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+BACKGROUND * OF THE | NVENTI ON 1. FIELD OF THE | NVENTLON:. .The prﬁsgp’gl‘,cd_"ﬁ_“
iwvention relates to apparatus and methods for transferring, 2 1 dat a b@gx\gg@ __________
a source and a plurality of data processing devices, More . partl Qul %IYLip(ltgL ..........

present invention relates to an inproved bus apparatus and rreth_)_d

trgnsferring dat yst Sa'ﬁéﬁ—'{ﬂ%@f ; Stpg
devi cel such as W Waﬁ%ﬁ le I nterface.” 10 2. ART

BACKGROUND: | n t he—eorptttNogiaeiks 0 °JtiE’ YGVE N 10 transfer data
and conhands between a pl ural ity o C)%[g a processing devices, such as
conputers, printers, rrem)rl es, and the like, on a systemor data bus. A
data processing §yst plcaII |ncludes a processor which executes
instructions 15 'that ALY esses in a menory. The data that is

processed is transferregrésahOin@ntorOndlatedfio hfRrAYSaRNMBYodEyr tednsiefiigt / out put
(10 devices, onto a bus which interconnects the dat aéProceSS| ng system
e

with other digit&PtaReivRRRESOUSS AR RIGARY Pliiaia RrogssirgPeviste MYP dat a
transfer between pdakaa, desaldPindsibh R et RnSHplod ol sopdfal SioCOl of
"handshake" rest r| cti Sﬁ% V\:Em 'r egﬁ re anprgéjgtteerm a;pé)g asequence of
events to occur vwetllmdrloslrﬁ@@iefflnedailalbmwepemuwd's spsleobuses andiaddta dat e of
exchange between th t e f ve a | ow

| at ency and hi ghpf) %agg%?%\"% S”C\Rhas ca@ﬁ‘“[er%’;lr{?")ﬁaerq}g%‘In 6%? mt‘&aragm ze the
corputing tine required for a particular task. The protocol utilized by the
bus shoul d be designed to be as efficient as 25 possible and mnim ze the
time required¥ or?-dat AR-PAREEUNR ot her |imitation on a conputer bus is
the size of the bus itself. Essentially, a bus is a collection of wires
connecting the vari ouwm m@mmwﬁgladusiryaimﬁmucbmmos}csttaeusier Haaaddi tion to

address lines and data |i nes |caII contain clock signal
lines, power |ind@mmangs ?'Pﬂ"@?” E(B’E‘l’??gl °’giaErPé‘P")‘/’Ef"ﬂ%ge sucﬁﬁ a general rule,
the speed of the duputed)phfeds/vaéReEEetandieatky, dlya afttinh r dHM Bus| iMgRat 0 the
bus. This allows the bus to carry npre data at a given tine. However, as

the nunber of | i rREQCESHRY S¥deE *wsca"melgdetsrﬂawea%ﬁmbwh‘f'héxm?s ingtruptions
therefore desiqahhg afré)szbr%u% @dmgemlaq#bn%ermee&at@ﬁanybfb%éaee@fs possi bl e

whil e al so nmai ntaining a bus of econom cal” size. One such bus is disclosed
in three transferred into and out of the sysiem by way of input/output (IO} devices, onto

a bus which interconnects the data processing system with other digital
hardware. Common consirainis on lhe speed of data transfer between data
processing devices coupled to a bus or protocol or "handshake" restrictions

20  which require a pre-delermined sequence of evenis to occur within specified
time periods prior to actual date of exchange between the devices. ltis
therefore desirable to have a low lalency and high bandwidth bus which
operates quickly to minimize the compuling time required for a particular task.
The prolocol utilized by the bus should be designed to be as efficient as

25 possible and minimize the time required for data transfer.

Ancther limitation on a computer bus is the size of the bus ilself.
Essentially, a bus is a coliection of wires connecting the various components
of a computer syslem. [n addition to address lines and data lines, the bus will
typically contain clock signal lines, power lines, and other control signal lines.
30 As a general rule, the speed of the bus can be increased simply by adding
morse lines 1o the bus. This allows the bus to carry more data at a given time.

However, as the number of lines increases, so does the cost of the bus. It is



u. S patent <appltcations, filed Nov. 30, 1990, by Sindhu et al, assigned to
t he co- Assi gnee of the present application, Xerox Corporation, entitled: 5
CCNSI STENT PACKET- SW TCHED MEMORY BUS FOR SHARED MEMORY MULTI - PROCESSORS,
CONSI STENCY PROTOCOLS FOR SHARED MEMORY MULTI - PROCESSORS, and ARBI TRATI ON
OF PACKET- SW TCHED BUSES | NCLUDI NG BUSES FOR SHARED MEMORY MULTI -

e spes, s Bl 6o B O L BB R o °

transferri ng dadigo RREMBRIAG EbUs| d?leBofOrREAISIZRU Bi%e Slith Busddizelosaminidecr of a
processor. In conparison with the prior art circuit-switched buses all ow ng

only one out st audi. pgtespepplications, hlh@hpﬂe%%ﬁﬁgmﬁmﬂhmﬁﬂhwlm taithews
multiple 15 outstandin eratio The S&n so has an
arbitration i rrp‘l"°e ﬂ?'?ﬁqg%'rttﬁ? I‘?éﬁse F?Wﬁ' {;8??83? 'Pha?otﬂ'éﬁher prior art
packet - swit ERSTENS R s i

descri ption, the present
and 10 devi ces W NS (PRETIO DA §
extrenely high pi ncount package ex VLSI ] chnol 0gi es.
In the cache coMEMPREM LI N enes Q‘rts a larger
dual - port cacheg ' ' E86 v

| arger cache resSu I'g erefrore better processor
per f or mance. ThP_Q@m&ache aI so has available to it a higher system bus
bandw dth since it is connected to multiple syst em buses. 25 Higher

bandwi dth al so t directly.t f
the 10 bus. Fter f acd L HIa SHSREbed i PieBREt BRI B A BoR ¢  pl e
hi gh bandwi dt h ;ﬁtcﬂ?dﬁo‘G@Spécﬂetb.ﬁvlt%ﬁéH‘S% SgpéréhuWnH'rﬁétﬁocﬂbitt@ﬁsiéHﬁ%Sdatﬂ such

a way that each 10 device has uniformaccess to all system buses. This
provi des each | Eetdeen caultipile systerh auwmmzmeemh@ltﬂnﬁwpmqesawrd loherefore

allows it to 30 royi de a high throu ut 0 ati o 3 SUMVARY
OF THE | NVENTI CROBPHiSHR vgpaga%ngmﬁr%ﬁ@wwﬁﬁ%@ &g g'\[)ﬁ“t%%@y i°RBer - chip bus
appar atus and ”S&tﬁ%dlng c{i‘ie?éir SR prddant B&ck@f SWRdHed BUSEINbWE Maulfigle bus
connects a cache contr |ent chipwthin the external cache of a

processor tosa pdztsraarblmwpefausns bTise pisehtdnvertior atsodtals @e, arbitratiorof which i s

coupled to a separate s
P gnplementat/ont at alFows lower latency than other prior art packet-switched

buses. As will be appreciated from the following description, the present
invention permits higher performance processors and IO devices to be utilized
in a system without requiring the use of extremely high pincount packages or
20 extremely dense VLSI technologies. In the cache controiler embodiment, the
present invention permits a larger dual-port cache to be built by spreading the
tags over multiple chips. A larger cache results in higher hit rate and therefore
better processor performance. This larger cache also has available to it a
higher system bus bandwidih since it is connected to multiple system buses.
25 Higher bandwidth also translates directly to improved processor performance.
in the 10 bus interface embodiment, the present invention permits multiple high
bandwidth IO devices to be connected to multiple system buses in such a way
that each 10 device has uniform access to all system buses. This provides
each IO device with a large available 10 bandwidth and therefore allows it to

.30 provide a high throughput of 10 opseralions.



The bus conpriseg a plurality of lines including multiplexed data/address
path lines, parity lines, and various other command and control |ines for
flow control and arbitration pur poses. Additionally, the bus has a
plurality of point-to-point arbitration wires for each device. A variety of
| ogical entities, referred to as 10 "devices", can send and receive
packets on the bus, each devi2YMMARNgOF (FHEUINVENTION dentification. A
"chi p" coupled to the bus can have nultiple devices coupled to it and can

use any devi ce | deni b 3pba THLAGALR oLk lonndiis RS- HRTRR SEafbuh °,

| evel s: cycl es, packe ansac us ¢ one

bus clock; it famdisethbe isudisdloseli. tlh g p@deﬁtﬂﬁvéﬁﬂ&n.lﬁe busteridetd #BatHeanster.
A packet is a contlglrjous sequence of cycles that constitutes the next

hi gher unit of SPPERLF ehentehip within thecgxipraabeache sha lpsecesee t edplarafityaefer |

carries addres o sequent cles carry
data. In thé pr%gge t%&éﬁﬂ‘%ﬁg é%%k %r%h'%’\é\%e“wﬂ'gﬂ% geggrgte X%PB PYPes” and
ni ne cycl es. ATﬂnbmmpﬁ@esédmﬁmy Bt liskd lﬁwﬁdiln? h{un%}%usfa?a/é?édré‘ssoeéﬁ of
packets 20 (request, reply) that together orns some | ogical function.

The bus al | ows pe® Pedbhinesoand wirous ostmrmomrmamd andd:@ptmldmes forievessur!  si de

access to the t nctlos related to bus
snoopi ng. An ar :&{L gt?iﬂ?@oréaﬂpg%‘%dvkﬁ)&mqa&vtﬁﬁgu% gs m)’nﬁ'FP?‘m Rt ween
t he bus watcherasbuﬁﬂdadh@es:@ebgcrcamcré)lA%ne@%ﬁefg&aﬁeﬂ%s%f&@a Bepd 25 a
packet, it nust get bus mastership fromthe arbiter. Once the device has

control of 4he "deMcesitcary sangnandsrechive ackets oorthe busicedshsdayive lavirigeaat a

time without in rble nted in heca

control | er, dﬁ‘ﬁg"es%%&i:c%g ?r;z{egat é %/W %Iecq“&ﬁdeig]tﬁb g‘g‘/s £ %%lecﬁ‘é‘ﬁ'r‘ﬁ?%ses and
to handle fl owaaoaabg ebupied tdomak@baﬁWsé@h%eswéwﬁhmﬁ@ﬁ auE’@eﬁ&@io it.

transm ssion on the bus is point-to- 30 point in that only the recipient

identified in a packet tépl cally takes action on the packet. These fl ow

control mechani sms ER&HH °PW§EeSt%éh'&8é‘E}@és [C¥Ees PRFpts, ang transrelionsorA
arbitration 1 eqesyde tBhe baIIY Ind'RYLEIOOR:CH foMline it o lf S.G8

mechani smis enployed to nimze t atron la enc a¥equest

for the conts olinfofmatioe thansfenharpdcket lblaScdnﬁgmdﬂs%eqlébri&CdT%?ztlﬁﬂﬂa‘{? further
enpl oyed to preserve the arrival order of packets on system buses as the
packets arrive GGASHUles Mz BR higher pit ‘Hr‘é‘@éfﬂf i Thedinsticyele qbacnaskethe%l&d@

contain a data h%lg @Qmegqa{&we%'s a?uh alesr mgbér}ng@osn?o %ggbsesq%%tc gyc es

destination bus frcatrons an a
carry data. In the present mventnon. packets come in two sizes: two cycles and

nine cycles. A transaction is the third level: it consists of a pair of packets

20 (request, reply) that together performs some logical function.

The bus allows the cache controller 1o provide independent processor-
side access to the cache and the bus watchers to handle functions related to
bus snooping. An arbiter is employed to allow the bus to be multiplexed
between the bus watchers and the cache controller. Before a device can send

25 apacket, it must get bus mastership from the arbiter. Once the device has
control of the bﬁs, it transmits the packet onto the bus one cycle at a time
without interruption. The arbiter is implemented in the cache controller, and is
specialized to provide low latency for cache misses and to handle flow control
for packet-switched system buses. Packet transmission on the bus is point-to-

30 point in that only the recipient identified in a packet typically takes action on

the packet. These flow control mechanisms ensure that the queues receiving



dat a corrmand indi.cates the type of data transfer between the bus watchers
and the cache controller, while the tag command is used to keep the
bus-side 10 and the processor-3|de copi es of the cache tags consi stent

wi th one another. The data command (with the exception of the rqgst/rply
bit) and address in reply packets are the sanme as those for the

correspondi ng request packet. These congands, along with the control

si gnal s, provi deacket for aitsnationl requesid ovey thebertevenodarfiewa Adefadt grapfeesyst em
buses. 15 5 BRI EF, DESCRI PTI ON OF THE DRAW NGS FlI GURE, | S ematl c
representation ’B?C’E"Ef'b@@é%‘?yegﬂgF@WWFSWF‘W&”BP%‘@'\‘ertgc? '@H’d%% Hent of
the present |nv I e tohfdlb nlo
bus interface erﬁng)}‘%&mI oPie rﬁ ﬁgﬁgggﬁ ?H%gﬁglporﬁhfh&%g gggﬂégr amnﬁlact:%l
illustrates thepreggrv@use @rubalbm@erm pacHetsIch Bystemdnsps as thegpachets andvesdrr uct ure
enpl oyi ng the teachings of the present invention. FIGURE 3 diagrammatically
i || ustrates & hethgbugef theepresertyinvgalion. n t he bus watchers and the cache
controller enploying the teachings of the 15 present invention. FIGURE 4
Is a timng diagr am#alckéi%era@ys%nw}?aq Rl ESthhRd) Joh{?blr@gcﬁ@sr ad@jni ng access
to the bus of the present 1nvention. 8 RE 5 illustrates
the bus interfacsmietdyseorce mesﬁnmmarbmndbmuheatmsmdcmnadwbmrTlieor t he

purpose of conputing ninimum arbitration.|atenc é I;Wg)w a tining
di agram i | | ust r @2 s§MMARddpdirgtesithedrree! data faes %b%‘i%?l“f ehedntrol | er

reduests a | ow pri fridN.2 GHEE, RAKShe AYboifar i NReB ANkESY hBTouk 0! L he

default grantee |mng gram i stratlngt e arbitration
sequence whed t hed haoiecesebt-sigb kepies eque&tachatégsvmqnmstent with neaobikepacket

and 30 the cac?g controller is the default %r ant
e data command (with the exception of the rqst/rply bit) and address in reply
packets are the same as those for the corresponding request packet. These
commands, along with the control signals, provide sufficient flexibility to
accommodate a variety of system buses.

15



6 FI GURE 8 kS a timng diagramillustrating the arbitration sequence when

t he bus wat cher requests a high priority 9 cycle packet and the bus watcher
is*not the default grantee. 5 FI GURE 9 di agrammatically
illustrates the various conponents conprising the header cycle. FIGURE 10
diagrammatically illustrates the various conponents conprising the victim
cycle for the GetSingle and GetBl ock cgmmnds 10 FI GURE 11
di agrammatical |y il ustratiR8lkihd) el RigtigOe : ™ ng the second
cycle for a DemapRgst command. FI GURE 12 di agr ammtl cal ly illustrates the
vari ous conponents 15 conprising the second cycle for an interrupt
command. FI GURE 13 di agr 3 GBHECH ie/a béﬂéﬂﬁéﬁc&b@@s&mgudhaéﬂ@y@cé@wey\ﬁ&hs
conprising the tag conmand within a packet header. FI GURE
14 di agr amat i ca&nhploying thetprefesed meo@membu&theonqs@nbnthloowprl sing the
header cycle and first data cycle for an error reply packet. FIGURE 15 is a
schematic representation of the operation of an interrupt command anmpng

mul tiple processors enpl GEURE 16 i ScimiiiGepiesoRERTFENArIC bl WRfhace
invention. FIGURE 16 diagrammatically illustrates the operation of the
defaul t grant ee engtying e preserd u[vléﬁmrt.ED DESCRI PTI ON OF THE | NVENTI ON An

i nproved hi gh speed, synchronous, packet-sw tched inter-chip bus apparatus
and nmethod is described having particular application for use in high 5
bandwi dth and | ow | atencyne@ﬁ;ﬁtd‘%?émn%hwgnndmxe\gm%ao@@g&bsb@ a cache.
In the foll ow ng description rposes of explanation specific nmenory
sizes, bit aro angesrmésscomprisingtbe bdasaudmrarmmmmyrmgameseac&mgs dte meserftort h
in order to provi de a thorough understandi ng of the present invention. It
will be apparent™Y#t®Ae skilled in the art, however, that the present
invention may be practiced 10 w thout t hese specifi c details. In other

i nstances, well known circuits and conponents are shown in bl ock diagram
formin order not to obscCEIGRENS diagrammatically illustrates the structure of queues in

the bus watchers and the cache controller employing the teachings of the

15 present invention.

FIGURE 4 is a timing diagram illustrating the arbitration timing for

gaining access to the bus of the present invention.

20 FIGURE 5 illustrates the bus interface between a bus walicher
and the cache controller for the purpose of computing minimum arbitration

latency.

FIGURE 6 is a timing diagram illustrating the arbitration
25 sequence when the cache controller requests a low priority 2 cycle packet and

the cache controller is not the default grantee.

