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Abstract: Recently, cloud computing has attracted a lot of attention as one of the usage patterns of network
services. Within the cloud, the process is conducted by the distributed system that is constituted by plural
elements, thereby distribute the process across multiple servers by distributed processing frameworks such as
MapReduce mainly. Because there is a possibility of various failure including network communication failure
in a large-scale distributed system, high fault tolerance is required for the system, and it is necessary to
provide the system after having enough performance evaluation. However, the operation of the fault tolerant
processing of the distributed system is complex, therefore it is considered that run time evaluation is effective
to evaluate its performance effectively. In this study, we propose a method to inject various failure under
processing MapReduce, and to monitor the operation of system at the same time using AspectJ. Using this
method, it is possible to analyze the operation after occurring failure of MapReduce at run time, and evaluate
fault-tolerant performance effectively. In this paper, by execution of MapReduce application under failure,
and traces that are generated by the monitor, we experiment about fault-tolerant performance of Hadoop
MapReduce.
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Fig. 3 Internal operation of TaskTracker node.
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Table 2 Failures and each pointcut and advice.

i FA M b 7% Bst
SubmitJobFailure JobTracker.submitJob(..) @ addJob(..) IOException
ValidateJVMFailure TaskTracker.statusUpdate(..) RemoteException

M validateJVM(..)
JvmlaunchTaskFailure mapred.JvmManager.JvmManagerForType. RemoteException

JvmRunner.run() N ® runChild(..)

LocalizeJobTokenFileFailure

TaskTracker.localizeJobTokenFile(..)
M® FileSystem.getFileStatus(..)

FileNotFoundException

MapOutputServletFailure TaskTracker.MapOutputServlet.doGet(..) RemoteException
M@ SecurelOUtils.openForRead(..)
TransmitHeartBeatFailure TaskTracker.transmitHeartBeat(..) IOException

M@ InterTrackerProtocol.heartbeat(..)
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Table 1 Version of the software used.

oS CentOS release 6.3
Java 1.7.0_.09-b05
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AspectJ 1.7.1

Blst & 4217 % 2 & Tl EEEIC S 25Fi 2479 . 2
ZX D, BIAMLEL & v ) EBICIZET SN BEEI D v
MOEMALT 52 DU gL e B, F7z, RFETITHER
® Hadoop DV — A I — FRLHEMLEEAZHE L LA A »
Mh oy NERPGET B 720, AR CRME % 1T B E
DOHPHIZ, Hadoop AMETOBIGEEZLOEETH b,
LAV THRESNDLEER R ET D, 20720, (a) 8
FRIERL Y F U BELR EOBINEICES VL)
BEESR, (b) F— LN TR EDL—FDT T 7 —
YaTHILT BLEDH BV T by 2 TEEL, AT
BETIHRE L., B8, (a) 22V TORIEIRIFRMY
BAEET 5.

E = % X, MapReduce 2B % JobTracker & Task-
Tracker D XV v FEFT ML —AZERTILIDEL, &
ENGELIZHEICD PV —APERENDE, TO ML —
AL FI #flAEHLEDL T LI2LY, BEENSSE LK
R 7 EoEHRE 7 v 4 A4 LIZHER L, MapReduce DL
FEEALER I C B4 2 I RERTAN 2 Zh=RM9I2AT 9 S LS REL 72 5.

i

3.2 EE

HEFEEIZBVWTHWAEY 7 T2 T7DON—Y 3~
T, " LIRYT. LT, EEZITo7ZFLIZDOWTHRN
% . Hadoop ® JobTracker & TaskTracker % 1.0 & L 72
MapReduce JLELD 1720 5, ERSIZHIALE $20F 5 T & 2
DB ETEL, BA Y My FBIUT RN 2 & L7,
7, BELEAEIEDL ) - NEBEEOMHEE, EESAM
R (0.0-1.0) %, RET7 7 ANVEHHAALI LT, EEIC

