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RTT & State Machine Replication DB{E/8%9 — 2 IC

EDO KL SMR QINEREGERL 7 AEEREFEL
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A EXRDY R HERDD KR BRSO

BEE @ J53 SMR (State Machine Replication) &4 —EADEATH B L 7'V H7 & HBFNZHEL CHlE S
28T, Y-V RADOKRHESEFIST D2 EIEELV TV r—a v Thd. L SMR R
HWizr—&tvr & (AT, ¥4 bEER) 2FORT7V v 22059 R2HHATEIETCRBICHEETCES.
V) B RET Y1 FOMASDLEIGEERICKRERFEL2EX 5, Y —EAXRFENELME
BEEFEHT2ITEBZ<OL T AEEICH U CTRESEEZFTEMT 20 ENH L. UL, TOFHMIZIE
KERFEP P PE L WS REND - 72, AT, ¥ MEDO RTT (Round Trip Time) % F\WTIA
BWSMR DAy v —VBEEERTIZLICLY, KL 7Y HIRBEDOIELREZ EEI DOERE TR 2
FERERETS. ZOFEIL, I0BMLREE2 AED 27-OICEBIICLV TV =2 a VST 2 BERZ W
728, —DOOLV TV AREORED D IZOTHLERTRT TS, INSOREIZ ATV Y2259 K%
Wzl FERRIZ & o T, EBRICHER T 5. £2REFER, AELE 0 AEE2EET 22T, REEER
T < MHREEIEE A O 2 MERE, BAMZRMEREL C DX F I ERFEHNEIIEIETE S Z L 2RT.

F*—7— K : State Machine Replication, /& SMR, L 7'V Al &E

Latency-optimal Replica Deployment Selection for Geographic State

Machine Replication using RTTs and its Communication Patterns and

its Application

Abstract: Geographic state machine replication (SMR) is a replication method in which replicas of a gen-
eral service are located on multiple continents to improve the fault tolerance of the service. Nowadays,
Geographic SMR is easily realized using public cloud services; SMR provides extraordinary resilience against
catastrophic disasters. If some of the replicas fail, the service can be continued by the replicas in other
sites (regions). The locations of replicas have a significant impact on the response time of the replication.
Therefore, it is necessary to evaluate the response times of many replica deployments in order to realize the
desired performance of a system integrator. However, the evaluation takes a lot of time and effort. In this
paper, we propose a method to estimate the response time of each replica deployment quickly and accurately.
The estimation is performed by simulating the message communication within SMR using the round trip
times between sites. Because the method does not require building a replication for the estimation, so the
estimation of one replica deployment completes in only a few seconds. These characteristics are shown by
experimental evaluations using a public cloud service. We also show that the proposed method can be ex-
tended to various measures other than the response time, such as fault tolerance, operation cost, and overall
performance, by changing the estimation method.
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1. ELC®IC

74TV MY =NEFILTEHET - R, EE
ERio72a—VIZ L 2B EZITBRE, [M5HhLDFENIC
Lo TRMUBRWEFZ2RUEVELELEZDTE. 20X
5 7RRE & [ < 7202 — ¥ ATt i EME 2 i 2 5 2 & A
HHE L 725, State machine replication (SMR) [1] &Y —
VA% LY ALRENZE ROV —CAIZEHTEZ
i EEZ A EXEZ L TV -2 a v FETH S,
SMR CTIABLIFIENZWHIZ X > TR L TV ZDIREE
IR D. 2z &, VT O—EANREE L 755
AETEMOL TV DIz oTH -V ARMETE S, b
TH, VY 2RI # L CilEdT A Z & TYH—E R
D RIS Iz T B % H L X% SMR XL SMR
LIREN, EREHIZF -2 & (BT, 4 hEER)
ERONTV YOI RERMMATS I TABICHET
5.

V7Y A ERET S A bOMAEDLEIZAE SMR O
IGEMRICRE R EE 525720, VY-V AKHENYE
LMERER EBIT 212138 E < DL T AlEICH U TRE
MERER IS 2 BERH L. LA L, IGEVERED A1,
Y= NOHE, SMR OHE, REEREDOHIE L V- /- fF
EEBE DOV TV ABBEICH LU TIT I BERD D, KE
BREMDPPRE VS HERD S, Z0k5%L 7Y Hid
BEOWREMEIZX, T—&ZL TV — 3 v eIz T
HBNTWEH [2], SMR 235 e LAMZKIEES S DM
RO ZHE TirbN TV,

AR TIE, ¥4 FED RTT (Round Trip Time) %
WTJRIB SMR D A v v —VilifE 2 BT A Z 22k b,
HL T ABEOREVREE BEPrOEHEETHEL 5T
EERETS. ZOFETE, TThorLoOL T A%
BLETEDY 1 MED RTT 25119 5. ¥kiZ, RTT O
HOWMZES 1 MDA v 2 — VR FIThrhBHHE LT,
SMR 7'& b Z)VDEE/RZ — 255 SMR DA MBI
N5 ZE AED 5. ZOFEE, InEEEE RE 57
DIZEBIZL TV — Y a VAEBET 3BRERLRND,
=20V 7 HREDREE 0 b TR TR T T 5.

