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Detailed Description of the Invention:
[Field of the invention]

The present invention relates to data reading and writing by a
disk drive apparatus, and more particularly, to a method for
quickly reading and writing data.

[Background art]

When a host computer issues a plurality of write requests to a
hard disk drive apparatus as an external storage apparatus of a
computer, it takes a considerable time to execute and complete
an actual data write to the hard disk drive apparatus.
Therefore, the hard disk drive apparatus notifies a host
computer that the hard disk drive apparatus has received a
command about a write request and at the same time retains a
write command waiting to be executed.

In the case where there is a plurality of write commands

waiting to be executed, commands to be executed are
sequentially selected according to RPO (Rotational Position
Optimization). When a command waiting to be executed is

executed, RPO is a technique for estimating a seek time after a
seek for a target track on a magnetic disk is started until the
relevant track is reached and a disk rotation waiting time
after the track is reached until access to a target sector is

'started, then selecting a command waiting to be executed that

corresponds to the smallest sum of this seek time and rotation
waiting time as the next command to be executed.

di sk R TVack
r?é)aarcgugskn Eflrbcimqg}lnsﬁﬁ %}\ﬁ@ﬂ){%%a&%ﬁqcﬁn{@qq ack |s reache(rtlac

access to a target sector is started, then selecting a conmand

invention relates to data reading and witing by



corresponds to the smallest sumof this seek tinme and rotation waiting
time as the next conmand to be executed. 22 DEC 2005 2 [Problenms 29 fr¢ 25
solved by the invention] RPO all ows a command execution tine to be
shortened, which inproves the performance of the hard disk drive
apparat'us. However, of course, it is dgsirable to further shorten a
command execution tinme by RPO and i nproVe the performance of the hard disk
drive apparatus. On the other hand, there are cases where while there is a
wite comrand of which status is waiti'ng execution, the hard disk drive
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paratus’ receives request from a host computer for
reading data .stored in the magnetic disk. In this case, a
conventional hard disk drive apparatus executes a read command
and performs a data read only after all write commands waiting
to be executed are executed, that is, after writes to the
magnetic disk are completed. Therefore, in the case where
there are write commands of which status is waiting execution,
it takes a considerable time to start reading. From this
standpoint, too, it is desirable to improve the performance of
the hard disk drive apparatus.

Thus, it is an object of the present invention to improve the
Wwriting or reading efficiency when there are write commands,
which are waiting to be executed and improve the performance of
the hard disk drive apparatus.

[Summary of the invention]

The present invention is a method of writing write data that is
requested to write by a host device on a recording medium and
solves the above-described problem through a data writing
method characterized by including a positional relation
determining step of determining positional relation of a
logical block address of a leading write command and a logical
block address of a following write command by comparing the
logical block address of the leading write command of which
status is waiting execution with the logical block address of
the following write command that is newly issued; a distance
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command is equal to or less than predetermined distance.

In the data writing method of the present invention, in the
case where there is a plurality of the leading write commands
of which distance is determined by the distance determining
step to be equal to or less than predetermined distance, it is
desirable that the write data corresponding to the following
write command with the least distance be written in the data
writing step immediately after writing the write data
corresponding to the leading write command.

The present invention is a method of reading data when a host
device issues a data read request while a data write request is
waiting to be executed and solves the above-described problem
through a data reading method characterized by including a
positional relation determining step of determining whether
there is any overlap between a logical block address of a write
command and a logical block address of a read command by
comparing the logical block address of the write command of
which status is waiting execution and the logical block address
of the read command that is newly issued; and a data reading
step of executing the read command before all the write
commands are executed in the case where the positional relation
determining step determines that there is no overlap between
the logical block address of the write command and the logical
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whether there is any overlap between the logical block address
of the write command retained in the command retaining means
and the logical block address of the command newly sent from
the external device; command distance determining means for
determining whether the distance between the logical block
address of the write command retained in the command retaining
means and the logical block address of the newly sent write
command 1is greater than predetermine distance or not in the
case where the command relation determining means determines
that there is no overlap; and write instructing means for
instructing that write data corresponding to the two commands
be written on the recording medium sequentially in the case
where the command distance determining means determines that
the distance between the write command retained in the command

retaining means and the newly sent write command is not greater
than the predetermined distance.

In the disk drive apparatus of the present invention, the
command distance determining means specifies a write command
retained in the command retalnlng means corresponding to the
least distance for the newly sent write command in the case
where there is a plurality of write commands retained in the
command retaining means of which distance is equal to or less
than the predetermined distance.
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comparing means can determine whether there exists the read

command that overlaps the write command at the logical block
addresses or not.

Furthermore, in the above-described disk drive apparatus, the
read instructing means can instruct the command retaining means
to execute ‘the read command after executing the overlapping
read command from among the write commands retained in the
command retaining means in the case where the command comparing
means determines that there exists the read command that
overlaps the write command at the logical block addresses.

Furthermore, the read instructing means can instruct that the
; read command be executed while the write command waiting to be
executed i5 retained in the command retaining means in the case
where the command comparing means determines that the write

command and the read command do not overlap at the logical
block addresses.

Furthermore, the present invention provides a disk drive
apparatus controller that controls data writing to a randomly
accessible disk-shaped recording medium characterized by
including command retaining means for retaining a leading write
command sent in advance from an external device until the
command 1is executed; command comparing means for determining
whether there exists the leading write command of which
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including command retaining means for retaining a plurality of
leading write commands sent in advance from an external device
until the commands are executed; command comparing means for
determining whether there exists the leading write command that
overlaps a read command newly sent from the external device at
logical block addresses or not; and read instructing means for
instructing that the read command be executed ahead of
execution of the write command in the case where the command
comparing means determines that there exists no leading write

command that overlaps the read command at the logical block
addresses.

(Preferred embodiments]

The present invention will be explained based on embodiments
below.

Figure 1 illustrates an outlined configuration of an KDD {Hard
Disk Drive) apparatus 10 as an external storage apparatus of a
computer that implements the present invention.

As shown in the figure, the HDD apparatus 10 is provided with a
magnetic disk 21 that stores data as a recording medium and a
spindle motor 22 that rotates and/or drives the magnetic disk
21. A magnetic head 23 records and/or reproduces
(Wwrites/reads) data to the magnetic disk 21. A head arm 24 1is
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bl ock addresses or not; and read instructing means for instructing that
the read command be executed ahead of execution of the wite conmmand in
the case where the conmmand conparing neans deternmines that there exists no
|l eading wite command that overlaps the read command at the |ogical block
addr esseasroyiRreef evirted wrbatigrentis] hEAa presenttHavam i oM Widde e, Lxpl ai ned

do L et Fi j r ag. outlined configuration
S?Sgn Hgb}%(mﬁ?éq Zgngk %ﬁ:%\ge ajpﬁd%lgat tﬁéddﬁg%gg ?ﬁgzxﬁgrgalmﬁe&r\'g@ &par at us
of a conputer t hat PPt eHentEIhE Py 4Rt i iéftGSoRn A$r5¢ﬁﬁvﬁﬁ rFhehe
figure, RIS HED Afpar atiusthis iwypr died@d gwet hc aheadighetis doski@ireidhat
stores dat aaasta meser dimgtnediyuss anchd alspiindce 18Rt F aﬁmihﬁ%nkﬁh L es
and/ or diiaes 2§heaﬂ@-gr}%hﬁgmgg5kacc%1s's Ath@gr}%tc!ogdgrelgd s%%f%%\gor%ﬁ g?lr?]/gzl s 9
r epr oduces QMwitesL&?fds) data to the nagnetic disk . he IS
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the recording surface of the magnetic disk 21. Mreover, an actuator 25
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ey, thandmaneld C ieRdc2d h8.008Y! GHRCHCe SR AS 10 Ve A0 h e  AHasL - rad
directian qj Ehe.na net g dlik 21 and randon y ‘access . ordi fig
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an HDC (Hard Disk Controller) 31, ROM 32, RAM 33 and host I/F

(interface) 34 and these are mutually connected via a bus 35.

