- 3 AUG Zoos 1. [Title of the Invention] Data Storage Apparatus and Met hod
for Managing Buffer Menory [0001] [Technical Field to which the Invention
Pertains] The present invention relates to a data storage apparatdkAU&ﬂﬁB
particularly to control of a buffer nmenory that tenporarily retains data
therein when the data is read from and-witten in a recording nedi um such
as a magnetic disk. [0002] [Prior Art] Inh an external storage apparatus of

a conput er cl ARG uspblRasus shadnevada for
buffrenr) ngjyt{]%ﬁﬁ/l%?amc &ngo X%cgggéé r%or;l?? cal | ed sect 8; buf f er
I's prepared a a ng the performance of a data read/wite
progesg 91{;'1‘3 Eéﬁ?ﬁ ﬁg%%“% a data wite request (including wite
data) sent f[r0@dld host system or once-read data has conventionally been
performed. A data structure called a ring buffer is generally used for the

sector buffer [TébRnLtay buéiertd swiidiet QuR drtiont PéRitalgsiihe begi nning
and end of a buffer and thereby handling a finite-length buffer as an
infinite-length ongnéSgesent invention relates to a data storage
apparatus, and particularly to control of a buffer memory that
temporarily retains data therein when the data is read from
and written in a recording medium such as a magnetic disk.
-[0002]

[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 dafg 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.
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Pat ent Docunents 1 and 2, for exanple). [0003] Fig. 5 is a conceptual
di agram showi ng the . configuration of a ring buffer. 111111111111111 %%pqms
Creer e rrerr 11111111 *166166* 1111111111111111°0 11111 1 1t 111
[ IV 1 1 1Y *rnnnm* 3 AUG 2006 2 As shown in Fig. 5, the ring buffer
nmanages an aggregation significant as eoptinuous data as a segnent while
using a nenory area of each sector buffer in order froma buffer bottom
thereof to a buffer top thereof. After the sector buffer has been used up
to the buffer top, the ring buffer returns to the buffer bottom where the
use of the sectorAbuBheWniincBmgLnﬁedthéTmEngebufﬂqx|mana@mgnhmpalIy
(logically) formed. [00041 Since the sector buffer is used in order, the
above- descraggxegatiprb sifgad fiyanemass continhbdes f@atalses i d se While
processing format for processing commands in turn. On the other hand,
command’ s r exsidey iangnemortyharieiakefhaachegsctperbeff@e {19 Jrddhefrdy ove the
performance of a data

buffer bottom thereof to a buffer top thereof. After the

sector buffer has been used up to the buffer top, the ring
buffer returns to the buffer bottom, where the use of the
sector buffer is continued. Thus, a ring is semantically

(logically) formed.

Bl

[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
;_:ead/wr:&:e 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 waitiﬁg 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]



read/ wite process in these days. The reordering is to reorder an
execution sequence of commands for reading and witing data in such a
manner that the waiting time required up to the execution of writirig A6 2006
readi ng of the data beconmes the shortest. Suitably rearranging the
processi ng sequence of comuands by reordering or the |like and executing
the commands w | cause conplexity of segnment nanagenent of the segnent
buffer in the formof a wite request and_read data being m xed. [00051

[ Patent Docunent 1] - 3 AUG 2006 3 Japanése Pat ent Lai d- open No.

2002- 259115 [Patent Docunent 2] Japanese Patent Lai d-open No. 2002-170319
[ 0006] Al t hough Jeprnesd Pajerid dfafdeopesyNat. 8092-85%5t abl e for the conmand
processing format for processing the conmands in order as described above,
it conpligakeat bb&nsagppnt nanagenment of the sector buffer in the m xed
formof the wite request and read data where the processing order of the
commands is sui tJﬁ?Jn%sJ%fxﬁi%ﬂdopeB%d. oped1Rys1§xecution of the commands. In
order to solve this problem a’system can be conceived wherein a data wite
request . Zﬁ&x{ead data are separately handled in a sector buffer. That is,
this syst J that a ring buffer for caching the wite request and

anot her ring buffer for cachi n? the read data are provided in the
Although the ring buffer system 1s suitable for the command processing format for

processing the commands in order as described above, it complicates the segment management

of the sector buffer in the mixed form of the write request and read data where the processing

o
-

order of the commands is suitably reordered, followed by execution of the commands.

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 system 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

(RALIBLL)18181.doc:KEH



sector buffer, and segnents in the two ring buffers are individually
managed. This systemis hereinafter called a dual ring buffer system
Managi ng the wite request and read data individually nakes it pas h&kﬂmﬁo
avoid conplexity of segnment managenent in the sector buffer even ere
commands related to data reading and witjng are suitably reordered and
executed. [0007] Since, however, the two ring buffers are provided in
(R\LIBLL] 18181.doc: KEH 3 AUG 2006 the sector buffer in this case,

i ndi vi dual buffer sizes used for caching the wite request and read data
are reduced thebsectopebufifeal iy, thisceakbe LHAieldiGal oWEFSRIOAd SudKd
limted in a normal ring buffer (hereinafter called a single ring buffer

systen), mafprwdachingothet wrdate eaghiedti An@CFESE d&fa A¥d tfé&hdiﬁi Er% an
external storage apparatus increases, whereas if access for I ng ata

i ncreases, isherifdedldst,asinsemisl 636686t s | o b etadddiSts Wh fi*?r&c}aegfess
at

Is biased to the data witing or reading, the wite request or rea

correspondi B8 &OnbiifaleFBnY HaRREH! Yhefelir 6L SL1 1LY f£r L pxi mum
can be cached. On the other hand, synceethe wite %%uégsstﬁ}rq r]% er and

the read dabasreRoshete it SﬁPi‘EétPQ?&é% REd Al 1 y’}t %D lgor M9

buffer system the dual ring uf er em can cac
al l ocated th&QSnbeaE%ﬁt&ﬁ%orhﬁgegﬂéiﬁéf st 808 apparatus increases,

whereas if access for reading data increases, then read data

is much cached. In other words, when the access is biased to

P

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
allocate:i 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 external 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



