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Supporting Workflow Management of Scientific Applications

MapReduce Programming Model

SHINICHTRO TAKIZAWAL'®)  MOTOHIKO MATSUDAL?) Naovya MARUYAMAl:©)

Abstract: There are many applications that run many tasks as a workflow, such as ensemble simulation and
data processing, in scientific applications. We surveyed various applications that run on large scale parallel
systems, extracted their workflow patterns and then investigated requirements for building the workflow on
the MapReduce programming model. To fulfill the requirements, we implemented them to 'K MapReduce’
MapReduce implementation. To illustrate the scientific applications’ workflows on the MapReduce model,
we implemented two application workflows on the K MapReduce; Replica exchange molecular dynamics
and Genome analysis. As a result of comparison with implementations without MapReduce, we confirmed
performance benefits in the both cases and a code size benefit in the latter case.
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// Initialize environment

MPI_Init(...); KMR_Init(...);

// Input Key-Value Store (KVS)

ikvs = kmr_create_kvs(key_type, value_type);
// Output KVS of Map tasks

mkvs = kmr_create_kvs(key_type, value_type);
// Output KVS of Reduce tasks

okvs = kmr_create_kvs(key_type, value_type);

// Add Key-Value (KV)s to the input KVS
while (...) {

kmr_add_kv (ikvs, kv);
}

// Run Map tasks to process each KV
kmr_map (ikvs, mkvs, map_function);

// Shuffle the resultant KVS of Map tasks
kmr_shuffle (mkvs) ;

// Run Reduce tasks

kmr_reduce (mkvs, okvs, red_function);

KMR_Finalize(); MPI_Finalize();
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5.2.1 [ERAEA

KM > — 7 v % — (Next Generation Sequencer) (&
DNA SRS 2 @ Ic KRICHAA S 2 L TE S0
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Genome
Read 7
& ¥ = ¥ 3
s, L L s
. . . 8
[ Mapping ] [ Mapping ] [ Mapping ] [ Mapping ]
D D D 2
rF F rF P
& & & 8
[ Split ] [ Split ] [ Split ] [ Split ]

—erE > S~ —
[ Merge
" F ¥ o ¥

Analyze Analyze Analyze Analyze Analyze
\ /
SNP & Indel List

B 7 NGS Analyzer D7 —7 71—

T, ZOWRET— 8 DFHTICIZ% C OFFRRZERT 2,
BRI, E b7/ LogG, EREE GBDY a—h
U — N (P REC T ~B0A PR O AT o GG RLIRE) H3BE
HD DNA 2IRLH D & DAEICHS T 2 0 HET 2~ v
E Y IR AT o 7821, SRIES & DR ENTT 5.

LT ) DERGN ZIT) T 7Y r—2arv kLT,
NGS Analyzer [11] 2212 L7z, NGS Analyzer 13X
Ry —rzvy—Dili7—% 2L, & MEA
M DRIV DAT /) L DIIRIE B2 E RS CHE
T270775THY, ZOMHTTHEOMIZHANBE
DAT ) BN 2 AT > 723k [12] 1IR3 T 3,

NGS Analyzer 7 —727 70 —%X 7I1ZR7, WHHR
& 7 IR (Genome Read) % —7E & OHERLT ToHr
#HL, ZnZFnz~y €V 7L (Mapping), S
HoOMEZHET 5. Z20%, av T« 7 (s 5
Bigl 85— ) Bificey € v 77— 25789 % (Split).
v v BV 7L Z DORSROTENE AR L 7 PR T &
DAHIFATTE 208, FERBHTORNC, 2> T 4 JHAT
Koy BV IERE =Y T 208 )8H 5 (Merge). Wil
WILZAT )56, v—JICTHE TR R 327 re 20
NESBT 206855 570, NGS Analyzer TlE 70+
AQ—=ANA L —=YoitGA ML -T2 BEH)
L, v—YHOMERET—ANVA ML =17 T 59888
EoTw3, v—Y%, a7 4 JHAITSNP, INDEL
FOZRFE Z HATIICIT ) (Analyze). T OWELD 351
FATHEETH 5. NGS Analyzer 122 D7 —7 7 u—%
1Y — VMR HE L Tl 70 77 b2y 2 VA Y
V7P THE IR, T I ELTHEL TV S,
5.2.2 MapReduce £

8 12 MapReduce X7 — 7 70 —%/R$. HEHALT
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R1 V7V AEK64 DEAED REMD D% AT v 7OFELTIRR (1)

Setup | Rescaling MD | Energy Distribution | Exchange | Output
REIN 0.652 0.800 | 180.560 0.074 0.001 0.707
MapReduce 3.727 1.156 28.057 0.055 0.001 0.056

