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Abstract .

the same parameter low rate Reed-Solomon codes. Thus, a low repair bandwidth DHitchhiker based on credibility is pro-

Decentralized storage with high availability and security has the problem of high repair bandwidth due to

posed. Data nodes and some parity nodes in the first sub-stripe of Hitchhiker are piggybacked on the second sub-stripe of the
remaining parity nodes. We classify the nodes, and let thehigh-credit nodes store the remaining parity nodes, the low-credit
nodes store the data nodes and some parity nodes,and different types of nodes adopt different repair strategies. It is proved
that the repair bandwidth can be reduced by about 25% at repairing low-credit nodes. And the repair bandwidth can be re-
duced by about 0. 5% without classifying the nodes. What’ s more, the repair bandwidth can also be reduced by about 1%
and the repair time can be reduced by about 2. 5% ~ 3.3% based on the credibility of the nodes.

Key words: MDS codes ; Reed-Solomon codes ; credibility ; decentralized storage ; hitchhiker

1 5§

I HTRIE. S RRAR RS WSRO A2 98, AMT48HH T PB

Bl 2 770 1O TV i 5 R B0 A el A7
f RGNS ECAR " BT R 2 RIAHAR.
AL G 1 5r A A7 R R OR ) E/ R
GFS"' (HDFS"' OpenEC"" FE7E AT Tl B E
WA 2 A P IR DX B R A AR B T
PEANLE A PRy 25 O AR A i O T 85008 4 O3 B A7
2o St()rjis] \Siam e

LA RE R VIR R A RS 74 SR SRAE K
AT HEPE. RS 2 S BOREAE /Y MDS' " 1, 2 H T
A7 G0 P R BG 24 A, (5 H g B 4 A AR 1A 3

Wk H 11.2020-03-23 ;& 171 H 1 :2020-08-01 ; 52 /14w - M i oit
HEWH . ERAHRFE3 4 (No. 61701331)

( Piggybacking) ZRA% 1 FLA AT g ) A
gty PSRRI RIS Rt AT v AR
T 52 2 R0 25 AR B ) X DA S B T PB 4249 R 1)
Hitchhiker %2 R4 /[N 47 BRI 45 M A6 &2 417 B 1 4% 17
HTE T oAt rh. & H piggyback 19 5 206 B 1y
B A R4y MDS P 8RN 43 pigegyback Ji R,
AR THESHE 98 3 BE 3619 s B 2 AT5 4R S B 1R 1) MDS
P

SR Hitchhiker 5 AN 8 B #2128 FH 2] 2% o0 A A7 i
., — B IR R PO AR AT R AR PERR AR
R HoT(5  F M B R i 2 rp oAb 1 S 2



1152 BT

EE 2021 4

RFF W AT IR IR SRR T RS
1B 52 TE A B, AR SRR R L B S s B A 5
S X, R T 2R D A A R T R A Y
DHitchhiker % . 38 £ 4 £ — A~ 1 457 v A9 850808 15 05 Fn
T AT i LA A I SAF AR S A F AR AR T
AIRSES b Ff4 o AR R FAAS TRV B0 A2 1 O =X, 36
SRR ACAZ S5 S AT (E] Y Y. 25 R R B EAT MDS
JE L% DHitchhiker BT BEARHH 7 20008 15 05, 20 25%
AR 2 0. 5% MBS 6. 3T 0l {5 B 19 DHitchhiker
A AL 1% MBS SEM 2. 5% ~ 3. 3% (MBIt H].

2 HEXECEM

2.1 HXAKIE
TR AU K SCH S BRI AR SR T A 4y
MR B 1 gk 2.

£1 BMIE
2H ik 2% ik
n B e B 8
, B 5 . B B
p k+r5r-1 R q k+75r-1 A%
5 Ry y R
£2 EAREHE
Rifi ik
Gk HRURAEYE 8 - R, PR £ A
MDS 4
PR i g 4
. B stripe , [Rl— 4% X3R4 n A units 24, B kAR
AW R - AR SR AL
ey | D subesipe 5 £ 1 R 1 5 2
N 4B SRR A
o | BT AR 5 A T
" S R 45 2, 3 b4 7 A
RR | A TR RS SR IR 8 3 -7 A
2.2 RSTH

—(k,r) By RS t FEA FREL GF(2™) h BEZIE r
DO R, A RSEIERE M = (m, ,m,,---,m,) /E
WA G = [ g, ] (0 cimnojer PRSI 1T ) fiE
W= (w, w,, - ,w,) THITTEBTE GF(2") T ,G 1T
o AT, if% . W' = GM.

