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Abstract: Replication is widely used in parallel and distributed systems for reliability and availability. On
the other hand, developers have to consider minimum consistency requirement for each application. There-
fore, novel replication protocol that ensure multiple consistency models is required. Multi-Consistency Data
Replication (McRep) is a middleware-based replication protocol and can support multiple consistency mod-
els. However, McRep has a potential problem that a replicator (a server controlling replications) acting as a
middleware can be a performance bottleneck. We propose a backend based replication protocol to solve this
problem, while ensuring same consistency models. More precisely, we place the replicator on the backend
area where the replicator communicates with only replica servers, and extend the replica’s role to control the
consistency for read-only transactions. We implemented and evaluated both the proposal protocol and the
McRep. The results showed that our protocol improve up to approximately twice throughput of transactions
at a read-heavy workload in one-copy serializabilty as McRep’s.
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Fig. 1 Components of the McRep protocol.
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Linearizability RVNhi = GVN
Sequential consistency RVNhi > SVN
One-Copy Serializability RVNhi > 0
Session Snapshot Isolation RVNhi > SVN
Generalized Snapshot Isolation | RVNhi > 0
Causal Consistency RVNhi > SVN

814



BERAIEF=EHEE Vol.57 No.3 812-822 (Mar. 2016)

VT AN RS LI —5TORNE
o ﬁ o L7V OB
— —HHELNHUZECT
Sl it 3L 7V A% 8N
BRAWE S  \ BRTAN
L7V RELTD
V7T AME RS SRR A AL R
4
N Y ovay
ZRAT
Vﬁi@g LAIBEL TV — ST
A THFIIEAIRE
FE l Read-only
. IIAT N
= ey ¢
BAdY SRR
Lmant
SRR A
F 2Tl
24T N
IR

2 McRep IZBJA2EE7 10—
Fig. 2 A processing flow of the McRep.

TWb—HEL NV RS LT D 2 RIS 5. &b %
W25 LTI ADPGEAET AEER, 2OV T ) AN I4
TYhD) T AMNEREET A, FhEMTL T AN
HHELGZWEAL, FEOL T A EEIRL, L) r—
FHDF 2 — 1M ENTVLEFFERD I b, IR
LTIV ADT = R=RZEHEZAFN T b D, oF
D, RVNhi & D KXW — g 0 2O 0 EkE S % (23
b, BIREREZUTN 2L 7Y HE, FOEGERE 2
Iv ML, HHEON=Ya v FFTHLRIN A 7
AL, (RVN=GVN) #ili7zdL91%b. 014,
VI =53 FDL TN TAT MDY F AR
ERETAH. ZFLTC, LTI, FONT U a
MEAFEITL, LTV r—I~NnE&EEET. oL, —
B L V7% Causal Consistency THALUEFEAT L2 b T~
Fo v a rOEHFERTEFIZT — 7 N—ANEZ AL,
a3y bEATH DS, FTNLDANTH UL Z ORI TIEEHH
RET—=FIR=ANEFEEATT, 23y MITHL R,
ZFLTC, VLY=L T AL G r TS &,
T YWy Y a y OfEED Read-only T U7 T a s T
HAGEFHEMIC T T4 T ¥ PANREEET. —F, B
NI UW T T arThAEYEE, —EHEL XL Causal
Consistency T XTI o 72 THRE S % I F 2 —
L7, 7294 T v h NS EIRY. DAL TH
R, BRI EZIT 572 T, WIEREE 2 —~ B L,
7 IA4T VI NERERT. /2, TO—HOMIIZB W
T, L7 = HNTEHERL WA 4HON—-Y 3 U F
FIER 2 IIRT L) ICHEH S NS,

3.4 MIEA
McRep i&, NI v HF 7 va Bz &L 7)) hizBw

© 2016 Information Processing Society of Japan

® 2 KN—Va  FrOIREIE

Table 2 Update timing of each version number.

