﬁ%ﬁtt I ﬁ}e 3&%& 2fed

t her ewi t h RMAdchannedsisttoothe DA\ deiemelkthe syshen bdidg chemeteeiseghtn &hatlevi ces

through an,@h0bdd1Bhif1 BOHckOhas’ " Sdpbet i) cth'ﬂﬁl %Qtw&m QghaGent r ol

circuit (11) conprising neans nparin channel assi gnnent

val ue f ron?s&%iaﬁeﬂhﬁr%wé@v aad qteéﬁﬁ%t PRRY Dgﬁ(,‘é‘g?‘?]o ig giyemed betFesn v t h
channel asﬁézﬁlﬁﬁ&lﬁl alatu%e@rmaagﬂmﬂ aﬁn.tieréﬂienadaattrélabw&meomr)ql thd rcuit to

determ ne ¢ rre acce t\% 12:a cha uter syste

achof di ng T EFaiteR trol fEReRL i SpPiiaray Seens of Whparing "V, i)
the channel assignment value from a peripheral device requesting access
to a DMA'channel with channel assignment data programmed into the
'a:bitration control circuit to determine current access to a shared

" channel.

2. A computer system according to Claim 1, in which each peripheral
device (17 to 24) includes an arbitration register (70) for holding said
channel assignment value, said register being coupled for ioading from
the system CPU (10). |

'3. A computer system according to Claim 1 or Claim 2, in which at
_ least one DMA channel is a dedicated channel coupled to a single
— peripheral device, and for the, or each, dedicated channel, the
| arbitration control circuit (11) compares the channel assignment value
from the coupled peripheral device with preset channel assignment data

to determine access to the dedicated channel.

4. - A computer system according to Claim 3, in which said preset
channel assignment'data is determined by manual switch means in the

_arbitfation control circuit.

5. A computer system according to any of the previous claims, in
which, for the, or each, shared DMA channel, the arbitration control

circuit includes regisﬁer means (41) for receiving channel assignment

AU



device (17 to 24) includes an arbistration register (70) for holding said
channel assignnent value, said register being coupled for |oading fromthe
syst em CPU (10) 3. A corrputer syst em accor di ng to Claimi1 or Claim2, in
~which aj c% @ne DVA channel is a deglj cated channel coupled-to a si ngl e
peri phera eV| ce and for the, or eac dedi cated channel, the ‘ar bltratl,on
control circuit (11) conpares the- channel assi gnnent value fromthe ,couth_:fed_
peri pheral device with preset channel assignnent data to determ ne access
to the dedicated, channel conput er stem ording to Claim3, in
whi ¢h sg?fd’ F?—‘}%é"f‘ec‘f?aﬁﬁﬁ‘élcpgsﬁdgﬁﬁ@ﬂ@dﬁtrﬁui‘g (i Yy ﬁtgne"&)b Tranual switch .
means i aongaeisg ldata aftiroantieonegisiter ineans with.saidclmanplitassigmmehem accor di ng
to any h i r d - DVA
channel 93](41 ‘ir #%?’8%%0%?‘?10 &{HSE? glfg%?etsgego (rge%@t% {e'}?msr?g:%og (41) fo
recei vi ngo‘dﬁarmetomm gttt when Pl cgepaypd data is equal. _ 10a
dat a fromthe system CPU.and conpare circuit neans (42 43) for corrparl ng
data frgmt regi ster ans W hsal %Ita nej S|gn nt value froma .
peri phePal e t?’é(fgég% 41 P e S48 fPBRABe a conpare
out put wiveputt heovddapar DHA datmests mmual:o the DMAAdevnhq;ut er - system according to.
‘Caimb5, in which said corrpare out put pI’OVI des a DVA request’ input to the
- DNA devi ce. - S e
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