WO 01/ 48617 PCT/ US00/ 32022 PRI ORI Tl ZED BUS REQUEST SCHEDULI NG MECHANI SM
FOR PROCESSI NG DEVI CES 5 BACKGROUND The present i nventlj%@gﬁ%s to a
schedul Y0 9861 Tse i'n processor devices and other agents: 'S known, many
.nmodern computing systens enploy a nulti-agent architecture. A 10 typical
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 general - purpose processors 110-140, nenory
controllers 150, interface chipsets 160, 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 multi-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 other
agents. These factors can 20 introduce unwanted |latency to the processing
of data requests within an agent. 1 WO 01/48617 : PCTI US00132022 Not all
data requests ate 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
("core"). Typically, core read requests identify data for which the 5 agent
has an i medi ate need. Prefetch requests, by contrast, refer to data that
islikely to bePMQBdTb@EDIﬂJ%BE&‘%ﬁST SQHEgUbB“GiMEEMAPHﬁMr e. By
prefetching the data into tHRRAROCESSING DEVIQES tine the core actually
issues a read request for it, the data should be available to the core in
an internal cache. The internal cache may operate at a faster clock rate
than the external bus and, therefore, may satisfy the expected core
request sv BACKGROIINDat ency. Wite requests typically 10 identify data
that is being returned by the agent to system storage. The data may be

evi ct ed The present invention relates to a scheduler for use in processor devices and

other agents.
As is known, many modern computing systems employ a multi-agent architecture. A
10  typical system is shown in FIG. 1. There, a plurality of agents 110-160 communicates over an
external bus 170 according to a predetermined bus protocol. “Agents™ may include general-
purpose processors 110-140, memory controllers 150, interface chipsets 160, input output
devices and/or other integrated circuits (not shown) that process data requests. The bus 170

may permit several external bus transactions to be in progress at once.

15 In multi-agent systems, the bandwidth of the external bus 170 can define a limit to
system performance. Clock speeds within an agent typically are much faster than clock speeds
of the external bus. A processor core (not shown) for example can issue many data requests
(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.



because the agent is no longer using it and new data is being read to a
menory | ocation that the evicted data occupied. O her dﬁ#ﬁg%ﬁg%ﬁits may be
associ at ewWaw48613t her priorities. Gven the bandwidth |i s of an
external bus and the relative priorities observed wth respect to the
different data requests handled within an agent, the inventors determ ned
15 that there is ' f I . | t
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enbodi melfl  igspitydataghat isbeing returpeadiby i agent {REYHIP SRS U8BOTEY FIG 4
is a bl ock diagsearnapént & nplonger uding inaad ndwdaadCeingrdad totaomeamonydodatiati thatite of t he
present invention. FIG, 1,S fl ow di agram of od.of.a transaction
queue accor (Tl"‘ﬁ'@gfq‘ﬁa %ﬁ‘f“pl%‘ﬁgg’af%{fquﬁs'? At e wﬁ%/tgeﬁp {lgrﬁfeQS FIG 6is a
bl ock diagramof a priority matrix in accordance with another enbodi nent

of the present i @renthebmdwidiiQimiftipns ofanisktomid bus and the ml4tive priaritigg dbprgved

communi cati Qpg BLIBSR: ALOWahed reudifs inSHaleh WithiFBh Egeﬁt, HehiRknBRdedniral at ed

flag detectors atcording to one enbodi nent of the present

15 that there is a need in the art for a bus control algorithm that schedules requests to be posted

-

on the external bus according to a predetermined priority scheme.

SUMMARY
Embodiments of the present invention provide a scheduler that stores data to be
scheduled. The scheduler may include an array identifying relative priorities among the queve
20 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. A plurality 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 computer 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. 3 is a block diagram of an external transaction queue according to an embodiment

of the present invention.




i nvention. 10 DETAI LED DESCRI PTI ON Enbodi nents of the present invention
provide a prioritized scheduler for a transaction mnw& anystem of an
agent. ™ROH4AYdul ér nmay include a priority matrix that ermnes which
.of a plurality of stored requests should be postéd on the external bus. The
priority matrix may maintain an account of the stored requests according
to a first pri &G.tdyissdhwkdiagamodi aljpsionty neagrix actording1té ay émijodimegent oftheal so may
_include nebaégmﬁlggrgﬁ%at ed with each request type. Wien scheduling a
request, e priority matrix may apply the highest priority non-enpty nmask
to the array. FilGied éd eidlow dizamame of agmethndi oft 2 tanspatian gheueraseqsding tq ghe may be
identifieqd hodimSiRedEbiet infdnfon.2 il lustrates a transacti on managenent
system 200 according to an enbodi nment of the present invention.

Transacti on managers are known _per se. inglude an arbiter 20 210,
a cache’ menor y F¥3@ is gy imaé?awa%fa PrORIEIALEY 'Bﬁc‘iff[i%l’,ﬁ? with gnother embadiment
transacti %ttﬁ%ﬁﬁd&n%&tﬁﬁld an external bus controller 250. The arbiter 210
receives requests froma variety of sources, such as fromthe core and
per haps the exiRG.Mails atwc&lﬂﬁgfahﬁﬂumﬁlg&o%ﬂmcﬂﬁﬂum\b&nTay‘&i/(ﬁﬁibly'omj ncl ude a

equest code.re r ntin type of r uest bei

approprl at B, grayy gr%%%gfeézﬁg id¥'§‘ft?f6 “a%i’{"c e i gﬁg?lﬁ'gmr‘g?fﬁ%gfesﬁng to be
per f or med.invehionar bi t er 210 prioritizes 25 the requests and inplenents them
in the order of priority. The cache 220 nay be an internal nenory.
Typically, the cache 220 may be a unified cache, one that stores both
i nstrud®i REIHLEDDESCRIPTEONe data (col | ectively, "data"). Requests from
the arbiter 210 may be input to both the cache 220 and to the internal
transact i on qudEndodigdils offeprasemdivensioqupstids a ribstizzd shheduR? fbor nmgmsicxicﬂ ude
control not a st ed data
o5t or ed TR IR ule n el bl oe oG R e
01148617 'v@ighBRMBADL Bf staredtfzque@ Ghouldhz Rvaechel 2 @xteninhl| bus.uThe priiprithe
request ed 0, homn)
R S
_conmunil 3 atas age. Rhe: prioritymavixsalsotronytisdnde masks asspciatedwislbeach @ﬂuqqm%go over a
line 222. JRQuid3hedpal, tﬂe a&-ﬁ?%ﬂrq%agwhgﬁ&emomp%Mﬁpt)cmm&&he circuitry
and buffer nmenory q5 process request's fromthe arbiter” 210. Each request
i ssued by ¥me Tae Bl#fsereqm@smassﬂ HéB thejreguest fyge may @rlﬁw'ﬁedrf&hgcaﬂuhem queue 230.
The internal transaction queue 230 al so receives hit/mss

FIG. 2 illustrates a transaction management system 200 according to an embodiment

of the present invention. Transaction managers are known per se. They may include an arbiter
20 210,acache memory 220, an internal transaction queue 230, an external transaction queue 240
and an external bus controller 250. The arbiter 210 receives requests from a variety of sources,
such as from the core and perhaps the external transaction queue 240. Requests typically
include a request code representing the type of request being made and, where appropriate, an
address identifying data on which the request is to be performed. The arbiter 210 prioritizes

25 the requests and implements them in the order of priority.

The cache 220 may be an internal memory. Typically, the cache 220 may be a unified
cache, one that stores both instruction data and variable data (collectively, “data”™). Requests
from the arbiter 210 may be input to both the cache 220 and to the internal transaction queue
230. For read 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



I ndicators fromthe cache 220. If a request hits the cache 220, the

I nternal transaction queue 230 permts the queued requeb(_xs,m%% ,Eﬁyn nate as
it advancwe o0ads61Df t he queue 230. But if a request msse e“cache 220,
the request should be conpleted by retrieving the requested data 10 from an
external menory (not shown). In this case, when the request advances out of
the inter rahhdnenwmblmmzq wiLfarnB the reduestddnlaenolthb ctre aves acorromictieue 230
causes the r to L0 Ll d_ i L NSAC e 240.

