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I MPRCVI NG DATA STCRAGE DEVI CE PERFORMANCE USI NG EARLY DATA TRANSF@R % ﬁN i
A THE | NVENTI ON 1. Technical Field: The U9

I tral to inproved storage devices and in particul ar
to an inproved nmegdhat and systemfor witing data to a storage devi ce.
Still nmore particularly, the present invention relates to an inproved

met hod and system for conpleting the ddta transfer portion of wite

commands queygd,f A otiees8v305 8K nitn DBRCTBROYING Dbl Relcteth ATt

As the perfor cropfocessor ‘and seim con menory technol ogy

increases, thproice PERFOEMANCE UTNEGE EARAYA DATAr FPANSTERC EOMFLETION
conparable per f ormance enhancenents. The typical data storage device
conprises an interface to a host conputer system through which it receives

comands and through whi ch dli-kcrROuND Y SuEednReivaern t he host conputer

system and the storage device. It further conprises physical storage nedia,

such as magnetic or optical platters (disks), on which data is stored. In

enhanci ng thf p 9f,data storage devices, there is a need for
? Fiel

i mproved |nterac h”Systém processors and nenory devices. The

per formance of data storage devices is crltlcal i n present conputer

systens, as progr hese deV|ce

%gs and data.are_stored g t and_rnust_ be

| oaded before the BEnBhEEFIT 1NVENEIGANTELALeS )1 BePFBPAE aﬁ? OPRFEVEShs.
addi tion, daseoshgeagevdegscendaia phtrefncused as theihpwestdl eeehoof
storage in hi erarch onsi tlng of ca ries naln Random
Access annr?n%Rixgtﬁﬂdf?an¥F§188t foF8g8 a§9F88§n§8VE983) ﬁage swaps"
are nade to mBEesparageudayﬂgesthalb@msagtnmheeetibnlea&aUse ab RAM by
writing pages_of RA EF ga e ,not_ _been_recent| i gsed %g tg_ st or age

devi ce, free?ﬂ@r?ﬁg ﬂ? 241 2REnBYy tHRgECf of CliBeChy Ph& Sy SEEM unti | it is
needed agai ntr¥iefiethpopageni sfneeded agamandshgqusystieffow kther etoireve it
fromthe stora e device, placing it back in physical RAM Wile this

i nproves overa gysten1perfornance, it places a heavy |oad on data storage
devi ces that are used for swap

2., Description of the Related Art:

As the performance of microprocessor and
semiconductor memory technology increases, there is a
need for improved data storage devices with comparable
performance enhancements. The typical data storage
device comprises an interface to a host computer systen,
through which it receives commands and through which data
is transferred between the host computer system and the
storage device. It further comprises physical storage
media, such as magnetic or optical platters (disks), on
which data is stored. 1In enhancing the performance of
data storage devices, there is a need for improved
interaction with system processors and memory devices.
The performance of data storage devices is critical in
present computer systems, as programs and data are stored

on these devices, and must be loaded before the computer
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.area. Data storage devices currently in use in personal conputer products
and network arrays today are intelligent drives, in that they hgiik .
integrated controllers and cache nmenory within the drive el ectrahi sJANﬁeUU:]
interfaces.in use today include Small Conputer System Interface (SCSI),
Integrated Drive Electronics (I1DE), Enhanced Small Device Interface (ESDI)
and "Firewire" (IEEE 1394). Each of these interface types includes a
command protocol, wherein read, write-2nd posi tioni ng commands can be
issued to t ' [ r : ai ntda : o] i eodat@ to the

physi cal st %g£$%§%ig?QTﬁééggg%gnéfff%ﬁe%?déégﬁgﬂsaﬁos trgns erring data
bet ween t he devieesoareobfeenanded senpheelowgstedevelr eét sMewsEfE Adtess
(DMA) is a net ey ej n . er . 8 £PHS cnbY Rgdhl ¥ son di cated to
perform ng Eﬁ%ﬁ%r%n fé$§?a?gﬁ u%%ﬁ%%gﬁlggtrans?gp '@ b R gaﬁiN Z00 -3
progranmed iRandoheAOMAssoMemokyefRAMhdantdefeoaliygl Hetanstesadat a bet ween a
devi ce and nory. . Thi,s. ni qu S ad t of. .of t | oadi he task
of noving da 2’ ¥%ﬁ1{ﬂgl%ggzéssogéggtsggggstgg? ﬁggfngoa Bﬁﬁgggﬁg 51 1 er

cont endi ng féevibespuslibwhnghmomai affiotensonscasfwdPM by wiré taadsi ti onal
cost of having the copiyo Ln.the sy A idel y u transfer