24327 BEENE
Read-only b7 v 273~ SYN = max(SVN, RVN)
VT B IR ’

LR N AV = IV SVN — 44+ GVN

V233 2 I R
THT G R DR T 5 I RVNIo = RVN
TG AR DRI RVNhi = GVN

THATFEFTRETH Y, oL 7Y HHCRIBINICETT
LUBENRLRVIEFRPL 7V r—a v Thhb., 207D
L7 AECIE U CHRES A — V77 b3 5 2 & A3 IfE
ENAbH, EDHZ, 6 OO—BHULXVEHR-FLTH
0, WO HLL 7)) r—varyr7abalchHsben
ZA. L,L, McRepldX FV o =7 HAROL 7)) 7 —
avCThhLD, 7IAT Y IPLEDE) F AN
TN =9 ERMTLLEDNDH L. TOME, 75347
NEOEINZONTL ) 7F =Y AT LAERO R b
oy &), WREM BRI 5 L) MEND 5.

4. BEFE
RETIE, S FVTLTXR=ATIE RNy 7V F

N— AT McRep LD L 7Y 77— a vl % F2H 9
bFEERET 5.

4.1 BE

BEfEFH:TdH A McRep &, 7947 b4 7T A
RSV ) =S BT A0, LT 5 — 8RO
I (B 473
TH720, METETEE 3 1RT LI, L7 Tr—
A RN 2 TERCTIE R Ny 2 Y FECEIfET 5 &
HNZHFET A, McRep Tl&, VFU =800 547~
FHD4) 7 T A NI LT BRI A LRI -
TBY, LTUAFHICL ) r =y OFEREB ) 1L
IO R E o Tz, ThISH L, REFETIRLS
V=873 TRV T Y HIZBNTH SVN & RVNhi D
N—= g VEEIT, —BEERE AT L0 IR 5.
CHICED, L) T — S HERIIAT o T e — B
WESHLTIT) 2L D, L) r— 5 Os
BB ENDE., Z0HZ, VLTV Tr =8Py s TR
HTEET 22 LT, BRESNTVE—HEL N2
TLS) P T B E &R LT & — % H Read-only
JIA RIS BDLED V2D, LT — & OULE
BT A ENTE L.

4.2 —EMHIERFDOEEDEL
AKETTIE, McRep TIT o T 7z — B EHIE IR O B {E &

815



Read-Onlyb> %7 ar
IZBILT— EtEhE

BHhTL P rvay
T Lok )

vvﬂv—y p

3 Ny I TV FR=ZADLVTYr—av
Fig. 3 An architecture of the proposed method.

REFEIIBIT 2 —EUHEHEOBEL KB L, €@y
IZOWTHHT 5.
o AT (McRep) ToO—EH:HfiIfH
FEFFFETdH 5 McRep I2BWT—EMZ HI#$ 21
12, L) = S IREEINICEIET 5. BARIICIE
LI r—53 0947 Wb Ty a VE
RKEZIFWS &, 3 —HELNVIZe U TS
L) A EIRY 5. ST V7)) I DEE
LaVIEIE, L) — % FETRETOEIE R T
LTV ANMERT A2 T, —BEMHL VAT 5.
o RETHETOEMHIB
—h, REFEIBT—ERZHIET 551213, L
T = Y XZEICEMET 5. BARIZIE, LT
HETZITAT Y IS NI Uy Y a VEREZITH
B, FTTHIEP—EBELALVERMZLTWL2%H
W s, —HELNLVEZ L TR nEaild, kE
TTOEFFEREL T r—=FICERT L2 L T—EMHE
LANVEREET A, Thbb, LT s EETC-ENE
HE Z4T, L7 =513 L7 ) 95 0ERIZE
TEZEMICEET A, 2947 b b 0F
vavEREZFIZLTY AL, —EBEL AL ET
LTWAEEIIL T r—% 24 ST 2479 72
WD, LIS ONHEYBERT A LN TEL.
PlEo Xy, REFECTCRLIVAEL T —47T
SHELT—EMRIEE4T . L, Zo—BrHEEEo)
rFEHT L7200, L) IBIEL ) r—5HICB
V% BARI 2 KNI DWW TR 5,

4.3 L 7Y AHIZH T 2HIE
RETHEIIBOWTL Y AMMTIDE, 2547~ b
LD 7T AMLELT) =60 7 T A L
BIURERIETH 5.

© 2016 Information Processing Society of Japan

4.3.1 54T P HD) I MLIE

LA IAT Y B ) 7T A N2 ZITA L,
FTHGRBHL NV EZTE) TS, 20
72912, McRep AL 7)) r— 4 THEIHL CW/i/N—T 3
%5 (GVN, SVN, RVNhi) ®9 5, SVN & RVNhi O
BEAEL ) ASHENT L, FN—Va VEFIIRD LD
ICEHT 5.