The HDC 31 controls the entire HDD apparatus 10 as an internal
controller of the HDD apparatus 10 according to a control
program and control data stored in the ROM 32. This HDC 31
performs operation processing for servo control and data
write/read control. 1In this way, the HDC 31 drives the spindle
motor 22 and actuator 25 and performs writing/reading using the
recording head and reproduction head of the magnetic head 23.
Furthermore, the HDC 31 performs control for retaining part of
the data recorded in the magnetic disk 21 as the recording
medium in the RAM 33 and reading in advance part of the data

stored in the magnetic disk 21 and storing the data in the RAM
; 33.

The ROM 32 stores the control program to be executed by the HDC
31 and control data used by this control program.

The RAM 33 temporarily stores write data to be recorded in the
magnetic disk 21 and has a function as a cache memory to

temporarily store the read data read from the magnetic disk 21.

On the other hand, the host I/F 34 is an interface circuit that
sends/receives data and commands to/from the host 40.

Figure 2 shows a main functional block of the HDC 31.
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The RAM 43 stores a table in a configuration shown in Figure 16
and write segments in a configuration shown in Figure 17 in a
table form. The table in Figure 16 stores NO OF HIT (number of
OVERLAY HITs), HEAD BEST SKIP LENGTH, HEAD BEST SKIP SEGMENT
ID, TAIL BEST SKIP LENGTH, and TAIL BEST SKIP SEGMENT ID, which
will be described later. Moreover, the write segment in Figure
17 is configured by 4 words, of which LBA uses the first and
second words, the block length (LENGTH) uses the third word and
HIT STATUS uses the fourth word.

The SG 44 accesses the RAM 43 via the MM 42 and searches the
table in the RAM 43. Furthermore, the SG 44 is provided with a
register that temporarily stores SKIP LENGTH, which will be
described later.

This embodiment determines positional relation (hereinafter
referred to as "LBA") between a logical block address of a
leading write command already sent from the host 40 and a
logical block address of a following write command newly sent
from the host 40, Information on the LBA, that is, the head
and tail LBAs for the write command and block length are sent

i from the host 40 together with the write command and write
data. This write data is Cemporarily stored in the RAM 33 and
the information on the LBA is stored in the write segment shown
in Figure 17.

In this embodiment, suppose a leading write command is referred
to as "buffer data" and a following write command is simply
referred to as "write command." Furthermcre, in this
embodiment, positional relation on LBA may be simply referred
to as "relation" or "positional relation."

In this embodiment, as a first stage, it 1is determined, based
on the LBA, which of 8 types of NO HIT-A, TAIL SEQ, OV_TAIL,
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First, the 8 types determined in the first stage will be

explained based on Figure 3.

In Figure 3, the LBA at the tail to which buffer data is
written is described as "LLBA." On the other hand, the block
length of the ©buffer data is described as "LENGTH. "
Furthermore, the LBA at the head to which a write command is
written is described as "SLBA" and the LBA at the tail is
described as "ELBA." The block length of the LBA of the write
command is described as "SLEN. ™

#1 to #8 in Figure 3 indicate write commands. First, it should
be noted that #1 to #8 are described here to classify write
commands for convenience, and #1 to #8 do not to indicate the
order in which the commands are sent from the host 40.

In this embodiment, the positional relation of write commands
relative to the buffer data is classified into 8 types as shown
in Figure 3. The content of each type is as shown below:

<NO HIT-A>

Write command #1 exists in a location distant from the LLBA of
the buffer data. As shown above, in the case where write
command #1 has no overlap with the buffer data, this case 1is
determined as NO HIT-A.



and tail LBAs for the wite command and bl ock I ength are sent fromthe
host 40 together with the wite command and wite data. This wite data is
tenmporarily stored in the RAM 33 and the information on the LBA is?gt Hﬁﬁ%
in the wite segnent showmn in Figure 17. In this enbodi nent, suppose a

| eading wite conmand is referred to as "buffer data" and a follow ng
wite command is sinply referred to agp"wite conmmand." Furthernore, in
this enbodi nent, positional relation on LBA nay be sinply referred to as
"relation"” or "positional relation.” In this enbodinment, as a first stage,
it is determned, based on the LBA which of 8 types of NO Hi T- A

TAIL_SEQ OV TAIL, 2 2 DEC 2005 9 OV_ALL, OV_COVER, OV_HEAD, HEAD _SEQ and
NO HI T- B*®HawsEDn Figure 3 the relation between the buffer data and wite
comand faIIs into. This determination is perfornmed based on the flow
shown iq% jgg 4 to Fi%ure 6. Then, as a second stage, the relation

bet ween er" 245t 8 WhitSw F YR midnd 1hs thet 67 8¢ nee e tdwt diali lbased on
the fl oW sHeRwnPRALE gdaka 7160 skiqgeneidilyl sonusitngl tihe tIBA. hdh@nofi t i S

t he HDD vappar abisaad cfgr, divhg st 8as8i 5s ehedhdRBY {hatagxegyt es- RPO based on
this determnation result. First, the 8 types determmnmed in the first stage

w il be th%?ed based on Flgure 3. In Figure 3, the LBA at the tail to
whi ch buf ais witten is described as "LLBA." On the other hand,
the block Ilength of the buffer data is described as "LENGTH. "

Further for eint hael BAsat thewhead tomwaheh 43, wr‘j,};eerecogg@ngu@e# é&& en is
"EL

descri befreagapsl apd; the, e e 154 descri bed as The
éblock I%gggh gflsﬁgthg‘%g ﬁﬁﬁ“?%ﬁgh(géﬁ%% J§ H desEr e&%ﬁsb“§EENH'

S case 1is de ermined as OV_TAIL

<OV_ALL>

Write command #4 is completely included in the buffer data.
This case is determined as OV_ALL.

<OV_COVER>

Write command #5 includes the whole buffer data. This case is
determined as OV COVER.

<OV_HEAD>

As in the case of write command #6, where the buffer data
overlaps with write command #6 on the head side of the buffer
data, this case is determined as OV HEAD.

<HEAD_ SEQ>

As in the case of write command #7, where the head of the
buffer data is sequentially connected to the tail of command
#7, this case is determined as HEAD SEQ.

<NO HIT B>

As in the case of write command #8, where write command #8 is
distant from the buffer data on the head side of the buffer



#1 to.#8 in Figure 3 indicate wite commands. First, it should be noted

t hat #1
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conveni ence, and #1 to #8 do not to indicate the order in which
commands are sent fromthe host 40. In this enbodi nent, the positional

relation of wite commands relative to the buffer data is classified into

8 types

<NO HI T-

to #8 are described here to classify wite comuands for
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as showmn in Figure 3. The content of each type is as shown bel ow

A> Wite command 41 exists in a |location distant fromthe LLBA of

i i #1 has no
the buffer data. As shown above, in the case mhere_mmlte conmand
with the buffer data, this case is determ ned as NO H T-A. 2 2 DEC
<TAIL SEQ> As in the case of wite command #2, in the case where

overl ap
2005 10
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<OV
D> As t nd fer %rlaps
wFﬁh mmngQ%%gﬁﬁqgiggg nm%% ﬁﬁﬁﬂgn%lde of the buffer data, thls case is

ned as OV HEAD. .
In Figure 4 to Figure 6, it is determined whether LLBA<SLBA-1

or not in step S11 and the process moves on to step S12 in the
case where LLBA<SLBA-1 and moves on to step S13 otherw1se The
determination in step S11 is based on a positional comparison
between the LBA at the tail of the buffer data and LBA at the
head of the write command. In the case where LLBA<SLBA-1,
since there is no overlap on LBA between the buffer data and
write command in step S12, the relation of the write command
with the buffer data, that is, HIT STATUS is determined to be
HIT-A. "A" indicates that the write command exists behind the
buffer data.

