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Capacity Planning in the Cloud

128 -> Impractical to Test

140 all Instance Types

—e—Number of Instance Type

t2.nano et e Nt
005_1 VCPU stance lypes mMatnx
120 0.5 GB RAM o (e )
100 $0.006/h
80 1 '
60 Wy
)
#0 x1e.32xlarge wameam 1 an | e
20 128 vCPUs
3904 GB RAM e JEC I el B
0 $26.688 hourly
o & O O N WD x v o A S
P O & O N AT A XN AN XA N
DS S I S S S S S —
Source: https://aws.amazon.com/blogs/aws/ec2-instance-history/ —
ICET



https://aws.amazon.com/blogs/aws/ec2-instance-history/

Capacity Planning in the Cloud

™

NETFLIX

¢ '&5" “The instance type itself is a

very major tunable parameter”
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What cloud provider should I choose?

Should I go for many small or few large instances?

= Need for
— Benchmarking

General-purpose or *-optimized?

Pay for better IOPS or not?
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Basic Cloud Benchmarking

Benchmark
Manager

provision

start benchmark

results

destroy

Instance
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Basic Cloud Benchmarking

\ acquire
B | Provider
z:j Vagrant B API R
/ . . \
£ MN [aaS Provider
DRIVER SUT
CWB Server Test M:H/{ Mf:‘r‘s,f:e SR Jequest
7/ Tesults TeSpOSe™Iny
% JMMeter AcmeAir
g | Master <= | IMeterSlave . |<>| MongoDB
= N ‘Webapplication
X A A
IMeter Slave V4
(Chef Client
\ /
provision provision provision provision
NN NN NSNS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESE
: n
Chef Server CCGrid 2017 “An Approach and

Case Study of Cloud Instance Type
Selection for Multi-Tier Web
: Applications”
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Benchmark

Micro Application
Benchmarks Benchmarks
ﬁ m = ggg E ‘ /\
CPU Memory  1/O Network Overall performance
(e.g., response time)

Generic Specific
Artificial Real-World
Resource-specific Resource-

heterogeneous
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Micro Benchmark w0
= . BEOOD2 5
o == Filel/O: 4k random read 1 Bandwidth CPU Memoy 1O Network
8 Network
ch_J 2) Run Server

3) Extract Result
3.5793 MiB/sec

Result
972 Mbits/sec
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Application Benchmark

Molecular Dynamics
Simulation (MDSim)

velocity
atom 1

6 velocity ' atom 2
Fily
i

velocity F3,

atom 3

Fa,

Application
Benchmarks

[] £#\

Overall performance
(e.g., response time)

[JMeter WordPress Benchmark (WPBench)

Epied Tma me]

Multiple short blogging
session scenarios
(read, search, comment)

S
_ o

]
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Cloud Workbench Tool for scheduling

Demo:
https: .youtube.com/watch?

v=0yGFGvHvobk

Code:
https://github.com/sealuzh/cloud-workbench

: CloudCom 2014 “Cloud Work Bench -
: Infrastructure-as-Code Based Cloud
: Benchmarking”


https://github.com/sealuzh/cloud-workbench
https://www.youtube.com/watch?v=0yGFGvHvobk
https://www.youtube.com/watch?v=0yGFGvHvobk

Planned Schedule
My First CWB Benchmark
CWB Architecture and Selected Previous Results
~ Coffee Break ~ £+
Building and Running a Benchmark from Ground Up
Wrap-Up and Outlook
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My First CWB Benchmark

Interactive Session
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Online Material

http://bit.ly/cwb-tutorial


http://bit.ly/cwb-tutorial

Benchmarking with CWB

1. Write benchmark config to setup environment
(optional for simple benchmarks)

2. Declare laaS resources and parametrize benchmark config
3. Trigger execution or define periodic schedule
4. Download metrics as CSV file
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1. Write benchmark config

