;e3e A<<=$>F?~@@ AT_?1 9 h~i.~Y 204 DYNAM C PRI ORI TY EXTERNAL TRANSACTI ON
SYSTEM BACKGROUND As i s known, nany nodern conputing systens enploy a
nmufti-agent architecture. A typical systemis shown in FIG 1: There,
plurality of agents 110-160 comruni cates over an external bus 1§8V$ 6% Elng
to a predeterm ned bus protocol. 5 "Agents" may include genergl \ % g
processors 110-140, nenory controllers 150, interface chipsets 160) input
out put devices and/or other integrated circuits that process data requests
(not shown). The bus 170 may permt several external bus transactions to be
in progress at once. An agent (e.g., 110) typically includes a transaction
managenent systemthat 10 receives requests from other conponents of the
agent and processes external "bus transactions to inplenent the requests. A
- bus sequencing unit 200 ("BSU'}, shown in FIG 2, is an exanple of one such
transacti on managenent system The BSU 200 may include an arbiter 210, an

i nternal cache 220, an internal transaction queue 230, an external

transacti on queue 240, an external bus controller 250 and a prefetch queue
260. 15 The BSU 200 nanages transactions on the external bus 170 in
response to datarequests issued by, for exanple, an agent core (not shown
in FIG 2). The arbiter 210 nay receive data requests not only fromthe
core but also froma variety of other sources such as the prefetch queue
260. O the possibly several data 1 1 9 f SAY ~pp~ requests received

si mul taneously by the arbiter 210, the arbiter 210 may sel ect and out put
one of themto the remai nder of the BSU 200. The internal cache 220 nmay
store data in several cache entries. It nmay possess |ogic respon3|ve to a
data request to deternine whether the cache 220 stores a valid 5 copy of
request ed data. TPENAMIGPRIOQRITEEXTERNAL TRANSAGTIOMSYRTENh data and
vari abl e data that may be used by the agent. The internal cache 220 nmay
furni sh requested data in response to data requests. ° The internal
transacti on geRGREININ SO My receive and store data requests issued by
the arbiter ZI0. For read requests, it coordinates with the internal cache
220 10 to det er miAze i§ fknoha, rreapuesumnuaqompunngssyst(emye@el%ﬂnml{éagqﬂy) t he

internal cache 220. If not, if a data r m i nt ache
220. ¢ he | neBHERUES AhoREal St Bodai E TaThde bl g 0 eS e
external trapsaqini st &n 24 Bmal s 270 %Eaﬁhmg&@asfﬁeddt@mwm PréRcBRY
interpret data requests and generate
5 “Agents” may include general-purpose processors 110-140, memory controllers 150,
interface chipsets 160, input output devices and/or other integrated circuits that process
data requests (not shown). The bus 170 may permit several external bus transactions to

be in progress at once.

An agent (e.g., 110) typically includes a transaction management system that

10 receives requests from other components of the agent and processes external bus
transactions to implement the requests. A bus sequencing unit 200 (“BSU”), shown in

- FIG. 2, is an example of one such transaction management system. The BSU 200 may
include an arbiter 210, an internal cache 220, an internal transaction queue 230, an
external transaction gueue 240, an external bus controller 250 and a prefetch queue 260.

15 TheBSU200 managés transactions on the external bus 170 in response to data requests

issued by, for example, an agent core (not shown in FIG. 2).

* The arbiter 210 may receive data requests not only from the core but also from

a varjety of other sources such as the prefetch queue 260. Of the possibly several data

1




external bus transactions to fulfill them The external transactipg §uguss,
240 may be 15 popul ated by several queue registers. It manages the agent”%
transactions as they progress on the external bus |70. For exanple, when
data is available in response to a transaction, the external transaction
gueue 240 retrieves the data and forwards it to a requestor within the
agent (for exanple, the core). The prefetch queue 260 may identify

predet er m r}g&e UL 0y ki%dlﬁ%u@&qgﬁﬁg%rﬁgr b%é,u&g apéfteti' BﬁO%% se(l&?'&m hown) .
For exanple,*1f the core issues read requesfs directed to sequentially
advanci ng Rt ¥né of tiehoioshd asedieRs 66thABSAFIN0.A+2, A+3, ...) the prefetch
queue 260 nmay issue a prefetch request to read data froma next address in
t he sequence (A+4) before the core actually requests the data itself. By
antici pating a ndednicsial gaghg 220 maystase data i HfYeTsé cxbo eRiips cHusy RAsEEs8at a t o
be avail abl e .i

for the datl%g.]C %%Stggﬁsé%’g t£x a?lé r%@%h[etoz&:ét%n%gj c}['\{gﬁélhélhtﬁe E%@rig?f#ﬁr%s 4 JPF{&‘UESt

a wou urnishe e core € internal
cache 220 rapper rédirbielirdam. expenrads fRADEKn, Bay vty apkelicipedal apd.
Herein, this type of prefetch request is called a "patterned prefetch.” 7

~ ; E, ~Y 2Do4arigbigdatathet mey bengscd feyrthe agendc ohte injgrealofache @@ ey, fureiski n
called a "blind @ref et ch a core issues a read request to data at an

" e
address ( saSAUESIGH AALdN BPPRSSO QRATCHESY £ | 1 ed by an external bus

transaction, a blind prefetch nechani sm may cause a second external bus

transaction to reklih@wl ¢ahscabn JuSRCIINAISE A el A8BstbRtdata r&ulstd! i nd
prefetch may cause every read request froma core that cannot be fulfilled

i nt er nal | yigsocdsipatin atbijga i 0.ofForesadequadstsbii soondinasesorittothe intBtriahckobe 2@t ches -

nay | Mpr.ove processqo erformance, hy,retrjeyving tw ce as na cac | i nes

(or cadhe Ealligmane Funbrautietdis, ok (ranbe ti st bOGh el aehitely |

Again, if ﬁ#&g;z,qsaaﬁaﬁvregxxegét*&%sésewiﬁéﬁna@e&cﬂefm%a hRedial @m{gaaicﬁ;@reﬁe from
ress (B+1), rn

the other a B the data may be available in the 10 int al cache

220 when t B80 éewardssbe dstaaequestdo tiegreanalftamsadtieondmtee 240.bl i nd prefetch

request also may be generated froma patterned prefetch request. Using the

exanpl e above, g_ atterned prefetch r est .to address A+4 maa/ be augnent ed
e S “f &

by a blind pref i‘?_xfeéi" dHREATOR MY WK JPERPTR qatd requests prd geparalg nown
that, partigdlalbys {rQns'Q:'ﬂfiérlst)?Gl%ﬂstﬁﬁm.l@ht%’ﬂ@%ﬂmﬁéﬁ uedeM24PxhLepRal bus

170 can limt system perfornmance. The external bus 170 often operates at
cl ock dpeegspilirad byrsevorat usdcomeistdriait maragasttbe ngentld vehsastdasdss tkyt he
agents. A core often may issue several requests for daézaﬂ?li n the time that

t he ext er nBICZEsE on Hoe exifmabbys| Id0e For sxaipple. whgeddia s 3yadable AmEspeRssio Thus,

a single a f t :b%ﬁﬂ*é’{ f. 8 t ,170.
When a pl uggﬁh%gng%ﬁﬁ%&%aggﬁg%‘gm ?us areﬁgsg,ft%%nﬁ&fgtvgﬁ{dsig?ééach
agent is akdqueabedithinl tie agdnt &ot exumyslé, thbeorbpndwi dt h avai | abl e on the bus
170. In multiple agent systens, agents very often nmust wait idle while an
external bus retrieves data that the&/ need to make forward progress. An
ext ernal t r ansadtt BFFfefgh qacuep0 mpydenifyprgdetaamingd PRIGTES HY fepe grquetifat

o1 o) e R AP OSBRIt ot Bypetonseal .
shoul d be g k@ubdtiatl§thdvuRding memory locations (addresses A, A+1, A+2, A+3, ...) the
prefetch queue 260 may issue a prefetch request to read data from a next address in the
sequence (A+4) before the core actually requests the data itself. By anticipating aneed
.for data, the prefetch queue 260 may cause the data to be available in the internal cache
25 220 when the core issues a request for the data. The data would be furnished to the core
from the iﬁtcrna} cache 220 rather than from extermmal memory — a much faster

operation. Herein, this type of prefetch request is called a “patterned prefetch.”

