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DESCRI PTI ON DATA STORAGE APPARATUS

AND, ACCESS MeWdi6dRed##EREOF 5 Technical Field PCT/IP99/0259% NE
present invention relates to a data storage apparatus storing data,
nore specifically to an apparatus which wites/reads data to/from
data xecordi ng nmedi um such 10 as a nmpgnetic disk according to wite/read
comands received over a network froma plurality of conputers or
peri pheral devices connected to the network. Background Art 15

A hard di sk device and other data recordi ng devi ces as data storage
devi ces used for reading/witingDESCRIRTHMation to/froma data recording
medium are typically connected to a conputer or other term nal

devi ce, and

DATA STORAGE APPARATUS
AND ACCESS METHOD THEREOF

Technical Field
The present invention relates to a data storage
'a‘p'paratus storing data, more specifically to an apparatus.
which writes/reads data to/from data recording medium such
10 as a magnetic disk according to write/read commands
received over a network from a pilurality of computers or

peripheral devices connected to the network.

Background Art
‘ 15 A hard disk device and other data recording
devices as data storage devices used for reading/writing
V information to/from a data recording medium are typically
: connected to a computer or other terminal device, and
% read/write information by executing commands received
i‘ 20 from the computer or so. Recording to or reading from the
hard disk device is caused by communicating commands
with data. The commands comprise 'a write or read
instruction, the position from which the read/write operation
begins (the address), and data size to read or write. They

| 25 instructs the disk drive what to do Each command aiso has



read/wite information by executing commands received 20 fromthe

conputer or so. Recording to or reading fromthe hard di sk device is
caused by covorwsoezat i ng comrands with data. The copoEIRgBEMPriSe._ a. .
wite or read i nstruction, the position fromwhich the read/wite
operation begins (the address), and data size to read or wite. They
25 instructs the disk drive what to dd Each command al so has -
2 a command identifier (such as an |ID nunber) for identifying

t he conmand. Wen a wite command is issued, the hard di sk

device receives the jnformation to be witten

performs a®wfP frémgﬁbar é‘??Bﬁ?ﬁfr ?WPplﬂﬁ ?’hf'br %ﬁrianﬁ |d)ent|f5)flng speci fi ed
data size ER t@g Radl ng medium fromthe specified start address.
Wen a read o I'S"1 ssued, the hard di sk device reads data with

the specified data When a wrlftéoﬁbH}ﬁaﬁpﬁ%fi?ﬂ:é&artthéj‘q%reésdtsﬁnd sends

the read data to
device receives the information to be written (write data),

5 and performs a write opgration for writing information with
the specified data size to the recording medium from the
specified start address. When a read command is issued,
the hard disk device reads data with the specified data size
from the specified start address, and sends the read data to

10 the computer. A plurality of commands each having an
identifier can be received before processing a previously
received command is completed. This is because the same
number assigned to a command is assigned to the data
associated with that command. As a result, commands and

16 data will not be confused.

Write and read operations to a hard disk
(recording medium) are referred to as disk "access"
operations. Both sequential access and random access
operations are possibie.

20 In the sequential access, the addresses of
successive access operations are in substantially
consecutive sequence such that the end of a first accessed
data block and the start of the next accessed data block are
consecutive. Movement of a recording head of the device -

25 from the end of the first access block to the start of the

iy



10 the conmputer. A plurality of commands each having an I dentifier

can be'received before processing a previously received command i s
cQnpl et ed. -TwicsiessThecause the same nunber assi gned pbgypeegssgiand i s
assigned to the data associated wth that conmand. As a result,
commands and 15 data wll not be confused. Wite and
reads operations to a hard disk 3 (recording nedium are referred
to as disk "access" . operations. Both sequential access and random
access operations are possible. 20 In the sequentia
access, the addresses of . successive access operations are in
substanti al | pext accegfsaddress iegmalde thathist bae time genwred for st

accessed data bl ock and the start of the next accessed data bl ock are
consecut i ve. thBvRedAtMave Jeamithg prdaddress tecthe stast adgrafis he end

of the first _access bl ock.to the start of the
e ’t?he seeklhpme) is short. Therefore, the amount of data that

“‘gan be read or written in a predetermined period (the data
5 throughput or transfer volume) is great.
With the random access, however, there is no
“‘relationship between addresses of consecutive access
‘operations, and the recording head may need to move a
great distance. The seek time in random access operations
10 ‘{s therefore on average longer than that in sequential
““access operations, and data throughput per unit time is
therefore less.
Hard disk devices can also be connected to a
“ network and accessed from a plurality of computers. This
15  type of hard disk device system is known as "a data server".
‘When a plurality of users separately access information on
a single magnetic disk device (data server), the disk is
accessed by a random access operation, and data
‘throughput therefore drops.
; 20 This type of data server is increasingly used for
““gtoring and retrieving audio-video (AV) data.  While
computer data can be read out and correctly reproduced
“sven when there are delays in data access, that is, data

!
\ "“Fgproduction is not time dependent, natural reproduction of
1\ 25 audio and video information requires a specific (large)



next access address is small, that is the tine required for t he head

to nove fromthe end address to the start address (the seek tinme) is

short. Ther eworsestdzhhe anount of data that can be reagtToPYMRSWtEN in a .

predeterm ned period (the data 5 t hroughput or transfer volune) is

great . Wth the random access, however, there is no

rel ati onshi p between addresses of consetive access operations, and -
the recording head nay need to nove a great distance. The seek tine in
random access operations 10 |Is therefore on average |longer than that in

sequential ooy RE G GBS & Foad Wit % LB QAU PRy Uhhlo e | S

therefore | ess. devi ceS can al so be connected to

a net vgek(ang. ACASPSAiftokhaTiBnPlik! histY 1AheCaEBWRIent Thigs 5  type
a e . en a

of hard di sk device systemis known as ata serv

plurality of j48gltS WA anY} Ydatsers Ham@bRAY FoPBd and PeddNglemMagnetic
di sk device (data server), the disk is accessed by a random access

operation, apflidisi@ computersQuidiritranerel iy WatPprocd8@d smoothly, This
type of data server is increasingly used for storing and retrieving

audi o-visleo (AV) data. VWi | e conput er data can be read out and
correctly reproduced :
Disclosure of Invention
With consideration for the above mentioned
problems, it is therefore an object of the presenf invention
to improve the efficiency of data reading and writing in a
10 data storage apparatus having a magnetic disk or other
internal recording medium from/to which it reads/writes
information.
In one aspect of the invention, a data storage
apparatus for storing data to a data recording medium is
15 provided. The apparatus receives commands through a
communication device from external devices, records to the
data recording medium data received with a command when
the received command is a write command, and when the
received command is a read command, reads information
20 from the data recording medium according to the read
command and outputs the data through the communication
device.
The apparatus comprises a command storing

device and a command executing device. The command

25 storing device groups received commands according to a




even when there are delays in data access, that is, data reproduction
I's not tine dependent, natural reproduction of 25 audi o and vi deo

i nformation regy . specific (large) . TIIP99/02597
4 P rount MoREZ COS N Cad within a specific Iimted anbunt of

time. AV information is thus tine-dependent. As a result, when AV
data_ig randonmy stored and read from s§ mnultiple conputers, data
transfer may not proceed snoothly. 5 Di scl osure of Invention
Wth consideration for the above nenti oned problenms, it is therefore
an object of the present invention to inprove the efficiency of data
readi ng and wreconging areal®n that dadaoregerdipganediimaacegssedadet i c
di sk or ot her i nternal recording mediumfromto which it reads/wites
inform at i ongach command, and sherespthe woeetved nyemmandsa teata
storage predetsrininéd command group area according to the group.
The command executing device selects at.a predetermined
5 time interval one of the command group areas in the
command storing device, and executes at least one of
commands stored in the selected command group area. The
data recording medium may be a magnetic disk. '

Tn the apparatus, the command executing device

10 may sefect the command group area storing the most
‘number ofi~unexecuted commands, as the one selected
‘command cgroup area at a specific time interval. The
command ekxecuting device may aiso select one of the
command group areas in the command storing device in the

15 predetermined sequence.

The said command executing device may
comprise a delection device and a command predicting
~device, The  detection device detects whether data
“gspecified by a plurality of read commands is stored to

20 ‘sequential recording areas on the data recording medium
when commrands stored to the selected command group area
are read tommands. The command predicting device

"’predicts a command for reading out data from a data
‘recording &area on the data recording medium when the

25  ‘'detection dévice determines that sequential recording areas



apparatus for storing data to a data recording nediumis 15 provi ded.

The apparatus receives commands through a communi cati on device from
external deyéhedhgera’ €ecords to the data recording negipmdaig recei ved
with a command when the received command is a wite conmand, and when
t he received command is a read command, reads information 20 from
the data recording nmedium according 80 the read command and out pyts
t he data through the comunication devi ce. The
apparatus conprises a command storing devi ce and a command executi ng

device. The command 25 storing device groups received commands
accordi ng areaaccessed by said read commands, wherg the datacording

area on the data recordi ng nedi um accessed by ~each command, and
stores thel9eREdigy BERRAmRRING, Sequential otRt arfasedacerpand gP¥up area

pr cdet er i FRBEMANYS [ $Horefh dny eSSl CIa COMMAN r GURLAr @Lea n the
Then the predicted command is processed consecutively to
5 commands contained in the selected command group area.

In a second aspect of the invention, a method is
provided for controlling a data storage apparatus for storing
data to a data recording medium. The apparatus receives
commands through a communication device from external

10 devices, and records to the data recording medium data
received with a command when the received command is a
write command, and when the received command is a read
command, reads information from the data recording
medium according to the read command and outputs the

15 data through the communication device.

The method comprises the steps of: grouping
received commands according to a recording area on the
data recording medium accessed by each command; storing
the received commands to a predetermined command group

20 area according to the group; selecting at a predetermined
time interval one of the command group areas; and

executing at least one of commands stored in said
selected command group area.

An apparatus according to the present invention

25 processes received commands not in the order received,




command storing device, and executes at |east one of comands stored

I n the sel ected conmand group area. The data recordi ng nmedium may be a
magneti c di Skyo 9os60472 In the apparatus, the comuanpdyBifmitded NO
device 10 may sel ect the command group area storing the nost nunber
of unexecuted conmmands, as the one sel ected command group area at a
specific tine interval. The command executing device nmay al so sel ect
one of the comand group areas in the command storing device in the

15 pr edet er mi ned sequence. The said comrand executing

device may .conprise a detection device and a conmand predicting
device. ThdWetn@royps gé\semandeQrounrd o thararea ondpecrptad by a

plurality of read commapds is stored to 2 sequential recordi areas on
the data recosrt(?irﬁgerrﬂ‘tﬁ‘{}%m acce%pecﬁ Wof‘?ﬁé‘%ﬁ@gl AEd -t ?ﬁ%s§épeg"?%d
command group.are ad commapds. _ The command redié)i&ti ng devi ce

predicts a cd'mgi?grafgg{jsﬁéﬁb%tr%%qr 8o Medima by @ PluIality B area on
Lhe data recoldhifalBel YINRCR hPSuefdrmiied Sihleh lT8les dRererbRss that

5 restricted to a limited area of the disk. Read/write head
movement when accessing the data recording area is
therefore reduced, and the amount of data read or written
to disk within a specific unit of time can therefore be
increased.

10 In addition, when data stored to sequential
addresses in the recording area of the data recording
medium is accessed, access commands that have still not
been received can be predicted from the address contiguity
of receivéd commands and processed before the actual

15 command is received. As a result, head travel can be
further reduced, and data throughput can be further
improved.

Other objects and attainments together with a
fuller understanding of the invention will become apparent

20 ‘and appreciated by referring to the following description

and claims taken in conjunction with the accompanying

drawings.

