2263349 COMPUTER BUS W TH VI RTUAL MEMORY DATA TRANSFER CAPABI LI TY USI NG .
VI RI UAL ADDRESS/ DATA LI NES - 1 - BACKGROUND OF THE | NVENTI ON 1. Fi el'd of

the Invention: The present invention relates to a nethod and apparatus for
transferring data anong vari ous conponents of a conputer system @@ 5 4—‘1
particularly, the present invention relates to an inproved conputer bu§ d
with virtual menory capabilitiGEMPUTER BUAWITBaLIsQURUMEMORY @ typi cal

conputer system a central pr L EEJWom and writes

data to, peripheral devices aw ﬂ(‘i r*orrprl se the data
processing system This COWWS 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

Imits the overall speed of the corrput er 'syst em Comon constraints on the
speed of data transfer beéetweerBAR EANVENTHONDUS are pr ot ocol

“handshake" restrictions. These reqw re a predet erm ned sequence of

events to occur ;wit £ | |'e dlimts priar to an actual exchange of
data between th&*de he bus, It is therefore desirable to
have a hi gh speed and,hi gh bandw dth bus which operates quickly to m nimze
the conputing.time rEwupressmt hwentign pdates tow methodiard applaeatys fot warslerimgidaired by

the bus should ef t PRSS bl. e mninm.ze the
tinme required fg%"agt é'q{]%gcﬁs °P§“ c&h‘lpﬁfe?gyst%ny éﬁ/%%rl'cr‘ﬁ'saq@g‘pFst?ﬂ‘rtual
menory schenes irwehrmneassfstbhenmprpeénduntpwe@bushehd‘ﬂha e eapabitiesy st em  As

Is well known, wyirtual ry techniques pernit a CPU to address nore

menory then the isgﬁhﬁg@%resent in the conputer systems main

nenory. Wen the CPUnneggisalicdmboReisyéfemiaickfirdl prctetding @it \CPRITRIas irbrh, and
generates a virtual address for the data. This virtual address is (

translated into “é(“?ﬁ]?%‘? & PetRfif SevieRp aé“’r?é'?%@"‘ﬁﬁ'i?&&e‘f‘r@?ﬁ ComRrise thenifa The

processing system. This communication between devices is frequently accomplished

by means of & bus which interconnects all of the components of the computer system.
The speed at wh:ch lhe bus transfers data directly limits the overall speed of the
compuler system Common constramts on the speed of data transfer between
components coupled to the bus are protocol or "handshake" restriclions. These-
require a predetermined sequence of events 1o occur within specified time limits prior
to an actual exchange of data between the devices coupled to the bus. itis therefere
desirable 1o 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 iequired

for data transfer.

In addition, many systems employ virtual memory schemes to increase the
capability of the data processing system. As is w.ell known, virtual memory
techniques permil @ CPU 1o 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
transiated into a physical address by a memory management unit (MMU). The
physical address is then applied 1o the main memory 1o re=d or write data at that
address. Since the lime 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.



physi cal address is then applied to the main nenory to read or wite data
at that address. Since the time required for the CPU to access nmain nenory
is typically nuch less than the access tinme for a peripheral device (such
as an gxternal disk drive), overall speed of program execution is

I ncreased. - 2 - The MMJ accepts a virtual address generated by the CPU
and translates it into a correspondi ng physical address |located in main
menory. |If the translation data is not currently stored in the MMJ, then
the MWJ transfers the proper translation datgaJdnto its nenory from nmain
menory or anot her peripheral device. MW s al so provide capabilities such

as nultiple address spadedMifidacespisa vfyal W%@%&ﬂ?é%’a‘eﬂ?&ﬁh ¥ andrisaasiajes it into
bet ween processorsg c%ﬂgsﬂoh&ngfaﬂfsﬁﬁltédﬁﬁ OlocHES In Jﬁ&ln %m&@’ t & FahGAon B¥ta is

perm tting only certain operations SUCR &S Fea or execute to such
areas. A variety oho\gurreoty simdmn;:ewumm UMUﬂ(amfersnhe propér tednglatin data

conputer systens, and.are .ace in state-of-the-art. co i .
equi pnent. One suc e Q%QQB'PWHE%'B?'" Wﬂ‘ga'e?{eﬁﬁ'{“%ﬁm%"PF%'a@J&' iWS‘t |?1%r§v'de
Patent No. 4,550, 3g8pabliiities &th dsiniitiph! adarese Bpate WrBeparatelpiccesses étaring op of
the bus itself. Essentially, a bus is a collection of wires connecting the
vari ous conmponent s MAMOLY BewpeR epcassers.And the,prategiion of Jesitpd [pRIPQNY IoCRtioRs &Y and

data lines, the bupekhilting wnplcea.i.ﬁ up&aﬂa@g&hcdsqska Writt) 8t edekitB o sukA\WRdas! €S,
and ot her control signal "lines. As a general rul e, the speed of the bus can

be increased sinpl yagsty athituameameey SW‘?FE% areknpwe inghe field nf eompuuten systantse atwiiaret o

carry more data al QBmiohfiled in/hne-HNEYT bomdlfind BEEHER® Ond'suld 168 of AERGRS ES.

so does the.cost o ere ore eto bus
e%/t es as qui ckl ynmgmlubxlsdebnnbed BIlsS. Patem Nal m,satg:aﬁe bus of econom cal
3 -

siz 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 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. quever. as the number of lines increases, so does
the cost of the bus. 1t is therefore desirable to have a bus which operates as quickly

as possible while also maintaining a bus of economical size.