+J



wites. Core read requests identify data for which the core has anl § MAY 2gp4
i mredi ate need. Prefetch read requests identify data that the core is '
likely to need at some point in the future. Wite requests identify data
that the agent is returning to systemstorage. 3 ~ 9 ~ i~aY 204

Accordi ngly, the external transaction queue 240 may include control |ogic

t hat posts requests on the external bus according to this priority. The
predetermned priority schene has its di sadvantages. A request typically is

stored in the trangget I mayRAemdR AREbA iybe S pBtEl, elefdn eslldde titider nal
bus. During 5 periods of high congestion, en the transaction queue 240 is

entirely orpredechy When 2 cpreefsatsatreadutquest taedataajse stdresrepay; redresi BYibol core
requests from bei stpred in the queue .240. .These. | ower, pr.iority requests
Woul 0 r e HALEBBGIES BY R ctTaH s BT SRR R et S PR RO & he
' equest cOMpLEL LR exEhs) bul BindaBNA oREdRUL it LEANESH nBIOrp RBYRYY (E 1gher

priority requests frombeing inplenented. This would limt system 1
per f or masce A Biied prifetch ynaytdaeseecviery madegmhestnirothe eore tharcanneidregidfilesh

managenent system for an external transaction queue,in.an agent. There is a
need in thellgmallyfo PR ad"‘é"ﬂ?éﬁf’lails‘fs Vi LA Ay §Ha§rﬁl§ﬁ?tgheﬁg?@'r’m¥°§eyst em -
mai nt ai ni ng fi 1or | i f i on but
Tl ement | RB e B R B B B o R My

Enbodi nment s nedestdie ipsatispnthe coveeedd requast. oXpale, i tinaikdre evamealty egsisstdaom queue

for an agent. The transacti on queue may operate accordi ng to 'ﬁi@ﬁéﬁif alsj)elnt
priority schenthednamprefeichetfoan theptharandress(Ridd.dbe & mapdepyy Bt queue
may engage a. second oL LY. SC N : W NGS
e i L R S R N T

bl ock di agr asguelt A B¥EBPEaeyatlFomensireaiedgpredich request dgeagthe dxafipld is a
bl ock di agram of an external transaction queue of an agent according 25 to
an embodi nenboys, a prstepredsprafetahrigavast & address A+4 may be-augmented byfadblind j 5 g
fl ow di agr amFF?f ﬁ c%cgestfi managenent nethod according to an enbodi nent
of the presBfCFRBMFEH ABDETA LED DESCRI PTI ON Enbodi nents of the present

i nvention provide a transaction queue that provides 5 a neasured response

to congestion everhfming® FIRNSAC GRlidkifien Sk epirtivabyy iinvabltigaicessor
15 computer systems, the external bus 170 can limit system performance. The external bus

170 often operates at clock speeds that are much slower than the internal clock speeds

of the agents. A core often may issue several requests for data in the time that the

external bus 170 can complete a single external bus transaction. Thus, a single agent

can consume much of the bandwidth of an external bus 170. When a plural number of

20 agents must share the external bus 170, each agent is allocated only a fraction of the
bandwidth available on the bus 170. In multiplé agent systems, agents very often must

wait idle while an external bus retrieves data that they need to make forward progress.

An external transaction queve 240 (FIG. 2) may include control logic that

_prioritizes pending requests for posting to the external bus. Generally, core reads

25 should be prioritized over prefetch reads and prefetch reads should be prioritized over
writes. Core read requests identify data for which the core has an immediate need.
Prefeich read requests identify data that the core is likely to need at some point in the |

future. Write requests identify data that the agent is returning to system storage.



stored transactions in the queue that are pending - they are not currently
posted to the external bus. In one enbodinent, the transaction queue
invalidates blind prefetch requests firsl. The transaction gqueue may al so

i nval i date non-posted prefetch requests that are stored with an a§s@dﬁ@¢qﬂm4
posted prefetch request. Finally, in an extrene 10 congesti on case, as when
there is no available roomfor new requests, the transacti on queue nmay

i nval i date ' f 5 :

b mont 4 e B b T e MO o
priority sclgeess ohthetdxecrafitenaecotiingangdspriotty. t he transacti on queue may
operate in accordance with a first priority schene. For exanple, the
transaction que§ﬁ615 may priorjtize core read. requests over prefetch

requests and may PPISFITREEdpriorsy heme haelt disadientages 1 & requeieypisalls i s
di scussed ﬁl%f’c}{'gd in\’}ﬁsﬂaﬁ&gﬂ&%hh&% ﬁﬁ%ﬂﬁ?it%Cc%g{éjletpé)&ﬂﬁ%rcxw%%ﬁ b%gaﬂﬁﬁﬁ:} I on
chene. r exanpl e, e

gqueue nmay engage a second prrority s rransacti on
queue nay paicisaf highotomgeRa, Maay Bl tfandsctidnGfiesd 240 is@htitely befs@Bt faijand
.reprioritize wite requests as the next-highest priority requests. The

t ransact i oprefiduendyTittIegnesiamay Sirevedt aestcore Tequesissiremtieing stpredgndheed i n

the transagtion,qu |G 3. 1.5 a block diagram of an external transaction
queue 300 <8485 e, s arioy Bl e gl RRRR Syrofin B GelRenilne T on
The ext er néltednh PHSAEAris@dti GhURK eheX@Bud¥RYompleted d rhas, AR fovdr glﬁ%g?»ﬂe%]u@s&d a
plurality of queue registers 320-1 through 320-N (| abel ed 32

col | ect i veingy prerenithighgepron ty gégstcsts fomybeing ipplernentedl This wouldliatit fyiseids 25
includi¢g an.address field 330, a first status field 340 and a second .
st at us!9i PEOTBECThe external transaction queue 300 rmy be appropriate for
use in agents that performblind prefetches. The status fields 340, 350
each may store ApdqfimBly, MRréRAWee®@in thé aithforaconbest®n HeMREShEMSYARA fof the
external bus transactions that will be perforned according to"the blind
pref et ch pai exterTildraagantios sjutueinchn3gentrdhhest isragead buthe asddr esh a gystehi ch t he
transactiops will be directed. Typically there wilLl be a predeterm ned

el at§ onsiE Hevitees DRt éRa Barianta hir pedy iPemsd B0 350
For exanpl i r 3 ! =Ya B : i :

