;e3eS] SXXY[: [B]6N] T] nwo_ 1 [Title of the Invention] Data Storage

Appar atus and Method for Managi ng Buffer Menory [0001] [ nical Field to
whi ch the Invention Pertains] The present invention rel ﬁm WMWMa
at

storage apparatus, and particularly to control of a buff
tenporarily retains data therein when-the.data is read fromame»witten in
a recording nedium such as a magnetic ditsk. [0002] [Prior Art] In an

appar ot bTERar B 2BR° GV IR Lond  BRFR, SEorable bEERTR - B narC ke Englsar

apparat& nam ¢ Random Access
Menory) called a_sector buffer is prepared as neans for inproving the
perfornﬁﬁB@ggPQaBﬂggﬁrrggﬂpﬁyite process. Caching (retaining) of a data
wite reqpbegol{including wite data) sent froma host system or once-read
data has conventionally been perfornmed . A data structure called a ring

buffer is geanamiioalseikIortd Rhisae e h!ﬁ‘xie@ftio?h@erfft'&n%ffer Is a
techni que for coupling the beginning and end of a buffer and thereby

handl i ng a fini thd qnaiderdiilfferds i ddlidtdd &d St L Pat ent
Docunents 1 and 2, for exanple). [0003] Fig. 51is g&§§h§§§%§§% di agram

show ng tagpapatagir ahd opasticuldPdy Otd f&ontrol of a @t?ffé?%rﬁ@r}g;’%haigs a

the ring buffer manages an aggregation significant as co nuous

segment WhémgoB&H 1Dy ar FEATRY %@@%f@ﬁhﬁ%ﬁﬁ | 0 order. froma

buf f er botto%otherg%f to a buffer to?o_t ereo .qg%;é;?%ei%e%ao‘ffﬁﬂ’?er has

been usedah #P1 ¢ bén DUK 27 rd praldl fddbd Wda deReale Loyl fer
. s,

bottom where the use of the sector buffer 1Is coﬁ?inue ing is
semant i cajdyo2]

[Prior Art]

In an external storage apparatus of a computer,
including a magnetic disk apparatus (hard disk drive), a
buffer memory (DRAM: Dynamic Random Access Memory) called a
sector buffer is prepared as means for improving the
performance of a data read/write process. Caching (retaining)
of a daté write request (including write data) sent from a
host system or once-read data has conventionally been
performed. |

A data structure called a ring buffer is generally used
for the sector buffer. The ring buffer is a technique for
coupling the beginning and end of a buffer and thereby
handling a finite-length buffer as an infinite-length one (see
Patent Documents 1 and 2, for example).

[0003]
Fig. 5 is a conceptual diagram showing the

configuration of a ring buffer.

*G00002*



(logically) fornmed. [0004] Since the sector buffer is used in order, the
above described ring buffer systemis suitable for use in a conmand
processing format for processing commands in turn. On the other hand,
command's reordering or the |like has been perfornmed to further inprove the
performance of a data read/wite process in these days. The reordering is
to reorder an execution sequence of co nds for reading and witing data
in such a manner that the waiting tine required up to the execution of
writing or reading of the data becones the shortest. Suitably rearranging

t he processing gequsivid A egagrands thw &%%@ﬂﬁﬁfﬂgrohahggeki%%ha”d executing
the commands wi ||l cause conplexity of segnent managenent” of the segnent

[Pat ont agtrnt Iy e o S € b o R SRR A oSiEt bl L
Docurent \inig RSk eala Lof oAb hlo 2 WEEALOSLY LORIPle By bl om L0 be
e corTRsE EL0RGELaY RGHBLe 6l PURGERS) Vel I EAIIEN AR OIS %0
or der of TRE o M4 FHENR I £ i BF o efieW of the
COMMANAS.pyuffer returns to the buffer bottom, where the use of the

sector buffer is continued. Thus, a ring is semantically

(logically) formed.

[0004]

Since the sector buffer is used in order, the above-
described ring buffer system is suitable for use in a command
processing format for processing commands in turn. On the
other hand, command's reordering or the like has been
performed to further improve the performance of a data
Fead/wriée.process in these days. The reordering is to
reorder an execution sequence of commands for reading and
writing data in such a manner that the waiting time required
up to the execution of writing or reading of the data becomes
the shortest. Suitably rearranging the processing sequence of
commands by reordering or the like and executing the commands
will cause complexity of segment management of the segment
buffer in the form of a write request and read data being
mixed.

[0005]

[Patent Document 1]



In order to solve this problem a system can be conceived wherein a data
write request and read data are separately handled in a sector buffer. That
is, this systemis that a ring buffer for caching the wite request and
another ring buffer for caching the read data are provided in the sector
buffer, and segnents in the two ring bujfers are individually managed. This
systemis hereinafter called a dual ring buffer system Mnaging the wite
request and read data individually nakes it possible to avoid conplexity of
segnent managenent in the sector buffer even where commands related to data
readi ng and wi tdapprese Rattealtl .aiebropeme Woan@ odee@sBodd s [ 0007] Si nce,
however, the two ring buffers are provided in 4 the sector buffer in this
case, indi ViRaEntbidemezitzexs] used for caching the wite request and read
data are reduced. Mre specifically, since the contents to be cached is not
linmited in a norfepandswy Hatfdrayr L1r-@ipeaf Ny, Qaloled 7@33iongl e ring buffer
systen), many wite requests are cached if access for witing data into an
external BOOO&Pe apparatus increases, whereas if access for reading data

i ncreases, then read data is nuch cached. In other words, when the access
is biased t[@rddieinttd Wd 90196l byedteNInvich® 1Wnijt € request or read data
corresponding to the nenory capacity of the sector buffer at the nmaxi num

can be cached. Q@tHvad hle haRG vurEes K ten 42 GRA¥EBH o' FBY EﬂUer and

the read data ring buffer are separated fromeach other in the dual ring

buf fer sysémfiand herebed sihdor Seid €1 f Sy BB AR Wi W fflaei 2€s

allocated to the respective ring buffers. [0008]  In general, 1n a cache
system | &g Ofe SEFDHIA CAPEEE | V10T oo R JE TH o/ s(éﬁﬁ]élﬁf SfertS J2pabl e
of contributing to an inprovenent in performance. us, en access bhi ased

to Witinghersécesh ngupfera i tus
NEhérs nguPfedaim €d ShSred Wdnitlb X wiﬁ gey;%sﬁpggxfé

that a dual ring buffer systemis enployed in a sector egr aded

i n perf orreag ed@ba GAERE eeh Vi b ddies Mg Sr YOraae &Qﬂﬂdr@ﬁl hat adopts
the single ring buffer systen%s V\hilej;gﬁg%oday, data to be han 3 by a

conput er @iftablPresdifderdd O FolldwddBs eduBic bR iy Q:oﬂinabf.dsfécor der
| S

for recording notion pictures and voice on a magnetic di sk ecom ng

pervasive, theran Sralei0 td" 016/ 2%i1RI pPBBAELRUNK! )éyEQeﬁeEBHerSUCh bi ased
access that |arge size data such as imge data, voice data or the like is

written oson@ehed whéieEn 4 QMDA Wit ANRIEFOTMANTA GaltOlarddhe present

invention to avoid degradation of perfornmance of a storage apparatus even
in the casepafatxPEHALEd BFESFediASPhie W | ThEY %,réﬂﬁgngygteﬁlata by
a bu

adopting a dual ring buffer systemas a data structure of er nenory.
is that a ring buffer for caching the write request and
another ring buffer for caching the read data are provided in
the sector buffer, and segments in the two ring buffers are
individually managed. This system is hereinafter called a
dual ring buffer system. Managing the write request and read
data individually makes it possible to avoid complexity of
segment management in the sector buffer even where commands
related to data reading and writing are suitably reordered and
executed.

