COVPUTER BUS W TH VI RTUAL MEMORY DATA TRANSFER CAPABI LI TY USI NG VI RTUAL
-ADDRESS/ DATA LINES - 1 - BACKGROUND OF THE | NVENTI ON 1. Field OQ &33_’&
| nvention: *The present invention relates to a nethod and apparatus fo
transferri.ng data anong vari ous conponents of a conputer system More
particularly, the present Invegy P'IPQﬂ'Eﬁ tl@ﬁ;f d conputer bus
with virtual nmenory capabilities—2 %U%u t Dag}\ﬁlﬁ\%Wﬁ a typical
conputer system a central proB@%MSFmtcﬁP@@Ime@iﬂGfrom and writes
data to, peripheral devices anyIRtUAErADDREDS/DANA 3. 1Whs ch conprise the data
processi ng system This communicallon between devices is frequently
acconpl i shed by neans of a bus which interconnects all of the conponents of
the conputer system The speed at which the-bus transfers data directly

limts the overall speed of th syet HE_Qﬁonstraints on the
speed of data transfer between CO couple 0 bus are protocol
or "handshake" restrictions. These require a predeterm ned sequence of
events to occur Wt hiEeldodcthe yentions | inits prior to an actual exchange of

data between the devices coupled to the bus. It is therefore desirable to

have a hi gh speed angpgis Eﬂleﬂmmuﬁltrblaﬁs'& me%dam ?h?tumtﬁé’dsiérﬂr@ daigni m ze
the conputing tine reqwred a particular task rotocol utilized by

the bus shoul d bemaemvgmslcmpmmagf 2EOMRUIRL Sy SigR. ws%wf iulashithpPIeseftlze t he
time required fof, daig rLIE@Qﬁ{" &L&Baggrhéldt%us'mﬂﬁ infDYITh&Gy Gapibidesy 1 t ual

nmenory schenes to I'ncrease of the data proce55| ng system As
is well known, vertum__\.mmﬂgymmn‘;hnl gques permt a CPU to address nore

Y ' e i RS b 500, A B SR i B0 S O e
generates a Virt wakesadil 15 peripherat dmnodahﬁd othéri cbmpbnémmivh;elddmrwse ithe data
bhysi cal - addr ess FFESHEn oA DU EUmHE-AIER RHERDAONES 1 Lerenly ST TE=ne o
at that address. pjinésds of'@bld WRCH mwohﬁsasfarof tHeccofMBbhents ¢l CieeBnpiTR BystEmOr Y
's typically The speed at which the bus transfers data directly limits the overall speed of the
computer system. Common constraints on the speed of data transfer between
components coupled 1o the bus are pro_tocol or “handshake" restrictions. These
require a predetermined sequence of events to occur within specified time limits prior
to an actual exchange of data between the devices coupled to the bus. 1t is therefore
desirable to have a high speed and high bandwidth bus which operates quickly to
minimize the computing time required for a particular task. The protocol utilized by the
bus should be designed to be as efficient as possible and minimize the time required
for data transter.

ln addition, many systems employ virtual memory schemes io increase the
capabllxty of the data processing system. As is well known, virlual memory
techmques* permit a CPU to address more memory then there is physically present in
the computer systems main memory. When the CPU needs to read or write data in
main memory, it generates a virtual address for the data. This virtual address is
translated into a physical address by a memory management unit (MMU). The
physical address is then applied to the main memory to rexd or write data al that
address. Since the time required for the CPU to access main memory is typically
much less than the access time for a peripheral device (such as an external disk

drive), overall speed of program execution is increased.



much |l ess than the access tinme for a peripheral device (such as an external
di sk drive), overall speed of program execution is increased. - 2 - The

" MWMJ accepts-a virtual address generated by the CPU and translates it into a
correspondi ng physical address |ocated in main menmory. If the transtativhn
data is not currently stored in:the MMJ, then the MMJ transfers the proper
translation data into its menory fromnmain nenory or another peripheral T
device. MMJ s al so provide capabilities such-as nultiple address spaces for
separate processes, sharlng of nmenory bet#een processors, and the

protection of desirqgle 0 bt ég@@nﬁ&ﬂéd&?&fss%'hg?awd'tﬂgh@@i’&i aﬁ@ir&ﬁélé?es it info

operations such as rea execut e such”areas. A variety o
virtual nenory ay:suamndmgapmmwmss located il maio meowny U the tapsiationglatadsd ar e

merory nanagene it diiee; 2 Bbe BRET Heht B%sﬁ“ﬂg?%‘%{%tfm%ﬁwév?@%%ﬁ&eﬁ%fher
limtation on aintRmMbMbryHem main mofy cranothet petipheral device! MMUESEISTproRbie Y,
bus is a collection of wres connecti ng t he :vari ous conponents of a

conput er syst enFaRARIEBRIFCH S MUFPIRRAJEST SPAGHS SOrATRRTS RIOESHRSs SNIAB Obus vi | |
typi cal |,y Cont aiignichPbdivedrbiBtestind Shd YRPYBlachir G Besi i mélhélg lockfAL byl Si gnal

lines. As a general “rule, the sp eed of e bus can be increased s y by
addi ng nore | i npermiting. hely pertain mr@,noas supiastraad, waite. poexagute\to penharerst A at a

gi ven time. Howgyep ﬁv?nJahﬁea &ergi Jﬁ'knsans 6 83 87 W@%Q@fﬁ&%&%ﬁé of

the bus. It is t ere ore desir ave a erates as quickly
as possi bl e whi kemmiospiatesin rstawoﬂ-ﬂ'ngamcdnmmoﬁ equipmenti ©rle suciz type of memary-

provided & bus SRERTIYLENE FRerE PRSFRen B Asb e " T T O
Another limitation on-a.computer bus is the size of the bus itself. Essentially,a - -

bus is a collection of Wires connecting the various components of a computer system.

in addition to address lines and data lines, the bus will iy’pically contain clock signal

lines, power lines, and other control signal lines. As a Qene’rél rule, the speed of the

‘bus can be increased simply by adding more lines to the bus. This allows the bus to

carry more data ét a given time. However, as the number of lines increases, so does

the cost of the bus. It is therefore desirable to have a bus which operates as quickly

as possible while also maintaining a bus of economical size.



processing units ("agents"), said bus system conprising: a bus coupled to
.each of said agents, said bus conprising a plurality of lines for carrying
si gnal-s, driving means coupled to each of said lines for selectively
driving each of said lines to a first voltage |level corresponding to a
first digital state and to a second voltage |evel corresponding to a second
digital 'state, said driving neans al so-having an off condition wth respect
to each line such that each of said |ineg gay be selectively placed in a
tri-stated condition; timng nmeans coupled to said driving neans for
controlling said driving neans to drive each of said lines to be turned off

to said second voltage |evel fOUMMARYISFTHE INVENTION of time after
havi ng driven said each of sai Ines to be turned o to said first
voltage | evel and before turning off said driving neans with respect to
said each of said |ineacter@dngurted «iié; presemy ireverstiawuiiledte tds said

lines for maipntailiyn a e d I &

vol t age | evel Pﬁ?&ﬁ&gu §t g’gﬁe%ég%;n gglﬁ Flkrhg%%ae%%ﬁgc?% v%et ageﬁ evetla

after said eacprobesandglune$5td"bqenusﬂéd sefidhpus Isystedy icompriisigwi:d

second vol tage | evel § %iélﬂ ggaggcﬁn@fsagﬁéirégéﬂgsrreggg_dhqﬁzgaeen
|t|on W t

