; e3eBA} <<=t ?LX?" @@BAXd:t. 16 J U L 2002 _, A METHOD ANDE§ﬁ§LEMd32§03
‘ORDERING PRI ORI TY COVWWANDS ON A COVMODI TY DI SK DRI VE Fi el d ON

The present invention relates to the ordering of commands on a disk drive
and nore particularly, to the determ nation of whether to i ssue a comuand
to a disk drive based on a priority level of the command and an
availability of the disk drive. BACKGROUND OF THE INVENTION Fig. 1 is a

bl ock di agram of a conputer system 108- Its main conponents are a host
conput er 0 1 rive 125
may be a cc})xrrlr\rle}?%ﬁw Aﬁ\ﬁ?bth e-s eﬁ;ﬁ}ﬁ 6ﬁBE§{n® ¥’R39%? ﬁré@Meﬁ@Pgd to as a
commodity disk drive, th&leodmr[MaODUl‘YﬂHSﬁrBNIV@orrput er systeminterface
(SCSI) protocol. Host conmputer 110 operates on data stored on disk drive
125. When host comput er 110 wi shes to read data, it issues a read-conmrmand,
which id t isk controller 115. In turn, disk controller
115 |ssu%n‘[té deOQ‘F ENTY 9; k drive 125. Wen di sk drlve 125 executes
t he readconmand, |t sends the data to disk controller 115, which passes the
data to host conputer 110. For the case where host conputer 110 wi shes to
wite data, itThespesesaniy ipgentions relgtesydoy the é&%ﬁﬁﬂ@g sends
associ at to.d 1 fs 3 Kk oller 115

i ssues a%rﬂ?éeﬁ%%nﬁrﬁn 518& glﬁiyrl \?el]dlg\gr-g ael% t&{} d&ly\sle %5 I'S prepared
to executceeﬁdfneni/matEenoaﬁawﬁethternaxtq flleS$ledIaS|COI(UIrHrl‘Cb|ﬂcera sk wiir thesends
t he asso data to,di sk drive 125 ﬁsk contr IIe 115 includes, a
processo 5151 &M 7 ePAEERI L AYNDEYCH & &P S i3 caéhlﬁ‘é%llr%tPJa%eHyto

t he exchahgesh®fqlgkonmati,kon Wi th host conputer 110 and di sk drive 125. It
al so includes a controller command queue 120 that contai ns commands t hat
have yet to be issued to disk drive 125. Disk drive 125 al so includes sone
| ocal int i i At f qr rocessor (not shown) and rel ated
menory 1 ,ék 8o He Oy [\pve command queue 130. Disk drive
command queue 130 contai ns connands t hat have been |ssued to, but not yet
been executed d'sk dri 5. The erf rmance of a system

conput er systeﬁiﬁ() i &5 oﬁéﬁ 4k ea}_rﬁ;orrg?ut}eers %’éerf‘lmgandits

t hr oughpuha i iResPRPSBehitiE ardl S0 Ho@‘terd@qad@lam@t enyisk Scbherbnterval of
time between when a conmand is issued and when it is executed. A short

response 11Pe2P8 Brefekabid Mo 12 -ond B s t14%. MahrRighput is the
total nU”@&BincEﬁﬂ‘mB‘%%—F&rh%l%ﬁﬁﬂ% bYe Fnphsd B %m@elﬁeépeﬁfétﬁgdp%' od of

time. A greater throughput iIs preferable to a lesser throu
control | exs la5camuodiisly didiske dL@Bfeeacttham&QmFeormath ULh@OSIBalB features

that are mts ggg tsosrt%duc JESPons § {g&glease t hroughput. The
features i'nc e prroriti Zi ng conmands” and rganl ZI hg the conmmands on

control |l er command queue 120 and di sk drive command queue 130. Disk
control ler 115 assidns & ariofify, Level to, eagh command that it will, jssue
125. When host computer 110 wishes to read data, it issues a
read-command, which identifies the data, to disk controller
115. In turn, disk controller 115 issues a read-command to
disk drive 125. When disk drive 125 executes the read-
command, it sends the data to disk controller 115, which
passes the data to host computer 110. For the case where

host computer 110 wishes to write data, it issues a write-
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the greatest inportance are assigned the highest priority Ie‘I/SI J

, prirority levels are relevant to this discussion, they are, deman tage,

" prestage and destage. The demand stage priority level is the highest
priority level. It is associated with commands where host conputer 110

wi shes to read data. Generally, when host conputer 110 issues a
read-command to disk controller 115, Jhost conputer 110 has an imediate
need for the data. Accordingly, when disk controller |15 receives a

read- corgpifald O e fiGBPULEb APl LaBasi 98SqLBR demRndi15kaog ypriori Ly

| evel to the read-comman e prestage pfriorify level is the néxt highest
priorityThevehftét, i diakscgnédolbereadscbrmrrdsat Ratl tareommianidatted by di sk

controller 11 as osed to read-conmman initiated by host conputer 110.
Di sk confjr%lfl‘gFl‘ﬁS?ggal ugP@Q d15&C 8K VRi 3?8@%?%&%%%%@6& from
host conpud efr148--ahflaAkl TRt fotQ rRE8JHsE Kt BBnReWY 1€@MTand - tadlcrhost
conputer 110 will issue. For exanple, in a case where host conputer 110 has
i ssued reeridsobfandsspoiated ddtacént ddakadplivekd2Sdisk 1 s a a ~ 2r~~2
-4 controller 115 may predict that the next command from host conputer 110
will be a read-command for a third adjacent data block. In anticipation of
this comand, pdsgkcenatboliber 1155 ing3uessaar padceermand 1170 ahics kredrd teey 125

for the third adhacent data bl ock. Such a read-command from di sk controller
115, nmad8STATHNti8i pati 86t ta e RFCCSHRERS frﬁéﬁ]tﬁestt%&r?meéﬁc 1e§ s

assi gneds ¢ Nen P ERLagBNPLE Oh! by k¥l FRe da%l age RAIG id Jcevels T's 4 ower

t han the prestage priority |evel gk controll aSS|gns the dest age
priori tyalevellntﬁ)uvi/est e comtandd ew tclomwiainch quteuwl slI?éJs tthaatqudrEtajiatsa to disk
drive 125, V\heahg uter 3} |tesd gttd std;f) %vice, it
gener al | §7HA8"FFn &:é@éﬁ § e ‘fat's, dady h1 Short term
Host conputer 110 passes the data to disk controller 115 and then noves on

to other business. Host conputer 110 does not wait for disk control|ler 115
to actual ly wPifé BKévVgatadSt @l@u%en&%wsmemeséqq?éf e o genfrRli At e

urgency g dbsh dil 4e kol EXQGe o)l et Pisinsantynd) er 115
organi zes conmands on control ler com"rané} queue 120 i n order of priority.
That is,vwboahmadsluwidel thelilsikglvestvepraomang lamesle ar3 pl dtietk atrihe front

of contr I L goman u e Co t Iowest rlorlty

| evel arg %ﬁ%gé ghg%gjngo&%a&orﬁr&mern@gg%%ntd hauveeug) dos W th
t he sanebpti abitt yelte‘belenare&emut@oedaya,ccmﬂia [y itvee tm anmount of t| me t hey
have been on queue. That is, commands are ordered according to priority and
age. 16 J UL 2D02 -s The command at the front of controller comand
queue |20 is trhg E%X:tfo(iﬁm dihat disdercdmoldLredrdduvd shegstoni ssge to
di sk drive 125. This organization of commands on control |l er command queue
120 is i hBeRdEGNt 6 VRilNatete Imedipomye Qfi eI Shd Higd Phrorghyut.
comands g 0 | 1 er LAl rggaé}fics_,fr mn a
priority | g%/j%% t%oiq1 % de%r%egr?é%stager%ofﬁ %sfl({ﬁ eve V\hfen tEs}tli}?(@:h{)rli&?:}brr?ﬁ?md IS
pr onot edoffo tdewa e tsteage whidre acaromrecthd is issued and when it is

executed. A short response time is preferable to a long
response time. Throughput is the total number of commands
processed by a system during a specified period of time. A

greater throughput is preferable to a lesser throughput.

