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About Luca

. Data Engineer at CERN

- Hadoop and Spark service, database services
- 20+ years with databases and data engineering

- Performance engineering
. Blog, tools, contributions to Apache Spark
9’ @LucaCanaliDB - http://cern.ch/canali
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Apache Spark Clusters at CERN

- Spark running on clusters:
- YARN/Hadoop -> established
— Spark on Kubernetes -> growing adoption

Accelerator logging
(part of LHC
infrastructure)

Hadoop - YARN - 30 nodes
(Cores - 1200, Mem - 13 TB, Storage — 7.5 PB)

General Purpose

Hadoop - YARN, 39 nodes
(Cores — 1.7k, Mem — 18 TB, Storage — 12 PB)

Cloud containers

Kubernetes on Openstack VMs, Cores - 270, Mem — 2 TB
Storage: remote HDFS or custom storage (CERN EOS, for
physics data, S3 on Ceph also available).

Note: GPU resources available.
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Analytics Platform Outlook

Jupyter notebooks are a jupyter Integrating with existing
common interface for infrastructure:
accessing data l  Software

« CERN has J\Z « Data
established on- SﬁAaEr K

demand notebooks"/ ’ w |
- ” Experiments storage
via “Swan l | )

=

J

\,
d - =
\\ \ HEP software @ CERNBox Personal storage
\
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- =
- Other Cloud storage,
@ ceDh S3 on Ceph
\ J
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Monitoring, Measuring and Troubleshooting

- Collect and expose metrics(Spark, Cluster, 0S)
- Fortroubleshooting and insights on performance

Workload monitoring data +
APACHE

Spor wil knowledge

Info on application
architecture

N
S -

/ insights + actions
6 . Info on computing

Agent produces:

environment
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Monitoring Features in Apache Spark,

a Recap
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Web UI

* Firstand main point of access to monitor Spark applications
« Details onjobs, stages, tasks, SQL, streaming, etc
 Default URL: http://driver_host:4040

* NewdocinSpark 3.0: https://spark.apache.org/docs/latest/web-
ui.html
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http://driver_host:4040/
https://spark.apache.org/docs/latest/web-ui.html

Spark Metrics with the REST API

Elat=la i

& C & localhost:4040/api/vi/applications/local-1570461510307/stages

"stagelId” : 1,
"attemptId” : @,

"numTasks" : 8,
"numbdctiveTasks™ : @,
"numCompleteTasks" : 8,
"numFailedTasks™ : 8,

"numkilledTasks™ : 8,

"numCompletedIndices™ : 8,

"submissionTime™ @ "2819-16-87T15:18:55.,495GMT",
"firstTasklLaunchedTime" : "2819-16-87T15:18:55.528GMT",
"completionTime™ : "2819-18-87T15:21:25.811GMT",
"executorDeserializeTime" : 245,
"executorDeserializeCpuTime" : 78331585,
"executorBunTime" : 11358181,

"executorCpuTime"” : 1126929686671,

"pasultsize" 22387,

"JvmGcTime" @ 232,

"resultSerializationTime™ @ 1,
"memoryBytesSpilled” : 8,

"diskBytesSpilled" : 8,

"peakExecutionMemory™ @ 8,

"inputBytes" : 8,

"inputRecords™ : 18688,
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Spark Listeners: @DeveloperApi

- Custom class, extends SparkListener

class StagelnfoRecorderlistener extends Sparklistener {
- Methodsreact on events to collect data, example:

override def onStageCompleted(stageCompleted: SparklListenerStageCompleted): Unit = {
val stagelnfo = stageCompleted.stagelnfo
val taskMetrics = stagelnfo.taskMetrics
val jobId = Stageldtolobld(stagelnfo.stageld)

. Attach custom Listener class to Spark Session

-—-conf spark.extralisteners=..
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Spark Task Metrics, the Listener Bus and SparkMeasure Architecture

aracHe &, g / - kC[:lrti'ml':trjrS \ ‘ Spark
po K park Conte ession / Euentiog
Schedule Tasks — Spark History

/ \ Server
4 Spark Listener Bus /
%#

Heartbeat (10s) - EventLogging Listener 7 Spark Web Ul

Send Task metrics ‘ - AppStatus and other
Spark internal Listeners

sparkMeasure

Schedule Tasks
/Custcum Listener in the

Use cases and environments Metrics Output

Spark Context: Interactive:
Heartbeat (10s) sparkMeasure Scala, Python,
= Send Task metrics Jupyter notebook
StagelnfoRecorder
[ & Code
Schedule Tasks 1 instrumentation