register 3363)5;)?110:ia og{& gfagg @%Fsc}méﬁ%@r]m}@ ]éirrltx;léi}lrrtlllﬁ.al §ian%;?§fﬁé&?t§f%?ﬁlag?%&éﬁ)ut a
transati i cavedisoeaired to address D and status field 350 nmay maintain status
i nformati on about a second transaction directed to address D+1. The status
fields 340, 350 nmay store administrative information regarding the

respecti vesSUMAMIARX i ons. Such information nmay include a request type,
information 10 regarding the respective transaction's status on the

external bus (ig€...: it _has. been post.ed i.ch transaction stage the
Coqueet may be FRPOUNERT the freRREind SR TREHEE 2 pifli el B RGN Fhete

i nformat i Gor &rRgehdiThe trAnsiREbh adueRaypeiad fccbBhg RMRRIIRGRiItY &%heRie! SUaNt

to the transaction. Typically, a transaction is cleared froma register 320
when the sWhems dongestion 3aent Bodeiensedh thediagsacgon lqueue sy engagp actecomnsl o
trans i ons .have 15 conpl eted.. According to an enbodi nent of the present

i nvent oanPﬁ@”gﬁ'Fﬁs fields 340, 350 each may include a sub-field that
identifies whether the corresponding transaction is generated pursuant to a
core request (~C ) or pursuyant to prefetch request ("P'). FIG 3

i | ust rat 2REEF DRESCRIPIIQN O THIDRAN] are core requests and the

remai nder are 20 prefetch requests. In this exanple, the transactions

stored in regi HI6 $ iS320lotk ddidPard of 3 MMulf-agRtomputtQ@yfiem320- 11 and 320- N
store transactions that were initiated by a core requests. One of the

status fields 340 or 350 of those registers jdentify the transaction as
origi nating frdntia2éot Blockdinggam of pe exemplanshus seguencingdinitef anageat- a bl i nd
prefetch requests. 25 The other registers 320-2, 320-3, 320-7, 320-9 and

ot of the st SRae Pt oe: 4 oFisfn ERGHRTrin AUFRICEE ofth BenlAbeBERMF PO00)

requests. tdaeembodineint 6f thd Poedent idvéaies the external transaction queue 300
to other 6

’.‘:\ll—! ".‘ AL




~ 910 i~Y 2~~~;:r elenents within the agent (~ee, for exanple, FITGE Bry e
controller 310 .may cause transactions to be entered or renoved fromthe -
gueue registers 320 and may wite data into the address field 330 and to
the status fields 340, 350. The controller 310 al so may schedul e an order
for transactions to be posted on the external bus 170 (FIG 1 ). In one 5
enbodi nent, the controller 310 may be a state machi ne. According to an
enbodi ment of the present invention, the controller 310 may sel ectively

di sabl e gref et chFIGeques flewdiisgrag of argesssiiommanagemennetiod ac¢esdiBSWY ZD0. I n a
first enbodi nent, when the transaction queue 300 experiences congestion,

t he transacmimdinerisd thegresting YERNIQMy bl i nd prefetch transactions that have
not been posted 10 on the external bus. This may be acconplished, for
exanple, by marking the status field of the blind prefetch transaction as
conpl et ed DEFTAIRFINDESORIPTAOMNCti on was never posted. In this enbodi nent,
when the core read request is conpleted on the external bus, the
transaction may ﬁ%bﬁﬁh%&%ftﬂe FasL iGN benBiBS PRIV thiuSAtB 0B Gbuekiit provides

anot her enbodi nent, en the transacti on queue experiences-congestion, the
15 t r ans{ctd measqreduespdie tomongestiooeventy Thatrapsactian gravrseleeivebyiedidassored i n
t he queue that has not been posted on thg. ext gr nal bus. eT e tgtggfal%i on
queue 300 resgredrERsacHeRs 18¢he Uye Hrab A REACING quiBEY ?eﬁoﬁfﬂr{/ Y PRECAIT B8at i ng
the associ af Zegnﬂ%.e Iﬂae&fesén%odiﬂn@nt?H{e%ﬁdkﬁéti&”@ﬁ% TRVHlidateh DMind heefbicAnsact i
on queue ex I'enceS congesti on and the transaction queue 300 stores
patterned pegidisitst MARIAatictios ghhmtminealso inealidast som-pestedpeieted requegdisact i on
queue 300 may di sabl e any non- posted Pref egmtransac}g.i @8" i.n the[rgref etch
pai r. ConsitHal are orpd iRy fe asseriatest RAFIGARFGELEN FAEY: (APEY-ith AP &FIEVEr 320-2
of FIG As shown, th J.6) L ndi fiedrShctidnef et ch
tr ansacfﬁ) oﬁqngesglgﬁﬁegg‘%ﬁ%%g]s% rén%?’ Ogagéﬁgjg%gﬁg g?j?%rﬁ]%ﬁ]}e&agﬁt%?nﬁ;l . bus. By

contrast, thgushlyivaideled FéOofinodigatedpattbmed brefeisk copdstpr ef et ch
transacti-on has béen posted on the external bus. In 25 this enbodi nent, the

transaction queue 300 may mark the first transaction as con‘gl e%ed in
response to a coRepsetanehpdivents adyantageously FHRYIAE o rapsasHED GPEY PERHRE Squest
woul d be permtted.to continu eld Of.o Nuid traRaRidat

transacti onéﬂﬁ%%pg%tycsgﬁ%%gdzq (E,ﬁ%] %%g?éee éfegfhﬂ? ée{\{]ﬁl?éﬂoég becaus@é’gg?ﬁ@st at us
fields 340, R50e ifRBbidakceooimhk G gribrigsheane.oRsr.example] the trankakdoaQROE FI G 4
is a flow dilagram of a nmethod 1000 that n% be perqfﬁlgr med b%iithe t ar?]sacti on
queue 308 (BhGprilitizeceass asasgregeeskinoEHIFBRIEITR TEAUSSIS1aNE THR%BRARUZS RIS on.
Upon a congestion event, the transacti bR&v¥kisbb&r, 2 new
request , i CaPFHHROVE TR ECIHEERS ﬁlﬁgs%h%g%gg&%%ggﬁi‘%%%s%goﬁ recei gt of a

new requestp,ddigr Shd trARRMShiqRAuGHS ARy a shebrd piioréty whiedniee Foacxamplstler i s
avai l abl e for the new request (Step 1020). If so, it staores the re%%‘) st in
d

an avai | abl eansegicsi grené StaypmaGoy cos madJequsstsy asqiiehest PREJDHEIPETS

raccording to conventional methads in,.th o iR e300 nay
det er ni ne af*BHSBUZERIF EIEAUTHIS2R erréc&‘ltf(}aus%h%satﬂ}rd—f & %ﬁug%%pgprl rf§{i'cetmijlln ormat i on

in the &ariﬂlldfirwaﬁhﬂ§pl%?&é§ uldts tHie artl dirediethene@bsiion.quads. | f at step 1020
there was no register avail able, then the transaction queue 300 rmay

de-all ocate a register associated with a pair of non-posted (f%tter ned
prefetch requestEIG.S ispa bipeR)diagrampddr anoextemab ransacipn; qusuen300 ofe?n 8L act i on

300 deal | t . pat.t d fet ' ' t at
T el's 390, Sbotira e bR or s ekt iisaloh oTHE Shemal rifibbibriile of at Us
posted to t@ﬁ)I’Eé}ﬁr:fﬁaé%P&ﬁmﬂehﬂﬂﬂﬁiﬁﬁukﬂ@&@u&@hékmmmﬁmjma pair

of prefetch requests that are not started, then the newy received request
may be st al {issklddsBHpcoikttistipwnEachThecucaggistsr may by porilated byrssreahiieldsng t he

tr ansaCtzlsonin%iJu%lijneg an address field 330, a first status field 340 and a second status field 350.

