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A Mechanism for Highly-Available OLTP Systems based on
PAXOS Consensus

Hiroshi HORIIt, Hideki TAlt, Gaku YAMAMOTOY

Demand for highly available (HA) on-line transaction processing system has been increasing these years. However, it is relatively
difficult to make modern multi-layered systems HA because the HA mechanisms of each layer need to be coordinated carefully. In
addition, service outage is dependent on failure detector which requires some amount of time until it detects a failure. We
propose a mechanism that provides end-to-end HA for modem On-Line-Transaction-Processing (OLTP) systems. In our
mechanism, when the primary system did not respond in a specific time, client reroutes a request to a secondary system without
waiting for failure detection. Primary database server replicates transaction logs to secondary database server using PAXOS
consensus algorithm. Primary and secondary database servers avoid duplicate transaction commits while they allow duplicate
executions of a transaction by multiple application servers. We applied this mechanism to a Web application and evaluated it to

show that it can be used for general Web applications.
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(1) At most once DSV HHavRiT, (2)EHEL
Take-over #RH ¥ 3. - o

FFF Replication M54 7 M, FSOHFILaV8ER DR
ENGVNBE, ALY 923y ID(td) TRSU S a0 0
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Yoo DRITERERELILBE, REShENSVYIY3
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TLSN 289 5a3ybad OAREIIHET, ACID %ifit-L,
D, BHEL Take-over HEBT 3.

R 41, FFF Replication D3R &L T, Failure Free Facility
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S AV ELTRITTHENTREIL—LAT—HTHE.
FFF A28t 5 HTTP Proxy I3, Web Y —/3$%2LME7 T4
—2avY—nOADYITAME, BENBONDIETHERMN
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BEFROBN, BRICELHETS.

2. MWEEHEOLTP YATLA

AT, AWTHVAHEHYE OLTP SXFLAEFLER
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F5OLTP SRTLETILCHD. TS OLTP VRAFLET
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replicate DAvt—S%%ED. 28, FhEADAvE—T(F, +
FoYYar t eTERBET 518, FROLSISEDETS.
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(begin).
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step 4 ap 7TV —avnsusERTTE. adusy
PTIHITUEBRRTIRAIL, step 5 ~, BTLI=
BRI, step 71D

step 5 ap X7 TV r—2avnSyohTHTVE dby =B
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step 4 (2L,
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€ELOG #DB-db} I~ B DERE*T 3
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update 3.
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TS
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begin M update DM, §%0ET 3 db LoD
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EREHLDLTS.
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5FETHA.

3.1, EFIoHTIRLEE
WERAR, SATLRERShERBOMIZ, FTROLS
I, ap; , dby DEERITNT S 4D Take-over BEEEITTEC
&T, 22 DEEERBT.
ap, EICHTSFE
ap-step 1 apOBEBELRATD
ap-step 2 client b% ap;IZ, re-request 2175
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LRBTRUEVAT AR, 22 TRUESEE22THET.
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(1.1) 1 S0F7o0ER(FAEETOER) MRav b S RADH
HER%E, 2T700R(ED. TOR BSHHM->TLY
BERDFYURIZ 1 EMAE=FIUF% 5T 3.
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Li=pt, BRLTLDTOAMNELZOREENEZFITLVEL
BATL FA5YF Clnfo-Quorum MiEh B AN S
3. LHL, Info-Quorum TRESHZBR{MIE, MBS
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Accepting-Quorum #FEh =Ll THREDBRIEERET S
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42 FPLITUXLDMEE

PAXOS avtyYRPLTYX LI, BEHELED crush
failure[1] ABISEVNRY, QY Y REBEENTETH
%. £, PAXOS av Y4 R7ILIVX LlE, BENS
(Eventually Week) Ll EOBEEFROBLEREEL, HSH ot
REBHTHLEWRELTVS. MR OTOERMNALES
aeXEiEY, Info-Quorum DBEEFIT-BE, SYVEDE
FABIE T B &h<, Accepting-Quorum ZHSEMB TLA
L.
4.3. MULTIPAXOS

HBOMEIZHL TV B HRERHIEA, FisherFiL 100
Info-Quorum T##1=357 K%, $ D Accepting-Quorum IZF)
BT 3FE%EMULTIPAXOS ZILFYX kL, 4.1 TRLE=PIL
JFYXAL[7] . MUTLIPAXOS #FIF3 3T, Info-Quorum
FHETITEEDOMBICHLTIV Y REBDIENTEEE
8, ERELTAYE—SBERDTIENTRRELS.