Disk controller 115 and disk drive 125 each include



is placed anong ot her commands of the denmand stage priority, qg 2
+ ordered according to the age of the commands. Wen a connand iS pro

disk controller 115 will reorder controller command queue 120, if
necessary. Note that commands of the destage priority |level are not
eligible for pronotion. Disk controller 115 al so enpl oys an aging al gorithm
that advances the priority level of aBt commands on controller command
queue 120 after a predetermned period of time. Morre specifically, after

t he predefeanumed thow hae dndapsedd ad EHHUEHKEESHDHEHHHIméEﬁn@onﬂand

gueue 120,are advanced to hlgher priority |evel. The agi orithmis
i nt ended %Bcﬁﬁé§§th§°P&WFHFIorlﬁvaé%ﬁﬁﬁﬁﬁy r%ﬂﬁ%HQﬁ\HF&Pr%ge21 %ot bei ng

servi ced, cbmmtahesceee] WEI6, iAW of HHENGSn@ 1 DT o Jargeﬁslpéf%bmaheve'
Note that the aging al gorit n1applles to all commands regardlLess o

priority teeek, 1BOt and ddesk mbtl vee aragierarchbrse gudle 120. . 16 J U L z002
-6 Disk drive 125 hol ds commands, which it has yet to execute, on di sk
drive command queue 130. Disk drive 125 can operate in either of two nodes,
i.e., I'n Oder pygte conthReandasr IMEessdAgdNG e ¥ ety Msiee 1 di §kedehve 125
pl aces commuands onto di sk drive command queue 130, and executes the
comands, CPAMERE Ghddr ittheii Havies Bt q «dles v edr F¥om 45 sk comnapApept115. In
Reor der r|v t drlve
command gggueg%%%%e% mnim Zé§§%£Qae?ﬁ£§%n rotgglon ? =g€ §g§gg tween
execut i onlefredansatittdey e rcioymiands] exasics tduwes rapseavet t o otlghput . | n Reor der
Mode, as the nunber of commands on dISk drive conmand ueue 130 increases,
di sk dri v81885 5 ime LNl €% 1 149 pRicadRe ??e%%égﬁn?% cBRFRAES f r om

whi ch to choose when sel ecting the next command to execute. Therefore,

t hroughput increases. However, as the nunber of conmands on disk drive
command queue Tie |dﬁ§rraé%@taqme>lpmewwale‘ﬁe%h@:nwfatehepeﬁerpal@r\;érx

command aI ijner S, V, o] L©of the
priority eve us§§§%' Jﬁ%%Q roI f%gﬁhd%%écggéééugé P E:Oﬁ)‘}z‘%@lkgorder
Mode it nﬂyOewaeﬂEESOn@ meadmmatacwv@mmemalyypowmamdbobefoompatbmghlo
priority conmand. Anot her feang referred to rg Fbgﬁﬁg eue tion,
al | ows di $R36mt rfol %t 19%8™M s?%rql?%afo%Fﬁﬁ} r nGCERHESE The

pl aced at 1tilwe Headdfiihhedki S é V@e@@nﬂ@fldth@e@@téiso A¥BeRaEhgk vGOoRhee) | er
115 issues a command and desi gnates the Head of Queue Option, the
deS|gnatl@ﬁ5k:H?“149%}?®0Q1%r@%%%%%eﬁl%krﬁﬁﬁveoﬂ@gnﬁr§ﬁPWeBPé§r|ng di sk
drive comgg%}d#§¥1 0, an o] t X o be
execut ed by dr.3§ IE% 9%‘ $g§¢%P§éﬁ?%?n$g§§g Q?%%és%F Egﬂ@itt&
designatedhﬁMﬁﬁﬂﬂfCQmma@acrlf|ces di sk drive efficiency and |ncreases t he
batency of other commands that are on disk drive conmand queue 130.

The prestage priority level is the next highest priority
level. It is assigned to read-commands that are initiated by
disk controller 115, as opposed to read-commands initiated by
host computer 110. Disk controller 115 evaluates a recent
history of commands received from host computer 110, and
attempts to predict the next command that host computer 110
will issue. For example, in a case where host computer 110

has issued read-commands for two adjacent data blocks, disk



A problemoccurs in the case where several successive commuand Srﬁldss d
*wWth the Head of Queue Option faster than the rate at which difs &éﬁﬁﬂb
can execute the commands. Three conmmands issued with the Head of Queue
Option in the sequence of Cl, C2 and C3 will be executed in the order of
C3, C and C1. The ol dest command, Cl1, will|l be the | ast executed regardl ess
of its priority level. Also, because gf the Head of Queue Option, the disk
drive cannot reorder the commands to inprove throughput. Consequently, in

t hi s caseortth® Head 1df5 Queuefadion tdvertdsd ynaxpadmmdie fesponsetti me of

command Cl1 and the overall throughput of co ter system 100. An i deal
o o W UR o b R LTI T O 4 T Gigtagent s
foll ow n nt r p {ﬁg%gg t fs SR or 1 | oyed
to addr e%leﬁ]l{f.s ilhrgl e%nlgcgl. U. S.ﬁP%fiigcnr?lsl\lo. 4%%’ GC?L%%%mﬂ%%? gﬂl?

Hi er ar chiicsuavereorne Srstamaday i hy CaehedDiwk Sibhsict e &V thi Cdmand Queues
For Plural, D sks. |t describes i sk subsystem including, ~6J UL
2002 g FANCHTE e R | Ve i e i 2 COAS HRB IR ES provi ded for
each di skedltdMeL1dY PriD) iddny al Meainte BoSeaiense HUPded-abfmassi 9ReM to
each command queue so that the highest priority queued command nunber is

execut ed hgfen qaewiek HrQveleordesprrdi Hie tRr¢dleadpicviel petbrresevele. U S
Pat ent No. 5,548,795 provides a Method For Determ ni ng Conmand Executi on
Dependenci es Wthin Command Queue Reordering Process. This invention
descri bes a nethwdidoragal sl atitg leasl -1iatemeyr twamnt ahai pgeshege
dependency information in a disk drive co nd queue, and using this

i nf or mat iAot b et n dohPangCR BBP HERY @? P 35t9He Bhe g%%ggﬁti onal |y

effici e”}gf%‘f‘ﬁ{y 11 Pad ept 1 NO- cOmft9a 560 % oy des {orwPshesi £bzi ng
Pendi ng Read Requests In An Automated Storage Library. It describes an

i nf or mat ivont 7 otassi iy sk edrheei hgda pfheonikozedecomphberol 1Pendifgs

obj ects f i i u d 0 jbrayy_to.mpim.ze | atency.
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Lat ency Asrdamcdimon Oie Reéada Swat cheaSeekor Anide Rebhatt ohakmlat Bneikes And

Utilizing Enbedded. Disk Drive Controller For Co nd eu ecording. It

descr | bod SRy STt brP7 80 HoF T e oRmENda: FEcETUBAChYCS. diSkaF FBL™L ead

time | at engd&s & erdebehdiNedsiREsSONMRNES Eompufdeue1 v HBekeaBECHAl@ an

active command. The command havi ng the least lead tine latency is selected
O

and pronot@d dbskhecnibptler 115 actually write the data to disk
drive 125, so there is no immediate urgency for disk drive

125 to execute a write-command.

