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Stop Guessing, Start Measuring
Getting Your Cluster Size Right with Rally Benchmarks

Christian Dahlqvist and Daniel Mitterdorfer
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a Benchmarking at Elastic

©) A Wwhirlwind Tour of Rally

e Rally in Practice
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Indexing Throughput [docs/sec]

Bulk Indexing Throughput Comparison
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B Events B Operative Interval: 30 s 853 ms (all} || Synchronize Selection
_m_-l-l-_-lﬂ-" - - B Whl L— -- - - .I.I-|
General 9/1/16 1:25:04 PM . . a/1/16 1:25:35 PM

General | Allocation in Mew TLAB | Allocation Outside TLABs

Allocation by Class | Allocation by Thread | Allocation Profile

Allocation Profile

stack Trace Average Object Size Total TLAB size Pressure

¥ % java.util.concurrent.ThreadPoolExecutor$Worker.runi) 975 bytes 6.88 GB

¥ % java.util.concurrent.ThreadPoolExecutor.runWorker{ThreadPoolExecutorEWorker) 975 bytes 5.88 GB
¥ S org.elasticsearch.common.util.concurrent. AbstractRunnable.run(} 997 bytes 6.62 GB

¥ % org.elasticsearch.transport.TransportService34.doRun() 998 bytes 6.62 GB

¥ % org.elasticsearch.transport.RequestHandierRegistry.processMessageReceived(TransportRequest, Transpo... 998 bytes 6.62 GB

¥ % org.elasticsearch.transport.TransportRequestHandler.messageReceived{TransportReqguest, TransportC... 1,002 bytes 6.59 GB

¥ % org.elasticsearch.search.action.SearchServiceTransportAction$SearchQueryTransportHandler.mess... 1,002 bytes 6.59 GB

¥ ‘% org.elasticsearch.search.action.SearchServiceTransportAction$SearchQueryTransportHandler.me... 1,002 bytes 6.59 GB

¥ % org.elasticsearch.search.SearchService.executeQueryPhase(ShardSearchRequest) 1,002 bytes 6.59 GB

¥ % org.elasticsearch.search.SearchService.loadOrExecuteQueryPhase(ShardSearchReqguest, S.. 213 bytes 3.84 GB

* % org.elasticsearch.search.guery.QueryPhase.execute(SearchContext) 213 bytes 3.84 GB

* % org.elasticsearch.search.SearchService.createAndPutContext{ShardSearchRequest) 1.79 kB 2.75 GB

P % org.elasticsearch.action.support.nodes. TransportNodesAction$ModeTransportHandler.messageReceive... 24 bytes 15.35 MB

* % org.elasticsearch.tasks.TaskManager.register(String, String, TransportRequest) 27 bytes 13.95 MB

* % org.elasticsearch.discovery.zen.ping.unicast.UnicastZenPing$2.doRun() 80 bytes 1.40 MB
System # % org.elasticsearch.action.search.SearchQueryThenFetchAsyncAction$2.doRun() 40 bytes 1.20 MB
* % org.jooss.netty.util.internal.DeadlLockProofWorker®1.runi) 101 bytes 121.52 MB

¥ % org.elasticsearch.common.util.concurrent.PrioritizedEsThreadPoolExecutor$TieBreakingPrioritizedRunnable.runi) 1.02 KB 79.57 MB

# % org.elasticsearch.common.util.concurrent.PrioritizedEsThreadPoolExecutor$TieBreakingPrioritizedRunnable.r... 1.04 kB 78.18 MB

* % org.elasticsearch.index.shard.StoreRecoveryService$ 1.run() 3.52 kB 2517 MB
Events * S java.util.concurrent.ThreadPoolExecutor.getTaskl() 38 bytes 17.14 MB
% org.elasticsearch.discovery.zen.ping.unicast.UnicastZenPing$3.run(} 24 bytes 12.56 MB

P % java.util.concurrent.ScheduledThreadPoolExecutorgScheduledFutureTask.run() 16 bytes 4.31 MB

# % org.elasticsearch.transport.netty. MettyTransport$5.run{} 53 bytes 4.19 MB
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What is Rally?

