Reliable, Resilient And Efficient D stributed Storage In Dynam c
Environnent Field of the Invention This invention relates to a
met hod and a system of increasing the reliability of a distributed storage
system More particularly, this invention relates to a nethod and a system
of increasing the reliability of a distributed storage system by addi ng
redundancy based on certain Quality of Service paraneters. Prior Art
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unavail able or lost, it can still be retrieved by the replicated copies.
However, such repllcatlon of files increases spatial overhead. For exanpl e,
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stored i% lé(eigp and a code rate, R, and a block size, n, is determ ned. The
met hod tAEA di vides the file into k segnents and generates an erasure code.
Subsequently, the nethod encodes k segnents of the file based on the
erasure code g n ngs are
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determ ning the code rate, R and block size, n, is provided in the
following manner. The file size and the QoS paraneters are determ ned.
Based on the QoS paraneters and the file size, a range of code rates and

bl ock sizes are determ ned. The nethod, then cal cul ates the optinmm code
rate and bl ock size. I n accordance with enbodi ments of this
invention, the method for calculating the opti mum code rate and bl ock size
is provided in the follow ng manner. The transm ssion overhead and I/0O
constraints, internal |oad, spatial overhead and system perfornmance are 2



determ ned. Based on these information, the optinmmcode rate and bl ock
size are determ ned. I n accordance wth enbodi nents of this
invention, a systemfor storing file in a distributed storage network is
provi ded. The systemincludes a processor and a nenory having instructions
to add redundancy to a file. The instructions to add redundancy may be
performed in the followng manner. A file to be stored is read and a code
rate, R, and a block size, n, is determ ned. The nethod then divides the
file into k segnents and generates an erasure code. Subsequently, the
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in accor PR t h an enbodi ment of the inventi on; Figure 7 illustrates a
di agram showi ng the rel ati on between spati al redundancy,

In accordance with embodiments of this invention, a method for storing file in a
distributed storage network is provided. The method may be performed in the following
manner. A file to be stored is read and a code rate, R, and a block size, n, is determined.
The method then divides the file into k segments and generates an erasure code.
Subsequently, the method encodes k segments of the file based on the erasure code and
generates encoded n segments. The encoded n segments are transmitted to the
distributed storage network. Preferably, R=k/n.

In accordance with embodiments of this invention, the method for determining the
code rate, R, and block size, n, is provided in the following manner. The file size and the
QoS parameters are determined. Based on the QoS parameters and the file size, a range
of code rates and block sizes are determined. The method then calculates the optimum
code rate and block size.

In accordance with embodiments of this invention, the method for calculating the
optimum code rate and block size is provided in the following manner. The transmission
overhead and /O constraints, internal load, spatial overhead and system performance are
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failure rates and nunber of chunks; Figure 8 illustrates the results of an

exanple of storing a file having a file size of 5MB; Figure 9
illustrates the results of an exanple of storing a file having a file size
of 10GB; and Figure 10 illustrates a diagram show ng the rel ation
between failure rate and storage overhead. Detail ed Description Thi s

invention relates to a nethod and a systemof increasing the reliability of
a distributed storage system More particularly, this invention relates to
a nethod and a systemof increasing the reliability of a distributed
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paraneters It is envisioned that a system and/or nethod in

accor dan@&t&inNedenbodi nents of this invention increases the reliabili ty of
storing of file in a distributed storage systemwi th | ess spatial overhead.
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erasure code such as Reed Sol onon may al so be inplenented wi thout departing
fromthe invention. Figure 1 illustrates a system 100 that perforns
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system in a computer system used by the system in accordance with an embodiment of the
invention;
Figure 3 illustrates a software module executable by the computer system in
accordance with an embodiment of the invention;
Figure 4 illustrates a flow diagram of a process for adding redundancy performed by
the system in accordance with an embodiment of the invention;
Figure 5 illustrates a flow diagram of a process for determining a code rate and block
size performed by the system in accordance with an embodiment of the invention;
Figure 6 illustrates a flow diagram of a process for determining the optimum code
rate and block size based on the system performance performed by the system in
accordance with an embodiment of the invention;
Figure 7 illustrates a diagram showing the relation between spatial redundancy,
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Conmput er system 110 i s communi catively connected to storage systens 131-134
via a conventional wre connection, wreless connection or any nethod