SUMMARY COF THE | NVENTI ON According to the present invention there is
provi ded a method of transferring data anong agents sel ectively coupled to
a bus, said method conprising the steps of: transmtting a virtual
address froman accessing agent to a nmenory managenent unit (MW) Goupbed
to said bus, said nmenory managenent unit including storage neans for o
storing translatlon data for tran§lat|ng said virtual address into a
physi cal address; transmtting a rerun signal fron1said MW to said
accessing agent if sai . ransl ation data for said
virtual address stored i T2 ting control of said bus
to said MMJ; transferring over sald bus the translation data for said
virtual address ffQuR.ads te‘g@altﬁ@rl éﬂt dq_\ﬂm‘éi)oﬁalfhé@@ dgganti ng
control of said bus to sald accessing agent; retransmtting said virtual -
addr ess PFovided g f pekhod; d°§cc‘é‘§%ﬁ‘$\§e§§éﬁ9 dabas|aneng adents rtual
addr ess .Igétréca:myﬁy cébupldacts d Bas] er 'Haia SRéEhaat a duipyerstsqi d
accessin - and a - nmenory | ocat i on correspondlng to sai d -physical

addr ess. *ﬁ% ®r9%Y enbodi nent of the invention-is an inproved high

speed bus with vntrztawémmﬂmiq savﬁbthalyad&heshwﬁm aiﬂrdddeéﬁng
appllcatlon |n uter

memorysmanagement unit (MMU) coupled to sald
bus, said memory management unit includinq storage means

for storing translation data for’ translatlng said t

“wvirtual address into a physical address; _
transmitting a rerun signal" from said MMU to - U
said accessing agent if said MMU does not have
translation data for said virtual address stored in said
storaqe means, _ :
grantlng control of said bus to said MMU,
transferring over said bus the translation data
for said virtual address from an external per1phera1
device to said MMU; '
granting control of said bus to said accessing
agent; | S '
retransmitting said virtual address to said MMU
from said accessing agent; ' _' _
translating said virtual address into a physical
address; | _
transferring said data between-'said_ accessing
agent and a memory location corresponding to said
physical address.

The preferred embodiment of the invention is an
improved high speed bus with virtual memory capability.
The bus has particular application in computer systems
which. employ peripheral devices. The bus allows high



whi ch enpl oy peripheral devices. The bus all ows high - 4 - speed data
transfer through the use of a virtual nenory schene. The present

i nvention mnir zes the amount of time a particular device is required to
wai t béfore it can access the bus and conplete a data transfer. The bus
conprises a plurality of lines including address |ines, data |ines and
various command or control lines. A variety of data processing units,
referred to as agents, are coupled to= t#he bus. A controller is
provi ded which controls access to the bus by the agents. A nmenory
managenent unit (%&5& and a virtual address_ latch (VAL) are coupled to the
bus to inpl enciReehAER { LEangERFr $bropgb ther UsR F cd eWirtHadnmesery

l[))uri ng oper at iswheafe s he m,pﬂ6§6n1':Siﬁfrﬂiliﬁiﬁgrﬁdnbﬁﬁwentﬁﬁeah%ufx@bﬂ he
us. A request,y ts virtu addressoyer _t ata_lines in
the bus. Thi stév]‘lq% E%ﬁéﬁmf sg%‘éh?/%r?%drgwgrgdpﬁ%f"égﬁ g’&%P& S t he
MWU. Thi s phyesrcagcaddsesthe shugppandd compieheesa tates transfer bus The The
requesting agfd eg&g, S Qr Jned f %' iﬂ%@! and
t he receiving agent ?tg'heis; stdring {%«@ngﬁqggxgggt g'rﬁieqmr{e es%te_ s%ata
over the datldne§nedata lines ppdsaariowsefRomeand ser eApNSYSla limesod of
||o][ eventing ?eadl Wtitf‘eiﬁiﬂl b:fpnaata Qﬁfﬂétfdﬂéﬂé@g ﬁﬁ?t@?erlaéhﬁ\%&éﬂ Eﬂ;}w RS .
a requesting agent su I es v rtua ress to e an e
does not have %ﬁ%%cesas‘géjy ‘T@%ﬁ?ﬁéat i%h d’i’(% bus. X Whedtlier Y
provided which controls access to the bus by the agents.
A memory management unit (MMU) and a virtual address
p latch (VAL) are coupled to the bus to implement the
virtual address scheme of the present invention.

During operation of the bus, data is transferred

between agents over the bus. A requesting agent asserts

a virtual address over the data lines in the bus. This

virtual address is converted into a physidal 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 1lines. The present

invention also employs a method of preventing deadlock

W/ conditions to occur during the operation 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 requesting

agent to "back off" and temporarily 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 necessary translation data, the



to generate a physical address, then the MJ will issue a "rerun" signal.
This signal allows the requesting agent to "back off" and tenporarily
suspend the pending data transfer process. The MMJ can then gain contrel. of
the bus and fetch the proper translation data. After the MWJ has obt\ghned

t he necessary translation data, the - 5 - data transfer process is
resunmed. Wt hout the return signalethe MMJ woul d be unable to gain
control of the bus. This couI d resul -i"n a deadl ock condition where no data
is transferred and the bus "freezes up" Al so described is a schene

wher eby (ﬁl’tal lLin e bus .are tr| at a Ee agd re algla%/s driven
active F nYEERF er( a%’é%??%ﬁ lgndre%‘é‘aE ert S EBOUT  Hhe, FeHIFDe) pefore

t hey are signalathe MMUhweuld ke camablket tbo gnlmrcbntrstlr wft utke wherein
| i nes ""ertfu%’easfﬁi Qoaia%shxtbxnﬁsa&%ag JBK adifa dﬂ*&'&hgﬁé‘“gées' stors.

The tri - ene reduces power onsurrptl on an us to be
directly %nta/er#sOytm@sfemeéesand they bugR| Hfregzer MR'ON OFAYSE DRAW NGS

Figure 1 dés@rﬁﬁé&”ﬂél s éeﬁéﬁ&e%éfrb%? Qlertaif LRSS SHet €Re epREOYiI Ng t he
preferred enbadi ms‘g_ ent i nvention. grg‘t;lre 2a lvgr angtl call y

i |1 ustrat¥2t e vaf ﬁb bﬁg stTERt pEERYS en ac

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 means 'of pull-up or pull-down resistot.
The tri-stating scheme reduces power -con'_s'umptibn'_ and
allows the bus to be directly driven by CMOS devices.



conprising the high speed bus. Figure 2b illustrates the structure of the
acknow edge lines in the present invention. Figure 3 is a timng diagram
showi ng the tigming protocols for tri-stated control signals used in the
presént .invention. Figure 4 is a timng diagram show ng the driver protocol
for trT-stated non- control signal lines used in the present invention.
Figure 5 is a chart showng, in tabular form the possible encoded

acknow edge -responses of an accessed agent. Fi %re 6 is a chart showing in
tabular form the possible transfer |ine signalf® ~—and their neanings.
Figure 7a is a timng diagramfor =Y-Te Mo I \ng data
over the bus. Figure 7b is a ti n‘iﬁgleg:ggré? 'F @Jd%ﬁﬂvé |ﬁj§{v§'§:¢% ?or
transferring data over the bus. - 7 - Figure 8a is a timng diagram for
a DVA device wite cycle for trainsferrin,g data over the bus. Figure 8b . is a
i ng i agram for o O FUEHTEA F BSGPER oRBRemENGT ot TR A AT GRoY R dne

bus. Figure 9 is a tiBlefrediehtbodifehtd! tfe prosent invéritb® cycl e to nmenmory. Figure
10 is a timng diagramfor a rerun cycle as used in the present invention.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON

Figure 2a diagrammatically illustrates the various sub bus structures

comprising the high speed bus.

