WO 2005/006172 PCTIEP20041051363 Description MULTI-PATH DATA
RETRIEVAL FROM REDUNDANT ARRAY Technical Field [001] The

Rt i tion relates to the field of data storage systems. In particular,
V?rg)gﬁ)g%os!%\r{]ﬁnvention relates a system and a method for deteffiffRg?4* 051363
best pathway to requested data based on a metric, thereby improving
device failure protection of an array of storage devices. Background Art
[002] A conventional array of storage devices typically has snficient
redundancy so that when a storage device fails, information contained in
the failed storage device can be reconstructed from the remaining
storage devices. See, for example, U.S. Patent No. 5,579,475 to M.M.

Blaum et at, entitled "Method a QF% oding and Rebuilding the
D ila ’Feﬁéﬁg

Data Contents of Up to Two Unaval s in a DASD Array Using
SimvE NGFREAFHE DiagosRPTRIE VAL, FROMIREDEINDANT

operation of an array having distance D = 3. See also,N.K. Ouchi,
"Two-Level DASD Failure Recoveﬁ&ﬁ&l&ﬂ," IBM Technical Disclosure

BulletiMHndS9F ¥Ry 1993, discloses the operation required for
onstructing data.from an array with failures and having distance D = 3.
B R SRS RGP AR o A SRR ERES: e, te
examFEsErtingEHing Flags A systeraindigethnst i driconiBetatustipathway to
Parity iBpekisiatad fatd dioy outscfdicRisk iAwsaydngAleite failure protection of an
0-597 3-8 13- 46RRE0R-A9Q06, which disclose data layouts for efficient

. positioging of redu %?ﬁ t information for performance. See also G.A.
Alvargg?‘%%g‘fﬂ%, ch‘Tolerating Multiple Failures in RAID

[082¢hitecthreonvaivnaa8@y of 8847 A7 koS O iLaly bdssné%f'meptmmhﬁcy so that
ang E@gwﬁw@ﬁg&@ﬁe@ﬁﬁﬁ, mmﬁweawma e @cﬂf’lﬂé’can be
an > 10 lmproving. erfarmance.o '
Servgﬁﬁi%&%ggz%%%&%ﬂ%gégg %Igé\?\}%;%%l ég%xfglg?}?g Patent No.
describ@ the 0se I Ghtaigtated MethedisridMenssioe saeorkng and
improviglpagis the Sssphenteptodf] ExistrerR i (kbR 4SRsAral) 45D Array
Indepé&hsitgyEibiskdysyRemsitabégouiipiel ReHWAYS, OWIHES:I8des the operation
s 3 A e RS0 A0 NS e
P L R S R A
di rectgiscloses the operation required for reconstructing data from an array with failures and

having distance D = 3, _

[003] Redundancy may also be used for improving performance. See, for example, E.J
Schwabe st al., “Evaluating Approzimately Balanced Parity-Declustered Data Layouts
for Disk Arrays,” ACM 0-89791-813-4/96/05 199G, which disclose data layouts for
efficient positioning of redundant information for performance. Sée alss G.A. Alvarez
et al., whe, in “Tolerating Multiple Failures in PATD Architectures,” ACHM
(-39791-001-7/27/0006 1997, disclose properties and construction of a general
multiple-parity array using 3-bit finite fields, and L. Zu and 1. Bruck, who, in
“Improving the Performance of Data Servers Using Array Codes,” Paradice ETR077
{CalTech) 1908, describe the use ofa marimum distance separation (MID3) code for

- lmproving system response.

(0043 Existing RAID (Redundant Array of Independent Disks) systems have multiple
pathways, or routes, for reading requested data. Often, however, there are only a few
available pathways, of which only one pathway is efficient. For example, a RAID 5
system provides two pathways for reading information. One pathway is by directly

reading the sector containing the requested information. The second pathway is by re-
constructing the data sector containing the requested information by reading the ap-
propriate sector from each other storage unit in the RAID 5 array. As anotber example,