Setup environment Write CWB execution hook

default.rb X fio_yourname.rb X

equire 'cwb'

class FioYourname < Cwb::Benchmark
def execute

@cwb.submit_metric('cpu_model_name', timestamp, cpu_model_name)
result ‘date’
metric = extract(result)
@cwb.submit_metric(metric_name, timestamp, metric)
end

cwb_benchmark 'fio-yourname'
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2. Declare laaS resources and parametrize BM config

- config.vm.provider :aws do laws, overridel - config.vm.provision ‘cwb’, type: 'chef_client' do |chef|
aws.region = 'ap-south-1’ chef.add_recipe 'fio joeﬁdewI
chef.json =
v {
v "fio' => {
ans.ami = 'ami-0a63décdb8b90bdae’ 'version' => '3.13°'
}’
}
end

aws.instance_type = 't3.nano’
end
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3. Trigger or schedule execution

Schedule

® Start Execution
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4. Download metrics as CSV file

< Download all as CSV
Metric Observations

Benchmark Start Time

Provider Name

Provider id VM Role Time Value ()
aws i-03¢c1024580fcea2fl default 1554209512 335.98
2019-04-02 12:51:3! aws i-03c1024580fcea2f1 default 1554209522 334.44

IC=
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CWB Architecture
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Experimenter

Upload
Configuration

REST

Configurations

Provisioning Service
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CWB Server

|—>@EST Web Interface

Access
Web Interface

Business Logic

Scheduler

Experimenter

Relational
Database

Upload
Configuration

REST

Configurations Provisioning Service
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CWB Server

|—>@EST Web Interface

Access
Web Interface

Business Logic

Scheduler

Provider

Plugin

Manage VMs

Experimenter

Relational
Database
Upload

Configuration

r
Provider API

laaS Providers

REST

Configurations

Provisioning Service
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CWB Server laaS Providers I
|—>EEST Web Interface I
Access = :r _____ 1:
Web Interface g c || Manage vMs < ! z !
= O by
> 5 o REQT | @ ! E
I Sef—reT) S 1
= (<) gz !
B | Business Logic Provision VMs +| o pogY
S Execute 1 gs !
D Commands | (st SI—D ! 3 !
i S % ! o !
> [} I
. 'g Lo 1
Experimenter 2
(8]
Relational
Database jy ——
Upload Fetch
Configuration Configuration

REST REST |[«¢—

Configurations

Provisioning Service
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CWB Server Notify State + laaS Providers 1
Submit Metrics — !
|—>EEST Web Interface  { REST |« > I
©
.‘§ r=—=—=—= hl
Access = - ! :
Web Interface 3 c|| Manage vMs | < sy g
= O o . 6 IS
| _ 32 » REST | 8 ol Lg
E - 3| [IZ5]1 2=
8| Business Logic Provision VMs +| & O § '-'E :
§ Execute — ! g8s !
Commands =(—S S "D w ! § !
=2 = @ o
> |
. VLo____ I
Experimenter 3
(8]
Relational
Database jy ——
Upload Fetch
Configuration Configuration

REST REST |[«¢—

Configurations

Provisioning Service
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CWB Server Notify State + laaS Providers
Submit Metrics —
h@%ﬁ Web Interface > |
©
.‘§ r=—=—=—= hl
Access = - ! :
— Web Interface 3 c || Manage VMs | < g|!' £
o =D [ =
=23 Q ol € 1
= REST
Vagrant s - g Gt TR B
>
Q| Business Logi Provision VMs +| & O § '-'E :
§ Execute — ! g8s !
RUby DSL Commands =(§|_D o § !
. | = w o
for defining =1
. Experimenter 3
infrastructure S
Relational A
(mOStly VMS) Database | \.
Upload Fetch
Configuration Configuration C H E F

Ruby DSL for
Configurations Provisioning Service CcO nf| g u r| N g
machines
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Benchmark Execution Lifecycle

Experimenter /
Scheduler

— Trigger Execution—»

Provisioning
Service

CWB Server Provider API Cloud VM

—— Acquire Resources—>}

Provision V

\Y

— Fetch VM Configurations—»;

