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Abstract

Distributed storage systems and computing systems are the foundation for constructing big data processing systems. High
availability of the system is the cornerstone of any distributed system. High-availability technologies generally rely on
consensus protocols. The classic non-Byzantine distributed consensus protocol was discussed, as well as the RDMA communication
protocol and NVM storage media under the development of new technologies to achieve higher performance high availability
systems by combining them. The consensus protocol to make the better use of the features of RDMA and NVM was modified. The
implemented system effectively improves the performance of the protocol while ensuring the consistency and availability of the
system data. Experiments show that the system implemented in this paper can achieve 40% performance improvement compared

to existing systems.

Key words
big data, distributed system, consensus protocol, RDMA, NVM

2019034-1



90

BIG DATA RESEARCH A#ifE

2019034-2

1 8l8

B A R GG, RS
o LA DR 245 1R 55 HH BT 56 25 R 0 B (s 45 401
KRG H W RS AT RE Bk SR M= AT
SRR BRI (P, 4P ZR G s ] R,
341 2 FR G AR SL bR B H— % R 2 R
AR AR o X TT AL AT LALRE 52
G AT EE I, R ET DA 1 SR A TAH MY
a6, DAt S5 O R B S
Mo (HAZ, X2 AR E R [E RS R &
ZE—2CE TR RG] % T
oA N —EUE SOk PRUEZ RIAR R G 2
Bl EEE R —E k.

AL, WA RN A B AZTTA] (remote
direct memory access, RDMA ) &517
W 28 FE AR FAHE 5 A7 2% (non—volatile
memory, NVM ) &5 BUAF e ot i 42 7
I, AT B 2R G IR 55 A5 W 45 3 A5 AAT
IR A SR B R, X
NIEE U R G RR R AL T LS, B
T A — SO P PR BT 7 X 24 52 R R0 A i
IR I SE I A AN GE Se 2 IR FHRDMA R
NV MR o AR SORE e X T3 TH I 58,
55 RDMAMINVMAYHFE, BTN
A A X — U P

2 frik

2.1 —EEbhistiEliE

— B[R 4 SR AR I £ IR A
AR 55 TR IB AT IR AER AN TT LA A Y
TEOLT, 175 78 BB M o A LR B g i — A
B R REHPIRSIB I — B iR . — ek
Wi, AR AT KRG 2+ 1R AR 55

o AE AR, — Bt s —nT AR 2
AN S5 A A R, BPR LR SR 1
RIIA R 55 a8 IEH AR, A A Ai N R Gk
T AR # A AR 55-

e DY o N = W S R S VAR T
R A TN HoH, BB B AS
PR IIE I B ZE R BN IE =P AL B B
M B ., H A3 I8 g — 2 T
= W B ZE PRS2 B B A L
FE R TT %8 o Quorum BB iR
EZ5EEEENRIAR N R/NGEH, L3
EEBRENE R, N REZ R I &
BHT. fELamport#i Hi T Paxos BHEWE,
R FPaxos FL R 2L H BN, DA WA [H]
PN FERES . anMulti—Paxos™ gl A& i i
W H— S, T Paxos LIS
— I, R T 2T R RN A fE S
I oA, ZAB (ZooKeeper atomic
broadcast) FMXOEMulti—PaxosHIZEFl,
BB R I K B R TR A
o RaftF LRI 9834 A T Bk Paxos
A e e it — N HEW
—EUE T, A — LG S P (A
Fast Paxos® ™9 Generalized Paxos!',
FGGC | EPaxos!) 4 A @ 77 T I
1, ABZ PSRRI 2, Sz AR D

— M RGEE T ABERZ ™
o HORT Ol B By — Bt B R
Z j&PaxosH LR, WGoogle AH]
FPChubbyIfIMegastore ™ i 19 5
HEMulti—Paxosthil, Apache /AT H
ZooKeeper" i T2 ZABHL .

