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Construction of Heterogeneous Fractional Repetition Codes

SUN Wei, SHEN Ke-Qin, ZHANG Xin-Nan, HE Ya-Jin
(School of Information Engineering, Chang’an University, Xi’an 710064, China)

Abstract: Aiming at the problem that Fractional Repetition (FR) codes in distributed storage system are mostly
homogeneous, two new simpler algorithms are proposed to construct and design heterogeneous FR codes with different
storage capacity based on Hadamard matrix and based on simple graphics. Heterogeneous FR codes with different storage
capacity can be converted from homogeneous to heterogeneous based on Hadamard matrix. Extensible heterogeneous FR
code based on simple graphics can be extended. It can be found through the comparison with theoretical analysis of RS
codes that the designed heterogeneous FR codes have lower repair locality, repair bandwichiith overhead, and repair
complexity. And this method can realize accurate and non-coding repair of fault nodes.at high repair efficiency, reducing
the repair time of fault nodes. H

Key words: distributed storage; Fractional Repetition(FR) codes; node repair; Hadamard matrix; heterogeneous

T e, &E%EE&*%@(%&?&F%E‘JE% Hodhe B3 T 5 AR R ORALE e ) R SR L AR St

WO, 1L B4 TP AR A O 0 3 L i S A7
BOR. A AR 248 (DSS) Miz 4z, DDS &M £
BRI RL LA AR, B ARG AT PR T v =
SRR, BIEAT G RERIE ARG 04
W1 2 B R AL N, 48 41 Microsoftfil Facebook!?.
SR 43 A0 AT R B8 0071 05 5 e A W s sl 90 25

O HEETH : PG 3 RFHEFE S (2019IM-386)

Foundation item: Natural Science Foundation of Shaanxi Province (2019JM-386)

f) DSS % % FH & %1 (replication) $Em&E! Hirh = B A &
WL RSO 2 RBIAS 3] 3 RIS, 43 AR A
it B R GRS F T L A5 R AR T B X
g, AT L oAl IR AR AR AT R HEH
ARSI S T PR, T2 Dimakis #8174
JHAD (erasure codes) SEME™. 1542 il SEmg AR EL, £ g2
I RS EL A B K B B4 T S M RN AR A B Herh

AR N ] 2020-06-30; A& BT TA]: 2020-07-27; K FHIS[A]: 2020-07-31; csa 7E£R Hi RIS [A]: 2021-01-27

226 WA HARH % Software TechniquesAlgorithm

© TEREBIK R

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn/1003-3254/7793.html
http://www.c-s-a.org.cn/1003-3254/7793.html
mailto:cas@iscas.ac.cn
http://dx.doi.org/10.15888/j.cnki.csa.007793
http://www.c-s-a.org.cn

2021 4F 55304 5523

http://www.c-s-a.org.cn

i H AR SN A

B K 2 A 43 (Maximum Distance Separable, MDS)
T R4S S5 A0 R A7k T80 PR . {HL 2 21 HI RS 42 55 s
MR ERME S ISR, T EIRGRIA, Dimakis
S TR AR IR B T T ARG, B TT R BLLE
T RS B A4S B T B W R BRI, {H 2 AR A
BB MRS AN 2R EA RIS, it R E R ER.

2010 4F Rouayheb ## i | #4> H & (Fractional
Repetition, FR) i, FR fith 72 — Mo i d5 /)N 98 P A2 i,
16 52 W5 R B 52 B ), RIS AN 7 2 KA
PRI f)3a 5, THEE A B /N0 i ABOR R 2 1 7T A
A EEHF FT FR 15, Ramamoorthy BT #) FR 185| AT
A T AT R4k R ™, Steiner R A1
JPAU kit FRAD. B S0 FE N R UBFAE T FR 151 4&
S FER/ME

