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¥\RHI TRATI ON PROTOCOL W TH SUPPORT FOR |/ O REQUI REMENT RELA' T' ED

APPL| CATI ONS This patent application4s related to co di ng ap tion
(8 2287159, entitled "Initialization 1I\/techanl sm for m%g ‘F‘éefﬂpﬁ'ptnggl on
fgents" which is a55|gned to the a55|gnee of the present application and
filed concurrm wt:‘ A KORABIN REN ' & bcdiel d of the
I nvention. The present
buses. Mrre parti eul a g ‘ INZ
protocol s for conputer systentbuses de5|gned for sere icing multiple
processors and 11 0 devices. 2. Related Art In nodern conputer systens,

mul tiple agents _are often coupled to a bus and arbitrate for the use of the
bus. An éﬂ%ﬂﬁlggiéﬁﬁkﬁQﬁl¥Q§ﬁ-deterntnes whi ch went has ownership of the bus
at any given tinme. A conputer systemmay include nmultiple processors, or
simlar devices, that are sonewhat alike in their bus usage requirenents.

The system myrl 89:AASbIABON RIS 1/ QuSlen i labBfcallsy b0t bol o

advant ageous t0 n requirements of all

such agera.tlauécg mmaﬁt;tuoqwcamgmtmﬁsmctt@twmm%gmy wHiif ious bandwi th

requi r ement
assigned to the assignee of the present application and filed concurrently herewith.

ACKGROUND OF VENTI

1. Field of the Invention.
The present invention relates to the field of computer system buses. More
rarticularly, the present invention relates to arbitration protocols for comgputer

system buses designed for servicing multiple processors and I/O devices.

2. Relaled Art

In modern computer systems, multiple agents are often coupled to a bus and
arbitrate for the use of the bus. An arbitration protocol determines which agent has
ownership of the bus at any given time. A computer system may include multiple
processors, or similar devices, that are somewhat alike in their bus usage
rcquiréments. The system may also include various /O or similar devices. Itis
advantageous to meet the bus bandwidth and latency requirements of all such agents
in a well designed bus arbitration protocol. The bus bandwith requirement of an
apent is the percentage of time, on average, that the particular agent requires usc of
the bus. The latency requirement of an agent is the maximum amount of time that

the agent can wait before obtaining ownership of the bus.
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agent is tire percentage of tune, on ,average, drat tire Particul ar agent
requires tree of the bus The Latency requirenent of an agent is the maxi num
anount of tine that the agent can wait~- before obtaini ng ownership of the
bus. -2 23 Decenber 2002 In one arbitration schened Reeamher 206% er
receives requests for the use of the bus fromthe individual agents and

sel ectivel y glarneatijetionfchernt a cendra gebiteTRcsives Feavestpfarabesuge afthei ity

because conguter syst em desi gner,s can |]ndi vi dual | detﬁ{ ine_a. priority

schene aRehiombe irividyalagepiyend selsttinglY REALSOW RSB PhRedius. FRéS dr awbacks

f thi oL tl tral bi t i . i red d?2) it

has a | ostberEatrey NEHOHIR DEsEHE PG WS RAEACE] " dBURESlY | n' anot her
bitrati ‘Sch ) th t dai sy.-chai ned, Inp thi h

bt at PORTHAF GRS T AR ATINE (af SOR . ot Sl P RBRBst to 1 owest

DL or Y BB AAT B G SRPHE AR S LRt ong
pr ot ocol hwltopgqﬂgﬁ%%fh%%ég&%ﬁggBj.'mpcgg Lﬁh?%raglzéé.atl on | ogic and provides

| ow | at ency of “bus efween multip gents. The present invention

provi des suchi@pnAHVARHAAEEN ScHefR IHe 2gbhtisiafe ATTBRaiAdY,. GATRY Befy St M8 tO
coupl e various types of agents to a cOnputer system bus. For exanple,

mul ti pl eaBieaRaTHHRboREG ey akiol) d%a#:s:g@csswh heghe 51RE SoWwése bABRnJevi ces and

menory devices are often coupled to e conputer system bus. These agents

have var YiagErbubadka el viisiidhemadird mflenidiliy agdilsm@bitatioN fmeeessor agent may
use the bus 20A0 of the tinme while an 110 agent may use the bus far |ess
than 190 of t lrewduldbe adoamygoys wonpPeide dntasbiaafioropeskol thanreghicksiay i ce
typically has a relatively | ow bus | atency requirenent to avoid overfl ow or
under f | oextemabi¢entraharbitratios éogibsnd prevides law {aehcymf bonedchbogef matween

Therefore) 1/ O devices should obtain usage of the bus as soon as possible
to neet mhdiple pgdnts.| Bhepresent inyghiemprovides suabyn admanggerpssysiliem retries. An
overall arbitration praotocol should account for the needs of different
types of bus HJeRPEMONE CRMBYIEAEYSIGTBIN GOURIYSIPLE HPCS DEFSAH 1dvant ageous

eoul{ N IDdeL BOUL el Syl oI Gan v e Na g duTber of bus
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agent may use the bus far Jess than 1% of the time. However, compared to a

processor an I/O device typically has a relatively low bus latency requirement to

avoid overflow or underflow conditions imposed by their lirnited internal buffering.

Therefore, /O devices should obtain usage of the bus as soon as possible to meet

their low Jatency requirement thereby avoiding system retries. An overall

arbitration protocol should account for the needs of different types of bus agents.

The present invention provides such an advantageous result.

Many modem computer systems can have a varying number of bus agents.
The number of agents on a particular bus may vary between systems, or may vary

over time for a given system. Thus, it would be advantageous to provide a versatile



woul d be advantageous for an arbitration protocol: 1 ) to provide for
varyi ng nunbers of agents on the bus w thout requiring additional external

logic (i.e., the protocol should be3glueless"); 2) to fair, in
arbitrating between agents with sinmilar bandwi dth and ?gﬁeﬁﬁvnp%happgnents,
referred to as "symetric agents"; 3) to provide a snall, |atency bus
exchangerHEERRBProiRAc M sHgRATSa ‘@)’1“@6’“&1&,‘6 RRBSRIEWHMRINITBdcesses by
agents; 5).to quVId flexibility to neet, the r uir nents of 1/0O or other
such de#cRonallggicand#xpepsgs Ihs preaseplipvepgonpsovi gﬁ an@dyaniaesOttbr st case
arbltratlgﬁ | atency for 1/0O devices; and 7) to allow one clock cycle for

si gnal ‘sni ssi on bet ween nultiple agents and a separate cl ock cycle for

the agents (G respond. ielerrad ta as A Lancheds usor g gl poen

I nventi on pr ese an er a vant‘ageous ver t he

" at chod B 8%»8*%?%5%%%%%%%95%’%@ 0D S8 BLTRARRE i | nENTI O
n Syst © A Tza0ths oerm@ts@svmh%@qpmgha@aﬁ&%@&%@a Bpld feal bl i ration

protocol i n¢l'udes support riotity agets is Each

symetri ?ot@élﬂ@hodxlﬂ He"@112)e38 9/ T bR AL Bﬁarbﬁfaﬁﬁc'b&%n‘a@c% dgth to provide
dlstrlbuted arbitrati 6n using a round-robin (T.e., circular priority)

al gori t RithilabbafdWitiuslied ReeBY réddifeRichispdefareed 18Uk i"BemirRERtageR";@)Rot ating I D
val ue that reflects the synetric agent with the lowest priority in the
next ar i proeidecismealElatencabds )change)trametan mulGpteeagehisp4Sioat e | ndi cator to
indicate either a busy or an idle state. In one enbodi nent there arc four
symet r iacccageodae hoxt 4dvesses by agants; §) theprowviide plexbilityyto inseOfhel, 2) 3) 0, 1) 2,
etc. with the Rotating IDs indicating which synnetrjc agent has the | owest
pri orit yequinements aidi® onpthet suchidomicey esferredpnzs pricaithrganss’t Gtoevent , the
symetric ent wth the highest priority becones the symetric owner. A
priorit W&ggnﬁvqrﬁaaascr agimsios lareydaslOsteicas asdme te Al 6veelothe symtetric
owner unl ? t he nretri.c owner is rfornl an atom.c (i bus-1 ocked)
t r ansactY9! °r|5&sr@§§a@%ﬁsle%ﬁfmwm ¢ p3BIS %emledpw&kef@gor s are

A s el L S 0 1
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curont pRUMRIALS it b BOIRPLARE, R BB, 2, U

for UneE SRl @Btk ELSIBLA 0L f MEoHASRNLORE CONULRLoSY St om | Dol ude:

a system cou stem uest "bus coupled to
t he system bus; and a plurallty of processors each coupled to the system
bus and the request bus for requesting ownership of the system'bus and
perform ng transactions on the system bus when selected to be a bus owner.
Each processor includes an agent identifier that uniquely identifies the
processor's position in a circular ordering of the processors) a rotating
identifier that indicates a |l owest priority processor such that a circul ar
order of priority of the processors is defined, a request detector that
defects 5 23 Decenber 2002 bus ommershlp requests by the
processors) and a symmetric arbitrator that selects a highest priority from
anong processors requesting the systembus to be the bus owner. The
rotating identifier updates itself to indicate the bus owner as the | owest
priority agent. Another elenent that may be included is an ownership state
i ndi cator that indicates the ownership state of the systembus. If the
ownership state is a first state the symmetric arbitrator of each processor
sel ects the bus owner at |east one clock cycle earlier than if the
ownership state is a second state. The first and second states can be idle
and busy starts, respectively.



According to the present invention there is provided a conputer system as
sset forth in claim1 appended hereto. -623 Decenber 2002 The present
invention is illustrated by way of exagple and not limtation in the
figures of the acconpanying draw ngs, in which |ike r&3&Denember@20Q2t e
simlar el errents and I n whi ch Figure 1 is a block diagramof a

mul ti proceSIMMASF ‘ EySvem oY he present invention; Figure 2 is a

bl ock di agram of a bus cl uster system of the present invention; Figure 3 is
a bl ock diagr arrﬂdwslaﬂpﬁﬂé%ﬁ-bo‘ﬂ foy @reYidinE yhigle RETRRRANGBAYTBEEI bet ween

t t d t 4 | 1 t f th
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agent to arbitrat . . gure art des g the
steps of tienAfESE du AR B RAkiRL ID value that reflects the symmetric agent

with the lowest priority in the next arbitration event, and 3) a symmetric Ownership
State Indicator to indicate either a busy or an idle state. In one embodiment there
are four symmetric agents and the circular order of priority is 0,1, 2, 3,0, 1, 2, etc.
with the Rotating IDs indicating which symmetric agent has the lowest priority for
the next arbitration event. Upon an arbitration event, the symmetric agent with the
highest priority becomes the symmetric owner. A priority agent that requests the
bus obtains ownership over the symmetric owner unless the symmetric owner is
performing an atomic (i.e., bus-locked) transaction. In one such system where
Intel Architecture processors are symmetric agents, a priority agent (such as an /O
device) requests the bus by asserting a BPRI# signal and obtains ownership of the

bus unless the current symimetric owner is asserting a LOCK# signal.

In addition, a method is described for arbitrating between symmetric

agents and a priority agent for ownership of a bus.

Elements of the described computer system include: a system bus;
a memory coupled to the system bus; a request bus coupled to the system bus; and a
plurality of processors each coupled to the system bus and the request bus for
requesting ownership of the system bus and performing transactions on the system
bus when selected to be a bus owner. Each processor includes an agent identifier that
uniquely identifies the processor’'s position in a circular ordering of the processors, a
rotating identifier that indicates a lowest priority processor such that a circular order of

priority of the processors is defined, a request detector that defects



symmetric agent to request ownership of the bus; Figure 8 is waveforns
svillustrating bus arbitration initiated after a reset sequence in a node of
t he invention which includes Intel Architecture CPUs; Figure 9 is wavefornms
illustrating arbitration between two-&- nore synmmetri @hbesembani2Q02 OCK#
‘and BPRI # stay inactive in a node of the invention which includes Intel
Architecture CPUs; Figure 10 is waveforns illustrating bus exchange between
a prioritpusgenershipdcguasissinierocessgsrng aisymanatogartikatonehat gsle¢ts eon whi ch
i ncl udes I ntel A,rc_hi}ecture CPUs; and Figure 1 | is vefornms illustrating

an owner sWEPSHYIRE IREURTBYE BERCASRISFANEL PR esygiem Brs By e e Byent duri ng
™0 & mode SsPet nihsaRenaet AT Ertt i R BRI R W Ger fr e M
priority agent. Another element that may be included is an ownership state indicator
that indicates the ownership state of the systemn bus. If the ownership state is a first
state the symmetric arbitrator of each processor selects the bus owner at least one
clock cycle earlier than if the ownership state is a second state. The first and second

states can be idle and busy states, respectively.

According to the present invention there is provided a computer
system as set forth in claim 1 appended hereto.



