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Construction of Fractional Repetition Codes Based on Matrix Transformation and Adjustable Ring

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

Abstract: According to the current method of constructing Fractional Repetition Codes (FRC), it is found that most of
them are distributed storage systems based on isomorphism, but the actual storage systems often need to satisfy the
characteristics of heterogeneity. To this end, this study proposes two methods for“constructing heterogeneous FRC. One is
a heterogeneous FRC constructed based on matrix transformation. This methoed isTused to construct an FRC with a
repeatability of 2 and a heterogeneous storage capacity of nodes. Cofnpared with the existing isomorphic FRC constructed
by regular graphs, it has the advantages of lower computational complexity and more in line with the real storage system.
In addition, this study also proposes a method of constructing FRC using adjustable rings, which FRC is constructed with
a repeatability of 2 or 3, which can obtain the FRC of the node storage capacity is isomorphic, and can also get the
heterogeneous FRC. Compared with the existing FRC, it is found that the FRC constructed in this study has heterogeneous
characteristics in nodé storage capacity, good repair locality, and low computational complexity of the construction
algorithm. It can select parameters in a wide range and the construction structure is simple and intuitive.

Key words: distributed storage system; fractional repetition codes; matrix transformation; ring; node repair

Bt R ECE I AR R, Bl B 0 PO FH# R 98 DL ANREIE I 24 AR B AR A7 1, 0 A0 A7
%, Bl 1017l 7 i th B 2 ASWTg N, A& S8 Kt RGBT RN FRAFE T 3 IR R o O A7

O HEETH : PG 3 RFHEFE S (2019IM-386)
Foundation item: Natural Science Foundation of Shaanxi Province (2019JM-386)
SRR 8] : 2020-05-03; &L H E]: 2020-05-28, 2020-06-10; SR F i &]: 2020-06-15; esa £ 4% H i [8]: 2020-11-30

Software TechniquesAlgorithm FXAFH AR 5% 187

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn/1003-3254/7713.html
http://www.c-s-a.org.cn/1003-3254/7713.html
mailto:cas@iscas.ac.cn
http://dx.doi.org/10.15888/j.cnki.csa.007713
http://www.c-s-a.org.cn

it E RGN

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

20204F 55293 %5 123

E1EZ & HARMSI YR % b, A0 A REAUR
LRI o348 1 A7Gif A7k, T HSCANICRR, AT R Itk e, 1B
R AT A R G b B Se W B B8 5 oy R AE
B, T3 SR B2 25 k. DRI, RT3 e s A 1 eT
SEVERUSCN T 40 A1 AT G i3 75 A ) R,

N PR UEBOHE A it I8 7D v ] SRR A = R A, AR 4t
(4 3 A7 AT i 22 G0 Hb A BROTU AR B30 1 SRS T8 A <
] 2 A R ), S AU R G Hadoop R 4t
e H T = RIS S, R A6 B B R s = A
ARG AP AE R G R AR UEAE A AT Sk, X2 &
BAF I K A T I INME R T4, 7 S2Br R4t 5l
N EM I B TU 4R SRS, (HL 12 SRS TEAS B R 1 i) 2
R ELK B ST, B0 B3R [, Dimakis 55K M
26 g i 1) S AR S Y 2120 A A7l b, 4R T ARG Y
RS A R T A T A RS A 58 I Bde H AT
2 T 26 1, 2 g B A2 A 50 2
A B AEL £ W A X S AN A T 2T
MSRC (Minimum Storage Regenerating Code), 5 —4*
FRAB A6 R 85 /N 55 P A2 MBRC (Minimum Bandwidth
Regenerating Code). SCHik [7-9] 4 tH T — L6 47 f) FE A0
(R IE T 1.

B, FRAERD A BREELE T, EREAT Mb 1Y sAB SN,
i KR T AR A, R E R TR, BE)R
TR A%, AR ik 7 @, ET Rouayheb 1 Ram chan
dram £ MBRC W 70 5Ll B2t 17— o i ——
#43 # 2 1Y (Fractional Repetition Codes, FRC)!'”, i%fi%
A ABEAT S o i A e 5. — e B FRC

HIPR AR 2L AT A 2 i B K 2 7T 70 (Mlaximuma, |

Distance Sparable, MDS) F P4 /& B R A5, %0545 & K
e 45 A5G 75 AT Ao S RS R AR, ﬂu&ﬁﬂﬁ%ﬁﬁlﬁﬂ%g
fif i i B S8 AN AR 1/O RS, H ATXS FRC HIBT 7T 3
TR UL R i FRCUY, 5T BRI 11 FRCM,
BT 7 S FRCYY, 3F =2 BRI 10 R s
S FRCM, X sty ik E 24, 3 H K2 Hfe i [
FJ1) FRC, ANAEAT 2 5744 1) FRC.