73 B RS R IR G b 7 2T R A f i R AR
AR, (7 35 e A ], 00 T 10 Mo 4 75 8,
{51 5305 A R G T B e, T 2 0 A,
FEAL AN, ST AP EAEAE,
SER gAY 77 2 ASCHE H T Hadamard FERERI7, 3, 4]
BT 73 il A i S 1) PR30 70 B RS ) — M R, 5
) FR g AH tL, SR H Hadamard %5 FER1[7, 3, 41 XM
it FR S SNy W] 1, Horh 55T Hadamard B [ A] S
I e (R R 28 5 ] B AR 4 g e A i 5 7 1, T[T, 3, 4]
FITEALIE FR A5G A] S 8 SE A, 57 224 i 45 44 Jo v 2
sk, A HATY R, AW R K, 1 H I SR
WA L. &35 RS AR 7t LRI, vk
Pl w59 FR B E R 50 5 i — 0 %

(K6, FLATLLSCILMR Y AR R A I I, 15 A |

U, B R ARG, YD 1B S T R 8]

¥
N

1 FEalER y !
1.1 Hadamard 558

SESC 1M H HLT = nlyy Hyg®— > n B 5 B
HoH 1881 MR, L2 —A n By SALHE R, FRH,N n B
Hadamard %,

Hadamard 55 FEBA 41 M

(1) ¥ Hadamard %5 B AT = AT (B1) 3k, HERE
AT S —17 (B) P TR -1, 13 2R R IR 2
Hadamard .

(2) # H,2nlr Hadamard #iF%, 75 Z35 2 n /2 4 1)
58 (n > 2).

AR HT ) Hadamard 58 B 25 e R, BVH,HY
o5 1ATHISE 1 B4R 1.
1.2 BREEH

5E X 2L FR Y, 45 58— ANy EERLC = (0, M), 3L
S HUH (n,k,d) K BB FE RN o (BP9 b5 250408 B 5 4l
p ), KM, M={M,,--- .M} Iin DT HEIES, M;
(1 <=i<=n)HPMF—NEHETHEE={1,--,0}.

A T I LA R AN S 1

D EATEOKD A\

2) ot TG B G IARE T M p A T2 .

AR d Flp ) 8 [ e A8 ) DR [F)#4 FR A, 4n
d K;%%E‘Jﬁﬁ!ﬂ?’ﬂﬁﬁ%ﬁ%%%ﬁ‘] FR 5; W p A
ST 1AL 00 9 56 52 P Mg 1) PR .

FR A 5 s 453 MDS 4 it Ji5 1 B0 B 52 il
p i, BE S A BB En AN A [ e, Hord [ — A
I 4m RS B AN B8 H IR — A1 .

2 H:T Hadamard iR R4 S5 A4 56 7 B R Y

AR5 5T Hadamard R P FATE A0 25 5 AN TR 4 5744
o EEN. HAeikE— (s = 1,2,3,-- ) 1Y Hadamard
H B, P b6 Hadamard R 3EAT (7 848 46 BV AT 43 3 BT
5 R B B AR B S R AT S LU R, 0 A 2UAF
{5 2% 51 015 AR AR (04T, T AN ) £ 4 53 B0 oz
THIFER 5. MRS Hadamard 5555, 5| B A7 fif 25 5 AN [
(9 54 FR A5 — MR Sk, JL R ol B T

SN, BT (akMDS i (n > k) X JEHA S
AT S0, 498 n AMREEAEERCL, -, o1, o Cart >
Hor G4 ke A UR B I — kAR B H s

S W—n+ 1N PR Hadamard i [EH,,,
(1 9 4 B 50, B3 (1) 3 Hy AT R B A2

Jns1+H
K/n+l — n+l2 n+l (1)

il S H IR AN 1, Hyw AR HE Hadamard 5

M, BRIHIK 1 (n > k) &—A 0-1 56[%, K, e —
AT AN — 51 [F) B ) 2 45 2 B e LR K

PR 3. K HEREK, R 5 j 90 LI S5((+ Dmod

«;»¢1&%0%ﬂ%%ﬁ@mh%5ﬁﬁﬁuy

NiZ{an,’jZI} (2)

F, = 1,20 n, i FORE A FR A, ay R

AT AIRE. P RIS FR R RAEAET &, K

Software TechniquesAlgorithm 3 FHA S 227

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20214F 55304 5521

SEREK, T AT SR 1 T B N A A B B
K, BIATAS 31— AN SNATAE B s e, 49 205 55744
#5 ARF 0 549 FR 4.

