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OVERVIEW

OBSERVABILITY

e Motivation
e Integrating:
o Apache Spark with radanalytics.io
o Prometheus
o Kubernetes
o Grafana
e Spark Cluster JVM Instrumentation

PERFORMANCE TUNING

Tuning Spark jobs

Spark Memory Model

Prometheus as a performance tool
Comparing cached vs non-cached dataframes
Demo



MOTIVATION

» Rapid experimentation with data science apps
» ldentify bottlenecks

e Improve performance

o Resolve incidents more quickly

e Improving memory usage to tune spark jobs




OUR STORY

o Instrumented spark jvm to expose metrics in an OpenShift pod.

o Added ability to monitor spark with prometheus

o Experimented with using Grafana with Prometheus to provide more insight

o Sharing our experiments and experience with using this to do performance
analysis of spark jobs.

e Demo at the very end

June 1, 2017 - https://qithub.com/radanalyticsio/openshift-spark/pull/28

- Added agent to report jolokia metrics endpoint in openshift pod

Nov 7, 2017 - https://qithub.com/radanalyticsio/openshift-spark/pull/35
- Added agent to report prometheus metrics endpoint in openshift pod


https://github.com/radanalyticsio/openshift-spark/pull/28
https://github.com/radanalyticsio/openshift-spark/pull/35

SPARK APPLICATION

Source Data Processing Results




WHAT IS PROMETHEUS

e Open source monitoring

e in 2016 prometheus become the 2nd member of the CNCF

e scrapes metrics from a endpoint.

o Client libraries in Go, Java, Python, etc.

o Openshift comes instrumented out of the box with prometheus endpoints.

o If you don’t have native integration with prometheus there are lots of
community exporters that allow lots of things to expose metrics in your
infrastructure to get monitored.




WHAT IS APACHE SPARK

Apache Spark is an in-demand data processing engine with a thriving
community and steadily growing install base

e Supports interactive data exploration in addition to apps
o Batch and stream processing

o Machine learning libraries

e Distributed

o Separate storage and compute ( in memory processing)
o new external scheduler kubernetes




SPARK FEATURES

« Can run standalone, with yarn, mesos or Kubernetes as the cluster
manager

« Has language bindings for Java, Scala, Python, and R

» Access data from JDBC, HDFS, S3 or regular filesystem

« Can persist data in different data formats: parquet, avro, json, csv, etc.




SPARK IN CONTAINERS




SPARK CLUSTER INSTRUMENT




INSTRUMENT JAVA AGENT

elif [ ${SPARK_METRICS_ON} == "prometheus" 1; then
oo JAVA_AGENT=" -javaagent:$SPARK_HOME/agent-bond.jar=$SPARK_HOME/conf/agent.properties"
metrics=" with prometheus metrics enabled"
else
JAVA_AGENT=" -javaagent:$SPARK_HOME/jolokia-jvm-1.3.6-agent.jar=port=7777,host=0.0.0.0"

metrics=" with jolokia metrics enabled (deprecated, set SPARK_METRICS_ON to 'prometheus')"
i

if [ -z ${SPARK_MASTER_ADDRESS+_} 1; then
echo "Starting master$metrics"
exec $SPARK_HOME/bin/spark-class$JAVA_AGENT org.apache.spark.deploy.master.Master
else
echo "Starting worker$metrics, will connect to: $SPARK_MASTER_ADDRESS"
while true; do
echo "Waiting for spark master to be available ..."
curl ——connect-timeout 1 -s -X GET $SPARK_MASTER_UI_ADDRESS > /dev/null
if [ $? -eq @ ]; then
break
fi
sleep 1
done

exec $SPARK_HOME/bin/spark-class$JAVA_AGENT org.apache.spark.deploy.worker.Worker $SPARK_MASTER_ADDRESS



PROMETHEUS TARGETS

Targets
kubernetes-apiservers (1/1 up)
Endpoint State Labels Last Scrape Error
https://10.19.47.23:8443/metrics UP 47.748s ago

kubernetes-cadvisor (2/2 up)

Last

Endpoint State Labels Scrape Error
https:/10.19.47.25:10250/metrics/cadvisor (UP 1.713s ago

[ zone="defautt* |
https://10.19.47.23:10250/metrics/cadvisor UP 30.001s

zone="default" ago
kubernetes-controllers (1/1 up)
Endpoint State Labels Last Scrape Error
https://10.19.47.23:8444/metrics UP 35.983s ago
kubernetes-nodes (2/2 up)
Endpoint State Labels Last Scrape Error
https://10.19.47.25:10250/metrics |UP -v rmotos_jo_hostname=*ot10.ot.eng bos.redhat com | region="inira® | zone="detauit® JRRESRLLLERT)
https://10.19.47.23:10250/metrics |UP 44.336s ago
spark-cluster-m-1-fq2dj (1/1 up)
Endpoint State Labels Last Scrape Error

http://10.128.0.141:7777/mefgips upP 16.304s ago

—spark-cluster-w-1-b55ma (1/1 uo)




