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Background The invention relates to determnistic schedul i ng of requests in
Systems. Software layers in a system (such‘as a conputer) typically include
an operating system and application prograns. Wen applicatio ‘“m
execut ed, \mm“m processes, tasks, or other basic units :mmmmmmm
execut i on\mw y be created. Wth certain operating systems, Such as
t he W ndows 95.@5h+ W ndows NT[err] ~ oEeratl ng systens fromM crosoflt
Cor poration, each process may contafn“one or nore units of work (ref erred
to as threads) that execute code contained in the process' address space to
perform assigned § n process may be
assi gned to perforémgh‘"ﬂ’&f %@ungﬁogﬁéﬂq l(’)qrgeéogpg]-ﬂa% Er'f a spreadsheet
process, g@_ﬁi may be created to calculate) print, accept user inputs,

provi de helpf ctions, and so . forth. W f her oeratrn systens, a task
or process may dﬁg?qt’coﬂt’ e o cl?é‘*é?’é"‘ﬂrﬁsc‘:hﬁqu?\%r%ﬂ - entity that

may be schedul ShviRE 18ye€ W 1208 sih @su‘él‘if‘rhtsraﬂco pﬁ&@ﬁ%‘&ll?nin%luﬁ%m operating
Operating systens may 1 nclude a schedul er to rmanage mnul | e active threads
or procesysiem @id pMEAtion PIOSEANH &B@n@mphgatwsmr@mmﬁasremarvemeri,fqner@nnore
schedulrn SC r r

li ces arpg as%%gﬁ% & Ot%aﬁplcﬁﬂlrt\émaggv?%gr% ér%g%g&foﬁﬂ% %}Hne %%(Furr hg V\h&'}l ch
cor r espongtrtath dd@fa@@@?syﬂéxﬁs ahttoasatle Win€oec 95 or WindsWweNT Mipeuting epstothafoms
operating systems, priority classes nmay be assigned to the threads. Threads
in the hilMigesolifrorppratipncsagh Progess May SPNIAIERNG mpFe w@. of w&.(gqf@aedt foras
slices f I
part 1 cul AT ARy ek EhR2 e PorkiEl yE i plckes®| ARAES sptl T peflofilesigped 1)
f ashi on. fnttiomeadTlorsads h@lergung) tcr @rpayertt i grocase roav rbpr:esxgnehttcs pexfmm dxft&hantr me
slice T ng. fonsOr trhéaxa%nh th 2 s regt?s ttedroct:) agﬁ r r:r[.h e%da lcg.r'l%
priority SPGEDS, haot rpeéldV k& iR eren’t p? Eergsye ? 1% eéi sca 4Bt her
units of wertKacaept ulslaemﬁmst;ﬁmmehﬂwfm&od&fah&rselﬂbﬂtb( WECH otedhktingishstémyi deo
pl ayback and decode process, .dat y. be transferred froma conpact disc
(CD) or o @kAT RIPERSS TBRYs EOTEHES) ¢ %dm‘?a FE 1yt é‘?s‘i’%f HeREyLIon F%‘ﬂfgpgi“r By be
bet ween t{Qeddrdd ﬁP@xe%)Aﬁ&x?W HeERYaY prod&iSink g tpyed from the system nemory
to video nenor isplay by a graphics card on a nonitor. Generally,
data transfer r‘gnﬁrﬂﬁwywwabrmﬁw Grﬁcb@d‘ﬂ@ toy BraapgEin)e jastivd dweadstdian
dat a tra d L.t urn
may be. ol BogrEh TAEENEERpT 2 BEARML Bl el Rav S L AR g KRS, o
Thus systmnp&mmmhcseme(wmbwdrongatmmwmnpm slisgssdre pssngned ity acthyesheads in 2 8

on'the r ehiPE bRy A FPER EhEERhnTRE sRol B MobbElE Bhostie RS

gf)][l}/enti owih somer WindvyvsSyistaing styyt?mg,a??yn@odames eﬁefyeeélam%yedatgcmnﬂméaﬁr t he
| erent r esour ce requirenent (0] | er ent Processes, t hy eads or r
units of ads 155 theyh ’@gFﬁP@HP’FH 35S Gpretisst FHGUSISP SRR §$F%dﬂlt%“?)?ld€%§‘§g’§"eg

threads, Wth?éah?fn 18Wiet Pricity WREdes. aThid) & AR rGAHAIHIRY Blass, HR scRedRINRL Ghayt he
processes,” threads or other units of work associated with each applrcation

aL e assi glmer]gbrfoamad R @dewnsy rmbrlﬂefaslpm -0A thyead| coatinuerytpi rym lupiil omee@fur@gtese\ren@m
schedul | nou o Suft fief BShe EARRRER Heehfhel BG RERREHIANTL MR blidhed

avai | abl eciassulmaves igadyntogener al , accordi ng to one enbodi nent, a system
[ execution entitie adate to.issue requests for the

