US 20140351538A1
a9 United States

a2y Patent Application Publication o) Pub. No.: US 2014/0351538 A1
KONO et al. 43) Pub. Date: Nov. 27, 2014

(54) STORAGE APPARATUS AND STORAGE Publication Classification
APPARATUS MIGRATION METHOD
(51) Int.CL

(71)  Applicant: HITACHI, LTD., Tokyo (JP) GO6F 3/06 (2006.01)
(52) US.CL
(72) Inventors: Taiki KONO, Tokyo (JP); Hidenori CPC ............ GO6F 3/0647 (2013.01); GO6F 3/0619
SUZUKI, Tokyo (JP); Kunihiko (2013.01); GOGF 3/067 (2013.01)
NASHIMOTO, Tokyo (JP); Shigeo USPC e 711/162
HOMMA, Tokyo (JP); Toru SUZUKI, (57) ABSTRACT

Tokyo (JP); Tomohiro KAWAGUCHI,
Tokyo (JP); Hideo SAITO, Tokyo (JP);
Azusa JIN, Tokyo (IP); Hiroshi NASU,
Tokyo (JP); Keishi TAMURA, Tokyo
(JP); Shoeji SUGINO, Tokyo (IP)

A source remote copy configuration in a source storage sys-
tem is migrated to a destination storage system as a destina-
tion remote copy configuration. The destination primary stor-
age apparatus of the destination storage system defines a
virtual volume mapped to the primary volume provided by
the source primary storage apparatus which is a storage area
(21) Appl. No.: 14/453,823 of the virtual volume; takes over a first identifier of the pri-
mary volume to the virtual volume; transfers, when the virtual
volume receives an access request, the access request to the
(22) Filed: Aug. 7, 2014 source primary storage apparatus to write data in the primary
volume; and takes over the first identifier from the virtual
volume to another primary volume provided by the destina-
tion primary storage apparatus, after completion of copy of
(63) Continuation-in-part of application No. PCT/JP2012/ data from primary volume of the source primary storage
081262, filed on Dec. 3, 2012, Continuation-in-part of apparatus into primary volume of the destination primary
application No. PCT/JP2014/061245, filed on Apr. 22, storage apparatus and secondary volume of the destination

2014. secondary storage apparatus.

Related U.S. Application Data

Host | 20— Hostio
= =3 Remote copy

= = ¥ Data migration

| [ ms-poxg

5 100 ||

i | 100 : (100C) | :10

: ! A .

i |(1008) I I S - I /\/ A~

! 3) o =) i r;:»g@rjw ;

: oL | T PwvoL  MD-pvgL

i ( iLocaI i ? ®) MD-PDKC E

; } |site ! I i

5 EF—EI _ 50! ] I 60 5

t [ms-spkc

; | 100

: : : (100D) |

| 100 : ! -’ :

 |(1008) : | /\/ /‘/2 0

i e ' |

i svoL | ¢ ' [swwoL  mD-svoL VID.SDKC

i { Remotg ]
~ : : i 40
30 ; ! ad

MS-DKCs group MD-DKCs group i

Host




US 2014/0351538 Al

Nov. 27,2014 Sheet 1 of 52

Patent Application Publication

JSOH
002
| dnoub soMa-an _ dnoib woxn_-ws_-
Vg :
oy | “
m JAas-an TOAS-dIN TOAAS w m T0OAS
m 1 Il“l l“ [} H
' oLL £ )y N
ONQ\ - A B I@Z (gooL)
| " ! ' BOLT 001
| (aoow) W_H (9) OO0 | “ \
“ OO_\ S . - “I — \r‘ [ |
“ I TS !
m I m m I NAs-s
09 _ . iod i
w = i { oS | i
“ - S m _moo._m
m MAad-aiN 4@>n_-o_>_ TOAAd m m 10Ad \
m _ © [
“ BF\,@.‘
A \/\ | ., (Yool)
oL | (o001) L 001
m 0ol
ONAd-SIA
uonelbiw eleq € -
Adod ojowey K= =
O/1 150H T OON\/\ 1soH F




US 2014/0351538 Al

Nov. 27,2014 Sheet 2 of 52

Patent Application Publication

~

0¥ m MAs-an
| AdN 10AS-GA  TOAAS
m ool "
H Seu-S
mom\( AddIN ~ zZol
1 0Ll 601 Hod
1 /1 1
! zol Lol T
' Hod LOL
“ O3As-SIN
' ><\
! /
, (goot)ool
| 09 LOb~
' <
m DNOd-GN [ 40}
m /
m €0l
L NddAl Zol
10l
! Vs
! col o
“ Hod MAd-SIA
' Nt
L \ |||||||||||||||||||||||||||||||||||||||||| \ |||||||||||||||||| ]

(D001)00L (vool)ool

1S0H




US 2014/0351538 Al

Nov. 27,2014 Sheet 3 of 52

Patent Application Publication

80L
Pt |

A

m_oor\/\ ml_<~ uV_oM._\M_\,_z/ Gzl vel €7¢L ¢cl 12l
! W WY
| BSER I A 1
A~y S0l mu._mww_ HH_ m.u._mwm_ mw_n“ ]

0c J SO
2|qe} O
~] 1
oL [PT oo 0zl

7 y:
Y00l 7
o/l 1soH,’

/

_.ow\t _L\/SN

~ JSOH
002

M0l

<
LOL OXdd-SW




US 2014/0351538 Al

Nov. 27,2014 Sheet 4 of 52

Patent Application Publication

E 801
~+]
LA

MAAS-SN

b/

1020 |

4

T0T0

Vi

LUyt

4
\/\ 20l LoL O Lol
b0} A
aooh || (e \/\ Ve
MAs-an €00} |
1
1
1
1
Ve
1oL
ol A~ 7~
Lol O€ Lol
o001 Lol
I
Mad-an Vool
O/11s0
[
SN\;_L LJO
~ 1SOH
00¢

S0l

‘oju]
ENILEY

“oju|
Hod

opu|
ETEY|

o]
110d

SO

MNz0L

4
L
/ MAd-SN
H,

N_l_m_H [an }
z

Va<l
ocl

9|qe) O




US 2014/0351538 Al

Nov. 27,2014 Sheet 5 of 52

Patent Application Publication

MAS-SW

S0l

Mdd-S

mm,”) zel el \/\
oT4 vt 4 g001
3T 5% T \/._N .M_I
“oju| .ou“__.“ . AV Lol m.. u._”hﬁ.-u_wﬁw_‘\M UN\
dA ~ - =~ =
diA | #oTl<wr) N !/
2|qe) Ad \/\ . N Kl K
1 an WS Yo .
e aooL »as-an e s Lol “
...-....h‘.... : /.4 \ c 1
uzA-<mv_I_.”. NS Lyt
3 K
N ...H_
gel ZeL €L \/\ ol \,«_H az(dog) it
/> (/ /> 5001 ol ~PC 2511000 D
/
3T vE z E ¢ at
i [ ™20
¢ u.m 1 Y00l LOL,
*oju| oju| Nidd-anw U
dA g | * o
a|qe) Ad
. e N
10 (074
ogl 1 1SOH
00¢

TOZ0 vZ TOTO Vi

‘oju| “oju| ‘0| ‘oju|
20lA3Qa Hod | so1aeq Hod

J SJ
o|qe} DY
Vo
743

Al




US 2014/0351538 Al

Nov. 27,2014 Sheet 6 of 52

Patent Application Publication

aool ™ T <
or4 v z ~ i
5T 57 T 6op | TOMS
ojul o _Lov0
dA dy Emnaeheb
2|9} Ad ™ E 22(<-vr)
~ y [1
otk 0k yas-aw
01105074 Loue N N N
000b  [00b | tomd | ] H
Z0inA, ¢ 1080 Jzl<-2¢)
31 vE 4 g AN 8€
3 o3 T -
"oju ol 2MAd-aN o
dA dy # ofny I\
a|qe} Ad
10
oel ~ o1 0z
00¢

oXdd-SW

1020 vt TOT0 | VI
‘oju| ‘oju| "oju| ‘oJu|
CRIIC ] Hod 321A2Q Hod
J )
a|ge} OY
i
ocl
A




US 2014/0351538 Al

Nov. 27,2014 Sheet 7 of 52

Patent Application Publication

3T Ei7 4
3T % T U
“olu| Ol A !
dA ay | # 60L | 10AAS |
a|9e1 Ad | e !
A 171020<- 100
ogl E ALY SR
§ - T2 22(<-vh)
|ENMIA TOZ0 TORO|T _|_ _l_
adA]  OMI oJu o OMas-awn \/\ | JAAs-S
— aA ay aooL Vool |
0|98} A _ - . - ,
ovl /\/ ] 1020 Ve TOT0 VI
vl el vl Lbl It(<-vg) Uyt ol | o | ou | ol
/> /> /> /> P AR R E g GOl || @omeq@ | wod [ someq | wog
! 1 J SJ
} — 7t \/\m !
[ENHIA TOTO TOE0[T 90l \H_.o.\.,\./m_., m <o8) [ ] A~ a|qe; Oy
oAl | OMI g " cioto<togdy | 298 [9T K olo 0zZL
aA ay B GULTEEEE) SEEEEEEEEEEE EEEE += "
o.v_‘\/& a|ge1 AQ E g€ m \ _|_mﬁ diN /\/Nor
Mad-an \/\ /] MAd-S
5T VE z O/1150H,
32 3% T 0001 )
oJu| oJu] o\,( @J
dA a | # 10 50 0z
o|qe} Ad ad H
Vol 00c
ogl

‘B4




US 2014/0351538 Al

Nov. 27,2014 Sheet 8 of 52

Patent Application Publication

oY4 vy [4
a1 0} T
o] o] A
dA a | # 601
2|98} Ad /
o]
2AAas-aiN
- - ot
Ty T0Z0 TOv0[T
adhL O o]
daa ad
91qe1 Ad
- - T2
[ENUIA TOTO TOEO[T Jzl<-og)
adhp | oI o p m T
aa ad
Ve al|9e1 Ad
ovl /]
O/l ¥10H,
o] Ve z '
2T J€ T
*0Ju| 04Ul f
dA ay | * 1SOH 0e
8|qe} Ad
7~
o€l

NAd-SIN

1020 Ve TOTO vl
‘oju| | ‘oJu| ‘ou|
aolaaq Hod | so1a8q uod
DJ SO
alqe} O
™
ocL
M zol




US 2014/0351538 Al

Nov. 27,2014 Sheet 9 of 52

Patent Application Publication

IAS-SKW

AN

3T Vb 4 '
o] 5 T 60 F\,\ 10AAS
‘oju “oju PRl
3ul My """ 1020
dA dy ~. AT
a|qe] Ad E 0T(<-Vb) “
1
. _ _ oMas-anw I
[ERTIA 1020 TO%0 !
e o o p aook 800} |
aA ay
21981 AQ UZA-<mv_|._-------.-----------------_---
JERTIIA TOTO TOTO 901
adhL | O O] “ e Jtl<-Og)
aa ay et
orlL A
»ad-an N
3T vE 7 \/\ v O/l180H
074 3¢ T N
oJu| ‘odu]
dA dd # A 1SOH
al9e) Ad 002
7~
oEl

1070 vt 1010 | VI
“opu] “ofu] “oju| oy
ERINET] Hod | a31a3Q Hod
D S
al|qe] DY
7~
0cL
c0l




US 2014/0351538 Al

Nov. 27,2014 Sheet 10 of 52

Patent Application Publication

o4 Vv 4
ol 07 T
"oju “oJu]
Juj } u
dA dy
a|qe} Ad . AT ol
dIN 1
2zl I
1 _ “ /
\ oNas-aw \/\ I | MAs-sSw
! I - - - =
1020 - [To10 2 aoot ! €001 1 00 | W2 | W | W
- - = T . I oo T oo
- - !
oju| oju| o ol JT(<-VE) LI uonEeuLIou! | _|_<H a21AaQ uod | soimag vod
921A3Q V0d | ao1a3Q uod # \\‘-uunnn..—l.. |||||||||||||||||||| o) %)
- = i - a|lge) O
7~ ?|qel Oy 90l @ 10AAd i ] - . N\F/&
“\\ |||||||||| 1_ <
et ol [ 2dRE
T T Nan | e
oY4 3¢ T E dg _I_ /»a
oju| o [ uV_n_n_-n_S_\< \ \/\ N
dA o N O/13SOH
a[qe} Ad 2001 \ YOOl
ocl L0 0z
7~ 1S0H
0o¢

ol ‘614




US 2014/0351538 Al

Nov. 27,2014 Sheet 11 of 52

Patent Application Publication

2as-an

- -Uped O -
ppv(T)

Hm) _

DIAS-SN

™~

aoot TOAAS
52 Vo 4 €. toco
B b T 4N | Hz(<-v)
ol o] 5
dA dd yred Oy
3|qe} Ad wio-4(z)
T020 5 ] tot0 ) A 4 OT(<-ve] -
= = = = T ~\\\ - i
‘odu] ‘ofu] ‘o] ‘0Ju| ;
so1eg | Mod | samag | wod # \/\“_
) 55 90k 4 oo
r
a|qe) Oy ~——— =
o ~bo]
3T vE Z
3¢ JE T
o o5 Mad-aw
dA a | * 2001
9|gel Ad
12°1" €Sl 261 1SL N\/T._
A~ 10
W W e
1010 3T 3T 4
= = - T
"oju|
201A3Q ol “oJu| #
10Ad dA-SH dd-SW
Vo<l a|qe) Juswabeuew Nyd
051

T0C0 JT TOTO o1
T0Z0 vz TOTO vl
“Oju| K] ‘oju| ‘oju|
201A3Q Uod | so1a8q Hod
o] SJ
2|81 DY
™
ozl
%/r) mm/f 29l Fﬂ
T020 JT ) ¢
- _ — T
"oJu|
ERINET] ol ou| #
10AS dSS dA-sL
a|qe) Juswabeuew HYyS
09177




US 2014/0351538 Al

Nov. 27,2014 Sheet 12 of 52

Patent Application Publication

wed O ppy |/

O/11S0H

801

TOAS-SN

\/\ INAS-SA

d001
Uyt
GolL
v | 1oAad-sw
51
ol diAl H
et
\/\ MAd-SI
Yool

Zl b1

_|_<N dW A/

TOZ0 ol4 TOT0 JT
T0Z0 74 T0TO vl
‘oJu| 04U ‘oJu| o]
921Aa(Q uod | aoina(g Hod
J SJ
al|qe1 Oy
Vol
ocl




US 2014/0351538 Al

Nov. 27,2014 Sheet 13 of 52

Patent Application Publication

PSS, S T0Z0 3¢ | 1010 3T
m "oju| ‘Oju| ‘o] o]
moﬂ/\“ \._.nW\../m/.m.: (<P) EellEl} Mod | someqg 1od
J4 Vv z 1020 O D sJ
o1 o} T \\E Prvru i R | 2981 Oy
“Ou] o [ AL cw\_‘/&
dA dd oMas-a 2MAS-SIN
o|qe} Ad
aoot 4001
T0Z0 37 | 1010 3T [T
- - - T
o | ol | ogur | ol uH\AMwm._.I.._.. .................. 1020 37 | 1010 o]
2aa8q | wod | asmmeq | wod # “ < ~L - - - -
o ] ~o o] “oju] “ou| “o4u|
elqe) O woﬂ/\m_ JOMd [ —=~ o1a@ | Mod | someq | Mod
TTI000 oz(<de) - D 5
SRRy S Rl alge
3T Ve Z E ag _I_/ Lk — A~ e o
3T 3¢ T * ozl
"oju| 0] \ oNad-aw \ \/\
A | \ O/l ¥S0H
31981 Ad 0001} N Y00l 57 5
4 3T z
TOTO o[ o) 4 - - - L
— — — H -O*C— .
. 301A9a o3ul ‘ou| #
ol . dS-SIN
39183 opu| o) # T0AS dA-S1
10Ad dA-sY dd-SIA a|qe} Juswabeuew Dy
o 9|qe) Juswabeuew Hd
os} ¢l "big




US 2014/0351538 Al

Nov. 27,2014 Sheet 14 of 52

Patent Application Publication

(eaJe paidoo ojui Bunum 1o})

0l .uNAA,«.s_I_ _

\/\ MAS-aw

aool

(eaie paidoa ojul BunLIMm Joj)

SIIM uzA VE)
€—==-=
uonelbipy

DIAS-S

NAdd-dIN

\ O/11SOH
A

\/\ IMad-SIN

7001

Vasd

ot

1S0H

002

A E



US 2014/0351538 Al

Nov. 27,2014 Sheet 15 of 52

Patent Application Publication

601

Ny Le TR
9)o|dwod
uonesbip
0l o . Jel<- <$ o

/I
\/\ < OMas-aw
~
~

aoot o

(eale paidod Ojul BujM I0f)  ~~ _

QM U:A Ve,

JXAs-S

NiAd-aiN

00¢

¥\ O/l 1s0H
\

\/\ MAd-S

Y00l

o~

1SOH

Gl "614



US 2014/0351538 Al

Nov. 27,2014 Sheet 16 of 52

Patent Application Publication

B0INA, .-~ eszmom-
/ 1
aje|dwos ! i
uonesbiy ; TOAAS ]
b :

TSN L M

PR

~~

oL
! \/\ MAS-aN
1
1 @dooi
1
_ orevel
er|dwoo | _
uone:bIN | qoAAd | ]
Croo Y e zoe0 S [PX%8 [OF Ton0
201 IR E i O™
Mad-an \/\::1:: \/\ MAad-SN
001 ~~\_O/l 1s0H v0oL
SN\,_L _L)BN
A JSOH
00¢

9} "614




US 2014/0351538 Al

Nov. 27,2014 Sheet 17 of 52

Patent Application Publication

- - - 4
= = = T
oy ) 1] P — -
0130 oul -ou] # /\V
dS-SW R a)ja|d 1
10AS dA-s1 19|dwoo |
5 uonesBiy | TOAAS
a|qe) Juowsbeuew e
)¢ vr < ol 1 . Tl <s_|_
3T 8] T 1
GJul 2 N MAs-aN N MAS-SN
dA ay | aoor €001
a|qe} Ad |
TOZ0 o7 [Tt [ o M ! uﬂA\,.@._.I.._ .......
ojul | ol ol | o aye|dwoo |
Maq [ Hod | someg | Mod # uonesBIN | 10AAd
8] ) S
310e} Oy Lok 907} . 20e0_
O ve ¢ YRR E i
14 o3 T =
.Ou_.c_ .O.._.:_ &. Uv_ﬁ_n_lﬁ__\/_ UO“/_.‘\ ~ ~o \/\ Uv_ﬁ_n_lm_\/_
dA dy T so VOOl
ST A\, O/1180H
. - —Tz wa;r._ _L\/BN
- - = T ~ 1S0H
00¢
"o4u|
3oIned o4l ‘o #
10Ad dA-Sd dd-SI
A~ a|qe) Juswabeuew JHd
o4 Ll "B



US 2014/0351538 Al

Nov. 27,2014 Sheet 18 of 52

Patent Application Publication

¢ vt 4
T 817 T
oju| "Ojul
dA dd #
a|qel Ad
T0Z0 ¢ TOTO ot 4
- B B - T
ojul | ol ol | opul
ERILET] HOod | aoineqQ Hod #
) L)
a|qe) Oy
T Ve [4
3¢ J€ 1
“oju| ‘ofu|
dA dd #
9|qe} Ad

a19[dwod
uonelbiy ]
e J1(<-or)
ol ' E Je(<-vv) M
L NV vasaw
1 aool
1
1
. 1i<-vg) L
ajo|dwod
uoneibipy ]
e 22(<-D€)
o e ] e
NMad-aw RREY
0001 TSl )\ O/lisoH
SN\/_L 102
™ 1sOH
00¢




US 2014/0351538 Al

Nov. 27,2014 Sheet 19 of 52

Patent Application Publication

ﬁ anN3 H

~
>

\,\_ 1SOU O} PUS [ELLIOU WIN}SY _

1504 O} 1504 0} 6iS _
pua |ewloude wnoy }SOY 0] pus |eULIOU Uulniay _ puS [BLUIOUJE UIN}ay \(._O>n_ Ul B}ED POABS uom_,,cm__
ad l < 1 818
gzs ¥Zs 0es A
N
A \d\/%ozmom._ asuodsel noov
N
2 PoAI9D0l) asuodsal UQW FARN T
TOAS Wwol}
€¢s 91S Vad asuodsal Joj 1BpA
]
TOAS 0}
NNm\( SN woly wmcﬁ_amQ 10} JlepA G1S A~ 2ep ¥ >>_y_Em:m m
me\( SN 01 BIEP HAA JOJsuel] v_‘m\/\ WD Ul EI2P UM SABG

A

Z\ A

(]

S~ &10AN

el O/1150H |

61 ‘b1

Adoo sjows
) m\w\ﬁoo a)owal 1o O/ umo_.v

s = I

" \/\_ elep m_>\" BAI809Y _
[ 1uvis ]




US 2014/0351538 Al

Nov. 27,2014 Sheet 20 of 52

Patent Application Publication

ﬁ anN3 E

>~
r

801n0S UoISS|WSUel) ejep

ges 7™ ¥M 01 pus [euuou uInjey

92IN0S UOISSIWISURI) BJEP |

M 0] pus |euLioude uinjay JOAS Ul

N zes ™ ejep paAes Joooy

A | P2
—/

z\mvmzoom._ osuodsal voﬂv
o5 7

TOAS-SIN
oes 7| wouy ssuodsal oy yepp
]
TOAS-S 0}
N BlER YA Jjsuel)
A

£.9|qe1 Juswoabeuew N
JYS Ul Ul e a19; s|
8¢

D Ul BYEP MM 8ABS
128"

t N V\/ CTOAY v

9¢s
n

0z ‘614




H an3 H

S
L

TOA
~~1 ~AQW Ul Blep YA 1081}9Y

A

7 eale paldod ojul UsSyLIM
ue pajesbiw Bulaq si ejep

US 2014/0351538 Al

h 4

( ana | ( an3 ]

I~
w
S
)
-
~
~d
g 7
7 i
- 82.nos uoissiwsuel) gyep | | 821N0S UOISSIWUSUE) Blep 82.In0s uoIssiwsue.) ejep 92IN0S UOISSIWSUEL] BlEp
= MM 0} puS [euLouqe UInjay | [ HM O3 PUS [BULIOU WSy HM 0] pus [euuiouqe WNBY| A~ YA 0 UL [BULIOU WINSY
Q P Jad A ~ 6€S
= S¥S \ S orsS A
ﬂ N
.M £ paAlsoal asuodsal u@ ¢ panieosl esuodssl uoov
o)
7 €S I 8¢S n w_ _
S\ Wouy osuodsal 10} Jepn TOAS wol
Vad asuodsal 1o} Jepn
m il I €S _
- SIN 0} BIep YA Jajsuel] A~ JOAS O
.m s ol e) Blep YM Hwsuel]
w A A
N
= V\/ ¢TOAd v
S ses
~d
<
>
oh N
=
p 1z "6
=%
~d
<
=™



US 2014/0351538 Al

Nov. 27,2014 Sheet 22 of 52

Patent Application Publication

Hed o N ve [
T0Z0 3¢ [ 1010 T |2 wio4(T) 1] /
- - - T 1
S-S
‘oju| ‘oju| "o ‘oju| 1 T0Z0 14 TOTO T 4
aonaqg Hod | aomeqg Hod 1020 4 T0TO VI T
D ) T TOTR : .
JuU| ou| oJu| oju|
ajqe; oY VA3 Hod | aoinaq uod
™~ J SJ
0clL S|qel O
7~
ot VE F ocl
3T 3E T //
“oJu| "OJu]
dA a | #
G198} Ad 2¥ad-aN \/\
~F 2001
oel 1010 J¢ o1 C
= = = T
oju| .
1A ol “oJu| #
10Ad dA-Sd dd-SW
a|qe) Juswabeuew JxMd
Ve
09 ze 'bid




US 2014/0351538 Al

Nov. 27,2014 Sheet 23 of 52

Patent Application Publication

Mad-an N
/ O/l ¥SOH

\/\ MAd-SW

Y00l

Vatd
00¢

ot

10H

_IL\/SN

¢z b1




US 2014/0351538 Al

Nov. 27,2014 Sheet 24 of 52

Patent Application Publication

T0Z0 o4 o1 z
- = = T
ol .
aa1naQ ojul ‘o
10AS dS-S dA-SL
a|qe} Juawabeuewu
A~ 19e} } JHS
09l
_~\\|| III—_
i oms | n
661 oo 4 oucon) [z
R o i I |
E del<vil Ny I —ve
]
o > : \,\ I INAS-SN /
3T o7 T Jdas-an |
“oJu| "oJu] aoot 1 | 900l 1020 O | 1010 oT
dA dy # ! T0Z0 VT TOT0 | VT
" ‘oju| ofu] ‘oju| ‘oju|
a|gel Ad | _I_‘QH ERITEY Hod | aomaq Hod
D 159)
pPY (2) g0l
T020 37 | 1010 3T ¢ N P 2081 Oy
- - - T
‘oJu| ‘oJu| “oJu| ‘oJu| HU?._”/ 0cl
Ealltlg] Hod aolAQ Hod # e
> > el
A~ alqe} Od —L1
I i
0zl \/\ oMad-sw

1
O/l 1SOH

yz 614

(V4]




US 2014/0351538 Al

Nov. 27,2014 Sheet 25 of 52

Patent Application Publication

(ease paidos oy
Bunum Joy) 1A

€---=- _
E uoneiBiy

00¢

_.ow\/_v._

1s0H

Gz ‘b1




Patent Application Publication  Nov. 27,2014 Sheet 26 of 52 US 2014/0351538 A1
F|g 26 PRIMARY SERVER
403 |v3302
CLUSTER SOFTWARE} V5
STORAGE MANAGER 326a
MANAGEMENT ALTERNATE PATH WV MANAGEMENT
TERMINAL SOFTWARE TERMINAL
350
~/310a
[PORTA] |PORT B| PORT J | PORTK]
N 314v 321a 321a
311a a 5354\- m
> IR —
430a 5_%| = Ternal]l | VIRTUAL STORAGE
435a o VOLUME 530a
| I O = GROUP 530a
Fat1a 3712 °'@ 21a W
yava 3243/\/ 3224 K
PORT D)
I [PoRT E| PARITY GROUP Ay
O-0O e
M lﬁ—' 321a 21a
320a L/
221 ForT M| PORTN|
310b
& 320b
PORT F||PORT GJ i
311b 311b |P?5TO| Poﬁjﬂ
321b 321b
430b /3220
—Y PARITY GROUP VIRTUAL
CMD _—
4350 @ 8 STORAGE

311b 11 /N
A 311b

N 521

|PORT H]|PORT I

MANAGEMENT
TERMINAL

Y

W
316b 36

i
SOFTWARE 403
CLUSTER SOFTWARE
-7

3
[\
325b
5350 321b 321b
IPORT QI IPORT RI
MANAGEMENT

SECONDARY SERVER 01 TERMINAL

STORAGE MANAGER N

[ STORAGE MANAGER I, /330D 326b



Patent Application Publication  Nov. 27,2014 Sheet 27 of 52 US 2014/0351538 A1

Fig. 27

(310a, 310b, 320b)

/\) 330a

326a
STORAGE ~/ N
SUBSYSTEM
Fé%'g”\fgg MANAGEMENT
TERMINAL
[PORT| [PORT]
321 321 FE PK —‘
I
N
/\5)04 s 501
/\/
2041 2042 [
~/ ~ 2032 2031
CACHE SHARED MEMORY] Iad
MEMORY | [MEMORY] (LM) CPU
I
( INTERCONNECTION NETWORK )\/\
505
2021 2021
I.dl I.Ml BEPK ™M
[ I/F I/F 502
I /\/
500
521 521 510

~

320a



Patent Application Publication

Fig. 28

Nov. 27,2014 Sheet 28 of 52 US 2014/0351538 Al

~T100
PARITY GROUP MANAGEMENT TABLE
T101

” o T102 JTI03 | T104 AT105
PARITY
GROUP | DRIVE NAME LFE'?/'SL SIZE REMS'?Z'NE'NG
NAME

RG A 01,23 RAID5 |3TB °TB

RG B 10.11,12.13 | RAID5 |15T8 |157B

RG C 20,21,22.23. | RAID5 | 6TB 6TB

04, 25, 26. 27




Patent Application Publication

Nov. 27,2014 Sheet 29 of 52

US 2014/0351538 Al

Fig. 29
A/ T150
EXTERNAL VOLUME GROUP MANAGEMENT TABLE
A/ T151 A/ T152 A T153  T154
GROUP
NAME WWN LUN SIZE
EG1 50060e8005111112b 100GB

EG2




Patent Application Publication

Nov. 27,2014 Sheet 30 of 52

US 2014/0351538 Al
Fig. 30
~ 1200
LOGICAL VOLUME MANAGEMENT TABLE
L~/ T201 N T202 v/ T203 A~ T204
GROUP INITIAL
LDEV# SIZE NAME ADDRESS
44 1006B | RG A 0 v 906
,\/907
33 100GB | EG1 0
908
55 300GR | RGC 0




Patent Application Publication =~ Nov. 27,2014 Sheet 31 of 52 US 2014/0351538 Al
Fig. 31
T301 T302 T303
v N 4
PORT NAME LUN LDEV#
3e243174 aaaaaaaa 0 11 v 300-5
(PORT A)
1 12
2 13
36243174 bbbbbbbb 0 11 pv3006

T300



Patent Application Publication  Nov. 27,2014 Sheet 32 of 52 US 2014/0351538 A1

Fig. 32

T2001 T2002  T2003 T2004  T2005 T2006

Y N N N N
PAIR STATE | PDKC# | P-VOL# | SDKC# | S-VOL#
NUMBER
1 1 1 1 11 0
2 2 1 2 11 1
3 2 1 3 11 3
4 1 1 0 11 2
STATE:
1: copy pending r~
2: pair T2000

3: suspended



Patent Application Publication  Nov. 27,2014 Sheet 33 of 52 US 2014/0351538 A1

Fig. 33

PRIMARY SERVER

|STORAGEMANAGERP/

ALTERNATE PATH | 402
SOFTWARE

330a

350

\ [PORT] MIGRATION DESTINATION
\ PRIMARY STORAGE
‘\ SUBSYSTEM
I \ VIRTUAL
530a
£ STORAGE
LDEV#33 (S/N=1)
VLDEV#11
[FoRT] S/N=1
MIGRATION SOURGCE N
PRIMARY STORAGE 325a S/N=2
SUBSYSTEM

o
320a



US 2014/0351538 Al

Patent Application Publication  Nov. 27,2014 Sheet 34 of 52
Fig. 34
V-BOX MANAGEMENT TABLE T1000
NT1001 NT‘I 002 NT1 003 NT1OO4 NT1005
ID MODEL S/N VLDEV# LDEV#
NAME
v0 VSP 2 0 0
1 1
— R1011
2 2
vi UsP 1 NULL 44 ]
99 33 - R1012




Patent Application Publication

Fig. 35

Nov. 27,2014 Sheet 35 of 52 US 2014/0351538 Al

VIRTUAL LDEV MANAGEMENT TABLE T1500

NT1 501 NT1 502 NT1 503 NT1 504
LDEV# VLDEV# ID ATTRIBUTE
0 0 v0
1 1 vO
2 NULL vO reserved
44 NULL Al reserved




Patent Application Publication  Nov. 27,2014 Sheet 36 of 52

3001

3002 1

Fig. 36

N3000-1

tI#groupt ! Serial¥ 1 f~ [DEVE 1
1 1 1

HORCM_CMD
\ACMD-1

HORCM_LDEV

devg0i! | 1 PR B |
-~x~’ -w--! l“‘v\“'
3002-1 3002-2 3002-3

HORCM_INST
#group #|P address

192.168.2.1

V

US 2014/0351538 Al

3001

3002

3003

HORCM_CMD
\WACMD-11

HORCM_LDEV
#group Serial# LDEV#
devgO1 11 22

HORCM_INST
#group #IP address

devgO1 192.168.2.2



Patent Application Publication  Nov. 27,2014 Sheet 37 of 52
Fig. 37
N3000-1
[ [HORCM_CMD ~ T 7 b 30011
4 U1 0NACMD=30Q001L _ o oo o oo
3001 | FTRORCM.VCMD ~~~~~ 777 v ,3001-2'
w
- _____ )
[ | Horcm LDEV
3002 _ #group Serial# LDEV#
devg01 1 11
- A% A% A%
3002-1 3002-2 3002-3
i HORCM_INST
3003 #group #IP address
g devg01 192.168.2.1
N3000-2
rJHORCM_CVMD ~~ "~~~ T T T T T \
3001 4 1 | W\CMD-300011 :
I | HORCM_VCMD I
LN !
[ | HORCM_LDEV
30024 | #group Serial# LDEV#
L | devgot 11 22
[ | HORCM_INST
30037 #group #IP address

US 2014/0351538 Al



Patent Application Publication

3001 ‘|:

