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ZEDHEE LV (One-Copy Serializability: 1-Copy-SR & W
&) . Bz, Amza 5% distributed versioning (DV) EWES
“Hay 7% _X—=2I12L 7% 1-Copy-SR Z#R{t9 2 I Fl o«
TERELTCWVS 3., b7 ¥ Iy avoBllfRicT—7
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T 747 v TSI #19 % One-Copy Snapshot Isolation
(1-Copy-SI) [5] 23EH Nz, HlzIE, Fxide—a01id ST
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2.1 F=IR—=RAEFI

database 1ZT7—% 74 T LDEAEZHEBRT 2. &7 —%7
A T 5% value ZFD, value BH L /ITBWVWTT—F R—2
D state ZHRT 2. T—FT7ATblFx Ty, 2 £/NX
FCTRIHT S, DBMS 7 —FR—RAILT7 7L AT Lavy
FZHYR—=FTEI2N—FT27EYT7 027D ENTH
3, 20avy FRIZZVEES, P Ivary T 35
Wrxy, By, 8 7r7xY (23y bERETR—F)
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SLEFUF I ary T A= BHNCE 707> a
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9. bL, bIUYITary T; BRY—FTIHITHST,
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FUIREBRICETLETTH 5.
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RAGEEERT S, UTOLHIE, Z20F 4 Xy Fred
HHET 2,
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71 o; £ oj I& wr-dependency 23H % L5 9.

o (1) 7xV o 3Ty ko THIIEINT =74 T
Lz ZBRL, 71V o PEBRDOEHETH L GE, 71
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T=FT7ATLZSRLADEH LD T2L, LY AR
AVIATYVIEHNTLE ). 2T, (1) YOS
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Tay MIEEL L, (2) RF v T ray PADEET—F
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TINTERICAERI NS, fE->T, I ) 20D FTI
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SEBA. SSI TR>RATOHF 7 =V IZA—DRAF vy P> ay b
IR L TITbNEFH AR IZa Iy FPRFICHEEI NS, E-T,
HH 7 ZVPODFETINLI EHZDETIFasy 7Y
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SERR. T, 3HEH 73072 arTHIDE wip(n) <
DR ALD. Heo T, wip(ws) < e <rja(z) THD, TF1
& D ZDBIRIE wr-dependency TH %, H
[##%8 4] (ww-dependency) bL T; & T; B EH b7 %7
2avThHoT, BHH I ZVIZ wip(z:) < wjqe(z;) DBIRDNR
D32k 6lE, P a v T, & T; 1k ww-dependency
Th 5.

FERA. b L w;p(z) < wjqlz;) THEEGIX, EE1L LD
FovY s ay T, L T i3 ww-dependency TH % Z &1
HohTdHs, H
[#i%E 5] (rw-dependency) T; ZHFIbT7 ¥ 7 a v Th
Dorja(ze) <c THERLIE, FPIv¥rvav T LT, 0%
rw-dependency TH 5.

A T, WEH P I F v arvThihn, TEL L 2
ED rji(xr) < wig(z) < e THSH. ZHd rw-dependency
YT 5, ]
[E%& 2] (commit abort) b L T; & Tj, T % dangerous
structure [11] ZFf> T 5% 61E, ¢; £/l ¢, cxr DIBE
NPET7TR—FIN5,
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SSI ClIfiE 1 226 5, IHIKEE2 XD, RORTFY 2 —
WEEHRT S,

[, 3] (SSI-schedule) 7 % b 7 v ¥ 7 varvofsH
ET 5. T T F % SSl-schedule S &7 TV o €
{rii(@e), ri2(@k), ooy Ti,m (Tk), wi,1 (T6), Wi 2(x5), ...\
Win(T:),ci} D—=r v ATHD., ZOH, S IEXRD &) ik
Bz fo,

1) & r7vFrvavTeT Bra(ee)<c TH5.

(2) bLEIFvHrrav T; & Ty, T, DEED dangerous
structure 2> T\ 6, ENp—oD b7 ¥y avid
THh—FIE5,



Sl-schedules &AL & 9 ZEFgASBRERIC "D H -7 [5] [6].
SSl-schedule & #7 % I NRA SI THH I L THS. &
7z, [5] @ schedule 1& SQL Tld7% < writeset ZX5HE LT
5. E51T, [6] D schedule (¥ ww-dependency L 2>%f5R & L
TR,

3.3 SSI-Equivalent

V7Y AMDa vy AT vy kw5729
DZIZHETDH 5.

