WO 02/ 37255 PCT/ EP01/11058 - 1 SYSTEM AND METHOD TO COCRDI NATE DATA
STORAGE DEVI CE MANAGEMENT OPERATI ONS | N A DATA STORAGE SUBSYSTEM FI ELD OF
THE | NVENNO @B7BR® i nvention relates to data storage syst ePET/EROIIE0SS
particularly, the invention pertains to coordinating the execution of one
or nore data nmanagenent operations on a data storage sub-systemin a
manner that provides for concurrently_ executing data nanagenent
oper ati ons. BACKGROUND OF THE INVENTIéN'Existing data storage managenent
operations include independent operations that operate on user data and/or
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metadata. Such data storage device array control operations
include, for example: (a) data consistency checks to detect
and in some cases correct parity data inconsistencies; (Db)
array managed backup strategies; c logical drive rebuilds of
redundancy in volume sets with failed member disks; (d) volume
set initialization operations; (e) hierarchical storage
management operations; (£f) virtual storage automatic resource
allocator operations; (g) methods of reporting when thresholds
for system resource utilization have been met or exceeded, and
the like. A volume set is a disk array object that most
closely resembles a single logical disk when viewed by the
operating environment in host computer. These operations are
typically independently executed in a serial fashion by a
system administrator as either foreground processes or as
background processes. Procedures for performing such data
management operations are known in the art of data storage
system administration.

Such independently executing disk array control
operations compete for processor and data storage device
resources. For example, known data storage device data
consistency check operations independently scan volume set
media surfaces including all data and parity sectors
associated with a given strip of data in a volume set, and
typically perform operations on all data bytes in those



WO 02/ 37255 PCT/ EP01/11058 2 sectors to determine if parity stored for
that stripe is consistent with the host data stored in the stripe.

Li kewi sewOokngmess array nmanaged backup operations al so i nde@OBPREEtID8 scan
vol une set nedia surfaces including all data and parity sectors contai ned
in the volune set and performcertain operations on the data. These prior
art techniques are typically limted in that if the data consistency check
operation and the array backup operdt?bﬁ'are concurrently executed,
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unique operations on data, these known independent methods are
much too inefficient from both a time and system resource
pefépective. Often, known independently scheduled operations
require more time to complete than there are hours in a day.
What is needed is a system and method for coordinating the
execution of disk array control operations, such that the
amount of time that is required to execute the operations is

substantially reduced.

SUMMARY

The invention provides coordinated management of data
management operations to substantially reduce the time and
system resources required for data management operations that
is not possible in the prior art. This is accomplished by
implementing a comprehensive task director (CTD) ﬁéthodology
to conditionally perform such control operations based on
requirements of concurrently executing data management
operations.

One aspect of the invention is a method implemented in a
data storage subsystem that is managed by a set of data
management operations. The method coordinates the execution of
the data management operations by first concurrently
executing, by a task director, a first data management



executing, by a task director, a first data managenent WD 02/ 37255

PCT/ EPO1/ 11058 3 operation and a second data nmanagenent operation. The
first opeoarsnssincludes a first set of tasks and the seRORI#EPOIgpessat i on

i ncludes a second set of tasks. Next, the nethod controls the execution or
t he non-execution of each task of the first and second sets of tasks based
on a set of predetermned rules. In yet another aspect, the invention is a
data storage system providing coor di mated managenent of data managenent
operations. The systemincludes one or nore data storage devices connected
to a mana devic The mana ncl udes,_ a ne orin
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second operation. The first operation including a first set of
tasks and the second operation including a second set of
tasks.

The managing device also includes a processor for
fetching the data from the memory and executing the task
director. First, the task director concurrently executes the
first operation énd the second operation. The first operation
includes a first set of tasks and the second operation
includes a second set of tasks. Next, the task director
controls the execution or the non-execution of each task of
the first and second sets of tasks based on a set of
predetermined rules.

In yet another aspect, the invention is a managing device
to coordinate data management operations in a data storage
subsystem. The management device includes, one or more
communication ports to couple to one or more data storage
devices, and a memory to store data and a task director to
perform one or more data management operations. The data
management operations include a first operation and a second
operation. The first operation includes a first set of tasks
and the second operation includes a second set of tasks.