Fig. 38

N

Nov. 27,2014 Sheet 38 of 52

3000-1°

US 2014/0351538 Al

HORCM_CMD
\\CMD-1




Patent Application Publication  Nov. 27,2014 Sheet 39 of 52 US 2014/0351538 A1

. PRIMARY SERVER
Flg' 39 e _moo 403| ,330a
CLUSTER SOFTWARE v
[STORAGE MANAGER V401
ALTERNATE PATH |, 402
MANAGEMENT SOFTW}]‘R\E MANAGEMENT
TERMINAL — I\ 350 TERMINAL
~ -7
7 [1) ALTERNATE
/3102 /’ ACCESS PATH
PORT. [PORT] MIGRATION DESTINATION
‘ﬁj PRIMARY STORAGE
4 SUBSYSTEM
’ 3 i | [ oA VIRTUAL
’
3 QUL #11 j z‘/.:’soa STORAGE
r =2 e —_—
#11 \\q #33 1 531SaS/N_1)
430a ~=-F-
[ForT] - #44
PORT] (SM-1) VIRTUAL
MIGRATION SOURCH] #99
PRIMARY STORAGE
SUBSYSTEM 32{6\2 3212
[FORT] _ (S/N=2)
310b
o 320a
2) CREATE|PAIR
PORT] (s/N=11) 2) | /3200
[PORT]
30p VIRTUAL STORAGE
#22 S/N=11
MIGRATION 5300 )
SOURCE #55
SECONDARY NVIRTUAL
STORAGE 422 -
| | BSYSTEM
PORTL5.R8YS 3250 MIGRATION DESTINATION
\ SECONDARY STORAGE
SUBSYSTEM
MARGEVERT S o
360V I — MANAGEMENT
SECONDARY SERVER TERMINAL
330b
STORAGE MANAGERYVY! PV
ALTERNATE PATH |,/402
SOFTWARE 403
CLUSTER SOFTWARE}Y'




Patent Application Publication  Nov. 27,2014 Sheet 40 of 52 US 2014/0351538 A1
Flg. 40 PRIMARY SERVER 400 /330a
[ A Vv
CLUSTER SOF TWARE}YY jg?
STORAGE MANAGER [V
ALTERNATE PATH |, /402
MANAGEMENT SOFTWARE MANAGEMENT
TERMINAL 350 TERMINAL
/3102
PORT PORTINVIGRATION DESTINATION
[EORT] PRIMARY STORAGE
SUBSYSTEM
— _ 520 VIRTUAL
a STORAGE
O | | FRTUAT
~sm— E él A ‘_‘_‘/—., (S/IN=1)
— BAAre . o
430a T T T I3 MIGRATH "\ 531a
1 SNe) VOLUME é
[PORT] = —
| | MIGRATION | #33] [VIRIYA |
SOURCE
1 PRIMARY .
| SUSBT89§¢8|§ 325 /
| 8 [PORT](S/N=2)
77 .
| 3100 350, // o0b
PORT (SIN=11) . /\/3 0
| [PORT]
|
I 430b
—— VIRTUAL
SOURCE (S/N=11)
SE AT
[FORT] SUBSYSTEM
Iad MIGRATION DESTINATION
325b SECONDARY STORAGE
MANAGEMENT N
TERMINAL |7RT| ( )
360 Py - - — MANAGEMENT
TERMINAL
SECONDARY SERVER 401 | 3300
STORAGE MANAGER v
ALTERNATE PATH | A02
SOFTWARE 03
CLUSTER SOF TWARE




Patent Application Publication  Nov. 27,2014 Sheet 41 of 52 US 2014/0351538 A1

Fig. 41

| START ]

SURVEY MIGRATION SOURCE STORAGE SYSTEM
- ACQUIRE CONFIGURATION INFORMATION OF ./ S310
MIGRATION SOURCE STORAGE
(S/N, MODEL NAME, LDEV #, CAPACITY)
- CONFIRM LDEV # NOT USED IN MIGRATION
SOURCE STORAGE
I

INSTALL MIGRATION DESTINATION STORAGE |~ S320
SYSTEM, CONNECT PHYSICAL PATH

SET LU PATH IN MIGRATION SOURCE PRIMARY L/ S330
STORAGE (FOR EXTERNAL CONNECTION})

SETTING OF MIGRATION DESTINATION PRIMARY(| N S340
STORAGE

SETTING OF MIGRATION DESTINATICON L S350
SECONDARY STORAGE

- SET ALTERNATE PATH FROM PRIMARY
SERVER TO MIGRATION DESTINATION
STORAGE s 5360

- DELETE ALTERNATE PATH FROM PRIMARY
SERVER TO MIGRATION SOURCE STORAGE

- DELETE LU PATH OF MIGRATION SOURCE
STORAGE

I

CREATE PAIR L S370
(MIGRATION DESTINATION STORAGE SYSTEM)




Patent Application Publication

Fig. 42

Nov. 27,2014 Sheet 42 of 52

US 2014/0351538 Al

CREATE COMMAND DEVICE

. S340a

- CHANGE PORT ATTRIBUTE FOR
DATA MIGRATION (EXTERNAL)

- SET PORT AND PATH FOR
TRUECOPY PAIR

S340b

CREATE VIRTUAL STORAGE

. S340c

- DELETE VIRTUAL LDEV ID
- RESERVE LDEV # IN VIRTUAL

. S340d

STORAGE
|

VIRTUALIZE MIGRATION DESTINATION
LDEV AND TARGET VOLUME

. S340e

MAP MIGRATION SOURCE VOL,
CREATE MIGRATION DESTINATION VOL
FROM EXTERNAL VOL G

| 5340f

CREATE TARGET VOLUME

. 53409

SET LU PATH IN MIGRATION
DESTINATION STORAGE

| S340h

l EI‘\;D I



Patent Application Publication  Nov. 27,2014 Sheet 43 of 52

Fig. 43

STOP DR SERVICE AND SCRIPT

5380

- REWRITE CONFIGURATION FILE
- START RAID MANAGER

S390

- DELETE PATH OF SECONDARY SERVER
AND MIGRATION SOURCE SECONDARY
STORAGE

- RESUME DR SERVICE AND SCRIPT

/5400

EXECUTE VOLUME MIGRATION

- DELETE MIGRATION CONFIGURATION
- DELETE PHYSICAL PATH
- REMOVE MIGRATION SOURCE STORAGE

A 4

( EN J

US 2014/0351538 Al



Patent Application Publication

Nov. 27,2014

Sheet 44 of 52

US 2014/0351538 Al

Flg. 44 PRIMARY SERVER
o 50
[CLUSTER SOFTWARE }'\/401
/3162 STORAGE MANAGER YV 3262
MANAGEMENT ALTERNATE PATH |, 402 MANAGEMENT
TERMINAL SOFTWARE TERMINAL
350
~ /3102
|PORT A] IPOP.T B| AMPORT J] IPORTK]
3218 — 3214
31147 311a”’ Mo
430a 5353 Y 2
P" 8 - ~— VIRTUAL
Z x| | s33a |2VOL 8302 STORAGE
o T 530a
W 3114 321a | GROUP
311 311a 3132
I_LI I_LI PARITY GROUP ~
PORT D] |PORT E 8 L @ 3228 3253
M| 321a 321a
320g| | 521 v
/3100 [PORTM] JPORTN|
PORT FJ[PORT G
ST /320D
311b AP 130 ~/3226 __[PORT O] [PORT ]
f—— ,433b PARITY GROUP 32(8/ 321b
O-0
VIRTUAL
jSOb 521 STORAGE
530b
Cj 533b | 323b
311b 3110 435 VoL 3 @\/
IPORT H] [PORT1] == 325
301 321b
MANAGEMENT |PORT R]
TERMINAL
N
316b 360 | MANAGEMENT
SECONDARY SERVER e TERMINAL
STORAGE MANAGER ™~
I ,,330b 326b

ALTERNATE PATH |, ,402
SOFTWARE
[CLUSTER SOFTWARE Jv403
400




Patent Application Publication  Nov. 27,2014 Sheet 45 of 52 US 2014/0351538 A1

. PRIMARY SERVER
Fig-45 | 'te—gwmo |
CLUSTER SOFTWARE}Y, a
STORAGE MANAGER Vv

ALTERNATE PATH | 40p
MANAGEMENT SOFTWARE MANAGEMENT
TERMINAL 4 AN 350 | TERMINAL
Vg 2 S
# ~{1ALTERNATE
3108 27 |ACCESS PATH
JPORT] [PORTJVIGRATION DESTINATION
P \ PRIMARY STORAGE
’ 3113 ?&m SUBSYSTEM
A VIRTUAL STORAGE
|| MIRTUAD 30a (8/N=1)
531a
#44 [IRTUAT]
PORT S/N=1 #99
MIGRATION
SOURCE 3253
PRIMARY JNL
SUBSYSTEM 323
[PORT] S/N=2
3100 o 2 I3 CREATE 4205
|PORTI S/N=11 PAIR .
PORT
L /130 |PORT]
430b azap™MUPE

VIRTUAL STORAGE

#22 _IMIGRATION ST
—11

SOURCE
SEGONDARY
STORAGE| | 3081

[FPORT] SuBSYSTEM

530b

MIGRATION DESTINATION
SECONDARY STORAGE

MANAGEMENT SUBSYSTEM (S/N=22)
TERMINAL
MANAGEMENT
360 [ TERMINAL
SECONDARY SERVER
330b

| STORAGE MANAGER }'\/401 N/

ALTERNATE PATH ], 402
SOFTWARE 403

|CLUSTER SOFTWARE[




Patent Application Publication  Nov. 27,2014 Sheet 46 of 52 US 2014/0351538 A1

Fig. 46

PRIMARY SERVER /3308
STORAGE MANAGER Jv401
ALTERNATE PATH |, /402

SOFTWARE
350
320a
/3102 3
PORTA  [PORTB] [FORT A SORTK
~ A — 321a
311a 3112 g ota
-CMD
430a T —
> .= VIRTUAL
@\/ 3 % EXTERNAL 530a STORAGE
: o g VOLUME o
@jam 311a GROUP 6
MIGRATION 321a 325; 500
SOURCE N
STORAGE 530"
PARITY GROUP
3tia 3112 suBsYSTEM @/
WII%I ‘%@
521
325"/3 MIGRATION
DESTINATION
321a 321a STORAGE
SUBSYSTEM
[PORT Q] iPORT R|

SECONDARY SERVER 201 ,\,330b
[ STORAGE MANAGER |V

ALTERNATE PATH w402
SOFTWARE

| BACKUP SOFTWARE y\/

404




Patent Application Publication  Nov. 27,2014 Sheet 47 of 52 US 2014/0351538 A1

Fig. 47

( START |

SURVEY MIGRATION SOURCE STORAGE SYSTEM

- ACQUIRE CONFIGURATION INFORMATION OF 3310
MIGRATION SOURCE STORAGE ~
(S/N, MODEL NAME, LDEV #, CAPACITY)

- CONFIRM LDEYV # NOT USED IN MIGRATION
SOURCE STORAGE

INSTALL MIGRATION DESTINATION STORAGE | s 5320
SUBSYSTEM, CONNECT PHYSICAL PATH

SET LU PATH IN MIGRATION SOURCE STORAGE L~/ S330°
(FOR EXTERNAL CONNECTION)

SETTING OF MIGRATION L~/ S340°
DESTINATION STORAGE

- SET ALTERNATE PATH FROM PRIMARY
SERVER TO MIGRATION DESTINATION S360°
STORAGE L~/

- DELETE ALTERNATE PATH FROM PRIMARY
SERVER TO MIGRATION SOURCE STORAGE

- DELETE LU PATH OF MIGRATION SOURCE
STORAGE

CREATE PAIR ., 5370
(MIGRATION DESTINATION STORAGE SYSTEM)




Patent Application Publication  Nov. 27,2014 Sheet 48 of 52 US 2014/0351538 A1

Fig. 48

S340°

l START |

CREATE COMMAND DEVICE ~s 53402
- CHANGE PORT ATTRIBUTE FOR DATA
MIGRATION (EXTERNAL) |~ 53400
- SET PORT AND PATH FOR TRUECOPY
PAIR
S340c
CREATE VIRTUAL STORAGE L~/
- DELETE VIRTUAL LDEV ID s S340d

- RESERVE LDEV # IN VIRTUAL STORAGE

VIRTUALIZE MIGRATION DESTINATION  |,.,S340e
LDEV AND TARGET VOLUME

MAP MIGRATION SOURCE VOL,

CREATE MIGRATION DESTINATION PVOL s 53401
FROM EXTERNAL VOL G
- CREATE TARGET VOLUME |~ 53409’

- CREATE MIGRATION DESTINATION S-VOL

SET LU PATH IN MIGRATION DESTINATION N834Oh
STORAGE

A 4
' END |



Patent Application Publication  Nov. 27,2014 Sheet 49 of 52 US 2014/0351538 A1

Fig. 49

[ A ]

STOP SCRIPT FOR BACKUP ~s S380

- REWRITE CONFIGURATION FILE L/ S390°
- START STORAGE MANAGER

- DELETE PATH OF SECONDARY SERVER
AND MIGRATION SOURCE STORAGE s S400°

- RECOGNIZE MIGRATION DESTINATION
S-VOL FROM SECONDARY SERVER

- RESUME SCRIPT FOR BACKUP

EXECUTE VOLUME MIGRATION s 5410

- DELETE MIGRATION CONFIGURATION ,
- DELETE PHYSICAL PATH s 5420
- REMOVE MIGRATION SOURCE STORAGE

( END ]




Patent Application Publication

Nov. 27,2014 Sheet 50 of 52

US 2014/0351538 Al

Flg_ 50 PRIMARY SERVER /3302
[MIGRATION MANAGER] 40°
CLUSTER SOFTWARE V03 126
L3162 STORAGE MANAGER v 401 3202
MANAGEMENT ALTERNATE PATH 402 MANAGEMENT
TERMINAL | SOFTWARE | TERMINAL
350
~/310a
PORT A] _JPORT B PORT J PORT K
I/v | Jportel 21 501 VIEQATK]
31147 3114 ~—
4352 5353
- 3 - VIRTUAL
o e VOLUME 530a i
311 GROUP
3113 311a 321a :;/2\4 w00
a
~
[FoRT | [FOATE]
PARITY GROUP W
o8l .,
M|E=—— s21a 321a
320a
/310D 221 [FORT M| [FORTN]
[[PORT FJ[PORT G /3200
311b 311D @gﬂ%mﬂ
- 4355 322 3216 3210
PARITY GROUP VIRTUAL
[cw) =0
311b 11 5300
e il o
PORT H] [P
PO | [PORT ] M
'D 3250
5350 321b A/321b
MANAGEMENT
TERMINAL [PORT QY [PORTR]
Y
316b
360 | MANAGEMENT
SECONDARY SERVER 01 TERMINAL
[ STORAGE MANAGER y\‘/‘ 7
326b

CLUSTER SOFTWARE
[MIGRATION SUB-MANAGER }V

ALTERNATE PATH 402
SOFTWARE /3300

403
406




Patent Application Publication  Nov. 27,2014 Sheet 51 of 52 US 2014/0351538 A1

Fig. 51

( START ]

SURVEY MIGRATION SOURCE STORAGE SYSTEM
- ACQUIRE CONFIGURATION INFORMATION OF
MIGRATION SOURCE STORAGE
(S/N, MODEL NAME, LDEV #, CAPACITY)
- CONFIRM LDEV # NOT USED IN MIGRATION
SOURCE STORAGE
I

INSTALL MIGRATION DESTINATION STORAGE " S320
SYSTEM, CONNECT PHYSICAL PATH

ISSUE MIGRATION PROCESS INSTRUCTION TO /\/8320,
MIGRATION MANAGER

MIGRATION MANAGER EXECUTES NS330’
PROCESSES $330 THROUGH S410

S310

ADMINISTRATCOR EXECUTES FOLLOWING
PROCESSES: S430
- DELETE MIGRATION CONFIGURATION o~

- DELETE PHYSICAL PATH

- REMOVE MIGRATION SOURCE STORAGE

Y

( EN J




Patent Application Publication

Fig. 52

Nov. 27,2014 Sheet 52 of 52

PRIMARY SERVER

|PORT] [PORT]}! PORT

s ; \

‘ 450" | '
ASn ’- _____ \I /\/ ! I - * ----- AY
! | STORAGE i i !
O O rapemst--2 OO

I - -
Vo + iGRafoNERQERAM CONIGURAT|dN j
STORAGEph | =7~ ~~~77°7~7
STORAGE SUBSYSTEM |; NEW STORAGE
[FORT]SUBSYSTEM FORT : SUBSYSTEM
[PORT]

US 2014/0351538 Al

320a

SECONDARY
SERVER

v

330b



US 2014/0351538 Al

STORAGE APPARATUS AND STORAGE
APPARATUS MIGRATION METHOD

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part of PCT/
JP2012/081262, filed Dec. 3, 2012, and PCT/JP2014/
061245, filed Apr. 22, 2014, the entire disclosures of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to the art of migrating
volumes among storage subsystems, including a technology
for migrating a volume of a primary storage apparatus or
secondary storage apparatus in a remote copy system having
the primary storage apparatus and secondary storage appara-
tus, to another storage apparatus.

[0003] Along withthe advancement of I'T and the spreading
of'the Internet, the amount of data stored in computer systems
of enterprises and the like is continuing to increase, and
storage subsystems storing such data are required to have
greater capacity and higher performance. Therefore, when a
storage subsystem is used for a given number of years, it is
replaced with a new-generation system.

[0004] In principle, the computer systems used in enter-
prises and the like are required to realize non-stop operation,
and the storage subsystems are also required to operate in
such manner. Therefore, downtime must be suppressed to a
minimum during replacement of storage subsystems. For
example, Japanese Patent Application Laid-Open Publication
No. 2007-115221 (Patent Literature 1) relates to migrating
volumes from a migration source storage A to a migration
destination storage B. Patent Literature 1 teaches migrating
volume pairs subjected to volume mirroring within the stor-
age subsystem or from a storage subsystem to another storage
subsystem, and enabling to accept /O requests during migra-
tion of volumes from the migration source subsystem to the
migration destination subsystem.

[0005] Additional references include US Patent Applica-
tion Publication No. 2005/0149577 (Patent Literature 2),
U.S. Pat. No. 6,101,497 (Patent Literature 3), U.S. Pat. No.
5,742,792 (Patent Literature 4), and U.S. Pat. No. 7,152,079
(Patent Literature 5).

[0006] There is known a remote copy system with a pri-
mary storage apparatus (PDKC) and secondary storage appa-
ratus (SDKC), wherein data is copied from a primary logical
volume (PVOL) of the PDKC to a secondary logical volume
(SVOL) of the SDKC. Remote copying is categorized into
synchronous remote copying whereby, in synchronization
with writing data into the PVOL, the data is written to the
SVOL, and asynchronous remote copying whereby, asyn-
chronously with writing data into the PVOL, the data is writ-
ten into the SVOL. For example, Japanese Patent Application
Publication No. 2005-182222 (Patent Literature 6) discloses
a technology concerning synchronous remote copying for
migrating a PVOL to another storage apparatus.

[0007] According to the technology disclosed in Patent
Literature 6, a virtual management network needs to be
installed in the remote copy system and a migration-source
PDKC needs to provide a function for migrating a PVOL. The
situation for migrating a PVOL can be considered one
wherein the PVOL is migrated using a storage apparatus of
the old model that manages a currently operated PVOL to be
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synchronously remote-copied as a migration source, and a
storage apparatus of the new type that is newly installed as a
migration destination. In this situation, according to the tech-
nology described, the migration-source PDKC might not nec-
essarily be capable of migrating the PVOL, although it needs
to be. Making the migration-source PDKC capable of migrat-
ing the PVOL can be cumbersome. In some cases it is even
impossible to make the migration-source PDKC capable of
migrating a PVOL. The problem described above applies to a
case where an SVOL is migrated from a migration-source
SDKC to a migration-destination SDKC.

BRIEF SUMMARY OF THE INVENTION

[0008] In a computer system performing operation using
volume pairs, an operation of volume pairs is performed when
necessary. For example, when a volume pair is used for the
purpose of backup, the following operation is performed
when performing backup of a volume: mirroring from a copy
source volume (primary volume) to a copy destination vol-
ume (secondary volume) is temporarily stopped, the data in
the secondary volume in which mirroring has been stopped is
subjected to backup to a backup device, and after completing
backup, the mirroring is resumed. During this operation, the
volume pair can be operated by issuing a command designat-
ing an identifier capable of uniquely specifying a volume,
such as an identification number (such as a serial number) of
a storage subsystem to which the volume pair belongs, and a
volume number. Further, since backup is a regular operation,
in many cases, the sequence of operation commands of the
volume pair required during backup is written in a script file
in a server.

[0009] When the storage subsystem is replaced, not only
the serial number of the storage subsystem but also the vol-
ume number may be changed. In that case, the information
such as the volume number written in script files for backup
must all be rewritten. In a large-scale computer system where
a large number of (such as hundreds of) volume pairs are
managed, the amount of data to be changed becomes enor-
mous, and the changing of the script files requires much time.
As aresult, the downtime of the computer system is extended.
According to the art taught in Patent Literature 1, I/O from the
computer system can be processed during migration of data,
but there is no consideration on the changing of identifiers
such as volume numbers.

[0010] Anobject of the present invention is to minimize the
influence of volume migration on the computer system.
[0011] According to a volume migration method of the
present invention, at least two volumes forming a volume pair
within a migration source storage system (a migration source
P-VOL and a migration destination S-VOL) are migrated to a
migration destination storage subsystem while realizing a
non-stop operation. At the first of the migration process, a
virtual logical volume (migration destination P-VOL) having
mapped a storage area of a replication source volume (migra-
tion source P-VOL) of the volume pair within the migration
source storage system and a migration destination S-VOL as
replication destination volume of the migration destination
P-VOL are created in the migration destination storage sys-
tem.

[0012] The migration destination storage system assigns an
identical identifier to the migration destination P-VOL and
the migration destination S-VOL as the identifier of the
migration source P-VOL and the migration source S-VOL, so
as to have the host computer recognize that the migration



US 2014/0351538 Al

destination P-VOL and the migration destination S-VOL are
identical volumes as the migration source P-VOL and the
migration source S-VOL. Thereafter, the access path from the
host computer to the migration source P-VOL is changed to
the migration destination P-VOL.

[0013] Then, a volume pair is created in the migration des-
tination P-VOL and the migration destination S-VOL,, so as to
realize a state where the data replica of the migration desti-
nation P-VOL is stored in the migration destination S-VOL..
Lastly, the migration process is completed by changing the
storage area of the migration destination P-VOL into a stor-
age area in the migration destination storage system.

[0014] According to the migration method of the present
invention, a volume pair can be migrated from one storage
subsystem to another without stopping host I/O, and since the
identifiers of the respective volumes are not changed even
when the volume pair is migrated from one storage subsystem
to another, there is no need to change the settings of the host
computer using the volumes.

[0015] According to a specific approach, a migration-des-
tination PDKC, which is coupled to a migration-source
PDKC that provides a first PVOL pairing up with an SVOL of
a SDKC, has a second PVOL and a control device that man-
ages, based on first identification information, a virtual pri-
mary logical volume (PVVOL) obtained by virtualizing the
first PVOL, and executes copying of data from the PVVOL to
the second PVOL. When receiving a first write request des-
ignating the first identification information prior to comple-
tion of the copying, the control device transmits write data
according to the first write request to the migration-source
PDKC. After completion of the copying, the control device
changes identification information of the second PVOL to the
first identification information, and, upon receiving a second
write request designating the first identification information,
writes write data according to the second write request into
the second PVOL, and transfers the write data to the SDKC.
According to this specific approach, the migration-source
PDKC can be migrated to the migration-destination PDKC,
while continuing synchronous remote copying, without add-
ing any special function to the migration-source PDKC.
[0016] An aspect of the present invention is directed to a
storage system for migrating a source remote copy configu-
ration in a source storage system to a destination storage
system as a destination remote copy configuration. The stor-
age system comprises: the source storage system including
the source remote copy configuration comprised of a primary
volume provided by a source primary storage apparatus and a
secondary volume provided by a source secondary storage
apparatus; and the destination storage system, coupled to the
source storage system, including a primary volume provided
by a destination primary storage apparatus and a secondary
volume provided by a destination secondary storage appara-
tus so that the primary volume of the destination primary
storage apparatus and the secondary volume of the destina-
tion secondary storage apparatus are able to configure the
destination remote copy configuration. The destination pri-
mary storage apparatus of the destination storage system is
configured to: define a virtual volume mapped to the primary
volume provided by the source primary storage apparatus
which is a storage area of the virtual volume; take over a first
identifier of the primary volume of the source primary storage
apparatus, to the virtual volume, the first identifier provided
for a host computer as an identifier of the virtual volume;
transfer, when the virtual volume receives an access request
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from the host computer, the access request to the source
primary storage apparatus to write data in the primary volume
provided by the source primary storage apparatus; and take
over the first identifier from the virtual volume to the primary
volume of the destination primary storage apparatus, after
completion of a copy of data stored in the primary volume of
the source primary storage apparatus into both the primary
volume of the destination primary storage apparatus and the
secondary volume of the destination secondary storage appa-
ratus. When the destination primary storage apparatus of the
destination storage system receives a write request from the
host computer after taking over the first identifier from the
virtual volume to the primary volume of the destination pri-
mary storage apparatus, the destination primary storage appa-
ratus of the destination storage system is configured to: write
data related to the write request to the primary volume of the
destination primary storage apparatus; and copy the data
between the primary volume provided by the destination pri-
mary storage apparatus and the secondary volume provided
by the destination secondary storage apparatus which com-
prise the destination remote copy configuration.

[0017] Another aspect of the invention is directed to a stor-
age system coupled to a host computer for migrating a source
remote copy configuration in a source storage system to a
destination storage system as a destination remote copy con-
figuration. The storage system comprises: the source storage
system including the source remote copy configuration com-
prised of a primary volume provided by a source primary
storage apparatus and a secondary volume provided by a
source secondary storage apparatus; and the destination stor-
age system, coupled to the source storage system, including a
primary volume provided by a destination primary storage
apparatus and a secondary volume provided by a destination
secondary storage apparatus so that the primary volume of the
destination primary storage apparatus and the secondary vol-
ume of the destination secondary storage apparatus are able to
configure the destination remote copy configuration. The des-
tination primary storage apparatus is configured to: define a
virtual volume which is mapped to the primary volume pro-
vided by the source primary storage apparatus for storing data
in the primary volume provided by the source primary storage
apparatus; take over a first identifier of the primary volume of
the source primary storage apparatus to the virtual volume,
the first identifier provided for the host computer as an iden-
tifier of the virtual volume; and transfer, when the destination
primary storage apparatus receives an access request to the
virtual volume from the host computer, the access request to
the source primary storage apparatus for accessing data in the
primary volume provided by the source primary storage appa-
ratus. The destination secondary storage apparatus is config-
ured to take over a second identifier of the secondary volume
of the source secondary storage apparatus, to the secondary
volume of the destination secondary storage apparatus as an
identifier of the secondary volume of the destination second-
ary storage apparatus. The destination primary storage appa-
ratus of the destination storage system and the destination
secondary storage apparatus of the destination storage system
are configured to: form a remote copy pair between the virtual
volume associated with the first identifier and the secondary
volume associated with the second identifier; and copy data in
the primary volume of the source primary storage apparatus
to the secondary volume of the destination secondary storage
apparatus, the primary volume of the destination primary
apparatus being a storage area of the virtual volume. The
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destination primary storage apparatus is configured to: form a
volume migration pair between the primary volume of the
destination primary storage apparatus and the virtual volume
associated with the first identifier; and migrate data stored in
the primary volume of the source primary storage apparatus
into the primary volume of the destination primary storage
apparatus, the primary volume of the destination secondary
storage apparatus being a storage area of the virtual volume.
After completion of the copy of data stored in the primary
volume of the source primary storage apparatus to the pri-
mary volume of the destination primary storage apparatus
and completion of the migration of data stored in the primary
volume of the source primary storage apparatus to the sec-
ondary volume of the destination secondary storage appara-
tus, the destination primary storage apparatus is configured
to: take over the first identifier from the virtual volume to the
primary volume of the destination primary storage apparatus;
and provide the destination remote copy configuration
between the primary volume of the destination primary stor-
age apparatus and the secondary volume of the destination
secondary storage apparatus. When the destination primary
storage apparatus of the destination storage system receives a
write request from the host computer, the destination primary
storage apparatus is configured to: write data related to the
write request to the primary volume of the destination pri-
mary storage apparatus; and copy the data between the pri-
mary volume provided by the destination primary storage
apparatus and the secondary volume provided by the destina-
tion secondary storage apparatus which comprise the desti-
nation remote copy configuration.

[0018] Insomeembodiments, when a write requestis trans-
ferred from the destination primary storage apparatus before
completion of a copy of data stored in the primary volume of
the source primary storage apparatus into the primary volume
of the destination primary storage apparatus, the source pri-
mary storage apparatus is configured to: store the data related
to the write request in the primary volume of the source
primary storage apparatus; and copy the data related to the
write request to the secondary volume of the source second-
ary storage apparatus for keeping the remote copy configu-
ration at the source storage system.

[0019] In specific embodiments, the destination primary
storage apparatus is configured to execute a remote copy
function for copying data from the virtual volume to the
secondary volume ofthe destination secondary storage appa-
ratus and a data migration function. The data migration func-
tion is configured to: migrate data between the virtual volume
and the primary volume of the destination primary storage
apparatus; and take over the first identifier from the virtual
volume to the primary volume of the destination primary
storage apparatus after completion of the data migration. The
data migration function is configured to wait until completion
of'an initial copy executed by the remote copy function before
taking over the first identifier even if the data migration is
completed.

[0020] Insome embodiments, the source remote copy con-
figuration is and the destination remote copy configuration is
either a synchronous remote copy configuration or an asyn-
chronous remote copy configuration.

[0021] In specific embodiments, the destination primary
storage apparatus further comprises a plurality of storage
devices which configure a storage area of the primary volume
of the destination primary storage apparatus. When the des-
tination primary storage apparatus receives a write request to
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the primary volume of the destination primary storage appa-
ratus, the destination primary storage apparatus is configured
to store data related to the write request in the plurality of
storage devices.

[0022] Insomeembodiments, the virtual volume has a third
identifier as a real identifier of the virtual volume. The desti-
nation primary storage apparatus is configured to take over
the first identifier from the primary volume of the source
primary storage apparatus to the virtual volume by associat-
ing the first identifier with the third identifier. The secondary
volume of the destination secondary storage apparatus has a
fifth identifier as a real identifier of the secondary volume of
the destination secondary storage apparatus. The destination
secondary storage apparatus is configured to take over the
second identifier from the secondary volume of the source
primary storage apparatus to the secondary volume of the
destination secondary storage apparatus by associating the
second identifier with the fifth identifier.

[0023] In specific embodiments, the primary volume ofthe
destination primary storage apparatus has a fourth identifier
as a real identifier of the primary volume of the destination
primary storage apparatus. After the completion of the copy
of data stored in the primary volume of the source primary
storage apparatus into the primary volume of the destination
primary storage apparatus and the completion of the migra-
tion of data stored in the primary volume of the source pri-
mary storage apparatus into the secondary volume of the
destination secondary storage apparatus, the destination pri-
mary storage apparatus is configured to: swap the third iden-
tifier for the fourth identifier so that the identifier of the virtual
volume changes to the fourth identifier and the identifier of
the primary volume of the destination primary storage appa-
ratus changes to the third identifier which is associated with
the first identifier; and provide the host computer with the
primary volume of the destination primary storage apparatus
as a volume having the first identifier.

[0024] Insomeembodiments, when the destination storage
system receives an INQUIRY command from the host, the
destination storage system is configured to respond to the
INQUIRY command with not a real identifier of a volume
which takes over the first identifier but the first identifier as an
identifier of the volume.

[0025] Inspecific embodiments, the storage system further
comprises a management terminal. When the destination pri-
mary storage apparatus receives a command for instructing
pair creation specifying the first identifier and the second
identifier from the management terminal, the primary storage
apparatus is configured to configure remote a copy pair in the
destination storage system between a volume having the third
identifier associated with the first identifier and a volume
having the fifth identifier associated with the second identi-
fier.

[0026] Another aspect of this invention is directed to a
remote copy configuration migration method for migrating a
source remote copy configuration in a source storage system
to a destination storage system as a destination remote copy
configuration. The remote copy configuration migration
method comprises: defining a virtual volume which is
mapped to a primary volume provided by the source storage
system for storing data in the primary volume of the source
storage system; taking over a first identifier of the primary
volume of the source storage system to the virtual volume, the
first identifier provided for a host computer as an identifier of
the virtual volume; transferring, when the source storage
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system receives an access request to the virtual volume from
the host computer, the access request to the source storage
system for accessing data in the primary volume of the source
storage system,; taking over a second identifier of the second-
ary volume of the source storage system, to the secondary
volume of the destination storage system as an identifier of
the secondary volume of the destination storage system;
forming a remote copy pair between the virtual volume asso-
ciated with the first identifier and the secondary volume asso-
ciated with the second identifier; copying data in the primary
volume of the source storage system to the secondary volume
of the destination storage system, the primary volume of the
destination primary apparatus being a storage area of the
virtual volume; configuring a volume migration pair between
the primary volume of the destination storage system and the
virtual volume associated with the first identifier; and migrat-
ing data stored in the primary volume of the source storage
system into the primary volume of the destination storage
system, the primary volume of the destination storage system
being a storage area of the virtual volume. After both comple-
tion of the copy of data stored in the primary volume of the
source storage system to the primary volume of the destina-
tion storage system and completion of the migration of data
stored in the primary volume of the source storage system to
the secondary volume of the destination storage system, the
remote copy configuration migration method further com-
prises: taking over the first identifier from the virtual volume
to the primary volume of the destination storage system; and
forming the destination remote copy configuration between
the primary volume of the destination storage system and the
secondary volume of the destination storage system. When
the destination storage system receives a write request from
the host computer, the remote copy configuration migration
method further comprises: writing data related to the write
request to the primary volume of the destination storage sys-
tem; and copying the data between the primary volume of the
destination storage system and the secondary volume of the
secondary storage system which comprise the destination
remote copy configuration.

