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1 TITLE OF THE | NVENTI ON METHOD AND APPARATUS FOR

CONSTRUCTI NG REDUNDANT ARRAY OF | NDEPENDENT DI SKS

SYSTEM USI NG DI SK DRI VES BACKGROUND OF THE | NVENT”mm" “mm“"

5 The present invention relates to a nmethod and

apparatus for constructing a RAID (Redundant Array Of . s 50e

| ndependent Di sks) system forned by plural disk

drives. Conventionally, a disk storage systemcalled

10 a redundant array of independent disks (RAID)

system or a disk array systemis well known. \Wen

conpared with the sirmgim.glick gHs veynvENer sl D syst em

can realize disk storage device having |large storage

capacHMEJH@RJANDg A PPARAINIS iFOR CUNIIRMEVEING REIRAINTCARRAY

control device called a RAID controller (disk array

cont r8F 1 ENPEPENPEYTi PEGKSoSSITEM RIS IINGs VSIS DRIVGES

conpared with the case where the plural disk drives

are used, the RAIE)%égKﬁﬁ@BE@oﬁESTHEI3Ng§N§ééNe an?

conpl i cat ed, configuration. 20 A method of construc I ng

t hgp RAI D s?EFeRF utln"l%i%rt e RATS dontar @leltémd and
xampl e, see Jpn.

E’\LSf’na?ﬁ%éFﬁ‘ﬁﬁEF?Es?%ﬁrg in563 Wﬂdﬁedmd@m Hrray

|s realized
o oo Shasaengeh ko) oS BRI Salu. A
to therpiagal conputers

Ml

Conventionally, a disk storage system called
a redundant array of independent disks (RAID) system
or a disk array system is well known. When compared
with the single disk drive, the RAID system can
realize disk storage device having large storage
capacity and high reliability.

However, a dedicated control device called a RAID
controller (disk array controller) is required for the
RAID system. When compared with the case where the
plural disk drives are used, the RAID system becomes
a large-scale and complicated configuration. .

A method of constructing the RAID system without
using the RAID controller ié.prdposed in.a prior art
(for example, see Jpn. Pat. Appln. KOKAI Publication
No. 2003-99210). In the method, the so-called virtual
RAID system is realized by utilizing the disk drives
respectively connected to the plural computers
constituting a clustering system.

In the method of the prior art, since the RAID
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constituting a clustering system In the nethod of the
prior art, since the RAID systemis constructed
by utilizing the plural conputers to realize the RAID
controller function, the total system becones the

| ar ge-scal e and conplicated configuration. 5 BRIEF
SUVMARY OF THE | NVENTION I n accordance with an aspect
of the present invention, theresis-provided a disk
drive including a facility to construct the RAID
systemin collaboration wth other disk drives. 10
The dipéteni s conptiaesedabyr L¥e1MBERgNLAD pﬁlheal 'S
operated as a single disk drive; a comrunication unit

whi cheaxehieagest o nfea inhze08heORATDNEbAYELLDEratBALPion, the
systemw th other. disk drives; and a controller which
exchaiRfesl i sy stemt bepomeshtbehzardeskcdleveadbgompbicated
usi ng the communication unit, the controller realizing

the R %94¥a%i®y- controlling the drive nmechani sm and
drive nmechani sns of other disk drives. BRIEF

DESCRI PTI ON OF THEREEVERAMMHREVBFOEHEHENDRAPESMS The
accompanyi %éagﬁngsb mthE are ‘incorporated 20 in

and constitute 2 parLCsf"the epedsPREL; PENthel PusErALe

e”bOQHVEHéﬁéﬁ,t€ﬁ%£QVth£?Qv13@3 gogfg e<ririve including a
facility to construct the RAID system in collaboration
with other disk drives.

The disk drive comprises: a drive mechanism which
is operated as a single disk drive; a communication
unit which exchanges information for constructing
a RAID system with other disk drives; and a controller
which exchanges information with othér disk drives by
using the communication unit, the controller realizing
the RAID system by controlling the drive mechanism and
drive mechanisms of other disk drives.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated
in and'constitute a part of the specification,
illustrate embodiments bf the invention, and togethér
with the general description given above and the
detailed description of the embodiﬁents given below,
serve to explain the principles of the invention.

FIG. 1 is a block diagram showing a configuration
of a RAID system according to a first embodiment of

the invention;
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with the general description given above and the
detail ed description of the enbodi nents given bel ow,
serve to explain the principles of the invention. 25
FIG 1 is a block diagram showi ng a configuration of
a RAID system according to a first enbodi nent of the
invention; FIG 2 is a block diagram showi ng a main
part of a disk drive according §4o0 the first
enmbodinent; FIG 3 is a view showi ng the configuration
of a distributed RAID table according to the first 5

enbodi ment F16.Gp 4si & El%bﬁwaiﬁgg%ﬁgsbgﬁgﬁ n;;ggggtgg@t of

of a RAID structure table acco

embodanghsk 8kGBe dccbrdiAg a8BdLKB afe for
10 expl ai ni.ng constructinggoperation o?ét%éeﬁgfﬁéht'

system ac&8Gdi Bgisoat heeli EAbweABOEhEEBbhFELERat8Ant B
k

8C and 9A to 9C are a view for explaining a bloc

st ruck uf&sbribataddRBkDdtabke according to the first
enbodiﬂgn ; 15 FIGS. 10A and 10B are a view for

expl af ﬂélmﬁ%t;constructing operation of the RAID

syst em whi is, applied to a RAID type 1 in the first
enbodinentEPErGé.lglatﬁliﬁz§P@anglbgéhgﬁnfi@uration of
expl ai nd first specific_ exanp|le of data reading
operZ%P%%ﬂD ac %?ﬁ?nba?£etﬁ%c?$$%@geﬁ%oﬁmﬁﬁﬁ%€stlGS.
15, 1&whddfmed¢B. and 18 are a flowchart for
expl ai ni ng a second specific exanple of the data

FIGS. 5, 6, 7A, and 7B are a flowchart for
explaining constructing operation of the RAID system
according to the first embodiment;

FIGS. 8A to 8C and 9A to 9C are a view for
explaining a block structure of each disk dri#e
according to the first embodiment;

FIGS. 10A and 10B are a view for explaining the
constructing operation of the RAID system which is
applied to a RAID type 1 in the first embodiment;

FIGS. 11 to 14 are a flowchart for explaining
a first specific example of data reading operation
according to the first embodiment;

FIGS..15, le, 172, 17B, and 18 are a flowcharﬁ
for explaining a second specific example of the data
reading operation according to the second embodiment ;

FIGS. 19 and 20 are a flowchart for explaining
a third specific example of the data reading operation
according to the third embodiment;

FIGS. 21 to 24 are a flowchart for explaining



readi ng operation according to the second enbodi nent;
FIGS. 19 and 20 are a flowhart for explaining 25 a
third specific exanple of the data readi ng operation
according to the third enbodinent; FIGS. 21 to 24 are

a flowhart for explaining 4 a first speci fic exanple

of data witing operation according to the first

enbodi ment; FIGS. 25, 26, 27A. 24B,.and 28 are a
flowmhart for explaining a second specific exanple of
the data 5 witing operation according to the second
enboda Nt st FEESci 292 resa

expl ai ning a t§§ed ggeg??ﬁglgxgﬁpdékg?%gﬁEagé gperation
Wi tiagcopeingi 08 tAECOLdsBdehBoliffehhi;r d enbodi ment ;
FIG 31 is a block diagram show ng the 10

confi gur at Fo@Sof 26he2BAl D78y s e, aeedr diBNGrko a2 fIQIMA rt
enbodi ment; FIG 32 is a block diagram show ng the
conf|@@¥a§¥@habmln@eaF&%Cbsqsspacaﬁ¢ordxagpue aft kheddata
enmbodi nent; 15 FIG 33 is a view showing a format of a

connﬂ%?%%%?%n°®%€%6%°%c@@¢@¥ﬁgngot9héhEhSﬁdond embodiment;
'errbodmentF Eé a flowchart showi ng a RAID
~ construct-Ff c%H ré0agEBr ai Agovehers €hicr @xplaining
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b d 20.FIG 35 hart sh
iongg%lca%|oﬁg%ﬁ%%gﬂ%r%5?@@5§eﬂ?ngﬁm§??%e§§ég§%ggPﬁ@ratlon

to theddidfhg ST rd embodiment ;

FIG. 31 is a block diagram showing the
configuration of the RAID system according to a second
embodiment;

FIG. 32 is a block diagram showing the
configuration of the RAID system according to a third
embodiment;

FIG. 33 is a view showing a format of
a communication packet according to the third
embodiment;

FIG. 34 is a flowchart showing a RAID construct-
ing procedure according to the third embodiment; and

FIG. 35 is a flowchart showing a communication .
procedure between disk drives according to the third
embodiment.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to the accompanying drawings,
embodiments of the invention will be described.
(First Embodiment) |

FIG. 1 is a block diagram showing a system
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DETAI LED DESCRI PTI ON OF THE I NVENTI ON Referring now

to the acconpanyi ng drawi ngs, 25 enbodi nents of the
invention will be described. (First Enbodinment) FIG

1 is a block diagram showi ng a system5 configuration

of the RAID system according to a first enbodi nent.

FIG 2 is a block diagram showi ng a nain part of each

di sk drive. (System Configuration) 5 In the first

enbodi nent, each of plural disk drives 103 to 106:has

a drive nechanismwhich is separately operated. The ,
dri vecoeEhgnirattohnokudne HASH Bpdiaml@ccerkdmnddiskeirst
controllers 20 to 23 respectively. As nentioned

| at er emeadhmenitt heFdGsk21@scanblokkeds ad@ a0 sAdwiagy @ main
function of constructing the RAID system For the

sake BRTEoffefrehcdiskodeivaes the di sk drives 103 to

105 arg referred to as disk drives #1 to #3. The disk

dri ve$S4D8ePoCeBE1IGrEaESARECt ed to 15 a host system

100 througg a Fos%.in erface bus 101. As with .
interface 3PeENfi EAFFENEMEREAMEEtATR2GR] o SCHluralhalisk

cati ohb She EEaka g bR, Fof 4 B! RoFRRg Bt is

cations :and conmand” Sys

dri vesepkpst &XgNBhErat b phi‘gie Cél:ix?geﬁ@f:é% fiisﬁggs\kﬁ‘i%:}l’fde

i nclude a pin arrangenent and a Signa

ok naes 10200 S0P SRS ALELY 6000 Lgf s
respectively. As mentioned later, each of the disk
controllers 20 to 23 has a function of constructing -
the RAID Eystem. For the sake of convenience,
sometimes the disk drives 103 to 105 are refer?ed to
as disk drives #1 to #3.

The disk drives 103 to 106 are connected to
a host system 100 through a host interface bus 101.
As with interface specifications such as ATA and SCSI,
the host interface bus 101 includes physical spécifi—
cations and command system for controlling the disk
drive. For example, the physical specifications
include a pin arrangement and a signal level by which
the disk drives 103 to 106 are separately contrélled
from the host system 100 to perform data write/read.

The host interface bus 101 also has a command
system in which the disk drives 103 to 106 mutually
collaborate with one another to construct the RAID

system. Like the conventional interface, it is

possible .that a connector on the disk drive side of
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The host interface bus 101 al so has a command system
in which the disk drives 103 to 106 nutually 25

coll aborate with one another to construct the RAID
system Like the conventional interface, it is
possi bl e that a connector on the disk drive side of
the host bus interface is provided in each of the disk
drives 103 to 106. In the first @nbodi mrent, each of
the disk drives 103 to 106 includes a connector 107
used for the 5 connection between the disk drives and

a corrrectiorst 10Bs ubete £ Bicd hes CHROREHEQN] HOekB s
system 100. In the connector 1%7 used fér ?%eﬁ B8Sthe aisk

connebtives b vetem 1ade di sk drives, when the plura

di sk drives 103 to 106 are connected to one anot her,

t he conneckn obhd Of bes hweembodibtmbéns} eyshesrl@feandiskha@rives
di sk drives _ connected to one another can be achieved

by ¢ &9 N 6 tickistas | steamagoantOdnesed foe thek

drivesr&G§re, di sk drive 104) through the connector
108. KRR atihm bhsk 1991785 aand ne eepmnector

15 tRrQu ich the disk drives 103 to 106 nutually
col | Iailg)f)ér g{ééa%\?viftc%r one St Condiee Rest cavistsm-100.

coLy 28 MR Gl ) R Rl AL PR e

107, e o o vt R RS TSk SRRl Bk

oue 108 s pmied o SORIYSI G CALCLLN

combeit@ateinor hies hewtdeistnt NIOTGh POVRS - SONS eI VAFL ON
connected to one another can be achieved by connecting
the host system 100 and one of the disk drives (here,
a disk drive 104)'thfough the coﬁnector 108.

