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Al 118 ojA, 7] a2 BFS 1% dolE glolEE FAlste B, 7] Bl EF9 S dHolE =

S Fdste A aga, 7] B BFo25H doly e, A7) AMEE B ZF ulg dolg 2ol

ES F3te dAE Tt A3 BHES ¢ xSt
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EE Fdste oA a8 7] 22 BES AT Y] 28X d HolH golEE ¢Rste ©AE 5]
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249 F84E 7ML Yrh. 2EFA dojglo] YELA (SAN) & vi§ B2 49 dolgrt AlFE wheta

ARl WA o2 Agd Hovt S AFSEE ol7|¥lA (architecture) ©|th. o] 7|&& AWE i3 U

23 o olES HEAI= A 7ol dA(remote) HFE AF Yulo] 25 MW E HEAZ|H, &9 A

A (operating system) © WailA=, vFx] 24 5% (locally attached) ZAAE HoO|EE 3= v oz A
] P

EANNEF Adete H]EC’JELEO A= 4 gA sg. "oy 2Egx 2@ JpE 425 (individual
components) Alol¢] =90l AL (connections) EFol dolA], el gldWA] (redundancy) & *3Hsh
= 3L ol HEHAENANE %._ do|r},
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ol WU E AAsE des thde WHEe] EAgt. oE W, EFHA7Y 1% (a flashcopy
function) ¥ #& 76 %EVV} o= AFelA (EJE-QI-EFD), HolH HAl E&¢] 7HE (point-
in-time, full volume copies of data) & & F Q== 3n, 2 7H95L SHtE 2= 52 gholE A
(read or write access) = 9slA o] & 7}ssltt. ZA|I7d] = A7 E|o] = Abo] Ml (backup) 7HES AA
st A A o]& 7Hee B WY EE (standard backup tools) T 3 AFEE = k. FAIFHY 7T
a2 BFEY JHE B Bl AT ol JtulE, dEdh uiel o],

& X E-QI-E}Y 7}
(point-in-time copy) B+ F-&t}. ZYA|7FY F2to] JHAIEW (initiated), A2 EF3 2l BF Alolo
Al

=4
AT B BET 42 BF Alolel R (napping) olth. o] WAL s B

7} AAdAc, o] @ 2 o] 23l
E-QI-E}S] 77t #dE Bl BEoR JHHER 3 Frh. o] BEH Alele] dAE FAFH FFe]
ANE W zZRE ~EgA 9 (storage unit) ©] A~ EFY RE HolHE g EFo® 19 w7tA] EA)

ate, 1 9ol o] wAF AEET.

dglolE 7} &8 }Aﬂ% uf, WMazte= ZTEA A (background process) 7} AA BFORRE EdSS
(tracks) B} % 2 Flujgct. Wagtes JHuE gusted ZdEe AFe ggd x
F9-5=d o E E‘?i, 7ho 5= vlolg o] &, A== Wages JhH] ZRAAE] 4, g dA 2

Zo Q= 71EF AEE (activities) Soltf. ZeA7HY 750 H& 8 uf 7tuE dHolg 7l AA= éz}@,gi

JhaE des XN A2 BH AFY 2= dolg (old data) «] oW FOlE (overwrite) & 71X o= U]
E7} doju}r] HAele 7i9E Jéfiﬂ At a#}A, A BF A doly WA Ee] e A5, SFyAY
o8 (the original data) 7} E}PZl EF 719 &=H &2 BFA ] SWeto]EVE dojiutr] Ao 7t H),

arg, ZPATHEE g9 2EGA] YrtolxE oA A UEE Y5 (feature)olH, o]& AR =& A
F3tE 2 AM27) dolH e AA = EF9 A9 FA149 Jt9E (nearly instantaneous copies) & 3h=
o] ZhsstA gk, A "aAe] (AR 7F B HaA el el A M ES gE gl golE
M2 (read and write access) EFE A Zvl2 (immediately) ©]§ 7}1s38tt). ZeA 7ty Z2& d=Zz4d
Ho]AE (implementations) ¢ FEF4A EAL A7) 719E W =ste= 52 (the ability to reverse)
oltk. thAl H3tH, EHAFY] W] A rjxIe B2l vl~T9 ZA'”IZ (contents) § 7HAIL EEHOIE
(populate)dt= Blo|th. Eg AxAlol=g dEgde o] dEdA ZFYAIFHIE AHgste AL 7Hsgtd], o
Bl Y23 ysel F7F] (further) ZAIZME 98] &2 t2art =y 52 2 gy gl

