_i_ti_
n

| Improvmg |
NOSQL Database Benchmarklng

Lessons Learned

Steffen Friedrich

University of Hamburg
Department of Informatics
Databases and Information Systems

friedrich@informatik.uni- hamburg de

March 23, 2017 @ UIOP 20l7, DKRZ Hamburg


mailto:friedrich@informatik.uni-hamburg.de

=

Part |

RDBMS => TPC

Vo

NOSOL => YCSB



U'Hm Relational DBMS Benchmarking i
| g | : .

RDBMS
~ 50 years database theory

=> high degree of standardization
~greatly simplified the development of

\ T PC ~pss
_ Transaction Processing

Performance Council

Standard
Benchmarks

Steffen Friedrich | Improving NOoSQL Database Benchmarking: Lessons Learned 3



U'Hm T PC Benchmarkss
M|  Multiple domain specific benchmarks: S .

+ The TPC-C OLT P benchmark

« workload consists of five transaction types simulating
activities of a wholesale supplier

 requires ACID transactions.

e« only requirements speC|f|cat|on
' => vendors may implement and run TPC &:
. => TPC consortium approve result reports '

« Metrics. transactions per minute (tpmC), prlce / tme _

o . TPE=D|, TRPC-DS, TPC E,; TPC-H,

. Obsolete: TPC-A TPC—B, _TPC—W,

Steffen Friedrich | Improving NOoSQL Database Benchmarking: Lessons Learned val



U'Hm NoSQL Databases e ol
| g | ;

> “NoSQL" term coined in 2009
> |nterpretation: ,Not Only SQL”
> Development driven by large web companies

> Main motivation: Scalability

Large
user-generated data /
Request load "\_\-tm.

)

OO
O
(AR

(L

Steffen Friedrich | Improving NOoSQL Database Benchmarking: Lessons Learned 5
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 RDBMS VS  NoSQL DB

‘Scalability

Scale-Out
(horizon ta/ scaling)

Scale?Up
(vertical scaling)

|
1
|
|
|
I _
|
i ——
I B
P ;I - &
: N’/ A
o a ey
More RAM N - e’
Specialized . - : =
DB hardware More CPU : Commodity hardware
More HDD i Connected by network

Steffen Friedrich | Improving NOoSQL Database Benchmarking: Lessons Learned 6



RDBMS VS  NOSQL DB |

UH
.i_ti.
n

Different data models:
> Key-Value, -
> Document,
> Wide-Cloumn,
> Graph

Relational data model

SQL query language Many query Ianguagés./- APIS

' Explicit schema Schema free => implicit schema

normalization denormalization

ACID-Transactions No: transactions

& eventual consistency

Steffen Friedrich | Improving NOoSQL Database Benchmarking: Lessons Learned 7



.

RDBMS VS NOSQLDB

One Size Polyglot
S e
- Fits All Persistence
Specialized Da.tabases.

~for special requirements

Steffen Friedrich | Improving NoSQL Database Benchmarking: Lessons Learned 8



UH | More About NoSQL Databases?

Felix Gessert, Wolfram Wingerath, Steffen Friedrich & Norbert Ritter:
@ "NoSQL database systems: a survey and decision guidance",
Computer Science - Research and Development 1-13 (2016)

NoSQL Toolbox
I Functional ‘ | Non-Functional ‘

‘ Scan Queries }\\J Sharding { S Aoy ‘ ,
; Range-Sharding - . =
Hastesharina Write Scalability ; ‘ N OSQ L DeC|S|On tree

¢ Entity-Group Sharding
‘ G ACID Transactions

Consistent Hashing
Shorediisk Read Scalability
e 1 v
Replication ( T = - Access : ;
Commit/Consensus Protocol - i
Synchronous Fast Lookups . Complex: Queries
Asynchronous Consistency 3 : ) -
Primary Copy 3 .
Update Anywhere 2
h ; Write Latency ﬁ ey
) Storage Management Q 3 : 2
8 8 RAM Unbourided ; Unbolnded
Logging Read Latency ‘ i
Update-in-Place
Caching £ 5 '
In-Memory Storage Write Throughput ‘ g | : Query Pattern :
Append-Only Storage | ‘
; ' ilabili B : Analyti
< Query Processing & Read Availability ‘ C.P AQID Availability Ad-hoc Rytics
Global Secondary Indexing v h 4 l h 4
Local Secondary Indexing Write Availability Redi# Cassandra HBase RDBMS CouchDB * MongoDB Hadoop, Spark
g:smi:fpg;gework Mercache Riak MongoDB Neod; MongoDB RethinkDB Parallel DWH
Materialized Views Durability ‘ ; Voldemort CouchBase RavenDB SimpleDB HBase, Accumulo Cassandra, HBase