FIGURE 7 is a timing diagram illustrating the arbitration
sequence when the cache conlroller requests a low priority 2 cycle packet and

30 the cache conlroller is the default grantee.



present |nvent|on unnecessarily. The bus of the presently clained invention
is a high speed, synchronous packet-swi tched inter-chip bus apparatus and
method for 15 transferring data between multiple systembuses and a data
processi ng device. The data processing device may be either a cache
controller coupled to a processor, as shown in Figure la, or an 10O bus
interface coupled to an 10 bus, as showngin Figure I'b. To sinplify the
description, term nol ogy j t hr oughout
the present application. ﬁ@% eiﬁig"mﬁd;d'gg W:ﬁ?étﬁatﬁ%]é! (G)\\t/\ﬂé\ﬁ}%? that the
description for deqes@ORRerCIBtbLS|Watthe? ThQulsRN highl siorigiBptyckspacket bed | O bus
interface, except where indicated otherw se. Referring to Figure la, the
bus 100 connect shebuawaichegsmebiedefauitgrateehi p 110 and t he external cache
RAM 150 of a processor 120 to a plurality of 25 "bus watcher client chips
130 and 131, each of which is coupled to a separate system bus 140 and 141.
The bus 100 opnprises a PHEBUNRE b)didframihiz@eallyiflsudidddhdvaidugl eoresbnents

dat a/ address path lines, parity |lines, and various other command and
control |ines fcomprisingdbahesaterzydlear bitrati on pur poses. Additionally, the
bus 100 has a plurality of point-to-point arbitration wires for 30 such
devices as the-bus watchers 130 and 131 and the cache controller 110. 8
The bus 100 allows the capyron kRlgehmbhal quRiiesdfe LVaRIRCARRRnonts
processor-side access to the cac 0 and e bus watchers 130 and 131 to
handl e functi onscongirisingdthe mcﬁmscysladorphhagSetsmgiardndt(EMBmGOcommanm oyed to
allow the bus 100 to be nultipl exed between the bus watchers 130 and 131
and the 5 cHthe controller 110. Before a device can send a packet, it nust
get bus mastership fromtﬁ@lﬁ@hi%ﬁad&qma%ﬁ ihRAGafRhE Safidifs EaRpERIOT the
bus 100, it transmts the packet onto the buS 100 one cycle at a tine

wi t hout i nt err uptangprisinghbe aedrindenycléd0r a PemapResteotenindn t he cache
controller 110, and is specialized to provide |ow | atency for cache m sses
and to handle flow control for packet- 10 sw tched system buses 140 and
141. BUS SIGNALS Referri nﬂGtUhé:'iQWa%r%nnkn&lI?'lﬂﬁ%ESQHe LhGod8orhBoheiS
divided into three functional groups: contro nals, arbitration signals
and data si gral sconigrisingahé setonsli qynial fogamupem.(pnbannmnm ock signals 210 and
error signals 220; the

FIGURE 13 diagrammatically illustrates the various components

comprising the tag command within a packet header.

20 FIGURE 14 diagrammatically illustrates the various components

comprising the header cycle and first data cycle for an error reply nacket.

FIGURE 15 is a schematic representation of the operation of an
interrupt command among multiple processors employing the bus of the

25 presently claimed invention.

FIGURE 16 diagrammatically iflustrates the operation of the

default granlee mechanism.



15 afbitration group contains request signals 230, grant signals 240 and
grant type 250 for each device; and the data signal group contains data
signals 270 and parity 280 signal lines. In the present preferred

enbodi ment, signals except the clock signals 210 and data signals 270 are
encoded | ow true. C ock signals 210 provide the timng for all bus signals.
The error signal 220 is 20 wused by the cache controller 110 (hereinafter
"CC') to indicate an unreg in, C 0 Q ocessor 120 to
the bus wat cher clients 2SRk i tle R )

enbodi nent, the error signal 220 is driven active |ow. However, there is no
corresponding error signal fromthe BW to the CC because unrecoverabl e
errors in BW 130 and 131 are 25 reported through the sxsten1bus 140 and
141. Currently, the Aduimpgrovedhiphspesd.gynekyonens. parkel-siighedintecehip &4pondi ng

Pt o B, oL B A ARSI L e "

for the r equgst basuvRYth SHdBIoWIRENndYchnBMIdne HelmRsihe VaRold a8t 2BHcHO

control the flow of packets being sent by the 30 CC 110. In the present

enbodi nent, a r égihedolidvengidesctiptoniios plirposescofdixpigndiiaraspecifie emeiystizesof t wo

contiguous cycles, while flow %ontrol reguests are one ?r t.Wo &y(il es. The
! | mn oraer 1o

signals are encBli8HARETYIS. SEmbers; fata t@ppiegratas, et gragrt fyth

Meani ng 00 ide_a thorough undeARNBREWF e Srbsent invention. It will be appareRl 0ck CC
Request Queue (53(81/)l ef%r Oéougyglnees Of g e|9r Senoinven on I\B"i]oci Cieand CcC
Reply Queue (XO) ofimskifediiydhesart, Hdwever, that the prie€ent inventioiRetydst practicedt
Priority BWow for 2 cycles jf L=0; 9 c%cl,es if L=1, 10 L L1
.Request bus1ét Pﬁ’fh%ﬁ"itf‘%/lsw&\w’f’%#a"% et giinsiangesy wel kpQwp gieyits gndy . gng
bllock XO. and X G intBigck di form i brder not 10 BBELRS thPUS at
Priority BWH gh%ﬁ)gée"zi/g*es ?? "i:S? 88%?(?‘ ggmi rLgrl.no 1(1) L1
Request bus at Prasent tnyeBihi @inetessadlycycles i L=0; 9 cycles if L=1; and

bl ock XOL and XOH for 9 cycles. Currently, these signals are driven active

lng}tNi. f35/ a reques:tA\o?r ?ﬁ%ﬁ gl:'ig&ag%%%gg'ﬁt&%?%&?eghﬁ\feﬁ&gﬁ?H%E%@gé(ﬂ: tp?r Tﬁ?g tsiognal

is asserted synchronous, packet-switched inter-chip bus apparatus and method for

15 {ransferring data between multiple system buses and a data processing device.
The data processing device may be either a cache controller coupled to a
processor, as shown in Figure 1a, or an 1O bus interface coupled to an IO
bus, as shown in Figure 1b. To simplify the description, terminology
associated with Figure 1a will be used throughout the present application. It

20 should be born ir mind, however, that the description for the cache controller
embodiment also applies to the IO bus interface, except where indicated

otherwise.

Referring to Figure 1a, the bus 100 connects a cache controller client
chip 110 and the external cache RAM 150 of a processor 120 to a plurality of
25 "bus watcher” ;:Iient chips 130 and 131, each of which is coupled to a
separate system bus 140 and 141. The bus 100 comprises a plurality of lines
including multiplexed data/address path lines, parity lines, and various other
command and control lines for flow control and arbitration purposes.
Additionally, the bus 100 has a plurality of point-to-point arbitration wires for

30 such devices as the bus watchers 130 and 131 and the cache controller 110.



cont fhuously for the nunber of cycles granted, and is never asserted unless
t he specifi’c BMf(BMlN) has made a request. If the BWDefault G antee
nmechani sm (to be discussed nore fully below) is inplenented then it is
possi bl e 10 for the grant signal to be asserted without a request having
been nmade by the BW In the present enbodi nent, the duration of the grant
signal 240 is two cycles or nine cycles depending on the Iength of the
packet requested. This signal is alwayg driven. A grant-type signal 250

(XGTyp) is used to gulbifsy100iodsané catigedntrdfél, 1 NG gidadecinaspdndehie sane
timng as the grant signal 240. 15 Currently, this signal is driven

active | ow. Fi npidcgssprsidgraccessdo thixcantm 15Gandthe s wateherC130and d3htn i fy

the BW 130 and, 13 hat t he, queue the CC uses to.h BW.ow arbitration
Fequests ts at neate sghods B bl Kpomins Aot gt SBE i HpRe Y BiAeRe Ga o
group contains gatsus200 1abd MalidiéedBHiweéha!bus whiéhefi 3 SidoTeal £ndXhe
(XData) on the bus 100 are bidirectional signals that carry the bul k of the

i nformati on bei nechercontrpiartidd. Selarea@ dayice1@n. send @i pagketet duist gstdluss t hey
carry address and contrpl infornatjon; ~durjing other cycles th ry 5
data. A device GASIPER ﬁ%’?éﬁ%?ﬁﬂgﬁ LéH;nW“a V'Pﬁg'a? E%@F@Pwéeixﬁﬁght'}/;i gnal
240 fromthe ar t}hﬁﬁﬁnsltﬁ@-pamf@oa@rthéy;u§l19@%h§cﬁeﬁ@a(%ﬁmwmuzaht@ﬁp&wﬁprI se a
nunber of bi-directional signals that carry the parity information conputed
over the data siThaarbitel 760 isTimplquearited irf the cacliy cemrolied 149, efid tshepediatizedsi gnal s
appear in the sanme cycle as the valye. 10 ARB] TRATI AND FL CONTROL As
wi || be descri b&yProvide 'pydatarry 1gf caphgmisss %I?Joﬁ°t'@“dggf9“‘t?l’é‘fr°8f/’\f Bikethe bus
100 to be \rlr\ylgti Rlvaxisd %@fe\h‘?ﬁ&e%h@,o%\% 140 and 131 and the CCl 10. Wen
CC ha

either a BWor the S a packet to send, it nakes a request to the 15
arbiter 160 through its dedicated request lines 230 (XRegN), and the
arbiter 160 grants the bus 100 using tBS SKMMEHondi ng grant |ine 240
(XGntN) and the bussed grant-type line 250 (XGTyp). In the present

embodi ment, the arbi h@ferrilrgotoil’w&r%r@,%é sfg‘ﬂ%fs dAthebub ¥ 0b ¥EhiSiab@imd hitke

control and deadl ock avol dance™ purposes.” Service at a given priority |evel
i s round-robin d&ratigna @ndesd eoatrol Zignalsfarbikatoarsignats drel deenighalselTdei s based

strictly on priorities. The arbiter 160 is inplemented in the CC 110
because this i s S8n¥YSEnahaPURSPBalsiGlogkatignals, 1 ang ey signals 220; the

15 arbitration group contains request signals 230, grant signals 240 and grant
type 250 for each device; and the data signal group contains data signals 270
and parity 280 signal lines. In the present preferred embodiment, signals
except the clock signals 210 and data signals 270 are encoded low true.
Clock signals 210 provide the timing for all bus signals. The error signal 220 is

20 used by the cache controller 110 (hereinafter "CC") to indicate an
unrecoverable error in CC 110 or the processor 120 to the bus watcher clients
130 and 131 (hereinafter "BW"). In the present embodiment, the error signal
220 is driven active low. However, there is no corresponding error signal from
the BWs 1o the CC because unrecoverable errors in BWs 130 and 131 are

25 reported 1hroug.h the system bus 140 and 141, Currently, the bus 100 supports
up to four BW's and four corresponding system buses solely due to the
limitation by the cache controller 110. In the arbitration group, bus request
signals 230 (XRegN: N being the index for the requesting BW) are used by a
BW to request the bus 100 and to control the flow of packets being sent by the

30 CC 110. Inthe present embodiment, a request 1o use the bus for sending data
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requestor that it has been granted the bus mastership. This signal is asserted

A grant signal 240 (XGntN) is used by the arbiter 160 to notify a

conlinuously for the number of cycles granted, and is never asserted unless

the specific BW (BW-N} has made a request. If the BW Default Grantee

T packet B arrives on system bus 141 Defore

d onto

mechanism (to be discussed more fully below) is implemented then it is possible

for the grant signal to be asserted without a request having been made by the

BW. In the present embodiment, the duration of the grant signal 240 is two

cycles or nine cycles depending on the length of the packet requested. This

signal is always driven. A grant-type signal 250 (XGTyp) is used to qualify the

grant signal 240, and has exactly the same timing as the grant signal 240.

Currently, this signal is driven active low. Finally a signal 260 (XCCAF) is

used by the CC 110 to notify the BWs 130 and 131 that the queue the CC uses

to hold BWLow arbitration requests is at its high water mark. (see discussion

below).



order is preserved for packets entering the queues DL 330 and 331. The
order-preserving inplementation works as foll ows: when a packet arrives at
the input of a BW a request for control of bus 100 is sent to bus arbiter
160 a fixed nunber of cycles later. Currently, a request is sent to arbiter
30 160 two cycles after a packet arrives at the BW Wen bus arbiter 160
receives requests for control of bus 10Qg it services the requests on a o
FI FO 12 (First-i first-out) basigs eref or, eserving the system bus
arrival order of pa?ﬁ%?g{a qrﬂ“%%@é'gs\%ﬁ@r H’aﬂ§ ggrg\f ngh%‘q%‘?ri ve on
their respecti vggriass AIMDIYREForl He KU  obre Bl-ditdtBord SRInGMAh&L cdryaRe 2

fal |l back inplenentation is 5 enpl oyed so that the packet from one

pr e- det er m ned busoidhe infermation heingfteanspaltdd onsthe thas H08. DREing headdreycles r ent
enbodi nment , pachets fro are transferred to bus 100 first in the case

BW) - / .
of si mul t aneoustng¥ F%%Pg]%% Red sgaired infermation: Auring,her exclagi they s8™mappar ent

to those skid |l i Nathe:.art: t f K Mai | abl e
for the caseé o?dja st?'nﬁl%ghéeéo%nsv% gﬁ%s\gaﬁ@{ a[lsocﬂ%g@egmég%gﬁgﬁf é%fﬁglﬁﬁal a110
interact w th tfiem grebarbider 1660 THer pruithsigiaiepsi@Ehadty) aldo Wompdse a XRembl and

XGnt N, and the bussed XGTP/ 250. In the present preferred enbodi nent, the
arbitration w r¥dP-iections alg thal Farry thedadly inlormationiqoputes evar thesdatas

al e pins of RECE 10 e IE e b Bag sl el d 3ol iR

| i nes as fol | owsycleFag Bie WQlod.e Second Cycl e Meani ng 00
No Request 01 - Bl ock XOL for 9 cycles 01

01 Bl ock XOL and XOH for 9 cycles 10 LO Request
Bus at PriofYty Bwow for 2 cycles if L = 0 and 9 cycles if L = 1. 10

L1 Request Bus at Priority BWow for 2 cycles if L = 0 and 9 cycles
if L =1 and block XOL and XQREBITRATION ANEBFLAW CONTROL LO

Request Bus at Priority BWHi gh for 2 cycles if L =0 and 9 cycles if L - 1.
As will be described, the bus 100 also has an arbiter 160 that allows the

bus 100 to be multiplexed between the BWs 1.30 and 131 and the CC110.
When either a BW or the CC has a packet to send, it makes a request to the

15  arbiter 160 through its dedicated request lines 230 (XRegN), and the arbiter
160 grants the bus 100 using the corresponding grant line 240 (XGntN) and the
bussed grant-type line 250 (XGTyp). In the present embodiment, the arbiter
160 implements four priority levels for flow control and deadlock avoidance
purposes. Service at a given priority level is round-robin among contenders,

20  while service between levels is based strictly on priorities. The arbiter 160 is
implemented in the CC 110 because this is simpler and more efficient, as will be

appreciated from the following description of the invention.

Referring to Figure 3, the bus 100 imposes the following FIFO queue
structure on the BWs 130 and 131 and CC 110. Each BW has four system bus
25 queues, two for output, two for input. The output queues, DOL 334 and 335
and DOH 336 and 337, are used to send packets at system bus priorities
Cachelow and CacheHigh, respectively; the input queues, DIL. 330 and 331
and DIH 332 and 333, hold packets that will be sent at bus priorities BWLow
and BWHigh, respsctively. The queue DIH 332 is used 1o hold only replies to

30  packets originally sent by the CC 110. An implementation is also allowed to



11 . L1 Request Bus at Priority BWHigh for 2 cycles if L =

0 and 9 cycles if L = 1 and block XOL and XOH for 9 cycl es. 13 When the
requester is the CC 110, the Bl ock portion of the codes are ignored by the
arbiter 160. The follow ng exanple illustrates the encoding in the above
table. 00,00, 00,... No requests of apy kind. 5 01, 00,01, 00,....

Conti nuous requegfy, eothgl@ﬁéfestﬁﬁ’. gﬁ%lgq@@igﬁgp&dgml@@tan@)qgl@1ti;hg,qu@ue

for 9 cycles but requests do not accunu e. For exanple 01, 00,01 bl ocks
the queue for a %o ildeaflodkifrey operatiomietstill possitile @ithQtis arrangeme@ont i nuous
request to block both the XL and XOH 10  ......... gueues. Again
requests do not accu

late. F ex | e <AL, bloc
cycles, not 18. 10,0 ‘aferripg t‘_’ Hg%e%%&(g%é&f&ﬁ paggﬁgépg%grﬁg%é%&&
i medi ately by ain?uFH&theBWﬂ 00 &RAWE 36r-output 1o the bus @00 Thd Inpld queues, XiL2
cycle BWow request followed imediately by a 9 cycle B\/\Hllgh request. In

bot h request sst ha1Xahd aid 3XOHhaddipankstsdrom Pilo3¥@dnd I8t and Bl 832 asd 3g3.ant s
the bus 100 using the requesting client'!s XGotN |i an |fies . this
grant using the FFOSEWVENGTIP PYIRY drBEe. )@91"? "’bl”@%cgﬁ’tseég &’gﬁ?&ﬁq%ﬂ%’, XGnt N
i s asserted for thlg'%oﬁg?afsﬁfe’s%@(ib’tséﬁ’@mﬁm%ﬁ@é. AdBRIoRAINS B54H CEE 10k ES |

dependi ng on the |ength packet requested. XGTyp specifies whet her
the current grantwo guéwss, Adiopr 368 iang AcbHigh §B1,oudedrip thpld arbitiatiomeaswestad f or

Lhe durati on | n vhch 6, XN L% STREILFC BRTSLEnCe LR oY IRt L1e
twg oycl es. 1 3Per ot feithtontion SPodek gh RESHHom B et o AR T
cycl es thereaf t erequedsts drebuy 10tis #ikedtheh diecbaueiss eraslirathdt the pabieintromer  of

cycles fromthe assertion of the XReq signal on the bus 100 to the
appear ance of t hanylipie systerabuses wreach slass O1.o DIHhare sendceshby fhedwst i ng

arbitration |at e%%teir%g iirgf%ﬁ sﬂstiec% bLQgFrivﬁy&ldSé'InTﬁ'@p%@EM%’mﬂﬁrﬁ&ﬁy

ordering is not maintained between packeis in one class and those in the other.