Brief Description of Drawings

25 Fig. 1 is a block diagram of a data server system



6 are accessed by said read commands, where the data recordi ng

area being sequential to areas accessed by commands stored in the

sel ect ed corwasssegroup area. Then the predicted conmeangpsmspr ocessed. .
consecutively to 5 commands contained in the selected command group

ar ea. In a second aspe of the invention, a nmethod is
provided for controlling a data storag% apparatus for storing data-te
a data recordi ng nmedium The apparatus receives commands t hrough a

conmuni cati on device from external 10 devi ces, and records to the data

recordi ng gRdigig tat ! 3torage éﬁﬁﬁraﬂ% Vi doRIGYTTBNG, et bhérdiped ved

command is a te command, and when the received command is a read

conmand, r@iﬁlsounmyﬁm@f Qnefpméme”ﬂaé@nagcordl ng medi um accor di ng
to the read command and out puts the 15 data t hrough the commruni cati on

devi ce. Fig.Ti2e isetahastiveomaticediddramt ¢he afata o ng
recei ved commands according to a recording area on the data recording
medi um acceysddnbs heaeh iooRignd; cenoeched to a network.

5 Fig. 3A is a diagram that describes an exemplary
structure of a received coﬁmand.

Fig. 3B is a diagram that describes an exemplary
structure of write/read data.
Fig. 4 is a diagram that shows the segmentation

10 of the recording area of a magnetic disk used in the data
server system according to this first preferred embodiment.

Fig. 5 is a map of the memory space of memory
used in the data server system according to this first
preferred embodiment. _

15 Figs. 6A-6F are diagram which describe the
sequence in which received commands are processed by
the data server system according to this first preferred
embodiment.

Fig. 7 is a flow chart of the main routine of the

20 data server system according to this first preferred
embodiment.

Fig. 8 is a flow chart of the command receiving
process of the data server system according to this first

preferred embodiment.

25 Fig. 9 is a flow chart of the command execution



t he received conmands to a predeterm ned conmand group 20

area accordi ng

to the ‘group; selecting at a predeterm ned tinme interval one of the
command gr ouRy@bHRee and executing at |east onq,cq;”%mnds
stored in said sel ected command group area.

apparatus according to the present invention 25 processes recelved

comrands not in the order received,

7 but in groups of commands grouped by the area on the data

st orage nedi um accessed by"each command. Access to the

recordi ng area

of the recordi ng nedi um lurali of co nd i.fhin,a

pr edet er ni neﬂl? ?r%splgr t&g @a g?%ﬁ“’(?rfy system é’%‘f?‘i’%@ tiBWé;’l"; %“E%td area of

t he di sk. Read i te . novenent when accessing the data recordin
Stafraibe B imant . .

&fo

area i s

. and the anount of data read or witten

to disk Wi”" N a specicfihs Ubh-Pbrt 4R @ik dAH €T UhTch® describd "gheased:
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20

25

example of the sequence in which received commands are
processed in the data server system according to this first
preferred embodiment.

Fig. 11 is a flow chart of the read data output
process of the data server system according to this first
preferred embodiment.

Fig. 12 is a flow chart of the command execution
process of the data server system according to a second
preferred embodiment.

Figs. 13A-13F are diagrams which describe
processing received commands and predicted commands in
the data server system according to a second preferred
embodiment.

Fig. 14 is a diagram that describes the memory
space, particularly the predicted command storage area, of
the memory in the data server system according to this
sscond preferred embodiment.

Fig. 156 is a diagram that describes the memory

space, particularly the predictive read data storage area, of

- the memory in the data server system according to this

second preferred embodiment.

Fig. 16 is a flow chart of the command receiving



10 In addition, when data stored to sequential

addresses in the recording area of the data recording mediumi s
accessed, aovewss@nmuands t hat have still not been permamvenyran be. -.
predicted fromthe address contigui ty of received conmands and
processed before the actual 15 dis received. As a result, head
travel can be further reduced data throughput can be further-~
I mproved. Q her obj ects and attainnents together with a

full er understanding of the invention will becone apparent 20 and

appr eci at ed PcYcé?éeFﬁ' W%t Qathe sphle ‘?Ws@%tgﬁ?%beémm% to a®hiFy al ms

taken in co junction the acconpany Bri ef

Descri pt i Oinéfé?erW' 8ftboditent of the preE'eglt ihvehtfoR! OCk diagramof a data
server syst as a data
storage appar at us ac¢gdiigis @ fldw 'dHamr &f ?ﬁéegxecutlon process of
command stored in the execution group are in the data
5 server system according to a third preferred embodiment of
the present invention.
Fig. 18 is a flow chart of the read data output

process in the data server system according' to a third

preferred embodiment of the present invention.

10
Best Mode for Carrying Out the Invention
The preferred embodiments of the present
invention are described below with reference to the
accompanying figures.
16 The data server system as a data storage

apparatus described below receives commands, groups the
received commands according to area on the recording
medium to which the received commands access, stores the
received commands to command group areas in a memory
20 according to the access area of received command, and
executes the stored commands in one of the command
group areas in batches at a predetermined time interval.
This allows movement of a recording head of the data
server to be reduced, and therefore the efficiency of disk

25 access could be improved..



enbodi nent of the present invention. Fig. 2 is a schematic
di agram t he data server system shown in Fig. 1 connected to a

network. 5 - Fig. 3Ais a diagramthat describe | ary
str"ucture of gor%fgoétrzved comand. Fig. 3B |§ca&3§ag§gmthat
descri bes an exenpl ary structure of wite/read data.

Fig..4 is a diagramthat shows the segnmenjation 10 of the recording area
of a magnetic disk used in the data server systemaccording to this
first preferred enbodi nent. Fig. 5is a map of the nenory
space of menory used in the data server systemaccording to this
first preferred enbodi nent. 15 Figs. 6A-6F are diagram
whi ch descri be the sequence i n which received commands are processed
by t he  ddEmbedireentydtem according to this first preferred

enbodi nment . Fig. 7is a flowchart of the main routine of
the 20 data server §y§te"rnisa@c@r'lchgdla@ralrmloi ahi extempbdry rdata
enbodi nment . is a flow chart of the comrand receiving
process of t he S@AY8r Syrstem w@&%lﬁcmptﬁmgnﬁedtassafhasd disk device

§ < -“mccording to a first preferred embodiment of the present
invention. As shown in Fig. 1, this data server system 20
comprises 2 CPU 21, a memory 22, a bus 23, VGA interface

- 24, an input/output (1/0) interface 25, a network interfa;:e
card (NIC) 26, a display 28 such as a CRT monitor, a

10 keyboard 29, mouse 30, and a hard disk drive (HDD) 32.
The CPU 21 runs a program stored, for example,
'in memory 22. The memory 22 temporarily stores both data
“and programs' (applications). The bus 23 carries
information between the various devices connected to each

15 other by way of the bus 23. The display 28 presents both
textual and graphic information to a user after the
‘information to be displayed is processed for display by the
VGA interface 24. A user enters information and commands
"with the keyboard 29, mouse 30, or other data entry means.

20 The data entry means are connected to the bus 23 through
‘11O interface 25.

The hard disk drive 32 typically contains, as a
‘data recording medium, a hard disk or a disk-shaped
medium coated with a magnetically sensitive material for

25 recording information. The hard disk drive 32 is typically



preferred enbodi nent. 25

executi on

dat a server _ _
Figs. 10A-10F are diagrans which describe an

Fig. 9is a row chart of the command

process of the

WOA9684712 according to this first

preferreﬁhejm(sment .

exanpl e of the sequence

i n which received commands are 5 processed in the data server system

according t

is a flow chart of the read data out put
system according to this first

Fig. 12 is
server syst
Figs. 13A-

conmands an

10
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o this first pref erred2enbodi nment .

preferred enbodi nent. 10

Fig .11

process of the data server

process of the data

h d
Sansesed iny the RUGLERY way 5 8 Squap@nsea.tm@r 27

connects to the network 31 via the network interface card
(NIC) 26.

In a data server system 20 thus comprised, the
network interface card 26 and the network 31 provide a
device for communicating with devices external to the data
server system 20. In addition, memory 22 provides é
device for storing a plurality of read and write commands.
A device for detecting from the plurality of commands in
memory 22 those commands that access information from
consecutive storage addresses on disk, and a device for
predicting and adding a read command continuing from the
end of a continuous data stream specified by a read
command, can be achieved in software run by the CPU 21.

Fig. 2 shows an exemplary system in which the
data sérver system shown in Fig. 1 is used. As shown in
Fig. 2, data server systems 20a and 20b are connected to
network 31, to which a system controller 201 and AV
terminals 203 and 204 are also connected. The system
controller 201 manages information stored to data server
systems 20a and 20b. Using AV terminal 203 or 204, a
user records or reproduces audio and visual (AV)
information to and from the data server systems 20a and

20b.

%ggpegl cfe Ica%{ym(}gcio,l,%onq ﬁerb(:‘SPC) 8032?\;2 :roecei ved

3



15 the data server system according to a second preferred
enbodi nent . Fig. 14 is a diagramthat describes the nenory

spage, parti cydbkisri he predicted command storage area, Of popypospdedle MENDIY
in the data server systemaccording to this 20 second pr(é.'f’erre

enbodi nment . Fig. 15 is a diagram that describes the nmenory
spacez particularly the predictive read g¢gigta storage area, of t he
menory in the data server systemaccording to this second preferred
enbodi ment. 25 Fig. 16 is a flow chart of the conmand
recei ving _ 10 process in the
data server system accdralinegord AM Hhfermation,pteéeAMednéabmaitimmtisof t he
present invention. . Fig. 17 is a flow chart of the execution
process of ‘inputotemathe sAM eput tteemdnstuef oArtammira i203hefdfata 5
server system according to a third preferred enbodi nent of t he
present inveneX@mple, and a start recording operation is performed. The

AV terminal 203 obtains address information for an amount

5 “of data that can be recorded to data server systems 20a
and 20b within a predetermined period of time. In this
exemplary embodiment this period of time is 5 seconds.

* The address information is obtained from the systefn
‘controlier 201. The AV terminal 203 then compresses the

10 ‘AV information, and sends the AV information with a write
‘command to the data server systems 20a and 20b. Before
completion of recording this § second equivalent amount of
data, the AV terminal 203 polls the system controller 201 to
‘obtain address information for the next 5 seconds of data,

15  and continues the recording operation. The system
‘controller 201 stores the title and recording area of the
written AV information.

To read information from the data server systems
20a and 20b, the AV terminal 203 polls the system

20 ‘controller 201 for the AV information to be read or
‘reproduced, and obtains from the system controller 201 the
‘address information for an amount of information that can
‘be reproduced in a predetermined period of time (which is §
seconds in this exemplary embodiment). The AV terminal

25 203 then sends a read command to the data server systems



Fig. 18 is a flow chart of the read data output process in the data

server system according to a third preferred enbodi nent of the
present i nv&QPEMT2Z 10 Best Mode for Carrying Qut tierdrey@ssri on

The preferred enbodinents of the present i nvention are described
below with reference to the accogBanyi ng figures. 15 The
data server system as a data storag appar at us descri bed bel ow - .
recei ves conmands, groups the recei ved conmands according to area on
the recor di ng medi umto which the received conmands access, 0stor es

t he &yt o] n as,l Vs

accordi ng to the g’ccess z;gri%p grgﬁgl \(}ggﬁ@wsé‘ég ?‘Sﬁgl qnqgme%?é%ﬁt es the

stored comgndsthénopatphits hﬁnwmégesent HEUPhfY tl'oP| ) recordat a

predeterm ned tine interval I's al 'ows novenen i ng head

sk 25 Hetiss Soula DL | hor e, CporetOANIN AVt ldf G O
successively polls the system controller 201 for the next

5 address information ngeded to continue uninterrupted
reproduction.

It should be noted that one unit of AV information
is distributively stored to two data server systems in this
embodiment. The data server systems 20a and 20b thus

10 operate in parallel, increasing data throughput per unit time.

As also described above, write or read command is sent to
the data server systems 20a and 20b from the AV terminal
203, specifying the disk write or read address.