et N G AE7F 5, BT A W TR k 17 ARRE IR
07 AR, R AR B R R ORI SR B Y
FRJGHERE WHAEE k1T Wy, =G M, W, TR/ N
kxk WM G, W35 G 778, 723k 1300 G ' fEin]
PRIZ DR BT 25 B

mE 1 R, A R G R SRR E N (kL)
VE R Gt i S50 KRR AERR 0 ST 40 R | AR TR K/
PR AR R £ AT 2500 SR 5 RS T4 A5 , 15
B r AN, K HAE A 20 HoAth - A S TR AR
M, REGKERE— D EE RS (DC) KR & kR
F OB A RS ST 05 . DC AR, v 2
% Lee P P %5 AR SCHE .

0

= 4
node, node, node, node, node, DC
el L A

°

Ymhith 2%

1 3 ARSI A R

2.3 Hitchhiker 5

Hitchhiker 547 XOR ,XOR + Fl nonXOR = Fift ¥4
772 XOR 5 XOR + el 7 FeRi s fk g 2
Y38 . nonXOR REF & AEAL A RS 52 L. anf& 2 fir
N DU SR AE 5 B R R AR IS AN L AR Y A -
nit, R VEMNEITE T o, |12, 1M b, |21 By
R unity KK RS 55 N AR R 10 A1 S A9 B, FH MDS
PEFRVK R unity. M Hitchhiker f5 F 286, ,--,b,,b,,0,,
£, (b) | JHERS; MDS HEBTE S by. XOR T2 | £, (a) P,
Da,Pa,Da,,,a, ,a,,a, ! ;10 XOR + Fl nonXOR M| T %
{f.(a) Da,Da,Da,,a,,a,} , I piggyback T HEEBEE
ag. XOR T JE 14, MG W2 13. JBRHTE T E W&
FT AT S (R T 980 ) AP ay,-
2.4 EERME

TELT ARG T, R G A] I PE 23 BE B R A
BN T AR Ak BRI I b 20 245 7 Bl A 1 TU AR AL, 10 Stor;
(K, M,0,N) . 2115 B RE R AIRAF 6 A 25 20 0
TE 0 W T 5 LAY 2 fe B B ) AR 5207 5. el 2D
fif g st 1] 9 7 XA Ok A (S ek) B R K E T
2. FARAE S B8 10 72U itk g i | A0 18 5 O s 5
T3 2 AE E A A T R AR A T I ) 5 (HR ] T 3
21 TotalRecall 437 A7t 2 48 SR ARG & 71 52,

Storj il Sia 435K FH RS(20,20) ,RS(10,20) , E4%k 54
TREEPBEAE.



% o6 M W4V - A X A 3 A1 U776 9 DHitehhiker 75 1153

wit, | a b, o b a, b, a, b,

b e Y s LY i

i wity | _ay—1—>by || a I ——b P — e . a — —f——— Db
unit 10 am bxo ay bm ay blo ay blO
unit |, fi(a) fi(b) fi(a) J1(b) Ji(a) S1(b) /(@) /1(b)

| umit 1 AQ) i (b) L@ | f5)Da,®a,Da, OL, @D b, | DL LD q £,00,0,0,,....a, ) B (b) F1(0) DS (101,,,,0...,0)

7 unit | fi(a) f,(b) fi(a) [(0)Da,Da, Da, fi(a) S(b)Da,Da,Da, £ (a) [B)YDL(0....,0,a,.a,,a,,0....0)
unit |, YAQ) AW Ji(a) | £(b)Da,Ba,Da,Da,, Sila) 1(6)Da,Da,Da, fi(a) SB)DL(0;...,0.a,,a,,a,,0)

1sl¥$lll 25(¥/$m 151;»4%% 251%%% 151%%% 251%%% lst%%% 2“%%7_:7'%
RS Hitchhiker-XOR Hitchhiker-XOR+ Hitchhiker-nonXOR

%2 Hitchhiker(10,4) 5RS(10,4) 451454

3 DHitchhiker %5

3.1 TEEE
1.1 FESE

WK B EIL AT ST A B P
T AR IEERUEA Dy S B | W 2 v AR AR Dy = 0 T
7 S B T 0 S AR LR R RN R R B AR | 2 2
AVEST R B S T = R FE 5 i 0 45, AT
S H=f(h, h,, k)TN YT 55 R REAE (it
A 5 Rk o AT O L AT A R A v A
55 B=f(b,,b,, -+, b,)Fmw. TR U7 5 42 it
Ji AT AE B AR SR T B S AE RS P =S (py s,
o, p VRN BR C=F(H,B,P) Ror KRB = A Fr i
RIS, A Ak AR 19 7 X 3 g — A s i 15
O3 VA — P T A A R R AT T SR AT fE
ML nE 3 FR.

