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METHOD FOR REDUCING ROfATIONAL LATENCY 

lN A DISC DlUVB 

Tha pramt ilMntioft .... to - opm1im& in 1'01ldn1 media and. in partic:u1ar 

in mtatiDa di1c drive memory assemblies. Mora particularly. the pmeat inveadon 

re1a1a tD a method for sortinJ tba mnamand queue to reduce IOtational ~ iD disc 

drive memory urmhlia. 
.. 

Botadna dilC memnria imJudc one or more cUaca ctmm about a veitical spindle 

uia. Each disc has a phua1ity of COGCeAUic ttacks oa aae or both surfaces &om which 

infonnalim is mid or cmo wbicb information is wriUtl4 by a iead/wrlte elemat. Ia a 

disc drive system, a disc totaam at a mp spml wbilo tbo mdlwrillS dcmcm •flies• ewer 

tho surface of the JOlating disc. no read/write demmt is poailioned over specific &1e11 

of the dbc in accordance with eommuds m:civecl ftom the host computs. 

The SCSI interface pmtoc:al ptOYides a mechanism foe host compucers ID send 

multiple commands 10 a disc drive. It a11aws tbe disc drive to detaminc the optimum 

order of aecation tor the commands. Tbe •of commands available for execution by 

the disc drive ia l'detred to IS the •Q)llU'IUllKI queue•. 

Traditionally, disc drives hDe sorted tbe command queue in an order that 

-mJnimizes the seek time betwem die wrious commands. ~. seek time is only om 

Of two componmrs of the true accea time ot a command. The other component is the 

· rocaticml latcncy timo or the amount of time tho disc drive spem1s waiting for the 

appropriate data 1D mlB1D Wider tbe read/write e1emmL The mtatlonaJ latency time is a 

significant part of the total access time far all but tbe Jonaest seeks. On avenge, it 11 the 

dominant compnamt of the IDtll access time for relatively shut seeks. 

To dcte.nnine the optimum mdcc of execution of a set of commancta. it ii 

/'i· desirable to .consider the full access time between <:0mmands mther tlum simply the -1c 

;; ;; Ii~. An id~ 10Jtina aJaoritbm· waald sort the command queue in llld1 a way that tlle 

smn of the access times of all of the commands ia the quc:uc is minimized. This would 

involve computing the IUDl of the access times fer each of the possibk mdcrs of the 
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queue. Computinc 1CCeS1 tima far every pom"ble order, however, is. far too 

compumtionally inteasive tO do in a :mal·timD sy11m such as a disc dJ:iw. For example, 

there _an: over this millim poaib1e Older$ in a Et of 1m c:ommands. Modem disc 

drivm ean have up to 64 or more commands in the con11nand queue. In addition, the 

command. queue m pradic:al applicaticm is dynamic. . In other words, new commands ate 

caaslalltly ieceived from the host computer. Thus, the optimum Older of executim of 

pnMously received commanda oftal c:baqes. iequking tbc mtire queue to bo re-atecl 

Since the above-mendcmd ideal algorithm is impcactica•, an ale.native method 

of sorting is requiJed. Ono impmyed method of sorting would be to choose tbs mm 

command to be eecu1ed by searcbina the command queue to find tba command with tile 

shortest access time. Although this dam not result in a pannteed minimum sum of all 

command 1ca:&1 times. it comes m1ativcly dose. 

To compute the accea time of an atbitmy commsmd, the disc drive ccmtrolls 

firmware must ftrst comput& the seek time for tJla mrnmand. 1be seek time is the time 

required ta move the read/write element fmm the present tiack ta the dcliied tract. 

Next. it must determine tho apectal mtational position of the disc drivo after the seek ia 

complctc. Since diffmmt diac dmcs will have diffamt seek characteristics, the 

firmware must provide fot some maqin of mar when computing -.k times. Por Ver/ 

long seeks, this margin of mor may be quite 1alp and hence, Unpntcl:ical for 

implementation of the pmmt invaltion. A sorting algorithm which minimiuos rolatioaal 

latency for commands with relatively short sc:cb, however, would be a significant 

COJltribution to the art. 

