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Introduction/Log4j
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Logging framework

for Java logging
ecosystem

—

Allows detailed
customization

———

ERROR, WARN,
INFO, DEBUG,
TRACE

Log4j 1.x and Log4j
2.X
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Introductlon/ Spark Architecture

Master Node

Driver program/ application

Spark context ‘
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Logging mechanism
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Aggregated Execution log
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Methodology
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Manage default Log4j logs
Adding new instrumentation
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e Setting up Apache Spark for new logs
e Setting up Apache Spark for LTTNG
e Setting up LTTNG in Spark cluster on Docker
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Capture UST events by LTTNG
Capture kernel events by LTTNG
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e (lean up traces
e Analyze traces
e Analyze and Visualize in Trace Compass
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¥ UST Visualization

14-

9 #/18/ust/uid/0/64-bit

| veeworo | |
Executor: 1
Executor: 2
Executor: 3

Number of task per Executors

Number of total tasks
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Times parameters per Task

ecutorDeserializeCpuTime
executorDeserializeTime
executorRunTime
jvmGCTime
SerializationTime

Time per Task

shuffleReadFetchwaitTime
shufflewriteTime
taskDuration
taskTimesum

14:45:11 14:45:12 14:45:13 14:45:14 14:45:15 14:45:16 14:45:17 14:45:18

#/18/ust/uid)

Taskend
average
collect

e | Time Duration for Task Operations

first
mapPartitions.

stage Action

stage Transormation

B e6 o0 e11 o0

17:49:14 17:49:16
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UST Visualization

B new final/16-big/ust/uid/0/64-bit

B executorcpuTine B
executorDeserializeCpuTime
executorDeserializeTime
executorRunTime

2 jvmGCTime
resultSerializationTime
shuffleReadFetchwaitTime
shufflewriteTime

Time per Task

taskDuration
taskTimeSum

14:45:10 ! 14:45:11 14:45:12 14:45:13 14:45:14 14:45:15 14:45:16 14:45:17 14:45:18

Times parameters pe




Spark

Application
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UST Visualization
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Jobs -> stages -> tasks
Jobid: 0
Job Id: 1
Job Id: 10
Job Id: 2
Stage Id: 2 [ stagelD:2->#Task:1 ]
Task Id: 3 5
Executor Id: 2 executorld: 2 :: null
Stage Id: 3
Task Id: 2
Task Id: 4
Executor Id: 2

Job stage task hierarchy
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A big CHALLENGE for kernel analysis
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0 Executors run on JVM Architecture of a Spark job

Driver
(JVM)

)

e We need kernel events for each Task

|

Executor JVM) Executor (JVM) Executor (JVM)
How t ?
o correlate these? | o Task | Slot  mTask _
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timer_hrtimer_start

50121

CPU | Event Type TID Contents
3 lttng_log4j:event 253 -
1 sched_waking 50123 -
1 sched_switch 50123 -
3 sched_switch 50122 -

8 sched_switch

50121

prev_tid=50121

Get thread ID from first kernel event after Spark task start event from same CPU

1{<<<
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CPU | Event Type TID Contents
3 lttng_log4j:event 253 -
1 sched_waking 50123 -
1 sched_switch 50123 -
3 sched_switch 50122 -

timer_hrtimer_start

50121

3 sched_switch

50121

prev_tid=50121

Get thread ID from first _ after Spark task start event from same CPU

1{<<<



¥ Stage -> Operations
Stage Id: 0
» Task -> Executor ID
» Tasks of Threads
» Thread Task
» Time of Tasks <
Test a builtin XML module fils
v #/20/kernel
¥ Active Thread

» nrn arlines Frararnmnace a1

sparkpi11 i= sparkpi13 i= sparkpi 15 i= new final/15/ke i= new final/14/us i= new final/2/ust [ Thread of Tasks X ' i= kmeans-witherro i= new final/15/us =19 i= 20 i =
B E W &I % ¢ 08 | F-
04:27:58 04:27:59 04:28:00 04:28:01 04:28:02 04:28:03 04:28:04 04:28:05 04:28:06 04:28:07
278893

279031
279918 -
279887 taskid: 3 :: spfakthreadld 46 CPU1
278922 taskld: 6 :: sprak threadld: 45 :: CPU: 0
147517 did: 46 z
279002
280024
236633 taskld 2 I sprak threadld 46 CPU: 2
279920 taskld: 8 :: sprak threadlid: 45 :: CPU: 2

Kernel Thread and Task Operations correlation



k= Resources = Control Flow = Critical Flow View X  i= State System Explorer & Flame Graph (incubator) =g Progress