[0007]

Since, however, the two ring buffers are provided in



[001 0] [Means for Solving the Problem In order to achieve the above

obj ect, the present invention is inplenented as a data storage apparat us
configured in the following manner. That is, the data storage apparatus
conprises a recording nmediumthat records data, buffer means. having a
first ring buffer that tenporarily reiq{ns an external wite request to the
recording mediumprior to a process on the recording nedium and a second
ring buffer that retains data read fromthe recordi ng nmedi umaccording to
an external read request to the recording nedium and buffer control neans

that changes séetoesipeeferveihufies sages piatveaddl Sbufedd dufden, the
second ring buffer included in the buffer neans according to externa

access  fol cdchig Nthé ovilee ILEQICk NN dOOL 1 rd Sl S] e pRly the

buf fer means conpri ses a RAM (Random Access Menory) in the tirst ring

buffer anch@Osfi¢AILP] 21004 LEHB NGITL PSS O HOT i SRR Jufh o Y the

respective buffer ring buffers . which a buffer area 1s dividé 0 the
second rifyg duld@hal TPEnPTodfeed i 115 ' f the of the second ring
buffer is changed buffer@si zes of(t%reéjflf%%%n ls"fe)éc(%)néhd SII%Ingbeu%i si zes can
be changegh,PEsedsPd die, tdsy af gcgp%ﬁfs raoe ceent ed fromout si de
and frequency of %%%es): re%ﬁ%strs or!':e C ype or calgee(% l(IC)¥n GG 1€%0f

ol e datie OF1igath 2 i) A OB RIS IEAL AR S LI out ST de.

[0012] Further, the present invention is ener 50 58 4oes.
whereas if access for reading data increases, then read data

is much cached. In other words, when the access is biased to
the data writing or reading, the write request or read data
corresponding to the memory capacity of the sector buffer at
the maximum can be cached. On the other hand, since the write
fequest ring buffer and the read data ring buffer are
separated from each other in the dual ring buffer system, the
dual ring buffer system can cache only the buffer sizes
allocaté& to the respective ring buffers.
[0008]

In general, in a cache system, large memory capacity of
a cache memory (buffer memory) is capable of contributing to
an improvement in performance. Thus, when access biased to
writing or reading of data exists, such an extérnal storage
apparatus that a dual ring buffer system is employed in a
sector buffer, is degraded in performance as compared with the
external storage apparatus that adopts the single ring buffer

system.

While, today, data to be handled by a computer are




met hod of managing a buffer nmenory that tenporarily retains data prior to
reading and witing of the data fromand on a recording nmedium The buffer
menory nanagenent net hod conprises the steps of anal yzing an external
access request to the recording nedium determ ning based on the result of
anal ysi s whet her the respective buffer nss,i zes of a wite request ring buffer
and a read data ring buffer provided i a buffer area of the buffer nenory
shoul d be changed, and changing the position of a partition for dividing

t he buffer area of the buffer nmenory into the two ring buffers according
to the deimsugleling (# kP aRyaLda G [ NEnd SERRES VL DT igese{l the
two ring buffers. [0013] Mre specifically, '?%e u#f%ggiée:iogdréec P ged in
such a mewsrd MOELN I Lot GRESSnd | fdfra @%‘e‘)@f' & &, the
nunber of vvriteﬂféequests iﬂncreases éll}ldt‘{%%t%fn%lﬁa cesséjr sjts and the
buf fer sig&sorify GERERH t hat read data ring buffer is
expanded when trﬁ% nunber o‘?’ %%?eiﬁ%%oi%rieﬁaés}g%aﬁ 9 HPR8% Y dQess
request. Alternatd v ' re changed. in such a manner that
t he vvritep%r equest rﬁlébjb%ﬁ%%e%&#a% ed]'aé\‘/ﬁ%en a rﬂﬁﬁ?ers"lﬂq’ef"c?b ge
requests W 44 (wA:) incre S in the external access
request , ézfﬁgc?'t r%&fbéﬁf%dr%ragﬁ)z%stzha%gf% eanigsed"f%r?%seﬁtt?% rrﬁfr#i@rt & Hdlim&-he read
data rin dﬁﬁgfr i s expanded when the nunber of access requests for reading
| arge size data increases in the external access request. [0014] Further,

t he present invetign chi evi ng,the_ abaove object is inplenented as a
magneti c di sk aggaggtﬁég%S%Pfﬁngd QQGFGIP%wgbeThEeﬁﬁgﬁe?PEGBFéRnaEBaratus

conpri se i i.sk that magnetically records data, and a buffer
nenor y tﬁdzfo %rgg%ﬁfaarcq%yio&'etoga FETRNSy Fr SnshaFads APRR LGt usHevieRgnet i ¢

o sl 0 3Ge Blech O 50 RG] Gy WhCrgl) Lhe Buf ot
SLores & Madind SO PIPILELIEON LRI, do SIs oael . dst and o
poSi U1, e BUILAY o ST gthe (1151 rin bulfer from the
it rpgin o read area [001s) Furthermore, the present [nvent on i
Lt e, SRR cHERRY BuBRghicedl ok o5 @ recordng medium The
o 0t Ting DULkeLchbgt chegmRiatll hLelatg pydeale Cegueslote e
110G DUt il s ysed ] comgtie TG Gl fcording o
Gynam coocheahOcH 35 ST G, bl PURLSE TRnBul Taghch, g vey, o5 0

recorder giphaQR@uAl iddthpil s3%2 %p?rfee ir%&n?’&%dfi%n LRGQT %le%gﬁt&gg ul timedi a

content and to give a‘large bu rsiz the secon 8t when the
hard di slhu¥ee® dRanlsS] NG 5142 48 ek atd ‘ or reproduci ng the
mul ti medi & cont g{ra?ta.ns[sgomi %E ﬁogeif%& I}&glr%r ?/)?ltg'gf%%ug?l %e FH‘PSH?‘F%?‘I? '

retains an external write request to thebrecording medium

prior to a process on the recording medium, and a second-ring
buffer that retains data read from the recording medium.
according to an external read request to the recording medium,
~and buffer control means that changes the respective buffer '
sizes of the first ring buffer and the second ring buffer

included in the buffer means according to external access.



' 9 The present invention will hereinafter be described in detail based on
an enbodinment illustrated in the acconpanying drawings. In the present
enbodi ment, a hard disk drive using a nagnetic disk as a recordi ng nedi um
wlll be expl ained as an external storage apparatus by way of exanple. Fig.
1 is a block diagram showi ng a configuration of a main part of a hard disk
drive 100. The hard disk drive 100 is anh external storage apparatus wherein
each of magnetic heads 103 seeks over a magnhetic disk 101 rotatably driven
by a spindle notor 102 and wites data on the magnetic di sk 101 while
stayi ng opaec@resletsr thaefebbAgknd ahe@iith €det erm ned position), or reads
the data witten onto the nagnetiC disk 101. The magnetic disk 101 is a
recordi ngpg@giym for recording data as magnetic information and nmounted
therein in a singular or plural formas needed. However, a singular exanple

is illustrated i ' il di sk _dr.i 10Q,.i s i

oper ati on. the tedeetror by e HRArer Hlahs Rt ks ARNE around

th i nd t ' 02. ile the hard, di ' 100

o not 1 urdah acteds MEROLY] Pl nblon of il X% iy e fded i toro
ti f t d.of, th t 104 and act

eapect | vars B Phia kel i Ui ettt g BRI Cisk T01) They

i npl enent

t [ ead t nd omth netic disk 101. The

act uat or %%Sﬁg&gr?{,\é% @t%o‘l‘r’%%e <o I%tgriwﬁnﬁlﬁéﬁﬁ 1 by an MPU

Mcro Pr i i hr.ough igital/analo onverter (DAC) 106
gand a voilgiégglé}gn%%oér)?%%?ﬂ'ﬁo‘??#%roﬁﬁeq[m‘g}agﬁjr‘g%g?%ﬁq% *h gerhg
execut es r /wite process.. That is en wjiting data, the
read/ wri tLgO Sﬁ%ﬁ%e’fﬁiﬁ%o&%ﬁ JFY%E‘W’?’;%‘: e r%sr}b‘? r‘lé'd"%'gc?rﬁda & yst em
(conputergil{r%rbqi@p =y HDC (Hard Di sk Controller) 110 into a wite signal
(current) supﬁTleé it to the nmagnetic heads 103. The nagnetic heads 103

t iti f t.he magnetic di sk 101 based on.the wite
gﬁ??gnf.w€£ ;EgT%thﬁkﬁgﬁgfaﬁﬁgncg ah?n§g8§§§% %ﬁ@e%eQH/ﬁPFtéygﬁaﬁﬁel 108
converts i ren r.e romthe netjc.disk 101 into
di g;/t al a%‘%ﬁg"aé%% %‘?‘é‘?ﬁt t%é'%"fPeF?am%s{r°§§/s‘{‘&ﬁﬁF?cﬂm% EMERAUeRSYI B [ 0019]
The HDC ]Eilcocé.?ss géﬁ]féé@QSfoL!tsee(jac v ﬂyr]p@teergra%eatsseo c;[nhethe size of write