pl aced in said off con respect to said each of sald l'ines to be
turned of f. Th§°EB§1ﬁ&§9p&rP#@ﬁ?&#tXpﬁﬁlé&PF&anF COFFIERI HIGNAHE hi ch

enpl oy peripheral devi gegvihge medhsaldRifled to each of said lines for
selectively driving each of said 1lines to a first
voltage level corresponding to a first digital state and
to a second voltage 1level corresponding to a second
digital state, said driving means also having an off
condition with respect to each line such that each of
said lines may be selectively placed in a tri-stated
condition;
timing means coupled to said driving means for
- controlling said driving means to drive each of said
lines to be turned off to said second voltage level for
a predetermined period of time after having driven said
each of said lines to be turned off to said first
voltage level and before turning off said driving means
with respect to said each of said lines to be turned
. off;
biasing means coupled to said 1lines for
maintaining said each of said lines to be turned off at
a voltage level intermediate between said first and
second voltage levels after said each of said lines to -
be turned off have been driven to said second voltage
level by said driving means and said driving means has
been placed in said off condition with respect to said
each of said lines to be turned off.

The bus has particular application in computer
systems which employ peripheral devices. The bus allows



- 4 - high speed data transfer through the use of a virtual nenory schene.
Moreover, the present invention mnimzes the number of [ines required
to i nplenent the bus. In the preferred enbodi nent the bus conprises a--
plurality of lines including address lines, data |ines and various conmand
or control lines. A variety of data processing units, referred to -as
agents, are coupled to the bus. A controller is provided whi ch control’s
access to the bus by the agents. A nmenory managenent unit (MMJ) and a
virtual address latch (VAL) are coupled to the bus. During operation of the
bus, data is transferred between agenfé‘oiér the bus. A requesting agent
asserts a virtual address over ‘the data lines in the bus. This virtual

address is &d@herseeednfdata HrAnRSERT J§hrevghpthecugRof Fhvirpmwadi cal
address is wemiorgd t8chREfECSS Iinai-eoivert he €weé. prmﬁequaawmlwent

asserts a pr.edet.erm ned seguence cont r ol als and

recei vi ng aSﬁﬁF qﬁ% e SRYPPHY Pﬁegdgﬁé 555&%%?4 réﬂaégPﬁatd§$§ over
the data |i bes. AIRO tinscpréﬁdrreda endditichenft ptheechisngcomprises a
condi tions le JULEN e

requesting tpg'ggatcﬁt pp‘HE eglgg\% rﬁﬁaiﬁe?g&?eéghé% an%a{:% 1%!95 does
not have thanfed@ssinus igemmand i@t eentredb bhm%$ateAannyetVabfadamass
then the MVdrldess jiry l{f‘nfts,r eféf'eri‘é&“ﬁb as Hyehtd 93@%% ﬁ%. ar to

requesting agent to " and tenporayil g suspen
transfer pr ?us-The“ W%%%nmgapww o‘f’hb‘thﬁ@nBE? 8n@CCeseh t he

proper trandoattRe diis. by AlHer agbfits. A memory management unit |
(MMU) and a virtual address latch (VAL) are coupled to ' _L) _
the bus. '

During operation of the bus, data is transferred

‘between agents over the bus. A requesting agent asserts
a virtual address over the data iines in the bus. This
virtual address is converted into a physical address by
the MMU. This physical address is applied to address
lines in the bus. The requesting agent asserts a
predetermined sequence of control signals, and the
receiving agent_Which is 'storing the data asserts the
requested data over the data lines. ~Also described is a
method of preventing deadlock conditions to occur during
the operatien of the bus. If a requestlng agent
supplies a v1rtua1 address to the MMU and the MMU does
not have the necessary translation data to generate a
phy51ca1 address, then the MMU will issue a "rerun"
signal. This 51gna1 allows the requestlng ‘agent to
"back off" and temporarily suspend the pending data
 transfer process. The MMU can then gain control of the
bus and3fetch the propef translation data. After the
'MMU has obtained thei necessary 'translation. data, the
data transfer process is resumed. Without the return
signal the MMU would be unable to gain control of the
bus. This could result in a deadlock condition where no




MWJ has obtained the necessary translation data, the data transfer process
‘1S resuned. Wthout the return signal the MMJ woul d be unable to gain
control of "the bus. This could result in a deadl ock condition where no
data s transferred and the bus "freezes up". The present invention

i ncorporates a scheme whereby certain lines in the bus are tri-statable,
and are’always driven active and inactive (asserted and deasserted by
active drive) before'they are tri-stated. This is in contrast to prior bus
structures wherein lines were deasserted passively by neans of pull-up and

pul | -down resistors. The tri-stati ng—~3yhene of the present invention
reduces power consunption and allows the bus to be directly driven by CMOS
devi ces. - 6 - BRIEF DESCRIPTION OF THE DRAWNGS Figure 1 is a schematic

represent at| omada &S UHSF oY SMETBREVNID | Fediel Spped embodi mont of
u

the present invention. Figure 2a diagrammti cal ates the various
sub bus structures conprising the high speed bus of the present invention.

Figure 2b illustrates -m{e Prrednt € n{vém@ckrm&&eig@réié@s an $bRek esent

i nvention. Fi 31%%¢ éé“1” .di_agr.am om%ng the timn tocols for

tri-stated contt | gRSf ﬁge RS HE Jr B AT En AT %ﬁ%%?ﬁl?

ti m ng di agr alrshowilwaysheddivenr an'bimolan‘d)r ihactivet efassarted and
deasserted by active drive) before they are tri-stated.
This is in contrast to prior bus structures wherein
lines were deasserted passively by means of pull-up and

W/ pull-down resistors. The tri-stating scheme of the

present invention ‘reduces power consumption and allows
the bus to be directly driven by CMOS devices.



control signal lines used in the present invention. Figure 5is a chart
showi ng, in tabular form the possible encoded acknow edge responses of an
accessed agent. Figure 6 is a chart showing in tabular form the possible:
transfer line signals, and their meanings. Figure 7a is a tining di agrate
for a CPUread cycle for transferring data over the bus. Figure 7b is a
timng diagramfor a CPU wite cycle for transferring data over the bus.

- 7 - Figure 8ais atimng diagramfor a device wite cycle for
transferring data over the bus. Figure 8b-=rs®=tining diagramfor a DVA
device read cycle for transferring data over t he bus Figure 9is atimng
diagramfor a burst wite cycl & BC ' I A AShg di agram
for a rerun cycle. - 8 - DETAILED DESCRIPTICN OF THE INVENTICN An
|nproved hi gh speed bus is described having particular application for use

in chip-level conmputer Figafeen®s sanemgiicv@pieséritatvh orRIgBmpuler sfEten éRployihg tehe
foll ow ng descri pt| on for urFoses of expl anatiion specific nmenory sizes,

bit arrangenents, RigipEgcem nt pLihe presentipventionst c. are set forth in order
provi de a thorough under standi ng of the present invention. 1t will be-

apparent to one skilled in the art, however, that the present invention my
be practiced wi thout tHegures2acdiagrammatically lilustrates theharioussitebuscstructvedsl known

C_i reuits and _Conporl:%n\tpﬁsiﬁgr ﬁe%b%%eja@bujsl 8%(9 gljege% ﬁ\mention.