Aerospike DynamoDB MarkLogic ElasticSeach, Solr Riak, MongoDB

‘ Conditional or Atomic Writes

‘ % Jbins

T
‘ Sorting
1

‘ Filter Queries

‘ Full-text Search

‘ Aggregation and Analytics

SRS AN e 8 S Ly S
Cache Shbop;kmlg- F?irtderr m
oo U basker ) [ History )

Example Applications

Steffen Friedrich | Improving NOoSQL Database Benchmarking: Lessons Learned


http://dx.doi.org/10.1007/s00450-016-0334-3

U'Hm - NoSQL Performance Evaluation ?
m ) :

Heterogeneous NQSQL landscape

De facto standard
benchmarking framework

S
&%&\ \wﬁ\\

Yahoo Cloud Serving Benchmark !
=> User perspective on web 'app. performance |
=> Not only throughput => response times / latencies

Cooper et al.: -
L1\ Benchmarking Cloud Serving Systems with YCSB, SoCC‘10, ACM, 2010

https://github.com/brianfrankcooper/YCSB/wiki

Steffen Friedrich | Improving NOoSQL Database Benchmarking: Lessons Learned (@)


https://github.com/brianfrankcooper/YCSB/wiki

Limited to the functionality all NOoSQL systems have in common

> Key-Value interface of CRUD-operations

> No domain driven workloads :
> No Transactions

=> configurable mix of operations NGO ToreT

\/ Command line properties > No C_omplex Que”es
Workload Fj_]_e : Command line properties : : _

: + - Database to use . _ : :
ot L Databases only have to
operationcpunt=1000 - Workload File to use : : - : :

i - Target throughput H 1 - H
readproportion=0.5 + Number of client threads ; Impllment the Slmple
updateproportion=0:5 gt : ' ; / ;
Jinsertproportion=0 ; DatabaSe |nte rface Layer
readmodifywriteproportion=0 ' ; :
scanproportion=0 :
requestdistributi9n=zipfian / YCSB_ cl ienf :
fieldcount=10 ' w
fieldlength=100 o < Client =~ @
readallfields=true E ‘g q?f_: E
writeallfields=false _—2‘6 § E o
= [ ]
Stats =

fieldlengthdistribution=constant
IXinirtordeﬁhashed \ /

Steffen Friedrich | Improving NOoSQL Database Benchmarking: Lessons Learned i




i Part |

The Coordinated Omission'Pr'obI]em

“a conspiracy we're all a part of”

£Quote

Gil Tene, CTO @ Azul Systems:

ZZJ;Qx How NOT to Measure Latency, QCon, 2013 - 2016
infoqg.com/presentations/latency-response-time

‘Steffen Friedrich, Wolfram Wingerath & Norbert Ritter:
L\ '"Coordinated Omission in NoSQL Database Benchmarking",
BTW 2017, Workshopband, p. 215-225, 2017

Steffen Friedrich | Improving NOoSQL Database Benchmarking: Lessons Learned 2


https://www.infoq.com/presentations/latency-response-time
https://www.gi.de/service/publikationen/lni/gi-edition-proceedings-2017/gi-edition-lecture-notes-in-informatics-lni-p-266.html

- YCSBs load generation

UH
.i_ti.
n

' _targetOpsTickNanos = (long) (1 000 000 000 / target)
long overallStartTime = System.nanoTime();

while (_opsddne < _opcount) {
long startTime = System.nanoTime();
Status status = _db.read( table, key, fields, result );
long endTime = System.nahoTime();

_measurements.measure("READ"; (int)( (endTime - startTime) / 1000));

