; e3e7t7<jD 6 Tt~ Method and Apparatus for Flow Control in a

Packet - Swi t St em Background of the Invention 2 ~2MmR2@ﬂﬂ§
The present j\“\ﬁ@g\mwﬂm\gml ates to a new nethod and apparatus for flow
control in et swi tched m croprocessor-based conputer system

(uni processor), *S0%&t wor k of such conputer sys terns, or a nultiprocessor
system Reliable and streamined flow control of mcroprocessor v
transactions (including data and/ 10 15 or instructions) in a conputer
systemis necessary to prevent wasted operations and assi st tmm%ﬁm\mumm
run efficiently. Typical packet-sw tched bus interfaces in co

use negative acknow edgmn%ﬂgﬁﬂ%@%@s@%@%ni ques, for fl w2~
control. This requires eithespricke -SmshrCdnsslt Bgwehef ri ed transacti ons due
to negative acknow edgnents by sl aves, or conpl ex handshake signals to
nodul ate the back pressure as a function of dynam c changes in system
resgur ce mvadrburdltrhietiyvenBet h of these nethods are conplex to inplenent and
i ncrease the bus | at e_nc%/ -b%/ pendi n extLr cl ock cycles performn
handshakes, r&PapPEret BY9Hg fci‘ﬁ‘cst‘%‘é” ¢ ?‘i“‘:“gé’ﬁ%aﬁ‘iﬁ‘fsifﬁrdmlwn BY el omhBEEer

I esour CeSwihdd miSOPRCSYSIbaE cavfitd s ghydrd(ihiprdcBR G ainv®prif & eein@ackpter: sgs-

negati ve acknow eg%ments alto 20 25 30 gether by nmaking all the receive
queues of'®8% Paf JEBRSEHA ¥'Y8) so that they can contain the maxi mum nunber
of transacti omsliithaindGacenilnets@ecdatryl dienicregreces@d riygactibietincilbing ditasnd/he

di s?(gvanta e that i.s makes the sl aves nore expensive and inherentl

noni& cal A5FBVHPEIIT & FIUPIH SR THE PERPE B ET B PP it i ¥ ¢
each makiteg tertinteffaieaty. eyprst mckeFhvighaps daatucean cahmer aggrawed egithe syst em

| at ency, on account of the ver eep receive qu s. As the rate of

br 065 or BISAEHATIE P o SRSy e (6 ToY eBtfTy ot rbte<hEfist B fsder

I Mpr ovendtuthg rededianigtiond dik conrpeivt atkabeldgresidigcan@soreveplerbindsiakpor t ant
to achi evigg\g subs aInti al, gains in ag@rf.orn%},ce.. IL woul d be especial]y
useful t CIERFiYBOLY 5 NEPATRITTHAES HVETGE O HEANS S BEHRFAITVEFEEdPHEK, to
avoitd t hesbiingf fi ci enci es associated with that approach, wi thout paying in
conpl exity, si d har re costs by inflating th izes of the ..
Cransacti on r 00 Gt BHERR G SRR crplen e Bt bR iEaS pyprifaing
packet - svaxtre hiadk sycdds eanforiningchainisbakes; reembigeatingSocthe s, e ochetidingdoememiaat i on
switch desi?gns apd ‘data communi cation protocols. Mst extant designs 2 ~
~' 1 ~~R 20637 [*US€" sone form of dynam c feedback signal to throttle the
sender, on ei tSoer systdms)aveidldymimibinedating fizdbick (wh ermtivachnatdedzsicnsraitonode
sendg 2 feadback bRl LIS MRS L BADNANS « 810 () n AL ERd Louend bass,
whefe onl§ he PR AU RO R STSHthé “Commtim cati’on partici pat e mTTow
control , ramd ntheerpf eseagtientthataiosferreealdy bd reeddizd bl temo fihits hes theditadnatdgen i s
used by the.sender, to control its flo ot her, t hod .t hat has been

pr oposed ‘F%t R R R S e R i Srrllst“?coﬂln%l i rgrrm@nrfoﬁlelgaslaebﬂcgeéstp ch%{y ew(ra}]s? " picéc ¥ate of
send at awveagrseedesnd oquesstvath carhdnakinguhdipdereqiestyaEadapprmachoanscageevaback
signals s i ] t packet-sw tched conputer
syst ens utggEﬁcﬁkf_a%9@%’9&3‘%}4?@8%%%%%% {;:rgég?@o%\]gﬁ%. In link-by-link flow
conffol ) the dothstateadprocessirppesdimpewaments centinbeigisarskd bHiatgr siemory sphel 10
upstream. i nd\ I - r St ongii i at the
reci pi entl?n%‘?'(ﬂ}eaEF %t(gag%!ggﬁggﬁ gﬁ%ﬁ%g%g%lg{(%&%ﬁﬁg c(gtig&ggé\?e gﬁ&ft gorags 3 3‘%%‘% pul se
si gnal causitinggainsén pefednance.olt el botspedialy usefplo pirirpatandstyrethayavagathe; (b) a
| evel si I i . . I I . T i ns
asserted?&%r0 f’f%?&\gcqgctdg%?’sttﬁ gwf{h&%?f#gggcéggg ég%ggﬁm%t? g%ﬁéﬁgg%gxggﬁzg% on to
throttl e iamdmplesitasize inddatiBacandeby infatipe theisized of the(ivbsttiamxesiviemgeues.

packget - swi t cheg .sys i s LnKe byel i f cant rol
rraylggl SO opera a’el%%{ﬁogﬁ% H%ﬁ%&ﬁﬁgs@gﬁ%{? %{/‘B? ﬁj)esy%}%?/\#sa? ér/tééélzrr’r?llréaet("i‘l5 ’gyj\éehns to the
upst r eam ®e rethepmmphigsteontsachsiesigrsrand Adty compiehicatian pratagoly. dderesttant dssignbe
credits allow, and then stops until new credits are issued to it by the
downst ream r eci pi ent. The downstream reci pi ent dynam cally nodul ates the
nunber and frequency of credits issued to the 20 upstream sender, based on
the recipient's receive queue capacity as well as any other congestion
conditions detected by the recipient. For a description of such a system
see The FCVC Proposal for ATM Networks) Proc. 1993 International Conf, on
Net wor k Protocols) pp. 116-127, by H T. Kung et. al. Link-by-link flow
control can also be acconplished by nmaking the downstream queue 25 | arge
enough to accommodat e the maxi nrum nunber or itens it is contenpl ated ever
to have to receive. Hence there is no loss of itens (requests), and no need
to throttle the upstream sender. This is an expensive, nonscal abi e
~solution. End-to-end flow control via absence or presence of feedback from
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30 agement) as well as in BECN FECN proposal for congesthqnyp@npsd in ATM
net works. One approach to flow control is to'use a nmastef device to keep
track of the nunber of 2 ~f iAR 20@@B transactions that it can issue with
a predefined agreenment of queue depths at its interface to the
interconnect, and the interconnect issuing an ACK (acknow edgnent) for each
conpl eted transactions as a neans of flow control In protocols that have
used this approach (HDLC and SDLC), ®he sender has no information about the
capabilities (notably, queue size) of the final recipient of the packet In
addi tion) such protocols require that the queue depths be determ ned in
advance, and hence are not scal able. Al so, this approach does not |end
itself well to a nultiprocessing environnent, since each processor (or

mast gr) waidt shnkbaryen bluyKEBR Edu8Ldk shalab Ihrdidiand deadtsaatitensl) efindbi-Lihgsot her
processors (or masters). In a credits-based schene) credits are jssued by a
downst r eant FECTHR EMYSH BRI REHE R fepgbagh sigpal L houRTECATEIIS. o5{R AN endsieate has

t he di sadvantagre dinathe tdddndpoRd df ShetboRmiuiiSAlRE paSicibiie GURM coadl, dapsi2l | ci t ed
f eedback packets from on? svvrt?[h to %not her; and &\fv credits pre nodul at ed
based on RFEMCO BEFESS fasrbach Hamhctrainaten s used by G Ssidp Péi?rlﬁ? “rethod
are reededinomet ﬁqlama@eﬁnm@aénq)rwvsw@a&s&e@ ﬁoﬂlﬂohlrolpm&@cetﬁswndﬁlﬂdtdﬂﬁtsmr ked
environnments and provide for efficie | abl e and. cost-effective 15
packet - swi FEREE FEHAREFT ahowrrwnéar??rérs it mvntﬁm?frrebach% 569 rite
present i nyaRt beint GWRko3at. aVEEE pAtRet-svitehed RPAS A Y Gstdnilus RN 13 dolreol t OF al
queue sizes of all the queues in the systemat initialization time, and for
permtti nd’ratoﬁﬁster (e.g. a pro 20 censor) to send a nunber of transaction
requests only U®li&HBy-Rixit B3W coditrof, IRidot Mdr@dm rc-Epr:nSQSS&nemf&fibdchﬁgnalmtﬁﬁﬁi on

cl asgi.fi es system i nter.conne as ues, at a gueues,
AR ot ATk S P RS o oot s oS D
and data aﬁgdaﬂﬁﬁedky,oﬁ@bﬂllcﬁﬂaleé{rﬁﬁts An |nterconnect (systen) controller is

connect ed bet n e or nore nmaste roprocessors) .and the sl ave
devi ces, whi c\n\ﬁﬁﬁ‘f E&sllg?%)cﬁ‘ﬁt"ﬁém sﬁi’%ktoabrafe‘ggmn‘ﬁ'h"g gf':éry H® i nt er connect
25 control | er i(md leekesigeal qasing tHeGEndeanhongsd, @h)le amdxgﬁﬁedmarms‘s'semcdl; acl udes a
transaction coynter indi eatin er. of out st andi transaction
requests from t%&ts“t?aséa{ett”mt’ﬂesﬁ%&t&c‘gt?ffy gbr’ét° df“l‘Wém?"Hf’ t@%ﬁ@é‘fs“aé‘o‘het rol | er
addi tlbonal | y i ncl 4a6&s rda@échvagaqwtexandg chétewdﬂicasﬂttﬁuﬁﬁcsfu@d’thﬁmw.)

downst ream sl aye, and trans I on counter nunmber of

out st andi ng reéﬁ'@%lf%h‘tkr ‘E"r’i‘ggléﬁ?‘?t"r's(S’lqp%rFtct”B°Ltgﬂ ‘é“‘t}’gd é’h'g ° {NESBWSt andi ng
wite dat arctibiam&f)ﬁfcilpfﬁ‘e@ﬂﬂsﬁm whBie el sefider brhy’rlicnﬁsl aweiny dQudkhas thastedits and t he

controller revent ed romis ans ctron re uest

Cort ot e i R GRReE P P PR B o B PR PR RPRE ud et e
count er indnea:atre:eapmdnaynatrimlty mibddlatesfamc hmﬁbex?&ﬂﬂ‘re]quﬂmy bfesmntkmrcg to guest or
datazgueue domannsstcr rg L% en,a ter ansaction is cgrgg %P}é g ttJJ on the
receipt of "FeGULET et é?ftd GBI S HETF PSSP RSP B S8 AP 2M5Y CPEE T ave)
the rel evamdmonsrrteercteﬂ by deceaipient Bat atdeschiptilineé tehalagsteay atd b FCV CyPrefosd pl ace

congosti or LRl rsie: B Rt afuiRn o ShRenpu YRR HE Wl P B oy ot om

controll erKﬁrrgnamaiaendr ng nore transactions or data than the recipient has
space for. A har h ndsh i ed both t | eti on of a data
transfer and tg“ ﬂ(\gﬁ% wcor'r%gltcérr‘alé ohe M llrs'}eedfa%’ algmﬁl & é’ggctrémpﬁ “fe
downs®r eaMacyaenmrgthtze:cmd@maxhenmmanummatoraanums;ccbmemplerdd siegfodiaye @s i N a
credits-based sche Is are not bha upo am ¢

congest i onls 1Y nP[hem lﬁﬁ]%ﬁ‘ﬁﬁgi’ee%sr PRLESTSh &'tdﬁé) "§’§/0: g}r‘rﬂ tEa)lr g’ ed’é%@?’?ns??gar‘ at
initializalhiefs anamtntdvmsoxapsatkmwwebef ore execution of any applications by
the master(s). Iaqoqusﬁoewxl; o ijvra 81” L)rlr)ergsetcré%?feh agkfa(t)m%edcstmat n_t thle

i nformation ont e nunber of aval e sSpots 1In e queue 1 nme mredi at y
downst r eanyourcetomipéereod iratbe AP widiig \amecrvemOtoselljasf@d/ ®cth@rmd conpestien hine

