Clakms 1. A systemfor storing data in a distributed storage network
conprising: a processing unit having instructions executable by said
processing unit to: receive said-data to be stored; determ ne a code
rate, R and a block size, n based on a data size-of said data to be stored

and a Quality of Service (QS) paraneters; i data into k
segnents based on said determ ned code rate and M@%m‘ﬂﬁmmgenerate an
erasure code with said code rate R and sai d bl oc encode k segnents
of said data using said gener ated erasure code; _gene’.fﬂi‘_”é—pedmdant segnent s

by enco@igghsegnents of k segnents; and store said redundant segnents and
sai d encoded k segnents in said distributed storage network, wherein said

code ratie R _Adyerkn ®F g@ringldataitfa Kisﬁﬂb@teﬁ&ﬂi’r@@eﬁr%iwbﬂk cohpriéing:! owi ng expressi on
R=k/n. 2. The system a (gFOI‘dI ngtﬂ_}cg claiml V\%re jn said |nsHuct|ons to

det ermi ni ng SAQEEAS YPLPRHHY s rerutapls iy SAdRoeeENg YA [%ns to: read
said data size demreinerseud&mtaito@eaét¢rbu of Service (QoS) paraneters;

determ ne a range of code I tes a i zes SI ng sai ranet ers

s
om0 at o ars glenfite s dte TR RSt Bok S pitBishY of 2L S g 2R S8 0T o
accor di ng t odatactd e Ztanbbar o Qualityl of DSvica(@oRkparametsrsavai | abil ity rate being

expressed as foll BilfRse Qa\d déta\%tg k(gegmépts 5as7eQi orﬁgald dlé{erﬂn n'ea cfohla +§1€ and
block size;
generate an erasure code with said code rate R and said block size n;
encode k segments of said data using said generated erasure code;
generate redundant segments by encoding segments of k segments; and
store said redundant segments and said encoded k segments in said
distributed storage network, wherein said code rate R, block size, n, and k are

expressed in the following expression R=k/n.

2. The system according to claim 1 wherein said instructions to determining said code
rate and block size comprises instructions to:

read said data size

determine said Quality of Service (QoS) parameters;

determine a range of code rates and block sizes using said QoS parameters and
said data size;

compute said code rate and biock size.

3. The system according to claim 2 wherein said QoS parameters is availability rate

being expressed as follows:

Agpc(k,n) = Z" (7:) el —-e)nt

i=|fkl+1

wherein said availability rate for a single node is €, fis an overhead factor, and said

erasure code is Low Density Parity Check (LDPC) code.

18

il|||ll|IIllIIIIlII“!IIIlIIIIIIlIIIlIIl

_*GO0oo1*



wherein said availability rate for a single node is E, f is an overhead
factor, and said erasure code is Low Density Parity Check (LDPC) code. 18
4. The system according to claim2 wherein said QoS paraneters is |atency
bei ng expressed as follows: TL (k) = ta F_Skize Wiere ta represents the
average transmssion tinme/bit, and F Size is said data size. 5. The system
according to claim2 wherein said instructions to conpute said code rate

and bl ock size conprises instructions to: determ ne at |east one of
the followi ng information: a transm ssion overhead, |nput/Qutput (I/0O
constraints, internal |oad, and spatial overhead; conpute a system

performance matri x using any one_or_ conbi nati on of said determ ned.
i nf or matd on; TARFYEEMeAFRORENG 7 glakd deWheeld said QaSoparaaieless ik |atRycy Peidsy st em
per f or meRpRss@S 4d fslows: The system according to claim5, wherein said
instruction to conpute said system performance matrix using any one or
conbi nation of said determ ned information conprises instructions to:
conpute said I/0O constraints, 'l;o('k copputie said internal load, Ic); conpute
sai d spatial overhead, So; apply 3 transformation, f, to conpute said
syst em per f oMitisere € rapresertsthe aleragb erafyraission amebitdart- tSizecik dhihdatadisd. ei n
said code rate and bl ock size are determ ned using said system performance
matrix in the foll ow ng expression:

5. The system according to claim 2 wherein said instructions to compute said code rate

and block size comprises instructions to:

determine at least one of the following information: a transmission overhead,
Input/Output (1/0) constraints, internal load, and spatial overhead;

compute a system performance matrix using any one or combination of said
determined information; and

determine said code rate and block size using said system performance matrix.