T EhormRs

( N
\M'— block — block — block | /

\

Hf i) Hef (b ) Hef (s

H=f (h,h,hh,..)
B=f (bbb, B/ (bbb, B=f(b,b,b,...) B=f(b.b,.b,,...)
P (R.pP ) P opop) P~ (ppe) P=f(p.p,.p,)

C=F(HB,P)=6.1 C=F(H,B.P)=4.6 ~C=F(H,BL)=62 C=H{ =7.7
& § U

...... i&‘ —
$»
Hf (B hoh,) Hf (hphyhyoh, ) Hf b ) Hf (i Tih )

B~f(b,b,b,..)

B=f(b,b,b,...) B=f(b,b,b,..) B=f(b,b,b,...)
P~ (pp,p ) P pypy-) P (pppp) P Puppye)
C=F(H,B.P)=6 C=FHBP)=5 C=FHBP)=T1  C=FHBP)=T.12

fRATET A

,; B g P
Qumszn T vrbm egiek e .
Do Pilae N s B tr=1[6,7]
(B3 5 5 2R AR A D 5]
3.1.2 FETR¥E

RS | Z A n — kA R, BB i %L
AT n—k+ 1 B0 2 AR B ARG YRR 3K
AYBERLE T AL, Z R n -k + 1 A5 S REPL A 7E n A

WA AGFE n -k + 1 AT S RBOR, LR G
% 14 R AR A 28 2 i AT A 3 A AR T 49 i 1 2R 2K
BERAIA A, A, B 2n =0 A TR 4 i e
[0, =k + 1)) D EALE T R RIRBEA R, =
CIN (1 =X)" " n =k +1 =i AME AT 8 A 2%
ﬁﬂ\] RIL :Cr1—{:+lfi/\rfk+l—i(1 _/\fnfﬁfl)' Hﬂﬁ:%ﬂfﬁ%

n-n

SORMIC TS 9 s R 228 B RO R = Ry x Ry it
RO 2 5 R SR AR 4 B 20 R' =R" fEn]
ARG A AE Y R

3.2 w5

3.2.1 HmEEERE

4 Hitchhiker v 31 2 w0 Ak A7 At AR 48 55 bR 35
SORE T IR Y A A N A A B DR IR
it i) MDS £ 7. 153 2157 i DHitchhiker FY 2 il 55 714
DHitchhiker(k,r,7). gitS4a RS gt O8R5 F5715 3
£ LI (k=10,r=20,7 =5) K.

55125 A 2%l R R R[] 7 2 B 6 B 4 IR RS
1) Gt 77 AT g, AFCEE n S AR5 i . B3]
TH 10 AR 0 s 2 i A5 21 20 S B9 AL 5, 47 AR 30
AT E AL E 4 5 stepl FTs.

552 00 AR T AR SSORTE B X MR
Bbmic, IR eI — T4 R B R i S =
SR =200 RS 50 b+ 7 A A
BRSO Y S AR AT R
BEEATTRN 10 AN E IR EE 1 AU SRR N 2 5 =
AT, N 4 11 step2 s, A TIEHES 53015 =
FIFEHT K unit, ~ unit, FROAFE R 19 5.

553 20 B A AR T S S AR TR R AR
BT b BRI AR 61 s A A R T L B ik
MR et =X (1) THRRRAS T 2 136 e /D 5 FH Al 19
BE i p RN MRS B 0 & .

{p:L(k+T)/(r—T)J

g=(k+7)mod(r-7) (0



1154 Ha, ¥

2021 4

unit; a b, unit;
3 unity|  ap by # | unityo
u1?it11 /i '(a) VA '(b) %‘?Z( u?itu
: : : % 4 )
unit;s|  fi(a) f:(b) unit;s
_ |unitg|  fo(@ [, () unit;
%% o - M

unitys|  fis(@) Jis(b) # | unitys
unityy| fe@ | fe® | | unity |

unitze| So(@) | fo(d)

5
step 1

unity,

1 unit25

step 2

El4 Lo fbAEft o B9 S DHitchhikergi s /s 25 4]

LB AR S p A A, R TR o]
12 FORE X BOHE 7 s AT R, A8 3k 4 2 08 i 40 S ok
MR 7 DR HERPE(2) (T 4.2.2) A
Wi T 1Y g A EEE AR

g(p+7+3-r)>0 (2)