5. FFF Replication

AHTIE, BRERNZLELY, ho, SEBECHERELS
SRATFLOBARLEERELETaABRILBBICEAT
%% FFF Replication #2817 3.

FFF Replication %, §§3&&83(Eventually Weak)i:l Lo EE
BARECRMRETSITVOT—ER—ZER/RL, 5>
YOV ERTES. aSybERShENSUFHIS30 03y
rRY &, FERETSA)DT—ER—RIZT Isn HFYST
bh, Isn 1< $3asybad LT DB O70ERRTHEaY
g RERD.

5.1. FFF Replication (4L

FFF Replication I+, DB OB CFRELRTRHUBORE
EEFERTS. ARRFETIE, PAXOS a4 70T
X LEHRBLTND=, FRRCIBERHBIIHENBOY
SRULFEERT S FRRFERE, 21 CRUELEITNZ,
TROBEESTS.

51.1. tidnFA

2TO HIETIRBERICHL, tide TID ##E5LTHTS.
&i=, 2T D dby (% commit 158 T L1z tid; log % AR S5 (cTID,
cLOG).

5.1.2. re-request, re-begin MIRER

client 13, t DRITERH—BEME->TI M -1-1848, ap
IZHL D re-request £ BRT 3. %1, ap/b, 0 begin, query,
commit DRITERH—ERME-> TN o1=I84, re-begin
BRTS.

5.1.3. begin DiLE

dbilE, apihi tid DR HHaz D) begin BRERITS
B (step 2), TROBEEITS.
SYRFEHSIUT I OAN

tig M cTIDI=EFEhZMBIL, SFh 3B A(Xlog €cLOG
%3i&Y (committed).

TSAIYITThEM M

TROEHELEHITER, dby (FTF4VITBNBEIHET
3.
®  JTITTISATUTHEES
o  HEFS/TUTHoI- dit FRRIBTRMBTRE

EHIRIEhT-RE

®  HIEFSA<THol dbh 5D replicate H— L EFISE
fTEhTIVELVES

LBROGHEBI-TIBE, apl=HL ack 2ET. Thilsioig
A, apIREDT 547 dbE BT B (navigate) .
begin B 5 CRIBIC replicate &hi- Isn %Rk

LEEDRBIZKY, beginTTRELHIFIE NI tIZHL, replicate
&hi= Isn 88 Y 5 (beginsn,).
5.1.4. commit SR

dbil, ap A5 tiDRSFHSay 4D commit BRERH
BB, TROBBETS.
commit SR

commit BRERT1=-F R CRHIC update L1z Isn %
commit-Isn &¥%. begin-Isn; 5% commit-isn i< update L1=
cLog DA, db, EASM I replicate L1z log HAEELTLM-82E,
commit RATRELHFIT S, commit RAREELHLI-IBE, ¢
O0—)LIAYILBRFDTS54<) db& BT 3 (navigate) .
5.1.5. replicate MinEE

dby 5% log, ) replicate # B3R 3R, TROBEE{TS.
B LSN IcHTBEE

PAXOS av+Y Y R7LTYXLEFALT, B log
(commit-Isn+1)=xd 3 log DA BERS.