The external transaction queue 300 may be appropriate for use in agents that

perform blind prefetches. The status fields 340, 350 each may store information about



At the conclusion of step 1030 or if there was no received request at step
1010, the transaction queue determ nes whether it is operating id & MAY 2004
congested node (Step 20 1050). If not, the transaction queue 300 may cease
this iteration of the nmethod 1000. If the transaction queue 300 is
-operating in a congested node, the transaction queue determ nes whether it
stores any pending blind prefetch transactions (Step 1060). If so, the

t ransact i caregpretiec 36dofthyextemalihig nangicObnsttha viallibb dems@i@izebortiim@ns afet i ons

(Step 1070), Step 1070 mcaiy apply to blind prefetches associated with a core
request orbIH‘dZEVeE'ﬁ?li &flhe %r%%éﬂséiﬁﬁiféé@@may stgrerfobase grddessss thevhidntieusi on of

Step 1070, . caonelude. . The net 1000, advant ousl y. provides
a measure r%rnggcﬁfo}%égg @o@éﬁﬁ‘gg‘?‘i%]calg tgerf:i‘?’ fg? 55%8%@?“‘??@9‘5?%@ ®t i on \
queue i nvabddedrasie bidag fIE530 £ heaRastiadf SAMENER exadpR, #aﬁaf(dr&@
transaction queue. As discussed above, prefetch requests as a class are
subor di hatlads stered sheaddeess Sstds330@H pegistenried- lakmoustfedd Basmhyhaiairitdinisgtus :
appropriat.e.to_subardinate bl.in refetches to patterned_prefetches.

Pat t er ned ‘Bf%‘ﬁ‘éﬁ%@ outp _Siaﬁ'é?’g/‘g‘ffc%teé]éo sdt ?‘?C&Wéﬂ%ﬁ‘ﬂﬁéﬁgmaﬁ’ FYUNHRSS et ches.
Pat t er ned Jii6f @FérRRioRfBolSSUethd FarlsEIRANER L 1#3dfelaP)i shed S.pattern of
core reads fromnenory. Blind prefetches are not tlecf to any kind of
nmeasurabl e indicia. Thus, patterned prefetches may be nore likely to
retrieve data tHumstatheficlds 848)350troay styrewaididinisesfiveshfoumeti s cagactibetheet ai ned
in favor of blind grefetchﬁé. ~VWhen a blind prefetch is invalidated, it

i ncr eases TERECT St BAOFECHRISC ‘Fcé‘g‘f‘&‘@ago%ﬁy\ﬂp?llud‘bé TRILFSt BYPsi IMAGMRRLOBr use to
newy fecek aye ; 1 | f .10 j ated with-
core read rge%ﬂgéts. ?%veﬁgaéﬁ&:t%gSggtg%rtgéﬁé%ﬁlﬁgﬁgéef’”%{el&()c??tt% 33? f?‘%&uest :
that is haosteédwbicht transtectansstags die pqeese nidiehe af,ewh@héethe Qrarish@icaxiser nal

bus at the hi }%Pq%it p.rior_i}y. At a second |evel of priority, if the

congest i of°E® &) BdRtcEmaden mgprding hdesipation a thal/may bemedeined! i dat ed,

the trans | Y - LNyl j: ) terned.prefatch requests
that are. DouitGYEH IRk IEAR, Rkt tRa R R B Bocavse
one of thehepsrbuat fibldseBies3I®) bath aldicadyhhe@BirPRSpRUvE Qrarigetionk el  bus)
it is likely to conclude in a predeterm ned anmount of tinme. However, even

if it ldonePBaktEd he status of the second pending prefetch request (the one
that is invalidated in step 1080) woul d prevent the associ ated register

f bei ng de- a| o . ki ng_t i efet ch
equest ae conpi EPEREE an ShiBBafERbe A2 RV BERELIRRE B0 3Blen ¢ he
post ed pr ekt iy frefiiesd subofiltl Whke Sdeniified whiine tHedtRtespindid QhnshYtior 3€

transaction queue de-allocates a register that stores a pair of pending

pref et ch Eewided BuisHant g aeorsfeqaestd i) or pusiiangdo a prefiessh request S BAcEIG onl'y

when therg. i st ilable to the newl i ved t. 25 The
o nci pl es ipeuafs anEtadibfe Y Sove TefichR are Corl SramstAng EGRMATEE R, i ng
event 90t Opfefisierdquests! 3N AAS ek AfpldU@E raRRibAs SBRIIR rbfidterd 320.5, RR{ating in

a congested node.
320-5, 320-6, 320-8, 320-11 and 320-N store transactions that were initiated by a core

requests. One of the status fields 340 or 350 of those registers identify the transaction

as originating from a core request; the other status field indicates a blind prefetch

requests. .

25 The other régisters 320-2, 320-3, 320-7, 320-9 and 320-10 identify patterned
prefetch requests augmented by blind prefetches. Both of the status fields 340, 350

indicate that the requests are prefetch requests.

The controller 310 interfaces the external tramsaction queue 300 to other



£

In a first enbodi nent, the transacti on queue 300 nmay determ ne t_hat7 $tﬁé\§ 2004
congested based on .a nunber of allocated or unallocated registers 320 in

t he queue. For exanple, 9 7 tJ 1 i~Y 2004 if the transaction queue
determnes that the registers were 90% or 100%full, it may decide that it

is operating in a congested node. In a second exanple, the transaction

queue may determ ne that a congestion event has occurred based on neasured
atency of LpmefX!ERIAlmOlSn: (ol for KRANSle, FIBEDY STR: botiicat BJ0 apgrcaise
according to a predetermn us protocol. .The bus protocol may establish
rul es gover phmgcidanobe vniergwe snsoved yrooethp gstuedeginicrsiidOand arayavrigdatagnd

whi ch of possibly nmany _agents may post e t on the s.for each
request "sl mtc)m%&éﬁ%@ﬂ%ﬁ@%ﬁmt‘ﬂ%ﬁ‘%ﬁ%ﬁﬁ‘ﬁf‘*‘g{nﬁﬂgﬁ? nggﬁqrﬁ@ﬁg&g M3 such
an enbodi ment,, t I ON..: SHFbis TOPes. Df 14 esest
slots that ﬁ%gg&ggpgﬁ@?ﬁg}#gﬁpggﬁg?g??%ﬁ&r%tehgg%00 acquires o{/\%/ner shi p of
the bus. 5l f efbedifas thecomtolbe3 1(0hapboi siaexnahite. some pr edet er mi ned

t hreshol d, the transaction queue 300 may determ ne that a congestion event

has occurred. According to another embadinment, the tr nsactiﬂn eue 300
may respond to aAcenwing ogm cahedimentof hedreseyt %ﬁ}?&}?&rﬁ’&‘:ﬁ%ﬂ gﬂyﬁgayof
congestion that. i etected, .1 i R £ i BstynansgLti on
gueue can dEﬁq%%fvef}héejlS%bj\%pﬁegcé@srg%&gﬁuggéF %geéventegts egglﬁ!-it bed above: 1)
that the nuptk: efnbaNidnabivBer 8@ Ghbasiol qEaicbBlek moieBcdshcaghsian, therber