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 fines 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,

— 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.



An i nproved high speed bus is described having particular application for
use in chip-level conputer systens enploying virtual nenory techniques. In .
the foll owi ng description for purposes of explanation specific nemory -
sizes, bit arrangenents, nunbers, data transfeer rates, etc. are set. forsh
in order provide a thorough understanding of the present invention. It wll
be apparent to one skilled in the art, however, that the present invention
may be practiced without these specific details. In other instances, well
known circuits and conponents are shown in block diagramformin order not
to obscure the present invention unneceséE]LLy. Referring first to Figure
1, the major conponents of a conputer syste | oying th resent .

i nvention are shown.Figurecsais gt %@&@P%gfﬁﬁ"%ﬂﬁ%@%%ﬁﬁe BB wi t h
the el enments ofékﬁﬁ“gpm@qmgr system over bus 10. Bus 10 includes a
plurality of individual Iines which carry data and control signals to

vari ous conponents of the conputer system The system shown in Figure 1
further includes a bire R i [ ' : '

Access (DVA) devi cer@bptea CO_%t}néﬁ%ggg%hg%?aM ggvu?eﬁrteg?f: ?ééeﬁgzmwgﬁﬁ“’é
networ k i nt erf acdataXiver thdds.i onal units such as accel erators or additional
menory may be added to the systemif desired. For the purposes of this
Specification, all data processing and peripheral devices which are coupl ed
to the bus 10 of therguRseita iningGbgrat fof & baiel Wi icholetoymemiégr red to as
"agents" and given the general reference nuneral 26. The present invention
is intended to allow.the various el enents of the conputer systemto -
communi cat e with eachoRid\iyis o dmiAfGialiaRltof 8\lHn b ad iRaRh feGiHbsdnfivent | on
is particularly suite@ for conmuni cation anong gh performance c |p-Iequ)
devices. It is dhventioslesi rabl e, however, for the conputer systemto '
communi cate with other systens. These systens may not utilize the sanme
comuni cation protocols used in the present bus system Thus, the conputer
system may be provided with a separate input/output (1/0 bus 60. This I/0
bus 60 may use any one of a nunber of conmunication schenes which are
wel |l -known in the art. O course, it will be apparent to those skilled in
the art that the present bus system can be used to :



- 9 - comunicate with external devices if those devices use or understand
the timng protocols of the present invention. The present invention also
conprizses a controller/arbiter 14 which is coupled to the bus 10. As w |l
be desari bed nore fully below, the controller 14 perforns various functions
i ncluding controlling and al |l ocating access to the bus 10 anong the vari ous
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 unique bus request,
bus sel ect and bus grant |ines coupled betwgen the controller/arbiter 14
and the particular agent. When an agent #~es control of the bus, it
asserts a signal over its bu equest_|ine 49. The control 4 receives
all such requests, prioritiz®siandrstbs S b LR R YA bus is idle
and asserts a bus grant signal over the bus grant line 49 to one of the
requesting devices. In the preferred enbodinment, the controller uses a
round robin priority arfimpevedhioh spregdus ig degeribedaving pattieiar anplicaties for use
skilled in the art; r | arhi | S Hsed
as a matter of desfngn C géé:gmﬁ{égﬁsygﬂ)%ga%gef@%inﬁgmggﬁﬁda@?éer%ﬁﬁ\ﬁﬁ%odﬁg{%gglgdg%
bus grants on a fi descriptioniespusphses o explangtioarspecificomensry siabs, ditaerangemients, each
agent could be assigngd a, uni qu riority n r..and the controller 14

coul d assign bus ng'ﬁ‘E rs‘t%?ﬁﬁ%sﬁé%tfés?‘lcréeﬁéga& Wq%rfﬁé'dﬁf 5’1°é%"fghpri ority:
The controller al songérstdaditgoftcprosentinvention. ®willdeasppaekt 16 @Rél siilleans thetnc h
arise when two or nore agents seek access to the bus 10 at the same tine.
This acconplished PAVBYRjINE!IRe pregens jnventiop maybe piaqiiced withaphihese sreciie delailhed
bel ow. The present Ry | Wb : ' ' b r
ageqt, (0 gal n acoets AP HERSS MBS choty ahd Forkibins & srBli T DBGSfYfe
processor and peri [iérayialordeninptdo obsutecthie presentdnventioninecessadil. | be appar ent

por i ts o wi de vari et y BRCEPbREe Fied i e il cfnpdogfe R R eRRbubENERY oo

i nterconnected i n ampoyingtthe plesary Bivertdn Wi sTOWhh A dentralProcessing enitd€pUy tded
herein. The preferred enpodi of the bus is designed to be used with

t
CMOS t echnol ogy. A@Mfca@éggg?hﬁ efsaRats of fhe compriat *Yg??@ oveebys ¥ Rys 3Pot ocol s

are optin zed 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. 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 allow the various elements of the computer
system to communicate with each other. )t has been found that the present invention
is particularly suited for communication among high performance chip-leve! devices.
kt 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 (VO) bus 60. This IO 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 1o those skilled in the art that the present bus system can be used to



to reduce power consunption and work efficiently wwth CMOS devices. It w N

be - 10 - apparent to those skilled in the art that those specifications -

may be changed without departing fromthe sprint of the present-inventjion.
Thr oughout the foll owi ng description, certain bus lines will be descrlgéd
as being "active high" or "active Iow " This termnology is used to i