In a first aspect, tbia invention plOYides, in a system incfucting a data .retrieval 

element and a mating medium, a method for decreasing .rotational latency cbaractuised 

by comprising; 

buildina a seek m1P may coaapon1Hng to discrete angular iegions on the medium; 

-~ a comm8nd qume may for a eomtnancl in a se1ecied discrete angular 

region; and 
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CMCuting th& command founcl in the sek:clal clismla aiDgular iqim Of tho 

malium. 

In a second upcct. this inwmtim provides. in. a c:H.tc chive IJSlel1l including a 

mtd/write element and a mtalin& dlac, a method ID decleue acx:ess time dudDg a short 

seek characterisecl by camp•'•a: 
dividin& the diac in1o discrete qular ngkms; 

buikffng a aa:k mp may cmmpmcting 10 tho dlacrete angular npms; 

builditl1 a command queue array; 

an:hiDg the command queue array for a mmmanct iA successiw diSClele angular 

ieaiOas; and 

cecutina the command found in a discmc qular' mgim. 

In a third aspect, thia imention piovida, ill a disc drive ays1rm iadudln1 a 

rc:ad/write elemmt and a iotattna disc, a method ID decnue access time dmiDg a short 

seek cbaracterised by comprising: 

building a seek ranp may; 

seudlina a command queue may for a command; 

computing a rotatioDa1 latcnc:y fn>.m a cumnt position of tbo mid/write element 

to the command in the command queue; 

executing the command found in the command queue. 

In a fourth aspect. this iu'vadkm provida a IJslm1 including a roClli.Dg medium 

having a plurality of traeka, a tmtaclvdng clement 8'ijmt the rotating e1emcGt and a 

cm>mand queue may containin1 commands identlfyiag kx:adons oo tllCb, a process of 

moving the transducing elemeat f'lom adjacent a 1ocadon on a fitst track ta adjacent a 

location on a diffamt tract identified by a command with minimal mll1iona1 Jatealcy 

cbamctaised by compdlina: 

building a seek 1&11ge may defining Jocmons on plm:al tnlCb that may be 

accessed within one teYOJ.utloa of tbe medium as the tJaDSducing clcmmt k moved from 

tbe first track; 
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selecting a location in the wt .nap anay idmtified by a CJOmcDand in die 

mmmand queue may; u4 

moving the traDtdudnr ·dcmalt 1D the sdectcxl location. 

In a fifth aspect, this inventiaa pmvjdes in a disc dme aystmn includiDI a 
transducin& element and a rotatina media, a process to decmse access tima dmiDa & 

short seek charactedsed by compdslna: 

buiJdiDI a seek amge, may dc:fininl Jcx:atiGDI Oft plural tmcks tbat may be 

accessed witlria one JCVOlution of th& media as the tramducina demem ia moved from 

tbc first track; 

identifying com11U1nda iD a command queue may addrmiDa locadou m the met 
mngemay; 

computing mwioaal latmci.a fiom a cunmt location of tha 11a11scktdng e1emmt 
to locatlons addlmed by Vleatificd commands in the command queue amy; and 

sc1ccting the identified command havin& the smallest mcadonat lallmcy. 

Mora particularly' tbe method iequima tbc firmware to search the QOmmand queue for 

col11maDds which have a SllZtiag logical block addieSI (I.BA) that ia 0.1 to 0.2 of a 

.revolution a~ay from the cumnt rotatioaa1 position of die md/wme demenL If cme of 

• daese commands bas a S1mting cylinder number which Js close mough to the cum:ot 

cylinder. position of the madlwDte element to allow a seek to c:omplcle within 0.1 of a 

.nwoluti.cm. then that particular command is executed. Otherwise. the firmwaie ..._ 
tho command queue 1Dr commands with a SllZtiag LBA that is widrin 0.2 ta 0.3 Of a 

nwolution away from Ille cmrmt position of the mid/write eJrmmt. If a command can 

be complated within a seek time of 0.2 of a ICYOhition or leu. then that puticu1ar 

command will be aa:uted. Jf no such command is available, tho firmwam ardlel for 

commands with a starting I.BA that .ii 0.3 to 0.4 of a revolutim .way. etc. If no 
commands are found which c:an be 1tZ1118d within one ftWGluti.on of the c1t1c, tlw: 

firmware scarcbes the c:ommabd queue for the command whkh bas the shmtest opected 
ll!!ekdme.· ._.,\ 
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position between two I.BAL AltbouP 1llis could be accomplished by canw.rtin& 1he 