In general, in a cache system |arge nenory capacity of a cache nenory
(buffer nmenory) is capable of contributing to an inprovenent in
perfornmance. Thus, when access biased to witing or reading of datal AUG 2008
exi sts, such an external storage apparatus that a dual ring buffer system
is enployed in a sector buffer, is degraded in performance as conpared
with the external storage apparatus that adopts the single ring buffer
system Wile, today, data to be handled by a conputer are - 3 AUG 20H 5
brought into a nmultinmedia form and a hard disk recorder for recording
notion pictures and voice on a magnetic disk is becom ng pervasive, there
is also an increasing opportunity to perform such biased access that |arge
si ze dat a goughtastoiamagtimadiadornyaind @ hdwl diskorecarder foi kesoidéngmmptiorepicivwresrapd oicat
atinme. [0009] A need thus exists to avoid degradati on of performance of a

storage ap@fhkahiimety ditkiis beddnging derasibe ek@eUsl a0 Bfinaeasss oppaamitytto perform
writing or reading of data by adopting a dual ring buffer systemas a data

structure by 8iaBb {&Ess r¥e siEQQQtQLtacggg g?ﬂgéeydata?‘%faé dhia%r i 1R ié%%f;;n oPfead

the present 1nvention there”is provi ata storage apparatus configured
inthe followng matter, That is, the data storage apparatus conprises a
recordi ng %cﬂ% that records data, buffer neans having a first ring buffer

t hat tenpo[68169i]l y

A need thus exists to avoid degradation of performance of a storage apparatus even in
the case of execution of access biased to writing or reading of data by adopting a dual ring buffer
system as a data structure of a buffer memory.

[0010]

Summary

According to an aspect of the present invention there is provided a data storage
apparatus configured in the following matter. That is, the data storage apparatus comprises 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 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 patterns to the recording medium.

[0011]
The buffer means may comprise a RAM (Random Access Memory) in which a buffer

area is divided into the first ring buffer and the second ring buffer. The position of a bottom

{RALIBLL)t8181.doc:KEH



retains an external wite request to the recording nediumprior to a
process on the recording nedium and a second ring buffer that retains
data read fromthe recordi ng nmedium according to an external rea_g ,théqzlﬂﬁSt
to the recording nedium and buffer control nmeans that changes th i
respective buffer sizes of the first ring buffer and the second ring buffer
included in the buffer mneans according to external access patterns to the
recordi ng medi um [0011] The buffer means nay conprise a RAM (Random Access
Menory) in which a buffer area is divideg into the first ring buffer and
the second ring buffer. The position of a bottom [RALIBLL] 18 IS Ldoc: KEH

AUG 2006 _6 f the.first ring.buffer t he ition of bat t.o a

of the seBBROINGbGHELRITeCorhe RGRBRN ¢l hetfop P oF essienend ng b is Chapget
of the first and second ring buffers. The buffer sizes can be changed based
on the typrevay thegespegbvelufler sigovefthe Hest padseconding uffess.de and frequency of

access requests for each type or based on the size of wite data or read
data rel at ed toThebeffaeizs canbediangatiepeddn fheappaoefteacideccefD@iRdst dsvepted from
aspect of the present invention provides a nethod of managi ng a buffer

nenory t haitsidesRe fiRGhdntyof hadetSredddsts foF ksh the semdedon aRcix¥ dfiwR@ dafa drhead
data fromand on a recording nedium The buffer nmenory nmanagenent et hod

conpri ses 44 he.i15kgRsa gccg&%%%iﬁ%g%@g%ddﬁéﬁ%{h%%& access request to the

recordi ng medi um determni e result of analysis whether

t he respe&oil% buffer sizes of a wite request ring buffer and a read data
ring buff grovi ded in a buffer area of the buffer nenory should be
chapged, and changing the position of  a partition for dividing the buffer
ar eQ of the buffasthgeasnept oftthe prsertwmventing piovidss ¢ methoddphgnanaging 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 analysing 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 area of the buffer memory into the two ring buffers according
to the determination to thereby change the respective buffer sizes of the two ring buffers.
fo [0013]

More specifically, 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 the buffer sizes are changed in such a manner that the read data ring buffer is
expanded when the number of read requests increases in the external access request.
Alternatively, 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 external

access request, and the buffer sizes are changed in such a manner that the read data ring buffer is

[R:ALIBLL}18181.doc:KEH



to the determ nation to thereby change the respective buffer sizes of the
two ring buffers. [0013] More specifically, the buffer sizes are changed in
such a manner that the wite request ring buffer is expanded when-ghgg 2006
nunber of wite requests increases in the external access request, and the
buffer sizes are changed in such a manner that the read data ring buffer is
expanded when the nunber of read requests increases in the external access
request. Alternatively, the buffer sizes are changed in such a nanner that
the wite request ring buffer is expanded when the nunber of access
requests for witing large size data increases in the external access
request, and the buffer sizes are changed in such a manner that the read
data ring bxdahded when thekAlhBirlgf atce8d Bguebtscioiiebting Pardt Kiz@ 416 incieasospia titbezk tashan
t he nunber of access requests for reading |large size data increases in the
external aeesssqueeguest. [0014] A further aspect of the present invention
provi des a magnetic di sk apparatus configured as follows: The nmagnetic

di sk appar@btllg conprises a nmagnetic disk that magnetically records data,
and a buffer n%nnry that tenporarily retains data read fromand witten on

the magnetic di %Pin advance, of a process on the magneti¢ di sk, wherein
the buffer memory IWHEF el of thiprese) TyeRCOwPOYidEG2 PRREReLS sk SpafaivigBliEpEr
that stores a wite request accepted fromoutside, to the nmagnetic disk,
and a seco#dioflpwg pilefreagnetindisk rappasatug gemprisesd megnetic isknhgihaegnetigalbkrecendd
the position of a partition for separating the first ring buffer fromthe
second ri ndptduanfl er buffer aeangp that tenpoaanyly tréteins esfaaead frembarfdf werittai ae theohagnetic
wite area and a read area. [0015]

‘ disk in advance of 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 accepted from outside, to
the magnetic disk, and a second rihg buffer that stores data read from the magnetic disk, and the
position of a partition for separating the first ring buffer from the second ring buffer is changed
to vary the respective buffer sizes of a write area and a read area.

[0015]

A further aspect of the present invention provides a hard disk recorder for recording and
reproducing a multimedia content by use of a magnetic disk as a recording medium. The hard
disk recorder is configured such that it comprises buffer means having a first ring buffer that
temporarily retains a write request to the magnetic disk in advance of 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 way 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.

