; e3e”z6TV2 ~ MAR 2003 Method and Apparatus for- Flow Control? {,nMAR 2003
Packet - Sw t ched Conputer Syster Background of the Invention The present

i nvention M new net hod and apparatus for flow control in a
packet sw "ﬁ mmmm,m ocessor-based conputer system (uni processor), a
net wor k of suc%oﬁgm)ut er sys terns, or a nultiprocessor system Reliable
and streanline ow control of mcroprocessor transactions (including data
and/ 10 or instructions) in a conputet systemis necessary to prevent
wasted operations and assist the systemto run efficiently. Typical
packet-sw tched bus interfaces in conput er systems use negative

acknow edgnents, or back p ¥ | ow control. This
requires either the naster 1;,5555;(3@“;1@]‘]5(11@9,@(@9@@@| 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 systemresource avail 15

abi ity Bpth.efnddiesant@mtibipds are conplex to inplenent and increase the bus
| at ency by spending extra clock cycles performn shakes)

re-arbitratingPfBrESehiEvEEn relatesdd b BUIMPHE Fmaevaé%m{e”‘? “f%%en‘rl&égack&‘tc Sone
systens esmbﬂladdme@m&es(s&agwdlcumm&emamﬁ pt@eGor) NE@alVE sadikRmphedgeent s)
alto 20 get her maki ng all the receive queues of a | arge enough size) so
t hat theacre%lﬁréﬁh’f‘ﬂ?fcisﬁresyml mum nunber of transactions that can
foreseeably beligfi€insatteylined 6% cdittoBof h@sroprogesehi sadwoaiaﬁsageluﬁh@tdadasndyakes

t he sl aves nore, e>3pen5| ve and i nherently non-scal abl ﬁ) .esgeqci al |¥ when

thet® ar " &TEFUANSIID A FYBRVIGAYSIEH BELSAR P gt i g Mirtq PrE Peldest s.
Thi s appn&acsdﬂnﬁ:&lm@dnﬂsb Wa%é&k&s@nh@ccsmhﬁeﬂfdcaimn&ypum@ym&wmeg@ﬂivd he very

deep recei ve queues. t he rate of processor rovenent s

cont i nue %" ‘é‘égé‘lf”i“h%{t a‘a‘fpr?fé%?’ﬁ "é‘iﬁ’é%&g q‘?ﬁ'r"t?%%i?%?q?‘écgg@?eﬁ SPHEEF connect
| at ;ancn es@egoeasa &M&Ecu@ﬁd’(ﬁjcltd'fm,lﬁt'livaIﬁ&knb@le&@hetrﬁs\/ﬂyrkgw&ub]&ioﬂlmekahndglﬁikéls in

per f or mance. speci a useful to arrive at a systemt

Vol st HeSrkad P aG At oa Bt AL Gn B Sram B ERR P 68 s8Boci at ed
wi t bS5 t hatabappr oach, wi thout paying in conplexity) size and hardware costs
by inflating t es Of@%?he tra sactlpn rec lnveas ldb%eslt§60 Var i qus fl ow
control techni q°u*é% 5?’“5‘3 Sl SRPTE RGP ST ST ERs Ravs M5eeh * & abtyéac ¥ch as
for tel ecomavhick ajdlampesyirigihackisakgsn se- ahakad@far tho hwsumrisclatlilon ypeobdoeal s. Most
ext ant de5|0g2l Z 4 MAR 2003 1 use sone form of dynam c feedback signal
to throttTEHRE Cender, on either ( 1) a link-by-1nk basis where each
downst ream no%n&epdemaavbeeidmk(xs'g@me)lfed;dba&heg upgﬂiwemmd@meom) {1} an
end,fo-end basis r end poi.nts of ation

o 20 01 pattar B Pl e P aitfea ot 8 niptcaBibdid, St OSSPSR ERARE 1 om
t he dest i mahinombersof mmdctbys nhkl&axsbn:deably bc comadcbly thctns Thlsdm m&mwhgc nmet hod

t hat has tQeen REOROS dis rate- baseg ro contr nder nmet ers
tism S € sigaves Mmore €xX cnswean mthere n N-SC. g e arc
its rate of 'sén an ‘agr eed-upon ra no ase on dynami c

f eedback swgnalogrcsﬂeqf requests W:wbyclangkugomuimpldwmlsr @Gmppl\ms&t capalskeggramict ched
comput er 8YSJEMPIUGS, bl (oY of L0kl AQUNEO0L hidlespr 0L 0COL . 11| i nk-by- L1 nk

flow contro reamrecl pl ent asserts a feedback signal to the 10
ups#? eam sendefs, mw@hqmtchgoramgﬁm@pvmms cortingotegaeed tat of ordiory predat t he

reci pi ent; g}f&@me t@drg&%glg%& c& lﬂ:n# ?Jﬁ%g&ﬂé‘s 9L :ﬁ&é/ﬁr(p%hﬁﬁ% Jlﬁtcviﬁmg},ub@ pul se

S|gnal causing the sendéer to sone tilne retry agail n;
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
in 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
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(b) a level signal causing the sender to not send, while thezéigﬁglzm@nains
asserted; or (c) a stop-start two-nessage feedback fromthe destination to
throttle and restart the 15 sender respectively. (Mst existing
packet - swi t ched system buses use this nmethod.) Link-by-link flow control
may al so operate through credits issued by the downstreamrecipient to the
upstream sender, where the sender onky sends as many requests as the
credits allow) and then stops until rew credits are issued to it by the
downstream reci 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 systen
see The FOMEsPnofrosal dfremiANEMbNER works hrflothe scdg3on aherr(het lingrpatinCorsfis.  on
Net wor k- Pr \%1(9 Qslcﬁ ’do&?s‘tre%n]i@fo&g@md b%feé_cs‘ba 1.‘51 ﬁ%ﬂﬁm@g su%Lm nbdcr]gr'(l?ya'nlelng-go-%nldow
control can also be acconplis ed y TRK] g the 8mnstrean1queue arge
enough to booowmudat!e theheo makpamisreithatermuycajiongregficipatejin flgw pangp ket e ever
to have to rre?eﬁgé &%bsc'ﬁ'ge!‘]&qeédgg k?rdn?ﬁggcs&iﬁ)a?i%n %fusédt e &E&qmmal ts ﬁglg no need
to throttl B the upstream sender. This 1s an expensive, nonscal abie

sol utbon. Bneth¢ronesime that bes omproppsed isaatadbeseh Bew opntl edem the sefdef peteidiek from
t he destingti IS - i di j

prot oaol 1o Bt R = B o
BECN FECN py spaoilt dpworstreangdiostipapket omitohes] computamivsiaas wisriekby-Gnleflaypemmsach t o
flom/contrgkuka to use a master device to keep track of the nunber of 2 ~
MAR 2003 3"1 transactions that it can issue with a predefined agreenent of
queue dept hs atInWUskibmtliak flgweortrrlitheeddwseamdenpiet esseiyrdfeedheckisignalrte anect

I ssuipg an,AGK, { ackponhed utfel-Bf) FBGRe SO BhiSH al h ARSBELT QRS1eAR A MBANS
of flow control. .In protocols that have used this approach (HDLC and SDLC),
t he sender siged carolakqngofrggve@hfoahbut t he capabilities (notably) queue size)

of the final regj %ﬁ&tsiﬁfalcsaugipfmg%lﬁgrttoLﬂk%ﬁqj)(lsioﬂgdm§‘dmc9§£§a91?0|S require
that the queue depths be determ ned in advance, and hence are not scal abl e.

Al 'so, this appr®aekvelsiesakrapsineheisandesdy potsasr) whils te anpt PHrigtesssictigr
environnent) si {aygst@@%t RLQERSIEY feddBhekTRS] BE hiesHRUHLA (BRIt Al KOEW e ack of
al | t transactions of all the other processors (or nmasters). In a
credits- based schesrisyr respectively. rlestexistifaadipt-wigbuiriytiee amer weitpt methodtlo al | ow
new ;I-O packejt S Ex‘ﬂk—%@-h%ﬁm)w chRJl'm@y %Q%E?a_té YRR u%ﬁ&cﬂ&%@é%@&&%@ngﬁ%: (1)
credits are issued as frequent and unsolicited feedback packets from one
switch to &igrMer thepRitre e seafediviese de eerAt @nlyaenly chaawdedisstbgribnhredits _
congest i on 4goNdhd iR Siops MRS nevPerBBW RANREADL Uy MdioWal i ad réfifenf efledwn i ch
accommodat e unrprocessor, nultiprocessor and networked environnents and

provi de forU@PYieepispidynapigriyypedulptng thegemberrand equsrey o cisdigsdsspedipithec hed

transa@t i ORpdule@W s&iif, bRkd omEPRIPIen?E reb i JUBYERDARY asTREI RIaRP BRLr chAR &I ON
enpl oys a nethod and apparatus. for determning the total queue sizes of al

