1 7 DEC 2004 WO 02/03212 5 PCT/ US01/ 18653 METHOD AND APPARATUS FOR A
SCHEDULI NG DRI VER TO | MPLEMENT A PROTOCOL UTI LI ZI NG TI ME ESTI li/?Tﬁ%d:%mUSE
W TH A DEVI CE THAT DOES NOT GENERATE | NTERRUPTS BACKGROUND Fi el

| nvention 10 This invention relates to conputer LCHHOYAFC? cul ar, the
WRWEP14dn relates to a scheduling driver to inplenent a protocol using
tinme estimates for use with a device that does notLgeﬂgr te interrupts. 2.

Descrinti.o f,ﬁglﬂﬂ@sﬁm@sﬂﬁmﬂﬂm@mﬂqm mthat controls a
dembgfgrtfy évice, such as a printer, di% g_fléfﬁ g keyboard, needs to
Egyg‘%g? Tgﬁgﬁq come with |anwo errﬁ!‘:g'c6 ?fl’ ! For ot h:alrvgra\s;i, ngch :S
driver needs t@gmeaawmw%ﬁ%@l s%glonnect ed to the conputer. A
driver acts like a translator between the device and the applications that
use the device. Each device has its own set of specialized conmands that
only its driver knows. l%%é‘i{m nost applications access devices by
5using generic commands. r, therefore, accepts 20 generic conmands
froman application and translates theminto specialized commands for the

devi ce. Mdst device drivers handl e hardware requests using the follow ng
sequence of ol #PShe InvehitoPEC 2064

This invention relates to computers. In particular, the invention relates to a

ing ti i i ice that
scheduling driver to implement 2 protocol using time estimates for use with a device

3
/

10  does not generate interrupts.

2. Description of Related Art

vi 1c asa
Generally, a driver is a program that controls a device. Every device, such
>

printer, disk drive, or keyboard, needs to have a driver to be operable with a computer.

. ) . -ces’ .
15  Many drivers, such as keyboard driver, come with an operating system. For other devi

o er acts
a driver needs to be Joaded when the device is connected to the computer. A driver a

icati i vice
) like a translator between the device and the applications that us¢ the device. Each devi

has its own set of specialized commands that only its driver knows. In contrast, most

i i cepts
applications access devices by using generic commands. The driver, therefore, accep

i iali for
20  generic commands from an application and translates them into specialized commands

the device.

. . ¢
Most device drivers handle hardware requests using the following sequence 0

steps:



WO 02/ 03212 PCT/US01/18653 |- Initiate a hardware request or put ?an a
queue if the device is already busy. 2. Wen the device generatig C 2004
interrupt, the current request has been conpleted. At this point, return
the results of the request to the application and pamusdiagsst he next -

r 4QdP34h the queue. 5 Typically, each application uses a synchronous call
to execute its request. The operating system(O’S)a@;i%turns control to the
application. when the driyver melel @sud ifthe deiues elreaghiiogsy- happens when t he
devi ce g‘en@ﬁ’té?fee%haérf’alr%e ¥§u%f& However, a problem arises when dealing with
sl ow devices that do not generate interrupts. li,l1J1nfbortunateI y, nost drivers
utilized, with LA LARE afiPesupothe geTrat @eesalrs b4 i nterrupt do not have
mechani %M(gnﬁgi(a??{y %ﬁare access anong conpeting applications to the
device and tend i OAt%ﬁi%h#éEre@ﬁﬂﬁﬂc&ksuRfﬁfamﬁmtUrﬂietaPPﬁPUP‘.‘arﬁir ocessing time

i neffici ent?P™Th ‘Accormodati ng the conpeting applications. For exanpl e,
sonme drivers. utilli Wit 1 thd Hrse types of devices poll device registers to
det erm ne 1"/“8%0%%7{5%(2&%& Unf{i)ur%tunatel y, W th these types of drivers, the
application often pauses or stalls execution to wait for .the 15 conpletion
f ghefa'\g}”f)&tc{r.r%ﬁil?éﬁon@Eés@)syﬁ@mtﬁsicadmcrcmglt@lé?\/r!ff@leﬂ%r%é’@%’iaﬂ‘b% or executes an
xce¥d nu r of 110 requests, both of which unnecessarily waste CPU

processi ngct | Bntrok td thORGIRAHA WhEn 024082 tomBRICECIEBER PTI ON OF THE
DRAW%&(%%E’OS@ 18653 The features and advantages of the present

invention wl L, DeroNR;epariaaianfinteroptt he fol | owi ng description of the
preggﬁt‘g?pﬁ}g}één‘%’?on in :I(\:hIEChZ

) However, a problem arises when dealing with slow devices that do not generate

interrupts. Unfortunately, most drivers utilized with a device that does not generate an

10  interrupt do not have mechanisms to fairly share access among competing applications 1o

the device and tend to utilize Central Processing Unit (CPU) processing time inefficiently

in accommodating the competing applications. For example, some drivers utilized with

these types of devices poll device registers to dcterminc /O completion. Unfortunately,

o wait for the

with these types of drivers, the application often pauses or stalls execution t

15 completion of the Input/Qutput (/O) request during device processing, or executes an

excessive number of /O requests, both of which unnecessarily waste CPU processing

time.



Figure | is a diagramillustrating an exenplary conputer system environnment
in 5 which one enbodi nent of the invention can be practi ced. I Fiigurdl? is a
flowchart illustrating a process for an application that interacts with a
scheduling driver and utilizes time estimates to caic@eingrs | nput / Qut put

(1 Y ¥ saction with a device according to one enbodi nent of the
invention. Figure 3 is a flowhart illustrating a process for the
scheduling driver to start an 10 .1/0 request and to provide an estinated

processing tine {QEaHIgCRIPTAONTE TORE DRASANASH| i cation according to one
enbodi nent of th ventton. Figure 4 is a flowhart illustrating a process
for the scheduling driver to provide the YO operation results to the
application or an estinated S8 §VEntfoh WRIL b&BRk Rpfigent &omt he 1/ 0O

t ransact iTJBﬁf@@’ﬁé“&B%ﬁ%céafﬁ%gﬁe appl i cation according to one embodi nment
of the 15 inventign. AT gﬁg O BRIMUS01/ 18653 NO 02/ 03212 DESCRI PTI ON
The the BdewingidasraRteR, N5P6FEes ezgigrrel{lhod and apparatus for a scheduling
driver to inplenent a protocol using tine estinates for use with a device
that does.not gengrat e, inter iiBlmolafcdiiter §aleimomvoadnisitithe schedul i ng
driver t ’gé‘fea}%aaaﬁagfaarﬂ“pwtué%ﬁ%ut (I)JO) request to a device. The schedul ing
driver, deternines jf eyl &R veprdticy. | f the device is not busy, the
s‘%héﬂﬂ?hﬂ&cﬂﬁogﬁe"h{itﬁe{]g‘fes the 1/O request to the device and provi des an
estimated processing tinme (EPT) for the I/O request to beégonpl eted to the
appl i cat izon. EFDRGIARRE a piotest fee adl eptilicaionshayingsracts With achedul i ng
drvier cﬁ%ﬁ?%&% gqr{]; esti ma?ged anount of tinme left (EATL) until the device
wi l | %%Pﬁ’\é%?érk‘@\ﬁm &ﬁzésfﬁ%c%;tgﬂbicma@aamuwmm{é@) UEIS§CEATL to the

')applsic en the device is not busy, the application sleeps for the
estimted brocessing dnk BRbddahdn: ofnd ivehticn. t he schedul ing driver to obtain
t he i ' | .

Figure 3 is a flowchart illustrating a procéss for the scheduling driver to start an

10 IO requestand to provide an estimated processing time for an I/O transaction to an

application according to one embodiment of the invention.

Figure 4 is é ﬂoﬂvchart iiiustrating a process for the scheduling driver to provide

the /O operation results to the application or an estimated processing time remaining for

the DO transaction to be completed to the application according to one embodiment of the

15 invention.
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|/ O operation results. If the I/0O request has been conpl et ed;itThQaiC 2004
scheduling driver provides the 1/O operation results to the application.

However, if the I/ O request has not been conmt@ﬂfé@ll,’w?#e schedul i ng driver
cal cul ates an estimated processing tinme remaining (EPTR) for the I/0

¥O 0P&gllest to be conpleted and provides the EPTR to the application. The

application then sleeps for the estimated processing tine remaini ng (EPTR)
and again calls the s

chedul friver to obtain the I/O operation results.
These operations can BES unti |

the I/ O request has been conpl et ed.
20 In the follow ng description, the various
invention wll .

jereNts of the present
be descri bed i.q aggiraid fofﬁ-ﬁ?\‘i!%q}‘glgg&?uch details are included

to %Cé{ééeﬁﬁh&nﬂmdﬂﬂslf’%?ﬁﬁnng of the inventi ontaeggra{ﬁo descri be exenpl ary
enbddi nents for inpl ement i@%&@ﬁhhﬂmtﬁﬁ‘?esﬁﬁc details should not be used
_to Linfobhgusingene FOFAT The particul ar enb%gi mggquesm PCT/ US01/ 18653 WO
3712 descri bed bec uguqingaﬁ\@itdwﬁmhhaﬁfé)u W \Vetbodi nent s are possi bl e
_whi | e ﬁggﬁjﬁag‘xoﬂ&:’amﬁ‘h’if & 'SBope of the inv$nti Qe E4btt her more, al t hough
I ous detail s are set fi&ggffghgd&vmeitéwsl-d thﬁrdow de a thorough

un %rcgtﬁngcﬁ@luﬁtﬁgdf%f @gent invention, it wi ldesp@ apparent to one skilled
QHYHe art that these %Qﬁgirg j et dethaidescend PRSI “F equired in order to
pra&%k&,@dﬁﬁgdﬁmfé@ﬁ%‘es nvehtion. In other %Q%éﬁ;@ﬁ%ﬁ, details such as,
Bk FEKnown el ectri cal Eterwwdﬁgswaﬂdomp‘rﬁ@éﬂ Sdre
or rpdﬂ;o&gg@tiumﬂi?%f% 2

shown in bl ock diagram
cure the present

1 invention. Figure 1 is a diagram
SPPUStT at i ng an exenpl ary conputer syste
enbodi nent of the

é"cf)racticed. The present invention
ost conputer 100, T

€ e pliceoerput er 100 can
i ncl ude at | east J(%ﬁ&gg ﬁﬁ%r&bicpwdb@s%’?iﬁa& unit (CPU) 110, a host bus 120,
gsﬁg:ﬁ{gg Eoomiof Hop jedy v
on

MCH) 130, a syste EMlikADN an i nput / out put
roller hub (1CH) 150:.a i o feyice ot oSy e PP
and provides this EATL to the'2pp 1© ;

-

ication.
vides the /O operation results to the applic
pro

heduling driver
:f the /O request has not been completed, the sc
However, WL 1€

f

S
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menory, or systemf
devi ash menory, 160
nodle%el%go'a The 1/0 devi ces {70 can ?23 3::1 least one input/output (110)
drive, flop p2|| nter 180, and storage devi gea monitor 172, a keypad 174, a
WEHEINER 130 ey be i etc.), as well as any T %&ﬁUg(ﬁ{IQGSZ’CD ROH? Eaﬁdzggq’
functionaliti eg Sﬁclhn;gg:rgt ed into a chipset that ﬂ,t eérpet of 1/0 devi ce.
inte ;o nmory cont grates nul ti
e T S, b e
clari e fromthe MCH 13 ntergrated into a chi
tfﬁaﬁcl c%f ’ iﬁ%&%ﬁ%?ﬁﬂt@rnnﬁ,hMgmnumgg%ettgﬁse argﬁ%&ﬁ[hﬁ}l?{d_@r founct i ons. Fg? ' et
Per i uter 100 may al so, i X is 20 contenpl
e el gemprator seome s G BPLATC Such a5
ote. T rchitecture (1 SA). b ted graphics port
aﬁl@}lﬁdﬁ&&ﬁ%&&iﬁ%g{] SBEIRC a4 g r@é]%gpi diggr?)igre tgg?aﬁg@uﬂi@]?ﬁﬁﬂt Seri aIp Bus('(A\Sgg
- . , as conpl i - nit of an ’
instr mpl ex instr y type of
5 LAStIMC! |00y heufoimustads sich B o) known geestinL s Rt O sq " reduced
I'n one enhodi very long instruction yord (V. 004 A 7 DEC 2004 WO 02/03212
DPE?éS%‘g'bP‘ ?%\J(’ﬁ.ﬁgasm Edﬁxﬂ iobtder riogto(ggﬁpﬁéettpgppé;sem ‘J{xké%iﬁn.?r hybrid architecture
| A- ’ e Pentiun(t : ntel Architec '
progggtmr' 'n one embodi ”E‘nt,mghren Series, the [4~32(1m and cpure (14
DL oe Sl Uk i s B R A e s only one
I ng unit : , i ch has | .
h , €.d. on one
18%%&:!?0%%@5&%{&%{ ﬁ&f'présn(ﬁlimgt%nrﬁ%rl g{:: g%ét%%?é’%% prési&ntdh\hﬁﬁorenb)cl)di mi‘ntmsa | nt he
. ' y C. us, the h ssors, e. . ’
c . oSt g roce
) i fﬁ%@éﬁ%m Bauitgmay 100 103 t%%l?p%gég@o&ﬁﬁhclheaejemrti ) pfig;zs(l)rlo’ 1
) r host co rs. For ex
wor ke ho nput er 100 anmpl e, the
sy o e i B BRI AT, 2oL
ussed in : and operatio
130, a system memory 140, an input/output controlier hub (ICH) 150, a non-volatile n of processor
memory, of system flash memory, 160, and at least one input/output (1/0) device 170.

The /O devices 170 can include a monitor 172, 2 keypad 174, 2 modem 178, a printer
180, and storage devices 182 (e.g. CD Rom, hard drive, floppy drive, etc.), as well as any

15  other type of VO device.

The MCH 130 may be integrated intb a chipset that integrates multiple
ol and host-to-peripheral bus interface. Similarly, the

functionalities such as memory contr

)
ICH 150 may also be integrated into a chipset togethef or separate from the MCH 130 to
perform VO functions. For clarity, not all the peripheral buses are shown. Itis
50  contemplated that the host computer 100 may also includé peripheral buses such as

neﬁt rterconnect (PCI), accelerated graphics port (AGP), Industry

nd Universal Serial Bus (USB), etc.

