; e3ex pb6$ Tx e Method and Apparatus for Flow Controll in &/, MAR 2003
Packet - Sw t ched Conput er System Background of the Invention The present

i nvention m\\\o a new net hod and apparatus for flow control in a
packet \\\\&\ \&\ oprocessor - based conputer system (uni processSBenge a
net wor Kk such, conputer sys terns, or a nultiprocessor SW

m Reliable
and streant {€d flow control of i Croprocessor transactio /@/ j dat a
and/ 10 or instructions) in a conputer Isystemis necessary

wast ed operations and assist the sys tern to run efficiently. TypicC
packet-swi tched bus interfaces in conputer systens use negative
acknow edgnents) or back prddgbipkind depnigusilopdonidw control . This

requi res either the master igsui,ng.-5&hdkedohbansgations 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 systemresource avail 15

abil'iiy BophQfouhinesse BENHRAS are conplex to inplenment and increase the bus
| at ency by spending extra clock cycles perform ng handshakes)

re-arbitrating TrsrPreshe ipgationrelastRadgy Mol aRbIPRTANS L P sirtiagpagkete.

Sone syst efmi AV ntk Y HROE bdsBE@R by st @GR G (0B, Pnetii®YaL SuMiEcomputer sys-
acknow edgnents) alto 20 gether by nmaking all the receive queues of a |arge
enough si zEMssY ARUPPPHSP &4 tont ai n the nmaxi num nunber of transactions
that can foreseralabl ah€stfea®Bhed@@whaynitd 6Micrdphicssstragndabidndl(isasivadatgadt hat
is makes the slaves nore expensive and inherent Ivy gcﬂn-scal able, e Feci ally
when Pher eCEPEUSHOE) 112 SBRFEEYSIHR T BHITE © RGVEH BIEhORERPRG T i‘S &
requests. th o raperoasty. CaficabsReag@tiad 8heintciaces isdompubral eatyyse aggadee ount

of the very deep receive queues. 25 As the_rate of processor, speed

i pr ovemenf &R BIFEFRTES PuPack BesaretttAralss: (RBlY V“gﬁlegg‘simr%i“i?\fé?ﬂ"éﬁtfcé’,’asfcéduci ng
i nt er connegtuih@icaRain@HsabEHe BRSo Q¥R Iive MK WIdHRME ABY sldves, aCttingldxMgndhhat ant i al
gains in performance, It would be especially useful to arrive at a system
Dhat  avoi dS=ETetoqeE e Hiolsk Pres rasaBReion 4TS Busein NUrT (<SP el
assodisat edapMityn t hat approach, w thout paying in conplexity) size and

har dware costs by infl ati the sizes of the transactiqn receive queues. 30
Various flow coﬁ%‘FBf thfsg&fﬂ]%amggcw exﬁ%gf?é?ﬂcé’hﬁ"‘fjé%écascsdﬁ/cg’t"éF%c“FVal?/yeSp &
created, stwtn Asckicgtled pifesanguabthakes otradivaiof fod €sibgn se-ahdiutad iiterconnect
communi cation protocols Mst extant designs 2 ~ M~R 2n03 2 use sone form
of dynam cref%%fgeﬁa%tf( signal to throttle the sender, on either ( 1) a

| i nk-by-1ink baSdrse whteme atoiicdy naoinispstoanicaibdek @ gnatgatare hadadbladgmesisyniad- t 0

t he st ream nqode,  or an. end-t o-end basi -wher nly the t end

o nt D of - FHS ek PleaR S AeT T et op Pt ety IR Ve e e Btence
or absencemufn fueedbeateniardons thaecad ég¢stdadlyibe neckisedisygbenpyThisties de ddgivattage
control itsg flow 5 Angther nethod that Q%%dbggnnscglgg Qsed is. rate-based flow
control, wh&HSE S GBHAST MRECIPTE P AETEY "YERa At “Hn agr Ssd o r at e,
and nodul atesral $oubas efttepmstelynlasrck mhleegrbealcjle siqgesssl Fhis epproatipcantalsh ygaummatepoi nt
downstrea Nost cket-swi tch co t S use |ink-by-link flow
control pméltc&%?r?Pal?cﬁq'iorﬁﬁ?cﬁgﬁlofﬁ' V?anéé E%cﬁiv¥§\g§)g§he downst ream r eci pi ent
asser®s a feedbactesitgofgirodesot speed improvements continue to exceed that of memory speed

improvements, reducing interconnect latencies becomes ever more important to achieving sub-

stantial gains in performance. It would be especially useful to arrive at a system that avoids the
use of negative feedback, to avoid the inefficiencies associated with that approach, without paying
1n complexity, size and hardware costs by inflating the sizes of the transaction receive queues.

30 Various flow control techniques for packet-switched systems have been created, such as

for telecommunication switch designs and data communication protocols Most extant designs



10 upstream sender) indicating a buffer-full or congestion Zdnﬁwﬁi&m3at t he
reci pient. The feedback signal can take one of several forns: (a) a pul se
signal causing the sender to back off for-sonme tinme and retry again; (b) a
l.evel signal causing the sender to not send, while the signal remains
asserted; or (c) a stop-start two-nessage feedback fromthe destination to
throttle and restart the 15 sender resggctively. (Most existing
packet - swi tched system buses use this thod ) Link-by-link flow control
may al so operate through credits issued by the downstreamrecipient to the
upstream sender) where the sender only sends as many requests as the
credits allow, and then stops until new credits are issued to it by the
downstream reci pi ent. The down streamrecipi ent dynam cally nodul ates the
nunber tand fikegueneyn afdyCiediftc8bdcs Sided td worotil @ c20ndapsi ¢ danil selvdary; igased on

the recipient's receive queue capacit s wel|l as any other ngestion
condi ti ons d&FETEl %@“%ﬂ%‘?%@ﬁ%.%ﬁ%mxﬁg%“%mgﬁggﬁPﬁ‘%8#0%'°%G2% §§§?§T%nj
see The FCVGaf, eposalnlyftoe twdlduld Neihwoef ke coRnoocand®fdtdiptean flaticonl, a@bht . on
Net wor k Protocol s) . 116-127 H T.. Kung e Lnk-by- | flow
control canREF?BCB&B§8€88§FF§ﬁQHQ§§”ﬁéﬁ?ﬁé“?%%“%%&ﬁ%%?%2%5%%%&@‘§§°Yarge
enough 5t 0 acoormeodathed thhsharbxdnpueposednbme re-tased iffberentd, whsreglsesttpinasdts ever
to have 10 T8cel a8 o RNERLNENCul SalBlARS Plasdd FTBn LN ERERILC 9naR Ot A0, NEEC
to throttle 'tf8 ups ream sender i sI's an expensrve, nonsca.%. &7sol'Uti on
End-t o- end ftlyew p@mntdoginstrramaDédnpekas wpehed emmpateofysfeame dizdmk-biliokfidvweontrol
destination g&ogﬁe source is inplenented in the TCP sliding wi ndow pr ot ocol
for flow coff?31° and congestion man 30 agenent, as well as in BECN FECN
proposal for congelstkpaliddiw @nrolnthATdd metapoekisicnt@renapisrddaddsignel thklew cone
of is use mast er. _devi t track of . : “n3 1
tr ansattlz(?i onsuP%‘ﬁcél?’_sﬁn ceéﬁnc%lcéiglg a\%ffrcﬁ'ﬁgl oﬁrcg 8%11:3%8&%28532@%%%8%?. ﬁ@%&dbég(pt hs
at its intersigmelecat okt hee ofst@eraddmmect, and the interconnect issuing an ACK
(acknow edgnent)  for | et,ed. tEARSA% LIRS oRS ife TEARS . £l ow control
In protocols thaf“%£v§9§§%§9¥ﬁT§ gp%rgagh %ﬁDLCfgn Sﬁtdfe faangender has
no i nfornation aboutlevehegphgabing iheisade(tpottapidywhitpubipgnl ie@pingdssaried; dri nal
recipient of 5t | ln Lt} gmgb o] ffe) KloTolol =N HTa (VNS t he
gueue depths be §§€§§ﬁ$§gdwgﬁﬁgggéﬁgg%?an ﬁenqe are not sca gt%g&mAlso,
this approach does sauter feamedtivelys éMostemistingtrckat-swilchédmyserm buicnuseaynebodient |

since each pr 0Cess [by(anrk h:(%‘oﬁfr‘r)rlg\ékg%sgo%@a\({g?ﬁ}oﬁ‘é}l}((@gﬁwgﬂs@ﬁ%‘%y%co%lrvhft}Qx%

transactions of all the o ssor sters). In’a credits-based
schene, cr edrdigernrethe gpstreein bynder. b e seden nberisenmangegeltom threwed®
packets t0 D@ SERL merdPs Fhed GASTELRAS: 16 JiSAWARLAGRIMmI-DRicn: (Te LA 1S
are issued as frequent and unsohefied feedback packets fromone switch to
anot her; andt¢®) reeipiselt dysamicellypeiiasder Hadetnd fegiprandl rederigust o oie

condi tb@NS. FAHSm Bndif WaRRRALRLUSHIANY rdlBLNQRuALB G 898 M) asWY GheRGCRNPRDAL €
uni processor, nultiprocessor and networked environients and provide for
efficient, sepfiatnsdeasien bobe reeipieattiopedrginyae Revckniveieheye f balfsdefoamat | ow
control . SumgBiMs AtnbhE, BroY 8953 BRrnk0EhPES SANAAYR BLd:RBIs SIFP 18Y197 &y TRENOd
and apparatus for determning the total queue sizes of all the qugues in

t he system dfungsi-eialization tine, and for permtting a naster (e.g. a
pro20 censor) toy QNA-1ghkHeWRBhrd tad IANRACHBRHESHYRBLSe BOhKwdsQeah e GXt €Nt
of thaE total . The system of the invention classifies system i nterconnect
queues’as r dejegtougiedemmedal ifaparine ner ST it expimRlRfdeRS0 havaep
determ nes rileRS, 1@nct HaRE 88 108 of RELD L RS Shd nd R dhA RS QRS&HYsefREP! ed
events. An interconnect (system) controller is connected between one or
nore mast er sTSS ! OREBHEPIBESLEEPSYPIUNd t he sl ave devices) which may be 1/0

uni ts) disk driVvesd-t@awoN,cotdt via BB&nEdYr @Fc6OBNEGLaBR KGR hObdsBlaibNGlides a
gueue for each master) and each master includes a transaction counter

i ndi cating CRECHENDBREFNERCDDR AR AGE MY REY9GhioF BYtiexfrs! 1A 6PSEHEE Mifist er
to the3gont ra@hh®F, .as WoR ad ATRICGORIES brop 0L foPd dngdsudtebnlrbiGRATT Mheivielsudes bot h
request and wite data queues for each downstream sl ave, and a transaction

count er i ndi cati RYC RIPECRYIPDER @Rt Jut SUENUF Y Fedrde P LPEmM tIfa B8t Y ol | er
to that slave and the outstanding wite data transfers from sone naster to
that slave. 30 'The master s and the controller are prevented fromi ssuing
any transaction requests (or to initiate a wite-data transfer requests)
downst ream when the respective counter indicates that the 2 ~, MAR ?(~~3
correspondng request or data queue downstreamis full When a transaction is
conplete (e g upon tire receipt of requested data read of consunption of
wite data by the slave), the relevant counter is decremented to indicate
the availability of a place in the transaction queue or wite-data queue.