Disk controller 115 organizes commands on controller
command queue 120 in order of priority. That is, commands
with the highest priority level are placed at the front of
controller command queue 120, while commands with the lowest
priority level are placed at the end of controller command
queue 120. Commands with the same priority level are ordered
according to the amount of time they have been on queue.

That is, commands are ordered according to priority and age.



16 J UL 2002 -9of the queue where it will be executed aft t h chj
conmand . U S. Patent No. 5,848,226 provides for a Priorit?g d\EAEaéadf
Transfer Through Buffer Menory In A Digital Printing System A control
means within a disk drive assigns priority values to conmand out puts by
software entities and executes the command having the highest priority. The
prior art techniques for reducing response tinme or maxim zing throughput
are generally directed to nmethods thab-actively reprioritize commands or

reorder gnguene bad IR Q¥R HEME B! CENEYE o T VRN oY » @%1};1«& ”PéQVE nt in
terns of résponse tine is acconpani e qby an i npal rnent i roughput, or
vice verthe Akst, cotesed ethn qiek aomtofdldrecdi exismeb are hosue to

necessarily conmpatible with commodity disk dr%yes. Ac ordiq? is an
[

ly, it
obj ect of'1Pke FridEent? S nv éhtliSo P GGG AR 1 £ SroCPI?eQ%FIHO%?Hod f or
det er m ni-pamARet MRl U0 123548 & RUARRM P i il dridgpdhad -£lmb nEZes
response tinme for high priority commands and naxi m zes throughput for al
comands thel hiighesriottheo mbjecomafantdse present i nvention to provide such a
di sk controller and nmethod that is conpatible with the operation of a
commodi ty disk drive. ~ s uu~ Q2 - 10 SUMVARY OF THE | NVENTI ON Accor di ng

to a first aspaGl @oﬁt&%ﬂl@@qtﬂwmém?@ﬂ&@rwﬁmﬁ fedhogh & or
-determ ning whether to issue a command froma disk controller to a disk

drive, sBr§sdiesie eoromdityerl avidintted Miky TR e IR kT basl vl devehat
repre.se”%%e% R N9 284 Of, Sl g g sk, didyen g 5{‘&5’#9”@&‘%%8@6598 an
associ ated priority level, said-"disk controllTer performng the steps of:
(A) determ pilageasheinterg st pracmdndd evelthes dpeat@rsthae prieqial,to a

threshol d priori | eve| ; (B)_ determnin et her sai endi n r kl oad

val ue i salngsgutﬁ’?;%% 45 %EeCFrﬁ%%C?ﬁqu/aﬁ%e% _ es?gpgﬁgd%?@%?ﬁgs sai d

priorityuhevels icommiaat &fs thdhde €U st oot o1 hé £5N0b dwpr i Okkbydkevel
controller command queue 120, if necessary. Note that
commands of the destage priority level are not eligible for

promotion.

Disk controller 115 also employs an aging algorithm that
advances the priority level of all commands on controller
command queue 120 after a predetermined period of time. More
specifically, after the predeterhined time has elapsed, all
commands on controller command gueue 120 are advanced to a
higher priority level. The aging algorithm is intended to
prevent a low priority command from starving, i.e., not being
serviced, in the case where new commands are of a higher
priority level. Note that the aging algorithm applies to all
commands regardless of priority level, but it does not

reorder command queue 120.



(O determ ning whether said pending workload value is |ess yh
t hreshol d val ue, when step A determnes said priority |evel 1 8 széﬁﬁﬂﬁg

than or equal to said threshold priority level; and (D) issuing said
command to said disk drive when either step B det er i nes sai d pendi ng
wor kl oad value is less than said first threshold value, or step C

determ nes said pendi ng workl oad val uegis | ess than said second threshol d
val ue, wherein said second threshold value is not equal to said first

t hreshol d val uBiskndrézied 1o &io0ldsr eonerRadFal WEighd 1daihdsseednda hr eshol d

S O oat oPERARC or OBEaE & B el TRIEEK AR drdty P NS £ F

further agpeebtbheneeiishprOWrdesca mdiosls, canter.ql ITer ddirir dRiRs rames vvhet her
to issue a command to a disk drive, sai d command havi ng an associ at ed

priority RegsfersMpdedi sPugdmdr din Grdesniodsing skad e ieen®y Bcedoring a
pend| ng "‘?BK\RBRQSV%H&% %ﬁ%tk r\r%s%tn&a?xdo‘?{\‘:@u@ 149y Kl gpd eQIecﬁ?de?sO di 15K

a processor ormng rst’ conparison
det er i nec\z\dmbheus saind tmrel @rndey: ltéegl hiawegihestrercddednvest feopmaldisk a
threshold rior

I 200 a second co arlson to
det er m ne® Efﬁéﬁe§a %pen&lrhgfe\ﬂﬁqaro Cﬁeatl Eksq(le’*)svse tHah @319

threshol doyabie o fWaemmediad fdr $ii SOMMAaR S UbndelRl s thad i dh PIhosbty
level is greater than or equal to said threshold priority level; (3) a

third conpaeksﬁnman@@temmaﬂ§QMﬁﬁrkﬁtqnﬁxiqﬁﬁwﬁQK]@ﬁﬁ@ﬂ?k&hv@fue is less
Sai d pri o Clyerarars S ST ERkatar (R orats TRy eohol o priori ty
| evel ; and
In Reorder Mode, as the number of commands on disk drive
command queue 130 increases, disk drive 125 becomes more
efficient because it has more commands from which to choose
when selecting the next command to execute. Therefore,
throughput increases. However, as the number of commands on
disk drive command queue 130 increases, the potential maximum
latency for a given command also increases. Also, note that
disk drive 125 is not aware of the priority level used by
disk controller 115, and consequently, in Reorder Mode it may
execute one or more low priority commands before a high

priority command.

Another feature, referred to as the Head of Queue
Option, allows disk controller 115 to assert that a
particular command shall be placed at the head of disk drive
command gqueue 130. When disk controller 115 issues a command

and designates the Head of Queue Option, the designation



wherein said processor issues said command to said di sk drivg ﬁnsp,e;ﬁﬂﬂé
- said second conparison determ nes said pendi ng workl oad val u ) n
said first threshold value, or said third conparison detern nes said
pendi ng wor kl oad value is | ess than said second threshold val ue, and
wherein said second threshold value is not equal to said first threshold
val ue, and said first threshold val ue,and said second threshold value are
selected to favor issuing said connana'mhen said priority level is greater
than or epuavendssdiigkt Hréykolld Sprdirom tredusiesiingAcicrkdidwl ve corander

aspect there is ovi_ded nor. dia that stor. r.ggram f.or, a di sk
Control | egH&: 180¢ ephnsl ewheenar toq selfiart Sirbned ¢ 1 AR S ke sai
di sk contegbbaktefbt aiiRkndraveendsng vworikd cahtiatdienitdioli 8Pr eseam sy a
pendi ng wor kl oad of said disk drive, said conmand haV|n%fan associ at ed

priority fevethesgdegigpatey woamanconpitsisaprifdcafeahist fremtrol 1ing

said di sk ateal ler 1 t i iaQnl ! ter
t han or eaggﬁgéghg§tﬁ%@sﬁgkg%%%#%ﬁﬁggep%%ﬁ%?h?éﬁyﬁggk%yfgﬁMg%ﬁégo I?ﬁg said
di sk cont agkl en ta sttederiRieneoneinterqueaied yBNdi ng wor kl oad val ue is |ess
than a first threshold val ue, when neans A determines said priority |evel
is greater than or equal to said threshold priority level; (C neans for

controlling sahd dioph hORILRLler f Liflelardt nenatietdiete 52 dypedh agyyor ki oad

value is less than a second threshold val ue, when neans A determ nes said
priority Fevaiands moe dssatest witdn tdre diprd b Gmuk tOpebhol Gapeeéorihgn

| evel ; an D). _neans for. conf.ralling sai4d disk controller to issue said
commtnd § SPEara e G TSI THAN G A A GRNI Ble LIRSS
wor kl oad valée icdnmessid Masuedlavilil Fn-Head Ohf Gadwk fopsion hi eshnkd

val ue, or neans C determn nes saidzyenﬁinQDMDrkload value is |less than said
second t hFESRSPGey QUL €2 and C3 will e executed in the order of