© 2014 Information Processing Society of Japan

BRETEBL9I1CL, K7 FNA ANT, TS/ -mE
DEHHEZDIA LAYV THEZIIZEDLPL—ALL
THHNENA LHITT 5.
x®215, ERLLEE-RBL, ThHOFRSL V|
By FBLET ENAATHEIT L0 E2RT. 728 2
|3 SubmitJobFailure T JobTracker 7 5 A ® sub-
mitJob(..) XV v FA® addJob(..) Vv FOIFUH
LeRA My bel, 207 FNAANTT7 740V D
AR OHITH S IOException Z#%7 T\ 5. Ll
T, EERToZNENOEEIIONTERND,
3.2.1 JobTracker T® FI
e SubmitJobFailure
JobTracker TOEEY L CTFTE 2 515D, Task-
Tracker ~D T 3 7 ADKKTH 5. I DOEEIFE
H35Z L1250, JobTracker & TaskTracker (23 =
TEMIRT B ENTERL B0, VaTldkk
KDL ERTFHREINS.
JobTracker (3 H—[EE N THh 57290, BIRD Hadoop
T3, JobTracker TOEEITZFDFEF Y 3 7hMIZD
BISALEZLNS., LA2L221HTHRAZLIH I,
BETIIIO L) ZMEZIZIEMESSDH 5. 4
X, <A %% —=N"OEALZ4T > T Hadoop
REHBOMR L LTnb 0, YA/ — FIZET2
i i B 12 D BT A X AT 40 7 o
3.2.2 TaskTracker T®?D FI
5 |2, TaskTracker (2B 5 EEFELEDHEX 2 /KT .
e ValidateJVMPFailure
TaskTracker TOEETIX, FFTIELDIZFY AT D
Bl %E Z2 5 s, ValidateJVMPFailure TO 7 N
/NA A TlX, org.apache.hadoop.ipc TEF ST
% RemoteException # | CT\W5. Z O
IOException D% 727 7 XA TH V), HEEEI A
L728a Il ENS. K42 Moy bO validate-
JVM £V v FiE, TaskTracker 2¥EMHIC JVM 225

39



BB FRBNEE JIE1—T1>J2ZX7L Vol.7 No.1 35-45 (Mar. 2014)

LocalizeJob

TokenFileFailure

‘ TaskTracker

TN

> TaskTracker

Slave Node

o

TaskTracker

MapOutput
ServletFailure

Jvmlaunch
TaskFailure

Slave Node

Slave Node

5 TaskTracker (2B % BEEEFE A DOHEE

Fig. 5 Overview of Fault-Injection in TaskTracker.
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Table 3 Specifications of computer used.

CPU Intel® Core™ i5-3470 Processor
BRI B 3.20 GHz
a7 4
RAM & 8GB
TA AT 1TB SATA HDD (7,200 [al#x)

4 core-site.xml

Table 4 core-site.xml.

EIHH e fIl

io.file.buffer.size 65,536
io.sort.factor 20
io.sort.mb 600
fs.inmemory.size.mb 200

% 5 mapred-site.xml

Table 5 mapred-site.xml.

HETH HIEH
mapreduce.client.submit.file.replication 2
mapred.tasktracker.map.tasks. maximum 4
mapred.tasktracker.reduce.tasks.maximum 4
mapreduce.reduce.maxattempts 4

mapreduce.reduce.shuffle.connect.timeout 60,000

mapreduce.reduce.shuffle.read.timeout 180,000

mapreduce.task.timeout 600,000

mapred.tasktracker.expiry.interval 60,000

DFERE 6 BV, 1BE2~YAY ) —F, 5A%AL—7
J—=F&L7:. %72, Hadoop ZEfES ¥ % H 2T, i
ETTANEETNENEK 4, T 5 IRT.

4.2 FEOFHM

FEEToZFIBLPTEZ I DT AT IS, FEREIC
MapReduce DULIRIZ 5. 2 5 522 % TX, FHEOFHL % 17
3. EMiilZ i3 Hadoop DH > VT T r—3a v Thhb
TeraSort # V4. ZNREES A ADTFT—¥ DV — %
197873 5THY, Z2OANIZIE, AL < Hadoop D
T TNT T = a3y ThAH TeraGen & V> TIERK
L7cr—4 %525, fHMiFEE LT, FIBIXUE=YD
TARY NEBOVAATLHELE) TRWEBEITBWT,
TeraSort DEATIZ0ALIFH ZWE L, L E4T9. AT
T7ANVDT =% 4 Xt 1GB, 10GB, 100GB o 3 fii
Hr w5,

R6 LY, TAXRIZ NE#IL L6 EE ) ThWGE
DFEATHEM DI (FE L e h o 72h /EE L IE) 14,
1GB, 10GB, 100GB #hZNi2B T, 0.915, 0.975,
0942 £ 25T\ %, ZOFERDL, WThDOT 71 )4
A ZNZBVTE T ANRY MZX BT =8Ny KI5 10%AKi
THY, 723 I VIRFIZEIZT AT M EfRDAA
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& 6 TeraSort (22275 FEATHE & AV —T v b

Table 6 Throughput and execution time required for TeraSort.