i ncludes a reslgriléf ﬁ g
resource, and i RJRCT St hrEHSe SRt oS H s'slo £ WOKS TN nhSh SYSIER JEROITesy
Wi th requ@gitgnilpr th@xirﬁ[ﬂ@thaevlﬁéﬁﬁh?@&h agaea‘eu&d@ﬁmeéﬁsl Bta nfyyCRNrArRkdRA | S
coupled to the resource and adapt ed access the storage location and to
process from a compact disc (CD) or drgrtal video disc (DVD) dnve to system memory, transferred
between the CPU and system memory, and transferred from the system memory to video
memory for display by a graphics card on a monitor. Generally, data transferred from the CD
or DVD drive to system memory is slower than data transferred between the graphics card
and system memory, which in turn may be slower than the transfer of data between the CPU

and system memory. Thus system resources (including, for example, system memory, buses,



requests for the resource fromthe executi-on entities according to the sl ot
assi gnnent's. Gt her features will becone apparent fromthe foll ow néB FEB 7003
description and fromthe clainms. Brief.Description O The Drawings Fig. 1
is a block diagramof a system of an enbodi nent of the invention. Figs. 2A
and 2B are a bl ock diagram of |ayers ig the systemof Fig. 1. Fig. 3
illustrates a scheduling cycle accordifig to an enbodinent. Fig. 4 is a flow

di agram of a schedul i ng nodul e according to an enbodi ment in the system of
Fig. | angpger devises maohe dpehfifferest!y dependies Ppha resuirpuents pd f[t}éq*rih(%f@’;)
routine accord &Qar%?e&’?io?.’épﬁt%s@m inthe systemof Fig. 1. Fig. 6 is a

fl ow di agram of "an operating system according to an enbodi nent in the

system of Fi Gontentional Speétingi dys@mbagsicalpt donotZefRcivdly BB foh thy diffenent
according to enbodi nents of  the invention includes variqus I‘ESO}L(JI‘ ces that
are uti FeseBige orequeaeda dob difsaeatnarosesses f hrgaplar @ thgerwilsr ohgtikes Y6hni ng
in the Yago]l Y., i nc S , one
or mor e yeaondlpBATR SenShaMd BRRUER TR, of el SyK IR
runni ngapplicatien $vet; efor exdngrell ths proeesses tthrehdsoon drha wnitsruftveorkfasswoiakedowith

execution _entities (e.qg., processes, tasks, or threads) created by th

sof t war E3AAPPHCRGARATE 2psignsrdo ddueietirpgnadPrioniay elags rﬂd ﬂéeﬁﬁm r@cq@?%t%?(rov@h&h may
in some,g; ' i her J, Bk t I iy abl e
A L o B R e T
sone enbotiontegad to Mhetheheehded systen prsowiceteate ieabiblck of system resource
availability and utilization. By utilizing a determ nistic approach in
which availability and utilization of requested resources may be determ ned
by a scRggisgy, the scheduler is better able to guarantee that a request
from an~execution entity is serviced according to the bandw dth and | atency
needs of theln gquersh iapeprdmgitoyoneRmiladitheny, 8 syFten. ingludes Blresourat SHPAHPN S
shown of_ a.syst{e . Whi ch be, for exanple, .a ral-p

spec at HiS BRI 18 el hioe sBiosfioBBe & oiPrelF Ao RBRRRRe 8t o
syst em agsighamshtd @bsdcgsiputithngeqdestd der tite $&bulfcePfraX cachnedeplioraratty. a Hane
system or any.other systemincluding a_control_ device such as, an

appl i cafP@rrliehicsaupleditn thegesquace aidradapted tonagcess the starase sefetanard 1 jJatsS ar r ay
(PGA) . %qﬁ:@ﬁy%}tﬁméoﬂ‘éé foRhb Bkkc émfn%; SRR tPthe ef%@hés_s%smfea&fl gurations
and architectures of the various layers of the system10, It 1Is

cont enpl at ed Othext fenturasr wilk beasdine apratrdnd feonartbe Veltawding clescription lad desrarthbed
and illustrated enbodi mrents may be possible. In the enbodi nent of Fig. 1,
the sysf®M%0 includes a central processing unit (CPU) 100 that is coupl ed
through a host bridge controller 102 that may include a nmenory controller
103 coupled to main nenory |04 and a graphics interface 105 coupled to a

gr aphi c&r e Igsaphi cs interface 105 nay be, for exanple, an
Accel er at ed ' r ' .00 e Accel erated

G aphi cs Por ?‘ {Iﬁp %EFC@ }atogg d%&é@??lr gg:%sltégﬂ?F%@fi@%ﬁ%ﬁ{o&tfﬂ%&%ﬁ?&s ed in May 1998.
The host bri Higs. 2Anhd QBl a¢ a bdek dingranh 8Dlaiers inithe sgsteracfi®@igdntrol l er 107 to

control a se ong .hevel (LZ%@cTchexcgenor\éd,log Thel{ ost bridge controller
1 02 incl udes* & bd “ﬁtﬁ’ff‘érars_& UYIRG CYOE PEOEIRS LOATSR Bils 112, which in one
enbodi ment gy, Qeistahﬁoﬁ%‘idgg%ﬁro@a SCRERABE Moduld KLERMER ar EfbddiRdst fuh@é

operates according to the Local Bus Specification, Production Version,
Revi si osystkeml of pighlli shed in June 1995, or in alternative enbodi nents ot her
types of int Elrgf 5§a rogvt 8%&%%& a b%siz illeuItE/oLti')ug gy%fgelﬁ (ABIOS) routine according to an
embodiment in the system of Fig. 1.
Fig. 6 is a flow diagram of an operating system according to an embodiment in the

system of Fig. 1.



