
FIG. 1

DIVIDE A PLURALITY OF DISKS INTO A

PLURAL I TY OF JOURNAL AREAS AND A

PLURALITY OF DATA AREAS, RESPECTIVELY

WHEN WRITE COMMAND IS RECEIVED,

PERFORM FIRST vllRITE OPERATION TO

STORE TARGET DATA I NTO JOURNAL AREAS

OF TARGET DISKS

AFTER FIRST WRITE OPERATION IS

COMPLETED, PERFORM SECOND WRITE

OPERATION TO STORE TARGET DATA INTO

DATA AREAS OF TARGET DISKS

AFTER SECOND WRITE OPERATION IS

COMPLETED, RELEASE TARGET DATA STORED

IN JOURNAL AREAS OF TARGET DISKS

1/41



N

C5

t-

LU
S2

t-rJo
LU(5
c(oFa

-G.AOO=
- lJ.J

=

G.O
U)a
t-t J(Jo
G.
o-

F
o
=G.oo

=o
=O
=

2/41



r
U)
G,
F

oa
G,
F

OrNCr)
G.EG.G.
FFFFu)aaa

$ro(oE.EE.FFFAU)U)

cf)

(5
l-

$
{s\..f

CD
{-1
-

N{-+.
-

r{^
-

cr)
m
U)

\
.O'rn\

S
oo

ll
co
c\la

N
Cf)a

\\a\
tE.

s.
cf)
sro

(o
o-

r
-o-

C\Iroo

N
coa

\.o'co\

\='..

\

(\]oa
N
No

r
cf)a

\
t 8..

S

N$o
N(oo

c\l
ro

r
rr)o

r
coa

\
.O
'COr
=\r

\

rao
ll
No

lt

c')
o_

\
tE..

S

r
$o

ll
6a

lt

r-a-
-LO-
-o--

3/41



FIG. 4

s21 0

s31 0

s41 0

STORE FIRST DATA INTO FIRST DATA BLOCK

l|/lAP FIRST LOGICAL BLOCK ADDRESS WITH

FIRST PHYSICAL BLOCK ADDRESS OF FIRST

DATA BLOCK

STORE F I RST DATA I NTO SECOND DATA BLOCK

MAP SECOND LOGICAL BLOCK ADDRESS WITH

SECOND PHYSICAL BLOCK ADDRESS OF

SECOND DATA BLOCK

RELEASE MAPPING BETWEEN FIRST LOGICAL

BLOCK ADDRESS AND FIRST PHYSICAL

BLOCK ADDRESS

4/41



FIG. 5A
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FIG. 58
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FIG. 6
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FIG. 7

STORE FIRST DATA INTO FIRST DATA BLOCK

MAP FIRST LOGICAL BLOCK ADDRESS WIIH

FIRST PHYSICAL BLOCK ADDRESS OF FIRST

DATA BLOCK

BASED ON MOVE COM|[J!AND, MAP SECOND

LOGICAL BLOCK ADDRESS tll,ITH FIRST

PHYSICAL BLOCK ADDRESS WHILE RELEASING

MAPPING BETWEEN FIRST LOGICAL BLOCK

ADDRESS AND FIRST PHYSICAL BLOCK ADDRESS
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FIG. 9
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FlG. 10

s21 0

s41 0

STORE FIRST DATA INTO FIRST DATA BLOCK

MAP FIRST LOGICAL BLOCK ADDRESS WITH

FIRST PHYSICAL BLOCK ADDRESS OF FIRST

DATA BLOCK

BASED ON SHARE COMMAND, MAP SECOND

LOGICAL BLOCK ADDRESS WITH FIRST
PHYSICAL BLOCK ADDRESS WHILE MAINTAINING

MAPPING BETWEEN FIRST LOGICAL BLOCK

ADDRESS AND FIRST PHYSICAL BLOCK ADDRESS

RELEASE MAPPING BETWEEN FIRST LOGICAL

BLOCK ADDRESS AND FIRST PHYSICAL

BLOCK ADDRESS
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FIG. 11
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FlG. 12

FtG. 13

DIVIDE A PLURALITY OF DISKS INTO A

PLURALITY OF JOURNAL AREAS AND A

PLURALITY OF DATA AREAS, RESPECTIVELY

WHEN STORAGE DEVICE IS REBOOTED AFTER

POvllER FAILURE OCCURS DURING FIRST WRITE

OPERATION AND SECOND WRITE OPERATION,

PERFORM REPLAY WRITE OPERATION ON DATA

AREAS OF TARGET DISKS BASED ON JOURNAL

AREAS OF TARGET DISKS

DETERMINE START POINT OF REPLAY WRITE

OPERATION BY READING SUPER BLOCKS

FROM JOURNAL AREAS OF TARGET DISKS

CHECK VALIDITY BY READING META BLOCKS

AND DATA BLOCKS ASSOCIATED vllITH START

POINT OF REPLAY WRITE OPERATION FROlt/l

JOURNAL AREAS OF TARGET DISKS

WHEN READ META BLOCKS AND READ DATA

BLOCKS ARE VALID, WRITE DATA INCLUDED

I N READ DATA BLOCKS I NTO DATA AREAS

OF TARGET DISKS

-s100

s51 0

s520

START

END )

s530
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FIG. 148
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FtG. 14C
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FIG. 15
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FlG. 17