[0027] Another aspect of the present invention is directed to
a destination storage system coupled to a host computer for
migrating a source remote copy configuration in a source
storage system to a destination storage system as a destination
remote copy configuration. The storage system comprises:
the source storage system including the source remote copy
configuration comprised of a primary volume provided by a
source primary storage apparatus and a secondary volume
provided by a source secondary storage apparatus; and the
destination storage system, coupled to the source storage
system, including a primary volume provided by a destination
primary storage apparatus and a secondary volume provided
by a destination secondary storage apparatus so that the pri-
mary volume of the destination primary storage apparatus
and the secondary volume of the destination secondary stor-
age apparatus are able to configure the destination remote
copy configuration. The destination primary storage appara-
tus is configured to: define a virtual volume which is mapped
to the primary volume provided by the source primary storage
apparatus for storing data in the primary volume provided by
the source primary storage apparatus; take over a first identi-
fier of the primary volume of the source primary storage
apparatus to the virtual volume, the first identifier provided
for the host computer as an identifier of the virtual volume;
and transfer, when the destination primary storage apparatus
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receives an access request to the virtual volume from the host
computer, the access request to the source primary storage
apparatus for accessing data in the primary volume provided
by the source primary storage apparatus. The destination
secondary storage apparatus is configured to take over a sec-
ond identifier of the secondary volume of the source second-
ary storage apparatus, to the secondary volume of the desti-
nation secondary storage apparatus as an identifier of the
secondary volume of the destination secondary storage appa-
ratus. The destination primary storage apparatus of the des-
tination storage system and the destination secondary storage
apparatus of the destination storage system are configured to:
form a remote copy pair between the virtual volume associ-
ated with the first identifier and the secondary volume asso-
ciated with the second identifier; and copy data in the primary
volume of the source primary storage apparatus to the sec-
ondary volume of the destination secondary storage appara-
tus, the primary volume of the destination primary apparatus
being a storage area of the virtual volume. The destination
primary storage apparatus is configured to: configure a vol-
ume migration pair between the primary volume of the des-
tination primary storage apparatus and the virtual volume
associated with the first identifier; and migrate data stored in
the primary volume of the source primary storage apparatus
into the primary volume of the destination primary storage
apparatus, the primary volume of the destination secondary
storage apparatus being a storage area of the virtual volume.
After completion of the copy of data stored in the primary
volume of the source primary storage apparatus to the pri-
mary volume of the destination primary storage apparatus
and completion of the migration of data stored in the primary
volume of the source primary storage apparatus to the sec-
ondary volume of the destination secondary storage appara-
tus, the destination primary storage apparatus is configured
to: take over the first identifier from the virtual volume to the
primary volume of the destination primary storage apparatus;
and form the destination remote copy configuration between
the primary volume of the destination primary storage appa-
ratus and the secondary volume of the destination secondary
storage apparatus. When the destination primary storage
apparatus of the destination storage system receives a write
request from the host computer, the destination primary stor-
age apparatus is configured to: write data related to the write
request to the primary volume of the destination primary
storage apparatus; and copy the data between the primary
volume provided by the destination primary storage appara-
tus and the secondary volume provided by the destination
secondary storage apparatus which comprise the destination
remote copy configuration.

[0028] These and other features and advantages of the
present invention will become apparent to those of ordinary
skill in the art in view of the following detailed description of
the specific embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 is a diagram showing an example of an out-
line of Example 1.

[0030] FIG. 2 is a diagram showing a configuration
example of a computer system according to Example 1.
[0031] FIG. 3 is a diagram showing an example of a state of
the computer system that is obtained prior to the start of
migration.

[0032] FIG. 4is a diagram illustrating an introduction of an
MD-DKC to the computer system.
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[0033] FIG. 5 is a diagram illustrating a virtualization of a
port in the MD-DKC.

[0034] FIG. 6is adiagram illustrating a creation ofa VVOL
in the MD-DKC.

[0035] FIG.7isadiagram illustrating a virtualization of the
VVOL in the MD-DKC.

[0036] FIG. 8 is a diagram illustrating an addition of a path
to the MD-DKC in a host.

[0037] FIG.9isadiagram illustrating a deletion of a path to
an MS-DKC in the host.

[0038] FIG.10is a diagram illustrating a read of pair infor-
mation from the MS-DKC.

[0039] FIG. 11 is a diagram illustrating an addition of an
RC path.
[0040] FIG.12 isadiagram illustrating the RC path viewed

from the perspective of the MS-DKC.

[0041] FIG.13is adiagram illustrating a deletion of the RC
path between MS-DKCs.

[0042] FIG. 14 is a first diagram illustrating a migration of
data of an MS-VOL according to Example 1.

[0043] FIG. 15 is a second diagram illustrating a migration
of data of the MS-VOL according to Example 1.

[0044] FIG.16 s athird diagram illustrating a migration of
data of the MS-VOL according to Example 1.

[0045] FIG. 17 is a diagram illustrating a stop of remote
copying between the MS-DKCs.

[0046] FIG. 18 is a diagram showing an example of a state
of the computer system that is obtained after completion of
the migration.

[0047] FIG. 19 is a first flowchart showing a write process
according to Example 1.

[0048] FIG. 20 is a second flowchart showing the write
process according to Example 1.

[0049] FIG. 21 is a third flowchart showing the write pro-
cess according to Example 1.

[0050] FIG. 22 is a diagram illustrating an addition of an
RC path according to Example 2.

[0051] FIG. 23 is a diagram illustrating a migration of data
of'an MS-VOL according to Example 2.

[0052] FIG. 24 is a diagram illustrating an addition of an
RC path according to Example 3.

[0053] FIG. 25 is a diagram illustrating a migration of data
of'an MS-VOL according to Example 3.

[0054] FIG. 26 illustrates a configuration view showing an
outline of a computer system according to Embodiment 1 of
the present invention.

[0055] FIG. 27 illustrates a hardware configuration of the
storage subsystem.

[0056] FIG. 28 illustrates a configuration example of a par-
ity group management table.

[0057] FIG. 29 illustrates a configuration example of an
external volume group management table.

[0058] FIG.30illustrates a configuration example ofalogi-
cal volume management table.

[0059] FIG. 31 illustrates a configuration example of an LU
management table.

[0060] FIG. 32 illustrates a configuration example of a pair
management table.

[0061] FIG. 33 is a view showing an example where a
virtual storage is defined in a migration destination primary
storage subsystem.

[0062] FIG. 34 illustrates a configuration example of a
V-BOX management table.

Nov. 27,2014

[0063] FIG. 35 illustrates a configuration example of a vir-
tual LDEV management table.

[0064] FIG. 36 illustrates an example of a configuration file
used by a storage manager.

[0065] FIG. 37 illustrates an example of a configuration file
used by the storage manager.

[0066] FIG. 38 illustrates an example of a configuration file
used by the storage manager.

[0067] FIG. 39 is a view showing an outline of a migration
process in a computer system according to Embodiment 1 of
the present invention.

[0068] FIG. 40 is a view illustrating a state after the migra-
tion process is performed in a computer system according to
Embodiment 1 of the present invention.

[0069] FIG. 41 is a flowchart (1) of a volume migration
process in a computer system according to Embodiment 1 of
the present invention.

[0070] FIG. 42 is a flowchart (2) of a volume migration
process in a computer system according to Embodiment 1 of
the present invention.

[0071] FIG. 43 is a flowchart (3) of a volume migration
process in a computer system according to Embodiment 1 of
the present invention.

[0072] FIG. 44 is a configuration diagram of a computer
system according to Modified Example 2 of the present
invention.

[0073] FIG. 45 is a view illustrating a flow of data during a
migration process in a computer system according to Modi-
fied Example 2 of the present invention.

[0074] FIG. 46 illustrates a configuration view showing an
outline of a computer system according to Embodiment 2 of
the present invention.

[0075] FIG. 47 is a flowchart (1) of a volume migration
process in a computer system according to Embodiment 2 of
the present invention.

[0076] FIG. 48 is a flowchart (2) of a volume migration
process in a computer system according to Embodiment 2 of
the present invention.

[0077] FIG. 49 is a flowchart (3) of a volume migration
process in a computer system according to Embodiment 2 of
the present invention.

[0078] FIG. 50 is a configuration diagram of a computer
system according to Embodiment 3 of the present invention.
[0079] FIG. 511is a flowchart of a volume migration process
in a computer system according to Embodiment 3 of the
present invention.

[0080] FIG. 52 is a view illustrating an example of the
present invention applied to expanding a storage system.

DETAILED DESCRIPTION OF THE INVENTION

[0081] In the following detailed description of the inven-
tion, reference is made to the accompanying drawings which
form a part of the disclosure, and in which are shown by way
of'illustration, and not of limitation, exemplary embodiments
by which the invention may be practiced. In the drawings, like
numerals describe substantially similar components through-
out the several views. Further, it should be noted that while the
detailed description provides various exemplary embodi-
ments, as described below and as illustrated in the drawings,
the present invention is not limited to the embodiments
described and illustrated herein, but can extend to other
embodiments, as would be known or as would become known
to those skilled in the art. Reference in the specification to
“one embodiment,” “this embodiment,” or “these embodi-
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ments” means that a particular feature, structure, or charac-
teristic described in connection with the embodiment is
included in at least one embodiment of the invention, and the
appearances of these phrases in various places in the specifi-
cation are not necessarily all referring to the same embodi-
ment. Additionally, in the following detailed description,
numerous specific details are set forth in order to provide a
thorough understanding of the present invention. However, it
will be apparent to one of ordinary skill in the art that these
specific details may not all be needed to practice the present
invention. In other circumstances, well-known structures,
materials, circuits, processes and interfaces have not been
described in detail, and/or may be illustrated in block diagram
form, so as to not unnecessarily obscure the present invention.

[0082] Furthermore, some portions of the detailed descrip-
tion that follow are presented in terms of algorithms and
symbolic representations of operations within a computer.
These algorithmic descriptions and symbolic representations
are the means used by those skilled in the data processing arts
to most effectively convey the essence of their innovations to
others skilled in the art. An algorithm is a series of defined
steps leading to a desired end state or result. In the present
invention, the steps carried out require physical manipula-
tions of tangible quantities for achieving a tangible result.
Usually, though not necessarily, these quantities take the form
of electrical or magnetic signals or instructions capable of
being stored, transferred, combined, compared, and other-
wise manipulated. It has proven convenient at times, princi-
pally for reasons of common usage, to refer to these signals as
bits, values, elements, symbols, characters, terms, numbers,
instructions, or the like. It should be borne in mind, however,
that all of these and similar terms are to be associated with the
appropriate physical quantities and are merely convenient
labels applied to these quantities. Unless specifically stated
otherwise, as apparent from the following discussion, it is
appreciated that throughout the description, discussions uti-
lizing terms such as “processing,” “computing,” “calculat-
ing,” “determining,” “displaying,” or the like, can include the
actions and processes of a computer system or other informa-
tion processing device that manipulates and transforms data
represented as physical (electronic) quantities within the
computer system’s registers and memories into other data
similarly represented as physical quantities within the com-
puter system’s memories or registers or other information
storage, transmission or display devices.

[0083] The presentinvention also relates to an apparatus for
performing the operations herein. This apparatus may be
specially constructed for the required purposes, or it may
include one or more general-purpose computers selectively
activated or reconfigured by one or more computer programs.
Such computer programs may be stored in a computer-read-
able storage medium including non-transitory medium, such
as, but not limited to optical disks, magnetic disks, read-only
memories, random access memories, solid state devices and
drives, or any other types of media suitable for storing elec-
tronic information. The algorithms and displays presented
herein are not inherently related to any particular computer or
other apparatus. Various general-purpose systems may be
used with programs and modules in accordance with the
teachings herein, or it may prove convenient to construct a
more specialized apparatus to perform desired method steps.
In addition, the present invention is not described with refer-
ence to any particular programming language. It will be
appreciated that a variety of programming languages may be
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used to implement the teachings of the invention as described
herein. The instructions of the programming language(s) may
be executed by one or more processing devices, e.g., central
processing units (CPUs), processors, or controllers.

[0084] Exemplary embodiments of the invention, as will be
described in greater detail below, provide apparatuses, meth-
ods and computer programs for migrating volumes among
storage subsystems. The present specification uses the fol-
lowing terms.

[0085] “PDEV” is short for physical storage device (typi-
cally a non-volatile storage device). The PDEV has, for
example, a storage medium (typically a non-volatile storage
medium) and a controller that controls input/output (I/O) of
data to/from the storage medium. The non-volatile storage
medium may be a group of hard disks (one or more hard
disks) or a group of NVMs (one or more non-volatile semi-
conductor memories (NVM)). In other words, the PDEV may
be, for example, a hard disk drive (HDD) or an NVM device
such as a flash memory (FM) device (e.g., a solid state device
(SSD)). The NVM may be, for example, an FM or a phase
change memory. The FM may have, for example, a plurality
of blocks (physical blocks), each of which may have a plu-
rality of pages (physical pages). The NVM (typically the FM)
may be of a type (e.g., a NAND-type FM) to which data can
be written page by page; however, data cannot be written into
a page unless the data on the page is deleted, and data are
deleted block by block.

[0086] “VOL” is short for “logical volume” and is a logical
storage device. The VOL may be a substantive VOL (RVOL)
or a virtual VOL (VVOL). The VOL may be categorized into
an online VOL that is provided to an external apparatus (e.g.,
a host computer) coupled to a DKC having the VOL, and an
offline VOL that is not provided to the external apparatus (that
is not recognized from the external apparatus). “RVOL” is a
VOL based on a physical storage resources (e.g., a RAID
(Redundant Array of Independent (or Inexpensive) Disks)
group thatis configured by a plurality of PDEV's (non-volatile
physical storage devices)) of a storage apparatus having the
RVOL. “VVOL” may be categorized into, for example, an
external connection VOL (EVOL), which is a VOL based on
a storage resource (e.g., a logical volume) of an external
storage apparatus coupled to a storage apparatus having the
VVOL and complies with a storage virtualization technology,
and a VOL (TPVOL) that is configured by a plurality of
virtual pages (virtual storage areas) and complies with a
capacity virtualization technology (typically Thin Provision-
ing). The TPVOL is typically an online VOL. Real pages are
allocated from a pool to the TPVOL. “Pool” is a storage
resource configured by a plurality of real pages (substantive
storage areas). The pool is configured by, for example, a
plurality of pool VOLs, each of which is divided into two or
more real pages. “Pool VOL” is a VOL configuring the pool.
The pool VOL may be an RVOL or an EVOL. The pool VOL
is typically an offline VOL.

[0087] “PVOL” is short for primary logical volume and
represents a copy-source VOL. “SVOL” is short for second-
ary logical volume and represents a copy-destination VOL. A
pair of PVOL and SVOL is typically referred to as VOL pair.
Data is copied from the PVOL to the SVOL.

[0088] “DKC” represents a storage apparatus. The DKC
has a VOL and a controller that controls I/O of data to/from
the VOL. The DKC may have one or more PDEVs (e.g., one
or more RAID groups), and the VOL of the DKC may be an
RVOL or VVOL.
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[0089] “PDKC” is short for primary DKC and is a DKC
with a PVOL. “SDKC” is short for secondary DKC, which is
a DKC with an SVOL. A remote copy system typically has a
PDKC and a SDKC, and the PVOL and SVOL configuring a
VOL pair exist in different DKCs.

[0090] “MS” is short for migration source. For example,
“MS-PDKC” means migration-source PDKC.

[0091] “MD” is short for migration destination. For
example, “MD-PDKC” means migration-destination PDKC.
[0092] Inthe following description, various pieces of infor-
mation are described in the form of “aaa tables” but may be
described in the form of data structures other than tables. For
the purpose of indicating that the various pieces of informa-
tion are independent of data structures, “aaa table” can be
referred to as “aaa information.” Furthermore, a case where
processing is explained using a program or software as the
doer of the action, can actually be understood that a processor
or the like executes the program or software.

Example 1

[0093] FIG. 1 is a diagram showing an example of an out-
line of Example 1. This computer system is to migrate a
PVOL 105 and a SVOL 108 to a MD-PVOL 107 and a
MD-SVOL 110, respectively, while maintaining a remote
copy operation. The computer system comprises one or more
hosts (host computer(s)) 200 and a remote copy system. The
remote copy system comprises a plurality of DKCs (storage
apparatuses) 100. In the present example the remote copy
system includes a MS-PDKC 100A that manages the PVOL
105, which is a MS (migration source), a MS-SDKC 1006
that manages the SVOL 108, which is a copy-destination
VOL of the PVOL 105, a MD-PDKC 100C that manages the
MD-PVOL 107, which is a MD (migration destination) of the
PVOL 105, and a MD-SDKC 100D that manages the MD-
SVOL 110, which is a MD of the SVOL 108.

[0094] The MS-PDKC 100A and MS-SDKC 1006 are
coupled to each other via a communication network 60. The
MD-PDKC 100C and MD-SDKC 100D, too, are coupled to
each other via a communication network 60. In the present
example, the PVOL 105 and the SVOL 108 corresponding to
a MS-DKCs group 30 including the MS-PDKC 100A and the
MS-SDKC 1006 are migrated to a MD-DKCs group 40
including the MD-PDKC 100C and the MD-SDKC 100D.
[0095] The MS-PDKC 100A and the MD-PDKC 100C are
installed in, for example, the same local site 10 and are com-
municably coupled to each other. In the present example, the
MD-PDKC 100C virtualizes communication interface device
(port) so that the MD-PDKC 100C appear to the MS-PDKC
100A as the MS-SDKC 1006. The MS-SDKC 1006 and the
MD-SDKC 100D are installed in a remote site 20, located
away from the local site 10, and are communicably coupled to
each other. In the present example the MD-SDKC 100D
virtualizes communication interface device (port) so that the
MD-SDKC 100D appear to the MS-SDKC 1006 as the MS-
PDKC 100A.

[0096] The MD-PDKC 100C manages a PVVOL 106 that
is obtained by virtualizing the externally coupled PVOL 105
based on a storage virtualization technology. The host 200
and the MD-PDKC 100C are coupled to each other via a
communication network 50. The host 200 recognizes a path
through which the PVVOL 106 of the MD-PDKC 100C can
be accessed. The MD-SDKC 100D manages a SVVOL 109
that is obtained by virtualizing the externally coupled SVOL
108 based on the storage virtualization technology.
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[0097] In this computer system, the MD-PDKC 100C
executes a PVOL migration process for migrating (e.g., copy-
ing) data of the PVOL 105 of the MS-PDKC 100A to the
MD-PVOL 107 (FIG. 1(7)), while the MD-SDKC 100D
executes an SVOL migration process for migrating data of the
SVOL 108 of the MS-SDKC 1008 to the MD-SVOL 110
(FIG. 1(8)).

[0098] The computer system enables the host 200 to write
data to the PVOL 105 in conjunction with the PVOL migra-
tion process and the SVOL migration process. Specifically,
when writing data to the PVOL 105 in the MS-PDKC 100A
(at the time of host [/O), the host 200 transmits a write request
concerning the PVVOL 106 to the MD-PDKC 100C (FIG.
1(1)).

[0099] In response to the write request concerning the
PVVOL 106 from the host 200, the MD-PDKC 100C trans-
fers this write request to the MS-PDKC 100A (FIG. 1(2)).

[0100] The MS-PDKC 100A executes a write process of
writing data to the PVOL 105 in accordance with the received
write request, as well as remote copying corresponding to the
write request. In the present example, the MS-PDKC 100A
recognizes that a path coupled to the MS-SDKC 1008 via the
communication network 60 (FIG. 1(3)) and a path coupled to
the MD-PDKC 100C (FIG. 1(4)) exist as the path for remote
copying the PVOL 105 to the SVOL 108.

[0101] Thus, at the time of remote copying, a write request
relevant to the remote copying is transmitted using either one
of'these paths. The path to be used is selected according to, for
example, a round-robin fashion.

[0102] For instance, when a write request is transmitted
through the path shown by FIG. 1(3), the MS-SDKC 1006
writes write target data (often described as “WR data” in the
diagram) to the SVOL 108 in accordance with the write
request.

[0103] Onthe other hand, when a write request is transmit-
ted through the path shown by FIG. 1(4), the MD-PDKC
100C transmits the write request, which is transmitted from
the MS-PDKC 1004, to the MD-SDKC 100D (FIG. 1(5)).
Upon receiving this write request, the MD-SDKC 100D rec-
ognizes that the write request concerns the SVVOL 109, and
transmits the write request to the MS-SDKC 100B (FIG.
1(6)).

[0104] Upon receiving this write request, the MS-SDKC
100B writes write target data to the SVOL 108 in accordance
with the write request. Therefore, the data can be remote-
copied from MS-PDKC 100A to the SVOL 108 of the MS-
SDKC 1006 via the MD-PDKC 100C.

[0105] In the present example, when all data in the PVOL
105 of the MS-PDKC 100A are migrated to the MD-PVOL
107 of the MD-PDKC 100C, the MD-PDKC 100C is config-
ured to treat an access to the PVVOL 106 as an access to the
MD-PVOL 107. Subsequently, when the access concerning
the PVVOL 106 is received from the host 200, the MD-PDKC
100C executes a process of treating this access as an access to
the MD-PVOL 107. Specifically, when a write request con-
cerning the PVVOL 106 is transmitted from the host 200, the
MD-PDKC 100C remote-copies the data to the MD-SDKC
100D (FIG. 1(5)) without transferring the write request to the
MS-PDKC 100A, and thereafter stores write target data in the
MD-PVOL 107.

[0106] According to the present example described above,
the data in the PVOL 105 can be migrated to the MD-PVOL
107 of the MD-PDKC 100C, while continuing the remote
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copy operation, and thereafter the data in the MD-PVOL 107
can be remote-copied appropriately.

[0107] The computer system according to the present
example is described hereinafter in detail with reference to
the drawings.

[0108] FIG. 2 is a diagram showing a configuration
example of the computer system according to Example 1.
[0109] The computer system comprises one or more hosts
200 and a plurality of DKCs 100.

[0110] Thehost200 is a general computer with a processor,
cache, storage devices, and the like. The host 200 issues
access requests to the DKCs 100 to access the VOLs managed
by the DKCs 100. The host 200 has one or more ports 201.
The port 201 is an example of a communication interface
device and is an interface for coupling to a network. Identi-
fication information (e.g., world-wide name (WWN), etc.) by
which the port can uniquely be identified is configured in the
port 201. The host 200 manages information on a path to the
DKCs 100, which is obtained by associating the identification
information (e.g., a device number) of a VOL to be accessed
and the identification information of the port 101 (port infor-
mation) of the DKC 100 that is accessed when accessing the
VOL.

[0111] In the present example, the DKCs 100 include the
MS-PDKC 100A that manages the PVOL 105, which is a
migration source (MS), the MS-SDKC 1008 that manages the
SVOL 108, which is a copy-destination VOL of the PVOL
105, the MD-PDKC 100C that manages the MD-PVOL 107,
which is a migration destination (MD) of the PVOL 105, and
the MD-SDKC 100D that manages the MD-SVOL 110,
which is a MD of the SVOL 108.

[0112] The MS-PDKC 100A and MS-SDKC 100B are
coupled to each other via a communication network 60. The
MD-PDKC 100C and the MD-SDKC 100D, too, are coupled
to each other via a communication network 60. In the present
example, the PVOL 105 and the SVOL 108 corresponding to
the MS-DKCs group 30 including the MS-PDKC 100A and
the MS-SDKC 100B are migrated to the MD-DKCs group 40
including the MD-PDKC 100C and the MD-SDKC 100D.

[0113] The MS-PDKC 100A and the MD-PDKC 100C are
installed in, for example, the same local site 10 and are com-
municably coupled to each other. The MS-SDKC 100B and
the MD-SDKC 100D are installed in the remote site 20, away
from the local site 10, and are communicably coupled to each
other.

[0114] The DKC 100 comprises, for example, a plurality of
ports 101, one or more microprocessor packages (MPPKs)
102, one or more cache memory packages (CMPKs) 103, an
internal network 104, and one or more PDEVs configuring a
VOL. The VOL is configured by one or more PDEVs. The
ports 101, MPPKs 102, CMPKs 103, and PDEV's configuring
the VOL are communicably coupled to one another via the
internal network 104.

[0115] Regarding the VOLs managed by the DKCs 100, for
instance, the MS-PDKC 100A manages the PVOL 105. The
MS-SDKC 1006 manages the SVOL 108. The MD-PDKC
100C manages the PVVOL 106 and MD-PVOL 107. The
MD-SDKC 100D manages the SVVOL 109 and MD-SVOL
110.

[0116] The port 101 is an example of a communication
interface device and is an interface for coupling to a network.
Identification information (e.g., world-wide name (WWN),
etc.) by which the port can uniquely be identified is config-
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ured in the port 101. In addition, any identification informa-
tion can virtually be allocated to the port 101.

[0117] In the present example, the MS-PDKC 100A, for
example, comprises a port 101 for coupling to the host 200, a
port 101 for coupling to the MD-PDKC 100C, and a port 101
for coupling to the MS-SDKC 1006.

[0118] The MD-PDKC 100C comprises a port 101 for cou-
pling to the host 200, a port 101 for coupling to the MS-PDKC
100A, and a port 101 for coupling to the MD-SDKC 100D.
[0119] The MS-SDKC 100B comprises a port 101 for cou-
pling to the host 200, a port 101 for coupling to the MS-PDKC
100A, and a port 101 for coupling to the MD-SDKC 100D.
[0120] The MD-SDKC 100D comprises a port 101 for cou-
pling to the host 200, a port 101 for coupling to the MD-
PDKC 100C, and a port 101 for coupling to the MS-SDKC
1006.

[0121] The MPPK 102 is a device with one or a plurality of
processors. The processors execute various processes accord-
ing to programs. The MPPK 102 may have a memory for
storing program executed by the processors and data to be
used. In the present example, the MPPKs 102 of the MD-
PDKC 100C and MD-SDKC 100D have programs for real-
izing new functions in the following example. It is sufficient
that the MPPKSs 102 of the MS-PDKC 100A and MS-SDKC
100B have existing programs.

[0122] The CMPK 103 includes one or more cache memo-
ries (CM). One or more CMs are volatile memories and/or
non-volatile memories. In addition to storage areas (“cache
areas,” hereinafter) for temporarily storing data to be input/
output to/from the PDEVs, one or more CMs may have stor-
age areas (“shared areas,” hereinafter) for storing information
used by the processor of the MPPK 102.

[0123] FIG. 3 is a diagram showing an example of a state of
the computer system that is obtained prior to the start of
migration. Note in this diagram that a copy source is
described as “CS” and a copy destination as “CD.”

[0124] The computer system prior to the start of a migration
has ahost 200, an MS-PDKC 100A, and an MS-SDKC 100B.
[0125] The MS-PDKC 100A has ports 101 that have “1A,”
“1B,” and “1C” as previously configured port information
items (referred to as “ports 1 A, 1B, 1C” hereinafter. The other
ports are described in the same manner). The MS-SDKC
100B has ports 2A, 2B, and 2C. The MS-PDKC 100A is
coupled to the host 200 via the port 1B. The port 1A of the
MS-PDKC 100A and the port 2A of the MS-SDKC 100B are
coupled to each other.

[0126] The MS-PDKC 100A manages the PVOL 105 of
which device information is “0101.” The MS-SDKC 100B
manages the SVOL 108 that is a copy destination of the PVOL
105 and of which device information is “0201.” Remote copy-
ing for copying the PVOL 105 to the SVOL 108 is performed
in the computer system. Note that this remote copying is the
synchronous remote copying.

[0127] A remote copy table (RC table) 120 is stored in each
of the MPPKs 102 of the MS-PDKC 100A and MS-SDKC
1008.

[0128] With respect to each remote copy operation, the RC
table 120 stores entry having the fields of: number (#) 121,
copy-source port information 122, copy-source device infor-
mation 123, copy-destination port information 124, and
copy-destination device information 125.

[0129] A remote copy number for identifying a remote
copy operation is stored in the number 121. Identification
information (port information) for identifying a port of a
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copy-source DKC 100 is stored in the copy-source port infor-
mation 122. Identification information (device information)
for identifying a copy-source device (the PVOL 105, in this
case) is stored in the copy-source device information 123.
Identification information (port information) for identifying a
port of a copy-destination DKC 100 is stored in the copy-
destination port information 124. Identification information
(device information) for identifying a copy-destination
device (the SVOL 108, in this case) is stored in the copy-
destination device information 125.

[0130] The RC table 120 shown in FIG. 3 stores informa-
tion of remote copy in which a device 0101 of the port 1A is
the copy source and a device 0201 of the port 2A is the copy
destination.

[0131] Thus, in the computer system obtained prior to the
start of data migration, when the MS-PDKC 100A receives a
write request concerning the PVOL 105 from the host 200, a
write request for writing write target data corresponding to
the write request is transmitted from the port 1 A to the port 2A
of the MS-SDKC 100B, whereby the write target data is
copied to the SVOL 108 of the MS-SDKC 100B.

[0132] FIG. 4is a diagram illustrating an introduction of an
MD-DKC to the computer system.

[0133] In the computer system shown in FIG. 3, for
example, an administrator installs the MD-PDKC 100C
(DKC100C), to which the PVOL 105 is migrated, in the local
site 10 to which, for example, the MS-PDKC 100A belongs,
and installs the MD-SDKC 100D (DKC 100D), to which the
SVOL 108 is migrated, in the remote site 20 to which, for
example, the MS-SDKC 100B belongs. The MD-PDKC
100C comprises a port 3A, a port 3B, and a port 3C. The
MD-SDKC 100D comprises a port 4A and a port 4B.
[0134] The administrator then couples the port 3B of the
MD-PDKC 100C to the port 201 of the host 200 via the
network 50. The administrator also couples the port 3C of the
MD-PDKC 100C to the port 1C of the MS-PDKC 100A via a
cable or a network. The administrator further couples the port
3 A of the MD-PDKC 100C to the port 4A of the MD-SDKC
100D via the network 60. The administrator further couples
the port 4C of the MD-SDKC 100D to the port 2C of the
MS-SDKC 100B via a cable or a network.

[0135] FIG. 5 is a diagram illustrating a virtualization of a
port in the MD-DKC.

[0136] Identification information for uniquely specifying
each ports 101 (port information, such as WWN) is config-
ured in each of the ports 101 corresponding to the MD-PDKC
100C and the MD-SDKC 100D. Suppose here that previously
configured port information is actual port information. In the
present example, virtual port information (virtualized port
information) (VP information) different from the actual port
information (RP information) can be allocated to each of the
ports 101 of the MD-PDKC 100C and the MD-SDKC 100D,
so that communication can be made by using the virtualized
port information. For the purpose of managing the virtualized
port information, a port virtual information management
table (PV table) 130 for managing the virtualized port infor-
mation of the ports 101 is stored in each of the MPPKs 102 of
the MD-PDKC 100C and the MD-SDKC 100D.

[0137] With respect to each port, the port virtual informa-
tion management table 130 stores entry having the fields of:
item number 131, actual port information 132, and virtualized
port information 133.

[0138] Entry number is stored in the item number 131.
Actual port information on the port corresponding to the entry
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is stored in the actual port information 132. Virtualized port
information allocated to the port corresponding to the entry is
stored in the virtualized port information 133.

[0139] Inthe present example, subsequent to the state of the
computer system shown in FIG. 4, the actual port information
of the port 2C of the MS-SDKC 1008 is allocated as the
virtualized port information of the port 3C of the MD-PDKC
100C, and the actual port information of the port 1C of the
MS-PDKC 100A is allocated as the virtualized port informa-
tion of the port 3A. As the virtualized port information of the
port 4C of the MD-SDKC 100D, actual port information
“1C” of the port 10 of the MS-PDKC 100A is allocated. As
the virtualized port information of the port 4A, actual port
information “2C” of the port 2C of the MS-SDKC 1008 is
allocated. Specifically, in the port virtual information man-
agement table 130 of the MD-PDKC 100C, the actual port
information “2C” of the port 2C of the MS-SDKC 1008 is
stored in the virtualized port information 133 that corre-
sponds to the port 3C of the MD-PDKC 100C, and the actual
port information “1C” of the port 1C of the MS-PDKC 100A
is stored in the virtualized port information 133 that corre-
sponds to the port 3A. Furthermore, in the port virtual infor-
mation management table 130 of the MD-SDKC 100D, the
actual port information “2C” of the MS-SDKC 1008 is stored
in the virtualized port information 133 that corresponds to the
port 4A of the MD-SDKC 100D, and the actual port infor-
mation “1C” of the MS-PDKC 100A is stored in the virtual-
ized port information 133 that corresponds to the port 4C.
[0140] When configuring the port virtual information man-
agement tables 130 of the MD-PDKC 100C and the MD-
SDKC 100D as described above, the administrator may con-
figure the port virtual information management tables 130 by
using a terminal such as a service processor (SVP) coupled to
the MD-PDKC 100C or MD-SDKC 100D or a management
apparatus coupled to the same via a network. The processors
of the MPPKs 102 of the MD-PDKC 100C and the MD-
SDKC 100D may configure the tables by collecting various
information items and determining based on the various
information items. Note that the term “administrator” is often
used as the subject of a sentence describing the operations,
configurations and the like provided by the administrator
using the terminal such as the SVP.