In step S13, it is determined whether LLBA=SLBA-] or not, that
is, whether the LBA at the tail of the buffer data is
sequentially connected to the LBA at the head of the write
command or not. In the case where the LBA at the tail of the
buffer data is sequentially connected to the LBA at the head of
the write command, the hit status is determined as TAIL SEQ in
step S14. In the case where LLBA=SLBA-1 is not the case, the
process moves on to step S15 (hereinafter Figure 5).

In step S15, it is determined whether LENGTH<LLBA-SLBA+l or
not. In the case where LENGTH<LLBA-SLBA+1l, the process moves
on to step S13, and moves on to step S16 otherwise.

In step S16, it is determined whether LLBA<ELBA or not. 1In the
case where LLBA<ELBA, the hit status is determined as OV TAIL
in step S17, and the hit status is determined as O;_ALL
otherwise in step S18.



<HEAD ‘SEQ> As in the case of wite command #7, where the head of the
buffer data is sequentially connected to the tail of command #7, this case
is determned as HEAD SEQ <NO HI T B> As in the case of wite COfTTT‘BZ”Ia_DfEB,ZOOS
where wite command #8 is distant fromthe buffer data on the head side of
the buffer 2 2 DEC 2005 11 data, this se is determned as NOH T B. The
above-described determ nation is nade the SG, (segnment handler) 44 of
the HDC 31 conparing the LBA information of the wite conmand with the LBA
information of the segnent' table stored in the RAM 33. The specific flow
wi Il be explained based on Figure 4 to Figure 6. In Figure 4 to Figure 6,
it is deter ned V\/net her LLBA<SLBA-1 or not in step S11 and the process
moves oot SEF  fedte iBasttiherd oLl BA<SEBA-detavinimsdeswiortiea st ep

S13 ot hdmﬂAs’:ELBil'h@r deser mindgat ion the sdﬁp: Shdets basgdrodn a pRsi t;enal
conpar i thBEtl\&eeﬁitblﬂﬁlh&i\ at bhecoaid of the bulderadatg,and JBAat the

head of t ase where LLBA<SLBA-1 si nce there is
nkm%s“@h gongﬁg@ﬁl hgpﬁ*g

no overlap on LBA & data and wite command in step S12,
the relation of the wite commnd with the buffer data, that is, HT
STATUS il détepr Mi2hed itoibe debeFmined Athd thdirc aeas THRBLBA- L BAr idre He@mand

 BASL L gt 91 LR ot WSt BEE T RS LA At The F I OF e B fer

Ia;{s: ?;%t%rg%ﬁ%l?;fifgy connect Fed™ 0° E%ﬁ % FHE3G of NEhPERCEEE

conmmand "V €fiof? N T4RP S4se Vxﬁé‘?@%ﬁfé’rLﬁAgaFetWe tail of the buffer data

i's sequentially connected to the LBA at the head of the wite comand, the

hit status dtepdetoer mited AsekArkiSEQ Whether LENGTH=LLBA-ELBA or not

; and in the case where LENGTH=LLBA~ELBA, the hit status 1is

determined as HEAD SEQ. Otherwise, the hit status is
determined as OV_HEAD.

This completes the determination in the first stage.

Then, the second-stage processing will be explained based on
Figure 7 to Figure 14.

<NO HIT-A>

When the case 1is determined as NO HIT-A, the determination
shown in Figure 7 is made. That 1is, in step S101, it is
determined whether SKIP LENGTH is greater than SKIP CRITERIA or

! not. Here, SKIP LENGTH is a value defined as LLBA-SLBA+1 and
indicates the distance between the tail of the buffer data and
the head of the write command.

In the case where SKIP LENGTH is greater than SKIP CRITERIA, it
is determined in step $102 that the write command 1is NO HIT
with respect to the buffer data. That is, in the case where
the distance between the head of the write command and the tail
of the buffer data is greater than SKIP CRITERIA, which is
predetermined distance, this case is determined as NO HIT. .If
determined as NO HIT, it is assumed that there is no relation
between the buffer data and write command and processing such

as a sequential write is not performed when a data write is



step S14. In the case where LLBA=SLBA-1 is not the case, the prpcezs noves
on to step S15 (hereinafter Figure 5). In -step S15, it is dete[gkngL N
whet her LENGTH<LLBA- SLBA+1 or n(9)t. Ig t he cagﬁ Y\Qegteelr;EggH;![_her\-M SgAZ EH%C 205

ess noves on to step S19, and noves .
g?gppgig Sit i's determ ned whether LLBA<ELBA or not. In the -case gheLe i
LLBA<ELBA, the hit status is determ net as OVIAILSlén ;tngEé7éogg 1; gh
status is determined as OV ALL otherwise in step )

i i her LLBA< ELBA or not
her hand, in step S19, it is determ ned whet A<_

;23 ?; the case where LLBASELBA, the hit status is determned as CNEIgE?
in step S20, and the process noves on to step S21 otherwise. In step
it is detéfiPhBAdwhet her LENGTH<LLBA- ELBA or not. In the case mhere522
LENGTH<LLBA- ELBA, the hit status is determned as NOH T-B in stgp 22.
Step S23e s dot or ity R il o el B .00 YRse chnm mitEhe case
step S23.girtgh$ydetermne et her 1 ENGIHET EBA- ELBACbr '
Shere LENRTELE TR B BLBA S SRF e ds L5t G5ePsS 1At BRh ridtt as-HEADoBEnd
O her wi s&35 tHetthi HIBt sedative dot ethe nbdffisr OdaHEAD. TFhis gempl/teggt IeI e
det er ni nasisomed nthdie fliggth &U@g%u_ffgﬁndaﬁgei%\leo§ﬁk§rka}t§a gﬁlr t%ﬁgsg,gggey\ns
det er m g a1k HREAnLP TL IR o SHCKAST ey e tesmiage, | That
o ln oidsBEngh "ha pnthgtera hREP WhEYhe T SKIFPIRENGTHaks apneahesus han
SKI P CRI TERF AR 2 ritititeHeriad]l BKI PetENGEH issqaewal de yefi %&@cﬁ%i!}ﬁ-Bﬁ‘f SLBA+1
and indhcatds twe teh.St anherbsimeenchhe ggl@fqgcgpﬁabggie%eq%%gmggce

improvement by RPO. This is the same as the case determined as
NO HIT-B.

]
i

In the case where the case is determined as TAIL HIT, it is
determined in step S104 whether TATIL BEST SKIP LENGTH so far is
less than 0 or not. In the case where TAIL BEST SKIP LENGTH is
less than 0, the processing ends. Otherwise, it is determined
in step S105 whether SKIP LENGTH this time is smaller than TATL
BEST SKIP LENGTH or not. In the .case where SKIP LENGTH is
smaller than TATIL BEST SKIP LENGTH, SKIP LENGTH this time is
desighated as TAIL BEST SKIP LENGTH in step 5106, and TAIL BEST
SKIP LENGTH and TATIIL BEST SKIP SEGMENT ID are updated.
Otherwise, the processing ends.