TAXZ FOFM | F=8H A X (GB) | FEATHH (s) | AV—=Tv } (MB/s)
TARYZ ML 1 75 13.33

10 312 32.05

100 3,541 28.24
TAXYZ hHY 1 82 12.34

10 320 31.25

100 3,758 26.61

TV, KT LY Bk
T % 7% EORBEAEOFIE 17 5 2
BOEELONG.

E L eV EEEAFEE
TOREEITHEL

4.3 BEEOHRLEIC L 5 MHEREMNE O
FEREEIT-72F1 L E=% %IV, MapReduce Dt
FEALFRICRET 9Bk 21T 9. 4.3.1 fiTlE, MELIES
W7 ZATHEREEINZ ML — 212X Y, MapReduce DH)
TERAT 2 AT\, 4.3.2 i & 4.3.3 HiTld, BEESSEMED L
UEEZFEESEDL /) — PSS EL 2 LI2L 5%
TR 7 E OB Z4TS . TNODERIZLY, KEEH
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BIESE ) = FIZBIF A A Yy FEIT ML =2 (555
) 2 HWTHHAT 5.
e SubmitJobFailure
JobTracker 13 3 7% FEATT5I2H72 0, getQueue-
Admins 12X VAT RE D 3 TI2OWTONEHRE BTG
LTWwW5h., ZLTEFDFRIZY 3 7% % TaskTracker 12
WAT BDEH, ZDHiIZFEL L 72 SubmitJobFailure
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e JvmlaunchTaskFailure
TaskTracker 134 A 7 EAT D720 DN 2TV E X 7
VLT TWEY, ToL JITEENEETL L,
TaskTracker (4 A 7 36 EIF &AM S AT WD Z
EHIr B, L LIREIIICIE, TDF AT % FATA
WRELHIBIL, kill LTw5.
KB 7 — ML BT, ¥ A7 FTICHETS
BEEILLLDEBRELTLEIDDTH LD,
12DF A7 DREEIZHAELTLE ) &, &R0
WELGBEREZR>TLE). D720, ¥ X 74)
DIETHEATINT Y ADBREVPEEL 2 5.
e LocalizeJobTokenFileFailure
Z3UE, TaskTracker 25 3 7ICET A2 774 V&0 —
HNVTF4 L7 MIICAE—FTLEOEETHLDT,
R ESFEL TS, [EIrPO—7 T4 X%
AR, ¥ A7, ¥ A7 OB EHT 5
TaskInProgress 1 ® reportDiagnosticlnfo |2 & - T#
Wi % TaskTracker 123% > T\ 5. TaskTracker (3,
FHYDI ARG ER R L, ZOBRZEDY X713
JobTracker 12 & - THit® TaskTracker (2] ) 24T 5
n5.
e MapOutputServletFailure
TaskTracker (&, JVM T® Map ¥ X7 DEITx 2
721%, = D)) % MapOutputServlet (2 X V) 10> Task-
Tracker [253FLY 5. ZOBICHEE»EAELTLE )
&, LRU ¥ v v ¥ 20574 E247n 2 hs s, Map
TG E 27 ) OFETIT> TWA I EWTh5b.
Z L, MEMT - 721%, mapOutputLost (2& 1) 7]
BN L 72 DI 24T o T b Kb iL7z Map
HiJiid, %%k Reduce DA NICH WA Z EXRNTE W
720, TDOYATIIHATF 2= 7E3N5.
COEHIE, EZI LSNP L—-RIZED K
AV FOFEITRNEZERT L2 & T, BEERERNKZD
MapReduce |2 2 EEL MR T 52 AT E 5.
4.3.2 EEREREOELICSL R
9, MELFEAESEL /- N2 1DICEEL, BES
HREREZFALSE TN S EIC L 5 TY 3 7OFETHEB O
¥ %479 . TaskTracker TOKEEIZB VT, BEHA
%% 0.0, 0.2, 0.4, 0.6, 0.8, 1.0 D 6 ERyCTL&AL S &
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Table 7 Method execution times and the number of occurrences of each failure.