Lopsdone++;

long deadline = overallStartTime + _opsdone * _targetOpsTickNanos}
lTong now = System.nanoTime(); :
while((now = System.nanoTime()) < deadline) {
LockSupport.parkNanos( deadlkine - now );
) :
3

Steffen Friedrich | Improving NOoSQL Database Benchmarking: Lessons Learned 3



- YCSBs load generation

UH
.i_ti.
n

while (_opsddne < _opcount) {
long startTime = System.nanoTime();
Status status = _db.read( table, key, fields, result );
long endTime = System.nahoTime();

_measurements.measure("READ"; (int)( (endTime - startTime) / 1000));

}

Steffen Friedrich | Improving NOoSQL Database Benchmarking: Lessons Learned 4



- YCSBs load generation

UH
.i_ti.
n

~'_targetOpsTickNanos = (long) (1 000 000 000 / targetThroughput)
long overallStartTime = System.nanoTime(); :

while (_opsddne < _opcount) {

Lopsdone++;

long deadline = overallStartTime + _opsdone * _targetOpsTickNanos}
lTong now = System.nanoTime(); :
while((now = System.nanoTime()) < deadline) {
LockSupport.parkNanos( deadlkine - now );
) :
3

Steffen Friedrich | Improving NOoSQL Database Benchmarking: Lessons Learned 5



' YCSBs load generation

UH
_i_ti_
n

*'_targetOpsTickNanos = (long) (1 000 000 000 / targetThroughput)
long overallStartTime = System.nanoTime(); :

while (_opsddne < _opcount) {

What if _
latency >> __.targetOpsTick'NahOs[?

—> now >> deadline ?

Lopsdone++;

long deadline = overallStartTime + _opsdone * _targetOpsTickNanos}
Tong now = System.nanoTime(); :
while((now = System.nanoTime()) < deadline) {

| LLockSupport.parkNanos( déadline - now );
) :

3

Steffen Friedrich | Improving NOoSQL Database Benchmarking: Lessons Learned 16



' The Coordinated Omission Problem

UH
_i_ti_
M| Example
1000 -
X proper measurement
750

Sys—tém easlly handles
IO ops/ sec |

latency (ms)
St — c’-l
o
o
|

250 - latency < | ms

0 KX XX XXXXXXXXXXXXXXXXXXX

8 | | 9 10
time (s)

Steffen Friedrich | Improving NoSQL Database Benchmarking: Lessons Learned



' The Coordinated Omission Problem

!EiE

Example
1000 - 0 .
e O YCSB
750 -

latency (ms)
~_ T
o
o
|

G s ‘\

1s datarase hiccup

0o DO i ano'oodooooo<|
10 ' - 11 12
time (s)

Steffen Friedrich | Improving NoSQL Database Benchmarking: Lessons Learned 18



' The Coordinated Omission Problem

Example

!E%%

10004 © _.

= B O YCSB
Database is ablel to influence
750 77 . the request rate !

=> coordlnated omission of relevant
measurement points

1250 - s ﬁ

1s datarase hiccup

latency (ms)
@)
o
o
|

0- 5O N Chnobob‘ooooo:l
10 ' - 11 | 12
time (s)

Steffen Friedrich | Improving NoSQL Database Benchmarking: Lessons Learned 9



' The Coordinated Omission Problem

!EiE

Example
1000 - X .
_ .
X X proper measurement
750 -
x b
& 500 ¥ mw - -
— X e -
I.I : x '
250 - . :
‘ ; x 3
hame 1s datarase hiccup
X
0 X % — _ K % % % X X X X X X X
10 | - 11 12
time (s)

Steffen Friedrich | Improving NoSQL Database Benchmarking: Lessons Learned 20



U'Hm - The Coordinated Omi_ssioh Problem
M| Example |

The Results: | |
AVG.  90%ie = 99%ile = Max
No Hiccup  9.92 1.133 1.649 8.423
Hicoup 17.43  7.539 603.647 | 903.679
Hicoup YCSB 4,39 4.711 § ~6.599 902.143

Steffen Friedrich | Improving NoSQL Database Benchmarking: Lessons Learned 2



U'Hm " The Coordinated Omission Problem
M| Example = .