2.2 RDMA##®

RDM A I %% 5 AR i —Fft 557 200 o 245 4%
A, A LLGE I T 5 C P U B 5 152 BT Ui
A, TR IR B AT 7 i B RGP AE P 4R
P, I SR (s AT DU R BRI SR A R



STUDY R

91

=R L9
1981 |

Q%?\:um

1 975%

Fib B & [ Basic | L—
1 978$ = Paxos

ROV L ok 5™ i

1 [ Chubby |
H 20064 ‘
' | ZooKeeper | !
b 20104F :

Raft P Etcd I i
20144 [T 20154

Fast Paxos
20064F
Generalized FGGC
Paxos
20054 20114E

S L

E1 omi—EENnEERAETESTWNA

W25 3815 I IT 85 HAT, RDM AR LR AEEL
Pa O B A R W 1,

RDM A 11 18 15 1 20 43 O 7T 58 3% 2
(reliable connection, RC) . ANAJ4E % £
(unreliable connection, UC) FIA T £E

44 (unreliable datagram, UD) 3
o RDMASRHE(E E1E 7 Al /&2 RDMA
Write, RDMA Read. Send. Receivell }z
JAFHEAE (Atomic) . HH, ReadflWrite
AR A BIL R B E R CAge T
TEHEAICP U, SendfllReceive & S )
Vi, UL FESRBERTT I CPULZI ]
N2 54 gese s . i #/F4EFetch
and AddfiCompare and Swap%., ANFIHIZE
e SRR RIFIRDM A JFE 4, %
1o ZHTH) AR, 781 B2 77 T S 1 14
VELC U AR PR 5 2 A 17181, R R
SR HRCAREA DL Sl 3 5 158

2.3 NVMiti#

NV MU A A 15 4%, B RESAEIR
75 W R Z S AR A H TR A A B .
AR S AR i s (AIPCMEO) A AT 2y
Tk ARINGE | 5% FE S AR, FLRBFELUE A
fR90%LA |, RN H AT ZE B FIDR AMAH
it [HZ25DRAMANAINTZE, NVMEJEEIH

=1 FEER TH RODMA RIBFSAERSBTT

St uc

uD
Send \V4
Receive Vv
RDMA Write
RDMA Read

<< <
< LB

Atomic

JEAKIAR, S s P e T 5 S
S T H2BELT [ 24 (solid state drive,
SSD) , HAZEIRE AR IR, I HAzarf
PR, WA R R A AR

K2 T AR BT A7 N SR AR B
Fo R E NI DR e KA SIS TT T
TERE. MFR2TT LAIA A AR AS IR A7 i
SR XA

NVMZEMR 2 75 T 2 S8 A7 F Y
FAFENAFBAF# 25 (dynamic random
access memory, DRAM) L, JuHEFH
EE P AR AT Ak R,
EHABEAEEF. NVMIEAEAFDRAM

®2 AFALEEMENROVEER

S

R Wi PCM DRAM

st

S:fEFE/(J/GB) 65 1 0.8

i REFE/(J/GB) 65 6 1.2

AT IE ~5 ms ~60 ns 20~50 ns
B 4k ~5 ms 50~120 ns 20~50 ns
R BEE IRE /K o 105~10° ®

2019034-3



92

BIG DATA RESEARCH A#ifE

2019034-4

AN EA ARG R RS A, X T LY,
MEI—EME R Geh, 18 HEAF i A7
&, e — 2 RS R TERE.

3 EFRDMAFINVMAI—ZtEnil

3.1 RDMA, NVME—EE MU %E &

AL Get — B P, PR B T B
Qb FE 4 SR R R, T8 BAIE FR 4 B
I o 58 B G AT AR B4 T AL 1)
R, PRI R LRAIE R 7 22 50 8 A INAT DA
FE AR RS Hek o (G S — S0k
PRUE % 2% 88 S SDE R £ AL 35 4
AT o Bl 2 T K 1 i) R PR Y 45
SEAE G HER IR, RALEHEZ S
TR AL o ST 35 A0 2045 A5 o Ath Rl R
HERE R HEC S 2 s B, P
WA RBARSE, T AR BN R I [R]
R 7E R DM A IREE TS, XA [A] 80 i, ]
FEAFAE . ANAPUSIZUH, HRTE 2 58 1 W 4%
% RDM A W44 5 # 7AL SE g LA
WA, I R 5 3 R DMA W) 4% 422 W5 45 1 1
AR, BHEAANSSDIERIEZM SH#,
XA A 5E &R HRDMA F 45,
JeHSZERDM A L85 iz it CPU A4 1 o

