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FOR PROCESSI NG DEVI CES 5 BACKGROUND The present invention relates

schedul er for use in processor devices-and other agents. As is known, many:
nodern conputing systens enploy a nulti-agent architecture. A 10 typica
systemis shown in FIG 1. There, a plurality of agents 110-160

communi cates- over an external bus 170 according to a predeterm ned bus
protocol. "Agents" may include generatpurpose processors 110-140, nenory
contraollers 150, interface chipsets |60, input output devices and/or other
integrated circuits (not -shown) that process data requests. The bus 170 may
permt .several external bus transactions to be in progress at once. 15 . In
nul ti-agent systens, the bandwi dth of the external bus 170 can define a
limt to system performance. C ock speeds within an agent typically are
much faster than clock speeds of the external bus. A processor core (not
shown) for exanple can issue many data requests (read requests and wite
requests) in the time that the external bus 170 can execute a single

"request. Further, an agent nust share the external bus 170 with ot her

agents. These factors can 20 introduce unwanted | atency to the processing
of data requests within an agent. 1 19 ~ri~Y" 2~C-4 Not all data _
requests at a created equal. Currently, Intel Corporation, the assignee of
the present invention, is designing an agent that will process core read
requests, prefetch requests and wite requests. Core read requests are

‘requests for addressed data to be read to the agent's processing core
.;_(;?:ore"). Typically, core read requests identify data for which the 5 agent

s an i nmedi ate need. Prefetch requests, by contrast, ref er to data t hat

is likely to be prgesRIMIZETS BWRE @PS@[EE?J‘[QN% ME?F}%& cor e act ual Iy

prefetching the data into t
i ssues a read request for i Fa shgl}?%{?E@Egval | able to the core in

an internal cache. The inter naI cache may operate at a faster clock rate
than the external bus and, therefore, may satisfy the expected core request

with reduced |atency Write requests typically 10 identify data that is
" bei ng ret Mﬁb@agent to system storage. The data nay be evicted
. because the agent is no longer using it and new data is being read to a

menory | ocat i onThéhptestrtenention eelagat@a ecedplee dor Welir protetoridedicesirl my be

associ ated ith other priorities. Gven the bandwidth limtations of an

ext er nal CTA%"She rel ative priorities observed with respect to the -

di ff erent data ASRURSS nAN L&D Yhddftiitg 8138 SRbL t @rm ned

15 that there is a nee mﬁ he Iart Imolrg%lleus cgogrgrﬁﬂﬁ F%orltgl%&aqﬁ?
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provi de a schedul er that stores data to u

-'| ncl ude arpuspasaprocehsens il 4y mespoay memﬂcns dﬁO,tmesfawmm;ems héO,ciumle)u@Ot ent ries

accordi ng riorit |st rr
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second primow neymcedrvembextéknglbus ahnannooé todbe tirepriopess ataycebe coupl ed to the
array and to the priority register array to determ ne which data is to be

schedul®d. 25. Bﬂlxﬁﬁtims&ﬁmcmdm&hwaﬁﬁﬁﬁbﬁ 17D das dafikd Dkt € agr am
of -a multi- nt co ..appropriate for use w th enbodi ments of
the present \I/J%ﬁ(fn% ce. goéﬁy ‘%In‘%' [Péri)‘&af‘g RiFa Ly qurR fstepthans nelRnkoeEdsor
accor di ng dftheaxtca buk. MefFoceborich (RASBGRAT) o @mple@n isAR Mdn$Pdard régueds DI ock
di agr am of 9 extern transaction queue according to an enbodi nent

(read requests and write requests) in the time that the external bus 170 can execute a single

request. Further, an agent must share the external bus 170 with other agents. These factors can

20  introduce unwanted latency to the processing of data requests within an agent.




of the present invention. 2 r~fa~ toc~ FIG 4 is a block diagrarh ff« & on
priority matrix according to an enbodi nent of the present invention. §
is a flow diagram of a method of a transaction queue according to an

enbodi nent of the present invention. 5 FIG 6 is a block diagramof a
priority matrix in accordance with another enbodi nent of the present

invention. FIG Noigldatabbpeks ate aga@dredial. Wirfeadly, Ml CPBtonath MEnbEIMmeen a
rowin a pr, orlt%lmnatr . X aréﬁuy and associated flag detectors-according to
one enbodi TERPEST™ PRSI e SfFFENAG 8M £BBH thay willpreesss eose rradargyeyis (pretsich

Enbodi nent seqfests bad ﬁh&sreqﬁestk n@@@}d«@E\aqaés&var&h%q@eserfb%hﬁeks%&ﬁaé J‘s‘edﬂr,l&ag{ for a
transaction, managenent system of an agent. The scheduler may 1nc e

priority neb§3gent ?ﬂf’ceﬂ"é{'%‘fol‘ﬁ (s WhTxpically, Cafemadrf?ﬂ"?&tvdmlf)sdmbdwhmumest s
shoul d b pEsi@ds ANintriL0L4, “ﬁ%fel?:%%uyﬁseb%é ‘?1%& PPotJaW?qy ﬂﬁ)é ain an

account of the stored requests accor riori ., such
15 as age. Urebydhe e imghamet- Fq-&lstaﬂt%umﬁypm&ltahdgtmmmntasmembﬂﬁhmﬁeh each

i gnest pi o W SERAYHhAT o FEIERY 1 bGP kbt HalE0t et BEBoY af e
Wi th the réefemglcachepdhereripdcachemsy dpemt of ﬁ)fas!ﬁf:&‘lﬁﬁlrhtb thgn thelefaernd! bdshnt r at es
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an ar biller i@t thatdabdisg fmmibﬁ)byzﬁ’eﬂageﬁﬂo kysien &aﬂa%é RO 3aE e he QVRIE 230,

an externa tra actian queue 24Q and an external bus controller 250. The
arbiter 21 eci"‘g‘ctc QST B’éﬁﬁéusf"}gd‘rﬁngn%i‘?t’élts)‘?elﬁgreé@)‘?raé@émf%lﬁ?éﬂlcaéhﬂmbm t he

core and pevib@paath becupikt DR datara8ACinh PR AUQELAGEh oREY Eﬁ%ﬁ{,& typically 5
include a request code representing the type of request "being made and, “. .

wher e appropria i.dentifying data on which the request is to
be perfor ned. Tlﬁﬁ eéfa%ﬁbtaggw'ﬂ "B‘ﬁ‘"?ﬂsloﬁ“zf‘é’s‘m?@)b‘{sﬁéd the ERlpsiye priomifies obgshedent s

t hem i n themﬁ kekpéct & hOBifRFdnt data Eﬁﬁsﬁaﬁﬁ!ﬁemlm agdfi, B lh%ﬁﬂ‘@émﬁg{épr y-

Typi cal Ly, .the cache 220 may be uni fi ed cache, one that stores
instr U(,ltsl oHabiers 1ShBeed i ihasﬁéorddauac?%r@l 4‘1é@‘tthméllmy schedifi¢saequesRegjoresed f r om

t he arbitepy %Qx@ﬁﬁl&@abdb@diﬁg&%ﬂ?%@n{ﬂ@d g,ﬁ and to the internal
transacti on queue 230. For read requests, e cache 220 may i ncl ude control

| ogi ¢ (not shown) that can determ ne 30 whet her the requested data is

stored |n smmggﬁe 220. If so, the request is said to "hit" the 3 1~
~'?h,Y ~ :

Embodlments of the present invention provide a scheduler that stores data to be

scheduled. The scheduler may include an array identifying relative priorities amon g the queue
20  entries according to a first priority scheme, and a priority register array ideﬁtifying relative
_ priorities among t_he.'queue entries according to a second priority scheme. A pluraiity of
detectors may be coupled to the array and to the priority register array to determine which data )
is to be scheduled.

25 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a block diagram of a multi-agent cornputer system, appropriate for use with

embodiments of the present invention.

FIG. 2 illustrates an embodiment of a processor according to an embodiment of the

present invention.

30 FIG. 3is ablock diagram of an external transaction queue accord ing to an embodiment

of the present invention.




X cache 220. The cache 220 will furnish the requested data to the €& &ASvéilia
comuni cation path (al so not shown). OQherw se) the request is said to

- "m ss" the cache. The cache 220 may comunicate a hit or a mss to the
internal transaction queue 230 over a line 222. The internal transaction
queue 230 may include control circuitry and buffer menory 5 to process
requests from tbiter, £10. h | t rhitar, 210 is
placed in the in ‘e‘?rllsa B]t%(r:%%lggéltn E’g% p(ﬁlﬁgﬁlelrg %@65&%@&' tﬁt%grepllg?&?@{gn‘ge&%%i on
queue 230 padsam invenwdnves hit/ m ss indicators fromthe cache 220. If a

request hits t cache 220,..the ipternal, transaction queue 230 permts the
queued request r}'ﬁg ?éFr‘?‘i QY diagram Ppéd'{}eéﬁ’gegfr%3?“38?1(1’1%]%&%3??8@;%% But if a
request mMembeEmbNeftiRGheserdfventitie request shoul d be conpleted by retrieving
t he requested data 10 from an external nenory (not shown), In this case,
when the request advances out of the internal transaction queue.230, the

i ntern trans}g@i ﬁaﬁf?égéla%g@%m%gmﬁamé‘aﬁfé og yithano f%rPe@g“?-eﬂtthe

ext er nal tomltg%&,itmcﬁﬁ@ye 240. The external transaction queue 240 al so nay
i nclude control circuitry and buffer menory. It may cause external bus

transactions t@ihe7 ROSHRek @ila?men%ﬁ{g%kmhﬂﬁmho%@ bEeSU@Rdw #Pa piforigieued
requests issued fromw thin the processor. The external transaction queue
240 nay cawnixoprapardesseriated Tlag detgiars preprding iq pre embodiment b fhe BwsHE ol | er
250. Typi GalohYon. @ bus protocol will have been defined for the bus 170, the
external transaction queue 240 and external bus controller 250 may generate
and receive signals in accordance with such a protocol. In an alternate