reading the sector containing the requested information. The second path
w=,ay is by re- constructing the data sector containing the requested
information by reading the ap- propriate sector from each other storage
unit in the RAID 5 array. As another example, -2- an N storage unit array
that is configured as a RAID 6 system can read a data sector directly or
can read all other storage units, except one. Accordingly, there are N
an N WadsdanRAone: e adaidataise R AIDbS Hy instanmessaherdis orer
_efficient pathway and one or more inefficient pathways. Thus, when there
ditec QY AR kLB S F T SBERTHING LR AR ORI ArBTES PR ars
for RAAthWaysthpn dhe setrhendistonage dayitesdnstbecasfayichitip nbttrivialy
clear which pathway provides in the highest performance for a storage
one ogyBEEFINERTLEl M hat are needed are a system and a method for
determining which pathway to select when a storage system uses a
redundancy method having many pathways to requested. data. Summar
ThusTHBeprBERPERIBRSUPRBTGVRIEY Q)L BAH A G ffzfre&é{*é}’xfimﬂ?&

pathiwipich Rathwaymiselegb whe bRistarRaa sYseMiusaatrRdungaray which

method having many pathways to requested data. According to a first

pathvay R O thapReRIRP TS BRILERE2RNE 101 STBTABR VS g cauently, what
are nSGISIMIA QRSSO S Andata stRiagaisisiamhicapatisiag & sikkagehcn a
devices and more_ than N pathwa)és for retrievingt requested datag m the
stora g B FRAESSY SEAHRIHIS Y Rt HRA) AT TRARY BRI SRS HSHEIN ¢4
sorter capable of receiving a read request and separating the read request
into an appropriate segment size for sending to the storage devices of the
S‘““H!i‘t%ﬁ’storage system; an assigner comprising: a permutation generator

The siabahlgigfianeraingas e dyacs aHabelaldeds petmulahonsidsediaay
least in part on queue length information and estjmated current cost

to seh?ﬁbwhsﬁ&rﬁt%%ma?@a|&ﬁﬁ%%%wﬂiﬂ§£%¥m§ 5%’&8%%‘ R

requ@,@éa'lcﬁ@[_mutation based on a predetermined metric, the cost calculator
being capable of utilizing the queue length information and the estimated
current cost information, and the cost calculator being capable of

Accordigtl@ing the e osmeipeashnismiatignhaa-pibekibdagotatlenst in
deter?nailrlta’?ignp%g%rrnn afglrc g cilggg rstcg?ztlig?ensgzesgeenilvggrr%%rgizgg%\l storage devices and more
than N pathways for retrieving requested data from the data storage system, the pathway
determination system comprising:

a sorter capable of receiving a read request and separating the read request into
an appropriate segment size for sending to the storage devices of the data storage
system,;

an assigner comprising:

a permutation generator capable of generating a reduced number of read
permutations based at least in part on queue length information and estimated
current cost information, and

a cost calculator capable of calculating an expense of each permutation
based on a predetermined metric, the cost calculator being capable of utilizing

the queue length information and the estimated current cost information, and the

cost calculator being capable of calculating the expense of each permutation



storage devices of the storage system, the assigner being capable of
selecting a read permutation satisfying the received read request, the
selected read permutation being based at least in part on the
predetermined metric, and the assigner being capable of sending the
selected read permutation to the stgrage devices of the storage system;
and a collector capable of receiving the requested data from the N storage

deyiers IhsESRRSE IR Jslaa selsstesraacnsIMHiainnbeing sentialie
storage devices. According to a second aspect of the present disclosure,

thelesdseptevieRsPA tfetbadosYeletérmining a pathway for obtaining data

stored inR.dalaQ 8GR S¥aLRRCOMPIEsinG N refarpgendeiioasandyingbe
than N pathways for retrieving requested data from the data, storage

sylsRa cehisafativass o d se NIRRT RsgRieBRTRgALcast in part
regyesieT-aeRarating thaseadmaauastisioraeiapRioRtaie sagiiaptand

size for sending the storage devices of the data storage system,;

genlaeitihgegd esaTRGIATORR ARG Beth Rl Stpiat BokET and
information: gsngLing araNess-ayphes ehieadnarpalinagheseckain

least in part on the queue length information and the estimated current

respopestiriforasiaion] thadraaEn Ferorbaitn s AR ARG tFReFlENRSS read
request; calculating an expense of each permutation based at least in part
on a predetermined metric and at least in part on performanc