BNV MAE R — B0t 2= G b A7
JO, AT ON i bk AR A B A,
NVMAT B NASRDM A H £ 31718
15, BPAR 55 &% mT DASE F R DM A X 28 3t (1
NVMEZH#HTEE; Hik, NVMEAA
Fe A, (755 FHR DM AEAS 5 14 L[]
A0 45 A o XA I 7500 15 FA 5 A
A 15 R ik RDM A f Wr ite B VR ok
To EHNVMIE, G55 # i RDMAE
HAE I, fi AT B AR A g R R A,
T b A B IR A BT DA W H AR A
TR R A B R AS R R A, i 4k 52 4] e

HAER M o R 2 A sl . 45 &
FARDMA I Write BaERL I 2 J7, 765 1)
RDMA MR 22 & & — PACK 2| A #h i1 [
Ferb, FEARHBR R AY5E A (completion
queue, CQ) FHAE B — A 12 1H 858 A
R FERDM AR TR, AR S5 25 B
S FIRDMA Writed5E Mz i Ik 55 4 &
EVH R, 1z AR 55 A MR ICRENZ IS B S
237 RIIR (B 257K B AR 55 2 X — A ACKYH
Bo B Write 8 /F 9 ACKIH B A RR i £
HHm g 5NV M, B ECHE A B8 A O A
T FE A o N T R XA PR, 23514
WESENWritel (EZ 5, AR iE—A4
RDMAH fJRead#:1F . iZ Read #:/F 3L HL
K/NRO by telf#L b, 152E Iz it A7 HE
HERP Write 4 5N 28t P A O i ik
WHyper Loop ik it, iX~Read#
VES BRAUE S B B A B 288 I S
NV MM, AR e R A I A o R 7
CQHIXT Y. Read 5 ERIR A, 5t AT LA T 6T
INF PRI A A T B ANV M,

i FIRDM A RIZEFIN V MAF i A 0 25
W R ST 265 LN T HTREL, (£ 5
WAL TT R IR R IE e S0, Fe 448
S — N RFERAER X &R
U, SRR GRS . IR R G T %k
2T PN, XA RS G N1,
2 I AR B 45 4 F e, I AHE 7R
W 4 BT HT AR A5 L, SR 2 TH A Rl AR
T A A, AT 26 11 1) 400 S5 38 X A
HIIBEIR A T EE R T R %58
W T RIANERCPU, B A HE TG gt
W EHEFT T, DRI O T B e 16 ) 3 R
BT, DUEE P A TERR I

ARICEF A RDM A W25 FIN V MAE i /1
FRAERE X Multi—Paxos HHGHET TIEEL,
FFEXHE B PR AT 7 528, AR SCE L
TSR R HR o — B sl ) s o A
KA S e N H B R BB - R,



STUDY R

93

FIHRDMA WritedfEfEEE BRI S5 8%
CPURYHEFME . NVMBYF A MEF AT 5 T4k
AR, (AR MU B PR B AN AE |
A AR CP UVERE S5 R, TR
AEUR B

3.2 BEEH

B2 HEEHI R EUHUERZET
AT, S A w5 FA A= 0 Hh 40 527 4R
B0 ZEIT RDMA B Write BRAER 484
RILEG G HE RS #w. TS EMS /SR
VT A5 T N 5 iy K I A A L A
WA, R A A Pt A IR T 41k,
490 S 5 A 55 e BRI B MR g 0K ok
KRS, WEE NZFKELTTH—1
FFH SRR SRR R G H A B
hko 5, GFH WSS ARz Te S SR H
fl kg5 5 b, AUEE i RDMAK Write
BRE HARX S48 B A B | A LA
FINVMHA, 54 REIA FL ) ek
LS H KIS R IETIRIANGG, S15H
SRB R RN N EE ) — P Read i lE, XA~
Read#8/FREEU AT 0, T ERIEE R B
FEAMBINVMA, FIXReadBERT LA
TEWrite B EfR B, ATESERFWrite
BEERIR A, S AT LS MRDMARR 58
i BAB SR B Read $0/EXF I HTE L, 4
WHHE S 2 I S A S E IR
AFE AR IE BT IR W e & 75 AT LA
AT, BEANEL R IR I REC 1R,
R4 S8 O i U RZ 48 & K IE Ff+11
RIZAA LI, RIATACHIZIES B ATER T
R R, S F AR IZ RS, Kikcommit
R R AR S5 2%, [F N 07135
A, FERIRATIO 25 SR [R1 454 .55 7 o A0
ARSI SRR B I A 1R, SUE R
AW IEZ TGS AR BRI A IR S5 7,
HEHRAEZ RSN,