FMEER T, —#RNR Ty 2259 RTH5 Ama-
zon Elastic Compute Cloud (BAFf Amazon EC2 & &K&)
EHWT, REFEORBEE L ARENM 26T 5. &
FEREFE DML, BT RX =2 DL 7Y ABEIZDOWT,
EBIZ Amazon EC2 IZHEEE U CEMIL )0 B R &, $2
EFFEIZ LA VHEEIRT 52 2T, BEFEVE
HEIIARME D TEDLZE2RT. Ioiz, VLU AL
L) A %EET 291 MIDBIERRECIZBENT,
+HTITRTOV T HEEEH OISR E REE N5
Z L ERT.
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Byzantine Consensus

Client
Replica 1 (L) \
Replica 2 \\\l \A N
Replica 3 \\' \\. SXA
Replica 4 \, \: K py
Req. P W A Res.

1 BFT-SMART [3] ®@fF/8%—> (L &Y —& %, Req, P,
W, A, Res IZZ 1 Z 1 Request, Propose, Write, Accept,
Response % &Ikd %)

Fig. 1 The message transmission pattern for BFT-SMART [3].

Replica 1 is the leader replica and Req., P, W, A, and
Res., indicate Request, Propose, Write, Accept, and Re-

sponse messages, respectively.

RARIZ, RETIEER, WMV HEELEESTH I LT,
JEEPERETZ U T/ S MR MERE P& 3 A b, fRAm s
AR D E I EAFHBNEIIRTE S 2 L 2R,

b=
2. Bx=

2.1 State Machine Replication

State Machine Replication (SMR) [1] &% —E X% n &
DL TV HIEHT BT, #x fEDL T DM
Mtz ERTBL TV r—>a vFiETHS. SMRIZH
WCL T =y a U ROY — Y AIRREEW E UTE
HIN, FL T MPREEROER 2D, LT A
24TV EROV I AN EZITNBE, VIJZAMD
EITNER 2 RET 5520 E2 L 7)) A TITY, BEL
ZIEFCTY 7T AN2FETTEHIETREZERTS. ©
D%, LTV HIETI T ANDEITHRELV AR AL
T4 7Y MUET., ARIZE-T, RexBHBDI S
AT7VEPODOV VT A NPBEEIEICL>TLTIAT
LIZELRBEFCRIE T AGATE, 2LV TV IOV /T
A NEFIEREPELUL 5720, {FL 7)) HDOREEZ —E
IHBZENTES.

SMR DABUHEZFEHTH-dD7ILTY) XL SMR
70 b IV EIEEN, RO 2 DDOEREZTBHEDLD B,
o Safety: MEELTWRWEL Y HIE, 74T Vb

PHoDY T AN%FEUIERTEITTS.
o Liveness: 7 747 ¥ MImEIZEEFELAZY 7T R
MIRTEVARZAR2ZHT S,

INETE<DSMR 78 FINDPREINTND [3-6].
& 112487 SMR 70 h )L TH % BFT-SMART [3]
DEBUHEROBERE—VERT. 2547V -V
VAMKECL 7Y HEEBSKENEA Yy -V D@fEEE
LTEY, “EOLEBIIERDBENBERI L PONS.
FHZJEIR SMR Tld—f#i7 SMR & i L T L 7Y H [
DBEBIEA K E W28, BERENL 1TV Y DOKREHS
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5.

SMR TIXHEEDOFEMEE LT, V7V HOEENEIET S
ISy vatEL, V7Y HOBERTFEATREE RS E
YU FUMENREICEDND. 7Ty Y a BRI % R
D SMR & CFT SMR, Y¥ > F Vit % f> SMR
\¥ BFT SMR WiEN 5. CFT SMR O%é n > 2f +1,
BFT SMR O¥;& n > 3f + 1 ORGREH-THEIDH 5
e HPHEERIICEE I T\ [7]. BB, CFT SMR &
BFT SMR % X9 2 ZE e WA X HLIZ SMR & £
T5.

2.2 FEHRR

RERLV T AREZRET BHEIE, T2V 7Y
r—=arvonlcIihEFzTcE{fFbNTWVWS. Cook 5
%, ¥V N7k read-write R ¥ — (F—Z ATV 7 b
EHRUEEF 120V TV AERBETE, T—x%2EL
X, IRTOV TV HAIDHE//—FNL@EfEdT5) itsn
T, T—ROEAEESIIhrrsKEZz IR N LTERL
U, B L 7Y DREZRET DI LR NP HEETH S
T EHMLE 2. o REA, FMEECHT 2EMT
NIV ZALERELE. HSDORRIET—XOL TV r—
varvThy, KeXTES LTV r—varveldfins,
UL ULRDS, 6 DX THhbNTW S ERLITAGH
THIENMLEBT VS,

Sen 5%, F=RL TV Ir—ra iz, HEET
NERWT LT A EdE O 5l LR E % A A7zl R D5t
RAFERIZE L D 4. £ITE, 77 A VEE, Tos
SLET TANVEE, T—EZRXR—=A¥ AV Mil&E, L7
DARIS—FHBEBL NS 4 OOBHEH L, F—REEM
HH, 2T )V —F 4 VTR, Y — N ERRE, o—
DU CRIED 4 DOBEIZE W THELTWS.