PULL METRICS

e Prometheus lets you configure how often to scrape and which endpoints
to scrap. The prometheus server will pull in the metrics that are
configured.

prometheus.yaml

global:
scrape_interval: 15s
evaluation_interval: 15s
alerting:
alertmanagers:

— static_configs:
— targets:
— alertmanager:9093
rule_files:
— “simple_rule.yml"
scrape_configs:
— job_name: 'prometheus'
static_configs:
— targets: ['localhost:9090']



ALERTMANAGER

* PromQL query is used to create rules to notify you if the rule is triggered.
 Currently alertmanager will receive the notification and is able to notify you
via email, slack or other options (see docs for details) .

simple_rule.yml

groups:
— name: spark.rules
rules:
— alert: SparkOutage
expr: up ==
fars 5s
labels:
severity: critical
annotations:
description: erik spark cluster is down and out
summary: erik spark Instance down



PROMQL

o Powerful query language to get metrics on kubernetes cluster along with
spark clusters.
o What are gauges and counters?

Gauges: Latest value of metric
Counters: Total number of event occurrences. Might be suffix “*total”.

You can use this format to get the last minute prom_metric_total[1m]




Tuning Spark jobs with Prometheus

Things we would like to know when tuning Spark programs:
e How much memory is the driver using?
e How much memory are the workers using?
e Howis the JVM begqin utilized by spark?
e Ismy spark job saturating the network?

e Whatis the cluster view of network, cpu and memory utilization?

We will demonstrate how Prometheus coupled with Grafana on Kubernetes

can help answer these types of questions. Visit our blog

“How to Gather and Display Metrics in Red Hat Openshift’
https://red.ht/2CZAANKN



https://red.ht/2CZAAhN

Our Example Application

Focus on Memory:

Efficient Memory use is Key to good performance in Spark jobs.
How:

We will create Prometheus + Grafana dashboards to evaluate
memory usage under different conditions?

Example:

Our Spark Python example will compare memory usage with and
without caching to illustrate how memory usage and timing
change for a PySpark program performing a cartesian product
followed by a groupby operation



A little Background

Memory allocation in Spark

Spark is an "in-memory" computing framework

Memory is a limited resource!

There is competition for memory

Caching reusable results can save overall memory usage
under certain conditions

e Memory runs out in many large jobs forcing spills to disk




Spark Unified Memory Model

LRU eviction and user defined memory configuration options

Total JVM Heap Memory allocated to SPARK JOB

Memory allocated to Memory allocated to
EXECUTION STORAGE @
47 7 7

disk

—a

EXECUTION takes precedence over | N .
STORAGE up to user defined Spill to I to emory.storageFraction

unevictable amount

disk disk




Using Spark SQL and Spark RDD

API| together In a tuning exercise

We want to use Spark SQL to manipulate dataframes
Spark SQL is a component of Spark

e it provides structured data processing
e itisimplemented as a library on top of Spark

APIs:

[ ) X

e Datasets

Backend components:

e C(Catalyst - query optimizer
e Tungsten - off-heap memory management eliminates overhead of Java Objects




Performance Optimizations with Spark SQL

JDBC Console User Programs
(Python, Scala, Java)
\ v v
SPARK SQL
Catalyst Optimizer Dataframe API
v v
Spark Core
RDDs

Spark SQL performance benefits:
e Catalyst compiles Spark SQL programs down to an RDD
e Tungsten provides more efficient data storage compared
to Java objects on the heap
e Dataframe API and RDD API can be intermixed



Using Prometheus + Grafana for

performance optimization

Specific code example:

Compare non-cached and cached dataframes that are reused in a
groupBy transformation

When is good idea to use cache in a dataframe?

e when aresult of a computation is going to be reused later
e whenitis costly to recompute that result
e in cases where algorithms make several passes over the data




Determining memory consumption for dataframes you

want to cache

i AAAAAA . .
: Spr 221 Ig_200k_cartprod_cache2.py application Ul

Jobs Stages Storage Environment Executors SQL

: Storage
]
RDDs
I
: RDD Name Storage Level Cached Partitions Fraction Cached Size in Memory Size on Disk
1 Scan ExistingRDD[E#9,F#10,G#11,H#12] Memory Deserialized 1x Replicated 32 100% 6.1 MB 0.0B