A command received by the data server system

16 20 is described next below. Commands to a hard disk drive
32 typically include a default setting command, -write

- command, read command, setup command, disk error
handling command, and so on. The write command and the
read command in particular are further described below.

20 A write command comprises a code indicating a
write operation is to be performed, address information
indicating a location on disk, and the data size indicating
the amount of information to be written. The data to be

written then follows the write command.

25 A read command comprises a code indicating a



11 (Enbodi nent 1) | Fig. 1is a block diagram of an

exenpl ary data server systemwhich is inplenented as a hard disk
devj ce 5 -woewdgaeng to a first preferred enbodi nent of rchepprrReent
invention. As shown in Fig. 1, this data server system 20 conpri ses
a CPU 21, a nenory 22, a bus 23, VGA interface 24, an input/out put
(1/Q;interface 25, a network interface15 card (NIC) 26, a display 28
such as a CRT nonitor, a 10 keyboard 29, nouse 30, and a hard disk drive
(HDD) 32. The CPU 21 runs a program stored, for exanple,

R or R I R .
betueen {10 N 4RSS R RSN Hok? 7 e Smtellgh, PRl o 1o,
(0TS, I aBugisgr, A ALAROhSTS s YA SPIK et PARASHORE,
commands ~disk is then returned to the terminal sending the read
5 -command, The same gnique identifier (tag) is appended
both to the read command and the data read in response to
the read command. This tag makes it possible to determine
what data belongs to what read command when a plura!ity
‘of commands are received and processed. This method of
10 ‘associjating data with a command is commonly referred to
as "command queuing" or "tagging" method. The present
embodiment requires an operating environment using such
a tagging method so that a plurality of commands can be
‘consecutively issued.
15 Fig. 3A is a map of an exemplary command
‘structure. In this example a unique identifier is assigned to
‘each command according to the above-noted tagging
method so that a plurality of commands can be issued
‘before processing any single command is completed. As
20 shown in Fig. 3A, a unique identifier 101 is assigned to
gach command. The command includes a code 102
ridentifying whether the command is a read or write
‘command; an address 103 indicating the starting point for

-the read or write operation, and a data size 104 indicating

25 the amount of data transferred by the command. Fig. 3B



w th the keyboard 29, nouse 30, or other data entry nmeans. 20 The data

entry neans are connected to the bus 23 through /O interface 25.

The hard di wR%¥st4%2= 32 typically contains, as a datrCTIIROORET Ng L~
medium a hard di sk or a disk-shaped medi um coated with a
magnetically sensitive material for 2? recording information. The hard
disk drive 32 is typically 6 12 - -
connected to the bus 23 by way of a protocol controller 27 such as a
SCSI Protocol Controller (SPC). The server connects to the network

Server syor OYR inel Gl Eof¥shanding (B %&%?E'% te, C0mMEPY’ 56 ang -
the networky fl% ﬂc}ﬁ’/ﬁﬂ@r%OS is agg}’dsﬁé’dfﬁ{e %%WHWQFU Ql?l;l‘f‘fém tgemé:es

external to server system I n aad on, menory
provides a jgentifid®Vi GF fo?'thd eoinahd! 4hal iRe r%fad/Wté\'a%the Comnds

10 A device for detecting fromthe plurality of command

that is, the data to be written if the command is a write
5 command, or the data‘returned in response to a read

command. |
In order to access the hard disk drive 32, the
data server system 20 as shown in Fig. 1 segments the
recordable area of the disk into a predetermined number of
10 areas. For simplicity in the following description, as shown
in Fig. 4, the recording area of disk 32a of the hard disk
drive 32 is divided into four sections, referred to below as
first section 41, second section 42, third section 43, and
fourth section 44, When the data server system 20
156 receives a command from an AV terminal 203 via the
network 31, it determines which section 41, 42, 43 or 44 is
accessed by the received command, groups the commands
based on the determined section 41, 42, 43 or 44 for the
command, and then stores the received command to
20 corresponding specific areas in memory 22 according to.the
section to be accessed. Commands stored by recording
section group to memory 22 are then executed by group
(memory area). For this purpose, the memory 22 has some
areas for storing received commands corresponding to the

25 sections 41-44 on the hard disk.



menory 22 those comrands that access information from

consecuti ve

st orage addresses on disk, and a device for predi cting and addi ng a
read command weswédeidi Ng fromthe end of a conti nuoucebdstos €am
specified by a read 15 command, can be achieved in software run by the
CPU 21. Fig. 2 shoms an exenplary systemin which the

datga server systemshown in Fig. 1 is usetl. As shown in Fig. 2, data
server systens 20a and 20b are connected to network 31, to which a
system controller 201 and AV 20 termnals 203 and 204 are al so
connected. The system controll er 201 manages information stored to
data server +systEiss 20& an@ezmery meph@rAmanehy ma. 2dgear2bd4, a

user records, or reproduces audio and visual

i nformation

(AV)
to and from tHe Hbﬁfa%ér\lﬁ?a%%/stzérﬂs 39a angorking oafea for storing

13
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ro nformati on, the AV infornmatjion is
predetermmedQ f%rmlatlon relqunlred for ﬁarcP rc??sllt drllve

operations,

Areas 213-216 correspond to sections 41-44 on
hard disk drive 32. More specifically, the area (first group
area) 213 stores a group of received commands that access

the first section 41 on the hard (magnetic) disk 32a; the

“-area (second group area) 214 stores a group of received

commands that access the second section 42; the area
(third group area) 215 stores a group of received commands
that access the third section 43; and the area (fourth group
‘area) 216 stores a group of received commands that access
the fourth section 44.

Each of areas 213-216 is further divided into a
plurality of segments 220-222. Received commands are
'stored in the sequence received to area 222. Area 222 thus
requires an area equivalent to 12 x n bytes where n is the
‘maximum number of commands that can be stored to area
222, and each command is 12 bytes long. Area 220 stores
‘a pointer to the storage position (address) of the last
command written to area 222. Area 221 stores a pointer to
‘the storage position (address) of the last command in area
222 that was processed. |f the same pointers are stored in

‘area 220 and area 221, all commands stored to area 222



input to the AV input termnal of AV terninal 203, for exanple, and a

start recording operation is perforned. The AV term nal 203 obtains

address infovoewdeem for an anount 5 of data that can becrswessed to data,
server systens 20a and 20b within a predeterm ned period of tinme. In
this exenpl ary enbodi nent this period of tinme is 5 seconds. The
address information is obtained from!&he system controller 201.- -~
The AV term nal 203 then conpresses the 10 AV information, and sends the
AV information with a wite command to the data server systens 20a

tZRSuﬁ?b'of B‘;Eave hes PEREEASeEoP it SSBRA L ofnati k. B BRRaTALS S, 2[“ 201
a(r)Id cont ?nf‘}%@n{'ﬁéﬁﬁ"éﬁmg ”Eﬂ:ogbarﬁﬁ{)anﬁ&'? %ﬁté}eé §§C% OBfgght r ol I er

201 stores LhgaGi348 @51%%95},@ BEei BRoBbskBE, or noturitien AV

i nformati on. ornmati on fromthe data server

systenms 20a andgy Wtetcﬂ‘ﬁtd\\éﬁeﬁﬁ rﬁf‘ﬁ'fo?‘%td’ﬂhgstﬁéelrﬁb?hﬁémoﬁo
controller 201 for the AV information be rea r epr oduced,

o S SonslvEs den RN to d0iatipved s a dere o
pr edet er ni nedspepirovidefd tinnmembirghspacd 211. Likewise, a read data
area 218 for storing the data (read data) read from hard
disk drive 32 in response to a received read command is
also provided in memory space 211. In addition, the read
10 data area 218 is further divided into a plurality of segments
224 to 227.

Area 227 stores the read data in the sequence
where the data is read. Area 224 stores a pointer to the
address of the last read data. Area 225 stores a pointer to

15 the address of the read data in area 227 that was output or
transferred last. Area 226 stores the tag information
including a plurality of tags, each of which relates the
command with the data read out by the command. Area 226
thus requires a 2 x n bytes space where n is the number of

20 tags stored, and each tag is 2 bytes. A tag is assigned to
each block of read data stored to area 227 such that, for
example, the first two-byte of tag information indicates
"read data 1," the next 2-byte of tag information indicates

"read data 2," the next 2-byte indicates read data 3, and so

25 forth to read data n. !f one read data block is, for example,



seconds in this exenplary enbodinent). The AV term nal 25 203 then sends
a read command to the data server systens

14 . 20av@bglsoqb, expands the conpressed read infor mddOmeomaser  and
t hen out puts and/or presents the infornmation to the user. As during

the wite operation, the AV term nal 203 successively polls the
systemcontroller 201 for the next 5 48ddress information needed to
continue uninterrupted repr oducti on. It should be
noted that one unit of AV information is distributively stored to two
data server systens in this enbodi rent. The data server systens 20a
and 20b t hus641&B (Gp@r.at@adndpta & 8164 KBr kaRghgateea22fr RGHPES per unit
time. As al so described above, wite or read conmand is sent to

the data se’r’@érxé'j/ﬁ%ms 20a and 20b fromthe AV term nal 203,

speci fying the disk wij,%te or read addr.ess. A co d
rgcei ng gy t he dat a ﬂb?@ras%'i"&'ﬁ“ is received from an AV termmrgln

‘gonnected to the network 31, the data server system groups
5 ‘the received commands according to the area of hard disk
drive 32 accessed by each command as described above,
and temporarily stores the commands to a particular area in
the memory 22 as also noted above. At a predetermined
‘time ("command execution time"), commands stored to
10 +~memory 22 are run in batches of commands all addressing
the same area on hard disk drive 32. By thus batch
executing commands accessing the same disk area, the
distance the hesad travels over the hard disk drive 32 can
be reduced. |
15 Fig. 6 shows the sequence in which received
‘commands are run by a data server system 20 of the
present invention. The received commands are shown in
‘Fig. BA where the commands are indicated as command 1a,
‘43, 1b, 4b, 1c, and so forth. Note that the number of each
20 command shown here indicates the storage section (first to
‘fourth sections) accessed by the command, and the
‘following letier indicates the sequence in which the
‘command for a particular area was received. Therefore, for
example, command "1a" is the first command received for

25 accessing the first section 41, and is stored to the



15 20 i s described next below. Commands to a hard disk drive
typically include a default setting conmand, wite command, r

command, setwmpswsoamand, di sk error

wite command and the read conmand in particular are further

descri bed below. 20
I ndicating a

indicating a | ocation on disk, and the data size indicating t he
anount of information to be witten. The data to be witten then
follows the wite corgmnd.- 25 . A read command conprises a code
i ndi cating £OFresponding group area in the memory. 15 read
operation is to be p s 1nfo ' . | ndicati a

| ocation on di sk, angwrﬁéeﬁgg?gﬁglgégﬁl n%firgcaﬁ? VEY in tm,\é agrég te_nng%

I nformation r.eads:.Ih at r cee o odi | .Sq:LRen ned to
the term nalgrg%‘?cf?i n'Sl ﬁ]‘g'r;%a/g' @Jfgg%ém%g%sﬂéegar??%udnﬁ%dhg irigegt{l I er

A wite conmand conprises a code

32
ead

handl i ng comrandpcrs®essoon. The

wite operation is t#0be performed, address informatien-

(tag) is appegdidns 41-416f Lthd NRargadisRMEYY akdelsie oy fedach I

response to
5

10

command, and are stored to the corresponding areas 213-

216 in the memory 22 (see Figs. 6c-6F). That is,

commands 1a, 1b, 1c... are sequentially stored to the first

group area 213, and commands 4a, 4b, 4c are sequentian'y
stored to the fourth group area 216. Thereafter at each

command execution time, one of areas 213-216 in the

. memory 22 is selected, and all unexecuted commands

15

stored to the selected area are executed (see Fig. 6B).
Various methods can be used for selecting the
group area from which to read the commands to run. For
example, the area with the most commands waiting to be
executed could be selected; the areas could be selected in

a predetermined sequence; or the area could be selected,

-which correspondes to the disk section outside of the disk

20

25

section having commands being processed immediately
before. In the example shown in Fig. 6, the group area
containing the most unprocessed commands at each
command execution time T1, T2, and so forth is selected
and the commands are run. In this way, all commands
accessing a particular disk section that have been received

but not executed at a particular command execution time

tw



the read command. This tag nmekes it possible to determ ne what data

bel ongs to what read command when a plurality of commands are

recei ved andwyegegsed. This nethod of 10  associ ating derapodbishy a
cdrmand is commonly referred to as "command queui ng" or "taggi ng"

met hod. The present enbodi nent requires an operating environment
usi_ng such a tagging nethod so thatt a plurality of commands can be
consecutively issued. 15 Fig. 3Ais a map of an exenplary
comand structure. In this exanple a unique identifier is assigned to

each command according tqQ the above-noted tag%i ng . met hod so that a
plurality of afenPEReRSead. bd higsirduces hegdf Hayvelr tralypdgfanyeadgl e

255l gned to SOMMAGHS, SBFRISDY MR CRARBAMS HAURP S code 102
dent 11109 vhether e B o, Kl s9rvaF ifatem A SPPEINY
operation: a9 Mt pRefarge BhbBdLREHE AfchBEa BN b8loW it
5 reference to the accompgnying flow charts. Fig. 7 is a flow
chart of the main process of the data server system. This
main process can be achieved by the CPU 21 of the data
server system's running a specific application program. As
shown in Fig. 7, the data server system 20 repeatedly
10 performs a command receiving process (S1), a command
execution process (82), and a read-out data output process
(S3).