The managing device also includes a processor for
fetching the data in the memory and executing the task
director, which in turn concurrently executes the first



The managi ng device al so includes a processor for fetching the data in the
menory and executing the task director, which in turn concurrently

execut es wde2/8i26st WO 02/ 37255 PCT/ EPO1/ 11058 4 oper at i p@T/&Ral/t1b$8 second
operation. Next, the nanaging device controls the execution of the first
and second operation based on a predeterm ned set of rules. BRIEF

DESCRI PTION OF THE DRAWNGS FIG 1 is a block diagramthat illustrates a
system for coordinating data nanagenént operations, according to one
enbodi nent of the invention; FIG 2 is a bl ock diagramthat illustrates an
exenpl ar dISk y,..contr r_ enor ) or ordln ting da nagenent
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FIG 4 1s arﬁllr%wc arl?i%?ggsr’ea?na‘tgﬁ t‘gjl'(f?'ustrat es an exenplary procedure to
coordi nat e data nanagenent operations, according to one enbodi nents
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exemplary procedure to coordinate data management operations,

according to one embodiments invention; and,
FIG. 4 is a flowchart diagram that illustrates an
exemplary procedure to coordinate data management operations,

according to one embodiments invention.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

The invention provides coordinated management of
concurrently executing data management operations in a data
storage subsystem by implementing a comprehensive task
director (CTD) to direct the execution of the management
operations, such that the time and system resources utilized
are substantially reduced as compared to prior art data
management methodologies. Before discussing the methodology of
the invention, aspects of an exemplary system and an apparatus
of the invention are first described.

Referring to FIG. 1, there is a block diagram that
illustrates aspects of a Redundant Array of Independent Disks
(RAID) data storage system 100, according to one embodiment of
the invention. RAID uses several magnetic or optical desks,
known as a disk array, working together to increase this
capacity, improve data transfer rates and provide higher
system reliability. Techniques for implementing a RAID without

the conventions of the invention described below, are known in



systemreliability. Techniques for inplementing a RAID without the
conventions of the invention described below, are known in WO 02/ 37255
PCT/ EPO1MQO05825% the art. System 100 incl udes conputer ROPEp@rresst ed
across 1/O interface 104 to controller 106. Conmputer 102 is any type of
conput er having a processor couple to a nmenory (not shown) for fetching
data and executing conputer programinstructions (not shown) stored in the
menory. Such conputer program instructions are used to performdata I/0O
operations with respect to one or nore disk drives 122-1 through 112-N.
/O interface 104 can be any type of I/Ointerface, for exanple, a Snmall
Conmput e ‘%ﬁ?ﬁ%ﬁs Interface (SCSI) I/Ointerface. SCSI 1/0O protocols are
known i n thesysttem G rioid rddecompetalr sk0 arec@ynaoidd adidxesss af /&t ri pi ng
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112-N. For exanple, task director 108 is ™ inplenmented as conputer  program

i nst r udatéhdafdd derhyl i e trioreerl2ds (i Y W & AESP érfent
oper at itQies pReftasfnlat Had i Mg Il bk ilndg Mg hinl I3, ent ML oONtVvastods the

prior %%TD levels are known in the art of configuring RAID data

storage systems. Controller 106 is connected across I/O
interface 110 to disk drives 122-1 through 112-N. I/O
interface 110 can be any type of I/0 interface, for example, a
fibre channel interface or a SCSI inte}face. Disk drives 122-1
through 112~N represent any non-volatile, randomly accessible,
re-writable mass storage device which has the ability of
detecting its own storage failures. Such mass storage
devices may include both rotating magnetic and optical disks
and éolid—state disks, or non-volatile electronic storage
elements, for example, PROMS, EPROMs, and EEPROMS.

Controller 106 includes a processor (not shown) for
fetching data and computer program instructions stored in
memory 107 to perform the I/0 operations discussed above, and
to coordinate data management operations across disk drives
122-1 through 112-N. For example, task director 108 is
implemented as computer program instructions and used by
controller 106 to coordinate data management operations across
disk drives 122-1 through 112-N. In contrast to the prior art,
wherein such operations are typically executed as independent
serial tasks, task director 108 executes such operations in
either a serial or a concurrent (in parallel) manner, such
that the time and amount of system resources required to



wherein such operations are typically executed as independent serial

tasks, task director 108 executes such operations in either a serial or a
concurremo (/s72paaral | el ) manner, such that the tinme and REGDERI/OHS8SYSt em
resources required to WO 02/ 37255 PCT/EP01/11058 6 execute such
operations are substantially reduced as conpared to the prior art. Aspects
of exenplary conputer program instruction nodules of nenory 107 are
described in greater detail bel ow n°r&ference to FIG 2. Al t hough task
director 108 is illustrated as being inplenmented in the nmenmory 107 of
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the ar%&y %%ﬁéaf%éLVIQ?the invention. Memory 107 stores data and
computer program instructions includes computer programming
instructions for task director 108 and a number of data
management operations 202. Such data management operations 202
include, for example, data consistency check operation 202-1,
disk drive backup operation 202-2, drive initialization
operation 202-3, storage management operation 202-4, resource
allocator operation 202-5, and threshold reporter operation’
202-M.

Each data management operation 202 includes one or more
respective tasks. For example, data consistency check 202-1
includes data generation and data comparison tasks.
Additionally, if a system administrator determines a data
inconsistency should be corrected, data consistency check
202-1 also includes a data correction task. In yet another
example, disk drive backup 202-2 includes copying the data in
a volume set to another volume set in the array or to a device
external to the array.