Peripheral Compo
Standard Architecture (ISA) bus, 2

ng unit of any type of architecture, such

puters (CISC), reduced instruction set computers (RISC),

5

The CPU 110 represents a central processi

as complex instruction set com



10 d ) ) )
Lhe baci ¢ deser’ pt1om Bnd epermtion of praceeser 110 apoli o5 Lot Dﬁt “:at
ocessor 110 a i ;

g;ocgzsoislﬁlog and 110b, as wel | as any 'nunber of ofﬁgiezrggél?g - hﬁ@%
n Qﬁﬁﬁgﬂ% o?ethln t he nulpl-propessor host conputmrr/a90/18€8ordi ng to one
o onal ot " e present invention. The host bus 120 provides interf
SLgnal 0 a pm/the processor 110, or 15 processors 110 10. a andafe
10b. 19 n%%qu?%@?{éﬁgwéum{pb@bm&mﬁemm gn one ekdgedt, B PV the  MCH 130

_R%&? ontrol and configuration of Hnr- and i -
0eVi, oS SHTNWAS of el SYEHRUTEIR) procdshar S a8 the PeiEGSTSHIBS oy St o momory!
a0 +es system code and data such as an operating systen1{85) a oy
s¢ ﬁggkgﬁ%ﬁS%%Mﬁf{EBg$ﬁ@@gnmﬁnmﬂgﬁ&ﬂmansmmgﬁr1%h@“§9§§@ﬁFnenory 140 can

anm c random 20 access - nenor DRA| i -
o 5B SRt won S el 15
. e(s The 1/0 device i
/0 5] £55L0nDR0! 0 AkkAbbitnet desosTheputy DTeD IEB8e 170 12w el ude &
e , a eyﬁad 1743 a nodem 178, a printer 180, and storage dev?ce
152, g v, i s vyt typos o 170
. . 53 devices, e.qg.
; Egitg% aql\%hé,ggeséérggﬁﬁmisrygxezlﬁtmihg anyoumbenTy PHESEFEE) Foh@%‘n’alegfg%gol I(:r; for
, , phics), networ k cards, and an oiher eri T
ic ? 2%@}5_&@&@2?%%%1&%?3&%1 oga:tarr‘] b;ﬁc@tmn}gefﬂfmﬁaﬁ)‘/‘ﬁ@(sﬂgw IEl)e:jl 22 e;alji screte
a can be -electrical
) ggc&g@&émﬁﬁgﬁ Eg%ié Jf@ﬁrli;ﬁiaﬁ fvigperatiomofi pRopegser yma%%%&% i?‘got 8ahhgh2ﬁ§te t he
cal or-e ectrical 'state.using defined i i

v ¢ S _ € I nstruct,l on se

1}62 Me@il blib? HEVIIGE appfboidted 18] thast skitled inyhecastiprighic basicr e RBRY o nput er qtiggf:e;si

operation of processor 110 applies to the other processors {10a and 110b, as well as any

number of other processors that may be utilized in the multi-processor host computer 100

according to one emboediment of the present invention.

The host bus 120 provides interface signals 1o allow the processor 1 10, or

15 processors 110, 1102, and 110b, to communicate with other processors or devices, e.g., the

MCH 130. The MCH 130 provides control and configuration of memory and input/output

devices such as the Systefn memory 140 and the ICH 150. The system memory 140 stores

system code and data such as an operating system 185, 2 scheduling driver 189, and

applications 190. The system memory 140 can be implemented with dynamic random

20  access memory (DRAM) or static random access memory (SRAM). The ICH 150

performs traditional /O functions to controi 1/0 device(s) 170

The O devices 170 may include any VO devices to perform 1/O functions. The -

/O devices 170 can include a nionitor 172, a keypad 174, a modem 178, a printer 180, and

storage devices 182 (e.g. CD Rom, hard drive, floppy drive, etc.) or any other types of O



termed as being connected to the host conputer. Device Input/Qutput (1/0
is a process by which a defined sequence of machine instructipns causes
the host CPU 110 to alter the physical or electrical state of. He DEQ 2004
corw&g%{&ql /0 device 170 using electrical (typicallpcaigitss) signals. An
1/0 Uést is an electrical signal generated by a host CPU that produces
an atom c physical or electrical state change in the 1/0 device.
Typi gal | Baaf&m}r(&]e{s%&lm%k dirBeeb (théus@ trackbat!, toirginp déviee)i medfd 3ElS when a host
CPU producés a signal that causes an atomic device state change and is
corrpdg«%t eGuigtvidddeRpHieY, defivoiit ERdsph@nRnpoitieviedghdid softialleshed changi ng st at es
in response’ to a 15 signal froma host CPU. During the period of tine
bet “@eﬁhawp% AN Vh 176 BMPRtdefifed ab Ridistratédmari ghysfrehhardwarg thgonpl et ed, the 1/0
devi 0&'1's ‘processing the request. The processing time of an I/Orequest is
the duration of, 08 TR REfdopuleettdeach thutvefiwam rsmnderaaqost i s initi at ed
and enit Is'conpleted. A particular request's processing tine depends
og t tlg&&nrcﬁgrﬂertﬁ‘éjdcfvﬁﬁ’sbhﬁichVcﬁ)etietvibﬂetalﬂlﬁirtgdeﬁmﬂph%@éql%ﬂ effect. 20 the
requested state change. For sone requests, processing tine is S
det %@e@iﬁs@ i\Ohen AAIRSESRENDD iewesicdlyrcotpleste thekpreempuigat0be et er mi ned wi t h
a hig egree of accuracy given only the request type and paraneters. For
Sf’”ete.frrfe‘&‘é‘é‘%{:]iﬁé cOHrREESRItROhdsi dMplter.non- determ ni stic. Precise processing
times tor theSe requests cannot be determned solely fromthe request type
and paraneters. This typically neans that fprocessi ng ti fromone 7 1 7
DEC 2004 piidd24idbiuP@D) SOk 8683V et hdg wgd aegpencs O5MBIMET vari es randonly
~or in proportion to one or nore environmental factoE . Processing tine
) est i pRLGHoMaAnde tendsa CHU H ouariter thy pHrsitebercleatricab¥ilr § ';?7? dependi ng on the
nature of the request. Wen an 1/0 170 is busy, I/g re%utests cannot be
@i tdoRh@edIRT athe Ibesidgeieadcal $ymeaily disial sigrefe-cA VRyetE ki mum nunber of
si mul t aneous requests. The nmaxi mum nunber . ) lectrical
electrical signal generated by a host CPU that produces an atomic physical or electrica

state change in the VO device. Typically, an ¥/O request is initiated at the point intime

when a host CPU produces a signal that causes an atomic device state change and is

int in i ice has fini i i onse to a
completed at the point In ime when a device has finished changing states In resp

15 signal froma host CPU. During the period of time between when an /O request is
D .

initiafed and when it is completed, the I/O device is processing the request.

The procéssing time of an 1/O request is the duration of the time period between

when an /O request is initiated and when it Islcompletcd. A particular request’s

processing time depends on the time required for the /O device 170 to completely effect

20  the requested state change. For some requests, processing time is deterministic,

Processing times for these requests can be determined with a high degree of accuracy

given only the request type and parameters. For some requests, processmg time is non-
deterministic. Precise processing times for these requests cannot be determined solely

from the request type and parameters. This typically means that processing time from one

7



of simultaneous requests for nost I/O devices is 1. Such devices are busy
whenever they are processing any request. Sone devices can p esg tzg@' or
nore requests at the sanme tinme. These devices can handle the initiati of
a ew fmﬁﬂﬂeSt whi | e processing other requests. Suebrasviiges typically
im(.)kgose2 I'mtations on the kinds of requests that can be 10 processed while
processi ng other requests. Such devices typically inpose |imtations on
the kinds gf LEALESL ks HhbmgaR inyeoppitmas sechrsiarut1aRBBHEy.  Thus, whet her
or ASTAMGevi e i s busy can depend on the nature of the desired request.

The _syst ) 10 ERSHeSyRt enthaagingangrecat acilh as an operating
syslfaé: rs'%é‘?@g?é rgégét?in%ne driver such as the scheduling driver 189, and
appl,i cat. Rperating system 185 is a collection of software
conﬂ%@%‘?ggﬁﬁ%&%ﬁ%{ﬁ%ﬁqfor basi c system operation. The operating system
185 manages creating, destroying and scheduling process .contexts, as well
as | oadi (8,5 9k 1/0RI78 iRRR MR EsE rennesisoniteted becawse the ¢iG8Et s. The operating
system 185 manages process contexts, as well as, | oadi ng sof t war e
gomp&gp@ﬁ;ceéﬁhgﬁ%mm fnnbies of simetpnesis sequaite Top ERHTHY WY em manages _
process” contexts to create the 20 illusion of an arbltra% nunber of active
sof %\A@{nﬁhmmq&tﬁfcfrlalrﬂ:l@'tlf(gd@iimistlarfhloméﬁvyccﬁ)ﬁmé?usys‘f"Wé‘F?r 4t conputer 100
with alimted nunber of CPUs 110 (e.g. 1). Its conpopents are often
r eStmrcip%cggsiﬁg)amkﬂﬁstasaﬁaﬁdvicsmmqﬂoocis twy ot watefreietfs &dhe SPE schedul i ng
driver 189, according to one enbodi nent of the present .invention, is a
sof tuar §nSRMHRRE an HaRiiegheititpriomaefrai ey requegertile PrACEBEONCE/ 0 on behal f of
~_other 8 1 7 DEC 2004 PCT/US01/ 18653 WO 02/03212 software,conponents,

)i nclrﬂﬂ%gag dueR deviedsalgically symielimiaBnaonithe kiadapfgruess FBRE P60, ~ The |

sche I'ng driver 189 functions as part of the operati ng glystem
162 tPi'ogth«?d‘%Mile pragessineatbertrequsiy eivch devigss opicaby impose RBYAHE" appar at us for
the scheduling driver 189 to inplenent a protocol usin c$iicére estimates
SUC lytifils o RGeS mEakRi beproessed simpltanaspsly-sTRHSHIARET §F 14

is busy can depend on the nature of the desired request.

The system memory 140 stores system code and data such as an operating sylstcm

185. at least one driver such as the scheduling driver 189, and applications 190. The

15  operating system 185 isa collection of software components that provides for basic system

operation. The operating system 185 manages creating, destroying and scheduling process

i . The
contexts, as well as loading software components in response to user requests Th

. ) s
operating system 185 manages process contexts, as well as, loading software componen

i eate the
in response to user requests. The operating system manages process contexts to cr |

i ing si usly on a
20  illusion of an arbitrary number of active software components running simultaneousty

'y . . 3 ‘o t e
single host computer 100 with a limited number of CPUs 110 (e.g. 1). Its components ar

often restricted to using a small subset of system features.

i i invention,
The scheduling driver 189, according to one embodiment of the present |

is a software component designed primarily to perform device I/O on behalf of other

8



5 device that does not generate interrupts. Only one scheduling device
driver 189 is shown in Figure 1, however, it should be appregiﬁt% L@ﬁ%}
there can be any nunber of scheduling device drivers 1% __dependi
how many |/O devices 170 are present. Typically, PaEVPEEEYi vers run at a
h‘ﬂbﬁ’“@:@’)é privilege |level so they can have access to the features needed to
initiate 1/O requests. Device drivers need t - GORPES tghecarefully 10 with
t he operatin nt§>ti§gl,§§moitﬁle@feﬁbﬂ'ngs)@feﬁaﬁf‘ﬁ@&‘i‘ €8PRYem stability and perfornance.
Sispidware RETRITVET functions as part of the oRerg;l%qgeﬁxs?ehﬁm many system
features Cflfe [\RtsAYiBsl 8 phreotitbe otratipeFyskBdd 2 ER“SEme oper at i ng syst ens
desehed@imMEdVEr s™°can be active conponent s,  but éﬁﬂﬁ iggl%ﬁlcﬁ)htberati ng systens
the Sc

device drivers DA shyetesdopbneshedling djven eduling .driver 189
ad@YfPH‘i’rh@rc’Y‘gesoan@&g%bodi ir)rl?sént of the present inventiqpmieces of driver code

15 that pro LeRUES the saiedelingdayics HIVEhE "pi0cess context of what ever
ap}SPtPEOAPP’B%g#‘(régﬁhiagtsesgmt he device 1/0 Device driy@yssgast in order to
al | ow glpagl i c%{ségggra&qﬁampwr Kintyeone sque@lq{@glde‘gbﬁecgl"ﬁ ¢ knowl edge of how to use
5 v eV i56 828R E8E st ead, the a plication uses b% ofefdngd: set of calls into
t he Qper?thi 09,5 Y5 Lif kb0 apyectmp] thasfihegesrn 08 2 BT his architecture allows
di fFagERt "3 vers to be used to i nterfac&flto dif,ferent devices w thout

requiring t HRPIpbs AW ovany BOaryirssdi’? MY PEUPport each type of avail abl e
de%"t“é.d"%{éqg%%%ig%atl gns 190 are software prograns (e.g. word processors,

dat abases, ganes, etc.) which are used Qst haveapuster 100, and as
wil | be")gyiic%ﬁgsn%ﬁe diveectus g a high ¢?§grlﬁ%§%@i¥%t§9§‘repver for 1/0O processing.
| 1Y, an

- Cenera application 190 is any, soft) pogesfully hat i s not part
yof the.c ¢ inf@tedii B teavns . I"¢atrons typically do not
} of 92[&% QpREAS i e DeVIghYIYE P copps Iy d 9
PCH 8? 853 WO 02/ 03212 i nteract di r.lcthuy MdhaktevERRstht70. | nst ead, t hey
regﬂg tcé{/cQﬁHEs}%&H ﬁ,mgicomemaf!ti“ﬁéy%‘if%ft%' conponents and/or device drivers.
10Tt 3her ting system 185, the schedul i eq,faa\ﬂeesredfoimﬂaﬂl% and the
ap "i&g&j;c‘ﬁpﬁsasjp‘aﬁoﬁtheopdrétingé)‘ﬁ%%é’&m&?ys i'eces of code. A piece of code is an
or 88¥2d""col'T ecti on of. cPU - drivers can be active components, but on
driver code. On some operating systems device &t

(=]

odiment of the present invention. Pieces of driver code

driver 189 according to oné embr

lication
15  that produce /O requests often run in the process context -of whatever app
at p | |
l ist 1 ications to be written
i i i ist in order to allow applica
/0. Device drivers exist )
requested the device . , .

g

lish device I/O. This architecture

) defined set of calls into the operating system {0 accomp

f available device.