The command receiving process S$1 groups the

received commands based on the disk section accessed by
15 the commands, and then stores the commands as described
above.

The command execution process (S2) runs all
commands accessing the same disk section that have still
not been run at a particular command execution time. The

20 read-out data output process (S3) outputs or transfers the
data read in response to a particular read command to the
terminal from which the command was received, It should
be noted that this main process can be terminated by -

applying a specific interrupt signal. These processes are

25 described in further detail.below.
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i dentifier

101 for thewoaMeemzl, and the read/wite data 106,
to be witten if the command is a wite 5 conmand, or the data returned

shows the data corresponding to a read/wite conmand.

The
105 is assigned the sane value witten to the i dentifier

tCWIPPE2597he dat a

In response to a read conmmand. In order to access the
hard di sk drive 32, the data ser®®r system 20 as shown in Fig. 1 - -
segnents the recordabl e area of the disk into a predeterm ned nunber

of 10 areas. For sinplicity in the follow ng description, as sh

in Fig. 4, the recorgjNg ghgas0f) o Sk ao?ftrf%\%:é;@rngaﬂhsF?Icreg\(i"£

is divided into four sections, referred to be

second sectydeds (g4y.d $RF gﬂ'brée]é;ss adrts by JQfCFFnh'irﬁ?l(‘gtair\]rﬂi%Mer

t he .data server system 20 1

via the

elves a command from ter

thereetadv® lardl rddeidelderdB matands cNs 44§t i

o)
accessed by the received command, groups the comrands based

det ermi ned cemimand4tecéNing3 prioctsd deriifates.

the recei ved conmmand to

5

10

15

20

25

the address information is obtained from the received
command (S12). The disk section 41, 42, 43 or 44
accessed by the received command is then determined
based on this address information, and the command is
then stored to the group area 213, 214, 215 or 216
corresponding to the accessed disk section 41, 42, 43 or 44.

Concretely, after reading the address information,
the data server system 20 determines whether or not the
accessed address is belong to the first disk section 41
(S13). When the address is beiong to the disk section 41,
the received command is stored to first group area 213 of
memory 22, that is, area of memory 22 corresponding to
first disk section 41 (S17). The first group area 213 can
store a plurality of commands as described above. In the
case that the received command is a write command, write
data is also received. In this case the write data is stored
to write data area 217 in memory 22 together with the
command tag. A first timer is then started after the
received command is stored. This first timer is used for
measuring "a process delay time", that is, the period from

when the command accessing first disk section 41 is first

own
rive 3

2

ction 41,

When
m nal

on t he

203

WiHdn Adt, 4her 44 is
PeNEANEh e pEdatlen Stor es

TN

it
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pondi ng specific areas in nmenory 22 according to the

be accessed. Conmands stored by recording section group
2 wo s/évkmen execut ed by group (menory ar eapcrabsiozishi s
e nmenory 22 has sone areas for storing received commnds

ng to the 25 sections 41-44 on the hard di sk.
Fig. 5is a nmenory 28p for nenory 22. Area 212

e 211 is a working area for storing predeterm' ned

required for hard disk drive oper ati ons

in

Ilggcﬁ)e&;; 'E@Pdtheeg ‘%S'?eg‘f"lé;'[']é?o@ﬁe e?(ecuépga) % Bﬁés 'Iévgrgﬁp of

tion,41. 0on th

(FRRE 3%, oREFERSs aqnuinBhstkShedol I muatd LB O 3 o oup

o P PSP 5 ABER0H 55 ahadeind i o=

disk section 41 is run, that is, the timer is not reset every
‘time a command accessing first disk section 41 is stored,
When the address is not belong to the first disk
section 41, the data server system 20 determines whether
the received command accesses the second disk section 42
(§14). When it does, the received command is stored to
second group area 214, that is, the area in memory 22
corresponding to second disk section 42 (S18), and a
second timer is started. This second timer operates in the
same manner as the above-noted first timer, that is, it
operates continuously once it is started until at least one of
the unprocessed commands for accessing second disk

section 42 is run, that is, the timer is not reset every time a

further command accessing second disk section 42 is stored.

When the received command does not access the
first and second disk section, it is determined whether the
received command accesses the third disk section 43 (S15).
-When it does, the received command is stored to third
‘group area 215 of memory 22, which corresponds to the
third disk section 43 (S19), and a third timer is started.
This third timer also operates in the same manner as the

first and second timers.



that access the third section 43; and the area (fourth group area)
216 stores a group of received commands that access the fourth
section 44. WO 9960472 Each of areas 213-216 is furthecrdpesiozesyl i nto a.
plurality of segnents 220-222. Received commands are stored in the
sequence received to area 222. Area 222 éhus requires an area
equivalent to 12 x n bytes where n is th

that can be stored to area 20 222, and each conmand is 12 bytes |ong.

Area 220 stores a pointer to the storage position (address) of t he
| ast command W ; 1 r 1
the storage position Y‘glﬁj%ﬁetg@) %Fa'ﬁgeal%osﬁﬁﬁ@%%amﬁggg ﬁ%taaé?@ééléet 22 t hat

vas processefrst, ddi f@MCaRdl thifs aisk SEeetfbnd, #°is Qi’eﬂ%r?rﬁ?tef&‘d area

221, all commands stored to area
18 hﬁhetheﬁntmoseeeaaﬂb@rcemﬁuhad aJ@étéses the fsupP@ssapdie to

determ ne whether all conmmands stored to each of the areas 213 to 216

have been prggetdsad44o(Snél). When it does, the received command is
5 stored to fourth group area 216 of memory 22, which
corresponds to the fcu.;rth disk section 44 (S20), and a
fourth timer is started. This fourth timer also operates in

the same manner as the above mentioned timers.
When the address is not belong to any of these
10 disk sections 41-44, it is stored to a different area in the

memory 22 (S21) and.run. These commands are neither

b

read nor write commands, and are processed with priority.
Fig. 9 is a flow chart of the command execution
process (S2).

15 : First, it is determined whether there is a
command to be processed with priority (S31). When there
is, the command is processed (S40), and then the command
execution process ends.

When there. is not the priority command, it is

20 determined whether a process time reaches the command
execution time (832). The command execution time is
obtained from the predetermined reference time. When the
process time does not reach the command execution time,
the command execution process (S2) ends. When the

25 process time reaches the command execution time, the next

maxi rum nunber of comrands.-



A wite data area 217 for storing the information 5 (wite data)
corresponding to a received wite command is al so provided in nenory

space 211. Lipkeidiepdz a read data area 218 for storipgribRnsies a (read
ddta)” read from hard .disk drive 32 in response to a received read

command i s al so provided in nenory space 211. In addition, the read
10 . data area 218 is further divided i2bo a plurality of segnent s

224 to 227. Area 227 stores the read data in the sequence
where the data is read. Area 224 stores a pointer to t he addr ess of

the last read data. Area 225 stores_.a pointer to t he address of t he
read data i nCRMAansl; exequtipa t(Mli‘tepu§ t (S33). tr-'é"r‘l'ssf &exdgcpgupandy ea 226

t the t f t . | udj it f ot h of

whi ch rel at o8 '”t°r“€'%ad apldinas." %a?a%dééﬁgzﬁh%y CABRBAMNd. Area
226 t hus requires ﬁ >§ es s ce wher e i s the ntunber of 20
tags stored, XS LR R%fdo gngesg‘ a?gO'T'g‘ad%% ed??e‘b“tt'Bn each bl ock

f read d d f
Cvo- byte of tag i nf or nileoaorirpRg: BebEtion Heriga (T TBtGANES ' 5%, o
of " tag '@for%téd&”béadl’uﬁi‘ﬁéﬁ below. "'fﬁé‘dcgﬁatrﬁaﬁd"ekgﬁu?ﬁiﬂ perf¥licd ndi cates

read data 3
limited by the processing capacity of the data server -

system. The processing capacity of the data server system
‘depends, for example, on the data compression method
used. By using a command execution period, this data

10 server system according to this preferred embodiment
produces a delay between command receipt and execution.
"l’hefefore, the command execution period is preferably set
as long as this delay allows, and can be determined by the
following equation, for example;

15 command execution period = (allowable delay -
command processing time) / number of disk sections (1)
where the allowable delay is the maximum delay between
when a command is received and when it is processed; the
command processing time is the time required between

20 when a read command is sent and when the read data is
‘output. For example, if a delay of up to 1 sec (second) is
‘aflowed before command processing with four disk_sections,
the command execution period is approximately 250 msesc.

After step S33, it is determined whether there are

25 unprocessed commands that have been waiting for more



25 forth to read data n. If one read data block is, for exanple,

19

64 x n KB. WO099/60472

64 KB (e.g., read data 1 is 64 KB long), area 227 requires
When a command is received frompervspdfodser mi nal

connected to the network 31, the data server systemgroups 5 t he
recei ved conmmands according to the area of hard disk drive 32

accessed by each command as descri bed gﬁove,
the commands to a particular area in
At a pr edet er m ned
stored to

above.

server

uce

system 20 of

10

15

20

25

When there are unprocessed commands that have
been waiting for longer than this predetermined period, the
group area storing those unprocessed commands is
selected as the "execution area" (S41). The timer for the
selected group area is then stopped (S42), and commands
in the selected execution area are processed (S39). This
prevents command processing from being delayed longer
than a predetermined period after the command is received.

When there not any commands that have not been
processed for more than the specific period, each of the
group areas 213 to 216 in memory 22 is checked for any
unprocessed commands (S35). When there are no
unprocessed commands, the command execution process
S2 ends. When there are, the group area containing the
most unprocessed commands is determined (S386), and then
it is determined whether there are two or more group areas
containing the most unprocessed commands (S37). When
there is only one memory containing the most number of
unprocessed commands, this group area is selected as the
execution area (S38).