ELARR, iBE—A™ 12 B ) Hadamard %8 B0 B 1
Fiws, ST HAZD R 2 BER 2] 11 MY AEREK W& 2 B
7, ﬁua@s@((ﬂ 1) mod (%))4\ 1k 0 FEL
FIFEFEK a0 3 BT, Bl T X R BRI AT, T A
[F) F) g i e ot 87 T B 0 271 BT AFRATTAS 21 T A7 6
EANEI TR FR 89, BN SR G S M Wi 4 B
7, KT GRS Ed = 3, 4, 5, S EE E p = 4.

H R R R R ] 22 R 7 EORVR R, () It S B e e 1
ARSI R, A SR A R, TR

— MR RER.

Bnn

B a0

N[1]a]e]7]8]

Nl2]s]s]9]

N5|3|6|8|9|10|

Nl al7]o]i0]

«[Tol

w[1]e]o]u]

Nl 1] 2]3]7]0]

Nol2|4]s8]u]

4 PGB R T i O

3 LRI SR 4y AT

AR —FPEET(7, 3, 41T A AT R
Fe o8 S A 0 Bk, R AR AT DL X ) R A
BEATY R, BT S5 R AN 2 O F R 7 Bl AT Y4,

om0 ~—~oc o

K=

r 1
_—0 = = O OO0 o~ OO0

[ = R R R - R

(= e R =l e i )

12 ¥ Hadamard %E [

@ _——0 O O = O O = O

[\

—OoO )OO0 O0 =00 ~O

—_——_0 OO = O O = O =

(= e — =R = e i e R

—_—0 OO = OO = O = =

SO O = OO = O = = =

SO~ OO = O == =0

O —, OO = O == =00

K11 %EIEF‘

—_ 000 = OO0 —= 0O =0

S OO~ OO~ O~ O =

SO~ OO = OO = r—=O

O~ OO OO = = =00

—_—O O = O == =0 00

S OO~ O ==~ 000

OO~ O == -0 OO

SO = O === OO0 oo

O = O == =000 =0
L y

S = O ==, O 0000 =0
L J

WA TR O A i 24, WU 78 Y B2 38 B 4 e i 9t

FEEEY Je, 13 FR iG] 4 e, BARME 3R Frn:
B 1L SR (n, MDS Zifid (n > k) % R4S

AT Y, 13 Bn A GBS B e, crmty Cho Chrts

Cny FE AL TR A I HE BRI — kAN B0 i
R 2. N7, 3,410 R B, inlE] 5 s,

®)

®
o © o
11 111 v

K5 (7,3, 4] AR ETE

A YR 3BT, 3, 41fa BT IE FR B9 R AhE
3 AT A ARAA BT 5, R R 4 ST 2 /R Kt

@3 Klll %EM:‘

BN R AR R I, AT AR A v ) F A R
BN B, R R RO Y AL B fE 1] 4
R N RNy R AR O, TS N B N R R
PEEE s 11, FAENMK ST HdisHe 3 A 7, BPAT 58 B A
NS TR m AR 15 KUN3, Ny, N1 730l T 303
Py 3,5, 7, 11, AT 58 BUS BT SN, . B R