Macrobenchmarking for Elasticsearch

Think “dMeter on Steroids”

Execute benchmarks based on Elasticsearch API

Gather system metrics (CPU usage, disk 1/O, GC ...) and attach “telemetry” for more insights
Manage and provision Elasticsearch instances

Structured storage for metrics

%@ elastic 8 elastic{eat



github.com/elastic/rally




How does Rally work?

Part 1: Provisioning a cluster

i N 4
e -

Cars Rally
e R -
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How does Rally work?

Part 2: Running a benchmark

Metrics

Store
\N__________ ______,__.,-/
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Inspecting Results




Summary Report

Metric Operation Value Unit

Indexing time 124 .712 min

Merge time 21.8604 min

Refresh time 4 .49527 min

Merge throttle time 0.120433 min

Median CPU usage 546 .5 %

Total Young Gen GC 72.078 S

Total Old Gen GC 3.426 S

Index size 2.26661 GB

Totally written 30.083 GB

99.9th percentile latency 1ndex-update 2972 .96 ms
99.99th percentile latency 1ndex-update 4106.91 ms
100th percentile latency 1ndex-update 4542 .84 ms
99.9th percentile service time 1ndex-update 2972 .96 ms
99.99th percentile service time index-update 4106.91 ms
100th percentile service time 1ndex-update 4542 .84 ms

®? elastic 13 elastic{di



Metrics Records
{

"trial-timestamp": "20170223T0000462Z",
"@timestamp": 1487811668093,
"relative-time": 150148201,

"track": "geonames'",
"challenge": "append-no-conflicts-index-only",
"car": "4gheap",
"sample-type": "normal",
"name": "disk 10 write bytes",
"value": 12355731456,
"unit": "byte",
"meta": {
"node name": "rally-nodeO",
"cpu model": "Intel(R) Core(TM) 17-6700 CPU @ 3.40GHz",
"os name": "Linux",
"os version": "4.4.0-38-generic",
"Jvm vendor": "Oracle Corporation",
"jvm version": "1.8.0 101",
"distribution version": "6.0.0-alphal",
"source revision": "18f57cO"

%@ elastic 14 elastic{h)



@ warmup
@ normal
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Going Deeper:
Analyze Performance Issues
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& @ /Users/daniel/Downloads/long_running/gc_logs/gec.log.0, /Users/daniel/Downloads/long_running/gc_logs/gc.log.l, /Users/daniel/Downloads/long_running/gc_logs/gc.log.2, /Users/daniel/Downloads/long_running/gc_logs/gc.log.3, /Users/daniel/Downloads/long_running/gc_legs/gc.log.4, /Users/daniel/Downloads/long_running/gc_logs/gc.log.5, /Users /daniel/Downloads/I...

file:/Users/danlel /Downloads/|ohg_runnlng/gc_logs/gc.log.O0

[ |:|'Jrr|

B gy ey Mg i g

i ) 1 o
i 3

M 0005y )

g g g

m Event details

[ | 20m s | 30m [40m

rd’s’ H’F"P“”rf’ W il T_r'.,.'”iﬁr'r rrrrf'“‘F‘ (d, rrﬂr””ir. ST

file:/Users/danlel/Downloads/leng_running/gc logs/ac.log.l

L ¥
L
S CLEFES .
ulﬁ'". Event details
| | [10m [ [20m i |30m A0m
.J"""'l- i - - =] - =t o = L el ‘ i = et e, SR i iy L, . T & -  erali _ . ~ “ o .- - A - i e S . e g = et e —— a
T il U T T R LA d S d dddd d id LidT i d i d add ddd ddd i d d i s 8 d dda d 4 add i add il i Il e ddil s dd1iddd B id 3 L d dd dad 14 ad At arid T aididd T ididd 48 dddddidar i d ad T i e i didid i d i d dddidd s d
| 0.003 |
file:fUsers/daniel/Downloads/leng_running/gc_legs/gc.log.2 v
w Event details
[10m | [20m : 30m [40m
....--'\_..l‘-_‘___.n.f-.__,_.‘_. e L -_ M- U g o g e, TR L Al e A g P8 - 3 e, AT S b ] e et e ke e Pt | e Al el e b LR SRRl el e L | L . Hapl_Sap i -l g L g L e L RYSEEY -'—-..___-._-f'u-._J"'--_.._..-.__,_ J o oo - 5 BN iy R g g P e — b o e e | L | — = N Pt L R et .._.f"'--_,__- Ll S, T S
it 0.00s% |
file:/Users/danlel /Downloads/long_runnlng/ac_logs/ge.log.3 - W
m Event details
| Om | |20m ] I0m
o - "'"1 el ik L WU D | L TR R A LN L et e T "4--.-'n'-;.__—__--.,_,:""-.._. Ll LF ] o ' .- — ¥ -' o ' ._:a,-___.,.l.___ _!...-'"-..___.__._:,....__ g LA — s e e L] 1 ot s i | PR o L . LY A ALbRn A e F'rl- Aot _,l'._.r-,_.-\___.--._________ 4] g 4 o e DLy P _‘."1‘-.r.-_ Al . A ‘--..-,‘_._____‘-.._._.-,__.__ L Nl AT R P T __-'\ e
1| il 1 k F