Task director 108 directs either the serial or
concurrent execution of one or more data management operations
202 according to an execution plan. The execution plan
indicates which data management operations 202 are to be
executed by task director 108 and the order and times that



external to the array. Task director 108 directs either the serial or
concurrent execution of one or nore data nmanagenent operations 202
accordi ngvo 02/3msexecuti on plan. The execution plan indi cRCEEPWILGIS dat a
managenent operations 202 are to be executed by task director 108 and the
order and tines that WO 02/ 37255 PCT/EPO1/11058 - 7 they are to be
executed. For exanple, in one enbodlng the execution plan indicates

t hat one data managenent operation 202 “is to be executed concurrently with
one or nore other data nanagenent operations 202. To illustrate this,
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We now describe aspects of an exemplary procedure of task
director 108 in reference to FIG. 3. Referring to FIG. 3,
there is a flow diagram that illustrates aspects of exemplary
task procedure 300 of task director 108, according to one
embodiment invention. This detailed description of procedure
300 assumes that a volume set has already been defined across
disk drives 112-1 through 112-N (see FIG. 1) and that computer
102 is configured to utilize the defined volume set.
Procedures for defining volume sets and configuring computers
to use them are known in the art.
In step 302, procedure 300 executes at least two data

management operations 202 (see FIG. 2). In step 304, procedure
300 determines if there are at least two data management
operations 202 executing concurrently, or in parallel. For
example, if task manager 108 executes a disk drive backup
operation 202-2 and a data consistency check operation 202-1,
such that they are executing at the same time or at
substantially the same time, they are said to be executing
concurrently, or in parallel. It can be appreciated that more
than two data management operations 202 can be concurrently
executed by task director 108. It is also noted that different
operations 202 may consume different periods of time so that



exanple, if task manager 108 executes a disk drive backup operation 202-2
and a data consi stency check operation 202-1, such that they are executing
at the saveorsmss or at substantially the same tinme, theyPEr/@P&lI1058 0 be
executing concurrently, or in parallel. It can be appreciated that nore
than two data management operations 202 can be concurrently executed by
task director 108. It is also noted tQ@t different operations 202 nmay
consune different periods of time so that WO 02/ 37255 PCT/ EPO1/11058 - 8
concurrent tine refers to executlon mnth time overlap between the
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conpet i figat ask Sexédit¢d OsbitEu fr SQEIP NwdeBdl| dompette ef@iptemmorat a
consi stency check_o eratlo 202-1.i ncl udes. a%task t.0 r.ea efgl ctors

(dat a and® Wt Sat |?‘f"%{"% et ErMTR LU r?(fif)eCh?/\(nﬂfh a pre eterm ned
vol ume x&nflfﬁndldﬂSW'dxhsé blac¢kep operation 202-2 are concurrently

executing and each is scheduled to perform one or more
operations on a given volume set (distributed across any two
or more disk drives 112-1 through 112-N, see FIG. 1) withing a
specified same period of time, the two concurrently executing
operations 202 are said to be competing for a common resource.
In this example, they are competing for access to the given
volume set.

If at least two tasks will compete for a common resource
(step 308), in step 310 procedure 300 determines if the
competing tasks will produce a common result. For example,
data consistency check operation 202-1 includes a task to read
all sectors (data and metadata) in a predetermined data stripe
within a predetermined volume set. Similarly, disk drive
backup operation 202-2 includes a task to read all sectors .
(data and metadata) in a predetermined data stripe within a
predetermined volume set. If the predetermined data stripe and
the predetermined volume set are equivalent for both
operations 202, then the result of the respective tasks will
be the same.

If it is determined that the competing tasks will produce
a common result (step 310), in step 312 procedure 300 executes
a single task to produce the common result identified in step
310 without executing each of the tasks identified as



backup operation 202-2 includes a task to read all sectors (data and
nmetadata) in a predeterm ned data stripe wwthin a predeterm ned vol une
set. If tWweopsredeterm ned data stripe and the predeternm PEUEP@/LUNES Set are
equi val ent for both operations 202, then the result of the respective
tasks will be the sanme. If it is determned that the conpeting tasks wl|
produce a conmmon result (step 310), in_step 312 procedure 300 executes a
single task to produce the common result identified in step 310 without
exeguti ng each of the tasks identified as WD 02/37255 PCT/EPO1/11058 9
roduci : e r d pclolvh ni cates the
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common Tesult tep to ea respective ‘data managenent operation 202
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: ring to , ere is a flowhar i agr.am illustrates
aspect statﬁksprlé’c?é’gi}rfel%‘boa%fplf W9 e%t‘b?mﬁ%,resdgcdtorgﬁ'ﬁgptm'e enbodi nent
of the Pﬂ‘béx_ﬁﬁdmsdmfc_sdxﬁpir&iés Pt ostesir ¥ B0k det arstiresed fim FiGst4t ask
cor r espondi Q.a_first t oper at i 02: W ete
faster if {}ﬁeeg%]?lsrfg {2 f@ g&ﬁggﬁ% ot eﬁa&}sde}ggo]rn% %a%ﬁééor? Ctgrqgs)tlécond
dat a nerldgererdteaparsnects 202 proesders 60 ot waplierecisi ¥, that the
first opslld oy 202 JBY difbodifile FPNUS! SRhCfek PPes@dy @02 1 wi th