I.BA numbers into a physical addias (i.e. cylinder, bald, sectm) tho aec:n numben of 

LBAs in different recordin& maa c:annat be compared easily. To iaolw.this situation, 

the method ~uires the firmwam tu divide the disc into a nUJ1lber {e.g. 100) of discnD 

angular felions. For tb8 purpose of rmtfng the queue, the slartina and ending I.BA far 

elCb command is converted into a cyljndir, head. and angular mgioD addrea. 1be 

angularmgion numbea (c.1. N-1 .. .N•lOO) provide a common syma ofmeumemeat 

for all LBAs .regud1cu of recmdiog zone. These angular region numbers are always 

treated •moc1uto 100·. For cample, tbe difference in rotational positkm from angular 

region 90 to angular felion S ii lS. The firmware tieats an angular IeCioa diffeanca of 

10 to 19 u 0.1 of a revolution and 20 to 29 as 0.2 of a revolution, etc. 

Embodiments of the inwntion will now be described by way of enmple only, 

with mfcmlco to the accompmyiag diapmmatic fi&un:s in which; 

Pigure l shows a plan view of a rotating disc, portions of the disc which can be 

reached within one .revolution of the cunent position of the read/wrB clement are 

shaded; 

Figure 2 sbowa tho rotating disc of Figure 1 diW!ed .into discrete angular regioal 

. u iequired by the method of the pieseat invention; and 

Figum 3 is a flow djqDm of tbl steps of the method of the piesent inveation and 

is split between Pigun:s 3A and 3B, identical parts having the same refmnce numaals 

throu&hout-
Yigure 1 shows a plan view of IOtadng disc 10. Read/write elmnmt 12 is shown 

positioned at location X1 on disc 10. Sh1de4 area 14 repmients the sect mn1e [NJ or 

the number of cylinders dm can bo travened by read/write element 12 during one clilc 

ievolution from ill cumat position at point x 1 • For example, assume that teadlwme 

dcmcnt 12 ls able to croas a tOll1of200 ey1inden in one :revolu1ion of disc 10. Mom 

particularly, within one revolution, lblrting from point x l• n:ad/writa elcmcat 12 will be 

able to traverse,200 cylinden. At point x 1, shaded n:gion 14 is w:ry sinall baulea 

·. ": .. · ., 
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very small peroentap _of the dilC l8VOludon ii compJete. At point X2, however, half of 

a molutioa has passed. 'I'ba ll1lmber of cylindas dial read/WliiB e1r.mcat 12 can tmverae 

wilhin half a disc molution iaappicoi!""'IY 80-120 cylinders. Com!sp:mdingJy, the 

width of shaded ama 14 at point X2 bu significantly imnucd with respect to tbe 

amount of shaded ma. at point X 1 · At paint X3, ID entim disc leYOlutioa ia almost 

complete. Accmdingly, tJae podim of shaded area 14 brunecffateJy 8'ijaccGt point X3 

n!plWUts the lre&tat m:a of tho disc that may be cmmd ill GAO 1'N01ulim 

(approximatdy 200 cylindm). 

Yigu= 2 shows mlB1iDg disc 10 and sbadrd aiea 14 of Fjgme 1 modelled m 
disc:tete angular regions as mquired by tbe merhod of the present invc:ution. Mom 

particularly, disc 10 is dividecl into ten angular reciona Iabe&d N•O. N=-1, N•2. 

N=3 ... N•9 wherein "N" is relative to tbc current amwtor position. 

Jn operation, rc:ad/wrl1e element 12 may be positioned at point Y 1 which is the 

boundary between repms N•O and N =9. The method mquires the firm'llflm 10 initially 

search the angular regioa labdled N• 1 for an eecutable oommand, If a command ia 

found within region N • 1, the firmware then detamines if the numbci of cylinders 

Rad/write elemalt 12 must traverse 1o ICaCh the start of the found command ii wltbiA the. 

seek range for that particular angular region. If the command is within the seek range 

· (Le. the shaded azea), the commam is executed. If no command ii found within Che .. 

seek range, the firmware searches angular region N •2 for a command within the seek 

mngc of that region. 