nMaxi nggm quele e i-ori FeGA only keep
tracg%of t ”%@e sﬁ?ssggﬁN?%£$g¥a¥ﬁ£f%ﬁ?#?gf|za @ﬂﬁggquence IS

sof t war e- drrvenh@epgnmmyoaobomnmﬁﬁmmmmammwthevqmeUeqsuxﬂ&fanddembhs are
determ ned by this'sequence, which provides adaptability of the systemto
reconfigure it for different slaves (having different queue sizes) or to
configure out nonfunctioning queue elenents. The elimnation of (advance or
overflow) feedback signals in the present flow control systemreduces the
interface | atency, since there is no extra handshake, no rescheduling or
rearbitrat 20 ing for resources) and no retries by the naster. Hence a
sinmpler design is usable, which is easily scal able according to the nunber
of _processors, and the slave queues can be domnsrzed as desrred for
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2 4 ~~In~ 2.03 5 under satin anon conditions (when fIOM/gqnp@mIEQQ
inmportant) is also greatly sinplified Brief Description of the W Nngs
Figure 1 is a block diagramof a preferred enbodi nent of a conputer system
incorporat 5 ing the present invention. Figure A is a block diagramof a
more generalized enbodi nent of the a conmputer systemincorporating the
invention. Figure 2 is a nore detailed diagramof a portion of the system
shown in Figure 1. Figures 3A-3B together constitute a flow chart
illustrating a generalized inplenentation 10 of the nmethod of the
invention. Figures 4-7 are block diagrans illustrating transaction flow
control according to the inven tion for different types of transactions.
Descii pti @ans@éuchbeaPr efratshed FaBRdEMBAtScchRnFirgWue ddptiisSt A& hRHFadea¥@le bl ock
di agram of a conputer system 10 incorporating the present invention. This
di agr am r 8l'EEREeq g thepRigicPnecy iiping A A St (REAC Iz {08 satt cenpieid UtstGspar e
Ar chi t ect Ub as\Whheahs drfiodaseidiDetpbibdlyihhihald\8eAQE UpRMh WAL L RELS B0 ect
Architecture) by Bill van Loo, Satya Nishtala and Zahir Ebrahim _Sun

M cr osyst 8ifsendenpasng ipfpimatign pbquethe Sapabiliugsdpestblv auevptize) REtheine! restpis e dfnect

Ar chist ect Wegabas heamusymbhtd Q8 asreqRemd i qheut Bepahsbebatfihdaat &thnce,
application 20 by applicant) entitled "Method and paratus for Flow

Ap .
Control i A"hN9PsekENSRH A s BahD RrPEFICISRes BoHignd pe it A R MUBIProgessing at
pat ent apphvifaie@sindeich@fbrbddsdoh for Wkt @ e oSt Ak RS0 Rap @idk Dhif the@rayactddas 6h 31,
1995, describes many of the broader features of the UPA architecture) and
i s i ncor pAHieehonBIETSHOTB{PT PEFESbnce. The present invention uses a new
system i nt er CONNEEdedias Kubdd LB, Ere GBCArLINICOHY 4 @¥instFeRMY reipidtR tdWIdS! e@r
utiljzing the interconpect to control transaction requests and data fl ow
bet ween nR&CKEENO BetfPt edicardciemaas BF divvarisectibet Edgredisarerisyttt & feaudme
syst em 10 ahdnGAsutkeEd feckilRAk pradetk oRAQnanmdichio dndiher: eRINDRedditnat Wik Kard bixedul e
25) which in different enmbodi nents of the invention may or may not be
connect ed P GYRIFAEC ERIBESUGALPNAIUPRE UPA nodul e may i ncl ude such devices as a

processor 30, @n@l 2R Spatdtils aindHBethadfle B ) whicPadtBintno®h uidrBREsoHMdls may be
i ncluded) and act as the nmaster units for the purposes of the present

i nvent i on PEOSRRET20F npiyerked epvijoamapip pifkpiovde foredfiqqnt spafableand gest-effrrtivnt j ty
i ni thati N@atkeansibed rahsdibifffow@6hrob 1 non requests, exanpl es of such
masters are a CPU nmaki ng nenory requests, or an |I/0O channel and badges

maki ng DVMA requests In general, in this application a naster is exenplified
by a proceasatanHwey/Brentian Mast er may be any transacti on-requesting device)

whet her or "not ht i ncludes a nicroprocessgr. Sinil%rl D "slave" refers
herein to any AEVPEEN AL ORLAPEEAITLodena ARPAR T 61f OFElieices e 1Sl ng bot h
Menory angizeosf-alieidqugudd ey the esteneitGrijializibni te] ardiforpetieiitng € shastetQB.gaSpro-
procegssors and 1/ 0O control}ers that may the eresfg%$ %i,ﬂgsters. or the
pur poses SFSSPRIGTCRNY BIRTORAT ragsechPmigusst LYK © Hagr BEofdef iorbdl g Sysier ffliest
packet i ssuedtidyclasiiesdygem iftatdbmeaduiiys arequeitnosks elgarint qack edd el
necessarily a full $ cket, d? egdlo ing%ﬁfon the(ﬁgoseE i pl enent ati on)
from the PEECBPERET ARBIEE BT ABMEE PR TS S 50 PO oNBIES BEMS. dat a
transf er aociarpantcn@ystent)eguedier Pactoetted Bandech Bfe alatote thistnSlE @ miteyprekes-her
occur on the,s et of. wires as request , packet) or separate
ot apat h GPPLEA T T o8V ieeLeiP Ry bl b itk S BRS Fhmba B The B RS on
Wi t h2¥i gurcestralleincludes a queue for each master, and each master includes a transaction counter indi-

cating the number of outstanding transaction requests from that master to the controller. The

interconnect controller additionally includes both requcét and write data queues for each down-

stream slave, and a transaction counter indicating the number of ouvtstanding requests from the

controller to that slave and the outstanding write data transfers from some master to that slave.

30 The masters and the controller are prevented from issuing any transaction requests (or to

initiate a write-data transfer requests) downstream when the respective counter indicates that the



A UPA port 60 couples the nodule 20 to a systentintercoﬁbéc%“@dﬁm§oller
((SC 70, which 15 is in turn coupled to one or nore slave interfaces) 80.
The slave interface may be an interface for nmenory (such as main nenory))
an I/Ointerface, a graphics frane buffer, one or nore bridges to other
i'nt erconnection networks, or even a CPU receiving transactions to be
serviced. In general) any device that accepts transaction requests for
servicing may be given a slave interflace 80 in accordance with the

i nvention, such as conventional nmenory devices) 85 and/or standard I/0O 20
devices) 95. In a preferred enbodi ment) the systemcontroller 70 and UPA

interface 60 are carried on the main processor chip, and the s|ave
i nterface F¥ERPRERE "SEThEr B PHSUGR VY VAFT AFFHHECAPE BBELi BEe. More

gener al | y) yQRaGH RBSHRF redqWhiel Rak rdd B @6 88§2bn efrwrst@aaa@,ttnematteuha:,epemats a UPA
master interface, and each sl ave includes a UPA sl ave interface. system

cont r ol | er SHRCEECRCTOBeHHR dgaie Vi TPt Ha PRSI dih TR HHE SPATR' ”(‘:’Pt?s tfar 90

is also ingldugled in the interconnect nodule 25, and is coupled to the slave
interface(s), the systﬁm control |l er 70) and t he rt g, The dat acpat
crosshar may beQ¥eus PHBIRY MBI I OBBIS ATSHRNS G¥AM; b€£f° P EeSSEBET O The

UPA ports 6fieiBibn6lles @0 sgntin @8 trRdhduof or @hth R tmmtmmwt &2 herd- t he
i nterconnect nodule 25.) The datapath unit 90 is Gfg ﬁg transm.t read
and wite &atca‘at%h%%%ﬁ%?mtts’seéa‘&e@elﬁt%eé Bt BHSEEHE QPOURLPRMAYHPEATS onal

menori es OFnoEHMﬂabdﬁipaceSﬁch@gﬁns@@Mh@@ﬁegﬁheaﬁﬁ’dsﬁﬂ@lﬂhusmbfﬁ unsdicfled\idda® 2003
1 i nput/ out put g })ﬁagw ces 95 form ng part egaPthe system 10 are provided

for user i At & scheme- 301 jhe sigpals & £ P.%?és rlYBaF SRP8CHEYi ces may
incl ude RAM RChje rdi)&KurﬁhhMﬁSchsrmlﬂicts%én arkﬁ&tbﬂﬁtﬁdﬂ&t inttiaBakKohahd Gus pE i nters,

ere. The re coupled into _the inptercqn 25 via the

i nt erfacgs .“Hﬁﬁ%ﬁ%ﬁcw’@ OfGQSﬁPQR‘ﬁ'PP’B?? :’}iféﬁastef(% Tﬁf g‘a%ﬁsg’dOCHPffﬁteﬁtét’s such
devi ces acaegtat EIGQM%i'hﬁ)rrEatfthm}Qnﬁmeér olf('Q\FaﬂatpdE qm&ss e gueaB thrhedidtéth Howhose

requests. The interconnectiqn netwo ral take the .formof a
nunber of GPRTLT 1S SPBRIA A eGPt T S GF S e s e ot

mast er s antnsdiew pisori, Sitie @cﬁtdc& cROON kdep trk ofi khelctadiey 1s§11c<$iongl'retc bﬂﬁahﬁa’noﬁul tiple

convent | ondHHESIEERE FF (6 beh PG ERD P RE B E R Bkt AP ave

usi ng one @findiHyahidGequedd alhi@hairiides aduptabiliey e sghted ¢ BBy iLe b&sadfeeant her on
t he addressj nforpation contained in the trapsaction request packet, or
on anot her *Bra BRI FireH SLBea4rY Fyio auPieH ont B IR S E ARt he
request packet. Tirétemmmw ob@d‘&lﬂyc amntwmedba&fsgmmg thcoprresam fhwfcfoﬂfdlﬁgs, in
the int erconnegt . tgrefz enbodi ment s ;- nrve ?3 or i LN
Figure 1 (and |cg:fﬁ|}he°”i1 aé°"a¥ §'8ﬁ° FER "B Wa"ﬁs & can%éﬁ f&2 w Atrol | er
t hat Ubnnedigsiot @sairdesmms herariealbd thalnlassl dicese, a a-nplemmgxeiwsaquewmbyxs hmly
conplete visihilit 1o system reguest and fic ternatiyv

embodi ment Slcarllz\% zi/cf%és/rd R use nl]?e iPSEF B8 (%cs)r?t'?%weesrcsnbe’;%%wv\?negﬁs%as'éaelt is
desirabl e tfor m'&bfptr&)rmaMcS:bdmdcrahyns aadﬂdlcslrﬂi mdmamnwdm: @mfaaosnxgxnymammpaC| ty
gueue si ze Jra ed. Fi ener. zed ock di agram
of a system a%/%ugﬁﬁl ng t 8"3“%%‘9?%?/5 °m?)°rr|° avarrmy Qpﬂg?rgs A %ﬁlﬂﬁ P pt m?ré)s"? ers
(three exenplkas yugehsp@mse Mhbb/Beslgeemﬁgors hhevanje mddubs QPH@ndTH@ treerr&ma)y siagdly i n
certapq Ci rguIst ances. amm aves. F%r 'neﬁgsaagﬁ%hffersmt cmtm Rrogcessor and M3
is an 1/0 controlPer W PFerOf RER°HE ave o M5 G %n the
initializatSimoe dmxobee:dmeet wesdlei beﬁktdmehmgnec()o atdoengidite b ghamd:) ofttuasterscand  DIVA
grg_!s': :’:t ¢ gegﬁtVXS xg%ce%iz%ﬂg erogltﬂtlxeﬁc stzes t%c .%cr% agn%fsgagesl n%gdnw%fe redcsn%naégtat aqlS a

repr esent ecBmswﬂbcl\yﬁstcmcd?tt@Um& rbMch&nSdpme/cdeemntbesof@ffprcnSé_bn(rWIiur dtsigmy be
one) Sever%l {umgc}/wﬁlllo%t/a pr x\zltlal():/?aﬁgm Eeco@t%?%c@ \ﬁlxd%}ach gldngtebcqt?e taserf)
menories an aves are c viaa Sy Stem contr ol |

fashi &h as tbhleoga}sxreatndsbntd@lcbemcc&e@ rmcrshm;mqnl ed to the master and sl aves) in
Figure 1. The S l.ed vij at a n Lapat h
crossbar (or |nt(]: ggg‘gﬁ%le&g?rg 1 an%e%?rqrethC%do {e&% %ﬁaq}datggoz oL syg%ngeh gure
1. The control bus 77 w | typ| cally be much narrower than the system 30 or
data buses; e.g. in a preferred enbodi nent of applicant's system the
datapath is 72 or 144 bits wi de, whsle the SC datapath control bus nay be
only 8 bits w de 2 4 MAR ?0D3 s As indicated above, the SC 75 has
conplete visibility to all masters) slaves, and nenory. The system
controller need riot be on the datapath, but should have control over and
visibility to the datapath. The SC) masters) nenories and slaves in Figure
1A are interconnected by address/control 5 (A/ctrl) lines as shown, which
may be un| que (ded| cat ed) poi nt to poi nt Ilnks) address/control I|nes or

o ~ 2 - o o o T 1



transaction requests. The maxi num si zes of these slavefﬁ?eﬂggéﬁﬁs
represented by values in port IDregisters 180 and 190, b ely. 20
Masters 110 and 120 include data queues or buffers 115 and 125, and sl aves
140 and 150 include data queues or buffers 185 and 195) whose functions are
described in detail relative to Figures 6 and 7 bel ow. The maxi mum si zes of
the slave wite data queues 185 and 195 are al so represented by values in
port 1D registers 180 and 190) respectively. In the special case where
there is a one-to-one correspondence to a request queue entry (e.g. 100)
and a data buffer in the 25 wite data queue (e.g. 185)) with the wite
data queue being nmaxinmally di nensioned to hold an entire packet (i.e

di mensi oned such that it can hold the | argest contenpl ated packet size),

t hen!t he gueusitsume comhd®O (wan flbe coept ssepdred) bylsa ssiatghephiitmdber . | n Fi gure
2 the slaves 140 and 150 may be any of the slave devices described above
wWth respect to slave 80 in Figure 1) and in particular slaves 140 and 150

may repr eBesfDanyptiounher DofwiBl nenory or non- nenory slave devi ces. 2 4
VAR 7-003 9 T8 RaN CushaR Al A RIBEENEL of ALELAL SRR DG Lde.