i 4 JEE O Ay REAT O
Master | Slavel | Slave2 | Slave3 | Slave4 | Slaveb
PR L 425 296 273 273 291 274
ValidateJVMFailure 12 649 57 387 358 419 447
JvmlaunchTaskFailure 10 496 33 365 340 338 336
LocalizeJobTokenFileFailure 4 445 5 378 356 378 429
MapOutputServletFailure 83 633 292 412 368 369 444
185 T T T T T &
180 - —e— ValidateJVMFailure
175 |- —a— JvmlaunchTaskFailure
170 |- —«— LocalizeJobTokenFileFailure * |
165 |- —+— MapOutputServletFailure ./ = | i Hslavel
S 140 I
160 £ n I‘I 1 Slave2
155 g bty Slave3
150 %5 ! Ii « H ! Slaved
145 E I " slaveS
140 § 5 l ‘
© 135 || I
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115 Mw:am:nmmswsmswmua saggagggggg
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90 " Fig. 7 Method execution times of each time with no failure.
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Fig. 6 Comparison of the execution time due to changes in the

fault probability.
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Fig. 8 Method execution times of each time under Map-

OutputServletFailure.
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Fig. 9 Comparison of the execution time due to the change in

the number of nodes that are faulted.
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ML — 213,
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A.1.1 SubmitJobFailure

130417133658-sirius.csl.ec.t.kanazawa-u.ac.jp-jobtrackertrace
={ClusterStatus org.apache.hadoop.mapred.JobTracker.
getClusterStatus(boolean), [falsel}
130417133700={AccessControlList org.apache.hadoop.
mapred. JobTracker.getQueueAdmins (String) , [default]}
130417133700={SubmitJobFailure: injected fault point at
JobStatus org.apache.hadoop.mapred.JobTracker.
addJob(JobID, JobInProgress)}
130417133701={ClusterStatus org.apache.hadoop.
mapred. JobTracker.getClusterStatus(boolean), [falsel}
130417133701={TaskTracker org.apache.hadoop.
mapred.JobTracker.getTaskTracker (String),[...]}
130417133701={TaskTrackerStatus org.apache.hadoop.
mapred.JobTracker.getTaskTrackerStatus(String),[...]1}
130417133701={ClusterStatus org.apache.hadoop.
mapred. JobTracker.getClusterStatus(boolean), [falsel}
130417133704={TaskTracker org.apache.hadoop.
mapred.JobTracker.getTaskTracker (String),[...]}
130417133704={ClusterStatus org.apache.hadoop.
mapred. JobTracker.getClusterStatus(boolean), [falsel}

A.1.2 ValidateJVMFailure

130417142558-procyon.csl.ec.t.kanazawa-u.ac. jp-tasktrackertrace
={String org.apache.hadoop.mapred.TaskTracker.
getLocalTaskDir (String, String, String), [...]1}
130417142558={String org.apache.hadoop.mapred.
TaskTracker.getJobCacheSubdir (String) , [hadoop]}
130417142559={JvmTask org.apache.hadoop.mapred.
TaskTracker.getTask(JvmContext), [...]}
130417142603={ValidateJVMFailure: injected fault point at
void org.apache.hadoop.mapred.TaskTracker.validateJVM
(TaskTracker.TaskInProgress, JvmContext, TaskAttemptID)}
130417142603={ValidateJVMFailure: injected fault point at
void org.apache.hadoop.mapred.TaskTracker.validateJVM
(TaskTracker.TaskInProgress, JvmContext, TaskAttemptID)}
130417142603={ValidateJVMFailure: injected fault point at
void org.apache.hadoop.mapred.TaskTracker.validateJVM
(TaskTracker.TaskInProgress, JvmContext, TaskAttemptID)}

A.1.3 JvmlaunchTaskFailure
130417135128-procyon.csl.ec.t.kanazawa-u.ac.jp-tasktrackertrace
={String org.apache.hadoop.mapred.TaskTracker.
getPrivateDistributedCacheDir (String) , [hadoopl}
130417135128={void org.apache.hadoop.mapred.TaskTracker.
TaskInProgress.launchTask(TaskTracker.RunningJob),
[org.apache.hadoop.mapred.TaskTracker$RunningJob@2dbb97d4]}
130417135128={String org.apache.hadoop.mapred.TaskTracker.
getLocalJobDir(String, String),[...]1}
130417135128={JvmlaunchTaskFailure: injected fault point at
void org.apache.hadoop.mapred.JvmManager.JvmManagerForType.
JvmRunner.runChild (JvmManager . JvmEnv) }
130417135128={JvmlaunchTaskFailure: injected fault point at
void org.apache.hadoop.mapred.JvmManager.JvmManagerForType.
JvmRunner . runChild (JvmManager . JvmEnv) }
130417135128={boolean org.apache.hadoop.mapred.
TaskTracker.TaskInProgress.wasKilled(), [1}
130417135128={JvmlaunchTaskFailure: injected fault point at
void org.apache.hadoop.mapred.JvmManager.JvmManagerForType.
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JvmRunner.runChild (JvmManager. JvmEnv) }
130417135128={JvmlaunchTaskFailure: injected fault point at
void org.apache.hadoop.mapred.JvmManager.JvmManagerForType.
JvmRunner.runChild (JvmManager . JvmEnv) }
130417135134={JvmlaunchTaskFailure: injected fault point at
void org.apache.hadoop.mapred.JvmManager.JvmManagerForType.
JvmRunner.runChild(JvmManager . JvmEnv) }
130417135137={void org.apache.hadoop.mapred.TaskTracker.
TaskInProgress.launchTask(TaskTracker.RunningJob),
[org.apache.hadoop.mapred.TaskTracker$RunningJob@2dbb97d4] }
130417135137={JvmlaunchTaskFailure: injected fault point at
void org.apache.hadoop.mapred.JvmManager.JvmManagerForType.
JvmRunner . runChild(JvmManager . JvmEnv) }
130417135155={boolean org.apache.hadoop.mapred.TaskTracker.
FetchStatus.fetchMapCompletionEvents(long) , [1366174315425]}
130417135225={void org.apache.hadoop.mapred.TaskTracker.
TaskInProgress.jobHasFinished(boolean), [falsel}
130417135225={void org.apache.hadoop.mapred.TaskTracker.
TaskInProgress.kill(boolean), [falsel}