20  application to explicitly support each type 0

tabases,
The applications 190 are software programs (€.g. word processors, da
| i i d, need to
100. and as will be discussed,
i d by the host computer 180,
games, €tc.) which are usc

plication 150 is any software

atilize 2 device driver for 1/O processing. Generally, an ap

he core operating system {85. Applications typically do not

component that is not part of t

9



usion of continuity. A si hpﬁintrck)nﬁﬁlc@rcaﬁﬁ?’sﬁave sever al 17
) DG, 2004 0 nchuES bl i
t “C

10

15

20  running and procee

5 machine instructions having an arbitrary size. A piece of code is
executed or run when a single host CPU 110 interprets its
or der,

inst tiaon in
one at a time. Each instruction produggsngofiekined Jthggeth*he
state of the processor's internal registers and/or the contents of the
wOop¥ER.s main nenmory. Certain instructions can alter s{che order of execution
by changing which instruction w | Chte dpexating &S€Fansfer of control).
Q hers GADE BRs 17m0n$th@,tbﬁfﬂi‘ieéél{§§fni tiate 1/0 requests. A piece of code
ingeaatt HESE 6r rupted in order to all ow

the CPU to perform other tasks (by
runni ngaé@}obggvi&i&w%- Of code), and then resuned at the point at which it
comeonEH rupted. A CPU is always running sone piece of code when operating
normal ly. A process context is,th

is,the soktigaradémapptithBit in which a piece of
codezieuonéraﬁﬂ_g‘@stcﬂ;ﬁlsprtb@é@@d‘ﬂ‘é}%f!'_ae")l(‘i consi sts of the mBppi ng bet ween menory
addr ¢¥s¥5" n" the code and physi & 'ismréﬂdodctatqn@ﬁg t he address space),
t he CB”E&? §d9gfpiﬁekbﬁ®g¢.s‘té‘f:%e,° and the execution stack (menory used for
WRATTB0FArY st orage). Wien a pj efégegfw@ggl_excic&cdmtfe‘ﬂf“ﬁ‘ﬁ?éd ‘to allowa CPU
1%810 pnﬁzcrﬁfoggmvmgherarmta@ké‘, it 8%ontext is saved so. that it can be restored
ne8F "Betore resun ng execution cgfonta'a%mﬁde}iacl’fﬁﬂsyuﬁé’é‘hani sm all ows the code
to res%ﬁ@in{e\uﬁm&sﬁtglfﬁﬁ%“ﬁ?&%% 'as thought it had not been interrupted,
w;,gi"c'lli’scan help create the ihl I USiss?oT’ Q,{terngrr@sttdrrann%@féh"pi ece of code executing
Si HE‘J tgnegﬂg@méngmtoahesﬂmgpﬁt eBOFT 16 - on a host corrpu%). 100 havi ng several
3{‘; I :? %ﬁt %E}Mée&gﬁc&q@{viﬁs%am%tahbﬁhemmft%; one CPU for a

, 3l e

epte 9IS

er
4] lﬂn
esuned on a different CPU wi t hout breaking

8653 WD 02/ 03212 PhRgess contexts, but
n be only one pro € Ber

. e CeSS E:!Hl! g?ﬁt t. |r - .

-

operating normally.

ph

I b 3 H -t '! ‘ h d y S m
.

i Ip create the
d as thought it had not been interrupted, which can help

X ) tl

10



given point in tinme. This active process context is the soft\gaze
environnent for the code currently running on the CPU A prdc sBEG oAl04x

i's never active on nore than one CPU concurregé.rﬁsm,ﬁsggg,software conponent
is any discrete piece of code for which there sts defined nechanisns to

wod4E 1t he code to be | oaded into system menory 140 and executed by a host

)

CPU 110. Typically a | oading nechanis tdec@bliyt @l | ocates nmenory for
any gl obal b\éﬁ.‘gr@lgg@se&rﬂponeim\@ﬁﬁﬁeﬁegglﬁ?gtﬁ%%gfnati on) that the conponent
ort

PIFHRESROSof tware  conponent i nst ance i S+ A, Loadednd metance of a software
conponent consliigstzjcnge@ﬁcash@nwié&?ﬁ%ﬂ%”ﬁ‘fﬁ@"g%de and storage for gl obal

ey 2BES YT host menory, accessible in s AgdresEribace. Typically a

particul ar_inskapee. of ces ot 6 "EEhEY %ﬁﬁg\' ways runs in a particular
prosBYSIEBPR Xt but this is not al ways the case. An active software

conpone?t is designed to run in one or nore dedi cated process contexts.
weastEAt Y et i ve sof tware conponent is | oaded, the | oading agent sets up a

new 15 process context (which_may,inc -8 ineNeaddddivsd space) : It
initia jsozfﬁargmn%&aﬂﬁea«wd%rﬁ%“\égwg%ﬁ%@ code will start running at a
predefihed main entry point the fi rStc,ﬁ&rg‘?:tdmé%XﬁMtbe’)@t becones active for
a hol}sgt.rgg’t&céﬂb%é\eweyobtrb@deéc!“‘b?)fﬂ?@]s@ cohtext is then made available to
t REC B'éra Ing systemfor scheduli n]ﬁ. .nggtowgﬁmﬁytﬁdraam active software
con}ri%gﬁqtmii B padisg BerhaRisE AFE FERT It nust synchroni ze its activities
wihe her’ software conponents 'thmé\gjeﬁtmehhesl ot ®ftMetes. An active
sm%rqaquﬂﬂﬁncmehéwaé%ém& i'gned to run in several process
cHOBREE™ At Y he sane tine (nultiple ghéoq@ﬁksco%sﬁng»émﬂti on). Typically this
ki nd of cg%@mmdddﬁh&tﬁmp&aaio Ae&ode sets up the additional process

nd make

c GRTBYIE S s them avail ahl e .for . runRivNgcessible i8 sgB¢mon - - t hough not
necessar v, -O&Qﬁdaﬁfﬂkﬂﬁr(gw@%l%s ¥ gosb{g aﬂtftybmati cal ly unl oaded when their

10 cdGEPPTI Shes 11 PCT/ US01/ 18653 W, 021,033 kent always rans in 2

15

20

address space- Typically a particular instance O

isi € case.
particular process context; but this is not always th

i up a new
nent is loaded, the loading agent sets up

contexts. When an active software compo

Sy1 e its activities with other
t is autonomous and independent. It must synchronize its
component 15

‘gn

itializati e additional
onent’s initialization code sets up th

execution). Typically this kind of comp

— though not
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WG @f3Hériodically in a process context

| /@ gothpamePt PR f
) OpS 2 kg riflconmolpe the clling SOpPPATLOA BhosTeQ
|

f of p g2l
10 553%5%%°%§ﬁ’5“&t5' tThaeargeti @1 ¢ 62 glaﬁ

15

20

B iSO Belbl fumrgod IS AR
ti ugﬁ'éja L1 sadtion B kg@%?srﬁ-awgé’ g tgﬂﬁu&dﬁ
dF¥EUSsed.” The driver clock 1

executing (i.e. when the CPU reaches the end of the conponent's code it
nmust transfer

control to sone piece of systemcode since thérie D& dglhore
conponent code to run. This

system code can bg-fgsiigeed to automatically
unl oad the process instance.) A passive software conponent is designed to

5 created for sonme other, active
conponent. passive software co‘%)one

assRmarsst testert ypi cal |y | oaded into
addr ess s\%%g%@@%adsﬂmemh‘éftt ‘é)m(?gltbeglrtlgnts. After initialization, they
@‘-EF{*’P“W'?/‘ en anot her conponent tr%%sgog{pgn&pmdemmno’rf“ﬁem using a call
i nstruct ieoril.cc'gygjsﬁaddoy:; sipeedher$/8 "8 6l¥ponent i nst ances perform defined tasks
walet 19 °FE M hey are called, and

t hen Js@het)n control to the calling
conmpon ntﬁb@dmggmwmnﬁmi‘éﬁﬂloﬁgﬁmg{g}g (I)r{ her 10 passive conponents. The
waEH&PIoF a call is a function (i.e. to transfer control to a piece of code
using a call instruction is _kngigr ﬂ?ewidailﬁmaeprﬁm%‘toi“ﬁht.) Each function is
a piece 591(, Smadnqiongérsfd&?‘ﬁ}f def | ned task, and then returns control to
the OB that executed the call | ASh e YE mperitnt MtenecE®ht rol is returned, the
cal I4p? Sadgn&ontivaespoestc AT Bh Degi nning with the first instruction
sFEEL I e cal | instruction., 15 gbg%%gggnﬁimrw@ﬂ@%ﬁo(‘ Y185 includes a
scheﬁiuiog%'gmgaadﬁaiss'paxzcacfﬁzft '¥t'Vcode that peri odically switches a CPU
DREPOr CPUs (110-1 10b), bet wegn %&%ﬁgaeantm%lpﬂ-Thi s switching (called
proc sgheﬁ,%gﬁwddﬁgmmmﬁh?sgéﬂwgé%e ul'ing) ensures that ?II active software
¢ ent's appear to run snmoot hlw andseeadh tivmotel 3¢ © “®h each receiving it
fair - @ EomgientingrencesMESY St em ti ner 194 is a deyigce whose rpurpose is
t@’pﬁgrﬁg ate hardware 20 .interr 55‘?‘@?‘ Typi cal |y,

3 rrupt service routines.(lS?s) to handle this
rupt. Cenerally, the SChgugyﬁk&{(i.é%tm&scwﬂﬁﬁoétoﬁd%‘%f\?/gre interrupt to
u

€ process contexts,tofgun. Furthernore, a

9 to keep track of
ti mated processing t'tges as wll be

; 4 I ,
forms a defined task, and then L 98ms Sontdl b the dDEEI RS | "2 103212
sose Hling code continues execution beginming

ock 196 . is utilized

[ eca
call instruction. When control 18 returned, th

i i ction.
with the first instruction after the call instrd

(=4

S -
l ¥ ( ‘ )’ p

. » .. - +

g this hardware
Rs) to handle this intesrupt. Generally, the scheduler 192 use
routines (IS 0

a
to run. Furthermors,
keep track of time and to schedule process contexts
interrupt t0 K€ :

. . d
i k of time and 15 useC
lock 196 is utilized by the scheduling driver 189 to keep trac
driver cloc

1

12



PCT/ US01/ 18653 synchronized in lock step with the systemtiner %94 A tiner
tick indicates the instant at which the systemtiner 194 and t Ja}ﬁﬂvé’ﬂﬂk
cl ock 196 sinultaneously generate an interrupt. At eacl"l2 -td mer tick the
‘zbﬁﬁ?ﬁi me is updated, and other actions such a8CBf58EEE 5cheduling and
t estimati on of processing tines, can occur. A tinmer tick interval (TTI)
is the period 5 of tine between any, two B | Bhnttak cks - (t he period of
ti e, het weenomhas witt thergystert 4% 18‘3:0%?‘5”5&% la?ﬁgﬁnéstth%@ol lowi ng tiner tick
oc¢ClT's). Wen a piece of code "bl gcks" it Baga%tpgniggcahbts its execution to
way tichftﬁ)gsy§lgmimﬁ)19€ﬁrﬁﬂhed!\i/‘@n‘éio‘(l%ll?éﬁm&gtaﬁoﬁ tonpletion or a signal from some
séﬂ war e “‘conponent running in a different cgragg SS.s CORb@Klg) to occur.
Té@ic&?ﬂtldmtiEl@%e%?shﬁﬁldineris updatedyiang OBFHAERIS PHE 167110 that is running the
code to a different process context, arﬁd theewBI fg‘?th&ﬁ?é%'%dY‘“! not _be
scﬁg%leggngtgnwgma@ahgtmmi,mmQcﬁ'é'- SEBFHER TR 4 Which it is waiting has

occurred. A blocking call is a call de fURaLisgRet hat can bl ock. A
Scorpﬁg{g phaaREn By Ploaajstenytimer ticks (tRe sFigE R YY° ée&g%gr#{gal I which is a system
cal'l that can bl ock-- usually to it for device 1/0 to conmplete. 15 A

) Y
COQRGE Q%%M&MMMOMWTSMKPE a CPU to a different process context
when the conponent that is running. in the current context explicitly

performs certain actions (such as yielding. coflaRlorsekemaki ng a bl ocki ng
SyStemw@da)picdctofic&!ed‘alwl@a‘té’a\‘:ﬁﬁﬁe?%lﬁ%gmegghedul er because the software
conponents on the host nust cooperate in ghdet dPpdiBkeinnitgir e each gets its
faj?,?e,maﬁ&t@hcmf@ carepletion opp SER PPSCTER2GUT er ngpw tches a CPU to a 20

di

erent process either when t 0 ob hAf swischrtbed@Pdg in the current
)Cpﬂta%ffcrcrﬁéﬁﬂcb@"dohthbwchrngyﬁlégﬁaﬁ%ﬁg%%?llﬂ%f’lls, or when a certain amount of

time has el apsed without a context i 1.6 lhe biddeesqat wignsichedul er s
10t y?)igqﬁgtliymﬁ-hingﬂerdowﬁf}@éilﬂfif"'ﬁﬁmcﬁé° '?t%%ﬂr%tgi oK cprocessi ng to deternine if a
different process context sh&ul d ge“yh%q{igg,amr,\gaammmlﬁar CPU, and to

Cab sthakledubaucaniont BAFYER PhEE&Ssary. Operating systems that schedul e
13 1 7 DEC 2004

. i all
blocking call is a call made to a function that can block. A common type of blocking ¢

1/0 to complete.