6. The system according to claim 5, wherein said instruction to compute said system
performance matrix using any one or combination of said determined information comprises
instructions to:

compute said I/O constraints, T,

compute said internal load, /,;

compute said spatial overhead, S,;

apply a transformation, f, to compute said system performance metrics.

7. The system according to claim 6 wherein said code rate and block size are

determined using said system performance matrix in the following expression:

{k, R} = min SPM(k,R) = min f(T,,1,,S,).

8. The system according to claim 6 wherein said a transformation, f, is linear.
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=mn SPM(k, Rk = mnf (To, lo, So)- 8.The systemaccording to claim®6
wherein said a transformation, f, is linear. 9. The system according to
claim6 wherein said a transformation, f, is non-linear. 10. The system
according to claim6 wherein said I/O constraints is a neasure of limt of
nunber of connections said storage system can handle and is determ ned
using the foll ow ng expression: To(t, k) = 1(t)k i Total wherein To is
an average overhead increased by a single segnent, t is a tine-varying
coefficient that introduces a tine-varying weighting effect for determ ning
an inpact of an increase of the connection nunber. 11. The system
according to_claim6 wherein said internal |oad_includes overhead to

transm £ pr JBRSESteBGReERHing é‘bﬂ?'f’bs whereifeteithatransioaiaignd. is ngplinegie syst em
according to claim 11l wherein said internal |oad caused by a nenory
required_to store said a ich cont t he pi ng bet t he

b1 acks: dRat RBS EYSis SEeaAng G elarnbPe TR L A s B DeRsdro P 60k ol

expr essinQmbed Of tconﬂrectnais saibl ($toragd ZysteM cam Hehbiéoimd Téoaatlermmed usingathg sai d
internal | oad caused by a processing power required to process sald segnent

reportsf?"|§ Y& RPMSAY using the fol i owing expression: 10(t, k, R = ("Ltr)
osm(7t..)intall k/R To(t,k)—ﬂ

iTotal

wherein T, is an average overhead increased by a single segment, t is a time-varying
coefficient that introduces a time-varying weighting effect for determining an impact of an

increase of the connection number.

11. The system according to claim 6 wherein said internal load includes overhead to

transmit, process segment reports and metadata overhead.

12. The system according to claim 11 wherein said internal load caused by a memory
required to store said metadata which contains the mapping between the blocks and their

physical locations is determined using the following expression:

L{)Ssizen | M(E)n

LTotal MTotal

I,(t,kR) =

and said internal load caused by a processing power required to process said

segment reports is determined using the following expression:

I,(t,k,R) = (L(t)ssize " M(t)mo) K/R

Lrotal Mrotat

wherein Sg;,. represents the size for a segment report and m, represents average

internal load introduced by a single segment.
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wherein Ss," represents the size for a segnent report and no represents
average internal |oad introduced by a single segnment. 13. The system
according to claim6 wherein said spatial overhead is determ ned using the
foll ow ng expression: So(R, F _Size) = F(t)Sr(R F_Size )-F Size = F
(t)F-Size(1-R) STotal STotal R wherein STotai represents a total storage
capacity of said storage system F (t) represents a percentage of said
storage systemalready in used and F Size is said data size. 14. A nethod
for storing data in a distributed storage network conprising receiving data
to be st@redihe system #485r8inGitH cRfNn 8 wWHerSn 5al Spatidl oddtiledt Bldetdfmfed@sing based
on a data size o¥ said data to be stored and a Quality of Service (QoS)
par anet &M&PININg BXRESSIANY d data into k segnents based on said determ ned
code rate and blo s}:%e' g?fn(g URIFINGe BR_SRE g?.&er_ﬁzedemwith sai ¢..code rate R
and said bl ock si 2& Rt S5 o] k segient s of* sasguglat a based“on said
generated erasure code; generating redundant segnents by encodi ng segnents
of k segnents; and transmitting said redundant segnents and said encoded k
segment SMeEIR firda dieptasehia edotakstorage capreitwof $aid slneageisystemi df (Qotterasants R,