When there is more than one group area with this

most number of unprocessed commands, out of those areas

and tenporarily stores
the nenory 22 as al so noted
time ("command execution ti ma") conmmands

the same ar & sngﬁgp%f%ﬁ{rﬁ?w%@%b@‘é?‘ﬁﬁs°t5f58ﬁgﬁ3g?e lnddibig "
comands acg }‘Hﬁnﬁ gghgl-s{‘h@rﬁ?o%ggg ela f’i'rriéaﬂﬁeeaé leet}j"legg_travel s

over the har |sk
shows the sequenFs tc{‘f%kﬂhtfrﬁﬁ%%@%eeds {HiQEFOERI TR ik, by a dat'a



-present invention. The received commands are shown in Fig. 6A where
the commands are indicated as conmand 1a, 4a, 1b, 4b, 1lc, and so
forth. Note tWhpdoshdre nunber of each 20  command shown heegspdfispt es the
st’ordge section (first to fourth sections) accessed by the command,
and the following letter indicates the sequence in which the
command for a particular area was receR¥ed. Therefore, for exanpl e,
command "1a" is the first command received for 25 accessing the first
section 41, and 1is stored to the

commnds ar g{' '&%glﬁgg'ﬁq{ ﬁﬁggare r?i?(r,éstth'% r(r’?% i9n thg. hapd ‘?iﬁéﬁl\/\h:pe
250111 08 AR Tk Syat-apR DR B LR 20 e
gé%}ands 1a%%bler)(ftm'g§p§rrégéﬁsﬁ?’ﬁzl ::Il"g"st%redé3 '3% tmee hs&%\’a area
storing the most unprocessed commands is selected as the
5 sXecution area at a particular command execution time.

Once the execﬁtion area has been selected, the
commands stored therein are executed (S39). In the
execution of the write command, the write data stored to
the write data area 217 is written to the hard disk drive 32.

10 in the execution of the read command, the data read from
hard disk drive 32 is stored to the read data area 218 of
memory 22, and a tag relating the read data with the read
command requesting that data is assigned and also stored.

The command execution process of this preferred

16 embodiment thus processes with priority those commands
stored in the group area of memory 22 storing the most
unprocessed commands at any particular command
axecution time. The process delay time is also
simultaneously counted by the timer so that command

20 processing is not delayed more than a predetermined time
after the command is received. It should be noted that
while an execution area is designated at each command
execution time and the commands stored to that group area
are then processed, it is alternatively possible to

25 sequentially select group. areas without waiting for a



group area 213, and commands 4a, 4b, 4c are sequentially stored to
the fourth group area 216. Thereafter at each 10 command execution tine,

one of area¥WOP¥§0426 in the " menory 22 is sel ected, RETIPHMRSNNexecuted,
comands stored to the selected area are executed (see Fig. 6B)

Vari ous nethods can be used for selectigg t he group area from which

to read the conmands to run. For 15 anple, the area with the nost - -

comands waiting to be execut ed coul d be sel ected; the areas could be

selected in a predeterm ned sequence; or the area could be sel ected,

whi ch Co”emﬁnﬁr{&fc@rﬁhaﬁ?&téﬁhwwﬂ%ﬂd 8% (4 ; nlntth?sec“on

havi ng comrends bei ng processed | mredi at e bef or e. he exanpl e

shown in Fi gcade tHe n@Qugréiifaarea is §6NéSed Hhd S MRPAnHBPE e ed
conmands at each conmand execution tine T1, T2, and so forth is

selected  theraid ahe ppovesdedanehénnprot8sking v8YnmahldsC ARTRHE
accessing a particular disk section that have been received 25 but not
executed at groaptared &s coonpbeiedxecution tine
5 Fig. 10 shows one example of group area
selection and comman& processing by means of a data
server system described above. As shown in the figure,
commands in the group area containing the most
unprocessed commands are processed at each command
10 execution time. At time T5, commands 4a to 4d for the
fourth disk section 44 are processed. This is to ensure that
the delay to processing command 4a does not exceed the
predetermined process delay time.
Fig. 11 is a flow chart of the read data output
15 process (S3) in this exemplary embodiment.

This process starts by determining whether there
is any data read due to a read command stored in the read
data area 218 of memory 22 (S51). When not, this process
ends. When there is, the data is tagged as described

20 above, and is then output to the requesting terminal (S$52).
The process then ends.

A data server system according to the related art

as described above attempts to improve data throughput by
- receiving and storing a plurality of commands and

25 processing the commands based on the convenience of the



21 are processed. This reduces head travel involved for read

commands, and thereby increases data throughput. The

oper ati on of wip sébabsrzser ver system accordi ng to this perabfsesd

enbodi ment is described next belowwith 5 reference to the acconpanying
flow charts. Fig. 7 is a flow chart of the main process of the data
server system This mai n process2®n be achi eved by the CPU 21 of the
data server systems running a specific application program As

shown in Fig. 7, the data server system 20 repeatedly 10 perfornms a
command recei vin rocess (S1), a command execution process (S2), and
a read- out dﬁ?ﬂ“gl!l&pﬂlea& pesilion. The ¢gta server system aggardidithand

recei ving process S1 groups the,, recei ved commands, based on the disk
section accdBsdRerPressnt FRveRtinindBoWRP nERBIMBRES the SIRRAARIS as

descri bed . . Th d ' S2
funs a1 area Bt st rage nagivmo AR SERIK Sucrann e R R ot 11

ot e Tk BaHAL, A EBTRRRCF X £ plr iy Abnongnc ou
5 groups the pluraiity of received commands according to the
disk section accessed by the command, and consecutively -
processes commands associated with a particular disk
section at predetermined time intervals. The read/write
Head to the storage medium thus travels less compared with

10 the control method for a conventional data server system,

and data throughput can be improved accordingly.

(Embodiment 2)
The command execution process in the first
15 embodiment (see Fig. 9) selects the group area containing
the most unprocessed commands at a particular command
execution time as the execution area. The command
gxecution process of this second embodiment, however,
processes commands from the first to fourth group areas in
20 simple sequential order, that is, first group area, second
group area, third group area, fourth group area, then first
group area, and so forth,
Fig. 12 shows a flow chart of command execution
process of this second smbodiment. As shown this figure,

25 it is first determined whether there is a command to be



data read in response to a particular read conmand to the term nal

fromwhi ch the conmand was received. It should be noted that this

mai N processweassdz t er m nated by - appl yi ng a speci f pcTiovrsdszoupt
signal . These processes are 25 described in further detail bel ow.

22 Fig. 8is aflowc t of .the command receiving

process (S1). This process starts by erm ni ng whet her there are. .
any received commands (S11). Wen not, the comand recei ving process

termnates. Wen there are, 5 the address information is obtainedfrom
the received n e g S

accessed b es’rseec%% g%‘%”?ra d(SSIHhegﬂﬁgpeﬁ%r’eo Zﬁl‘e éémrﬁ% on th| S
addr ess i nf; CYHER S h tcrb% roup area
213, 214, é%S I)lc'g%ge%ng§é..§!)drresponcﬁ n%o?'nén? g ?g(ce;élglggﬂdl Sl? sec% on 41,

42, 43 or 4ngs. Concretely, after reading the address
I nformati on, the data server system 20 determ nes whether or not the

When there is not a priority command to process,
5 it is determined whether the process time reaches a
command execution time (S62). When the process time
does not reach the command execution time, the process
ends. When the process time reaches the command
execution time, the next command execution time is set

10  (S63).

A value indicative of the previous execution area
is then stored as a current area counter (S64). A next area
counter is then set by adding 1 to the current area counter
(S65). Note that when the value for the next area coﬁnter

15 exceeds the highest counter value (4, which is number of
sections on the disk, in the example shown in Fig. 3), the
next area counter is reset to 1. It is then determined
whether all group areas 213-216 are checked (S66). When
commands in all group areas 213-216 have been checked,

20 this command execution process ends. When not, it is
determined whether there are any unprocessed commands
in the area specified by the next area counter (S67). When
there ére no unprocessed commands, control loops back to
step S65 and the next area counter is incremented as

25 above. When there are unprocessed commands in the area



accessed address is belong to the first disk section 41
the address is belong to the disk section 41, 15 t he
stored to finedosoapp area 213 of menory 22, that
22 ‘corresponding to first disk section 41 (S17).

213 can store a plurality of conmands as descri be
case that the received command is a wdie command, wit

(S13). Wen
recei ved command is
| pCTRPRA2HT NENOIY

The first group area
d above. In the
e 20 data is al so

recei ved. |

t hen started aft

is used forS
from 25

flrst tinmer
one of the

10

15

20

25

n this case the wite data is stored to wite data area
217 in menory 22 together with the command tag. A first ti

nmer is

received co nd i s _stored. ThISfII‘St timer

fléqeBl e st B sbc coURL semaarifan (88 Brganer i od

%’8? SRRy TRECIDATER B00H e Pofipdh SFRE " hat this

oper at es o go%'e%u?gé'ya%‘cseeweﬂ §5§§é‘ﬁ\t 84 cPhing Ho the
unprocessed conmmands accessin ITst
first embodiment, the data server system according to this
preferred embodiment reduces the amount of head travel
compared with the data server system according to the

related art, and thereby improves data throughput.

| east

it shouid be noted that if the number of

commands grouped in a particular group area exceeds the
number of commands that can be processed within a single
command execution period, remaining commands. in that
same group area can be prioritized for processing in the
next command execution period. As a result, AV
information that is stored continuously to a particutar disk
section and is frequently accessed can be read and
reproduced without interruption .by prioritizing reading from

that disk section.

(Embodiment 3)

A data server system according to this preferred
embodiment groups received commands according to the
section of the hard disk drive accessed by the command,
stores the commands to memory 22 by command group, and
processes commands stored to the same area in memory 22

at each command execution time interval. This is the same



di sk section 41 is run, that is, the tinmer is not reset every 5 tinme a

command accessing first disk section 41 is stored When t he
address is NQ99%@7»ng to the first disk section 41,peMrosimssE server
system 20 det erm nes whet her the received conmand accesses the second
di sk section 42 (S 14). Wen it goes, t he received command is stored
to 10 second group area 214, that P , the area in nmenory 22 -
correspondi ng to second di sk section 42 (S18), and a second timer is
started. This second tiner operates in the sanme manner as the

above- not eggf iiﬁSttrﬁei %oVEhﬂré‘tS’aﬁ& secon@p%rrﬁﬁsgiﬁ\%tisnuﬁ’fjstﬂeOnce it is
started until at |least one of 15 t he unprocesse conmands ToOr accessing
second digkention. Section 42 is run, that is, the timer is not reset every

time a further conmmand accessing second di sk section 42 is stored.

Wen the received coBmAG ey, MMéwavesssat fiata servdr Sy stedn segond di sk
section, it is determ ned whether the 50 recei ved command accesses the

third di skttsiecteindboddmedtSpredicts whab contnasnd twHl ribecrgedivednand i s
stored to third group area 215 of menory 22, which corresponds to the
t hi rd &i sknegtt ibasdd8 (8h9) thendcantiguityti ofr seqstentiabl. accessThis third
timer also operates in the sane nanner as the 25 first and second
timers. addresses in the case that: a plurality of consecutively
received commands are read commands; the commands
indicate sequential access addresses; and the number of
received commands does not exceed the number of
10 commands that can be processed within a single command
execution period. The predicted commands are then
processed consecutively to the received commands. This
method is particulariy effective when the data to be
processed is AV information, that is, when there is a large
16 amount of time-dependent information to be processed,
because head travel over the hard disk can be minimized
and the time consumed by wasted movement can be
reduced.
The following description will be done in the case
20 that up to five commands can be processed within a single
command execution period, and these commands are
received in the sequence 1a, 4a, 1b, 4b ..., as shown in Fig.
13A. In addition, these commands access sequential

addresses, i.e., indicate sequential access. As described

25 above, the received commands are grouped by the disk



24

Wien the recei ved conmand does not access the

first, -second, and third disk sections, it is determ ned whet her the

recei ved comwmowsearzesses the fourth disk

secti on 44ctSidpse¥\hen it

ddes,” the received command is 5 stored to fourth group area 216 of

menory 22, which

address is not belong to any of these 10 di sk sections 41-44, it

stored to a different area,in the

corresponds to the fourth disk section 44 (S20), and
a B fourth timer is started. This Bdurth tiner also operates in

the same manner as the above nmentioned timers. When t he

S

These

d .
conmmands ar éeﬁé’qrheqccessedr eaofbd n tr"r\?/l’ji p&egﬁ%ﬁ@&%ﬁ f{nlpé’pz);{%c&sed wth

priority.

process (S2).

