ShREAlte) 20159 FAET LT

MapReduceZ ©]-&3F Hadoop”]¥te] TPC Q. =x#}<l

#HE, AH, AAH

o] _"[:7ol

’

=9

A9

’

L of o ot

{sukanglee, sungho_yoon, kusuk007, gogumiking, tmskim}@korea.ac.kr

Proposal of Hadoop-based MapReduce TPC Offline Tracking System

Lee Su-Kang, Yoon Sung-Ho, Shim Kyu-Seok, Kim Sung-Min, Kim Myung-Sup

Korea Univ.

8

e A4 FE7](Large Hardron Collider): $-
V&3 FEA7IE AAZA A AA 804 A=, 800
o]t} LHCAA 8w ALICE 2382 Fol&9]
% Main Detectorz shubelt). TPC oA A 5

}é]

)
=7

)=

194 el S flel Wl S 7P FdAE

A& o] TPC(Time Projection Chamber): ALICE Aol AF&-

% v)

0o 9] A7 Eelstago] Felata gl Al Huje] seuA g 4%
3

5 294 Sl Aol A4 AgE A48 gAHelEE

TPC Offline Trackerel &8 A7% ¥t} ¥ =Fo) M TPC Offline Trackerd] ¢ie]ES }AEE Asial o]2 243t
Hadoop”]4¥F9] MapReduce TPC Offline Tracker A]2~8lS F25 Alotstt), a1 Aloky Al~elo] 34 o2 48] % Mapper
=9} Shared Storage A¥] Alele] VIEYA oud|= BAIE AL = e &5 At dis] AFaith

I.Ag

i A& 2% 7](Large Hadron Collider, ©]3} LHC)= $-5 B4 2]
o i ofluA] e ARE el W] o A FEIAE 7K
EAT1E FAZA 7 AA 809 71, 8000448 o] AlAl &) EAE0
olgtal ol Al Hoie] zeluA &2 48 AAeltt. 1 F ALICE
3 LHCAA 38 Fo] 294t 543 ¢]% TPC(Time Projection
Chamber, ©]3} TPC)& ALICE A3lo|A A% Main Detectors 3t}
o},

TPC[1]= A& 5vE, o] 5uE 1 Ay el §7]ojw 471 Ui
o= 3 e Ade| o3 F FHo R oA ) vhrold Fhe
7471 18019 A E vreiA] glom, 7 g U= o] £3157] 4
7t=2 APA 9l TPC WiRtelA 5 5 3% JAELS 71aE o F
< YAE AWH Ha, 7tAE olF e QA AAE AR e
o} o] Hzp Aoz WEH Ao 7] Eo] Ha1, ARt mde A
e B 47] o] 94k xE & 5tk

LHCellA &= ghle] Aol oF 10009 719 FHAE shtel Holg]= vt
£ 7Kgste] o8 444 W WA (bunch)2har &} WX 9 E 2
HAE Yol e} 7P 7Hgste] SEAZITE TPCoA HAlsh= o
oJEl= A 3 i7F FES w) o 20MBE] Hlo|Ef 7} EAiEI, TPColA
T 8 T Funke] oAt AAEM olzje Ak YA E Fohle A
o T

shd B4 ol asitt o F A3 #3 AFH L a2 AR

b ol ok

H(Grid Computing) 374014 £41& 8t 9lom o 79 GPUE o]
g3lo] HEZ A X E 2 FAHst e A7 % W] e Folt

rf
iy

& TPCol| A WA 3= AT dlo] el & Hadoop”| 2] MapReduce
53 Offline 33014 TPC Eef7 A28l AQkstaL AISHE Al
AAHE 7]&d 230X TPC Tracker T 7S s

Fal 3ol A= AlSsle Alzgle]l 27fsta SARS Audet w)

47

02 44l AT PF ATE AT

> re
1o o

i

== O )
ol

B

o #4 97

£ ol A= TPCoA A3t dlo|elE o]-8-8}= TPC Online, Offline
Trackerst #&AH A7 2 A4 A =i = Aol s Awdsirt

