AT9-89- 056 APPARATUS FOR CONDI TI ONI NG PRI ORI TY ARBI TRATION | N BT
+»BrRECT MEMORY ADDRESSI NG This invention relates in general to data

processing systens: and, nore particularly, to data processing systens

connected to plurial peripheral devices. Data processing systens typically

acconpl i sh zrbegesppgport of a variable number of human or process

peri pheral devices, including displays, keyboards and external data

storage in the for mapParagusl RORi CONDITIONING PRIQRIME tARBITRATEONJ&Y i ces, t hrough

standardi zed |/ O el ectri cal gihafpehireco VEMRY absie@sfRd t o as buses. The use
of a peripheral bus as a common arrangenent- for- connecting ‘the per.i pheral

devi ces or peripheral parts of a conputer systemto the processor has’
provi ded for symsfienirdveskidai kelateantn hemetalcithi tiatac prodessidnpystemsi ayd.of new

per i pheral gyl Gepe RNfL.AL1CleSYALEM AUNBNARIP U St VhiddckBI COMRLALLS
However, perforance o? hese integrated conmpufer systens is limted in one
respect by Per¥PherabideriGeSef the relatively sinple, |ow cost peripheral bus

to handl e concurrent operations as the nunber of discrete peripherals and
e et Lo C R HAEL! Tty REGBTARNSSS, sisatong sad Lo
in which noeyizkdei qeabenhapE FUBHIMBR [PYScesierReFERNeTRY pheHicPyy uipqludtre
schenes f oraiapl3eqt kdyBoaseand textbhalbastal Bearags ondithe osm (hfr hagl dhivh a
plurality of agsoci aled, deviees SRY-EONCHELEH | tah &IPS AG6Cectrical
channels commonly referred to as .buses. The usé "of a peripheral bus as a
common arrangement for connecting the peripheral devices or peripheral
parts of a computer system to the processor has provided _ for system
flexibility and has facilitatedl the adaptability of new -peripheral
devices and other system enhancements to existing computers. However,
performance of these integrated computer systems is 1imited” in one
respect by. the inability of the relatively simple, low cost peripheral
bus to handle concurrent operations as thé number of discrete peripherals
and their functions increase. Overcommitment of the peripheral bus can
lead to the exclusién of operation requests, overload and system failure.
Systems in which many devices share a common bus therefore typically
utilize schemes for allocating access to' the bus under conditions during
S which a plurality of associated devices may concurrently request access.
! For example, see U.S. Patent No. 4,817,037 entitled "Data Processing
System- With Overlap Bus 'Cycle Operations." A variety of priority
arbitration schemes are known in the art. See IBM Technical Disclosure

Bulletin, Vol. 17, No. 4, September 1974, entitled "Scheduling an

} Inéut/Output Channel Allowing for Committed and/or Uncommitted Device
' Allocation Requests" and IBM Technical Disclosure Bulletin, Vol. 26,

No. 2, July 1983, entitled "Selective Processing Enéblement for I/O

Interruptions". :.

The function of controlling peripheral devices and allocating
channel priority can place’ significant operational demand on a system,

and especially where the speed of operation of the processor is greatly
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For &xanple, see U S Patent No. 4,817,037 entitled "Data Processing System
TWth Overlap Bus Cycle Operations.” A variety of priority arbitration
schenes are known in the art. See |IBM Technical Disclosure Bulletin, Vol.
17, No. 4, Septenber 1974, entitled "Scheduling an Input/CQutput Channel
Al l owi ng f or C% #ged and/or Uncommitted Device Allocation Requests” and

C

| BM Techni caf? sure Bulletin, Vol. é No. 2, Jul y 1983, entitled

" Sel ective Pw&%mmeﬁabéeémhaé 3% e Oféﬁtpﬂéféiphéwil% ovlif1 1 famgtion, of
control ling eri pheral devices ocating channel priori tt\/il can I ace

signi ficant 8peFit iBHAl P’Efﬁ?ﬁﬁ’d‘gor?yﬁt?yﬁtgnfu%ﬁﬁ eHFed éFF’illtv\héFe *"hebe%eed
of operati onppéferhsl ptiateshese | sogpredt |fanctioAd 9b89 sBffirated from the main

2 increased gséc%gg&e ah® afspfgneafta Qﬁ gﬁtmﬂ;@é cﬁa%\ag]@%%ntmﬁé@k och fdafilfNCY

of the data processing system ?ﬂ\;/ a resu een
preferred thB¥° iﬁ%%éhéd??ﬁflo@"ftﬁ tli“B?i"sfaS% with fher BRFipherAL (e BRMHLTH GBBssor
and assi gnedntmbesnof @pffcdrent mernpﬂmaneievm &y barattheXsd) - WhieCloonr st des

the main Coniaéo ratlrmii%t egié’ncean""'ahéképgfat%e ﬂﬁg@' a[%'“i%:f sc%Q é”‘r% 19§P8l . O

di fferent peri evi ces e at pr og ram*red
with an appr Byt paeesspin GFF‘fryiaaF?)|WEF1ht*—|’“6rPr§Eﬁ’éNE°1t1<§e’allaJ é‘tﬁ&?éﬂ bus access in
accordance with the priority criteria desired.

System efficiency is also greatly improved by giving the IOCC the
ability to access memory autonomously without using processbr
instructions. Direct memory access (DMA) allows an 'input/output data
path or channel to be established between the peripheral devices and
system memory, whereby the processor can independently execute
instructions or perform operations utilizing.other portions of the system

memory.

Channel or data buffers are included in the IOCC to enhance DMA
performance when there is a mismatch between the amount of information
that can be transmitted per cycle between the system memory and the IOCC
across an internal bus, and the amount of information that cah be
transmitted between the IOCC and the peripheral devices across the
peripheral bus. For example, an IOCC data buffer with four, one byte
locations can be used to accumulate data one or two bytes at a time from
a peripheral device over an 8/16~bit peripheral bus into thirty-two (32)
bit wide quantities. The contents of the data buffer can then be
transferred in a single DMA write, i.e. store, operation through a larger
thirty-two (32) bit internal bus to the system memory. When performing
DMA read, i.e. 1load operations ‘from system memory to a peripheral,
thirty-two bits of information are fetched from the system memory into
the data buffer in one operation through the internal bus. The data is
then transferred from the buffer one or two bytes at a time to the
peripheral device. By reducing the number of cycles or transactions
necessary to transfer data between the system memory and the IOCC in both
the read and write modes, the data buffer minimizes processor lockout

that occurs to handle these transactions, thereby increasing the overall



Systemefficiency is also greatly inproved by giving the 10CC the ability
fto access nenory autononously w thout wusing processor instructions.
Direct nenory access (DMA) allows an input/output data path or channel to
be established between the peripheral devices and system. nenory, whereby
the processor can_independently execute instructions or perform
oper ati ons uffi 8T ot her portions of thé system nmenory. Channel or data
buffers are i e re,i s a
i smat oh bt LA PRY SR shRradsE Prode Bl BRR ot B TR Rabl Aol ey

cycl e bet weehetﬁéﬂ"ﬁ-ﬁ‘gq eFﬁ‘ nﬁ%r{ro%d Rk FEXENACRHSE BPPPPRYST rﬂfltabﬁ§°ra§ﬁd

t he anount Of.tod-aﬂ:fi&{nﬁiﬁ @N depatateapebiphbranswvidecd PRt waen of henlt@ple andat he
peri pher al Vi ces | e %293 at a
buffer with go%uf%rs %%"ga%%g #ogglﬁ%oﬁggcg%ﬂggé%sfggf tso%ggc)'{ljtrrﬂ?at éJS af a&one or
two bytes at a tine from a peripheral device over an 8/16-bit peripheral
bus - into thirty-awrdbden aBkbcistde »auaraaitaiﬁ&nsfthEe@em Qmslpcz& peiephlaad
buffer can then be Lr nsf%rred io 5|n utJ't)l\/lﬁ\ €, ironme ore, t%Qgratlon
through a | aP§&r°t hf " Z5YH M nt eTha 0 PY1 e nemnory

When per f or mtnglsmonemul#l.fg. m¢‘@&'an‘bpér@tthoﬁv§°$ﬁr bmlsyB% m#@mklbtl% aad
peripheral, thd rintaina® b&g soeetzeénnftgé r@ttia Oburdess T8k cmd shEQE AR e ysyt Qﬂi\e
nmenory into the data bujf ne o |onthro%:lg)t e internal

data is thentPardSs & Fe tf‘?’% t &b efré B EBPTE BshAPEh RIHR ?rélt he
- peripheral dewingel datBy gpedatsiong t¥idngunbame ofrasgcitbs prripherad abts on<the

result is that any DMA transaction which requires a system memory access

will be slower than one which operates completely out of the data
buffers. The length of the transaction is increased by the need to
perform two channel arbitrations; the first to gain control of the
peripheral bus and the second to gain control of the internal bus.
Valuable peripheral bus bandwidth is thereby wasted for DMA transactions
that include a lengthy system memory operation on the data buffer while a
faster transaction for a lower priérity peripheral deviceimust wait for

access to the peripheral bus.

Accordingly the invention‘provides a data processing system having a
processor, an internal memory, an internal bus, a peripheral bus, and a
channel controller for controlling the transfer of data between the
memory ahd a plurality of peripheral devices through the internal bus and
through the peripheral bus, the channel controller including data buffers
to buffer the transfer of data to or from a respective peripheral device,
and the controller including priority arbitration means for granting data
transfer requests to contending peripheral devices according to a
predetermined priority ranking, characterised in that a data transfer
over the peripheral bus requires plural cycles of operation to f£ill or to
empty any one of the data buffers, and priority conditioning means are
provided to generate a conditioning signal when a data buffer is not
ready .to transfer data to or from the internal bus, the priority
arbitration means being arranged to adapt the said priority ranking by

lowering the priority of a data transfer request to or from a peripheral
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necessary to transfer data between the systemnenory and the 10CC in both
‘the read and wite nodes, the data buffer mnimzes processor |ockout that
occurs to handl e these transactions, thereby increasing the overall
efficiency of the data processing systemnore than one data buffer may be
provided in t hpggs each serving as a tegporary data storage |ocation for
a separate peri'pheral device. The use of nultiple data buffers generally is
known and desgdysbediven tise Bat&mh‘:y%nd@tﬂgné%anésmmheﬁhassmiratpebw'véh

data transfer_betwe ti erip d ces and systemnenory in a
buf f ered DMVA ¥ ]P‘bt%nﬁen’ts n°Prﬁa¥y t°t'%}§%§éact?\§n requi ring novenent of data

across both the peripheral bus and the internal bus between the data
buffers and the sy&ttgg} rgaapfdanbytd hme | g2ekernits ifvenelidil b Vaity Sdoous<IpeT Aldten

conpared to the nor I era nnel t r t aki e
across the pe’r’fcﬁﬁ%‘frglge%ugu%ﬁeﬁegrgér memfgﬁ Qdé%g %%k % rggnhsgc ?‘grr?HL cRf
requires a syparépheraier Fhoensbs V\Pﬂle%raél dHer Fhaﬁam \M"?P‘élf?léf)’éra‘ﬁ%san

conpl etely 0Ui,Qfndheniat anlufin@ésmal Tihs! RPeidtind itenighains aﬁéédo rthhﬁ the

i ncreased by the nee m t wo nnel,_arbitrations; :
gain contr ol rlPH"erag &’“Bh@ﬁ’%ﬁ ﬁ’d"k&t (3 %ré%°5ﬁ?i“ttmgga'?er?hséon?rgfa a%a
i nternal bus. tﬁéabﬂabl:equHSpher abccmsisncbandm de hpyedetdymingdy prieridy r@rklmm
transactions ghat idjghaflesa LRNOtdMasHMILEMY NREARS yapeoe,sxa;vum Ofp tdmptatte

buffer while a faster transaction for .a lo rior eral_ de |ce
must wait forPHEEEESs TRYrHe %@FY%@%I“B‘?E‘WE%WWE& #%L?%W f)\%/
-peripheral of lower priority ranking but must wait for the peripheral bus

to make a data transfer for a peripheral of higher priority ranking.

Utilization of the peripheral bus is improved by conditioning the
established arbitration priority scheme based upon the data status of the
data buffer so that if the normally higher priority requesting peripheral
device requires a data transfer betweeh the buffer and the system memory,
priority will instead be granted to a lower priority device that does not
require the relatively time consuming system memory access operation. 1In
this manner, a lower priority periph.eral device with valid data in its
buffer during a DMA read transaction or empty buffer space during a DMA
write transaction will temporarily be given priority for use of the
peripheral bus over other normally higher priority periphera‘; devices
which do not yet have da-ta or buffer space available. While the lower
Priority transaction is taking place across the peripheral bus, the
required system memory access operation for +the higher priority
peripheral device is accomplished. This concurrency causes the system to
always appear to be operating out of the data buffers by allowing the
faster transactions across the peripheral bus fo proceed while the slower

buffer to main memory operations are completing.