271 227 AzAelEd 2EYA BEEN A Vs ES wAA @7 s 1AF B 2k fdlzy
A7 (fdisks) & Aefst= deoly 7325 Algsts Aol wigrzsit}. dzvxas Iz ddd 2EgA &
HS Aot AzAel= oA A7 7leEe] st WS (the up and down directions)S g olah=
I WMEd HIE AFsteE M (index) S ¥83+= =84 FEXJE (a logical component) ©Jt}. Z#A|
749 750l Az EEI B BEItl AAE W, 1A} dEgzaSoe] B faaE flE ol EAjske A
57t 0}” g, 1A} o ZhxAge] 4 2EYA %%3 sl BAEH=E, vl 13 dZeaase] ofn At
© A9le B 2E5S ddl SAske o dlEdzas 23 dEgsaar wskea AjRE 14 o227t
*g/ﬂﬂ‘:} IETjzage] gate] Aojd dlolE FxE AbRehe Ao AL 7IEe] v AzAel=s

of & 2EfR EFEd dig 10 f= 2 fGolE ANAE (the 10 read and write accesses) S BFAA &

71 98 H8lA 2l AzAel= o FEsk YXZ dHoly 2]|=%E (data reads) S HU7] (direct) 93|
A oz 237k AHEE & dvke Aol

ZHUATH A=Al =9 A= FolF FHolE FAS 98] 2% = F9 $2E (clean operations) 2 &
Agat7] YA BALAE 3)E =L (concurrent restore operations)d & AgHetE Aol @ HtiE A
ojt}, dF 0], AoBoCoD FHAIFIY A=Al = (714 A, B, C 283 D= e W9 tx=TEo|a 3}
ARES ZUA7HE fWEe, (AB)E tx= Aoﬂl\ﬂ t2z3 BRol EYAFHY msdS YER A, 4] Al
2Alel=3= (A, B), (B, O) 28]aL (C, D)o WES 2zttt Hz=asd EHA7H 7I5E9 olgfg sz=Aol
oA, tz=a Aol tiE ol Ex vl Bl i %ﬁ ZlolE (split write) & 7}FH %1, o= tyA~= B
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ol 1 o)W x| (the image) & #XA317] Y&l &7HH :’-E]ﬁ )AL Y2aE B 2 ¢ ¢ Y=E (clean
reads) ¥ U2 C th&o 2+ tyd Dol S3 Zo]EE (clean writes) = 7FA-2t}. o]d QP—E TN 2=A o]
= o & (top) "= g sto (single) =& iEE]Z] EHE oA o Yot AzAlols offm
(further the down the cascade) Wi7f%< &% 2% (in a large number of clean operations) & 7}4&
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2 ool gdlof  FA18 (unbounded) o ZAIFHE FE TAES JhsshA sk, wEE AT W
(buffered flashcopy maps) & A|F3sl= Aol 7Fesitt. & dweo] A|~gla) W Zga =
A7 =] dE e oldEodA A (restriction) & AASIE AAE 7Issith. A=A =EY FaVlE

o] dZedEeld sl M= shte] golEx Aaol=
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¥ g debea O 29 BA4ES $4AsEd,
oA 7] A=A =9 & (top) A LA 2le]E T2 (the original write action) ¢ $8E& =&
Aot (slov dom). & W& H3ld FAAANY AdE =Aa. D) waR, SR B0 o
2F

S Zte= 9 E @4 9 (another active map) 2 A2~ AollA] A]#E u] (started), M2 &3+ &&%
(space efficient) ZAIZIE 7} AGE L A==, oA S 5450 A=Al dA=Z gt
(spreading) < "X 3c},

of W=, B EFol olv V&S] 24 ZUAITH o] 2 BF], ZUATHE e Al dAel of
o] (extra) @AE F7Feeh. o] @Al= AZE = EdA7H] fe) B, X, 7F 24 FdA §, 1,9 &a91A],
71 18 B, Y, 7F 23F dlZyaaE 2o Qe AE ZEekal, vkl 2 go] a”neld (if so), X2
B AlZE a3 284 BoluXa (vdisk) X' 2 By ZYAI7HE ks Aol

%9 oo} B U AR FAAY o E AHEA, (B, O) 7l AlFE di=, AEANEE Be
| (resulting in), L o]+ AZH= W g7, (= ¥ CeoD o 47 o|x|%t D= 2
S 2R Eel] wtelth. olAl, (A, B) 7} A1FE W= ¥3 ZYA7HY 75 (B, B') o] AAEIL, A
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27) Wl o] Alz& w5 LAt
EERRECIE - D )
29 goles Aqen. Zo

Zhel=d, 2 o]+ Bl B7F B—C o dF-#olal C& 24 BF
7l EAClE AoB, BoB'eC 18]i CoD & g3t o
Zlo]E (a new write to disk A) =+ tlxF B £¥ =
A7 2ot opyE]l AT %, shuhe] EolEs
B') & A &% RE=o] (in a permanent cleaning mode) YA = ZHo]
T dlolHE Wagtee oA 249 Folge S njgtt