t echni que isp%g%argnng%&ikkﬁﬁlgaY%UﬁO?Pﬁ%ggfrspgbgﬁ&pp§%§9§ﬁs%?%%t a main
processor instbeagenfiavéceperftermsgt hbedphgsticansmemowiya pageprfpranteor port
mani pul ation_j nsiructions. The,adyanta this.techpique.li tthere is
no bus contQ% igﬁ? %%388§53 gg%tgéegghggebgg % %&é%so@hgé g@%u%%%%\ﬁ h
transferri ngnéhdedatgaang ther efetemcanhdt rpérfieve dtthdromashs whil e the
transfer is ¢ L eti . Thus a.st e.deyi . 991? batt.l.eneck in
conput er sys%gggﬁg?fggxéggé.pigggﬁ%uﬁgrgg?%rléxﬁh%%é%%gan |§su§%§J§%ries of
commands vi athiSCBhprntvesf avertdlasgisskndpevdorimancehe idi $i adreisve can only
process one data transf i.cal .di t i ne. t ransf
control l er Wi thif Eﬁ%adgﬁvégfg ?3%?8§?|9g83§§§péiﬁgr%?ﬁgxgﬁéééﬁﬁﬁéﬁﬁﬁérs
fromthe hosaresmputer systemto the disk drive wite electronics, while a
wite command is being conpleted. Usually, when a wite command is received
fromthe host, a seek operation is perforned to nove the head to the proper
position to witeDehe n&rtradgat deblicels. cButrendtl vt ilmesistehd ns gl sopperlat i on
conpl etes be t shiuhas started. bhe transier of;.data to the drive,
causi ng the éﬁ#ﬁg ?g g?s??_?he 5kite nust'tﬁéni%e féf??eé% at a cost of
syst em per f ointadédighits drapgens in 3he t ARCIQD@ ve4fingqegaatieg when | ar ge
anount s of dgbacabe1BeLnany CLERR LanEant LAUaUS, SN, A di sadvantage of
present storage devices is that while ite conmands are being processed,
ot her oper at FéAStaraisgspefdied 1nSer kg wii 6 enitesiage dmcs,udel Brotly he
operations aggp ﬁk@¥e§ysEQmQQ%%%%kac%|Hs@%ﬁW@n¢%ﬂé§%§%ééﬁdf¥VéiVW'te
command are delayed, pénding conpletion of the wite transfer to the

physi cal st oFaget#ediigs (IDE)wobdndankeceSdrd hdegesia apiteniagevik® b

method that whlyl “FIREQME /N IR@RES ATANCE Gfa 3 H0MaRe dev s A4 educi ng or
elimnating mssed wites. In addition, it would be desirable to devise a

storage devi E¥PRiSt ANCAYCSFed FORMGNITRREE U9F dec MB¥SiSig tiRhr obabi¢ ity t hat

host data isap@t po2ad¥ oMery ReEmAHdL seelhdas Wl adie Idr WUl g, furt her
be desirable to devise a nethod and data storage device that will allow

further proc@&&ithgtef B Ridn ¢ taniiremar itte &' Hida 1K iy ddre ftiorsed hredi a
are still pergioR@ge media.

There are different methods for transferring data
between the drive controller and a computer system.
Direct Memory Access (DMA) is a method wherein a
controller on a bus, typically one dedicated to

performing DMA transfers, is supplied. A transfer is



30 ~Nw ~ ", _ -5 SUMARY OF THE INVENTION It is therefore one object of

'the Present invention to provide an inproved data storage deviceéﬁeraﬁAblzoog
conputer system It is another one object of the present inventi t

provide a nmethod to inprove the throughput of a direct access storage

device (DASD). The foregoing objects are achieved in a nmethod for inproving
performance of a direct access storage device and a direct access storage
devi ce wherein the data transfer porti-ér of wite comands is conpleted

el o ¥ oon ofBRNSE Gt L HEaSLAL 28in "B BLL 160 TERGCIne AoBRAERIT T (N0

idle |oop of® fce"s controller "éxamnes the ¢ ueé and sets up
a DVA cont r ahdees tdaperbetweeheaddéewiteaanfiemeporyi onThii swteténdgueands

froman interface to dual - po il ransfer co he
physi cal digﬁa?sgg?i??v%%ﬁ%ggggﬁrggg?§?9¥ﬁg ?P%n?%g%r%grkgggh négt pon
conpl eti on ofré¢metipei processand, atinai nbetr apt hagiggner aMadcandriod legsponse

to the interru he ipter t. s serviced, and iLf _an ta_ls dy for
transfer fro%?gﬁ%n%%g%eg?B %ﬁg %F%rgbéﬁnggFa@gggs 58% ¥ ’cSﬁtW%ﬁ er is
set up to coapl ehe adeéitiansiecosThefahavéngstiel boasraddeti analthe

obj ecti ves, feaéures, and advant ages of the present invention will becone
apparent in The ?%rlomﬁng detailed witten description. 3 p JAN 2003 -6
BRI EF DESCRI PTI ON OF THE DRAW NGS The novel features believed
characteristic of thgginvenéign are  set forth &n hhe agpended clains., The