R, ASCHEH T PR AL G T ik, — Pl Bk TR RE
AR 1E B AL FRC, %M TG EE LR 2, 17
RAFERS B A FRC, AR B 4 EAK, Rt
A7 1T B e BRSSPI A5 B RS B R AW 1Y) FRC,
FHECILA (132 F IR D0 A3 19 6] ¥ FRC, i) 3 AE 5
RAFES B BRS-GBS oAb, A CEiR

188 4 AR H 1% Software TechniquesAlgorithm

4T 38 FI AT BRI 0 FRC, %07 MR — 2 117
FACHL N 15 R 7 8 52 FE 1) FRC, 3 BRI B AT FE (1)
W, DRI A9 30 53 340 43 96 S0 6 B9 5 o o 5 4
2 53, (A %7 VT R R N A A R, B
AT 4584 77 0 2 R DA 1) FRC b ) 45 8047 A 4
28 SR FRC, T30 B M0 2, 4003 24 M e 20
L. TR AR SC I Bk B I8 FE AR 826 T R TR R 15 2
VR Al 2 B A B0 90 A1 2 R e Y
REFH RS F, BRI (B

1 JERtRIE o .

AT GO, R MDS 5 (T 5 028 4
T A A MDS TS EEFT S5, 7 DA 5 43 56 52 11
FRVIF 5T 2 2 Pk BILLE 1A 356 56 2 9 M) 3% b. FRC 5B -
R HUEEONo0 A SO HAE Y A R — R4 4,
) A ) S B 4 7 R R R 50
PN B () B SR AT FH (n,k,d, 0, p,)FRC i, Hirp n 2R
Tl RGLIRTT AL, OFRAFRETE 1T 5 b B e
pF AR P B RAL, o F R TR AR,
AFTRE R — N RACH R BRSO, — oA
Na =d. B L RE anF:

R 1 BHCH (n, K, d) 53 A5 RAE R R GE 843 2
FHC = (M, U), FHIEHCHp, RIIRE 0 n DTN
AU = (U1, Un, -+ Up), BN FHRINTE R 5K 11 T4
SHEM = (1,2, 4,0). IEH WA B 9 FRC %
BRI

) BT KA d;

2) M G A TEREIET Ui T4, AT
RN Np;

3) [A#4f FRC jifi /e na = pb.

i€ X 21 (dy,da, -+ d) IENEIG(V, EYE— N TE ]
B, S VI =0, Vi Vo, Vi C VL SRR Vi=n,
VinV;=0. TRV, HIE Nd(1 <i<m), #ZG(V, E)FT A il
SRS T d, WGV, By {Ed-TE N, #G(V,E)
0L 5 669 BE RS AR S50 50 h9ly -+ o, WIBRIZGV, E) S
(dy,day-- )~ TEJUI ), LI 5553 TE J0) .

2 SETHEMAEHN 5134

A 38 P R AR 4 1 AR, 45 G 40 1 T A
TP B AT i SR A S B LAY, A B

© TEREBIK R

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


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

20204F 55294 %5 121

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

i H AR SN A

MR [10] AISCHR [16] Hriz I I D B A 45 ik ) 4 i
() o BTN, ARG e BT A A E R N2 A
] FRC, Flf& 45 RS W AH L, 7EA5 5 500 SR B, 12
SRR L, B E B R EER, LT gRIDEAE,
THEE K. BRmEEIE T

A TR S A 2 F Y FRC,
& T A0 RAFE R G S8 n AT EONIE AL, B
G ) FRC R HE 25T 2; AR ERIT:

IR 1. 8 SC— A n i I G PR B R R
Cn(d—1), HrpnfRRAT B3, d - 1R SRR
i [F]  HR R B R R —AT 1 AN, R R %
HRd >3, d H7EFEG R RATE EC, (d— )RR 2
—ATERCE LR IERIE N c () = t+ 2 + - +£47D24
fd=0/2 oo el

