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Abstract: We propose a MapReduce based stream processing system, called SSS, which is capable of pro-
cessing stream along with large scale static data. Unlike the existing stream processing systems that can
work only on the relatively small on-memory data-set, SSS can process incoming streamed data consulting
the stored data. SSS processes streamed data with continuous Mappers and Reducers, that are periodi-
cally invoked by the system. It also supports merge operation on two set of data, which enables stream
data processing with large static data. This paper describes overview of the stream processing with SSS and
shows preliminary evaluation results. The results showed that, on the proposed system, one node can process
0.14Mi records/sec at peak, but in average the throughput goes down to 0.095Mi records/sec, because of the
interfere from the Mapper that is periodically invoked by the system.

Vol.2012-HPC-136 No.19

2012/10/4

Continuous MapReduce implementation with SSS-MapReduce

1. EUSHIC

ARZREDX VY —FT —FPEM Web ¥ — E ZHHD
077 8D, MEIICERINE T DA MY —LZ2HL
B 2 HHANDERDBHERL TV 5, ZOXIRT—%
R ZMAHA L LTiE, A PY = LGRS 2T 4 (1]
2] BRESINTVS, IN6DT AT LIE, 7—F W0
DLA Ty 2IFHICHRT 2720, 4 AT DI

LOMSZATBOEN PESERNT R AT
National Institute of Advanced Industrial Science and Tech-
nology

(© 2012 Information Processing Society of Japan

YEOT =Y DHRESIL CTEET 28550% v, ok
WIET7NLIT) AL ML —=FD LI Rk 7V r—ya
IR LTUEERN D, IS IERE St Tw» b,
alk, AV =L 7= potoaEREIEH T
DIWFA VARV DT—=FEITITIERL, A=Y ED
YOREROTF— Y 2B L - UBDSBRIER L E2 5 ()
1) TO7DIT, AETlE, MEICERINE AN —
L©TF—=8%, RERT—FVLMNZHOETUETLEI LD
T % MapReduce & A5 A SSS Z#EET 3,
SSSDF—7ry bEA v IAL v PL—FD LX) KL A
FUTERERINDA Y —LUBTIE R B o5k



BIRLBEZARHRE
IPSJ SIG Technical Report

Incoming
Stream

Outgoing
Stream

Processing

reference

Stored Data

B 1 Streaming Computation with Bigdata.

SSS Server

Incoming Stream

Outgoing Stream

2 Overvieew of SSS.

RREREDO L A T v o DFFI N5, RERDHINT—5
2T HMERH LT TV r—>aryThbd, TDEH
BT 7V —=vaviLTL, v EHE T I - &
EF3e270%, 2y —T -8 2HAELHEDT—F
LSBT LERINT 2 AT ok ENEZOND,
Fx DT 5 SSS [3] 1. KVS(Key Value Store) %
N—2 & L7 MapReduce WPEZ1TH > A7 L TH S, [
RIS 5 Mapper / Reducer 702 A TA F Y —24
T =8 DU ZIT S, £z, MergeReducer & FEIXL 5 B
BEHw2ET, AP —LH6DT—F EAML—Y
LOMFET =5 LD —CBERITV, A DIRET S
SSS (3] 13, RIS % Mapper / Reducer 710+ A
TAMY) =L T =DM %21T9H, F72. MergeReducer
EWFEN BB A WA Z LT, AN =L 6D T—%
EANL =Y EORFRT -5 Lo~ —UHE21T) 2 &
T, KERT—F 2SR LA MY — L 8ENFEBTE %,
AFADOHEBIZL T D EB Y TH %, 2T SSS OMWZL L
FEEIZOWTIBR S, 3HITSSSICL B A MY — LD
FELIZ OV TR S, 4 Bl PHNEEHT OFS R Z2 R, 6 i
B £ L O 5, THI TR E BVEIC D WTIER 5,