In a preferred embodiment of the present invention the IOCC is
provided with a digifal logic circuit for determining when the data
buffer to be accessed is either full or emﬁty for conditioning the
established priority during DMA write and DMA read transactions,

respectively.
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It is an object of the present invention to aneliorate one or nore

tdi sadvantages of the prior art. According to one aspect of the present
invention there is provided an input/output channel control apparatus for
regul ating data transfer operations, said apparatus conprising: a data
storage devi cq'?_g)gt_oggast two peripheral deyices, each peripheral device
havi ng a precfe ermned priority ranking; at |east two data buffer neans,
each for storing gatre hetdtgpabyiizskafures:-bet ween sai d data storage device
and at | east one of said at |east two peripheral devices; neans for
indicating a data status of each of said data buffer neans, the data status
i ndi cati ng whet heFIG: he igae sblogkf drgrnef ety SEeGesEh IR Dvglyigg the
transfer reqlﬁggénbog},@rjtgyn,arbitrati on neans for regulating said data
transfer operations by granting a data transfer request to one anong

cont endi ng ones of said 4 peripheral devices requesting data transfer,
based upon the prEmfet®r is nedemCikoﬂﬁﬁvamaﬁquﬁgr#“‘éa%aomgf&m Pt | GHEFS
devi ces; and QU iiQrds ¥n GABEE LduCPit) gndmRaD TofORlLed (Eercs adtdwprinorid.y1;
arbitration neans for altering said predeterm ned priority ranking by

di sabling the data transfer request of a said peripheral device when the
data status indi cenees3t hat stirmatie avisuf fofr theapentirel ntrgireghigmt oirhdd8t € t he

data transf eren{pgg#lﬁsﬁsoé RSE ER% nB @itk D GporIsd iy Pabl BRI eH ofl &k Cidckf om
~contending for data transfer. According to another aspect of the present

~invention there is provided a data processing system conprising: a central
_ processing unit; BiGtents aetioiyg diagkamgillustrating a DMA read operation for the

system shown in FIG. 1 without the conditioning provided by the present

invention where system memory access is required;

FIG. 5 is a timing diagram illustrating a DMA read operation for the
system shown in' FIG. 1 where the conditioning provided by the present
invention grants DMA service to a peripheral device in which no system
nmemory access is required; i i

FIG. 6 is a timing diagram illustrating a DMA write operation for
the system shown in FIG. 1 without the conditioning provided by the

present invention where system memory access is required;

FIG. 7 is a timing diagram illustrating a DMA write operation for
the system shown in FIG. 1 where the conditioning provided by the present
invention grants DMA service to a peripheral device in which no system

memory access is required;

FIG. 8 is a flow chart of the conditioning sequence provided by the
present invention for modifying a priority arbitration scheme to grant
DMA service to one among contending peripheral devices of the data

processing system of FIG. 1;

FIG. 9 is a flow chart showing a linear priority arbitration scheme
for granting DMA service to one among contending peripheral devices of

the data processing system of FIG. 1; and,



transferring bus connecting said systemnmenory to said central processing

funit;

at | east

two peripheral devices, each peripheral device having a

predeterm ned priority ranking; an input/output channel control neans
connected to said data transferring bus for regulating the transfer of data
bet ween each fgb_gdigsé@t | east two peripherad devices connected thereto and
said central pr
channel control
storing data 3’
[

ocessing unit and said system nenory, said input/output"
rezansio risl editablen idlustxating obexddicn ff fthe @atanSroeesetnd or
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ready to handkﬂlaedata transfer request; priority arbltratlon nmeans for
regul ating said data transfers by granting requests for data transfers to
one anong contendi ng ones of said

transfer, accor
peripheral daw

priority rank
devi ce when t

gerl pheral devices re uestl %ng
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each peri pherearigkarpedevigrng?t ghed®d Bnivhtdr gre oﬁ"itf‘ﬁherdaﬁ'kl ARV Rt a
processi Ng Nemdahys t6Opgrts S3aNQ32 a@d Sid prespbetiveDy, ) adpdrd phexralsiaisd3¢+ amsé er

iinat

| east two.
peri

at

E%l bus 36 is also connected to the IOCC 14.

It is understood that the components of the processor complex 12 and

least a portion of the IOCC 14 may be embodied as separate integrated

circuit modules which are mounted on a conventional printed circuit card

(not shown) and the remainder of the components of the system 10 may be

packaged with the svstem board electronics of the IBM RT PC Work Station

(also not shown). TWhile three peripheral devices 24, 26 and 28 are

provided for purposes of illustration herein, it is understood that any

number of peripheral devices may share the common  peripheral

bus 36. The peripheral devices may consist of, for example, displays,

disc drives, network cards and printers, etc.

The internal bus 22 is a high bandwith synchronous bus designed to

interconnect the processor 18, the system memory 20 and the IOCC 14. The

internal bus 22 is a package switching bus transfering information

(multiplexed address and data) in thirty-two (32 bit wide quantities.

The protocol functions of the bus 22 may include, inter alia, parity

check, request, and acknowledge sequences to ensure data transfer

integrity. The peripheral bus 36 is an economical, lower performance bus

which comprises address, data and control lines, the data lines of which

are sixteen (16) bits wide. The bus 36 generally has the bus

architecture of the standard IBM PC~AT type.



4a buffers, each for storing data being transferred between said data
fstorage device and at | east one of said at | east two said peripheral
devices; indicating a data status of each said data buffers, the data
status indicating whether the data buffer neans are ready to handle a data
transfer reqaesB9-0F6anti ng data transfer Pequests to one anpng contendi ng

. ones of said peripheral devices requesting data transfer 6acicorngtlicgg 19t he

predeternined pré¥icet ytheanRFNGoBt &4 dthfer PEHEPHR AR Ace®® ARd B Ceri®hi§

. sai d predet exsphigeiated and yi satkdns@eh ppeiaddinis are checkddtdffergntiethaegest

. of said peripheral i eq.t i di what rsaid gdataa

‘ buffer-is no?her érécﬁ/rg?% hﬁlgn 'eg?h%ggg%gl@t%%ﬁr6€§hﬁggt€étlhe eg preventing
sai d peri phetuatierfass deorf then E¥anséei oy 52 BaF%etr flé‘r":‘?rnﬂic g‘ﬁi?‘fbdt ©

still anothepesiphéali Must he1pr operdtibnvent ikba Loer a4i s fpr ovkaedea mbitvsd

f lating the transfer of ‘easy it ' .
or regu Z‘al:a oggrniaet ogxaanq% Slod¥ 4 ﬁo&-ﬁa&%&m% %‘e 1 8R50a1t ¥R BETiPBEIAkea by

devi ces, phera evice having a predeterm ned priori tK rankl,ng‘,
and a data ptexdecs itg aenrsrte apBReRTiate FierdssiarpheperipberynPhgy 3% Wats
buffer to eaghiopeslk SRkedtidr beamh éva ware Highal acexbaces hyceddrnesacrrdat a
transfer requests from sai erjd.pheral | ces; I n aiber ofai ghdata
transfer reqtd® F?‘?nsag]ls’d dglf“g bfl??{:]erlg a‘gsjeg}%%ngd ?%Egs;él dg’i)agrg?'pﬁer.al devi ces;
i ndi cati ng t heargdexredt acupssothe aegivharal beist 8f sto tdovy LoRmEisrtioni Al B4t i ng
whet her the daignbeif @&wicaEBwithathe pRobdaBet ohplRxURd dnt¥iaf6dlemodeqUESTis;
granting data tranpsfer. reguests tq.qQne anon nt endi ng ones of said

peri pher al déﬁ}‘%e(fé*é“fdegﬁaetsfq#hsg *§at g’l }rfﬁs?oélfgaérggér%i'ng to an established
priority ranking of said peripheral devices; and altering said priority
ranki ng by di sabhjngnddieastatfunkeishoer theqioest 10f ia peprphes akegrytcerahen
the data statys indicates that assi gned. dat uffer. i.s,npt..re t
handl e t he dgf"ée‘?ttr'&???F%racf’gaﬂe(sl)%{n{ehseef € ‘% %?%w\?g?]ﬁh% esrgf’%ar%ér%%ﬁéersg Xﬁeé\%i ce
from cont endieng 28r agdt sther aprocessor complex 12. In contrast, a programmed

input/output (PIO) instruction requires execution by the processor 18
such that communications with the peripheral device may be slower than
desired. In addition, when executing PI0 instructions the processor 18
cannot be used concurrently for other operations while it is providing
support for the peripheral device. The performance of DMA transactions
do not require direct steb—by-step supervision by the processor. 18 and
allow for rapid and efficient mass data transfers between the system

memory 20 and the peripheral devices 24, 26 and 28.

Schematically shown in FIG. 2 is a portion of the architecture of
the IOCC 14 which uses hardware data buffers 38, 40 and 42 to enhance DMA
performance. Each of the data buffers 38, 40 and 42 are used to
accumulate and temporarily store data in thirty-twe (32) bit wide
quantities for transfers between the respectivé peripheral devices 24, 26
and 28 and the processor complex.12, While only three data buffers are
shown, it is understood that additional data buffers may be provided
corresi:onding to the number of peripheral devices sharing the peripheral
bus 36. The data buffers 38, 40 and 42 each contain four temporary
memory locations represented by the suffixes a, b, ¢ and 4, each of which

are capable of storing 8 bits of information. Four lines 44, 46, 48 and



Accor‘dl ng to still another aspect of the present invention there is _
provr ded an input/output channel control apparatus for regulating read and
wite data transfer operations, said apparatus conprising: a data storage
device; at |east two peripheral devices, each peripheral device having a
predet er m ned2p¥i88r¥¥®y ranki ng; at Ieast t\Wo data buffer neans, each for
storing data bein nsf err ed aid data star |

| east one of 3S%i g‘éﬁ‘e %e%s rﬁ/%cgwe ceartzfn devabd §;2 rgreiﬁg %M o%e'éﬁc]gu&ters
when 4b each, Wi dndladZa tbuf-lieerlnhﬁaﬁé bus @Rt hdt imluhd%ﬁsteﬂrﬁpttﬁ}a'bfthﬂa’t’a*es

priority arbi g QRe r&aa&uft@re %an&arr&g dﬂ;&@ $1gARE f1@hed RELIEStnot OshaRR) eaasrang

contendi ng ones of s heral q estl data transfer
s?&rprl At thPr §ez§ E i

upon t he predé’f’%rtﬁf“?r y ran 1tfmsa|q3antltl% &ra aew ces

and priority ofnidietdaai piffaeads- @:%)@ptw Fk!ﬁ daternpk bos iy AnbtherafquEnlifeans
for disablinggthesgatss tar@nss‘sercdhsw%heofpealpi@fﬂ ARk BBER3| tREVidpe¥ding

TP s Sarhlt TR b ket g0, 304 550 20 HE a3l
sai d corr espordnsegutivea shofdflerlipemnand saerpteight sighal dkidesa¢athddatso not

transfer requegl)Sedr ERAG SR 150BELInINgRAI @) %E'ﬂh@rﬁangﬁ\iEEQnté hageby
avoiding delay 1n data transfer operations caused by Frﬂg@a tatus of
a

said buffer nﬁaﬁs°faﬁ&et RRFEB HrevBH PG i & ‘be‘ﬁtﬁh]%"rf FFRF The
cont endi ng f opediaherdlr dnsf 26.. Aoc theli saget Dannet, arhet hbresaSpewtd GB mbhe also

present i nventcws%cwﬁre skgnall Qﬂéée%é‘ Qair? Hg‘ﬂ@e&@hﬁlﬂ 151\455 eé@chavxro@gsaown)

processor, an Inter nal rrem)rdy i nternal bus, per Itp er al
for transferring ai:a :Ln eight (8) bit wide quan ities into and out of

the locations b and/or 4 of the data buffers 38-42 across the peripheral
bus 36. According to this arrangement, it is also apparent that data may
be transferred on the lines 52-58 in sixteen (16) bit wide guantities
into and out of the locations a and b or c and d.of the data buffers
'38~42 on the peripheral bus 36.
i i