A R (2) B T 2K g A48 BRI 5 i T 2R
—AFAA B BN TESS ¢ MRS E kA
TR 2 W — D 8E. A5 U, 1I0/E% i A
WAL AT EE  BU, = {a, e, ya,, f. (@)
e, fo(a) . Mie{l,2,,r=—7—q| B, |U]|=p; 4
iefr—1—q+1,r—7} i & ¢#0, ‘Ui =p+1;#&q=
0, U | =p. AKX H, Bl THE p=1,¢=0, AW
AE(2) LA 15 AEERENINGE DL — X — ) E
WHEP R WU [ =1,ie[1,15],10F 4 1Y step3
Ji7s.
3.2.2 fRAEIEE

i i i AL A0 1 A5 A8 S R i S I .
WA FoR. RS LIigfEER T S ESR.

Else HitchhikerMultMDSDecoder( ) ;
Else HitchhikerMultDecoder( ) ;
Step3 : A2 JEAH A EAREED isAllData = false Hf.
If V(x,€[r+7+1,n]) then MDSDecoder( ) ;
Else HitchhikerMultMDSDecoder( ) ;

R R R R U W o k(B 3 & LRSI N o X
RIS, TR R M U, | =1 8, AL
2 KM, X U [ >1 R, 3 (SCL,S#, [S|>1),
2 SCURE, B LIAEZS T SCIS| > 1) MK
TFEURE S U FEFETEWAD LU, BB R BT S
S — R BB AT [ — A i A g ) s,
B3 2 P 2 fA. R A R i B 1
WA, — R RME TR, EHiTa.
TORFTRIUN A A R ST W BN X R 1
TR R BRI FEE 3 i, ]z 1A
T2 FEAD. ARG L 3 M. MR BRI A R 3
HHURZ N 2k, SEBR F |, DHitchhiker 55 4 A5 1 43 R 45745
fE A AR RS RS | 5 & 1R Ak RS 5.

&% 1 DHitchhiker HERBE % (ST AEN)

&% 2 HitchhikerMultDecoder ( )

Inputs KECH A4 L = unit, unit, -+, unit, |, B9S2
WHIEE UL
Outputs ALK SV L' = | (a, b)) -, (f, (@) f. (B)) o]
Stepl : FIWT & 2215 £ A2 H isAllData = true.
Fori=0; i <7; i ++then
(k+7) <L, x;<(k+r) then
isAllData = false ; break ;
Step2 : 2= 240 EHE B isAllData = true B, S, isOne = true.
Fori=0; i<k+r; i++ then
If U,.size()! =1 then isOne = false;break;
If isOne = = false then
It I(SCL,S#, | S|>1) S U, .., then
HitchhikerMultDecoder( ) ;

Input : KA HER L= %unitx‘ ,unit, -+ 7unit.r,}
Output: RIS HEHE L' = { (a, ,b, ) -, (f, (@) f. (b)) ,-].
Stepl : FI I MDS PR &2 55 — A 24541 1 453l

TH by, b fi (B) o f,(B) N funit, 2b, - umit, b s

funit, :b,-+,unit, :b| =MDSDecoder( ) ;

Step2  F 4 BUCHR T 28— AN 45 I 45040,
TH UL, TERT unit, ca, - unit, ca BER5Y
Fori=0; i<7; i++ then
a, =f(0)Df,(U,) -U, \a,
Step3: 1R [0 L' = { (a, ,b, ), ,(f. (@) ,f. (b)) 1.

B0k 2 AT MDS U S T A5l B, 1



% o6

W4 . AT A8 43 A A& () DHitchhiker 5

1155

H unit, b R xRS AR IR, SRS R

AR RS — 1 4R B R,

&£ 3 HitchhikerMultMDSDecoder ( )

Input : RECH SEA L= unit, ,unit, , -+, unit,_|
Output;gi%( TR EdE L =

Stepl : M JH MDS B 52 55 — A1 471 B s

[Ca, b)), (f (@), £ (B)), 1.