15 Referring again to Figure 3, when packets are transferred from system
buses 140 and 141 to CC 110 through bus 100 of the present invention, the
following scheme is used to ensure that packets arriving on bus 100 are in the
same order as they arrive on respective system buses 140 and 141, As an
illustrative example, assume packet A arrives on system bus 140 at cycle 1

20 and packet B arrives on syslem bus 141 at cycle 4. An order-preserving
implementation of the present invention will preserve the arrival order of
packets A and B on system buses 140 and 141 as they are transferred to bus
100, i.e. packet A arriving on bus 100 before packet B. Conversely, if packet B
arrives on system bus 141 before packet B arrives on system bus 140, then

25 packet B is transferred onto bus 100 before packet A. Currently, the arrival

order is presérved for packets entering the queues DIL 330 and 331.

The order-preserving implementation works as follows: when a packet
arrives at the input of a BW, a request for control of bus 100 is sent {o bus
arbiter 160 a fixed number of cycles later. Currently, a request is sent to arbiter

30 160 two cycles after a packet arrives at the BW. When bus arbiter 160

receives requests for control of bus 100, it services the requests on a FIFO



depends on whether the bus 100 is busy, what the request priority is, and
whet her the requestor is a BW130 and 131 or the CC 110. In the present
embodi ment, the arbiters 160 supports four priorities: CCLow < BWow <

BWH gh < CCHigh. Servicing a request at a given level is 14 round-robin
whil e servicing a request between Ievelgzi S based strictly on priority.
Strict priority that .i.f. a lowpribdity request arrives at the arbiter
160 at the sane’ ‘l%gr?‘(;’rra’g)f’pebras'i’ hem%grﬁrqr%ﬁ'{’/'?g ?’g’qﬂ@g’f’f Y aHval Qrdef i ority
request will neyeekdte, serviced in preference to the high priority request.
It wll be 5 appreciated that although a round-robin and strict priority

systemis enpl oyed béf;t he present invention that other arbitration and
priority schenmes whi By €3sevhere Balh rackets AcendB @rrine ailthaiayespectivei systes.

Referring againy et 4% f41 MES sgagﬁgg?']@gn ?2%@%* ﬁ'l‘p egrp”gqtg% acket from

its XOL 312 queue, tor exanple, a req lﬁermry or 10
a request tosbreagiaet sonhdtehd packe! fasrabhe @re-&éteftﬁﬁé@?&ﬁenﬁ bés BUYrandfifeBY
using the CCLow priority. The priority CCHi gh is used by the CC to send a
packet from t he fisebip Befelfo- dn the qugientsmabsiimentapaakelsyiromBW0sye transfeed toequest

to read a bl ock Lesl I cache RAM 150., The priority BWow is
used by a SWtobg’gﬁgoggsiLng"ﬁ § C!f.1 ‘LF]eoér'{]sﬁTgﬁﬂeE“ﬁﬁgﬁaﬁ%ﬁ‘eéﬁﬂg'§ﬁ§e?0P°€§‘é‘?fpI e,
requests coni ng ithGill bb BpParehtls tifasetsRiMbd HSthd 4R 1R tAd kalbaeks HeARs 475 AfSSSOrs.
The priority BWHigh is used by a BWto send packets fromits D H queue 332
and 333, for exavpilable foepie easefof simultaeeayssardvalbus 140 and 141 to requests
sent out earlier by the CC 110. The ordering of priorities in the above
menti oned ndrfiner hel ps ensure that queues do not overflow and deadl ock does
not occur. However, once 20 again it will be apparent to one skilled in
the art that variousTi Béls 130iandi i3y dndedCn chintsracmyithte daitenesh theowmhi eve
the sanme objectives. The arbiter 160 al so provi des nechani sns to prevent

the queues receiVPRgefisaiRd ires XiiegN: aad XGAtN.canddae bussed XGTwp 289 1000 from

overflowing. In i , : e SjX es: XIL 310,
XIH 31 1, Ar bLO\}\I} %@'ee%@%%;%'ééaAgr@Eﬁ’%{ﬁ%aﬂ‘teﬁaﬁﬁ’?ﬁ@&kﬁ%ﬁ'B?%23(59 %34 and 335
and DOH 336 and i@&inal sindelthe BibitdBP6t3dmpRMmentddian AdCLEN 0 16RIRBLd B $hd he

flow of XIL 310 and XIH 311 by refusing to grant requests to any of the BW

when either 18f s §ierdiIsappganat the pinhiohtheRE ¢10.nAEY roquesistize biss t he BV
do not get gr ant‘gg(S)g,ir‘lJ ingl\ﬁgvﬁram}negggqm%%%gets, and overflow is thus

avoi ded. ArbLow S
First Cycle Second Cycle Meaning
00 - No Request
01 - Block XOL for 9 cycles
0t 01 Biock XOL and XOH for 9 cycles
10 LO Reques! Bus at Priority BWLow

for2cyclesfL =0and 9cycles if L = 1.

10 L1 Reques! Bus at Pdority BWLow
for2cyclesi# L =0 and 9 cyclesif L = 1 and
block XOL and XOH for @ cycles.

11 Lo Request Bus at Priority BWHigh
for2cyclesf L= 0 and 9cyclesif L = 1.

11 L1 Request Bus al Priority BWHigh
for2 cycles f L = 0 and 9 cycles f L = 1 and
block XOL and XOH for 9 cycles.




30 controlled by the arbiter 160 through the signal XCCAF 260 (CC
Arbitration Flow). Wien the XCCAF 260 signal is asserted, all of the BW
assert a system bus pause, which stops the flow of those packets on the
system bus 140 and 15 141 that could overfl ow BW queues. This ensures
that no nore arbitration requests are sent to ArbLow 360 in the CC 110.
ArbHi gh 361 is prevented from overfl ow, g by limting the nunber of

out standi ng reply packets whose reques sent b CC 110 and whi ch
woul d end up i B“I’-“%@S“%ﬂﬂr i§3he Cﬁgb‘ionthasal"% B‘PF'@%%%E Ceg o] aredenyRfy

ot 536 and 320 SR oish PO TRg TofPing Bromelp Bl eE tebrcpping 4 1P et 0

XReq |ines. Wblea queue is above its high water nark, the BWsends a bl ock
request identifying XOL 312 or XOH 313 if there is no arbitration request
being sent at the r@A9RMhe]...ot herwi\f@efeﬂ!ﬂeqm olpryeking the 10 BI ock request on
top of the arbitration yest |methe ar

request (piYygybacked: Qﬂ*ohgf’) ‘it °BH g P‘fka q“oéa‘frhe
request ed nunber of cycles. Bl oc ‘ ‘,’;%‘é?e so, for
exanpl e, two contiguous bl ock re 9{8 afﬂt{ﬁeonYQ: ock t he
speci fic queue for eleven cycles, t el g teen cycl Reference
is now nade to Figuwgof61to ill usjohaﬁ@autsheqmercabmnbah tt&@xaﬂ.eérauktmgrant ee
mechani sm 1€urrently, the defaul QuguentAgimgetpzastsdo net azopinoiatel For avoi d
the | atency cycles during a cachexample Wu@! blockshibe muaierian 18r dyictasandlon

| at ency of the BW 1630 or the CC18610 as a bus requestor when the bus 100

is idle. However, i i1l be app tag those skilled in the.art .that the
20 default grante h)rr&ﬂér?l%sm ca ‘§' ?E%ﬁ‘r&ﬁhqgg tdf”ﬁ’&eﬂepml‘eéjf%ﬁ%}’—yc?l tical
operations as well. To inplement "t nt ee, the arbiter 1660

gives a bugsgrant tggsghignt, an bhecid v réb'h@élﬁ@l%we%"%éd’&ﬂlgrb the
client has not made a request. ThyecydledBWHIgh r@Bdest! h Bath irédueatd me XL a real
request, and maintained only as l2adX®s qubedsramrisiodkedr equests from ot her

clients. 25 The arbiter 1660 |s al ways in one of the three states:
No default grantee DG, the CCis e defauylt grantee and one of
the BWs is the defélﬂ %Eﬁr iS0ants us O pgipgt ’eﬂﬂ%s“&cﬁ%”iﬁ A2Nno

outstandi ng pagkel sy ﬁﬁ’éu@s ns?@%ém dsin Eé’d keiyd #8025 Innb predePC st ate.
When a read m ss occ sl,I tLe 16logW|I I ncur géro arcﬁl trat :bon | at ency
because .i.l 2al r emthpdinesit, X EntHe agsated. foreitHenitwo tomecttive aycles toemirk660
swi tches to BWDG, asserts the XGnt
consecutive cycles dependmg on the length of the packet requested. XGTyp
specifies whether the current grant is for low priority or high priority; it is

assented for the duration in which the XGntN is asserted.

Reference is now made to the generic arbitration timing diagram in

25 Figure 4. The requestor sends a request for a high priority two cycle packet;
the arbiter 160 then responds two cycles later with the grant, and a packet
appears on the bus 100 two cycles thereafter. If the arbitration latency is
defined as the number of cycles from the assertion of the XReq signal on the
bus 100 to the appearance of the packet header on the bus 100, then the

30 resulling arbitration latency in Figure 4 is four cycles. The actual latency
depends on whether the bus 100 is busy, what the request priority is, and
whether the requestor is a BW 130 and 131 or the CC 110.

In the present embodiment, the arbiters 160 supports four priorities:

CClow < BWLow < BWHigh < CCHigh. Servicing a request at a given level is



signal 1640 for the BW1630 to which a request is made, and al so asserts
the qualifying XGTyp 1650 to indicate that the default grant applies only
to 16 requests fromthe DI H queue 1632. Wien the niss reply packet cones
to the BW1630, the BW 1630 incurs zero latency if there are no other
arbitration requests pending for the bus 100. Thus, for a bus 100 which is

nostly idle, th f Ay t C dﬁ\% I 1 i piqum
arbitration | at gor‘lf(;:l@ @94& vg@feS ‘?8% %g @%’ nalﬁ\za\{ﬁsom eﬁ‘eﬁwf@lo.
Referring to Fi ghcrty.lStricvpderita niddhd @30 ifisSlow paoatgragidst 8faas abthelartiiest be

prepared for the event that its XGitN line 1640 is de-asserted by the CC
1610 while the BQ 8bte sagelifme or alteradiigh prgrity equestutienr lew pdiority reqysst ket

fromits DIH qu i e CC. 1610 or .another BW nmakes
a 10 request VV&?‘ ‘Ie:r’eélvt%ﬁéeﬁ&/wi%ggﬁggﬁgﬁg%gofmgéP'fghg?rg’#?yereegu?ﬂeggw'iﬂg’eno way for
the arbiter 50 kpsreciabial thahaithBUgA &38undrobitparid StACSERIMNDEAERIR & emPRYES!

header and the request signal appear sinultaneously on the pins of that BW

1630; ther ef or eby tiep@spat iRvendipp thad other @rhitrationfand priedtyasdhiernas wie@0 t o
de-assert the BWs Xg.tgl’ |ine 1640.. If the B‘}ﬁél 30 has not started to send
when XGnt N 1640°1'¥E 58 é’Pﬂé‘gS%PP&EﬂmPt’“ GUNMEPE until it gets XGntN 1640
again before it can send the packet. If it has started sending, then it

must continue the trReemmgsigan fooFigares everemerce hoogeeddIy dnkbfPadi@s been
de-asserted. The arbiter 1660 inplenentation nust ensure that the CC 1610

or other BW wouffBmtst XQk3d2 quens: kastexamplena request toirped adlackdroBynes®ey ethat i s

t he default .gragt ' . ' e e CC 1610 is
t he default lgra%tre@e%&gﬁ)égcﬁsﬁgﬁlar%ﬁqggaﬁ’égg?%%’%ét\lﬁﬁ%\g@? Q?éugy Pa'ag g due
to the internal COtguestority. MEhd MidrifleCCRIgHaS DsNBYR. CEONE séritg PR Gr8mOf

having a default grantee nmechanismis that the arbitration |atency for a

device that is H®tXOHAusEe KBt foypxaitrie 3 eplrte st systermbys teques lovead @ have

b i t hout th ' Lot he, BW of Nt diment, th
atency. 1 nor eas SSTR R Todds d BEong $14in 0° nBn S0ERY ERRS 1o Ebinves B
little inpact op édiei pekbrifREDheq LS B30tand 3B Clof edthyie! REEESE E6RinGO

shared data from ot her processors, which are infrequent and not |atency-
critical. |£5BVWO®N thejsysleanbur &40 anchtd1 fsare nther pocessoes. Cthe pdorisa B¥EHigh om one

to 30 three, but only f he referenges . mgde white a mss i s alread
out st andi ng. Si Wc%ep%s%BWe¢$8ﬂ88§ ei? oGt Bt auRye 5{52 fpe ?é%-,""i/\?’fac"@'?nysses,

or prefetches, replies from the system bus 140 and 141 to requests sent out earfier by the CC

110. The ordering of priorities in the above mentioned manner helps ensure
that queues do not overflow and deadlock does not occur. However, once
20  again it will be apparent 1o one skilled in the art that various other priority

hierarchies may be defined to achieve the same objectives.

The arbiter 160 also provides mechanisms to prevent the queues
receiving packets or arbitration requests over the bus 100 from overflowing. In
the present embodiment, there are six such queues: XIL 310, XIH 311, ArbLow

25 360 and ArbHigh 361 in the CC 110, and DOL 334 and 335 and DOH 336 and
337 in the BW 130 and 131. The arbiter 160 controls the flow of XIL 310 and
XIH 311 by refusing o grant requests to any of the BWs when either of the
queues is above its high water mark. As long as the BWs do not get grants, the
BWs cannot send packets, and overflow is thus avoided. ArbLow 360 is flow-

30 coniro!!ed by the arbiter 160 through the signal XCCAF 260 (CC Arbitration
Flow). When the XCCAF 260 signal is asserted, all of the BWs assert a system

bus pause, which stops the flow of those packets on the system bus 140 and



performance is virtually unaffected. 17 Reference is now nade to Figure
5, for the purpose of illustrating pipeline delays between the BW and CC
and for conmputing mininumarbitration latency. Wth respect to the speed of
transm ssion and logic, the follow ng assunptions are nade: 5

* The path between inputs and outpuyts of the arbitration logic 560 is

combi natorial, angh {Had c6lBY BVeriisw BYP GuélRD TCerduRsdthad MoreTdiSitratidpi t rat i on
| ogic 560 al so contains a state machine and the ArbH gh and ArbLow FI FCs

wi t hout addi ng arggupstsiane seriltadrhlow 369 ibdse CEakl®. phrbHighathdsprevented from

I nputs and out puts.  XRegN 530, XGnt N 540, , X 550 and Xdata 570 can, be
transferred fr on?‘.t’?{g"‘f"ﬁ Y 5%‘5‘95'% “Pﬁ‘%ﬁﬁgf %@%Fﬂ@g (579%@3?0"?% ‘T%Wée 2945518 op
511 in the recei %Hﬂs&{t'bgﬁe € 1 @5snd WRBHh WaBIdErClp mymHeI32hd 333. Again,
The del ayed version of XGhtN 541 can go through the AND gate 513 and be

transferred tp tAebHigh B6ULcdntains pnlyl requést® far patiedsint Dikih332handc33sc K heylows.
G ven the schematics in Figure 5, it is possible to co (11at_he m nimum
I

arbitration | a]'E eHb?OFcﬁa_‘*tW Q%’s%? %H@%@%ﬁm@&@gﬁg{x vigs dht BY As
stated 20  be Ogﬁn?ﬁﬁlgél&w&dgﬂrﬁs ﬁegqﬁ%s.' W%@gﬁ&%&%ﬁg}gﬁ%ﬁgﬁ?ﬁ%}\'&@ IS

on the bus to whe e correspondi n ader 1s

whose XReq 515 i gndrkitteé BV byndsaiploekirdgestheeritying XoLi302 or XPHC3 136GHthere ishe
CC, XReq 515 is one pipeline away fromthe bus, and one cycle nust be
subtracted from pR&EREAlAN leaue™ SAINIREHt B ke momarhothrnyiset Rigovbacksie .

Wt hout CCDG_ th LNy rbi L rati.on i S: les.n W th CCDG
it is zero c98| e?.'on“‘\\'f\ff%%%}g%\tf\&f}t%‘%}érbﬁaﬁlg?rﬁrﬁau%g{)g%?i@e Séﬁﬁgic 0es; wth
BADG it is zero ¢yiwes a Hous requbstopigybdike 8\0Pmog mcbi6EKGhavapsroprighé qudrdsed i t
woul d save six cycles, and if only the CCDGis inplenented it would save

t wo pycl es. F! guﬁQ!_iBe i’?ql@ﬁteﬂaf_tuﬁg)ef REcyelasi rRlegk readeRly ate pat ﬁﬁcwl&ﬁﬁﬁrﬁrﬁpr t he
30 illustrati Vesg,' {o? 'é'xgm'p@. Fwo%‘én%gﬁod’%&é ré%ugsq:s rfc?rar%fr?eséfcle% Aa%Wvﬁlf bi8Ek ty

t wo-cycl e
the specific queue for eleven cycles, not eighteen cycles.

15 Reference is now made to Figure 16 to illustrate the operation of the
default grantee mechanism. Currently, the default grantee mechanism is
employed to avoid the latency cycles during a cache miss due to the minimum
arbitration latency of the BW 1630 or the CC 1610 as a bus requestor when the
bus 100 is idle. However, it will be apparent 1o those skilled in the art that the

20 default grantee mechanism can be implemented for other latency-critical
operalions as well. To implement the default grantee, the arbiter 1660 gives a
bus grant to a client, as the default graniee, even though the client has not
made a request. The grant is made in anticipation of a real request, and

maintained only as long as there are no requests from other clients.