i nvention itself,Aﬂg VerWas MePFegs 5aBF§F§r 84" ROFE of SuB& I G

obj ectives, ampuadvanpagesPrbpreobIowsihphgsthebasuntdetstondiby reference to

the following detajled. descrinpti f illustrati di ment wh d
[ n*conj unct | BROGF ROE e aELBnpaNgEhG P RRERGLS WHEr Brirel LR Parby Inge

nuner al s i ndhemdveyl aké parpsrthmangpolbriandinktgureibniss aThkock di agram
of a data storage, device Ln.which.the present inyention practi ced;
Figure 2 15 SCCPAFRTH o St-SnF ShUPLRYS] pa; Boaky ther e*LsRG B
contention, the disadvantage that the processor 1is
occupied with transferring the data and therefore cannot

perform other tasks while the transfer is completing.

Thus, a data storage device can be a bottleneck in
computer system performance. A computer, for example,
can issue a series of commands via a SCSI interface to a
disk drive, but the disk drive can only process one data
transfer to a physical disk at a time. The transfer
controller within the drive is typically busy performing
these transfers from the host computer system to the disk
drive write electronics, while a write command is being
completed. Usually, when a write command is received
from the host, a seek operation is performed to move the
head to the proper position to write the next data block.
But, at times the seek operation completes before the
host has started the transfer of data to the drive,
causing the write to miss. The write must then be

retried, at a cost of system performance. This happens



.enbodi ment of a nethod of the present invention; Figure 3 is a flow diagram
shomnng the an enbodi nent of the nmethods of the present I|Invention; and

Figure 4 is a flow diagramwhich illustrates an enbodi ment of a rt
met hod of the present invention. S ~ ~A N 2003 DESCRI PTI ON CéfﬁHdlgN fﬁﬁé

| LLUSTRATI VE EMBCDI MENTS Wth reference now to the figures and in
particular wth reference to Figure 1, a data storage device 20 is
illustrated. Host SCSI interface controhler 10, connects the data storage
device to thg host nput er st em and rfac ro

provi des thégﬁaﬁ%?%€g¥a§éeﬁe$¥ﬁge5?88u8 £ g%g? gﬁ?e h#EEtégta

st orage devitescohtideopsestnstenyenti on are not Ilnlted to those with SCS
interfaces. The use of a SCSI interface is exenplary and the invention may
be practiced with IDE, ESD |EEE 1394 or other data storage device

i nterface. Dual - pmrdlga@h&nﬁégpr0ﬁ|ﬁ56séﬂﬂp9tarygstdeageetonsdahat such as
read data that ﬂ%s been cached .fromrecent reads éghcal medi a 26. The

present inve + ﬁE%Eetﬁ?@méﬁéﬁea38dP?FBﬂaPF9C?SS§90r Sfa for wites,
until the dabpehasibrenavei shepeh@etibe dbsk;fTbewpnesemissnweauk@m has the

advant age of e to transfer data fro erface controller 12 to
Guat-port caht 48 ERerebasehIPar arh: Bl ouS comaNGCrELBar nd i anst er f od

f rom dual - pogémpashe 1§sﬁedda$kereadwmﬁtéecehmahaoaresdéﬁayEHis provi des an
i ncrease of erf ormance ior certﬁ g wite opEratl g gg to, sixty

per cent . SRYFBANGOPPLEELSD PhethbeliEL§EVEFABP: eﬁr i GBS REX34&FEnt of a
comand queugtbﬂagéemédsk It inproves perfornance t hrough early conpletion
of commands and t hereby increases the disk's queue depth in a randomwite

environment. Not only does this allow the disk to conplete data and status
phases for nultipte wearandscbefore bkt HebBhizhBIewtbt nagidat a fethiclke first

command to that will improve the performance of a storage device by
reducing or eliminating missed writes. In addition, it
would be desirable to devise a storage device with
improved performance by decreasing the probability that
host data is not ready when the write seek has completed.
It would further be desirable to devise a method and data
storage device that will allow further processing of
commands while writes to the physical storage media are

still pending.



3 0 JAN ~p~~ _8_ disk read/wite electronics 16, but the drive has nore
‘comménds to choose fromwhen it decides which command within the command
gueue to performnext. The command sequence can be altered to iand}aJ;ﬁe
and latency tinmes. The data transfers in storage device 20 are carried out
by DVMA controllers 22 and 24. Interface DVA controller transfers data from
interface controller 12 to dual-port cache 14. Media DVA controller 24,
transfers data from dual -port cache 14 %o physical nedia 26. DVA transfers
are programred by di sk_ cont ré)(bh@gR Cﬂ@kr]E hronously once di sk
controller 18 has set them up by pr%gt?g%%g t e@g%%?opri ate transfer
address and bl ock size. Disk read/wite electronics 16 conprises the data
heads that wite d e_physic r [ 1.as a
magnetic platter, igngEaFégggﬁIéEg&é?rSﬁ' %éhmﬁukcﬁf‘%r@ggﬁgﬁghgms’?gﬁg?@ to
accept transtersrovidat anbitnpeenedudhtpostotaghedédiaadfoheaphymposier