— 1T, JRBSMR 2B 2 L 7Y A iE 0 X e
bix, BESOMBRY ZINETIFLALEEINT VA
W, BEzonzL T IEBIZEWT, V—XEEENS
Kl iR 2 a2 T L TV AREETLILI2LD, i
ZMRE R WET BRI SMR 71 b a)b [6,8] B — I AEE
TEOARTHS.

3. REFE

AWgeTid, ¥ MEOBEERMIZEH L, RTT & SMR
DWENR—VIZHDEEIE SMR OL A 7V V% BES
LhHEEZBETS. RIT XY MEo@ERMEZ2EET
57-IZHHL, SMR OEfF/3% — V&K BEOREX
A IV EBRETA2DIHHT S, L1 Ty YORKD
D%, SMR DEE%2 RITIZ& > THRT B2Z L TITS.
ZZT, SMR THA T %8513 2 KD R EDEER
fMiThv, RIT X2 SlOFEOEEREHTHS. £D
2@, BEOBIZIZ RTT OEHOEZFHT 5.
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Replica Leader — o0 Replica Locations

Deployment Location
Deployment 1 Ireland London, Mumbai, Oregon
Deployment 2 Ireland Ohio, Seoul, Singapore

Deployment 3 Ohio Canada, Ireland, N. Virginia

Deployment N Seoul Ireland, S&o Paulo, Sydney

l Deployment 1 h *{ Latency: 401.59 l

l Deployment 2 h * Latency: 626.27 l

l Deployment 3 _EL(X’ C)% Latency: 78.34 l
2 g g

l Deployment N _ * Latency: 1048.20 l

Client locations ¢

Ranking
Rank Deployment Latency v Deployment 2
1 Deployment 3 78.34
3 2 Deploymentl 40159 O
3

Deployment 2 626.27 @
B 2 REFEOME

Fig. 2 Overview of the proposed method

N Deployment N 1048.20

7z, EBEOIRBSMR T2 5147 Y bRV TV r—v 3
VIR UTIT D @15 1%, FHEIAABMEL GRARD HIED 2
FEEEFIEL, TNZTHN SMR OEENR— VDR 5.
ZFIT, T2 00 EZLIZABEL VEEZEIRL, 20
%, TNEFTNOBRIEDOTRIN L FKAEEE %2EE L RKN
BRUATYY%RRDE, FRINDIFEEHEIIY — L AE
HFEILITRET B,

3.1 BE
B 2 IZREFHEOLEREGEE RT. REFER, RONEY

TIRTOL 7Y ABLEZFE L, Sl 7)) HhliE %

k.

(1) FTTRTOARER L TV HEEDES DC %, il
e BV 1 NOES SCLe L T Ain 1ZHD
ST 5. ZZTHLVTYAEEE, VXL T
HEFDMDL T DR TR NE*2,

(2) iz, £V TV HEEx € DC OLVA TV %, K
THREE O AECL>TRDS., BEEE O HEDOFE
Mllx 32 HiThR 5.

(3) DC OEEFHE%, AL/ A7y itHEIEWOH
Z, vV LTHIT 5.

ZOFER, IGEMRENBER L T AEREN T VF T

iz LTHihEns.

1 Bl z1E Amazon EC2 12V 7V r— a V8T 3254, Ore-
gon, Paris, Sao Paulo, Tokyo D) —Y a vd, ZOELEDE
ERR N

2oz, V=XV TVAIZLE-oTEERTTD SMR Y1 k2
V9-12] ZHELTWS. LY —XDELEL RN SMR 7R
k)b [13-15] ZFHT B5E, &L 7Y ARER R GOV T
VR BRI OREG LR D.
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3.2 MEMEORELYAE

AT, VLTV AIREDL A T Y% RIT & SMR
70 N DV OETFAIRIRFOEF S X — 2o RS 5B
EL(z,C) 122V THhR%., ZoBEBIX, L7V HEE
EOTAT VY MIBEDES C 251 LTRZITIS. *
7RARDE DI, £7I734 7V VOREE VEEBE EL,
> TEHALZE, Zho OVEE2 RENZRED D
flie UCTKY.