2. SSS OHE

SSS[3][4] i&. brbNHBHFEF D MapReduce LR T
H%. SSSIFHDFS D& I %7 7 AV AT L L

(© 2012 Information Processing Society of Japan

Vol.2012-HPC-136 No.19
2012/10/4

. THLKVS 2R L T RICRED D D, ATIT—%
EFPOX—EeNY) 2a—DIFTHHMKVSIZ7y 7ua—F L
TEE, BRI DM KVS oy ru—Fd 3L
A

SSS T T —%Z2X—IcdT 5,y > aTHHLE
T, Owner Compute W= LIZ L7223 > CElEZITI, D
¥ 0. %/ —F_L® Mapper/Reducer &H / — FHRD ¥ —
N 2 —=RT7DAHREWNFE L TUREEZITH, Tid, 7—
SR OREHZHINT 2 L & bic, Ry b7 —7 Of%E%
Fi7Th 5,

Mapper (&, ERL7ZF—NY 2 =7 % ZDOF—T
Ny LT, RN — FRYuE LiEEE AT,
HEEFNLT—FI13E/ — F EOKVS I k> THBY
X —II 7 V=7 33 Nns, ChzeZzDE AL
T, Reduce 179, 2% D SSSIZEBWTIE, > *v 7L
. ¥F—DONny v 7L KVSIZK 32X =D V—T79F
JTHEIHINE LItk 5,

SSS D H O EDDRHIE, Map & Reduce 2 H HIZHH
HOORIAED IR LFENERITTE 2L TH S, Hid
D & 912, SSS TlF Map & Reduce DETPH & Hh I N5
T—% b KVS ICEM IS 72%, Map & Reduce %1 %t
LTISHG L T2 B v, Lzdio T, RS, B’
D Map & Reduce 2> SRS L5, & DR T—45 7
u—EENRETHEIENTE S,

2.1 SSS DK

SSS DI ZK 2 IR, £/ — F_ETlE, SSS #—
EHEKVS OF =D 5, SSSH—Nda—F0
FH\> 72 Mapper % Reducer %@ L, KVS 2> 5ai#4 72 L
TeT—%%74—F3a&#EERLT,

2.2 SSS O7EL KVS R

SSS 1k, HfA KVS % ¥ —icxf 3 5Ny > v 7ol
L72bD2THMKVS ELTHWS, K2ITRL7zEBD,
BR KVS IZMO7Z L CEIfEL TE Y. HADMEE X To %
W, KVSIZHNT27 747> FThHs SSS ¥— 3 HEpsdt
WO Ny > 2l ERMMT 22 LT, kL L TOTI
KVS 3R ST 5,

Hifk KVS & L Tld, Tokyo Cabinet[5] %, SSS 2% H
TEY—FFARAT—F DNV IEZIAAR, BIUOL VY
AT 2NNV AT LICR L TARY A4 AL 72D
D 6] ZH\v>7z, Tokyo Cabinet ~ND VY E—F7 7 & R IC
&, CH++THEEINTMADEE LAY [7) HOTWw 3,

2.3 Y7NVTIN—=7

SSS Tl 7 — % D2 %2 EE D A HiZE I 2 E L TR A
T3, ZO4EEWE Y TV — 7 EESR, Mapper %
Reducer &, Z 7NV ITN—=T06¥ 7 (F—ENY 22—



BIRLBEZARHRE
IPSJ SIG Technical Report

ETAHE

B 3 HAalLFoHESAHRTTY 2

S LEr

DRT) ZHRAHL, MDY TV TN =TI TN 2 ES
g,

3. SSSic&BAKNY—Li0IE

3.1 AMNY—=LAHEA

SSS T3, AHA MY —LIZRED Y 7NN — 7~k
B aHEEIAARE L TERHENS, 2O 7V V—71%
ANy 77 L UCHRET %5, FRRICHINIZRFED ¥ 7V
TN—T7"0 6 DRk G A L & LTHEHINS,

3.2 [RHK Mapper / Reducer

SSS 2 E I} % A b Y — LI Mapper/Reduer % fkfi
I DRIRINICHATT 5 2 ECHEBT 2, MRIITOMHEE
L —IRET 5, KN Mapper/Reducer (3 #2E) D
7T, Z2DIA IV T TANE TNTNV—TIHFES B
T—F 2T XAl HET S,