Figure 2b illustrates the structure of the acknowledge lines in the present

invention.

Figure 3 is a timing diagram showing the timing protocols for tri-stated control

signals used in the present invention.

Figure 4 is a timing diagram showing the driver protocol for tri-stated non-

control signal lines used in the present invention.

Figure 5 is a chart showing, in tabular form, the possible encoded
acknowledge responses of an accessed agent.

Figure 6 is a chart showing in tabular form, the possible transfer line signals, \J

and their meanings.

Figure 7a is a timing diagram for a CPU read cycle for transferring data over
. the bus. |

Figure 7b is a timing diagram for a CPU write cycle for trarisferring data over
the bus.

fmm s e e e s . ———— e e



formin order not to obscure the present invention unnecessarily. Referring
first to Figure 1, the nmajor conponents of a conputer system enploying the
present invention are shown. A central processing unit (CPU) 12
comuni.cates with the el enents of the conmputer system over bus 10. Bus 10
includes a plurality of individual Iines which carry data and control
signals to0 various conponents of the conputer system The system shown in
Figure 1 further includes a main nenory 16, a video device 18, a Direct
Menory Access (DVA) device 20, a co-processor 22, a disk interface 24, and
a network interface 25. Additional units such~as-accelerators or additional
menory may be added to the systemif desired. For the purposes of this
Specification, all data pFigoess isg timiog gegramifor & PMAclavise wrihFxste faf sanstansinged
to the bus 10 of theh‘%resen& ibnvention are collectively referred to as
"agents” and given. t HEYBYREMBB ot or ence numeral 26. The present invention
is intended to allow the various el enents of the conputer systemto ,
conmmuni cate with each other. It has_ been founé t@ethe pr%ienie{' nvent'i on
is particularly suited foFigusBRisaumingfiagreghigr AOMA devicedpAd RYRe onrpnsiastng
devices. It is often ggsiiaepushonever, for the conputer systemto
communi cate with other systens. These systens may not utilize the sane
comuni cati on protocols used in the present bus system Thus, the conputer
system may be provided wi - j L/ This 1/0
bus 60 nmay use any one of %&uﬁ%ﬁgﬁﬂﬁﬁsg%ﬁﬁﬁ]{oggk%{r‘wgéﬁ rﬁa%’?c " are

well -known in the art. O course, it will be apparent to those skilled in
the art that the present hus s¥ tem. can be us'ed to -9 - communicate

wi kb’ ext ernal devices if tHBE® é&ﬁ tao giagrag) o A FHALYHR the tini ng
protocols of the present invention. A controller/arbiter 14 is coupled to
the bus 10. As will be described nore fully below, the controller 14
performs various functions including controlling and allocating access to

t he bus 10 anpong the various agents. The controller does this by asserting
a bus grant signal over the bus '



‘grant line 49. Each agent coupled to the bus has a uni que bus request, bus
sel ect and bus grant lines coupled between the controller/arbiter 14 and
the particular agent. Wen an agent requires control of the bus, it-asserts
a signal over its bus request line 49. The controller 14 receives all sgeh
requests, prioritizes and stores them waits until the bus is idle and
asserts a bus grant signal over the bus grant line 49 to one of the
requesting devices. In the preferred enbodinent, the controller uses a
round robin priority arbitration schexeg |t will be apparent to these
skilled in the art, however, that different arbitration schemes can be used
as a matter of design ch@gralLE X AON oF G4E NEVERTIOM coul d assign
bus grants on a first-requested, first- granted basis. Alternatively, each
agent coul d be assigned a unique priority nunber and the controller 14

coul d assign bus Or &infpréyaa by sEGHHEE ik BasHBEN halth Perfidbfer BbAlRERin BF Ly |1V
The controller also prevents the occurrence of deadl ock conditions I ch
ari se when twoimehipiavel compiies systemis efeplexing vitual memonsteghmiques.t Inethe dotiewinge.
This acconplis ' ‘rerdn” | v Whi ' escri bed
bel ow. As will Q’gg"" Eéfg*r*? E%'é?&f?@%ﬁ%"a a"sg"g“’ﬁp5}1%%@%%;;%‘?@1’%’&@%‘% |
transfer rate, numbepousta transhe uarps, ietn arecset! forthiin ordenprovidendthoroabh| i nes.

Al t hough Fi gure il lystrates specific® processor and peripheral units
coupled to the "‘Bé%’s‘fﬁ,g‘"i’ Pﬂ\&f _p{es%g "bY.B‘Bé?Per\‘t‘"'ﬁBe FPR%%"‘QE‘?WQI edntheatar ¢ ¢ hat
the structure Gowels, MabmePreseMIMBRIGH MmBE bé btattickdWiRButtRédepkcifid ddikiRCESSI Ng
units and peripheral devices to be interconnected in a variety of systens
usi ng the bus doother insianerss well knewnicirpuis and cempphentsare shownisdiRoksliagram t he - -
bus T's. desi aneqolndiabi S ok I GHRILAEY unfiediifl), Certain pover
specifications and timng protocols "are optimzed to reduce power _ _
consunpti on and wor Refefringdirst tot Figurei 1, theGhijsr cbenpoaersts of & computerisgstem appar ent
to those skilled in.the art that those specifications nay be nged :
it hout - depar ¢ | TEPRISTE REsel sptadare AR oA shira) RORSEE AR KRB Bhout ¢ he
fol | owi ng descrdaminghicatesarithaaeldihentd biNRS cothputeripstein SvéribaedoaBuds Ng "acti ve

hi gh" or "active low " This term nology is used to indicate whether a
includes a plurality of individual lines which carry data and control signals to various

components of the computer system. The system shown in Figure 1 further includes
a main memory 16, a video device 18, a Direct Memory Access (DMA) device 20, a |
co-processor 22, a disk interface 24, and a network interface 25. Additiona!l units
such as accelerators or additional memory may be added to the system if desired. For
the purposes of this Specification, all data processing and peripheral devices which
are coﬁpled to the bus 10 of the present invention are collectively referred to as
*agents™ and given the general reference numeral 26. U
The present invention is intended 1o allow the various elements of the computer

system to communicate with each other. it has been found that the present invention

. is particularly suited for communication'among high perlormahce chip-level devices.
It is often desirable, however, for the computer system to communicate with other
systems. These systems may not utilize the same communication protocols used in
the present bus system. Thus, the computer system may be provided with a separate
input/output (1/0) bus. 60. This 1/O bus 60 may use any one of a number of |
communication schemes which are well-known in the art. Of course,-it will be

apparent to those skilled in the art that the present bus system can be used to



particul ar bus signal in questionis, or is not, asserted and relevant to
:the bus operation. It will be apparent, however, that it is a matter of
desi gh choirce whether a given bus line is active high or active low. Wile
t he pkegferred enbodi mnent has been designed to maxinize data transfer speed
and mnimze power consunption, it wll be appreciated that changing the
design of the bus to change an active high line to active lowis within the
scope of the present invention. Simlarly, as described nore fully bel ow,
the preferred enbodi nent of the bus is conpletely synchronous. Al bus
signals change on the rising edge of the clock pul ses. The synchronous
design is desirable because hi gh data trans#Si,Lates require hi gh cl ock

d d hi
w1 bl appr eci ot e Bt icts Rihaks RS P of AU BRAR R iricns | <

a matter of design prbiocelsotind ptdsert invietionr esent i nvention could be made
conpletely synchronous with the falling edges of the clock pul ses instead.
Referring now to Figure 24, carttsolesfarhiser dépislioroptedf the present