TaskIinfoRecorder

-

" FlightRecorder modes:
- Filesystem output
- InfluxDBSink

Online monitoring,
workload analysis

Heartbeat (10s) ‘

==

Send Task metrics




Tooling: sparkMeasure

bin/spark-shell <-packages ¢h.cern.sparkmeasure:
:0.17

val stageMetrics )= ch.cern.sparkmeasure.StageMetrics (spark)

val myQuery = "select count(*) from range(1000) cross joiln
range (1000) cross join range (1000)"

stageMetrics (runAndMeasure (spark.sqgl (myQuery) .show())
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Task Metrics Measured with sparkMeasure

Spark Context default degree of parallelism

Aggregated Spark stage metrics:
numStages => 3

numTasks => 17

stageDuration => 13411 (13 s)

executorDeserializeTime => 4358 (4 s)
executorDeserializeCpuTime => 1887 (2 s)
resultSerializationTime => 2 (2 ms)
JvmGCTime => 56 (56 ms)
shuffleFetchWaitTime => 0 (0 ms)
shuffleWriteTime => 11 (11 ms)
resultSize => 19955 (19.0 KB)
diskBytesSpilled => 0 (0 Bytes)
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8

memoryBytesSpilled => 0 (0 Bytes)
peakExecutionMemory => 0

recordsRead => 2000

bytesRead => 0 (0 Bytes)

recordsWritten => 0

bytesWritten => 0 (0 Bytes)
shuffleRecordsRead => 8
shuffleTotalBlocksFetched => 8
shufflelLocalBlocksFetched => 8
shuffleRemoteBlocksFetched => 0
shuffleTotalBytesRead => 472 (472 Bytes)
shufflelLocalBytesRead => 472 (472 Bytes)
shuffleRemoteBytesRead => 0 (0 Bytes)
shuffleRemoteBytesReadToDisk => 0 (0 Bytes)
shuffleBytesWritten => 472 (472 Bytes)
shuffleRecordsWritten => 8
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Further Instrumentation in Spark:
the Spark Metrics System

Apache Spark Metrics System + InfluxDB + Grafana => Dashboard

Source: Spark components instrumented

with dropwizard library metrics

/S APACHE % !
f Instru mented com pnnenis
-driver

- shuffleService

- mesos_cluster
- master EXECLItDr

-worker

- applications

- executors ‘ Drn.rer “
- applicationMaster (YARN)

QM task tas

N

.

-
—
-
—

Components
send metrics
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updates to
the sink

Sink: collect and store
the metrics using InfluxDB

/Avallahle sink endpmnts\

Visualize: using Grafana
dashboards

4 )

::ISI';{SUIE InfluxDB
- MetricsServiet

- Sif4

- StatsD

. /

.

» 10 Grafana

Dashboard:
queries pull data
from InfluxDB

J
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Send Spark Metrics to a Sink

- Edit $SPARK HOME/conf/metrics.properties
 Alternative: use the config parameters spark.metrics.conf.*

$ SPARK HOME/bin/spark-shell \

--conf "spark.metrics.conf.driver.sink.graphite.class"="org.apache.spark.metrics.sink.GraphiteSink"\
-—-conf "spark.metrics.conf.executor.sink.graphite.class"="org.apache.spark.metrics.sink.GraphiteSink"
—-—conf "spark.metrics.conf.*.sink.graphite.host"="graphiteEndPoint influxDB hostName>" \

—-—conf "spark.metrics.conf.*.sink.graphite.port"=<graphite listening port> \

--conf "spark.metrics.conf.*.sink.graphite.period"=10 \

—-—-conf "spark.metrics.conf.*.sink.graphite.unit"=seconds \

—-—-conf "spark.metrics.conf.*.sink.graphite.prefix"="1lucatest" \

—-—-conf "spark.metrics.conf.*.source.jvm.class"="org.apache.spark.metrics.source.JvmSource"
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Spark workload metrics

Number of Active Tasks Executors JVM CPU Utilization (N# cores-equivalent)

Spark Grafana Dashboard

Visualize Spark metrics
— Inreal time and historical data
Summaries and time series of key metrics