I ndi cate whet her a particular bus signal in questionis, or is not,
asserted and relevant to the bus operation. It will be apparent, hovvever,
that it is a matter of design choice ther a given bus line is active
high or active low. Wiile the preferred #bodi ment has been designed to
maxi m ze data transfer ee Z ower consunpti.on W ll be
appreci ated t & ™ RYIERIT H’Bh P’ﬁ%"‘a‘ dsev'ﬁ?‘F 'm’“’?%@e‘ﬁ?fé LS8 OF 'g%&éa%h%hﬂ"Qe hi gh
line to acti veproeols df Wetgiésent ikeentismpe of the present. invention. Simlarly,
as described nore fully below the preferred enbodi nent of the bus is
conpl etely synchr od8&&resgp '“‘Eﬁﬂg"%#'ﬁﬁ%'@'ﬁﬁ%lﬁQB“'EM"*W@"%1§|"ﬂb°"‘é§l§@-'%ﬁ‘d t he
cl ock pul ses. ﬂ&hﬁeswwrnmmsae%@ﬁerﬂsumrﬁew dem%é)é‘&uﬁu&%b'p fgt a
transfer rates require hi cl ock speeds, I's easier {0 éetect cl ock -
pul se edges at varioyh fmgﬂcluqmmmtm'm Wm’be&tmmshaw thethys 18 aamwing ttivee

ri sing edge of e t he
pr esent mvenh%‘r?l’ﬁ%%h%é( ' go‘lcegﬁp sgtﬁi %F’g“ég}?&'ﬁr%‘% rﬁm%gﬁﬁ 'ﬁ’g% l%ﬁ&
edges of - the cbmokhrpu%ss@ch nsernad:pldaebGlerbusgnasmmmqmelaugmcmeﬁabustdmct

f d enbod f th b 0, whi ch |
Prel ades ni noc SAUBYE prRi P sRiriaHhieen 46E Eoribusioafiler 18 3nd tdiBniaial o 1o ¢ he

vari ous agent s agént\iNheh af @garrtlr@qasran&elrm uﬁﬂussu 865k blsignsiovadigtbusn Fi gur e
1 (including main nmenor video port 18 and disc drive 24). The bus 1

i ncl udes a cl. oé‘fa"F?‘H@elfé \EHF EH"‘@?'%‘t‘l“l’S‘E&“@r? all syghhfeauests: poeritizes gAr$torkong t
agents 26. Theyhys whﬂs ﬁﬁtﬁﬂ\e' B ig 488 nd BYsene 2 buR QFnE Signd! bB& Ind'Busdfiaht Yihd t ¢ ua'

address/data |ines . In the preferred enbodi ment, there are twenty-eight
physi cal addre$81¢ pmef the tpapesting gevigegp Inthe m«srrmwwmm ¢anifeller usesnever

a different nughgindfonim pribritl aRRRGRALnBMe URSHN be apparent to these skilled in the art, -

however, that different arbitration schemes can be used as a matter of design c_:honce.
For example, the controlier 14 could _assigh bus grants on a first-requested, first-
granted basis. Alernatively, each agent coul_d 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 conditioﬁé which
arise when two or more agents seek access 10 the bus 10 at the same time. This

accomplished through the use of a “rerun” protocol which is described below.

The pfesent invention minimizes the time reQuired for a particular égent to

gain access to the bus. Although Figure 1 ilIusIraies specific processor and -
peripheral units coupled to the bus 10, it will be apparent to those skilled in the an that
the structure of the present invention permits a wide -vaneiy of processing units and
peripheral devices to be interconnecled in a vériety of systems using the bus
structure described herein. - - | |

The preferred embodiment of the bus is desugned to be used with CMOS
technology. As such, cerlain power speciﬂcatlons and timing protocols are opt:mtzed o

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



dependi ng on the size of the data to be transferred. An address strobe |ine
41 is provided which allows a receiving agent to strobe the address which
| s present on the physical address |ines 42. During the operation of the
bus 10, various protocol signals are asserted at specific tines in order to
i nsur €”accurate data transfer anong the agents 26. To this end, the present
I nvention includes transfer size lines 44 ¢5h I ndicate the width (in -
11 - bytes) of the data to be transferred, acknow edge |ines 46 which

al l ow an agent accessed by. the ] or..of her ) S .
request for data. PRPHG{Y ?J‘B%“asé‘gg 1"%%%@'{ 1hﬁ{e‘h3%ec%g§£éc?négseﬁ§}(g?%ﬁ/aﬁgesw' e
responses in an enggfmgitem e sprifbofany/presentinvénitioes 47 is asserted if an
agent fromwhomdata is requested detects an error dur{iqr%g t,s)ﬁn fer. The bus
10 al so contains |ines Theawghot thedplowing degcriptien. geain bys jinexwil ?éesﬁﬂ%eda{ﬁent

27 will drive the D&lﬁ%%i@é‘éﬁgﬂid%&é iR THis RIMRiNbIBY\Pis\usHE frindiBAe whéthér Hus

request |line 48 and S gran I ne 49 are unique to each agent. There are
al so interrupt reqpantituldribuesighd impuestionds. a5is noh aseerted and relpyast fodhe bushe bus

operation. This may be. necessary if t ; |

priority task and ¥§°rﬁ‘ﬁ’§'bﬁ w'ﬁ ge %%?aéﬁﬁﬁmﬁggﬁeg'lth%ﬁgéé %QSF@@L@E@@:&%%@ &3
an ongoi ng data teriﬁ Biis liers hitive pighbeactivel IoniWhilerthe prefariedembadimestchas ibeen
interrupt request lines. It wll be apgarent to. those skilled i nt,thg 3[}%
however, that a | aPgHgnegito Baximizecal tassier sheed and,minmiZe PONRT CROSUTPURY. fmdLke

departing fromt heaﬁﬁr@ﬂ?leeflhatt BRangng $1R desigh \68 fHeibRB to Etfling6 %A EBVR highfiine to | S
expected that agents wll interrupl the bus only infrequently, there can be

a single interrupt actbgUesis withifethaseape of theqireseatdnygptien.| of the agents. Bus
reset line 51 1s provi gﬁgg%m\x;%]?%ﬁ%b%ﬁﬁ%r% ﬁ:ﬂ%gé&k t&%ﬁﬁ%d eRBa&imeRTRY g@%ur fs ,

neébgkary during initi rror It1Ton occurs. Fina
power |ines 52 supgbmplettty syatliragmusa il besisigeald change o8 sheyrising exjge ohthe cldgke bus.