e
AccoidiogriaicnaenbRaadoRTineSErhgecRER ST iHE RIBYAR ayahnd for
deterﬁﬁlﬁﬁgrﬁgpgtﬁ%% RSrEuiation framspessinle ead perpyialens satiphisng: N
the received réad request; sending the selected read permut tlontﬁg ';]51%
storageotejecd e asos? m@%wQM%%H?%E@%W%HSSFE%ég@tg%?% Q1o
storag%es Sipragedavicesdnpesaanse to the selected read permutation being
ent to the storage devices; and returning the satisfied read request to the

reqeresvang-225ad FRIBeRl AFRBHR E8HEN Embodiment of the present
disglosure aeeProNideshey: Rty rsistermiaation sysiercfaraddiag the

storage system having N storage devices and more than N pathways for
storagstAevieRs ridhe Spia HarAsTSHFER data storage system. One embodiment

of E&ﬁ&ﬁ%ﬁ%’g@&@@ﬁﬁﬁ RIFARSKGH G dopshaecoftie steragederions
to be a failed storage device. The pathway determinatio esgfs?tem E{%%ﬁg
a JEmeratie a reduced number of read permutations based at mp
queue length information and the estimated current cost information, the read
permutations satisfying the received read request;
calculating an expense of each permutation based at least in part on a
predetermined metric and at least in part on performance information received from the
storage devices of the storage system;
selecting a read permutation from possible read permutations satisfying the
received read request;
sending the selected read permutation to the storage devices of the storage
system;
receiving the requested data from the N storage devices in respounse to the

selected read permutation being sent to the storage devices; and

returning the satisfied read request to the requester.



assigner and a collector. The sorter receives a read request and
separates the read request into an appropriate segment size for sending
to the storage devices of the data storage system. The assigner includes
a permutation generator that generates a set of read permutations
satisfying the read request, and a ggst calculator that calculates an
expense of each permutation based on a metric calculated from

The RSHAURANGSIUAMDAION [epeheskdiom e siaragedavereobineninmge
systen. The read permutations can be generated after the read request

deteriginetielversiandenatiaiysorese sipehatiag Ohsermsbdoyiceniadi aets than

N paém?gfs ﬁ{?&qéﬁ%%@&%%gﬁddﬁémg andReoasehitectiye ohshe

storage system. cost calculator uses queue length information and
emboditvitetiles mentticlisppewisaihno mEsighleaveue phdeFiRE THstHecid o
bea fbél?eées%&a grpatian: Addiionaliniarmation Athecasie e passed
ack to the permutation” generator as hints for the permutation generator
assigtorenlieseHectmiDer st fsenipesiagond sedgenseatasd TRRABRSIGHET S¥lects

requedt r%"f’tg a%ea[ﬁ%%?yﬁ%fé 9@1}@1‘% SoL efreathnermyiRlens. JAs relestian hta
read permutat

on is based on the value that the cost calculator assigned
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e storage dévi the data system, an estimated delay before the
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evice of the WO 2005/006172 PCT/EP2004/051363 3 storage system,
permaationsectothP qeae ot afiico thsterrdimaregiieses thadh Al BB chbcdR G
pennm/aﬂb%ﬂb%ﬂgeep%éﬁ?mlaglﬁb%?ﬁg ReESERdR L6 SRleciRd reaskpermutation

to the storage devices of the storage system. The collector receives the
architecjuestddheatamepsyrienN Sherags eroidaonresgbrie s sHeebanmpn

and JERLPEIMLIBHON PSR SERLIR Hessigradr e Weast dive Maticeandiead

dynamically changed based on a change in operating conditions of the
permaterisge. yddironaliiafnametnn arethssPRSHRA PRoYE-BGH EakedramgEion
enePASEL: FhAPRIAIRG CoRGILRNS Qliha:SiQRRa RSB IRBE] Shpdprasembns it

invention also provides a method for determining a pathway for obtaining
generiita. Jlbraasigretstisdordgedy SRR N S sy eldEnitRE B ER DY
The $BRBHDL RAtAwaYS fatatHsInshieguasird dria i datalstpirg@ssigned