For exanple, in another configuration, the host and bridge controlle2§Fgg?mB
be replaced with a nemory hub and an input/output hub coupled by a link. I'n
such a configuration, menory and graphi.cs-irnterface circuitry nmay be in the
menory hub and bridge controllers may be in the 1/0 hub. The system bus 112
may be coupled to a storage device conhroller 114 that controls access to
one or nore storage devices such as a hard disk drive 115 or a conpact disc
(CD) or digital video disc (DVD) drive 116. O her devices nay al so be

coupl ed DetaileAdesorption bus 112, such as a network interface card and slots
coupl ed to peripheral Vi n (o) . The.. syst ccording to I,i ous
other 1 nt egr 4 FEReT bse kI Srb0dmeBt At VO AL EERR Al e S

bl ocks. afwitil¢aspheesdeddyafraath sTiirtiwavelagerd oRoatlePYniid Mahe oyrtdrel her nmay
be included in the systembridge 110. The system 10 may al so include a
secondarcyaBplesxPaies) 6epoBIgss MAY. inaludy SYSEMHMERGE, CBI§t Plofoss busey, rd ofigsl ed

bet ween ¢ he_ syst 4 i . 0 j.dge
controlPéggfioghg%%gﬁgi%%én%&ggigﬁﬁgﬁﬁgﬂﬁﬁﬁe#?%?éﬁ%ﬁgmggﬁg é@ﬁggkgﬁgggystem
bus 112 frndbaic exipasfsvak obesechtidreedties (elg SprocespdsethskDort theadRadasddasy s

120. The system brjdge controller may alsg include a Universal Serial Bus
(USB) i selkvptgcand) firmiyasg 1avsrsc gefording tie B{e‘%S‘E"B’éﬁdt crtegia, 3duiedrayi BedoWMA t he
Uni ver s el g i t. S| || i r The
expans; SRR RNl EMln? St rSouReD ol BRI AR HR Y g )
non- vol dtndveidtteragnirerth2ats o tie requgatsn eAitcordingl tad some emibodinehssd tHeoschéduléruises,

t he buses thensel ves, .and the system nenory may for art .of the system
resour p@éo‘flﬂql%rrfse'_é‘%l@%f’ f systrmpregour %e@@g@ﬁtwd _r“glg‘%@g’cns rﬁ’?ﬁ?ﬁ%’?ﬁ ¢ Qetslfm%F‘R or
execut | Qpp@ady \gﬁich 'ﬁv?ilb%ilﬁy §1§&fﬁ‘il%z@tioﬁ%f RGhésidl fefouftdSmay?hs dBern¥ifld g

sof tware  and hardware |ayers in the system 10 are illustrated in nore
det ai | . s¢kedulearthe echeduler isdhetterahle (o guarantercthatie reguess feamen sgeayion entityds) 220

and processes . 222 .an 24. I n. the ensuin escriptio it.ls assumed that
the bperaviean 2EteRto 06 beand D raARHIRSHES bk e &ling hthE oo W ndovi
operating sy®egithing ith Fifli G Blaek diip@aeSs siiByn bhal syeenO g WhichBhey bby Rads.
It is to be understood, however, that the request scheduling schene
accor di §¥amples e SRSElPHEYSE o FPREATRIIPREG SEMPWET. e PEIFL o NIFTRPIDSESEL-i 19§

syst ens _w i ] | XoieNE i K ] itl.es..0 it k. As
T ust 2ot EREG) fnER L 1AHG SRl TRELAE Bt o e Sorfhot Mo dpflindPR L

t hr eads g2 sgstem? 8l argedthagsystent meludimgceemtid devidhsichhas eadpphieationepatific cat e
with the OS 220.thr a _predefin interfa uch as an application
progranﬁﬁﬁ?@eﬁﬁ?ﬁ?#gggﬁ?ﬂﬁgfﬁﬁﬁﬂPmﬁ@§gﬂﬁaﬂéyﬁﬁ@ﬁiunder t he operating
system Al t emgbuMelis décrptin’ HaRa référen®bo SFBYfDBoniBAfatioh @nd arthitediids 2003
-5 OS 220 includes a scheduler 232 that schedul es requests fromthe active
t hr eads of Hireovagious Hevesy efidei sysiemi H, df fseroatemplated thag mbmgraws rodifipasione landiul er
232 may Lhat i . J L ver t.hat _i.8.capabl e of accessing
nmenory, V?‘?ﬁ,?o%g g? g‘t%r@?“@ée? ?ﬂ%ﬂﬁﬂ?%%tgf F%%é&{ﬁe]n% ﬁrgaysbry% iogérhglfo t o conmuni cate

Wi t h har dwar ¢n dengowivhenttcd Rigr I, aiesyseie ti inchgles a tceni@gl gRo chssigg it (CPU?
enbodi ments of the inventio The el emepts 232 and 240 may col |l ectively