TEFE R 565 — AT E J, LR T TET F B TR K
A5 5 — 0L, 8 3hn — WK, 5 F RC, (d - D HERE;

SEUR 2. Jo B 1 b i SR FRC, 745 18
1 Al B 5 NAERES , R ER 1 R RIC, (d- DR
B, S HEREAE B V5N TE(n— DY RIS A 2N 1, H
fl e = A8 0 B 5 BEJS 0 —A4T 0 F1— 431 0, ARk
nxn IS, HRE;

IR 3. KPR 1 RINAEREC, (d— DFEER 2 Hh i
FERES AT B 2 125, 198 I REP = Cy(d— 1)+
S n(mod 2), #E [ p AR 43 12 U EIAEAE AR SRR R &R, H
P = (mijnxn, 1 <1, j < nZ7nils 73 10 B B SRR B, 0%
DRI 40 T

ool Pl A 2 T 5 B AN T A
YT 0, TSR AR IE

Hy T O 28 TR, 20 1 0 P A R — NI EE

RUAEBE 45— 17 1 (N EORA SRR, 2t TLk R %
WE, RIFEFEPIIARAT RS A d-1,d-21 1 11
H UL, DRI 1 386 2% 16 W B 1 P A d d — 1, — 2=
B, TRE(dod — 1,d — 2)-3 4 TE U B, H0 it % 17 25 g3
] FRC 5 AR =R d,d - 1,d -2 =FiE L.

SR 1) FRC [0 2505 5 BEAT 407 7T 41,
1% FRC [E S Ep = 2, FT LA H3s e 25 2815
B, TR FRC M M EEd,d-1,d-2
SR, BTLLSTLAR 3 R i ig:

1) 35 FERE S 9 175 5 I AR, 4 I 35 M
AR 5555 B 3 — AN B T s

2) FAEAE R Rd — YT A I, T4

I\ ST — 15 5550 R 3 — N B B B B
BE;

3) AR R — 210 S LM, 54 R
TN AN I — 24T R4 )R B — A S B ] B
BE.

2 e IR, A BB AR I 1
A P ERAOR BB, BRI, R, T
AT 2 A, ARAR 1R M S04 th A T L s,

Bl 1. 4h5En="7,d =5, KR Mgy 5 0% 1 185
HECy (4), 3L Cy (4) M THI AR L3 —
TR N = o 2485+, 55— 175 5, J5 1 104
A5k A R AL, R Gy () JE B, W1
Frass

0 0
1 1
1 1

C:4) =] 0 0
0 1
1 1
1

—_O O == O =
OO == O ==
—_—— O = = OO
—_O = = OO =
O = = OO = =

0

DI RS 7 5 48 FECy (4), SR FE R AE
6 BBl M2 HR Y 1, HAb TR 208 0 MR R i i hn—
70 FI—%1 0 AL R, B R pirs:

0000010
000O0T1UO0O0
0001000

S7=[0 01 0 0 0 0
01 00000
1 00 00O0O
00 0O0O0GO0O0
BRSSP G, Wit P = C7(4)+S7(mod 2) H S5
B P, Wi R Frs:
0110001
1 011101
1100100
P=[0 1001 10
0111011
0001101
1100110

WA FE P AE1S S (3, 4, 5)-F0 0 IE &, BIEB4>
EWE AR 5, 4, 33X =PG5, Hkxt b5 sA7 i
HEA S5, 4,3 =FEN, W 1 R,

R Uy RIS, 753%E8% Uy, Us, Uy X 3 MY
RHHATIEE, N U,, Us, U; X 3 AN RUTEL, 6,7

Software TechniquesAlgorithm #1F4 AR« 5%: 189

© 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

2020 4F %5294 5 121

PR gt T2, R RWE 2 Pros. [FIE, HAdy
R T AR R AT 2 R

Cu J C 167 D)
(u ) C 12381213 D
Cu ) C 2.7 9 D
(u ) C 3 8 10 D)
(o ) C 340911 13 D
(v )] C 4 5 10 D)
(v ) C 56 11 12 D

BG4, 555 T FIRIR I FRC M4 7 4 1o )