bl 0ck  SiaZfarcdhtagd skid BRadoRsRASARU i MRaTALIFOWIBE% SPESSSIAN R=k/n. 15,

The met hod according to claim 14 wherein said Step of determning said code
rate and bl ock size conprises: reading said data size determning said
Qual i ty 1@f SarybiRsd fRRiling 84t Weh alskibuted stora?éjﬁ’étﬁﬁmd&h{bﬁaiﬁ%r ange of code

rates and bl ock sizes using said QOS paraneters and sai ata si ze;
receiving data to be stored;

determining a code rate, R, and a block size, n based on a data size of said data to
be stored and a Quality of Service (QoS) parameters;

dividing said data into kK segments based on said determined code rate and block
size;

generating an erasure code with said code rate R and said block size n;

encoding k segments of said data based on said generated erasure code;

generating redundant segments by encoding segments of k segments; and

transmitting said redundant segments and said encoded k segments to said
distributed storage network, wherein said code rate R, block size, n, and k are expressed in

the following expression R=k/n.

15. The method according to claim 14 wherein said step of determining said code rate
and block size comprises:

reading said data size

determining said Quality of Service (QoS) parameters;

determining a range of code rates and block sizes using said QoS parameters and
said data size;

computing said code rate and block size.

16. The method according to claim 15 wherein said QoS parameters is availability rate
being expressed as follows:
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conputing said code rate and bl ock size. 16. The nethod according to claim
15 wherein said QoS paraneters is availability rate being expressed as

fol |l ows: Al dpc(k,n) = 7n Lii=lik1l+1 (t.) EL (1 - wherein said
availability rate for a single node is E, f is an overhead factor, and said
erasure code is Low Density Parity Check (LDPC) code. 17. The nethod
according to claim 15 wherein said QoS paraneters is | atency being
expressed as follows: TL(k) = ta F_Skize(2) Were ta represents the average
transmssion tine/bit, and F Size is said data size. 18. The nethod

according to claim 15 wherein sai calculating said code rate and
bl ock size conpri ses: Awapc(kgiex Br n| n (Qé {(@as®)"one of the follow ng
information: a transm ssion overhead 'f put/ Qutput (1/0O constraints,
internal |oad, and spatial overhead, conputing a system perfor mance
matrix using \A’?\@F‘elr?gaISQVQI‘aBiﬂfy'rQ@ 1B a SiAgH raé &< Aedn LIREPabRR anddio
determ ning said code rate and Si ze using said system per for nance

mat ri x. elaasurerMeneLm@ea@tyo?aﬂtm@heqk (EPBChead®; wherein said step of
conputing said system performance matrix using any one or conbi nation of
said determned informati gn conprises: conputing said I/O constraints, To;
conput i Ag- sai'@eiMeteeh arcargag; to F'G““ 66#6\9{?"?1@3@69% SBLAMelers &% latensy peing,:

appl yi n@xpreksa s edw:i on, f, to conpute said system performance netrics.

F_Size

T, (k) = t,

(2)

Where {, represents the average transmission time/bit, and F_Size is said data size.

18. The method according to claim 15 wherein said step for calculating said code rate
and block size comprises: ‘

determining at least one of the following information: a transmission overhead,
Input/Output (I/0) constraints, internal load, and spatial overhead;

computing a system performance matrix using one or combination of said
determined information; and

determining said code rate and block size using said system performance matrix.

