2202975 BC9-87-001 ) . 1 COWUTER SYSTEM W TH DI RECT
MEMORY ACCESS CHANNEL ARBI TRATI ON Description The present invention relates
to @ conput er system having DVA (bDirect Menory Access) available to
perFpheral- units associated therewith. Many present-day corrputeZZsﬂ%QQx{)
enpl oy DVA channels to all ow peripheral devices to transfer data, primarily.
to and fronPE®" ™I nenory, without goiny through the CPU (Central
Processing Unit). Bypassing the CPU of course has the advantage of

i ncreased data transfer rates _and inprov overall em.efficiency
because the CPU is free to—gﬂﬁﬁg.%s’é?' 2 %ggg'?:img?% *he data transfer.

The nobst common practice to daReCESSSCHRNNEL IARBITRANIOR one. physical DVA
channel for. every peripheral unit. that is allowed DVA access. An exanpl e of
such a conputer systemis the | BM PC conputer. However, the nunber of
“peripheral devices which a user nay oPessEBP%i®nhis or her conputer system
has been increasing and is expected to continue to do so. For instance, .
-there have becone avail abl e optical disk readers, additional conmunications.
devi ces, hard fTPPRXesskiPVeRY ORerfdryetddi & SomPRter sYshiem RaVigsi ™A can nake
advant ageousgpireet ofembMp 2ree€$)S avéllable tot periphardl, uwatkd agsdaiatéer physi cal

- DVMA channel éheirsewc:&st |y of system hardware, including |IC count, board space,
and bus spaCé. -'it ‘has been considered to share DVA ¢hannel's anong

peri pheral devices with the restriction of nutually exclusive operation..

Sharing of Mnsnp%géne.aa;mw&u o8 erip1S} BMACchdnAE1d BY dhoand AT

conput er systens. se schenmes” though require extensive nodifications to
t he oper at i RFieherainflagicsadte itsansfes fataut PHEAT Ll tP AN FERR the Fradbent t he
pmpher al  SenorgpSwithoee igdiRgl thirblyhe 8kd CPYF(Ceh8rdIe Prodesdl AP That) Ng -

Si¥r

":a”eouﬁ}aéssiéé the CPU of cou;seihqs;ghg_quantage of increased d;taitransfer'

ratés_and_img;qved;Qvg:gl; 5ysteﬁ.ef£iciency because the CPU is free to
perform other tasks during the data. transfer.

, _The,most common practice. to date has been to providé'one:physical
pMArchannelwﬁo:.eve:y peripheral unit that is allowed DMA access. An

: example;qf_§u¢h a computer system is the IBM PC computer.

-Hoﬁéver, the number of peripheral devices which a user méy attach to
his or her'computer system has been increaéing and is expected to .
continue to do so. For instance, there have become available optical
disk readers, additional communications devices, hard files, auxiiiary

i./ : memory'dévices, etc., all of which can”make advantageous use of DMA
access. ' "

On the other hénd,.adding further physical DMA channels is costly of .
system hardware, including IC count, board space, and bus space. It has
been considered to sharé DMA channelélamong peripheral devices with the
restriction of mutually exclusive operation. Sha;ingiof DMA channels is
employed-in, for instance, the IBM XT and AT computer systems. These
schemes though reqnire.extensive_mpdifications to the operating system
as additional subroutines are ?equired to prevent the peripheral devices

associated with each DMA channel from operating simultaneously. A



. BC9-87-001 2 significant performance burden is

al so created when file controllers are not sufficiently."intelli-gent" to

al | ow overl apped "seek" operations. The problemis conmpounded in'certain .
" situations, for exanple when a LAN (Local Area Network) feature and a fil ey’
controller share the sane DVA-level and a "LAN file server" rautine mnust '
trade back saaes#-001h between the two devixes. To overcome these probl ens,
appltcation no. . (1 BM Docket No. BC9- 86- 010) discloses a conputer .
system enpl oyi ng peri pher als which are each provided with an arbitration
circuit. TFheniflihrt serfermehee burdemis akrocrrentedchen G keh controdbenshere and

With a centypal gehiididti O nebiGigeht Vitd ailo&r@&éﬂa%ﬁéw"bé{eﬁe" optiarigne of the
peri pheral s desires access to_a DVA channel aces on the arbitration

"bus its chIRASTORLEM st ?%&P%éﬂtce“ﬂn |st1§“i”r’raﬁﬁelf°ﬁr?WP%?/ wher i hlint
has t he hi gheesn pféi)metw&:;k) Festurpedrigpaefidle ¢cnta6Eled SharNthe Alahalva DVA

channel. I.n_t eri herals an, be adde he syst t hout -
having to 6?0?/ (? addl gﬁ ﬁq <l 5nné’lug an ﬁv& %anne{‘ an@q%es‘?‘%#wggn

However, sdchettwveéewtceﬁay be. deS| red'to use in such a conput er - system an

exi sting peripheral that does not have an arbitration circuit. A peripheral
- not having an arbitration circuit cannot be added directly to that system
since it has it RESTEmer nsesPIddentc8RRIICALICTDRNA: channel (TRE dsFlieh Py, it

i s.an obj egtotde-06) [@i8SEIHesi &\cRRbOEHT E@sﬂéhoamﬂeyﬂnéSQB?iﬁ}ﬁEaﬁs/%Eéﬁ Qket he

t wh | t th h

LY Dr 1 at | 0fS FEoBMSAH O 2B A B IR0 AR o TE EBHET e JTERL o SF
have t heir iowsranbedtedt viith ohe Gmbther JSad\- v&,t925 cebtrdloaBaitdation etradit
di scl oses %1805}10%6 dtr§¥§$x?%h§h%ﬁleﬂ &%‘E%P%Eaﬁ m@ﬂéﬁ‘iﬁ @Js?{ﬁésécgggg to a - o u _

‘priority |evels, requests' for access to co
sel ected a@&br@?angel--o 1@@%5’9!5 o the |arbiteatiofjmspits cheyngleprioratyi gnrrent s

~can be Cgaagsﬂg,aﬁﬁerdﬁagiésocameqaﬁﬁ%héprasmmné hssrepéle.sah&tgp@iohare '
enerated or .