P.ach aoguJat region is searched in a clockwiae fashion until an entire revolDtioD. of the 

dUc is complete. If no commands can be found w1tbin any of the seek J1JJP1 (Le.. 

sb•ded areas) of each regioa. the firmware c:ucutes the command which rcqujres the 

shmlat seek time with respect to the c:urmit posibm of the md/write elaneDt. 

FJIUl'e 3 is a flow cfia&mm of the steps of the method of the pmat illventloa. Ia 

srep 30, a seek :ranp may ii bUi1t. Tb8 mck IlllP may is indexed accmdiDg to tim la. 

units of 1mtbs Of a revolution. Bach Mtmcat of the army amtains the number of 

cylinders which can be croUecl in the amount of time corresponding to the elemmt's 
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ind=t. For example, seek nnae (3]==100 means that a seek can cross 100 eylin&n ia 

3110 of a ftlYOlutim. 

In step 32, the firmwme detmnines if the command queue is empty. As long• 

the queue is empty, DO adioa will be takeft. Note, bowevet, tba1 commands may be 

added to the command queue at any time. In step 34, it has been dctcmdned that the 

command queue Js not empt)', so the firmware 1a1JdS angular region N== 1. In step 3'i, 

tbe firmware act CllCI the fint command (i.e. index• 1) of tbe caminancl qneaa index. 

The command queue inda is an may dllt can1ains ~ cmnmanct in tbs c:mmnancl 

queue. Thus, command queue [l) ii the fint cammaacl in tbs queue, command queue 

1.21 is the second command. etc. 

In step 38, the firmwan: compua the rolalional latm:y from the current poaidoa 

of the teadlwritc element to tbe command in command queue [1]. 

In step 40, the firmwate detemai11es if 1he rotatlona1 latmc:y computed in mp 38 

is N/lOths to (N+l)/lOths of a revoludm away ftom the cunmt position of the 

mad/write element (i.e. within the pmmeccrs of ICJion N == 1). If the IOtatiGllal lalaM:y 

falll within the parameters which dctinc anplar regjm N • 1, in step 42, the •cylinder 

ddta" ia computed. The cylinder de1Ca is the number of cylinden from the current 

position of the read/write element" to the start cy~ of the command in command 

• queue (1). 

In step 44, the ftrmwam detamines if the cylinder delca is Jess than or equal tc 

seek ranp of angular region N==l. The decision in step 44 detetmines whedm 

command queue [1] is in the shaded area of angular Rgion N • 1. If it is dcla'mined tbaf. 

the cylindet delta is within the shaded ma, step 46 requims m:cution of the command in 

command queue [l]. Upon eucution of the command, the current position of the 

mid/write element is now the physical location of the last I.BA of the command just 

ewutcd (i.e. command queue [lD. In step 48, command queue [l) ii ien1oved flom Ille 

commaad _queue array. 

If after step 40, tbc firmwaie determinca that tho rolalional lalaM:J is not within 

~. :~N/lOtbi tO ~+ 1/lOtbs of a revOlutic)n away ftom the cumnt position of the read/write 
~·-' . ·. .· . 
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element, or if after step 44·it ii detannincd that the cylinder deica is greatee than tt. at 

:amp [NJ of that putiCuJa' anplar iegioa, the c:om!Dllld. ClUIUB ~ Js incmmd by ono 

ill step50. 

In step S2, the &amwam vaifiea tbat i1 has cbccked all mmmandl. to determine if 

they meet the puamel8rs of N• l. 'Ibe vwi&alion is accomplished by finding if the 

index number is greater than the number ot commands. If thB ~ munber is las man 
the number of commands, thB firmware 1epeats *Pl. 38 et. sequence. If tho inde& 

nmnbet is palm. tbm tbe number of queaecl commands~ in step 54, tbe firmwme tarpll 

the mm succeedin& angular region N=N + 1. 

In step S6, the firmware detmnines if an enllle disc :revolutim's wmtb of rePom 
have been searched. In this example, it is delmDinc:d if N = 10. If an entite disc 

revolution's worth of n:giana haYe not ba:a a::arched, the mcdlod requites the fhmware 

to return to *P 36 to begin the search procedure again for the angular region N=N + 1. 