_
Apply VM Configurations
«—

i J

Start Benchmark Run
' Run Benchmark

d N

4——Notify Benchmarf( Completed

—

Postprocess Results

¢— Submit Metric(s)
4—— Notify Postprocessing Completed————
——Release Resources—>
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Selected Previous Results
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Example Study 1 -

Study setup
Benchmarked 22 cloud configurations using 5 benchmarks

Two types of experiments
Isolated: 300 - 500 repetitions
Continuous: 15 repetitions per configuration

ETOIT 2016 “Patterns in the Chaos - A Study of :
: Performance Variation and Predictability in Public IaaS'
: Clouds” :
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—— |nstance 9097 —— |nstance 14704
2
=, 40-
=
2 30- \ [ | | I\ ) i
3 \/ | | [ A] I
-g | »1 | \ ‘ “ *“ *“ ‘} \\‘
(1] 20- \ 1 . \‘ ‘ \' ‘, \'
o ’ ( |
@) . = , , .
- 0 20 40 60

Measurement Runtime [h]
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CPU-Bound I0-Bound
Type CPU MEM Java 10 OLTP
ReSUItS Summary t1.micro 12.14  17.67 30.63 71.33 30.66
m1.small 3.19 3.77 3.17 88.49 13.02
2 | m3.large 0.13 2.07 7.22 35.53 21.26
8 c3.large 0.21 8.60 6.42 58.88 21.31
= i2.xlarge 0.12 11.92 8.44 20.07 12.28
t1.micro 20.28 26.40 59.32 70.08  32.18
& | ml.small 12.81 26.18 5.34 94.47 15.68
m3.large 0.16 4.46 9.23 49.02 37.10
fl-micro 5.28 8.36 3.06
2 | nl-standard-1 2.54 6.99 3.36
% nl-standard-2 1.71 6.96 1.33
o) fl-micro 5.13 7.17 9.47
& | nl-standard-1 2.05 8.31 10.39
nl-standard-2 1.16 9.53 4.88
ExtraSmall 18.38 16.88 61.92
° 2 | Small 18.23 8.37 59.01
........................................................... = Medium 17.81 1191 | 47.14
w : N ExtraSmall 18.13 15.96 49.01
TOIT 2016 “Patterns in the Chaos E < % ~Small 1911 6.62 4401
;- A Study of Performance Medium 18.28 1096 | 4831
: Variation and Predictability in 1 | & | 1CPU/2048 MB 0.11 6.65 13.01
Pub|IC IaaS Clouds” ® | & [ 2CPUs/4096 MB 0.11 7.14 6.27
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Observed CPU Models

Model #
Intel E5-2650 | 1962
Intel E5430 364
& | Intel E5645 293
& | Intel E5507 84
Intel E5-2651 32
AMD 2218 HE | 9
o | AMD 4171HE | 782
3 [ Intel E5-2673 | 595
< [ Intel E5-2660 | 189
(for ml.small and Azure eeseaeEeEREE SRR :
Small in North Ame”ca) : TOIT 2016 “Patterns in the Chaos - A Study of

: Performance Variation and Predictability in Public IaaS

ICET
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B (&)
o o
1 1

w
o
1

N
o
1

10 Bandwidth [Mb/s]
o

O - 1 1 1 1 1 1 - 1 1 1 1 1 1 1
00:0004:0008:0012:0016:0020:00 Mon Tue Wed Thu Fri Sat Sun
Time of the Day Day of the Week

(for m3.’arge in Europe) TOIT 2016 “Patterns in the Chaos - A Study of
: Performance Variation and Predictability in Public IaaS

Clouds”
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Recent Results

2015
Type CPU 10 MEM
t3-nano 2.33 13.58 1.64
S t3-medium 3.85 11.09 2.18
= | mb-large 1.59 12.77 1.55
cb-large 0.15 13.94 2.56
f1-micro 8.65 7.21 16.96
Eﬂ) standard-1 0.57 7.33 18.4
5 | standard-2 1.3 29.37 5.27
highcpu-1 1.39 7.39 4.3
Bls 4.43 7.3 5.33
E D2s 6.82 33.29 6.67
F2s 6.55 31.78 6.26