ZOBR, BE TR 5712, G LIHEZRITI AL Y
FiZg 7V =71l tay 720 %, HEAAR
Ly Rk, ay 7B E N2 DE/REOD, —RHWICEH
SFIABIPTERLS KD (K3), kT2 Xk IHic, ZDEH
MR LEEE > TE D, SBERETI TETH 5,

3.3 MergeReducer

MergeReducer 1&, DY TNV TN —T0 6D A%
PRS2 Kk 7 Reducer TH %5, MergeReducer i merge
sort DK HICHERET %5, ¥ TN ITN—TD—Fi% AJTA T
V=2DNy 77, THIELICE>TRERT—FY LA
V=L T =8 DORIT 2B L 127V 3 XL Z2ERICGFD
THILENTES,

412, ZOMF%ERT, MergerReducer D AJJD—J5
ZANA LY=L oDNy 77 L8 TV N—TE
L. b9 —fizifNe RERT =Y DY VI NV—7L T
%, T MergeReducer % [HIREVICH D R LESH)§ %, &
B9 % 1512 MergeReducer (&, WD AN 7IVAR— A
DB RZF—Te—ILEPomAI L, 2—FWERL
e XYy FICgl &3, ZOBEETIEX, #T—% 2R

(© 2012 Information Processing Society of Japan

Vol.2012-HPC-136 No.19
2012/10/4

Merge
Reducer

4 MergeReducer D)

HED 7 IR THAL T T LICR 2 DT, BIREEDOH
Eata/hS LT I EPERETH S,

T2, MergeReducer @ merge XY v FO7ua r¥ A7
2T,

void merge(Context context,
TO key,
Iterable<T1> valuesO,
Iterable<T2> valuesli,
Output<T3, T4> output);

4. FliEsH

SSS DT —F A Y — LB ZHER T 52 DI, H
) —FTOT—=Y UMD T A Z2fr>7, ANT—%
1% Apache Web Server DR 72 L 7-bDTH %, 1
% 10000 L a— F#% 1 Hifz & LT SSS ioxf L THEZiAL,
HEIAAHRMICIE 10ms DA ¥ — "V z2EIT, 1L
a—FDYA X 300 A FEETH 5,

FEfil%, Intel(R) Xeon(R) W5500 3.33GHz D — /3%
w7z, AL —=202iE, Fusion-io ioDrive Duo 320GB
ZHWTWS,

Continuous Map MU DEEH A > & — NV 7z 2, 5,
1W0HELTHEITLE, FiRER5ITRT, WTInogH
PR IZRM 0.14Mi L a— FRED ZL—7» b &
725 T\ 573, Continuous Map 23E2E) L 7 fFI2, A)L—
Ty FPORRESCE N L TWEFRbNS, £/, A)L—
7y FOPMET LT BRI, B A v F — LRI
PEoTHRL T3, Z4Ud Map 70t 2D Fid4H LI
2. KVS L Try 7 &0, HEAARZ R
LCWw370TH5, EA v — UL RECEEICIE
ZFNREFT=IBEE-oT0LD, vy 7 ISR
Bl %s, 845 —nNL2NSLT5E, DREOT—
FMMTT LD, vy ZKHIZH 25720, HZAA
AHEDREZ R T2 EBTE S, A L—=Ty Mk
WEFNDEED 0.095Mi FBEZE EED S v, Ziudgia
LIZ 0 R DRREHEA v 7 — iz hrb 63 —E T
HDH7DT, ZYLHERTH S,

5. Rim
51 ARZATa4VT -1V RoNE
2RV —2BICBWTIE, AT9ATA VY ITTI4 VY

ENRIE NS HMALICH U CBEZ AT S A hH B, i,
T4 Y R EMEEND F A WA VITNT IR, T 4 v



BIRLBEZARHRE
IPSJ SIG Technical Report

A
IV

. . . . .
5000 10000 15000 20000 25000 30000 35000
ms

A LA vy =L 2 8

v T

AL

0 5000 10000 15000 20000 25000 30000 35000
ms

) b

| 4
It L iLmin| I b
interval:10sec ]
average 1
L f

5000 10000 15000 20000 25000 30000 35000
ms

FAHLA v F =L 10 B

Mi Records/s

cCoo0o _oooo
00009 s
OREOD®=MN A ®

o

Mi Records/s
o000 _ o000
coocoofP L

ONAEADODO—=NHO©

o

Mi Records/s
Oo0o00 _ o000
coocoofP L

ONAEADODO—=NHO®

o

5 BZLa—RFAIDAL—F v b.

Window

Length
. P
r length T interval 'I

ﬂms'