“,unit, zaf f;

Tk fa,,,a,, f(a),, f(a) \unit, :a,-

{unit, :a,--,unit, :af =MDSDecoder( )

Step2 : SRR 4 BREE AT A A RO,

TEAL b, (B, f(B)D S, (@) \ unit, b, unit, b
14

FIFHHE stepl TLA 2 B9 17 BOUE T 25 1940 R 36 o 89 40 4 B0 0iE

[ (D) Da, -, [(B)Df(a) )5

Step3 : FI i MDS P B & 58 — A 4 i Bdis.
{unit, ;b unit, :b | = MDSDecoder( )

Stepd 3R] L' = %T(ax‘,bh) s, (f(a) f (D)),

B 3 IS —A TR0 MDS PR3] L TR
a;HEFE AT R P S RS AT 4
A HY MDS 4 B fhd. B 5 iR Z K.

unit; e by~
unit, a, ><b,
unity | _ax by
Bl [ :
2 | unityy iy~ | b by e
B unity fear | At fi@) 1,(b) fi(ay A () .
units | fo(@) @) £,(b) fi(@) L) f@ 5(b)
unitys | f,(a) o) | L®sa T f) | By FIONRAOED
unityy /(@ L@ ABsa @ - hbea O EZ0ED
i; ity (@) _A@ | 00« | £@ | sD04 FONINAOETN
*}Z 4 4 - _ : - _ ‘: % : 5
B units  fio@) | fuBrea, | S5 fubyea, (@) fulb) e,
wnity  fio@ fBnite| L@ [ (Bfa) Jis(@) 1B fita) L) B )
unityy  fo(a) fm(b)éfs(a) Joo@) | fy(®)e (@) Ju(@) | LB fi(@) S20(@) | 1y(B)YD (@)
UTEE DTAE UTE¥ 2TA¥  UTE¥ ITAE U'TAE ITEW
S e £ e
(@ (b) © )
s Kb fbfeth i Hitchhiker i 57

3.3 HIBRGEHRES

BORAF RN 5 7E A6 (4 ] DHitchhiker % A9 5L 6 1

0 3 A A A A7 i i — 2P R IR A 5

Ti kA

T FERAB AT SRR AT B R BB I R
PR RS 1 W8 SR B T A 1Y R AR
(N R E Ry & S e R AN R K R F W e v
ST B BOR A AR, 5 1 — 5 LR AT A5 s A7 i

C RhOLERES

FAET R GHHRRD
LRGN NEN: 2k

fEAMEY AL GETEEE)
LRIFIITREL N: ktp

) ot P ol T
% p!/( s l @ ) e G(J {r{«)nﬂ ) \ 5 :m)“/ yect| RREO /ré,m,TJ *}
[T AL 9 Gl T 1 Y
Emss B Foml 0 ens o s i
N trg I i S RDan tr="[6, 7]

%16 DHitchhikerft 1 5877 L (1K 45 ¥4

AN HAR B/ N A A R, W TR AL, AU
D RMBEREA T, W 6 .

4 IS

4.1 MDS MR

DHitchhiker A%t — 4~ 2% 45 ¥ 43 Wi A F 25415 11 G
i, AT 2505 MDS PE R AELE I 4B S i 4
MDS TR A7 7E. Qi & 4 Fr 7R, W% DHitchhiker % %
B, 9% G 5 1 5 — A T 2% 1 B0 R f8o AL BT LU
DHitchhiker i3 {/58A HAT MDS 4 Jik.
4.2 BETER

16 5271 8 R IRAE B T ST B R
PR R E L, 3k 3 FR.

®3 EEEER

AR | 431
B3 0% y v = (8/2k) x100%
q%’%ﬂ%ﬁ?ﬁﬁ 5= &/ (k+r) S= Ssyspltm + Spurphigh

™ =R/ (R +RY)
P =Ry/(RE +RY)
5 =8k, 8™ =5"/r

BB TS

sk | OO 0




1156

BT

2 i 2021 4F

RS WAl FEATE M kA 8 LB R, 44k
PIASTF40 5 RS B IR 1T S T 8 2k
P+ p" = 1, T LA RS B B8 B2 T R AR AN 1.
DHitchhiker A% H] MDS £ 5 & & i #5+ £e g, SMBE & T

BN 2k (r — 7). BB KR 1Y 5 T A W A A Y
PEE. W3R 4 Fros, 2 (2) o ik 5 AR B 1) vk 2
2= BARIEE A TERANE 5 R,

F4 BETRHNBEETHE
iR 1 S E Y BEE T #Hia
AL AL A7 ‘ Al A8 o v ALY A7S AR ) el BN RES A48 ) v
[k -1,r—-7-q] k —q( 1)
+7 T-q +T-q(p+ p p pq(k+pr) + (k (h+ (p+1)7) (pg+q)
[r-7-q+1,r-71] Pq ‘ pqg +q p p+l +(r+q-17-2)7)¢q
%5 DHitchhiker BRI E TR
NS X535 45
AN RES Ak Ty U AN RES Ak Ty

pq(k+pr) + (k+(r+

q-T7-2)7)q+2k(r-7)