GFE R
AL EL L

| SIFEH R AR |

Ml ITRDMA Write A
Hﬁé‘ﬂi%éfﬁﬁﬁéﬁﬁw

‘ % 2ERDMA Read$fE i

B>
P, _ERead 4%
JRITYACK

Tl I RDMA Writef{F
Frda A K IEB AR I
W) B Y A

Fikcommitii 544
B A 4 s A

18 [ 2358 - S

2 BEEHRE

3.3 MGEEESATRE

T P 3R A0S AL, TR Ik 25 43
S B N, R 28 S A S T e 2
H— AN T 5, A B AR Z X Ah g At
M55 o BRGNS O R H — MEH 2 5
(term) o HRIAHEREAS I E] 5 405 FH 1Y
T RTINS, 2 I A HERR 22t N 25 4
FHIRE Eeterm (ERGINT, FrHAL
PR Rl A i 55 e A 32K 346 25 H A 005 8 O H
B, FEiZEETH AT term i, A5
S A R AR D HARE 2E . HoMh A
PR ENZIH SR, AR R A S5 ORI SR
TS A0 R R R AR U 21 5 ST 5 0%
Betmid, IR A E AL/ R EIZIE M
AR, HROSENH S EERE S
ZRIRHERE; Q1R AR 5 4TS5 LT
TR, (R U R T Hofliterm (B T &
MIRIAHERE, AR AR RIS AREE S R IL %R
A BIRIAHERE ; RIS I E 540U Tl
TFTHEERE, FHBA SRS AL R
BERE, AR AR SR R ke HRIAE
o B RIAEER R T A1
RERIEER, RIS A NS

2019034-5



94

BIG DATA RESEARCH A#ifE

&, FRAT HARE (I, (R R LB A
RIZRHEREA T3 —SEryiks,

RGEEHE S IR TRDMA
I Write B2 /ERHESBARIAZERAINVM
o, G EGE T RIARHERE I CPU A
TEZRGE o IXFERY AL D T R ASEERR Y
CPUHFE, Al AR 7 I AE ;s IR AL & mARHE
FEASHIWTE NHITE 210 2 T S
AW T IEDIXA L, Z8 G AR 1254
SEE RN, SRIARERREZEA RIS
e U T S AR, IR A E R
WIS IHRUTE FIRDM A2, IXFEE
FRIARIAIN T TOE B N R ST TR )
RIZARHEREFINVMAT, AR HE,
BN GUFE HARAR

LT AU B A2 R, BT A4
SENIE W HEHATIKE R E . EH
s R U B R IR R R Tr & S HAL S
ZHERIRIA AL &, W] =R A i H &
EAIDISaE S = NEOF = RO ARG & S /3= D (=S

LEFHEWR AN REERR, SSE
BHNEIER, EHCERTWHSE, A5
FHT R AR LEBAT I TR e X T
BTG B HE, RTHESR AR, S5
AR AZ 23 B9 45 &0 T TR & &R 11
ZoE e, HEWE S RAH, Ryl Ll
AREE RN R S5

3.4 HEEH

— Bk R G L PRUE R AR 55 48 K
AR A, R AR
AREEHE LIRSS TR A — B PO 5
GUFE PR, PRI AR 55 8% 2 AN RE 22
OHEZIRE, RIAHR 55 e - 2 7240
S HPIRASHIAT,

RIZRRSS a2 i OB LRI 77 3548001
GG LIRS RGeS — D RIAIR
S5 A EAIR100 mslAj4il S Rk — OBk
Ko HTHEEMZSZRDMA R %S, OBk

KRR R EIA

HAtBIA

R R 2] 5 S5 5%
AR

Y :
termfE N1, IfRIEEIEE |

A HEM P A [ 1

________H B L G T

a5 term {E B 5
BEER

BB ZRIAR

1 Eterm e
RN

| THNAGE, TOE |
AR R A A [ |

| sigmMTRENRE |

Foftn B A 2 k2
DRUEENSS
IRl i
RDMA j#$%

| ik

2019034-6

3 NSEEEME



STUDY R

95

TR SL I FHRDM A [ S E S BT . @
AR S5 Fn 4>t RDM A FIRead JEE 5 HAT
SHENFTH—HIE, ReadRIESE RS
SAERDMAFA R A 58 AT HFEA— S8 Bk
o ZIFBUEAN se i E A, JFE e Hrp
AR E EHIWHX K Read A E2 A . 40
RICIRIFAER Y, ARAFRINGI G H AR LR
A, WA R AR, IR IR Read BRAERIIR
BB RML, AP ARV LFTRIAR S35 5915
FHERE I, SRTRIAIRSS fedE A&
NI HPIRES, [rHARI AR SS 2R K 102840
SMEE, EEEHEITE A