P& Aoltk. W (B,

Kol
=
AL U235 B 2 (e ®

71 M3 FYA7HY] P2 A= P A—B 12|11 BeC 18]l CoD 9 E47]7F (the lifetime) &4 EA
g Aolth. wkek, A-B Z2 (oD 7F FUEHAY SEHUH § BoB' & AaAERZRE A4S S A
Agtth, wkeF, BoC 7F SHHAY gduEHWA § BeB'E SA sHdE F »13} )AL MEANEES FASHE
o Ze3t F9U2e (cleaning) ©] A& ZEH (interlocked) HAAlo]=9] =ok= T3t (independent) <
oujgitt, E8 AME BtEd AaAcs & HH ZHATM e 5 F0 ] Aete] A7) ofoltol & g
sto] F71ER1 29 golEE (7] delA Zled A oldeR) & FIste AL Jhesith. o3 AW 1
H3l & Jde Abde|tt

g o] AA] ogeo] o]stellA HEE EHES FEdte], d2A, 7]sd,

T 2% 7MY A =Alel =9 JEFEo|ty,

Wy A7 Hek FAF g

T 12 2By HEEY (8) I F MY 2EYA tx=3E (10) 7 (12) & ol&ste AT MdS
LAIgY. H23E (10) # (12) & "2asd £ o 2 odole dFiEs 4T ¢ 1, 48w 7Y
2EYA £F49 dREES AT = v g2=3E (10) & (12) &, 95 B9, 4940 Ix el Es #4
H 2EYR £F4] dFEe]l € & At 7 o= o (at any tlme) Boltyx= 1 (vdiskl) & 7 Fd_i
WS whEofof g 22 Y=z (10) (Bojrfx

W, ZFYAIFHE FHe] 2EYA BEF UEED (8) 24H
a ) I A7 EEAIFEE S B B Y223 (12) (BHojgxa 2) 2 HUAE —’F
o~ U223 (10) €1 EA Holt]~= (the specific vdisk) & o]mx|e] FNE

&= 19 dlel A, Al 16 ZHATE] WHEe] A vaa (10) 2 Boluia 1o]al B "2 (12) = Boly
22 20|, 7] EFAATH] MR, a2 Haa (10) oM Bl "HaA (12)2 § (14)E Adsks, 94
7h ZaAAE AAEY. o] fe =ReAM f (1) 2 ehdEd. o] 54 ¥RIE <l B9 (this specific
point in time) ol Bolyxz 19] oJux|i= oA Holtjiz 24dA o] 7hedstAl drt. o] AL ‘ﬂ‘ﬂﬂi

KX
pu
KX
pu

3 1% dlolH e Mde A, T, AFE (tests) ¥ 7]e} #2]FAE (administration tasks) & HOJ
b3 19 dlo]gef #aliA Aadste AL, 28A4 dolE A Ful $1¥ (attendant danger) §1 ], 7V
SHAl sh=dl, ole LAY dHolE7F LAY A taFAddd HER Q17| wEolt).

%T’/H"]ﬂﬂﬂ TrEol A wf, 232, ¥ (14) o 9siA AHejH ulel o], F ti23E (10) 2 (12) Abeld
A5 A, diolH, ofle Frle 218 2yer, WMoz y JtuE 4 Qlul. F Holtad 2
(EPJJ t23 (12) 2A) o9 BE A (any access) < 77 Bolgx3a 19 #AREE] o|w|x|7} 7}451
LZ gbe, mek A7) "3 (10) o 9 AGE oluHe] WAS MY & ¢ F Holtzd 109 B
A (any access) &, W7ol dojupr] e, 24 WAHA 252 (unaltered) dlo|H7} B}l =3 (12)01]

111

rO mlo
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7R E =S vk, olgg Wem, HE HolHrt 4] Vled e oldelA =udoz JhuHARE, Hel
Uz 2=, 95 ARgAbel diste], Bojyis 19 ZR1E <l

ZdAI7H 7158 B 2 2EA BES =3 3R] (further) EHAI7HY] 769 &2 BFo] & &

Jow, wEA AEHA E=F ° T Y. & 2 v 2ELA =FE (10), (12),

(16) 183 (18)9] AM2AE dF HolFa gor, oASL ztzte] ZHPA7LE WE (14)

oAzl q (14) = &2 285004 B 2FoRe] SHA7H] Vse Aot Hia Be
D+

mln
£ o
)
>4
3t
o
o,
2,
o M

o
1
=
o,
=

AS ATk, t=a G v&a BY WS Ast 28a vaa tz= Cof MgE Aled. ve
A BEES ddske FAAA 1SE (1) & B ARSI AREAS FE e, ol 2zt
sEeA BEE o8 4G AT ne EAE-A-ve A9E BPEh