st or age medié'ay @emtjsk controller 18 can be a dedicated | ogic design, but
is preferably’a genheral - purpose mcrocontroller or mcroprocessor with a
program supplied to nake it performthe dedicated task of managi ng the
physical nedia and _the interface to the host. ngroll Read- onl nory
(ROM 28, providegts%%rgﬁgg% r SlEn° jSFgggganga%rgfgﬁEcgﬁyggﬁﬁgﬁ gg
execut es. Therpviedend mavkoti bo taprbevecthtathedugbpatpodgramiiractontrol | er
ROM 28 and nay_al so_be_provided in a form for use with data storage
devices in V\T’lig% S%oﬁ?% ?%rdW%(ﬁggg ) -9 electrically alterable ROV
and provision is nmade for reprogranm ng or "upgrading" controller ROV 28

through commands &ﬁgu%grg8o§g§|OE9E8£Eag%ngQB£8LESri%za method for

improving performance of a direct access storage device

Vw o

and a direct access storage device wherein the data
transfer portion of write commands is completed before
the transfer to the storage media is commenced. A
process in the idle loop of the device’s controller
examines the command queue and sets up a DMA controller
to perform the data transfer portion of write commands
from an interface to a dual-port cache, while transfer of
data to the physical disk is still pending or occurring
from a prior command. Upon completion of the prior
command, an interrupt is generated and in response to the
interrupt, the interrupt is serviced, and if any data is
ready for transfer from the cache to the storage media, a

second DMA controller is set up to complete the transfer.

The above as well as additional objectives,
features, and advantages of the present invention will
become apparent in the following detailed written

description.



.Referring additionally to Figure 2, the state sequences of the present
invention are shown. Disk Controller 18 is in an idle state (state 60) when
it has no outstanding tasks to perform The present invention pl§dps) hl?ﬂoa
additional task in the idle program | oop, which may be executed constantly
during idle, or at intervals determined by a tiner, or by sone other

sui tabl e neans for periodically scheduling a task. A queue governor is
executed (state 62) every time the taskb-is schedul ed. The queue gover nor
manages t he comand queu?R&%EIB s%h&%??bﬂ ¥ O DR ©ovides the

advant ages of the present 1 nventlon. ter executing the gueue governor,
disk controller 18 returns to idle (state 60). At the end of commands such
as seeks or wites, to the.physical dia, either disk_read/ w.i.t

el ectronics 16 oréﬂ%dpgvﬁkﬂ?%ﬁkyfgfFg?iﬁﬁvﬁgyngﬁgngélS%ﬁgr8&a$ge
interrupt. linvespboseate bbtsfontRrinpthedappendntir alhémsl8 &kecutes an

i nterrupt service routlge é?taée 64%' when tEE routine i.s cogpletedbégisk
control ler 18°YEPHIRR ¢55Fdfe SPYF¥CEo ?EtEF 66f.aCB£F£FF5% opogﬁe ueue
governor is uséusfuathdri obffeguiees, Whdnatihengugue gheeendr wildchedul ed
(state 62) the goyernor, routine is _entered (step,40 d exan,nes .a conmmand
queue to det?2F n%etH39e55§f?aebyeﬁﬁg§feﬂgg §8eﬁhaugﬁg Ovépgpdﬁgf}iﬁﬁ t here
is awite deBcPhbipghion~of, dn ildueeguestrequmbedimand wheduakapoinh cache 14
has space availabletto FGCELVﬁ data from SCSI interface cgntrollﬁﬁ 12
(deci si on 44507 RBREACBMA FPanBf efCFEMBRPYURYI HEPHEBPPAcE BRE Codti Sl | er 22
to transfer dafaréncdualimpealscanbiecidef LaRehpattSCBhrbntabhaceaaant rol | er
10 (step 46). After the DVA transfer is conplete, a wite conpleted status
is returned to host SCSI interface controller 10 by SCSI interface
controller 12 (stepgd8e. 1Thksaf heeskt Aeabhesh e@nmputiatal k@Brhyet Bekidel ay
associated with the wite command. Conpletion of the wite command is

per f or ned byl?hEhFﬁFeFPGpPr§§FVFCéHVSHEPﬁE PRyt PPsPEACELERT n state 64.
Referring now to Figure 4, the interrupt service routine is entered (step
70), the Interrupt hardware is serviced (step 72), including any interrupt
specific tasks t hBi9HFe 8u%§iéeSFﬁéeoSéPQFPEnWBﬂCbhF%lPﬁﬁéﬁgﬁén?nFor
exanple, if tAB-QORERRDGUGURCEABLALRS tReWhrEGch@MRNENEEBSL 74) and
dual - port cache 14 contains data for the wite command (test 76) then the
data contained in dual -port cache 14 for the wite is witten to the