23 Decenber 2002 DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENT A system
and nethod for providing a high performance symmetric arbitration protocol
that includes support for priority agengs is described. In the follow ng
description, nunerous specific details are set forth, sA@Rexendyprn2002pes)
bus bandwi dths, signal names, etc., in order to provide a thorough
under st andi BRIEH DERC RIPaE £ OF AVE P W | | -be understood by one
skilled in the art that the present invention may |x practiced w thout

t hese specific dEbeplessntinvestionis ilusirataddnsyayel ¢xampioandeatisatdtiopincedur es,
conponents) and circuits have not been described in detail in order not to
obscur e t haht figenss PHHE acFEMPAnYiPE Ha WaRESoifet Hic B ke refarenassainpicate similar

mul ti processor conputer system of the present invention. The conputer
system genér’%ﬂ’ws é’?ﬂg‘&r‘i"g‘é ‘ a processornenory bus or other conmunication
means 101 for c ni atibrb]g?é nf or matg on tl)etween one of nore pracessors 102,
1 D3) 104 and 10889 bisdsBrk Hagmm oha MU PO (BRI SYLER o % a and
control busts. Processors 102 through 105 may include a small) extrenely
fast inter AFCRHCKE 4R ory, commonly referred to as a level one (LI) cache

f arily: shor i ' _chip: |.n.addition,
AR TG L e e R ol
e s P SR el g SO S RS

i nstructions for process one no e presen

may i ncl udgelyid8lsyAltdiHE 884 SrdPidrRPROGRESOr s as processors 102 through
105; however, the“present™invention may utilize any type of m croprocessor

architecture, OrFjgi 4%k 28 iih@Sratiod ofithg iiitamnab 88 &lacRhg GREBRiSm & ocessor 102,
103, or 104 may conprise a parallel processor, such as a processor simlar
to or the siwEbhasd beARRGMONETymAdes agentsyel y processor 102) 103, or 104
may conprise a co-processor) such as a digital signal processor. In

addi tion, procefgure 3102 fidwahaghiebdbimptheistepk oflchepreszasswestioaffodi f f er ent
types. 9 - 23 Decenber 2002 Processor 102 is coupled to processor-nenory
bus 101 overbiraingtstwkerssyindfctandgenis 138. Processor 102 al so contains a
symmetric arbitration unit 302 which controls both when processor 102
request s access Hipurprtos adlpyrchan gosoyibingthe GiEpapbthatpeesept ivvewivorfond? i s given
ownershi p of, hus 101. Request bus |37 transfers the signals associated with
bus ar bi t r PG agenWeALIFAlIEsE8PU$02 and the remaining agents coupl ed to
processor - nenor transferred. bet ween

.bus _101._ The remai ni ng, si gnal
processor 102 a*&ﬁFJ&‘ééW‘ﬁ%F?r@% ‘f&igaf' Efs‘thr’e?ﬁ%sl‘@‘r‘lnéﬂ“w PTHus | 38.
These remaining signals include data signals, address signals, and
addi ti onal Swﬁgm g%i"b??affgfmsfﬂwaffé Qrf’gé]gﬁ%ht, r equest bgs 137 and bus |38
105 Bi'so 1 nol udd S EpeRrr el BhevRa i R P B et e 1o
rocessor - Hus Wtk - . . shown with
rpegard to %@%@s‘g% Tége.lo#wr?kEc}]n\gn{éﬁ’gggﬁr?éngfl,ﬁd%ﬁﬂ/&?‘gce}ms%#r};e ??g agents

coupl ed 1 o' pr 0oess e oITEWRof iy Ikl SUWERL LG oR ey 1ot 1 on uni

302. In an alternate enbodi nent, a nts coupl ed to processornenory bus

1 01 i ncl udeyBm3EmlhisGyidlell OCRE L8 BIRIE s@92nacliRe ik SRR DD e TRVBM Y PUS 101
provi des system access to the nenory and input/output (1/0) subsystens. A

menory coniyhedhl i8€ludelinted AGERIRcRGe WPR; processor-nmenory bus 101 for
controlling access to a random access nenory (RAM or ocher dynam c storage
device 121 (conmFigury 106 waveforniillasraingtiu eXEREY beds@en atpaibtifidagdenf or mat i on
and instructions for processors 102 through 105. A mass data storage device
125, such asd svomgmeatine agestk imachode oK thedrinventioh swhish mecludgs Indlor mat i on and
instructions, and a display device |23, such as a cathode ray tube (CRT))

l i quid cryérciitectiuspCRYs(dn@8D), etc., for displaying information to the
conputer user may be coupled to processor-nenory bus 101. An input/output
(1/0 bridge 12Kigvay!bé wavaiormms itlostpatiog@ssornensdvpragubsignadg bydeth system 1/ O

bus 131 to provide a communi cation path or gateway for
symmetric and a priority agent during an ongoing indivisible sequence by a




23 Decenber 2002 devices on either processor-nenory bus 101 or |1/0O bus 131
st 0 access pr transfer data between devices on the other bus. Essentially,
bridge 124 is an interface between the system /O bus i¥and t he
processor-nmenory bus 101. Bridge 124 includes a high ﬁ%? §GeMbeHLPPR2 uni t
3325 that arbitrates for ownership of $#We processor-nenory bus 101 on behal f
of 1/0O devices such as 132-136. I/0O bus 131 comuni cates information
between peripheral devices in the conputer system Devices.that may be
coupl ed t osymeeimdwer bus mk8k of thel inventian ¢ i@ wpludes intel dWeh as a
cathode ray tube) liquid crystal display) etc.) an al phanuneric i nput

devi ce 133CPatsl. udi ng al phanuneri c-and ot her keys) cte., for conmunicating

i nformati on and conmand sel ections to other devices in the conmputer system
(c.g., processor 102) and a cursor control device 134 for controlling
cursor nmovenent. Mreover, a hard copy device 135, such as a plotter or
printer, for providing a visual representation of the conputer inages and a
mass storage device 136, such as a nagnetic disk and disk drive) for
storing information and instructions nmay al so be coupled to system |/ O bus
131. In sone inplenentations, it may not be required to provide a display
device for displaying information. Certain inplenentations of the present
invention may include additional processors or other conponents.
Additionally, certain inplenentations of the present invention nmay not
require nor include all of the above conponents. For exanple) processors
102 through 104, display device 123) or nass storage device 125 nay not be
coupl ed to processor-nenory bus 101. Furthernore) the peripheral devices
shown coupled to system|1/0O bus 131 nay be coupled to processor-nenory bus
101; in addition, in sone inplenentations only a single bus may exist with
the processors 102 through 105, nenory controller 122, and peri pheral

devi ces 132 through 136 coupled to the single bus. FIG 2 is a block

di agram show ng an exenpl ary bus cluster systemof the present invention.
The present invention carp apply to multiprocessor conputer - 11 - 23
Decenber 2002 Y systens having one or nore clusters of processors. FIG 2
shows two such clusters 201 and 202. Each of these clusters are conprised
of a nunmber of agents. For exanple) cluster 201 is conprised of four agents
203- 206 and a cluster manager 207, which may include another cache nenory
(not shown), coupled to bus 212. Agents 203-206 can incl ude

m croprocessors, co-processors, digital signal processors, etc.; for
exanpl e, agents 203 through 206 nmay be the sane as processor 102 shown in
FIG 1, being coupled to bus 212 via a request bus 137 and bus 138. C uster
manager 207 and its cache arc shared between these four agents 203-206.
Each cluster is coupled to a nenory system bus 208, which in one enbodi nent
i s processor-nmenory bus 101 of FIG 1. These.clusters 201-202 are coupl ed
to various other conponents of the conputer systemthrough a system
interface 209. The systeminterface 209 includes a high speed I/O interface
210 for interfacing the conmputer systemto the outside world and a nenory
interface 211 which provides access to a main nmenory) such as a DRAM nenory
array (these interfaces are described in greater detail in FIG 1 ). In one
enbodi nent, high speed L'O interface 210 is bridge 124 of FIG 1, and
menory interface 211 is nenory controller 122 of FIG 1. Certain

i npl ementati ons of the present invention may not require nor include all of
t he above conponents. For exanple) cluster 201 or 202 may conprise fewer
than four agents. Additionally, certain inplenentations of the present
invention may include additional processors or other conmponents. FIG 3 is
a bl ock diagramof a present invention systeminterconnection between
symmeric agents and priority agents. It should be noted that the

i nterconnection of FIG 3 is exenplary only; the scope of the present
invention is not limted to the interconnection shown. O her nunbers of
agents and interconnection schenmes may be utilized which are within the
spirit and scope of the 23 Decenber 2002 -12



present invention. Furthernore, other agents besides processors and 1/0
devices may be arbitrating for access to the bus) such as cluster manager
207 of FIG 2. For bus arbitration purpgses) each symmetric agent ‘i ncl udes
BR[ 3: 0] ~, BPRI#, and LOCK# pins. The BR[(%: 0] ~ pins (i.@&3 DbogmbeqA2 pi ns)
are bus request pins whereby a symetric agent receives bus ownership

requests fr DS RIPTICRTS THISPREFERREDE MBOBBYENT N one node) a

symmetric agent 1ssues a bus ownershi p request by asserting its BRO- pin
and recei ves bus Owkedrs ah® mietitpdefol providiege highf parfremBifedydimetpicns. The BPRI#
pin (i.e., priority request pin) is a priority request pin whereby a
symretric agsitratiecgrotoes! thasinoludes supppriferpresrty sgemmisddstgbedorinahe ty bus
agent. The LOCK# pin (i.e., bus-locked transaction pin) is a bus-|ocked

t ransact i on fpliowing desiniptiansyumerons spenefin desaitpraat setfbithotiabas bgent figmest s t hat
bus ownership is currently |l ocked, i.e. bus ownership cannot change while
any bus agembts bandygddhst $ignalinames Gixninpdrder torprovide gobierough ypderstaniiogagent
asserts its LOCKn pin while performng an atom c operation (i.e., an

i ndi vi si bl e of Sgprseseat ibrensipn. tlf wit be undnispod by PResiBReBinghe Antghai sheyf
symmetric agents 302-305 are coupled to a set of BR( 3.0]~ signals 311-314
(i.e.) bus PESHEJRVENtign May)boRiasics W‘Hﬂpbﬁh&%mﬁg‘ﬁsﬂgmﬂhﬁéﬁﬁs send and
recei ve bus_ ownership requests to a:bifrate for ownershjp ,of. a system bus,
such as pr o BLTERS. HANOFIP R B HPES GroRSEres: CompoRaRt ASE CHEHL I 3P { he
system bus have,not. been |ncluded so as not to. clutter the draw ngs and
obscure the %%:émqudggﬁtagdﬂ'orfcﬁngpgo e PR her e the symetric

: here the symetric

The BREQH ) gnal S Leidls HE RV ORH SeaRien N Spdlg Y | [
d o : ; ' t 2.

At ernat vePy PR A G PR Yol B PRLm A Best f cERRPOBIRORERT |

bus 212 of Eicﬁsoqg?bu Chn S ahhiCatRAGhdans 1BPRrofirRudiSabURiopdatich @ BPRI#
signal 316 (1.e.) a high priority arbitration signal) which can be asserted

by hi;h prigéiwle¥n BHE oRERA¢ BrocessdfP] 37,208, farand X3, BoedEEs-meRR2y Bus

owner st>Jp. The LOCK# pins of each symmetric agent are coupled to a LOCK#
signal 318 (01 ircludes bddretsy) dktazingahjrolihrises) PmoedsersalRahicaghlipstchey current
symmetric owner to maintain bus ownership during a bus-locked transaction.
A hi gh pri oinictugde arshiaileext®2fely $asc mugrhalcatie memesy, chmnBRRB! fefetagtalas 31 6 to
arbitrate for bus ownership on behalf of nmultiple priority agents. In

addi tion, theeldngiLp) ¢asht memarpiforgempoesriivseringdate 4ad irGoKRtigisPnadhiB18 as an
input to indicate when it may arbitrate for bus ownership. If none of the
symetric alpesdditicaoa bigmsr.istoverdevel twe (k3 rcachagnraposy dpfasandesroupled.to at he
LOCK# signal is deasserted)) the high priority arbiter 325 can assert the
BPRI # si gnaProgas§ok Sudl 35 RrPatssOr S, EiienaaTan ! hiiofRg dalpand Angieuons 108 hi gh
priority arbiter 325 includes a set of 1OREQIn: 0] pins, for, recelving bus
owner shi p rmsqrgcwm%ﬂmsnmco Fwsaa%fgauwrm%de@.Cqua@!%gh priority

bi t 326_incl udes ., t of 10ACKINn:O j f w edgi t iorit
20ent ot hat ZHOCCCUli AR oo BaTOb AT A0 Camen A0 D IFh 0 B Phuest | &
present. on A GRS Bitbe &% RN Yor Ak ElreT 0P ofY LT A 365 LD

digital signal processors.

Processor 102, 103, or 104 may comprise a parallel processor, such as a
processor similar to or the same as processor 105. Alternatively, processor 102,
103, or 104 may comprise a co-processor, such as a digital signal processor. In

addition, processors 102 through 105 may include processors of different types.



arbitrates for bus ownership, acknow edges ownership of the bus to the
spriority-agent having the highest priority request. Note that the high
priority arbiter 325 can be thought of as the "priorit ent" w respect
to the arbitration protocol of the presemt invention b%% pher %BQI@
*priority arbiter 325 arbitrates for the bus on behalf of multiple priority
agents. In the subsequent discussion of the arbitration protocol, "priority
agent" can al so nkanessorhl2iskiogplepno praceysoamimrheny. buk Odmeermedeestibak udi ng
the high priority arbiter, priority agents each include a REQ pin and art
ACK pin. A pid7andtbys d§@nPraxesser 182 alse cRERinsi asyfimetric aabipriion inly 38Zent
request pin) to request ownership of the systembus. A priority agent
observes it swiicKepitrpl§ bots whea grofesson 102angqHesthadeasivoqaeeesparrpemonidedser mi ne
when it has been granted ownership of the s~~stem hus. - 14 - 23 Decenber
2002 | n one &itsadivviantprogasser 1Q2yis ghem eV rership od e 80k Regenspbesd!id the high

PrLoG LY AL SR e PELSE L, Reth s QUL L col 6 o one o
UL TS Coupl Lo, 008 L% AR B Loy L SE L OG0l output
provgh =" Seget aadacknpuledaqbrg grol. it he LA el prlar bl er
S B PR S A MR
to arbitrat %dgf?:ronhgl%ng-gﬁgxoﬁﬂg 104 %@%&‘Qﬁ“é%q&%‘qﬂ’éﬂgﬁ%@ ‘oﬁj g£4L. wnen_bus

ownership is grant agserting t ppropri out put. -The

symetric agRRls¥ pPocdsiBmbBoR Ee®A0rs 0-3 of FIG 1 with the BREQ 3:0]#
signal s being part of the processor-nenory bus 101 in one node or part of

the request bus Ihe ditRergs?6dedsrs TO3Ithrob¥H 105 dl30 R@RITeS sYmaieirid afbiyaths LO
devices with their REQ and ACK signals being part of systeml1/0 bus 131.

The hi gh priwaiti30f aad atd coupidSo pegcebsorentradiyeasi 110 1 twieh brdgdgs bh@437 Ehdis)
present invention systeminterconnection schene of FIG 3 provides a neans
wher eby t he bay ¥B&ts stovageithse 02 t@Pfocessor 40D br atecerhbddiment, bhiyrthel ves f or
ownership of the bus) i.e. a symmetric agent arbitration protocol) and al so
provi des a spmurstrivhagests\coppliednd procassontmens2y b8e 80k inglusie ai symaneasri€ or .
ownership of the bus) i.e. a priority agent arbitration protocol. |I. The

Ar bi t r at i on 2 GRlRINII02: He aprie@aic dmRasimrenaliFagemyequpiad 1 [PERISESPI- t he
present invention arbitration protocol enbodyin oth the symretric agent
and priori t PeAREHPURAB] WLPE’F@rFYW‘BE&T%“?@“ﬁHWg%ﬁ%

<scussed in nore detail.

The Tol Iowi g df sgusel 00,45, 0L AN AT S ARLODRIOLASE! o\ iR L2 L0

input/output (I/O) subsystems. A memory controller 122 is coupled with
processor-memory bus 101 for controlling access to a random access memory
(RAM) or other dynamic storage device 121 (commonly referred to as a main
memory) for storing information and instructions for processors 102 through 105.
A mass data storage device 125, such as a magnetic disk and disk drive, for storing
information and instructions, and a display device 123, such as a cathode ray tube
(CRT), liquid crystal display (LCD), etc., for displaying information to the
computer user may be coupled to processor-memory bus 101.