[E#& 4] (SSI-equvalent) % L SSI-schedule S™ & S™ HX
DR EME T 2% 51E, 8™ & S™ IF SSl-equvalent TH %
EWv),

1) T BEHFLIFvFrvavchh
cf <rj,eS"TH5,

(2 T HEH LIV F 72 avTh) rfy <" € S™ &
"<t e ST TH D,

1%, equivalent

<rfy eSS &

B) Th & T BEF LT HFrvarThh, wh(v)<
wi (z5) €S S wi, () <w],(z:)eS" TH 5,
(4) T, BEF 772 avyThHh, o < e S™ &

< eSTHS.

[EH® 1] (SSl-equvalent) R™ & R* BWRUT—% 74 74
x ZF-STED, 2, o™ & " EMAEDECETHS. D
L, 8™ & S™ % SSl-equivalent T»H 5K R™ & R™ lZa v
VAT VYRR,

SEER. S™ & S™ &% SSl-equivalent TH % 7% 6 1F, #liid 3 &
(1) XD S™ and S™ IZIFF U wr-dependency Z¥f>. F7z,
i 4 L (3) 5 8™ I 8" MU ww-dependency % ff,
I, #iES L (2) 26 8™ & S™ IZF U rw-dependency
ZFD, (4) 1& ST anomaly ZHERT 5. #E>T, =2>8TD
dependency #% §™ & S™ TH YD ZD7:%, anomaly l& R™
and R" ICTHAE L ¥ T consistent TH 5. H

3.4 Mapping Function

Ta—=NIV T ay (SELT2T7BRTEL LT

Y vav) pou—ALbIv¥rray (SN T
PoRETE I ay) 2AEKT % mapping function
%@t 9 % . mapping function ZLATICEFRT 5.
[E% 5] (Mapping Function) 7 % 7w — 2N )L + 7 v
Frvavil, b3y rravizrzxy o €
{ri,1, 7,2, .. s Wi,g,Ciy@; } % FFD . mapping
function F 370 =NV 7 v vavrsu—aL b
Ty ay TLT™ T M FO LI LTHINT 5.

(1) dL, Za—n"Vbo73v¥ 7 avy T, BEROHZD b
FvY Iy aryTHbH7%51E, mapping function F IEF—DD
REL 7V A R Dbz THr ) 2Fioka—AL+ 5
Y av T ZMNT 5.

(2) bL, Za—nNVtrS v rvav T, PEFzEL T
ZvY 7 avTH5%51E, mapping function F 1ZV) —%
L7UA R Dledic&EThH 7Y 2fforzu—Ah)L 7 0¥
Jyav T #1345, £72, mapping function F £ 7 #
7L 7Y R DIOIRHDSII L) rigp LIy b7

IV ¢ ERioku =N IvyrravERNT S,

7Ti,p7 wi,l? wi,27 .

3) dbL, Z7u—nNVtI3v¥rrav T, BEKEZEL T
VY7 aryThH5%51E, mapping function F X7 4 1
JL7VA R} DEDIZEHHH 7 L) RRio7cu—A L7
vvaveliT s,

3.5 1CS Rule

V7Y AMDa vy AT v offiRi 228l 5 LRI 1-
Copy-SR #FEHT 2V — N ZRET 5.
[E# 6] (1CSrule) R % ROWA 77R—FIZfEH L 7Y
ADEHLT S, T%fﬂ—ﬁ»bﬁy$7yay@%é&
T3, SEZu—NVEF73v¥rary T OEGIINTS
SM@M@M&?%.V7UﬁRm€R@D—wa3VW
72 avDESET™ T % SSl-schedule % S™ &35, LA
T ORHIHIL Y SEOF; S 1F 1-Copy-SR %13 %

(1) Ug = rmap(7,R) TH % ROWA mapping function
rmap DMFEET 5.

(2) T, T, €T o &ML 7 T/, T € T™ IZHT 24 5™
Zate T 2T % SSl-schedule S D3FET 5,

() T; WEF L7 rvaryTthh, "
¢ <rj1 €S8

(b) Ty 3EF 7 F 7> arThy, oy <!
ri1<c €8.

