COMPUTE BUS WTH VI RTUAL MEMORY DATA TRANSFER CAPABI LITY USI NG VI RTUAL
ADDRESS/ DATA LI.NES BACKGROUND. OF THE INVENTION 1. . Field of the Invention

The present invention relates to a method and apparatus for trans 229%9
data anong vari ous conponents of &MWMSSWHHGMRTMMW@RY' cularly,

present invention relates to an i npLQV Uy Virtual nenory g
capabilities. 2. Art Background%’@ gﬂqﬁ EB%AB g é tem a central C

processing unit (€PU) reads from WMlADBBES‘EdDATAMNE@H pheral devices
and ot her conponents which conprise the data processing system This -
communi cati on between devices is frequently acconplishe by neans of a_bus
whi ch interconnects all of the conponents of-the conputer system The speed
at which the bus transfers data dip£CKGROUND toF tTiE onevEMTIONPeed of the
conput er system Comon constraints on the speed .of data transfer between
conponents coupl ed-l0 thﬁ ﬁ’gglggglgrgbﬁcgl or "handshake restrictions. -
These require a prec}éter ' events to occur within specified
‘time limts prior to an actual exchange of data between the devi ces coupl ed
to the bus. It is theref Grecpreset inabnition relatbstoca raethbdgmdsmathusridrtkénghrring data

bandw dt h bus_ which ra utin -
required for a partlCLﬂ%grvtaféauss%%’%EJé%ﬁr%tag%:gipmef S,rsﬂéz}gdﬁ&’;o sy "§ ‘gigrﬁfﬂ“be .
designed to be as efifiventiemntelates tp @admjroeechatthpuienbos with vikealtmemory espabilisad. f or
data transfer. In addition, systems enploy virtual nenory schenes to
I-ncrease the capabil9ty gﬂ—gﬁiﬁgﬁprocessi ng system As is well known,
virtual nenory techni quem @gpidhlicompieibysemieEemnss pRRESSIHFUMI(EPU @Edﬁ?&ﬁ%dds
physically present in the conputer systemis nmain menory. Wien the CPU needs

to read or wite dat“¥itPhoFaih PREPRSIS) deyigesnd other sampongnisiwhich eampries thefdgia
the data. This vi ”%Bcé’%@ﬂ @;ﬁerhsms%ﬁ,h%ﬁdudnmewenwéb&@'n G WRodpRhel
nmenory nenagenent unit he physical address iIs then app ‘?1
main nenory to read !mmemswéa@awh&h int¢reannacts ebolthe spmpanenises! thercompatguéystean.
for the CPU to acce SS
time for a peri phertheg%w ce Esucﬁb}gggr%sgﬁ% h%a%}f&%ly I'Eﬁgthtem%gra QSee% i the

: computer system. Common constramts on the speed of data transfer between

components coupled 1o the bus are protocol or "handshake restrictions. These
require a predetermined sequence of events to-occur within specified time limits prior
1o an actual exchange of data between the devices coupled to the bus. It 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 protoco! utilized by the
bus should be designed to be as efficient as possnble and minimize the time required
for data transfer.

In addition, many systems employ virtual memory schemes to increase the

" capability of the data processing system. As is well known, virtual memory

. techniques permit a CPU to address more memory then there is physically present in
the computer system’s 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
physica! address is then applied to the main memory 10 re=d or write data at that
acdress. 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.



d‘rive), overal |l speed of program execution is increased. -2- The MWJ
.accepts a virtual address generated by the CPU and translates it into a
correspondi ng physical address located in main nmenory. If the translation
data is not currently stored in the MMJ, then the MMJ transfers the proper
trawslation data into its nenory frommain nenory or another peripheral
device. MMJ s al so provide capabilities such as nultiple address spaces for
separate processes, sharing of memory between processors, and the’
protectlon of desired menory locations by peftting only certain
operations such as reacphe\WiMl BeceBfs ViRiatadiirdse gehkrited b e CPY dridfitaRbieft into
vi rtual menory systems are known in the field of conputer systens, and are
comonpl ace in st aa@omsnon@nmmyswmgmesmlgcaéwpmr@hmemwe lfét!&:!ﬁartsgap@ ¢ata s
menory nanagenent R er
limtation on a CO%E)Q:%u Ssgé&i hqﬁ%’“@ z{é{ag he 'ﬁ'gg ;Srs‘wtséﬁeﬁ ‘?..é&égrggs'?@g?%‘g
bus is a collecti ointmhs memey fmmnmengrytmenmmnmuphemmrMMUefalsa provnde
conput er system %gﬂjltlon to %ﬂ ess. lines a d dat% nes, the bu will
typically contain 8? igs Sk as multipte dé(ﬁffefw*ﬁ X senaf an"ﬁ%?”ﬁ'oﬁﬁ'???ﬂ si gnal
lines. As a gener amegméntbetivien mebrefanam grotectidvn f Besired fiefdBCIcatibhgty Dy
adding nore lines to the bus. This al|lows ‘the bus to carré/ nore data at a

given time. HowevePermiting Arly REAALOPEFANONS SHEE 85 Feado WEIR SOT expCUtR OSUPh Rreas, A of
the bus. It is thergfigy 6t il mambe spaerh@a@ kAW R :MMfQBﬂbabﬁ@s@ms%Ha% y

as possible while also maintaining a bus of econom cal si ze.
OF THE | NVENTI ON Ase®menplace in state-gfthe-art eafapiting equirsmant. ofine sycditype qf @WI ded

0 2 computer syst GianaohiiLiifis BelttBlifh K. iRl NG! £ERSRNO devi ces

(" agents") and. a con er agent :
2 Another limitation on a computer bus is the size of the bus itself. Essentially, a :

bus is a collection of wires connecting the vanous components of a computer system.
in addition to address lines and data lines, the bus will typically contain clock signal
lines, power lines, and other control signal lines. ‘As a general 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 at 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.



selectively coupled to a single bus structure, a nethod of transferring
data between a requesting agent and an accessed agent associated wth a
physi cal address conprising the steps of: asserting a bus request signal
over a bus request line froma requesting agent to a controller agent; P
i ssuing a bus grant signal over a bus grant. line fromsaid controller agenLr
to said requesting agent when said bus is available for use by said
requesting agent; deasserting said bus request signal -over said bus request
| i ne from r eQUMMARNgOROPHE TWVENTGONMONtrol | er agent; applying a virtual
address to data lines in said bus fromsaid requesting agent; |atching said
virtual address in a virtual address |latch (VAL) neans for storing said
virtual address; tradcgording siiod thet upresentesdinvemhion d there o is

menory rranagﬁfsmgua' 4 n( MMdompd g:r?]e;ifat . Ot%ﬂn Sfﬁéwaiﬁgab aﬁ%&&s df”td%s@ﬁ

physi cal ress means. of tr data stored In sa
sai d physi caPrﬁﬁﬁﬁééggt cﬁ%‘d’cﬁ%%s ("Ageats!)sai dndyad %%EEF?%%@I' zfg%‘%tarnsf er

size signal seléetivedyd douplasd itg aaee.mglet musmstﬁ@eaﬁreasaoquemﬁm with
sai d physical _aqddress; assertin

t ' f
controll er agEntrANSEGTFING egggﬁ iﬁ«?ﬁ’ﬁe& e ?éggas'ﬁgpﬁ : Ot'p h??gc an
addr ess; traasoessedg amenﬂuum&sdgéategnaythnnaajﬁhys;cal address

comprising the steps of: _

asserting a bus request signal over a bus regquest
line from a requesting agent to a controller agent;

issuing a bus grant signal over a bus grant line N
from said controller agent to said requesting agent when QJ
said bus is available for use by said requesting agenﬁ;

deasserting said bus request signal over said bus
reguest line from requestlng agent to sa:.d controller
agent; _

applying a virtual address to data lines in said
bus from said requesting agent;' |

latching said virtual address in a virtual
address latch (VAL) means  for storing said virtual
address; '

transmitting said virtual address from said VAL
to a memory manegement unit (MMU);

translating said virtual address into a physical
address by means of translation_data stored in said MMU;

applying said physical address to address lines
in said bus; . _

asserting a transfer size signél from said
requesting agent ' to an agent associated with said
physical address; .

asserting a bus select signaI' from said
controller agent to said accessed agent associated with
said physical address; o |

transmitting an acknowledge signal from said



L] .

