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10 BACKGROUND QF THE NTION

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

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

-
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2. Related 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
20 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
requirements. The system may also include various I/O or similar devices. It is
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
25  agent is the percentage of time, on average, that the particular agent requires use of
the bus. The latency requirement. of an égent is the maxxmum amount of time that
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2. Rel ated Art I n nodern conputer systens, nultiple agents
are often coupled to a bus and arbitrate for the use of the bus. An
arbitration protocol determ nes which agent has 20 ownership of the bus
& any given time. A conputer systemmay include nultiple processors,
or simlar devices, that are sonewhat alike,in their bus usage

requi renments. The system may al so include various 1/O or simlar devices.

It is - advant ageous to neet the bus bandw dth and | atency requirenents

of all such agents  Inonelafbifatidlsthedgsd SEARE! Bbiter ddaiviet ge:?IhEH?s ok EHcQE@Bf thd Ne.

bus bandw th requirenment of an 25 agent is the perc age of tinme, on

average, that t husifeorh tieuhdividagledgents afdisele@Sively @raits ownersm;% bethewas. THie
| at ency requirenent of an agent is the maxi nrum anmount of tinme that -

the agent can waschemebffers flokibility berguspoverpster pystdm tésigretsscan individually
-2- I-nh one arbitration schene a central arbiter receives
requests for t hedeterminsf a prinsity scheme among the agents by customizing the central arbiter,

"5 Two drawbacks of this approach are: 1) a costly central arbiter is required, and 2) it
has a long latency of bus exchange between multiple agents.
In another arbitration scheme, the agents are daisy-chained. In this scheme
arbitration priority between the various agents goes from highest to lowest priority.
Two drawbacks of this scheme are inflexibility and long arbitration latency.

10 It would be advantageous to provide an arbitration protocol that requires no
external central arbitration logic and provides low latency of bus exchange between
multiple agents. The present invention provides such an advantageous result.

It is common in computer systems to couple various types of agents to a
- computer system bus. For example, multiple processors along with YO devices

15  such as mass storage devices and memory devices are often coupled to the
c.omputer system bus. These agents have varying bus bandwidth and latency
requirements. A processor agent may use the bus 20% of the time while an I/O
agent may use the bus far less than 1% of the time. However, compared to a
processor an /O device typically has a relatively Jow bus latency requirement to

20  avoid overflow or underflow conditions imposed by their limited internal Buffcring.
Therefore, YO devices should obtain usage of the bus as soon as possible to meet
their low latency 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.

25 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



bus fromthe individual agents and sel ectively grants ownership of the bus.

Thi s schene offers flexibility because conputer system designers
can individually. determine a priority schene anong the agents by
Gustom zing the central arbiter. 5 Two drawbacks of this approach are:
1) a costly central arbiter is required, a_ryI_Z) it has a | ong

| at ency of bus exchange between multiple agents. I n anot her

arbitration schene, the agents are daisy-chained. In this schene

arbitration pri cdrbitedti mm-wmehy@pbﬁyﬁvgxgﬁ@txﬁuﬂﬁﬁéfgeﬁﬁv&l;uﬁmaﬂ0 | owest

priority. Two drawbacks of 'this scherme are inflexibility and | ong
arbitration | at esiditional 1dgic and expense. THe préehtdnimtiofpARidRe Sstcan AvaitaEode an
arbitration protocol that requires no external central arbitration

| ogi ¢ and provi desult.ow | at ency of bus exchange between mul tiple

agents. The present -+nvention provi des such an advant ageous result.
It is common in conpJpsummary, énevercomeproblems avithqrior astpeitrationgmyetotals ito a
conput er system bus._ For exanple, nultiple processors along with I/O

devices 15 3 <¥eid headyantagequs forpn arbitmidenspratogokrdite provisieiforarying of t en
coupled to the uter system bus. These agents have varying bus

bandwi dth and | U8 of agkts o Bigihus sbaviequiripg additans exigmat logisfi.aisBe t he
1% of the ti e, HDRE AP B aiessis 2o et n SPlaliagbrvarn toversat o
typically has a §chath Y&l ¥ QW Igtgr?cyl r%&tﬁpc%n&?x%%r;e%qggg “styxgnmeu*ic agents"; 3)
to provide a small .latency bus exchange between multiple agents; 4) to
10 accommodate burst accesses by agents; 5) to provide flexibility to meet the
requirements of /O or other such devices, referred to as "priority agents"; 6) to
meet the worst case arbitration latency for /O devices; and 7) to allow one clock
cycle for signal transmission between multiple agents and a separate clock cycle for
the agents to respond, referred to as a "latched bus”. The present invention
15  provides these and other advantageous results. However, the arbitration proéocol

of the present invention can also be used in a non "latched bus” environment.



20 avoi d overflow or underflow conditions inposed by their imted

I nternal buffering. Therefore, 1/0O devices should obtain usage of
the bus as soon as possible to neet their low | atency requirenent

¢ hereby avoiding systemretries. An overall arbitration protocol
shoul d account for the needs, of differenL4Lypes of bus agents. The
present invention provides such an advantageous result. 25 Many
nodem conput er systens can have a varying nunber of bus agents. The

nunber of agentmﬂmaﬁg@m&y vary between systens, or may vary
over time for a grven system us, It would be advantageous to provide a
versatile A system and method for providing a high performance symmetric -3 -
arbitration protocol i ch supports a varying nunber of agents with m nimal
addi tional | ogigbiaadoreproposlahat Tidudes egppoit forpriviity agenryio desdeibeds UEdchan
advant ageous .result. I'n summary, to overcone problens
with prior art symmetricagentinphesysteml rsaintiains tiree itanosincrder taproside aljstahued or an
arbitration.protocol: 1) to provide for varying

5  arbitration using a round-robin (i.e., circular priority) algorithm: 1) a unique Agent

ID initialized during reset, 2) a Rotating ID value that reﬂc;ts 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,

10  with the Rotating IDs indicating which symmetric agent has the lowest priérity 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

15  Intel Architecture processors are symmetric agents, a priority agent (such as an I/O
d.evice) requests the !;us by asserting a BPRI# signal and obtains ownership of the
bus unless the current symmetric owner is asserting a LOCK# signal.

In addition, the present invention performs a method for arbitrating between
symmetric agents and a priority agent for ownership of a bus. ‘

20 Elements of the present invention 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

25  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 detects



nunbers of agents on the bus w thout requiring additional external |ogic
(i.e., the prot ocol should be "glueless"); 2) to be fair in
arbitrating between agents with simlar bandw dth and | atency
kequirenents, referred to as "symetric agents"; 3) to provide a
smal | | atency bus exchange between nultiple agents; 4) to 10 accommodat e
burst accesses by agents; 5) to provide ™™ ™exibility to neet the

requi renents of I/0O or other such devices, referred to as "priority
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pr ot ocol e preséent 1 nvention can also be used In non "l atched

bus" environ rity alﬁ_elz_nt. Another element that may be included is an ownership state indicator - 4-
SUMVARY OF.THE | | ON A system and nethod for providing a

hi gh per f osnankd irdicansithé Gwnership state of the system 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.



arbitration protocol that includes support for priority agents is

descri bed. Each symmetric agent in the systemmaintains three itens
in order to provide distributed 5 arbitration using a round-robin
§i.e., circular priority) algorithm 1) a unique Agent | D
initialized during reset, 2) a Rotating ID value that reflects the
symetric agent with the lowest prrority in the next arbitration
event, and 3) a synnetrlc CMmersh|p State Indicator to indicate

ei ther a busy £ S gggment there are four
symmetric ager priority is 0, 1, 2, 3, 0,1, 2,
etc. 10 ~wth then@ﬁrééehmvén%nmﬁbaaied d hét 188i6Mon RS t he

| owest priority for he next arbltratlon even Upon an arbitration
event, the syngefigifes agmshcwxﬁﬂmxj&mgdmwmgs i gBe ke ffdrgickd ndfeee itkigart he
'syrmetrl C owner. priority agent that requests the bus obt ai ns
owner shi p overeléhiens idintwhich; owner unl ess the symmetric owner is
performng an atomc (i.e., bus-locked) transaction. In one such system
where 15 5 ntel ArEigitedds abickdmagessof s maltipracgssoetomputergystem, of ghepriority

agent (such as an I/0O device) requests the bus by-asserting a BPRI #
signal and obtpresest imyendiophi p of t he bus unless the current symetric
owner is asserting a LOCK# signal . In addi tion, the present

i nventi on perforns Etgn@t%abiqgkd%mmp%abwlmr\ﬁwmofthepressytrtmmtxpe. agent s

and a priority agent, for ownersg bus. El ements of the
present invention co@pBads adlock fﬁgf egtgmygq%sm}gmlgerconnecuon

between symmetric agents and prion'ty agents;

10 Figure 4 is an illustration of the internal state tracking mechanism for
distributed arbitration among symmetric agents;

Figure 5 is a flowchart describing the steps of the present invention for
arbitrating between symmetric agents;
Figure 6 is a flowchart describing the steps of the present invention for a

15  priority agent to arbitrate for the bus;

] Figure 7 is a flowchart describing the steps of the present invention for a
symmetric agent to request ownership of the bus;
Figure 8 is waveforms illustrating bus arbitration initiated after a reset
sequence in a mode of the invention which includes Intel Architecture CPUs;

20 Figure 9 is waveforms illustrating arbitration between two or more
symunetric agents while LOCK# and BPRI# stay inactive in a mode of the invention
which includes Intel Architecture CPUs;

Figure 10 is waveforms illustrating bus exchange between a priority agent
and two symmetric agents in a mode of the invention which includes Intel

25 .Architecture CPUs; and

Figure 11 is waveforms illustrating an ownership request made by both a

symmetric and a priority agent during an ongoing indivisible sequence by a



menory 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 requesti ng 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 25 that uniquely
identifies the processor's position in a-&itcular ordering of the
processors, a rotating identifier that indicates a | owest priority
processor such that a . Ci rcg{tgr,ord.er of, pri oritl\{'l of the processors
is defined, a FEGHSEIC Qes i 3Mofs ok the investiop which includes Intel Architecture

-5 - bus ership requests by the processors, and a symmetric
arbitrator that"sel'ects a hi ghest 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 nay be included is an ownership state
indicator 5 that indicates the ownership state of the systembus. If the
ownership state is a first state the symmetric arbitrator of each
processor selects the bus owner at |east one '



¢lock cycle earlier than if the ownership state is a second state. The

first and second states can be idle and busy states, respectively.

- 6- BRI EF DESCRI PTI ON OF THE DRAW NGS The present
knvention is illustrated by way of exanple and not linmtation in t he
figures of the acconpanying drawi ngs, in which |like references indicate
simlar - el enrents and in which: 58- Figure 1 is a bl ock

di agram of a mul tiprocessor corrput er system of the pr esent

i nvention;

system of the ' UNZO}:sn% pﬁ%ﬁwsb%git glr agram
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anong symmetric agents
following description, numerous specific details are set forth, such as agent types,

5  bus bandwidths, signal names, etc., in order to provide a thorough underStanding
of the present invention. It will be understood by one skilled in the art that the
present invention may be practiced without these specific details. In other
instances, well-known methods, procedures, components, and circuits have not
been described in detail in order not to obscure the invention.

10 FIG. 1 shows an overview of an example multiprocessor computer system
of the present invention. The computer system generally comprises a processor-
memory bus or other communication means 101 for com;nunicating information
between one or more processors 102, 103, 104 and 105. Processor-memory bus
101 includes address, data-and control buses. Processors 102 through 105 may

15 includea small, extremely fast internal cache memory, commonly referred to as a
l;vel one (L1) cache memory for temporarily storing data and instructions on-chip.
In addition, a bigger, slower level two (L.2) cache memory 106 can be coupled to a
processor, such as processor 105, for temporarily storing data and instructions for
use by processor 105. In one mode, the present invention may include Intel®

20  architecture microprocessors as processors 102 through 105; however, the present
invention may utilize any type of microprocessor architecture, or any of a host -of
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,
25 103, 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.



Figure 5 is a flowhart describing the steps of the present invention for

arbitrating between symmetric agents; Figure 6 is a

fl omchart describing the steps of the present invention for a 15

ptiority agent to arbitrate for the bus; Figure 7 is a

fl omchart describing the steps of the present invention for a

symmetric agent to request ownership of theébus; Figure 8 is
waveforns illustrating bus arbitration initiated after a reset

sequence in a node of_the invention which includes Intel Architecture CPUs;
20 Figure 9 iRroepssastl? iscqupledde peacessgr-mepiory s KH qyef 1;kaesst Yo or

| nacti tx/r%t 5& a node

nor e symmetri ¢ _agent wi | e bOCK# and, BPRI # st a%q.r
i

of the inventiont37 and bus §3§. Froceseqr j{é alspfoniaingasymmets ,

Fi 10 i f i1l ti b h bet I Ori

and two symmet 11 EhiahEpRols Bot Whertbsrssor KT HORRHR SResin BrcsRer ALY el
25 Archi t ect CPUs: d o . ' A ' f

i1l ust ;;tz ngcaﬁrM“Yh°§?’F%catfé’§é%€g%Y%‘y°‘g%%w 1"20}&"5' ﬁ)lw?;cﬁlég {r;lﬁscna?nd a
priority agent quilRg f0s8RAChdIGihEE WihHul afbic R DGR Prddessor 102 and the

remaining agents coupled to processor-memory bus 101. The remaining signals

transferred between processor 102 and processor-memory bus 101 are transferred

over bus 138. These remaining signals include data signals, address signals, and

additional control signals. In one embodiment, request bus 137 and bus 138 are
.10 partof ﬁrocessor-memory bus 101.

The other processors 103 through 105 also include a symmetric arbitration
unit 302 and are coupled to processor-memory bus 101 with 2 request bus 137 and
bus 138 as shown with regard to processor 102. In one embodiment, only the
symmetric agents coupled to processor-memory bus 101 include a symmetric

15  arbitration unit 302. In an alternate embodiment, all agents coupled to processor-
1;1emory bus 101 include a symmetric arbitration unit 302.

The processor-memory bus 101 provides system access to the memory and
input/output (I/O) subsystems. A memory controller 122 is coupled with
processor-memory bus 101 for controlling access to a random access memory

20 (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 im&ucﬁons, and a display device 123, such as a cathode ray tube
(CRT), liquid crystal display (LCD), etc., for displaying information to the
25 computer user may be coupled to processor-memory bus 101.
An input/output (I/O) bridge 124 may be coupled to processor-memory bus

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



-7- symetric owner in a node of the invention which includes Intel
Architecture CPUs.