ABELBLL-FOAER

£ThH DB RADOT0+RI, tid ;% cTID |2, logi% clog IZiA
mya.
ABSBIhEI-BORRE

log DEBMBSAEISIIBA, logEERLI= dbilX, Isn
&YINEL begin-sn DS FIavELTO— LY IT 3.
F1-, A% log #E£RLT: dbETSITVELTENTS
(navigate) . .
5.1.6. committed, navigate (LB

db, I=HL 4D begin, commit #ERL1= ap;l%, dbx THOER
LI-RBIZkBT 3L, committed <3 navigate DBEAE 2
11%. committed DEMEZELI-BAIL, aplEAvE—CHD
M5 logEDMBL, tORBEER% client|1ZiEY. £1=, navigate
DFEANERBLIZER, Avbe—SAMEREDFS4TY dbye
EMBL, BE begin #R1TT 5.

52. THESEME OLTP LRXFLMDER

EBORLEVRAT AR, 22 CRUEERZSTHET. 2
TD dbl, BFD IsnI=BAL TABZE1-#&, commit, HLLIL,
replicate 2 5B RICRET 31-td, £TH DBRADTOHRIL,
HCIRE CR—® log% commit$ 3 (Property 2, Property 3).
&1, beginsn, commit-isn BIfhdd DB MERLT- log Ht
update ShizWL\Z&HRBET S (Property 4). FLT, £TO dby
1& % commit B¥IZ cTID (2 tid AAEER TLVELEIT 51
&, ACrSVHooavE 2 BLL commit $HZ&IFL
(Property 1), RITEHIUYFHav BB % cLOG IRET
AoLlz&kY, client BERLEE—0 tid DS 5923050
BERIE, BT RITEh S (Property 5).

5.3. FFF Replication 03474l
531. EXEBORT

BB REL LA o1B A D, FFF Replication £l = 1D
DY HLavDRITOFNE, B 3 IR Y.

3 1%, client A apol=hF>¥HSar DRITEERL, ap,
4% begin, query % dbol=BER#, commit #BRLI-RRERL
TW5. commit 2BR&ht= dbs 1%, 4.1 TRLI=ESIZ, (1)
Info-Quorum M#AE, (2)Accepting-Quorum DIEEEITLY,
(3)success AvtE—SMREEETS. LHL(3) DREBRI=TT
12 Isn IZRERL TLNBD T, commit 5 T% apol=HiMd5.
S3IZRTEBY, dboldk commit b, 4 RFvF, (m-1)x4 D
AyE—SWT ap laSyMERER T CEMTHTHS. LHL,
B# Isn BBEELAZVEBY, RO IsnDEBEBBZEMNTEEL
1=8, 2 DO HFHav commit ZERLI-1BE, R
ALY RAEBBIIENTEREL. IsnDAFICET 2 RBIEIC
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BALTIZ, 5.4 ISTHMRT 5.

client

EEEprocessing  Iupdate

begin |
db, -
db, = 4\ .
DB collect  last begin ook ——
/ \
)
replicate

B 3: FFF Replication IC&3IEEEFDORERIT

Eprocessing. WMupdate

elient [EEZlprocessing M update

\ \
request re-requast

/
—r

B 4: db, DEERDRE

532 dbEERORT

F54R)THo1= db ITEBNRRELELBED, FFF
Replication ZfL V= 1 DD RSUFIL IV DRITOFNE,
47T

4 TlE 5.3.1 LR, apo A dbo IZXL, begin, query.
commit ZR{TTHET, FSUFHLIVORITETL.
commit B db, CREBMNEELRAERLTING. COKSIB
&, apo I& commit #ERHE, —ERHHEZNZES,
re-begin HDER%E dbI1=HLTRHAS. dbslZ, re-begin ZR(E
&, FSATVELhBIHEL, HLTSITVIZBhDBEE
ack #EY. 20#ix, HHEY, db, EFS54VELT, b
HHavDRBETS.

re-begin Shi=bS52¥H2a> D commit ZRITTHHAT
dbo ARIBL, BIRT commit BRERITI-BRIZERLE: log &
replicate %A% DIBE, BANTS4) LHBHLTWS dbod,
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