Queue overfl ow and congestion conditions are thus avoi ded Iyl FM%?GM. ng
the master or systemcontroller fromsending nore transactions or data than
the recipient has space for. A hardware handshake is used both to signal
conpletion of a data transfer and to notify the nmaster of one nore

avai |l abl e space in the downstream queue. The handshake is thus not an
unsolicited signal) as in a credits-based schene, and the signals are not
based upon dynam c congestion. 10 The ‘maxi num queue sizes in the systemare
determned at initialization, and thus are known before execution of any
applications by the master(s). The masters and controller thus have at all
times information on the nunber of available spots in the queue immediately
downst r eam gansk@obeth@Qndahashieehuva b hd(ﬁﬁn&f@d:icﬁﬁmba@ﬁﬁk &phen.) 1M‘S‘r&fc€td[he

maxi mum queue sizes are not known a priori nd. the sender can, on|

track of thE“EFWETT <" B Y TYoq ¢35 @Aﬂ(h@wﬂwm 'qieg2 %C@ﬂ@#féeé“% S
Zoftware dEl mgmsﬁamgm dIod cbﬂfbﬂmBMols&mllid&@scﬂlﬂlﬁkjﬁ)pﬁiaaﬂﬁmrﬂjmﬁm are
eter mned by this'sequence i C rovi apt abi t he systemto
reconf i gur eFeFdgT hagie £ g?@ﬁf‘o"s?b%‘égc {)ﬁ%‘ﬁéa‘d’f glfy eﬂ“é‘ffts'zﬁh‘% @i"*@é%‘)’}éiﬁ[r"ft 0
confi gsir e ot paedef URGEd 6N, Elgnqum:@lseé@nemb&hc qiaee cebthmmtdnﬁme@fn adadh¢ance or
overfl ow) feegPF ack si naI in thgjﬁplrese tdflow C nt VA t]ern reduces the
i nterface | &8s 8P é‘éa fer'e® PR AL HIOH (FAH A Ve barr@%é'ﬁré’&ﬁf‘f’%g or
rearbitrat a&mon@emmn&emw@;@sbr @nthadno) welld has t(byic;i thaek nBal tbe ransigmions &

si npl er desugr;‘ ﬁ’ C? QI;\):hI ch i.s easily scal able according to the nunber
of processof¥!"°& ﬁr?rﬁ‘écss "SVE™EUEes can be downsized as desired for

pri ce/ perf or mancéen capdisdesatstiens, camitsdesssm&icbybajnﬂwudm;ccwchhoutlovf/ eav of

| osi n o@ny transac Ilons sl | e uetie s Furt her avarlety
of sy oeme PRAGE RGO b P ERE TR Tt e T GD) o E e pe¥

desi gned fr@rmﬂrhamamnecﬂmdudmakemm amckwittiQoiandtlarf and €3 cloyitssrawpbdol 24 tdesin-  or
up-scaling (sizi n% t he resopgwtlve gueues and buffers in the interconnect,
as desired. °%f HASTHPLFCOHR¥et control ler is custom designed to
accomodat e a gi vien, sed @bmamsMrrﬁemd:esicad/eeszmdcc@nrgodwemnnpangseoxoxﬁmmxueue
sizes) the nmasters and sl %{es needn' t be rdggerskﬁglcm Salabl L e se t he
syst em cont PEFTER 37 PFEPAPT GRIDATHEEIE RS For S NiT R &7 éicfof i

controldl er degkgevsicoanrapeactssd idvwzedtrol t hout appreci ably rai sing the cost of
the system-- which would not be the case if 30 tlic processors and sl ave
devi ces needed nodification. The overall system design. and effort required
to test andSvamagaifehedayeneot system behavi or 2 ~, P1 ~R 20D3 ri under

sat uration conditjons (when.flow con I atly
sinmplified Bri efjr Ser [I(t ‘?\fc?)tﬁon Ptlcﬁga \?\nd F\r§dsgpg8%§r%p#c}einl§§%n@t§ %[(ﬁm%r am of
a preferred sxeﬂsbxﬁdﬂ m;mtuel@fs lrahcmmmaemt@yytuemﬁmn@m fropamit®g argasteh & present

i nventjon. I | r.al, diyent
o the% cormarb Syl il S5 SRk AR O 8 IR EnIPRENAY, 30 IR UIPC
detail ed di agpramn@fassaﬁq@@mqrmmtemonb@eqtsy@taemqshmucrsrrcaﬁr@mr%cucs apf guitee s

3A- 3B t oget 0 il

ol orent at | anoiaeEpd fealel R F R drpbMTL B Aol BIRREOLLERT cytrss

di agrans i | Pasttemeineg ($ys@ms aentriober 1f ¢apvected ipeimodn (ale@omehengst@re (¢-heni¢rapresest i on
for d! ffer egérs)ta}ﬁg% sgxtlc EJV%?%&J}IQ% bc%ﬁﬁﬁrtg mskgxqvcgfm $¥ E Ef]ﬁzl: n%gconncct
Enbodi nents | igure I's 'a top-Ievel block diagram of a conputer system
10 i ncSr por agiimelertipgdudss egepr far necbirmedstsh anditerels metes ncke sradtaataeon aguriersipdici f i ¢
i mpl ement at Lon. of. rﬁlm%lcx‘ &f%ﬂ&taﬁmﬁgeﬁ“én'sﬂeh&ﬁ%&?cr & fOMGRY IRGLYS @) cc\(}’{&'oﬁé} e
described fully in the docunent™ UPA | nterconnect ArchiJecttre) Bill van
Loo, Satya MNitestanatc cenygllgadiipormly disjudes bs&wewcmab%ygtcéﬁ%)wqumfor @C Aevernal

rel ease ver §fQm davi, a(B{jattrQ%aHPo’rA)‘c!)Jhtt&W he ARRE &feo%ancﬁn@@&uc@@%m%u mtted
as Appendi x A to a~relate atent application 20 by applicant, entitled
"Met hod andcoyypHerde et flaye alﬁl daoesatd Wit daa Perefesstitogiore ﬁé@le@eﬂvmle\m

30 The masters and the controller are prevented from 1ssuing any transaction requests (or to

mtiate a write-data tiansfer requests) downstiearm when the respective counter indicates that the



Systent) by Ebrahimet al. That patent application) filed ith,tHéRU¥Bed
States Patent Officx on March 31, 1995) describes many of the broader
features of the UPA architecture, and i's incorpo rated herein by reference.
The present invention uses a new systeminterconnect architecture and
concomtant new 25 nethods for utilizing the interconnect to control
transaction requests and data fl ow between nmas ter devices and sl ave or
menory devices. In Figure 1) the systefn 10 i ncl udes a UPA nodul e 20 and an
i nterconnect network or nodule 25, which in different enbodi nents of the
invention may or nmay not be connected to the data path. The UPA nodul e may
i ncl ude such devices as a processor 30, a PhICS unit 40, and 30 an I/0O
unit 50 Ol iBresBATdes 'w&wﬁéd“'ﬂevﬁwaéwsaﬁﬂléétl A¥ I HHEE WS AL B t he

pur poses of Jﬁ@m@t&@@ﬂtf LQNRDE §@ Ve adlo BSLAHudn QF fAGA vy Shed@bviNed 1as/ahihe
interface: for %crcentlt rnUrating transac 2 Gf~I AR 2003 6 non r

cqucsts, c~ afﬁ‘ﬁ)‘i‘%rés reRFEKY HREPIEate Ge friapilyy e piaeg KT RGP BN q‘&?“r‘?—fdﬂé%t@a
nn 1/ 0O chann@kucand bri dges maki ng DVA requests I n general) inthis
appLcauon a nast is exenplrfied by n proces $mver a master may be

any transacuon-r ﬁ‘é"s‘t"F wd‘é%?ﬂ‘é?“ gRrRiPnsgye Bta"t"tde Repraybigngthe master or

NT Cr Opr oces sY§tem Sbattdiaf fhdm sdadRg mdleaMBsactione befata th@tRd Bei lemaﬁkyspe@\fbrce\ Hahat
can accept a transaction request, includi n% bot h mem)r(gt non- menory
5

devrces) et €Y Biyds l‘*h%’lst‘jiﬁdr?@”‘d%W’t?b“é’"?tfé‘ﬂn A3 JRREL P Oétﬂ‘bfy iryc@aé'ﬁh‘tfr"ﬁfl ers

that may theﬁ&ewaelsbla@tacam thB&dwWakFeamft@buel MBe PAHIEABES thaf ndthh Bnsovigatiken, a
"transaction” g,?bf i ned as a request packet issued by a paster,

fol l oned by ¥ &4¢k Maé"di@ﬁ%"ﬁtc ?Tﬁé%étgnelﬁé‘tc“ﬁbt@é"é’s”af’? ?V‘“&‘Cfcﬁ'i’gtcs%’acket) depend
10 i ngi@pon the Gh@ﬁﬁﬂuﬂuﬁﬁcﬁtﬁﬁ@ﬂicainltﬂdﬁysé&tamdchﬂnﬂh&ﬁdtDhlﬁill'fzadom'ﬁﬂdilkﬂl'& ey
downsu- eam e a data tran acconpanyi ng. a request
packet) and kf"ﬂ‘ém gﬁt{ga e}l“t"Fcﬁﬁg‘? éf a“ﬁﬁ@f’ ’8?”t°ﬂ%‘?y @%‘E‘ﬁ?ergﬁte{'ﬁé’mé‘ﬁrﬁ@”‘gé’f‘“g‘t”vﬂ “Pes as
t he request tpacktellnr@&xrﬁm&@ﬂdrahentdﬂicaﬁabhla\t\k&ﬁﬁs ﬁHutcS;ui:t& idesdstelyeidwhn
greater detajl bel QW.in conn ectl on,.w th ? % UPA port. 60 _coupl es
the nodul e 26°tH 4 s%%?“ Il ‘é*}%%ﬁdrt‘éé’f‘sc%%‘ Torfér ‘?%?3"”‘?63‘ WHT EREE 1% i n
turn coupl edcnbwn@rpeoﬂranmeeer&ilcwﬂonlmceerpftﬁele&)th&@cdﬁ Iteued kv eTHentigflfzawe may
be an yqnterface for

sych as, nai /Oltefac,a
o o e R h SRR U bR B R OWB g P s cab b s
net wor ks, ormevdatsy @isCRplen@C@hi¢h frgvitidsangaoilinpoind gsb@ setfiged . foruigeaer al |,

any device that cglgg&%crtr[ansactl%n recg @sts for SetI’VlC ngu §1be given a
sl ave int er fare 8o el PENSERIOT 19 SR R BRI S IR S 8GR ent i onal
menory devi ces) %callitdr’nwonsifeddd@bdorldvﬁﬂaﬂ) fd&ibhﬂﬁ‘.@nal@ﬁuhé]ﬁrcantm’o@f@hﬂi’(ﬁdys

embodi nment, LJH?cd?:Xcst cm Qéeggtl c sm79mg'rré% lch):Q apan% haéccgo Q:Ochg‘gu% CgrrrrI t-
the nmin processor cC %Ihé ave 1 n ace {F'I P“ﬁ Boal’a

t hough2¥rany ipafor aftsmem@ atd®0pos®|blgltt& mayier. eticgeertaeximbllclyc)cmeatstusarb&stvemh (swhetyher a
pr ocessor OrSCé a(QrOIIEEIr tggl¥ n&rggcr (i.ﬁ)I'OCCSSQPA ?VC {lL[lEf%rCEU?E downs l.éﬁbd a?‘g h CC! ave

rncludes a UPA slave LI ace. e sys em con In eac case
resi des wit Hot MC@y@monmeeqnamshmi dogebiznd 9@dth, witkdus pai diddsind @aly irmsdche

ke comnectu AP & o s SRURLERo 19,40 L ke Bl g sl
sive to large/expenswe can be designed from the same modular CPU and I/O interfaccs by simply
25 down- or up-scaling (sizing) the respective queues and buffers in the interconnect, as desired.
Since the interconnect controller 1s custom-designed to accommodate a given set of masters and
slaves with a given range of queue sizes, the masters and slaves needn’t be redesigned at all.
Because the system controller is relatively inexpensive, a number of different controller designs
can be uthzed without appreciably raising the cost of the system -- which would not be the case 1f
30 the processors and slave devices needed modification.