HEA G2 R, YR 2T R R AR
IR W s 1 RS = <o | EI [P 2 AT
B SBERE . PR B R o DT I R PRI A IR 55
EAREHTIA R GRTE, B AU E Rk
joinf§4, %454 LA H Rk 55 5 2L
ARG TS HWENZIES)E, FAFENZ
TR A A HE AL, FRR I H 2]
HAhRIA AR SS d . Ma S R k0%
B TAANRIARRRSS 25 LI, RIFZIESES
FRIIHE AR B HAE A, RIS #5 7T LU
R, [mIN, REHRIZRLER 2RI
HEM R AR AR, ST EEE R
AR R AR R R NZ R A L4 s

4 HXIME

ARk, (o A AN — B P S5 &
Y 7 ¥ 50 — B B S HEAT O AR i AR
HIRZ , NetPaxos®FI| H R 4522 #ALH
BRI Pl Paxos 53, [AIIZ T/EL
REME A OpenFlow . HIFE Fr g B 42
1 (application programming interface,
APD) , HAREHIN HE. NOPaxos!
W& e it T— MRk N %%, AR
ANHTEE] 7% (ordered unreliable multicast,
OUM) , FFFEIZ 48 T SL Bl —ZE Pl

TIZME B PSS, FILE [k Paxos
FHPMEZ., FFEIEA K PaxosPril 5L
AL T g 2 8% H A, (s H P4TE S 120
PR PaxostrY ISwitchcy—Paxos27,
WA 255 (F I v gm R TR 47 (field
programmable gate array, FPGA ) 284
RS ZABIMNE, MR AEE T .

H B A R DM A Y 4% 52 3 — 2t
WH TA/EADAREBIZRZGFIAPUS,, H,
DARETALABEVERRaft MY AERDM A BRI
THISZEL, HFFHRDM A EX Raft i
17712, APUSIEMulti-Paxos B LR
RDMAHSEEL, [H A SSDAA i H .
ERSCHSLILIN R, & S AN EBE
DAREH TP AT, F5 5B e E AT
DISRASHE A, BIHE LA SO TAEE R £,
[N DAREH GBI TENAEH, JEA M H
AL TR, APUSIIAELE 2 BT H2 31
[, BAR e E R P, (A4
SN NSRRI A (2] 2 A AT LA H A
R LISEAS, I A S TR, 78
A ETTH, ZEHEEAKR HTAPUSHE
AR E BN 2 PR, PR 5 ™
HE AR S TAEFIDARE#EFT T X5

BT — 2 P TR, [ RDMA
AR EH M TAEL A TailwindPY,
Tailwind & HlII R {E HRDMAR Write
BRETEIRE S, SR TIEE—E
FEERNES. A Tailwind fl AR SCH T
VEWBA 3RIXH] . — & Tailwind i HH2&
Primary—Backup =X, {f F/+1 Rl
RS RIA I AR5, AR SCHE A
G — B E PO T, (2 RIAR R ZL
SRR A48, $e AT B S mT A,
TR R AERT R T, ThARREMS AR ST A
PRAEAR S5, R Tailwind i TA/EF AL T ¢
TR 7735, (HIE A T ik 2640
SEM TN, —EArE I A TAEF,
ASAFEANVMAEAEFIRDMAH I Read #:

2019034-7



96

BIG DATA RESEARCH A#ifE

VERACR B R AN o (2 Tailwind FECRIE
AR A T TR A E I TAE, R fg
R 55 e A Ar A RIS 2%, HEELRSS R fE
i A5 W7 HA IS R R A5 A FL s A P Cle 4
il # FIR DM A W -R 247 H I #3155 A SSD
H, PR Tailwind HAEAEAN FHAME
AN Tailwind AT B AL LS ARG, BRI
RS TR BTG TI T o