I TSt,

command to be processgdiyg tdb Rid4Hd te\&e(cﬁl?tjr%n t\{W\_ee”THh,erc%mmands 1a,

10

15

20

25

1b and 1c are stored to the first group area 213 in the
memory 22, and are therefore processsed. Becaqse up to
five commands can be ‘processed in a single command
execution period, however, it can afford to execute more
commands in this period. The next two commands to be
processed are therefore predicted and processed.

More specifically, commands 4a, 1b and 1c¢
access sequential addresses, and it is logical to predict
that commands 1d and 1e are to follow the command 1c.
As a result, predicted commands 1d and 1e are processsd
following the three actually received commands t1a, 1b and
1c.

The data read based on a predicted command is
stored to a specific area in the memory 22, and is output to
the external device or the computer that sent the data
request when the command wmatching the predicted
command is actually received. When a command matching
the predicted command is not received within a
predetermined period of time, the data read for the
predicted command is abandoned.

At time T2' in Fig. 13, the commands stored for

fourth group area 216 are processed. In this case, however,

. . Fi ' ow chart of the conmand execution
sPecl'g'c area in'tHs ﬁeﬂn%r?iééi s determ ned whether there

is a



i's, the command is processed (S40), and then the command execution

process ends. When there is not the priority command, it is
20 . det er mWReNep#at her a process tine reaches the conmanECT/AP2sEXECUtiQn.
time (S32). The conmand execution tine is obtained fromthe '
predeterm ned reference tine. Wen thg process tinme does not reach

t he command execution tine, t he éom"rand execution process (S2) ends. -
When the 25 process tinme reaches the conmand execution tinme, the next

25 command execution time is set (S33). This next conmmand

executi on {4 iateobhl Refi il A8 481 CATIHEr the foBXBFWidpPEri 00 to

the present conmand execution tine. executi on

period (tigped n2136ya|'l)hiis5elqﬁlalsd%@ﬁllé%'nf&fht R8mIBEr WY cUif nd

execution period is imted by the processing capacity of the data

server thattHrebe Prodysyedswithifapasinylefcd Men datiaexeic@iogyst em
depends, for exanple, on the data conpressi on nethod
period. There is no remaining processing capacity in that
5 command execution -period, and command prediction is
therefore skipped. |
In other words, a data server system according to
this preferred embodiment detects whether sequential
access continues for a predetermined period, or more
10 specifically detects whether the information specified by a
plurality of commands resides at seque'ntial addresses on
the disk. When sequential access is thus detected to
continue, the data is confirmed to be sequential access
data. The command accessing the next data block stored
15 contiguously to the end of the last sequentially accessed
block is then predicted, and the predicted command is
processed. This is possible because the data is accessed
sequentially. The data read sequentially by the predicted
command is then stored to the memory 22, and is passed to
20 the requesting terminal when the matching command is
actually received.
By thus performing a task before actually
requested, sequentially accessed data can be processed

and transmitted with greater effective throughput. This is

25 particularly advantageous when handiing AV infarmation.



used. By using a command execution period, this data 10 server system

according to this preferred enbodi nent produces a del ay between
conmmand receiwo ssgm7execut i on. Therefore, the commang~gxssissOn
petriod is preferably set * as long as this delay allows, a d can be
determ ned by the foll ow ng equation, for exanple; 15 command
exegution period = (allowable delagh - command processing tine) /
nunber of disk sections (D) where the all owable delay is the
maxi num del ay bet ween when a command is received and when it is

processed; the command processing tine is the tine required between
20  when aTr}é%*d‘%orPrVaﬁ@”i"H‘%'é‘r& tanteadeAVt hefaramatigm goindinuousiyut put .

o XDl e gL br e S giia 7852 Betiann aenamhoromklst O1c

per 100 1 RAPHAF A8 h P Site trpuatas s b SRR e

waiting for more Figs. 14 and 15 show a memory map f0|26memory

5 22 in a data server sy;tem according to this preferred
embodiment. As shown in these figures, memory space
211" is substantially identical to the memory space 211
shown in Fig. 5, additionally comprising an area 230 for
storing predicted commands, and an area 231 for storing

10 data read according to the predicted commands.

The predicted command area 230 is further
segmented into a plurality of areas 233-235. The area 235
stores the predicted commands. The area 233 stores a
pointer to the address of the last command written to the

15 predicted command area 235. The area 234 stores a
pointer to the address of the command processed last in the
predicted command area 235. It is therefore possible to
determine whether a particular command has been
processed by referencing these pointers.

20 As shown in Fig. 15, the predictive read data
area 231 is further segmented into a plurality of areas 231a,
231b and so on. Each area corresponds to a single
predicted command. It is necessary to provide an area
231a, 231b,... in the predictive read data area 231 for

25 storing data for each of the predicted commands because



than a predeterm ned period (S34). This is determ ned by determ ni ng
whet her the process delay tinme neasured by the first to fourth tinmers
exceeds thi 1968472 c peri od. When t here arcx/ragu2esmessed
commands that have 5 been waiting for |longer than this predeterm ned
period, the group. area storin those wunprocessed comuands is
sel ected as the "execution area" (S41$5 The tinmer for the selected- .
group area is then stopped (S42), and commands in the sel ected
execution area are processed (S39). This 10 prevents command processing

from bel ngy g} ety |qUIdehy the pfdW{iibP'id5! ALY BEloBEsLPd A ter the

comand i s receiv e not any cofma hat have

not been therefdr8CARBES0ESbIBOEE &Hﬁergﬂgcﬁgﬁ &CpP&iidivecdata of the

group areas 213 to 216 in nenory 22 1S r any 1 unprocessed

commands  (§8Sut, aWeenit therenedéSsafp to manBpRCEHHAd CoWBds. the
command execution process S2 ends. When there are, the group area

cont ai ni ngséparately fovosachpredpsterticonmfands i s deternined (S36), and
t hen it is determ ned whether there are two or nore group areas 20

cont aisi ng t he nost Bayr afeHsed luvaicarday I8H)a, Bdrb,... is furetheris only
one nenory containing the nost nunber of
segmented into a plurality of areas 237-241.

The area 241 is for storing the data read based
on a predicted command. The area 237 stores a pointer to
the address of the data read last in response to a predicted

10 'connnand. The area 238 stores a pointer to the address of
the last-output data which is obtained by the prediction.
The area 239 stores the tag as described above. The area
240 stores a flag indicating state of predicted data.
The operation of a data server system according
16 to this preferred embodiment is described. Note that the
main loop routine of this preferred embodiment is the same
as that shown in Fig. 7. The individual routines within this
main loop are therefore described below.

Fig. 16 is a flow chart of the command receiving

20 process in the data server system according to this
preferred embodiment. This command receiving process
differs from that in Fig. 8 in that additional steps S11a and
S11b are inserted between steps S11 and S12 in Fig. 8.
More specifically, after detecting a received command in

25 step S11, it is determined whether the received command



unprocessed
area (S38).

25 __ nost nunereseé47zinpr ocessed conmands,

commands, this group area is selected as the execution

When there is nore than one group area

with this

out of those arepgr/pogirse?

he

277 the disk section that is closest in distance on the hard disk
drive 32 to the last-processed disk section is selected as t
exegut:ion area (S43). As a result, t hé7gr oup area storing t

unprocessed

conmand execution tine.

sel ected, t

data area 2
of the read
to the read
data with t

10

15

20

25

he nost

commands is selected as the 5 execution area at a particular

Once the execution area has been

Hetenag; BoPLBHIGE ematd ol8afals WRAR o 8539 ne"w e

executi on of

HAfellye | Famiehr 185 )€1 Rrfo " Ba G (51300, i BB EE°CH or o

rﬁ%a%r ehdsl® When the rE¥Bi¥d2Comdnd §89s" §bth A%k

a ‘predicted command, the process advances to step S12.
All other steps are same as shown in Fig. 8.
The command execution process according to this

preferred embodiment is described next. This command

he read

execution process is substantially identical to that shown in

Fig. 9, differing in the method performed as step S39 to
process commands in the execution area. This method of

processing commands according to this preferred

embodiment is described further below with reference to Fig.

17.

First, it is determined whether capacity is
available to process additional commands (891). That is,
the number of commands that can be processed within a
single command execution period is determined in advance
based on the capacity of the disk drive, -and when the
number of commands stored in the group area selected as
the execution area is less than this number of processable
commands, the capacity is decided to be available.

When there is not capacity available, the
proced'ure advances to step S95. When there is capacity
available, it is decided whether the command to be

processed is a read command (S92). When it is, it is



command requesting that data is assigned and al so stored.
The command execution process of this preferred 15 enbodi nent thus
processes WW$P473rity t hose commands stored in thecroveessr ea of

menory 22 storing the nost unprocessed conmmands at any particul ar’

command execution tine. The,process delay tinme is also

si mul taneously counted by the tiner 588t hat conmand 20 processing i s not
del ayed nore than a predeterm ned tine after the conmand is received.
It should be noted that whil e an execution area is designated at each

comrand deteﬁ%‘?ﬁé’gi OWlhtteitHErarWllet h%o?ﬂw Sihﬁﬁﬁ’leé Otstoeh:fﬂz%ﬂfig't'p area

are then processe I's alternat ' poSS|
sequenti al hrce88l £SH3Y! OWPeteAntiratibANBtisqibhtial 488e8s is done

28 predet er mi ned conmand execution period to elapse. In this
case the ngstfgdiowp.area i s sel ected and commands stored therein are
processed when processi ng conmands in one group area is conpl eted.

As shown in Fig. 3A, each command contains

5 both an address 103 and data size 104 (data transfer size).
For example, when commands 1a and 1b are consecutive,
the following relationship exists;

address specified by command 1a + data size of command
1a

10 = address specified by command 1b (2).

The equation (2) makes it possible to decide
whether commands are consecutive (sequential) or not.
Likewise, whether commands 1c and 1b are consecutive can
be determined based on the following equation;

15 address specified by command 1c = address specified by
command 1b + data size of command 1b  (3).

it is therefore possible by applying the above
equations to predict the start address of the data addressed
by the next command in sequence.

20 When the commands to be processed do not
access sequential addresses, the process skips forward to
step $95. When the commands are sequential, the
command to be processed after the received command to be
processed last is predicted and issued (S94). Note that

25 predicted commands are sequential to received commands.



5 Fig. 10 shows one exanple of group area sel ection

and conimand processing by neans of a data server system descri bed
above. As shwomsoarz he figure, commands in the gpeifroygsea
cohtaining the nost unprocessed commands are processed at each
command 10 execution tinme. At tine T5, commands 4a to 4d for the

fourth di sk section 44 are processed. Bfs is to ensure that t he

del ay to processing command 4a does not exceed the pr edet er m ned
process deI ay tine. Fig. 11 is a flow chart of the read data

t t t hi [, d' t. Thi
glrjoggss starl éo?ﬁéféﬁﬁi rflﬁr‘]@"bﬁ{l Sé‘ﬂﬁ %?Hg éfémg g‘:gaﬁ? edicted due tolz
d dat 218 of 22 (S51
When ot o pEmHEid and'fs 888 hen". \ Ct R 810% 18 Nl Gara Ts tagged as

described 20 abovey | aggnirsah RSP thi!s o Sctdlf éf&l@ﬁ@g;ggég al (852).

The process then ends ta server ng to the

Ll oy g BBEAISO 188800 1y G o R e BrLL Y
thé comgandsafaged phelittedobyAthaREs PbstbE (S96). When there are
predicted commands, those commands are processed (S97).
Commands processed in steps S95 and S97 result in data
being read from hard disk drive 32 and stored to a specific
area in memory 22. Data read from hard disk drive 32 into

10 memory 22 is then output to the requesting terminal in the
read data output process shown below.