The exter na?ﬁlq(#lg %%Eélf(’lwgﬁ queéﬁlée’gﬁﬁe g so(garlr(gl>é ﬁ?gﬁlﬁe eg%o%?e&{:&cﬁlzg}éﬁptry and
buf f er rrenm:ynunichtem'yonfamsetoebetm;emdltramglon auavs 33t dvarmsline@2be posted on the
external bus 170 pursuant 15 to queued requests issued fromwthin the

processor. The exfefnal tlra%sg&i%ﬁ‘g eh@fbo%ﬁ'ﬁﬁzh%égon%%u@ﬁm iR bufiBShedidon Oof the

bus 170 via the external bus control 50.. Typically, a bus protocol
Wi || hav8 ble@rrcesstdanests frogythe arhitep 2L0. ﬁreh reﬁ%l@k@éﬂr\%ﬁﬁf‘t%%@d&?‘?@ﬁ ueue 240

and exter nak, ?1 al G ckion J{u%ﬁe ﬁﬁ%ﬂ@ﬂteﬁﬂﬁﬁﬂsﬂ&tﬁnﬁﬂ&e Qﬁpﬁdo\f&eﬁbgﬂﬁhiSs in
accordance w ch a protocol an alternate enb Lment t he internal

transact i onméfeﬂi@ré f@@@%ﬁﬁ“”@?& éfradﬁ‘l"ei‘ﬂ‘%@%\ﬁﬂcheo??o ‘Q’E)‘“Efﬂ‘@ EAns9EHOn UG o

repl aced by, ﬁéﬂﬂxisaﬁe\'qlﬁkbau&;uesﬁe&@ﬁﬂhmisw advhriGes dut bf theigiiduatss Biefd nt er nal
transacti on queue 230 and _ext ernal @?Sqacgtgllplggd eue 240 as included in a

single "t r aifQuEstmiEses thefiaehee20. theFrauestshn UG YiRg B fedyes %on find
appl i catjpongdih hxhe;@érhéleﬁenﬂfyt(ﬁalsﬁmﬂxb InTylplcﬁaJ \bhen tlerequeitad vabestusoftthmnsact i on

t hat reads data causes dat fad to the
processor . pMaLgaIsisHen q‘ﬁ"e:?ﬁg‘ih‘é '"beu"éa?ﬁ ﬁ%‘g e(‘)’ﬁ B%Hacﬁ‘“%eaﬁhgeé%ﬁg% es 25 of
data to be ¢nead it thelekernfinasaamagueud 46 predet ermined unit size often is
referred to as a "cache line." Different systens have different cache line
sizes. Thus, althay g'gtt? 1S hQudadofirdTcirlry aid liPed | ON of a
cache line, the ’%g(fgggnglo{r%ng&ﬁ&?@ea ! gntl rle l(l:acher |cHe zIlzrom t he cache
line, the prouessomaysabde exteraal us trapsapticagtode pestedon the guippal Gupl7OpEsuagt ogr am

flow Ajse L35 it G/RER the pRO¢EES: Pk ARMaFAME S qRede28d A queue
260 in a g%(a;%ugﬁ%gce?%gn rre{naq%errentelps stém 200. 'zll'hea ref g?%ﬁé)%eu}g 260 may

moni t or r ecgeatel operationefithgbus 17 ‘é“&?ﬁﬁ"i’%] bus enteglier 290 BYPIFRlea %Pl r ead

requests exBiliaie RBF ded'ToF fhe BiSIIO RS éXkdilﬂﬂjtraréacW& @.ib‘:é%ﬁhﬁd BGEPMUS(MJ/ 32022
patterns. Wien a core issues a series of rea 1(;,Juhest quentlal menory
| ocat i ons (%@ngoller 250 may generajgand regpivesigngls fn acgpr nce ¥ @ ate that the
core is advancing through a regul ar, ordered progreSS|on of I nstructions
or data. If any iaagihefat émtiodinest, rineielatnhrtiaesdmidnk;eeupﬁﬂfaed@ctﬂrqmmeam@o may

20 queue 240 may be replaced by a unitary queue. Accordingly, FIG. 2 illustrates the internal

transaction queue 230 and external transaction queue 240 as included in a single “transaction

gueue.” The principles of the present invention find application with either embodiment.

Typically, an external bus transaction that reads data causes data of a predetermined

unit size to be read to the processor. For example, a single bus transaction may cause 64 bytes

25 ofdatatobereadtothe pfocessor. This predetermined unit size often is referred to as a “cache
line.” Different systems have different cache line sizes. Thus, although a processor may
require data of only a portion of a cache line, the processor may read the entire cache line.

From the cache line, the processor will use as much data as is required by its program flow.

An embodiment of the present invention may provide a prefetch queue 260 in a
30 transaction management system 200. The prefetch queue 260 may monitor requests issued by

the arbiter 210 and determine whether read requests exhibit one or more predetermined

4



I ssue a read request to be issued. The read request may be nade prior to a
core request for the 5 sanme data. Prefetching may contrie,ﬁlggmzsgd%rmroved
pr ocessowOHM867 narice ‘by having data stored in the int & che 220
.prior to the tinme the core 200 requests the data:“1f the data is present
in the cache 220 when the core 200 needs the data, the core 200 will not be
forced to paeins. When axbredssiad anales bilrsadireqnesssac teqaentisl memorydbatiensiieeg.0x.e t he core
200 can us e da [ 3. 1s.a block diagram.of.,an . .external,transaction
queus. 300 SR e R i ek St g ol BAR AT Rl ety
i nvent i on. prbpessiniofinstalctidns are@adf ang such paes iGQMrtifred, the prefetetiqueva2@omtyr ol | er

310, a plutalli . [ = r . 320- 320

col | ect Pvefsy ea%aﬁgiqggsg?’i%g %s:‘;'f"g %ﬁ %@ﬁ%ﬁga%ét'%gggﬁéag%{e (’%‘@gﬁqg‘?g}e s 320 are
shown i ¥ Fha@e data. (Prefetghingrodyploptsibut to impeovert proeestor perfoomanico by pvingidataf ewer  or
mor e 1 egi SLEL ifife HRflal Gbhe z?}ib ?ﬁ&?@&é Rink 816 iéé@ad chfu%i ﬂs 2. [P fhe ﬂaﬁ]ﬁr nal
transaction queue 300 to othef elenents 5 wthin the agent. e

cont rol | er B0t imthe caeha 320 whasrihenors 29 geadpthpdata heepied0dwilknonbafetted toom t he
queue T egi 3hifof amlferfdl BudTkisalfidn'ts cSliidle beRdrOtht bt 860 dahl GéeqRH datal "€ cONt T ol | er

310 al so may schedule an order for transactions to be posted on the
external bus 170 (FIG 1%._ In one enbodinent, the controller 310 nmay be a
state- nachi ne. Hife3 jsadlock diagrany shanfxiemat tpnsaciion queyed0d of 3npeens 29ceidii8st s i n t he
trans a;:lto} _Ofbl a(gléﬁi_u&lhia&g of tﬁaﬁr'asentggvdﬂﬂﬁﬂ ];Q‘_hé esgérgﬂ gansaaﬁp gie DGO rﬁ@ﬂhﬂl?fee?dbg 5
several fields jncludi .an _address fi , rst tatus fie

and a secofﬁﬁo"é’f"éffﬁgo’f’l’ ?“H‘yﬁ@.’e“el'ﬁé’s@{s&?éig‘hf‘?"é'i’ @'%ﬂ%%@‘ﬁh tglyy e

adm ni st r akidagriofify iatrixt I30.NARIRSYSH eghi egisR BB ire RWh EFIGAB. theQifiaciplddafs, it i S
possi bl e t i nﬁsaj ns information about a pair

q]at each ueue r cq‘i,ster 320. ma
of external °|8[f§e"f1"§?{‘§8%f”"1“8ﬁg_ TR AR TS ¥ 99°%1% 340 nay identify a range

of external nenory addresses to which the requests are directed. 25 The
status fiel ds 3B@, coBallendlp inwdefapes fhy extemrilrtragsactioni queuei 390 o ntheri aemensgar di ng
each r@spegi: | XRIP. : ' 350 may
I denti f1§ tﬁgﬁ'g%ﬁgf eéé‘g? @fﬂh{er&ﬂtr ?f;dr?\]gaé/gt_ | oan-?ac?%Jrg%eb%tg%'ﬁg?ir%ﬁ%}tgﬂg%%e
transact i ofieus registersi 32§ and niag wWitss date] inge fielde theseple The corigler 31Gtabspmay it has

been post eghheiEinNGRier FHCRERsA AR S BE Yosted T | theexbidte? blRC17088R3 MG 1] &fe T he
transacti on and whet her the transaction has been conpleted. Typically, a

‘transact i offmbaginenie the sentrptier316 may b 2y Mahing20 when the status fiel ds 350,
360 both indicate that their respective transactions have conpleted. 5 WO
01/ 48617 .. ; PCiitelkgidets320 hdy store data relating to requests in the transaction queue 300. Each

20 queue register 320 may be populated by several fields including an address field 340, a first
status field 350 and a second status field 360. The status fields 340. 350 may store
administrative information regarding respective transactions. Thus, it is possible that each
queue register 320 maintains information about a pair of external bus transactions. The address

field 340 may identify a range of external memory addresses to which the requests are directed.