25 The arbiter 1660 is always in one of the three states: No default grantee
{NDG), the CC is the defautt grantes (CCDG), and one of the BW's is the
default grantee (BWDG). As long as the CC 1610 has no outstanding packets
for a read miss, the arbiter 1660 is in the CCDG state. When a read miss
occurs, the CC 1610 will incur zero arbitration latency because it already has

30 the grant. At this time the arbiter 1660 swiliches to BWDG, asserts the XGnt
signal 1640 for the BW 163010 which a request is made, and also asserts the
qualifying XGTyp 1650 to indicate that the default grant applies only 1o



18 packet and the CCis not the default grantee. Note that the header cycle
appears on fhe bus only after XGnt is asserted (lowtrue). Figure 7
ildustrates the mninmumlatency timng diagramfor the illustrative circuit
in Figure 5 when the CC requests a low priority two-cycle 5 packet, and
the CCis the default grantee. Wen con‘aéﬁd to no CCDGas in Figure 6, the

header cycl e appears on the t Wo oner.. paca t he X

al r eady assertedeq‘”r?sfsﬁé"'@w@g%‘@”eé?r‘% h% Riss 2P %Bﬂc égowﬁ%%(;%‘?ault
grantee either fe4 168 1Rb BV 11630 RRGISePo Riercp ! thre Ardhb Blhick Mrimdient S, but
not both. This is because XGIyp Is produced too late for the bus sending

logic to 10  kmequestspéreing for therbiis100mThhe, IMGLbeg tlewhich is mastiyidiexte
gueue; this decision therefore nmust be made staticall 2| ng

l'atency for onl ﬁefaéaﬁgwew&@?@snwﬂ §3Y9e§1°rm'8¥‘?%afb§¥4"ﬁeg?‘f%%
Figure 8 illystr rﬁﬁr?fhe Ghﬂb’gbh%?@@’mﬁgm ng diagram for the

illustrative™circul ure when W requests a high priority nine
cycle 15 packet and the BW| s not the default grantee. BUS PROTOCOL The
bus operation can beRefaténgtodGgutent@.ovtren BW 1#38ds thevdafault gippleedt myaicket s,

and transaction one 0 f the r a unit
of time and one%ﬁa@f %’Fsﬁﬂ‘a‘ﬁ?(‘}ﬁe?tqﬁ tF&? n%"f‘eégéﬁ'& O%ssie%é%&%”gﬁ into
one 20  of the {egqgr whad %(Ewel%sof?é‘ﬂﬁﬁ to $¥HdRor YRGHLANKY Sendhiifla pabket rémHeader
cycle is always the first cycle of the packet; Data cycles nornmally

constitute the rismRiHquegeci8ReThisMeppens thJWﬂPé‘& 1@ arsegthes BWioiasas @ an

f the dat f I | th
ST g wht Rt feauss oie T BRE1e LS e asfow e e ™ e FRu s "Poader
and Menf aul t CyCérSﬁeﬁB‘Rngé that%’&@@ﬁ%éﬂﬁk REolths séhd b&yase S'Eﬁeﬁétﬂﬂa@ér drfee

X-Parity wires. Data and Idle cycles are encoded using the all-odd encodi ng
of the X-Parity Nverremest\/bighalldppearsndulmnengsly shée pmsmﬁthﬂd@h@ﬂﬁtw the fact

that Menfault can onI occuy | ace of ope of the Eﬁ cl es, of
packet. Data is ey g’ll??éen'édmf gfﬁpf'aﬁeé”b%/ of Hig arjiar 1 é\ﬁ’ %ﬁﬁngP@\rﬁccur
within a packet %ﬁ{hﬁﬁrﬁa 16408 1E46 B9 1ﬁ§b R not sla 8&&@@6#&1 X&niN ?@tfﬁl%guous
sequence of cycles at” constitute the next hi g unit of transfer.
first (headery C&é‘rbesemfedtinmqsawkietmmargeu;exGalﬂUT&msagam before it can send the
packet. If it has starled sending, then it must continue the transmission to
complete even though XGntN 1640 has been de-asserted. The arbiter 1660
implementation must ensure that the CC 1610 or other BW would not send a
packet at the same time as the BW 1630 that is the default grantee. This
20  problem does not arise when the CC 1610 is the default grantee, because the

arbiter 1660 is aware of the request due to the internal request line in the CC

soon enough.

One consequence of having a default grantee mechanism is that the
arbitration latency for a device that is not the default grantee is greater than it
25  would have been without the mechanism. inthe BW of the present
embodiment, tﬁe latency increases from four cyclies o five. Howevaer, this
increase has little impact on the performance because it affects only references
to shared data from other processors, which are infrequent and not latency-
critical. 1f BWDG is implemented, the latency for the CC increases from one to
30 three, but only for the references made while a miss is already outstanding.
Since these references are eithér shared writes, write misses, or prefetches,

performance is virtually unaffected.



and c¢ontrol information, while subsequent cycles carry data. Currently,
packets cone in ‘two sizes in the present enbodinent: two cycles and nine 5
cycles. A device sends a packet after arbitrating for the bus and getting
the grant. Packet transm ssion by a device is uninterruptable once the
header cycle has been sent. A data command field in the packet encodes the
packet type, including whether the pagket is a request or a reply and the
transaction type. 1(Reference isPndw aiagacd Fiyure Snfdr Hespuwpose pldllustatingacket s
(request and repl y?_ that perform sone |ogical function, Packets usually
cone in pairs, BaeinadaiaysheiwesnthgtBWsand §C and for cempyling MEWOM® t r ansact i on

d i bed bel 2 .at t.
For o transact | SRARAH HtF ik BN rSRECTR M TbelBr PEREHSIEN ahd lodhi g °Tces
BUS COWANDS Thgbwimgdakiimporisvile mades of commands that are contained in

t he header cycle of each packet: a data command, used by the sender to Get

or Put data fromor to another client. This data, may or g]agvgpt be djrectly
accessible t® the receivirng clepath blyeepinnuls apd oytguts of Hieg/RitRtieRlogite hus

protocol ‘in the present 20 @éﬂe{s%roh%%amp%gﬁgbeﬁg@Iefrsgq}‘?é.nv.r‘f@cl%ﬂ ent is
expected to process the requesSt In an appropriate way: for a Put request,

the client will do the acti on?md RakadivMatolRgictse0ansh omaias @eftateequest ,
the client will retrieve the data and return it through a subsequent reply
packet. The header cycles al s®agine antthe AkbichanseffBlowfilc@s witbgdled t o keep
the bus-side tags inside the 25 . j n AWy r-side
tags inside the CC. Wth respgéééﬁnq%p'spgﬁrgéljﬁ%@%ﬁd{hf\ggé{]%%s%}agggﬁgf%gon t he
bus using the bus commands, epplsG@diodpultas a unique identification (Device
I dentification). Miultiple devices can reside within a client connected to -

t he bus. Each client can use any device identifications alloca to it,
subj egt to the flol | owi ng ';0 XBéﬂ@?\él% ’ﬁ@é& %40&('@ 591?38@%&%3%}528&?? ! 20
One set of device identificat bgnénéfgrﬁéloﬁﬁﬁ\éﬁdé@gagf@m %leh&ﬂﬁ cliéfi$h such

nunbers al so identify the device wt rrently, device
identification nunbers of thethediigrioplatidit' tharexeivigediiertinfless thae o€, and

"dddd" is the nunber for one of up to 16 5 devices within the
CC. clock cycle.
15 . The delayed version of XGntN 541 can go through the

AND gate 513 and be transferred to the outbound flip-flop

512 in less than one clock cycle.

Given the schematics in Figure 5, it is possible to compute the minimum
arbitration latency for the cases with and without a default grantee. As stated
20  before, arbitration latency is measured from when XRegN 530 is on the bus 1o
when the corresponding header is on the bus; for the CC, whose XReq 515 is
internally coupled to the arbitration logic 560 in the CC, XReq 515 is one
pipeline away from the bus, and one cycle must be subtracted from the delay
between XReq 515 and the header on the bus. Without CCDG, the minimum
25 arbitration latency is two cycles; with CCDG it is zero cycles. Without BWDG,
the minimum latency is four cycles; with BWDG it is zero cycles. Thus, if both
the BWDG and CCDG were implemented it would save six cycles, and if only

the CCDG is implemented it would save two cycles.

Flgure 6 illustrates the minimum-latency timing diagram for the

30 illustrative circuit in Figure 5 when the CC requests a low priority two-cycle



Anot her set of numbers is reserved for the BWclients; such nunbers al so
identify the device within the BW Currently, device identification nunbers
of*the form"1dddd" are reserved for the BWclients; and dddd is the nunber
for one of up to 16 devices within 10 the BW Reference is now

made to Figure 9, where the format of al®eader cle is shown. In the
present enbodi netAcketAng IS C&/‘él“@%‘h&rd@quﬁcﬂf%'ﬁ?%d {e thakthg heagdergyclencodi ng on

the parity wres Cpggﬁrsvﬂrl ﬂh %‘as%ﬂﬁ:{ﬂgnghpls a@gérgecfﬁ&gélﬁgg n the art that

vari ous other en Renes e enplo ve the sanme 15
objective. Currently, the 64 bits in a header cycl e convey the information

regardi ng the data c&igmed dlisidanthe minbmghtatehcyimingtdidtanRbemp, error 93
(Err), source i d ntification 94 lg'XSrc&&idesti nati on device identification
95 (XDst), size 'Bptrafivgyciriitin Flodre the GG reqyests fslovgpriarily fyeo-exoler i bed

nmore fully bglo m r f.er nds. In
t he present enb\cl}scfcﬁgn?nd ;th\%ncm Zeg%ffaﬁggfdniée Swﬂg;' t%‘r){"i1 g@r‘?é‘&c&aﬁ‘?iaﬁd’r e,
which fits in orRig6re 8jthethealer, c,@mda@d@wcrkme/\bwtm Sy@e g Bborty CheRBuse
Currently, the. Ieast significant bit of the data conmand field al so

speci fi es whet hdhe Xt [sRlleady pssested iy lheGCRE casee Qujrentindhei@Canarmedhels i n

the form of C unct i.onal u t he
menory gr oupDccro“rh Zélgur]]ts&%:yggmme %ﬁ%&l%ﬂ lgﬁg)tdoﬂ{y%gggégg’étf?oerrﬁ'él?/\]’%'ér't’bﬂ§§iegsag g’b‘ﬁr ess
space. The 10 griotip THIBiSbaRUSORTAPSS stodretass tde @or%ébug]génoﬁryg%@wtw de 10
address space whose contents are never cached. The 10 space is ‘used

primarily tdOacdeew vilretipsie send fraspthe Xohlqsﬁiep@rdwrd@se ¥Ohbgueue; thimd and

wite the state u t Sst.em _
access i s provi 0&8 ? %I ag%?%spsgg‘ﬁdﬁﬁgagggl}ﬁ °a(|q e %&J@%ﬁ‘?’é’rﬁ'&ous gr oup
21 contains comraﬁ@b?stb@éken@rmwemaﬁembn@@dehmerrUDt handling. In the
present enbodi nent the encodi ng of the data commands is as foI | ows: G oup

Command Nare Packet Length NoopRgst NoopRpl y
00000 0/ 1 2/ 2 Elgure8 ‘E‘M@%ngmmﬁﬁ’@ﬁ gg‘ﬂvg ﬁzﬁg i for the 00010

0/1 219 ¢ @dsﬁ%tn»b@%u}i %lﬁﬁé%ﬂm R%t%?slts a high pﬂfréty nin Oggc}él 0/'1

2/ 9 cycl es Get Sl ngl eRgst
15 packet and the BW is not the default grantee.

BUS PROQT

The bus operation can be understood in terms of three levels: cycles,

packets, and transactions. A cycle is one period of the bus clock; it forms a
unit of time and one-way information transfer. All cycles on the bus fall into one

20  of the four categories: Header, Data, Memfault, and Idle. A Header cycle is
always the first cycle of the packet; Data cycles normally constitute the
remaining cycles; Memfault cycles are used to indicate an error in one of the
data cycles of a packet; and Idle cycles are those during which no packet is
being transmitted on the bus. Currently, Header and Memfault cycles are

25 encoded using the all-even encoding of the X-Parity wires. Data and Idle
cycles are encoded using the all-odd encoding of the X-Parity wires.
Memfault is distinguished from Header by the fact that Memfault can only occur
in place of one of the Data cycles of a packet. Data is distinguished from Idle

by the fact that Data cycles occur within a packet whereas Idle cycles do not.



Put Si.ngl eRgst / Rply 00101 0O/1 2/ 2 cycles GetBl ockRgst /

Rply 00110 0/1 2/ 9 cycles PutBl ockRgst / Rply

00111 0/1 9/2 or 9/9 cycles | OGet Si ngl eRgst / Rply 01000 0/1
2/ 2 cycles | OPut SingleRgst / Rply 01001 0/1 2/ 2 cycles 10

| OCet Bl ockRgst/ Rply 01010 0/1 2/ 9 cycl es | OPut Bl ockRgst /
Rpl y 01011 0/1 9/2 cycles19110 0/1 01101 0/1 M sc.

DemapRgs! / Rply A packet is a contiggqus(segjugnce of cycleg/thatopastitige [the Bextupt Rgst /
?81331/0 o/ 1 Ot%i&&elrm%lglortntrangegy 'ﬁ{e irgty (ftlmeea%erj)%gcg o 4hle &a%ggllcapr{e;s adffﬁﬁl 011

- 10100 0/1 and control infHHaRbA ORI bséqUaRt Yycles carry 4440 Eufredtly, 2/ 2
cycles 10110 0/1 10111 0/1 11000 0/1 10 SwapSingl eRgst / Rply 11001 0/ 1

2/ 2 cycles 10  packets come in two sizes in the present embodimedtt GW0 cPéids dddaiheO/ 1
M sc. : 11100 0/1 11101 0/1 11110 0/1
11111 0/1 5 Tabl ¥cps- Thipviceserdsapaskatafies airRlingdpgihg byf apd geWrg ke (pPLen)

92 is also indi cg{gﬁ@ ﬁ&bk%hﬁa&%?é?&n ws'o%vicﬁﬁuﬁsn@n%{aggrqnﬁgw ﬁ§éo%¢

enbodi ment, the header cycle can specify elther a -cycle packet or
a ni ne-cycl e pacdyete hashiseedrseat. Aidatdedrbmand 8&d imtHehacketaahesdesytab Patiset

defined only for rep,lé/ é)_ackets. It Indicates that the correspondi ng
type, inCluding whether the packet is a request or a reply and the transaction

type.

10 A transaction consists of a pair of packets (request and reply) that
perform some logical function. Packets usually come in pairs, but there are
exceptions 1o this. For a FlushlLine transaction (described below), several
reply packets may be generated for one request. For a transaction that times

out, no reply packet may be generated.

15 BUS COMMANDS

The bus defines two types of commands that are contained in the header
cycle of each packet: a data command, used by the sender to Get or Put data
from or to another client. This data may or may not be directly accessible to the
receiving client, but this fact is irrelevant to the bus protocol in the present

20 preferred embodiment. The receiving client is expected to process the request
in an appropriate way: for a Put request, the client will do the action and
acknowledge it, and for a Gel request, the client will retrieve the data and
return it through a subsequent reply packet. The header cycles also contain a
tag command, which is used to keep the bus-side tags inside the BWs

25 consistent with the processor-side tags inside the CC.

With respect to sending and receiving packets on the bus using the bus
commands, each device has a unique identification (Device Identification).
Multiple devices can reside within a client connected to the bus. Each client
can use any device identifications allocated to it, subject to the following

30 constraints in the present embodiment:



requést packet encounters an error. The second cycle of an error reply
provi des additional error information and the renaini ng cycles, if any, are
5 ignored. The length of an error reply packet is the sane as the length
of the corresponding norrmal reply packet. Any bit that is not used is set
to zero. The source field (XSrc) 94 specifies the Device ldentification of
the device transmtting the packet, whil 0 he destination field (XDst) 95
speci fies the Devi ce | deriefset at devicesidentificatinnsiis eseivad orsthe IGC clientinded

reci pient of this packet. If the p ck nly.the device

i ndi cated by the XDst QSaEéﬁ“Efbﬂ'é'P ere aﬁm th@\ﬁ{?ﬁ'% 'ﬁ’i"dg s%técifies a BW
there wil | be. bits in theadneseyich ddhiRSaibh nhhx%en*%e&‘iﬁé IdFAC0BadPagE T Vi N
the BWnunber. The size field 96 specifies the number of bytes of data that
will be transported by th&eemmdrfenmetomnarad:‘tddddr.islhe fiumbeg faroametof ppad ¢6r ed

enbodi nent, the 3-bit size field 1 % specified as follows: Size Bits
000 1 Byte Single devices !Yé'i'“ The C 2 Bytes 010 4 Bytes 011

8 Bytes 100 Undefi ned Bl ock 101 64 Bytes 110

Undefined 111 Undef igmthel Bete ®limbaASs rdt@ndalishthe BW atintg Ugudh and

self-aligned within its container. Thus if the size is a byte, it starts on
a byte boundary; if it i gwumbes alsg identify the dadce withiathesBWYh urtentlyi device

boundary, and so on. The . ocati.on of .the ecified

| ow-order bits of the Add‘?eégg %tloglnanggrs[gqﬁ%%ggsiqqsd@ a’%’sﬁwgﬂgheaﬁm ess
field 98 in the header cygb@s! drMblidd BIhénbb& fbiore SYiupdba 6Qevirbd Glithin
addressed by the current packet. Blocks and singles are required to be

contiguous amd sel f-aligrkelBW.t hi n the address space. Wen fewer than the
23 allocated bits are used in the address field 98, the unused bits nust be

I the i ah or der  paggcalecke bl bl ik 5'md: B b Biese

preferred enbodi nent e Srad of b I g- endi an";
that is, |ow ordgtleasldr®ss bithe peéaaat einbodifient, Hpadyr icy€les hkeindiated by the

significant byt eallI er\]/ey;%cgén?g Ior? the parity wires. It will be apparent to those skilled in the
art that various other encoding schemes may be employed to achieve the same
15  objective. Currently, the 64 bits in a header cycle convey the information
regarding the data command 91 (DCmd), length of packet 92 (PLen), error 83
(Err), source identification 94 (XSrc), destination device identification 85
(XDst), size 96, tag command 97 (TCmd}, and address 98, to be described

more fully below.