t he queues SPHIHME detgiddin the repipiep diof 2 3assrpHoR Pf?fé?h adePore PG Peosa!
nmaster (e. gor AAMNEAOrISINEQ 1993 1R ARAGha PCEM RN enrk PFRREBGI. PIB-1NeABYaES only
to the extent of that total. The systemof the invention classifies system
i nt er connedt @tfetles as request queues, read-data queues, and witedata

queues, and det EnRIbYSSHK HEWRSntR cdn Ade @EcoRblished by hBGMESE SovadfledAdiRuaS
Ioose&y coigled events. An interconnect (system .controller is connected

bet we&h one &t erRpgietogeremaragiate dhegnaximump BRRSE aiisgisdyis canpmpiptederejehayeil ces,
whi ch nmay beeilvt @idhBé thére iShSssBE V86 (rediBB) avid n€héed 1 hbbtdthEERORREEHde2 S
controller includes a queue for each master, and each master includes a
transact i or "EAUH BPCHEi tatRRE B Nunber of out st andi ng transaction

r ggye;st S ”Om thfﬂ-toﬂﬁatgﬁﬁ/ﬁbﬂr& RR a@gzﬁ&%@lp}c_egncc Edfﬂrecdlb' Mefoﬁﬂtlﬂ?%tinaﬁ&ﬂlortﬁﬁ | er

addi ti ona i ncludes both request and wite a_queues for eac
domnstreanféfﬁVé?“ ﬁﬁ“ﬂ“VP§ﬁ§§31$ﬂﬁg@8§ﬁVé¥m?ﬁ®#E5&?ﬂﬂmPH@dﬁ@ﬁﬁﬁwnﬁﬁﬂ'

out st amdi nggdrRt @S sil by 1IAMHBINFEOR bfapbdakfor Eddgdshad cantraMe AaRThetvigksOut st andi ng
wite data trangsfers fromsone master to that slave. 30 The nasters and the
controller are PPeURIRPEYIFIBNIOPERT R sahya Ty AReHdP ?8‘1‘? YRgRldRg Mot t o
unitiate a wite-data transfer requests) downstream when the respective
counter indicates that the 2 4 MAR 2003 1 correspondi ng request or data
gueue downstream|s full Wen a transaction is conplete (e g upon tile
recei pt of requested data read or consunption of wite data by the slave),
the relevant counter is decrenented to Indicate the availability of a place
In the transacti on queue or wite-data queue. 5 Queue overfl ow and
congestion conditions are thus avoided by prohibiting the naster or system
controller fromsending nore transactions or data than the recipient has
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The overall systemdesign. and effort required to test and 44 MABt 03or r ect
syst em behavi or 2 h MAR 2003 5 under saturation condruons (when flow
conuol rs unportant) rs also greatly srnplrficd Brief Description of the
Drawings Figure 1 rs a block diagramof a preferred embodunent of a

comput er systemincorporat- , 5 ing the present invention. Figure |Ais a
bl ock di agram of a nore generali zed gnbodl ment of the a conputer system

i ncorporating the invention. Figure is a nore detail ed diagram of a
portion of the systemshown in Figure 1. Figures 3A-3B together constitute
a flowchart illustrating a generalized inplenentation 10 of the nmethod of
the invention. Figures 4-7 are block diagrans illustrating transaction flow
contnol acGedckdigiHaon tdrassuawen atpicﬂlﬁrfe@régrdd:rxfmfne&fe]méuetdym%at of interfacssaciid ons.

description of the Preferred Enbodi nen e vel bl ock
0 a0 o opie sk e et B er S ear MEre g Esap sk i bR Giet i &

di agxam r ebat 8% rﬁ&nﬁoﬁ'ﬂﬁﬁdofnlr& mm{oeﬁamtrat nacoaus@a mppﬁrb@amﬂbscmemuuw aspare
Architecture k descri pbed \R/nh bl pPAI terconnFct

Ar chi t ect (% %u‘l‘ﬂ‘"’i?%“”faa °“S3‘F§&Pa é‘ﬁst(é?‘& éﬂa"“ié‘ 'i)ro BRI PSR

M cr @gsyst emSpaclkemCLn siditiah enﬂﬂiroﬂbedle&aﬁre\ﬁﬂﬂ’t%c@naﬂ: didptisfbetdarernii®A ih ad@naOnnect
Architecture, has been su at ed pat ent

Bopli cati GRS BObyeapierEa Megb EpelteR pieded e R L aF SR s
Control i I’tnarcﬁa&ketm&matmﬂﬂed’:sﬁbIﬁfplllrﬁéﬁltr)@jwtdéﬁﬁq tolkyepﬁtacladﬂarhuettraa&acn&haf

pat ent applrult}(lzat on oc]éslslrcse? n th United States Patent O fice on March 31)
1995, desdribed P der features of the UPA architecture) and
is incorpo ratead ahe:ldes basbcyscheﬁerceuneare iEhed py eSemtstréanmedpii:mmo umnea/ new

syst i nt erconnect ar hi.t ec an mta new or

util ?(g: ng PRES g‘é?e’é‘bn b%’ta ¥ C“EC it ﬂ‘c‘;'lc‘:i’sf1 Vﬁ’r’\s%ﬁ%p’l or(uﬁrC recélgseaé ’Ssuanas %eé’tuamf | ow
bet ween maad hﬁsl’chd&\zlif@ﬂsacalpd:kslsamm @ sWitdhoo ynottey,iack@) crédits kiegnodelafell bhdae
system 10 |ncI udes a (% ule 20 and an interconnect network or nodul e
25, which |ny8a’?’f;8?“e“’ﬁf”°8ﬁ8” 19%nts of the invention may or may not be
connected to theugahew pgiahtuskhe meRAd anaduéded veychiap@hirddats sroprocswdr,aedtias a
processor ra hIC un|t 40, an X hey. units may be
i ncl uded) pé?u%ssﬁc% "%t“fqn o4 RS B iFPLPP Y Pt {E)ﬁc{ﬁc‘ﬁ#'p%alab? B c?sﬁegf E'esent

i nveml i on.padkemmsiahed irntsenfoaflewrcsntehdf i ned as the interface for any entity

i nioatng transac

Summary of the Invention

The present invention employs a method and apparatus for determining the total queue
sizes of all the queues in the system at initialization time, and for permitting a master (e.g. a pro-
20 cessor) to send a number of transaction requests only to the extent of that total. The system of the
invention classifies system interconnect queues as request queues, read-data queues, and write-
data queues, and determines rules of transfer of both requests and data as loosely coupled events.
An interconnect (system) controller is connected between one or more mastets (e.g. microproces-
sors) and the slave devices, which may be 1/O units, disk drives, memory, etc. The interconnect
25 controller includes 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 request and write data queues for each down-
stream slave, and a transaction counter indicating the number of outstanding 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

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



2 ~ hl AR 2003 6 |lion requests, exanples of such nasters ar c 2ab ¢HAR 2803 ng
menory requests, or an |/ O channel and br idgcs nmaking DVMA r cquests In
general) in this application a master rs exenplified by a processor

However, a nmaster may be any transaction-requesting device) whether or not
it includes a mcroprocessor. Simlarly, 5 a "slave" refers herein to any
devi ce that can accept a transaction request, including both nmenory and
non- menory devi ces, etc.) and includi®hg devices such as processors and |1JO
controllers that may thensel ves act as masters. For the purposes of this
invention, a "transaction" may be defined as a request packet issued by a
mast er, foI | owned by an acknow edgpent packet ot necess ?\q la( Y

packelt) de‘ﬁ’é‘r’?ﬂ”ﬂé‘“ﬁﬁ@”%gd“f%‘é'c‘éﬁrﬁ?sf’éﬁml‘“ﬁﬁ e ‘é?lagﬁ')sacf“r% Cf) 81 c?’pl ent

i mredi at el ypslandistdigameqldien &aiBeid oF cdmy1 phok ofb@ntaddabﬁth'e ElﬁﬂSftEﬂ’relcvam
acconpanyi request ata f ransfer ei ther occur on
the same s%"g’” ‘S\ﬂf‘f‘r&%‘e%’gﬂf’ h“éhcralé%é‘s’?lp Eé&ykoéf‘p agF &l Usa(résﬁgroé‘t e-'dat Apath Wi res
This is degefutbed in greater detail belowin connectl on with Fl gures 4-7. A
UPA port 60 coulesth m)due20to st.em onnect ol ler (SC)
70) whi ch 15 1 SOt PUT OB SUpios v GHEUEY Hrahe S G rhe v e i & 1
sl ave int es)fsaﬁecdﬁ&yud@&omcndmﬁgemracmsﬁmonmratmyha(xstmdsmmthtmspncnﬁrmhyu)ud an