If N=lO, however, a new pmtoco1 ii instipt.ed. Mom parcicularly, in S1ep 60, 

the firmwaie seatebes the command queua for tbe command wilh the oarest starting 

cylinder with respect 1D tbe camnt cylinder pasilico of tho read/wrlae element. Once 

thia command is found, the •J.nda• of this command is set. Upon completion of step 

60, the method rcquira the firmware to execute tbe command and IemOVe it fmm the 

. queue in accordance with steps 46 and 48, rapeclively. 

The method ts a pracdcal way to sipificantly reduce the amount of access time 

associated with short smb in mcmo.ry assemhlia which employ a ro1ational storap 

medium. By searching tl1o command queue to find and accme the command with the 

shortat ~ time, the efficiency of data mtrlt:val is enhanced. 

Although the present inventim has beea1 described with 1etmnce to pn:feaed 

embodiments, workcr5 skilled in the art will m:ognite that clvingo may be made .in form 

and detail without departin1 from die spirit and scope of the iDveation. 

Thia invention provkla in a system iDcluding a da1a aeuieval e1cmmt and a 

tOtatiD& medium, a method for decrea*lg madmal latency compdses; 
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~lding a mek 1BDgc may conespondinc 10 diacretc qnlar iqionl OD the 

medium; 

pmition; and 

execuliag tbe command fOund. in the se1IJCtecl ctiscn:IC aaplar region of tha 

medium. 

Thia invention pnwidcs in a disc drlvo aysllml indadin& a mD'wri1e element and 

a IOtatinc disc, a method to daauo accea dme dming a short seek compdtes: 

dividing the disc into diacnll: angular~; 

buildinl a llek: range may c:aaesponcUng ID tbe discmm qular nckJns; 

building a command queue may; 

sam:hing successive dilcrcte anplar mgions for a mmmand ha ti. command queue 

may; and 

executing the command found in a c1Ucn:ID angular mgim. 

This invention pmvidcs in a disc drive system iaclncfing a iead/wrltc element and 

a 1'0fatlq disc, a method ID clec:mls mx:css time dming a short .t CXdpllser 

building a scck: ranp array corresponding to tbe disczeCa angular rep.; 
searching a command queue may for a command; 

computing a national lateDcy from the cummt position of the md/wrlte element 

to the command in the command queue; 

executing the cormmmd found ia the command queue; and 

mnovinC the accuted command from the command queue. 

The aforegojng delcript1on has bem pven by way of anmplc only and it will be 

appeciated by a person skilled in the art tba1 modifications c:an be made without 

departing from the scope of the pnsent invention. 
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q4IMS; 

1. ID a syslaD ildudinc a dala ilUiwal daneot (12) aad a mcating Ddium (10), a 

method far dec:reuing ramMnal Jateacy ia cbaracterisecl by cumprising ; 

building a seek 1111181mJ coaesponc6ng to diam angular mgioas (14) oa die 

medium; 

-.mhing a commancl queue may far a commud in a selected dilcrele qoJar 

mgion; and 

eacuting tbe command found in the sc1ec1ed diam angular re&im of the 

medium. 

2. The method of claim 1 whenin building a seat range aaay concspm1dlng to 

discrete iegions on the medium comprises: 

determining a number of cyliDdca wbldi may be uavcrsed by tbc da1a rem.vat 

element dmina one mvolutim of tbo medium, dividln1 the media into a p1m:ality of 

diaeto angular mgiom, and anigning cylinders of tba munbel' of cytindas 10 respective 

angular iegions. 

3. The method of claim 1 or claim 2 and fmthet comprising accutina a command 

haviDa a shortest acceu time with rapect to a current posilioll of the data mrieva1 

demenL 

4. In a dilC drive system including a n:ad/writa elemmt (12) and a mta1ing c1isc 

(10), a method to decmsc aa:esa time during a short seek is chamctedsed by 

compdaing: 

dividing the die into dilcrete angular Jelf.ons (14); 

~1cU_ng a seet 1lllP may cmmpomting to the discnlB aagu1ar realons; 

~tdi;. 'cqi1(1tMd·q-~; 
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sc:arching the c:ommand qacae am.y tor a command in succmiw discrem angular 

~and 

aa:utin& the command bad ill & dbcme anpJar ngton. 