%)

K2 kst iz 2K

3 EET AT M FRC Mk b4

AT IE F AT T IR G A iE BRC, AR — E I AF
ﬁﬂz%mmuﬂziﬁﬁE’Eiﬁpﬁk/ﬂ\ﬁ*ﬁﬁﬁﬁ%ﬁ%, F 2
¥ HHE 70 FNAHEE B AT R 3 2 [, R 2
A — AN B HUAK VCSLE AN AR I 4T s 2 TV, S
FRC M E 5 HNp = 2; M8 — A Bl e 3 A
AR 2 ], R FRC MR ¥ hp = 3, HEL A
HETR] A TBOCRR ) 25 8 47 8 55 FE .l [R)#G) FRC 2400 2
(15 hna = pO TN, 445 58 15 B0 2 % S AF, AT 13
F [ R FRC, #5125 30A ST, AT FH A] 1 35 304 i
A A R R FRC, ME O X FRC IBFF
ORI, KR REBET R 2, 3 (E 6L, HAAiE
HEWE.

190 45 ARH 1% Software TechniquesAlgorithm

3.1 AWETRENEEEE =28 FRC

BRI AU, U, -, UF5, T A
o R, HIo]={(1,2,---,0), ¥ BE e — g s
NI, B AU, T8, MRS | R U R U
TE 932 L, 5 5O B 2 JE U MU BT EE (19320 L, 08
He 3 MBI U RIULITE D b, LA HE, B 5050/ KR
Hugse Ak,

AR 3 ST LA B 5 1 p = 21 FRC. [y
GO YATLE T AN 400 2N BT AE SR 03 L,
AN B A 2 A AT, B 78 5 1 7 5
Fip = 24 FRC. %5 Fidess B iner = p6, FA A 45 38
AT DA i 17 25 B [ M 1 FRC, 75 000 P T 30 55 2R
T B4 A AR R FRC. ARSI R,
h ) 2 4 5 1R R TR PR 3 SR A p = 2110 R
1 FRC, 1) 3 4 5% (¥ 52 FH AT 45 BF M3 1) L 42 g p = 2
11544 FRC.

% 2. gh®n=6,0=12, H0] i 753 L& FRC,
IR RRI ST S, I 3 BT

S &E
(O N AN AN AN AN

B3 AT A AT A7 it

BT A7 45 W BT 1% FRC 3l i na = p6), S [H]
PR FRC, EE Hp =2, T R A AR Ne =4, &1 85
Uy g, FREMN U, FEEE 1, 7, N Us T EEHR R
6 A 1285 Uy, oA™Y ek th ] B AR R 18 5 05 X
BATIEE, TR ik,

% 3. 45 5€n = 8,6 = 21, AT 1531 Z:44i& FRC, ¥F
SERFITT S A A, 4.

© TEREBIK R

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


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

20204F 55293 %5 121

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

i H AR SN A

(u JC 189 16 17 D)
(o JC 129101718 )
(o JC 2310111819 )
(o JC 341112192 )
Cu JC 451122021 )
Cu JC 5 6 13 14 21 D)
(v )C 67 14 15 D
L&t )C 7.8 15 16 D

-~

B4 AT VRAGAL Y A

11T A7 s S LT 50, 1% FRC AR e = o),
RRHI FRC, H B Ep =2, 1 AR HAT 4, 5,
6 RO, AT S A, 1y SR P AT
R AR SR T
3.2 ATATHIREEEEEp = 38 FRC

VA RAE R RGO S5 UL, Un, - Un R,
O TR AT R TE 1 AP RO, LG = (1,2,---,6), %%
0/ ML et — 52 B U ONFR o, B U, 45 IR 8,
AR 1 4 SRS U Uy UL USFREE 930, 45500
Y 2 5 BB UUs FUSUS 2 0 b, BOi Bk 3 )

UsU MU, UsFTAEIL B, VI SEHE, B 26 Hds Uik

SEA L.

HRAR ik BT 48 [ = 30 FRC. [ —
AR PR E TARIAB 0 3 /N TE S IERO 3R 2 7], 15
RS 2 3 A AUEE, GBI R B = 3
[ty FRC. 2974 2308 e = po, FH T 53R 7 LA fiit
1 AR AR F RO FRC, 75 07T DI 10 477 A 2
B SR BRC. BRSO T, JLb, 9 4 45 0 2 P
AV M 0 T 5 P = 309 IR FRC, 1 5 BTR,
5 48 52 1) PR AT 9845 9 s 0 7 52 P = 366 S
FRC, W& 6 .