i nvention conpri sesydndigs #) AWk be hés%hwé‘?ﬁor@{dﬂfbéﬂbﬁ'tﬁe b&ﬁ'rbl(érq!d%krférh@es AS
shown, the bus is connected to the various agents whi ch conprise the

conput er system i | | Yasiopsfunetiang incluging ontrofiing end, allasgtingedcoessdathe,busal0 anicag she

port 18 and disc dr| V‘Bu%é%ﬁ(nts:r hﬁ]eqpﬁtm:llgr &ogg Lh'fECB; as@gr%gz% Eu%rgﬁtbs Lp%a%eg{ﬂg pus

distributes a central anon _
i ncl udes physi cal agraneing 48i rEash dg?knacuﬂ:pled ldmabuaﬂweeﬁdm réquesiSbuk3selec

the preferred enbodi there are twen ht physical address |ines and
thirty- two virtual® %@fse%fgv‘g'afsa%“f’%gef"'%mﬁ\?3P""‘§'e Pites 14200 heARBICUBf such
lies can be used dggpamdivhen Qﬁ‘aﬁéhﬁe‘ébl?é% ceﬁxrdi BRnElBLS itlaSsdn® alighafdver iisiibs AN

address strobe line 41 is provided which allows a receiving agent to strobe

the address which i ®qyp8daaaS.ofng eratrpley 34 tespivesdil sush redupsts, pripritizee rhchgorehe
OE o e "o Rt etEHS o0 £10¢ Bl SN 8y B S8 b3
this end, the presen® ¢ oneeofttheonequasting divices. rinthel prefesed embddiraent AHe vdntroller uses
Indicate the w dt h g'round robin %rjionty arbitration scheme. It will be apparent 10 these skilled in the an,
however, that different arbitration schemes can be used as a matter of design choice.
For example, the controller 14 could assign bus grants on a first-requested, first-
-granted basis. Alernatively, each agent could be assigned a unique priority number
and the controller 14 could assign bus grants to the requesting agent with the highest:
priority. The controller also prevents the occurrence of deadlock conditions which
arise when two or more agents seek access to the bus 10 at the same time. This
o accomplished through the use of a “rerun” protocol which is described below.
. As will be described, the bus has a high speed

paralle! data transfer rate, low power consumption, and a minimum number of lines.

Although Figure 1 illustrates specific processor and
peripheral units coupled to the bus 10, it will be apparent to those skilled in the art that
the structure of the present invention permits a wide variety of processing units and
peripheral devices to be interconnected in a variety of systems using the bus
structure described herein.

The preferred embodiment of the bus is designed to be used with CMOS
technology. As such, certain power specifications and timing protocols are optimized

to reduce power consumption and work efficiently with CMOS devices. It will be



bytes) of the data to be transferred, and acknow edge |ines 46 which all ow
an agent accessed by the CPU 12 or other agent to acknow edge a request for
data. As will be described, the accessed agent provides these responses-in
an encoded format. Menory error line 47 is asserted if an agent from wheém
data is requested detects-an error during_transfer. The bus 10 al so .
contains lines for the control of the bu so that only one agent 27 Wl
drive the bus at any given tine. As previously described, the bus request

| i ne 48 and busapgeawmnt tolthose skilechindheart thatthose spacificatigrsynay tihchanged without o
Interrupt request Lin | t to interrupt the bus
operation. Thi séeﬁﬁ?"%ﬁgwgg% sfg{rcé}-l%&g%ng@‘én S'E\l'eéds to conplete a high
priority task and i Shropgtitluethedolblyingidesciiption certaie bussliries wilhbe bestribeiasise of
an ongoing data transfer. lLn the preferred enmbodinent, there are seven
interrupt requel®ng iaﬁ\é‘?.h'qu'%qcf“'dglgwaghﬁﬂsm“"-?'BQ& I yeed WF?‘F@HWPW“?% art,
however, that apdrfiufi®budsighdl® quRktioRUSTIRR s rieh, aBbiérd|dnB PSlevERYtod Biks Wi t hout
departing fromthe scope of the present invention. For exanple, if it is
expect ed that oRpemtionitiwill bearparanh howener.tbal itdsa matter of dgsigm chajce whethesacan be
a single interr : i ' |5, hal: ' Bus
reset line 51 i@p%‘r%u\%ﬁ{ggﬁ-av‘\?l}hb%ﬁg%} %’?‘éédﬁfv b%%g?p%ﬁ?r%ﬂg&bkge'gigﬁlq%gatﬁ%%
necessary duri ngesigned tcainaymize datajiraosfen speedhamd minimizepaiver icomsuoptiar, & wilFbenal | v,

power lines 52 supply the voltage and current necessary to rate the bus.
Vbst of the Ii reaRiedihaLseneind e bboat oLie Bus By chenoe piachaleBine i po
driven to eithegctige woi8 withindhe écbbe 8f 1ha predént ifvéatiod. 0) . However, the ,
preferred enbodi nent al so contains control lines driven follow ng_@%;?em atlg)

protocol . In many pSirglaryras degeribedmoraduty helgw. therreferrag embodimaat of isHei n
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state is a function of the capacitanc f. the line and the value of the
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After asserting the signal, the driver will drive the signal hi gh_ .
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passive pul | - upyeaaisg Cﬁ%%s‘&‘{h‘éh:ldiﬁbﬁl&éﬁ iRstbdie signals to the inactive |evel
after the drivers turn off. Because of the | ow power DC specifications of
CMOS devices it i s Referring now to Figure 2a, the preferred embodiment of the present invention

comprises a bus 10 which includes ninety-six individual lines. As shown, the bus is
connected to the va'riot_:_s agents 26 which comprise the computer system illustrated in
Figure 1 (including main memory 16, video port 18 and disc drive 24). The bus 10
| _ inél_udes a cloqk line 40 which distributes a central clock signal among the agents 26. L)

The bus 10 also includes_physical'_address' lines 42 and virtual address/data lines 43. - |
in the preferred émbddiment, there are twenty-eight physical address lines and thirty-
two virtual address/data lines. However, a different nbmber of such lines can be used
depending on the size of the data fo be transferred: An address strobe line 41 is
provided v.vhich_.allows a receii/ing ageht to strobe the address which is present on the'
physiéal _a_ddress lines 42. _ | _

During the operation of thé bus 10, v_ariou.s protocol signals are asserted at
specific times in order to insure accurate data tra_nsfe'r a_fnbng the agents 26. To this - -

end, the present invention includes transfer size lines 44 which indicate the width (in