-4- accessed agent associated with said physical address over acknow edge
lines in said bus; applying said data to said data |ines; wherein said data
i*’s transferred between said requesting agent and said accessed agent

associ ated* with said physical address over said single bus structure. Al so
acdrding to the present invention there ig provi ded a conmputer systemwth
a bus having virtual nenory data transfer Capability, conprising: a bus
conprised of a first plurality of lines; a plurality of data processing

devi ces (" age”&é"és%&lieﬁ?ie}éﬁ' ¥s§83?%€gdt @it Qa?&s'h? iEQ'iF 5@5&82—. gogps
coupled to sard - bus - or controlTing access to Rard us; ransFatlng
means coupl ed agkBayvdedgs iéﬂeﬁransﬁaignguﬁirtual_addresses'provided by

sai d agents over said EB&I?EEQ BhYai aataader 8agasaatai dihek§t plurality of
| i nes including a'secondeg l.i nes wherein_both virtual addresses

yrality, of
and data are transnittBBeEGEP tﬂ%ar‘?@t?ecbﬁd ransferteds etyren pgaid
i nproved hi gh segedsbiagwatlenti ahdalsaithmagcesyEbiddgént assodiatédsedth
The bus ‘has t] PRKI LL.OR.,| agell] S ' | oy
pori pheral deviasd bffstEalBihEabLiByLR CRTR RERG T RAR SERLERLER' DY e
of a virtual nenory schene. Mreover, the nunber of lines required to

i npl ement the bus is ”kﬂ%gi§&Qor§ﬁﬂgaQBUWhéﬁpﬁééghﬁiiﬁ%éﬁ@ﬁ&ﬁrtﬂé¥écgsi5
: reqU|red to Waia;[:'ovided a computer System with. a bus having virtual
memory data transfer capability, comprising:

a bus comprised of a first plurality of lines;

~ a plurality of data processing devices ("agents")

selectively coupled to said bus; _

a controller means coupled to said bus for
controlling access to said bus;

' translating means coupled to said bus for
translating virtual addresses provided by said agents
over said bus.into physical addresses;

said first plurality of lines including a second
plurality of 1lines wherein both virtual addresses and
data are transmitted over the same second plurality of
lines.

An improved high speed bus with virtual memory

\_J capability is disclosed. The bus has particular
application in computer systems which employ peripheral
devices. The bus allows high speed data transfer through
the use of a virtual memory scheme. Moreover, the number
of lines required to implement the bus is minimised. The
amount of time a particular device is required to wait
before it can access the bus and complete a data transfer
is also minimised. The bus coniprises a plurality of
lines including address lines, data lines and various
command or control lines. A variety of data processing
units, referred to as agents, are coupled to the bus. A



before it can access the bus and conplete a data transfer is also
m ni m sed.
lines, data lines and various comand or control lines. A variety of
processing units, referred to as agents, are coupled to the bus. A

controll e

r

The bus conprises a plurality of lines including address

I's provided which controls af§ss to the bus by the agents.
menory managenent unit (MWJ) and a virt
to the bus to inplenent the virtual

address latch (VAL) are cou

dat a
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pl ed

address schene. During operation of the

bus, data lsddham:flaréxeoﬁé)qmmaagmummmmsoasceesr e&quthei hgs dgent
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address is ¢
address is ap}ddma olatlcheil‘!Al-Dnare igouplrd

sthe buse t‘-?e iemwgt

agent asser g e ,ﬁpgi 5§ﬁk’&d§l§e of control signals, and the
[ﬁcehw ngI agent \Allhl 'S storl ng the data asserts the requested data o
e data |ines. SO o] f pRise
dﬂ.fzs% . ei:étfo{;ef:? QPQ Iglﬁ %‘glsje@f'aﬂéﬁerred

“conditions to occur

operatli on O a requestlng a

suppl i es a vihetwdemdgentstovenctiRUbugd t%my%ﬂ%&gmfvea?ﬁ%r s
necessary trans)fté e daharkBsInNeraithed dvbi Ei\heéddheithe " t hen b

will issue a

rerun is si ows -the. re ent, t
"back of f" aﬁ’d-l’tté"ri’d'or%ﬁ’gF95§us}ﬁerf‘ii"l‘%’e'ﬂ'ﬁéfd%k d&t &’htytsgr? oY
MW can then tgai nMEUOt r ofthas tmsltsa]anddcﬂeess tile pppbmedt rtamsaddi'eQSdat a.

After the
transfer

pro

85 O8I 150 thad1eces ALY beglakeihg dgbAc thgsdRtd a

predetermined sequence ‘of control signals, and the
receiving agent wh:.ch_ is stor:.ng the data asserts the

requested data over the d'a__ta lines. Also described is a

method of pre\ienting deadlock conditions to occur during
the dperation of the bus. If a requesting agent supplies
a virtual address to the MMU and the MMU does not have
the necessary” 'translation data to generate a physical
address, then the MMU will issue a "rerun" signal. This
signal allows the requestlng agent to "back offY" and
tempo:_:'arlly suspend the pending data transfer process.
The MMU can then gain control of the bus and fetch the
proper translation data. After the MMU has obtained the

iy i eyt

ver

gen't

0
Y The

necessary translation data, the data transfer process is.

resumed. Without the reru'n signal the MMU would be

unable to gain control of the bus. This could result in.

a dead_iock condition where no data is transferred and the -

bus "freezes up". Also described is - a scheme whereby
certain lines in the bus are tristatable, and are always
driven active and inactive (asserted and deasserted by
active drlve) before they are trl—stated. Th_ls is in
contrast to ‘prior bus structures wherein lines were

deasserted passively by means of pull-up or pull-down

resistors.  The tri-stating scheme reduces power
consumption and allows the bus to be directly driven by
CMOS devices. ' '



I esumed. Wthout the rerun signal the MMJ woul d be unable to gain control
of the bus. This could result in a deadl ock-condition where' no data is
fransferred and the bus "freezes up". Al so described is a schene' whereby
certain lisnes in the bus are tristatable, and are always driven active and
igetive (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 means of pull-up,or pull-down resistors.
The tri-stating schene reduces power cOns ion and allows the bus to

be directly driven by CMOS devi wm DRAW NGS
Figure 1 is a schematic represe oyi ng the
preferred enbodi nent of the present invention. Figure 2a diagramatically

illustrates the various sub bus structures conprising the high speed bus of
the present invention. FFigwe1j%a sehematic ppresentplionf agempyter gystememploying the

acknow edge |ines i pn?% ﬂe@Fﬁsﬁﬁ'eﬁtwmwgﬁ iVeRllidne: 3 1s a timng diagram

showi ng the timng 0Co r tri-stated control signals used in the
present invention. Figure 4 is a timng diagram show ng the driver protocol

f i - d - | sij | _1ine ' h apt, | on.
P ure 5012 Sahort Sourflurs A B s 4GB G s ByERUAS"
acknow edge responsegongirisig tIRCig spedd dgeolithe plesent invbntion. a chart showing in

- tabular form the possible transfer line signals, and their neanings.
. Figure 7ais a timng diagramfor a CPU read cycle for transferring data

over Figure 2b illustrates the structure of the acknowledge lines in the present
invention. |
N\
* Figure 3 is a timing diagram éhowing 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 § 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,

/- ' 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 transferring data over

the bus.



the bus. Figure 7b is a timng diagramfor a CPU wite cycle for
transferring data over the bus. Figure 8a is a timng diagramfor a DVA
device wite cycle for transferring data over the bus. Figure 8b.-is.a .
timng diagramfor a DVA device read cycle for transferring data over the ~ -
bus. Figure 9 is a timng diagramfor a burst wite cycle to nenory. Figurgg
10 is atimng diagramfor a rerun cycle as used in the present invention.
DETAI LED DESCRI PTION OF THE | NVENTI ON An i nproved hi gh speed bus is

descri bed having particular application for use in chip-Ilevel conputer

systens enpl oying.virtual nenory techni que.s—’ n the follow ng description

for purposes of explanation speC|f| c menory sizes, bit arrangenents,

nunbers, data transf er Figure8a isse imingdiageam for 6:DMA idavies weite WF‘G\?‘P’d@"&'emng
thorough understan tngvé( #g&{ present invention. It will be apparent to one
skilled.in the art; a8V \"33 hat the present invention may be practiced

wi t hout these specific details. In-other instances, well known circuits and

prebent i nventi on unne PR °§Fl-§,a"i‘&‘g%@4q?#@‘f4r%@wec{sv F tps v olalre
. conponents of a cogiuoérthebiem enpl oyi ng the present invention are shown.

A central processing unit (CPU) 12 conmunicates with the el ements of the
conput er system over bus 10. Bus 10 includes a plurality of individual

lines which carry data ﬂkmeﬁng%.%mﬁ?orfacauvawnw@cﬁqmaws of the
conputer system The sys ems own in Figure 1 further includes a nmain

menory 16, a video device 18, a Direct Menory Access (DVA) device 20, a
Figure 10 is a timing diagram for a rerun cycle as used in the present

invention. | )
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co-processor 22, a disk interface 24, and a network interface 25.