__system. The storage system can include at least gne failed storage
it. ThyewigelcAsed ey aoapcpradainr inbariban B rea FRABS I FSIUCEVE it
pernRERBASHINIR 87 2PRHIRHIAERRANSMEAN B2 HoPERAMRGILRIRE the data

storage devices of the data storage system. A set of read per-
system, an estimated delay before the requested data can be retrieved from the storage

devices of the storage system, a number of outstanding requests in the queue of a

storage device of the



mutations satisfying the received read request are generated either at the
time the read request is received or in advance. A read permutation is

W%ﬂ@&%gﬁi%m a set of read per- mutations based on a metricpti,[{]/%ﬂ(?otqgs 1363

can be based on a current workload balance for the storage devices o
the data system, an estimated delay before the requested data can be
retrieved from the storage devices of the storage system, a number of
outstanding requests in the queue of a storage device of the storage
system, and/or a total queue for all oustanding requests that have been
received by the storage system. An expense for each permutation is

calcu, ed o mejric and based on performance ipformation
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the cotabinese for all outstanding requests that have been received by the storage system.

An expense for each permutation is calculated based on the metric and based on

performance information received from the storage devices of the storage system.
Queue length information and estimated current cost information is generated and used
for generating a reduced number of read permutations based on the queue length in-
 formation and the estimated cusrent cost information. The selected read permutation is
sent 10 the storage devices of the storage oyatem. The requested data iz received from
the I storage devices in response to the selected read permutation being sent to the
- storage devices, and the satisfied read request is returned to the requester. The metric
can be dynamically changed based on a change in operating conditions of the storage |
system. Alternatively, the metric can be periodically changed based on operating
conditions of the storage system.
Brief Description of the Drawings
[009] The present invention is illustrated by way of example and not by limitation in the
accompanying figures in which like reference numerals indicate similar elements and
in which:
010} Figure 1 shows a functional block diagram of an ezemplary embodiment of a
system for determining the best pathway for obtaining requested data based on a



shown in Figure 1. Mode for the invention [015] The present application is
related to US Patent Application Serial No. 10/619,641 (Attorney Docket
No. ARC920030014US1), entitled "Anamorphic Codes", US Patent
WORSPHOM®IGH Serial No. 10/619,649 (Attorney Docket No.  PCT/EPZ004/051363
ARC9-2003-0015US 1), entitled "Autonomic Parity Exchange," and US
Patent Application Serial No. 10/619,648 (Attorney Docket No.
ARC9-2003-0040US 1) entitled "RAID 3 + 3". The present application is
also related to co-pending and co-assigned US Patent Ap- plication Serial
No. 101600,593 (Attorney Docket No. YOR9-2003-0069US 1), which is
also m}g;r{gorated by reference herein [016] The techniques of the present
invef 'Eeﬁﬁ?pllcable to a RAID-type system in which there are more

[011than THipahivaysioticeilibiitg dagauesiaaitcsnt@aluthihatidlds shown

the i3] qt storage devices in the system. Arbitrary read requests
recelv fro hos stem are s'ggarated into ag) roprlate segments

012ng si ég‘ﬁaer CRTE 8‘?%%%{3“ P FEWERIRE LY PRERRTSR Epgtptor shown
vanée&’lﬁam%afysqeetﬁerr@qwe%@gmeare evaluated and the best

[01PermutBisgare dfithefmartioat bieskidisatestdo airg gsuer dadthef shoragecalculator,
devigg,asray egfghgngelected permuted read has been gathered, the

ot ggng%sa T .

et pat way e requéste ermined b are ona
metfRO¥BEA BeHrel current woriload balance for the storage devices in
the Ykidefen iixtibmtedititaiay before the requested data can be

t t t
[015'3e rievegd, (?/%J&%FA??E&E%HH% d Wﬁ&%{’kﬂﬁ%c%&%eﬁfaﬁ\%oi #9641
a

e an ueu equests that %a

U e gl e e e Do
reevammwmewm ﬂéﬁﬂ%@f&r@é@%ﬂ%ﬁﬁ@tﬂé’a@moa%ﬂ@ D,
the gugtes‘UiiftacitocapeitylByitasseftheddyStParens & fipdicthieh8aipalhway
is segfiesl e ehaIMSiansas aes m@@m%ﬁ@%ﬁhﬁw eR W{PL08€ The
or more stora céjﬂ"wce |nt wy tem aredul Hallab e th&@ﬁeﬁﬁgt _
inveRtion sak e es rgﬁgg‘rﬁeﬁ‘l I%anl{alnln%
for GBI Seifeleld RS RAFRIME i Iaae%ﬁeémé?gex which
useds ﬁrmeempm;tﬂaﬁape@mﬁwhagemn be made available externally to

