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An Implementation of Large Scale Distributed Key-value Store
with Range Search Feature Based on Range-key Skip Graph
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Abstract: In this paper, a distributed range search supported key-value store construction method that by
utilizing Range-key Skip Graph (RKSG) is proposed for applying a large-scale environment. Using Multi-
key Skip Graph (MKSG) is a straightforward way to construct distributed key-value store with range search
support. However, this method need to have a routing table for each key, therefore size of the routing table
increases in proportion to the number of keys. When the enormous number of data should be managed
in the store, the management cost of routing table would be crucial. Therefore, we propose a method to
simplify a routing table by handling set of keys in charge as a range key in RKSG. Our simulation results
and evaluation in the large-scale environment show that our proposed method is scalable and the size of
routing table can be greatly reduced, while the cost of search is almost the same with MKSG.
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Fig. 2 Range search of distributed key-value store.
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Fig. 5 Multi-key Skip Graph based key-value store.
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¥ 72, Range-key Skip Graph Tlx L > ¥ F — OfHIHIZ 1]
FRAS7Z\ 728, User Key Space OfEIg % xfIt L 72 Storage
Key Space &35 2 LT fldfl—F—~O~vv s 7Ly
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DEETEIINS.
PUT(Ku,V)
WRTLL YUV F 0PI KubEIns / — X
Th=T74 7L, VZKulJHEIFTHE/ — F
DA—=H VAN TIHREGET .

1855



BRIEF =R G Vol.53 No.7 1850-1862 (July 2012)

User Key Space
10 611 Storage Key Space
| 0 ~ 9999 | 10000~19999 | 20000 ~29999 | 30000 ~ 39999 |

Range Key

Key Value Key Key Key
20 v20 10080  v10080 21003 v21003 30134 v30134

50 v50 10250 v10250 28425 v28425 38772 v38772
NodeA NodeB NodeC NodeD

9 Range-key Skip Graph I2X5F =N 22— 7
Fig. 9 Range-key Skip Graph based key-value store.
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252 LTI ¥ LMME% membership vector (272356
ICHB L TR WER y TETHRE S 1) 2535 T & L%
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Fig. 10 The composition of key-value store server.

1A

Table 1 Evaluation environment.

CPU Intel E8500 (2core 3.16 GHz)
Memory | 4GB (9%#) 3.5 GB)

oS CentOS 5.7 (32bit)

JVM Oracle Java 1.6.0_.30 (Client VM)

Range-key Skip Graph (2 & 4322 (LLF Range-key T
BT 2) T, 1LHEOL Y VF—%% 7 — FICIEICH:
e, Ly VX —ofHIcn Lo F -l 5/ — Nici
M EHT W5, Multi-key Skip Graph 12 & 292 TlE, &
by TNEFEE LT 74T Y b PUT TR &S0
372/ — P20 F -2 RFFT 5L L7z, PUT D
J— FO#ERFEE LTLH2 PUT B/ — F2IEIZE ) B
Z % Multi-key(Ordered) F: &, PUT T& 12T ¥ & L1255
4 % Multi-key(Random) F-#ED 2 FEE W/, DT
Multi-key(Ordered) T+ & Multi-key(Random) F-{% % %
& O T WA 1d Multi-key T & K50 T 5. Range-key
T2 BIT % PUT B/ — FiERIE Multi-key(Ordered)
TS L7, Range-key T2, Multi-key T & b
1245/ — K@ membership vector i& 4.2 fi C/R L 72T T
EHYBTTND,

GET, GETRANGE, PUT DZEATIZ X 1) A4 L % A O &
LT, ‘PR REy 7EE A v =%, FrEkEmzah
ToHEEDI, BEF-KICL 2 AT)OMHELFHIL
7o F2, AT—FC )T A0 EFHEE LT/ —
ROVERS 2 Pk e shll L 72,