) determ ne the Srzes o resp Ve receive queu S 0 | aves
coupbed t ogtthrepreygstieymug?) store the sizes of the slave receive queues "in
registers wt hll:xgur}: hﬁ lss&/lﬁgc?crma o (gf a%or % gl%l:d gg&% it e tBJ-'aeco%{ %% temt he
systemcontroll 8r"s recelve queue ? e sizes of tﬂ% system
cont r ol | eincpportivethgueas®ni n predeternlned regls ters in the naster(s) 10
Thus) at system.in I ion).:t i r ds the
contents of th%ggfgégf#g%ggﬁg%fha e %2 hg@%b?ﬂ&ﬁg angg%ﬁﬁvglgg?a gueue in
each sl ave, anﬁgurhe%éap@%slcmdwes@waﬂwe@mtnlﬂtt;tretmgraegspmﬂdpdvg]pﬂqn@hdson nsi de

t he nfi gerat | egi ster 200 of the SC 130. In one enbodi nent)
t he ggluegy?gk%ﬁﬁ?épﬁgfg%ém&7o and 180 (representing the slave queue sizes)
are stored in Elepfea‘? -dee bldck Hdgrainpilipsrefinguansachoniiqw conbl agedrdingitistiayen200 of
the SC 13 i ti.on, al ues of the 15 SCID registers 255 and 26S
(represenglngpdﬁgggkg %éﬁgggﬁ¥§§? are stored in config registers 270 and
280, respectively, of the master interfaces 110 and 120. Alternatively,
config reg.stehiof3 M, uéﬁ&kﬁﬁ%ﬂ by a separate configuration register
for each UOPA™port inprenentéd 1n the given SC. In this case, there would be
two Separate CBHWPQl?%@ﬁé@@k@%*@ﬁ@mﬁuﬁa@@@hﬂ@ﬁY%@EW@sm@nGﬁ@nUhQEﬁﬁnQO The
masters 110 %%Q ifh bl HAS L3 ik Qi S AL EanPUh RN AURHES B0 and
300, respectlve \J% %Ee g%e l eue u ntrﬁﬁﬁactyéﬁppé% esﬁ%t rom
each of th@nwagmemlaﬁ$@ﬁ$@&@sut@ﬁ@hemSEU£QOUWanHHﬁa@vewvibﬂBdhdmI@O has a
counter (310, fdli.BA0) ZUSPHudAm! SAEKLEAGIMTRRNs QferRENALAT, ]

requests, ;8 gg%%%ﬁbe H%ﬁ %M/ The SC‘%%% 'S pr%V%r &'egﬁﬁgﬁﬁﬁgteues 210
and 220 anBPAdstsennecedichitnanredras beagubaritedzs Azn@)iw:‘éwerelaledehtyr)t apyhigstéon

opergg i on bWa!);!hcpJﬁ SR8GT "I\J?&l%dgﬁé QW}&IJ&QOI&@O\J%Qn@AI %‘pa PﬂEAt%%ﬁhcﬁrtoggutcr

instruction (or transaction request) queue ( for each
System”, by Ebrahim et al. That patent application, ﬁlcd in thc nited States Patent Office on

March 31, 1995, describes many of the broader features of the UPA architecture, and is incorpo-
rated herein by reference.

The present invention uses a new sysiem interconnect architecture and concomitant new

25 methods for utilizing the interconnect to control transaction requests and data flow between mas-
ter devices and slave or memory devices.

In Figure 1, the system 10 includes a UPA module 20 and an interconnect network or
module 25, which in different embodiments of the invention may or may not be connected to the
data path. The UPA module may include such devices as a processor 30, a graphics umit 40, and

30 an J/O unit 50. Other units may be inciuded, and act as the master units for the purposes of the

present invention A master wterface 1s defined as the interface for any entity imtiating transac-



master) so in this case there are two SCIQ s 250 and 260Q. Q?Bféb ed with
each SCIQis an SCID register) nanely registers 255 and 226 hal @cti vel y)
containing a value representing the maxi mum si ze of the associated SC Q
30 The circuitry for carrying out the operations of the SCis indicated by
SC logic nodule 245 in Figure 2) and may include conventional hardw red
and/ or software logic for carrying ou(%) 2 ~ hl AR 2pp3 to 1 the necessary
functions. For instance, an ASIC may be provided for carrying out the
transaction request handling, queue control) numerical conparisons and
counting, etc. that are used in the invention. Alternatively, a general
pur pose processor could be used, configured (such as b rogr

i nst'r uct i BRSCVEBT EEFTAIS DA S UEJHEICR & %’g%v*élﬁf*é B‘ﬁaf“ﬁ%%%,”é%?%w or RAM
t o execut®dbnihenfaung DiMsqdisscussed herein. Many conbinations of standard
hardware and software are possible to. execute éhese functions in the system
control ler; any8Y'A@" SuE APRUPPORS ‘B?S‘efﬁecxfrﬁﬁ@teii HhaPEEPIT ed?BUE" F A2i'He sl ave
devi cesI (rs@,ebe&hguia]shdmgheeqmmﬁugesviwah@moﬂ:ﬁﬁmliranjdestahﬁﬁérrasla&tcegor.dﬁm&m (Islee f
master logjc no s 112 and 122). Here) the |ogic nodules represent all o
the i rcul tHR° "f#B‘S‘FféWﬁ’g‘/,‘ﬂ:ﬁf&ﬁﬁ?ﬁvaaﬁ%f‘f%‘ﬁt"éi’ﬁa?“"%é“qﬁ%%#réd“r?é"éé’g@‘é?i‘?“’fyo carry
out the fdaaebh-aRmoidelide, biBY &t ih€idiAGdedRELHEIDBProcas 6@ i /D gortdeRerhadwar e
and software to ﬁo so is a mtter of routine to one skilled in the art)

gi ven t he"PeBeReHG® 8 21 RIS S nvention. (Were a naster device is a
processor) thaot mgparpbses of thip lirertidn, NYraniveti@l’ angnt défiveatd requegtpicked cour se
be made up in large p of, . the processor itself and the instructions it
oxecut o5 oty B aaRaredtvinaRoRy Goron: bt Ry » HRIFRRAT ¢ he
ext edt t oinglipdaihd dhoies implpmesaiing flofyhelrbeigiodt intRedately dbvasthedat. ETheRIRaywir del y
vari abl e and tEus shown onlé in block formin I(:ji gﬁe 2. fThe initialization
sequence WY T ROM Ha " HSEE PIBBA NI FREEPERE L IS HIaFURFBE eI YA 2 M or t he
ar chi t ectathg sanedethof Qe €S the réqiesOfackdi@r b @parae dhtamith Gifest MBis isrdetcribddizat i on
sequence). The in tlr uctions for. ?_e i ni4t7i al i zation sequence are stored in
nonvol ati?&at‘?féjﬁ%fl;? OV ! tRPCUGRBSAT HEHE “i'n t he boot PROM 94. The processor
ML has a fixed\ B p&ss0 écaplehthehndulePRGV Sétemanercamer ssesllet(SOy70awRich r ead

reqyest over address/control line Alctrl: o.the SC 75. The .SC_sends the
eauget WFE RCOITEB AT e HBIE T P55 ThO YR TR Rkl BITEHR D, ¢ bus)
t o t he dahepeal lsuck 83sdituneddgy), whil/Ointeffade i graphizs &amebuffel@nd drhzOBidged ther M.
The 1/0 cotptr.otl | er tuhus &Cts as a stﬂxe t.o. t he E)r.ocets or ML i?rfthi S

oper at i on® P FHESHIBETE" BEVRETEY Y H bUigh SGE VIR EEBP RSP PAETEF It SR Ehat for
t he sake @iy deliad thityac@plsitdansabricmdeuess foadviciag malp s gigenarstava ssdifaedscan d
illustrated; .however,. .the.present invention is equally applicable to
syst ens uasclc(‘r’{f;lané:f"u"av%tggi cé’%i"&'r"écg’sfu gtaséc%]ﬁ%nglé’?a)l ml"‘ﬁ'tca’rylGIE';%(“E'a:(?}r%g ra(%@?resrm nﬁ/@'d ggcesses

t he2Boot RROMsP¥5.t 0 read the code for the initialization sequence, and
sends it vis line ctrl-3.to the SC 75 i s it on.to the processor
ML. In Fi gurehii\f)rc eﬁrgg g&bwcnﬁ’as‘f?ﬁ?mﬁf?%%rﬁag\ag@g’ﬂ9@e§% cr‘fae”r%%‘?‘lg)"es

Mem - Men2th8tainpeécasier dhipeamtmscf islgverie@'rf&icéflrmthcmumreoesd. tUSUEmregiasibiens, | D ,
regi sters, naster,gueues S).,.a ave queues as depict in gure 2;
noaever FoPoghE MYERGR P SR i B L ot B §PeoRE s R et SUBA D
2003 m i nméstg imnefatd andeeR slhveingplodes @ S50 sldVB inaifce. €fhe s pwadcdnhiellefrinkati zat i on
segyence éé\g}erﬁ&t\\i’igﬂhfr(g@the boot PROM 94) they are executed. The first
operation 1s 10 read tHe 1D regi sters of the nmenories and sl aves. These 117
regi sters, as Aldsaprihlsedstab®Vis alsp idsludedsipeist inemokiegumalu?)25 caad isadonplédre val ues
of the re I I ol ' e g a_queues. The
71 ow cont fo iR @Ry ATLPHENLOD, BHERR a0, e bRl ISR e st hat
descri bedsibpledws droraytbhe mSieanpeplesd drdsoiver. Gdhe PBA pors Pintpbe c@figtrheasgatta fr om
e L Cey SHRRELR B A ES ot AR BT B SRR ukaf. Te 1P
regi ster values are witten to the config regi'sters {(such as config

r egil8t er POphitofad pitbwspsihein zoatmeold edegcAbed belofi. gure 1A, 130 in Figure 2).
As discussed ahove,, LNGIE. |5, PRESODL GOl SaRE L REEs Slave), or at | east
one field in a config regrster "for each slave. the Tl ow sequence fol | owed
for this wite operation is as discussed belowrelative to Figure 7. The
/O controller for the systemis used for this purpose. Thus, assuming in
Figure 7 that for this operation the slave 710 is the I/O controller, the
master (in this case) a processor) 700 causes the SC 720 to wite the ID
regi ster values fromeach slave to its own config registers. In each case,
the respective ID regl5 inter value is stored in a buffer of the processor
(master 700 in Figure 7 or nmaster M1 in Figure 1 A)) and this value is
passed to the systemcontroller to the I/O controller (slave 710 in Figure
7 or master/slave MB in Figure 1A), which then wites it right back to the