25 The status fields 350, 360 may identify administrative information regarding each
respective transaction. For example, the status fields 340, 350 may identify the status of the
transaction — for example, whether the transaction is waiting to be posted on the external bus,
whether it has been posted, whether cache coherency results have be received for the
transaction and whether the transaction has been completed. Typically, a transaction is cleared

30 from a register 320 when the status fields 350, 360 both indicate that their respective

transactions have completed.



The registers 320 also nay carry infcrmation, either in the status fields
or el sewhere, that distinguishes registers storing read ;&ﬂg@ﬁk@l;rom t hose
stori ng wwa@/Msdguest s and that distingui shes registers ore valid
data fromthose that are available for allocation. As discussed, an

enbodi ment of the transaction queue 300 may store data for a pair 5 of

transactions in ﬁ?c {:&9 %)t fsB r%f? n?rTrt}&%]agéhathte[ ? ~a¥u'§ ﬁ&gi&'&fgﬂﬂ:&ay be

appropriate for

core read r @apubsinglushgs Bgises Stpems eeadireqfiasts rf!oewmsp ﬁ@rmmﬁﬁm‘lﬁ%ﬁ 4ol jthat] pr ef et ch

may cause daiménia%me}ﬁ;e hﬂ%f?-tvalﬁlﬁimrf%xd 1068 HaPlte Mafifble foPalldEaibfad to the

agent. Oten core w use data froma plurality of co-located nenory
|l ocations. By prefetching data from an adjacent nepory |ocation, the data
Wi Tl be avail abl &S desupsed.unembosispeat of theleRHEIORGUEITSOD oy Here dih IrABFE ¢ o

request dat g tfanRidnd%n Wcﬁi@ls&hgﬂ) |'ﬂﬂ§ddaﬂ?ansacﬁ&£@hdﬁ€kﬁiy}’be alpbfoﬂdxtepﬁoef et chi ng
can inprove agent performance, refetch “'é-}‘}t em ggnt ol ler 310

may recei veaggs thay perforn Wépﬁe@éfaesr&ﬁﬂ@%t hef A eostfead r f}r"ﬁ‘ﬁfﬁ ™fhta in the
addr ess fi efsm d&na Rdmoiyea thihd ﬁx%ﬁmﬁhﬁbtddﬁseﬂatefrdﬁaﬁdi!ﬁhperﬁﬁn@moryhﬁatloﬁﬂﬂci roller
310 then ma enter atafo(Sfthe bl i grefftch @ Feloth e(:I)‘I t he two
status fi el (pPerepddgipe agety Ofied. 3 f9rq,¥ ﬁmlflpdi"a Y O e O HA T el ds 350,
360 are rrar kﬁﬂmhs) Byqfréfae}tmg/data(ﬂbm Anradjaeeacmemn logatioe] the éath Will ba aadlalde r equest
and whi ated to.a req I guest is
st or ed ﬁ t'ﬁ‘et k"‘ ISR abﬁ“g“'u‘ d‘é" cfffowere p%'ieaueat P O'i(\mﬁrbmfad%gtl&#&% be stored
along with Atcordinglyhblutdrmfadmlgcemlmmuegeﬁq&rfomncme exarrpl e of FI G 3,
registers 320-0, 320-1, 320-3, 320-6 and 320-7 illustrate possible

associ ations betiygef, stk %Q | SNBSS 3Ry bR dunk Ror BT R Rest The

transaction queue Store data for "patterned pref etch request s”
i ssued by endsnterf approprizigdatasin theﬁd@esﬁﬁﬁlﬁé‘i%d °Eﬂ‘§ﬁ’@ts@msﬁ§‘d§§5&

control | er &Lﬂox@yldtﬁ&.%ayemef R AR pr@feef. e m&uﬁm& tvﬁis&ﬁ@helﬁ@d ent er
appropriate data in_t ddress field 3 nd one of srbt?tus fields 350

or 360. H$he3Wedtt #I'@F"%‘i‘b‘“amg& ﬁ%?ysmé‘t?gfl'Fé‘Ht P40 gt ’L"e' egt ¥high, ¢ equest
W th 25 a. birinediis i€ fehliilio OEoré feguestiand @iich i Fdlfted tdﬁbx&fe&:ﬁ%@ﬂts&t'ﬂﬂs wiherh t he
blind prefetchlnthe ot her st at us t he

S.C
oLt us T | ol T EHoBe i G A8 4 APt P st o ar o
prefetch reaa%svhﬁ, it ihhie tfafgtidn@neue 300 -14 teredanlOefFIGIB, tdgdteendadPl 320df FIG 3
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i nventi @0, prifetchsi ority matri x 330 may

The transaction queue 300 also may store data for “patterned prefetch requests™ issued
by a prefetch queue. In a patterned prefetching system, a controller 310 may receive a patterned
prefetch request signal and enter appropriate data in the address field 340 and one of the status
fields 350 or 360. The controller 310 also may augment the patterned prefetch request with

25  ablind 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.

30 According to an embodiment 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,



determ ne a schedule of instructions to be posted on the external bus. In a
first enbodi ment, 6 WO 01/48617 PCTI US00132022 the pri f@#@s g@&rl x 330
prioritiwesdssiz read requests over prefetch requests (%‘F a2 ki nd) and
-prioritizes the prefetch requests over wite requésts. According to another
enbodi nent of the present invention, the priority matrix 330 may determ ne
a schedul eth@pridritgintie3 phemtzes cote resd adq@ekts ovériplefaichasquests(of dithérlkind) #hd
dllustrates.a priorit i x 400.accor di to an epbodi of. .t he present
| nvent | on. PSR TR o e el A hed R R R R Gy k10 Pl Cor e
read mask génting@nthonctheprixnity ek 330 slay dédddmina a sahedude afreegisterb4@beantidcated ag
detectors 4%9]“ Igrg array 410 may identify relative ages anong the various
requests stOred Y the transaction queue 300 (FIG 3). The core read nmask
420 may identify core read requests stored in the transaction queue that
have nobt yet 10FGedillyseaiesadprionty masrie4@0eacerating tpsan emtbediperttaf thetpresagk 430 may
Ldentify prGibe hnre%uﬁ@tﬁnﬁu@o ﬁ)gy bd ;;t,?tr%d by msa&tmomc&yeu@mtémo have not

yet been posted to the éexternal he wite nask may dentlfy wite
requests stpeihread mawk 480, aws*mqswoqub%detrratrstﬁ&v@heﬁetaygt&m%teﬁnfprosted to

the exter rtmnvbagés anloflg maeareri@ag,bmmd ih m@trﬁﬁ&ﬁoﬁ(ﬁl@ﬁ’e B ENGAROThelchR pr ef et ch

mask 430 and t wite each be registers. 15 For an

register t P&‘h%‘%t‘*?‘b‘ﬁ%ﬂf@ﬂ@ core Frad prapests F‘PS‘F" HrebetraRsag i aene thahbave pRt Y‘én N by N

array 430. pde pbhtda@Sint bxéindl Bust The @ék@ummmsﬁ@r Jaerﬁlf)f ,Lrae:cﬁ RILAKSREING 2
relative priorit two registers be associ at ed