The Results: | |
| AVG  90%ile = 99%ile = Max
No Hiccp  9.92  1.133 1.649 8.423
Hicoup 17.43 § 7.539° § 603.647 & 903.679
Hicoup YCSB 4,39 4711 6.599  902.143

\

Do not just look at average latencies |
(+ StdDeviation), because latencies are not normally
distributed '

Steffen Friedrich | Improving NoSQL Database Benchmarking: Lessons Learned 22



- Coordinated Omission Correction

UH
_i_ti_
n

since YCSB Version 0.2.0 RC'I, June 205

=> intended measurement interval

while (_opsddne < _opcount) {

startTime = deadline
(computed after previous reguest)

fmeasurements.measure( : o CInt)E (endTimé_- _deadline)/ 1000));
Lopsdone++;

_deadline = overallStartTime + _opsdone * _targetOpsTickNanos:

}

Steffen Friedrich | Improving NOoSQL Database Benchmarking: Lessons Learned pac



- Coordinated OmiSsion Correction

UH
.i_ti.
n

since YCSB Version 0.2.0 RC'I, June 205

=> intended measurement interval

while (_opsddne < _opcount) {

startTime = deadline
_ (computed after previous request)

ﬂmeasurementé.measure( : o CInt)E (endTimé_- _deadline)/ 1000));
Lopsdone++;

;deadline = overallStartTim¢.+ _obsdone * _targetOpsTickNanos;
=> put still influenceable request rate !

}

Steffen Friedrich | Improving NOoSQL Database Benchmarking: Lessons Learned 24



U'Hm - Closed VS Opén System Model
i _

for load generation

Closed System Model

R_eceive

O_pén System Model |

~ Leave

New Arrivals

55&5 Schréder et al. Open Versus Closed: A Cautionary Tale, 2006

Steffen Friedrich | Improving NOoSQL Database Benchmarking: Lessons Learned 25


https://www.usenix.org/legacy/event/nsdi06/tech/full_papers/schroeder/schroeder.pdf

Scalable NOSQL Benchmarkmg

nosglmark.informatik.uni-hamburg.de

Steffen Friedrich | Improving NOoSQL Database Benchmarking: Lessons Learned


http://nosqlmark.informatik.uni-hamburg.de/

~ Scalable NOSQL Benchmarklng

< nosglmark.informatik. un1 hamburg.de

> built to implement our consistency measurement approach

.r.-

nodes => Automatlcaliy aggregates results_

> Compatible to the YCSB database interface layer

5 Ciosed and Open .Syst'em Model

Scala Aakka

Steffen Friedrich | Improving NoSQL Database Benchmarking: Lessons Learned



http://nosqlmark.informatik.uni-hamburg.de/

U'Hm - Coordinated Omission Avoidance

M| in NoSQLMark

imblicit val ec = context.system.dispatchers.lookup( : _ | )

case DoOperation => {
val operation = workload.nextOperation
val startTime = System.nanoTime

) | . .
futune.onComplete { : | generatlon |

case Success(status) => {

~val future = Future { R | _ :
sendRequest(operation) ASynCh ronous | |Oad

val endTime = System.nanoTime : _ :
measurementActor ! Measure(operation.name, (endTime - startTime) / 1000)

3
case Failure(ex) => {
log.error(ex, : ' : ,-operation.name)
}
3

Steffen Friedrich | Improving NOoSQL Database Benchmarking: Lessons Learned 29



lE%%

- Coordinated OmiSsiOn Validation with

Singléénode inconsistent key-value Store

Originally developed to validate Con3|tency
- measurement approaches

| Lesson we have Iearned
Validate your tools|

{

. 'Wingerath, Friedrich, Gesser, Ritter: _
Z;L;& Who Watches the Watchmen? '
] On the Lack of Validation in NoSQL Benchmarking, BTW 2015

github.com/steffenfriedrich/SickStore

Steffen Friedrich | Improving NOoSQL Database Benchmarking: Lessons Learned 3l


http://www.btw-2015.de/res/proceedings/Hauptband/Wiss/Wingerath-Who_Watches_the_Watchmen.pdf
https://github.com/steffenfriedrich/SickStore

!E%%

- Coordinated OmiSsion VaIidationIWith”

Singlé—hode inconsistent key-value Store

New Feature:
_Simulation of maximum throughput and

database hiccups

L Compute theoretical waltlng tlme T. of
request i in the databse system

2. Calling clientthread has to sleep for Ti

Steffen Friedrich | Improving NOoSQL Database Benchmarking: Lessons Learned 32



- Experimental Validation: SickStore
Benchmark: 90 OOO ops, target = I0O0O0 ops/sec, &
SickStore: | second hiccup, max throughput = 1250 ops/sec, .