- 8- DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENT A
system and nmethod for providing a high performance symetric

arbitration protocol that includes support, for priority agents is

described. In the foll owi ng descri"ptMon, numerous specific details
are set forth, such as agent types, -5 bus bandwi dt hs, signal nanes,

etc., in order - DL QVi )| | sent

I nvention. It waﬁ%f&égx ﬁgggigé%g{??g%ﬁ%#gggiﬁﬁggyﬁgust }13e1 tgra ‘f‘&]t;%é{w?ﬁ%?
present i nventi g, BEkeliPdRAS bh B HIOUEsobhES, BRGRI1hGs dfhitdae |1 Of her
i nstances, wel | -known nethods, proceJure's, conpohentYs, "and circuits have
hot between the system IO bus 131 and the processor-memory bus 101. Bridge 124

includes a high priority arbiter unit 325 that arbitrates for ownership of the
5  processor-memory bus 101 on behalf of /O devices such as 132-136.
1/0 bus 131 communicates information between peripheral devices in the

computer system. Devices that may be coupled to system I/O bus 131 include a
display device 132, such as a cathode ray tube, liguid crystal display, etc., an
alphanumeric input device 133 including alphanumeric and other keys, etc., for

10  communicating information and command selections to other devices in the
computer system (e.g., processor 102) and a cursor control device 134 for
controlling cursor mo:rement. Moreover, a hard copy device 135, such as a plotter
or printer, for providing a visual representation of the computer images and a mass_
storage device 136, such as a ma.gnctic disk and disk drive, for storing information

15  and instructions may also be coupled to system IO bus 131.

- In some implementations, it may not be required to provide a display device
for displaying information. Certain implementations of the present invention may
include additional prbcessors or other components. Additionally, certain
implementations of the present invention may not require nor include ali of the

20 above components. For example, processors 102 through 104, display device 123,
or mass storage device 125 may not be coupled to processor-memory bus 101.
Furthermore, the peripheral devices shown coupled to system I/O bus 131 may be
coupled to processor-memory bus 101; in addition, in some implementations only a
single bus may exist with the processors 102 through 105, memory controller 122,

25  and peripheral devices 132 through 136 caupled 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



been described in detail in order not to obscure the invention. 10
FIG 1 shows an overview of an exanple multiprocessor conputer system
of the present invention. The conputer system generally conprises a

p¥ ocessor - menory bus or other conmunication means 101 for
comuni cating i nformation bet ween oge or nore processors 102, 103,
104 and 105. Processor-nmenory bus 101" i ncl udes address, data and

control buses. Processors 102 through 105 maly 15f incldu?e a smal |,
| . re 0. as a
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host of 5 blsgl2alAgenty208-206 oarei8lnds microprocessors, co-proceR6858igitall 02, 103,
or 104 may conprise a parallel processor, such as a processor
simlar to or t$ignadprosesorspetos brsaamplebagentst268 tiabigle206 mpy be desame 192, 25
103, or 104 nmay conprise a co-processor, such as a digital signal
processor. |n processordddishown in BiG debsing soupdad torbus 242 vi0breqagst boc 13e

sors of different types.
proces and bus 138. CKJré)ter manager 207 and its cache are shared between these four

' agents 203-206. Each cluster is coupled to a memory system bus 208, which in

10 one embodiment is processor-memory bus 101 of FIG. 1. These clusters 201-202
are coupled to various other components of the computer system through a system
interface 209. The system interface 209 includes a high speed I/O interface 210 for
interfacing the computer system to the outside world and a memory interface 211
which provides access to a main memory, such as a DRAM memory array (these

15 interfaces are described in greater detail in FIG. 1). In one embodiment, high speed
I;O interface 210 is bridge 124 of FIG. 1, and memory interface 211 is memory
controller 122 of FIG. 1.

Certain implementations of the present invention may not require nor
include all of the above components. For example, cluster 201 or 202 may

20  comprise fewer than four agents. Additionally, certain implementations of the
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

25  not limited to the interconnection shown. Other numbers of agents and

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



- 9- Processor 102 is coupled to processor-nenory bus 101

over request bus | 37 and bus 138. Processor 102 al so contains a
symmetric arbitration unit 302 whi ch controls both when processor
102 requests access to processor-nenory bus 101 and when processor

102 is given ownership of bus 101. Request bus 137 5 transfers the
signal s associated with bus arbitration betlReen processor 102 and the
remai ni ng agents coupled to processor-nenory bus 101. The remai ning signals
transferred betmeen [ OCessotr 2 and ocessor-nennr bus 101 are

transferred Hveppa. f§§ CIES & Begides %T%oﬁsﬁéﬁy&%ded’&ieé

[ | s, add ontro n.one
enbodi ment iZZﬁ@%ﬁg%a@*%gi?f&cm tﬁ@ﬁ%af é“rl’l g Sliyatelh Zmemory
b 01. Q rou clude a
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bus 101 with a rﬁﬁRﬁEEﬂ@E@C@pﬁQd’.{ha BR([3:0}# pins (i.e., bus request pins) are bus

‘s request pins whereby a symmetric agent receives bus ownership requests from bus

agents and sends bus ownership requests. In one mode, a symmetric agent issues a
bus ownership request by asserting its BRO# pin and receives bus ownership
requests on each of the BR[3:0]# pins. The BPRI# pin (i.e., priority request pin) is
a priority request pin whereby a symmetric agent receives bus ownership requests

10  from a high priority bus agent. The LOCK# pin (i.c., bus-locked transaction pin)
is a bus-locked transaction pin whereby a symmetric agent signals all other bus
agents that bus ownership is currently locked, i.e. bus ownership cannot change
while any bus agent is asserting its LOCK# piq. In one mode, a symmetric agent
asserts its LOCK# pin while performing an atomic operation (i.e., an indivisible

15  sequence of bus transactions). .

’ The BR[3:0}# pins of symmetric agents 302-305 are coupled to a set of
BREQI3:0]# signals 311-314 (i.e., bus request signals) whereby individual
symmetric agents send and recejve bus ownership requests to arbitrate for
ownership of a system bus, such as processor-memory bus 101 of FIG. 1.

20  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,

25  inabus 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



Qus 138 as shown with regard to processor 102. In one enbodi nent, only the
symmetric agents coupled to processor-nenory bus 101 include a symetric

15 arbitration unit 302. In an alternate enbodi nent, all agents coupled to
processor - menory bus 101 include a symretric arbitration unit 302.
The processor-nmenory bus 101 provi des syg em access to the nenory and

| nput/output (1/0O subsystens. A nenory ntroller 122 is coupled with
processor-menory bus 101 for controlling access to a random access menory

20 (RAM or Oﬁdg%sn@%é itdél%gﬁ?xg‘éf’éa%ﬁ %x%ﬂngfc W/ cd fé?irt{;%d to as a

mal n storing | ormat1 O I'UCtI processors

102 through 108oCK#si axﬁmssadastﬁ)cﬁk@hagwiﬂ\eaﬁge%nec_ﬁwme%arramrmgnetlc
di sk and di sk drive, Tor storing informati on and instructions, and a

di spl ay devi Cesyinhitetric b@herats nieintaih hoslewhérvhip dideng a bus-lockédRiansadtiogui d cryst al
di splay (LCD), etc for displaying information to the 25  conputer user

may be coupled to 'pAM@ﬁprmmymbm:sBlbunscohﬁIbd to drive the BPRI# sighal 3it6put / out put
(I/0O bridge 124 may be coupl ed to processor-nenory bus 101 and
syst em | / OSousarbilratet for buscowmbeship ambairalfiof enuitiphe privrity agengsa tleadgitiborthe
high priority arbiter 325 receives the LOCK# signal 318 as an input to indicate
when it may arbitrate for bus ownership. If none of the symmetric agents 302-305
is asserting the LOCK# signal 318 (i.e., the LOCK# signal is deasserted), the high
priority arbiter 325 can assert the BPRI# signal 316 to arbitrate for ownership of the
10  systembus. The high priority arbiter 325 includes a set of IOREQ[n:0] pins for
receiving bus ownership requests from various priority agents. In addition, high
priority arbiter 325 includes a set of IOACK[n:0] pins for acknowledging to priority
agents that bus ownership has been granted. When a high priority request is
present any JOREQ pin, the high priority arbiter 325 prioritizes the current requests,
15  arbitrates for bus ownership, acknowledges ownership of the bus to the priority
a'gent having the highest priority request.

Note that the high priority arbiter 325 can be thought of as the "priority
agent” Qith 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.

20  In the subsequent 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 request pin) to request ownership of the system bus. A priority agent

25  observes its ACK pin (i.e., a priority agent acknowledge pin) to determine when it

has been granted ownership of the system bus.



- 10- devices on either processor-nenory bus 101 or 1/0O bus 131 to

access or transfer dat a between devices on the other bus.
Essentially, bridge 124 is an interface bet ween the system |/ O bus
131 and the processor-nenory bus 101. Bridge 124 i ncl udes a high

priority arbiter unit 325 that arbitrates for ownership of the 5
processor-nenory bus 101 on behal f of /18 devi ces such as 132-136.
| /O bus 131 communi cates i nformati on between peripheral devices in the

' . I I J31 includ

computer syt e CpkSibihe T GHIR01 2 SRALAS AR, 1)

6 L2y, e e 38 BRABRY el U R e Oy
d | i.op i i . . g,
COMENG 5| iy e GREUN ok oy e ROK ip LA

cursor noveneg oneNItRONER prdrityakishicr IVACRYO.G ohipats. STHe pridfityPagehii3ng!
or printer, for providing a visual representation of the conputer inages

and a mass5 328 obtain@waeashieofitheprbddsorsmenonbus 10ngirehgica ftgtdst amdl di sk
drive, for storing information 15 and instructions nmay also be coupled to
system | / O buackhdWledge protocol with the High priority erbite=325) tA priority agert semds anot  be
required to provide a display device

request for ownership of the bus by asserting its REQ output. The high priority

arbiter 325 prioritizes the current requests received on its IOREQ[0..n] inputs,
asserts the BPRI# signal 316 to arb_itrate for the bus, and notifies the selected
10  prority agent when bus ownership is granted by asserting the appropriate
IOACKI[O..n] output.
The symmetric agents 0-3 may be processors 0-3 of FIG. 1 with the '
BREQ[3:0]# signals being part of the processor-memory bus 101 in one mode or
part of the request bus 137 in another mode. Pribrity agents 0 and 1 may be /O
15  devices with their REQ and ACK signals being part of system-I/O bus 131. The
high priority arbiter 325 may be embodied in the bridge 124.
Thus, present invention system interconnection scheme of FIG. 3 provides
ameans ﬁ/hereby the symmetric agents 302-305 can arbitrate between themselves
for ownership of the bus, i.e. a symmetric agent arbitration protocol, and also
20  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 protecol embodying
25  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



for displaying information. Certain inplenentations of the present

I nventi on may I ncl ude additional processors or other conponents.
Additionally, certain i npl ement ati ons of the present invention nmay
mot require nor include all of the 20 above conponents. For exanpl e,
processors 102 through 104, display device 123, or mass storage

device 125 nmay not be coupled to processotbnenory bus 101.
Furthernore, the peripheral devices shown coupled to system |/ O bus 131 may

be coupl ed to processor-nenory bus 101; in addition, in sone
i mpl ement at i onBehgHiof agy number °f§ﬂ?ﬁ§ P@%Wsagﬁ%ffl) Sheqresgnt lﬁV%ﬁ’@ﬂthYG‘é@’s & s 102

t hrough 105, ne ntroIIe and |pheral evi ces, 132
t hrough 136 coBh E’é grsgggnetncagents Gther'nn mbegs, of symmetticy| ok

?hi‘%&?{”oﬁfmjvr“hQ%?%s%%W#a@ S a%%#"itpo&@eyef%s%ﬁtﬂvm%c Mot rat Bt or h
ustors 201 arionoseE R i PhRlng A RidER 3Bh be ahigh by bRl 0, 0101

agents. 5 shown in FIG. 3. In the arbitration protocol of the present invention, a single

priority agent or a high priority arbiter that arbitrates on behalf of multiple priority
agents arbitrate for the bus in essentially the same manner.

Arbitration Phase. A bus agent needs to have bus ownership before it can
initiate a bus transaction. If the agent is not the bus owner, it enters the Arbitration

10 Phase to obtain bus ownership. Once bus ownership is obtained, the agent can
enter the Request Phase and issue a iransaction on the bus.

Arbitration Protocol Overview. The bus arbitration protocol of the present
invention supports two classes of bus agents: symmetric agents and priority
agents. The symmetric agents support fair, distributed arbitration using a round-

15  robin (i.e., circular priority) algorithm. Each symmetric agent has a unique Agent
ID between zero to three assxgned at reset. The algorithm arranges the four
symmetric agents in a circular order of priority: 0, 1, 2, 3, 0, 1, 2, etc. Other
numerical schemes could be used, however. Each symmetric agent also maintains a
common Rotating ID that reflects the symmetric Agent ID with the lowest priority in

20  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_; symimetric owner. Note that
the symmetric owner is not necessarily the overall. bus owner (i.e. a priority agent
ma'y be the overall bus owner). The symmetric owner is allowed to enter the

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

the bus.