Bl 4. 455€60 = n = 4, WI935 5 H03& FRC, 45
F .

L T A T 0§ 2R 24 R 5045 Gk P, 1
ST S R p = 3, 1 AR RN 3 IFHG

FRC. % FRC Wby iz =27 208, 4 U, KAEHEE,
ADLVEEE U, 1R 1, 3 AR, B U, 5
Uy R34 AR B 2 U, MU, R R A S,
AUVEEMN Uy 1 U, 5 i FEEUR I ATIEE, &
577 R, T FRATEATmAiG.

14
@ (@)
23 12
) )
) iz
) iz )

) )

KI5 AT ARG R A S A S A

(v J(C1789 141516 )
(v J)C 12891516 )
(v, J)C 12391016 )
(v JC 2341011 )
(u J(C 34510011 12 )
(U J)(C 45611 1213 )
(v J)( 567121314 )
(v, J)C 678131415 )

Bl 6 Wl R G R A s A S A

i 5. 45 €0 =16,n=8, F A 7534 £ ik FRC,
g,

EH b THD %) AT 8 2R 45 Ay B AN Y SRR A T e
WAFE FRC REHEp =3, T A F AR R
FRC, Wi SxEHI 7,6,5 =M HEIL. % FRC KR
AT AN, B AT T EEUR R, i 2

Software TechniquesAlgorithm X fFHi A5 191

© TEREBIK R

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


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

it E RGN

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

2020 4F %5294 5 12 1

PSR AL

4 MHEEE AT

Xof AR SC AR HH 1 T R 0 A4 3 AT VR R AT, R
S FRC XF L7, RIMASCHEIE ) FRC E5 A
A& BA RN R, 1B 5 R IELE, (5 E R
18 FEIS S 2R BEAR, W DUKTE BB Ak #2404
F4) i B B
4.1 BREHAEXESH

SXof B2 AR e A4 3 ) S A4 FRC ATV B IE T
FER 43 1E I B ARG 3 ) FRC 3047 % B oA, 32 B A%
RAFE A&, IR 1.

R 1R EXT T

d,d-1,d-2=M1E, BMEE RN Ad,d-1,d-2=
Pl oL, A R HE T AE. S ah, 24 H BT A
(n, k)RS 1555 EEH: k AN R E R IR SR IE B
HH IR PR R, B SRR ke T PR AR ) T
)4 FRC 5 ZEEEAREM T i BE d,d—1,d -2 =T
M, BE R ANd,d-1,d-2= M0, Xl T W5
1) FRC #B4&d < k, FTLARTE0F0 (n, k)RS X Lb, T4 FF
A PR3 1A AL FRC HLAT S8 4 S R k.

*2  AFMIETEZH DT

M ERMER ARo IEI RIS Y 2 T R A 7

1 5 5 FRCT £ 47 FRCTY fif7ig FJFRCHI A5
fig s kd HEMd A ARd
7 5 54 © 54,3
7 ' Y 76 7,6,5
11 9 9,8 9,8,7
13 11 11, 10 11,10,9

[EBEWIRrS a=d P s n
s ! -
‘Eihnﬁj?] 2<a<q . 2<a<k alg"-1)  pg"-1)
JEMFRCT
RSHHF4IE )
FR‘C“S] 2<a<gq 2<p<gq aq 0q
SRR ) g+1 g+1 P+qg+1 ¢ +q+1
Hadamard o 2<p<dh 4h 20
it
TR ; N
BURRR g a-1a-2 p=2 wtroimmel ahak
ekt
BTy

BABIRE P22 AT WR R b A IR R A

it

1R T A AL, T DK DA SCHR i 2
THERERE 10 5K FRC AR E T 1E 0 B #3510 FRC 7
AR R 1R A, I FLAS SCIR th (3 7 1
FE AT AR LT AR

ST AT ER M 19 FRC BEATRS HE 4047, M EL
TSCHR [10] 324 132 P IE T B R i Y FRC A< i 7
T b PR T R, TP R i = 20 )
H FRC, Ji AT FR 4y T BA {5 B 352 % 00 M S5
FJHR) FRC, A4) 3k 5325 5 15 B EL AL
42 BEEER SR