=) 80% of
50 - ;
‘ NoSQLMark - ' i rtnhax e
rou u
A Y(CSB Intended - 4 threads
YCSB NoSOQLMark YCSB Intended
2320 AVG. 2 ms 29 ms 180 ms
500 - 1000+ bob et BRI
NoSQLMark : |
500 - i o
YCSB - 4 threads et
250 200 4 = * |YCSB Intended - 4 threads S L 4
. 100 4 = IS
_— -
0 b £ 50 - L.r
30 | 35 40 45 © -
time (s) . 8 20 A 7
= 1
10. + v
T B
5 arl ™
I
2
1 f
QQ)I QQI le le Q()I QQI QQI QQI bgl E; I
percentile
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- Experimental Validation: SickStore

Benchmark: 90 OOO ops, target = I0O0O0 ops/sec, &
SickStore: | second hiccup, max throughput = 1250 ops/sec, .

- 80% of
A0, NoSQLMark | ' i [[“hax fo
rou u
YCSB - 16 threads : gip
750 - A YCSB Intended - 16 threads
YCSB NoSQLMark YCSB Intended
: AVG.. 6 ms 29 ms 49ms
SOQ .
- 1000 7
500 - 7
250 9. : : .;l
' ' A s e NoSQLMark | ' % T e 1
; | 1007 . YCSB-16threacs - n
0 4 S € 59 4 ° = - |YCSBIntended - 16 threads S
30} 31 - iGo- alaeE  RE R i b | S
time (s) 8 20 - o I N
© L
10 P et
1 -
5 - -
/
2=
1 -+
QQ)I QQI le Q()I Q()I QQI QQI QQI bgl I
percentile
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latency (ms)

UH
.i_ti.
n

-~ Experimental Validation: SickStore
Benchmark: 90 OOO ops, target = I0O0O0 ops/sec,

SickStore: | second hiccup, max throughput = 1250 ops/sec,

YCSB NoSQLMark YCSB Intended
AVG. 19 ms 29 ms 44ms
1000 :
/
500 - /
200 - !
; NoSQLMark | : 5
100 YCSB - 128 threads £
50 | * = YCSB Intended - 128 threads | =5
iy
Ll =
P o e iy e Ry Py R R B 4 e :
10 BRI
1
5 + -
!
AR f
1
I I I | | I 1 1} I 1
) O O O O ) QO
P2 D S S S Fi s G%@g
percentile :

Steffen Friedrich |

latency:(ms)

YCSB NoSQLMark YCSB Intended
AVG. 49 ms 29 ms 54ms
1000+ /'
NoSQLMark .
500 : /
YCSB - 1024 threads ,'
200 - = = YCSB! Intended - 1024 threads - .
I Vi
100 4—— : ;
50 7 : i’
20 e R it
10 i
/ -
5 an -
/
e == 5
1
: N N S T S N S N S T
O \) \\) N N \N) \\) S \a) ﬁb
percentile
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Experimental Validation: SickStore