(RALIBLL)I8181.doc:KEH



A further aspect of the present invention provides a hard di sk recorder for
recording and reproducing a nultinedia content by use of a nngnetizﬁtg@i@%
as a recording medium The hard disk recorder is configured such t
conprises buffer nmeans having a first ring buffer that tenporarily retains
a wite request to the magnetic disk in advance of a process on the
magnetic disk, and a second ring buffer that retains data read fromthe
magneti c di sk according to a read request to the magnetic di sk, and buffer
control neans that dynamically allocates menory area of the buffer neans
in such a way as to give a |large buffer si%e to the first ring buffer when
the hard disk recorder is operating in an operation node for recording the
mul ti medi a[00d6k ent and to give a |arge buffer size to the second ring
buffer when the hard disk recorder is operating in an operation node for
reproduci ng the mﬂdeimpgglaﬁﬁg)mtqmlméﬁdnﬂl BLL) 18181. doc: VEH 3 AUG 2006 8
[0016] [Mode for Carrying out the Invention] [R\LIBLL]18181 doc KEH 3 AUG
2006 9 The present invention will hereinafter be described in detail
based on an enbodinent illustrated in the acconpanying draw ngs. In the
present enbodi nent, a hard disk drive using a nmagnetic disk as a recording
mediumwi || be explained as an external storage apparatus by way of
exanple. Fig. | is a block diagram showing a configuration of a

ol
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main part of a hard disk drive 100. The hard disk drive 100 is an externa
storage apparatus wherein each of magnetic heads 103 seeks over &3 AUG 2008
magneti c disk 101 rotatably driven by a spindle notor 102 and wites data
on the magnetic disk 101 while staying on a predetermned track (at a
predeterm ned position), or reads the-daja-witten onto the magnetic disk
101. The nagnetic disk 101 is a recording nmediumfor recording data as
magnetic information and nounted therein in a singular or plural form as
needed. However, a singular exanple is illustrated in Fig. 1. {00171 Wile

the hard di sk dri vEhdOprésent ipesmtiam,wilie hermgmalfiterdibek ab8&re 8Bl AHES
to be driven to rotate around the spindle shaft of the spindle notor 102.

Wil e the hdettadisbasedi ve af0einbodthend DDRiStiHFad the ﬁffé)%dcﬁnﬂgnyinjgol
stops rotating (at rest). Two magnetic heads 102 are held at the ront

end of the drtwahgs.l10In atite astedatpastibominen®) EhaataP 18RdaPoLbOTL1n
surfaces of the magnetic disk 101. They inplenment 3 AW2006 10 data m?ite

and read toaamdgheelivt A€skagsehi fedbsidd Imddum i UAHY é%?iéfﬁéaﬂaée%pfy a
voice coil motor (VCM 105 controlled by an MPU (M cro Prdcessing Un
109 throughefiternal storage apparatus by way of example.’

Fig. 1 1is a block diagram showing a configuration of a
main part of a hard disk drive 100.

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 métor 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 magnefic

information 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 are held at the
front end of the actuator 104 and act respectively on the top

and bottom surfaces of the magnetic disk 101. They'implement



di gital /anal og converter (DAC) 106 and a voice coil motor (VCM driver
107. [00181 A read/wite channel 108 executes a data read/wite process.
That is, when witing data, the read/wite channel 108 converts w@m”gzﬁgta
transferred froma host system (conputer) through an HDC (Hard Di sk
Controller) 110 into a wite signal (curfent) and supplies it to the
magnetic heads 103. The namgnetic heads 103 execute witing of data on the
magneti c di sk 101 based on the wite current. On the other _hand, when
reading data, the read/wite channel 108 converts a read signal (current)
read from t atemgnsitiec atidslrehd] tionand dirgnt ghedmagnadtcogisnisoi! whet he
host systemthrough the HDC 110. (00191 The HDC 110 has functions used as
interfaces alcttuatordod disskirdiievieb¥0@. voieeObolihembusst [ ¥6$) i fod O receive
the wite data transferred fromthe host systemand transfer it to the
read/ write charell1H8 byAast MU f(MAGkLOPrbeek8ihianai el 16@%%&%?&&

transferred fromthe read/wite channel 108 to the host system

anot her fun@iigiftdly dnaliogaesh@eritkrt QDAL elNEUaﬁega'Goigép(%ﬁf k!

i nstruction céﬁhand or tﬁg like 3 AU% 2026 I ssued fromthe host System
(VCM) driver 107.
[o018]

A read/write channel 108 executes a data read/write

process. That is, when writing data, the read/write channel

=

108 converts write data transferre@ from a host system
(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 siéhal (current) read from the magnetic disk 101 into

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

110.
[{0019]

The HbC 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



[00201 The MPU 109 controls the hard disk drive 100. A DRAM IIl is used to
store a control programfor allowing the MPU 109 to control the hard disk

drive 100 and used as a sector buffer (buffer nenory) for readi ng/ﬂUGtZUﬂEg
data. Accordingly, the HDC 110 tenporarily caches a wite request
(including wite data) transferred fromjpe host systemin the DRAM 111
and at this tine, issues a conpletion notice (command conplete) to the
wite request to the host systemfor notification. Thereafter, the HDC 110
transfers the cached wite data to the read/wite channel 108 with

sui t abl e ti rdgRpedrfrandhe dostheyatieme request. Al so the HDC 110 caches
the read data transferred fromthe host systemin the DRAM 111. Wen the
HDC 110 receli®®0h read request corresponding to the same data fromthe
host system it sends back the data cached in the DRAMII| to the host

system [00211 Fi gThe MBUaldpagoatreleovie axdrdigurdativ 19aNDhepRiy t he
sector buffer provided in the DRAM 111. As shown in Fig. 2, the sector

buf fer 10 acddr dimgisedl Hohatpiresantoftbedi poGradopss é‘lﬂ&'@iné FToN EHIJ er
systemas a data structure. The interior of the sector buffer 1s divided

into a ring l0f ftey domtirellnahkeehacal HedkBYF1R 180 CORE SEPONAUNG J21y) area
for read data, and a ring buffer (hereinafter -
buffer (buffer memory) for reading/writing data. Accordingly,
the HDC 110 temporarily caches a write request (including
write data) transferred from the host system in the DRAM 111,
and at this time, issues a completion notice (command
complete) to the write request to the host system for
notification. Thereafter, the HDC 110 transfers the cached
write data to the read/write channel 108 with suitable timing
and executes the write request. Also.the HDC 110 caches the
read data transferred from the host system in the DRAM 111.
When théiHDC 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]_