Thus, the data buffers 38, 40 and 42 provide an interface function
which improves the performance of the system 10 by reducing the demand on
the internal bus 22. For example, when a DMA write operation is to be
performed, the IOCC 14 must transfer data from one of the peripheral
devices. 24, 26 or 28 to a storage location in the system memory 20.
Information is transferred one or two bytes at a time from the peripheral
device across the peripheral bus 36 and accumulated@ over two or four
cycles of operation into the locations a-d of the appropriate data buffer
38,-40 or 42. Only once the subject‘ data buffer is full (i.e., each
location a-d contains data) will access to the internal bus 22 be
granted. A thirty-two (32) bit wide transfer of data will then occur in
a singlé write operation to the system memory 20 from the data buffer
across the internal bus 22. When performing a DMA read, i.e. 1load
operation from the system memory 20 to a peripheral device, thirty-two
(32) bits of information are transferred in a single read operation
across the internal bus 22 and temporarily stored in the data buffer

corre'sponding to the particular peripheral device. Data may then be read



bus,* and a channel controller for controlling the transfer of data between
‘the menory and a plurality of peripheral devices through the internal bus
and through the peripheral bus, the channel controller including data
buffers to buffer the transfer of data to or froma respective peripheral
device, and tharee9088 | er including priority arbitrati on neans for
granting data transfer requests to_contending ger_i pheral devices according
to a predet er montdehrihgr 1esptionkiang, ofc ke adater T andt peansfertat s2qrean sther
over the peri phefifdhebals bue(ss rigs epi:ﬂé&'géiqm‘_Ck@S oefsiagwnakmnbw dubhtit@és 1t
enpty any one t he - butfers, friori condi tioni means are
p?gviydedyto ge%ié'?a?%lgg%%%diléﬁu@ﬁi r?b’gxgi%l%é t ‘%% & data’ elff?ern C€C W6t r"g?fd'y
to transfer datatzoidr rerdnPithecheriphtacatidygs a-ghef prhordaty Bnbferr atd orhe
neans being ar papgRdriD askiRle, Saihd Riraféfcry dpabddiBgs Dird OWRMEPLehBe to the
priority of a ga%angiabrhzf% Sngayest to or frolT a ger! pheral device when the
priority condi tPEHING TEafs &F gial B° R RE® &8 Jacti ve data buffer is not
ready to transfer data. DESCRI PTI ON OF THE PREFERRED EMBCDI MENT( S)

AT9- 89- 056 The control logic circwitk{ Jf1@n&GOHEEPANYL FREE&&HE&? vy bldax 1
Is a block di agram g}‘[ a 'datiP%Vg ess] ng,..systeminvol ving the

t
i nvention: FI G2 §1% B 3% PRACET TRTSTIREr Iy of Bfﬂbﬁﬁ"éfg’gsgﬁgp"@(?ﬁt%l

| ogi ¢ of an i nperirberpudevivean®t. 86rendo?d end (thO@Epcesisonvzonplek| 13 throukh Ghe3
i's schematic Viggws @hridia sUabro¢ +hodoecsShenn c'iPctE.ltg} of the control logic block
' 60 provides for priority arbitration among two or more of the peripheral
devices 24, 26 or 28 which may be simultaneously requesting access to the
peripheral bus 36 for DMA service. The control logic block 60 further
improves utilization of the peripheral bus 36 by conditioning or
modifying the usual priority arbitfation, based upon the data status of
the data buffers 38, 40 and 42. The priority arbitration scheme and
conditioning circuitry of the control logic block 60 are discussed
subsequently in detail. A control line 62 is connected to the control
logic block 60 and represents the transfer of system level DMA request
and protocol signals from the IOCC 14 to the processor complex 12. A
control line 64 is also connected to the contrbl logic block 60 and
represents the transfer of DMA request and protocol signals between the
IOCC 14 and the peripheral devices 24, 26 and 28. Line 66 connects each
of the data buffers 38, 40 and 42 to the control logic block 60.

Referring now to FIG. 3, there is depicted in greater detail the
control logic circuitry of the block 60 from FIG. 2. Block 68 represents
the priority arbitration scheme for determining which among contending
ones of the peripheral devices 24, 26 and 28 will be granted DMA service
and therefore access to the peripheral bus 36. The priority arbitration
block 68 is connected by the line 64 to the processor complex 12 (FIG.
1). 1In the preferred embodiment, a linear priority arbitration scheme is
provided by the block 68 which is subsequently described with reference
to the flow chart in FIG. 9.



enpl c;"yed for nodifying the usual priority arbitration of the IOCCC, FIG 4
Is atimng diagramillustrating a DVA read operation for the system shown

in FIG 1 without the conditioning provided by the present invention where -

system menory access is required; FIG 5 soFa timng diagramillustrating a
'DVA read ope”®P718%A %t%r the system shown | |G 1 where the conditioning

provi ded by the Rugs@Ntol MPRha0M YoflliSe MBI o fodlehPIoRRIALyLRVI CO
i n which no systemnmenory access_is required; FIG Is a ti E]élag t%n%%
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block 70 w111 be described.

The control logic of the conditioning block 70 includes an AND gate
82 connected at its input to a DMA request line 84. The DMA request line
84 carries signal requests for DMA service to the block 70 from the
peripheral device 24 (FIG. 1). A buffer status line 86 is also connected
to the input of the AND gate 82. An OR gate 88 is connected at its
output to the buffér status line 86. ©Lines 90 and 92 are connected to
the input of the OR gate 88. AND gates 94 and 96 are connected at their
output to the liné; 90 and 92, respectively. A DMA write line 98 is
connected to the input of the AND gate 94. Also connected to the input
of the AND gate 94 is a line 100. An inverter 102 is connected at its
output to the line 100. A buffer full line 104 from the data buffer 38
(FIG. 2) is connected *to the input of the inverter 102. A DMA read line
106 is connected to the input of the AND gate 96. Also connected to the
input of the AND gate 96 is a line 108. An inverter 110 is connected at
its output to the line 108. A buffer empty line 112 from the data buffer

38 is connected to the input of the inverter 110.

In operation of the system 10, more than one of the peripheral
devices 24, 26 and 28 (FIG. 1) residing on the demand shared peripheral
bus 36 may request DMA. service simultaneously. Since only one of the
peripheral devices can have access to the peripheral bus 36 at a given
time, the priority arbitration block 68 (FIG. 3) receiving contending DMA
request signals (across two or more of the lines 76, 78 and 80) will

grant a request for DMA service to the higher priority of the requesting



AT989056 L ' 6FIG 10 is a table illustrating
operatlon of the data processing system.of FIG 1 where the priority
arbitration schene at tinmes is nodified to grant DVA service to a | ower
priority contending peripheral. device. ﬁeferrl ng to FIG 1 of the

dr awi ngs, A18z89-9F%r ence nuneral 10 refefs to a data processi ng system whi ch

includes a er%f ?gfoievﬁgégjl €¥n e QefeQ'PU& | RHERWERC NBING 66 Okl &idnes | OCC)

14 and an ¥ ut put subsystem A processor 18 and a system nenory 20
conpri se tHaepr GELILSY %@Frﬁﬂ’aé%?”ifc&ﬁ‘ae erPﬁPe'itt?oﬂ"rFéB’P"erd‘lb vafic 4t B¥hal bus
1 22. The | AHRI Rihe bt pr2akiity, alheQreaxdphenl adbvice Rhchak e dekt Fhivritpudddut put

' subsyst em 2 | RaJr;H%?ﬁ P&LJspbena! hgsvweesl&% + 20 20628 \méc&mrsere&é@ched

in a conve manner to ports 30, 34, resp ectlve(y on.a

per i pher al reguestds) %éhﬁﬁi‘"ﬁﬁéﬁt?’:ﬁ%c%ef‘%‘"&l eerinharAb dedice §) tHidlikoc 14.
It is undegeatoees t iitdilt hRe cOMPOSREbEicAl fobhetiy aceiaorprdonitye et bhansl at

| east a po t|on of mgfeﬂeglc 14 may be enbodi ed as separate integrated
circuit no lYIles are mounted on a conventional printed circuit card
(not shown) and the remai nder of the conponents of the system 10 may be
packaged with i&%:&%&hem laaa&ﬂkbeheciﬁeaﬂiaSn@futtbfzahBM BF Bﬁ \ﬂéf:kph‘ékﬂ i on

(al so not shown). Wile three RELL PR evi ces 24
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peripheral devices requires a system memory operation across the internal
bus 22 before the operation across the peripheral bus can occur. The
peripheral bus 36 is “held waiting” when instead it could be utilized by
a lower priority device that is capable of operating completely out of
its data buffer 40 or 42 (FIG. 2). The foregoing occurs during a DMA
write operation when the particular data buffer for the higher priority
peripheral device is full since data must first be transferred in a
single, thirty-two (32) bit wide quantitf across the internal bus 22 to
the system memory 20 (FIG. 1) before the data buffer locations a-d can
receive data across the peripheral bus in 8 or 16 bit quantities from the
peripheral device. Similarly, during a DMA read operation when the data
buffer for the higher priority peripheral device is empty, information
must first be transferred from the system memory 20 across the internal
bus 22 in a thirty-two (32) bit wide quantity to the data buffer, before
it can be transferred one or two bytes at a time across the peripheral

bus 36 from the channel buffer locations a-d to the active peripheral

- device.

Accordingly, the conditioning system renders the usual priority
arbitration adaptive ag:cdrdimj to the data status condition of the data
buffers 38, 40 and 42. If the higher priority peripheral device is
requesting a DMA write operation and its data buffer is full} or
alternatively is requesting a DMA read operation and its data buffer is
empty, the conditioning block 70, 72 or 74 (FIG. 3) for the device will
not forward an active signal request for DMA service to the priority

arbitration block 68 and the request will instead be granted to the next



nunber .of peripheral devices may share the. common peripheral bus,
36. The peripheral devices may consist of, for exanple, displays, disc
drives, network cards and printers, etc. The internal bus 22 is a high
bandmnth synchrono s bus designed to |ntg{connect the processor 18, the
,systen1nenﬂ¢? 80%°%d the 10CC 14. The irt%ernal bus 22 is a package

Swi tching bUS %%ﬁt&{dﬂg b QAR %vﬁgy'&ﬂleheés% adr £85ui30d 0L 80em N

thirty- two ¥ w de quantities. The protocol functions of the bus 22
imay i ncl ud@em‘i’m%ﬁ’er&f"f‘é‘, parity check, request, and acknow edge sequences
'to ensure data transfer integrity. The peri pheral bus 36 is an econonical,
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buffer status line 86 is inactive, the signal output of the conditioning
block 70 on the line 76 will also be inactive and the DMA service request -
for the peripheral device 24 will be held off. 1In this manner, the
priority arbitration will be.modified so that the next lower priority
peripheral device (e.g., the device 26 or the device-28) may instead be

granted access to the peripheral bus 36.

If a DMA write operation is reéuested by the peripheral device 24,
the DMA write line 98 will provide an active signél to the AND gate 94.
If the data buffer 38 (FIG. 2} is!not full and has one or more empty
locations 38a-d, the signal across the buffer full .line 104 to the
inverter 102 will be inactive. The output of the inverter 102 will
produce an active signal across the line 100 to the AND gate 94 The
output of the AND gate 94 and thus the OR gate 88 will provide an active
signal on the buffer status line 86 to the AND gate 82. Thus, an active
signall from the conditioning block 70 on the 1line 76 from the
conditioning block 70 to the block 68 will result in the implementation
of the.usual prioriiy arbitration scheme in which the peripheral device

24 will be granted DMA service.

On the other hand, if the peripheral device 24 is requesting a DMA
write operation and the data buffer 38 (FIG. 2) is full, an active signal
will be provided to the inverter 102 on the buffer full line 104. The
output of the inverter 102 will then forward an inactive signal to the
AND gate 94. The ocutput of the AND gate 94 and consequently the OR gate
88 will be an inactive signal to the buffer status line 86. The AND gate



the 1 OCC to.generate appropriate signals for the peripheral bus 36 which
‘Will result in either a read or a wite signal acconpani ed by address and
data signals. The 10CC 14 peéerforns address translation of data
transferred across the peripheral bus 36 to allow conmuni cation of the
peripheral devifege-0béh the processor conpl® 12 in virtual node. It is
understood that this is a bidirectional process. An inportant functlon of
the 1 OCC 14 i s eipt eeevier aquinscsivesighalete thenBrigrifyc sLRitrEimy RioF
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the 1 OCC 14 which uses har dwar e data buffers 38, 40 and 42 to enhance DVA
per f or mance. Eactn of sinieatlakannbuf f tires B8ditid@ingndogiz @fe the egpndptioning
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DMA read operation, the DMA read line 106 will prov1de an active signal
to the AND gate 96. If the data buffer 38 contains data in at least one
of the locations 38a-d, an inactive signal on the buffer empty line 112
will cause the inverter 110 to provide an active signal to the AND gate
96 and hence an active signal to the OR gate 88. The signal putput of
the AND éate 82 on the line 76 will be active. The normal priority
arbitration scheme wili be followed and the peripheral device 34 will be
granted DMA service. Alternatively, if the data buffer 38 is empty, an
active signal on the buffer empty line 112 is provided to the inverter
110 resulting in an inactive signal to the AND gate 96 and the OR gate
88. The AND gate 82 will provide an inactive signal on the line 76 to
the block 68. The usual prigrity arbitration is therefore modified and a
lower priority peripheral device is granted access to the peripheral bus
36. While the lower priority device is performing its data transfer
operation on the peripheral bus 36, thirty-two (32) bits of data are
concurrently transferred from the system memory 20 to the data Buffer 38

across the internal bus 22.