DETERMINE START POINT OF REPLAY I'JRITE

OPERATION BY READING SUPER BLOCKS

FROM JOURNAL AREAS OF TARGET DISKS

CHECK VALIDITY BY READING META BLOCKS

AND COMMIT BLOCKS ASSOCIATED v1JITH

START POINT OF REPLAY WRITE OPERATION

FROM JOURNAL AREAS OF TARGET DISKS

WHEN READ META BLOCKS AND READ COMMIT

BLOCKS ARE VALID, WRITE DATA INCLUDED

IN DATA BLOCKS CORRESPONDING TO READ

META BLOCKS AND READ COMMIT BLOCKS INTO

DATA AREAS OF TARGET DISKS
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FIG. 1BB
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FIG. 1BC
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FrG. 19

DIVIDE A PLURALITY OF DISKS INTO A

PLURALITY OF JOURNAL AREAS AND A

PLURALITY OF DATA AREAS, RESPECTIVELY

WHEN STORAGE DEVICE IS REBOOTED AFTER

POIII,ER FAILURE AND DISK FAILURE OCCUR

DURING FIRST WRITE OPERATION AND

SECOND WRITE OPERATION, PERFORM DATA

RECOVERY OPERATION

PERFORM REPLAY WRITE OPERATION ON DATA

AREAS OF TARGET DISKS BASED ON JOURNAL

AREAS OF TARGET DISKS
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FIG. 20

REPLACE FIRST DISK VIITH SPARE DISK

PERFORM FIRST RECOVERY OPERATION TO

RESTORE JOURNAL AREA OF SPARE DISK

CORRESPONDING TO JOURNAL AREA OF FIRST

DISK BASED ON JOURNAL AREAS OF DISKS

OTHER THAN FIRST DISK

PERFOR|I4 SECOND RECOVERY OPERATION

SIMULTANEOUSLY WITH F I RST RECOVERY

OPERATION TO RESTORE DATA AREA OF SPARE

DISK CORRESPONDING TO DATA AREA OF

FIRST DISK BASED ON DATA AREAS OF DISKS

OTHER THAN FIRST DISK
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FIG. 21 A
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FIG. 218
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FIG. 21C
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FlG. 22

REPLACE FIRST DISK WITH SPARE DISK

PERFORM FIRST RECOVERY OPERATION TO

RESTORE JOURNAL AREA OF SPARE DISK

CORRESPONDING TO JOURNAL AREA OF FIRST

DISK BASED ON JOURNAL AREAS OF DISKS

OTHER THAN FIRST DISK

WHEN FIRST RECOVERY OPERATION IS

COMPLETED, FORM DATA STRUCTURE

OPERATE IN DEGRADED MODE

AFTER FIRST RECOVERY OPERATION IS

COMPLETED, PERFORM SECOND RECOVERY

OPERATION TO RESTORE DATA AREA OF

SPARE DISK CORRESPONDING TO DATA AREA

OF FIRST DISK BASED ON DATA AREAS OF

DISKS OTHER THAN FIRST DISK
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FIG. 234
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FIG. 238
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FIG. 23C

HOST MEl|illORY

@220

,b
@
@

.rb
@
@

JA1@
@
@

^b
@
@

@@

33/41



$N

CD

l-

$
(g-\

-

cf){-+.
-

N{-/\
-

r
{-4.
-

cr)
coa

\.o'co \
\=.
\

cr)oo
N
coo

\
t E..
\=.

(o
L

N
LOo

r_
o_

r
co
U)

\.o
'co r

S

rao
I
No

l
cf)
o-

\
t E..
\=r,

\

ll
6o

I

-LO-

34/41



FrG. 25

D ISK STR I PE
F I NAL LOCAT I ON

BLOCK ADDRESS
ATTR I BUTE

DISKl STRO 50000 EST

DISKl STRl 60000 NEST

DISKl STR2 70000 EST

DISKl STR3 80000 EST/PRT/NADDR

DISK2 STRO EST

DISK2 STRl EST

DISK2 STR2 NEST

DISK2 STR3 EST

DISK3 STRO EST

DISK3 STRl EST/PRT

DISK3 STR2 NEST

DISK3 STR3 EST
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FlG. 26

s61 0REPLACE FIRST DISK WITH SPARE DISK

PERFORM FIRST RECOVERY OPERATION TO

RESTORE JOURNAL AREA OF SPARE DISK

CORRESPONDING TO JOURNAL AREA OF FIRST

DISK BASED ON JOURNAL AREAS AND DATA

AREAS OF DISKS OTHER THAN FIRST DISK

PERFORM SECOND RECOVERY OPERATION TO

RESTORE DATA AREA OF SPARE DISK

CORRESPONDING TO DATA AREA OF FIRST

DISK BASED ON DATA AREAS OF DISKS OTHER

THAN FIRST DISK
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