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



3 AU6 2006 12 called BUF-W 12 corresponding to an area for a wite
request. In the illustrated exanple, a bottom page (hereinafter caghqwzmﬁ
BPACGE) 13 of the BUF_ W12 is used as a partition between the BUF_R 11 and
the BUF W12. That is, an area fromthe buffer bottomto the BPAGE 13 of
the sector buffer is used as the BUR R 112[1;,_ whereas an area fromthe
buffer top to the BPAGE 13 of the sector™buffer is used as the BUF-W12.
Incidentally, it is needless to say that while the bottom page of the
BUF-W 12 is set as the partition (BPAGE 13) in the illustrated exanple,

the'. bottoreqmps GUR W BUFcBribshondsfg 85 4he rgbil
where the BUF_ R 11 exi Isw'?s onct ﬁe gl?f Per gt op s?dgrgﬁdtf?%egwgge%%ssﬁ's

on the buffer is39atedO t Qe | itjon
of the BPAGE nlgm écgnrmlgie chegr?ge?igéglﬂgte[ra 'tﬁebggﬁ§xrﬁo aggb?ﬁée%ﬁ%{f C%b()'[?l'eed

speci f1 cal | yapAdE f ey RiCeRal BEFORALIPRL. ubg MPL102cL Pt fo GON S, TEANS

for dynamcally and suitably allTocating a nenory rea O Sct or

buf f 10 F 1 1 C, i f
Che host syl ot fad kLeIBUPC-H2. UaBs ¥ b, e TR M B BifEecoess
patterns ang,fiahi Ad1trs\BBaRE 1CE NCOEY Ol Midts A (S8 LSt

and the sizes o
BUR-R 11, whereas an area from the buffer top to the BPAGE 13

of the sector buffer is used as the BUF-W 12. Incidentally,
it 1s needless to say that while the bottom page of the BUF_W
12 is set as the partition (BPAGE 13) in the illustrated
example, the'ﬁottom page of the BUF_R 11 is used as the
partition (BPAGE 13) where the BUF_R 11 exists on the buffer
top side and the BUF_W 12 exists on the buffer bottom side.
[0022]

In the present embodiment, the position of the BPAGE 13
can be éﬁanged under the control of the MPU 109. More
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.



[00231 Fig. 3 is a block diagramshow ng functions of the MPU 109 used as
the control neans of the sector buffer 10. 3 AUG 2006 13 Referring to Fig.
3, the MPU 109 according to the present enbodi nent includes an in eﬂmd@%
handl er 20 that accepts an access request (hereinafter called access
command) sent fromthe host system a segment control routine 30 that
manages and controls segnents of the sector buffer 10, a comuand

di spat cher 40 that issues a command for changing the <constitution of the
sector buffer 10, and an event handler 50. 1In addition, the MPU 109

i ncl udes a commandRafieryirg 60 Eigl. ah, GherMRUI I0sc aceroprdiavediter the. The
command anal yzer 60 anal yzes the access conmand and det erm nes whet her the
BPAGE 13 of presendecmbodimehér ifi6lalies| dnbensérfdpe. handlde HyetHatof a
failure of the process using the sector buffer 10, the error recovery

handl er 70 defoepits ian acteper Foquest el hyreThettel UEEL 1 Sacdés £ Xmtiad )oY
controlling the MPU 109 according to a program (mcro code) stored in the

DRAM 111.  Hein rfﬁ:@gfa:mehﬁmbe@?sf\élhtt&ns@?rnéﬁ@ FHOS 1 rolitine Bo it

exanple, and is transferred to the DRAMII[ upon startup of the hard disk

drive 100. md&4bs and controls segments of the sector buffer 10, a
command dispatcher 40 that issues a command for changing the
constitution of the sector buffer 10, and an event handler 50.
In addition, the MPU 109 includes a command analyzer 60 and an
error recovery handler 70. The command analyzer 60 analyzes
the access command and determines whether the BPAGE 13 of the
sector buffer 10 sﬁould be shifted. In the event of a failure
of the process using the sector buffer 10, the error recovery
handler 70 detects it and performs rétry.

These functions are executed by controlling the MPU 109
accordiﬂ; to a program (micro code) stored in the DRAM 111.
This program has been written on the magnetic disk 101, for
example, and is transferred to the DRAM 111 upon startup of
the hard disk drive 100.

[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



In the above constitution, the interrupt handler 20 receives the access
command given fromthe host system which -has been transferred fromthe
HDC 110, and performs a process corresponding to the type of reque§MUGZMG
(witing or reading of data). Wien the interrupt handler 20 has accepted a
wite request, it stores wite data reldued to the wite request in AUG
2006 14 the sector buffer 10 and calls the segnent control routine 30 to
start processing. Wen, at this tinme, the sector buffer 10 has an

al  owance to be able to accept the next wite request even if the next
wite requesthd Haator bykEsr A0 and cablsrthesegnentd comuesl aoutifre 30
transfer conplete to the interrupt handler 20. The interrupt handler 20
havi ng receitfetaind pPmocessingnsihrercoml dihd st hdmei,n thendechack bargermand
conplete to the host system Wen the interrupt handler 20 has accepted a
data read r&qfesm, aldoyance thebsegbbettcmtcapt thaitneet Write Yeydest
processi ng. [00251 The segnment control routine 30 checks for the relation
bet ween t he evena ift thedniertt Weltectequast fAurtiemnsbiidie Arcase sewond
accepted by the interrupt handler 20 and perforns a process correspondi ng

to the corrbsififiedi ¢ dequesta Woiteitwdmefer ddmpliite ajo iR I¥RAWYESS as
a wite destination

handler 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
process -.;:orresponding 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



of wite data related to a wite request is being held in the BUF-R 11
where the access command accepted by the interrupt handler 20 is otééﬂﬁ 05
wite request, then the segment control routine 30 perforns a proce dm
di scarding the data. If data related to a read request is being held (hit)
inthe BUF-R 11 or BUF-W12 where the-acgess command accepted by the
interrupt handler 20 is of the read request, then the segnent control
routine 30 reads the data and transnits it to the host system Since it is
necessary to read the data fromthe 3 AUG 2006 magnetic disk 101 if the
data rel at ednagnetiies rddak l@Guést the dataresbated to tihe Rk Rdduawd BUF_y
12, the segnent control routine 30 calls the command di spat cher 40.
Further, thesegratrainedntinoktheoBUFNR 80 @hd tBWF W eﬁ@,ntth@%éfﬁ@tcﬁﬂxf&][s
the BPACGE 13 in the sector buffer 10 in a predeterm ned case. The details

of its procasmitiind 3ve cade@scthbedohnbfd - Al H928Ihehesgommand di spat cher 40
I ssues instructions such as a seek for the nmagnetic head 103, generation

of a management tgQkehef Saehd Geyb¥ | ddntdoaf r@ﬂtt?.neetﬁ)' ot ttgesﬁ%:gggh%

timng. Wen the conmand dispatcher 40 is called fromthe segne contro

routine 30 tembcBithedidt anikem the BRIGEt1S fl Sthel Yectd b EduRNG dishat cher

40 immedi ately issues instructions for_
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 ;s called from the segment
control routine 30 to read data from the magnetic disk 101,
the command dispatcher 40 immediately issues instructions for
readingﬁihe 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



readi ng the data. Further, the command di spatcher 40 of the present

enbodi ?rent performs a process necessary to nove the BPAGE 13 in thé Alétc 2006
buffer 10 in the predeterm ned case. The details of its process wll be
described later. [00.271 The event handler 50 detects as events various