A mutual communication bus 102 is an interface
through which the disk drives 103 to 106 mutually
collaborate with one another to conduct the communi-
cation among the disk drives constituting the RAID
system. As shown in FIG. 1, besides the mode in which
the disk drives mutually connected by'the connector
107, it is also possible that the mutual communication
bus 102 has the mode in which the physical conducting
wire is not used as a transmission medium, but the
communication is conducted through power-conservation
wireless communication. |
(Configuration of Disk Drive)

FIG. 2 is the block diagram particularly showing

. the main part of the disk controller in each
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wi rel ess communi cation. 25 (Configuration of D sk
Drive) FIG 2 is the block diagramparticularly
showing .the nmain part of the disk controller in each
7 configuration of the disk drives 103 to 106. For the
sake of conveni ence, the configuration of the disk
drive (#1) 103 wll typically be described. The disk
controller 20 includes a distsibputed 5 RAID node
command processi ng bl ock 200, a:distributed RAID
processing table (hereinafter referred to as

di st rednf oglRAt o abf egh@18isr akNgks- 10Ee60AHBNA For the
processi ng bl ock 220, an inter-di sk conmunicati on

cont rA kel ot ke@BPentemead o thst o6hBgghkaekor48s aRd &9sk
a parity information generating bl ock 250. \WWen the
di st dmied(# Al B Ghdel Conemicpl by essi dgscbibed. 200
receives a conmand fromthe host system 100 through
the. host The edfskecomtrabiert B8 dhsindest eddiRArDbuted

nDdeéﬁgggandegrocessing bl ock 200 performs the 15 RAID
syst AR ETHIA IR RERSSS ThRd sPhgrk- ABle acdhmtndbuted

bper AT B S S T LS n BeGHAR £ SFgF 7o RBaE, tones

051 AR RS CHEL, Pocgoslngy 20 BLoE k00

e Bl S Do e PO ELHA Bz cion

processtyd It Al Bhd hcd ugesy restoring block 240, and
a parity information generating block 250.

When the distributed RAID mode command processing
block 200 receives a command from the host system 100
through the host interface bus 101, the distributed
RAID mode command processing block 200 performs the
RAID system constructing process. The single-mode
command processing block 220 processes the host
command for operating the disk drive in a usual single
mode.

The distributed RAID mode command processing
block 200 performs the RAID system constructiﬁg
process using the distributed RAID processing
table 210 having information shown in FIG. 3.

The distributed RAID processing table 210 includes
a RAID mode flag 211, a RAID group number 212, and
a RAID configuration table 213,
The RAID mode flag 211 is set when a RAID system

constructing command is received in the commands from



10

15

20 -

25

a RAID node flag 211, a RAID group nunber 212, and 25

a RAID configuration table 213. The RAID node flag 211

is set when a RAID system constructing conmand is
received in the conmands from 8 the host system 100.

When the RAID node flag 211 of the distributed RAID
table 210 is not set, the disk controller 20 transfer

the control to the S|ngle node gommand processing

bl ock 220 so that :the disk drive is 5 operated as the
single disk drive. When the RAID node flag 211 is set,

the thethdédutedstahDnpde gﬁ&%ﬁ%

200 exchangesggontrol |nfo?ﬁat|on data mﬂf%ﬁ%K%ll of
di sk thiz iddest t ivoted RAEDI &ISTe d? Bk f@%@'.@@é' Ot'Ehe disk
control 10 bl ock 230 based on the information of the

RAI D Cuifd ke mt 2@ nt x abs £e 2 18he Wrent 1dle b Stkhalrd 18-mode
operated as a parity drive fromthe information o

the RAPHEEhIRERAIF DY thbdek 22B,sq hthati sthé hitsd drive is
RAI D node COTnand rocessi ng 15 bl ock 200 causes the

pari QPGS Hedt ettt iyt sl el e50 to generate

parity inf natlon e data recorded in

ot her dlsgﬂ{r|V% e @ﬁﬁgtmﬁﬁﬂléf 9 it edt RAEE nolehee

comgfid; ck, 200 ecords the parity

i nf or rmtl on 1 h % 13# 352 C}r%o‘fcfﬁﬁ‘aﬂ?o szc?%ﬁ%lrﬂ% Rlegk 200
shen e Sl 1 Mo d QUL AP LU DR atsi

i S necessary to be restore

i nf oldrEvied t Hitifipth d &S J(;&gk%o\%&ﬁgﬁise etsito [ o1

recording data | ost by the
block 230 based on the information of the RAID

configuration table 213.

When the disk drive is operated as a parity drive
from the information of the RAID configuration table
213, the distributed RAID mode command processing
block 200 causes the parity information generating
block 250 to generate parity information based on
the data recorded in other disk drives, and the
distributed RAID mode command processing block 200
records the parity information in the disk medium 10.
In this case, when the other disk drive is broken down
and the data is necessary to be restored by the parity .
information, the data restoring block 240 restores
the recording data lost by the breakdown based on
the data stored in other disk drives and the parity
information.

As shown in FIG. 4, for example, when the RAID

system is constructed by combining the disk drives 103
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the data stored in other disk drives and the parity
25 information. As shown in FIG 4, for exanple, when
the RAID systemis constructed by conbining the disk
drives 103 9 (#1) to 105 (#3), information for
defining a block configuration on each desk drive is
set in the RAID configuration table 213. In the
information,.P nmeans the black ¢ n which the parity
information is recorded. 5 (Constructing Operation of
RAID Systen) Referring to flowharts shown in FIGS. 5

to 7B(#Bnded| G5 880 BEFMH D A cﬁ@f%n# he block

operation in the case where the RAID system o

type domfigar&Aibnt ypeedchsdeorstiruseéedswsbt P8 the RAID
described. 10 In this case, it is assuned that three .

di sk cemfigargipnt balp¥8)2hBe chnnebéetinforhheibast P means
inter- face bus 101 and the disk drives (#1) to (#3)

are atR® blenketrevhichttke npauity conflonnetionnibusecorded.
102. The disk drives (#1) tﬁ@é#R% can exchange

i nfor ??%ﬁr%FFhHQSO%%Ea%h%@ Fougyistem) nut ua

conmuni cat in FIG 5, the host

syst em 100 h?ggﬁﬁéng €9M$€S§9§?Eﬁ?c%h§VPuéP|ﬁéG§®nﬁaﬁQ 8B
(Rosia: P24 GRS odvik Shde e dlskeoriie B
o B R L P R e ¢ o
L T T Ay
In this case, it is assumed that three disk
drives (#1) to (#3) are connected to the host inter-
face bus 101 and the disk drives (#1) to (#3) are also
connected to the mutual communication bus 102. The
disk drives (#1) to (#3) can exchange information with
one another through the mutual communication bus 102.
As shown in FIG. 5, the host system 100 issues a
RAID system constructing command (Assign Group 0 Raid
type 5) to the disk drive #1 (Step S1). Then, the
host system 100 issues the RAID system constructing
commands-(Add Group 0 Raid type 5) to the disk drives
#2:and #3 (Steps S2 and S3).
The host system 100 makes an inquiry about
a member list of a group number 0 to any one of the
disk drives #1 to #3 or to all the disk drives #1 to
#3, and the host system 100 confirms whether the RAID
system constructing command is correctly recognized

or not (Steps S4 and S5). When the RAID system



di sk drives #1 to #3 or to all the disk drives #1 to
25 #3, and the host system 100 confirns whet her the
RAI D system constructing command is correctly
recogni zed or not (Steps S4 and S5). Wen the RAID
system 10 constructing command is correctly

recogni zed, for exanple, the host system 100 issues a
command (Config RAID Group O Stpipe Size 3) for
perform ng change to the operation node constructing
the RAID systemof 5 a RAID type 5 in which one stripe

i s faroresthyctin@eaconhaeksid ne@pedcol vt Fecshskz88) Vesy
#1 to #3 (YES in Step S5 and Step Sé¥..As Shown in

FI G ejangie ditde dodt dyere?010f idieuesli skclmmdBd#lconfig
recogni zes that the disk drives #1 is 10. allocated as

t he iHHiD fraxi0 dtindpofSize RA Dsys¢eforhangnghahge to
group .nunmber 0 by the RAID type 5 received fromthe

host &tQRALAIC romgsiesagns et ing athy , RAED shpsheinnof
FIG 3,..the distrjbuted , RAID node command_processing

bl ocié ﬂﬁﬂéé—ty?et rﬁe Huibeich ong skripe FA fPEredpby three

b in the.distributed RAID table 210 (St
Q15 Brecls ' Mo lond LA S e G 4 iR in
#1 @ i nguisy to be t itted f th
i sk T S 2R S B I Ra D gr oup munber 0 ¢ hrough. |
20 the nmutamls AN Cﬁfd.on6,buLshé'O<%ie§I§tc?é’nt_sﬂ'g’%%%%]%.%a of the

the disk controller 20 receives t I nquiry
ot herdisk sieidid Was raddem itze st ke RAHR QWYL MWBRLs Qv 5o

the disk controller 20 updates the RAID configuration
allocated as the initial disk drive of the RAID system
having the group number 0 by the RAID type 5 received
from the host system 100 (Step S11).

Specifically, as shown in FIG. 3, the distributed
RAID mode command processing block 200 sets the number
0 as the RAID group number 212 in the distributed RAID
table 210 (Step S12).

Then, the disk controller 20 of the disk drive #1
waits for the inquiry to be transmitted from other
disk drives added to the RAID group number 0 through
the mutual communication bus 102 (Step S13). When the
disk controller 20 receiwves the inquiry from othér
disk drives added to the RAID group number 0, the
disk controller 20 updates the RAID configuration
table 213 in the distributed RAID table 210 by adding
the disk drive which transmits the message to the RAID
configuration table 213 (YES in Step S13, and Steps
S14 and S15).
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table 213 in the distributed RAID table 210 by addi ng

25 the disk drive which transmts the nessage to the

RAID configuration table 213 (YES in Step S13, and

Steps Sl4 and S15). - 11 Wien the disk controller 20

of the disk drive #1 receives the conmand (Config

RAID Goup O Stripe Size 3) fromthe host system 100,

the disk controller 20 fixes cdtterts shown in FIG 4

for: the RAID configura 5 tion table 213 in the

di stributed RAID table 210 to set the RAID type

number in WhenRAhD wiidd fdomy raliler Yoepst Ik aikiSldive #1
At this point, for exanple, the RAID type nunber is

set tBeceiveghthet hemaiask dfiond iigs RATANGhgned SkYiPe Size
t he of per hand, when each of the disk drives #2 and

#3 reégi@E@mtﬁgecﬁﬁﬁﬁnQYﬁﬁéﬂlﬂﬂ@zh@@ﬁ Shistke montd® 1 liehe 20
di sk drives #2 recogni ze that the disk drives

#2 an lﬁﬁsa?gnﬁggga#§§°WHe BigngrﬂvéorCG@fgﬂﬂﬁﬂr%?nfigura-
fi iqn of .th 5 RAID type
and CReoRarEstom SRV ERE §?s§51ha§sér%\tmgﬁaé&bt ey to
i &4 ' . 3, e di-stri
RA D egered BRENSEOYE hinbLE 18: h3CASP Mol Flagmart

di sk detaes #27apdq#316¢ts the nunber 0 as the RAID 20
groupdnu er 212 in the?distributed RAID table 210

(Step S22)atToridi pkidkl vesr#exangd1€3 eRd E@sf? gﬁ%ceasﬁumber
nmessage through the nutual conmunication bus 10 0
is set to “-~1” when the disk drive is stand-alone.

On the other hand, when each of the disk drives
#2 and #3 receives the command from the host system
100, the disk drives #2 and #3 recognize that the
disk drives #2 and #3 are added as the disk drive
constituting the RAID system configuration of the
RAID type 5 and the RAID system.of the group number 0
(Step S21).

Specifically, as shown in FIG. 3, the distributed
RAID mode command processing block 200 of each of the
disk drives #2 and #3 sets the number 0 as the RAID
group number 212 in the distributed RAID table 210
(Step S22).