9 ty, that peripheral is assigned an available DMA channel. In this

'manner, peripherals can be added to the system without " haVing to provide

. emmeam e e

addition DMA channels and DMA. channel request lines.'

However, sometimes'it:may be desired to'use in sucn“a'ccnpuferﬁ
system an existing peripheral thaf does not have an arbitration circuit.
A peripheral not hauing-an arbitration circuit cannot be added direétly
to that system since 1t has no way of requesting access to a DMA

'channel

' Accordingly,*it is.an cbject of the'present invention to provide a '\g)
computer system of the type in which peripherals request DMA access
through the use of an arbitration bus, but which can also accommodate

peripherals which do not have their own arbitration circuit,

S-A-3 925 766 to Bardotti et al. discloses a computer system
wherein peripheral devices are aSSigned priority levels, and requests
. for access to communicate with a memory are selected according to- ‘the
' priority levels. The priority level assignments can be changed - '

"according to the"causes_for ‘which the request signals are generated or



BC9- 87-001 : 3 the partlcul ar | oad conditions of the
~central processor. No DVA paths are provided, however. In US-A-4,400,771
o™ Suzuki et al. there is shown a rrultl-processor systemin which each of

t hew4rul ti pl'e processors can access a single memory. A progranmmabl e

regi stechc;g?,u oSt ores priority infgrmation designating a nmenory access
grade prio or each of the proceSsors. The priority information can be
changed . rranually, by an external circuit, or by at |east one of the
Pr0CessOlfe phiesciialKiodd! cdllait PilCBE H9ESeht ek SO W'Wn@@ a@fi£€SS 10 a
menory fromp ural peripheral “devices. The follow ng n1ted tes patents
are nment Péﬁéﬁmﬂﬁedge‘fffé‘fex?rbackground teachi ngs rel at ed to conput er systens
enpl oyi ng DIVA controllers 4,371,932 to Dinwiddie, Jr., et al., 4,419,728
to Larson, 4, 4 rs 4,556,962 to Brewer et al. , and 4, 584, 703
to Hal berg If‘n Y c%f‘{?&n?{% %zt“ﬁé ‘?ﬁé%eﬁ?‘efﬁv{énﬂ“ﬁ'ﬂ fie provide a conputer
system cmmﬂ-srmsaonsmstai iprwiciedseactunf ttheGRltipte groesisonenmny access
controll ) f I evi ces -
CoMthe DRficdBhRleinBle RRR. | R p SRy RMAT: BB LUSL RERP ISR
each i nchinfrrmgtnin ﬂa&imtﬁmnsmmplweﬁe aaéemrria#itarr Bqnt reaslilmf temt r ol

circuit Db%scéiga@gm ﬁﬁ@%r@&ﬁﬁ%sir%brﬁ%noéarﬁ%hdclﬁﬁﬁédf"ﬂﬁﬁﬂlﬂ Viycgs to a
singl e channel in accordance with data_from a device_arbitrat | on nmeans

associ at 88SHPRh SR pREDY afelAast Meqaf rigPLACEEIRES - anther BrfYkd, ot

peri pher al.. dpateste doah imie tmlghdm;aneyslmhmafebst&ﬁtal wenoip afromapmradupl ed to a

soft req tr n unit which receives-arbitration data related to
t he- furt’ﬁglsjF Bgﬁ)i ﬁ%?}% %dew ces fromthe CPU to deterni ne access by sone of
said further peripheral devices to a further single DVA channel. An

eﬁ‘bdd' ment ofrnd NQ11HVERRE URfted ééat@@%é%‘%n{é’se%%'rﬁh%@im@& ey gQLe@a&arrpl e, with
reference to the acconpanyi ng draw ngs, in which
.. background teachings related to computer systems employing 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 alt, and 4,584,703 to
Hallberg. ' ‘ '

In accordance with the present invention we provide a computer
system comprising a.central processor unit (CPU), a direct memory access
controller (DMA),land means fot'coﬁpling a plutality of peripherai
devices to the DMA, characterised in that a plurality of said peripheral
devices each include arbitration means'coupled to a centtal arbitration

" control circuit for determlning access by some of said peripheral

k_/ devices to a single DMA channel in accordance with data from a device
arbitration means associated with a periphetal device requiring access,
and further. periphetal'devicee which incinde no such arbitration meens
are coupled to a soft request arb:tration unit which receives
arbitration data related to the further peripheral devices from the CPU
to determine access by some of said further peripheral devices to a
further single DMA channel.

An embodiment of the invection_will now be described, by way of

example, with reference to the accompanying drawings, in which:.



BCO- 87- 001 o 4 FIG 1 is a bldck diagramof a
.conmput er system enpl oyi ng the present invention; FIG 2 is a |logic diagram
of a soft request arbitration unit used in the corrputer system of FIG 1; .

>

FIG 3 is.a logic diagramof a soft arbiter circuit enployed in the ‘soft \\._,;-}- .

"~ request arbitration unit of FIG 2; FIG 4 is a wavef-orm di agram show ng

some of thg.signghs in the circuit of FIG. 3 and used to explain the
operati on o? t he CII‘CUIt of FIG 3; FIG 5 is a flowhart show ng :
operations of the CPU in.initiating a request for a "soft"” arbitration;

FIG 6 is a flmecharis shasicrgaisigens dfNa Scoitb RGOS bten OhlioRend thehbreiehdie .
present inyentiqn is used to advantage; and FIG 7 i's a |ogic diagramof a
soft requeéf“’%ﬂtﬁf’?'r ation unit constructed in accordance with an alternate
enbodi nent of the- |nvent|on Referring first to FIG 1 of the draw ngs, '
there is sho Kk 0 r