C3, C2 and Cl. The oldest command, Cl, will be the last
executed regardless of its priority level. Also, because of
the Head of Queue Option, the disk drive cannot reorder the
commands to improve throughput. Consequently, in this case,
the Head of Queue Option adversely impacts the response time
of command C1l and the overall throughput of computer system
100.

An ideal system would minimize response time while
maximizing throughput. The following patents are
representative of some prior art techniques employed to

address this challenge.

U.S. Patent No. 4,425,615 provides for a Hierarchical
Memory System Having Cache/Disk Subsystem With Command Queues

For Plural Disks. It describes a disk subsystem including a



wherein said second threshold value is not equal to said firs hriegh
“value, and said first threshold value and said second thr eshoﬂdsv‘elm%bz
selected to favor issuing said cormand when said priority level is greater
than or equal to said threshold priority |evel. ~ S aa~ ~0~ BREF
DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a block diagramof a conmputer system
according to the prior art; Fig. 2 isga block diagram of a conputer system
particularly adapted to carry out the present invention; and Fig. 3 is a

f | owchar tplofral Prvcessdisk deivesi whageiwheghepmmandsgueve dempned itdedh di sk
drive, according to.the present_invention. TAI LEDQ DESCRI PTI ON OF \THE

| NVENTI NG a0 | L SR B BLRE o o BROF L BV BREUFer "Gy &t SRCBG0CoTRE TR

conmponentfrards & Nosd €OMPHERT cédand giskecent kablerhdlhignds di sk drive
225. The operation of these conponents, and their relationship to one

anot her, REBELGTHY auewed hapmgesdr NBEEeFnishexesntegt whrenritde Histbove. Di sk
drive 225 nmy.b ral,. _off-the.she t, sonetines referred
to as a é%nnﬁ%i 39%§§£8§$§b§,t?hgﬁecgﬁﬁggn%EFg&gggqgﬁn'I conmput er system

interface (SCSI) protocol. However, the present invention is not limted to

the SCSI protocol, but can be applied to any . disk drive that reorders
commands baseduo%-e?%E%PFoNOcoﬁngﬂé gp%i@?@& es ajMetypqg |F9io~ -12 Disk

drive 225d#chifes,a ééﬂﬁgﬁéoﬁxéEHEiéhomge%@@nrcﬁ'e%t o4 tFBFPbrgdhg Whi ch
i ncludes a di sk drive command queue 230. sk drive command queue 230

cont ai ns @uemaniisotrtarihaverbeensi. sslibdst dnviemt iigot destic Higeas ex aeritlead by,

di sk drive 225, Eigk drivEFZZ _gs caEabIe of +L8ordering commnds on di sk
drive co ﬂdcﬁh%ﬁ ab3p9 ERECOREPBYer MI18 b (ifed 'k pré%é% 0t“%16 and
rel ated nembsym2diohoinexegukkngrpiecedmmasd ejuaied tad hesaxghanges of
information with host conmputer 210 and di sk drive 225. A controller conmand
queue 220 EEAEERRECRoRARAAESERAENhEPEIGEL FEPFESEded t & di ¥R d#h¥e 225.

Di sk cont&g%ﬁggagiéngh§? agicAtaiLns @ dihsk availability value 218 that
indicates an availability of disk drive 225. Disk availability value 218

can be any quantitative indicator that represents the availability of disk
drive 225, suc S i mat ti 0 e QU standing or a
nunber of outspa%diﬁéEgggngﬁdss’ 6%ﬁ§% %ﬁ%ﬁ?ﬁgﬁirocess é%g ge%gf%ines

whet her tPeh&8$te Readnmendeta sdiIsk Acr Rver o2 ed rstdmage & Bvrady enbddi nent ,
t he di sk ﬁvailagilit value 218 is an outstandigg:co nd count (OCC), that
is, a countSEFEEAMBRdSEREMETAPE BEETSSSIIE 16 " But"hot" et executed by,

di sk drivgr2d®ithineat Reknwer ¢% rdiask rayvadaidd taromelaesiZd 8innghcates the
nunber of commands on di sk drive conmand queue 230. Wen disk controller
215 i ssueduhoBahRREngtosagiesk ipriavy 225 Mininiyg ekl RCY he out st andi ng
command count in disk availability value 218. Wen disk drive 225 executes
a

U.S. Patent No. 5,729,718 provides a System For

Determining Lead Time Latency As Function Of Head Switch,
Seek, And Rotational Latencies And Utilizing Embedded Disk
Drive Controller For Command Queue Recording. It describes a
system for reordering commands received by a disk drive.

Lead time latencies are determined for commands in a queue
with respect to an active command. The command having the

least lead time latency is selected and promoted to the front



16 JUL 200 -13command, disk controller 215 decrenents the ouf gt apdj n
command count in disk availability value 218. D sk controllgtfkkgjLszogas a

priority level to each command that it will issue to disk drive 225. As
di scussed above, in the context of Fig 1, demand stage is the highest
priority level. In the preferred enbodi nent, a conmand priority can be at

demand stage, or it can be at a |lower priority level. The lower priority

| evel s are not distinguished fromone%another) That is, a comand priority
i s eitheprattempdiStadese oft iwilB BWteddcwiesmngdr sé20ehe HOWEYOE, i N the
general case, the invention can operate with any nunber of priority |levels.
Wien consicBdangy whet her to issue a command to disk drive 225, command

i ssuing process 219 first determnes the priority level of the command. |f
the command priority is at demand stage, the command will be.issued only if
t he out st andi np. Sorpatehtcain; %S84 85326 haroBidés fbe sorphodipiredity is
not at denmand stage, the conmand will be issued only if the outstandi ng

command CRiR TRRnker (HErewoh THrSEQF JERMeRYn 10 | BuRi1ghted BréBiiBAds to be
enqueued i, sk i gpqﬂ 0, r i sy
enough tgggg%ﬁ§UIg%é&§ﬂ%§nan g%?%ggfgﬁﬁga%gg?sﬁhg?y%gl%§%§&g?}%ggpﬁﬁtgu
conmmands vawe aged ¢ontdred denamdt stlagesobtwareoabt bt ésnanfl Ehesetiewo

cases. |f_ conputer system 200 is pperating.under a |ight workload, then a
demand sﬁ§5%q£3WWﬁH§ havgg e bl Qstlﬁgh?Fft%ait behi nd no nore than 2
previously issued conmands. This schene gives preferential treatnent to
demand stage comands to mininize their response tines, yet it allows disk
drive 225 to rEm deriesnmahdseonndPgRs dfPyYerednfand §asnenssotisem®d ni ze