oSt o e e Mgl TRkERopti dbin B Syhe BT R Shy B oure
preferred enmbodi menfignedistR speeds, and it is easier to detect clock pulse edges at high speeds. It will
be appreciated that the use of the rising edge of the clock pulse§ is a matter of design
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, thé 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 comprise 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 lines 44 which indicate the width (in



contains control lines driven follow ng a special protocol. In many prior
art systens, digital lines may be asserted by being driven active | ow. Wen"
the line is to be de- asserted, the agent ceases driving the |line | owand
pull -up resistors return the I|ne toits normally high state. The speed.
which the line is returned to its in-active (high) state is a functlon of
the capacitance of the line and the val ue of the pul | -up resi stance. As
shown in Figure 3, whenever a tri-statable signal is asserted, the driver
for that signal first pulls the signal |ow (asserted). After asserting t he
- signal, the driver witl drive the signal high (inactive) before turning
off. The tri-statable control signals—h@‘e_passive pull -up resistors mhich
maintain the signals to the inactive level after the drivers turn off.
Because of t hebytespwoitbeeiatadCbs traosiéresaandarknobledgelibes 46 which allow ias agent not

possi-bl e to provide res Qr.s l,ch_chan s from
the active to qc'qgisggsgsl? € '19!12\?[ &ﬁfrrfggmﬁﬁaﬁmméﬁﬂe Bé?qugg‘e’ml‘?é? 4\%}” beihe
prot ocol adopt@ciided] ihe aREEeH hgénn pRVIdEOMesS reepebes Then BR%USd RiRaton t he
tri-statable Iines do not change the state of the signal fromactive to

i nactive. TheyMampw ejrorlinef7s aSserd & ppagant fiom wham, %Fl’WeF’é‘Jé?feaBﬁn driving
the tri-statab Hﬁbaila% tgpot h [ ow and then high, the problemof "floating"
si gnal s whi ch +r§°r§Peseﬁt sl n many prior art bus systens is avoi ded. Anot her .
feature of the preTbebus halse comainslines for thectontrélof thecbusi sethat drﬁynmelagerdrl ven -

& i ver over| apt bl i W RETE sl BFenE. Repraioilsieltion Bafe Fepettipe

feature i s shoggandbus graitdind 49 Ate dritietd SachGgemty Thede drbaish intertuptleqgdet Ccycl e,
the driver for the e;g\?nt whi ch is drivi n%ga particular_line turns off. |

the line is a fnesSowiichaliaw anpgentio iftqruptibe hus PRI This mavcbe qqcessgfydft ed
level by its pﬂﬁﬁééﬁﬁné@o&'ték%plefg@hvé]ﬂ pHori t&ékéh@a@&nébtlestotdb'tarﬂ&&ﬁpa

the end of the fifst clock cycle en the rising edge of the secon clock
cycl e i s det ectothe bushkecduse efran@hgeing:dae transfera lnethe puiférrediambodimenttheredr i ve -

Rt Do SRR B Sl PRSI BB e S B,
nuner ous t asks hbvver, eleen aliargacaramaliersinmtiendf isicti ines may exist without departing -
- from the scope of the: present invention. For eiample. if lt is expected that agents will
interrupt the bus only infrequently, there can be a single interrupt reriuest line which is
shared by all of the a_genrs; Bus reset line 51 is provided whieh' isusedto rese_i the
bus. Reset may be necessary during initial power-up or if an error condition oo_curs".
Finally, power lines 52 supply the voltage and current necessary to operate the: bds
Most of the lines which make up the bus are digital lines which can be driven to _ .
either a hrgh level (1) or a low level (0). However the preferred embodiment also u :
contains control lines driven foliowing a special protocol. In many prior art systems, ”
digital lines may be asserted by being driven active low. When the Iirre isto be rie; _
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 2ri-ste_tabie signal is asserted, the driver for
that signal first pulls the signal low (asserted). After asserting the 'Sigrral. 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 leve! after the

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



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
exanples. It is to be understood, therefore, that the foll ow ng exanpl es
are giyen for illustrative purposes only, and are not intended to limt in
any way the types of operations that may be perfornmed by the bus 10.

Assune, for exanple, that the CPU 12 is required to read data stored in
main menory 16. A timng diagramfor 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 transmtted directly to
the MWJ 30. The MMJ 30 transl ates the vir?udEQaddress to a physical address

by neans of any one of a nunber of methods known in the art, and transmts
the physical addr dstpassiblerie piRMdesastiva Rull-upiESiFiPry shich ichanas the signgiplemae  As

shown in Figure 7gealyliievaieverd willh Egﬁoﬂhﬁb&iﬁh %ﬂé’r&ﬁﬁé tl’tesprg{ FM%‘)&%%

the physical address lines 42 the CPU 12 al so asserts the trans Sl ze
lines 44 to their the pieeent inyeatios.is used. Th@resistoreon the trizétatabigilines éo nshange the

provi de an encoded i A f the
data to be transfeﬁﬁ%g \elé'rgg?lh@ﬁbgpﬁ t8¥nafl'{r‘?1 tﬁgsyp'ﬁg% ';%ﬂ' mn%péé'r%e;’t'gt her e
are three transf eringdtivelevein®y. dr‘n;ing theetriStatabiavsigrialscbotR Idvoaiad thes aighj tae problem
conbi nati ons of how the trans si.ze lines can be driven and t

correspondi ng nearfifnfpaliRe’signa é"’%i"‘d? Pregant {nmany prigr ar} %?Fs‘?yéﬂemsl‘?la‘f

preferred embodi ment, ARGh&Usanid of e pREECRITIRARNGS HhaltdcthA S kRt b .slanzen
4 or 16 bytes. It vaI be apparent to those skilled in the art, however,

that different encltivadoenhaitng thegameripesqysiadiThig aveios therpiphien of diverevedam
be 8GO <P ol oS 0 B Bccd U gl ot ebgbl
to 4 bytes of datathe ms*ng 'eageouaé first disckwiytié, thedrilestor trhatehulvthngh isakivingai f a
16 byte transfer is | n i);r?t t%d #{ P ne%sng tn?statable lme it w:?sbe mamtametpto nts)ltjns- 10
executes mul tipl e PRstRuiAsjReturns fifs ddhel
stated leve! by its passive resistor. The line will be at its tri-stated level by the end of
the first clock cycle. When the rising edge of the second clock cycle is detected, the
driver of the second agent will turn on and drive the fine 10 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 tasks that can be accomplished 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. Rt is to be
understood, therefore, that the following examples are given for illustrative purposes
W only, and are not intended to limit in any way the types of operations that may be
performed by the bus 10. )
Assume, for example, that the CPU 12 is required to 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 virtua! 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 ar, and transmits the physical address 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 CPU 12 also asserts the

transfer size lines 44 1o their proper levels.