physi cal nedia 26p{gheR 38)s Ihgleamaagrgﬂegﬁowik@ ¢ARt ahn efdbaifken he
wite command if thé gueue governor has executed (State 62) and caused the
host data tocbetheadethasoodusheppireseatheny4nyyo8CSkndnt erface controll er
12. Thus, the present invention separates the transfer portions of the
wrjte commands into a transfer fromthe host SCSI interface to the storage
devi ce perforned Bjgome BMAscenfholl diagant ahdebondlusamsters frnom cache 14
3 0 JA N 2008, LhNLLDI Bt he storage devige o Lhe Blypieal.jredi a_perf or ned
by a second control Fer & ¥hrs far Cher I'mproves performance by all ow ng
di sk control ieven8ipo.set up a DVA transfer for a first wite command from
dual -port cache 14 to disk read wite electronics 16, and that transfer can
occur concurrently with a DVA data transfer for a second wite conmand from
SCSI interface controller 12 to dual -port cache 14, since dual-port cache
14 can be sinultaneously accessed by both DVA controllers. Although the

i nvention has been described with reference to specific enbodi nents, this
description should not be construed in a limting sense. Various

nodi fications of the disclosed enbodi nents, as well as alternative

enbodi nents of the invention, will becone apparent to persons skilled in
the art upon reference to the description of the invention. For exanple,

al t hough the invention has been described with respect to a data storage
system executing software that directs the nethod of the present invention,
it should be understood that the present invention nmay be enbodied in an
image file to upgrade existing device firmvare within a data storage
device. It is therefore contenplated that such nodifications can be nade

Wi t hout departing fromthe spirit or scope of the present invention as
defined in the appended cl ai ns.



.3 0 JA N 2003 -12 c~zM5 What is clainmed is: 1. A nethod for perform ng
write commands in a storage device having storage nedia, while a first

command i s pending, conprising the steps of: first determning t
command queue of said storage device contains a wite conmand; §§3%ﬁgAb12003

determ ning that a cache space within a dual -port cache is available to
contain data for said wite comuand; cegsponsive to said first and second
determning step, first setting up a first DVA transfer for transferring

said data for said WESCRISTTORGH MHH alvdTRAave EMEDMEAEe space; and
responsi ve to conpletion of said first command, second setting up a second
DVA transfer for witing data to said storage nedia from said cache space.

3 0 ,IAN 2003 -1gi2n FbeetBhbednefy €EbaktAelfiturtbeanaonpr bairkdcharst eps
of: servicing an interrupt indicating said conpletion of said first command
in an interrdpthsEpbpEBNESUEPNELGWEEhLN SaPdtenfEPFape §6MHCEe 2P0 ng,

examining a di fEELRLY L0 dgLEEMERE ! BAke32LAIRbALLB1REESEB! (BntRlL cache

space; and
the data storage device to the host computer system and

SCSI interface controller 12 provides the data storage
device side of the SCSI interface. The data storage
devices of the present invention are not limited to those
with SCSI interfaces. The use of a SCSI interface is
exemplary and the invention may be practiced with IDE,

ESDI, IEEE 1394 or other data storage device interface.

Dual-port cache 14 provides temporary storage for
data, such as read data that has been cached from recent
reads of physical media 26. The present invention uses
this cache additionally to store data for writes, until
the data has been written to the disk. The present
invention has the advantage of being able to transfer
data from interface controller 12 to dual-port cache 14
while data for a previous command is being transferred
from dual-port cache 14 to disk read/write electronics
16. This provides an increase of performance for certain

write operations of up to sixty percent.

A background process, the queue governor, provides
management of a command queue in the disk. It improves
performance through early completion of commands and
thereby increases the disk’s queue depth in a random
write environment. Not only does this allow the disk to
complete data and status phases for multiple commands

before it finishes writing data for the first command to



,Within said interrupt service routine, and further responsive to said
‘exam'ning step, performng said second setting up step. 3. The net hod of
Claim1, further conprising the steps of: entering an idle stateai '
program control ling said storage device operation; and from sai d3i@|3AN 2003
state, executing a queue governor program said queue governor programthen
perform ng said determ ning steps and responsive to said determ ning steps
performng said first setting up step. 4.°The method of daim1l, further

conpri sing tdesiet £PQfwsehdi BUcaL8bALHS 187 pati BHeCOPRIEt haB Abreaid wite
command before said second DVA transfer is conplete. 3 0 ,1AN 2003 -14 5.