. Th :
al'so_be 1Rt euplsd daroneh e hastridee cqnﬁoqurltoﬁéﬁat SHYORFHEne é}enicmé ceRiFlletil er
may be IhNL.Q; €5,40 S; cel Vi r from
Y hr ead O (ool for i RRP A 0o SRS im aBRe TR EMIAN S of BMARL
comuni cantradler f1O6m Tier ghaplries tterfrond G payt by foniekeamplef am A ed¢lemattidnGrapbigsiest s,

and the_| aten an andw dth requirenents ,of the re stin hr.ead,
Accor i REL@ Gk Biaar errotens e nedtnardsemrbes 1ol Tisid perhetion
request R@URINA 202Aplshed i My eORer TRt BHARE EorfolRPT D2 8Ray HRG M@ Y 1N
t he request queue 204 may be associated with a status flag’in a status

field 20&herrantroteli t&it tos corfirod apsecond: lgval (2 cpaelst misaorpd 9. pFluchess daidgd set

of tables on t e._segnent,s 20 t or N system nmenor . I N sone
other s coreieb 02 cnSfaeT § ek ey FE couBd 30 AR iy A Sistb dRBF 222
t hr ough efnBedifiRYit GRayl eV e 24fphdrale Tohdpbfight CIdIEGnedtS $POI) BN ShdiObperates
correspondi ng active threads, each having a thread identifier (ID). Each
channel a¢eprding tmihg PAJ Lingol Bup Spesificateqn, Reaflupiioro¥ersivn, Byeision 2of, pabhshsiddn

cl ock, suc a .clac ner.at | ock geneyat or, 250. The nunber of
basi c c? ncei;‘lsg)@ pe?r %ﬁgﬁlﬁg elegﬁtéoe “g‘é‘?géa%ﬁg% ootﬁnt tih SHTPIeg0 é‘r anularity. Each
of the table or table segnents 202 corresponds to a resource in the system
0, including for exanple the system nenory 104, the graphics card 106, the
system bus 112, the expansion bus 120, the USB port 118, and so forth.
According to an enbodi nment, the bridge controllers 102, 110 al so store
tables or table segnents corresponding to the various systemresources that
keep track of channel assignments for specific threads by thread I Ds The

o o - v - o o - o o o




781f F~ ?003 -6 assigments for the USB'port 118 and the expansioe bﬂf
120. Ot her tables may al so be maintained for other systemresources.8 B 2003
Al though illustrated as being stored in the bridge controllers 102, 110,

t he tabl es 302A-302E nay be stored in other suitable |ocations, such as
system menory 104 or external storage %evices. Alternatively, the different
system resources may be controlled by ¢ontrollers distributed throguhout
the systemrather than integrated_in the bridge controllers 102, 110 as

i | | ustrat ed. Fah&xampleedn 3oolenrepfiguptife ipdkask #ngebiidas eentra)lemy mayebos 220
as channgl,c8p s a0 e RN ANGC and B SAERY Qo ! BBAS) 3924 HELE 1 gnt dr eads
may be assi gne he same’ or different nunbers o annel s.” For "exanple, a
thread asagipotatioadmembhy andfdrisiicd iteeface ¢iRuiy mag basis igneemaeryflivbsind bridper of
channel s, a_thread associated with a second thread I D nay be assigned a

di f f er epfntiolpsanaype wHhaHOI b and so forth. The channel s assigned to the
threads in t - i t A 1 or
Sl'of o wi thi i B B0 3P TSoRr Aopisidpa YAt BETTPhuIErYlA A phARALS T
s f hedul adgegssay ohe oARré stodagel@svicas|stelphsea hdrd di’sﬁ dﬁeq:lez br e xe@mpidt disc \(\ngi owsnbor
slots 4020, 40Q2;,..... 402N 1, and 402N, each incl udi ng, an assi gned, nunber
of chanigitel vieq: dise LRIV droFekld: | SirenArviesssman olsp &ea&ogglgﬁéa B SYSIEZR BB on of
request r B i i i i

oai aneit 6702 & eBAtk ey 0P S AE, SRS bourh AP c bt QLA REP bl

t abl es Ph@syateth ecoordisg todiriogs dthlet integBORnileve] srmaphivdgentroldrs ohplemsnted 110.

The remai.ni n i ndo 402;: .to, 402 be assjgne equests,. fromyvari ous
St her e bloche ” BBr frapinus.tag B0 Mo CBIE 1 U GE LGBk e
updat edinbindbd e Sehedethdridggeyige driver 240 once every scheduling cycle 400

in the coherency wi ndow 4020. During the tinme period of the coherency
wi ndow 4020, The systene f A amayedsojinciude asecdndaryvirredpamsitacbus 20e A syséemybadgdevi ce

driver 24 so read.cont ents of status,f,eqist.ers 304A- 304E N e

or 1 dge CONETRY 180 36 phSAes BENER s SsPhadifi A ACHE Sl a2 10 e
schedul gisteztBBritlge tdnitller 0V ARE iha@edtbasystah bubiméfaicequesdosapled\e tiregRtem

conpl eted and which are still pendina to allowit to keep track of which
syst em PWsbidradsamaexpansian Pabinicriace 1d ficquptah ethe sRarsion Pusgladst The distes
thread }5qdeaaalY¥Rg hY ﬁlgc?irx%ﬁf&@qqurﬁrlerg'%%eriﬁlhﬁuss YhFad3P1 il id ebefied ne
whet her sutficient resources are avallable to process the request.