[o1ghe stom&%&m%%%&(&ﬁ%ﬂ%@ﬂéﬁ%ﬂ%@%ﬁm gffstem in

eval %&%’h?%e DalenaN Cﬁ é&ﬂ%@n@k@ﬂﬂﬁf %%%‘@ée%oéia?&é’c“ such that

bloc agram o “an exemplary em ment 0 stem 1

deteN i HHEPEES! BAFRAATYEFOR ﬁuﬁé%tfé%‘f&ﬂé?&%‘&@@ﬁ?@ﬁeﬁe‘ved from
a host system are separated into appropriate segments and sizes for dispatch to the data
storage devices of the system. The various pathways to the requested data are
evaluated and the best permutation of the read request is selected and issued to the
storage: device array. After the selected permnted read has been gathered, the requested
informaiion is determined and retumed to the host controller.

[017} The best pathway to the requested data iz determined based on a metric, such as the
current workload balance for the storage devices in the system, an estimated delay
before the requested data can be retrisved, the number of outstanding requests in the
queue of a storage device, and/or the total gneve for all outstanding requests that have
been accepted. The metric may be predetermined or can be continually reevaluated and
dynamically changed, such as by retroactively altering the queues of the storage
devices of the system, so that the best pathway is selected as circumstances and

operating conditions change. When one or more storage devices in the system are un-
available, the present invention selects the best pathway from the remaining available

pathways for obtaining requested data. Information regarding the metrics that are used
for selecting the best pathway can be made available externally to the storage system



defined metric according to the present invention. System 100 is
contained within a storage system (not shown) using a 3 data + 3 parity

WMQ&%%mum distance separation) erasure code. A prlma%?/%[%ezg 4%\1363
trolle

storage system is to process read requests from a host con

shown), dispatch the commands to the storage devices of the system,

and then return the retrieved data to the host controller. A3 + 3 MDS

erasure code configuration allows three disk failures without loss of data;

while providing that data from any sector on a data disk can be

reconstructed by combining the data contained in the appropriate sector

from an -0f the other disks. Ac cordingly, the present invention can

be a aﬁ%é’é‘ g)e{éourlit%gtﬁg?%gunganc tgchemes such as RAID 51, other
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110cemespindingiestheiblonionddndssaahibel 10 QuR side: dada)datOifntes, such
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0158 oo HoE e 08 ek i 1nb s e T, 2t ot ames s 110
pathvan 16 iasEd Hetames Gyises SOmil %&g FAPIBE s Eeisasdds herein as
deterdishatioi f6l, safigfyingaén S04, Drid B,dnbid &, $22chsmmtsitaparitp Gat@mation.

inforation.d-24.RmbinercheaNeaensituciadhe dainidentficgbutie: » B C 7,
SOL%fro the r%gH{; re ived from storgxge deV|c S 1102nd a satisfi

requesﬁ 515 5B’asse R0 the sciraFae € SyStefntha RIS E}E“’m"‘y
systefAH Semﬂ?mgm Siovae %%Wﬁ@t%ﬁﬂ%w be used
assigmentdds: B2LEFidlre 2 is a functional block diagram showing greater