Here, TAIL BEST SKIP LENGTH will be explained with reference to

} Figure 23. Figure 23 shows a write command resulting in TAIL
HIT for two buffer data items. However, it is observed that
SKIP LENGTH of the buffer data with segment ID of 2 is smaller
than that of the buffer data with segment ID of 1. In this
case, TAIL BEST SKIP LENGTH of the write command beccomes SKIP
LENGTH of the buffer data with segment ID of 2 and TAIL SKIP
SEGMENT ID becomes 2. TATL BEST SKIP LENGTH and TATIL SKIP
SEGMENT ID are stored in the table shown in Figure 16.

<TAIL SEQ>

For the case determined as TAIL SEQ, the processing shown in
Figure 8 is performed.



the head of the wite command. In the case where SKIP LENGTH i s greater
than SKIP CRITERIA, it 1is determned in step S102 that the wite conmand
is NOHT wth respect to the buffer data. That is, in the case vvhegg EZ:%OS
di stance between the head of the wite command and the tail of the ufq
data is greater than SKIP CRITERIA, which is predeterm ned distance, this
case is determined as NOHT. If detet#ined as NOHT, it is assuned that
there is no relation between the buffer data and wite command and
processi ng such as a sequential wite is not perfornmed when a data wite
is 2 2 DEC 2005 13 perforned. In the case where SKIP LENGTH i s equal to or
| ess than SKIP CRITERIA, it is determned in step 5103 that the wite
command 1% sthea9asa PLr BREE|SED t dhehaibusterudats deTfhaminsy dd 4 Iarassunmed

that thotigh ithestryf fseoldat @hks, Sepaiﬁt@etferx(ﬂ%te591W‘sE@ §W§%th d the
there

6 st ancensy ool bevorudhess. LAl clELeL ey o) efcey and, Lerer ore

t hese tvp are. re%%aggggg l%ﬁgcontl nuous data an

sequentiatly TH &x oY FENGTHr 11 etesmhdienoPe, thairrdaesefihgct i ve
for perf%‘r%nce“h?ﬁ?fkﬁﬂerr@rtt by ®FQrifimied il tsteps @ jasHdareaseIp

det er ni ngaNGIs iNO dilal-1Br lthahheacaserphesRIbhergase Ls deter g ngs TAIL
HT, it da%e q,g{ee;:rem i p h T T SKI] so far is

| ess thag, EOE ﬁg@ Lr&N%%ﬁsé W%Ié?g@% ﬁl{ éh&gKE%SLEI%ﬁ-Pi ilENGIHgs t han
0, the proceSS| Bhois =N e AR SEMHB‘F%T Rt FERMBNT | FD stnep ugtieSedhet her
SKI P LENGTH R § Qilme is smaller than TAIL BEST SKIP LENGTH or not. In the
case where SKIP LENGTH is smaller than TAIL BEST SKI P LENGTH, SKI P LENGTH

‘this timv ga1@esi gnated as TAIL BEST SKIP LENGIH in step S106, and TAIL
'BEST SKIPLENGTH and TAIL BEST SKI P SEGVENT | D are updat ed.

For the case determined as OV_TAIL, the processing shown in
Figure 9 is performed.

First, in step $301, the hit status is determined as a TAIL
HIT. Then, in step S302 it is determined whether SKIP LENGTH
is smaller than TAIL BEST SKIP LENGTH or not. In the case
where SKIP LENGTH is smaller than TAIL BEST SKIP LENGTH, TAIL
BEST SKIP LENGTH and TAIL BEST SKIP SEGMENT ID are updated in
step $303. oOtherwise, the processing ends.

<OV_ALL>

For the case determined as OV_AIL, the processing shown in
Figure 10 and Figure 11 is performed.

First, in step 8401, it is determined whether LLBA matches
ELBA. In the case where LLBA matches ELBA, the process moves
on to step 5402 and in the case where LLBA does not match ELBA,
the process moves on to step 5408 in Figure 11.

In step S402, it is determined whether SLBA=LLBA-LENGTH+1 or
not. In the case where SLBA=LLBA-LENGTH+1, the process moves
on to step S403 or moves on to step 405 otherwise.

In step S404, in the case where it is determined that SLBA
matches the LBA at the head of the buffer data, the hit status



O herwi se, the processing ends. Here, TAIL BEST SKIP LENGTH wi | | be
explained with reference to Figure 23. Figure 23 shows a wite command
resulting in TALL HIT for two buffer data items. However, it is obserd@8C 2005
that SKIP LENGTH of the buffer data with segnent ID of 2 is smaller than
that of the buffer data with segnent IDof 1. In this case, TAIL BEST SKIP
LENGIH of the wite command beconmes SKIf LENGTH of the buffer data with
segrment ID of 2 and TAIL SKIP SEGVENT I D becones 2. TAIL BEST SKI P LENGTH
and TAIL SKIP SEGVENT ID are stored in the table showmn in Figure 16. <TAIL
SEQ> For the case determ ned as TAIL_SEQ the processing shown in Figure 8
is performed. 22 DEC 2005 14 In the case of TAILSEQ the hit status is

det er mi néd 48t&rmiAad as FOVARS@ERRFR01.thEhenn btep sS4bet etwicneduhn step S202
whet her OVARLABHET SKI BnbtEMFitesophan .is | ess than 0 or not. In the case
where TAIL BEST SKIP LENGTH is | ess than O, the processing ends.

O herw s LL IS ermned. in step S203 whether SKIP LENGIH is smaller
than TAl ,nBEEerp s?éj@m BT SEUS| 75 t RetTabigeRer BASKI P1TENGTH .o

smal | er tRaft9RI B4BESTISKIP HENSTH nedT AlHe tBEST SBKP PLERMNGT Hi @ngn I BEST
SKI P SEGVENT IBIRr @Egpdatkes HPNGIHER Sk . <OYnTAle> £, t»bh%r%afs&m q

det er m negn@sy Ovs TALWL1 14 e o i n o] i n L.gure i's perforned.
First, i gm@@iﬁp 5 gplrmh% gfrlfgrgt %’?Ilsjﬂé ?%ﬁge%\@]éﬂ;n %%@Tgﬁ aw%ﬁ LBED%LFI TKEhen, in
step S302 1t Is det EGTWREE her EQEN ENGHS Upslasadl Lerstémns40M.L BEST
SKI P LENETH Ricafstsingnertie cdsawinhere SKIP LENGTH i s snal ler than TAIL
.BEST SKI P LENGTH, TAIL BEST SKIP LENGTH and TAIL BEST SKIP SEGQVENT ID are

._!upfdat ed If step 5408, it is determined whether SLBA=LLBA-LENGTH+L or

not. In the case where SLBA=LLBA-LENGTH+1, the process moves
on to step S409, or moves on to step S412 otherwise.

In step 5409, the hit status is determined as HEAD HIT. Then,
in step S410, it is determined whether SKIP LENGTH (here SLEN)
is smaller than HEAD BEST SKIP LENGTH or not. In the case
where SKIP LENGTH is smaller than HEAD BEST SKIP LENGTH, the
process moves on to step S411 or the process ends otherwise.

In step S411, HEAD BEST SKIP LENGTH and HEAD SKIP SEGMENT ID
are updated and then the processing ends.

In 8412, the hit status is determined as ALL OVERLAY and then
in step S413, the count of OVERLAY HIT is incremented by 1 and

| the processing ends. Here, the count of OVERLAY HIT is
lncremented in the cell of NO OF HIT in the table shown in
Figure 16.