%EEOCH NtyrEAS EDHE elptigapsact i on queue 230 and external transaction 20
ue 240 y De replace y a unitary queue. Accordingly, FIG 2

illustrates the internal .transaction queue 230 an ternal transaction
queue 240 as i %Ttlﬁ’ﬂgllf’“fsr?fg‘eEﬁeﬁeﬁflgvu’flf"é?{ggg??%W“%?E%cfg%e&%{e“%ﬁ%anﬁ%ﬁ Mei pl es of
t he presenrjanhgnRndsystembf fithpamp Theahéddler whi Mckadd Mgioreyiadx handeterfiynes cal | y)

. an external _bus transaction that reads, data causes data of redet er m ned
i s 2 WhiER arRIAIY o SHEEd P aests ShuTd Peoposied AfReceenal ity b ponty
transact i QihiiBtayGAREinGd alYinf 5f Béxt@bd Rqheds b ofdthg @@ frst RidriescRerRc @8hor . Thi s
predeterm ned unit size often is referred to as _a."cache line." Different

A ) . C
systen® havassdi by Rt mewidlsoiray dncdyds gusks piipgiated MR GAGHCABI ¥R ITEP  may
require datd@ingQRbdted, ROPidrRPmAix Fa§ AgHEIhE hiRost SriRitPRACASHPhadytheead t he

entire cache I|ine. %lromt e cache line, the processor wl| use as nuch data
as is requmaedhppldestseques grsapinied with thefequas GYpe M e ifentified for bedpling-nyent i on
may provide a prefetch queue 260 in a 30 transacti on managenent system 200.
The prefetch qyg4e; ZQGrHBRY ARGLHEH mIBHARST §stkBD06 deddMdind 18 areRbbdiert 10 and
determ ne whet her read requests exhibit one or nore predetermned 4 1 9 i
i t;'f coof dnep@mnemgltlov%'grﬁnw'w@niﬂ%mkfﬁwgé?ﬁSésT'w rpaynslyds auartiel ¢ o
.S-eq.uer%d al%&%@?{}hﬁde&%@‘iﬁ%' tgmgftmné%ctri]d%"c}%cue&?&’anthcﬁail tBndacti&li fibue 44b MRY

indi cate that e core Is advancing through a regular, ordered progression
of/ i nst r uend orexteonal bestcantralier 250y Thearbitey 21Q reeaives rpqpestsran 3 wietyiohgoufedf et ch
gueue 260 iSS ead . j i e y be
Tade. pr i orvate s o8 feREHE b RERE b RREH qudBPrd0S M aLRR AT

cont ri but éndlmieianesteddepemeessiythopypd drempeg beibymhdedndgwittag appepointedni n t he

internal cache .220.prior to t.he.tine th ore.200.r . . I'f the
data is plﬁggré'ﬁc’t’gff"ﬁ‘f %‘?a&aa%%"e" 12‘?@3\7&%’%& fsﬁ(é EBF Y %%égé{e? %Ie&%a(?fg%&t he core
200 witd nRd reh@sis @hid Biblérmentahém friohe aderftpeibrigl  bus transaction to conplete
before the core 200 can use the data. FIG 3 is a block diagramof an

external transagtion ue 300 .of an agent. accordi ng,l o an enhodi nment of
the present in tCF%'ﬁg‘E&'ﬁléy Wé?tﬁ'ﬁ'?] "f"?“g%‘;ré@’rclr%’&ﬁég@egaé"ﬁﬁge?'r'ﬂl,ﬁ? de a
cont r ol | ercadkOoncahdlsioFed bothyingdfucbHRlde: Jhe ghrfdbRy data26Heiitdly, Cugh) 3Rty | abel ed

S o o o oicy S0 et 11t thf Sache 720 and to R Plertin Wihsal S bl S 320

230. Forread requests, the cache 220 may include control logic (not shown) that can determine

30 whether the requested data is stored in the cache 220. If so, the request is said .to“‘hit” the




the present invention permt fewer or nore registers as desired. Tr1e f“fﬁ‘r’ 2,..;,,;
controller 310 interfaces the external transaction queue 300 to ot he? AUl
elenents IS within the agent The controller 310 may cause transactions to
be entered or renoved fromthe gqueue registers 320 and may wite data into

fields thergof Ie 31 | so may, schedul e an order for
transact i ongc(%l 22@1%6 & ﬁ” l'jti ﬂ‘gmgk@éF"T‘FH?StelSldjé“alt?@‘e(cPF@"e!a gommypicgfien

enbodi nent pammﬂscomnm@rnb eOthéHvibe TRY/relfesAs ShdbemiBeRE BRhe, °5‘9‘g3%‘5 Rk 320
may store data r.el at n%bto rgﬂuests in the transaction queue ach 20

queue regi SPBPUEGR SF 2SS I theinisgpah ransessiop grevei230 deer atioe 828.ng an address
field 340, a first status field 350 and a second status field 360. The
status fields 348e ird&hal BaYsasion B30 ﬂia??nrcf)bﬁ X&W’opél&qlﬂﬁtﬁnﬁ Bufr& 9LENg

respective transactions. Thus, it is poSsi ueue register 320
mRi Nt ai As HATBTERBECABASARwLe aflbﬁ%ﬂ?ﬁo oEachyequestassusiisy the a'bﬂercflmmaceirhe

W ch The § o g Ty e o R B e R0 B8 r SRt Tt e 1y
adni ni st r atidigators{rp thgchdhn 22@ dba wijrest leache craehath |hvanérhﬂriﬁlaﬁt:h uelOr

exampl e, t f 4 ntif st at us_of e
t )r(agact i o%%f%trlﬂfeéigw iu&leﬁ?\%qé?% & '3? ﬁmattera 5#@%&1{‘:‘5%0'1‘ \'r%qc"Fu o %‘frﬂ)st ed on
t he exter nfanuetauglssmﬁmcm 214, theasjuise doujdds tatlpleteh BY i‘&ﬁfcvﬁ@@ﬁb&ecﬁﬁh&f &Ly ‘

resul tgnh ved f action and whet her the transaction
" has bezcr)r g%&nqﬁ?gteggggll'm m%royr(zf'%’ SD%W'{) gh o vheR the regicsijadyander o of theegi st er

320 when tinemsi &ansactfmejuei& BB0the aftdind1 fahisabiighi @&b@zﬁd‘@atuséshﬁéf L&ERPGET Ve
transacti ons hav ted. 5 P91 ~ S Y pie-'r The reglsters 320 aI
may carry ﬁ‘ci’?ffﬁzlﬁed‘ﬁg)mﬂzfrf‘ﬁ%‘rt"’l‘H“"c“ﬁ@“%t atus fields or el sewhere, that 3
di stingui shes registers storing read requests fromthose storing wite
requests and t Hete dit@hdinguishiesque8dbst QLS nia?f?ﬁchﬁectroﬁtréﬂaéul it nrgaatnﬂ b};ﬁ?ﬁn those
that are avail agllée for allocation. As discussed, an enb é

transact i JPPTERIEULMEY BRURERK LT bys tignsagliqns fo b Rostied omtheextemakiniad 70 psianin each
regi st 38@ueu$@ie§ué§t$&ésuéc¥fﬂﬁ§@ﬁﬁxh ﬁ:@pﬁﬁ&@gfe T'E@¥xtpr%aﬂg8§885ﬁ a}eﬁe S0y z?ygent S
that perform "blind prefetches" for data. core read’req testPcauses
to be rea(TOF‘F?JﬁP‘Er%tf@rcﬁére b oA th%texlﬁmfﬂbu%ﬂoefrelﬂ%m@m'glymu;;ﬂhdapmtdcolom an
adj acent RRIMhYe geggagﬁ,g:@ ent t re will
use data froma plur |t§ajot§@%%97ggg%e nz&?ﬁxgb&%; eru%%s r@f’”ﬁﬂﬁfg chi ng
dat a fromca'r’f“éléfg@emy geBereie gnd mmqsagnalsumccdaraacmzm subke a putaddonbl e 10 in the
faster internal cache if the core were to request data fromthe prefetched
| ocati on. Accongidiglk agent rformnce. In
a blind prefetch sys%ﬁgtr?]%]g%ﬁ{t?ﬂc;)elq{'tgn'hg%aga%{lon? 5(‘:‘%@@“%%(‘&‘3“&%? I3y e read
request0 afHeusA@ may bp reptackdibiea wiitary qusut. hacatingl SFIGL. 2lilthsi4®s madneag of t he

statusfnga{.ilgg1 p er o349 5t nter data for the
blind prefetch i (r%]to_ tG%O aﬂ%ec?&oﬁgrg#mf’ \ﬂoeus?tza{iﬁ%mfnféﬁ’cﬁg afg’ggSGTa“%%‘fP“

i 11 ustr at adevery Fhe@ringiples hithe petansinkéraiod §ind 3hlicaGéh witeeitiRy k@Bodigedief | ect
which transaction is related to a core request and which is related to a- )
prefetch reque core.request stored in_the transaction
queue 300, a bI %‘855 B}Ja} ex\tﬁg“?]ﬁal P %&aaé‘%”t““% atygads d(%?aé:é“sﬁ #a ohr Prdgtermiped; e
transact i omit sizeguibe 880t theprodessoe Farplampl a Fhife bds rdegiioh Af§ c3806 pyt320- 1,

320- 3,432 3 ssi bl e. associ ati ons. bet ween core read
reque s gn‘%‘%? Bes a% zherpé?cgisf!rh gi‘ 8teF?‘H?F§'é{E‘ﬁ“7t9r?ﬁﬁﬁr Badfenebogs s ashgy store

data for lipat tlbllfﬁafadt grsefnethare diffefoasdahe lieSuRd, THRY, Mnoighl LhobsChiGhg | N a
patter ned ref hlg gstem a controller 310 may recelve a patterned
prefetch F a'u% ‘5&%? FHep efa @rhelinsy Bisreneason anay tead thp entird daabsding.i el d 340
and one oFronie &dché lige, fHe RlddSssaORi 260w y
augnent the patterned prgf etch relglﬁeest vﬁh}ﬁ?“z‘%w"?% ﬂﬁdﬁégeﬁbﬁﬁﬁwa its
own and enter data_associated with the blind prefetch in the other status
field 350, or 4BEMbPmen; of the peesent fipvention may {Pr@dldisa fo@ctcl‘&@@et@f%a inagi ster
woul d3pdemidshitioh Rafa Eoamt he re ters
320-4 and 320-5 in tgglg&te};%rrp | e O’?he%f%e@éﬁﬁﬁ% g&%‘a “e “"é‘a“ﬁ é’tch
request s EpdTRiter AP prdedaseroiner whathes readstequest axrhﬂnlhend banmm:pnedrﬂerﬁuwde 300.