I nstructions issued fromthe command dLsp&;eher 40 and inplenments or
executes the instructions to start up a suitable routine for reading and
witing data fromand on the magnetic disk 101. Thus, the data is actually
witten on or read from3 AUG 2006 16 the magnetic di sk 101. The data read
from t he magihe iraghetdq Gilsks I$tlored in the BUF-R 11 of the sector buffer
10 and transmtted to the host system [0028] The command anal yzer 60

anal yzes each acceZhecdarandeadcEemh ethdymddiee iy &1kt Nand et @G
makes a decision as to whether the BPAGE 13 should be shifted. As a met hod

of anal yzi nthe [BUR RN Athelgeet6iNbagLbES16 Nakd  ti sk Ot &) €9 i@t hod
can be adopted which is based on the type or frequency of the accepted
access commdmukt 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 anaiyzer 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;hof 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



(1) The command.anal yzer 60 analyzes the type of access command (re

request or wite request) and a command |l ength (size of read or witl &k 2006
data). \Wen the predeterm ned nunber, or nore, of read requests each
having a fixed or longer command |ength are sent (specifically when three
or nore requests to read data each having a size exceeding 64 sectors are
sent, for exanple), the command anal yzer 60 determnes that the BPAGE 13 is
noved so as to expand the BUF_R 11 (the BPAGE 13 is noved to the buffer

top side in the exanple of Fig. 2). Wen the wite request conmes in, the

conmand anal goBnand (veddrrequessst lat rehd BB4GEsEP. | STHEOWAC 80 Asgddys taxpand
the BUF-W12 (restore it). [00291 (2) The comrand anal yzer 60 anal yzes the

type of accesse 3cokEiRidfs1yl camethaAd(r ®BEnr eHYCsLed! spLEd f@ﬂuﬁ?é)BUla_bﬁ
wite requests are continuously cached and, when the free space for the

' ¢ : | . . | i e
BUF-W 12 i s12 eflsiceediced tol Isniil2esikBE ERETEHHMARG é(ﬁﬁy%%{ﬁi%%lz

BUF-W 12 to be expanded (information about the free space

can be obt ai figd BoEwtie ﬁiﬁ%@@x\ﬁ/&‘ﬁ'&%ﬁok;I.ani:'ﬁ\{iF'foﬁoéboﬁf'ci%tg@%%ySpé@e
this case, the size of the BUF_WI12 is initially set small. [ ]

of the BUF_W 12 can be obtained 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 6f access
command (read reqﬁest or write request) and counts the
respective numbers of read and write requests accepted
separately 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
differeAée 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 read 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.



(3) The command.anal yzer 60 anal yzes the type of access command (read
request or wite request) and counts the respective nunbers of reaé} 2006
wite requests accepted separately fromeach other. If a predeterm ned or

| arger difference occurs in the count value, then the command analyzer 60
judges the BPAGE 13 to be noved accordingiga the difference in such a
manner that if the read request increase, then the BUF-R 11 is expanded,
and if the wite request Increases, then the BUF-W12 is expanded. In this
case, a threshold value for determning to which side the BPAGE 13 should
be noved accb®@3hl to how nuch difference occurs is set in advance and
retained in the DRAM 111, for exanple. In a nodification of such a nethod,

the command anal yZer) @henepmianthehadyfélyZ60 el A AR |ANUdbdd 28
of read or witten data) and determ nes, on a conbined basis,” the accepted

nunber of r ecminngaril Wirdad neiRsits odndrikei feq§e8PRN ¢ %ﬂg&néﬁﬁ eGP
jﬂdge the BPACGE 13 to be noved. 3 AUG 2006 %8 gggll-{%? e connan&sg o

anal yzer 60 enatyrasldtes ndppedtideChss rPANBHH §4€29:4 Ic?S{n Otfléé’woéthﬁal} a

request). The conmand anal yzer 60 cal cul ates respective rate

CaCEEd in the Bds Burll and S8d-Walesatfle] BPREE 19 BRESmvad O emyed in
SHen @ manner that they reach a more effective buffer size (a large
size is allocated to one 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
lexternal 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
recordeéﬂand 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
increases. 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



manner that they reach a nore effective buffer size (a large size is
allocated to one high in hit rate). (0032] In addition to these, when the
hard disk drive 100 is a hard disk recorder, other than a hard di&skU2008e
used as an external storage apparatus of a conputer, for recording and
reproducing multinmedia contents such as- npgti-on data, voice data, etc.,
access patterns to a magnetic disk are much different fromeach other when
the nultimedia contents are recorded and reproduced. That is, when the
nul timedia contents are recorded, ‘the nunber of requests for witing of
| arge data iwhedmesthedRRAGE Mhehould bel mbwed| aby onsBRg Stieé Gabéwdr oduced,
the nunber of requests for reading of large data increases. Thus, it is
al so possi bimethodpra talredn iapatadlel, 0base@denothé heommasld H Sudl | #Eond O &nd
control the hard disk drive 100 in such a manner that the BPAGE 13 is

noved to i reonesessd tdisRIFCHALL 201, N alse 0! #ha8hePCERd | HFaedDh déttor
I ncrease the BUF-R 11 in reproduci ng operation. [0033] After the comrmand

anal yzer 60 BuEremdm aglecistiate as WhidhAUG 26P8cE 103 Y‘I@%Waﬁ{@. BRpGE13
shoul d be noved, by using the above nethod, a check i's nade, based on the
command i ssugd foula it the BPAGE 13 is movable, then the segment
control routine 30 changes the position of the BPAGE 13. With
regard to the movement of the BPAGE 13, the BPAGE 13 can be

shifted on a stepwise basis by presetting the positions of the

T

BPAGE 13 in such a manner that the BUF_R 11 and BUF_W 12 take
predetermined rates in several stages.
[0034]

Aside from a series of read/write pProcesses executed by
the interrupt'handler 20 throﬁgh the event handler 50, the
error recovery handler 70 starts up when an error occurs in
the read}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
pProcess 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



command di spatcher 40, as to whether the state of the sector buffer 10 is
a state in which the BPAGE 13 is novable. If it is found that the BPACE 13
is nmovabl e, then the segnent control routine 30 changes the pOSitLgEA@%Z%ﬁ
the BPACGE 13. Wth regard to the novenment of the BPAGE 13, the BPA

can be shifted on a stepw se basis by prasetting the positions of the
BPAGE 13 in such a manner that the BUF_ R 11 and BUF_W 12 t ake

predeterm ned rates in several stages. [0034] Aside froma series of

read/ wite processes executed by the interrupt handler 20 through the
event handl efh&HDE helO efe dthe MRl 0P ,hasdbhowdOLBtBLYS 4p(SHEH £61 B MOe
occurs in the read/wite processes and re-executes a data wite process

or a data reeempatcymlyrer &dr ddrsd anbllyaepr ENé Oactdss PESRTARY. ©The
recovery procedure. [00351 The operation of controlling the sector buffer

10 when t heMBTArkDYi Pidghs \bmaski0 ohatheeeebutd GACANATFEES IUTREY {Hom the
host systemw || next be explained. '"Fig. 4 is a flowhart for describing

the flow of BPAGE dcessE mmoaybumeeww&ﬁouM%tmer@r@@ Ky gy ve
100 receives an access comand fromthe host systemand it transfers the
access conmiilterf riamik Aldted®dfed that the BPAGE 13 is moved, a BPAGE
change request indicative of. a flag that a micro code refers
to is brought to on.