1

. e "
(such as yielding control, or making 2 blocking system call). it is called a cooperative
su ‘ )

S

i i Utoa
sure each gets its fair share of CPU time. A preemptive scheduler switches a CPU to

unt of time has elapsed without a

explicitly performs certain actions, or when 2 certain amo

i iodi ing timer tick
ontext switch. ‘Preemptive schedulers typically run periodically during time
c .

i articular
ssing to determine if a different process context should be running on a p
proce
ng systems that schedule

CPU, and to carry out the context switch if necessary. Operati

13



WO 02/ 03212 PCT/ USO1/ 18653 application process contexts with a preenptive
schedul er can give a very convincing illusion of the sinultanedus DEC 2004
execution of many applications. Wen an application 190 sl eeps, it
exw ioS)oHﬂ bl ocks for a specified tine interval. PRypUSalBes3 sleep is a
bl B ng systemcall that does not return control until sometine after 5
the given tinme interval has elapsed. During this tinme period, other process
CO“&@NEa’ﬁoﬁﬁfbces@dﬁh@ﬂs iflea @b MO solieduler 12N &1V8 P ¥BY CBRI'I™ms made. A process
contéext is runnable when it is available to be executed. The schedul er 192
canahbyofahoasaltineomdktratisesf ofmyapplitatitns. process contexts when schedul i ng
CPU time. A process context that has blocked is not runnable until the
event for which it is waiting has_occurred. For gxanple @ process 10
cont ext Whean applidadep] Ngleapd, it el liebloan FraBFRECHEL AP EEP" t he given tine
period has el apsed. One enbodi nent of the present intventflc(r)n provi des a
et Dsikafftleap pad bakingfspstera calb binelteat natgeterp cowio! 185 S8BT eent a pr ot ocol
using tinme estimates such that the scheduling driver 189 is useable with a
glevin givéy fmt hadrval besclaystd. Qrmeahietima peiadupiiy PS8 HipFehent i ng t he
present invention within the exenplary environnent of Figure 1, it is
as Sje tHeGRU 1 Hewhmathe sleeuicallvps gade.c & AOTsTRRCSHF V”B?bé%”é’g%n a single request
to atime. As previously described, the 1/0 devé‘ce ]1.70 iglccoupl ed to the
hos j<Goiipbleas bd BEchtadi Thy solrmsulen 92 fsp enigmbpase FIPARerEbBY "™ Nt her, the host
conputer 100 has the operating system 185 Ioageq)tljtiécgt&)i tnhe syst em nmenory
140prodeRs évne:xesviiedischedt!ing (R oper PrFESSSHREH Hhat 8% g5 3% preenptive
schedul er to schedule the process contexts in whjch the applications 190
) I UNunnable ikib the praow fatedich itie MARIAE 878 ft“ﬁ“’l"ﬁ'a&"’eﬁi‘ﬁf“?ka? P'8R%° and make t hem
avail able to the scheduler 192 for runni no. The SCQESL“' ing driver 189 is
16 Oagifexi thitds slbepingpeilldesomy ryyrablepgain gBedhe BYTHER® P& APl i cati ons 190 can
use the scheduling driver 189 to generate |I/O requests to the connected
deviigRed. 70. I n one enbodinent, the scheduling driver 189 is a 14

One embodiment of the present invention provides 2 method and apparatus for a
scheduling driver 189 to implement a protocol using time estimates such that the
scheduling driver 189 is ﬁscab!e with a device 170 that does not generate interrupts. In

15  implementing the present invention within .thc exemplary environment of Figure 1, itis |
assumed that the connected VO device 176 can only progess a sipgle request to a time. As
previously dcscribcd, the /O device 170 is coupled to the host compuier 100 having one
or more CPU's (110-110b). Further, the host computer 100 has the operating system 185
loaded into the system memory 140. Inone embodiment, the operating systern 185 uses a
- 20 preemptive scheduler to schedule the process contexts in which the applications 190 run.
It also provides a mechanism to load applications and make them available to the
scheduler 192 for running. The scheduling driver 189 is loaded into the operating system
185 such that the applications 190 can use the sc.heduling driver 189 to generate /O

requests to the connected device 170. In one embodiment, the scheduling driver 189 is a

14



1 7 DEC 2004 WD 02/ 03212 PCT/ US01/ 18653 passi ve software conponent, and a
- single instance of the scheduling driver 189 is shared anDng'p?IDE¢e{m
applications 190 that access the device 170. Even if the host conpu e? iOO

has 110, several process contexts can be pogiii i.n a single
drivg&ﬁpﬁgggion si mul t aneousl y. Under these circunst%%@ggg%ggﬁeach 5

process context is activated to run on the CPU 110, sone portion of the

sc hedpéskwg?&{»{?\e/@%ﬂp%ﬁenﬁ UN& b LiRRe SasBRAL R seReAGHeaRiverTTR0Ss HaRat es the

illuslon o river function being called by nore than one application

190 a&m@?gtaillr{ﬁ apPllEiond THOURR Bckss 1R deicgiI¥@N point in time, an arbitrary
nunber o apﬁil atrons 190 can call the scheduling driver 189

simul taneously to generate device I/O requests- On a host conputer 100 with

nor e than gy ake fRdmbhRr 10046 bnd P 116G sdvelabpratdsycdntdxe,casbace the driver
code can be running on several CPUs sinultaneously. The applications 190

that sealesd ind8MeklirvdGuhdiBikihiifRaseo gy Ulndedthesd cirianistandss, asgacbe ei t her
passive or activé software conponents. The scheduling driver -189 keeps a

"1 9Ckgcdsd @text EUBVRRAY Y ruh @R HRIEIU b, Bynddorioprogsenardalingarppar ti cul ar
nunerical value at a particular address in systemnenory 140, to indicate

whet hegy fctiBRt cdde i @Eddl. ThisbhQtds GRURSIoniofitherdagrdastioT bengchedul i ng dri ver
189 can exam ne the state of a device 170 to determ ne whether a particul ar

1/ 0 rRauestmbashhns asplioaiont edlatiticd) eThds i theory, e gives heiduini ng driver 189
utilizes the driver clock 196 to keep track of passing tinme. In one

enbodiAe ah arbithey MinfRestapplo4a s 190 car @Yitsbasheduliret diver H89d apparatus for a
scheduling driver 189 to inplenent a protocol using tine estimtes such

) that gihi@tadébusiEhe getekangdestict VerreduSs.i On b hesabirepudr 10 witenorc®ad 70 t hat does
not generate interrupts. An application 190 calls the scheduling driver
I8P tome EPAT(L 1N ObN K 6 Qetadiy trué, Sirdy the @ejuesbdet aan he ndeingoe sdve@l The schedul i ng
driver 189 determnes if the device 170 is busy. If the device is not
busy,crtheinssihaebssiyn Théelspplietiod8 H0ha véqies daviced ) fromttiecschedubieg si ng time (EPT)
for the 1/0 request to be conpleted to the application.
driver 189 can be either passive or active software components. The scheduling driver
189 keeps a "locked flag", typically represented by the presence of a particular numerical
value at a particular address in system memory 140, to indicate whether or not it has an

15 1O request in progress. The scheduling driver 189 can examine the state of a device 170
to determine whether a particular /O request has been completed by the device. The

scheduling driver 189 utilizes the driver clock 196 to keep track of passing time.

In one embodiment, the present invention provides a2 method and apparatus for a
scheduling driver 189 to implement a protocol using time estimates such that the
20  scheduling driver 189 is useable with a device 170 that does not generate interrupts. An
application 190 calls the scheduling driver 189 to start an Input/Output (1/0) request to a
device 170. The scheduling dﬁvcr 189Adetefm.ines if the dc\}iﬁzc i?O is busy. Ifthe device ,.
is not busy, the scheduling driver 139 provides an estimated processing time (EPT) fqr the

J/O request to be completed to the application.

15



15 J 7 DEC 2004 WD 02/03212 PCT/US01/18653 If the device 1 70 is busy, the
" scheduling driver 199 cal cul ates an estinmated anount of tine | 4ft QEATARS
until the device 170 will be available to the application 190 and provides
t hi sv@AF32120 the application 190. Wien the devi ce 1#THnsonddssbusy, the
application 190 sleeps for the estimated processing tine (EPT) and calls
the scheduling 5 driver 189 to obtain the |/O operation results. If the 110
request hishdxeeive ¢ Bhipbetyeds stheduling drverd P rjcssBesiHPHH qBY Y he 1/ 0
operation results to the application. However, if the |I/O request has not
been of timpledt(EBATL) trail theldeded 1 Hovidibe peailablg o the aprligitiond0 apf est i nat ed
processing tinme remaining (EPTR) for the 1/0 request to be conpleted and
pr ov ipetevides thés EATIRotthe apphicatippll P& Al homtha deyice iR isdiopPisyell'f on 190 then sl eeps
10 for the estimated processing tine remaining (EPTR) and again calls the
schedppticaipndidD vleeps fdr88e ¢stimatst arasessing tw@E%Bémgf@llﬁﬁhfr wAuiag “These
operations can be repeated until the 1/0 request has been conpl et ed.

TEr nidrigert1 89 foi olptairetbe POpperatiomeenlige ffahy 1@ regrest hasdieehcasrplsterh thei nt er act i on

bet ween the application 190 and the scheduling driver 189 will be given.

Fi guseizdiling dripdrpwoites the 140 epsratign resyitsdo fegeplieationo f or an appl i cation t hat
interacts 15 with a scheduling driver and utilizes time estinmates to carry
out an lnput/Qutput (1/0O transaction with a gevi_c'e accgg%i ng to one

enbodi merifowsver, Hiahs Q) esauesd Ras ngp Beenspapicted, ths SBEdudipg iy dsd, ocess 200 cal I s
the scheduling driver to start the 1/0 re%ug‘stgg]bl ock 210). The

app! cdaditeranesieatcdpreessiing imareplaingdEPTR) Pop e dGeausst R¥edri ver to start the
|/ O request and the process 200 goes to.entry point 310 of the process 300
Vi | | usempletedandiprovidgs the EPTRJ0 thy apelicatianj90- E% aPiﬁ i3p ‘%ﬂﬁﬁﬁf’%sati ons can be
concurrently accessing the scheduljng driver —according to one enbodi nent
ap tﬁveﬁpleét’gemd‘ﬁfﬁ‘iﬁémﬁwre&ta"éWEESBﬂ?”diaﬁa‘f‘icﬁl&,‘ﬁ ??hﬁéﬁ‘gg A9¥t he schedul i ng

driver to generate a device |/0O request. wever, ,t deyice is onl
capabf%o gbtgin the [/0 operation rcsuﬁs. These operations calﬂkz)e repeatéd urﬂﬁ e 10 y

request has been completed. Turning to Figures 2-4, a more detailed discussion of the

interaction between the application 190 and the scheduling driver 189 will be given.

Figure 2 isa ﬂow;:hart-illlustrat.ing a process 200 for an application that intc;-acts
15 witha schcduling driver and utilizes time estimates to carry out an Input/Output (I/O)
transaction with a device according to one embodiment of the invention. Upon start
(block 205) the process 200 calls the scheduling driver to start the [/O request (block 210).
The application makes a call to a process of the scheduling driver to start the I/O request

and the process 200 goes to entry point 310 of the process 300 illustrated in Figure 3

20 (block 210).

Any number of applications can be concurrently accessing the scheduling driver
according to one embodiment of the ?resént invention, at any point in time, to ask that the
scheduling driver to generate a device I/O request. However, the device is only capable of

processing one request at a time, sO that the scheduling driver services only one
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processi ng one request at a tinme, so that the scheduling driver _services
"only one 16 1 7 DEC 2004 WO 02/03212 PCT/ US01/ 18653 appl i cati onld 1058 2004
request to a device at a tine, while causing the other applications to
wai t wolhusaizeach application is served in its turn rgspiitdingsisn a hi gh
degree of fairness Turning to Figure 3, Figure 3 is a flowhart
illustrating a process 300 for the scheduling driver to start an 1/0O
r equesplieatidn's BOpeqeitdea deviest b imt evhibcocagshaghtriapplichbons T whié conpl eti on of
an I/Otransaction to an application, according to one enbodi nent of the
i nventhuweaciUpplicatio issatvey inpitsi thin r¢sultiog e BHigh degrdvelfrimesss 300 det ermines i f
the locked flag is set. If the |ocked flag is set, the process 300
calcul ates an estimated anount of tine left (EATL% until. the device will
be free adainingthFeauke BXigure Fisudlowchat ifusiiating ¢ proeess pehior thebusy  ser vi ci ng
anot her request. The estimated anount of tinme |left (EATL) is calculated by
10 suishadaling dityer tastaetiag g&depquashandde proride preestimated processpgdigte foei ng processed
was started fromthe requests original estinmated processing tinme (EPT). If
t e Eptompddtion PBan YA tirrsapiéapde pyepplicatinn, aceording i aglembpdmentofddt to zero
(bl ock 320) _ Next, the process 300 provides the estinmated anmount of tinme
| ef t ipentien Unepithe ante paay (bdask il )} the groggss B Phdstermings ifitke lopisdifieat i on (bl ock
325). The process 300 then returns a "busy signal to the process 200 and
goes it #t. 1B ths|leskrd famis s¢t. thp arogess dikanlcpbitesiap eetignatedhampuptritimgde® 2 (bl ock
330). On the other hand, if the |locked flag is not set, the I/Orequest is
i ni t i(BABE) ynbl be Revigasyl bedfepermin (Reckdd0)r (TRYS the dswice [SHBERIYINSY . Further, the
estinmated processing tinme (EPT) for the 1/O request to be conpleted is
) det erstrviiag anqtherieucg o dbe efiartedREoR of Eme el @I inalipiaicd &Yt he esti mat ed
processing time (EPT) for the I1/O request to be conpleted, then 20 the
0o c subiragding theerlagisedime pinge tha Fyreent regyest hedneeeaessed Maneertedtfemythas ¢ er
initiating the request (block 345). Alternatively, the process 300 can
cal cmqa%$>wmwawilm€@W°ﬁ8%éwﬁﬁﬁ ithige E{"Eﬁ'l"?“’i’l"é%ﬂ B negti¥ek 345) . For
exanpl e, the schedul er driver rraz)é have a tabl e of average

the EATL calculation is set to zero (biock 320). Next, the process 300 provides the

estimated amount of time left (EATL) until the device will be available to the application
(block 325). The process 300 then returns a "busy"” signal to the process 200 and goes to

15  block 215 of the process 200 illustrated in Figure 2 (block 330).