EL(x,C) =Y EL(x,c)/|C|, (1)
ceC

ETIE, 7747V MORBED OEZEE TS EL,
WZDOWTCHMZRRS. EL X, 75147 "DEETS
Y7 TR OFMEEHARD BE L FHESAAEEITTT,
TNEFNOEEDO LA F UV RFHEL, KDY 7T X b
BT HD B EIEDH BT DV TRKIN R LS T Yo%
WET B, Thid, AN BELEESAABIETL ST,
SMR 7 Fa ANDEENRR— VRG5O THEH. &
ZIADBMEDE L % py, A BEOEIEZE p,.. HE
ABBEREDO L A T v ¥ % EL,.,, in A0 BIERO L 1
TYY% FEL., £35%, ELAIRORNTRE 3.

EL.(z,c) = EL., (z,¢) X py + EL., (z,¢) X pr (2)

ZZT, put+pr=1020< py,pr <1 ThH5b.
3.21 EZAHIREDODLATVVDREDY

EL., 1%, BFT-SMART DAYy £ —IYREZ—V %K 1
® & 51Z Request B, Propose #i, Write #8, Accept &,
Response 8D 5 DD 7 = — R4, &£V TV ABENTE
N7z —ATAY X —VEZIFETHRA IV I %RIT
12D T Request #iH* & Response i & TIHEIZFHHET 5
ZeT, HERAAVIZAMDUVAT VI EFRTS. M
B, &7 = — 2B BREEILZ Syeqs Swrts Saces Spros
Spes ERFLL, FEDL TV H r 2BV BHHNIE S)., D
X311z, ENEXFEBINTAZ L THRILTS. £/, L
TVHERIEZZTAT Vb a bDBEORTT OF57 DR
% RTTy(a,b) &Kl T 5.

F9, V=XKL TUHAIDBIIAT VYIRSV I AR
ERETHAA IV Spog i DK S ILEE B,

Sreq = RTTy(c, 1) (3)

V=XV TVHIWRVITANEZETDRE, TOV D
ITANEHKL 7Y HIZ Propose Ay —Y & UTERET
5. H->7T, V7V r; B Propose Ayt —Y%EZET
5RAIVT S IE, MOLHIZRINS.

pro

St o= Sreq + RTTw(l,7:) (4)

pro

L 7'V 711X Propose A v ¥ —Y%%(59 5 &, Write X v
—VELRLTIVAITE- XY AT S, ZTOHK, L
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TV IIEEEE ([(n+1)/2]) OV T A9 5EHECHNED
Write A v ¥ =Y %ZEFEL7-& &, Write A v —Y %%
M35, LTUIr DS Write A vk —Y%2ZHT 541
IVTSL I VYA VTV oREI N
Write A v £ —V2ZETBERA IV IIHDIVTEIRS
na.

Sy = f0d(Th, [+ 1)/2) ()

ZZT, twrt(riry) = S + RITy(r,74), Thpy = {t |
twrt(ri,7j),0 < j <n} THY, find(S,k) 1, £ESHS
kBEBHINS WERZRTBERTH 5.

Accept A v =TIk, Write A vy —Y 2 [E U AHIETE
fEand. ULizhoT, teeelri,ry) =Si,, + RITy(rj,m;)
CEHTHE, S FRODEDITRB.

Sace = find(Tyee, [(n+1)/2]) (6)

22T, Tio={t|tace(ri,r;),0<j<n} TH5.

B2, L7 AIEEEBD Accept Ay ¥ —V R ZET
5r, VITAMEFEITL, FORRE VAR AL LT
TIA4TVINEETB. 7747 NEn— fEDHEL
NEDA Yy =V R RZDBLTIVANSZIET DL ZDM
REeZHT 5. LidoT, BEWIZ EL(z,c) 13RO &
DITHHRETES.

EL., (x,¢) = Spes = find(Tyes,n — f) (7)

ZZT, Tyes ={t| Si.. + RTTy(ri,¢),0 <i<n} TH5.
3.2.2 HAMYWEBREDOLATVIORELY

EL., Wz & c® AN UTHEAROBEFEOLL TV
ERHET 2 HEERBIATS. 2347V MRV I T A MR
LTV HIIRUTREET B, &L TV BIEEELICL
ARV AR IAT VMRS, 2747 Man— f1H
DREIUHNBDA Yy =V 2 RRBVT)AN6%ETEL
ZTOEREZIHT D, LB o>T, EL. (x,¢) IZIXD &S
1272 5.

EL., (z,c) = find(Treqa,n — f) (8)

ZZT, Treada = {t | RTTu (¢, ) + RTTh(ri,¢),0 < i < n}
TH5.

4. FH

ZOfiTIE, REFEOAMMEZFHET 5. £7, 4.1
T, RTT(RTTy) Z2HWTL 7'V HEEDGEMERE % 31
filid?Z L DFYMEMERT . T 428 TIE ATV v
2759 K EIZEBIZL ) r—varvaEEELTLAY T
VUERFEIL, BEFHRIIEIBZLVITFUVORBE D KEE
ZIMGT 5. MBIZAIHTIE, VATV YORMS DI
MO BRFFIZDONWTIER S,

TRTOERIE, RENZARTVY I I TRTHS
Amazon EC2 Tf75. V7V A Z2EEARELRY 1 S DES
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3 M AIZB 3 Ireland 225 Z DD Y — 3 »~D RTT
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Fig. 3 Distribution of RTT from Ireland to each region during

term A.