20 DCmd 91 specifies data transfer commands. In the present embodiment,
two sizes of data may be transferred: a single, which fits in one 64-bit cycle,
and a block, which is eight cycles. Currently, the ieast significant bit of the

data command field aiso specifies whether the packet is a request or a reply.

The data commands in the form of DCmd 91 could be divided into three
25 functional groups: the memory group contains commands directed to a system-
wide physical address space. The IO group contains commands directed to a
distinct system-wide 10 address space whose contents are never cached. The
10 space is used primarily to access 10 devices, but it also provides a way to
read and write the state of system components through the system bus; such

30 access is provided for diagnostic purposes. Finally the miscellaneous group



5 or block. Wien the addressed quantity is a single, the |ow order three
bits of the'address field 98 specified byte O (the |leftnost byte) within
the quantity. . Thus, for a double word, the | ow order three bits of the
address field are zero; for a word the low order two bits are zero, and for
a half-word the I ow order bit is zero.2Mhen the addressed quantity is a

bl ock, the | ow crostainsScdmmandsrfer cemory rmanagementmie\eéwebhﬁ@"ﬁ@)vdwéae to the
vari ous data commands as shown in Tahl e bel ow. The nd i ndicates
that no data is WEFEHY eMPericany e pncpding 8}‘&‘@ cm%ndgggigf ?é}l{gpgvvs the tags
of an entry to be mani pul ated through the tag command w t hout having to
transfer data. fmtheprgsent—embodrment—a[NOOp fequest packet 1s two
cycles long, the fGraip bd ngCdmmahd Naimeaddr Encoding sdcdParkey clengidi

unused. A Noop feply pacKet 1s used to replly to a Noop |request. As sho in
Table 1, the daja command NoprAagt /i NeopRaoop repﬁg%a%ket di¥¥RS from thiat of
a Noop request packet onlpddusidihqsRipy r eduesdoolt &1 arjd ddgeskest i natipn
field 95 is idehtMemomyo |iAentireRgseskphpacketls swarice1fi gl d/Bedcles20

NCGet Bl ock is uged by a 'SholeRast/ Baly read fa DJ0AOKYM r o (3RVERY s cal
address space when it doerdghgel to cacheghtieok! odk. eyaRCGet Bl ockRyst
packet requestsithat the KFREFplyl €d byl t hev1adomess forpordiegciesn t hp

header be returfped through an NCGet Bl ockRplly. In the prlesent preferred
enbodi ment, the|packet 1sftwo cycles long. {The first cylcl e contains 25| the

header, while tjfe second ;EEE‘%'"Q!‘ Q‘%’Ed. The §CRRPM ock@i%ﬁ}@?cket is|la

response to an earli g)r NG R ,yl n the pioesent enbosizygeant , the
packet is nine a‘yclé | onpiordtBieckRegadRsly cycl B refoheotts s¥2 gflet he
information in f§he requesf header, while the eight cycljes of data supply
the requested bllock in cyklic ord A
addressed byte i{s deliverpd first 30 folloledysfayoemcl es W t.h increasi hg
address MOD 8. Wth the ekception of the repuestibreply (difference, all
other fields are tmMisgane|@anaphgst Hplyheader :ycP‘é,}O 011 24 a%’jlcw € destingtion
field 95 is ideftical to |'RE™PHREETYacket|s EB4HEE il B Y4® The | ow
order three bitg of addreps 98 are ignored pnd are set fo zero. The
Fl ushLi ne conmand—T5 USedjto transfter a Iing iromtithe qQCto a BWfior the
purpose of wititng it back to main nmenory. A FlushLi neRgst packet is 5
always initiated by the CE. It requests the| CCI398¢Pdturh those bl ocks of
the line that nded to be Wwitten back, i.e.|thesgoighat have the owner $et.
In the present Memory ) 10011 0/1 .

. 10100 0/1 -
SwapSingleRqgst / Rply 10101 0/ 2/2 cycles

10110 0/1
- 10111 0/1 -

. 11000 0/1 -
10 SwapSingleRqst / Rply 11601 0/1 2/2 cycles
- 11010 0/1 -

10 - 11011 oM

11100 0/1
11101 0/1
11110 071
11111 0N

Misc.

[ I I )
L S T |

Table 1: Table of Data Commands

The length of the packet (PLen) 92 is also indicated in the header cycle.

For the present preferred embodiment, the header cycle can specify sither a



preferred enbodi nent, the packet is two cycles long. The first cycle
contains the header, while the second cycle is unused. A FlushLi neRply
packet is a response to an earlier FlushLineRgst. The packet is nine cycles
| ong. The 10 header cycle reflects nost of the information in the request
header, while the eight cycles of data supply the requested bl ock in normnal
order, where thgotielehaeRittctidmingclid padkebl ThE@rhl aeld (EA) delin tmenrddés r st
foll owed by cycles with increasing address. In the present preferred

enbodi nent, thecydpnerdeined tily éoraeply packetir b duliddtes thahthe dogrespadindand ar e

set to zero. Wth the e&(ciegtion of the 13 regge t/ e&l%\ difference in the
header cycl e, aﬁelq.“?)?!r?éf’ Fie F?)Lém%[isé"teﬁ@"s he sEEON YO AR TEY Wk c ket | and
the destinati onpdiBbéladdidr bHENhcFRhtdreald el @HRTHHg BRHLCH ahySarce fiel d

94. The nunber of the block within the line to be flushed is al so provided
in the address igheled. IBe lehgH efsnlarioe Ryt pakekisttheragmeg en drealiepgthof thet han one
Fl ushLi neRply 20 acket because a cache lin ontains multjple blocks.
The dest | nat | oroTTeSPacS paimBLIRY EErg: At el Bt vped Brvel [okpre e

I denti fication ofyddRei@\XSis B4 Ppadindd the DdirliuBaffibioackeldy@ee sent to
the same BW There is no provision for cross-BWflushes in the present
pref erred enbodirassmiitind be 2eksi, mhillethearastimaliondields @DsH)PH spiechieatts ngl e (64
bits) of data from 25 the 36-bit physical address ;Eeace. A Cet Si ngl eRgst
packet request sDPYER ‘dteﬁ%"cé‘i'?fgf’(e'h%ﬁ’gﬁ'f’? 1 ipiher Aended rropsenl of izieR st og
fields in the NEaebakyCl e RBUERLHINER JMIBYANCRCLRY THOADEFDS Yan A

Get Si ngl eRgst packet 1s two cycles 1ong. The first cycle is the header,

whi | e the secondemzyalkeea replpt &viresy Xt S&dgiecifies aBW Hberlel witt ke bés irgthei ct i m zed,
if any. The for of the victimcycle is shown i 0 Figure 10.. A valid
bi ¢ 1 ndi cat es. WAH'RET 1988 11 B rrdbicvalesheanyad 1ng EViuertes: ShT SZppFFes t o
al | packets thags gREHiRMIhGnYhBd dTbEE lof data thaAwif\bERlarbRHeBRRFRKY chagt et
contains a header, which reflects nost of the information in the request
header, and dat aansaafiah Isdipppiessnttpheferedjembodithest, g 8-bit\jzettieldie excepti on
of the requestre&léy_ diffegenqe in the header cycle, all other fields are
the same asi?n PRRSTERAFSSYOWacket, and the destination field 5 95 is

identical to the request packet's source field 94. The PutSingle command
is used to store a single (64 bits) of data into tile 36-bit physical

address space. A Put Si\r;g;l eRgst packskepigquests that a gijven val ue, which
may be a byte, a hall-wprd, a world, 6P0a dpubBgteword, bd witten
Single 001 2 Bytes
010 4 Byles
011 8 Bytes
100 Undefined
Block 101 64 Bytes
110 Undefined
111 Undefined

In each case the datum is contiguous and self-aligned within its container.
Thus if the size is a byte, it slarts on a byte boundary; if it is 2 bytes, then it
20 starts on a 16-bit boundary, and so on. The location of the datum is specified

by the low-order bits of the Address field 98 1o be described below.

The address field 98 in the header cycle identifies a byte in a single or
block addressed by the current packet. Blocks and singles are required to be

conliguous and self-aligned within the address space. When fewer than the



into'tile single, specified by the size 96 and address 98 fields of the
header. A 10 Put Si ngl eRpl y packet is used to acknow edge an earlier

Put Si ngl eRgst. It contains a header reflecting nost of the information in
the request header and the data to be witten just as in the request
packet. Wth the exception of the request/reply difference in the header
cycle, all other fields are the sane as_jn the request packet, and the

destination fi edigcRd biis bbAEEdGA thed AdrédE HAHIOM Ihe LRusedDRS iRist Be FPHece fi el d
94. The SwapSingle conmand is used to performan atom c | oad-store on a

singl e (134 bi thigh ofdetiparhof the finld 236 bsi set fhzard.c ki thagdrsestprefeaed. A

S Si ngl eRqgst ket ts.that i, I <Which may. b byt e,
hal [ ~vord, a wortbode Hereing by sl mblaek s R ebtian: | hedstRY si ngl e
20  specified el ffRiredsAs Youane RSt %L@grﬁﬁcahh?’yt@?@%rsi@dw the

ol d value be returned. In the present preferred enbodi nent’,
SwapSi ngl eRagst ardbldoko Whert the dddragsedvyudntihis o single, the lowgordaethinesabitsr ofand t he

second cont ai ni n% t he val ge to be itte{L A SwapSi ngI,eRrﬁI y packet is used
Lo acknow edge 'R a8diess Gpd8a.spertiay g he enigat breiailin g kNt ch
refl ects st ofphfor 2%oubBIvSrdRhb Wly bitet ifted BfSHNe BEALE! e Bfh 1), dat 3,

which is to be wiften, just as In e request pac t he exception
of the request/foepmordiHefllew emke two biharehmaclamddyrca half-abid tbé ey ofdeebidss ar e
identical, and the destination field 95 is identical to the request

packet's sour cezerp-eWhegshe aedressadqusaiity ddmblash the IQys aeet 8 bite 86 2881 ock from
t he physical 30 address space with the Intent of cacheing it. A

Cet Bl ockRgst, packet Hegstbfslis noWahdd BandhesdsReLEdh@Endyad sipwrddr ess fi ekl
98 in the header cycle be returned 26 through a CetBl ockRply. A

CGet Bl ockRgst patade 1dmeiovai Hibe Noop lveadwmndadndicatbe thadldo atata isfbeinge bl ock bei ng
victimzed, if an Figure 10 al so sho the format of the victimecycle. A
Got Bl ockRepl y pilamads 1S pselbrrcauss ! alows, e tags handniylehe maniiat

packet cont ai nspidiehEPEE cofidrd withLERIVI fePlathNen {Haf ion in the
request headerstarﬁﬂﬁt he dgtcg sup?gil ;}?]fﬁgpﬁ\éﬁbglgg%éétee at%] EQ: laip(r?\ésf:%?)ﬁ:l i ¢ order,

wher e t he cycl eemimodimenti ajodih eequestrpeeketds byt eydles Idad, ithe fistibéing stie f ol | owed

by cycles with increasi addr ess ) 8. Wth the exception of the
quest | repty dERHEr SRGHY SoPRd CHUBBEPO LR ARNoRREY PRI UEEO he same

as in ther equer%bxlyth a 608 Rquédtd AsBolRSH Table! £hd bRhCofmdrd ddiet4 cal to
the request packef's source

Noop reply packet differs from that of a Noop request packet only in the

reply/request bit; and the destination field 95 is identical to the request

packet's source field 94.

20 NCGetBlock is used by a bus device to read a block from the physical
address space when it does not intend to cache the block. An
NCGetBlockRaqst packet requests that the block specified by the address field
98 in the header be returned through an NCGetBlockRply. in the present
preferred embodiment, the packet is two cycles long. The first cycle contains

25 the header, while the second cycle is unused. The NCGetBlockRply packet is
a response 1o an earlier NCGetBlockRqgst. In the present embodiment, the
packet is nine cycles long. The header cycle reflects most of the information in
the request header, while the eight cycles of data supply the requested block
in cyclic order, where the cycle containing the addressed byte is delivered first

30 followed by cycles with increasing address MOD 8. With the exception of the

request/reply difference, all other fields are the same as in the header cycle,



field 94. Ipn the present enbodinment, the |ow order 3 bits of the address
field 98 are |gnored and are set to zero since the transaction involves a
conpl ete bl ock. The PutBl ock command is used to wite a block into the
physi cal address s5 space. A PutBl ockRgst packet requests that a given
value be witten into the bl ock specified by the address field 98 of the
header. In the present enbodiment, a Puthl ock packet. is nine cycles |ong.

The first cycl eahdtHidasinamber fieldbs isidbhal @b PoqUBsCY4dKBEs soMite fleidiog. i N
normal order, contain the value to be witten. Currently, Bits[5..0] of the

address field afbe iyherdenthrembitsxef addéase9§@©F9nquﬁﬂf’Blajelsmb>zeﬁacket is a
response to an earlier PutBlockRgst. In the present enbodiment, there are

two sizes of PutBI OCﬁMMWG% cdmith ﬁ&lssﬁgd g#{?@ﬁé?%ﬁ% frofh {h\gbq}’o% BW for

Put Bl ockRply sinply ack es t ockRgst Treques

has been done. WiwpdrpmﬂofwmhgmtmckltterriamadenhonA Elubhignefigst pasi@prd cycle is
unused (its value is "don't care" ni ne-cycl e Put Bl ockRp not only

|
acknow edgesSt haWays B}"dﬁi%hﬁié the (59{ "efpgféﬁséﬁ,ﬁ‘?ﬁlq(‘e@ tefin ghesa bﬂ@{b@f theiline en,

which are in no cket, with the cepti.on of
t he request/ rep %h %13 Ee!Jret(Sa\en‘f‘:'éﬁ'el ‘%ﬁ%e %gﬁdsg%%ﬁ‘ vg?héa?vlmecgtsﬁé '"ft (fg e
i dentical, and bhﬂerd&ssamaa@mm fmeeb@bk%nsltwcﬁaaé gl The flrStecyEREHRRNs
packet's source field 94. Currently, the | ow order 6 blts of the

address field 9819ah%adegnmlbdhez§ﬁepfwr@®ers ungsacbrb FlushLQl?R]Slyepao@&!BQ ngl e

command is used to rea a sin fromith 0 ad

| OGet Si ngl eRgst r?)%?(?ﬂ%? G e g’sﬁf’ﬁ&ﬂneﬁf’é? W’g?%c 50’]"? ?egyﬁqueTg? ze 96
and address;88 hesddtcytie refitd)Rasess tﬁé/ﬁif&rr#&ﬁorﬂ ﬁ‘It‘Héﬁé‘cg:eEhﬁ&é&P e the

| OCet Si ngl eRply= I n the present enbodi ment, an i ngl eRgst packet is 5

two cycl es | ongeighheydles gftdaéqgumphcmrsqnestemelohleadmrmammlee wheege thecond
cycle is unused An I t Si ngl | C .S a respopse to an earljer
| OGet Si ngl eRgst © C@e Qﬁg%t%x‘?:g’@ﬂ Eés F@Wﬁreéﬂﬁéﬂf’r‘?‘%‘ic} EX/EY%e%b’WE ai ns
the header, whi H%réa&ﬁ\gsﬁﬁégi Qb(meeprék'émlp'référréd@mbﬁ HEal %n@ﬁ&@six\%& B the
exception of the request/reply differenCe in the cycle, all other

fields 10 ar exhaj@dﬁressaﬂeld armedgndred dasitare aet torzefa. eWih &te emepﬁﬁnﬂﬁtbal to the

request packet's sou 94. The | OPutSingle conmand is used to wite
a gl ngl epl ntd tﬁeequle /fgayrcgfzesrence in the %ea(%:r‘ cycle gll other fields are the same as in

the request packet, and the destination field 95 is identical to the request
packet's source field 94. The number of the block within the line to be flushed

is also provided in the address field 98.

A FlushLineRqst packet may generate more than one FlushLineRply
20  packet because a cache line contains multiple blocks. The destination field 95
in each reply packet is set to the Device ldentification of the BW such that all
FlushLineRply packets are sent to the same BW. There is no provision for

cross-BW flushes in the present preferred embodiment.