FIGs. 4-7 are timing diagrams illustrating the timing of information
transfers for the system 10 which may occur between any one of the
peripheral devices 24, 26 and 28, the IOCC 14 and the processor complex
12. It is understood that lines which are described as carrying signals
between the processor complex 12 and the IOCC 14 correspond in FIG. 2 to
the control line 62, while lines carrying signals between the peripheral
devices and the IOCC‘correspond to the control line 64. The remaining

lines carry signals internal to the IOCC.



shovin, it is understood that additional data buffers may be provided
*correspondi ng to the nunber of peripheral devices sharing the peripheral
bus 36. The data buffers 38, 40 and 42 each contain four tenporary nmenory
| ocations represented by the suffixes a, b, ¢ and d, each of which are

! capabl e of ar®®BPmRp68 bits of |nformat|on1 Four lines 44, 46, 48 and
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nect.the respe
|l ocations a, b, F&art FPéFtLathe oHTERT S‘Eﬁ faérlgsmbé"ea% °Per?:ltlf?§ %é\ﬁ% the
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carry eight Sa%qg{redl Eftﬁn L hsk@% n@ﬂl@i“pbof e 4 Iﬂ»@r@lE@fh&f péripheiat devilke
-thlrtytwo uantiities into and out abuffer 38-42

0]
across the end e?‘}‘l’aldaﬁﬁsb‘? er ARTHPEPOTSRF FS N @?‘pg?fa%gen G 58 CC ﬁect
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ei ght signal ?l nes Bach (also not s hown) for the transfer ata %@ ei ght
or t

(8) bit wi ddiegidadix T*%%Rq r‘lﬁftﬁﬁoh°&8tre@f‘e?ﬂes’r%étﬁsoarféméa?ﬂﬁ or e
data buffer $nddr 48e arvcess4t hrpagh pheiallasuprddcol) | reduests Ak Framhes t°t he
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| i nes each transferrln ain el it w
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38-42 acrosgch&t@elfds RRA€r#HHRY signal to the IOCC 14 indicating that it now has

access to the internal bus 22. Line 126 represents a -PHLDA (peripheral
hold acknowledge) signal which is activated at time 128 and generated
from the IOCC 14 to the peripheral device acknowledging the grant of the
peripheral bus 36 access. Since the peripheral bus 36 is now in a state
where data transfer may commence, line 130 within the IOCC 14 provides a
-PWR (peripheral write) signal which is a write strobe for the peripheral
device. The -PWR signal is activated at time 132 to start the operation.
i

Before information can be written from the channel buffer to the
peripheral device, 32 bits of information must first be read from the
memory 20 into the channel buffer across the internal bus 22. As
indicated by line 134, a ~-SYS MEM RD (system memory read) signal between
the IOCC 14 and the processor complex 12 is activated at time 136
indicating that the IOCC is now ready to read information from the system
memory 20. As shown by 1line 138, data is transferred from the systen
memory 20 to the data buffer according to an SDATA (system data) signal
at time 140, A -SYS DAT STB (system data strobe) signal on line 142
latches the data read from the system memory 20 into the channel buffer
at time 144. The -SYS DAT STB signal is generated internal to the IOCC
14 and is a iming signal that allows the control logic to store the data

in the buffers.

while the above data transfer from the system memory 20 to the
channel buffer is completing, the writing of data across the peripheral

bus 36 from the channel buffer to the peripheral device cannot yet take
-,



bus 86. According to this arrangenent, it is also apparent that data may be
*transferred on the lines 52-58 in sixteen (16) bit wde quantities into and
out of the locations a and b or ¢ and d of the data buffers 38-42 on the
peri pheral bus 36. Thus, the data buffers 38, 40 and 42 provide an

I nterface fugggjsgnogghi ch inproves the perfisrmance of the system 10 by
reduci ng the demand on the internal bus 22. For exanple, when a DVA wite
. operation is phscdieepar ftbowad the heeniplB@alidenise Rasahedrestentiag {14y ofi& <6t
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' menory 20. | ' '
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. four cycles afsaperelyl afterntle tiee L32at Aoriong-a¢ Hfe +IREY apigrdl ik aneéctidta
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I S t? nal bus 22 be 19£c6}1%6d'
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internal bus 22 ., Wiep. PELEOLThELode VA LBEEfer 1€ comphOR] ORELEES fEM fbOom
the system méfiory 2010 a per
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i nformati on @ienaly amsiher Haw 13° dssFHigreet &adEpRP ARt S Y PESE EHe O nt'er hal
- bus 22 and t appoY idal &f ehediina ldeeisialso reléaed dor riespomdl Fatd athgime
: particul ar pe.l.rsb.p h?.'ig‘ela lggvfe%geséﬁgat@y.réﬂ@@r R2 &A2dout of the channel buffer

to the peripheral device according to a PDATA (peripheral data) signal at

time 156. An appropriate address location in either the system memory 20
or the peripheral device required for the transfer of data is indicated
by line 158 which carries a SADR/PADR (system address/peripheral address)
signal. The data is latched into the peripheral device from the IOCC 14

at time 160 on the line 130 when the -PWR signal goes inactive.

Referring to FIG. 5, the timing of the system 10 is illust;ated
showing how utilization of the peripheral bus 36 is improved by the data
status conditioning for a DMA read operation where the peripheral device
which is granted DMA service will never require a system memory
operation. On line 162 a +PREQ (peripheral request) signal is activated
at time 164. Since access to the processor complex 12 is not required to
£ill the channel buffer, lines 166 and 168 which carry +SHRQ (system hold
request) and -SHLDA (system hold acknowledge) signals remain in their
normal states. On line 170, the IOCC 14 grants a -PHLDA (peripheral hold
acknowledge) signal to the peripheral device which goes active at time
172 indicating that the peripheral device has access to the peripheral
bus 36. BAs shown on line 174, the IOCC 14 will provide appropriate
address instructions as indicated by a SADR/PADR signal on the line 174.
On line 176 a -PWR (peripheral write) signal is activated at time 178.
Since the data for transfer is held locally in the data buffer, the IOCC
on line 180 will activate a PDATA (peripheral data) signal at time 120

for transfer of data across the peripheral bus 36.



AT9- 89- 056 9 out of the locations a-d of the data
buf fer and transferred across the peripheral bus 36 in either eight (8) or
sixteen (16) bit quantities to the peripheral device over either four -or
two operation ¢ &%- Wen data is read oufg of the Ilocations a-d of the
data buffer t‘0°ttie peripheral device, the transfer operations are

transparent to the;hed ecrheahrémseﬁ%paa&ﬂoheodbﬁegeﬁﬁanyca@weex £h2. pdtigheral

control logic C|rCU|try e 14 is.re ted by bl ock I 2
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28 which my 2 mifta cc Juesti ngPHELETS 0 YRE® peliphéral "ous 36
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system | evel request and protocol signals fromthe 10CC 14 t
processor conplex 12. A control line 64 is also connected to the control
| ogi ¢ bl ock 60 andreferring to FIG. 6, the timing diagram shows a DMA write operation

showing the sequence of events which occur without the conditiong logic
of the present invention to modify the DMA service priority for a
peripheral device with a full channel buffer. Line 194 shows the
activation of a +PREQ (peripheral request) signal at time 196 indicating
the initiation of a reguest for DMA service by a peripheral device. This
event would in turn cause the IOCC 14 to activate a +SHRQ (system hold
request) signal on line 198 to the system complex 12 at time 200. On
line 203 the processér compléx 12 would activate a -SHLDA signal at time
204. The IOCC then activates a -PHLDA (peripheral hold acknowledge)
signal-on line 206 at time 208. The péripheral device is now ready to
start the DMA cycle, and, as shown on line 210, an appropriate SADR/PADR
(system address/peripheral address) signal is provided as shown at time
212. Line 214 activates a ~PRD (peripheral read) signal at time 216
indicating that the data transfer across the peripheral bus is ready to
commence. Concurrently, on line 218, a +PRDY (peripheral ready) signal
is inactivated at time 220 because the peripheral device is required to
wait until a transfer of data across the internal bus 22 has occurred
before there is space to transfer data across the peripheral bus 36 into
the channel buffer. On line 222, a transfer of data from the data buffer
across the internal bus 22 to the system memory 20 is indicated according
to an SDATA (system data) signal commgncing at time 224. Accordingly, on
line 226, a -SYS MEM STB (system memory strobe) line is activated at time
228 to start the process of latching the information to the system memory

20. Once this is completed, the +PRDY (peripheral ready) signal on the



represents the transfer of DMA request and protocol signals between the.

] OCC 14 and the peripheral devices 24, 26 and 28. Line 66 connects each of
the data buffers 38, 40 and 42 to the control logic block 60. Referring now
to FIG 3, there is depicted in greater detail the control logic circuitry
of the bl ock 6@rd+89r056l G 2. Bl ock 68 repredents the priority arbitration

- scheme for determ ni ng which anong contendi ng ones of the peripheral

devices 24, 26lintd 228 #F| peEAFafte AR Ver P12 gﬁdl’t’f?erzg? of% Yepetarred

t he peripheral abstzaddy tbhe PDATH | (pgriphersY adaiten dilgask 8 tise C233necthed doya

(the line 6410, L0GDIAGERGHrEAMURY 44 bf!He e bik MGy AART ShriClignar 1o

. enbodi nent, a FHear priority arbitration schéne is provided by the block

- 68 which is subra¥dwafely described with reference to the flow chart in FIG

9. AT9- 89- 056 10 Bl ocks 70, 72 and 74 conprise
conditioning circuitry Jor Lfylng th a riopLt rbitrati. e
used in granting dg%ﬁgi‘ ta; ahls}ggérya&é%qug%% s&glrfr%#g&irﬁea S{aMki %’ﬁ%"rea|°5’8€%’“{1§£s§ 4 QSG

and 28, respecepnditionedhperirhesalndering sherendhe ofapRutieryitenevas il 2pd
di scussed in dehfirhatiohen0B8di idaanergh kho Pewipfiral Dottt IdedTRHE faath mpasstial
DT o) £, A EGEE 8" bR Naple i, D8 R Sl SRR Ll
respectively. kparest§@®MA service with an active +PREQ (peripheral request) ‘signal at
time 238. Since this is a local transfer to the IOCC 14 from the
peripheral device, there will not be a system request made so that lines
240 and 242 (+SHRQ and -SHLDA signals) remain in their normal states.
The IOCC in turn determines that space is available in the channel buffer
to transfer data from the peripheral device. On line 244, a ~PHLDA
{peripheral hold acknowledge) signal is activated at time 246. Line 248
provides an appropriate address according to. a SADR/PADR (system
address/peripheral address) signal at time 250. Line 252 shows that a
-PRD (peripheral read) signal is then activated at time 254 indicating
that data may be placed on the peripheral bus 36. Since no system memory
operation takes place, lines 256, 258 and 260 which represent SDATA,
-SYS MEM STB, anéd +PRDY signals, respectively, remain in their normal
states. Thus, as shown on line 262 the peripheral device will start
putting data on the peripheral bus 36 as shown by a PDATA signal which is
valid at time 264. At the rising edge of the -PRD signal which is
inactivated at time 266 on the line 252, the data is latched into the

buffer from the peripheral device.

FIG. 8 is a flow chart of the system for modifying or conditioning a
priority arbitration scheme. In the preferred embodiment, the priority
arbitration scheme to be conditioned is the linear arbitration scheme
described subsequently in FIG. 9. Each branch of the flow chart
represented by blocks 300, 302 and 304 correspond respectively to the
conditioning blocks 70, 72 and 74 of the hardware implementation shown in
FIG. 3. Since the sequence of events for each of the blocks 300, 302 and
304 are identical, only the details of block 300 will be described.