Be6 254754774V,

Fo%230 L aBofT)URTHE 8, AFA T4V -
74 v Foik, BE (length) &4 % —>30 (interval)
D2ODETERI NS (K6),

SSSlE. A9A T4V I 4 vy FyzEBEYR—-F LA
W23, Reducer D% A2, 37 L 727819 Reducer (Post Re-
ducer) Zff I MAZ S ETRAIATA VIO 4 Vv PO EH
W9 %2 E03TE S, Mapper, Reducer, Post Reducer %
BET A7 —r VI ATAT AT T4 FIDA Y
&=L &R S DRI (H6 ThD subwindowLength)
ICHEET %, Post Reducer & ¥ —I2)b L7 ED A ~
AEBYV I Ny 77280, VI Ny 77 DRI,
length/subwindowLength &7 %,

Bl LT, RE150. A ¥ I — L6 TFDATA T4
VI 4 Y P TEBETE AN FEEEZDL, YT T4
VEURIZ 0L 6 TDORPBEHTH L 3L LD,
Post Reducer D>V v 7Ny 7 7R3 5 £ 7%, Map-

(© 2012 Information Processing Society of Japan

Vol.2012-HPC-136 No.19

2012/10/4
.

e

B7 A9A474v7 74 FUOE

8 SSSICBIFST—%70m—

per/Reducer (& 33 Ic—EEkE L, 3 007 —% 25851 L
THJIT %, Post Reducer d 3 77iC—FEE L, Reducer
DI AAR, YV 7Ny 7 7 IHENT 2, 2 LT,
BE 2 [ic>E 1RIZTFY v 7Ny 7 7 DRED S P
ZZMLCNZ2T) . KMT7TICZDMT277,

5.2 SLEIEF DERIE

SSS TIFA MY =4 Xy Moxtd 2 UBNER % B2
WERAET 5 2 EIETE R, MB8ITSSSICB TS T—%
70—%/Rd, SSS TiE, ANINIA MY —LI3HEED
=4/ — RSBz nsg, 5Iflcoy—
A1) — FORIZHEBOMBA L v R 35N FT S N,
APY—=—LAXRYMFAL Y FEIOHING, 20D
O, /= F»5DHIIE Reducer IZHEINLERIZT ¥ v 7
NENDED, %/ —F, F£AL v FCONIEED—%E T
172\ 728, Reducer (2P B BRICA XV DI % RFE T
22 LIFTELR,

DX RREIR, BE R A B Y — LB B TR
I 2RSS 5, 77V 5= a v ORHEICIES L
T %2 TTOI0ENH 5,



BIRLBEZARHRE
IPSJ SIG Technical Report

EEAHEE

oA LB

B9 774ra—F—savicksa7ay Xy Voms

5.3 BAHUICKZESAHTOY Y OHER

Mapper 235t A H LRI E ZIAAMEREDME L 2 DI,
FAHLADO AL Y R, L—2avF 4 avzikts
eIz, 7NN =7/ LTry 22T Tw3 7k
DTH %, Mapper EBEIDA v ¥ — )V E/NS CREEL T
0y 7WZEC 5 2 & CHERNIST S Lk
72h, HERAAMC Ay 7 7 33 BEBEICE, T—
YOWD ZIFLIZORD 5,

BELEEZAADEDIC, HAHLEFICT—F RX—2
77ANVER—T—>arvT 5l LEFETTHL, ZD
e, AELIEHw 7 74 VR L TiTbini s oick
LT, HEZRAARRH L7 7 A NIITbN b7, uay 7
BN B ED R e B,