~invention. %Ci%oaﬁ’?riu egi»%@e?_Qpééﬁt;érﬁ%gﬁ%gnga&ﬁbﬂ%n&@ 5es m 15
and, optuoﬁhelgnmpatemsrisw gfdtf@ssbv‘r Var i ous ot_her uni'ts.can be __co_nnect ed:
“to the system bus: 26 as requirements di ctate. ‘A’ fam’ly bus 27, to which"
various peripheral  devices (sonetines terned rrerel y. " peri pher al s" or
"attachment s" )F§r €3 dSnAetA%é, A3~ 05| BFAE TIRILEY HERP Hu§mptPYeraim thais
~controller sofiheqaégaagmﬁatlémuslf af BEsceipbed i's well known. Many

di fferent types of peri pheral s can be connected to the fanmly bus 27; the

exarrpl es shown in-FIG 1 bei-ng an auxiliary nenory .17, a
FIG. 4 is a waveform diagram showing -some of the 51gnals 1n the

 circuit of FIG. 3 and used to explaln the operatlon of the c1rcu1t of |

" FIG. 3: ) ) : ' \.J

"FIG. 5. is a flowchart show1ng operatlons of the CPU 1n 1nit1at1ng a

request for a "soft" arbltratlon,_

FIG. 6 is a flowchart showing"steps in a diagnostic routine in which

the present invention is“used:to advantage; and

FIG. 7 is a loglc dlagram of a soft request arbltratlon un1t

constructed in accordance w1th an. alternate embodlment of the 1nventlon.

Referring first to FIG. 1 of the drawings, there is shown a block

' diagrammof a_computer'system employing the invention.

A'CPU;IO communicates over a system bﬁs 26 with a maih.memory 15 :,
: and,-optiopa;ly, a mathfco-processor. Various other units can be
connected toithe system-bus 26 as_requ;rements dlctate. 5 "famlly bus'
27, to whicﬁ,variops_peripheral devices (sometimeS'termed merely _
"peripherais“ or “attachments“) are connected, is.coupled_to'the system
bus 26 via a bus controller; The-arrangement thus far described is well

known.

'~ Many different types'of peripherals can be connected to the faﬁily

bus 27, the examples-shown.in'FIG. 1 being an auxiliary memory 17, a



BC9- 87- 001 ) 5 conmuni cati ons device 18, a hard
file 20, an optical disk 21, and two floppy disks 22 and 23. The fanily
.bus™27 is also routed to a DMA.controller 12 and central arbitration
ci®€uit 11. As shown in the diagramin the |ower part of FIG 1, the

fam |y bus includes a data bus 27-1, an address bus 27-2, a control bus
27-3, and agrgaspidonati on bus 27-4. In thes conputer system some of the
-peripherals, represented generically by DVA slave 25, are provided with
~their own arbitration circuit 2. Wen a peri pheral having an arbitration .
circuit 28 cumsimsirathens devide 38 DiAhatvainde 20; han pptigsledidk Rlamsditw its

channel prifldehy Skl PHTRAL AN OmleNardt D e Ok Likh 2dadka €0 4 Blacnd of a

-defined arbit ion period- the value on t ear |trat|on bus w il be the
channel pr|%tf?l%sfﬁﬁﬁén‘fe’vﬁﬁhérhaﬁﬁaﬁg% [Fareighdls ﬁFlWy“h#Bﬁg t he
per.i pher al saiGgP&m! ihetHd 310&&%3& igtgridiel Pstﬂaeofanﬁlpl%schﬁélmhs a dhea gaptral
arbitration control |rcug, Jégthen |nfo!'L gﬁ ontrgller whi.ch DVA
channel is 2%6? bea’.hgg Hifed®tD 4 ner R ARG B%s 78raftd PR HPAEFRRBLH i th the
‘present sysi®#r however, peripherals not having their own arbitration-
circuit, represented by DVA slave 24, can also request and be granted the

use of ‘a DMA channel. The manner in which this is done will now be
~expl ai ned in d&rdihe compusey c%ﬁstkmsa%%@:fsﬂmpsé*ﬂ’ﬁﬁé%%l gepresentsd ng their

own arbitr én@i‘l@dlrlﬁ}%yt DRB: s1dve S2¥, ! aF e PUOSideaNritint £10dirOuwn! Ekﬁrﬁ@ti&x
provi ded. ' ose of the soft} g yest arbitratjon unit,

ur i S
arbitrate, ‘Ej‘ﬁ'&&f st'RfD: ? RRTLPRERE; ipg SR Pﬁ)éitéﬁ'ffmoﬁ“fﬁ’ﬁél ?8 B’FShes
peri pher al Sthéotlsé]a:kfl aPpMahehannel) thebpdriphexal €rancmits 18s cliannémpsmmnyer

eﬁt' g PElJR &%ts AR LR at%gggtg{ét%'&g 2R %{:htx\ételﬁdp ?g{ 3kg having

t r own arst? ion clrcui e detaj e sof t
request ar tﬁrtbnaramncvmeﬂt the vaigei o the rarbdtranionthyst mellDMA @Gn?himnleér 12

and the Cer'gzl’,_gh@)’ REL{kbRd va2RL Makifd- “tﬁu'ﬁlgiiést priority among the
peripherals concurrently requesting the use of a DMA channel. The
central arbitration control circuit 11 then informs the DMA controller

which DMA channel is to be assigned to the winning peripheral.:'

In accordance with the present system, however, peripherals not
havihg their own arbitration circuit, represented by DMA slave 24, can
also request and be granted the use of a DMA channel. The manner in

"which this is done will now be explained in detail.

_ ) To allow DMA access to peripherals not having their-own_arbitration'_'

/ circuit 28, a “soft'request"-arbifratiqn unit 29 iS'provided. "The -
purposé of the soft fequesf arbitration unit 29 is to arbitrate, under
lnstructlons recelved from the CPU, on behalf of peripherals not having
.thelr own arbitration circuit 28. In this manner, existlng perlpherals
can be mixed on the same bus with perlpherals hav1ng their own

arbitration circuit 28.

FIG. 2 shows the details of the soft request arbitration circuit 29
and its connections to the DMA controller 12 and the central arbitration

control circuit 11.