first tas correcting any data I nconsistencies found in a predeterm ned

data stpyqsedirea Hedatermires vof el Seit Rk (GOMAIRONEMBItRrathat the
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ask of identifying.if the re erm ne ata stri a een nodifie

si nce dhadtiiradank o‘p%r%’f‘?‘g‘ht%gﬂg W 'cbe?r‘?‘b‘?rffieo‘?aoéﬁr?rﬁe? mr e *¢onsi der

]E_hat thﬁaiaefmmfb_ dq@&jﬁdﬁ&g@fémmdzamfmeexémnfédst task, and consider that

irst tas nds _and .corrects. t i,nconsd by ry, ned
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data stripe. hecessary xecu e second task a
second a tdats taprEistaecachegpck copetat bac kAR of wikh nbidigt ethsk of

correcting any data inconsistencies found in a predetermined

data stripe of a predetermined volume set. Additionally,
consider that the second operation may be disk drive backup
operation 202-2 with a second task of identifying if the
predetermined data stripe has been modified since a last
backup operation 202-2 was performed. Furthermore, consider
that the second task is performed before the first task, and
consider that first task finds and corrects a data
inconsistency on the predetermined data stripe. In this
example, it is necessary to execute the second task a second
time to provide an up-to-date backup of the modified
predetermined data stripe. Such an execution order results in
a longer execution time as compared to the execution time that
would have been required had the first task been executed
before the second task. ‘

If it is determined that the amount of time required for
the at least two operations 202 to execute would be increased
if a first task is executed after a second task (step 316), in
step 318 procedure 300 executes the first task before
executing the second task to reduce the amount of time
required to execute the at least two operations 202.

In step 320 procedure 300 synchronizes the execution of
each of the remaining respective tasks that correspond to the



predeterm ned data stripe. Such an execution order results in a |onger
execution tinme as conpared to the execution tinme that would have been
requi red wad2/snes first task been executed before the secPOGUEP@ESKOSSIf it is
determ ned that the anount of tine required for the at |east two
operations 202 to execute would be increased if a first task is executed
after a second task (step 316), in _s}{gp_-318 procedure 300 executes the
first task before executing the second task to reduce the anount of tine
required to execute the at | east two operations 202. In step 320 procedure

300 syngh& oby- Zgsréd h@oﬁé@f%h@ﬂ Oéxe@@EDnEcg opdeat LHRL nwg (§8PSCBHYE, t asks
that correspond to the WO 02/ 55 PCT/EPO1/ 11058 - one or nore
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accessebkooat 1 dre mEmmrgubstantbmlIﬁushmwbt@ﬂsewscbmm@ea$eamothmnlbm5kw|te

accesseg, CORIELL ORSnBES KOONE1 30T £l PLOGLCES SLLANEOUSCEA!

resul tsCFrocedur es preventing ~ Subs y simultaneous access to a
parti cukrd/ererorite | @cee$8as beRage ncerhtii prnt 23° ckeewn | a8d cedPput er progr am
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conditions by | ocking the nmenory |ocation before a tas accesses the

nenor y $%k%&¢%%l%%ﬁyuﬁ+%EkFﬂﬁe?H% AEFDFS FOCAPIRCLFEERT {RBMPEEK has

CO”D|et£6bé£$@ﬁSb@gwééﬁ genehyreRtay i ORecutpiyn tomhbgrtbeogeanry | ocation
only the t that perfornmed the | ocking step has access to the nenory
Iocatldﬁppéﬂ%%tbQH?o%ﬁ?n N3P8rati on can be perforned by a nunber of

di fferent nEnh@mesembo&bmeakanprecedMEeSKEw prevenos sumhbeaused to | ock

a_memoryo L ocat Lon 9p SLSKi i VES ddodytDEoualBstbtsee EhGs 1. As can

be appreC|a escriptton o stem see FIG 1),
apparatmsc%ssgsthg memany pepeekidioneand unlocking the memory location

after the task has completed accessing the memory location.
Upon locking the memory location only the task that performed
the locking step has access to the memory location. Such a
locking operation can be performed by a number of different
mechanisms. For example, the SCSI protocol can be used to lock
a memory location on disk drives 112-1 through 112-N (see

FIG. 1).

As can be appreciated from the above description of the
system 100 (see FIG. 1), apparatus (see FIG. 2) and procedure
(see FIGS. 3 and 4) of the invention, the execution of data
management operations 202 are directed by task director 108,
such that task director 108: (a) provides means to direct the
execution of concurrently execution data management operations
202; (b) prevents concurrently executing operations 202 that
compete for a same resource from producing resource conflicts;
and, (b) reduces the amount of time typically required to
execute two or more data management operations.