An input/output (O) bridge 124 may be coupled to processor-memory bus

101 and system /O bus 131 to provide a communication path or gateway for



symmetric agents and a priority agent (or high priority arbiter that may
arbitrate on "y 5 23 Decenber 2002 behal f of any nunber of other
priority agents). The present invention, however, is not limted to the
case of four symmetric agents. O her smgbers of symmetZ8degpmber 2002ui t hin
Yhe scope and spirit of the present invention. Note that the "priority
agent” in the follow ng discussion can also be a high priority arbiter as
shown i n Fi&ic&.on sithehproaedsot-mamaoy bps d0bool/Qoust HE pragsssnor iransdert i on) a
single priority agent or a high priority arbiter that arbitrates on behal f
of mul ti pl éatpbeuvaendesigenon thardsharbas.cEssantialp Wridgei l34dserintdrfdcey t he sane
manner. Arl|zitration Phase. A bus agent needs to have bus ownership before
it can inibetween thepystepy HAdustlBband e presessgenmemary bys 1@heBridae dher) it
enters the Arbitration Phase to obtain bus_ ownership. Once bus ownership is
obt ai ned, NRlIdsHaKShRIIPrEn ADICE writ Fe et Arbiraseiof Y nesb{pofdhe r ansacti on on

the bus. Ar~tration Protoc Overview._The bus arbitratjon protocol of the
present in%ﬁf%saﬁw&’f‘é b%ngF%@E%%yéff%é%sébgh?%{ﬂé tric agents and
priority agents,, The netric ents_s rt fair,. distributed arbitration
using a roundr oBPHPY I.%é.c,onﬁlf“é‘iﬁ?%rmtﬂm&ﬁ% %Weﬁ‘ﬁ@?wlﬂ@ %ﬁ’éﬁs OHifet ric
agent has uni e . t i gned. reset. The

' qor ¢ hm SPRUELSSEHE Petices kAR it RS BOBET S irElue™Ct

priority: Qis%llai dg‘)'icg’)wﬂ)sugﬂ a%ac gclcm51 hﬁﬁc,qm E%@Jal éﬁggz)?,ge?c.?ﬁw d be used)

however. Eac ymetric agent als ntai ns® a conmon 1hg IDthat

reflects tghmumEchFuddeRt leiﬁ@Iﬁchn%%hMiﬁéﬁc Bfd Gc'h'trt%y't,\r/\tﬁglcii.,zﬁ;r next

arbitration event. An arbitration eveht 'is the process by a new
Symet ri ¢ dHASmOeNTeSingd iffHHa8bRAEEbrAREnE SAEARMSs tdBther@viceg bk r ati on event,
the symmetric agent witl'~ the highest priority becones the symetric
owner . Notsriflatr $ySR s ERIEHoLEsOMTD) ahd anirsdreonsshddviee Bagopveral | bus
owner (i.e. a priority agent nmay be the overall bus owner). The symetric
owner is atdntrotithgtcxreminesvehieat. Relgrestr, Ritese cppyoutded] 350 sudhiesra glottéron of

hi gher priority is preventing the use of the bus. - 16 - 23 Decenber 2002
The pri orianpringernfcs prévidinpiaghsal eprasentasion hhthetdomyanmegdsandwrezss Once t he
priority agent arbitrates for the bus, it prevents the symetric owner from
entering iweestdedor Ry such asphmegnaisl desksanchéiskapiverfansiadeg mormatsart of an
ongoi ng bus | ocked operatjon. Bus | ocked operations are those operations,
(for exanpARé lasirietigns Bapaspdeiconplsd dhsysiep a5y bhodi Fy-wite) which cannot be
interrupted without disturbing the integrity of the operation. The priority
vent is all omedﬂksewf@cm%ﬂr@@auéwrﬂﬁgge;r%wasfia%aromc&ﬁﬁﬁaya@twn of

hi gher prifori1¥ IS preventi ngcl:the use of the bug I n one_enmhodi nent) the
synmet ri ¢ ‘ShBISPRYREInINTRARY (rdalh RRIRRe BB} P4 Ve REFEFMMYSUSN RifSh priority

o Ler B D ALES S Sl LLe AIQIEN Sasgyesi s e e
difi . : i : i . The b
rod et Aol BAR0L PSSR U Lk PRl 00 SRt R LB The bus

agents, | Q%EUQE&QFSMLSQr#&rckﬁﬁg%g?mf%cc%s‘;oﬁ-p%?%Uﬁéﬂ &4 4 Iag!fﬁvic-gél@.bf:al ly a

bus | ocked operation consists nore transacti ons”i ssued on the bus
as an lndloV'ﬁds?E@ra%%%@&@QZS'm&not%@c@hﬂl@ﬁ@o 9%&?&0&'%01‘9&9?1@1@3 symetric
bus owner has successfully initfiated the first bus | ocked transaction it

conti nues RupthkSH¢te, the }iphdiel deORdESHEw balpled & fdterd VOMut 81 almbe
i ndi visible operation without releasing the bus, i.e. it asserts its BR#

and LOCK popglet ovvpiobesughetiory bes tieimbaddition,lin ssmenmplementitions oflyiaty for
entering the Request Transfer Phase is:
single bus may exist with the processors 102 through 105, memory controller 122,
and peripheral devices 132 through 136 coupled to the single bus.
FIG. 2 is a block diagram showing an exemplary bus cluster system of the

present invention. The present invention can apply to multiprocessor computer



1. The current bus owner retains ownership until it conpletes an ongoi ng
i*ndi vi si bl e bus | ocked operation. ?. The priority agent gains bus ownership
over a symmet<~ic owner. 3. OQtherw se, the current symmetric owner as
dete~znined by the rotating priority igqallowed to gen@3aDecsgiier 2002
transactions. Bus Signals. The bus arbitration signals are BREQ 3: 0] #,

BPRI #) and LOCK#. Referring again to FIG 3, the BREQQ3:0]tt bus signals
ar e connectsgsteine hhviegfonaror syoreelustess afjprocsssors. aFlG Raghiomg twnsveh. Thi s
arrangenment initializes every - 23 Decenber 2002 symmetric agent with a
uni que Agerfusts 20k andR b vieachard thwseclusteratiecommisediof 8 nufnbehef Agpans. 117
initialization nmechani sm are described in the above-referenced patent

appl i cat i offor Example sylusien 341ds agopriserhef foneagampui0bd@pand pelisteBROY, to
arbitrate for the bus during normal operation. The renuining three pins,
BR1#, BR2#maaaeerBiRIywhighanahisgiudsapgthanerche samRey (ot hov@)aoupled to
arbitration requests of t&g remai ni ng three syrzlnetric agents. The BPRI #
signal 316 bi'-‘ézg?\ Haense0s ﬁ]‘:ﬂ’lé"‘%‘ﬂ‘P‘tﬁlicﬁ'%r&@%sﬁ?rsb90\%‘?‘(955"(’?1@‘%‘#41ori ty agent

g ; eOfrOReERE B 5 Fhegh
31 gnal t he SSPRHBPTES AR NRATAE 3R 205 VRN 208 s e IS Bhi p of the
bus. LOCK# i bi, = di ti [ | Db . | ts. T t
pus owner  BEBEEEIRE DS e LI RaeOb B BURad M a B G "
| nternal Busy 9180 Gl SYBIELLL S0MER Y LD orl Solllelt Bl 9! Ul €5

nmuf ti - agent cé a fe symettirc agents, us S are

di stri but ed.apdsd4.a6& aé?yclf”ﬂt%n i?}fgl?@w tfa ﬁﬁ% s9§85l%s%§;,wﬁmhsini s _known

as a distriButed synmetric arbi on prot ess” neans that no

external | ggé Embédihlﬁﬂwsrﬁgcés%rpx%&fn‘a%@m IBLETQ. Q. arfist ERkiepd201-201 €1 ri ng

now to FIG 4, an illustration of tHe internal state traclLng nmechanismfor

di stri but edreaolplef 86 VTR UG cOMHPERENLE 6f A8 RBETpuley s§OMTRrouER shfiemi Nt er nal
state tracking, each synmetric agent 500 maintains a two-bi't Agent |ID 505

and a two- bittr{4de29pi The k& Ontkdaqeea0odntiudéssd Kighypest VO umerfaed? 10 for
arbitration. In addition, each symmetric agent 500 al so maintains a

symret ri ¢ dueréacitty the sprapetebsyisteniat thed estidebesridvret heatermdre ierSace-21dr ship i s
being retained by the current symetric owner ("busy" state) or is in a

st at e wher which mgvides accessdgemain memary) spchwans DR MomemEty diray (thesate). Tlie
notion of idle state enables a smaller, two-clock arbitration |atency from
bus requestnieréachuiareinpriberiip sreates dpraildafés. Bs Iniane epbodisenti igh spesidow.  The
notion of busy state enahlcs "bus parking” but increases arbitration

| at ency t oV iPisriarh? IR 1§ bstdee daf cEFifekb aag@’%’%o%lﬁ’&ﬁfé%all,@wmﬁm he current

symetric - 18 -.23 epber 2002 owner. "Bus parlung" neans_ that the
current bu§°mbéfl%€%ﬁ¢'ngbbus ownership even if it currently does not
have a pendi ng ansact }53‘2" If a %rhansacti.on econes_pendi.ng before that
bus owner reli ng{ﬁf@ﬂé@p NHRAE? SHiPp PreR B UFHERT™ THE Whner ca. ~t

orive Lhe LERBIEon MAROML RGeS LLEE! LR UBfLafBlhe bus. The
combi nat i okt Gk Ger 8 Foul aSHRTEA BB AT ke 52 A9 BlerleRedSnflH HEM Nl at

reset, as
present invention may include additional processors or other components.

FIG. 3 is a block diagram of a present invention system interconnection
between symmetric agents and priority agents. It should be noted that the
interconnection of FIG. 3 is exemplary only; the scope of the present invention is
not limited to the interconnection shown. Other numbers of 2gents and

interconnection schernes may be utilized which are within the spirit and scope of the



described in the above-referenced application. The Agent ID is unique for
every symetric agent. Rotati n ylD. The Rotating B7 points to the
symmetric agent that will be the |owest priority agent in the next
arbitration event with active requests, (i.e. the Agent 2BPegember 200Znt
sSyrinmetric bus owner if the bus is busy Or the Agent |D of the previous
symmet _~ic bus owner in t~5e case of an idle bus. In one node all symetric

agents mai ntaidnf ﬁ‘%c% FRRHIREHDR, biRe AREE k160 SRR Frbdddsdts bfd U0 devidekzed to 3
at reset. In another node, cach symetric agent has a different value for

its RotatingniJh@hrbamting féeBdess R théBUS ¥8Eh £PEDste B)ANRI20708NG. 5 Rotating
I D points to tthe sane svnrnetric owner. After an arbitration event, the

Rotating ID is asEdrguedrbibetiddosuiboded cath hineme aydnmeidlides@RIGr0]80 that the
new owner becones the |owest priority agent on the next arbitration event.
Symretri ¢ OBRRIsthamd BOG K pilhe Thy MR{Br0)& pinsn@.es thiup requasepins) aredet to idle
on an arbitration reset. The state becones busy when any syme :~ic agent
conpl et es t hequastpins sthiemby Risysentnd 2 9ant osresves prsemniecshiputgpestsTiiemnshuat e

remai ns busy while the current symmet: is owner retains bus ownership or
transfers itagewns andlpgrdsihun Owoershin fen eesiy ditonsrmedes afemeirippgsrissons avent .
~i"hen the state is busy, the Rotating ID is the same as the current
symetric oRyeOWAGEHHP 1DueshhY ASeRENSH BB BOF Hin apdreceives Rt WRSgiPD i s the

sane as the previous s tric owner Agent ID . ' 19 _ 23 Decepher 2002
Not e t hat tﬁ@q%ﬁ?@twggﬁbﬁééwﬁgﬁ% e BRY B (T BrPAE SERFRRPH) S bus
owner. The priorjtyegggent c% ave actual dph si cal gwnershi . of the request

bus) even wi e ey ¥ g‘ﬁgl}aé‘ﬁm%‘?% T TeL eGP PER VB RIBE TS Bwner .

LT. P t .l ti LArbictrati Rul. Th itrati. t |

of the.pr os i BRI i BT bt B PR RS olSTodeR gh kiR " O
bitratt oot 1 De So L . . !

o gnal that ¥ hE5ked YhSciodbih el dby Wb B B AR 3 S

t hat indica i oy [ S i ] sacti on.
Calgsn@Rabhi SwBESRE it ﬁrgégggae_@kc%, §c.05usadwc$§y§éa:%§cﬁirs§e !

A ERRn triggérs a retry o ction having the error. . nmetric

Aeent Arbit kadileQRy BLOBEER s Rdbanc ReSTCKP R, tindie méde, aR$@Meatd annpf active
RESET# or BI N T#, “all BREQ 3: 0] # signal s shoul d be deasserced in one or two

clocks. On gbsekWaLICWKSbirrwhild/ ferforiRigad ¥ohlic &) o® e randhdionimeabl ed) ,
all BREQ 3: 0] ~ signal s shoul d be deasserted in the next clock. Al agents

al so re-ini stqlenhzeof hay tranSedtiinky)g | D to three and their ownership state to
idle. Based on this situation) the new arbitration priority is 0,1,2,3 and
there i s no curr & BRI pirc cdwpmrmetithagens 302815 mondiupledm 2 sstgéner at ed by
t he activation of BLh'ITn) BRE(gwn
BREQ[3:0]# signals 311-314 (i.e., bus request signals) whereby individual
symmetric agents send and receive bus ownership requests to arbitrate for
ownership of a system bus, such as processor-memory bus 101 of FIG. 1.
Additional details of the system bus have not been included so as not to clutter the
drawings and obscure the present invention. In a computer system where the
symmetric agents are processors (or the processors have symmetric arbitration
units), the BREQ# signals are part of the processor-memory bus 101 of FIG. 1 in
one mode, or part of the separate request bus 137 in another mode. Alternatively,
in a bus cluster system the BREQ# signals can be part of bus 212 of FIG. 2. Each

symmetric agent's BPRI# pin is coupled to a BPRI# signal 316 (i.e., a high priority

arbitration signal) which can be asserted by high priority bus agents to arbitrate for



shoul d remain deasserted until 4 clocks after BINIT# is driven inactive.
“The first BREQ- sanple point is 4 clocks after Bfi~"TlI"~ is sanpl ed

i nactive. When the reset condition is generat ed by the activation of
RESETn, BREQWn as driven by symmetric-agents shoul d r e28i Decerabse200d unti |
Z clocks after RESET# is driven inactive. The first BRFQy sanple point is 2
cl ocks aft . L Lve. Fo -.on filguration, the
system i nt § E(@S’%?;g&'gé'?gﬁgél "aélgg(r&}.Lﬁ%éégrg?%?\%ggmlaé%g&}t%@% %l ocks before

the clock ioeRiGheRFSH (i.d.5 g%aﬁsggi%gn%ﬁﬁmn 5O0UEAe DBy HRASSRAE €d by the

systeminterface 10gic cenber 2002 1n "the clock after

RESET; is %?H:EbﬁﬂcG%@ﬁfbrﬁxﬁiﬁilair%@@bwgcr%ﬁi%tdLﬁ‘iﬂ@fﬂ@&é-lgam%:ﬁﬁéﬁﬂi on for a