"~ active state

BC9- 87- 001 ' 6 Inputs to a soft arbiter 31 and two
registers 32 and 33 are supplied fromthe data bus 27-1. The soft arbiter
31 is also coupled to the -arbitration bus 27-4. - Certain control signals A
fromthe control bus 27-3 are also applied to the soft .arbiter-31. Two .. \::S:"‘
conparators 34 and 35 .each al so ‘have one input port coupled to the: '
_arbitrati onBer$7-00he second input ports & the conparators 34 and-35

recei ve the outputs of the registers 32 and 33, respectively. The out puts
of the conmparators are connected to the D.inputs of respective flip-flops:

38 and 39, the TPBEX npAELATRIFPE P 1apRI ﬁﬂﬁ?gédt%’iﬁ 32 4n5haf ars T
(the "-" si gPorh FtdeCdHtlangus'i 2hemtmuﬁ f'soflt?ﬂﬂhtgr R is anscgm:bwm\ﬂongmas |tsh- _
Lca "0 £ S0 rbjter P ts t e
r b fl ope. 3RuRUE e 7541 Bk, 2Bhr o AL iR o, SIS SIS By

and DREQD ofre alish ampliiedltoethd @086 arbIher BlLi p-Twoopwrasatars. Emaade3ilegah ed _
by respecti d T; ler 1C
SO gener at e\éfgégﬁggﬁgn% g%&ngﬁ% %g B%?J%? %gh?{gﬁ@?% |°(r:‘a§tgss Dmé:ggﬁe% i nal :

dat a transf érP¥p@PHEES Of E‘FF 5ﬁ‘99“\:1ﬁ5ﬂ¥%l34h%&d B SiecedrpIthe RPtPTEs (9€sEhe t he _
sof t. arbiteegikkewbesd bhe sseqweedlmy‘oerwhef odtphgs td"faﬂﬁé %mgaertais @Re has .

been conpleted for .its two channe the S, h t .
o e e ePmested s ShH D SRA 5E reeBer AT or Lip-Riopea ¥ anoyit e the Sigek P °
produce t heispupzabs -wkich, élﬂwsuppn:@ﬂ: Haeaosmaao-tsowpmhe(qhee's-e'nstgmf a -

pul se of - h

el s i SRl Sob Sl ARAE, TN | SOUERMIOR AR 480 dhEl WRare

t he DVA conter bedical|'0") sf%ml Ehe §|°f€o?r;!PéFalt i38n t%eQS’zl?rPu'fﬁ Gér%hﬁmbl e DVA -

- controller. fli;sl-ftltab§ &aéﬁa 36hgr LRENAEM B Ot ARKe Wnal BRarnBl HleqhARX 18Fuser i €5 u
of microprocessors, such as the 8088, 8086 or 80286. _.For details of the -

i nt er connecPREMs 3pATRELR 252 Pk COBHALIPT &€ PO anhe tHdPTERIPS 3 apd % aRRy
be nade to bheax:'le‘aSEy | relspéctifive I dxynst Beige0siymaa a t-AEKD Hra OkDACEage Tha- 1A t 0

2-71. The - DACKR,300 wDAKASLONA! § ARa?PR Frb-bIARU DbV BRLG! Snb bRV S

of two AND g e ot I'nputs o
: when the final data transfer operation on any channel has been

completed.. To_ reset the soft arblter 31 when ‘the requested number of

| data transfer operatlons has been completed for its two channels, the
s1gna1 —TC is gated by the outputs of the -comparators. 34 and 35 using a

- NOR gate 36 and. an OR gate 37 to produce the signal -TCC. -Thus,. -TCC

. becomes active in the.presence of a pulse of ~TC when. there is an.active.'.
'DMA request on either_of the two channels with which the soft.arbiter-30

is associated. -.

oIt is assumed that the DMA controller IC is an Intel Corporatlon ' \-)
" type 8237 programmahle DMA controller. 1In this case, the CPU may be any o
. of the Intel 1APX 86 series of mlcroprocessors, such as the 8088,:8086
or 80286. ' For detalls_of_the ;nterconnectlons between the DMA
controller IC and the CEU,.reference:may.be.made to the.1985-Inte1
_ Microsystem Components Handbook, pages 2—57'to'2571,

.. - ‘The -DACKO and =DACKl signals are applied through inverters to

- inputs of two AND gates 42 and 43, the other 1nputs of which are .
supplled by the sxgnals -IOR and -IOW (Input-Output Read and.
Input-Output Write) from the DMA controller IC 50. The outputs of the



supplied by the signals -1OR and -1 ON(I nput - Qut put ' Read and | nput - Qut put
Wite) fromthe DVA controller 1 C 50. - The outputs of the BC9- 87- 001 :
.7 -AND gates and connected to the'enabl e inputs EN of respective regi sters
45~and 46. A cl ocki ng signal STROBE fromthe CPU is applied to the cl ock
inputs of the fegisters 45 and 46. The input ports of the registers 45 and
46 are conngetgrobp the data bus 27-1, and the output ports are connected
to the address bus 27-2. The operation of the soft arbitration unit 29 will
now be explained in detail wth reference to the flowhart of FIG 5. The
CPU waits famp gateisnéel cumiectiegngl the eb&bIei‘(iﬁpMQdElﬁ I‘dl'rfr@s’lﬁcﬁ:f.vé Registers.