(say, the transaction queue is entirely full), and §2)41 t hat r‘r‘e&gured at ency
on the ext etmadactiosqeesnysisablenny bl Rrefetabirmpsachepyingl haye Pet B BAYEYI nent |

the t ti 00 ' | | . al h
{1 ansacDon o he eetas B TN mab 4 RhP el RF EXEREE, PAHAThE kel IE
bl'ind pref efefy sOHEPHLE _F\“éfgt@h tARsTBES b ESnplatednsyn douthehetrhmsandon Was

exceeds the threshold. This enbodi nent may be advant ageous because 'bt
provi des f onewrgiostele In s embodimanbwhandtbgicors regd reaisst is commpleted SRBSt i on

events of |ow and high severity. The precedi ' ' di stingui shed
anong pendi ﬁ&eﬁﬁgb%glﬂee’ﬂaqs@ﬁl?é‘é?@’. %@%‘f@?ﬁ‘f}ﬂsgﬁﬁﬁé"? égdd gtgeth‘}??to'i s one that
has begun on the external bus. Typically, an external bus is defined by a
predet er m ned bugy pr@k@etbodingr, Wieh tieRRakddien quaeeepaithets cohgesionithat a
transacti on ‘'undergoes toward conpletion.. The congesti on ngnagenent net hods

descri beid i trahduetibngemsing maylevith aminatiened prsfetah Bques sioreciahs ausne hagat

have been posted., By contras a pepdi ngr.equest..i s ’ | Sui ed
within the %ﬁl"%‘lﬁ’ec Fostgd on t}liF’—@F’%aEgusr: © n%'fsg%)neddlu%&gﬁ 3?&2}'.3@&( e“?ttnan bos.
The congest is%e&% SRl b He hilscaBh e SR Ussbimed juare repisternval i dat e
pendi ng .requests-accordinhg to those techni ques described in the foregoing
enbodi nents. As shown above, enbodi nents of the present invention prqvide a
transaction 5 qudnefiB0Br¢thbadiment, wisnthe wansadionduens X BERETHGHERREESAN L t v

chenme. Afirst priorit ene may be def f . i eue in
f"he absencelﬂgu%gﬂ‘%}g’é‘ltqu)éﬂgg(&ﬁm%g 1% &é%ffﬁggrﬁnggcgépg@%’{e@@ﬁ%ﬁ F‘ rg‘&%gagti Ion _
queue | ol BARAEGSh §ESRNS0PHa didable aff REAPostkd préferchniamhctini @ the

descri bed above, the transaction” queue nay invalidate prefetch requests. 10
The congest ippsfetrhpaiye Gentideethh phieresd prefueh teagtestillesiwatsbinggsisieg 3eABRi nent s
are directed to read requests t .pr.ocessed . by. tra i PRSlagement
systens. As HIG Jnbtahown g Sﬁwqﬁ%gé‘gé&%‘ﬁ@ti?&ﬁ&?%ﬁp@%gﬁ%{s@&a Such as
wri e Tequestaynt R nAliioe ol dddoBRINHe LAcARIBR. B8y dorkash o wads fElda4on
agent. The congeStion managemnent techni ques described in the foregoing
embodi ment s jadi€ateothai the saced preferth stansdotion bas Beemgrobisd ©ntshe antertel fus. In
transacti on managenent system process t hese thesr t¥ es of rggﬁlﬂe%%sd.
Several Fnbdbis dimemt, thedranscdon aue fraymakdhed gar s eanes FPPRE 5t ed
and descri bed_herei i ] . aPiPESELRAU k@trcqm&wogmgeons
and vari ati dﬁgesg?n%eﬁg ag?ﬁ%%ﬁ?“ F{I{l%/né\lfl\?é g]rllpgarse’pt@over ed%g; t he above teachings

and Wit hin tdagnmiier\b esh®iud ld@oRiplappetien itlcaipieted, ttho tenghefian ghews 3¢bm t he

spirit and intended scope of the invention. . .
g could de-allocate F1?egister 320-2 because both status fields 340, 350 identify completed

transactions.



11 ~ 9 P~~Y 20t74 12 WHAT IS CLAIMED I S: 1. A bus sequencing unit of an
agent, conprising: an arbiter, 5 an internal cache coupled to the arbiter,

a transaction queue coupled to the arbiter and storing data of exqegrﬁﬂY 004
transactions to be performed by the agent, the transactions sel ected o%
the group of core read requests, blind prefetch requests and patterned
prefetch requests, and an external bus controller coupled to the

transacti on queue Héo V\/gierei_n, in response to a congestion event in the bus
sequenci ng uni t11G Hb st # HR¥dieEam oladeether, A09% saganay e pedemied buigact i on.

2 1T PUSSRUENTLA0, 90 gl FLALm, MOSALING GAAEBSHERIARE. O 1S

wher ei n, iTpdhesengastontvel, inedrapstioh ghedeatse8éterntife MhBtHeF RS GdueRt queue,
the selected transaction is a patterned prefetch request. 20 4. A

congest i ons e de fbh (rapseehot geele @rretOHD). (Yperstseipoes a ndve ranesy Hel
transactions stored in_a transacti teue. i n .pair. nd taken fromthe set -
of 0 oo L s Bh ek iy iR O Bt B AT o B e O r o et o -
request paktep 100N T 56, Mstort LGB rdulS 1A aR @V4i[B8RHURSTsteR TS 1 DBS Bedrhgibraueue,

determ ni ng whet her the transaction queue has space to store the new
request, 28questsnmay heepesidrmgd sacparidingofo pantentioed medfodsdh thecarestThef rom t he
transactign qatjeue and éori {ag t he n%w rﬂgguest Ln t he %‘!ré(fnsacti on queue. 30
5. The corRSITBR aREHZ00MENAetetinG d Dete AgrtepoiAhe Fouiiest AR ShienpBPTOBrAG

i nval i dat iipGnRalid AAhE VRIS HRIdSNER0 of the hlitaiddTegieP4 13 6. The
congesti on nmanagenent nethod of clalm4, ?urt her conprising invalidating a
first patterned prefetch request when a second patterned prefetch request . .
in thel(air hadf itextep JiR6ttbete véas hio régibtes asdipblen dienghairatsaofiomquagan, '

conprising: an arbiter, an internal cache coupled to the arbiter, a
transact i Yq%gléqca@oﬁ prAier assprated with @ paig eP 8PRPestgd patismed arefeieh)

transactiq e%[g @g@@@&épgﬂﬁ%@h%@ ogPrlﬁ%%F%ttn ataﬁ%eaaﬁhie@t&?o;ﬁhs%&&d from

the group o read requests, refetch req atterned
pref et ch ratqeass pattering grefatthaeduestion whivh Hoth stass fiettizt3d0a3 SEindiardhat

transaction in response to a congestion event in the bus sequencing unit,
and the respective transactions have not been posted to the external bus. If none of the
15 registers 320 identify a pair of prefetch requests that are not started, then the newly
received request may be stalled (step not shown). The request is prevented from

entering the transaction queué.