m ni mum of fhree clocks after the clock in which RESET# is deasserted to

guar antee wired- QmhigH %rﬁ@rﬁlyfaﬂﬁ&rgpsrxﬁéd fed idfeiveahs BPRI# signdlidlicap is
generated by AERR~, all agents except for a symmetric owner that has issued

t he second asivaiiisebueod nérslap sadishalll o6 udti By priocikesgeoperiatadonionhddl d keep
BREQn# i nactive for a mnimum of four clocks. The bus owner n that has

i ssued t he lsgcpmatityrryiehSaf meatves thenis@CKi#omgrof 38 9s bwiipedtodpéicatei on shoul d
activate its BREQn~ two cl ocks frominactive BREQh#. This approach ensures
that the | ddadt oakeaiirals fpebes orngrekipy iinaseco! Usysym@etrticagspis A93e305) on. A

aset condit POREELEe LEKH Pebe TReeatis bRCKS S Breinestoinh R act i ve
12! oo SR R SO SO SRS SRR Foe Sl
nectvars on SReAb, TR et rpclhiiniBs 39K R L BTN EO B R et v
agent s assir%iﬂ)’\‘?ﬁé?P%ﬁlcxtsﬂiptrlaﬁuélitsgﬂ?jﬁ%tvaﬁbgi’ Yoy SHEERR! Th Gd@G8AThipht h active

bus request. | ow ng cl ock) al tric agents update their

Rotating | Bricdity SitAEYRSYENBES 4 St VIO CMIRFT) prhd @Bdcl&ﬁ&»&ilédgﬁ\@@rﬁmrﬂf state
to busy. The new symmetric owner may enter the Request Phase as early as

t he cl ock tagentRdizabusngwhé&rship hapdatregran@d-—-Whete pighrminrBufeques-iat e. When the
ownership state i-s busy, the next arbitration event begins with the

deasser t presertfonBREQPRIY pirhehechigh pripriyyarhiten 325 pririizes Dgrourgnt laguesest

clock, all symetric agents assign ownership to the highest priority
symetric égluﬁgtcs\iqrrbtémméshm@cg@qu!eésqs QWwnarplep o thedwmisrg the rréadtyal |
symmetric agents update their Rotating )D to the new symmetri c owner Agent
)Z7 aad t hEsniAaNBEShs PisbedPEORE BAYSE The new symmetric owner -nay enter

t he Request Phase as early as .the cJock the Rotatin D | s, updat ed. 23
Decerber 2002 avaif tha lsaggomytaﬁblésféi?-ég@@%&O%égaé@thc VBTEHIY he

ownership state . N . .
P agentewn.h respect to the arbitration protocol of the present invention because the

high priority arbiter 325 arbitrates for the bus on behalf of multiple priority agents.
In the subscquent discussion of the arbitration protocol, "priority agent” can also
mean such a high priority arbiter.

In one mode including the high priority arbiter, priority agents each include
a REQ pin and an ACK pin. A priority agent asserts its REQ pin (i.e., a priority
agent reques! pin) to request ownership of the system bus. A priority agent
observes its ACK pin (i.e., a priority agent acknowledge pin) to determine when it

has been granted ownership of the system bus.



is busy, bus parking is an accepted node of operation. The symetric owner
‘can retain ownership even if it has no pending requests, provided no other
symmetric went has an active arbitration request. The symmetric owner n may
eventual |y deassert BREQn# to rel ease symmetric ownershi p even when ot her
fequests are not active. Wien the syffetric owner dead3&lacenBRERO02al |
symmetric agents update their ownership state to idle, but maintain the

BRI -2 2 pts RATTIRIELR Ty TS R
ol y koART G PR e R e SR Buisl ip B0 BBE S MEMERS | ocked”
oper at on A0 63 Do Seflo gL OBKLARRE e LR EEYENGuOUST

n th Seactiotgran Rl BAEAY s B dser IO caleAs sl paUT o Y. Lhe

priority mreméiﬁiocvne&mﬁoﬁhb%;wcegsiomne‘n%rﬁme 10UShroliph b h€qdesd AV ng cl ock)
all agents update their Rotating IDto the Agent ID of the new synmmetric

owner ancbcmmca'ga%rtowor wiH ShOWIRBIpsioHEy &bREEITES ApsivrityldRnPEdnds asymet ric
owner n deasserts BREQWn for a mninmum of one clock after ownership is
grant ed treq@esofdienaptipesfithe bagbpntsseRinigdrsi REQAQemit~Fhbiki gtapisrixyPr ot ocol

Rul es Feset Conditions. On observation of active RESETn or BL~IIT~, BPRIn
shoul d bearbieas8spriedtizes tha eurventiraaquests oedesved@m iGERREQQ. o) irgfutgct | ve AERR¥#,
BPRI ~ shoul d be deasserted in the next clock. Wen the reset condition is
gener at eceskeytsitheeBEBI# signal G 6 60 amigmg for thphus aghogtifley braelaciddasserted unti |
4 clocks after BL~11T~ is driven inactive. The first BPRI# sanple point is
4 cl ocks mforisy ag@gniwies bpsowasrphipds Brsatedibyeasserting fie appp@prizétenber 2002 \When
the reset,_ condition is generated by A ERRx) the priority agent should kecp
BPRI ~ i nd@AGRIG-8) outP¥t-ni num of four clocks unless it has issued the second
or subsequent transacti.on of | ocked operatigcin. e priority owner that
has issued t he! EsYBHECBF aﬁ%%@tﬁﬂ}ﬁi’ PHIFEsROry O foﬁg t sk ®eoper at i on
shoul d acl e.ts BPRI ~ two clocks frominactive Rin. Thi,s ensures that
he | okt Car A RS T Sint PLIeBBr SRR AD! IRBLRFBHEAT The
priority ent, ca (Y Pl Zh egk hus ' rovi,ded the reset
Condi t 1 oftar <GB A bt BpdryBs kel "Bl o 1Y 4R Pty RS

devices with their REQ and ACK signals being part of system-I/O bus 131. The

high priority arbiter 323 may be embodied in the bridge 124.

Thus, present invention system interconnection scheme of FIG. 3 provides

a means whereby the symmetric agents 302-305 can arbitrate between themse|ves

for ownership of the bus, i.e. a symmetric agent arbitration protocol, and also

provides a means whereby priority agents 327-328 can arbitrate for ownership of

the bus, i.e. a priority agent arbitration protocol.

I._The Arbitration Protocol of the Present Invention

For further clarity, the present invention arbitration protocol embodying
both the symmetric agent and priority agent arbitration protocols is now discussed
in more detail. The following discussion is for an arbitration protocol for up to four

symmetric agents and a priority agent (or high priority arbiter that may arbitrate on



any tinme. On observing active BPRI #, all symmetric agents guarantee no new
‘non | ocked requests arc generated. Bus >:,xchange from an Unl ocked Bus. |f
LOCKn is observed inactive in tw' clocks after BPRI~ is driven asserted)
the priority agent can take ownership of the bus four clocks after BPRI #
assertion. The priority agent can fur{fier reduce its 23 Receathbern20@2ency by
observing the bus protocol and determ ning that no other agent could drive
a request. For exanple, arbitration |atency can be reduced by to two cl ocks
by obser vbetal {Aifngatuirntzer aif dthe OPKGT fyrege tiis « T imptebent smmmtioh dukveBERlis- assert ed
or it can be reduced to three clocks by observing A DS# active and LOCK#

i nacti ve net lirhi¢edctoghk cagetad foBpRImMAtde aganie rOdssrymbers oARBnmetric si gnal t hat)
when asserted, indicates a transaction on the bus by the current bus owner.
bus Rel eaggentsEse WilibHIe sgoRGRek sP&rétpf detarrseant immRrEanaNgterdiidhse bus

ownership in the sape ¢ygle that it generates its last request. It can keep
BPRn act | R ASSNT iy e fellawiae drsew@ékcagéﬁf@r%q Bigh FriovintEalteRascan

ot aye. | netTEIGE, & AP ARC UG Of R CTO AT BRSSP RBl R 0 " -
23 - 23 De 002 .B hj ?e f Bus.. Th

23 o’ BEATSA00Z USSPk EHANTE S OB acKed Buse, Th cur e
si gnal ac#ﬁxg aﬁﬂ\ﬁ& fogpﬁggﬁlsﬁ%ééfﬁ%?%g cygh%cr[recham smis used during

bus | ock erations. opération IS conplete, the syn>l netric

owner deassertér#@ﬁ'n@Hgsc.g%aﬁﬁrgﬁgﬁ%?%fb%%%%g%%e%%&%c%xjeqpc ntil BPRI#

is observed in sserti tire priority agent obDserves

LOCK# forintihee D634 u'iryg’&cﬂrf?%&ctagrcﬁ@?%ﬂgc beSY&EAL:, %;éﬁ%&)&an% the

current symretric owner 1s perfdrmng cked requests active), the

priority maedto Shreil Wi derdhig.i bn%&&rﬁﬁ?%mgjn@,ﬂﬁé h¥&y chd 1.
C ~eration of the Present Invention A Lhitration Protocol"FIG 5

i |l ust r ate@gerahdREeid20 PRisetane is¥e Bednaktibhen Piew@Nt i nvention; specifically
it shows how symmetric agents arbicratc for bus ownership. The process

begins with a AfdestieroPatddobOvemviest. Phelilfs. arblunatiog ptdiecol @S ele peedagi tion, in
step 410 for each symmetric agent: 1 ) the Agent U~ is initialized to a

uni que vahventioh sOppdrty tw), clagses3f Wi agéres:Reptratnietry dgenissndgtioticy poi nt t o agent
3) and~3) the Omership state is set to idle. Fromthis point on, the
process [goescdse symaretihagenismppon fain gentiputbdedbicain using =founéset . The
foll owing processing steps illustrate the distributed) round-robin

ar bi t r at ireRingh-ot eicsilargriariy agaibm Hashsymimsiic seeshhasmurigqud dgement ' s
internal state tracking mechani smperforns the follow ng steps to nmaintain
the di st MPHRFTEEED 7559 FRITFFASHER§ Rt set- ¢ T By 8Py AT anges 81 kbt ocol of the

Dresent | OYSALLNee 0oL o0 145 8Bl SUEIEL] L S0F0Y pdek e os whether the
U150 £ 0 R i LB B IRECE AL ORERIR 50 AZR L, o1 20 420
?'“;Zr jcggB@é}%@%ﬂ%%ﬁi beffects 154 Whirhéthic H¥enfiD WG RGP JdRY St gnal s i's

the next arbitration event. An arbitration event is the process by which a new

symmetric bus owner is determined and changed. On every arbitration event, the

symmetric agent with the highest priority becomes the symmetric owner. Note that

the symmetric owner is not necessarily the overall bus owner (i.e. a priority agent

may be the overall bus owner). The symmetric owner is allowed to enter the

Request Phase provided no other action of higher priority is preventing the use of

the bus.



asserted). A request for ownership of the bus is an arbitration event when
"the ownership state is idle. If there are no BREQh~ requests the process
stays in step 420 to continue checking for a request. If there is a BREQW#
_request the process , proceeds to step 42~. In step 425 each symetric
agent assigns ownership to the highesgguriority symé8rDecamést 2002 has an
active request. The priority is determned fromthe Rotating B3 val ues

mai nt'ai ned by each symmetric agent's internal state tracking nmechanism For

exanple, if thMﬁﬁ@&géﬂh)hﬂﬁﬁgﬁé@Wﬂzﬁabitﬁc agafewrd dviedd, Tige hi ghest
priority symretric agent is agent 0. If the Rotating IDs indicate symmetric
agent 1 t heeiptidrerylageitesbitmates dod thy bag éngreveantagentyniznettio otaer fromst exanpl e
the current priority order is 0) 1,2,3. If symmetric agents 1 and 3 have
active requesing intoemesaBhquesshiiedse iucleagthetneassargasti ovm @rs lof pn bogaiggnt 1. 1 n
the second exanple the current priority order is 2,3,0,1. If symretric
agents 2 dudldkckhdvperation.vBus ghed operatiens acaitiioss pptrations; (fagexampls shgns
ownership to agent 2. Thus the round-robin nature of the symetric

ar bi t r at i atesigiepamtioTsechasgeed5o9Hpedigl whishsrapodrgntermpiedentMs0 Each
symretric agent's Rotating_ I D is updated to .indicate the new symetric
owner . | n difderbingdbeiniestity SEHs opgrakeRs (TRe RHEREY 3848 IsREowaddo rehe ng TD

val ue. I n_anoth enbodi nent, each,s tric agent has a different val ue
for i ts REEAEFSIEOATERIOMAGE BP GUIRT ATURD LSRR GFIOBRCH REGYRERE e BG0Rt * s

Rot at i ng ItD goi nts to the sane symetric owner. This enbodinent is
descri bed 1?% Wetail in the above-referenced patent application which is

435 the ourr ond SRR ISR Spare it PP R R B0 R o o 1y
agent has j The process

then |j ynpsag%egs?a Qggi?go{ig%ﬁg%gdeta&ggat? %gﬁhél;(étl %Hy}gm%?;& ﬁg@g?@%%sr ation event.
Returni ng 10 StERill me!olanctd &%@aﬁ&&paﬁcnregmugggcyk%ﬂ%% &n take, if

step 415 determ nes that the ownership state'is then the process junps

to Step 4adfirai A3mBEERADAML2 Q0% cABeVABLE | QAR S BYBLdehtn ATORK et er ni nes

whet her the current symretric owner has deasserted its request (i.e., each
symret ri c TheBls RRRALSSh istasaiBiSle dotheiEursdng Bthmetrir sleh@nabRRkiothet he BREQH
signal corresponding to the current symmetric owner is dcasserted). Wen

t he owner ggénts, $ididing sheprinyity agemy foorhraaguicing evetnds. ITypidadin atbie Iedked ent
symmetric owner deasserts its ownership request. If the current symetric
owner has oparaticreessets efdwioter maegurssactihes psuwrdessthpbos eegtsindovisblep 4~. 5;

ot herwi se the process junps to step 450. In step 445 the current synmmetric
owner has seqyenckeliss @n atnic toperadqule SPncerthie syrametnia dystovgnyammes ri ¢ owner is
parked on the bus. A symetric owner parks on the bus either to performa
bus | ocke&Hcspefidby ipiiasd the &rst Bus ocked Cansaerarn it eontuas td issueagmaisinisng t he
bus. Step 4.45 junps to step 435 where the current symmetric owner can