78 and 80 connect the priority arbitration block 68 to the conditioning:
‘bl ocks 70, 72 and 74, respectively. Since the conponents of each of the
condi tioning blocks 70, 72 - and 74 are identical, only the conditioning
bl ock 70 w RirodBe-alsscri bed. The control [18gic of the conditioning block 70
includes an AND gate 82 connected at its input to a DVA request Line 84.
 The DMA request The rengiiticaing sysEemy F4Rr e dhe¥t™® F&%r YRR asé?%‘i‘ec?é t Of
. block 70 frqQpnike pam pherpdrifgmsated@ddicé F2Gentgrs A v REZD Steaision|blvek86 i s
. al so connected to t I pput . e | cted
| 8%';;?%”.3%% a8li 488 {1k ORC ol il CRAALE (R Jemennig

L at its out pﬁ?e‘to er status ne. nes 92 are connected

- to the inputtoofa Pitfe refd @at BUSBriteNpPyatin oA BHIFEBEIRTE deaiitaR ¥k Phei r

'~ out putttg EQ@?éﬁi\rQ_@&hgoreiﬂdiﬂZfAiN mefdah\gkfeyatién%td\ﬁoh&&J im;a%&tii.sely, f
connected to the in 0 e 94, A npe | o
the AND gat & 4558 %H#LI' néeecif)’(fn R?mlgﬁv%rz t é?ce%ggitﬁgcg%qﬁltgg e’a‘Oa"{‘t ﬁ?s‘o%&'téput
to the |ineop&Gtion dsuftpepcdugh| ThHenEUAFRR FYRSH feeistien Plpek PP FFemAes 2)
I'S CO“{‘egt te‘il,h{: %a&@esthfkml%fﬁ]het gﬁg Buﬁret:e:gs 1%12;. A @M%héfadeitxd m?;ﬂ(iﬁ d=ta f
connected tq the input o e gate, 96. p _cogpected, t o | o
the AND gat 598 7™ T n 0¥ ™AR f"'%\vgr9 elr°°i’.§[ nls’sgé(;%%heg¥eedr eé‘tugsltt rsmL g&t put
to the |ineptO8ed #o axf REEOWeBBQybldcke314L2 Fheo ALEWe DR LACHK B &rpagges sthe

Tore Lhan ot R e A e e Thre, 1) ool 00 o
nore than one. of the peripheral devices , reesiding on
the demand FREFEHF p |1§’F1"’é’$81‘ Hs™%s sﬁgﬁeq”gﬁﬂ& tlf%f/ﬁrag:gé e &P TSt Ahedusl y. -
Since only dmerxsk ?2he ’

If the BUFFER EMPTY decision block 310 instead determines that there
is no data in the data buffer 38, the request proceeds to a DISABLE DRQ
block 318. The DISABLE DRQ block 318 operates to prevent the request
from proceeding to the step 316. A BUFFER STATUS CHG decision block 320
receives the request from the DISABLE DRQ block 318 and only if .the data
status of the buffer 38 changes (in this case/ by adding data to the
locations 38a-d from the system memory 20} will the the request be

allowed to proceed to the step 316.

As previously mentioned, the DMA READ decision block 308 will
forward a request for DMA service to the BUFFER FULL decision block 312
when the request is for a DMA write operation. The BUFFER FULL decision
block 312 will determine the data status of the data buffer 38 to the
extgnt that if data is not present in all of the locations 38a-d, the
request will be forwarded to the ALLOW DRQ block 314. The request will
then proceed +to the step 316 for normal priority arbitration
(subsequently discussed). However, if the data buffer 38 has data in all
of its locations 38a-~d, the request proceeds to the DISABLE DRQ block
318. Only once the data status changes by removal of data from the
locations 38a~d will the DATA STATUS CHG decision block 320 allow the
request to proceed to the step 316.



periipheral devices can have access to the peripheral bus 36 at a gi ven
“time, the priority arbitration block 68 (FIG 3) receiving contendi ng DVA

request signals (across two or nore.of the lines 76, 78 and 80) wi Il grant
a request for DVA service to the higher priority of the requesting
AT9- 89-056 aT9-89-056 11 pesi pheral devices. In the

preferred enbodi nent, block 68 inplements a linear priority arbitration
schene in which FE@ plrijsheral flg8vicherp4 ofasthet traribiighe srbprabidn yscheme
peripheral deyirfe@pafaiigstd h&e nsggramrprdft Yhe Q)Qﬂoxti:é a@a%;ﬁ{&@&a:md@w&e of28t
has the | owe prLi or se ce_request(s).o ower, prdority
cont endi ng p # oRér af” ey \7|l%re(t§) AW i°nhéfcf’q#§f' t%f‘e’?ehé’ 5% B2 MBn
for the hi ghe#r‘p—lce oke tishepéml’ﬁlﬁer zinking | gwng scanteplisy cpbrigierpt edavdcsd \for

descri bed, | Refddaihedsob & Shé QrBineeBE HAETIGLNY Abaulls 36 HAH:D14Y ok mes
when the hi gher t he ﬁontendl ng erll;?hera devices requires a

;
syst em nenor ¥ %p%?%t 18n¥%rc?F‘o§EG’ b BTRPIHaFC BuRRI ATV (deciHen derki32an
across the pé&fi prerrehudnts cosresponds .toThe fpmti phizdty lyesiBerals delvéte] the

wai ting" me?eéd@%leﬁ@céédscwlbdogg 35&'4h&3§@rp%satﬁe0¥x§{uep£l Oiﬁ tlﬁ‘e %\éf&%ehhat
I s capabl e of cg?eratln co | etely out of its data buffer é\‘}F
ar

2). The for e§BPHG THeur?® BLrihg24 BRESRPI% B o 052t AOTVRYA steﬁlél‘i?af?ﬁ

data buffer periphamihidghibre pd4.0r Ifythe request is not for the first priority
device the request proceedé to a DRQ2 ACTIVE decision block 326. The
DRQ2 ACTIVE decision block grants the request if the request corresponds
to a second priority peripheral device as shown by block 328. The block
328 grants DMA service to the peripheral device 26. Finally, if the
request is not for the first or second priority devices, a DRQ3 ACTIVE
decision block 330 receives-the request from the DRQ2 ACTIVE BLOCK 332.
The DRQ3 ACTIVE block 330 grants the request if it corresponds to a third
priority peripheral device (in this case the peripheral device 28).
Block 334 will receive the request only if it does not correspond- to one

of the above ranked priority devices indicating a system error.

FIG. 10 is a table illustrating the operation of the system 10. 1In
this example it is Iassumed that the peripheral device 24 will be
requesting a DMA read operation, while the peripheral devices 26 and 28
will be requesting DMA Write operations. According to the contention for
DMA service shown on row 332, the request for the peripheral device 24 is
inactive (I), while the request for tﬁe peripheral devices 26 and 28 are
active (A). According to the usual priority arbitration scheme, the
device 26 is granted (R) the request since the buffer 40 only has three
bytes of data and is not full. Row 334 shows the next cycle of
contention for DMA Service in which the device 28 is granted (A) access
even though it is competing with an active (A) request from the higher
priority device 26. The priority arbitration is modified since the data
buffer 40 corresponding to the device 26 was full, having four bytes of
data. A data transfer operation across the internal bus 22 would first

be required before a transfer of data into the data buffer 40 from the



peripheral device is full since data nmust first be transferred in a single,
thirty-two(32) bit wde quantity across the internal bus 22 to the system
menory 20 (FIG 1) before the data buffer |locations a-d can receive data
acr oss th% &ﬁef)-kb%‘al bus in 8 or 16 bit,guantities fromthe peripheral
device. Siglarly, during a DVA read.operation when the data buffer for the
hi gher pritidvide R b Qeahr.deUA GROW 33& Rk Yoriitpl OF GBL first be
‘transferred from.the .syétte'm. rre‘_r;@rg 29 %ogs ?he ?ﬁ%ﬂetrgﬁa{y%hes éeflf% %
‘thirty-two $355 ®fe ol Guahi ™y 1S e 83tk 6t Pereaddwothe peripheraie
‘transf err edlegkee @4. t viRurbyq dheaprext tdvate fr ggstenhipnpen i pvenas, hme 3Huhirom
'the channelprheiftdr 14 Gioal£18S s@-thatOthd @edtdd Y6 REILANGE AL, deyi ce.

:Accordi ngl }4,8 t he cqulilig'honi ng_system.renders t he usual pri orlﬁy T rati on
adaptive acCOrfrmyiyYo 1HE" B8 W alUdCe ifdiT "Bk BrnteAPMAaservied beramsas8, 40
and 42. | fitt has iogldeta pin ditst Yuffieri phevhbichdean de ikcadr QGHEEd ivhE Ge A Wite
operati on s@thdukSeidet arbndfe@ing Fatalldrom Phe & loxely. is requesting a DVA
read operagkngagéjt%t %uggéza buéffer is enpty,yrstgﬁgﬁ%:dg\r%gi%f?)srﬁ e BPB%H{*ago, 72
or 74 (FIG " 3) for fie"deVi‘ce will not forward an active signal request for
DVA service to the priority arbitration block 68 and the request w ||

i nstead be granted to the next AT9- 89- 056 12




ranked cont endi ng peri pheral device which does not require a é"ys't'eﬁﬁm‘rmry
‘operatign. For exanple, the operation of the conditi oniTgs Shed Hes Been
described with reference to the conditioning-block 70 in uest
for DVA servi cemﬁ/ t he peripheral device 24 (FIG 1) pro ' ;’w

signal to th&TAM#9-83% e 82 on the DVA requesSt line 84. Only

status line 86 also provides an active gigh@l to the AND gate 82 wll the
condi tioning-block 70 forward an active DVA request signal on the line 76
to the priority arbitration block 68. Alternatively, if the buffer status
line 86 is inactiwe, # hatai ghalessingpsystein hhwingoadprdcensarg 16k ok FGevrrl he

line 76 wll alsg b Cliye dﬂuQezPM%s éz.\&' §Era1€BUSSE6 f Qdndt R€ channel
peri pher al d&?ﬁcgzﬁ)w% o6 he 9 S manner. ihe priorit

arbi tration workrdddenddi F‘?”e&°§%‘-’°tlﬁh‘tg the tﬁé‘}&fef o?ga‘“ﬁr Pefeey tﬁ‘@r?ﬁﬁ'ﬁ%’( A°
device (e.(g.,andhe plaviiiey 26 perigheraevevizel8)4,ney andsidedigrogeh ghaninddrraicess

to the peripheral, bZL%a?’GchrL& 2 QA wﬁbﬁeﬁ@em&l g, | Shé e%ﬁ&fdc&%rbbﬁer
peri pher al device ,

VA write Line 98 Wlléf provid ?% Eq}nal
to the AND gaiineleling|datpnbuifers uf 8y o8 oy eﬁ)thlest’fﬁ’)‘F As “one
or nore enpt YerbRCat kedpecBBe- Peripters] gdmiicacrads théecdnifélderf b4 | mqlnémm4

to the inverter NaeLhye e QUi RYt ath RS sleBY eFdRbst02 0w | |
produce an ad f?/’geiqgl \gé%gltrgg?dgsg&g : 6? nfeo gr ?lhg AND gastfe 94, T?]te Ql,‘l)t put

of the AND gaostedisgdPerigie¥tie ﬁ?‘ﬁ%ﬁ ea%ﬂgrmg| 9 Gvi RREASTRTRERS, PRPEHAT  on
t he buffer stmhkind, BRar@6térdstdeinANBayad alaB2. trBhsfer averache \meripheral bus

requires plural cycles of operation to fill or to empty any one of the

data buffers, and priority conditioning means 70, 72, 74 are provided to
generate a conditioning signal when a data buffer 38, 40, 42 is not ready
to transfer data to or from the internal bus 22, the priority arbitration
means 68 being arranged to adapt the said priority ranking by lowering
the priority of a data transfer reaues; to or from a peripheral device
when the priority conditioning means 51gn?15 that the respective data

buffer is not ready to transfer data.

2. A system according to claim 1 wherein the conditioning means
70, 72, 74 generates a conditioning signal for a data transfer reguest to

transfer data from a peripheral to the respective data buffer when that
data buffer is full.

3. A system according to claim 1 or 2 wherein the conditioning
means 70, 72, 74 generates a conditioning signal for a data transfer

request to transfer data from a data buffer to the memory 20 when that
data buffer is empty.