per ! pher al s 4Ea! I 880 6ha! UnebhiP S8 OF GuPYR CHII0R, wld 10

request is fromoné o vVing 1ts owl a o r cui t
28, arbitr#lcek igputDR theanaedstars dSsand @6 . arthectmputepbrast of thehe nmanner

descri bed 'z@gﬂ"@er@b@/%nm 208 ednAbRaCad 'tﬁg datdpdd 1879, hgha h3R oy 1:t he

request 'is fromone of the peripherals not having its own arbltrat
circuit 28 P°Fﬁ%tarFs°°’1"F°'f?Petﬁe?l}epﬂ‘é‘?’%flssm Al %-he request is one of the |
"soft request" peri pher al s a channel priority assignment, correspondl ng in

function to t chann r|o ty n s for. peri eral havi n thelr
own . arbltratlgﬁlm?e{ﬁ ’8 H% 82? gg’%é"&g%f‘?uﬁr%? {"gfl faplaiped
channel prlmrﬂegalésm@nneﬁrevaétte tle flowdhant taf BI® 5f the regi sters-32 and
33, 'the one chosen bei ng dependent _upon the DVA channel -to be assigned to

t he peripheral should it "win" the subse- quent arbitration anong. -
peri pheral s fofheafRPR@igH fiont an ipterrarpreigoal toxbenyeceivefofyamypne @fstl® and

33, two fliperipmers138 iaakaddng tafveemrtsf&r £héd TsaNge 46pmLichanned. € F¥ @Né ded
to (1) aIIowar swruta,neously bet ween two di fferent

per’i pher al & ?/s:%hés 6"|°§P?5%e?f’gatll§‘8 ﬁf&lls FRA tHF R STPhEFaBRe steps
shoul d of cduersic 28, rrpiatatdoh candtm snmmd p@quﬁp:tlaroal are aarl::(ea) oxﬁi kaw a
choice Tor f el HelscPhladii=Ak In%%éé?&h&ﬁ&&*’?ﬁén%%&i&her& I
" ‘hand, if the request is from one of the peripherals not having its own
arbitration c1rcu1t 28, that 1s, 1f the per1phera1 making the request 1s
one of the "soft request"_perzpherals. a channel priorlty assignment,

: correspond;ng in functlon to? the channel priority ass1gnments for
peripherals hav1ng their: own arbltratzon ‘circuit 28, is sent to the soft
arbiter 31. The same channel priority assignment value is written to
-one of the registers 32 and 33 'the one chosen being dependent upon the
DMA channel to be asszgned to the peripheral should it - “w1n" the ‘subse-

quent arbltratlon among perlpherals for an ass1gnment.

“In the present example, two registers 32 and 33, two fllp-flops 38
and 39, two regzsters 45 and 46, etc., are provided to (1) allow
arbitration to take“place slmultaneously between two different
peripherals'haVing no arhitration oirouitﬂiin which case the above steps
should of course be repeated for 'the second perlpheral), and (2) allow a _‘
choice for DMA. channel assignment for: soft request peripherals-between
two different DMA channels, channels -1 and 0, respectlvely,-(the'
channels corresponding to DREQ1 and DREQO on thégbMA“qoﬁtro%}e:fIQQ?O).
Of course, other numbers of these devices may be employed'depending'upon

- the number soft request peripherals accommodated concurrently and the



two different DMA channels, channels 1 and 0, respectively, (the channels

~corresponding to DREQL and DREQD on the DVA controller IC 50). Cf course,

other nunber's of these.devices may be enpl oyed déependi ng upon the nunber. -\"%_

" soft request peripherals accomnmpdated concurrently and the. BC9-87-001 -

8 nunber .of DMA channels to be nade available to the soft request .

peri pher al seed=@rttmyr, the port address of 8the requesting. peripheral. is .
witten to the one of the registers 45 and 46 corresponding to the selected
DVA channel, (channels 1 and 0O, respectively).. A signal +ARB/-GRANT on the

control busnimberhef DMAschadnels tthebe ohde Aveilahlesto the T¥ifE pedquesbe expl ai ned

in detail b reference to FIGS. 3 and 4.) Arbitration anong

peri pher al sﬁé%\gglﬁﬂ%ose with their own arbitrati on circuits and those

wi thout, then takes place on:the arbitration bus 27-4. After sufficient
time has passegutkened,| e pbet arabtémbfouhepw@essmg)pbelmmi disedrittan stgnal
- SOFTPREEMPT. from t he_soft a{ gé % rgoes nS| tel o ecgeé;b " 1"
state. |f EPSEPE Pefh8sTe9BEYS are has cv‘li‘/on R argo ?relﬁ i on, wil

appear at t beargiel putchefinedsel oﬁnri Pe resppetizety)s 33 mdaBB“ARahd;RaNT ©n tket hen.

¢l ocked i nt 8 mgloéuﬁt Eg Jﬂehplééu%Stc?%hé‘%f%%rbﬂigf S333ct Ak 6a19NEe Of the

DVA channel “request |1 nes DREQL to the DVA controller 1 C 50. The
request Wil me’é*laekri@v\ﬂ%’%ﬁédb WtWeﬂDWQFGﬁF? ol B¥GS-c3mdhg-ket ti ng t he

correspondi RebAR8t n bhSnAGEAINeeHs bbtie thoRAGKEN amdlr RAvaKdrbikration' 0"
state. Wen the s the " " r%;@ta' .ndi.cating

" that DMA i nﬁh’f‘?"dﬁflpeg"[& ﬁlé%séa‘sgl??“g()vﬁhﬁﬁ gﬂﬁ& Q]taﬁ’? ?'és BE ARIEE VA S he

" registers 487amd 47.is enabled to place the peri pheral port - address stored

therein on the address bus 27 2. A DVA data transfer then is effected in a\J

manner wel | -known in the art. FIG 3 is.a logic di agram of the soft arbiter:
. 31. . After sufflcient time has passed to allow the arbitration process to .

be completed, a signal -SOFTPREEMPT from the soft arhrter 31 undergoes a _
i transrtlon to the "1" state. If a soft request perlpheral has won the '
arb1tratlon, a "1" Wlll appear at the: output of one ‘of the comparators
.34 and 35, and a 1" is then clocked into one of ‘the flip-flops 38 and
. 39, . This actlvates_one;of the DMA channel request lines DREQRO ox. DREQl
to the.DMA'controller IC 50. The request w1ll be acknowledged by the .
- DMA controller Ic 50 by settlng the correspondlng .one .of its acknowledge
lines -DACKO.and -DACK1 in the "O" state. .When the 51gnals ~IOR and
'.:-Idw are:in,the "1" gtate, indicating that DMA input/output access.is
now'allowed, the. respective one of the'registers 46 and 47 is enabled to
place the perlpheral port address stored therein on the address bus
- 27=24 Y DMA data. transfer then is effected in a manner well-known in
the.art.
e

.. FIG. 3 is_a logic diagram ofrthe,soft arbiter 31.