t hrough network 120. One skilled in the art will recognize that although
only one conputer system 110 is shown, any nunber of conputer system 110
may be connected w thout departing fromthis invention. St or age
systens 131-134 are processing systens that provide resources to conputer
system 110 and are connected to the network 120 via a conventional wre
connection, wreless connection or any other nethod. Resources may include

but are mgruré tafBst 0 Hufhbak O RBRKs; Processing ti rre and applications. One
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Figure 3 illustrates an exenplary software nodule 300 that is part of
processi ng system 200 that executes instructions to performthe processes
descri bed bel ow in accordance with this invention. Software nodul e 300

i ncludes a slicer/conbiner 310, QS control 320, encoder/decoder 330 and
erasure code generator 340. File to be stored is read by the software
nodul e 300. The QoS control determ nes a set of paraneter such as code rate
and bl ock size to be used for the slicer/conbiner 310 and natri x generat or
340. The set of parameter is determined by the size of the file, a QS
par anet era dodipateg dydtomtine ahebiotdyel sybtgmsand-134Q0S paraneter related to the

| atency. One skilled in the art wll recognise that other QoS paraneters
may be inplenmented without departing fromthe invention.
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Figure 5 illustrates a flow di agram of process 500 perforned by a systemin
conputer system 110 in accordance with an enbodi nent of this invention. The
systemis provided by processes stored in software nodul e 300, firmwvare, or
har dware. Process 500 is an enbodi nent of a process for performng step 410
in process 400. Process 500 begins with step 505 by determ nes the
file size of the file to be stored. Process 500 then determ nes the QS
paranmeters. The QoS paraneters are availability rates and | atency.
Availability rates represent the reliability that the system provides. The
f ol | ow ngheguatHigure Q13 phicas biraray bhexaapss drapi | ity rate i s conputed.
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segnent of the file is stored in a single conmputer node and the
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two major factdPeve ,fﬂ% "P?'Pg'iy ?ssah‘f@dm%meﬁt?waﬁ:gmﬁbé%a‘?w& t@ncy:
LDPC encoeimog usd10ecNdnuglatia In)emanya.’m/asreémwmﬁaibrﬂmauafhtaomdww dpesate

conpl exi d.lin Wit h ze, The_carrespondi ng
arency TaiokS SHEELARNE I o RERte Ri e Sl ng o o BB vaG af RPAPEN D o
anong eagHiledtimthe a/m\&lh refioighize éhett abyDRGN parrd types 06 mamenamppy be dsediogreebon e, t he
first fagiQndh! not be considered for the metrics introduced for the

optim zation of0 t he parameters. The second factor is the |atency caused by
transm ssion. To mnimze the transm ssion delay of the stored files,

especi al |y fog vBIQﬁeanén‘?&ry%‘j k%ulcﬁrangzﬁ?]\baﬁ Ao@@é@ﬂgﬁlo#@ﬁ@dfs%ooéonq%{?& Oad' ng

are normal ly enab resu transm Sssi o vari es a
the fil eloinerpryibged 9 .nt\platirimeaonf 225 steres & instruséiens awedaéqn%ﬁdeérby(%u beI ow

shows t heps &t oM SSevRRd GRGruborks ey %F&@§§Ess§déﬂnas el bx)ocessreéFrbﬁulée%( #} Were

ta repr esent s the aver age transm ssion tine/b
process BOYIiAe ESYHEMdR aEqREdangn ydth dis wa@'ma@e% s'ah*ﬁﬂi ip thecaet wifl i%%)gmAﬁtf@karrm e

of ]E h;al Chﬁy&fu;’ﬁﬁéabi t9Pestdf rhdifory A Defscl A8 Qolbfib @Serddty ahd BekexabizPse dsedns ovi ded
as 1o OV\ﬁa Negg Eouce to those skilled in the art.

I/O device 230, keyboard 235, display 240, memory 245, network device 250 and
any number of other peripheral devices connect to 1/0O bus 215 to exchange data with CPU
205 for use in applications being executed by CPU 205.  1/0 device 230 is any device that
transmits and/or receives data from CPU 205. Keyboard 235 is a specific type of 1/O that
receives user input and transmits the input to CPU 205. Display 240 receives display data
from CPU 205 and display images on a screen for a user to see. Memory 245 is a device

6



Value 1 Availability rate a 99.9999% 2 Latency for an image file 5 seconds
3 Latency for a HD Video 5 mnutes Table 1

that transmits and receives data to and from CPU 205 for storing data to a media. Network
device 250 connects CPU 205 to a network for transmission of data to and from other

processing systems.