- 12 - not possible to provide active pull-up resistors which change the
signals fromthe active to inactive levels within a short tine period.
Therefore, -the protocol adopted in the present invention is used. The
resistors on the tri-statable lines do not change the state of the signal
fromactive to inactive. They nerely maintain the signal at its inactive
|l evel. By driving the tri-statable signals, both |ow and then high, the
probl em of "floating™ signals which is present in many prior art bus
systens is avoi ded. Another feature of the present invention is the fact
that no single line is driven by two agents during the sanme cl ock cycle.
This avoi ds the probl emof driver over| ap ?ﬁtmeen multiple drivers. The
[

ti mng protocol for thls feature is shovvn Figure 4. At the rising edge
of the first clo river f

cI e r drjVving a
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be at its tri-stated level by the end of the first clock cycle. \Wen the
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of the bus will now escribed wth reference to Figure 1 and Figures 5
t hrough 10. Ther eerer dunngrteansies t asks that can be acconplished with the use

of the bus 10. Wile gve h task

general operation of ?‘ﬁeeg%uiouéﬁon"% '"& %Ltgg%ﬁﬁ&;tggg?éﬁggﬁa?é*lggvee?gae
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main menory 16. Atimng diagramfor this process is illustrated in 7a.
The CPU 12 gener agreagest néeds tatomplete @s!mhcnﬂpmngqsbnuﬂ rsg:qablett%eb!éatrafmabamss
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by neans of any o#re sefercintetruftasquett limes. modm bbrapmemtno tHose skilted imthd atty ansni t s
the physical addr Egﬁevgp tl;[at]g labrlgjgr olr gm(a)l\l/e$ Ezur%tr)]eer of such lines may exist without departing

from the scope of the present invention. For example, if it is expected that agents will
interrupt the bus only.infrequently, there can be a single interrupt request line which is
shared by all of the agents. Bus reset line 51 is provided which is used to reset the

bus. Reset may be necessary during initial power-up or if an error condition occurs.
Finally, power lines 52 supply the voltage and current necessary to operate the bus.

Most of the lines which make up the bus are digita! lines which can be driven to
either a high ievel (1) or a low level (0). However, the preferred embodiment also
contains contro! lines driven following a special protocol. In many prior art systems,
digital lines may be aséened by being driven active low. When the line is to be de-
asserted, the agent ceases driving the line low and pull-up resistors return the line to
its normally high state. The speed which the line is returned to its in-active (high)
state is a function of the capacitance of the line and the value of the pull-up
resistance. _

As shown in Figure 3, whenever a tri-statable signal is asserted, the driver for
that signal first pulls the signal low {asserted). After asserting the sigﬁal. the driver will
drive the signal high (inactive) before turning off. The tri-statable control signals have
passive pull-up resistors which maintain the signals to the inactive level after the

drivers turn off. Because of the fow power DC specifications of CMOS devices it is



‘physi cal address lines 42. As shown in Figure 7a, at the same tinme the
physi cal address is driven over the physical address lines 42 the CPU 12

al so asserts the transfer size lines 44 to their proper |evels. - 13-
The transfer size lines 44 provide an encoded signal to the nmenory 16 d\‘J
the width (in bytes) of the data to be transferred over the bus 10. In the
preferred enbodi nent there are three transfer size lines. Figure 6 shows
t he various possible conbinati ons of how the transfer size |lines can be
driven and their correspondi ng nmeani ng as the wwdth of the data
transfer. In the preferred enbodi ment, the&“»®US 10 can acconmmpdate data -
transfers of 1, 2 4 or .16 bytes. |t w || arent to.those skilled
nthe art o notes Papsti fo,BloxPF aEive REnub testilor wiie BRRG IhR=b0 8RBt ng aata
transfer sizesadingtdifadive tsvelsiviihinch stortaimereticd. THerslo® the prixoédt adopldtandat a
lines 43 of the present invention are 32 bits wide. Therefore, the bus 10
can transfer uﬁnetpbesgmuweévgorbp 438g-aThe ReIPPR PR R igstatable fipes dagot ghange theed
fully below, i&af o??he@(dr%lfrérﬂ!&%tliv%rtoinﬁctiv@.dfﬁe?trﬁ‘é?elphéirﬁﬁnTlr{eaé?gﬁ-fa%tit§' ze lines,

then the bus 10 executes nultiple four-byte tranSfers. The controller 14
asserts the buipagtivedevel:| By driving the\tristatable signaisboth low aing then high.dhe probladr ess

strobe line 41 . 6 fecogn| hat it L0g: ed and :
responds with 3fn*|§€tw§§\£/\'pﬁe%sgqevﬁ'f i%%?@ébéﬁgqaﬁiggeorr hhdé’gasgg‘%&%l’s:%@ii nes 46._ As
shown in Fi gure 2bAnbther tealunevi thel gresérit inventiéh iscthe favhthat ng sinfle tihg isarigenpar at e
lines: 8-bit acknow edge,55, 32-bit acknqQw edge 56, and error 57. An
accessed agent EY P 2gROSGuring the %ﬁ.‘}?cg,°¥$+%n§m§a‘1 s the ProbiRm ol giiverquerian

response. |t cgeweBS muMiple driversCRe liing ProtstolBF 1HACRERA EQhaﬂﬁWﬁingQ AVt -
I ssue a "rerun" response g\NhI ch'is described below), termnate the cycle i\(/

an error condi thegising,gdge$! thertirstclost arcied the f-‘tfihlef ferthe agenwhichvis dfivingea _
L aneouel ) phAthahb el B AR S QARS8 B e 3,
the bus 10 can stateridevebtyite passivetresistary iThe) ligeowill be avitsstriatatéd ledd by shedenddf bi t S
(1.2, and 4 byleRlr ddk cybie! viien WP R Saigh 3t In 22 Cord Cbdkeycts s daldetdd, the! 2T 2
driver of the second agent will turn on and drive the line 1o the desired ievel.
The operation of the bus will now be described with reference to Figure 1 and
Figures 5 ihrough 10. Thére are numerous laské that can be accomplished with the
use of the bus 10. _While every such iask cannot be covered in detail, the general
operation of the bus can be described with refere_née to several examples. It is to be
understood, therefore, that the iolldwing eiamples are giv_en' for illustrative purposes
only, and are not intended to limit in any way the types of operations that may be
performed by the bus 10. _ ] _
Assurr';e; for example, that the CPU 12 is required 10 read data stored in main
memory 16. A timing diagram for this process is illustrated in Fig 7a. The CPU 12
~ generates a virtual address corresponding to the data to be read. As shown in
_Figure 1, this virtual address is transmitted directiy to the MMU 30. The MMU 30
translates the virtual address to a physical address by means of any one of a number
of methods known in the an, and transmits the physical addrgss_ to the bus 10 over the
physical address lines 42. As shown in Figure 7a, at the same time the physical
address is driven over the physical address lines 42 the ICP_U 12 also assents the .

transfer size lines 44 to their proper levels.




di fferent encodi ng schene can be used as a matter of design choi ce.
-Moreover, it is within the scope of the present. invention to allow for the
use of devices having different port sizes - for exanple 4 bits or 64 bits.
In thespreferred enbodi nent, the acknow edge |lines are active low After
asserting the acknow edge i nes 46, the nenory 16 drives themhigh in the
next cleck cycle before tri-stating themas described previously with
reference to Figure 3. Upon receipt of the'-d@n.o.wl edge signal, the
controller 14 de-asserts the = - 14 - address strobe 41 (which is an
active |ow signal). OfBe¥PRRIK s2pdines 44 RrevidenencedasFigmatiodeamempPyd§et thenes
46, the nmenory 16, (“\eti’l AT I a I ntains
the data valid for one fu‘stlsfcﬂggﬁtalcl:d cl e“gﬁ"ﬁ%n&g@“gﬂﬁe‘s’ﬁﬂga%ﬁr t he
data |ines 43 ar cembgsimensdhere ate tmmysfe_rsmerlmemagwems the variogs pdssiblecad
cycle. Assune, L bt a.to
menory 16. The tléﬁ g'f’g;g?%ml! ?'? ﬁéé}aspz £ télggssgl%se ]&Hé'\?vﬁml {rll‘teki%g"%%ndﬁuﬁe CPU
12 asserts the phmamﬁd aswdhewitth of thedathAransfen s therpreferzed émbsteiimedt! thebiud 10
applies data to the data |lines 43. The controller 14 asserts the bus sel ect