[o20ptail ofssigneudQ 0BReM e dNaE Rt &%@%&9&&%&%@@% which
queu t%gfllfﬁfl &gﬁ?eig ds éﬁg!&%&altagr 5 mut tlon request 102
gener tor 212, a cost calculator a permutatlon mul 5’?[35 ant
stora’@&ﬁ@?ﬂé@&%&é@%@% e ffhat s riigienab ﬁ'b%&f Sfrmege
A, B dendoss thilcaresspusiingdofthabkoit eddes: (Figuredyaseshdutely @fftet within

the segment, a Length, and a Disk (i.e., data disk A, B or ©), cbilectivelv referred to
herein by the acronym SCLL, Each S0LD ia then pasced from sorter 106 to assigner
106, Assigner 103 selects the best pathway to the data identified by the SOLID,
Aseigner 105 also passes deterrnination for satisfying a SOLD to combiner 122 az a
stats update information 124. Combiner 122 reconstructs the data identified by the
SOLD from the results received from storage devices 110and a satizfied request 126 is
passed back to the storage system that is external to system 100. Combiner 122 also
provides feedback information 128§ to assigner 108,

o211 Figure 2 is a functional block diagram showing greater detail of assigner 108,
shown in Figure 1. Assigner 108 includes SOLD queues 204 for the data disks, a
SOLD gatherer 210, a permutation generator 212, a cost calculator 216, a permutation
multiplezer 217 and storage device guenes 220 Storase device requests 202afor data
disks A, B and C that are received from sorter 106 (Figore 1) respectively enter
random-access SOLD queues 204 SOLD queues 204are configured as well-known /O



random-access SOLD queues 204 SOLD queues 204are configured as
well-known 1/0 WO 2005/006172 PCTIEP2004/051363 6 queues, and

- &%X 0 Glg}k%me known Quality-of-Service (QoS) features, such as
win owmg *and elevator sorting. SOLDs that are within the sBRIEEREMEM363
are removed from queues 204by a SOLD gatherer 210, which then
combines the removed SOLD to form a map of requests for storage
devices 110, 112 and 114 (i.e., disks A, B and C) within that segment.
The combined SOLDs that are within #he same segment are referred to
herein as a "SOLD triple". A permutation generator 212 examines each

SOLD tri ener tes the allowed permutations for each received
rea &5@ QH’&%S%E 108 ravauslitTnt SerdcgdRem katpermmutiisns

are [yesdewing ansodevenicidatog. 8 Dattdetesrvinida the saxpaageai@ackmoved
geégw@éggmmmmﬁmu“ ?ﬁ?g}%}1%&?@:%5??&%&&%%@%%‘&@&%@m to
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Additionally, all omblnt s of three-dis ofth avalla le
sk AR pstagt e B A e HRER0T 178 to cost

sho@ﬁCWééé@ﬁ@Wgﬁ@mdlﬂﬁepresents dISk reads of disks
[022F, P arkidre 3 depicts allowed permutations generated by permutation generator 212 for
an exemplary SOLD triple 302. SOLD triple 302 depicts a solitary read request on disk
ﬁt\ and no read requests on disks B and C. Permutation generator 2172, in the absence of
an;r hinting information 234, praduces all allowed permutations 310over disks 4, B, C,
P, O and |2 that satisfes SOLI* triple 302, In particular, permutation 310 represents a
- single digk A read 310. Additionally, all combinations of three-disk reads of the siz
available disks A, B, C, P, Q and R for reconstructing the request on disk A ars shown,
More specifically, permutation 312 represents disk reads of disks C, P and R
Permntation 314 represents disk reads of disks B, C and Q. Permutation 316 represents
disk reads of disks B, P and R. Permutation 318 represents disk reads of disks B, C and
R. Permutation 320 represents disk reads of disks B, C and P, Permutation 322
represents disk reads of disks B, Q and R, Permutation 324 represents disk reads of
dislks C, P and Q. Permutation 326 represents disk reads of disks B, P and Q.
Permutation 328 represents disk reads of disks P, Q and R. Lastly, permutation 330
represents disk reads of disks C, Q and R. Each request, 312is able to reconstruct the




Permutation 314 represents disk reads of disks B, C and Q. Permutation
316 represents disk reads of disks B, P and R. Permutation 318

r disk reads of disks B, C and R. Permutation 320 represents
Wﬁgé(%?a rlss%f disks B, C and P. Permutation 322 represents @%@3?%3“
disks B, Q and It Permutation 324 represents disk reads of disks C. P and
Q. Permutation 32. represents disk reads of disks B, P and Q.
Permutation 328 represents disk reads of disks P, Q and it Lastly,
permutation 330 represents disk reads of disks C, Q and It. Each request,
312is able to reconstruct the WO 2005/006172 PCT/EP2004/051363 7