. The channel. priority assignment is written . in the;register 92 when a
decode logic. 61 detects the respectlve address. =‘l‘his operation”is
achieved using an ordlnary port address1ng scheme._ With the register 92
1oaded with the channel prlorlty as51gnment, when the CPU sends an
.1nstructlon to the decode loglc 61 that a soft request arbltratlon cycle

is to take place, a SET signal is produced by the decode logic 61 which



The channel pri. or|ty assignment is witten in the register 92 when a decode
| ogic 61 detects the respective address. This-operation is achieved using
an.ordinary, port addressing schenme. Wth the register 92 loaded with the
chaghel priority assignnent, when the CPU sends an instruction to the.
decode Togic 61 that a soft request arbitration cycle is-to take pl ace, a
SET signal ipgopdaduced by the decode |ogi ¢ 61 whi ch BC9-87- 001 S
9 clocks a flip-flop 62, resulting in the signal +SOFTREQUEST being set to
the active state. (See Fig. 4.) Wien a subsequent pulse of the arbitration
‘period mar klcﬂgcm gnahpi-ARlai GGRMEuL&ngeneltmedslgaail-nqoﬂmﬁB besnag |seekiad,

1ssulng {he LONAlve SETERTUET =il 900 9GO Al Blorf 118 {] 05, 04 [ t hen

cl ocked hi gh, vatln he "SI e bus arbiter 80
to place t h@rbhmwn melrmd mrm gianadt +Péw/t'¢i§m§fr-‘sﬁ reegived, uglip~£flop

Arbi tration 308 s thgcRdddi §£ading N HAUS: d&xﬁ‘ie-ssdi'&'ﬁﬁﬁmﬁ‘e” AtéBB/th%%Nﬂ;uﬁ ofagtive. _

At the end of the arbitration perio GRANT returns to t | ow state..
I f the ar bi-t5SaPTORPLES 1ﬁa§h°6‘e€ff’°\ﬁﬁﬂ,h’i‘5ﬁe i pRings the ng%‘fpem%h‘ﬁ*f t he
bus arbiter c3Qsgehe iy, arwizertsngoiglace | ine- thanped orivk rynaséddngaite o0 and -
- AND gate 71)1:’!1 he (i réatournl ng - SOFTPREEMPT to its inactive (high) state.
Thi's transi.tion cl otks Phe %l p-flops 38 and 39, sending a request signal
to the DVA control ler IC 50. the signal APRIOi-s held high (to keep the

channel priori tﬂrﬂ%?é&%?‘?fﬁr Qﬂe tJ}%l@fa%Bﬁ %%O&xggsﬁla%b%nb% LepiirS 40 an
AND gate 72 are hi

aci ng | eve] on t thefllp-flop
64. The perichh&r-al A% t&&d?’@sgl@esﬁfk“é‘ﬁﬁﬁﬂnl 9%%@33567&%#@ ERIAras Sopthe
27-2 in the wanaaredl readye GeELtraResh budViz bééh dah A the Aibet d¥as Magen
I 11 op’ 65°F8 ShaR viss P RpPaein p P B cvesohih e G BrfFRE diTE
66), deacti \aat DIantthe70+SﬁqumT7u Qghehce Thtudnisg a-bet-‘tmEBm‘ tehiteh
perf()rns t|1qm§8£fUE|(ﬁﬁdﬂbtééﬁfgon fmggréyéhngxon élacks the fllp-flops 38 and 39,
sending a request signal to the DMA. controller IC 50. the s;gnal APRIO
is held high (to keep the channel prlorlty assignment on the arbltratlon
bus) since both inputs to an AND:gate 72 are high, placing a high 1eve1.
on the_ihput of the flip-flop 64. The peripheral's addreés is-
subsequently placed on the address bus 27-2.in the manner already
descfibed. When the data transfer has been completed, -TC appears,
~ causing the generaticn of a pulse of -TCC. The flip-flop 62 is then
| reset (via an inverter 67, OR gate 69 and NOR gate 66), deactlvatlng the
 +80FTREQUEST signal.

The-bué'arbitet_so, which_pe:forms the actual arbitration operation
on the-arbitratiog'bus:27-4, is a circuit as disqlosed'and discussed in
detail in. American National-étandar&/IEEE Standard No. ANSI/IEEE std
'696-1983, published by the Instltute of Electrical and Electronlcs
Engineers, Inc., June 13, 1983. 1In general, each device lncorporated in
the arbitration schemémig:g;ovided with such a circuit, and the circuits
are connectéd together yié_gp arbitfation bus. The arbitration bus in
the example shown has four data lines TMAO - TMA3, allowing for. 16
different arbitration leveis. Any desired number though can be used.
During a designated arbitration time period, all devices desiring to

gain control over the bus transmit their arbitration levels.onto the



on the arbitration bus 27-4, is a circui-t as disclosed and discussed in
detail in American National Standard/|EEE Standard No. ANSI/IEEE Std. . .
696- 1983, published by the Institute of Electrical and El ectronics,

Engi neers, Inc., June 13, 1983. |n general, each device incofporat (éd in. “::.f

t he arbitration scheme is provided with such acircuit, and the circuits -
are connectfdj_,ﬁ hher via an arbitrati on1 us. The arbitratlon bus i n the
exanpl e shown has flour data |ines TMAO - TMA3, allowing for 16 different -
“arbitration | evels: Any desired number though can be used. During a

desi gnat ed gsi tFiilsi B¢cursWhddCthdGighdl AHRD GBEs Gtssusé r'rg--ta;agel nmﬁgetlrs.ol
over the bus- tgansm t their arbitrati-on level sgé') 7-001