The foregoing description, for purposes of explanation,
used specific nomenclature to provide a thorough understanding
of the invention. However, it will be apparent to one skilled
in the art that the specific details are not required in order
to practice the invention. In other instances, well known

circuits, devices, software modules, and the like are shown in



(see FIGS. 3 and 4) of the invention, the execution of data nmanagenent
operations 202 are directed by task director 108, such that task director
108: (a) woovsH1es neans to direct the execution of concuP€®RPOlyl1es8ecut i on
dat a managenent operations 202; (b) prevents concurrently executing
operations 202 that conpete for a sanme resource from produci ng resource
conflicts; and, (b) reduces the anbunt of tine typically required to
execute two or nore data managenent operations. The foregoing description,
for purposes of explanati on used specific nonenclature to provide a
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It is intended that the scope of the invention be defined by

the following claims and their equivalents.



concurrently executing, by a task director, a first data nmanagenent
operation and a second data nmanagenent operation, the first operation
havi ng awWwopys72set of tasks and the second operation havP@yEROIsHEINd Set
of tasks; and, controlling, by the task director, the execution or the
non- execution of each task of the first and second sets of tasks based on
a set of predetermned rules. 2. The ?%thOd of claim1, wherein in the step
of executing, the first operation being a different operation as conpared
to the second operation. 3. The method of claim1, wherein in the step of
ontroli #ﬁhfﬁ determ ned rul es conprise: determning, by the task
dlrector % i) a total anmpunt of time required to execute the
first and sebond bper dabnsswrige deyseemanatagedibytatsek of dahe first

set of 28 erhénte xS5aht £ besf or g ﬁeéﬁ&&%t@&&@{m&{@ t8ECQRg, set of tasks;

(i1 et of resources Utilized by the task director woul d decrease
|f a flm%fﬂag?f&%lkt APeFRtIPRS Lhe MRthedsFMPLELSIRE I ePHePbie a second

task of the @&Q@Mﬁ:éﬁ&l@fexé@@kﬁngarﬁly afrddie dptadtarpuat £ofst i agtaequired
woul d be decreased, or the.s urces woul d be decreased,

exbcut MRSGATS T ORSEREARD Ribrs FHoTS A TE AT TRATRLE | FRSLERLI ¢ ask,
such ttieé fiwest ocﬁf_aéraatl:mmmtha)hmgnae birdthesdtaskf diasdcs cand the i $ecamhdon of

t he set réeE% sé]rgr%é‘;lsailrgege@ U gélc&?hy%g r%lcurrently executing the

first a perations a|h11 wherein the data
management @mﬁ#m@lbﬂ@garbypémédtmim @wr%p@@x d#h@a§%6@4@¢@@e0vot@%es

distri (b)rkllc}xi Bl &t %ééﬁtﬁ’a@% G Skndlrt ¥Ese S0 YOS & Nsd s VX 02/ 37255

PCT/ EP t he st controlllng t he predeterm ned rul es
conpr i skaskgpasef PmE %@mt RERUCERFREIRA  Tu¥e% first task of the ! first
set of tasks and a second task of the second set of tasks conpete for a

common resou .Ce O%é hrr(lae o<5 J:'tc.ylgimdiSkwth_[elJstin the step of

executing, the first operation being a different operation as

compared to the second operation.

3. The method of claim 1, wherein in the step of
controlling, the predetermined rules comprise:
determining, by the task director, whether:

(i) a total amount of time required to execute the
first and second operations would decrease if a first task of
the first set of tasks is executed before a second task of the
second set of tasks; or,

(ii) a set of resources utilized by the task
director would decrease if a first task of the first set of
tasks is executed before a second task of the second set of
tasks; and,

if the total amount of time required would be decreased,
or if the set of resources would be decreased, executing, by
the task director, the first task before the second task, such
that the total amount of time or the task director's
utilization of the set of system resources are reduced while
concurrently executing the first and second operations.

4, The method of claim 1, wherein the data management
operations are performed on a set of data storage volumes
distributed across a plurality of disk drives, and wherein in



if the first task and the second task conpete for the commopn resource,
identifying if the first task and the second task will produce a common
set of rewab3n2epon their respective executions; and, ifPCHEPI/NEI8 and
second tasks woul d produce the commbn set of results, executing a single
task to produce the comon set of results, such that the first task and
the second task are not both executed., 5. The nethod of claim4, further
conprising a step of comunicating, by the task director, the conmon set
of results to the first operation and the second operation. 6. The nethod

of cl ai , regn.i i . i e . .Lhe single
t ask isggﬁeso tﬁg ?égg%gfg% Sgeggﬁd5¥§§§2%9g+£$ﬁe§%£?%o%gﬂﬁkéf%fn15! J
wherein in t@eterepnbng, eRBctibengashediragtert ask, at herstngpektaskths a