Figure 3 illustrates an exemplary software module 300 that is part of processing
system 200 that executes instructions to perform the processes described below in
accordance with this invention. Software module 300 includes a slicer/combiner 310, QoS
control 320, encoder/decoder 330 and erasure code generator 340. File to be stored is
read by the software module 300. The QoS control determines a set of parameter such as
code rate and block size to be used for the slicer/combiner 310 and matrix generator 340.
The set of parameter is determined by the size of the file, a QoS parameter related to the
reliability, and a QoS parameter related to the latency. One skilled in the art will recognise

that other QoS parameters may be implemented without departing from the invention.

Slicer/combiner 310 slices or divides the file to a determined number of file chunks.
Slicer/combiner 310 may also reconstruct the original whole file by combining the sliced file
chunks. Matrix generator 340 generates an erasure code for encoder/decoder 330 to
encode or decode the file. Encoder/decoder 330 encodes or decodes file based on an
erasure code generated by the erasure code generator 340. After encoding, encoded file
chunks are generated which may be the same as or different from the original file chunks.
Redundant chunks are also generated to provide enhanced reliability. Although figure 3
shows only one redundant chunk, one skilled in the art will recognise that more than one
redundant chunk may be generated as long as the number of file chunk is more than the

number of redundant chunk.

One skilled in the art will recognize that the exact configuration of each component in
software module 300 may be different and the exact configuration executing processes in
accordance with this invention may vary and software module 300 shown in Figure 3 is

provided by way of example only.



Spati al Overhead (redundancy) Code Rate M ni mum nunber of chunks, k 200%
1/3 4 100% 1/2 12 75% 4/ 7

Figure 4 illustrates a flow diagram of process 400 performed by a system in
computer system 110 in accordance with an embodiment of this invention. The system is
provided by proceéses stored in software module 300, firmware, or hardware. Process 400
begins in step 405 by reading a file to be stored. A code rate (k) and block size (n) is then
determined in step 410. The steps of determining the code rate and block size will be
described further with reference to figures 5 and 6 below. The code rate represents the
proportion of the data stream that is useful. [f the useful data size is k bit, n-k parity bits are

attached after encoding, the corresponding code rate is R=k/n and block size is n.

In an example where LDPC is applied in the storage systems 131-134, the file to be
stored is firstly divided into k segments. Then for each bit of the k segments, n-k parity
segments are created by LDPC encoding and distributed to the storage systems 131-134.

Therefore, the spatial redundancy required for code rate R is computed as follows,

. F Size F_Size
Sr(R,F_Size) = X n=—p

Where F_Size represents the size of the file to be stored. For the forgoing, it is
assumed that k is the number of segments that the file to be stored is divided into, n is the
number of segments after LDPC encoding and R refers to the code rate of LDPC and R =
k/n.

In step 415, process 400 divides the file into k segments based on the determined
block size using erasure codes such as Reed Solomon code or Low Density Parity Check
(LDPC) code. Process 400 then generates an erasure code in step 420. Based on the
erasure code, process 400 encodes segments of the file using the matrix to generate
redundant segments in step 425. If LDPC code is used, segments of the file will be

encoded using the matrix to generate n-k parity segments.

In step 430, process 400 transmits the encoded redundant segments and encoded

file segments to storage systems 131-134. Process 400 ends after step 430.

8



21 50% 2/3 58 Table 2 F-Size M ni mum nunber of chunks, k 5MB 1 1003 6

Figure 5 illustrates a flow diagram of process 500 performed by a system in
computer system 110 in accordance with an embodiment of this invention. The system is
provided by processes stored in software module 300, firmware, or hardware. Process 500

is an embodiment of a process for performing step 410 in process 400.

Process 500 begins with step 505 by determines the file size of the file to be stored.
Process 500 then determines the QoS parameters. The QoS parameters are availability

rates and latency.

Availability rates represent the reliability that the system provides. The following

equation (1) shows how the availability rate is computed.
n . _;
Argpe(n) = Tiy g (7) €61 — 7 (™

This is based on the assumption that each segment of the file is stored in a single
computer node and the availability rate for a single node is €. As LDPC is a near-optimal
code, it means that the LDPC code requires average |fk| + 1 number of segments in order to
reconstruct the original file, where fis called as an overhead factor. It is worth mentioning if
other erasure code is used, |[fk] + 1 will be replaced by other numbers. For example, if

Reed-Solomon is used, [fk| + 1 will be replaced by k+1.