5 BRI

5.1 MXIFEE

R SCAE F C+ +1E 5 BB B Multi-
PaxosPrN HEAT TSLH, R A0 A 2T
InfiniBand £85I P IR 55 i S RS S
M—EE RS TN SERE0 B IS 45
Rk, fEE RS Al & RS, H, &3
RSBk a1 E N — 20 R G n IR 55,
FHNENRSS EE % P, AT iR &5
TIBEHRIEER . T HATmm _Esea T
FHRINV MAE:, PR A PSRRI, [
BNV MY S B LE Fa A A R, BRI R i
I, 285 (ET CentOSAZ, (H1S R NAE
HINFESEAN50 ns, ATICHENVMPERE.

5.2 tEREMK

TELEREMIA A, A T ZE R
E T T N — B0 F G kAT A
ARG IERY I RE, 25 B3R /N
N8 byte. 32 byte, 128 byte. 512 bytefll

*3 LHRBBEE

[N HRfER

BERS CentOS 7.2

CPU Intel Xeon CPU E5-2643 v4 12#%, ZE453.40 GHz
WA 128 GB

ERS Mellnaox ConnectX—3 Infiniband[¥-F, 56 Gbit/s

2019034-8

2 048 bytefFELHERC I HEFEFT T3t
B R T S Al AL, Bl &
Uity B — N4 R3S I RIS s,
B R—M 54 TR $EEE10 0004448
&, SRIE X BT A5 1 45 RGP 8 o AR
kR, 2 LA B I R, AR
HR/NN32 byte, 1B IS ANRIECE 57 it
[EIEA T4 22, R RE

ML AN AT 7R o T AR S TR
BAESSEAE PN, T DARESE R4 15 WL,
PRI AT TAERYIRZE EEDARBAR o 7R IRHZE ]
I, HEAEA/INAS bytelf, FURIEASTES
FIRIE (IR AR F6 ps, AHEEDAREMO pshisf
HESRH L8 T 33% . FHTFRDM A FRIVEAIIT
HE A HCE R /NG T g 0, PRtk A
PR A, it 5 R /NS T

AR T, T AR SR
g S R AR RS NI A . DARE
PR S 3B S P B AR S TR R %
—IHERIRE, KEEsEb A 2 —
2o RUEASC TR R R A — 2, AR
H PRI SR AT A ATAL B, TIDAREH
AT LS A5 T T D7 SR AL B 285 o R A TR R A
B2 SRR, AT TERE, DARETEIR
TR T HE AL B R, R AR
AU SRFTELE] — D . Bl & E B0 55 it
FEHGIN, G053 IR 55 d U B 1 SR
WE =z %, DARESAE:— LA B S 4L
PaR/NBLBETE B . RDM A (77 %5 F1 2
A2 Wl 5 AL S O K /N T R i, PRk
AL TAEFIDARE R A i i 22 BE L B &%
St A A G N T 98 /N o

6 &Fig
SO T A0 S — S B 5

PR LR T B A 4 52 AR R DM AR T B A7
it SNV MR o #F X RDMARIN VM



STUDY %R

97

AR, 3% T IE B RDMAFINV MK HT 5
W o 1Z PR RS 7 4 R s AR AR, 3
R AR, (545 A N — B R G n
AEAFE] T B R AIHE T,

8E Vi

[1] GRAY J, LAMPORT L. Consensus on
transaction commit[J]. ACM Transactions
on Database Systems (TODS), 2006,
31(1): 133-160.

[2] SKEEN D. Nonblocking commit protocols[C]//
The 1981 ACM SIGMOD International
Conference on Management of Data, April
29—May 1, 1981, Ann Arbor, USA. New
York: ACM Press, 1981: 133-142.

[3] GIFFORD D K. Weighted voting for replicated
data[C]//The 7th ACM Symposium on
Operating Systems Principles, December 10—-12,
1979, Pacific Grove, USA. New York: ACM
Press, 1979: 150-162.

[4] LAMPORT L. Paxos made simple[J]. ACM
Sigact News, 2001, 32(4): 18-25.