The net hod cforarands 1towkkeesa £HPHW WhearibhcderidgsseRichneermapd and said

first setti ir\gi’&l?iﬁt%es%ﬁmé'ﬂdaﬁ]ﬁéﬁét t%%é%f gextor ‘rﬁéf‘%%&h@g sai d

data for said wite command from said Interface to said cache space.
6. The met hote@reFai aan, bohatbehedatbd impepvacéepk and| beteAcEr f ace and
said first seftdfg up step sets up a first DVA transfer for transferring
said data for said wite command fromsaid IDE interface to said cache
space. 7. The nethod of Claiml, wherein said interface is a serial

interface and sai f'%é'&éfrasﬂghg@ek'@ EheBtéﬁgge”He@iE'e.r gb e IE%?Q %%‘; for
transferring said data for sard wite command fromsaid serial inferface to
sai d cache spaceby8pMAheonetbdlleot Chabndl24f ur theergeapr DBIANG:
controller transfers data from interface controller 12 to
dual-port cache 14, Media DMA controller 24, transfers
data from dual-port cache 14 to physical media 26. DMA
transfers are programmed by disk controller 18 and occur

asynchronously once disk controller 18 has set them up by

programming the appropriate transfer address and block

size.

Disk read/write electronics 16 comprises the data
heads that write to and read from the physical storage
media, such as a magnetic platter, and also the
electronics which provide the signals to accept transfers
of data between dual-port cache 14 and the physical
storage media 26. Disk controller 18 can be a dedicated
logic design, but is preferably a general-purpose
microcontroller or microprocessor with a program supplied
to make it perform the dedicated task of managing the
physical media and the interface to the host. Controller
Read-only memory (ROM) 28, provides storage for such a
program that disk controller 18 executes. The present
invention can be contained as a program in controller ROM
28 and may also be provided in media form, for use with

data storage devices in which controller ROM 28 is an



sending a status indicating conpletion of said wite comand before said
‘witing step is performed; servicing an interrupt indicating said

conpletion of said first conmand; within said interrupt servi@ﬁ%"vn ,
examning a directory to determne that said data is present i n sai cg‘(,‘hé

space; and within said interrupt service routine, and further responsive to
said exam ning step, performng said segpnd setting up step. 3 0 JAN ~uu-~
-159. A storage device conprising: at |east one storage nedia; interface
means for conmertiiorally aahostalsistkOl anduptopbsiosathenhdei igrnenory for

tenporarily storing data; f&rst controlle r apsf i dat a

bet ween sai d FHt%eF l%ﬁ’}dg%ai @%%@rb%rté%’g%ﬁ%ilégs%%%ngéDmggggpr ol l er
for transferddnighkidd ai Helagero SEST dikdt e PPite C@sHEradlesalgd. st orage nedi a;
and control neans coupled to said first DVA controller and said-second DVA

controller, said control neans setting up said first DVA controller when

wite commands angfErel¥edadhen; SRIPLY L0 Pard:dUa) - BREsERERE | S
avai l abl e for use, and returning stat conplete responses to said
interface fsegmucesitf CThenpnesent befivertsandasecohdwdDMA Borkrol | er has

devi ce of -GS Tifter St nttokpl 88 OR-br- b1 ahsr2Fa or Pahcahed EE BeRt or age
medi a from s %WaMiﬁg caghes i Sospgnabed. byrha pnésentpinvandisai d
St 1 Uct | onP HKE AT SHOLT AT hott Ght 1 BEhex et REHEF BoptnBe BoLY: o
interrupt exedy rnee sexecudedieconstehely derifigdatiae} sopresenhtbovalsiting to
sai d ot 0r 206, Jex] 08 ey W1 EEn2R) GG 10n2% Engt OLaTELARY GEALE 1T 1S
for periodically scheduling a task. A queue governor is
executed (state 62) every time the task is scheduled.
The queue governor manages the command queue of the
present invention and provides the advantages of the

present invention. After executing the queue governor,

disk controller 18 returns to idle (state 60).

At the end of commands such as seeks or writes to
the physical media, either disk read/write electronics 16
or media DMA controller 24 may generate a hardware
interrupt. In response to this interrupt, disk
controller 18 executes an interrupt service routine
(state 64); when the routine is completed, disk

controller 18 returns to idle state 60 (state 60).

Operation of the queue governor is illustrated in
Figure 3. When the queue governor is scheduled (state
62) the governor routine is entered (step 40) and
examines a command queue to determine that a write

request has been queued (step 42). If there is a write



3 0 JAN 2003 -16 11. The direct access storage device of Claim9, wherein
sai d control means conprises a processor and nmenory for executing program
instructions and said programinstructions enter an idle stateé%\ @liNQP1 J
said idle state said processor executes a queue governor progr for hd
setting up said first DVA controller. , 12. The direct access storage
device of Claim9, wherein said control. ggeans causes said interface neans
to indicate that a wite command has conpl eted, before said data has been
transferred teqeast qtenade amdi af dBalTherti cecheatdebssstprage devi ce of