6. BOEMARE

6.1 Hadoop Online Prototype

HOP (Hadoop Online Prototype)[9] %, Hadoop % t&Zs
L. Mapper & Reducer, & 5121% Reducer £ XD A ¥ L —
¥ a v ® Mapper ZEEY 7y FTEEL, 4754 v
MWIC T =% %23 2 & T, DR LA #2557
WIRZETH %53, HIKFIZ Continous Mapper /Reducer % f
7z Continuous query b4 R —F LT3,

HOP & Hadoop % X— A 12 L TA %723, Continuous
query % FEIT9 5FRI21E, Mapper b Reducer  AJj% A
FU =L LTI TEET 2, 2D, KER
FT—y#ZME L EEIXTE R0,

6.2 C-MR(Continuous MapReduce)

C-MR [8] 1&, H—/ — F EOSHD AL v FCTHEIET
AP —LTORy YTV ATLTHD, C-MRIFA
frlFfkIC, Sliding Window ZLBEFERE % FFD 23, SSS %
& D Hlx 2 E% % Windowing 2179 2 &€ TE 5,

— /I TCH—/ = FETL2EFELEVLD, ATAL
Y—2DHRICH LT, /= FEZEHEPCL TR — LTV
MM IS Z LIETE A,

(© 2012 Information Processing Society of Japan

Vol.2012-HPC-136 No.19
2012/10/4

6.3 S4

S4[10][11] %, Yahoo 23B%& L Apache ICFFH L 72 A b
V—LBRT 075 I TRV —L T — 7 Th b,
S4 DEHET G T —F 7 m —GHR EBHEBIL TWw 5, SSS
TRBENRELR D T—F1F, ARV P EFEIN, F—EN
V2 —THREINS, {#5lE PE (Processing Element) &
I s 1=y FTITbN s, ANV FEF—Cilllsh
G5 PEICESNS, WG 2 PEDA Y A8 ¥ A8
WA HBINICAER S NS, PEIXZITI - 724 R
VEERAMFEL T, LA XY FREKT S, ZOkE, &
BOARY FO2—V % ITH) 2L HTE S,

6.4 DEDUCE

Deduce & IBM @ A F V) — LB 2 7 I System S
12K LT MapReduce DY R —+ZBIML72dDTH %,
System S D7 — 7 7 1 — DO —#BIZ MapReduce API Til
WIN#Y a 7RMAALRENRTES, £/, HNE7 7
ANZHAIE L TUBTEZ L HTES,

DEDUCE ®E 7 4 X—Y a vii, RegET—7 2 H0»
JeRA R —=LAUFLE LS 2 EThIlbLD Z LTI D,
FHEOREK E L TIERE (S, DEDUCE Tl XA v D
AP Y= LABRIGET DA Y — LI E LT, 2D
AHD—43E LT, Ny FIIZFT 5 72 MapReduce D f 5
ZIDIAGHEK L > T3,

6.5 iMR (in-situ MapReduce)

iMR[12] 1&. KREED 1 UKL L 72 MapReduce
VAT LTH D, RERED IR ZEJRHLINICIT ) 72912,
v 7% M9 59— O NE T Continuous MapReduce
2TV, ZORERDBE WD 7 7 A Ve 2T DAk
27 —%T7F v TH 5,

7. 8HHIC

KVS %38 £ L % MapReduce L% SSS 12 &k % A b
Y — LR O 2 R L 72, SSS TIERIRINICENET %
Mapper & Reducer (2L > TR MY — LA EHT 5,
IR B9 Mapper * Reducer (ZiiAaH L& 7L 7 L— 75
T8 ZaAH L OoDOHEEERITI,

AR TIIMEAFD SSS WILRICH T RWE LT Z LT
ANV =2 AERHTEL I EE2R L, 20U, KVS
%3 L 92 MapReduce UELR D ZMEZ R THDTH
%, 7., MergeReducer ® X 9 IZHE D AJ1 7% [AlIRf 12 AL
Y RS ICHBITEDD KVS 2L L Tw»
L70Th5,

Bk, — Fz vl PlaaHliofiH. e L TEihes X
Z 0.095Mi L 2 — FOMBEDHHETH % 2 L MR TS
Too Elz, HAHLDOA V&7 =o)L L o TFERR O
ZIABARRHENTETCLE ) 2T o7z,