30 According to an enbodi nent of the present invention, the priority matrix
330 may determ ne a schedul e of instrhrcti ons to be posted on t he external
bus. In a first enbodi nent, -




-

-6 19 i~~"~ 2~~~ the priority matrix 330 prlorltlzes core read zﬁé“““?ﬂ?f%aﬁt

over prefetch requests (of either kind) and prioritizes the pr ef et

- requests over w.ite requests. According to another enbodi nent of the

present invention, the priority matrix 330 may-determ ne a schedu‘l e of
registers to be | ocated withi.n ustrates.a rity
S e Sk S S e S b M LR B
priority nmRi1, 240G, BalyBDS, iR thddaesthd yheabre aval fdncihg through @ edgelar, ealdredBs k 420
a prefetch r ead rrask 430, a wite mask 440 and: flﬁ? detectors 4 0. - The
array 410 Pragressingof inpyucipnser daj ifappichpatien it iAentifis ERResE LOMr ed i n
the tr ansa&édeq%aqu@daestm .ésﬁé@Thé}eadIéaﬁesmt,ebenﬁﬁe H&s{kaé&gr@yﬂ fodaRt i fy
core read requests stored in the transacti on queue that have not d}iet 10
been po8t esmeglatah Prefrtcking giay BemTiburhe impeived pracayses pedomanes by g

prefetch r t been
Dot od 1o FHEERfe PhatPfuchd 2i)fic AR RAL 0o BuaNRgIaR aALE POL ?%‘gtsequest :
stored in prhsentingresache 23A “dpaetle cofe 200 h@dethndm ylest copedle it ot forged toe :
ext er nal bus ln 0 t Os refetch mask
430 and t h&? 'V\PH’ Qemélg?f-bgan o hm&g}?&%%&é@ﬁ%r‘:gﬁ%gé% rsetéﬁr% Br egi ster-
transaction queue, t he prlorlty matrix 400 may include an N by N array 410.
Each position i G Bés arockydiageam sftanreetema¥ ﬂramgacnepquageﬁﬁﬂ cvfgna gené harpiding -

priori bet wee r |ster e AssoL] ted
Fespectiveorbgraphpenigsicpiapeal gy dhe 1838 «FPied AR I AT,
i ndi cat e thahretdaro, Ih@glreﬂttjeﬁﬁlusﬁd}égstéxeqmsttﬁodghaﬂﬁ-a[leb@émo colrivdlye st ored

e o AL AT DSRS0 T £ 110 REGRLGRL L ¢

stored in ﬂh@9ie§én6tnv&ﬁi@n&mﬁtfu@wmoréﬂag@efsequ@ﬁ%@. stored el sewhere in the
transaction queue 300 (FIG 3). In FIG 4; the age order of the rows is

shown parent hetical l esi de each n this exa s of row 4
denti fy the ol Hestonbolsy 810 mulhes b A REaT SV P 3 ST he
youngess S§ifthe hEau e cor%ttwme mwy Ezﬂx‘sé‘trdnb&tlaﬁsrtawe hldled G Yei6ved 55ACKAL €d
with other registers. For exanp 25 caol um be associated wth -

regi ster 3ROUOTEEHIER 3%5“‘?%)@%’“??&@?%@‘%@?“? H‘B&S’Ifu wwopliernd V0929410 f or
ot her rowseh O lenfll &adiSrof GhithdtioRs mé)ﬁastadeo% hetMean siRaFe (FRYIIS! @8 snand

regi ster 3200. For exanple, in FIG 4, flags are shown as being set in
colum 0 oﬂfmbodwﬂ&)h@%ﬁﬂiles?’@mwar%ftﬁ@é‘t'%“ern t he correspondi ng regi sters
(registers 320-1, 320-3, 320-5 and 320-G are younger than the request
stored in regl Sherreéﬁaséhoé&sm@aa%ﬁnﬁ 8tqBRkn (e GaRBdtidiQuaeRob 3had by a
plurality of flags, one for "each reg |ster §20 in the transaction gueue

Each p@8i tqusme fepisteh320umaebernopelaied bK srztrzel fields iseluding @b pddress figld ##0a2 R85 pect i ve

ccotumm LN GREs Rl bk o bagl ddhd REGOROC THE AhIRAKIAIA0.1S0 biligidy Whi ch

~ 9 ~~ e registers O store core read requests that have

' nﬁz yet be&il'm]]lmlﬂd infomatien egarding a¢spbanise trhnsactivas.eXawspltds ppsibie that ®IFlG. 4,

‘stored in FEgicspRy for goanle. Wheifierfhe uasgackion isygiting tg

e oon e Gt BB RS0 fn B LI IRy RE: PELRGRE TS

hi's exanpl e agrees w th
t he exanpl ﬁei@Bmmajém:nuiy aEzlr@e ofExtetnalmempryefidtshs tradich4iBGeqrayts e dpopad at ed by
a plurality of flags, one for each regi ster 320 in the transaction queue.

Each pgsition i the cor a gﬁgﬁ ive
col 'urmas n the a eaﬁggfl%.lgﬁsg)ggﬁqrﬁ Hﬁ%){fly e “tml ?'VQE ibhs g%afiﬁ'r?ﬁogg {‘/ whi ch
of the regiesiettive tAnfctidn0 Fer gnaaiphi, die sraequ‘ekis§40 1830 nimgidenni€y thy elhtubefeﬂ'te post ed
to the external. bu The . ex Ie of FIG 4 illust egg%edggneg? agﬁ uests
*320-7.

Accor di ng" {,Rethd i€ ARROBHeAidkte®f whdlieer RaeieeftheieRWE FlsiIoN haviehBe peceived cfdsr sk 430
need not distinguish between blind prefetch re uestailyand patterned prefetch

requests. tHEAGHPEP 1Y WhEHIRT theimangactign h’é;'i’eﬁ‘é: HPFIAP ISCFABE 1 ags,

~ one foppeagh,reRbilfB20 Wikhehd &als felds 0300960 BothEmgRatB QR theid rkdpediie Wite

mask 440 may be associated with a respectlve colum in the array 410. Fl ags
in the Wltr@smgksmmf@cqwl}ﬂ?(ﬁentl fy whi.ch the .




15 registers 320 store wite requests that have not yet been posted {Q EhRe s
external bus. The exanple of FIG 4 identifies a wite request stored in f
regi ster 320-2. According to an enbodinment, the flag positions of the core
read mask 420, the prefetch mask 430 and the wite nask 440 nay be provided
in comunication with the flag positions in respective colums of the array
41D For examp erheuekiue 300 abo LA intb BB SlRer 1202 440 Aok 8isBLAY] ded i n
conmmuni cation with all flag positions in colum O o? the array 410.7 ,
Accor di ng et SiStBEHENES Seeisers pRengtead eequgstsiiiany thopensteringtvaite régeestomd thavad nask

420, the prgd BR&Hs s W1t L o e the flags in a

correspondi néﬁ lIﬁgahg;;a positfl.?glﬁ%%%giﬂgaa(ay@ngﬁﬁé t@%greon';? 1{a§ig§$r€a%]§%au£%o_ 440 w ||

be enabled at a tinme. This principle is discussed in greater detail bel ow.

25 The priority Aedipqugsedom embpdiment of des transagtioclequese M0smaySiore daie fdrapaigach r ow

in the r S =r-Te . tgh.4 recei,ve a first input_fromthe

flag pogt%ﬁréasg%tlclﬁ?gpggggc lgfgfa%&r (;.frlell!.sl %%%%%‘P&)S/Ch&%.maﬁ%ﬁp?rP P ector
450 al so magentsibali peeforn “blindprefétckesy for pate ddther tore eeall ragesp 0fists toBe ahgeach of

t he masks - I etect.ar, 450 may. nerate an active output if it
detects n o%ﬁlfééég?arll ﬁ‘fe[.né) %gas Jind ipéﬁféﬂl PG d?‘%g'o%af‘ 35)acEREEIRATY Jopatigpalse det ect
an active #é bgread oontidtigameOfién, alverenmitikie 420 frdfla plaGBiyof coloRdshiRR, ment ,

- only one of the n?sk e329-.44‘8 i.ll be enabled at a tine. Oﬂl_ﬁ one flag -

‘detect or 455258y Py PIRAREhRg data, fom ap pdiaceg memery loration theidgie willbp availehignal

i dent i fl0es iraths tfasi@Cintetll €fche HHAE c&8 ksl (PRRENEAY FBH tﬂggﬁefé?éﬁeﬁ@& tion.

transactio %gg_ue. .~F~ae Lt~e~~a According to an enbodi nent, the nmasks

- 420- 440 mefCtRdiBgnhlEY pideiching sy improxe rgentperfpEmaset.or i ty schene: For - -

exanpl e, core read requests may be prioritized over prefetch requests and{)
prefetch requestpa B prefeRRhisPiidnt, hZ8RrINEE 1 My e '\%%&%ﬁac]:@réﬁypelqﬁ nt this
priority scheme, control |ogic (not shown) may determ ne Whet Rer e core .
read nmask FW(FENET epRIPRIAtedaa in|thepddreps field 340k and cpoefdhe watds eds350280i Thenabl ed
and t he ot ifkrolBSKE 1143 0x j n f.the care read
mask 420 detern ne whi cﬁy?_ﬁlgr%Eaiefﬁpﬁhﬁgmﬁ%ffllﬁ%(?@]?%ﬁé}nd;{%at% Sté‘fugglﬁlﬁ%d; The
cont entld o#50: BEO0.cby Blustazied ineld6. A20e statis fighds 35AP3A0 tro makied de refetowhiciSO.  The

contents )k e ' mas 40 woul.d not be
or 1t od asaFoR it iy R redils: ARShs Midd o TR RalBt el S 50, 10
| f the cor&coresmduestsistaradindbegansatios hosue 3801\ Blind geefettihrqeaningpbe d@ed C nay

determ ne M@EI -t ch mask 430.store flags. |If ..t he

- prefetch nas \21%“?[2&5?1{5 {a‘gﬁ "ath ueﬁ@g. g‘b‘ihge’t‘a@?} %gésﬁ&; %z’gg*ﬁ?fa 33\5f8’t3@{)‘ﬂask 440
are di sabl 329:3, 32@6 eoh 82011 Blustaid resipleat@tiationi@siveddCort Piad RRuaRPind®snd 0 t he
array %Ob%,gfegl:hcssabl e certain flags. The contents of the prefetch mask 430
al so nmay I'put to the detectors 450. 15 If both the core read nmask 420
and the prefetch mask 430 do not store flags, the wite mask 440 may be
enabl ed. The coHlearinsactién queae 300ialsemapsbre 44 fortyarlmedpietetdiedulstiigsudd ray 4i 0
to di sabl fal ae[q,st herei.n. The . on%_er}\lts of the wite nmask 440 al so nay be . .
i nput ‘to tHé _%ﬁﬁ%ﬂeef’%-é%?”ﬁeﬁ‘% PrefgiFhie SYR - Agontiellecd Rmanfeseine a pattpmmek  (say,
core read prefsich fsqgst bigndl Bl dhedr B eYrRute dafiSn 42 a8 FRRABDLRVER bf e {ih@d :
det ect or 35 frﬁmgégeratlng an_active input for a request of a.type not -

r ecogni zed'¥ PRE™ At khesontrelisr 8 Hhalimmpaugmesnt thy mittemed praf¢tefurghuashiuith equest