The overall system design. and effort required to test and validate correct system behavior



sinple bus or may be a nore conplicated crossbar. (The Pﬁrpmtggg'ﬁo may be
configwed as part of either the UPA nodule 20 or the interconnect nodul e 25
) The datapath unrt 90 is used to 30 transmt read and waste data in a
manner to be dcscnbed bel ow One or nore conventional nenories or other data
stor age dentes f~5 and one or nore 2 ; MAR ?f103 input/output (1/0O
dcvtccs 95 formng part of tIIC system 10 su a pi ovul cd for user
interface, data output, ctc , tltcse various slave dcvtccs may |nclude RAM
ROM disk drives) nonsters, keyboards, t_~ack balls, printers, etc. They
are coupled into the interconnect nodule 25 via tf~e slave interfaces 80.
The "sl ave" designation neans in this case only that such devices accept
requests 5 fromone or note processors and fulfill those requests. The

| nt er connecGihil®RanRLYWOENKdIMBY; (Wicig@netalolt akeoitdie) f aseiofilyamuiibéer of
different stan dard communi cati on topol ogi es that interconnect masters and
sl aves) such as a point-to-point link, a single bus or multiple buses, or
swi t chi ng frakf Desnphen dfnteadGomaect may enpl oy any of a num ber of
conventional nechanisns for switching.the transaction request to a s|ave .
usi ng one or rmhe"’”TOI ’§|"5In°§% d‘ﬁ%{f"ﬁso?a 8’%&"???%”’%0\% ¢ ?f]r?gcom L;'/lgrbséaggéneca'p 8rial'her on
t he addr esshgige prebaout matidton. contai ned in the transaction request packet) or
on anot her protocol not necessarily dependent .on.the conten of th

Cequest packet . st il PEERRRNm sl tRR SRRt RS AT hE R e

t he i nt er comvestratingie ipvesfier.r ed enbodi nents) of the invention shown in
Figure 1 (and Figure, | A, se IS, ,CUSSI el o a centraljzed

control l er that Il:%’(‘)lﬁcﬁzelcsz & of%aeeéal%Fé(rjfﬁ% er gp%(% énaﬂ%]cgyiﬁlﬂg %ﬁ‘aé’ég’ﬁge 15

guent |y has complgstes 363 fopdther yorsotugypdowrharedjuastingngendalizd tmglérhéngatiofn

al ternati veof%jnbodl%prgeorgtihci.nvol.ves the use of distributed controllers, in

whi ch ' case $ 985 Hest FabI6 18 mai ntai n vi sibili ty, and in certain designs a

maxi mum capaci t Ve de s Wecknbagrdne iheaded trafsagondod céhnihaws dmg notheinven-
general i zecL. pllfgrc ffqunq r%smofo[}‘ a.system accor ding to the inven lion. Here,
there are rruoltlp e nasters (af] ree exenplary masters M 1- M- bei ng shown).
These 20 masters nmay act in certain circunstances as slaves. For instance,
if ML is a CESSar . f i k4O controller, then M3 will often act as
a slave to S 1 nl I zati on procedure described below. On the
ot her 'hand) dur Fiayreal HRker¢idvel blotk diesram yf aeoreyis) sysler Qtiicompratingthe pesent
controller : i : . i .

one. T o . ap Uit e RURT) Flphile ol PO R EHEP RO ARG

devi ces S ltecture, v@gch ipHdscibeddyllylie tho dequme e EHdirersprneainychiteeivre, byl gad)ooar e

al so provi dgd,, Iﬂagasm%igﬂ%tﬁ%raﬁan@mmﬁs@m Iﬁé.év,ﬁénéce@cagcomlﬁdl.xvé, &
systemcontroller 75 1n the sane fashion as the systemcontroller i's
coupl ed t o WHelnaernagct Arpditerdiae bas)be¢nsubmigied & AppefieASTr Zhtddpacospplisdtian a a

dat apagh caoptrgl. (1d tQefold keQlin | C t or @S
wih the Gapar b Sles et 0l FioP Rl en Bl kLA CONBREL Qe

typi cal |y beswmcpyidrahgneralt Reaypaiens agplisstiom @l ip theditad PrageRateny Office an g

preferred emfeﬁhm%s,gzscaafbgkﬂaﬁﬁs%fbr%y&ﬁ £ Mrel &%9%@%&&@&%@ i%%&é@ bi t's

mdc, whsle the SC datapatlt contro us may he only 8 bits M ~R

Z003 As i ndreadbeeirdharferneche SC 7S has conplete mstbtl Uy to nll masters,

slaves, and MemghypredenlBvaYioh KB £RNS £k GlieBEREL ARhIIRRORI LARARLARAL N, but
shoul ¢_have cont ror over and nstbtltty to the datapath.
5 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 umt 40, and

30 an I/O unit 50 Other units may be included, and act as the master units for the purposes of the

present invention A master interface 1s defined as the interface for any entity imttiating tiansac-



"The SC, masters) nenories and slaves in Figure 1 A are ingér£“W%g@péd by
address/control (A/ctrl) lines as shown) which may be uni que (dedi cated)
poi nt-to-point |links) address/control |ines or nay be bussed together. Data
may al so be bussed or sw tch-connected. Address/control and data

| i nes/ buses may share the same |inks, such as by providing shared

address/ data buses. A boot PROM 94 is gonnected by a bus to the JJO
controller M3, which reads it upon start up to initialize the systemin a
conventional manner (e.g. to initialize the CPU) registers) etc.)) and 10
in addition to initialize the queues) registers and counters of the present
|ventlon. Je AL ALES, ]S 0D, RLOSETCIM B dRET ) REAL LT, dehald., BEI oW
relative t BOHCGUFE DRI e P Ust F & kR it SreSinect” fodule™do in a
speci fic i npleneat:atkigDOMhaegeto nmaster interfaces (or "masters”) 110 and

120) a single system contr ol | er gSC% 130) twpss| av%%cicsr;!g)rerl

es (or
"slaves”) 140 and 15t At PRUGEIR BT %.%ﬁfﬁ'ear"éasﬁ{ay

crossbar 1%,5? are use
princi 15 phayaaynynunbetonafqueasigiesicantestar es.t iftlelchrasterpsocaayr. Senbrly, of
the ipterfaces discussed above, of in general Y, devices, oL, entities .
capabf e of aisg Ui ’r'lz(?:;er ]?Scé?i%éocat"i’g?\‘h?ce[qaﬁéas ag?(’pl':aa[(r:alﬁlsagpar{/re&fiol alﬁaﬁ :1[?3)3& Rt ldes a
sl ave queuend ratnaidy dédes,leesS,ped triclnding fehas sucheepretengrstand fOzotur@larsniaquest s.
The maxi num si.zes gf theseslgrlsave gueues are represented by values in port

1D regi st ef' Sy ¥8E°4N3 *190)" % &Spect i vel y. 20 Masters 110 and 120 include data
gueues or buff efs tkelpSramd of BbS ineantios ladvesaclidd)’ mrcbe 8held ned udesdatiet queues

or buffers.185 ,and 195) who funct i i I il..relative to
Figures 6 anc %'Pyt%e a(S)t\?vr.'}oi‘I \é'“?n% Pnﬁ%?ﬁ%&"@%&%ﬂgé&éﬁng%gmh ia'?gﬁ %ac'lt(%{% cenﬂ'es 185
and 195 ar évgaipsothe eposeseiplattnbyion)dtcnese iepipporinmdrelyidowergat SThanaayl§0)
respectively. In th ral c . [ - -

corres pondgﬁt\éé‘m{% 6 aéjgtrangﬁsgétacﬁolﬁégyl)gﬁcgm%&%&['f%?c g%gugang%g’?gy %&F ferin the
25 write dabtegueuet (fevigs ad 6 ysquusit bdrkethe onsippatedatapatyweere Thsiindgsordxd imal | y
di mensi one |. n . ire.pa . (l.£, dinensioned such that it can

hol d the | rctétggs{}’?aélgor? é"rr‘%?é “e"&“dg‘a“g‘ﬁ‘gi‘g‘gs’fsz@', then the queue size in 180 can
be represented dyPa witflcevpiesrixemedula20fp gaysenpintetpenskiagesoltAGCand whisd may
be_ans of 16,5 ANG1.HRVILE 85mEIELL RESHARIYE WML FRREE N 8, 8 AURAG N
Figure 1, and 1n particular slaves §~and 156 may represent any nunber o
30 nenory ermeor(syrbrpmyinsicaoey)deniQ @grface, PgraphicsTRe DO er.Png of ragro htidgentor nn
Q perrr~t gy ING e RAZIELyGH ERF N BE e vk AK BPBIAESinUrahdbiloh@lolt? 3:Li08 'mglnyr% (1)
determ ne the Sl zes o'f t'he respective recel vé queues of all the aves
coupl ed t oamhievisy Srksrrers YaRjactporequeshéorstrrispig ofay bheivel aseemeaticy 80 iqueues in
regi sters WlfhRetNe BYataRbEeWen as fcsrwela@om heRor ELRE @ Henlesazago0f the

systemcontroller's receive queues; and (4) store the sizes of the system

cont rid! | er dpéeé) Y& queues in predeternined regis tern in the master(s). 10
Thus) at syst enyi,Rirdrl@lilegAbdiRiht, hb Systdtl don@blic? 38 ARNUBOHEMRL B0 LRSI e

contents of the size fields for the request queue and wite data queue in
each sl avetheann rrprepsoe gpp.@sd thgskee ipieriaeeds phibemeBieexpiryish gaty wrigeon nsi de

the confi gukabis@i. (ﬁ&@%&&)aug,%%@sncr ReuRf 2 bldGesSHe od3Rhe olHdr DR )BIAPOBPA BNt ,
the values in ID registers 170 and 180 (representing the slave queue sizes)
are st or ed™Mpserdeipdgcat aad £4cdshise ingludesref PRfuTieye iveiface-cOwmyEen) conagiies iregactp 00 of
the 36 130¢ash RsReldi il @Osystehe val ues of the 15 SG D registers 255 and 265
(representing the SC queue sizes) are stored in config registers 270 and
280, respecti veh ¢ytarsth worebarQ isefsojinplusied beintpagnieAgnopdty 25, and is coupled to

the slave interface(s), the system controller 70, and the ports 60. The datapath crossbar may be s

f

stmple bus or may be a more complicated crossbar. (The UPA ports 60 may be configured as part
of either the UPA module 20 or the interconnect module 25 ) The datapath unmit 90 is used to
30 transmut 1ead and wnite data in a manner to be described below

One or more conventional memories or other data storage devices 85 and one or more



Alternatively, config register 200 may be replaced by a sepaﬁaf@R 2n03
configuration register for each UPA port inplenented in the given SC. In
this case, there would be two separate config reg isters, one for each of

sl aves 140 and 150. 20 The masters 110 and 120 al so include transaction
request output queues 290 and 300, respectively) which are used to queue up
transaction requests fromeach of the ypaster interfaces to the SC 130. Each
master 110 and 120 has a counter (310 and 320) used to track the nunber of
pendi ng transacti on requests) as described below. The SC 130 is provided

wi th output queues 210 and 220 and associ ated counters 230 and 25 240,
respectively, whose operation will be described below. The SC 130 al so

i ncl udes g, SGINSHEAYGEILR o6 Wbl BRR BELE QR hPAUESE bviGldgbiasérStt Qe far, each
master) so in this case there are two SCIQ s 250 and 260. Associated with
each SClI Q quepuartleSThde Megivs slere depaspanay radyyicd el ROMed i voeBPres hact i vel y)
cont ai ni NG, @\ al e LIRPFERENANARL NG e PRYIcd FUENE iA& cBhedt RBAASSPGA AL 8dvSCl Q

