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Freshness-based Consistency and its Implementation for
High-Available Key-Value Store

HIROSHI HORII'' TAMIYA ONODERA ™

Key-value stores that emphasize their availability and partition-tolerance sacrifice consistency, as the CAP theorem states. In
existing key-value stores, servers detect inconsistencies with versions of values and clients reconcile the inconsistencies while
reading values with versions in multiple servers. However, such solutions reduce the throughput caused by duplicated processing
for each read in servers. We have devised a new key-value store that provides freshness of value for how up-to-date the value is.
Servers recognize freshness of values by exchanging the latest version numbers of values, and clients get the freshness for every
read. Whenever the freshness is enough for clients, the clients read a value of only one server. In our evaluation, our key-value
store showed up to 2.0 times higher throughputs for reads and competitive throughputs for writes with existing key-value stores.

1. LI

F— e NYJa— ZFT7 (KVS) [1,2,3,16,17,18,19]\%, 7
U RBRECEET 27 7V r—ra kil s, —Bm
BT =R NR—= Ao TE TS, KVS O —3—(F, F
— N a—ZESITTT -2 ERML, KVSDZ T4
T v ME, HEARRCS] (Map) D get 0 put £\ o7m, F—%
FBELTAY 2 — % B - BT 5%+ APL 2B U T,
T—HIZT AT D, KVSiE, ¥—0O/y v aflids e
THR—ENY a—%ZBNT 20— —%0WT 5 LIk
0, —RN—EBEKIIG LT ANN—Ty b &85 Z LN RE
ThY, F—OFEISCTEHFINTAY 2 —ZNT
LY—n— (VU ZEEAERTLZ LR, T
Vr—va S CIe A/ 2 E D FARETH 5.

KVS DX 5727 — 2 _X—R1%, T 257 —20—&E%
o b L, TORAMTBEICRS. B, VU h
D1 2%FEY—N— (FF7A4<Y) &L, £2COT—F7T
I A% T T A~ VYMRITH Z & T, Strong Consistency[4]5F,
KVS i3 72— B A EHRETHD. LrL, 794~
U DEER, EEARML, | DOLTYDEHLNT T
A~ U & U GRBIRT 2L, KVS O A HIFRT 2 24
ERHDH. B, EERME, @O LV ORERMERS]

1 BATA - b— - =4 (B
IBM Japan

(© 2013 Information Processing Society of Japan

DB L 725728, 10 BLL EOFER (Chubby[5] : 12 £,
Dryad[7] : 30 ¥, GFS[8]: 60 %)) NMBE L%,

—7, KVS Otk & T 2456, 00— BTk
12705, BlxiE, 2LV IV I~OREOT—XT VA%
"WheL L, BERGEDNLALTINICT Z7ERAFDr 54
TR, BEICML 7Y B ET 78 AT HEEEETDH D
LT, LY oBEEFEICKHT AR AMEED D2 L3R
THH9]. LarL, #EOL Y B TERBRHCANY = —2N R
=, BEHEINATH, KVS TE s —BEEiRiMtd 52 &
X T & A2U10].

AAMEAER LN G, MBEMREA S L, —EME
M k9% KVS b 1E(ET % . Dynamo[3]X° Voldemort[ 18] T,
BEWE, 7 I9A4T L bR EEOLVT Y BDON) a— % RS
FTEHZ L TC—EBMEmELTWS, LivL, 2947k
DHEBEFERZEHO VT Y IR LRI B0, ¥
AT ZEROHERENE T 5.

AFETIE, F—FREICESHE BEEAREL, TH
PEZ B LR b R RS Z AT 5 KVS 24350
T 5. AT, T—FREY, T FORFTOESNE
RTMEEERT D, BTV ML, BH LAY 2—DN
—Va VERRTH I ETERINT AN a—0F — X fEE
ZEEL, 7947 ML, TAREEZEELTNY 2
—DBEEZTRT L. B OERA, HLTIVIDOAY 2—
T — A EE AT, 7947 2 MIRERICEK



LR UBE ke
IPSJ SIG Technical Report

DL T Y INIANY 2 —ZRET DML,

kv, 2 BETTEAFED KVS OFEFHOFEMEZTRL, 3
BICTARCTRET 2 —BME L2 0EE, 4 FEICTZDORF
A&, 5 FAC CRIMEAMT AR L, 6 BICTE L OHEIT .

2. BIEO®RTAKVS QR

AETIE, ATAMEZERT 5 KVS @ Voldemort 0% &) %
RL, TOMEREHERTD.

Voldemort Cid, ¥F—D Ny Y afliil k>T, ZOF—&
NY a—%BHTHLT Y WOEEGPRESND. VT4
TN a— 2 BT LT, TOEENOELTY
DN a—5THL, 7I7A4T 2 MBENY a—%RET
LB, EDEANOER LTV IONY 2 —2RET 5.
NY a—DNR—=Ta EE LT Y Btk TEHRSh, A
—VarERBRTAHILT, HELTVIOKBNTH N 2
—, BXW, 2947 NORET DN 2 —NEHITHR

eins.
A Oz,
replica, o WA >

[vC
replica,G=vfc) (= Jc] o)
(=v e,

replica; G=v,rc) >
1 Voldemort {23317 2 B Hr, MWL (W=2, R=2)

Figure 1 Workflow for read and write in Voldemort
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Figure 2 Read operation with freshness-limit
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Figure 3 Version synchronization and read operation to guarantee freshness-limit
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Figure 5 Throughput of YCSB with four replicas
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