The controller 14 asserts the bus select line 53. Wen the controller 14
asserts the address strobe line 41, the nmenory 16 recognizes that it is

bei ng accessed and responds with an acknow edge (ACK) signal over the -
acknow edge lines 46. As shown in Figure 2b, the acknow edge |ines 46 gLe
made up of three separate lines: 8-bit acknow edge 55, 32-bit acknow edge
56, and error 57. An accessed agent (i.ﬂ_i e present exanple, nenory 16) has
four choices of response. It can instructsx4re CPU 12 (or other accessing

Carmihate the byci Darargier B¢ s RO B OichD g BT B IESPPR: data

transfer whil awigthriolbites)cdtisd data ndiedansfamed dver the bes s&dinahepleferepor t si ze.
Figure 5is at

bl e of the encoded responses .ysed in th referred. -
enbodi ment . ASTARGIREN RIS a7 dhreetransier 28 s, Flgre £ shows ThevATREE PRRSDISS zes
of 8, 16, and dblitatiéns(ot how theXfishstbr Bité Bes. cahlbe \rilén &XR MBIP BbRdtbordhgt hose
skilled in the art that a different encoding schene can be used as a matter

of desi gn choimeaningAsdethe widthof the dajatmnsien uthe prylerresrembadimant therhusitAvent i on

to allow for t | ' di f £ er. Okl Sl Z0S - r anple 4
bits or 64 bi t%ﬁ ﬁﬁﬁlﬁéﬂ%ﬁ%&%ﬁgﬁﬁ%%&%&?ﬁ? ggé?:‘m%%ggaée#?ﬁg%éare ‘
active | ow. Afsgkilled irsthe @rt, hgwavier that differentengoding sehemes antfvorresponding ddtadr i ves

- themhigh in the pext clock cycle before tri-stating them as _descrijbed
provi ouely wi tFPE Bres el Heg b tisBecss SpmeferoLpenas hplos; e BeRioen 41e
signal, the compflskRinvbhtichtard 32 bits wide.NTherefore, thé bus 30 @aR Fangiériplie441 (which

is an active low signal). One cl ock C_%/C| e afiter asserting the acknow edge
lines 46, the baerstPatacsimyliapgausiy Aswill Be descabed gl helow. i 1@ibyietranstesis

mai ntai ns t he dai ' | cyvel t. h 6 likpnes 45. . 4
After -t he dat aﬂﬁ%ﬁg&gfﬁ%&f@éﬁég&gg’gg {lde%',th%g'%?ggrggfﬁi‘%&tfe’rrﬁ@néiﬁoggb*‘ﬁem endi\HJg
the read cycl etrandfessine, for sake of ~exanple, that the CPU 12 is witing

The Py 12 assert s gl A Pbi Todalive B ffaives Borielerdeshrats” s,
and appl i es dathe ddareb$ strsbatiine 4t 1re mémoryTtBerecognizes that it is being accessed and :
responds with an ackhbwledge (ACK) sighal over’ih.e.aéknowledg‘_e lines 46. As |
shown in Figure 2b, the acknowledge lines 46-aré made up of three separate lines:
8-bit-acknowledge 55, 32-bit acknowledge 56, and error 57. |
' An accessed agent {in the present example, memory 16) has four choices of -
response. It can insiruct the CPU 12 (or other accessing agent) to wait, issue a
*rerun” response (which is described beloW). ;iermin_ate the cycle if an error condition :
| exists, or acknowledge the data transfer ,whil'e_-simuﬂaneously indicating the '_accesséd
agent's port size. Figure 5'is a table of the encoded responses ﬁ’sed in the preferred ' u
embodiment. 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 'appaient 10 thcsé skilled in the an that a
different 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 usé 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 desbﬁbed 'previously with reference to

Figure 3. Upon receipt of the acknowledge signal, the controller 14 de-asserts the .



controller 14 asserts the bus select Iine 53 and address strobe 54 on the
sanme cl ock pulse. Substantially concurrently, the CPU 14 drives the data
1ines with the data to be witten into nenory 16. \Wien the address strobe
41, &vd bus select lines 53, are valid on the rising edge of the sane clock
cyclé~dthe menory 16 responds with an acknow edge signal as described
above. Upon receiving a valid acknow edge signal, the controller de-asserts
the address strobe 41, and the CPU 12 de-aqdpris the data lines 44. As
shown in Figure 1, the CPU 12 is coupled directly to the MVJ 30.

Accordi ngly, in &ddzegsrsgoln4l (whivhd$ am active @M sigral)p Qeicibek cyn'ler eftetlassetingdbgs es

bus 10, However , SHroPRHe 8¢ 45 AR terstiinhh bR sndi GNP Rl i T

bus 10, just as maitairshey dAgedlid fé’rﬁaneswmbdcmtle of sxewaratnueé 451ddﬂasmaaatar e
applied to the data lines 43 as in the | bed bel.ow with

reference to DvAINGSAS @ asenss, &fr'@e%%{"’ﬂ'hggtﬁﬁfh@? a"dmgrﬂ‘ﬁ&a&ﬂe? amfor a
DVA device writing da&amw ioesadexbfbﬁamayme/mﬁmgmnmgmt%%wfae The

requests access to the bus by asserting the bus request line 4
previously di scutimied diagragsiorthisyprocsssisshown indigi®. The &PUata assens t!mphyam;l The

cont rol et Vel S el ldunb 5 BSd S TAGE LY oo B8l AN EWR BTl 891l 9721

to the requesting agent "acc |on sc des et
above. On the i nwnlm&éreh)asimshm\busgsebbunh sewnbeddréisestrab&sdeu thecsathe-ogieRert s

t he bus request ves vi rtual addr onto the data |ines 43. At the
same tine, the DR}R‘He %@"“ﬁ’&i"&%ﬁ”ggm{yh F%Zﬁ%ﬂ‘%ﬂ"%|“1°edat%1ﬁ"e(§|"§@d§%gﬁaé(’oove
in relation to FpgWhferfintodiiinchf $&" Whed {h8 at8ass 4tioBE 41, BNd Bls ¥é18@ ih&xsay bfet LAl
address onto the data lines the present invention achi eves sever al

advent ages over VHiE qirtherisieg edgery theysamgdlock cyale, thepemens 1€ dermeRdsadthan t he
‘bus are able to Qg&ggfedg?ggﬁéf ak YeOM38d & @veM\ql{:u n-l;géeﬁl J&%U&]{d‘:&éﬁnﬂlé lenat es

t he - 15 - nee parate set o al ess lines 1 n-the bus.
As such, the t ot signaiuthkeontwllerderasseristhe hddresssstnibe 4k and the CRIJ 42 da@sserts the

conpl exity and mapufiact W | ROGGORYS Figure 1. the CPU 12 is coupled directly 1o the MMU 30.