et ween
with res peB‘t‘t’e\fé‘“r}‘;é%‘?"si"‘é‘Fsh%@de (N4 beeg)‘mtwgﬁ’e c’f‘?’&ﬂ Q“%\&Be wetemask 40, oy ¢t
may i ndi caingy itﬂsmrrfy Wit Riqudst Glofed 1 the tSdnficfon qRele@IEk Rave htatyetaeal pobtettto tHehan t he

stored request lated with the re he .exanpl e of
MG 4 SEonE et e Porg et ok PG TR 10 BEREE ¢ nat o
request stmaﬁcdtobmchegybéeglst&zﬂ 0 i s younger than requests stored el sewhere

in the transaction queue 300 (FIG 3) In FIG 4, the age order of the
rows i se<shown I he fl ags
of rowslg |den %ngélétﬁg’l sS%/'CtB)tﬁ 3 tﬁ@g,lﬂmli MI%{HJEIQ? 'ml)ts ng%r%’fﬁ%élv

identify tmmur@espossmméhb arrayjmexsttore Cilg representing hirglativh prierity bgtweeh0 nmay be
associ at edy i LHs gt Nedws o?ﬂ&fgﬁn‘igﬁe asquratesmnmssm.ve?ég.&&L WHFR. R »wt;tﬁa

associ ated wth register . Fl'ags may set 1n colum 0O of
the arrayflagseresesin proweit nwomélcatethrtmmee@seterséromrwestethrt@rq Pldesghapgheneen t hose

regi sters aodd reg@isthsdciardWithOhe EQkctR¥ AR HBus, rnnhecé&npﬂ,oftwt@gsmg greShown as

being set in colum 0 of rows 1, 3 and 5-6.
shown as being set in row 0; this represents that a request stored in register 320-0 is younger

than requests stored elsewhere in the transaction queue 300 (FIG. 3). In FIG. 4, the age order
of the rows is shown parenthetically beside each row. In this example, the flags of row 4

identify the oldest stored request and the flags of row 3 identify the youngest stored request.

Columns within the array 410 may be associated with other registers. For example,

25 column 0 may be associated with register 320-0 (FIG. 3). Flags may be set in column 0 of the
array 410 for other rows to indicate relative priorities between those registers and register 320-

0. For example, in FIG. 4, flags are shown as being set in column 0 of rows 1, 3 and 5-6. The
requests in the corresponding registers (registers 320-1, 320-3, 320-5 and 320-6) are younger

than the request stored in register 320-0.

30 The core read mask 420 may be populated by a plurality of flags, one for each register
320 in the transaction queue. Each position in the core read mask 420 may be associated with

a respective column in the array 410. Flags in the core read mask 420 may identify which of
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requests in the corresponding registers (registers 320-1, 320-3, 320-5 and
320-6) are younger than the request stored in register -890 s The core
read naskKWORBUD486kY, be popul ated by a plurality of flags, ‘one for each

register 320 in the transaction queue. Each position in the core read nask
420 may be associated with a respective colum in the array 410. Flags in
the core r ahtregistels 3200oraedre feddreguesty theflhiavemobyfet begn Pgdted 1d e exienaddiF WSOO' 32022

the 1egl St G sexitile gﬁo%%hﬁ@h?tﬁe%p,qré CHikSchui i bre BN ogBks of BlingRR POST e O

the extern ovvn N 4, the core read mask

i dentifies m mg@ter%m-oﬁ é%ﬂ:b%%f*eﬁs?,oﬁem 3207 oleexamnleraegPsSw@r the 9Ply  320- 1,
320- 3, 320 ,?IZI@; This exanple agrees with the exanple provided in
FIG 3. 5 e pre etch mask 430 may be popul ated by a plurality of flags,

one for each register 320 in the transaction sition in the

core read mask %&9%@“&%‘?&:‘&"{339@8&?& ﬁ "’é’g @ @@g%B?Ethﬂ’i‘&&Hﬁ‘%' array

g%g !:' ags 320 %ﬁt?@trﬂfsﬂil@ﬁ Q{éué]t&‘iakl; ﬁcﬁﬁloﬁﬁythdt: Wéﬁehcf iaskiniag be akocidted withagi tSt er SI
store prefetc sts ave.no ex er na

e, The’ Dsartvecalqmyin e aey 410, ERp S8 BESEERR rpokaS phy Bkt ke dHipe

regi sters 3Jéfistéts 3824tord prefelfi-réquestitfiat havelidr #2 Bech, poﬁaﬂmﬁhmcbnﬁE&lsTl‘heAccor di ng

to an enbodi men esen nvent t he need not
di sti ngui sif*{&k W@Gb{lﬁﬁ%ﬁ? %TF%EC%:F e smr%? &5 ,%Pé ﬁ %?@ed g%"?‘%? QI?Q
request 30 320, 3MWi6tand AZSK Aﬂcﬂ:&dmbmnmocbmerpomhb arleadt ibyentionp the peefataly  of

flags, one for, pach redi ion in the
wite mask %’3%43%5 %betdg%@%m a tuﬁ&mﬁ?ﬁ&a reidggﬁn?yiggg%? ﬁ%‘%@?%&&hg array
410. Flags in the wite mask 440 may identify which the 15 registers 320
store wite reqbswstemnask44Qalsempyde porulatedby ppipplity offlagy opsfer cashresifiell bus. The

exanpl e of ;Flya tra%sakm&lflé €Each p%tiotnein EHROMAS naskt 4406khy! B8 ARBHakel Hith320- 2.
According to an enbodient, the flag positions ofthe core, read mask 420,

the pref et gpspeqtie RolwDm inthe| et 1y |F faés Wd‘é‘k‘”ﬂ‘fd"‘"ﬁﬁﬁ}“%@%%?}l%@ ich ﬁhe

communi ¢&at i pRswik 3o kbR \aﬁrhaeeqm&ltﬁdt BAVZ not Fet bea[dettd Wahe eterid bunf Thehe arr ay
410. For exanpl e, 440 20 are provided in

conmuni cat i SHRIF ?flflglﬁ'gnq"g@s “p‘es'é‘f’f%"ﬁ%s“?"’rﬁéﬁgtﬂ?ﬁ3ﬁf the array 410.
According to an enmbodinent, the state of flags in either the core read
mask 420, the prﬁef:mfﬂmg\tomnembodmm the flaghpesitians ofshararciead mask4a§, theipreddtdhe t he
flags in a CO% éﬁﬁggg'wr}r% As%g%d)rﬁ@bte%:ﬁzordeér Qbrﬁﬁ{l+x¥mpr9@g1¥the ﬁﬁfpcgifuoﬁshe masks

420- 440 wi |'T® rinciple is discussed In greater
det ai | in respective columns of the array 410. For example, column O of each of the masks 420440

20  are provided in communication with all flag positions in column 0 of the array 410. According
to an embodiment, the state of flags in either the core read mask 420, the prefetch mask 430
or the write mask 440 may disable the flags in a corresponding flag position. Typically, only

one of the masks 420-440 will be enabled at a time. This principle is discussed in greater detail

below.