HRAE AT SR 0, K% $i3E FRC (239 4t
SHCE W10 B, % LB 75 A BCHR 1 £ 2 T 0
IR FRC)ESA e | 5 AT ST b, X EL 5
gk o, nge 2. T AR, % 2 b S A SURFE I
T aft FRC (075 SUTE 2 B, R IS A S
T PRI S, M X Lo = d, pF FRC (140
R ST, 0301 2 G T B, n3OR ARG 01 A,
gre = H, hse Hadamard 5 FE AR 41
43 EERBIEILLAH

16552 R B 6 5 1 A 7 B 77
ST AR 24 B A L B N, % T 0 P s
FRC 7 S B 115 580N d, B SR 3R 2 d, 32
ST 5 AR R 0 579 FRC 75 S5 4 1 5 08T

192 4R 5% Software TechniquesAlgorithm

P 7 45 52 ST M9 2 B T A A ¥ 35 ) 4 FRC
Al (n, KRS 15 (1 7EAE S 380 77 TH 5T B 3, 2918
SN ISAF A A A(d < k) I A, ) AR R AR
e #1510 55 4 FRC IME R HE1E N dd < k), {H
RS MBS R HES k (IEEED &SI AR

40 .
—— RS Zmhy
35 | —— FRC

30

25 ¢

15 R
=

S he 2 %% %22 8 %2 %% 88 %585 %%

0 I I I I I I I I I )
10 12 14 16 18 20 22 24 26 28 30
JRAG AR R

7 BREFEHESBEER kKR E

44 MEEEITEERE

i —ANEIEL S, B B R R GE R
SIS A AR, BRS39S R P 78 S PR TH AL R
G IZATE, W v B AR SO T R A e (1 S A
FRC, M Al A, fiE—A> A1) FRC 75 ZEAT
d— 1K INEIE A2 Y 2 a5 38 F AT i 35 A i

© TEREBIK R

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


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

20204F 55294 %5 121

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

i H AR SN A

) FRC, Faits it R o5 BT i St B3R b Bt
ATV AT, A TR TR RS B T FRC, P AT
ISR FRC, 7EMEE0E 55T 4 BRI AR

o 540 B AS 4 ) S 4 FRC ALE FF AR 2 4 g
[ FRCU) 75 0 38 B350 552 4 B 4T 6 L A0, 7850
R [10] 1, B3 B I 2 5 T Nk, Fedkis S AL+
A L IR3E S, W15 AT A SCE S 2 P T
5w

4 H SR I 40 A AT R K % T T L BRI
bk Bk, ACSCER M T PR T Tk, — AR TR
A 4 K 0 B 5 H FRC, % 4 it 5 P T s 284
9.2, KA 2R B M FRC, A L IE 100 B 4 34 1
[FIK FRC, %443t 75 & DL 0174 R 25 B4, 43T
BT IS AT R 0 FRO, s 133 T E A
FEh 2 5% 3 f) FRC, %552k ] 7081 4 21 i A i I
Haif) FRC 1 TSI A7 b A RS FRC. S BLAT
19 FRC % ELAMT, RIUA ORI (19 FRC 764 A7 4%
B E AT R0 1, 85 R AT, TR 70 R B
& BT B, T LA L (3 4 2 8, M 25 ) e o
ELU. KR 25 H0 5 SRR ) A FRC B FS A4 A

S0
Wang YJ, Xu FL, Pei XQ. Research on erasure code-based
fault-tolerant technology for distributed storage. Chinese
Journal of Computers, 2017, 40(1): 236-255.
Li CD, Zhou ZH, Zhai XP. On a class of multi-source
distributed storage with exact repair. [EEE Access, 2018, 6:
20704-20711. [doi: 10.1109/ACCESS.2018.2825324]

—

5]

w

quality assessment in the big data era. Data Science Journal,
2015, 14: 2. [doi: 10.5334/dsj-2015-002] *

4 Yuan ZM, Liu HY. Efficiently coding replicas to erasure

coded blocks in distributed storage IEEE

Communications Letters, 2017, 21(9): 1897 —1900. [doi:

10.1109/LCOMM.2017.2709312]

Rizzo L. Effective erasure codes for reliable computer

communication protocols. ACM SIGCOMM Computer

Communication Review, 1997, 27(2): 24-36. [doi: 10.1145/

263876.263881]

6 Dimakis AG, Godfrey PB, Wu YN, et al. Network coding for
distributed storage systems.
Information Theory, 2010, 56(9): 4539—4551. [doi: 10.1109/
TIT.2010.2054295]

systems.