SOL ested,3 way of the design of the parity calculation. [023]
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expeRSIvest oL RiateAnfori e peRERReRRITSIBMCK A sbieindiskowenly be pro-
greafigbdstdjl efeasiveatcudator 216, shown in Figure 2. Cost calculator
[oz&}thinchazg!@&fip%q gﬁkt@ata mﬁ&g&% ﬁ%w&@@iﬁa&%tﬁg'ﬁg&&%ﬁ%& 216,
cost summer . Permuytations e respectively.. input to fixed dis
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in Fi%ﬂe 1.u%g{%1birégr 11:02 'gglggdes Qi%k return queues 504a permutation
returty Dutrer 8,% ﬁéarrﬁu ionconects¥s, an actual cost calculator

028bo andrigte: TirisiPacionalibleck<lisgany srvapg srats ekl Af endirer 422,
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data to disk return queues 504which operate iv a well-known manner, The selected
permutation for a SOLD triple is output from permutation multiplexer 218 to
permutation return buffer 516 as state update information 124. Permutation collector
518 receives a completed permutation in disk retum gueves 504and the selected
permutation from permutation return buffer 516. The actual cost of the permutation is
then calculated by actual cost calculator 5320, Actual cost information is returmed to
cost caleulator 216 as feedback information 122 (Figures 2 and 3). The data for the
original SOLD is reconstructed by reconstructed data return buffer 522 and output as
return data 126 (Figure 1).

[026] For example, consider the costing of the situation wherein which disks A and B are

moderately loaded and disk R has failed; and in which the SOLD requests one sector
from disk A. Further, the metric in this example uses a trivial estimate of the sum of
queue times for retrieving the data as the cost. Assume that disk A queue 220 has a
length of 400 outstanding requests, disk B quene 222 has a length of 35, disk C quene
224 bas a length of 3, disk P quene 226 has a length of §, disk Q queue 228 has a
length of 7 and disk R queue 230 bas an indeterminate length. These queue lengths are
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ie recei -er. a completed permutation in dial: return queues 50;"and the

selected permutation from permutation return buffer 516. The actual cost

of the permutation is than calculated by actual cost calculator 520. Actual
ﬁ&)ﬁ\'?ﬁatlon is returned to cost calculator 216 as feedb&EL/EP2004/051363

information 128 (Figures 2 and 3). The data for the original SOLD is

reconstructed by reconstructed data return buffer 522 and output as

return data 126 (Figure 1). [026] For example, consider the costing of the

situation wherein which disks A and Bgare moderately loaded and disk R

has failed; and in which the SOLD requests one sector from disk A.

Further, the metric in this exa Ie uses a trivial estimate of the sum of
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ay, fo fé?ﬁ%& EREOM P8y AeanrEal; il ‘Bﬁ%ﬂﬁ%@
a refefestorgpsiiteanireacgiidoeden gt reesigd st inmeaively, the present

invention determines optimal pathways in advance, based on current operating

conditions of the storage system, and selects a predetermined optimal pathway for each
eceived data requect. Moreover, the present invention can be configured a2 a

processing system within a storage system that ezecutes machine-language instructions

or as individual components contained within a storage systemn that perform the

respective functions of the prezent invention.

&3 While the present invention has been described with respect to a specific example

illustrating a general process for selecting a best pathway to data and for improving
performance of data reads of a storage system, those skilled in the art will appreciate
that there are numerous vaxiations and permutations of the above described systems
and techniques that fall within the scope of the invention as set forth in the appended
claims.