Ref er r i tocp HE8i port 01 &iagsies@ibe@ B theclduivelisalgBisoSizeni feation)i Reyision &8¢ putdishedhe
bridge cantroll 2, 110, cantain varjous queues o store request or
var | ousih BOUY J98%1 11 MEirRPEISTERS IG0 B HB o HTEC RS PEDeFGEY s

cont r ol i¥ra dQI2vé1a6ledhl@tord 178 MINY coMBsRnBIRAd dedicd doupldddo e HBhsed, fhd BiedTENDI Y
controll er 103. Requests received by the nenory controller 103 from vari ous
sour cesthemselyes, gyd themystem meneorydnaygiorh @atpOthecystemretnyrces taparegidizedoler f ace
312 and i . . s interface 111,
are std%%%*Fﬁgfﬁ%ﬂﬁ§§§P§M§ﬁ§Eﬁggﬁ%&%§$£@§§§%@P%§§”ﬁ%§%ﬁ%ﬁ??bn to the nenory
address and Refearingodfig®2A0DB, vdrusBofwyreGing hard¥dde la/enl inahadgpmedOtace St or e
t he asiﬁciatgg,threa LD of a nory request. In some enbodi ments %é t he

i nvent i WHSTaterbingbere d5trk hcrespls: e syseRt 0o ige @ CRetaHRE s¥oR (AP d

t hread ok dN: i 0 L ridge
cont ol 1 S B s Py

cont r ol dysten 020 s e dhread-basst prystemalsuchsas scome 3Viodews eperdiifg systemdyan vethidles or

t abl ts 302A-302C. Th t 06, whi ch | ked th
oot o SRR et hegE onE G Rl s, Tt i o Ttlring SRt Ihar K0S, g
the chapgedss seHedhiey Shipidbctdiing1s e d6¥8ribdd éiﬂbéhdih%eﬁt@ Widyebe Bieiaitb®in t he

schedul er controller 314 is able to determne the current thread request
execut | eperatingdyeremg ovith differentdy snfigurdd exeeuinsntitierdn wits of wiotk. 400. Based on

& request asabineraadf i BE sk RCoRb oo BRiel obRee iR e ue
31 0 may23vearie BLbelnk Qb the PRSI 2001 DYhé eedRIM4Y coRHubithleewith A8 OBhE20

sel ected regquest is executed within the current w ndow 402, . UE

on
conpl etthenngha nradefingd intenface; sushies an applicaten progtanynatde infgfacsdNPPhiirmayy

agi ot & HEHHAS VferthE bl e R TR ARG 06 bid' AR BB o

of the schedul er device driver 240 reads the status register 304A (as well
as the other status registers 304B-304E) to determ ne which requests have
conpl eted. The schedul er device driver 240 then updates flags 206 of

conpl eted requests in the request queue 204. 111 addition to the nenory
gqueue 310, the host bridge controller 102 in one




enbodi ment may al so i nclude a system hus queue 316 in the systen1bu§,]F
interface '111 and a graphics card request queue 318 in the graphics U FED 2003
interface 105. Requests for the systembus 112 are entered into the system
bus queue 316 while requests for the graphics card 106 are entered into the
graphics card queue 318. The requests Sre associated wth thread IDs so

that the schedul er controller 314 can sélect the appropriate request for
processing by the bus interface 111 or the graphics interface 105 based on

t he cur ¥n22@ inchulgs » schedsler 3x2that pdwdwlehisauestoromathel agtive Brradntirough the
i d.i h | 2 d | i 2.~ EC1
o O MRl R Rt bt SEb S e 3PBatE 252 AR Bt eRlhied Kith e U lis ot or o

304B andri98420 thesipeasdb¥edfaccSisiigladthoty, VOgosytaedebied daaticainrtad katend 10

i ncludes an expansjon bus queue 320 to store requests targeted for the
expansi df tueommpnigalg withydprdme sopenayy ta peorn schalyling tasts: agegedieg) t¢ or

t he USB Ay 3 i I h i ck
fron1th§8% @g%%%g%épgggg%géb,Qg%ﬁﬁﬁfﬁgﬁggéﬁﬁgéggg H%hﬁgggﬁ%gbpﬁgrg%ﬁéguling
cycl e 4@9as Basedulen [hifertitd efdolinidatsgthd stieduies nagbeGepdraed it emrs médales as

i ndi cated by the counter 308, and on the channel assignnents stored in the
t abl es 903YeEnd 302E, a schedul er controller 324 in the system bridge
controller 1 1B ' ' 22,
respectiveIy%ﬂggga%ﬁlﬁgga¥@g%2§§g?}%%ﬁ%ﬁggﬁgﬁﬁg%Qg%gaﬁggﬁgﬁﬁggéggﬁﬁﬁaﬁcated
by st at va fesihack esrsmBRIdadcmnfitord BdidwaRedcemponegs.tthe Rumberdof dutstarsiidpedghests,

devi ce driver, 240 that rks in cooperation with the scheduler 232 waits
for _recépfofhe_dFteE@f %ﬁ%ﬂ@@@ﬁ% gequ@mggwﬁilp feqéle?t@él}_é%eﬁ‘d'f roma thread is
recei ved, Whiacho i B%nk Rnitdficiak, ThobchRiulaP G&tket Aubso Hié et duher f ace