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
5 bus 212. .Agents 203-206 can include m croprocessors, cO-processors,

dr gi tal signal processors, etc.; for exanple, agents 203 through
206 may be the sane as processor 102 shown in FIG 1, being coupled
to bus 212 via a request bus 137 -38d bus 138. Custer manager 207
and its cache are shared between these four agents 203-206. Each

Chboth ment 1o br ooedds PrifE ety BasHRetbrpnl wit g ueric Smsr. 05k, 202

. . f .
System % 1O BT LRI ERIGNRE bR R prl i BB R M ERE R P00 D
I/Ointerface 21fnh0%nto a{lg\gé{e?%sﬁ’ﬁﬁﬁ'uﬂﬁs ﬂlﬁgﬁgwgmlﬁag{ior?%i}aﬂ%fWoﬁ%‘?ném si de

world and a nmenory Tnter provi des access to I n

, h a Lt i bed in
MeENDry, suc ?ouﬁxdém;;le)wblhy B [R¥ed bg\ﬁﬁﬁons%é thbs% @éifaﬁgﬁé (foF &:ﬂﬁ%ﬁ _

greater detail in FIG n one enbodi ment, hig pee

interface 250 iafonkie bga@udz?&:cmﬁs feh&mollifyaiite )RR ¥arindt B infe@pted Withdutenor y
controller 122 of FI 1. Certain inplenentations of the
present i nvent idisturbing theintegrtyuifitiee operation. The piiowity ugent & dllotved tdientéxtthe e
conponents. For- exanple, cluster 201 or 202 may 20 conprise fewer than
four agents. AdRtguésoRbase providednaiather apticenefiitigiter pricritpfis praeenting the use of
the bus.
In one embodiment, the symmetric agents are processors and the "priority
10 agent” is a high priority arbiter that arbitrates on behalf of multiple I/O devices.
Besides the two classes of arbitration agents, a bus lock can act as an
arbitration modifier. A bus agent causes a bus lock action by asserting LOCK#.
The bus lock action is available to the current symmetric owner to block other
agents, including the priority agent, from acquiring the bus. Typically a bus locked
15  operation consists of two or more transactions issued on the bus as an indivisible
s.equencc (i.c., an atomic operation). Once the symmetric bus owner has
successfully initiated the first bus locked transaction it continues to issue remaining
requests that are part of the same indivisible operation without releasing the bus,
i.e. it asserts its BR# and LOCK# pins low throughout the operation.
20 In summary, the priority for entering the Request Transfer Phase is:
1. The current bus owner retains ownership until it completes an ongoing
indivisible bus locked operation.
2. The priority agent gains bus ownership over a symmetric owner.

25 3. Otherwise, the current symmetric owner as determined by the rotating
priority is allowed to generate new transactions.

Bus Signals. The bus arbitration signals are BREQ[3:0}#, BPRI#, and
LOCK#. Referring again to FIG. 3, the BREQ[3:0}# bus signals are connected to

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



present invention may include additional processors or other conponents.
FIG 3 is a block diagramof a present invention systeminterconnection
bet ween symmetric agents and priority agents. It should be noted that the
#.nt erconnection of FIG 3 is exenplary only; the scope of the present

I nvention is 25 not limted to the interconnection shown. O her nunbers
of agents and I nt erconnecti on schenbg7nay be utilized which are
within the spirit and scope of the

- 12 - h t . d .
processors andplr/%%%fnl’t&ﬁ nvgn with 4 “mq‘FFeg nﬁéﬁiﬂ?{‘g B?evp"r{ ec?;pﬁgggti('ggﬁ%aqs@
b h | .

arbi tration_pur Ei‘le“g Wﬁ?ﬁ&'@a&‘% rechinfim are desorbsd in oy sfbtentipatent

BPRI #, and LOCK# er tip @vs@%ﬁgﬂkﬁc&g&ﬁh&o& in t%u?gﬂaeﬁkoﬂ'tﬁ%bxéété FQUS

5 request pins gent rece ves owner* requests
from bus tﬁaﬁﬁtﬁnﬁ@ﬂoﬁﬁﬂ@ﬁeﬁﬂ&x qwe%rﬁﬁhﬁgrtﬁ@ygﬁﬁsani#\m mmfle, a
synnetrlc agent 1ssues a bus ownershi p request by assertlng its

BRO# pin and sec BRAW are iEpu@ VAIG ahll i used to observe the arbitration requests of the
remaining three symmetric agents.

The BPRE# signal 316 is an output from the priority agent by which the
priority agent arbitrates for ownership of the bus. In addition, BPRI# is an input to
signal the symmetric agents that a.priority agent requests ownership of the bus. -

10 LOCK# is a bi-directional signal bused among all agents. The current bus owner
uses LOCK# to define an indivisible bus locked operation.

Internal Bus States of Symmetric Agents. In order to maintain a "glueless”
multi-agent interface among the symmetric agents, some bus state is distributed and
tracked by all symmetric agents on the bus. This is known as a distributed

15  symmetric arbitration protocol. "Glueless” means that no external logic is required
t; perform symmetric arbitration.

Referring now to FIG. 4, an ilIustratioh 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

20 and a two-bit Rotating ID 510 to perform distributed round-robin arbitration. In
addition, each symmetric ageﬁt 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 idle state enables a smaller, two-clock arbitration

25  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



requests on each of the BR[3:0]# pins. The BPRI# pin (i.e., priority

request pin) is a priority request pin whereby a symetric agent
recei ves bus ownership requests 10 froma high priority bus agent. The
BOCK# pin (i.e., bus-locked transaction pin) Is a bus-Iocked
transaction pin whereby a symetric agent signals all other bus

agents that bus ownership is currently |ock#8l; i.e. bus ownership cannot
change while any bus agent is asserting its LOCK# pin. In one node,
a symetric agent asserts its LOCK# pin while performng an atomc
operation (i.e., owmer.Buspaskipgemeans thaidhe eurrcat bus wrer maigiains buoppnership

The BR[ 3: 0] # plns of synnetrlc agents 302-305 are coupled to a set of
BREQ 3: 0] # si gnalegef@ilt-cﬂﬂmty dags nothgye a peprliag trans QPS%WW“ eRMESdual

ounorship of a SpevbR BHGe GHo ﬁyr?%frsﬁ““” P bl PR e frin preiege o
Slutter the - owngridh g*&t e PRy g IR AR RAE oo . 386 o
o 0655015’ have. 3% pojor Gl B SAISpRAREERRR' O, (00 S ar e
o the separ Ecr%éélﬁfgs?&ﬁﬁ%ﬁfg% n anot her mode. Al ternatively, 25 ina
bus cluster systemt hi@ﬁ? A gﬁﬂﬁgﬁc@&lﬁgg@ﬁ{m RideRHfinéd ét et FsG 2. Each
described in the above-referenced application. The Agent ID is unique for every
symmetric agent.
10 Rotating ID. The Rotating ID points to the symmetric agent that will be the
lowest priority agent in the next arbitration event with active requests, i.e. the Agent
ID of the current symmetric bus owner if the bus is busy or the Agent ID of the
previous symmetric bus owner in the case of an idle bus. In one mode all
symmetric dgents maintain the same Rotating ID and the Rotating ID is initialized to
15 3 atreset. In another mode, each symmet:'ic agent has a different value for its
l’lotating ID at any given time. However each symmetric agent's Rotating ID points
to the same symmetric owner. After an arbitration event, the Rotating ID is
assigned the Agent ID of the new symmetric owner so that the new owner becomes
the Iow-est priority agent on the next arbitration event.
20
Symmetric Ownership State. The symmetric ownership state is reset to idle
on an arbitration 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
25  different symmetric 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.



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

-4 3- bus ownership. The LOCK# pins of each synmmetric agent are
coupled to a LOCK# signal 318 (i.e., a bus-lock signal) which can be
asserted by the current symetric owMyr to mai nt ai n bus owner ship
during a bus-1locked transacti on. A high priority arbiter 325

is coupled to drive the BPRI# signal 316 to 5 arbitrate for bus

owner shi p on behdlote that theisyirreteic BWnership)stACRIETS only fo B¢ @it Bic Buddwner.

high priority arbiter 325 receives the LOCK# signal 318 as an input to

i ndi cate The priodity agsnt aadhdveatmal ghysioalsovanershipsdtithe relliestbiig edn t he
symmetric agents 302- 305 is asserting the LOCK# signal 318 (i.e.,
the LOCK# si gnal wihen thestateistbusy) anditherefis gturrent symmetricominely ar bi ter 325 can
assert the BPRI# signhal 316 to arbitrate for ownership of the 10 system
bus. The high priority arbiter 325 includes a set of 1OREQn:0] pins for
recei ving bus_ownership requests fromvarious priority agents. In addition,

hi gh 5 II. Present Invention Arbitration Protocol Rules

The arbitration protocol of the present invention can be expressed in the

following sets of arbitration protocol rules. In the following discussion BINIT#is
a signal that indicates a catastrophic bus protocol error. AERR# is a signal that
indicates a parity error in the address of an issued bus transaction. AERR# triggers

10 aretry of the transaction having the error.

etric Age itration Prot Rul
Reset Conditions. On observation of active RESET# or BINIT#, all

BREQI3:0}# signals should be deasserted in one or two clocks. On observation of
15  active AERR# (with AERR# observation enabled), all BREQ[3:0}# signals should
t;e deasserted in the next clock. All agents also re-initialize their Rotating ID to
three and their ownership state to idle. Based on this situation, the new arbitration
priority is 0,1,2,3 and there is no current symmetric owner.
When a reset condition is generated by the activation of BINIT#, BREQn#
20  should remain deasserted until 4 clocks after BINIT# is driven inactive. The first
BREQ# sample point is 4 clocks after BINIT# is sampled inactive.
‘When the reset condition is generated by the activation of RESET#,
BREQn# as driven by symmetric agents should remain deasserted until 2 clocks
after RESETH# is driven inactive. The first BREQ# sample point is 2 clocks after
25 RESETH# is sampled inactive. For power-on conﬁgdration, 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



priority arbiter 325 includes a set of 1 0OACK[n: 0] pins for acknow edging to
priority agents that bus ownership has been granted. Wen a high
priority request is present any | OREQ pin, the high priority arbiter
325 prioritizes the current requests, 15 arbitrates for bus ownership,
acknow edges ownership of the bus to the priority agent having the
hi ghest priority request.. -2®te that the high priority
arbiter 325 can be thought of as the "priority agent"” with respect
to the arbitration protocol of the present invention because the

high priority antieciackafter REJETH istsampled deaspastedudgent Otsboidd delay BREQGHp| e
priority agents. 20 In_the subsequent discussion of the arbitration
protocoi, "pri @ssertipnfgenminipym of thrge clocks afteribg glogk dnwhichiRESET#iisr i t v

arbiter. In one pode including the high priority arbiter,
priority agent deaserteditngpay W”eg“&l‘tﬁE%‘b‘Pl%@W&' an ACK pin. Apriority
agent asserts its E in (i.e..,.apriorit ent. request pin) to
request owner ship .mlﬁﬁ'é%‘?ﬂﬂbﬂyggﬂmﬁ?‘?‘ﬁ‘ﬁ ﬁ%eﬂ?agegg e_xg"t?gioé'ra\/e_s its
s Do Sk B s P s BB P oL RLL A .
locked operation should keep BREQn# inactive for a minimum of four clocks. The

D

bus owner n that has issued the second or subsequent transaction of bus locked
operation should activate its BREQn# two clocks from inactive BREQn#. This
approach ensures that the locked operation remains indivisible.

10 Mu_cs_m_s;;:_rtim. A symmetric agent n can activate BREQn# to
arbitrate for the bus pkovided t_he reset conditions are satisfied. Once activated,
BREQn# should remain active until the agent becomes the symmetric owner.
Becoming the symmetric owner is a precondition io entering the Request Phase.

Ownership from Idle State. When the ownership state is idle, a new

15  arbitration event begins with activation of at least one BREQ{3:0]#. During the next
c.lock, all symmetric agenis assign ownership to the highest priority symmetric
agent with active bus .rcquest. In the following clock, all symmetric agents update
their Rotating ID to the new symmetric owner Agent ID and their ownership state to
busy. The new symmetric owner may enter the Request Phase as early as the clock

20  the Rotating ID is updated.

Ownership from Busy State. When the ownership state is busy, the next
arbitration event begins with the deassertion of BREQn# by the currént 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 |

25  symmetric agents update their Rotating ID to the new symmetric owner Agent 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.



-v14 - I n one enbodi nent, priority agents 327 and 328 are

coupled to the high . priority arbiter 325. Each priority agents REQ
out put is-coupled to one of the high priority arbiter's 10OREQO0..n]
i iputs. Each priority agent's ACK input is coupled to one of the

high priority arbiter's 10ACK[0..n] outputs. The priority agents 327- 5

328 obtai n ownership of the processor-nenor@ibus 101 t hrough a request and
acknow edge protocol with the high priority arbiter 325. A priority agent

sends a request foganvgmﬁe hi p .qf éhe hus by assertl ng its REQ

output. The high pri orkagine e Bus Request., Whe ﬁl@wﬁr@mstate

TG gnal 316t o ar oF PPk bls RRpRl | %‘L“Pé‘ﬁ’gmﬁ%‘t FfqRetiphe T ECRRERC oger can
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the processor-ne I n one no € fequest bus

137 in anot he m}!iﬁss h
their REQ andISACK Si Sﬁg s bei gg&gﬂé&? rg?ﬁsyst em | &@Ché\ﬁfg%ﬁieﬂ? Gé’s'tscﬁén%

priority arbiter a3be Whethc syifetrRbwiitr HeRseHs BIEQ# 4 symmetric agents update

their ownership state to idle, but maintain the same Rotating ID.

Bus Exchange With Multiple Bus Regug,gtg When thc owncrshxp state is

busy, on observing at least one other BREQn# active, the current symmetric owner

gh

10 ncan hold the bus for back-to-back transactions by simply keeping BREQn# active.
This mechanism should be used for bus-locked operations and can be used for
unlocked operations to prevent other symmetric agents from gaining ownership.

A new arbitration event begins with deactivation of BREQn#. On observing
‘ relcaéé of ownership by the current symmetric owner, all agents assign bus

15  ownership to the highest priority symmetric agent arbitrating for the bus. In the
t.'ollowing clock, all agents update their Rotating ID to the Agent ID of the new
symmetric owner and maintain their bus ownership state as busy. The prior
symmetric owner n deasserts BREQn# for a minimum of one clock after ownership
is granted to another symmetric agent.

20
iori ent Arbitration Protocol Rul
~ Reset Conditions. On observatién of active RESET# or BINIT#, BPRI#
should be deasserted in one or two clocks. On observation of active AERR#,
BPRI# should be deasserted in the next clock. |
25 When the reset condition is generated by the activation of BINIT#, BPRI#
should remain deasserted until 4 cloc.:ks after BINIT# is driven inactive. The first

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



Thus, present invention systeminterconnection schene of FIG 3 provides

a neans wher eby
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the symetric agents 302-305 can arbitrate between
for ownership of the bus, i.e. a symetric agent
ocol, and also 20 provi des a nmeans whereby priority

agents 327-328 can arbitrate for ownership of the bus, i.e. a
priority agent arbitration protocol. -22- |. The.
Arbitration Protocol of the Present Invention For further

clarity, the present [nveniion arbjtration projocol ephodying 25 bot h -
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25

remains indivisible.

Bus Request Assertion. The priority agent can activate BPRI# to seek bus
ownership provided the reset conditions are satisfied. BPRI# can be deactivated at
any time. On observing active BPRI#, all symmetric agf:nts guarantee no new non-
locked requests are generated.