Addi tional units such as accelerators or additional nenory may be added to
tthe systemif desired. For the purposes of this Specification, all data
processi ng: and peri pheral devices which are coupled to the bus 10 of the
pr@&fent invention are collectively referred to as agent" and given the
general reference nuneral 26. The present invention is intended to allow
the various el enents of the conputer systemto comunicate with.each ot her
It has been found that the present inveritdi & _is particularly suited for
communi cati on anong hi gh perfornance chlp evel devices. It is often
desirabl e, however, REJA R CHIPTION N TAS

systens. These systens may not ut|I|ze the same connunlcatlon prot ocol s
used in the present bus system Thus, the conputer system may be provided
with a separate input/Animpedved h{gﬁ)spéndsbuﬁ(is désieritsed Haling pariGlamapplicatien fnyseOne

of a nunber -of co ni cation sche which are 1 -kn in the art, O
courso- Tt w Tl bi ek samptel HaeRs pavind viyAfmemer echniapes; SR tloune
bus system can be dgs@igtiérdotor purfesEEdNexpRnationi spBcifThemdry siz6€ \bit @Rangemehispse
devi ces use or understand the timng protocols of the present invention.

The present i nventHBRes data Bansir rless olg. '8 3ptipth '@P/%‘BT"E’@? athorgiighch j s

coupl ed to the bugndérstaffind'bf the F@séi\eﬁ.csm.eﬁdnw& dpphreNt :B%h&%uéah@me an,
controller 14 perforns various tunctions including controlling and

al | ocati ng access howevefethaitbe pEseminvgntiondnay:he m@cesgynfnoyt theshepesiinpeteild. er
o S P 4 s S olflr inahtds, HEPMow AL oY EbmidAEnO 4 GHoRR i bbliefam =20"
agent "coupled to t as a uniq us reques us s ect

| i nes coupl ed bet Wemnmtdndermombmbtdumwalptasbmnnvbdtnmmmd:msmwt icular agent.

Whsn/ i b
oaueat (e 46 he: cBRERDS fist BEISPE 10 melcr cPREGHent ol a talPler S¥EMY 1 11 200

and stores.them vgmgiSyingthé prebér investionaré sHownaRCeerfr@iPrddessingutit (clez si gnal
over the bus grant line 49 to one of the requesting devices. In th

preferred enbodi msRmmynicates ¥ih the| elamentsol thecompiierisyElon) orepbyso10: (Bs 16
arbi tration schenBpethdes\d pilraldt§ oﬁme%@m.né@wﬁ.aeéﬁma hﬁdicdni}omgena@% bvarious

however, that different arbitration schemes can be used as a mat
desi gn ch0| ce. - 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. Additional 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 coupled to the bus 10 of the present invention are collectively referred to as

o _ "agents" and given the general reference numeral 26.

% ~ The present invention is intended to aliow the various elements of the cbmputer
system to communicate with each other. i has been found that the present invention
is particularly suited for communication among high performance chip-leve! devices.
It is often desirable, however, for the computer system to communicate with other
systems. These systems may not utilize the same communication protocbls used in
the present bus system. Thus, the computer system may be provided with a separate
input/output (YO) bus 60. This /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



For exanple, the controller 14 could assign bus grants on a
first-requested, first- granted basis. Alternatively, each agent could be
assigned a unique priority nunber and the controller 14 could assign bus
grants to the requesting agent with the highest priority. The controller .~
al so prevents the occurrence of deadl ock conditions which arise when two Ok
nore agents seek access to the bus 10 at the sane time. This acconplished

t hrough the use of a "rerun" protocol which is described below. As will be
descri bed, the present invention conprises a bus with a high speed parall el
data transfer rate, |ow power consunption, ;and a m ni mum.nunber of |ines.
Furthernore, the present invention mnin-z€$-he time required for a

partioul ar agent cbfndficile 3G raPadits ibse BV oF iark thé kB! 21 o5

speci fic processor an perlphera units coupled to the
appar ent- to t hos@raiédols afdhe presentinyentionhat the structure of the present

i nvention permts a ri eV| ces
to be interconnect edwq.h% pr¥€e t'g'f' of & gg’ﬁé"ssngggscgﬁir&'[%hgﬂﬁﬂggsvfr?% g{?té"

descri bed herei ntoﬁhmupnefasmnbeedésmmmremﬂybm Rhes controlibr 14 pedalmiso  be :
used with CMOS technol,0o talnﬁwer speci fications and tim ng

. As s
protocol s are opt"FW?"?éH'%‘B“sr '@8’[‘1&'@9 M@ ing B eliopating AccRs 19 1ebusi1P amangthe,
with CMOS devi cesarids aifehts: TRe contddt @b thisity dsbértiy é?Kud graft dg{?at&w fAE bué hat

t hose specifications nay be changed w t hout departing fromt sprint of
the present inve@anfine ‘ﬁ\r%rﬂiﬂt“ qopRled !S‘I‘P%W%f@?smephuﬁé?ﬂueﬁewsaﬁeﬁcbus

lines wll be de%‘r\é'bgg‘arﬁ@h&%'cg %\Wﬁ\ thb%tro%r(arﬁ@r Y Gnd ¥ a;rart-[:ma

term nol ogy is use I ndi cate a particu bus si g guestion

is, or is not, asgent Adhenrah ageme!ems mmohd the busojb esserts ersrgnatover itsl buse
"The Ts aci‘?ﬁ‘évﬁfrsweaf“maa{% Foaffihe T oS0t R AL ¥ 20
~ designed to nmaxi nthem, weifsantiintineinisds idiemedssens abusigrant eigpa) 0vsr tﬁe)mumﬂ g, it
AN R O TR R T T
Sinilarly, as desgfduleebbimprivrifyldrbitration behmel MEwiDbe bssdred tembariikea in 18é aithe
bus I's -  however, that different arbitration schemes can be-rrsed as a matter of design choice.

For example, the controller 14 could assign bus granis on a first-requested, first-

granted basis. Alternatively, each agent could be assigned a unique priority number

and the controller 14 could essign-bus grants to the requesting agent with the hig_hesi
. priority. The cor_ltroller: 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

accomphshed through the use of a rerun protocol which is described below.

As will be described, the present invention comprises a bus with a tigh speed U
parallel data transfer rate, low power consumption, and a minimum number of lines. -
Funhermore, the present invention minimizes the time required for a particular agent to '
gain access to the bus. Although Figure 1 illd_sirat_es 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 presem.invenrion p‘ermits a wide variety of processing units and
peripheral de\rices to be interconnected in a veriety of systems using the bus
structure described herein.

The preferred embodiment of the bus is desrgned 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



conpl etely synchronous. All bus signals change on the rising edge -of the
cl ock pul ses. The synchronous design is desirable because high data
iransfer rates require high clock speeds, and it is easier to detect clock
put-se edges at high speeds. It will be appreciated that the use of the
ri‘e# ng edge of the clock pulses is a matter of design choice and that the
present invention could be nade conpletQLy‘ achronous with the falling
edges of the clock pul ses instead. Referring now to ‘Figure 2a, the

preferred enbodi mappareiit tb ioseiciRan the AneR! tHBe SRUEMEARRS may BE Shakgetaitcddt
I ncl udes ninety-six individual |ines. As shown, the bus is connected to the

various agents 26 aRRRrlRe Wi.‘?@?ﬁ'@‘%ﬁ%ﬁ@ﬁ“@yst emillustrated in Figure
1 (including main rrermmfoubfﬁpm\thémpvnﬁ)aes%r?pﬁaﬁl.d:eﬂaiﬁ%luéiial\éé%lf%é destifed’sts 10

includes a clock line 40 which distributes a central clock signal anong the
agents 26. The budeing "agtive highterjaetive jow,’s Thisterminglogy is used éxsindicata miethera ual
address/data |ine t : i ' nty-ei ght
physi cal address l?:faﬁiéglagélhé sﬁlairq{\ 93&5'%gvﬁ]?ﬁg1 égggﬁoﬂrﬂegs"lsa/ef é‘g\fag&ﬁthé@.’s However ,
a di fferent nunbeopefatisndhwilliba@pparem, towevercitiatdtip e mitittegofaesigh ehgidezwhettier he

data to be transferred. An .address.strobe | 41 is provided which all ows
a receiving agent gfv(?"gf’? @rgelslaﬁlve}wro(ggghvmvth%p@ e 8?2???6&7' fimepiRnsbeen
address |ines 42. desighetDoineRimizecdatd fransfed Spdel @ndd MininkiBe pMidricOREumpLSH, RWA be
signals are asserted at specific tines in -order to insure accurate data
transfer anong t h&PRGERted thas changingihe;design of thedus te.change AR aetiveihigh inpde udes

transfer size || nagidAowhl wihid iisedtedr tbprilef{ i, bytes) of the data
to be transferred, and_ acknow edge |ines 46 which allow an agent accessed
by the CPU 12 or ot herSigg#riy: ag desguibedangre tufje below.dog preterried embadiment/ad theibus isbe

delscri bed, the ac Vi . S, i oded
format. Menory er %grﬁ’iféﬁ%'e !ﬁ?ﬁ?’g&gsé\g?’tﬁ %é'eﬁgaiaﬁﬁggﬁ?’ %fr;sbn:%%gﬁ]p@ngtc K
request ed det ect s puisesr The syhohronapstdesips fsadesirablecbdeasse igtadiat® transér aatas reqiire s

o e ont T ROy ot S b b R KSRl
grant |line 49 are berdpgteeiated tiz tv usg @nthe rigiNG BAyedt thedd!GeR pulBbEisaiRitiel BCHLETH
choice and that the present invention could be made completely synchronous with
the falling edges of the clock pulses instead. | '

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 various agents 26 which com'prise the computer system illustrated in

- Figure 1 (including main memory 16, video port 18 and disc drive 24). The bus 10

includes a clock line 40 which distributes a central clock signal among the agents 26.