(1 f 0.003

file./Users/danlel/Downloads/|ehg_runnlng/gc _|||‘a!'._'5. Jgc.log.4

| 10m

B "-.n"' ..-'.—.-"',- Yy e Tl o T AR EY I _‘_."__’__... I o -u S Ly --" . At “JF '-'.' S ¥ i == ST TR o
. T I T T

file./Users/danlel/Downloads/|long_running/gc logs/ac.log.5

- b, ~
A e o ey (Ot

1

w Event details

| 20m ] 3lm

S o Ve ol piier g gl LR S MY eyl L Pl Y Lt T e
. e AL l IEI o ‘ a7 1libes S Bl B W S R T T ll
| | il |

Em Event details

10m
| AT e T TR
H |||| Hl \ |\|. |

v | A " ".- '.I .1_—""'1 "
Al

file:/Users/danlel |Downloads /|l eng_running/gc_legs/geleg.b

b 0.00s

. ; 1 - . 30m 0 . TPt
‘&I MRl e it |nr. o AL L g N Y -". =g e T T T T 7| e ST J"T_q" MW ) || fiaf ki
1 EA | I VR AR {1 A

m Event details

".Irn

T

S —

T

111 0.0ns

D L

file:/Users/daniel/Downloads/|long_running/gc_logs/gc.log.d

|
i e A b e
P P s e il e ." |‘ : | 1:"" H '}

|20m . : : 2
Ay il YU oy i L B .-__ e i Noan .F‘-L".“di A |'|| T-' [ it ae T N P e b HET A
| 3 i
T T T

w Event details

10m

|
—— SR i g i g AL L AU Ll LL Addibin i g ] Y i
e i [ I i it i A Loy e
o oonsfhL] ‘ \ﬂ H I A N i |M H " h' ‘ || | m “ i ‘ T

file./Users/danlel/Downloads/loeng_running/gc_logs/gc.log. 8. current

-Jrrl

PR ~I-_-—-_-_..-r—-----1-.7- Iy l,,_._,'
o o00s Ul ||!|I! ”

T i T [
LU AR RININNL | Wil

T ﬂ]r]ﬂu]_', T T T

-1-I'Im

o e PR
| = LA LA B u m t

—

i ____.-"' ."\' by

|.‘I'.Im
it "““' e Ao AT T _| e e e A T T sttt m —r e
| | '
| | |H "" HH H” ‘ 1 H” |” |

W Event details

[ | 20m ! 30m _ - [40m
o

P o i ._--..ﬁ-.-*- . o hr TN TR R T ki A i e G T A - e . 5 ity el St T .:. s e et --'—'-, . H -‘;‘T'L"" e i ao— _..',____-
M L T T T CAE e LM A

-t _|_'__




|

E5

General

L

Memory
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Code
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Threads

4
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System

¥

Events

42 Contention

B Events B Operative Set Interval: 5 min 56 s (all) & synchronize Selection
= =1 L= | P T P