[0036]

Next, the segment control routine 30 checks for the
state of the BPAGE change request of the access command. If
the BPAGE change request is off, then the access command is
executed as usual and the process is terminated (Steps 403 and
404).

On the other hand, if the BPAGE change request is on,
then thézBPAGE 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



20 the HDC 110 to the MPU 109, as shown in Fig. 4 (Step 401), the command
anal yzer 60 first analyzes the access command. The MPU 109 judges based on
the result of analysis whether the BPAGE 13 of the sector buffer-ﬁQHBWﬂMId
be noved (Step 402). Wwen it is determ ned that the BPAGE 13 is noved, a
BPAGE change request indicative of a f-lag that a mcro code refers tois
brought to on. .[00361 Next, the segnent control routine 30 checks for the
state of the BPAGE change request of the access command. |If the BPACE
change request is off, then the access command is executed as usual and

t he processissuberalnammdnGSEepsanBkﬁﬂg fd04) .vdILdBI® @oielesPpRRding’ tohe
BPAGE change request is on, then the BPAGE 13 is actually rewitten. At

this tinme, ntum pendewgtsarfhi® éeffarndtiys exePudenahceBrillfgagsess comand
in progress and the state of the sector buffer 10. That IS, if the BPACE

13 is not cpredefedmifnetdheotedient 1M 4dw@rddncd with EﬁenvabﬁerSEﬁtﬁ%ng of
t he BPAGE 13 can be carried out. Wen, however, the GE 13 is included

in the segnagin_benAh@rBYFLHe s3gmbhHe SEMEN utihe BdFnlkl? fected by

the rewiting of the BPAGE 13, gso t hat the rediltlng opm&% cgéggé

cannot be fjABkAEFEEhe BPAGE 13 is included in a predetermined segment of
write request (Step 405). Here, the term num_pend wrt 1s 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.
fo038]

If the value of the num_pend wrt is 0, then the segment
for the-ﬁrite 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 BPAGE 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



[ 00371 In specific operation, the command di spatcher 40 first 3 AUG 2006
21 issues a command for checking for a variable corresponding to ? &end
wt. This command is executed according to a predeternined routined Alln 2006
accordance with the value of the nurr~_pend wt, the segnment control
routine 30 next checks .whether the BRAGE 13 is included in a
predeterm ned segnent of wite request (Step 405). Here, the term num pend
wt is a variable indicative of the nunber of wite requests for which
witing into the magnetic disk 101 is not yet finished, while it is being
hel d in the ddepatcheuf 4or, 40d FRAB3BAGEfDideandlire eeditediadcpeddny toi a O
then the segnent for the wite request for which the witing into the

magnetic dipsledbtbrivinedt ryatihenisbeg 40€5. NTheeRRGE. Dibcasathergfore
unnecessary to retrieve the segnent in the BUF-W 12 including the BPACGE

13. On the P&bees@amdr wheBathenguULt BEBHe Wilnddedtliry Geghdd tCerbRsRARII Ng

segnent including the BPAGE 13 is retrieved. As a result of retrieval of

the segment doRgledpondihbepa EAGEI‘HI@ cddife %%@@e%%af?nggbmgﬁtrfgw dfcrn.en i f

such a segnent exists. Therefore, the access command IS executed as usual
example, a segment including the write request that has

already been written into the magnetic disk 101 from the write
requests retained in the BUF_W 12. | |

Then the BPAGE 13 is rewritten by the segment control
roufine 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 1is 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



and the process is termnated (Step 404). [0039] Since the rewiting of the
BPACE 13 is enabl ed when the segnent including the BPAGE 13 does r““3ﬁUGZMB
exist, a coormand for performng a PACE Discard is first issued fromthe
command 3 AUG 2006 22 dispatcher 40, and the PACE Discard is executed
according to a predeterm ned routine (-Shgp-406). The PAGE Discard is a
process for discarding a cache-unnecessary segnent fromthe corresponding
page. The cache-unnecessary segnent is, for exanple, a segnment including
the wite request that has already been witten into the magnetiic di sk 101
from t he w irequesdquetiadnedt dhntbei BUFhW BRFLYV b culfea dshahRPAGEMA3 i S
rewwitten by the segnent control routine 30 so that its positionis
changed. W plroicessclhinghe baskggeuratopathesi®rd divk tdiavaUR ol ,1hnangnhBUF_y
12 are changed (Step 407). Thereafter, the access command is executed as

usual and t keieoreguess ki beghent (Shepudddy - thd HHAAEE The pabkewRsoper ation
is executed each tine the hard disk drive 100 receives the access comrand

from the hosbngxikeent! anthe prEsSkAtdeaDodi dBife 139 idUeprisetnly nEE‘E

judgenent at Step 405, even when it is found fromthe réesult of the

command access command, then the rewriting of the BPAGE 13 is enabled.
[0041]

In the present embodiment as described above, the

sector buffer 10 is provided as the dual ring buffer system

s

wherein the configuration of the sector buffer 10 is divided
into the BUF_R 11 correspondihg 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 ofﬁthe 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]



anal ysis that the BPAGE 13 is preferably noved to change the buffer sizes
of the BUF_R 11 and BUF-W 12, the rewiting of the BPAGE 13 is awaijted :
Wi thout performing its rewiting till the next opportunity (until ~t3nAl6h206d
di sk drive accepts another access command and starts up operation cycles
of Step 401 and beyond), depending on-thg state of the sector buffer 10,
i.e., where the wite request's segnent including the BPAGE 13 exists.
This is because if the corresponding wite AUG 2006 23 request retained in
the BUF-W 12 is executed as the nornmal process at the background of the
hard di sk drive 100huandthiebufféet esipguesttite BUFENN L RanUBeNd nbReaBBACE
13 becones nonexistent until the hard disk drive 100 accepts the next