25 The priority matrix 400 may include flag detectors 450, one for each row in the array
410. Each flag detector 450 may receive a first input from the flag positions of its associated
row 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 queue.
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bel ow. 25 The priority matrix 400 may include flag detectors 450, one for
each row in the array 410. Each flag detector 450 may reczﬁ &@dlrst

i nput fr ovo oiMs6f7l ag positions of its associated rowin SOp73 410. Each
flag detector 450 al so may receive an input from-a predeterm ned flag
position of each of the masks 420-440. A flag detector 450 may generate an

active output i f i} detect ' Ssogl at e array
410 but it does™HErE OfA © @#W&“tf‘gg fkrsé%a%ff?m‘r‘r"egeo?“a 4 acedr ‘ﬁ’% 51*2&0 440.
Again, in edlatﬁérbﬂdityrmheme Offdr pxample, c:ire telad raqocsts m(bemmwed deuerefeeqhabl ed at a
time. Only_one ector. 45 sh Ne ACH 1 . The
active oufHiTtd ﬁnQ%zﬁqgéhdreﬁ{emf 2 2 ’%%%&@g‘é’ﬁ{eeg%‘ﬁﬁ?ﬁ%t 'Hé ﬁ%&ﬁf‘lgggsschedul ed
next by t hpnbrnamme,lcomroq iogige(not saown) miay MEeiireag@dier HETere8ad nasio320

ACCOT I N9 el By A0 e U B oIeh&drma§+<§zo%ZQnaﬁé9 Ko Bfer SRR 80 ABGAT ding Lo 3
relative priorivy core read requests may b
prioritizedisahbesk T[!)P edntantstef the cofe eosd mawoﬂFmﬁ%Wl?*eﬁﬂséﬂtbeW4Hb if

prioriti Zequ lals%lécf‘ qht @dﬂ{éﬁétoﬁthe dde fe P ANREY dlm'regmplﬁ id (¢ d&ééto%@me
control logic hown) may determ ne whether the core read mask 420 5

stores any The %Q!}?nts Pf the;pse °‘Fh@a5&6?’@“ﬂ dheoyrisaraask 4ovquld ngtheperatitediopfterfe ot her
masks 430, 440 a@g@mq;eggg;mqmmgﬂ&wgmgs of the core read mask 420

det erm ne V\l}n ch"flags in the array 410, if any, are di sabl ed The contents
of the core read mask 420 also are in ut t dete tors 4 The

cont ent ¥ of thelfﬁ'i“‘e‘f"éﬁré‘l‘ij‘ﬁ‘b?gﬁz%%séﬂd Ry $St &ﬁ‘ﬁ% f‘ﬁr"ﬁ'& be
permtted twhedérftiRGrefettHiRask4303)0red A8 fMags. 110, thyypéfath mi‘sk@BO is ebdefimaeor s 450.

10 If the core rea sk, 420 dges. . not 0 Neloly | ogi c
may det er ni ﬂE'eaﬁH‘égh‘gBa’E%‘%mf)f”é é?g ﬂrer%?slfle h3ge §¥"(5erné g‘ﬁ;‘/’re?ﬁ?agrg"s{( E#U t he
prefetch mask bél@@hecﬂofhaa’dyem taddalldwertaio Gag. Tikadntamsdf theDeefecidmask #30e mask 440
are di sabl e% Qrtotﬂ éetecIo 438 prefetch mask 430 naybe applied to the
array 410 £8° CErTETNR ags. The contents of the prefetch nask 430
al so may be |nput to the detectors 450. 15 If both the core read mask 420
and t helyr ef et clifhoﬁzslke co@ead mnaskot20gedrheprefetsl mask430 downdt stere flagss the aaie nay  be
enabled. T FRSKrit array 410
to di sabl erﬁ?fl? [éergeenlglgr%mI Hﬁ%%%h‘?gnt S (l)?ﬂlgﬂ(% P&c@xﬁ%&eh%&%&?&?g? may be

i nput to th@dtﬁq aggjglp@@t dihg comgpts of the write mask 440 also may be input to the flag

detectors 450.

By providing the contents of a mask (say, core read mask 420) to the detectors, the

20 mask may prevent a flag detector 450 from generating an active input for a request of a type
not recognized by the mask 420. In the example of FIG. 4, although the request stored in row

4 is the oldest in the transaction queue (FIG. 3), the request is not a core read request (there is

no flag set in column 4 of the core read mask). Accordingly, some other register stores the
oldest core read request and should be prioritized over the request associated with row 4. By

25 inputting the contents of column 4 of the core read request to the flag detector 450 associated

with row 4, the flag detector 450 will be inhibited from generating an active output signal.

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 showninFIG. 3. As discussed above, the core read mask 420 prevents the ﬂag detector 450

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



By providing the contents of a mask (say, core read mask 420) to the
detectors, the 20 mask may prevent a flag detector 450 from generating an
active i nWQOIA¥7 3 request of a type not recogni zed by RH& 22420. In
the exanple of FIG 4, although the request stored in row 4 is the ol dest .,
in the transaction queue (FIG 3), the request is not a core read request
(there is meyuést.dthe sagondotdestodquesh idéntiffed byvewCalse 1srar9®dxa(ms/hhawﬁﬁ€dq{ié§i. ngly,
some ot her FRgLEHk Stedaf I ead, request a uld be
prioritized over the reg uglg{kug%‘g@ %‘?&E:'i‘gﬂ;g[dﬁ{ecmﬂ'sgasgwtefé”’f ?g?’ﬂg t he
contents of ge@rauhmamacaf/e eutput g'gnad  Theaeldeseaprresad tmuethéerfutﬁagbplezb efibrity 450
associ ated mairkRod R Wird rdEJ?Sv Pnaﬂ ‘i&hﬁﬁéd% ! fgom

ird o ei 1s ACC% " ﬁéoﬂﬂtlé Jhe Hg%d n%c 8rs4g(? s?loule\h P

generating an active output sig
mask 420-448entdy ggister 301 2 S’Pﬁeg%!r?B%ymmﬂonrmhkscmdalgé may cause flags |n t he
array to be disabled. Disabling an array flag prevents its associated flag

det ector 450 frowhee®ekotb R hﬁ&&ba&dﬁiéefbﬂubwhmhﬁe ﬁiﬁgfihécaéka%cons'kdzrzo
I scussed above core read nms

t he exanpl e % own .in
prevents thB2 I43§ leTns ¥ ‘C}hS‘ﬂ“‘f“?sd’rfnﬂF%fé'r‘ﬁ sieblech AN gihers apesdisabled.olndbe t r equest
because r owexkmpk ofiBIG. @,Sﬂigﬁha&lﬁrdns\ﬂ, 1,13, Gar@0ae: dndsl. FRgV¥R OibiftSDhdnd 5

PCT/ USO0/ 3202 q second oI i dentified by row 2,
also is ass‘g?:l ’t“’é‘% \%F'fs th?;\ ean%’"f%ng‘l gﬁcd}‘?‘fﬁﬁ%?"ﬁ?"é“"t%’?’&%’r@* S mask 420
will prdoe nipplléthoiﬂeag'a)dﬂl()ebertaose mg&rammhamdspmcﬁdg position? if theBore g&NET at i ng
an active o The Idest core rea uest |dent| fied by the
priority n}é‘%’?ﬁ%" %gﬁ%sde Spraee? WSV}grg%ﬂe 9e fv§ OPRESEli ed by row 7.
Thus, the flag detectors 450 should 5 |dent|fy regi ster 320-7 as storing
t he next i nstrucWhenwapplying the prdfeschuhaski 4304 the write maskr440 tethel amaysHOARGs | S
applied to , 20 determ ne
whi ch col un1ﬁ1l£syab(§=1€lll Es??gdgigkgrsg&lgﬁg&%gﬁes% tfehggoﬁgg;srﬁlgrcgé ad Flhg.ﬂ In the
exanple of FIG 4, f] n.col ums 6 and 7 are enabl ed. Flags in
col ums 2, 4 and*%ordisg o bt °fﬂlﬁ§"°'t"ﬁé“af’\‘/b4°PIP&§Y$defPMf6\X/4?0 theul d be
di sabl edSV\:hﬁaﬁntthlQaMRﬂmé £36unaFHHe aged Of requedtOstarbPintdlghduOind ﬂzﬁlsﬁh&ﬂ)ﬁe&lo because
flags are n#bg fl? correspoq‘(;lpﬁ%mpgs itions in h(;]e core read mask 420.
The flag det8tor Jastierarouws & € gty matgx 410 topriofitize ARopg thosg gnal .
When appl yiraquetthbaset wioe reghesnypds, i€3hetticr the eequéststate doRsSKadhdfuetts) phdfchar ray 410,
flags may egs %)Atg% the same manner as descri bed above for the core
read mask ccor |ng , an enbodi nent of the priority matrix 400

provi des an array 410 that 15 nmmi ntai ns an absol ute account of the ages of
requests st ored 4 Wooligtisignal engy 410 areyides foosimple @dministration 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 queue, it is sufficient to set all flags in the row corresponding to the

register (row 3).