AoBoCeoD o ZHjA7H] Aol =M (e7]4 A, B, C ZLE]al D=, &= 20 =A% whel o], 7] 7|27

ol o] faaseli, A7 sHEES ZHAIIY fiEolw, mEkA (A, B) & T]&A ARRE v2d BRE
of A7t WEE mAIETH, A7) AxA=EE WE (A, B), (B, O) ¥ (C, DE ZErh. ol#d A
ol=9] Fr|Eel dZRE o] AAA, T2 A EHJ e AN Z$ dolg ZolE (any new data write) i=,
77ke] ZA7H 7)1 ehe, Blaa Boll Uidh ~AZEE #olE (a split write) & 7FAS 4 &, ol 4
223 Bl ol A= A5y Y&l 2g-¥h. vl Boll tidk o] #o]¥ (this writing to disk B) & A=
5 B % (Y ZF9 H=E (clean reads) ¥ txz Coll W3t ko] E t}2o] vz Do High &9 glo]EE
(clean writes) = F7F2 (further) 7} & Aolt}. o]d Wlox =, 47] AMx=A= U Al 19 2EEA
EF (10) o gk st 2olE (a single write) & 7] &A= WAl Ax ot Sd 4ES

292 5 At

ageR, age Y e EHATHE AxACl= dAlE Folxl gelE w2E 3 2+ 249 5%
£ (clean operations) 9 & #l|gsl7] 984 AAHE g]xEo] F4%E (concurrent restore operatlons)
o] & Algtste 3ol Hasitk= Aolth. vz Aol tigh glolEES 2ETA] EF Aol o AdE = A
9] A4} 4230 (the normal running of the service) ©]E=&, o] go]EEo| 7153l 3 A& daF e
e Akl B Fasith. & 29 A=A, vl Adl BlolExs, Aedh uiel o], BE F&HA

= 9 Zo]EE (all of the dependent read and writes) ©] ¥85E w7lx|= 4859 4 gl&=d, 1 o]F
wkeE o] T A A FoF o] Aolgt: AysithH | A EWAA (the whole transaction) ©] W Eojof

o e

A

:l:‘
e

ol
o

Al (the problem of the delay) & 7
SAE BoFEn. 2EgA £ AEEY (8) & B &Fo] ofH

o] & BEQ ZYAIM 9] AlF (the start) o o2 @A (an extra step) & F7}gt}. o
A BFo adgoz (effectively) 29 (query) & 3o 7] €
1A, 2L A7) &4 Wl Bl EF] 23 dEZysaE vk
Qrotr i, whel Zejsittd, A7) 2EeA 2§ AEEHE A7 LgAE A7 9] g
+ TEEA Boltzdr Wy AT E *g*éd Aolty. 2x} (secondary) +
AT, o]EL ddEZu~aER 3t
A8l AFE= ol Aotk AL HE FAES 9

ojt}, 2xF XU A oMAES AlFSY] FEl e Bolgxaase AFE (held) ©lolH

Holt2 Adl %7] gho]EE ¢kmdt=d oA AA9

et
o,

o O

2
T oJzorlrowg —

K
20 o o X

mkﬂi
ol
(o
it

o

dedt =29 dF 4y »d, (B, O) 7} A& i, o ds AAxAel=5 BoC 8 CoD 7} *@HE}% o,
M2 7 (the new scheme) oM, A1Zs= 7] el B, C= 9 CoD o AF-Eo)At D= o] &
A (at this point) 22 &F& 2ol A &7] witel A= vk, 22u, (A, B) 7F Al#kE o
Al74 715 (B, B') o] A=l T o= B B B—Ce] o] olal (= 24k EF S

&
2 ok (m
Ml o8 2 N
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ojtt. o] AZE HF ZHA 7Y VoS, MEE 2EYA EF (20) & AHEstY], AoB, BeB'«C 183 C

DE Egste= AzACl=E AAAST. Ak o]Ao] AAEL vW, taF Ao tigh 2lo]EE t]~a B Ed
gE=9t t=a B o] gk F¥ folEE VP2t FHAIIN ag2vt obE] AAHEtE, el 2RolE (a
single write) & 3shve S8 & A o ( A F¥ 2o (in a permanent cleaning
mode) A 2 Aol oA =3 B = dolE= wagtedAa Sdd AYS 9

i

Hy Z#Azl] W B, B ) = FoJ= W A-B E BoC 2 CoDQ #£47]7F (the lifetime) B9F EAE Aol
T}, Wk A-B 2o (oD7F FHEAY a9 BoB'E A7) AaAoERRE S FEa A A s}
°F Bo(7t THE AV 4EEHW § BoB'® SA] FvhE *’F ATk oA 7] A=A =E FASH] AsiA
3 F32q] (the cleaning) & A2 @EY F|2A =52 4= (the number of interlocked cascades) <}
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