Claim9, wherein said jnterface ans i.npl e s.a,SCol interfac 14. The
di rect acces%vﬁ%%?gbﬁ E8VF8866V6253|ﬁ1S?QWhgﬁgﬁnlESFg§PﬁFeFP8§£°§%Sﬁs

i mpl ements am | Phebthbebhage), tBefl dADMAOB3aniberThe deteap amcess storage
device of Caim9, wherein said interface nmeans inplenments a seri al

interface. 1BhtqhgageoPMhecdatredler 2Ratm Hranfépsi Aagai §ocBRRLOPOREaNs
causes early | 21,1 f st I n tting up
said first Eﬁi?%gn?%o?Pgr &ﬁ?@égéggdﬂgégSﬁggﬁxﬁkégﬁﬁ?o e?ﬁig¥5§§forning a
transfer for4e) prexifeds chenpmd, thuntlier ¢enpbinpilegea praecessor and menory
for executing programinstructions, said Ero ran1instructi0@s enter an idle
state, from SAPBLFEFE Statu¥SsiPdrEryERELoroekBEht 8558 4NEGET§6Fer nor

program for sghtipe1HP $08i Byf Kb PMA¢@REEOLbBEroMIerelD f(BeepomBl&tion of
data transfers between said dual -port cache and said storage nedia is

si gnal ed by Bhisnfeeedptheshpdtcontpyterednsnf furkBerefeéaties program

instructionsaggoégﬁggas%iEQ $akd RN EHRLAHA exam ne an indication that
sai d dual -port cache has data present for witing to said storage devi ce,

and sai d control nmeans sets up said second DVA controller for witing said
data to said Stor@gﬁpggfagg bfe 2akd\d3k2 LSnRLASERL: pertbzhbbt LGUYde 18

interrupt service routine that is entered in state 64.
Referring now to Figure 4, the interrupt service routine
is entered (step 70), the interrupt hardware is serviced
(step 72), including any interrupt specific tasks that
are outside the operation of this invention. For
example, if the command queue contains a write command
(test 74) and dual-port cache 14 contains data for the
write command (test 76) then the data contained in
dual-port cache 14 for the write is written to the
physical media 26 (step 78). The command queue will
contain data for the write command if the queue governor
has executed (state 62) and caused the host data to be
loaded into dual-port cache 14 by SCSI interface

controller 12.

Thus, the present invention separates the transfer
portions of the write commands into a transfer from the
host SCSI interface to the storage device performed by

one DMA controller, and a second transfer from cache 14



17. A conputer program product usable in performng wite comuands, while a
First' command i s pending, conprising: a conputer-readabl e storage nedi um

and programinstructions stored on said storage nmediumfor: fi rst30 JAN 2003
determ ning that a command queue of said storage nediumcontains a wite
command; second determ ning that a cache space is available to contain data
for said wite command; responsive to _sgid First and second determ ning

step, first setting up a first DVA transfer for transferring said data for
said wite cehbipin thenshorageedéuieet boshhd phybicgpavedianderEepurdi ve to

conpletion of said First n gnd i . transfer
for wwitingq%%t% 7o°84 st gggagrﬁzggﬁ'frgﬁgéa?grggg e§§ §§2?9¥§_ The
conput er p&%éﬁﬂbﬁh@ﬂbééb?f ia!tllatqﬁm@7diwhete'ﬁﬁrsmldrCmﬂpubeseteaﬁablde f
storage nediumis a Read Only Mepory. 19. The conputer program product o
claim17, mh%M%iEréﬁﬁgeBrSQFaﬁ1?h§§¥uUFFBﬁ508W@aFHrFﬁ8W ng}éHOgﬁ said

storage medi gmhor1hr 88Sheskt Pe8dNRP1¥el ikLeroRIBEY18¢VERE LAgated within
a storage device.

transfer can occur concurrently with a DMA data transfer
for a second write command from SCSI interface controller
12 to dual-port cache 14, since dual-port cache 14 can be

simultaneously accessed by both DMA controllers.

Although the invention has been described with
reference to specific embodiments, this description
should not be construed in a limiting sense. Various
modifications of the disclosed embodiments, as well as
alternative embodiments of the invention, will become
apparent to persons skilled in the art upon reference to
the description of the invention. For example, although
the invention has been described with respect to a data
storage system executing software that directs the method
of the present invention, 1t should be understood that
the present invention may be embodied in an image file to
upgrade existing device firmware within a data storage
device. It is therefore contemplated that such
modifications can be made without departing from the
spirit or scope of the present invention as defined in

the appended claims.
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‘programinstructions further performthe steps of: sending a status

i ndi cating conpletion of said wite conmand before said witing p.i
performed; servicing an interrupt indicating said conpletion of ée{f AlN
command; within said interrupt service routing, examning a directory to
‘determ ne that said data is present in iai d cache space; and within said
interrupt service routine, and further "fésponsive to said exam ni ng step,
perform ng sEmxirMecond setting up step. . AhE. A% AY . AS. . Af[ . Ay. A& AsY . AN
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a) ca] ca] caUjpaajdatff ca¢cmprising the steps of:

first determining that a command queue of said

storage device cohtains a write command;

second determining that a cache space within a
dual-port cache 1s available to contain data for said

write command;

responsive to said first and second determining
step, first setting up a first DMA transfer for
transferring said data for said write command from an

interface to said cache space; and

responsive to completion of said first command,
second setting up a second DMA transfer for writing data

to saild storage media from said cache space.
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within said interrupt service routine, and further

responsive to said examining step, performing said second

setting up step.