Scan ExistingRDD[A#0,B#1,C#2,D#3] Memory Deserialized 1x Replicated 32 100% 6.1 MB 0.0B




Example: Code for

rdd1 = RandomRDDs.normalVectorRDD(spark, nRow, nCol, numPartitions, seed)

seed =3

rdd2 = RandomRDDs.normalVectorRDD(spark, nRow, nCol, numPartitions, seed)

sc = spark.sparkContext

# convert each tuple in the rdd to a row

randomNumberRdd1 = rdd1.map(lambda x: Row(A=float(x[0]), B=float(x[1]), C=float(x[2]), D=float(x[3])))
randomNumberRdd2 = rdd2.map(lambda x: Row(E=float(x[0]), F=float(x[1]), G=float(x[2]), H=float(x[3])))
# create dataframe from rdd

schemaRandomNumberDF1 = spark.createDataFrame(randomNumberRdd1)

schemaRandomNumberDF2 = spark.createDataFrame(randomNumberRdd2)

cross_df = schemaRandomNumberDF1.crossJoin(schemaRandomNumberDF2)

# aggregate

results = schemaRandomNumberDF1.groupBy("A").agg(func.max("B"),func.sum("C"))
results.show(n=100)

print "---------- Count in cross-join--------------- {0}".format(cross_df.count())



Example: Code for

schemaRandomNumberDF2 = spark.createDataFrame(randomNumberRdd?2)
# cache the dataframe
schemaRandomNumberDF1.cache()

™ 1 Al 1 ™ =~

print “---------- Count In cross-join---==--=-=-=------ 10}".rormat(cross_dtf.count())



Query plan comparison
Cached

Non-Cached

Details for Query 1 :
Query Details for Query 1
Submitted Time: 2018/04/12 14:29:04 = .
Duration: 22 s Subm.ltted Time: 2018/04/13 04:11:24
Running Jobs: 3 Duration: 4 s
Running Jobs: 4
ExistingRDD ExistingRDD Succeeded Jobe: 3
number of output rows: 571,599 | number of output rows: 1,018,750
InMemoryTableScan
WholeStageCodegen ‘WhgleSta odegen number of output rows: 200,000
43m(1 1l6 s, 16.8 s, 20.3 s) 2.1 m (110 ns, 676 ms, 1.8 s) 3
= =, S
 Project | Project
I | BroadcastExchange
| data size (bytes): O InMemoryTableScan |

| time to collect (ms): 236

| time to build (ms): 15

. | time to broadcast (ms): 124
CartesianProduct
number of output rows: 3,572,071,059 \

WholeStageCodegen
42m(11.7s,16.8 s, 199 s) I

HashAggregate | . wnolfngocodogon »

number of output rows: 15
aggregate time total (min, med, max): —
42m(11.7s,16.8 s, 19.9 5) | HashAggregate

‘ Exchange 2
 Exchange |

data size total (min, med, max): ‘
225.0 B (15.0 B, 15.0 B, 15.0 B)

Whol geCodegen 7

eCodegen ‘
[ HashAggregate

[ HashAggregate |




e: Comparing cached vs non-cached runs

Prometheus dashboard: non-cached Prometheus dashboard: cached

® ' ® | 5 openshift Web Console X / 73 Grafana - Kubernetes and Sp: X ® /G openshift Web Console X ) 73 Grafana - Kubernetes and Sp

& C | A Not Secure | https://grafana-ocp-openshift-metrics.10.19.47.25.nip.io t org| Hitps://grafana-ocp-openshift-metrics.10.19.47.25.nip.io,