data or read data related to an access request accepted from

outside.
[0012] M

Further, the present invention is implemented also as a
method of managing a buffer memory that temporarily retains
data prior to reading and writing of the data from and on a
recording medium. The buffer memory management method
comprises the steps of analyzing an external access request to
the recording medium, determining based on the result of
analysis whether the respective buffer sizes of a write
request ring buffer and a read data ring buffer provided in a
buffer area of the buffer memory should be changed, and

changing the position of a partition for dividing the buffer



hard di sk drive 100. One of the functions is to receive the wite data
transferred fromthe host systemand transfer it to the read/wite channel
108. Another function is to transfer the read data transferred fromthe
read/ wite channel 108 to the host system Yet another function is to
transfer it to the MPU 109 in response,}o_an i nstruction command or the

i ke 11 issued fromthe host system' [0020] The MPU 109 controls the
hard di sk drive 100. A DRAM 111 is used to store a control program for
allowing the MPU 109 to control the hard disk drive 100 and used as a

sector buifed ¢DUERETbIBF®F Yoeh®fy ' BRES NGV ibd NG dﬁgt@uffgﬁo d&%&g&dméhe

HDC 110 tenporarily caches a wite request (includihg wite

‘transferres {Elﬁ@r@[éf@ﬂﬁm&tfyﬁt%n ?9{ aellth@rgeﬁéjesﬂ‘?%tl%ta@f%gfues

a conpletion notice (command conp wite re

- system fogi 264 i §F Caté OWOTPﬁ{?%%gf 4 he HDC 110 transfers the cached wite
data to the read/wite chann 1 Wth suitable timng and executes the

wite requgsiz; Al so the HDC 110 caches the read data transferred fromthe
host systemin the DRAM 111. Wen the HDC | 10 receives a read request

di t t h t ds .back the dat

coched in the DRSS FEHE ity OB Butad 43 %E‘.aa shapogailagsugh
howi ded t he DRAM
TII RS % SRMA G Ala O AP e Neddln® GEhRY) BlitA i £ WP ined) it
Chteri or thE ?‘ﬁ““‘i%%%?qtu#%?r?@é TR EEe, 2t e, e AR R er

I 1ed BUE f dat d buf f
(her o1 narregtest. Hid AROMIARL vﬁﬂi C % R a%giqaos%a%g% A 1
boace | 12t (¥hd el R AR ey %%h‘%”ﬁ%%%fet e TBRPER BF and
th BUF t.h b f bot t to the BPAGE 13 of
thg sect ore%af{&ﬁll S usJ"q'{c]‘-:Iaéae%F1J rj%[?l‘«‘: 3 ‘Wre{éq‘]e?ﬁ cg‘??sar%éig‘%s&n t he bu?f er
t to t t buf f d the BUE-W 12.
I (r:])(Fi)l dgnt alTy, ]%edz}]{ees:&fotoésrayujﬁe:s{ ?I/ﬁs'ﬁ F}eﬁl}%sdoolt'f(ﬁﬂcﬁ’a@e SONSe BUF W
bot t om pettt of'-**f'% V‘*@d‘é Eﬁ%‘&fﬂp ’335 12%14%5 2 (AR THE e, he
BUF R 11 d the BUF WI 2 t th
buf f er bottloén%é;‘el%; ﬁ{t&)%g he pre ¢ e(ﬁ)gsc?ﬁﬁarﬂa qﬁgl%%ﬁonﬁnof t he
BPAGE 13 t t f U 109. M
speci fi cathFé], in tﬁe presen%r ﬁdgqpnr?{nod t% It\tflsﬁgfvgb §heeg @5:?[ coengedns for
dynam cal{,y &and, sép q{él{r %W%Wayﬁ ea offgt he whol e sector ‘
buffer 10 to the BU 1 edd § xpeRaed 1
tﬁe ﬁ(r)st ‘aye(%{ eg;é qllh%@ &ﬁséjrfe a0, ( et |(%_ g % 101) . agggqss
patterns are patterns suc e fr‘%ﬁency 0 qﬁgfdsﬁé §§F§ and
the sizes; plrdatdy 1G4 %&aégggcfelq.‘ ] %:I%q i,s a block di agram show ng

as the contro

functions of the MPU 109 use rreans of the sector buffer 10.
13 [0014]

Further, the present invention for achieving the above
object is implemented as a magnetic disk apparatus configured
as follows: The magnetic disk apparatus comprises a magnetic
disk that magnetically records data, and a buffer memory that
temporarily retalns data read from and written on the magnetic
disk in advance of a process on the magnetic disk, wherein the

buffer memory includes a memory area divided into a first ring



Referring to Fig. 3, the MPU 109 according to the present enbodi nent

i ncludes an interrupt handler 20 that accepts an access request
(hereinafter called access conmand) sent fromthe host system a segnent
control routine 30 that manages and controls segnents of the sector buffer
10, a command di spatcher 40 that issues a_command for changing the
constitution of the sector buffer 10, #nd an event handler 50. In addi tion,
the MPU 109 includes a command anal yzer 60 and an error recovery handl er
70. The command anal yzer 60 anal yzes the access command and det erm nes

whet her tihef BRAGEhAS ofotde &eptDfe tddessd sdostdy bﬁcﬁ#i%&%%é ngde
uffer 10, t

event of a failure of the process using the sector b e error

recovery fiwadh&gneicledest s add adsOedd® "End Buidred NGo I d L5 3 ©

executed by controlling the MPU 109 according to a program-(mcro code)
stored i nrddve EFMM did - mddnist P& QL AN Ndsa ' Ok t trc di sk
101, for exanple, and is transferred to t%%ﬁ%p‘%‘n Js1'ﬁ)aa[rpt%:'li"pqé:j‘bq‘nthe
hard di skpgh | ¥SpdOPr id PO £10d ﬁ% EPNst [ the interrupt
handl er 20 rec%’ves th% access c%?nrm Vtg}ven f%%#n& tiﬁ{e]e HosT T srt%&ﬁ whi ch
has been gygast ef s eshdg t ‘tg& %%d@é% f rocess carrespondi ng
to the type of request %ii’t}?ng readin egcflfiage{ aﬁ{%eﬁjﬁ?ési c?rrupt
handl er 2088 HESERIEH £ M4 uest, it stores wite data related to
the wite request In - 14 éﬁ%fés\éeq'ct or buffer 10 and calls the segnent
control roygige 30 to start processing. \Wen, at this time, the sector
buffer 10 has an all owance to be able to accept the next wite request even

i o transtor CORSOLROES 1 (h4 REGPPIG RXRREEPR0S HHB PHERE PR ARNG! o

wite transfer conplete to'the’l fi8ndl er
20 havin i i fer_ co ete therein s nqs back a conmand
gorpl et ez%%%ﬁﬁ%s‘%%géeéﬁerﬁn@%ﬁericrﬂ eri[ 'lta r‘Fcﬁpé’:ro‘i%g’ t a?cc;apt ed a
ata rea o | e I rQuti ne 0 star

processi ngq i 00251 T oe@ergﬁeﬁr#]q%%en%% 6 |er§‘°3(5ﬁcﬁﬁ(ecal§s & FPTEING at i on
bet ween thies a2 The" fidoa dile. 38eP0RDUGLELON, gAd bhe, afceRs, command

accepted by the interrupt han r and per BFr& pondi ng

to the COLGRSANE Nt A Sidand ek 11 H Fsgdd NS edlie sae adoress as

a wite destination of wite data re bei ng held

inthe B t by the .i.nt t. _handl
20 i 5 of TRETTEY autient B S F T O e hadift e 8% or o o
f ' i t | at d t is bei
el d (i (0T Dby ey ol WS B BB B G Teodni ca by
the int erdyide e err A i gia1_141§:é’a%%zroﬂg'+%%t el r:‘lgers]:[itcgésifé gré%%}oa@ ntrol '

routine 30 reads the data and transmts it to the NG s

necessartd & Rl il {4 ¥d Hagnet1k? aBANSL plicdlrl holbonhe data

related to the read request Is not retained in'‘theé F W12,

the segmagdarfd M dﬂi&dir@aﬂgr Al crdi %Omm%ggi?%%%t %*%%hé?gugg” her,

the segnent control routine 30 of the present e I ment “shi eTBPAGE

13 10 el om Didiera Wiy e ) SHSIEETIRS el G 08 B0 01 LS

process will be described l'ater. | The conman i spatcher i ssues

i NSt ruct NS Yih @buE fers 8fferd Xnd V}Fax@ﬁ(}%ﬁd “re%@c‘&evjﬁ_oﬁﬁ gg)i%g;agﬁgg”iﬁf a

managenent table, reading and witing of data, etc. tim ng.