~ St ored2$ n 48 prefetch of its own and enter data associated with the blind prefetch in the other status

field 350, or 360. In this case, the status fields 350, 360 of a register would identify that both
requests are prefetch requests. The registers 320-4 and 320-5 in the example of FIG, 3

illustrate patterned prefetch requests and blind prefetch requests stored in the transaction queue
300. o

30 According to an embodimerit of the present invention, the priority matrix 330 may

determine a schedule of instructions to be posted on the external bus. In a first embodiment,




"4 is the oldest in the transaction queue (FIG 3), the request iﬁ@?ﬁ?{ém;
core read request (there is no flag set in colum 4 of the core read" sck“ii""
" Accordingly, sone other register stores the ol dest core read request and

- shoul d be prioritized over the request associated with row 4. By 25
inputting td\erfpint Batkis 3 W proAlistdPordread rebiteis 60 Frefe&de @ﬂt{%@ém lqmt d!ag

det ector 45%€pass§5:| ated vI\,:t rowr4r treé Sag grgteect odrILl 450 W T bdg I nhi bited
f rom gener @rioRYzes Hwattsftfp%reemstg gver WQQIUESIAC&(@W&HB@O angier @nﬁ;ddnwetpftthe when a
mask 420-440. LS Hﬂldeﬁin in the
array to bi) %ﬂ:sé | ed. . Drpg Wﬁag[ﬁ%%?darrlﬁédgm{r Iﬁ?ﬁcﬁéaﬁﬁ%{ @}é e?s%gg%téfag ed flag
det ect or 45¢thin oeare.ecei ving the flag even though t he flag is set. Consider
the exanple 30 shown in FIG 3. As discussed above, the core read mask 420
prevent s the fl dgt; 4 I row | dest request
becauseSSr oW 4 | ?gﬁot g%é%%ﬁ %1? }Cvrgt a cc??ceo}[ drmegglﬂ 2'8 em%ogimeﬂﬁ(% tg/c> presepl
request. Thmres&mor‘i[areqphdesrtmarchwosma,y bie gepildtéd teydinlapray HM), 2corakead mask msocr at ed

Fl ag et ccrBraab AL eRb a0 a il T BT Tf St oo Per A B 0B pur

si gnal . Theelgiivdagés afiohethe emﬁurleqmetsttoredﬁnhd:fah@dnw;uhtb%opmor 3% Yhé@ke | X 400
is third ol dest oX%raII It is identified row 7. Thus, the flag

detectors A% b0 l@eeetrtcpweaﬁéaug%ﬁtors*ze the trgRsagliqRanRig that Baveaggyet

i NSt ructy OBedndpobed Bheskitrfl bud BB plehechGRISR 41BAL IRk lﬂ@r@tchm&@é difteh to the

array 410, the flags of the core read nmask 420 "determ ne which col ums of

flags are &hdpiaactionquesiethat havg pet vas hegmpasted t the expranad hugadlhe weife rRase#4Q, f | ags
col ums yQy idkntiwrfle RREEsE sRFR ifMaRhR T hab are

d/labl ed. Thas mtiﬁewrt?/\oa Saés in row 7 vt\;o)gh@e%tﬂa |as§t#g§%e epr?éét 433

mask 420 i sxtmabtplel Inege erabadieeng thegyre4dad nipsic20sthe pretetpb nmusked Homnd hetwrita

correspondi ggbse j core read mask 420. The flag detector 450 .

for row 7 V\hgig'f glr:tﬂe@gf%é%ﬁhg%tl ve out put signal. Wen applying the

prefetch mask 430 or the wite mask 440 to the array 410, flags \ may be

di sabl' dd in t he FonsneN meaites trapscitesmridthd paboly endiix 400Heascioelade @all bydsk 420.

Accor di ngl e Vi array 410

that 15 narRaoS A oFRGh it didf il 8l e Bl LAing P BLE BLBES SRR

t hr oughout twhegisesn favs pbﬂngq ury ke 3@@:1:(@ \@m l‘ngcct'ﬁheegwm’rs Bﬁﬂs(Fiﬁ.sili sWhexm t the

priority Ld |or1t4 e se requests, base n [equest

types, i. n?lg,v%a% %Pmar w dtcaeéhagqg%rre 1r%r%s ore est% t%'ratad‘?g ’B%H‘ tf’%quest s

or wite rerqtedsb@est/hsstmmtedlmme xas;abtna:rrbayTlAisﬁnplﬂmnﬁhpR df BIG.HA, fifpgseare

adm ni tOr at.i on en r uest are 20 stﬁor ed in thedtransac%#d;ﬁ g{ueue 300 or

cl ear ed’t heo¥AS m%e SV Lo TERTGERE thal & Feguest HRtpd R register EIACLPESh queue

410, an av&iah a&a,tlestsrsegecsettwv.rhaiayn the traﬂldaﬂi‘oatqﬂd.refmo (rtlttaemmmtoem,uﬁ@ige(o&&v

regi ster 3 espect to the arrgy because the new request is the

youngest Qg%s‘t‘*’%‘ﬁé o P err*rrec(?'rrah?eaetrc AOY¥udL Es prmple. Sisrags b 4o set
all flags identifyehd M¥sCREELRRRRAURGhd Dagh BEroWETidSARY telyBUhzddt stotcd rbyRkcal |y, a
regi ster is clear ed when the transaction queue determnes that the requests

stored in the r ster 1Fave conpl ﬁt ed. When a register (say,_ register
320-7) is clear “”’t"ﬁ@” I brsarayidt may Be assagiaed Wﬁgoﬁ‘ﬁh@é‘sgfq For g &rien a

cor r espgndif@ms 0nidibe AbodidiQl N ,egqsét o Hvﬁt@* 3. eﬁr@gs thHe4BNn umBY oft€ar i ng
the flags of the correspondi ng col um, ages of all transactions that
are youngeRTfdf CtrH@ewyaweeﬂlrarrsrﬂﬂwnr@ﬁtlasberveﬂﬁrH@éqﬁeeatewnt register 34y 410
are 30 i “Cbeﬁ&r&é}hﬁlé’ l@ﬁf@ﬂ gsarlghown]asgm'n setmc%%(}-gﬁ'o&?ﬁ %ﬁ?% qlh§CUSSI on
presents the array 410 as egul ar by N array tor storage o l'ags.

Accor di ng tequests 1erﬂgoqtr¢mma)ngtrh$stars (agisas(G28dt l?é)l-it p20rapnd 3-Gices Wuhiganer f | ag
posi tions I array. FIG 4 illustrates an X in each
position awgﬁglea Lﬂla sy d'H!re% egg?d'ﬁ'he array 410- at positions (0,0), (1,1),
(2,2), ..., (NN. FI ag posrtrons need not 5 be provided for the train

di agona’BIO of the Tawcaeyredd Daskddmeebd prppiated by mplurtéieﬂottfbgs,eoofodezazgocgmdrori ties

of a regl S CC use of | ar
array” E’; %tﬂ;s;atc cﬁl%tl.let Eaé% ?Elg Qll%l %ore reful‘.} y 2 eg agsg(r‘lgg? 3/% al so
an N .by N ara*quct:ivmmlmgl mltmn;a@gm | Fing imtheabie rbzmoaﬁskem@smy tt&ﬁmtyhar‘bh&frrai n
diagonal. FIG 5 illustrates a nmethod of operation 1000 of the transaction
gueue 300 according 10 to an enbodi nent; of the present invention. Wen the
transacti on queue 300 determ nes to schedule a new request to be posted to
the external bus, it may determ ne whether the transaction queue stores any
non- posted core read requests (Step 1010). If so, the transaction queue nmay
_apply the core read mask to the array (Step 1020) and schedul e the core
read request stored in the identified register (Step 1030). 15 If the
transactr on queue does not store ‘any non- posted core read requests it may

N T o oy o o, o . Y T

t e core read




request stored in the identified register (Steps 1050-10Q0). If thet § MAY 7384
‘transacti on queue does not store any non-posted prefetch requests, it my
20 determ ne whet her the transaction gueue stores any non-posted wite
requests (Step 1070). |If so, the transaction queue may apply the wite mask |
to the array and schedule a wite request stored in the identified register
(St eps 108be 15806y 394 sterp eore tead reguéstithaphave nepyst He@B Poste6 Ehe ckRONI BIfs. inf t her e

are no no the transacti on queue Step
1070y { nembERREth bk T HEANTE Arab e S ndel i AR B vl e

i nvention lhlrﬁgistapﬁl?-ﬂtﬂaﬁz(bh 326-30320eF atﬂlcﬂiedul'lrhﬁbgex@mpte%fees wﬁgl’th@ég@ﬁ@]ee) in
addition to \%ﬁé}ﬁg%ﬁ.};@ requests to be posted to an external bus, a
transacti dn- quéue arso may comuni cate wi th other conponents within an
agent (such as a core) to assist those conponents to.nenage resources for

data. For exanplleprefeny masetBomeg be ogalandd a'pliﬂéﬂti & P QHD AR 84t ré st Vflj locate
a registe Herein) t process of storing ne

r gpew}hﬁ recej.ved dat
recei ved dAvA" [ MANASHQTquEYe. j Kack positiqn in ‘hed:a’feefegfq mask'may be agggcipted pyrltéfaet ch
request t hadpedthgebln iRk Yrray 718! Blakd ih khe'ﬁéfetaﬁnﬁﬁhbggmagldcﬁﬁéylw l(:%%"l'ﬁ%l 3~

However, sone r%guests may require that data alread
stored i nTegistes PAR soEgprele F§?%P8f%@a@@¥%ﬂ@dc‘pbﬁmpow tofthe ehetermalftivk.| ThEhese

requests RFRY¥mpIE f:ﬂkjaeh MGt BRh &ngg?e v nd a
subseqwgnt dat a ° tauses £‘Cl;(;ngerFﬂ‘aEéa&rzlé%fa?%élata ﬁsﬁgﬁg%go?’a&@rgaﬁéb%tl on
queue Yhay 91503301'@ %ﬂé’ R0i7e tACGdeEGfUW@OQWm dfithd presequiesdnsiof,ahe préfetchur poses
of schedul I nci sent invention
find 5 app nﬁggﬁop)giﬁv?n? ?%ﬂ%ﬁ%ﬁg%% ind gch reqﬁs a"‘gpq?tfefrﬁg?’fegett SHCH-i ority-
matrix 500 in accordance with anot her errbodl ment of the present invention.