Pni fiate EFAFRURE R GRS TS acivis P RPSTeR “RRY A o2 S AB e er t ed. I n

eauest &S%?@%@%% el R %Ek&ﬁii?tgnéf :
Pmpe to step FobTmhgrpiard AR it RISt RREPRREI TN process

proceeds to step 455. In step 455 the current symmetric owner rel eases the
bus. The Rot at i L V: i et its

owner ship stat%?ﬁi@}ﬁtgﬁ%ﬁﬁ%{éﬁ%ﬂ%%@ 1?%?]5%5%%?9%%“% epare for
the next symebr i, ;?ehgféﬁenp ai%?&sstow Arﬁug%vué LRSow@ndgor tion of the

met hod of the pr idel TRty ﬁ::sgyﬁaﬁ&h oGkt ¥s ddterlAMBHNGW r8ialRhd OV 1 LY agent

arbitrates for bLRbﬁi&W?sraii&'de YBERL e REWAFAAk Yo RENt arOi trates Yor the bus
(by asserting BPRI#),” ownership will be granted unless the current bus

owner is performng a bus-locked operation (i.c., LOCK# is asserted). To
mnimze any inpact on system perfornmance, the priority agent should be
gi ven owner shi BuaSigalsl rbusassitrblien sipioalewer BREQE3:PI#, ®RRIY, amdnt shoul d not
begin a transaction on the bus before any current bus transactions are
conpl et edLOUKe:. ASermsigegain to\BIGC B, ths BREQBrO]Bbus hignalsraretdnnbersd cvner )
i ndi cates .

the four symmetric agents in a rotating manner. This arrangement initializes every



_-26 23 Decenber 2002 when a transaction occurs on the bus. Thus) when ADS#
is asserted sonme agent is currently performng a bus transaction. Wen
requesting ownership of the bus) a priority agent sanples tire ADS# signal
.to determ ne how many clocks the priority agent nust wait before it can
safely take ownership of the bus. The 'b?ocess 600 detyd pacbhdetizigw of
when tt~e priority agent can safely take ownership of the bus. The process

DL o bl PR 2tk 2 B Hathy B aD N, baltEr i b R Fort IoRAs e r eset
. t . d ] whet h i ar.i t ti

seauence) - Sha TR MRS Bl AP ATh L ARRDL kR ESRL] 1O

agent is rﬁgﬂ@ﬁd&%@weyme@%%s%&tnsﬁ&f‘éﬁpw&x?udan.%ﬁ@#ﬁag:&iem\é%t for a

request by.’a priority agent. priority agent i's requesting ownership of

the bus, tde bR Q6RSSE nbrRAREsatIR. TheRnbdRingIheR b Bl BRegnhet her the
bus is locked (i.e., whether LOCK# is asserted). The bus can be | ocked by

an agent tBRB#iFe PRt ofilyuing afe Laekedbeee did obitfatibamtquespfaid on) or for
other reasons. if the bus is | ocked (LOCK# asserted) the process returns to
step 61 0. refmairdieg thnse sysumetriclagektsd (LOCK# deasserted) the process proceeds
to step 620. Step 6Z0 determ nes ~t~hether a transaction is observed on the
bus (i.e., ~hetTies BRBS#sigsalshlfpk ed oatpsie froguihe gaioritigagdne bg lvdiéh thgcl e in
which the priority agent asserts its request (i.e., during the cycle in

whi ch BPRIBFArSY ag&serigrptes for oxpsprshig of fephuse 1asdeitiosdR PRI ispndepgdoj unps to
step 640 tQ it two clock cycles hcfore taking ownershjp he bus in
Step 45, SETABSISHAERT iass SEOT BB TR DO BSS PR LRans b ot ep (25

i K f . [ 630. 630 d '
whetner ASCKE S BB uReliEEy ed RpdteR Betun TR B R Ry  ne
assertion ol PRRg J foiBH ihe: AMIPLELBRECELAG 4 he “Pr ocess j unps Lo step

640 to wai Wo clock CycCles before I'ng ownership of the bus in step

645.  -27 23 Da y s bf SRR erSc 23Rk e Q%F&G@Eﬁ%n%hgmr& ess
proceeds to stc 0 wal n oC erore proceeding to Step 640. In
step 640 thePiRaeRtriRE bihchiehLdRekarebene, RnRantdiBgstate skeutdand! n
step 645 the priority agent Takes ownership of the bus and initiates a bus

transact i afackddBy AN e¢RGR LN SFR LB DUE O THIsEP kAbOntae aytMbeedt he next bus
ownership request by a priority agent. FIG 7 illustrates a portion of the
nmet hod of syyhenquieasbitratiomvpratacoh; "Glueless” means that no external logic is required

to perform symmetric arbitration.

Referring now to FIG. 4, an illustration of the internal state tracking

mechanism for distributed arbitration among symmetric agents is shown. For the

internal state tracking, each symmetric agent 500 maintains a two-bit Agent ID 505

and a two-bit Rotating ID 510 to perform distributed round-robin arbitration. In

addition, each symmetric agent 500 also maintains a symmetric ownership state bit

that describes whether the bus ownership is being retained by the current symmetric

owner ("busy"” state) or is in a state where no symmetric agent currently owns the

bus ("idle" state). The notion of idlc state enables a smaller, two-clock arbitration

latency from bus request to bus ownership in some cases as will be described

below. The notion of busy state enables "bus parking” but increases arbitration

latency to a minimum of four clocks due to a handshake with the current symmetric



specifically it shows how a symret.~i ¢ agent requests bus ownership. The is
“the process (or rules) followed by a symetric agent in generating bus
requests. The process starts in step 700. In step 705 the symretric agent
~determ nes whether it needs ownership of the bus. If the symretric agent
needs ownership of the bus, the pr ocgéss proceeds to LAFPebdhibetIToM se the
process stays in step 710. In step ?15the symmetric agent asserts its BRO#
output pin to request ownership of the bus (i.e.) the symetric agent

assert st e, fiRE@s dﬂrﬁﬂg" rfeAl thal (HAICuMESt BIR S PhaiAtal AOHR YhwilePfhiPusS

owner shi p) . 720 the symmetric agent determ nes whether 1t has been
granted ovney st Burtdnclybed ust B pehBR gardbidtiidhl ONa BEAIa8EOH bechRfesSyMMeL ri C
agent knows that it has been granted ownership of the bus when the Rotating
D in its pgentipgnrforsttedtdut back! rlingeichartus mwirtsNS, the ctentSyiRduié C went .
If the arbitration protocol has granted ownership of the bus to the
request i ngvayerEt diice agardnsadtioe vitmuessvingitpSrst arbittap ft2he bos. MEKeM se t he
process junps to step 710. In step 725 the symetric agent determ nes

whet her i tstard trickimg meckannith nan be imperhenkdet 4 statesnahinenusing so, the process
proceeds to step 730 where the symmetric agent asserts the LOCK# signal to
prevent alcombinagionaldegics from gai ni ng ownershi p of the bus until the

bus-1 ocked transaction is conpleted. If the transaction is not bus-I|ocked)
the process j unpsenidDstepy@siric agep!'s Agent BadeAtermingdat 1esetstep 735 t he
symmetric agent .determ nes whether the trapsaction.i,s a burst access
(bursty trdaFsked i“bH')‘.abRVE)'lﬁ‘Fféfméidc@&é‘C%WnsTd&‘?*%ﬁ?tirl]@ 15 URIGH® &7 C¥ETVhi ~hspeed
menory accesses.to sequential nenory |locations. |If the transaction is a
bur st~ acc ¥ MPed¢cess proceeds to step 740 where the symetric agent

he B ' h ' its. BRE [ I il th
bur st ©r ansact MoHa St EPERERC T PofRER be Sdpiedir Tt Re WA B Or event <
th L.C . t,f i.ni.ng.. % A . il, the burst
Aceess t; 10 pHEREPE LI REREE SR OB it MRS i 4 e
! _ :
[ ancact | SRep At ER e Aed Mol Sl find BE: AIEF HF LB RROT BT Cact on i s

conpl et ed prévlfb@ts?amﬁqctbh?p%%tmﬁé EasB 8L @ﬁgs%nm&%c HBEL ber anot her

symmetric agent ©'s requesting ownership of us. If another symetric
agent i s g@dhREd NHEn@WASREIH Be0imé RetBHS IDhaA thdRedaBRg TH G RSyt ri c
owner deasscrts the BRO :output pin (thereby deasserting its BREQNn signal)
to rel easg at f8ehUs ah6tenthode xdach yyfiBietricCagewiieds.a differdpt ©£1as $oditsTps from step
760 to step 710 to repeat the process. In step 750 if another symetric
agent is RetatihgdDestanpgiv@nanins Hpwelerizbeh fymsme tieragent' sReptifdBD pbigtssymet ri ¢
owner continues asserting the BR~ pin to part: on the bus. Wile parked on
t he bus t heths gamesyinmetnneywnera i fperherbirsiensaot. itonBotating ddtis havi ng to
first arbitrate for the bus. The process junps fromstep 755 to step 725 to
st-vi ce anSsigneAdhndeertdisefahe oev spaHnesicowner soghaiihe aew atad@r berpmes he

present invention arbitration protocol may be carried out by state nachines
in the bufcdgwrsiPriopsr 2gsnaAphe nehERILAURREYSIc agent may have an internal
state machine including the state tracking nechanismthat inplenents the
protocol. The priority agent may al so include a state machine that

i npl enents the_prvtocol. The.details of the .stat egﬁ‘?chitnes arc n@t
described in o S A SYTTERERE OPAERNR YA 1IfeCtdP 1SF di nary
hill in th I n X .
S En &n grb%tracu%n reset. The state becomes busy when any symmetric agent
completes the Arbitration Phase and becomes symmetric owner. The state remains
busy while the current symmetric owner retains bus ownership or transfers it to a
different symrmetric agent on the next arbitration event. When the state is busy, the

Rotating ID is the same as the current symmetric owner Agent ID. When the state

is idle, the Rotating ID is the same as the previous symmetric owner Agent ID.



- 29 - 23 Decenber 2002 easily provide suitable state machines to inplenent
"the present invention arbitration protocol given the above description and
exanpl es below. N Exanples To further illustrate the present invention
_arbitration protocol) a nunber of exanples are given. In the follow ng
exanpl es, a square on a waveformi ndi_clebt es that eith@3 petefibRi2ay?2 a
response is being driven on that signal® by one of the agents. A circle on a
signal indicates that the signal is being observed by the agents. Symetric

Q; 5:3]'5 g??ni_gﬂfﬁrtﬁgttr%t gyrAP];gc M oviidr&fip BERELfers Bﬁlﬁ'%‘iﬂé’%ﬂﬂ%g%ugbgnc? ’

us arblt?atlon initrated te reset sequence

are Sho"‘“-ﬂ%ﬁ@f@3aglﬂ,ca§rh’ﬂc~acn!a£$ﬁysiéﬂ%vﬁﬁTﬂ showlkehdas: laassar ed during
RESETn. (BREM4; 15 asserted 2 clockS before RESETr is deasserted for.

initializafyh@ihe@B3ORDUby BYDTHREY i@ cRgRAL S§reABuRegiterarbitration in the
clock after RESET; is sanpled deasserted by driving the BREQ 3: 0] n signals.
Once ownership is obtained, the symetric owner can park on the bus as |ong
as no other synmmetric agent is requesting it. The synmetric owner can
voluntarily rel ease t hgE._Buosettdnieliten AAERFAIHN @g in Tl, which is
observed by all a,;ents in T2. This signal forces all agents to initialize
their internal Thatrbirasiod pberecaiof il presenniriFeniodn J)bedxpresspshingheleassert
their arbitration request signals BRE({ 3: OLn, BPRI # a.~td arbitration

nodi fi er Shofnwing BrRf agbigraliCrrotqaed relpsmis the doligyeing sliscesseen BRSTT iswner shi p
state to idle and their Rotating >D to point to syn netric agent 3 (so that
bus agent sigra W%@qﬁ?%at%ﬁﬁ@ﬁwépfﬂ[wFF9"-a“P‘-§g|R”RESEfEr‘? Baeassert ed) .
In T7, the ¢l ock after RESE'%#; ig sarTEI ed inactive) symgtrigc, agent 1
asserts BREEIFALCS g PR 4oL R theqddiase 0 E&‘.SS‘I‘# Bi$)ragpqction T HF1%68nt s
observe active Eﬁ%n and i nactit_ge BREQJO,2,3]. During T8, all symetric
agents det¥EFEH R ansaciqu MaNIng tNSEHO 30" t hat synmetric agent 1 is the
only symmetric agent arbitrating for the bus and therefore has the highest
priority. As a result) in T9) all symetric agents update their Rotating >D

to point t rﬁqg@r@tﬂc « R980M ik pr Ageat | D of the new symmetric owner and
its omer%%‘%ﬂ‘)ﬁ% T T that the bus is busy. Starting from
T8, symmetric f cdngiaBhd. e %crgl}% S 2 PERASETS: Hpgadgterm ne if it

{
n ”, .
can park on the Dbus. Srnce BRE # are observed inactive, symetric

agent | COEREQILEH Dol Hodid bt sRWRE S Bhdobiv KEeBisN D BREvaidgser t ed
(i.e., symmetric agent | parks on the bus). In T15, symetric agent 1

vol unt ar i la¢oeATRRH GviBREERR# dbee el ctpeableds, DVBREQIE:0}# sMriatdsHogldobser ved
by all agents in T 16. In T 17 all symetric agents update their ownership
st at e frorpelddsysetiad indhenextbloakaell ageniatbocednitiakzeahbir RoatingDltat ency of a
new synmetric agent to two clocks on the next arbitration event. Symetric
Ar bi trati airesiahdthredr dviEShip stRefteidlengasadwnttiois Flit@Gitiod) thaaneef obimtioh | ust r ati ng
arbitration between two or nore symetric agents while LOCK# and BPRI ~ stay
i nactive ariorishisvihl.2Bexdubere iOTXcamentBPRIMeLrie OMnAr.i nacti ve, bus ownership
is determ ned based on a Rotating ID and bus ownership state. The symmetric
agent that w nsVhpea psst ¢aaddipgds gnerated bh@%cﬁéalzqg@rﬁ)m#s%sﬁ%i possi bl e.