Data for drill-down and root-cause analysis

88 Spark_Perf_Dashboard_v01 - 7 s e T ey

User |uca~ Spark Application Id  application_1549330477085_2775 ~ § ‘

Summary metrics

N# of Active Tasks - late... Total Executor CPU time Total Task CPU Usage Total Task GC Time Spark 3.0 appSource: Ta... Failed Stages

< 1 ‘
|I."|"|.II.II|"" n‘,h'. ||"I||II||

84 2748 min 2018.7 min  1.380 hour e e

Number of completed tasks per executor Shuffle Write Time - from task metrics

Heap memory Used (% o... HDFS Bytes Read HDFS Bytes Written N# of Completed Tasks Spark 3.0: Succeeded J...

800 GiB 0B 459072 1515
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What's New in Apache Spark 3.0
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Memory Usage Monitoring in Spark 3.0 aﬁ

- The problem we want to solve
- Memory is key for the performance and stability of Spark jobs
- Java OOM (out of memory) errors can be hard to troubleshoot
- We want to allocate the needed memory, not overshooting/wasting

- New “Executor Metrics” in Spark 3.0
- Measure details of memory usage by memory component
- Peak values measurements (you get OOM on peak allocation not average)
- Spark Metrics System: report memory metrics as time series
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E M . R E ST A P I "peakMemoryMetrics": {
"JVMHeapMemory" : 29487812552,
XECUtor Etrl CS' "JVMOffHeapMemory" : 149957200,
"OnHeapExecutionMemory" : 12458956272,

. "OffHeapExecutionMemory": O,
REST API: "OnHeapStorageMemory" : 83578970,
peak memory usage values per executor "OffHeapStorageMemory": 0,
WebU| URL + "OnHeapUnifiedMemory" : 12540212490,

_ _ _ _ _ _ "OffHeapUnifiedMemory": O,

lapi/v1l/applications/<application_id>/executors birectPoolMemory" : 66809078,

"MappedPoolMemory": 0,
- "ProcessTreedVMVMemory": 38084534272,
Extra tunables: "ProcessTreeJVMRSSMemory" : 36998328320,
spark.executor.processTreeMetrics.enabled=true » | "ProcessTreePythonVMemory": 0,
"ProcessTreePythonRSSMemory": 0,
"ProcessTreeOtherVMemory": 0,
"ProcessTreeOtherRSSMemory": 0,
"MinorGCCount" : 561,
"MinorGCTime" : 49918,
"MajorGCCount": 0,
"MajorGCTime": 0
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APACHE

Spoﬁ‘(\: Executor Memory Configuration

Versions 3.0 and 2.4

Host Node Memory

(YARN, K8S, Mesos)

Spark Executor ContainerMemory

Other Memory Allocations:
Executor -  Overhead memory

JVMHeap | . Off-Heap unified memory
- PySpark allocations

v

Executor JVM Heap
spark.executor.memory=<size>

On-Heap Unified Memory Pool
spark.memory.fraction=0.6

Storage: Execution
spark.memory.storageFraction=0.5

User Memory:
1 -

spark.memory.
fraction-> 0.4

Reserved
Memory:
300 MB

Overhead memory: for OS, filesystem cache, redundancy, and
other native memory allocations:
Default: max(0.1 * spark.executormemaory), 384MB)
Configuration: spark.executormemoryOverhead=<size>
K8S tunable: spark.kubernetes.memoryOverheadFactor

Optional extra memory for off-heap unified memory pool:
spark.memory.offHeap.size=<size>
spark.memory.offHeap.enabled=true
KBS: see SPARK-32661

Optional extra memory for PySpark allocations:
YARN: spark.executor.pyspark.memary
K8S: set also spark.kubernetes.resource.type="python"

Optional: Off-Heap Unified Memory Pool
- spark.memory.offHeap.size=<size>
- spark.memory.offHeap.enabled=true

Storage: Execution
spark.memory.storageFraction=0.5

https://cern.ch/Luca.Canali/docs/SparkExecutorMemory.png - Aug 2020, CC BY-5A 2.0




Memory Monitoring Graphs in the Dashboard

Memory metrics as
time series

Dashboard:

Visualize memory
usage over time

Details of on-heap,

7%

Spark_Perf_Dashboard_Spark3.0_v02 ¢ <

luca~ application_1596120063345_74418 »

