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Construction of fractional repetition codes based on mixed orthogonal array
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Information and Communication, National University of Defense Technology, Xi’ an 710106, China)

Abstract : For data storage and node repair in distributed storage systems, heterogeneous fractional repetition (FR) codes are constructed
based on mixed orthogonal array. It is proved that the constructed heterogeneous FR codes are universally good generalized fractional
repetition (GFR) codes. Concretely, the incidence matrix of FR codes is obtained by using the horizontal pairs in the mixed orthogonal
array, and the data blocks are stored in the nodes of distributed storage systems. In addition, the grouping method is used to construct
the grouping FR codes on the basis of the mixed orthogonal array, realizing the precise non-coding repair of a single fault node within the
local repair group, and the repair locality is 2 or 3. Moreover, the grouping FR codes can repair multiple fault nodes quickly and
efficiently. Performance analyses and experimental simulations show that, compared with RS codes and simple regeneration codes, the
constructed grouping FR codes have lower repair bandwidth overhead and repair locality, and the repair efficiency is also improved.
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Fig.5 Comparison of average repair locality

for single failure node

4.3 BEFEHE

1B FETF RS ARG B RS AU IAE I 39 P 2K
B RN, B —A SO RN M =500 Mb, 4
A SR A R, 25 R H (nym) RS B, )75 22
PRI JESCAE BT SETFRE R M 3T (nym,f) T8 A
A A AR 1 A B BB B By K
N M/ fm, TG S — > BUHE B 7 B8 8 F A Hs Yok &
5T LMEE R TEIFRCR (f41) M/m , B f=4 , WHE & 4
FEFEE R SM/m; AR 3L TR A B IE AR R 1341 FR
i BB B K ANR M/m o, t TR e 4L S
FIrAEA AR S B AN [R] ) BT D B A B 24
FEER 2M/m B 3M/m, TR AT A B8 52 A0 58 T
FFBCOEYE R (3+3+242) M/ (4m) = 5M/(2m) o

A PN S A AR SRR 6T (nym) RS 5, 4T3
SR BRI VA S AB A e T AT M TR A (n,



- 74 - LSRR R e o

LURRE

m ) T87 B P AR A5 5 TS I e A5 b o A ] B B 1
B W FEEeIRE JE S, s & WA B L B R
HSETEE R M5 PO o R A R B B 15 S
BEWTETFR R 2(f+1) M/m, 24 f=4 B 10M/m; {0 5
R TIR A R IE S R A 404 FR A%, 25 P AN 4 45,
FEPIA SR s S 4l rh, W oy B TE AN ey A8 & el b it 47
B BRI N 6M/m , /N 4M/m, B TFA
W A Rl — R R A A A R, AR S SRR A
AH T B e, W Es 5 S E RS A AM/me, A0 SR WA ik
A AR TR R B, ) ST BT A D AR | 15
A TEITES N 3M/m B 4AM/m. IR ETAE N
BT A BB SR RS R 7 PP AR R 5 2K B B A
Te A BESCBL, MR TR AR IERL R4 FR 15 R
T FECE T R TR ) Jr A8 5 A PP A T O T R
Kb B BIVRT 5¢ BB 5 R T 0 A0 B &, I LB &R A e T
LT RS A AN B AR A

FEFE 6 BRI 3 Fhdifith Jy 208 52 BBy s st 1
B, T IR AR IE S £ A 4341 FR 51
B A S RSB T RS A A A AR

2 0 RS W ] BPR AR A AAS SCHE TR G B IE A2
AT 70 4 FR A 16 f B  ni A8 I A 1 E L 85
LU B TR G AE SR B 7 4 FR IS TEAE S b
T I A8 B J A G A2 9 T B R, 1B R AR

B,
700
—¢—RSHG
600 —E—REEEE
—o—ETREAMERRM ARG
< 500
&
B a0}
=
) 300 F
x
B 200 |
100
%
O 1 1 1 1 1 1 1 1 1 ]

30 32 34 36 38 44 46 48 50

0 42
HopEston
6 BB R B S ST R L
Fig. 6 Comparison of average repair bandwidth

cost for single failure node

R2 ZMEBAREEHRET B R

Table 2 Comparison of the performance of the three coding methods to repair the failed nodes

RS % TR P AR (f=2) FETIRA LRI FR 15
B g R m 2f 2% 3
&5 R P A5 e m m — AR 41 2

WAME S 2H 4556

BT M (f+1)M/m 2M/m 8% 3M/m

5 T4 T A M MK 2(f+1)M/m —AMERE A 3M/m 8% 4M/m
WAME R 2 AM/m B 5M/m 5 6M/m
1040-1070.
5 & 8 [2] GHEMAWAT S, GOBIOFF H, LEUNG S T. The Google

ARSCHRH —Fh I TR A B IE A R F M FR i i
Jidk, S5 FR I T R B S B2 S e, %
FR 52 30 3 44 3 1o 72 rp A K S X R S B . X H Al
o3 A R G0 T8 B2 SR s B B A S A
&5 Jry iR R B ) AL, AR SR FE R TR A R IE RS R 1
SR FR B LA LA T /04 FR A5, HAT DUAE Ry B i&
S PR R S T IE . BRI B S TR A
IEZE RN 5 FR & —EAr i GFR 5%, F—25 5 RS 74
DA K TR LA 8 B, A 1 A 4321 FR B T LA 5 %
B AETE T SO SRR T B R, BB R A
BY AR EAR
S 2% Uik
[ 1] SIDDIQA A, KARIM A, GANI A. Big data storage

technologies: A survey [ J |. Frontiers of Information

Technology & Electronic Engineering, 2017, 18 (8):

file system [ J]. ACM SIGOPS Operating Systems
Review, 2003, 37(5) : 29-43.