[0141] Since the MD-PDKC 100C uses the allocated vir-
tualized port information items to communicate with the MS-
PDKC 100A, the MS-PDKC 100A recognizes the
MD-PDKC 100C as the MS-SDKC 1008. Moreover, since
the MD-SDKC 100D uses the allocated virtualized port infor-
mation items to communicate with the MS-SDKC 1006, the
MS-SDKC 1006 recognizes the MD-SDKC 100D as the MS-
PDKC100A. Thus, it is unnecessary for the MS-PDKC 100A
and the MS-SDKC 1006 to understand the MD-PDKC 100C
and the MD-SDKC 100D, and no new functions need to be
added to the MS-PDKC 100A and the MS-SDKC 1006.
[0142] FIG. 6 is adiagram illustrating a creation ofa VVOL
in the MD-DKC.

[0143] Subsequent to the state of the computer system
shown in FIG. 5, the administrator creates a VVOL 106 based
on the MS-PVOL 105 in the MD-PDKC 100C, as well as a
VVOL 109 based on the MS-SVOL 108 in the MD-SDKC
100D. It should be noted that the use of the storage virtual-
ization technology can realize the function of creating the
VVOL based on an RVOL of the MS-PDKC 100A (MS-
SDKC 1006) in the MD-PDKC 100C (MD-SDKC 100D).
Here, unique device information (actual device information)
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is configured to each of the VVOLs 106 and 109. In the
present example, device information “0301” is configured to
the VVOL 106 and device information “0401” to the VVOL
109.

[0144] FIG.7isadiagram illustrating a virtualization of the
VVOLs in the MD-DKCs.

[0145] Virtual device information can be configured to the
VVOL 106 and VVOL 109 as their device information items.
Thus, the VVOL 106 and VVOL 109 can be used as the
devices corresponding to the virtual device information
items. The MD-PDKC 100C and the MD-SDKC 100D have
device virtual information management tables (DV tables)
140 stored in the memories of their MPPKs 102 in order to
manage the virtual device information items of the respective
VVOLs.

[0146] The device virtual information management table
140 stores entry having the fields of: number (#) 141, actual
device information (RD information) 142, virtual device
information (VD information) 143, and type 144 with respect
to each device.

[0147] A number corresponding to the entry is stored in the
number 141. Actual device information of a device corre-
sponding to the entry is stored in the actual device informa-
tion 142. Virtual device information that is configured for the
device corresponding to the entry is stored in the virtual
device information 143. The type ofthe device corresponding
to the entry is stored in the type 144. In the present example,
when the device corresponding to the entry is a VVOL, “vir-
tual” is stored in the type 144.

[0148] Inthepresent example, subsequent to the state of the
computer system shown in FIG. 6, the actual device informa-
tion “0101” of the PVOL 105 of the MS-PDKC 100A is
configured as the virtual device information of the VVOL 106
that is created in the MD-PDKC 100C, and the actual device
information “0201” of the SVOL 108 of the MS-SDKC 1008
is configured as the virtual device information of the VVOL
109 that is created in the MD-SDKC 100D. Specifically,
according to an indication from the management apparatus,
the MD-PDKC 100C adds an entry to the device virtual
information management table 140 thereof, to store actual
device information “0301” of the virtual device 106 in the
actual device information 142, the actual device information
“0101” of the PVOL 105 in the virtual device information
143, and “virtual” in the type 144. In addition, according to
the indication from the management apparatus, the
MD-SDKC 100D adds an entry to the device virtual informa-
tion management table 140 thereof, to store actual device
information “0401” of the virtual device 109 in the actual
device information 142, the actual device information “0201”
of the SVOL 108 in the virtual device information 143, and
“virtual” in the type 144.

[0149] Since the device information of the VVOL 106 can
be treated as the actual device information “0101” of the
PVOL 105, an access request related to the PVOL 105 can be
treated as an access request related to the VVOL 106. Fur-
thermore, since the device information of the VVOL 109 can
be treated as the actual device information “0201” of the
SVOL 108, an access request related to the SVOL 108 can be
treated as an access request related to the VVOL 109.
[0150] FIG. 8 is a diagram illustrating an addition of a path
to the MD-DKC in the host.

[0151] Subsequent to the state of the computer system
shown in FIG. 7, the administrator adds a path through which
the host 200 accesses a device (VOL) corresponding to the
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device information “0101” (an access path). Specifically, a
path from the port 201 of the host 200 to the port 3B of the
MD-PDKC 100C is added as the path to access the device
corresponding to the device information “0101.” As a result,
the host 200 recognizes that the access path for accessing the
device corresponding to the device information “0101” (es-
sentially, the PVOL 105) includes a path passing through the
port 1B of the MS-PDKC 100A (a first path) and a newly
added path passing through the port 3B of the MD-PDKC
100C (asecond path). When accessing the device correspond-
ing to the device information “0101,” the host 200 can select
the first path or the second path in, for example, a round-robin
fashion.

[0152] Inthe computer system in the state shown in FIG. 8,
when the host 200 selects the first path to transmit a write
request concerning the device information “0101,” the MS-
PDKC 100A receives the write request via the port 1B
thereof. The MS-PDKC 100A saves write target data corre-
sponding to the write request in the CM thereof and, in accor-
dance with the contents of the RC table 120, transmits to the
MS-SDKC 100B a write request for remote-copying the write
target data to the device information “0201” of the port 2A.
The MS-SDKC 100B then receives the write request via the
port 2A thereof, writes the write target data corresponding to
the write request to the SVOL 108, which is the device cor-
responding to the device information “0201,” and returns a
response to the MS-PDKC 100A. Upon receiving the normal
response from the MS-SDKC 100B, the MS-PDKC 100A
stores the write target data saved in the CM in the PVOL 105,
which is the device corresponding to the device information
“0101,” and returns a response to the host 200.

[0153] When the host 200 selects the second path to trans-
mit a write request concerning the device corresponding to
the device information “0101,” the MD-PDKC 100C receives
the write request via the port 3B thereof. The MD-PDKC
100C transfers the write request concerning the device infor-
mation “0101” to the MS-PDKC 100A by performing a
switching operation. The MS-PDKC 100A saves the write
target data corresponding to the write request in the CM and,
in accordance with the contents of the RC table 120, transmits
to the MS-SDKC 100B a write request for remote-copying
the write target data to the device information “0201” of the
port 2A. The MS-SDKC 100B then receives the write request
via the port 2A thereof, writes the write target data corre-
sponding to the write request to the SVOL 108, which is the
device corresponding to the device information “0201,” and
returns a response to the MS-PDKC 100A. Upon receiving
the normal response from the MS-SDKC 100B, the MS-
PDKC 100A stores the write target data saved in the CM in
the PVOL, which is the device corresponding to the device
information “0101,” and returns a response to the MD-PDKC
100C. The MD-PDKC 100C then returns a response concern-
ing the write request, to the host 200.

[0154] Inthis manner, regardless of the path through which
the write request from the host 200 passes, the write target
data corresponding to the write request can appropriately be
stored in the PVOL 105 and SVOL 108.

[0155] FIG.9is adiagram illustrating a deletion of a path to
the MS-DKC in the host.

[0156] Subsequent to the state of the computer system
shown in FIG. 8, the administrator deletes the path passing
through the port 1B of the MS-PDKC 100A, through which
the host 200 accesses the device corresponding to the device
information “0101” As a result of the deletion, access
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requests for accessing the PVOL 105 can be concentrated on
the path passing through the port 3B of the MD-PDKC 100C
and transmitted. In other words, all the access requests for
accessing the PVOL 105 can be acquired by the MD-PDKC
100C.

[0157] FIG.10is a diagram illustrating a read of pair infor-
mation from the MS-DKC.

[0158] Subsequent to the state of the computer system
shown in FIG. 9, the MD-PDKC 100C and the MD-SDKC
100D rip the information items of the entries (copy pair
information items) stored in the RC tables 120, from the
MS-PDKC 100A and the MS-SDKC 1006, and then register
these copy pair information items in the RC tables 120 of the
MPPKs 102 of the MD-PDKC 100C and the MD-SDKC
100D. Here, the MD-PDKC 100C and the MD-SDKC 100D
store the device information “0101” of the PVOL 105 in the
copy-source device information 123 and the device informa-
tion “0201” of the SVOL 106 in the copy-destination device
information 125 of the RC tables 120 thereof.

[0159] FIG. 11 is a diagram illustrating an addition of an
RC path.
[0160] Subsequent to the state of the computer system

shown in FIG. 10, the administrator adds a new remote copy
path (RC path) passing through the MD-PDKC 100C and
MD-SDKC 100D.

[0161] Here, for the purpose of managing the new RC path,
the MD-PDKC 100C stores a primary remote copy manage-
ment table (PRC management table) 150 in the MPPK 102
thereof, while the MD-SDKC 100D stores a secondary
remote copy management table (SRC management table) 160
in the MPPK 102 thereof.

[0162] The PRC management table 150 stores entry having
the fields of: number (#) 151, migration-source primary port
(MS-PP) information 152, reception-source virtual port (RS-
VP) information 153, and PVOL device information 154 with
respect to each remote copy operation. A number correspond-
ing to a remote copy operation is stored in the number 151.
Port information of a port of the MS-PDKC 100A to which a
remote copy write request is transmitted is stored in the MS-
PP information 152. Virtualized port information of a port of
the MD-PDKC 100C that receives the remote copy write
request is stored in the transfer data reception-source virtual-
ized port information 153. Device information of the PVOL
related to the remote copy operation is stored in the PVOL
device information 154. When there is no RC path passing
through the MD-PDKC 100C and MD-SDKC 100D at the
time of remote copying, for example, “-” is stored in the
MS-PP information 152, the transfer data reception-source
virtualized port information 153, and the PVOL device infor-
mation 154.

[0163] The SRC management table 160 stores entry having
the fields of: number (#) 161, transmission-source virtual port
(TS-VP) information 162, migration-source secondary port
(MS-SP) information 163, and SVOL device information 164
with respect to each remote copy operation. A number corre-
sponding to a remote copy operation is stored in the number
161. Virtualized port information of a port of the MD-SDKC
100D to which a remote copy write request is transmitted is
stored in the transmission-source virtualized port information
162. Port information of a port of the MS-SDKC 100B to
which the remote copy write request is transmitted is stored in
the MS-SP information 163. Device information of the SVOL
related to the remote copy operation is stored in the SVOL
device information 164.
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[0164] Next, a process of adding a new RC path passing
through the MD-PDKC 100C and MD-SDKC 100D is
described in detail.

[0165] The MD-SDKC 100D transmits to the MS-SDKC
100B a path addition request for adding a remote copy path
passing from the MD-SDKC 100D to the MS-SDKC 1006
(FIG. 11(1)). The path addition request contains the contents
showing the virtualized port information “1C” of the port 4C
of'the MD-SDKC 100D as the copy source and the port 2C of
the MS-SDKC 1006 as the copy destination. Upon receiving
the path addition request, in empty entry of the RC table 120
(the entry of the second row in this case) of the MS-SDKC
1006, the MS-SDKC 1006 stores the virtualized port infor-
mation of the port 4C of the MD-SDKC 100D (“1C”) in the
copy-source port information 122, the device information
“0101” of the PVOL 105 in the copy-source device informa-
tion 123, the port information “2C” of the port 2C of the
MS-SDKC 1006 in the copy-destination port information
124, and the device information “0201” of the SVOL in the
copy-destination device information 125. For the entry in the
SRC management table 160 regarding the number of the
added RC copy, the MD-SDKC 100D stores the virtualized
port information “1C” of'the port 4C of the MD-SDKC 100D
in the transfer data transmission-source virtualized port infor-
mation 162, the port information “2C” of the port 2C of the
MS-SDKC 1006 in the MS-SP information 163, and the
device information “0201” of the SVOL 108 in the SVOL
device information 164.

[0166] Next, the MD-PDKC 100C forms a remote path
between the MD-PDKC 100C and the MD-SDKC 100 (FIG.
11(2)). Specifically, for the entries in the PRC management
table 150 regarding the number of the formed RC copy, the
MD-PDKC 100C stores the port information “1C” of the port
1C ofthe MS-PDKC 100A in the MS-PP information 152, the
virtualized port information “2C” of the port 3C of the MD-
PDKC 100C in the transfer data reception-source virtualized
port information 153, and the device information “0101” of
the PVOL 105 in the PVOL device information 154. For the
entry in the RC table 120 of the MD-SDKC 100D regarding
the formed copy path, upon receiving an indication from the
MD-PDKC 100C, the MD-SDKC 100D stores the virtualized
port information “1C” of the port 3A of the MD-PDKC 100C
in the copy-source port information 122 and the virtualized
port information “2C” of the port 4A of the MD-SDKC 100D
in the copy-destination port information 124.

[0167] Subsequently, for the entry in the RC table 120 of
the MS-PDKC 100A regarding the added copy path, accord-
ing to an indication from the administrator, the MS-PDKC
100A stores the port information “1C” of the port 1C of the
MS-PDKC 100A in the copy-source port information 122,
and the virtualized port information “2C” of the port 3C of the
MD-PDKC 100C in the copy-destination port information
124. the MS-PDKC 100A also transmits to the MD-PDKC
100C a path addition request for adding a remote copy path
extending from the MS-PDKC 100A to the MD-PDKC 100C
(FIG. 11(3)). Upon receiving this path addition request, the
MD-PDKC 100C stores the virtualized port information
“1A” of the port 3A of the MD-PDKC 100C in the copy-
source port information 122, and the virtualized port infor-
mation “2C” of the port 4A of the MD-SDKC 100D in the
copy-destination port information 124, for the entry in the RC
table 120 regarding the added copy path.

[0168] As the path for remote copying the data from the
PVOL 105 to the SVOL 108, a path extending from the
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MS-PDKC 100A to the MS-SDKC 100B without passing
through any of the MD-DKCs, and a path extending from the
MS-PDKC 100A to the MS-SDKC 1006 via the MD-PDKC
100C and MD-SDKC 100D, are managed. According to the
description above, the process of adding an RC path is per-
formed in order of (1), (2), and (3) shown in FIG. 11; however,
the steps (1), (2), and (3) may be executed in parallel as long
as the step (3) is not executed prior to the steps (1) and (2).
This is because when the step (3) is executed first and conse-
quently the formation of the remote path reaching the MS-
SDKC 1008 cannot be completed, a remote copy write
request is issued from the MS-PDKC 100A to the MD-PDKC
100C.

[0169] FIG.12 isadiagram illustrating the RC path viewed
from the perspective of the MS-DKCs.

[0170] Inthe computer system, two RC paths are managed,
as shown in FIG. 11. In the MS-PDKC 100A and the MS-
SDKC 1008, because the paths are configured based only on
the port information items of the ports of the MS-PDKC 100A
and the MS-SDKC 1008, simply these two remote paths
therebetween are recognized, as shown in FIG. 12. Therefore,
the MS-PDKC 100A and the MS-SDKC 1008 cannot recog-
nize the presence of the MD-PDKC 100C and MD-SDKC
100D, or in other words, do not have to recognize the presence
of the MD-PDKC 100C and MD-SDKC 100D.

[0171] FIG.13is adiagram illustrating a deletion of the RC
path between the MS-DKCs.

[0172] Subsequent to the state of the computer system
shown in FIG. 11, the administrator deletes the access path
that reaches MS-SDKC 1008 from the MS-PDKC 100A
without passing through the MD-PDKC 100C and
MD-SDKC 100D. In other words, for the entry regarding the
access path that reaches the MS-SDKC 1008 from the MS-
PDKC 100A without passing through the MD-PDKC 100C
and MD-SDKC 100D, the administrator configures “-” in the
copy-source port information 122, the copy-source device
information 123, the copy-destination port information 124,
and the copy-destination device information 125 of the RC
tables 120 of the MS-PDKC 100A and MS-SDKC 1006. As a
result, remote copy write requests for remote-copying the
data from the PVOL 105 to the SVOL 108 can be concen-
trated on an access path that extends from the MS-PDKC
100A to the MS-SDKC 1006 via the MD-PDKC 100C and
MD-SDKC 100D to transmit. In other words, the MD-PDKC
100C can acquire all the remote copy write requests for
remote-copying the data from the PVOL 105 to the SVOL
108.

[0173] FIG. 14 is a first diagram illustrating a migration of
data of the MS-VOLs according to Example 1.

[0174] Forexample, subsequentto the state of the computer
system shown in FIG. 13, a data migration process of migrat-
ing the PVOL 105 of the MS-PDKC 100A to the MD-PVOL
107 of the MD-PDKC 100C and migrating the SVOL 108 of
the MS-SDKC 1006 to the MD-SVOL 110 of the MD-SDKC
100D is started, as shown in FIG. 14.

[0175] Inthis data migration process, the MD-PDKC 100C
migrates the data sequentially to the PVOL 107, starting from
the data in a front area of the VVOL 106 based on the MS-
PVOL 105, while the MD-SDKC 100D migrates the data
sequentially to the SVOL 110, starting from the data in a front
area of the VVOL 109 based on the MS-SVOL 108.

[0176] When a write request is transmitted from the host
200 to the MD-PDKC 100C in the middle of the data migra-
tion process, the MD-PDKC 100C transfers the write request
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to the MS-PDKC 100A. The MS-PDKC 100A transmits a
remote copy write request through the RC path shown in FI1G.
13. This can appropriately reflect writing concerning the
PVOL 105 in the SVOL 108. Here, when the remote copy
write request received from the MS-PDKC 100A is intended
for an area in the MD-PVOL 107 to which the data is already
copied from the PVOL 105, the MD-PDKC 100C writes the
write target data to this area of the MD-PVOL 107. When the
remote copy write request received from the MD-PDKC
100C is intended for an area in the MD-SVOL 110 to which
the data is already copied from the SVOL 105, the MD-SDKC
100D writes the write target data to this area of the MD-SVOL
110. In this manner, writing to the copied area can appropri-
ately be reflected in the MD-VOLs.

[0177] FIG. 15 is a second diagram illustrating a migration
of data of the MS-VOLs according to Example 1.

[0178] FIG. 15 shows a data migration process that is per-
formed when migration of data from the SVOL 108 to the
MD-SVOL 110 is ended in the data migration process shown
in FIG. 14.

[0179] When migration of data from the SVOL 108 to the
MD-SVOL 110 is ended, the MD-SDKC 100D switches
between the device information of the MD-SVOL 110 and the
device information of the VVOL 109 and thereby makes the
MD-SVOL 110 be an SVOL for use.

[0180] Thereafter, upon receiving the remote copy write
request from the MD-PDKC 100C, the MD-SDKC 100D
writes the write target data corresponding to the write request
to the MD-SVOL 110 and transmits the remote copy write
request to the MS-SVOL 108. Upon receiving the write
request, the MS-SDKC 1008 writes the write target data into
the SVOL 108. Here, the write target data is written to the
SVOL 108 as well because, when the data migration of the
PVOL 105 is not completed, the state of the SVOL 108 needs
to conform with that of the PVOL 105 so that the PVOL 105
can appropriately be restored based on the SVOL 108 in case
of failure.

[0181] FIG. 16 is a third diagram illustrating a migration of
data of the MS-VOLs according to Example 1.

[0182] FIG. 16 shows a data migration process that is per-
formed immediately after completion of migration of data
from the PVOL 105 to the MD-PVOL 107 in the data migra-
tion process shown in FIG. 15.

[0183] When migration of data from the PVOL 105 to the
MD-PVOL 107 is completed, the MD-PDKC 100C switches
between the device information of the MD-PVOL 107 and the
device information of the VVOL 106 and thereby makes the
MD-PVOL 107 be a PVOL for use. This can allow the host
200 to appropriately access the MD-PVOL 107 naturally in
the future.

[0184] Thereafter, when a write request is transmitted from
the host 200 to the MD-PDKC 100C, the MD-PDKC 100C
saves the write target data in the CM without transferring the
write request to the MS-PDKC 100A. The MD-PDKC 100C
then transmits a remote copy write request to the MD-SDKC
100D.

[0185] Upon receiving the remote copy write request from
the MD-PDKC 100C, the MD-SDKC 100D writes the write
target data corresponding to the write request into the MD-
SVOL 110, and transmits the remote copy write request to the
MS-SVOL 108. Upon receiving the write request, the MS-
SDKC 1006 writes the write target data into the SVOL 108.
Here, the write target data is written into the SVOL 108 as
well because, when the data migration of the PVOL 105 is not
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completed, the state of the SVOL 108 needs to conform with
that of the PVOL 105 so that the PVOL 105 can appropriately
be restored based on the SVOL 108 in case of failure.

[0186] Upon receiving a response from the MS-SDKC
100B regarding the write request, the MD-SDKC 100D
returns a response of the write request, to the MD-PDKC
100C. When the response from the MD-SDKC 100D regard-
ing the write request indicates a normal end, the MD-PDKC
100C writes the write target data saved in the CM, to an
corresponding area in the MD-PVOL 107, and returns a
response regarding the write request, to the host 200.

[0187] FIG. 17 is a diagram illustrating a stop of remote
copying between MS-DKCs.

[0188] Subsequent to the state shown in FIG. 16, the MD-
PDKC 100C and the MD-SDKC 100D stop the remote copy-
ing between the MS-DKCs. Specifically, the MD-PDKC
100C deletes the configurations for transferring the remote
copy, by configuring “-” in the MS-PP information 152, the
transfer data reception-source virtualized port information
153, and the PVOL device information 154 as the entry in the
PRC management table 150 concerning the migration-com-
pleted PVOL 105. Meantime, the MD-SDKC 100D deletes
the configurations for transferring the remote copy, by con-
figuring “-” in the transfer data transmission source virtual-
ized port information 162, the MS-SP information 163, and
the SVOL device information 164 as the entry in the SRC
management table 160 concerning the migration-completed
SVOL 108.

[0189] In this manner, upon receiving a remote copy write
request from the MD-PDKC 100C, the MD-SDKC 100D is
prevented from transmitting a remote copy write request to
the MS-SVOL 108.

[0190] FIG. 18 is a diagram showing an example of a state
of the computer system that is obtained after completion of
the migration.

[0191] Subsequent to the state of the computer system
shown in FIG. 17, the administrator can remove the MS-
PDKC 100A and MS-SDKC 100B from the computer sys-
tem, as shown in FIG. 18.

[0192] The processes that are performed in the present
example are described hereinafter.

[0193] In the present example the MD-PDKC 100C and
MD-SDKC 100D execute processes according to the com-
mon flowchart shown in FIGS. 19 through 21. Accordingly,
the MD-PDKC 100C executes the processes required for the
MD-PDKC shown in FIGS. 14 through 16, while the MD-
SDKC 100D executes the processes required for the MD-
SDKC shown in FIGS. 14 through 16. In this case, the MD-
PDKC 100C and the MD-SDKC 100D may be caused to
execute the same program. Since the flowcharts shown in
FIGS. 19 through 21 might be executed by both the MD-
PDKC 100C and the MD-SDKC 100D, the following
description assumes a DKC 100 as the subject that executes
the processes.

[0194] FIG. 19 is a first flowchart showing a write process
according to Example 1. FIG. 20 is a second flowchart show-
ing the write process according to Example 1. FIG. 21 is a
third flowchart showing the write process according to
Example 1. The flowchart of FIG. 19 and the flowchart of
FIG. 20 are coupled by a hexagonal connector 1 shown in
each of the flowcharts, and the flowchart of FIG. 20 and the
flowchart of FIG. 21 are coupled by a hexagonal connector 2
shown in each of the flowcharts.
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[0195] Upon receiving a write request including data to be
written (write target data) (step S11), the DKC 100 (specifi-
cally, the processor of the MPPK 102 of the DKC 100) deter-
mines whether this write request corresponds to host I/O from
the host 200 or to remote copying (step S12).

[0196] When the write request corresponds to remote copy-
ing (step S12: remote copy), the DKC 100 proceeds to step
S26 of the process shown in FIG. 20.

[0197] Whenthe write request corresponds to host /O (step
S12: host I/O), on the other hand, then it means that the DKC
100 is the MD-PDKC 100C. Therefore, the DKC 100 deter-
mines whether the target of the write request is an RVOL or
not (step S13).

[0198] When the target of the write request is an RVOL
(step S13:Y), then it means that, for example, migration of the
PVOL 105 is ended and that the write request concerns the
MD-PVOL 107. Therefore, the DKC 100 proceeds to step
S14 of the process. When, on the other hand, the target of the
write request is not an RVOL (step S13: N), then it means that
the migration of the PVOL 105 is not ended. Therefore, the
DKC 100 proceeds to step S21 of the process.

[0199] Instep S14, the DKC 100 saves and stores the write
target data in the CM of the CMPK 103. The DKC 100 then
transmits the write target data to an SVOL (step S15). In the
present example this SVOL is the MD-SVOL 110 that is
migrated from the MS-SDKC 100B to the MD-SDKC 100D.
[0200] Subsequently, the DKC 100 waits for a response
from the SVOL, i.e., the MD-SDKC 100D (step S16), and
determines whether a Good response indicating completion
of storage of the write target data is received from the SVOL
(step S17). When the Good response is received (step S17:Y),
the DKC 100 reflects the write target data saved in the CM of
the CMPK 103, in the MD-PVOL 107 (step S18), returns a
normal end to the host 200 in response to the write request
transmitted therefrom, and ends the write process. When the
Good response is not received (step S17: N), the DKC 100
returns an abnormal end to the host 200 in response to the
write request transmitted therefrom (step S20), and ends the
write process.

[0201] Instep S21 the DKC 100 transfers the write request
including the write target data to the MS-PDKC 100A. The
DKC 100 then waits for a response from the MS-PDKC 100A
(step S22), and determines whether a Good response indicat-
ing completion of storage of the write target data is received
from the MS-PDKC 100A (step S23). When the Good
response is received (step S23:Y), the DKC 100 returns a
normal end to the host 200 in response to the write request
transmitted therefrom, and ends the write process. As a result,
even when the host 200 transmits a write request concerning
the PVOL 105 to the MD-PDKC 100C, the host 200 can
appropriately be informed of the fact that storage of the write
target data in the PVOL 105 is ended normally in the MS-
PDKC 100A. When, on the other hand, the Good response is
not received (step S23: N), the DKC 100 returns an abnormal
end to the host 200 in response to the write request transmitted
therefrom (step S25), and ends the write process.

[0202] Instep S26 shown in FIG. 20, the DKC 100 deter-
mines whether the target of the write request is an RVOL or
not.

[0203] When the target of the write request is an RVOL
(step S26: Y), then it means that the DKC 100 is the MD-
SDKC 100D and that migration of data from the SVOL 108 to
the MD-SVOL 110 is completed. Therefore, the DKC 100
proceeds to step S27 of the process. The reason that the DKC
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100 is determined as the MD-SDKC 100D when the target of
the write request is an RVOL is because a write request
corresponding to remote copy is not transmitted to the MD-
PDKC 100C having an RVOL. When the target of the write
request is not an RVOL (step S26: N), the DKC 100 proceeds
to step S35 of the process shown in FIG. 21.

[0204] Instep S27, the DKC 100 saves and stores the write
target data in the CM of the CMPK 103. The DKC 100 then
determines whether the SRC management table 160 has an
entry which indicates a link with the MS-SDKC 1006 (step
S28). In the present example, the entry which indicates the
link with the MS-SDKC 1006 is secured in the SRC manage-
ment table 160 until migration of the data of'the PVOL 105 is
completed, so that the SVOL 108 of the MS-SDKC 1006 can
be kept in a restorable state until migration of the PVOL 105
is completed.

[0205] When the SRC management table 160 does not have
an entry which indicates the link with the MS-SDKC 1006
(step S28: N), the DKC 100 proceeds to step S32.

[0206] When, on the other hand, the SRC management
table 160 has an entry which indicates the link with the
MS-SDKC 1006 (step S28:Y), in order to reflect the write
target data in the SDKC 108, the DKC 100 transfers the write
target data to the SVOL 108 (step S29), waits for a response
from the SVOL 108, i.e., the MS-SDKC 1006 (step S30), and
determines whether a Good response indicating completion
of storage of the write target data is received from the SVOL
108 (step S31). When the Good response is received (step
S31:Y), then it means that the write target data is reflected in
the SVOL 108. Thus, the DKC 100 proceeds to step S32 of the
process. However, when the Good response is not received
(step S31: N), the DKC 100 proceeds to step S34 of the
process.

[0207] In step S32, the DKC 100 reflects the write target
data saved in the CM of the CMPK 103, in the MD-SVOL
110. The DKC 100 then returns a normal end to the DKC 100
in response to the write request transmitted therefrom (step
S33), and ends the write process.

[0208] Instep S34, the DKC 100 returns an abnormal end to
the DKC 100 in response to the write request transmitted
therefrom, and ends the write process.

[0209] In step S35 shown in FIG. 21, the DKC 100 deter-
mines whether the write target data corresponding to the write
request is the data to be written the PVOL 105 or not.
[0210] When the write target data corresponding to the
write request is the data to be written the PVOL 105 (step S35:
Y), then it means that the write target data needs to be written
to the SVOL. Therefore, the DKC 100 proceeds to step S36 of
the process. When the write target data corresponding to the
write request is not the data to be written the PVOL 105 (step
S35: N), the DKC 100 proceeds to step S41 of the process.
[0211] Instep S36, the DKC 100 transmits the write target
data to the SVOL. In the present example, the SVOL is the
MD-SVOL 110 or the SVVOL 109 that is migrated from the
MS-SDKC 100B to the MD-SDKC 100D.

[0212] The DKC 100 then waits for a response from the
SVOL, i.e., the MD-SDKC 100D (step S37), and determines
whether a Good response indicating completion of storage of
the write target data is received from the SVOL (step S38).
When the Good response is received (step S38: Y), the DKC
100 returns a normal end to the MS-PDKC 100A in response
to the write request transmitted therefrom (step S39), and
proceeds to step S46 of the process.
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[0213] When the Good response is not received (step S38:
N), the DKC 100 returns an abnormal end to the MS-PDKC
100A00A in response to the write request transmitted there-
from (step S40), and ends the write process.

[0214] In step S41, on the other hand, the DKC 100 trans-
fers the write request including the write target data to the
MS-SDKC 1006. The DKC 100 then waits for a response
from the MS-SDKC 1006 (step S42), and determines whether
a Good response indicating completion of storage of the write
target data is received from the MS-SDKC 1006 (step S43).
When the Good response is received (step S43:Y), the DKC
100 returns a normal end to the MD-PDKC 100C in response
to the write request transmitted therefrom (step S41), and
proceeds to step S46 of the process. When, on the other hand,
the Good response is not received (step S43: N), the DKC 100
returns an abnormal end to the MD-PDKC 100C in response
to the write request transmitted therefrom (step S45), and
ends the write process.

[0215] In step S46 the DKC 100 determines whether the
data of the PVOL 105 (or the SVOL 108) is in the middle of
migration to the MD-PVOL 107 (or to the MD-SVOL 110)
and whether the destination of the write target data is the area
in the PVOL 105 (or the SVOL 108), in which the data is
already copied to the MD-PVOL 107 (or the MD-SVOL 110).
[0216] When the data is in the middle of migration and the
destination of the write target data is the area in the PVOL 105
(or the SVOL 108) in which the data is already copied to the
MD-PVOL 107 (the MD-SVOL 110) (step S46:Y), the DKC
100 reflects the write target data in the area corresponding to
the MD-PVOL 107 (the MD-SVOL 110) (step S47), and ends
the process. Thus, when writing occurs in the area in which
the data is copied to the MD-PVOL 107 or MD-SVOL 110,
the write target data can appropriately be reflected at that
moment. When the write target data is not in the middle of
migration and the destination of the write target data is not the
area in the PVOL 105 (or the SVOL 108) in which the data is
already copied to the MD-PVOL 107 (MD-SVOL 110) (step
S46: N), the DKC 100 ends the process.

Example 2

[0217] Next is described a computer system according to
Example 2. Mainly the differences with Example 1 are
described, and the descriptions of the similarities to Example
1 are omitted or simplified (the same applies to Example 3
described hereinafter).

[0218] In Example 2, the PVOL 105 of the MS-PDKC
100A is migrated, but the SVOL 108 of the MS-SDKC 1008
is not migrated.

[0219] FIG. 22 is a diagram illustrating an addition of an
RC path according to Example 2. FIG. 22 corresponds to the
time points when the RC paths shown in FIG. 11 according to
Example 1 are added.

[0220] The computer system according to Embodiment 2
does not comprise the MD-SDKC 100D, and the port 3A of
the MD-PDKC 100C is coupled to the port 2C of the MS-
SDKC 1008, as shown in FIG. 22.

[0221] Subsequent to the state of the computer system
shown in FIG. 10 (without the MD-SDKC 100D), the admin-
istrator adds new remote copy paths (RC path, RC path)
passing through the MD-PDKC 100C.