4. A system according to claim 1, 2, or 3 wherein internal bus
requires one cycle of operation to transfer 32 bits of data and the

peripheral bus requires two or more cycles to transfer 32 bits of data.

| AR O ARV



sigmal fromthe cgiditioning block 70 on the line 76 fromthe conditioning
*bl ock 70 to the bi ock 68 Wi ll result in the inplenentation of the usual
priority arbitration scheme in which the peripheral device 24 will be
granted DVAservice. On the other hand, if,,the peripheral device 24 is
requesting aATHR® W% e operation and the fata buffer 38 (FIG 2) is full,

~an active signal wi L ?&a%eyéél%@ng QykBén lla&&pbeiuﬁ@zou@neieheam&teﬁenfouyl
line 104. The ou?pu

the inyerter 102 wil] n f.gr act L.v
signal to theddeBsins: ef9R al'hB*ﬁ?ﬁ %Ff % tpﬁ’élﬂ i atzg 9 6émgigcoglseq en?l y
the OR gate &méfameuama.nactha\meélm&mltlertlﬂeab@faffleﬂnmraebsbulsl% &Be The

. AND gat e AT9 ggl Q3f 22 operating at higher speed thaﬂ'&hgzpé&hbﬂeral PBlis s &Hd
~inactive Sl

o the priorit a8:|trat|on Qlock 7(%9r1:tt| ne 76. Thus,
the peri pher ame G@VF"(P&I?ZL% e %B 3509 MEAR% §° v SERV 8. raf‘ﬁ “hEXT*S5Ter
priority deviseactefianss iwigh BVpreteteimiaedimrhonidli tanlingackararteaiBiiin ¢ddy or
buffer space %‘fgu&m& n(efa9§ A DM Wi a&) pmdlhea nst Lage Qﬁe%ﬁgi'ﬁgv a50@s8s to

a

th h j th t t al .d
utill gl 'nS © Hahasap o tBe dnttReL wseeﬁexﬁﬁ Ao B Frrisre B For s PoRumhaeAY SR | 5
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bl ock 70 deEt erm nes whet her the peripheral device 24 should follow the
usual priorfty arbitration schene during a DVA read operation. During a DVA
read operation, the DVA read |ine 106 will provide an active signal to the
AND gate 96._ If the data buffer 38 contains data in at |east one of the
locations 38m9-89-286 i nactive signal on t h2 buffer enpty line 112 will cause

‘the inverter 110 to provi i o tg 96 and hence
‘an active signal to %f@kﬁ%%gg%e%éﬁﬂﬁﬂgng%ﬁgﬁﬁgtg%ﬁt oftglfahe AND gate 82 on
the line 76 will be active. BURRFBERRIRBET MENGRY| ARPREFBNErati on schene will be
followed and the peripheral device 24 will be granted DVA service.
‘Alternatively, if the data buffer 38 j SRt Yy, an active signal on the
buffer enpty line 112 is provided to hisplr-nverter 110 resulting in an

i nactive signal to the AND gate 96 and the OR gate 88. The AND gate 82 w ||
provi de an Lﬂackiaﬂasbﬂc!léksﬁﬁf Efscehi (ijl_fbfl_ﬁ&(:jé Qnt Q&alialgéi\{éktﬁﬁ; R £ A it he I
priority arbitration 1s therefore ifie n wer . priori p era
device is gP%eB"’a‘f’Eé‘é’ésarpb{’iaﬁémpe"r??ﬁﬁe’?né’lu t °lﬁlgp %.CRWf‘ eccf“r%éoﬁtloﬁe?fdﬁgr ority
devi ce i s pesddorim mggantiggddizectr samdyr agpessat(P¥k) crervive preipirensending 36,

thirty-two £32}nhihs a0fiddat snadhfg CONEhbe Pk YpHer N8l I kel £6UB tih61RYSt EM
menory 20 t0 the data buffer 38 acroiﬁ,th i nt ernal %‘ﬁ 22. FI.Gs. 4-7 _ are
timng di agree £99 GERFLHPHGI HE EFTANISHY PHIS PR fF o BT eRs PRPEe 1S ef he

system 10 whpeh they datgustitsswedn thry dehe biffehe pdifi pher highdevipcéwri2y, 26
and 28, the, QOG 4 a0 cLhaRiAGLsSaeaCormkedr botvebh dre SYIAEH SheROf that

| i nes which are described as carrying signals _.
the IOCC prior to performing an operation directly between the IOCC and

the peripheral device, the priority will instead be granted to a lower
priority peripheral device that does not require a system memory access

operation.

This Sheet Has Been Reﬁaced
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begween the processor conplex 12 and the 10CC 14 correspond in FIG 2 to
tKe control line 62, while lines carrying signals between the peripheral
devices and the 1 OCC correspond to the control |ine 64. The renmai ning |lines
carry signals internal to the I OCC. AT9- 89- 056

14 FIG 4 depicts the timng for a DVA read operati on absent the
conditioning logic of the present invention re data is to be transferred
fromthe systemmenory 20 to a particular peripheral device and the data
buffer corresponding to the peripheral device is enpty. Line 114 carries an
active +PREQ (peripheral request) signal at time 116 fromthe_peri pheral
devi ce requesting DVA service to the IOCC 14. On line 118 a +SHRQ (system
hol d request) signal is activated at tinme 120 by which the 10CC 14 (through
a simlar protocol) requests DVA service to the processor conplex 12. A

- SHLDA (system hol d acknow edge) signal on line 122 is then acti valt egjat
time 124 whereby the processor conplex 12 acnow edges t he +SHREE s to
the | OCC 14 indi cat {Rg—that 1t nol has access to the i nkernal bus R2.|ILi ne
126 represents a - PHURA (per ¥pherfl hol d acknow edge) sﬁgﬁgl_yhlc is(]
activated at time 128 &nd geﬂeratpd fromthe |86CC T4 1o the periphe 1
devi ce acknow edgi n t@é"’gmm of yt he peri pherhl bus 36 acgess. S'nge the |
peri pheral bus 36 ig rBw i sta{e | ES wd }
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~ where data transfer may commence, line 130 within the I OCC 14 provi des a
zPWR (peripheral wite) signal which is a wite strobe for the peripheral
device. The -PWR signal is activated at tine 132 to start the operation.
Before information can be witten fromthe channel buffer to the peripheral
device, 32 bits of information nust first be read fromthe nenory 20 into

- the channel buffer across the internal bus 22. As indicated by Iine 134,
-a -SYS MEM RD (system menory -read) signal between the 10CC 14 and the
processor conplex 12 is activated at tine 1335rmhcat|ng that the 10CC is
now ready to read information fromthe systemnenory 20. As shown by |kne
138, data is transferred fromthe systemnmenory 20 to thg data hyffer
according to an SDATA (system data) signal at f{g ( ~DAT STBY
(system data strobe) signal on line 142 | atghe$
system menmory 20 into the channel buffer atf™N T, .
signal is generated internal to the 1OCC 14 an $ | NE ' t hatld
“allows the control logic to store the data in i [

conpleting, the witing of data across the peri gher al
channel buffer to the peripheral device ¢nnot
15 ' :
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pl ace, even though the peripheral device has been standing ready since the
time 132 when the -PWR signal on the line 130 went active. A +PRDY

- (peripheral ready) signal as shown on line 146 is made inactive at tine 148
shortly after the time 132. As long as the +PRDY signal is inactive, the
peri pheral device is held waiting for the transfer of data across the

peri pheral bus 36. Once the data fromthe3ggstem nenory 20 is latched into
~the channel buffer shtbwomrTieTNhe 142 and the transtdr of data from
the system nenory o_the ldata buffer is conplete, the - xsN=M-RB-sildfhal

on the line 134 is rel-easqegotﬂ —The +PRDY
signal on the 1inetSHR@ i s alsd rel eased to the normal state ' 218

Line 154 represents the tiranster of data out of the channel buffer to t@g
peri pheral device_ rding to a PDANA (peripheral data) signalfat tine
156. An appropri atg@ dress | ocaﬂ%nl—n—ei—(—he-ﬂ—t—heeﬁ-\—em—ﬁe-my 20 or 2Ee
peri pheral device gﬁ@x l-eﬂ—f-urﬂ-l're—rg]a\gifer of data is indicated 5'y_TTﬂ
158 which carries™ DR/ PADR (sysftl2 dress/peripheral addressl)l signal.

The data is |atched int othe peripherat—deyice from the | OCG—td—et—t+nd 3060
on the l'ine 130 whetPWRhe - PWR signal gpops, |nactive. Referringi6g FIG 5,

the timng of the system10 is illustrated show ng how utilization of
peri pheral bus S gnTproved by the dat tfat us conditioni or a DVA
read operationsﬁﬁgF@l¥ﬂg peri pher al deviﬁ%ﬁVriui S ramt e DVA service
will never requigg.r,a_system nenory operal] AO\Kﬁﬁ%Thp 162 a +PRE@3Q
(peri pheral reques ?lgﬁgnal is activated at tine 16M—s-afe access to tqi
processor conplex 12 is-fot—regttrect—to 1
—-SYS DAT S1B 144~ 152
- / 146
+PRDY 148~
SADR/PADR { ~ »——158
Ot
164
+PREQ 1 162
+SHRQ . 166
—SHLDA _ : 168
S 170
—PHLDA 172
: 176
PR 178~ 192
: 186
-SYS MEM RD
SDATA 188
—-SYS DAT STB ' 130
184
+PRDY
SADR/PADR ——— ) 174
120 ——\ |
PDATA 7 180
FIG. 5



fill*the channel buffer, lines 166 and 168 which carry +SHRQ (system hol d
#equest) and -SHLDA (system hold acknow edge) signals remain in their
normal states. On line 170, the 10CC 14 grants a - PHLDA (peri pheral hold
acknow edge) signal to the peripheral device which goes active at tinme 172
i ndicating that the peripheral device has access to the peripheral bus 36.
- As .shown on line 174, the I10CC 14 w || prip¥sde appropri ate address

i nstructions as indi calgg_ky—a—SABRFRADR-S+gRat—er—the—t+ne 174. On |ine
176 a - PWR (peri ptBREQ writle) signal is activated at time |178._ Since t

~data for transfer is h'TEe '59,(:allvinthe data buffer the | on |ine 180
will activate a Pégsn (p p pll;!eral data) signal at tinme 120 f|or transfefgg)f
data across the perip s 36. AT9- 89- 056

16 Since the transfer e-pe#a-(—c—e-n—eeeg;sédlpcally bet ween t he pergptrerat 202

device and the datHMuffer of the 1doc 14, it was not necessarl to |

i nactivate a +PRDY (peripheral ready) signal on line 184 to hol d—the- 206

peri pheral devi ce-PHEDA i ng whil e aagﬁg\a transfer across the interphal bus 22
t1

to the 1OCC 14 occurred. Conseq —_SINCE Lhere was rwmr
across the internalpfys 22, lines 186, 188 and 190 (which qarr' - sys
RD, SDATA, and -SYS DAT STB signal s, 2iéspe 2.24‘:: —r-erre-m—t12dfei r  nor mal
tates. Th t t ot 192 /o
states e nex esmﬂ occurs at tine , 0 'r\e\r Tne 1 ) 292
226
-SYS MEM STB _
~ 218
+PRDY 220
SADR /PADR ' > A_ »—or 210
PDATA pom A Y232
~ FIG. 6
238
/
+PREQ | 236
+SHRQ ' ' 240
' 242
—SHLDA
—_— 244
—PHLDA 246~
_ 252
TPRD 954 ~ 266 -
SDATA 256
-SYS MEM STB 258
260
+PRDY .
250
sor/PaR ——__ ) 248
264N )——
PDATA S 262



wher the -PWR-signal goes to the normal - state. This causes the data to be
.latched or witten by the peripheral device, conpleting the DVA cycle.
Referring to FIG 6, the timng diagramshows a DVA wite operation show ng
t he sequence of events which occur without the conditiong |logic of the
present invention to nodify the DVA service priority for a peripheral
device with a full channel buffer. Li mg5l94 shows the activation of a
+PREQ (peri pheral "request) signal at ting I9% rhg'C'a't‘i'rTg"t‘hé‘i‘niTi'at"I'O'n —f
a request for DVA service by a periph@al device/\ event would in turn
cause the |OCC 14 to activate a +SHRQ (system hg est) slgnalzpn lipne
198 to the systemconplex 12 at tine ééq. On I}

h

n

conplex 12 woul d activate a - SHLDA si
activates a -PHLDA (peripheral hold
time 208. The peripheral device is now'r

address) signal is provided as shown at :
-PRD (peripheral read) signal at time|[216 \@¢ cg
transfer across the peripheral bus is
line 218, a +PRDY (peripheral ready) si
because the peripheral device is requ

: daqa
across the internal bus 22 has occurred

to tra sfeq

data across the peripheral bus 36 intolthe channsM-buf VW g, o ¥ 3
transfer of data fromthe data buffer »qEﬁss t he internal 22 to the l
system nmenory 20 is indicated according E? : N
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_to a&n SDATA (system data) signal comencing at time 224. Accor di agky+ Bt -
I'i ne 226, a -SYS MEM STB (system nenory strobe) line is activated at tine
228 to start the process of latching the information to the system nenory
20. Once this is conpleted, the +PRDY (peripheral ready) signal on the
AT9- 89- 056 17 line 218 is activated at tine 230.
Data on line 232 is transferred accordlngBto a PDATA (peripheral data)
signal at ti econes | at@Bed after tine 234 on the line 214
when t he -PRT?§@§§ |?nggﬂ§§yl¥ated FIG 7 illustrates the timng for a
. DVA wite operatli 4A tioned peripheral device where the data
buffer is never full and information nay be read fromthe peripheral device
into the data buffer wi thout a system nenory operation. On line 236 a

peripheral. devi ceappasasiys Pk SONDESONING PRIGITY ARBPRRATIOR ivher al
request) signal at time 238. Since this is a local transfer to the 10CC

14 fromthe peripheral dJdgyRFERED®IRECT MEMORYCAPDRESSING equest nmade so -
''that lines 240 and 242 (+SHRQ and - SHLDA signals) remain in their nornal
states. The IOCCC in turn determ nes that space is available in the channel
buffer to transfer data fromthe peripheral device. On line 244, a -PHLDA
(peri pher al ABSTRIAGTknow edge) signal is activated at time 246. Line 248

A data processing system includes an arrangement for modifying the usual priority
arbitration of an input/output channel controller IOCC) (14) used in granting direct
memory access (DMA) service among contending peripheral devices sharing a common
peripheral bus. The IOCC (14) includes logic (60) for conditioning the established
priority arbitration scheme based upon the data status of the data buffers (38, 40, 42). If
the higher priority requesting device requires a data transfer between the system memory
and IOCC (14) prior to performing an operation directly between the IOCC (14) and the
peripheral device, the priority will instead be granted to a lower priority peripheral

device that does not require a system memory access operation.
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| ¢eféicRhidy of ehepaith PheuBUTE SRFCREGESIT (hiwlbhe . Bath ub@r @alyabeOprovitRd in

bus 36 as shown by aPDATA SIgnar which is valid at tinme 264.
i thg IEHY@, odcht sravingRD gitgmpdranhilath staragen fochiiva feda atpdraeepetffheedl
52, the data is latched into the buffer fromthe peripheral
levice. s The juso @f ahdtiple skata biffery genemalisois knosinf aridndgseribeshindUS| Raténtg
arbitrati on schene. In the preferred enbodinment, the priority
NechA&98:339- be conditioned is the |inear arbitration schenme
subseque F ch branch aof the flow  chart
0" by B Boblenbgesoiseed it dism g tr@a HFc e Ryl priyral gevises and
.72 apd..74 .0 ment ati on _shown .