access conmamd midhe melelie ofewaichengaphclibg BFAGEedd dst&NaEdne LY !
the present enbodi ment as described above, the sector bqg# fb I'S

provi ded as gife Gifalthis BUFOR 1O c8¥SHEMnWRELSEE 1henEaD sy d* e the
sector buffer 10 is divided into the BUF-R 11 correspondi ng to the rlng

but fer for eaghionty e wewidrdabaquand. ! hmdldrallel? Sa0r 43PRAdi g0 the

ring buffer for cachlng the wite request |ssue € hos systen1

Accor di ng t @1Re HREERES sRALLR' 18 (kR getﬂ@saaéaz%@mc&&e Rt had o3k
drlve 100 (magnetic disk 101), the buf
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.
t [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
writlng or reading of data by adopting a dual ring buffer
system as 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 is a block diagram showing functions of an MPU



sizes of the BUF-R 11 and BUF-W 12 are changed in such a manner that when
the nunber of wite requests increases and its data size is large, the
BUF-W 12 is expanded, and when the nunber of read requests increaggslggﬂ
its data size is large, the BUF-R 11 is expanded. Since the buffer sﬁ B
the whole sector buffer 10 has been det%BnLned, the position of the
bott om 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-W12 is changed to

t hereby change the buffer sizes of the BUF-R 11 and BUF-W 12. [00421 3 AUG
2006 24 Thufsed her kufdodrtroilzmedhst B BhE- Roctdd m%_a&w@%ﬁd tg ch
need of cache capacity for read data, and the buffer size of the BUF-W 12
can be increasadith dpolainea¢ .of cache capacity for a wite request.
Therefore, even if the dual ring buffer systemis used as the data
structure of fypegsegqor buffer 10, the influence that the individual

buf fer sizes useg for caching of the wite request and read data is
reduced as conpar W L hyth i i f st em can.be reduced.

[ 00431 (Effect of ?gg'lﬁvé%tgoﬁ 5@%§§#¢ﬁ#ﬁfﬁ€?4ﬁ%§%é§@%gﬁ? ?ﬁ?gn? on as

described aboViessing 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
recoverﬁ handler, 100 ... hard disk drive, 101 ... magnetic
disk, 102 ... spindle motor, 103 ... magnetic head, 104

r 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.



degradation of the performance of a storage apparatus can be avoi ded even
in the case of execution of access biased to witing or reading of data by
adopting a dual ring buffer systemas a data structure of a buffe.r3g§¢l?duy.
[Brief Description of the Drawings] [Fig. 11 Fig. 1 is a block diag

showi ng a main configuration of a hard %6sk_ drive according to the present
enbodinent. [Fig. 21 Fig. 2 is a diagraMm“show ng a configuration exanple
of a sector buffer provided in a DRAM according to the present

enbodinment. [Fig. 31 Fig. 3 is-a block diagram show ng functions of an MPU
3 AUG 2006 p¥awnwss as a control nmeans of the sector buffer according to
the present enbodinent. [Fig. 41 Fig. 4 is a flowhart for describing the
flow of prooesmEg executed by the MPU according to the present
enbodinent. [Fig. 51 Fig. 5 is A conceptual diagramillustrating the

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,. 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
S401 ... ACCEPT ACCESS COMMAND
5402 ... ANALYZE COMMAND
5403 ... IS BPAGE CHANGE REQUEST ON?
5404 ... EXECUTE ACCESS COMMAND

S405 ... IS SEGMENT INCLUDING BPAGE PRESENT?



configuration of a ring buffer. [Reference Nunerals] 10 ... sector buffer,

11 ... BUF-R (ring buffer), 12 ... BUF.y (ring buffer), 13 ... BPA@?%W?RMB
) interrupt handler, 30 ... segnent control routine, 40 ... command

di spatcher, 50 ... event handler, 60 ... conmmand analyzer, 70 ... error
recovery handler, 100 ... hard disk dri__v?7 101 ... mmgnetic disk, 102 ..
spindle notor, 103 ... nmagnetic head, 104"... actuator, 105 ... voice coi
notor (VCM, 106 ... digital/anal og converter (DAC), 107 ... voice coi

notor driver, 108 ... read/wite channel, 109 ... MPU, 110 ... HDC (Hard
Di sk Controller), %id6....00A0k Brdekrp006 26 DRAWNGS FIGURE 1 102 ..

SPI NDLE MOTOR, 107 ... VCM DRI VER, 108 ... READ WRI TE CHANNEL, HOST SYSTEM

FI GURE 2 BUFFER BGC§40WM BUF B BUFFER FOR
VRI TE REQUEST FI GURE 3 H%FFEE%%@SEF)E{A@MW@R HD WAlAGENEfT

PARAMETER

START

FIGURE 5
BUFFER BOTTOM BUFFER TOP

READ DATA 1, READ DATA 2, WRITE REQUEST 1, READ DATA 3, WRITE
REQUEST 1

SECTOR BUFFER



DATA 20 | NTERRUPT HANDLER, 30 ... SEGVENT CONTRCL ROUTINE, 40 ... COVWAND

DI SPATCHER, 50 ... EVENT HANDLER, 60 ... COVMAND ANALYZER, 70 ... ERROR
RECOVERY HANDLER, 111 ... BUFFER TOP, SIZE OF BUF-W SIZE OF BUF= RAUBUBEER
BOTTOM FI GURE 4 START S$S401 ACCEPT ACCESS COVWAND $402 ... ANALYZE
COVWAND S403 ... | S BPAGE CHANGE REQUEST ON? S404 ... EXECUTE ACCESS
COVWWAND S405 ... |'S SEGVENT | NCLUDI NG BPAGE PRESENT? 3 AUG 2006 27 S406
... PAGE DI SCARD S407 ... CHANGE PGCsSI 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 EST 1 SECTOR BUFFER - 3 AUG
2006

Claims:

1. 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

A

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 ring 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; and

wherein the partition of the buffer memory is shifted according to external access

patterns to the magnetic disk.