Accordingly, in the present embodiment, CPU 12 provides virtual addresses directly
to the MMU, 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 directly to
memory. As shown, the DMA device requests access 1o the bus by asserting the bus
request line 48. As previously discussed, presently request line 48 is an active low
line. The controlier 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-asserts the bus request and
drives & virtual address onto the data lines 43. Atthe $ame time, the DMA device
indicates the transfer size, as discussed above in relation o Figure 6. and 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 technique eliminates the



As shown in Figure 1, the data/virtual address lines 43 are coupled to the .
virtual address latch 28. During the first clock cycle after a bus naster
(for exanple, CPU 12) receives a bus grant, the naster applies the virtual
address to the data lines 43. The virtual address |atch 28 stores the [ j
virtual address value. This virtual addfgess is then transferred into the

" MMJ 30 which converts it to a physicar ~ess corresponding to a real
address in main nenory 18. As shown in Figure 8a the physical address is
asserted on tneedienasepalatesstipladtual addess figesintheNavs) 49 sugh; the total nugmber of

transl at ed. ress being
asserted by tq ﬁ%kﬂ?ﬁ&@%%ﬂéﬂ%%ﬁﬁﬁdﬁéﬂﬂé Q’sgs%‘ra?gmﬁ%é&@élcg%g 53 and address
strobe 41. In respelsheamtmF&igmm.llrteeda%rdwslllgladdrbésﬂmddﬂ@scsunlme thel, bus

sel ect 53, and ph il cal, addre sl.av Vi ce res s the wite
oyc 6 and conpEA Baures 1R 3BC BPiTalne hisfod ey B £ BuTaRe Bl esiiack s,
the contr gl | ecpdA2)yvecbivétca Bussgrant, th@&abhﬁa@hﬁélﬂ\e&irﬂﬂlddd&fss & the B&taqiied € -
conpl etes. Wien the bus grant s i s de-asserted, the master device no

| onger has cofd-r be vifua!l g ’ﬁi?s‘a“’%laﬁl stores,jhe virtya) agdress valug; ghiin Wyl eddressne next |
cycl'e,  thus cgihitrdsbr ¥k ug g soRHcBnhs 18 Kppduibd Bidliegl a0ram for 2

DVA devi ce rea rom nenor | ustrated, the devi.ce 0 asserts a
bus request ségresponsingttha@ rbelsaddeqsumam imesnonB18. \ikeshowindn Figure 8atheact i ve,

ar bi Crati on <EWbel SR EactbisdbiR shis il dheJRer AR b bner G

de-asserts t hgahiated egustintibliyndndiirentyditioe! physicd @ddress Belhfadsenssby3 t he
virtual address of the nenD&)ﬁFlocatlon to which the data is to be witten.

At the same t theeMMURO. thfgorteslipc s agsents hus seleat §3 andaddress piqbe41ndy 44, andM
drives the re?éspbhé%‘%ﬁrrhbl&heou%iyt\ﬁﬁd Eak?resé' srtrtoﬁé‘h1 %grs@@ét 85 afld Fﬁfsfbapnt 0.t

data |lines, the DVA device tri- states the I nes as scussed above
WI th refer enceddresﬂz;mmeaslele dﬁmse mrwtmmmmmdtmmmmesmw assddingss into

a physi cal | e e .pbhysi-cal
address i nesg‘ﬁ<s %/\hﬁcgt %% ey%lsé% ﬁgggge'hg%?mﬁe%r ar'g" éggé etn tge i;T'she
control | er 14 gesseighal aaddheq&leswmsfllwmrdhbbss grahtesignabid. detasséregipmese t he
menory 16 responds wi.th over the.acknow edge. |ines 46.

Aftor a vali d masker er@?rawalpgseé@ew&faﬂfq Dy RO IORA S A SoPeS SR et & 1o

be witten  next cycle, thus ending the write cycle. | | |
Figure 8b shows a timing diagrerh 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 si'gna'l in
‘accordance with the arbntratnon scheme ﬂescnbed ‘above. Subsequently, the DMA
device 20 de-assers the bus request Ime 48 and apphes to the data lines 43 the ._
virtual address of the memory location to which the data is 10 be written. At the same Y
time, the DMA device asserts the transfer size lines 44, and drives the read line 45 |
high. After the virtual address is driven o'nlo the data lines, the DMA devfce 20 tri- -
states the data lines as dnscussed above with reference to Figure 3. The MMU 30
transiates the virtual address into a physical address. and apphes this physical
address tc the physica! address lines 42. When the physical address lines are
asseried, the controller 14 asserts address strobe 41 and bus select 53. In response
the memory 16 responds with a valid ACK'sighei over the acknewlque lines 46.
Atter a valid ACK signal is asserted, the DMA device 20 drives the data fo be written



- 16 - onto the data lines 43. Sinmultaneously, the controller 14 de-asserts
the bus grant line 49. On the next clock cycle the DVA device tri-states
the data lines, the transfer size lines, and the read |atch, thus
coaneLLngithe DVA read cycle. The present invention can accommpdate a

hi gh- bandwi dt h burst transfer node wherein multiple bytes are witten to or
read fromnmenory 16 by the CPU 12 or other agent 26. A timng diagramfor
one such CPU read operation is shown in—Fi@u&e 9. The agent 26 which is

transferring data i nto menory requests contrgl of the bus 10 b% asserti_ng a
bus request signal °8\dhe i’ﬁ%"%ﬁ?ar gdﬂ'@‘éf‘equﬁlﬁe‘ 8 gontiafer 4 dR@SERTS tgbysgrant lin

i nactive, the cont gl lofihd fledt BBEICSYCIR the OMBdRNice Frl-AAE the HaROMEE, AREFEnsldr isize
the arbitration procedures of the present invention as described

previ ously. ‘Once t liness@ad hedead latsh, thus eamplating theyBMA ressl eyplech i ssued t he bus
request signal becones A l@% aflﬁ?tp lp: QN : '

the bus 10. On the cl ocﬁ‘e?{y%egﬁ ﬁ%ﬁ'{éél ately @P%émgrqgﬂzﬁﬁéd '@g bg%gﬁtgﬁgf%hqne
Mast er de-asserts iwherdinmultiple byted ark writtentS or saad frdmi mersory heby thadCPRU tPharlotier ne
45 high. Substanti all oncur.rent | a virtual, _address is driven, onto the
data 1hes 43 by 1 mae S pEAas deerki 3 et br0rers cparauin fanbwe Fpfe s o,
wi Il consist of 16 1ngta@ent!Ps which frdndrringiatalintd MeMonpledtestd ddnfroldd tHelbus 10 by
accordance with the encodi ng schene given in Figure 6 above. The virtual