I/Ointerface, aphlc uf fer eor

i nt er conne&f© dﬁ”"ﬁg §§b%‘$ ‘08%%1 cgm nr 587‘%%1“6&{ ?“ta “"sré(g?’( tgﬁsnaqerobone
servi ced. hmregae/aearwd spar&ﬂy tdeiwegredrh qheuactwtasdshmansmcst o0 ¥nagjicasd Sgrfabr
servicing ma r d%s%asgd?'chsmave {hntler 1 no (t))ascg a&S rdan%gn \t!,\'intorr{I the

i nvent i on, *sUdH cc &Y SHEPE AT hrsiEnd iﬁ"a PEES PR Yahdr 67 "2st andard 1/0 20
devi c®s) 95. | nTie rpmexhemrqedaeeﬁhndmmmtqm trh desiyrsibenm momtlxa@bri end (i0s and UPA
interface %9 are . carri

d
interface s Onl?etf re excce!rl_I Or} a% %fpm?aﬁons Ccen§ass%¥(s)c h{'thaQQrg and c%nt%l%}/%xr]e Nbr e

€ no OouUgh ‘many variati ons are possl
general ly) hemhalrlraslbennfo(nwhmmhenheampxbomés»&mblowosomeqummmdemtc;le)imhras a UPA

mast er I nt er f acg’t%%d g%?ﬁra W1 ave pg lfJCﬂ I’Y?C lV%/Eé’C?he%ya%Uﬁd.Glﬁ chL?‘ €s are n% SySt em

controller IR eac case resl fie ' System pat cross ar 90
i s al so i nkhowedpiieri, tahdthe Mnécrwnméyckeepuahkloéuzﬂcdandsucs tooodbmlcadustlmttdne sl ave

I nt er fsace( Sgc?u lgcrcltefs ss t%rta{ec glgrqlzcogr thoogQROﬁ?mang n'x qge e. si%cs an Cp{'&%saga&c?e?at h

crossbar re conplicate ar. (The
UPA ports ﬁ‘nﬂnaﬁw tbss samafqegmlnenbraedepadaptatbﬁlwfttﬂmaysttmeo rEAfigmeitfe dXGrar t he

i nterc O n necfavgo(gw &éerl:nt-gl}?uc%%ges O CO L%%Ultg on\fv‘n&%?llg)g gcu% Qlcl‘n’éf}gs m tr ead

and write data 1n eSCr nore conventi onal
menori es or ot h&he datiaatehof ag@ncheoxlo&erﬁo%c@h@bkoiwalsm tkmwrescnt flow control sys-

tem reduces the interface latency, since there is no extra handshake, no rescheduling or rearbitrat-
20 ing for resources, and no retries by the master. Hence a simpler design is usable, which is easily
scalable according to the number of processors, and the slave queues can be downsized as desired
for price/performance considerations and desired bandwidth, without fear of losing any transac-
tions due to smaller queue sizes. Furthermore, a variety of systems ranging from small/inexpen-
sive to large/expensive can be designed from the same modular CPU and I/O interfaces by simply
25 down- or up-scaling (sizing) the respective queues and buffers in the interconnect, as desired.
Since the interconnect controller is 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 utilized without appreciably raising the cost of the system -- which would not be the case if
30 the processors and slave devices needed modification.

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



z 4 MaR zoo3 1 input/output (1/0O devices 95 forTnng part of Qtle M\SPREIR 10
are pi ovided for user interface) data output, etc , these vas tous sl ave
devi ces may include RAM ROM disk dnves, nonitors, keyboards) G-ack balls,
printers, etc. They are coupled rnto the interconnect nodule 25 via the
slave interfaces 80. The "slave" designation neans in this case only that
such devi ces accept requests 5 fromgne or nore processors and ful fill

t hose requests. The interconnection Aet wor k may in general take the form of
a nunber of different standard conununi cati on topol ogi es that interconnect
masters and sl aves, such as a point-to-point link, a single bus or nultiple
buses) or switching fabrics. The interconnect nay enploy any of a nunber of
conventional mechani sns for switching the transaction request to a slave
usi nig oneurge! sxpraob@osigmalwisatihs Fogrets trheorigm tsatsomgraaymbfiddased eit her on
the addressing information contained in the transaction request packet, or
on anot her prot ocol not necessarily dependent on the contents of the
request pBad&ddesd p oy Diyevizggy anount of buffering, or no buffering, mthe
| nt erconnect. /fT ftﬁwkt?ﬂa?a ﬁqp@ eﬁ)em%du%@rﬁowx&,w&@ys&np%rwaﬁ gure 1
(and Figure | see i scussion bel'ow) has a centralized controller that
conngct s ing til dresamigeengorand al | sl aves, and consel5 quently has conplete
visibility to fﬁ%u?& SR d AANR 2 ARFord Foft gleaamtze&cmmuﬁénn s hey donpuRriRdiment
invol ves the usé of distributed controllers) in which case it is desirable
t 0 mai nt ainrerpprafing the inyentigpd i n certain desi gns a maxi num capacity queue
size may be n%gﬁgzlﬁiH%gc&,lﬁﬁmﬂpmaﬁogtﬁ@@;sﬁms%ganm@g&c@h agram of a
system according to the invention. Here, there are multiple masters (three
exenpl ary mastégyenta3RBossdrrrgngiisnniow q*ﬁéslélsm}mm%w@w@hvﬂp&@tcniaﬁ%ertau n
ci rcllénstagptggmgﬁ(,@[,pmggwc,ﬁ% instance) if ML is a processor and M3 is an
/O controller, then M3 will often act as a slave to ML, as in the
initializati orﬂ’lsvfe‘t‘baefrcé’l%‘fb§'€$fﬁlbédluﬁépwa“@ﬁ“?m%mo%%é?1 Fearding @ IAga DVA
(direct rrgg;pfoyd@@g%@csq,@gmgdug& the /O controller M3 will act as a
master to a nenory dévice, such as any of one.to-many of nenories
represented as ML ... M2 in Figure A 25 Slave devices S1 ... S2 (which
may be on : ik E evices) are al so provided, and the

Mast { rs) menories an s aves are coupl ed via a system control ler 75 in the
sane f ashi on alis¥Ré isy/opdsyeltienkdifieragyof 2GoMRUIE SHPFR O tngorpratings RiFseand

sl aves) i fhvEhAl Ghik diaZPéh rofated B 4 sp e&&uﬂg@ﬂeau@n%f%mé&% ReveOitatale AS- 77 tO
a datapath crossbar (or_interconnect as with the datapath crossbar 90

in Figur etefmwevh&acheqnb%@llymwtichvw ealnsfcassesid bR e - SRl YAt he

system 30 g0ia fiahAliE @hir Ebrhim! BudMREG]8EhE theeiRRd MR RLsQkrsRRA T GaRt ' S
system the datapath is 72 or 144 bits wde) while the SC datapath control

bus may b&FPEdpigrognnsetarchifegre has been syynptesige dppenaix 4 o related aatg dRRicatigle SC 75

has monpl 8} epp1®hdd debht1ddO MMl od MRS A B eatus T 85 Col il EPREN-SwhbBiRd S )aipelt
controller, need not be on the datapath, but shoul d. have control over and

ns~bi hty tgéﬁs“f‘ﬂebéig'f’%’&lﬁalﬂ’é‘%@“%léﬁaé?‘h fleamibe HakedigfesatpeQifichori gure | A
are inter enhent egbsbyesatds 885/ & Atttk QlerFed s ile) UBA DE1Stc@SreSHAWIncoMpY-Ch may
be uni que dedlcated poi nt -t o-poi nt Links) address/control |ines or may be
bussed toé"(&, ein by “’rf‘ﬁ‘if al so be bussed or switch-connect ed.

Address/ contr O’l"heﬁm&cﬁtaﬁ@nbénﬂ@és/ahﬁ%sjstdmmte‘icibﬂﬁ&t hrbEiteSRARNY tétkSmitBfdw as by
prov. 5d| ng s@wre& c&gﬁrm /data buses. A boot PROM 94 is aEt:a((;{mect ed by a bus
to tfe I/ B°HBHL P gw%smmoarwcwgaﬂgml ‘fa“EFﬁB?f‘ @ﬂ%ﬁ‘t”ff’p PRYFYSP PPE t he
syst em i ntea deaeréand i1k midRbRRkvie®. g. to initialize the CPU) registers,
etc.), and 101'r]:add|t|onto|n|§|allzethe queu |sters and counters
of the present HHgEREBRYSHRO M5 HrA l|JPZ'§51mP‘i’“(5"11pr’jr" 2‘]“'(5 WL NHEYEPOf hed i n
detai | beh@auleeb avliseinlddfern@etidndnis @EIhE indehtloh Wsdlyloak@$ n@ e coHnedi&NB RRCE
rmdule 10Q in g igemflc i.npl epentati on where two nm ter |nterfaces (or
"mast er s" 1212 P a Abe W modulg pry ingluds e fRVESE SR PETS O BEf 1B Y Osirdves