‘\/ : The bus 10 also includes physical address lines 42 and virtual address/data lines 43.
In the preferred embodiment, there are twenty-eight physical address lines and thirty-
two virtual address/data lines. However, a ditferent number of such lines can be used
depending on the size of the data to be transferred. An address strobe line 41 is
provided which allows a receiving agent 1o strobe the address which is present on the
physical address lines 42.

During the operation of the bus' 10, various protocol signals are asserted at
specific times in order to insure accurate data transfer among the agents 26. To this
end, the present invention includes transfer size Iines'44 which-indicate the width (in



lines 50 which allow an agent to interrupt the bus operation. This may be
necessary if an agent needs to conplete a high priority task and is unable
to obtain normal access to the bus because of an ongoing data transfer. In N
the preferred enbodinent, there are seven interrupt request lines. It wll~
be apparent to those skilled in the art, however, that a |arger or snallergg
nunmber of such |ines nmay exist w thout departlng fromthe scope of the
present invention. For exanple, if it is expected that agents w |

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

provi ded which is used to reset the bus ftset may be necessary during
initial power-up or if an error condition*bccurs. Finally, power |ines 52
-supply the voltage.a ,ﬁﬁﬁ t he

| i nes whi.ch matkg’sl ?ﬂ}? %@mgr‘&%gﬁﬁé€§xd %r?ggﬁa |@}1Jshgn O’é‘??@ﬁ@%ﬂé o
either a high | ﬂweksddlﬁy the ceul m/orlomeehge(wp ackiwwdedge a reqms\dpedasa r Agjwill be

enbodi ment al so contains contr lines.driyv pr ot ocol .
In many prior afgscsped.dhf;acesp tagfmlqnﬁ ‘ge r‘r%% 6%5%3 @B&Qgé?o?iréatd“ ven
active | ow. Vhewmeidfy érrdiding 47 ts&sbarederana@smrﬁo&nhhdmeatagaad;uesmagemctd mhVi ng
the line low and pull -up resistors return the line to its normally high

state. The spee@mof@uinItMBS!eL ne i s returned to its in-active (high) state
s a function of thongaARaGhlaRcntains iR bi 1Hecdd) drtke b, uethaf odienafigeht up

resi stance. As shown In gure 3, wheneler. a tri-statable si gnal
asserted, the dr2|7wel dri\@rthe Im-'e atsangmarenmmﬁsﬂsmvaslv desceibegh dhe ‘PW‘E%%'@H ed) .

After asserti ng /| ﬂfbh'? g?gm ﬁe s Wrﬁue Wala% %qdnYeTﬂeb@aé'%%teMﬁ quuest

(i'nactive) bef ork etri-sta e control signals have
passive pull-up ﬁhéﬁS@WﬁbS alidw anagemt totisternupt the bus@pananort oTHisymay bennedessarny lévelu
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whi ch change thqo%iewfslb%cédsemarlnengw*gldaattaasrenaahhe@efeewémboumdm nhe&eshort
time period. Therefore, the protocol ado‘?t ed in the present invention is
used. The resi stase Sevsn iMAEURt Fequestlineg, Ibwyl HS@P‘EﬁSe'ﬁé‘E‘hE?Fdﬂ’dﬁdf%‘@ 8tate of the

signal from act '@eggfl PR 8\ or TRENSr R Yt £ The .aa,tbs»@stw.tmueﬁmugt s
g the tri-statable signals | ow and t hen
hi gh, the probl elmm the scope of the present invention. For example. if it is expected that agents will
mterrupt 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, bower lines 52 supply the voliage and current necessary to operate the bus.
Most of the lines which make up the bus are digital lines which can be driven to
erther a high level (1) ora low level (0) However, the preferred embodiment also o u
contams control lines driven following a special protocol. In many prior art systems,
digital lines may be asserted by being driven actwe low. When the line is to be de-
asserted, the agem ceases driving the line 'Iow and pull-up resistors return the line to.
its normally high state The speed which the line is returned to its in-active (hngh)
state is a functron of the capacntance of the line and the value of the pull-up
resistance. _

As shown |n Figure 3, whenever a tn-statable signal is asserted, the driver for
that .sugnal first pulls the signal low (asserted). After asserting the signal, the driver will
drive the signal hlgh (mactrve) before Iurmng 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 low power DC speciﬁeaiions of CMOS devices it is



of floating signals which is present in many prior art bus systens is

avoi ded. Anot her feature of the present invention is the fact that no
single line is driven by two agents during the sane clock cycle. This
avot ds the: problem of driver overlap between nultiple drivers. The timng
prayocol for this feature is shown in Figure 4. At the rising edge of the
first clock cycle, the driver for the agent which is driving a particular
line turns off. If the line'is a tri-statable line it will be maintained to
its tri- stated level by its passive resistgé& The line will be aits
tri-stated | evel by the end of the first™cl —cycle. Wien the rising edge

f th d cl t wll
Curn on and dr i ves R Sroids GaYE HunlpGndlbre (i hatdiing BERICHEHRE, 11
wi Il now be descradieetoinadtive levels unmeatsborﬁugupmoﬂ Thereforey thecprotdcal ladmmghn 10.
Th K h f the b
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oper at i onbof tge htuts ogma slﬁaadmamlbfﬁ u:ac:i\khb ﬁ?éf?\ﬂnqeninmamemmial svisnpl es.
It is to be understoo e a e fo ex s are |ven
f or ;SI lustrative ‘ﬂﬁ?’ﬁﬁ@g' géﬂgf%‘&ﬁ'éf t;statabln s“?’ﬁfseﬁﬂ‘éé"% B"qaﬁnﬁ? ‘F'QT‘ e ALpD
the types of oper gi-gdtingt sighals Whichae pRSért  MBY ﬁmraﬁlsuayssem,sMBP for

exanple, that the CPU 12 is required to read ta stored in main nmenory 16.
A tining diagram for NP‘@GHPB@E%@ thepresent jayantiandg therfactithat ng singlgdinejsgriven

generates a virtugy wifiglefisuyahg h83RAE Loblc/cR, 'ThR agahetﬁecbrmerﬁ Bfdlivel ByeRflo "

in Figure 1, this address s tranemtted directl
The MMU 30 transl aetwgert maltlplprdnws 'amrmsﬂsprotncel forithis teatiire ack!llpwsm Figumeetarit of

Akess 1o the. bubiefngJape Bhe SAFEa ok i Bier 1 Rin.dchB Wil d bl £

Figure 7a, at t hepsmemart_hhmrﬁm. phys hrteakamaldmsls umsn dmlueeﬁamamcd tb RS tri-
physi cal address |ine asserts th nsfer size |ines

44 to their propefd e@ﬁ%‘éﬁbyt i?sepacs:gg%'le%i?ﬁé heine will begt fé "I ?‘ﬁ‘ég ey bﬁr"(‘ﬁ/?'ﬂ’é'an
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driver of the second agent will turn on and drive the line to the desired level.