TPC Tracker= Offline Tracker®} Online Tracker2 W-FoiA® &1
g5 Z=e 47 SPAoA AMEEHE gdolHE 2tk TPC
Online Tracker EZ|AY B 2212l #41& 98] A 8o A== 5t
52k}, dbdol TPC Offline Tracker® Online Tracker®.th 2] A%k
v Agsta B dojH #4& s A&

A A 2] TPCAIA 27 Lead-to-Lead 55 239 Hlo|HE
GPUE A}8-3}9] Online Tracking 2HS +33S o CPUE AH-3&
1t} Tracking S 4E38k= Alzbe] Bt 30 74 w2 21 Bt of
= TPC7L F-24 o2 BE A g3t gaelez A s CPU
& 0|8 Tracking Rt} GPUE °]-88 WE A7} 7 HAlr o
5 A713] el A= CPUZF Alelr] A3 Stepst GPUZE A2lar] 43
g Stepg 217 Uere] Ao 2a vsy Aso] &4 TPC Online
Trackerg A1 dAle GPU HA3} 291& Fall 45 & A+
atal otk
7 CERNel A= AlirootE ©]43t] TPC Offline Tracking #41< 3}
Aow @Al ZeroMQ H7|AE o] &3 MER TRE EFY TPC
Offline Trackerg ¢, 7H&5el itk

e

= ot i

I A= A" 2 FAZ

B Zo]M+= Hadoop 7]WHe] MapReduceE ©]43to] TPC Offline
Tracker A]2~8S Alotslal, B =FoA Aotsl= Al~de] AHS o
7o & FF AT e AAstaA gk

Hadoop& 2] 719 AFE(=2)E sl AAH Fol tl&3] dlo]
B2 B4 Al 71&olw, T2l Aok MapReduceE Java® -

-761 -



B 20159 % BAES SR

2137 3]

g O A Eﬂ]%‘%ﬂ oJt. OP* JJr?J_ A ZE(HDFS)& o2 719
L < 3] Wil HlolElE 5 A
qds T ‘}li’, W g Gl golairh gk
F Hlgo] Agste] ol W
oJE] ofell A 7H ol srolal g
Hadoop 71¥+e] TPC Offline TrackerS 78, 4-&3fo] A1z} a4 %
e W3 A 7}58 TPC Cluster Event Datas oj2] 712 w=tol| A
A BE AEste] AYEEE £Y F vk 27 1 £ =ielA A’
S}+= Hadoop 714He] TPC Offline Tracker Al~¥19] FA % o]t}
Shared Storage

SliceID, RowlD, (xy,2), uplink, downlink, trackID
SlicelD, RowlID, (xy,z), uplink, downlink, trackID

Neighbor ‘Start Hits Traklet Traklet
Cleaner Finder Constructor| | Selector ;
Neighbor Neighbor Start Hits Traklet Traklet

Finder Cleaner Finder Constructor Selector
Sighbor Eignbor Start Fis Traket TraKet §
Finder Cleaner Finder Constructor Selector H

TPC
Cluster
Event
Data

T

Neighbor
Finder

Neighbor
Cleaner

Start Hits:
Finder

Traklet Traklet
Constructor Selector

23 1. Hadoop 7]4+e] TPC Offline Tracker A2~ 74

TPC Offline Tracker Al2~%& & 5719] Stepo.& TFA T} o] A~
oA Reduce= AHESHA] &3l A2 o ds dh= 5719 Mappers
ChainMapper & $143}e] d&d oz $=3sa 7+7Fo] MapperolAd 4
3t 252 Shared Storaged] HO|EdIT), HEH 07 Shared
Storageoll = 2+ YAHCluster) B2 0] 5017 ¢H3¥ Track Ho|E 7} EA
2=

A WA Step® Mappers Neighbor FinderE 4#3+c}. Neighbor
Finderol A= Split® TPC Cluster Event DataZ 98 dlo|HZ Al&-3}
Al 5™ Mapper= 89| ClusterE # 2|81/ €t} Neighbor Finder
Mapperoll Al 2] ¥ Yte] 2xe} T3 YRI5 HARE 71E0R A
A 7 9AE ol o] AE Shared Storage?] UpLink HE+=
DownLink ¥l UpdatedtAl Ht}.