i nt e3df acesn {/Orunitsbavesr bmulmya@d,cmé&i) arNGt aaxrdaﬁaaaabrhts%rasespb@f;osés&iﬁu@r e used.
There may in princij nunber of masters and sl aves. The nasters

may be angf"fé?“‘t%&“‘iOﬁt Z\rfgﬁ&égnca“%ag%féad ROSVBYTEE [P EHEY BIUUIR THET ces or
entities capable of issuing transaction requests. Each slave 140 and 1S0O
i ncl udes a slave queue (160 and 170, respectively) for receiving




transaction requests. The maxi mum si zes of these sl ave que&%@ MA%aum3
represented by values in port IDregisters 180 and 190, respectively. 20
Masters 110 and 120 include data queues or buffers 115 and 125) and sl aves
140 and 1SO 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 5 are also represented by values in
port TD 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

dat a queue bei ng nmaxi nal | i mensi one 0 hold an entire pa t, (i.e.
di mensi or&d "SWERS EHARPFSO! ‘éfﬂ i af%i’egﬁ)‘é\?‘égﬁ% TEORYERpl A 'é’ga"gg‘gk@f’“%‘i ze),

t hen t he guene&gsiarnk DMBR:q@ask be represented by a single nunber. In Figure
2 the slaves 140 and 1S0 be any of the e devices,descri bed above
with respect %g%T%gé‘géa?ﬁxﬁPahWQXﬂﬁ‘%%8“W§%§§¥€PkuS%? § gvégaffﬁménd 150
may repr asgitde aarad3bdtidelieqobstid@ dOBEE K et o+ meindesa rscapecdevi Bosglarly, 2 ~
~~11' ~R 2003 |, ynul r=~rt no crayo~t ~Che bhasic.ste th t ak | ace at

i ni Gal i zduSsK"f d&#ﬁ&‘&ff”“(‘o i“%%dgfér“h‘iah‘éccte%‘é‘b"s?asé‘%“"é‘f“‘{‘)’ & ”r‘%}sdb“é%t"ﬁ‘v’g"”%" ei ve
gueues ofandinbn-hlagos] @viess, el pididcltding dr@icsystiem précessofs 2)d BD oorarotitrethai zes of
the slave re eivg gueues in registers within the systemcon troller; (3)
-det er mi n€"PhE°BIZES*HF° PHE“System control I er' s recei ve queues; and (4)

store the sizé&sr at pirheses ySthzimeotidn; ol tragsactieC @ayde defeadss 4 mquastedaeer m ned
regis tern in the master(s). 10 Thus . at s initiali ' the

it al B S8 ar B v ert o Bap Ry BNRH PRt b B AR R b
requést gide uponahdchatdnti@pldaikstadand tremitie redpibnt Shaved atela ddw bsdyerm.cBpreesaytdnese

val ues into correspondi fields.inside the c Lourat i ong | regi ster
200 01 t HESEPEEIRP RO ecc e o Frie Gl FRLO PO hERTL G0 3
180 (represwantanikgetdievist avbe grensepaska,es pn spaastdeapth winess pis ardgbambéd iel ds i n

configuration (" fig") reaqister 200 qof, the SC 130. In addition, the
val ues ongﬁ%T%gﬁ%%f?g"r%ﬁ?sogfg&ig "3%&'268 (representing the SC queue
si zes) are st ox BEAiport 60 cduplys tegnainler2d (07 §ysemdn280)nertespeditd (B€) 10, wbicht he
masyer 1 nt ert]:JranCc%\% !e::l'ci]'t(c)) og‘ycgrr#?fzrg'sla\'/aél 1%@1&90%%%%’(? |T¥1I§: slg\pcqrnlcrgacﬁ g‘%}gﬁ\é &rmtggpcc ?%y be

repl aced %ﬁ’a separate co uration registe or eac port 1 npl enent ed
in the giweno$Guch s rhdin memage)anilifenerfoeud ghaghisstrame Sdfraroat or rcwa bidges teg

Pty e B cBRR e RloikOs: chéth EP( cebilliyg £ TNBA MBI Slidicat! B B 20 21 50

i ncl ude transaction request obutput queues
any device that accepts transaction requests for servicing may be given a slave interface 80 in

accordance with the invention, such as conventional memory device(s) 85 and/or standard I/O
20 device(s) 95.

In a preferred embodiment, the system controller 70 and UPA interface 60 are carried on
the main processor chip, and the slave interface is on the motherboard, though many variations
are possible. More generally, each master (whether a processor or some other device) has a UPA
master interface, and each slave includes a UPA slave interface. The system controller in each

25 case resides with the system.

A datapath crossbar 90 is also included in the interconnect module 25, and is coupled to
the slave interface(s), the system controller 70, and the ports 60. The datapath crossbar may be s
simple 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 umt 90 is used to

30 transmit read and write data in a manner to be described below.

One or more conventional memories or other data storage devices 85 and one or more
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respectively) which are used to queue up transaction requests from each of
the master interfaces to the SC 130. Each master 110 and 120 has a counter
(310 and 320) used to track the nunber of pending transaction requests, as
descri bed below. The SC 130 is provided with output queues 210 and 220 and
associ ated counters 230 and 25 240) respectively, whose operation wll be
descri bed bel ow. The SC 130 al so includes an SC instruction (or transaction
request) queue (SCIQ for each naster) so in this case there are two SCIQ s
250 and 260. Associated with each SCIQis an SCID register, nanely
regi sters 255 and 26S, respectively) containing a value representing the
maxi mum si ze of the associated SCIQ 30 The circuitry for carrying out the
operiat i 0ng, Qbubbe/BFdk scdsReirsatfbaRYf $Cs)0@i O APl @edddbstNnkirger &2, and
may i nclude conventional hardw red and/or software |logic for carrying out
2 ~ Mt! ©uge03ia.dhepe v HePun sle sl urss wneqlv%ﬁs‘%MF%\SW ﬁ‘é‘i‘%ﬁ&sef"oé‘r‘Pr?\SFt may be
provi ded do@iys Gakk YAIRIpGHL s e ThERDS BGIpic@nntb @@uastodiaddlotng?s aueldeacont rol ,
nunmerical conparisons and counting, etc. that are used w the invention

Al t er nat iiyerfgees 80-gbhrershive pisigRaiop GBS Bis R¥ANY 'BY SHEEGY'°E BTFEPIGEHUEHS (such
as by pragdn@Bhd ASNGL bRRSSE esEdiflinh@Braa6&BCI at ed conventional nenory, e.g.
RG vl or RAM to execute 5 the functions discussed herej

. n. ny
combi nati ons 3%3§Pﬁﬁﬂ@Fﬁ“ﬁ£FHﬁﬁ?@”@ﬁée§6¥f%ﬁpﬁfgpﬁﬁﬁﬁé@P%PEQEHEQQEEUte
these fungtd @asnidicatiB@iopyIshiedthadiiért@int® hastal dnd e S ARB ad spolnk-tepddt lihle
functions carrjed ouhgén t he sl ave dfgice %see slave |l o hc nndgles 142 and
152) and AWBINRSIEMUGRIT Rises: Pe@hag taR1 < dgf ' RERRTET AT WYY 20D M Her e,
t he | 0gi GherBioh estibe resRnisma kdr s@ftchidi@hdtranedttibn (gquepn gyl aBMingdne BEFBFY and
intelli 10 pence necessary.to carr ut the fupcti.ons.of the invention as
osaPi beds s BLBEITIGE PRI R TF B s ST HaP by BTGB o8 Sop e of
routine tife ONRBadioh kdq@bkst bitkbNEr odlahothdd pi@dtol ddendceratly BgperdkniloR ke chmMRNEA ON.
(Where a naster deviceg Is a rocessor)f&BF.lo%ic é .ingggnEnting t he
present i ‘AYEALTORCEENT R BB HEMREY S b e RS PAPY ”(%{53?30 ¢ PlECHGtessor
itself and t hernepsdfért@tentdasimieht(§¥RGE in@6ntion ThavniaFigueul(&id Higipd pORed @t-i on of
t hese Iogic,ang%gﬁé and the extent to which it is rg@@g;gnted by 1S
sof t war e OFS RPUNEES 2 SPU R EPRF VY PHSPE SR P A TseE HEY 234HCBFGck form
i n FPgur equgntiylig chmpletealidizBlyit@fyseaqemagandidd i Aealdastveichestimeith
reference tq Figures .1 A and 2 (for.the architecture) and Fiqyres 6-7 (for
e T 1 ow BUTYORE 6F of isAeRES rpbUt mmFeiieh b Rl FREpc RS 6 he
i nitiali Ziatckdin 8&ipie A @exiien-8dpadigdueut sive maglbahédded. menory) in this
enbodi nent in the of PROM 94. The processor 1 has a fixed address to
t he boot PRCI\/IF‘L eg&dﬁﬁ%5ﬂggg§”FPES?QQX%§“§E§H¥%§Eﬂ%%ngeﬁﬁ“Hﬂ%?é?%/controI
| i ne A/ cttidn- Her tehearS@ultiple MiersyGreeendsplidyenasegdsM3\beiag tHoend athagat h
cont,hol line or bus.96 (which may be an 8:bi.t bhus).to.the data .Crossbar
5o Wbt crnfierf b Mt sl e s X Rferor P RS kPt SRS MAE T hus
acts as aansiQuenttoder then priogidioftear acMis d shave o Bl opén dit indtlizetibs predrduded be not ed
t hroughout_ t he present description. th . the sake of, clarit it 25
addr ess a‘%a‘”g’é? §CIB‘G’S g)é‘ Lgcroetgcéggnﬁi n%u(ﬁméﬁ?hfl‘{\?%”sc trrgffné(g,y a%c%s\ﬂeo & {mnt' ﬁ’%i@r esent
i nvent i orcongolig i Will expi 4 eslzr ® doesy g tene, ush agany lkésredo madrof semddtsa
buses.) T C roll.er cesses the boot PROM 94 to read the code
for the i%ﬁ?#@E?fgppdﬁ%ggﬁﬁg%%ﬁﬁkand sends it via line Aletrl-3 to the SC
75, 28hi ch senddavietdegpestsd .t B2 (yhidoesgoond/lbevelah ofFngwelavgdevickd a8@ls? Hlo- mast er s
M -M) slgy i [ - Qial fiq registers,
counters) S%F@]‘P géla%?g'rné, ”#?EL ?%ngsll\'{g earrs,JEErlacgtgragg%ﬁgﬂgoggg%&?%ﬂgf&ﬁwﬁ sl ave
queues asfashépi astileachystemEpgyuatler 70;is ¢ropled wrthe maegster pirbslayalekin Giguc|laiThe SC Thisse
el ement s L n PR =~ [ e. the processor
VB hao T e Pren e Rl coniref s 2 105 Bball il balfol FaHnck o2 0E id BE RGO
PROM 94, nateyosba 99xetgtred Thecdnirpidtus dpwilbtypiorilyibs nuch ragadertthre theDdystegi st er s
of the neyories and sl aves. These.|lD registers, as described.,ab W th
Fespoot | T Bpladf @t 3 HRRrc NRRR HEALR B S B8 OB RE B0 RML
i nstruct iwde,queigels: AN datepatit @ndatbas maekresly Ihie Wilow control sequence that is
followed for this read operatio : . ;,llows that described bel ow for the
Sl ave Read Flow Control in Figure 6, the data fromthe 117 registers being
retrieved via a data bus (or datapath) 71S.