[0222] A process of adding new RC paths passing through
the MD-PDKC 100C and MD-SDKC 100D is now described
in detail.
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[0223] The MD-PDKC 100C transmits to the MS-SDKC
1006 a path addition request for forming a remote copy path
extending from the MD-PDKC 100C to the MS-SDKC 100B
(FIG. 22(1)). The path addition request contains the contents
showing the virtualized port information “1C” of the port 3A
of'the MD-PDKC 100C as the copy source and the port 2C of
the MS-SDKC 1006 as the copy destination. Upon receiving
the path addition request, in empty entry of the RC table 120
(the entry of the second row in this case) of the MS-SDKC
1006, the MS-SDKC 1006 stores the virtualized port infor-
mation (“1C”) of the port 3A of the MD-PDKC 100C in the
copy-source port information 122, the device information
“0101” of the PVOL 105 in the copy-source device informa-
tion 123, the port information “2C” of the port 2C of the
MS-SDKC 1006 in the copy-destination port information
124, and the device information “0201” of the SVOL in the
copy-destination device information 124. For the entry in the
PRC management table 150 regarding the number of the
formed RC copy, the MD-PDKC 100C stores the port infor-
mation “1C” of the port 1C of the MS-SDKC 1006 in the
MS-PP information 151, the virtualized port information
“2C” of the port 3C of the MD-PDKC 100C in the transfer
data reception-source virtualized port information 153, and
the device information “0101” of the PVOL 105 in the PVOL
device information 154.

[0224] Subsequently, for the entry in the RC table 120 of
the MS-PDKC 100A regarding the added copy path, accord-
ing to an indication from the administrator, the MS-PDKC
100A stores the port information “1C” of the port 1C of the
MS-PDKC 100A in the copy-source port information 122,
and the virtualized port information “2C” of the port 3C of the
MD-PDKC 100C in the copy-destination port information
124. The MS-PDKC 100A also transmits a path addition
request for adding a remote copy path extending from the
MS-PDKC 100A to the MD-PDKC 100C (FIG. 22(2)). Upon
receiving the path addition request, the MD-PDKC 100C
stores the virtualized port information “1C” of the port 3A of
the MD-PDKC 100C in the copy-source port information
122, and the virtualized port information “2C” of the port 2C
of'the MS-SDKC 1008 in the copy-destination port informa-
tion 124 for the entry in the RC table 120 regarding the added
RC path.

[0225] Through these processes, the path extending from
the MS-PDKC 100A to the MS-SDKC 1008 without passing
through the MD-PDKC 100C and the path extending from the
MS-PDKC 100A to the MS-SDKC 1008 via the MD-PDKC
100C are managed as the paths through which the data is
remote-copied from the PVOL 105 to the SVOL 108.
[0226] FIG. 23 is a diagram illustrating a migration of data
of'a MS-VOL according to Example 2.

[0227] Forinstance, subsequent to the state of the computer
system shown in FIG. 22, a data migration process of migrat-
ing the PVOL 105 of the MS-PDKC 100A to the MD-PVOL
107 of the MD-PDKC 100C is started, as shown in FIG. 23.
[0228] Inthe data migration process, the MD-PDKC 100C
migrates the data sequentially to the PVOL 107, starting from
the data in a front area of the VVOL 106 based on the MS-
PVOL 105.

[0229] When a write request is transmitted from the host
200 to the MD-PDKC 100C in the middle of the data migra-
tion process, the MD-PDKC 100C transfers the write request
to the MS-PDKC 100A. The MS-PDKC 100A transmits a
remote copy write request to the MD-PDKC 100C. The MD-
PDKC 100C then transmits the remote copy write request to
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the MS-SDKC 1006. The MS-SDKC 1006 stores the write
target data in the SVOL 108 in accordance with the write
request. This can appropriately reflect writing concerning the
PVOL 105 in the SVOL 108. Here, when the remote copy
write request received from the MS-PDKC 100A is intended
for an area in which the data is already copied from the PVOL
105 to the MD-PVOL 107, the MD-PDKC 100C writes the
write target data to corresponding area of the MD-PVOL 107.
Accordingly, writing to the migration-completed area can
appropriately be reflected in the MD-PVOL 107.

Example 3

[0230] A computer system according to Example 3 is now
described.

[0231] InExample3,the SVOL 108 of the MS-SDKC 1006
is migrated, but the PVOL 105 of the MS-PDKC 100A is not
migrated.

[0232] FIG. 24 is a diagram illustrating an addition of an
RC path according to Example 3. FIG. 24 corresponds to the
time points when the RC paths shown in FIG. 11 according to
Example 1 are added.

[0233] Subsequent to the state of the computer system
shown in FIG. 10 (without the MD-PDKC 100C), the admin-
istrator adds new remote copy paths (RC path, RC path)
passing through the MD-SDKC 100D.

[0234] Next, a process of adding new RC paths passing
through the MD-SDKC 100D is described in detail.

[0235] The MD-SDKC 100D transmits to the MS-SDKC
100B a path addition request for adding a remote copy path
extending from the MD-SDKC 100D to the MS-SDKC 100B
(FI1G. 24(1)). The path addition request contains the contents
showing the virtualized port information “1C” of the port 4C
of'the MD-SDKC 100D as the copy source and the port 2C of
the MS-SDKC 1008 as the copy destination. Upon receiving
the path addition request, in empty entry of the RC table 120
(the entry of the second row in this case) of the MS-SDKC
1008, the MS-SDKC 1008 stores the virtualized port infor-
mation (“1C”) of the port 4C of the MD-SDKC 100D in the
copy-source port information 122, the device information
“0101” of the PVOL 105 in the copy-source device informa-
tion 123, the port information “2C” of the port 2C of the
MS-SDKC 1008 in the copy-destination port information
124, and the device information “0201” of the SVOL in the
copy-destination device information 124. The MD-SDKC
100D further stores the virtualized port information “1C” of
the port 4C of the MD-SDKC 100D in the transfer data
transmission-source virtualized port information 162, the
port information “2C” of the port 2C of the MS-SDKC 1008
in the MS-SP information 163, and the device information
“0201” of the SVOL 108 in the SVOL device information
164, for the entry in the SRC management table 160 regarding
the number of the added RC copy.

[0236] Next, for the entry in the RC table 120 of the MS-
PDKC 100A regarding the added copy path, according to an
indication from the administrator, the MS-PDKC 100A stores
the port information “1C” of the port 1C of the MS-PDKC
100A in the copy-source port information 122, and the virtu-
alized port information “2C” of the port 4 A of the MD-SDKC
100D in the copy-destination port information 124. The MS-
PDKC 100A also transmits a path addition request for adding
a remote copy path extending from the MS-PDKC 100A to
the MD-SDKC 100D (FIG. 24(2)). Upon receiving the path
addition request, the MD-SDKC 100D stores the virtualized
portinformation “1C” of the port 4C of the MD-SKC 100D in
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the copy-source port information 122 and the port informa-
tion “2C” of the port 2C of the MS-SDKC 1008 in the copy-
destination port information 124, for the entry in the RC table
120 regarding the added RC path.

[0237] Through these processes, the path extending from
the MS-PDKC 100A to the MS-SDKC 1008 without going
through the MD-SDKC 100D and the path extending from the
MS-PDKC 100A to the MS-SDKC 1008 via the MD-SDKC
100D are managed as the paths through which data are
remote-copied from the PVOL 105 to the SVOL 108.
[0238] FIG. 25 is a diagram illustrating a migration of data
of'an MS-VOL according to Example 3.

[0239] Forinstance, subsequent to the state of the computer
system shown in FIG. 24, a data migration process of migrat-
ing the SVOL 108 of the MS-SDKC 1008 to the MD-SVOL
110 of the MD-SDKC 100D is started, as shown in FIG. 25.
[0240] Inthe data migration process, the MD-SDKC 100D
migrates the data sequentially to the SVOL 110, starting from
the data in a front area of the VVOL 109 based on the MS-
SVOL 108.

[0241] When a write request is transmitted from the host
200 to the MS-PDKC 100A in the middle of the data migra-
tion process, the MS-PDKC 100A transmits a remote copy
write request to the MD-SDKC 100D. The MD-SDKC 100D
then transmits the remote copy write request to the MS-
SDKC 1008. The MS-SDKC 100B stores the write target data
in the SVOL 108 in accordance with the write request. This
can appropriately reflect writing concerning the PVOL 105 in
the SVOL 108. Here, when the remote copy write request
received from the MS-PDKC 100A is intended for an area in
which the data is already copied from the SVOL 108 to the
MD-VOL 110, the MD-SDKC 100D writes the write target
data to corresponding area of the MD-SVOL 110. Accord-
ingly, writing to the migration-completed area can appropri-
ately be reflected in the MD-SVOL 110.

Embodiment 1

Configuration of Computer System

[0242] FIG. 26 is a view showing an outline of configura-
tion of a computer system according to Embodiment 1 of the
present invention. A computer system is composed of a
migration source primary storage subsystem 310a, a migra-
tion source secondary storage subsystem 3105, a migration
destination primary storage subsystem 320a, a migration des-
tination secondary storage subsystem 3205, a primary server
330a, and a secondary server 33064.

[0243] FIG. 26 illustrates the configuration during process-
ing of a migration process described hereinafter, and before
the migration process is performed, the migration destination
primary storage subsystem 320qg and the migration destina-
tion secondary storage subsystem 3205 do not exist. In the
state before the migration process, the primary server 330a is
connected via a SAN (Storage Area Network) 350 to the
migration source primary storage subsystem 310qa, and per-
forms access to a logical volume 4304 in the migration source
primary storage subsystem 310. Further, before executing the
migration process, the secondary server 3305 is connected via
a SAN 360 to the migration source secondary storage sub-
system 3105, and can access a logical volume 4306 of the
migration source secondary storage subsystem 3105. Further,
the migration source primary storage subsystem 310a and the
migration source secondary storage subsystem 3106 are
mutually connected via ports (311a, 31156). According to the
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computer system of Embodiment 1 of the present invention,
the SAN 350 and the SAN 360 are networks composed of
Fibre Channel cables and Fibre Channel switches, but they
can also be networks composed using an Ethernet.

[0244] When performing the migration process, the migra-
tion destination primary storage subsystem 320a and the
migration destination secondary storage subsystem 32056 are
disposed within the computer system. Then, as shown in FIG.
26, the migration destination primary storage subsystem
320aq is connected via the SAN 350 to the primary server
330a, and also connected to the migration source primary
storage subsystem 310a and the migration destination sec-
ondary storage subsystem 3205. The migration destination
secondary storage subsystem 3205 is connected via the SAN
360 to the secondary server 3305.

[0245] In the following description, the migration source
primary storage subsystem 310a and the migration source
secondary storage subsystem 3104 are collectively referred to
as “migration source storage system 310”. The migration
destination primary storage subsystem 320a and the migra-
tion destination secondary storage subsystem 3205 are col-
lectively referred to as “migration destination storage system
320”. The migration source primary storage subsystem 310a,
the migration source secondary storage subsystem 3105, the
migration destination primary storage subsystem 320a and
the migration destination secondary storage subsystem 3205
are collectively referred to as “storage subsystem”. The pri-
mary server 330a and the secondary server 3305 are referred
to as “host computer”.

[0246] Now, the hardware configuration within the storage
subsystem of the present computer system will be described
with reference to FIG. 27. We will mainly describe the hard-
ware configuration of the migration destination primary stor-
age subsystem 320a, but other storage subsystems (migration
source primary storage subsystem 310q, migration source
secondary storage subsystem 3105 and migration destination
secondary storage subsystem 3205) adopt a similar hardware
configuration. However, it is not necessary for all storage
subsystems to adopt the same hardware configuration.
[0247] The migration destination primary storage sub-
system 320a is composed of a controller 500 formed by
mutually connecting a frontend package (FEPK) 501, a back-
end package (BEPK) 502, a processor package (MPPK) 503
and a cache memory package (CMPK) 504 via an intercon-
nection network 505, and a disk unit (DKU) 510 mounting
multiple drives 521.

[0248] The frontend package (FEPK) 501 includes mul-
tiple ports 321 for connecting to a host computer such as
primary server 330a or to the storage subsystems (310a,
3105, 3205), which is a component for relaying control infor-
mation and data communicated between the CMPK 504 and
the MPPK 503. The FEPK 501 includes, other than the ports
321, a buffer, a CPU, an internal bus, and an internal port,
which are not shown. A buffer is a storage area for temporarily
storing the control information and data relayed by the FEPK
501, and similar to the CMPK 504, it is composed of various
volatile memories and nonvolatile memories. The internal
bus mutually connects the various components within the
FEPK 501. The FEPK 501 is connected via an internal port to
the interconnection network 505. The number of ports 321 is
not restricted to the example illustrated in the drawing.
[0249] The backend package (BEPK) 502 is a component
having multiple interfaces (I/F) 2021 for connecting to drives
521, which relays control information and data communi-
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cated between the drives 521 and the CMPK 504 or the MPPK
503. The BEPK 502 includes, other than the interface (I/F)
2021, a buffer, a CPU, an internal bus and an internal port,
which are not shown. The buffer is a storage area for tempo-
rarily storing control information and data that the BEPK 502
relays, and similar to the CMPK 504, it is composed of
various volatile memories and nonvolatile memories. The
internal bus mutually connects various components within
the FEPK 501.

[0250] The MPPK 503 is composed of a CPU 2031, a
memory (LM) 2032, and an internal bus and an internal port
not shown. Similar to the cache memory 2041, the memory
(LM) 2032 can be composed of various kinds of volatile
memories and nonvolatile memories. The CPU 2031, the
memory (LM) 2032 and the internal port are mutually con-
nected via an internal bus. The MPPK 503 is connected via an
internal port of the MPPK 503 to the interconnection network
505.

[0251] Also, the MPPK 503 is a component for performing
various data processes within the storage subsystem. By
executing programs stored in the memory (LM) 2032, the
CPU 2031 can realize various functions including a volume
copying function of the storage subsystem described herein-
after.

[0252] The CMPK 504 is a component having a cache
memory 2041 and a shared memory 2042. The cache memory
2041 is a storage area for temporarily storing the data
received from the primary server 330qa or a different storage
subsystem, and for temporarily storing the data read from the
drive 521. The cache memory 2041 is composed of volatile
memories such as DRAM and SRAM, or of volatile memo-
ries such as flash memories.

[0253] The shared memory 2042 is a storage area for stor-
ing management information related to various data pro-
cesses within the storage subsystem. The shared memory
2042 can be composed of various kinds of volatile memories
or nonvolatile memories, similar to the cache memory 2041.
As for the hardware of the shared memory 2042, the hardware
which is common to the cache memory 2041 can be used, or
the hardware not common therewith can be used.

[0254] Theinterconnection network 505 is a component for
mutually connecting components and transferring control
information and data between mutually connected compo-
nents. An interconnection network can be composed using
switches and buses, for example.

[0255] The drive 521 is a storage device for storing data
(user data) used by various programs in the primary server
330a, and redundant data (parity data). The drive 521 can
utilize, as storage media, magnetic storage media used in
HDDs and the like, or nonvolatile semiconductor storage
media such as NAND flash memories, MRAMs, ReRAMs or
PRAMs.

[0256] We will return to FIG. 26. Each storage subsystem
according to Embodiment 1 of the present invention has one
or more logical volumes (430a, 4305, 530a, 5305) and com-
mand devices (435a, 4355, 535a, 535b). The logical volumes
(4304, 4305,530a, 5305) are storage devices for storing write
data from the host computer such as the primary server 330a,
and will be described in detail later. The command devices
(435a, 435b, 535a, 535b) are a sort of logical volumes, but
they are not used to store write data from the host computer.
They are storage devices used to receive various control
instructions, such as a logical volume copy instruction, from
a storage manager 401 in the primary server 330a or the
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secondary server 3305. In the computer system according to
Embodiment 1 ofthe present invention, the respective storage
subsystems have a command device. The command device is
created when an administrator, by using a management ter-
minal, issues a command for instructing creation of a com-
mand device to the respective storage subsystems.

[0257] Since the respective storage subsystems according
to Embodiment 1 of the present invention have a large number
of ports, in the following description, the respective ports are
distinguished by assigning identifiers A through R thereto, as
shown in FIG. 26. The migration source primary storage
subsystem 310a includes ports A through E, wherein ports A
and B are used for connecting to the primary server 330a, and
ports D and E are used for connecting to the migration source
secondary storage subsystem 3105. Further, port C is used for
connecting to the migration destination primary storage sub-
system 320q during the migration process.

[0258] The migration source secondary storage subsystem
3105 has ports F through I, wherein ports F and G are used for
connecting to the migration source primary storage sub-
system 310q. Ports H and I are used for connecting to the
secondary server 3305.

[0259] The migration destination primary storage sub-
system 320q includes ports J through N, wherein ports J and
K are used for connecting to the primary server 330a, and
ports M and N are used for connecting to the migration
destination secondary storage subsystem 3205. Further, port
L is used for connecting to the migration source primary
storage subsystem 310a.

[0260] The migration destination secondary storage sub-
system 3205 includes ports O through R, wherein ports O and
P are used for connecting to the migration destination primary
storage subsystem 320a. Ports Q and R are used for connect-
ing to the secondary server 3304.

[0261] Further, the configuration of each storage subsystem
is not restricted to the one having the number of ports
described above, and can have a larger number of ports than
those described above.

[0262] The primary server 330a and the secondary server
3305 are computers having CPUs and memories, which are
not shown. The primary server 330a and the secondary server
3305 are connected via a communication network which is
not shown. A LAN (Local Area Network) or a WAN (Wide
Area Network) are used as the communication network. The
CPU executes various programs loaded in the memory. The
programs operating in the primary server 330aq and in the
secondary server 3305 include an application program (AP)
400, a storage manager 401, an alternate path software 402,
and a cluster software 403.

[0263] The application program (AP) 400 is a program
such as database management system which performs
accesses (read/write) to the logical volume 4304. The migra-
tion source storage system has a remote copying function
where the data written to the logical volume 430a is replicated
to the logical volume 4305, so that the data in the logical
volume 430a is constantly replicated to the logical volume
4305.

[0264] The cluster software 403 is a program for perform-
ing a so-called disaster recovery operation, which is operated
in the primary server 330a and in the secondary server 3305.
For example, when the primary server 330qa or the migration
source primary storage subsystem 310a goes down due to
failure or the like, the cluster software 403 operating in the
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secondary server 3305 performs a process to resume the
operations performed by the AP 400 in the primary server
330a.

[0265] The alternate path software 402 is a program man-
aging an access route (path) from the host computer such as
the primary server 330q to the volumes (logical volumes) of
the storage subsystem, which enables to continue access to
the volume using an alternate path to enable access to the
volume even when one path is disconnected due to failure.
[0266] The storage manager 401 is a program for configur-
ing and controlling the storage subsystem. The detailed
description thereof will follow.

[0267] Function of Storage Subsystem Used for Migration
Process
[0268] Next, we will describe the function of a storage

subsystem required to describe the migration method accord-
ing to a preferred embodiment of the present invention. Here,
mainly the function provided in the migration destination
primary storage subsystem 320a will be described. As men-
tioned earlier, the respective functions of the storage sub-
system described hereinafter is realized by the CPU 2031 of
the storage subsystem executing programs in the memory
(ILM) 2032.

[0269] (1) Volume Creating Function

[0270] The migration destination primary storage sub-
system 320a according to a preferred embodiment of the
present invention manages one or multiple drives 521 as a
group, and this group is called a parity group (elements 322a,
322p and the like of FIG. 26 are parity groups). The migration
destination primary storage subsystem 320a uses the
so-called RAID technique to create redundant data (parity)
from data before storing the data to the drives constituting the
parity group 322. Then, the data and the parity are stored into
the drives constituting the parity group 322.

[0271] Theinformation of the parity group 322 managed by
the migration destination primary storage subsystem 320a
(such as the information of drives constituting the parity
group) is managed via a parity group management table T100
as illustrated in FIG. 28. This information is stored in the
shared memory 2042. The parity group management table
T100 is composed of' the following fields: a parity group name
T101, a drive name T102, a RAID level T103, a size T104,
and a remaining size T105. The identifiers of the parity group
are stored in the parity group name T101, and the identifiers of
the drives constituting the parity group are stored in the drive
name T102. The information of the RAID level which is a
method for realizing redundancy of the parity group is stored
in the RAID level T103, and the information related to the
capacity of the parity group is stored in the size T104.
[0272] Although described in detail later, the storage area
in the parity group is used for creating logical volumes. In the
remaining size T105, the information related to the size of the
area in the parity group that has not yet used for creating
logical volumes is stored.

[0273] The migration destination primary storage sub-
system 320a further has a function to create one or more
logical volumes (also referred to as LDEVs) using the storage
area provided by the parity group. This function is called a
volume creating function.

[0274] The migration destination primary storage sub-
system 320¢ manages the respective logical volumes by
assigning unique numbers within the storage subsystem,
which are called logical volume numbers (LDEV #). The
logical volume information is managed via a logical volume
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management table T200 shown in FIG. 30. Each row of the
logical volume management table T200 shows the informa-
tion of the logical volume, wherein LDEV # (T201) shows the
logical volume number (LDEV #) which is the identifier of
the logical volume, and the size of the logical volume is stored
in size T202. The information of the parity group whose
storage area is mapped to the logical volume is stored in group
name T203, and the information of the initial address of the
storage area in the parity group is stored in initial address
T204.

[0275] Inthe example of FIG. 30, by referring to the infor-
mation of the logical volume where the LDEV # (T201) is 44
(information in row 906), the group name T203 is “RG A”, the
initial address T204 is 0, and the size of the logical volume
(T202) is 100 GB, so that it shows that the area from the
beginning (address 0) to 100 GB in the parity group “RG A”
is assigned to logical volume “44”.

[0276] It has been described here that the migration desti-
nation primary storage subsystem 320q has a volume creating
function, but other storage subsystems also have the above-
described volume creating function.

[0277]

[0278] The migration destination primary storage sub-
system 320q handles the storage area of the volume of other
storage subsystems (such as the migration source primary
storage subsystem 310q) as a storage area of the migration
destination primary storage subsystem 320aq, and has a func-
tion to provide the storage area to the host computer such as
the primary server 330a. Hereinafter, this function is referred
to as an “external storage connecting function”. Further, the
storage area managed by the external storage connecting
function is referred to as an external volume group (324a).

[0279] The information of the external volume group man-
aged by the migration destination primary storage subsystem
320q is managed by an external volume group management
table T150 as illustrated in FIG. 29. Each row represents the
information of the external volume group, wherein the iden-
tifier of the external volume group is stored in group name
T151, and the information of the logical volume of the exter-
nal storage subsystem associated with the external volume
group is stored in WWN (T152), LUN (T153) and size
(T154). In the example of FIG. 29, a logical volume whose
WWN (T152) is “50060e8005111112b” and LUN (T153) is
“0” is associated with the external volume group. In the
following description, the operation for associating the logi-
cal volume to the external volume group is called “mapping”.
It is possible to provide multiple access routes (paths) from
the external volume group of the migration destination pri-
mary storage subsystem 320a to the logical volume of the
external storage, and to alternate the access path when path
failure occurs.

[0280] An external volume group 324a is handled similarly
as the parity group 322a. Therefore, in the volume creating
function, the storage area of the external volume group can be
used to create one or multiple logical volumes. Row 907 of
the logical volume management table T200 of FIG. 30 shows
an example of a logical volume (volume having “33” as an
LDEV # (T201)) created by the storage area of external
volume group “EG1”.

[0281] The external storage connecting function is a func-
tion that only the migration destination primary storage sub-
system 320a¢ has in the computer system according to
Embodiment 1 of the present invention. However, the storage

(2) External Storage Connecting Function
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subsystem other than the migration destination primary stor-
age subsystem 320a may also have the external storage con-
necting function.

[0282] (3) LU Path Configuring Function

[0283] The function to assign [LUNSs (logical unit numbers)
and port identifiers so that the logical volume can be recog-
nized from the host computer such as the primary server 330a
is referred to as “logical path creating function” or an “LU
path configuring function”. According to the present embodi-
ment, a WWN (World Wide Name) which is an identifier that
each port 3214 has is used as the port identifier. However,
other identifiers can be used. An LU management table T300
shown in FIG. 31 is a table for managing the information of
the logical unit number (LUN) and the port name associated
with the respective logical volumes within the storage sub-
system. This table is stored in the shared memory 2042 of the
storage subsystem.

[0284] Information on the port name and the LUN associ-
ated with the logical volume specified by the LDEV # (T303)
are stored in port name T301 and LUN (T302). For example,
information stating that the port name T301 is “3e243174
aaaaaaaa”, LUN (T302)is “0” and LDEV # (T303) is “11”is
stored in the initial entry (row) 300-5 in the LU management
table T300 of FIG. 31. In this case, the host computer such as
the primary server 330a connected to the SAN 350 recognizes
that a volume having LUN 0 belongs to the port. Hereinafter,
the volume recognized by the host computer (such as the
primary server 330qa) is called “logical unit” or “LU”.
[0285] Further according to the storage subsystem of the
present embodiment, it is possible to associate multiple sets
of “port name and LUN" to a logical volume. For example, in
the example of FIG. 31, the information of a logical volume
having LDEV # (T303) 11 is stored in entry (row) 300-5 and
also stored in the lower entry (row) 300-6. In that case, the
host computer recognizes that an LU having LUN number 0
belongs to port (3243174 aaaaaaaa), and that an LU having
LUN number 0 also belongs to port (3¢243174 bbbbbbbb).
[0286] Further, the LU path configuring function of the
storage subsystem also has a function to delete the LUN and
port name associated with the logical volume, in contrast to
configuring the LU path. The process of deleting the LUN and
port name associated with a logical volume is called an LU
path deleting process. When the LU path deleting process is
performed to a certain logical volume, the host computer will
not be able to access that logical volume.

[0287] (4) Volume Copying Function

[0288] The storage subsystem has a function to replicate
data within a logical device to a different volume, and this
function is called a volume copying function. The volume
copying function includes a function to copy data to a volume
within the same storage subsystem as the storage subsystem
to which the copy source volume belongs, and a function to
copy data to a volume in a different storage subsystem from
the storage subsystem to which the copy source volume
belongs (such as copying data in a volume within the migra-
tion source primary storage subsystem 310a to a volume
within the migration source secondary storage subsystem
3105). These functions are respectively referred to as “local
copying function” and “remote copying function” in the
present embodiment.

[0289] The local copying function can be realized using
techniques taught in Patent Literatures 2 or 3, for example.
[0290] Further, the remote copying function is a function
taught in Patent Literatures 4 and 5, for example. There are
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two types of remote copying functions, a synchronous remote
copy and an asynchronous remote copy, but the present inven-
tion is effective regardless of which type of remote copying
function is adopted by the storage subsystem. There is
another type of remote copying function as taught in Patent
Literature 5, which uses a journal for performing remote
copy, where the copy data is stored as a journal in a volume
(journal volume), and the data stored in the journal volume is
copied to the copy destination storage subsystem, and the
present invention is also effective in such case.

[0291] Now, the definition of various terms used in the
present specification related to the volume copying function
will be described.

[0292] (a) P-VOL: A volume copied via the volume copy-
ing function (copy source volume) is called a primary vol-
ume. It is also referred to as P-VOL.

[0293] (b) S-VOL: A volume being the copy destination of
the data in the P-VOL is called a secondary volume. It is also
referred to as S-VOL.

[0294] (c): Pair: The S-VOL storing replica of data in the
P-VOL is called “volume in pair relationship” with the
P-VOL. Similarly, the P-VOL storing the source data to be
replicated to the S-VOL is also called a volume in pair rela-
tionship with the S-VOL. The set of P-VOL and the S-VOL
storing replica of data in the P-VOL is called “pair” or “vol-
ume pair”.

[0295] (d) Pair Creation, Pair Deletion: Instructing the stor-
age subsystem to use the volume copying function to set the
LDEV (P-VOL) of the storage subsystem (such as the migra-
tion destination primary storage subsystem 320q) and the
LDEV (S-VOL) of the storage subsystem (such as the migra-
tion destination secondary storage subsystem 3205)to beina
pair relationship is called “pair creation”. On the other hand,
the operation to cancel the pair relationship of volumes (so
that the replica of data in the P-VOL is not created in the
S-VOL) is called “pair cancellation” (or “pair deletion™). The
storage subsystem receives instructions such as pair creation
or pair deletion from the storage manager 401 or the manage-
ment terminal. The control instructions instructing pair cre-
ation and the like received by the storage subsystem includes
a serial number of the storage subsystem to which the P-VOL
belongs, the LDEV # of the P-VOL, the serial number of the
storage subsystem to which the S-VOL belongs, and the
LDEV # of the S-VOL. Thereby, the storage subsystem can
uniquely specify the P-VOL and the S-VOL being the target
of pair operation.

[0296] (e) Pair Status: A volume pair takes some states
based on the copy state of data within the volume. When the
storage subsystem receives a pair creation instruction, it starts
an operation to copy all the data in the P-VOL to the S-VOL.
Atthe point of time when copying of data is started, not all the
data in the P-VOL is reflected in the S-VOL, and this state is
called “copy pending”. The state where copying of all data in
the P-VOL is completed and the contents of the P-VOL and
the S-VOL become identical (synchronized) is referred to as
“pair” state. When writing is performed from the host com-
puter to the P-VOL of a volume pair in “pair” state, the write
data is written to the P-VOL, and replica of write data is also
written to the S-VOL, so that the P-VOL and S-VOL are
controlled to maintain a state storing identical data. The state
after pair cancellation is referred to as “simplex” state.
[0297] Further, it is possible to temporarily stop the repli-
cation performed in a volume pair in “pair” state. The state
where the replication process is temporarily stopped is called
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“suspended” state. It is also possible to resume the replication
process of the volume pair in the “suspended” state and return
the same to “pair” state. This process is called “resynchroni-
zation”.

[0298] The storage subsystem manages the respective vol-
ume pairs using a pair management table T2000. FIG. 32
illustrates a configuration example of the pair management
table T2000. The storage subsystem assigns identifiers to the
respective pairs for management, and this identifier is called
a pair number (T2001). The pair management table T2000
manages the P-VOL and S-VOL information of the respective
pairs (a PDKC # (T2003) which is an identification number
capable of specifying the storage subsystem to which the
P-VOL belongs (1T2003), a P-VOL # which is an LDEV # of
the P-VOL (T2004), an SDKC # which is an identification
number capable of specifying the storage subsystem to which
the S-VOL belongs (T2005), and the S-VOL # which is the
LDEV # of the S-VOL (T2006)). The serial number of the
storage subsystem and the serial number of the storage sub-
system 3205 are stored in PDKC # (T2003) and SDKC #
(T2005). The pair management table T2000 is stored in both
the storage subsystem to which the P-VOL belongs and the
storage subsystem to which the S-VOL belongs. Therefore,
when a pair volume is created by the migration destination
primary storage subsystem 320qg and the migration destina-
tion secondary storage subsystem 3205, the pair management
table T2000 is stored in both the migration destination pri-
mary storage subsystem 320q and the migration destination
secondary storage subsystem 3204.

[0299] (5) Volume Migrating Function

[0300] A volume migrating function is a function to
migrate the data stored in a logical volume within the migra-
tion destination primary storage subsystem 320a to other
logical volume within the migration destination primary stor-
age subsystem 320q. In addition to the migration of data
within the logical volume, the identifiers such as LDEV # are
also migrated.

[0301] We will describe a case where logical volumes of
LDEV #44 and LDEV #33 are created within the migration
destination primary storage subsystem 320a, and a case
where the state of the logical volume management table T200
is as shown in FIG. 30. When the migration destination pri-
mary storage subsystem 320a receives an instruction to move
the data in the LDEV #33 to the LDEV #44, the migration
destination primary storage subsystem 320a performs a pro-
cess to replicate the data in the LDEV #33 to LDEV #44. In
the following, the logical volume (LDEV #44) being the
migration destination of data of the LDEV #33 is also referred
to as “target volume” or “migration target volume”. It is
possible to receive data write requests from the host computer
such as the primary server 330a to the LDEV #33 during
replication.

[0302] When the replication of data from LDEV #33 to
LDEV #44 is completed, the migration destination primary
storage subsystem 320a switches the role of LDEV #33 and
LDEV #44. Actually, the contents of LDEV # (T01) in the
logical volume management table T200 are switched. In the
example of FIG. 30, 44 is stored in LDEV # (T201) of row 906
and 33 is stored in LDEV # (T201) of row 907, but after
performing volume migration by the volume migrating func-
tion, 33 is stored in LDEV # (T201) of row 906 and 44 is
stored in LDEV # (T201) of row 907. In other words, the
correspondence between the LDEV # and the group number
and initial address of the data storage destination is swapped
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between the migration source and the migration destination.
Thereby, the data storage position can be migrated transpar-
ently to an upper level device such as the host computer,
without changing the LDEV # (and the LUN or the port name
associated with the logical volume) of the logical volume
storing the data. In other words, before replication is com-
pleted, during access to the LDEV #33, data has been read/
written from/to the external volume EG1, but after replication
is completed, data will be read/written from/to the parity
group RG A.