30 The circuitry for carrying out” the operations of the SC rs indicated by
SC | ogi ¢ rip@tres 8A5Thq sEvgfeaiggation mgantay hisfaicwal By A8 A SH aceM A998ty ed
and/ of sofgRbEe bQEdE pfdREssS&rabAdLIRY 1M requedis4 MAR 2003 to the necessary
functions For Instance, nn ASIC nay be provcded for carrying Ont tIlIC

tlall SICt 10n r ddaeusrconpserionmgivoduatyan 8515ta Hke ha Ry @ aymiep A ey sen-and
counting, dat€cdnliflni@@sn u%adgiesm]atz @ cdnide Rlaét@BandAlh &y, fualh ds\ugbr-todbogRNEK al

pur pose processor could be used, configured (such as by program

i nst ruct i ghEPEe Bysey MU Rihbusess FSAEHER RBRTentt BITHIC HENBIAPEYSRY HAMS RAM)

t 0 execut eyt BecchWiebhDRsckinsmd &5 edlitdh@lz@hetraniBiigh requatliidaldvo isngdne Standar d

har dwar e and. software are possible to execute these functions in the system

cont 18I | ersigngheptishendshaivitding mag b paspdther 01dhg SidEesBag PiopRptigy fontainef e si ave

devi ces (S@euslsadBnkQEES pREREAUIRS addtiter Bidthcdind) neddtebril @ peRSL 85 thd B GRSHf( SEE
master |logic nodules 112 and 122). Here, the |Ol9IC nodul es represent all of
1

the circuif'f {FRUGE BRFkstnhbGTyPaHRerAaY 9mavid of btsring. o Yiiiing. dbedaespyretl carry

out the functi ong pRffertda@mbBYRBA (P Bf tASinGaSieH iHoe4 in Rig&e Mpdnb Fgufen; barshvar e
and softwgre to do so is a matter of routine to one skilled in the art,

gi ven t he TeUPhPAYVIIRS £ RFYrelted SeftioBs et GHBFES 'Q 2Hhawpier ARl stawes andgonse-

pr ocdssor ) quehty hR@bGplkrviditTRly e akih ngutfenddeseitic. iABEmitiveBmBRIim&t Cour se

be made up. in | afge part of the ocessar, itself and the.instructions it
execut es. )’“"Iﬂé’csﬁ{ﬁ? ‘ESF(?ET"é‘f‘%FtFr‘iﬁoé Sat’ ‘BrP‘Idbcfasct‘h@éjés“lag]@l{od“%ﬁﬂl"é DAAE t he
extent to wBedin Hésigns a hRRIGSEEHASky Qyeud 5iz8 ohy vateedalr har dware) are widely
variable and thus shown only in b%aﬁcellé IO%E in Fi gur e 2. The injitialization
sequence will ASW B SRV BUGSRF LR BIosF SREE™(05 % G AL 11A8 Wiibe bvept or ¢t he
archi t ect i) Hadg tcregiie 8 1tHe MmdsfeR(thtdd @xdrhpday aantds o4 1- 1B béileshorh) IMTakdezat i on
sequgpce). The instruc lions for the ini tixfa(%iézati OE}IQE’\%%FGMG are stored in

nonval at i B HERBEY A e PSR BarFant o Yeh THEB8Gt 8RR & PYdtessor M
1 has a fiaogfD adthioBaSthewM3hdil bhaiacPREMa% jo Mhds actbemBiebzatién fycear?0 read
request over ad ss/control Line Alctrl- o0 the SC 75.. The. SC sends the
request vi%s%rﬁégégf"ﬁ'pgf’ﬁhccogﬁf I)_‘B’H qurR 8@#\4'%&%8‘23@1 TR SRRy B e ngit bus)
t o t he datapablierMPDsdlrar asA2yasiehio@lindnory devive avcesseg of dre tdhddyetmematdser MB.
The /0O control leﬁﬁsmushﬁ% . as 1% slave to the processor ML in this

shoul'd - Y

oper ati on." F" be not &4 t Ar oughout the present description that for
the 3ake of cl &ldveyeg@sist .2% Gdihess band:, datal usas saveaicdssiae dsaprd-

11 ustr at eglic AQNENLL,, LIS, BLOSENL o NGNU Q] S SUNA] o fHRH SRR ul
systens using shared a dress/ dat a USES.C)
fashion as the system controller 70 is coupled to the master and slave(s) in Figure 1. The SC 75 is
coupled via a datapath control bus 77 to a datapath crossbar (or interconnect) 92, as with the data-
path crossbar 90 in Figure 1 The control bus 77 will typically be much narrower than the system

30 or data buses; ¢ g 1n a preferred embodiment of applicant’s system, the datapath 1s 72 or 144 buts

wide, while the SC datapath control bus may be only 8 bits wide



The /O controller M3 accesses the boot PROM 94 to read thd IcdthR 2083 t he
initialization sequence, and sends it ma line Alctrl-3 to the SC 75) which
sends it on to the processor ML. In Figure | A) the SC 75, nasters ML- M3)
staves S1-S2 and nenories Mem -Men2 30 include the config registers,
counters) SCID registers, IDregisters, master queues, SC1Q s, and sl ave
queues as depicted in Figure 2; howeveryg for the sake of clarcty these

el enents are not shown 2 ~ M~ 2n03 i~, |~~gu~c | A Once the processor M
has retr~eveei the npal ~zauon sequence nstntoons tron~ the boot PROM 94,
they are executed. The first opcrauon >s to read the IDi eo iste~ s of the
menu~r~cs and sl aves. These ID registers) as described above nth respect to
Fi guré 2, contaf\mnfisetcq abayesho$C Fhess cerpuerpbbitysp al Besers. 18 ssutidiimapueues
and wite q{% ?ysgl-}x%ﬁ§ollc-rh€cdf lowe &nqmJa@alp"uﬁQ)Qlu;ﬂm&hivbabndﬁmfc@lall(p&/x\ﬁgl){ng this
read operation follows that described below for the slave Read Fl ow Control
in Figure &cdeipatitata fromthe )D registers being retrieved via a data bus

(or datapath) 7#p sdhgstel, x’h@rgbﬁéc%ﬁd NBk 458 51981 8 AWFd ihicRBnrcOicl BRadeeRE/t@irol
registers gsuch as config %I ster 200) of the system controller (75 in

Figuré | A, &fs@l)ﬂlneSFasgmv@ 2'}‘! A&ayd’F%‘&‘é"s(é"d“Cé‘%‘Pé‘“ torpaing lipks) feess/eomtely 10

regi ster pep.sdr ks be 8lsstd tobGRST DR hi8d Bk tuRedorGURER-BonhEGedS tRurek QeonBACh
slave. The tlow sequence fol lowed for this wite operation is as discussed

bel ow r el aepd/datg bnembyiss @ay Sh“’r‘h@c poE0 ok 4B PY RYPreating thared pddresyidpta bysged f or

this purpose. TRWSe AEHMTY RGohikcll gy\@bl% td Mapo E@irol1&1ing3, o.mwha&auem upda@iagil ave
710 is the I/OQ controller, the nmaster }hl S Caj @roessor) 700
¢ i R

causes t he VB miglizeghgaypies ip hé°"|"E5"‘t°é‘§f“§f’§F PP i KESEHECr 8 t s

own canfi gif &kiDhes Sitialite @B2GHucASRistctMBd ERRPRGE ih¥ Brebdat nO@htion. FheShinM@hle i S
stored in a buffer of the processor (master 700 |n Figure 7 or master M1

in Figure 1’056\)")00%8"tsHF%“%’[‘I1&8“?‘%"%%@@8"%‘6}:‘@}‘1’& system controller to the
|/ 0O control | er gighaveandsk@tet fin Eike@déf)ﬁ:ct7m&i’u]crIB(ShQrsb&:le&\AﬁxpNB)chtﬁudﬁlvgid:FcQwBA))
which then wites it right back to th § s%/nﬁ fem controllll%g] 1| @the dat apat h
provi ded f GrsERAeTAtHs (s Bapgard  Bard P8 sl rrsiin rFslier fHe Re4re st in the
initiali zat;m%cw@seﬁu%e)m&ﬁ lS@&dd5BkﬁapSchﬁEsbﬂﬂSBh&ch&I)EIIthenCWQxUﬁ&ch t he
20 sysdem cont roller

s 0 and |I. sho ure 7 SClQ s
250 and 26693 PIHRAE e ?’j*g”ﬁ‘h’lé’ Yt q&&maﬁ%ﬁ'aays‘ﬁ%%%%m? 6‘r9°é8‘s‘f“ﬁ3°8ﬁ% V8CID
regi sters (op8fyeh@gli St A6 Gced dberitifies cAPAblSHTRMIng trhnfdcgol requddts. Thi s read
the master/ pr oo BEDave S g0 mehde? yeserge Gt YiFeRb oL of
pr eassi gnecrafhRetidatreéguestk Tt thakiméh €i5@ oBBeLshleZ@BuaRe rigredehiemby vHlkes tdRrinast er
config registers é ch 3'%0270 and 280 2S . in Figure 2). If the systemis a
uni processor "X i’%’b‘?”ﬂ tHPESYAdunt s the processor writing the SLID
value®g to its omasteeniod qurlegiu&ulﬂbdamqluebcothéfesdnﬁ gl I’zégsirﬂtsava 100 aat 13er
pr ocessor A e AR GBS TR Shpid 08 o el IR Bl bt 1 g
regi st er aifikured 6tahdIdelolv. Themativem splemfeis:stavswn@(aat@qmml%@nenmAraﬁl‘::o of

FI ow Control Bel ow i eralized Cr, nsacti on reguest fl ow
cont rol |nr?pn°8°m°a/\(%yenatl"°f%’ °"1%r ch gg%“% rcschnve ?" ﬁ'f ﬁp BY° gH%re
specific detwmphbﬁﬂto@cﬁnctcbﬁcspbx&ikﬁcnedrequsmcéwcmamy (ccgt 100I)encrsndaarﬁu|fferhnmcl udng

det: a4 ¢ 3340 ANS LN ALESAL00, SRAUASE. 200, ] L M- SRNOL.LBLs SREHIE ©
types of transa fer I'nit |a|z IOI']O e con |gr i ster

200 i n t he e8Ce p8Betdhd dirimasxomsmfsugx thee fficat leotdshedF@esbeamtechp28G! packet die), Meatler s,
nor mal oper n_of mEepce. During operation, the SC
mai nt ai ns |ﬁél{c$’§cénol€{‘0?§" ?%reﬁgpé‘geg%g%gg]gg 'gf the respective val ues of the
sl ave I D regi stle‘rf‘sgnmgtl&rsttvqsgﬂo amtﬁohwcbeaﬂymmlbvq drerichadesenibag mmbarm of
transactio . ] V& L Shes 126 6, L£AB I i ve
request qugﬁé&?%ggatvgéé?T%%U?gg’zlﬂﬁi eﬁﬁaﬁsﬁ?ﬁ% armunIt% g??'?rg:r&erh hat U(r:na{>cr ‘%e hel d
in it¥Y sl averdat @ nqoenesofy s185 dericck95) . At any given tinme) the counters 230
and 240 store the