' The operation of the bus will now be described with reference to Figure 1 and

- Figures 5 through 10. There are numerous fasks that can be acéomplished with the
use of the bus 10. While every such task cannot be covered in detail, the general
operation of the bus can be described with reference to several examples. It is to be
understood, theieiore. that the following examples are givén fbr illustrative purposes
only, and are not intended to limit in any way the types of operations that rhay be
performed by the bus 10. ‘

. Assume, for example, that the CPU 12is required to read déta stored in main
memory 16. A timing diagram for this process is iliustrated in Fig 7a. The CPU 12
generafes a virtual address corresponding to the data lo. be read. As shownin

.Figure 1, this virtual address is transmitted directly 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 art, and transmits the physical address 10 the bus 10 over the
physical address lines 42. As shown in Figure 7a, at the same time the physical
address is driven ovér the physical address lines 42 the CPU 12 also asserts the _

transter size lines 44 to their proper levels.



enbodi ment there are three transfer size lines. Figure 6 shows the various
possi bl e conbi nati ons of how the transfer size lines can be driven and
their corresponding neaning as to the width of the data transfer. In the .
preferred enbodi ment the bus 10 can accommpdate data transfers of 1 2, 3, 4«
or 16 .bytes. It will be apparent  to those skilled in the art, however, tha@:;
di fferent encodi ng schemes and correspondi ng_data transfer sizes can be T
acconplished as a matter of design choices ~data |ines 43 of the present

byt o8 of data si mul { SBORY? S eR(4F viech af #heoble Bl M PTieitan' Py b

byte transfer is widBiifdites) dfyheiduta forbawahstérredioxer the bas10. tih e grierrédis 10
executes multiple four-b%/te transfers. The ﬁontrﬁlyl ercﬁ}.4 asserts the bus
re §phaw

sel ect |ine 53. \RMbQdimesnt there arg threg transles size ines. Fig § the vagpys Rossiple 41

the menory 16 recaaBingfishsid!Rbw the frénsiRP bid@iinks €8S BE drivinChnd RO RspdnkiRg an -
acknow edge (ACK) si ?nal over the acknow edge lines 46. As shown in &I gure

2b, the acknow edueaningrasdo the wigth ofthe data transfer; ylhe prsigsad smbodimeatsthe bupiQ
acknow edge 55, = R Ng £l wiiGfe (in
t he present exarrp:%%g, %&ﬁﬁ%ﬁgﬁ%@mﬁ:ghﬁ&ﬂs g%e?'ggpons?%%nﬁgﬁ{&e

i nstruct the CPU skilled orthetaitchowayes that differantcancydingrschames and coreesporidingrdate’

Condi 1 on' exi ot . PsPeLREpEn e Sphprshell Rl bLoseh i, T o ko

i ndi cati ng the aahepreéntagrentionsarg G2 bitswide . THergjorethe bus 10 caretransien {ip fohe

encoded responses used in the preferred . di qent.. . As shown, the bus 10
can accommg ate Ryt dﬁ’é\ﬂ"ﬁﬂ“ﬁﬁ?‘{sﬁfs |Afe'§‘?$)8§§°'rl%g L HcPe\'_:?Z' Hig ® t(yie trapstenisy 4
bytes). It will bRyigdle®bfiHe tiadsfenGiseir®k] thére bls i@ﬁﬁe%[ﬂestrﬁlmplé\fodﬂ-tfﬁeef ent

encoding scheme can be used as a nmatter of design choice. Mreover, it isi/
wi thin the scope W#nstere present invention to allow for the use of devices

having different port Tﬁ%E&ﬁmﬁerfﬂrasgéggqﬁéﬁasﬂsgggIﬁie%%. %h itévéwﬂﬁglée?qgsagseeﬁfi né

preferred enbodi nent; € acknow e I'nes are active 1 ow.
t he acknow edge |tha@address strdbe line dbsthe memdryi i6@ecoghiaes thatjhisibeinglagcessed ard ock
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de-asserts the shown in Figure 2b, the acknowledge lines 46 are made up of three separate lines: -
B-bit-acknowledge_ss. 32-bit acknovﬁledg_e 56, and error 57.
An accessed agent (in the present example, memory 16) has fou} choices of .
response. It can instruct the CPU 12 (or other accessing agent) to walit, issue &
"rerun” response (which ié described beloW). terminate the cycle if an error condition
exists, or acknowledge the daté transfer while simultaneously indicating the accessed
agent's port size. Figure 5 is a table of the encoded responses used in the preferred B
embodiment. As.shown, the .bt..ls 10 can accommodate agents having port sizes of 8, U
16, and 32 bits (1, 2, and 4 bytes). 1t will be apparent to those skilled in the art that a
differém encoding scheme can be used as a matter of design choice. Moreover, it is-
within the scope of thé 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. _ ' '
Atter 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 10
* Figure 3. Upon receipt of the acknowledge signal, the controller 14 de-asserts the



-14- address strobe 41 (which is an active low signal). One clock cycle
after asserting the acknow edge |lines 46. the nenory 16 drives the data
lines 43 with,valid data, and maintains the data valid for one full clock
cycle on the data lines 45. After the data lines 43 are asserted, the
aopry 16 tri-states them ending the read cycle. Assune, for sake of
exanple, that the CPU 12 is witing data_ menory 16. The tim ng di agram
for this process is shown in Fig 7b. The U-12 asserts the physical
address lines 42,.t \ -l o : i .
Times a3, The cAdrelfibelyy Nefch /el @hydow S6fF Tie'ibn RGeS s ERhe
strobe 54 on t hecigawiedgd linek 4pLthe memBnbia drives thieldatadioes 43 widnvalig datahendCPU 14

ari he d i . : . H
idr es ot ope. T el VA BEOR i eRE it bh ) ¥ Rl PAYerkhe ol S0 L0
the same cl ock Giyes 43 aré Assertediniie/méfionycls o stetes tietrh) esdingatblé readicyclge si gnal as -

descri bed above. Upon receiving .a valid ack edge .sigpal, the controller
de- asserts the addr e‘sséurgf-(ri‘lfﬁék°4‘1‘,°"%'ﬂﬂe't‘wé"’@3‘?&1? 'gé'f"é@g‘gﬁ’g WW'ﬁéﬁfa{ i nes

44. As shown i nifrirg\didyram 1o this grbdsd B dhows ALy P81 THe'CFU 12/adsentd the phdidaBO.
Accordingly, in the present enbodi nent,* CPU 12 provi des virtual addresses
directly to theaftess ingeAdansior sizeslinen 44.:and applies datp tathe datadinesfdhThes and

bus 10, HOWeVer godtordf 1al asBns}b 655 et e dlan B i bh YneC QR gyt 0 bus

10, just as any ot her agen Its vir aﬁbgggresses are applied
to the data | i ngslsd3Salsstantialyrroneucentiy, thedeid 14 Grivds [Bhe data linastwithahedatate t o

DVA device 20. FEiqure 8a | Stka tim di f.0 device
writing data di _Pg&rﬁe}n "g’ %@bé k@%@aﬁ@#ﬁg%@&ﬁ%ﬁgib&és@g uegt %'grcecess
to the bus by asard dn thg rising edaesoinisgsemsd clbokitgcid. 3he Msmpryagirespohys wittsatissed,
presently request, line 48, is an, active |low |line. The controller Its until
Phehls 1s | naccnewisigs He08 uoezctned agp it Ueastvioa.s VR Fasatwiesieng agent
accordi ng to theigaahiHe cdhirser ScHRERs the BABlebLElroBR Y, 2and B CPE 12WeRME A sqhY
foll owi ng cl ock C¥C| e, the DVA device de-asserts the bus request and drives

a virtual addre$@lalnes 4fhAas ghawp iniFigue Jgthe GPY Inis caypled qitpgtly orthe MY 3y ce
i ndicates the trgRslflySindfe pRierd erbddifiarh, SPOVR drévides viHuaPalidréssEs Birdchy ©-
and asserts the read I'fne. By driving the virtual address onto the data
li nes the preserte thenMiA) thereby by-passing the virtual address latch 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 applied to the data lines 43 as in the example
described below with reference to DMA device 20.

. Figure 8a illustrates a timing diagram for a DMA device writing data d.rectly 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 actve low

v : line. Thé controller waits until the bus is inactive, and issues a bus grant signal 1o the
requestiﬁg agent according 10 the arbitration scheme described above. On the
immediately following clock cycle, the DMA device de-asserts the bus reques® and
drives a virtual address onto the data lines 43. At the same timé. the DMA device
indicates the transfer size, as discussed above in relation to Figure 6. anc asserts
the read line.