Figure 7 shows the relation between the spatial redundancy, failure rates and the
block size. Line 740 shows two times redundancy (i.e. 200% spatial overhead), line 730
shows one time redundancy (i.e. 100% spatial overhead), line 720 shows 0.75 times
redundancy (i.e. 75% spatial overhead) and line 710 shows 0.5 times redundancy (i.e. 50%
spatial overhead). It can be observed that minimum k is allowed to be smaller when the
code rate is lower. This means if the rate of redundancy is higher, the number of chunks can

be smaller.



Table 3 Assum ng the QoS paraneters are provided in table 1 above,
the m ni mum requirenent for the nunber of segnment for different code rates
determ ned via equation (1) is provided in table 2 above. Another

requi renent for the nunber of segnent is determned via equation 2 and is
provided in table 3 above. The F_Size of 5MBis for image file while the

F Size of 10GB is for HD Video file. Process 500 then determ nes an
optimum code rate and bl ock size in step 520. The steps of determ ning the
opti mum code rate and bl ock size will be described further with reference

to figure 6 bel ow. Process 500 ends after step 520. One skilled in
the art will recogni se that steps 505 and 510 in process 500 need not be
sequent i al anbeERY B aEeaITe 8l e BERH G RRTNGeS e Rl5ePe Rrapgig. o the

Speci fi cédténcy of slepindald aawnldiimehé Gl dambé osnttiluted Bpwalhajoi fablors.  dé@parti ng

fromthe.in ion, Further, steps, 505 and 5 al so be, perforne

concur r oty Rote <Hiebae ] FHEBRRY etk hrsh Endbaly & BRKGCRIRRy

i Il ustrairesivas ANDAXARagesativnd apd o€ esspléLi§y ipendreased dinbariyawity fieehodknsizonput er
system 1 [ . I [ . Of LS NV [ . .Jystem
2o ovi dng By ERAAA MG aRbe BRAH TR RIng ol Py b gAY

har dwar e amoog @geh 6ber wheradifferebb P iRE rparaheterspare @epliedf dherpiord, dherfitsyfastoasp 520
in proce ; : i i t ; r j e
ange.of "Hoda b, ponsidere TP B nehied RRHRSY i o BeRAon BY L oA Pdl

t he trandhe $8p0W facter iscthe latancy ¢aosed Ry ttiaapmission.  To minimigedhe iaggmisaion

over headqgig &F Shé tdrB§ fRRAMBIPEGAL1 BP 1Y SlRenfrh ¢ays %#zebsbammpuﬁleédiﬁy Srem 110
and service provider when transferring the segnents of the file over the

net wor k 99Wnloadieg esmeRplyATeBIEd der Fesl hRdTengeissioRgely dptirsariiot AiRlie by t he
renot e prsogRmEEl EineathurkRRS) dinbent 8sbabirhs féq’&ﬁtidm%| b&lbw $RWseHR fdfdhcy
conput er . ?%at%gl 110 and the storage systens 131-134. However, the

transmi sQBMNGIY RS EENSAHSIRD- i gnored if it is conpared with those
introduced by transferring the file/data stored. Furthernore, the overhead
introduced by transferring the actual fdile/data is usually determ ned by
the total size of the file/dat#(&khg ot Tnfl uenced2by the LDPC
configuration. Therefore, the netric for transm ssion overhead is usually
of lower priority in the netrics when optim zing the paraneters. The
| / O const r ai néVheredf exprdasentshiee bvamade todnstriissionutimoegbit. of connecti ons a st orage
system 131-134 can handl e. The corresponding netrics and relation wth the
nunber of the segnents are defined in equation (3) as follows, To(t, k)
-(t) k LTot alin(s&p 515, process 500 determines the range of code rates and block sizes. An

example of the determination of the range of code rates and block sizes is provided as

follows.