() Ty & Ty BWEHF I HFr7varyThh, wi(e) <
wi(z5) €S™ S wy,(xi) <wj  (z:) €S

AT & T BEF 70 70avThdh, " < e
S™ & <cj€S.

1CS ORI T DY TH 5.

[EE 2] (1CSrule) bL, KEWE—DD/—F RDRT
TP a—)L 8§ W 1CS V—IZHE) % 51E, S 1 1-Copy-SR %
it 2,

SERR. BHICHEFI RS I oY s avIicERT S, (1) &
DY —F R™ DD u—HN I r e ay T, HBMERI
hz, bL, V=F+7 97> av T, 2 1CR L—1LD (2)
Ziize o) =% R™ LM —F R X equivalent TH 5.
#>T, S™ % 1-Copy-SR % #2927 51 S b 1-Copy-SR
2T 2, RICBEOABD v o aviciEHT %, (1)
kb 7ruvokdou—hLt v sy ay T; BERS
N5, bL, 7487 RAFYa—)L S, B1ICR LV—ILD (2) &
W7ed%61X, 7487 R" LM/ —F R & equivalent T
H%. S" 13 1-Copy-SR %R F % DT S 13 1-Copy-SR %
fft9 2, DLEXD, S iX 1-Copy-SR Ziefitd %, H

<rjp €&

eSS &

4. Libera

AFETIE, 1-Copy-SR ZFEBLT % Libera EWEAE 27 I F
NI 2T RBRET 2, Beo7 70 —F3BENLI FLY =7
ZEBT 7 dIchh i o> TRt L2 EE TS, 2D
72®IZ, same snapshot creation 7’1 b+ 2 )L, Leader/Follower
7a b ajn, SSI @ certifier ZFHT 5. WfFDL 7YV r—> 3
VS Py =7 [3],[7] Z¥EIE L T 1-Copy-SR. % 2L TTEE Tl
B2, 7 SADOEMBEEINEINS., B2, Tr—
TaIaz—arvDEB, readset DIER T, writeset D



T1 T2 T3

BEGIN;
UPDATE tablel

SET a=1 WHERE a=0;
COMMIT;

BEGIN;
UPDATE tablel

SET a=0 WHERE a=1;
COMMIT;

BEGIN;
UPDATE table2

COMMIT;

X 1 Sample transactions

A, SSI anomaly ZH T % certifier DFEH, 72 LT
H5, RKETE, HFEME MRYgoE<H YT 1-Copy-SR %252
HIBHLWI FLY 27 2ET 5,

UPDATE tablel 1 1
SET a=1 WHERE a=0 COMMIT
7 1 1
————— >
/’ 1
.- 1
td
-, 1 1
0
1 (2) (3)
0
UPDATE tablel
1 | SET a=0 WHERE a=1
~
AN - |
(1) S ABORT
\\ 0
s >
0
0 0
0 0
(4) (5)

2 Problem of commit order

4.1 MIEDRE

SSI CTida 2y b DIFALD % & IRKN B RERB R
T=AWH5, HIELT, R1IIKRT=E2D 7 F 7y ay
Ty &ETo, Ts ER2() ISR T T =7V 1 2EX5, £z, =D
DEZvHFI7raAFHTLTIITEINTV LTS, K2(2)
RS EHIZ Ty 1d UPDATE 7 2V 2 #5795, £z, K
2(4) ISRT X H I Ty 13 UPDATE 2 2V 254792, a3y
FOMEFICER SN, L, Th DIy 7Y Ty &
DHEPoETEE, T=7 MK 23) THEEL, Tr EX
2(5) ILART LI TAR—FIND, KNI T, Dasvybrx
U T EDbE ok TEE, 77K 2(4) THEEL,
T, 37 R8—F3Nb, TD7HR— bid write skew anomaly 2
£2b0THE. H1RKATLIKEFHDO I v ay
T3 2% 7%, ZOHAMD anomaly bFEL LD TT &
Ts ®a 3y b7 ) OIEFIREETIEZY, fEo7T, #EHD
L7UATaAvy AT vy EEO7HITIE anomalies #4: U %
COMMIT 7 = Vi3> Y PUICFT L R F T 5w, £7,
anomalies #ZE U7\ a3 v M7 2V 3ERE%E LI 572 0I1C[H
RIATICHITTRETH 5.