When the Pk dicP Mo e o0 deodialiif] dHe Mt RAATe A3 0L abqr oyt i ne

30 to read data fromthe nagnetic disk 101, e command di spatc

i mredi at e itrd %5 URSrd Bty ASd Yo gRAIRGmMReE rq.%tga'buffer when the
hard disk recorder is operating in an operation mode for
reproducing the multimedia content.

[0016]

[Mode for Carrying out the Invention]



Further, the conmmand di spatcher 40 of the present enbodi nent perforns a
process necessary to nove the BPAGE 13 in the sector buffer 10 in the
predeterm ned case. The details of its process will be described |ater.

[ 0027] The event handl er 50 detects as events various instructions issued
fromthe command di spatcher 40 and i ppl,enents or executes the instructions
to start up a suitable routine for reaging and witing data fromand on the
magneti c di sk 101. Thus, the data is actually witten on or read from 16
t he magnetic disk 101. The data read fromthe magnetic disk 101 is stored

in the BUF_R llrek pheseat! ahveuitien #Q1andereanaricbiete! Aebhe1Bag! ystem
[ 0028] The command anal yzer 60 anal yzes each access conmand accepted by the

| nter ruptadandl asadilh afidl dtpichitb ARG 1 ANt et AN Gind Mt RGP houl d

be shifted. As a nmethod of anal yzing the comand an etermning rsshift,

e, ol | eyl 1o Nodnc eho pradentedniBllieht D4 AU-AgL R BHPELOLspGaUENCY

of the accepted access conman e command analyzer anal t he
(475" or % FEGORTHR e, PR, s A, e R
(Spect {1 NS ey CA el oy, 3P o BB 8.2 S havi ng a i ze
Get orm nes that "tRe Spaces1dipek BENEAR ShowtRg, KORERPLGCREEAR) of ey
BPAGE 13 i tdE W%MI oy %i%}iedeld-on t he exanple of Fig. 2). Wen

the wite request cones 1n, e conmand anal yzer 60
The hard disk drive 100 is an external storage

apparatus wherein each of magnetic heads 103 seeks over a
magnetic disk 101 rotatably driven by a spindle motor 102 and
writes data on the magnetic disk 101 while staying on a
predetermined track (at a predetermined position), or reads
the data written onto the magnetic disk 101. The magnetic
disk 101 is a recording medium for recording data as magnetic
informaflon and mounted therein in a singular or plural form

as needed. However, a singular example is illustrated in Fig.

1.
[0017]

While the hard disk drive 100 is in operation, the
magnetic disk 101 continues to be driven to rotate around the
spindle shaft of the spindle motor 102. While the hard disk
drive 100 is not in operation, the magnetic disk 101 stops
rotating (at rest). Two magnetic heads 102 arevheld at the
front end of the actuator 104 and act respectively on the top

and bottom surfaces of the magnetic disk 101. They implement



determ nes that the BPAGE 13 is noved so as to expand the BUF_ W12 (restore
it). [0029] (2) The command anal yzer 60 anal yzes the type of access - 17
command (read request or read request). The wite requests are continuously
cached and, when the free space for the BUF W12 is reduced to a snal

size, the command anal yzer 60 judges_the BUF W12 to be expanded

(i nformati on about the free space of t & BUF_ W 12 can be obtained fromthe
segnent control routine 30). Incidentally, in this case, the size of the
BUF W12 is initially set small. [0030] (3) The command anal yzer 60

anal yzes ddea tyderOfaritt Gosia UMY £F Rk HE MEfle @ c WidiE 1rcﬁq.“eghle and
e

counts the respective nunbers of read and wite requests accept

separ at el ) r '5533 i f.ference occurs
Aot ULy Ko Yrdddn %n%qgl]?éynzer 8“?% gg(gfctlﬁe AGE 13 to be

in the count value, then the co

et case. AT F 41 1 M d) PRCh (Y T ¢ Wl.t%%ftﬁerf&ﬁlquf}: r ef“e“
For ot or by g FARIRE Ve e AARAE g i R B LB g T how

much diff @RfF ]gﬁgﬂg s set in advance and retained in the DRAM 111, for
exanpl e. ﬁ% a ﬁ% |f|c§¥T§h of such a nethod, the command anal yzer 60 may

further qga&m;F even each conmand |l ength (size of read or witten data) and
determ nes, ‘on a conbi ned basis, the accepted nunber of read and wite

moved. o1 | ROGSTRIVRR Con e EbRRAna Ol S P e Aats, BeathuT sRe of
ccoess ST SHlgtoR ndh YRS R BB ol pt AR ISR EEL 0,
20 oerud M A, V0 I G b, S e, 707, 2
(computer) through an HDC (Hard Disk Controller) 110 into a
write signal (current) and supplies it to the magnetic heads
103. The magnetic heads 103 execute writing of data on the
magnetic disk 101 based on the write current. On the other
hand, when reading data, the read/write channel 108 converts a

read signal (current) read from the magnetic disk 101 into

digital data and outputs it to the host system through the HDC

110.
[0019]

The HDC 110 has functions used as interfaces of the
hard disk drive 100. One of the functions is to receive the
write data transferred from the host system and transfer it to
the read/write channel 108. Another function is to transfer
the read data transferred from the read/write channel 108 to
the host system. Yet another function is to transfer it to

the MPU 109 in response to an instruction command or the like



[0032] In addition to these, when the hard disk drive 100 is a hard disk
recorder, other than a hard disk drive used as an external storage
apparatus of a conputer, for recording and reproducing multinedia contents
such as notion data, voice data, etc., access patterns to a nmagnetic disk
are nmuch different from each ot her m@eq the nmul timedia contents are
recorded and reproduced. That is, when ﬁhe mul timedia contents are
recorded, the nunber of requests for witing of |arge data increases,
whereas when the nultinedia contents are reproduced, the nunber of requests
for readijgsddl Srae €l adder . Thus, it is also possible to nonitor
an operation node of the hard disk drive 100 and control the hard disk

- drive 100 dgpspch a manner that the BPAGE 13 is noved to increase the BUF_W
12 in recording operation and noved to increase the BUF_R 11 in reproducing

PP T0™ whet ner ¢ REaiRgE P9° SRATEATS. A8, Ka%a, 81 R TORC 1800y oA g &
e to vherrerts AR A 405 ATIISIOT Hinoar o) 1 SRR PR he
seqrent A e Pt S b o Bl B the bk pecsamn
ot opwi se e P EHe Herldl ) e R ARG o L O ERE 1 SAPROSOEREA manner
5t S B i SR e,
andl e 15 St e SRR PR Hark sy dtamn (e PROvedsdd and
re- e’xecuta&sd aatdaglﬁswr 'ignee plr’ioscr:sg%%\/g f%ﬂ}%gt&m% r oces(s in ag%gor dance with

a previously prepared-erro 1\ CATER ration of
o o RN S BRTR,HE B 5 1
hen't ne B SR | BR0baF bebr v 5Be fPEC 0o CEOTAGRESY FBtn CREDABST
VU 100 e A L R B e e e sy dep 160 titise
anal vei 5 i RS T FAigat BToH RS I6E ZhBLPAChes ibbed (st ep
equest et el RP LY o SR RSt sy aerd 159 DRAFodgHe o on.

When the HDC 110 receives a read request corresponding to the

same data from the host system, it sends back the data cached
in the DRAM 111 to the host system.
[0021]A

Fig. 2 is a diagram showing a configuration example of
the sector buffer provided in the DRAM 111.