10 nunber of pending transaction requests in the correspongiindfARl 2673
request queue) and the size of the pending store data in the slave store
data queue. Uni ssued transaction requests may in some circumnmstances be
stored for the slaves 140 and 150 in output queues 210 and 220, which may
be arbitrarily large, and in particular nmay be larger than the SC Qs 250
and 260. In other circunstances) requests remain enqueued in correspondi ng
SClQs. 15 Wien a naster) e.g. naster interface 110) has a transaction
request to issue) it first compares the value in its counter 310 with the
value tn the config register 270. If the counter value is |less than the
config register value, then the request nay be issued. The request is sent
from the me&¥gRiedolPggioteue 290 to the SCI Q 250, and the counter 310 is
i ncrenented by Qmebmmhﬂq§ﬁmla@cﬂhﬁﬂtd&bﬁﬁﬁhnﬂ&u&ﬂ mhich of the two sl aves

140 and 150 the tran?ﬁctl on 2 eg g@ i s destined q ﬁg&ﬁ t he counter
for that queue. For gtlafﬁ.‘e&c Fizegp ‘érci‘%fﬁ"vcée(‘tcﬁéq‘c’fegst |0P‘|°sf°8?p‘tdﬁ8
transacti on request, thﬁaensyktlae. SC 130 checks the counter 210 and conpar es

t he val ue storedthere t he }/%Ig]einthe confi r %lster ~
corresbonding to thezlli‘fofe't f ¥R P 1882V FP RS B SRR 'f)atfhl‘iéysit L ¥ss than
the value stored in thargtienfi g regi ster) then the ~C 130 issues the
transacti on request &n% i ncrenent s ét 1 con{rolfc ccelvcheur'm\{vl se), the
transaction request 4 SREFHPOBC TSR &“’h The"ou guete" 210" (In some
transacti ons rel at ed(4)etoas tlesitagfl e nstemedontglef @ccxtercmnxsam dredmsnifnad regis-
different requests frogttnxemgmrrecr ster) it may be desirable to | eave the
request in the SCl Q 25 Assum ng”“t he transaction request is issued in

t hi s eranpl e, thns tahsjstSﬁi ililielizagorc he initgligniah séfovardreadvawtcenterdtd &f thosiiehi s
effect (upo etion of the transaction, transfer of dat a) and
30 renoves E%%c%npt CRE BTVF & uerét'f‘qz%st FHR "cflérgthp chaﬂcgﬂlgn%t?s? o USERE ng of
the reply) a'olﬁxes;ﬁsa&hgﬁclélslﬁslaemebdtﬁ@gtayoxde@ngmmt&ﬂwsf 1bo0at2s. 1310 entbridch

enables rt to i dtuon 3 ac r equest
I'f the count&" %‘T (f‘?v%s a re?”tsmrsngggnrﬂr}gnb %ﬂglunegmtvﬁg‘fcu%ﬁm%ﬁbor%’ s
full), the deeficldnmenhigonioof’ cbdiftg”bogmtré&oosf e 8C118sIn faddidon, the valaessif fgl e
addt ugmal t acti ggpﬁ% e t he
counter 310§€\Aﬁ’° 0 r%r}fSg ts {?ugcﬁthéﬁahﬁug?gg%S&csigredtgrcc?te]wég '1% f(%rns%? t he
count er 310ar$l|2|813.IrySpaddslymfehetroaSLcheltmﬁmbéio@ﬁltZOansact| on recruests
available to - 220,
whi ch may be ar brt F“g“ﬁ ﬁgg reélﬁgrsjogg‘%( gé%pm-ga% (r?ltd %p(%t&fc cg%%%ggreﬁﬁ%ngor

| arger) if detsUPeqtprttrhlanméi@@l@cmn aﬁdlnm@czandhesd aoudd bemsyutscpqmewesﬁglreg} and
170) are pr$fgr@&lfgrclgg}toﬂefkcpe&e%goy to the operation of the present

i nvention. Tf Separate output queues are not kept for the two slaves (queue
210-f 3P sl ave 14lmcmelteque@encmg also inchiiqyansacEon) jequnst dufpubqudess 22Qandii§o,
constrai Nt Syl RLqeRewiRELRNsRNEYRIL uf BRcdish B0ucROk by GG UPS, 2t ey [ NeN
the transaction r quest s stare at ‘queues 250 and 260 nmust wait unti
respecti ve deSErRat Fash nyisiay b9 apd ir0dwes e prunteh S ped FPruspéioriggciocthe awrelobr olit of
their queueg. nd:%ﬁﬁsg&gﬁr% 95&99&%&%‘::&‘5&0&“ the system may be gl obal
ordering requlr In a particular systemit may be required

t hat a pendi ng tTﬂ‘aﬁ§alé9PScm0Y1t*quu@uetP2§L@°lﬁqséhQ #rels¥28 pndiasepcinBd cpunteasf@and or

sl ave 2340) h® RIRE éﬁ@h&%f ggrghd% wil6cg8divegpiigpsaction from master 110
i ntended for sl ave 1 can rocessed. Aside from such an ordering

requirenment) or Tas§Grh3%lsqneluﬁfénaﬁﬁglswoan%@étwmréwt 1$Q'SEY Qreye (BSHOMode2BO ar e
from di ffergnte s atssczscttt@@a,@twamgzsb BESR00UeLB e Rh @nﬁséﬁﬁhs%@d@' ease
a request for either slave via the SC out put queues 210 and

220, t her ebysiglet BYPHYreaistes 250 fed 2rsesheptivelyr a2 valog rerrasentian e mazi-s| ave
140 requesty,if 2R GaA f8osent to SC out put queue 210 even if slave
140 is full (i.e. its '”P“t queue 170 is full), and a succeeding slave |50
requesP from SCIW ois:Ealer cavinlset Beercratansf Hirs Cus gdicpipd bhiC boconmdplst
queues ver e/3Qf FRLRAVI ! nyt hatlclB it A hadR el UG SbrWRUoghc RV 1if, Wai t T or
slave 140 to clear before bei stg issued. The SC out put queues thus provi de
truly independent operation of the two slave interfaces.



25 The SCIQ s 2SO0 and 260 are independent of one another) 2 MR 0B rmster
interfaces and their respective counters. Thus, the SC 130 is configured to
handl e a predeterm ned nunber of requests fromeach of the nasters, with

t he nunber of requests that can be accepted from each naster being

i ndependent of the other(s); that is) the sizes of the SCIQ s are

i ndependent of one another In additionypit is possible that an indivrdual
master may be capable of nmultiple requests 30 independent of others from
that master) so the request queue 290 (or 300) and cor respondi ng SCI Q 250
(or 260) can in each CLSC be splrt into nultiple queues 2 ~ hl AR ?2003 14
Any n:,tstei Carl feqlICSt CtarlSaCllollS t0O nrry slave vta the SC, for any
sci ect ed rbgrirsessarty forstesr Fanetanst 209 C R barovfdd fog Ry earty yeniqas C

confi gur edrcIlLQ:El iﬂn&in\é%cw&t‘n@m Wntclﬂlcﬁ c@r_f]&ﬁi@orts%fld é’mﬂl@@ &B@lﬁm&m&m@r of
master and slave interfaces. Since it is a re atlvelcy ﬁl L | e and

r nexpenst ViIBveRSPE ARSFIRINHHArGcaH PRIPOH RIPFESSSYLOPIHE 43dy (uch s by RsQi des
great f3exiRhhistYciRndsire®HMONQAciRYd BddvarioRd nid@SiyINERON @r RAR) koexe@nf i gur e
crriierent SCs at |low cost for different sys terns, each one tailored to
t he speci fihefnedns dsFusideredystem The logic for the carrying out of the
invention is prh@éﬂy@%ﬂb#ﬂ%i&flﬁf)maﬁéfhilrﬁml‘a@d.sloﬂ@iaﬁ aRfpotsitie DEexAMe theadTdnd he
master and sl ave interfaces, and by prograf,{l]%i nstructi.%{;s stoe:f?d iin. menory
85 of the YSPSEEH§ SAS™SRBIHICT A HDE AT 19 rICA! the FHSETY S BHLYBA TR AYe fipes

i npl enent  hesidve Bghc mbuuldd 191 rshashivensgsiedd@ice yeehidie B ghoTBBDIR @5d and
general purpose processors to carry out any of the steps executed by the
master int -a’é@%)‘h"sﬁ?g‘tcé?ﬂdﬁlﬁ?ffi’rﬁfclng‘?” ‘gr‘ll?f Cé’)F/%{%! Pf%faﬁ}“?‘ﬁggm&y PREYEef erred
enbodpnent giite fdksSary VARY b@he GhdBANSiIY ifveliontds BEscBER] 35cmbERNhE RrdvRie 15
Referring now to Figures 3A-3B,_ at .initial ilz tion (b,ox/'get h%d So%ﬁx? 400) all
UPA port I@drséfj‘i‘@‘f'é’r%os(oés.i;'?’“f‘iﬁ@“§l"§??é°?’t§slké§$§‘tﬂé°ra§"?’gﬁ’ hEPH8 of BSFi gure 2)
are read, RNchibheiWwhEONheRMrJedESs Wpickest®@Nhé L0 fdri@plap@itiap thc pictent in@dnds i n
the SC config register 200 (or into se arates) .de]gi cda(}]e.d config req isters)
as di scussBY APGU)Tse imadedipa} ‘Afes PHT &) TP PSSR IS gt s G °¥°§§Fss>t er
enb]cc)pli menéI méﬁaﬂm% igigvl}'@r_lc)ha%i& (fj}'%d?éﬁgicwbtﬁﬁﬂ)cibhﬁzﬁothMtc@St{OM)n lizpo;[c;ra]xsscawby t
configured wi a i nst ead of r e er. .the_presen
appl 2at i ot TR G F Y Bargpls @gﬁffﬁsgf‘%@gﬁ"@t"ﬁ%&‘?fr@@ BUEYER Lo, it may
be taken alter nBlkiivMedliation sefdite KePasabedaatted gith egiraice toBigastd Akng @ (féer sa.
At box 410) the naster ]tg.g‘?ri séggts ﬁrg NOW | |ftﬂg) al .idzed. whi ch { nyol.ves

readi ng t ht® 8CPI5°FEy Pdigres S KoL MoK Bt PrAF I He BE® s &8 %t or ed
in those regisSsraksihitializatifieseq@apatt stoed nmvhivgatilegesdrg s thidhbadithe@®&Othe 25
Since at start- confi isters Q fields e config registers
270-280 mu™ gﬁ‘{jg’{/é“gﬁhf Riois b A ey 5%%%‘8%?’8?? ‘%%f‘g‘?".‘??ggf{%' SRR T P

cor r @¢pondicadrehidst @gi sldesgconBal-1he @ /amnd tRHe-S2F0) TheXpeods theleyest vidiay ar e
initialized to,a value of "1 to.begin wW,th, " b strap” t tart-up.
Then) “wher R lE e Fyt & i B atbiod eub T nESRAAL ARmnal 8RB, V.
count er s atme dests neliGabntrdlive M3e que H¥Osonudller the aats hoadade (d the prhesoomfl iirg

regi sters sroeeratloln at 0, no transactions would 30 be allowed ) Upon the
readi ng of "th&“Fe¥pective ID registers) the config register values are
repl aced with t(hehadd beotedviabugbsyt the @estitelesdptiralthe far @& sakfe of bledity sglssoci at ed
1D raggrsters. 4 tR 2003 1J I..At Db i s.determned et her a
new 7 ans bt Psbindue o8 sani s fhergll iSphyn e d Sl BN A0 f° OET o
| 20 | f not spplitedlepr opsedunengthopd addredshintad@Rs.j but nay recommence at box 420

at any tinme that aew &.A083ELLQ0mE §IHSROM 84 58I ke 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?2
30 include the config registers, counters, SCID registers, 1D registers, master queues, SCIQ’s, and