Gerae INTED, 6 avYEa—FMGDY a 78 KR

Read g7 LA T0270 8T Chot, COaA—Fips7—7

¥ ¥ = = = = = = S “ N
77—z FERTRERO a - FE2EEHL, v o
AT PELTHRELLLE IS 24T BT, —,

Mapping

Mapping Mapping Mapping

FPFF FFPFPP
e N

FPFPPF PPPP
s -
Shuffle

FF ¥ oror
"[Reduce] | [Reduce] " [Reduce]

B 8 NGS Analyzer ® MapReduce 7 —7 7 1 —

D2y B LyE%Z Map ¥ A7, 2V T 14 7 OGN
% Reduce ¥ A7 L LTHEL %, 7 @ Merge IZHHY4 9
2% L3R 1% Shuffle RURICEILI 115, Map ¥ A 712 THil
WERE<av T4 7%, avT 4 Zicey 73 NERER
THEFSTEAD KV & LTAKT UL, Shuffle 12 THBIY
IZa v 4 JHICE ST Reduce ¥ A 712 %, NGS
Analyer Tl& Merge ICTHH R b L= ~AD 10 23547
%73, Shuffle 134 ¥ X VIETH 2720, 10 mHHIIK
INs,

ZD7—72 7 u—% KMR Shell DaE% F\>T, Python
12T Map/Reduce ¥ A7 #F4 Lz, 72721, 4HD7 7
ANDAHNIZFES 728, Map ¥ A7 ~DAJ, Reduce ¥
A6 DHINIEEAHII TR, 774010 & L%,
Ete, K777 LEFANERNCT7 ANV EATR 2
72®, Map ¥ A7 TEH# 70 75 LWER L7 74V
ZaeriA A, L 72 KV ZEEHETR I E L, Reduce
Z 27 TREEANDSZITIMo 72 KV 2 7 7 A4 VAT
Lot 7a 77 2% 7L, &k, YxVA7Y
7 Mk 2FELWEETH 5 72D, Reduce ¥ A 7 IS TR
AN ST U 77— & 24753819 2 AWHIC TR 2 & —
N—ry FZBAIL 7270, X0 E#EZT X A L]

E7¢ Python % M7z,
5.2.3 5

F VU Y+ D NGS Analyzer & MapReduce 7 — 27 7
-5 ET 5 a— FEOMKZT>7. AYY LT
F oy By VRSO 2 oI 2 7 ) T b A5y E]

2014 Information Processing Society of Japan

KMR Shell IZ & % Python T®» MapReduce 23 Tl 111
T EAREDHBL & 725 72,

Riz, EiH—> )L A7 Y 7+ & MapReduce FZED
MR 21T > 72, DNA 2HEY] & LTIl NCBIIZ TR
SN TWRE NP AT =5 2% iz, RS EL
FiFlE LTk, HRAWIORYT ) LfEGEICCTHY Sk
T =% O—{f*3% H\>72. NGS Analyzer CULEET[HE 7
RICEHT 2 & SIAFLYIE 6.3GB & 757z,

MRE2R2ICRT, 2D F VA EET L, 1D
BNRBIFETE LT, LREHAANT 2 47— 7740
D 25 Jificdl (118MB) % 12 / — F_ETi#T, 9 120%
KEBETELT, /L7 =97 74 VEHRD 5.4 1
fii%l (87.9GB) % 512 / — FCENT L 7=, /INBIELSEST T
AT b FIFLEE O FEATIRERI T dH - 7223, KEIBEFEFT Tk
MapReduce FEEEIFH > 2 VA7) 7 b FEED 4% DFE
T E oz, ZOMEHBIZIORICHS, P—r 2L X
V7T PTlE—=—V 2T DR —A VA L= Lt
HAFL—=YRITITCB DT — 8 DBEIZIT-> T\ 55,
MapReduce EEETIE 10 b WA VY X €Y TDOT —
UL E 5T 5, ERE B>z LR 7)) 7 FEED
Merge & MapReduce FZ%E D Shuffle 1% L 7 K¢t % Z1HI
L7225, BiETIE 1,466 7, BETIE 24 B E KELE
N o7z,

6. BHERR

FHERIET 7Y r — a v % MapReduce € 7V TEH
T 2 72 O DB DV R %, MR-MPI [7] T3,
KMR [AlE MPI _EIC 923 X 4172 MapReduce 74 777 Y T
Hb, R=VHTKV ZEML 10 2179) 720, A7 —
ZEUT A KMRIZHLTZLL, £k, EEDO70)
7 L% Map/Reduce ¥ A7 £ L CHEITT H2HREIZH LT
Wigls, Twister [13] TIdig DX LALFE2 1T 9 MapReduce
TR LN LT, WA Ty THO 10 ®REWS §T—
Y77 ATFEEZRRL TS, 1277, YR 7EBOAN -
T RDIESDERZER/LCE ST, A THEIEL
ALTwRw, Fx0BEOWZE [4] 1 KMR DN
NEETH Y, KNEEFERE? 7Y r—2avran