t hr oughp Fig): 3 i art.3 j [ .
Conmmand ?%g&f%gggﬁ%céggoéﬁﬁﬁﬁg %%%oggﬁggﬁgggggg e%gggrgglgéegﬁégnéé%tdecide
whet her taoct seeley arepnimanit 1 pe dcskmadndyeo22becoTies moghduector iviperovae new
command i s receivgg,fron1host conEugfr 11 0, .when_a gr vLou%%é i ssyed
command K& BB Lbhpt 8REY- by THPLR3dr ¥ ve? 1 25TPEPVRRER T a tBolfTiE Kds been

pr onot ed ﬁ@s;ﬁ’orﬁ%@h@:[m@riQré&Moﬂn?é{ﬁhedTB? gaMmpdivndae eanshdeihicnt i s the
command at the front of controller command queue 220. As nentioned earlier,
di sk avai?@abii¢e ywousai ndhtabestBASAvAPFABILAREY B8FedPSkedr CREPEEX 3t in
the prefefged, enbodioent i § hegﬂgae@b%t 1 #AdL:BEnEATIRNE 1 GRURL-{ RS Shown i n
Fig. 3, command issulng pro%ess 19 eval uates outstandi ng command count
(OCC) 305. In step 310, the process begins by determ ni ng whet her the
command under gonsideration.has_a_denan tage _prLiqri evel , I.f. t
priority Ievelg?goﬁglagnﬁhdl téﬁe?gtﬁgﬁgFEeggrngsgggﬁégkcé§VF8t§fggq§iS.

| f the prposvigel gvelskscontralldenand staped thendeherpriodess wathtaees t o
step 325. Note that in this enbodi nent, denang stage_is a threshol d
priority tO1653uy ¢ 9608arq4 50| avelSKaRg1VRefr83 s ™G 1eEE St SR IRfer the
case of a phé 0fb_£Yh!’L§Mebr9_6§§§:?r cbhRandenand shadeibkecause ARG Stage is
t he hi ghest possible priority level. However, in the general case, the

t hr eshol B b¥i epnmgnidvel need not be the highest priority level, and the
process woul d determ ne whet her the conmand priority level is greater than
or equal to the threshold priority level. In step 315, the process
det er mi nes whelheist heodbbkst abdeny odmirhed presen t3A5 vies tliess tcharev fde st
threshold of 8 cqunts. In other words, it determ.,nes whether. disk drive
command cRITR 230 86nPAPASOIAES FREn Bt BRESEARE g COMMARDIY (e the

out st andi $\ge 8881BAd0EO0HNEOREICHESY HRaR BrikRen the process advances to step
320. If the outstanding command count is not |less than 8, then the process
advances to step 335. In step 320, the process issues the command under
consideration to disk drive 225. Thereafter, the process advances to step
335. In step 325, the process determ nes whet her the outstandi ng command
count 305 is less than a second threshold of 2 counts. In other words, it
det erm nes whet her di sk drive conmmand queue 230 contains |ess than 2

out standi ng conmands. |f the outstanding command count is |ess than 2, then
the process advances to step 330. If the outstanding command count is not

| ess than 2, then the process advances



16 J UL 2002 -16 to step 335. In step 330, the process issues yh ' d
under consideration to disk drive 225. Thereafter, the process ;dga:]&@aiﬁoz

step 335. In step 335, the process termnates. i Note that comrand i ssuing
process 220 does not use the Head of Queue Option that was di scussed
earlier. Disk drive 225 can operate in Reorder Mde and reorder commands on
di sk drive command queue 230. This pejigjs disk drive 230 to optimze its

t hroughput to the extent available in Reorder Mode. Wile the procedures
required t cut e E inﬁﬁnéiﬁg hereof are indicated as already | oaded
into nennéﬁﬂgﬁﬁﬂg&iaii 215, they may be configured on a storage
medi a, such as data nenory 250 in Fig. 2, for subsequent |oading into

menory 217. It should be understood that the foregoing description is only
illustrative ofAdchelingiwent fitshaspdar bbtie mivertiomatheres protideddi ietledd fors can

be devi se those.skilled in the art w thout depa fr

i nven;/l ondd %F‘mé%ﬁ‘f)‘f’ or {0 8SYsy %8%‘??3?@ from rfﬁﬂ‘e%%’g‘?oﬁlﬂl Mﬂ%‘te stitto
priority |gseksntfillet Viﬁalﬁtaﬁhng?‘vﬁ'pkﬁd?hé I Workidaness1od dfat Mﬂréslsﬁ’tls €a ?eh@ﬂhgt y
| evel s and t hreshol ds can be consi defred. Secondly, the

-1 ~ cont mpirklead wéesdidndisk dove widaermmboh bavogporessiciated papmysbneledalﬂy d| sk

controll er instead, it can be enbedded i n anot her
devi ce, s il é’grﬂggtp%f:f(? gt‘ ?i‘b“ﬁil so, the invention is not limited to a

conput er systermblav'daamﬂmlﬂ Rt Skiddpriorfty 1&%1%%@&&%%% &gkt tPhe di sk
drives, disk controller ggnalntalns a controller command queue 220 and a

di sk avai Ithigshald pHQllW 1¢‘(ﬂ1 each of the multiple disk drives. Accordingly,

the present inygnti i.ntended to,enbrace a al t tive

nodi fi cati ons ﬁg 5‘3%@5 PHhgher s RERgIREver %toagc‘(%‘ée Fe gnaé}psz‘med

clainms.  thrkbhold Ualhe,Z\QHéh stéP A determines said priority level is greater than or equal to
said threshold priority level;

(C) determining whether said pending workload value is less than a second
threshold value, when step A determines said priority level is not greater than or equal
to said threshold priority level; and

(D) 1ssuing said command to said disk drive when either step B determines said
pending workload value is less than said first threshold value, or step C determines said
pending workload value is less than said second threshold value,

wherein said second threshold value is not equal to said first threshold value,
and said first threshold value and said second threshold value are selected to favor
issuing said command when said priority level is greater than or equal to said threshold
priority level.

According to a further aspect there is provided a disk controller that determines
whether to issue a command to a disk drive, said command having an associated
priority level, said disk controller comprising:

(A) a memory for storing a pending workload value that represents a pending
workload of said disk drive;

(B) a processor for performing;:

(1) a first comparison to determine whether said priority level is greater

than or equal to a threshold priority level;



Claims: 1. A method for determ ning whether to i ssue a conmand L@O&ﬁ d?ﬁ{jz
controller to a disk drive, said disk controller maintaining a 5
wor kl oad val ue that represents a pendi ng workl oad of said disk drive, said
command havi ng an associated priority level, said disk controller
performng the steps of: (A) determ ning whether said priority level is
greater than or equal to a threshold Qb%ority | evel ; (B) determ ning

whet her sai d pendi ng workload value is Tess than a first threshold val ue,
when step A determnes said priority |eyel is greater .than_or to said
threshold priority K@vasecond)coppausan (q; Wwbpt%gaﬁﬁd@@a@nagwg@aﬂoad

value is |ess thapiaisenand fivRaiRll WALUShar BRI iRk € RrffRs Sai d
an '[ﬁ’ll—l sho ?prl

priority level I's not greater eua to sal or|ty
| evel ; and (D) t]neﬁsmdlpgloatay kévelosrgneatﬂr ﬂmnsaaeqiladitwdalcﬂﬁireshowmmjr idvel; step B

determ' nes sai d pendin rkl oad value is |ess than sa rst t hol d
val ue, or step C deg %tﬁgg @Q}Panf%’nm AefeTmBing | WReihey of ppg. IP%S%OTH?QE sai d

second_thr esholggalufes; WSS & Gecdil AnRREQVAIDE CRiEl dakplig bompllsaRaual to