The priority ndihewitsoskdealiremqydp pbpullatall Hyy pamaliny 62f1agh bile foR e B&isi@ad mask 7

520, a pr irst set of fla
det ect or sﬁ{s%qﬁ?ﬁg co?geQ"r\':e%('awrr'rﬁésqmg2'@3kh ‘?’%‘Fé?%h%ﬁéé’k"yﬁoass%fl‘?dew &k 540
may const rftsmoeveccﬂumstm prei apmay 4Y0.r EQis tneuhe afritaynasioi0 ﬂaQy {aehiifyomgciPfhet he

masks riori ister array wiJ]l be active at a
“time. hes N Efr(ga%%én %re wn% reg e éhai ﬁ“ﬁd@’&?ﬁi}ﬁ@épw °dP"e9’ft6H!P§]| §usdeder i bed
enbodi nenexsmple of 6. erdbmdieﬁamrn@ﬂeqd%bﬁtorﬁd maygiscizogde a second priority
regi ster array 570 that includes an eviction nmask S80 and a fill mask 590.
As di scussed wi,th respect ﬁ) rev s enhodi nents, only one of the masks
580-590Q | n. t he SEXORE BT ?‘P@"“}‘ébﬁ Epsitpns gt theeqye igad magkd20ghepreicled at a

time. Themeskw3slaad B8GvritSRBSKMAY niah 6k pdeidad fl AtnAfthlibrPWith He fﬁ%gbs:{;ﬁﬂ' ster dOL
e provide

t he transacti on, gueu B‘lrﬁg ﬁt)lons i n each of the nmasks

0 conmunidSIPRaHE P LRSS PEaBE A0 TP CETRRIn SoIRTB of BREh Y PreymaskOl20RKAGS | n

t he eQOCtiueprﬁﬁﬁk:n@&nﬁ&ﬁatﬁdﬁ&ﬂihlafmagﬁ&ﬂﬁﬁ@ﬁ'c@ﬁnﬂ%ﬁ&eaﬁgj/§f(? %cé’i%‘% (F' G 3)
that store evicti.on requests. According to an enbodi nent fAf be set

in the evic@nieBRodigentd satepf flagsin eighes dhercosyrsadimask @01 the pmﬁctclenpm:sﬂohas been
post ed OnorfthewRkingknako ﬁkﬁd:saﬁé%@ﬂdﬁ 1%0?1%&%n&?g F"]Fé pdd tﬁoq'S afé,gma@w ]g‘gl on

requests while they are pending. Flrags in th ntlfy.
transact i %%@éﬂ@sﬁsééﬁ"ﬂf %lbszmb(eﬁmﬂ@) Thisprinsiplprisdifdukded iregrematdstail

Accor di ngydify.an enbodi nent, a flag may be set in the fill mask 590 after a
corresponding fill request has been posted on the external bus.
Alterpatively. a flag may be set 25 in the fill mask 590 corresponding to

an evPetion reHrasiorigfmarix ¢0fbmay inciudedidgaatebias @ﬁrmﬂlﬂdneﬁclarmrimwmgt ion
L A PRI 510 9945 DR s P RS 2
-Tow in the array 410. Each flag detector 450 also may receive an input from a predetermined
flag position of each of the masks 420-440. A flag detector 450 may generate an active output
if it detects no flags in its associated row in the array 410 but it does detect an active flag from
30  one of the masks 420-440. Again, in an embodiment, only one of the mask 420-440 will be |
enabled at a time. Only one flag detector 450 should generate an active output. The active

* output signal identifies a stored request that should be scheduled next by the transaction quene.

g




“the second priority register array 570. Each flag detector 600 may r%§e4rwéﬂﬁﬁ
a first input froman associated rowin the array 510 and a second i nput

~ froman associated flag position of the 30 active nmask 580 or 590 in the
second priority register array 570. The flag detector that receives an

active flag fromthe second pri orrtt\h/e i ster array 570 but cannot detect
an active flag PCEPiRg o anembodispeny the g Sa"rzp TRy beepallethascardingdn aact i ve

out put si gpddtive ﬁﬂ@n@yrs@ﬁb%ﬁcrpopékaﬂtyﬁu&rg’%d ('éahgéts Ry PP RAE &lefplefiich

conmuni cation based on the register 320 associated with the active fl ag

det ect or 6OBuesTEN Mefetch sequesggmatebepriwitised pver it fegusstss dio BNt discond set
600 of | agifieh SeilfleScdtY 18P 99trrz)wnﬁﬁﬂgld&eﬁﬁgggnaﬁ&tr@&%gt nhl€add a0

posi tions S assocl ate w in ependent
communi &at stores p@t ﬂagsn (IthSOS!thome read ﬁta@ 4@)13 eﬂﬂbbdrand theiofice sagks 4861,@14[:} resent

i nvention deg rther it onsr tent h. t he
appl 1 cat 1 o Puet TeRREREof H St feas o 0% Bt ybitn TR Meor 5. nay
i ncl ude anyny)eweidisabled. Theicomtértyofitgiosd resd xadtsﬂcaysai%arampuhe ttte&mtwroﬁdlso

et tve out S Rigite BERCAT aobeFina REbmir sk MR PSUGEA Beiea BB oct or o

Thus, when @by #102ordlid dpedatiorFitheddteohedgps are provided in multiple
priority register arrays, they may operate in parallel. FIG 7 is a block

diagra illustratjn nrc tions between _a row 710 in the array (row 2
from FI & 6) anﬁ"l"? gor%\?g deesAPt sfareasay degs. ??Gontﬁéog‘%@ébﬁied?rﬁ’g“et 0 one

enbodi ment wh&h& helpietetph ﬁ&selago sl inaps. 1GeNnAd ctcft sk 458l GhBIEd 7rdGhe
A;?ordr ng to an enbodi nent, the array ?%er ncl ude a segearate paral | el data

h from exersad pagk 42924 Wt ’?ﬂﬁké“or%‘aﬂ'a 4 tﬁlese&%t efttbeiprefeted mask €34 or  720.
‘Tr ansm ssi gn, Gakp ﬁecﬂéﬁwa@ lﬁ?é’dni%ﬁle%@éi’h ﬁ@gid PhORYehRSf ﬁﬂ@%l@fd%tnlfh%k43:ﬁ1€
transm ssi on gates 0, be controlled by associated flags froma
r espect i vealmm@rbqrypmegthgﬂercmﬁ%@/ In one state, a flag fromthe
respective priority register array my cause the 20 transni ssion gate 740,
750 toqke non- congdiGhd eeeretdhﬁarsﬁbyo mdercgattreteg ntatre;a%td%et eérehtt% fhkagd N the
r ow 710 frombeing input to tectors 720, not her state,
a flag fromaskdd0 pay be 4nableg. él@lﬁgvrétrres qfﬂgcvaaeseslt%mavem@ﬂls@m@lwagatré10740 to
be conduct Elely t pput to
the flag d{etdzsgtg%?!sagnoen?;g% iﬁ‘?‘%‘?&f&‘ﬁr{é& Q%Sﬂeﬂ%d Q?Orr@% #g’“{‘%‘%%ﬁ% in the
array (k fdaweiots4d®-N), a flag k fromthe 25 priority regr ster array will be
input directly to an associated flag detector 720. In the exanple of FIG
7, flag 2 from t ty. r r t,to the
first flag det e%?gmfv%% th&%"&ﬁls cxﬁ“ﬁ ﬁ.}ﬁf he’%sl{ea%grﬁ%& |54r§ Pglﬁ}{‘ §§?‘%‘§&§t“é‘% array
i's sho®f amasknpaytprevent asfbngdntdctbttaﬁ@fdmt saeting 30actif tnpottﬂoea refqhagef g typk may

control transmssi t sho n, rrpe Fl G 7 flags

0-1 and 3-7°'fF0H “‘teﬁ@’yﬁ’.%r"?“%’;ﬁrg‘%t“Fe""‘r’“é" Vﬂ-gtf‘ drarg cor‘?tr?%ﬁes Stoéed'Pﬁ 55i on

g a} es assot isatteeﬂideBOn vheltﬂanstabt&)nfduage (EIB 39, |ttcmeq|&sﬂ is ﬁditcl crefedd requestaibere19.

Srmlarly) égss - l 7f rom @egﬁ) E‘ffyorrtyéglster arrg%

- control trAWIEELPSR “&gt ¥ OBt oA 8‘85 USSR SR I TRINY S Whd 3 7
fromr OW 7d1Qest dode read reQudst-and s%u‘td‘be]prronﬁﬁéd&fvalt the Fdo@ekit ﬂﬁ&ﬂ&lﬁte@with&;v\m esent

|nvent| n are crfrcall |II rated and describ herei n._ However, it
will ap}ﬁ‘P‘é‘Et‘g'S'éﬁo"fq‘?gtO bR § e the 6978 regtdeapsstitathe g‘ﬁ%dtsrct?rﬁé O piseciepd

i nventl ON AR rowid, MeSithe @Yt tbies5BRAN Be IdAGRE RGH Fnttaithd AN derildisut d;smrsi\ghﬁw of the
appended claims wthout departing fromthe spirit and intended scope of the

i nventi on.