W

IEEE Transactions on

Cai L, Zhu YY. The challenges of data quality+and. data '

oo

12

14

18

Rashmi KV, Shah NB, Kumar PV. Optimal exact-
regenerating codes for distributed storage at the MSR and
MBR points via a product-matrix construction. IEEE
Transactions on Information Theory, 2011, 57(8): 5227 —
5239. [doi: 10.1109/TIT.2011.2159049]

Huang K, Parampalli U, Xian M. On secrecy capacity of
minimum storage regenerating codes. IEEE Transactions on
Information Theory, 2017, 63(3): 1510—1524. [doi: 10.1109/
TIT.2016.2647601]

Mahdaviani K, Khisti A, Mohajer S. Bandwidth adaptive &
error resilient MBR exact repair regenerating codes. IEEE
Transactions on Information Theory; 2619, 65(5): 2736 —
2759. [doi: 10.1&09/TIT.2018.2878223]

El RouayhebiS, Ramehandran K. Fractional repetition codes
for repaif'in distributed storage systems. Proceedings of the
2010 48th Annual Allerton Conference on Communication,
Control, and Computing. Monticello, IL, USA. 2010.
1510-1517.

Olmez O, Ramamoorthy A. Fractional repetition codes with
flexible repair from combinatorial designs. IEEE Transac-
tions on Information Theory, 2016, 62(4): 1565-1591. [doi:
10.1109/TIT.2016.2531720]

Silberstein N, Etzion T. Optimal fractional repetition codes
based on graphs and designs. IEEE Transactions on
Information Theory, 2015, 61(8): 4164—4180. [doi: 10.1109/
TIT.2015.2442231]

Aydinian H, Boche H. Fractional repetition codes based on
partially ordered sets. Proceedings of 2017 IEEE Information
Theory Workshop. Kaohsiung, Chinay2017. 51-55.

Su YS. Optimal pliable fractional repetition codes that are
locally recoverable: A bipartite graph approach. IEEE
Transactions lon InforMation Theory, 2019, 65(2): 985-999.
[dei: 10.1109/TIT.2018.2876284]

ARTC, A, BB, & JE T AT A B AR
B 24, 2015, 36(2): 98-105.

Gupta MK, Agrawal A, Yadav D. On weak dress codes for
cloud storage. http://arxiv.org/abs/1302.3681, 2013-02-15.
Tai YY, Lan L, Zeng LQ, et al. Algebraic construction of
quasi-cyclic LDPC codes for the AWGN and erasure
channels. IEEE Transactions on Communications, 2006,
54(10): 1765-1774. [doi: 10.1109/TCOMM.2006.881361]
Su YS. On the construction of local parities for (r, ?)-
availability in distributed storage. IEEE Transactions on
Communications, 2017, 65(6): 2332 -2344. [doi: 10.1109/
TCOMM.2017.2682861]

Zhu B, Li H. Adaptive fractional repetition codes for
dynamic storage systems. IEEE Communications Letters,
2015, 19(12): 2078-2081. [doi: 10.1109/LCOMM.2015.249
6197]