In one enbodi nent, symetzjc agents are linited to one bus fransaction,

unl ess ei tsh%‘-ildt'ﬁﬁa-‘&%é%s%?ﬂ H’fﬁﬂgﬁé‘i’?}t‘iagﬁr Bb\qﬁfdﬁgﬁvﬁ‘? IN3e4 Gt fifgent want s
t he bus). tric a t may. re- jtrate one clock after releasing
t he bus. g@%ﬁ%@%ﬁ&i“‘\%ﬁiﬂ% Wﬁéﬁﬁ" éfgsé'ﬂ'tplcﬁjnlf‘%?iks a transaction to

the bus, BREQUshol d. 5l AheARRSE keIl bl AN5RhagHo Redblgh ADSH I

| [SSTOBEOE

BREQn# as driven by symmetric agents should remain deasserted until 2 clocks
after RESET# is driven inactive. The first BREQ# sample point is 2 clocks after
RESET# is sampled inactive. For power-on configuration, the system interface
logic should assert BREQO# for at least two clocks before the clock in which

RESET# is deasserted BREQO# should be deasserted by the system interface logic



In T1, all arbitration requests BREQ 3:0]n and BPRIn are inactive. The bus
“tis not stalled by BNR#. The Rotating IDs point to symmetric agent 3 and the
bus ownership state is idle. Hence) the round-robin arbitration priority is
20,1,2,3. In T2, symetric agent 0 and symmetric agent 1 activate BREQO- and
'‘BREQ 1~ respectively to arbitrate feopOt-he bus. In T3)23Deceybert20a2 agent s
observe - 31 - 23 Decenber 2002 inactive BRE(Q 3: 2J# and active

BREQ 1: 0] #. Since the Rotatlng 117 is 3, during T3, all symetric agents
det er ni nenmmlo@yaﬁp@t&ﬁ&ﬁlég@ﬁmplcﬁdsmn@mme@@ shulddelay BREQGS t he next
symetric ownper. In T4, all symetric agents update the Rotatlng 11'7 to
zero and #W%@@\W@%@W;ﬁ’fﬂm glogks ag‘;pg%zc cipgicia vBPprRl RESETdser ved i nacti ve
in T3 and, t he bctjs is not stalled, in nretric agent 0 can begin a new

Request PIfaseteq {orUaRARIGE Wig B%@H%@?%PP%’GX?% T3, the arbitration event,
b Tected. HonaVBH S AHETbrIs BrRer e Bt PETHUE, SDe et B0t e o oo
af fected. Howe ive a

.14 T h Ca. |
S g e B TR A SRS ROUgS) prase o 17
BREQO? "Toc-fédtog%r;aﬁéfmlé’g&ggﬁ(ﬁﬁbﬁh'irpacu@l %%@@Fﬁﬁrdf?oﬁ%g&soﬂ s _anot her

i nternal ‘reque reasserts ftéer one €1 ock in T5. In

TS, all EH%EH&ttﬁgﬁﬁﬁsxﬁgstﬁéé’c%oms%%ﬁx?&éﬂs‘a%bn éﬁa shdigease of bus

owner shi p e current symmetric owner rin symetric agents

recogni Z%p&x’%ﬁ&n %Ydﬁ‘l@&édﬁtcﬂ%%‘kEQn#% ERERY f%@mtzﬁé‘ctﬁe IBRIEQG#FETRC agent

arbitrating for the bus: Ire T6) all symetric agents update their Rotating

| D to poiaBprohéh EnsaFER ithidt chel@EKed &pcrama rOWRIRE sitiisibleat € remai ns busy.
Symmetric agent | assunes bus ownership in T6 and generates request phase

la in T7 (thr @usReabes Asationequsaimdtid agdntnices pahae: BREQekitye BREQOH#
observed in T5) symetric agent 1 dcasserts BREQ 1# in T7 along with the

first cl editraié farhibe RegpresidePhiesesa ndndidbesare satsfinde Once aaivaeds hi p.
Meanwhi | €) symmetric agent 2 asserts BREQ2# to arbitrate for the bus. In
T8, al |l SRAQ shoubiremain shiveunel theagsnit bec BREMe/symuhetriceiverse of owner ship
by the current symretric owner. Since the Rotating ID is one, and BREQOH)
BREQR# aBecemingibe symnmetieravener isca prgeonditiehetoeniaring thBequeghidsei ¢ agent 2 i s
t he next symmetri c owner._ln T9, all symretric aDents _update their Rotating
ID to point t&wierhierom iesuley hhrétf&mmmsmeawwmm busy. - 32

- 23 De 2002 In T10), (th f t t 2
i ves. 1 SRR SHer REF BTt it (e E QHCa, SR O3Sy et 1 ¢
hact e BRBAY AR GE PR SRS wdker@ayn@{fphéb?yr@é’%@a SaHEse  hat
Syt [} g ageh Aulepliizon ﬁ@wg@mg@gx@% SFBRERLLO0 (S he bus. In

T 12, al nmetric agens upda err atin 0 Dol O symetric

agent 0. Lh-EH'QQd?XW IDYoRnS hAl Sy G Bgent ID and their ownership state to

busy. The new symmetric owner may enter the Request Phase as early as the clock
the Rotating ID is updated.

Qwnership from Busy State. When the ownership state is busy, the next
arbitration event begins with the deassertion of BREQn# by the current symmetric
owner. During the next clock, all symmetric agents assign ownership to the highest
priority symmetric agent with active bus request. In the following clock, all
symmetric agents update their Rotating ID to the new symmetric owner Agent [D
and their ownership state to busy. The new symmetric owner may enter the Request

Phase as early as the clock the Rotating ID is updated.



In T 12, symretric agent O assunes bus owner ship. In T 13 symmetric agent
‘O initiates request b (three cycles fromrequest 2a). Because no ot her
agent has requested the bus, symmetric agent 0 parks on the bus by keeping
_its BREQ4n signal active. . Bus Exchange Symmetric and Priority Agents with
no LOCKr. Referring nowto FIG 10, w feforms i |1 ust g Degekiber @gdm@mNge
between a priority agent and two symelric agents are shown. A symetric
agent relinqui shes physical bus ownership to a priority agent as soon as

possi bl e. A maxppumi OinOREes3hoeKed; ué R t SWRnahedwhYrshipe gur r ent
symmetric bus owner 1n e clock after n1s asscrccd | xcausc BPRI ~ has

not yet begmbugp 3Rk petkind\Rtad. dcbéted RRJE WIBBraii6n DTRe oyMBiet{l O pdricad | D) does
not change dugpto }tﬁhe asserti gﬁéof BPRI #. " BPRI ~ does not affect symmet, ~ic

agent ar bi fetaith b@RAgrshi] gdvbﬁxﬁx‘]l’fﬁ@ﬁdi péndinisrequeas, prévidad hy otRet@mireaic in this
exanpl e BREQO# should remain asserted until T12 because transaction Cb has
not yet besfpndhdsvaaractiiadhienioncequesntT o symenetricrcsnmeaatnayevaniuelly it owns
the bus in the clock in which ADS# is to be driven for that transaction. In
FIG 10) bddfassest BREQgéE e rdeasamymitiegridomnerihip eRon sthen @ieDresiests gret ot
symmetric agent 0. The ownership state is_busy. In T3, the priority agent
asserts BRREvet ¥headhesympeticowrrar dargsers B R’Ednﬂs phspmmegricaggents updarche
current owner, issues its Jast request Ga. In_T4) all symetric agents
observe BPRF%O&’@FTSMS%MP @Lfapéhﬁ’éé"ﬁémmmi%@kéﬁimequest generation
starting in T5. . : 202 In T§) t he EI‘IOI’ y agent
observes inact i @B AEEIRNS S RNy geiearths paaes ﬁtStﬁ“i Smay not

ain request bus oershl in TS ; he. current uest .bus owner
FAPIR Gy ?%sgfv%auggse OPﬁOEP&fﬁ?ﬁf&}aﬁﬂws b6 CBiTe 443 HRALEiC BT vos

oauest s é}?ﬁbﬂ@% ¥ f”l‘fagﬁfto b et PR R ER Hrr )°
[ BPRI #

by ough TIO0S ?ﬂ“é‘?%g“? R e L

ouner shi p agkeh BokHgos HIRL IS AP R neltt ELOL AHTEBE] CogupRlipl asserts

BREQ I # to ar symmetri c “age current

Symet ri c OmerA%%%Uﬁiubﬁ‘@%HtEE iBOGH ﬁQ&zdaﬂbh'o@B@?ﬁqb@%b@th T13
(three clocks fromthe previous request ) I'n response to active BREQ #)

symet ri ¢ rapedt ofbwiRasss b shelidred symidiz dwndrebleasansyRigatyusc owner shi p.
In T14 all symetric agents observe inactive BREQO#) the “rel ease of

owner shi p dWhetdtEp the AlghesypHtRity semmenty agehi adirRME@Athie dut.hk @el'y active
bus request they assign symmetric agent | as the next symetric owner. In
TI'S al |l syblioeingictockgalhtgentgpdaine théie RotdingdDi toght Rgem IPodfnhe how synmet ri c
agent 1. Symmetric Priority Bus Exchange During LOCKtt. Refen-ing now to
FIG | | )symemefioowsei drlduseints tgirdivsowmersip pateeaybasy. whelprityy both a
symetric and a priority agent durln? an ongoi ng_i ndi vi si bl e sequence by a
symet ri ¢ SEmmRsUTiapenebigissansFRERNS Iore miramuasef) onecxbesk afisikownprshizri ty over
BPRI #. That is, the symetric bus owner does not give up the bus to the
priority d@éﬁ@t%i’%o &7 SYFUPRLIGAB%Ptan i ndi visi bl e | ocked operation. Note
that symmetric agent 1 can hold bus ownership even though BPRI# is
asserted. Like the BREQQ3:0]n signals, if the priority agent is going to

i ssue a trﬁgs.acg ion, y EPRI # gl&mtul gﬁﬁt be driven inactive until the clock in
whi ch AD: Lt 2 T1l, synmmetric agent 0 owns the bus.

In TI, symetri ni fel G| D %F@Js | ocked
operation by a%ﬁ%gﬁég&%ﬁ of'a ﬁ\t/efﬂz-?g ce rﬁr

should be deasserted in one or two clocks. On observation of active AERR#,

BPRI# should be deasserted in the next clock.
When the reset condition is generated by the activation of BINIT#, BPRI#
should remain deasserted until 4 clocks after BONIT# is driven inactive. The first

BPRI# sample point is 4 clocks after BINIT# is sampled inactive.



with request Ga. Also in Tl, the priority agent and symmetric agent 1

- assert BPRI# and BREQ n) respectively) to arbitrate for the bus. Symmetric
agent 0 does deassert BREQOn or LOCK# since it is in the mddle of a bus

| ocked operation. In T7) symretric agent O initiates the [ast transaction
“-in the bus | ocked operation. At the-2&mest's succes28Decernpére2008 t he

i ndi vi sible sequence is conplete and symmetric agent 0 deasserts LOCKXx in
T11l. Since BREQ ~ is observed active in T10, symetric agent 0 al so

deasserts Bl ZEDhEnithe FEselCopgition peganerdsHig AR HiRe PEATY agthfshguldsser ti on
of LOCKis o rved by the pri.orit ent in T12 apd jt hegi ns new request
gener at i 05?‘?%3%%1%‘?“%5@” @Fﬂ%ﬁ]‘%gf clg oSt ﬁ%‘é?‘*?gdg‘b‘?c&f‘ symietri c
ymet 1€ suBphe SR el T YRR s DR A Bro R R bt Bl e
date their_ Rotati { oj.nt t ] t he, Agent I D of the
new syrmatt P Budbr e s Rt Rert 67 SRR ChaBEonh a0 B d bR i i 2.
it guara . : i 90: (p(a]! i~ the priorit
agent dodtoch SRRk R EREUOPBRRIL, PRNREh RO uE Bekedbptltion qlebt and
at | east rtc??ﬁin‘%"?ﬁlﬁréitflé.om BPRI # deassertion symretric agent 1, the current

. 1dh . ;
symmetric owner) issues request la. The arbitration protocol of the present

i nvention sol ﬁ%gﬁ%@gm qfhcg;_rdd?rzya&&iztcaata&mwmm% &cl@bailed in

t he backgroun rnvention. First; The present invention provides for
varying rgwHeedtsp Ffova&;erm@m@a dof@it{ors am satlofiéd. SBIPRI4 e deaftivated atchanges to
existing external logic. This is possible due to the distributed nature of
t he symedkitign@ag@nbbssriing mediveoBPRIK alcommdtaic agaasphaintas HOnPWRASSOr
conputer systeminitially has one processor (symmetric agent). Under the
ar bi tr at ilockedreqursslarogenehatedor esent i nvention, the single symetric
processor will park on the bus because no other requests fromsymetric
agents w || odBugExchdnp mchati Wi lopkad ‘cﬁéﬁﬁg#iisgmn‘adtiyaﬁivn}imy - 35 -
23 Decenber 2002 inserting the added processors into enpty processor
socket s dwoichescks afipUBBRI% srivpp pwarted. Ust pderivaagenpeasdakeewnershipled t he bus
states with their own internal state tracking state nmachine) no additional
| ogi ¢ i s thebuf foupclogkyriics Bhdd~ geseryRn. noh i YoH Rgentsap dwaherrpducs dsent
invention arbitration protocol jis fair in arbjtrating between symetric
agent's.  FHACAURTAINER PK ORsEIRg s DS RIOF B BSR4t BGOBIRF &l 1y an

ot oncy. GEBISIAANE A S e ey ELReesd A ot ched
ol ocke whedEER: by BpRUARY s BRER sl EOCKS BB BE M bodtlcy "owner shi p
state, appBHYEBllddy %\gﬁ'&%%}&!ﬁ@éd Mﬁf‘é%%o@:s% dbeEviMESA DR LR GE f our

cl ocks depenalng on ether the synmetric owner 1s or 1s not parked on the

bus. FountdokihecBVEFEME ciod¥ Rkl BPREF Ridvah a0d B OTadssY isal & QWb 1A Symmet ri ¢
agent to retain ownership of the bus for burst accesses. This nmaintains) in

a mul ti preq eS8 MKdIcaRER Rtansidchion RAthObIPRE theativRnt BaFowherbUr st accesses
by individual agents. Fifth, the present invention arbitration protocol is
flexible to sEBRdledsbeThepflorigfageh) che\deasszrt BPRIAMndaeickse Agent pr ot ocol
gives a priority agent ownership of the bus within 2-4 clocks unless the
current buaeshipan thessgmer dysinthagt pereriteckebist regnesacitican ke¢emBBRE enbodi nent
the | ongest bus |ocked transaction performed by a symetric went is a
sequence agive dven Ritertho fagt regues! génecitamnroyided dadn guamkicedemand i on, | ock
menory wite, lock nenory wite. Even in this worst case, the worst case
ar bi t r at PErgresatod theysyrpetig @gersi YEenidsagpsrted B RRIA sjaystinactiyedsent i nventi on
arbitratign protocol supports a "latched bus" whereby signals between
mul ti pl e THBEMM 0RO Elogks i tted in one cl ock cycle and agents respond to
the transmtted signals in the follow ng clock cycle. The latched bus is
advant ageous i n conputer system because inter-processor (transm ssion)

u ck Protocol Rules



23 Decenber 2002 - 36 delays are separated fromintra-processor del ays
“.(processor delays in responding to input signals). This nakes processor
desi gn nore i ndependent from board | evel design. Certain advantages of the
present invention have been particularly described. O her benefits and
“-advant ages of the present invention, tdwugh not part23esapbern2bed out,
are evident fromthe above description. Thus the system and net hod for
provi'ding a high performance synmmetric arbitration protocol that includes
support for priBus Qwreasnhp Extias cbéom deésckddBos. Tie aurtert opaning UK Pat ent
~ Application No. 9500836.3 (2287621) from which the present case has been
di vi ded t heweerinscapl raiairedwae reliprmi ¢ heer busi byrked psigrthd LOSSK H signalrastive évieon
conprising: bus means for providing a comunication interface;, a plurality
of agents IEBRRIEd eseged)d Thismaekaesm &aisdd dgang Hub skuperigioas. Alerst one
priority' agent and a plurality of symretric agents; nenory nmeans coupled to
sai d bus rBaMRCKRErRICHHf ﬁ‘@"’P‘ﬁéﬁ sy MERria A naagessseits LQRGYH e of sai d