4.2 ¥—=FA4TFT7

F4 DX —7 4 7 71% (a) same snapshot creation 7’0 b 2

Algorithm 1 Read-only transaction

1: receive a query from a client

2: send the query to the representative replica
3: receive an answer from the replica

4: send the answer to the client

SET a=1 WHERE a=0;

(b+c)

)Lt (b) Leader/Follower 7’0 k 2 )L% (c) %L 7'V AdiE->
T\ 3 certifier DEERER S PV 2 7 CHlAADLE S Z ETH
%, D%,

(a) Libera 32 CHOL 7Y ATHUAF Y 7> ay b %ff
BRL,
HL, Y=FL 7Y HD certifier 5 anomaly % K>}
7t 9%, Libera 32TOL 7YV ATZDRED ~ 7 v 47
YavET7R—1F35%, bLl, A5 anomaly IR O0 5%
Mot TBE, E2TO7407L 7Y AEFaIy I Y%
PATICHETT 5,

4.3 Libera 7—*79VF¥

DBMS N3Nz 7 ) 2#RET 579, Libera 127 7
47 & DBMS DRICLET 5. Libera (il 2 il
T ) 7217 T74 <, certifier, group communication, readset
DHIHIBERE, writeset DTEEAKAE, 7 SHEMEABRIZLEE L
20,

4.4 PILIVXL

AHiTIE Libera OEfEZFAMICHIIT 2. b LHDL T
AHETHR— MNEERZIM->7-L 5L, Libera l3R2TOL
TUAICA =Ny 77 L) 2EFETSE, H55UD, Libera
BETOL 7Y A6 ) —=FL 7Y aEENL, BYE 740
7 ERDTELRIFIUIR S R\, —H, BElZ RS 7 o FE
D E IR D RH 2L Z 7%\, Libera 32 DAHD F F 24
72avibIIETD LI v I aryohhs vy Al
RE\EVL 7V A% RDZ, RELV TV AEBBE 70 F 72 a v
BICIRD 5,

TV AL 1 BBHOBD T 7y a v 232G ki
D Libera DEIETH %, Libera &7 74 7 F ERFEL 7Y
ADRICH Y, 7)) L)INERPMT 272 TH S,

TUTYRL 2 3HEHZEL N7 Y72 a % Libera 27
ZELROBIETH S, b L, Libera 5HHT7 Y #ZEL
725 (line 1), Libera I Leader/Follower 7’1 F 2 )L %& 974
%; D%, Liberald7 2V %Y —FICDREFT % (line 3).
Libera 13V =¥ 25 5% %2535 (line 4), bL, IHWELT
A—FTH5%E (line 5), Libera (F0—N Ny 77 1Y %24
TOL 7Y AICEET S (line6). 2L T, |TDOL 7Y A
LINEEZET 2 (line 7). b L, IWEPRITH->LGE,
Libera 32THD7 407127 LY Zi£FT 2 (line 9). LT
ETD7 40 IHbIREEZZE LS (line 10), —D2%27 74
7 v FNIRY (line 12),

b L, Libera BHIDOSM I Y 2ZfE L7256 (line 13), 7
V74 A0Y)—YavIZA5 (line14), 2DY—YarTida
Sy PP OBETIN TRV L ZRFET . Libera
PRYIOZBRI ) Z22TOL 7Y ANKFL 75 (line 16),
Libera 3£ TOL 7V A SINEZ2RZET 5 (line 17). 7Y



Algorithm 2 Update transaction

1: receive a query from a client
2: if the query is a write query then

3 send the query to the leader;

4 receive a response from the leader;

5 if the response is an abort then

6: send a rollback query to all replicas;

7 receive a response from the all replicas;
8: else

9: send the query to all the followers;

10: receive a response from all the followers;
11: end if

12: send the response to the client

13: else if the query is the first read query then
14: enter critical region;

15: /* there is no commit operation executed */
16: send the operation to all replicas;

17: receive responses from all the replicas;

18: leave critical region;

19: send the response to the client

20: else if the query is a read query (excluded the first read query) then
21: send the query to the leader

22: receive a response from the leader;

23: send the response to the client;

24: else if the query is a commit operation then
25: enter critical region;

26: /* there is no first read operation executed */
27: send the query to the leader;

28: receive a response from the leader;

29: if the response is an abort then

30: send a rollback query to all replicas;
31: receive a response from the all replicas;
32: else

33: send the query to all the followers;