line 53 and addr ¢S 8CPHARIAA dgia tapslers of L 2. Bt & 16.hviss. hwilbe aparent tohose
concurrently, theggiRd idtheddn, \HBwedehanatditferdnt a&%dm%ts&ém éiﬁtcsnagbom 3d‘ﬁét£t en

into menory 16. Wen the address strobe 41, and bus sel ect 1ines are

valid on the risiHagnsiergizepran h@a@amﬁlﬁb%é&a matterof design ehoipgr T hEGatﬁé'Bvoﬁ?om

wi th an acknow ed bg [

acknow edge si gnaFhtz ‘?%#Rg%‘r'] 'oﬁqﬁéqzcﬁggg@ger &ettohéomdﬂ ‘rgg@sc\éép’ rg?) e 3169

the CPU 12 de- assbytes ot data daﬂmadebtm;s AMwnlIAs desuribed fully below,rita 16 bytéleamdnslz

i seooupled directly to the I\/I\/U Accor n the present errbodl ment ,

cPU 12 provi des vifdicaier bydhe kans SBF 'é"éﬂ ?ftﬂ*ﬁé%wm STRYIERS fayr¥e s si ng

the virtual addreggndtigsch 28 and bus 10. However, it will be not ed t hat CPU

12 may be directly cou_&eed to bus 10, just as any other %ent 26, such that

its virtual addresses ecopispier Hassers the busselect linpc53. Mhenst P igontrederchdaspans

descri bed bel ow a

timng diagram f\gﬁﬂ&%ﬁigégrg&?é&\%ﬂ}@&%g e %??ggge?k“a?g@béﬂd 462LdsB B
responds with an acknowledge (ACK) signal over the acknowledge lines 46. As

shown in Figure 2b, the acknowledge lines 46 are made up of three separate lines:
8-bit acknowledge 55, 32-bit acknowiedge 56, and error 57.

An accessed agent {in the present example, memory 16) has four choices of
response. It can instruct the CPU 12 (or other accessing agent) to wait, issue a
"rerun” response {(which is described below), terminate the cycle if an error condition
exists, or acknowledge the data transfer while simultaneously indicating the accessed

-/ agent's port size. Figure § is a table of the encoded responses used in the preferred
e_mbodiment. As shown, the bus 10 can accommodate agents having port sizes of 8,
16, and 32 bits (1, 2, and 4 bytes). It will be apparém to those skilied in the art that a
ditferent encoding scheme can be used as a matter of design choice. Moreover, it is
within the scope of the present invention to allow for the use of devices having
different port sizes - for example 4 bits or 64 bits. In the preferred embodiment, the
acknowledge lines are active low.

After asserting the acknowledge lines 46, the memory 16 drives them high in
-the next clock cycle before tri-stating them as described previously with reference to
Figure 3. Upon receipt of the acknowledge signal, the controller 14 de-asserts the



menory. As shown, the DVA device requests access to the bus by asserting
the bus request line 48. As previously discussed, presently request |ine 48
is an active low line. The controller waits until the bus is inactive,, 3jnd
i ssues a bus grant signal to the requesting agent according to the-
arbitration scheme descri bed above. On the immediately foll ow ng cl ock
cycle, the DVA device de-asserts the busyrequest and drives a virtual®
address onto the data Ilnes 43. At the s‘*b =—time; the DVA device indicates
the transfer size,

SC ed above.in . .relatjon to Fi e 6. and asserts
the transt e Shass shon diSoHRs Tas DS Db eu Rtk chdldhs Sserbpasoe
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address latc

e o, | oy U8 PBYaIYBbA Brtcehst a0 5 Bl el R el

address to t hgideesdnéd 42 fradbfer s@qindd 44, @Ad apsids 828 1d Mb ghtadReshnr s t he
virtual address value. This virtual address is then transferred into the

MVU 30 whi ch @aptolar4 apsens thebusisplertdine S3nd addressontiobs 6 AaithRysams ¢lodkeal
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sel ect 583, andcklabw&ugakngmlda Qescribed abdve. Slll;&iﬂ&eﬁbﬁﬂdg:@vﬁlﬂsédkhmwdée wite
cycle and conpletes it bée assertin sl ave asserts ACK 46,

The. cont 1ol | cPoreh i ppriallr Fexass ers e adRiessciaRt 4iogR e GPU R cbmRrpahe
conpl etes. WghaliRgs WSAQQ%% i® rswé 1, the EPLRESE eémba d,#aenmsﬁ@wtﬁsd ce no
| onger has control of the bus, stops driving al ignals after the
Aocordmgly in the presem embodnment CPU 12 provides vmual addresses directly
to the MMU, thereby by-passmg the virtual address {atch 28 and bus 10. However, it
will be noted that CPU 12 may be directly coupled to bus 10, just as any other agent
26, such that its virtual addresses are apptied to the data lines 43 as in the example
described below with reference 1o DMA device 20. '
Figure 8a illustrates a timing diagram for 2 DMA device writing data directly to
memory. As shown, the DMA device requests access to the bus by asserting the bus -
request line 48. As previously discussed, presently request line 48 is an active low u
line. The controller waits until the bus is inactive, and issues a bus grant signal to-the
requesting agent according to the arbitration scheme described above. On the
immediately following clock cycle, the DMA device de-asseris the bus request and
drives a virtuat address on_to the data lines 43. Atthe same time, the DMA device
indicates the trénsfer size, as discuséed above in relation to Figure 6. and asserts
the read line. o '
By driving the virtual address onto the data lines the present invention _
achieves several advantages over the prior art. First, all of the agents coﬁneétad to

the bus are able 1o access memory through the MMU. “This technique eliminates the



next cycle, thus ending the wite cycle. Figure 8b shows a timng diagram
for a DVA device read fromnenory. As illustrated, the DVA device 20
asserts. a bus request signal on the bus request |ine 48. \Wen the bus is

i nact#~e, the controller 14 issues a bus grant signal in accordance wth
the arbitration schene descri bed above. Subsequently, the DVA device 20
de-asserts the bus request |line 48, and applfe®s to the data lines 43 the
virtual address of the nenory |ocation to h-the data is to be witten.
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. master device no longer has control of the bus, and stops driving all signals after the
next cycle, thus ending the write cycle.
Figure 8b shows a timing diagram for a DMA device read from memory. As
illustrated, the DMA device 20 asserts a bus request signal on the bus request line
48. When the bus is inactive, the controller 14 issues a bus grant signal in
accordance with the arbitration scheme described above. Subsequently, the DMA
N devicé 20 de-asserts the bus request line 48, and applies to the data lines 43 the
virtual address of the memory location to which the data is to be written. At the same
time, the DMA device asserts the transfer size lines 44, and drives the read line 45
high. After the virtua! address is driven onto the data lines, the DMA device 20 tri-
states the data lines as discussed above with reference to Figure 3. The MMU 30
translates the virtual address into a physical address, and applies this physical
address tc the physical address lines 42. When the physical address lines are
asserted, the controller 14 asserts address strobe 41 and bus select 53. In response
the memory 16 responds with a valid ACK signal over the acknowledge lines 46.
After a valid ACK signal is asserted, the DMA device 20 drives the data to be written