spark-cluster-w-1-znf9q Used Total Total
spark-cluster-w-1-b55mg

spark.cluster-w-1-zwmgs .
e 15.86 GiB 503.27 GiB 80.00 cores
1g200kcartprodnotcached-25688
grafana-ocp-2450225614-4j2x X Pods CPU usage (1m avg)
2018-04-10 22:06:47 router-1-ckwhg avg current~
220330 220500 220530 220600 220630 22, spark-dluster-w-1-b55mg 539Gi8 Sparkclusterm-1-2d) 4 e ot o) D301 4850
~ spark-duster-w-1-hpfh 5336iB sparkcluster-w-1.zwmgs 0558 4650
e 5226i8 sparkcluster-w-1.b5Smg 0579 3970
spark-cluster-w-1-znfq 5.19GIB spariccluster-w-1-znfdq 087 3638
prometheus-0: 1226i8 prometheus-0 0060 0064
) spark-cluster-m-1-fq2dj 90322 MiB — Ig200keartprodcachez 43t 0009 0009
e e — Ig200kcartprodnotcached-2s688: 86223 MIB — grafanaocp 24022561442 0.006 0007
~ dianecluster-m-1-gAtpf: 613.47 MIB . o 0006 0006
All processes CPU usage - f;ﬁ:"_"’(‘k‘;i‘;sozzw“"‘z‘ :‘:: ::: 220920220930 22:09:40 22:09:50 22:10:00 22:10:10 22:10:20 22:1030 22:10:40 22:10:50 22:11:00 22:11:10 22:11:20 2211130 2211 1:40 2211 1:50 2261 2:00 2211210 22:12:20 22:12:30 22:12:40 22:12:50 22:13:00 22:13:10 22:13:20 22:1330 22:1340 22:1350 2261400 22:14:10 ity 0004 0005
= dodker-registry-1-wdlkbx 43.41MIB
Pods memory usage registry-console-1-blb: 5.48 MiB

—

System services CPU usage

2018-04-10 221328
System services CPU usage
— sparkcduster-w-1-bSSmg 19768
G ek Sparkcluster-w-1-znfoq: 15768
e Contalners CPU usage spariccuster-w-1-hpfh: 196 Gi8
prometheus-0 12268 12268 Pl P
sparkcluster-m-1-fq2d) 90294MiB  903.77 MiB p— 12268
spark.cluster-w-1-b55mg 347GIB 89408 MiB Al processes CPU usage sparkcluster-m-1-1q20j; 90330 MiB
~ [g200kcartprodcache2-r4%t:  881.96 MIB
Juster-w-1- 4 MiB
SENICIS DN T I 239 S = ~ dianecluster-m-1-g4tpf: 610.24 MiB
— sparkcluster-w-1-hpfhj 343G 87845 MiB EEIE — gafano-op 245022561442 6898 MIB
spark-cluster-w-1-zwmgs 336GIB  874.08 MiB Z3eh router-1-ckwhg; 56.88 MIB avg  curent~
A e ~ docker-registy-1-wdlkb A27T3MIB £1.7wmgs 934ME 200G
- . . 1968
registry-console-1-bib SABMIB 1 znfoq e
— grafanaocp2450225614-4jg2x  6921MIB  69.06 MiB {g200Kcartprodnotcached-25686: o8
T & P +1-b55mg, 1.12GiB 197Gi8
— sparkcluster-w-1-hpfhj 11068 185G
954 i prometheus.0 1268 12268
T — sparkcluster-m1.1q2d] 347MB 90370 MiB
a7 miB — Ig2O0kcartprodcache2-r49tf  88308MIB  889.79 MiB
— dianedluster-m-1-gatpt 61210MB  609.98 MiB
220930 221030 221100 221200 21230 221330 2211400 SO EERC I R G

220330 22:05:00 220530 22:06:00 220630 220700 220730 220800 [outscdartg S5S7ME T S8 ME

Containers memory usage

current ~
pod: prometheus-0 | prometheus E 1.16GiB
pod: spark-cluster-m-1-fq2d | spark-cluster-m 903.24 MiB
pod: spark-cluster-w-1-b55mg | spark-cluster-w z 893.55 MiB
pod: spark-cluster-w-1-znfdq | spark-cluster-w 883.40 MiB 2368
pod: spark-cluster-w-1-hpfhj | spark-cluster-w y 877.92 MiB
pod: spark-cluster-w-1-zwmgs | spark-cluster-w k 87355 MiB
pod: dianecluster-m-1-g4tpf | dianecluster-m X 613.07 MiB

System services memory usage

Containers memory usage
avg  curent~
oen — pod: spark-cluster-w-1-zwmgs | spark-cluster-w 99081 MiB 200GiB
pod: sparkcluster-w-1-2nf9q | spark-cluster-w 11168 198GIB
1468 pod: spark-cluster-w-1-b55mg | spark-cluster-w 11268 197GiB
pod: router-1-ckwhg | router . 56.31 MiB pod: spark-cluster-w-1-hpfh | spark-cluster-w 11068 185GiB
220500 220530 S e pod: grafana-ocp-2450225614-4jq2x | grafana-ocp X 5038 MiB 954 MiB pod: prometheus-0 | prometheus 116GB 116 GB
pod: spark-cluster-m-1-fq2d] | spark-duster-m 90294MiB  903.17 MiB
pod: Ig200kcartprodcache2-r4dtf | lg200kcartprodcache2 88254 MIB  889.25 MiB
~ pod: dianedluster-m-1-gdtpf | dianecluster-m 61157MiB  609.45 MiB
221000 21100 21200 ) pod: router-1-ckwhg | router S636MIB 5659 MiB