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. 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 from the recording medium according to an external read request to the

recording medium; and

(RALIBLL]1818} doc:KEH



28 Clains: | A data storage apparatus conprising: a magnetic disk that
magnetically records data; and a buffer nenory that tenporarily retains
data read fromand witten on the nagnetic disk prior to a procesé’AﬂGZﬂ%e
magneti c di sk; wherein the buffer nmenory includes a nenory area divided
into a first ring buffer that stores a wite request to the magnetic di sk
accepted fromoutside, and a second ring buffer that stores data read from
the magnetic disk, and said first ring buffer and said second ring buffer
have respective buffer sizes that are var%id by changing a position of a
partition for separating the first ring ffer fromthe second ring
buffer; and wherein the partition of the buffer nmenory is shifted according
to external accewdfer penttedmresns that ¢hangeasgespestivediugfer sizes aftthe fizst aingthufigyend the
apparatus according to claim1l, wherein the partition is a bottom page of

the first gdecowitl Biuf fRIfePinctudeatih ane palie MéarshRcedignd &itetgalbatctsr pat@rnsAtodka
storage apparatus conprising: a recording nmediumthat records data; buffer

nmeans haVix@&gxﬁirfcgirﬁthﬁuréi ng buffer that tenporarily retains an external wite
request to e“recording mediumprior to a process on the recording
medi um and a second ring buffer that retains data read fromthe recording

redi um accor ding, L0 A et Bhed SRdahSGHERink % 1l 3 SAGEH B9 bIRY Hllnc30Y
RAM (Random Access Memory) in which a buffer area is divided into the first ring buffer and

[ the second ring buffer.

5. The data storage apparatus according to claim 3, 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 buffer and the second ring buffer.

6. The data storage apparatus according to claim 3, wherein the buffer control
means changes the respective buffer sizes of the first and second ring buffers, based on the type

of each access request accepted from outside and frequency of the access requests for each type.

7. The data storage apparatus according to claim 3, 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.

[RALIBLL]18181.doc:KEH



buffer control means that changes respective buffer sizes of the first ring
buffer and the second ring buffer included in the buffer neans according
to external access patterns to the recording nedium 4. The data r
apparatus according to claim3, wherein the buffer neans is a RANfigwﬁgﬁm1
Access Menory) in which a buffer area is divided into the first ring buffer
and the second ring buffer. 5. The data storage apparatus according to
claim 3, wherein the buffer control nmeans changes a position of a bottom
page of the first ring buffer or the second ring buffer, which bottom page
di vides the buffer area of the RAM to th@?eby change the respective buffer
sizes of the first ring buffer and the second ring buffer. 6. The data
storage apparatus according to claim3, wherein the buffer control neans
changes the respbcti veA butlodrof sianeging s buffer thémey that deraparanky reiaing datef fréardo a
based on the type of each access request accepted from outside and

frequency m@bcdsheo acprasiemafet sdcdrdiy n2diubn Whee the/ datdhie ré@&i @rosi of agten in the
apparatus according to claim3, wherein the buffer control neans changes

t he respect,l K [ ond ring buffers, based on
t he size %%yﬁlﬁgégﬁggghég%égguéﬁ%g{nghﬁlg g?ggepsgﬁan access request accepted
fromoutside. [R\LIBLL] IS IlBI . doc: KE(F' i 3 AU% 200%. 30 8. A nethod of

managi ng a buf f EPARERSA) KRl FSR5 PP gl}eerg%ﬁr LERE " Y rior to a process
to a predeterm ned recordi ng nmedium when the datg is read frogmor witten
in the predet o eicRIn R Ebased PAgadaatuling! anglysisivdicHsr rerpectivehutlsy s ry 2 ivvge
an external access request to the recordi ng nedi um determ nining based on
sai @ r esulrequest angbyfersandhetdad datagspgelntifov prdviddden asbufés aéa of theituéfer memory

should be changed; and

changing a position of a partition for dividing the buffer area of the buffer memory into
the two ring buffers according to said determination to thereby change the respective buffer sizes

of the two ring buffers.

9. The method according to claim 8, 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 éxpanded 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 the number of read

requests increases in the external access request.

{RALIBLL]1818!.doc:KEH



request ring buffer and a read data ring buffer provided in a buffer area
of the buffer nmenory should be changed; and changing a position of a
partition for dividing the buffer area of the buffer nenory into -ghegstum
ring buffers according to said determi nation to thereby change the
respective buffer sizes of the two ring buffers. 9. The nmethod according
to claim8, wherein said step for anal yzing the access request anal yzes
the type of the access request and frequency of the access requests for
each type, and said step for determ ning,whether the buffer sizes should
be changed, judges that the buffer si zesShre changed in such a manner t hat
the wite request ring buffer is expanded when the nunber of wite
requests increasds in Eheemethod perarding bedlaim 8qwberein suxdistep defeanal yzing thiseaccess
buffer sizes are changed in such a manner that the read data ring buffer
i s expandeadqwdsemalyres thersberof ofrite daglor read|das tedatedorthasesss raqudie ardt er nal
access request. (R \LIBLL118181.doc: YCEH 3 AUG 2006 31 10. The net hod

according to cl ah ep WMIedetirminiAd WhthePthk VurRp ikyZidld he clRmBes SudgRHAShe
anal yzes the size of wite data or read data related to the accéss request;

and said Zt}tu?f{%ﬁgl%so%g%}g%n@e@ LG A ANGEr thﬂghé)\"d{iieerre%feiglzﬁnr%ﬂ}ﬁa? liﬂ%){f)%{uﬁéeaa\;\’l%ﬁqge

judges th e Si Zes ‘are changed i n suc ner- t
request ring buffer is expanded when the nunber of access requests for
writing | 2K b acasn s RE IR SEg PRIEH 2% A4t Herases iB dhe aceRss TEgRRk and dyiges

the buffer sizes are changed in such a manner that the read data ring
buf fer is testghabutier sinesnarevbangedtinsudf a seanaersthelethgasads dite ringebuffengs expanded
Si zEdat a increases in the external access request.

' when the number of access requests for reading large size data increases in the external access

request.

11. The method according to claim 8, 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.
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11. The method according to claim8, wherein said step for changing the
buffer sizes changes a position of a bottom page of the wite request ring
buffer or the read data ring buffer to thereby change the buffer-§iAggS006f
the two ring buffers. [R\LIBLL] 18 18 Ldoc: K EH - 3 AUG 2006 32 12. A
hard di sk recorder for recording and reproducing a nultinedia content by
use of a magnetic disk as a recordi ng nmedium conprising: buffer neans
having a first ring buffer that tenporarily retains a wite request to the
magnetic disk prior to a process on the nagnetic disk, and a second ring
buffer that retains data read fromthe nﬁgnetic di sk according to a read
request to the nmagnetic disk; and buffer control neans that dynamcally

al l ocates a nend2y ar dahai ditlerdsafdee formeenrding and seprbduringaa maltimedia sogient by
| arge buffer size to the first ring buffer when the hard di sk recorder is

operating ds@oﬁ@nﬁ@ﬁétﬁidiﬂ@as@@@orﬁmfgnﬁeﬂﬁﬁﬁ,cﬂoﬂ@riﬁih% mul ti media content and to
give a large buffer size to the second ring buffer when the hard disk

recor der '[ ;ﬁpg@@f&g%@g RBPEIRLT Al BRAP il tempARARAEARG Wifte RifubbiTdhe
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.
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