(unpublished data)
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Instance Runtime

2015

Measurement Runtime [h]

Continuous io azure D2s

10 Bandwidth [Mb/s]

Benchmark Value
I [6)] [6)]
on o on

»
o
1

w
(63}
1

20 40 60
Benchmark Runtime [h]

o

(unpublished data)
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Example Study 2 -

Research question:

How accurately can we predict application performance from system-level
microbenchmarks?

Study setup:
2 applications (Wordpress, Molecular Dynamics Simulation)
23 microbenchmarks
Study executed in AWS (11 instance types)
Linear regression for prediction

§Joel Scheuner, Philipp Leitner (2018). Estimating Cloud Application
: Performance Based on Micro-Benchmark Profiling. IEEE CLOUD.
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Micro

Micro Benchmarks Benchmarks

EODS .

Broad resource coverage and specific resource testing CPU Memory I/O Network
CPU I}
. sysbench/cpu-single-thread . [file /O] sysbench/fileio-1m-seq-write
. sysbench/cpu-multi-thread . [file /O] sysbench/fileio-4k-rand-read
. stressng/cpu-callfunc . [disk 1/O] fio/4k-seq-write
. stressng/cpu-double . [disk 1/O] fio/8k-rand-read
. stressng/cpu-euler
. stressng/cpu-ftt Network
. stressng/cpu-fibonacci . iperf/single-thread-bandwidth
. stressng/cpu-int64 . iperf/multi-thread-bandwidth
. stressng/cpu-loop . stressng/network-epoll
. stressng/cpu-matrixprod . stressng/network-icmp
- stressng/network-sockfd feeereeeesseeeeessseesressseeesessaeeeressaeesnrenes .

Memory . stressng/network-udp : Joel Scheuner, Philipp Leitner (2018). :
. sysbench/memory-4k-block-size : Estimating Cloud Application Performance

. : Based on Micro-Benchmark Profiling. IEEE
. sysbench/memory-1m-block-size :

: CLOUD.

ICET

LAB
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Example Results:

Instance Type
m1.small

m3.medium (pv)

g m3.medium (hvm)
g 2000 - m1.medium
= ma3.large
§ mi.large
% c3.large
@ Q m4.large
'cls o c4.large
§ 1000 - c3.xlarge
% c4.xlarge
g c1.xlarge
i
=
Group :llllllllllllllllllllllllllllllllllllllllllllllllllllllllll:
@ test : Joel Scheuner, Philipp Leitner (2018). :
° , . . . A tain : Estimating Cloud Application Performance :
# 0 . 7 100 : Based on Micro-Benchmark Profiling. IEEE &
Sysbench — CPU Multi Thread Duration [s] . CLOUD :
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Example Study 3 -

Research question:
Executed 19 software performance tests in different environments
How small performance regressions can we find?

Study setup:
4 open source projects in Java and Go
Study executed in AWS, Azure, Google
Baseline: baremetal server in Softlayer / Bluemix

§Christoph Laaber, Joel Scheuner, Philipp Leitner (2019). Software
Mlcrobenchmarklng in the Cloud. How Bad is it Really? Empirical Software
Englneermg (EMSE). To appear.
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Background -

@State (Scope.Thread)
public class ComputationSchedulerPerf {

@State (Scope.Thread)
public static class Input
extends InputWithIncrementingInteger {
@Param({ "100" })
public int size;

}

@Benchmark
public void observeOn(Input input) {
LatchedObserver<Integer> o =
input.newLatchedObserver();
input.observable.observeOn(
Schedulers.computation()
) .subscribe(0);
o.latch.await();
}
}

Listing 1: JMH example from the RxJava project.