The disk drives #2 and #3 send a broadcast
message through the mutual communication bus 102 so
that the disk drive which belongs to the group number
0 transmits the drive number (Step S23). When the
disk drive #1 notifies the disk drives #2 and #3 that

the disk drive #1 belongs to the group number 0 in



that the disk drive which belongs to the group nunber

25 0 transmts the drive nunber (Step S23). Wen the

disk drive #1 notifies the disk drives #2 and #3 that

the disk drive #1 belongs to the group nunber 0 in 12
response to the broadcast nessage, the disk drives #2

and #3 recogni ze that the disk drive #1 is the nenber,

and the disk drives #2 and #3 upgate the RAID
configuration table 213 in the distributed RAID 5

tabl e 210 by adding the disk drive #1 to the RAID

conf ixpsponsm tabtke2BBoiSteps MeBsagd,S2hk dik&k H8les #2
drives #2 and #3 wait for the inquiry to be

transthd tY feeognire othet dhskdiskvdraddefllt 9st BRe member,
RAIDdgagép nunber O through the. nutual conmunication

10 b ohe s%i)ksér?}vewg%_ and #3 shkpdateeshg2RADD #3

receive the inquiry fromother disk drives added to

the FRATH YFHP-IRMbEIPEE 2he #nskhar fkesribused RAID

o st e P it MG TR B, AL ak: flg ¥Re#d SR aheyBALS

tab e RS S BEEA0s et Fa S8 80 t8s) "
43 recor ver T Ke ESrBni T Clni 13- D'E bUpCD tafr 1fRSLry to
Si ze b¥) dfraBriitecdw0stroy st d0Qert §€sH 35'1:%% agded to the

controller 20 fixes the contents shown in

t he RAID ecprduimuidibeon ¢ abhLods tRet A8t dhst ki i
RAID table 210 to set the RA“%gtypeenun%g?§i%b?ﬁgﬁgXFBlon

10 npde Musad 21 1 StStre@2 H31 aneerS3Pe disk drives #2 and #3

15

- 20

25

receive the inquiry from other disk drives added to
the RAID group number 0, the disk drives #2 and #3
update the RAID configuration table 213 in the
distributed RAID table 210 by adding the disk dfive
which transmits the message to the RAID configuration
table 213 (YES in Step S27, and Steps S28 and S29).

When the disk controller 20 of the disk drives #2
and #3 receives the command (Config RAID Group O
Stripe Size 3) from the host system 100, the disk
controller 20 fixes the contents shown in FIG. 4 for
the RAID configuration table 213 in the distributed
RAID table 210 to set the RAID type number in the RAID
mode flag 211 (Steps S31 and S32).

Thus, the disk drives #1 to #3 recognize that
each of the disk drives #1 to #3 is the member of the
RAID group 0 by the mutual communication between the

host system and the disk drives #1 to #3. The disk
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Thus, the disk drives #1 to #3 recogni ze that 25 each

of the disk drives #1 to #3 is the nenber of the RAID
group O by the nmutual comunication between the host
system and the disk drives #1 to #3. The disk 13

drives #1 to #3 set the RAID configuration table 213

and the RAID node flag 211, and the disk drives #1 to

#3 are operated as the disk drivg censtituting the

di stributed type RAID system 5 As shown in FIGS. 8A

to 8C, in each of the disk drives #1 to #3, it is
assuneci vémt#1 hieo t#3 ade DUEHETRADD BbOEKSUE St 18n @%be 213
of the disk drives #1 to #3 can recognize that th

al | ocznd othefRARR hodecfaddr 233gsanandhpagi b ah:@c-lsg #1 to
has the configuration shown in 10 FIGS. 9A to 9C in

the RA 3 &8 Qrew et sf thtedhskbdrivef cadhskituot veg the
the gro nd the order of the disk drive nunber of

each i? 99% i WPReRREPDSYEbAM: guration table 213.

Wh h t ted, f l e 15

R e e g S
#1 As

i), A0 4L S U S ) e

o s e g 0 1 A g o v oo

the single disk drive

gets maaRfsi 40 tHEr 0EiIsK af1by %% §8Chn fl%&fcd%égresses

drives #1 to #3 determ nes r the Sys
100 getdss mnniass dlodcksehds OEhet@oﬁf‘Pé Beht fbsKsHbLN e AN

the sane group, or a data of
FIGS. 9A to 9C in the RAID system based of the number
of disk drives in the group and the order of the
disk drive number of each disk drive in the RAID
configuration table .213.

When the RAID system is constructed, fér example,
the host system 100 gets access while the storage
capacity of the disk drive #1 is increased. Assuming
that the 24 blocks exists in the disk drive #1, the
host system 100 gets access to the disk drive #1 as
the single disk drive.

When the host system 100 gets access to the disk
drive #1, each of the disk drives #1 to #3 determines
whether the host system 100 gets access to itself or

to another disk drive in the same group, or a data of

other drive having the parity information, based on

the logic address in the RAID configuration table 213.

(Specific Example of RAID Type 1)

FIGS. 10A and 10B are a view showing a specific
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ot her drive having the parity information, based on 25
the logic address in the RAID configuration table 213.
(Specific Exanple of RAID Type 1) FIGS. 10A and 10B
are a view showi ng a specific 14 exanple when the

met hod of constructing the RAID systemof the first
enbodi nent is applied to the construction of the RAID
systemof the RAID type 1. Ir» thi4s case, it is assuned
that the disk drives 5 #1 and #2 are connected to the
host interface bus 101. The disk drives #1 and #2 can

be corwmutls wiveh hthe nméthbdcofMuohsBE60iRYStAB2RA®D
exchange the information with each other. The host

syst e 0B | o§ ueke t Hibr KA\l EmsydimentiOisoappliletli g the
command (Assign Goup O Raid Type 1) to one disk

dri v&EOTES ruehionyj @k Epe vRARD. syhbeni @k thei RRIBltype 1.
whi ch recejves the RAID system constructing conmmand
recognizesI?h%?th%aﬂﬁsklérF§ea#ium§dsﬁbétftbé daskt Heives

ool G HhE SR ot B | U ontadins 101

f pYelly] ' df h h

o7 1 M S 0 D S SRR S o ene
hr ougft SBHMA) 1 COTNI [ bus T th
Lo;? sy§%§§1100 i§gﬁes thg%%%hgg%dy§ﬁé%ghiﬁggygﬁﬁ 8

Rai d ihfAsrmat 1dh tier i Skclrdvga#2. The disk drive #2
whi ch receives the command recogni zes that the disk

drive #2 iEhadeesk asysbendisl dssyes €ROSkAtHt kpgebhe
RAI D system of the group nunber O in
constructing command (Assign Group 0 Raid Type 1) to
one disk drive, e.g. the disk drive #1. The disk
drive #1 which receives the RAID system constrﬁcting
command recpgnizes that the disk drivé #1 is specified |
as the initial disk drive of the RAID system of the
group number 0 in the RAID type 1. The disk drive #1
waits for the inquiry to be transmitted from the other
§rive disk which is added to the group number 0
through the mutual communication bus 102.
Then, the host system 100 issues the command (Add
Group 0 Raid Type 1) to the disk drive #2. The diﬁk
drive #2 which receives the command recogniies
that the disk drive #2 is added as the disk drive
constituting the RAID system of the group number 0 in
the RAID type 1.
The disk drive #2 sends the broadcast message
through the mutual communication bus 102 so that

the disk drive which belongs to the group number 0
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the RAID type 1. 25 The disk drive #2 sends the

br oadcast nessage through the nutual conmrunication
bus 102 so that the disk drive which belongs to the
group nunber 0 15 transmts the drive nunber. Wen
the disk drive #1 receives the broadcast nessage to
notify the disk drive #2 that the disk drive #1

bel ongs to the group nunber -0, 1at this point, the

di sk drives #1 and #2 5 recogni ze that the disk drives
#1 and #2 are the nenber in the group nunber 0 of the

RAID typashitsTBRehagiveyatape00 WRKASthBediRfUiGY ve #1
about a nmenber list of the group nunber O to-one o

the drekeidesvebe#hroadda#?® meskaghoth hBeidiyskndr Mek
#1 and #2, 10 and the host system 100 confirns _
whet h8FivAe#RAt s yshendisksdrice i #y belomgs t6 the group
correctly recognized or not. Wien the RAID system
const?H@%?ﬁgocoﬁﬁaﬁhlﬁspoébtretheydiekognﬁzed,#ﬂoand #2
exanpleé t he host system 100 issues the conmrand

( Conf T G-RAF 28 blipt oy he TREShodrives skt and 142 are cthe

to a tion de_such _as the_  disk drives #1 and

42 Lo CRSt gt CPReTRAND BYBPem Bf O { hae RARBD: Fyect].

accoss to the PEVRoFEERE, b beked "TRe"Thabicianous
th ' ' | t | pQi dd fos
he apeast 1B TRt The BAoTR TReEET €9, GnBlEECERe i sk

bl ockd ahels i I ta e
o OC[:)at A Reigﬁlogﬁnrtxdrl gﬁ Hd U® HotH RHS 1 [eChf i Fe £ &4 #2,

and the host system 100 confirms whether the RAID
system constructing command is correctly recognized or
not. When the RAID system constructing commana is
correctly recognized, for example, the host system 100
issues the command (Config RAID Group 0). The host
system 100 directs to an operation mode such as the
disk drives #1 and #2 to construct the RAID system of
the RAID type 1.

Then, the host system can get the same access as
the access to the single disk drive #1. 1In this case,
the disk drive #2 recognizes that the logic address of
the access to tﬁe drive #1 is the access to the same
block address of the drive #2.

(First Specific Example of Data Read Control)

Then, data read control in the case where the
RAID system of the RAID type 4 or RAID type 5 is
constructed in the first embodiment will be described

referring to the flowcharts shown in FIGS. 11 to 14.



Then, data read control in the case where the 25 RAID
systemof the RAID type 4 or RAIDtype 5 is .
constructed in the first enbodiment will be described
referring to the flowcharts shown in FIGS. 11 to 14,

16 When the RAID systemis configured as shown in

FIGS. 9A to 9C, the host system 100 i ssues a read .
conmand for reading the data-fromthe |ogic address 7
(Step S41). The disk drive #1 which receives the 5

read conmand through the host interface bus 101 can
recogni ze What the RERO §9§H§1ﬁdi§0é‘:oﬁ§§?h99dt BS 48b@n in
fromthe logic address 7 is the access fo the block 4

of tHeIGR slOAIrtweddl thsehdst soysteh 1he dsskedr hveetd
returns a ready notification to the host systemat 10

t he t3eRmagenfahererding stheadyt{ YESM ntist epoSid address 7
Step S52). The disk drive #1 notifies the disk drive

#2  heRASR) 4 parThy diglordmiverfbfwhieh ouai@eivmﬁs Eune

di sk drive #1 responds to the host systemthrough the

15 mft i e Ene 0309 iMeexfaee vhes 1At can

di sk ' 1 ,recogni zes that the read command for
r22m3§¥&46%g%k525#r tHe? (ﬁﬁ%@%ﬁéﬂ ﬁe?gl?%ﬁ:he data

: ; djsk drive #1 jtse
?gf:Eﬁggg)gﬂéihleﬂlgfﬁﬁd%svgehﬁf% rtg'h% AT T het Aot g Pyock 4
read o 2R HAA I dERRPNAL A ¢ CUES JY YL Ny HPShrive 41
system and the disk drive returns st atus ;
- i e ‘
Steps Sb4 and SR TR LA O R sl e

10 noti fdhes time when the data is ready (YES in Step S42 and

15

20

25

Step S552).

The disk drive #1 notifies the disk drive #2
having the parity information of the data that the
disk drive #1 responds to the host system througﬂ the
mutual communication bus 102 at the time when the disk
drive #1 récognizes that the read command for reading

~ the data from the logic address 7 is the access to the
block 4 of the disk drive #1 itself (Step S51).