differepirtasketf6pMLokd hhe i 58tonAdL88R09E tREKSec8nd THELNBENOD Of
claiml1, wherein in the step of concurrentlg execut i the first. and

ng, .
second Ha%%S nEPBREHRNECT 0ReF AFNBRASTEF BUEEE cRf cHNE 1 B 5§b+5ﬁp°5fdb§§rations

consi stAgve®f a data consistency check operation, a data backup operation,
a storage driye rebuild operation, volune.set . initializatiopn operation,
a hi erarchich Eé%r bﬁsﬁaﬁﬁagnﬁﬂa tgﬁe?ﬁ??%ﬂ,gﬁsbi??%%? %tg?ﬁgghﬁutonatic
resour ceomhdncatsourcepeidénbhfyand systben fessurtaskl andathensebordhol d
reporti t] h o] f el ai i dat a nanagenent
WO 02/39%%% Egi;égg%9&§%5% g9ﬂ§§ﬁ g%ge?gt?%%gﬁg?e %&fg?%gg on a data

stri pe vaspedhive sexeaigeiond uppddi stributed across a plurality of disk

drives, and ; phep€ipiioetHRqaSE880R4E EQQE@rﬁéﬁiéy%Eé@@@éiﬂHe EBAmbAT St
operation is a data consiste check operation to detect ﬁarlt%%data

ne K
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oper ati et dherésitibts pnsusecondt thsksifot teedi agd athenbecondi s&skors in a

set of ggéahg%rﬁggg eggcgtggtune set in the data storage system

5. The method of claim 4, further comprising a step of
communicating, by the task director, the common set of results

to the first operation and the second operation.

6. The method of claim 4, wherein in the step of
executing the single task, the single task is one of the first

and second tasks;

7. The method of claim 5, wherein in the step of
executing the single task, the single task is a different task
from both the first and second tasks.

8. The method of claim 1, wherein in the step of
concurrently executing, the first and second data management
operations are selected from a group of operations consisting
of a data consistency check operation, a data backup
operation, a storage drive rebuild operation, a volume set
initialization operation, a hierarchical sﬁorage management
operation, a virtual storage automatic resource allocation
operation, and system resource allocation threshold reporting

operation.

9. The method of claim 8, wherein the data management



10. The nmethod of claim9, wherein in the step of concurrently executing,
the results conprise an indication that a parity data inconsistency was
det ect ed WQ02/37P82 net hod of claim 1, wherein the data nanRQEERN11058
operations are perforned on a set of data stripes on a data storage vol une
distributed across a plurality of disk drives, and wherein the total

anount of tine is increased if the ji{ t_ and second sets of tasks are
performed on the a sanme data stripe of the set of data stripes. 12. A data
storage system provi di ng coordi nated nanagenent of data nmanagenent

operati y. LSI0g: 0 r Lces; a
managi n%%%@%oﬁ%e%e%gggﬁééd%?aa s%%g%ﬁ%{e% g(g]isaa s‘%ﬁé%g%‘%/ % devi ce

conpri sYpHime desipribylerd saeFesy aRpbunmblwy teb ik citbres copti sing a set

of conppi&Fe P OO AR NSLEYCEE OBSnE @rPehf Df BecsEingf i ar fE@agement
operations conprising a first operation  ‘and a second operation, the first

OEeraIiQPP%Eﬁ%ﬁPE%?ﬂ?f%ﬁE%tco LRRoh SRETOMRETRAI ¢ & operati on
the firgdriopedata olnConPlsSendies fon sd welumd deisk sarad ot hdes semond
operation conprisjng a,secand set of tasks: d ocessor_for fetching
the datPHMRFERRCLR ?%gd?%ae%‘?%@kp d??ee%‘%ojror%’o:atq'(éa)&clgsﬁ\%uarr}%n T 8 ecut e t he
]1:| rsz olpmg]eejlmlr :asgtkiim@ ?éemm(l)idenp@f aseorrs hin fa r?t (m&;r@ahﬁa)rﬁhai@m a

irs - t sks and the second

oper atY%?}l %a\g(?ﬁ'g?% s'csge_cggrg s%% éo%at%%{%ai%d?gtb%ﬁbontrol t he execution or

t he non-execution of each task of the first and second sets of tasks based

on a set ofj@redeieriafies reH esrailm. 9 Thensvsiempfend aigeg % wherein the
predeterm ned set of rules comg&%se | ogi ¢ to: §a? determne if a total

amount FAPFYFELTHebli $RRF L NBx i L HIEL §F 1M Sbndh 9 n woul d

i ncreasghaf & parity data inconsistency was detected.

11. The method of claim 1, wherein the data management
operations are performed on a set of data stripes on a data
storage volume distributed across a plurality of disk drives,
and wherein the total amount of time is increased if the first
and second sets of tasks are performed on the a same data
stripe of the set of data stripes.