25 Typically, aregister 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.
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300 (FIG 3). The various masks permt the priority matrix 400 to

prioritize anong those requests based upon request typ ' et her the
requestsw&“é"‘%?e read requests, prefetch requests or &?F{dgooﬁsezaiggsts_ A

t wo- di nensi onal array 410 provides for sinple admnistration when requests
are 20 stored in the transaction queue 300 or cleared therefrom Wen a

new request is rﬁx@%ré’g%ﬂlgg}écusgiblﬁlrgeﬁtg%Qﬁémogs':’a%’é 1445 I@Qra?\ef}(?is%%g% g) Wth

register may be allocated for the new redquest (say, regis
respect to fHBssar Aesprdingde 2p smbedimenydthy frery #dQ acthallytmay ipeudegd Sewer dagiest

stored in thebisaaachiiatuys@Rarhy. FIG. 43fsfritss 86 Klin £ F&Etioﬂhllong il 1N the
row corresponding to the register (row 3). 25 ‘Iﬂ'i ically, a register is
cl ear ed whetiageral Of he,37eay 419 o f Patidons (Y @l ih s+ %Nt Fleg posiorseed nokt or ed i n

the regi St e prewided ¢ @iif diagdHAPST (Re 4rRYUS0 Bdcar(ss Mére & R InSIdR6 re3dR-agd | S

cl eared, the, .tragsaction q\geuel géso ma& cauPe all flags in a corresponding
col umm of tREMEGSOL FegistsT pegingtdtself. aceprdmely) wsr AT the langygec: Tregiler arpyl BRthe | ags of

t he corr esikaéhtengs to triclud®both Aveulp@@slar@fraydnt alsé MAMNSHACirk9 Ravidd Thk peitRny OUNGET
than the cle “sd jnst%eu%tfi on as.represented by the array 410 are 30

i ncr ement al ¥ 8 REVSATANFT 2R 2 RRRGRBABE17 PCT/ USDO/ 32022 The f or egoi ng

di scussion presents the array 410 as a regular N by N array for storage of
flags. Accordi nFlG.d iHwstretebauietheitf operdion 3000 thd irBnsadion ghiduy 300i¢cardieg ude N
fewer flkag L | LT are array. 4.i|lustrates
an X i nhgactﬂ Q'g%?‘?dtd?‘%ﬁt étfpgér}%x\éa%&r%g‘feﬁ"énd ﬁg%%‘?\'gﬁ rag?acﬁ??eq lfer'J’af)b %itf'i?"'-'esé?

posi ti ons (sohedyle a(newlfequegtto b posted to thilekfprnal Busaiy npyleterming whetbet thot 5 be
provi ded f ' ' aRRh- t t Is . no need to
record age%aB;raP[gornir@%dg;Bt)e? ar galegstetdecp gé%g?%}s‘?ﬁij(t&ggﬁﬁa}}iﬁsg bﬁg{mﬁ'é'}c?}?n use of

t he | anguadievemay apphy thegorerpad mggk to fhe arrgyi(Riep 1030)kndisshedvleitierordedipgidst a trul y

regul ar ar rsgedan the denfricdedtd?Ysedh RBHRY having flag positions at all
| ocations other than a main diagonal. FIG 5 illustrates a nethod of

operati $ 1000 ?{1 the transaction queue 300 according 10 to an enbodi nent
of the E esent & HRTSBAHION WA PRFNOL StaRs Ay IPRsROStFd Sore TadoeHstta hres t o
schedul e a deemhineghedRE the GansRtiPORIeRbIdre ahonPebies pretbichieguests [StspRIs46)Et €r i ne

whet her th trapsact.i on gueue stores a non- posted core read requests
(Step 1010) ) PERERRT e RO 0Pl it P Bk Pappyd Hesdlsperustl mask t o
the array (Siuespstd®2d)thaidehtifiedegisler(Stepe1dsor1660.ead request

If the transaction queue does not store any non-posted prefetch requests, it may

20  determine whether the transaction queue stores any non-posted write requests (Step 1070). If
s0, 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

a data fill may be called a “fill request.” However, some requests may require that data already
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stored in the identified register (Step 1030). 15 If the transacti on queue
does not store any non-posted core read requests, it nmay gﬁéﬁrgge whet her
t he trans®0M86lueue stores any non-posted prefetch reqﬁg (3 €p 1040).
If so, the transaction queue may apply the prefetch nask to the array and
schedul e a prefetch request stored in the identified register (Steps

1050- 1060) . dtdred inen eil@msdicgisterbeguelé piesthn dita §H.0Tiesamguestsmapbseaett pr ef et ch
requests, it.gmy,, -@:g:eg?’t .18 {l%a\é’%&)g@&néﬂﬁbs%ﬁ tdu%]ceﬂl‘dﬁ P thad Phes 2Ny
non- posted witere uests e transaction queue nay
apply the wrfill alonmaktraneactidrequane myy prinditize prdetion ceqnesiiy pvee filaeqyests fordkeored i n
the identifigdhd&Qr %h%ux.ﬁéﬁ@&%o&m&@caa&%o)rhe HHinciphS of @B Blettil MVertlbn fiLPS 1030,
1060, 1090 or if there are no non-posted wite requests stored in the
transacti 8n apalication wiesychmrampodimetie net hod 1000 may concl ude. 25 The
principles of the present invention find application in other scheduling
contexts. For exXaqyiflustrat8s SHdlityin@fix500 mGB@Fidhdevgthafsthke SinBodienp6f thoSt ed to
an external bus, a transaction %ug e al so rrlta%dggmmmsc@te wi th ot her
conponent s VRTESARYINVERHOR, Bhpriprity mtrix d00may ke popu anagey SlDacere e Mtnent s to
manage r esous20asprdfach dak 830, E@fnema«mbendarfhnyethdémuessm TheddreegljUi re a

conponent to_al Locat ter ne rece process
of storing HE?R/}‘ %5@@?%%([5& a’é'f%{“ﬂsﬁ\‘%% "?aéﬁomt'mtf a‘flré% "f_‘eerag’mr‘a %h%o‘f ill;" a
read or po ef@ilﬁdsnerbemumsm $2026840 hﬂhpfm@noroylieg:stemmiawal teiattive atmytinlecTiesd | ed a

"fill req uest ) | ata already 11 WO
01/ 48617 PC'ﬁ'i'E 5‘0 ﬁﬁlﬁm lé'ta(c)cro{a&"& reviZF %aegag)eégra'%olsaﬁ‘grgbe evi cted pr| or
to the data fill. These requests nay be called "eviction requests.’

Because data evi Gthe grbeginens of FiSs Scfoayninclfigt apsepond| pripaly degisierragey STheat a data

fill alone, .ﬂcnﬁdeé&?éwénb%amugnmmn HakiO30o! IA%%ls@aekeatwme;peaw@ﬁsesm&ver fill
requests for th pur poses of scheduling these conmunications,

principl es (ﬂmbPﬁ@e'ﬁ? &8l abe of theaepksGH0- fqodﬂthe Seoopd ArioBy FeRister giraNy 7 M’é'hbean

enbodi Meny. Jlife at 8 tilk! Thete' mdsRS580, @U'nﬁ&hﬁc}hd%'fﬂag osa':'zﬂﬂ forbadtCR@EEadTaR Wi t h
anot her enbodi nent of the resentq'hé)%entlon Jor t%lf mat.ri x ,500 may

be popul at ed™B3puns a4FueK)agpptionsing o WWP?Z ed igcopmynigation Witk 530, a
wite mask Sfesposdiing columad fréigihe @frayfdlag det ectors 550. The core read mask
520, prefetch mask 530, write mask 540 may constitute a first priority

r eg! ster array 5 theg;} c¥o :%{( 9&0 r%:ﬂ%d&ﬁ'@liéméxg&m%ﬂgle'r&glstlé;'&iol(ﬁ%t )pr ority .

regli ster array W
that store ev1ct|on requests Accordmg to an embodiment, a flag may be set in the eviction

20 mask 580 after a corresponding eviction request has been posted on the gxtemal 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 priority 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

" an active flag from the second priority register array 570 but cannot detect an active flag from