[5] CHANDRA T D, GRIESEMER R,
REDSTONE J. Paxos made live: an
engineering perspective[C]//The 26th
Annual ACM Symposium on Principles of
Distributed Computing, August 12-15,
2007, Portland, USA. New York: ACM
Press, 2007: 398—407.

[6] HUNT P, KONAR M, JUNQUEIRA F P, et al.
ZooKeeper: wait—free coordination for
Internet—scale systems[C]//USENIX Annual
Technical Conference, June 23-25, 2010,
Boston, USA. [S.l.: s.n.], 2010.

[7] ONGARO D, OUSTERHOUT J. In search of an
understandable consensus algorithm[C]//2014
USENIX Annual Technical Conference,
Junuary 17-20, 2014, Philadelphia, USA.
[S.L: s.n], 2014: 305-319.

[8] LAMPORT L. Fast Paxos[J]. Distributed
Computing, 2006, 19(2): 79-103.

[9] ZHAO W. Fast Paxos made easy: theory

and implementation[J]. International

16
14 .|+zsx)'cj:ﬂs —.—DARE|
12 |
20}
LHJ el A___..f——’—/'
Z 6t
4 L
2tk
O 1 1 1 1 1
3 32 128 512 2048
Hd K/ Mbyte
2 400 000

1 350000 | [ m A T/ = DARE |

300 000
% 250 000
i
= 200 000
% 150 000
= 100 000
¥ 50 000
0
1 2 3 4 5

B RO A

=
2

(11]

[12]

[13]

[14]

4 NENSHESMNXER

Journal of Distributed Systems and
Technologies (IJDST), 2015, 6(1): 15-33.
LAMPORT L B. Generalized Paxos: U.S.
patent 7698465[P]. 2010-04-13.

SUTRA P, SHAPIRO M. Fast genuine
generalized consensus[C]//2011 IEEE
30th International Symposium on Reliable
Distributed Systems, October 4-7, 2011,
Madrid, Spain. Piscataway: IEEE Press,
2011: 255-264.

MORARU I, ANDERSEN D G, KAMINSKY M.
There is more consensus in egalitarian
parliaments[C]//The 24th ACM Symposium
on Operating Systems Principles, November
3-6, 2013, Farminton, USA. New York:
ACM Press, 2013: 358-372.

BURROWS M. The chubby lock service for
loosely—coupled distributed systems[C]//
The 7th Symposium on Operating Systems
Design and Implementation, November
6-8, 2006, Seattle, USA. Berkeley:
USENIX Association, 2006: 335-350.
BAKER J, BOND C, CORBETT J C, et al.
Megastore: providing scalable, highly
available storage forinter active services[C]//
The 5th Biennial CIDR Conference, January
9-11, 2011, Asilomar, USA. [S.].: s.n.],

2019034-9



98

BIG DATA RESEARCH A#ifE

2019034-10

[15]

[16]

[17]

[18]

(191

[20]

[21]

[22]

2011: 223-234.

HUNT P, KONAR M, JUNQUEIRA F P,
et al. ZooKeeper: wait—free coordination
for internet—scalesystems|[C]//USENIX
Annual Technical Conference, June
23-25, 2010, Boston, USA. Berkeley:
USENIX Association, 2010.

GUO C, WU H, DENG Z, et al. RDMA
over commodity ethernet at scale[C]//The
2016 ACM SIGCOMM Conference, August
22—26, 2016, Florianopolis, Brazil. New
York: ACM Press, 2016: 202—-215.

TSAI S'Y, ZHANG Y. Lite kernel RDMA
support for datacenter applications[C]//
The 26th Symposium on Operating
Systems Principles, October 28-31, 2017,
Shanghai, China. New York: ACM Press,
2017: 306-324.

MACARTHUR P, RUSSELL R D. A
performance study to guide RDMA
programming decisions[C]//2012 IEEE
14th International Conference on High
Performance Computing and Communication,
June 25-27, 2012, Liverpool, UK.
Piscataway: IEEE Press, 2012: 778-785.
CHEN A. A review of emerging non—
volatile memory (NVM) technologies and
applications[J]. Solid—State Electronics,
2016(125): 25-38.

MAOW, LIU JN, TONG W, et al. A review
of storage technology research based on
phase change memory[J]. Chinese Journal
of Computers, 2015, 38(5): 944.