address is conver t G§S§7HAGA BUSTRGUESLEIgnaLensr thedup yequaet 8. Whemtredris J@48 ont o
the physical addr e%ﬁ%égbgﬁrt?e éo(?;ﬁoﬂ%? 14 %béesl@b&ht %r%ﬂesidﬁ'éﬁﬂ %XngE\:g?-Ee Wik R Eoikdidh 2

valid signal on the now edge |1 ne (active Upon recel pt
of a valid acknow cuiogedsiegohthe presentuentidicascdescitied pseviously.f ODnee thé tiwg igeant Bnt o

the ,data lines 43 to b Pt I nto. e 16. The .nenpry 16 respnonds b
i Yoot he 32- bt ERHerolP BRRTE 2% MRS B ol el hE AT Rechred o G s
al so automatical |y Hagabaire over thdsperdtith 65the bl$ 90.\0h ¢t didtR ciéla imédataly of f our
bytes will be transferred. After the 32-bit acknow edg!gl line 46 is driven

| ow, the Bus Mast _er’°%"‘l"_?9 the behgranibe, By Hastes fe-pererts therbys meauest liga«s. ?ﬂﬁ’é"&!&% a

e, L, ot o ekl ] LB AT A Bt e
onto the data lines 43 by the Bus Master. The Bus Master indicates that the transfer
will consist of 16 bytes by asserting the transfer size iines 44 in accordance with the
encoding scheme given in Figure 6 above. |

The virtual address is convented 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
p be written into memory 16. The memory. 16 responds by driving the 32-bit

acknowledge line 56 high and then low. 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 written into or read from the new
memory address. This process is repeated for each 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 cycle.



groups of data have been transferred, the controller 14 de-asserts the bus-
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agent and an aBBePeBHAedgent associated with a physical address in a
conput er system i ncl uding a nunber of data processing devi ces
("agents"), and a controller agent selecgtivyely cpupled.,to a sipgle bus
structure. In our co-pénd ¥ ?W?cé??g qég 3§?8d€M¥9?QH9?€e8QnR“Bf GB
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data between déEQcB&B‘é%SSLHS uc@iéfmé&a%enhgamd of transferring data
k) between a requesting agent and an accessed agent
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 2263378 (also
divided out of GB 8924639.1) there is described and
claimed a bus system for transferring data between data
processing units ("agents").



1. A method of transferring data anong agents selectively

__coupled to a-bus;—said nethod conprising the steps of: transmtting a »

virtual address from an accessing agent to a nmenory nanagenent .unit (MW)

‘m(l““ ﬂ“ﬁ“ﬁ sai d nenory managenent unit including storage,nmeags
M““ nsiation data for translati ng said virtual address:
intd a‘physi tal” address; transnmitting a rerun signal fromsaid MW to said

accessing agent iif said MMJ does not have translation data for said
virtual address stored in said stora,gelczreans granting control of said bus
to said MW, transferring over said bus The translation data for said
virtual address from an external peripheral device to said MMJ, granting
control of said bus to said accessi GhAEMSNt; retransmitting said virtual
address to said MMJU from said accessing agent; translating said virtual
address into a physical address; transferring .said data between said
accessi ng lrgent  Andmethedor 9f | 5ranBERTEdNges dak@ n@meng aiagentsi cal

addr ess. %electn?é"ﬁ( a88hprda do #! s, 1,sai’&‘€1ﬁ€tﬁodsa'éiam§%§sfﬁfp“ ses a

plurality % Isl,gleegs IPC| udi ng data 1ines and

'!

_transmltting a virtual address from an accessing
agent to a memory management unit (MMU) coupled to said
bus, said memory management unit inclﬁdihg storage means:
for storing translation data for translating said
virtual address into a physical addreés; o \JJ.
transmitting a rerun signal from said MMU to
said acéessing agent if said MMU does not have
translatibn data for said virtual address stored in said
‘'storage means; o
granting control of sazd bus to said MMU;
transferring over_sald bus the translation data.
for said virtual address from an external peripheral
device to said MMU; _
granting control of said bus to said accessing
agent;
retransmitting said virtual address to said MMU
from said accessing agent; _
translating said virtual address into a physical W
address; K _
transferring said data between said accessing . E
agent and a memory location corresponding to said |
physical address.

2. The method of claim 1, wherein said bus
comprises a plurality of lines, including data lines and-
address 1lines coupled to each of said agents and
further, wherein said virtual address is transmitted to -
said MMU over said data lines, and said physical address



address lines coupled to each of said agents and further, wherein

said virtual address is transmtted to said MV over said dat auum

sai d physical address is asserted on said address |ines by leu.ﬂn m””",
The nethod.of claim2, wherein said bus further includes a clock sigral

i ne coupl ed to each of said agents and to a bus clock, and wherein all

signals on said lines of said bus change _synchronously wth a rising edge

of a clock signal provided by said bus— od¥k-on said cl ock si gnal line. 4.
The nethod of claim3, wherein said accessing agent transmts a re- run

acknow edge 5| nal to.s eceipj,of saidre.r signal. 5.
The nethod of * zﬁﬁﬁefteﬁjrqrheﬁa’r‘ﬂ ‘Hiﬁ?‘@st eF Y oFatd, Wﬂatl ng a data
transfer cycle if said cycle exceeds a predeterm ned nunber (N) of said

clock signals provided by said bus clock on said cJock signal |ine and
anot her one of3.sai d agei¥ méEifodSE6ELr ERAIR RGNENeFiUF gaemleﬁﬁss?fﬁ&aheto

of rostarti ng BELAes oftn SBFRILFIPAL e coprRYafd YRnBrell i arad
restarted cyclagesice snddtana hbusocdock,sardd agherelhaaldor@igmaﬂsaoness
to said bUS. gaiq 1ines of said bus change synchronously with a
rising edge of a clock signal prov:.ded by said bus clock
on said clock signal line.

4. The method of claim 3, wherein said accessing
O/ agent transmits a re-run acknowledge signal to said MMU
upon receipt of said re~run signal.

5. The method of claim 4, further including the
step of terminating a data transfer cycle if said cycle
exceeds a predetermined number (N) of said clock signals
provided by said bus clock on said clock signal line and
another one of said agents has asserted a pending bus
request signal to access said bus. '

6. The method of claim 5, further including the
step of restarting said terminated data transfer cycle
and completing said restarted cycle once said another
one of said agents has completed access to said bus.