The disk drive #l1 transmits the normally read
data in response to a request from the host system,
and tﬁe disk drive #1 returns status information to 
the host system (YES in'Step S53, and Steps S54 and
S56) . At this point, the disk drive #1 notifies
the disk drive #2 of normal termination (Step S55).
Tﬁerefore, the host system 100 receives the read data
from the disk drive #1, and the data readout is ended

at the time when the status information is returned
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the disk drive #2 of normal termnation (Step S55). 25
Therefore, the host system 100 receives the read data
fromthe disk drive #1, and the data readout is ended.
at the tinme. when the status information is returned

17 (Step S43 and YES in Step S44). Wen the data of
address 4 corresponding to the logic address 7 is
broken down and the data canmrot 17nornal ly be read, the
di sk drive #1 notifies the disk 5 drive #2 having the
parity information that the disk drive #2 transfers
the reStep egld Blasnd avgst he sta@puss4i nformation to the
host system 100 (NO in Step S53 and Step S57). Wen
the di sk diher #lei dabaokénaddwessad sbewespbddifgFkG the
13, since the disk drive #2 having the parity

i nf or¥RAi®raddeasnol . 1 derdkent Hewnosndli thei dathr eannot
thoug? t he tual comuni cation bus 102, in order to

r est JIF el B Qi Fedd dathe @il dneévea#l tyot hfbesmthendisk
of_tQ; dis@vgrive.#Z, the disk drive #2 notifies the .

15 di%i-'F ite A HHAttRh PR SR AR iRrmat ieadshahetat disk
in the j ess 10 which shares the sane parity

w1 1 RS L RS S L DR EAlS 2R dhapstitus
S62) . ' I 4 h ' QY 3.reads th

' da% éuﬁno t he r})c 6:4%? ]t%%setE ﬁ%%k%gl ggb#gNg in ggep 383 and

corresfEndigy . 20 to the | ogic address 10, and the
di sk drive #3 transfers the data to the disk drive #2

through tiehemittied EDSRL: LR i8N PyIH AR A YESWhD S5€Bhown
S71 qnd Step S73).
in FIG. 13, since the disk drive #2 having the parity
information does not receive the notification from
though the mutual communication bus 102, in order to
restore the original data using the parity information
of the disk drive #2, the disk drive #2 notifies the
disk drive #3 that the disk drive #3 reads the data in
the logic address 10 which shares the same parity with
the logic address 7 (NO in Step S61 and Step S62).
As shown in FIG. 14, the disk drive #3 reads the
'data in the block 4 of the disk drive #3 corresponding
to the logic address 10, and the disk drive #3
transfers the data to the disk drive #2 thfbugh
the mutual communication bus 102 (YES in Step S71 and
Step S73).
As shown in FIG. 13, the disk drive #2 restores
the lost data of the logic address 7 from the parity
information and the data transferred from the disk

ldrive #3 (Steps S63 and S64). The disk drive #2
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As shown in FIG 13, the disk drive #2 restores 25

the lost data of the logic address 7 fromthe parity
information and the data transferred fromthe disk

drive #3 (Steps S63 and S64). The disk drive #2 - 18
returns the ready notification to the host system 100,

and the disk drive #2 transfers the data in response

to the request fromthe host-sysgem-100. Finally the

di sk drive #2 returns the status-information to the 5

host system 100 (Steps S65 to S68). (Second Specific
Exampled usfnsDetthee Ressecl yOard tr iof Jcdthionlai . te@theonts@dedm 100,
the RAID systemof the RAID type 4 or RAID type of

t he Bndstthentsddikmsinivien #2 Herapesfie nehartee tdet aaGireSS*esponse
data extends over the plural . 10 disk drives will be
descPhdd s erRGHasty from Hehe |hagthasystemol®0i n FIGS1ly the

R I P N
R M e 1 (200,50
52T, ATl 8
L2001 BRI o

S84). As shown in FIG 16, . ( ( .
20 t RATO skypdridvertRaand dyhe & e déﬂé/efijfss{aéérbﬂ&lrﬁlt in

parity information of the data that the Ive
respbhes caset wberemived doceBd Rty thodxtd LBV the plural

through the nutual communication bus 102 (Step S91).
disk drives will be described referring to the
flowcharts shown in FIGS. 15, 16, 17aA, 17B, and 18.

As shown in FIG. 15, the read request of the
host system 100 extends from the logic address 8 to
the logic address 11 (Step S81). 1In this case, for
example, the disk drive #1 responds to the command
from the host system and the disk drive #1 also
performs the response of the status after the command
is performed (Steps S82 to S84).

As shown in FIG. 16, the disk drive #1 notifies
the disk drive #3 and the disk drive #2 having the
parity information of the data that the disk drive #1
responds to tHe command from the host system 100
through the mutual communication bus 102 (Step S91).

The disk drive #1 réturns the ready notification
to the host system 100 at the time when the data

stored in the disk drive #1 is ready (Step S92).

Then, the disk drive #1 transfers the pieces of data



The disk drive #1 returns the ready notification 25

to the host system 100 at the tine when the data

stored in the disk drive #1 is ready (Step S92).

Then, the disk drive #1 transfers the pieces of data -

19 in the logic addresses 8 and 9 in response to the
request of the host system 100 (Step S94). The di sk

drive #1 notifies the disk d- vgo#3 - hrough the nutua
comuni cation bus 102 that the disk drive #3 starts to

5 transfer the data (Step S95). As shown in FIG 18,

when imetldat bogianafi@ressest 6r ghaabedn tBgpdhsk g&'%ﬁe

#3 notifies the disk drive #1 of the status and t

t er m FRAYSIC obf t beedbvat syanemelODhreugp Ebe) nutggg disk
comuni cation bus 102 10 (Steps S135 and 8136) When

the Skl dotifiesivke dhektdabgée#3 tRrouglatios mutual
notification fromthe disk drive #3, the disk drive
#BIWﬁQWWHP ESRARR OPUF 5Pt theht theolishedcbven#d sbarts to
t he ste 1Q8?mh ile the disk drive #1 15

not i f %Pﬁ %fcﬁ%% $3e(35eBf SPRL- transfer termination

YES St d and S99). At th
éointtnas Shown Yﬁn E?EQYAE ePhEgedgékadFkgésﬁﬁr is
d f h h
o AR L APL a%?%éo*% t rbﬁgﬁttﬂa%n%gsul?r%rwe

©pari i ioH QH@tthCHtLPEetaﬁH" Eé‘ﬁ{lnégl per%;rtﬂ{sé ;lfgae

10

15

20

25

is broken down, and the d| drive

pr OCE:&Sarm‘fdxeSiMdlﬂjh tige Qﬁmﬂwﬁl c&%@nyéwﬂoﬂ hgys 102
parity information (NOin Step S

(Steps S135 and S136).

When the disk drive #1 receives the transfer
termination notification from the disk drive #3, the
disk drive #3 returns e#ecution result status of the
command to the host system 100 while the disk drive #1
notifies the disk drive #2 of the transfer termination
(YES in Step S97 and Steps S98 and S599).

At this point, as shown in FIG. 17A, when the
disk drive #2 does not receive the notification
through the mutual communication bus 102, the disk
drive #2 having the"paritylinformation'determines that
the disk drive.#l is bfoken down, and the disk drive
#2 performs the process of restoring the original
data using the parity information (NO in Step S111).
The disk drive #2 notifies the Aisk drive #3 that the
disk drive #3 reads the data addresses 11 and 12 which

share the parity with the logic addresses 8 and 9
(Step S112).
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The disk drive #2 notifies the disk drive #3 that the
25 disk drive #3 reads the data addresses 11 and 12
whi ch share the parity with the | ogic addresses 8 and
9 (Step S112). 20 As shown in FIG 18, the disk
drive #3 reads the data which the disk drive #2'
requests to transfer the data to the disk drive #2

t hrough the nutual comuni-.- c20i oA bus 102 (YES in
Step S133 and Step S138). 5 As shown in FIG 17A, the
di sk drive #2 restores the lost data fromthe parity

i nformat i oks asiowheinaFaG. t1apsteer@lskr @i v8eysli skads the
drive #3 (Steps S113 and S114). In this case, the data

to bedatangikch ethe edi sk sdoiwvé e mddumrstof b skealid f€r the
so that the disk 1.0 drive #2 returns the ready

not i f4aeR itoh the tdeshodriey A2 mhomgiNGliea Sitam Siddmmuni -~
and St ep, Sl%gg The disk drive #2 transfers the data

inr Y FERR) es? $hepn $hE3 ard %9%@e&11@b

(Step S117. The dj sk g v #2 notifjes the dis

drive #3 thatSERe 150 F Ii\/e e digk od ’Eb"?r%%slf%?tores

(Step G @%@rom%ﬁ SRV RGO 2pd the data
t f 3 f he, . di sk
P P e ‘fle%}?n"#a 43 R Y Sana

trangfiarg t.hr oygh Hhe 2 dmu
(YES in Step 134 alnd Steps S135 an Ch%56) e]g]ggd

di sk edriiswss #h raceimestdihent rinst Qir.u;eer @@%Hé’@ the disk
notification fromthe disk drive #3, th
drive #2 returns the ready notlflcatlon to the host
system 100 (NO in Step S115 and Step S116).

The disk drive #2 transfers the data in response
to the request from the host system 100 (Step S117).
The disk drive #2 notifies the disk drive #3 that the
disk drive #3 starts to transfer the data through the
mutual communication bus 102 (Step S118).

As shown in FIG. 18, after the data transfer, the
disk drive #3 notifies the disk drive #2 of the status
and the termination of the data transfer through the
mutual communication bus 102 (YES in Step 134 and
'Steps S135 and §136).

When the disk drive #2 receives the transfer
termination notification from the disk drive #3, the
disk drive #2 returns the execution result status of
the command to the host system 100 (YES in Step S119
and Step S121).

In the case that drive #3 has trouble on the
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di sk drive #2 returns the execution result status of
25 the command to the host system 100 (YES in Step
S119 and Step S121). In the case that drive #3 has
trouble on the 21 other hand, as shown in FIG 16,

the disk drive #1 cannot confirmthat the pieces of
data of the logic addresses 10 and 11 are ready in
the disk drive #3, so that the2di sk drive #1
determines that the disk drive 5 #3 is broken down (NO
in Step S96). The disk drive #1 notifies the disk

dri veottRer haandg ddesipownt yni PfEl Mag) opné hdl sk her g sk
drive #2 restores the data and transfers the data to

the HeARnokysorid WOt et bethal pietes hef digka dbfVEn&3logic
(Step 5101). 10 As shown in FIG 17B, in order to .
restoﬁ%ﬁ?%@seﬁl%Qe%n@ﬁlhaQQEOIeaﬁﬁ imgtheadﬂ$E3635vé0#3 so
and h%1 d sk drive #2 requests the disk drlvg #1

to tgé‘has % grhe |%?'c3e‘éedf datemingse thayi ccheldissisedrive

t conmuni cati on bus 102 (YES
?nag%:’gtlesp %%g% r%“@t e Céf'ih)SteﬂEtd&;tr@l ggl %/het Ihgglollcsk
dri #1 t e pi-£ces, o
atrjij\r/:sses @ﬂgﬁdl?t Ith‘ﬁ% #]dl Q(ts @’29 1D ghrtre #2
t e .
Klut g?{r?gfll vely, é:thde }qush rive éﬁlzg R:h ?@Ih‘? Aksk dgive #2
the diesdcaltdyaHel dartaansa’ﬂd StLtJ}st eﬁﬁﬁé‘ré’da@{t%? té’#}éost

t he-host interface bus 101, so
does syatteint ATMNidn Hehdat af ttrrfm%heék (SRS 43 b dd%101) .

di sk drive #2 may nonitor

As shown in FIG. 17B, in order to restore the
pieces.of data of the logic addresses 10 and 11, the
disk drive #2 requests the disk drive #1 to transfer
the pieces of data of the logic addresses 8 and 9
through the mutual communication bus 102 (YES in
Step S123 and Step S124).

Accordingly, the disk drive #1 transfers the
pieces of data of the logic addresses 8 and 9 to the
disk drive #2 through the mutual communication bus 102
(Step S102). Alternatively, the disk drive #2
recognizes thét_the disk drive #1 transmits the
'ﬁecessary data onto the host interface bus 101, so
that the disk drive #2 does not transmit the data
transfer request, but the disk drive #2 may monitor
the data which is transferred from the disk drive #1
to the host system 100.