On the other hand, if the locked flag is not set, the I/O request is initiated (block
335) and the locked flag is set (block 340). Further, the estimated proccésing time (EPT)
for the F/O request to be completed is determined. In the case that the device itself
calculates the estimated processing time (EPT) for the /O request to be completed, then
- 20  the process 300 receives this value from the device immediately after initiating the request
‘(block 345). Alternatively, the process 300 can calculate the estimated processing time
(EPT) itself (block 345). For exampte, the scheduler driver may have a table of average
EPT's based upon réqucst type énd othctf parameters. Further, the process 300 records the

current time at which the request is started (block 345). Next, the process 300 provides
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EPTs based upon request type and other paranmeters. Further, the ?rocess 300
“records the current tine at which the request is started (bl odk/ 32552004
Next, the process 300 provides 17 1 7 DEC, 2004 WO 02/03212 5
PCT/ WB®2#4818653 t he estimated processing tine (EPT) fRET/U$HME/IBIO request to
be conpleted to the application (block 350). The process 300 then returns

a That busy" signal to the process 200 ang oe 40 EI oc|< 215 of the

pr ocetbs etpBtadiprasssingttises ERTHoptle &Orequsside eg"ﬁsﬁ‘?te © REYRIEIBE appr eci at ed
that the code for inplementing the process 300 for t&t@ scheduling driver is
a  criblock50)s The propespPOLBenoremimg & Botbupy ¢igdaldp thediretsrll *eitot be
reentered. This neans that once the code st tIs ruppning in a process

cont efriblock 21 hefitheprocase2q0iHustrated iy Figyrg (b B?Wgés”@b' t (either on the
same CPU or a different CPU) until it fit{)]df[%hefé ruanl'k rcl,gI in.the original
cont espprecigied ghat fhe eedesfer mpiansrting thapecHa ALY LPeTESEEFUINg ¥ de? nust bl ock
until the context that is currently in Lhe codg %bgl shes, running it. 10
R uranitipa) secsiorpfiende and is g picst eicedothal capppl b FegRigES: m5ardbati nes i f the
device is busy based upon the inputs fromthe process 300. If the device

i s " nass/the cedsstants rayg ipporocess sYEES 't Ky %0;5”}3? Mk AN PEISEEp for the
estimated anount of tine left EATL%*]det_er ined b rgcess 300 (bl ock
220) .coptextt(pithecamibe yame/ePY gr agifferegt & )d’,"“{”ﬁgnﬁi?fﬁl"i“géﬁqﬂﬁ’csleeps for one
timer tick interval (TT!) (block 220). Further aftb r Slelﬁﬁ)i ng for the

desi griginakronBxt rRISTPTSESSIPREXS REVHY JLEE thrgeds PA L I3Y% ¢ om t he

begi nning at block 210. However, if the device is "not busy", the process
200 cantsxshat lrcugpphi ia dicicofe fiRyshes BBIHE or the estimated processing tine (EM
Yyfromthe process 300 (block 225). - 1f the EPT value is set to zero, the

Feping Repmimecoyirimal oo it Pafes AEESPruies e JUBEE ML o' 20

;ggg%ﬁs{; t@mdrng d%rpim\l/ ?hre i;[lxgjlitsogcgn? ;hrt]: pgorégss%é)g. ﬁ'Q}?era%ucg B "rbﬁﬁ)"',l thé pr%Elgs yfe process 200

causes the application to sleep for the estimated amount of time left (EATL) determined
by process 300 (block 220). Ifthe EATL value is set to zero, the application sleeps for
one timer tick interval (TTI) (block 220). Further, after sleeping for the designated

15 amount of time, the process 200 starts again from the beginning at block 210.

However, if the device is "not busy", the process 200 causes the application to
sleep for the estimated processing time (EPT) from the process 300 (block 225). If the
) EPT value is set to zero, the application sleeps for one timer tick interval (TT 1) {block
225). After sleeping forrthe designated amount of time, the process 200 calls the
20  scheduling driver to obtain the /O operation resuits and the process 200 goes to entry

point 410 of process 400 iflustrated in Figure 4 (block 230).

The scheduling driver is the single agent that coordinates timing among
applications. Each appl ication sleeps for exactly the time periods specified by the

scheduling driver. Any time the driver specifies a zero time interval, the application yields
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poi nt 410 of process 400 illustrated in Figure 4 (block 230). y{f c
" scheduling driver is the single agent that coordinates tinng- @é? (?@B!*
applications. Each application sleeps for exactly the tine periods

specid @mshy the scheduling driver. Any tine the dreeBUSHSEIf ies a zero
time interval, the application yields 18 A 7 DEC 2004 WO 02/ 03212

PCT/ US01/ 18673 its tinme slice by sleepi n% for a timer trick interval (TTl).
Thi s itstirae tlige bypleerand g2 §W§t@?ﬁ'“'§6’ﬁb‘aﬁ‘i)er hisidpte R CPHEINESYFEB t he next
application in line, but the current application remains runnable.

Fur t heshedufenswitahitbel GPUneytha nexs applicsion di hings B thafarmentaapicgiitfes such that, when
there are applications sleeping, they will all beconme runnable on the sane
t i merrempiokTunBabit. giiriey theschsdyling e v corimplgs the slesryoes sppdidiss 400 for the
scheduling driver to provide the 1/0 operation results to the application
or arwhesttherare dpplicetiens Sieeming (hey will Bhiscemagmpaie anfhe 1ams timesiekct i on to be
conpleted to the application according to one enbodinent of the invention.

Upon the entry point (block 410), the process 400. determnes if the device
i sdstill ISI%SF%P@%g‘%h'”ﬂ?‘aﬂ%%i”ﬂ‘gfsﬁ@f&i%?@&‘g‘g@@g?mr&k 415). 1f 10 the
device is still busy processing the 1/0 request, then .the process 400

cal cuiremidesthe @ Opé@fl%’éflgfa‘ paleaton ﬁ{eawféﬂg'fdﬁg RGCTERSHNC (bl ock 420). The

EPTR value is cal cul ated by, sub %@Cti n% t[he.el a sg}%ti ne since the request
was g@taﬁrv@aquﬁhﬁ#@ﬁrén%gttq"ﬁ%%‘ij’"ﬁ’ﬁ de theggp ‘%F‘?fb“?‘ﬁ FO9% the EPTR value is

negative then the EPTR value is set.to zer (%I ock 4%88 Next, the process
400 prbodimest afhe ‘EF”HQOR‘faVEf@t'ﬂ"o“”f’?i@"‘&b@l'chég?)o CPBFHERY425). The 15 process

400 returns a "working" signal .to the Etocgs& 200 a q%(?ﬁg tﬁ bl ock 235 of

ythe detarestbogeries 3t BisdaorknEanEre g r LOReaes Plod i Phellor her hand, i f
t he process. 400 has conpleted the 1/ 0O request en, t rocess clears the
| e kg'lf deyiggyischll Sewy RIS@?@"QQ&?(I? 0 "E‘W?t’ﬁ???ctgggmﬁ?ﬁ%bocégc“[‘]‘ﬁ% ﬂ%/ 0 operation

et g e remaming (EPIRYGRRL 436 THEEPRRILGEL LARuLRYBFK 440): The

subtracting the elapsed time since the request was started from its estimated processing
time (EPT). If the EPTR value is negative then the EPTR value is set to zero (block 420).
Next, the process 400 provides the EPTR value to the application (block 425). The

15  process 400 returns a "working" signal to the process 200 and goes to block 235 of the

process 200 illustrated in Figure 2 (block 430).

On the other hand,. if the process 400 has completed ';he I/O request then the
process clears the locked flag (block 435). Next, the process provides the /O operation
results (retrieved from the device) to the application (block 440). The process 400 returns

20 a"complete” signal to the process 200 and goes to block 235 of the process 200 illustrated
in Figure 2 (block 445). As with the code for process 300, the code for implementing the
process 400 for the scheduling driver is a critical section of code and is a piece of code -
that cannot be reentered. - At any given time, any number of applications may be waiting

for the locked flag to become clear so that they can initiate their request.
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20 a "conplete" signal to the process 200 and goes to bl ock ZSiJof Et&t;e
" process 200 illustrated in Figure 2 (block 445). As with the &dddlor004
process 300, the code for inplenenting the process 400 for the scheduling
driweooreszee critical section of code and is a piece PEI/USOUEB63Y hat cannot be
reentered. -At any given tinme, any nunber of applications may be waiting
for the locked flag to becone clear s that hey_caﬂ irl{jtiate their ‘
request . REuming tpEGuEGoihe\Woces 208 setormpest ilkde RS54 T HPhi ng to Figure 2,
the process 200 deternmnes if the gevi ce.is still woﬁrﬁgi nﬁg{h based upon the

i npubased ppsm thhiaps Semghe progsss 400. dFae geiredsstillavakipg: P23k8 MRINYE based upon the
recei pt of the "working" signal fromthe process 400, the process 200

caus eeseiptnd thesfysrkingt signal Fom BreassessP0therracsst HlcatrepBeess time remai ni ng
(EPTR) (block 240). If the 5 EPTR value s set to &3 b‘tfg'te?n t he

app! rpditdtion tesleapfer the estigiied prasess twedﬁmii*ﬂ%ﬁ}’éﬁf*)ébﬂ?‘ﬁs—‘* FOE8EK 240). After

sl eepi ng for the designated amount of tine, the proces BOO returns to the
bb oc kP DR @alueisagidp Aeredhan thhaprhieation SEFRsdords VBer 1oy l?*FsYa'a@'& obtain the 1/0
operation results (block 230). However, .if the %O@SSS 400 has conpl et ed
the (blagk 2e@uedter lerpingfantheidesidnpied 3HOHY 8ERS IR 40 FHR™F IO oper at i on
results and returned a "conplete" signal, to.the nrocess 200, the I/0O

r equibg blopls2H}H to@sain edll By sahpdrliag Ariye &e ?%?Pd(%lmb'bﬁ?c yg)sﬁp.craﬁ%'k‘icflﬂfshe process 200
causes the application to sleep for one timer tick interval (TTlI) before
cont (ogk A30X bl ock 250). This is to permit other waiting applications to
run imedi ately after this application has conpleted the I/0O request,

e L SRS Rl AR ES L REPS TR RLFERR AL 1,05 (1T
1o DRSS B B e R T s, oot 10
I nt e.’ZrGB}J t é ﬁO chl!Jurchtf}g ;rJr’ocetspe% biyrt]}\lleear;])tpiic%%o@&%c%\ﬁ?). tﬂl&é th\gi ptr&%tzoﬁaUSi ng system
causes the application to sleep for one timer tick interval (TTI) before continuing {(block
250). This is to permit other waiting applications to run immediately after this application

has completed the I/O request, which is necessary to guarantee faimess. The process 200

15  isthen terminated (block 255).

The processes for the interaction of applications with the scheduling driver provide
an elegant way for many competing épplications te fairly shar;: access to a device that
does not generate interrupts. Further, the invention aéhicves this without causing system
performance problems by using an estimate of how long the device will take to complete

20 eachrequest. Sinceall wéiting application become runnable on the same timer tick, the
scheduling driver schedules them in the same order that they would be scheduled if they
were all blocked waitihg for the device to become available. H-owcw,r, this assumes that
the OS schedu]err fairly picks the next process context to run from among a group of

process contexts that have just become runnable at the same time. Thus, the fairness of
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performance problens by using an estimate of how | ong the device will take
" to conplete 20 each request. Since all waiting application becodd Mithdbie
on the same tiner tick, the scheduling driver schedules themin the sane
or dewgdratzibhey woul d be scheduled if they were allpdt/gskiadsssai ting for

t he device to become avail able. However, this assunes that the OS
scheduler fairly picks the next process context to run fromanong a group
of  prbrinyng daisr ielse badsdon Hgfeimjesssaf thsarwonts contemiadfieduling bydke same time. Thus,
the fairness of 20 1 7 DEC 2004 WO 02/03212 PCT/US01/ 18653 schedul i ng

dri veehgdyleapithe presaiiag systamhd o gkarmms shedfiventins oo bwitomubiiieves chedul i ng by
the scheduler of the operating system For exanple, the invention works
wel | rwrtdfomISQHEFheivréPscdrbm@ﬁaromfg%n@memat@gsymde-bywmdowoﬁ&ft W ndows
operating systens (e.g. Wndows 98, w ndows NT 4.0, Wndows 2000) that
oper atiedaveil¥T 4.0, Windeyvs2000) theteperatefeinlyi Gandrallybibe inventinmiis bedt t o work wit h
operating systens in which applications generally remain at the sane

pPi ospited th worq withepewiiog systiensan whish rpplicgionoganemlly ewaln atgiessaing r ound robi n
order. However, it should be appreciated that the present invention can.
al sopupity lsvel andwrhers apatticylar pragritiefoyelatns ippandiobingrésys Hewevarhibdul er s t hat
utilize differing priority schenes. It should be appreciated that the

pr evEhoydd Be agprseinicd dat the nesind makntivo sposieawak wakh with@ wWide varishesfent ed i n
hardware, software, or a conbi nation of hardware and software. Wen

i npl eppszingdystem sehedulers dat ytilige difenpgpripriaf schéreespr esent i nvention are the code
segnents to performthe necessary tasks. The program or code segnents can

~ be stored in a nmachine readable nmedium such as a processor readable
y medi um or I%“&b’ﬁﬁﬁ?@ﬂmﬁﬂ‘ﬁg‘#%ﬁ?%ﬂﬁﬂe’éﬂ deggribed BiRgticrekempeyenss @8nput er dat a

gnal  enbodied jn,a carrier wave, or a signal nodulated 15 by a carrier,
i@ pb"af“tﬂ'“&?*?gﬁfié% ﬁW%anﬁ?ﬁrésﬂ{é'CHEéﬁﬂw@-qf bajduae andsadimam- nlYen ncl ude any
medi.um, t hat can storﬁ o& tran§fer i nformation jén a formreadabl e and
exectipiggreatedyn spfwaer, fie glements f the prsseit inveriion are tho,sadefeamentie ) . Exanpl es of
t he hi ne- r eadabl ﬁli um include an electronic . circujit, a sem conductor
o%g‘eéﬁgesgrﬁaﬁﬂsﬁ? ? Prggw%ﬁﬂgeys,chawts can be stored in a machine

readable medium, such as a processor readable medium or a computer program product, or
transmitted by a computer data signal embodied in a carrier wave, or a signal modulated
15 by a carrier, over a transmission medium. The machinc—;’cadabfe medium may include any
medium that can store or transfer information .in a form re_adable and executaﬁ!e bya
machine (c.g. a processor, 2 computer, etc.). Exémp]cs of tﬁe machine-readable medium
include an electronic circuit, a semiconductor memory device, a ROM, a flash memory, an
erasable programmable ROM (EPROM), a floppy dfskette, a compact disk CD-ROM, an
20 optical disk, a hard disk, a ﬁben: optic medium, a radio frequency (RF) link, etc. The
| computer data signal may include any signal that can propagate over a transmission
medium such as electronic hetwork channels, optical fibers, air, electromagnetic, RF links,
etc. The code segments may be downloaded via computer ietworks such as the Internet,

Intranet, etc.
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"CD-ROM an 20 . optical disk, a hard disk, a fiber optic nedium

)

erasabl e programmabl e ROM (EPROM), a fl oppy diskette, a conpact d'zsk

16 Bagi gy
frequency (RF) link, etc. The conputer data signal nmay include any signal
t hat woanpriopagat e over a transm ssion medi um such Bsrredseeassseni ¢ net wor k
channel s, optical fibers, air, electromagnetic, RF Iinks, etc. The code
segnents may be downl oaded via conputer networks such as the |Internet,
| ntranet, Iepaticddr, ib ovie DE® R0 o{iiE R0 BRIt PG TRUSHaduliBSdR/e n particul ar, in
one enbodi nent of the present invention, the scheduling driver 189 can be
gener Elcgn bagenemtin trepdementadhie thediost corapipent 18P 25196 cagroem@mPieior e conput er
prograns, which execute under the control of the operating system 185 to
per f oprogrting whithsixecatt inderché amgolnf dheiopersiing suetemrlBhaperBrarthe conput er
prograns are conprised-of instructions (e.g.” code segnents) which when
read desiccdefumtivhemeigustyrdesaidagput er, cause the conputer to performthe
operations necessary to inplenent and/or use the present invention.
General ly, the computer prograns are tangi bly enbodi ed 'Sn and/ or readabl e
f om a devhe eompdar pragramsawe ¢Aserised of ipsiuctiaes (SentRds seqagnis é"thl?gage devi ces,
and/or a renote device coupled to the conputer via data ,10 conmuni cation
devi cden resdded exsowied b the pompiterguTeAbs GogPasEtogE form the OBERNATSr  progr ans may
be | oaded from nenory, data storage devices, and/or renote devices into the
menomgcessy olimplemapineior 156 the EesedupYeReto SEPHRING A COMPYET t he schedul i ng
driver 189 according to one enbodi nent of the present invepntion may be
i npl emsmreschratngibiverbedied magdoatepdabledomyeayisges Fé%%ib‘?"é'%ﬁ‘&ﬁum (e.g. 15 a
processor readable nediumor a congut er rea\dabl e medi um . usi ng standard
pr ogrameinaty, datelstoracedryicss ard/pip TBekEYEReupigd &%H&%@P%ﬁf"t%@’?%, firmare,

~hardware, or any conbination thereof, The term "nmachi ne readabl e nedi unf

(18r abmwmunigatiopdpyices. Under control of the operating system, the computer programs

may be loaded from memory, data storage devices, and/or remote devices into the memory

of the computer for use during operations.