The GetSingle command is used to fetch a single (64 bits) of data from
25  the 36-bit physical address space. A GetSingleRgst packet requests that the
single specified by the size 96 and address 98 fields in the header cycle be
returned through a GetSingleRply. A GetSingleRqst packet is two cycles long.
The first cycle is the header, while the second cycle contains the address of
the block being victimized, if any. The format of the victim cycle is shown in
30 Figure 10. A valid bit indicates whether the victim address is valid. This

format applies to all packets that contain a victim cycle.



space. An | QPut Singl eRgst packet requests that a given val ue, which may be
a byte, a half-word, a word, or a double-wrd, be witten be witten into
the 1 5 single specified by the size 96 and address 98 fields of the
header. In the present enbodi nent, the packet is two cycles long. The first
cycle contains the header, while the second cycle contains the value to be

itt An | OPut Si
YWC]IDUt glnngl gRqst ul sI gglnpgﬂ?Mneﬁjﬁz’%keqket Sl @ 9%518 Qﬂﬁ 1%{]&%rh{o§¥ ?lr"sl% cycle

contai ns the headhatiodln mdMaqh@sxmb@de&emmht@mha: smweusedeqwmémhe
exception of the request/reply difference in the header cycle, all other
fields are idersitigial Withritle preepties o Watfﬁwsvfeélkﬂ"%"i’%e ‘i“d’é‘hf‘? R4ar oyeles he

request packet Qure fie 94. Th to
atomical ly st org‘zI adhejfiggisére h‘[e SR ﬁ'@)“ée rc?rqg'psjpgg'égeaqag igE h‘?‘H&fﬁgdol d
val ue. An '@W@%&M@A:ﬁ&qs& tl%l‘i@ést%gckelé§&H@§h§ldt§hat a given val ue, which
may be a byte, a half-word, a word, or a double-word, be w.itten into the

single specified by the size 96 and address 98 fields of the header and the
ol d val ue be returndfe PriSinglecyruauhis Usad bustrerm sing'pdsplitsk ef Jala "f‘%‘ cycl es

e L DiaoP b sRANKAN DS, L1Age N AR imo PGk pARE: SEREAREEY Gl G0Nt 21 15

the value to be wi et 30 acknow ‘edges t hat

an earlier | Cswap@, ngicdRas) bé & el lelevordhe woak leta dasblevwordy be esitteong.  The
first cycle contains the header, while the second c ins the

cl 2 t
data returned bytotthe singlotspaafie® by Hievaizecd6 a1d adskkess ‘3&‘?% Jdbe g?‘g % A th the
exception of t %@gg%ﬁwﬁﬁms didd @)rﬁ:ﬂﬁ&m%&é Q?emh@ﬁﬁlﬁém@bé%ﬁs I@' | ot her

fields are 1de e destination field 95 is identical to the
request packet'nsony & Gefdezlrelle@dng Gost of the mﬂiheallicﬂmmﬂ wkesjdmderdands used
to read a block of data fromthe 10 ?ddress

he w4 ittep jot U ’lﬁ et e e -et I?' g%ll(t!%qSt
packet request sthe Hat? Pive WitGRIVSE BRI PP ERHUBS! R aém 'e§§ f791"8" Ph"he header
be returned thr&H?&r@& 1JLG]@i?&a‘?iké)S?NRQ'rbéad:,lrfbyhlaeatpésmsfsr'éld.«seﬁfr‘féqmz RRiMe. actife
packet is two cycles Irst cycle contains the header, while the second
cycle is unusedlxem;ile@hawbb(ak&meydqsawen fiel 36 nls@lerﬂle@lporﬂwenaﬂ%tn earlier
| OCGel Bl ockRgst. The packet a qi ne cycles long. The header cycle reflects
most of theld nfRAGELS SN FHIITRE request header, while the data cycles supply
the requested block in normal order. Currently, Bits[5..0] of the address
field are ignored, amdSwapSutgle donEaidis ubéd o fdierieeneptionoat-storeeon a
request/reply dlfference in the header cycle, all other flelds are
i dentical, and single (54 bits) of data in the 36:bit ph ysical address space.

SwapSmglenqsl packel requests that a given value, which may be a byle, a

hali-word, a word, or a double-word, be atomically written inlo the single

20  specilied by the size 96 and address 98 fields of the header and the old value

be retuined. In the present preferred embodiment, a SwapSingleRqsl is two

cycles fong, with the first being the header and the second conlaining the

value to be wrillen. A SwapSingleRply packet is used lo acknowledge an

eatlier SwapSingleNqst. 1t contains a header, which reflects most of the

25 information in the request header, and the data, which is to be wtilten, just as in
the request packel. With the exception of the request/reply difference in the
header cycle, all other fields are idenlical, and the destination field 95 is

identical lo the request packel's source field 94.

The GetBlock command Is used to read a block fiom the physical
30 addiess space with the intent of cacheing it. A GelBlockRgst packsl requests

that the block specified by the address fiekd 98 in the header cycle be returned



15 the destination field 95 is identical to the request packet's source
field 94. The | OPutBl ock command is used to wite a block of data into the
10 address space. An | OPutBl ock packet requests that a given val ue be
witten into the block specified by the address field of the header. In the
present enbodi nent, the packet is nine cycles long. The first cycle
contains the 20 header, while the rggmaining cycles contain the data,
which are in n I e { i PRI wel d are

i gnored, and a?’é S ?Qt%lg?@w{&nﬂfdgﬁltog‘%ﬁ%f@ gg@ﬁ@?%acknﬁ 3&%3@‘5’ t hat
the wite requesitadslyttarbleck bdirg vitRizes)| id akyRgBigure 10 afspl shbevs thdéorpacket i s
two cycles long. The first cycle contains the header, while the second
cycle is unuse® the YiRim Q¥R ception of 25 the request/reply difference in
t he header cycle, all other fields are identical, and the destination field

95 is identical to AhseiBREkRly Pakkels Hrespsriseqo ah@daflic? GetBibEkHAsTEPhe OMMEN
is used to renove the virtual to physical mapping for one or nore virtual

pages. \Wen 5a packeiwootainsdhe beader ¢xelagetiedting aost eidhepivorastien imthBemap/ Rgest
on the bus with the destination field 95 set to zerq. 30Q WO pi cks up the
packet and send&3{gst gﬁ‘? rEnd tas, dplasupg .'“g@eé%%‘ﬁsmqv%é‘c’gﬁgf%gg%i tiating
BWO) receives-t Iraiki EBR i %rf13 tgy ough its
bus to the CC. T eré g?ﬁys%eesﬁarﬁ%@ﬁ%\[g%plgédﬁg noti‘ﬁﬂ/?S (?%h;erlg\%\olr?hg‘ﬁeﬁeﬁvmnap is

conpl et e | ocal |gycleswdthiincrbasitg addrBSWOMBIR 8. tWikh fherexpéftjpinyof tive remuesreplys CC

that the Demap iis conplete in all. other caches. In the present enbodi nent,
DemapRgst consi@fererge ipfpe bsades sycle all eherfigliscare the game 8gin therpuasbader
cycl e nust z il .8: I r;rg(ﬁ@ i ified in

t he second %}e/c%gkleﬁﬁﬁget%{‘#%}oq&gﬁldg?g{igeé@ggﬁdﬂgyc e%?gé%(%??rg@réé/ant to
the bus, it is friwen Innhépeged ehibddimére} therovdesier 8 bids bhite addmns lield 9gFor a
definition of the fields VPN, Type, and RSV in Figure 11, please refer to
SPARC Ref er encearfignorash @nd gre set4o zgimsinedihe transagtigninvolves agampielest ens,
Inc., Mountain b\({)&w California. The DenmapRply packet acknow edges an
earlier DemapRgsSl packet; it is two cycles long. The first cycle contains
the header with the address field 98 set to all zeros. The second cycle is
unused, and its confTeatPutBlock codonarnd isarsed to Refeer bioolgintmotve tphy Sicgjladdreks, t he
Interrupt command is used tq generate 15 rr])roce,ssor i nt errugts. Because

d . $
the interrupt |3PRES ér%’@'ﬁ?'ﬁ%&pﬁﬂ‘ef FRAUSSYS thata givernyyglye b wpitten bR Biei or art
buses, where t h§,ddeE#ib® by HeGRirddsAichF B bAHE hELALP i fhe present

embodiment, a Putblock packet. is nine cycles long. The first cycle is the
header, while the remaining cycles, which are in normal order, contain the
value to be written. Currently, Bits[5..0] of the address field are ignored, and

20 are zefo.

A PutBlockRply packel is a response to an earlier PutBlockRgst. In the
present embodiment, there are two sizes of PutBlockRply: two cycles and nine
cycies. A two-cycle PulBlockRply simply acknowledges that the PutBlockRqst
requested earlier has been done. The first cycle is the header while the

25 second cycle is unused (its value is "don't care™). A nine-cycle PutBlockRply
not only acknowledges the PutBlockRqst, but also supplies the data to be
written, which are in normal order. In both types of packet, with the exception
of the request/reply dilference in the header cycle, all other fislds are identical,
and the destination field 95 is identical to the request packet's source field 94.

30  Currently, the low order 6 bits of the address field 98 are ignored, and are set to

Zero.



bus. Each inBerrupt has an initiating bus 1500, and one or nore target
buses 1501 and 1502. The initiating bus 1500 contains the device that
generated the interrupt, while the target buses are the ones whose
processors 1521 and 1522 20 are to be interrupted. The interrupt comrand
is used both at the initiating end andﬁe target ends. \Wen a processor

1520 initiates an inte ts CC 1 nds nineru acket to
one of its BW 1530%%(3%% W&Iﬂa?‘ﬁ'isé’sﬁ‘i&@? 8ii"e ‘{"H'éﬂ“g?@f%ﬂ‘f’)'ﬁﬁ% 1540.
Wen the BW 15%%315@0%\(@@.3@@%(Paa&ﬂec{lfe@@tﬁmn&ya@er@paéned By#hel 540, the
BW 1530 responds w th an inlerrupt packet to notify its CC 1510. If

t he BW 1530 i t ssitef 96 and]eddresmsa)ﬁeltmm !martgede; uyt:letbteerelumeehhmh amis reply
packet serves s .an acknow edgenen Q her wi es both as an
acknow edgenent‘gé’ry‘?&g‘ g@eﬁplyeéﬂ,@@tw? "fR éf’ﬁ”ﬂ‘ﬁf" ?HéSQSB@HTg'ﬁ%XBg% '$1520.
Wen a pr 009558%03023@5 Ihgt hﬁwélﬁ&@?&leoéorﬁ’élné meq{eraﬂat whilh tlﬂeaééadj)ngy%é@r‘? 30

ot her bus, the intérrupt request arrives over the System bus

30 forwarded byurubed. Bdvi 16G41Shyyiefply paeket ispd Rgpdngeao keteadiert he t ar get bus
1502. Once the CC 1512 has interrupted the processor 1522, it acknow edges
t he I nterrupt RSCehHrKabag tTI’\‘eé’ﬁ’C’l“ﬁt'%P’f%@f%l lgng. | Hhe frat WP@S%Fa'EﬁBEdl ment ,

both 1 nt er rupt RAskeAUMb BLLIARl BILY BAGHE e RqubQBFhiat, Yhih iR cYCl es. 1N

each case the firsf 'cyc contarn ress field set to
zero, and the saeembncyche raxpiabrieply cmlmencfet»armeupéadiawclé,omnmhteedems shown
in Figure 12. Referring to Figure 12, the TargetID and IntID are

i nt er pret edt By Qfﬁéﬂ%‘wg Wfb%‘eéwsi"iﬁ“@ﬂr@b’t%ﬁd‘g‘(ﬂ“c?’éo thecenvest RAFKRIS he

syst em bus. V\hléo ctehl?el% format is not relevant to the bus, it is recited
bel ow to better describe the invention. In the present enbodinment, Bis the
broadcast bit, which specifies whether all processors are to be interrupted
or just the processdhedéfiufFingledomyantds CF%adgeMriB aﬁhgie‘ﬂapgm IDaggreisgnor ed

when the broadcast bit serted. FEina S eC|f es t.he
source for the THif&r (\Gdbﬁ’uﬁ%ﬁ&'ﬂ%"?g“% r%cP‘%{f’s‘s J%Ba g'v?ﬂ é?'}f’)é)e‘?'%'ﬁ SFYlife bus.
I't specifies theppe!shbilordNaSvorBCose Holitle Wafd, B varitleR R WilRin iBlcadhes

regl ster when it receives an interrupt request or reply. TAG COVWANDS As

wi || be deskyi bdag®spesified ydhd size @§randrrsidosss @Bdieids afthenhepdgr.plicket header
as shown in Fi gplxjrcegen en{?}e%{n];én?ﬁhg %\ellvcl;[e testgvagcy 135 Ic;[ng.e THe tht cycle contains the

header, while the second cycle contains the value to be written. An
IOPutSingieRply packet acknowledges that an earlier IOPulSingleRgst is
complete. The packet is 2 cycles long. The first cycle conlains the header,
20  while the second cycle is unused. With the exception of the request/reply
dilference in the header cycle, all other fields are identical, and lhe destination

field 95 is identical 1o the request packet's source field 94.

The 10SwapSingle command is used to alomically store a single inlo the
IO address space and return the old value. An IOSwapsingleRqgst packet
25 requesls that a given value, which may be a byle, a half-word, a word, or a
double-word, be written inlo the single specified by the size 96 and address 98
fields of the header and the old value be relurned. In the present embodiment,
the packet is two cycles fong. The first cycle contains the header, while the
second cycle contains the value to be wrillen. An IOSwapSingleRply packet
30 acknowledges that an earlier |OswapSingleRqst is complets. The packet is two

cycles long. The first cycle contains the header, while the second cycle



20 §pecified by the address portion 98 of the header should be
mani pul ated. In general, the BWs and CC use TCrd 97 to keep their copies
of tags in synchrony. A tag contains four flags: Shared, Omer, Valid, and
Pendi ng, and sone address conpari son, or AConp bits. In the 10 bus

i nterface enbodi rrent cache tags are ent i he 1O caches
(100). Thus, 25 cantaids heia F%&' 9?18&%“%%?$“ﬂ§‘é’"t<?ﬁéX°F\,c¥lﬂﬂ"‘Pl%P?}‘Cf'?ﬁd PRS-

purpose of keep'\ﬂﬁih ﬁ%éx&f&ﬂéﬁ 3t ﬁ\'atre%%ﬁgwhé#ea@émhamw&é ite' Qiivbiher

nmeani ngs: the Share ndi cat e e entry 1s present I n nore

t han one cache ofielddareSysitienl, And theldwstitatioarticki 95 Isidetiatbe hedduest t hi s copy
shoul d respond to reads over the system 30 bus. The Valid field indicates
whet her the ent rRaaket's,seuree HeI0 % : "nultiple bits are 31 used because
some consistency algorithns need multiple valid states. The current

embodi ment uses a si AGbgorRtAISKImmaAs B@é&ﬂﬂor}ea&wo%kwa%ew thenby for
packet-swi tched buses: it indicates whether the entry has a packet

out st andi ng on t#addregssspmee bus) [OTeBIdCBoRys! fpackad requetsts that ﬂhlamktspewmf the 5
address that ar.e not used ndex, into the Ta rra R i ng .t

qure. 13 Tord BoRSRE sl feades B Setuendnendh o 10PERERREY e
Shared bit shoul e%egﬁmb%b@mt tie &{&@ﬂ'stma%ya@@'«;ﬁé fidt EQRai¥nRr it
shoul d be nmani pul ated, and-a VCnd that 1 ndicate how the Valid and Tag bits
shoul d be mani puhedded, wii the secondr¢)eleSh®nmsmdl\l®l\@ﬁdtbfq0éﬁdb mhelbe aencoded
as follows: Encodin 0 01

Wite the valfie fesppnse toan ea'VFé“r%E%pgg%pq% l\;aﬁq%elds fl\;{)'le cycgs ’0'?1
Expect the val ue,d,JheyduteREREH @ﬂ%%n Frﬁatgﬁﬂx'tﬁ@%qbesttuta%dg.ewn@mel on

o

device for informati on pur poses. rrent he i npl enment ati on does not
requi re checki ngdafaatycliebasupplg dthe mapygsted blbb!e»rtragmlai brglehaCerretly, Bitgid.cd) et

val ue, but this nay be done for 20 better error field

i s encoded as folhexRtdressteltipigjgnored, and arqpef i ﬁ@moé\’“h fhe exce@?@r"! t

request/reply difference in the header cycle, all other fields are identical, and

15 the destination field 95 is identical to the request packel's source field 94.

The 10PutBlock command is u_sed to write a block of data into the 10
address space. An IOPulBlock packet requests thal a given value be writlen
into the block specified by the address field of the header. In the present
embodiment, the packet is nine cycles long. The first cycle contains the

20 header, while the remaining cycles contain the data, which are in normal order.
Currently, Bils[5..0] of the address field are ignored, and are set o zero. An
10PutBlockRply packet acknowledges that the write requested by an earlier
10PutBlockRqst is complete. The packel is two cycles long. The first cycle
contains the header, while the second cycle is unused. With the exception of

25 the requestreply difference in the header cycle, all other fields are identical,

and the destinalion field 95 is identical to the request packet's source field 94.

The Demap command is used to remove the virtual to physical mapping
for one or more virtual pages. When a processor wanis to demap a pags, its
CC issues a Demnapligest on the bus with the destination field 85 set lo zero.
30  BWO picks up ﬁ1e packet and sends it onto the system bus. As each BW

{except the iniliating BWO) receives the request, it forwards a DemapRqst



01 -~ Clear Valid 10 Set Valid and Wite Tag |1 Noop
Decrenent i's uséd by the BWto signal the CCthat the valid bits for a line
i.n the 25 cache should be decrenented as a result of an external wite
from anot her 32 processor. Wien the valid bits for that |line are reset,
the line disappears fromthe cache f;{e that | ocal processor. This is an

i npl ementation called "conpetitive c&cheing," where a processor avoids the

expense of goi RECHedtvough ilsius tetheSithelh PSS GrRemaniiete nadily i BWPt e by
tryi t lim A eqpnt j t.hej i i On th
ot her hand. - nUR 4, pAaS1s doRERe ooy, SRR BATREN B0 3BE e Boértilyro. 1 (1

increnenting t gty a6iCT at heDbridpas campReip aidivercadhdte avoi ded and the
processor does not have to go to the main nenory during a cache nmiss. Set

Valid and Wite Tag is used by the BWto signal the CC that the 10
information is new &ride PWée’BWgWLsQWR'%&CW? af twe yplasit Be t o

mai ntain consi $HBACY (BAGNRH thel MadbAYRIe HLEXe é«'?idrgs,iﬁmgiﬁéjeﬁtﬁv opve a

bl ock fromfhe cache wthout using t'he conpetitive cachelng I nplenmentation.
ERROR DETECTI ObleA¥sPp&RERGR#¢NG ke beadngroguledd¢hite the hgmat obwbancaan f or
detecting bus.errors. In the present enbodi nent, four parity bits

15
check the 64 bic¥vde s neidelavary ¢ e buigs it isehpwn P Hpute bt fo hellar esgibetse

XParity[2] cheg 47 432%. T : d
XPar i 1[0 chedbier g, o odjuon Tt s bpRGRGHS, HERSY Friolhe 1170,

skill ed in the padsetrbiai to0SERC FRfdrécectMLK iSagliaic Baailably f@insBube enpl oyed.
The XParity wires are also used to encode whether the cycle is 20 a .
Header, Datl®, Nafosysiems.opc) doantaih¥iew. &adifarig. nechani sns for reporting
errors over the bus, and both apply to reply packets. Referring Figure 14,

the first is to set TFJ‘@eEEﬁRR}/tpaélé%\cM%vﬁed’g‘%Q|a)ﬁ AR HemapRGst piRKstEGONd i S
to convert a Data cycle 1400 for the packet into a Menfault cycle. The

first mechani sis ive gkl lowge nThenisiesyclerconti®tihe derden with hardddresadielgiBsso it
can be reported in the heager cycle. The length aof an ,error renpl acket
mist be the st BATRET ol sPERC BIRE Boi-BR g IR SR S ket
The second nechanismis used when the error is detected only after the
packet header has bReferigriow to Figure 15, the Interrupt command is used to generate

15 processor interrupls. Because the interrupt lines are carried on the bus, it is
different from prior art buses, where the interrupt lines are separate from the
bus. Each interrupt has an initiating bus 1500, and one or more target buses
1501 and 1502. The initiating bus 1500 contains the device that generated the
interrupt, while the target buses are the ones whose processors 1521 and 1522

20 are to be interrupted. The interrupt command is used both at the iniliating end

and the target ends.