 As shown in Fig. 2, the sector buffer 10 according to

the present embodiment adopts a dual ring buffer system as a
data structure. The interior of the sector buffer is divided
into a ring buffer (hereinafter called BUF_R) 11 corresponding

to an area for read data, and a ring buffer (hereinafter



[ 0036] Next, the.segnent control routine 30 checks for the state of the
BPAGE change request of the access command. |f the BPAGE change request is
of f, then the access conmand is executed as usual and the process is

term nated (Steps 403 and 404). On the other hand, if the BPAGE change
request is on, then the BPAGE 13 is actyally rewitten. At this tine, it is
necessary to take into consideration tﬂg access command in progress and the
state of the sector buffer 10. That is, if the BPAGE 13 is not contained in
the segnent in the BUF_ W12, then the rewiting of the BPAGE 13 can be

Bor w12 S SRR A Gor g b e Mt B h VIR B st o

' speci P ekbra et (oshhydle | 3 e D e Yl g 0
S i 8 Sk
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he - nunb &P Y HERAGE I, Ba e HRdHam G UReS (i Undshas (e ok 101
T e b D R i
(i shed o, qecntis Budtel’ 34 e G i@ dhike o TpeiAPBYel Lie
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access comran is1§{e§yt d as usual_and the prqocess is termnated (Step
MBS Src e 1h e

404) . [0G3E B3% &f he BYASE 14 15 u5e8 @8 When the
segnment includi.ng t 13 _does not exjst, .a command for performng a
PAGE Di scpzﬂ’]%#ﬂsi% r&%ﬂ%@% fhshe ﬁé‘%m 11 exigtsyiom dhenhdutfer and
the PAGE Discard is cu cording.to a predeterm ned routine (Step
406) . Thetqi’A(%'qdﬁ sad‘éf é%estag&'pﬁée?sfxﬂg‘rtsdioé’cm Y EE eFa Ood-torh &déesar y
segnent féﬁggéhe correspondi ng page. The cache-unnecessary .segnent is, for

exanpl e, ment including the wite request that has already been

witten into th netic disk 101 fromthe wite requests retained in the
BUF W 12. %nn%ge presen% emgodiment, %he positign of the BPAGE 13

can be changed under the control of the MPU 109. More

c

specifically, in the present embodiment, the MPU 109 is a
control means for dynamically and suitably allocating a memory
area of the whole sector buffer 10 to the BUF_R 11 and BUF_W
12 according to access patterns from the host system to the
hard disk drive 100 (magnetic disk 101). The access patterns
are patterns such as the frequency of write and read requests,
and the sizes of data to be handled.
[0023]

Fig. 3 is a block diagram showing functions of the MPU

- 109 used as the control means of the sector buffer 10.



Then the BPAGE 13 is rewitten by the segnent control routine 30 so that
its position is changed. Wth its change, managenent paraneters for the
BUF R 11 and BUF_ W12 are changed (Step 407). Thereafter, the access
command i s executed as usual and the process is finished (Step 404). [0040]
The above operation is executed each-tijge-the hard di sk drive 100 receives
the access command fromthe host system In the present enbodi nent, as

i ndi cated by the judgenent at Step 405, even when it is found fromthe
result of the conmmand anal ysis that the BPAGE 13 is preferably noved to
change the buf f Referzdagfto FdgBUB ,Rthe apy BUB_ Ackdrdilhg rewthei ng of the
BPAGE 13 is awaited wthout performng its rewiting till the next

oppor t uni pyegemt i émbddimeid theludbss eeh anEdHtBuRN AU ART1 ¢ CaP Stigmand and
starts up operation cycles of Step 401 and beyond), depending on the state

of the sest@spituidieraddesd . Faquerier hdeivas £ &r reauRsd ascée%*%mmafd di ng

the BPACGE 13 exists. This is because if the corresponding wite -

request redmt Neborh bR sR4 %/yréﬁem S £xRatiéthk Ao o NFIR inY OfF Sthall t he

background of the hard disk ive 100, and the write request’ s segnent

i ncl udi Ntndkey AR IGoPEEOTE Ss Wi $ et tdd ot die mﬁhﬂeld B@; G%[' ve 100
e

accepts the next access command, then the rewiting of t 13 is

enabl ed. dARddda | QL SHRUSS LY QIO SR s 35 SR ra%va&z%t{@e §Retor

buffer 10 is provided as the dual ring buffer system whereln

conf i gur abdmde Ofut 16h SEC e MEIEIr Byt fodi VG dethd P éa}aét%tB%xﬁmi% 500 W

corresponding to the ring buffer for caching the read

12 correspprslidttish | hend inisty b d efnd Qiad2 i d¥inidia V!ﬂ%lﬁ(ﬂ&q%tar{qss&ﬁed

fromthe host systen1 According to the access patterns omthe ho system

to the haggkdl sledtivesy hihdrBONAY ] C rileSbokibha BRG104LECE0SLARTyOLS! NE BUF

R 11 and BUF W12 are changed in such a manner tha he nunber of

wite requestscddsd easmtard hid Al flds e fddhnd R W 1% i,
expanded, and when the nunber of read requests iIncreases and its data si ze

a.s | argegedtsr BdEfA 110 SsiowRN AR spll fieda ¢ hqnbtehfeeevéh%eo‘.‘e‘f at Bg110eke

sector buffer 10 has been determ ned, the position of the botton1page

(BPAGE 13¢ oind grdddai ey HE aldior WU ol SANEAdE WhkeRAlLy ti on
for separating the BUF R 11 Trom BUF_ W12 1's changed to ereby C e the

buffer siggsanir the BfedtdlenthBPeMods [WA3). - 24 Thus, the buffer

size of the BUF_R 11 can be increased in nuch néed of cache capacity for

read data, and iesuffi@ictions Afre! ReeBUEeW %%e%ﬂt%lﬂﬁge%ﬁg%ﬁﬂ g‘ﬁlglh

need of cache capacity for a wite request. refore

ring buffescoyeimints &S89 Hsar gﬁﬁnﬂ%@ SHddICtaN S A& RE PrHM Ljvflf ¢ helO,

,the i nfluence that the individu buffer sizes used for caching o

wite requesd prhraathdnliveds WOt o QM Ak Mid mitdie 191N9& L | NY
buf fer systemcan be reduced. [0043] [Effect of the Invention] ‘According to

the presegtamplveNta B wheatd it @by eshed astzadati P dn aR]Y Ygance of
a storage apparatus can be avoided even in the case o executlon of access

bi ased t ot IHag sk eddivwg 1fo data by adopting a dual ring buffer system
as a data structure of a buffer nenory.
[0024]
In the above constitution, the interrupt handler 20
receives the access command given from the host system, which
has been transferred from the HDC 110, and performs a process
corresponding to the type of request (writing or reading of

data). When the interrupt handler 20 has accepted a write

request, it stores write data related to the write request in



[Brief Description of the Drawings] [Fig. 1] Fig. 1 is a block diagram
showi ng a main configuration of a hard disk drive according to the present
enbodiment. [Fig. 2] Fig. 2 is a diagramshow ng a configuration exanple of
a sector buffer provided in a DRAM according to the present enbodi nent.
[Fig. 3] Fig. 3 is a block diagramshoyng functions of an MPU - 25 wused
as a control neans of the sector buffer according to the present
enbodi ment. (Fig. 4] Fig. 4 is a flowhart for describing the flow of
processing executed by the MPU according to the present enbodinent. [Fig.
5] Fig. 53!% ST HFAT ditirdindall Liss thhet isegened: configur atdutninef 30 ring
buffer. [Reference Numerals] 10 ... sector buffer, 11 ... BUF R (ring
buf fer), t® startBgroNgssing buihen), at3this BPAEE, tR8 sectbpt buffpr 10
handl er, 30 ... segnent control routine, 40 ... conmand di spatcher, 50 ...
event harfwie@n Glllowammmmiandeamiller dio, atept e alexte ey regt@dsar, 100
hard di sk drive, 101 ... magnetic disk, 102 ... spindle notor, 103 ..

magnet i ¢ dvead, 1l (Gvhe nesxic witer relffest futrdhe?r enes @O’ théCMectb@d . . .
di gi tal /anal og converter (DAC), 107 ... voice coil notor driver, 108 ..

read/ w i ttmfiffeaniidl 1skifes .a whlde kk@nsferHdonpiatd Bioskneonhtedrept 111
DRAMhandler 20. The interrupt handler 20 having received the
write transfer complete therein sends back a command complete
to the host system. When the interrupt handler 20 has
accepted a data read request; it calls the segment control
- routine 30 to start processing.
[0025]