19. The method according to claim 18, wherein said step of computing said system
performance matrix using any one or combination of said determined information comprises:
computing said I/O constraints, To;
computing said internal load, /,;
computing said spatial overhead, S,;

applying a transformation, f, to compute said system performance metrics.

20. The system according to claim 19 wherein said code rate and block size are

determined using said system performance matrix in the following expression:
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20. ' The system according to claim219 wherein said code rate and bl ock size
are determ ned using said system performance matrix in the foll ow ng
expression: trc,P} =mn SPM(k, RR = mn f (TO,10, So). 21. The system
according to claim19 wherein said a transformation, f, is linear. 22. The
system according to claim19 wherein said a transformation, f, is
non-linear. 23. The nethod according to claim 18 wherein said I/O
constraints is a nmeasure of limt of nunber of connections said storage
system can handl e and is determ ned using the follow ng expression: To (t,

k) = 1(t)k iTotal (3) kﬂMuﬂﬁﬁfb Ekk?f Zxﬁrﬁgﬁ over head i ncreased by
i Cl

a single segnent, t is a t| ne-varyl ng coe f’h& i ntroduces a
time-varying weighting effect for determining an i npact of an increase of

the conngcti Gl"ﬂ_e@yé'fprﬁraccoraﬂ\g td BSinTRd WASkeRCER SirRskidratibRirng ffkapherei n sai d
internal |oad includes overhead to transmt, process segnent reports and

net adat a overhead. 25. The nethod according to claim?24 wherein said

i nt er nal22l oadhe aystem dR¥ordingRaBIa 1 @WHEreRsald)a FhmiGmialién, RS Addtirearhi ch
contai ns the mappi ng between the bl ocks and their physi ‘cal locations is

determ ned using the follow ng expression: lo(t,k, R) = L(t)Ssi"n Mt)n
LT al MB3t al The method according to claim 18 wherein said I/O constraints is a measure of limit

of number of connections said storage system can handle and is determined using the

following expression:

T, (¢, k) = 10k (3)

lTotal

wherein T, is an average overhead increased by a single segment, tis a time-varying
coefficient that introduces a time-varying weighting effect for determining an impact of an

increase of the connection number.

24, The method according to claim 18 wherein said internal load includes overhead to

transmit, process segment reports and metadata overhead.

25. The method according to claim 24 wherein said internal load caused by a memory
required to store the metadata which contains the mapping between the blocks and their

physical locations is determined using the following expression:

L(t)SSizen n M(t)n

1,(t,k,R) =
0 LTotal M Total

and said internal load caused by a processing power required to process said

segment reports is determined using the following expression:

1,(t,k,R) = (L(t)ssize + M(t)mo) k/R

Lrotat M7rotal
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and said internal |oad caused by a processing power required to process
said segnent reports is determ ned using the follow ng expression: | O(t,
k, R = (L(t)s stze + m(t)n) k /R LTotal M ot al wherein Ss, ze
represents the size for a segnent report and no represents average internal
| oad i ntroduced by a single segnent. 26. The nethod according to claim 18
wherein said spatial overhead is determ ned using the foll owi ng expression:
wherein 5z1 represents a total storage capacity of said storage system
F(t) represents a percentage of said storage systemalready in used and F

Si ze is saidypakeh Sg,ze&epreé’gnts the R RA of QgnféRt RSISHHHAOM A rebYSdeRid %Fég@r mance
of a cloud storage systemor a distributed storage system between set of

code r atiterngl lo%tﬂ'trad%@ﬁ by IR, n, conprising: conputing an

| nput/ Qut put (1/0 const ral nts, T, corrputi ng an internal |oad, |; conputing
a spatial overhead, S; . apg ying a transform f, to forma
per f or méfice B me(ﬁré"dtﬁ?‘:ﬂ'@t’@ t3Figin 48w e@ma&ﬁ@@?quﬁmﬁé@detezg"neﬂn@mﬁet hod

accor di nige folowihgespragsionsher ei n sai d performance matrix is determned in

©)

Sr(R.,F_Size )—F Size
Stotal

F_Size(1-R)
STotalR

S,(R,F_Size) = F(t)

=Fl)—VF———=

wherein Sr,.,; represents a total storage capacity of said storage system, F(t)
represents a percentage of said storage system already in used and F_Size is said data

size.