Bus Exchange from an Unlocked Bus. If LOCK# is observed inactive in
two clocks after BPRI# is driven asserted, the priority agent can take ownership of
the bus four clocks after BPRI# assertion. The priority agent can further reduce its
arbitration latency by observing the bus protocol and determining that no other
agent could drive a request. For example, arbitration latency can be reduced by to
t;wo clocks by observing ADS# active and LOCK# inactive on the same clock
BPRI# asserted or it can be reduéed to three clocks by observing ADS# active and
LOCK# inactive in the clock after BPRI# is driven asserted. ADS# is a signal that,
when asserted, indicates a transaction on the bus by the current bus owner.

Bus Release. The priority agent can deassert BPRI# and release bus
ownership in the same cycle that it generates its last request. It can keep BPRI#
active even after the last request generation provided it can guarantee forward
progress of the symmetric agents. When deasserted, BPRI# stays inactive for a

minimum of two clocks.

Bus Lock Protocol Rules



“priority agent” in the follow ng discussion can also be a high priority

arbiter as 5 shown in FIG 3. In the arbitration protocol of the
present invention, a single priority agent or a high priority
arbiter that arbitrates on behalf of nultiple priority agents
arbitrate for the bus in essentially the s manner .

Arbitration Phase. A bus agent needs to ha%® bus ownership before it can
initiate a bus transaction. If the agent is not the bus owner, it enters

the Arbitration 10 R | Wshipis
obt ai ned, the agent 3 57 Eééﬁ‘ﬁ@@?gﬁgrﬁﬁ fssue a
transaction on Loefwean retain ownership of theﬁﬁ?b} k&pin@ihd L ORI griel Rive EWen The

bus arbitration protocol of the present I'nvention supports t wo

cl asses of bus FUBPREfis ayseREd)l ThisaBeshhfisAislufdidring Bus lock operat@igNAfter The
symetric agents support fair, distributed arbitration using a round- 15

robin (i.e., cidmibek operationiis ydmﬁbigpﬂhe syrmnettizolovnsy deasdets L.OGMMndhas a

uni que Agent | D between zero to three assigned at reset. The

al gorithm ar$ angea-antha fonew request gereyationtunticBBRE s sbierved igdctivell ar or der of
priority: 0, 1, 2, 3, 0, 1, 2, etc. Oher nunerical schenes coul d be

used, however. Each Spassarting BRBUH theprinityragent ebsarvea LOCK# for therestiwRot at i ng
ID that reflects. the symretric Agent IDwith the |owest priority in 20
the next ar bi t r Slackntodienitor regyest bys atiyity o f the/@isrent %vmrﬁ@mspweerslé by which a

gf\gl trati Onsg\r/rgs%r&gmgg focggH] quel,sts (ﬂ%&ﬂcuvg &g%n%pltayna ggt shgu]d wait u¥ml

LOCK# is observed inactive.
10
eration of the Present Invention Arbitration Protocol
FIG. § illustrates a portion of the method of the present invention;
specifically it shows how symmetric agents arbitrate for bus owhership. The
process begins with a reset condition in step 405. During the reset condition, in
IS step 410 for each symmetric agent: 1) the Agent ID is initialized to a unique value
0f0,1,2,0r3,2) 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 protocol of the present invention. Each
20 symmetric agent's internal state tracking mechanism performs the following steps to-
maintain the distributed, round-robin symmetric agent arbitration protocol of the
present invent.iori.
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;
25  otherwise the proceeds to step 420.
In step 420 each symmetric agent determines whether there is a current

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



symmetric agent with the highest priority becones the syrmetri'c owner. Note

t hat the symetric owner is not necessarily the overall bus owner
(i.e. a priority agent may be the overall bus owner). The symetric
ewner is allowed to enter the 25 Request Phase provi ded no ot her action
of higher priority is preventing the use of t he bus.

-16 - The priority agent (sRd4has higher priority than the
symetric owner. Once the priority agent arbitrates for the bus, it
prevents the symetric owner from entering into a new Request Phase
unl ess the new aspariedachireqvestdonewnergip ahthe hysisrag arbitration gygat W’éﬁ@&b@

operation. Bus | ocked operatjo are those operations for exanple an 5
: e ivile tp theck

atomi ¢ oper at i oHVRSERRP stateipidle. Hf theraargap BREQR reguests {hoPropess syl stamt ed
wi t hout I sturbin he.integrity o he. o ign. The priority
agent is all owetF%'® Cg?f{l’élg cﬁ“ngmg%r 2 fm%%uiféf‘%ﬁa@ﬁﬁgbagwaﬂ BPHE? action

of higher pri Orf)r%geeldsstdpsrtgpvﬁgl ng the use of t he bus.
5 In step 425 each symmetric agent assigns ownership to the highest priority

symmetric agent that has an active request. The priority is determined from the
Rotating ID values maintained by each symmetric agent's internal state tracking
mechanism. For &mple, if the Rotating IDs indicate symmetric agent 3 then the
highest priority syrnmétxic agent is agent 0. If the Rotating IDs indicate symmetric
10 agent 1 then the highest priority agent is agent 2. In the first example the current
priority order is 0,1,2,3. If symmetric agents 1 and 3 have active requests then
each symmetric agent assigns ownership to agent 1. In the second example the
current priority order is 2,3,0,1. If symmetric agents 2 and 1 have active requests
then each symmetric agent assigns ownership to agent 2. Thus the round-robin
15  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 symmetric 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

20  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., BPRJ# is not asserted). The process

25  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



| n one enbodi nent, the symetric agents are processors and the "priority

10 agent"” is a high priority arbiter that arbitrates on behal f of

mul tiple I/O devices. Besides the two classes of arbitration
agents, a bus |l ock can act as an arbitration nodifier. A bus agent
causes a bus lock action by asserting L The bus |l ock action is
avail able to the current symmetric owner o bl ock ot her - agents,
including the priority agent, fromacquiring the bus. Typically a bus

locked 15  opghét &M s?ﬁﬂ&'nﬁa%eﬁkfdeiéﬁﬂu% whether e 30saf kAR tricowRAngn the
bus as an indivisible sequence, (i.e., an atom c operation). Once the

symetric bus ofwassertbdfis request (i. esus@esg@rfméduy agéhit barapleslitd BR#fingus kighalstd ocked
transaction it continues to issue rennini ng request s that are part

of the same i nddewsraiide i€ theBREQ# signalicornesponding eeothe ogrréro eyrumstric owneris i.e. it
asserts its BR# and-LOCK# pins |ow throughout the operation. 20

I n summary, thedepsseded)t yWhertheownership stateeis Rosyy es trblirativafezent erben ths:

1. The current bus owner retains ownership until it conpletes an ongoing

i ndi vi si bl e Shuscurgaksyenragide awnesieasserts xts ownershxp requesth ¥ the fwrdnt gymmettic gai ns
bus ownership over a symetric qwner. 3. O herw se, the
current symmet r?"é“%%ﬁ%‘imﬁ%@r‘%rﬁwsﬁb" PIRSCSSPIQReRdifo step 445; otherwise the
priority is allowed to enerats new transacti ons. Bus
Signals. The bUEOSESBHIURINPS¥P4Penal s are BREQ 3: 0]#, BPR #, and

,I[‘ (?CK# Referring agafnntep 44§ the cx.u'r’entt sr}]'%lmem C{:v\mm] has %gts desé.lss%ptgé its raeages(t:gndﬁ' ect ed

the current symmetric owner is parked on the bus. A symmetric owner parks on
10 the bus either to perform a bus locked operation or when no other symmetric agent
is requesting the bus. Step 445 ju}nps 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
15 asserted). If a symmetric agent(s) is requesting ownership, the process jumps to
s.tep 425 to begin servicing the request; otherwise the process proceeds to step 455.
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 idlé. The
process then jumps to step 415 to prepare for the next symmetric arbitration event.
20 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
25  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



30 the four symetric agents in a rotating nmanner. This arrangenent

initializes every -17
- symmetric agent with a unique Agent |D during power-on
configuration. Details of the Agent ID initialization nmechanismare
described in the above-referenced patent application. Every
symmetric agent has one input/output pin, BRO¥, to arbitrate for t he

-bus during nornmal operation. The remaini-mg 4 hree pins, BRl#, BR2#, and 5
BR3#, are input only and are used to observe the arbitration requests of
t he remai ning three symretric agents. The BPRI #
\signal 316 i s whematrpusactionorcelsenphe s (Khusiyehen AFYSHisi asserted some agent is
priority agent arbitrates for ownership of the bus. In additiaon, BPRI# is
an input to cumentlyjpgrfaiminga bustnseetion. Feenrsquasting awpersypof thedyerit

requests ownership of the bus, 10  LOCK# is a bidirectional signal bused
anong al | agenpsontyjagent samples the ADSH signal to determing ?‘EMEE‘F%& an

indivisible b I i,on.
R MUK e — I E

5 defails the timing of when the priority agent can safely take ownership of the bus.
The process starts in step 605, which may occur at any time during the operation of
the arbitration protocol of the present invention (except during the reset sequence).

Step 610 determines whether a priority agent is requesting ownership of the
bus (i.e., whether BPRI# is asserted). If no priority agent is requesting
10 ownership, the process stays in step 610 to wait for a request by a priority agent. If
a priority agent is requesting ownership of the bus, the process proceeds to step
615.
Step 615 determines whether the bus is locked (i.e., whether LOCK# is
asserted). The bus can be locked by an agent that is performing a locked operation
15  (atomic operation) or for other reasons. If the bus is locked (LOCK# asserted) the
I;roccss returns to step 610. If the bus is not locked (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
20  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
25  cycle 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.



rrul ti-agent interface anong the symetric agents, some bus state is

di stributed and tracked by all symmetric agents on the bus. This is
known as a distributed 15 symetric arbitration protocol. "d uel ess”
means that no external logic is required to performsynmmetric
arbitration. Referring now g?_FI G 4, an illustration of the
I nternal state tracking mechani sm f distributed arbitrati on anong

symmetric agents is shown. For the i nternal state tracking, each

symetric agent ﬁ%ﬁ?gﬁ@&d@a&&éﬁ@i '&Plggﬁsgfprrdc'?e&(lé srgﬁ%ss 1Rt azllén ¥Beb t

Rotating ID 510 to per di strrbute obin arbftration.

addition, each syrgRigrbeBagM stf¥oal so maintains a synmetric ownership
state bit t hat descri bes ‘whether the bus ownership is being retained
by the current symetistep 640 the pro¥die valts BUSHocISIRIRS pffcedding 10 stepSE43t €nWher e
no symretric agent currently owns the bus ("idle" state). The notion
of idle state enad &4 the privdity agent takes owaakhipbbthe bas amhinitidtes altmsency from
bus request .to bus ownership in sone cases as will be described

bel ow. The ndt i omanséctivas The peicessehealrkmsns'th aep 6d0 ki segvicdune nexicrus asmership
arbitration | atency to a mninmum of four clocks due to a handshake
Wi th the currentregyesiey # pgority agent.

FIG. 7 illustrates a portion of the method of the present invention;

specifically it shows how a symmetric agent requests bus ownership. “Fhe s the
process (or rules) followed by a symmetric agent in generating bus requests. The
10 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 bds,
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
15  drives to signal a request for bus ownership).
’ In step 720 the symmetric agent determines whether it has been granted
ownershi? 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 symmétric agent. If the arbitration protocol
20  has granted ownership of the bus to the requesting symmetric agent, the process
jumps to s;tep 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
symumetric agent asserts the LOCK# signal to prevent all other agents from gaining

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

transaction is not bus-locked, the process jumps to step 735.



owner. "Bus parking" nmeans that the current bus owner nmaintains bus

owner shi p
If a transacti
blis owner shi p,

even if it currently does not have a pending transaction.
on becones pendi ng before that bus owner relinquishes
the current symetric owner can drive the transaction

wi thout having to first arbitrate for the bus. The 5 state tracking
mechani sm can be inpl enented as a state -B&hi ne using conbi nat i onal

| ogi c.
at reset, as

Agent | D I S uni que

=1D. The Rotati
| owest priorit
i .e. the Agent

busy or the Agén

Agent ID. A symetric agent's Agent IDis determ ned
esc,bjétge in the above ref er enced application. The
ke r
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anot her nodg,
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15

glIDiIs 1nitia reset. In

BROP oy A (théreBP 8REniNE fts BREGHHI AT ural € bhaf tridsction is
completed. Continued assertion of the BR# pin prevents another symmetric agent
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 bﬁs and
proceeds to step 750 when the b.us transaction is completed.

In step 750 the symmetric agent determines whether another symmetric
agent 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.

20

25

In step 750 if another symmetric agent is not requesting ownership 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 internal 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



Rotating ID at any given tinme. However each symetric agent's Rotating ID

points
Rotating IDis

that the new owner becones the | owest priority agent on the next

to the sanme symmetric owner. After an arbitration event,

t he

assigned the Agent ID of the new symetric owner so

arbitration event. 20 Symmetric Owmership State. The

symmetric ownership state is reset to i 29~

The state beconmes busy when any symmetric agent conpl etes the
Arbitration Phase and becones symmetric owner. The state remains
busy whil e t he easilyrpeonidaspitable state roaghines tasimplamenbths possertristenpomarbitration f er s

it to a 25

different symretric agent on the next arbitration event.

the state is bpsgiocal given the abovegdasetipting andexamplpebalewe as the current
symmetric owner Agent |ID. When the state is idle, the Rotating IDis
the sane as the previous symetric owner Agent |D.
Note that the symmtrlcr\c?.v\%earmsqlego state refers only to the

-19 -
symetric bus

5

10

15

20
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owner .
To further illustrate the present invention arbitration protocol, a humber 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. '

Symmetric 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
RESETH# is sampled deasserted by driving the BREQ[3:0}# signals. Once
c;wncrship is obtained, the symmetric owner can park on the bus as long as no
other symmetric agent is requesting it. The syinmetric 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 reset 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 RESETH# is sampled inactive, symmetric agent 1
asserts BREQ1# to arbitrate for the bus. In T8, all symmetric agents observe active

BREQ1# and inactive BREQ[0,2,3}#. During T8, all symmetric agents determine

on an arbitration reset.