said first thres ue, and sald rst thréshold val ue and said second
t hreshol d val ueietenmrmeltlmtsad priorifyalewel is asugmgtes thad or equarid swidehreskald
priority level is greater than or equal to said threshold priority |evel.
2. The nethod rpélé’flg’]&"‘?l ) ai m 1, wherein said disk drive includes a disk

queue cont ai ni %e?éiﬁ%ﬁlagb%déﬁho?%ﬁ@%@ﬁi donghatP¥Qatdes sk ﬂﬁ%ﬁeﬁ élthepgzhdno'[ yet
executed by, said disk drive. 3. The nethod recited in claim?2, wherein

sai d di sk sdedndecdnspariapatsictermines seiddperidmg saikloglivaluandiles tenmantidirsn sai d
di sk queu he, met hod.recjted in cIa mJl, wh rel sai d wmor kl oad
Ta e 1o Stoegintd VERSotR U4 Rt esial G8Futies AA b dinB kBBl QA b
not yet exegWhfhallsecsitl Bredhsld vlleysnd 1 fi J UL 200 -19 5. The net hod
recited in claim4, wherein said count of outstandi ng conmands js

i ncr enent ed whevhesein gaidowenensdthreshpldsvadug is ot gl dp sriddfinsy threshald wles.enent ed

when and said first threshold value and said second threshold value are selected to favor

issuing said command when said priority level is greater than or equal to said threshold
priority level.

According to a further aspect there is provided a memory media that stores a
program for a disk controller that determines whether to issue a command to a disk
drive, said disk controller maintaining a pending workload value that represents a
pending workload of said disk drive, said command having an associated priority level,
said memory media comprising:

(A) means for controlling said disk controller to determine whether said priority
level is greater than or equal to a threshold priority level;

(B) means for controlling said disk controller to determine whether said
pending workload value is less than a first threshold value, when means A determines
said priority level is greater than or equal to said threshold priority level;

(C) means for controlling said disk controller to determine whether said
pending workload value is less than a second threshold value, when means A
determines said priority level is not greater than or equal to said threshold priority
level; and

(D) means for controlling said disk controller to issue said command to said

disk drive when either means B determines said pending workload value is less than



sai d 'command i s executed by said disk drive. 6. The nethod re ~3Ene m
1, wherein said priority level is one of a plurality of priori téf |2b057
A di sk controller that determ nes whether to issue a conmand to a disk
drive, said conmand having an associated priority |level, said disk
controller conprising: (A a menory for storing a pending workl oad val ue
that represents a pendi ng workl oad of id disk drive; (B) a processor for
performng: ( 1 ) a first conparison to determ ne whether said prlorlty

| evel is greater, than or equal to a thrﬁshold priority.level; g_second

conparison to d@ bt (SRR e ShPgaRe &CW&HMFL?P‘H&EHQ‘QEO@Y?EM a8t han a
first thrQ§ﬂﬁ%ﬁmﬂ§&ﬂ%ax%ﬁ?ﬂe§ﬂﬂ@v&hé5t conpari son determ nes that said
priority leve reater than or edqual to said threshold priority |eve
(3) athird convgiwremcsmdtxecomt ﬁmshukdwdhﬁtsetot&qual tpesadi figt viveshobhdalugl ue is
| ess than a second thr sh va d f| st. co son d er m nes
Lhat sai 0 B i DiptItBFRION elyg ndraid Sroops AHCBIOLE Joe b Selsr el th B0l |
priority | id disk
i ve wher oy e o s R o i%ﬁ?i%gﬁ“ﬁppenﬁﬂ%ﬁaﬂ?m oad
val ue i s Ipeosity lexel. sai d first threshold val ue, or said third conparison
determ nes said pendi ng workl oad value is |less than said second threshol d
val ue, and wherein said second threshold value is not equal to said first
threshol d value, and said first threshold value and said second threshold
val ue are selected to favor issuing said conmand when said priority |evel
is greater than or equal to said threshold priority |evel. 16 J UL 20D2
-20 8. The disk controller recited in claim?7, wherein said disk drive
i ncl udes a di sk queue contai ni ng out standi ng conmands that have been issued
to, but not yet executed by, said disk drive.



9. The disk controller recited in claim8, wherein said disk drive is

" capabl e of reordering said outstanding commands on said di sk qufugJLo00Re
disk controller recited in claim?7, wherein said pending workload value is
a count of outstandi ng conmands, which have been issued to, but not yet
executed by, said disk drive. 11. The disk controller recited in claim 10,
wherein said processor increnments saiq count of outstandi ng conmands when
said command is issued to said disk drive, and decrenents said count of

out st andi myr cPNYRYART pheoNserdTgemRAdTNgsexecut ed by said disk drive. 12.
The di sk controller recited in claim7, wherein said priority level is one
of a plurality of priority levels. 13. A nenory nedia that stores a program

for a disk CO”F%&[lfrigh tb§ggﬁr lgﬁgﬁgh%%hgrgg%gd%ggaékﬁygﬂ:%égééééhgisk

drive, said disk®control 'er maintal a pending wor Kkl

repr esentiso atpengrngrwarkl;oad of said disk drive, said command havi ng an
associ ated priority level, said nenory nedia conprising: (A neans for
controlling said disk controller to determ ne whether said priority |eve
is greater thap;Qr equal .t h I I+ Qri ; ) ans for
control ling sa?égdigkygoﬁtgéﬁfgraﬁéaggﬁégég%e43m§ﬁ$§§sﬁ%%}%gﬁding wor k|l oad
val ue i s pastithaarayf adsptekr éshokld ryalous, tieep nesand A rdetrgrimmesasai d
priority level is greater than or equal to said threshold priority |evel
(© means for controlling said disk controller to determ ne whether said
pendi ng wor kl ogglgvabugsi s Ir@aswchhar arsecndddyeshd daad figin Whgn neans A
determ nes said priority level is not greater than or equal to said

t hr eshol d"PeEBEET Ol égehe angommangl tog a- dislky driwve,DRaGraidiferto the
controlli ' ' roller to issue said conmand to said disk drive
when eithé?eﬁgggsqb%gg?g?%%nes sai d pendi ng workl oad value is | ess than
said first threshold value, or neans C determ nes said pendi ng workl oad
value is less than said second threshold val ue, wherein said second
threshold value is not equal to said first threshold val ue,

DETAITLED DESCRIPTION OF THE INVENTION

Fig. 2 is a block diagram of a computer system 200. The
main components are a host computer 210, a disk controller
215 and a disk drive 225. The operation of these components,
and their relationship to one another, is similar to that

described in the context of Fig. 1, above.