The ID register values are witten to the config registers (§u§qﬂﬁ§ ﬁ@pfig
regi ster 200) of the systemcontroller (75 in Figure A 130% n |ggre 2).
As di scussed above) there is one config 10 regi ster per slave, or at |east
one field in a config register for each slave. The flow sequence fol Lowed
for this wite operation is as discussed belowrelative to Figure 7. The

130 controller for the systemis used for this purpose. Thus, assumng in
Figure 7 that for this operation the §lave 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 i D\ FlQUES abo® HIBSIAMaMbmpR iRl § «d atAhdstcd) diatddi 5id WS 1 S
passed to the systemcontroller to the 1JO controller (slave 710 in Figure

7 or mastBessieny eonvBUEmeR gribe op Ky daiapiite Beteinald Ry E9§OF 2VCr YN iEE K to t he
system cqnggggaa@r via the datapath provided for that purpose (data bus 715
in Figure 7). The next step in the initialization procedure is to read the
sizes of the rdesfveagieqeEosrs talamy LIy iy RGARFTGPINEFeq by agdrepsfrantegh 9 s 0
and st Shqwct}lﬂirlzekgwh%wz,_ @ﬁicfﬁghﬁesunzc@@((_ﬁ@i@at&i@@oihtrlojﬁb@l-ll_ixﬁ(s)zt)ddreﬁkﬁmﬁ&ce' ve
queue sizes are stored I1n the SCOD registers (see registers 255 and 265
shown i n IFiegaimaphe buyysddogedist [pyerat 1BPe Pussehas s Wieacoaseiy- fidressirgntrol

cont r ol | efnqQfatiRe X ALY shhR Y dainBUnisIsutie bIBal RidoRh Q6L asRss/8dtohisdg t he SC
recei ve queue values in a buffer or preassigned register. Finally) these
SCl Q si zes ar e beat PREM Phis sonngeied iy s ‘°d’&fr}'fcg‘ij’“}’%lb‘irg’f3e?”§‘°? EAEN YN 3¢ and
280 25 i nyFibGififizlhe shsterh her oM FnBSRal Sare (B} 6 DRRAGSORe SYOeghters k), &ki S
amounts the processor witing the SCID values to its own config register
and o t hie sedirien tp ipibgizstts queds: 1GBIMET 2RRAPRES of thapreeghinydtionsTidutiadiza: | jt
is a multidHReRESeNs ®Y&IHRMN db@inc-RRacpvecessRE 4act s as a master and wites
SCID val ues to both its own confia reg‘%vs@(ejr and to those of the other
processors. 30 §EheHEPTREATAREGANEE Mol CoR e FRAC 8T RIRMPUAt N YREEP | zed
descri pt i @Rs@fintbFRBSQE tiner& SULESY 100, @WinglO BYstef] cohfollehES @riesend stheven 2 4
MAR 2003 12 1 taon, followed ﬁt‘)% a npre s ecifé‘c ggscri ption of the preferred
enbodunenttegicas ke shavaemt 148 i anrp BEpUD Frasshal 1ppare Heednlfgr a3 i1 RS equence
and Bl ow g1eahy UImePsf rHARQEI dnti §labdtp The MistetyradyDaGHY cTMhdiRgRst Siscdide@bove,
initialization of the config ,[egiéﬁ)er 200 in the SC 130 and the config

regi st er sOAPESISTA ARY SRIFST Bf CHECSTARPIS PE PSS BRECHPLFRET DN of the system 100
can conmence. HJdhklag DPRLANSERLERQ siBte diRie{l 60 dA8 170) rdsh&ctieQf fotkeéf@hst er 200
a copy of the respective val ues qf th& slave ID registers, 180 and 190, and

hence " knBHSACHOREMHENS MIMPHIATHER SEF Oof e SAEIBITS PEdtRSTRC? PatleairPod| ave
i nt er f acemeagishadoand 190, tSp&tiaalg request queue (160 or 170), and the

o5 A any. v fichen ne R e S aota 1o lRsr e ene IS tal, of

pendi ng t mangadis Quruéssbeirs 18anines, cviedapondiargiesdridedinrdegll eddtivgueue) and

the size f th in tore.data. i n.the slave .,store dafa e. .Uni ssued
transact i gﬁu‘fcégﬂ’gg?gcl?ﬁyﬁ%m%mé‘lz?s&g s AVCEAS B3 91y e@tsfaa&?ﬁiaée ¥ %hves 140
and 150 i repesdénpdtbygaiaes pditUDacyistat? (80 andhl Whresprytively. & thi tpeaial daye Wirge, and

in particylar. my be larger than the SCIQ s 250 an 60 n other
Gl v Dot alfeds ¥ Pl Ger BT SRS A GuRt T AP GEpAFL S B 4 when a
mast@r) ewste dimsfuete (et B85),acith thed Qritcldats qaeuvt benpsaotimaly dieepsatd bohoidsaue) it

first conpares the value.in.t nt er with the value in the config
regi ster 278° palcg‘ctt%h‘ze%gbeﬂﬂ?'gfl V% Itﬁagﬂfaan}(’ggjélcq?rﬁ?&lcﬂnkén P%:%"ﬁdfﬂ“g“% séﬁ’ﬁ'%‘fc&’he\/al ue,
t hen t he negueist inni8Y cloebd spuedied Pnesingguestr.i s sent fromthe master's

out put queue .10 Qje Cl 50 nd. the counter 310 is incremented by
oner Tha-SC 138 sl Hee et 1O on Syt MRl et Sa MR e 50" ne
transact i oep20toskgei&®in Higirdsind imgditicaladslagésdd@ gand 190 nog werreentfagy ninitat ofqueue.
For gonstan(é%% |5 slave 140 is the destination for the transaction request,
ther the SC 130 CRECKS Phe*"¢otnter 210 and conpares the value stored there
with the value in the config register 200 corresponding to the ID register
180. If the counter 230 value is less than the value stored in the config
register) then the SC 130 issues the transaction request and increnents the
counter 230. Ot herwi se) the transaction request is main 25 tained intire
out put queue 210. (In sonme transactions related to ordering constraints for
transactions for different requests fromthe sanme master) it may be
desirable to |l eave the request in the SCI Q 2S0.) Assum ng the transaction
request is issued in this exanple) then the SC 130 sends a signal to the
master 110 to this effect (upon conpletion of the transaction) e.g. the
transfer of data) and 30 renoves the transaction request fromits input