Fig. 18 shows a flow chart of an exemplary read
data output process according to this preferred esmbodiment.
The first step is to determine whether there is

15 any data read from the memory 22 in response to the
received read command (S101). When not, the procedure
advances to step 8.103. When there is, a tag is added to
the read data and the tagged read data is output to the
requesting terminal (S102).

20 Then it is determined whether there is any
predictively read data in predictive read data area 231, and
whether there is a predicted command with the predicted
command flag of "off" (S103). By thus checking the
predictive data flag, predictively read data is only output

25 after a read command is received matching the predicted



29 i magneti c head position. The data server system according

the present invention, however, segnents the storage area of the
st orage nmedWM9(6847hard di sk or magnetic disk in t hi BcBXOSRED Y
enbodi ment) into a plurality of sections, 5 groups the plurality of
recei ved commands according to the di sk section accessed by the

to

command, and consecutively procégses commands associated with a
particul ar di sk section at predetermned tine intervals. The
read/ wite head to the storage nediumthus travels | ess conpared with

10 the cogbhithafRf WHef@byatReNRItL 3?5& daha. Sew»'?%ﬁ%@r&.emr{e% and

data t hroughput can be | nproved accor

The Comnméﬁ@(wtpmmﬂﬂéﬂ%réﬁdtBQté'|rnSTpre@%tw@”?@gbnﬁ'&tta(%g@n%g'ngs g% R

sel ects the group area containing he nobst unprocesse

particul ar2@dnmemd there eXscu i phetii ¢t dSchbfm@mRE Ubf ORyRI@R. thdhe command

predicted command flag is "off", the predictively read data

5 is output to the terminal requesting the data (S104), and
the process ends. | '

As described above, received commands are
grouped and processed not in the sequence received, but
by the area of the disk accessed by the command in a data

10 server system according to these preferred embodiments.
By thus batch processing commands accessing substantially
adjacent areas, read/write head movement is less, and data
throughput is greater, than when the data storage area of a
hard disk (magnetic disk) is randomly accessed.

16 It will be obvious to one with ordinary skill in the
related art that the present invention shall not be limited to
use with magnetic disk media. More specifically, the
present invention can be applied with any type of media
drive for recording data to a recording medium with a

20 recording area to which data can be recorded and from
which data can be reproduced.

Although the present invention has been
described in connection with the preferred embodiments
thereof with reference to the accompanying drawings, it is

25 to be noted that various changes and modifications will be



execution process of this second enbodi nent, however, processes
commands fromthe first to fourth group areas in 20 si npl e sequenti al

orgen,_ t hat iwpo%saamt group area, second group ar ea, pdiposly8970UpP
area, fourth group area, then first group area, and so forth.

Fig. 12 shows a flow chart of command execution process of this
secand enbodi nent. As shown this figuré? 25 it is first deternined

whet her there is a conmand to be 30
processed with priority (S61). Wen there is, the comand IS

d d th d ut | ds.
%Zﬁ:f ﬁirﬁ(?%g%%ﬁeaﬁf e ?ﬁ%ﬁ%ﬁcf%'%ﬁééizﬁw Fhangedei@dth ned
ther t ¢ i . tjon tine, (S62).
Vnen the pr J28EABRKEAT 8 §0CRe undarat SO TR BS RGP L MLIIT IR T me. ¢ ne
process scdP¥%or tHESErddEnPiRvERTiIoh T8 HERAHL by th &R ded

claims, unless they depart therefrom.



execution tinme, the next conmand execution tinme is set 10 (S63) .

A val ue indicative of the previous execution area Is then stored as a
current aredaxwemrer (S64). A next area counter is edwIpom@ssToy addi ng
1 to the current area counter (S65). Note that when the val ue for fhe’

next area counter 15 exceeds the h&fh%t counter V‘I‘UE‘*fA*—Wth—Gh S
nunber of sections on the disk n the ex n Fig. 3), the.
next area counter is reset to 1. It is then de m&m et her all

* CO

group areas 213-216 are checked (866) When gr oup
areas 213-216 have been checked, s command execut i on process ends.
When not, it is det er m ned her there are any unprocessed commands

in the areg speci fi gdgléxat ggopgéél %kg,%r(‘aqugt %r(§ﬁ;r)ln ep §6§°anadt here are

no unprocessed coman contro bac t he next

22%?}32”}%&%?5?22%%@51@%, wRich fr‘@@é‘?ve!‘ﬂ%‘mfrﬁ‘é*ﬁesaﬂﬁdugﬁl%essed

communication device from external devices, records to the

5 data recording medium da'.ta received with a command when
the received command is a write command, and when the
received command is a read command, reads information
from the data recording medium according to the read
command and outputs the data through the communication

10 device, said apparatus comprising:

a command storing device for grouping received
commands according to a recprding area on the data
recording medium accessed by each command, and storing
the received commands to a predetermined command group

15 area according to the group; and

a command executing device for selecting at a
predetermined time interval one of the command group
areas in said command storing device, and executing at
least one of commands stored in said selected command

20 group area.

2. The data storage apparatus according to claim 1,
wherein said command executing device selects the
command group area storing the most number of

25 unexecuted commands, as said one selected command



specified by the next area counter, conmands in the area are executed
(S68), and then the process ends. As does the data server
syst em accor-dwo®skeari he. first enbodiment, the data Sgpygss, f5],tem
acéording to this 5 preferred enbodi nent reduces the anount o ead
travel conpared with the data server system according to the

related art, and thereby inproves data 48roughput. It should
be noted that if the nunber of comrands gr ougiEn AR lar group
area exceeds the 10 nunmber of commands t hat canﬁmmjmﬁuﬂ“m hin a
single command execution perj.od, .renmai ni ng cotmends i A that*

same group agé%”ea?\rec?eagrq érpieﬁ'g'gd“f‘b‘? IRt R&Ising in the next conmmand
execution period. As a result, AV information that is stored
continuously to a particular disk 15 section and is frequently accessed
can be read and Lep o i_t.h | nterruption b rioritizing

readi ng fromg' thgth%dpgggssg@trlwgr? %lbtpar%ttu?Eargﬁaf tg)“%‘ 1,

A data ser Ve SR A ebMABnd MUt FoU Rt colppt€HOLI dPRLEJT OUPS

recei ved commands according to ction o drive
accessed by tomrR@AEBGfbup areas in the command storing device in the

predetermined sequence.

4, The data storage apparatus according to claim 1,
wherein said command executing device comprises:

10 a detection device for detecting whether data
specified by a plurality of_ read commands is stored to
sequential recording areas on the data recording medium
when commands stored to the selected command group area
are read commands; and

15 : a command predicting device for predicting a
command for reading out data from a data recording area
on the data recording medium when said detection device
determines that sequential recording areas are accessed by
said read commands, said data recording area being

20 sequential to areas accesssd by commands stored in the
selected command group area,

whereby the predicted command is processed
consecutively to commands contained in the selected
command group area.

25



stores the commands to ne

onmmand group, and processes
commands stored to the sa " ﬂ, 2 25 at each conmmand
execution t Wep%iemIRr val . Thi*s |cs

32

I nventi on.
this enbodi nent predicts what conman $A|| be received 5 next based on_
contiguity of sequential access
plurality of consecutively
conmmands

t he

as in the above first and second enbodi nents of the

PCT/IP99/02597

Addi ti onal | however, a data server system of

addresses in the case that:
recei ved commands are read conmands;

oot ved dsmmnds GhE RAr caregs AEFRTRSER RFESERIng 1 HIAR NS Can ve

a
the

processed yhbhbih 3atlWath F8EERIMG mediGiferlld RibgRptiRIgiskNe predi cted

conmands are
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15

20

25

processe onsecutively to t
method is particularly effective when the data to be

6. A method for controlling a data storage apparatus
for storing data to a data recording medium, which receives
commands through a communication device from external

devices, and records to the data recording medium data

received with a command when the received command is a

write command, and when the received command is a read
command, reads information from the data recording
medium according to the read command and outputs the
data through the communication device, said method
comprising the steps of:

grouping received commands according to a
recording area on the data recording medium accessed by
each command;

storing the received commands to a
predetermined command group area according to the group;

selecting at a predetermined time interval one of
the command group areas; and

executing at least one of commands stored in

said selected command group area.

7. The method according to claim 6, wherein in said .

selecting step, the command group area storing the most

e recel ved conmands.

it



processed is AV information, that is, when there is a large 15 anount of

ti me- dependent infornmation L because head travel over
the hard di skygaggdam m ni e tinme consume d
nmo¥enent can be reduceéd.® The fol | owi ng descri ption
will be done in the case 20 that up to five commands can be processed
within a single command executi omferiod, and these conmands are
recéived in the sequence la, 4a, 1lb, 4b ..., as shown in Fig. 13A
In addition, these commands access sequenti al " addresses, i.e.,

I ndi cate sequentlal access. As described 25 above, the received commands
are grouped ymbiesr @fsunexecuted commands is selected as said orgs

sect.ion accessed, and stored by the conmand group to a specific area
in the nenor§e lggted command gfoupyaregeat chARAGI Hgdma dntanviad. T1
commands la, 1b and 1c are stored to the first group area 213 in the

5 menory 22, and are therefore processed. Because up to

8. The method according to claim 6, wherein in said
5 selecting step, said one of the command group areas is

selected in the predetermined sequence.

9. The method according to claim 6, wherein said
executing step comprises the steps of:

10 detecting whether data specified by a plurality of
read commands is stored to sequential recording areas on
the data recording medium when commands stored to the
selected command group area are read commands; and

predicting a command for reading out data from a

15 data recording area on the data recording medium when it
is determined that sequential recording areas are accessed
by said read commands, said data recording area being
sequential to areas accessed by commands stored in the
selected command group area,

20 whereby the predicted command is processed
consecutively to commands contained in the selected

command group area.

10. The method according to claim 6, wherein said

25 data recording medium is a magnetic disk.



five commands can be processed in a single conmand execution period,

however, it can afford to execute nore commands in this period. The
next two co 0 be processed are therefore predgi g

processed. %Bﬂé‘oﬁz More specifically, comands la, QHL;%P% 'ﬂ%pplq
access sequential addresses, and it is logical to prediect t hat
commands 1d and le are to follow the command 1c. As a result,

predi cted commands 1d and le are processed following the three
actual |y received commands la, 1b and W5 lc. The data
read based on a predicted command is stored to a specific area in the
menory 22, and-is output to the external device or the conputer that
sent the data request when the comand nmatching the predicted
20 command is actﬁaggy recei ved. When a command mat chi ng t he

predicted command i not recei i 1 a pr edet er mi ned peri od

of tinme, the data read for the éﬁsﬁ?&#ﬂ’gﬁ command i s abandoned.

At tinme T2' in Fig. 13,--the-cormands--stored-for--25--fow-th-group area 216
]

are processed. In thﬁs case, however, !
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34 there are five commands 4a-4e stored for the fourth group

area 216. This equal s the maxi num nunber of conmands t hat can be
processed w-twoByéwi Ngl e conmmand execution period. gd@rGeda8e7N0
refrai'ni ng processing capacity in that 5 command execution period, and
command prediction is t her ef ore ski pped. I n ot her
words, a data server systemaccording to this preferred enbodi nent
det ect s whet her sequenti al acce§s190ntinues for a predeterm ned
period, or nmore 10 specifically deté%ts whet her the information
specified by a plurality of commands resides at sequential addresses
on the disk. Wen sequential access is thus detected to

continue, the data is confirmed to be sequential access data. The
command accessing the next data bl ock stored 15 contiguously to the end
of the last sequentially accessed bl ock is then predicted, and the
predi cted command is processed. This is possible because the data is
accessed sequentially. The data read sequentially by the predicted
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| L 203 AV TERMINAL
<—> AV DATA

DATA
20a™  SERVER

DATA _ l 204 AV TERMINAL

20b~  SERVER =) «<—AV DATA

31 NETWORK

101 102 103 104
) \ )

{

Fig.3A [ | cooe || aooress |

(. _J
TAGGING v
METHOD COMMAND
105 106
03B { ¢
Fig.3 D WRITE / READ DATA
_J
TAGGING

Y
METHOD DATA



command is then stored to the nenory 22, and is passed to 20 the
requesting termnal when the matching conmand is actual ly received.

