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# of Nodes 5
(O}) CentOS release 6.8 (Final)
Intel(R) Xeon(R) CPU E5-2665 0
CPU @ 2.40GHz x 2
# of CPU cores | 8 x 2
Memory 64GB
T3 EHEIXx—%1

# of Clients 1

# of Operations in one group | 1

Commands Only PUT

Key 8Bytes All different

Data Size Variable

7 7% AF 3, 77X AL/ — P LEADER DGAT
RIS 2WES, YL o T oBUYI I LIC) —FE
BT 72T 5, KofHEIC K ) LEADER 3% %
DT LEH OB A D B IV LEADER 7 7
ATED.

LEADER IZ7 72 A TE L 6afrzik(279 5. Raft D
NHERALEEIZ X - T LEADER @ KVS IZ 2558 1 & 1,
commit RSO CELSRDMAEEEFET S, INE2HED
BL, TXRTOGEPaIy FEINBETHITS,

5. FHi
5.1 SEBRIEIR

EE2fToBER2E 2R, £, 7947k
& RKVS @ LEADER & O DBEZRET 57201
LEADER / — FOYBjwW T Wb 2> vy Tl 74 7 7R
77 L%ESHE, localhost N7 7k A I H T,

5.2 RKVS D5
5.2.1 F—YHIcKkBHREDE(L

RBANE
RKVS ICE2 T — Y B LA TANV—7"y b ZWEL

7o, HERNI A=Y HFIITRT,
ERER
SIZHEERFE R 2N T, M2 RKVS ICE 2 7T —5 D

B, MRS AN — 7y b ERL D, FHEER»S, T—

FDRIZE D AN—=Ty b NDFE M Z L DPHEX

N3, ZOZEDPS, B L KVSANDT 7 & ADIEIEIF

TR X EEZ T RwEEZ NS,

5.2.2 AML—=YF7IVEAZEWIBEE EDLEE
SN
KEOFETA b L —I D1 PEEIMMERES VR CH

AR L 72, COIEEGET %729, LEADER

B LU FOLLOWER IZEIF 2 A L —Y~ADn 7% (X

3DE 24 AT v 7)) #EME L TRKVS OMEREZHIE L 7.

ZDOEMIT XD 1F S N B WER RPN 2 ST IC BT
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Key 8Bytes All different
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B9 RAFL—YHEZIARILIWERDOZEL

ZEBRERERT. FERRN I A=Y R LITRT,
ERER

X 9 ICEBFEREZRT. LDT—F B RKVS ZHIE L
72bDTHD, HEOT—FBRKVSDOUR DAL —
EBEIRAAEBOTHEL-SDTH S, fithz AL —7y
FERL, SOBREENPRY, EEFRE»S, A=Y
HEIAARWRERR IV 2y 7125 T35 2 L5 AHL
n3. Zhiz, msxr V%7747 % LEADER
POZTMBEIZA P L —YEZRAAZITOTREDBE
EHEMIZ NG, COXRFIVRY 7 ZBIRT BITIEA L —
PEEZAADREERS THEBD S,
5.2.3 NILYOJEEEE

ERANE

AP L=V HZIARDREEWS T, Nrra s
HEEZFEEL, 1 V=T Hou PV BEEZT
AN—=T"y b RME L7z, R5ICHBRTIA—F 21T,
KRIER

¥ 10, K11 ICEBRERZR T, Biios1 7 v—7Ho
vy Ly PV, MRS AL—Ty FE2RLTWSE, 17

(© 2017 Information Processing Society of Japan

Vol.2017-0S-140 No.15
2017/5/17
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Commands Only PUT
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K11 1 7Vv—7Hour/zry )ik 3L OS99 X—%
10~100)

V—7Rou 7z b ) EIXIK 10 1 1~10, X 11 1 10~
100 TH 5. EEFHERD»S, 1 7 V—7THAHou s/ MY
BIRELBBIZONTAL—Ty bW ELTWSEZ &
PHEZEING, 1 7V—7Hou 7=y P Y1 L HE
LT, 10 DEAIE 2.1 1%, 100 DEériE 2.48 fEoMagm k
ZEML 72,