here. The feedback mechanism permits the cost calculator to use a more
accurate estimate. [027] The present invention can determine an optimal
pathway for retrieving data from a data storage system as requests for
data are received. Alternatively, the present invention determines optimal
pathways in advance, based on curgent operating conditions of the
storage system, and selects a predetermined optimal pathway for each
we d{g§gived data reque3t. Moreover, the pre$ent invention can be configure d
as a processing system within a storage system that executes
machine-language instructions or as individual components contained
1. W'%’Ba@iﬁ@%@%ﬁ@bW@s@&H PMathearaspestivadincionsRitheN storage
present invéntion. [028] While the present invention has been described
devigghiané spetthem N Regess A s ANRE Sy Hedehéidromtissdefgstorage
syste%?,lﬁﬁiﬂgt%%d?%w&a gﬁst@}ﬁ%ﬁﬂfﬂmpvmg performance of data

reads of a storage system, those skilled in the an will ar;preciate that

therecare AembloREroasitma Al EaHMiBRbAPsrNReBB yerd sarbi o
an apYoFiaR %@ﬁ@qﬂg ugshat feltvithindhe.scrpe-6f renbventiaprascset

forth in the appended claims. -9- We claim: 1. A pathway determination
systegystem for a data storage system comprising N storage devices and more

thap, hspatawvaysfeisiggrieving requested data from the data storage
system, the pathway determination system comprising: a sorter capable of

receiving alteEMFRRSERFTAISE pABRIAG HRE TR 8 quEdtisthriRber of read
appEeRIiBieRRINRALS G formsentinggetha sionraadariaes ehdnadatecd

storage system; an assigner comprising: a permutation generator capable
of Gererhany HfeamE nttber of read permutations based at least in

part on queygdengthiformationAndiastimatad GpeaM sostdRigmaiaton
and a cost calculator capable of calculating an expense of each

pehimndasrt MadeBHReH rRaGier TR atrbedst canchiadt wdizie

capable, ofiilizing iResaielenath dofarmationand be RUMMEsh, and the
current cost information, and the cost calculator being capable of

caleenbeiHgHOBRBISE R S O GAFHEESIRC [IFITEF HASER APREAR I BBt
on peffermangediasmatinm Kesbrashiiamdhaostorage devices PbiMene
storage system,
storage devices of the storage system,
the assigner being capable of selecting a read permutation satisfying the
received read request, the selected read permutation being based at least in part
on the predetermined metric, and the assigner being capable of sending the
selected read permutation to the storage devices of the storage system; and

a collector capable of receiving the requested data from the N storage devices in

response to the selected read permutation being sent to the storage devices.

2. A method for determining a pathway for obtaining data stored in a data storage
system comprising N storage devices and more than N pathways for retrieving
requested data from the data storage system, the method comprising:

receiving a read request from a requester;

separating the read request into an appropriate segment and size for sending the
storage devices of the data storage system;

generating queue length information and estimated current cost information,



the assigner being capable of selecting a read permutation satisfying the
received read request, the selected read permutation being based at least
in part on the predetermined metric, and the assigner being capable of
sending the selected read permutation to the storage devices of the
storage system; and a collector capajle of receiving the requested data
from the N storage devices in response to the selected read permutation

beifg, sarto heiSIRrRs,HRYIE foad RIMAIBEEHIOE AetPiMiningrapRAtowee
for obtaining data stored in a data storage system comprising N storage

quevgdensl Bermuenras Regstmasd sorrairaAhtiPonaaete 846384 om the

pernflAlR StQrageHysiam heimathod eaqupsising: receiving a read request
from a requester; separating the read request into an appropriate segment
anGEPEHG SEh GG SEBrAgE ARViREQ 1At dhlsrstdrRis! Sstem:
predSRBREALNLBHRUSIERIRINTRDRAIGNRAG SSRB B IR SRS 68Rfived from the
information; - 10 generating a reduced number of read permutations
storagg<ay e PMSBUAZE T XFEMueue length information and the estimated
cureREGRsLIQEpatnNaths reas RAmMatians salinhibgtbeakerriyest
read request; calculating an expense of each permutation based at least
recejRegdRag|USFEdetermined metric and at least in part on performance
infaup@tigniesaivesifrem fensialraadadces aidaewiemurisysiene
selecting a read permutation from possible read permutations satisfying
systgie received read request; sending the selected read permutation to the

5t°f§r9§v€l¢§’i%%%é2fu‘él@e§t@§?sgﬁ'oﬁyﬁig'Nis’i@?%&iﬂgvlb@srﬁqié@ﬁé@ﬁleda@érom
the N storage devices in response to the selected read permutation being

seleaiadreadmearstaiRN iRESIA iR BT 1Y iS5shRY read request to the
requastSing the satisfied read request to the requester.