When



The priority agent can have actual physical ownership of the request bus,
even when the state is busy and there is a current synmetric owner.
5 1. Present Invention Arbitration Protocol Rules

The arbitration protocol of the present invention cah be expressed in the
followi ng sets of arbitration protocol rules. In the follow ng discussion
BINT# is a signal that indicates a3@atastrophic bus protocol
error. AERR# is a signal that indicates a parity error in the

dd f [ db i.on.  AERR# [ . 10 t f th
? r aaggit ?onaﬂabfzga%ﬁﬂﬁg‘zﬁcffggéq% Ith%r‘]mlwmufti‘; lﬂﬂgegg%ﬁ{traﬁi‘%f"tr%be"é%@?ot ocgl
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clock. Al agent -d ol Liral | IS s i1l (Wl ~ three and
their ownership ?@%ﬁ%ﬁ)&%ﬁ#@%‘gﬁﬁﬁﬂ Flfdsag:tgla{‘%atf%ﬁ? %)ﬁebursl)éw arbitration
priority is Osl, 2,3 asfadiRefém T8, SinfeficHgbntSVdbRRANAG rOHiRFs BREQ[0,2,3]# to
Wen a reset condition is generated by the activation of BIN T#, B n#
SEOU:C d remai n degsteaninedf it!Bid parkdof tHeMS. SthécBREQ[Y, 7 314 He ObderRd ihdtd¢é, ve.
The first

symmetric agent I continues to maintain bus ownership by keeping BREQ1#
asserted (i.e., symmetric agent 1 parks on the bﬁs).
In T15, symmetric agent 1 voluntarily deasserts BREQ1# to release bus
10  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.
Symmetric Arbitration with no LOCK#. Referring now to FIG. 9,
waveforms illustrating arbitration between two or more symmetric agents while
15 LOCK# and BPRI# stay inactive are shown. Because LOCK# and BPRI# remain
i;1active, 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
20  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
25 | ownership state is idle. Hence, the round-robin arbitration priority is 0,1,2,3.
In T2, symmetric agent 0 and symmetric agent 1 activate BREQO# and

BREQ1# respectively to arbitrate for the bus. In T3, all symmetric agents observe



BREQ# sanple point is 4 clocks after BINIT# is sanpl ed inactive.
When the reset condition is generated by the activation of RESET#,
BREQn# as driven by synmetric agents should renmain deasserted until 2

ol ocks after RESET# is driven inactive. The first BREQY sanpl e point
Is 2 clocks after 25 RESET# i s sanpled inactive. For power-on
configuration, the systeminterface -3byi ¢ shoul d assert BREQ)# for
at least two clocks before the clock in which RESET# i s deasserted
BREQO# shoul d be, deasse e ace |l ggic . .

“20- 't ekl Bk angheais BRI ke Bliafoni iigh firies soul o
del ay BREQO# ssertlon f m nijum of three Ioc s ,af.ter the clock
in which RESET# fer alf’ °“a“e%%e§g‘ % 5¥15Wf‘é’§ %ﬁﬂt ﬁ‘ dﬁqeétl?qop e
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subsequent trans%‘ttd o, eMYS dwnership s %Iﬁgy.operat I on shoul d keep BREM#
|nact|vefor amnlrmmo Gur > Cl'ockS Y ﬁéﬁe
5 Since BPRI# is observed inactive in T3 and the bus is not stalled, in T4,

symmetric agent 0 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.

10 In response to active BREQ1# observed in T3, symmetric agent O deasserts
BREQO# in T4 to release bus ownership. Since symmetric agent 0 has another
internal request, it immediately reasserts BREQO# after one clock in "I‘S.

In T3, all symmetric agents observe BREQO# deassertion, the release of bus
ownership by the current symmetric owner. During T5, all symmetric agents

15  recognize that symmetric agent 1 now remains the only symmetric agent arbitrating
for the bus. In T6, all symmetric agents update théir Rotating ID to point to
symunetric agent 1. The ownership state remains busy.

Symmetric agent 1 assumes bus ownership in T6 and generates request
phase 1a in T7 (three cycles from request 0a). In response to active BREQO#

20 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 BREQI1#, the release of ownership by the current
symmetric owner. Since the Rotating ID is one, and BREQO#, BREQ2# are active,

25  all symmetric agents determine that symmetric 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.



hus owner n that has issued the second or subsequent transaction of bus

| ocked operation should activate its BREQh# two cl ocks frominactive
BREQW#. This approach ensures that the | ocked operation renains
isndi vi sible. 10 Bus Request Assertion. A symretric agent n can
activate BREQh# to arbitrate for the bus provided the reset
conditions are satisfied. Once activatedhsz_ BREQn# shoul d renmain
active until the agent becones the symetric owner. Becom ng t he
symmetric owner is a precondition to entering the Request Phase.

Oanership from | dl e BUEI0p(thiéb eyclés feora tefiestlia) sihmkgiciagentd diivesrogayst 2.5

arbitration event begins with activation of at |east one BREQ 3: 0] #. During

t he next Inakspolise talabtiveyBREQO# obsegedtis Tessinynetdomgers Bidpasserts he hi ghest
priority symetric agent with active bus request. In the foll ow ng

cl ock, all symBREQ2#ayEH. n(djjdalleymmetric agehtsiobsdRee innétivg BREQ2# anderctivsy
symmetric owner Agent |ID and their ownership state to -busy. The new
symretri c owner BREQOENDering b1, theyrecagnitedbat syametriq ageatd is e qnlpsjmmetge ¢ he
Rotating ID.s updated. . Omnership, from Busy State. \Wen the
owner shi p staat eagest ybisspting fos thedis. In T12, aﬂé)”@ﬂ“ﬁ'&ﬁ JESAIs Spdaie ERARINRIIPh ¢ he
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glr : ority symetric aﬁxeloltz gr}urﬁgﬁai%taiggrﬁ Ob ausgunrlgs%uessotvvne}sﬂil}. flg 'Iflglsg(r?uv%eﬁ% cl ock,
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#
10  signal active. '
Bus Exchange Symmetric and Priority Agents with no LOCK#. Referring
now to FIG. 10, waveforms illustrating bus exchange between a priority agent and
two symmetric agents are shown. A syﬁunetric agent relinquishes physical bus
ownership to a priority agent as soon as possible. A maximum of one unlocked
15  ADS# can be generated by the current symmetric bus owner in the clock after
éPRI# 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 until T12
20 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 A;DS# is to be driven for that
transaction.
In FIG. 10, before T1 agent O owns the bus. The Rotating ID points to
symmetric agent 0. The ownership state is busy. In T3, the priority agent asserts
25  BPRI# to request bus ownership. In T4, symmetric agent 0, the current owner,

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

guarantee no new unlocked request generation starting in T5.



25 symmetric agents update their Rotating ID to the new symmetric owner

Agent I D and their ownership state to busy. The new symretri c owner
may enter, the Request Phase as early as the clock the Rotating IDis
updat ed. ' -21 -

Par ki ng and Rel ease with a Single Bus Request. When the ownership state
is busy, bus parking is an accepted node -a33operati on. The symmetric owner
can retain ownership even if it has no pending requests, provided
no ot her synmetric

symetric owner n majR Ehdhe g"g‘?e’?% age%? Sgsgwggg{ggvéﬁa}‘ﬁ%gﬁng&*iﬁé .amil'he
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keepi ng BREQH# aGhink Sequests starting in T7, four clocks from BPRI# assertion.

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

10 - In T11, symmetric agent 0, 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 BREQI1# is the only

15  active bus request they assign symmetric agent 1 as the next symmetric owner. In
T15 all symmetric agents update their Rotating ID to point to symmetric agent 1.

Symmetric Priority 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

20  shown. When this is the case, LOCK# takes priority over BPRI#. That is, the
symmetric 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, BPRH# should not be driven inactive

25  until the clock in which ADS# is driven asserted.

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

initiates the first transaction in a bus locked operation by asserting LOCK# along



Thi s mechani sm shoul d be used for bus-locked operations and can be used for
unl ocked operations to prevent other symetric agents from gai ni ng

owner shi p. A new arbitration event begins with deactivation
of BREQW#. On observing rel ease of ownership by the current
symmetric owner, all agents assign bus 15 ownership to the highest
priority symetric agent arbitrating for _tgae bus. In the fol |l ow ng
clock, all agents update their Rotating ID to the Agent ID of the new
symmetric owner and maintain their bus ownership state as busy. The prior

symetric owner with@epeg@al AlBREQIALE pHioAtytigBhtinthspinea apknickasadrt BPRI#

owner shi p Is granted to another symmetric agent. 20 Priority
Agent Arbitrati and BREQO# abspectively, to arbitrate for the buReSphmeuitdigentdndoes On
observation of active RESET# or BIN T#, BPRI# shoul d be deasserted
in one or two chenssest BREQUWHeOGKH sincoit inintthy midisReéa bus locked oppRtign. shoul d
be deasserted in the- next clock. 25 When the reset condition is
generated by the act VBl spnmeticagegt Prinitippsthe last transactiondn the bus Aepked
deasserted until 4 clocks after BINIT# |s driyen ipactive. The first

BPRI # sanpl e poPparatiog. étélll“o‘éﬂ%esh?%@WWWI?@@QW%%SIWE%‘NW@ 1s

complete and symmetric agent O 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

10  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 1, the Agent ID of the new
symmetric owner. |

15 Since symmetric ageni 1 observed active BPRI# in T12, it guarantees no
new request generation beginning T13. In T13, the priérity agent deasserts 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

20  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 logic 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 system initially has one processor (Symmetric

25  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



-22 - When the reset condition is generated by AERR#, the

priority agent shoul d keep BPRI # i nactive for a m ni num of four
clocks unless it has issued the second - or subsequent transaction of
a | ocked operation. The priority owner that has issued t he second or

subsequent transaction of a |ocked operatrogafhoul d activate its 5 BPRI #
two clocks frominactive BPRI#. This ensurés™hat the | ocked operation
remai ns i ndivi si bl e. Bus Request Assertion. The priority

Condi t 1 ons-ar e sadiaaiE e BURFBroeRiS intg empr AR oRls b e Corifted 25€1,
observing active @g&,#bo&h't egw@&hrpr&ew%acsqré@rmmﬁa»gigxe@lgwmnn egx"a?ocke .

| ocked requests are genera rom an

Bus. If LOCK# is @ ARide sBRGhdcKRe! b additional Ib¥® 15‘&%@@1&3 tabﬁﬁﬂde@?@tﬂé i's

driven asserted, the prro%rty agent can take omners I p bus
four clocks after pRidRiboaagsertion. The priority agent can further reduce
its arbitration | atency by observing the-bus protocol and

determ ning fh&t no ot ISecond, 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 between symmetric agents is small. Ina
“"latched bus" environment, a symmetric agent can obtain ownersﬁir) of the bus in

10 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 protocol allows a symmetric agent
to retain ownership of the bus for burst accesses. This maintains, in a

15  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 protoeol gives a priority agent ownership
of the bus within 2-4 clocks unless the current bus owner is performing bus-locked

20  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"

25  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)



15 agent could drive a request. For exanple, arbitration |atency can be

reduced by to two cl ocks by observing ADS# active and LOCK# i nactive
on the sane cl ock BPRI # asserted or it can be reduced to three

el ocks by observing ADS# active and LOCK# i nactive in the clock
after BPRI# is driven asserted. ADS# is a signal t hat, when
asserted, ‘indicates a transaction on the bu8 by the current bus owner. 20

Bus Rel ease. The priority agent can deassert BPRI# and rel ease bus

ownership in the me cycle that it generates.ts |last request. It can keep
BPR # Lot 5 B8 B epFHES CORLDIT BTock ST IR (BB FPS IR M6 (S BRRAIRk o ar

S ey ! v dhaps g T el AU b s BRI
Lock Protocol Ru'd%?ign

-23 - Bus Ownershi p Exchange froma Locked Bus. The current
symretric Certain advantages of the present invention have been particularly

"5 described. Other benefits and advantages of the present invention, thongh 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.




awner n can retain ownership of the bus by keeping the LOCK# signal active
(even If BPRI# is asserted). This nmechanismis used during bus | ock
_operations. After the | ock operation is conplete, the symetric
owner deasserts LOCK# and 5 guar antees no new request generation until
BPRI # i s observed inactive. On asserting BPRI'#, the 'pri ori ty
agent observes LOCK# for the next two -37 <€l ocks to nﬂpgsthget ue
activity. If the current symetric owner is perfor

requests (LOCK# active), the priority agent should wait u m]

I s observed inactive. 10 I11. Operati

I nvention Arbitration Protocol CLAIM%' G 5ill ustrates a port| on
of the method of the present invention;, ——specifically it shows how
symmetric agents, arbitrate for bus ownership. The process begins .
with a reset condition in step 405. During the reset condition, in 15 .
step 410 for each symetric agent: 1) the Agent IDis initialized to a

uni que val ue of 0, 1, 2, or 3, 2) the Rotating IDis set to point to

agent 3, and'g) the oprersady puhers%stamgﬁraﬁa&%nipete&g*]s@emﬁfagﬁhw's poi nt

on, the process proceéeds a e conme out of

S TR S S A .
bus means for providing a communication interface;
- memory means coupled to said bus means for storing instructions and
computer data;

10 _processor means coupled to said bus means for executing said instructions
and processing said-computer data and for performing transactions on said bus
means, said processor means having a first symmetric agent for arbitrating .
ownership of said bus means, said first symmetric agent including,

symimetric arbitration means for arbitrating ownership of said bus

15  means upon an arbitration event, wherein said symmetric arbitration means
écnerates requests for bus ownership and also receives requests for bus ownership
from the multiple agents, said symmetric arbitration means also for arranging said
first symmetric agent and the multiple symmetric agents in a circular order of
priority and then selecting a highest priority symmetric agent requesting ownership

20 of said bus means during said arbitration event to be a symmetric owner,

rotating identifier means coupled to said symmetric arbitration means
for indicating a lowest priority symmetric agent upon an arbitration event to define
said circular order of priority, said rotating identifier means also for updating itself
to indicate said symmetric owner as the lowest priority agent after said arbitration

25 event, and

ownership state means coupled to said symmetric arbitration means

for indicating a symmetric ownership state, wherein said symmetric arbitration

IIIIIIII IIIIII 1] IIIII || |II|



20 symmetric agent-s- internal state tracki ng mechani sm performns the

following steps to n the distributed, round-robin symetric
agent arbitrati dﬂﬂs present invention.
I*'n step 415 each det erm nes whet her the ownership state is

busy or idle. If tate I's busy the process junps to step 440;

25 ot herw se the proceeds to step 420. -38~ - In step 420 each
symmetric agent determ nes whether there is a cUrrent request for
ownership of the bus (i.e., whether one of the BRE I nput S|gnals S

-24 - asmmémslemnge&mﬂesy qsncemraékmﬁos@c mffseqr Lierafsaid
arbitration event when t owner.s s.idle. If there are no

BREQW# r equest sownsEship %Eéssa figst gratethandf éad‘li °W“er%P§@? if 8 secont St ec ki ng
Step azs s S ppipsiraas b gR U B R AT e s B B ohi ¢
to the highest sDaH ﬁ]rst!. tyYnmetnc agent is said symmetric owner.
5
2. The computer system of Claim 1 wherein said first state is idle and
said second state is busy, wherein said symmetric ownership state being idle if no
symmetric owner is selected, wherein said symmetric ownership state being busy if
said symmetric owner is selected, wherein an arbitration event oceurring when any
10  symmetric agent requests said bus means if said symmetrie ownership state is idle,
wherein an arbitration event occurring when said symmetric owner deasserts its

request if said symmetric ownership state is busy.