228 AR H % Software TechniquesAlgorithm

B, K PeAz IR B A7, Wl 77619 R 3 Nt

PAT AL ZATA T A

$17, 3, 4116 S B AR EEL 3 AT M E A7 it
R BT, 3, 41T SR 4 N TS S ERdE B, %L
P B2 BB A A7 5, I 3B A7 A 19 01 3 N B B A7

JBRAETZATAE T AL

AW A EIDR(7, 3, 417 B B Jie B R i AT

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

20214F 55304 5523

http://www.c-s-a.org.cn

i H AR SN A

¥ & FR i4:

1) 3 R I[7, 3, 4116 5 EE (0 40 Bl 2 D 2 AR
TN R, A i R R A A RS
FMNEAETT NG, A M A (= L4 n); ¥
S AT R A E I s B S R A7 5 AT
H e, R RT3 2147 it 75 5 A0 E 52 A 1 FR 49,

2) MR = 3t + 48T, T E 14T, 3, 411
FE e P 3E, K93t Y B 43 MR 05, n N BE BRI
FR . BHAEHn=4+3t+s(s=1,2) I, FE24
[7, 3, 411 5 B i@ e B 2, M3 B e+ 3 A7 A
L, n MR HT) FR 5.

HMIE— A 6 NMEAETT A, 13 MR FR
T, WK R A B R L P4 3 IR, 1 2K 6 Fs B,

% EIRT5 VAR R 6 A7 Ak 5 5 I A7 TR Bl B, e

B 7 B, A A0 S5 T0vE 2 75 oK, AR HHE T R,
HEWHETR, Tfﬁﬂ%ﬁ&}mﬁ B, 1 8 Fioi.

I

(jIV12
/\ \VO
1. .71 3
4
O/\z \8

v
Ko KR

N, 1|3|4|5|7|

w5 [« e ]+]0]

N,

Te[7 [ [w]n]s]

Ns|8|9|10|11|13|
noD
K7 PR R AL
AV 12 ~VI_18
Vieeivesasi
LN T /\9 ®
f W V&“ N/

VI

K8 ¥ REIELH

FTUAE AT 6 N1 . 70719 10 Ny AT NS 1
BB 5, AT 5 Ny F1 N, AR &2 7, JF

HESE N2 83 1— 7M1 FR 5.

éi%%ﬁkiéﬁzﬁaﬁt w7, AN R
Np RAE BRI, 3 N8 NI E B R 1 4, R
BN KT IR 2, RGBT RN IR 71 N3 K
AR I, RIS R BT RN E B R 3, 4 A7, Rk
Ny BRI 2, FENMKEHIEHL 6 A1 10, FHNs K
SR 8, BI AT 58 W4T s N IR R . BB R 5 AT
IEPEPERIR, [F) B SE I AR A S I E 1B 5.
PERE S B v

/J\ I XT%? Hadamard ?EB?’]"]LZ?%?FE%*’J

1350 73 25 AN B T-[7, 3, 4175 B B AL I T 9 e 19
DG T AT AT MR R 0BT, B RS S T T 4
MBS =i e 77 T PR e, JF 5% W00 RS gmfid k47 M
Retb . A T T A, 3T Hadamard 55 B 4 i A7
fits 75 5 S R P30 2 B ST A BRVE I B (11, 9)FR 1, T
[7, 3, 417 5 BT AL i T 47 i S5 g 0 B A2 D F) B ik
(13, 9)FR i, XM = 1000 Mbit.
4.1 EEHTH

18 52 7 55 T4 i R PR R RICTT S T 3 £ dis
BN, BRI (11, 9)RS 4wi, BT RS 4wid Pk & i
B S5 TR L AR SO, BT LMB S ST on = M
K HE T Hadamard H0 R #4385 7 fiff 75 5 A (7] 1) 5 44 30
Sy EE LRI, 9)FR Y, Zifli,‘l'-k SRR R iR R
8 T8 A= 3M [k, SM/k BE TMfk SRR T LLER, A&
SO EL e PR AR R A AL TR 3 T[7, 3, 411 8]
T T4 e M 075 2B 0 ) M (13, O)FR
foF, SRR S A8 S ST Jan= 3M [k, SM [k 5
FHTIM/k, T K F (13, 9RS Fuh i, &A= s b i &
S IR S = M. T TR AR A I, Bl T
LB B TP A H S TM [k, BT LA B AR 1A
PA b 2 TiddE S RS 6505 AT LG An ] 9 Bk,