e . - . a 1 o N o . o — -



Finally) these SCIQ sizes are witten into the master czrv;i rg@ sters
(such as 270 and 280 25 in Figure 2). If the systemis m ssor
systen) then this anounts the processor witing the SCID values to its own
config register and to the config registers of other devices that can act
as masters. If it is a nultiprocessor system then one processor acts as a
master and wites SCID val ues to both its own config register and to those
of the other processors 30 General eration of Flow Control Belowis a
general i zed description of transaction request flow control in the present
i nven 2 1. MAR ?113 12 con, followed by a nore specific description of
the preferred enbodi nent of the invention including details as to the
initializati action
Featieat s A DR b B PR G B kAR50 "o
t he conf |ogtprlegt|cstlelssva217>@s dnd d28&s inny titvudrRSM IROM rivtkidalesgperiatsi lony- of t he
system 1 an. i ope | Lconfig
regi ster%%rg ga‘@g@;@o‘%ﬁ‘%g{°e2§"e¥c“$l %/021[516?; aoe%pgﬂc%ﬁg&tsmg@emgl{%%%la ers 180
and 190, impdachedl elteknloves"desitratioraxeans m thigstre oniyfthat pugh devéces enept eguest s t hat
each sl avel Otk LAce,SaRPaN!fsh hold qt@ve request queue (160 or 170),
and "t he nmaxi num anount dat a at cah be held in its slave data queue (
18S or 19S). Ape azrpyccgnmnnwwerkmahen gwant ekstho Som e o npulgr eftdiffesent ften-10
number - ofy gxa%%%ﬂglczmng?&&glgmhan ﬁsm%se%tsnsktérb&dggwsegmqbagt B! p@\ﬁ?hx@quest
gueue) an he size of ending store data in the slave store

queue. Unisgmiecihs or mmbintetivens. ¢requ@!mgsfam TPF@GF?@“@F?WWWBPNG@SO%@UM ored
for the §layeSnkd omﬁe&x%&s,hpfopw&u&,gqu%s%c&;mc@@sdm?a?smcwrm e SRR
arbitrarily large) and in particular may be |arger than the SCIQs 250 and
26010 | n oidnelrpathsraad it winckioy map brileasedseitherrngithe addigereisdefoinptieneantaingd idi ng
SCQs. g mgalnan fga%s?éa)ckg & on B FroloBhi8b{ RESsatikiepdhBSht 8n thE ARRAKLFON
request to issue) st compares the value in’its counter 310 wth the
val ue i n thdugqeohfacketr Bgiesner beangameint pihaffedrm pero bpgfering. inghe istsrsonnetn t he
config regi st &g, ¥akdiSy chBSInLNE) 5%@&@@%&%ﬁg&@(ii(anzrb@mrcq%&%tmg s sent
fromthe master’'s out put queue 290 to the SCI and the counter 310 is
i ncr ementaeghidnbednyg hasTheengalized contrikes ﬂ@i’é?@ﬁ?ﬁ‘%ﬁ'@@“ F@Stwﬁ pedplisfaveshendiopeses| aves
14018nd  1g0ndes EEARNSR Gty &dyiEd k'&;%&st bt Aestafe hhn Alda D ERERuhdE count er

for that queue. For instance, if slave 140 is the desti nation for the

t r ansact iiBYplyes gheaise pf disteibutedronioriien3ip vatiehdese it isdesrabipfoonainiaip visivdits arthar es
the val ug, gL 0ieaksioReR fa¥hduth-dd ﬁzltygbél'ﬁ si'z@mraﬂgc £R8ddl 9 register 200
corresponding to the ID register e counter 230 value is |ess than
the val ue st ofiEdrd W shoavs@apare genprakiged block dingram of peyssm apguding 9 kesnyene
transact QR rRAUSSLe Muruagrn%m&@t(ﬁf&%mwmgmzm MRS Wonf). ThiR
transaction request is main25 twined in the out put queue 210. (In sone

t r akSact i BHETY BRI I CHRIS CHRINSHECE ShItCa| Eﬂrgmfea?e #Mhis 8 propgsens gnd B is

di f f er entannesis@sber hOMMBRAN SAGRBBle td M1 B ReinflRBIfid &eli@e | €aVe the
request in the SCIQ 2S0.) Assum ng the transaction request is issued in

this exarfisFaidved brdeivt R thsethesband chifag & DMA fifectmpsmoRsaches)oaeratiopothe Ot hi s

ef fect (URAMIEDND Wiltl BasAfmdsiarola mRARRAF Hdvita, subh £ and Bonk EARSE BF mBhogiat @) and
30 renoves the transacti on request fromits input queue 2SO (upon sending
of the repprgyentedreMinsMerin Figgredéeor di ngl y decrenents its counter 310) which

enabbes it t o siS8devian Saddss (whithmay@8dhd)SeviefabBiSmany Slade d¥hvidesyard @93prb3 1
action request. If the counter 310 was at its maxi num (indicating that the

SCI Q 250 YA2ES §1d1thg magiers meamorienasA FAYSS SFF OFPIEhYE & SYRHmTonaAlly B I diksaheom for a

singl e additidnana@le syftaﬂs&moumonseﬂu;ﬂ@atofmeqnasteh@ndrms&(e)rmﬁ%@etloﬁm Ps130. | f
the counter 310 was not at its maxi mum val ue) then the crenent ati on of

t he count®rPIgd v aidaarash serts! bnéd’ 1o datieath GieBorr (BF Interoannssie 1% anwitlededale-s

avai | abl gatir&ssbh €0 RS @re 1| mheeaof,@&%uétiﬁw;u cAAY LR LB DRS u%%%eqygcn?%)
which may be arbitrari e in size (and in particular may be nuch

| ar g&r) 9 dgedryeadse. wa?re% %boﬂwna?fdp@%mérfd“@?é@“é’aiaﬁﬁms7 gelféditt60 and
170) are piefahirbhes diapattcoRes 85SA Wbl At I8sQREs ati on of the present
invention. If separate output queues are not kept for the two slaves (queue
210 for slave 140 and queue 220 for slave 150), or if order



10 ing constraints for the nmaster prevent the use of bo&h gyeues 210 and
220) then the transaction requests stored at queues 250 dnd'AR6@00Bust wai t
until the respective destination slaves can accept them before being

cl eared out of their queues. Such ordering constraints in the system nmay be
global ordering requirenents. That is, in a particular systemit may be
required that a pending transaction in queue 210 frommaster 110 15

(i ntended for slave 140) be processedBbefore a succeeding transaction from
master 110 intended for slave 150 can be processed. Aside from such an
ordering requirenent) or assum ng the pending transactions in SClQ s 250
and 260 are fromdifferent masters) then either of these queues 250 and 260

can r el ease aak@Ruasl ab&Ve, Bk 0@k had RMBIe24Qbalidolb0naicss, iihes 964 puhpyl queues
210 and 220) thereby allow n increase in thr ouglhogut. For instance) a

an 20
sl ave 140'he&xtfEs sontRllemeed ’2’68“' e fuarelinput g€ ELHLOBEP! YEfIE Vo Pg even i f
sl ave 14Qnd &udpudhl (i.e. its input queue 170 is full), and a succeeding
sl ave 150 request from SCI W 260 Gan thqﬂ be sent to slav 138% }f t he SC
out put queues MEPE T HAETRHEH SR I HBr S48 ME P Ped Ty AIsTa hve to
wai ts for (@l@avainddf shewe,Waach ASf Rnaidbeidegcad@spoad-to-pbist 15&sdipsfcosgues t hus
provide truly independent operation of the two slave interfaces, 25 The
SOl Q s 253pcapid 2yt bypsed 19388 e MPLTPRYSTS0 bR BISSHA ST Agfch-cqanegied. fHGCIHsettwt
ihnt glr facesd a(sjld uhé&ﬁiugesgleas,rxﬁngs mee?;ﬁ@mnck.an& as W%pt‘byidtr@@haﬁ? ah%&ssj/c&tﬂfb@tfsi gur eg to
andl e a predeterm ned nunmber of requests from each of the pasters, wt
the nunber of “RagHERPM s eonpededdy a&ﬁ%‘@ﬂi"é/&) ?P%ﬁ@égéhw%}é?é@‘b‘@f’ﬁﬁ“"
ingepenga@tto Qx}iﬁanibethem&ﬁ(a)a;coﬁdaaﬁéo&xhﬁmnhme.gioziemma‘e t}tdl;clePLSG?]g@téis,ach, acrixd dual
in endent of one .another. In addition) it is possihle that_an.individua
motBr i oA e RIS oA BB PO FAE T 1 o
t hat nmastihpr&edirb ) de@HYeSin dgidR Below 9ativeto F3Eid) 4.and correspondi ng SCl Q 250
(or 260) can inh each case be split in l.tiple.queyes. .2 4 M~~ ?..003
19 Any haot or ikt § Wit st rueorot best Dins RePatmaevmiat st by any
sel ect ed Mt @iterfikesn@istrtdstepsyl1 19l sy €20, a Sige SemichitrdilypiSCali 30y tiaesiams ASI C
configured for gi.ven, te it rede ternined xiooum nunber of
rmot er  anttedtiss o Hern I e 150, god o Bppel oot TR vFRL T Bk et
i nexpensipleardSufibédnf neewRand Soves Wiliehndstas nay ¢ @iyiofithe dntevfrebaliscudstd poayi des
great flexi.bil i%%/ and S econofmy l?% laI l%e.owi ng desi ﬂners to easily configure
di f f er ent® &8era] afyiRviceqr eptifies girpbig P ‘ﬁ%’mggé“sf%‘? LUsSeh one tailored to
the specific Baetldavel140 bid 138NAdIGIS & e qhagi(1B50Tand 1 10N sEativeys) i@ reddivingl t he
invention is Er ovi ded har.dwar e/fifr r.e Io%i c of the C%g{ ASJé’C and the
st or  anfERSICHOLIoANRTEy A ey Py oSG YR AP 6 BRI EY SR E P ROHenDr y
85 of t helDeggitters180andsivOespentivelygure 1. Al ternati ve enbodi nents may

i mpl,enent the .l ogic. .in t he shi aons . vi di.n ri and
gene2r6al pur po%asplrsolclg%%?%&Tguéca‘;ragﬁ"%uﬁf O%{)r‘l‘f/%ergll 15?%'892 'e"f’o&%‘%&%ﬂ lg‘; t he
mast er i nihendeadnesjuesss ot Bulfer0IASrand 12, whosd figktione are dt eribaicie Setaif retafiee or ef er r ed
enbodi nent. of this jnvention..Mreration,of the st em.Cont | er 15

et or 11 naAgE § B2 G ors Rerp s BE ol B ae s RS0 (R s a0 a
UPA port refleseagt dy ealses(ie port ID hegiseksah8d add1 90 ggspedtively. 38 gpaclalde whareFi gure 2)
are read,,and their contents are wit ten into th ropriate fields in
the SC coRfFE & B5TEPas compopdsier naaean yout B et 0T Sebnprtvialier st er s)
as @Pscusere dath quale.(c.FNS5% ephatiatveité iled geud iring neixingllle dSfznsiondditghslégi St er

enmbodi nent .is nmore likely to be. . used he UP S e orts .ar

Con s o cepitehefi B o ditEnalorb aidf pdP S K I SR B B BB R B e

appl i cat i peye sitvend8@canfhieed¢ptisentd byhesibarfumyjerr egi ster are referred to, it may
be taken al ternativ t,0 rate conf. eqi ster and ,vi ce. versa.
A ok h10) " ¢ ARl he LT TA0RIBARRY b HORE hOs U B Rec B i)

readi ng tdegpeSCh Blavecy in Higeresl, 2&bin prrdc265lavas d4QundtlbQigay FepreSEE Qysiumba of St or ed

in tRose xl}lt?rg!n'Sto Bgl%_mgnqoggavggcslc%gti ve config registers 270 and 280. 25
SinCe at s art‘/-up fle aan ig registers 200 fields and the config registers

270-280 nust allow at | east one transaction apiece (to read their
corresponding ID registers 180-190 and 250-260) respectively), they are
initialized to a value of "1" to begin with, to "bootstrap” the start-up.
Then) when the read-)D-registers transaction requests are issued) and the
counters are decre nented) the requests will be allowed. (If the config
registers were all at 0) no transactions woul d



30 be allowed ) Upon the reading of the respective )D regil‘s%@s?_g(}ghe config
regi ster values are replaced with the correct values, i €e. the actual sizes
of their associated ID registers. ?2t, v~ ~~n(~3 15 At box 420, it is
det erm ned whether a new transaction request is pending in one of the
masters, e.g. the master 120. If not, the procedure stops at box 422 (but
may recommence at box 420 at any tinme that a new transaction request is
made). At box 424, if the pending trahsaction request is for a read
operation, then the system determ nes whether the master read data buffer
(discussed in greater detail below) for the master interface is ready to
accept data) i.e. whether there is sufficient roomin the master read data
buf f br t oluitediednps Qplaenigat a to be read. If not) then the systemwaits as at
box 426 unti! tS.IPSES L eAE AR A AL RLon iR ubeady. Note that ‘a write
operati on need not be he oi up during a walt period for a read operation,
but may proceed i ndBpletedent thy sizesrnd theirespectieg iseeivergeEs pf ail thy slaves epppleditd on,
the system determ nes;whgther the data to be witten to one of the slaves
via a slave interface or nmerory is in fact ready for witing in