The segment control routine 30 checks for the relation
between the data stored in the sector buffer 10 and the access
command accepted by the interrupt handler 20 and performs a
processjéorresponding to the corresponding request. For
instance, if data at the same address as a write destination
of write data related to a write request is being held in the
BUF_R 11 where the access command accepted by the interrupt
handler 20 is of the write request, then the segment control
routine 30 performs a process for discarding the data. If
data related to a read request is being held (hit) in the
BUF_R 11 or BUF_W 12 where the access command accepted by the
interrupt handler 20 is of the read request, then the segment
control routine 30 reads the data and transmits it to the host

system. Since it is necessary to read the data from the



" 26 DRAWNGS FIGURE 1 102 ... SPINDLE MOTOR, 107 ... VCM DRI VER, 108 ..
READ/ WRI TE CHANNEL, HOST SYSTEM FI GURE 2 BUFFER BOTTOM BUFFER TOP RI NG
BUFFER FOR READ DATA RI NG BUFFER FOR WRI TE REQUEST FI GURE 3 HOST SYSTEM
DATA 20 ... |INTERRUPT HANDLER, 30 ... SEGVENT CONTROL ROUTINE, 40 ...
COWAND DI SPATCHER, 50 ... EVENT HANBLER, -60 ... COMMAND ANALYZER, 70 ...
ERROR RECOVERY' HANDLER, 111 .. BUFFER TOP, SIZE OF BUF W SI ZE OF BUF_R
BUFFER BOTTOM FI GURE 4 START S401 $402 S403 S404 S405 ACCEPT ACCESS COVIVAND
ANALYZE COVMAND | S BPAGE CHANGE REQUEST ON? EXECUTE ACCESS COMWAND | S
SEGVENT Imggney i GhcE PREgENTRe data related to the read request is

not retained in the BUF_R 11 and BUF_W 12, the segment control

routine 30 calls the command dispatcher 40.

Further, the segment control routine 30 of the present
embodiment shifts the BPAGE 13 in the sector buffer 10 in a
predetermined case. The details of its process will be
described later.

[0026]

The command dispatcher 40 issues instructions such as a
seek for the magnetic head 103, generation of a management
table, reading and writing of data, etc. with suitable timing.
When the command dispatcher 40 is called from the segment
control routine 30 to read data from the magnetic disk 101,
the command dispatcher 40 immediately issues instructions for
readinglthe data.

Further, the command dispatcher 40 of the present
embodiment performs a process necessary to move the BPAGE 13
in the sector buffer 10 in the predetermined case. The
details of its process will be described later.

[0027]

The event handler 50 detects as events various
instructions issued from the command dispatcher 40 and
implements or executes the instructions to start up a suitable

routine for reading and writing data from and on the magnetic

disk 101. Thus, the data is actually written on or read from



- 27 3406 ... PAGE DI SCARD $407 ... CHANGE PGCSI TI ON OF BPAGE AND
MANAGEMENT PARAMETER START FI GURE 5 BUFFER BOTTOM BUFFER TOP READ DATA 1,
READ DATA 2, WRITE REQUEST 1, READ DATA 3, WRITE REQUEST 1 SECTOR BUFFER
28 Clains: 1" A data storage apparatus conprising: a nagnetic disk that
magnetically records data; and a buffe56nennry that tenporarily retains
data read from

the magnetic disk 101.

The data read from the magnetic disk 101 is stored in
the BUF_R 11 of the sector buffer 10 and transmitted to the
host system.

[0028]

The command analyzer 60 analyzes each access command
.accepted by the interrupt handler 20 and makes a decision as
to whether the BPAGE 13 should be shifted. As a method of
analyzing the command and determining its shift, the following
method can be adopted which is based on the type or frequency
of the accepted access command.

(1) The command analyzer 60 analyzes the type of access
command (read request or write request) and a command length
(size of read or written data). When the predetermined number,
or more;:of read requests each having a fixed or longer
command length are sent (specifically when three or more
requests to read data each having a size exceeding 64 sectors
are sent, for example), the command analyzer 60 determines
that the BPAGE 13 is moved so as to expand the BUF_R 11 (the
BPAGE 13 is moved to the buffer top side in the example of Fig.
2). When the write request comes in, the command analyzer 60
determines that the BPAGE 13 is moved so as to expand the
BUF_W 12 (restore it).

[0029]

(2) The command analyzer 60 analyzes the type of access



and witten on the magnetic disk prior to a process on the magnetic disk;
wherein the buffer nmenory includes a nmenory area divided into a first ring
buffer that stores a wite request to the nagnetic di sk accepted from
outside, and a second ring buffer that stores data read fromthe magnetic
di sk, and said first ring buffer and-sgayd-.second ring buffer have
respective buffer sizes that are varied by changing a position of a
partition for separating the first ring buffer fromthe second ring buffer.
2~The data storage apparatus according to claim1l, wherein the partition is

a bottom pogmand (headirsquestgobuféed LsqEedP) ! OMMRAGE1%e teRueagend ring
buffer. 3, The data storage apparatus according to claim1l1, wherein the

partitionané toetiwhdeslyecaslyed Sasd) fillesh the 2Pre€ CeF4bdOrd L G B!y
access patterns to the nmagnetic disk. 4. A data storage apparatus -

conpri si ng2 hsreedudédgtoredli staihadizieC oFKls shtmand Wd Ly B2an50 dgf@s a
est to the

first ring buffer that tenporarily retains an external Wwite re

recor di NgtH@ABUIM Pr1Drté Obd XPERESA Oﬂﬂf@rﬁé@ﬁﬂjié{%d‘?cﬁﬁnf@é@ 5 sgond
ring buffer that retains data read fromthe recordi ng nmediumaccording to
an externgf tREBURGVESS d¢&h (B SWELMEd From the segment control

routine 30). Incidentally, in this case, the size of the

BUF_W 12 is initially set small. |

[0030]

(3) The command analyzer 60 analyzes the type of access
command (read request or write request) and counts the
respective numbers of read and write requests accepted
séparately from each other. If a predetermined or larger
difference occurs in the count value, then the command
analyzer 60 judges the BPAGE 13 to be moved according to the
differegée in such a manner that if the read request increase,
then the BUF_R 11 is expanded, and if the write request
increases, then the BUF_W 12 is expanded. In this case, a
threshold value for determining to which side the BPAGE 13
should be moved according to how much difference occurs is set
in advance and retained in the DRAM 111, for example.

In a modification of such a method, the command
analyzer 60 may further analyze even each command length (size
of redd or written data) and determines, on a combined basis,

the accepted number of read and write requests and their

command lengths to thereby judge the BPAGE 13 to be moved.



- medium and buffer control nmeans that changes respective buffer sizes of
the first ring buffer and the second ring buffer included in the buffer
means according to external access patterns to the recording nmedium 5, The
data storage apparatus according to claim4, wherein the buffer nmeans is a
RAM ( Random Access Menory) in which a Qgff-er area is divided into the first
ring buffer and the second ring buffer. 6n The data storage apparatus
according to claim4, wherein the buffer control neans changes a position
of a bottom page of the first ring buffer or the second ring buffer, which
bottonfpaéﬁogﬂ i des the buffer area of the RAM to thereby change the
respective buffer sizes of the first ring - 30 buffer and the second

ring buffer. 7-,(4helhratconstandgmadypamiors anlyzds ¢ Sl Bt addyLi n
the buffer control means changes the respective buffer sizes of the first

and secondommagdb(féadsrefasetl on Wwhté YPeqeés EREC N THEC @Rl §5ia 1 ted
fromoutside and frequency of the access requests for each type. 80 The

data storégecappalates respsdiige Lol €l fhrad, o @€l Nod bige PUf e{n&%ﬁ %
means changes the respective buffer sizes of the first and second ring

buf fers, basandoBUFhe 52zendf judgée €iad BEKGE epsl €3t EdAE% 4 %iddth cess
request accepted fromoutside. A nethod of managing a buffer nennry t hat

t enpor ar i hgnnet atiat detie@y Pré@th L9 ol eSSt Oreél MILEISE ? éji ng
medi um when the data is read fromor witten in the prede ternlne recordi ng
nmedi um cebpei bs nglldeaté®pbo Wre high in hit rate).

[0032]

In addition to these, when the hard disk drive 100 is a
hard disk recorder, other than a hard disk drive used as an
external storage apparatus of a computer, for recording and
reproducing multimedia contents such as motion data, voice
data, etc., access patterns to a magnetic disk are much
different from each other when the multimedia contents are
recordeéxand reproduced. That is, when the multimedia
contents are recorded, the number of requests for writing of
large data increases, whereas when the multimedia contents are
reproduced, the number of requests for reading of large data
increasés. Thus, it is also possible to monitor an operation
mode of the hard disk drive 100 and control the hard disk
drive 100 in such a manner that the BPAGE 13 is moved to
increase the BUF_W 12 in recording operation and moved to
increase the BUF_R 11 in reproducing operation.