SC LT, Amazon EC2D 15V =Y a v 2FHAT 3 (F
BbhH|SC=15). VIVIBXOII4T7 Y N EEES
BEHA VALY AT t2.micro ZF]H L, OS (Zid Ubuntu
Server 16.04 64bit ZfHH 3 5.

4.1 RTT OB

2Tk, FEERGRIZ &S RIT 028 2HFHRS Z & T,
VATV VORMBEDIZRIT ZHWS Z WY THD
DEIET 5. £/, ABb oL ATV VR, YORE
OHBAERTH B2 DONTH T 5.
4.1.1 ERAE

RTT OFHHNZIE ping I~ > NZ2HWS. IO L
LT, BV —YaviZ2oD4 VARV AZKHETS. 2
DDA VARV ADN 1 Did ping I¥ Y FOFETH,
S Ffild ping A~ Y FOSUEHATHS. £V —Ya v T
i, ETFHDOA VARV ARG, TOMDY) -V 3 VD5
BHA VAR ZIZH LT, 2MBEIZpingIv YV NE
FEIFL, RIT 2&H3 5. FHHEITRICRT 3 DOHMT
fFo72 (K% UTC &).

o I A: 2018 23 A 7 H 19:27~22:13

o M B: 20194 1 H 11 H 11:14~1 H 28 H 3:41

o HAMI C:20194E 4 A 15 H 15:48~4 A 23 H 11:15
4.1.2 HEREER

9, M3 CIzBId 5 RIT O2{LEFOITHE
ULTCRY. ZZ Tl Ireland DFERDAZMHNT 5. RTT
XDV =Y a il oVWTHEEPRSNED, TOEH
BhE WV, B ZEH DK EZ W Ireland - Singapore [H T,
RTT OFEFMEIX 180.3 ms, FEHE[FZZIE, 24.1 ms 7257z,
Wiz, RIS Z TS Z iz & 5 RIT OZEEHIZD
WTHHN S, 3IZBWVWTIHRDZFH DN K E D - 7z Ireland
— Singapore [fIZ2WT, M A, B, C DEEOHFE %X
4R, EEEIRENE N, B A A 175.3 ms, H B
7 179.8 ms, M C 23180.3 ms /2o 7-. HIf A I C
T3 13 r HOWMZEYH b, ZOMIZ RTT &5 ms k
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210 T T T

200 b

190 1

180 b
==

170 1

160 1

Round Trip Time [msec]

150 1 1 1
Singapore-A  Singapore-B  Singapore-C
4 MM A, B, CIZ81J5 Ireland & Singapore []® RTT @
21k
Fig. 4 Variation of RTT from Ireland to Singapore during
terms A,B, and C.

o

©
o
]
S 100 e
£
Z
L

0 100 200 300 400 500 600 700
Estimated latency [ms] (Term A)

5 HIM A LHIM C DF ¥ F D% (C = Multiple)
Fig. 5 Ranking difference between Terms A and C (C =
Multiple).

BUIZehbhd, —REPRETHED, ZOL>%
BEADRTRTOY —vavETRIbe, REFEZHL
TRDZV A TF Uiz RELZT ZARELE .
Wiz, FHEEIEOENDS L1 T O RME D RIS
ABEBERETH-D, PIFHA LB CoErnTho
RIT O HWTI X7 2ERLZ. FERE2X 5 I
RY. HERDOZ Z 47 2 MidE X Multiple (4.2 ffi Tk
R3), pp=1, pr=0&U7. HENS, KHZHI A O
250~550ms (ZH T, HAM A L C o BEE® b EIC K
EREVELTVE I b5, &E B ViEOZE(L
MRKED -7V 7V HEEIT Seoul (U —X&), Sao Paulo,
Sydney, Tokyo T&® b, RE®H 0 EITIAR A T 408.1ms,
HAM C T 447.2ms TH o7z, ZOFEN S, RTT OEH]
HEDEW (AU RIT OEW) IIEEFIEICL>THE
B0l LA T UV RELSHERZRIFTZ Do T,
MEDKERNS, X7V 727537 RIZBWT RIT ®
ZENIEHE (BRI~ EHRE) ClikaihE L, @
BRI EDWT L 7)) AlE %2 i 5 2 & i3+26%)
ThHhDHZEWHERTE ., — AT, U7 IEEDRED
5 1AEMZZ EORMM R#T 2L, &£V —Ya vHD
RTT iZZ/bL, MW E L= 7Y ARENBE Tk
K75, Zhix, Bzl 7Y HEEZF2I X EN
VIV AOBERERBEILRSEZ L ERBT S,
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4.2 REHVKE

ZIT, WRERTARTOL T HEEIZDONT, FEEE
IZ Amazon EC2 EiZL ) r—v a VEBEL CEMIL
b1 ovyve, BEFRIZE TR o ZVI T Y
ZRILERT 22T, BEFEROAMMEZWGEES 5.
4.2.1 EERAE

State machine replication &, #+— 7>V —Z® SMR
74779 BFT-SMART [3] N—Y a3 ¥ L.IM%2HWT
Amazon EC2 IZ/%d 5. BFT SMR 2#%&EL, L7 U H
Blidn=4, HFETIHEEE f=1L7T5. TOMII,
BFT-SMART OF¥EREZ WS, ALY —Y 3>y kil
OV TV EBETEZLEEZRN. LT A ER
B3 5Y%1 bOAGELENRHEALTE, V=XKL TV HID
T NPRRZGAEE, BRZV T AEEL ART. L
72> T, |DC|=|SC| x |5¢)-1Cn-1 = 5,460 £ 7 5.