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



At. box 424, if the pending transaction request is for a reagLopgﬁpphmm)
then the system 5 detet Tni nes whether the master read data bu~icr
(discussed in greater detail below) for the naster interface is ready to
accept data, i e. whether there is sufficient roomin the naster read data
buffer to receive the data to be read. If not) then the systemwaits as at
box 426 until the nmaster read data buffer is ready. Note that a wite
operation need not be held up during a wait period for a read operation)
but may proceed i ndependently; and vice versa. 1O For a wite operation,
the system detgrnjes whether the data to be witten to one of the slaves
~ta a slave interface or nenory is in fact ready for witing in

(transmi ssi on t @reathyperceyony!p b rgnfvReéhe nfahipgen sQyHch at chek aPeheabopal t
period i s exesudatdheyitt khechE ARLARLEEMoh & & RAMMe BT Wd $ Q- MER. it her
the read or the wite operation is ready for execution as far as the master
15 i nt er f acgaves TEHCE} 1§8WFrst phedsscabedndrve a3t respert g upT 1c@8!r8 tiftyalupredf thehe

val ue of t he BNeqlavE@ 6ok hikuldthe wBXANPLEheL AHRREK c3RR) scQlen&IHAL b0 the
val ue stored in the con6g register) i.e. the size o% the associ ated cQ
260 (as origradior pripiest ongedionfolionethgcegbeddgioytiar thoglaye Rethlewkpstrelin count er
shoul d nevefighie caht Bath RoMAEELEeSillE s ¥ahUerisarnach dath ub&or @RRfaINg7 [£Ti St ers)

but in case it did this could be taken intgo account by using a ">" instead
of * ==' in the TheRPasESETalpessye Yriten 19 fhecqnfg FReisierHaeh AbEondprepissUXY) efequest s
equal to th@etRta] confebifer 260in FictR)1AL M FRINS 29,688 divdubskd B vE MRS QIQQ:O:H},e

nmet hod proseeds to box 440. |f the_ counter val ue has reached its maxihum

al | ondBl e vigrisE) PeF Have Phe leastnne Aelf g FopledEeige fgi 4aFh Y Die fpyssseutnesiiok o t he
SC) and t hejomed fp thiPk Qe @&t dnds RQAXscRIA belo®W rbIRiNG 16 a%{eac 7t hige 16 B1RAGL QN
request pending in the master interface is required to wait (box 510) until
a conpl et e- V¢ aficacis pEsA forghis pymrage. Fhvs. Pswarng iaEgurettbrienihie ReeraSer Beflaree i t
can be i ssug@.is 81/ RhESIRF, R0 AP adInRAE)a frbicSsoDomPLata-thd AaNBacs QR w3 gnal
takes the formof an S REPLY signal) discussed in detail below wth respect
to Figures B resisiopeakics Fpa cagihva tadisiopy RS IT85HErs| Iy f2ah o thekenestvd Myesgt he
mast enSi nt exfeatBucld Qo Xa B} of thdRoddREL (Blastb V0O if Pig6te 0 RF MBYIR M IS Fljf.COUNt er
associated wth that SC Q (box 530) and proceeds to 30 the step at box 440.
AL box 440) IPhESSEIRKIETS BIEd e UF REIeERERTOLE DYoo E G HOR HBere her
transact i OnmistsldRSE M3 i Figu¥l 1Y, vadh3hehBvriics 1t5R4AL bl td thesyR S8Rl Vg, SC

~f hus, the counter 320 now reflects the sendrng of one (or one additional)
transact i on®¥¥ é’é‘l".’dcfif"r\}\ﬁ‘ﬂ‘P“@%‘céﬁﬁr@é?gt‘%ﬁ’gfﬁgt)' boxes 420-4S0 and 500- S20
all relate t ]9 M thB aekt ﬁtE;ﬁﬁ&h& ihfklizAe ;ﬁ@?dui‘eﬁd toredd theysifek gﬁ the ﬂe&@vc'ﬁlﬁ?ﬁ:ﬁ{f gQJ
mast er,,i nterface) suych as er interfaces. 11Q a It wll 5 be seen
bel owr29 hat 56’65?’8§2"2f§§9%§§’ ‘Qggéﬁ%szq Qfgd Sé‘?w.“é’.‘ B ’&Pﬁ‘?&s"f @g@s 8?0 e (R0 iRiswy 2k el at e
to method sTiepsccpanned sped ark Rtoef idie $CTP reysire (ke 2b£ind28ThowBaxas. 460
and 495 relat$ H%.th% nethod.steggqot regﬂ%n a@d ﬁfitin data as

appropri at e the' PEEeACPIEOT HECHPS Friedbs F‘g‘é‘ﬁ & LRGP G Bt Rrg R e dwar e
and/ or sof tmastegprocessateteihyiHrsS Orbeivaqeut valltdsn abiffen BS@edstiged Fegfileest pendi ng
inits request receive qﬁﬁgg. such as .SCl J s ZSOIﬁnd 10 260%. |f so) then
at box 452 the GHRDMAPOFCIEHEREE VaHon RE URaB e ro R SIS & TR4M 1980 1 o
det er 27 ne inffignte )| Hule dysteinit @ntigocessr fyhiem b this @mburfiOthe ploesyoL GHBKtthe Ti S
queue contr and recjipient determnation is carrie ut, i.n conventi onal
manner. At Dox Vﬁ@ﬁs (=) 8‘6?8"‘3%)"?@ hé" n'eotuﬁgan%erf B ﬁg%‘gwg‘f‘ﬁéﬁmt%‘éaiﬁéﬁdi ng
oper ati on imsasgryrgfit Grymdtep@bso0sysiemn, tenroapITBRITEIr Yicts ksavaseperdalrit@s e fai t i S
a nmenory Opu%g %ttjoﬂ'xnlts ()twrr]lecg trebgt)ér a%??o (I;]seofl't}sle o] trhcggcc.gert erm nes whether the
reci pient nmenory I's Va1°a gg?ven glo af “or'® 8t HeY oﬁaéring constraints. Sone
such possible constraints relate to delaying the processing of a nenory or
slave36equq§;!9y am_hgg7pqg§ 8mentil any requests to any other nenory or

sl ave, respéCFngPy%J% master are resolved. That is) froma

gi ven nmast er) eBglownasgeeralized descSg@rone@strafactivrangast flooror@o! hefqu@sdes 14Qn S| ave
1 may issue) and then a transaction request nmay be issued for slave 2. A
pre fetred enbodi nent of the present systemensures that all of the pending
slave 1 requests (frommaster 1) are conpleted before the new sl ave 2
request i s executed. This ensures any slave 1 action upon which the new
slave 2 transaction mght rely will have taken place. Thus) strong gl obal
ordering of transaction requests froma given master with respect to
requests issued to difFer 2S ent slaves is nmaintained. This is acconplished
by requiring the master to await a signal called S. REP fromslave 1 before
i ssuing the slave 2 request) discussed below In other systens, it nmay be pr
eferable to allow master 1 to freely issue nultiple request to slave 1

w thout awaiting an S REPLY (transaction-conplete) signal fromslave 1.

p— . o



30 | ow given menories or non-nenory slaves from accepting ckkt¥AR 2003
transactions) either of prede terTnined a nnsnctron types or from parUcul ar
masters) or both) or for sonic other reasons. 2 ~i hAls 2003 1 "1 If for
any of these reasons the recipient nenory rs not valid or available at this
tune) then at box 458 the nethod warts until the nenory rs valid and
available. If the recipient nenory rs vyalid, then at box 460 the data rs
read or witten to/fromnenory as required) and the S REPLY (transaction
conplete) signal is sent, as described in greater detail below If the
pendi ng transaction is a non-nenory slave transaction, then at box 462 the
met hod detemnﬂﬂ@gcmhicmoshameMSKMQnmeﬁekwef$héun@wMEsm0“¢&W%@XWM6Awdit is
det emuned WHELDS! ..t 0% LACHRLBMa BIAYE ha, B BIL A LAE BIeBl uakodbl s 11 e,

gi ven the ord ering or other con straints mentioned above. not) at box 466
t he met hodiewadstss until the slave is valid. 10 Once the slave is valid for
this transactig Hﬁﬁésé £307RY B chiteQedillrs 2
correspondi ng 55@63?§%¥5gﬁé%g%?gﬁﬁffggm'%gr | f thecpeﬁﬁf%g ?rg%sactlon
is a Sl avesnirZ8fen the angercnoom! opengien af the msgmtliown(cmcmopumg@ps@n@mabl es
the datapa Biive AL LG FBSYSY
transactloaelsI§MMHQtécqﬁ%ﬂg%hpz&ﬁg%é?%éﬁkg%et?%e dgta %hrou H:fﬁg %ﬁtapath
to the appm@iplr‘)ﬂartné hs*lwa\'/‘énqmbmc e fubgsr quYBG%ﬁC‘T%‘)QUC%éa‘S@htSMHmseends its
transactiofy o fi€inis L90&h 60 @ 166 HabRENBRLEIRALIRE uil BYe (See
di scusi on Eﬁf%ﬁﬁ?glg?fvgﬁggk§%gﬁke 3). At @ox 475, the SC 130 théntc%ecks

t he count ebe et intilhelaveedatapiveret (18 v 8Y). &t any givs fimerthexgontirs 23] ead @40 8@cits t he
destigatio R DSAGH QRS EPHREE stald ref NG SOUNE RN nEGHAYS OF
exceeg @n%@ ﬁégﬁﬂ gﬁ%h%%ﬁ¥f%1reg%§%eﬁr%? tgsae gézecﬁn |catedﬁ%3kthe )D
regi ster 16 pordingdore giib pithawre sRE dattamiewst UnﬁFltcPEPIPSZ@PP ey CSIStrgyYn Sdree
request i s nQh%elesdl Ltgeé@@'or ulcmafv&l @omﬁ)o ih b&ma&&pﬁ @%Qa ’ia%owﬂrcﬁ mafbe | OWEd
(essentially identical to stegélin unti | free line ens up in the
dest i nat i offbsiaglrdargeianed intrartics %ebetlhréert Ba‘rié‘-’a?ﬁlpdﬁ59éftjil.?é§t1“q er ghjum-
appropr|atga&gy@&ﬁgﬁggggmgglgﬂ ,ngaﬁmgghmggégpgd its maxi mum al | oned val ue)
then it is 1ncrenented % (box @& and the transaction request is
sent Yo the rech#remma%qrmn*(awxmzémg hag £ ranpretignepaticit ¢ BruanisBrstdoon is a
sl ave r eadws&uwh&hm@& QiOwaﬂpﬂ}]QLal\gcqgﬁc%%@g rzgmeerrzwokf BRRLu AR Rt R
initiated. Wien it 1s co sl ave send REPLY to the SC, and

t he SC senlss BaRfpEopfig “tgeﬁtfbdﬁlhc tﬂh?e ﬂreéefu@étwam@e ﬁﬁé?t* eﬁcamcvh@cn@cqnpihe nt

sl ave. Seepfhig @éé&;‘r‘&&h@ﬁb&%'ﬂ%@(ﬁéb@é ahdGhe Lounkek 91 inbreREN OV QI detail s
about the transaction and | ow for slave read requests.” 30 At this

poi nt) the met hb XhEeR ﬂaﬁn@e@@@wtewﬂs{sk ofjthe “TOrF“’PFsg’ﬁPé“(B]A?P the tgansgction g

det ergui nedrWhat REEstRBD kS FRSBEHETH: mq,u&st FérSnstRAELif slave140-is Mk Besei- ?_L03
18 1 'l he flow chart of Frgures 3A-3B does not necessarrly rndrcate a

strictly | pr@afordkirsctoniequsst thestheet d3Q ey thearur 2tdaf semryanie \wivsough

for a greefofel ansagit @Ovhid 8 t}fclcgmg’xﬁgxklhmr(:bncsﬁongmgf(ﬂhepﬂﬁrc%@l@rﬁﬁ.’) If the
enbodrnents a transaction request can be allowed to issue fromone of the

mast er i nt equnter 230 value is less than the value stored in the config register, then the SC 130 issues the
transaction request and increments the counter 230. Otherwise, the transaction request is main-
25 tained in the output queue 210. (In some transactions related to ordering constraints for transac-

tions for different requests from the same master, it may be desirable to leave the request in the

SCIQ 250.)