I3, F—NJ2—=XRT7 O PUT FrD 1 FERD 72
DOV Ay =V K2R 11 12R$. #ol PUT Tl
Multi-key(Ordered) Fi%, Multi-key(Random) F-ik & b
IZ, Range-key FiL& iR LTI ~$THEDO X v £ —
VISELTWA, Zid Multi-key Skip Graph % w72
WA, =) a—RTEF—=NL A EOF =515 1 %
IBTH AT, F—=N) 2 —RT7DEHFET L IR KL DB
MEEHIHBELL7-DTHDH. TNITH LT, Range-key
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Fig. 11 The average number of messages per request at first

time of PUT.
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Fig. 12 The average value of routes per node.
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Fig. 13 The average value of maximum hops at PUT.
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Fig. 14 The average value of maximum hops at GET.
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Fig. 15 The average number of messages per request at PUT.
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Fig. 16 The average number of messages per request at GET.
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% 2 StarBED Group F #— /YA Xy 7
Table 2 StarBED Group F server specification.

CPU Pentium4 3.2 GHz; Hyper Threading
Memory | 2GB
Network | GigabitEthernet LAN
0os Fedora 10 (32 bit)
JVM Sun Java 1.6.0-13 (Server VM)

HRBEEA v b T — 7 FEEH PC 7 9 A% T 5 StarBED
DY —=NEEEHNT, 797 FEREZEELZY 7T Ak
WLEERE DRI % 4T - 72, StarBED TlX, kA e ARy 2~
D —NDFHTTRETH % 2%, KWL TIE Group F & I
ENBH—NEEEHH L (R 2).

STl Group F ¥ —23% 108 GfEH L, D9 5 100
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Frs, &KT 1077 x 100 & = 1,000 J7 D F — 22l % §F
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JIAMEFETL, TORTRL L IDERAZHT 5.
GET Cl¥, A ¥ —ZEANL T Y FAIZ1DF—% R
WL, 0% =% 27T A& LTHiHT 5. GETRANGE
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Fig. 24 The average value of request per second.

MOBEEPGFOENLTD, = NNTOEEEH EERD
FRRALERIC GET X VIR & H 2720 TH L. Ol &
), Range-key Skip Graph # HH\W72F— N1 2 —A 7T
TIE, THEWET A2V = BIZECTY 7 T A MRLEE
WA =g 5 2 EDHERTE T,

6. &

K7 CTIlE, HEbr—NL A Ay VT =2 ThbH
Range-key Skip Graph 12 & 25 # ¥ —/N1) 2 —A b T %
BELE. EROGEF—N) 2= A2 b 7 TIE—KIHTIE
Lo eHEEEIC L AT — ¥ BURI2B T, Range-key
Skip Graph % V2% & & THY — N OREEE Rk %
WHL, B+ ~EEGHE~NOATr—=VT Y sOHLE 7
T7:. F72, StarBED % AW 72 EREEARIC B VT, 100 &
FCH—NFEWMPLT LT, ZOBRIIGLT) 72X
MULFREREAY) =TI BT 5 2 L A fERR L2,

LBOMEE LT, BIFETEL ) A E2EELTES
T, T NEERIIHLHFIANO AL DT 5 % b
728, L) OREIZOWTHRETALENH L., T2,
BMSBIZOVTHEE L T AW, 77X XfAafe
A2 ML= VEMOMEIZB W TAROERDE LB D5
BT EOMEPLETH L.

#EE RHBIREE T C OBEMGEE M ATEOE N0
EWFFeriiieke ) —F X > ¥ — 58K 4 5 StarBED, 3
L O RAEE ] @ JGN2plus 2 FIH L7z (JGN2P-A20089
[PIAX ICHD CEA — NV A 2y T — 2 2w
XA —VYATTy b7+ —20OKGE]). FIFHICEL
Hre DI F — L OBREICIES KRG D TH 27w
oo TTICRLTHEYRT.

SE XM

[1] DeCandia, G., Hastorun, D., Jampani, M., Kakulapati,
G., Lakshman, A., Pilchin, A., Sivasubramanian, S.,
Vosshall, P. and Vogels, W.: Dynamo: Amazon’s highly
available key-value store, SIGOPS Operating Systems
Review, Vol.41, No.6, pp.205-220 (2007).