3. The cbmputcr system of Claim 2 further comprising:

- 15 unique agent identifier means coupled to said symmetric arbitration means
for uniquely identifying said first symmetric agent from the multiple symmetric
agents, said rotating indicator means indicating said first symmetric agent to be said
symmetric owner by indicating a first value corresponding to said unique agent
identifier means.

20
4, The computer system of Claim 3 further comprising:
multiple symmetric agent request detecting means, coupled to said
symunetric arbitration means, for dctécting bus ownership requests from the
multiple symmetric agents, wherein when said first symmetric agent is said
25  symmetric owner said symmetric arbitration means for releasing ownership of said

bus means when a request from the multiple symmetric agents is detected unless

MR D



symetric agent that has an active request. The priority is-determ-ned-from

t he Rotating I D val ues mai ntai ned by each symre ric a ent s |nternal
state tracking mechani sm For exanple, if the ate
symmetric agent 3 then the hi ghest priority sy agent
0. If the Rotating IDs indicate symetric 10 agent est

priority agent is agent 2. In the first -€@aple the current pI’IOI’Ity

order is 0,1,2,3. If symetric agents | and 3 have active requests then
each symetric gent assigns ownership to agent 1. In the second exanple

t he cur saié prosessor m:gnsos prsforminga Busalocked transaspionewhdreinagidius- 2 and 1
have active requests en _each symmetric agent assigns ownership to
agent 2. Thus 1@@4%@6@5ﬁlmiEﬂSlblﬁhtl%tF@S&UOPhe symetric arbitration
schenme. The process proceeds to step 430. In step 430 Each
symmetric agent:s Rotating IDis updated to indicate t he new

' o di h h h
Rotating 1D val ue. P ansohGHIBIECH RO CIOHCh B RO RS TNy e
diff t g Rot t h
Symet 1 ¢ abenfeeat B Rkl ol i afnttac Al tEe o Ben R S, °°
Thi nmbodi .
pat ent  appl | cart B PR Fi? 85 dofens when safl i a%‘%‘”%mq’“ﬂﬁﬁ“}’%‘ﬁ% e
process proc ee%%ei&teattﬁﬁségé:d d processor means is perfdn'?m%taeﬂnﬁ%écés?ﬁ'aﬂd&ﬁcﬁﬁt

symetric owner perfornms a transaction
- said burst access transaction being a predetermined number of memory accesses to

sequential memory locations.
10
6. The computer system of Claim 5 further comprising:
priority agent request detecting means, coupled to said symmetric arbitration
means, for detecting bus ownership requests from the priority agents, wherein
when said first symmetric agent is said symmetric owner said symmetric arbitration
15 means for releasing ownership of said bus means when a request from the multiple

symmetric agents or the priority agents is detected unless said processor means is

performing said bus-locked transaction.

7. A computer system, wherein the computer system may have
20  multiple symmetric agents and priority agents, said computer system comprising;
a bus for providing communication interface;
a memory coupled to said bus for storing instructions and computer data;
and
a processor coupled to said bus means for executing said instructions and
25  processing said computer data, said processor having ; first symmetric agent for

arbitrating ownership of said bus, said first symmetric agent including,

AN AR A



priority agent has ownership of the bus (i.e., BPRI# is not asserted). The
process 25 then junps to step 415 to prepare for tmﬁsmummﬁmnﬂm

arbitration event. Returning to step 41 second
path the process can take, if step 415 determ

ership
state is busy then the process junps to step 440
- 25 - . where each symretric agen Otet er ni nes whet her the current
symmetri ¢ owner has deasserted its request (i.e., each symetric
t he BREQ# signa

t | its BR# i t si. Ls t .. .. det i . i, f
ggrepes;gggi ﬁ; It ost he c:fp Yg‘ﬁf‘g‘?gm‘?ﬂ‘?@f%mﬁ?ﬁf‘%gwgé’%g%égﬁs?’é‘éé‘?%‘h?“. When
th hi e i . . i i i 5 t
oty e ownablifs bk reif G d Lt Gl e S Mnclates Mot RiEpns 0 SUT O
h i . s 445:;
o mer i oe [ PeowSiRs b sd iefeib ettt LR AR PHOR B BulPIcdis 1100 |

the current SyfIBRAh&rieWhRFatdtaksoTet ar%gﬁg%mqﬂstisyﬁmfm@{n #dGhe the
current symmetric owner is parked on the bus. A Symetric owner parks on
5 multiple symmetric agents in a circular order of priority and then selecting a highest
priority symmetric agent requesting ownership of the bus during said arbitration
event to be a symmetric owner,
a rotating identifier, coupled to said symmetric arbitrator, for
indicating thé lowest priority symmetric agent upon an arbitration event to define
10 said circular order of priority, said rotating ident_iﬁer also for updating itself to
indicate said symmetric owner as a lowest priority agent after said arbitration event,
and
an ownership state indicator, coupled to said symmetric arbitrator,
for indicating a symmetric ownership state, wherein said symmetric arbitrator for
15  selecting said symmetric owner at least one clock cycle earlier if said ownership_
s.tate is a first state than if said ownership state is a second state; and

said processor for performing transactions on said bus when said first

symmetric agent is said symmetric owner.

20 8. The computer system of Claim 7 wherein said first state is idle and
said second state is busy, wherein said symmetric ownership state being idle if no
symmetric owner is selected, wherein said symmetric ownership state being busy if
said symmetric owner is selected, wherein an arbitration event occurring when any
symmetric agent requests the bus if said symmetric ownership state is idle, wherein

25  an arbitration event occurring when said symmetric owner deasserts its request if

said symmetric ownership state is busy.

AN AR L



10 the bus either to performa bus | ocked operation or when 'ho ot her
symetric agent IS requesting the bus. St eph,ggﬁ'eeﬂmgm Repigbep 435

where the current symretric owner can |n|t| on on the
bus if BPRI# and BNR# are not asserted. 0 each
symmetric agent determ nes whet her any sdyjrmetrl C a | request| ng

ownership of the bus (i.e., whether any of the BREQ‘I# slgnals are

asserted). If a sygnetr @‘g@fté t he process
junps to st ép 422 to glrs‘%serw clng tﬁ] equgst t"’ot herw se the
process proceeds tQuffgePa §:dent1ﬁer coupled to said éﬁmﬁ&ﬁ@ afbaPatbd) orGiniqueRt
symetric owner rel eases he” Rotating | Ds are no change

but each sy ”“ﬁiehh@u%@mﬁ'stsﬁhuﬂeﬁﬁc agéﬁe&ahm xﬁ&lﬁﬁﬁ syRmetticageAt3Ssaid

process then junps to step 415 to prepare for the next symetric

arbitration eyqatng indifator indicating saﬂlfﬁ?sts?mkrl 1o de saiff eyrninetricaiwdehe net hod
of the pregent invention; specifically it shows how a priority agent

arbi trat essf oby huhcanngleﬁssltwgiue Wresspending to saidpmique iagent ddpatifiear bi t rat es f or
the bus (by asserting BPRI#), ownership wll be granted unl ess the
current bus owner is performng a bus-locked operation (i.e., - L OCK#
Is asserted). To mnim ze any inpact on system erformance, the priority
25 agent shoul d B8 gl%ﬁ%@ﬁtﬁnﬁ%ﬂ% eIFOPOBING: However, the
priority agent oul d nat begl n a transact|? on the bus. bef or e any

current bus transadf® e%)fr@netncage %H‘Eﬁ‘g?‘éﬁ‘”’ aidisymmeticoni ch i s

driven by the axgu'ijt{'artgr?lfor ?letecnng us ownersiup rcqucsts from the multxple syminetric

10  agents, wherein when said first symmetric agent is said symmetric owner said
symmetric arbitrator for releasing ownership of the bus when a request from the
multiple symmetric agents is detected unless said processor is performing a bus-
locked transaction, wherein said bus-locked transaction is an indivisible bus
transaction.

15

11.  The computer system of Claim 10 wherein when said first
symnetric agent is said symmetric owner said symmetric arbitrator for releasing
ownership of the bus when said request from the multiple symmetric agents is
detected unless said processor is performing a burst access transaction, said burst

20  access transaction being a predetermined number of memory accesses to sequential

memory locations.

12. The computer system of Claim 11 further comprising:
a priority agent request detector, coupled to said symmetric arbitrator, for
25  detecting bus ownership requests from the priority agents, wherein when said first
symmetric agent is said symmetric owner said symmetric arbitrator for releasing

owncrship of the bus when a request from the multiple symmetric agents or the

g



-26 - when a transaction occurs on the bus. ThH]s n S# I S
asserted sone agent is currently performng a bu lacedp oy
requesting ownership of the bus, a priority ageniﬂ IkADS#
signal to determ ne how many clock the prjority

before it can safely take ownership of th¥ bus. The process 600 5 details
the timng of when the priority agent can safely take ownership of the bus.

h ' th
oper bt on of Py et SReGBg S oRREH pllorfil eldBoctilD | "

(except duringegihg.ddaset sequence). St ep 610 det erm nes
whether a priority agent is requesting ownership of the bus (i.e
whether BPRI# is asserted). If no priority agent is requesting 10
ownership, the process stays in step 610 to wait for a request by a
priority agent. If 13, Acan@mepgysteynagﬂgﬁsmgs requesting ownership of the

bus, the process proceeds to step
5 a system bus;
a memory coupled to the sysiem bus;
a request bus coupled to the system bus; and
a plurality of processors each cbupied to the system bus and the request bus
for requesting ownership of the system bus and performing transactions on the
10 systern bus when selected to be a bus owner, each processor including,
an agent identifier for uniquely identifying the processor's position
in a circular ordering of the processors,
a rotating identifier coupled to the agent identifier for indicating a
lowest priority processor to define a circular order of priority of the processors,
15 a request detector coupled to the request bus for detecting bus
(;wnetsliip requests by the processors, and
a symmetric arbitrator coupled to the rotating identifier and the agent
identifier for selecting a highest priority processor requesting the system bus to be
the bus owner, and

20 said rotating identifier also for updating itself to indicate said bus

owner as the lowest priority agent.

14.  The computer system of claim 13 further comprising:
an ownership state indicator, coupled to said rotating 1dennfier, for
25 xnd:catmg an ownership state of the system bus, wherein the symmetric arbitrator of
each processor for selecting the bus owner at least one clock cycle earlier if said

ownership state is a first state than if said ownership state is a second state.
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Step 615 deterimines whether the bus is |ocked (i.e., whether LOCK# is
asserted). Thehysheeds banRegicerl by an agent that is performng a |ocked

operation 15 ( on) or for other reasons. If the bus is

4 ocked (.L.OCK# asm process4geturns to step 610. If the bus
I's not |ocked (L ed) the process proceeds to step 620.
Step 620 determ nes whether a transaction is observed on the bus (i.e.,

whet her ADS# is sanpl ed asserted) during the clock cycle in which the

priority 20 agent asserts its request (i.e., during the cycle in which
BPRI# is asserted). I¥5. Thecompaer systemnoffTlaim 34 vbereinsaid fiwst fiate ssddle gndnps
to step 640 to wait two cl ock cycles bef ore taking ownership of the

bus in step 645.saidfsepqndsstataisdush whereir said symmgtriciopaership state peipg idleifH0oceeds
to step 625 to wait one clock, before proceeding to step 630. .

Step 630 det er nib¥s SRR Fdpctadh¥heredn ﬁﬁﬂrra@%ms@m{ﬁt? ﬁans Resydf sad 25
cycle the as§ert]i§]gn of BPRI#. . If ADS# is sanpled asserted, the process

junps to oymeuis selectiki t two cl ock cycles before taking ownership
of the bus in step 645.

16. A method for arbitrating ownership of a bus between one or more
symmetric agent(s) and a priority agent in a computer system, the symmetric
agent(s) having a predetermined circular ordering, the method comprising the steps

10 of

issuing an arbitration event by one or more of the symmetric agent(s);

responsive to the arbitration event, determining a symmetric owner from
among the one or more symmetric agent(s) by each of the one or more of the
symmetric agent(s) performing the steps of,

15 reading a rotating ID value stored in the agent to determine a lowest
;;rioﬁty symumetric agent in the circular ordering,
detecting which symmetric agents are requesting ownership of the
bus,
_ fron-l among those symmetric agent(s) requesting ownership of the
20  bus, selecting a highest priority symmetric agent to be the symmetric owner, and
updating the stored rotating ID value to indicate the symmetric
owner; and

granting ownership of the bus to the symmetric owner.