¥/, BffiCHlRIAERFILLE, ERFEOR L -
T2 RAZBOILDEDHIKZK 121K, ZDOLZE
D1 I7NV—=7AHOu 7Ty FYEIF 100 & L7, EBRER
WS, FERFEL ERTONILY v ZHEEEIC & T 2.48 fiZ
ORI L2 Bons 2 ERBMILZ, /2, AFL—Y
T 7R A EBOTEGAED 0.994 % &2 SO HEEE % B
L7.
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AETIZ, Raft ROBOTEGE 70~ 2Lz &tkRelt
T LB LE LIERZHENT 5.
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B 12 V7 JEGAEIC & PR L

6.1 LEADER REDRHEL

Raft I2H\>C, FOLLOWER lZ7 v ¥ A X& N7 ¥ A
L7 FEEDOET 5 & CANDIDATE 127 ) LEADER
HEHAZIRD 3 L7, CANDIDATE & %7, #pHo
BEEZB SN HEIZIZSIA LTI NTS, 2054 L
77 MR R e 2RI R E TR POREINTE
h, BonF@HObTI v ¥vf XS5,

T X [1] Tl& FOLLOWER, & CANDIDATE ® % A A
7Y MEEZET SO E LTHE L Thi, ZOHK 9] T
& CANDIDATE @ % A 577 FREIZOWT, $HB)L—
LVEED DB Z LIk 5T LEADER E % Edfb 9 3 Tk
ERELTCVWS, —oDf#lE LT, LEADER %5 Z &
PFHFI N5 7 CANDIDATE (ZX[EID S A L7 7
BZEfEI T2 EvwokL—LH 5. Raft TlEFH LR
JERFOTORVERELTHH2HRVDT, ZDIL—)
PN & 17z CANDIDATE 3—FE L vwa 72 Eb )
UL —F =1l 2N TER L, > TIDL—IX
AU THLES A 5.

6.2 DARE

DARE(Direct Access REplication) [10] I, f¢£® TCP
70 b al UDP 7u b alziukifE iz,
RDMA (Remote Direct Memory Access) ZH TR 7 —
FerrveBild sl L emEfLzX>Tw%, RDMA
L, 2/ —F»r5YE—1F/—FD CPU ZNMETIC
EEATY 250 2 L TEBUEEZ ATBRIC T 2 Bl Tdh 5.

—UT, AT — e OBEICIEEE ISR 2 BT
BRIV RY 712782 T0 5 2 EBRFETHEDT, ZOF
BRAR T 70—FTHs EER 5. FERIT DARE[L0]
TIiE RDMA 25 2 & TRAZS fEDAL—7"y F D
A BRI LT3,

6.3 BHT—IR—RAVATLA

Spanner [11] 1 Paxos (5D WT 7 — ¥ 8% 1T 9 7L
T—FR—=AY AT LTH%. Paxos ¥ Raft I& Chubby
[B] mETHR SIS X ) ITH A RO/ LR EROEIC
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b s Z L 23%\ A%, Spanner Tl 7 — ¥ Rk D EHIE
FRIZ Paxos 2MHEH LT 5 MDMKZEYY . Spanner DA —
7' — ARG E LT CockroachDB [12] 2% b, T4
I3 Raft HW SN TW3,

T —F R=AT AT LB THEA 7Y 27 b0
—EHEER L FERICE TN 7 v 7y a v BH B, Farm
[13], DrTM [14] ®» RamCloud [15] IZ&B W TIEZD k9 &
FEPHVNTW 3,

RROBEHRLZICB W TT— 7 OoEEEb X R EEREE
D—DTH5. TNEEKLTL2HNGTFIEDO—DIoH
AT LB T = EEPRH L, Ty EHDO 7w o
V& L TELRTIEC Raft 3% 5. 77# Key-Value Store
% Raft ZH\WTHEHEL 722 A5 4 TH 2 RKVS THBES
BETOMEE, MR IV Ry 72FR L, Z2HU3”
FATY PO ERTELTE AL =IZE LTV
28 THot., TDARL—YADn JE%lE, LEADER
/ —F & FOLLOWER / — FOMBFTETEN S, KVS
IR LT PUT 23HBICET I N6, 20w JiEED
M RKVS OiE2 Hb3 2 2 L PR INT.