By thus peM®¥¥6047§ a task before actually r equepdRrbss/eesyuential |y
accessed data can be processed and transmtted with greater effective?
t hroughput. This is 25 particul arly advant ageous when handling AV

i nformati on. 35 That is, _by
continuing to read AV information cogjypuously and wi t hout
interruption, head travel between access tasks can be reduced, and
data t hroughput can be increased. Figs. 14 and 15 show a
menory map for nenory 5 22 in a data server system according to this
preferred enbodi mrent. As shown in these figures, nenory space

211" is substantially identical to the nenory space 211 shown in Fig.
5, additionally conprising an area 230 for storing predicted

commands, and an area 231 for storing :

Fig.4
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10 data read according to the predicted commands. The
predi cted command area 230 is further segnented into a plurality of
areas 233- 235y bhigosdy €2 235 stores the predicted conp@pfsenissne area
233 ‘stores a pointer to the address of the last command witten to
the 15 predi cted command area 235. The area 234 stores a poi nt er
to the address of the command processed last in the predi cted command
ared 235. It is therefore possible to determ ne whether a
particular command has been ﬁ odessed by referencing these
pointers. 20 As shown in Fig. 15, the predictive read data

area 231 is further segnented into a plurality of areas 23la, 231b
and so on. Each area corresponds to a single predi cted command. It
iS necessary to provide an area 231la, 231b,... in the predictive read
data area 231 for 25 storing data for each of the predicted commands

because 36 all of read data
by the prediction nay not be output. It is

Fig.5
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S11b are inserted between steps S11 and S12 in Fig. 8. Mor e
specifically, after detecting a received command in 25 step S11, it is

det er mi ned whgbbggesizhe recei ved conmand PCT/IP99/02597

37: " - mat ches a predicted conmand (Slla). Wien it does, the

predictive command flag is turned off (Sl11b), and the process ends.
When t he received conmand does not natch a predicted command, the
proc¢ess advances to step S12. 5 ;Né/fgher steps. are same as shown in
Fig. 8. The conmmand exetut’ on process according to this
preferred enbodi nent is described next. This comrand execution
process is substantially identical to that shown in Fig. 9, differing
in the nethod perforned as step S39 to 10 process commands in the
execution area. This nethod of processing commands according to
this preferred enbodi nent is described further below wth reference
to Fig. 17. First, it is determ ned whether capacity
is

Fig.7
( smamT )

.
g

S1 COMMAND RECEIVING
PROGESS

g9 COMMAND EXECUTION
PROCESS

S3 READ-OUT DATA
OUTPUT PROCESS




15 avai l abl e to process additional commands (S91). That is, t he

nunber of conmands that can be processed within a singl e command
execut i on peovwe4T2s determ ned in advance based onpcharwagsesi ty of
the di sk drive, and when the nunber of commands stored in the group °
area selected as 20 t he execution area is |less than this nunber of
processabl e commands, the capacity is decided to be avail abl e. - .
When there is not capacity availaplg, the procedure advances to
step S95. Wen there is capacity avai lable, it is decided whether the
command to be 25 processed is a read command (S92). Wen it is, it is
38 det érm ned whet her the conmands i ndicate sequenti al access
(S93). Determ nation of uepti al access is done as follows.

As shown in Fig. 3A eacﬁ%@?n&%nd contains 5 bot h an address 103 and
data size 104 (data transféer size).

(' COMMAND RECEIVING PROCESS )
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For exanple, when commands la and 1b are consecuti ve, the foll ow ng

rel ati onshi p exists; address . specified by command la + data size of
comand - whPv/sddl2 = address specified by commandpdbpoeaser (2) -
Theé 'equation (2) nakes it possible to decide whet her conmands are
consecutive (sequential) or not. Li kew se, whet her commands 1c and 1b
are cgnsecutive can be determ ned based on the foll ow ng equati on;

15 * “address specified by command 1c E/quress speci fied by comand
1b + data size of command 1b (3). It is therefore possible
by appl ying the above . equations to predict the start address of the
data addressed - ¥:ggFé;eXt comand in sequence. 20 When

t he commands to be procCe do not access sequenti al addresses, the
process skips forward to step S95. When the conmmands are

be " ot ocess decoUMERB BELUTON BBEERT)SCUcd (S04) - Note that 25

predi cted commands are sequertial to recei vejgommands.

IS
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39 ) The predicted coomand flag is added to each predicted

command, and is set "on". Al'l commands in the selected
execut i on aMR9%ep472 t hen processed (S95). It is thenpggipasssssyed

whet her there 5 are any predicted commands posted (S96). Wen there are *
predi cted commands, those commands are processed (S97). Commands
processed in steps S95 and S97 result in data being read from hard_

di sk drive 32 and stored to a specifgeq47 area in menory 22. Data read
fromhard disk drive 32 into 10 menory 22 is then output to the
requesting termnal in theg read data output process shown bel ow.

Fig. 18 shows a flhow charg an exenpl aryA read daga out put process
according to this jpreferred|e i ment . The first stepis to
determine whether [there i€ [15 & Hat a [read |from thejnengry 22 in

response to thel recgi ed read c d (S3101). Wen rro‘tl',- t he procedure
advances to step $103. WheM+here—is—a—t —sradded—to the read data
t he

and the tagged §4gd data TsPNutput to \
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requesting termnal (S102). 20 | Then it is determ ned whether

there is any predictively read data in predictive read data area 231
and whelohsidper € 1s a predicted command with the prggsdosebsor
command flag of "off" (S103). By thus checking the predictive data
flag, predictively read data is only output 25 after a read command is
recei ved matching the predicted 40
comfand whereby the data was read. Therefore, when. there is
predictively read data in predictive r@a«0l7dat a area 231, and there is
a predicted conmand of which the predi cted command flag is "off", the
predictively read data 5 is output to the termnal requesting the data
(S104), and t he process ends. As descri bed above,

recei ved conmands are grouped and processed not in the sequence

recei ved, but by the area of the disk accessed by the conmand in a

data 10 server system according to these preferred enbodi nents.

Fig.11
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By thus batch processi ng commands accessi ng substantially adj acent
areas, read/wite head novenent is |ess, and data t hroughput is
greater, tivmovdeem t he data storage area of a har dpCiT/s#e9/§23880net | C .
di sk) is randomy accessed. 15 It will be obvious to one with
ordinary skill in the related art that the present invention shal

not be limted to use with magnetic disk nedia. Mre specifically,.
t he present invention can be i2d with any type of nedia

drive for recording data to a recording mediumwith a 20 recordi ng area
to- which data can be recorded and from whi ch data can be reproduced.
Al though the present invention has been descri bed in connection
with the preferred_gpbodi nents thereof with reference to the
acconpanyi ng dramﬁﬁggy.mqas; 25 to be noted that various changes and
nodi fications will b 41 apparent to

those skilled in th "
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nodi fications are to be understood as included within the scope of the
present-invention as defined by the appended clains, unless they depart

t herefrom WO 99/60472 CLAI M5 per/apo9idase? A
data storage apparatus for storing data to a data recordi ng nmedi um
whi ch recei ves conmmands through a comuni cati on device from externa
devices, records to the 5 data recordi ng nediumdata received with a
comfarid when the received commgag4ps a wite.command, and when the
received command is a read command, reads information fromthe data
recordi ng nmedi um according.to the read command and out puts the data
t hrough the conmuni cation 10 devi ce, said apparatus conprising:

a command storing device for grouping received commands according to
a recording area on the data recordi ng nmedi um accessed by each
command, and storing

. A A A A A A
A
-
)
S
o 2 ?
Y <
it 5 < < oy
¥ oe 3 \\ rh
- | S o - N
= | 82z = o
<+ | 8= o \ﬁ-
e |Eg ®
S
3 a 3 =
2 ,“-’\ 3 3 r
3] \
8 2
a I
~ o
[+ -—
p g
= L
o. [2 8 (=
a® =Y S 135 |15 >
o E2 o 2|2 =
= o= 05 (55 CDE- 0<
D= w3 bhel| S| B o
=8 ns P &< 5= <
™ ™ n O M ™
b o h o b o b o b o b
[ ] - [ 3 L] » L]
O RSy O D O D
L L L L L L



the received commands to a predeterm ned conmand group 15 area accordi ng
to the group; and a command executing device for selecting
at a WO mi ned tine interval one of the commanecyormp2se7 ar eas
in said command storing device, and executing at | east one of -t
commands stored in said selected command 20  group area. : 2.

The data storage apparatus according to claiml1, wherein said
command executing device selects the command group area

storing the nost nunber of 25 13fd%kecuted commands, as said one

sel ected conmand 43 gr oup
area at a specific tine |nterval 3. The data storage
apparatus according to claim1, wherein said conmand executing device

sel ects.one of the 5 command group areas in the command storing device
in the

Fig.14
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predet erm ned sequence. 4. The data storage apparatus
according to claim1, wherei n said conmand executi ng device
conprises: 19O 99/60472 a detection device for detectingpeambiEsrdat a
specified by a plurality of read commands is stored to sequenti al
recording areas on the data recordi ng nedi um when commands stored to
the sel ected command group area are read commands; and 15

a conmand predicting device for predicting a - command for readi ng out
data froma data recording area 1441t he data recordi ng nedi um when
sai d detection device - determ nes that sequential recording areas are
accessed by - said read commands, said data recording area being 20
sequential to areas accessed by conmands stored in the sel ected
command group area, wher eby the predicted conmand is
processed con ut i 2;y to commands contained in the selected
conmand group area. %1
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44 5. The data storage apparatus according to claim1,
wherein said data recording nmediumis a magnetic disk. 6. A
met hod for WP i ng a data storage apparatus 5 f or mtTaRPhaMgssdat a to a
data recordi ng nmedi um which receives commands t hrough a :
conmmuni cati on devi ce from external devices, and records to the data
recordi ng nedi um dat a received with a connand when the received .
command is a wite conmand, nﬁ%wﬁpn the received conmand is a read
10 conmand, reads |nfornation fro h data recording medi um
according to the r nd and outputs the data t hrough the
conmuni cati on devi ggLa nmet hod conprising the steps of:

groupi ng received c nds according to a 15 recording area on the data
recordi ng nedgg' conmand,; storing

t he receive %Waﬁ@iﬁﬁ’céﬁhye PF;SOC&%C predet er mi ned command group area
according to the group; selecting at a predetermned tine

i nterval one of NO

S11
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20 the command group areas; and executing at |east one of
commands stored in sai d sel ected command group area. 7.

The nethod acoarswengzto claim 6, wherein in said 25  sel geljiyp@nsdep, the
comand group area storing the nost

45 nunber of unexecuted commands is selected as said one

sel ected command group area at a specific time interval. 8.

The met hod according to claim6, wherth,zn said . 5 . selecting step, said
one of the command group aregs is 4 | ected in the predeterm ned
sequence. 9. The nethod according to claim6, wherein said
executing step conprises the steps of: 10 det ecti ng whet her
data specified by a plurality of read commands is stored to

sequential recording ar eFig: 17
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the data recordi ng nedi um when commands stored to the sel ected
command group area are read conmands; and predicting a
command for reading out data froma 15 data recording area on the data
recordi ng QR W04Ren it is determ ned that sequent iParIPaOZ®ti ng
areas are accessed by said read commands, said data recording area
bei ng sequential to areas accessed by conmands stored in the .
.sel ected command group area, 20 wher eby the predicted conmand
i s processed consecutively to coqppmes contained in the sel ected
command group area. 10. The net hod according to claimbé,
wherein said 25 data recording nediumis a magnetic disk

Fig.18
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