[3] WANGY J, XU F L, PEI X Q. Research on erasure
code-based fault-tolerant technology for distributed

storage [ J ]. Chinese Journal of Computers, 2017,
40(1); 238-257.

[ 4] DIMAKIS A G, GODFREY P B, WU Y, et al. Network
coding for distributed storage systems [ J ]. IEEE
Transactions on Information Theory, 2010, 56 (9):
4539-4551.

[ 5] RASHMI K V, SHAN N B, KUMAR P V. Optimal
exact-regenerating codes for distributed storage at the

MSR and MBR

IEEE Transactions on Information

points via a  product-matrix

construction[ J].
Theory, 2011, 57(8) :5227-5239.
[ 6] PAPAILIOPOULOS D S, DIMAKIS A G. Locally

repairable codes[ J]. IEEE Transactions on Information



5113

ETRS

T TE AR A 0 ) FL AL 75 -

(7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Theory, 2014, 60(10) ; 5843-5855.

KAMATH G M, PRAKASH N, LALITHA V, et al.
Codes with local regeneration and erasure correction[ J].
IEEE Transactions on Information Theory, 2014, 60(8) :
4637-4660.

WANG J, YAN Z Y, LI K C, et al. Local codes with
cooperative repair in distributed storage of cyber-physical-
systems [ J ]. IEEE Access, 2020, 8:.
38622-38632.

SHAH N B, RASHMI K V, KUMAR P V, et al

Distributed storage codes with repair-by-transfer and

social

nonachievability of interior points on the storage-
bandwidth tradeoff[ J]. TEEE Transactions on Information
Theory, 2012,DOI. 10. 1109/TIT. 2011. 2173792.
ROUAYHEB S E, RAMCHANDRAN K. Fractional repetition
48th
Annual Allerton Conference on Communication, Control,
and Computing ( Allerton) , 2010, 1510-1517.

NAM M, KIM J, SONG H. Locally repairable fractional

repetition codes [ C ]. 7th International Workshop on

codes for repair in distributed storage systems [ C ].

Signal Design and its Applications in Communications
(TWSDA), 2015 128-132.

ZHU B, SHUM K W, LI H, et al. General Fractional
Repetition Codes for Distributed Storage Systems [ ] ].
IEEE Communications Letters, 2014, 18(4) ;. 660-663.
ZHU B, SHUM K W, LI H. Heterogeneity-aware codes
with uncoded repair for distributed storage systems|[ J].
IEEE Communications Letters, 2015, 19(6) : 901-904.
ZHU B. A study on universally good fractional repetition
codes [ J ]. 2018,
22(5) : 890-893.

ZHU B, SHUM K W, LI H, et al.

reconstruction degree of fractional repetition codes [ C].

IEEE Communications Letters,

On the optimal

IEEE International Symposium on Information Theory
(ISIT), 2019, 1557-1561.

ZHU B, SHUM K W, LI H. Fractional repetition codes
degree [ J ]. IEEE
Transactions on Information Theory, 2020, 66 (2):
983-994.

ZHU B, SHUM K W, WANG W, et al. On the optimal
minimum distance of fractional repetition codes [ C].
IEEE Global Communications Conference, 2020; 1-6.
AYDINIAN H, BOCHE H. Fractional repetition codes

with  optimal  reconstruction

based on partially ordered sets [ C]. IEEE Information
Theory Workshop (ITW), 2017, 51-55.

SU Y S. Pliable fractional repetition codes for distributed
Design and analysis [ J ]. IEEE
2018, 66 (6):

[19]
storage systems:
Transactions on Communications,
2359-2375.

[20] SU Y S. Optimal pliable fractional repetition codes[ C ].

2018 IEEE International Symposium on Information

Theory (ISIT), 2018, 2077-2081.

[21] SU Y S. Optimal pliable fractional repetition codes that

are locally recoverable; A bipartite graph approach[J].

IEEE Transactions on Information Theory, 2019, 65(2) :

985-999.

B E. IERRRMIEIM]. 5 IR AR H R,

1978.

YANG Z X. The Construction of Orthogonal Array[ M].

Jinan; Shandong People’ s Publishing House, 1978.

GOPAL K. On

Bounds and

[22]

[23] Heterogeneous  distributed  storage

[ D]

Gandhinagar: Dhirubhai Ambani Institute of Information

systems ; code constructions

and Communication Technology, 2019.

EEE N

F &, 2004 4F T VG L TR AR
1ot 2E i, 2009 4FF 74 2 HL P RHE R A
PAFE L2, BN KR %, 20
FEIT 8] R o A A AR AR AR R 2
Gl
E-mail ; jingwang@ chd. edu. cn

Wang Jing received her B. S. and Ph. D. degrees from
Xidian University in 2004 and 2009, She is

currently a professor at Chang’ an University. Her research

respectively.

interests include distributed storage, regenerating codes and
locally repairable codes.

FHERE, 2018 45 T 1LY ARl K S AR AT
S R VAR /U5 SO/ N S 7 e SO 58-S/
7 15 0 53 A1 A AR 23 FE SR
E-mail ; 15135406976@ 163. com

Wang Xianglong received his B. Sc.
degree from Shanxi Agricultural University in
2018. He is currently a M. Sec.

University. His research interests include distributed storage and

candidate in Chang’ an

fractional repetition codes.