Thus, the scheduling driver 189 according to one embodiment of the present
invention may be implemented és a method, apparatus, or machine-readable medium (e.g.
15  aprocessor readable mcdiﬁm or 2 computer readable medium) using standard
programming and/or engincéring techniques to producc software, firmware, hardware, or
any combination thereof. The term "machine readable medium" (or alternatively,
"processor readable medium” or "computer readable medium”) as used herein is intended
to encompass a medium acceésib!e from any machineﬁproccs_s/computer for reading and
90 execution. Of course, those skilled in the art will recognize that many modifications may

be made to this configuration without departing from the scope of the present invention.

The processes for the interaction of applications with the scheduling driver,
according to one embodiment of the present invention, provide an elegant way for many

competing applications to fairly share access to a device that does not generate interrupts.
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"processor readable nmediunt or "conputer readable nedium') as used herein
"is intended to enconpass a nedium accessible from any A7 DEC 208
machi ne/ process/ conputer for reading and 20 execution. O course, those
ski lveh2k5p1t he art will recogni ze that many nodifi cagdoosninesss be made to
this configuration without departing fromthe scope of the present
i nvention. The processes for the interaction of applications with the
schedpiel ipgntsr atBieves this adthditregpsing spsteen perfsodinve problsmsibiiasipg 8'ent i nvent i on,
provi de an el egant way for many conpeting applications to fairly share
acCes&tihate af KRvioae thellaticelwdbtalab coaplete atch requedtr Fugshes, thoipvertion DEC 2U WO
02/ 03212 PCT/ USO01/ 18653 The invention achieves this w thout causing system
per f aABRAGwIE Abitepeaing sysitmg Iaddes neblorling & alfin hewchedwipetdnEcrdevi ce wil |
take to conplete each request. Further, the invention can work w th nost
oper alji BMekkmY S4 BB in tht agidiestionaotid. ouiditiogallyt evdnithqugh derdcesediedtul i ng driver- all
bl ocking is done in the application code. Additionally, even though device
I e3)UeShchronsAtie i doheziatdi ffaverit svaptoomedifforerd opératingraystoms ShediogFEs er ent oper ati ng
systens, the processes wutilized in the present invention tend make it very
por t akiiieed iAtHR Qrestdtényentiaetasd makeatnenoperieblegant | y handl es the probl ens
created when a device can take a very long tine to service a request
(several seconds or nore), since the application's process context sinply
remai ns blAtokibe presert invewtiny cigantly hawilesibe prabeme roaiey IR 74P he schedul i ng
driver is passive and idle. Wiile the request is bein rocessed, no
scheduh izkga dery lmg timedo serviss 2 FFABE! (SeVCRAMAANE\Pr IR pHRFE context, so if a
process context is term nated abnornplly during a _deévi ce request, the
syst epplicationtstprotess conlekt simgly rermainghAeckein asteep sy WHBR e ¥ schedul i ng
driver's critical sections does not block or pol.l, allagw ng these sections
t10 benésictsedddingekiver is passvp 2pdsidiendhile derequgst 'g @@F%Pﬁ"%“t%‘gi Mty, 15
per formance, and responsiveness., Further, no poll.ing whatsoeyer is done in
the sstedalihgldrimer resoutces needds owegs Ry 25y BfGFFSéémE‘@P r‘? %&ﬁﬁﬁﬁ%&"}/as ks during
I/ O processing. . .

is terminated abnormally during a device request, the system is not destabilized. In

particular, the code in the scheduling driver's critical sections does not block or poll,
allowing these sections to be exited quickly, which is important for system stability,
15 performance, and responsiveness. Further, no polling whatsoever is done in the

scheduling driver. Host CPUs are free to perform other tasks during 1/O processing.

The application side of the present invention can easily be encapsulated in a library
that makes a dc;'icc request look like a blocking call from the point of view of other
application code. Further, the invention uses primitives that are generally available on

20 most operating systems (i.e. sleep, get current system time). The processes of the present

invention implemented with the scheduling driver are very fair to competing applications.

While this invention has been described with reference to illustrative cmbodimcnts,
this description is not intended to be construed in a limiting sense. Various modifications

of the illustrative embodiments, as well as other embodiments of the invention, which are
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The application side of the present invention can easily be encapsulated in
“a library that nmakes a device request |ook like a blocking chlf DEtrgmwthe
poi nt of view of other application code. Further, the invention uses
prinkdioves i hat are generally avail able on 20 nost oaredenngsssystens (i.e.
sl eep, get current systemtine). The processes of the present invention
i mpl emented with the scheduling driver are very fair to conpeting
app! iapmtdnotuspersohs $kelledhn theiarivewhichthe inysntiraearteiasae disadig i reference to
illustrative enbodinments, this description is not intended to be construed
i N awvlithimthd spiritsd senpe Vhthe owsntrondi f i cations of the illustrative
enbodi nents, as well as other enbodi nents of the invention, which are 23 A
7 DEC 2004 WO 02/03212 PCT/ US01/ 18653 apparent to persons skilled in the
art to which the invention pertains are deened to lie wthin the spirit
and scope of the invention. 24 1 7 DEC 2004 What is clained is: 1. A nethod
for inplenmenting a protocol in a scheduling driver utilizing tinme
estimates, conprising: 5 calling a scheduling driver to start an
I nput/ Qut put request to a device for an application, the device being one
of a plurality of different types of devices useable by an application;
determning if the device is busy; if the device is not busy, providing an
estimated processing tine for the 10 Input/Qutput request to be conpleted
for the application, wherein the application sleeps for the estinated
processing time; and | oading the scheduling driver into an operating system
such t hat
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applications are capable of generating |nput/Qutput requests to the device.
15 2. The nmethod of claim1l, wherein determning if the device is busy
conprises determ ning whether a |locked flag is set, if the I,0 k€ fe}a is
set the device is busy and if the locked flag is not set thé ge@ Q ﬂﬂg not
busy. 3. The nethod of claim11, further conprising, setting a |ocked:flag
if the device 20 is not busy. 4. The nethod of claim1, further
conprising, calling the scheduling driver to obtain Input/Qutput operation
results after sleeping for the estimated processing tine and determ ning
if the Input/Qutput_ request has been conpleted. 25 5. The nethod of claim
4, furth¥yhatisHaimedisy, clearing a locked flag if the |nput/Qutput request
has been conpleted. 25 1 7 DEC 2004 6. The method of claim4, further
conprising, providing the Input/Qutput operation results fromthe

| nput / Qut put request if the Input/Qutput request has been conpleted. 5 7.

The met hed of A Ghdthdl fbr Cﬂéh@ﬁtmgwﬁmd@i MOa sehezRMgdrived Ltikzirg e ti ck
interval if the Input/CQutput request has been conpleted. 8. The nethod of

cl ai m 4, estinatefe FOPBIRNG si ng, cal cul ating an estinmated 10 processing tine
remai fi ng f orcAliig o stRedUlikY Hidgr td SEras IndudObputenpéstted deviée fohen | nput / Qut put

request has not been coppl et ed, . an ovidin he estir ocessi ng
time renﬁ?ﬂ‘ﬂFﬁ@“t'&et‘ﬁé'c%lgg'Pg €4 p{)ﬂpﬁl@%ﬁgﬂ#&%}@geap %:?‘é:cl%tr?ﬁ%?a %rt her
conpri si pgan asplisateapi ng for the estinmated processing tine renaining;

calling the S&?&%‘.’Aiﬁgnéﬁm%rde‘éﬁé istbcl’;sgcx’;bt ain the | nput/Qutput operation results

if the device is not busy, providing an estimated processing time for the
10 Input/Output request to be completed for the application, wherein the application
sleeps for the estimated processing time; and
loading the scheduling driver into an operating system such that
applications are capable of generating Input/Output requests to the device.

s 2. The method of claim 1, wherein determining if the device is busy comprises
determining whether a locked flag is set, if the locked flag is set the device is busy
and if the locked flag is not set the device is not busy.

3. The method of claim 1, further comprising, setting a locked:flag if the device

20 is not busy.

4, The method of claim 1, further comprising, calling the scheduling driver to
obtain Input/Output operation results after sleeping for the estimated processing
time and determining if the Input/Output request has been completed.

25

5. The method of claim 4, further comprising, clearing a locked flag if the

Input/Output request has been completed.
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after sleeping for the estinmated processing tinme renmaining; and determ ning
if the Input/Qutput request has been conpleted. 20 10. The net og S%%gﬁﬁhn1
9, further conprising: determning if the Input/Qutput request-thas

conpl eted and cal culating an estinmated processing tinme renmaining for the

| nput/ Qut put request to be conpleted, if the Input/Qutput request has not
been conpleted; sleeping for the estinated processing tinme renaining; 25
calling the scheduling driver to obtain the Input/CQutput operation results
after sleeping for the estinmated processing tine remaining; and if the

| nput / Qut put request has not been conpleted, 26 A 7 DEC R repetitively
perform ng the above operations until the Input/Qutput request has been

conpleted. 1 The h | A -Lher Y] qating an
esti mat eg' armLUFﬁ m%ﬁ% Ofi%g?i$|‘£ff unrtlic?%%éef de‘e}r?\ggmévitﬁ% qg%lﬁ?vlg'?q able if the
devi ce i spdation resnits fromvihdi Inputthdput gequeshifetiednpuliutpift repvast et . 12. The
nmet hod OF)%C| ai_m Jté‘d further conprising: sleeping for the estimted anount

of time ?n[c:'onﬂja cdlling the scheduling driver to start the | nput/Qutput
request to the device after sleeping for the estimted anmount of tinme

| eft;%and determining if the device is still busy. 13. The method of claim
12, further conprising: 15 determning if the device is still busy and

cal cul at 7ng tTre methodaf daimedriurtiter conprsings sieeping {preitimer figk iglenatd wil | be
avai | abl i i i i ssy; sleeping for the estinated anount
of time ﬁgflééu@ﬁu?ﬁeéhgﬁgaggﬁéﬁdﬁwé\?g driver to start the I|nput/CQutput
request to the device

8. The method of claim 4, further comprising, calculating an estimated
10 processing time remaining for the Input/Output request to be compieted, if the
Input/Output request has not been completed, and providing the estimated

processing time remaining to the application.

9. The method of claim 8, further comprising:
15 sleeping for the estimated processing time remaining;
calling the scheduling driver to obtain the Input/Output operation results
after sleeping for the estimated processing time remaining; and
determining if the Input/Output request has been completed.

20 10.  The method of claim 9, further comprising:
determining if the Input/Output request has been completed and calculating
an estimated processing time remaining for the Input/Output request to be
completed, if the Input/Output request has not been completed;
sleeping for the estimated processing time remaining;
25 calling the scheduling driver to obtain the input/Output operation results
after sleeping for the estimated processing time remaining; and
if the Input/Output request has not been completed,
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for the application, after sleeping for the estimated anmount of tine left;
and 20 if the Input/Qutput request has not been started, repetitively
perform ng the above operations until the Input/CQutput reques} 7 DEE DEEN
started. 14. A machi ne-readabl e nmedi um havi ng stored thereon’instructi ons,
whi ch 25 when executed by a machi ne, causes the machine to perform
operations conprising: calling a scheduling driver to start an

| nput / Qut put request to a device for an application, the device being one
of a plurality of different types useable by an application, wherein the

schedul i ng dr iréb%{iti\}em%e%faﬁﬂihg tfe Bh&VeOsRlatihd DGt thermpRFOdtpift BEEs2004
estimates enabling the scheduling driver to be usable wth a device that
does not hagbeteandPleted-errupts; deternining if the device is busy; and if
the device is not busy, providing an estinmated processing time for the 5
| nput / Qut put request to be conpleted for the application, wherein the
application sleeps for the estimted processing tinme. 15. The

machi ne- neadakhg rERdincrim al fiheddompheny @bRuldigeamestintged dméune  devi ce s
busy conmprises determ ni ng whet her q Lgckgd.fLag S sgtkwkh1t$g | ocked fl ag
10 i s 5setf time lefleyti thej devisg il bg,availpdle dng SRS PHEY Y PHOI et t he devi ce
I'S not bysmatéed®amdid@ ofB@BiIgie- r eadabl e medi um of claim 15, further
conprising the operation of setting a |locked flag if the device is not

busy. 15 17. The machi ne-readabl e nedi um of claim15, further conprising
the operations of: calling the scheduling driver to obtain |nput/CQutput

operation results after sl i for the estimated processing tine;
P 12. The method of claim ‘F 1e Ft)urn'%r comprising: P g ’

sleeping for the estimated amount of time left;
10 calling the scheduling driver to start the Input/Output request to the device
after sleeping for the estimated amount of time left; and

determining if the device is still busy.