When a processor 1520 initiates an interrupt, its CC 1510 sends an
InterruptRqst packet to one of its BWs1530, which forwards this packet on to the
system bus 1540. When the BW 1530 receives ils own packet from the system

25 bus 1540, the BW 1530 responds with an InterruptRply packset to notify its CC
1510. 1f the BW 1530 itself is not one of the targsts of the interrupt, this reply
packet serves only as an acknowledgement. Otherwise, it serves both as an

acknowledgement and as a request to interrupt the local processor 1520.

When a processor 1522 is the target of an interrupt initiated by some

30  other bus, the interrupt request arrives over the system bus 1540 and is



Figure 14 shows the format of the header cycle and the first data cycle 30
1400 when an error is reported in the header cycle. 33 The format of a
Menfault cycle is identical to that of the first data cycle 1400 shown in
Figure 14. ErrorCode itself is divided into a MajorCode that divides the
error into one of 16 broad categories, and a M norCode that provides nore
detailed information about the error. Al t hough the present

i nvention has feaedardde by tHetBW V834 asrasf IefeenpiRdgsbpdokguisrethe targy6t bug 15020 | be
appreci ated that the teachings_ of the present invention nay bhe applied to a

vari ety of int©@nceHeCaigrdhas interynted thespracrssst 524 ilracknovigdges thea v 1.

A packet swt %g f ' data between a plurality of

syst em buses afr;llgbe'g’pca tg&g{% P@?ﬁe@g@&g‘pyache for storing data, said cache
controller being coupled to a processor, conprising: data |lines coupled to
sai d system buses dnthespresent aotbedicemt, both terfuptRdst and mternmuptigply paekedsn d
conmand informationé’get wee szii d s%stem buses q saj d caghe cont r‘gl | er:

nd i
control |imes YR f"’f‘bcyé: d '8Pt ﬁ?sﬁ’ug‘@ ‘r%{r?_éicgé’PB’aE‘ééh% E%qﬂ"r“(ﬂ_hl B for
transmtting a, rBE@hélBﬁet%.z&l*&%dﬁh&Q@éo?vd ﬁ%@kioﬁiaﬁﬁlﬁhéhrﬂgﬁﬁ;ﬁ d3gl ng coupl ed
sai | Fer; Endi r

to said system buses an cache contro ng an ecel vi ng neans
for transferri figmdaeédasshowoimBiguire MRor mat i on bet ween one of said system
buses and said data and control lines, said sending and receiving neans

bei ng coupl.ed to g d.SHSIENERSR ARraahib 43S hulheSobisidlecty S 521 ¢

BW's when an interrupt packet is received over the system bus, While the

10 format is not relevant {o the bus, it is reciled below {o better describe the
invention. In the present embodiment, B is the broadcast bit, which specifies
whether all processors are to be interrupted or just the processor designated by
the TargetlD. The TargetlD is ignored when the broadcast bit is asserted.
Finally, the IntSID specifies the source for the interrupt. The SetBits field is

15 interpreted on the bus. It specifies the bits that must be set in the CC's interrupt

status register when it receives an interrupt request or reply.
TAG COMMANDS

As will be described below, the Tag Command 97 (TCmd) within a
packet header as shown in Figure 9 specifies how the tag for the entry
20 specified by the address portion 88 of the header should be manipulated. In
general, the BW's and CC use TCmd 97 1o keep their copies of tags in
synchrony. A tag contains four flags: Shared, Owner, Valid, and Pending,
and some address comparison, or AComp bits. In the 10 bus interface
embodiment, cache tags are kept entirely within the 10 caches (I0C). Thus,
25 this embodiment does not use the TCmd field for the purpose of keeping tags

consistent.

The four flags have the following meanings: the Shared bit indicates
whether the entry is present in more than one cache on the system bus. The
Owner bit indicates whether this copy should respond to reads over the system

30 bus. The Valid field indicates whether the entry is valid or not; multiple bits are



at |east one input FIFO bu buffer coupled to each of said system buses for
buffering data and command information to be transferred to said data and

control lines; at |east one output FIFO buffer coupled to each of said
system buses for transferring data and command i nformation from said data
and control lines to its systembus; and storage neans for storing and

nmonitoring a disjointed set of cache t3gs for said cache for each of said
system buses; Dlus8h He¥att RioeohSi6te B AR o ! ifdd! Rulfidtb dafkPSrdiedd Ted
recei ving neans an salg cache controlFer tor receiving and granting
requests for conrjufreht e@fibsdihent usesSa sthgleavaliddbitc dimerRendingretate isasdiviambdiong and
recei ving neans for each stem_ bus transmtti n?’BFVa}F bus rq‘g est for

|

S

control of said Régket "Gh%%‘ﬂsreﬁ it indigates yheljey the 3 3PEFt ati on neans a
pr edet er mi ned de| ' LM S a¢ RETR IR deHid" jon from
its system bus suc a@ﬁs?ﬁg%gﬂéh@guiﬁs@@p?genggisved g&éggﬁ dg??éori ty

arbi trati on neangdresstthat 68 usedas aadndmdchtoithpTag BHED buffer receives its
data and command information fromits system bus, said priority

arbitration neans receivin nd i ng each rgquest thro i nt-to-
poi nt request and gr MerT'?%gﬁf%‘UBgﬁ?ﬁ?"f‘g%@ﬁs _gtg"ﬂEﬁerfbaﬂ_én(f #’g‘g@ﬁ&' g neans
of each system QHﬁcatéé‘ﬁngﬁe 8Rdrdd BtaARbul BESaRBUIEGIC R VA CHA Wsdt Incheaeyd t ed
while the data and command Information is transferred onto said data and
control |ines; & theeDvhanbitsbotldde meripgateduphdd Cond tiatlingicatsy haw the
arbitration neans, to said cache controller and to said sending and

recei ving neans Yd&id %T@n‘?'ﬁsr%%'g W‘Bwu’éﬁﬁ"d overfl ow control means

controlling the flowto said

10 The ShCmd and OwCmd fields can be encoded as follows:
Encoding Meaning
00 Write the value O
01 Write the value 1
10 Expect the value 0
15 11 Expect the value 1

The two Expect codes are provided 1o the destination device for information
purposes. Currently, the implementation does not require checking that the
local copy of the tag bits have the expected value, but this may be done for

20 befler error detection.

The VCmd field is encoded as follows:

Encoding Meaning

00 Decrement

01 Clear Valid

10 Set Valid and Write Tag
11 Noop

Decrement is used by the BW to signal the CC that the valid bits for a fine in the

25  cache should be decremented as a result of an external write from another



priority arbitration means by causing said system buses not to transfer
data and conmmand information to each of said sending and receiving

means such that no bus request is sent fromeach sending and receiving
nmeans, said overflow control neans controlling the flowinto said cache
controller by causing said priority arbitration nmeans not to grant bus
requests to said sending and receivi ngggneans, said overflow control neans

control ling therbédusot owmgh theSRid biig 1k Mikht iRE Gd/ie86t, IRAIMS dida gp@eﬁaln@ndata and
control lines by causing said cache controller not to transter to said

sendi ng and r edbé eachg fopshat ) ompe@;odaﬂas issan irpierhentatian Metween sai d cache
controller and said

ed b
o o Ranbadi ehollS e 2 Brocinas aveictate suEnsadl gaPE AR, of
said data and g@gk P BtHe‘r lﬁ?o%e&&r@ %919%6\‘8#15 wWritd'by %lhﬁ ko BiRRa®hskedfHed t@

control lines is idle but before a cache m ss,” such that as soon as control
of said data ardbcoamentig them@ndlmtsr éhu\hetoﬁnbrbyandﬂhd lacat precessot reddiheits duri ng
said cache mss, data and comman Wi be transferred fromsaid controll er

to said data artredBiig %che|Wé§G'9@§PW%thﬁi‘q Hitnsoihet aicashe Wﬁ&r?@“tbﬁen
ecoi vi ng- nancgegrne et BaThb ey 58 13 fedfefl AR BN, . ¢

syst em buses buiachefmite a response from said system buses arrives at said
sending and receiving neans such that said response can be transferred from

sai d sending and recgegi 0 sai d cache_cont ol hrou h said data
and control |ines ag-:‘ y@ﬁgﬁgﬁ'ﬁﬁﬂ ns(y,se YH‘ed%\ﬁ’é%maL@ﬁﬁCoﬁh A Res is
requested by, S%er%S(tg{ Rheshd RE ProdeSShrEANSgYRRES Bb Ypb RSP R RGinfkiR | VES
fromone said system buses.

consistency between the tags. Clear Valid is used to remove a block from the

cache without using the competitive cacheing implementation.

EBROR DETECTION AND REPORTING

The bus provides a single mechanism for detecting bus errors. In the
15 present embodiment, four parity bits check the 64 bits of data as follows:
XParity[3] check XData[63..48], XParity{2] check XData[47..32], XParity[1]
checks XData[31..16), and XParity[0] checks XData[15..0]. However, it will be
apparent to those skilled in the art that other parity-checking schemes may also
be employed. The XParity wires are also used to encode whether the cycle is

20 a Header, Data, Memfault, or idie.

There are two mechanisms for reporiing errors over the bus, and both
apply to reply packets. Referring Figure 14, the first is to set the Err bit 1401
in a reply packet, and the second is to convert a Data cycle 1400 for the
packet into a Memfault cycle. The first mechanism is used when the error is
25 detecled early enough so it can be reported in the header cycle. The length of
an error reply packet must be the same as the length of the corresponding
normal reply packet. The second mechanism is used when the error is

detected only after the packet header has been sent.

Figure 14 shows the format of the header cycle and the first data cycle

30 1400 when an error is reported in the header cycle.



3. The;bus as def ined by claim1, wherein. said plurality of system
buses are coupled to a plurality of other processors and cache controllers
through their correspondi ng sendi ng and receiving neans, and said data and
control lines further conprises interrupt nmeans for generating and

acknow edgi ng processor interrupts, said interrupt neans transf erring a
processor interrupt and acknow edgnent between a first cache controller and
a second cache controller through theiB3respective sending and receiving
means coupl ed t hr oughhestarmatssf & Memfaul eycle dsidentical lodbalrd the firshdta cycle

controller g i.ng. know ed nt, .ta. reply said.interrupt and
interrupting it g@ gri%»grgglrﬂrgﬁp? tq 81 ?r) E%Q?%rnfgs@hgg §FV'(f9ﬁt'élr?o%MjaW.8g‘§q ﬁ\a.P
interrupt. 3divides the errdfidtddere a&ei@rfobaeggegaﬁ&é, gh@laMinbRsydRithat Sai d
interrupts nmeans conprises: nmeans for identifying a target to be

i nterrupted by proxidesimare wigtailed informatios pboutfthe egorsai d target through its
sending and receiving neans to its system bus; neans for identifying a

20U o 1B ShuRab AR S o ks b AR YRR

said target “determnes ted. 5.
The bus as defi prAirby 1616iiwill, berasiretiatedanst 196 iddchings dt hd pRsbMN Means is
di sposed in said cache controller for receiving bus requests and granting
bus grants di r eBWPHiGY Bay dgiaprliediea yangty 6f Intar-chircand/erainteprocessdusst s and
grants for said g&q&%scontrol | er are not transferred through said data and
control |ines. a 1n a conputer systemincluding a plurality of system
buses coupled to a plurality of cache controllers, each of said
cache controllers coupled to a cache RAM and to a processor, a packet
swi t ched bus for '

10



transferri ng dat a between sai d system buses and each of said cache
controllers, conprising: data lines coupled to each of said systembuses
and said cache controllers for transmtting data and command i nfornmation

bet ween sai d system buses and each of said cache contr “i‘m““\l nes
coupled to sai.d system buses and each of said cache CB m‘“‘“a‘m ,
transmtting a plurality of clock signal 84 §ai d cl ock nal st bei ng coupl ed
to said system buses and each of said cSMHER control | ers; sendi ng- and

receiving nmeans for transferri %‘@ | r L on en, one
of said system 3§'bus}éz’aé‘ﬁezg§'g?¥ae%d§[¥g’°gﬁ cgﬁrt‘ég%‘glb%ésé,)" E%ﬁﬂyg’é%i ng
and receiving means Reian tiRYPhA alcacknBomiolierdiG cithbeath NeviRpdRAGsHAI d dat a
and control lines, sald sending and receiving nmeans including: at |east one

i nput FI FO bff f er coGpthedcanirodecheing caupler oy s PEISPHIRSeCOMPYISINGIf f eri ng dat a
and command i nformation t [ erred. i at d trol .lines;
kel BABIFLE S Db BB O AR b

at | east one output FIFO

transferring data angorapmemithd ddieaR@tbMmaha MdEalich BavdeaREidegslerp! | i nes;
and storage neans for storing and nonitoring a disjointed set of

cache tags for said bHetreafdraidgenhoromiliensyst em buses; priority
arbitration means coupl ed. o pplel agpilng AR LERCLING BEARP AN ach o

sai d cache controllers fo? receivingrand granting requests control of
sai d, dat a angh cont r olcohiréIR$ forQRindmagmda ParAMElof Qe Sigmids, FRRNSIoEI0SIgRAE N

system bus transmtting a bus request for control of said data. and control
lines to being coupled to said syslem buses and said cache controller;
priority arbilration means coupled to said system buses and said
cache confroller for coupling said system buses and cache controlier to
said packet-switched bus based on a predetermined priority hierarchy,
15 sending and receiving means for sending and receiving data and
command information to and from said system buses and said packet-
swilched bus, said sending and receiving means being coupled to said
system buses and said packet-swilched bus, said sending and
receiving means including:
20 slorage means for sloring and monitoring a disjoinled set of cache
tags 'or said cache for each of said system buses; and
overflow control means coupled to said system buses and said
cééhé controller for preveniing said priority arbilration means
and said sending and receiving means from overflow;
25 whereby data is transferred between said cache controller and said

system buses.

2. The bus as defined by claim 1, wherein said priority arbitration
means includes means for automatically coupling said packet-switched
30 bus lo said cache controller when said packet-switched bus is idle but
befors data and commands are transferred from said processor to said
cache conlrofler, such thal as soon as control of said bus is requested,

dala and commands will be transferred from said controller 1o said

This Sheet Has Been Rcilaced
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said priority arbitration neans a predeterm ned del ay after receiving said

data and conmmand i nformation, fromits system bus such-t hat the

requests are received by sai d priority arbitration nean or der

as each sending and receiving neans of each syste w dat a
ri

and command information from its system bus, s y arbltratlon
means receiving and granting each requegs through padi nt'-t o- poi nt request

and grant |ines coupibmbiists rbligHsadd pAcketBniteRATUS! RAI BNy abitegeh system
bus, each of said grant |ines being continuously asserted while the data

and command i nf or mmdans tmrecaupélr\ssedrpadkemmheﬂ blaﬁtb) msmm e'hdl | nes and

39 fl trol d bi t ot
ai a cache contr of FEPMIMERSEfer REARR AR AR B AL kREHIp RO o

prevent g over {1 oy brfer s BGRORIEBndBROR SRS QN b@a&b@qbé' ow t0

said priority arbitration nmeans by causi system buses not
to transfey dat a saidesetdingcmaenedeiving aveams isoch that said resputisagaabe recei ving
nmeans, said overflow control neans controlling the flowinto each of said

cache control | ers rapgferred frepsaid sepding apd acﬁwwgmmﬁtatsawqmu&r not to

grant bus requests thrgrgﬁbgdﬁﬁﬁﬁt%ﬁm e ¥66J9a§7€§rﬁ§1 oP &g pQYeh! | ow

control neans control ow to sald sen recerving nmeans from
sai d data and cont rsolntchemms i3\reqaa stddigy %dhe@dmg;and resdigy eeahs ahber s not
to transfer to said sending and receiving neans, whereby data is
transferred betweerPaSieaPRnEeIAEYes{lOM$aid S¥stefPUsai d syst em buses. 7.

The bus asl(gefl ned by claim 6, wherein said priority arbitration neans
coupl ed to each of said data and control |lines includes neans for

automatical ly 3.  The bus as defined by claim 1, further including generating and
acknowledging means coupled to said data lines for generating and

acknowledging processor interrupts.

15 4, The bus as defined by claim 3, wherein said generating and
acknowledging means for generating and acknowledging interrupts
comprises:

means for identifying a target to be interrupted;
means for identifying a source to issue said interrupt.

20
5. The bus as defined by claim 1, wherein said priority arbitration

means is disposed in said cache controller.

6. The bus as defined by claim 1, wherein said plurality of clock
25 signals permits events on said packet switched bus to be synchronous

with respect to a predetermined clocking rate.