[2]  The Apache Cassandra Project, available from
(http://cassandra.apache.org/) (accessed 2012-04-04).

[3]  Rakuten ROMA, available from (http://code.google.

© 2012 Information Processing Society of Japan

Vol.53 No.7 1850-1862 (July 2012)

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

com/p/roma-prj/) (accessed 2012-04-04).

Flare — GREE Labs, available from (http://labs.gree.
jp/Top/OpenSource/Flare.html), (accessed 2012-04-04).
The Kumofs Project, available from (http://kumofs.
sourceforge.net /) (accessed 2012-04-04).

Karger, D., Lehman, E., Leighton, T., Panigrahy, R.,
Levine, M. and Lewin, D.: Consistent hashing and
random trees: Distributed caching protocols for reliev-
ing hot spots on the World Wide Web, Proc. 29th
Annual ACM Symposium on Theory of Computing
(STOC 97), pp.654-663 (1997).

Stoica, 1., Morris, R., Karger, D., Kaashoek, F.
and Balakrishnan, H.: Chord: A Scalable Peer-to-
Peer Lookup Service for Internet Applications, ACM
SIGCOMM Computer Communication Review, Vol.31,
No.4, pp.149-160, ACM (2001).

Maymounkov, P. and Mazieres, D.: Kademlia: A Peer-
to-Peer Information System Based on the XOR Metric,
Proc. 1st International Workshop on Peer-to-Peer Sys-
tem (IPTPS’02), p.263 (2002).

Nagao, H. and Shudo, K.: Flexible Routing Tables: De-
signing Routing Algorithms for Overlays Based on a To-
tal Order on a Routing Table Set, Proc. 11th Interna-
tional Conference on Peer-to-Peer Computing (IEEE
P2P’11) (2011).

Windows Azure Platform, available from (http://www.
microsoft.com/windowsazure/) (accessed 2012-04-04).
Schiitt, T., Schintke, F. and Reinefeld, A.: Scalaris:
Reliable Transactional P2P Key/Value Store, Proc. 7th
ACM SIGPLAN Workshop on ERLANG (ERLANG
08), pp.41-47 (2008).

Schiitt, T., Schintke, F. and Reinefeld, A.: Structured
Overlay without Consistent Hashing: Empirical Results,
Proc. 6th IEEE International Symposium on Cluster
Computing and the Grid (CCGRID '06) (2006).
Schiitt, T., Schintke, F. and Reinefeld, A.: A Structured
Overlay for Multi-dimensional Range Queries, Proc.
18th International Conference on Parallel Comput-
ing (Euro-Par’07), LNCS 4641, pp.503-513, Springer
(2007).

Shi, G., Chen, J., Gong, H., Fan, L., Xue, H., Lu, Q.
and Liang, L.: SandStone: A DHT Based Carrier Grade
Distributed Storage System, Proc. 2009 International
Conference on Parallel Processing (ICPP ’09), pp.420—
428 (2009).

Zhao, F.D.B., Druschel, P., Kubiatowicz, J. and Stoica,
I.: Towards a common API for Structured Peer-to-Peer
Overlays, Proc. 2nd International Workshop on Peer-
to-peer Systems (IPTPS ’03) (2003).

Aspnes, J. and Shah, G.: Skip Graphs, ACM Trans.
Algorithms, Vol.3, No.4, p.37 (2007).

NG, HHOE, AN T, Sl AR X,
TRET] D H— ) — FICEEF - 2R s & 5 Skip
Graph JIL5%, THHILHLY: S 3CRE, Vol.49, No.9, pp.3223
3233 (2008).

Ishi, Y., Teranishi, Y., Yoshida, M., Takeuchi, S.,
Shimojo, S. and Nishio, S.: Range-Key Extension of the
Skip Graph, Proc. IEEE 2010 Global Communications
Conference (IEEE GLOBECOM 2010) (2010).