BN NN NN NN NN NN NN NN NN NN NN NN NN NN N NN NENENEEEEENEEEEEREER

MSR’18. An Evaluation of Open-
Source Software Microbenchmark
Suites for Continuous Performance
Assessment.
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Summary -

Benchs AWS GCE Azure BM
Std CPU Mem Std CPU Mem Std CPU Mem

log4j2-1 4541 42.17 4853 4140 4347 44.38 46.19 40.79 51.79 41.95
log4j2-2 7.90 4.89 3.92 1075 9.71 11.29 6.18 6.06 11.01 3.83
log4j2-3 4.86 3.76 253 10.12 9.18 10.15 13.89 7.55 15.46 3.02
log4j2-4 3.67 3.17 4.60 10.69 9.47  10.52 17.00 7.79  19.32 6.66
log4j2-5 76.75 86.02 88.20 83.42 8244 80.75 82.62 86.93 82.07 77.82

rxjava-1 0.04 0.04 0.05 0.04 0.04 0.04 0.05 0.05 0.27 0.03
rxjava-2 0.70 0.61 1.68 5.73 4.90 6.12 9.42 6.92 13.38 0.49
rxjava-3 2.51 3.72 1.91 8.16 8.28 9.63 6.10 5.81 10.32 4.14
rxjava-4 4.55 4.18 7.08 8.07 10.46 8.82 17.06 10.22  21.09 1.42
rxjava-5 5.63 2.81 4.04 1433 11.39 1311 6198 64.24 21.69 1.76

bleve-2 1557 1.32 4.79 5.56 6.09 5.78 5.97 5.48 13.29 0.27
bleve-3 1.13 7.53 7.77 10.08 10.74 14.42 7.62 6.12 1441 0.18
bleve-4 4.95 4.38 5.17 11.24 12.00 14.52 8.18 7.11 15.24 0.62
bleve-5 10.23 9.84 8.18 57.60 58.42 59.32 52.29 4640 52.74 10.16

etcd-1 1.03 3.17 1.56 6.45 5.21 7.62 6.36 489 11.46 0.15
etcd-2 4.06 4.45 6.28 66.79 69.07 69.18 100.68 94.73 90.19 29.46
etcd-3 1.25 0.69 1.24 7.15 6.57 9.27 4.95 4.31 9.89 0.14
etcd-4 6.80 6.00 7.34 3453 3434 3437 12.28 1239 22.92 8.09

eted-5 43.59 2246 4344 2721 2786 27.17 30.54 3140 2498 23.73

Christoph Laaber, Joel Scheuner, Philipp Leitner (2019). Software
Microbenchmarking in the Cloud. How Bad is it Really? Empirical Software
Engineering (EMSE). To appear.
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Sources

AWS CPU / etcd-2 Azure Std / etcd-2
i " o C  meo "0 [l perial
AWS CPU /log4j2-5 GCE Mem / etcd-4 pernsance
0 25 50 75 0 10 20 30
RSD RSD

§Christoph Laaber, Joel Scheuner, Philipp Leitner (2019). Software
: Microbenchmarking in the Cloud. How Bad is it Really? Empirical Software
: Engineering (EMSE). To appear.
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Example Study 4 -

Research question:

How do t2 instance types perform in terms of CPU and IO speed in comparison to other
instances?

When are t2 bursting instance types more cost-efficient than other instance types?

How do t2 instance types perform in comparison to the previous generation (t1) types?

Study setup:
Sysbench CPU and 10 benchmarks

Study executed in AWS
3 bursting vs non-bursting instance types

Philipp Leitner, Joel Scheuner (2015). Bursting With Possibilities — an
: Empirical Study of Credit-Based Bursting Cloud Instance Types (UCC).

ICET
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Example Study 4 -

Baseline
1 Peak . .