By driving the virtual address onto the data lines the present invention
achieves several advantages over the prior art. First, all of the agents connected to
the bus are able to access memory through the MMU. This techriique eliminates the



achi eves several advantages over the prior art. First, all of the agents
connected to the bus are able to access menory through the MMJ. This
techni que elimnates the need for a separate set of virtual address
lines in the bus. As such, the total nunber of lines in the bus decreases,
reduci ng conpl exity and manuf acturing cost‘% As shown in Figure 1, the ol
~data/virtual address lines 43 are coupléd +he virtual address |atch 28.
During the first clock cycle after -a bus nmaster (for exanple, CPU 12)
receives a bus ngeafdra sébBametﬁrvmpqdddessﬁm invihe busi| Asisigthetbe tata nudnberadit a
lines 43. The virtual address |atch 28 stO{(?af¥ tPHe %%I adsgress val ue.
This virtual ad@peiodhe ”ﬁﬂ?ﬁeﬁsf’ﬁﬁg‘?“@wﬁéam? 'y 0P converts it
to a physical addreﬁ§swme$mndImanetdmanmmhdmkinmso,i arecuupledraitiey 18. As
shown-in Figure 8a the physical _address is asserted on the p%& cal . address

lines by the NI\)!J‘UJba‘!ﬁ'Qsér'atFr! 28.5Dyring,{he firstclock gyie pligs @by Mastes fRLXAERIE v wi't h
the physi cal a%@ﬁg) lb@él ﬂﬁ:%%&rﬁ%@%a&t@ﬁadﬂh@i RO virthidl Ad&raEY foQhé 8dta frfks

asserts bus sel ect address strobe 41. 1n response to a :
si mul t aneousl| y 48l The m& adsitesstiateh)28 gtores thesvidual address yalugn Jhisiwplagdressidr ess

72 the sl ave Gf\dhunERhed ﬁ.fosﬁ.gwgaahﬁ ChiteR 1 8 BRisfiaadrdssly_asserting

_ ACK 46. Once th ave asser e-assert the
bus grant si gnad:ore&pmdmuheacrgajIaddressrplrmaamenWye\G tAscshows lrgFignte&atyaal i's

de- asserted, the nast device no, |l o ont r.ol st ops
driving all si g?fyls'fa'aﬁJP@s IsRFSHISA On \Bglpéysncp 'eéﬁa"??gbyt‘ﬂéwlrb?@‘%%

Fi gure 8b showsyrangldtéd. NSutdiantaitoheurreatyDiith e phpsical eddleds! g aEssoned byAS
illustrated, the DVA device 20 asserts a bus request signal on the bus

" request |ine 4gthe\Wy 3D tbe seriroliar 14 pssens hus spiet S3A9F 20HREs stokeidsits a bus
grant si gnal i nie3Geasd8acinibahdols) s Bicridlaets 3£16TReRANY bRFphyzkay e,

Subsequent | vy, device 20 de-asserts the bus-request |ine
applies to the dddrasd 42:the sidvetdevice restares tha aiteeysleandicnepletasdi By assering on to

whi ch the data In t p%&a serts
- the transfer si ze& |nes cﬁﬁé&ﬁ‘\% d#%r\‘/éegeﬁ(%gr‘ﬁeegéﬁper{éu %Kﬁeeel%st he
vi rtual addr essmam signal efteraing cyclenmmypieties. | Wharcthe bbsag@hﬂéhngjvalnsue -agéeried| the
mt gg the dat anl | gev:cse tgol |§ﬁguesr§,§§j coe}'\t?ro}/& :PM Ml Lr?J s%p nvmg%ll ggﬁg gfté?i' ‘the he

next cycle, thus ending the write cycle.

P

Figure 8b shows a timing duagram for a DMA device read from memory. As
illustrated, the DMA device 20 asserts a bus request_ signa!l on the b_us request line
48. When the bus is inactive, the controller 14 issues a bus grant signal in
accordance with the arbitration scheme gescribed above. Subsequently, the DMA
device 20 de-asserts the bus request line 48, and applies to the daia lines 43 the
vinu_al address of the memory location to v_n_h_ich the data is to be written. Atthe same - \)

~ time, the DMA device asserts the transfer size lines 44, and drives the read line 45
high. After the virtual address is driven onto the data lines, the DMA device 20 tri-
states the daté, lines as discussed above with reference to Figu_re 3. The MMU 30
translates the virtual address into a physical address, and applies this physical
address tc the phys_iéal address lines 42. fWhen the_physical address lines are
asserted, the controller 14 asserts address strobe 41 and bus select 53. In response
the memory 16 re_spbnds with a valid ACK signa! over t_he acknowledge lines 46.
After a valid ACK signal is esserted, the DMA device 20 drives the data to be written



‘translates the virtual address into a phy5| cal address, and applies this
physi cal address tc the physical address |ines 42. V\hen t he physi cal
address l'ines:are asserted, the controller 14 asserts address strobe 41 and
bus.sel ect 53. In response the nenory 16 responds with a valid ACK signal
owe# the acknow edge |lines 46. After a val | d ACK signal is asserted, the
DVA device 20 drives the data to be er& onto the data |ines 43.

Si mul t aneously, the controller 14 de-as {3 the bus grant line 49. On the
next clock cycl eqlibighe ﬂﬁyusesﬁﬂuhar%a&l,eshémmmwhé Bﬁs‘énsihléfbuEF%'ﬁﬁfrﬁr
size lines, andthe read |l atch, thus conpleting the DVA read The
present inventi o9.cen thecnasheierkayele therPMA devieriiiistates the date '“E'?saﬂ‘gf‘@f‘s'ﬁbﬁ%e
wherein multiple, t y 16 by the CPU 12
or other agent 2 Ag'fdt%%awglétéﬂgl?@r%c?{)nﬂe“ﬁia‘gu% /9@3%? ead operation is
shown in Figure 9. Thae peesent id@nticni cah aceommadatef ahigh- hg\dclfaitfablifﬁmmﬁfenmpqe

bus T oquest | nevRarenTNPR wak A wA T ot Rl Fof HRrERI e PR3 oBYRR LIS,

a bus grant si gnabemrzsammmbadns@amdrhnﬁ BechaC waatopa-auqms)smhmﬂﬂgme ®he
present invention as described previously. Once the busé:grant hs |siued
the agent 26 whi dhe PS%‘I&@@IWFFE'%@“PE'G%@%’F into emeryJaaHeRts LoMRALhRAYS 19 D% g
has cont ol -over of{ifuiehaltbdilstHonhf e bbOreqll Iikeas Ivosds 1R Ble1o s

i medi ately foIIovmn the bus grant, the Bus Master de-asserts the bus
request |ine 48 -raawvame\p@gtrqﬂnew issnes & bysgrantisigaalim agopanceswiu tha artitzation
concurrently, e Bus
Master. The Bus ;@aéctteU@rLs@ﬂ feg%dtt vgiétlo%‘aﬁdé %E‘éﬁﬁ EPQVGQ%“F dggér%?ﬁestﬂgso?%ri%gbyt es
by asserting the |$suadl,alﬁeaagem 26:whichissuedghe Mmqmﬁmbmms alRys Masted iand)

hyel cal’ addr eas 159 CPPIET R speaiont! Db Ot 1O R baed sre sl 0 P
42. At this poi ntfolidMhgtREBlis/grantsthe BAS MaBWr dé-bitefs mlwdr@ugﬂahemﬁben&% bi t
acknow edge |ine 46 actlve ow) . Upon receipt of a valid ggknovm edge

“signal, the Bus- I\?ﬁ%ﬁﬂd signal fisg 4 highy Substantially eencutsertly. § Yigua) apdress 'ﬁgé‘g?fﬁ to
be witten into ﬁéﬁnes-r&'@om&wﬂﬁef W%Qﬂa@ér idbibatbd\Batl the 1ranstdyi t
e

acknow edge |i ne and then The menory 16 al so automatically
will consist of 16 bytes by asserting the transfer size lmes 44 in accordance with the

encoding scheme given in Figure 6 above.
The virtual address is converied into a physical address by the MMU 30 and
driven onto the physical 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 Master 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
J acknowledge line 56 high and'then low. The memory 16'al$o automatically
| increﬁents 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 written into or read from the new
memory address. This process is repeated foi each group of four bytes. Aﬂer four
' grbﬁps of data have been transterred, the controlier 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 cycle.



I ncrements the address into which the next group of four bytes wll be
transferred. After the 32-bit acknow edge line 46 is driven |low, the Bus
Master will latch a new group of four data bytes onto the data |Iiknes 43 to
be witten into or read fromthe new nenory address. Thi-s process is- ~
repeated for each group of four bytes. After four groups of data have beenis
transferred, the controller 14 de-asseLt S| he bus grant line 49. The Bus