Pugh, W.: Skip Lists: A Probabilistic Alternative to Bal-
anced Trees, Workshop on Algorithms and Data Struc-
tures, pp.437-449 (1989).

HH O, B M), SEi—, A E, MEREA <L
FA=NLA EFHT— 2 N OB AL P2P
77 v & 74— A PIAX, [HHLHE SRR, Vol.49,

1861



BRIEF =R G Vol.53 No.7 1850-1862 (July 2012)

No.1, pp.402-413 (2008).
[21] PIAX - P2P Interactive Agent eXtensions, available
from (http://www.piax.org/) (accessed 2012-04-04).

HEX
BAEORHBBEA v b7 — 7 BEICB VT, Twitter 22 £ D
HMOARBEZLEET LT T r—2a vy RS
TWw5h., KX TlE, ="V A % v b7 —7 Range-key
Skip Graph ZH\WT, ZD X9 RSG5 720D
FHEEREL TS, StarBED L TOEREIZ X 5 KM
BRI COBERRIC L YV RETFEOFNEDSHEIr D 5T
BY, FHAMEOES RO, HEICHET 5.

(FIVF AT 4 TlME & UL RS T A BAE)

A FBIE
2004 4F FUH L35k L5 5B 115
TR S, 2006 4F AP K
" I R R 2 B LT SRR T
‘ ' FAERIKSEH A N— AT T 4 —
@ FHTRFZE E. 2008 4R K b i Rk
SRR PRI ZE H . 2012 4R K
FAN—RAFA T vy 5 —PHEER L 2, BAEICE D,
Bt (BWESE). LU %5 ABH Y A5 LSO %
\ZHEH.

(IE%R)

o B

1993 4E KPS ERE TR IsH L4 R
. 1995 4 [A KA B AL i T g
FHE AR 7. FEHAREREE
AR St AR, 2005 4RI KRS
AN—=XF 4 T vy —Eif, 2007 4F
FRAEBEE R AT Fe R % . 2008
50 EHBEMIRRE S IIZE R, N WEM B % 3,
BUEICE S, flid (T4) (200443 A, KBKF). <
FAF 4 THERS AT L, 28X AnH Y A7 L0

ZERSEIChESE. AL CE < H. IEEE & H.

(IE%R)

© 2012 Information Processing Society of Japan

=H ##

1981 4F 5 K2 T3 G 3Rk A2
3. 1986 4 [M K& BE T 0F Fe B L
BIERRE T, FEHERT A - E— -
T AR B AL, R e AT i)
. 1994 FEFHEY ) 2 —2a v X
PR A A, 2002 £ A Y —
V=7 — ViR, BUIEICESL. NTHfEHEAE.

(IE%R)

TR =
2001 4F KB K22 FLRE T 2450 5 HRh o
Wi FHAEZE. 2003 4 [R5 e BBE T2 Af
\ o ZEAHE LA RS T, 2006 4F R K
AQL F B IE A S 70 R R AR S
: T (). SRR
YNVF AT 4 T LEEBINTF, 2007 4
[FBI#. 2009 FIEHOBREFERMEINTZE R 2 45T, 2011
FHABEREGRA SR RQ - LRI EE L 2
D, BAEICESL., V=Y x iy FT=2BI T -V
A4y T =27 2 L72IEMY AT L OFFERZE - 5
HENCIESE. Aam LB =% H. IEEE &1.

(IE&R)

il

TR BEEl  (ExH)

1981 4F KPR SAFERE T 23R Is s LR
R, 1986 4F A K F BT AR ot
FHE LRI T, L (%), W
AR R BB T s i L R B T
1989 AR RZFKRMFIEK L >~ & — 3%
fifi. 1991 fE[ABh#I%. 1998 4 [mdz
2000 fEFIKZEH A /N =X 71 7 v v & =%, 2008 4F 4
AWM ATEE NSl E et L5, LANOT 7
2 FROVEREREA, ks AT 4 OVEREREA, 4B
Rb—3 a3y VAT AOWNFRICHES. BT IEREREES,
ACM, IEEE, V7 b7 = TR#AREE.

\

1862