77 miB
All processes memory usage




_—

spark-cluster-w-1-znfdq

spark-cluster-w-1-b55mg 4183 6337
spark-cluster-w-1-zwmgs 3689 6171
prometheus-0 0064  0.068

— Ig200kcartprodnotcached-2s688  0.036  0.023

25
22:03:30 22:04:00 220430 22:05:00 220530 22:06:00 220630 5396I8
5336i8
5.22Gi8

System services CPU usage

Containers CPU usage

All processes CPU usage

56GIB
47GB
37GB

28GiB

19GiB

954 MiB

o8
22:0330 22:04:00 22:0430 22:05:00 22:0530

System services memory usage

. 56GB
4768
37GB

28GiB

19GiB

954 MiB

08
22:0330 22:04:00 22:04:30 22:05:00 22:0530 22:0¢

All processes memory usage

2018-04-10 22:06:47

spark-cluster-w-1-b55mg:

- spark-cluster-w-1-hpfhj:
spark-cluster-w-1-zwmgs:
spark-cluster-w-1-znf9q:
prometheus-0:
spark-cluster-m-1-fq2dij:

- |g200kcartprodnotcached-2s688:

- dianecluster-m-1-g4tpf:

- grafana-ocp-2450225614-4jq2x:
router-1-ckwhg:

- docker-registry-1-wdlkb:

registry-console-1-blix2:

— grafana-ocp-2450225614-4jg2x  0.007  0.008
router-1-ckwhg 0005  0.006
spark-cluster-m-1-fq2d) 0015 0.004

539 GiB
533 GiB
5.22 GiB
5.19 GiB
1.22 GiB
903.22 MiB
862.23 MiB
613.47 MiB
68.95 MiB
56.82 MiB
4341 MiB
5.48 MiB

dashboard: cached

Used Total

15.86 GiB 503.27 GiB

Pods CPU usage (1m avg)

[
22:09:20 22:09:30 22:09:40 22:09:50 22:10:00 22:10:10 22:10:20 22:10:30 22:10:40 22:10:50 22:11:00 22:11:10 22:11:20 22:11:30 22:11:40 3

System services CPU usage

= spark-cluster-w-1-b55mg:
R spark-cluster-w-1-znf9q:
aaaaa spark-cluster-w-1-hpfhij:
spark-cluster-w-1-zwmgs:
- prometheus-0:
R R TR spark-cluster-m-1-fq2dij:
- |g200kcartprodcache2-r45tf;
= dianecluster-m-1-g4tpf:
- - grafana-ocp-2450225614-4jg2x:
router-1-ckwhg:
- docker-registry-1-wdlkb:
registry-console-1-blix2:

Containers CPU usage

aaaaa

~ spark-cluster-w-1-hpfhj
spark-cluster-w-1-zwmgs
............

2018-04-10 22:13:28

- |g200kcartprodnotcached-2s688:

avg current~
0796 4866
58 4650

1.97 GiB
197 GiB
1.96 GiB
125 GiB
1.22GiB
903.30 MiB
881.96 MiB
610.24 MiB
68.98 MiB
56.88 MiB
42.73 MiB
5.48 MiB
0B




Comparing

RIP (Relative Index of Performance) Highwater mslrlg_rrbemory usage for master and worker pods (GB) and timing (min)
- RIP =0.63
RIP: Oto 1=Improvement 0 =
p | % Change =76 % Change = 63
0 to -1 = Degradation 6 RIP =0.63 RIP = 0.62 e ST
% Change: negative values = Improvement % Change = 63 % Change = 62
® Cached
3
4
@ RIP = 0.10
= % Change =10
-
=
e
o 2
RIP = 0.00
| % Change =0
0

Master Worker 1 Worker 2 Worker 3 Worker4  Time (Min)
Pod Memory Usage / Time



4 :
Demonlime!

SPARK JOB + PROMETHEUS +
GRAFANA
DEMO




rReca\p

You learned:

About our story on spark cluster metrics monitoring with prometheus
Spark Features

How prometheus can be integrated with apache spark

Spark Applications and how memory works

Spark‘Cluster JVM Instrumentation

How do | deploy a spark job and monitor it via grafana dashboard
Performance difference between cache vs non-cached dataframes
Monitoring tips and tricks
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rWhere Jfo Find Us?

Try this at home: https://red.nt/2CZAANN

Zak Hassan

Twitter: @Propect1010
Diane Feddema

Twitter. @DianeFeddema
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