Disk drive 225 may be a commercial, off-the-shelf,
compenent, sometimes referred to as a commodity disk drive,
that conforms to the small computer system interface (SCSI)
protocol. However, the present invention is not limited to
the SCSI protocol, but can be applied to any disk drive that

reorders commands based on execution command efficiency.



and said first threshold value and said second threshold val ue 5etjﬁin ﬁjﬁ\f

 to favor issuing said conmand when said priority |level is greatle

equal to said threshold priority level. 14. The nenory nedia recited in
claim 13, wherein said disk drive includes a di sk queue contai ning

out st andi ng conmands that have been issued to, but not yet executed by,
said disk drive. 15. The nenory nediajpecited in claim14, wherein said

di sk drive is capable of reordering said outstandi ng cormmands on sai d disk
queue. 16. TheDirskody ivedi22 ¥ doictlexiiesn aclpaicudszomherel nstsawn) pendi ng

wor k| oad vaI ue |s a count of o ts&gndl conma S, V\:hl ch have been i ssued
to, but nbElFEEdeRERQLYd 2By, IBiF S KA et IR aQH@EPt ed
in claim3gg fupther LQuRs 'c%nmwaeafuweorzﬁpr&arpdaiw hskegoptrol | er

to increment said count of outstanding commands when said command I's i ssued
to said dhaikedbiee, issdeo tdachariemotsaiat dmen efeouted amgi r@lsbnﬁamde
rive, nedi a

wh i d d i t h k

oot tod | AZBF ar RAEE ASRoIAE s B GRS 1 AT IS T ST S ATty of
priority hewel sirivAY.AmaANGAL 286 .. A?. Asu3, . As[ F. AAl % AFl . AL A . A Y. AH
CAF.A LAY, . A3*. A% A Y9. A AchznZ] z| V

c~ysni d_ZU] ca] ca] ca] ca] ca] c( aUl c(a] ca] ca] ca] ca] ca] ca] ca] caj ca] ca] ca]ca]c(au

a1 ¢ a] ca] co] ST Caf oy e oy Cu bRl B ou Rl PETaRRE) 01

a]ca]Ca]Cahmakqapaa]@ﬂﬂ%ﬂX&ﬁdﬁgﬁﬁ&&d@&duﬂés related to the exchanges

ool o on) B I eshkedel alocheal ool cah oa) e £ sl ol eh el (@ gaLeal gl ool
al ###338] o BN ek (d&agaa* ‘981 230 Coomfo ns | NS cbhegl abakogleal cal

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca ca] c(a] c(alU c(a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] cafke( ®e. 1.5SEGRONVD NDVER DRP2Xs. Disk controller 215 also

33, 3x3444 707
aj C’\><’:(l] cajc ﬁ\gé?&a]qg%] cg]dz;la caﬂcgﬁchg]?dcg ]ﬂc%]aicg? ca?%g?%gg%%]fséggg%ggg;
:T:VVb:j:avﬁllablllty of dlSk drive 225. Disk availability value 218

- <<8=c==>a> >>9+ @OAVA| wr mhe”
2] ca) ca] chPcapeal i Chf ‘b 6] € Ca] CAT6 o] GAF6AT 6P o &P GAMABL BBBBOQ
q cC availability of dlSk drlve 225, such as estimated time to
Dy DDDDDES EEF1GGGHHHHHHI JLzuoj e [ V] ] ca] ca] ca]calc(aUc(a] calca]ca]ca]calcalc
~a] ca] ca] CAPEOVE] S T ) ¢ af el L a € ot cla]l’(‘,‘?‘a]fca]fca]léa]:éa]jéapcal LLOMM N
| NgNNdOg @B%%%% s 9 Ag}““ﬁ] c5YD] 8L Qﬂ]fga fakeRhCal s

ajc(a]ca]cal calcalca]calcalca ca caJ c(a] ca] ca] ca] ca caljc(alUc(a]ca
] ca] ca] calsue R Tdmmand ayaad bbk cdeieg eded eeef ggf ggg hhhh} XSsni d _Z]]c]]lcalc

aJ cal ca]ca]lca]lca]lca]ca]lca]lca]ca]c(a]ca]ca]calcalc(alcalca]ca]ca]ca]calcalca
]ca] ca]calcalca]calca' hQiib5jjjAKRKkvI 11l :nmgnrsnnnnl ovoop_ppqgDr orrs| w nmhc

Y] ] c] ca] ca] ca]na]taed cat et cadd adraiadpdhenat cajha] dabca]acahcabda]mzad claaWec( a]
ca] cal ca] ca] ca] c\aé ca t‘r‘% ca%ca cal smessss; t Pttt/ uyuvvwexx
zXzzzzz{ qf44%0}g W5 § 2T LE] ¢ of CHTRE %c%]’%ﬁ]:ca?gca]ca]lé‘a] &é]'cé‘] ER¢] ca] ca

] ca] ca] ca]&@]&%&ﬂl&ala@i@aﬂlga& cpd &Rl catgéall e&abaal aatl bk}l blvatueds yuyy

by, disk drive 225. In other words, disk availability wvalue
218 indicates the number of commands on disk drive command
queue 230. When disk controller 215 issues a command to disk
drive 225, it increments the outstanding command count in

disk availability value 218. When disk drive 225 executes a



zXzzzzz{a{{{9] | | w mhc”Y]] c] ca] ca] ca] ca] ca] ca] ca] c: a] ca] ca] ¢ sawq_cg[]@%] ca
] ca] ca] ca] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caczngE! " 10%

10%& ()-fL1I0O%& ()-S 10%& () -#Y10%& ()-10%& ()-n}~"SH= 10b 10b 10b

810%& ()-1710%& ()-:!F(#10%b&' ()-!S-#10%b& () - AOYD& ()-"<SH=! " $
"10965& ()-!19"109%65& ()- !"109%5& ()-3S!I10%& ()-Fs 10%& ()- @10%& ()-@
V bCl910% h& ()- 10% h& () - 10@6h&fﬁ% #10% h& ()-m 105 105

105L&3109%6& ()- c}”*"<.C 10 h h!"'"10% h h& ()-%®10% h& ()-L!'Z"10% h h& ()-a

10% h&' ()cofmddid h&i{dk 2¢SA 1850 18 (21 §88&Erdfent B! tha0&@&st hindind0%z& () -
"10%& ()- YL 10%& ()-L$Y10%& ()-
command count in disk availability value 218.

Disk controller 215 assigns a priority level Eg each
command that it will issue to disk drive 225. As discussed
above, in the context of Fig. 1, demand stage is the highest
priority level. 1In the preferred embodiment, a command
priority can be at demand stage, or it can be at a lower
priority level. The lower priority levels are not
distinguished from one another. That is, a command priority
is either at demand stage, or it is not at demand stage.
However, in the general case, the invention can operate with

any number of priority levels.

When considering whether to issue a command to disk
drive 225, command issuing process 219 first determines the
priority level of the command. If the command priority is at
demand stage, the command will be issued only if the
outstanding command count is less than 8. If the command
priority is not at demand stage, the command will be issued

only if the outstanding command count is less than 2.

This algorithm allows up to 8 commands to be enqueued on
disk drive command queue 230 when computer system 200 is busy
enough to accumulate 8 demand stage commands, when 8 lower
priority commands have aged to the demand stage, or a
combination of these two cases. If computer system 200 is

operating under a light workload, then a demand stage command



10 h h 10 h h:u?|dEEC 10 h hly, 1 6 JlJL 2002
"10%& ()-S)!10%& ()-y' z10%& ()-$f 10%&& ()-#! 10%&& ()-!

10%& ()-|-jkl{bC 10 h h!Ly4"10% h& ()-ZF 10% h& ()-"110% h& ()-m 10z 10z
10z."10%& ()-."10%& ()-:$ kdEbC 10 h h! " 10% h& ()-s,!10% h& ()-s10%

h& ()- F'10% h& ()-LG' 10% 6& ()-29&10% h& () -kWC}~?4C 10 10 h010%

h& ()-yl."10% h& ()-)"10% h& ()- (1o h& ()-!1$" 10@mh&f()-lsl"10®6h

h& ()-z! Z ~"jKC 10 10 h&"10% u& ()-10% u& ()-!"10% u-u& ()-

10% u&' (w1086 & fgh 118 Ihlohﬁ)ohe"t‘ﬁéx##ﬁ#pf#avrb@él)ylﬂsh#éﬁ‘y@m(n)mdm u 10-u
10-u 210% u& (%@%// "10% &&' () --10% u& ( % 10% u& () - ##$$& ' ' aBnbC 10 10
hs$109@ﬁ. 1%" (§1V631®@&§2F%9t3ﬁ g&gp%gm%ntl @@ﬁ?@? d stage
s! 10%@ (JoriRak @S K& (A{AMNE, 0401 b §Q§Bé9§2 times, vet it allows disk

drive 225 to reorder commands on disk drive command queue 230

to maximize throughput.