(APl) call, the schedul er device driver 240 accesses (at 504) the request
queue 2094 having hamedsiteragnsidgnmeher of aidties Bh entrytihghe telquest ghewdrmage can

recuest b sl sop SRS ST B R ch B B EER b Snist Bhernp o

t o adequascetgdprocess the request, then the requesting thread is notified
(at 508). In response to the notification, the thread can wait for sone
period of ti Meswef tblesisitable pegneantsc02ainied in Pistephmempreef fRsyn seme otlies o
gracef ull: TN j : r .avat ] abl e,
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Next, default channel assignments may be | oaded (at 606) into the tﬂBL?ﬁ”
For exanple, certain threads associated with the OS (such as the sc Ju'é%J
and ot her system managenent | ayers) may be assigned to windows in the cycle
400. In addition, the BIOS may set up default w ndows havi ng predeterm ned
nunbers of channels to handl e thread requests that have not been assigned
to specific windows. The BI OS can poll “the configuration space of the
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2. The systemof claim1) further conprising a schedul er adapted toZ%ﬁﬂﬁL@'
slot assignmerts in the storage |ocation. 3. The systemof claim2 p
conprising a second storage |ocation accessible by the schedul er and
containing slot assignnments for the execution entities. 4. The system of
claim1l1, wherein the given request inckgdes an application programrabl e
interface call associated with one or fore paraneters. 5. The system of

claim2, wherein the scheduler is adapted to access the contraller to
det er ni Hbtliefnl%InWé(q?@éB?llqide* b@@ﬁm?ﬁsaé%fwédny the merory, ganteqiiepd 03 framyyarious
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2~) ~~G-0~3 -13 8. The systemof claim1l, wherein multiple slots are
def i nedmemozy sppsad 9 fog eé*;ﬁ@men dnaddifien iothempmerny aidéreaﬁalgﬁ defa ppfoppeianss

request f%g@ﬂ"@eﬁﬁ ?‘F}'aﬂéb ad) {eh't8§to}é‘thfs D& CRAIISRRRN D 1Y 2 ShGhcH I c{ueg:the

syst emao rorsing a devi ce cont ai ni ng a que St or
requests of UheorexembbdinienBifitlid i@semiod, the COPES peinfdtchgs ardmstridtioaradoryf witlhe

execution entiti , the device to control access to the resour 10. The
syst em &Fe %sﬁ%ﬁlﬁt\eg thr@fﬁﬂeﬁ% be thread 1R gs P&%SF%W&&B%@W@@ cw'@aseoff @\ é&ﬁ%m e

t he flrg&ﬂﬁﬁﬁﬂgﬁh 11¢- A systemconprising: a systemresource; execution
units; an operating system conprising a scheduler to negotiate with the
execut i on uniA scheduldetentmlier 31 4 dwthreckostibrdge cemuillee di8hreceivendutpus tveluag e

locat| O?ro?nogtc%{n?tlern 906‘3 al(ljcii Eh% t%% relsJ %} 'ijab?e peag\lgerr]l% é&%ng(l)id elﬁle %]Z)urtlter 306, which
may be clocked by the basic clock from the clock generator 250, may be adapted to count
through the channels in the scheduling cycle 400. From the counter 306 value, the scheduler
controller 314 is able to determine the current thread request execution window 400; (i=0 to
N) within the scheduling cycle 400. Based on which window 400, is active and the channel
assignments in the table 302A, a request associated with the corresponding thread ID in the
memory queue 310 may be selected for processing by the memory controller 103.

The selected request is executed within the current window 402,. Upon completion of
the request, the host bridge controller 102 may return a request completed status by
programming appropriate bits in the status register 304A. In the next coherency window
402y, the CPU 100 under control of the scheduler device driver 240 reads the status register
304A (as well as the other status registers 304B-304E) to determine which requests have
completed. The scheduler device driver 240 then updates flags 206 of completed requests in
the request queue 204.

In addition to the memory queue 310, the host bridge controller 102 in one
embodiment may also include a system bus queue 316 in the system bus interface 111 and a
graphics card request queue 318 in the graphics interface 105. Requests for the system bus
112 are entered into the system bus queue 316 while requests for the graphics card 106 are
entered into the graphics card queue 318. The requests are associated with thread IDs so that
the scheduler controller 314 can select the appropriate request for processing by the bus
interface 111 or the graphics interface 105 based on the current thread request execution

window 402; and the channel assignments stored in the tables 302B and 302C. Completion



execution entities and correspondi ng channel assignnents, the SChEdZi zﬂg
updat e the channel assignnents in the data structure based on the r EEIQ ;
usage requirenments of an execution unit capable of accessing the system
resource during its assigned channels, the data structure further
containing indications for indicating that a hardware conponent has

conpl et ed execution of a request. 12. The system of claim 11, wherein the
execution units are adapted to comuni cate bandwi dth i nformation faor the
resour cef teguere i s aueusg HPsandnd 18 gre micatsdshr siabrs weicr 2948 vid 3446 t he
executil%g é%'?ik/%li/ are adapted to further conmunicate |atency information for
the resource "the operating system 14. The systemof claim1ll, further