25 17.  The method of Claim 16 further comprising the step of:
reading a symmetric ownership state indicator stored in each one or

more of the symmetric agent(s) to determine whether the symmetric bus ownership

R
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»27- | f I S..S | ed deasserted, the process proceeds to step 635
to wait one cl o?@%hmﬂas dlcegroceedi ng to step 640. I n
step 640 the procfgﬂl“/mlﬂ cl ocks before proceeding to step 645. In
step 645 the prio s ownershipggt the bus and initiates a bus
5 transaction. The process then returns to step 610 to service the next
bus ownership request by a. priority agent. FIG 7

il lustrates a pormstateis idié ot by nehdreid tinf sytdinettic Bseowndrship statedoing idle if no
specifically it shows how a symretri c agent requests bus ownership. The is
t he pr oc esymetricawnes js dssighashveticiein the symmetricibeis ageenshipstagebsingit | ng
bus requests. The 10 process starts in step 700. In step 705 the
synmmetric agent &usyif therRymmygtias eperiig assigned, wheesinian ahiteation pyendpcauma@ngus. | f
the symmetric agent needs ownership of the _ bus the process praoceeds
to step 715; ot h&HER3BY FHRMEHISagans requasis thebus ifhe symmetric bus ownership stateig,

step 715 the«sy tric agent ,asserts its BRO# output pin fo reqyest
owner shi p of ? heHe¥herel ??%“QQWW%W&% §é¥’£’§‘°’l’ﬁé’“§ﬁfi€?ﬂ§se§ﬁsdﬁal
that it 15 - drives_t. ' uest ﬁ’ owner shi p) .

| f b
In step 720 the Wt‘ 5h§l° qﬁfr’%c})é’gg?vﬂfﬁalgos\rﬁﬁ%f% 2PYit has been grant ed

ownership of the bus under the arbitration protocol. The symretric agent
knows

~

18.  The method of Claim 17 further comprising the step of:
the symmetric owner parking on the bus if the symmetric bus ownership

10  stateis idle and the symmetric owner has not deasserted its request.

19.  The method of Claim 18 further comprising the step of:
initializing the symmetric bus ownership state to idle and the rotating ID

value to point to a predetermined symmetric agent when a reset occurs.

15
20.  The method of Claim 19 wherein the granting ownership of the bus
to the symmetric owner if the priority agent is not requesting ownership of the bus.
21.  The method of Claim 20 further comprising the step of:
20 granting ownership to the priority agent if the priority agent is requesting

ownership of the bus.

22.  The method of Claim 21 wherein the priority agent obtaining
ownership of the bus a first predetermined number of clocks after requesting the
25  busif the symmetric owner issues a transaction on the bus when the priority agent

requests the bus.

-
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that it has been granted ownership of the bus when the Rotating IDin its
i nt er nal ThisSheett}arsBeehRﬁkebd\g mechani sm points to the symmetric agent. |f
p

the arbitrati 0 has granted ownership of the bus to the
requesting s t he process -45-junps to step 725; otherw se
t he process junps to S 10. In step 725 the symmetric
agent determ nes whether it will be performng a bus- 1| ocked

transaction. | so, tHEs.pr OTiREGetReOCECH N DD wheRE: (privtg ager: BBtaining
symmetric agent asserts the LOCK# signal to prevent all other agents from
gaining 25  owswrinship of the bas bsesondpretettitindl sunhtes L clotksafisprejuesting the
conpleted. If the transaction 1s not bus-|ocked, the process junps
to step 735. bus if the symmetric owner issues a transaction on the bus in the clock cycle afte28 -
In step 735 the symetric agent determ nes whether the transaction is a
burst access (burtbe prietityragestrequests the bhwsr st access transaction is a nunber
of hi gh- < speed nenory accesses to sequential nmenory |ocations. If
the transacti@n is a burst access, the process proceeds to step 740

wh th tri t ts th
ere the symmetric agp/l A Thethod of Claim 23 wherein the priority agent obtaining

ownership of the bus a third predetermined number of ¢locks after requesting the
bus if the symmetric owner issues a transaction on the bus in the second clock cycle
after the prioritj( agent requests the bus.
10 |
25.  The method of Claim 24 wherein the first predetermined number of
clocks is two, the second predetermined number of clocks is three, and the third

predetermined number of clocks is four.,

15 26. A method for granting bus ownership to a priority agent coupled to a
bus in a computer system, the method comprising the steps of:
issuing a request for ownerShip of the bus by the priority agent;
reading a lock signal to determine whether ownership of the bus is locked;
and
20 granting ownership of the bus to the priority agent a first predetermined
number of clocks after the priority agent issues the request if ownership of the bus
is not locked and a previous bus owner issued a transaction on the bus when the

pn'ority' agent requested the bus.

25 27.  The method of Claim 26 wherein the priority agent obtaining

ownership of the bus a second predetermined number of clocks after requesting the

et e
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transaction is Sﬁwt Conti nued assertion of the BR# pin
prevents anot her E“Mﬁﬁl from gai ni ng ownership of the bus
«Wntil the burst a |on i's conp#Bted. If the transaction
I's not bursty, the process junps to step 745. In step 745
the symetric owney perforns the transaction on the bus _ and 10 proceeds

to step 750 whe®ut 1 dhopreviows s fovmes HSved 15An5RQioR @n the bus in the clock cyclp afteg e
750 the symetric agent deter ne et her another symetric agent
is requesting oﬂﬁéFgm eﬁﬁémmg?sanother symretric agent is
requesting omnershlp of the bus then in step 760 the symmetric owner
deasserts the BRO# output pin (thereby deasserting its BREQW#

signal) to rel ease-t?g b“%&%&ﬂb‘a&@ﬁxm ﬁgﬂmxgﬂ&i&?%ﬂwtﬁgﬁgpr ocess

junps fromstep 760 {0 step to repea

In step 750°f %&%ﬁ?hem%'tﬁxr@ﬁx%ﬂétehﬁné@ﬁurﬁﬁéﬂ%élb& &lr‘]%ﬁ{xf}‘ﬁhg f the

bus then in St ep symmetri c® owner contl nues assertl pinto

park on bﬂ?zflﬂ&&%re%h& BusRAFies sl Mﬂﬁxsbéiﬁntomhé?ﬁﬁﬁﬁttﬂd secéhiNgdekean
performtransactions w thout having to first arbitrate for the bus.

The process | unpgclé afiePthd Sioritp agdnbrequested thebef 725 to service any pending
transaction requests. q] i s appreciated that the present
i nvention arbitration protocol nmay be carried

D BRO# out put theEEbﬁ grtl ng its BREQh# signal) until the burst

29.  The method of Claim 28 wherein the first predetermined number of
10  clocks is two, the second predetermined number of clocks is three, and the third

predetermined number of clocks is four.

30. A method for one or more symmetric agent(s) coupledtoabusina
computer to arbitrate for ownership of the bus, the method comprising the steps of:
15 issuing a recjuest for ownership of the bus when a first symmetric agent
needs o issue a transaction on the bus;
after obtaining ownership of the bus, the first symmetric agent asserting a
lock signal to lock ownership of the bus if the transaction to be performed is a
sequence of indivisible transactions;
20 after completing the transaction on the bus, releasing ownership of the bus
to when another symumetric agent réquests the bus; and

the first symmetric agent maintaining ownership of the bus if no other

symmetric agent is requesting ownership of the bus.
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out by state machines in the bus agents. For exanpl e,—each symretri.c agent
may have an internal state machine |nclud|ng the state tracklng
mechani smthat 25 inplements the protocol. The Pt y al so

i hclude a state machine that i npl ement s the details of
the state machi nes are not described in ord re the
present: tnvention. One of ordinary skill in the art can

-29 - easily provide suitable ?ate machi nes to inplenent the
present invention arbitration - é ofocol given the above description
and exanpl es bel ow. | V. Exanpl es
5 Tgifurthek ¢drépt&te’rats9sfthﬁ PEEESPLn L {WEAY 28N hetRihbakboe
‘protocol, a number of exanples are given. In the follow ng exanpl es,
a squared@mcalhade@nthnrsﬁhnaﬁh@sto the aébehpanjitey drawdaggest or a response
IS being driven on that signal by one of the agents. Acircle on a
signal indicates that the signal is being observed by the

32. A method for arbitrating ownership of a bus
between one Or more symmetric agent(s) and a priority agent in
a computer system, the symmetric agent(s) having a predetermined
circular ordering, the method substantially as hereinbefore

described with reference to the accompanying drawings.

33. A method for granting bus ownership to a priority
agent coupled to a bus in a computer system, the method
substantially as hereinbefore described with reference to the

accompanying drawings.

34, A method for one or more symmetric agent(s) coupled
to a bus in a computer to arbitrate for ownership of the bus,

the method substantially as hereinefore described with reference

to the accompanying drawings.
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agents. 10 Symmetric Arbitration of a Single Agent After RESET#.

Referring now to FIG 8, waveforns illustrating bus arbitration
initiated after a reset sequence are shown. BRE(Q 3: 0] #, BPRI #,
tOCK#, and BNR# shoul d be deasserted during RESET#. (BREQO¥ is
asserted 2 cl ocks before RESET# is deasserted for initialization

reasons.) Synmetric agents can begin affitration in the clock after 15
RESET# i s sanpl ed deasserted by driving the BREQ 3: 0] # signals. Once
ownership is obtained, the symmetric owner can park on the bus as |long as

no ot her symretric agent is requesting it. The symetric owner can
voluntarily : rel ease the;bus to idle. RESET# i s
asserted in T, which is observed hy aIL,agﬂan_Lﬂ_IZ. This 20 ngEgl
forces all agents to initialize their internal states and bus signals. In
T3 or T4, JE all agents deassert their arbitration request signalis
BREJ 3: 0] #, Rl # and arbitration nodifier signals BNR# and LQCK#.
The synmetric} agents reset their ownership sgatejto idle and tjheir

Rotating ID tp point to symetripg agent 3 (so that | bus agent 0] has
the highest symetri-c priority affer RESET# is deasg®rg-¢d). 25 :
In T7, the cliock after. RESET# i glssanpl ed i nacti ve, mgtric agent 1

asserts BREQI# to arbitrate for Ebe bus. In T8, all}3sy tric agents
observe activje * ® ‘ e
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BREQL# and inactive BREQJO, 2,3]#. During T8, all symretric agents determ ne

- 30- that symmetric agent 1 is the only symmetric agent arbitrating
for the bus and therefore has the highest priority. As a result, in
T9, all symmetric agents update their Rotating IDto point to

symmetric agent 1, the Agent ID of the new symmetric owner and its

ownership state to busy, indicating tha/ltlhe bus is busy. 5
Starting from T8, synmmetric agent 1 continually nmonitors BREQ O, 2,3]# to
determine if it can park on the bus. Since BREQO, 2,3]# are observed

i nacti ve, symmetric agent 1 continues to maintain bus ownership by
keepi ng BREQL# asserted (i.e., symetric agent 1 parks on the bus).
In T15, symmetric agent 1 voluntarily deasserts BREQL# to rel ease bus 10
ownershi p, whifh is observed bylall agents in T161 In T17 all symetrig
agents ] T shirp—state—frombusy—to +ce—Fhts—aetion.
reduces the arpitration | atency of a new symetric agent to two
cl ocks on the phext arbitration event.
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Symmetric Arbitration with no LOCK#. Referring nowto FIG 9,

wavefornms illustrating arbitration between two or nore symmetric agents
while 15 LOCK# and BPRI# stay inactive are shown. Because LOCK# and
BPRI # remain i nactive, bus ownership is determ ned based on a
Rotating I D and bus ownership state. The symmetric agent that w ns
the bus releases it to the other agent poon as possible. In one
enbodi ment, synmetric agents are limted to one bus transacti on,

unl ess either the outstandi ng operation is |ocked or no other agent 20
wants the bus). The symetric agent may re-arbitrate one clock after
rel easi ng the bus. Also note that when a symretric agent n issues a

transaction tqo the bus, BREQn# shoul d stay asserted until the ¢l ock
in which ADS#|i s asserted. I In T1, %II arbitration requesgts
BREQ 3: 0] #—ant i v e- i ot—stated—by—BNR:E,
The Rotating liDs point to symmetric agent 3 and the bus 25 owner shi|p
state is idle| Hence, the round-robin arbitration priority is 0,1, 2, 3.
In T2, synmetiic|ggdgt B ajpgd symmetric agent 1 activate BREQO# and
BREQ 1# respectingl Stojfarfmtrate for the bus. In T3, all symetric agents
observe = R .
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+»31 - i nactive BREQ 3: 2] # and active BREQJ1:0]#. Since the Rotating
IDis 3, during T3, all symmetric agents determ ne that symetric
agent 0 has the highest priority and is the next symmetric owner. In
T4, all symretric agents update the Rotating IDto zero and the bus
ownership state to busy. 5 Since BPRI# is observed inactive in
T3 and the bus is not stalled, in T4, 4/11 symmetric agent 0 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
woul d not have been affected. However, symetric agent O would not be able

to driye a transaction ijn T4). In T4, symetric agent O initiates
request phasejOa. 10 I response to active BREQL# observed in|T3,
.symetric agent 0 deassSerts TTBREQOF TN T4 10 rel ease bus—owrerstip-
Since symmetrijc agent 0 has anot her internal request, it imedijately
reasserts BREQO# after lHock in T5. In T5, all symmgtric
agents observe BREQD# deassertion, the rel ease of bus owner ship by

the current symmetric owner. During T5, all symretric agents 15 recqgnize
that symmetri¢ agent I now remains the only symmetric agent arbitrating
for the bus. Iin T6, all. symetric agents update their Rotating ID to point
to :

" Lymmetric Af)cn‘l' s 500

A
Aﬁcn'{' IrD /// s05
Rotating TD J— 510

Symmetric 515
Oi)ner.rklp 7 r—/
Stfate




symmetric agent 1. The ownership state remains busy.

