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Abstract: In a distributed storage system based on a three-replica strategy, when a hard disk en the storage node fails, a
common processing method is to wait for the system’s preset time. If the faulty disk doesn’t recover within the specified
timeout, the recovery of the replicas on the faulty hard disk will begin. The'issue with this handling approach is that when
there is a faulty replica within the three-replica group, another di_sk- failure in the same group will result in the system
being unable to continue providing services and recover automatically. This study introduces an improved Raft consensus
algorithm based on log replicas, namely log replica based Raft (LR-Raft). Log replicas do not have a complete state
machine, allowing them to quickly jbink the cluster and participate in voting and consensus, thereby enhancing system
availability in the presence ofa faulty disk. It can address the problem of unavailability and data loss in the cluster caused
by the failure of two replicas in a three-replica setup in a short period. The experimental results indicate that with the
introduction of log replicas into the replica group, LR-Raft significantly reduces read and write latency and substantially
improves throughput compared to the original Raft across various workloads.
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J&, B4 B Fl C # Log First Index 7EJE UG 1E 1 A& A
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BN AZE— Pk, Bl e N EE%E
il 9 ACEL o R AL e B 1), 10 .
Hrp 2 5] Min Match Index #1 Log First Index 2 [8] ]
H &% HAUE S o8 (only metadata log). B4b
Leader it /5 22K Min Match Index i 00 ik [F] 25 25
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Raft replica logs
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SH— B
[T et F 35
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Leader B [SINIINRNRINNNNNN — 5 [ENE 1117 1 TN
c SV I cSMT1T1Y T
B 1L MR % R B G 4 e

1 2 3 45

3 SKEREIR 50T

AL A C B F B LR-Raft M1 Raft JL48

S, FESRFIBHUL B B 9 5 A AR ST 1
SEUUBIE, T T PR S ERAT T b 9 T B ol
4 A AL, FrP3 AN 7 B L 1AM
R TS AT B TR A B R 1 TR,
/O TR T fiol"™. fio SE4H 4 ST B 48 Bttt A7
FE 7 TR TR AR S5 58 PR T4 S 802 TR B L
7:3 BEE. LR VO B RN 4 KB, fio HIEFE%L
WLy 36, 7E4E T RISEK b, KR R G AR
¥J. P90, P95. P99 K iEAE N TEREFENR, P99 B AR
A TR 00 BT A 18 R o B A A K 1D 1% (0B A, 2 )
SR B S A R Gk i T B AT, F5nE i B kops
S B, B R RD AT (B TR A
eSSz b, T ESK 50 GB KU S AN,
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DTG £ 00 3 435 SR 0 o f ek AT R S S 6 b R B LR R
T3 RpBE R M E AE TR AR, BD Raft (1 4 B A S B
(Raft Full) Ak 2 #(F A 5 (Raft Majority). LR-
Raft ff) 2 NMEHREIAR 1 AN HERALAEG R KZHE
(52

K1 AR RCE

[iW=RIlE| fic. B #thid
CPU Xeon(R) Silver 4314
BAERS CentOS 7.0
WA ' \ 18 GB
AL . 36TBx7
DONERS Broadcom BCM5720
RDMAFF . Broadcom BCM57416

3.1 HIEENK S8

LR-Raft 7f 4 KB BENLIE &2 (7:3) I TAE Mgk
T, HiE 5 #E/E R &5 Raft Full A1 Raft Majority #
PR AT . SR 45 SR a1 12 BT, LR-Raft B35
e B B AT Raft Majority $27F T 10.17%,
T Raft Full #27+ T 10.81%. X &K~ LR-Raft =g
A H GBI IR BAARES I, AR BT H Al AR
DT 1/3 [ Raft Apply 4, BRAK T A1 T1E £
B, FPTTEI T AU ARk B AR T AR B AR R T
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1200 |
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0

m Read m Write\

]

Throughput (kops)

LR-Raft

Raft Majority Raft Full

K12 BENURE S 0EN 3 MRS ok &

WiE 13 Frow, 3 METE 4 KB BENLS I TAE 7
WE, 2B E fio i) nums_job N 7, 6, 5, 4 X 4 Fh I
R 1O TERECE (io_depth 7y 5) #EATHERE IR, 25 &
B, LR-Raft [f) 5 /E &k 75 4 Fif R 10 16 RECE
I Eb Raft Majority 43 AN T 14.49%, 15.37%, 13.32%
F1 10.68%, Lt Raft Full 4 A4 H0T 21.46%, 19.84%,
20.52% A1 25.44%. 1F 4 KB FENLE ) TAE7E T, LR-
Raft 757 & (R B B AT A By F s =K.
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TAERE FREEI. P90. P95, P99 [IEL ST 4E. & 14
BoR T 3 ML N AE, LR-Raft £ X% Raft
Majority Fl Raft Full £, 7535 5 i 28 1 7 51 PR AR
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Lt Raft Full B AE 30 48 F 7370 FEAIK T 7.98% Al
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T SR WG I B AR R AR RN H BRI, & 2R A7
TE B RE AL 5 0 H B RIAS, LR-Raft fEFEHLIR A S
FE LS PRI Rl LA S T #A AN B 1k T,
FEJIF SEFT P99 I SEHARAT F2 5 1) .

4 GEgE

ASCHH T — PP a8 9 3R 57k LR-Raft. LR-Raft
FIE T Raft X & AHE FI RS, 51N T TR P H
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