(trafsm ssion to) &)rstse the siagsi of ¢helslaid repeivel dueypstn) regigiers ivithin thoowysudRgom wai t
period is executed) upfiil. the data itemis ready for witing. Wen either
the read or the wite operation is ready for execution as far as the naster
15 interface is cofi®aletranine thesiresal tisgxstepgoontriglersyeceanrasssy: andvhet her t he

val ue of the mast eq,GoDIRTizéd Jf ey FenPERIBIE tect QL GlcEEs iﬁﬁ%et%ﬁ-gvégas-to the
value stored in the config register) i.e. the size of the associated SCI Q
260 (as originally prewigégmteile SCI D regi ster 265). (The naster counter
shoujgd never bﬁ]&@,g;t e EXGEEHL, M iMRlE i H Bf Gkl [dad e AL Bufe §GL St €T S)
but 1n case it did this could be taken into account by using a "> " instead
of "-=' i fielfhier homprrstgoeretapd wrile daf qugye incesghslave. snddhengppiOhese selues intequest s
equal to I i : i i a :he

ot nod pr STEskRs s2E et ol Rl o e R e R
al | owabl emeat the valugsan IP msistarnliand 1 &Oreprssnaneiag thoslrye quee sizes) prestreed insep-o t he

SC, and thg, %ﬁﬁ?xﬂco?xﬁg&'ﬁﬁgf(“éogﬁg‘?kgggpmd&tﬁc@él%?%@ddﬁi@ﬁ., Lﬁm%%@gﬁ thon

requgst pending e master intefface is required to wait (box 510) until
a colpl et SCIR emistEay 355189 363 (repreapnting deiSEcepesize e taredipconie registese 2 e i t

can be iS%.Hdeﬁ}o,Jc&e@ﬁ@igﬁ%?&Eﬁﬁst&m&%c%ﬁbh& fios conpl ete-transaction signal
takes the form of an REPLY signal, discussed in detail below with respect

to Figures 4- 7Alterpasivelyheonfig trgisicb2Qmaybe sepdacedbby aijchpiste configwratiaen rogislerdor ¢ he

mast er i n{.gkf LQ\ofeBRX i 1 lcadel I count er
associ at eg&rvmlﬁﬁegoﬁé& pSCI th?g‘g%(ﬁ %S%S%E%r%ggéggﬁ?oﬁggaﬁiﬁg?%%@? ?%ggx 440.

At box 44dtery,i9ee oeathef siap 1#&anddeP-enent ed by one, and at box 450 the
trangaction r eguBsssters ORI 3solifclide t8RALidAYedubE oftBtgBEuet 800 A8 3&S- Thus)

t he counter 320 now reflects the sending of one (or one additional)
transact i 6PFcEYyElBSthichyare yieqd o qyenedp Frasestgp BQUEhAtomFaieef therpasies Biealaers 590- 520

al | rel at enelse 190t RQch SELE 10 BRL1200E B0 350) uHd th Badkfe MBDLESE OF
master interface, such as master interfaces 110 and 120. It wll be seen

bel ow t haPewsénessnspsionssguesiichs S6wtibgdelor: e, al nost al | of Figure 3B) relate
to method stepgnERt MRs Prtividedwih obtut gfiRe SYRIBIDIOAN LAbLAED doaftkrs 2BO¥RE 460
and 5 relate to the nethod steps of reading and witing data as
appr Opr i a@é(_), respectively, whose operation will be described below.
The SC 130 also includes an SC instruction (or transaction request) queue (SCIQ) for each
master, so in this case there are two SCIQ’s 250 and 260. Associated with each SCIQ is an SCID
register, namely registers 255 and 265, respectively, containing a value representing the maxi-
mum size of the associated SCIQ.
30 The circuitry for carrying out the operations of the SC is indicated by SC logic module

245 in Figure 2, and may include conventional hardwired and/or software logic for carrying out



The SC is provided with intelligence and/or |ogic (har dware and/ or
software) to determ ne whether it has a transaction reques?t pARI2BE3 i n its
request receive queue (such as SCIQ s 250 and 10 260). If so) then at box
452 the transaction request at the head of the queue is exam ned to deter
m ne which slave is intended as the recipient for the request. This queue
control and recipient determ nation |lsotcarri ed out in a conventional
manner. At box 454 (Figure 3A), the hod det ermi nes whet her the pendi ng
operation is a nemory operation or a non-nmenory slave operation. If it is
a nmenory operation, then at box 456 the 15 nethod determ nes whet her the
reci pient nmenory is valid) given global or other ordering constraints. Sone
such pOSS}ixchlchs@zOﬁSdnE:ﬁin@t Bornﬁslzaateaﬁe.sdehayi;engoxﬁdme f@fmﬁ8§bmg1e01fanﬂctﬁﬁan0ry or
sl ave reguest b%;j ven maet un ny r uests to %’f'K g rmry or
sl ave) reEPEULT é‘r‘%) "By PHAT: LEITEC pa“ °£?e resOIVed "FhEr "% " ¥fom a
gi ven n’B.Sii\&hmore /gtcrrtmscﬂﬁla ga:)crzap&emcemces‘soxtdbam:baoicdmomm:rddeqmlessttsy e slave 1
may issue a trans sact . 9N, reguest %‘t% rrml{/l) c:);(we 2. Apre
ferred e %f' Ctuoﬁﬁ‘scfr'ﬁ e P R SYeTEm eaﬁsurer%' tHat af {FE°B¥ndi ng
sl ase 1 negmesioas dikcuesl hasiner 1) are corrpl eted before the new sI ave 2
request is executed., .Thi ure n ve_1 action e new
sl ave 2 transgjgaflyﬁﬁm?ﬂwg’ﬁ?s eai}da\f\ng d‘\'ﬁaat\:/%[%ta e g Osmblljd?‘ execu‘%f r’:f)e §"gl o bal
or deri ng tiohs mrtmaremlcmonlequ@shssaﬁnmm ofjihy @mctivms teericduiut in theaipeddvict
requests iss edtodf Jntalned This onpl i shed
by requi rf5g atvﬁeoglcm? it E‘gzsaé‘\%g?%’ agl}séll%maSt m (cfcgaﬂﬁﬂoglror%d‘? Sgl\(;lg rTcpbefore
i Ssui ng tize). sIﬂaueheZogneqmdaﬂts rc;dcsscmmmcbetuwv pﬂogratmtw nsryisrtym jntalli- may be
pre% rabl e to all ow mast er 1ftrpcu1(‘mseo %mv%rsuyoela ﬂ%d estknllgo sl ave 1
dut  RRBTEICHGS B S REB Pe (PR RS AT 1o R TSP Sy oA 95 SRS 1.

Even in sd hofs\yzst and soisrmnatcn@fyonluexcm derskuﬁgi lonhmthglvcxnbmewhmlgmf gisupon

transactlonsth can te rarll nNenories. or
non- moror a4 ae R SR S it e RaR pciout R tEEDMERRRSS fhepr g

t er m ned tionzasefcbinanbd mile sp mrlar’gc pant gighretpredsamitseih gtdalieshstortidpoit bxecaes.)f or sone

LG RO Y- AT A e B
wai 13 untsoftwhis@r herwiary, areswidell ivarisbtechnd vats k!abhemylm blpdieforne i Riguee?. rrermry is
valid, then atT E @éﬁtﬂhe dacEauis v!/‘g zgzscnb w ege cl}]cntcg( fFr1$u Senngagf

requi red and t fransact’ on conp naI
descri bedhé arcgteeatcé mdﬁ;gtaesl 6-bEbrorhe fidw canirel qf Mdmngizhmmrsmndeb MThegnsauc-

non- menor n ctl on t he X t he net m.nes whi ch
slave is 18 kog\éhee 1\:}18?1 e regt e%etm ‘2? %%m n%ﬂ‘g’ia KM esrem ﬁélﬁ] eﬁﬁer t he
reci pi entoosPROM Q45 The pratesebr Midiaph fixed addressi té;e b¢q°rB§10§1 Sfemdtabe@ssos rdeyi ng or

ot h% COW%& TS SovIEL P&%?c%%&l@é! ﬁfqu[}] 1 SRk 535, Mé%ﬁasttpcereﬁ(ﬁk yaits
until the s e IS va ave s vall or 'S transactlon)
t hen the ctataaatbae@trcd ting e pue® (Whichmeaydd an ﬁrtbé besiéo hodatashonditag9%@hishiput
queue (S cgl%&sg{c ntrelfcrme g 6 HEARRAGH bO §tath g%/fg Wl&rﬁ
transacti on, an at I's tine ﬂ E;rgs t he %é %veso tﬁlLr asfoapat 155
via a dattapazptrammt r oI si gnal) and the master ( whose transaction is pend
(It should be noted throughout the present description that for the sake of clarity split
25 address and data buses are assumed and illustrated; however, the present invention is equally
applicable to systems using shared address/data buses.)
The I/O controller M3 accesses the boot PROM 94 to read the code for the initialization
sequence, and sends it via line A/ctrl-3 to the SC 75, which sends it on to the processor M1,
In Figure 1A, the SC 75, masters M1-M3, slaves S1-S2 and memories Mem1-Mem?
30 include the config registers, counters, SCID registers, ID registers, master queues, SCIQ’s, and

slave queues as depicted in Figure 2; however, for the sake of clarity these elements are not shown



ing) is then able to nove the data through the datapathtip MARe 200%ropriate
sl ave input queue (185 15 or 195). The SC then sends its
transaction-conplete (S REPLY) signal to both the naster and the slave (see
di scussion below relative to Figure 7). At box 475) the SC 130 then checks
the counter for the recipient slave, e.g. counter 240 if slave 150 is the
destination for the pending transactign request If the counter equals or
exceeds the value in the config regi stler .e. the size indicated by the ID
regi ster 180 or 190, which were 20 read at |nitialization)) t hen the
request is_npot gt allowed. In this case) then steps 530-550 are foll owed
(essénti alufe ntl cal to steps 500-520)) until a free Line opens up in the
destination sl am& g o s{od M3deeiewevddnie thalmamtseqwnceequ&@mons frémthadoot
appropria ter 230 % has not. reac Xi-pum al Ioweéi val ue)
then it éﬁﬁ cr%;rre ed” xﬁ?”%‘ném BX°PA805" " &nd" the trglrsllggcotf ,H;gﬁ“ “Fgués

sent to thevdssedmmeélmreg;dtaves (ihaxbc%bo&@@)th rdspect fodigrenidicogait rhansastor ol |s a

sl av readreuette atthls 5).t goeratlonls
i ni tSat ed. e V“Sl Ve s’“coﬁp?ne%uc”esg Wm aa\?aequscéer?d?srh%p(b" {5@% VG ERRTSE ang

the SC sendsedSo:REIceéd$ptraudoﬂbho»tshmat dequbeswmg forabd Yavedivdd Flhe Coewedi i ent

sl ave. Se S ow, - |_at r details
about the%t uéen%gl}:ctcﬁ%ﬁrsang] 2‘2 YT ow Sl'run%lc%\‘;lé ardgtg(?usr@ag%%%\gﬁgo At this

- point, the net mmdlldagmtcpva@@eedsvrh@n toabe 426 egisEisdinck aBANfig regsted 200)

et o ey S AR 95, PSRRI 0P Sk: 8B, BTy Bl ctl'y
| i nedl sechzmecwlech ar@slpe&wnet fu:lctjinfai:exrﬁemglsttqréwrsadtsl&ynswqftwugd[ueﬂ@tfola gi ven
transactiqn | i r n | e nt

transact i gn rdggﬁ%st "éa cf)at'%g?ﬁa)sms% %d b%lg‘gg‘g Vrgct)om}g rlrgmc))?gétlzgcorrr%g?eéfw
interfac eshmyetnmasxzsamﬁir lrés purp@n SHo, |amunﬁreqm5'gtuei7shat$®mled0d:¢5aubmme 8&vet 0 a

sl ave i nt ey, s .an e er

i npl enent edB CI/&CO"%{OP(E)rIyQ’% a%u&gs g gsaIpl9 {2@,2%6 ausc??rr os\;%vticzgn ‘P’ré%“’[cakes

pl ace in tlbgeginesehts ﬁrmemhlstanc fodts oemcdnfigfesfseny. Idedchesserhe resppaive O reg-

| ntortace T2 aeR ot oyt ST WL R AR OB Y ol sl MITF BT = 7V
Figure 6. Ioedd d}Wllmssferimwlasyd@mlcgrarotkrhemcﬁ/@monmmyve HAdh Pﬁglgma 7:
wite oper r . I ations) such
as cached rﬁ%ggg?{cahgglgﬁlg%%IR?M| chcf‘}]v\lai%?\l/tg@’t eaXlétr?(])Lgep usl?c%%{gﬁ%vf otgeus of the
present i rdaapith proyided for pusmirpise(daaiys ThesBigwel7). suf f i ce to illustrat e t he
features of th {: .fo ME