S ~ N B Y oy A A N o



2 ~ MAR 2003 13 action request. If the counter 310 was at 'Qt[,s;mx?msm
(indicating that the SCl Q 250 was full), the decrenentation of the counter
310 allows roomfor a single additional transaction request fromthe naster
110 to the SC 130. If the counter 310 was not at its maxunum val ue, then
the decrenentati on of the counter 310 sinply adds one to the nunber of
transaction requests available to the naster interface 110. The out put
queues 210 and 220, which may be arbitranly large in size (and in
particular may be nuch larger) if desired, than SCQ s 250 and 260 and

sl ave input queues 160 and 170) are preferable but not necessary to the
operation of the present invention. |If separate output queues are not kept
for the twaslawlguauwe 210 for slave 140 and queue 220 for slave 150),
or if order 10 ig}g constr ai ag(ts for _t.h(? rraste[ grevent t he use of both
queues 210 and'B5C FERTPHIECPPERY BV GH P SlIdst s stared at queues 250 and
260 nust wait unti l(1{deerhns Rcizive tdeshéanad iecdivesuance sf diahe atee@iupllem
before being cleared gut of their queues. Such ordering constraints in the
system may be gl obal '?S‘Fdésr‘el"hg requirements. That is) in a particular system
it mgy be required 2hdire theRrBOI UG stavaresded quatesiimregjstens &viBhahd syswimreast er 110
15 (intended for slave 140) be processed before a succeeding transaction
from master 110 intend®fFor slave 1S0 can be processed. Aside from such an
ordering requir enens) detdrmas shenizagofttivasypendomgli¢rsansae bans ahdd SCl Q. s 250
and 260 are fromdifferent masters) then ejther. of these eues .2S0 and 260
can rel ease a requé‘sx)tS ?r?)p’eesllzﬁ'ﬁ’afr % %?/"écﬁnﬁ%h‘gﬁ%fcﬁ'g@u%fsdnlp ﬁcgggel%cgtr%sf gueues
210 and 220, thereby a&kdiowiengasr(s)20 i ncrease in throughput. For instance, a
sl ave, 140 request i.n. SCl O.260 can, be..sent t C eye.210. even if

ol av Ta0 | o f (e B PR o B e TR e R B B g

sl ave 150 fiel@gfoe site réquamnqbéile\And Bitecian qudrenn &xeh sleve aitdohelcapies these valbés ihtbe SC

out put queues were .provi ded) then,the.sl aye r t woul d have io
oai £ o EMESROTEE TR AP SR LG o Pl a0 ke SR e e ¢ hus

provi de t mthy tHenvdppeindPntgiope t Wand h80feptebantingube slaevmenersizes)fageceged idSepfhe
SCI Q@ s 250 an 60 ar.e independent o n as,.are 1 he naster
it & aced i Frarerwa bRt PR bele PP R R PR M B R B e 10
handl® a SCEdedgbtars AEchnd 265 Geproknting ghedist @edy siaes eacdtored intchefigmegistes 8J0 wi t h

t he nunber t can . t om each master being

i ndependerzﬁ’géﬁdf%ge%g%%é’rokgc;rmtg"ﬁral?t%ff%?gﬁﬁé’gg}{zqés of the SCIQ s are

i ndependent of Abersatawebt banfig rdgistea @l maydeyeplaced by perpuhth kenfighratoramgistadfiov i dual
master ma a | e, of Ltiple. r L 0,1 n f others from
That st 79" LECRRC I eall i 42T R R R B g e AR RIS el kORaes oo
(or 2Q0) dwers.ione Baehchodslevdsd4@pid 150 nto nul ti pl e queues. 2 4 MAR 2003 14

1 Any, master c tr | : j f any

el 0 ea nunber s U Hio b7 85 AR difcBh RSy Kb Ak st 06, T

conf i gur edespentivelygvhierareysst tomupietup transaetiod sequests fraatieaptngdi thamasten inrefacesfio mast er
and sl ave | ] ht 1 e LV, (51 i I ASI C
(by compar Sin i FRSH HaNERIb bnd Bofed el oSl e T8 Lo AR alIRERAIRLAE 11y
and 5 ecomerdingdiyanaddtioniaqgestiessidgsvaibes telpweasi |y configure different SC s at

| ow cost for di . -ﬁgg,- ' Ifd ds of
that system Tgféég(gg?%m%oﬁﬁt e %gr ‘t;}i“ggf%%%@‘lé‘? 5?%%??1%2%’?? goﬁﬁfeféé%? g’\?f?ded by
har déar e/ 219 roameivelygyeose pparsion Sl iglesriberibeldve mast er and sl ave interfaces,
and by programph &t fEhiARGuds B SElinktict f&’angaitiﬁ]réﬁl{ég)@é%@@% 0{%2?““ in

Figure 1. Alternative enbodi ments may | nplenment t ogic in 1
f ashi ons, masgr spip this 68sc dierarerereiGIRs 2ahendgébepesocipied wivseach ekisgn SEIR o

carry out 0 SERSSSXRLI Vb S olBRIng a vl RbE em
controll err@éz?l%%{' l;sﬂlrr}ac erelgx%ll?’gr Tjgces oifa)iijst‘)%}e£1 p?efoer ren% aerrbo%?r?e@%tgﬁ%?’gﬁ%ls
i nvent i on.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



Oheratin~i of the System Controller 15 Referring nowto Fi?irg4 3A- 3B, at
initialization (box/nmethod step 400) all UPA port LD regis 7\8 t he
slave ID registers 180 and 190 in Figure 2) are read, and their contents
are witten into the appropriate fields in the SC config register 200 (or
into separate, dedicated config registers, as discussed above). The
separate fields in a single SC confi 99 regi ster enbodinent is nore likely to
be used when the UPA (slave) ports are conf | gured with a PROMinstead of a
port TD 20 register. In the present application, whenever fields of the
config register are referred to, it may be taken alternatively to nean
separate config registers) and vice versa. At box 410, the master registers
aretnow iny deb@bdrz Gctiohdi €4 1hstvied, W@ B STIEAY Rprbied SEebryiegos tlenandamnand 265

and wr|t|n t he sizes (stored.in those relster in the . respective
config r &Yl §St‘§?'§j§29? “&%&%1(5 nupenl fapagions g %”"““gtchemé‘barr\? g r“eg sters 200

fields andehdis Mmfnagvdiﬁglg&tceﬂ suraaﬁp%assmﬁld at hs@WcanﬁgJuenas‘.tuch)msa)ytprcansact| on
api ece (to read ore sﬁo t % \ |sters 1%%& ‘026520 60,
respect i PESY “Sm{cﬁ‘ S’/S séorre T AP £9° lil"QZe i) ‘3“ v?fmd%ryoefg 0 begi® W th) to
"boet st r ae'fubhhi@nsdisatuksed pereithen, when t he read | D-registers transaction
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At box 440) the counter 320 is increnented by one, and at box 450 the
transacti on request 2 4 MAR 2003 16 is sent by the master to the SC
Thus, the counter 320 now reflects the sending of one (or one additional)
transaction request. It will be appreciated that boxes 420-4S0 and S00- S20
all relate to nethod steps that are carried out by or in the master or
master interface, such as master Interfaces 110 and 120. It wll S be seen
bel ow t hat boxes 4S2-458 and 462~490 (i.e. alnost all of Figure 3B) relate
to method steps caxried out in or by the systemcontroller (SC). , Boxes 460
and 498 relate to t he rrethod steps of reading and witing data as
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whether it has a transaction request pending in its request receive queue
(such as SCIQ s 2SO0 and 10 260). If so) then at box 452 the/ tMemad3i on
request at the head of the queue is exam ned to deter mne which slave is
intended as the recipient for the request. This queue control and recipient
detetinination is carried out in a conventional manner. At box 4S5S4 (Figure
3A), the nethod determ nes whether the pending operation is a nemory
operation or a non-nenory sl ave operapion. If it is a nenory operation,

t hen at box 4S6 the 1S met hod determ nes whether the recipient menory is
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recipi ent slave 1s a va reci prent at iven r|ng or
ot hetO consystem eantoberfe.£.chreSCIRsdAad | Bowndn Figere 7190§C1413=625t0hed HOimBgured). t s

until the gl axgvl utidlibd ard QoG8 @%ﬁﬂg&t ahe C@Ltarg 25%8%@ s%g%n mf].s act ion,

then the transactron request is nov orrespondi ng
queue (SC@(92)21‘01s@¢adQQ@pnon is executed using the I/O controller of the system, resulting in thc

master/processor storing the SC receive queue values in a buffer or preassigned register,
Finally, these SCIQ sizes are written into the master config registers (such as 270 and 280
25 in Figure 2). If the system is a uniprocessor system, then this amounts the processor writing 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 Qperation of Flow Control

