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Fault recovery method based on dynamic resource awareness and repair-tree
parallel scheduling for erasure-coded distributed storage
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2. China Electronics Technology Group Corporation No. 58, Nanjing 214062, China)

Abstract To address inaccurate recovery-node selection caused by dynamically varying node resources, path-cost and forwarding-
load imbalance over heterogeneous links, and limited parallel execution of multi-hop tasks under node-exclusive constraints in
erasure-coded distributed storage recovery, a failure recovery method based on dynamic resource awareness and parallel repair-tree
scheduling is proposed. A six-dimensional node-state evolution model is established, and subjective and objective weights are
determined by combining the analytic hierarchy process with the entropy-weight method. The Technique for order preference by
similarity to ideal solution is then employed to develop a dynamic resource-aware recovery node selection (DRRNS) method,
enabling the dynamic evaluation and selection of recovery nodes. A time-aware repair tree is constructed by considering node
scores, link quality , cumulative transmission costs, and forwarding loads. Critical-path-priority scheduling is adopted to estimate the
theoretical parallel makespan, thereby improving the adaptability of recovery-node selection to resource variations and the parallel
efficiency of multi-hop recovery tasks. Simulation results under RS(9, 6), RS(12, 8), and RS(15, 10) configurations show that the
proposed method reduces the average theoretical parallel makespan by 28.06%—60.01% compared with four end-to-end combined
baselines, demonstrating the effectiveness of jointly optimizing dynamic node selection, repair-tree construction, and parallel

scheduling.
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1& 2 B b 8 Bandwidth Tree fil Score+Q Tree
[ -1 35 B i o & T N T2 A, (R T AR
Bf B Score Tree FIM VR [E /& N2, ENEA &R
HRAEREHE. FRRR SN SIEFERET 2
HARE R — 2, I TN B AN IE R B — B 1
RIS s ol | NN 1P i o o T [T N E W 1

B B o e R ATk R AT LA

Uiy 1) ity S50 (] BF O YT RUE BEAME B T,
BT 7754 “DRRNS+Time-aware Tree”. SZ36 45
WL 4, 5 Random + Random Tree. BW-based +
Bandwidth Tree. AHP-TOPSIS + Score Tree il EW-
TOPSIS + Score Tree f Lk, 7 =FRSHELE F, A
FETTIEII T BIFRAT T 20 39l b 52.52%~60.01%
28.06%~35.30%- 31.60%~39.04% #F1 32.93%~
38.84%. A=l 12 ZH 35 2 1) 95% FL 4T Bootstrap &
FEIX KT 0, HRIEJE p<1.32x10%, 784 B
" DRRNS+Time-aware Tree BE 1% [ 1 Pk &2 ik #2711
R R Z B TR, R — D R R
PR B FFAT AT RO

®3 TEMEEMTEANFHIERHITIHG)

1B W72 RS(9,6) RS(12,8) RS(15,10)
Time-aware Tree(A3LJ715)  10.9229 143151 16.1573
Random Tree 22.3942 313108 36.6113
Bandwidth Tree 16.1004 20.1870  23.6928
Score Tree 16.3554 23.5839 25.6711
Score + Q Tree 16.2538  20.6217 24.1838

R4 AEIRBIRRE 75 AR TR HITITH)
iy 2| 2 Pk 52773 RS(9,6) RS(12,8) RS(15,10)
Random + Random Tree 23.0076  30.9906 40.4032
BW-based + Bandwidth Tree 15.5772 19.8985 24.9709
AHP-TOPSIS + Score Tree  15.9699  23.4826  25.4785
EW-TOPSIS + Score Tree ~ 16.2868  23.4052  25.7053

TEHAT R SLIG 3 — D e RIF W IR
JE£ [R5 A FE A G B AR DL P TR B =M k. N OREER
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Koy AR, A2 J0 3L A0 SUAE 55 AT IEA7 34
17, F— 2S5 Y 2T 55wk, s R
WmRS PN, S5 EEAHEE, SSEERAILETEAE
F S 24 T3 B AR 23.82%~35.28%; 5% [ 25 i
FEREL, P35 T AR 18.25%~24.57%, iX % Bl
SR FH DG B A K FE i s AT 55 R S G e e s 2D A O At
{ES X AR ORI 5, AT 4 R B = Ry AT
FESAE S ORI I FE B . bAh, SREEERARRSE A Y
SEE I ik #) 1,328, 1.471 F11.568, 1341 &
A5 AR T F 2 [a) R AF A TR BN T 2.5%, 1B
7 V5 Re % 75 T /2 BCHE T SRR s 2 B
MR R IREUE M AT R LS. S K
S RS OR, B i TR AT 55 B A
TEFFAT R R IGIN,  AH SEBR NI RRAT) 52 B AF 55 10 5K
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RS(9,6) 14.0311 13.0753 10.6884 1.328 1.30
RS(12,8) 19.8408 17.7154 13.6815 1.471 1.89
RS(15,10) 27.0992 23.2516 17.5381 1.568 2.41

3.3 jHBHSIIG

TH Rl S 56 5508 2R K i 3 s B BER FH AR [ 1)
100 % BEHLINR S, 4350 25 BR 3 25 B U8 I8 A4 (w/o-
DE). AHP #{# (w/o-AHP). §#l(w/o-EW). JJj sk
FRAE(w/o-HF) LA A5 wit bR 250 B 256 VE 70 T (w/
o-Score) BFEHS T E Tl(w/0-Q). Rt AL AN
Tji (w/o-Time) A1 5% J 61 3% W (w/o-Load). 7% JH fh 48
PRSP BB AT T AR 6 Fion, Se 807k I3
2 0% 3. w/o-Time /¥ TH B ZE R INGRIEG
p=6.63x107%), H R L 588 T 1) 2 H 4 Holm
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HEhE R EE L FR 7. 5 AL VR A 00 f 31 o 2
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I8 AR A RS(9,6) RS(12,8) RS(15,10)
Full Method 10.9229 143151 16.1573
w/o-AHP 11.0377 14.2979 16.5543
w/o-DE 11.0815 14.2584 16.6781
w/o-EW 11.0724 14.4130 16.5256
w/o-HF 10.7937 14.0828 16.5756
w/o-Load 10.8403 14.1315 16.3399
w/0-Q 10.9852 14.2536 16.1443
w/o-Score 10.8278 14.1592 16.1966
w/o-Time 32.5289 43.7084 46.3672
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HGE 2 IR IR SR G RAESS R . eI RE i &
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RS(9,6) 0.5145 0.5157 0.6828 0.6722 1.2686 1.3475
RS(12,8) 0.5239 0.5244 0.6963 0.6803 1.2946 1.3950
RS(15,10) 0.5263 0.5313 0.7172 0.7020 1.2988 1.4274
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