WANG C, JIANG J, CHEN X, et al. Apus:
fast and scalable Paxos on RDMAI[C]//
The 2017 Symposiumon Cloud Computing,
September 25-27, 2017, Santa Clara, USA.
New York: ACM Press, 2017: 94-107.

KIM D, MEMARIPOUR A, BADAM A, et al.
Hyperloop: group—based NIC-offloading
to accelerate replicated transactions in
multi—tenant storage systems[C]//The 2018
Conference of the ACM Special Interest
Group on Data Communication, August 20—25,
2018, Budapest, Hungary. New York: ACM
Press, 2018: 297-312.

[23]

[24]

[26]

[27]

[28]

[29]

[30]

DANG H T, SCIASCIA D, CANINI M, et al.
Netpaxos: consensus at network speed[C]//
The 1st ACM SIGCOMM Symposium on
Software Defined Networking Research,
June 17-18, 2015, Santa Clara, USA. New
York: ACM Press, 2015.

MCKEOWN N, ANDERSON T,
BALAKRISHNAN H, et al. OpenFlow:
enabling innovation in campus networks[J].
ACM SIGCOMM Computer Communication
Review, 2008, 38(2): 69-74.

LI J, MICHAEL E, SHARMA N K, et al.
Just say noto Paxos overhead: replacing
consensus with network ordering[C]//The
12th USENIX Symposium on Operating
Systems Design and Implementation
(OSDI16), November 2-4, 2016,
Savannah, USA. Berkeley: USENIX
Association, 2016: 467-483.

BOSSHART P, DALY D, GIBB G, et al.
P4: programming protocol—independent
packet processors[J]. ACM SIGCOMM
Computer Communication Review, 2014,
44(3): 87-95.

DANG H T, CANINI M, PEDONE F, et al.
Paxos made switch—y[J]. ACM SIGCOMM
Computer Communication Review, 2016,
46(2): 18—24.

SULAIMAN N, OBAID Z A, MARHABAN M,
et al. Design and implementation of FPGA-
based systems—areview[J]. Australian
Journal of Basic and Applied Sciences,
2009, 3(4): 3575-3596.

ISTVAN Z, SIDLER D, ALONSO G,
et al. Consensus in a box: inexpensive
coordination in hardware[C]//The 13th
USENIX Symposium on Networked
Systems Design and Implementation
(NSDI16), March 16-18, 2016, Santa
USA. Berkeley: USENIX
Association, 2016: 425—-438.

POKE M, HOEFLER T. DARE: high-
performance state machine replication on
RDMA networks[C]//The 24th International

Symposium on High—Performance Parallel

Clara,

and Distributed Computing, June 15-19,



STUDY R

99

2015, Portland, USA. New York: ACM Boston, USA. [S.].: s.n], 2018: 851-863.
Press, 2015: 107-118. [32] PANDA D K, KOOP M, BALAJI P. Tutorial:

[31] TALEB Y, STUTSMAN R, ANTONIU G, infiniband and 10—Gigabit Ethernet for dummies|C]/
et al. Tailwind: fast and atomic RDMA—-based IEEE Symposium on High Performance
replication[C]//The 2018 USENIX Annual Interconnects, August 25—27, 2009, New York,
Technical Conference, July 11-13, 2018, USA. Piscataway: IEEE Press, 20009.

(1992- ), 5, SR AT AR 2 HHROR R M A4, ERATF T 0 AR S

(1976= ), B, KA RHR 2 HEARRM AL, TEITEES (CCF) &R, BT
N FRGE AP RS,

(1974= ), BB, iR ENA 2 SHARREZ, CCPmgia A, ETBFFEIT MR HAT M oA
AL = VSR A 4

(1946- ), B, HHEKEIEHR 2S5 HRRAR, AR, CCFE+, BEHIF I MN It
BN RIER S R R B %,

Wi HHEA: 2019-05-05

BEEWH: EFRE ST RIESEIITNH (No.2016YFB1000604) 5 I FAARIAEEEHEIITH (No.61433008, No.61373145, No.61572280,
No.U1435216) ; Hi[E [E )5 R eA Rk S BEBI T H (No.2018M630162)

Foundation Items: National Key Research and Development Program of China(No.2016YFB1000504), The National Natural Science
Foundation of China (N0.61433008, No0.61373145, No.61572280, No.U1435216), China Postdoctoral Science Foundation (No.2018M630162)

2019034-11



	7-4
.pdf