At the conclusion of step 1030 or if there was no received request at step 1010,
the transaction queue determines whether it is operating in a congested mode (Step

20 1050). If not, the transaction queue 300 may cease this iteration of the method 1000. v

If the transaction queue 300 is operating in a congested mode, the transaction

queue determines whether it stores any pending blind prefetch transactions (Step 1060).

- If so, the transaction queue 300 may disable one of the blind prefetch transactions (Step
1070). Step 1070 may apply to blind prefetches associated with a core request or a

25 patterned prefetch request. If not, or at the conclusion of Step 1070, the method may

conclude.

The method 1000 advantageously provides a measured response to congestion.

As a first response, the transaction queue invalidates blind prefetch requests from the



an external bus controller coupled to the transaction queue. 15 -8. The bus
sequencing unit- of claim7, wherein the selected transaction is a blind
prefetch request. 9. The bus sequencing unit of claim7, wherein, jf there
are no blind prefetch requests in the transaction queue, the sel eci&dﬁAY 2004
transaction is a patterned prefetch 20 request. 10. A congesti on nmanagenent
nmet hod for external transactions, conprising: receiving a new request at a
transactiop, aueus, o ek ARG MRMRSrelelf t4RES 864 LIBR IRBGdIRGeBpAce to
store the new requ%st, 25 1t not, removing a pair of patterned prefetch
requests fi@oreests aRxpaidnon atpwesacheanbhtst or appgoprinee feanbasdipeistbling t he
ttansacti on queue, wherein the external tr%n%ﬁcti OBE are storec,fi i.n the

transact i opregfiehss 19 RAEANSPTSisichRY Fatiegdrpr Frorg Bfelyfo be s tiesy _
request - bl kg &&@‘lﬁ&@%&?%&%ﬁ%&fa&fés PRIk B AesiuRSL pal T,

14 i" (~fA e conge managenent net hod of claim 10, fiuther
conpri sisngphtieyaldfdtirt tgads Rbmndemosi @lid prefpthes ardndi2tied e anyo kijelsefi on
managenent " nmet hod of claim10, further conprising invalidating a first
patterned prefuahlhindicjackhusi patigmed parietchesnar ieanoisikelite FetieYf i e ¢ he
pair has been posted. .13 .. A transacti jve ,
accor di ng ﬁl?cé’P%?/‘f?é’ atlzlyﬁ'\‘lpcf?(ﬁey ?Ssgﬁgr?g&& é’aﬁ?ﬁ'g‘é@f?‘?gﬁ‘gﬁ%@&%perati ng
initially according to a default priority scheme and then engagi ng a second

priority schenewvied AMald fefehseineslidebds it piehsty thasacativdrich wigisters 329
transaction queue becones congested. 14. The transacti oae@ueue fof claim13,
wher ei n t heild be orde piviitable for sehomewisracaived ragess As BeGHRIMNIINelsSKEESd bl i nd

ol 16 SaueSl b Rk BAE RSP, RISl e MR e Sccon

non- posted™ pref et guest that is

associ at ed i L § g ROSIRLdMyRR et fltadiRMURBLe — B2y Afe pobled ohnhreaemiliusqueue of
claim 13, erein the second priority schene 1nvalidates a stored

non- post edthedfiglesnpdontyef et ch request. 17. The transaction queue of claim
13, wherein the agent is a general purpose 25 processor. 18. The

t ti f claj 3, wh Ln th t | oh | er.
107 A et hod | oP G F HRITY oo B coinfes TR LAY bR | €1

recei ving a.Jiids haRNBAG! iRAlidikd, ank! Ratagidrogueliectnyi invalidage sbading
identifying a second transaction having a | ower priori tfy than the first
t r ansacitsi opattaraerbpriefegett tequastsabatdre asapsialed With ipPoPETEHPTETEIR S2AUEHS S tERIcUe,

and 1080). Because one of the prefetch requests has already been posted to the external bus,
it is likely to conclude in a predetermined amount of time. However, even if it

concluded the status of the second pending prefetch request (the one that is invalidated

in step 1080) would prevent the associated register from being de-allocated. Step 1080,

20 by marking the pending prefetch request as completed, ensures that a register will be

de-allocated when the posted prefetch request concludes.

At a third level of priority, the transaction queue de-allocates a register that
stores a pair of pending prefetch requests in favor of a newly received request. This

occurs only when there are no registers available to the newly received request.

25 The principles of the present invention permit several different triggering events
to cause the transaction queue 300 to decide that it is operating in a congested mode.
In a first embodiment, the transaction queue 300 may determine that it is congested

based on a number of allocated or unallocated registers 320 in the queue. For example,



~ ;.3 ~~Y 2Q-~ 15 storing the first transaction in the transaction queue.
20. The nethod of claim 9, wherein the transacti on queue i s congested
whenever a |latency of stored transactions exceeds a predeterm ned‘J i
threshold. 5 21. The method of claim 9, wherein the transaction quiullA¥s2004
congest ed whenever a nunber of stored transactions exceeds a predeterm ned
threshol d. 22. The nethod of claim 9, wherein the transaction queue is
congest ed t i i xI ., the _net hod
o el ai 0 e B (P B P B0t S 0 Tk 0 U BE e
second tr anlsaidt itanitiis operpang graeshgpsted sioddh request or a blind prefetch
request. 15 24. The nmethod of claim9, wherein the first transaction is a
patterned prefetch re%_tjest and the second transaction is a blind prefetch

request. 25. A tF&r€5end ormpledhe ranReliosawrye may detenmies thahadorgestion
luralit I r h rbite egch gqueue register to
gtore da%lag?%rg?gésjgcrﬁu?%gﬁgﬁg? or e% %rgglaitrg ggtg Fg f"afeg%a%fdég’éo‘?'é@ﬁ%’ﬁér

having an agicatiyoperat deanding 16 bgfredetdringhed; bushsBEA, .Trﬁmgﬁbbb%oi Maf
congestion event, the arbiter invalidates a selected stored bus
transact i ofStagishaglespoxermingwhen new refuests may belposied 2B, theesteenal buband

congesti on never _a new bus transaction is. received by the
arbi ter angﬁil g&%fnrgce%gf‘%? m\séA{q'gra g%’?soﬁ?ytPPa EBE‘f’ir‘B‘H?S‘e%S'SHPSJOpF@SJ&EQWﬁ ned

t hreshol d. “@6t, 2dhch BpBorturafiad pbit @medlielesPbn Hedul ﬁ%ucmﬂﬁ ERbBdinin GROL T ol | er
invalidates the selected stored bus transaction by nodifying the status

field in atreusecion qusust 30 mey mespwndi mymbey dftrequesi dotsattias passabfdra she

transaﬁéi o&. ~ 9 MNAY §~~4 16 28. The tr ngachi gn gueue of claim 25,
wher of R0t nBEBEFIRR RHEUE 300 BTSSR PSRBTt B Iithe méntres Bwmbereteldgtiest
29. The transadisontt pE@YEmRhethAisHbAhe WaRE£1iBn g.‘i\éh%rﬁob*}ﬁcfgg?aé&ig@g‘éﬁ' I d

blind 5 prefetch requests in the transaction queue, the ecte ored bus
t ransact i oncongestiqragvest hascocpumédet ch request. 30. A system for nanagi ng
external bus transactions, conprising: an agent; 10 an arbiter coupled to

t he agent, the grbiter oper store external bus_transactions

according to a Q&fHting t?)f‘f'%tﬁitﬂlt%;n t BB therjgansagiion queys, 300, may gesperd e ng t o