34: receive responses from all the followers;
35: end if

36: leave critical region;

37: send the response to the client

38: end if

T4 AN =Y avEKIFS (line 18). Libera 1&—D D)%
%2774 7Y FNET (line 19),

b L, Libera 27 1Y) (BRHDSW7 Y I3RS 2%
8L 725 (line 1), Libera 13V —%1EF L (line 21), &%
Y —%r 555 % (line 22).

b L, Libera2’32 3y F 7Y 2REL%5 (linel), 7Y
FAANY =L avIZAS (line 25). ZDY— a v TIHRY)
DL L) PFETIN TR\ E2REET 5. Libera (&
V—=#ica iy b7 #RET S L (line 27), VY —FIIIGE
ZZf59 % (line 28). b L, WEMNT A — %53 (line 29),
Libera 32 TOL 7Y A~m—)L Ny 7 7 L) %3%D (line 30),
E%ZT LS (line 31). b L, &K% 51, Libera %
BTD7 4R I~NY LY %2ikET 5 (line 33). 2L C, Libera
BETO7 4070 0I0E%ZZIT L5 (line 34). L, Libera
BT R—FEEEZIT LSRG, RTCOIFVHFIvavE
0—NWNy 79 %, Libera 37V T4 AN =Y arvzifi)s
(line 36). Libera (&7 74 7 ¥ FNib& %R T (line 37).
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5. FF fif

Libera OAMIEZRTOIC, 70 by A4 F2HEEL TPC-
W Ry F2—7 [12] 2o il ZfT>7% 3 AV—T"y
b GEWERE], RERIEIC DT Libera & BEFEHiMi 2 - T
1-Copy-SSI #2523 2 FLw = 7 £ 2 Hilg L 7.

5.1 MEELBOEDICEEEVEZSRILYT

Libera DHENEZ R T 729 121%, Libera OERE & 1-Copy-

SI #EBlT 20 S FA Y =7 OMREZ KL 2\, 2 C
T, SGSI|[7] & Distributed Versioning (DV)[3] ® D Dfe
#i03% %, Libera &3> SGSI 3IFEEHERA v 9 —7 = —
ATH D% OBERE R NI E T2, BARMWIZIX, readset Dl
H, writeset DA, WEfE~ILFFYAF 70 bhaloHE
3, certifier DFEE, TH3. i, EfEEMLeLFF Y AT
70 b a2)Vix JGroups [13] % Horus[14], Ensemble [15] % &
SBOMBERDFET 208, ENbEHCHEMITH 5. Fic
SGSI 12D Td certifier BHD CertDB & 15 DBMS (fi%
5 Dfff%E Tl SQLite. NET) B TH Y AKILETH 2, K
LTDVIESQL A ¥ ¥ —7 =z—A%HilgE LTED certifier
Dk HEfti e BB E Ly, iEo7C, DV ZERL,
1-Copy-SR % SSI % #3521 77 A 2> THELT 2 k9
ICBGEL 72 (DV-SST & ES) |

5.2 TPC-W RYFI—7

TPC-W Ry F 2= [12] IEF v 74 VB EICT 7€ AT
28R zZETMUELTWVWS, T—%X—X{& item & country,
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HMLTWS, 14 BEOT VLAY =V BHD, ZDHH 6
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VFR=DRT IOV, vav v, A=F Y TD=
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# 1 Three workloads in TPC-W benchmark

read-only update
browsing mix 95% 5%
shopping mix 80% 20%
ordering mix 50% 50%

7YV TARMIISRNE L, A=) v TARIZERS
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HEICIERART 8 / — F2flivs, —21dV—%, Bha37 %
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Fld—2DXHEY b A =% AL v F THAEE RSN T
2., /—FTHfEZES DBMS & LT, N—Yar 949
D PostgreSQL Zffio7-. WE 7 74 V&2 ZH L &A1
default_transaction isolation % SERTALIZABLE *#% & L
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o5,

5.4 & R

ATk, TPC-W R¥F <=2 2ffio7 541281 % Lib-
era & DV-SSI O AV —7"v b LIBEKE % iR L 7z,

(1) : PostgreSQL Tl SERIALIZABLE %183 % &, serializable snap-
shot isolation THEIET 5.
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5.4.6 Overhead
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(1) Same Snapshot Creation protocol

(2) Leader/Follower protocol
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