S/N QoS Parameter Value
1 Availability rate 2 99.9999%

Latency for an image file | <5 seconds

Latency for a HD Video < 5 minutes

Table 1
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Wiere To is the average overhead increased by a single segnent. A
time-varying coefficient is introduced to the netrics. The tinme-varying
coefficient introduces the time-varying weighting effect for the inpact of
t he increase of the connection nunber. The inpact should be increasing when
fewer connections are left. This is because the resource for connection
nunber beconmes nore and nore precious when there is fewer left. For
exanpl e, the percentage of used I/O connection can be applied as 1(0. In
this way, when the percentage of the usage is high, it will contribute nore
to the final metrics geutbhélerhdR %Hde%t@IIMiﬂim&ﬁﬂumseﬁ& fewer 1/0
connections is to be favoured. I n stlep 615, process 600 determ nes
the internal load. In Q'ﬁﬁﬁﬁﬁﬁ’ufﬂrltnned Fi | eC&Pin (HDFS), segment
reports are required to bmmosent periogiscallly to informthe server for the

| ocations of the segments_of the stored fifles—The_lnternal load is
dependent on the type of'gp&fage systé@s uded. |f 'RDFS is|used and as HDFS
has a singl e-node nanespagsyserver arghitedture t@1achieve |inear
performance scal i ng,—the-systemcapacityofthe system-isilinmted by the
anount of RAM and t he pro§@é5|ng ,apa%@Iity of thé nanespace server. The
internal |oad includes overhead to transnlt and process segnment reports,
net adat a overhead and etc. The equatt bel ow shows the internal |oad
caused by two types of resources type is caused by the nenory
required to store the netadata which contalns the mappi ng between the

bl ocks and their physi cal+teeations: ° seco“d type~i s the processing
power required to process t hel BI&Sck re Mgy fﬁfnibé'vi} R = c(Ossizen Mt)n

LTotal Mlfotat 0.(t)S mac Mt)M) iR LTotatN%bmmk K4) Wher e Sske

represents the size for ag—seghieft repok%—aﬂd—qﬁ—%eﬁ%esents aver age i nternal

| oad i ntroduced by a single sé nt. Simlarly to theg /(t) added to the

metrics of 1/0O constraints, twoGBi me-vjarying 6oefficijents are introduced to
ia

[
the two types of netrics: Hi—step—620;—proeess 600 deterni nes the
spatial overhead. The netric for spatial overhead can be determ ned via
equation (5) bel ow Table 3

Assuming the QoS parameters are provided in table 1 above, the minimum
requirement for the number of segment for different code rates determined via equation (1)
is provided in table 2 above. Another requirement for the number of segment is determined
via equation 2 and is provided in table 3 above. The F_Size of 5MB is for image file while
the F_Size of 10GB is for HD Video file.

Process 500 then determines an optimum code rate and block size in step 520.
The steps of determining the optimum code rate and block size will be described further with
reference to figure 6 below. Process 500 ends after step 520.

One skilled in the art will recognise that steps 505 and 510 in process 500 need not
be sequential and the order in which being performed may be swapped. Specifically, step
510 may be performed prior to step 505 without departing from the invention. Further,
steps 505 and 510 may also be performed concurrently without departing from the invention.

11



So(R, F _Size) = F (t)sr(ey_sizeDFisize = F(0O F_size(i-R) S Total STotai R
Where Spinal represents the total storage capacity of the systemand F
represents the percentage of the storage already in use. In step
625, process 600 determ nes the system performance. In order to optimze
the paraneters, a netrics is required to quantify the system performance in
ternms of various resources. A system performance matrix (SPM is proposed
as a function of all the netrics introduced above as follows. 5PM = f (To,
1,, 5 ")(6) One skilled in the art will recognise that the equation

(6) ha:)ove ifs F%&@SOmusltﬂ’msa_@tmlﬁ\l g_sasgsdrfe/reécméésgtsw b@ﬂ?rﬂﬁasr@,d aOgydtéihﬁ? lgozt Ic<)f
eac e 0 e res ces In ual n conne n,. ne ar IS
Snd or oo E2BPHET Sl 11 focesRpnTe nliee cSEHER HePFiRENigh DR SiFEetRd.  For
exanpl e, prdvided®y bfdOessmarstared tmrso'ftWamfmdSULgd”lmO fimhveere t o haatwWeas. e Protdsk 60be 1 est
f th t L] . h t . f h db [ d wth
Chounr o EeprkBER o BB REL Rkl e A ErESal 0EL  Cormer o6 W,
of SPM where 1-0, /0 and S,, are conbined linearly. S PM (k, -p)s m Onio)
kIR + F(t)F- 7

terms of ( 1% t) §Fo-6% %‘6@@4{9&%%%%5%9& e?‘%ﬁnte‘?érgqe déf%ﬁg% Fa?sf(] Qnd hhock s é:eé n