2a§ ﬁg 0 28 ugalr gzg{g%%ﬂﬁg\*h??giif'{ég?r{:@%%&ng Apén G YIRS dABe bR thar R elddfar nal
15 Consider an example where the transaction queue can detect the two types of triggering
events described above: 1) that the nﬁmber of available registers drops 5cldw some
threshold mix_nbcr (say, the tréﬁsaction cjuéuc is. entirely full), and 2).-t‘l.1alt rnéésured
latency on the exfernzil bus exceéd_s a th.reshoid am.oﬁnt. According to an _crr;bodiment,
the transaction queue 300 may iﬁvalidate all prefetch requests when the transaction
20 queue300is cntirély full but it may invalidate only the blind prefetch requests when the [
measured latency on the external bus exceeds the threshold. This embodiment may be ‘-

advantageous because it provides for a simple implementation and distinguishes

between congestion events of low and high severity.

‘The preceding discussion has distinguished among pending and posted requests.

25 Herein, a posted request is one that has begun on the external bus. Typically, an
external bus is defined by a predetermined bus protocol, one that specifies incremental
stages that a transaction undergoes toward completion. The congestion management
methods described in the foregoing embodiments do not disturb transactions that have

- been posted. By contrast, a pending request is one that is stored within the BSU but has

10



a transaction -queue coupled to the arbiter, the transaction queue storing
the 15 external bus transactions; an external bus controller coupled to the
transaction queue; and a nmenory subsystem coupled to the external .bus
control l er through an external bus. 20 31. The system of claim 369 WHer @04
the default priority scheme prioritizes core read requests over prefetch
requests and the prefetch requests over wite requests; and wherein the
second priority schene prioritizes the core read requests_over the wite
requests andotthegupontthe pegmakbss. oV be cangestisnananagemeriquetBeds ofthe gresenthe
system of claim.30, wherein the,.congestion eve 0 ver. g .new

ext ernal  budVEPAALERY ?%vﬁﬁﬁé}epsrédé?g/%e U%S)Ef el %tﬂéofsgg%gngq%%’g{lb%dfﬁst ored
ext er nal bugjctfgfyagﬁfgtémirggﬁgeds a predeterm ned threshold. 30 33. The
system of clai m 30, wherein the congestion event occurs whenever a new
external bus transaction is received by the arbiter and a_|atency of stored
transactions excésdboynmbeuseabailimentsfdbhplesent invenlonmevilsarampadipn The

system of. cl ai m 3Q, erein the agent, is.a gener.al puLpose . 35.
The. syst dm BFeE DOhHORA B if e RERR b e BS PRORREEE  ARRIPAO8, 6 e
system of cl@.fe3Bay BORERIY fob theaBRBACtioR ekt B BE GBseAbeHEconkéstich. SBEL em

conprising: a nmenory system an agent coupled to the nenory by an external
bus, the agehtn tongpstien mtdetectaidtherapsaction geete may auplewast secohd poogty |

addressing |l qcatiaons within the r stem the agent conpr.isi,ng, a
transact i onSsh§RSgdReht e’?ggfhé?ﬁ“fsrfgg%eﬁd‘gé"eq @&%ﬂﬂsaﬂgﬂ%&"&“‘é ‘P%ﬂlﬂﬁpeq uest's
and prefetc ,8sts.t he transacti on nmanagenent system responsive to a
congestion Eﬁgﬁ?yﬁ“@ ?Snilal i dati ng non-posted prefetch requests. 15 38. The
system of claim 37, wherein the transacti on managenent system invalidates
dat a of 18 tr ansa@hé congasticamaagenaneepiongies descobadie thefarsgaimgiembodignentsad by
the agent. 39. The system of c|aim 37, rein the trangacti on . nmanagenent
system 20 cawshnesied IOt e GRESSIDM A RIOEHS inSQ?F‘OEHFP?&?e"éW%&?N to
store data gfy af, | FSRRSAGL QRS of LRHEUGI gh 8 fiifSteqhitd, that
representi n%k\@n&nﬁgﬁ%}eﬂw&pe%vétﬁ%ﬁsac !son’ Si S a core ﬁead reéqtﬁreest or a
patt erned phef mitcided o6 easse, daenth be sadana i1 egahtr Gheaongestiog mamighment he
respective transaction js pending or haiwb.een post ed .on éhcf eéitéera?l!g bus.
25 40. A netasbeiquesodgserikgd iy the fereeeige smbedineMs atrerft 1APSEY EpFSRERthSg a
plurality of | ; eTale ¥l : t Ea&ﬁgltﬁ Lhes
tr ansactlﬁon?#l{r@lgu%gic‘?\%]g@%r%ﬁrsﬁgﬁr equ%ésr?%ft%ggattg@ﬁﬁ%cigc& e?%t chr gauest s and
bli nd pref em]hcgtgquest S,

Several embodiments of the present invention are specifically illustrated and
described herein. However, it will be appreciated that modifications and variations of
the present invention are covered by the above teachings and within the purview of the

.20 appended claims without departing from the spirit and intended scope of the invention.
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storing within the agent data representing a status of the transactions, 30
i ncluding whether the respective transactions are pending and whether the
respective transactions are in progress externally fromthe agent],g gngy 2004
responsive to a congestion event, invalidating pending blind prefetch
requests that have not been posted exiernally. 19 ~~Y2~~4is 41. The
nmet hod of claim40, further conpri si n{gz,e responsive to anot her congesti on
event, invalidatin endi ng patterned prefetch requests that have not been
post ed exﬂg%lﬁﬁ—éfmg—nlée met hod of claim40, further conprising,
posting the transactions externally according to a priority schene that
prioritizes core read requests over patterned prefetch requests and

pat t er nedli.pr ef Athoib seqrgnesg sniovfan ddenf)doppetiegch requests. 10 43: The method
of claim 40, whergl n the invalidating conprises changing the status of the
pendi ng blind $&P8¥ech request to indicate that it has been conpl et ed.

A?5 '{°§h< A . Anfinterfift caé‘h@:ouﬁledﬁ?tﬁe aﬁm%jif AC. A . AL AR A A AU(<GBMA&~T b

60| &

| wr mhc”Y] ca] caj dednsation] quedue ajonpledate ahe aflsied calde afocia} cddte ajfc eftempk a] ca] cal
ca]ca]ca]ca cgl] cal ca] cal.c”al.ca].cal .

dilu/z'/ y‘ﬁl] it E% P@ﬁﬁ?@?}i@f tﬁ%}"éf‘d]t’gg? apsaghions) selepied om 8&1 Fa¥RY ca] ca] ca
] ca] ca] ca&&a}aa]r e§t§{/t\§lﬁh§§clf€f%h9 etk GA palrRdd prefdich résts, an

TANTH@LT) )] cal] ca] ca] ca] ca] c”a] ca] ca] cal ca] ca] ca] ca] caj c”a]ca] ca

% ;:?] S : ’? !] cals a] @a‘})gg}lgf]\l/? iz]ﬁfiﬂ];@ag;@i]l@h‘!lodh]’ ony e RN, calcalc ca] ca] ca
] ca] ch ca] ca] ca]lere]]nc a‘] a3 e %E]SE%IT 85%%%&? ;@i}; @5‘%%63}:%15]‘8]34 g@% cal calc

al 6 7[ 778iYgRactibnIjueie 1nva11dates a selected transaction.