4/28/16 4:43:23 PM Rl (2] (&) 4/28/16 4:49:20 PM

Top Blocking Locks | Top Blocked Threads ‘ Top Blocking Threads ‘
@

Filter Column | Class &l
Class Count Average Longest Duration
€ java.lang.Object 451 ms 640 ys 25933 ms 24 min 24 s 217 ms
© org.apache.lucene.index.DocumentsWriterFlushCont 2,733 164 ms 552 ps | 838 ms 899 ps | 7 min 29 s 722 ms
® org.elasticsearch.index.translog.Translogwriter 1,662 214 ms 614 ps 25159 ms 5 min 56 s 689 ms
© org.apache.lucene.index.DocumentswriterPerThreac 63 143 ms 632 ps | 454ms 704 ps | 95 48 ms
® java.lang.ref.ReferenceSLock ED 184 ms 762 ps 710 ms 484 ps 35695 ms
® org.apache.lucene.index.IndexWriter 4 34 ms 562 ys | 39 ms 182 ps | 138 ms 249 ps
Stack Trace Count Duration

» & prg.elasticsearch.index.engine.InternalEngine.innerindex(EngineSindex) 3,59% 24 min 23 s 894 ms
# & org.elasticsearch.index.shard.indexShard.updatePrimaryTerm(long) 3 322 ms 341 ps

& overview |E§." Hot Threads [ﬁ' Cunl:enl:iun| I= LE:'IIIEFI[.iE5| & Thread Dumpﬂ g® Lock Instances




Rally in Practice

How to use and extend for ‘realistic’ benchmarks




Why benchmark?

What insights are we looking for?

Cluster size required Cluster behaviour
to support use-case under varying load

Optimal cluster
configuration

What hardware to use

elastic 20
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Benchmarking and use-cases

Common patterns

% @ elastic

Search use-cases
- Complex queries
« Complex data models
- Limited indexing

- Latency sensitive

21

Event-based use-cases

* |Indexing heavy

- Flat data model

» Analysis through Kibana

- Limited other querying

elastic{}



Why more complex benchmarks?

How does different types of load interact?

Target vs achieved indexing rate with concurrent query load

35000
WTarget Indexing Rate

BAchieved Indexing Rate
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Dashboard latency statistics (s)

70
W Average dashboard latency (s)
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What do we need?

Simulate

Data Kibana

usage

generation

Easy to

use and
extend

« Support long benchmarks » Configurable * Run it as-is
» Rate-limiting * More realistic load patterns « Adapt to your scenario
« Configurable timestamp « Easy to get started » Use as inspiration

%@ elastic 24




Example: Using the track to evaluate hardware

How performant are d2.2xlarge instances?

Why d2 instances?

- _shrink and _rollover APls add flexibility
- 8 CPU cores, 61GB RAM

- 6 2TB disks in RAID10 => ~6TB storage

- Separate instance for Rally - CPU intensive

¢ o elasti
@ elastic

O N

Rally
(c4.2xlarge)

Elasticsearch 5.2.1
(d2.2xlarge)

elastic{h}



Important Rally concepts

The structure behind the benchmarks

&~ ™\
Custom {O 1}
Parameter
Source
< J
. N\ - Y
1
Runner Operation
o J A\ 4
/ N
Configuration
Parameter {O,H}
A J

%@ elastic 26



Important Rally concepts

The structure behind the benchmarks

Custom {O, 1}
Parameter
Source
A 4
i ™ y N / R
1 {1,m}
Runner Operation Challenge
g J \ ~ [sequence, ~ o
concurrency,
4 N duration]
Configuration
Parameter {0,n}
\ 4
%@ elastic 27




Important Rally concepts

The structure behind the benchmarks

Custom :
ParL:mcheter {0,1} Runtime | Race
parameters
Source
\ J |
l
3 N 4 N 4 |
1 {1,m}
Runner Operation Challenge
N J . ~ [sequence,
concurrency,
4 b duration]
Configuration
Parameter {O,n}
. J
%@ elastic 28




Flow of data and configuration

Anatomy of a track

_ Rally
track.json

{

Standard Runner

£.ind

“operations”: [ 7 (e.g. index) \

W) / -
S

~ / -
1, Wi / v
“challenges¥; | / elasticsearch
~ I, Custom Runner
] IR / 3 (e.g. kibana)
N ’
~ /] -
} . Custom Parameter Source .