r epr esentn $teR6 Pi praoesa6e0 dftetntives tbe bransraission evatheddrandd £ cam;alg@l ect ed

paranmeters for LDPC code are proposed as those yields the m ninmal SPM

val ue, which is represented by the foll ow ng equation.
Transmission overhead refers to the communication overhead caused by computer

system 110 and service provider when transferring the segments of the file over the network
120. The communication overhead includes the overhead caused by the remote procedure
call (RPC) when establishing the links between the computer system 110 and the storage
systems 131-134. However, the transmission overhead can be ignored if it is compared
with those introduced by transferring the file/data stored. Furthermore, the overhead
introduced by transferring the actual file/data is usually determined by the total size of the
file/data and not influenced by the LDPC configuration. Therefore, the metric for
transmission overhead is usually of lower priority in the metrics when optimizing the

parameters.

The 1/0 constraints refer to the limit of the number of connections a storage system
131-134 can handle. The corresponding metrics and relation with the number of the

segments are defined in equation (3) as follows,

T, (t, k) = 20k (3)

LTotal

Where T, is the average overhead increased by a single segment. A time-varying
coefficient is introduced to the metrics. The time-varying coefficient introduces the
time-varying weighting effect for the impact of the increase of the connection number. The
impact should be increasing when fewer connections are left. This is because the resource
for connection number becomes more and more precious when there is fewer left. For
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(ER) = mn SPMk, R) = mnf (TO, I 0, So)(8) The nunber of encoded
segnents increases with the code rate. This neans that | ower code rate is
expected to achieve less internal |oad and fewer 1/0O connections. Lower
code rate |l eads to higher spatial overhead. This trade-off is well
represented by SPM Furthernore, 1(t), L(t), Mt) and F(t) represent the
percentage of the resource already in-use. if the percentage of the used
particular resource is higher at time t, the al gorithm nakes the weighting
of that particular resource higher. As a result, the algorithmfavours the
confi gur @tXiamnlet thetpegpientage bevsed lithcomeretivinsah be appled gedff) ircthlsavayr @Beuthee t o
ease the gj o) . sed on the
systemp néhccg i rug%:{ @gﬁ mlﬁe?ﬁﬁ]tﬁéeusté?ﬁ%gggg E{énﬁ%alc%]amc?as gﬁgtn bl ock
size in w&@ﬂ%@n l%@égéemd)'Oeqmsefalfonerstebep&a\@B@d One skilled in
the art will recognise that steps 610-620 in process 600 need not be
sequential and the order of steps 610-620 may be i nterchangeabl e w t hout
departing froff $tRe 6% nEeRes®A00 feiphiBenibe énterseldprd. 6 Ima blzdoem Distibsitedddle

per f or rre<$y§@np<;mo rtesl(%m%ttreems Q@P@d&k@%ﬁé%ﬁ&%dﬁd&ﬁf@tuhﬂﬁn tfg]{er\%lf'fc!rl ed in

the art wl ni se rocess not” require the three
metrics it '9¢qiigas gfithe B%U“‘?rﬁs @frta%Ftqugl fifsr kThﬁ@tern%Jéc?ﬁcﬁ@ﬁepqr@reﬂmth@fy@e any

ot her neff eamger@btemswgeal aff bHPist R d BHatRMIDES fh@é @Qﬁ% e-Pbdd RemAbsdcei but ed
st orage d wi thout departin romthe [nvention.

system | ud
An ex anplséw?%arﬁ%fué%@ a4 'eP’%F”‘?ﬂR@eEf‘EmaI”P% ¢aling. ég*i pistern ggrachy ohihasysiem
par amet eisslimifed 3PBecosainabe RAN] b5d 8. proestery dagaumfwase ﬂéhw@éﬁo%ﬁ@'s@rv%pr t he
stem IS an

di stributed.file tem, The Had di stribuyted fi

open Sour B8 bl Rhd iddel aMROT 18 ErSk B ihesn cEaRER REPiuI TSP #R e book
and Yahooverhead and dtabTlee dqwhom@)tﬂm&mpemcﬁmatheﬁrﬁemabloa@eélisedltgrrttms tpgessgn f or
the illu 0 8 are base th rom
Hops | ThirsRaeRTmne S BBE WRARER ol h8.Helis RTRH «f St ing Hittachld "Birhaaband
net wor k spueids the rSamrgraepb&tw.eeﬁ' tre ijackenardetheid physéat lesatitns. Bhd se¢doad type is

tinme- varm % %%ébg‘i"ﬁ%@#%@g?g&%ﬁfgﬁg@%ﬁ&&g&fﬂg the used resources is all

assunmed to

I (t k, R) — L(t)Sslzen_l_ M(tn

Lrotar Mrotal
_ [(L(E)Ssize |, M(t)m,
( Lrotal + MTotal)k/R “)

Where Sg;;. represents the size for a segment report and m, represents average
internal load introduced by a single segment. Similarly to the /(t) added to the metrics of 1/O
constraints, two time-varying coefficients are introduced to the two types of metrics.