(k+7)(k+pr) +
g(p+1)7+2k(r-7)

8 =(pq(k+pr) +(k+(r+
g-7-2)7)q)/(k+71)
S =2k(r-7)/(r-7)

0 =((k+7)(k+pr) +
q(p+1)7)/(k+7)
" =2k(r-7)/(r-7)

pq(k+pr) + (k+(r+
qg-17-2)7)q+2k(r-7)

(k+7)(k+pr) +
g(p+ )7 +2k(r-7)

P (pg(k+pr) + (k+(r+q
—7-2)7)q)/(k+7) +2kp"e"

P ((k+7)(k+pr) +
g(p+1)7)/(k+7) +2kp"

2k(k+r) 2hk(k+1)

2k 2k

4.3 HEERE

LS 5 RIS FEAEAT FRIE GF(2") N,0(m)
R — PN SO B RN R 2R B, 0 (m* ) h— IR T ik
AR TA) A2 2% B A S2BR b, — AN (kL r) B9 MDS %, /4

J— I B B — AN 1Y U kR R k- 1
YNk, P B 1) G e AL Fof (1) 52 2 FE AN 3R 6 BT/
1 xc, 73 0 R %S R 2l R B

*6 HESHE
DHitchhiker 1%
RS %
i i i i IR EPRES
ik 2r(k-1) 2rk + (r—7)p 2rk =2r+rmp—-1p+gq
S h it a] ek 2rk 2r(k-1) +(r-1)p+1 2rk+m —-1p +q
E;’%E - 2 r - r—= Tl m - 2 K — 4r m -
e O(2r(km2+(k—l)m)) O((2rk+ (r=7)p)m” + (2r(k-1) +( T)|O(2rk+mp-mp+q)m” + (2rk -2r+mp —7p +
p+1)m) q)m)
ik 27(k-1) 04ty = 0(7(km* + (k=1)m) +7(pm* +pm)) | 04, = 0(7(km* + (k=1)m) +7(pm?* +pm))
‘ 05, =0((r-7-1)(km* + (k=1)m) + | 0% =0(r(km®> + (k=1)m) +7((p+1)m? +
ﬁ@;;;ﬂ Tk 27k 7(pm® +pm)) (p+1)m))
oy =0(27(km* + (k=1)m) +1m) ,
GHIE | 0Q2r(hm? + (k=Dm)) | e e
O = (2(r =7) 0% +2, 09, +2, 0% +7(km*> + (k=1)m))/2(k +1)

5 SRS

5.1 SEIRINE

AT NS3 (1 3K gh 0L 05 L T L v
70 AR 9 451 T AN TR et P A0 4 sk B 2 s
FEFRES, SXSET AR IR € = F(H, B, P) B4y B8 432
JEARF] 40 AN 5 AT 5 5 SR 30 AME AT E T 5. BT
% 47 B DHitchhiker 1% 5 RS f5 f1& 2 Y

St s e

22

Fi [ 4 52 B[],
5.2 SCIGHER

BRI, LRTE T (k=10/20/30,7=5) 1F
AEME BT BB R A 56 R. w LIS RS S A 18 &2 45 5
FL AR A 1, DHitchhiker 5% A9 18 B 4 58 R & H (k,r)
FIAR TR AR A, (B 2T RS 5. (KA 51 s s 2
WD ARG 25% ~40.7% N 7 (a) B s, k A TRIET
B S RBEE r B KINEA 7E r RIS k=10 (%

Perw=
i

o

W



£ o6 M T4 . AR XS 454540 2047 % H %) DHitchhiker A5 1157

BEWERBAE T E=20. 5 k=10 A L3
0.014% ~ 0.263% & E 4 58, 24 k =20 AT LA &y
0.187% ~ 1.389% W 1& &2 4 58, W&l 7 (b) Frss. H
DHitchhiker-C . DHitchhiker-N 435l 2 7R X 4335 5 ALK X
43715 5 48 52 4 95 K. DHitchhiker-C 3 — B FEAK T 24
0. 198% MBS 58, il 7 (o) 7R, B 7 (d) e FH
SECF , A gifid Xt L E, Hrp DHitchhiker-C 21K