12



el ements nmay operate in accordance wth previously described enbodi nents.
The enbodi nent of FIG 6 may include a second prioritydkﬁggﬁﬁgﬁngrray 570
that i "WO0U48617an eviction nask 580 and a fill mask 590. I'scussed with
-respect to previous enbodinments, only one of the:nasks 580-590 in the
second priority register array 570 wll be 15 active at a tine. These masks
580, 590 nbeariapSlQiay genéritagn prtive eutpyhsignal Ehedlansagtipnquene 304 (HGE) may ansact i on
.queue. Fl My - 1) . h . | ' ni cation
W th- cor nauaElne LB P S e R e e B M B B o
580 may i d¥ftify transacti on queue registers 320 (FIG 3) that store
eviction requests. According to an enbodinent, a flag may be set in the

eviction 20 nmehkh &8R fdpldeiectsrs FRhd MEMBITI0 BEseCOHd GéticONof fRig UGBdtord Ay been
posted on the external bus, is no need to set. fla for eviction

Ther e
request 3 v%ﬁ'iPF‘E"dFﬁW%P‘é‘“ﬁé??di%‘g.‘hﬁﬂaéggs“i’%sf’ Ls gspqcfate gy 1 %)”Ff"é{ﬁ? dentify
transact i QiveHaGhtRpéndert SbhEnicAéh fathl (Got sEowrliRBIG. 6xt ore fill requests.
According to an enbodinent, a flag may be set in the fill nmask 590 after a
correspondi ng fill .reque has been posted on. the ernal bus.. .
A ternarively, T pragHEEs pohRepoShoRaR bR o bl GG 88 BB Lt ng co
an evi ct i consisot edth tlefapplicatidndot whictsthe invonioh &gto be heedd pibriy maoxmani cat i on

related ta_t.he evicti t. .The | Qrit Fi.X 5 ' ude a
econd sermar g sRt of SRR st ol L ol WD Mabifs” Al 15 T

regi st @0 ambagimeMOeaclisgtdd flig detecidesimay saera@@actimgoutpeBgnakin parpliel withtheput from
an associ b flaol AR cREs! A N ARdid .y I soci at ed
flag posi ﬁt‘g&g séé@.("%ghg?)% g.tgtsl ve Rask 5889.8?%%18%%}% #Héemegé‘% ﬁg‘ﬁ%e?iqori ty

regi ster amyltigle @ity TERister drepys. they mey eperateipparpliebei ves an active flag from
the second priority register array 570 but cannot detect an active flag

from 12 | i :'pdG 916Gl okraRGitstBRR cEAMRRarbRbe eERY ro& 130 ke g@per at e an
active output_sign transacti gn gueue %00 (FIL.G (ﬁg maz .generate the
0 ne RRbodys

al. The (
comuni catF¥n? B%‘Eggﬁ'&ha‘ldﬁtéaﬁs%ﬁ‘f‘%"tf@ﬁd%‘ 5 {00 E0atcserdifg ¢ PiYe flag
detect 95 SR prdséf hverdtioh Enfilla Pag®iel PI0S AcPordifgtofah efmbodifént, Wedin@y Second
.set 600 of fl,a‘ggddet ectors may 5 ﬁef arovi&ed i.n _comuni cation w ih the flag
posi ti ons "BY indwlezsepsratenamiieldgin path froueach fag positipn in 3wy and fis;asseeiged e nt
conmuni catfiagdepabl 720 Dransatission gates BDES506ay be provided along the data paths. The

transmission gates 740, 750 may be controlled by associated flags from a respective priority

register array. In one state, a flag from the respective priority register array may cause the
20 transmission gate 740, 750 to be non-conductive, thereby preventing the state of the flag in the
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 FIG.
7, flags 0-1 and 3-7 from the first priority register array control transmission gates associated
30 withthe flag positions 0-1 and 3-7 from 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.

13



The principles of the present invention may be extended further. So Iong as
it is consistent wwth the application for which the inv €hbg 3h§ be
used, a pMMM4B87natri x may include any number of priori

as may be required. According to an 10 enbodi nent, each set of flag
detectors may generate an active output signal in parallel with the other
set(s) of flag dgév%fd aﬁb%dm;gn[;éqhe\epe@shtnvént,brmr@sppaﬁcqr1§.ixh&a&asuadésfa%aes are
provided in mnultiple priority Ister arrays, may operate in

paral | el . Fhegeiny H@veaerbu &6l b argmdi that aqdifications %mmhwéaﬂf itheragesptt ween a

row 710 in tRenfhaRoverdd®Ytit abbveMRabHifizs aft) wiladthk psrvid® P appRaticl bigghsdet ect or s
720, 730, according to one enbodi nent. 15 of the present invention.

Consi der fl &@‘h%ﬁ%{‘lﬂﬁ fromhe spiri¢ anddptargied sropgP é‘i?ﬁ’i‘)‘ﬁl’ﬁ'@nt the array may
include a separate parallel data path fromeach flag position in a row and
its assoéiated flag detector 720. Transm ssion gates 740, 750 may be

provi ded al ong the data paths. The transm ssion gates 740, 750 nay be
controlled by associated flags froma respective priority register array.
In one state, a flag fromthe respective priority register array nay cause
the 20 transm ssion gate 740,750 to be non-conductive, thereby preventing
the state of the flag in the row 710 frombeing input to the flag
detectors 720, 730. In another state, a flag fromthe priority registers
may cause the transm ssion gate 740 to be conductive and permt the state
of a flag inthe row 710 to be input to the flag detectors 720, 730.
According to an enbodi nent, for a rowk in the array (k from1 to N), a
flag k fromthe 25 priority register array will be input directly to an
associated flag detector 720. In the exanple of FIG 7, flag 2 fromthe
first priority register array is shown as input to the first flag detector
720 and flag 2 fromthe second priority register array is shown as input
the second flag detector 730. Al other flags j'k may control transm ssion
gates. Thus, as shown in the exanple of FIG 7, flags 0-1 and 3-7 fromthe
first priority register array control transm ssion gates associated 30 with
the flag positions 0-1 and 3-7 fromrow 710. Simlarly, flags 0-1 and 3-7
fromthe second priority register array nay control transm ssion gates
associated with the flag positions 0-1 and 3-7 fromrow 710. 13 WO

01/ 48617 PCT/ USOQ 32022 Several enbodi nents o= the present invention are
specifically illustrated and descri bed herein. However, it will be
f:ppreciated that nodifications and variations of the present

14
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invention are covered by the above teachings and within the purview of the
appended clains wthout departing fromthe spirit andl\‘;id:‘.?lﬁa?# ﬁscope of

t he i nvav@ 013486175 14 WO 01/ 48617 PCT/ US00/ 32022 WE CLAI _ B =
1111111111111 1. A scheduler, conprising: L S a nmenory for data to be
schedul ed, an array |dent|fy|ng relative priorities annng the_queue entries
according to awEidiSiim.S priority schene, and a pri regl sterarray
identifying refative priorities anong the queue egf!, to a
second priority scheme, and a plurality of detect e array
and the prioriky re@m&m@hramnmwug2 The schedul er of cIa|n11 mhefeln t he
array is a twy Héﬂ?&g%&%{ob@%&%%hdlo 3. The scheduler of claim1l, wherein
the priority regrst array conprides a plurality of mask regi sters, one
associ ated wi t3m zemhﬂepmﬁymg rglative ppriowities gmpngcthe gesyp antpies asedrdips tosefishe. 4. The
scheduger HP H? g Wherein entries in the mask r egister are provided in
communi cal th arespective detectorand are provided in comunication
with ares pect4nrrentymrm#mvﬂe@ffyveatelanwﬁonﬂqsn@owtmyeuesnmmcos@mdu| er of
claim 3. £urlhes piiPichehdthgcontrol logic to selectively activate one of

t he mask regi st ?s based on the content of the plurality of mask registers.
6. The scheduléewlurelﬁtyef@ﬂfqmls coppled oithe astay pnddhe Rrionisr regigigr aj@her at e an acti ve
output if it detects a flag fromits input fromthe priority register

array but doesy not migk@feluld of Lidsh If WRERin 4 ahlieis 3 iwaMimedsionh Wra§ Chedul er of
claim1, further conprising: a second priority regl ster array, identifying

| at t t t third t
Cehomd and a SoconTegPiTRur Ty W aPBENIPE PREGE S BB IR and the

second pr pioalidyyofTregpk Stgidters, one assocxatcd with each priority state in the second priority

scheme.

4. The scheduler of claim 3, wherein entries in the mask register arc provided in
communication with a respective detector and are provided in communication with a respective

15  column of entries in the array.