10 bus. Thit E&fﬁée%éﬂs’fﬁ{'gegﬂ}?af'a%ﬂa?’b&g 8 Phee re‘i"s"?fa?% (thepat s, |
i'n the pr e’s«srahnehslsangment herivai tye vaheéx) hWeiah is thecartegirstizn Eé_’ve(lt

Gouloe) 1o unEERGe! Loikhtda Arifin L Glip' Guckiorel HEBLERA I sbOTol®
onto the arfﬁiePFatqﬂGH t}l?satbmstmbus Iines TMAQt - {THA3 endtothe Bed mfbthe ati on -

peri.od, the,sakufion sdiGokh] nee VARG on THE3 iHek! mh® L hemyahia BE +hBCvalue
arbltratlon Ievel of. the devi ce .having_ the.hi %hest | evel . Besi des providing

the conput ¥ Sherhitration tRyg! AL she Serbertriinhahe fHahast 1q¥eL havi ng -
their own arbitration CI rCU|t the invention is al so qU|te useful as a
di agnostics to ri Nosti C tjne ..such.as oS or di g
performed at t es"dc%j r gl’f’n %efcompu€e5t§ T %%tc o °§tf’é¥t ed in

sequence. MPhsralts h@ts bévinge thrdat Omrbgmaathen @Lpttaﬁmemaabovmmsnaasr ried
out in seqt&r;geq,jﬁlé gagdichannglag négtﬁ)gagmle of such a diagnostics routine

wi Il be explained with reference to the flowchart of FIG 6. To.test all \J
N

DMA channels in sequence, the channel nunmber is first set to 0. Since th
channel nunber phfinges ailafackdibs dckdhe ﬁuﬁaeraSOis %ﬁnweée&feh@dl deGthn
the SySt em the Ch%ggg'l .gd:{ns%anc Cogalc DHB c%anned.l is tested in sequence.
' That is, the soft. request DMA routine explalned above is carried out in
- sequence for each channel '
An exampie of“such a diagnostics routine will be explained with
reference to the'flowchart-of FIG. 6. | | |

To test all DMA channels in_sequence,fthe'channel'number is first
_set to 0. Since the channel nuwber is less than the total number of DMA
channels provided in the system, the channel addreSs,-count; mode and

- mask registers are written to. Next, the arbitration value register,

' namely; the register 92 shown in Fig. 3, is written'to with the channel
nuwber, a time counter is set to 0, and - control signals -are sent to the
decode loglc 61 of the soft arbxter 31 to cause the +SOFTREQUEST 51gnal.
to go to the "1" state, thereby to trlgger a soft request arbitratlon
cycle. If the time counter hds not exceeded a- maxlmum time T ax’ the :
current status is read from the status register of the DMA controller

" When the arbitration cycle has been completed, the channel address,
count; mode and mask?registers are read. If they contain_the correct

"valﬁes,-it‘is'determined that theIchannel'is operating'prooerly, and the
next Channel_is tested in the same manner.q-lf not, an error message is

displayed. An error message is also displayed if the time counter

b



‘mask registers are witten to. Next, the. arbitration value register,
nanely, - the register 92 shown in Fig. 3, is witten to with the channel
nuirtber, a tjme counter is set to ©, and control signals are sent to the
deegtle | ogic 61 of the soft arbiter 31 to cause the +SOFTREQUEST signal to
go to.the "1" state, thereby to trigger a soft request arbitration cycle.
I'f ‘the timeBcowam-001 has not exceeded a maAllnumtinme [err], the current
status is read fromthe status register of the DVA controller I1C. When the .
arbitration cycle has been conpl eted, the channel address, count, node and
mask regi st exgeeseTy caliefonef be a’ekmttal Teafhthe 6p¥rast inflogmation fiog the
deter m ned thajousheegit@org! is operating properly, and the next channel is

tested in the same nmanner:. |f not, an error message is displayed. An
error nessage is also displayed i f the time counter - BC9-87-001

11 exceeds T° Axbﬁiﬁz&ab@ldﬁ@o&iﬁeﬁttdf tREd Bt idAr wildt bé eatriedowi thr om t he
max vari ous rg esrltgréo Fﬁg all ternate enbodi ment of the invention wl| be.
described. with reference tdFIG - 7. Different peri pheral s can transfer
(receive and transmt) data at different maxinmumrates. . If a peripherals

maxi mum dat a ”:ﬁrf%éféntrﬁéﬁphérﬁ Y_’@r{ tibAdFh e chiife VA Q&ﬂ@xﬁ!@é) st Lgpabl e

of, it could occur that a peripheral associated wth the soft request -
ar bi trat i on d4fereps Haxiger setesunlfia ﬁ"-?jtﬁ?ﬁﬁf%mﬂ’a’c“&m Ffapteansher (aate ¥5 om
occurring, Ismo@é‘zCQhﬂﬁ%Et\Mhthﬁmeh&&ﬂeQr 1§ icap&Ble0BE Jralt catflat fstur Nttt hon,

the interval e aIIo dsof euet arbitratiqon cycles,is c rolled
i suah o eEaREeE R sepelian s, L SER, aSkreds, abhRatid Shag RSl bepy' °1
- enmbodi nent @eprnmedltm 1ﬁ¢®ma dattla| s 'nospdmwtbu,hﬂshfmtt beawgyrife, i8OFTPREEMPT
signal so tQ@Eo%cé Q&‘éﬁsér& Qmﬁﬁtg%ﬂ.ﬁéﬂn‘%ﬁt%ﬁ ¥h@t1n@erﬂ.&‘éﬂett%"en1&%4v

mxnum rate.  For this urpose. an interrupt si I's’ generat ed- Bt an
i nterval coPP‘é‘S‘LﬁS‘nHHRj’etio‘iq FerefeFt aFbibsatiam s, is °°ntr°1led in such a :

manner that the peripheral is never overrun with data.