symretric agents being a _processor mean FT r,.exgcuting said instructions

and pr cceBFAEEING rlfg'f 'é?qﬁﬁstﬂgf’(’)"rm‘bcé}‘l’%fﬁ% nrgl#t’f‘ Sﬁ?&?ﬁgﬁ%‘”{fﬂ sai d bus nmeans,
h of Cd o P . . . ¢

arbi trati ng ownorics SR OK AR R O R PR BB O

arbitrati %‘Poél%%ﬁno%%ﬂ{%&gﬁfbﬁ?g&ﬁﬁ S 1F Bfe BHEAL SR ;¢ ecei ves

requests for bus owners romother symretri ¢ agents, each said synmetric
arbi trati QRN 1BEKRAINhEG SRICE BY HPRle) e PHEASageRt should & ahjor der  of
priority and selecting a symmetric ower fromthe symmetric agents

request i N OORersbbseredd imatihebus neans during an arbitration event, said
symmetric owner perform ng a bus 23 Decenber 2002 - 37 transaction on
sai d bus neans; each of said symmetric arbitration nmeans including rotating
identifier nmeans for indicating a lowest priority synmetric agent upon said
arbitration event, pers iha tfeesepainyedign Arpdirazon pgtddor st and second
ownership states, and priority agent request detecting neans for detecting
bus ownership rE§uSIHESFHEM E%{?‘G“ﬁfmcéﬁgb"%ﬁ@}ﬁrﬂrﬁﬁcﬁW"&@‘é‘?ﬂi, wher ei n sai d

symmetric arhi.itration neans of said symrefric owner rel eases_ownership of
Sxi 0 bus. EsIBcHficH ST FOF st pmsGi e B aLEs BT BGt SEPET Lt e sai d bus

ran ion i l.ock r .i.on. Fur i n r ndi, n [ i i on
}Voa sact %roce%s chr?scw?tg atre?er?%ggéxlxgn in S[le'lp wé? Durin ﬂnercc aecogdm ani%p catio

step 410 for each symmetric agent: 1) the Agent ID is initialized to a unique value
of 0, 1, 2, or 3, 2) the Rotating ID is set to point to agent 3, and-3) the Ownership
state is set to idle. From this point on, the process proceeds after the symmetric
agents have come out of reset. The following processing steps illustrate the
distributed, round-robin arbitration protoco! of the present invention. Each
symmetric agent's internal state tracking mechanism performs the following steps to
maintain the distributed, round-robin symmetric agent arbitration protocol of the
present invention.

In step 415 each symmetric agent determines whether the ownership state is
busy or idle. If the ownership state is busy the process jumps to step 440;
otherwise the process proceeds to step 420.

In step 420 cach symmetric agent determines whether there is a current

request for ownership of the bus (i.c., whether one of the BREQn# input signals is



() there is described and clainmed a multiprocessor conputer system

- conprising: a main nenory; a plurality of processors coupled to said nenory

via a first bus, each processor including an arbitration unit; a plurality

of digital signal processors coupled to a second bus; a digital signal

. processor arbitration unit coupled bepyeen said fir28 Beeeraher 2902 second
bus; each arbitration unit is capable™of arbitrating for ownership of said

first bus by asserting a request signal over said first bus, said

arbitrati i}, SaAf L/aeisKiJGF thabts s8GUebirasbsBat® WHeartha@not her
arbitrati g%egglhis“x rg%l%cgggrrbi tras%&%ljc}é\f uni tss capabl e of asserting a |ock

si gnal duﬁmgrsﬂ#‘?tﬁﬁhg m18f 13846 afd ASBREGh#0efLEYs thelppedeesistayinsgt | on; and
0

said arbitrati units further including a priority agent detection |ogic

for detecybhey BofiduslchbtiEn@drerehiaar Iéguesis £ BREQn#reqoest the poent, wherein
an arbitration unit rel eases ownership of said first bus when a priority

agent rqug&rccaggdggﬁmgd, unl ess said bus transaction is a | ocked
transacti on. 23 Decenber 2002 - 38 1. A conputer systemconprising: . a
mai n menory; a Iplstepddsteachbyrayemrix ageot agigns ownlersbip torib¢ highsstgriorigast one
processor; a first bus coupled to the symmetric agents _and to the main
menory pr eymeiendc agenothaahascan actisnsfquestt Bae operineissieteanieddram theagent
coupled to the first bus, the priority agent incl udi an arbiter unit
t hat ar bi Rosting Iovalessrraiskinsddy capl sYmmetiqrgsnt wgr@q?gtagatgqukg}g t he
symmetric agents includes an arbitratign ,ugjt control.li n&gggﬁnt access to
§ n

the first nmb@inMtt%rpzleeiémR%{s%@ TIPCEACAYHIRTEC 88 S t&ﬁa! when
Dl ock. ot hBishegtaTAY &V RTERRESR S REEHI df ey HGURR LTy N AEQUIIRE t ho 11 r ot
Che' 111t 2B I ineThs NETREETYE) 2GRN R fg Lt P UM OBy SRERTER {he i1 st
D . SUTER ke POERE L S LIRS Q0 o SP MeA et o
e oo S SR LB e IR ndoemtpe the b L
deasserti ng Lhe i dyl Bkddr¥s £5,001."Blsymmetric agents 2 and 1 have active requess
then each symmetric agent assigns ownership to agent 2. Thus the round-robin
nature of the symmetric arbitration scheme. The process proceeds to step 430.
In step 430 Each symmetric agent's Rotating ID is updated to indicate the
new syr;mcuic owner. In one embodiment each symmetric agent has the same
Rotating ID value. In another embodiment, each symmetric agent has a different
value for its Rotating ID at any given time. However each symmetric agent's
Rotating ID points to the same symmetric owner. This embodiment is described in
detail in the above-referenced patent application which is hereby incorporated by
reference. The process proceeds to step 435.
In step 435 the current symmetric owner performs a bus transaction if no
priority agent has ownership of the bus (i.e., BPRI# is not asserted). The process
then jumps to step 415 to prepare for the next symmetric arbitration event.

Returning to step 415 to describe a second path the process can take, if step

415 determines that the ownership state is busy then the process jumps to step 440



2. The conputer systemof claim11, wherein the determ ned nunber of clock

-.cycles is equal to four. 3. The conputer systemof claiml, further

conprising: a second bus; a plurality of input/output (1/0? devices coupled
to the second bus; and 23 Decenber 2002 - 39 wherein the priority agent
~.conprises a bridge circuit providing 23 i nterface be3ddacenier2062 and
second buses) the bridge circuit inclf&di'ng the arbiter unit which
arbitrates for ownership of the first bus on behalf of the I/0 devices. 4.

Th t | Qi ' ) | ock
cycl o5 eauareet FatShhe G 2bi e chARE LA LIP BB DR MEnePhe. °°

cl es_equard"] o ., crei |
ent i1 caroR T by R e e A e L e R BB o 2gen:

ID of a |%ﬁﬁrﬁﬂf9¥c@ﬂ£@ﬁm‘$ﬂé&n@ﬁ&ﬁihg e 2uBbSt QWIS bnsi@t e bit
whi ch indicates whether the Tirst bus is busy or idle. 6. The conputer

system of gehakfmed, Whed Gierbvideeshipyaetis Buiygah laybiGXtidree font isagdt theS equal to
the agent ID of the symretric agent having current ownership if the first

bus is busyrredt syfiifeeiomptie de Byetsam dinetstdp reduesatitriourehesynoweasic priority
processor is equal to the agent ID of a previous owner if the first bus is
idle. 8. TDwneehapndteieasyatdins rrquedt ahnprocessipeoazieds toheméentothebwizadhd he
rotating I D each conprise two bits. 9. The conputer system of claim8,

wher ei n t Ipsogest pmapsctolsBEpoASQ he symmetric agents changes in accordance with
a round-robin arbitrati on schene.

. Ah. A99. A&. A. AllppsiepAddithe pyrrerdSY@MIeSIE @ynexHgs not deasserted its request and

the current symmetric owner is parked on the bus. A symmetric owner parks on
the bus either to perform a bus locked operation or when no other symmetric agent
is requesting the bus. Step 445 jumps to step 435 where the current symmetric
owner can initiate a transaction on the bus if BPRI# and BNR# are not asserted.

In step 450 each symmetric agent determines whether any symmetric agent
is requesting ownership of the bus (i.e., whether any of the BREQn# signals are
asserted). If a symmetric agent(s) is requesting ownership, the process jumps to
step 425 to begin servicing the request; otherwise the process proceeds to step 453,

In step 455 the current symmetric owner releases the bus. The Rotating IDs
are not change but each symmetric agents set its ownership state to idle. The
process then jumps to step 4135 to prepare for the next symmetric arbitration event.

FIG. 6 illustrates a portion of the method of the present invention;
specifically it shows how a priority agent arbitrates for bus ownership. When a
priority agent arbitrates for the bus (by asserting BPRI#), ownership will be
granted unless the current bus owner is performing a bus-locked operation (i.e.,
LOCK# is asserted). To minimize any impact on system performance, the priority
agent should be given ownership as early as possible. However, the priority agent
should not begin a transaction on the bus before any current bus transactions are

completed. The ADS# signal (which is driven by the current bus owner) indicates
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process returns to step 610. If the bus is not Jocked (LOCK# deasserted) the

process proceeds to step 620.

Step 620 determines whether a transaction is observed on the bus (i.e.,

whether ADS# is sampled asserted) during the clock cycle in which the priority

agent asserts its request (i.e., during the cycle in which BPRI# is asserted). If

ADS# is sampled asserted, the process jumps to step 640 to wait two clock cycles

before taking ownership of the bus in step 645. If ADS# is sampled deasserted, the

process proceeds to step 625 to wait one clock before proceeding to step 630.

Step 630 determines whether ADS# is sampled asserted during the
clock cycle following the assertion of BPRI#. If ADS# is sampled asserted, the
process jumps to step 640 to wait two clock cycles before taking ownership of the
bus in step 645.
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If ADS# is sampled deasserted, the process proceeds to step 635 to wait one clock

before proceeding to step 640.

In step 640 the process waits two clocks before proceeding to step 645, In
step 645 the priority agent takes ownership of the bus and initiates a bus
transaction. The process then returns to step 610 to service the next bus ownership
request by a priority agent.

FIG. 7 illustrates a portion of the method of the present invention;
specifically it shows how a symmetric agent requests bus ownership. The is the
process (or rules) followed by a symmetric agent in generating bus requests. The
process starts in step 700. In step 705 the symmetric agent determines whether it
needs ownership of the bus. If the symmetric agent needs ownership of the bus,
the process proceeds to step 715; otherwise the process stays in step 710.

In step 715 the symmetric agent asserts its BRO# output pin to request
ownership of the bus (i.e., the symmetric agent asserts the BREQn# signal that it
drives to signal a request for bus ownership).

In step 720 the symmetric ag.cnt determmnines whether it has been granted
ownership of the bus under the arbitration protocol. The symmetric agent knows
that it has been granted ownership of the bus when the Rotating ID in its internal
state tracking mechanism points to the symmetric agent. If the arbitration protocol
has granted ownership of the bus to the requesting symmetric agent, the process
jumps to step 725; otherwise the process jumps to step 710.

In step 725 the symmetric agent determines whether it will be performing a
bus-locked transaction. If so, the process proceeds to step 730 where the
symmetric agent asserts the LOCK# signal to prevent all other agents from gaining

ownership of the bus until the bus-locked transaction is completed. If the

transaction is not bus-locked, the process jumps to step 735.
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burst access (bursty transaction). A burst access transaction is a number of high-

speed memory accesses to sequential memory locations. If the transaction is a burst
access, the process proceeds to step 740 where the symmetric agent asserts the
BRO# output pin (thereby asserting its BREQn# signal) until the burst transaction is
completed. Continued assertion of the BR# pin prevents another symmetric ageat
from gaining ownership of the bus until the burst access transaction is completed.
If the transaction is not bursty, the process jumps to step 745.

In step 745 the symmetric owner performs the transaction on the bus and
proceeds to step 750 when the bus transaction is completed.

In step 750 the symmetric agent determines whether another symmetric
agént is requesting ownership of the bus. If another symmetric agent is requesting
ownership of the bus then in step 760 the symmetric owner deasserts the BRO#
output pin (thereby deasserting its BREQn# signal) to release the bus to the next
symmetric owner. The process jumps from step 760 to step 710 to repeat the
process. '

In step 750 if another symmetric agent is not requesting owhcrship of the
bus then in step 755 the symmetric owner continues asserting the BR# pin to park
on the bus. While parked on the bus the symmetric owner can perform transactions
without having to first arbitrate for the bus. The process jumps from step 755 to
step 725 to service any pending transaction requests.

It is appreciated that the present invention arbitration protocol may be carried
out by state machines in the bus agents. For example, each symmetric agent may
have an intenal state machine including the state tracking mechanism that
implements the protocol. The priority agent may also include a state machine that

implements the protocol. The details of the state machines are not described in

order not to obscure the present invention. One of ordinary skill in the art can
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easily provide suitable state machines to implement the present invention arbitration

protocol given the above description and examples below.

IV. Examples

To further illustrate the present invention arbitration protocol, a number of
examples are given. In the following examples, a square on a waveform indicates
that either a request or a response is being driven on that signal by one of the

agents. A circle on a signal indicates that the signal is being observed by the

agents.

Svmmetric Arbitration of a Single Agent After RESET#. Referring now to

FIG. 8, waveforms illustrating bus arbitration initiated after a reset sequence are
shown. BREQ[3:0)# BPRI#, LOCK#, and BNR# should be deasserted during
RESET#. (BREQO+ is asserted 2 clocks before RESET# is deasserted for
initialization reasons.) Symmetric agents can begin arbitration in the clock after
RESET# is sampled deasserted by driving the BREQ[3:0]# signals. Once
ownership is obtained, the symmetric owner can park on the bus as long as no
other symmetric agent is requesting it. The symmetric owner can voluntarily
release the bus to idle.

RESET# is asserted in T1, which is observed by all agents in T2. This
signal forces all agents to initialize their internal states and bus signals. In T3 or T4,
all agents deassert their arbitration request signals BREQ(3:0)#, BPRI# and
arbitration modifier signals BNR# and LOCK#. The symmetric agents reseat their
ownership state to idle and their Rotating ID to point to symmetric agent 3 (so that
bus agent O has the highest symmetric priority after RESET# is deasserted).