28 3o Xof F AN M R I AS ST H 1R R e R g T 43 B AT
T R 325 PR AR, 1 A R AR SR A 525 SR TS LU RS G
il B B PR AR, 471 S 8D T 16 B, 3T Hadamard 50 %F
P& I 744 FR R4S S S8 /N T2 17, 3, 4]ffi 5
BT M3 5 48 FROAG. (H 2 475 S B0 i K, &1
[7, 3, 41fA7 B I Kg 3 530 FR 5 (018 55 5 TF 44 /N T
#£F Hadamard HEFER)IE 0 R4 FR 1.
4.2 EEREM

R AT S B T B P A T s A H RS
RRERYE. 2k Az BT AU, (11, 9) RS 2wl 75 22

Software TechniquesAlgorithm 3 FHA 5 229

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

i E R %N

http://www.c-s-a.org.cn

2021 4F #5304 2

BB 9 AN IR R SCPEF DB s L, B8R
N 9; T FE T Hadamard 5B M #)3E 124% B = F R
FR A A& A (11, 9) FR B, BT 55 M b v 75 00 4%
2ANECE 3 AT ECRIBE, MUEE R 2 50 3.

1400
! —e RS
1200 +* —+— 5&F Hadamard #5544 FR 1%
LY —o— BT ETEMIR 49 FR )
= 1000 *c\u‘;saccc- cReNoReRol e N RositcRe R Rl e ]
E A
= 5
& 800 )
S
£ Se
w000 - N“_\L\q
@( F - . P A A |
B 400 koo f P/ T'*w?’ﬁ‘;;ﬂ/. T
Sy + 1%15%
Be g
200 [oeeennidi i, . T
0 I
5 10 15 20 25 30

JE G &
O IS AT AR

SRIFETF (7,3, 410 2 B T A9 ) &
S0 B (13, 9)FR I, & Az A i e il 7 22
HERE 2, 3 8 4 AN RURIK S AT s, BT LME RS
b 2, 3 81 4; T (13, 9RS A& A 4 5 By, RS
MEE R R 9.

M RIS T AT SN, 55T Hadamard
Wl e 1 A At 25 B S M 1) FR BB ANSE T-[7, 3, 4]147 B &I
P P4 JE 544 FR RS A2 5 R8Pk, T RS mid i)
BE R, (HI2[7, 3, 4116 5 B TR A4 3E& (1) 55449 FR B4
ToIFAB S 25 s, & R — B0 FE 7 ).

5 4R

JSrHR T Hadamard 55FERI7, 3, AR

R 3 S ) )0 70 B S0 ) — AR GRSk 53006 TFR R A
tt, X F Hadamard %EIZZIE*D[?, 3, 4]@%1‘@5\% FR A5 5E )1
v B 7, Hoh 3§ Hadamard 8 R AT S8 R R R 220
] ARy e M b 7 1 FE T[T, 3, 41T HGIE FR B4
A SEIYT R AE T, A5 41 45 M o E I 2 7R R, AT gk
TV R, BREWATR, HLFLRMALEN. 215
RS T BHAG 70 B0 BRI, Wit B P Al 574 FR 5 42
HRE I BRI P AR, YhRe i — DR L

S0
1 Huang C, Simitci H, Xu YK, et al. Erasure coding in
windows azure storage. Proceedings of the 2012 USENIX
Conference on Annual Technical Conference. Berkeley, CA,

230 FAHARH % Software TechniquesAlgorithm

2

o0

12

USA. 2012. 2.

Rashmi KV, Shah NB, Gu DK, et al. A “hitchhiker’s” guide
to fast and efficient data reconstruction in erasure-coded data
centers. Proceedings of the 2014 ACM Conference on
SIGCOMM. Chicago, IL, USA. 2014. 331-342.