L) AR, 75472 b Amazon EC2 EIZfdE
INDBEMET S, 7F747T > hOALELBDEND R
EOERIZRIETHELARET S0, 77147 MidE
& U CTHIEIRIZ BA 72 Treland, Sydney, N. Virginia @ Y —
VaviZ 1l BOAFETHE GEE) &, &£V —Ys
V2T IA4T Y NPEBETFEET 2854 (Ireland 12 10 A,
Sydney (Z 3 &, N.Virginia IZ 5 8FNENHFHET ST D
BE) OGFAEEEHAR L. M, S0 —Ya v
22547 Y NDFAET BEE % Multiple & Rt d 5.

L1 7, BET-SMART (IZ&EN Y IvTu s
Z I LatencyClient & U LatencyServer % W CEHAIT
5. LatencyClient &, EMIIZY JZANE LTV r—
a VIZEEL, VATV %EHIT S, LatencyServer
FHRICE R Z 4TS 21 O OBRES FRHE L 23 —
CATH2. VIZAMBEIOVAKRVYADT — &Y
1 X%, ¥55% 1,024 Byte £ T 5. EEAARED
G py 1 100%, FAED EEDHIG p, 13 0% & LTz,
LatencyClient (&Y 7 T X b %, 2 MHIET 50 EE(FT
5. FHAIL 72 M3 BAL 10% (5 48) & N6 10% (51H) %
ANfEE UTH|RY, ZNLSOME (HEF 40 H) OFEHE
Z, LIV TT—varvobA4sryvedsd L4170 vm
RS 0ITIE, 4.1 HOME C ORIZEHIE 7z RTT @
YA 5.
4.2.2 fEREER

6122747 Mi#E Ireland 128515, REFET
AMH o7V Ty Y R LA T 2y ZEHIL 72 ff
(FEHME) oA ERT. RIFOZAEL 7Y HlilE%
KU, B RBEL 72V 7V, fMtllxL 170
FHllic K2 FEffEE ZNEThRT. K1 ITIFTRTDI 5
A7 ¥ MREIZB T B A AR (RMSE) 2R
9. RMSE &, f8RFERIT &2 AR & FHUFERI TR

Vol.2020-DPS-182 No.18
Vol.2020-CSEC-88 No.18
2020/3/12

% 600 .
Eé -~
oy
& 400
®
°
8
5 200
8 -
E ]
.
05 200 400 600

Estimated latency [ms]

B 6 Sy RS D EOAR (C = Ireland)
Fig. 6 Scatter plot of measured latency and estimated latency
(C = Ireland).

®1 /7147 MiEZ LD RMSE O —%
Table 1 RMSE for each client deployment.

7747 Y MiE#E | RMSE
Ireland 6.8
N. Virginia 8.2
Sydney 8.0
Multiple 22.3

WZ—HUGE2H8 (Thbby=2) L UTERLZ.

547V MNREBEIZERHT L, B—2 5147 hOk
XD H Multiple DA RMSE Ok EL o7z, %
DJRRD—21Z, Multiple DA 27 DEH FIEITH—T 5
A7V MOFEREANTWEZEAEZSNS. B—0D2
SAT Y INOBE, ERYEL 237 % HIZhE L RMSE %
FHET 5%, Multiple D& 1%, RS AEZHE—2 51
TV NDOEROBEAMNIF UIMEIZEL>TITS. ZORE,
HAMNIHZ & > T Multiple ® RMSE 2¥—2 54 7 > b
DFER & LERTKREL BT,

KD S, MEFERIBLARIIA4T YV MUEIKBWT
—HLULTEWEETLA T Uy 2RABENE Z L 2HERT
7.

4.3 REH YA

Tl ERBRORETIE, REFEORME D ITh D B IR(H
ZIAMT S, mBLATFUYOREE DI, —#&NR
PC* &L 7.