[0303] (6) Virtual Storage

[0304] Next, the virtual storage will be described. The
migration destination primary storage subsystem 320a
according to the present invention has a function to define one
or more virtual storage subsystems 325a (hereinafter referred
to as virtual storages) that differ from the physical storage
subsystem such as the migration destination primary storage
subsystem 320a, and to make it appear to the primary server
330aq as if a virtual storage exists within the SAN 350 in
addition to physical storage subsystems. The migration des-
tination primary storage subsystem 320q is taken as an
example to describe the present virtual storage, but the migra-
tion destination secondary storage subsystem 3205 also has a
function to define virtual storages, so that the migration des-
tination secondary storage subsystem 3205 also has the func-
tion described below. It is possible for the migration source
primary storage subsystem 310a and/or the migration source
secondary storage subsystem 3105 to have or not to have the
function for defining virtual storages. If the migration source
primary storage subsystem 310a and/or the migration source
secondary storage subsystem 3104 has a function to define
virtual storages, and when a volume pair belonging to the
virtual storage defined by the migration source primary stor-
age subsystem 310a and/or the migration source secondary
storage subsystem 3105 is to be migrated, in the following
description, the migration source storage subsystem will be
the migration source virtual storage subsystem, the serial
number of the migration source storage subsystem will be the
virtual serial number, and the LDEV # will be the VLDEV #.

[0305] Anexampleofhaving a virtual storage 3254 defined
in the migration destination primary storage subsystem 320a
will be described with reference to FIG. 33. The virtual stor-
age has a serial number (S/N) (hereinafter, the serial number
of'the virtual storage is referred to as “virtual serial number”),
and can have a logical volume as the resource within the
virtual storage. FIG. 33 illustrates a configuration example
where the serial number of the migration source primary
storage subsystem 310aq is 1, the serial number of the migra-
tion destination primary storage subsystem 320q is 2, and the
serial number of the defined the virtual storage 325qa is 1
(which is the same as the serial number of the migration
source primary storage subsystem 310a). According further
to FIG. 33, the migration source primary storage subsystem
310aq has a logical volume 430a whose LDEV #is 11, and the
virtual storage 3254 has a logical volume 5304 whose LDEV
#is 33.

[0306] The logical volume 5304 in the virtual storage has a
virtual identification number which differs from the LDEV #,
and this is called a virtual LDEV #ora VLDEV #. The logical
volume 530q in the virtual storage 325a of FIG. 33 has a
VLDEV #11 (in other words, the number equal to the LDEV
# of the logical volume 430q in the migration source primary
storage subsystem 310q is assigned).
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[0307] In this case, when the primary server 330a acquires
information of the logical volume 530q by issuing a SCSI
INQUIRY command or the like to the migration destination
primary storage subsystem 320a, 11 is returned as the volume
number and 1 is returned as the serial number. That is, the
virtual serial number and the VLDEV # are returned to the
primary server 330q. On the other hand, when the primary
server 330a acquires information of the logical volume 4304
from the migration source primary storage subsystem 310a,
the same volume number (11) and the same serial number (1)
as the logical volume 530q are returned.

[0308] Therefore, (the alternate path software 402 of) the
primary server 330a recognizes these two volumes as the
same volume, so that it determines that the alternate path of
the path from the primary server 330aq to the logical volume
430a (solid line arrow in the drawing; this path is hereinafter
referred to as “path 17) is the path from the primary server
330aq to the logical volume 530qa (dotted line arrow in the
drawing; this path is hereinafter referred to as “path 2”).
[0309] Then, when path 1 is deleted, and the alternate path
software 402 receives an access request to the logical volume
430qa from an application program or the like, the alternate
path software 402 issues an access request via path 2 (that is,
issues an access request to the logical volume 530a).

[0310] The management information used for managing
the virtual storage will be described with reference to FI1G. 34.
FIG. 34 illustrates a configuration of a V-BOX management
table T1000 stored in the migration destination primary stor-
age subsystem 3204. The V-BOX management table T1000 is
stored in the shared memory 2042 of the migration destina-
tion primary storage subsystem 320a. Here, we will only
describe the configuration of the V-BOX management table
T1000 stored in the migration destination primary storage
subsystem 320q, but according to Embodiment 1 of the
present invention, during data migration operation, a virtual
storage is also defined in the migration destination secondary
storage subsystem 3204, so that the migration destination
secondary storage subsystem 3205 will also store the V-BOX
management table T1000.

[0311] When defining a virtual storage, the migration des-
tination primary storage subsystem 320a creates a manage-
ment information called V-BOX within the storage subsystem
320. A V-BOX is the management information for managing
the information of resources such as logical volumes that
should belong to a certain virtual storage. A row (such as
R1011 or R1012) in the V-BOX management table T1000 of
FIG. 34 corresponds to the information representing a
V-BOX.

[0312] The V-BOX is composed of an ID (T1001) which is
an identifier of the V-BOX defined in the migration destina-
tion primary storage subsystem 320q, a model name infor-
mation (T1002) of the V-BOX, a serial number (S/N) of the
V-BOX, that is, the virtual serial number (11003), a VLDEV
# (T1004) assigned to the logical volume belonging to the
V-BOX, and an LDEV # (T1005). The information on the
virtual LDEV # and the LDEV # of the logical volume
belonging to the virtual storage are respectively stored in the
VLDEV # (T1004) and the LDEV # (T1005).

[0313] At the initial state, the migration destination pri-
mary storage subsystem 320q defines a single V-BOX having
a serial number of the migration destination primary storage
subsystem 320aq set as the virtual serial number within the
migration destination primary storage subsystem 320a. Here-
inafter, this V-BOX is referred to as “virtual storage v0”. In
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the initial state, only the information of row R1011 is stored in
the V-BOX management table T1000. When logical volumes
are created, all the created logical volumes will be in a state
belonging to the virtual storage vO0.

[0314] A virtual storage will be created when the migration
destination primary storage subsystem 320a receives a com-
mand instructing to define a virtual storage together with the
designation of the model name of the virtual storage and the
virtual serial number from the storage manager 401 or the
management terminal. However, immediately after the vir-
tual storage is defined, a virtual storage having no logical
volume belonging thereto is defined (in other words, no infor-
mation of logical volume is stored in the fields of T1004 and
T1005). When the migration destination primary storage sub-
system 320a receives an instruction to have a logical volume
belong to the virtual storage after defining a virtual storage,
the logical volume information (virtual LDEV # and LDEV
#) are stored in the fields of T1004 and T1005 of the V-BOX
management table 1000.

[0315] We will describe the virtual LDEV management
table T1500 which is used when registering information on
the logical volume to the V-BOX management table 1000
with reference to FIG. 35. The virtual LDEV management
table T1500 is a table for managing the corresponding rela-
tionship between the LDEV # of the logical volume and the
VLDEV #, composed of fields of LDEV # (T1501), VLDEV
# (T1502), ID (T1503), and attribute (T1504).

[0316] The virtual LDEV # assigned to the logical volume
specified by the LDEV # (T1501) is stored in the VLDEV #
(T1502). In the initial state, the same values are stored in the
LDEV # (T1501) and the VLDEV # (T1502) for all logical
volumes. However, the VLDEV # (T1502) can be changed by
the instruction from the exterior (such as the storage manager
401) or the like. Further, the value of VLDEV # (T1502) can
be set to an invalid value (NULL) by the instruction from the
exterior.

[0317] The ID, which is the identifier of the V-BOX to
which the logical volume belongs, is stored in the ID (T1503).
[0318] Information showing whether the logical volume is
registered (reserved) in the virtual storage or not is stored in
the attribute (T1504). If the logical volume is registered (re-
served) in the virtual storage, “reserved” is stored in the
attribute (T1504).

[0319] The LDEV # which is to be registered in the virtual
LDEV management table T1500 or the V-BOX management
table 1000 can be registered independently from whether the
logical volume is in a created state or not (whether the infor-
mation of logical volume is registered in the logical volume
management table T200 or not). Therefore, even when a
logical volume is not created, the migration destination pri-
mary storage subsystem 320a can execute a process to regis-
ter a logical volume to the virtual storage.

[0320] As an example, information on three logical vol-
umes having LDEV # (T201) 33, 44 and 55 is stored in the
logical volume management table T200 of FIG. 30. In other
words, when the state of the logical volume management
table T200 of the migration destination primary storage sub-
system 320q is in the state shown in FIG. 30, the migration
destination primary storage subsystem 320q is in a state
where three logical volumes are created. Even in this state, it
is possible to perform a process to have a logical volume not
registered in the logical volume management table T200,
such as a logical volume having LDEV #2, belong to the
virtual storage.
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[0321] As described earlier, it is possible to change the
VLDEV # associated with the LDEV # later, and according to
Embodiment 1 of the present invention, this operation is
called “virtualization”. For example, if the migration desti-
nation primary storage subsystem 320a receives an instruc-
tion to assign number 11 as a virtual LDEV # to the logical
volume having LDEV #44,the migration destination primary
storage subsystem 320q stores 11 in the VLDEV # (T1501)
corresponding to the row where the LDEV # (T1502) is 44 in
the virtual LDEV management table T1500, and stores 11 in
the VLDEV # (T1004) corresponding to the row where the
LDEV #(T1005) is 44 in the V-BOX management table 1000.
[0322] When virtualization is performed in the migration
destination primary storage subsystem 320a according to
Embodiment 1 of the present invention, the following steps
are to be performed. The outline of the flow of the process for
having the logical volume with an LDEV #2 belong to the
virtual storage v1 (virtual storage where ID (T1001) is v1 in
the V-BOX management table T1000), and assigning
VLDEV #4 by virtualization will be described. In the follow-
ing description, the logical volume having LDEV #nis abbre-
viated as “LDEV # n”. Further, we will assume a state where
the LDEV #2 belongs to the virtual storage v0, and the
VLDEV # corresponding to LDEV #2 is 2.

[0323] At first, the migration destination primary storage
subsystem 320q sets the VLDEV # associated with LDEV #2
to NULL. Thereby, the VLDEV # (T1502) of the row where
the LDEV # (T1501) is 2 in the virtual LDEV management
table T1500 is set to NULL. Further, “reserved” is entered in
attribute T1504 of the virtual LDEV management table
T1500. Next, the ID (T1503) in the same row is referred to,
and when it is recognized that the V-BOX in which the LDEV
#belongs is “v0”, the VLDEV # (T1004) of the row where the
LDEV #(T1005) is 2 is set to NULL in the row R1011 of the
V-BOX management table T1000.

[0324] Next, a process to set the LDEV #2 to belong to the
virtual storage v1 is carried out. The migration destination
primary storage subsystem 320a stores 2 in the field of LDEV
# (T1005) of row R1012 of the V-BOX management table
T1000. Further, NULL is stored in the corresponding
VLDEV # (T1004). Value “v1” is stored in the ID (T1503) of
the row corresponding to LDEV #2 of the virtual LDEV
management table T1500.

[0325] Thereafter, LDEV #2 is virtualized. The migration
destination primary storage subsystem 320a stores 4 in
VLDEV # (T1004) corresponding to the row where the
LDEV #T1005 is 2 stored in the V-BOX management table
T1000. Value 4 is also stored in the VLDEV # (T1502) of the
row corresponding to LDEV #2 in the virtual LDEV manage-
ment table T1500.

[0326] Although it will be described in detail later, when a
pair operation is performed to a volume pair belonging to a
virtual storage in the computer system according to Embodi-
ment 1 of the present invention, a control instruction for pair
operation, which includes the information related to the vir-
tual serial number and the virtual LDEV # as identification
information for specifying the P-VOL and the S-VOL, and
the information notifying that the virtual identifier is used in
the command, is issued to the storage subsystem. When the
storage subsystem (such as the migration destination primary
storage subsystem 320q) receives information related to the
virtual serial number and the virtual LDEV # as the identifier
ofthe P-VOL and the S-VOL, the virtual LDEV #1is converted
to the LDEV # by referring to the V-BOX management table
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T1000, and the logical volume being the processing target is
specified. If information stating that the virtual identifier is
used is not included in the command, and when the virtual
serial number contained in the command and the serial num-
ber of the storage subsystem having received the command do
not correspond, the storage subsystem rejects the command.
[0327] (7) Function of Storage Manager

[0328] The storage manager 401 is a program for configur-
ing and controlling the storage subsystem from the primary
server 330a or the secondary server 3305. The respective
storage subsystems of the computer system according to
Embodiment 1 of the present invention are respectively con-
trolled from the storage manager 401. In the following, the
functions of the storage manager 401 and the configuration
information used by the storage manager 401 uses will be
described.

[0329] The storage manager 401 is a program used when
the administrator or a program such as the cluster software
403 performs management operation of the storage sub-
system. The term “management operation” used here refers to
the setup operation for configuring an LU path or the like, or
a pair operation using the remote copying function.

[0330] The storage manager 401 supports some commands
for management operation, and the administrator or a pro-
gram such as the cluster software 403 issues the commands to
the storage manager 401 to perform management operation of
the storage subsystem. The storage manager 401 processes
the received command, and creates a control instruction to be
issued to the storage subsystem. Then, the created control
instruction is issued to the command device defined in the
storage subsystem. The storage subsystem having received
the control instruction performs a given process (such as
configuring an LU path) in response to the contents of the
received control instruction. Therefore, a command device is
defined in the respective storage subsystems existing in the
computer system according to Embodiment 1 of the present
invention.

[0331] There are mainly two types of commands for man-
agement operation supported in the storage manager 401. The
first type of command is a command for operating the volume
pair using the volume copying function (local copying func-
tion, remote copying function) and the volume migrating
function (hereinafter, this command is referred to as “pair
operation command”).

[0332] The second type of command is a command other
than the pair operation command, including a command for
configuring the storage subsystem, including configuring an
LU path (hereinafter, this command is referred to as “con-
figuration command”). The storage manager 401 can perform
all configuration processes other than the process for creating
the command device from the various configuration pro-
cesses of the storage subsystem required in the migration
process described hereinafter.

[0333] There are commands required to designate the iden-
tifiers of the operation target logical volumes when issuing a
command. Examples of such commands include a command
for creating a volume pair, or a command for configuring an
LU path. When a virtual LDEV # is assigned to the operation
target logical volume, there occurs a problem on whether to
designate the virtual LDEV # or to designate the LDEV # as
the identifier of the logical volume to be designated. Accord-
ing to the storage manager 401 of a preferred embodiment of
the present invention, in the configuration commands, LDEV
# is used as the identifier for specifying the logical volume,
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notthe virtual LDEV #. Further, virtual LDEV # is used as the
identifier for specitying the logical volume designated by the
pair operation commands (or a configuration file described
later).

[0334] The storage manager 401 operates as a resident pro-
gram (service) of an operating system (OS) operating in the
host computer (primary server 330a or secondary server
3305). In the present embodiment, this resident program is
called “instance”. Multiple instances can be operated in one
host computer. To start the operation of an instance is referred
to as “starting an instance”.

[0335] When an instance is started, a number called an
instance number is designated. Each instance reads one con-
figuration file according to the designated instance number (a
file name including an instance number is assigned to a con-
figuration file, and the instance reads the file including the
instance number in the file name).

[0336] As will be described later, various information are
stored in the configuration file, and at least the command
device information to be used is stored therein. Each instance
specifies the command device to which the control instruction
is to be issued, based on the information of the command
device stored in the configuration file. For example, when two
instances are started (hereinafter, the two instances are
respectively referred to as “instance 0" and “instance 1), if
the information of the command device of the migration
source primary storage subsystem 310a is stored in the con-
figuration file for instance 0, and if the information of the
command device of the migration destination primary storage
subsystem 320q is stored in the configuration file for instance
1, instance 0 can be used for performing management opera-
tion of the migration source primary storage subsystem 310a,
and instance 1 can be used for performing management
operation of the migration destination primary storage sub-
system 320a.

[0337] Further, by storing the information of the same com-
mand device in both the configuration file for instance 0 and
the configuration file for instance 1, both instances can be
used for performing management operation of the same stor-
age subsystem. This is preferable in a case where one instance
is used for configuration purpose, such as for configuring LU
paths, and the other instance is used for the purpose of pair
operation.

[0338] Further, when the storage manager 401 is used to
perform control (pair operation) of the remote copying func-
tion in the storage subsystem, at least one instance is started
respectively at the host computer accessing the P-VOL (pri-
mary server 330a) and the host computer accessing the
S-VOL (secondary server 3305).

[0339] An example of a configuration file for performing
control of the remote copying function will be illustrated in
FIG. 36. A configuration file 3000-1 is a configuration file
stored in the primary server 330q, and a configuration file
3000-2 is a configuration file stored in the secondary server
3306. The configuration file 3000-1 is a configuration file for
performing pair operation in the migration source primary
storage subsystem 310q, and the configuration file 3000-2 is
a configuration file for performing pair operation in the
migration source secondary storage subsystem 3106. The
drawing illustrates an example where the LDEV # of the
P-VOL is 11, the serial number of the storage subsystem to
which the P-VOL belongs (migration source primary storage
subsystem 310q) is 1, the LDEV # ofthe S-VOL is 22, and the
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serial number of the storage subsystem to which the S-VOL
belongs (migration source secondary storage subsystem
3105)is 11.

[0340] Three types of information are stored in the respec-
tive configuration files 3000-1 and 3000-2. The first informa-
tion is the information of the command device described
earlier, and an identifier of the command device to which the
instance issues the control instruction is stored in the field of
a command device name 3001. The name of an identifier of
the command device is determined uniquely for each storage
subsystem, and that name is recorded when creating a con-
figuration file.

[0341] The second information is the information related to
a volume pair, wherein the information on a volume pair
being the target of operation by the remote copying function
is stored in a pair information field 3002. The form of descrip-
tion will be described later.

[0342] The third information is the information 3003 on a
counterpart host computer. When performing control of the
remote copying function of the storage subsystem using the
storage manager 401, the instance of the primary server 330a
acquires information regarding the S-VOL and the like from
the instance of the secondary server 3305. The information
3003 regarding the counterpart host computer is used for that
purpose, and the IP address of the counterpart host computer
is described therein.

[0343] We will now describe the form of description of the
pair information field 3002, which is the second information.
A group name 3002-1, a device serial number 3002-2, and an
LDEV # (3002-3) are stored in the pair information field
3002. An LDEV # of one logical volume of the volumes
constituting the volume pair is described in the LDEV #3002-
3. A serial number (S/N) of the device in which the LDEV
exists is stored in the device serial number 3002-2. A group
name assigned to the volume pair is described in the group
name 3002-1. The details of the group name 3002-1 will be
described later.

[0344] The configuration file of the primary server 330a
stores an LDEV # of a P-VOL existing in a migration source
(or migration destination) primary storage subsystem (310a
or320a), and an LDEV # of an S-VOL existing in a migration
source (or migration destination) secondary storage sub-
system (3105 or 3205) is stored in a configuration file of the
secondary server 3305. Moreover, the same group name must
be assigned at least to the LDEVs in a pair relationship. In the
example of FIG. 36, it is described that the logical volume
having LDEV # (3002-3) 11 and the logical volume having
LDEV # (3002-3) 22 are in a pair relationship, and the group
name (3002-1) thereof is “devg01”.

[0345] When the administrator or a program such as the
cluster software 403 performs a volume pair operation using
(the instance of) the storage manager 401, the group name is
used as information for specifying the volume pair being the
operation target. For example, the format of the command for
instructing pair creation is as follows:

[0346] paircreate <group name>

[0347] When this command is issued to an instance oper-
ating in the primary server 330a, the instance operating in the
primary server 330a specifies the LDEV # (3002-3) and the
device serial number (3002-1) corresponding to the group
name designated by the command, based on the contents of
the configuration file. Further, by communicating with the
instance operating in the secondary server 3305, the LDEV #
(3002-3) and the device serial number (3002-1) correspond-
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ing to the group name described in the configuration file for
the instance operating in the secondary server 3305 is
acquired. Thereby, the instance operating in the primary
server 330a can specify the LDEV # and the device serial
number of the P-VOL and S-VOL. Based on this information,
a control instruction to be issued to the command device is
created, and the control instruction for pair operation is issued
to the command device.

[0348] Further, the same group name can be assigned to
multiple volume pairs, and in that case, the pair operation of
multiple volumes will be performed when the above-men-
tioned pair operation command is issued.

[0349] This configuration fileis created by an administrator
of'acomputer system. When volume pair control is performed
by the migration source storage system 310, the LDEV # of
the P-VOL or S-VOL of the migration source storage system
310 and the serial number of the migration source storage
system 310 are stored in the LDEV # (3002-3) and the serial
number 3002-1. When the volume pair is migrated to the
migration destination storage system 320 via volume migra-
tion, the serial number and the LDEV # will be changed, but
in that case, the administrator must rewrite the configuration
file. In other words, the serial number and the LDEV # must
be rewritten to the serial number and the LDEV # of the
migration destination storage system. This operation takes up
much time, especially when the number of volumes
increases.

[0350] Next, the example of a configuration file of a case
where the virtual storage is defined in the storage subsystem
and the logical volume being the target of pair operation
belongs to a virtual storage subsystem will be described with
reference to FIG. 37. The example of FIG. 37 illustrates a case
where the virtual storage is defined in the migration destina-
tion storage system, wherein the virtual LDEV # of the
P-VOL is 11, the virtual serial number of the virtual storage to
which the P-VOL belongs is 1, the virtual LDEV # of the
S-VOL is 22, and the virtual serial number of the virtual
storage to which the S-VOL belongs is 11 (in other words, the
virtual serial numbers assigned to the P-VOL (referred to as
migration destination P-VOL) and the S-VOL (referred to as
migration destination S-VOL) in the migration destination
storage system are the same as the serial numbers of the
migration source primary storage subsystem 310a and the
migration source secondary storage subsystem 3105 respec-
tively, and the virtual LDEV # of the migration destination
P-VOL and the migration destination S-VOL are the same as
the LDEV # of the P-VOL (migration source P-VOL) of the
migration source primary storage subsystem 310a and the
LDEV # of the S-VOL (migration source S-VOL) of the
migration source secondary storage subsystem 3105 respec-
tively).

[0351] As mentioned earlier, when the storage subsystem
in which the virtual storage is defined receives the instruction
of pair operation to the volume pair belonging to the virtual
storage, it operates by receiving the information on the virtual
serial number and the virtual LDEV # as identifiers of the
P-VOL and S-VOL from the storage manager 401. Therefore,
as the information of the volume pair described in the con-
figuration file, the virtual serial number and the virtual LDEV
# are described as information for specifying the P-VOL and
S-VOL.

[0352] In FIG. 37, file 3000-1' is the configuration file for
the migration destination primary storage subsystem 320a,
and file 3000-2' is the configuration file for the migration
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destination secondary storage subsystem 32056. Now, taking
file 3000-1' as an example, the difference from the configu-
ration file of FIG. 36 will be described.

[0353] Compared with the configuration file illustrated in
FIG. 36, the only difference is that the contents of block 3001
are changed to blocks 3001-1' and 3001-2'. Block 3001-1'
shows an identifier of the command device which is the des-
tination to which the storage manager 401 issues a command.
Block 3001-2' shows the information (HORCM_VCMD),
indicating that a command is issued to the virtual storage and
the virtual serial number (1) of the virtual storage.

[0354] The points other than the block 3001 are the same as
the configuration file of FIG. 36. Therefore, when the migra-
tion destination storage system according to the present
embodiment is used, it will not be necessary to change the
configuration file when migrating a volume from the migra-
tion source storage system to the migration destination stor-
age system, and the operation load related to migration can be
cut down significantly.

[0355] Another example of the configuration file will be
illustrated in FIG. 38. Only the field of command device name
3001 exists in the configuration file 3000-1"illustrated in FIG.
38. When an instance used only for the purpose of configu-
ration such as LU path configuration is started, only the field
of the command device name 30001 should be defined.
[0356] Outline of Migration Process

[0357] FIG. 39 is a view showing an outline of a migration
process of a computer system according to Embodiment 1 of
the present invention. The migration source primary storage
subsystem 310a and the migration source secondary storage
subsystem 3105 have a remote copying function. By the
operation of a remote copying function, the logical volume
430a of the migration source primary storage subsystem 310a
and the logical volume 4305 of the migration source second-
ary storage subsystem 3105 are in a pair relationship, wherein
the logical volume 430q is the P-VOL and the logical volume
4305 is the S-VOL. In other words, the data written from the
primary server 330a to the logical volume 430a of the migra-
tion source primary storage subsystem 310a is copied to the
logical volume 4305 of the migration source secondary stor-
age subsystem 31054, so that a state is kept where replication
of data of the logical volume 4304 is constantly stored in the
logical volume 4305 (“pair” state). Hereinafter, the logical
volume 430q is referred to as “migration source P-VOL” and
the logical volume 4305 is referred to as “migration source
S-voL”.

[0358] According to the volume migration method of
Embodiment 1 of the present invention, the logical volume
430q and the logical volume 4305 in “pair” state migrates to
the migration destination storage system 320 while maintain-
ing the “pair” state. At first, a virtual storage 3254 is created
in the migration destination primary storage subsystem 320a.
Then, a logical volume 530a which is to be a migration
destination primary volume and a logical volume 531a are
created in the virtual storage 325q. Similarly, a virtual storage
3255 is created in the migration destination secondary storage
subsystem 3204, and a logical volume 5304 as a migration
destination secondary volume is created in the virtual storage
3255.

[0359] A virtual serial number (1) which is the same serial
number (S/N=1) as the migration source primary storage
subsystem 310q is set to the virtual storage 325q. Further, a
virtual serial number (11) which is the same serial number
(S/N=11) as the migration source secondary storage sub-
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system 3105 is set to the virtual storage 325b. Further, a
virtual LDEV # which is the same number as the LDEV # of
the migration source P-VOL is assigned to the logical volume
530a, and a virtual LDEV # which is the same number as the
LDEV # of the migration source S-VOL is assigned to the
logical volume 5305.

[0360] When creating a logical volume 530aq, the logical
volume 430q is associated as the storage area by the external
storage connecting function. Therefore, the logical volume
530aq is sometimes referred to as being “mapped to the logical
volume 4304”. On the other hand, the logical volume 531a is
alogical volume which is created using the parity group 322a
within the migration destination primary storage subsystem
320a (parity group 322a illustrated in FIG. 26) as the storage
area. The logical volume 530a and the logical volume 531a
are created as volumes having the same size as the logical
volume 430a. The entity (the storage area in which data is
stored) of the logical volume 530a exists in the external
storage subsystem (migration source primary storage sub-
system 310q).

[0361] Thereafter, by switching the access route (path) to
the logical volume of the primary server 330a, the configu-
ration can be changed so that the primary server 330a
accesses the logical volume 530a which is the migration
destination P-VOL, instead of the logical volume 430a (mi-
gration source P-VOL). Since the logical volume 530a is
mapped to the logical volume 430a, when the primary server
330a writes data to the logical volume 530q, the data is
transferred from the migration destination primary storage
subsystem 320q to the migration source primary storage sub-
system 310qa, and written to the logical volume 430a. Further,
when the primary server 330a issues a read request to the
logical volume 530q, data is read from the logical volume
430a, and the read data is transferred from the migration
source primary storage subsystem 310a to the migration des-
tination primary storage subsystem 320q, and returned from
the migration destination primary storage subsystem 320a to
the primary server 330a. Since the logical volume 530qa has
the same volume number (virtual volume number) as the
logical volume 430qa assigned thereto, the primary server
330a recognizes that the logical volume 5304 is the same
volume as the logical volume 430a, though the access route to
the primary server 330a was changed to the migration desti-
nation primary storage subsystem 320a.

[0362] Next, by the operation of the remote copying func-
tion of the migration destination storage system 320, a vol-
ume copying process is performed between the logical vol-
ume 530a and the logical volume 53056. Thereby, data is
sequentially read from the logical volume 530q (actually, the
logical volume 430aq), and replicated to the logical volume
53056. During this replication process, the primary server
330a can issue /O requests to the logical volume 530a. When
the primary server 330a issues a write request to the logical
volume 5304, write data is written to the logical volume 530a
(actually, the logical volume 430a), and the replica of the
write data is also stored in the logical volume 5305. Since the
“pair” state of the logical volume 430a and the logical volume
4305 is maintained in the migration source storage system
310, the replica of data of the logical volume 4304 is stored in
the logical volume 4305 in addition to the logical volume
5305.

[0363] At the point of time when volume copy between the
logical volume 530a and the logical volume 5305 is com-
pleted and the contents of the two volumes become identical
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(that is, at the point of time when the pair status becomes
“pair”), the access route to the logical volume of the second-
ary server 3305 is switched and the configuration is changed
so that the secondary server 3305 accesses the logical volume
5305, and not the logical volume 4305. Even when the pri-
mary server 330qa or the migration destination primary stor-
age subsystem 320q stops due to failure, operation can be
continued by using the secondary server 33056 and the migra-
tion destination secondary storage subsystem 3205. How-
ever, at this point of time, the data of the logical volume 530a
does not exist in the migration destination primary storage
subsystem 320q. This is because the entity of the logical
volume 530q is the logical volume 430a of the migration
source primary storage subsystem 310a, and unless the entity
of the logical volume 530q is migrated to the migration des-
tination primary storage subsystem 320q, migration is not
completed. Therefore, by using the volume migrating func-
tion, the migration destination primary storage subsystem
320q migrates the contents of the logical volume 5304 to the
logical volume 531a.

[0364] According to this migration process, the migration
destination primary storage subsystem 320a replicates the
contents of the logical volume 530a to the logical volume
531a. At this time, the entity of the data in the logical volume
530a is in the logical volume 430a, so that actually, the data is
copied from the logical volume 430a to the storage area
associated with the logical volume 531a. At the point of time
when the replication has been completed, the migration des-
tination primary storage subsystem 320a switches the roles of
the logical volume 530a and the logical volume 531a. As a
result, the logical volume 531a becomes the volume pair of
the logical volume 5305, and the volume number of the logi-
cal volume 531a is changed to the volume number which has
been assigned to the logical volume 530a.

[0365] FIG. 40 illustrates a state after the roles of the logical
volume 530a and the logical volume 531a have been switched
by the volume migrating function. Since the write data will no
longer be transmitted to the migration source primary storage
system 310 even when a write request arrives from the pri-
mary server 330a, the migration source storage system 310
becomes the state where it can be removed (that is, the migra-
tion of the volume pair has been completed).

[0366] Flow of Migration Process

[0367] Next, the flow of the volume migration process
according to the computer system 1 of Embodiment 1 of the
present invention will be described with reference to the
flowcharts of FIGS. 41, 42, and 43. In the following descrip-
tion, only the migration process of one volume pair (a set
composed of P-VOL and S-VOL) will be described for sim-
plified description, but it is possible to perform migration of
multiple volume pairs at the same time.

[0368] At first, the storage manager 401 investigates the
configuration of the migration source storage system (S310).
Through the investigation of the configuration of the migra-
tion source storage system, the following information is
mainly acquired.

[0369] (a) The serial number (S/N) and the model name of
the migration source primary storage subsystem 310a and the
migration source secondary storage subsystem 3104.

[0370] (b) The LDEV # and size of the migration target
P-VOL and S-VOL.

[0371] (c) The LDEV # not used in the migration source
primary storage subsystem 310a and the migration source
secondary storage subsystem 3104.
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[0372] When investigating these information, the storage
manager 401 issues a control instruction for acquiring con-
figuration information to the migration source primary stor-
age subsystem 310q and the migration source secondary stor-
age subsystem 3105. When the storage subsystem receives a
control instruction for acquiring configuration information, it
returns information such as the serial number of the device,
the LDEV #, and the size of the logical volume defined within
the storage subsystem. As one example of the information of
the logical volume defined within the storage subsystem, the
contents of the logical volume management table T200 are
returned. By referring to the LDEV #s (T201) of the logical
volume management table T200, the administrator can deter-
mine that the LDEV #s which are not stored in the LDEV #s
(T201) are the “unused LDEV #s”.

[0373] The migration process described below illustrates
an example where the configurations of the respective storage
subsystems are set as follows.

[0374] (a) The LDEV # of the P-VOL of the migration
source primary storage subsystem 310a (referred to as migra-
tion source P-VOL) is 11, and the size thereof is 100 GB.
[0375] (b) The LDEV # of the S-VOL of the migration
source secondary storage subsystem 31056 (referred to as
migration source S-VOL) is 22, and the size thereof is 100
GB.

[0376] (c) The serial number of the migration source pri-
mary storage subsystem 310a is 1.

[0377] (d) The serial number of the migration source sec-
ondary storage subsystem 31056 is 11.

[0378] (e) The serial number of the migration destination
primary storage subsystem 320a is 2.

[0379] (f) The serial number of the migration destination
secondary storage subsystem 3205 is 22.

[0380] Further, we will assume a case where, as a result of
the investigation of the unused LDEV #s in the migration
source primary storage subsystem 310a and the migration
source secondary storage subsystem 3105 in S310, the logical
volumes having the following LDEV #s are determined to be
used as the logical volumes used as the migration destination
P-VOL, the migration destination S-VOL, and the target vol-
ume of the volume migrating function.

[0381] (g) The LDEV # of the logical volume selected as
the P-VOL of the migration destination primary storage sub-
system 320aq (referred to as migration destination P-VOL) is
33.

[0382] (h) The LDEV # of the logical volume selected as
target volume of the volume migrating function in the migra-
tion destination primary storage subsystem 320qa is 44, and
the virtual LDEV # thereof is 99.

[0383] (i) The LDEV # of the S-VOL of the migration
source secondary storage subsystem 31056 (referred to as
migration source S-VOL) is 55.