In step 620, process 600 determines the spatial overhead. The metric for spatial
overhead can be determined via equation (5) below.

Sr(R,F_Size )~F_Size
Stotal

F SLze(l R)
StotalR

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

=F()——7= )

Where Sr,., represents the total storage capacity of the system and F(t)
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4

Nunber of Nodes 10,000 2 Storage per node 6 TB 3 Maxi num socket nunber
node 10,000 4 /Total (Nunber of nodes) x (Maxi mum socket nunber per node)
10,000 x 10,000 = 108 5 LTot al

represents the percentage of the storage already in use.

In step 625, process 600 determines the system performance. In order to optimize
the parameters, a metrics is required to quantify the system performance in terms of various
resources. A system performance matrix (SPM) is proposed as a function of all the metrics

introduced above as follows.
SPM = f(T,,1,,5,) (6)

One skilled in the art will recognise that the equation (6) above is based on the actual
system configuration. Based on the cost of each type of the resources including I/O
connection, the memory, hard disk and processing power, the coefficients of each metrics
can be adjusted. For example, if the /0O connection is of higher priority compared with the
rest of the metrics, then the coefficient for T, should be bigger compared with those for /,
and S,. The equation (7) below shows the simplest configuration of SPM where T, /, and

S, are combined linearly.

SPM(k,R) = {(t)k n (L(t)Ssize n M(t)mo) k/R, + F(t) F_Size(1-R) )

lTotal Lrotal Mrotal StotalR
In terms of /(t), L(t), M(t) and F(t), it is proposed that they should represent the
percentage of the resource already in-use. The selected parameters for LDPC code are

proposed as those yields the minimal SPM value, which is represented by the following

equation.
{k,R} = min SPM(k,R) = min f(T,,1,,5,) (8)

The number of encoded segments increases with the code rate. This means that
lower code rate is expected to achieve less internal load and fewer I/O connections. Lower
code rate leads to higher spatial overhead. This trade-off is well represented by SPM.
Furthermore, I(t), L(t), M(t) and F(t) represent the percentage of the resource already in-use.

14
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60GB 6 Ww (Number of nodes) x (Maxi mum nunber of bl ocks per node) =
101000 x 60,000 = 6 x 108 7 STotal (Nunmber of nodes) x (Storage per node) =
10,000 x 6 x 1012 8 SSize 200B 9 ta 1/ 50Mops

if the percentage of the used particular resource is higher at time t, the algorithm makes the
weighting of that particular resource higher. As a result, the algorithm favours the
configuration that gives fewer increments for that particular resource to ease the situation of

over consumption of the resource.

Based on the system performance, process 600 determines the optimum code rate

and block size in step 630. Process 600 ends after step 630.

One skilled in the art will recognise that steps 610-620 in process 600 need not be
sequential and the order of steps 610-620 may be interchangeable without departing from
the invention. Furthermore, steps 610-620 may also be performed concurrently without
departing from the invention. One skilled in the art will also recognise that process 600
need not require all the three metrics in steps 610-620 in order to work the invention.
Furthermore, any other metrics that are related to the system performance of the distributed

storage system may be included without departing from the invention.

An example is provided as follows to illustrate the steps of how the parameters of
LDPC code are adjusted. Hadoop is used as an example for the distributed file system.
The Hadoop distributed file system (HDFS) is an open source system being used by

numerous organizations including Facebook and Yahoo.