27. A method for determining a system performance of a cloud storage system or a
distributed storage system between a set of code rate, R, and a set of block size, n,
comprising:

computing an Input/Output (I/O) constraints, T;

computing an internal load, [;

computing a spatial overhead, S; and

applying a transform, f, to form a performance metrics to determine said system

performance.

28. The method according to claim 27, wherein said performance matrix is determined in

the following expression:

{k, R} = min SPM(k,R) = min f(T,,1,,S,)

wherein R=k/n.
29. The system according to claim 27 wherein said a transformation, f, is linear.

30. The system according to claim 27 wherein said a transformation, f, is non-linear.

24



the foll ow ng expression: trc, fl} = mn SPM(k, RR = mnf (To, 10, So)
wherein R=k/n. 29. The system according to claim27 wherein said a
transformation, f, is linear. 30. The systemaccording to claim27 wherein
said a transformation, f, is non-Ilinear. 31. The nethod according to
claim 27 wherein said /O constraints is a neasure of limt of nunber of
connections said cloud storage systemor said distributed storage system
can handle and is determ ned using the foll ow ng expression: To(t, k) =(t)k
(3) 1Tot al wherein T, is an average overhead increased by a single
Segent 34t | §h@ nidittr ¥RbMiHY o CRivh 27 GitfeRdin 8810 EInsREHESS andds[IR ot At N9

wei ghti n? effect for determning an 1 npact of an increase of the connection
nunber . Of Bgmbernps capnaciensaxaibelarhgfotage Syepim & paifistay e PR FYPMaAan| oad

caused h¥indie BRIV detdrRftéd  BfhgltRe flleWiRg eRsres®émdat a whi ch contains the _
mappi ng between the bl ocks and their phz)5| cal locations is determ ned using

the foll owi ng expression: 10 (t ,ToKt,kR%%(t)Ss(B)'n M (t)n LTot al Mrot al
wherein T, is an average overhead increased by a single segment, t is a time-varying

coefficient that introduces a time-varying weighting effect for determining an impact of an

increase of the connection number.

32. The method according to claim 27 wherein said internal load caused by a memory
required to store the metadata which contains the mapping between the blocks and their

physical locations is determined using the following expression:

L(t)SSizen + M(t)n

I,(t,k,R) =
? LTotal MTotal

and said internal load caused by a processing power required to process said

segment reports is determined using the following expression:

1,(t,kR)= (L(t)SSize + M(c)mo) k/R

Ltotal Mrotal

wherein Sg;e represents the size for a segment report and m, represents average

internal load introduced by a single segment.

33. The method according to claim 27 wherein said spatial overhead is determined using
the following expression:

Sr(R,F_Size )—F Size = F(¢) F_Size(1-R) (5)

So(R,F_Size) = F(t) STotal StotalR

wherein S;,.q; represents a total storage capacity of said cloud storage system or
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and said internal |oad caused by a processing power required to process
said segnent reports is determ ned using the follow ng expression: 10(t, Kk,
R) = (1.(t)SSize M(t)111) /CR LTotat- Tot al wherein Ss, ze represents
the size for a segnent report and nb represents average internal | oad

i ntroduced by a single segnent. 33. The nethod according to claim 27
wherein said spatial overhead is determ ned using the foll owi ng expression:
wherein STotal represents a total storage capacity of said cloud storage
systemor said distributed storage system F(t) represents a percentage of
said cl I i L I in
Gacd and i FEARAEGEGLSIGh, TR) Tepieslit A ¥pRRNBLE0RRR R SO SRAE

st or age o5 paiddhistihuted starage systemialeady irovsegeansys 1Siga is a data size of data to be

transferred to said cloud storage system or said distributed storage system.
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