After the disk drive #2 transfers the restored

data to the host system 100, the disk drive #2
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the data which is transferred fromthe disk drive #1
25 to the host system 100. After the disk drive #2
transfers the restored data to the host system 100,
the disk drive #2 22 notifies the disk drive #1 of
the status and the termnation of the data transfer
(Steps S126 and S127). Wien the disk drive #1
receives the notification fram phe disk drive #2, the
di sk drive #2 5 returns the status to the host system
100 (YES in Step S103 and. Step S99). (Third Specific

Ex f 1 &t T 0 olL.Ln
Che R oo o he TP 1 elF e gachal

embodi emminat 1dn hef dessrades t2Onseler (5PE8pEOsi B and
flowmcharts shown in FIGS. 19 and 20. In tﬁe RAI D
syst €M Zbnf i gilver i e sthiosdo dnive GBL Adde tds 108 t he

host system 100 issues the read command for reading

the dRE Fretiore foyh ctheldibss driwe #2pwohéndFsG diQve #2
(Step S%é%{. \When the host system 15 100 receives the
requeRtHEtS Wil Shakus dtesthe oreshesystek HPDVEYES dn Step
#2, t ost, system 100 ends the read operation (Step

S143 S{a@og]\?é@; R 37 B144). As shown in FIG 20, the

oL ok Al ot 5% 861, sccess, Lo Ahe dala, of e

o SR esmertne DALY kol R IRRES 174D e

L angoltis i nealy il 4468 dh0Subfed %Pl 0%he ®hSker ibed
referring to the flowcharts shown in FIGS. 19 and 20.

In the RAID system configuration shown in |
FIGS. 10A and 10B, the host system 100 issues the read
command for reading the data from the logic address 7
as shown in FIG. 19 (Step S141). When the host system
100 receives the request data and the status from the
disk drive #1 or #2, the host system 100 ends the read
operation (Step S143 and YES in Step S144).

As shown in FIG. 20, the disk drives #1 and #2
get access to the data of the block address 7 in
response to the read command (Step S145). One of the
disk drives #1 and #2 which_antecédently succeeds td
get access to the data transmits the ready notifica-
tion to the other disk drive through the mutual
communication bus 102 and also return the ready
notification to the host system (Steps S146 to S148).

Assuming that the disk drive #1 transmits the

. ready notification, the disk drive #1 seizes the
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conmuni cati on bus 102 and al so return the ready 25
notification to the host system (Steps S146 to S148).
Assumi ng that the disk drive #1 transmts the ready
notification, the disk drive #1 seizes the 23
initiative of all the follow ng read operation
Nanely, the disk drive #1 reads all the pieces of
data whi ch the host system 100 rgegluests fromthe disk
of the disk drive #1 to transfer all the pieces of 5
data (Step S149). Alternatively, the disk drive #1

predi ¢hittibeigddo@Ess 1iln twai &l 1tk i | +Sq
del ayed by seek operation, and ?ﬁg' |3§ﬁ§f?§%§€é§ion'

pr ef eNemed yt hehdatd skr dmitviee #3ame aaddmess the bﬁ%@%%e%f

the data to the host system 100. The disk drive #1 10

ret ur A3tBhwhicht tibet boshe slystiens e MR sats thent It disk
when the data transfer is termnated (Step S150). In

the RAFDER§peisk dméieofe 6o thendifsk diilvehe pleared of

#2 is b%okzg down, the ready notification is not
transAPEEedStERASEAR) r esPohBENES ivied datthet ddisdf eirive #1

bstj ' t . t _al t d. Ther ef :
ont'y Pre efher EHECROaFRo ha” sheks shendatre temdgns 1o
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enmbodi nent w Il be descr rererring

24. |thé heafll EbSyRs eHb§@nEgQHéﬁ\t h@@.Sh%WIBt igﬁsk':'dﬁve #1

9A to 9C, the host system 100 issues a w

returns the status to the host system 100 at the time
when the data'transfer is terminated (Step S150).

In the RAID type 1, when one of the disk drives
#1 and #2 is broken down, the ready notification .is
not transmitted, and the response to the data transfer
substitution request is not also returned. Therefore,
only the other disk drive is operated as the single
disk drive.

(First Specific Example of Data Write Control)

Then, data write control in the RAID system of
the RAID type 4 or RAID type 5 of the first embodiment
will be described referring to FIGS. 21 to.24. |

In the RAID system configuration shown in
FIGS. 9A to 9C, the host system 100 issues a write
command for writing the data in the logic address 7 as
shown in FIG. 21 (Step S151). When the host system
100 transfers the write data to the disk drive #1 and

receives the status from the disk drive #1, the host
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command for witing the data in the |logic address 7 as
25 shown in FIG 21 (Step S151). Wen the host system
100 transfers the wite data to the disk drive #1 and
receives the status fromthe disk drive #1, the host
24 system 100 term nates the wite operation (Step
S153 and YES in Step S154). Wen the disk drive #1
receives the wite command upo4the host interface
bus 101, the disk drive #1 5 recogni zes that the wite
command for witing the data in the |logic address 7

i s t heyseerssobor&hrihhesk ¢naf wr%%%Fﬁgﬁ%ig?bﬁ éﬁglegksws

itself. At this point, as shown

drivead YBS$ifnestépesdbgk.drive #2 having the parity
information of the data that the 10 disk drive #1

responds t@hehetbentind Hirawet He Besbive¥StBE #99te command
t hrough the mutual communi cation bus 102 (Step S161).

The R dfhe hast renbgnfaes bhat 10he phei tysk drive #1
information to the logic address 7 exists in the bl ock

15 4 TRCAHE 2R S KERART vEhgowritel commanddEek Writéng2the data

al so re nizes, that the data of the |ogic address 10
(= oI BEETE GFoqHe %‘5%&3%Y/elﬁtssh@oﬁeéﬁﬁsngmpbepkalbcy 4 of

i i d d.. T f , di sk dri #2
oo A A S % K6 e S e s |48 Gsbaawn in
20 tgrpdate t j t i t1en data. 0
20 LA00% IR o U7 JELLLEL S8 of5 0010,
#1 t%d&ﬁ#&ﬁﬁﬁﬁa&%ﬁgﬂ%@ fﬁ%é&ﬁg%%gﬁ o%ﬁgﬁg ggggeéﬁag the

which is e up ject to e dis
disk drive #1 responds to the command from the host

system 100 through the mutual communication bus 102
(Step S161).

The disk drive #2 recognizes that the parity
information to the logic address 7 exists in the block
4 of the disk drive #2 itself. The disk drive #2
also recognizes that the data of the logic address 10
(=-block 4 of the disk drive #3) concerning the parity
creation is not updated. Therefore, the disk drive #2
reads the data of the block 4 into the buffer in order
to update the parity for the written data.

As shown in FIG. 23, the disk drive #2 request |
the disk drive #1 to transfer the old data of the
logic address 7 which is the update object to the disk
drive #2 through the mutual communication bus 102 (YES
in Step S171 and Step S172). The disk drive #2
creates exclusive-OR of the data of the block 4 and

the old data to prepare to the parity update (Steps



drive #2 through the mutual conmunication bus 102 (YES
25 in Step S171 and Step S172). The disk drive #2
creates exclusive-OR of the data of the block 4 and
the old data to prepare to the parity update (Steps 25
S174 and S175). On the other hand, as shown in FIG

22, after the disk drive #1 transfers the old data of
the logic address 7 to the diskgdrive #2, the disk
drive #1 5 confirnms whether the disk drive #2
transmts the ready notification or not through the,
mut ud1Tprandi sepspn  bus 102 (YES in Step S164 and
Step S165). When the disk drive #1 receives the ready
notificatiom themother Hahde #2 th6wdi 8Kk HE6Ve24] after the
I medi ately returns the 10 ready notification to tﬁe
host chiyst edm 09 #ISttemSifif)s tHOVEMEIda ey &Y i thd NBogic
case where the response is not transmtted because

the diddeaRs vk %2 the biikiendr foew#2 t hehalididks ldrd vievet 11
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returns the ready notification when the disk drive #1
i s r SoNF s Whethrr thel dbsk erivel#arinensidits the ready
contin3%§.the performance of the command. The di sk

dri v& Ot TR R Qhafar i EQusifighe, Mitoml heommenication

Systemel0d 0 d L HIe A el dd oo dhs Ko 657 P D the

| Tudenisn S Ses 0 SRS S Pl e

S R R R A T e
ready notification to the host system 100 (Step S166).

However, even in the case where the response is
_not transmitted because the disk drive #2 is broken
down, the disk drive #1 returns the ready notification -
when the disk drive #1 is ready for writing, and
the disk drive #1 continues the performance of the
command. The disk drive #1 receives the data transfer
from the host system 100 to write the data in the disk
(Step S167).

As shown in FIG. 23, the disk drive #2
simultaneously receives the data which is transferred
from the host systemlloo to the disk drive.#i, and
the disk drive #2 creates exclusive-OR of the data
transferred from the host system 100 and the data on
the parity updgte buffer and updates the parity in the
block 4 (Step S176).

The disk drive #1 confirms the status of write

operation to the block 4 of the disk drive #1 and the
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the parity update buffer and updates the parity in the
25 block 4 (Step S176) The disk drive #1 confirns the
status of wite operation to the block 4 of the disk
drive #1 and the 26 status of wite operation of the
parity of the disk drive #2 through the nutual

communi cation bus 102. When one of the status of
write operation to the block. 4,gnd_the status of
wite operation of the parity 5 is successful, the

di sk drive #1 returns status information of the

conpl etdons toft higs hsh Ot St 9 Ny
bot h the s?atus o% mwi?§¥§%gg%a%?oﬁﬁ?osgﬁ§%glégk SaﬁﬁSk

the simivs #1 tHtdegh opes ahhOra Df céhfuRdsat Yo 5u80102 .
successful, the disk 10 drive #1 returns the status o

an erflgn tone¢ hef hols¢ ssystenpiOfrids spevELion L& tRSE. block
when the notification is not transmtted through the

nut usdl 3AmEe catdows bof WORte operatt séndofvehé#2parity
having the parity information 15 determ nes that the

di sk df iSRFFAST &by oled dbw dY NG i #il StepuSigldtatws
ST oL St e onyetad”
updat Sl ST SHE e SR ot B Satunes Sxite
of | RPN Ll ot U I "o SHiERoF gt L8

cr eatdpir At A ties rﬁ’éf‘f’éy thag&@@esgfﬁ’l ,10t2he disk
(Step S177).
drive #1 returns the status of an error to the host
system 100.

As shown in FIG. 23, when the notification is not
transmitted through the mutual communication bus 102,
the disk drive #2 having the parity information
determines that the disk drive #1 is broken down
(NO in Step S171). 1In this case, thé disk drive #2
recognizes that the disk drive #2 should respond to
the host system 100. Further, since the disk drive #2
cannot receive to be updated data from the disk drive

‘#1, the disk drive #2 requests the disk drive #3 to
.read the data of the logic address 10 nécessary fof
the parity creation through the mutual communication
bus 102 (Step S177).

As shown FIG. 24, the disk drive #3 transfers the
data which the disk drive #2 requests the disk drive
#3 to transfer. When the disk drive #3 receives the

process termination notification, the disk drive #3



As shown FIG 24, the disk drive #3 transfers the 25
data which the disk drive #2 requests the disk drive

#3 to transfer. Wien the disk drive #3 receives the
process termnation notification, the disk drive #3 27
ends the process (Steps S183 to S185). When the disk
drive #2 receives the data fromthe disk drive #3,

the disk drive #2 returns the regdy - notification to

the host system 100 (Steps 5178 and 5 S179). The disk
drive #2 receives the data which the disk drive #2
requeshsist baehpsbceyst qeetpe sagst kanshien) The di sk
drive #2 creates the exclusive-OR of the data

transf er r efhfenomhiehelilsds drdwat #M 1@QedR@ds the data Hrom the
the |l ogic address 10 on the buffer, which 10 is
transfiépkedriventBhetipsdidki dei®s, #2andetipdaseshtheeady
parity in the block 4 (Step S180). Finally, while the

di sk %PF%glﬁétﬁeﬂlFPe§h6théﬁtdﬁ§ﬁtGm|Q@@ dSteps S178 and
procegf %? 3n the disk drive #2 returns the

st at ugtY the 1sksfEdveot2 (seepivessthandasagahich

15 W' Co I
The Efigndss ea&mﬂ? PRafRSt RaToS oY epbnPupLERe LRl o
type érQﬁsE@kD U¥RE 31 R Hp?v tcggg gﬁnEHtpﬁggéps1ve -OR

case where € access ata ex

di sk gfives whth QfaﬁggéﬁkggdfggkeEégnﬂoggB%9§ﬁ§m2§p0 and

flowcharts shown in FI

In t heh®AiEX5y6EeBhE0DbEYLr 8HHLBsSNeWN ohN 824 Owhi
9C, the host systen1100g|ssues tﬁe MWI?e tggﬁﬁgﬁg FérWthh

10witihyg thendftaréd fheml oecdadlr a8$98 #3, and updates the

15

20

25

parity in the block 4 (Step S180). Finally, while the
disk drive #2 notifies other disk drives of the
process termination, the disk drive #2 returns the
status to the host system 100 (Steps S181 and S5182).
(Second Specific Example of Data Write Control)
The data write control in the RAID system of

the RAID type 4 or RAID type 5 of the first embodiment
in the case where the access data extends over the
pPlural disk drives will be described referring to the
flowcharts shown in FIGS. 25, 26, 27A, 27B, and 28.