Differrent max throughputs

1000 ; 1000- v
50D - NoSQLMark - max 10K : 1 800 NoSQLMark - max 1430 4
YCSB|- max 10k, 1024 threads , YCSB|- max 1430, 1024 threads : ;'
200 4= = - |YCSB Intended - max 10k, 1024 threads ' 200 47— - YCSBlIntended - max 1430, 1024 threads !'
100 - ' 100 - g
€5 i B -
= - 1 Eirb0" i
: ~ 10% load - : ~ 70% load
c | = I
o 20 J L 20 i
ko] i = 1
10 ; 10 ’
I I
5 b [! 5 a L -3
- = (IS L=
2 | e | ES - i 2 i 3 1B ! - s | 1)
1 et . 1
S 7 N o ng‘)l &l (§~)I 035)[ GJQI ﬁl = U, S N ég)l o @| c!'ng’r N W)
T s ) S ) (e = Q S S %)
P I Ny ) N NN ; aXl, P RO e o ) N e® o7 ﬁ
i percentile ; percentile 3
10001 DL 1000 , P
NoSQLMark - max 1111 [ : LR
500 - - 500 - ar
YCSB - max 1111, 1024 threads Ve I - o
| == - YCSBIntended - max 1111, 1024 threads : 4
200 'f 200 - .f
- 100 1 i i 100 - £
w il 7 Ty !
% 50 O z E 50 v
2 ~ 90% load 2 *~95% |oad
S 20 =1 5 4
@ | e la = o 20 .
10 o P o2 gl 10 45
— i
2 P |
2 : 2 NoSQLMark - max 1053
,’ 2 YCSB - max 1053, 1024 threads
il -f 1 44 « = « YCSB Intended - max 1053, 1024 thfe
T T T T 1 1 I T T T "
NS o o S o § N Qﬁ T T T T T T | | T T
S O Q N Q ) S O \) ) ) o
P P & é A < " & B S R R L $ $ Q@?
Y O [\ [\ [\ o .0 ST D P F P N e P & 2 3
percentile percentile
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U-Hm ~ Elasticity Benchmark with Cassandra @
n

. One Cassandra node loaded with |O million records

« After 5 min add a second node
=> |t starts serving after ~ 5 min
=> roughly the time it takes latency to stabilize

« Run each experiment for max !5 min on a fresh

cluster
YCSB without intended
measurement interval

Kuhlenkamp et al: Benchmarking Scalability and Elasticity of d
@ Distributed Database Systems, VLDB, 204

Steffen Friedrich | Improving NoSQL Database Benchmarking: Lessons Learned 37



~ Elasticity Benchmark with Cassandra
Target throughput = |0 OOO ops /sec

- NoSQLMark ~ YCSB -4 YCSB Intended

—
i A
A
R

A
i

A

=
A
i

-
b=

]
i
4

@ 99.9%ile ®99%ile ® 90%ile — Mean

A
A

Steffen Friedrich

6 127 24 48 96 192 384 768 1536

"YCSB threads

| Improving NOoSQL Database Benchmarking: Lessons Learned
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 Elasticity Benchmark with Cassandra

!E%%

YCSB: 48 threads

20000 1-® NoSQLMark ~~ YCSB 4 YCSBIntended 4

100007 @99.9%ile ®99%ile ® 90%ile ~Mean 4

+ 21
2000 - A 1
1000 - A 2
5 -

-
o

--latency (ms)
= N
o
(@)
]
> At 2

*""""‘:""T""’"}

10000 11000 12000 13000 14000 15000
throughput (ops/sec)
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it Benchmarking is hard and your

latency values are probably lying to you !
> The coordinated omission problerh can't be
corrected i - -

== Wlsely |mpIement / choose your Ioad
| generators system model |

> Do not just look at average Iatenmes
(+StdDeviation), because latencies are not
normally distributed! :

> Validate your tools! .

Steffen Friedrich | Improving NOoSQL Database Benchmarking: Lessons Learned ke



!EiE

JARY

" Further Improvement in NoSQLMark |

More realistic distributions for request rate

User requests => Poisson process -
=> exponential inter-request/arrival times (\

P IE BT Apeany
. Inter-arrival Times
~Implemented
|3|2-|-3|2|2|4|x,'|n ﬁ '

Count per Interval : MARK

fMany authors consider Perato or hyper-exponential
distributed inter-arrival times

James F. Brady & Neil J. Gunther; How to Emulate Web Traffic Using
Standard Load Testing Tools, CoRR, 20!6 :

m \ Neil J. Gunther: Load Testing Think Time Distributions, blogpost, 2010

perfdynamics.blogspot.de/2010/05/1load-testing-think-time-distributions.html

Steffen Friedrich | Improving NOoSQL Database Benchmarking: Lessons Learned 4]
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