According to an embodiment, when a mask 420-440 is applied to the array 410, mask
flags may cause flags in the array to be disabled. Disabling an array flag prevents its associated
flag detector 450 from receiving the flag even though the flag is set. Consider the example

30 shownin FIG. 3. As discussed above, the core read mask 420 prevents the ﬂa.,g,r detector 450

from identifying row 4 as the oldest request because row 4 is not associated with a core read




~) 14 19 ~i,~~' ~~~'~ WE CLAIM 1. A schedul er, conprising: a neidyifori:
data to be scheduled, an array identifying relative priorities anong nenory
entries according to a first priority schene, a priority register array
identifying relative priorities anong the nenory entries according to a
second priority schene, and a plurality of detectors, coupled to the array
“and the pri6auetly Thesfcardaidesiregpst, identifisd byiow@ealsods asspciasedavith Awritakegnast.n t he
array is a | j : : ' f ai.m. reinthe
Bl ofity T ot R S 1 kil e e e o s sl S V2
associ at ed grnerpEnZAThaghive extputysigakt Bhel eldgsherrs med rajugst ideniifisd bycthe peorig. The
schedul er - ]l AN 34 L0 ies.in.at | t ane sk register. are
o ovi ded i e ot i MURL A R Plo e S TR b PG |
conmmuni cat iidentify tepistr BAPactonitg tholeninstRicti@to be 8chellled. e array. 5. The
schedul er of claim3, further conprising control logic to selectively

activate one of ,\t sk reaisters. based on . the content_ of the plurality of
mask registers. Vgﬂgﬁ'ﬂ]gcgrgﬁ%%ﬂaé;g%? 18 @r%tafhem gﬂ)m theflags qbthe corg readny
generate amak#dy éetemﬁputghichddolundﬂtoeclggs e f:xkaa&]g.}‘ mrf?t'hé& a}ehrkﬁéhﬁ:leﬁ.r %mﬂ%h eTh
priority register y.. but es not tect a flag fromthe array. 7. e
schedul er (‘}garﬂﬁlﬁf’ﬁﬁﬁj ﬁl‘f%gfﬁeﬁo%‘i‘ﬂﬂ’éi gpd 78?“‘3@@8‘1%& Predpicelpmnegidnds array,
| dent i fyi NgrddiablelV Fhi! thekwd FIBS iRFRNDwbEIE beBiEAdIcA wHth tleSRreleaihilk 490 50 2
third priority schenme, and a second plurality of detectors, coupled to the
array aifd eRelied R WBRATRY #H)becquse Hagsarapot sptimgorresmonding pesifions in-thy core read8,  An
external t mgsamt TROASHEME or A90RIF k&l 59, | 1% ntries
storing data related to penoéi ng rrequestoglfagglbléé{tggﬁp)%c?ﬁ(‘)’??lftg&ﬁs%%ﬁx, p
conprising: an age array identifying relative ages of the data in the qué.;g
entries, and a pYheapplyingdby prefeichamashig3hervhenyrie maskid4p suths bay 416% flgach of a
plurality ofaybeaiasitd HmXRESmeeRAGRer TRE AR B8R Tol 1Y %&grgab%%sp g3 t1ons
correspondi ng to each of the queue entries, respective flag positions

provided in conmmunication with corresponding entries -
- Accordingly, an embodiment of the priority matrix 400 provides an array 410 that

15 maintains an absolute account of the ages of requests stored throughout the transaction queue
300 (FIG. 3). The various masks permit the priority matrix 400 to prioritize amohg those
requests based upon request types, i.e. whether the requests are core read requests, prefetch

requests or write requests.

A two-dimensional array 410 provides for simple administration when requests are

20  stored in the transaction queue 300 or cleared therefrom. When a new request is received by

the transaction queue 410, an available register may be allocated for the new request (say,
register 320-3). With respect to the array, because the new request is the youngest request

stored in the transaction qheue, it is sufficient to set all flags in the row corresponding to the

register (row 3).

25 Typically, a register is cleared when the transaction queue determines that the requests
stored in the register have completed. When a register (say, register 320-7) is cleared, the
transaction queue also may cause all flags in a corresponding column of the array 410 to be
reset (column 7). By clearing the flags of the corresponding column, the ages of all
_transactions that are younger than the cleared instruction as represented by the array 410 are

30 incrementally advanced.

10
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“in the age array. 9. The transaction queue of claim8, wherein theTp\gii‘c@‘ﬁit@-’afr
matrix further conprises flag detectors provided in association with
» correspondi ng queue entries, each flag detector provided in comunication
with a row of entries in the age array. 10. The transaction queue of claim
9, wherein the flag positions' of the priority register array are applied

to the age arrayht frdofis@ntudlong®sdnts thd\Rrad 9e0 avaraguld Nup D atdydodedrget ed: by
a flag detector unless a flag is set in a corresponding fla posigéi on of
the priori offlagsgiAgcerding o ap - cmbedimppie theragay 469 pgprllyueayangipde N fpws dlagnner ei n
each flag g&ﬁtﬁ&amanmm% §6hrd dra§ OPTUD I Rt An Wik EhcR pbBFRARME ¥ fhafl 20
position ih the priority régister array. 12. The transacti on queue of claim
8, wher ei ndiagdnal ofithe sreayid 19 e gl prsisions @8 (bd), bl e N.BY-- Blag popisions pred 8pfe  nask
register. bein h [ $aon- j I j er m ned
or Cor i 139 oBhEipyiog rfh B ARORFEE o 1 REaRE BRI I 1k §B0gE R
t ransact i oprigfities ef afegesteaiagniit itdellr thendiogippise of thylangwee Gaghlgaitey’i aryher egi st er

ct | oprigtesef afcs | ¢ of g langEC ORBhgyaTaY i '
Gararin) MsgieBdofshint oo IR ELG- TR P B A BB DA RONECE S 2T

havi ng f| agt aMaséskibA@he dianaspomdiaggalt 0 each of the queue entries, the flag
positions coupled to a corresponding entry in the array. 14. An external

rerated 1o penatiy T 0ty e Mindofortiaf [0y StufHRS B ROy Kot 7' °

t~l.~" 10V~to M er@@Eindnt 8Ythé gRBdnt fnyemidn, WiahitharamgrRboniuchb 800dtamings tdhe queue
entries, and a _priority re'goisster array havi ng mask regji sters f(%r q ta fill
@uest s affdedlt dtren oGl 'P“SPTféfid_rF@_t ¢ reak syt THe SO NS R %Ueue,
eath mask [60hSiRqubR\iors ah) Ath-RR&H toe RRd ?ﬁh;&s‘ﬁﬁ@%dor@. IfQo,@Rafangiktibhe queue
entries, respective flag positions provided in conmmunication wth

cor r espondizvrye ay pprbythe pore fead mask tothe aryay (isp 10PRRand sclisdule the 6ore AL TRAYSSE ¢l ai m

14, wherei g 106, REifntifia ABRLES SebUbid)er conprises flag detectors provi ded
in association wth corresponding queue entries, each flag detector

provided in comunication with a row of entries in the age array. 16. The
transadfi on quedfethefirapsaglion qusue fops MR HOE Y MPBPAYCLCES FRAF SPIVEFS: dbTRY ed to

the f1ag dGLEGHAY Sheiid e EARLE R o GRITTUR £ B4 PrefilifefitbisisignoseAuESt LO

the core in response to an output of the Tlag detectors en the mas

regi st er off sevthe trisaction quenstmayiappla Bisirefeich matkie therapray andisghedyied nrgfetal act i on
queue of . fldldna Mg ikhindd1EallABiBONS LR, Of the priority register
array are aerc)’p red to the age ar%ay to prevent Tlags in the age array from
bei ng detécted by a flag detector unless a flag is set in a corresponding
flag position offf thérapsacten gyeue dgessnasrstase pRy nontpostefietetch nemests. dhmglieue of

claim 32% e gﬁ&h@wﬁ’e@ﬁ& tﬁeln%gsaggcgneq%gl?er su;rés A 936-9&%& White requests (Step 1070). If
o | 50, the transaction queue may apply the write mask to the array and schedule a write request

) stored in the identified register {Steps 1080-1090)._ At the conclusion of steps 1030, 1060,
| " 1090 or if there are no non-posted write requests stored in the transaction queue (Step 1070),

the method 1000 may conclude.

25 The principles of the present invention find application in other scheduling contexts.
For example, in addition to scheduling requests to be posted to an external bus, a transaction
queue also may communicate with other components within an agent (such as a core) to assist
those components to manage resources for data. For example, many read requests will require
a component to allocate a register newly received data. Herein, the process of storing newly

30 received data in a register is called a ““data fill;” a read or prefetch request that requires only

adata fill may be called a *fill request.” However, some requests may require that data already
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communi cation with a respective flag position in the priority regi tgr1 v oo ‘
array. 19. The transaction queue of claim14, wherein only one masa P'é‘ 4
regi sters may be enabled at a time, the one nask register being the highest

non-enpty register according to-a predet erm ned priority schene defined .