 In the RAID system ¢6nfiguration shown in
FIGS. 9A to 9C, the host system 100 issues the write
command for writing the data in the logic addresses 7
to 12 as shown in FIG. 25 (Step S191). The host
system 100 transfers the write data to, e.g. the disk
drive #1. When the host system 100 receives the

status, the host system 100 ends the write operation
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to 12 as shown in FIG 25 (Step S191). The host 25
system 100 transfers the wite data to, e.g. the disk
drive #1. Wen the host system 100 receives the
status, the host system 100 ends the wite operation -
28 (Step S193 and YES in Step S194). In this case,
for exanple the disk drive #1 responds to the command
fromthe host system and the azgsk-drive #1 al so .
perfornms the response of the status 5 after the
command is performed. As shown in FIG 26, the disk
dri ve(SEtEp@&1%3 emd tYES dirskstlid v 93 and the di sk
drive #2 having the parity information of the data

that the dirskhirs s, fespaniple the CDINBRE] $& o
t he host system 100 10 t hrough the nutual
conMFFiSPLMIAsn tsud heo ZoBtaasl SO .theThe st shyshdnve dt2d the

recogn igs t.hat the pieces of parity information to
the Pdgikc Gddieddeglpor perforasi shei rasporseocks thed status
drive #2  itself. The disk drive #2 al so

6 of _the di sk .
recoaﬁji%fgsItﬁ’?atcofwdlﬂ-salﬂertft?é“}ﬁdeces of data

' t ar i.t atj on _are_ updated. .
Thor et or ot AR U EEER AN oo BB e 4y nagifies
not e f e arit Jdnformatiqn in
ordeFﬁ%paégggsgqyﬁegga%ﬁﬁygh%fg% F%gﬁyeT%gngﬁg%n€r¢9§
#1 C@ﬁﬁﬁtﬁsiﬂE%EHQEiBH?OQ'%%ezga@%'%%%f#%¥hn %ﬁ%t -ive #1

transmt the ready notifications or —not througt
mut uakspomasniceathen cbimahQ? rr¥heR het B S Ardy 8 ol

confirnms the ready notifications of the disk drives
#2 ahbrsgght hbedmakudli ¢emflinication bus 102 (Step S195).
The disk drive #2 recognizes that the pieces of
parity information to the logic addresses 7 to 12
exist in the blocks 4 to 6 of the disk drive #2
itself. The disk drive #2 also recognizes that that
all the pieces of data concerning the parity creation
are updated. Therefore, the disk drive #2 recognizes
that it is not necessary to read the old parity
information in order to update the parity information.
The disk drive #1 confirms whether the disk
driyes #2 and #3 transmit the ready notifications or
not through the mutual communication bus 102. When
the disk drive #1 confirms the ready nétifications
of the disk drives #2 and #3, the disk drive #1
immediately returns the ready notification to the host
system 100 (Step S196). However, even in the case

where one of the disk drives #2 and #3 is broken down

and there are no response, the disk drive #1 returns
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I medi ately returns the ready notification to the host
25 system 100 (Step S196). However, even in the case
where one of the disk drives #2 and #3 i s broken down
and there are no response, the disk drive #1 returns
29 the ready notification to the host system 100 when
the disk drive #1 is ready for witing, and the disk
drive #1 continues the perfornamgce-of the commuand.
The disk drive #1 requests the host system 100 to
receive the 5 data transferred fromthe host system

100. tNencdd hdei i skt dohves #ReaRBs¥3s95eeR 268Nwhen the
down, because the data cannot be witten in the logic

addr edisss diffite #AR,id heesliigkfdlr i weitdngpt srasthbedisk drive
error, status. 10 As shown in FIG 27A the disk drive

#2  diimaardrieoiss \theqs vEsrndeceacf théchoimand. The disk
transferred, fromthe host system 100 to the disk

dri velgive dtld ReruieshsKEhR ies#osgsbemsl@fetdaracehve the
the byuffer_in order to update the parity. However,

the %@ &53ns H%%SET@EnB?emPPFE eratamt 400et (Step
S212). The,di sk drive #1 reguests the_host stem 100

to transﬁ%ﬁe?ﬁgoﬁgtﬁPevﬂéﬁ tﬁElH?§k§ar?U€ %i ?ERPYRkeN

L1, a0, GRS EhdTRANELRASE BYSLERICE. e ossc

disk drive #1 Wites ata in

and theydsdedriye &l potifdies; Lpe di i hat
The dusnedriyadaaotene Caitkaiag o ¥§F§§%% fhe
mut ualr xe¥madHGad | on bus 102 (Steps S197 and S198).
When the disk drive #1 receives the transfer

As shown in FIG. 27A, the disk drive #2
simultaneously receives the data which is transferred
from the host system 100 to the disk drive #1, and the
disk drive #2 stores the data in the buffer in order
to update the parity. However, the disk drive #2 does
not write the data yet (Step S5212).

The disk drive #1 requests the host system 100 to
transfer the data. When the disk drive #1 receives
the data transferred from the host system 100, the
disk drive #1 writes the data in the blocks 4 to 6,
and the disk drive #1 notifies thé disk drive #3 that
the disk drive #3 starts the data ffansfer through the
mutual communication bus 102 (Steps S197 and $198).
When the disk drive #1 receives the transfer
termination notification from the disk drive #3, the
disk drive #1 returns the execution result status of
the command to the host system 100 (YES in Step S200
and Step S202).
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termnation notification fromthe disk drive #3, the
25 disk drive #1 returns the execution result status
of the command to the host system 100 (YES in Step
S200 and Step S202). 30 As shown in FIG 28, when
the data transfer is termnated, the disk drive #3
notifies the disk drive #1 of the status and the-data
transfer termnation through tfg nutual conmuni cation
bus 102 (Steps S225 5 to S227). As shown in FIG 27A
the disk drive #2 simultaneously receives the data

which is taansisnd eth Fremide host @B{ét&m%@réﬁsfé‘f is

di sk drive #3. The disk drive #2 creates the new

par i te ravitiawed, e Hehelik REM RAHT hdtat@ dd dhe cﬁsq@l@rlve
4 to 6. The new parity is nmade of the exclusive-OR of

the #ataftthesheated ahdomhiehelatestt reynifep Mt tim

data which is stored in the buffer (Steps S214 and

S216FhrApghhithepaiutuali fconmeimicta tfiaathwn ¥0DniSképe S225

#1 15 |§ not transmtted through the nutual

commifi 842i’dn  bus 102 the disk drive #2 havi ng the

parity fornmation determ es that the disk drive #1

is br oke%‘ oﬂm %Iﬁ er? o1 hhe |ql‘llq]ﬁl%r3€‘é%é¢2 as

sho the .di sk r|v onflrns t he
agelggq bgPP%iyagﬁQﬁi % Hﬁ?t*ﬁ U g ifFred

nutug& IsGa us 4o t he d| K dri e #

r et ur_né,)m Eﬁgrnrtllg’ag tslﬁt%le?l ?gtjq o%r? todet J] JS‘SFst#eL’m 1

(YESdiBk §E§9e33é7c?@gtggthéz%%%'parlty and writes the

new parity data in the blocks 4 to 6. The new parity
is made of the exclusive-OR of the data transferred
from the host system 100 and the data which is stored
in the buffer (Steps S214 and S216).

At this point, if the notification from drive #1
is not transmitted through the mutual communication
bus 102 the disk drive #2 having the parity
information determines that the disk drive #1 is
broken down (NO in Step S211). 1In this case, as shown
in FIG. 27B, the disk drive #2 confirms the ready
‘notification of the disk drive #3 through the mutual
communication bus 102, and the disk drive #2 returns
the ready notification to the host system 100 (YES in
Step S217 and Steé 5218) .

Further, the disk drive #2 request the host
system to transfer the data, and the disk drive #2
receives the data transferred from the host system.

Then, the disk drive #2 notifies the disk drive #3
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Further, the disk drive #2 request the host 25 system
to transfer the data, and the disk drive #2 receives
the data transferred fromthe host system Then, the
di sk drive #2 notifies the disk drive #3 31 that the
di sk drive #3 starts the data transfer through the
mut ual conmuni cati on bus 102 (Steps S219 and S220).
When the data transfer is term gated, the disk 5
drive #3 notifies ‘the disk drive #2 of the status and
the data transfer termnation through the nutua

commuHLatiion dUsk 182i vEl #3l yart Hecigh Ska€lf | tY?aﬁ@fer
returns the execution result status of the conmmand to

t he hostowyist e 100t (&1 epotird@B) cat 16n | busheodi $Etdpkve219

#2 is broken down, although the parity information is

not vrd t82¢0xhe process is proceeds Iike the nornal

operation. If the disk drive #3 is broken down, while

the data i%heRahBeedaba Esansherdisveermingted,thbe disk

nor ma ergation,, the disk 15 drlve #2 simul t aneously
KIS

recei RRE E3emstre Stk dphe {2 rRsttt}B%/ﬁfé}ﬁus and
100 t di sk d # k dr
storé%“%ﬁgtﬁéﬁ%t?%éfﬁﬁ %%??%?tho%rggfougg EBﬂaW%t?ﬁﬁ

d d t te t
| gL o e L, O 0 2 el Chr L, AT
syst aBchithd ocnd rénsleti bR é’é‘ﬁft fichstoe thake cSihdfid to

#1 receives the data trans erred hos
100, gHee holisks gt #donpsidpesa e, dl Sk drlve #2

that the disk

If the disk drive #2 is broken down, although the
parity information is not written, the process is
proceeds like fhe normal operation. If the disk drive
#3 is broken down, while the data is transferred to
the drive #1, like the nbrmal operation, the disk
drive #2 simultaneously receives the data transferred
from the host system 100 to the disk drive #l1, and the
disk drive #2 stores the data in the buffer in order
to update the parity. However, the disk drive #2 does
not write the data yet.

The disk drive.#l requests'the host system 100 to
transfer the dafa. Afﬁer the disk drive #1 receives
the data transferred from the host system 100, the
disk drive #1 notifies the disk drive #2 that the disk
drive #2 starts to receive the data from the host
through the mutual communication bus 102 (Step S203).

The disk drive #2 requests the host system 100 to

transfer the data, and the disk drive #2 receives the



drive #2 starts to receive the data fromthe host 25

t hrough the nutual comunication bus 102 (Step S203).
The di sk drive #2 requests the host system 100 to
transfer the data, and the disk drive #2 receives the
32 data transferred fromthe host system 100. Then,
the disk drive #2 updates the parity and wites the
parity to the blocks 4 to 6.- Th® new parity is nmade
of exclusive-OR of the data transferred fromthe host
5 system 100 and the data which is stored in the

buf f edatbnteederelreedr ¢abn the Paki! %ydRdat § odat & t
(Step S216). \When the data transfer ?g termnate fn' he

the ddskkddiriee #2 nptiateesthbepdiskydahvew#itel the parity
status and the data transfer termnation through the :
mut uatoldheoborksatdi ao Ibus TAR. nEwnphlrytyt He dadle of
drive #1_returns the execution result status of the
conmaficiysivReORoof $het data00ra8sépreRa2 ErofThihed host
Specific Exanple of Data Wite Control) The data wite

5 cont r8YSERM: ABORARES &Pt dataf whish is RApDedyps thef buffer
the first will be described referrin

nboginent % to
t he f%%mﬁﬁgﬁFs ShGWAaFE EPesPasdty yrdate datend Srepps216) .

j [ h in FLGS. ,10A and 10B, .th ,
boet el b RaL R aRBEE: Bl L hiRRRD s ShouiEgrive
th : | ' 7 h ' FIG .2
(St e s Pules! PALSa R AdEL et 8F QTR 1R (g Ehe
to theatlhskrahb¥8r#lePhinkeioMER nghheﬁg RUE §g1100