e GVN

GVN 3L 7)) A &R TR DON— 3 v F5ERT
VERH L., Ihx L 7)) TEERT % 7201213
HEDBWLBENDHY, @EIAMIKRELE->TLE Y.
ZF072, GVNICEHL TR L 7)) 7 TERIITHT,
McRep & FARIZL 7)) or— & S8R A 4T 9 .
e SVN
SVN 3% 27 947 ¥ FSBEADN— 3 »F 5
Thh7w, 7947 MPFHHDSVN ZitlEL
FNx) 7T ANMMNEGTHIET, L7 AHTH
Wa b 20ED R, KL T AT LM L CTEH
THETHDH. SVNIE, £2ITRT LI, KT
W7 a yOIRERICER S, FNENEGEEC
T RVN BXO'GVN 25 E & 2%, RVN IZEL Tl
TAKL T AT EIEHR L T0D 20, FFICHEI
FHELZW, — 5T, GUNICEAL T L 7Y ANT
BHLTWRWD, EFETEESEH N7 ¥
Ya s IBwT, L) = IR E -
AL, L7 AN % KR GVN@@%H%
FTHEHCWET L., 2F0, LY BITHI»E
95 SVN Ofii %, Eﬁb7/#7/a/@fAh
ZE L7 GVN OfEICEHTAHZ L TEHT L, 2L
T, LZUARNT U7 v a VBB SVN 1445
THIET, 7947 MIZINEHHDSVN & L
TiBTAZENTES.
e RVNhi
RVNhilE, &L 7 HTEDN—T 3 0 FREZ R
FTLDOTHY, L7 LI L CERITRETH
%. RVNhi &, £ 2 (IR T L9112, FHkROLH
WCEHSNDDS, GVNDPRLEE R L0, ZTOF
FTEHFHTELRY. 2020, BEFETIZLTY
HANOEFFEROEWIFIZ BT, LT r—o78
GVN D& 5325 & 9 IZIET 5.

PEDX 2L 7 Y #TSVN & RVNhi 288 +25 2 &
T, HEDP—BEML NV 2z L Tw b rx e 52 &
ASU[EE & 72 4. Linearizability O¥&id L 70 7 Bl co
HIRFIETE Wz, LU BE NI vy v a v w22 E
REL TV r—F~EEL, LU —%I1I280T GVN
EEELWRVND 252 L 7Y A ZEIRL N T 723
CEREET A, GUNLULEOL 7Y B DBFEE L RWIGEE,
EEOLTI)AICF 2 —NOFEFERZEHRLL T A

816



BERAIEF=EHEE Vol.57 No.3 812-822 (Mar. 2016)

Read-OnlybZ> ¥ 7y ar Og&

{ RELNLENET ]

[ V7T ANISVNZEAT 5 k
'§\ SVN%Z A G- UILE 2R3
1

|1
q' 1
1
L7IVGA

ST A [ R~ EWIR
VrE AL TV BN | l I\W"”f —HITHHRERE ER
L McRep& il EROLAL s i

Ny ay ORISR HIN

[ S -

‘
§ wwh)r—& y

Ma VF7IVAEIBTFEIIAT Y M rHD) 7 T A ML

Fig. 4 A process of the request from a client.
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Fig. 5 The processing flow of the proposal method.
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3 AT
Table 3 The specification of PosrgeSQL, pgpool-II and client

nodes.
PostgreSQL | pgpool-11
version 9.3.5 3.3.3
OS Linux 3.5.0-23-amd64 Ubuntu 12.04 Server
CPU Intel(R) Core(TM) i5 3470 @ 3.2 GHz
Memory 16GB
Network  1000BASE-T
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Fig. 6 Throughputs of different number of clients and replicas.
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Fig. 7 CPU usages and network bandwidths in a read-heavy
workload (One-Copy Serializability).
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Fig. 8 A situation in which a difference appears in a commu-

nication path between McRep and proposed protocol.
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