[0033]

After the command analyzer 60 has made a decision as to



anal yzing an external access request to the recording nedium determ ning
based on said result of analysis whether respective buffer sizes of a wite
request ring buffer and a read data ring buffer provided in a buffer area
of the buffer nenory should be changed; and changing a position of a
partition for dividing the - 31 butfgg area of the buffer nenory into the
two ring buffers according to said determ nation to thereby change the
respective buffer sizes of the two ring buffers. 10,i The nmethod accordi ng
to claim9, wherein said step for analyzing the access request anal yzes the

type of twizethhersthe cBRAGE hddsHowhd e \mofed hebypasehisg respiemisyd or each
type, and said step for determ ning whether the buffer sizes should be

changed, netiged, thathédie beiffiade SikesedrEn Cled Ioshnidhd U e dTeFys tiat the
wite request ring buffer is expanded when the nunber of wite requests

i ncr easescommaimd @képdatchenCLES Sad eepleetidrd tHElapsatd s thfe W&y Si zes
are changed in such a manner that the read data ring buffer 1s expanded

when the bufber D Ieadl SEMUESHS WHEEIEaaeS BERIEDS PN aGE ST £ §quest .
11~ The method according to claim9, wherein said step'yg%iandlyian%the

access refgleséuRddNIEStHOBEAGE 0f ¥ ikdv gt Ocrhér[aaﬂl%aée&ﬁ {fted to the
e er

access request, and said step for determ ning whether t si zes

shoul d becehergEdrou e3¢ Netaddies id o siEish %@e%%%s;ﬁﬁgﬁh

manner that the wite request ring buffer is expand \ er of
access repgsts tOTtNS ihdViindit O SIS BifdE i1ES %Feeﬁ]#p{bé 5'193 ac%%esnf]e
changed 1 nsuch a

request, and judges that the buffer -32 slzes are

manner 1 i 60 1Rt (dbukd 00 BHETLThy et WiRD Jdie diuhelo O jaccess

requests for reading |large size data I'ncreases 1IN access

request . BIAGH e B NAIAGE Gl hetd AHB Burherdl tPileS YPR S Yo
changi ng the buffer sizes changes a position of a bottom page of thé wite
request rprendedfmingd tdved aaf Stdrd1 oYy er
[0034]
Aside from a series of read/write processes executed by
the interrupt'handler 20 through the event handler 50, the
error recovery handler 70 starts up when an error occurs in
the reaé}write processes and re-executes a data write process
or a data read process in accordance with a previously
prepared error recovery procedure.
[0035]
The operation of controlling the sector buffer 10 when
the hard disk drive 100 has received each access command from
the host system will next be explained.
'Fig. 4 is a flowchart for describing the flow of a
process executed by the MPU 109.

When the hard disk drive 100 receives an access command

from the host system and it transfers the access command from



to thereby change the buffer sizes of the two ring buffers. 13a A hard disk
recorder for recording and reproducing a nmultinedia content by use of a
magneti c di sk as a recording nedium conprising: buffer nmeans having a
first ring buffer that tenporarily retains a wite request to the magnetic
di sk prior to a process on the nagnegig di sk, and a second ring buffer that
retains data read fromthe magnetic di Q according to a read request to the
magneti ¢ di sk; and buffer control nmeans that dynam cally allocates a nenory
area of the buffer neans in such a manner as to give a large buffer size to

the fi rsttﬁ'éngD@uﬁ@rtgxh@l@et@ﬁhﬁy di sk &ﬁprﬂng%é. o‘pe{%é%élg%dg) 16121}%%

operation node for recording e mul t1imedi a cont ent” and
buffer siggmh@ndhgnsessL. | f t di sk recorder is
operating in an opergfi%ﬁ %3%”?%‘? %‘e%ir/%euciér}ge tr%égens[ﬁ t(fcmg'&ﬁ%é‘co fnt .
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then thé BPAGE 13 is actually rewritten. At this time, it is
necessary to take into consideration the access command in
progress and the state of the sector buffer 10. That is, if
the BPAGE 13 is not contained in the segment in the BUF_W 12,
then the rewriting of the BPAGE 13 can be carried out. When,
however, the BPAGE 13 is included in the segment in the BUF_W
12, the segment of the BUF_W 12 is affected by the rewriting
of the BPAGE 13, so that the rewriting of the BPAGE 13 cannot
be performed.

[0037]

In specific operation, the command dispatcher 40 first
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issues a command for checking for a variable corresponding to
num_pend wrt. This command is executed according to a
predetermined routine. In accordance with the value of the
num_pend wrt, the segment control routine 30 next checks
whether the BPAGE 13 is included in a predetermined segment of
write request (Step 405). Here, the term num_pend wrt is a
variable indicative of the number of write requests for which
writing into the magnetic disk 101 is not yet finished, while
it is being held in the sector buffer 10.

{0038]

If the value of the num_pend wrt is 0, then the segment
for the write request for which the writing into the magnetic
disk 101 is not yet finished does not exist. It is therefore
unnecessary to retrieve the segment in the BUF_W 12 including
the BPAG% 13. On the other hand, when the num_pend wrt is not
0, the corresponding segment including the BPAGE 13 is
retrieved.

As a result of retrieval of the segment including the
BPAGE 13, the BPAGE 13 cannot be rewritten if such a segment
exists. Therefore, the access command is executed as usual
and the process is terminated (Step 404).

[0039]

Since the rewriting of the BPAGE 13 is enabled when the

segment including the BPAGE 13 does not exist, a command for

performing a PAGE Discard is first issued from the command
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dispatcherv40, and the PAGE Discard is executed according to a
predetermined routine (Step 406). The PAGE Discard is a
process for discarding a cache-unnecessary segment from the
corresponding page. The cache-unnecessary segment is; for
example, a segment including the write request that has
already been written into the mégnetic disk 101 from the write
requests retained in the BUF_W 12. | |
Then the BPAGE 13 is rewritten by the segment control
routine 30 so that its position is changed. With its change,
management parameters for the BUF_R 11 and BUF_W 12 are
changed (Step 407). Thereafter, the access command is
executed as usual and the process is finished (Step 404).
[0040]
The above operation is executed each}time the hard disk
drive 166 receives the access command from the host system.
In the present embodiment, as indicated by the judgement at
Step 405, even when it is found from the result of the command
analysis that the BPAGE 13 is preferably moved to change the
buffer sizes of the BUF_R 11 and BUF_W 12, the rewriting of
the BPAGE 13 is awaited without performing its rewriting till
the next opportunity (until the hard disk drive accepts
another access command and starts up operation cycles of Step
401 and beyond), depending on the state of the sector buffer

10, i.e., where the write request's segment including the

BPAGE 13 exists. This is because if the corresponding write
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request retained in the BUF_W 12 is executed as the normal
process at the background of the hard disk drive 100, and the
write request's segment including the BPAGE 13 becomes
nonexistent until the hard disk drive 100 accepts the next
access command, then the rewriting of the BPAGE 13 is enabled.
[0041]

In the present embodiment as described abbve, the
sector buffer 10 is provided as the dual ring buffer system
wherein the configuratioﬂ of the sector buffer 10 is divided
into the BUF_R 11 corresponding to the ring buffer for caching
the read data, and the BUF_W 12 corresponding to the ring
buffer for caching the write request issued from the host
system. According to the access patterns from the host system
to the hard disk drive 100 (magnetic disk 101), the buffer
sizes of the BUF_R 11 and BUF_W 12 are changed in such a
manner that when the number of write requests increases and
its data size is large, the BUF_W 12 is expanded, and when the
number of read requests increases and its data size is large,
the BUF_R 11 is expanded. ’Since the buffer size of the whole
sector buffer 10 has been determined, the position of the
bottom page (BPAGE 13) of the BUF_R 11 or BUF_W 12, which
corresponds to the partition for separating the BUF_R 11 from
BUF_W 12 is changed to thereby change the buffer sizes of the
BUF_R 11 and BUF_W 12.