Symretric agent 1 assunes bus ownership in T6 and generates request

phase la in T7 (three cycles fromrequest Qa). In response to active BREQY#
20 observed in T5, symetric agent 1 deasserts BREQL# in T7 along with
the first cl ock of the Request Phase and rel eases symetric
owner shi p. Meanwhi | e, symetric $egnt 2 asserts BREQ# to arbitrate
for the bus. In T8, all synmetric agents observe inactive BREQL#,
the rel ease of ownership by the current symmetric owner. Since the
Rotating ID is one, and BREQD#, BREQR# are active, 25 all symretric
agents determ ne that symretric agent 2 is the next symretric owner

In T9, all symretric agents update their Rotating IDto point to symmetric

agent 2. The ownership sﬂate remai ns busy. :
-32 - H—F—{-thr e - +a)—syHretr-e—agent
2 drives requegt Za'ngum 5
40S Hoo
Reset .
. Sehp Agert Tos, 110
o Owsershlp State = IDLE
Rofatmg TO =3 -
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decsrerted e
il
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b Current Symnjbk — T
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ln response to active BREQO# observed in T9, symetric agent 2 deasserts
BREQ2# in T10. In T11 all symretric agents observe inactive BREQ@# and
active BREQO#. During T11l, they recognize that symretric agent 0 is
the only symetric 5 agent arbitrating for the bus. In T12, al
symmetric ‘agents update their Rotating ID to point to synnetrlc
agent 0. The ownership state remai ns bgglyl In T12, symetric
agent 0 assunes bus ownership. In T13 symetric agent O initiates
request Ob (three cycles fromrequest 2a). Because no ot her agent

has requested the bus, symetric agent 0 parks on the bus by keeping its

BREQO# 10 signal active. Bus Exchange Symmetric and
Priority Agents with no LOCK#. ;Referring ngw to FIG 10, waveformns-
illustratingjbus exchange betwgen a prlorlty agent and two synmetjric
agents are—si at—bts

ownership toja pr| ority agent as soon as p055| bI e. A maxi num of one

unl ocked 15 ADSH caﬁgga ﬁerat ed by the current symggiric bus owner jin
the clock after asserted pggause BPRI # Tas not yet been
observed: Note that the Sy MEEFAR bus owner (Rotating I D) does nqt

BPRI # does not affect

change due tp the assertion of BPRI#.
symretric agent afbitration, or the s et ri c bus owner. Finally,
note that in|this|exdhpl e BREQD# ip G®serted unfil T12

pripclty agent r'eq_ue
1.2, 18 BPRT & aﬂcr+e9
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&0 because transaction Cb 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 transacti on. In FIG 10, before
71 agent 0 owns the bus. The Rotating ID points to , symetric agent

0. The ownership state is busy. In T3, the priority agent asserts 25
BPRI # to request bus ownership. In T4,78ymetric agent 0, the current

owner, issues its last request Ga. In T4,, all symmetric agents
observe BPF$I# active, and : guar ant ee no nef/\/ unl ocked request
gener at+of ' ' :
-33 - In T3, the priority agent observes inactive ADS# apd
i nacti ve LOCK# and E e ?term nes that it may not=gn request bus
ownership ifn T5 bec current spequest bus—owner mght isspe
one last request in T4. In T5, théSHAISTity agent observes inac}ive
LOCK# and determ nes that i <amel ¥ ©egm 5 issuing '
requests stlarting in T7, g$sertiop.
/
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dhe priority agent issues two requests, |/Ca. and 1/ Ob, and continues to
assert BPRI# through T10. In T10, the priority agent deasserts BPRI # to
rel ease bus ownership back to the symetric agents. In T10,
symmetric agent 1 asserts BREQL# to arbitrate for the bus. 10

In T11, synmmetric agent O, the current symmetric owner observes inactive
BPRI# and initiates request Ob in T13 Rfhree clocks fromthe previous
request.) In response to active BREQL#, symretric agent O deasserts
BREQO# in T13 to rel ease symmetric ownership. In T14 all symmetric
agents observe inactive BREQ)#, the rel ease of ownership by the
current symmetric owner. Since BREQL# is the only 15 active bus request
t hey assign symmetric agent 1 as the next symetric owner. In T15
all symretric-agents update their Rotating IDto point to symetric agent
1. Symmetric Priority Bus Exchange During LOCK#. Referring
now to FIG 11, waveforns illustrating an ownership request nade by
both a symmetric and a priority agent during an ongoing indivisible
sequence by a symmetric owner are 20 shown. Wien this is the case, LOCK#
takes priority over BPRI#. That is, the symmetric bus owner does not
give up the bus to the priority agent while it is driving an

i ndi vi si bl e |[oOCRed_Operation. Note that Synmetric agent I cam oty bus
owner shi p evé n though BPRE# 3 s«assest @d. sLiketd he BRE(Q @: 0§ #tesignal s, if

the ax UG A

BRECOX Ll

BREQ1#

BREQ3#

BPRI¥

BNR#

RESET#

. (rotatng k) - 1-
{ownorship}




griority agent is going to issue a transaction, BPRI # should not be driven
I nactive 25 until the clock in which ADS# is driven asserted.

Before T1, synmmetric agent 0 owns the bus. In T1l, symmetric agent O
“i*nitiates the first transaction in a bus | ocked operation by asserting
LOCK# al ong : -34 -

wth request Ga. Also in T1, the prior'?y agent and symmetric agent 1
assert BPRI # and BREQL#, respec v%ly, to arbitrate for the bus.
Symmetric agent 0 does deassert BREQO# or LOCK# since it is in the

m ddl e of -a bus | ocked operati on. In T7, symretric agent O
initiates thelast transaction in the bus | ocked 5 operation. At the
request's successful conpletion the indivisible sequence is conpl ete
and symretri.c—agent O deasserts LOCK# in T1ll. Since BREQL# is

observed active in T10, symetric agent O al so deasserts BREQOK in T1l to
rel ease symmetri ¢ ownershi p. The deassertion of LOCK#
i s observed by the priority agent in T12 and it -
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&0 begi ns newrequest generation from T13. The deassertion of BREQ# is
observed by all symetric agents and they assign the symetric
ownership to symetric agent 1, the symmetric agent with active bus
Fequest. In T13, all symmetric agents update their Rotating IDto
point to symmetric agent 1, the Agent ID of the new symetric owner.
15 Since symetric agent 1 dlgf¢nqved active BPRI# in T12, it
guar ant ees no - new request generation beginning T13. In T13, the
priority agent deasserts BPRI #. ~In T15, three clocks fromthe

previ ous request and at |east two clocks from BPRI # deassertion
symmetric ageht 1, the current symretric owner, issues request |a.

The arbitration protocol of the present invention solves the problens of
20 prior arbitration protocols detailed in the background of the

i nvention. First, the present invention provides for varying
nunbers of agents on the bus without additional |ogic or changes to
existing external logic. This is possible due to the distributed

nature of the symretric agent arbitration protocol. For exanple, a

uni processor conputer systeminitially has one processor (symetric 25
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 sinply
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@35 - I nserting the added processors into enpty processor sockets on

the conputer system board. Since each processor tracks the bus
states with their own internal state tracking state nachine, no
fdditional logic is required to be added to the not her boar d. 5

Second, the present invention arbitration protocol is fair in arbitrating
bet ween symmetric agents. The round-rddifdlnature of the protocol provides
essentially an equal sharing of the bus between nmultiple symetric agents.
Third, the latency of bus exchange between symmetric agents is small. In a
"l at ched bus" environnent, a symetric agent can obtain ownership of the
bus in 10 two clocks when arbitrating fromidle owership state. Fromthe

busy ownership state, a symmetric agent obtains ownership of the bus
in three or f'our clocks dependi ng on whether the symetric owner is
or is not parked on the bus. Fourth, the present invention

arbitration protocol allows a symetric agent
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to retain ownership of the bus for burst accesses. This maintains, in a 15
mul ti processor environnment, the performance advantage of burst accesses by

i ndi vi dual agents. Fifth, the present invention arbitration
protocol is flexible to support the needs of /0O devices. The
priority agent protocol gives a priority agent ownership of the bus

within 2-4 clocks unless the current bus owner is perform ng bus-locked 20

transaction. |In one enbodi ment, th%é@f‘ﬁﬁé{" bus | ocked transaction

perfornmed by a symmetric ag sequence of: |l ock nmenory read,
| ock nmenory read, |ock resolution, lock menmory wite, |ock nenory

wite. Even iprkhi spiPhalaGBEesylIBTRIC ARBYPRSTIOASBROTOESLALI ON | atency

for |10 devices s {ety supporT FOR I/0FREGUENEMENESPresent |nvention
arbitration er eny gnal s between

mul tiple agents are transnmitted in one clock cycle and agents
respond to the transmtted signals in the follow ng clock cycle. The

| at ched bus i s adyanta e%ous Ig‘ conput er system because
i nt er - processor %{tsy%{?fg‘r?f‘ég} or providing a high perforfnance symmetric

arbitration protocol that includes support for priority agents. The bus arbitration
protocol supports two classes of bus agents: symmetric agents and priority agents,
The symmetric agents support fair, distributed arbitration using a round-robin
algorithm. Each symmetric agent has a unique Agent ID assigned at reset. The
algorithm arranges the symmctrici agents in a circular order of priority. Each
symmetric agent also maintains a bus ownership state of busy or idle and a Rotating
ID that reflects the symmetric agent with the lowest priority in the next arbitration
event. On an arbitration event, the symunetric agent with the highest priority
becomes the symmetric owner. However, 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 take ownership of the bus and issue a transaction on
the bus provided no other action of highar priority is preventing the use of the bus.
A syﬁxmciﬁc owner can maintain ownership without re-arbitrating if the transaction
is either a bus-locked or a burst access transaction. The priority agent(s) has higher
priority than the symmetric owner. Once the priority agent arbitrates for the bus, it

prevents the symmetric owner from issuing any new transactions on the bus unless

the new transaction is part of an ongoing bus-locked operation.

(Figure 5)
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advant ages of the present invention have been partlcul arly 5 :
CQther benefits and advantages of the presgnt invention, thoug ERet- o puand L

particularly pointed out, are evident fromthe apove descrl ption.
Thus the system and net hod for prOV| ding a h| gh rforrrance syhTfEt nt/ﬁm‘
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descri bed.
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i nterface; :
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ingapore
This patent application is related to patent apphcanonw,
entitled "Initialization Mechanism for Symmetric Arbitration Agents" which is
10

1. Field of the Invention.

The present invention relates to the field of computer system buses. More
particularly, the present invention relates to arbitration protocols for computer

15  system buses designed for servicing multiple proceésors and 1/O devices.

2. Related 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
26 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
requirements. The system may also include various I/O or similar devices. It is
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
25  agent is the percentage of time, on average, that the particular agent requires use 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.




a_plurality of agents coupled to said bus neans, said agents including at

| east one priority agent and a plurality of symretric agents; menory
means coupled to said bus neans %ir storing instructions and dat a;

at” | east one of said synmetric agents i ng a processor nmeans for
executing said instructions and processing said data and for performng
transactions on said bus neans, each of said symetric agents having
symmetric arbitration nmeans for arbitrati ng ownership of said bus neans,

wherein each said symretric ar bitratiws generates requests for bus
owner shi pyand receives requests for b ership fromother symetric
agents, lach said symetric arbitration neans arrangi ng sai d symmetric

agents |na ircular | t|n r from
the symretr agents re%%?ﬁ%ﬁ %rg’ ?3‘%5%9'2’ ans d{ ‘gx\%ﬁ
arbitrati(an eoEprissngd symetric owner perfornm ng a bus transactlon on

id Db , di
sald pus eans: ., us®CHeBls Sl Aoy RESL FA P! TR | ClodliScA DELHI! NG

rotating ijdentifier |nd|c owest priori ysyrmetrlc agent
upon sai d jarbnteEEAGRs event, ownership state means for indicating first and

second owrership sta % Emﬁagig?sgfl h&eﬁ&?,”boﬁ?‘l e it Y8 vtk "Raassf or

det ecti ng {bus owners rﬁ?& fromsald | east ., one riority
agent, wier&pid 2gPRTS, ARAINEDG A% rIgash %ﬁnErEyPr?&Yd 39 Bwner
rel eases d ?mﬁapiﬁy 8gi ﬁyﬁﬂétflfﬁn&gw a priority agent request is

det ect ed, ess said bus trﬁe§§§t'8 fe&‘ egkegaﬁarg‘asctllggans for
storing instructions and data;

at least one of said symmetric agents being a
processor neans for executing said instructions and
processing 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 agente in a ¢ircular order of priority and
selecting a symmetric owner from the symmetric agents
regquesting ownership of said bus wmeans during an
arbitration event, said symmetric owner performing a bus
transaction on said bus means;

each of saidé@ symmetric arbitration means
including rotating identifier means for indicating a
lowest priority symmetric agent upon said arbitration
event, ownership state means for indicating firgt and
second ownership states, and priority agent request
detecting means for detecting bus ownership requests from
said at 1least one priority agent, wherein said
symmetric arbitration wmeans of said symmetric owner
releases ownership of said bus means when a priority
agent request is detected, unless said bus transaction is

‘a locked transaction.
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38 . 2 The conputer systemof claim1l wherein said first state
i ndi cates none of said symetric agents is a symetric owner and said

second state indicates said symretric owner is sel ected. 3. The
conput er systemof claim2, wherein e symmetric arbitrati on neans
further conprises: an agent identifier means for uni quel y
I dentifying each of said symmetric agents. 4. The conputer system of

claim 3, wherein each symmetric arbitration nmeans further conprises:
symetri c fagent request detecting nmeans for detecting bus omnership

requests fron1sa|d o] ent s ein en pne trl agent
is said symBtric omﬁgﬁ PPénng fY?g %ﬁt%ihi?) R 5ﬁﬂ%rsh|p
of said bys stabe whedicatesymmie i ofagealid egymmetditecagagtseais detects

a request ungﬁﬁﬁ%g bé@n%agﬁﬁct Edi Ss% .stat %ndlggge%or@gigr

syst em of eérelrn en sal one 'S sard synmetric
owner its |[sy®wEmetrigr pwnexnt ignsebegtedel eases omnershlp of said bus neans
when its slymmetric agent request detecting means detects a request unless

sai d bus tfransaction is a burst access. )
3. The computer system of claim 2, wherein each

symmetric arbitration means further comprises:
an agent igentifier means for uniquely
identifying each of said symmetric agents.

4. The computer system of claim 3, wherein each
symmetric arbitration means further comprises:

symnetric agent regquest detecting means for
detecting bus ownership requests <from said other
symmetric agents, wherein when one symmetric agent is
said symmectric owner its symmetric arbitration means
releases ownership of said bus means when its symmetric
agent request detecting means detects a request uhless
said bus transaction is atomic.

5. The computer system of claim 4 wherein when saiad
one symmetric agent is said symmetric owner its symmetric
arbitration means releases ownership of said bus means
when its symmetric agent request detecting means detects
a request unless said bus transaction is a2 burst access.

6. The computer system of claim 5, wherein each
symmetric arbitration means further comprises:

priority agent reguest detecting means for
detecting bus ownership requests from said at least one
priority agent, wherein when said one symmetric agent is
sald symmetric owner its symmetric arbitration means
releases ownership of said bus means when a priority
agent request is detected unless said bus transaction is
a locked transaction.

e



6. " The conputer systemof claimb5, wherein each symmetric arbitration
means further conprises: priority agent request detecting neans
for- detecting bus ownership requests fr§§1said at | east one priority agent,
wherein when said one synmetric agent iS¥said symretric owner its
symmetric arbitration nmeans rel eases ownership of said bus neans when a
priority agent request is detected unless said bus transaction is a | ocked
transacti on. 39 7. A conput er
system subgtantially as herei nbefore described with reference to the

. 7 H
acconpanyi g dd.r awi .ngsa computer system Substantially as hereinbefore
éscribed with reference to the accompanying drawings
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