In the embodiment depicted in FIG. 7, this ie done by throttling the

~-SOFTPREEMPT signal so that DMA requests can be generated only at a
'predetermihed meﬁimum_rate.. For this pﬁrpose, an interrupt signel INT
is generared at an interval corresponding.to the aesired maximum DMA
request rate. When the s;Qnal INT is.received, it clocks a flip-fiop ;
51. The output of the flip-flop 52 gates ﬁhe -SOFTPREEMPT signai on and
off via an OR gate 52. After a soft request cycle has been completed,
the fiip-fiop 51 is reset by one of the ackﬁewledge'signals -DACKO and

_ -DACKl via an AND gate 53, No further soft request cycles are permltted

-~ unt11 the 51gnal INT agaln appears. ' |



request' rate. Wen the signal INT is received, it clocks a fI|p flop 51.

i p-flop 52 gates the - SOFTPREEMPT signal on and of f vi a '
e“mugﬂmmmmme a soft request cycle has been conpleted, the, “
copL51"| ssreset- by one of the acknow edge signals -DACKO and - DACKlM

V|a an ?ﬁ d@123- No further sof t gJequest cycles are permtted until the
~ signal agal n appears. BC9- 871 001 - 12 .CLAIMVS 1.

A conput er system conprising a central processor unit .(CPU) (10), a di rect
nmenory access control ller (DVA) (1gpamm@nd neans (27) for coupling a
plurality of perl pheral devicest+7F—187 20-25) to the DVA characteri sed
in that a plurality of said peripheral devices each i nclude arbitration -

means coupl adcdn@uaeﬁemstaﬁ camhiitsﬁﬁgimnpﬁmnrp}ocesgdwlumf( tpus quoyl,etaer m ni ng
access eri ph c | chann '
accorda%%re 'f'eﬁmdgt acctero °°ngrgl\r/1|e(§e A l{eﬁa?t’l%rh nﬁa‘ﬁss?ﬁ%c?fa‘fwa %h a

per i phea&ﬂuetel/iWeOfmiphmla@dsss @dd Tur 2oreA5)pee ithheMl, devi ces whi ch

i ncl ude bjdt 4 TS & € e t arbitration
“uni t (25@\/‘\’%?%%5?335 \fgéé g{]Bl tr aﬁlt%r?qda?{fo'rpgg%{hgrgl %%%CJS g"!‘g}lﬁer peripheral

devi cesitslydetarditrayion mrang, sauRded e d scanfrab @ebitradieony cont¥ter peri pher al
devi CeSciﬂ:u&tf(Ull’ll)hﬁér detgnin DM\ acban @l . sohe of Aawrﬁwaﬁﬁer&ysamascor ding -

t I trat bus f di t data f

(0,52 b e i e UL RRUSATT R ehep gt 19, O rom
sof t 'r egrleitratddn meartsi esnsqpriatedwuimg aoper hivleeal depieaceeeuining adccess data.- on
sai d arpid reghigyt Baaahergfaaonée% mlé,amcﬁat;'ﬁa @Lep ém&tflsmews cPU. 3.

A conputer system according:to claim?2 sai . request -
ar bi t r affosotpted £ aaé’s rr?ea?st P&‘Pwsftﬂawmgna? 6.2?P Hhigh %eseAveS om sai d CPU\)
neans f gfbit@APR ‘agtalabiatad Salﬁheafhlthﬁﬁtpe(implhit&lwdddlcs&lﬁoﬁtﬂ{eedPU

ar bi t.r a{tl) %tggmi%e g‘é]cdess )Pssorngrofsglaia({:tfug er peripﬁeranln?i e%n't:ot h_e

further single DMA channel:

2. A computer system according to r1a1m 1, including an arbitration .
bus (27-4) for directing data from said arbitration means to said

~ central arbitration control circuit, said soft request arbitration unit '
being operable to place arbitration data on said arbitration bus in '

response to said arbitration data from the CPU.

3. A computer system according to rln1m 2, in which said soft request
arbitration unit includes means for storing arbitration data from said

:CPU, means for comparing data on said arbvtration bus with said stored _ ) \;j
arbitration data, and means for solort1ng a DMA channel when the

_ compared data is equal.

4. A computer system according to claim 3, including a plurality of

said means for storing, and said means for comparing and selecting. '

5. A computer system according to claim &, in-which different areas of

said means for storing store different arbitration data from the CPU for
-simultaneously arbitrating on behalf of a piurality of the peripheraI

devices.



“conpared data is equal. 4. A conputer system according to ctaimms;

including a pl-urality of said nmeans for storing, and said nea
.conparing and selecting. 5. A conputer systemaccording to Eﬁmﬂﬂ“““l““lm”“l
which different areas of said neans for storing store differentsaramltr avi on *
data fromthe CPU for sinultaneously arbitrating on behalf of a plurality
- of ‘the PE9+8m60Ll devices.  BC9-87-001 _ 13 6. A
comput er . system according to claim4 or claim5, in which different ones of:
said neans for storing store different arbitratjon data f rom t he CPU f or
di ffereht abisiompekaropysteperccording tejigie heri pidmat: dewhish 7 A
gorfput-'gdim%rgnw&scefouﬂg &éhnanioxof:t&hagﬁgwhomfekaimrtmhﬁtbm? -zda dat a
us and, an ress S. 1 nterconnectjn e U an e i_ pheral devices, -
sai d sdt&ter g%ﬂ'l‘e%‘?"‘ gpﬂi.ﬁ"f’aéf ‘rF@%ﬁ§L?%é’ltt'tiJ glz‘ée Pl S?%Ihal FSE/)E%IF registers, each
r egi st ggerfipverad dwvicaput port coupled to said data bus and an out put port
coupled to said address bus for placing address data indicative of an

assi gned peri pheral device for comunicating with an assi neid PI\AA channel .
7. A computer system according to any of the previous claims including

a data bus and an address bus interconnecting the CPU and the periphf:al
deQiceé; said soft request arbitration means includes a'plufality of
registers, each register having an input'porthcoupled to said data bus
and an output'porf éoupled to said address bus for placing address dgta
in&icative of én assigned peripheral device for commiriicating with an

assigned DMA channel.