[0384] Further, the instance numbers of the storage man-
ager 401 operating in the primary server 330a and the sec-
ondary server 3305 and the configuration file used by the
respective instances are specified. In the following example,
we will assume that the instance numbers of the instances
operating in the primary server 330a and the secondary server
3305 are 100 and 101, respectively. In the following descrip-
tion, we will describe the case where the contents of the
configuration file are as illustrated in FIG. 36.

[0385] Thereafter, a migration destination storage system is
installed, and the migration destination storage system is
connected to the host computer or other storage subsystems
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via Fibre Channel cables (S320). The transmission line such
as the Fibre Channel cable connecting the storage subsystem
to the host computer or connecting storage subsystems mutu-
ally is referred to as “physical path”, and the operation for
connecting the storage subsystems to the host computers via
physical paths or for connecting storage subsystems mutually
via physical paths is referred to as “connecting physical
paths”.

[0386] In the operation for connecting physical paths, the
following physical paths are connected.

[0387] (a) The physical paths between the migration desti-
nation primary storage subsystem 320a (port J, port K) and
the primary server 330a.

[0388] (b) The physical paths between the migration desti-
nation secondary storage subsystem 3204 (port Q, port R) and
the secondary server 3305.

[0389] (c) The physical path between the migration source
primary storage subsystem 310a (port C) and the migration
destination primary storage subsystem 31056 (port L).

[0390] (d) The physical paths between the migration desti-
nation primary storage subsystem 320a (port M, port N) and
the migration destination secondary storage subsystem 3205
(port O, port P).

[0391] In the description, (a) are the physical paths for
communicating the I/O requests between the primary server
330a and the migration destination primary storage sub-
system 320a, and for sending instructions to the command
device of the migration destination primary storage sub-
system 320aq. Further, (b) are the physical paths for commu-
nicating the 1/O requests between the secondary server 3305
and the migration destination secondary storage subsystem
3205, and for sending instructions to the command device of
the migration destination secondary storage subsystem 3205.

[0392] Moreover, (¢) is a physical path used for data migra-
tion, which is used for mapping a migration source volume
(P-VOL) of the migration source primary storage subsystem
310a to the migration destination primary storage subsystem
320q with an external storage connecting function. According
to Embodiment 1, an example is illustrated where there is one
physical path corresponding to (c), but it is possible to adopt
a configuration having multiple physical paths. Further, (d)
are the physical paths used for transmitting data via the
remote copying function in the migration destination storage
system.

[0393] InS330, the storage manager 401 configures an LU
path with respect to the logical volume of the migration
source primary storage subsystem 310a. The logical volume
to which the LU path is configured is the migration target
P-VOL. Further, the configuration of an LU path is performed
so that the migration destination primary storage subsystem
320a recognizes the migration target volume (P-VOL) of the
migration source primary storage subsystem 310a by the
external storage connecting function. Therefore, an LU path
is configured with respect to port C of the migration source
primary storage subsystem 310a connected to the migration
destination primary storage subsystem 320q in S320. When
configuring an LU path, it is necessary to designate a LUN,
but any arbitrary LUN can be designated.

[0394] Whenthe storage manager 401 ofthe primary server
330q issues an instruction to configure an LU path to the
migration source primary storage subsystem 310a, the migra-
tion source primary storage subsystem 310a configures an



US 2014/0351538 Al

LU path to the P-VOL based on that instruction. Further, as
another embodiment, LU paths can be configured by the
management terminal.

[0395] Thereafter, the setting operation of the migration
destination primary storage subsystem 320q is performed in
S340. Now, the process performed in S340 will be described
with reference to FIG. 42. At first, the management terminal
creates a command device. After creating the command
device, the instance of the storage manager 401 is started in
the primary server 330a. The configuration file read by the
instance being started at this time should be a file as shown in
FIG. 38, that is, a configuration file having at least the infor-
mation on the identifier of the command device stored
therein. Further, an instance number that differs from the
instance numbers (100 and 101) of the instances already
operating in the primary server 330a and the secondary server
3305 is used as the instance number of the instance started
here. The respective operations performed hereinafter are
performed by the storage manager 401. However, as another
embodiment, a management terminal can be used.

[0396] Thereafter, in S3405, using the started instance, out
of the ports of the migration destination primary storage
subsystem 320a, the attribute of the port (port L) connected to
the migration source primary storage subsystem 310a is
changed to the attribute for the external storage connecting
function. Further, out of the ports of the migration destination
primary storage subsystem 320q, the attribute of the ports
(port M, port N) connected to the migration destination sec-
ondary storage subsystem 3205 is changed to the attribute for
the remote copying function. Actually, the attribute of one of
the ports of port M and port N is changed to the attribute of the
port for transmitting data from the migration destination pri-
mary storage subsystem 320a to the migration destination
secondary storage subsystem 3205, and the attribute of the
remaining port is changed to the attribute of the port for
receiving data from the migration destination secondary stor-
age subsystem 3205 to the migration destination primary
storage subsystem 320q. Similarly, out of the ports of the
migration destination secondary storage subsystem 3205, the
attribute of ports (port O, port P) connected to the migration
destination primary storage subsystem 320q is changed to an
attribute for the remote copying function.

[0397] In S340c, the storage manager 401 creates a virtual
storage in the migration destination primary storage sub-
system 320a. The control instruction for creating a virtual
storage that the storage manager 401 issues to the migration
destination primary storage subsystem 320a when creating a
virtual storage includes the information on an identifier of the
creation target virtual storage, a serial number of the virtual
storage, and a model name. The identifier of the virtual stor-
age included in the control instruction issued in S340c¢ is an
identifier which is to be stored in the ID (T1001) of the
V-BOX management table T1000, wherein an identifier that
differs from the identifier of an already defined virtual storage
(for example, as mentioned earlier, identifier v0 is already
defined in the initial state) is designated. Moreover, the serial
number of the migration source primary storage 310a is des-
ignated as the serial number of the virtual storage included in
the control instruction issued in S340¢, and the model name
of'the migration source primary storage 310a is designated as
the model name of the virtual storage. The storage manager
401 issues a control instruction with these information for
creating a virtual storage to the migration destination primary
storage subsystem 320a. The migration destination primary
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storage subsystem 320a having received the control instruc-
tion for creating a virtual storage stores the received informa-
tion of the virtual storage identifier, model name and serial
number to the ID (T1001), the model name (T1002) and the
S/N (T1003) of the V-BOX management table T1000.

[0398] InS340d, the storage manager 401 issues an instruc-
tion to the migration destination primary storage subsystem
320a to delete the virtual LDEV #s assigned to the volumes to
be used as the migration destination volumes. As mentioned
earlier, since the LDEV # of the migration destination vol-
umes (migration destination P-VOL, target volume) prepared
in the migration destination primary storage subsystem 320a
are 33 and 44, we will first describe this example. When the
migration destination primary storage subsystem 320a
receives a control instruction to delete virtual LDEV #s, it
invalidates the contents of the VLDEV #s (T1502) of the rows
where the LDEV #s (T1501) are 44 and 33 out of the LDEV's
stored in the virtual LDEV management table (stores NULL
values). Further, the storage manager 401 issues an instruc-
tion to register the LDEV #s ofthe LDEVs having their virtual
LDEV #s deleted to the virtual storage. When the migration
destination primary storage subsystem 320a receives this
instruction, it stores the LDEV #s to the LDEV #s (T1005) of
the V-BOX management table T1000, and also stores
“reserved” in the attributes T1504 of the virtual LDEV man-
agement table T1500. When “reserved” is stored in the
attribute T1504, the migration destination primary storage
subsystem 320a recognizes that the LDEV belongs to the
virtual storage, and it will not use that LDEV for other pur-
poses.

[0399] In S340e, the storage manager 401 issues a com-
mand to virtualize the LDEVs registered in the virtual stor-
age, in other words, assigns virtual LDEV #s to the LDEVs
registered in the virtual storage. As mentioned earlier, 99 is to
be used as the virtual LDEV # of the target volume. Also,
since the LDEV # of the migration source P-VOL is to be
assigned to the virtual LDEV # of the migration destination
P-VOL, a control instruction is issued to assign virtual LDEV
#11 to the logical volume having LDEV #33, and a control
instruction is issued to assign virtual LDEV #99 to the logical
volume having LDEV #44.

[0400] When the migration destination primary storage
subsystem 320a receives this instruction, 11 is stored in the
VLDEV # (T1004) corresponding to the row where the
LDEV # (T1005) is 33 in the V-BOX management table
T1000, and 99 is stored in the VLDEV # (T1004) correspond-
ing to the row where the LDEV # (T1005) is 44. Thereby, 11
is assigned as the virtual LDEV #to the logical volume having
LDEV #33, and 99 is assigned as the virtual LDEV # to the
logical volume having LDEV #44.

[0401] In S340f; the migration source volume (P-VOL) of
the migration source primary storage subsystem 310a is
mapped to the migration destination primary storage sub-
system 320a by the external storage connecting function. The
storage manager 401 issues a control instruction to register
the migration source volume to the external volume group of
the migration destination primary storage subsystem 320a.
When the migration destination primary storage subsystem
320a receives this command, it registers the information of
the migration source volume to the external volume group
management table T150. At this time, the migration destina-
tion primary storage subsystem 320a stores the size informa-
tion of the migration source volume from the migration
source primary storage subsystem 310a, and stores the same
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in size T154. FIG. 29 illustrates an example of the external
volume group management table T150 after mapping the
migration source P-VOL. Here, an example is illustrated of a
case where the migration source P-VOL is mapped to an
external volume group having EG1 as the external volume
group name (T151). Since the size of the migration source
P-VOL is 100 GB, “100 GB” is stored as size T154.

[0402] Furthermore, the storage manager 401 issues a con-
trol instruction for creating a logical volume (migration des-
tination P-VOL) from the storage area of the external volume
group. When the migration destination primary storage sub-
system 320a receives this control instruction, it stores 33 in
the LDEV # (T201), 100 GB in the size T202 (that is, creates
a migration destination P-VOL using the whole area of the
migration source P-VOL), “EG1” in the group name T203,
and 0 in the initial address T204 of the logical volume man-
agement table T200, thereby the information notifying that
the storage area of the logical volume whose LDEV #1is 33 is
the storage area in the external volume group EG1 is stored.
[0403] In S340g, a target volume to be used in the volume
migrating function is created. Here, the size of the target
volume to be created is the same size as the migration desti-
nation P-VOL,, and a storage area of a parity group within the
migration destination primary storage subsystem 320a is
used as the storage area. When multiple parity groups exist, it
is possible to select an arbitrary parity group whose remain-
ing size of the parity group (remaining size T105 of the parity
group management table T100) is equal to or greater than the
size of the migration destination P-VOL.

[0404] The storage manager 401 issues a control instruc-
tion to allocate a storage area of the parity group to the logical
volume having LDEV #44. When the migration destination
primary storage subsystem 320q receives this control instruc-
tion, it registers the information of the LDEV # and the
storage area (parity group) allocated to the LDEV to the
logical volume management table T200. FIG. 30 shows one
example of the contents of the logical volume management
table T200 after allocation. FIG. 30 shows that 100 GB of the
area of parity group RG A is allocated to LDEV #44 (row
906), and that 100 GB of the area of external volume group
EG1 is allocated to LDEV #33 (row 907).

[0405] In S340/, an LU path is configured in the migration
destination volume. The storage manager 401 issues a control
instruction to allocate a port name and a LUN to the LDEV
#33. When the migration destination primary storage sub-
system 320q receives this control instruction, it registers the
information in the LU management table T300. For example,
when an instruction to allocate port name 3e243174aaaaaaaa
and LUN O arrives at the LDEV #33, the migration destina-
tion primary storage subsystem 320a registers “33” in the
field of LDEV # (T304) of the row in which the port name
T301 is “3e243174aaaaaaaa” and the LUN (T303) is 0 in the
LU management table T300.

[0406] The above describes the process performed in S340.
Next, we will return to FIG. 41 to describe the processes of
S350 and thereafter. In S350, a setting operation of the migra-
tion destination secondary storage subsystem 3205 is per-
formed. This process is similar to the operation performed in
the migration destination primary storage subsystem 320a in
S340. Creation of the command device (operation corre-
sponding to S340a), creation of the virtual storage (operation
corresponding to S340c¢), deletion of the virtual LDEV #
assigned to the volume used as the migration destination
volume (S-VOL) and the registration of the migration desti-
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nation volume to the virtual storage (operation corresponding
to S3404), virtualization of the migration destination volume
(operation corresponding to S340e), creation of the migration
destination volume (operation corresponding to S340f), and
configuration of an LU path to the migration destination
volume (operation corresponding to S340%) are performed.
Similar to S340, the operation to create the command device
is executed from the management terminal, and after creating
the command device, the instance of the storage manager 401
is started in the secondary server 3304, and the subsequent
operations are executed using the started instance.

[0407] In S360, an alternate path from the primary server
330a to the migration destination primary storage subsystem
320q is added. In the primary server 330a, commands pro-
vided by the operating system of the primary server 330a and
the alternate path software 402 are executed, by which the
migration destination P-VOL created in the migration desti-
nation primary storage subsystem 320q¢ in the operation of
S340 is recognized by the operating system and the alternate
path software 402 of the primary server 330a. When the
migration destination P-VOL is recognized by the alternate
path software 402, since the migration source P-VOL of the
migration source primary storage subsystem 310a and the
migration destination P-VOL of the migration destination
primary storage subsystem 320a show the same attribute
information (serial number and LDEV #) to the primary
server 330aq, the alternate path software 402 recognizes these
volumes as an identical volume, and constructs an alternate
path.

[0408] Next, the setting of the alternate path software 402 is
changed so that the path from the primary server 330a to the
migration source volume of the migration source primary
storage subsystem 310q is invalidated. This is performed by
executing a command provided by the alternate path software
402. Since the alternate path software 402 recognizes that the
migration source P-VOL and the migration destination
P-VOL are identical volumes, when an alternate path is
deleted, the alternate path software 402 comes to issue the [/O
requests that an application program or the like operating in
the primary server 330a had issued to the migration source
P-VOL to the migration destination P-VOL.

[0409] Thereafter, the LU path of the migration source
P-VOL is deleted in the migration source primary storage
subsystem 310q. This operation is performed by the storage
manager 401 or the management terminal issuing an instruc-
tion to delete the LU path to the migration source primary
storage subsystem 310a.

[0410] In S370, pair creation of the migration destination
P-VOL and the migration destination S-VOL is performed in
the migration destination storage system 310. Based on the
data of the configuration files (an example of the configura-
tion files is illustrated in FIG. 36) used for operating the
volume pair of the migration source P-VOL and the migration
destination S-VOL in the primary server 330a and the sec-
ondary server 3305, configuration files are created for issuing
a control instruction to the virtual storage, as illustrated in
FIG. 37. Then, using the created configuration files, the
instances of the storage manager 401 of the primary server
330a and the secondary server 3304 are started. As the
instance numbers of the instances started here, instance num-
bers which are different from the instance numbers (100 and
101) already operating in the primary server 330a and the
secondary server 3305 are used. Thereafter, when the storage
manager 401 of the primary server 330a issues a control
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instruction of pair creation, the migration destination storage
system 310 starts data replication between the migration des-
tination P-VOL and the migration destination S-VOL.
[0411] Until pair creation is completed, that is, until the
data in the migration destination P-VOL is completely repli-
cated to the migration destination S-VOL,, when the primary
server 330a writes data to the migration destination P-VOL
(LDEV #33, virtual LDEV #11), that data is written to the
migration source P-VOL (LDEV #11) in the migration source
primary storage subsystem 310qa via the external storage con-
necting function, and the written data is further written to the
migration source S-VOL (LDEV #22). Therefore, even dur-
ing pair creation of the migration destination P-VOL and the
migration destination S-VOL, a redundant configuration is
maintained between the migration source P-VOL and the
migration source S-VOL. Furthermore, the pair status can be
confirmed by issuing a control instruction for displaying the
pair status from the storage manager 401 to the migration
destination primary storage subsystem 320a.

[0412] After the pair status of the migration destination
P-VOL and migration destination S-VOL is changed to the
“pair” state, the operation of the software for disaster recov-
ery, such as the cluster software 403 in the primary server
330a and the secondary server 3305, is stopped (S380).
[0413] Next, the instance of the storage manager 401 that
was being started for the migration source storage system is
stopped, and the configuration files of the storage manager
401 are rewritten. The rewriting of the configuration files are
similar to the operation performed in S370. Since it is unnec-
essary to change the block 3002 storing the volume pair
information and the like in rewriting the configuration files,
the rewriting of the configuration files can be executed in a
short time. When the rewriting of the configuration files are
completed, instance is started in each of the primary server
330q and the secondary server 3305 using the configuration
files (S390). The instance numbers of the instance started here
are the same as the instance numbers (100 and 101) operated
in the primary server 330a and the secondary server 3305
before the migration process.

[0414] InS400, invalidation of the path from the secondary
server 3305 to the migration source volume of the migration
source secondary storage subsystem 3105, and deleting of an
LU path of the migration source volume of the migration
source secondary storage subsystem 3105 are performed.
Here, an operation similar to the operation performed to the
migration source P-VOL of the migration source primary
storage subsystem 310a in S360 is performed to the migration
source S-VOL of the migration source secondary storage
subsystem 3105. Further, an LU path is configured from the
secondary server 3305 to the migration destination S-VOL of
the migration destination secondary storage subsystem 3205,
to have the secondary server 3305 recognize the migration
destination S-VOL. Thereafter, the operation of software for
disaster recovery such as the cluster software 403 in the
primary server 330a and the secondary server 33056 having
been stopped in S380 is resumed.

[0415] Thereafter in S410, an operation to migrate the
migration destination P-VOL to the target volume is per-
formed. In doing migration, an instance (referred to as second
instance) that is different from the instance of the storage
manager 401 started in S390 is started in the primary server
330a, and the instruction of migration of volume to the migra-
tion destination primary storage subsystem 320a is per-
formed using the second instance. The migration destination
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primary storage subsystem 320q having received the instruc-
tion uses the volume migrating function to migrate the migra-
tion destination P-VOL to the target volume.

[0416] While waiting for the migration to be completed,
that is, while the data of the migration destination P-VOL is
completely replicated to the target volume, when the primary
server 330a writes data to the migration destination P-VOL
(LDEV #33, virtual LDEV #11), the data is written to the
migration source P-VOL (LDEV #11) of the migration source
primary storage subsystem 310q via the external storage con-
necting function. Further, the written data is written to the
migration destination S-VOL (LDEV #55, virtual LDEV
#22). Therefore, even during migration of data between the
migration destination P-VOL and the target volume, a redun-
dant configuration is retained between the migration source
P-VOL and the migration destination S-VOL. Further, the
volume status can be confirmed by the storage manager 401
issuing a control instruction to acquire the migration status to
the migration destination primary storage subsystem 320aq.

[0417] When migration is completed, all the data in the
migration source storage system becomes stored in the migra-
tion destination storage system. Further, by the volume
migrating function, the mapping of the LDEV # and the data
storage destination storage area is switched between the
migration source and the migration destination. Therefore,
when migration is completed, an access process is executed to
the logical volume to which the storage area of the parity
group 322q within the migration destination primary storage
subsystem 320a is mapped, in response to the access request
from the primary server 330a designating the virtual LDEV
#11. Since the primary server 330a and the secondary server
3305 are in a state not accessing the migration source storage
system (the paths are deleted), the administrator removes the
migration source storage system (S420). Thus, the migration
process is completed. By the steps described above, the vol-
ume pair of the P-VOL and S-VOL can be migrated from the
migration source storage system 310 to the migration desti-
nation storage system 320 while maintaining the redundant
configuration, without having to stop receiving accesses
(such as read or write requests) from the primary server 330a.

Modified Example 1

[0418] In the above-described migration process, after the
pair creation instruction is issued in S370, the processes of
S380 and thereafter are performed after confirming that the
pair status has changed to “pair”. However, the migration
process of the present invention is not restricted to the pro-
cessing steps described above. As a different embodiment, the
subsequent operation can be executed immediately after issu-
ing the pair creation instruction in S370. The flow of the
process of such example will be described, mainly illustrating
the differences from the migration process described above.
[0419] Theprocesses from S310 to S360 are the same as the
processes described above. In S370, when a pair creation
instruction is issued, the procedure advances to the process of
S380 (stopping of operation of software for disaster recovery)
without waiting for the pair status to change to “pair”.

[0420] Next, the migration instruction of volume in S410
according to the above-described migration process is issued
to the migration destination primary storage subsystem 320a.
After the volume migration instruction is issued, the proce-
dure awaits completion of pair creation. In that case, when
pair creation is completed, the migration source P-VOL and
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the target volume are switched simultaneously by the opera-
tion of the volume migrating function.

[0421] After pair creation is completed, the processes of
S390 and S400 are executed. Thereafter, the process of S420
(removal of migration source storage system) is performed,
and the migration process is ended.

[0422] In this migration process, the replication from the
migration source P-VOL to the migration destination S-VOL
by the remote copying function and the data migration (rep-
lication) from the migration source P-VOL to the target vol-
ume are executed in parallel, so that the time required for data
migration can be shortened compared to the data migration
process according to Embodiment 1.

Modified Example 2

[0423] Now, a computer system according to Modified
Example 2 of the present invention will be described. F1G. 44
is a configuration diagram of a computer system according to
Modified Example 2 of the present invention. Similar to the
computer system according to Embodiment 1, the computer
system according to Modified Example 2 of the present
invention is composed of a migration source primary storage
subsystem 310qa, a migration source secondary storage sub-
system 3105, a migration destination primary storage sub-
system 320aq, a migration destination secondary storage sub-
system 3205, a primary server 330a, and a secondary server
3305, and the hardware configuration of the respective stor-
age subsystems is also the same as that illustrated in Embodi-
ment 1.

[0424] The difference from the computer system of
Embodiment 1 is that according to the present Embodiment,
a remote copying function using a journal is adopted as the
remote copying function. According to the computer system
of Modified Example 2, a journal refers to a storage area used
for temporarily storing the replica of data in P-VOL transmit-
ted from the storage subsystem having the P-VOL to the
storage subsystem having the S-VOL. The migration source
primary storage subsystem 310a and the migration source
secondary storage subsystem 3105 each have a journal 313a
and a journal 3135 provided thereto. When performing
migration process, the migration destination primary storage
subsystem 320a and the migration destination secondary
storage subsystem 3205 will also have a journal 323a and a
journal 3235 provided thereto.

[0425] Each journal (313a, 3135, 323a and 3235) has a
journal ID assigned thereto, which is an identifier unique
within the storage subsystem. Further, the journals 313a,
313b,323a and 3235 each have a journal volume 4334, 4335,
533a and 5334 respectively registered thereto. In the follow-
ing description, the journal is sometimes abbreviated as
“JNL”, and the journal volume is sometimes abbreviated as
“IVOL”.

[0426] The journal volume (433a, 4335, 533a or533b)is a
logical volume similar to the logical volume 430a and the like
described in Embodiment 1. The logical volume 430a
described in Embodiment 1 is a volume to which a storage
area of the parity group within the storage system is statically
associated when the logical volume is created, but it is also
possible to use a volume formed using so-called thin provi-
sioning technique as the journal volume. According to a vol-
ume formed using the thin provisioning technique, a storage
area is dynamically allocated to an area to which access has
occurred at the point of time when access is received to the
volume, so that the storage area can be saved.
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[0427] According to the computer system of Modified
Example 2, the data of the logical volume 430a as migration
source P-VOL is in a state constantly replicated to the logical
volume 4306 as migration source S-VOL via the remote
copying function using a journal (“pair” state). The flow of
data during the migration process is illustrated in FIG. 45,
which is the same as Embodiment 1, except for the point that
the replication data of the migration source P-VOL goes
through JNL 313a and 3135 before being copied to the migra-
tion source S-VOL. That is, when transferring the replication
data of the migration source P-VOL to the migration source
secondary storage subsystem 3105, the replication data is
stored temporarily in (JVOL 433a of) INL 313a. At this time,
a number indicating the writing order of the replication data,
which is called a sequence number, is assigned to the repli-
cation data. The sequence number is a number assigned so
that the migration source secondary storage subsystem 3105
can write the replication data to the migration source S-VOL
in the same order as the order in which the primary server
330a writes the data to the migration source P-VOL.

[0428] The replication data stored in the JNL 313a is trans-
ferred to the (JVOL 4335 of) INL 3135 of the migration
source secondary storage subsystem 31056. Thereafter, the
migration source secondary storage subsystem 31056 acquires
the replication data of the migration source P-VOL stored in
the INL 3135 and reflects the replication data to the migration
source S-VOL in the order of the sequence number assigned
to the replication data. Though the outline of the volume
replication in the migration source storage system 310 has
been described above, similar process is also performed in the
migration destination storage system 320 when the volume
pair creation of the migration destination P-VOL and migra-
tion destination S-VOL is done.

[0429] Flow of Migration Process

[0430] Next, the flow of the volume migration process will
be described. The flow of the volume migration process
according to the computer system of Modified Example 2 is
almost the same as the flow described in Embodiment 1, so
that the flow will be described with reference to FIGS. 41
through 43 of Embodiment 1.

[0431] According to the computer system of Modified
Example 2, the remote copying function using a journal is
adopted as the remote copying function, so that the main
difference from Embodiment 1 is that a process of preparing
journals to the migration destination storage system 320 is
added. In S310 of the migration process, in addition to the
information described in Embodiment 1, the information of
the journal ID of the journal used in the volume pair of the
migration source P-VOL and the migration source S-VOL is
acquired.

[0432] In S340 and S350 described later, journals are cre-
ated in the migration destination storage system 320, wherein
journals (3234, 3235) having the same ID as the journal IDs of
journals 313a and 31356 in the migration source storage sys-
tem 310 are created. In the following description, an example
is described where, as a result of acquiring the journal ID
information, the journal ID of the journal 313a is 0 and the
journal ID of the journal 3136 is 1. Further, an example is
described where the LDEV # of the journal volume 533a is 77
and the LDEV # of the journal volume 5335 is 88.

[0433] The processes of S320 and S330 are the same as the
process illustrated in Embodiment 1.

[0434] In S340, in addition to the process illustrated in
Embodiment 1 (S340a through S340% in FIG. 42), the cre-
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ation of a journal volume 5334 and the registration of the
journal volume 533a to the journal 323a are performed
between S340g and S340/. The other points are the same as
the process 0f S340 described in Embodiment 1. The creation
of'the journal volume 5334 and the registration to the journal
323a is executed by issuing a control instruction for register-
ing the logical volume (533a) of LDEV #77 to the journal
having journal ID=0 from the storage manager 401 to the
migration destination primary storage subsystem 320a. The
migration destination primary storage subsystem 320a hav-
ing received the control instruction creates a journal of jour-
nal ID=0, and further registers a logical volume (533a) of
LDEV #77 to the created journal. The order for performing
this process is not restricted to the above-described order. For
example, the process can be performed before S340f

[0435] Also in S350, in addition to the process described in
Embodiment 1, a journal volume 5336 is created and the
created journal volume 53354 is registered to the journal 3235.
The other processes are the same as the processes of S350
described in Embodiment 1.

[0436] S360 isthe same as that described in Embodiment 1.

[0437] In S370, when the storage manager 401 issues a
control instruction for creating a pair of the volume pair (that
is, the migration destination P-VOL and the migration desti-
nation S-VOL)), it issues a control instruction designating the
journal IDs (0 and 1) of journal 323a and journal 3235 created
in S340, in addition to designating the identifiers of the migra-
tion destination P-VOL and the migration destination S-VOL..
The other points are the same as the process described in
Embodiment 1. Thereby, copy from the migration destination
P-VOL to the migration destination S-VOL using journal
323a and journal 3235 is performed.

[0438] The processes of S380 and thereafter are the same as
the processes described in Embodiment 1.

Embodiment 2

[0439] Now, the computer system according to Embodi-
ment 2 of the present invention will be described. FIG. 46 is
a configuration diagram showing the outline of a computer
system according to Embodiment 2 of the present invention.
The computer system is composed of a migration source
storage subsystem 310qa, a migration destination storage sub-
system 320q, a primary server 330a, and a secondary server
33056. The hardware configurations of the migration source
storage subsystem 310a and the migration destination storage
subsystem 320 are the same as the configurations described in
Embodiment 1.

[0440] According to the computer system of Embodiment 2
of the present invention, the logical volumes 430a and 4304’
within the migration source storage subsystem 310a are oper-
ated as a volume pair before migration. The logical volume
430q is the P-VOL and the logical volume 430q' is the
S-VOL. That is, the logical volume 4305 existing within the
migration source secondary storage 3106 according to the
computer system of Embodiment 1 exists in the same storage
subsystem as the logical volume 4304 (migration source stor-
age subsystem 310q) in the computer system according to
Embodiment 2.

[0441] The logical volume 4304' is a volume used for
acquiring backup of the logical volume 430a, wherein the
secondary server 33056 performs backup of the data of the
logical volume 430q' to a backup device not shown during
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acquisition of backup. A backup software 404, which is a
program for performing backup operation, is operated in the
secondary server 3305.

[0442] For example, during acquisition of backup, the
backup software 404 uses the storage manager 401 to set the
volume pair status to “suspended” (or if the volume pair is
already in “suspended” state, the volume pair is first resyn-
chronized, and then the volume pair status is set to “sus-
pended” state), and the backup software 404 of the secondary
server 3304 performs a process to copy the data of the logical
volume 430a' to a backup device not shown. When the backup
process is ended, the secondary server 3305 performs resyn-
chronization of the volume pair, and sets the volume pair
again to “pair” state.

[0443] Hereinafter, the flow of the process for performing
migration while maintaining the pair status of the logical
volumes 430a and 4304' in the computer system having the
above-described configuration will be described with refer-
ence to FIGS. 47, 48, and 49. Since the present flow is similar
to the migration process of Embodiment 1, the differences
from Embodiment 1 will mainly be described.

[0444] At first, the configuration of the migration source
storage subsystem 310q is investigated (S310"). In S310 of
Embodiment 1, the migration source secondary storage sub-
system 31056 had been investigated, but in the computer sys-
tem of Embodiment 2, since the migration source secondary
storage subsystem 3105 does not exist, the migration source
secondary storage subsystem 3105 will not be investigated in
S310'. The other points of S310' are the same as S310 of
Embodiment 1.

[0445] Thereafter, the administrator sets up a migration
destination storage subsystem 320a, and performs physical
path connection between the migration destination storage
system and the host computer or the migration source storage
subsystem 310a (S320"). In the connecting operation of the
physical paths, the following physical paths are connected.
[0446] (a)Physical paths between the migration destination
storage subsystem 320a (port J, port K) and the primary
server 330a.

[0447] (b) Physical paths between the migration destina-
tion storage subsystem 320q (port Q, port R) and the second-
ary server 33064.

[0448] (c) A physical path between the migration source
storage subsystem 310a (port C) and the migration destina-
tion storage subsystem 320a (port L).

[0449] InS330', the storage manager 401 configures an LU
path to the logical volume of the migration source storage
subsystem 310a. The configuration of an LU path performed
here is similar to the process performed in S330 of Embodi-
ment 1. In other words, it is performed so that the migration
destination storage subsystem 320a can recognize the migra-
tion target volume (P-VOL) of the migration source primary
storage subsystem 310a by the external storage connecting
function. Therefore, an LU path is configured to port C ofthe
migration source storage subsystem 310a connected to the
migration destination storage subsystem 320a in S320.
[0450] Thereafter, in S340', the operation for setting the
migration destination storage subsystem 320« is performed.
In this operation, an operation similar to S340 of Embodiment
1 is performed, except for the point that the process to the
migration destination secondary storage subsystem is not
performed. Now, the process executed in S340' will be
described with reference to FI1G. 48. At first, the management
terminal creates a command device (S340qa). After creating
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the command device, the instance of the storage manager 401
is started in the primary server 330aq. In the following opera-
tion, various settings are performed from the storage manager
401. However, a management terminal can be used as another
embodiment.

[0451] Thereafter, in S3405, the storage manager 401 oper-
ating in the primary server 330a changes the attribute of the
port (port L) connected to the migration source primary stor-
age subsystem 310a out of the ports of the migration desti-
nation storage subsystem 320a to the attribute for the external
storage connecting function.

[0452] In S340c, the storage manager 401 creates a virtual
storage 3254 in the migration destination storage subsystem
320a.

[0453] In S3404, the storage manager 401 issues a control
instruction to delete the virtual LDEV #s assigned to the
volumes which is to be used as the migration destination
volumes to the migration destination storage subsystem 320a.
Thereafter, the storage manager 401 issues a control instruc-
tion for registering the LDEV # of the LDEV having deleted
the virtual LDEV # to the virtual storage. Here, as the migra-
tion destination volumes used in the migration destination
storage subsystem 320q, the migration destination P-VOL
and the migration destination S-VOL (which existed in the
migration destination secondary storage subsystem 3205 in
Embodiment 1) exists. Therefore, in S3404", the virtual
LDEV #s assigned to two volumes is deleted, and these two
volumes are registered in the virtual storage.

[0454] In S340¢', the storage manager 401 executes virtu-
alization of the LDEV registered in the virtual storage. Simi-
lar to S3404", virtualization is executed to two volumes.

[0455] In S340f, the storage manager 401 maps the migra-
tion source P-VOL of the migration source storage subsystem
310a to the migration destination primary storage subsystem
320aq. Further, the storage manager 401 creates a migration
destination volume (migration destination P-VOL) from the
mapped storage area.