F A Stepe] Mappere Neighbor CleanerE 433+t}. Neighbor
Cleaner= Neighbor Finderol4] Shared Storage©l Updatedt Cluster
Datas §}¥ wloJH=E ARk Mapperdl A A2l 5= Qatet o] 37
o de YAE Haste] MR oA YA #E Clusters] 25
Shared Storage®] UpLink %+ DownLink®] ARZ AFAate] i} o
SHAE #A P

Al HA Stepe] Mappers Start Hits FinderZ
Finder: 370 ©]4+¢] Cluster7} Neighbor 3tt}e] o]% #AZE A5 o]
AAE A E(seed) Tracks ZEth A= Tracks 27 =W Start Hits
Findere 319 Trackell TrackIDE 3}l Shared StorageE YElolE
3t

vl WA Stepe] Mappert= Tracklet Constructor® 4=33t}. Tracklet
Constructors= Al WA Step?] 891 A|= Tracks A Zo& A|EE
Aetal E Clustere] 3% 5 o]83t0] thf Clusters 2o} A= Track
9] Member ClusterZ THETh

483t} Start Hits

oAl HA Stepe] Mappers Tracklet SelectorE <=33tc}h Tracklet
Selectore Yl MA Step®] Tracklet Constructor® 23} wlgto
Tracks HFH oz Aeet)

= Track

23 2. Tracklet Selectorell ¢]s & A=

a9 29 #= 292 Trackelt Constructor7bA] $5%¥ Track ©]v
Main Track %ol o] ¢l Branch TrackE¢] EA3tt}. Tracklet
Selectore Track?] ZolE vl 71 %9 Main Tracks 41314 +
9] Branch TrackeS AglehdA 39| Tracks SHAIZITE 18 29
2 a9 oAl 719 StepS BF vhA SAE Tracke]™ gA4E EY
of tldt AR = Shared Storaged] A7+ 3L TPC Offline Tracking< &
=9t

SPAE 2 =0 A Aok AJ2~El9] Shared Storagei: &I A
t}. Hadoopol A 7t 1=E9] Mapper&-& A& HlolHE 3
HH o= FA7] Wirolt)y. & wmEellA Agtsle Alsgs
3 Socket ©]-&3te] ZF MapperSe] &8 A3t o] o
Shared Storage AHE F53FJ AT o] w2 Networke] SHs=
Q13 A A Processing Timeo] AUAAl S7Fsl= A7} LERsiT: o] 31
3 o] wlol] CERNo| 4= TPC Offline Trackere] #4F 225 93]

Mol WA AH el ZeroMQE ol §3te 978 S gl Folnk

o
=4

K g
do it 0

.
+ 9
g7

_Q
o
o

NV 22 2 3% 47

B =5of| A= Hadoop”]¥He] TPC Offline Tracker A|=€1& AJeka}ar
olg] dAFE AwsIHTE RN Adshe ALRE wEY] 915
SocketS ©]-&3}o] Shared Storage AME 1331324 Networke] &
W3] =7} AA| Processing TimeS AUAA S7MA71¢ 245 23
t}. o] o] f-Z CERNel A& TPC Offline Trackerg 71| AliRoot
7]ebel] A2 vIA AH 22 ZeroMQE o8¢ A= A A o
TE Jg Folrh mEbA 7 A5 AFE WA AH|28]
ZeroMQS} £ =504 A¢tst Hadoop”]4He] TPC Offline TrackerS
HEAZIE 478 AE AgT Aolrt,

O FLT
o GF

ACKNOWLEDGMENT

Hep71ete] Ador ddFade] A s Wt
122 AF39] - 239 (No. T1300572)

Fred
[1] Musa, Luciano. "The time projection chamber for the ALICE
experiment.” Nuclear Physics A 715 (2003): 843c-848&c.

[2] Rohr, David, et al. "ALICE HLT TPC Tracking of Pb-Pb Events
on GPUs.” Journal of Physics: Conference Series. Vol. 396. No. 1.
IOP Publishing, 2012.

[3] Rohr, David. On development, feasibility, and limits of highly
efficient CPU and GPU programs in several fields. Diss. Frankfurt
am Main, Johann Wolfgang Goethe-Univ., Diss., 2014, 2014.

- 762 -