5. The scheduler of claim 3. farther comprising control logic to selectively

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

6. The scheduler of claim 1, wherein each detector may gencrate an active output
if it detects a flag from its input from the priority register array but docs not detcct a flag from

20  the amray.

7. The scheduler of claim 1, further comprising:

a second priority register array, identifying relative prioritics 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

25 array.
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25 array. 15 WD 01/48617 PCT/US00/ 32022 8. An external transaction queue,
conprising: a plurality of queue entries storing data re%@}{ﬁgnp}sﬂzf)endi ng
request s, WOD1M48616ri ty matri x, conprising: an age array i I'Tyrng relative
ages of the data in the queue entries, and 5 a priority register array :
having a mask register for each of a plurality of request types, each mask
regi ster havi nggf | ag AReskbinhitsabtidh lgfsub ABApAGngt 0 each of the queue entries,
the flag position provided in _conmunication with a corresponding entry in
the array. 9. ¥FREAlbG{auweFyAesHneneda? elated in pendipheAuests, the priority matrix

furtherconpri seg pridiily @&, deipfGhOr s provided in association with
correspondi ng queue entries, each flag detector provided in comrunication

with a row of entri e 385 ampyddepylyingrelave ages of the datg inthrqueye egtiey gtie of claim
9, wheresn the flag pesdrty ©gisterQirag Ki0ing b m@skirégyster Fo? Bich bRIphIfpf rétuest appl | ed
to the age array to prevent flags.in the age array from bei detected by
a flag detect or Db &b mps r%%gstﬁrga%ﬂagm“@'am*éeéw%ﬂlamgﬂaﬂr &fg‘gi)ﬁ‘?f’?i on of
the priority regifiécthe flddposifibriptovided In comhhaGicktion Meth & tdrREpofidifgi@t9in thé ai m 9,
wherein each flag detector is provided in comunication with a respective
flag position i Yhe priority register array. 12. The transaction queue of
claim8, wherein only one nmask registers may be enabled at a tine, the one
mask regi ster béi ng Therahsagtivagoeun ofivlagnivwheremdghieptionity metis fidthegomprisas 20
predeterdm ned .priority..schene fined with res t t types.
e Theld's 268 sBbeh bigtiafE Mg DR cofblrbhhi e cobfle cah fgdBBlyr VP |
regi ster aravilgd inaoinmgnicatioh withh rawofehtricsig thetage @ragssoci at ed with evi ction
requests and data fill requests being processed by the transaction queue,
each register hayi ngrd A0R06 Jub@bF clafth HEIIRAAIIE Yad PositRACHE e pldi®, queue
entries, the flag positions coupled to a corresponding entry in the array.
25 14. An asgister gy are applicdde the Agerray o preverhilagsdn the aserrpy fiom beipgdegacted yeue
ggﬁr{) 'r es f]t B b Ay S cfor bRt RLEAg (kePiR ALbAGpdnaAflE Hag SositioR oPthk Pibrity regRler | X,

i sing:

15 ~ array.

I1. 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 onc mask registers may be
enabled at a time, the one mask register being the highest non-empty register according to a

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

13. The transaction queue of claim 8, further comprising a sccond 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.

25 14. 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

(L



an age array identifying relative ages of the data in the queue entries,
and 16 12111122(tlI(1i"121121121211112112 C L MWD 01148617 Eﬁ%&“ 0§ 32022

apriori twomnydssdt er array having nask registers for dat af requests and
-eviction requests being processed by the transaction queue, each nmask
register having flag nwsmﬁamgﬁmw%fopdaeﬁﬁneﬁfestmﬁe\q&eue entries,
the flag position prov comuni cation with a corresponding entry in
_the array. 5 15questscbeinggrasassed binthe)transactign ququg; ¢ach maskyregister anrlseﬂaen ority
matrix further po&QmptbrSonfing éi.eﬁ epwqﬁaereﬁmw% i3 RABOFhrddiliNn W t h
correspondi ng queue entries, each flag detector provided i n conmunication
with a row of GWWP’B@“P’F\W%@%@%@?W“YIGMW transacti on queue of claim
15, further conprising a controller coupled to the flag detectors, the
controld er comsini Cahd &gxsactﬁat@e@vsfcamnm esheteid tHeOpriofiey GRfR ﬁ;ﬂherresponse

10 to an out put ﬁ?;éd}he fIa ﬁetectors when the npsk register qf eviction
requests i*S™EfH cegor R ‘dé'( pggsocighon Wil COFTESPARCING GuUSHF GlsH&2¥ag| ai m 15,
wher ei n t Retedtbrg@ovinded v dofidunizhtioh MethRIrbw bf dnyties maBd spe@frayar ray are applied to
the age array to prevent flags in the age array frombeing detected by a
flag detector Ies IS se ar respondi ng f| 0 ion of the
priority regi st er igeatéar“Faggoangue O%ﬂ%m% raﬁ‘ggg%ﬁ“f"g%"%"&g{ 8"'3"?19%‘1%5‘??#?5 wher ei n
each flag ﬂltdiagdttentors,sherzpmmlldae:dmmnmcammm mnoomquéstﬂoﬂacbtesmmbnsee flag
posi ti i [hiy art sac ueue of claim
14, V\:hg?elt?’l ano rl\leuPofl i frl%sdﬁtreagrs %v%?n; tpsmas@;egos}er ‘of evn% ?s?sé h edqo e one mask
regi ster laang the hi ghest non-enpty register accordl ng to a 20

predeterm ned priority schene defined with respect to the request types.

20. A schedul i g TeiOGn LR orAheRU Bairh B3 wHBIAGES ATHaRANR of 8 of Bt uests,
prefetch requests and wite requests, conprising: as a core
read requdegistesanyy antapphiedie theagargraz tp rstvaatSlesyin the ag%%[ﬂw f@q&l@@g dctb<t1§<tdher W se,

if the aggph da%aet@ct&rusieetacﬁaﬁ 1se§wﬁ34tcoﬂgs9mdﬂ@ﬂ ?%G&fﬂdﬁ' dri nl) Elfsd, Prefetch
25 request; otherw se, |If e agent has e request pen i ng, scheduling
an ol dESt a@-t e request .

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

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

20, 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 prefetch
25 request,

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

21. The method of claim 20, 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

17
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21. The nethod of claim 20, further conprising, prior to the first
scheduling step: performng flag detection upon a regis g{.m'b&%%ﬁfyi ng
non- post eV@¥4867ead requests stored by the agent, and
111111121212121iii) 1111121111112 CL S WO 01/48617 PCTI US00/ 32022

determ ni ng t halgedRGnind it b@%ox%%a?% %orE‘%@aﬂ é@x@gae?énamg%m&me WHg3s the a
flag is identified pursuant to the performng s 22. The nmethod of
clai m 20, figpntifiekpupsyanbi ths RefomEPE ¥P-to the first schedul ing step:

perform ng flag detection upon a register identifying non-posted prefetch
requests 5 stoned byhénhahcaigﬁaﬁxm 2 Rirthbe tipiising, peor th the ﬁtsh&,hmnnﬁg sEpS no
prefetch requests di nlessthe a f identifi rsuant to the
performng stepP® Hga%rfgfeﬁ??& 'Ben & ot %“n%‘WPWb?omfgﬁﬁﬁ%’irﬁ‘ﬂfeﬂeri or to
the firss szbl?dﬂduyhhel’agelﬁ,taﬁ@ perform ng flag detection upon a register

i dentifying non osted request tore

det er i ni ng t haf tfrﬁél %ﬂﬁzﬁ%’eﬁ nW”eéﬁfﬁfegldeﬁrég?némﬁg %ﬁsﬁ’ﬁa ’%‘ngi?ﬁ‘g a flag
i s identifipaRuanptotiseeifornting stdpe performng step. | 1I~1"1 [ITIIT 1"

('t 111" CLMS 18

23. The method of claim 20, further comprising, prior to the first scheduling step:

performing flag detection upon a register identifying non-posted write requests stored
10 by the agent, and '
determining that the core has no write requests pending unless the a flag is identified :

pursuant to the performing step.

IlII|II| |I|II| IIII| IIIII |I IIII
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