Fig. 3 is a flowchart 300 of command issuing process
219. Command issuing process 219 is invoked when disk
controller 215 must decide whether to issue a command to disk
drive 225. This would occur when a new command is received
from host computer 110, when a previously issued command has
been completed by disk drive 125, or when a command has been
promoted to a higher priority level. The command under
consideration is the command at the front of controller

command queue 220.

As mentioned earlier, disk availability 218 indicates an
availability of disk drive 225, and in the preferred
embodiment it holds an outstanding command count. As shown
in Fig. 3, command issuing process 219 evaluates outstanding

command count (QOCC) 305.

In step 310, the process begins by determining whether
the command under consideration has a demand stage priority
level. If the priority level is at demand stage, then the
process advances to step 315. If the priority level is not
at demand stage, then the process advances to step 325. Note

that in this embodiment, demand stage is a threshold priority
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general case, the threshold priority level need not be the
highest priority level, and the process would determine
whether the command priority level is greater than or equal

to the threshold priority level.

In step 315, the process determines whether the
outstanding command count 305 is less than a first threshold
of 8 counts. In other words, it determines whether disk
drive command queue 230 contains less than 8 outstanding
commands. If the outstanding command count is less than 8,
then the process advances to step 320. If the outstanding
command count 1is not less than 8, then the process advances

to step 335.

In step 320, the process issues the command under
consideration to disk drive 225. Thereafter, the process

advances to step 335.

In step 325, the process determines whether the
outstanding command count 305 is less than a second threshold
of 2 counts. In other words, it determines whether disk
drive command queue 230 contains less than 2 outstanding
commands. If the outstanding command count is less than 2,
then the process advances to step 330. If the outstanding

command count is not less than 2, then the process advances
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advances to step 335.
In step 335, the process terminates.

Note that command issuing process 220 does not use the
Head of Queue Option that was discussed earlier. Disk drive
225 can operate in Reorder Mode and reorder commands on disk
drive command queue 230. This permits disk drive 230 to
optimize its throughput to the extent available in Reorder
Mode.

While the procedures required to execute the invention
hereof are indicated as already loaded into memory 217 of
disk controller 215, they may be configured on a storage
media, such as data memory 250 in Fig. 2, for subsequent

loading into memory 217.

It should be understood that the foregoing description
is only illustrative of the invention. Various alternatives
and modifications can be devised by those skilled in the art
without departing from the invention. For example, the
process is not necessarily limited to two priority levels or
two disk availability thresholds. Multiple priority levels

and thresholds can be considered. Secondly, the disk
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embedded in another device, such as host computer 210. Also,
the invention is not limited to a computer system ﬂéving only
one disk drive. 1In a system with multiple disk drives, disk
controller 215 maintains a controller command queue 220 and a
disk availability 218 for each of the multiple disk drives.
Accordingly, the present invention is intended to embrace all
such alternatives, modifications and variances that fall

within the scope of the appended claims.
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L. A method for determining whether to issue a command from a disk controller
to a disk drive, said disk controller maintaining a pending workload value that
represents a pending workload of said disk drive, said command having an associated
priority level, said disk controller performing the steps of:

(A)  determining whether said priority level is greater than or equal to a
threshold priority level;

(B)  determining whether said pending workload value is less than a first
threshold value, when step A determines said priority level is greater than or equal to
said threshold priority level,

(C) determining whether said pending workload value is less than a second
threshold value, when step A determines said priority level is not greater than or equal
to said threshold priority level; and

(D) issuing said command to said disk drive when either step B determines said
pending workload value is less than said first threshold value, or step C determines said
pending workload value is less than said second threshold value,

wherein said second threshold value is not equal to said first threshold value,
and said first threshold value and said second threshold value are selected to favor
issuing said command when said priority level is greater than or equal to said threshold

priority level.

2. The method recited in claim 1, wherein said disk drive includes a disk queue
containing outstanding commands that have been issued to, but not yet executed by,

said disk drive.

3. The method recited in claim 2, wherein said disk drive is capable of reordering

said outstanding commands on said disk queue.

4. The method recited in claim 1, wherein said pending workload value is a count
of outstanding commands, which have been issued to, but not yet executed by, said
disk drive.
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rrdEbC incremented when said command is issued to said disk drive, and decremented when

said command is executed by said disk drive.

6. The method recited in claim 1, wherein said priority level is one of a plurality
of priority levels.
7. A disk controller that determines whether to issue a command to a disk drive,

said command having an associated priority level, said disk controller comprising:

(A) a memory for storing a pending workload value that represents a pending
workload of said disk drive;

(B) a processor for performing:
(1) a first comparison to determine whether said priority level is greater
than or equal to a threshold priority level;
(2) a second comparison to determine whether said pending workload
value is less than a first threshold value, when said first comparison determines
that said priority level is greater than or equal to said threshold priority level,
(3) a third comparison to determine whether said pending workload
value is less than a second threshold value, when said first comparison
determines that said priority level is not greater than or equal to said threshold
priority level; and
wherein said processor issues said command to said disk drive when either said
second comparison determines said pending workload value is less than said first
threshold value, or said third comparison determines said pending workload value is
less than said second threshold value, and

wherein said second threshold value is not equal to said first threshold value,
and said first threshold value and said second threshold value are selected to favor
issuing said command when said priority level is greater than or equal to said threshold

priority level.
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9. The disk controller recited in claim 8, wherein said disk drive is capable of

reordering said outstanding commands on said disk queue.

10.  The disk controller recited in claim 7, wherein said pending workload value is a
count of outstanding commands, which have been issued to, but not yet executed by,

said disk drive.

11.  The disk controller recited in claim 10, wherein said processor increments said
count of outstanding commands when said command is issued to said disk drive, and
decrements said count of outstanding commands when said command is executed by

said disk drive.

12. The disk controller recited in claim 7, wherein said priority level is one of a

plurality of priority levels.

13. A memory media that stores a program for a disk controller that determines
whether to issue a command to a disk drive, said disk controller maintaining a pending
workload value that represents a pending workload of said disk drive, said command
having an associated priority level, said memory media comprising:

(A) means for controlling said disk controller to determine whether said priority
level is greater than or equal to a threshold priority level;

(B) means for controlling said disk controller to determine whether said
pending workload value is less than a first threshold value, when means A determines
said priority level is greater than or equal to said threshold priority level;

(C) means for controlling said disk controller to determine whether said
pending workload value is less than a second threshold value, when means A
determines said priority level is not greater than or equal to said threshold priority

level; and
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said first threshold value, or means C determines said pending workload value is less

than said second threshold value,

wherein said second threshold value is not equal to said first threshold value,
and said first threshold value and said second threshold value are selected to favor

issuing said command when said priority level is greater than or equal to said threshold

priority level.

14.  The memory media recited in claim 13, wherein said disk drive includes a disk
queue containing outstanding commands that have been issued to, but not yet executed
by, said disk drive.

15. The memory media recited in claim 14, wherein said disk drive is capable of

reordering said outstanding commands on said disk queue.

16.  The memory media recited in claim 13, wherein said pending workload value is
a count of outstanding commands, which have been issued to, but not yet executed by,

said disk drive.

17. The memory media recited in claim 16, further comprising means for
controlling said disk controller to increment said count of outstanding commands when
said command is issued to said disk drive, and to decrement said count of outstanding

commands when said command is executed by said disk drive.

18.  The memory media recited in claim 13, wherein said priority level is one of a

plurality of priority levels.