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



I f the pending transaction is a slave wite transaction, tﬂ%é QPRtﬂmé time
(box 470) the SC enables the datapath 1S5 via a datapath control signal)
and the master (whose transaction is pend ing) is then able to nove the
data through the datapath to the appropriate slave input queue (185 15 or
195). The SC then sends its transaction-conplete (S REPLY) signal to both
the master and the slave (see discusign belowrelative to Figure 7). At box
475) the SC 130 then checks the count’dér for the reci pient slave, e.g.
counter 240 if slave 1S0 is the destination for the pending transaction
request. If the counter equals or exceeds the value in the config register

(i.e. the ék&%%@@%&ﬁo ppcﬁﬁé&ecdp@o&&%égr%réd&%bgaml%mwm iNGR Q20 read

at initialization e request is not yet al In this case) then
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a free |ljng.qpens up in the destination slave queue to receive the
transaction request. If the appropriate counteqﬁ&230 or 24d) has not

reached its maf¢miniHalizationniels apafinsyisenddd in theSE 130 atddhreronBgragiptesrido( box

480§) ang, 4 119 if R ARG RimLS gm&namew;@m mctam@onh%wlmmﬁ%@mn thox 25
490 I f the pending transaction is a slave read re?uest then at this point

(box 495 Criméntpiasiel ite penfig agesnter 280 4 epy b EEsPegihwryalues of the glanpiDoegisters H80 s| ave
sends a P, REQ- Xndt}fgn&h(ﬁm%@" (@ Wati6m §Qn§§ %¢§8H§ACB§PIIQ¥JC§B tat £t Radcfier-

requesting master and the recipient slave., See the discussion bel ow rel at
ing to Fifagaeen *B‘"@)‘él"b‘\'ﬁsfadF requeshfyeye €50 at 170hand themadamn amown af ¢ aticpow f or

sl ave re%@'h&@wg%tascda%&)q@hc %1'95 St @@) %,an; Ser RANAE SRR B0 AEERES10FORDOX 420
in Fi gure 3A, 1.e. det er m ned er anot her transaction request is

madd ~ sumberof mdmoensa&mqvereqqcawncth%wcmomlmsﬂ%@§CCJ39L§1 Quei3ad the size of

necessanhy. ﬂcn@lhga% dam%t fhk Gl stdrk Bﬁﬁ’-ﬂuc%@%ﬂ&@&i wnzalaum@?xﬁs& mta? irofer ent
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of the masfielily AtR! anklACESHANR ha %eﬁaﬂg&hﬁﬁthEB@l’@'ﬁ@an@ﬂQé(BQH@ﬁxErdu%mlnssued by
the SCto a slave interface. Qther types and S degrees of parallel

operatloﬁmﬁ§§‘B@mﬁﬁﬁﬂéﬁﬁﬁﬂ@ﬂ°¢FH§VG@8H¥?&ﬁ Qi gures 4-7 illustrate how fl ow

conty ol takesyageabi, & Qn&%fe?ﬁﬁd?facé MOSkHs ia @ansh@ion RAGA: Rfisshournrdichher ent
types of transactions: Wﬁﬁgure 4: read operation fronlnennry (i.e. where

the sl av@ientherpiye s ifsgoynt Fthithepvalug dctie cofig (reistess270y15 thescaypier valyeah t o
menory; Rsgiag uicohBadgitReailel BEh the RILEt ASYLRUAL NBE rdgBaNis FBIBLM: mand

master’s output queue 290 to the SCIQ 250, and the counter 310 is incremented by one.
The SC 130 then determines to which of the two slaves 140 and 150 the transaction
20 request is destined, and checks the counter for that queue. For instance, if slave 140 is the desti-
nation for the transaction request, then the SC 130 checks the counter 210 and compares the value
stored there with the value in the config register 200 corresponding to the ID register 180. If the
counter 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 is 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 its input queve 250 (upon sending of the reply). The master

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



Figure 7: write operation froma device other than nenory./ HMARCRW3r
operations, such as cached read transactions (which involve the snoopbus)

not a focus of the present invention) are possible, but these will suffice
toillustrate the features of the present invention. In Figures 4 and 5)
for the sake of sinplicity the queues and registers illustrated in Figure 2

are not shown, but should be understood to be included in both the naster
interfaces (UPA 20 ports) and systeml@ontroller) in essentially the sane
configuration as in Figure 2. Thus, the trans action control described
above with respect to Figures 2 and 3 is acconplished also wth respect to
Figures 4-5) as well as 6-7. However) the nenory banks shown in Figures 4
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each flgure I on of t act t the menories in Figures 4
and'’s do Gatsndadifer Sllﬂ‘,?e lﬂ%é)cyrmcfhbré%@ssmmbﬁwgﬁt@ﬂ gpmafastehidOgitended shown
in Figure,2y 1bl: gwdescrlptlon 10 of data flow with respect to

Fi gures 407 ag% erstood to include the st;?s described with
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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.



ready, and the master counter is not at its allowed naxirnﬁ?QSﬁ§R3®g 430 in
Figures 3A-3B), the 20 read transaction is issued on the UPA Addr %us
from UPA port 630 to the systemcontroller 650. This is indicate by the
event 1 (P REQ along the UPA Addressbus 660 in Figure 4) with the
direction of the information indicated by the arrow, i.e. fromthe port to
the SC. Event 2: The nenory cycle [i.e. RAS (read-address-strobe)/ CAS

(col umm- addr ess- strobe) request issuaﬁ%e] is issued over menory control bus
670 to the menory banks 610 ... 620. See 25 vent 2 ("RAS/ CAS') al ong bus
670. Even - The datapath is schedul ed by a signal along the datapath
control bus 680, and data itens are accordingly delivered fromnenory to

t he |dat apath qrosshar. M A Aad n RUSHOHE K 700.
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read operalOn. Event 1 ~s the issuance of the wite request aFong t he UPA

addr ess BusxpeBOelASIeWmneonparitoevigdicsysern aconbele)l it Bioyide ereny Bexitilty apdis 680 i s

sent; to datoaR Q25y PéHfig G€ BiffeRh8SE’s ANowcBBERE YirfeRnSEAL OVer
busS710 E@gﬁéﬁ?%$§ﬁ85o toQ%EQQBP%§%6?$g63O fo sou?ceothe S dafana ?er t he

dat apat h t¢3s. sedheapgtadlgredamehe spreifig ateds piitbagyséme sent from the UPA port 630 to

the data path ThE Q)%&b@f: thggﬁfyi&a(;uﬁofbhbsinycqgonbik%{(o@)dc& b)eym&&a?e/m»iafg l?%c o.f n

preparation for forwarding to the nenory banks. At" this point e counter

in the UPRe PorSIE andide mapaind glavegnigHissss £phby RIATAA SPITRGHARSAREe] BiPereuest i s

avai | abl st tﬂc@?st%?&s%m\ﬁpﬂtﬁgw ErAltekfi V& NodBlents Ry TRABhN: BRMGS AT €
enabl ed via bus 670 using RAS/ CAS signals, and data 10 itens are sent via
bus 1690 taher Fashiepirs By LIRIAKLING PRINGricS @PFhgcatrakPufPse RIPTEEETSEP BT RIAbHY ofthe

f or egoi ngdpet R dhe@BS HeSasleNRlerfAQs WdtdnScdn@dl@Shd UsveifistRel dflel refdtg Wite
data are ready. E if the databus 695 is 144 bits wi de, but the bus 690

- 9.) if 1
is 288 bﬂ?ﬁmﬁwﬁﬁfM%h@“ﬁé@émmords are buff ered in the crossbhar) assenbl ed
into 288-bit blocks) and then witten to nenory. 15 Sl nve Rend Regrrests:
Fi~trre 6 Figure 6 illustrates a read sequence to a slave device other than
nenory, dheerqionof dielSypers Gomrallgs 2 but for this exanple a single master

intésface 710 panghify fuv@IFfeupdsBUEB, BLiRitiRIBGEon/BO/AEBod step 400) all UPA port ID
registers (e.g. the slave ID registers 180 and 190 in Figure 2) are read, and their contents are writ-
ten into the appropriate fields in the SC config register 200 (or into separate, dedicated config reg-
isters, as discussed above). The separate fields in a single SC config register embodiment is more
likely to be used when the UPA (slave) ports are configured with a PROM instead of a port ID

20 register. In the present application, whenever fields of the config register are referred to, it may be
taken alternatively to mean separate config registers, and vice versa.