ﬁ 1 or , the

receives the status from the dis Ive
- 10 host symhenidffion bus 102. Finally, the disk drive #1
returns the execution result status of the command to
the host system 100 (Step S202).
(Third Specific Example of Data Write Control)
The data write control in the RAID system of the
15 RAID type 1 of the first embodiment will be described
referring to the flowcharts shown in FIGS. 29 and 30.
In the RAID system configuration shown in-
FIGS. 10A and 10B, the host system 100 issues the
write command fér writing the data to the logic
20 address 7 as shown in FIG. 29 (Step S231). The host
.systemIiOO transfers the data to the disk drive #1 or
#2. When the host system 100 receives the status from
the disk drive #1 or #2, the host system 100
terminates the write operation (Step S$233 and YES in
25 Step S234).
As shown in FIG. 30, the disk drives #1 and #2

get access to the data of the block address 7 in
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termnates the wite operation (Step S233 and YES in
25 Step S234). As shown in FIG 30, the disk drives #1
and #2 get access to the data of the block address 7
in 33 response to the wite conmand (Step S235). The
disk drives #1 and #2 seek individually to the data
position of the block address 7. One of the disk
drives #1 and #2 which antecgdegély_succeeds to seek 5
to the data position of the bl oCk address 7 transmts
the ready notification to the other disk drive through

| 0o VBN EOTEOLAE L PR 8L Bodand N (aPL PSR S T TRE aisk

ready n Icatron to hos t 236

S238)driPe SsHUM ARG 4haded b Fi Sk did ey Al tyahsidd $

the ready notification, the disk drive #1 selzes the

initiposveioh afl thbeplobkontidge¥site OpREALEOPRe disk
Nanely, the disk drive #1 requests the host system 100

to trdnsfes #heamdt# wintcH henwhcddehi Me stlcdasdd ves seek
15 the data transferred from'the host system 100. Wen

the da=eathe aistarpositeoni ofit ele bhecki siddesye7#transmits
al so perforns status response to the host system 100

(St epshes2perANdNSPUDicatibarvee , thteothek diskedtPve through

nonitqrs the data transferred to the disk drive #1 to

20 wiie P bt GOTAR hea s ko Bracklasanfeaipakraknye

2 58 ookl 408 BOLD uge, L bep one of, Lhe dLsk, cosg

notifigats o

Assuming that the disk drive #1 transmits the
ready notification, the disk drive #1 seizes the
initiative of all the following write operation.
Namely, the disk drive #1 requests the host system 100
to transfer the data, and the disk drive #1 receives
the data transferred from the host system 100. When
the data transfer is terminated, the disk drive #1
also perforhs status response to the host system 100
(Steps S239 and.8240). However, the disk drive #2
monitors the data transferred to the disk drive #1 to
write the data in the same block as the disk drive #2
itself. ”
In the RAID type 1, when one of the disk drives

#1 and #2 is broken down, since the ready notification
is not transmitted from the troubled drive, only the
other disk drive is operated as the single disk drive.

In the case of the data write operation, since

the process can be advanced by storing the data in



Is not transmtted fromthe troubled drive, only the
25 other disk drive is operated as the single disk
drive. In the case of the data wite operation, since
the process can be advanced by storing the data in 34
the buffer even before the seek to the required bl ock

~position, in this case, the disk drive #1 is

configured to al ways provide-thggready notification.
When t:he di sk drive #1 does not provide the ready 5
notification due to the breakdown of the dISk drive

#1, the dutkedl iseddd forpaid ek as e %Pélﬁ

drive. The nutual conmuni cation bus 102 |s one

i s dhared pedit idre, plrurtelidlicdsdlr inms.dio &arl#E is
like 10 the SCSI interface, the nutual conmunication
bus Iehfiiminetbstd dlovBs datavies HHaasahd totdfidation.
signal lines such as RST, ATN, ACK, REQ MG 1/0

C/ D, Womm thendimgy. diRgre diladsies, note pnoviale the ready
commruni cat,i on bus 102 has an arbitration function and

a br 35 e é%r@t%meawrw@ﬁ Heheadisk girive
such s %ﬁ gﬁerl%L r of the drive, the disk

dri vEs’conie d VBu céﬁ 8§§F§ﬁe?hédeP@eSﬁ@ﬁ@éﬁlone
to o ot her. When the host interface bus 101 is
pursuant ‘to ATA, the nunber of disk drives recognized

sk ari val® TREEE (ISR et 1y éﬂé 9 vd dien s

CoONN@Ge@d o Q/lttm%ﬂéo?ldr@lercﬁ%qg ag}isk 1 S angI nﬁ;ﬁie, like

di sk drives is primary

10 dlSkt%@IE@%Ia&%terface, the mutual communication bus 102
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includes 8 to 32 data bus lines and control signal
lines such as RST, ATN, ACK, REQ, MSG, 1/0, C/b, SEL,
and BSY. For example, the mutual communication bus
102 has an arbitration function and a broadcast
message protocol, and on the basis of such as the
serial number of the drive, the disk drives connected
to BUS can assign the drive number to one another.

When the host interface bus 101 is pursuant
to ATA, the number of disk drives recognized on the
host interface bus 101 is limited to two disk drives.
When.at least the three disk drives -are connected to
the host interface bus 101, one of the disk drives is
set to a primary disk drive and other disk drives are
set to a secondary disk drive.

The command for constructing RAID is issued to
the primary disk drive from the host system 100. The

drive number to which the RAID constructing command
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set to a secondary disk drive. 25 The command for
constructing RAID is issued to the primary disk drive
fromthe host system 100. The drive nunber to which
the RAID constructing command 35 should actually be
executed is specified as a command paraneter. Wen
the primary di sk drive which receives the RAID
constructing command recognizesyd ram the command
paranmeter that the RAID constructing cormmand 5 should
be executed by other disk drives, the primary disk

driv st t it ; ot
& HohARS @S aiNG RA RsldGld | ;ﬁlgﬂr?&gu%é 3 Za&mnand

speci fied through the nmutual comun

The spetindted.di Whedl ithe WHitlreRisied iR RN h 1Peceives
constructing command through the nmutual comuni cation

bus 162, RAI® sweesitiiued itdigs kotiarel neiddgit 4d¥e St &h Ushe

to the primary disk drive through the nmutual communi -

cat i comnpgndl @2.rafied epr ithearty tdies RAAID \ownet mict ieg etom@sand
the status fromthe specified disk drive transfers the

15 sthoudd et lexelsudeds Pyt erbhelr cligrk tdmd et the primary
interface bus 101. (Second Enbodinent) FIG 31 is a

bl ocKidikagitdives ke@nsd etive theo MR canistF Uit inge Fammend
syst%n1$ cordi ng t.o a secon t@% enbodinment. In, the
second &ERFodPREHE 1 SGn P romeyithe autvel Grmmurpikcation
connggted b the host system 100, and the RAID system
is forned by connecting the connector

The specified disk drive which receives the RAID
constructing command through the mutual communication
bus 102, the specified disk drive returns the status
to the primary disk drive through the mutual communi-
cation bus 102. The primary disk drive which receives
the status from the specified disk drive trahsfers the
status to the host system through the host interface
bus 101.

(Second Embodiment)

FIG. 31 is a block diagram showing the
configuration of the RAID system according to a second
embodiment.

In the second embodiment, only one disk drive
(#1) 103 is connected to the host system 100, and the
RAID system is formed by connecting the connector
which is not connected to the host system 100 to
another disk drive.

It is assumed that the communication between

the host system 100 and the disk drive 103 and the



which is not connected to the host system 100 to 25

another disk drive. It is assuned that the

comuni cation between the host system 100 and the

di sk drive 103 and the 36 conmmunication between di sk

drives are conducted through the serial interfaces

101 and 102. The serial interfaces 101 and 102

i ncl udes signal |ines such as B8Bkansm ssion TX+,

transm ssion TX-, reception RX+, and 5 reception RX-.

The serial interface transmts and receives the
cometishmiihic st BdtShetdeh h@i gRt arbyedShRe conducted

hi erarchi cal structures such as a physical |ayer, a

| i nk tayeugh atlle t sanspbr intayEacebnlObeaphydi0@al Th@ serial
| ayer, types and |l evels of the signal lines are

def i nerterfaecee 10hkandyeP? ancinflesnatigoalf damesi such as
transmtted and received. In the transport |ayer, the

i nf or'rER T FRL$FhAR TE+cohseremiedienr T¥he rPamBAISSI BX+, and
and the receiveg information frame is disassenbled. 15

The COTMEtRFt3Ri®¥with the host system 100 is

per f or med ol ler 20 of .the djsk dr.ive

he disk.
D) 0105 e BRehad i fPRFReSh sl ven Sl Hesivis
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issueghgr@?&%ﬁﬁdbogﬁes¥§égﬂé109n5°tﬂgga%%gn g;ggiﬁﬁér

contents o € Subsequent pfocess. he contro

20 ofp fdskrérivel #dt aRchibes SQEBrgglSrp%#s?EaﬁhQSg%§K

drive #2 are connected to each other wt he sa
cabl ea apinkelgpdl s shichbrafopoeet sal/Be .hosh Thet pRyEAGal

and the controller 20
layer, types and levels of the signal lines are
defined. In the link layer, an information frame is
transmitted and received. In the transport layer, the
information frame is construcﬁed for_the transmission
and the received information frame is disassembled.

The communication with the host system 100 is
performed by the disk controller 20 of the disk drive
(#1) 103. The disk controller 20 receives the command
issued from the host system 100 to determine the
contents of the subsequent process.

The controller 20 of disk drive #1 and the
controller 21 of the disk drive #2 are connecﬁed.to
each other with the same cable as the cable which
connects the host system 100 and the controller 20
of the disk drive #1. The controller 20 and the
controller 21 are connected by the same communication

mode up to the physical layer and the link layer.

The plural disk drives can be connected in series
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of the disk drive #1. The controller 20 and the 25
controller 21 are connected by the sane communi cation
node up to the physical layer and the link |layer. The
plural disk drives can be connected in series 37 by

t he above connection configuration. Theoretically, as
shown in FIG 31, n disk drives are connected to one
another in series to formthe RALD system (Third
Enbodi ment) 5 FIG 32 is a bl ock di agram show ng t he
configuration of the RAID system according to a third

embodi freffe éﬁb@@ecﬁﬂﬁééﬁ?HHOGBHEEgurgggogQStTheoretically,

i nterface bus 101 has the sane strucfure "as the

firstagenbosiiiens rif, shownni 8iEkGarlve@ atle ciicted to

hand, - t he comuni cation between di sk drives is
condumtedandtiveighihheeseesato Ebkar tacerATNE sstHeA.
interface includes the signal |ines such as
transtibbsrdrEMedineansm ssion TX-, reception RX+,

and reception RX-. Nanely, the system 15 of the third
enbodi nentFidopBd iheanbilhol dfiagremdstiowdiga Héne

comuni cati on between the disk drives by transmtting

and reREk Wt hen | of oF et RBADf piREeMnREROrHd NYeticala third
interface., FIG 33 shows a format of a packet 330 used

in PELRIMuni cati on between the disk drives in

MARHIEES i AT SR IR A (L

L dentj§1 63, B L ame bus structure as the first embodiment
shown in FIG. 1. On the other'hand, the communication
between disk drives is conducted through the serial
interface. The serial interface includes the signal
lines such as transmission TX+, transmission TX-,
reception RX+, and reception RX-. Namely, the system
of the third embodiment adopts the method of
conducting the communication betweén the disk drives
by transmitting and receiving the information frame
with the serial interface.

FIG. 33 shows a format of a packet 330 used in
the communication between the disk drives in the third
embodiment.

A front end portion 331 of the packet 330 is a
command identifying portion which identifies whether
the command is one in which the disk drive is
controlled as the single disk drive by the host system
or one in which the disk drive is controlled by the

RAID system. Further, the format includes a command



the command is one in which the disk drive is 25
controlled as the single disk drive by the host system
or one in which the disk drive is controlled by the
RAI D system Further, the format includes a command -
38 and nessage portion 332, a code portion 333 for
specifying the disk controller nunber to be accessed,

a data start portion 334, a datagportion 335, and a
portion 336 for indicating the end of the packet. 5
FIG 34 is a flowhart showing a RAID construct- ing

s B D 2

allo e d f ¢copgegLe
Che RS EIATCSRE LR LAk B £ORTEL i dnoec,

10 (20)dotatbeadiskodtivg 641) anaes bBEthanyﬁbef afd

has nmanagenent information such as the nunber of disk
drives powtide 336rige tapdchting ohet BAddbsktHEI paGket .
in the RAID configuration (Step S252). The disk
control | erF2G8. ha¢i hg ahélbbchambeshbwibgcan8AIDctenstruct-
RAID of the RAID | evel (for exanple, type 4 or type

5) sp?ertqfmé%cwumea@mndinugftgnthheth@sd enbedénendo
(Step 8253 The dISk controller 20 havin the ID _
number eeificalhdnagemdht ( ééﬁatﬂélﬁﬁglon) number is

contr ers_of the_other disk_drjves, (Step,K S254). 20
V%en*¥%%‘§ﬂﬁ?% b?o%%%u?@dﬁg ﬂSrﬁgﬁlQlégrﬁfhﬁﬁeaonn?ﬁéed to

and <300 N Rt R Ch B0 ChPEReaaP D) T Rbe ShaRngpnpEoller

10 tern1aﬂfedgft@ﬁeda§§k089£68'k#{)hﬁy6fﬁgtbﬁe'fb number 1 has
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management information such as the number of disk
drives and the storage capacities of the disk drives
in the RAID configuration (Step S$S252).