ProcessTree VMRSSMemory

& Spark Perf_Dashboard_Spark3.0_v02 % &

application_1506120063345 74418~

JVM On Heap Memory

nified memory, etc

Compare with other
metrics

Correlate with jobs/sql
start time
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Custom Monitoring with Spark Plugins aﬂ

- Spark 3.0 Plugins
- Plugins are executed at the startup of executors and the driver

- Plugins allow to extend Spark metrics with custom code and
Instrumentation

- Examples of monitoring enhancements with plugins
Cloud Storage monitoring (S3A, GS, WASBS, OCI, CERN’s ROOT, etc)
Improved HDFS monitoring
. OS metrics: cgroup metrics for Spark on Kubernetes
. Custom application metrics

DATA+Al SUMMIT EUROPE #DataTeams #DataAlSummit



Plugins Extend Spark Metrics

Custom metrics for instrumentation or debugging

Metrics from libraries/packages on top of Apache Spark
- Spark Plugins provide:
= API for integrating custom instrumentation with the rest of the Spark monitoring

JVM
Spoﬁ(?

Executor

e [ Vetrics
Sink

Extra metrics join the
Spark metrics stream

Plugin registers extra
metrics using package
API
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Spark Plugins API

- Code snippets

import com.codahale.metrics.{Gavge, MetricRegistry}

import org.apache.spark.api.plegin.{DriverPlugin, ExecutorPlugin, PluginContext, SparkPlugin} ‘ Spark 3 O Plug|n API

import org.apache.spark.SparkContext

class DemoMetricsPlugin extends SparkPlugin {

/ Return the plugin's executor-side component.
override def executorPlugin(): ExecutorPlugin = {
new ExecutorPlugin {

override def init({myContext:PluginContext, extraConf:JMapl[String, Stringl): Unit = {

11 metrieregictry - wﬂ This is how you hook to the Spark Metrics instrumentation
ter(Metric T

metricRegistry.regis v.name( name = "ExecutorTest42"), new Gauge[Int] {

override def getValue: Int =

3
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Getting Started with Spark Plugins

From

Plugins for demo + plugins for Cloud I/0 and OS monitoring
RunOSCommandPlugin runs an OS command at executor startup
DemoMetricsPlugin show how to integrate with Spark Metrics

bin/spark-shell -master yarn

——packages ch.cern.sparkmeasure:

—-—-conf =ch.cern.RunOSCommandPlugin, \
ch.cern.DemoMetricsPlugin
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https://github.com/cerndb/SparkPlugins

Measuring OS and Container Metrics

Example of how to measure OS metrics from cgroup instrumentation
Useful for Spark on K8S

Brings together OS metrics with other Spark-workload metrics
By default Apache Spark instruments only CPU usage

bin/spark-shell --master k8s://https://<K8S URL>:6443 \
—--packages ch.cern.sparkmeasure: :0.1 \

—-—conf spark.kubernetes.container.image=<registry>/spark:v310-SNAP \
-—-conf spark.plugins= \\
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Cgroups Metrics - Use for Spark on K8S

. Metrics implemented (gauges), with prefix ch.cern.CgroupMetrics:
- CPUTimeNanosec: CPU time used by the processes in the cgroup
= this includes CPU used in Python
- MemoryRss: number of bytes of anonymous and swap cache memory.
- MemorySwap: number of bytes of swap usage.
- MemoryCache: number of bytes of page cache memory.
- NetworkBytesIn: network traffic inbound.
- NetworkBytesOut: network traffic outbound.
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Example: Dashboard for Spark on K8S

docker run -—--network=host -d

Network bytes (In) vs. time
bin/spark-shell --master k8s://https:
--packages \\
——conft

——cont
"spark.metrics.conf.*.sink.graphite.class"="org.apache.spark.
metrics.sink.GraphiteSink" \

-—conf "spark.metrics.conf.*.sink.graphite.host"= hostname ™ \
-—conf "spark.metrics.conf.*.sink.graphite.port"=2003 \
-—-conf "spark.metrics.conf.*.sink.graphite.period"=10 \
—-—conf "spark.metrics.conf.*.sink.graphite.unit"=seconds \

——conf "spark.metrics.conf.*.sink.graphite.prefix"="1luca"
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Example: Dashboard for Spark on K8S

&  Spark_Perf_Dashboard_Spark3.0_v02_with_SparkPlugins & <&

do C k e r r u n 1 User | luca~ Spark Application Id  spark-application-1602853011498 ~

Network bytes (in) vs. time

bin/spark-st .
—-—packages ¢ ...