13.  The method of claim 12, further comprising:
15 determining if the device is still busy and calculating the estimated amount
: of time left until the device will be available, if the device is still busy;
sleeping for the estimated amount of time left; ‘
calling the scheduling driver to start the Input/Output request to the device
for the application, after sleeping for the estimated amount of time left; and
20 if the Input/Output request has not been started,
repetitively performing the above operations until the input/Output request

has been started.

14. A machine-readable medium having stored thereon instructions, which

25 when executed by a machine, causes the machine to perform operations
comprising:

calling a scheduling driver to start an Input/Output request to a device for an

application, the device being one of a plurality of different types useable by an

application, wherein the scheduling driver implements a protocol using time
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determining if the Input/Qutput request has been conpleted; and 20 clearing
a locked flag if the I nput/Qutput request has been conpleted. 18. The

machi ne-readabl e medi um of claim 17, further conprising the gﬂer '?@m of
provi ding the Input/Qutput operation results fromthe I nput/< tgﬁﬁj ﬁ est
if the Input/Qutput request has been conpleted. 25 19. The

machi ne-readabl e nmedi um of claim 17, further conprising the operation of
sleeping for a timer tick interval if the Input/CQutput request has been
conpleted. 28 ,1 7 DEC 2004 20. The nmchi ne-readabl e medi um of claim 17,

further COERLLS! H&blﬁqﬁ%e Qar%aalrn&cmﬁeptfo KAl auleakitng davice Bt BBéserbtpr ocessi ng
time remal ning feor the Input/Qutput request to be conpleted, if the

I nput / Qutgeneratedotgeuptshas not been 5 conpleted, and providing the estimated

processing ti H&efrﬁﬁﬁ%ri\‘itﬁ@dew%b-is Bilig; swehi ne-r eadabl e nedi um of claim 17,
further conprising the [

| he operations _of: sleeping for the.es&i ted
processi ng ti ifdhe dpdrishget usycaoviding Et%%s"g'g"ﬁ%cgﬂ'ioic?ﬁf"@r'i”{)% o 8%obt ai n the
| nput 5OutMik/ORRRE Adues: thasidnipletd @ ths lappIRatich, fwderdit theeariicatioad pr ocessi ng
time remaining, determining if the Input/Qutput request has been conpl eted;
det er ni nislggPs for theeestimated PERRERTIRY IMBGuest has been conpl eted and cal cul ati ng
an estinmated processing tine remaining for the Input/Qutput request to be
15 conpleted, if the Input/Qutput request has not been conpl eted; sleeping
for the estimated processing tinme remaining; calling the scheduling driver

to obtai A5t heThdRichiAdlBadabRP ffediunDBf ekl 145 wiai¢inrdesdroingn@ ther t he
O e St s oL SRR A Wet 7S dked fiy BB Ap G cauest has

10 is set the device is busy and if the locked flag is not set the device is not busy.

16.  The machine-readable medium of claim 15, further comprising the operation

of setting a locked flag if the device is not busy.

15 17. The machine-readable medium of claim 15, further comprising the

operations of:
calling the scheduling driver to obtain Input/Output operation results after

sleeping for the estimated processing time;
determining if the Input/Output request has been completed; and
20 clearing a locked flag if the Input/Output request has been completed.

18. The machine-readable medium of claim 17, further comprising the operation
of providing the Input/Output operation results from the Input/Output request if the

Input/Output request has been completed.

25

19.  The machine-readable medium of claim 17, further comprising the operation

of sleeping for a timer tick interval if the Input/Output request has been completed.
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20 repetitively performng the above operations until the Input/Cutput
request has been conpl eted. 22. The machi ne-readabl e nedi um of claim 14,
further conprising the operations of: calculating an estinat ? unt of
time left until the device will be 25 available if the devict @
providing the estimated anount of tine left; sleeping for the estlnated
anmount of tinme left; calling the scheduling driver to start the

| nput/ Qut put request to the device after sleeping for the estinated anount
of time left; and 30 determning if the device is still busy. 29 J 7 DEC
2004 23. The machi ne-readabl e medium of claim22, further conprising
perfornlng the operations of: determning if the device is still busy and

cvai | ool @0 1 ToRGraEVCEeraIR Repu, . BBFE P A e e e " ount

avallablg usy; eplng | mat ed anmount
of time Ioﬁérbtuortsaldfl cq;cmétmgsaheelsﬂmahgi ohfomslng otmEaretma"mu | fepulhe Qut put

reauest 0 dBSRe ey S EimBRBEDK MR, iiyblfueRduER e AR of ti e

|l eft; eques not een started, 10 repetitively
per f orsm rgmpledabal/@odgdieg ﬁta estimatediprécessieg impemMaNNGuUt request has been
started. 24. An apparatus conprising: a processor having a nenory connected
thereto, the menory storing an 15 application, a scheduling driver, the
application calling the scheduling driver to start an |nput/CQutput.

request tzge\“ feyi %gt:hlrli%]l%agé‘ﬁ%cﬁe&ﬁﬁnn%f Oagirrpfﬂa thHéraldoFrﬁSrIQﬁg dihkf er ent

types of ces useab n application;
operations of:

sleeping for the estimated processing time remaining;
10 calling the scheduling driver to obtain the Input/Output operation results
after sleeping for the estimated processing time remaining;
determining if the Input/Output request has been completed;
determining if the Input/Output request has been completed and calculating
an estimated processing time remaining for the Input/Output request to be
15 completed, if the Input/Output request has not been compieted;
sleeping for the estimated processing time remaining;
calling the scheduling driver to obtain the Input/Output operation results
after sleeping for the estimated processing time remaining; and
if the Input/Output request has not been completed,
20 repetitively performing the above operations until the Input/Output request

has been completed.

22. The machine-readable medium of claim 14, further comprising the
operations of: calculating an estimated amount of time left until the device will be
25  available if the device is busy,
providing the estimated amount of time left;
sleeping for the estimated amount of time left;
calling the scheduling driver to start the Input/Output request to the device
after sleeping for the estimated amount of time left; and

30 determining if the device is still busy.
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the scheduling driver, determning if a device is busy; and 20 if the
device is not busy, providing an estinmated processing tinme for the

| nput / Qut put request to be conpleted for the application, wherein the
application sleeps for the estinmated processing tine, whereiinf tDEC 2004
scheduling driver is |oaded into an operating system such that

applications are capable of generating |Input/Qutput requests to the device.
25 25. The apparatus of claim24, wherein determining if the device is busy
conprises determ ning whether a |ocked flag is set, if the locked flag is
set the device is busy and if the |locked flag is not set the device is not
busy. 30 1 7 DEC 2004 26 The apparatus of claim 24, wherein the scheduling

driver sets a_] ocke i f the devjce.isS ar at us of
claim 24,23wheiré ifikas Be'é PPIE JPFB O CRIM efu'is]@% W‘?"ﬁ&‘a v%?pto obt ai n

| nput / Quthadpergiensibt on results after sI eep| ng for the esti mat ed processing
time and deter

nes. if ut/ u oanRlgted. 28. Th
appar at us of g‘ir’pﬁ "?W'?gi'f tf)\%g?‘@‘f IS (ST @héen(?u(%%ga%h?p\?/ez |E19e({](r:s anFocked flage
i f the | eptirhé Retuptitthe eepicestill baavdiebla, ithepkdtes. stltlbusarg The apparat us of

claim 24, wherein the,sc vides the |nput/CQutput
operation resﬂF?pén%;éom%teEﬁ'qw &P%ﬁﬂtaf%@ I?(!E:afpuest to the appl i cat Pon if the
| nput / Qut put  catiingetbe sﬁmluﬁ@edrlvebmt@!ttm |nﬂ®@y@UtWe§b‘ﬁé€ feMceof cl ai m 24,

wher ei n %ﬁ rs?e%glnaqgrtthﬁgsstﬁtﬁgcpéngﬂﬁ oftiché R ald Ck  interval if the

I nput/ Qu een conpleted.” 31. The apparatus of claim 24,
wherein the s&thedwut/@!tmﬁ ran@estd@s@e! kaeastagied,

10 repetitively performing the above operations until the Input/Cutput request

has been started.

24.  An apparatus comprising:
a processor having a memory connected thereto, the memory storing an

15  application, a scheduling driver, the application calling the scheduling driver to start
an Input/Output request to a device, the device being one of a plurality of different
types of devices useable by an application; and

the scheduling driver,
determining if a device is busy; and

20 if the device is not busy, providing an estimated processing time for

the Input/Output request to be completed for the application, wherein the

application sleeps for the estimated processing time,
wherein the scheduling driver is loaded into an operating system such that

applications are capable of generating Input/Output requests to the device.

25

25. The apparatus of claim 24, wherein determining if the device is busy
comprises determining whether a locked flag is set, if the locked flag is set the

device is busy and if the locked flag is not set the device is not busy.

30



estimated processing tine remaining for the I nput/Qutput request to be
conpleted, 20 if the Input/Qutput request has not been conpl eted, and

provi des the estimated processing time renmaining to the application. 32.
The apparatus of claim 31, wherein the application: sleeps fogyt@ec 004
estimated processing tine remaining; 25 calls the scheduling driv r tg
obtain the Input/Qutput operation results after sleeping for the estimated
processing time renmaining; and determnes if the Input/Qutput request has
been conpleted. 31 I | DEC 2004 33. The apparatus of claim 32, wherein the

appl i catj@n: Tr{éeéspﬁﬁféit&eéf didim Rewh B th S EHRY inG Ve et @ fockeEfagc onpl et ed;

sl eeps for the estinmated processing tine remaining calculated by the 5
schedul iihthedievigeis;notbBlsYs t he scheduling driver to obtain the |nput/Qutput
operation results after sleeping for the estinmted processing tine

remai ning; and if the Input/Qutput request has not been conpl et ed,
repetitively performng the above operations until the Input/Qutput request

10 has bgen Cﬁl@péﬁ)tag#us 3f claif ©42RPafel the ﬁfpliﬁé’@h ngaflé theVaetiediuling he

scheduling driver calculates an estimated anpunt of tine Jeft until the
devi ce wiiriver i ohtaii Input@uipyt pparatiginresults pBer pleepng,dorgite; edimated, sy, and

provi de%r&&b%sﬁﬁkah%%aﬁe@ﬁﬁmeé if e IhpWOULST feduestiHae beds canpleiedat i on” 35. The
apparatus of claim 34, wherein the application: sleeps for the estimated

amount of tinme left; calls the scheduling driver to start the Input/Cutput
request to the device for 20 the application after sleeping for the

estimated amount of tine left; and . .
28. The apparatus of claim 27, wrl'nerein the scheduling driver clears a locked

flag if the Input/Qutput request has been completed.

10

29.  The apparatus of claim 24, wherein the scheduling driver provides the
Input/Output operation results from the Input/Output request to the application if the
Input/Output request has been completed.

15 30. The apparatus of claim 24, wherein the application sleeps for a timer tick

interval if the Input/Output request has been completed.

31. The apparatus of claim 24, wherein the scheduling driver calculates an
estimated processing time remaining for the Input/Output request to be completed,
20  if the Input/Output request has not been completed, and provides the estimated

processing time remaining to the application.

32. The apparatus of claim 31, wherein the application:
sleeps for the estimated processing time remaining;
25 calls the scheduling driver to obtain the Input/Output operation results after
sleeping for the estimated processing time remaining; and
determines if the Input/Output request has been completed.

31



determnes if the device is still busy. 36. The apparatus of claim 35,
wherein the application: determnes if the device is still busy; 25 sleeps
for the estimated amount of time left calculated by the schedylj q?#:qQQ
calls the scheduling driver to start the | nput/Qutput request to i ce
for the application, after sleeping for the estinmted anmount of time left;
and if the Input/Qutput request has not been started, 32 T DEC 2004
repetitively perform ng the above operations until the Input/Qutput request
has been started. 37. A conputer inplenmented nmethod conprising: 5 calling a
scheduling driver to start an input/Qutput request to a device for an
application, the device being one of a plurality of different types of

devi ces ypeanle - buAk Sl St em L idublie schedul ing dri ver

i mpl enen es enabling the scheduling driver
to be usabl e ddtérmiresdicie tput/Qatputiegueshbas bagsreempteted; nt er rupt s; 10

determning if the d |ce t Aok tQHesy provi di ng
an estinated ?e(?éegog t:ln%te? ﬁ%bﬁémgl h%ﬁt%&aﬁﬁv %rgigglatgst ){o be conpl et ed

for the sghpliulingidriver; wher ein the application sleeps for the estinated

processing ti g, th]eSSCﬁS?uhﬁ? GRURS Bbta mémﬂbﬁﬁ)uﬂgéé?%n%&ws'%ﬂg calling a

schedul i ng dr(f er to an |l np ut Qut put guest to a device for an
appl i catsleenmgfnethd@stlmeteﬂ@rwgswgaﬂfﬁ? T%I“%’P"ﬂ&a’t‘ﬂ ty of different types of

devi ces useah g ﬂBﬁuéﬂtp%P}éhhés"l%bQHotB@%ﬁ%ﬁ’fblﬁte'ﬂg if the device is busy; and

repetitively performing the above operations until the Input/Output request

10 has been completed.

34.  The apparatus of claim 24, wherein the scheduling driver calculates an
estimated amount of time left until the device will be available to the application if

the device is busy, and provides the estimated amount of time left to the

15 application.

35. The apparatus of claim 34, wherein the application:
sleeps for the estimated amount of time left;
calls the scheduling driver to start the Input/Output request to the device for
20 the application after sleeping for the estimated amount of time left; and

determines if the device is still busy.