conpri sing: a menory
For dat ot o gl i AP AU Rl B o\ ik B i st asharons
t he queue emqt:esregum’dBa@usecuaﬁ ebicﬁ@imﬂ&hﬁsb&uﬁnt&ﬁﬁ?iﬁ&ake@% & tRid £dakd Y
ter ar relatlve priorities anmong t USte ‘entTres
registe {'fmﬂone a rgn%

according t0 a Secd FHeye %hé’ﬁ’ﬁ"“”*&r?d‘c&o‘bin’tﬂﬂaﬁlﬁ ?‘Sﬂftﬁ‘“ thquesty for she

led t sa¥ sfayheifing theseRbindfuhieMich€ o iRt 't Lid :
ggupTﬁe ggh%lgﬁcl’ er f(?% cl alllém 28 i\}]\/hﬁigrle|lr1 t he aﬁngi@fe& egjzesené llﬁ‘éﬁtsl?n(%l%¢

array. 2 catiop 24l such asrembpdiment20,  wher ei n the priority register array
conprises a plurality of nmask registers, one associated with each priority

state in the Secﬂﬂﬁéﬁ]ldsﬁitbstayp&ﬁmﬂx%%m ddMGraR T RSH afilenér 381%#’1"?‘?“%1%“‘ wher ei n

entries in the mask. ster aré provided i n conmunica
respective RIEieRR htigh gfhap@or By oirid 680 ingy tegopulaedint dnanays 10ha éore RSPREIK Ve

col umm of ejmrdﬁgeicﬂlﬁaggsﬁna@}\{ n%?k{,;{élqu;ﬁ Fsey?ﬁ{agﬁfge%?rslsﬁézﬁ furt her

conpri sing control Teto sel Privh &4l sters
barsrgd on 19 Haask 542, chtgfmaSh&Q; I“mlteahaskfjétmﬁams&nmtegﬁ&t lﬁrcﬁny %E:ste?ﬁl@ay%%bedm er

enerate an tive out if it
‘ gfat gl:? !sﬁ?atzf ag rogmgln?agﬁilkgﬁﬁ%ﬁc %’ "f‘ﬁ’\é‘"’g reRErgrapyilide activeat mEnTtheﬁoes not

detect a fI%rgnehtS@mytdperaannagcordB&é withpréedieg e axibed eflodinBngDd, further _
conprisi-ng: a second priority Tregister array, identifying relative 3

riorities anon queue | es_accor to a third priority schene, = .
~ gnd a second pl %}tgl@rfb 5 %@tg@ay oty %gecf’ﬁd PHety registeraprepnt H48 thetcond

riority reagilglesan emctayn maK S8Panex iR magh 590 RS &SRB WM EecCROENSINT: @
Blurall¥y g?]bgé{ rles tor| data related to pending requests, a

priority matrrXx, r?f)] | P R kég% -210H18 {heiserome P‘f‘?"l"bigﬂgliséﬂraﬂwé'f(h‘gé@eof t he

data i % hectyseue fewrt Thas maa@¢sa 0in likNudeQOfisHt Ssitidh ?&yeamﬁégﬁge A EH%SK
regi ster for each of a]glgl urality of request types, each regis

havi ng f1 a§f*Fas1va8Hs- 5?@5";96?1‘&?%@ of te magks mey QM@VIQQ!bueOmmtmllcampwlﬂle flag
position pb&y&sﬁ@ﬁmgrtoﬁﬂmmﬁﬂhﬁﬁgdr&94\m-t h a corresponding entry in the array.
18 ‘ ‘

Flags in the eviction mask 580 may identify transaction queue registers 320 (FIG. 3)
that store eviction requess. According o an embodiment, a flag may be set in the eviction
20  mask 580 after a corresponding eviction request has been posted on the external bus. There

is no ‘need to set flags for eviction requests while they are pending. -

Flags in the fill mask 590 may identify transaction queue registers 320 (FIG. 3) that
store fill requests. According to an embodiment, a flag may be set in the fill mask 590 after a
corresponding fill request has been posted on the external bus. Alternatively. a flag may be set

25  inthe fill mask 590 corresponding to an eviction request after the transaction has scheduled a

communication related to the eviction request.

The lﬁriority matrix 500 may include a second set of flag detectors 600 associated with
the second priority register array 570. Each flag detector 600 may receive a first input from
an associated row in the array 510 and a second input from an associated flag position of the

30  active mask 580 or 590 in the second priority register array 570. The flag detector that receives

- anactive flag from the second priority register array 570 but cannot detect an active flag from
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1 ~3 M~; ' f 20 g~ 28. The transaction queue of claim 27, wherein the

- priority matrix further conprises flag detectors provided i n assot@aMidnzins
"~ wth correspondi ng queue entries, each flag detector provided in

conmmuni cation with a row of entries in the age array. 29. The transaction
gueue of claim 28 wherein the flag positions of the priority register

array are {fpnldyen tobferADSh REiTe0Pu0siPiaE VEIY trdnba286n dRud B @ER 3qmapy from
bei ng detected by a Fla detector unless a flag is set in a_correspondi ng

flag posi taeeﬁa@ﬁhetq@empmcetrqntbyseﬁe@;r@r@wteaﬁ?%socy@ed withathe pesivg Bag detitofueue of
cl aim 28, erein each flag detector is provided in comunication with a
respective flag position'in the priority register array. 31. The
transacti on queue of claim 27, wherein only one mask registers nay be
enabl ed at a ti¥ash of e fbgnéetmgkmrt@gﬁrgitseirSSBer pRyonchest mflﬁfgbsdﬁmﬁoréww

regi st es: ASRRNAINA cobRuledt 5h MR QE [ KosSARE TG ho gy Wb

respect e request t ansaction queue o
further cocrvprarsmdﬁyeadese‘zmmdmpauanmathjnmtegmm efléray having a plurality of
regi sters associated with eviction requests and data fill requests bei ng

processed by g LEARASY AR SUSHSm RSl kB RS-0, S0 3ghRY 1 00

correspondi ng to ueue entries P ong coupled to a
correspon choﬁgstemtmgh the apphieatian farywhi@tthe Atvergiohds tetle ltseda, RgEdtiiyomatey eme ,
conprising: .a, plurali qff queue entries storln data relate

requests, '&° b‘?"l g oy, 1900 AL S dh rﬁ‘ﬁ’e & IPRf- déﬁﬁ°r$% E% aF'el at | ve

ages Oiot hentdainint, Bachbaomhgueteﬁm fria@ SeneARGN actpelo@pulsipnbi@pailed wththay havi ng

i;}k regi sters for glﬁéa fill ﬁeﬁa ts ard evj ction reguests bei n%sgrocessed
the trdteeaces et gectarsc inpa ¥Ren By itiptechriopitizatiog seif q5° BEATPYIHRY!

COV r espondhffplt PrifdG Regiiertah 8y QOB L ettt pafall@. f1 a9 position provided in

comuni cation with a corresponding entry in the array. 34. The transaction

gueue of claim33, _wherein the @ﬁl ority matrix further congélses flag
detectors provid&a7 i bipek diagram i rine opBIPISEings Be HERTA IR & TR My ths gy each

flag det ec(w 2 BoREIdES) ahmnmmwd%gu@cectwsbm 30,8 Réing M dn @mbbdimkAte age
array. 19 ~t ~i'""aa L~~ i The transacti on queue_of cl| ai m 34,

furthels ccnfﬂmwﬁ@f ipveaton: Fansidsy ﬂ%ﬁﬂi’fﬂc&ﬂ 73 Ageardingdg agembedimeny, thg ey

control | erpy Hﬁh‘éH &phrBE parafld g Y GidnPohch AFYESHtidnG Bl?&uﬁtﬂf@si Ehcia@@ponse to
an out put o{ﬁ falcab rg%tpegt or sa\%hen ecrras%:%s i ster of eviciion requests

i s appl i edlagsletenier 53(} a"yaﬂSlBESIOWE?éeStMQn'éSQdMYdW Rj@l‘é agngcthafiate gahs. WHgr ei n t he
f1ag posi t058bn LG 0! B0 i of ESHRNIEl nAlatiad §t E‘glﬂaelgsﬁe&nk%oﬁ@e array

to prevent ags 1n the age afray rom el ng
' register array. In one state, a flag from the respective pnorlty register array may cause the

20 transmission gate 740, 750 to be non-conductive, thereby preventing the state of the flaginthe
row 710 from being input to the flag detectors 720, 730. In another state, a flag from the
: ) " priority registers may cause the transmission gate 740 to be conductive and permit the state of

a flag in the row 710 to be input to the flag detectors 720, 730.

_ According to an embodiment, for a row k in the array (k from 1 to N), a flag k from the
25  priority register array will be input directly to an associated flag detector 720. In the example
of FIG. 7, flag 2 from the first priority register array is shown as input to the first flag detector
720 and flag 2 from the second priority register array is shown as input the second flag detector
730. All other flags j'k may control transmission gates. Thus, as shown in the example of FI1G.
7, flags 0-1 and 3-7 from the first priority register array control transmission gates associated
30 with the flag positions 0-1 and 3-7 ffom row 710. Similarly, flags 0-1 and 3-7 from the second
priority register array may control transmission gates associated with the flag positions 0-1 and '
3-7 from row 710. o
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a flag detector unless a flag is set in a corresponding flag positidnSofiAY 2054
the priority register array. 37. The transaction queue of claim 34, wherein '
each flag detector is provided in conmunication with a respective flag
position in the priority register array. 38. The transaction queue of claim.
33, wherein only one nmask registers may be enabled at a tinme, the one mask
regi ster being tSRETHicEhadimenisn’thenresentimgnsdnare spentfivatly NystkRedanpacei@egr M ned
priority s : i s r. 0.the. request types. 39. A scheduling
et hod Tor Taehe JAayoRRaL Wil be BaRGRL ik nidineidis aud iiipus 6 e Pretiiost s

and wite mvguisstase covereby tenbove tbachings agearithihds parviedrof tHeQpfendbii RS

pendi ng, sgﬂgﬁuh& '@?&8% est.cong.re@%%re%;ﬁst“ otherwi se, if the agent

has a prefetch reguest pendi Rg . RLEGHd siepeoh thsiprsations ef et ch request ,
otherwi ge, if the agent has a wite request pending, scheduling an ol dest
wite réquest. 40. The nmethod of claim39, further conprising, prior to the
first scheduling step: performng flag detection upon a register

i dentifying non-posted core read requests stored by the agent, and
determning that the core has no core read requests pending unless the a
flag is identified pursuant to the perform ng step. 41. The nmethod of claim
39, further conprising, prior to the first scheduling step: performng flag
detection upon a register identifying non-posted prefetch requests stored
by the agent, and 20 ‘'E8Ff i,~f ~?~ f determining that the core has no
prefetch requests pending unless the a flag is identified pursuant to the
performng step. 42. The nethod of claim39, further conprising, prior to
the first scheduling step: performing flag detection upon a register o
i dentifying non-posted wite requests stored by the agent, and deterninihg>
that the core has no wite requests pending unless the a flag is identified
pursuant to the performng step. 21 .AVhB. AfH A ?. A

.Av. Af . Avl . A+. A+_. Af H. AH. A<. Ahy. APe. Ah, . A#. Af K. Af @. Au. Au. Af <u=TVantS mXn#
{voje [UU] ca] ca]ca]ca]ca o
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U] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca o
U cra]calU ca]calcaUc aUc aUc a +Q./:; 19 MAY 2084
g)47LNy( G }xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

Ul cral] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c(a] ca] ca]ca] ca]ca]ca]ca]ca
Ucral\MIg7=jG b

FEETE& | " " B###} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a] ca] ca] caPB)daAKM] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! #V$$SWaZ% Ygreda( () ) * * +x+
+,{--0..B//00"03000E111| vqgl gb] X] c] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca]ca] ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV]ca] ca] ca] ca] ca] ca]ca! 1¢335u56678t 889
9Q :::; 1. A scheduler, comprising:

<a==! >>>?"??@@aAABCaC} xsni d_Z] c] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] @ ajcey Mreafaciabestedited] ca] ca] ca] ca] ca] ca] ca] cal aCDEaEEEFFUGG

HH 115JJJ0 o A . - - .