S slerd Sty 622 Pltrdiec DNCAT RARGT  y Biaf F uitsndions dodiirind
er%{ré}ﬂént oqn&a)fa ragl%sg %Bﬂf {hﬁ &%@B’:ﬁf Bus?’ Qle \fﬂe {nt%aldﬁﬁcﬂétaggn the data

buffers and the system memory by the IOCC is a relatlvely slow operation compared to

the normal peripheral channel data operations taking place across the peripheral bus. The
result is that any DMA transéction which requires a system memory access will be
slower than one which operates completely out of the data buffers. The length of the
transaction is increased by the need to perform two channel arbitrations; the first to gain
control of the peripheral bus and the second to gain control of the internal bus. Valuable
peripheral bus bandwidth is thereby wasted for DMA transactions that include a lengthy
system memory operation on the data buffer while a faster transaction for a lower
priority peripheral device must wait for access to the peripheral bus.
SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.

According to one aspect of the present invention there is provided an input/output
channel control apparatus for regulating data transfer operations, said. apparatus
comprising: a data storage_device; at least two peripheral devices, each peripheral device
having a predetermined priority ranking; at least two data buffer means, each for storing
data being _tran_sf,efred between said data storage device and at least one of said at least
two peripheral devices; means for indicating a data status of each of said data buffer
means, the data status indicating whether the data buffer means are i‘_eady to handle a
data transfer request; priority arbitration means for regulating said data transfer

operations by granting a data transfer request to one among contending ones of said
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The s<condi’ti oni ng system starts at step 306 when a request for DVA service
fromthe peripheral device 24 enters a DVA READ deci sion bl ock 308. The DVA
READ deci si on bl ock 308 determ nes whether the request is for a DVA read or
- DMA wite operation. A BUFFER EMPTY deci sion bl ock 310 receives the request
if a DMA read operation is to occur. Altefnatively, a BUFFER FULL deci sion
bl ock 312 receives the request if a DVMA wite operation is to occur. The
BUFFER EMPTY .deci sion. bl o 0 _det.erm t shat dat.a..
put for. 38 CETERess Ricth Rluetbile "B Ehphg, iSed UBn U HelerhiiBa phBriy

“the | ocati . e L i&tit§ todbMieRRe kO 6duphdedt
The ALLOW %%%uﬁ?g)g%a%l&%?gggges thﬁ}é!lrdga%égfﬁtﬁgmg(?gg 3?%% Wnereb)? t he requttaost

then subj eghidt Prioiey UsbidtatiBhi @Ehdsy féi Ritérigt is@id pLdemEmirkdbpaaHgNtrhaking by

- illustrated by the Tlow chart in FIG 9. If the BUFFER EMPTY deci si on bl ock
310 i nst eadiishblifg theedatd hainsfehaequdss ofca daitlapériphieted dintice lbihh ethe 3data tsterus
request proceeds to a DI SABLE DRQ bl ock 318. The DI SABLE DRQ bl ock 318

oper at es t dndicatesnhatt the daa)baffer fmems s ooeedidygta dandle the agjatd t@nsier BEfRER
STATUS CHG deci sion bl ock 320 receives the request fromthe DI SABLE DRQ

bl ock 318 4dheicby previentingsaid peripkarak deyicstfromh sonfgnding forpdatngrapdfer.(in this
case) by adding data to the | ocations_38a-d fromthe system nenory .20

the the requestAtsording daeanatherpaspeeleof the pPrrsent myenten ep‘lseﬂlioéfﬁépya
- mentioned, the DVMA READ decision block 308 w |l forvgard a.reguest _ford DVA
service t o PEPRESHOBE RGNy COMPESITE, A (SFRYY BrPsessing Umit, system mEmory; a data

transferring bus connecting said system memory to said central processing unit; at least

will
)data

two peripheral devices, each peripheral device having a predetermined priority ranking;
an input/output channel control means connected to said data transferring bus for
regulating the transfer of data between each of the at least two peripheral devices
connecteci thereto and said central processing unit and said system memory, said
input/outﬁut channel control means including a plurality of data buffer means, each for
storing data being transferred to or from at least one of said at least two peripheral
devices; means for indicating a data status of each of said data buffer means, the data
. status indicating whether the data buffer means are ready to handle a data transfer
request; 'priority arbitration means for regulating said data transfers by granting requests
for data transfers to one among contending ones.of said peripheral devices requesting
data transfer, according to predetermined priority ranking of each of said peripheral
devices; and priority conditioning means for modifying said priority ranking by disabling
the data transfer request of said peripheral device when the data status ‘indicates that the
data buffer means is not ready to handle the data transfer request thereby preventing said
peripheral device from contending for data transfer.
According to still another aspect of the pfesent invention there is prbvided a
method for regulating the transfer of data between at least two peripheral devices, each
‘peripheral device having a predetermined priority ranking and a data processing

memory, comprising the. steps of: storing data for said transfer in at least two data
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wher# t he ‘request is for a DVA wite operation. The BUFFER FULL deci sion

bl ock 312 will determ ne the data status of the data buffer 38 to the
extent that if data is not present in all of the |ocations 38a-d, the
request will be forwarded to the ALLOWDRQ bl ock 314. The request wll then
proceed to the step 316 for normal 4griority arbitration
(subsequently discussed). However, if the data buffer 38 has data in all of

its | ti - h - pr. ds t he DI SABL bl ock 318.
Oniy once. ¢ BARe 5 Kol bR e HRE Reivir bVt 341G eesseciaviceond a
oroceed to (S GHEGr i EPRaseAiCAR Reciihern fiect: Sufeail A e hiaiaco! casheni
t f tsl ast: ' ' t
Cohor s ng: SRS e e ¥eut IRRSLAE WHBRER M bARLCERRAE Y topoqie
peripheral gdeMixgahid RYuestPERAFEhE rdﬁia”@ﬂmfi)& IrOuelis tb%?%id?ﬁoglgﬁéodtéﬁﬂ%éﬁl{% of

data buffer neans, each for storing data being transferre et ween

dat a st or agsaid@eripherahdevites fgatstingalaed wramifel, abcdr@mgttotthe pRete?@ied priorit

devices; means for indicating a data status of each of said data buf?er Y

means, the thakingsofisaid peripheral devices; and altering said predetermined priority ranking by
disabling the data transfer request of said peripheral device when the data status indicates
that said data buffer is not ready to handle the data transfer request thereby prevénting
said peripheral device from contending for data transfer.

According to still another aspect of the present invention there is provided a
method for regulating the transfer of data between at least two peripheral devices, each
'pgripheral device having a predetermined priority .ranking, and a data processing
memory, comprising the steps of: assigning a data buffer to each one of said af least two
peripheral devices; receiving data transfer requests from said peripheral devices; storing
data for said data transfer request in said data buffers assigned to said peripheral devices;
indicating the data status of said data buffers, the data status indicating whether the data
buffers are ready to handle the data transfer requests; granting data transfer requests to
one among contending ones of said peripheral devices requesting data transfer according
to an established priority ranking of said peripheral devices; and altering said priority
ranking by disabling the data transfer request of a peripheral device when the data status
indicates that the assigned data buffér is not ready to handle the data transfer request
thereby preventing said peripheral device from contending for data tranéfer. |
According to still another aspect of the present invention there is provided an

input/output channel control apparatus for regulating read and write data transfer
operations, said apparatus comprising: a data storage device; at least two peripheral
devices, each peripheral device having a predetermined priority ranking; at least two
data buffer means, each for storing data being transferred between said data storage

device and at least one of said at least two peripheral devices; means for indicating when
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i nditati ng whether the data buffer neans are ready to handle a data
transfer request; priority arbitration neans for regulating said data
transfer operations by granting a data transfer request to one anong .

cont endi ng ones of said peripheral devices requesting data transfer, based
- upon the predetermned priority ranking ab each of said peripheral devices;
and priority conditioning neans coupled to said priority arbitration nmeans
for altering said predeterm ned priority rankin di.sabl i the data
transfer r&aeiesaid gatabuftar angpas iippishes fu H@WE’é‘%ﬂfgﬁlﬁt%/ X 1QFARY AT &@f‘ﬁg means £t es
that the data buffer S i s not rea to handee t he d ta.tran fe k& ues
t her eby pr&‘}@ﬁ’ﬁgn‘&at%éﬁ'aﬁsgérrie‘iﬂ?é'r% e g%g £01 %PB?&:IP fl&erlgg?rél evice
transfer.

Gl aim 1 whapaiesting gp eneSet Pt SBBR R st Pfipef HRAY ﬁ?@ﬁ%%?éé?g r?tefgsr‘i‘éd P
full of data {IB%}%P Hann’% qﬁﬂh r%r QSJoﬁﬁltﬁﬂﬁlg%éﬁﬁ dgﬁﬁﬁd%' i Pﬁﬁf@} bfitradon

- The mput/gu appar at us accor gtocla wher el n:

sal d data shablifol ML gsthE h@sha e Feduedtibf o sale Petipherat viceO bt did

when said atatrans peration is a read operation. 4. A data
QFZOCGSSI ng c%ﬁ%&ﬁdﬁdn@ﬂﬁh'lﬁiff& ' méang §8 tfalk lof atCaRb b4l daed hanﬁyﬁta;ﬁesnam)fqn

write data transfer from said peripheral device, and when said corresponding data buffer

means is empty of data and said data transfer request is a read data transfer to said

peripheral device, thereby avoiding delay in data transfer operations caused by the data

status of said buffer means and thereby preventing said peripheral device from
" contending for data transfer.

Aécording to yet another aspect of the present invention there is provided a data
processing system having a processor, an internal memory, an internal bus, a peripheral
bus, and a channel controller for controlling the transfer of data between the memory
an!d a plurality of peripheral devices through the internal bus and through the peripheral
bﬁs, the channel controller including data buffers to buffer the transfer of data to _dr from
a respective peripheral device, and the controller including priority arbitration means for
granting data transfer requests to confending peripheral devices according to a
bredetermined priority ranking, characterised in that a data transfer over the peripheral
bus requires plural cycles of operation to fill or to empty ahy one of the data buffers, and
priority conditioning means are provided to generate a conditioning signal when a data
buffer is not ready to transfer data to or from the peripheral bus, the pfiority arbitration
means being arranged to adapt said priority ranking by lowering the priority of a data
transfer request to or from a peripheral device when the priority conditioning means
signals that the respective data buffer is not ready to transfer data. '

DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
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a data transferring bus connecting said systemnenory to said central
processing unit; at |east two peripheral devices, each peripheral device
having a predeterm ned priority ranking; an input/output channel control
means connected to said data transferring bus for regulating the transfer

of data between each of the at |east two peripheral devices connected
thereto and said central processing unit and said system nenory, said

i nput/out put channel control neans including a plurality of data buffer-
means, each for storing data being tranjJiAIMSd to or from at |east one of
sai d. at | east two peripheral devices; nmeans for indicating a data status of
each of saild dahm inpftfaatpurehasnel tdostrdheppasatag fog ieguliating iday tnirsféreoperidomiat a
buffer nmeans are ready to handle a data transfer request; priority

ar bi t r at i orfaife3nParatay CIBPIISIALI ng said data transfers by granting requests
for data transfers to one, anong contendi ng ones of said peripheral devices

" requesting dat & 98489r28¢ deYi%€sr ding to predetermined priority ranking of
each of said peripheral devices; .and priarity conditi.oning. neans for . i
o fyi ng-sai 0 A5 FEEI 0 PEHRITE a5Vtss ot A AR beY tifiober Relemringd
said perip .ce when the data status indicates that the data buffer
neans i s ngﬁkgg géﬁ?%ghandle the data transfer request thereby preventing