Assuming the transaction request 1s issued in this example, then the SC 130 sends a signal
to the master 110 to this effect (upon completion of the transaction, e g. the transfer of data) and
30 removes the transaction request from 1ts input queue 250 (upon sending of the reply) The master

110 accordingly decrements 1ts counter 310, which enables it toissue an additional pending trans-



faces even as another transaction request is issued by the ﬁg f‘@ a lﬁ)l ave
interface. Other types and 5 degrees of parallel operatin~ '32 3

i npl enented. Flnmcontrol, Figures 4-7 illustrate how How control takes
place in the present invention for each of four different types of
transactions: 10 Figure 4: read operation fromnenory (i.e. where the slave
interface is a nenory interface; Figure,5: wite operation to nenory;
Figure 6: read operation froma device other than nmenory; and Figure 7:
wite operation froma device other than menory. 15 Ot her operations, such
as cached read transacti ons (whi ch invol ve the snoopbus) not a focus of the
present invention) ar e (p055| bl e) but the ( l : g Ce QEJQJOWHU \tlra fe t he
featdres SF'tHEN S edeht ”H\‘?é}'lltol“(f‘ﬁ“'Fﬁ’alf'l”bﬂ} "’“Cﬁuén for “has SRkd o

si npli ci t yctiR@chlsteies tlﬁrtduxhagllstqﬂacrv&;bdnh (s t Biagle dddimnRilgusend rajuest ol Shown)
but shoul d be understoog to bZ Sgoln both the nas ap)c [g nterfaces (UPA
20 ports) BRI I Bont o1 F)CCP‘H“Cé LRl Ay PREMS B VR dhT i st Pon as in
Figure 2 r?l'mlam)onbhmct:dslaﬂ&s 38C$inpy aﬁ&%éﬁithdﬁ&m&t Hednaboveequedshviibspeast t o
Figures 2 and 3 | ished also with respect to Figures 4-5) as well
as 6-7. HOWeUaYy ”E‘F\‘Z ﬁgg&gry banks shown in Figures 4 and 5 need not include
sl ave queues aghsbhaps qgueneFR Qs 220) vihih nthg @8 atbhengyisteimsge ind 0l dagiculan Fi gur e
4 need to incl ude con Lg. reqis up (5 r at her)
convent i orf3t” ¥ uc’}’001‘7’1 ?‘g‘é%d?g’é %Saﬁgr ead&) §1§vrc§np%§thcfﬁ'e§,r%§<9 ynd%?é? are

r equest i ngrefemble @uand neessaryyo n‘ﬁ}bptbeloutof ih prestpt mmnchtion. | If sdperate output queves
|rrplerrentat|o sta d LONs Lhat r dand
wite requesf‘gkafR gorpd;‘%tweorsF/a %%Fcuﬁag(ﬁ{or ave%ﬁggnma r 22@?‘0??15\% LISPfEr

appr op~at eing tonstrdins f@xianpdser pevapse izl sth qicis m.@@nam B8OhE Bhsaanofi gur es

3A-3B are replaced b u | e steps.for. ontro ad_and wite
transact i oﬁ%‘P 315154 ® ??USE%S 2%@“’?‘?&?8#“"&‘ Vg gn V“E gareea méﬁ’sgtsa%vrc 'C %&rBbdi ment
of an int etheonffe(etbemgduhxedGGthfnr&mqbéuastrat ed) where nenory banks 61 0 620

arc the sl ave eyrc ej. i ndr cat ed ?. ~
The 50031 6" Ly SRS e mRiplstt s fler TRk BARS: DRI AGAL ARG 5

mast er i ntprdakesys(cRr hapbd rct;@)cd@&@a (s40ing :rmtskcemp)rrecsxem2lé>€rammeetcr3210nast er

intens aces(xrgendrc](gfor ng E&)?gc r%g% ssc%ﬁ%grg%gﬂécg %éJacl&n?%&naTB%F ho%tg}&!zgar 625

coupl es the nenory ports m & conven ul e)
inthis opf@raa\lcciﬁothebccpr@lmsc@f reception of the transaction requests wll

be_the 5 order Pg%dcrﬂ%gl s)(lcip% (;[rcri]cen Sl %;/ﬁc#cgt g!aﬁ&?n%g Lh% 5&39&%9&@&05& mn a?lfd %ur 2) 3

4-7, the order events I's e citc event nuner
and 4 (wi t2150a10¢%ﬁmnypmghf&trmmstermdﬁlemattﬁmgf th¢ve qubueeBPizoh2@fcanigteasear si gnal

flow)) as T“Hg , in fact
that)%he e r'ﬁgx:&lhn |vgﬁ‘r’(§aag{d Q%%%u St |CF1’% %ggmtejﬁge,gg g@gu%{ﬁe%gg and 1D
regi $Per othcrpheustlfwe@usmmstanwl:ﬁ gwcei‘*(?rcqtldqemﬁ@ﬂ@ 860l qag belescp Sptobpat 10 of
data flow ! E@J@%%?ﬁ?gla\teoltiﬁlxsgﬁ[[ re. ﬂmz?lﬁ HQ&“L: Q7@?fm%5§g&9&d$%sﬂ@q§b‘de the

st eps desc respect transact request contr ol Fi'glres
3A-3B). Thusuestfoom $GM 26kqadsn b ssuedavet 158, KphsiSE output queues were not provided,

then the slave 150 request would have to wait for slave 140 to clear before beiag 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 mulnple 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 spht into multiple queues



prizte caun'ter consultation) increnmentation and decrenent Eiﬁ%i?ﬁq‘ﬁa”i ed
out to determne that the request is sent at an appropriat®e’'tine.”"The
respective queues are also handl ed as appropriate. 15 ~lfenor-v Rend
Requests: Fi r~Qre 4 This read request exanple assunmes that data is com ng
fromnmenory, and not) e.g., froma cache. Snoop operations on the snoopbus
shown in Figure 4 are not in consideratijyon here. Event |: Wen a UPA naster
port such as post 630 has a read-from nenory transaction ready, and the
master counter is not at its allowed nmaxi rum (see box 430 in Figures
3A-3B), the 20 read transaction is issued on the UPA_Addressbus from UPA
port 630 to the systemcontroller 650. This is indicate by the event 1
(P_REQ al ong the URA:Addresstiussa66d:s tarnisigur ea Ay SGi fehartyhdedid motbeiosm of t he
i nformation indicated e ro i.e. 0 SC. Event 2:
The menor y”“&i}%'lné(qfi“.v‘é. Qﬁ%\i@ﬁ.@%?ﬁgﬁcé\gé\_ﬂg ?@S%ﬁr}?‘tﬁg bk bR i %!
(cohur t n- addnessmst:nohejumbeqgefestiei ®dyhncelefies.i Ssuads ovdativer mowie adnt r ol

bus 670 to the ne anks 610 . .. . [ CAS, | ong
bus 670. E{?’E’r‘"ﬁewv%gycd@ty §%g?wslgnsm§hcﬂgggicreniggﬁ glc)sglﬂ noé/%ca%'g{ﬁge)tgﬁgt))cfgﬁapath
cont r®l busco680y banidbwinglddsanérs enmssibreenfmoeonidiray PS¢ sdelpvest & diffeorm syenory to

t he datapath cr bar., 6 I . i 690 and UPA dat abus 700.
This ful fi fefnss' etaﬁig?cggl r%dgta\lghecstném%%‘q?c{srolf g’?rttos?gglﬁéwi | e Reqr ~esrs~ Fyrre S
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instead of n read operation Lvent r< the rssunnce of the waste T c. quel t
al ong the 8PA thddrsess apbowe @OFipyre v ahtrnRive eheodgntnespatyimplomert dhbe legigimal over

the bus 68Q,] t REPLY
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after the depsrexecutdd Hyshesmiseed ifltaticesatyetemnigenpiergni slaypaniaaceselnhe frefomdt he UPA

port 630 to the.datpRat gL ossbar over data bus 700. Here, they are
buffered) 1 n preparation for' f or war di ng to the nmenory banks. At this point)

the counter in the UPA port is decrenmented to show that another transaction
request isgﬁy@;iJ),gy,ﬁe %\,gmhgﬁnﬁgﬁet,em controller. In event 3) the nenory banks
are enabl ed via bus using RAS/ CAS signals, and data 10 itens are sent
vi a bus 690 to Réferingnow jo Hanks3A-IHiasingighgstien GoxAsdogwten 40Dy YBA pahlD The
foregoi ng fBlRade GNRYY istBQ 196 49 of BAYGRL 2 atk e BEARohle lte
TSR STLCRR K100 gt UL )t LAPURHLL ok B8

data are reac _ ‘databus 695 is 144 bits w de, but t us 690
i s 288 bit sniitelBY apirepiira fBeldeon ths Skrcenfisutdistery?80 (qqinto sepsaterdsdistiert onbgrsendl ed

into 288- bis{er@!a@&i‘c%}sleilﬁlﬁ%vléi‘%e Wp&%e%g]dﬁ 2 TRIRISG colfRy m?é:%nB@&anB@%hr@sr S

Fi rrre 6 Fi ?ure 6 illustrates a read sequence to a slave device other than
menory, antkebstodiepsedayhep gherfiRfyfskeve) poryare fafisyref Wit BiNPMdnsicad phaypast IPast er

i nterdbace £iRiand v éﬁés@ﬂlaﬁplhccla@éﬁ,ewilé%\%? Fi A&t R Qo g@e dik@ Gre rErOHHAl 16,G: B3 1R
system controller 720 and a datapath crossbar 730. Event 1 indicatés the

i ssuance oFken HleHgu YAt FPRED CORf UPES'HSAPS ¥se Ki¥- 740 to SC 20 720.

At box 410, the master registers are now initialized, which involves reading the SCID reg-
isters 255 and 265 and writing the SCIQ sizes (stored in those registers) in the respective config
registers 270 and 280.

25 Since at start-up the config registers 200 fields and the config registers 270-280 must allow
at least one transaction apiec. (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-ID-registers transaction requests are issued, and the counters are decre-
mented, the requests will be allowed (If the config registers were all at 0, no transactions would

30 be allowed ) Upon the reading of the respective 1D registers, the config register values are

replaced with the correct values, 1 ¢ the actual sizes of their associated ID registers.