Software TechniquesAlgorithm FXFFH AR 5% 193

© TEREBIK R

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


http://dx.doi.org/10.1109/ACCESS.2018.2825324
http://dx.doi.org/10.5334/dsj-2015-002
http://dx.doi.org/10.1109/LCOMM.2017.2709312
http://dx.doi.org/10.1145/263876.263881
http://dx.doi.org/10.1145/263876.263881
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.2011.2159049
http://dx.doi.org/10.1109/TIT.2016.2647601
http://dx.doi.org/10.1109/TIT.2016.2647601
http://dx.doi.org/10.1109/TIT.2018.2878223
http://dx.doi.org/10.1109/TIT.2016.2531720
http://dx.doi.org/10.1109/TIT.2015.2442231
http://dx.doi.org/10.1109/TIT.2015.2442231
http://dx.doi.org/10.1109/TIT.2018.2876284
http://arxiv.org/abs/1302.3681
http://dx.doi.org/10.1109/TCOMM.2006.881361
http://dx.doi.org/10.1109/TCOMM.2017.2682861
http://dx.doi.org/10.1109/TCOMM.2017.2682861
http://dx.doi.org/10.1109/LCOMM.2015.2496197
http://dx.doi.org/10.1109/LCOMM.2015.2496197
http://dx.doi.org/10.1109/ACCESS.2018.2825324
http://dx.doi.org/10.5334/dsj-2015-002
http://dx.doi.org/10.1109/LCOMM.2017.2709312
http://dx.doi.org/10.1145/263876.263881
http://dx.doi.org/10.1145/263876.263881
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.2011.2159049
http://dx.doi.org/10.1109/TIT.2016.2647601
http://dx.doi.org/10.1109/TIT.2016.2647601
http://dx.doi.org/10.1109/TIT.2018.2878223
http://dx.doi.org/10.1109/TIT.2016.2531720
http://dx.doi.org/10.1109/TIT.2015.2442231
http://dx.doi.org/10.1109/TIT.2015.2442231
http://dx.doi.org/10.1109/TIT.2018.2876284
http://arxiv.org/abs/1302.3681
http://dx.doi.org/10.1109/TCOMM.2006.881361
http://dx.doi.org/10.1109/TCOMM.2017.2682861
http://dx.doi.org/10.1109/TCOMM.2017.2682861
http://dx.doi.org/10.1109/LCOMM.2015.2496197
http://dx.doi.org/10.1109/LCOMM.2015.2496197
http://dx.doi.org/10.1109/ACCESS.2018.2825324
http://dx.doi.org/10.5334/dsj-2015-002
http://dx.doi.org/10.1109/LCOMM.2017.2709312
http://dx.doi.org/10.1145/263876.263881
http://dx.doi.org/10.1145/263876.263881
http://dx.doi.org/10.1109/TIT.2010.2054295
http://dx.doi.org/10.1109/TIT.2010.2054295
http://dx.doi.org/10.1109/ACCESS.2018.2825324
http://dx.doi.org/10.5334/dsj-2015-002
http://dx.doi.org/10.1109/LCOMM.2017.2709312
http://dx.doi.org/10.1145/263876.263881
http://dx.doi.org/10.1145/263876.263881
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.2011.2159049
http://dx.doi.org/10.1109/TIT.2016.2647601
http://dx.doi.org/10.1109/TIT.2016.2647601
http://dx.doi.org/10.1109/TIT.2018.2878223
http://dx.doi.org/10.1109/TIT.2016.2531720
http://dx.doi.org/10.1109/TIT.2015.2442231
http://dx.doi.org/10.1109/TIT.2015.2442231
http://dx.doi.org/10.1109/TIT.2018.2876284
http://arxiv.org/abs/1302.3681
http://dx.doi.org/10.1109/TCOMM.2006.881361
http://dx.doi.org/10.1109/TCOMM.2017.2682861
http://dx.doi.org/10.1109/TCOMM.2017.2682861
http://dx.doi.org/10.1109/LCOMM.2015.2496197
http://dx.doi.org/10.1109/LCOMM.2015.2496197
http://dx.doi.org/10.1109/TIT.2011.2159049
http://dx.doi.org/10.1109/TIT.2016.2647601
http://dx.doi.org/10.1109/TIT.2016.2647601
http://dx.doi.org/10.1109/TIT.2018.2878223
http://dx.doi.org/10.1109/TIT.2016.2531720
http://dx.doi.org/10.1109/TIT.2015.2442231
http://dx.doi.org/10.1109/TIT.2015.2442231
http://dx.doi.org/10.1109/TIT.2018.2876284
http://arxiv.org/abs/1302.3681
http://dx.doi.org/10.1109/TCOMM.2006.881361
http://dx.doi.org/10.1109/TCOMM.2017.2682861
http://dx.doi.org/10.1109/TCOMM.2017.2682861
http://dx.doi.org/10.1109/LCOMM.2015.2496197
http://dx.doi.org/10.1109/LCOMM.2015.2496197
http://www.c-s-a.org.cn