£9, VLIV AERBET ST SOBEMEOK |SC| AL
AT VYORMEE DRMANRIEFTHELZHET 5. |SC|
I, 15, 20, 25, 30 ¥ &fLEE, LTV NDEn=42L
7. 212, |SC| # S EEOL L 7)) HEEGEH D
LA F Yy YRS D IZh Do R ¢, U 7)) ELE O E
|IDC|, 1 V7V AldED 720 OFFERR- t/|DC| 23R T.
FERIE, YA NEOBIZEWL A T U RS DIz hh

*3 https://github.com/bft-smart/library/releases/tag/
vl.1-beta

(© 2020 Information Processing Society of Japan

*4  CPU Intel Core i5 7400 3.0GHz, A€V 8GB, Windows 10
Home 64-bit, Python 3.6.5.
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K2 |SC| DT vF U IEEKMICEZ2HE (n=4)
Table 2 Effect of |SC| on ranking calculation time (n = 4).

|SC| | BHEEIEHE t [sec] |DC|  t/|DC| [msec]
15 12.9 5,460 2.36
20 39.5 19,380 2.04
25 110.5 50,600 2.18
30 227.3 109,620 2.07

£ 3 n»IrFUIMERRHIZSZ5HE (|SC| = 15)
Table 3 Effect of n on ranking calculation time (|SC| = 15).

FHER ¢ [sec]  |DC| t/|DC| [msec]

129 5,460 2.36

7 429.1 45,045 9.53
10 792.1 30,030 26.38
13 7.7 1,365 56.90

MM RESEMUZZ. ZhiZL 7Y HEEDKR | DC|
A, YA MO > THEINT 2720 TH 5.

Wiz, VI B BEFED VEHRICE R D E R RE
T5. LTV IOMn % 4, 7, 10, 13 &I H, ¥+
MERIEL|SC| 1E 15 & L7z, £3 12V 7Y hfn 224k
SEED L, |DC|, t/|DC| ZRT. t &L T AELED
W | DC| #HERB L, ENENNRARERD nXFELT
v, VY IRERERETRTOLL T U VRME DI
Mo 2Bt ik n = 10 THRKRIZRE D, —F |DCO| X
n=8 THKIZKE., THIEL TV N n DI,
LV 7Y ABED 7= » OEFHRRE t/|DC| 3N % 72
Ths.

&I, #AELZEREE VERREICEDE, LTUA
Bon LH A MSC| BREVBADL A F VU RES D
FHERMEZ RED -7z, TR, H59 1 MBI
VAT vy OFERFIZL 7Y BB 1 N BOB X ZE
DOW, mREREIENbhotz. HIZIE, L7 A
P16, Y M 30 DEE, tIFN3FELRE. ZTDLD
BGAR, HL TV AIREO RS 0 EEEHET S 2
X, RED 0EEINIMS 2O EIIEIVTL T Y A
Bl & RN T 2 B EDH B,

EEP S, LTV BT A MDRRIGIZKE < W
BIZBWT, MEMTIRTOL T ARBEDOL 1 TV
EREENE ZEDbh otz THIREENZEERET
HY, REEFEZAWEL 7Y HEEOREIZH0ER
ThHdEWVR 5.

5. REFEDILK

ZIZET, MEFHEICI->CISEMREEZ R 5 k%
WAz, — /T, BETFEIRBES Y fE2EETL e
T, IGEMRELIA O FEAfiFEAZ I F D W T Rud &2 L 7)) H il
BERETEIENTES,. 2 TIEMdkpEitag, EHa
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A NERE, F U CTHEBOMERE R FHIIT 255 DMERED Rk
H D HEZODWTHRARS, X517, RS D HEILIZ, 4
i FARRDZMETT v F U T RERL, TOMEE RS,

5.1 TiHsPEMERE

IR SMR B W TEE D m WL 7)) AEdE N, i
W DR ) AlE & AR T, RO 2201 7Y
A OH#E T WS, £Z T, AHiTIEL T A
BINSY A MEHOEMOFIE AREE DiEE UTEHET
52T, MPEMEREZ M 5 HEEIERS.

HEEH 0 TiE, V7V A0S L 0 EEIC# N TW
AGE IS EEESR WM cE 5 £S5, FHEEOH
BIZERRSE 2 WS, SAFSESE, MIEE LD S, N
S RMEASEMEOFHEAERIZ L 0 58 < B E RIE TR
H5. FNEEERAWSZ 2T, L7 AROHEHYSE
N TV A BEICHED DIADOMERRE D, i
MEREHWEHEINE., ZTD-O, FHEEEZHAWTAD
TERERET A LIE, HINEEEA WA TORELD
MR Z I 25t B AEE LTHELTWS., Y1 b
MIOERREDETRIZIE, HEKZ WM TELIS S Vincenty ¥
ZHWS. BEHEOEIREIXZ DMz, BREM=ZAEP, va
AR = (Hubeny) DAREFE%2HWS HiENH 5.

ZORMBH O AETI VI VI ERMERLZEZ A, &b
B\l 7Y #fidE % Mumbai, Oregon, Sdao Paulo, Sydney
T, REH VHEIF 1204142 km 2o 7-. ZOL 7V ARE
ik, oY a MEE 15 km DA E#NTE D, KBS E
T AL E N e A bR, —H, K NIOL T
F7 g i& I Frankfurt, Ireland, London, Paris T, RRH D
fiE i 548.57km 72 - 7=.