<OV_COVER>

For the case determined as OV_COVER, the hit status is
determined as ALL OVERLAY in step S501 as shown in Figure 12

and then in step 3502, the count of OVERLAY HIT i1s incremented
by 1 and the processing ends.



st ep S303. Otherwise, the processing ends. <OV ALL> For the case deternined

as OVAIL, the processing shown in Figure 10 and Figure 11 is perforfr?ﬂLE
First, in step S401, it is determ ned whether LLBA matches ELBA. In C 2005
case where LLBA matches ELBA, the process noves on to step S402 and in the
case where LLBA does not match ELBA, the process noves on to step S408 in
Figure 11. In step S402, it is deternm néd whet her SLBA=LLBA- LENGTH+l or

not. In the case where SLBA=LLBA- LENGTH+1, the process noves on to step
S403 or noves on to step 405 otherwise. In step S404, in the case where it
is determned that SLBA matches the LBA at the head of the buffer data,

the hit SIRE U 8>2 DEC 2005 15 is determ ned as COVER OVERLAY, then in step
S404, the CelRtPdf OVERLAY HIT is increnented by 1. In step S405, the hit
status is determned as TAIL HT. Then, in step S406, it is determ ned

whet her $irP dHENGIdtd SaetomlilRly dhapy T BES]. S NGTH ar not, In the
e R L BT P Lok

case wherg ;5K P; 3 LENGIH i I'ler than TAI'L YAl £PBEST
S p L EneaRre s bR S AT D e updated.in step S407. The

processi ng ends otherwise. In step S408, it is determ ned whether

SLBA=LLBAPLERETI4aEe0rf 13t HERD, t becase whetes SLBALLBA LENGTHF 1,1 he

process HbvVesn otep Gealiep BAGR, OF JOVLF6ED tgtsﬁpdeﬁ%lz.ot erwise. In step
en,

S409, theghpt st i.s determ ned DHT. HAPSEepP U it i s
determn GEg\Q_eﬁqh%éj%él% LElﬁgﬁg‘ (heg‘gﬁ@gsl) %dse%eﬁﬁ‘llrl%? t halteMEAD BEST SKI P

LENGTH o?gnot. T ) cEERA) whir enadldiep (HERGTHERER SHAT| 6KIk hernddEAD BEST
SKI P LENGTH, tAB throcess wowes DHIR OEmicag $415mal1thec Rl ocess,
. of her wi SEKTPNLEN@rH S4lihn HEAR BEST SShBrkENGTH.ARY KEAP SK P SEQVENT 1D

ID are updated in step S603. The processing ends otherwise.

<HEAD SEQ>

For the case determined as HEAD SEQ, the processing shown in
Figure 14 is performed.

In the case of HEAD SEQ, the hit status is determined as HEAD
HIT in step S$701. Then, in step 8702, it is determined whether
BEST HIT SKIP LENGTH so far is negative or not. In the case
where BEST HIT SKIP LENGTH so far is negative, the processing
ends. In the case where BEST HIT SKIP LENGTH so far is not
negative, the process moves on to step S703.

; In step 703, it is determined whether SKIP LENGTH is smaller
than HEAD BEST SKIP LENGTH or not. This SKIP LENGTH is zero.
In the case where SKIP LENGTH is smaller than HEAD BEST SKIP
LENGTH, in step S$704, HEAD BEST SKIP LENGTH and HEAD BEST SKIP
SEGMENT ID are updated and the processing ends.

<NO HIT-B>

For the case determined as NO HIT-B, the processing shown in
Figure 15 1is performed. That is, in step 5801, it 1is

determined whether (LLBA-LENGTH+1)~-ELBA 1is greater than SKIP
CRITERIA or not.



’ dated and then the processing ends. In S412, the hit status is
gg?e?ﬁined as ALL OVERLAYpand then in step S413, the count of OVERLAY HLT~
s incremented by 1 and the processing ends. Here, the count of_CNERZAECZWE
H.T is. incremented in the cell of NOOF HIT in the table shown in Figure
16. <OV COVER> For the case determi ned as OV_COVER, the hit status is
determ ned as ALL OVERLAY in step S5011pas shown in Figure 12 and then in
step S502, the count of OVERLAY HI.T is incremented by 1 and the processing
ends. 2 2 DEC 2005 16 <OV HEAD> For the case determined as OV_HEAD, the
processing shown in Figure 13 is perfornmed. In the case of OVHEAD, the hit
status is determined as HEAD HI T in step S601. Then, in step S602, it is
deterniﬁ@ﬁ BesPape ¥BBDe WABIReFERKIH LENGTER (et Bhah n8EI PeERIBERIA,

( LLBA- LENGTHHL) SERBA} is dmtmirinéned hasn NMEADTBESTs SKp Rsd0BNGTH or  not. In the
case where SKIP LENGTH is snmall er than HEAD BEST SKIP LENGTH, HEAD BEST

| D dated_in step S603. The
o 06655 g ARas Bner o Se REPEHE s TP e CEaBt (Bt &H T rEmSHERD. SEQ
f he pr oc%ﬁﬁﬁish%% PR $hafiice if4dpkeprinast msd HEAR HEE tasstes HBD SEQ

the hit 3atths psodesemmvesd oasteEARp KHIET4i.n step S701. Then, in step S702,
it is determ ned whether BEST H T SKIP LENGTH so far is negative or not.

so far_is neqative, the processing

ends. 1 e AR B et tepntRhE” thiPhe P HE b s et he
process &ﬁﬁeg @R @@S§t§51§7é§NGTH or not. Here, this SKIP LENGTH is

. defined as (LLBA-LENGTH+1)-ELBA. In- the case where HEAD BEST

SKIP LENGTH 1is equal to or smaller than SKIP LENGTH, the
processing ends. In the case where SKIP LENGTH is smallér than

HEAD BEST SKIP LENGTH, HEAD BEST SKIP LENGTH and HEAD BEST SKIP
SEGMENT ID are updated in step S805 and the processing ends.

As 1is explained above, this embodiment adopts the technique of
roughly classifying the relation between buffer data and a
write command in the beginning as shown in Figure 3 and then
more specifically determining the relation between the buffer
data and command as shown in Figure 7 to Figure 15. Figure 24
shows the relations between NO HIT-A, TAQIL SEQ, OV_TAIL,
OV_ALL, OV_COVER, OV_HEAD, HEAD SEQ, NO HIT B and each hit
status determined in Figure 7 to Figure 15 including the
positional relation with the buffer data.

i The above-described determinations are made every time the host
40 issues a write request by the segment handler (SG) accessing
the RAM 43 in which the segment table is stored via the memory
manager (MM) . The write segment that makes up the segment
table is configured by 4 words as shown in Figure 16. Of the 4
words, LBA uses the 1st and 2nd words, BLOCK LENGTH (LENGTH)
‘uses the 3rd word and HIT STATUS uses the 4th word.

A conventional HDD has only one set of this write segment and
does not use the 4th word. On the other hand, this embodiment
provides 64 sets of the write segment shown in Figure 16 and
moreover uses the 4th word, which has been unused
conventionally, for the hit status. Therefore, the write



In step 703, it is deternined whether SKIP LENGTH i s smaller than HEAD
BEST SKIP LENGTH or not. This SKI'P LENGTH is zero. In the case where SKI P
LENGTH is smaller than HEAD BEST SKIP LENGTH, in step S704, HEAD BEH lZﬁbS
LENGTH and HEAD BEST SKIP SEGMVENT I D are updated and the processi ng en
<NO HI T-B> For the case deternined as NO HI T- B, the plroce55| ng shown in
Figure 15 is perfornmed. That is, in stepg8S801, it is 'determ ned whet her
(LLBA- LENGTH+ 1) -ELBA is greater than SKIP CRITERIA or not. 2 2 DEC 2005
17 In the case where SKIP LENGIH is greater than SKIP CRITERIA, the hit
status is determined as NOH T in step S802. In the case where SKIP LENGIH
is equal to or smaller than SKIP CRITERIA the hit status is determ ned as
HEAD HI TCP’ﬁm%%‘ép‘—SS%S’rednéntWe% PPYcéds noves on to step S804. In step S804,
it is determ ned whether SKIP LENGIH is snal | er LERaEEHEAD BESEL§§I PI hE{\Iﬁ;;’H
or not. 'I‘Jﬁéehltt. hi & Kl Bt 'o%glg‘;rﬂa;_rﬂq sdQJﬂlrE sggmétlrt 15 he g?r{:ﬁg 5K 9 ENGTH,

wh I.P LE mal
fﬁze prggesm il o%aﬁdgosllﬁlPHeOBEl%%lWQ ) 3K IWhEENGTHOF“@aQ%WetlIImaW HEAD