A.1.4 LocalizeJobTokenFileFailure
130417140501-procyon.csl.ec.t.kanazawa-u.ac. jp-tasktrackertrace
={LocalizeJobTokenFileFailure: injected fault point at
FileStatus org.apache.hadoop.fs.FileSystem.getFileStatus(Path)}
130417140501={LocalizeJobTokenFileFailure: injected fault point at
FileStatus org.apache.hadoop.fs.FileSystem.getFileStatus(Path)}
130417140501={LocalizeJobTokenFileFailure: injected fault point at
FileStatus org.apache.hadoop.fs.FileSystem.getFileStatus(Path)}
130417140501={LocalizeJobTokenFileFailure: injected fault point at
FileStatus org.apache.hadoop.fs.FileSystem.getFileStatus(Path)}
130417140501={void org.apache.hadoop.mapred.TaskTracker.
TaskLauncher.addFreeSlots(int), [1]}
130417140501={void org.apache.hadoop.mapred.TaskTracker.
TaskInProgress.reportDiagnosticInfo(String), [Error initializing
attempt_201304171404_0001_m_000016_0:
java.io.FileNotFoundException: ...... 1
130417140501={void org.apache.hadoop.mapred.TaskTracker.
TaskLauncher.addFreeSlots(int), [1]}

A.1.5 MapOutputServletFailure
130417140956-procyon.csl.ec.t.kanazawa-u.ac. jp-tasktrackertrace
={MapOutputServletFailure: injected fault point at FileInputStream
org.apache.hadoop.io.Securel0Utils.openForRead(File, String)}
130417140956={1long org.apache.hadoop.mapred.TaskTracker.
getProtocolVersion(String, long),
[org.apache.hadoop.mapred.TaskUmbilicalProtocol,19]}
130417140957={void org.apache.hadoop.mapred.TaskTracker.
MapOutputServlet.doGet (HttpServletRequest,
HttpServletResponse), [org.apache.hadoop.http.HttpServer$
QuotingInputFilter$RequestQuoter@5577£5b5,HTTP/1.1 200
Content-Type: text/html; charset=utf-8]}
130417140957={MapOutputServletFailure: injected fault point at
FileInputStream org.apache.hadoop.io.SecureIOUtils.
openForRead(File, String)}
130417140957={String org.apache.hadoop.mapred.TaskTracker.
getLocalTaskDir (String, String, String, boolean),[...]1}
130417140957={MapOutputServletFailure: injected fault point at
FileInputStream org.apache.hadoop.io.SecureIOUtils.
openForRead(File, String)}
130417140957={String org.apache.hadoop.mapred.TaskTracker.
getJobCacheSubdir (String) , [hadoop] }
130417140957={MapOutputServletFailure: injected fault point at
FileInputStream org.apache.hadoop.io.SecureIOUtils.
openForRead (File, String)}
130417140957={0bject org.apache.hadoop.mapred.TaskTracker.
LRUCache.get (Object), [...]}
130417140957={MapOutputServletFailure: injected fault point at
FileInputStream org.apache.hadoop.io.SecureIOUtils.
openForRead (File, String)}
130417140959={TaskCompletionEvent [] org.apache.hadoop.mapred.
TaskTracker.FetchStatus.getMapEvents(int, int), [37,100001}
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