(e.g. elasticlogs kibana)

elastic 29 elastic{h}
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Bulk index data generator

Unbounded volumes of access log data

{
"agent": "Mozilla/5.0 (Windows NT 6.3; WOW64; rv:42.0) Gecko/20100101 Firefox/42.0",
"useragent": ({
"os": "Windows 8.1",
"os name": "Windows 8.1",
"name": "Firefox"
}I
"geoip": {
"country name": "Canada",

"location": [-95, 60]
}
"clientip": "184.151.239.181",
"referrer": "-",
"request": "/favicon-16x16.png?change=123",
"bytes": 1763,

"verb": "GET",

"response": 200,

"httpversion": "1.1",

"Qtimestamp": "2017-02-22T13:09:06.343Z2",

"message": "184.151.239.181 - - [2017-02-22T13:09:06.343Z] \"GET /favicon-16x16.png?change=123

HTTP/1.1\" 200 1763 \"-\" \"-\" \"Mozilla/5.0 (Windows NT 6.3; WOW64; rv:42.0) Gecko/20100101
Firefox/42.0\""

}

%@ elastic 30 ol astic



Simulating Kibana queries

2 Out-of-the-box simulated Kibana dashboards

EL: 404 requests over time EL: 404 referral origin EL: Menu

® External referrals
elastic.co access log demo
This demo is based on a subset of access logs from the elastic.co website. The IP .
addresses shown in the data has been masked and modified. The following

@ Internal referrals
40,000
dashboards are available:

30,000

o Traffic

Count

20,000 o Content Issues

- I||IIII|“III||I‘|‘|I||‘I|II||‘||IIII“‘IIll“lllllllll IIII

|+ Internal/external missing link analysis
1,083,7 100,040 117,346

o Blog Analysis

o Users

Number of failed requests Estimated number of affected users Estimated number of affected URLs
a
EL: Top 20 404 request referrers EL: Top 20 404 requests EL: Top 20 users affected by 404 requests
Referrer = Q Count Requests = Q Count User Session 1D = Q Country = Q Count .
2l 748,880 feed/ 153,678 2NpvicaBJAOLQ4KDLOczTA== United States 75,928 u
“http://logstash.es/" 21,480 /content/themes/el asticsearch-org/favicon.ico 25,515 gJpoVokuzHKIHU3]YBXSEg== United States 21,078
“http://it.taocms.org/02/7039.htm" 10,349 /.well-known/dnt-policy.txt 20,665 cL3r6Ce35xbchfSaépYcaw== Germany 19,114
"http: ch.org/c .php” 5,678 Jatom.xml 19,535 joYVK9YLeB8QaGuURAXWO70Q== United States 14,195
"http://www.elastic.co/found%5C" 5,169 ffeed 12,519 jaxZQjIrjDjsPKLyaYAE+g== Australia 10,539
“https:/ /www.elastic.cof/app-lon02.marketo.com/js/forms2/jsiforms2.min js" 4691 /content/uploads/2014/10/Screen-Shot-2014-10-22-at-00.37.37.png 7,038 JFZFRUN3DWVNSOVS2TZg== Switzerland 9,959
"http://www.elasticsearch.org/atom.xml" 3,942 /content/themes/elasticsearch-org/images/bonsail.png 6,378 bWKonFhBOBf3f1MWPKsrZw== France 7,787
"http://udn.yyuap.com/doc/logstash-best-practice-cn/filter/grok.htmi” 3,650 /guide/en/elasticsearch/reference/current/mapping-core-types.html 5,895 rro04drC/)6kIVQACBXVOgE== United States 7631 ] ]
"https://www.elastic.cofblog/feed/" 3,645 found%S5C 5178 etnnkep8/BPdtSspO0qOmMA== United States 7616 .
“http:/i ade.co henryn/blogs" 3,115 /blog/elasticsearch-ein-praktischer-einstieg. 5,146 LYYRDbEKENGIASBIjhlo/w: Russian Federation 7,540
Export: Raw & Formatted & Export: Raw& Formatted & Export: Raw & Formatted &
AN Rl A0 N s )

EL: Traffic response codes over time EL: Menu
D ®200
®304 .
— = elastic.co access log demo
®302 This demo is based on a subset of access logs from the elastic.co website. The IP
@500 addresses shown in the data has been masked and modified. The following u
1,500,000 ® 206 dashboards are available: .
€ 103 © Traffic
3 @499
2 o @12 ° Content Issues
o0 o Blog Anal
® 403 log Analysis
I I 8416 © Users
. I I I I I I I II I I