Si rrplg(|h city the%}c‘]%éﬁg%&alﬂ éﬁlﬁi%ébrﬂglmt%ﬁx gogiéaggh Lo otind gure échrg%'esngrt “shown)
but oul dy#tem gortrollei(oadhe amdlg in Righyg{/ter n%ﬁ@taewﬁom Bigéra2es (UPA
20 por £ ) Badeciius L GO EOLLES in deSABIEM ALY 3508 Lon as
in Figure 2. g ElSét;%e transf action controré‘{éesr(':a%1 gréc? ove%&otg"ﬁ §pect to
Figures 2 \m@ S“hlsgead@eem@ri is hxeduted usingwietfPO gangpldartof the SFiegurﬂe‘dﬂﬂk-IS;hcas wel |
as 6-7. {SRAD DK S e SRMWa1hdd 1EL BUES S, 4 not include
sl ave queues asma{"sl%&m In [&%Sﬁe eanor aéoes tﬁﬁsyrsqeeéiﬁnH nteg'gftf in Figure
4 need to incl GoelywthetnIGLY szeg)irg wakterdnld tEanassyeande sesistery (F\UCFP-QZPIO@anSOr at her)

convent i ONgkigldeR FAHUGAbm S DRIYRKDr FstbR Afen (B aiibhdtEme bloBRSAGEY the
SCID values to its own config register and to the config registers of other devices that can act as
masters. If it is a multiprocessor system, then one processor acts as a master and writes SCID val-

ues to both its own config register and to those of the other processors

30 General Operation of Flow Control

Below is a generalized description of transaction request flow control in the present inven-



requesting device and nmenory nmay be utilized) and wll be

i npl enent ati on-specific. Many standard designs that ensure?thdtAR 8213 and
wite requests are properly neted out to the nmenory banks will be
appropriate. In this exanple, steps (boxes) 470-490 and S30-5S0 in Figures
3A-3B are replaced by equival ent steps g r control of read and wite
transactions to and fromthe nenories. In Figure 4) a specific

enbodi ment of an interconnect nodule 600 is illustrated) where nenory banks
610 ... 620 are the slave devices) with a total of m nenory banks being

i ndi cat ed tion, %Ubwedbyax@r@sée%nﬁ@)ﬁc&h@uo%u)b%r FetrRd £ odimdnfbehhie ThGHRBn BRd-
likewise nultiple master interfaces (UPA ports) 630 640, rn_ the present

exanmpl e 32 p@d¢tais arsrﬂ@rfna&éga%éﬁwcr%ar%%veepnsgﬂ fﬁ%@’é%ﬁfﬁéltﬁf?f)rs‘w“w. 31. A
datapath cregshar 625 couples the nenory banks to the UPA ports in a
conventional manner. As a rile) in this oBeratr on the order_ of receg)tr on of

the transacti on AMiinsalizatign of ‘hﬁéo‘t%écgésr‘?i@ 0 grthe ¥pl3P aBS}“’Fﬁ%"fsglr&%’é‘m

i nterfaces. ., yDsgENKE Abstdrt) nbinGYbESatibn 6f thé gﬁte@r"l@@éan@ﬁmﬁﬁiﬁﬁt Buling dpafiticalipd by
the circled event nuneral's 1, 2) 3 and 4 (wi th acconpanyi ng arrows
i ndi cating SGEAHIFRAR ilrPnBs redisten2Q0 cepyRfale FEPERHYS V%%CSP %%é%%ﬁgﬁt%%l&%r

each fi gur eangWobhanhi REnce M B8 nidkintuinindsel ofttadaction PeUBNIRAIRBcH shvE i €s 4
and 5 do not include the slave queues and ID register of the slaves shown

in Figure 2face 4@ bprdle g slgverausst Queyedho01q 149 34 Ihg maxismpareint fdlgiadhat ¢4
Fi gures 4- 7, SghnGs Qﬁveumee{us&eqwb &rQ%)n@Jt Mg@lkhﬁmsttmuaasgro 29 40tbAa the

respect transaction request control (see wes 3A-3B). Thus) for each

reques? i sstiseher PHRENApR HePSpticr @ e theePT %sa?rsdmstsat' § Res yeyee prsbatizef and

decr enent at ih@BeddingCstdré #RMinAM sidve s@e RfdfuBe. tUnibueti r&ensaaﬂue@medtssn@,emtsmaé an
appropriate tine. The respective queues are al so handlg oprr ate. 15
Nf ermr v Ren@l 9REHtangss esftgmd far thersfayey149apd, 13048 quipyl qugves 21 ﬁaﬁé? Bmgdet hat

data is coNiBPrafilyQMgARADMpartROEr MO De 18rglr thanl thOSTIQ’sQB0 bkl 26BN BORKQREEWRET ONS
on the snoopbus shown in Figure 4 are not _ in (fonsrderatron here. Ev n 1 ~

Wien a UPA HBRSESFEONBYYreRER Knaeussa coeesprrding S51Q°8ad- f r om nermory transacti on

ready)isand the n@BEEL mE@H £ nabtér iRREadR!110,1hes drdn9ioB6h BRXLTY SR BrsPM-430 i N
Fi gures 3A-3B), the 20 read transaction is issued on the UPA Addr essbus

from UPA poP#resbpvalys infiscoupier 31 withthe yilpcin theonfigrpgizeri240.i I thecqpmertyplue e
event 1 (P_fREChafuhe BehfilR&istdPRa106 died cE8fhyibB iskiled! um réue¥¥id £nf fi6n the

direction of the information indicate the arrow, .i.e. fromthe port to
the SC. Evefestss:’s opfput aysip e3P ‘e}*tﬁSéHPr%%- cpynies 41045 ereaented byene) / CAS

(col utm- addr ess-"Bite'STPED thed@dRFhinks6 WARGE B the fwd SHEETH0ANETSONRIBn¥actioRt r 0l  bus
670 taq,the menor bank

610 . 20. See 25 v alon bus
670. en - "efHEt zQF%‘B&‘f ﬁmfl@m%ﬁmr@af fBS/‘“é‘ %F“@n&?‘ ’%ﬁg"dﬁ“ggjsf‘i‘é b‘}aﬁ
Cﬁnt (r]I ol bUSEﬁ&Q)forall;Hirdﬂadgﬁod reQU¥t, mexemascosmltugg&swggiglhmag[@dudfcha W%lbet 0
t he datapath crossbar 5viaa ne us and UPA dat abus 7
This ful fil F‘g“’f’l’r‘&’?‘@‘é‘blgF Ytreiathe @ego f%‘is‘éh@fqﬁsf’?"é"‘ﬁé‘q&‘]‘ég? Eegispe g‘?(} rEthe

Fi gure 5 depiuates 23mﬁ1@amsmmu¢ YalwSstdréddid kiR cOnfigredistértRenf thOSC 130 BévkE @k ent
because it relates to ? ~1~ ?~~3 FF%’O C&\%\gon cached) waste operation

i nst ead of Ea’fsé%f’rﬂ’“é‘i?é?sé%m’ﬁ%‘rﬁ q cquatef ﬁ%é“"dfr‘mta?fé’“\x&?t’% 38y lest
al ong 25he URkeadtine sspitiygede®0. (1 s@ivertinsadriorshi@atetbtb afpiaiing doasitain®d foftrgh3ad- over
the bus 680.is sept. to enable the datapath cross, har, 625. , an REPLY
is sent oveFoBd& ‘g&ﬁe’ﬁy"qt”ﬁés@@’ P ENE LR ?foqtf“aélﬁ@%f%"e%f:@@s‘t’ﬂg’% dat a
after the dacEp2dd) i s schedul ed, and the data itens are sent fromthe UPA
port 630 to the data ath crossbar over. data hus 70
buf fered, in prepifa 56}?? tfaﬂ?ﬁc?od’rr%ﬁﬁﬁr'sr@s”f%mtt 2% r‘i}e"ﬁéﬁ%%ﬁ ‘flﬁ‘rség"bbr nt)
t he count er tdthe inAger UPA\tq1bik Effécs (L(ﬂ»ﬁﬁé(ﬁdimftﬁoﬁdf the trad3aaniod, Rat tha aishe bf ddtHRsact i on
requesslois avai lable to the s em cont r ol 5

removes the transaction requ st rom 1ts mput queue 250 (upon sending of the reply). The master

110 accordingly decrements its counter 310, which enables it to issue an additional pending trans-



In event 3) the nenory banks are enabl ed via bus 670 usi ngz%ﬁ,{ﬁ@\?g@j gnal s,
and data 10 itens are sent via bus 690 to the nenory banks. i's' conpl et es
the wite operation. The foregoing nmethod ensures that no wite request is
issued until the wite data are ready. E.g.) if the databus 695 is 144 bits
w de, but the bus 690 is 288 bits wide, the data words are buff ered in the
crossbar) assenbled into 288-bit bl ocksl3and then witten to menory. 15
S~~"~ Read Requests: Fi rrPre 6 Figure 6 illustrates a read sequence to a
sl ave device other than nenory, and is simlar to Figwe 2) but for this
exanpl e a single nmaster interface 710 and a single slave interface 720 are
used, lcouplaedrngaussts Jishesaueisnt 0oras evitsPeampm(indiqqarspths XHQLebuss fviBothe Event
1 indicat eg theelSpUAAPaR Bhnd 718200 GHHE & a%n@ggjﬁfﬂonwgasz@d@l{r@ﬁstb% 740 to
SC 20 720. In event 2, the SC 720 sends the P REQ on bus 750 to the sl ave

i nterface 7oOmasky l§Qtorths SC 13§. I Hsrceunigr 8 L@ wasaoapt s [mavwiumyadief tieeldg dacke SC
must first deecodR of BE AHH: 836 sikBlyGRIUIE 1d HAhurhtRPof iR @B uehiOa i1 EQN T ECT
slave interface. Event 2 inforns the slave interface to prepare the data to
nmove tshr oughe mpsderduierfgsatll0. 25 When the data itens are ready) then event 3

takes place) nargl Yubt§uefl i Mchd0h0avHichRERLbY of iy Qe § @¢QanblPpdreuidre SC
720 over bus 760. In event 4) a series of 'steps are executed to cause the

mast er i nt epfyReanyCh largssaf desiredhdhap aEER's 50 2p0 BoGsnd slava 1Byt Avfucie apht’R) #30)

and issues QierabRBELnbt AMELE S thé 0Berh®nlon the FRSEER [nvidtoR! fragRraeQipul dle
addi tion) t}ﬁeeSC i ssues tﬁé@g REP \; 0\7er bg?mo to the sl ave ?loc,ﬂx %’cc? drive

the data, 30 pRi&eptifer thestwosiaysy (augrer2h@Iog plaxpet48 atdopmere 2Qierslay b Qhioq iofrer-

dat apaph arﬁﬂg ONfraibit Bor i ARUS pROGh: 1R u’ém_bmﬁfu@kshfﬁﬁﬂb@&@m_ﬁ%-naglsaaioﬁ ~F~"~
Q03 21 SInve Wite Requests Ig~~r~re 7 Figure 7 shows the identical

appar at us J§ayEsty steed@t ausues 250 rpd3G0apuskwait watl] the respegiverfeginpiagHaressamacsemior y

slave interhagge{R RifFRRLRH obiYfiiAmbues. Thi S _sequence ensures that data
cannot be transferred until the data queue PREO_&‘DQ of the slave interface

710 has suffi ci Sieh FPHE coPsFamisgl e sysETHARY b SlbBh RoCANGLeanEsHErT o2t Edaest
count er 810,2maads kA H4§USreaRHalRA &E&Qﬂ@rﬂ‘ﬁnﬁm\ﬁﬂn agéué PR Rfn hsthr 11NESE are

count gcs to_ determne how full the PREQ queue and PR DQ queue (sl ave

out put ~ dat aligjendadior slaw 140 be)presqssrd |bgfore apsugagecing tapgactondfRIe mayes 14} inggndeder ent
si zes, thengt figier 1582808 pb&skegounters 810 and 820 are of different sizes.
If these two queues are the 10 sane size, then a single counter may be used
in the SC to nortsidsAroRbINCE 8 PrdgsineReqy el ohpseuming Big pending papsagtjopgip S@@’m of
the wite opsyaalbeiark frottifferent FaBES théh eith&6€ thefqub e 25BSH @60 LRt QEkage 700
to the systemcontroller 720 over bus 740. 15 Event 2: In event 2, the SC

40
i ssues t he TEIGORTRET Pre 198 and OirdhstQouPY ArRRs HOsng 33D, theby allowing an

20 increase in throughput. For instance, a slave 140 request in SCIQ 260 can be sent to SC output
queue 210 even if slave 140 is full (i.e. its input queue 170 is full), and a succeeding slave 150
request from SCIW 260 can then be sent to slave 150. If the SC output queues were not provided,
then the slave 150 request would have to wait for slave 140 to clear before being issued. The SC
output queues thus provide truly independent operation of the two slave interfaces.