—-—conf

700 MB/s

—-—conf
"spark.metr:
metrics.sinl

600 MB/s

500 MB/s

Network bytes in bytes/sec

400 MB/s

——conf "spa:

300 MB/s

——cont "spa:

——conf "spa:

—_Conf " Spa: 100 MB/s

JR— LA} - 0Bfs . Z Z
Con f Spa_ 150050 150100 150110 1501:20 1501:30 150140 1501:50 150200 150210 150220 150230 150240 150250 150300 150310 150320 150330 150340 150350 150400 150410 150420 150430 150440 150450 150500 150510 150520 150530 150540

network bytes in - Executor 1 network bytes in - Executor 11 network bytes in - Executor 13 network bytes in - Executor 14 network bytes in - Executor 15 network bytes in - Executor 16 network bytes in - Executor 2 nework bytes in - Executor 3 network bytes in - Executor 4 network bytes in - Executor 5
network bytes in - Executor 6 network bytes in - Executor 7 network bytes in - Executor 8 network bytes in - Executor 9
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Measuring S3A and other Cloud Filesystems

Example of how to measure S3A tarsughput matrics
Note: Apache Spark instruments only HDFS and local filesystem
Plugins uses HDFS client API for Hadoop Compatible filesystems
Metrics: bytesRead, bytesWritten, readOps, writeOps

—-—conf spark.plugins=

—-—conf spark.cernSparkPlugin. =<name of the filesystem>
(example: "s3a", "gs", "wasbs", "oci", "root", etc.)
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Measuring S3A and other Cloud Filesystems

&  Spark_Perf_Dashboard_Spark3.0_v02_with_SparkPlugins ¢ <

User | luca~ Spark Applicationld  spark-application-1602859980399 ~

+ Example of how t S3A bytes féad vs. time
- Note: Apache Spge=

. Plugins uses HD
. Metrics: bytesRe &=

3.0MB/s

--conf spark.plugi ...

-—cont spark.cernSi
(example: "s3a", "

1.0MB/s

500 kB/s

N SN A Y i

[4 L § — J e
16:55:30 16:55:40 16:55:50 16:56:00 16:56:10 16:56:20 16:56:30 16:56:40 16:56:50 16:57:00 16:57:10 16:57:20 16:57:30 16:57:40 16:57:50 16:58:00 16:58:10 16:58:20 16:58:30 16:58:40 16:58:50 16:59:00 16:59:10 16:59:20 16:59:30 16:59:40 16:59:50 17:00:00 17.00:10 17:00:20

bytes read - Executor 1 bytes read - Executor 2 bytes read - Executor 3 bytes read - Executor 4 bytes read - Executor driver
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Experimental: Measuring I/0 Time

- Plugins used to measure I/0 read time with HDFS and S3A
- Use for advanced troubleshooting

- Also example of plugins used to instrument custom libraries
= Plugin: --conf
spark.plugins=ch.cern.experimental. S3ATimelnstrumentation

= Custom S3A jar with time instrumentation:
https://qgithub.com/LucaCanali/hadoop/tree/s3aAndHDFSTimelnstrumentation

« Metrics: S3SAReadTimeMuSec, S3ASeekTimeMuSec,
S3AGetObjectMetadataMuSec
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https://github.com/LucaCanali/hadoop/tree/s3aAndHDFSTimeInstrumentation

SOL Monitoring Improvements in Spark 3.0

- Improved SQL Metrics and SQL tab execution plan visualization

- Improved SQL metrics instrumentation

- SQL metrics documented at htips://spark.apache.org/docs/latest/web-
ul.html#sqgl-metrics

- Improved execution plan visualization and available metrics

Improved metrics list for

shuffle operations \

DATA+Al SUMMIT

v
Exchange

shuffle records written: 8

shuffle write time total (min, med, max (stageld: taskld))
13 ms (0 ms, 0 ms, 9 ms (stage 1.0: task 8))

records read: 8

local bytes read: 472.0 B

fetch wait time: 0 ms

remote bytes read: 0.0 B

local blocks read: 8

remote blocks read: 0

data size total (min, med, max (stageld: taskld))