7. In a computer system including a plurality of system buses

coupled to a plurality of cache controllers, each of said cache controller
30 coupled to a cache RAM and to a processor, a packet-switched bus for

transferring data between said system buses and said cache controllers,

comprising:
Sheet Has Been Replaced
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hect Has Been Replaced

grantlng control of said data a s to its cache controller
when said data and control |ine ﬂ Hll%llgnnFefore almmg"m& ‘Em H t hat
as soon as control of said data nes is u, ﬂ
cache controller during said cache mss, data and commands wil 1" *

transferred fromsaid controller to sai3 data and control 1i nes, sal d
priority arbitration réadneseavpipddasridsysom betessmdsaidicashita and contr ol

L0 10, 97LY, SRR of B RE HRD Shii Rertal B RS Moo

been transferred £3" f

system buses arri \égzge,a,tblﬁ;ag@ngeaﬁldagh@a&nfdasel vi ng nmeans such that said
response can be transferred fromsaid sending and receiving nmeans 40 to

sai d cache controller %qmr@uwswuaiedén saidrsysteanbyses andsaisd %@"goon as

control of_ said dat d.contr d by.s sendl ng and
Fecel ving hreans vicenv QR i IRL B APBrB. SRR LG Se kRt

The bus as defi nedeing @upietNté saliybRaT bisas laneisag ¢5H18rcbmﬁéllerﬁean5 for
generating and acknow edgi ng processor interrupts, said |nterrupt nmeans

conpri ses: neans for i priy agbitmyoa meang eovpled blesalmﬁxawm[bue@s #yd saidnsmi tti ng
a command specifyin nd, recei V’gnﬁ) nmeans to
e

e et T e Bl BL A bolig Syl B heind S8t dlsP R oo

its reply throug@a.d patkeSHAlRBY bbél%a@éfdt&ﬂap‘iadféiemw@bnorﬁ)ewrmm t hat
it is the target to be interrupted 9. The bus as defined by claim

6, whereino said priorsendicy did regeiving mnssfovi seruﬁrmo@yb@cewmeaiﬂm efd sai d
cache controller at a a packet

swi t ched bus couplcgﬂ‘%mﬁﬁngi%ﬁpﬂ ?ﬁ? ES@‘ Wi%"éh’i‘%%saé‘g’ Sé’f?dp%k(%c he
controller of a prGeR&Pbus, CRMEdndingtaridBceiving means being coupled to said

system buses and said packet-swiiched bus, said sending and
receiving means including:
15 storage means for storing and monitoring a disjoinled set of cache
tags for said cache for each of said system buses; and
overflow contrel means coupled to said system buses and said
cache controller {or prevenling said priorily arbitration means
and said sending and receiving means from overflow;
20 whereby data is transferred between said cache controller and said

syslem buses.

8. The bus as defined by claim 7, wherein said priority arbitration
means coupled o each of said packet switched buses includes means
25 for automatically coupling said packet-switched bus to said cache
controlier when said packet-swilched bus is idle but before data and
commands are transferred from said processor to said cache controller,
such that as soon as control of said bus is requesled, data and
commands will be transferred from said controlier to said system buses
30 through said packet-swilched bus; said priority arbilration means then
coupling said packet-switched bus to said sending and recelving means
afler the data and commands have been transferred 1o said system bus

but before a response from said system bus arrives at said sending and



steps of: provi ding data and command information from either said system
buses or said cache controller to be transferred overlmj
bus; arbitrating for control of said packet swtched ’ ﬂm

t switched
" ewvnee AT iy >
arbitration noans based on a predetermined priority hfera 3t

including the steps of: transmtting a request signal for control of "said
packet swi tched bus on data |lines cougdzed to said system buses and said

cache controller; apgtefvigandamdsithdha thidlesitise ic@h be ahERIreditrofpédid packet
switched bus on said data lines coupled to said system buses and sai d cache

control |l er; transfesending sad teagiving mpgnsclorsaishepntiofientheoughsaishpacksld dat a

| i nes coupled to said, system buses and I d cache controller to either of
sai d system buses bﬁwg%Hi% %@%ﬁeﬁ%ﬁﬁ‘@qﬁﬁﬁrﬁa%ﬂﬂ'ﬁﬁe‘a YSHi d system
buses and sai d cachgsf8ietMy $Hid séilg d ted8ividgirfednisWnePVadid fetpEnfacket
switched bus through overflow control neans to prevent said

arbi tration :means amdiveaifrdmssaidisysierahus.r ecei vi ng means from exceeding the

data transfer capability- of said packet switched bus with data and comuand
i nformation, including: deasserting said grant signal for control of said

packet swi tched busgby Siclyaeadibthady e, Yirlier HRARMo R ARy hrendi ng

and recei ving neans contains requests for control of said packel sw tched
bus beyond a first prkustledgings@ahevaipledial saiddpta lioss fof gdaératifg and sai d
system buses into said sending and receiving neans and flow of request
signal s from said s@HPYedHRg PERSEFSATHReHERIRS to sai d cache controller when
said arbit r%i on neans contai ns

10. The bus as defined by claim 9, wherein said generating and
acknowledging means for generating and acknowledging interrupts
comprises:

means for identifying a target to be interrupted;

15 means for identifying a source to issue said interrupt.

11.  The bus as defined by claim 7, wherein said priority arbitration

means is disposed in each of said cache controller.

20 12. The bus as defined by claim 7, wherein said plurality of clock
signals permits events on said packet switched bus to be synchronous

with respect to a predetermined clocking rate.

13. A method for transferring data on a packet-switched bus coupled
25 between a plurality of system buses and a cache controller of a
processor, comprising the steps of:
providing data and command information from either said system
buses or said cache controller to be transferred over said packet
swilched bus;
30 arbitrating for control of said packet switched bus using priority
arbitration means based on a predetermined priority hierarchy, including

he st :
the steps of tHasBeenReﬁa"ed

T



request signals for control of said packet sw tched-bus-beyond—a-second
puedeternined | evel ; halting flow of reply signals from sal d caii]

controller to said sending and receiving neans mhen ' teans
contains request signals for control of said packet d

third predetermned |l evel; and halting flow of data from sai d cache
controller to said sending and receiving neans when sai d sendi ng and
recei ving neans contains data to be senggon sai d system buses beyond a

fourth predeterm ned |evellranswl’lﬁh@by'eqiﬁdsasﬂgﬁaltféﬂwfrerdf@dldaﬁdﬁet&dm&aéd system
buses and sai d cache controller. 11. met hod according to claim
10, further conprising th@%@’éﬁ%fadmeﬁrlcﬁllim?‘iiorﬁjmbﬁfﬁ“tm%F%am%ﬁ%ﬁ’lﬁc%r
transferring data on a fir nt@ﬂ nlépl ed to a plurality of system buses and
a cache controller, said | cy occurring when control of said first bus

is requested for a cache @5!5!(\?’@ grancélgshl fordohtrbild said patker, swirhed sueps
conprising: granting control said first bus to said cache controller

when said fir$t bus is idl éaldgéﬁe‘mﬂmgpﬁdﬁ%ﬁﬂl@§]t81¢@rbu§@$1ﬁﬁ‘élsal§fca§'a€? d first
bus by said cache controlle é)mon a cache m ss by a processor coupled to
said cache controller; traﬁ%’P ] ng a request for data and conmand to one

of said system buses throwgRidrhey 5889 A% ARIERNAIIANTAGSsH@ERaaRet O
each of said system buses, said receiving and sendi ng neans bei ng coupl ed

to said first bus and:ouxdeé&n shid sgdtemdmises ahd eaid cgetencintrglierdoreithen ofcsfaldsal d

first bus to said receivin nd s ndln neans of sald mhereb
upon arrival of a reﬁV?fef“ot?”Sgﬁgﬂ SPR D%é‘f‘ AgCeS IO M PRBTRIP é“ar?&"g Y

means, said [gply IS pyges and said cache controller;
controlling data flow over said pabket swilched bus through
overfiow control means to prevent said arbitralion means and said
sending and receiving means from exceeding the data transfer
. capability of said packet switched bus with data and command
15 information, including:
deasserting said grant signal for control of said packet switched
bus by said sending and receiving means when said sending
and receiving means contains requests for controt of said
packet switched bus beyond a first predetermined level;

20 haiting flow of data from said system buses into said sending and
receiving means and flow of request signals from said sending
and receiving means to said cache controller when said
arbitration means contains request signals for control of said
packet switched bus beyond a second predetermined level;

25 halting flow of reply signals from said cache controller to said

~ sending and receiving means when said arbitration means
contains request signals for control of said packet swiiched bus
beyond a third predetermined level; and
halting flow of data from said cache controller to said sending and
30 receiving means when said sending and recsiving means

T e ... contains data to be sent on said system buses beyond a fourth
This Sheet Has Been
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predetermjned level;



transferred to gaid cache controller wthout arbitration-delay. 12.. _
a conputer systemincluding a plurality of system buses coupled to a

plurality of cache controllers, each of said cache m Iw,,ﬂ’lﬁum'ﬂm‘ed
to a cache RAM and to a processor, a nethod for mnim

| atency for transferring data on a first bus coupl ed to sald blutaltity
of system buses and said cache. control3dger, said | atency occurring when

control of said firshehsby data isafiiR&rRd Uebedh e HiBIeT DBsssarEsddiclctd I st
bus is idle, conprising the steps of: granting control of said first bus to

sai d cache control | €éenif@lgn said first bus is idle; generating a request for
control of said first bus upon a cache mss by a processor coupled to said
cache controller; transferring a request for data and conmand to one of

said system buses Hr OUR indthed roee%rurnagxmu@arbnaaemmr frBRisiAg WRtLsh kO each
of said system buses, said receiving and sending neans being coupled to

said first bus; grarlws cguplet i alplrhlity of dafai preceshing desicesi{"dgerdsdi vi ng and
sendi ng neans of said s st em bus; whereby upon arrival of a reply for said
request at said rec&U¥ {§"@nd sending means, said reply is transferred to

sai d cache contr ol | or W gy Gl SrAPRLIE! kst dint when HIFLIEINAR, 25

defined by claim 10, fUrther conprising a met interrupting a target
processor by a sour ceiddirsicerespbeing sglbetdd basedigh a paddiiesmirtedrorbarizes, wher ein
sai d nethod conprises: transferring an interrupt conmand fromthe cache

controller or said sour c@e'}ﬂ'%itf‘és%@ﬂu?% f%ratrqrst?ar&sé{at%am fRiAdys by saidsfisly
Interrupt C%mand S%E@htf\%éﬁgaéé\}é#\t for gaining control of said bus arises;

transferring data through said bus trom said first agent to a second
agent; and
granting control of said bus to said second agent for a
predetermined cycles,
15 whereby data is transferred from said second agent to said first agent

over said bus without arbitration latency.

15. A method for minimizing arbitration latency for transferring data on
a first bus coupled to a plurality of system buses and a cache controller,
20 said latency occurring when control of said first bus is requested for a
cache miss while said first bus is idle, comprising the steps of:
granting control of said first bus to said cache controller when
said first bus is idle and said processor experiences a cache miss;
generating a request for control of said first bus upon a cache
25 miss by said processor;
transferring a request for data and command to one of said system
buses through receiving and sending means coupled to each of said
system buses, said receiving and sending means being coupled to said
first bus;
30 granting control of said first bus to said receiving and sending

means of said system bus;
This Sheet Has Been RTlaced
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target processor to be |nterrupted and sai d source processor; transferring

said interrupt comrmntdstteaI—BaBdn &in buses fromsaid mmm'ns m!ﬂ
through its sending ans, recei vi ng mﬂ
command by the sendi means of all other*processarssco

to said system buses; repI y| ng sar d interrupt command by transmitting an
acknow edgnent to the sendi ng and recei4b ng nmeans of said source processor
through sai d systemwhaeaby, tgorsarrival af k replpdor qaimmseﬁrai,saéhwheidhgmﬁd ot her
processors determ ning,whether it, is the intended t roc ssor
readi ng said interrﬁ%‘?d‘%m’?éﬂﬂ .sajdfeply,i3, ansigrre f%lsat‘ P%gt %} I °§
specified by said i HF&F% Wnd 14. In a conputer system I ncl udi ng
a plurality of system buses coupled to a plurality of cache
controllers, each of said cache controllers coupled to a cache and to a
proccessor, a net hod for transferring data on a packet swtched bus coupled
bet ween sai & syst emtBusd® aamnmwretp"@arladle@eﬁéwewpf Yt dUseO I si ng
the steps of: provi {rggacﬁ t nsferred

bet ween sai d systemg%[}gee(g%a%rfws}%ftﬁgcac géggfr@fé;‘?léea?ﬂto?]%gu atcégr d packet

sw t ched bus; -ar bi t eadtroligrs esupkand raaché Rmdncpwcéretocsmdrphetbtrtwsfousr ng
priority arbrtratr on nmeans based on a predetermned priorjt | erarchy,

i ncl uding the steps MAimizRgaGHTalien [Hpngy fxrdirssterinaginia OF@rf‘réémsrC@PP‘eéf sai d
packet sw tched busté)galg?lt%llﬁt%g?gsgr P?e% 5& gach%yc% ?r%'l@ruggé Izﬂgﬁjc sai d

cache controller; and srgna or cont
10 occurring when control of said first bus is requested for a cache miss

while said first bus is idle, comprising the steps of:
granting conirol of said first bus to said cache controller when
said first bus is idle and said processor experiences a cache miss;
generating a request for control of said first bus upon a cache
15 miss by said processor;
transferring a request for data and command to one of said system
buses through receiving and sending means coupled to each of said
system buses, said receiving and sending means being coupled to said
first bus;
20 granting control of said first bus to said receiving and sending
means of said system bus;
whereby, upon arrival of a reply tor said request at said receiving and
sending means, said reply is transferred to said cache controller without

arbitration delay.

25
17.  The method as defined by claim 13, wherein said processor may
be interrupted by using said data and command information transferred
over said data lines of said packet-switched bus.

30 18.  The method as defined by claim 17, wherein interrupling said

processor further comprises:

identifying a target processor to be interrupted through first

identifying means;



packgt switched bus on said data lines coupled to said system buses and
sai d cache controller; transferring said data and command i nformation

on said data lines coupled to said system buses and sallmmnm umnma
controlling data fl ow over said packet sw tched bus thr
control means to prevent said arbitration neans and sai d* séndi‘ng”and

recei ving neans from exceedi ng the datakransfer capability of said packet

switched bus with data anidestyingadourbas isukdaid inteeluptihngighdeasrerting said
grant signal for control of said packet switched bus by said sending and
recei vi ng means when idgaifyingeMeanty and recei vi ng neans contains requests for

control of said packet sw bus_ . bevand a first predeterm ned |evel;
halting fl ow of data frorﬁnéeéaﬁ 'l%/ﬁ'%?ﬁ %ﬁspégchﬁPr aggl d sending and recei vi ng
means and fl ow of requesta&hgﬂgbgmgwgﬁg@d@,&endl ng and receiving neans to
sai d cache controller when said arbitration means contains request signals

for control & said packet swi tched bus beyond a second predeterm ned

| evel ; halting flow Si fromsai d cach ntroller to said
sendi ng and recei vi ngg ﬁgwg‘ﬁ’q%'aﬁyﬁte&’ﬂﬂ’a&?iao‘ﬂ“fﬁg%{r?z SYRPBURS r equest
signals for control gbusialth Q%ﬁhﬁﬁtY %%é&l@%n%@er@eé&'ﬂ%f%afdmdcﬂe

predeterm ned | evel; and hal ti ow of data fromsaid cache controller to

sai d sending and rec@pmrwigrsm@d/mame@ae@ngémdlmgiﬁﬁd. pavathed fog neans
contains data to be

| evel ; whereby data @%ﬁ%ﬁ@f@?gﬁ% tbﬁlﬁgﬁ?g%éggg‘éﬁ?%ﬁg gggﬁﬁrﬁ Sgit gr (r:na(r:]ﬁce]I
controller. ;4 system buses and each of said cache controllers, comprising the steps
of:
providing data and command information from either said system
buses or said cache controller to be transferred over said packet
switched bus;

15 arbitrating for control of said packet swiiched bus using priority
arbitration means based on a predetermined priority hierarchy, including
the steps of:

transmitting a request signal for control of said packet switched
bus on data lines coupled to said system buses and said cache

20 controller; and

receiving a grant signal for control of said packet switched bus on
said data lines coupled to said system buses and said cache
controller;

fransferring said data and command information on said data lines

25 coupled to said system buses and said cache controller to either of said
system buses by sending and receiving means coupled to said system
buses and said cache controller;

controlling data flow over said packet switched bus through
. overflow control means to prevent said arbitration means and said
30 sending and receiving means from exceeding the data transfer

capability of said packet switched bus with data and command

THiA

information, including:




15 - The method as defined by claim 14, further conprising the steps-
of®interrupting a target processor by a source process mﬂ

said system buses in said conputer system said steps Conﬂ n:#mnm”m'ﬂmr
transferring an interrupt command fromthe cache controller* of shidVsource
processor to its packet swi tched bus, said interrupt command specifying
said target processor to be interrupteddZand said source processor;
transferring said interr uesassingsad geans sigdaldyséanobolssaid packet switctiepacket
sw tched bus through its sending and receiving neans; receiving said
interrupt command by the sBiSRYnERidiaendingand fecgivingdneansiwhan said fepding

processors coupled to sai da”%yé&?g}'?%%ﬂﬁﬁ‘%’g&éifn%é@ e ORI Bygéidcon’mand by

A | .
transmtting an acknow edgnent he se a recel ving nmeans of said

source processor through ssicketsswitched bus bsydnd $firisOpr@bbleahined lgvecessor s,
each of said other processors determning whether it is_ the target
processor by readi ng saittingdflewrof getadmmanid sysiamdusapinthaid spedingansbt

processor as specified by r%@éiinb Heaht 4Rk flgﬁm'est signals from said sending
and receiving means to said cache controller when said
arbitration means contains request signals for control of said
packet switched bus beyond a second predetermined level;

10 halting flow of reply signals from said cache controller to said
sending and réceiving means when said arbitration means ~
contains request signals for control of said packet switched bus
beyond a third predetermined level; and

halting flow of data from said cache controller to said sending and

15 receiving means when said sending and receiving means
contains data to be sent on said system buses beyond a fourth
predetermined level;

whereby data is transferred between said system buses and said cache
controller.

20

20. The method as defined by claim 19, wherein each of said
processor may be interrupted by using said data and command

information transferred over said data lines of said packet-switched bus.

25 21.  The method as defined by claim 20, wherein interrupting said
processor further comprises:
identifying a target processor to be interrupted through first
identifying means;
identifying a source to issue said interrupt through second
30 idenlifying means;
interrupting said target processor; and

acknowledging to said source. This Sheet Has Been
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