BEST SKI P LEx&sTH e HEADBESTt SKI FRRACENGEEmaheds HEAR BEST nSKh Pt SEGMENT, | D ar e
updat ed to st eprS8O5mk tdhe the0aRGEE AT eids: AS iisS s%ekéan&qltfpoe&% this
enbodi nmept; agopt stt:gu@kt gghrgscgbq;egf a Qough (}:(I as%stf i %?n%algtsl at]on

dat €. conman *the bégrn "GhoWwitS n
EF;YJ\?EHBQgL%rt% 3 Perﬁ?v@n péEF‘? cafl 96%%‘%%? FHIH:IJ‘IJrg arfesfetat Hom batasten t he
buf f er ﬂ%‘f‘éorarﬂds EoriRd - asRBPown tihe Fieghnéqde tof Heguceidd. a FEguian24

shows t heattela i onsbdetveart O ddrfebpoddQdSEQ tiKVTAldst % AL Q¢ COVER,

OV_HEAD, s HEAR i 8EQundQ 4R 820610200 Dife 2Latys determined in Figire 7 to
Fi gure 1gxecpuctl LCIPI ng the

As described above, this embodiment can link write commands
that can be regarded as a series of data from among a plurality
of write commands by referencing the hit status stored in the
write segment. That is, in the case where commands are not
mutually NO-HIT, the commands can be deemed as the targets to
be written sequentially as a cluster of a series of commands .

As described above this embodiment provides 64 sets of write
segment, and therefore there can be a plurality of the
above-described command clusters. In the case where such a
plurality of command clusters exists, writing is executed
starting with a command cluster corresponding to the least sum
of a seek time and rotation waiting time according to the
conventional RPO. Of course, there can also be write commands
that do not form a command cluster, and therefore the write’
command execution sequence 1is determined between such write
commands or command groups according to the conventional RPO.

The processing concept above will be exXplained using Figure 18.

Figure 18(a) shows a plurality of commands (1) to (6) requested
to write by the host 40. Numbers (1) to (6) assigned to the
commands denote the sequence of write requests sent from the
host and the horizontal axis denotes LBA.
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arranged not in the sequence of the commands sent from the host
40 but in a sequence of A, B, C and D.

- Then, the processing when writing of data groups determlned as
: OVERLAY HIT is performed will be eXplained based on Flgure 19.

As shown in Figure 19, suppose the LBA of a leading write
request command (buffer data) is 1, 2 and 3 and the LBA of a
following write request command (write command) is O and 1.
The hit status of the write command corresponding to the buffer
data is OVERLAY HIT and the block LBAL overlaps. In the case
where a buffer data write is executed after simply executing a
write command according to RPO, the data of the write command
is overwritten with the data of the buffer data for the LBAl
block. Since the data of the buffer data is older than the
data of the write command, the above-described overwrite causes
the old data to overwrite the new data.

Thus, this embodiment erases (DISCARDs) the overlapping block
of the buffer data as shown on the right side of Figure 19.
Then, this embodiment executes a write of the buffer data and
then executes writing of a write command. This allows new data
to be written also in the overlapping section.

Then, the processing in the case where the host 40 issues a
read request command while a plurality of write commands is
waiting to be executed will be explained.

When a read request is issued while write commands are waiting
to be executed, the conventional HDD apparatus executes the
read request command after all write commands waiting to be
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IS and write request commands waiting to be executed. This will
be explained using Figure 20.

Figure 20 shows relation between one write command and one read
command for ease of understanding.

Figure 20(a) shows a case where there is no overlap on LBA
between a leading write command ("W" in the figure) and a-
following read command ("R" in the figure). In this case,

there 1is no problem in the case where read command R is

executed first before the write command W is executed.

However, as shown in Figure 20(b), in the case where there is
an overlap on LBA between write command W and read command R,
executing read command R first before exXecuting write command W
will involve the following problem:

The read request from the host 40 should be issued to the
latest data. Figure 20(b) shows the case where data by write
command W is the latest data. As described above, there is an
overlap on LBAs between write command W and read command R. 1In
this overlapping section, the data to be read by write command
R is the data by write command W. Therefore, in the case where
read command R is executed before write command W is executed
and the data is actually written, the data read by execution of
this read command R includes part that is not the latest part.
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be executed,

Figure 21 shows an example thereof. - In Figure 21(a), suppose
Wl to W4 are write commands waiting to be executed and R is a
read command requested from the host 40 while write commands W1l
to W4 are waiting to be executed.

As shown in Figure 21(a), there is an overlap on LBAs between
read ccmmand R and write commands W2, W3. Therefore, in order
to execute read command R, write commands Wl, W2 and W3 are
executed and then read command R is executed as shown in Figure

21(b). Then, write command W4 is executed after read command R
1s executed. By doipg so, data read by execution of read
command R includes the latest data. (1) to (5) in Figure 21 (b)

denote the execution sedquence.

Figure 21 shows the case where there is an overlap on LBAs
between read command R and write commands W2, W3. In the case
where there is po overlap on LBAs between read command R and
Wwrite commands as shown in Figure 22(a), it is also possible to
allow read command R to interrupt write command W1 and execute

read command R before write command W1 as shown in Figure
22 (b) .



nonent is the read command. Thus, when the host 40 issues a read request
command while a plurality of wite commands is waiting to be executed,

this enbodi nent allows a read command to be executed as an interrup22[E£2m5
before all wite commands are executed. \Wat should be noted when a rea
request is issued while a plurality of wite commands is waiting to be
executed and the wite commands are i @2errupted by the read request
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Figure 2 is a main configuration of an HDC (Hard Disk
Contreoller) of the HDD according to this embodiment;

Figure 3 is an illustration to explain relation between buffer
data and write commands;

Figure 4 is a flow chart to determine relation between buffer
data and write commands;

Figure 5 is a flow chart to determine relation between buffer
data and write commands:

Flgure 6 is a flow chart to determine relation between buffer
data and write commands;

Figure 7 is a flow chart showing subsequent processing when
relation between buffer data and write commands is NO HIT-A: ‘

Flgur§ 8 1s a flow chart showing subsequent processing when
relation between buffer data and write commands is TATL SEQ;

Figure 9 is a flow chart showing subsequent processing when

relation between buffer data and write commands 1s OV TAIL:

Figure 10 is a flow chart showing subsequent processing when



21 If.this is the case, read command R cannot be considered to have been
executed correctly. In the case where a read request is issued when there
is a plurality of wite conmands waiting to be executes,- this e TEFQWS
checks .t he positional relation between the LBA of the wite comrands
waiting to be executed and the LBA of the read command requested fromthe
host 40. Then, in the case where there23s a wite command waiting to be
execut ed which have the positional relation showm in Figure 20(b), the
wite commuand is executed first, then the read conmand is allowed to
interrupt and executed ahead of other wite conmmands waiting to be

execut ed igure 21 sho ex | e thereof. In Figure 21(a), suppose W
to W ar jeregi?'llglfoen &&#ﬁﬁﬁa\ggb\gfﬁ % 3hE WkbbitEumeadsRLF OB Allgad command
requested fromthe host 40 while wite commands WL, to W are waiting to be
exegutedFi@srehmmnibnthgUﬂe éﬂdﬁﬁ,sﬁ&ﬁﬂﬁgi??ﬁg@ﬁgggglggoggagfﬁg between

read co ' .. Jherefore, in grder “to execute

r ead comﬁﬂt%@%tﬁbggﬁﬁgﬁ%%a%dﬁﬁl% Cé)rmé“angiebiut%vd—% then read
command R is executed as shown in Figure 21(b). Then, wite~command W is
execut edFafies #eéadscemmill Rhary extestingd. subsedoieny pocdas tng eadey

execut i onebdti@nte teeanamds Ry Reltudesat e dat@ahadat a s (b d9ek>) in Figure
21(b) denote.the execution sequence. Figure 21 shows t he ctase Wwhere there

is an 0VE{'%REO§ LBAs 5§%yeen read conmand R and wite commands W2, WB. In
the case et elt hafedi M98 Sfeitap BT iPBAS UpseREent r padc eomreandvirand

wite coRfHdetadesnenn huf fhigansa2atd)write icomahsas possivblugabe al | ow r ead
command Rto interrupt wite command W and execute read conmand R before

Wite CoﬁﬂﬁﬂgeVﬂ4a§sSQOWﬁoMncﬁbg%r%ho%%ngb%ubsequent processing when

relation between buffer data and write commands is HEAD SEQ;

Figure 15 is a flow chart showing subsequent processing when
relation between buffer data and write commands is NO HIT-B;

Figure 16 is a table stored in RAM 43;

Figure 17 is an illustration showing a configuration of a write
segment;

Figure 18 is an illustration to explain a data write according
to this embodiment;

Figure 19 is an illustration to explain a data write in the
case of OVERLAY HIT according to this embodiment;

Figure 20 is an illustration showing relation between a write
command and a read command;

Figure 21 is an illustration to explain a state in which a read
command is issued when a plurality of write commands is waiting
to be executed;

Figure 22 is an illustration to explain a state in which a read

command is issued when a plurality of write commands is waiting
to be executed;



22 DEC 2005 22 [Advantages of the invention) As explained above, when there
are wite commands waiting to be executed, the present invention can

i nprove the efficiency of witing or reading and inprove the perforzmance
of a Ha-rd disk drive apparatus. Brief Description of the Draw ngs 42 DEC 2005
Figure 1 is a schematic configuration of an HDD (Hard Disk Drive)
_apparatus according to this enbodi ment;24Figure 2 is a main configuration of
an HDC (Hard Disk Controller) of the HDD accor di ng to this enbodi nent;
"Figure 3 is an illustration to explain relation between buffer data and
wite commands; Figure 4 is a flow chart to determ ne rel ation between

buf fer Ftlatee oz ¥ iie COMRRIAS: oK gy tO det er mne

rel ati ogppet ween buffer data andEvvr |Ht gxg%%frnaﬁ%géqp\éﬁgg NofHow chart
to determ ne relation between buffer data and .wite commnds Figure 7 is
.a flow chart show ng subsequent processing when relation between buffer

dat a anBigiie e 2domimndsni siNOstdatAon Fisgotven Iﬁﬁglog\glCth\%\???(gwcg%mnds

Subsequisat weHTD GREFR] MR8 Nand €h 8t | ta_an
is TAl Ly ¢ = gur6e 9is gn?l %gvécﬁg??%ei\%%ngggugs% bBnf*Protebsthg when

‘relation between buffer data and wite conmands is OV TAIL; Figure 10 is a
flow chart showi ng subsequent processing when 2 2 DEC 2005 23 rel ation

bet ween! BFdfrdiptdanac ingymiriltse conmmands is OV ALL; Figure 11 is a flow chart
show ng subsequent processi ng when

10 ... HDD (Hard Disk Drive) apparatus
21 ... Magnetic disk

22 ... Spindle motor

23 ... Magnetic head

24 ... Head arm

25 ... Actuator

30 ... Control circuit

31 ... HDC (Hard Disk Controller)
32 ... ROM

33 ... RAM

34 ... Host I/F (interface)

35 ... Bus

40 ... Host

41 ... MPU (micro processing unit)
42 ... MM (memory manager)

43 ... RAM

44 ... sG (segment handler)



relation between buffer data and wite commands is O/ ALL; Figure 12 is a
flow chart show ng subsequent processing when relation between bUfﬁirD&aZt[]ﬁ
and write commands is OV COVER, Figure 13 is a flow chart show ng
subsequenC%I%Séssi ng when relation between buffer data and wite commands
is OV HEAD, Figure 14 is a flow chart show ng subsequent processing when
rel ati on between buffer data and wite conmmands is HEAD SEQ Figure 15 is a
flow chart show ng subsequent processing when rel iatl 0{1 beémenﬁ%lld/}‘ f4§r dat a
and writejcomapadgag LT84 B QUL t red i.n A43;

Fi gure 171i s anAi Ia?th?ﬁ?tlé_{g?\é R doarﬁgﬁtgn‘%gvrﬁt?g(%}aa?%gﬁ'egfg%mvv?|}1°§ SEgmamto @
Figure 18 ig iLkustration to explain a data wite according to this
enbodi nent® @8%‘?’8 8 PYURYSIIE | ustration to explain a data wite in the
case of OVERLAY HIT according to this embodiment; Figure 20 is an .

i llustration sheRRGINEe fest logicakbblnele addressraftaeleadingmaitel camrhand neailingeXeRMdH

" Figure 21 is an illustration to explain a state in which a read comnd
i s i ssuedwithen secopd Upgicalt block addriesseof anfolloving §rit@ichinffind ttRadR RS UEEHd to
Figure 22 is an illustration to explain a state in which a read command 1s

. : . . . L Lo o
i ssued whédlergnifé & GRtdnby thefeb¥fiicbs; commands is waiting to be executed; _
DEC 2005 24 Figure 23 is an illustration to explain BEST TAIL SKI P LENGTH,

; i i ] i.tional yelation between :
DUt 1 or Cdat a_and i riling et AR SRS RORIS (78S di £ prremniisd distance in

[DescriptjQ @as%fwﬁéfgis)a% filst and second logical block addresses are determined to be separate;

| writing data corresponding to said leading write command and data corresponding to

said following write command sequentially on said recording medium in the case where the
distance is determined to be equal to or less than said predetermined distance; and

if there are a plurality of following write commands having each having a respective

distance from said leading write command equal to or less than said predetermined distance,

writing data corresponding a particular one of said plurality of following write commands having

a least distance from said first logical block address immediately after writing data

corresponding to said leading write command.