1260 B (16.0 B, 16.0 B, 16.0 B (stage 1.0: task 8))
remote bytes read to disk: 0.0 B

shuffle bytes wntten total (min, med, max (stageld: taskld))
472 0B (59.0 B, 59.0 B, 59.0 B (stage 1.0: task 8))

Improved stats visualization + Added Codegen Id
info on max value

/

Whole5tageCodegen (2)

duration: total (min, med, max (stageld: taskld
71 ms (8 ms, 9 ms, 11 ms (stage 0.0: task 5

Range

number of output rows: 1,000
1
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https://spark.apache.org/docs/latest/web-ui.html#sql-metrics

More Monitoring Improvements in Spark 3.0

- Spark Streaming tab #

- Metrics and graphs
- New Structured Streaming Ul (SPARK-29543)

- Experimental support for Prometheus

« REST API: /metrics/executors/Prometheus conditional to
spark.ui.prometheus.enabled=true

- Improved documentation
» New: Web Ul doc https://spark.apache.org/docs/latest/web-ui.html

= Monitoring doc: htips://spark.apache.org/docs/latest/monitoring.html
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https://issues.apache.org/jira/browse/SPARK-29543
https://spark.apache.org/docs/latest/web-ui.html
https://spark.apache.org/docs/latest/monitoring.html

Outlook and Community
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Community Effort
What You Can Do To Improve Spark Monitoring

- (developers)Tooling: Improving Spark Metrics and instrumentation
- Sink for InfluxDB and Prometheus
- Further instrument Spark core and ecosystem (ex: I/O time, Python UDF)
- Develop and share plugins: instrument libraries, OS metrics (GPUSs), etc

- (product experts)Methods: root-cause performance analysis
- Use metrics and graphs for troubleshooting and root-cause analysis
- Adopt tools and methods to your platform/users

- (innovators) Holy Grail of Monitoring:

- Building automated (Al) systems that can perform root-cause analysis and
autotune data/database systems
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Improvements Expected in Spark 3.1and WIP

- [SPARK-27142] New SQL REST API

» [SPARK-32119] Plugins can be distributed with --jars and -packages on YARN,
this adds support for K8S and Standalone

- [SPARK-33088] Enhance Executor Plugin API to include callbacks on task start
and end events

- [SPARK-23431] Expose stage level peak executor metrics via REST API

[ SPARK-30985] Support propagating SPARK_CONF_DIR files to driver and
executor pods

- [SPARK-31711] Executor metrics in local mode
- WIP[SPARK-30306] Python execution time instrumentation
= WIP on Hadoop (targeting Hadoop 3.4)

- [HADOOP-16830] Add public IOStatistics API
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Conclusions

- Monitoring and instrumentation improvements:
- One more reason to upgrade to Apache Spark 3.0

- Memory monitoring with Executor Metrics in Spark 3.0
- Help troubleshooting and preventing OOM

- Spark Plugin API

- Use to measure Cloud FileSystems /0O, OS and container metrics
= Use to build your custom application metrics
- Build and share!

- Web Ul, streaming and Spark SOL monitoring also improved
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 Thanks to colleagues at CERN, Hadoop and Spark service

 Thanks to Apache Spark committers and community

— For their help with JIRAs and PRs: SPARK-26928, SPARK-27189, SPARK-

28091, SPARK-29654, SPARK-30041, SPARK-30775
 Links:

— Executor Metrics and memory monitoring: SPARK-23429 and SPARK-27189

— Spark Plugins: SPARK-29397, SPARK-28091

— https://db-blog.web.cern.ch/blog/luca-canali/2020-08-spark3-memory-
monitoring

— https://github.com/LucaCanali/sparkMeasure

— https://github.com/cerndb/spark-dashboard

— https://qgithub.com/cerndb/SparkPlugins
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https://issues.apache.org/jira/browse/SPARK-23429
https://issues.apache.org/jira/browse/SPARK-27189
https://issues.apache.org/jira/browse/SPARK-29397
https://issues.apache.org/jira/browse/SPARK-28091
https://db-blog.web.cern.ch/blog/luca-canali/2020-08-spark3-memory-monitoring
https://github.com/LucaCanali/sparkMeasure
https://github.com/cerndb/spark-dashboard
https://github.com/cerndb/SparkPlugins

Feedback

Your feedback is important to us.

Don't forget to rate
and review the sessions.
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