Yn i A R SCR A H T (7 =5,k = 10) B,
DHitchhiker 1% 5 RS it 2 fi# i 05 (8] FF 5. RS 5 (%) Zit 5
FE] K T DHitchhiker %, W& 7 (e) B 7K. DHitchhiker
fith i) i A IS ] 1C T RS 85, 4n &l 7 (f) 7K. DHitchhiker
46 &2 I R AIC T RS B, 78 % 0 A9 2 BUUE
DHitchhiker 43 51| K& X 29 2.55% , 3.35% , 3.24% F
2. 77% WHEE ], GnE 7 (g) i,

RIS 1.006F

1.008 |

——RS 1.006 | —=—RS
1.05}F 1.004 | =5 —A— (k=10)-DHitchhiker 1,004 [ k=20 —o—DHitchhiker-N
0.98 1.002F —0— (k=20)-DHitchhiker : —&—DHitchhiker-C
0911 1.002
0841 . 1.000 N ¢ 1.000 |
#0771 ®oo0sf i 0908 f
120701 ﬂé 0996 #20.996 |
#£0.63F ki 220.994[
=056} 0.994 [ 099
1049} Bogoof S 0990 F
042} —5—RS § =0.990F
035} Y 75} —o— (k=30)-DHitchhiker 0990 0.988 |
0.281 —A— (k=20)-DHitchhiker 0.988 | 0.986 F
8-?}1 - —#— (k=10)-DHitchhiker 0.986 0.984 |
0.07} 0.984[ 0.982F
000 N N N N N N N N N N 1 1 1 1 1 1 1 1 1 1 0980 1 1 1 1 1 1 1 1 1 1
2032 3 36 o8 30 3 34 36 3% 20 22 24 26 28 30 32 34 36 38 20 22 24 26 28 30 32 34 36 38
r r r
(a) (b) (©
1.100 0.910
RS 1095 F 0.905 F
RNy PHitchhiker-N 1.090F  —a—RS 0900 [ —=RS
DHitchhiker-C —#— DHitchhiker 0.895 —o— DHitchhiker
0.890 [
2 20885 [
E Eoss0 [
j==4 =
= = 0.875 |
= = ©
g E0870 . © o
0.865 [ o ©
0.860 | ©
0.855 [
1 1 1 1 1 1 1 1 1 1 0850 1 1 1 1 1 1 1 1 1 1
20 22 24 26 28 30 32 34 36 38 20 22 24 26 28 30 32 34 36 38
r r
(e) N
1.04
102t [—Rrs
1.00k Ry DHitchhiker
©098
=
0.9
Z0.96
W0.94
§
0.92
0.90F
0.88
0-86=—7020) (2020)  (30.30)  (30,40)
(k, 1)
(g)

K7 S s

6 HRIG

AR SCER R 2 H AR R R IR A B R B 2 B i Y
[, £t T 25 O A A7 B T AT 5 BE 19 DHitchhiker
T B T S RNER AL B AT AEAY AR 501 A
b, RIS LR R PR (A7 BROR I RS T 5 B 1y
2 25% FEAK 29 1% B AR SEREIR 129 2.5% ~
3. 3% WEE IR Z g & 1 T T8 58, &%
HDIAME MRS 10 & TR EA ) RS 4.

S 3k

[ 1] Plank J S. Erasure codes for storage systems: A brief primer

[J]. The Usenix Magazine,2013,38(6) :44 —50.

(2] ER, Py 5e 3R ek, 4041 A7 b iy 24 I 25 4 4
ARBFFET]. HEHLEER ,2017,40(01) ;238 —257.
Wang Yijie, Xu Fangliang, Pei Xiaogiang. Research on er-
ror tolerance technology of error correction codes in distrib-
uted storage [ J]. Journal of Computer Science, 2017, 40
(01) :238 —257. (in Chinese).

[3] Mckusick K, Quinlan S. GFS: Evolution on fast-forward
[J]. Communications of the ACM,2010,53(3) :42 —49.

[4] White T. Hadoop: The Definitive Guide[ M |. American;
O’ Reilly Media,Inc. 2011.

[5] Xiaolu L,Runhui L,Lee P P, et al. OpenEC; Toward uni-



1158 (IR - D 2021 4
fied and configurable erasure coding management in distrib- [16] Rashmi K V,Shah N B,Kumar P V. Optimalexact-regener-

uted storage systems [ A ]. 17th USENIX Conference on
File and Storage Technologies [ C |. Boston, MA . USE-
NIX, 2019.331 -344.

[6] Xue R,Guan Z,Gao S,et al. NM2H: Design and imple-
mentation of NoSQL extension for HDFS metadata man-
agement[ A ]. IEEE 17th International Conference on Com-
putational Science and Engineering | C]. Chengdu, China:
IEEE,2014. 1282 - 1289.