2. A data reading method when a host device issues a data read request while one or more
data write commands are waiting to be executed, said method comprising:

determining whether there is any overlap between a first logical block address of a
selected write command among said one or more write commands awaiting execution and a

second logical block address of a subsequently issued read command; and

25
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4, A disk drive apparatus comprising;

a command cache for retaining a write command sent from an external device until said
write command is executed;

means for determining whether there is any overlap between a first logical block
address of said.write command retained in said command cache and a second logical block
address of a subsequent write command newly sent from said external device;

means, responsivq to determining that there is no overlap, for deterinining whether a
distance between the first and the second logical block addresses is greater than a predetermined
distance; and

means, responsive to determining that the distance between the first and second logical
block addresses is not greater than said predetermined distance, for instructing that write data
corresponding to said two commands be written in said recording medium sequentially, said
means for instructing including:

means, if there are a plurality of following write commands having each having a
respective distance from said leading write command equal to or less than said predetermined

distance, for writing data corresponding a particular one of said plurality of following write
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a least distance fromsaid first |ogical block address inmediately g&tﬁr
witing data corresponding to said |eading wite command. 2. A dat C 2005
readi ng net hod when a host device issues a data read request.while one or
more  dat &OWFands bayingm psstatissancaifram epid dirdt dogizal dildokchddsess émmetifagdly afier writing
conprising: determ ning whether there is any overlap between a first

| ogi cal bidatalcordshoading ®6 sfid leadingGirite c¥hiagdcommand anong sai d one or nore
wite commands awaiting execution and a second |ogical block address of a
subsequently issued read command; and 25 2 2 DEC 2005 retaining said
selected wite command in a command cache and executing said read command

before executin i lected wite c dg in response to determ ning

t hat therg' i's %gégiegfiﬁg?)a%ﬁ%ése#ci%?’(ﬁ?fﬁ%ﬂ"@@'&ﬁﬁ& | ogi cal bl ock

addr esses. 3. Thg@gaﬁf reading net hod according to claim2, wherein said
read conmand i s?E3Rdem%grcessihle digk-shaned seaoxdingmedivnaf a se| ected wite
command anong said one or nore wite commands having a | east distance

bet ween a head of said |ogical block address of said selected wite

command and a tail of said |ogical block address of said read command. 4. A

di sk drive. appapafisksdrbRmpparaiuddomprisifgand cache for retaining a wite
command sent froman external device Until said wite command i s executed;

f det Lo e ] t first |ogjcal
ook | addr oss. bruft ey 26 (kAR RoPEordiEh S0u At B Rfeel aSher e S

second | o { ock ddress of a subsequent wite command newy sent from
sai d ext e&r?grﬁ!mel&ieé%c;ut ans, responsive to determning that there is no
overlap, for determ’Pi ng whether a distance between the first and the
second | ogi cal BPBEKIORNFIEBERHEE jas rejatica betwermre 4irgr bgiab biodke dddrdissbncead
and neans, responsive to determ ning that the di stance between the first
and secorepmgidhr a rgddoeguestisine femssaidsextarhalgteriieand tahatorirlogichr K166t SIdER ¢
di stance, for instructing that wite data corresponding to said two

commands sdagl writel dodfindnd réRirdd i€ SAd dbMManB A SRQUeNtial ly, said neans for
instructing including: neans, if there are a plurality of followng wite

commands havi ngn&as foraMhiRe LASRES g0 [PET Y fromsaid l.eading wite

command equal to or less t hggaégi 31 pr gg%%é‘??r?%ggg& i'8 Oarﬂlgg,m?(félfrfl\}\? f%?‘_?f&e fo

data cor reeRhy therebfioh! (il QAF %% 58 Isgccl%ldulgg}clalt glogl]; aEi rlelss%\émsgl r\rl\llc(:alufsefor
instructing including:

means, responsive to determining that said first and second logical block addresses do

not overlap, for instructing that said read command be executed while said write command

waiting to be executed is retained in said command cache.

7. The disk drive apparatus of claim 6, and further comprising;:

a randomly accessible disk-shaped recording medium.

8. The disk drive apparatus according to claim 7, said meéns for determining a relation

comprising means for determining whether or not said first and second logical block addresses

overlaps.
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26 2 2 DEC 2005 commands having a | east distance fromsaid first Iﬂi@@l
bl ock address imedi ately after witing data corresponding to sai d*le ZIQ@
wite command. 5. The disk drive apparatus of claim4, and further
conprising: a randomy accessibl e disk-shaped recording nedium 6. A disk
drive apparatus conprising: a command cache for retaining a wite comuand

sent froman exfigf Ak dAvé Cpphiakds! a&%i‘dip%%”m%ﬂﬁl 7S aﬁ&eﬁirﬂ@gp;coﬂﬁ)gﬁﬁlggg{eans,

determning a relation between a first gi ca ock ad SsS O

command f I I sent fr ai d external.device and a second

| ogi cal b %Pcck Slggg{raegég%ﬁﬁ%ngal &E \ﬁnaﬁd??rsio?ﬂ%aﬁ%f’opg?@glr‘@ﬁ\(’:l%is ﬁﬁ?‘ge¥8§n?é( ap, for
cache; and nmeans for instrycting a read access to said_ disk-shaped '

r ecor di ngBFHEHIIE SaK! CRBBA ecapge 1R SKEFHS Faidgread econamand @fteh exopbing ssaid write
first and second | ogical block addresses said neans for instructing

i ncl udi ngeonkwANES, responsive to determining that said first and second

| ogi cal bl ock addresses do not overlap, for instructing that said read
command be executed while said wite command waiting to be executed is
retained in said command cache. 7. The disk drive apparatus of claim6, and
further ri SA ek r el Lok r.di um_ 8.
The. di sk 0r ve  honk i e ePRRAT A FEsh T 0hjfig 1Y 8 PRoh 5 AL HE TRk ke -
rel ation ri siqag neans. for determ ning whether or not said first and
second |58‘?°3§?‘863%§@8“’§8H}p@§§‘§s overlaps. 27 2 2 DEC 2005 9. The disk drive
apparatus according to.claim?7, and further conprising nmeans, responsive
to determning%H nd gagher for rgtaining adseding gyiatg| commend ser rin sasvanasy Spmag
for instructing said command cache to execute said read conmand after
execut i ngx&anal dgyice ntilseidrieading wiitk commiarskis éxéontedappar at us that control s
data witing to a randomly accessi bl e di sk-shaped recording nedi um

cgrrpri Si Pg: a oneunBfich degeienihg whethienh distdhca beBasdh ROfigt 1dgfat BIRRALIRENSS 42k
advance from an

leading write command buffered in said command cache and a second logical block address of a

following write command subsequently received from said external device is equal to or less
than a predetermined distance; and

means, responsive to determining that there said distance is equal to or less than said
predetermined distance, for instructing that said following write command is to be executed

before said leading write command.

11. The disk drive apparatus of claim 10, and further comprising:

a randomly accessible disk-shaped recording medium.

12. A data writing method of writing write data received from a host device onto a disk
recording medium, said method comprising:
buffering a leading write command sent in advance from an external device until said

leading write command is executed;
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W vl Luyy
external device until said leading wite conmand i s executed; nmeans for
determ ni ng whether a di stance between a first |ogical block address of
said l|eading wite command buffered in said conmand cache and a second
I'ogi cal bl ock adetewsigingf whethérod distinng betviden o firstrdoglcal (blselq uddredsyof 6€11%Athg
fromsaid external device is equal to or less than a predeterm ned

di st ance; vaitelcommand afids Pesda 6git) biekeidatedl BYa thRIwinp Skt %61&&5%&6«{&%2?&@

equal to or less than said predeterm ned distance, for 1 nstructing

said foll g W & i . fore said.leading, wite
cormand. e g ot i QAR ek kot 0 I Hhan TRk BB isPRES A o1 no:
a random y accegsj bl e disk-shaped recarding nmedium 12. A data witing
met hod of writi ngequf%loaﬂi%tw@e&thﬁiaa@%@w Abequal i, prclessthen said predetermined

recordi ng_nedium said nmethod conprising: buffering a | eading wite command
sent in at¥RAte §ausingaseid feliowing wetei ecammand Ito i executeddbefgransiit eleadingamdte
is executed; 28 determ ning whether a distance between a first | ogi cal

bl ock addemsmand. said | eading wite command and a second | ogical bl ock
address of a following wite command subsequently received from said
external device is equal to or less than a predeterm ned distance; and in
response to determning that said distance is equal to or |ess than said
predeterm ned distance, causing said following wite command to be
executed before said |eading wite conmand. 29
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