~sai d peripheral, gent £ g.frug gsut?fgpg@g.g%hrgcmrgg@ﬁ@ az{t@gé@gruanéfemdmﬁ”%?}c Bid

processi ng system accor n:- sal ta status 1n

that said iPstbibt @evitBARE at Feabitdre oFfsaidt deast WA paifieral Abdicts; ansf er

- operation is a data wite operation. .
" means for indicating a data status of each of said data buffer means, the data status

indicating whether the data buffer means are ready to handle a data transfer request;

priority arbitration means for regulating said data transfer operations by granting a
data transfer request to one among contending ones of said peripheral devices requesting
data transfer, based upon the predetermined priority ranking of each of said peripheral
devices;and |

priority conditioning means coupled to said priority arbitration means for altering
said predetermined priority ranking by disabling the data transfer request of a said
peripheral device when the data status indicates that the data buffer means is not ready to
handle the data transfer request thereby preventing said peripheral device .from '
contending for data transfer. |
2.  The input/output channel control apparatus according to claim 1 wherein:

said data status indicating that said data buffer means is full of datg, when said data
transfer operation is a write operation.
3.  The input/output channel control apparatus according t6 claim 1 wherein:

said data status indicates that said data buffer means is empty of data, when said
data transfer operation is a read operation.
4. A data processing system, comprising:

a central processing unit;

' system memory;
— This is the renlacement sheet
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6. >The data processi ng system according to claim4 wherein: said data
status indicates that said data buffer neans is enpty of data, when said
data transfer operation is a data read operation. 7. The data processing
system according to claim4 further conpri sing: 23 a peripheral bus
connecting said peripheral devices to SaI? data buffer neans, and an
.internal bus connecting each said data bu ? nmeans to -said system nenory
-and said central processing unit. 8. - A nethod for regulating the
transfer of data daei wersferming| mastonneetingesaid besterh mksnorye®, saidh cbntps rprpbessinl
~device having a predeterm ned priority ranking and a data processing
menory, conpnit;sing the steps of: storing data for said transfer in at |east
two data buffers, each for storing data being transferred between said data
storage devi ce ahépagt tweperipheral csl%vgas deagh pesipheral \(§vicsi BaviRg japaeedglermined
devices; indicating a data status of each said data buffers, the data

. st atus |nd|E%?Wﬁbr ®Eher the data buffer neans are ready to handl e a data

ranster requet Mwb&g\?ﬂﬁ@% SRR IR RS B
2 et e iR R0 DB TR S o A A,
connected thereto and said central processing unit and said system memory, said
input/output channel control means iﬂcluding a plurality of data buffer means, each for
storing data being transferred to or from at least one of said at least two peripheral
devices;

means for indicating a data status of each of said data buffer means, the data status
indicating whether the data buffer means are ready to handle a data transfer request;

priority arbitration means for regulating said data transfers by granting requests for
data transfers to one among contending ones of said peripheral devices requesting data
transfer, according to predetermined priority ranking of each of said peripheral devices;
and |

priority conditioning means for modifying said priority ranking by disabling the
data transfer request of said peripheral device when the data status indicates that the data
buffer means is not ready to handle the data transfer request thereby preventing said
peripheral device from contending for data transfer.
5.  The data processing system according to claim 4 wherein:

" said data status indicates that said data buffer means is full of dafa, when said data

transfer operation is a data write operation.
6. The data processing system according to claim 4 wherein:

said data status indicates that said data buffer means .is empty of data, when said
data transfer operation is a data read operation.

7.  The data processing system according to claim 4 further comprising:
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of said peripheral device when the data status indicates that said data

Is not ready to handle the data transfer request thereby preventing

sai d peripheral device fromcontending for data transfer. 9. The net hod

according to claim8 wherein indicating that said data buffer is full of

data, when said data transfer is a data w3te operation. 10. The net hod

according to claim8 wherein indicating that said data buffer is enpty of
. data, when said data transfer is a data read operation. 11. A nethod for

regul ating t he % ParBRheanl bys epamscting %@@bﬁeréaheraéagv

each peripheral devjce having a predeterm ped priority ranking, and a data

processi ng He Ml EW?WSEF S?‘Ecﬁé%‘a @P&e‘é ?@snpnij?{% SYHE® BemeBr aRd sadch

one of sai dcea'tr laeasct tWOW@F

requests’ f rSMreaPy S%Sngp ‘al devi ces; 24 storing data for said data

icequto peidi dokre bufiferdmennse and

ri pheral devices; receiving data transfer

| : _ ! f . . . o
- hateatt ng fhe: bRl for ity Bl RILIDE Gale” pEGIcnPR' IANCHRS, ERERT
- whet her t hegedaded RuéH fp’efigﬁéﬁl IR HaQir32R Preddibienited Ebridrﬁf'slfaﬁki}nﬁggrlﬂigﬁt data

. granting data transfe

peri pheral plovéssig rh@xﬁd%@tcbﬂ@rﬁﬂigathégt@w{,@r according to an established
L priority ranking of sai

guests to one anong contending ohes 0

peri pheral devices; and
storing data for said transfer in at least two data buffers, each for storing data

being transferred between said data storage device and at least one of said at least two
said peripheral devices;

indicating a data status of each said data buffers, the data status indicating whether
the data buffer means are ready to handle a data transfer request;

granting data transfer requests to one among contending ones of said peripheral
devices requesting data transfer, according to thei predetermined priority ranking of said
peripheral devices; and |

altering said predetermined priority ranking by disabling the data transfer request
of said peripheral device when the data status indicates that said data buffer is not ready
to handle the data transfer reqﬁest thereby preventing said peripheral device from
contending for data transfer.
9.  The method according to claim 8 wherein indicating that said data buffer is full of
data, when said data transfer is a data write operation.
10. The method according to claim 8 wherein indicating thét said data buffer is empty
of data, when said data transfer is a data read operation. |
11. A method for regulating the transfer of data between at least two peripheral
devices, each peripheral device having a predetermined priority ranking, and a data
processing memory, comprising the steps of:

assigning a data buffer to each one of said at least two peripheral devices;

receiving data transfer requests from said peripheral devices;
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altering said priority ranking by disabling the data transfer request of a
peri pheral device when the data status indicates that the assigned data
buffer is not ready to handle the data transfer request thereby preventing
sai d peripheral device fromcontending for data transfer. 12. The net hod
according to claim 11 wherein indicating gshat said data buffer is full of
data, when said data transfer is a data wite operation. 13. The nethod
according to claim11l wherein indicating that said data buffer is enpty of
data, when sai dsteking dataafst said idataa trdasfer resmiestopesaad idste. bufferspassigmgdt toosaigut
channel control apparatus for regulating read and wite data transfer

oper at i ons pesipherahgpdfefus conprising: a data storage device; at |east two

Pk mer L s iChRE | A SHRRS 1 53 ?é‘,tf@g 5 B9 aBip A IndiiLng gy _”e‘%r' ¢y
oot fon’ bt TSR aRtea0f 30 Raiie RO Fuss it BRILGRL L OB One O
e | pheTe CArTg”\ : ]

buffer means is rgﬁt{l&ggggagrﬁns%r gegpa%fs o oﬂ@taﬁxong doBfenlithodb st §2L4i@ "befiphisal

. for granting dat requ 0 one anong contendi ng ones o

peri pheral fgyleg %@&ﬂﬂﬁ%@%ﬂ@k@ atc&&'aﬁfgelfo Bﬁ%@hbﬁﬁlﬁégngﬁﬁrigf QAIaGRE BNERd

priority rangling of eac sal d peri pheral devices;
peripheral devices; and

altering said priority ranking by disabling the‘d.ata transfer request of a peripheral
device when the data status indicates that the assigned data buffer is not ready to handle
the data transfer request thereby preventing said peripheral device from contending for
data transfer.
12. The method according to claim 11 wherein indicating that said data buffer is full of
data, when said data transfer is a data write operation. ;
13. The method according to claim 11 wher?in indicating that said data buffer is empty
of data, when said data transfer is a data read ;)peraﬂon.
14.  An input/output channel control appairatus for regulating read and write data
transfer operations, said apparatus comprising:

a data storage device;

at least two peripheral devices, each peripheral device having a predetermined
priority ranking; '

at least two data buffer means, each for storing data being transferred between said
data storage device and at least one of said at least two peripheral devicés;

means for indicating when each said data buffer means is either full or empty of
data;

priority arbitration means for granting data transfer request to one among
contending ones of said peripheral devices | requesting data transfer based upon the

predetermined priority ranging of each of said peripheral devices; and
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25 pkiority conditioning neans coupled to said priority arbitration neans
for disabling the data transfer request of a said peripheral device when
said correspondi ng data buffer neans is full of data and said data transfer
request is for a wite data transfer fromsaid peripheral device, and when
~said corresponding data buffer neans is epgpty of data and said data
“transfer request is a read data transfer to said peripheral device, thereby
avoi ding delay. in data transfer operations caused by the data status of
sai d buffer meamdortycconditionig meanettupled 6 3hid mrivritp hekiehticieieass foradizabling
contending for data transfer. 15. A data processing system having a
processor, tha data wansiér reguent \of aasaid periphesd] dbvise whepesnidpdrereapornlisg datadhudfer
~channel controller for controlling the transfer of data between the nenory
and a pl ur ameans isfluf ofidstrend saié datcsansfor geqpest kdor arwriteadatd transfar] from saigh
t he peripheral bus, the channel controller_ including data buffers to buffer
the transf reripherplidevics. apd mhem, s3id erprspending databyber Mmeageis emptyaefgdataand

T eauest st UL FERGC PGS (RN B8 EURH dontd PeLThPRh ofesfon DBy
“priorit A . ' | n_that t t. i-ph I
bus ' equi r ool gEARR B! 5piiiel BooriRins taihity’ R SRl Bl s BT sPeiC
data buf f NSt g . M

condi 1 oni rsBEALp ohichtie SR plal eI o LB AP ot BreBORE 21 F o o
fromthe pers phgrdata PivessiniesyRidn® hhvidg A'gPbdesatr) & itBRAPnRRIRE, A 1 Y

adapt said priority ranking by lowering the priority of a data transter

request to Dperfiptefalcbussindh ehadned evtEstierigiconfiolling the tfaysep 6fl Hith Hatvacn®@ans
signals that the respective data buffer is not réady to transfer data. 16.
A syst em aaqanemdiyngnd @ plheality b5 pshipharahdéviees cthrohigh i theiimtgrmak bos agé kraighstha
conditioning signal for a data transfer request to transfer data froma
peri pher al peripheral bus, the channel controller including data buffers to buffer the transfer of data

%

to or from a respective peripheral device, and the controller including priority arbitration
means for granting data transfer requests to contending peripheral devices according to a
Jpredetermined priority ranking, characterised in that a data transfer over the peripheral
bus requires plural cycles of operafion to fill or to empty any one of the data buffers, and
:priority conditioning means are provided to generate a conditioning signal when a data
buffer is not ready to transfer data to or from the peripheral Bﬁs, the priérity' arbitration
means being arranged to adapt said priority ranking by lowering the priority of a data
transfer request to or from a peripheral device when the priority conditioning means
signals that the respective data buffer is not ready to transfer data.

16. A system according to claim 15 wherein the conditioning means generates a
conditioning signal for a data transfer request to transfer data from a peripheral device to
the respective data buffer when that data buffer is full.

17. A system according to claim 15 or 16 wherein the conditioning means generates a
conditioning signal for a data transfer request to transfer data from a data buffer to a

peripheral device when that data buffer is empty.
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the Ffespective data buffer when that data buffer is full. 17. A system
according to claim 15 or 16 wherein the conditioning neans generates a
conditioning signal for a data transfer request to transfer data froma
data buffer to a peripheral device when that data buffer is enpty. 26
18. A systemaccording to claim15, 16, g 17 wherein internal bus
requi res one cycle of operation to transfer 32 bits of data and the

peri pheral bus requires two or nore cycles to transfer 32 bits of data.

18. . A system according to claim 15, 16, or 17 wherein internal bus requires one cycle
of operation to transfer 32 bits of data and the peripheral bus requires two or more

cycles to transfer 32 bits of data.
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.27

APPARATUS FOR CONDITIONING PRIORITY ARBITRATION IN
BUFFERED DIRECT MEMORY ADDRESSING

ABSTRACT

A data processing system includes an arrangement for modifying the usual-priority
arbitration of an input/oiltput (;hannel controller (IOCC) (14) used in grangng direct
memory access (DMA) service among contending peripheral devices sharing a common
peripheral bus. The IOCC (14) includes logic (60) for conditioning the established
priority arb_itration scheme _base'd upon the data status of the data buffers (38, 40, 42). If
the higher ;;riority reqyesting device requires a data transfer between the system memory
and IOCC (14) prior to performing an operation directly between the IOCC (14) and the
peripheral device, the i)riority will instead be grénted to a lower priority peripheral

device that does not require a system memory access operation.

FIG. 2
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