; #<<r =>c>? @) AAA( BBB. CBCCCCC} xsni d_Z] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! CGEEEG-FFGG

GGHTHH JcgJJ .

VVWoVW} xsnhc"@i i ca| cgﬁ}@-ag’[ﬂ]gcun]ﬁc()fdal]nca e]%%f%aﬁele° o s cno]l ]Elé]‘%a] ca] cal

caj ca] ca] prefetcly reqissa) ca] ca) ca] caj ca] caj ca! V*V\Y/\WXxXXX( Z{ ZZZ*[[[[[\9\ g\ "~"A-
6 aa=aaaayb| wnmhc”~Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a

] ca] caﬁ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ybbbb*ccdddeeuf f f Egggggh8h

hi "] ] OkUKXKK, | 7hd bl bhivlciaten] el sehenl 5ol Pbeal okaal oal cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca cd] ca cal ca! Qnoo
pPppPaUgaqr kegoests 6 de athoruglsuey Yk sélectZ] tiansjotiah dajac pittemlashpeiitda) ca] ca] c

a] ca] ca] csa?]%ca cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! vvvv#wg
WWWW' X X 8z]lzjzmez{F{ {q{||]|}}}~~Ntxsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] calL
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receiving a new requeést at a transaction queue,

determining whether the transaction queue has space to store the new request,

25 if not,
removing a pair of patterned prefetch requests from the transaction
queue and
storing the new request in the transaction queue.
30 5. The congestion management method of claim 4, further comprising

invalidating a blind prefetch request.
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u& () - transactions to be performed by the agent, the transactlons selected from the group of

10 core read requests, blind prefetch requests and patterned prefetch requests, the
transaction queue to invalidate a selected transaction in response to a congestion event
in the bus sequencing unit, and

an external bus controller coupled to the transaction queue.

is 8. The bus sequencing unit of claim 7, wherein the selected transaction is a blind
prefetch request.
9. The bus sequencing unit of claim 7, wherein, if there are no blind prefetch

requests in the tramsaction queue, the selected transaction is a patterned prefetch

20 request.

10. A congestion management method for external transactions, comprising;
receiving a new request at a transaction queue,
determining whether the transaction queue has space to store the new request,
25 if not,
removing a pair of patterned prefetch requests from the transaction
queue, and
storing the new request in the transaction queue,
wherein the external transactions are stored in the transaction queue in pairs
30 and taken from the set of a core read request-blind prefetch request pair and a

patterned prefetch request pair.
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invalidating a blind prefetch request.

5 12. The congestion management method of claim 10, further comprising
invalidating a first patterned prefetch request if a second patterned prefetch request in

the pair has been posted.

13. A transaction queue for an agent operative according to a dynmamic priority
10 scheme, the transaction queue operating initially according to a default priority
scheme and then engaging a second priority scheme to invalidate selected stored

transactions when the transaction queue becomes congested.

14.  The transaction queue of claim 13, wherein the second priority scheme

15  invalidates a stored non-posted blind prefetch request.

15.  The transaction queue of claim 13, wherein the second priority scheme
invalidates a stored non-posted prefetch request that is associated with a posted
prefetch request.

20
16. The transaction queue of claim 13, wherein the second priority scheme

invalidates a stored non-posted patterned prefetch request.

17.  The transaction queue of claim 13, wherein the agent is a general purpose

25  processor.

18.  The transaction queue of claim 13, wherein the agent is a memory controller.
19. A method for managing transactions for an agent, comprising:
30 receiving a first transaction;

if a transaction queue is congested, identifying a second transaction having a
lower priority than the first transaction,

removing the second transaction from the transaction queue, and
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storing the first transaction in the transaction queue.

20.  The method of claim19, wherein the transaction queue is congested whenever

a latency of stored transactions exceeds a predetermined threshold.

21.  The method of claim19, wherein the transaction queue is congested whenever

a number of stored transactions exceeds a predetermined threshold.

22.  The method of claim19, wherein the transaction queuc is congested whenever

10 the transaction queue becomes full.

23.  The method of claim19, wherein the first transaction is a core read request and

the second transaction is a patterned prefetch request or a blind prefetch request.

15 24,  The method of claim19, wherein the first transaction is a patterned prefetch

request and the second transaction is a blind prefetch request.

25. A transaction queue, comprising:
an arbiter; and
20 a plurality of queue registers coupled to the arbiter, each queue register to
store data representing a stored bus transaction, each queue register having an address
field and a status field;
wherein, responsive to a congestion event, the arbiter invalidates a selected

stored bus transaction.

25
26.  The transaction quene of claim 25, wherein the congestion event occurs
whenever a new bus transaction is received by the arbiter and a number of stored bus
transactions exceeds a predetermined threshold.

30 27.  The transaction queune of claim 25, wherein the controller invalidates the

selected stored bus transaction by modifying the status field in a queue register

corresponding to the selected stored bus transaction.
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29, The transaction queue of claim 25, wherein, when there are no valid blind
5  prefetch requests in the transaction queue, the selected stored bus tramsaction is a

patterned prefetch request.

30. A system for managing external bus transactions, comprising:
an agent;
10 an arbiter coupled to the agent, the arbiter operative {o store external bus
transactions according to a default priority scheme, the arbiter operative according to
a second priority scheme in response to a congestion event;
an internal cache coupled to the arbiter;
a transaction queue coupled to the arbiter, the transaction queue storing the
15  external bus transactions;
an external bus controller coupled to the transaction queue; and
a memory subsystem coupled to the external bus controller through an external

bus.

20 31.  The system of claim 30,
wherein the default priority scheme prioritizes core read requests over prefetch
requests and the prefetch requests over write requests; and
wherein the second priority scheme prioritizes the core read requests over the

write requests and the write requests over the prefetch requests.

25
32.  The system of claim 30, wherein the congestion event occurs whenever a new
external bus transaction is received by the arbiter and a number of stored external bus
transactions exceeds a predetermined threshold.

30 33.  The system of claim 30, wherein the congestion event occurs whenever a new

external bus transaction is received by the arbiter and a latency of stored transactions

exceeds a predetermined threshold.
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15 38. The system of claim 37, wherein the fransaction management system
invalidates data of a transaction after data responsive to the transaction is read by the

agent.

39. The system of claim 37, wherein the transaction management system
20 comprises a queue having a plurality of entries, each entry to store data of at least two
transactions, including a first field representing whether the respective transaction is a
core read request or a pattemned prefetch request, and a second field representing

whether the respective transaction is pending or has been posted on the external bus.

25 40. A method, comprising:
storing within an agent data representing a plurality of transactions to be
conducted external to the agent, the transactions including core read requests,
patterned prefetch requests and blind prefetch requests,
storing within the agent data representing a status of the transactions,
30  including whether the respective transactions are pending and whether the respective
transactions are in progress externally from the agent, and
responsive to a congestion event, invalidating pending blind prefetch requests

that have not been posted externally.
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requests.

10 43. The method of claim 40, wherein the invalidating comprises changing the
status of the pending blind prefetch request to indicate that it has been completed.