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 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-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 ID registers, the config register values are

replaced with the correct values, 1.e. the actual sizes of their associated 1D registers.



used) coupled by a systemcontroller 720 and a datapath cro3gb¥AR7 Event
1 indicates the issuance of a read request P REQ on UPA address bus 740 to
SC 20 720. In event 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
sfave interface. Event 2 inforns the slave interface to prepare the data to
move through the datapath. 25 Wien th® data itenms are ready, then event 3

t akes place, nanely the sending of a P REPLY fromthe slave 710 to the SC
720 over bus 760. In event 4) a series of steps aie executed to cause the
master interface to receive the data SC 720 schedul es the datapath 730) and

i Ssueg an S REPLY,Q486, iV 8etdhnci Qi e a%svttﬁﬁsai:l%eécfu@&@s F%Q@ng Jnrb_n@-glq.héi on,
the SC issues the S REPLY over bus 780 to the slave 710, to drive the data)
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moni t ¥ how f ul ForBotrHe oReeAon. thy wstemletgimines whgRerthe data ta\pe wiritte toroR@ohthe t e
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system control |l er 720 over bus 740. 15 Event In event 2, the SC issues

( | > 2: ¢ )
the P REQ &¥itbubiss 59, a8aintahRoxst 28 et Renaqdrispiecuah untt s detapiem 15 isedvferes
sufficient wngls to informthe SC how nuch data is being witten. As
menti oned aboveﬁ,the sl ave data ayeue counter ;820 is used to track how full

the data queue ﬁE@w tihg {ca? fr the write operation 1s ready for execution as far as the master
15 interface is concerned, 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
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event 2, the SC schedul es the datapaih 730 with a datapath control signal
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sl ave has cl eared,the requested, data fromits data.queue and the .transac
lion request’™f ?ng‘cnhis age sh’gfﬂdc‘i]ﬁse%cer,wﬂemifg%"érscq‘éesg_]%l‘f&"?lﬂ? °8Q}Té’?af}9lj§°119}%'ﬁ to the

SC, i ndi catdergminhiédn is tartied &l in seadyenfiaral mamteher transaction. The SC
decrenents its count 810 d.820,a rdingly.. The transaction i s now
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conplete fromt foview i.e. ere a
t aken by t hey Gératioh@ns aci-imembryQadlesperatich. 15 itihememandpcidodNBenheb&d 436aeL any

type @¢ request a. nast e evi ce or nodul e (hardware) software, or a
conbi Rt | o her e P e Bt BT S TRPOE Ly LB 450 FoesAbFeT s,
ete., whichstaitgt be connected with the read and wite replies. That is, for
exanpl e) each wjite request is |o ir%f" |inked to w.ite data (r.e. data to

e ar i tteny. OB FE i R AT B e PRe St g cotorie
transfer hasqleadly agdsnmedtet antid enygegrestn echnp pthehreeroorg o slagé, revpéctieely, g uast s,
ot her possi isJ'nlc In%a'stgzsargpcsgﬁ%ds t’l’hat 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 & 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 issve 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.



For instance) a link between a wite request and the wite d?yammﬁy?ﬁﬁ
acconpl i shed by assigning tokens to each wite request and i -
correspondi ng data. The tokens woul d then be used to informthe system
controller and processor of the conpletion of a given wite request; that
is, the wite data carries its token along with it) and when it is received
the wite request having the 2% associ ated token is known to be conpl ete.
Such a systemrequires token match 18gic to |l ocate the associated tokens.
The token system can be applied to the systemcontroller operation

descri bed above for any transactions requested by a master, and frees up
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2 X ~~, 4"~ 'S c control system controlling
t r ansact iLopt.fat box 466 the wotrpdiveits voyktheshvhspviehg at | east one ni cropr ocessor

W thoat |east jQOenIBElEs vARVLESs liaioN AR e « 0Lt - RASL moA b By device

having a sl avé Fecéive queue for StOFing transaction Fequests, e control
syst em i reiresdemigng SC output queune (SCOQ) 210 or 220.

If the pending transaction is a slave write transaction, than at this time (box 470) the SC
enables the datapath 155 via a datapath control signal, and the master (whose transaction is pend-
ing) is then able to move the data through the datapath to the appropriate slave input queue (185

15 or 195). The SC then sends its transaction-complete (S_REPLY) signal to both the master and the
slave (see discussion 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 transaction request. If the counter equals or exceeds
the value in the config register (i.e. the size indicated by the ID register 180 or 190, which were

20 read at initialization), then the request is not yet allowed. In this case, then steps 530-550 are fol-
lowed (essentially identical to steps 500-520), until a free line opens up in the destination slave
queue to receive the transaction request.

If the appropriate counter {230 or 240) has not reached its maximum alowed value, then
it is incremented by one (box 486), and the transaction request is sent to the recipient 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_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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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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respect transaction request control (see Figures 3A-3B). Thus, for each request issued, the appro-
priate counter consultation, incrementation and decrementation is carried out to determine that the

request is sent at an appropriate time. The respective queues are also handled as appropriate

15 Memorv Read Requests: Fieure 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‘rc 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 it relates to
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The foregomg 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.

In event 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 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,



10% & () -
("1 10% &

10% & () - Vi VOWWBXXAEbC: 10" 109% & ()- & 109 & ()- #1094 & (§-+ MAR 2003

L 10% & ()-g! 109% & () - XXYuYY5ZgZdEbCt 10 +10% & ()- * 10% & () -

()- " "10% & ()- YA0% & ()- &SB! 10% & ()-9ZZZV[[\ 6\ dEbCt 10

| 410% & ()-32@ 10% & ()- YL 110% & ()-/10% & () -

Y. 10% & ()--10% & ()-6\\\\\\]]~bCt 10, s$10%2& ()-:'10%& ()-1"10%& ()-

10( 10(3Y7 10% & () -

5y#1094 & () - bhbcexerQbC 1092 & ()24 4, s$109& ()-:!!4, s$109& ()-:!, s$10% &

10(

10zz

T()-: 111, s$109%& ()-: !, s$109%& ()-: ! xef f gggggg} oP110%& () - 3" 10%8’ () -
102z 10zz!| 1I\/$10°/<zz&' ()- 1 9l IMBLOYRRE () -1 91 . " 10%' ()-ggg;jj bkk&l }A?0P1 f
10%08' ()- S 10%0&' ()-!

*$10%008' ()-f10%08 ()-! M 10%400& ()-M 10%3&' () - & | Tnm[ nn} A?0P1&$t 10908 () -
"10908 ()- 9! 10%08& ()-! 9$10%4tOHOE ()-! 9$10%00& ()- ~ 10%0& () - no;
Fal oo W?‘m‘iﬁm&“@ FE@5 51000 () - @9 5109008 (). 6 v

-1 -@r ' rrrrrrross =
s$10%& () - (.). > gg@ %((.h% dcnmcfbwg{.aé\) as.@ié% Q) %sféé 3 e sequence from a
1006 10%08 op-nser{p c{ JekdBe w a¥meshel Odrdfac.- Thid s\qu&ﬁ'ﬁdeﬂ';%&rc(s)that dat¥ cannot be
s$10% - &

s$109kk &'

(L%an; f;:rl eid}u}n}n $§c§) é}é&:ﬂ; ﬁ%@%&o thF %g/céml(:;)facg }i(bla}&.s l(f?()l%,nt 18780

10! +, 2$10%& () ITEigRSlOMR % potk 6 Z@maGibnlré Rkt O8Rtet § HOSHOYdarh hudu&@&(&tc(' 320 | 1098 (

s ot e ) iR S Sl SRRt 100

109 () - SSRELS TAYRIe(S) (shave (blik}ﬁ]ﬁ’&até YucTit) drd, 0BechiyelyRIF thesk R duehesSdOMEdn) - | T~ $1

0%]& () -

1o wyvs e S0 ek gy S0 Ao bt Otk s g g e

&$10%& ()
109& () -

10##=WU3USL! I | &3° $109& ()-! +L* $109& ()--!+L* $109& ()--!0Ss$10%& ()- & Ss$1

0% () - &

15

20

25

-seiBd bib Seith i @ YRz le Lot SaHY DY sedIking PCLd DSEHT OSEIu()bo&LDOE's Ge- #
10## 10##
I Ss$10%a& ()-&pbCl!! &3 $10
Event 1: 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.
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 quene PREQ_DQ may be the width of one word (e.g. 16 bits) or a block (e.g. 64
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 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 ctrl”, and
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.
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.
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transactron 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 (1.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 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 1s 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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a first register storing a first register value representing the number of
locations in said slave receive queue available for queuing of transaction requests by
said least one slave device;

a first counter storing a first counter value representing at any given time the
number of transaction requests that are stored in said slave receive queue;

an interconnect receive queue coupled to said at least one master device;

a first circuit coupled to said first register, first counter and slave receive
queue, including comparison logic to compare said first register value with said first
counter value, and adapted for conditionally transferring said transaction requests
from said interconnect receive queue to said slave device in dependence upon a
difference between said first counter value and said first register value, wherein said

first circuit is a circuit separate from said at least one microprocessor.

2. The contro! system of claim 1 wherein during initialization said logic is further
adapted to determine the size of said interconnect receive queue and to store a

value representing said size in said first register.

3. The control system of claim 1 wherein said first circuit selectively transfers
said transaction request from said interconnect receive queue to said slave device in

dependence upon said counter value being less than said first register value.

4. The control system of claim 1, including logic adapted to determine the size of
each said slave receive queue and to store a value representing each said size in a

said register corresponding to each said slave device.