The disk controller 20 having the ID number 1
constructs RAID of the RAID level (for example, type 4
or type 5) specified by the command from the host
system 100 (Step S253). The disk controller 20 having
the ID number 1 copies its management data to the
controllers of the other disk dfives (Steﬁ S254) .

When the above procedure is normally terminated;
the RAID system constructing brocess is ended (Stépé.
8255 and S5256). When the above procedure is not
normally terminated, the disk controller having the ID
number 1 notifies the host system 100 of the error
status, and the RAID system constructing process is

ended (Step S257).

FIG. 35 is a flowchart showing a communication
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nunber 1 notifies the host system 100 of the error 25
status, and the RAID system constructing process is
ended (Step S257). FIG 35 is a flowhart showing a
comuni cation 39 procedure between each of the disk
drives according to the third enbodi nent. The source
di sk controller 20 of the disk drive #1 specifies the
destination disk controller numBgr to 5 transmit the
packet (franme) (Step S261). The disk controller which
recei ves the packet conpares the destination disk

Contrﬁ&é@%d@ﬂ@bﬁétwéeﬁhgaﬁﬁcB?ttﬂ%talskhﬁrgbég acgording to
controller nunmber of itself. If the destination 8

contrtméethﬁﬂabembbalmaﬁtpacket does 10 not correspond
to the disk controller nunber of itself, the disk

control | erThki sbureeediek tbatpatket 20r afskteesdibk drive
packet to the adjacent disk drive (NOin Step S263

and Stlepxe6iies ftheedeesinant onndisskcoontobléer number to
nunber in the 15 packet corres onds to the disk

cont rofaRsmhunblae Backetséframehe (3bePi f36Ldn The disk
controller fgalyz t he recelved connand to perform

the protes’ %Eo‘f'fa%ﬁ'a FecetKes chhfmprck Risnepsupaafe§kthe
L
POV OE OSP4 54 20y P g £°BEC LS RETP B B0
f'rsndéétlﬁiﬂfgne@PQg'8§H£§olig? ghﬁgegri¥e§h$hhggket does
coul d operate
not correspond to the disk controller number of
itself, the disk controller which receives the packet
transfers the packet to the adjacent disk drive (NO in
Step S263 and Step S266).

If the destination disk controller number in the
packet corresponds to the disk controller number of
itself, the destination controller analyzes the
received command to perform the process according to
the command. Namely, disk access process is performed
(YES in Step 5263 and Step 5264). The destination
controller notifies the source controller 20 of the
reception completioh (Step 8265).

As described above, according to the first to
third embodiments, the disk drives which could operate
as the stand-alone disk drive include the function of
constructing the RAID system in collaboration with one
another by the communication. Each disk drive can

simply construct the RAID system at' low cost based on
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as the stand-al one di sk drive include the function of
25 constructing the RAID systemin collaboration with
one another by the comunication. Each disk drive can
simply construct the RAID system at-| ow cost based on
40 the RAID-system constructing command from the host
system 100. Nanely, the RAID system can be realized
wth no dedicated controller sy&h as the RAID
controller by 5 the configuration in which the RAID
controller function is dispersed into disk drives.

he. FATD oy SHoet PLaaT Rt o0 wRoiE T oifiRls Yo

conneGidtieen tilee pl ural drives to one another 10 so as
to be able to mutually comuni cate with one another

Ther ef or e, Nanteel JRAI e A N Nt i) ddYe B8 dhealized with no
reliability and the | arge storage capacity can sinply

be coesticatteed curtiroid drarsyests Gad ecrsd IRKIDIrcontroller by
Addi ti onal advantages and nodifications will 15

r eadithg ceadigur athiese igkivhieth ithe IRA XD tcorfthey Efer e,
the invention in its broader aspects is not limted to
the SpeGtiicn dé&t silspensed dpvtes ahitsd idrd watbodi nent s
shown and described herein. Accordingly, various

modi i cat iFGTE IfEit aFe radd avR Al o@?faﬁ/]t i K I r & Yo

20, S USSR ol S R ) M S PR e
41 mﬁﬁgthérckylgggdégting the plural drives to one another
SO as to be able to mutually communicate with one
another. Therefore, the RAID system having the high
reliability and the large storage capacity can simply

be constructed with no large-scale structufe.-
Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the

spirit or scope of the general inventive concept as

defined by the appended claims'and their equivalents.
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1. Adisk drive conprising: a drive nmechanismwhich is
operated as a single disk drive; 5 a conmunication
unit which exchanges information for constructing a
RAI D systemw th other disk drives; and a controller
whi ch exchanges information with other disk drives by
usi ng the communi cation unit, the 10 controller
realizing the RAID systemby.contralling the drive
mechani sm and drive nmechani sns of other disk drives.
2. The disk drive according to claim1, wherein the

controller perfornms copijpel TepetatMen ftgr 15 realizing
the RAID system based on a constructing comand which

orders corstrctdienk efritvee dMg2 iBigiem i n commands
received froma host system and the controller

perforns @omtmiole opetstnicm fwirictsiimgWmrtatapeisita ngingle
the disk drive when the command 20 is the command for
oper 8diskgdad veisi ngl e di sk drive. 3. The disk drive
according to claim1, wherein the controller includes

a RAI D t afl EFudEcaddan smit RAvigh wrchsingere Refgrmation
syst roup i nfqrmati for specifying the disk .

dri vgg]ri %epsﬁé&citﬁneh@ %%Ir? SYSEPT hthy pFhmfisk drives;
infog tion which enables a RAID function. 4. The

di sk drive according to claim2, wherein 42

a controller which exchanges information with
other disk drives by using the communication unit, the
controller realizing the RAID system by controlling
the drive mechanism and drive mechanisms of other disk
drives.

2. The disk drive according to claim 1, wherein
the controller performs control operation for
realizing the RAID system based on a constructing
command which orders construction of the RAID system
in commands received from a. host system, and

the controller performs control operation for
singularly operating the disk drive when the command
is the command for operating as a single disk drive.

3.. The disk driﬁe according to claimll,.whereiﬁi
the controller includes a RAID table to set each of
a RAID type of the RAID system, group information for
specifying the disk drives included in the RAID
system, and flag information which enables a RAID
function.

4. The disk drive according to claim 2, wherein
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the controller includes a RAID table to set each of a
RAID type of the RAID system group information for
specifying the disk drives included in the RAID .

system and flag informati on which enables a RAID 5
functi on based on the constructing conmand received
fromthe host system 5. The disk drive according to
claim2, further conprising, anpJnterface which is

used for both the case 10 where the disk drive is
singularly operated and the case where the RAID

syst efhé Sc6ROSSL UEEClncPuadhedksl pdiis Q.ea%%g&%n%atc% of

claim1, wherein the controller includes a
strucauREIDabypembeﬁheiEADEGQyEQémqegQBEbnqwfy}mgif%n for
bl ock structure with 15 respect to address allocation

of daspeoifpangtyhendbskadrbdtrtesniacRAUB4SY St @Me RAID
configuration. 7. The disk drive according to claim 2,

wher esistemhe awdit fbageinfermanfibguwadcho ehabdisisom #RAID
command response to the host systemw th respect to

the 2BReR:er e2seR o the RANBLsysténgocommand received

tti end to other disk drive in response to a

trana?

di rectiYh FroMCtheSydkeMsystem 8. The disk drive

-according to claim.1 erein_the communi cation unit
theradeccd

is a serial’intarfat LHReaGEPEAERY Lommddiidhd ofurther

unit. , sSystem conprising: a plurality of disk
driyéﬁ%ﬁﬁ%%%ﬁ%ﬁive 4.3

an interface which is used for both the case
where the disk drive is singularly operated and the
case where the RAID system is constructed.

6. The disk drive according to claim 1, wherein
the controller includes a RAID structure table which
is used for determination of a block structure with
respect to address allocation of data or parity
information in a RAID system configuration.

7. The disk drive according to claim 2, wherein
the controller is configured to function as command
response to the host system with respect to the
construction of the RAID system or a transmitting end
to other disk drive in response to a diréction from
the host system.

8. The disk drive according to claim 1, wherein
the communication unit is a serial interface or
a wireless communication unit.

9. A RAID system comprising:

a plurality of disk drives having drive
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mechani snms to be operated as a single disk drive; a
conmmuni cation unit which exchanges information for
constructing the RAID system anong the disk drives;
and 5 a plurality of controllers which exchange
information with the other disk drives by using the
comruni cation unit, the controllers being respectively
arranged in disk drives to realgée a RAID controller
in a dispersive manner. 10 10. The RAID system
according to claim9, wherein each of the controllers

per f aidBh HPNERD o %@r%éfﬁtégraé egl %%ﬁ%le EtEJ?SkRAI Pisve;

system based on a constructi ng conman or r

ConStruCtié"béﬁmuﬁf&éf%%ﬁ)§H§Eeﬁﬁi8hcgfg§5gg?%g?ﬁ%gﬁﬂation

froma host 15 system and the contro

cont riglr cperstriurtiraf tisé MALRIéys 08T AhdRY tHe 91 SK
drive when the command is the comand for”singularly
oper &tivigsiherdl sk drive. 20 .11. A nethod of
constructing a RAID systemin a disk drive having a
drive nechafsmakiteh dfincenionsllass t wiei sh ngkehathgé
drive d a communi cation unit which exchanges

i nf oM IR AR dEiddt rihe it e hed Rk Birkyes doy wising the
ot her, di sk .drives, the nethod conprjsing: 25 receiving

2 RASS &l&ﬂt&%t%'i ﬁd’%d’?ﬁl‘?ﬂqﬁojﬂf%‘fﬁ keingirespectively
3¥f§§§&2§§%%?qg @qgguagfgégrggiéggfgéglén£K¥D(ugﬁ%roller
in a dispersive manner.

10'. The RAID system according to claim 9,
wherein each of the controllers performs control
operation for realizing the RAID system based on
a construéting command which orders construction of
thelRAID system in commands received from a host
system, and

the controller performs control operatioh for
singularly operatiﬁg the disk drive when the command
is the command for singularly operating the disk
drive,

11, A method of constructing a RAID system in
a disk dfive héving a drive mechanism which functions
as the.Single disk drive and a communication unit
which exchanges information for constructing the RAID
system with other disk drives, the method comprising:
receiving a RAID system constructing command from

a host system;

exchanging the information with other disk drives
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by using the communi cation unit based on the RAID
system constructing command; and realizing the RAID
system by controlling the drive mechanismand drive
mechani snms of other disk 5 drives. 12. The nethod
according to claim11l, wherein the disk drive has a
RAI D processing table, and each of a RAID type of the
RAID system group information for specifying the disk
drives included in 10 the RAID system and a RAID
table for each pieces of flag information which

enabbgsugiRQL@h@quﬁ&ﬁyﬁﬂééﬁTﬂh Ul o Be R an%ﬁgfz?ﬁﬁg

table. 13. e method according to claim11,

the BpbDepr coassirigtiall @omi@inddeand RAID structure
15 table which is used for determ nation of a block

struct ur e reialli ziegpeatie RAIINdYEtem Py Galntad 10fi ridptthe
or parity information in a RAID system configuration.
drive mechanism and drive mechanisms of other disk

drives.

12. The method according to claim 11, wherein
the disk drive has a RAID processing table, and

each of a RAID type of the RAID system, group
information for specifying the disk drives included in
the RAID system, and a RAID table for each pieces of
flag information which enables a RAID function is set
in the RAID processing table.
| 13. The method according to claim 11, wherein
the RAID processing table includes a RAID structﬁre
table which is used for determination of a block
structure with respect to address allocation of data

or parity information in a RAID system configuration.