RKVS 2B 20 ik a A 2 8GET 572012, v
% —H{ L TITH) b7 b JERE 2 IRE L2, Sy
0 ZHGRE ZEEO PUT i & D ABERS 2 EE D n
7% —HELTA ML=V BET L FIETH D, REFIE
FRBTZ27:0121F, BHour%20Lo0 NNy 7 7I12F
LodIF IR, Ny 7 ron 2R 5L TiEE T 2 HEEE,
ZLTRVIEEFETET, 7747 bADa sy bk
PV X DMERENS MBS o, 2 TCIneDi%RERH
TREELEHL, RKVS NEEMICHE I, RET
HEREAL 72 RKVS OMEREIZ 1 2Rk %2 2 T4 L 7 8
M7 RKVS & RS 7% 2 FEERES R S k.,

B AWPEO—E8IZ, JST CREST TR A k¥ 25—
NF=F ALV TV THALVADIEODY AT LY 7 b
7 =7, JST CREST "EBD : XIRDEDT v &34 ML
Hici} =27 2 b — LBy 75— ORI, JST
CREST "AE#EEEBN O v 7' F— % 0hic X 54
GIEIRT YIS, BHEE T#16K001501 12X 5.

SEH

[1]  Ongaro, D. and Ousterhout, J.: In Search of an Under-
standable Consensus Algorithm, USENIX Annual Tech-
nical Conference, pp. 305-320 (2014).

[2] Lamport, L.: Time, Clocks, and the Ordering of Events
in a Distributed System, Communications of the ACM,
Vol. 21, No. 7, pp. 558-565 (1978).

[3] Burrows, M.. The Chubby lock service for loosely-
coupled distributed systems, OSDI’ 06, Symposium on
Operating Systems Design and Implementation(2006),
USENIX, pp. 335-350 (2006).



EHRNER SRS Vol.2017-08-140 No.15
2017/5/17
IPSJ SIG Technical Report

[4]  Hunt, P., Konar, M., Junqueira, F. P. and Reed, B.:
ZooKeeper: Wait-free Coordination for Internet-scale
Systems, Proceedings of the USENIX Annual Techni-
cal Conference, pp. 145-158 (2010).

[5] The Raft Consensus Algorithm: Raft Implementations
(2017). [Accessed 2017-01-28].

[6]  Philips, B.: eted 2.3.7 Documentation (2016). [Accessed
2016-10-25].

[7]  Schneider, F. B.: Implementing fault-tolerant services
using the state machine approach: a tutorial, ACM
Computing Surveys 22, 4 (Dec. 1990), pp. 299-319
(1990).

8] s i 5 © http://taurus.ics.nara-
wu.ac.jp/algo/rbtree.pdf (2013). [Accessed 2017-01-24].

[9] Howard, H., Schwarzkopf, M., Madhavapeddy, A. and
Crowcroft, J.: Raft Refloated: Do We Have Consensus?,
ACM SIGOPS Operating Systems Review - Special Is-
sue on Repeatability and Sharing of Experimental Ar-
tifacts, Vol. 49, No. 1, pp. 12-21 (2015).

[10] Poke, M. and Hoefler, T.: DARE: High-Performance
State Machine Replication on RDMA Networks, Pro-
ceedings of the 24th International Symposium on
High-Performance Parallel and Distributed Computing
(HPDC’15), ACM, pp. 107-118 (2015).

[11] Spanner:  Google’s Globally-Distributed Database
(2012).

[12] CockroachDB: CockroachDB (2017). [Accessed 2017-01-
28).

[13] No Compromises: Distributed Transactions with Con-
sistency, Availability, and Performance, ACM (2015).

[14] Wei, X., Shi, J., Chen, Y., Chen, R. and Chen,
H.: Fast In-memory Transaction Processing Using
RDMA and HTM, Proceedings of the 25th Sympo-
sium on Operating Systems Principles, SOSP 15, New
York, NY, USA, ACM, pp. 87-104 (online), DOLI:
10.1145/2815400.2815419 (2015).

[15] Lee, C., Park, S. J., Kejriwal, A., Matsushita, S. and
Ousterhout, J.: Implementing Linearizability at Large
Scale and Low Latency, Proceedings of the 25th Sym-
posium on Operating Systems Principles, SOSP 15,
New York, NY, USA, ACM, pp. 71-86 (online), DOIL:
10.1145/2815400.2815416 (2015).

(© 2017 Information Processing Society of Japan 9