Liu Y, Vlassov V. Replication in distributed storage systems:
State of the art, possible directions, and open issues. 2013
International Conference on Cyber-Enabled Distributed
Computing and Knowledge Discovery. Beijing, China. 2013.
225-232.

Dimakis AG, Godfrey PB, Wu YN. Network coding for
distributed  storage systems. IE?EE * Transactions on
Information Theory, 2010, 56(9):4539-4551. [doi: 10.1109/
TIT.2010.2054295]

Rouayheb SE:, Ramchandran K. Fractional repetition codes
fo\rérepair in distributed storage systems. Proceedings of the
48th Annual Allerton Conference on Communication,
Control, and Computing. Monticello, IL, USA. 2010.
1510-1517.

FEE. A A RS EE ARG [ Bt
AL ). P % K2 K2, 2019.

Olmez O, Ramamoorthy A. Repairable replication-based
storage systems using resolvable designs. Proceedings of
2012 50th Annual Allerton Conference on Communication,
Control, and Computing. Monticello, IL, USA. 2012.
1174-1181.

Koo JC, Gill JT. Scalable constructions of fractional
repetition codes in distributed storage systems. 2011 49th
Annual Allerton Conference on Communication, Control,
and Computing (Allerton). Montic“ellc;', IL, USA. 2011.
1366-1373. g

Olmez O, Ramamoorthy A. Fractional repetition codes with
flexible ~rep’air © from combinatorial ~designs. IEEE
Trlclnsactions on Information Theory, 2016, 62(4):
1565-1591. [doi: 10.1109/TIT.2016.2531720]

Benerjee KG, Gupta MK. On dress codes with flowers. 2015
Seventh International Workshop on Signal Design and its
Applications in Communications (IWSDA). Bengaluru,
India. 2015. 108-112.

Itani M, Sharafeddine S, Elkabbani I. Practical single node
failure recovery using fractional repetition codes in data
centers. 2016 IEEE 30th International Conference on
Advanced Information Networking and Applications
(AINA). Crans-Montana, Switzerland. 2016. 762—768.
Banica T, Nechita I. Almost hadamard matrices: The case of
arbitrary exponents. Discrete Applied Mathematics, 2013,
161(16-17): 2367-2379.

Su YS. Pliable fractional repetition codes for distributed
storage systems: Design and analysis. IEEE Transactions on
Communications, 2018, 66(6): 2359 —2375. [doi: 10.1109/
TCOMM.2018.2799213]

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.1109/TIT.2010.2054295
http://dx.doi.org/10.1109/TIT.2010.2054295
http://dx.doi.org/10.1109/TIT.2016.2531720
http://dx.doi.org/10.1109/TCOMM.2018.2799213
http://dx.doi.org/10.1109/TCOMM.2018.2799213
http://dx.doi.org/10.1109/TIT.2010.2054295
http://dx.doi.org/10.1109/TIT.2010.2054295
http://dx.doi.org/10.1109/TIT.2016.2531720
http://dx.doi.org/10.1109/TCOMM.2018.2799213
http://dx.doi.org/10.1109/TCOMM.2018.2799213
http://dx.doi.org/10.1109/TIT.2010.2054295
http://dx.doi.org/10.1109/TIT.2010.2054295
http://dx.doi.org/10.1109/TIT.2016.2531720
http://dx.doi.org/10.1109/TCOMM.2018.2799213
http://dx.doi.org/10.1109/TCOMM.2018.2799213
http://dx.doi.org/10.1109/TIT.2010.2054295
http://dx.doi.org/10.1109/TIT.2010.2054295
http://dx.doi.org/10.1109/TIT.2016.2531720
http://dx.doi.org/10.1109/TCOMM.2018.2799213
http://dx.doi.org/10.1109/TCOMM.2018.2799213
http://www.c-s-a.org.cn