12. A data storage system providing coordinated
management of data management operations, the system
comprising:

one or more data storage devices;

a managing device coupled to the data storage devices,
the managing device comprising:

a memory for storing data and a task director
comprising a set of computer program instructions to perform a
set of data management operations comprising a first operation
and a second operation, the first operation being a different
operation as compared to the second operation, the first
operation comprising a first set of tasks and the second
operation comprising a second set of tasks; and,

a processor for fetching the data and executing the
task director to:

(a) concurrently execute the first operation
and the second operation, the first operation having a first



first task of the first set of tasks is executed before executing a second
task of the second set of tasks; and, (b) if the total anount of tinme would
i ncrease wWexysus® the second task before the first task, PEDERIHAIS t he
total anount of tinme is substantially reduced. 14. The systemof claim 12,
wherein the predeterm ned set of rules conprise logic to: determne if a
first task of the first set of tasks d a second task of the second set
of tasks conpete for a common resour on the plurality of disk drives; if
the first task and the second task conpete for a comon resource, identify

i1 the Lirsttagk,and khepge %@%ndt% r@k onPhq ES q ¢ ”“%8 gek Qfe results
it oPhé t %ai t

upon thelr respecti ve execu I"ONS; secon asks woul d
producetaSkannnd,set of results, execute a S|ngle t ask to produce the

common set of results, b?U%QnEQ%H the Ekééht&éﬁk §”@hbhﬁoﬁe%98@uka%% are
not both executed. 15. The systemof claim1l mhereln t he predeterm ned

set of Pl eachutef&r ooPe; érﬁégﬁédtﬁecéﬁﬁnﬁﬁFéaPé Fﬁékéoﬁﬁﬁﬁdsép &f

resul tssb@ blepketisterppaedt iFaneanNd the second operation. 16. A managenent
device to coordi nate data nmanagenent operations in a data storage
subsystem the managenent devi ce WO 02/ 37255 PCT/ EPO1/ 11058 - 16
conprising: 16ne Thenmsystemnuiincdatimot2powheredncohpl préedebremdnedore data

st orage g V|%esulgsnggB ¥1E8r %é rlgg data and a task director conprising
a set of ofput er "progr n1|ns% Fiond to performone or nore data

managenent opébadebﬁsmenﬁpnﬁsangoaaﬂlampuopepétt@meanaqalrgécbﬁd oper ati on,
t he f'rékeeﬂﬁéaEhQ”fE?Eh EbﬁéhdsEFeQEt1Bﬁs%§u§8dlﬁefe§§€0Q@ gperati on

havi ng a second operation being a different
oper at i 64Tas E8APaPEdLhE fﬂﬁétsééénéfoﬁéﬁﬁﬁlbﬁ,eﬁﬁGPtSdpP6§8§§or f or

f et chi ngxbbatdahaaabdcexacehsRIofN@he second set of tasks; and,
(b) if the total amount of time would increase, execute
the second task before the first task, such that the total
amount of time is substantially reduced.

14. The system of claim 12, wherein the predetermined
set of rules comprise logic to:

determine if a first task of the first set of tasks and a
second task of the second set of tasks compete for a common
resource on the plurality of disk drives;

if the first task and the second task compete for a
common resource, identify if the first task and the second
task will produce a common set of results upon their
respective executions; end,

if the first and second tasks would produce a common set
of results, execute a single task to produce the common set of
results, such that the first task and the second task are not
both executed.

15. The system of claim 14, wherein the predetermined
set of rules further comprise logic to:
communicate the common set of results to the first

operation and the second operation.

16. A management device to coordinate data management
operations in a data storage subsystem, the management device



task director to: (a) concurrently execute the first operation and the
second operation, the first operation having a first set of tasks and the
second ope®arsmss havi ng a second set of tasks and, (b) cPOT/EBI/LIDSS
execution or the non-execution of each task of the first and second sets
of tasks based on a set of predetermined rules. 17. The managenent device
of claim 16, wherein the predetermned set of rules conprise logic to:
determine if a first task of the fiTst®set of tasks and a second task of
the second set of tasks conpete for a cormon resource on the plurality of
disk drives;. if the first task and the second task conpete for a common
resourE@PQf QQV If the first task and the second task will produce a
conmon set ame esulnorelpoommureigat irags peottisy & examplieosy onml,of fmeyee fir st

and se%%Q% tgac%&%[ eLHé:{,ﬂ:ré)guce a common set of results, execute a single

task to produce cormon set of results, such that the first task and
the second tGaglemawy fRr PArnkdahednd @ AR MFRFERNICARAERIY clai m

16, wher @idt tJ¥e coMpffiad e pn didhnp Sin A rudd i £ U ¥ 1P dnd Gr dedes m ne i f
a first task of the first set, of tasks and a 02/ 37255 PCT/EP01/11058 -
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such tha I'Ts second task are not both executed. 19.
The managenent déviproagss9mifargetmiumg fhehgata and executing the

task director to:

(a) concurrently execute the first operation
and the second operation, the first operation having a first
set of tasks and the second operation having a second set of
tasks and,

(b) control the execution or the non-execution
of each task of the first and second sets of tasks based on a

set of predetermined rules.