L LAY NNOBERE7 e o4 RS s B SRy B U P AT B ¥ ca
ca] cajdheinea] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! P

ChQRWR2SSSTTB WM UUVoV~W2WANOXYnYY! Z} Z9[ >[ d ] _"a; | ,

cY%e+e} xsni 8 DUy cHBBET carea)ieetidBns alekaive aPeerties] ampes) Ba] wamen| Caltes] ca) ¢

: I +e: eef Kh[iii>jjj6kkkmwmR
boob T B ey caUl ca] aal aa] cal cal Gaj ca) oa) ca] ca) ¢
a] ca] ca] ca} phtrdd} cfifictadton)] calpbml]tc el ccatayand af e @ity aegister array.
ssOt tt Jut uu%vwCxr xx' yyKzQzVz] zz{s{{| al | } } ~g~| w mhc”Y] c] ] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

I g~~5 6N+6 ; : ¥ N
Tt ool oo ea] Ol el R e iy £y RN ey g o

bke} xsni d_Z] c]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]

~ca]ca]calca]ca Cc calcalcalcalcal #-z . . . : .

Rey i)} B o5t SRS Sa e B A ER e ot apesipe arensenpise eaheRiYa) cay
ca] ca] ca] caf @adkCRbiRIE 3h€ associated with each priority state in the second priority scheme.
a] ca] ca] ca] ca] ca] ca! Ov+~: At V86=CTCd} xsni d_ZJc]] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
a)J ca] ca] ca] ca] ca]ca]ca]lca]ca]ca]ca]ca]ca]calcalcalcalcalcalcalcalcalcal QNiK
E|-ouB[ T mhcay] cl] cal ca calcalcal.cal ca] ca] calcaV] ca] cal,ca] cal calca] ca
] La] ca][ ca} %g] ca]n&ﬂé]slgl]éﬁ 82?0%%%%2#&%5&&%}%%% %?ghaﬁy]ﬂlﬁ/]r%%‘ V]]gtﬁ%%rcg}eca} ca
] ca] calovaiea af eahfahivalieolnaGadpead wadfavireall aad g} kiall et eaheaicaadcalteal caj c
al calca]ca]calcaTagE!'f "109&' ()-10%& ()-v 109& ()-] @Y109%&' () -
v 100/&31?9@16’?/512@1@1@11((%3%{3 PEthe Bray0 10: VI09&' ()-f' "109&' ()-M
f' 1098 ()-Mf'"109%& ()-Mf "109%& ()-S ndEPE: 10 "109%&' ()- f 109%& ()- of
109& ()-f 109& ()- y1O0%& ()- ' 10%& ()- Xm# dEPE: 10 109%&' ()-v
109& () - $109& ( The sddeklef pf SIADIE, (Yrther ¢OUBi(ing Hontrol ABRE o selectively activate
101 | ' $109%& () -fo8 109%& ()-'1" 109%& ()-yl 0! 10%& ()- &LO%& ()-"10%& () - +QJEPE:
1034 MR tb? mask regirigEs Eﬂs_e@@n i]@@;&m@m Q}[ the plurality of mask registers.
#/109& ()-f-109& ()-*j 109 ()-=)+,-./:b@10!'%0% (& ()- VI0% & ()- 10 10
10f, : 1098 () - 7pl0%&' ()-f 96" 109%&' ()-:; gdEb@ 10! ! 10% & () - 3#)

6. The scheduler of claim 1, wherein each detector may generate an active output if

it detects a flag from its input from the priority register array but does not detect a flag from the

array.

7. The scheduler of claim 1, further comprising:
a second priority register array, identifying relative priorities among the memory entries
according to a third priority scheme, and

a second plurality of detectors, coupled to the array and the second priority register array.
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104 & ()- @O% & ()-3MLO% & ()- @O & ()- VIOA & ()-W) 4N'<b@ ! 3Pf

109% (& ()-'&10% (& ()-v3\}10% & ()-3- 10% & ()-!3-

109% (& ()-3010% & ()-y(" <b@' Cy&YA0Y#(#(& ()-1, $nt 10% (& ()-3"f

109& ()-!, M 10% (& ()-y3vf 10% & ()-z3f 10% & ()-Ga?b@!!P, 2 19 May 2004
104 (& ()-,/GLO% & ()-P .f 10% & ()-P,f 10% & ()- P+f

10% & ()-! y&IMO0IR(?(& ()-M I nopg}ASH= ! 10( 10( 10(!;
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9. The transaction queue of claim 8, wherein the priority matrix further comprises
flag detectors provided in association with corresponding queue entries, cach flag detector

provided-in communication with a row of entries in the age array.

- 10. The transaction queue of claim 9, wherein the flag positions: of the priority
. register array are applied to the age array to prevent flags in the age array from being detected. by.

a flag detector unless a flag is set in a corresponding flag position of the priority register array.

11.  The transaction queue of claim 9, wherein each flag detector is provided in

communication with a respective flag position in the priority register array.

12.  The transaction queue of claim 8, wherein only one mask registers may be
enabled at a time, the one mask register being the highest non-empty register according to a

predetermined priority scheme defined with respect to the request types.

13. The transaction queue of claim 8, further comprising a second priority register
array having a plurality of registers associated with eviction requests and data fill requests being
processed by the transaction queue, each register having flag positions corresponding to each of

the queue entries, the flag positions coupled to a corresponding entry in the array.

14, An external transaction queue, comprising:

a plurality of queue entries storing data related to pending requests, and

a priority matrix, comprising:
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16.  The transaction queue of claim 15, further comprising a controller coupled to the

flag detectors, the controller communicating a data eviction request to the core in response to an

output of the flag detectors when the mask register of eviction requests is applied to the array.

17.  The transaction queue of .claim 15, wherein the flag positions of the priority
register array are applied to the age array to prevent flags in the age array from being detected by

a flag detector unless a flag is set in a corresponding flag position of the priority register array.

18.  The transaction queue of claim 15, wherein each flag detector is provided in

communication with a respective flag position in the priority register array.

19.  The transaction queue of claim 14, wherein only one mask registers may be
enabled at a time, the one mask register being the highest non-empty register according to a

predetermined priority scheme defined with respect to the request types.

20. A scheduler, comprising:

a memory for data to be scheduled,

an array identifying relative priorities among the queue entries according to a first
priority scheme, and

a priority register array identifying relative priorities among the queue entries according
to a second priority scheme, and

a plurality of detectors, coupled to the array and the priority register array.
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24.  The scheduler of claim 22, further comprising control logic to selectively activate

one of the mask registers based on the content of the plurality of mask registers.

25.  The scheduler of claim 20, wherein each detector may generate an active output if
it detects a flag from its input from the priority register array but does not detect a flag from the

array.

26.  The scheduler of claim 20, further comprising:
a second priority register array, identifying relative priorities among the queue entries
according to a third priority scheme, and

a second plurality of detectors, coupled to the array and the second priority register array.

27.  Anexternal transaction queue, comprising:
a plurality of queue entries storing data related to pending requests,
a priority matrix, comprising:
an age array 1dentifying relative ages of the data in the queue entries, and
a priority register array having a mask register for each of a plurality of request
types, each mask register having flag positions corresponding to each of the queue

entries, the flag position provided in communication with a corresponding entry in the

array.
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register array are applied to the age array to prevent flags in the age array from being detected by

a flag detector unless a flag is set in a corresponding flag position of the priority register array.

30.  The transaction queue of claim 28, wherein each flag detector is provided in

communication with a respective flag position in the priority register array.

31, The transaction queue of claim 27, wherein only one mask registers may be
- enabled at a time, the one mask register being the highest non-empty register according:to a

-+ predetermined priority scheme defined with respect to the request types.

32, The transaction queue of claim 27, further comprising a second priority register
array having a plurality of registers associated with eviction requests and data fill requests being
processed by the transaction queue, each register having flag positions corresponding to each of

the queue entries, the flag positions coupled to a corresponding entry in the array.

33.  An external transaction queue, comprising:
a plurality of queue entries storing data related to pending requests,
a priority matrix, comprising:

an age array identifying relative ages of the data in the queue entries, and

a priority register array having mask registers for data fill requests and eviction
requests being processed by the transaction queue, each mask register having flag
positions corresponding to each of the queue entries, the flag position provided in

communication with a corresponding entry in the array.

34.  The transaction queue of claim 33, wherein the priority matrix further comprises
flag detectors provided in association with corresponding queue entries, each flag detector

provided in communication with a row of entries in the age array.
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37.  The transaction queue of claim 34, wherein each flag detector is provided in

communication with a respective flag position in the priority register array.

38.  The transaction queue of claim 33, wherein only one mask registers may be
cnabled at a time, the one mask register being the highest non-empty register according to a

' predetermined priority scheme defined with respect to the request types.

39. A scheduling method for an agent that processes core read requests, prefetch
requests and write requests, comprising:

if the agent has a core read request pending, scheduling an oldest core read request,

otherwise, if the agent has a prefetch request pending, scheduling an oldest prefeich
request,

otherwise, if the agent has a write request pending, scheduling an oldest write request.

40.  The method of claim 39, further comprising, prior to the first scheduling step:

performing flag detection upon a register identifying non-posted core read requests stored
by the agent, and

determining that the core has no core read requests pending unless the a flag is identified

pursuant to the performing step.

41.  The method of claim 39, further comprising, prior to the first scheduling step:
performing flag detection upon a register identifying non-posted prefetch requests stored

by the agent, and
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determining that the core has no write requests pending unless the a flag is identified

pursuant to the performing step.
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