[0456] In S340g', the target volume used in the volume
migrating function is created. The size of the target volume
created here is the same size as the migration destination
P-VOL, and the storage area of parity group 322q is used as
the storage area. At the same time, the migration destination
S-VOL is created. The storage area of the parity group 322a
is also used as the storage area of the migration destination
S-VOL.

[0457] InS340/, an LU path is configured in the migration
destination P-VOL. The storage manager 401 issues a control
instruction for allocating the port name and LUN to the
LDEV #33.

[0458] Theabovedescribes the process performed in S340'.

Next, we will return to FIG. 47 to describe the processes of
S360' and thereafter.

[0459] InS360', an alternate path is added from the primary
server 330q to the migration destination storage subsystem
320a, and the alternate path from the primary server 330a to
the migration source storage subsystem 310« is deleted. This
is a process similar to S360.

[0460] In S370', pair creation is performed between the
migration destination P-VOL and the migration destination
S-VOL in the migration destination storage subsystem 320aq.
When the storage manager 401 of the primary server 330a
issues a pair creation control instruction, the migration des-
tination storage subsystem 320a starts data replication
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between the migration destination P-VOL and the migration
destination S-VOL via the local copying function.

[0461] After the pair status of the migration destination
P-VOL and the migration destination S-VOL becomes in
“pair” state, the backup software 404 in the primary server
330q and the secondary server 3305 is stopped (S380").
[0462] Thereafter, the instance of the storage manager 401
that was being started for the migration source storage sub-
system 310qa is stopped, and the configuration files of the
storage manager 401 are rewritten. The contents of the rewrite
of'the configuration files are similar to Embodiment 1, there-
fore the contents of the configuration files should be changed
to perform control of the virtual storage. After finishing the
rewrite of the configuration file, instance is started in each of
the primary server 330a and the secondary server 3305 using
the configuration files (S390").

[0463] Thereafter, in S400', the secondary server 3305
invalidates the path to the migration source volume of the
migration source storage subsystem 310a, and deletes the LU
path to the migration source volume of the migration source
secondary storage subsystem 3105. Further, the secondary
server 3305 configures an LU path to the migration destina-
tion S-VOL of the migration destination storage subsystem
320a, and causes the secondary server 3305 to recognize the
migration destination S-VOL. Thereafter, the operation of the
backup software 404 stopped in S380' is resumed.

[0464] Next, in S410', an operation to migrate the migration
destination P-VOL to the target volume is performed. In
doing migration, an instance (called a second instance) that
differs from the instance of the storage manager started in
S390' is started in the primary server 330a, and the instruction
to migrate a volume to the migration destination storage
subsystem 320q is output from the second instance. When the
migration destination storage subsystem 320a receives the
instruction, it migrates the migration destination P-VOL to
the target volume using the volume migrating function.

[0465] When migration is completed, the administrator
removes the migration source storage system (S420'), and
ends the migration process. In Embodiment 2, the P-VOL and
the S-VOL can be migrated from the migration source storage
subsystem 310 to the migration destination storage sub-
system 320 while maintaining the logical volume pair within
the storage subsystem, without stopping accepting accesses
from the primary server 330a.

Embodiment 3

[0466] Next, the computer system according to Embodi-
ment 3 of the present invention will be described. FIG. 50 is
a configuration diagram of a computer system according to
Embodiment 3 of the present invention. The difference
between the present system and the computer system of
Embodiment 1 is that in the present system, the primary
server 330a includes a migration manager 405 which is a
program for executing the migration process, and the second-
ary server 3304 includes a migration sub-manager 406 which
is a program called by the migration manager 405 to perform
a process to set the migration destination storage system or
the secondary server 33056. The other configurations are the
same as the computer system of Embodiment 1. Although not
shown, the primary server 330a, the secondary server 3306
and the management terminals (316a, 3165, 326a and 3265)
are connected via a LAN or a WAN, and can communicate
mutually.
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[0467] According to the computer system of Embodiment
3, the migration manager 405 collectively executes the migra-
tion process. Therefore, the migration manager 405 issues
commands to the storage manager 401, the alternate path
software 402 and the cluster software 403 to have given
processes performed thereby. Further, it issues commands to
the management terminals 3164 and 3264 to have processes
such as creation of a command device performed thereby. It
further has a function to rewrite the configuration files used by
the storage manager 401.

[0468] Similar to the migration manager 405, the migration
sub-manager 406 can issue commands to the storage manager
401, the alternate path software 402 and the cluster software
403 to have given processes performed thereby. It also has a
function to rewrite the configuration files used by the storage
manager 401. However, the migration sub-manager 406
issues the commands to the storage manager 401, the alter-
nate path software 402 and the cluster software 403, or
rewrites the configuration file used by the storage manager
401, in accordance with the instructions from the migration
manager 405.

[0469]

[0470] Next, the flow of the volume migration process in
the computer system according to Embodiment 3 of the
present invention will be described with reference to the
flowchart of FIG. 51. For simplified description, only the
migration process of one volume pair (a set of P-VOL and
S-VOL) in the migration source storage system will be
described, but it is also possible to migrate multiple volume
pairs at the same time.

[0471] S310 and S320 are the same as the migration pro-
cess of Embodiment 1. However, in S310, the administrator
investigates the information of the volumes (migration source
P-VOL and migration source S-VOL) operated as a volume
pair in the migration source storage system. Then, based on
the result of the investigation of this volume pair and the result
of the investigation of the configuration of the migration
source storage system in S310, the administrator prepares the
following information that becomes necessary when instruct-
ing the migration process to the migration manager 405.
[0472] (1) The serial number of storage subsystems 310a,
3105, 320a and 3205.

[0473] (2) The unused LDEV # of storage subsystems
3104, 3105, 3204 and 3205.

[0474] (3) The remaining sizes of each parity group of
storage subsystems 320a and 3204.

[0475] (4) The LDEV # of the migration source P-VOL and
the LDEV # of the migration source S-VOL.

[0476] (5) Of the ports of the migration source primary
storage subsystem 3104, the name of a port connected to the
primary server 330a and the migration source secondary stor-
age subsystem 3104.

[0477] (6) Of the ports of the migration source secondary
storage subsystem 3105, the name of a port connected to the
secondary server 3305 and the migration source primary stor-
age subsystem 310a.

[0478] (7) The name of port of the migration source pri-
mary storage subsystem 310a which is to be connected to the
migration destination primary storage subsystem 320a
(which is temporarily called “port C”).

[0479] (8) The LDEV # of the logical volume (migration
source P-VOL) configuring an LU path to port C.

Flow of Migration Process
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[0480] Thereafter, the administrator issues a data migration
instruction to the migration manager 405 (S320"). At that
time, the following information are designated as parameters.
[0481] (1) The serial number of the migration source pri-
mary storage subsystem 310a.

[0482] (2) The serial number of the migration source sec-
ondary storage subsystem 3104.

[0483] (3) The serial number of the migration destination
primary storage subsystem 320a.

[0484] (4) The serial number of the migration destination
secondary storage subsystem 3204.

[0485] (5) The LDEV # ofthe migration source P-VOL and
the LDEV # of the migration source S-VOL.

[0486] (6) The LDEV # that can be used in the migration
destination primary storage subsystem 310a and the migra-
tion destination secondary storage subsystem 3205 (deter-
mined based on the unused LDEV # checked in S310).
[0487] (7) The group name that can beused in the migration
destination primary storage subsystem 310a and the migra-
tion destination secondary storage subsystem 32056 (parity
groups capable of creating (a migration target volume of) the
migration destination P-VOL and the migration destination
S-VOL is determined based on the remaining size of the
parity groups checked in S310).

[0488] (8) The name of port of the migration source pri-
mary storage subsystem 310a connected to the migration
destination primary storage subsystem 320a (which is tem-
porarily called “port C”).

[0489] (9) The name of ports of the migration destination
primary storage subsystem 320a connected to the primary
server 330a.

[0490] (10) The name of ports of the migration destination
secondary storage subsystem 3205 connected to the second-
ary server 33064.

[0491] (11) The name of ports of the migration destination
primary storage subsystem 320a connected to the migration
destination secondary storage subsystem 3205, and the name
of ports of the migration destination secondary storage sub-
system 3205.

[0492] (12) The instance numbers of the instances operat-
ing in the primary server 330q and the secondary server 3305,
and the file name of the configuration files read by the
instances.

[0493] When the migration manager 405 receives the
instruction, it starts the migration process (S330"). The con-
tents performed by the migration process are similar to the
processes of S330 and thereafter of Embodiment 1. In the
following description, the differences between the migration
process of the present embodiment and Embodiment 1 will
mainly be described.

[0494] The processes of S330 and S340 are similar to the
processes of S330 and S340 of Embodiment 1. In S350, the
migration manager 405 issues an instruction to the migration
sub-manager 406 to have the migration sub-manager 406
perform the configuration process of the migration destina-
tion secondary storage subsystem 3205. The content of the
process performed by the migration sub-manager 406 is simi-
lar to S350 of Embodiment 1.

[0495] When the process of S350 ends, the migration man-
ager 405 performs processes S360 and S370. When the pro-
cess of S370 is completed (that is, when pair creation is
completed), the migration manager 405 executes the process
ot S380. In S380, it is necessary to stop the cluster software
403 and the like in the secondary server 3304, therefore, in
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addition to the process for stopping the operation of the clus-
ter software in the primary server 330qa, the migration man-
ager 405 instructs the migration sub-manager 406 to stop the
cluster software 403 and the like in the secondary server 3304.
[0496] In S390, the migration manager 405 rewrites the
configuration files for the storage manager 401. Since it is
also required to rewrite the configuration files in the second-
ary server 3305 is also required, the migration manager 405
instructs the migration sub-manager 406 to rewrite the con-
figuration files in the secondary server 3305. Next, in S400,
the migration manager 405 instructs the migration sub-man-
ager 406 to perform invalidation of the path from the second-
ary server 3305 to the migration source volume in the migra-
tion source secondary storage subsystem 3105, and deletion
of'the LU path of the migration source volume of the migra-
tion source secondary storage subsystem 3104.

[0497] Lastly, in S410, the migration manager 405 per-
forms a process to migrate the migration destination P-VOL
to the target volume. When migration is completed, the
migration manager 405 notifies the administrator that the
migration process of the volume has been completed. When
the administrator receives this notice, he/she removes the
migration source storage system (S430), and the migration
process is completed.

[0498] The migration process of Embodiment 3 is not
restricted to the above-described process, and various modi-
fications are possible. Other than having all the processes
described above executed by the migration manager 405 or
the migration sub-manager 406, it is possible to have some
processes executed manually by the administrator. For
example, rewriting of the configuration file can be executed
by the administrator.

[0499] In contrast, the selection of the LDEV # of the
logical volume created by the migration destination storage
system, or the selection of the parity groups where the logical
volumes are to be created can be automatically determined by
the migration manager 405 based on the investigation result
of the configuration information.

[0500] According to Embodiment 3, the migration of a
volume pair in a similar configuration to the computer system
of Embodiment 1 has been described, that is, the migration of
a volume pair created by the remote copying function has
beendescribed, but it is possible to have the migration method
described in Embodiment 3 applied to the volume pair migra-
tion in the computer system according to Embodiment 2
(migration of a volume pair created by the local copying
function).

[0501] The above illustrates the contents of the migration
process according to the Embodiment of the present inven-
tion. In the migration process of the present invention, even
when a volume is migrated from a migration source storage
subsystem to a migration destination storage subsystem, the
information such as the volume number and the serial num-
ber, which are identification information assigned to the
migration target logical volume and recognized by the host
computer, are not changed. Therefore, volume migration is
executed in a transparent manner from the viewpoint of the
host computer, so that there is no need to stop I/O processing
in the host computer.

[0502] Further, even when the volumes forming volume
pairs are migrated using the remote copying function or the
like, the duplicated state of the volumes are maintained con-
stantly even during migration, so that the availability of data
is not deteriorated by the migration process. Further, since the
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identification information such as the volume number is not
changed, there is very little need to change the configuration
file for controlling the pair volumes existing in the host com-
puter. Therefore, the time for stopping the software service
for backup or disaster recovery can be restricted to an
extremely short time.

[0503] The storage systems according to preferred embodi-
ments of the present invention have been described, but the
present invention is not restricted to the above-described
embodiments. The migration process described above has
been performed by an instruction output from the host com-
puter (primary server), but it is also possible to adopt a con-
figuration where the storage subsystem issues a command for
management operation to control the migration. In addition,
the migration process according to preferred embodiments of
the present invention is used not only for the purpose of
migrating data among subsystems or for rewriting data of the
subsystem, but can be used for expanding the system.

[0504] As an example, we will assume a case, as shown in
FIG. 52, where the load of the storage subsystem 310aq is
increased in a storage system 310' composed of storage sub-
systems 310a and 310q. In that case, the migration process of
the present embodiment can be applied when introducing a
new storage subsystem 320q to the storage system 310" and
migrating the volume pair within the storage system 310' to
the new storage subsystem 320q'. At this time, it is possible to
provide a storage control program 450', which is a program
corresponding to a storage manager described in Embodi-
ment 1, to the storage subsystem 310a' (or 310a) within the
storage system 310, and to have the storage subsystem 3104'
control the flow of the processes such as the acquisition of the
configuration information of the respective subsystems, vol-
ume configuration, pair creation, and volume migration.

[0505] Of course, the system configurations illustrated in
FIGS. 2 and 26 are purely exemplary of information systems
in which the present invention may be implemented, and the
invention is not limited to a particular hardware configura-
tion. The computers and storage systems implementing the
invention can also have known I/O devices (e.g., CD and
DVD drives, floppy disk drives, hard drives, etc.) which can
store and read the modules, programs and data structures used
to implement the above-described invention. These modules,
programs and data structures can be encoded on such com-
puter-readable media. For example, the data structures of the
invention can be stored on computer-readable media indepen-
dently of one or more computer-readable media on which
reside the programs used in the invention. The components of
the system can be interconnected by any form or medium of
digital data communication, e.g., a communication network.
Examples of communication networks include local area net-
works, wide area networks, e.g., the Internet, wireless net-
works, storage area networks, and the like.

[0506] Inthe description, numerous details are set forth for
purposes of explanation in order to provide a thorough under-
standing of the present invention. However, it will be apparent
to one skilled in the art that not all of these specific details are
required in order to practice the present invention. It is also
noted that the invention may be described as a process, which
is usually depicted as a flowchart, a flow diagram, a structure
diagram, or a block diagram. Although a flowchart may
describe the operations as a sequential process, many of the
operations can be performed in parallel or concurrently. In
addition, the order of the operations may be re-arranged.
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[0507] As is known in the art, the operations described
above can be performed by hardware, software, or some
combination of software and hardware. Various aspects of
embodiments of the invention may be implemented using
circuits and logic devices (hardware), while other aspects
may be implemented using instructions stored on a machine-
readable medium (software), which if executed by a proces-
sor, would cause the processor to perform a method to carry
out embodiments of the invention. Furthermore, some
embodiments of the invention may be performed solely in
hardware, whereas other embodiments may be performed
solely in software. Moreover, the various functions described
can be performed in a single unit, or can be spread across a
number of components in any number of ways. When per-
formed by software, the methods may be executed by a pro-
cessor, such as a general purpose computer, based on instruc-
tions stored on a computer-readable medium. If desired, the
instructions can be stored on the medium in a compressed
and/or encrypted format.

[0508] From the foregoing, it will be apparent that the
invention provides methods, apparatuses and programs
stored on computer readable media for migrating volumes
among storage subsystems. Additionally, while specific
embodiments have been illustrated and described in this
specification, those of ordinary skill in the art appreciate that
any arrangement that is calculated to achieve the same pur-
pose may be substituted for the specific embodiments dis-
closed. This disclosure is intended to cover any and all adap-
tations or variations of the present invention, and it is to be
understood that the terms used in the following claims should
not be construed to limit the invention to the specific embodi-
ments disclosed in the specification. Rather, the scope of the
invention is to be determined entirely by the following claims,
which are to be construed in accordance with the established
doctrines of claim interpretation, along with the full range of
equivalents to which such claims are entitled.

What is claimed is:

1. A storage system for migrating a source remote copy
configuration in a source storage system to a destination
storage system as a destination remote copy configuration,
the storage system comprising:

the source storage system including the source remote

copy configuration comprised of a primary volume pro-
vided by a source primary storage apparatus and a sec-
ondary volume provided by a source secondary storage
apparatus; and

the destination storage system, coupled to the source stor-

age system, including a primary volume provided by a
destination primary storage apparatus and a secondary
volume provided by a destination secondary storage
apparatus so that the primary volume of the destination
primary storage apparatus and the secondary volume of
the destination secondary storage apparatus are able to
configure the destination remote copy configuration,
wherein the destination primary storage apparatus of the
destination storage system is configured to:
define a virtual volume mapped to the primary volume
provided by the source primary storage apparatus
which is a storage area of the virtual volume;
take over a first identifier of the primary volume of the
source primary storage apparatus, to the virtual vol-
ume, the first identifier provided for a host computer
as an identifier of the virtual volume;
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transfer, when the virtual volume receives an access
request from the host computer, the access request to
the source primary storage apparatus to write data in
the primary volume provided by the source primary
storage apparatus; and

take over the first identifier from the virtual volume to
the primary volume of the destination primary storage
apparatus, after completion of a copy of data stored in
the primary volume of the source primary storage
apparatus into both the primary volume of the desti-
nation primary storage apparatus and the secondary
volume of the destination secondary storage appara-
tus, and

wherein, when the destination primary storage apparatus

of'the destination storage system receives a write request

from the host computer after taking over the first iden-

tifier from the virtual volume to the primary volume of

the destination primary storage apparatus, the destina-

tion primary storage apparatus of the destination storage

system is configured to:

write data related to the write request to the primary
volume of the destination primary storage apparatus;
and

copy the data between the primary volume provided by
the destination primary storage apparatus and the sec-
ondary volume provided by the destination secondary
storage apparatus which comprise the destination
remote copy configuration.

2. A storage system coupled to a host computer for migrat-
ing a source remote copy configuration in a source storage
system to a destination storage system as a destination remote
copy configuration, the storage system comprising:

the source storage system including the source remote

copy configuration comprised of a primary volume pro-
vided by a source primary storage apparatus and a sec-
ondary volume provided by a source secondary storage
apparatus; and

the destination storage system, coupled to the source stor-

age system, including a primary volume provided by a

destination primary storage apparatus and a secondary

volume provided by a destination secondary storage

apparatus so that the primary volume of the destination

primary storage apparatus and the secondary volume of

the destination secondary storage apparatus are able to

configure the destination remote copy configuration,

wherein the destination primary storage apparatus is con-

figured to:

define a virtual volume which is mapped to the primary
volume provided by the source primary storage appa-
ratus for storing data in the primary volume provided
by the source primary storage apparatus;

take over a first identifier of the primary volume of the
source primary storage apparatus to the virtual vol-
ume, the first identifier provided for the host computer
as an identifier of the virtual volume; and

transfer, when the destination primary storage apparatus
receives an access request to the virtual volume from
the host computer, the access request to the source
primary storage apparatus for accessing data in the
primary volume provided by the source primary stor-
age apparatus,

wherein the destination secondary storage apparatus is

configured to take over a second identifier of the second-
ary volume of'the source secondary storage apparatus, to
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the secondary volume of the destination secondary stor-

age apparatus as an identifier of the secondary volume of

the destination secondary storage apparatus,

wherein the destination primary storage apparatus of the

destination storage system and the destination second-

ary storage apparatus of the destination storage system

are configured to:

form a remote copy pair between the virtual volume
associated with the first identifier and the secondary
volume associated with the second identifier; and

copy data in the primary volume of the source primary
storage apparatus to the secondary volume of the des-
tination secondary storage apparatus, the primary vol-
ume of the destination primary apparatus being a stor-
age area of the virtual volume;

wherein the destination primary storage apparatus is con-

figured to:

form a volume migration pair between the primary vol-
ume of the destination primary storage apparatus and
the virtual volume associated with the first identifier;
and

migrate data stored in the primary volume of the source
primary storage apparatus into the primary volume of
the destination primary storage apparatus, the pri-
mary volume of the destination secondary storage
apparatus being a storage area of the virtual volume,
wherein, after completion of the copy of data stored in the
primary volume of the source primary storage apparatus
to the primary volume of the destination primary storage
apparatus and completion of the migration of data stored
in the primary volume of the source primary storage
apparatus to the secondary volume of the destination
secondary storage apparatus, the destination primary
storage apparatus is configured to:
take over the first identifier from the virtual volume to
the primary volume of the destination primary storage
apparatus; and
provide the destination remote copy configuration
between the primary volume of the destination pri-
mary storage apparatus and the secondary volume of
the destination secondary storage apparatus, and
wherein, when the destination primary storage apparatus
of'the destination storage system receives a write request
from the host computer, the destination primary storage
apparatus is configured to:
write data related to the write request to the primary
volume of the destination primary storage apparatus;
and
copy the data between the primary volume provided by
the destination primary storage apparatus and the sec-
ondary volume provided by the destination secondary
storage apparatus which comprise the destination
remote copy configuration.
3. The storage system according to claim 2,
wherein, when a write request is transferred from the des-
tination primary storage apparatus before completion of
acopy of data stored in the primary volume of the source
primary storage apparatus into the primary volume of
the destination primary storage apparatus, the source
primary storage apparatus is configured to:
store the data related to the write request in the primary
volume of the source primary storage apparatus; and
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copy the data related to the write request to the second-
ary volume of the source secondary storage apparatus
for keeping the remote copy configuration at the
source storage system.
4. The storage system according to claim 2,
wherein the destination primary storage apparatus is con-
figured to execute a remote copy function for copying
data from the virtual volume to the secondary volume of
the destination secondary storage apparatus and a data
migration function,
wherein the data migration function is configured to:
migrate data between the virtual volume and the primary
volume of the destination primary storage apparatus;
and
take over the first identifier from the virtual volume to
the primary volume of the destination primary storage
apparatus after completion of the data migration, and
wherein the data migration function is configured to wait
until completion of an initial copy executed by the
remote copy function before taking over the first identi-
fier even if the data migration is completed.
5. The storage system according to claim 2,
wherein the source remote copy configuration is and the
destination remote copy configuration is either a syn-
chronous remote copy configuration or an asynchronous
remote copy configuration.
6. The storage system according to claim 2,
wherein the destination primary storage apparatus further
comprises a plurality of storage devices which configure
a storage area of the primary volume of the destination
primary storage apparatus, and
wherein, when the destination primary storage apparatus
receives a write request to the primary volume of the
destination primary storage apparatus, the destination
primary storage apparatus is configured to store data
related to the write request in the plurality of storage
devices.
7. The storage system according to claim 2,
wherein the virtual volume has a third identifier as a real
identifier of the virtual volume,
wherein the destination primary storage apparatus is con-
figured to take over the first identifier from the primary
volume of the source primary storage apparatus to the
virtual volume by associating the first identifier with the
third identifier,
wherein the secondary volume of the destination second-
ary storage apparatus has a fifth identifier as a real iden-
tifier of the secondary volume of the destination second-
ary storage apparatus,
wherein the destination secondary storage apparatus is
configured to take over the second identifier from the
secondary volume of the source primary storage appa-
ratus to the secondary volume of the destination second-
ary storage apparatus by associating the second identi-
fier with the fifth identifier.
8. The storage system according to claim 7,
wherein the primary volume of the destination primary
storage apparatus has a fourth identifier as a real identi-
fier of the primary volume of the destination primary
storage apparatus,
wherein, after the completion of the copy of data stored in
the primary volume of the source primary storage appa-
ratus into the primary volume of the destination primary
storage apparatus and the completion of the migration of
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data stored in the primary volume of the source primary

storage apparatus into the secondary volume of the des-

tination secondary storage apparatus, the destination

primary storage apparatus is configured to:

swap the third identifier for the fourth identifier so that
the identifier of the virtual volume changes to the
fourth identifier and the identifier of the primary vol-
ume of the destination primary storage apparatus
changes to the third identifier which is associated with
the first identifier; and

provide the host computer with the primary volume of
the destination primary storage apparatus as a volume
having the first identifier.

9. The storage system according to claim 2,
wherein, when the destination storage system receives an

INQUIRY command from the host, the destination stor-

age system is configured to respond to the INQUIRY

command with not a real identifier of a volume which

takes over the first identifier but the first identifier as an

identifier of the volume.

10. The storage system according to claim 9, the storage
system further comprising a management terminal,

wherein, when the destination primary storage apparatus
receives a command for instructing pair creation speci-
fying the first identifier and the second identifier from
the management terminal, the primary storage apparatus
is configured to:

configure remote a copy pair in the destination storage
system between a volume having the third identifier
associated with the first identifier and a volume hav-
ing the fifth identifier associated with the second iden-
tifier.

11. A remote copy configuration migration method for
migrating a source remote copy configuration in a source
storage system to a destination storage system as a destination
remote copy configuration, the remote copy configuration
migration method comprising:

defining a virtual volume which is mapped to a primary

volume provided by the source storage system for stor-
ing data in the primary volume of the source storage
system,

taking over a first identifier of the primary volume of the

source storage system to the virtual volume, the first
identifier provided for a host computer as an identifier of
the virtual volume;
transferring, when the source storage system receives an
access request to the virtual volume from the host com-
puter, the access request to the source storage system for
accessing data in the primary volume of the source stor-
age system,
taking over a second identifier of the secondary volume of
the source storage system, to the secondary volume of
the destination storage system as an identifier of the
secondary volume of the destination storage system;

forming a remote copy pair between the virtual volume
associated with the first identifier and the secondary
volume associated with the second identifier;

copying data in the primary volume of the source storage

system to the secondary volume of the destination stor-
age system, the primary volume of the destination pri-
mary apparatus being a storage area of the virtual vol-
ume;
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configuring a volume migration pair between the primary
volume of the destination storage system and the virtual
volume associated with the first identifier; and

migrating data stored in the primary volume of the source
storage system into the primary volume of the destina-
tion storage system, the primary volume of the destina-
tion storage system being a storage area of the virtual
volume,
wherein, after both completion of the copy of data stored in
the primary volume of the source storage system to the
primary volume of the destination storage system and
completion of the migration of data stored in the primary
volume of the source storage system to the secondary
volume of the destination storage system, the remote
copy configuration migration method further comprises:
taking over the first identifier from the virtual volume to
the primary volume of the destination storage system;
and
forming the destination remote copy configuration
between the primary volume of the destination stor-
age system and the secondary volume of the destina-
tion storage system, and
wherein, when the destination storage system receives a
write request from the host computer, the remote copy
configuration migration method further comprises:
writing data related to the write request to the primary
volume of the destination storage system; and
copying the data between the primary volume of the
destination storage system and the secondary volume
of the secondary storage system which comprise the
destination remote copy configuration.
12. The remote copy configuration migration method
according to claim 11,
wherein, when a write request is transferred from the des-
tination primary storage apparatus before completion of
acopy of data stored in the primary volume ofthe source
primary storage apparatus into the primary volume of
the destination primary storage apparatus, the remote
copy configuration migration method further comprises:
storing the data related to the write request in the primary
volume of the source storage system; and
copying the data related to the write request to the sec-
ondary volume of the source storage system for keep-
ing the remote copy configuration at the source stor-
age system.
13. The remote copy configuration migration method
according to claim 11, further comprising:
executing a remote copy function for copying data from the
virtual volume to the secondary volume of the destina-
tion secondary storage apparatus; and
executing a data migration function for migrating data
between the virtual volume and the primary volume of
the destination primary storage apparatus and taking
over the first identifier from the virtual volume to the
primary volume of the destination storage system after
completion of the data migration,
wherein the data migration function further comprises
waiting until completion of an initial copy executed by
the remote copy function before taking over the first
identifier even if the data migration is completed.
14. The remote copy configuration migration method
according to claim 11,
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wherein the source remote copy configuration is and the
destination remote copy configuration is either a syn-
chronous remote copy configuration or an asynchronous
remote copy configuration.
15. The remote copy configuration migration method
according to claim 11,
wherein the destination storage system further comprises a
plurality of storage devices which configure a storage
area of the primary volume of the destination storage
system, and
wherein the remote copy configuration migration method
further comprises:
storing, when the destination storage system receives a
write request to the primary volume of the destination
storage system, data related to the write request in the
plurality of storage devices.
16. The remote copy configuration migration method
according to claim 11,
wherein the virtual volume has a third identifier as a real
identifier of the virtual volume and the secondary vol-
ume of the destination storage system has a fifth identi-
fier as a real identifier of the secondary volume of the
destination storage system,
wherein the remote copy configuration migration method
further comprises:
taking over the first identifier from the primary volume
of the source storage system to the virtual volume by
associating the first identifier with the third identifier;
and
taking over the second identifier from the secondary
volume of the source storage system to the secondary
volume of the destination storage system by associat-
ing the second identifier with the fifth identifier.
17. The remote copy configuration migration method
according to claim 16,
wherein the primary volume of the destination storage
system has a fourth identifier as a real identifier of the
primary volume of the destination storage system,
wherein the remote copy configuration migration method
further comprises:

swapping, after the completion ofthe copy of data stored
in the primary volume of the source storage system
into the primary volume of the destination storage
system and the completion of the migration of data
stored in the primary volume of the source storage
system into the secondary volume of the destination
storage system, the third identifier for the fourth iden-
tifier so that the identifier of the virtual volume
changes to the fourth identifier and the identifier of the
primary volume of the destination storage system
changes to the third identifier which is associated with
the first identifier; and

providing the host computer with the primary volume of
the destination storage system as a volume having the
first identifier.
18. The remote copy configuration migration method
according to claim 11, further comprising:
responding, when the destination storage system receives
an INQUIRY command from the host, to the INQUIRY
command with not a real identifier of a volume which
takes over first identifier but the first identifier as an
identifier of the volume.
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19. The remote copy configuration migration method
according to claim 18, the storage system further comprising
a management terminal,

wherein the remote copy configuration migration method

further comprises:

when the destination storage system receives a com-
mand for instructing pair creation specifying the first
identifier and the second identifier from the manage-
ment terminal, configuring a remote copy pair in the
destination storage system between a volume having
the third identifier associated with the first identifier
and a volume having the fifth identifier associated
with the second identifier.

20. A destination storage system coupled to a host com-
puter for migrating a source remote copy configuration in a
source storage system to a destination storage system as a
destination remote copy configuration, the storage system
comprising:

the source storage system including the source remote

copy configuration comprised of a primary volume pro-
vided by a source primary storage apparatus and a sec-
ondary volume provided by a source secondary storage
apparatus; and

the destination storage system, coupled to the source stor-

age system, including a primary volume provided by a
destination primary storage apparatus and a secondary
volume provided by a destination secondary storage
apparatus so that the primary volume of the destination
primary storage apparatus and the secondary volume of
the destination secondary storage apparatus are able to
configure the destination remote copy configuration,
wherein the destination primary storage apparatus is con-
figured to:
define a virtual volume which is mapped to the primary
volume provided by the source primary storage appa-
ratus for storing data in the primary volume provided
by the source primary storage apparatus;
take over a first identifier of the primary volume of the
source primary storage apparatus to the virtual vol-
ume, the first identifier provided for the host computer
as an identifier of the virtual volume; and

transfer, when the destination primary storage apparatus
receives an access request to the virtual volume from
the host computer, the access request to the source
primary storage apparatus for accessing data in the
primary volume provided by the source primary stor-
age apparatus,

wherein the destination secondary storage apparatus is

configured to take over a second identifier of the second-

ary volume of'the source secondary storage apparatus, to

the secondary volume of the destination secondary stor-

age apparatus as an identifier of the secondary volume of

the destination secondary storage apparatus,

wherein the destination primary storage apparatus of the

destination storage system and the destination second-

ary storage apparatus of the destination storage system

are configured to:

form a remote copy pair between the virtual volume
associated with the first identifier and the secondary
volume associated with the second identifier; and

copy data in the primary volume of the source primary
storage apparatus to the secondary volume of the des-
tination secondary storage apparatus, the primary vol-
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ume of the destination primary apparatus being a stor-
age area of the virtual volume;
wherein the destination primary storage apparatus is con-
figured to:
configure a volume migration pair between the primary
volume of the destination primary storage apparatus
and the virtual volume associated with the first iden-
tifier; and
migrate data stored in the primary volume of the source
primary storage apparatus into the primary volume of
the destination primary storage apparatus, the pri-
mary volume of the destination secondary storage
apparatus being a storage area of the virtual volume,
wherein, after completion of the copy of data stored in the
primary volume of the source primary storage apparatus
to the primary volume of the destination primary storage
apparatus and completion of the migration of data stored
in the primary volume of the source primary storage
apparatus to the secondary volume of the destination
secondary storage apparatus, the destination primary
storage apparatus is configured to:
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take over the first identifier from the virtual volume to
the primary volume of the destination primary storage
apparatus; and

form the destination remote copy configuration between
the primary volume of the destination primary storage
apparatus and the secondary volume of the destina-
tion secondary storage apparatus, and
wherein, when the destination primary storage apparatus
of'the destination storage system receives a write request
from the host computer, the destination primary storage
apparatus is configured to:

write data related to the write request to the primary
volume of the destination primary storage apparatus;
and

copy the data between the primary volume provided by
the destination primary storage apparatus and the sec-
ondary volume provided by the destination secondary
storage apparatus which comprise the destination
remote copy configuration.
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