[7] Nakamoto S. Bitcoin: A Peer-to-peer Electronic Cash System
[ EB/OL]. https://bitcoin. org/en/bitcoin-paper,2008.

[8] Storj Labs. Storj: A Decentralized Cloud Storage Network
Framework [ EB/OL ]. https://github. com/ storj/ whitepa-
per,2018-10-16.

[9] NebulousLabs. Sia; Simple Decentralized Storage [ EB/OL].
https.// gitlab. com/ NebulousLabs/ Sia,2018-12-21.

[10] Dau H,Duursma I, Kiah H M, et al. Repairing reed-solo-

mon codes with multiple erasures| J]. IEEE Transactions
on Information Theory,2018,64(20) :6567 —6582.

[11] e M, Barg A. Explicit constructions of MDS array codes
and RS codes with optimal repair bandwidth [ A]. 2016
IEEE International Symposium on Information Theory
(ISIT) [ C]. Barcelona Spain:IEEE,2016. 1202 — 1206.

[12] Hou H,Han Y S, Shum K W, et al. A unified form of
EVENODD and RDP codes and their efficient decoding
[J]. Communications IEEE Transactions on, 2018, 66
(11) :5053 -5066.

[13] Rashmi KV, Shah N B,Ramchandran K. A piggybacking
design framework for read-and download-efficient distrib-
uted storage codes[ J]. IEEE Transactions on Information
Theory,2017,63(9) :5802 —5820.

[14] Guiyang L, Xing L, Xiaohu T. An efficient one-to-one
piggybacking design for distributed storage systems[J].
IEEE Transactions on Communications, 2019, 67 (12):
8193 —8205.

[15] Dimakis A G,Godfrey P B, Wu Y, et al. Network coding
for distributed storage systems [ J]. Information Theory
IEEE Transactions on,2008,56(9) :4539 —4551.

EE BT

HET  L,1994 FA T HER M. i
AR T S HLRL 2 B L BF 5 AR W58 05
1] o34 A A 2 .

E-mail ; hu_jp1124@ 163. com

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

ating codes for distributed storage at the MSR and MBR
points via a product-matrix construction[ J]. IEEE Transac-
tions on Information Theory,2010,57(57) ;5227 —5239.
Alrabiah O, Guruswami V. An exponential lower bound
on the sub-packetization of MSR codes[ A ]. Proceedings
of the 51st Annual ACM SIGACT Symposium on Theory
of Computing[ C]. Phoenix: ACM,2019.979 —985.

Jie L, Xiaohu T,Chao T. A generic transformation to ena-
ble optimal repair in MDS codes for distributed storage
systems [ J |. IEEE Transactions on Information Theory,
2018,64(9) :6257 - 6267.

Hou H,Lee P P. Binary MDS array codes with optimal re-
pair[ J]. IEEE Transactions on Information Theory,2020,
66(3) :1405 - 1422.

Rashmi KV, Shah N B, Gu D, et al. A " hitchhiker’ s"
guide to fast and efficient data reconstruction in erasure-
coded data centers[ J ]. ACM Sigcomm Computer Com-
munication Review,2014 ,44(4) :331 - 342.

Shen Z,Lee P P,Shu J, et al. Cross-rack-aware single fail-
ure recovery for clustered file systems[ J]. IEEE Transac-
tions on Dependable and Secure Computing, 2020, 17
(2).248 -261.

T/NE 22500 R, 55 6 38 4 1) 24 i i s 2
TKZR[T]. HLF41,2020,48(5) :930 - 936.

Xiaoyu J,Guiyang L, Yue Z,et al. Repair pipelining for e-
rasure-coded storage based on load-balanced [ J ]. Acta
Electronica Sinica,2020,48(5) :930 —936. (in Chinese).
Bhagwan R. Total recall; System support for automated a-
vailability management[ J]. USENIX Association, 2004,
01(04) .1 -25.

Kumar S, Amat A G I, Andriyanova I, et al. Code con-
structions for distributed storage with low repair band-
width and low repair complexity [ J]. IEEE Transactions
on Communications,2018 ,66(12) :5847 - 5860.

[25] Amazon Inc. Amazon Simple Storage Service-Object-

Metadata [ EB/OL ]. https://docs. aws. amazon. com/
AmazonS3/latest/dev/UsingMetadata. html,2018.

mF(BEMEE)  F,1975 FE T
ELER. BN IO I R 2 S AR 2 2 Bt 4%
WFSELE 0. FEBERTFETT [8] h KBRS |
PLES.

E-mail ; gyli@ sicnu. edu. cn