In event 2, the SC 720 sends the P REQ on bus 7SO to the S'?éﬁrh@iem@ ce
710. To do this, if there are several slave interfaces, the t rst
decode the address to ensure that the P REQ goes to the correct slave
interface. Event 2 infornms the slave interface to prepare the data to nove
t hrough the datapath. 25 Wien the data itens are ready) then event 3 takes
pl ace) nanely the sending of a P REPLY1Ir0n1the 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 schedul es the datapath 730)
and issues an S REPLY over bus 770 to the master interface 700. Las
addition, the SC issues the S REPLY over bus 780 to the slave 710, to drive
t he datia, 30 whemibéx 4, tt iscadyunenwhdier s havednsactiBAcqnstabpedinth ok of fhe
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the data over its data bus 790. The transaction rs conplete as far ‘as the

mast er i nt erseedsdo bax 498ncerned once tt has received tl~e S REPLY and tire
data has been trgnf QLA QY Bhs bREedlSnR0nt @ob e dal-ARE! e LLRIBRLq S0

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



30 Thus, at thrs point, even though the slave interface mad /nptARyggg3have
received the data, the nmaster inter face is prepared for nn nddrtronal
transacti on ?. |~ MAR zn0O~ 22 Since the address and data paths arc

i ndependent) the request packet (which includes the destu~aUOn addr css)
and the cor responding data may be forwarded rn any order to the slave
port. That is) the data m ght actuallyjg@rrive 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 wart until the P_REQ arrives, 5 so that rite sl ave
can determ ne the destination address for the data Alternatively, of
course) the P REQ may arnve first, and the data second) in which case it
can i medi at,gl.y, WthWﬂq;lI‘netG e h@ugﬁr%tcbtnﬁ;r'BQ@n(ﬁ\dQn&ﬁs&h@@ﬁ&hgéf%Qc RY othe
P~REQ Ev n ~ the slave has cleared the requested data fromits data
queue and th‘éd*ﬁlpa%#)s‘a"é‘sqcile‘h“ﬂ@%est fromits input queue) it issues a P
REPi . Y over bus {60t abfteciadle tndt BEkeS 3bd-4KD dnb130-510 dliGe1di0 1o Rakhy sfcﬁfth@trh@é her
transaction. The SC decrements its counters 810 and 820 accordin
transact i on degicAeW BN e SafteriMae ‘BEI‘f%Cc'pSH?WS mppter/inisifpces 119 ang h&r dt ‘&’r”e no
nor e act i ons, L0, i1 dwAlk e oRYs 4%@-&5859d 452-48 G@aa%ésow STELRKd 310 rekfe Hhethod

transactions herein are any type request @y a master device or nodul e
OP(

(har dwar e, s¢fPE ariried owin ¢f ttycslmw%m lelcrﬁ@s FAOD ard e sdaienie Pebodsf er s,

wite-data tgg@ggf,@g@)g&tdqw)m\@/@h@g dppebriie connected with the read and wite
replies. That is) for exanple, each wite request is Ié)/g |callgt§I|nked to
(s(0

wite data (i.e. Taadg iyrRsoyecdrriihintehigencagmifoplogis (hardwarpindGbiofy 2L derminon

the orderingyQineffthas 4 kARREIBE relpRSt JREARY AHS B kec.mumwarcm@schdm siBg o der
of wite requests) other possibilities 20 exist. For instance, | i nk

bet weeh®a w46k ¥ gytheaet "a‘ﬁd‘5?ﬁ’é”\?sﬂ”?‘f‘é’“6félt"a5‘h‘é§/‘”ﬁéd olcBoHsYS ’éﬁé‘a’”b‘? todedsryni ng
t okens to eagie Whichelal@€RWaside@ndnd kapieQrsrabdeiidsn Thdabae cdel inak&nsensoul d
then be used to informthe systemcontrol|ler and processor of the

conpl et i on dfEPHRIHS GFTEEOT B fERtePieRLPAET the write data carries its

t oken al ong wit h Arbdx 2SuAFVRARIBA) fthd Beth@CdRtevilted WRtHEF iht Berieg W& htidn V4 Memt he
25 associ ated token is known to be conpl et Such a g%stem requi res token

mat ch | ogi ¢ THORFRUNET § AN-MEBOHY P AYPeiaif & it iSATRCPYK BRFrabyR themabbay 456 the

appli ed5to thHans&y&teMneORhattdr R Fecinak AthbHy idase IdiaQ180QY Bihér@FdeARY con-
transactions requested by a master, and frees up the ordering requirenent

of transactiY#"Fequest ns-a-ns corrpl eUOn of the requests; that is, read and

wite transacti 0BsmEBYchPBssTN Eohain®ittlaieo dddaydigiRd prodekiiiy dfbaiambmrgaaker m
which they were issued 30 In ané[ycase for each transaction there wilt be a

corr espondi'AYEt WHEY By HEN W Y EHVESH ABY OPE PICRRPEY 1EYS: BFPHBYCE PYBRL rs a
data transf esmmAmaategeaembcdmmm froinhzgriveh deste0é. g@n@l’tf S afsaxies ‘qsaﬂfdn@drtﬁon f AhI 2
2003 23,1 f aIISgCt gav I%eksc Jrorn.stave reéa %Z %-é>
read i 2eply "3UESty fos aéf’éayt‘?%%? Y EOHRATHT R RV Fﬁ’ LEEYe V\ﬁgi""
request - -> f&ddmbodinfe@pbfithe presemfsysien dﬁﬁras thataatisf e péaipigrsanal bcq%&ﬂst(ﬁorﬁ rom
-->
slave: (write equestinnile 9t a LS ald) LEISL B sy SMEYE TPV
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 freely issue multiple request to
slave | 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 tansaction types or from particular masters, or both, or for some other reasons.



Thus) the present systemis adaptable to many different orgeri@ sigienes,

or indeed to schenes such as a token system where no partlcular ordering is
required. 10 15 20 25 30 ?.r P~~1R 2003 -24 CLAIMS 1. A control system
for controlling flow of transactions in a conmputer systemincluding a
master device and a slave device, conprising: a slave receive queue in
-said slave device for receiving a predeterm ned nmaxi mum nunber of
transaction requests, wherein said predeterm ned maxi mum nunber is stored
in aregister; a systeminterconnect including a receive queue for
receiving transaction requests fromsaid master device and including a
counter for MiMALD A% SRRl Ol RULAAN Rol RAESLAIbR Alnit) AL

recei Ve gueue; Yogi ¢’ t'6°Co BheF BT PP anam 551 on of “a transaction request
based on azdmﬁ&ﬁnﬂnmathWweemnsmedmmaumhmamdmaamdbhunber stored in said
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a] ca] ca] cay] Lc“a]c“a]ca]c“a]ca]cRa]c al| LMI(: &2; B7Z
'{vqk?a\vv ca]carca]ca]cAa]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca caV]calc
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WAXXXYL YY%%M%&M% Amﬁp\a \ \; %( AUrdBh L%m]aﬁ@f}]galaga]&adss aheaksaksaleal ca] c
a]ca]ca]ca]ca ca ca ca ca ca caJca] ca] ca] ca] ca] ca] ca
V] chal A Aagibigthbn 1= me\y:e)ecf datf oy gfuih PrIIPRIN JKRE PRPFAPFRS Rlave PPYtRrera(l®a)] ca] ca]
ca] capca] caly 9@1%}4 sehealoal ﬁ?ﬂr&@&e‘&@d aa]p@aa capeahgaksaloaheal sals alaad cal cal
calcalca]caln rr+rrrr[sdssttDuu
v v x x x5ysjare £e¢ {115@15?1?{‘ belpyistve JcEdalka] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] calag @])J@@’}fp ﬂlc(\S"d BBhGALRRLs the counter for the recipient slave, e.g. counter 240 if
V]cAa]ca]ca]cagéa]ca cal'}}}O-~/sZ3R&DIX[ y
z2} xsni d_Z14vpeQisdke at]uwayre@]r éa]pewrzgaqaesafw]rw}%aﬁféfzf]cea]t%r&p@éﬂ%a}ce@pca] cajc
a] ca] ca] C&L&@M@L@ﬂ&%&@%ﬁﬂ G2l fadhsahA3433 UMD&%@K@@-&%I)C@L&@}&@] ca] ca]
calcalca]c(alcalcaV]calcalJcalc a]ca]ca]ca]ca]ca %ca]ca% %fa]ca
V] cAa%]Jc a] ¢ }retaalbzatgn;é the@LbETRANEY IO Yqt pieer! Y 8T e BRrEedpa) cav]
ca] ca] ca] qal.&hlk&alGal tahaal fAlD a]s@@fb@fma]a%l ﬁ@d &aﬂ.sqa]ls ik eadis s @hwed! cp3guG
w }{vql gb] X]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
V] c”a] ca] CHFEP ESTvaedPe e 'e@reta) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! EeBY4”
' M wOX{ vpkf a\ W@tﬁ@lﬁﬁ&&ﬁ]e@hﬁ&](@%@@) has not reached its maximum aHowed value, then

V] cMa] ca] ca] ¢ca] ca] ca] ca] ca] agca] cal ca] ca] ca] calca ca cal cal calca cal ca] ca]
ca]cal I D it is incremented by one (box 480), and the transacuon réquest is sent to the Iecipient slave (box

25 490).

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_REPLY's 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.¢. it is determined

whether another transaction request 1s made.
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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 incldde 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 dcsigﬁs 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. Snoopl 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}e 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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The foregoing method ensures that no write request is issued untl 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 1n the crossbar, assembled into 288-bit blocks, and then written to memory.

15 Slave Read Requests: Ficure 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 720 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 1ssues the S_REPLY over bus 780 to the slave 710, to drive the data,

30 whenitisicady, on the slave’s UPA databus 790 wia the datapath and over the databus 800 to the

master interface 700
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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 queue PREQ_DQ is. If
the PREQ_DQ queue is too full, then the write transaction must wait.
The data queve 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 queve 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 queve PREQ_DQ is sufficiently available, then the write operation may proceed.
Further in event 2, the SC schedules the datapath 730 with a datapath control signal “DP ctr]l”, 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 1s complete as far as the master interface is concerned once 1t 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 1s prepared for an additional transaction
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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

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

by the SC.

Transaction Qrdering

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 system controller operation described
above for any transactions requested by a master, and frees up 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 o1 not there s a data transfer  As a general matter, the order of events for various
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5 data is consumed

Thus, the present system is adaptable to many different ordering schemes, or indeed to

schemes such as a token system where no particular ordering 1s required.

10

15

20

25

30



10! 3 MLO% h& ()-10% h& ()-"10% h& ()-3 104| 104| ;o
104] 1 710%4| & ()-5' $10%4| & ()-r3ZaBbC 10!3 ~10% h& ()-"10% h%‘*( f‘-“sﬁ 2,

h& ()-!,%$10% h h& ()- @10% h& ()- 10% h& ()-*aBbC 10! 39! 10% h& () - #10%

h& ()-L10% h& ()-"10% h& ()-'110% h& ()-!'$10% h h& ()- SK! x<dEbC 10! 3+ 10%
h& ()-*110% h& ()- (10% h& ()-' 10% h& ()**&$&! 10% h&' ()-S" ! 10%

h& ()-<k0123dYNC 10!3 10 h 10 h 10 hY710% h& ()-5L%$10% h& ()-/"110%

h& ()--Y.9$4006 h&' ()-- 10% h& () -3>AXgxaBYNC 10! 3F109B& ()-ss

109B& () -, ()-S@0YB& ()-f 109B& ()-!"F109BB& ()- x! $dEYNC

10! 33. 109B&' () -, &10YB&' () - SY109B&' () -S9109B& () - @OYBE& ()- ~109B& ()-9%' () *;
@>HC 10! 31 10%&' () - 10%&' ()-y1l0%& ()-#10%& ()- 10B 10B 10B51098B& () - daBbC
10! 3! 10%& ()-F 109& ()-f 109& ()-9! 109& ()-! 109XX& ()- 10%& ()- XaBbC

10! 31 109&' (1) - F Toe@nt(ql-stystegndon Jontadinafiow - traymgciigng magzenmputeMeysiai
"Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Headi ng 6&dildihtleatiangr ddyict drnideadiavg dd¥lcae, comgaidingg 93] c" A "Def aul t

Par agraph Font 1(k1; FPYdozlj2) !'l. 9! GS"n} 2* X Ak#

B#€) +, B 112( 468 5HAA0Rb oI EBSUMIE \soic Y1WB LA foneeabidimel 2 WRedSiBRhHeES X S6T
i mes New RomanAri al Couri er w'h Root EntryWrdDocunent x

<> achet G SRIRAERRETURer o oot RIS R PRSP mBR Ly o
number is stored in a register; .

a system interconnect including a receive queue for receiving transaction

requests from said master device and including a counter for maintaining a count
of outstanding requests in said slave receive queue; and |

logic to control transmission of a transaction request based on a difference

between said count and said number stored in said register.