Mast er then de-asser t he address strobe’' 41 and . tri-.states the read |ine
45 and transfer si zet"lshFrPé%seﬂ‘Af'f“'*ﬁ%“ ﬁ@&ﬁff@p'f?‘?’%ﬁ?@g‘ PFP@”&E%‘P? "é%?ﬁr?aw edge
line 46, ther eby pesiig\eclehfiaybe atRdred GhEstarted lated /This dilbws PESDRMOR of dRaGIOERSON
further inplenments a "rerun" protocol duri nq whi ch any pendi ng g%cl e may be

aborted and st ar belwepnthe CPYand DMA dayices andaliows agents tohave @dengsrepdalgteh t he
CPU and DNVA devi gage itk loBVsinét®B8 tequédts.nave a long read |atency w thout

| ocki ng out other bus reqlests. Deadl ocks can occur when an agent is R
capabl e of bei ng bot Deadipcks/eanapeun when@nagentds kapablerof Bping Sethrectlaveagsitet e a

| S at . e _ . i e b d
aseort a rorun adRfBHUEMAHSE and lhBNERInetSs BHRY sl dibanfe0 106 ol 287,
error |ine 47 as nfspuétectnhifconditonand assen@metuncickmwlddge \by (drivingethedat by o
t i nat i th /cl e by negafi the b | ect | i 53 ' th
Cycl e at al ator abfTrwedep e 46 ane e sriap i S5 v if Eioie £ s SEElardd, o
may utilize bus 1y refPorf¥s) Bintindling he' Gyl by MGatiag ite BURbIRCI IiheS3GinE@epdtingl NE

rerun protocol is useful for several reasons. First, it allows agents:other
than the CPU 12 tthe exstecal & latas tine dJiriof 1P therepaat i e aysle othanbupmasters may ulifzé: an

agent transmts gispt %Lex%ﬁllgfeeq?%reﬁn%Woﬁpiﬁﬁbeﬁg*b.the VAL 28. If the

correspondi ng physical address is not currently stored in the MW 30,

transl ati on data for Thecrexaprotoenlissusafulfor saversl tpasensa Sirslelt afawsagentd other ThéJ

requesting agent | tctﬁ’.[h , & \e ot the :
proper translati 3¥1\Andég?a; zetg%%sgymenx@ézﬁ sgﬁwl&%ﬁttr ansﬁ(eéro' %\e%ﬁﬂeﬁﬂ@ %us 10.
The requesti ng aggeht temsmithie Nirtvaltadyress © tipMX 30through the VAL 28edfdtsar y dat a

'n the MW 30 to é%?rreg?:otnd%rg%rr]\?sligat_l Iagé}esosfis_‘i'lgteeu\r/rlerrnsyus%red in the MMU 30, translation

-
*

data for the MMU_'issues a rerun signal e_s described above. The requesting agent will
then “back off" allowing the MMU 30 to fetch the proper transiation data. The MMU 30
executes fhis transfer over the bus 10. The requesting agent can then retry its
operation with the :necess'ary data in the MMU 30 to permit translation of the virtual
address into a physieal address. Withou_t the rerun protocol, the MMU would be
unable to tranelate' the vinuel address ihl_o a phyeical address. The MMU 30 would be
un_able_ to gain control of the bus. This oeu_ld le_ae to a deadlock condition, where the
bus 10.would 'freeze' the system, preventing -dat; transfer. | ' ' u

The rerun feature also minimizes the amount of the time that a particular agent
will be re{;uired to wait until it geins access to the bue. This waiting period is known as
bus latency time. Bus latency eoculfs, when a parﬁcui_ar agent accesses a slave _with
along .acc_ees' time, locking out all other agents. This can happen when an accessed
agent r_equires along p_eriod of time to supply requested .date to the bus.

Any agent_wfth-e bus latency time greater than a predetermined period of time
(N) must respond before the time om with a refun acknowledge. if the accessed agent

takes longer than N cycles to_ respond, then the current {read or write) cycle is



J

address into a physical address. Wthout the rerun protocol, the MVJ woul d
he unable to translate the virtual address into a physical address. The MV
30 woul d be urrable to gain control of the bus. This could |lead to a '
dead ock condition, where the bus 10 would "freeze" the system preventing
dada transfer. The rerun feature also ninighzes the amount of the time that
a particular agent will be required to Vai til it gains access to the
bus. This waiting period is known as bus latency tine. Bus |atency occurs
when a part i CubgbyRAMNaiRF CERY CReRath  Bull ibdhd % ACEEST1LLET: | AFHENO
out all other ag:nts. ni's ca agpqn en an ‘accessed a'gen% requires a

| ong period of thenwperdingpreanesgtiesiseoseryiced, t khehoxriginahgerelei tis a

~ bus Tatency ti Fastagicd. ! hBar fng' eHE! HePuitbdieiddd Ohe! hEBeENEdMdYent
respond before.the time out with.a rerélg acknow efif?e. | f. ,the access‘i d agent
takes | onger tPakChes, RRE AFSErLEd,RAIRess AR f2E 1485 oRSw

cycle is absigadlandarey notndvapiduaftepicthel reamnyi cgdle Ahasr deen
pendi ng reques% isf:eﬂ(a@@ ced, the original cycle is restarted. During the
rerun period, REPELEESSed agent | atches any asserted address and data

|l ines, as these signals are not valid after the rerun cycle has been

suspended. In our co-paslii eRipenalivg (BB IALAEIER G Wated 7at(dlvidia

present application) there i1s described, .clained a bus system faqr

transferring d2b& Rf wEBR PreseftoRRRligatiPRL theyentis )deprropped and

cot pendi ng appkiladmedn {56834 em( Fo30 thanshekring data beewephtdnta ]

application) there IS descrisbgqt and.clained a nethod of transferring data
e

anong agents sBF&?FF\%‘W c%’l}ﬁ‘l Fgeé‘t&')' uter bus.

A ' In our co-pending application GB 2263349 (also
' divided out of the present application) there is
described and claimed a method of transferring data among

agents selectively coupled to a comput'er bus.



CLAI M5 1. In a conputer systemincluding a nunber of data processing
devites (“agents*)5— and a control l er agent, selectively coupled to a single

thod of transferring data between a requesting agent and :
ta)ﬁ HM@BUE Emre associated with a physical address conprising the ,~_.
S L g a bus request signal over a bus request line froma ﬁ!g

requesting agent to a controller agent; issuing a bus grant signal over a
bus grant line fromsaid controller agen{ta said requesting agent when
said bus is available for use by said requesting agent; deasserting said.
bus request signal over said bus request line fromrequesting agent to said
controller agent; applying a virtual a&%@d¥& to data lines in said bus from
sai d requesting agent; latching said virtual address in a virtual adgress

| at ch (VAL) ans for_storing said virtual address; transnitting sai

vlrtuaf addrg§§ from 3% & & Hﬁ?ﬁfrﬁ¥ﬁﬁ??r&ﬂéiﬂ§hﬁﬁ ﬁnPPgbﬁNUF& data
transl ati ng sprdcessingl delthaess (Magentshysi aad gddceatrbllergmqeﬁt,
transl ation i heaNd | L, d, e addr, t

_addr ess Iin‘egg%%eégggggas%qg?s]%rti n égﬁ lﬁfa'%s% sg?%‘%hﬁglggna m%fﬁ’(?ﬁ sai d
_requesting a@Entrangfexxing data jbetveanca raquestingl agentcandadar ess;
asserting a abdéssé@l eagent Jritlsodia¥8d Sakith a physical address

comprising the steps of:

asserting a bus request signal over a bus request-
line from a requesting agent to a controller agent;

issuing a bus grant signal over a bus grant line
from said controller agent to said'requesting agent when | 'La)
said bus is available for use by said requesting agent;

deasserting said bus request signal over said bus
request line from requesting agent.to said controller
agent;

applying a virtual address to data lines in said
bus from said requesting agent; .

‘latching said virtual address in a virtual
address latch (VAL) means for Storing said virtual
address; o

transmitting said virtual address from said VAL
to a memory management unit (MMU); '

- translating said virtual address into a physical

address by means of translation data stored in said MMU;

applying said physical address to address lines
‘in said bus; | S |

asserting a transfer size signal from said
requesting agent' to an agent associated with said
physical address; |

asserting a bus select signal from said
controller agent to said accessed agent associated with
said physical address; '



controller agent to said accessed agent associated with said physical

addr ess; -20- transnitting an acknow edge signal from sai

agent associated with said physi cal address over acknow edge(“nunmimmm”"l
bu3n~applyrng said data to said data |ines; wherein said

trassferred between said requesting agent and sai d accessed agent

‘associ ated with said physical address over said.single bus structure. 2.

The nmethod of claim1 wherein said bus_f er includes clock |ine nmeans

for providing said agents with a clock si . said clock line neans
coupl ed to each of said agents and to a bus clock, wherein said signals

Sar0 ol ock st gnal 3. ttanSiit¥ing o4k o ?fﬁ“‘”’%‘*@%ﬁ%#ﬁ% grohl Dsgihc
agent grants r8gaesseAg agents Qﬁ%%’-‘si@w s¥ighpusabd Physice) oBAdresBority

basis. 4. ovée Hekhowlelge aifeds Wheeahia bhgne are 32 data lines. 5.

. The method of claim1l mhereln salg bgstfu t her ﬁ g g a _clock |line neans
for providing said ageftP AoBRtS ﬁaFalga g*81 otRePine neans

coupl ed to each of saiﬁhageMmssamﬂtdaammﬁsctuahsfuhee@rbezﬂebmigaaas

. q 3
of “the ol ock of Squpsting aBny AAAIGR1g SLokESBU"RHLRAEPUSRbChRtEATRER' TN
said physical address over said single bus structure.

2. The method of claim 1 wherein said bus fﬁrﬁher
includes clock line means for providing said agents with

W a clock signal, said clock line means coupled to each of
said agents and to a bus clock, wherein said signals
transmitted over said bus change state synchronously with
a rising edge of said clock signal.