25 The SCIQ’s 250 and 260 are independent of one another, as are the master interfaces and
their respective counters. Thus, the SC 130 is configured to handle a predetermined number of
requests-from each of the masters, with the number of requests that can be accepted from each
master being independent of the other(s); that is, the sizes of the SCIQ’s are independent of one
another. In addition, it is possible that an individual master may be capable of multiple requests

30 independent of others from that master, so the request queue 290 (or 300) and corresponding

SCIQ 250 (or 260) can in each case be split into multiple queues.



P REQ includes sufficient words to informthe SC how nuch dat ¥ARs2083i ng
witten. As nentioned above, the slave data queue counter 820 is used to
track how full the data queue PREQ DQis. If the PREQ DQ queue is too full,
then the wite transaction nmust wait. The data queue PREQ DQ may be the

wi dth of one word (e.g. 16 bits) or a bllgck (e.g. 64 20 bits). Miltiple
transfer sizes are thus supported in theé current system Possible queue
organi za tions include the nmaxi mum capacity per request, or sonme fraction
of the maxi mum capacity per request) e.g. the 64-bit and 16-bit exanpl es
cited above. If the queue PREQ DQis sufficiently available) then the wite
operatj on may prageeder Ewrhm%st mansaavo%ato o) slhitevisthe SEhRAM, 88 LibiEnSRLARAL h
730 with a datapath control n "DP ctrl") and 25 issues an S REPLY to
the masi er PrtErndeavesyEhe %%sv'lgtmw% bgrep ¢E1¢ Frafigediopmeiv e yetar & B geJo.

I'n addi ti onkhih&r SSumisURRbLAE mastRERY Yia QVigkeRids S8R it i9a teddiivelly BonpH AN E
interface 710 to receive the data over its data bus 790. The transaction is
conpl et e asinprpengive ANE Brasterarses WY he s 5 apagichd@rayifcserst igkbliendi ved
the S_KREPLY.@Rh mdﬁlgg J@%mb%@a;,ma.afgefermr&vsc sahBwhus @0t ¢y3e

dat apat h crossbar at this point, even though the sl ave
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prepared for an 'ﬁ@db%]é R dle chirARS&R bf @invention 1s grovided BY R dw e BHReAe IBR of
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the dest ui a8k AdGrad te maser mqél%wcg’g%ﬁaﬁ RyPggER *hﬂycws REfEQAYTBRIRPT any
order to thgs sfiBY&sRAY ks shdWAn rr,%)rcﬁ R adiRe Bhediimats Ha] inpledbhtitNeo@t ifdi €

i nput %ueue PREQ DQ before the REQ arrives at the gueue PREQ of the

sl ave.l0f t pther fRRinperf<s- by W@‘”ﬂé‘ﬁ&“’WW‘FS 3 GenetAbPYRISE PRRISFYS (O mPRuREy Adthei ves,
so that thegglsakeutenydRS Bister erfabl, FJ8ehichRidI hnd SdveaRRrfiRs oftthepreiiras
Alternatlvely of course, the P REQ may arrive first, and the data second,
in which ca¥Bb9diment At thisinugrel y be witten to the destinati on address
specified by the P REQ Ev n ~ Once the slave has cleared the requested
data fromits data gueue and the transac tion request fromits input queue)
it issues aClpempiioefihgsysieniontlery o the SC) indicating that it is 10 ready

for anst her transagtihghow H8gSG o8 eammaﬁzdng.s(&%mh%a& C@&@ ﬁﬂ@pﬁ%&:m
accordingly. The transaction i s now cogB%ete fromthe S oi nt of view,

i .e. there HgiteRdegptesiare Dosgisters 1BRanddRe i Iigure Rraregead, Wda‘h%%‘l"%ﬁ 2O Valr i1 ~

15 The trangasdith 6RIphSHEidicddsan M8 BClBIRy rBdistére0 €stlintd Yep@raldBtliRite AR E RgOr
nodul e (hardware, software, or a conbination). These include read-data

transfers, T Bsdistessed pooNer divgseraipte fipldginastisini cops egistrrambofiment ihmorse

read and w iikedy foG:[&hch&wthhlﬂiUPASOSIafr&)rpoEQ(aéTBArﬂgur%@'hh YWPROP! ihQ&H RS 5 pérBID
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foregding dEEBHFgnitsPresHY RBI?IET@?‘?% ﬁh‘ﬂf"cﬂg‘ﬁﬁs ‘?F}Sﬁg‘? register aprdeirTeio B B0 be
gover ned) bytalkheali(all‘)rdﬁi}cljﬂfoMahk@)afa&ibdﬁﬁg@gxst%.gﬂﬁ vROS&HDI | :j ties 20 exist. For
i nstance) a link, het n awite request and.the wite data na

acconpl i shed by %‘s%"?‘mﬁ Tﬁf@é%‘sf"(ﬁ’é“dw ]t"(-f"g vhighdayol ‘%iﬁffa?h{’%x‘e SCID reg-

cor r espondi ReraEssand Tdssaanmdfﬂmg tHe®@Id siz&giolee ums@sd régisterd) W&Mumﬁ@ﬂ
controller and pro or of the conpletion of a given wite request; that

is, the wiSSERY é‘a&??oes its token along with it) and when it is received

t he hwr25t e req ueSSmdbathtﬂgui ne c&&ga@swl 4 W0 @elldt almﬁemb dosfi gﬁagms RT0- 18D mnmﬁeyt e.
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replaced with the correct values, 1 e. the actual sizes of their associated ID registers.



| ei) whether or not there is a data transfer. As a genera§ r’rﬁt,t,,e@mt he
order of events for various 2 4 MAR 200 23 transactionS'\;(/i | 'be’*Read
fromslave: read request --> slave ccad reply --> read data uansfer
(optional) Wite fromnmaster: wite request --> SCwite reply --> wite
data transfer (optional) Wite fromslave: (wite request/wite data
transfer, in either order) --> slave reply when waste 5 data i s consumed
Thus, the present systemis adaptable to nany different ordering schenes)
or indeed to schenes such as a token system where no particular ordering is
required. 10 15 20 25 30 2 ~ P~hSz 7003 24 CLAIMS 1. A nethod for

control king transacsd«anofil 9WetkiufedOPIRL ShcwsiiatRidd BleUdi Radiak id &#@%tmene
mast er device, at |east one sl|lave device, and a system i nterconnect

connect ed betwelen. ¢-héherrasstesd 2 Hfine| hyerogreic W8S atPREII2A{P UMY IFfOBMeETHPISi ng

a circuit sepapatfy likeMasahddy MB3b&Ion HQYdsEE nflg. having at | east one _
i nterconnect request queue coupled to each said nmaster device and each said

sl ave devi ce i ncl &Hbargi24tif he perdingeansacugnd equet] iefsr 2 Gekersradoth@dha ysieni d

system isnt er GERRGGLs wHefher MBHRQL b RCdathhufier (8kaRRd &f gredick ditall bABSYHOE thi REst&
first transaction request froma first said master device to a first said

syst em i nt er CHFFRSE iS;ready Jo e iaft i YiHe PEre {5 SHPGIRR AT b REifard fa bpffey ¢ st

sai d inter conpREeivd BELIYR baHAUEIFAbt, B8 Be bysleflwasty 84 # 60 426 BhGIAKYESTer rebBdata
determ ning a recipient slave device for said first transaction, request;

(4) det er m nibyEenimhepte NahBataewith PREI08 perdaol Redgilap dyting v ot PriRd frr d&sei ent

sl ave devi ce gpgra@dbhidRlyPrdclediREPRAdesd); tnd VideSkershr ansacti on request, and if
so, forwarding said first transaction request to said recipient slave

request Queue; ( 5ForacwRIE oPaitjiogaihg ssiemsdetefipinpiouhiethenihe faty ipdstwritien tofing of the

reci pi ent sl ayg.d Q58T iRtiSHE or BhoSXERWck REAySRE Wrifinglid trah§RARSSCh) PRasigquest
by said recipient slave device; (72 notifying the systeminterconnect, by
t he sl ave dewrétepufquralff nglhpgRinF 4t }3%4 6 a wait period IS executed, until the data item is ready for

writing.
When either the read or the write operation is ready for execution as far as the master
15 interface is cqnccmcd, then at box 430 the system tests whether the value of the master counter
(in this example, counter 320) or equal to the value stored in the config register, i.e. the size of the
associated SCIQ 260 (as originally provided by the SCID register 265). (The master counter
should never be able to exceed the value stored in the config registers, but in case it did this could
be taken into account by using a “>" instead of “=" in the comparison test.) If the counter has not
20 issued requests equal to the total SCIQ 260 size, then this test will be false and the method pro-
ceeds to box 440.

If the counter value has reached its maximum allowable value, then the transaction request
will not be passed on to the SC, and the method proceeds to box 500. In this case, the transaction
request pending in the master interface is required to wait (box 510) until a complete-transaction

25 signal has been received from the SC before it can be issued. In a preferred embodiment, this
complete-transaction signal takes the form of an S_REPLY signal, discussed in detail below with
respect to Figures 4-7, ‘

When this complete-transaction signal is received by the master interface 110 (box 500),
the master interface decrements the counter associated with that SCIQ (box 530) and proceeds to

30 the step at box 440.

At box 440, the counter 320 is incremented by one, and at box 450 the transaction request



transaction request has been executed. ~ ~ ~A~ ~~,0~ 25 %. Fﬂ@;@ﬁﬁpod of
claim1, further including, prior to step 1, the additional® %tep‘o N
determ ning by said first master device whether said first interconnect
recei ve queue can accept said first transaction request. 3. The nethod of
claim1l) further including steps of: stgring a pending request val ue
representing the total nunber of transactions that said recipient slave
request queue can receive; and naintaining a count of the nunber of
transaction requests present in the recipient slave request queue; wherein
step 4 includes the step of conparing said count with said pendi ng request

value, 1,0 deter i feint ikl Qo RCRLE R Bl %r%zaﬁau?cggugag&%mgg&o%gg?er%tncthe

transacti on reques count ess than sal endi ng Tequest val ue
4. The met hocdditiogd!ptramsdktiof ignedser i ncl udi ng, after step 7, the step of the
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mast er device, Pa V&l ues repres £ Ag P ueue size of the interconnect

request queue coumhedCtmprbhaftd wmsmehhg@ewrcié)r logic (Mrdware trfilfrd saffwace]) i chsteitmme
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determination is carried out in a conventional manner.

At box 454 (Figure 3A), the method determines whether the pending operation is a mem-

ory operation or a non-memory slave operation. If it is a memory operation, then at box 456 the
15 method determines whether the recipient memory is valid, given global or other ordering con-
straints.

Some such possible constraints relate to delaying the processing of 8 memory or slave
request by a given master until any requests to any other memory or slave, respectively, by that
same master are resolved. That is, from a given master, e.g. master 1, a series of transaction

20 requests to slave 1 may issue, and then a transaction request may be issued for slave 2. A pre-
ferred embodiment of the present system ensures that all of the pending slave 1 requests (from
master 1) are completed before the new slave 2 request is executed. This ensures any slave 1
action upon which the new slave 2 transaction might rely will have taken place. Thus, strong glo-
bal ordering of transaction requests from a given master with respect to requests issued to differ-

25 ent slaves is maintained. This is accomplished by requiring the master to await a signal called
S_REP from slave 1 before issuing the slave 2 request, discussed below.