conpri si ng asHeVarbe tieoysaind bridgacailier 100 Siohudes e ghipatstonobust queued2eus i on
entities and corresponding identifiers of the execution entities, :
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flow information of the execution units for. g.s em resour t he data
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units; storing ata structure to assign plural time windows to plural
execut i systammibridge eautholter e 0 wictedmines ovhyehi of thy 1etjuestsl int thergushast 320dandi 32, whi ch

a correspondi ng execution unit s given _.access to the.systemresource based
ot he. BRPE Vo fe PO PE B, CORBIEm b A B0 Fh A SHSOHAER S aar o
struct usg4s9nd 8o4x.ng the plural time w ndows assigned to plural execution

units; axed the controller processing requests for the systemresource
based on whi Refariimgtofigdbths scheditleredaviop daiver 240 thehworks imceaperption Methdhel t he

data fl (s)é%eidlr}lfep Ha% tviv:ﬁ{;’ for receipt of certain events (at 502). If a request from a thread is
received, which may be in the form of an application programmable interface (API) call, the
scheduler device driver 240 accesses (at 504) the request queue 204 and channel assignment
tables 202 so that the scheduler 232 can determine (at 506) if resources are available to
process the thread request.

If the scheduler 232 determines that resources are not available to adequately process
the request, then the requesting thread is notified (at 508). In response to the notification, the
thread can wait for some period of time before reissuing the request or the thread may
otherwise gracefully handle the situation. If the requested resources are available, then the
request from the thread is added (at 510) to the request queue 204.

When a particular request in the schedule queue 204 has been processed and
completed, a complete flag in the flag field 206 of the queue 204 may be set, as discussed
above.

The scheduler device driver 240 itself is a thread capable of issuing requests, such as
to access memory locations corresponding to the request queue and the thread channel
assignment tables. Requests from the schedule device driver thread entered into the request
queue 204 (at 520) may be processed in the first window 402 of the scheduling cycle 400.
Alternatively, another window 402; may be assigned to the scheduler device driver 240.

During the coherency window 402, the CPU 100 under control of the scheduler
device driver 240 updates (at 522) the bridge controller tables 302A-302E as necessary to



wherein the controller conprises an operating system scheduler. 17. The

nmet hod of clai'm 16, further conprising deternining if a request fromialf] 7003
first execution unit can be processed based on the data structure and
availability of the systemresource. 18. The nethod of claim 17, further
conprising determning availability of ,the system resource based on the
data flow i nformati on and pendi ng reqags'ts for the systemresource. 19. The
met hod of claim1l G further conprising storing a queue in a device to
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tables or table segments 202 as retrieved by the scheduler device driver 240, the scheduler
device driver 232 can determine if a request may be processed in some reasonable manner,
This may be defined according to criteria preprogrammed into the system 10 and loaded by a
startup routine (e.g., a basic input/output system or BIOS routine). The scheduler 232 is
aware of the latency and bandwidth requirements of the various threads in the system. The
latency and bandwidth requirements may be used by the scheduler 232 to determine if
sufficient resources are available to satisfy a thread request.
As an example, a thread may issue a request to transfer a frame of video data from
video memory in the graphics card 106 to system memory 104. Given a frame size (e.g,,
720 x 480 pixels) and a number of bits defined for each pixel, the bandwidth requirement of
the video transfer may be determined based on a specified period of time in which the
transfer has to occur. In addition, the latency of the transfer request may also be known.
Based on bandwidth and latency information, and based on the outstanding requests for
resources that are outstanding, the scheduler can determine if the video transfer request can
be processed by available resources. If not, the thread is informed by the scheduler, and the
thread may respond in one of a number of ways, including waiting before issuing another
request or breaking a request into several parts.
Referring to Fig. 5, system initialization is performed by a system BIOS routine
according to an embodiment. After system reset has placed system hardware into an initial
state, the CPU 100 starts to execute instructions in the power-on self test (POST) procedure

of the BIOS, which is responsible for initializing components in the system 10 to known
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Next, default channel assignments may be loaded (at 606) into the tables. For
example, certain threads associated with the OS (such as the scheduler and other system
management layers) may be assigned to windows in the cycle 400. In addition, the BIOS
may set up default windows having predetermined numbers of channels to handle thread
requests that have not been assigned to specific windows. The BIOS can poll the
configuration space of the system to determine the type of processor available, if the
processor i1s a multi-processing system, and other information. From the information, the
BIOS can determine the capabilities of the system. Based on such determined capabilities,
the BIOS can assign the number of channels in the default windows accordingly. Next,
system components are initialized and configured by the BIOS routine (at 608). The OS 220
is then booted (at 610).