s. ID a disc dlive 1J11e1D ilM!h•Hna a mdlwme element (12) and a mmdq d1IC 

(10), a mdhod to damlse accesa time durJnc a &boit seek ii c:buactedmd by 

conaprising: 

building a wk xanp may ~ng to the discnle anplar ngiam (14); 

searching a command queue army for a command; 

computin1 a mtllioaal 1atmcy ftom the cmrmt position of the~ e1aneat 

to the command in the COIDlllllld queue; and 

cm:utin& tba c:ommancl found in a diacmlB angular xePm-

6. no method of claim 4 or claims wherein the seek mp reprac:n11 a mamba' of 

cylinders which may be cmual by tho read/wmc element within a revoladon of the disc. 

7. · The method of any oao of c1aiml 4 to 6 and fmtber comprising aecutln1 a 

ex>mmand having a lhmtat accea time wiib Japect 1D a cumllt posltion of tbe 

• 1'8dfwrlce element. 

8. The metbocl of any prececling claim wherein a.ecudng ihe command ccnnprim 

dctmniJting if the command is within a seek range. 

9. The method of any preceding daim and further comprbiDg 1'CllKniD& tho em:u1al 

command from the COIDllllDCI queue may. 

10. In a syatan iDcluding a IOlating medium having a plurality of tmcb, a 

tramducing element IMtjacent the rotatina e1aDent and a canunaod queue may contamng 
. . 

.. commands .identifyiua localions· OD .a, & pn>celS of maviag tbe tmmduci1la elenmt 
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from adjacent a location on a first 1Dck to adjaceat a Joc:ation on a di.ttenmt tract 

identified by a c:ommancl with mjnilDIJ nJladonal latency chUlcceri-1 by c:omprising: 

buildin& a ~ ranp am.y dcfiain1 Jocad.om on plural tmcks that may be 

aa:caaed within ono nwolution of tbe nwtium u the tramduc:iAJ +mmt is moved fmm 

the &st tnlCk; 

seJectiDg a 1ocadon ill the seek mnp may idenfific:d by a command ill tho 

command queue may; and 

moving the transducing elaeat co the seJectecl ~· 

11. The process of claim 10 whaeia Indicting the sc:ek amgc may compdsa• 

dividing the medium imo a plmality of discret8 ap1ar %ellons, and 

fot each IJllU)ar ieakJn, idmdfyina a number of tlacb on Ille medium amt may 

bo traversed by the transduc:ing element &om the location m the flnt track duriD& me 

iwolution of the malium. 

12. The proc:cu of cJaim 10 and wbettln tho locatiml in tho seek range am.y ii 

selected as having a shortest accx:a timo with~ to tbe loeadon m the flnt tact. 

• 13. In a disc drive system includln& a transducing e1emmt and a rotat1n1 media, a 

pmc:ess to decnase aca:ss time during a short seek~ by comprisiq: 

building a seek ranp array dcfining locations on p1uia1 tracb that may be 

acceuecl within one revolution of the media II the tlaDSclucing dcmalt is moved fmm 

the first track; 

identifying commands in a command queue may addressing locations ill tbe wt 

nnpanay; 

computing rotational Jaiencjes from a cment locadm of the ttanlduciD& element 

tv locations addiwed by identified QOlllm8Dds in the command queue array; and 

selecting the .identified mmmaM having the smallest JOlalimJa1 lalency. 
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14. The proc:ea of daim 13 whm:in buiJ.din& the wk ranp array comprim: 

dividing tbc media into a plmality of dilciete anplar mgim1; and 

for ·each angular regjon, idealifying. a number of tracks aa the medium t1Jat may 

be tn.venecl by tba transduciD& element from the ammt Jocadoa dmiq cae ievo1ut1oa 

of the medium. 

ts. The pmcm of daim 13 and fmtla compdsl1l1 nmoviD& tbc ideGtlfied comtmmd 

from the command qucac may. 

16. 1be method of any one of claims 4 to 7 whadn tbe scot nmp may repmmts 

tJ. cylinders which may be eimsed by the R9dlwrita •lcmmt within the time IBJma 1D 

IOtate tho disc thmugh tbcmpectM dilCllta angular iegiOGS. 

1. 17. The method of any pmedin1 claim wbmda a c:ommand queue may campdaea 

each command in tbo command queue. 
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