the read signal line 45 high. Substantially concurrently, a virtual address
is driven onto the data lines 43 by the Bus Master. The Bus Master

i ndicates that the transfer will consist of 16 bytes by asserting the
transfer size lines 44 in accordance with the encoding scheme given:in b
Figure 6 above. The virtual address is converted into a physical address by
the MWJ 30 and driven onto the physicaltgddreSS'lines 42. At this point the
menory nust respond with a valid signal on the 32-bit acknow edge |ine 46
(active |ow) . |idtheciasi ipks 03, Simuhariedusiy; tivovdntrdipe 18 idgasserts tinebudigradvtise er
drives the first 4 bytes onto the.d l.ines 43 to. be witt | nto nenory
16 "The marmor y 48 ORHSIIRISOEN U erRITA Heabr e g ABiH Datdns IFses B, g
and then |ow.  Tihas EHERY rebd IS i WoRiBibling el DMA RédeiyBIBL S T he address into
whi ch the next group of four bytes will be transferred. After the 32-bit

acknow edge |ine 46 The ptesentdnyention, can aecammodetesa bigh-hangwigth burst Hanstar mpdgup of
four data bytes : ' ' ' m t he
new nmenory addrg@%?ﬂﬁ@@lgﬁe%ggn@nﬁg B;e%? gﬁoﬂrﬁretrﬂeogﬁghé @*r'gﬁ %rpé# P‘?%l?ﬁr{egyt es.
After four grouggends.dAtimidgediagrdre éor one sucf @PU exhd dphmticroistshowh avFigure ©.

de-asserts the pus gra i-ne '49. The .Bus. Master then. de-asserts t _
addr ess strobe i'le ﬁgﬁi“ Eé Y”L'g?- I%ta0sfpring f’gﬁ('f‘t? m@%’s”a‘ﬁﬁ?s{‘?&ﬁg nghe;uf Hslby nes
44. The nmenory pédenmbd RS récpuest%%nbtiévemkboy\keadwﬁ lihd 48 When the®ushyisendi ng
the wite cycle. - 17 - Further inplenmented is a "rerun” grotocol during

whi ch any pendi ifgctivgcthe caaiiolipie 4ipsies @bugrasand signalde apeprdance with thearpitsagion.

resol ution of d ' L,&ES I ent s

to have a | ong ?@gg%g{%’ﬁ@@%%gﬁ? ntﬁgcgﬁﬁi%gcr%p%?ﬁggﬁb&g@?gh%uﬂgg)[ﬂza-nﬁﬁ o
Deadl ocks can oissued, tirecagea26awhictt issueddkepbus requeist sighah bedootds acBus Masterapdnt v/

2gent 25 st dBeEIErPe’ e rarRreo ki LE, R TRt ode Bitablye by
driving the 8- bifélloﬁFhF bR thé) Bust MadiBFldd-BsteRs MHerbuk irdtfuedt find A8 SdHadiived)
Figure 5. The controller 14 wil|l respond by term nating the cycle by
negati ng the bushesepdsigngliline 4§9igan§ug§§@7§!l¥ _ﬁ@curr'ently. a virtual address is driven
onto the data lines 43 by the Bus Master. The Bus Master indicates that the transfer -
will consist of 16 bytes by asserting the transf'er.size lines 44 in accordance with the
encoding scheme g'iven in Figure 6 above. | , |
The virtual address is oonve_rted into a physical address by the MMU 30 and
driven onto the bﬁys_ical address lines 42. At this point the memory must respond with
a valid signal on the '32-bit acknowledge line 46 (active low). Upon receipt of a valid
acknowledge signal, the Bus M_aslef drives the first 4 bytes onto the data lines 43 to _
be written into memory 16. The memory 16 responds by driving the 32-bit N\
acknowledge line 56 high and then fow. The memory 16 also automatically |
increments the address into which the next group of four bytes will be transferred.
After the 32-bit acknowledge line 46 is driven low, the Bus Master will latch a new
group of four data bytes onto the data lines 43 to be writtén_into or read from the new
memory address. Thi; process is repeated for eéch group of four bytes. After four
groups of data have been transferred, the controller 14 de-asserts the bus grant line
49. The Bus Master then de-asserts the address strobe 41 and tri-states the read line
45 and transfer size lines 44. The memory tri-states the-32-bit acknowledge line 46,

thereby ending the write cycie.



the cycle at a later lime. Prior to the repeat of the cycle, other bus
.masters may utilize bus 10. An exanple of a rerun cycle is shown in Figure
10. The rerun protocol is useful for several reasons. First, it allows
agentg; ot her than the CPU 12 to access main nenory 16 through the MW 30.
Assunme that an agent transmits a virtual address to the MMJ 30 through the
VAL 28.: If the correspondi ng physical addr IS not currently stored in
the MW 30, translation data for the MW issuesS a rerun signal as described
above. The requesting agent w Furthserimplemdntediis & remi REPIRGREAUURLWADh BOY

fetoh Lhe Proper tiaRshgthalindzbaasohl b ladfh G OHhE ichlSeohi B8 Rhuge

the bus 10. The reduest agent .can then retry 1ts operation w
necessary data in thetwadothg CPU@ng OHMA devicesiasd aliows ragerfts tohhave iariengakadid@ngss

into a physical addr.ess,, \Wthout e rer protocol, the MMJ woul d be
unabl e to transl at ew'ﬁs?gt 'eﬁwarg%%%é%“"?ﬁf-o a physical address. The MVJ 30

woul d be unabl e to gai nDesdidoks barDdcchiwhenlsmh. agkhi is cagablech! beiag bbih assidle@agemck
condition, where the bus 10 would "freeze" the s em prevent iegg,hdata

St
transfer. The rer urPeePriMagie ayd rRniphromRlete A S'aupBRARES Y@ &'YRD Mend e Aaent 86
particul ar agent Wi gl %teﬁﬂ'cﬁﬁﬁioﬁw%n%k&ﬂ@k‘rﬂn a&n&mc{aa by GR@Rthk @.thhe bus.

This waiting period is known as bus latency tinme. Bus [Faténcy occurs when a

particul ar agent acegkoewledge link 46 @ngiherersr linendy asshows in Figure $.0€he coptrolier 14 |
ot her agents. This n . c S t requir (e} eriod
of tinme to supply r‘gﬁgee%'? E‘gE’&%P@S%]'c’)‘g3%%’%@3’.”%%8g‘%gg%en?“wehﬁ‘e%&é“gg‘i’gﬁw

time greater than ahpregelebted lentrte. pRrior @cthe fepeatne? tHeNyclaLtstier bes padéts el otike
the tinme out with a rerun acknow edge. If the accessed aﬂfnt t akes | onger

than N cycles to reRFo, A? Bxamrierl adep &xtle sy o1 Figetec® cycle is
aborted and any pendi ng TR fersPsreRES! id @seﬁ,ﬂtrov'smehu reafbrse IFirkih R aRR &b Bdls bpguest

is serviced, the original cycle is restarted. During the rerun period, the
accessed agent | at cHhas thefyPl4 32 1sracerss maifyroergony 18 thiewoh the My 30 Assumesthat an

signals are not val Egerﬁ‘{rér?srmitg BRinLEY ddBreCy fo1he NRR) RARRUSVFRVATHE: 1 the

corresponding physical address is not currently stored in the MMU 30, translation
data for the MMU issues a rerun signal as described above. The requesting agent will
then "back off" allowing the MMU 30 to fetch the proper translation data. The MMU 30
executes this transfer over the bus 10. The requesting agent can then retry its
operation with the necessary data in the MMU 30 to permit translation of the virtual
address into a physical address. Without the rerun protocol, the MMU would be
unable to translate the virtua! address into a physical address. The MMU 30 would be
unable to ga‘n controt of the bus. This could lead to a deadlock condition, where the
bus 10 would *freeze” the system, preventing data transfer.