— S — l Burstable T2.* highly predictable
- . i unlike previous generation T1.*
g
= @ t2.micro t1.micro
g Peak 10x 2
8 Baseline =
& b= [ &

Experiment Duration _Z ______________________________ Ti:- |
§ _—

g CPU Time
£ o
g idle

Experiment Duration



Building and Running a Benchmark from Ground Up
Interactive Session

http://bit.ly/cwb-tutorial


http://bit.ly/cwb-tutorial

) UNIVERSITY OF GOTHENBURG

Wrap-Up and Outlook
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Three Steps Towards a Benchmark

é software_microbenchmarking_runner.rb — ~/git_repos/projects/cwb_performance_test_runner

Project software_microbenchmarking_runner.rb

raise “UNSupportea Dackena + packena

v [J cwb_performance_test_runner end
software-microl marking-runner
attributes project.benchmarks = benchmarks if benchmarks

experiment = Experiment.new(tool_forks)

experiment.project = project

experiment.skip_checkout = skip_checkout

experiment.skip_compile = skip_compile

experiment.skip_benchmarks = skip_benchmarks if (skip_benchmarks && skip_b

framework.rb
jmh_proje: b
node_gradle.y i
node_gradle.ym| marks.size > @)
node_mvn.yml

node.yml

software_microbenchmarking_rur outcome = experiment.run_experiment

Il recipes

outcome.exectimes.each do |fork, d
@cwb.submit_metric('Duration', fork, duration)
end

configure.rb

default.rb

outcome. forks.each do
Berksfile forkresults.each do
bmresults.each do divi

CHANGELOG.md indiv L_valu
.submit_metric(benchmark, fork, individual_value)

chefignore
end
LICENSE
e
end
puts "Finished benchmark"
end

private
Philipp-Leitners-Mac Pro-2.local philipp 13:16:52 pm

e_microbenchmarking_runner.rb A 1deprecation UTF-8 RubyonRails ¥ master

(Optional) Step I:
Write Chef Cookbook
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Three Steps Towards a Benchmark

* Name Timeout for running benchmark

rmit-combined_v4_aws-eu_m3.medium-pv .I

* Vagrantfile

SSH_USERNAME = 'ubuntu’
~ Vagrant.configure(VAGRANTFILE_API_VERSION) do |configl
config.ssh.username = SSH_USERNAME

~ config.vm.provider :aws do laws, overridel
aws.region = ‘eu-west-1'
aws.availability_zone = ‘e

aws.ami = ‘ami-0fb38

‘ Step 11: Define laaS
| St O config and schedule

iceName' => '/dev/sdal',
VolumeSize' => 2

.VolumeType' =>
'Ebs.DeleteOnTermination’ => "true' }]

end

~ config.vm.provision ‘cwb', type: 'chef_client' do Ichefl
chef.add_recipe 't
chef.add_recipe 'r
chef.json =

an-aws-pv'
it-combined'

Schedule

e' => SSH_USERNAME,

mit-combined' => {
'load_generator' => '17

1.10.151",
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Three Steps Towards a Benchmark

27. May 2017

Created I ‘

Started preparing

& Downla Sstr

1Virtual Machine
e[perfmon:

> default: [2017-05-27T04:03:0; 5092094 seconds aws  default 1-0734262641070132
default

e ser

INFO: Running report handlers
> default: Runni dlers complete

ault 04:03:02+00:00] INFO: Report handlers complet

> default: Deprecated features used!

default: nilis an invalid value for version of resource . In Chs

this warning will change to an eror. Error: Prop

Schedule
rty version must be one of: String! You passed nil. at 1
> default: - var/chef/cache/cookbooks/mysql2_chef_gel

Step lll: Execute and
s | download result CSVY

Metrics
Started running

default: Chef C|

Finished postprocessing

benchmark/execution-log
m : + END} (nor
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UNIVERSITY OF GOTHENBURG

Cloud Workbench Tool for scheduling

Demo:
https: .youtube.com/watch?

v=0yGFGvHvobk

Code:
https://github.com/sealuzh/cloud-workbench

: CloudCom 2014 “Cloud Work Bench -
: Infrastructure-as-Code Based Cloud
: Benchmarking”


https://github.com/sealuzh/cloud-workbench
https://www.youtube.com/watch?v=0yGFGvHvobk
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