Referring to Fig. 6, after the OS 220 is booted, it first identifies (at 650) the number of
active threads in the system 10. The OS 220 queries (at 652) each thread for its bandwidth
and latency requirements for resources in the system 10. Some threads are aware of what
their latency and bandwidth requirements are for each system resource. For example, a
thread associated with a multimedia process may have “real time” requirements that can
tolerate a relatively small latency for data transfers and that require high data transfer
throughput. Other threads may be able to tolerate higher latencies and lower data transfer
bandwidths. Based on a comparison of the different latency and bandwidth requirements
from the active threads, the number of channels to assign the different request windows 402,
corresponding to the different threads may be set by the OS (at 654) to favor the threads
requiring lower latencies and higher bandwidths. As a result, those types of threads may be
assigned a larger number of channels and possibly multiple windows 402,, The multiple

assigned windows 402; may be consecutive or dispersed in the scheduling cycle 400. If a
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thread does not provide the latency and bandwidth information for any system resource, that
thread may be assigned to default windows 402; in the scheduling cycle 400 of the tables or
table segments 202.

Based on the calculated number of channels, the tables or table segments 202 may be
loaded (at 656) with the channel assignments according to thread IDs.

Thus, according to some embodiments, a scheduling scheme schedules requests from
threads in the system by determining if data flow requirements may be satisfied based on
availability of resources and channel assignments. The availability of resources is indicated
by hardware components to a scheduler in the system. Further, based on the type of request
and request parameters, the scheduler is able to determine what resources are needed by the
particular request.

Other embodiments are within the scope of the following claims. For example, with
different operating systems, the basic units of work or execution entities in the system may
not be threads but may be processes or other defined units. Further, the hardware
components in the system may be differently configured. The acts performed by the software
and firmware illustrated modules and layers may be varied.

While the invention has been disclosed with respect to a limited number of
embodiments, those skilled in the art will appreciate numerous modifications and variations
therefrom. It is intended that the appended claims cover all such modifications and variations
as fall within the true spirit and scope of the invention.

What is claimed is:
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What is claimed:

1. A system comprising:

a resource;

execution entities adapted to issue requests for the resource;

a storage location containing slot assignments associated with outstanding
requests for the resource from each execution entity; and

a controller operatively coupled to the resource and adapted to access the
storage location and to process requests for the resource from the execution entities according
to the slot assignments,

the controller to also determine if the resource is available for a given request
based on the slot assignments associated with outstanding requests and on bandwidth and

latency requirements of the given request.

2. The system of claim 1, further comprising a scheduler adapted to update slot

assignments in the storage location.

3. The system of claim 2, further comprising a second storage location accessible

by the scheduler and containing slot assignments for the execution entities,

4, The system of claim 1, wherein the given request includes an application

programmable interface call associated with one or more parameters,

5. The system of claim 2, wherein the scheduler is adapted to access the

controller to determine if a request has been processed.

6. The system of claim 1, further comprising a counter accessible by the

controller to determine which slot is active.

7. The system of claim 6, wherein each slot includes one or more channels, the

counter adapted to count through the channels.
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9. The system of claim 1, further compnsmg a device containing a queue to store
requests of the execution entities and corresponding identifiers of the execution entities,

the device to control access to the resource,

10.  The system of claim 9, the controller to further access the queue to schedule

the first request.

11. A system comprising:

a syslem resource;

execution units;

an operaling system comprising a scheduler to negotiate with the execution
units to determine resource usage requirements; and

a storage location containing a data structure having identifiers of the
execution entities and corresponding channel assignments, the scheduler to update the
channel assignments in the data structure based on the resource usage requirements of an
execution unit capable of accessing the system resource during its assigned channels,

the data structure further containing indications for indicating that a hardware

component has completed execution of a request.

12.  The system of claim 11, wherein the execution units are adapted to

communicate bandwidth information for the resource to the operating system.

13.  The system of claim 12, wherein the execution units are adapted to further

communicate latency information for the resource to the operating system.

14.  The system of claim 11, further comprising a device containing a queue to

store requests of the execution entities and corresponding identifiers of the execution entities,
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&) )The system o(t) claugl 14, the sc}chuler to further access the queue to schedule

the requests from the execution entities.

16, A method of scheduling requests from execution units in a system,

comprising:

determining data flow information of the execution units for a system
resource, the data flow information comprising at least one of bandwidth information and
latency information relating to use of the system resource by the execution units;

storing a data structure to assign plural time windows to plural execution units,
each time window comprising plural time slots during which a corresponding execution unit
is given access to the system resource based on the data flow information;

programming a controller based on the data structure containing the plural
time windows assigned to plural execution units; and

the controller processing requests for the system resource based on which time
window is currently active, the data structure and the data flow information,

wherein the controller comprises an operating system scheduler,

17. The method of claim 16, further comprising determining if a request from a
first execution unit can be processed based on the data structure and availability of the system

resource,

18.  The method of claim 17, further comprising determining availability of the
system resource based on the data flow information and pending requests for the system

resource.

19.  The method of claim 16, further comprising storing a queue in a device to
store requests of the execution entities and corresponding identifiers of the execution entities,

the device controlling access to the system resource,
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access a data structure containing time window assignments to assign plural
time windows to plural execution entities;
determine if the system resource is available for the fivst request; and
schedule the first request from the execution entity based on accessing the data
structure and determining if the system resource is available,
wherein determining if the system resource is available is based in part on an

indication that a hardware component has completed execution of a request.

22.  The article of claim 24, containing instructions for causing the processor to
further notify the execution entity if the request cannot be processed because the resource is

unavailable.