[0042]



10T. " 1090°& ()- t f"109& ()-f"1090& ()-T5889F: G H: | : P: zI AP1l : 1094°& ()- 10
10 10! s-"10%& ()-!s-"10%& ()-F "10%& ()-s!F

"10%& () - SP: +=, 222222yB~\ : | " 10%@&’ ()-, ! Af &10% ()- 10T 10T

10TSH" 1090& () -1 S#" 1096 T& () - " 10%& () - yBBCCEEEEE~sh] >! 1 S' 10%& ()- 10@
10@ 10@3" 10%& ()- b "10% ()-! " 10%g&_()- "10%@

& ()-EVGRIIJIITK Al - #10%@& () -, y&10%@&'() - 10z 10z 10z "10%& ()-

2" 1098 && () --"10%& ()-- TKLPLMM NN{\: " Al p(! 10%& () - (! 10%G& ()-!

"109%&' ()-"10%G ()- p-#10%& ()-,! - #10%GE ()-, NOOOOOOOP~ @ &1 10% () - G
109 ()-F 109 (Dndd) ¢S Uprerl 4@ @ the BUF_R 11 can be increased

in much need of cache capacity for read data, and the buffer
size of the BUF_W 12 can be increased in much need of cache
cépacity for a write request. Therefore, even if the dual
ring buffer system is used as the data structure of the sector
buffer 10, the influence that the individual buffer sizes used
for caching of the write request and read data is reduced as
compared with the single ring buffer system can be reduced.
[0043]

[Effect of the Invention]

According to the present invention as described above,
degradation of the performance of a storage apparatus can be
avoided even in the case of execution of access biased to
writing or reading of data by adopting a dual ring buffer
system ;é a data structure of a buffer memory.

[Brief Description of the Drawings]
[Fig. 1]

Fig. 1 is a block diagram showing a main configuration

of a hard disk drive according to the present embodiment.
[Fig. 2]

Fig. 2 is a diagram showing a configuration example of
a sector buffer provided in a DRAM according to the present
embodiment.

[Fig. 3]

Fig. 3 1s a block diagram showing functions of an MPU
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used as a control means of the sector buffer according to the
present embodiment.
[Fig. 4]

Fig. 4 is a flowchart for describing the flow of
processing executed by the MPU according to the present
embodiment.

[Fig. 5]

Fig. 5 is a conceptual diagram illustrating the

configuration of a ring buffer.

[Reference Numerals]

10 ... sector buffer, 11 ... BUF_R (ring buffer), 12
BUF_W (ring buffer), 13 ... BPAGE, 20 ... interrupt handler,
30 ... segment control routine, 40 ... command dispatcher,
50 ... event handler, 60 ... command analyzer, 70 ... error
recoverj-handler, 100 ... hard disk drive, 101 ... magnetic
disk, 102 ... spindle motor, 103 ... magnetic head, 104
actuator, 105 ... voice coil motor (VCM), 106
digital/analog converter (DAC), 107 ... voice coil motor
driver, 108 ... read/write channel, 109 ... MPU, 110 ... HDC

(Hard Disk Controller), 111 ... DRAM.
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DRAWINGS
FIGURE 1

102 ... SPINDLE MOTOR, 107 ... VCM DRIVER, 108
READ/WRITE CHANNEL,

HOST SYSTEM

FIGURE 2
BUFFER BOTTOM BUFFER TOP

RING BUFFER FOR READ DATA RING BUFFER FOR WRITE REQUEST

FIGURE 3

HOST SYSTEM

DATA

20 ... INTERRUPT HANDLER, 30 ... SEGMENT CONTROL
ROUTINE;X 40 ... COMMAND DISPATCHER, 50 ... EVENT HANDLER,
60 ... COMMAND ANALYZER, 70 ... ERROR RECOVERY HANDLER, 111

BUFFER TOP, SIZE OF BUF_W, SIZE OF BUF_R, BUFFER BOTTOM

FIGURE 4
START
5401 ... ACCEPT ACCESS COMMAND
5402 ... ANALYZE COMMAND
S403 ... IS BPAGE CHANGE REQUEST ON? °
5404 ... EXECUTE ACCESS COMMAND

S405 ... IS SEGMENT INCLUDING BPAGE PRESENT?
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Claims:
l¢ A data storage apparatus comprising:

a magnetic disk that magnetically records data; and

a buffer memory that temporarily retains data read from
and written on the magnetic disk prior to a process on the
magnetic disk;

wherein the buffer memory includes a memory area
divided into a first ring buffer that stores a write request
to the magnetic disk accepted from outside, and a second ring
buffer that stores data read from the magnetic disk, and said
first rihg buffer and said second ring buffer have respective
buffer sizes that are varied by changing a position of a

partition for separating the first ring buffer from the second

ring buffer.

2, The data storage apparatus according to claim 1,
wherein the partition is a bottom page of the first ring

buffer or a bottom page of the second ring buffer.

3, The data storage apparatus according to claim 1,

wherein the partition of the buffer memory is shifted
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according to external access patterns to the magnetic disk.

4, A data storage apparatus comprising:

a recording medium that records data;

buffer means having a first ring buffer that
temporarily retains an external write request to the recording
medium prior to a process on the recording medium, and a
second ring buffer that retains data read frbm the recording
medium according to an external read request to the recording
medium; and

buffer control means that changes respective buffer
sizes of the first ring buffer and the second ring buffer
included in the buffer means according to external access

patterns to the recording medium,

5¢ The data storage apparatus according to claim 4,
wherein the buffer means is a RAM (Random Access Memory) in
which a buffer area is divided into the first ring buffer and

the second ring buffer.

6, The data storage apparatus according to claim 4,
wherein the buffer control means changes a position of a
bottom page of the first ring buffer or the second ring buffer,
which bottom page divides the buffer area of the RAM, to

thereby change the respective buffer sizes of the first ring
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buffer and the second ring buffer.

Ty The data storage apparatus according to claim 4,
wherein the buffer control means changes the respective buffer
.Slzes of the first and second ring buffers, based on the type
of each access request accepted from outgide and frequency of

the access requests for each type.

8¢ The data storage apparatus according to claim 4,
wherein the buffer control means changes the respective buffer
sizes of the first and second ring buffers, based on the size
of write data or read data related to an access request

accepted from outside.

% Ammethod of managing a buffer memory that temporarily
retains data prior to d process to a predetermined recording
medium when the data is read from or written in the
predetermined recording medium, comprising the steps of:

analyzing an external access request to the recording
medium;

determining based on said result of analysis whether
respective buffer sizes of a write request ring buffer and a
read data ring buffer provided in a buffer area of the buffer
memory should be changed; and

changing a position of a partition for dividing the
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according to said determination to thereby change the

respective buffer sizes of the two ring buffers.

10, The method according to claim 9, wherein said step for
analyzing the access request analyzes the type of the access
request and frequency of the access requests for each type,
and

said step for determining whether the buffer sizes
should be changed, judges that the buffer sizes are changed in
such a manner that the write request ring buffer is expanded
when the number of write requests increases in the external
access request, and judges that the buffer sizes are changed
in such a manner that the read data ring buffer is expanded
when thé number of read requests increases in the external

access request.

11, The method according to claim 9, wherein said step for
anaiyzing the access request analyzes the size of write data
or read data related to the access request, and

said step for determining whether the buffer sizes
should be changed, judges that the buffer sizes are changed in
such a manner that the write request ring buffer is expanded
when the number of access requests for writing large size data

increases in the access request, and judges that the buffer
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sizes are changed in such a manner that the read data ring
buffer is expanded when the number of access requests for
reading large size data increases in the external access

request.

12, The method according to claim 9, wherein said step for
changing the buffer sizes changes a position of a bottom page
of the write request ring buffer or the read data ring buffer

to thereby change the buffer sizes of the two ring buffers.

13, A hard disk recorder for recording and reproducing a
multimedia content by use of a magnetic disk as a recording
medium, comprising:

buffer means having a first ring buffer that
temporaf&ly retains a write request to the magnetic disk prior
to a process on the magnetic disk, and a second ring buffer
that retains data read from the magnetic disk according to a
read request to the magnetic disk; and

buffer control means that dynamically allocates a
memory area of the buffer means in such a manner as to give a
large buffer size to the first ring buffer when the hard disk
recorder is operating in an operation mode for recording the
multimedia content and to give a large buffer size to the
second ring buffer when the hard disk recorder is operating in

an operation mode for reproducing the multimedia content.