Table 4 shows the parameters and coefficients chosen for the illustration. The
parameters 1 to 8 are based on the statistics from HDFS. The parameter 8 is selected as
50Mbps which is a high speed broadband network speed in Singapore. The parameter 10
represents all the time-varying coefficients and the percentage of the used resources is all

assumed to be 1%.
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10 1(t), L(t), Mt), F(t) 1% Table 4 Wth the paraneters shown in Table 4,
the SPMis as follows: SPMk, R - 1%k +(1%200/6x101 + 1% 6x108)k + 1%

FSi xz1e0(116-RR) 108 Usi ng the exanpl e above for determ ning the
range of code rates and block size in tables 1-3, figures 8 and 9 are
plotted. Figure 8 illustrates a typical imge file with the size of 5MB and

figure 9 illustrates an HD Video file with a typical size of 10GB.
In figure 8, line 810 illustrates SPM using code rate of 1/3 and k being 4.
Line 820 illustrates SPM using code rate of 1/2 and k being 12. Line 830

I 11 ustraf e PP iEINFGREe rate ofvfig and K being 21. Line 840 illTudtrates
SPM usi ng-cod | | | e rate
of 112 ahd k|bHemkgr afNodepne 930 i| 14 ates SPM using code rate of 4/|7 and
k being 3. lergadiAfbrinbheistrates [SPpBUSIing code rate of 2/3 and k bei|ng 58.
3 Maximum socket number per | 10,000
node
4 I otar (Number of nodes) x (Maximum socket number per
node) = 10,000 x 10,000 = 10°
L rotar 60GB
Mrotar (Number of nodes) x (Maximum number of blocks
per node) = 10,000 x 60,000 = 6 x 10°
7 Stotal (Number of nodes) x (Storage per node) = 10,000 x
6 x 10"
Ssize 200B
ta 1/50Mbps
10 | I(b), L(t), M(D), F(t) 1%
Table 4

With the parameters shown in Table 4, the SPM is as follows:

1%xk N (1%x200/6x10° + 1%/6x108)k 19 F_Size(1—-R)
108 R " 6x1016R

SPM(k,R) =

Using the example above for determining the range of code rates and block size in

tables 1-3, figures 8 and 9 are plotted. Figure 8 illustrates a typical image file with the size
of 5SMB and figure 9 illustrates an HD Video file with a typical size of 10GB.

In figure 8, line 810 illustrates SPM using code rate of 1/3 and k being 4. Line 820
illustrates SPM using code rate of 1/2 and k being 12. Line 830 illustrates SPM using code
rate of 4/7 and k being 21. Line 840 illustrates SPM using code rate of 2/3 and k being 58.

In figure 9, line 910 illustrates SPM using code rate of 1/3 and k being 4. Line 920
16



As shown in figure 8, the optinum paraneters to be selected for the inage
shoul d be k=4 and R=1/3. As shown in figure 9, the optinum paraneters to be
selected for HD Video should be k=12 and R=1/2. The results are reasonabl e
because when the file size is large, bigger nunber of segnments is expected
to save the spatial overhead wi thout conmpromising the reliability. It is

al so observed that the system performance in terns of the SPM can vary a
lot if inappropriate paraneters are sel ected. For exanple, the system
performance can deteriorate 10 tines if the wong code rate e.g. 213 is
appl i ed fitustraigs SHM gsing code rate of 1/2 and kieipgri@. Libe S30VIBIstrates SEM ading cdde
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i nvent i onieterihetes Y& tirees if éwouong sodd ftate gt 1@ isclpplist B ckiBaszedfigw dt h and
processi ng power are consumed 10 tinmes nore bal anced than the traditional
met hod. More bal anced consunption of systemresources is a key to guarantee
the desired miigurifOsstementheapdiebitity asnparisorarbetwasnd LDRE-tgistdiahétbod tandt  one
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foll ow ng cl ains based upon
applied. This means more than 50% savings of storage space can be achieved because

the total space required is reduced from 300% to 143% of the original file or the system
capacity can be doubled if the storage space remained the same. Further, reducing the
actual physical storage directly leads to the reduction of the numbers of server required. At
the same time, the corresponding power can also be conserved. On the other hand, if both
methods apply 65% overhead, the failure rate is reduced from 0.05 to 107" if LDPC is
applied. Furthermore, by incorporation of the invention, the system resources within the
cloud such as bandwidth and processing power are consumed 10 times more balanced than
the traditional method. More balanced consumption of system resources is a key to
guarantee the desired maximum system capacity as it can avoid the situation that one type
of resource is used up while other resources remain un-used for a large portion.

The above is a description of embodiments of a system and method in accordance
with this invention. It is envisioned that others can and will design alternative methods and

systems as set forth in the following claims based upon this disclosure.
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