0
2016-02:28 2016-03.06 2016:03-13 2016.03-20 20160327 2016:04-03 2016:04-10 2016-04-17

@timestamp per day

u [ ]
EL: Total request count EL: Top 20 requests for all traffic EL: Top 10 countries for traffic
Requests - Q Count € ® United States . r a I C a e r" l a r ] a S I S
@ china
#favicon-16x16.png 9,362,184 \ @ France
98 2 3 33 ffavicon-96x96.png 8,247,573 :

@ Germany

@ india
/android-chrome-192x192.png 8,177,206 8 Uit Kinacom
@ Russian Federation
Number of requests ffavicon-32x32.png 4,366,972 ® Canada
/static/css/token-i 2,445,828 8%
static/css/token-input.css 445,
EL: Traffic origin map P! ® Netherlands
/static/js/jquery.tokeninput.js?change=123 2,414,729
[ +] : / 2183374
I /apple-touch-icon-144x144.png 1,775,387
L’ /static/css/prettify.css 1,692,955 . a S e S a a a
X I l
/static/js/prettify.js 1,665,599
EL: Top 10 referrer domains EL: Traffic by operating system
@ www elastic.co © @MacOsX
@ discuss elastic.co ® Windows 7
® condiscourse.org ® Linux
@ www google.com ® Windows 10
® www google.co.in @ Other
® www google.co.uk ® Ubunt

® stackoverflow.com @ Windows 8.1 [ ]
® www.google fr @ Android

® www.google.de ®ios .

@ Fedora

® infoelastic.co

o | Count -
O 1-1591417
© 1691.417 - 3,382,833

074,248 - 6,765,665
@ 6,765,665 — 8,457,081

Leafiet | @ Elastic Tile Service

q .
% 0 elastic



How should | use it?

Fork and extend the track

Dynamically loads files from directories

eventdata
| -— track.json | -- parameter sources
| -— track.py | +-- [custom parameter sources]
| -—— mappings.json | -— runners
| -- operations | +-- [custom runners]
| | -- indexing. json | -- challenges
| | -- querying.json | | -- bulk-size-evaluation.json
| | -- stats.]json | | -- elasticlogs-1lbn-load. json
| +-- my operations.json | | -— shard-sizing. json

|

+-- my challenges.Jjson

Add files with new operation and challenge definition files - no conflicts

%9 elastic 32 elastic{J



Example Challenges

Combining indexing and querying

elasticlogs-1bn-load

e e

|\
Y

historic data
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Example Challenges

Combining indexing and querying

elasticlogs-1bn-load combined-indexing-and-querying

.

L r

historic data current data
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Indexing performance

elasticlogs-1bn-load benchmark

Indexing Throughput
35,000 {
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@timestamp per 10 minutes

%@ elastic 35 H&StiC@



Combined indexing and querying

combined-indexing-and-querying benchmark

Target vs achieved indexing rate with concurrent query load

35000
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Dashboard latency statistics (s)
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BMaximum dashboard latency (s)
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Take it fora s
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More Questions?

Visit us at the AMA
or
Discuss in "BoF: Benchmarking
Elasticsearch” today at 12:45
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Image Credits

“measuring tape” by Sean MacEntee: https://www.flickr.com/photos/smemon/14618772953/ (CC BY 2.0)

“Works Mini Cooper S DJB 93B” by Andrew Basterfield:

https://www.flickr.com/photos/andrewbasterfield/4 759364589/ (CC BY-SA 2.0)

% elastic 40 elastic{at


https://www.flickr.com/photos/smemon/14618772953/
https://www.flickr.com/photos/andrewbasterfield/4759364589/
https://www.flickr.com/photos/andrewbasterfield/4759364589/

Please attribute Elastic with a link to elastic.co

Except where otherwise noted, this work is licensed under
http://creativecommons.org/licenses/by-nd/4.0/

Creative Commons and the double C in a circle are
registered trademarks of Creative Commons in the United States and other countries.
Third party marks and brands are the property of their respective holders.
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