In T7, the clock after RESET# is sampled inactive, symmetric agent ]
asserts BREQ!# to arbitrate for the bus. In T8, all symmetric agents observe active

BREQI# and inactive BREQ[0,2,3]#. During T8, all symmetric agents determine
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that symmetric agent 1 is the only symmetric agent arbitrating for the bus and

therefore has the highest priority. As aresult, in T9, all symmetric agents update
their Rotating ID to point to symmetric agent 1, the Agent ID of the new symmetric
owner and its ownership state to busy, indicating that the bus is busy.

Starting from T8, symmetric agent ! continually monitors BREQ[0,2,3}# to
determine if it can park on the bus. Since BREQ[0,2,3]# are observed inactive,
symumetric agent | continues to maintain bus ownership by kesping BREQI1#
asserted (i.e., symmetric agent 1 parks on the bus).

In T15, symmetric agent 1 voluntarily deasserts BREQ1# to release bus
ownership, which is observed by all agents in T16. In T17 all symmetric agents
update their ownership state from busy to idle. This action reduces the arbitration
latency of a new symmetric agent to two clocks on the next arbitration event.

Svmmetric Arbitration with no LOCK#. Referring now to FIG. 9,
waveforms illustrating arbitration between two or more symmetric agents while
LOCK# and BPRI# stay inactive are shown. Because LOCK# and BPRI# remain
inactive, bus ownership is determined based on a Rotating ID and‘bus ownership
state. The symmetric agent that wins the bus releases it to the other agent as soon
as possible. In one embodiment, symmetric agents are limited to one bus
transaction, unless either the outstanding operation is locked or no other agent
wants the bus). The symmetric agent may re-arbitrate one clock after releasing the
bus. Also note that when a symmetric agent n issues a transaction to the bus,
BREQn# should stay asserted until the clock in which ADS# is asserted.

In T1, all arbitration requests BREQ[3:0}# and BPRI# are inactive. The bus
is not stalled by BNR#. The Rotating IDs point to symmetric agent 3 and the bus
ownership state is idle. Hence, the round-robin arbitration priority is 0,1,2,3.

In T2, symmetric agent 0 and symmetric agent ] activate BREQO# and

BREQI# respectively to arbitrate for the bus. In T3, all symmetric agents observe
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ID to zero and the bus ownership state to busy.

Since BPRI# is observed inactive in T3 and the bus is not stalled, in T4,
symmetric agent O can begin a new Request Phase. (If BPRI# has been asserted in
T3, the arbitration event, the updating of the Rotating ID, and ownership states
would not have been affected. However, symmetric agent 0 would not be able to
drive a transaction in T4). In T4, symmetric agent O initiates request phase Oa.

In response to active BREQ!# observed in T3, symmetric agent O deasserts
BREQO# in T4 to release bus ownership. Since symmetric agent O has another
internal request, it immediately reasserts BREQO# after one clock in TS.

In T3, all symmetric agents observe BREQO# deassertion, the release of bus
ownership by the current symmetric owner. During TS5, all symmetric agents
recognize that symmetric agent 1 now remains the only symmetric agent arbitrating
for the bus. In T6, all symmetric agents update .their Rotating ID to point to
symmcui‘c agent 1. The ownership state remains busy.

Symmetric agent 1 assumes bus ownership in T6 and generates request
phase 12 in T7 (three cycles from request Oa). In response to active BREQO#
observed in TS, symmetric agent 1 deasserts BREQ1# in T7 along with the first
clock of the Request Phase and releases symmetric ownership. Meanwhile,
symmetric agent 2 asserts BREQ2# to arbitrate for the bus. In T8, all symmetric
agents observe inactive BREQI#, the release of ownership by the current
symmetric owner. Since the Rotating ID is one, and BREQO#, BREQ2# are active,
all symmetric agents determine that symumetric agent 2 is the next symmetric owner.
In T9, all symmetric agents update their Rotating ID to point to symmetric agent 2.

The ownership state remains busy.
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In T10, (three cycles from request 1a) symmetric agent 2 drives request 2a.
In response to active BREQO# observed in T9, symmetric agent 2 deasserts
BREQ2#in T10. In T11 all symmetric agents observe inactive BREQ2# and active
BREQO# During T11, they recognize that symmetric agent O is the oﬁ]y symmetric
agent arbitrating for the bus. In T12, all symmetric ageats updaic their Rotating ID
to point to symmetric agent 0. The ownership state remains busy.
In T12, symmetric agent O assumes bus ownership. In T13 symmetric
agent O initiates request Ob (three cycles from request 2a). Because no other agent
has requested the bus, symmetric agent O parks on the bus by keeping its BREQO#
signal active.
Bus Exchange Symmetric and Prioritv Agents with no LOCK#. Referring
now to FIG. 10, waveforms illustrating bus exchange between a priority agent and
two symmetric agents are shown. A symmetric agent relinquishes physical bus
ownership to a priority agc.nt as soon as possible. A maximum of one unlocked
ADS# can be generated by the current symmetric bus owner in the clock after
BPRI# is asserted because BPRI# has not yet been observed. Note that the
symmetric bus owner (Rotating ID) does not change due to the assertion of BPRI#.
. BPRI# does not affect symmetric agent arbitration, or the symmetric bus owner.
Finally, note that in this example BREQO# should remain asserted unti] T12
because transaction Ob has not yet been driven. An agent can not drive a transaction
unless it owns the bus in the clock in which ADS# is to be driven for that
transaction.
In FIG. 10, before T1 agent 0 owns the bus. The Rotating ID points to
symmetric agent 0. The ownership state is busy. In T3, the priority agent asserts
BPRI# to request bus ownership. In T4, symmetric agent 0, the current owner,

issues its Jast request Oa. In T4, all symmetric agents observe BPRI# active, and

guarantee no new unlocked request generation starting in T5.
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determines that it may not gain request bus ownership in TS because the current
request bus owner might issue one last request in T4. In TS5, the priority agent
observes inactive LOCK# and determines that it owns the bus and may begin
issuing requests starting in T7, four clocks from BPRI# assertion.

The priority agent issues two requests, I/Oa. and I/Ob, and continues to
assert BPRI# through T10. In T10, the priority agent deasserts BPRI# to release
bus ownership back to the symmetric agents. In T10, symmetric agent 1 asserts
BREQI1# to arbitrate for the bus.

In T11, symmetric agent O, the current symmetric owner observes inactive
BPRI# and initiates request Ob in T13 (three clocks from the previous request.) In
response to active BREQ1#, symmetric agent 0 deasserts BREQO# in T13 to release

| symmetric ownership. In T14 all symmetric agents observe inactive BREQO#, the
release of ownership by the current symmetric owner. Since BREQI# is the only
active bus request they assign symmetric agent 1 as the next symmetric owner. In
T15 all syrn}nctric agents update their Rotating ID to point to symmetric agent 1.

Svm. metric Prioritv Bus Exchange During LOCK#. Referring now to FIG.
11, waveforms illustrating an ownership request made by both a symmetric and a
priority agent during an ongoing indivisible sequence by a symmetric owner are
shown. When this is the case, LOCK# takes priority over BPRI#. That s, the
symumetric bus owner does not give up the bus to the priority agent while it is
driving an indivisible locked operation. Note that symmetric agent 1 can hold bus
ownership even though BPRI# is asserted. Like the BREQ([3:0]# signals, if the
priority agent is going to issue a transaction, BPRI# should not be driven inactive
until the clock in which ADS# is driven asserted.

Before T1, symmetric agent O owns the bus. In T, symmetric agent O

injtiates the first transaction in a bus locked operation by asserting LOCK# along
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deassert BREQO# or LOCK# since it is in the middle of a bus locked operation.

In T7, symmetric agent O initiates the last transaction in the bus locked
operation. At the request's successful completion the indivisible sequence is
complete and symmetric agent 0 deasserts LOCK# in T11. Since BREQI# is
observed active in T10, symmetric agent O also deasserts BREQO# in T11 to release
symmetric ownership.

The deassertion of LOCK# is observed by the priority agent in T12 and it
begins new-request generation from T13. The deassertion of BREQO# is observed
by all symmetric agents and they assign the symmetric ownership to symmetric
agent 1, the symmetric agent with active bus request. In T13, all symmetric agents
update their Rotating ID to point to symmetric agent I, the Agent ID of the new
symmetric owner.

Since symmetric agent 1 observed active BPRI# in T12, it guarantees no
new request generation beginning TI13. In T13, the priority agcm'dcasscrts BPRI#.
In T15, three clocks from the previous request and at least two clocks from BPRI#
deassertion symmetric agent 1, the current symmetric owner, issues request la.

The arbitration protocol of the present invention solves the problems of
prior arbitration protocols detailed in the background of the invention.

First, the present invention provides for varying numbers of agents on the
bus without additional Jogic or changes to existing external logic. This is possible
due to the distributed nature of the symmetric agent arbitration protocol. For
example, a uniprocessor computer systemn initially has one processor (symmetric
agent). Under the arbitration protocol of the present invention, the single
symmetric processor will park on the bus because no other requests from

symmetric agents will occur. Adding additional processors is done by simply
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state tracking state machine, no additional logic is required to be added to the
motherboard.

Second, the present invention arbitration protocol is fair in arbitrating
between symmetric agents. The round-robin nature of the protocol provides
essentially an equal sharing of the bus between multiple symmetric agents.

Third, the latency of bus exchange betwesn symmetric agents is small, Ina
"latched bus" environment, a symunetric agent can obtain ownership of the bus in
two clocks when arbitrating from idle ownership state. From the busy ownership
state, a symmetric agent obtains ownership of the bus in three or four clocks
depending on whether the symmetric owner is or is not parked on the bus.

Fourth, the present invention arbitration protoco! allows a symmetric agent
to retain ownership of the bus for burst accesses. This maintains, in a
multiprocessor environment, the performance advantage of burst accesses by
individual agents.

Fifth, the present invention arbitration protocol is flexible to support the
needs of I/O devices. The priority agent protocol gives a priority agent ownership
of the bus within 2-4 clocks unless the current bus owner is performing bus-locked
transaction. In one embodiment, the longest bus locked transaction performed by a
symmetric agent is a sequence of: lock memory read, lock memory read, lock
resolution, lock memory write, lock memory write. Even in this worst case, the
worst case arbitration latency for I/O devices is met.

Finally, the present invention arbitration protocol supports a "latched bus"
whereby signals between multiple agents are transmitted in one clock cycle and
agents respond to the transmitted signals in the following clock cycle. The latched

bus is advantageous in computer system because inter-processor (transmission)
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delays are separated from intra-processor delays
(processor delays in responding to input signals). This
makes processor design more independent from board level

design.

Certain advantages of the present invention have
been particularly described. Other Dbenefits and
advantages of the present invention, though not

particularly pointed out, are evident from the above
description.

Thus the system and method for providing a high
performance symmetric arbitration protocol that includes
support for priority agents has been described.

In our copending UK Patent .Application No.
9500836.3 (2287621) from which the present case has been
divided there is claimed a computer with distributed bus
arbitration comprising:

bus means for providing a communication
interface;

a plurality of agents coupled to said bus means,
said agents including at least one priority agent and a
plurality of symmetric agents;

memory means coupled to said bus means for
storing instructions and data;

at least one of said symmetric agents being a
processor means for executing said instructions and
prccessing said data and for performing transactions on
said bus means, each of said symmetric agents having
symmetric arbitration means for arbitrating ownership of
said bus means, wherein each said symmetric arbitration
means generates requests for bus ownership and receives
requests for bus ownership from other symmetric agents,
each said symmetric arbitration means arranging said
symmetric agents in a circular order of priority and
selecting a symmetric owner from the symmetric agents
requesting ownership of said bus means during an
arbitration event, said symmetric owner performing a bus
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lowest priority symmetric agent upon said arbitration
event, ownership state means for indicating £first and
second ownership states, and priority agent request
detecting means for detecting bus ownership requests from
said at least one priority agent, wherein said symmetric
arbitration means of said symmetric owner releases
ownership of said bus means when a priority agent regquest
is detected, unless said bus transaction is a 1locked

transaction.
Further in our copending Application No.
( ) there is described and claimed a multiprocessor

computer system comprising:

a main memory;

a plurality of processors coupled to said memory
via a first bus, each processor including an arbitration
unit;

a plurality of digital signal processors coupled

to a second bus;
a digital signal processcor arbitration unit

coupled between said first bus and said second bus;

each arbitration unit is capable of arbitrating
for ownership of said first bus by asserting a request
signal over said first bus, said arbitration units
further receiving said request signals from another
arbitration units, said arbitration units capable of
asserting a lock signal during ownership of said first
bus during a locked transaction; and

said arbitration wunits further including a
priority agent detection logic for detecting a first bus
ownership reguest from a priority agent, wherein an
arbitration unit releases ownership of said first bus
when a priority agent request is detected, unless said
bus transaction is a locked transaction.
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1. A computer system comprising: '

a main memory;

a plurality of symmetric agents which includes
at least one processor;

a first bus coupled to the symmetric agents and
to the main memory providing information transfer
therebetween;

a priority agent coupled to the £first bus, the
priority agent including an arbiter unit that arbitrates
for ownership of the first bus;

wherein each of the symmetric agents includes an
arbitration unit controlling agent access to the first
bus, a symmetric agent asserting an.address strobe 'signal
when performiné a transaction on the first bus, and
asserting a lock signal to block other symmetric agents
or the priority agent from acquiring the first bus;

the arbiter unit asserting & priority signal to
request cwnership of the first bus from a symmetric agent
having current cwnership of the first bus, the symmetric
agent relinguishing ownership within a determined number
of clock cycles after the assertion of the priority
signal unless the lock signal has been asserted by the
symmétric agent, the arbiter unit releasing ownership of
the"first bus back to the symmetric agents by deasserting

the priority signal.

2. The computer system of claim 1, wherein the
determined number of clock cycles is equal to four.

3. The computer system of claim 1, further
comprising:

a second bus;

a plurality of input/output (I/0) devices coupled
to the second bus; and
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wherein the priority agent comprises a bridge
circuit providing an interface between the first and
second buses, the bridge circuit including the arbiter
unit which arbitrates for ownership of the first bus on
behalf of the I/0 devices.

4. The computer system of claim 3, wherein the
determined number of clock cycles equals four.

5. The computer system of c¢laim 1, wherein the
arbitration unit of each of the symmetric agents

includes:

a unique age identification (ID);

a rotating identification (ID) which reflects an
agent ID of a lowest priority symmetric agent; and

a bus ownership state bit which indicates whether

the first bus is busy or idle.

6. The computer system of claim 5, wherein the
lowest priority symmetric agent is egual to the agent ID
of the symmetric agent having current ownership if the

first bus is busy.

7. The computer system of claim 5, wherein the
lowest priority processor is equal to the agent ID of a
previous owner if the first bus is idle.

8. The computer system of claim 5, wherein the agent

ID and the rotating ID each comprise two bits.

9. The computer system of claim 8, wherein the
rotating ID of the symmetric agents changes in accordance
with a round-robin arbitration scheme.