5.2 EAIOXR MRS

AHiITIE, SMR OERICHhH»2EHZ2ARH S LT,
L7 AEEIZS T SEH 2 A SRR T B ka3t
B9 3. ZZTik, EHaA MNEEEZE Amazon EC2 @ 1 R
fldH7- 0 OFARIE U, FIAEHZ 1 EE® 72D O Amazon
EC2DA VARV ARG (TAVARIL) &, 1K#H7ZD
DF —REEERE (FAVHRN) THETES LIRET
5. Amazon EC2 TlZV —Y a v T L IZFHBENED S
NTHY, V-VarIto1KHODN VARV A
Blé&d 1GB 720 O 7 — RigikkleiE Web R—Y E*C
WRTES., ZOBHENLS, V) IE2RET LY T
CICHHAIZ MORBED VEZEHET 5.

¥4, 1EMHEZIDA VARV ARSE, A VARY
AXATho RS 5. RIZ, 1EMHZDOF—RiRE
K&z, 1R 0IHETS SMR 70 b A VOER
FE, 1HOEERTERFEINBZY T ANPLARYAD

*5 https://aws.amazon.com/jp/ec2/pricing/on-demand/
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T—=2% 41X, SMR 780 bk INVOMEENR—2p 5 HE
H5. B, VIV IERET SV FTeIRkd1
D7D DA VAR ARG 1 KDY DT — Xz
ERBEARFL, 1 REDZVORBEEVMEETS.

CORMB Y [ETI v F o7 affliLize 25, 7
VXV EADO LV T ARLEIE, Ohio (U —4%) | Ore-
gon, Sydney, N. Virginia &, N. Virginia (Y —#%) , Ohio,
Oregon, Sydney ® 2 DT, R DHIF0.1441 TRV A
NIViZo7z., —HTHERNMIOLV 7Y Ahli#E X Sio Paulo
(Y —4) , Singapore, Sydney, Tokyo TH 0, HfE® 0 {E
1203369 7 AV A Fov e, &b AT 23356 EM
IR AE.

5.3 #attee

BT, InEMERE, MREEMERE, A o R N MEEE & A
THHEEME 0 HEEHAEGDLET, BEMRIERE % FEM
THHEEBATS. ZOHETIRET, HREZLIZTA
TOL7VAREDOHBED b EEZKRD B, I, MEED
WZRD7ZRAES D EOR/ME L I RfEIZEDE, AED D
% 0~1 CIEHLT S, ZneE, RES VHEI/NI WV
LEOREVWL T AIEEIZR D L5112, BETHNIXMED
FAZ2REXES., BB, LT AEREZ L ICE D
EEEEINZHES D EE2EGEI L, REMREE TS 5 A
MEhErd 5.

CORBE OV HETIVF U RERLEZEZ S, B
EAID LV 7Y Al iE I Oregon (VY — X&) | Paris, Sydney,
Tokyo T, HH® DEIX0.7623 /2o7z. &2y, ZOL Y
U AEEE, IGEMEREERTLA TV VORRED O EM
320.7ms, fMiHEEREE £ T L 7 AREIOFFTEEO RED
Dl 9706.69km, EH IR MEREERT 1 KD D
HHIANORBEL DED 01670 7 AV ARV THY, %
MREDNS Y ANRENTWEZ Db hb. —HT, &F
iDLV 7Y AfcE X Sao Paulo (U —4) |, London, Paris,
Sydney T, RE® DHI% 24938 /o7, B, ZOL Y
U AGEX LA TV OHRBEE D ED 616.3ms, LU D
MOFM D ZFEE 0 EH 1801.91km, HEHIA MDA
FEE D HIAY 0.2703 7 AU I RV o 7=,

6. BHYIC

ARWF4ETIE, JAIK State machine replication 12 & 63—
V2R IZ R AR, INERERE R L 7Y A EE R E
FHEERRELUR. JKEBSMR ATV v 27570 ROFE
WEoTRGBIIMETEZ LSRR >7250D, —E A
BETBENE L REZ L ) L EOER I, MR
Wi & B0, LT HEEOEHEE AR TH B
DLW, RISETIE, B MEREELT, LT v YR
SMR DiEfF/ X —> & & 6 UHRE L 72 RTT & HWT
RS FEEREZELEZ. VATV VORES DIE, SMR
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70 b a)VOMENR—VIZHDE, RTT OFHDET
EEEEERT A Z L TITS. EBZED, RIT ZHWzL
ATV URBEL ONZEYTHD, AFDOVHEEIXELS,
TV AL T A SEBDIRVRBLTIEEETHRES D 5
TT2Z %R X5I7, REb Y FEZ2EETSZ
& TIVEVEREDIANT, Mt rENERE, X MERE, BE
RIZLMEREDFEAMIZ IR TE 5 Z & 2R U 7=,

HiEE  ARWFSEIE JSPS BHFE 18K18029 DBk % 5217 T
EfixhE U7z,
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