17. The management device of claim 16, wherein the
predetermined set of rules comprise logic to:

determine if a first task of the first set of tasks and a
second task of the second set of tasks compete for a common
resource on the plurality of disk drives;

if the first task and the second task compete for a
common resource, identify if the first task and the second
task will produce a common set of results upon their
respective executions; and,

‘ if the first and second tasks would produce a common set

of results, execute a single task to produce the common set of
results, such that the first task and the second task are not

both executed.

18. The management device of claim 16, wherein the
predetermined set of rules comprise logic to:
determine if a first task of the first set of tasks and a



predeterm ned set of rules further conprise logic to conmmunicate the
common set of results to the first operation and the second operation. 20.
A conput avo p2/agssam product for use in conjunction wth aPQr/aeeisgess, t he
conput er program product conprising a first conputer readabl e storage
medi um and a conputer program nechani sm enbedded therein, the conputer
program nmechani sm being responsive_ t§7connun|cat|on fron1a managenent
device, the conputer program nechanism conprising a task director to
coordinate a plurality of data managenent operations, the task director
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producte ¥k G} idll IMpXébd W r£idbrinbn e 98 trfamilitnuugonr it oI ling, the
first operation is a c{h{feren peration as conpared to the second
oper at FGTPSEE LV EXSHE DS brdfiftam product of claim 20, wherein in WO
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of resources utilized by the task director would decrease if a first task
of the first set of tasks is executed before a second task of the second

set of tasks. _amdxe irﬁaﬂdwﬁente&iﬂldea\fmimtomfcﬂdime Irs5,0 witeatk wp Witk be
decreaqu:dedeternlu.ne ste'[oi:OfrurleeSsoLgurecsnevrvouc:locllnpt}:eisdee rea.seq: executing, by
communicate the common set of results to the first operation

and the second operation.

20. A computer program product for use in conjunction
with a processor, the computer program product comprising a
first computer readable storage medium and a computer program
mechanism embedded therein, the computer program mechanism
being responsive to communication from a management device,
the computer program mechanism comprising a task director to
coordinate a plurality of data management operations, the task
director including instructions for:

concurrently executing, by a task director, a first data
management operation and a second data management operation,
the first operation having a first set of tasks and the second
operation having a second set of tasks; and,

controlling, by the task director, the execution or the
non-execution of each task of the first and second sets of

tasks based on a set of predetermined rules.
21. The computer program product of claim 20, wherein in
the instructions for controlling, the first operation is a

different operation as compared to the second operation.

22. The computer program product of claim 20, wherein in



the task director, the first task before the second task, such that the
total anmount of tinme or the task director's wutilization of the set of
system r 88002/8285 are reduced while concurrently executi npCT/RBROI1p3t and
second operations. 23. The conputer program product of claim 20, wherein

t he data managenent operations are perforned on a set of data storage

vol unmes distributed across a plurality,of disk drives, and wherein in the
instructions for controlling, the predeterm ned rul es conprise:

determ ning, by the task director, if a first task of the first set of

t asks aﬂﬁjeaiﬁfﬁ%zf’tf ph -t % ety £ Somed exd a common
resource on the p ur%ﬁ%ty %f8§?§§§ ri bs;ﬁ%fpt e first task g%% t he second

task comeR®BLI®Y the common resource, identifying if the first task and

the second d@%rﬂﬂin@,rogycal@ COIMTY St o, asal i upon thei r
respective executions; and, if the first, and second tasks wo roduce the

common set of re%h)t%,t%&%%tém?ﬁfEi 'rﬁﬂ@ftEﬁﬂP%?FﬂwEﬁhﬁ%fQ¢g§t: n set
of resutirst susd $dw@dnd hepéraisionaskowind ddreraenonid taski rsir ecask dbt h
executegke first set of tasks is executed before a second task of the
second set of tasks; or,

(ii) a set of resources utilized by the task
director would decrease 1f a first task of the first set of
tasks is executed before a second task of the second set of
tasks; and,

if the total amount of time required would be decreased,
or if the set of resources would be decreased, executing, by
the task director, the first task before the second task, such
that the total amount of time or the task director's
utilization of the set of system resources are reduced while

concurrently executing the first and second operations.

23. The computer program product of claim 20, wherein
the data management operations are performed on a set of data
storage volumes distributed across a plurality of disk drives,
and wherein in the instructions for controlling, the
predetermined rules comprise:

determining, by the task director, if a first task of the
first set of tasks and a second task of the second set of
tasks compete for a common resource on the plurality of disk
drives;

if the first task and the second task compete for the
common resource, identifying if the first task and the second
task will produce a common set of results upon their
respective executions; and,

if the first and second tasks would produce the common
set of results, executing a single task to produce the common
set of results, such that the first task and the second task

are not both executed.