The rerun feature aiso minimizes the amount of the time tha: a particular agent
will be required to wait until it gains access to the bus. This waiting period is known as
bus latency time. Bus latency occurs when a particular agent accesses a slave with
a long access time, locking out all other agents. This can happen when an accessed
agent requires a long period of time to supply requested data to the bus.

Any agent with a bus latency time greater than a predetermined period of time
(N) must respond before the time out with a rerun acknowledge. I_Hhe accessed agent

takes fonger than N cycles to respond, then the current (read or write) cycle is



The present application is divided out of our co-pending application GB
8924639.1 in which there is described and clainmed a nethod of transferring
data between a requesting agent and an accessed . agent associated with a.-=
physi cal address in a conputer systemincluding -a nunber of data s
processi ng devices ("agents"), and a controller. agent selectively coupled
to a single bus structure. |In our co-pengyng application (B 2263349 (afso

di vided out of GB 8924639.1) there is Thed and clainmed a nethod of
transferring data anong such agents selectively coupled to a conputer bus.
* CcC L MS * CLAIM 1. A bus system.for transferring data between

dat a processiburtedtand" ag¥npenfingaitnsh resiestenigofprvired. a AfikeXoupl ed
to each of %ﬁiéﬁ ﬁ&ﬁa&ﬁg %@%é&i‘? £9"Ber¢iBEa7 RN 2briyindll cpelel ais
ot .

carrying signa ans coupl ed to eagh ofsgald | i nes

rivien ; for
selectivehyﬁﬁ$ﬁ§¥&ﬁ@ach%&Fl§§ith|F£FQQ)QF?¥?§t Bt AFESSSPE agent
correspondi Nth¢hés f byt #kgereed Shatressd amd adataorkines [ ags |these

corresponding, to second_djgital, sta sl i ving 0 iy ng an
of f conditicé$$W?ﬂsrégﬁ%c?°#oVE§8ﬁPI?%gégug%ggﬁ%%¥%§cﬁio$ saﬁ gIinesﬂmay be
sel ectively pissedded.a tri-stated condition; timng nmeans coupled to said
driving nmeans for controlling said driang means to drive each of said.

The present application is divided out of our
co~pénding'app1ication GB 8924639.1 in which there is
described and 'c1aimed 'a method of transferring data
between a requesting agent and an accessed agent -\J
associated with“a”physical address in a computer system
including a number of data processing devices
("agents"), and a controller agent selectively coupled
to a single bus structure. '

In our co-pending application GB 2263349 (also
divided out of GB 8924639.1) there is described and
claimed a method of transferrihg data among such agents
selectively coupled to a computer bus.



lines to be turned off to said second voltage level for a predetern1ned
period of time after having driven said each of. said |ines

to said. first voltage |level and before turning off said dr| r"ﬁ I ”“l
respe&i; to-said each of said lines to be turned of f; b|a5|ng

coupled to said lines for maintaining said each of said lines to be
turned off at a voltage |level internediate between said first and second

vol tage levels after said each of said_Lij@s to be turned off have been

driven to said second voltage |evel by saiddriving means and said driving
means has been placed in said off condition with respect to said each of

said lines to be turned off. 2. nggggg§systenlpf claim1l, wherein
sai d biasing nmeans includes at |east o -up resistor for each of said
| i nes. 3. The bus system of claim2, wherein each said at |east one

pul | -up resistos pulISAIbﬁsngéﬁéﬂoﬂdr”&rhh@Qéﬁfyﬁgfﬁ%#& bdtwden Ohhge

I I t di af t bus system o
cl ai m 3, furt HEOTERT U PLER) CeASEy Sl §211b b BYSHeR ccombr iiingent s

and said driving nears bms eoupiedr tol (Kak:h:otblﬂ edlao.-:@@rﬁsgl ik gha!
ls:'ilng a??r\é\?er%cﬁ age 'P%i/%: symzﬁésﬁftﬁg h% H’%ﬁes li%g%l%’i’agsclock
signal asserted overfﬁikﬂkﬂ2xwﬁin%naﬁublaé b9 each wfstsaid lines for
selectively driving each of said 1lines to a first
voltage level corresponding to a first digital state and
to a second voltage level corresponding to a second
digital state, said driving means also having an off
condition with respect to each line such that each of
said lines may be selectively placed in a tri-stated
condition;
timing means coupled to said driving means for
controlling said driving means to drive each of said
lines to be turned off to said second voltage level for
a predetermined period of time after having driven said
each of said 1lines to be turned off to said first
voltage level and before turning off said driving means
with respect to said each of said lines to be turned
off;
\ biasing means coupled to said 1lines for
maintaining said each of said lines to be turned off at
a voltage level intermediate between said first and
second voltage levels after said each of said lines to
be turned off have been driven to said second voltage
level by said driving means and said driving means has
been placed in said off condition with respect to said
each of said lines to be turned off.

2. The bus system of claim 1, wherein said biasing
means includes at least one pull-up resistor for each of

said lines.



—e%ock“5”_—”__—?ﬁe~bus syst em of clarn14 further including a bus

““u‘ﬁel ectively granting said agents access to said bus and a
B “\‘ oupl ed to.said agents and to said bus controller, - wherein
n sai d*agents transnmts a bus request signal to said control [xg
over sard bus request line, said bus controller grants said one of
sai d agents access to said.bus in accordance with a predeterm ned priority
protocol . 6. The bus. system of aim 5, wherein said
predeterm ned priority basis conprises Und robin priority protocol 7.
The bus system of claim 7, wherein said pIuraIrty of lines for
carrying signals includes address i nes and data 1ines The bus of
claim7, wheBein theﬂ‘éeamSZEF}tﬁt%rQ{faﬁh?b%s bi H@?re&r’r’d e\?‘El’bfs%‘aﬁ RWat a

l'i nes. least one pull-up resistor pulls its corresponding line
from said flrst voltage level to said intermediate

voltage level.

4. The bus system of claim 3, further including a
clock signal ' line coupled to said agents and said
driving means and a master clock coupled to said clock
signal line and wherein said driving means selectively
drives said lines to said first voltage level \;)
synchronously with. a rising edge of .a clock signal
asserted over said clock signal 1line by said master

"~ clock.

5. The bus system of ¢laim 4, further including a
bus controller for selectively granting said agents
access to said bus and a bus request line coupled to
said agents and to said bus controller, wherein when one
of said agents transmits a bus reguest signal to said
controller. oVer said bus request line, said bus
controller grants said one of said agents access to said
bus in accordance with a predetermined priority .
protocol. ' ' | .

6. The bus system of claim 5, wherein said
predetermined priority basis comprises a round robin
priority protocol. ' '

7. The bus system of claim 7, wherein said
plurality of lines for carrying signals includes address
lines and data lines.

8. The bus of claim 7, wherein there are 28 of said
address lines, and 32 of said data lines.