*2 ftp://ftp.ncbi.nlm.nih.gov/genomes/Homo _sapiens/
*3 http://trace.ncbi.nlm.nih.gov/Traces/sra/sra.cgi?
cmd=viewer&m=data&s=viewer&run=DRR000617
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R 2 7/ LEHEHEEDOHTRIE ()

250,000 Reads/12 Node (118MB)

545,411,544 Reads/512 Node (87.9GB)

NGS Analyzer Single Shell
MapReduce

357 4,985
353 3,691

MapReduce € 7/Vi#H O & =N 2 AT 25FETH 5,

MapReduce 7 L — 4LV — 7 ECTEIERIET 77U 5 —
va v TEHEENICbNE T—F 74—y FITHLT
DB NI T 7 2 A% LIRT WD H 5. Sci-
Hadoop [14] Ti3 NetCDF 77— IZN L Th 7 Y &
¥ ZFEBLL, SciMATE [15] Tl MapReduce JA® API
T NetCDF, HDF5 7 7 A L A~DBEWN %7 7 X X % fifit
L, Hadoop-BAM [16] TiZ7 / LF—F 74 —~<v I T
H 25 BAM 7 7 A V% FEHINIZ MapReduce THZ % X 9
IZ, BAM 7 7 A L & KV Oz EBINICIT). 2ok
) EHET — ¥ ~DFEBRNT 7 AWREE 7 — 7 7 u—F
B AT LCRET 22 LT, KVEHICT— YUY —
770 = TEL EEATVS,

MapReduce IZ kK 2518ERIE7 7V r—>avv—2o7
°—DORERIE, T — ST [17), o TEIE (18], WS
W (2], 3] REDEBETEHTITONTW» 5, AL TIAE
ETHTIER L, FEBET TV =2 a v aRIicowT
DT =7 7u—OREETO, SRR INLHEED
MapReduce PR ~DEBLAZ HIFL T 5,

7. XEH

T IF KRB S 2 F L THEITI N T B ERE
TV r—vard7—r 70 —=F5Ry v R,
MapReduce € 7IVIZTY — 27 7 0 —% T 2 7- d DFEHE
P2 REE L7, 2O EM 27T, RADBFEL
T3 A7 —7 7 )7 MapReduce L% K MapReduce
IENBERE & L CEE L2, L 7Y A s ) 2Rk
YIial—vav, S LERBWNT TV r—>ard
7 —72 70 —% MapReduce & L TEL, Fliziro7-.
MapReduce % V> 72 WEEFFEEE & Pl L 72 /55, o T8
N T alb—varyTlRa—FEBENLLZ oD, ¥
27 EBORNRAD I D FATR B OYGE 2R L 72, 7/
LEWT 7V r— a v Tida— FRIZFEARETH D, 10
EHIED 72 b EATIRE O SE % R L 7.

SHOBEE L TUE, BRI A v e )
2TV OB 2 m L3 28868, RO, BT~
/ — FEIBETD Map/Reduce ¥ A 7 £ iif 73 bkaE 0 F2 81
Bhb, i, O T7 7SV r—rarvy—r 77—~
DEAZHZZ TS, BEHEELTWET7 7Y r—ray
2, F— ¥ RMLTEZ W BN SER RSO AR
Salb—vavi, X#HAHET L —F —ORIIFTEMHENT
D2OTH5. HIZETETFHKEDR LD, 500~
1000 DERY T aL—va v #EHEL, Z2oEZILICE
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7oy INEah Ly 7 4 VY &V F—% R
2179, —HOMPEZE DK LETT 5. REMD & [k
B — 70— R ERTPHINED, 1 ATy 7H
720D 100GB D> I al—vaviERo 74 L5y v
ZITHIER, YIal—vay - 74N8Y T F—%
FL D SRIECHER S 1L 2 WH D3 B 7 2 5 TR K R E 3R
DB 5. HBETIE 1 HERK 500 B 105 BT
5237 =% 2RO ARETER 100 HRREZ L,
S 51T 1 HRREONREMT Gz il L 722 I BRIl 6
e cHBEEZT) . TSI OSBRI R b K4
WFHNZEDE K WHN L THITTE L4, Map P A7 &L
TEBICFITE LEZ oN DD, KBTI TH R 77—
7Y T4 AT, 10 HBATEHEOREIH 5.
I ACoRR (o) 1%, HLAHRTO A —
N—avta—% T, 2FAHLTRRNZHDTT.
REIN D53 « FHGHEICOWT THEI 7207, BAgE
EOBULFIEFT A fre A7 LWT%eL v ¥ —DE T M2k,
EHABRKRICE# 7 L £7. NGS Analyzer DFE%E - ]
JAFHEIZ D WT THEIZ W70 e, HEORAIS B TR
HERla v ¥ o — ¥ BlprER o EHERE, 8 X OBHRE
DL O AR ERF A S & v 8 — DA R
WSS L E T
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