; SR e
HhEB ¥ 5 B & Wt f

* U

14:45:09 14:45:10 14:45:11 14:45:12 14:45:13 14:45:14 14:45:15 14:45:16 14:45:17 14:45:18 14:45:19 14:45:20

v "7e0857d0-a8af-433b-8996-c6c3b1a1
R [ T T T —— ) o
[Executor task [,422217] JT) h
[rpc-client-3-1,422022]
[dispatcher-Coar,421393]
[Executor task [,422457]
[rpc-server-4-3,421944]
[dispatcher-Exec,422074]
[User sessiond ¢,421759]

T TheandH#4 A%1c411

- sparkpil11 i= sparkpii13 i= sparkpi 15 i= new final/15/ke i= sarkpi14-short i= new final/14/us i= new final/2/ust [ Thread of Tasks X | i= sparkpi16-BIG
EE DNEI % s | A

H A R

14:45:09 14:45:10 14:45:11 14:45:12 14:45:13 14:45:14 14:45:15 14:45:16 14:45:17 14:45:18 14:45:19 14:45:20

"
422173 ;0 LECENS 138 0. Oe2ee 8:=EB 11l 82 T o | B 8= 0l (10 @Ne s E==:eIl
422180 A )| EBN B BING ! B O3B . 8l " os | 1210 | . . @ sEMel §
422179 taskid: 2 :: sprak threadl

422174 taskid: 1:: sprak threadid: 4... EEED @PGBEEDO BB .. 8 D IDSGEE GUIGNNEIId®..En I @ Ol /I8 1 e
422212 14 : 45 1 CPU: 7 0 BE @ ts.. B (T}

422213 16 a5 3 22D --03IN 8l e2:eer & @ et 1

422217 7= 3 t.GR . @t _ t. gl E0E @ 8 O3 § ETE 888 =B .
422214 : 3 -5 Wis. 00 @GS SBoc 88 @I @ . |evens

422216 : : : ptas.. | DEETB @D S8 ezmEe (1 8 DBE>®
422219 : B » @ ot 8E® ftas..t..t.. = 88 =8

422225 B o  am

422226 T : : : smimme @Qt.t

422231 1k :C...GR@Ntask.. SR ERED B ERgt... @ O @

422230 G122 ;45 mcaski it...EREDE... @ .. @ . ka.T JE.L..]

422260 : 1 CPU: @ EETHIN... 3 3 @ & Ie & |

422259 14 adid: 44 :: CPU: taskl. . Jt... Jta.[=Reut. . B Bft.. [ta. I B N BN |

422278 e n ]

422345 >eses 0 &

422434

422451

Kernel Thread and Critical path View
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CPU Usage

#_@/sparkpi-cpu30/kernel

Attach Listener

C1 CompilerThre
C1 CompilerThre
C1CompilerThre
C1 CompilerThre
C1 CompilerThre

C1 CompilerThre

C1 CompilerThre \
C1 CompilerThre L

C1 CompilerThre _A_/\/\.N‘./\J J /\NA_/LM\/\_.NNJ
C1CompilerThre r . x : T T

1 CamnilarThra 22:05:35.000 22:05:35.500 22:05:36.000 22:05:36.500 22.05.37.000 22 05:37.500 22:05:38.000 22:05:38.500

i= sparkpi11 i= sparkpi13 i= sparkpi 15 i= new final/15/ke [ Thread of Tasks X  i= sparkpi-good-22 i= sparkpi-cpu-30 i= sparkpi-cpu-100 i= #_@/23-pi-big-2 ™30
EE MDD N U
22:05:35.000 22:05:35.500 22:05:36.000 22:05:36.500 22:05:37.000 22:05:37.500 22:05:38.000 22:05:38.500

842480 taskid: 4 :: sprak threadid: 48 :: ...@@ 147 3
842478 taskld: 2 :: sprak threadid: 47 :...608 ;47 CP...

842482 16 adld: 49 EAGE o L B Nz 1495 5 ;46 B taskid: 59:s...
842477 B =

842484 taskid: 7 :: sprakbhreadldzso:...

842483 taskid: 5 :: sprak threadid: 49 .. |

842481 taskld: 3 :: sprak threadid: 48 :: C... asKidHISE mrakthreadld.As CPU'Z @taskid: 44 :: sprak threadid: 48 :: ... taskid: 58:s...
842479 S YA taskid: 13 :: sprak threadid: 47 : CPU: 4 taskid: 22 :: sprak threadid: 47 :: CPU: 4 ta...

842515 128 RS20 ta... (askidiagEsprakEhreadidanngl taskid: 61: ...
842650

Kernel Thread and CPU usage
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Execution Time overhead

m Default Logging m Proposed method
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Future Work
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Have more analysis
because now we have
kernel events!
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