In other systems, it may be preferable to allow master 1 to freel); issue multiple request to
slave 1 without awaiting an S_REPLY (transaction-complete) signal from slave 1. Even in such
systems, there may be ordering or other constraints upon transactions that can temporarily disal-

30 low given memories or non-memory slaves from accepting certain transactions, either of prede-

termined transaction types or from particular masters, or both, or for some other reasons.



storing a pending request value representing the total nunbérM8R 2003
transactions that said first interconnect request queue coupled to said
first master can receive; and naintaining a count of the nunber of
transaction requests present in said first interconnect request queue;
wherein step 4 includes the step of conparing said count with said pending
request value, to determne that said first interconnect request queue can
accept said first transaction request if said count is |less than said
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If the pending transaction is a slave read request then at this point (box 495) the read oper-
ation is initiated. When it is complete, the slave sends a P_REPLY to the SC, and the SC sends
S_REPLYs to both the requesting master and the recipient slave. See the discussion below relat-
ing to Figure 6 below for details about the transaction and data flow for slave read requests.

30 At this point, the method then proceeds to box 420 in Figure 3A, i.e. it is determined

whether another transaction request is made.
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10 Figure 4: read operation from memory (i e. where the slave interface is a memory
interface;
Figure 5: write operation to memory;
Figure 6: read operation from a device other than memory; and
Figure 7: write operation from a device other than memory.

15 Other operations, such as cached read transactions (which involve the snoopbus, not a
focus of the present invention) are possible, but these will suffice to illustrate the features of the
present invention.

In Figures 4 and 5, for the sake of simplicity the queues and registers illustrated in Figure
2 are not shown, but should be understood to be included in both the master interfaces (UPA

20 ports) and system controller, in essentially the same configuration as in Figure 2. Thus, the trans-
action control described above with respect to Figures 2 and 3 is accomplished also with respect
to Figures 4-5, as well as 6-7.

However, the memory banks shown in Figures 4 and 5 need not inclade slave queues as
shown in Figure 2, nor does the system controller in Figure 4 need to includé a config register and

25 counters as in Figure 2; rather, conventional flow control as between a read- or write- transaction
requesting device and memory may be utilized, and will be implementation-specific. Many stan-
dard designs that ensure that read and write requests are properly meted out to the memory banks
will be appropriate. In this example, steps (boxes) 470-490 and 530-550 in Figures 3A-3B are
replaced by equivalent steps for control of read and write transactions to and from the memories.

30 In Figure 4, a specific embodiment of an interconnect module 600 is illustrated, where

memory banks 610 ... 620 are the slave devices, with a total of m memory banks being indicated
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15 Memorv Read Requests: Figure 4

This read request example assumes that data is coming from memory, and not, e.g., from a
cache. Snoop. operations on the snoopbus shown in Figure 4 are not in consideration here.
Event 1; When a UPA master port such as post 630 has a read-from-memory transaction
ready, and the master counter is not at its allowed maximum (see box 430 in Figures 3A-3B), the
20 read transaction is issued on the UPA_Addressbus from UPA port 630 to the system controller
650. This is indicate by the event 1 (P_REQ) along the UPA_Addressbus 660 in Figu;c 4, with
the direction of the information indicated by the arrow, i.e. from the port to the SC.
Event 2: The memory cycle [i.e. RAS (read-address-strobe)/CAS (column-address-strobe)
request issuance] is issued over memory control bus 670 to the memory banks 610 ... 620. See
25 vent 2 (“RAS/CAS™) along bus 670.
- Event 3; The datapath is scheduled by a signal along the datapath control bus 680, and
data items are accordingly delivered from memory to the datapath crossbar 625 via a memory

databus 690 and UPA databus 700. This fulfills the read request.

30 Memory Write Requests: Figure 5

Figure 5 depicts the same circuit as Figure 4, but the flow is different because 1t relates to
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memory banks. At this point, the counter in the UPA port is decremented to show that another

nt to enable the datdpath cross-

transaction request is available to the system controller.
In event 3, the memory banks are enabled via bus 670 using RAS/CAS signals, and data
10 itemns are sent via bus 690 to the memory banks. This completes the write operation.
The foregoing method ensures that no write request is issued until the write data are ready.
E.g., if the databus 695 is 144 bits wide, but the bus 690 is 288 bits wide, the data words are buff-

ered in the crossbar, assembled into 288-bit blocks, and then written to memory.

15 Slave Read Requests: Figure 6

Figure 6 illustrates a read sequence to a slave device other than memory, and is similar to
Figure 2, but for this example a single master interface 710 and a single slave interface 720 are
used, coupled by a system controller 720 and a datapath crossbar 730.

Event 1 indicates the issuance of a read request P_REQ on UPA address bus 740 to SC

20 720.

Inevent 2, the SC 7%20 sends the P_REQ on bus 750 to the slave interface 710. To do this,
if there are several slave interfaces, the SC must first decode the address to ensure that the P_REQ
goes to the correct slave interface. Event 2 informs the slave interface to prepare the data to move
through the datapath.

25 When the data items are ready, then event 3 takes place, namely the sending of a
P_REPLY from the slave 710 to the SC 720 over bus 760.

In event 4, a series of steps are executed to cause the master interface to receive the data:
SC 720 schedules the datapath 730, and issues an S_REPLY over bus 770 to the master interface
700. In addition, the SC issues the S_REPLY over bus 780 to the slave 710, to drive the data,

30 when it is ready, on the slave’s UPA databus 790 via the datapath and over the databus 800 to the

master interface 700.
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In Figures 6 and 7, both a transaction request counter 810 and a data queue counter 820
are shown in the SC 720. These are counters to determine how full the PREQ queue and
PREQ_DQ queue (slave output data queue) are, respectively. If these two queues are of different
sizes, then their associated counters 810 and 820 are of different sizes. If these two queues are the

10 same size, then a single counter may be used in the SC to monitor how full both queues are.

Event : The first event of the write operation is that a P_REQ is issued by the master
interface 700 to the system controller 720 over bus 740.
15 Event 2: In event 2, the SC issues the P_REQ over bus 750 to the slave interface 710. The

P_REQ includes sufficient words to inform the SC how much data is being written. As mentioned
above, the slave data queue counter 820 is used to track how full the data quene PREQ_DQ is. If
the PREQ_DQ queue is too full, then the write transaction must wait.
The data queue PREQ_DQ may be the width of one word (e.g. 16 bits) or a block (e.g. 64
20 bits). Multiple transfer sizes are thus supported in the current system. Possible queue organiza-
tions include the maximum capacity per request, or some fraction of the maximum capacity per
request, e.g. the 64-bit and 16-bit examples cited above.
If the queue PREQ_DQ 1s sufficiently available, then the write operation may proceed.
Further in event 2, the SC schedules the datapath 730 with a datapath control signal “DP ctrl”, and
25 issues an S_REPLY to the master interface over bus 770 to drive the data on its data bus 800. In
addition, the SC issues the S_REPLY over bus 780 to tell the slave interface 710 to receive the
data over its data bus 790.
The transaction is complete as far as the master interface is concerned once it has received
the S_REPLY and the data has been transferred over the bus 800 to the datapath crossbar 730.
30 Thus, at this point, even though the slave interface may not yet have received the data, the master

interface is prepared for an additional transaction.



10ML0% h& ()- 10% h& ()-F 10% h& ()-, 10% h& ()-F 10% h& (é—y 9%
h& ()-07dEj _@ 10s:10% h& ()-#10% h& ()-s10% h& ()-!10% h ¥ 2B

h& ()-Y 10% h& ()-$LdEj_@ 10l Ll 10% h& ()-10% h& ()-&$10% h& ()- 10%
h& ()- t!110% h& ()-1 10% h& () - @ 10'.L110%h h& ()-S! +#10% h

h& ()-@ *ML0% h& ()-( 10% hé& ()- ! %_$102%1h&' ()-f" 10% h& () - T} 6cdef wxnbC
10' 1109 ()- 10 h 10 h 10 h5 10% h& ()% 4"10% h& () - 3GL0% h& () - 1L! 10%
h& ()-wy. <dEmbC 10!y 109& ()- @O%& ()-f109%& ()-SS! 109& ()- S

&10%&' ()-f10%& ()-?}dEnbC 10! s#10%& ()- , S10%& ()- 10%& ()-

, 109 ()-,: 109 ()-v, : $10% () - xE. aBnbC 10! (4

109%& "1 109%& OB ek pYeke ; BnbC
10! f 48#13%& ( ) (%ntfc @é‘%éﬁ%s(r)nd dyl’thl’]rpr@uﬁ):pe§¥cm :l'}Q ‘&1 Qs)t py k t:k\gp/ﬁgh (n):l' dMﬁ;a
1098 ()-y. ! Q@mn@\ 3¢W@£WQWO(V}SPD%WQH?U%){[& f@)y_agg-pd 1 any order to the slave port.

That is, the data might actually arnve at the input queue PREQ_DQ before the P_REQ arrives at

the queue PREQ of the slave. If this happens, the data will have to wait untl the P_REQ arrives,
5 so that the slave can determine the destination address for the data. Alternatively, of course, the

P_REQ may arrive first, and the data second, in which case it can immediately be written to the

destination address specified by the P_REQ.

Event 3: Once the slave has cleared the requested data from its data queue and the transac-

tion request from its input queue, it issues a P_REPLY over bus 760 to the SC, indicating that it is
10 ready for another transaction. The SC decrements its counters 810 and 820 accordingly. The

transactfon is now complete from the SC’s point of view; i.e. there are no more actions to be taken

by the SC.

Transaction Qrderine

15 The transactions herein are any type of request by a master device or module (hardware,
software, or a combination). These include read-data transfers, write-data transfers, etc., which
must be connected with the read and write replies. That is, for example, each write request is log-
ically linked to write data (i.e. data to be written). While in the foregoing description the ordering
of data transfer has been assumed to be governed by the order of write requests, other possibilities

20 exist.

For instance, a link between a write request and the write data may be accomplished by
assigning tokens to each write request and its corresponding data. The tokens would then be used
to inform the system controller and processor of the completion of a given write request; that is,
the write data carries its token along with it, and when it is received the write request having the

25 associated token is known to be complete. Such a system requires token match logic to locate the
associated tokens, The token system can be applied to the svstem controller operation described
above for any transactions requested by a master, and frees vup the ordering requirement of trans-
action request vis-a-vis completion of the requests; that is, read and write transactions may be car-
ried out in an order other than the order in which they were issued

30 In any case, for each transaction there will be a corresponding reply by the system control-

ler, whether or not there is a data transfer. As a general matter, the order of events for various
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Thus, the present system is adaptable to many different ordering schemes, or indeed to

schemes such as a token system where no particular ordering is required.
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1. A method for controlling transaction flow in a computer system including at

least one master device, at least one slave device, and a system interconnect
connected between the master and slave devices, the interconnect comprising a
circuit separate from said master device and having at least one interconnect
request queue coupled to each said master device and each said slave device
including at least one slave request queue coupled to said system interconnect,
the method including steps of:

(1) transmitting a first transaction request from a first said master
device to a first said system interconnect;

(2) receiving the first transaction request in a first said interconnect
receive queue of said first system interconnect;

(3) determining a recipient slave device for said first transaction
request;

(4) determining whether the recipient slave request queue of the
recipient slave device is available to accept said first transaction request, and if
so, forwarding said first transaction request to said recipient slave request queue;

(6) receiving said first transaction request at said recipient slave
request queue;

(6) executing said first transaction request by said recipient slave
device;

(7)  notifying the system interconnect, by the slave device, that said first

transaction request has been executed.
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of determining by said first master device whether said first interconnect receive

gueue can accept said first transaction request.

3.

The method of claim 1, further including steps of:

storing a pending request value representing the total number of

transactions that said recipient slave request queue can receive; and

maintaining a count of the number of transaction requests present in the

recipient slave request queue;

wherein step 4 includes the step of comparing said count with said

pending request value, to determine that the recipient slave request queue can
accept the transaction request if said count is less than said pending request

value.

4, The method of claim 1, further including, after step 7, the step of the

system interconnecting decrementing said count.

5. The method of claim 1, including the steps of:

_determining the queue size of said slave request queue for each slave in
the system during initialization; and

storing a value representing each said queue size in at least one register

in said system interconnect.
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storing, in a register of each said master device, a value representing the

queue size of the interconnect request queue coupled to that master device.

7. The method of claim 1, including, before step 1, the step of:
(8) determining whether said first interconnect request queue can accept
the transaction request, and if so, forwarding the transaction request to said first

system interconnect.

8. The method of claim 7, further including, before step 7, the steps of:

storing a pending request value representing the total number of
transactions that said first interconnect request queue coupled to said first
master can receive; and

maintaining a count of the number of transaction requests present in said
first interconnect request queue;

wherein step 4 includes the step of comparing said count with said
pending request value, to determine that said first interconnect request queue
can accept said first transaction request if said count is less than said pending

request value.