3. The method of claim 1 wherein said controller
. agent grants requesting agents access to said bus on a
round robin priority basis.

4. The method of claim-l wherein thére are 32 data
lines.
_ 5. The method of claim 1 wherein said bus further
A includes a clock line means for providing said agents

with a clock signal, said clock line means coupled to
each of said agents and to a bus clock, wherein said
signals transmitted over said bus changé state
synchronously with a portion of the clock signal.

6 . The method of claim 5 wherein only one of said
agents drives said bus during any given clock cycle.

7. The‘ method of claim 1 wherein the controller



agents drlves S s during any given clock cycle. 7. The et hod

'of
u
bus’ haV|hg [7
conpri sed of

coupled to said bus for controlling access to said bus;

ed arbitrati on schene. 8. A conputer systemwth a

ir menory data transfer capability, conprising: a bus

?@'f the controller agent grants access to said bus

a first plurality of lines; a plurality of data processing
devi ces ("agents") selectively coupled to said bus; a controller neans

coupl ed to said bus for translating viTe¥l—addresses provided by said
agents over said bus into physical addresses; said first plurality of

| I S r I, and
data are transm tte gégfk t eéa;saéne&zecs%ﬁg e‘%uraﬁgprﬁ fatuﬁ:]eéggéfﬁiﬁid
conput er systafRigiratien schemeher conprising a central processi ng unit

I ncl udi ng a

claim9 furt

transl ati ng neans

i nes

(CPU) coupled to said. translatlng means. 10. The conputer system of
conpr|5|n put/gutput us co¥%4ed to,said ¢entral
t. 11. mpEY&Fely sYEhR ofd S BBVIRGr eVATEURY

processing u

plurality of micryrdetes strangifer asspdbEDEYY S "¢onpeigiwg: a direct nmenory

access (DWA)

device. s compifiddd s & fi’éé@rgfﬂracif‘{{,n &t X\'hrqégi,n S

a plurality of data processxng devices (“agents“)
selectively coupled to said bus; _

a controller means coupled to said bus for
controlling access to said bus; _

: translating means coupled to said bus for
translating virtual addresses provided by said agents
over said bus into physical addresses; _

said first plurality of lines including a second

-plurality of lines wherein both virtual addresses and

data are transmitted over the same second plurality of
lines.

9. The computer system of claim 8 further comprising
a central processing unit (CPU) coupled to said
translating means.

10.  The computer system of claim 9 further comprising
an input/output bus coupled to said central processing
unit. '

11. The computer system of claim 16 wherein said
plurality of data processxng dev1ces (Yagents") 1nc1udes
a direct memory access (DMA) ‘device.

12. The computer system of claim 11 wherein said
plurality of data processing devices ("agents") further
includes a main memory. '

aid
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blurality-of data processing devices ("agents") further i ncl udes a main

nmenory. 13. The conputer system of <claim 8 fu sk
a latch for storing said virtual addresses, said |atch couz)"m,”’ﬂﬂm,mﬂ'”m,
transl ating neans. 14. The conputer system of claim 13 whereln sai *
tredSlating nmeans includes neans for tenporarily suspending
translation of a virtual address into a physical address in order to obtain
proper translational data over said bu§;%i§% A.computer systemwth a
bus having a virtual nenory data transfé€ pability, conprising: a bus; a
central processing unit coupled to said bus;. a plurality of data processing

devi ces coupl e(13t 0 sai (;h.gus; cgmggglgi,y r%gg&gentofmi Elggﬂ_pl eg toﬁ‘?%’?eezﬁous

for translating Viryuql addr ess nto ysrcal addreSsés; a con
means coupl ed COMPXiGING andatehd forurstoningsaidavirsvadsiaddrrssess f or

control ling acee3y HALEH Clupted QS Wdid Airhr¥iat ihd Hhdrsed of 1 cl ock
line means for distributing a central clock signal danong said devices;

physi cal address line neans for providing physical addresses to said
devi ces; addreas.strobaghd neonpaterf wystiewbiofy clpiwsiiGal vAdgdetns syiRsent

on. sai d phys'?%&d%%¥§%§%&-'nﬁegggnS;includes means for temporarily
suspending translation of a virtual address into a

physical address in order to obtain proper translational
data over said bus.

\ | 15. A computer system with a bus having a virtual
memory data transfer capability, comprising:

~a bus; | '

a central processing unit coupled to said bus;

a plurality of data pfocessing devices coupled to

said bus; | _

| a memory management unit coupled to said bus for
translating virtual addresses into physical addresses;

a controller means coupled to said bus and said
plurality of data processing devices for controlling
access to said bus; ' _

wherein said bus is comprised of:

_ clock line means for distributing a central clock
. ' signal among said devices; '
physical address 1line means for pfoviding
" physical addresses to said devices;

address strobe line means for strobing a physical
‘address present on said physical address line means;

transfer size line means for indicating the width
of data'to'be transferred over said bus;

acknowledge line means for allowing said devices
to acknowledge a request for data;

memory error line means for allowing said devices
to indicate an error detected during data transfer;



transter size titnmeneans for indicating the width of data to be transferred

0 ' . now edge |ine neans for allowi ng said devices to
a{@“@/ﬂ" J’MIEE est for data; nenory error line neans for allow ng said
d e an error detected during data transfer; bus r.equest

line nmeans for permtting a requesting device to request access to sald\}
bus; bus grant line means for indicating to said requesting device that -
sai d requesting device has been granted access to said bus; interrupt

réquest line nmeans for allowing a dewc®Rp~i nterrupt a bus oper ation; bus
select“line neans for selecting a device for the transfer of data; virtual
address/data line neans for transferring both virtual addresses-and data.

16. A conputer sysusm yeqwesti delinen seans 18orf umermitdsing i sAng a
virtual addr l{d@é fod@rféet (guggﬁ g@geggl gonggpaybﬁgnagemsnt uni t
for receivi ng stortng virtua ad resses. . he corrputer st em of

clai m 16 wherein sai dP¥§ afFant nd nﬁeaﬁga“Fncf%esinmnq oC t&pBrarily

suspendi ng t neifuedit Dig Olleviver that askli®spequéstinghyevite asws ebaehn
order to obtai «r,]ﬂ#{" er _trans atlonqé} data over said bus. 18. The
computer sy$k acreFs, vq A3 q PRt conprising an i nput/output bus
coupled to said centrihterrupt request 1line means for allowing a

dev1ce to interrupt a bus operation;
bus select line means for selecting a device for
the transfer of data;
virtual address/data line means for transferrlng .
both v1rtua1 addresses and data. ' ' W/

16. A computer system as provided in claim 15,
further comprising a virtual address latch coupled to
said bus and 'said memory management unit for rece1v1ng
and storing virtual addresses. '

17. The computer system of claim 16 wherein said
translating means includes means for temporarily
suspending translation of a virtual address into a
physical address in order to obtain proper translational
data over said bus.

18. - The computer system of «claim 17 further U
comprising an input/output bus coupled to said central
processing unit. | - |
19. The computer system of claim 18 wherein said
plurality of data processing devices ("agents") include a
direct meinory access (DMA)' device. |

20. The computer system of claim 19 wherein said
plurality of data processing devices ("agents") further
include a main memory. '



hprocessing uni t. 19. The conput er systen1of claim 18 mhgi&‘n sai d

plurality of data processing devices ("agents") include a d IWMHH"I

laccess (DWA) ‘device. 20. The conputer systemof claim1l

plarality of data processing devices ("agents") further include a mai'n $
BRI y. 21. The conputer system of claim 20 wherein said plurality
of data processing devices ("agents") further include: a video device,
a coprocessor, a disk interface, etmork i nterface. 22. In a
conput er system i ncludi ng a nunber of d proceSS|ng devices and a

controller agent, selectively coupled to a single bus structure, a nethod

of transferring data bﬂ{é/"e%Bm utBHUEST 4 Edn 2GRN c£R AR GRS e9n2%&ia

associated with a physi cal ress, as ¢l ained |n C q4n11 an substantlally
as "her ei nbef 0P UFadc i RF Qéta Progessipg: devigesef"Aaants ‘Hustwekher
virtual nenor\indahfids ansfgr ¢2aabi | deviceybsaanicoproressdigr eianbad e

descri bed Wt Qer{aeé‘ee'renc‘f a nethoztlbeu@é:ecxofrancaen.y' ng draw ngs.

22. In a computer system including a number of data
processing devices and a controller agent, selectively
coupled to a single bus structure, a method of
transferring data between a requesting agent and an
accessed agent associated with a physicai éddress, as
claimed in claim 1 and substantially as hereinbefore

/
described.
23. A computer system with a bus having virtual
memory data transfer capability, substantially as
hereinbefore described with reference to the

accompanying drawings.