36. The apparatus of claim 35, wherein the application:
determines if the device is still busy;
25 sleeps for the estimated amount of time left calculated by the scheduling
driver;
calls the scheduling driver to start the Input/Output request to the device for
the application, after sleeping for the estimated amount of time left; and
if the Input/Output request has not been started,
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20 if the device is not busy, providing an estinmted processing tinme for
the Input/Qutput request to be conpleted for the application, wherein the
application sleeps for the estinmated processing time; sleepingjf 21: r
tick interval if the Input/Qutput request has been conpleted; 5&0 ﬂ@F
the scheduling driver to obtain Input/Qutput operation results after

sl eeping for the estimated 'processing tine and determning if the

| nput / Qut put request has been conpl eted; and synchroni zing a system cl ock
with a clock associated with the scheduling driver, wherein the tinmer tick

indicates an in BoutET AR wkdquegt dri ver cl ock
si mul t aneous|™yP %@H@\’ 8\,\& ﬁ?eﬁﬁ%?%@h&%%@nﬁgé %004 39. djl'ur?g nmet hod as

recited hat b&enistartbd. wherein the scheduling driver is a passive software
conmponent. 5 40. The method as recited in claim1l, wherein a single

i nstance of the scheduling driver is shared anong a plurality of
applications that access the device. 41. A nethod for inplenenting a

pr ot ocol a schedul.in tinme esti mat es, conprising: 10
cal l'i ng ‘?‘j sctfeﬂ?ﬂ“i’ if'ﬁ‘P% Het\é%e'(bj d%dngﬁﬁ@?'% ut / Qut gcl’uesft to a device
for an appl i cilihg arschedutingldrives to et ﬁglﬂﬂHTéOB‘PU‘areBF 193 99Y1¥°6M f er ent types

of devices eab ifRFdht Bipag of flevidee wdeakilee is busy;
and if t"f‘f%pl be depc\{e EQBQBRL bﬁ?%’\lljfmfyndg%an esp‘pnaoegzglr OCGSSI 09 time for

the 15 bwarubbmhaunmt mmelq!ue@? Spbe%mtéﬁ‘tﬂré'ﬂ%llm%tﬁ 3 HEOSE SIS0, wher ei n

the appl |G &e% a%lur%eﬂﬁ JoREQUiTRG dRvdritoBE adalle AGtBSBdevpel thatdoestret ei N a
pl urali t?/ Ions sinmultaneously generate device
generate mterrupts

10 determining if the device is busy; and
if the device is not busy, providing an estimated processing time for the
Input/Output request to be completed for the application, wherein the application

sleeps for the estimated processing time.

15 38. A computer implemented method comprising:
calling a scheduling driver to start an Input/Output request to a device for an
application, the device being one of a plurality of different types of devices useable
by an application;
determining if the dévice is busy; and
20 if the device is not busy, providing an estimated processing time for the
Input/Output request to be compieted for the application, wherein the application
sleeps for the estimated processing time;
sleeping for a timer tick interval if the Input/Output request has been
completed;
25 calling the scheduling driver to obtain input/Output operation results after

sleeping for the estimated ‘processing time and determining if the Input/Output

request has been completed; and
syrichronizing a system clock with a clock associated with the scheduling

driver, wherein the timer tick indicates an instant where the system clock and

30  scheduling driver clock simultaneously generate an interrupt.
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| nput / Qut put requests. 20 42. A nethod for inplementing a protocol in a
scheduling driver utilizing tinme estimates, conprising: calling a
scheduling driver to start an Input/Qutput request to a device for an
application, the device being one of a plurality of different] IS 2804
devi ces useable by an application; 25 determning if the device is busy;
if the device is not busy, providing an estimted processing tinme for the
| nput / Qut put request to be conpleted for the application, wherein the
application sleeps for the estimted processing tine; calling the
scheduling driver to obtain Input/Qutput operation results after 34 | .
DEC 2004 sleeping for the estinmated processing tinme and determning if the
| nput / Qut put request has been conpl eted; sl eepir or tier.tick

i nt erval 39f thee maibad AerRGEEY '”r%‘ﬁe@f”%ﬁ?%” tﬂ@éﬁhe%:‘:@%p‘%rgfe 632 SIB%Ci fying a
zero tinEb%ﬁ%@EMﬁbxth the driver; sleeping for a tinmer tick interval
thereby yrelding a tinme slice by the application; and switching, by an

operating system scheduler, the CPUto a next application, while allow ng
the application to remain runnable. 10 43. A nethod for inplenenting a

protocol in a scheduling driver utilizing time esti rising:
cal | i fig A0.schBeriImetped @Fvieeitedy 'rbtciﬁ’rf' inwﬂﬁrﬁﬁ‘t PotiligiGt H?‘té‘ﬁ‘rsfeﬁqﬁg a devi ce

for an  apphiifRidiessis tifedigvbiga pRidlty rpplbticrsthateatessihedeis f erent types
of devi ces useabl e

41. A method for implementing a protocol in a scheduling driver utilizing time
estimates, comprising:

10 calling a scheduling driver to start an Input/Output request to a device for an
application, the device being one of a plurality of different types of devices useable
by an application;

determining if the device is busy; and
if the device is not busy, providing an estimated processing time for the

15 Input/Output request to be completed for the application, wherein the application

sleeps for the estimated processing time,
wherein a plurality of applications simultaneously generate device

input/Output requests.

20 42. A method for implementing a protocol in a scheduling driver utilizing time
estimates, comprising:
calling a scheduling driver to start an Input/Qutput request to a device for an
application, the device being one of a plurality of different types of devices useable
by an application;
25 determining if the device is busy;
if the device is not busy, providing an estimated processing time for the

Input/Output request to be completed for the application, wherein the application

sleeps for the estimated processing time;
calling the scheduling driver to obtain Input/Output operation results after
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15 by an application; determning if the device is busy; and if the device
is not busy, providing an estimated processing tine for the Input/Qutput
request to be conpleted for the application, wherein the appﬁipqﬁyom

sl eeps for the estimted processing tinme, 20 wherein the schedullﬁg gp?ver
does not poll, thereby allowing critical execution sections to be exited
qui ckly. 44. An apparatus conprising: a processor having a nenory connected
thereto, the menory storing an 25 application, a scheduling driver, the
application calling the scheduling driver to start an |nput/CQutput request

to a device. the device [ | 0 ' types of
devi ces ﬂgpé%'iﬂ éorb ©an @S%ﬁi%g?e%gﬁ?qg%%aﬁ 4!13){ egééﬁﬁfgcyi]gl ffrggé gr‘;p?l\ifgpf,puheggr m ni ng
i f a deviegeesthabbegn campiet®)) if the device is not busy, providing an

estimated progessing tji f ; ? 1 onpleted f
t he appli catiSgeﬁe':p'n\%ng)rre‘J’ll ﬁeﬁgr‘:&“&vﬁ‘ W%E@ggg%pgﬁwggt '?%nbg?rgegrs) fe ore thgr

est i mat ecbnpietegssi ng ti ne, wherein the scheduling driver inplenents a

protogol usi iy i ap)| 4 the scheduling driver to b bl
W th _% devi ce F%‘%ﬁ%@ﬂ@%%@ﬁg?%@%ﬂ%ﬁhupt_s. 5 ,4%. An appar at 53 e
conprisi ng: sleapigefxor timeritivl iatenaothpredynidding @ dimer 818, P% A menory

storing %gbu%ﬁﬂﬂ.] dfgation, a scheduling driver, the application calling the
schedul i rrver to start an Input/Qutput reguest,to a device, the device
bei ng one of %Vltphlug-ehyivaatﬂgﬁﬂ?@ﬁ?hequ%ﬁe@e# WioA neat aRRlEdiNe by an

appl i cat Qi angRilg 4 dgMfication esidhianoruARdbIE! |

10

43. A method for implementing a protocol in a scheduling driver utilizing time
estimates, comprising:
calling a scheduling driver to start an Input/Output request to a device for an
application, the device being one of a plurality of different types of devices useable
15 by an application;
determining if the device is busy; and
if the device is not busy, providing an estimated processing time for the

Input/Output request to be completed for the application, wherein the application
sleeps for the estimated processing time,
20 wherein the scheduling driver does not poll, thereby allowing critical

execution sections to be exited quickly.

44.  An apparatus comprising:
a processor having a memory connected thereto, the memory storing an
25  application, a scheduling driver, the application calling the scheduling driver to start
an Input/Output request to a device, the device being one of a plurality of different
types of devices useable by an application; and
the scheduling driver,
determining if a device is busy; and
30 " if the device is not busy, providing an estimated processing fime fpr

the input/Output request to be completed for the application, wherein the
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determining if a device is busy; and if the device is not bus I di

an estimted processing time for the Input/CQutput request toybepggx%?;?gd
for the application, wherein the application sleeps for the ast i Dl by
processing time, 15 wherein the application sleeps for a timer tick
interval if the Input/CQutput request has been conpleted, and wherein a
system cl ock is synchronized with a clock associated with the scheduling
driver, wherein the timer tick indicates an instant where the system clock
and scheduling driver clock simultaneously generate an interrupt. 20 46. An

apparatus conpri sing: r Al
mermor v SeRTTIGN alrePaisp e o QR e, Rt S i o
cal li ng iipeensenied wrétoop! dsing dimet estigtatgst enabhing ﬁmqheﬂﬂ"ﬂatdfwgfgéﬁ to a

devi ce, the deyice bei f ' [
; > vREIHNG 490E QlgcRerBlcUn@irifty. Of different 25 types of
devi ces RERIgH 4 5% apppl catioon: and thée schedul i ng dri ver, égt er ni ni ng

If a device is busy; and if the device is not bus I di '

\ i ; y, providing an estimat
processing time for the Input/CQutput request to be conpl et eg for the °
application, wherein the 30 application sleeps for the estimated
processi 48 tiAreapparedus3@®mprisin@EC 2004 where a plurality of applications

si mul taneousgélg%%&%?‘hgviﬁf | iEmory RheGRt Bidretb Sthieanémory sforingnarappar at us

co :
O ob) caonans ool rg he S et Btbls, ™o
schedul | Qrglngﬁfldlﬁﬁuttrgqlfésﬁ{ota device, the device being one of a plurality of different J
types of devices useable by an application; and
10 the scheduling driver,
determining if a device is busy; and
if the device is not busy, providing an estimated processing time for
the Input/Output request to be completed for the application, wherein the
application sleeps for the estimated processing time,
15 wherein the application sleeps for a timer tick interval if the Input/Output
request has been completed, and
wherein a system clock is synchronized with a clock associated with the
scheduling driver, wherein the timer tick indicates an instant where the system

dlock and scheduling driver clock simultaneously generate an interrupt.

20

46.  An apparatus comprising:
a processor having a memory connected thereto, the memory storing an

application, a scheduling driver, the application calling the scheduling driver to start
an Input/Output request to a device, the device being one of a plurality of different
25  types of devices useable by an application; and
the scheduling driver,
determining if a device is busy; and
if the device is not busy, providing an estimated processing time for
the Input/Qutput request to be completed for the application, wherein the

30  application sleeps for the estimated processing time, and
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an | nput/Qutput request to a device, the device being one of i
different types of devices useable by an applicatiog; and thg gLﬁ;gtiyﬁgOf
driver, 10 determning if a device is busy; and if the devi cd 7SDE©tﬂm¢sy
providing an estimated processing time for the Input/Cutputlrequest to bé
conpl eted for the application, wherein the application sleeps for the
estimated processing tine, wherein the application sleeps for a timer tick
interval if the Input/Qutput request has been 15 conpleted, and wherein if
t he scheduling driver specifies a zero tinme interval, the application

sleeps for a tiner ti Lnterval . e 1 I i i
appl i cation, V&'?ﬁﬁe &n pgt:ggﬁt%lt ?ﬂg%@'g%tﬁgsm%ﬂglﬁggjsg\% gf?ecrﬁtradst@t gb‘;@ﬁegg the
appl i catinpa/Outputirequestsowi ng the application to remain runnable. 20 48. An
apparatus conprising: a processor having a menory connected thereto the
menory storing an application, a scheduling driver, the applicati oh
calling the scheduling driver to start an Input/Qutput request to a

devi ce, e device QSA% e of a pluralit i
_ of y of different 25 types of
devi ces %fs]ea rba%ri?ran appl cat | on; and the scheduling driver, égt er m ni ng

if a device i plusgsor anving & memoresANBRCtPd thegplop gy e PRVSEM¥52 AN esti mat ed
processi ”@Hééﬁ\%ﬁ, 4 Qéhed{.uﬁxg driggl,lwe%ﬁwipﬁ BalliRSthe sehddalimpameetoedart or t he
appllcaﬁl ., Wherern application sleeps for the ed
pr ocessi arginpividytp@trequest IIECA206 t%@?"&e@eﬂ’?‘i’em%c‘ﬁ@dﬂf"iaﬁté og?iffﬂ?ge?ﬁ does not
pol 1, tht?f)g)é/f ROV bie by lah GBblication; and
the scheduling driver,
10 determining if a device is busy; and
if the device is not busy, providing an estimated processing time for
the Input/Output request to be completed for the application,
wherein the application sleeps for the estimated processing time, wherein
the application sleeps for a timer tick interval if the Input/Output request has been
15 completed, and
wherein if the scheduling driver specifies a zero time interval, the application
sleeps for a timer tick interval, thereby yielding a time slice by the application, and
an operating system scheduler switches to a next application, while allowing the

application to remain runnable.

20

48. An apparatus comprising:
a processor having a memory connected thereto, the memory storing an

application, a scheduling driver, the application calling the scheduling driver to start
an Input/Output request to a device, the device being one of a plurality of different
25  types of devices useable by an application; and
the scheduling driver,
determining if a device is busy; and
if the device is not busy, providing an estimated processing time for
the Input’Output request to be completed for the application, wherein the

30  application sleeps for the estimated processing time,
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execution sections to be exited quickly. 49. The nethod of claim 37
further conprising: s calling the scheduling driver to obtali I7n / t put
operation results after sleeping for the estimted processi % ﬁE@'%hl*
determining if the Input/CQutput request has been conpleted; and

cal culating an estimted processing tinme remaining for the | nput/Qutput
request to be conpleted, if the Input/Qutput request has not been
conpleted, and io providing the estimted processing time renmaining. 50.
TPe met hod of cIa|n137 further conprising calculating an estimated anount
of time left Lhni {hge %%Mblﬁlg Wn}e# (If}&sa}.{&l Faplﬁeiei)ytggm@Vbﬁtﬁal s busy, and
provi di ng t he” i et e nt is 51. The nethod of claim
50, furté)ecutmmcilcmsmgbeemeé@lplchlg for the estimated anmount of tine |eft;
calling the scheduling driver to start the Input/Qutput request to the
device after sleeping for the estimted anmount of tinme left; and 20

determning if the device is still busy. 38
49, The method of claim 37, further comprising:
5 calling the scheduling driver to obtain Input/Output operation results after

sleeping for the estimated processing time;
determining if the Input/Output request has been completed; and
calculating an estimated processing time remaining for the Input/Output
request to be completed, if the Input/Output request has not been completed, and

10 providing the estimated processing time remaining.

50. The method of claim 37, further comprising calculating an estimated amount
of time left until the device will be available if the device is busy, and providing the

estimated amount of lime left.

15

51. The method of claim 50, further comprising:
sleeping for the estimated amount of time left;
calling the scheduling driver to start the Input/Output request to the device

after sleeping for the estimated amount of time left; and

20 determining if the device is still busy.
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