3. The method of Claim 1, further comprising the steps
of:

entering an idle state in a program controlling

said storage device operation; and

from said idle state, executing a queue governor
program, said queue governor program then performing said
determining steps and responsive to said determining

steps performing said first setting up step.
4. The method of Claim 1, further comprising the step of
sending a status indicating completion of said

write command before said second DMA transfer is

complete.
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first DMA transfer for transferring said data for said
write command from said SCSI interface to said cache

space.

6. The method of Claim 1, wherein said interface is an
IDE interface and said first setting up step sets up a
first DMA transfer for transferring said data for said
write command from said IDE interface to said cache

space.

7. The method of Claim 1, wherein said interface is a
serial interface and said first setting up step sets up a
first DMA transfer for transferring said data for said
write command from said serial interface to said cache

space.
8. The method of Claim 1, further comprising:

sending a status indicating completion of said

write command before said writing step is performed;

servicing an interrupt indicating said completion

of said first command;

within said interrupt service routing, examining a
directory to determine that said data is present in said

cache space; and

within said interrupt service routine, and further
responsive to said examining step, performing said second

setting up step.
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9. A storage device comprising:
at least one storage media;
interface means for connection to a host system;

a dual-port cache having memory for temporarily
storing data;

a first DMA controller for transferring data

between said interxrface and said dual-port cache;

a second DMA controller for transferring data

between said dual-port cache and said storage media; and

control means coupled to said first DMA controller
and said second DMA controller, said control means
setting up said first DMA controller when write commands
are received when memory in said dual-port cache is
available for use, and returning status complete
responses to said interface for said write commands
before said second DMA controller has transferred said

data to said storage media.

10. The direct access storage device of Claim 9, wherein
completion of transfers of data to said storage media
from said dual-port cache is signaled by an interrupt,
and said control means comprises a processor and memory
for executing program instructions and said program
instructions executed in response to said interrupt
examine said cache to determine if data is present for
writing to said storage device, and write said data to

said storage device if it is present.
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11. The direct

-16-

access storage device of Claim 9, wherein

said control means comprises a processor and memory for

executing program instructions and said program

instructions enter an jidle state, and from said idle

state said processor executes a gueue governor program

for setting up

12. The direct

said first DMA controller.

access storage device of Claim 9, wherein

said control means causes said interface means to

indicate that a write command has completed, before said

data has been transferred to said storage media.

13. The direct

sald interface

14. The direct

said interface

access storage device of Claim 9, wherein

means implements a SCSI interface.

access storage device of Claim 9, whereain

means implements an IDE interface.
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15. The direct access storage device of Claim 9, wherein

said interface means implements a serial interface.

16. The storage device of Claim 9, wherein said control
means causes early completion of DMA transfers for write
commands by setting up said first DMA controller while
said second DMA controller is performing a transfer for a
previous command, further comprising a processor and
memory for executing program instructions, said program
instructions enter an idle state, from said idle state
said processor executes a queue governor program for
setting up said first DMA controller, wherein the
completion of data transfers between said dual-port cache
and said storage media is signaled by an interrupt, said
control means further executes program instructions in
response to said interrupt to examine an indication that
said dual-port cache has data present for writing to said
storage device, and said control means sets up said
second DMA controller for writing said data to said

storage device if said data is present.
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a computer-readable storage medium and program instructions stored on

said storage medium for:

first determining that a command queue of said storage medium

contains a write command;

second determining that a cache space is available to contain data for

said write command,

responsive to said first and second determining step, first setting up a
first DMA transfer for transferring said data for said write command from an

interface to said cache space; and

responsive to completion of said first command, second setting up a
second DMA transfer for writing data to said storage media from said cache

space.

18. The computer program product of claim 17, wherein said computer-readable

storage medium is a Read Only Memory.

19. The computer program product of claim 17, wherein said program instructions
are further stored on said storage medium for transfer to a non-volatile memory

device located within a storage device.
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<=>7? @G\BCDEFGHH d Kb MYYRPERSTHYVEKNEE  bhis” #hedakahbikldrm the steps of:

sending a status indicating completion of said

write command before said writing step is performed;

servicing an interrupt indicating said completion

of said first command;

within said interrupt service routing, examining a
directory to determine that said data is present in said

cache space; and

within said interrupt service routine, and further
responsive to said examining step, performing said second

setting up step.