BIRLBEZARHRE
IPSJ SIG Technical Report

SHOPELE L TE, HEIARLEHRAAALD T 74 V&
THET 5 2 ET, SAH LROR v 7 26T 5 HiEOHF
AT oens, £/, HEAAZDOLDDA)L—T v
b, ARHHFTEZAL—T v FEHIET 2 EAX W, #
ZIAADF 2 —= v Ik 2 EHLOHEDO—DOTH 5,

AWFFED—EBIE, FNIATBEAST T 7L ¥ — - R
WA (NEDO) OFGHEE 7)) —v 2y b7 —
7o« AT AR e 2 2y (Y= IT 7
uY 7 b))y OFREEZFHLTHS,

o

SEXH

[1]  Abadi, D. J., Ahmad, Y., Balazinska, M., Cetintemel,
U., Cherniack, M., Hwang, J.-H., Lindner, W., Maskey,
A. S., Rasin, A., Ryvkina, E., Tatbul, N., Xing, Y. and
Zdonik, S.: The Design of the Borealis Stream Processing
Engine, Proc. of 2nd Biennial Conference on Innovative
Data Systems Research (CIDR’05) (2005).

[2]  Gedik, B., Andrade, H., Wu, K.-L., Yu, P. S. and Doo,
M.: SPADE: the system s declarative stream processing
engine, Proceedings of the 2008 ACM SIGMOD inter-
national conference on Management of data, SIGMOD
'08, New York, NY, USA, ACM, pp. 1123-1134 (2008).

[3] Ogawa, H., Nakada, H., Takano, R. and Kudoh, T.: SSS:
An Implementation of Key-value Store based MapRe-
duce Framework, Proceedings of 2nd IEEE Interna-
tional Conference on Cloud Computing Technology
and Science (Accepted as a paper for First Interna-
tional Workshop on Theory and Practice of MapReduce
(MAPRED’2010)), pp. 754-761 (2010).

4] CREARE, MR, TR S KVS <
MapReduce ZLBLR SSS, f v ¥ —%vy bavy 7 7L v R
2011 (IC2011) 3L, pp. 21-29 (2011).

[5] FAL Labs: Tokyo Cabinet: a modern implementation
of DBM, http://fallabs.com/tokyocabinet/index.
html.

(6]  HRHEHFEEL, ANIIER, LRI @ MapReduce 2% SSS 12
M 72 KVS O, 52888, Vol.112, No.2 CPSY2012-1
- CPSY2012-8, pp. 19-24 (2012).

(7] hEFE, NIEE, TEERIZ © MapReduce 2LHL% SSS
12817 % Key Value Store 7 7 ¥ A FEOKRR, FF
e, Vol.112, No.173 CPSY2012-9 - CPSY2012-30, pp.
103-108 (2012).

[8] Backman, N., Pattabiraman, K., Fonseca, R. and
Cetintemel, U.: C-MR: Continuously Executing MapRe-
duce Workflows on Multi-core Processors, Proceedings of
the 3rd International Workshop on MapReduce and its
Applications, MapReduce ‘12 (2012).

[9] Condie, T., Conway, N., Alvaro, P., Hellerstein, J. M.,
Elmeleegy, K. and Sears, R.: MapReduce online, Pro-
ceedings of the Tth USENIX conference on Networked
systems design and implementation, NSDI'10, Berkeley,
CA, USA, USENIX Association, pp. 21-21 (2010).

[10] : S4 distributed stream computing platform, http://
incubator.apache.org/s4/.

[11] Neumeyer, L., Robbins, B., Nair, A. and Kesari, A.: S4:
Distributed Stream Computing Platform, Proceedings of
International Workshop on Knowledge Discovery Using
Cloud and Distributed Computing Platforms (KDCloud

(© 2012 Information Processing Society of Japan

[12]

Vol.2012-HPC-136 No.19
2012/10/4

2010) (2010).

Logothetis, D., Trezzo, C., Webb, K. C. and Yocum,
K.: In-situ MapReduce for log processing, Proceedings
of the 3rd USENIX conference on Hot topics in cloud
computing, HotCloud’11, Berkeley, CA, USA, USENIX
Association, pp. 26-26 (2011).



